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HOW ATP IS MADE
Walker J.E.
The Medical Research Council Dunn Human Nutrition Unit,
The Wellcome Trust/MRC Building, Hills Road, Cambridge CB2 2XY, UK
E-mail: walker@mrc-dunn.cam.ac.uk

Energy in foods is released by respiration, consuming in the process most of
the oxygen that we have breathed in. Of the 1000 or so proteins that are involved,
about 100 of them are organized into the respiratory enzyme complexes in
mitochondria that function as molecular machines to convert the redox energy
derived from food-stuffs into adenosine triphosphate (ATP), the energy currency
of biology. The final synthetic step is achieved by the ATP synthase complex, a
remarkable molecular machine bound in the inner membrane of mitochondria,
and assembled from thirty polypeptide chains of seventeen different kinds from
two separate genomes. The enzyme has been purified and resolved biochemically
into smaller domains, and the structures of the component parts have been
determined by X-ray crystallography. Other domains and subunits have been
produced by recombinant expression in bacteria, and their structures have been
solved by either X-ray crystallography or solution nuclear magnetic resonance
methods. The component structures have been assembled within the framework
of a low resolution overall structure determined by electron cryo-microscopy of
single enzyme complexes, thereby providing an overall mosaic model. This
composite structure has provided the basis for showing that the enzyme is a
molecular engine in which the proton motive force across the inner membrane of
the mitochondrion is coupled to the chemical synthesis of ATP from ADP and
phosphate by a mechanical rotary mechanism, akin to the action of the Wankel
motor car engine. It is becoming increasingly apparent that in the inner membranes
of mitochondria the ATP synthase complexes are organized in arrays, possibly
with other enzyme complexes, and that these higher order arrangements influence
the overall structure and functions of the mitochondrion itself.
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BetaM – AN ENIGMATIC MEMBER OF Na,K-ATPase βββββ-SUBUNIT
FAMILY
Modyanov N.N.
Department of Physiology & Pharmacology, University of Toledo College of
Medicine, USA
E-mail: nikolai.modyanov@utoledo.edu

Change in gene functions (gene co-option), one of the key mechanisms of
molecular evolution, occurs when natural selection invents new roles for the existing
genetic toolkit.  Genes can be co-opted to generate developmental and physiological
novelties by changing their patterns of regulation and/or by altering the functions
of the encoded proteins. We have demonstrated that orthologous ATP1B4 genes,
which are the last identified members of the X,K-ATPase β-subunit gene family
(X = Na or H), represent a rare  instance of vertebrate gene co-option creating
fundamental changes in physiological roles and functional properties of the encoded
BetaM proteins.

In lower vertebrates such as fish, amphibian and avian species BetaM proteins
do function as genuine Na,K-ATPase β-subunits, which are capable to associate
with α-subunits of the same or other species and  produce functional ion pumps at
the cell surface.

In placental mammals BetaM proteins acquired entirely different properties
through radical changes in the structure of N-terminal domains by introduction of
an Arg-rich nonapeptide and two extended Glu-rich clusters. Mammalian BetaM
does not function as a Na,K-ATPase subunit, and instead of the plasma membrane,
accumulates in inner nuclear membranes. Expression of mammalian BetaM is
strictly spatiotemporally regulated, being at the highest level in skeletal and cardiac
myocytes during late fetal and early postnatal development, and shows a tightly
regulated induction during muscle regeneration. BetaM is the only known muscle-
specific resident of the inner nuclear membrane of placental mammals.

In neonatal skeletal muscle, BetaM associates with nuclear transcriptional
co-regulator Ski-interacting protein (SKIP) and functions as negative regulator of
signaling pathway of transforming  growth factor-β (TGF-β), which is a potent
inhibitor of myogenesis. More importantly, BetaM is capable to regulate expression
of major myogeneic regulatory factors such as MyoD and myogenin in cell culture
conditions, and furthermore BetaM is a component of MyoD and myogenin
transcriptional complexes in neonatal skeletal muscle in vivo. These findings
indicate that BetaM plays an important role in regulation of gene expression
specifically during muscle development and regeneration in placental mammals.

Loss of ancestral function and acquisition of entirely new functions by
mammalian BetaM indicates that there is a hitherto unknown, physiologically
important necessity, related to skeletal and heart muscles development, growth
and regeneration, which did trigger evolutionary forces to change functions of
ATP1B4 gene in placental mammals.

CALCIUM SIGNALING: A MEETING POINT FOR CELLULAR
AND STRUCTURAL BIOCHEMISTRY
Carafoli E.
Venetian Institute of Molecular Medicine , University of Padova, Italy
E-mail: ernesto.carafoli@unipd.it

The transition from monocellular to multicellular life demanded the division
of labour among cells, and thus the development of molecules that could transmit
signals from cell to cell (first messengers), and inside cells (second messengers).
Most second messengers are committed transmit information to single targets, but
he simplest of them, calcium, is instead very versatile, and transmits signals to
many. Calcium is thus a universal regulator of cell activity, guiding cells from
their origin at fertilization to their death at the end of their vital cycle in the apoptotic
process. In between, calcium presides over the most important aspects of cell
function, from secretion, to contraction, to gene transcription, to the production of
fuels in the metabolic pathways. The evolutionary choice of calcium as a signaling
agent was dictated by its peculiar flexibility as a ligand, that makes its reversible
complexation to complex molecules (proteins) particularly easy in the intracellular
ambient : reversible complex formation is the means by which the free concentration
of calcium is modulated inside cells. The coordination chemistry of calcium indeed
makes it peculiarly able to bind to sites having very irregular geometry, such as
those found in proteins. The choice of calcium as a signaling molecule naturally
demanded  that its free concentration inside cells be kept very low to prevent
prohibilive expenditures of energy to significantly change it according to necessity.
It also permitted to orient the energy metabolism towards phosphate. Since the
energetic currency of cells is represented by phosphate compounds, no phosphate-
oriented energy metabolism would have been possible if means had not been
developed to maintain the concentration of free calcium inside cells low enough
to prevent the precipitation of calcium-phosphate salts. Several classes of cell
proteins thus bind calcium with high affinity and specificity. Some are intrinsic to
the plasma membrane and to the membranes of intracellular organelles : they move
calcium back and forth across membrane boundaries, maintaining the large,
inwardly directed concentration gradient between the extracellular space, or the
lumen of organelles, and the cytoplasm. They are channels, ATP – powered pumps,
sodium/calcium exchangers, and, in the inner membrane of mitochondria, a still
unknown protein that moves calcium to the internal mitochondrial matrix in
response to a negative inside membrane potential. These proteins buffer calcium
with various affinities, transport capacities, transport velocities, responding to the
varying calcium signaling demands of cell life. Other proteins are not membrane
intrinsic. They bind calcium, and thus contribute to the buffering of its cellular
concentration. Their main task, however, is the processing of calcium information.
They are thus normally defined as calcium sensors. They belong to several families.
Some may process the calcium signal for the benefit of a single target. Others
could instead process the calcium message to pass it on to a large number of
targets. The most important calcium sensor proteins  are the EF-hand proteins, of
which hundreds are now known.
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ÁÅËÎÊ-ÑÈÍÒÅÇÈÐÓÞÙÀß ÌÀØÈÍÀ ÊËÅÒÊÈ
Ñïèðèí À.Ñ.
Èíñòèòóò áåëêà ÐÀÍ, Ïóùèíî, Ðîññèÿ
E-mail: spirin@vega.protres.ru

Óíèâåðñàëüíîé áåëîê-ñèíòåçèðóþùåé ìàøèíîé â æèâîé ïðèðîäå
ÿâëÿåòñÿ ðèáîñîìà. Â õîäå áåëêîâîãî ñèíòåçà ðèáîñîìà îñóùåñòâëÿåò äâà
ñîïðÿæåííûõ ïðîöåññà ïðîñòðàíñòâåííîãî ïåðåìåùåíèÿ
ìàêðîìîëåêóëÿðíûõ ëèãàíäîâ: ïðîãîí êîìïàêòíûõ ãëîáóë òÐÍÊ è ïðîòÿæêó
ëèíåéíîé öåïè ìÐÍÊ ñêâîçü ìåæñóáúåäèíè÷íûé êàíàë (êîíâåéåðíàÿ ôóíêöèÿ
ðèáîñîìû). Ýòà ôóíêöèÿ ðèáîñîìû êàê ìîëåêóëÿðíîé òðàíñïîðòíîé ìàøèíû
êîíâåéåðíîãî òèïà îáåñïå÷èâàåòñÿ âçàèìíîé ïîäâèæíîñòüþ äâóõ
ðèáîñîìíûõ ñóáúåäèíèö è èõ ñòðóêòóðíûõ ìîäóëåé. Îäíàêî, íè  ìîòîðû,
îñíîâàííûå íà òî÷íîé ìåõàíèêå, íè æåñòêèå ìåõàíè÷åñêèå òðàíñìèññèè, íè
èíåðöèîííûå ïðèñïîñîáëåíèÿ  íå ìîãóò áûòü ýôôåêòèâíî ðåàëèçîâàíû íà
óðîâíå ìàêðîìîëåêóëÿðíûõ êîìïëåêñîâ íàíîìåòðîâûõ ðàçìåðîâ èç-çà
ãèáêîñòè áèîïîëèìåðíûõ ñòðóêòóð, èõ èíòåíñèâíûõ òåïëîâûõ ôëóêòóàöèé
è ìàëîé èíåðöèîííîñòè. Ðåàëüíîé àëüòåðíàòèâîé îêàçûâàåòñÿ ïðèíöèï
òåðìàëüíî-äèôôóçèîííîãî õðàïîâèêà Ôåéíìàíà, ñîãëàñíî êîòîðîìó
äâèæóùåé ñèëîé êîíôîðìàöèîííûõ ïåðåñòðîåê è ìîëåêóëÿðíûõ
ïåðåìåùåíèé ÿâëÿåòñÿ ðåêòèôèöèðîâàííîå (êàíàëèçèðîâàííîå) áðîóíîâñêîå
äâèæåíèå. Ñîãëàñíî ýòîé ìîäåëè, àíèçîòðîïíàÿ òåïëîâàÿ ïîäâèæíîñòü è
õèìè÷åñêè èíäóöèðîâàííûå èçìåíåíèÿ ñðîäñòâà ñâÿçûâàþùèõ öåíòðîâ
ðèáîñîìû ê èõ ëèãàíäàì   òÐÍÊ, ìÐÍÊ è ÃÒÔ   îïðåäåëÿþò âñå íàïðàâëåííûå
(êîíâåéåðíûå) ïåðåìåùåíèÿ â òðàíñëèðóþùåé ðèáîñîìå.

Òðàíñëÿöèÿ äëèííîé ïîëèðèáîíóêëåîòèäíîé öåïè ìÐÍÊ îáû÷íî
ñîïðîâîæäàåòñÿ ôîðìèðîâàíèåì ïîëèðèáîñîì, â êîòîðûõ ðèáîñîìû
äâèæóòñÿ îäíà çà äðóãîé âäîëü öåïè, ñ÷èòûâàÿ îäíó è òó æå êîäèðóþùóþ
ïîñëåäîâàòåëüíîñòü, íî ñ îòñòàâàíèåì ïî ôàçå. Òàêèå ïîëèðèáîñîìû ìîãóò
ôîðìèðîâàòü ñòðóêòóðû áîëåå âûñîêîãî óðîâíÿ îðãàíèçàöèè: èõ êîíöû ìîãóò
âõîäèòü â êîíòàêò äðóã ñ äðóãîì, ïðèâîäÿ ê îáðàçîâàíèþ öèðêóëÿðíûõ
ñòðóêòóð è àíòèïàðàëëåëüíûì âçàèìîäåéñòâèÿì ïðîòèâîïîëîæíûõ ðÿäîâ
öèðêóëÿðèçîâàííîé ïîëèðèáîñîìû. Óêàçàííàÿ îðãàíèçàöèÿ ïîëèðèáîñîìû
îáåñïå÷èâàåò öèðêóëÿðíóþ òðàíñëÿöèþ öåïè ìÐÍÊ ñ ïåðìàíåíòíîé ðå-
èíèöèàöèåé íà ñòàðòå ìÐÍÊ êîäèðóþùåé ïîñëåäîâàòåëüíîñòè ìÐÍÊ
íåïîñðåäñòâåííî ïîñëå òåðìèíàöèè íà åå êîíöå.
Ëèòåðàòóðà
1. A.S. Spirin (2009) The ribosome as a conveying thermal ratchet machine. J. Biol. Chem.

284, 21103-21119.
2. G.S. Kopeina, Zh.A. Afonina, K.V. Gromova, V.A. Shirokov, V.D. Vasiliev and A.S.

Spirin (2008) Step-wise formation of eukaryotic double-row polyribosomes and circular
translation of polysomal mRNA. Nucleic Acids Res. 36, 2476-2488.

PROTEIN-SYNTHESIZING MACHINE OF THE CELL
Spirin A.S.
Institute of Protein Research RAS, Pushchino, Russia
E-mail: spirin@vega.protres.ru

Ribosomes are compact ribonucleoprotein particles of about 20 to 30 nm in
size responsible for protein synthesis in all living world. Both structure and function
of the ribosome are based on two high-molecular weight RNA molecules folded
into characteristic compact bodies in a labile association with each other. Mutual
mobility of these two subunits and their movable modules provide for machine
functions of the ribosome in the process of protein synthesis (translation). During
this process the ribosome accomplishes two coupled conveying processes, the
passing of compact tRNA globules and the drawing of linear mRNA chain through
its intraribosomal (intersubunit) channel. As mechanical transmission mechanisms
and power-stroke motors seem unlikely at the nanometres size level due to flexibility
of  biopolymer structures and their extensive thermal fluctuations, thermal motion
and chemically induced changes in affinities of ribosomal binding sites for their
ligands (tRNA, mRNA and nucleoside triphosphates) are proposed to underline
all the directional movements within the ribosomal complex (thermal ratchet
model).

Translation of a long polyribonucleotide chain of mRNA is usually
accompanied by a unification of numerous ribosomes into polyribosomes where
ribosomes move after each other along the chain and read the same nucleotide
sequence of mRNA but with a proper phase delay. It has been demonstrated that
when such a polyribosome is formed the next level of structural organization can
be achieved: the polyribosome becomes circular, that is its ends are found in close
proximity to each other, and two antiparallel halves of the circle turn packed together
into the so-called double rows with ribosomal particles mutually oriented in a
regular way. The above organization provides for a circular translation of mRNA
with permanent reinitiation at the start of the mRNA sequence after termination at
the end.
References
1. A.S. Spirin (2009) The ribosome as a conveying thermal ratchet machine. J. Biol. Chem.

284, 21103-21119.
2. G.S. Kopeina, Zh.A. Afonina, K.V. Gromova, V.A. Shirokov, V.D. Vasiliev and A.S.

Spirin (2008) Step-wise formation of eukaryotic double-row polyribosomes and circular
translation of polysomal mRNA. Nucleic Acids Res. 36, 2476-2488.
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ÐÎËÜ ÐÈÁÎÑÎÌÍÎÃÎ ÒÓÍÍÅËß Â ÐÅÃÓËßÖÈÈ
ÒÐÀÍÑËßÖÈÈ: ÑÒÐÓÊÒÓÐÍÛÅ ÀÑÏÅÊÒÛ
Áîãäàíîâ À.À.*,**, Ñóìáàòÿí Í.Â.*, Øèøêèíà À.Â.***, Êàðïåíêî Â.Â.*,
Êîðøóíîâà Ã.À.**
*Õèìè÷åñêèé ôàêóëüòåò ÌÃÓ èì. Ì.Â. Ëîìîíîñîâà, Ìîñêâà, Ðîññèÿ
**Èíñòèòóò ôèçèêî-õèìè÷åñêîé áèîëîãèè èì. À.Í. Áåëîçåðñêîãî ÌÃÓ
èì. Ì.Â. Ëîìîíîñîâà, Ìîñêâà, Ðîññèÿ
***Ôàêóëüòåò áèîèíæåíåðèè è áèîèíôîðìàòèêè ÌÃÓ
èì. Ì.Â. Ëîìîíîñîâà, Ìîñêâà, Ðîññèÿ
E-mail: bogdanov@genebee.msu.su; alex@bogdanov.genebee.msu.su

Âî âðåìÿ áèîñèíòåçà áåëêà íà ðèáîñîìå  ðàñòóùàÿ ïîëèïåïòèäíàÿ öåïü
(ÐÏ)  ïåðåìåùàåòñÿ ïî ðèáîñîìíîìó òóííåëþ (ÐÒ), êîòîðûé ïðîõîäèò â òåëå
áîëüøîé ñóá÷àñòèöû ðèáîñîìû è ñîåäèíÿåò åå ïåïòèäèëòðàíñôåðàçíûé
öåíòð (ÏÒÖ) ñ ñàéòîì, ãäå ÐÏ âñòðå÷àåòñÿ ñ øàïåðîíàìè è òðàíñïîðòíûìè
ôàêòîðàìè. Ñòåíêè ÐÒ ïîñòðîåíû, ïðåèìóùåñòâåííî, èç íóêëåîòèäíûõ
îñòàòêîâ ðÐÍÊ. Â íàñòîÿùåå âðåìÿ óñòàíîâëåíî, ÷òî âåðõíÿÿ òðåòü òóííåëÿ,
ïðèìûêàþùàÿ ê ÏÒÖ, âçàèìîäåéñòâóåò ñî ñïåöèôè÷åñêèìè
àìèíîêèñëîòíûìè îñòàòêàìè ÐÏ è ðÿäîì àíòèáèîòèêîâ, âêëþ÷àÿ ìàêðîëèäû.
Â îïðåäåëåííûõ ñëó÷àÿõ ýòè âçàèìîäåéñòâèÿ èãðàþò âàæíóþ ðîëü â
ðåãóëÿöèè è èíãèáèðîâàíèè òðàíñëÿöèè. Ñ öåëüþ èçó÷åíèÿ ìåõàíèçìà
âçàèìîäåéñòâèÿ ÐÏ ñ ÐÒ ìû ñèíòåçèðîâàëè íåñêîëüêî ñåðèé àìèíîêèñëîòíûõ
è ïåïòèäíûõ ïðîèçâîäíûõ ìàêðîëèäîâ ñ 16-÷ëåííûì ëàêòîííûì êîëüöîì, à
èìåííî, ïðîèçâîäíûå òèëîçèíà (Tyl), äåñìèêîçèíà (Des) è 5-
ìèêàèíîçèëòèëîíîëèäà (ÎÌÒ). Àìèíîêèñëîòíûå è ïåïòèäíûå îñòàòêè â ýòèõ
ñîåäèíåíèÿõ áûëè ñâÿçàíû ëèáî ñ Ñ6 (Tyl,Des,OMT), ëèáî ñ Ñ23 (ÎÌÒ)
ìàêðîëèäà. Åñëè ïåïòèäíûå îñòàòêè â ïåïòèäèë-ìàêðîëèäàõ ìîäåëèðîâàëè
ÐÏ, òî àíòèáèîòèê ñëóæèë "ÿêîðåì" äëÿ èõ ôèêñàöèè â çàäàííîì ó÷àñòêå ÐÒ.
Íà îñíîâàíèè äàííûõ ðåíòãåíîñòðóêòóðíîãî àíàëèçà, à òàêæå êîíêóðåíòíîãî
ñâÿçûâàíèÿ ñ ðèáîñîìîé è èíãèáèðîâàíèÿ òðàíñëÿöèè ìû (ñîâìåñòíî ñ
Ä.Âèëñîíîì, Ãåíåòè÷åñêèé öåíòð Ìþíõåíñêîãî óíèâåðñèòåòà, Ãåðìàíèÿ)
èäåíòèôèöèðîâàëè ðÿä ïîòåíöèàëüíûõ ñàéòîâ ñïåöèôè÷åñêîãî
âçàèìîäåéñòâèÿ ÐÏ ñ ÐÒ. Â ÷àñòíîñòè, áûëî íàéäåíî, ÷òî îñòàòîê À2062 â
23S ðÐÍÊ, ðàñïîëîæåííûé âáëèçè ÏÒÖ ðèáîñîìû, âçàèìîäåéñòâóÿ ñ
îïðåäåëåííûìè îñòàòêàìè ÐÏ, èãðàåò  âàæíóþ ðîëü â ðåãóëÿöèè óðîâíÿ
òðàíñëÿöèè.

CONTRIBUTION OF THE RIBOSOMAL TUNNEL IN
REGULATION OF TRANSLATION: THE STRUCTURAL INSIGHT
Bogdanov A.A.*,**, Sumbatyan N.V.*, Shishkina A.V.***, Karpenko V.V.*,
Korshunova G.A.**
*Faculty of Chemistry, Lomonosov Moscow State University, Moscow, Russia
**A.N. Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow
State University, Moscow, Russia
***Faculty of Bioengineering and Bioinformatics, Lomonosov Moscow State
University, Moscow, Russia
E-mail: bogdanov@genebee.msu.su; alex@bogdanov.genebee.msu.su

During protein synthesis nascent polypeptide chains (NC) extend through
the ribosomal tunnel (RT). RT spans the large subunit body from the peptidyl
transferase center (PTC) to the exit point where NC becomes available for
interaction with chaperones and targeting factors.

The RT walls are composed predominantly of rRNA nucleotide residues. It
is well documented that the upper one third of RT is involved in interactions with
specific amino acid residues of NC and various antibiotics including macrolides.
In several cases these interactions play a critical role in regulation or inhibition of
translation.  To study interplay between NC and RT we have designed and
synthesized a series of amino acid and peptide derivatives of 16-member-ring
macrolides – tylosin (Tyl), desmycosin (Des) and 5-mycainosyl-tylonolid (OMT)
in which the antibiotic serves as an "anchor" for positioning the peptide at the
specific site of RT. Amino acids and peptides were attached to either the C6 position
(Tyl, Des, OMT) or C23 position (OMT) of a macrolide. The peptide part of these
compound served as a model of NC whereas the antibiotic moiety served as an
"anchor" for positioning the peptide at the specific site of RT.

Using X-ray crystallography, competition binding and translation inhibition
assays (in collaboration with D.Wilson, Gene Center, University of Münich,
Germany) we have revealed and characterized several specific sites of interaction
of NC with RT. In particular, it was shown that A2062 residue of 23S rRNA located
in close vicinity to PTC plays a crucial role in modulation of translation with NC.
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ÑÒÐÓÊÒÓÐÍÎÅ È ÔÓÍÊÖÈÎÍÀËÜÍÎÅ ÐÀÇÍÎÎÁÐÀÇÈÅ
ÏÐÈÐÎÄÍÛÕ ßÄÎÂ
Ãðèøèí Å.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: grev@mx.ibch.ru

Çíà÷èòåëüíîå êîëè÷åñòâî æèâûõ îðãàíèçìîâ ïðîäóöèðóåò ðàçëè÷íûå
ÿäû, ñîäåðæàùèå ðàçíîîáðàçíûå êîìïîíåíòû, êîòîðûå ïîìîãàþò ýòèì
îðãàíèçìàì âûæèâàòü âî âðàæäåáíîì îêðóæåíèè. Áîëüøèíñòâî ïðèðîäíûõ
ÿäîâ ïðåäñòàâëÿþò ñîáîé  ñëîæíûå ñìåñè ìíîæåñòâà  êîìïîíåíòîâ ñ
ðàçëè÷íûìè ôàðìàêîëîãè÷åñêèìè ñâîéñòâàìè.

Óäèâèòåëüíîå ìîëåêóëÿðíîå ðàçíîîáðàçèå ïðèðîäíûõ ÿäîâ, â îñíîâíîì,
îáóñëîâëåíî ïîëèïåïòèäíûìè êîìïîíåíòàìè. Íåêîòîðûå ïðèðîäíûå ÿäû
ÿâëÿþòñÿ ñâîåîáðàçíûìè êîìáèíàòîðíûìè áèáëèîòåêàìè ïîëèïåïòèäíûõ
ìîëåêóë. Òàê, ÿäû ïàóêîâ ìîãóò ñîäåðæàòü íåñêîëüêî ñîòåí ïîëèïåïòèäíûõ
êîìïîíåíòîâ ñ ìîëåêóëÿðíûìè ìàññàìè îò 3 äî 8 êÄà.  Òàêèì îáðàçîì, ïàóêè
ïðîäóöèðóþò êîêòåéëü ñòðóêòóðíî ðàçíîîáðàçíûõ, íî ôóíêöèîíàëüíî
ïîäîáíûõ ïîëèïåïòèäîâ. Ìû èçó÷èëè ïîëèïåïòèäíûé ïðîôèëü ÿäà ïàóêîâ
è îáíàðóæèëè, ÷òî îòäåëüíûé ÿä ñîäåðæèò îêîëî äåñÿòè ðàçëè÷íûõ ñåìåéñòâ
òîêñèíîïîäîáíûõ ïîëèïåïòèäîâ. Äàííûå ïîëèïåïòèäû îáëàäàþò óíèêàëüíîé
ñïîñîáíîñòüþ ñåëåêòèâíî âîçäåéñòâîâàòü íà âàæíåéøèå ðåöåïòîðíûå
ñèñòåìû ìåìáðàíû íåéðîíàëüíûõ êëåòîê è ìîãóò ðàçëè÷àòü ôóíêöèîíàëüíî
ïîäîáíûå êëåòî÷íûå ìèøåíè, ÷òî äåëàåò èõ âåñüìà ïðèâëåêàòåëüíûìè äëÿ
íàó÷íûõ èññëåäîâàíèé è ñîçäàíèÿ ëåêàðñòâåííûõ ïðåïàðàòîâ. Â íàñòîÿùåå
âðåìÿ â ÿäàõ íàéäåíû ïîëèïåïòèäû, âçàèìîäåéñòâóþùèå ïðàêòè÷åñêè ñî
âñåìè èçâåñòíûìè èîíîòðîïíûìè êîìïîíåíòàìè êëåòî÷íîé ìåìáðàíû.

Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû ïî èçó÷åíèþ êîìïîíåíòîâ
ïðèðîäíûõ ÿäîâ, âçàèìîäåéñòâóþùèõ ñ ïîòåíöèàëçàâèñèìûìè Na+- è
Ca2+-êàíàëàìè, âàíèëëîèäíûì ðåöåïòîðîì TRPV1 è  ïóðèíýðãè÷åñêèìè P2X
ðåöåïòîðàìè.

STRUCTURAL AND FUNCTIONAL DIVERSITY OF NATURAL
VENOMS
Grishin E.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: grev@mx.ibch.ru

A considerable number of living organisms produces various venoms
containing diverse compounds that help these organisms to live or survive in hostile
environments. Most natural venoms are complex mixtures of many components
with diverse pharmacological properties. Remarkable molecular diversity of natural
venoms is substantially formed by polypeptide components. Certain natural venoms
are considered as peculiar naturally edited combinatorial libraries of polypeptide
molecules. So, spiders venoms are complex mixtures of up to several hundred
various polypeptide components with molecular masses ranging from 3 to 8 kDa.
Thus, the spider was found to produce a cocktail of structurally diverse but
functionally similar venom peptides. We estimated the polypeptide profile of spider
venoms and found that individual venom contained about ten various families of
toxin like polypeptides. Venom polypeptides can affect selectively major receptor
systems of neuronal membranes and discriminate between closely related cellular
targets that make them attractive for scientific use and drug development. Almost
all known ionotropic receptors are affected by venom peptides.

The presented work reports the results of our investigation on venom peptides
affecting potential-dependent Na+- and Ca2+-channels, vanilloid receptor TRPV1
and P2X receptors.
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MOLECULAR MECHANISMS IN ENERGY TRANSFER RESPIRATORY
PROTEINS: FROM PROTEIN ALLOSTERIC COOPERATIVITY TO POST-
TRANSLATIONAL MODIFICATION
Papa S.
Department of Medical Biochemistry, Biology and Physics, University of Bari, P.zza G.
Cesare, Policlinico, Bari, Italy
E-mail: papabchm@cimedoc.uniba.it
Institute of Bioenergetics and Biomembranes, National Research Council, P.zza G.
Cesare, Bari, Italy

The respiratory chain of mitochondria is organized in four oligomeric complexes,
three of which i.e. complex I, III and IV convert the free energy made available by electron
flow into a protonmotive force. The mechanism of redox proton pumps is still elusive
[1,2]. As far as complex III (bc1 complex) is concerned, the ubiquinone cycle, which is an
extension of the direct ligand conduction principle, can explain a body of experimental
observations and is largely accepted. However, alternative mechanisms based on cooperative
coupling at b cytochromes alone or in combination with the proton motive properties of
protein-stabilized semiquinone/quinol species (Q-gated proton pump), equally appear apt
to explain the protonmotive activity of complex III [1].

In cytochrome c oxidase, oxido-reductions of heme a/CuA and heme a3/CuB are
cooperatively linked to proton transfer at acid/base groups in the enzyme. H+/e– cooperative
linkage at Fea3/CuB is envisaged to be involved in proton pump mechanisms confined to
the binuclear center. Models are also proposed which involve a role in proton pumping of
cooperative H+/e– linkage at heme a (and CuA) [1-3].

Less is known on the mechanism of proton pumping in complex I. Redox-linked
conformational changes and protein bound quinone(s) appear to be involved in the proton
pump of this complex.

The functional capacity of complex I is regulated by the cAMP cascade.
Phosphorylation by the cAMP-dependent protein kinase (PKA) of the subunit of the complex
encoded by the nuclear NDUFS4 gene promotes its mitochondrial import, enhances the
NADH-ubiquinone oxidoreductase activity and prevents ROS production [4,5].
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ASSEMBLY OF ADHESIVE TYPE 1 PILI FROM ESCHERICHIA COLI
Glockshuber R.
Institute of Molecular Biology and Biophysics, ETH Zurich, CH-8093 Zürich,
Switzerland
E-mail: rudi@mol.biol.ethz.ch

Type 1 pili are filamentous, highly oligomeric protein complexes anchored to the
outer membrane of uropathogenic Escherichia coli cells that mediate bacterial attachment
to target receptors on epithelium cells of the urinary tract. The pili are composed of 500-
3000 copies of the main structural subunit FimA that forms the helical pilus rod, and the
minor subunits FimF, FimG and the adhesin FimH that form the linear tip fibrillum. Each
of these four, structurally homologous subunits consists of an incomplete, immunoglobulin-
like fold that lacks the C-terminal beta-strand, and contains an N-terminal extension of
about 15 amino acids. In the quaternary structure of the pilus, each N-terminal extension
serves as donor strand that complements the fold of the neighbouring subunit, a mechanism
termed donor strand complementation. Two additional proteins are strictly required for
pilus assembly in vivo, the periplasmic chaperone FimC and the assembly platform FimD.
The chaperone FimC forms soluble 1:1 complexes with all pilus subunits in the periplasm
and delivers them to the assembly platform FimD in the outer E. coli membrane. FimC
represents the prototype of a novel class of protein folding catalysts and accelerates folding
of pilus subunits by up to 104-fold. In addition, FimC acts as a kinetic assembly trap that
prevents premature pilus subunit assembly in the bacterial periplasm.

Inter- and intramolecular donor strand complementation experiments in vitro with
isolated type 1 pilus subunits revealed that the donor strands dramatically stabilize pilus
subunits against unfolding and confer infinite stability against dissociation to the assembled
pilus. We found that the complex between the subunit FimG and the donor strand peptide
of the neighbouring subunit FimF represents the kinetically most stable, non-covalent protein
complex described to date, with an extrapolated half-life of dissociation of three billion
years.

Spontaneous assembly of type 1 pili from chaperone-subunit complexes is a very
slow process in vitro, with a half-life of about 10 hours. In contrast, pilus assembly in vivo
occurs on the time scale of several minutes, indicating that pilus assembly in the cell is
catalyzed by the assembly platform FimD. FimD not only anchors the pilus to the outer
membrane, but also mediates translocation of individual pilus subunits from the periplasm
to the cell surface. We identified a periplasmically oriented, N-terminal FimD domain,
FimDN, which represents the docking site for chaperone-subunit complexes. In addition,
we purified the functional, full-length assembly platform and reconstituted FimD-catalyzed
pilus assembly in vitro from all purified protein components. FimD catalyzed pilus assembly
by more than 100-fold. Its catalytic activity depended on the adhesin FimH, the first subunit
to be incorporated into the pilus. Finally, we identified FimI, a minor subunit that has so far
not been detected as a component of assembled pili, as the subunit that terminates pilus
growth.
References
1. Hahn et al., J. Mol. Biol. 323, 845-857 (2002).
2. Nishiyama et al., J. Mol. Biol. 330, 513-525 (2003).
3. Vetsch et al., Nature 431, 329-332 (2004).
4. Nishiyama et al., EMBO J. 24, 2075-2086 (2005).
5. Vetsch et al., EMBO Rep. 7, 734-738 (2006).
6. Erilov et al., J. Am. Chem. Soc. 129, 8938-8939 (2007).
7. Puorger et al., Structure 16, 631-642 (2008).
8. Nishiyama et al., Science 320, 376-379 (2008).



16 17

25 YEARS OF RECEPTOR RESEARCH, 25 YEARS OF
COOPERATION
Hucho F.
Freie Universität Berlin, Berlin, Germany
E-mail: hucho@chemie.fu-berlin.de

This talk reviews the history of receptor research which for me personally is
the history of a longstanding and fruitful Russian-German cooperation, initiated
about a quarter of a century ago by Yuri Ovchinnikov. The time period of this
cooperation is marked by two books which I had the honor to publish together
with him (1983 and 1987), and a most recent publication in Current Opinion in
Pharmacology (2009, in press) written together with one of Yuri's outstanding
pupils.

In the late seventies of last century receptors evolved from abstract
pharmacological concepts to molecular entities. This development was initiated
and largely promoted, in parallel with others, by the research group of Jean-Pierre
Changeux at the Pasteur Institute in Paris. The neurotransmitter receptor prototypic
for this chapter of science history was the nicotinic acetylcholine receptor (nAChR).
Pivotal were two important discoveries: a tissue extremely rich in those receptors
(electric organs from electric eel and ray, introduced long before by David
Nachmansohn) and a variety of toxins usable as tools in characterizing receptors.
The latter theme became a common denominator of the cooperation partners on
both sides of the Iron Curtain. This methodological bridge was supplemented by
technologies like photo affinity labelling, NMR and finally mass spectrometry.

The outcome was the emergence of an increasingly detailed picture of
nAChRs. The present situation is documented by the latest common publication
with the title "Nicotinic acetylcholine receptors at atomic resolution" (V.Tsetlin
and F.Hucho, Curr. Opinion Pharmacol. 9, 2009). In an impressive international
effort the ultra structure of nAChRs can be 'seen' now by means of Electron
Microscopy (mostly Nigel Unwin's work, Cambridge, UK), and X-ray
crystallography of a homologue of the extracellular domain (the work of the Smit
and Sixma group in Amsterdam). In between there are many landmark
achievements, some contributed by the Russian-German cooperation. For the first
time we now can speculate evidence-based about the mechanism of channel gating
and agonist/antagonist action.

ÏÅÏÒÈÄÍÎ-ÁÅËÊÎÂÛÅ ÍÅÉÐÎÒÎÊÑÈÍÛ
Â  ÈÑÑËÅÄÎÂÀÍÈßÕ ÍÈÊÎÒÈÍÎÂÛÕ ÐÅÖÅÏÒÎÐÎÂ
Öåòëèí Â.È.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: vic_tset@yahoo.com

Èññëåäîâàíèÿ áåëêîâûõ íåéðîòîêñèíîâ íà÷àòû â íàøåì Èíñòèòóòå áîëåå
30 ëåò íàçàä àêàäåìèêîì Þ.À. Îâ÷èííèêîâûì. Çàäà÷à íàøåé ãðóïïû â
ëàáîðàòîðèè ïðîô. Â.Ò.Èâàíîâà ñîñòîÿëà â õèìè÷åñêîé ìîäèôèêàöèè
α-íåéðîòîêñèíîâ çìåé äëÿ îáëåã÷åíèÿ àíàëèçà èõ ïðîñòðàíñòâåííîé
ñòðóêòóðû ñ ïîìîùüþ ßÌÐ è äðóãèõ ìåòîäîâ (ñîâìåñòíàÿ ðàáîòà ñ
ëàáîðàòîðèåé ïðîô. Â.Ô. Áûñòðîâà). Èçáèðàòåëüíî ââåäåííûå ðåïîðòåðíûå
ãðóïïû ïîçâîëèëè âïåðâûå ïîëó÷èòü ýêñïåðèìåíòàëüíûå äàííûå î
ïîâåðõíîñòè α-íåéðîòîêñèíà, âçàèìîäåéñòâóþùåé ñ íèêîòèíîâûì
àöåòèëõîëèíîâûì ðåöåïòîðîì (íÀÕÐ) èç ýëåêòðè÷åñêîãî îðãàíà ñêàòà
Òorpedo marmorata (ñîâìåñòíàÿ ðàáîòà ñ ä-ðîì E. Karlsson, Óïïñàëà) [1].
Ïîçäíåå â ñîòðóäíè÷åñòâå ñ ïðîô. F.Hucho (Áåðëèí) ìåòîäîì ôîòîàôôèííîé
ìîäèôèêàöèè îõàðàêòåðèçîâàíà ïëîùàäêà ñâÿçûâàíèÿ α-íåéðîòîêñèíîâ â
ñàìîì ÀÕÐ [2,3].

Ñåé÷àñ â íàøåé ëàáîðàòîðèè ïðîâîäÿòñÿ ïðîòåîìíûå èññëåäîâàíèÿ
çìåèíûõ ÿäîâ, ñôîêóñèðîâàííûå íà "òðåõïåòåëüíûõ" òîêñèíàõ – áîëüøîì
ñåìåéñòâå, ê êîòîðîìó ïðèíàäëåæàò α-íåéðîòîêñèíû. Âïåðâûå â ÿäå êîáðû
îáíàðóæåíû íåéðîòîêñèíû, äåéñòâóþùèå íà ìóñêàðèíîâûå àöåòèëõîëèíîâûå
ðåöåïòîðû [4]; îáíàðóæåíî, ÷òî ìèøåíüþ íåêîòîðûõ "ñëàáûõ íåéðîòîêñèíîâ"
(ñòðóêòóðíîãî ïîäòèïà òðåõïåòåëüíûõ òîêñèíîâ) ÿâëÿþòñÿ íÀÕÐ [5].
Îáíàðóæåííûé ãëèêîçèëèðîâàííûé öèòîòîêñèí [6], à òàêæå äèñóëüôèä-
ñâÿçàííûé äèìåð α-êîáðàòîêñèíà [7] ÿâëÿþòñÿ ïðèìåðàìè íåèçâåñòíûõ ðàíåå
òèïîâ ïîñòòðàíñëÿöèîííîé ìîäèôèêàöèè òðåõïåòåëüíûõ òîêñèíîâ.

Ýôôåêòèâíûìè èíñòðóìåíòàìè èññëåäîâàíèÿ íÀÕÐ ñòàíîâÿòñÿ
α-êîíîòîêñèíû – ïåïòèäû èç ÿäîâèòûõ ìîðñêèõ ìîëëþñêîâ Conus, êîòîðûå
ïîëó÷àþò ïåïòèäíûì ñèíòåçîì. Ñóùåñòâóþò α-êîíîòîêñèíû, áëîêèðóþùèå
ìûøå÷íûå íÀÕÐ; áîëüøàÿ ãðóïïà α-êîíîòîêñèíîâ ñ áîëüøåé èëè ìåíüøåé
èçáèðàòåëüíîñòüþ áëîêèðóåò ðàçëè÷íûå ïîäòèïû íåéðîíàëüíûõ íÀÕÐ, ÷òî
èñïîëüçóåòñÿ  äëÿ âûÿâëåíèÿ ðîëè íÀÕÐ ïðè ðàçëè÷íûõ çàáîëåâàíèÿõ
(íèêîòèíîâàÿ çàâèñèìîñòü, áîëåçíü Àëüöãåéìåðà è äð.). Íàìè âïåðâûå
óñòàíîâëåíî, ÷òî α-êîíîòîêñèíû ðàçëè÷àþò 2 ó÷àñòêà ñâÿçûâàíèÿ â íÀÕÐ
Torpedo [8], à ñ ïîìîùüþ ôîòîàêòèâèðóåìûõ ïðîèçâîäíûõ ïîêàçàíà
ëîêàëèçàöèÿ α-êîíîòîêñèíîâ â îáëàñòÿõ êîíòàêòà ñîñåäíèõ ñóáúåäèíèö íÀÕÐ
(ñîâìåñòíî ñ ïðîô. J.B. Cohen, Áîñòîí) [9].

Áóðíûé ïðîãðåññ â óñòàíîâëåíèè ïðîñòðàíñòâåííîé ñòðóêòóðû ÀÕÐ
îáóñëîâëåí îòêðûòèåì â 2001 ã. ãîëëàíäñêèìè èññëåäîâàòåëÿìè (ïðîô.
A.B. Smit è T. Sixma) àöåòèõîëèí-ñâÿçûâàþùåãî áåëêà (ÀÕÁ) è óñòàíîâëåíèåì
åãî êðèñòàëëè÷åñêîé ñòðóêòóðû – ïðåêðàñíîé ìîäåëè ëèãàíä-ñâÿçûâàþùèõ
äîìåíîâ íÀÕÐ. Â ñîòðóäíè÷åñòâå ñ ýòèìè ó÷åíûìè óñòàíîâëåíà ñòðóêòóðà
[10] êîìïëåêñà ÀÕÁ Aplysia californica ñ àíàëîãîì α-êîíîòîêñèíà PnIA,
èìåþùèì äâå çàìåíû, ò.å. PnIA[A10L,D14K]. (Ýòî ïåðâàÿ êðèñòàëëè÷åñêàÿ
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ñòðóêòóðà â êîìïëåêñå ñ áèîëîãè÷åñêîé ìèøåíüþ äëÿ âñåãî êëàññà
êîíîòîêñèíîâ). Â íàñòîÿùåå âðåìÿ íà îñíîâàíèè êðèñòàëëè÷åñêèõ ñòðóêòóð
ÀÕÁ è èõ êîìïëåêñîâ ñ ðàçëè÷íûìè àãîíèñòàìè è àíòàãîíèñòàìè ñ ïîìîùüþ
êîìïüþòåðíîãî ìîäåëèðîâàíèÿ àíàëèçèðóþòñÿ êîìïëåêñû èíäèâèäóàëüíûõ
ïîäòèïîâ íÀÕÐ è êîíñòðóèðóþòñÿ ñîåäèíåíèÿ ñ áîëåå âûñîêîé àêòèâíîñòüþ
è èçáèðàòåëüíîñòüþ äåéñòâèÿ. Íàïðèìåð, íàìè ïîëó÷åí α-êîíîòîêñèí
SIA[D12K], ïðåâîñõîäÿùèé â ñðîäñòâå ê íÀÕÐ Torpedo ïðèðîäíûé
α-êîíîòîêñèí SIA â 200 ðàç [11].
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PEPTIDE AND PROTEIN NEUROTOXINS IN STUDIES ON
NICOTINIC RECEPTORS
Tsetlin V.I.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow,
Russia
E-mail: vic_tset@yahoo.com

Research on protein neurotoxins has been initiated in our Institute by
Academician Yu.A. Ovchinnikov more than 30 years ago. The task of our group in
the laboratory of Prof. V.T. Ivanov was to chemically modify snake venom
α-neurotoxins to facilitate the analysis of their spatial structure by NMR and other
methods (joint work with Prof.V.F. Bystrov laboratory). The selectively introduced
reporter groups allowed us for the first time to obtain experimental data
characterizing the binding surface of α-neurotoxin interacting with the nicotinic
acetylcholine receptor (nAChR) from the electric organ of Òorpedo marmorata
ray (collaboration with Dr. E. Karlsson, Uppsala) [1]. Later in joint projects with
Prof. F.Hucho (Berlin), the binding site for α-neurotoxins in the nAChR was
characterized by photoaffinity labeling [2,3].

At present, proteomic studies are being carried out at our laboratory focusing
on three-finger proteins, a large family which includes α-neurotoxins. Neurotoxins
acting on muscarinic acetylcholine receptors were found in cobra venom [4]. It
was shown that the target of some "weak neurotoxins" (a distinct structural subtype
of three-finger toxins) are nAChRs [5]. The discovered glycosylated cytotoxin [6]
and a disulfide-bound dimer of α-cobratoxin [7] are the examples of post-
translational modifications earlier unknown for three-finger toxins.

α-Conotoxins, peptides from poisonous marine mollusks Conus, which can
be obtained synthetically, are becoming efficient tools for nAChR research. There
are α-conotoxins which block muscle-type nAChRs, a large group of α-conotoxins
with higher or lower selectivity blocks distinct subtypes of neuronal nAChRs;
they are used for clarifying the role of nAChRs in various diseases (nicotine
addiction, Alzheimer's disease and some other). We found that α-conotoxins
distinguish the 2 binding sites in the Torpedo nAChR [8], and with the aid of
photoactivatable derivatives demonstrated the localization of α-conotoxins at the
interfaces of the neighboring nAChR subunits (collaboration with Prof. J.B. Cohen,
Boston) [9].

Rapid progress in determination of the nAChR spatial structure is due to the
discovery in 2001 of the acetylcholine-binding protein (AChBP) and elucidation
of its crystal structure, an excellent model for ligand-binding domains in nAChRs
(Profs. A.B. Smit and T. Sixma, Amsterdam). In collaboration with these scientists,
the crystal structure was solved [10] for the Aplysia californica AChBP in a complex
with α-conotoxin PnIA analog having two substitutions, namely
PnIA[A10L,D14K]. (This is the first crystal structure in complex with a biological
target for the whole class of conotoxins). At present, basing on the crystal structures
of AChBPs and their complexes with agonists and antagonists, computer modeling
is used for analysis of complexes with individual nAChR subtypes and for design
of compounds having higher potency and selectivity. For example, we obtained
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α-conotoxin SIA[D12K] which has more than 200-fold higher affinity for Torpedo
nAChR than the native α-conotoxin SIA [11].
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PEDF DETERMINES RISK IN RETINAL NEURODEGENERATIVE
DISEASES
Tombran-Tink J.
Penn State University College of Medicine, Department of Neural and Behavioural
Sciences and the Department of Ophthalmology, USA
E-mail: jttink@aol.com; tombrantinkj@umkc.edu

Neurodegenerative diseases of the eye are often associated with cell death and
neovascularization. In conditions such as age related macular degeneration and diabetic
retinopathy, neuronal cell death precedes and may contribute to downstream vascular
abnormalities. Injured neuronal cells are thought to sendangiogenic signals that induce
growth of new blood vessels.

In several neovascular eye diseases, an imbalance in the levels of pro and
antiangiogenic factors in the retina exists. This is especially true for Vascular endothelial
growth factor (VEGF) and Pigment epithelium derived growth factor (PEDF), two
molecules with counter balancing effects on the retinal vasculature. When there are
higher levels of the pro angiogenic molecule VEGF and lower levels of antiangiogenic
molecules, then the production and actions of VEGF goes unchecked and it
indiscriminately generates new blood vessels. An equilibrium shift between these
PEDF and VEGF have been consistently observed in the vitreous samples of patients
with diabetic retinopathy, where the levels of PEDF are lower and those of VEGF are
higher than in the normal age-matched controls. These differences are robust and
have been used to predict which patients will develop the proliferative form of the
disease.

The normal ocular environment contains high levels of PEDF, which is mainly
thought to be secreted by the retinal pigment epithelium and Mullerglia cells. Its
antiangiogenic effects have been widely studied in a number of models of
neovascularization where it inhibits endothelial cell growth, prevents migration of
endothelial cells, blocks vessel sprouting, and reduces vascular leakage. Both retinal
and choroidalneovascularization are reduced by PEDF in models of ocular angiogenesis
generated by either laser coagulation or hyperoxic treatment. In humans, vitreous PEDF
levels are significantly lower in diabetic patients with macular edema compared to
normal controls or diabetic individuals without retinopathy. Given the fact that much
of the loss of vision in diabetic retinopathy occurs because of macular edema, restoring
physiological levels of this antiangiogenic factor in the eye could be beneficial for
these patients. In clinical trials, replacement of PEDF in age related macular
degeneration by gene therapy shows good success in reducing neovascularization and
improving visual acuity without serious side effects and dose-limiting toxicities.

PEDF also has neurotrophic activities, which are evident in several retinal
degeneration models including ischemic injury, light damage, and oxidative stress. Its
hasbroad acting neuroprotective effects on a wide range of neurons including
photoreceptors and retinal ganglion cells in the eye and neurons of the brain and
spinal cord. The two functional activities of the protein reside on distinct peptides at
the N-terminal region of the molecule. Mechanisms of PEDF's action are believed to
be through activation of caspase 3, reduction in the expression of VEGF and VEGFR2,
reduction in VEGF-VEGR2 binding on endothelial cells, and coordinated actions
between c-FLIP, NFAT and JNK. The actions of this molecule and its relevance to
neurodegenerative diseases will be discussed.
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SIGNAL PATHWAYS THAT REGULATE BOTH NEURAL
DEVELOPMENT AND DEGENERATION
Barnstable C.J.
Department of Neural and Behavioral Sciences, Penn State University College of
Medicine, Hershey, PA, USA
E-mail: cbarnstable@hmc.psu.edu

Differentiation of neural progenitor cells into neurons is controlled by both
extrinsic and intrinsic factors. We have used mammalian rod photoreceptors as model
neurons to study these processes. Dividing retinal progenitor cells express the signal
molecule STAT3. Activation of STAT3 by IL-6 family cytokines blocks the movement
of progenitors into the terminal differentiation pathway and the expression of a variety
of rod-specific molecules. In a screen to identify positive inducers of rod formation
we found that the phorbol ester PMA can increase the number of differentiating rods
in explant cultures of neonatal mouse retina. This effect was blocked by an inhibitor
of PKCs. To determine which isoforms of PKC might mediate the effect we studied
the expression of all PMA-activated forms in the developing retina. Only PKC-betaI
and PKC-gamma were expressed in the right place at the right time. The stimulation
of rod formation by PMA was partially blocked by a specific inhibitor of PKC-betaI.
We also found that PKC-gamma knockout mice had delayed rod formation and that
this was further inhibited by the PKC-betaI inhibitor. Together these results suggest
that both PKC-betaI and PKC-gamma are responsible for promoting rod formation.
Although the mechanism of action of PKC is not fully resolved, pretreatment of cell
lines and retinal explants with PMA results in decreased activation of STAT3 by CNTF
or LIF. We suggest that activation of PKC relieves the differentiation block imposed
by activated STAT3.  Among the natural activators of PKC found in the neonatal
retina is IGF-1. IGF-1 caused an increase in the number of rod photoreceptors in
retinal explant cultures, and this effect was blocked by PKC inhibitors.

When neurons undergo stress, such as ischemia, they activate an apoptotic
pathway and die. A variety of neuroprotective factors can prevent cell death but we
still know little about their mechanisms of action. We have investigated the intracellular
signals necessary to mediate the neuroprotective effect of one factor, CNTF. In particular
we have studied the role of STAT3 in protecting retinal neurons from damage induced
by ischemia/reperfusion and glutamate excitotoxicity by using adenovirus constructs
to introduce constitutively active, normal or a dominant negative (inactive) STAT3
into purified retinal ganglion cells in culture and cells of the ganglion cell layer in the
intact retina. Purified RGCs were infected with recombinant adenoviruses or control
empty virus and then treated with glutamate. Surviving infected cells were counted
24 and 48 h later. Infection with constitutively active STAT3 gave substantial protection
when compared to the other constructs. Similarly, intravitreal injection of constitutively
active STAT3 adenovirus one day before ischemia-reperfusion resulted in a decreased
neural cell death in the ganglion cell layer compared with GFP adenovirus control.

Molecules like STAT3 play vital roles in both neural development and neural
disease. Control of STAT3 activation may be critical for the regulated differentiation
of neural stem cells into specific types of neuron. Persistent activation of STAT3 by
neurotrophic factors provides strong neuroprotection and can be an effective strategy
in a number of chronic retinal diseases.

FROM STRUCTURAL BIOLOGY TO STRUCTURAL GENOMICS:
THE EXPANDING PROTEIN UNIVERSE
Wuthrich K.
The Scripps Research Institute, La Jolla, CA, USA
ETH Zurich, Zurich Switzerland
E-mail: kurt.wuthrich@mol.biol.ethz.ch; wuthrich@scripps.edu

In today's post-genomic era, with the availability of the complete DNA
sequences of a wide range of organisms, structural biologists are faced with new
opportunities and challenges in "structural genomics". In contrast to classical
structural biology, research in structural genomics is focused on gene products
with unknown structures, unknown functions, and minimal similarity to previously
studied proteins. A precisely formulated goal of structural genomics is to determine
representative three-dimensional structures for all protein families, which requires
'high-throughput' technology for protein production and structure determination,
and the long-term outlook is to predict physiological protein functions from
knowledge of new three-dimensional structures. The California-based Joint Center
for Structural Genomics (JCSG; PI Dr. Ian A. Wilson) is one of the four large-
scale consortia in the NIH-funded Protein Structure Initiative (PSI), which
developed and operates an extensively automated high-throughput pipeline for
protein production, crystallization and crystal structure determination. However,
there remain gaps in the coverage of protein fold space that are due to certain
proteins being not readily amenable to crystal structure determination. My research
team (the "NMR Core") works on filling such gaps with a 'high-output' approach,
which involves novel strategies of target selection as well as new technology for
NMR structure determination. When compared to structure determination by X-ray
crystallography, the NMR method is complementary by the fact that atomic
resolution structural and other function-related data can be measured under solution
conditions close to the physiological milieu in body fluids. By generating data on
protein structure stability, dynamics and intermolecular interactions in solution,
NMR has an exciting role also in the longer-term challenge leading from the
expanding protein structure universe to new insights into protein functions and
chemical biology.

The JCSG is supported by the National Institute of General Medical Sciences,
Protein Structure Initiative: Grant U54 GM074898.
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NANODOMAINS (RAFTS) IN MODEL AND CELL MEMBRANES:
THEORETICAL STUDY
Chizmadzhev Yu.A.
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry RAS,
Moscow, Russia
E-mail: chiz@fromru.com

The creation and evolution of phase-separated domains in a multicomponent
lipid bilayer membrane was described quantitatively. The early stages, termed the
nucleation stage and the independent growth stage, are extremely rapid
(characteristic times are submillisecond and millisecond, respectively) and the
system consists of nanodomains of average radius 5-50 nm. Next, mobility of
domains becomes consequential; domain merger and fission become the dominant
mechanisms of matter exchange, and line tension is the main determinant of the
domain size distribution at any point in time. For sufficiently small line tension,
the decrease in the entropy term that results from domain merger is larger than the
decrease in boundary energy, and only nanodomains are present. For large line
tension, the decrease in boundary energy dominates the unfavorable entropy of
merger, and merger leads to rapid enlargement of nanodomains to radii of
micrometer scale. At intermediate line tensions and within finite times, nanodomains
can remain dispersed and coexist with a new global phase. The theoretical critical
value of line tension needed to rapidly form large rafts is in accord with the
experimental estimate from the curvatures of budding domains in giant unilamellar
vesicles.

Formation of rafts and other domains in cell membranes at under-saturation
is considered as wetting of proteins by lipids. The membrane is modeled as a
continuous elastic medium. Thermodynamic functions of the lipid films that wet
proteins are calculated using a mean-field theory of liquid crystals as adapted to
biomembranes. This approach yields the conditions necessary for a macroscopic
wetting film to form; its thickness could also be determined. It is shown that films
of macroscopic thicknesses form around large (tens nanometers in diameter) lipid/
protein aggregates; only thin adsorption films form around single proteins or small
complexes.  The means by which wetting films can facilitate the merger of these
aggregates is considered. It is shown that a wetting film prevents a protein from
leaving an aggregate. Using experimentally derived values of elastic moduli and
spontaneous curvatures as well as height mismatch between aggregates and bulk
membrane, we obtained numerical results, which can be compared with the
experimental data.

ÍÀÍÎÄÎÌÅÍÛ (ÐÀÔÒÛ) Â ÌÎÄÅËÜÍÛÕ È ÊËÅÒÎ×ÍÛÕ
ÌÅÌÁÐÀÍÀÕ: ÒÅÎÐÅÒÈ×ÅÑÊÎÅ ÈÑÑËÅÄÎÂÀÍÈÅ
×èçìàäæåâ Þ.À.
Èíñòèòóò ôèçè÷åñêîé õèìèè è ýëåêòðîõèìèè èì. À.Í. Ôðóìêèíà ÐÀÍ,
Ìîñêâà, Ðîññèÿ
E-mail: chiz@fromru.com

Êîëè÷åñòâåííî îïèñàíî âîçíèêíîâåíèå è ýâîëþöèÿ äîìåíîâ íîâîé ôàçû
â ìíîãîêîìïîíåíòíîì ëèïèäíîì áèñëîå. Ðàííèå ñòàäèè, íàçûâàåìûå
íóêëåàöèåé è ïðîöåññîì íåçàâèñèìîãî ðîñòà, ïðîòåêàþò ÷ðåçâû÷àéíî áûñòðî
(õàðàêòåðíûå âðåìåíà – ìåíåå èëè ïîðÿäêà ìèëëèñåêóíä, ñîîòâåòñòâåííî).
Ïî çàâåðøåíèè ýòèõ ñòàäèé ñèñòåìà ñîñòîèò èç íàíîäîìåíîâ ñî ñðåäíèì
ðàäèóñîì 5-50 íì. Çàòåì íàèáîëåå âàæíûì ôàêòîðîì ñòàíîâèòñÿ ïîäâèæíîñòü
äîìåíîâ; èõ ñëèÿíèå è äåëåíèå ÿâëÿþòñÿ äîìèíèðóþùèì ìåõàíèçìîì
ïåðåðàñïðåäåëåíèÿ âåùåñòâà, à ëèíåéíîå íàòÿæåíèå îïðåäåëÿåò
ðàñïðåäåëåíèå äîìåíîâ ïî ðàçìåðàì â ëþáîé ìîìåíò âðåìåíè. Â ñëó÷àå
äîñòàòî÷íî ìàëîãî ëèíåéíîãî íàòÿæåíèÿ óìåíüøåíèå ýíòðîïèéíîãî ÷ëåíà,
âûçâàííîå ñëèÿíèåì äîìåíîâ, îêàçûâàåòñÿ áîëüøå, ÷åì ïàäåíèå ãðàíè÷íîé
ýíåðãèè; â ðåçóëüòàòå â ñèñòåìå ïðèñóòñòâóþò òîëüêî íàíîäîìåíû. Äëÿ
âûñîêîãî ëèíåéíîãî íàòÿæåíèÿ óìåíüøåíèå ãðàíè÷íîé ýíåðãèè äîìèíèðóåò
íàä èçìåíåíèåì ýíòðîïèè ïðè ñëèÿíèè, êîòîðîå ïðèâîäèò ê áûñòðîìó ðîñòó
ðàçìåðà íàíîäîìåíîâ âïëîòü äî ìèêðîííûõ ìàñøòàáîâ. Ïðè ïðîìåæóòî÷íîì
ïî âåëè÷èíå ëèíåéíîì íàòÿæåíèè íàíîäîìåíû ñîñóùåñòâóþò ñ ãëîáàëüíîé
ôàçîé, íî òîëüêî â òå÷åíèå îãðàíè÷åííîãî ïðîìåæóòêà âðåìåíè. Íàéäåííàÿ
òåîðåòè÷åñêè êðèòè÷åñêàÿ âåëè÷èíà ëèíåéíîãî íàòÿæåíèÿ, íåîáõîäèìîãî äëÿ
áûñòðîãî ðîñòà ðàçìåðà äîìåíîâ, ñîâïàäàåò ñ ýêñïåðèìåíòàëüíîé îöåíêîé,
ñäåëàííîé ïî èçìåðåíèþ êðèâèçíû îòïî÷êîâûâàþùèõñÿ äîìåíîâ â
ãèãàíòñêèõ ëèïîñîìàõ.

Ïðåäïîëàãàåòñÿ, ÷òî ðàôòû è äðóãèå äîìåíû â êëåòî÷íûõ ìåìáðàíàõ
ôîðìèðóþòñÿ â ðåçóëüòàòå ñìà÷èâàíèÿ áåëêîâ ëèïèäàìè. Òåðìîäèíàìèêà
ëèïèäíûõ ïëåíîê, ñìà÷èâàþùèõ áåëêè, ðàññìàòðèâàåòñÿ íà îñíîâå ìåõàíèêè
áèîìåìáðàí â ìîäåëè ìåìáðàíû êàê ñïëîøíîé æèäêîêðèñòàëëè÷åñêîé ñðåäû.
Ýòîò ïîäõîä ÿâëÿåòñÿ íîâûì â îïèñàíèè ñìà÷èâàíèÿ. Òåîðèÿ ïîçâîëÿåò ñòðîãî
ñôîðìóëèðîâàòü óñëîâèÿ, íåîáõîäèìûå äëÿ ïîÿâëåíèÿ ìàêðîñêîïè÷åñêîé
ñìà÷èâàþùåé ïëåíêè, à òàêæå îïðåäåëèòü åå òîëùèíó. Ñîãëàñíî ðàñ÷åòàì
ìàêðîñêîïè÷åñêèå ïëåíêè ìîãóò îáðàçîâûâàòüñÿ òîëüêî âîêðóã áîëüøèõ
ëèïèä-áåëêîâûõ àãðåãàòîâ, äèàìåòðîì ïîðÿäêà äåñÿòêîâ íàíîìåòðîâ. Âîêðóã
îäèíî÷íûõ áåëêîâ èëè ìàëûõ êîìïëåêñîâ ôîðìèðóþòñÿ òîëüêî òîíêèå
àäñîðáöèîííûå ïëåíêè. Ïîëóêîëè÷åñòâåííî ðàññìîòðåí ìåõàíèçì, ïî
êîòîðîìó ïëåíêè ðåãóëèðóþò ñëèÿíèå àãðåãàòîâ. Ïîêàçàíî, ÷òî ïëåíêè
ïðåïÿòñòâóþò âûõîäó îäèíî÷íûõ áåëêîâ èç àãðåãàòà, ÷òî ïîçâîëÿåò
óäåðæèâàòü âáëèçè äðóã äðóãà áåëêè, âçàèìîäåéñòâèå êîòîðûõ íåîáõîäèìî
äëÿ èõ ïðàâèëüíîãî ôóíêöèîíèðîâàíèÿ. Âû÷èñëåíû ðàäèóñû àãðåãàòîâ êàê
ôóíêöèè ñïîíòàííîé êðèâèçíû ìåìáðàíû è íåñîîòâåòñòâèÿ òîëùèíû
ìîíîñëîåâ àãðåãàòà è îêðóæàþùåé ìåìáðàíû. Ïîëó÷åííûå çíà÷åíèÿ
ðàäèóñîâ ìîãóò áûòü ïðîâåðåíû ýêñïåðèìåíòàëüíî.
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MOLECULAR MECHANISMS OF BLOOD VESSELS GROWTH
AND REMODELLING
Tkachuk V.A.
Faculty of Basic Medicine, Lomonosov Moscow State University, Moscow,
Russia
E-mail: tkachuk@fbm.msu.ru

Most cardiovascular diseases, which have a major morbidity and mortalities
in Russia and other economically developed countries, are due to vascular system
disorders (occlusion, atherosclerotic plaques, stenosis etc.).

Blood vessel growth is induced by ischemia (oxygen deficit) via secretion of
angiogenic factor (VEGF, HGF, bFGF and others). Each of these factors has a
specific function (stimulates migration and proliferation of endothelial and smooth
muscle cells, induces pericyte migration or upregulates matrix proteins). Discovery
of molecular and cell mechanism of angiogenesis has greatly influenced
development of gene therapy (gene transfer of VEGF, uPA, HGF etc.) of critical
lower limb ischemia, ischemic brain and heart disease.

High blood pressure, glucose, cholesterol, inflammatory and mechanical
damage lead to luminal vessel occlusion, plaque formation, stenosis and other
blood vessel remodelling processes, which may decrease organic perfusion initiate
strokes or myocardial infarctions.

Vessel remodeling involves plasmin activator system proteins, matrix
(collagen, fibronectin, vitronectin, fibulin etc.) and matrix metalloproteinases. The
above-mentioned pathologic processes in vessels can be inhibited using
recombinant forms of these enzymes/proteins, receptor agonists and antagonists
or incorporated genes encoding such enzymes/proteins into endothelial or smooth
muscle cells. These methods can be used to restore tissue perfusion and prevent
abnormal vessel pathology.

ÌÎËÅÊÓËßÐÍÛÅ ÌÅÕÀÍÈÇÌÛ ÐÎÑÒÀ È
ÐÅÌÎÄÅËÈÐÎÂÀÍÈß ÊÐÎÂÅÍÎÑÍÛÕ ÑÎÑÓÄÎÂ
Òêà÷óê Â.À.
Ôàêóëüòåò ôóíäàìåíòàëüíîé ìåäèöèíû ÌÃÓ èì. Ì.Â. Ëîìîíîñîâà,
Ìîñêâà, Ðîññèÿ
E-mail: tkachuk@fbm.msu.ru

Áîëüøèíñòâî ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé, îñòàþùèõñÿ îñíîâíîé
ïðè÷èíîé ñìåðòíîñòè æèòåëåé Ðîññèè è äðóãèõ èíäóñòðèàëüíî ðàçâèòûõ
ñòðàí, ðàçâèâàåòñÿ âñëåäñòâèå íàðóøåíèé (òðîìáîçû, àòåðîñêëåðîòè÷åñêèå
áëÿøêè, ñòåíîçû è äð.) ñèñòåìû êðîâîîáðàùåíèÿ. Ðîñò ñîñóäîâ ïðîèñõîäèò
ïðè ðàçâèòèè â òêàíÿõ èøåìèè (íåõâàòêè êèñëîðîäà) çà ñ÷åò ñåêðåöèè
àíãèîãåííûõ ôàêòîðîâ (VEGF, HGF, bFGF è äð.). Êàæäûé èç ýòèõ ôàêòîðîâ
ðîñòà âûïîëíÿåò îïðåäåëåííûå ôóíêöèè (ñòèìóëèðóåò ìèãðàöèþ è
ïðîëèôåðàöèþ ýíäîòåëèàëüíûõ è ãëàäêîìûøå÷íûõ êëåòîê èëè ìèãðàöèþ
ïåðèöèòîâ, ëèáî ñèíòåç è ñåêðåöèþ ìàòðèêñíûõ áåëêîâ è äð.). Âûÿñíåíèå
ìîëåêóëÿðíûõ è êëåòî÷íûõ ìåõàíèçìîâ ðîñòà ñîñóäîâ ïîçâîëèëî ïðèìåíÿòü
ìåòîäû ãåííîé òåðàïèè (ââåäåíèå ýêçîãåííûõ ãåíîâ VEGF, uPA, HGF è äð.)
äëÿ ëå÷åíèÿ èøåìèè íèæíèõ êîíå÷íîñòåé, ñåðäöà, ìîçãà è äðóãèõ òêàíåé.

Âëèÿíèå íà ôóíêöèîíèðóþùèå ñîñóäû âûñîêîãî äàâëåíèÿ êðîâè,
ãëþêîçû, õîëåñòåðèíà, âîñïàëèòåëüíûõ ïðîöåññîâ, ìåõàíè÷åñêîãî
ïîâðåæäåíèÿ è äðóãèõ ôàêòîðîâ ïðèâîäèò ê ñóæåíèþ ïðîñâåòà ñîñóäîâ,
ôîðìèðîâàíèþ áëÿøåê, ñòåíîçó è èíûì ïåðåñòðîéêàì ñòðóêòóðû ñîñóäèñòîé
ñòåíêè, ÷òî óõóäøàåò êðîâîñíàáæåíèå îðãàíîâ, à â íåêîòîðûõ ñëó÷àÿõ
çàâåðøàåòñÿ èíôàðêòîì ñåðäöà èëè èíñóëüòîì. Â ïðîöåññàõ ðåìîäåëèðîâàíèÿ
ñîñóäîâ âàæíóþ ðîëü èãðàþò ñèñòåìû àêòèâàòîðîâ ïëàçìèíà, ìàòðèêñíûå
áåëêè (êîëëàãåí, ôèáðîíåêòèí, âèòðîíåêòèí, ôèáóëèí è äð.), ìàòðèêñíûå
ìåòàëëîïðîòåèíàçû. Ñ ïîìîùüþ ðåêîìáèíàíòíûõ ôîðì ýòèõ ôåðìåíòîâ,
àãîíèñòîâ è àíòàãîíèñòîâ ñîîòâåòñòâóþùèõ ðåöåïòîðîâ, à òàêæå òðàíñôåêöèè
ýíäîòåëèàëüíûõ è ãëàäêîìûøå÷íûõ êëåòîê òåðàïåâòè÷åñêèìè ãåíàìè óäàåòñÿ
ïîäàâèòü ðÿä ïàòîëîãè÷åñêèõ èçìåíåíèé ñîñóäîâ è íîðìàëèçîâàòü
êðîâîñíàáæåíèå òêàíåé.
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ÎÑÎÁÅÍÍÎÑÒÈ ÏÅÐÂÎÉ È ÏÎÑËÅÄÍÅÉ ÑÒÀÄÈÉ
ÔÎÒÎËÈÇÀ ÇÐÈÒÅËÜÍÎÃÎ ÏÈÃÌÅÍÒÀ ÐÎÄÎÏÑÈÍÀ
Îñòðîâñêèé Ì.À.
Èíñòèòóò áèîõèìè÷åñêîé ôèçèêè èì. Í.Ì. Ýìàíóýëÿ ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: ostrovsky@gagarinclub.ru

Ïåðâîé ôîòîõèìè÷åñêîé ñòàäèåé ôîòîëèçà ðîäîïñèíà ÿâëÿåòñÿ
èçîìåðèçàöèÿ åãî õðîìîôîðíîé ãðóïïû – 11-öèñ-ðåòèíàëÿ. Ýòà ðåàêöèÿ
èñêëþ÷èòåëüíî ýôôåêòèâíà: âðåìÿ ïîÿâëåíèÿ ïåðâîãî ïðîäóêòà –
ôîòîðîäîïñèíà ìåíåå 200 ôñ, êâàíòîâûé âûõîä ðåàêöèè 0,65. Èññëåäóÿ â
ôåìòî- è ïèêîñåêóíäíûõ øêàëàõ âðåì¸í ñâåòîèíäóöèðîâàííîå îáðàçîâàíèå
ïåðâîãî ïðîäóêòà – ôîòîðîäîïñèíà è ñëåäóþùåãî ïðîäóêòà – áàòîðîäîïñèíà,
ìû ïîäòâåðäèëè êîãåðåíòíóþ ïðèðîäó ýòîé ðåàêöèè íà ïåðâîé ñòàäèè
ôîòîëèçà ðîäîïñèíà (Ñìèòèåíêî è äð, 2008; Ñìèòèåíêî è äð., Áèîõèìèÿ, â
ïå÷àòè). Èñïîëüçóÿ ñëåäóþùèå äðóã çà äðóãîì ñâåòîâûå èìïóëüñû, íàì
óäàëîñü íàáëþäàòü ïðè êîìíàòíîé òåìïåðàòóðå ñâåðõáûñòðóþ ðåãåíåðàöèþ
ðîäîïñèíà êàê ñî ñòàäèè ôîòîðîäîïñèíà, òàê è ñî ñòàäèè áàòîðîäîïñèíà
(Îñòðîâñêèé, â ïå÷àòè). Áûëà òàêæå çàðåãèñòðèðîâàíà ïîäîáíàÿ îáðàòíàÿ
ôîòîðåàêöèÿ áàêòåðèîðîäîïñèíà ñî ñòàäèè K590. Ñâåðõáûñòðûå
ôîòîõðîìíûå ðåàêöèè ñâåòî÷óâñòâèòåëüíûõ ðåòèíàëü-ñîäåðæàùèõ áåëêîâ
ìîãëè áû íàéòè ïðèìåíåíèå â íàíîòåõíîëîãèÿõ.

Ïîñëåäíÿÿ ñòàäèÿ ôîòîëèçà ðîäîïñèíà ïîçâîíî÷íûõ – ýòî ãèäðîëèç
êîâàëåíòíîé ñâÿçè Øèôôîâà îñíîâàíèÿ ìåæäó îïñèíîì è ïîëíîñòüþ-òðàíñ-
ðåòèíàëåì è çàòåì âûñâîáîæäåíèå ñâîáîäíîãî ïîëíîñòüþ-òðàíñ-ðåòèíàëÿ
â ôîòîðåöåïòîðíóþ ìåìáðàíó. Ïðè íåêîòîðûõ íåôèçèîëîãè÷åñêèõ èëè
ïàòîëîãè÷åñêèõ óñëîâèÿõ ñâîáîäíûé ïîëíîñòüþ-òðàíñ-ðåòèíàëü ìîæåò ëåãêî
ðåàãèðîâàòü â ìåìáðàíå ñ àìèíîãðóïïàìè ôîñôîëèïèäîâ è áåëêîâ
(ñ äîñòóïíûìè àìèíîãðóïïàìè ðîäîïñèíà). Â òàêîì ñëó÷àå ïîëíîñòüþ-
òðàíñ-ðåòèíàëü è åãî ïðîèçâîäíûå ìîãóò âûñòóïàòü â êà÷åñòâå
ôîòîñåíñèáèëèçàòîðîâ è èíèöèèðîâàòü ïîâðåæäåíèå ñóáñòðàòîâ îêèñëåíèÿ.
Êàê ìû íåäàâíî ïîêàçàëè, îáëó÷åíèå âèäèìûì ñâåòîì ýòèõ
ìîäèôèöèðîâàííûõ ïîëíîñòüþ-òðàíñ-ðåòèíàëåì ñóáñòðàòîâ â
ôîòîðåöåïòîðíîé ìåìáðàíå ïðèâîäèò ê óìåíüøåíèþ èëè ïîòåðå
ôèçèîëîãè÷åñêîé ñïîñîáíîñòè ðîäîïñèíà ê ðåãåíåðàöèè (Ëîãèíîâà è äð.,
2008a, Ëîãèíîâà è äð., 2008á). Íàêîïëåíèå ïîëíîñòüþ-òðàíñ-ðåòèíàëÿ â
ôîòîðåöåïòîðíûõ ìåìáðàííûõ íàðóæíûõ ñåãìåíòîâ ïàëî÷åê ïðè
íåôèçèîëîãè÷åñêèõ èëè ïàòîëîãè÷åñêèõ óñëîâèÿõ ìîæåò ñòàòü èñòî÷íèêîì
èëè ïðè÷èíîé ïîâðåæäàþùåãî èëè óñóãóáëÿþùåãî äåéñòâèÿ ñâåòà ïðè
äåãåíåðàòèâíûõ çàáîëåâàíèÿõ ñåò÷àòêè, â òîì ÷èñëå ïðè âîçðàñòíîé
ìàêóëÿðíîé äåãåíåðàöèè.

THE ROLE OF THE ROSTRAL ANTERIOR CINGULATE IN THE
DETECTION OF NOVEL CONFLICTS
Cortijo M., Santisteban C. and Alvarado J.
Instituto de Estudios Biofuncionales. UCM, Madrid, Spain
E-mail: cortijo@farm.ucm.es

The neural mechanisms involved in visual attention and, more precisely, in
cognitive control have been amply studied using behavioural, neurophysiological
and imaging techniques. Human brain areas involved in cognitive control have
been studied in this work by a jittered event-related experiment using a flanker
task and monitoring the neural changes produced by functional magnetic resonance
imaging (fMRI). Incongruent (I), neutral (N) and congruent (C) trials were used in
two previous experiments designed to optimize the experimental conditions and
to decrease the influence of behavioural post-conflict adjustments. Our aim was to
ensure that fMRI intensity changes associated to salient novel conflicts could be
evaluated with minimum interference from preceding conflicts, which was fulfilled.
Blood-oxygen-level-dependent (BOLD) intensity differences between I and C trials
in both the rostral ACC (rACC) and the dorsal ACC (dACC) were observed under
these conditions. The former cluster was larger and showed greater intensity
differences than the latter. Other clusters showing BOLD intensity differences
between the I and C conditions in the superior frontal gyrus (spreading to the
medial), left precentral gyrus and both left superior and inferior parietal lobules
were also detected. Our results agree with previous ones that have indicated a key
role played by the ACC in the engagement of control processes, producing neural
and behavioural adjustments and subsequent recruitment from the prefrontal cortex
(PFC) to minimize conflict. Our most important finding was that the rACC was
more active than the dACC, despite the lack of emotional components in the task.
This result suggests an initial role for the rostral ACC in the detection of novel
conflicts, which might be latter engaged in the dorsal ACC and integrated with
other post-conflict adjustments to minimize conflict and improve performance.

Work carried out with the help of the Spanish Ministry of Education and
Science, grant SEJ2004-05290.
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DIRECT OBSERVATION OF STRUCTURAL COUPLING BETWEEN
RHODOPSIN AND TRANSDUCIN
Abdulaev N.G.
Center for Advanced Research in Biotechnology, University of Maryland
Biotechnology  Institute and National Institute of Standards and Technology.
9600 Gudelsky Drive, Rockville, MD. 20850, USA
E-mail: abdoulae@umbi.umd.edu

Crystal structures of rhodopsin and several heterotrimeric G proteins, as well
as their individual subunits are known at high resolution, but many questions remain
as to:

1. How information from 11-cis / all-trans photoisomerized retinal
chromophore deep in the membrane is conveyed to the cytoplasmic surface?

2. What is the nature of conformational changes on the activated receptor
surface allowing  binding and subsequent activation of G-protein?

3. What is the stereochemical framework of receptor / G protein interface?
4. How information from the receptor binding sites of G protein is transmitted

to guanine nucleotide binding site 30 Å  away ?
5. How receptor fascilitates the release of G protein-bound nucleotide, the

process representing the rate-limiting step in signal transduction?
Using the rhodopsin / transducin system, conformational changes in Galfa,

accompanying heterotrimer formation, activated GPCR (R*) catalysed GDP/GTP
exchange, as well as effects of site-directed mutations on the nucleotide binding
pocket are being tracked by high-resolution NMR.

Biochemical data in conjunction with fluorescence and NMR have shown:
1. An N15 – uniformly labeled Galfa chimera (ChiT) that displays relatively

well-dispersed 2D spectra and uniform line widths undergoes aluminium fluoride-
induced perturbations in switch II and at the C-termminus.

2. Some anticipated R*-and GTP-induced perturbations in these same regions
are already evident upon heterotrimer formation, likely providing kinetic advantages
in R*/G protein coupling and GDP release.

3. R*- and Gbetagamma-released exchanged ChiT displays further C-terminal
perturbations and increased conformational flexibility of switch II, which may be
important for Galfa/ effector interactions and GTP hydrolysis.

4. The GDP-released, R*-bound (empty pocket-nucleotide free Galfa) state
of ChiT shows severe line broadening suggestive of a dynamic intermediate that
results from changes in the R*-interacting N-and C-termini.

5. N- and C-terminal mutations may have long-range effects on ChiT
conformation, particularly in switch II.

Wag the Dog function of activated receptor is evident as HSQC spectra of
native and "Empty pocket" ChiT prepared receptor-independently are similar.These
results provide new insights into the mechanism of signal propagation in the
G protein.

PECULIARITIES OF THE FIRST AND LAST STAGES OF VISUAL
PIGMENT RHODOPSIN PHOTOLYSIS
Ostrovsky M.A.
Emanuel Institute of Biochemical Physics RAS, Moscow, Russia
E-mail: ostrovsky@gagarinclub.ru

The first photochemical stage of rhodopsin photolysis is 11-cis-retinal
chromophore isomerization. The reaction is very efficient: the time of the first
photoproduct – photorhodopsin appearance is less than 200 fs and quantum yield
is 0.65. Studying the light-induced formation of the first product – photorhodopsin
and the next product – bathorhodopsin in femto- and picoseconds time scales, we
have confirmed the coherent nature of 11-cis-retinal photoisomerization on the
first photochemical stage of rhodopsin photolysis (Smitienko et al., 2008, Smitienko
et al., in press). Using two following light impulses, we were able to observe at
room temperature the high-speed rhodopsin photoregeneration as from
photorhodopsin as from bathorhodopsin stages (Ostrovsky et al., in press). The
similar photoconversion of bacteriorhodopsin from the K590 photocycle product
was also recorded. The high-speed photochromic reactions of light-sensitive retinal-
contained proteins could be useful for nanotechnology.

The last stage of vertebrate rhodopsin photolysis is Shiff-base covalent bound
hydrolysis and free all-trans-retinal release in the photoreceptor membrane. At
some non-physiological and pathological conditions, the free all-trans-retinal can
easy react with amino groups of both phospholipids and proteins (with accessible
amino groups of rhodopsin) in the membrane. If so, the all-trans-retinal and its
derivates can stand as a photosensitizers, and initiate damage to the substrates of
oxidation. As we have shown recently, irradiation by visible light of these all-
trans-retinal derivates in the photoreceptor membrane leads to diminishing or lose
of rhodopsin physiological ability to regenerate (Loginova et al., 2008a, Loginova
et al., 2008b). Accumulation of all-trans-retinal in the rod outer segment
photoreceptor membrane at non-physiological conditions can be source and cause
of damaging or aggravating action of light in case of retina degenerative diseases
like age-related macula degeneration.
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symptoms (suppression) or even in the chronic disease phase (delayed suppression)
when substantial demyelination was already manifested, it resulted in a significant
decrease in the pathological damage.
Cancer

The importance of synergy in cancer treatment should be stressed. When
monoclonal antibodies to epidermal growth factor receptor (EGFR or ErbB1) were
injected together with cisplatin, there is a strong synergistic effect on reducing the
size of tumors (3). This may serve as the first example of the synergistic effect on
cancer between an antibody and a chemotherapeutic drug, and it is by now used
extensively in the clinic.

Combinations of antibody against the same receptor can significantly enhance
the rate of receptor breakdown. When combined, the monoclonal antibodies
synergize in terms of inhibition of tumor growth in animals (4,5).
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TOWARDS THERAPEUTIC VACCINES AGAINST AUTOIMMUNE
DISEASES AND CANCER
Sela M.
Weizmann Institute of Science, Rehovot, Israel 76100
E-mail: michael.sela@weizmann.ac.i

Vaccines are prophylactic in the sense that they are administered to healthy
individuals to prevent a disease. Nevertheless, there is a growing trend to use
vaccines to alleviate the suffering of those already with a disease.  Great effort is
being devoted to develop vaccines against tumors, AIDS, hepatitis, tuberculosis,
and possibly against the bacteria that cause gastric ulcers. Copolymer 1, used
today as a vaccine against multiple sclerosis (MS), is a good example of a beneficial
treatment for this autoimmune disease, based on its similarity to the myelin basic
protein (MBP), one of the putative causes of MS. This finding could lead to
therapeutic vaccines against other autoimmune diseases such as myasthenia gravis,
systemic lupus erythematosus (SLE) and rheumatoid arthritis.

Furthermore, antibodies prepared against prions raise hopes for a vaccine
against bovine spongiform encephalitis and Creutzfeldt-Jacob disease and
antibodies to a peptide derived from β-amyloid plaques could degrade plaques
and be used as a therapeutic vaccine against Alzheimer's disease.

By its definition, a preventive vaccine is sufficiently similar in its chemistry
to the etiological agent that provokes the disease so that the immune response
directed against it can act against the causative agent. This situation is analogous
in the case of therapeutic vaccines.
Multiple Sclerosis

The drug or therapeutic vaccine against the exacerbating-remitting type of
MS is a copolymer of four amino acid residues, denoted Copaxone, which is related
to MBP. The injection of several positively charged amino acid copolymers in
aqueous solution into mice, rabbits and guinea pigs, resulted in efficient suppression
of the onset of experimental allergic encephalomyelitis (EAE). Later on it was
possible to suppress the actual disease in rhesus monkeys and baboons. The Cop
1 primarily used, now called GA or Copaxone, is composed of a small amount of
glutamic acid, a much larger amount of lysine, some tyrosine, and a major share of
alanine. Thus, its overall charge is positive. There is significant immunologic cross-
reaction (both at the antibody and cell levels) between Cop1 and the MBP. After
several clinical trials (e.g. 1), Copaxone was approved, and it is used successfully
by more than 150,000 patients.

The interplay between demyelination and remyelination is critical in the
progress of MS and its animal model EAE. In a recent study (2), we explored the
capacity of glatiramer acetate (GA, Copaxone) to affect the demyelination process
and/or lead to remyelination in mice inflicted by chronic EAE, using both scanning
electron microscopy and immunohistological methods. Spinal cords of untreated
EAE mice revealed substantial demyelination accompanied by tissue destruction
and axonal loss. In contrast, in spinal cords of GA-treated mice, in which treatment
started concomitantly with disease induction (prevention), no pathology was
observed. Moreover, when treatment was initiated after the appearance of clinical
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specific abzyme-mediated cleavage of gp120 is demonstrated. This approach
developed in this laboratory can be considered as a general strategy to obtain a
catalytic vaccine to proteins of interest (Ponomarenko et al. Biochemistry, 2006).

In our studies we firstly showed that catalytic antibody formation has the
strong intrinsic and still enigmatic links with autoimmune diseases. The existence
of DNA-specific abzymes in scleroderma, systemic lupus erithematosus (SLE),
rheumatoid arthritis and AIDS was described in this laboratory (Shuster et al.,
Science, 1992, Gololobov et al., PNAS, 1995, Gololobov et al., Molecular
Immunology, 1997). Very recently the input of abzyme activity in neurodegeneration
process was demonstrated (Ponomarenko et al., Immunology Letters, 2006).
Autoantibody-mediated tissue and cell destruction is among the main features of
organ-specific autoimmunity. We have described abzyme contribution to neural
tissue-specific antigens (Ag) degradation. AutoAb to myelin basic protein (MBP)
from humans with multiple sclerosis (MS) and SJL mice with experimental
autoimmune encephalomyelitis (EAE) exhibited site-specific antigen degradation
(Ponomarenko et al. PNAS, 2006). AutoAb from patients with the secondary
progressive MS and highest scores on the expanded disability status scale (EDSS)
demonstrated augmented catalysis. An established MS therapeutic Copaxone®
inhibited reaction in vitro. AutoAb catalysis thus appears to be a specific feature
associated with MS pathogenesis and potential marker of disease progression
(Belogurov et al., J. Immunol., 2008).

ARTIFICIAL ENZYMES AND CATALYTIC VACCINES
Gabibov A.G.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: gabibov@ibch.ru
Fax: +7(495)-3307329; tel.: +7(495)-4298269

Discovery of catalytic antibodies (abzymes) was a revolutionary event that
created new junctions between chemistry, biochemistry, immunology and pathology.
The general concept of complementarity introduced in life sciences by Emil Fisher
explains the driving force of various biological processes including genetic
machinery, enzyme catalysis, ligand-receptor interaction, antibody-antigen
recognition etc. Creation of abzymes as a new class of biocatalysts is based upon
the intrinsic properties of immunoglobulin superfamily to produce complementary
"molecular imprints" using the hypervariability of CDRs. These "catalytic imprints"
could be made from the stable chemical analogs of transition state (TSA) of the
enzyme reaction (Linus Pauling and Bill Jencks). This approach was successfully
developed by Richard Lerner group (Scripps Research Institute, USA). The
alternative way to create abzymes was proposed by author (Schuster et al., Science,
1992). It is generated on the basis of the immunological network hypothesis of
Niels Jerne and declares the formation of anti-idiotypic antibody repertoire
generated against the active site of corresponding enzyme. This approach allowed
us to create abzymes with acetylcholinesterase and protease activities (Kolesnikov
et al. PNAS, 2000, Pillet et al., J. Imm. Meth., 2002, Ponomarenko et al.,
Biochemistry, 2007). In both cases one try to mimic the highly evolved enzymatic
function by selection of antibody catalysts from the vast repertoire of
immunoglobulines (Reshetnyak et al., J. Am. Chem. Soc., 2007). This may give
rise to biocatalysts with new functions, previously unknown for common enzymes,
which may be very profitable for fine organic synthesis. This method stimulated
our attempts to make antibody-like acceptors for phosphorus-based poisons.
Recombinant antibodies with such functions were obtained recently in this lab
using chemical selection of "naïve" phage-display library. The second advantage
of abzyme field is the opportunity to make "catalytic vaccines". Traditional drugs
including antibiotics and other small-molecule compounds developed in the pre-
biotechnology era showed the limited success in a number of sever bacterial and
viral infections. Numerous attempts to combat HIV infection using drug therapy
as well as classical vaccination turned out to be ineffective. One of the targets for
the novel therapeutic approach may be the main surface antigen, viral envelope
protein gp120. The specific cleavage of this protein can lead to the dramatic changes
in the immune response toward virus and decrease binding of HIV to CD4 receptor.
This task impossible to be solved by enzyme therapy may have an effective abzyme
alternative (Durova et al., Mol. Immunol., 2009).

A novel approach for creating catalytic antibodies against pathogens is
described (Ponomarenko et al., J. Imm. Meth. Biochemistry, 2002). This involves
utilizing the autoimmune disorder of SJL mice induced by myelin basic protein as
a background for raising a protein-specific catalytic response toward gp120. Site-
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ÐÅÊÎÌÁÈÍÀÍÒÍÛÅ ÏÐÎÒÈÂÎÐÀÊÎÂÛÅ ÈÌÌÓÍÎÒÎÊÑÈÍÛ
Äååâ Ñ.Ì.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: deyev@ibch.ru

Âûñîêîòî÷íîå íàöåëèâàíèå òåðàïåâòè÷åñêèõ àãåíòîâ íà îïóõîëè
îñíîâàíî íà êîíöåïöèè "ìàãè÷åñêîé ïóëè" êàê èäåàëüíîãî ëåêàðñòâà.
Ìîíîêëîíàëüíûå àíòèòåëà ïðîòèâ îïóõîëåâûõ àíòèãåíîâ ñíàáæàþòñÿ
äåéñòâóþùèìè àãåíòàìè (òîêñèíàìè, ôåðìåíòàìè, ðàäèîèçîòîïàìè), â
ðåçóëüòàòå ÷åãî óëó÷øàåòñÿ èõ áèîðàñïðåäåëåíèå. Îäíàêî, õèìè÷åñêàÿ
êîíúþãàöèÿ àíòèòåë ñ àãåíòàìè èìååò ðÿä ñóùåñòâåííûõ îãðàíè÷åíèé, òàêèõ,
êàê ïëîõàÿ âîñïðîèçâîäèìîñòü, ïðèñóòñòâèå íåñâÿçàííîãî òîêñè÷åñêîãî
àãåíòà è äð. Ãåííî-èíæåíåðíûå òåõíîëîãèè ïîçâîëÿþò ñîçäàâàòü ïîëíîñòüþ
ðåêîìáèíàíòíûå èììóíîòîêñèíû íà îñíîâå óêîðî÷åííûõ àíòèòåë,
ñîäåðæàùèõ òîëüêî ôðàãìåíòû, íåîáõîäèìûå äëÿ ðàñïîçíàâàíèÿ àíòèãåíà.

Íàìè ñêîíñòðóèðîâàíû ïîëíîñòüþ ãåíåòè÷åñêè êîäèðóåìûå
èììóíîòîêñèíû, âêëþ÷àþùèå àíòè-HER2/neu scFv-ôðàãìåíò àíòèòåëà,
ñîåäèíåííûé ÷åðåç øàðíèðíûé ïåïòèä ñ òðåìÿ ðàçëè÷íûìè òîêñè÷åñêèìè
áåëêàìè: ïñåâäîìîíàäíûì ýêçîòîêñèíîì À, ðèáîíóêëåàçîé áàðíàçîé è
ôîòîòîêñè÷íûì ôëóîðåñöèðóþùèì áåëêîì Killer Red. Âî âñåõ ñëó÷àÿõ îáå
÷àñòè ðåêîìáèíàíòíûõ áåëêîâ ñîõðàíèëè ñâîè ôóíêöèîíàëüíûå ñâîéñòâà:
âûñîêóþ àôôèííîñòü ê àíòèãåíó è öèòîòîêñè÷åñêóþ àêòèâíîñòü.
Öèòîòîêñè÷åñêîå äåéñòâèå èììóíîòîêñèíîâ íà HER2/neu
ãèïåðýêñïðåññèðóþùèå êëåòêè SKOV-3 ÷åëîâå÷åñêîé êàðöèíîìû ÿè÷íèêà
áûëî íàìíîãî ñèëüíåå, ÷åì èíäèâèäóàëüíûõ òîêñè÷åñêèõ àãåíòîâ.

Ïîëó÷åííûå ðåçóëüòàòû äåìîíñòðèðóþò âûñîêóþ ïåðñïåêòèâíîñòü
ñêîíñòðóèðîâàííûõ ðåêîìáèíàíòíûõ èììóíîòîêñèíîâ äëÿ ñïåöèôè÷åñêîãî
ïîðàæåíèÿ ðàêîâûõ êëåòîê.

THE ANTIBODY-CATALYZED WATER-OXIDATION PATHWAY
Wentworth P.
The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla,
California 92037, USA
E-mail: paulw@scripps.edu

Recently we have discovered an exciting intrinsic ability of immunoglobulin-
fold molecules which suggests that they themselves may also have a role as immune
effectors. All antibodies, regardless of subtype or antigenic-specificity, catalyze
the production of a cascade of reactive oxygen species production including
hydrogen peroxide (H2O2) and perhaps ozone (O3) from the substrates singlet (1O2

.*)
oxygen and water. Activation of this pathway permits antibodies to destroy antigens,
such as bacteria, in the absence of complement or other proteins. This lecture will
discuss our evolving knowledge of the chemical mechanism of this process and
emerging biological and pathological aspects of this pathway. Specific focus will
fall on how we have found that lipid metabolites, generated as bystanders of this
pathway, may be new mediators in a range of protein misfolding diseases.
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ÅÑÒÅÑÒÂÅÍÍÛÅ ÀÍÒÈÒÅËÀ Ê ÃËÈÊÀÍÀÌ: ÔÀÊÒÛ È
ÃÈÏÎÒÅÇÛ
Áîâèí Í.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: bovin@carb.ibch.ru

Åñòåñòâåííûå àíòèòåëà (ÅÀ), ÷àñòü âðîæäåííîé èììóííîé ñèñòåìû,
âûðàáàòûâàþòñÿ â ñòðîãî ðåãóëèðóåìûõ êîëè÷åñòâàõ â íîðìàëüíîé
ñûâîðîòêå, ÿâëÿÿñü, òàêèì îáðàçîì, ÷àñòüþ âðîæäåííîé èììóííîé ñèñòåìû.
Íàèáîëåå õîðîøî èçó÷åíû àíòèòåëà ê àíòèãåíàì ãðóïï êðîâè À è Â,
êñåíîàíòèãåíàì, òàêèì êàê "ýïèòîï Ãàëèëè", ãëèêîëèïèäó Ôîðññìàíà è
àíòèãåíó HD. Óðîâåíü ÅÀ, îòëè÷íûé îò íîðìû, áûë îáíàðóæåí ïðè ðÿäå
ïàòîëîãèé, âêëþ÷àÿ îíêîëîãè÷åñêèå çàáîëåâàíèÿ, äèàáåò, ðàññåÿííûé
ñêëåðîç, ÿçâåííóþ áîëåçíü, ñèíäðîì õîëîäîâîé àããëþòèíàöèè, ðàçëè÷íûõ
íåâðîïàòèÿõ è ò.ä. Ïðîèñõîæäåíèå íîðìàëüíûõ àíòèóãëåâîäíûõ ÅÀ è
ïðè÷èíû èõ èçìåíåíèÿ ïðè ïàòîëîãèÿõ ÿñíû íå ïîëíîñòüþ. Ïðè ðàñòóùåì
èíòåðåñå ê âîçìîæíîñòè äèàãíîñòè÷åñêîãî ïðèìåíåíèÿ àíòèóãëåâîäíûõ ÅÀ
âàæíî îïðåäåëÿòü óãëåâîäíûå ñòðóêòóðû, óçíàâàåìûå ÅÀ, ïðèñóòñòâóþùèìè
â êðîâîòîêå çäîðîâûõ ëþäåé.

Íàìè áûëà ïðîòåñòèðîâàíà ãðóïïà èç 106 çäîðîâûõ äîíîðîâ ñ
ïðèìåíåíèåì ãëèêàíîâîãî ýððåÿ (PGA) â ôîðìàòå ìèêðî÷èïà. PGA ñîäåðæàë
îêîëî 200 ãëèêàíîâ, ïðåäñòàâëåííûõ, â îñíîâíîì, íîðìàëüíûìè ñòðóêòóðàìè
ãëèêîïðîòåèíîâ è ãëèêîëèïèäîâ ìëåêîïèòàþùèõ. Ñ ïîìîùüþ PGA áûëî
îïðåäåëåíî, ÷òî îáðàçöû ñûâîðîòêè âçàèìîäåéñòâîâàëè, ïî ìåíüøåé ìåðå,
ñ 50 íîðìàëüíûìè ÷åëîâå÷åñêèìè ãëèêàíàìè. Íåîæèäàííûì áûëî
îáíàðóæåíèå àíòèòåë, ñïîñîáíûõ óçíàâàòü êîðîòêèå âíóòðåííèå êîðû,
òèïè÷íûå äëÿ ãëèêîëèïèäîâ è ãëèêîïðîòåèíîâ â âèäå ôðàãìåíòîâ áîëüøèõ
ãëèêàíîâ, íàïðèìåð, àíòèòåëà ê –Lac-ñîäåðæàùåìó ãëèêîòîïó â ñîñòàâå
îëèãîñàõàðèäà X-X-X-Lac. Àíàëîãè÷íî, èññëåäîâàíèå ñâÿçûâàíèÿ àíòèòåë ê
ãëèêàíàì, èìåþùèì íà âîññòàíàâëèâàþùåì êîíöå –GalNAcα, âûÿâèëî
ìíîãî÷èñëåííûå ïðèìåðû, êîãäà ýòîò ôðàãìåíò ñëóæèò àíòèãåííîé
äåòåðìèíàíòîé áîëüøîãî îëèãîñàõàðèäà, íåñìîòðÿ íà "ÿâíîå" ìàñêèðîâàíèå.
Ïî íàøåé îöåíêå àíòèòåëà ñûâîðîòêè ñâÿçûâàþòñÿ ñ êîðîâûìè ôðàãìåíòàìè
âïëîòü äî 1/3 "ñèëüíîñâÿçûâàþùèõñÿ" ãëèêàíîâ â PGA, ñëåäîâàòåëüíî,
äàííûé ôåíîìåí èìååò îáùèé õàðàêòåð è íàõîäèòñÿ â ïðîòèâîðå÷èè ñ
îáùåïðèíÿòîé ïàðàäèãìîé, ãëàñÿùåé, ÷òî òåðìèíàëüíûé ôðàãìåíò ãëèêàíà
îáëàäàåò àíòèãåííûìè ñâîéñòâàìè. Åñëè òàê, òî ÷òî ÿâëÿåòñÿ ìèøåíÿìè
àíòèêîðîâûõ àíòèòåë? Óäèâèòåëüíî, íî áîëüøàÿ ÷àñòü
îïóõîëåàññîöèèðîâàííûõ àíòèãåíîâ ïðåäñòàâëÿåò ñîáîé ãëèêîëèïèäû ñ
êîðîâûì ôðàãìåíòîì -Lac èëè Î-öåïè ãëèêîïðîòåèíîâ ñ êîðîâûì ôðàãìåíòîì
–GalNAcα. Ïðèíèìàÿ ýòî âî âíèìàíèå, ìû âûäâèíóëè ãèïîòåçó î íàäçîðíîé
ðîëè àíòè-êîðîâûõ ÅÀ çà: 1) îïóõîëåñïåöèôè÷åñêèìè ìåìáðàííî-
ñâÿçàííûìè àðõèòåêòóðàìè, ãäå íîðìàëüíûå ãëèêîëèïèäû â êîìáèíàöèè ñ
ïðèëåãàþùèìè íîðìàëüíûìè ìîëåêóëàìè îáðàçóþò àáíîðìàëüíûå
ãëèêîòîïû, 2) àáíîðìàëüíûìè êîíôîðìàöèîííûìè ãëèêîòîïàìè,

RECOMBINANT ANTICANCER IMMUNOTOXINS
Deyev S.M.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: deyev@ibch.ru

High-precision tumor targeting with therapeutic agent is based on the concept
of the ideal drug as a "magic bullet". Monoclonal antibodies directed against
specific tumor antigens are supplying with acting agents (toxins, enzymes,
radionuclides, etc.) and improving their biodistribution. However, chemical
conjugation of antibodies with agents presents several limitations, such as poor
reproductibility, free toxic agent impurities, etc. DNA technologies allow to design
fully recombinant immunotoxins using small antibody formats containing only
minimal binding fragments as targeting moieties.

We report a fully genetically encoded immunotoxins, consisting of a specific
anti-HER2/neu scFv antibody fragment fused  via flexible hinge peptide with 3
different toxic proteins: pseudomonas exotoxin A, ribonuclease barnase and
phototoxic fluorescent protein Killer Red. In all cases both parts of the recombinant
proteins preserved their functional properties: high affinity to antigene and cytotoxic
activity. The cytotoxic effect of fusion proteins on HER2/neu positive human
ovarian carcinoma SKOV-3 cells was dramatically greater than toxic agents alone.

These results demonstrate the potential of designed recombinant
immunotoxins for specific killing of cancer cells.
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NATURAL ANTIBODIES AGAINST GLYCANS: FACTS AND
HYPOTHESES
Bovin N.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: bovin@carb.ibch.ru

Natural antibodies (NAb), part of the innate immunity system, are produced
at strictly regulated levels in normal sera without immunization and thus they are
the part of the innate immune system. The best studied NAb are those directed to
blood group antigens A and B, xeno-antigens such as the "Galili epitope", Forssman
glycolipid, and HD-antigen. Abnormal level of anti-carbohydrate NAb was found
in a number of pathologies including cancer, diabetes, multiple sclerosis, peptic
ulcer, cold agglutinin disease, neuropathies, etc. Genesis of normal anti-
carbohydrate NAb and reasons of their changes in the pathologies are not fully
understood. With a growing interest in diagnostic applications of anti-carbohydrate
Ab, it is important to determine carbohydrate structures that are recognized by Ab
present in circulation of healthy individuals.

We tested a cohort of 106 healthy donors using glycan array (PGA) in a
microchip format. The PGAs contained ~200 glycans representing mostly normal
mammalian structures of glycoproteins and glycolipids. As revealed by PGA, the
sera interacted with at least 50 normal human glycans. The most unexpected found
to be Ab capable of recognizing the short inner cores typical for glycolipids and
glycoproteins as a fragment of bigger glycans. For instance, Ab against –Lac
containing glycotope in composition of an X-X-X-Lac oligosaccharide. Similarly,
inspection of Ab binding to glycans with –GalNAcα at the reducing end revealed
numerous examples when this fragment functions as antigenic determinant of a
large oligosaccharide, in spite of 'obvious' masking. According to our estimation,
serum antibodies do bind to core fragments of up to 1/3 of 'high binding' glycans
in the PGA, therefore this phenomenon seems to be general, and in contradiction
to a conventional paradigm stating that terminal fragment of glycan possesses
antigenic properties. If so, what is the target of anti-core Ab? Intriguingly, most of
tumor-associated carbohydrate antigens are glycolipids with core –Lac fragment
or glycoprotein O-chains with core –GalNAcα fragment.

Therefore, we hypothesize a surveillance role of anti-core NAb, for
identification of: 1) tumor-specific membrane-bound architectures where normal
glycolipids in combination with adjacent normal molecules form abnormal
glycotopes, and 2) aberrant conformational glycotopes formed by –GalNAcα in
combination with adjacent peptide chain fragments. Overview of wide repertoire
of PGA-detected Ab in light of known chemical structures of bacterial
polysaccharides suggests that conventional hypothesis about enterobacteria being
a driving force for anti-glycan NAb is grossly incomplete, and that it should be
complemented at least by a hypothesis proposing a contribution of anti-glycan
NAb in surveillance over sporadically appearing transformed cells – recognizing
and eliminating cells with abnormal cell surface glycosylation. Such combined
hypotheses would then create a foundation of a search for the origin of identified
Ab against glycan core motifs.

îáðàçóåìûìè –GalNAcα â êîìáèíàöèè ñ ïðèëåãàþùèìè ôðàãìåíòàìè
ïåïòèäíîé öåïè.

Ðàññìîòðåíèå îáøèðíîãî ðåïåðòóàðà àíòèòåë, äåòåêòèðóåìûõ ñ
ïîìîùüþ PGA, â ñâåòå èçâåñòíûõ ñòðóêòóð áàêòåðèàëüíûõ ïîëèñàõàðèäîâ
äàåò îñíîâàíèå ïîëàãàòü, ÷òî îáùåïðèíÿòàÿ ãèïîòåçà î òîì, ÷òî
ýíòåðîáàêòåðèè ÿâëÿþòñÿ äâèæóùåé ñèëîé äëÿ ïîÿâëåíèÿ àíòèãëèêàíîâûõ
ÅÀ, âåñüìà íåïîëíà è äîëæíà áûòü äîïîëíåíà, ïî ìåíüøåé ìåðå, ãèïîòåçîé,
ïðåäïîëàãàþùåé âêëàä àíòèãëèêàíîâûõ ÅÀ â íàäçîð íàä ñïîðàäè÷åñêè
âîçíèêàþùèìè òðàíñôîðìèðîâàííûìè êëåòêàìè: óçíàâàíèå è
ýëèìèíèðîâàíèå êëåòîê ñ àáíîðìàëüíûì ãëèêîçèëèðîâàíèåì ïîâåðõíîñòè
êëåòêè. Òàêàÿ îáúåäèíåííàÿ ãèïîòåçà ëó÷øå è ïîëíåå îáúÿñíÿåò
ïðîèñõîæäåíèå èäåíòèôèöèðîâàííûõ íàìè àíòèòåë ê êîðîâûì ìîòèâàì
ãëèêàíîâ.
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ÏÐÎÈÇÂÎÄÍÎÅ ÏËÀÑÒÎÕÈÍÎÍÀ, ÀÄÐÅÑÎÂÀÍÍÎÅ Â
ÌÈÒÎÕÎÍÄÐÈÈ, ÊÀÊ ÑÐÅÄÑÒÂÎ, ÁËÎÊÈÐÓÞÙÅÅ
ÏÐÎÃÐÀÌÌÓ ÑÒÀÐÅÍÈß ÎÐÃÀÍÈÇÌÀ
Ñêóëà÷åâ Â.Ï.
Èíñòèòóò ôèçèêî-õèìè÷åñêîé áèîëîãèè èìåíè À.Í. Áåëîçåðñêîãî ÌÃÓ
èì. Ì.Â. Ëîìîíîñîâà, Ìîñêâà, Ðîññèÿ
E-mail: skulach@belozersky.msu.ru

Âûñêàçàíî ïðåäïîëîæåíèå, ÷òî ïðîãðàììà ñòàðåíèÿ îðãàíèçìà
ïîÿâèëàñü â ïðîöåññå áèîëîãè÷åñêîé ýâîëþöèè äëÿ óñêîðåíèÿ ýòîé ýâîëþöèè.
Â ðàìêàõ òàêîé êîíöåïöèè ñòàðåíèå ÷åëîâåêà íóæíî ðàññìàòðèâàòü êàê
àòàâèçì, òàê êàê ëþäè íå ïîëàãàþòñÿ íà ñâîþ ýâîëþöèþ, ïîñêîëüêó îíà
îñóùåñòâëÿåòñÿ ñëèøêîì ìåäëåííî. Åñëè ñòàðåíèå çàïðîãðàììèðîâàíî, òî
íàðóøåíèå ýòîé ïðîãðàììû ìîæåò åãî ïðåäîòâðàòèòü òàê æå, êàê è
èíãèáèðîâàíèå ïðîãðàììû êëåòî÷íîé ñìåðòè (àïîïòîçà) ïðåäîòâðàùàåò
ãèáåëü êëåòêè. Ñóùåñòâóåò ìíîæåñòâî óêàçàíèé íà òî, ÷òî ïðîãðàììà
ñòàðåíèÿ ïðèâîäèò ê óãàñàíèþ ôèçèîëîãè÷åñêèõ ôóíêöèé îðãàíèçìà çà ñ÷åò
äåéñòâèÿ òîêñè÷åñêèõ ïðîèçâîäíûõ êèñëîðîäà (àêòèâíûõ ôîðì êèñëîðîäà,
ÀÔÊ), êîòîðûå îáðàçóþòñÿ â ìèòîõîíäðèÿõ, ÿâëÿþùèõñÿ îñíîâíûìè
ïîòðåáèòåëÿìè Î2 â êëåòêå. Èñõîäÿ èç ýòîé òî÷êè çðåíèÿ, ìû ïîëàãàåì, ÷òî
ìèòîõîíäðèàëüíî-íàïðàâëåííûå àíòèîêñèäàíòû ìîãóò áûòü èíãèáèòîðàìè
ïðîãðàììû ñòàðåíèÿ. Äëÿ èññëåäîâàíèÿ ýòîé âîçìîæíîñòè áûë ñôîðìèðîâàí
ïðîåêò ñ ó÷àñòèåì íåñêîëüêèõ ãðóïï èññëåäîâàòåëåé èç Ðîññèè, Øâåöèè è
ÑØÀ. Â îñíîâó îðãàíèçàöèè ïðîåêòà áûëè çàëîæåíû ïðèíöèïû, òàê áëåñòÿùå
èñïîëüçîâàííûå Þ.À. Îâ÷èííèêîâûì â åãî "Ìåãàïðîåêòå" Ðîäîïñèí, â
êîòîðîì àâòîðó ïîñ÷àñòëèâèëîñü ïðèíÿòü ó÷àñòèå. Ïðåæäå âñåãî, áûë
ñèíòåçèðîâàí íîâûé òèï ñîåäèíåíèé (SkQ), ñîñòîÿùèõ èç ïëàñòîõèíîíà
(àíòèîêñèäàíòíàÿ ÷àñòü), ïðîíèêàþùåãî êàòèîíà è äåêàíîâîãî èëè
ïåíòàíîâîãî ëèíêåðà. Â ýêñïåðèìåíòàõ ñ èñïîëüçîâàíèåì ïëîñêîé áèñëîéíîé
ôîñôîëèïèäíîé ìåìáðàíû (ÁËÌ) ìû îòîáðàëè ïðîèçâîäíûå SkQ ñ íàèáîëåå
âûñîêîé ïðîíèêàþùåé ñïîñîáíîñòüþ, à èìåííî 10-(6'-ïëàñòîõèíîíèë)
äåöèëòðèôåíèëôîñôîíèé (SkQ1), 10-(6'-ïëàñòîõèíîíèë) äåöèëðîäàìèí 19
(SkQR1) è 10-(6'-ìåòèëïëàñòîõèíîíèë) äåöèëòðèôåíèëôîñôîíèé (SkQ3).
Àíòè- è ïðîîêñèäàíòíûå ñâîéñòâà îòîáðàííûõ ñîåäèíåíèé, à òàêæå 10-(6'-
óáèõèíîíèë) äåöèëòðèôåíèëôîñôîíèÿ (MitoQ) áûëè ïðîâåðåíû â âîäíûõ
ðàñòâîðàõ, íà ìèöåëëàõ, ëèïîñîìàõ, ÁËÌ, èçîëèðîâàííûõ ìèòîõîíäðèÿõ è
êëåòî÷íûõ êóëüòóðàõ. Ýêñïåðèìåíòû ñ ìèòîõîíäðèÿìè ïîêàçàëè, ÷òî
ìèêðîìîëÿðíûå êîíöåíòðàöèè èññëåäóåìûõ ñîåäèíåíèé îêàçûâàþò
ïðîîêñèäàíòíûé ýôôåêò, îäíàêî, áîëåå íèçêèå êîíöåíòðàöèè ïðîÿâëÿþò
àíòèîêñèäàíòíóþ àêòèâíîñòü, êîòîðàÿ ïàäàåò â ðÿäó SkQ1=SkQR1 > SkQ3 >
MitoQ. Áûëî ïîêàçàíî, ÷òî SkQ1 ñïîñîáåí âîññòàíàâëèâàòüñÿ äûõàòåëüíîé
öåïüþ ìèòîõîíäðèé, ò.å. äàííîå ñîåäèíåíèå ÿâëÿåòñÿ âîçîáíîâëÿåìûì
àíòèîêñèäàíòîì. Íàíîìîëÿðíûå êîíöåíòðàöèè SkQ1 ñïåöèôè÷åñêè
ïðåäîòâðàùàþò îêèñëåíèå ìèòîõîíäðèàëüíîãî êàðäèîëèïèíà. Â êëåòî÷íûõ
êóëüòóðàõ SkQR1 ôëóîðåñöåíòíîå ïðîèçâîäíîå SkQ, îêðàøèâàëî
èñêëþ÷èòåëüíî ìèòîõîíäðèè. ×ðåçâû÷àéíî íèçêèå êîíöåíòðàöèè SkQ1 è

THE UBIQUITIN PROTEOLYTIC SYSTEM: FROM BASIC
MECHANISMS THROUGH HUMAN DISEASES AND ONTO DRUG
TARGETING
Ciechanover A.
Cancer and Vascular Biology Research Center, Faculty of Medicine,
Technion-Israel Institute of Technology, Haifa, Israel
E-mail: c_tzachy@netvision.net.il

Between the sixties and eighties, most life scientists focused their attention
on studies of nucleic acids and the translation of the coded information. Protein
degradation was a neglected area, considered to be a non-specific, dead-end process.
While it was known that proteins do turn over, the large extent and high specificity
of the process – whereby distinct proteins have half-lives that range from a few
minutes to several days – was not appreciated. The discovery of the lysosome by
Christian de Duve did not significantly change this view, as it was clear that this
organelle is involved mostly in the degradation of extracellular proteins, and their
proteases cannot be substrate-specific. The discovery of the complex cascade of
the ubiquitin pathway revolutionized the field. It is clear now that degradation of
cellular proteins is a highly complex, temporally controlled, and tightly regulated
process that plays major roles in a variety of basic pathways during cell life and
death, and in health and disease. With the multitude of substrates targeted, and the
myriad processes involved, it is not surprising that aberrations in the pathway are
implicated in the pathogenesis of many diseases, certain malignancies and
neurodegeneration among them. Degradation of a protein via the ubiquitin/
proteasome pathway involves two successive steps: (a) conjugation of multiple
ubiquitin moieties to the substrate, and (b) degradation of the tagged protein by
the downstream 26S proteasome complex. Despite intensive research, the unknown
still exceeds what we currently know on intracellular protein degradation, and
major key questions remain unsolved. Among these are the modes of specific and
timed recognition for the degradation of the many substrates, and the mechanisms
that underlie aberrations in the system that lead to pathogenesis of diseases. The
recent discovery of modification by ubiquitin-like proteins along with identification
of "non-canonical" polyubiquitin chains that serve non-proteolytic functions, have
broadened the scope of the system beyond proteolysis and set new challenges in
for biologists and proteomic experts. Major challenges in the field are clearly (i)
identification of the cellular proteins tagged by ubiquitin and ubiquitin-like proteins,
(ii) identification of the downstream elements recognized by these chains, and
(iii) deciphering the structure of the different ubiquitin and ubiquitin-like chains
that tag the different proteins.
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MITOCHONDRIA-TARGETED PLASTOQUINONE DERIVATIVE AS
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It is suggested that senescence was invented by biological evolution to
accelerate this evolution. A consequence of such kind of reasoning consists in that
for humans senescence should be regarded as an atavism since humans do not rely
on their evolution which is too slow. If senescence is programmed, it might be
prevented by inhibiting this program just as inhibition of the programmed cell
death (apoptosis) is shown to prevent such a death. There are numerous indications
that senescence program declines physiological functions by means of reactive
oxygen species (ROS) produced in mitochondria which are responsible for
consumption of the main portion of O2 by the cell. Assuming this point, one may
hope that mitochondrial-targeted antioxidants might be inhibitors of senescence
program. To study such a possibility, a project has been established with
participation of several research groups from Russia, Sweden and USA. The project
is based upon principles so brilliantly applied by Professor Yu.A. Ovchinnikov in
his "megaproject" Rhodopsin in which the author took part. A new type of
compounds (SkQs) consisting of plastoquinone (an antioxidant moiety), a
penetrating cation, and a decane or pentane linker has been synthesized. Using
planar bilayer phospholipid membrane (BLM), we selected SkQ derivatives with
the highest permeability, namely plastoquinonyl decyltriphenylphosphonium
(SkQ1), plastoquinonyl decylrhodamine 19 (SkQR1), and methylplastoquinonyl
decyltriphenylphosphonium (SkQ3). Anti- and prooxidant properties of these
substances and also of ubiquinonyl decyltriphenylphosphonium (MitoQ) were
tested in aqueous solutions, detergent micelles, liposomes, BLM, isolated
mitochondria and cell cultures. In mitochondria, micromolar cationic quinone
derivatives were found to be prooxidants, but at lower (sub-micromolar)
concentrations they displayed antioxidant activity that decreases in the series SkQ1=
SkQR1 > SkQ3 > MitoQ. SkQ1 was reduced by mitochondrial respiratory chain,
i.e. it is a rechargeable antioxidant. Nanomolar SkQ1 specifically prevented
oxidation of mitochondrial cardiolipin. In cell cultures, SkQR1, a fluorescent SkQ
derivative, stained only one type of organelles, namely mitochondria. Extremely
low concentrations of SkQ1 or SkQR1 arrested H2O2-induced apoptosis in human
fibroblasts and HeLa cells. Higher concentrations of SkQ were required to block
a ROS-initiated necrosis. In the fungus Podospora anserina, the crustacean
Ceriodaphnia affinis, drosophila, fish Nothobranchius furzery and mice, SkQ1
prolonged lifespan, being especially effective at early and middle stages of aging.
In mammals, the effect of SkQs on aging was accompanied by inhibition of
development of such age-related diseases and traits as cataract, retinopathy,
glaucoma, balding, canities, osteoporosis, involution of the thymus, anemia,
peroxidation of lipids and proteins, etc. SkQ1 manifested a strong therapeutic

SkQR1 áëîêèðîâàëè àïîïòîç êëåòîê HeLa è ÷åëîâå÷åñêèõ ôèáðîáëàñòîâ,
âûçâàííûé äåéñòâèåì Í2Î2. Áîëåå âûñîêèå êîíöåíòðàöèè SkQ òðåáîâàëèñü
äëÿ çàùèòû êëåòîê îò íåêðîçà, âûçâàííîãî ÀÔÊ. Ýêñïåðèìåíòû ñ ãðèáàìè
Podospora anserina, ðà÷êàìè Ceriodaphnia affinis, äðîçîôèëàìè, ðûáàìè
Nothobranius furzeri  è ìûøàìè ïîêàçàëè, ÷òî SkQ1 óäëèíÿåò
ïðîäîëæèòåëüíîñòü æèçíè îðãàíèçìîâ, íàèáîëåå ýôôåêòèâíî äåéñòâóÿ íà
ðàííåì è ñðåäíåì ýòàïàõ ñòàðåíèÿ. Ó ìëåêîïèòàþùèõ äåéñòâèå SkQ íà
ïðîöåññ ñòàðåíèÿ ñîïðîâîæäàëñÿ èíãèáèðîâàíèåì ðàçâèòèÿ òàêèõ âîçðàñò-
çàâèñèìûõ ïàòîëîãèé, êàê êàòàðàêòà, ðåòèíîïàòèÿ, ãëàóêîìà, îáëûñåíèå,
ïîñåäåíèå, îñòåîïîðîç, èíâîëþöèÿ òèìóñà, àíåìèÿ, ïåðåêèñíîå îêèñëåíèå
ëèïèäîâ è áåëêîâ è ò.ä. SkQ1 îêàçûâàë ñèëüíîå òåðàïåâòè÷åñêîå äåéñòâèå íà
óæå ðàçâèâøóþñÿ ðåòèíîïàòèþ, â îñîáåííîñòè, íà âðîæäåííóþ äèñïëàçèþ
ñåò÷àòêè. Ñ ïîìîùüþ êàïåëü, ñîäåðæàùèõ 250 íM SkQ1, áûëî âîññòàíîâëåíî
çðåíèå 67 èç 89 æèâîòíûõ (ñîáàêè, êîøêè, ëîøàäè), îñëåïøèõ âñëåäñòâèå
ðåòèíîïàòèè. Êàïëè SkQ1 ïðåäîòâðàùàëè ïîòåðþ çðåíèÿ ó êðîëèêîâ â ìîäåëè
ýêñïåðèìåíòàëüíîãî óâåèòà è âîçâðàùàëè çðåíèå óæå îñëåïøèì æèâîòíûì.
Áëàãîïðèÿòíûé ýôôåêò òåõ æå êàïåëü ïðîÿâëÿëñÿ è â ìîäåëè
ýêñïåðèìåíòàëüíîé ãëàóêîìû íà êðîëèêàõ. Êðîìå òîãî, ïðåäâàðèòåëüíàÿ
îáðàáîòêà êðûñ SkQ1 çíà÷èòåëüíî ñíèæàëà àðèòìèþ èçîëèðîâàííûõ ñåðäåö,
âûçâàííóþ èøåìèåé èëè Í2Î2. SkQ1 çíà÷èòåëüíî óìåíüøàë îáëàñòü
ïîâðåæäåíèÿ ïðè èíôàðêòå ìèîêàðäà èëè èíñóëüòå, à òàêæå ïðåäîòâðàùàë
ãèáåëü æèâîòíûõ ïðè èøåìèè ïî÷êè. Â ìóòàíòíûõ ìûøàõ áåç áåëêà p53
SkQ1 (5 íìîëü/êã â äåíü) ñíèæàë óðîâåíü ÀÔÊ â ñåëåçåíêå è èíãèáèðîâàë
ïîÿâëåíèå ëèìôîì â òîé æå ñòåïåíè, ÷òî è òðàäèöèîííûé àíòèîêñèäàíò
N-àöåòèëöèñòåèí, âçÿòûé â ìèëëèîí ðàç áîëåå âûñîêîé êîíöåíòðàöèè.
Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî ñîåäèíåíèÿ ãðóïïû SkQ
ÿâëÿþòñÿ ìíîãîîáåùàþùèì ñðåäñòâîì äëÿ ëå÷åíèÿ ñòàðåíèÿ, à òàêæå
ïàòîëîãèé, çàâèñÿùèõ îò âîçðàñòà.
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Cationic antimicrobial peptides (AMPs; synonyms: host defence peptides, HDPs;
defensins) are most frequently occurring antibiotics and are produced by virtually every
life form as a first line of host defence. They do have both direct antibiotic activities which
lead to rapid killing of microbes as well a immunomodulatory activities which lead to
upregulation of defence pathways and recruitment of immune cells (1). Both activities are
highly interesting for the development of innovative antiinfective strategies. However, in
spite of considerable development activities, AMP-based antibiotics did not reach the market
so far, and it may be necessary to better understand their molecular activities for AMP
based rational drug design.

Unlike conventional antibiotics which act via defined target molecules, antimicrobial
host defence peptides are assumed to act unspecifically by permeabilising cell membranes.
We used various naturally occurring HDPs and synthetic AMPs to study their antimicrobial
activity in more detail. We found that the antibiotic activity of cationic amphiphilic peptides
is based on multiple inhibitory activities and that the perturbation of the membrane lipid
bilayer may at best be just one of the multiple activities. In general terms, AMPs appear to
disturb the coordinated function of highly dynamic, membrane bound multi-enzyme
machineries such as the cell wall biosynthesis machinery and respiratory chains.

This became most obvious from studies with human β-defensin 3 (hBD3), a highly
charged molecule produced by epithelial cells and neutrophils. It retains antimicrobial
activity against a broad range of pathogens, including multiresistant Staphylococcus aureus,
even under high salt conditions. We could not observe hBD3 induced depolarization of the
cytoplasmic membrane and ion leakage. The transcriptional response pattern of
staphylococcal cells treated with the defensin indicated that hBD3, similar to vancomycin
and some lantibiotics, induces the staphylococcal cell wall stress stimulon, strongly
suggesting that cell wall biosynthesis is primarily inhibited. This was further supported by
transmission electron microscopy and whole cell assays. Analysis of the intracellular pool
of soluble cell wall precursors revealed the accumulation of the ultimate nucleotide-activated
precursor UDP-MurNAc-pentapeptide, which typically occurrs with antibiotics targeting
membrane-bound steps of cell wall biosynthesis. The accumulation experiment also
demonstrates that cells are not completely deenergised and rather continue to perform
biosynthesis; also, small cytoplasmic compounds such as the soluble precursor do not leak
out, i.e. cross membrane permeablisation cannot occur. In vitro testing of the individual
cell wall biosynthesis reactions taking place on the outside, such as the PBP2 crosslinking
reactions, were substantially inhibited. Quantitative analysis suggested that hBD3 may
stoichiometrically bind to the membrane carrier bound form of the precursor, designated
Lipid II (2).
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action on some already pronounced retinopathies, in particular, congenital retinal
dysplasia. With drops containing 250 nM SkQ1, vision was restored to 67 of 89
animals (dogs, cats, and horses) that became blind because of a retinopathy.
Instillation of SkQ1-containing drops prevented the loss of sight in rabbits with
experimental uveitis and restored vision to animals that had already become blind.
A favorable effect of the same drops was also achieved in experimental glaucoma
in rabbits. Moreover, the SkQ1 pretreatment of rats significantly decreased the
H2O2- or ischemia-induced arrhythmia of the isolated heart. SkQs strongly reduced
the damaged area in experimental myocardial infarction or stroke and prevented
the death of animals from kidney ischemia. In p53–/– mice, 5 nmol SkQ1/kg x day
decreased the ROS level in the spleen and inhibited appearance of lymphomas to
the same degree as million-fold higher concentration of conventional antioxidant
N-acetylcysteine. Thus, SkQs look promising as potential tools for treatment of
senescence and age-related diseases.
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Conceptual revolution that was taking place in immunology during the last
decade placed innate immune recognition into the center of regulation of protective
immune and inflammatory responses in the host. Several families of receptors
have been discovered which are not only recognizing molecular patterns on
microbial components (ex. LPS of Gram-negative bacteria), but also initiate
intracellular signal transduction leading to immune protection and inflammatory
reactions. Such receptors include membrane and intracellular Toll-like receptors
(TLRs), cytoplasmic NOD-like receptors (NLRs) and some others. A group of
important molecular mediators acting as accessory molecules on TLRs include
MyD88, TRIF, TIRAP and others, some of them are also used in IL1 receptor
signaling pathways. TNF which was originally discovered due to its potent anti-
tumor activity in mice, turned out to be one of the critical mediators of innate
immune signaling, in particular, triggered by TLRs. Other important cytokines
induced by several TLRs and RIG-like receptors include type I interferon, while
the cytokines of IL-1 family are induced by NLRs via inflammasome formation.
In our work we are using engineered mice to uncover the role of mediators on
innate immunity with major focus on LPS→TLR4→MyD88→TNF axis. TNF
deficient mice fail to mount protective responses against intracellular bacteria,
such as Listeria or Mycobacteria, presumably due to defective bactericidal
granuloma formation.  On the other hand, pathogenic overproduction TNF and
IL-1 was implicated in several autoimmune diseases, and therapies based on
systemic blockade of cytokine signaling are being used in clinic. It should be
noted that systemic ablation could also inhibit beneficial functions of the same
cytokines. Therefore, we used several panels of mice with specific ablation or
enhancement of TNF signaling to uncover the balance between beneficial and
deleterious physiological functions of TNF. In particular, we have generated mice
allowing us to define the source (type of immunocyte) and molecular form (soluble
versus membrane-bound) of TNF with non-redundant role in anti-bacterial defense.
Surprisingly, not only macrophage, but also T-cell derived TNF is critical for host
defense. Additionally, we have developed "humanized" mouse models allowing
to compare effects on host defense of clinically used drugs. One of our goals is to
design safer modes of anti-cytokine therapy which would minimally disturb host
defense functions.

ÌÅÄÈÀÒÎÐÛ ÂÐÎÆÄÅÍÍÎÃÎ ÈÌÌÓÍÈÒÅÒÀ
Íåäîñïàñîâ Ñ.À.
Èíñòèòóò ìîëåêóëÿðíîé áèîëîãèè èì. Â.À. Ýíãåëüãàðäòà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: sergei.nedospasov@googlemail.com

Êîíöåïòóàëüíàÿ ðåâîëþöèÿ, êîòîðàÿ ïðîèçîøëà â èììóíîëîãèè çà ïîñëåäíåå
äåñÿòèëåòèå, ïðèäàëà âðîæäåííîìó èììóííîìó  ðàñïîçíàâàíèþ öåíòðàëüíóþ ðîëü
â ðåãóëÿöèè çàùèòíûõ è âîñïàëèòåëüíûõ îòâåòîâ îðãàíèçìà. Áûëî îòêðûòî
íåñêîëüêî ñåìåéñòâ ðåöåïòîðîâ, êîòîðûå íå òîëüêî ÿâëÿþòñÿ ñåíñîðàìè
ìîëåêóëÿðíûõ ïàòòåðíîâ, ïðèñóòñòâóþùèõ íà êîìïîíåíòàõ ìèêðîáîâ (íàïðèìåð,
ËÏÑ ãðàìîòðèöàòåëüíûõ áàêòåðèé), íî îíè æå è çàïóñêàþò âíóòðèêëåòî÷íûå
ñèãíàëüíûå êàñêàäû, îáåñïå÷èâàþùèå èììóííóþ çàùèòó è âîñïàëèòåëüíûå
ðåàêöèè. Ýòè ðåöåïòîðû âêëþ÷àþò â ñåáÿ êàê ìåìáðàííûå, òàê è âíóòðèêëåòî÷íûå
Òîëë-ïîäîáíûå ðåöåïòîðû (TLRs), öèòîïëàçìàòè÷åñêèå NOD-ïîäîáíûå
ðåöåïòîðû (NLRs) è íåêîòîðûå äðóãèå. Ãðóïïà âàæíûõ ìîëåêóëÿðíûõ ìåäèàòîðîâ,
äåéñòâóþùèõ êàê àäàïòîðíûå ìîëåêóëû äëÿ ýòèõ ðåöåïòîðîâ, âêëþ÷àåò MyD88,
TRIF, TIRAP è äðóãèå ìîëåêóëû, ïðè÷åì îíè òàêæå èñïîëüçóþòñÿ ïðè ïåðåäà÷å
ñèãíàëà îò öèòîêèíîâûõ ðåöåïòîðîâ ñåìåéñòâà ÈË-1Ð. Ôàêòîð íåêðîçà îïóõîëåé
(ÔÍÎ), êîòîðûé èçíà÷àëüíî áûë îòêðûò áëàãîäàðÿ ñâîèì ïðîòèâîîïóõîëåâûì
ýôôåêòàì ó ìûøåé, îêàçàëñÿ âàæíûì ìåäèàòîðîì ñèãíàëîâ âðîæäåííîãî
èììóíèòåòà, â ÷àñòíîñòè, çàïóñêàåìûõ TLRs. Äðóãèå âàæíûå öèòîêèíû,
èíäóöèðóåìûå êàê ÷åðåç TLRs, òàê è ÷åðåç RIG-ïîäîáíûå ðåöåïòîðû, ýòî –
èíòåðôåðîíû ïåðâîãî òèïà è öèòîêèíû ñåìåéñòâà ÈË-1, êîòîðûå èíäóöèðóþòñÿ
÷åðåç NLRs ïîñðåäñòâîì îáðàçîâàíèÿ òàê íàçûâàåìûõ èíôëàììîñîì. Â íàøèõ
èññëåäîâàíèÿõ ìû èñïîëüçóåì ãåíåòè÷åñêè ìîäèöèôèðîâàííûõ ìûøåé äëÿ
èçó÷åíèÿ ðîëè ìåäèàòîðîâ âðîæäåííîãî èììóíèòåòà, ñ îñíîâíûì óïîðîì íà
ðåãóëÿòîðíóþ öåïü ËÏÑ→TLR4→MyD88→ÔÍÎ. Ìûøè, äåôèöèòíûå ïî ÔÍÎ,
íå ìîãóò ðàçâèâàòü çàùèòíîãî îòâåòà íà çàðàæåíèå âíóòðèêëåòî÷íûìè áàêòåðèÿìè,
òàêèìè êàê ëèñòåðèÿ èëè ìèêîáàêòåðèè, ïðåäïîëîæèòåëüíî, âñëåäñòâèå
íåñïîñîáíîñòè îáðàçîâûâàòü áàêòåðèöèäíûå ãðàíóëåìû. Ñ äðóãîé ñòîðîíû,
ïàòîãåííàÿ ñâåðõïðîäóêöèÿ ÔÍÎ è ÈË-1 ëåæèò â îñíîâå ðÿäà àóòîèììóííûõ è
âîñïàëèòåëüíûõ çàáîëåâàíèé, è òåðàïèè, îñíîâàííûå íà ñèñòåìíîé áëîêèðîâêå
ïåðåäà÷è ñèãíàëà îò ýòèõ öèòîêèíîâ, óæå èñïîëüçóþòñÿ â êëèíèêå. Íàäî ïîíèìàòü,
÷òî ïðè ñèñòåìíîé áëîêèðîâêå îòìåíÿþòñÿ è íåêîòîðûå èç "ïîëåçíûõ" ôóíêöèé
öèòîêèíîâ. Ìû èñïîëüçîâàëè íåñêîëüêî ïàíåëåé ìûøåé ñ êîíòðîëèðóåìûì
îòêëþ÷åíèåì èëè óñèëåíèåì ïåðåäà÷è ñèãíàëà ñ ó÷àñòèåì ÔÍÎ äëÿ èçó÷åíèÿ
áàëàíñà ìåæäó "ïîëåçíûìè" è "âðåäíûìè" ôèçèîëîãè÷åñêèìè ôóíêöèÿìè ÔÍÎ.
Â ÷àñòíîñòè, ìû ñîçäàëè ìûøåé, êîòîðûå ïîçâîëÿþò èçó÷àòü íåâûðîæäåííûå
ýôôåêòû ÔÍÎ, ïðîèçâîäèìîãî êîíêðåòíûìè âèäàìè èììóíîöèòîâ, à òàêæå ÔÍÎ,
ïðîäóöèðóåìîãî â ðàñòâîðèìîé èëè ìåìáðàííî-ñâÿçàííîé ôîðìå, â çàùèòå îò
áàêòåðèé. Îêàçàëîñü, ÷òî ÔÍÎ, ïðîäóöèðóåìûé íå òîëüêî ìàêðîôàãàìè, íî è
Ò-ëèìôîöèòàìè, èãðàåò óíèêàëüíóþ (ò.å. íåâûðîæäåííóþ) ðîëü â çàùèòå
îðãàíèçìà. Êðîìå òîãî, ìû ñîçäàëè ìûøåé, "ãóìàíèçîâàííûõ" ïî ÔÍÎ, êîòîðûå
ïîçâîëÿþò ñðàâíèâàòü ýôôåêòû êëèíè÷åñêè ïðèìåíÿåìûõ áëîêàòîðîâ ÔÍÎ íà
ôóíêöèè çàùèòû îðãàíèçìà â æèâîòíîé ìîäåëè. Îäíîé èç íàøèõ öåëåé ÿâëÿåòñÿ
ðàçðàáîòêà áîëåå áåçîïàñíûõ ìåòîäîâ àíòè-öèòîêèíîâîé òåðàïèè, êîòîðàÿ
ìèíèìàëüíî íàðóøàëà áû ôóíêöèè çàùèòû îðãàíèçìà.
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Up to now there are great variety of bioanalytical and medical assays based
on using fluorescent labels [1]. Recently, luminescent semiconductor nanocrystals,
known also as quantum dots (QDs) are shown to be very promising fluorescent
labels. The main advantages of nanocrystal as compared to organic dyes are: 1)
control of the fluorescence emission wavelength by changing the nanocrystal size;
2) wide spectral excitation band which allows one to use one source of excitation
light for exciting of all color fluorescence that is far away from the emission
wavelength of nanocrystals (more than 100 nm). In addition, nanocrystals are
characterized by unique luminescent properties: a high quantum yield and
photostability. An important example of such particles is (CdSe)ZnS nanocrystals
- inorganic particles containing the CdSe central core which determines the
parameters of fluorescence, and ZnS shell which provides high fluorescence
intensity [2]. However, their hydrophobic nature, insufficient photo- and chemical
stability in physiological media, the lack of the surface functional groups limit
their application in bioanalytical assays. To solve these problems we have suggested
two ways of nanocrystal modification: 1) embedding nanocrystals into polymer
particles; and 2) surface modification of nanocrystals with synthetic and natural
polymers having anchor groups.

In the first case poly(acrolein-co-styrene) particles were synthesized by
emulsifier-free radical copolymerization of acrolein with styrene at the various
monomer ratios in the presence of initiator K2S2O8 and doped with nanocrystals
after synthesis. Such procedure allowed obtaining the chemical and colloidal stable
polymer dispersions with particle diameters about 0.1-0.7 µm and aldehyde groups
on their surface as well as to incorporate simultaneously several kinds of
nanocrystals with various fluorescence emission peaks (from 536 to 620 nm) for
multiplex coding of biological objects. Various methods of surface modification
of co-poly(acrolein/styrene) particle using seed polymerization of thermosensitive
polymer (polyvinylcaprolactam) in the presence of copolymer particles or layer-
by-layer technique of polyelectrolyte deposition on particle surface enable to obtain
environmentally responsive polymer particles.

In the second case our research is based on the one hand on the formation of
the double-layered solubilizing shell on the surface of nanocrystals. The first layer
contains molecules attached to the surface of QDs via formation of covalent or
coordination bond, and the second layer consists of long-chain polymer molecules
(poly-L-lysine, chitosan, insulin, antibody, etc.). On the other hand research is
based on the modification of the nanocrystals through hydrophobic interaction of
tri-n-octylphosphineoxide which is used for stabilization of nanocrystals during
their preparation. Amphiphilic polymers, such as DOPE-substituted acrylamide,

ÁÈÎÀÍÀËÈÒÈ×ÅÑÊÈÅ ÐÅÀÃÅÍÒÛ ÍÀ ÎÑÍÎÂÅ
ÏÎËÈÌÅÐÍÎ-ÊÀÏÑÓËÈÐÎÂÀÍÍÛÕ (CdSe)ZnS
ÍÀÍÎÊÐÈÑÒÀËËÎÂ
Çóáîâ Â.Ï., Ãåíåðàëîâà À.Í., Ñèçîâà Ñ.Â., Äååâ Ñ.Ì., Îëåéíèêîâ Â.À.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: zubov@ibch.ru

Â ïîñëåäíèå ãîäû èíòåíñèâíî ðàçðàáàòûâàþòñÿ ïîäõîäû ê âèçóàëèçàöèè
ïðîöåññîâ íà óðîâíå êëåòîê, òêàíåé è öåëûõ îðãàíèçìîâ, îñíîâàííûå íà
ââåäåíèè ñïåöèàëèçèðîâàííûõ ôëóîðåñöåíòíûõ ìåòîê. Îäíèìè èç íàèáîëåå
ïåðñïåêòèâíûõ ìåòîê íîâîãî ïîêîëåíèÿ ÿâëÿþòñÿ ôëóîðåñöåíòíûå
ïîëóïðîâîäíèêîâûå íàíîêðèñòàëëû (ÍÊ), ñîñòîÿùèå èç ñîåäèíåíèé ãðóïï
II-VI, III-V è èìåþùèå ñòðóêòóðó ÿäðî/îáîëî÷êà.

Ïîëóïðîâîäíèêîâûì ÍÊ ïðèñóùè äâà îñíîâíûõ äîñòîèíñòâà,
îòëè÷àþùèå èõ îò îðãàíè÷åñêèõ ôëóîðîôîðîâ: 1) øèðîêèé íàáîð óçêèõ ïîëîñ
ôëóîðåñöåíöèè, ïîëîæåíèå êîòîðûõ çàâèñèò îò äèàìåòðà ÍÊ è ÿâëÿåòñÿ
óïðàâëÿåìûì ïàðàìåòðîì ïðè âîçìîæíîñòè âîçáóæäåíèÿ èçëó÷åíèåì ñ îäíîé
äëèíîé âîëíû; ïðè ýòîì äëèíà âîëíû âîçáóæäåíèÿ ìîæåò âàðüèðîâàòüñÿ äëÿ
ïîëó÷åíèÿ ìàêñèìàëüíîãî ñîîòíîøåíèÿ ñèãíàë/øóì ñ ó÷åòîì êîíêðåòíîãî
èçó÷àåìîãî îáúåêòà; 2) âûñîêàÿ ôîòîñòàáèëüíîñòü ÍÊ, â 100-4000 ðàç
ïðåâûøàþùàÿ ôîòîñòàáèëüíîñòü ëó÷øèõ îðãàíè÷åñêèõ ôëóîðîôîðîâ.

Îäíîé èç ïðîáëåì èñïîëüçîâàíèÿ òàêèõ ôëóîðåñöåíòíûõ ÍÊ  ÿâëÿåòñÿ
òðóäíîñòü ïîëó÷åíèÿ áèîñîâìåñòèìûõ, ëåãêî êîíúþãèðóåìûõ ñ
áèîëîãè÷åñêèìè ìîëåêóëàìè ôëóîðåñöåíòíûõ êîìïëåêñîâ, ÷òî îãðàíè÷èâàåò
èõ ïðèìåíåíèå â áèîòåõíîëîãèè è ìåäèöèíå â êà÷åñòâå ýôôåêòèâíûõ
ôëóîðåñöåíòíûõ áèîìàðêåðîâ è ñåíñîðîâ.

Äëÿ ðåøåíèÿ óêàçàííîé ïðîáëåìû àâòîðàìè áûë ðàçðàáîòàí ðÿä
ñïîñîáîâ êàïñóëèðîâàíèÿ íàíîêðèñòàëëîâ â ïîëèìåðíûå ìàòðèöû è
ïîâåðõíîñòíîé ìîäèôèêàöèè íàíîêðèñòàëëîâ îðãàíè÷åñêèìè ñîåäèíåíèÿìè,
÷òî ïîçâîëèëî ïîëó÷èòü ñåðèþ ôëóîðåñöåíòíûõ ðåàãåíòîâ äëÿ ðàçëè÷íûõ
âèäîâ áèîàíàëèçà, à òàêæå äëÿ ñîçäàíèÿ íîâûõ ôëóîðåñöåíòíûõ ñåíñîðîâ,
äåéñòâèå êîòîðûõ îñíîâàíî íà èñïîëüçîâàíèè ýôôåêòà ðåçîíàíñíîé ïåðåäà÷è
ýíåðãèè (FRET-ýôôåêò). Ýôôåêòèâíîñòü ýòèõ ñèñòåì ïîêàçàíà íà ïðèìåðàõ
ðàçëè÷íîãî âèäà èììóíîàããëþòèíàöèè, ïðîòî÷íîé öèòîôëóîðèìåòðèè,
âèçóàëèçàöèè êëåòîê, êëåòî÷íûõ ðåöåïòîðîâ è òêàíåé.
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Óíèâåðñàëüíûå ñâîéñòâà ñïîíòàííîé ñàìîîðãàíèçàöèè áåëêîâîé
ñòðóêòóðû (ò.å. "ñâîðà÷èâàíèÿ áåëêà") íàáëþäàþòñÿ âáëèçè òî÷êè
òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ ìåæäó "íàòèâíûì" ñîñòîÿíèåì áåëêà
(ïîëíîñòüþ ñâåðíóòûì è ñòðóêòóðèðîâàííûì) è åãî "äåíàòóðèðîâàííûì"
(îòíîñèòåëüíî ðûõëûì è ñëàáî ñòðóêòóðèðîâàííûì) ñîñòîÿíèåì. Çäåñü
ïåðåõîä "äåíàòóðèðîâàííîå ñîñòîÿíèå"↔ " íàòèâíîå ñîñòîÿíèå" ïðîèñõîäèò
êàê îáðàòèìûé ïåðåõîä òèïà "âñå-èëè-íè÷åãî", ò.å. ïðîòåêàþùèé áåç
íàêîïëåíèÿ ìåòàñòàáèëüíûõ ïðîìåæóòî÷íûõ ñîñòîÿíèé, òàê ÷òî òîëüêî
ïåðåõîäíîå, ñàìîå íåñòàáèëüíîå íà ïóòè ñâîðà÷èâàíèÿ áåëêà ñîñòîÿíèå
îáíàðóæèâàåò ñåáÿ íà îïûòå – ïî ñâîåìó âëèÿíèþ íà êèíåòèêó ñâîðà÷èâàíèÿ
è ðàçâîðà÷èâàíèÿ áåëêà. Òåîðèÿ ñêîðîñòåé ñâîðà÷èâàíèÿ (è ðàçâîðà÷èâàíèÿ)
áåëêîâ ñõîäíà ñ êëàññè÷åñêîé ôèçè÷åñêîé òåîðèåé ñêîðîñòè èíèöèàöèè
ôàçîâûõ ïåðåõîäîâ ïåðâîãî ðîäà. Îíà, â ðàçóìíîì ñîîòâåòñòâèè ñ
ýêñïåðèìåíòàëüíûìè äàííûìè, ïîêàçûâàåò, ÷òî ðàçìåð áåëêà îïðåäåëÿåò
äèàïàçîí âîçìîæíûõ ñêîðîñòåé åãî ñâîðà÷èâàíèÿ â îêðåñòíîñòè òî÷êè
òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ ìåæäó íàòèâíûì è äåíàòóðèðîâàííûì
ñîñòîÿíèÿìè áåëêà, – â òî âðåìÿ êàê åãî ôîðìà, ñòðóêòóðà è ñòàáèëüíîñòü
ïîçâîëÿþò áîëåå òî÷íî ïðåäñêàçàòü ñêîðîñòü ñâîðà÷èâàíèÿ è ðàçâîðà÷èâàíèÿ
áåëêà è î÷åðòèòü ÿäðî åãî ñâîðà÷èâàíèÿ.

Ýòà ðàáîòà áûëà ïîääåðæàíà ïðîãðàììàìè "Ìîëåêóëÿðíàÿ è êëåòî÷íàÿ
áèîëîãèÿ" Ðîññèéñêîé àêàäåìèè íàóê è "Âåäóùèå íàó÷íûå øêîëû Ðîññèè",
ãðàíòàìè Ôåäåðàëüíîãî àãåíòñòâà ïî íàóêå è èííîâàöèÿì, Ðîññèéñêîãî ôîíäà
ôóíäàìåíòàëüíûõ èññëåäîâàíèé, INTAS è Howard Hughes Medical Institute.

poly(maleic-alt-1-tetradecene), (mercaptoundec-11-yl)tetra(ethylene glycol),
16-mercaptohexadecanoic acid, etc. are used. These modifications allowed to
obtained aqueous dispersion of nanocrystals having diameters 5-10 nm with
functional groups on their surface.

The opportunity of modified nanocrystal applications in immunoassay for
detection of antigen Y.pestis and labeling of breast carcinoma cells were
demonstrated.
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UNDERSTANDING LIVER PATHOLOGY USING BIOCHEMISTRY
AND BIOPHYSICS TOOLKIT
Lutsenko S.V., Burkhead J., Ralle M., Huster D.
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Normal human growth and development depend on efficient uptake and
distribution of copper in cells and tissues. Copper serves as a cofactor of key
metabolic enzymes participating in radical detoxification, neurotransmitter
biosynthesis, connective tissue formation and many others important physiological
processes. In addition, copper modulates immune response, lipid biosynthesis,
and angiogenesis. Disruption of copper metabolism in humans is associated with
severe neurodegenerative and metabolic disorders. One such disorder is Wilson's
disease, which is caused by inactivation of copper transporting ATPase ATP7B
and large accumulation of copper in tissues. We have demonstrated that the Atp7b-/-
mice represent a useful animal model to study hepatic manifestations of Wilson's
disease. Using X-ray fluorescent spectroscopy we observed correlation between
the subcellular distribution of copper in hepatocytes and morphological changes
in liver tissue. We also found that at the early stages of copper accumulation,
copper preferentially enters cell nuclei. Once in the nucleus, copper does not alter
the content of other metals nor does it induce non-specific oxidation of nuclear
proteins. Rather, elevated copper selectively modulates nuclear RNA splicing
machinery. Changes in RNA biogenesis are manifested by specific alterations of
liver transcriptome and accompanying metabolic changes.

PROTEIN FOLDING: DEPENDENCE ON SIZE, SHAPE,
STRUCTURE AND STABILITY OF THE PROTEIN
Finkelstein A.V., Ivankov D.N., Bogatyreva N.S., Garbuzinsky S.A.,
Galzitskaya O.V.
Institute of Protein Research RAS, Pushchino, Russia
E-mail: afinkel@vega.protres.ru

Universal features of spontaneous formation of protein structures (i.e. of
"protein folding") are observed near the point of thermodynamic equilibrium
between the "native" (completely folded and structured) and "denatured" (loose
and poorly-structured) states of the protein. Here the "two-state" ("denatured
state"↔   "native state") transition is reversible and proceeds without accumulation
of metastable intermediates, and here only the transition state, i.e. the most unstable
state in the folding pathway, can be outlined experimentally by its essential influence
on the folding/unfolding kinetics. A theory of protein folding (and unfolding) rates
is similar to basic physical theory of rates of initiation of the first order phase
transitions. It shows that protein's size determines, in a reasonable agreement with
experimental data, a range of possible protein's folding rates in the vicinity of the
point of thermodynamic equilibrium between the native and denatured states of
the protein, while its shape, structure and stability help to do more accurate
prediction of the protein folding and unfolding rates and to outline the protein
folding nucleus.

This work was supported by programs "Molecular and Cellular Biology" of
the Russian Academy of Sciences and "Leading Scientific Schools of Russia" and
by the grants from the Federal Agency for Science and Innovations, Russian
Foundation for Basic Research, INTAS and Howard Hughes Medical Institute.
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Íåéðîòðàíñìèòòåðû, àöèëèðîâàííûå ïî àìèíîãðóïïå æèðíûìè
êèñëîòàìè, – ñðàâíèòåëüíî íåäàâíî îòêðûòàÿ ãðóïïà ëèïèäíûõ ðåãóëÿòîðîâ,
êîòîðàÿ íà äàííûé ìîìåíò âêëþ÷àåò àöèëãëèöèíû, àöèëãàììà-
àìèíîìàñëÿíûå êèñëîòû è àöèëäîôàìèíû. Â ãîëîâíîì è ñïèííîì ìîçãå
ìëåêîïèòàþùèõ èäåíòèôèöèðîâàíû äîôàìèíàìèäû àðàõèäîíîâîé (AA-DA),
ïàëüìèòèíîâîé, îëåèíîâîé è ñòåàðèíîâîé êèñëîò. Íàìè óñòàíîâëåíî, ÷òî,
ïî êðàéíåé ìåðå, åùå îäèí àöèëäîôàìèí – N-äîêîçàãåêñàåíîèëäîôàìèí
(DHA-DA) ÿâëÿåòñÿ ïðèðîäíûì ñîåäèíåíèåì, ò.ê. åãî íàëè÷èå, áèîñèíòåç è
ñóëüôàòèðîâàíèå áûëè ïîêàçàíû â òêàíÿõ ïðåñíîâîäíûõ ãèäð. Êðîìå òîãî,
áûëè îïðåäåëåíû îñíîâíûå çâåíüÿ áèîñèíòåçà N-àöèëäîôàìèíîâ â òêàíÿõ
êðûñû. Óñòàíîâëåíî, ÷òî îáðàçîâàíèå N-àöèëäîôàìèíîâ ìîæåò
îñóùåñòâëÿòüñÿ ïóò¸ì êîíúþãàöèè æèðíîé êèñëîòû è äîôàìèíà èëè â
ðåçóëüòàòå ïðåâðàùåíèÿ N-àöèëòèðîçèíà, íå òðåáóåò ó÷àñòèÿ êîôåðìåíòà À,
à ïðè áèîñèíòåçå ñ ïðîìåæóòî÷íûì îáðàçîâàíèåì N-àöèëòèðîçèíà ñòàäèÿ
äåêàðáîêñèëèðîâàíèÿ ïðåäøåñòâóåò ñòàäèè îêèñëåíèÿ. Ìåòàáîëèçì
N-àöèëäîôàìèíîâ âêëþ÷àåò ïðîöåññû ôåðìåíòàòèâíîãî ìåòèëèðîâàíèÿ,
ñóëüôàòèðîâàíèÿ, ãëþêóðîíèäèðîâàíèÿ, à òàêæå îêèñëåíèÿ êàê àöèëüíîé
÷àñòè, òàê è êàòåõîëüíîé ãðóïïû. Â ïîñëåäíåì ñëó÷àå îáðàçóþùèåñÿ õèíîíû
ñïîñîáíû âçàèìîäåéñòâîâàòü ñ áåëêàìè, âûçûâàÿ èõ îëèãîìåðèçàöèþ.

AA-DA è DHA-DA îáëàäàþò âûðàæåííûì íåéðîçàùèòíûì äåéñòâèåì.
Îíè ïðåäîõðàíÿþò íåéðîíû ìîçãà îò ãèáåëè â óñëîâèÿõ ãèïîêñèè è çàùèùàþò
ãðàíóëÿðíûå íåéðîíû ìîçæå÷êà êðûñû â ìîäåëè K+-ñûâîðîòî÷íîé
äåïðèâàöèè. Ïîñëåäíèé ýôôåêò íå ÷óâñòâèòåëåí ê èíãèáèòîðàì
êàííàáèíîèäíîãî ðåöåïòîðà 1 òèïà (CB1) è äîôàìèíîâûõ ðåöåïòîðîâ, íî
ñóùåñòâåííî ñíèæàåòñÿ â ïðèñóòñòâèè èíãèáèòîðîâ CB2- èëè
TRPV1-ðåöåïòîðîâ. Ïîêàçàíî, ÷òî ýòè àöèëäîôàìèíû èíãèáèðóþò
àêòèâíîñòü ïðîàïîïòîòè÷åñêèõ êàñïàç 3 è 9. Ìåõàíèçì çàùèòíîãî äåéñòâèÿ
AA-DA è DHA-DA ðåàëèçóåòñÿ, ïî-âèäèìîìó, ñ ó÷àñòèåì ôîñôîèíîçèòîë-
3-êèíàçû è ïðîòåèíêèíàçû Ñ, ò.ê. ñîîòâåòñòâóþùèå èíãèáèòîðû (LY294002
è GF109203X) ñíèæàëè çàùèòíîå äåéñòâèå îáîèõ ñîåäèíåíèé íà 40% è 25%,
ñîîòâåòñòâåííî. Êðîìå òîãî, èíãèáèðîâàíèå êàëüìîäóëèí-çàâèñèìîé
ïðîòåèíêèíàçû 2 ñíèæàëî íåéðîïðîòåêöèþ AA-DA â 2 ðàçà, ýôôåêò DHA-DA
áëîêèðîâàëñÿ ïîëíîñòüþ, òîãäà êàê èíãèáèòîð ïðîòåèíêèíàçû À (Kt 5720)
óìåíüøàë íåéðîçàùèòíîå äåéñòâèå òîëüêî AA-DA. Èíãèáèòîðû
ÌÀÐÊÊ/ÌÅÊ è ÌÅÊ1/ÌÅÊ2 êèíàç íå îêàçûâàëè âëèÿíèå íà çàùèòíîå
äåéñòâèå èññëåäóåìûõ ñîåäèíåíèé. Êðîìå ðåöåïòîðîïîñðåäîâàííîãî
äåéñòâèÿ íà ñèñòåìû ïåðåäà÷è ñèãíàëà AA-DA è DHA-DA ñïîñîáíû
îêàçûâàòü çàùèòíîå äåéñòâèå íà íåéðîíû çà ñ÷¸ò ñâîèõ àíòèîêñèäàíòíûõ
ñâîéñòâ. Â îïûòàõ in vivo íà ìîäåëè áîëåçíè Ïàðêèíñîíà ó ìûøåé, ñèìïòîìû

FIGHTING BLINDNESS: FROM GENE DISCOVERIES TO DRUG
DEVELOPMENT
Petrukhin K.
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USA
E-mail: kep4@columbia.edu

Blindness ranks third (after cancer and heart disease) as people's major fear. Age-
related macular degeneration (AMD) is the most common cause of legal blindness in elderly
individuals. There are two major clinical presentations of AMD. The most prevalent atrophic
(dry) AMD is characterized by degeneration of retinal pigment epithelium and neuroretina.
A proportion of dry AMD patients (~10%) develop choroidal neovascularization which is
known as neovascular (wet) form of AMD. Despite the prevalence and clinical importance
of dry AMD (it affects more patients than Alzheimer's disease) its molecular mechanisms
remain unknown; there are no treatments or established drug targets for this blinding
condition.

One approach to finding AMD-related pathways and new drug targets for AMD
treatment is to study rare early-onset Mendelian forms of macular degeneration with
phenotypic similarities to AMD. There are five known forms of inherited macular
dystrophies. We attempted identification of the disease genes responsible for two autosomal
dominant forms of inherited maculopathies, Best's disease and Stargardt-like macular
dystrophy. In pursuit of the Best's disease gene, we limited the minimum genetic region by
recombination breakpoint analysis and mapped to this region a novel retina-specific gene,
called Bestrophin. Mutation analyses of Bestrophin revealed five independent mutations
segregating with the disease phenotype. Genetic mapping data and identification of
independent disease-specific mutations provide convincing evidence that Bestrophin
represents the BD gene. Subsequent studies established bestrophin as a founding member
of the new family of Ca-activated Cl channels. Autosomal dominant Stargardt-like macular
dystrophy (STGD3) is an inherited form of macular degeneration characterized by decreased
visual acuity, macular atrophy and extensive fundus flecks. We limited the minimum genetic
region for STGD3 to a 0.6-cM interval by recombination breakpoint mapping and identify
a single 5-bp deletion within the protein-coding region of a new photoreceptor-specific
gene, ELOVL4, in all affected pedigree members. ELOVL4 catalyses a critical elongation
step in biosynthesis of very long chain fatty acids in the retina. Our results are the first to
implicate the biosynthesis of fatty acids in the pathogenesis of macular degeneration. This
provided rationale for currently conducted clinical trials on fatty acid supplementations as
a treatment for AMD.

Our second approach to identification of new AMD treatments is evaluation of potential
drug targets expressed specifically in the retina. The majority of current medicines are
small molecule drugs. Small molecule drugs can be developed for a limited number of
protein classes called drug targets. Nuclear receptors (NR) comprise a family of ligand-
dependent transcription factors. One in ten of the most widely used drugs acts via nuclear
receptors attesting to their importance as drug targets. We identified a nuclear receptor,
NR2E3, expressed exclusively in photoreceptor cells of the retina. We performed a screen
for small molecule NR2E3 agonists and currently work to establish their photoreceptor
protection properties in animal models of retinal degeneration.

Support: NIH Grant 1R21NS061718-01, the Peacock Trusts grant, and gifts from
the Burch Family Foundation, the Mary Jaharis-John Catsimatidis Scholarship Fund, the
Eye Surgery Fund, and the Kaplen Foundation.
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Akimov M.G., Bobrov M.Yu., Gretskaya N.M., Zinchenko G.N., Bezuglov V.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
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Amino-acylated neurotransmitters are a recently discovered group of lipid
regulators comprising at the moment acylglycines, acylgamma-aminobutyric acids
and acyldopamines. Dopaminamides of arachidonic (AA-DA), palmitic, oleic and
stearic acids have been identified in mammalian brain and spinal cord. We have
discovered that at least one more N-acyldopamine N-docosahexaenoyldopamine
(DHA-DA) is a natural compound as its presence, biosynthesis and sulfation were
shown in the tissues of freshwater hydras. Moreover, the key stages of N-
acyldopamines biosynthetic pathway in rat tissues were also determined. It was
found that N-acyldopamines could be formed via conjugation of free fatty acid
with dopamine or via N-acyltyrosine conversion. The participation of coenzyme
A is not required. During biosynthesis with N-acyltyrosine as an intermediate its
decarboxylation precedes oxidation. The metabolism of N-acyldopamines includes
enzymatic methylation, sulfation, glucuronidation and oxidation of fatty acid and
dopamine moieties. In the latter case the quinones produced could interact with
proteins inducing their oligomerization.

AA-DA and DHA-DA have profound neuroprotective action. They protect
brain neurons from death by hypoxia and protect granulary neurons of rat
cerebellum in a model of K-serum deprivation. The latter effect was not sensitive
to the inhibitors of cannabinoid receptor type 1 (CB1) or dopamine receptors.
However it was markedly lower in the presence of TRPV1 or CB2 receptor
inhibitors. The ability of these acyldopamines to inhibit proapoptotic kaspases 3
and 9 was also demonstrated. The protective action of AA-DA and DHA-DA
presumably realizes through phosphatidylinosit-3-kinase and proteinkinase C as
their inhibitors (LY294002 and GF109203X) decreased the potency of both
compounds by 40 and 25% respectively. Moreover, the inhibition of calmodulin-
dependent proteinkinase 2 resulted in twofold decrease of AA-DA neuroprotective
action and completely blocked the one of DHA-DA. At the same time proteinkinase
A inhibitor (Kt 5720) affected only AA-DA action. The inhibitors of MAPKK/
MEK or MEK1/MEK2 kinases had no effect on protective action of compounds
under study. Besides receptor-mediated action AA-DA and DHA-DA could produce
neuroprotective effects due to their antioxidative properties. In the in vivo model
of Parkinson disease in mice induced by chronically neurotoxin MPTP injection
for 7 days (marked decrease of locomotor activity) single DHA-DA injection (10
mg/kg) at the last day of MPTP treatment resulted in partial (30%) restoration of
locomotor activity next day.

N-Acyldopamines have profound morfogenetic action at regeneration and
early embryogenesis stages. These effects are illustrated by the experiments
(together with IDB RAS) on freshwater hydras, the embryos of mice and sea urchins.

êîòîðîé èíäóöèðîâàëè â òå÷åíèå 7 äíåé õðîíè÷åñêèì ââåäåíèåì
íåéðîòîêñèíà ÌÐÒÐ (çíà÷èòåëüíîå ñíèæåíèå ëîêîìîòîðíîé àêòèâíîñòè),
îäíîêðàòíàÿ èíúåêöèÿ DHA-DA (10 ìã/êã) â ïîñëåäíèé äåíü ââåäåíèÿ ÌÐÒÐ
ïðèâîäèëà ê ÷àñòè÷íîìó âîññòàíîâëåíèþ (íà 30%) ëîêîìîòîðíîé àêòèâíîñòè
íà ñëåäóþùèå ñóòêè.

N-Àöèëäîôàìèíû îêàçûâàþò ñèëüíîå ìîðôîãåííîå äåéñòâèå ïðè
ðåãåíåðàöèè è íà ðàííèõ ñòàäèÿõ ýìáðèîãåíåçà. Ýòè ýôôåêòû
ïðîèëëþñòðèðîâàíû îïûòàìè (ñîâìåñòíî ñ ÈÁÐ ÐÀÍ) íà ïðåñíîâîäíûõ
ãèäðàõ, çàðîäûøàõ ìûøåé è ìîðñêèõ åæåé.

N-Àöèëäîôàìèíû îáëàäàþò óìåðåííîé àíòèàãðåãàöèîííîé
àêòèâíîñòüþ ïî îòíîøåíèþ ê òðîìáîöèòàì ÷åëîâåêà è ñïîñîáíû óâåëè÷èâàòü
ëîêàëüíûé ìîçãîâîé êðîâîòîê, ÷òî äåëàåò èõ ïåðñïåêòèâíûìè äëÿ ðàçðàáîòêè
âåùåñòâ – êàíäèäàòîâ íîâûõ ëåêàðñòâåííûõ ïðåïàðàòîâ. Ýòî ïîêàçàíî íà
ïðèìåðå êîíúþãàòà DHA-DA ñ ãàììà-àìèíîìàñëÿíîé êèñëîòîé.

Â äîïîëíåíèå ê óêàçàííûì ýôôåêòàì N-àöèëäîôàìèíîâ ñëåäóåò
óïîìÿíóòü óñòàíîâëåííóþ äðóãèìè èññëåäîâàòåëÿìè ñïîñîáíîñòü èõ
âûçûâàòü ñîêðàùåíèå áðîíõîâ è ìî÷åâîãî ïóçûðÿ, ãèïåðàëüãåçèþ,
ñòèìóëÿöèþ âûáðîñà ñóáñòàíöèè Ð è ïåïòèäà, ðîäñòâåííîãî
êàëüöèòîíèíîâîìó ïåïòèäó. Ýòè íåéðîëèïèíû âëèÿþò íà àêòèâíîñòü
ôîñôàòàç, ÷òî ïðèâîäèò ê ïîäàâëåíèþ òðàíñêðèïöèè ãåíîìà íåêîòîðûõ
âèðóñîâ, è îêàçûâàþò èììóíîñóïðåññîðíîå äåéñòâèå. Âñ¸ ýòî
ñâèäåòåëüñòâóåò î ìíîãîôóíêöèîíàëüíîñòè N-àöèëäîôàìèíîâ è èõ âàæíîñòè
â ñèñòåìå ðåãóëÿöèè îðãàíèçìà.

Ðàáîòà ïîääåðæàíà ÐÔÔÈ (ïðîåêò 08-04-00144à).
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ELECTRONIC ENERGY TRANSFER/MIGRATION AND
BIOMACROMOLECULAR STRUCTURE
Johansson L.B.-A.
Department of Chemistry; Biophysical Chemistry, Umea University, Sweden
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A new approach to the application, the theory and the analysis of electronic
energy transfer is presented. The applications concern the SERine Protease
INhibitor (SERPIN) mechanism and the non-covalent polymerization of SERPIN
proteins. This study focuses on the Plasmingen Activator Inhibitor type 1 (PAI-1)
and the α1-antitrypsin. The former SERPIN regulates fibrinolysis (dissolving blood
clots) and cell migration, while mutant forms of the latter are connected with
neonatal hepatitis, cirrhosis, and hepatocellular carcinoma. Here, the analysis of
time-resolved fluorescence depolarization studies is brought to the same level of
theoretical detail as in ESR- and NMR-spectroscopy.

N-Acyldopamines possess moderate antiaggregatory activity on human
platelets and are able to increase local brain blood flow, which makes them an
attractive candidate for drug design. This has been shown by the example of
conjugate of DHA-DA with gamma-aminobutyric acid.

In addition to above-mentioned effects of N-acyldopamines other researchers
discovered their ability to induce the constriction of bronchi and urinary bladder,
hyperalgesia and ability to stimulate the release of calcitonin-gene related peptide
and substance P. These neurolipins affect some phosphatases resulting in
immunosuppression and in suppression of some viral genomes' transcription.
Obviously N-acyldopamines are multifunctional molecules of great importance
for an organism.
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èññëåäîâàíà ñ ïîìîùüþ äèíàìè÷åñêîãî ëàçåðíîãî ñâåòîðàññåÿíèÿ,
ýëåêòðîííîé ìèêðîñêîïèè è ãåëü-õðîìàòîãðàôèè. Ïîêàçàíî, ÷òî îáà
ïðîëåêàðñòâà ïîëíîñòüþ âñòðàèâàþòñÿ â ìåìáðàíó ìîíîëàìåëëÿðíûõ
ëèïîñîì ñðåäíåãî ðàçìåðà ìåíåå 100 íì è îáðàçóþò ñòàáèëüíûå äèñïåðñèè,
ñîäåðæàùèå ëåêàðñòâåííîå íà÷àëî â êîíöåíòðàöèÿõ, ïðèãîäíûõ äëÿ
ñèñòåìíîãî ââåäåíèÿ æèâîòíûì. Äëÿ äëèòåëüíîãî õðàíåíèÿ äèñïåðñèè ìîæíî
çàìîðàæèâàòü â æèäêîì àçîòå è õðàíèòü ïðè òåìïåðàòóðàõ íèæå -20°C; ïåðåä
ïðèìåíåíèåì èõ íåîáõîäèìî ðàçìîðîçèòü è ïîäâåðãíóòü êðàòêîâðåìåííîé
îáðàáîòêå íà óëüòðàçâóêîâîé áàíå äëÿ äèñïåðãèðîâàíèÿ àãðåãàòîâ.

Äëÿ óâåëè÷åíèÿ ñåëåêòèâíîñòè äîñòàâêè íàìè ñêîíñòðóèðîâàíû Mlph-
DG/MTX-DG-ëèïîñîìû, îñíàùåííûå óãëåâîäíûìè ëèãàíäàìè,
ñïåöèôè÷åñêèìè äëÿ îïóõîëåâûõ êëåòîê. Òåðàïåâòè÷åñêàÿ ýôôåêòèâíîñòü
àäðåñíûõ ëèïîñîì ïîêàçàíà in vivo íà ìûøèíûõ ìîäåëÿõ ðàêà ìîëî÷íûõ
æåëåç è ëèìôîëåéêîçà. Íàèáîëåå âûðàæåííûì ïðîòèâîîïóõîëåâûì
äåéñòâèåì îáëàäàëè ëèïîñîìû, íåñóùèå òåòðàñàõàðèäíûé ëèãàíä ñåëåêòèíîâ
Sialyl Lewis X. Ñåëåêòèíû – óãëåâîäñâÿçûâàþùèå àäãåçèîííûå áåëêè, êîòîðûå
îïîñðåäóþò ïåðâè÷íûå âçàèìîäåéñòâèÿ ìåæäó öèðêóëèðóþùèìè
ëåéêîöèòàìè è êëåòêàìè ýíäîòåëèÿ, – âîâëå÷åíû â ìíîãî÷èñëåííûå
(ïàòî)ôèçèîëîãè÷åñêèå ïðîöåññû, â òîì ÷èñëå ðàçâèòèå âîñïàëèòåëüíîãî
îòâåòà, ìåòàñòàçèðîâàíèå è ïð.

Ðåçóëüòàòû ïåðâîé ñåðèè ýêñïåðèìåíòîâ ïî èçó÷åíèþ ñðàâíèòåëüíîé
ôàðìàêîêèíåòèêè ëèïîñîìàëüíîãî MÒÕ-DG è MTX, ââåäåííûõ ìûøàì
âíóòðèâåííî, ïîêàçûâàþò, ÷òî ëèïîñîìû îáëàäàþò áîëüøèì
òåðàïåâòè÷åñêèì ïîòåíöèàëîì äëÿ ëå÷åíèÿ çëîêà÷åñòâåííîé ëèìôîìû è
ëåéêåìèè.

Ðàáîòà ïîääåðæàíà ãðàíòàìè ÐÔÔÈ (ïðîåêòû 97-04-48421, 00-04-48922,
03-04-48396, 06-04-49432) è ÌÍÒÖ (ïðîåêò 1783).
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Âêëþ÷åíèå ïðîòèâîîïóõîëåâûõ àãåíòîâ â ëèïîñîìû ðàçìåðà 100-150 íì
ïîçâîëÿåò ïîíèçèòü ñèñòåìíóþ òîêñè÷íîñòü áëàãîäàðÿ óìåíüøåíèþ
êîíöåíòðàöèè ñâîáîäíîãî ëåêàðñòâà â êðîâîòîêå è ïàññèâíîìó òðàíñïîðòó
ëèïîñîì â îïóõîëè, îáóñëîâëåííîìó ïîâûøåííîé ïðîíèöàåìîñòüþ
ñîñóäèñòîãî ýíäîòåëèÿ íîâîîáðàçîâàíèé. Â ñâîþ î÷åðåäü, áèîäåãðàäèðóåìûå
êîíúþãàòû ëèïèä-ëåêàðñòâî (ëèïîôèëüíûå ïðîëåêàðñòâà) îáëàäàþò
óëó÷øåííîé ôàðìàêîêèíåòèêîé. Ìû ïðåäëàãàåì âêëþ÷àòü ëèïîôèëüíûå
ïðîëåêàðñòâà õèìèîòåðàïåâòè÷åñêèõ ïðåïàðàòîâ â áèñëîé ëèïîñîì. Ïî
ñðàâíåíèþ ñ èíêàïñóëèðîâàíèåì â âîäíûé îáúåì ëèïîñîì òàêîé ñïîñîá
äîñòàâêè äàåò ñóùåñòâåííûå ïðåèìóùåñòâà: ïðåêðàùàåòñÿ óòå÷êà ëåêàðñòâà
èç ëèïîñîì â êðîâîòîêå è íà ñòàäèè âçàèìîäåéñòâèÿ ñ êëåòêîé; èçìåíÿåòñÿ
ìåõàíèçì ïðîíèêíîâåíèÿ ëåêàðñòâà â êëåòêó è åãî âíóòðèêëåòî÷íûé òðàôèê,
÷òî ïîâûøàåò ïîòåíöèàë ïðåîäîëåíèÿ ìíîæåñòâåííîé ëåêàðñòâåííîé
óñòîé÷èâîñòè îïóõîëåâûõ êëåòîê. Áîëåå òîãî, óïðîùàåòñÿ òåõíîëîãèÿ
ïîëó÷åíèÿ ëåêàðñòâåííûõ ëèïîñîì.

Ìåëôàëàí (Mlph) – öèòîòîêñè÷åñêèé àëêèëèðóþùèé àãåíò,
äåéñòâóþùèé íåçàâèñèìî îò ñòàäèè êëåòî÷íîãî öèêëà, – ïðèìåíÿåòñÿ êàê
ïðîòèâîîïóõîëåâîå ñðåäñòâî ïî÷òè 50 ëåò. Öèòîñòàòè÷åñêèé àãåíò
ìåòîòðåêñàò (ÌÒÕ, àíòèìåòàáîëèò ôîëèåâîé êèñëîòû) øèðîêî ïðèìåíÿåòñÿ
äëÿ ëå÷åíèÿ îíêîëîãè÷åñêèõ è àóòîèììóííûõ çàáîëåâàíèé, òàêèõ êàê
ðåâìàòîèäíûé àðòðèò. Òåðàïåâòè÷åñêàÿ ýôôåêòèâíîñòü ÌÒÕ îãðàíè÷èâàåòñÿ
íå òîëüêî ñèñòåìíîé òîêñè÷íîñòüþ, íî è ÷àñòûì ðàçâèòèåì ðåçèñòåíòíîñòè,
êîòîðàÿ, â îñíîâíîì, îáóñëîâëåíà íåïîëíîöåííîé ñèñòåìîé àêòèâíîãî
òðàíñïîðòà, ðåãóëèðóþùåé ïîñòóïëåíèå â êëåòêó àíàëîãîâ ôîëàòîâ. Íàìè
ðàçðàáîòàí ñèíòåç ëèïèäíûõ êîíúþãàòîâ Mlph è ÌÒÕ (Mlph-DG è MTX-DG)
íà îñíîâå 1,2-äèîëåîèëãëèöåðèíà. Ñëîæíîýôèðíàÿ ñâÿçü ìåæäó îñòàòêàìè
ëåêàðñòâ è äèãëèöåðèäîì ëåãêî ðàñùåïëÿåòñÿ âíóòðè êëåòêè ñ
âûñâîáîæäåíèåì èñõîäíîãî àãåíòà áëàãîäàðÿ íèçêîé ñïåöèôè÷íîñòè ýñòåðàç.
Â òî æå âðåìÿ, ïðîëåêàðñòâà â ñîñòàâå ëèïîñîì îêàçàëèñü óñòîé÷èâû ê
ïðåæäåâðåìåííîìó ãèäðîëèçó ýñòåðàçàìè ïëàçìû êðîâè ÷åëîâåêà. Íàìè
òàêæå ïîêàçàíî, ÷òî ëèïîñîìû ñ MTX-DG ïðåîäîëåâàþò óñòîé÷èâîñòü êëåòîê
ëåéêåìèè ÷åëîâåêà, ñâÿçàííóþ ñ íàðóøåíèåì òðàíñìåìáðàííîãî ïåðåíîñà
èñõîäíîãî ëåêàðñòâà.

Ôèçèêî-õèìè÷åñêàÿ ñòàáèëüíîñòü ëèïîñîì, ïîëó÷åííûõ ýêñòðóçèåé èç
Mlph-DG/MTX-DG è ïðèðîäíûõ ôîñôîëèïèäîâ, â òîì ÷èñëå
ôîñôàòèäèëèíîçèòà, îáëàäàþùåãî ñòåðè÷åñêè ñòàáèëèçèðóþùèìè
ñâîéñòâàìè è çàùèùàþùåãî ëèïîñîìû îò êëåòîê èììóííîé ñèñòåìû, áûëà
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of breast cancer and lymphatic leukemia. The most pronounced antitumor effect
caused liposomes equipped with selectin ligand tetrasaccharide Sialyl LewisX.
Selectins, carbohydrate binding adhesion proteins, which mediate the initial
interactions between circulating leukocytes and cells of the endothelium, are
involved in multiple (patho)physiological processes including inflammatory
responses, metastasis development etc.

Pharmacokinetic studies of intravenous liposomal MÒÕ-DG against MTX
in mice have testified to the superior therapeutic potential of liposomes for the
treatment of malignant lymphoma and leukemia.

The work was supported by Russian Foundation for Basic Research (Projects
97-04-48421, 00-04-48922, 03-04-48396, 06-04-49432) and ISTC (Project 1783).
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Inclusion of anticancer agents in 100-150 nm size liposomes allows to decrease
systemic toxicity because of diminished free drug concentration in the circulation,
and the liposome passive transport into tumors due to enhanced permeability of
neovascular endothelium. In turn, lipid-drug conjugates (lipophilic prodrugs)
possess improved pharmacokinetics. We propose to include lipophilic prodrugs
of anticancer medicines into the liposome bilayer. As compared to the drug
incapsulation into the liposome aqueous volume, such delivery way has serious
advantages: i) the drug leakage ceases in the circulation and at liposome/cell
interaction; ii) the drug penetration and its intracellular traffic change thus improving
its ability to overcome multidrug resistance of tumor cells. Moreover, production
of such liposomes is simplified.

Melphalan (Mlph), being cell-cycle non-specific cytotoxic alkylating agent,
has been used as anticancer medicine for almost 50 years. Cytostatic agent
methotrexate (MTX, folic acid antimetabolite) is widely used for the treatment of
cancers and autoimmune diseases such as rheumatoid arthritis. Therapeutic efficacy
of MTX is hampered not only by its systemic toxicity but also by the development
of tumor cell resistance caused mainly by the deficiency of an active carrier system
regulating the folate entrance. We have developed syntheses of Mlph and MTX
lipid conjugates (Mlph-DG and MTX-DG) on the basis of 1,2-dioleoylglycerol.
Ester linkage between diglyceride and drug moieties provides easy intracellular
prodrug splitting by intracellular esterases and release of initial anticancer agent.
At the same time, the prodrugs in liposome formulations have been shown to be
stable to the premature hydrolysis by esterases of human plasma. Also, liposomes
bearing MTX-DG have been shown to overcome resistance of human leukemia
cells related to impaired transport of initial drug across membrane.

Physicochemical stability of liposomes prepared by extrusion from Mlph-
DG/MTX-DG and natural phospholipids, including phosphatidylinositol as
sterically stabilizing component against the cells of immune system, have been
studied by dynamic laser light scattering, electron microscopy and gel-
chromatography. Both prodrugs have been shown to incorporate completely into
unilamellar liposomes with the mean size below 100 nm and form stable dispersions
containing the drug concentrations relevant for systemic injections in animals. For
long-term storage, the dispersions can be subjected to deep freezing in liq. nitrogen
and stored at below -20°C; before usage, they should be defrosted and treated
shortly in an ultrasonic bath to break aggregates.

To increase selectivity, Mlph-DG/MTX-DG-loaded liposomes bearing
carbohydrate ligands specific for tumor cells have been designed. Therapeutic
efficacy of targeted liposome formulations has been shown in vivo on murine models
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ÃÅÍÍÛÅ ÑÅÌÅÉÑÒÂÀ POLR2J È PMS2 ÊÀÊ ÌÎËÅÊÓËßÐÍÛÅ
ÌÀÐÊÅÐÛ ÝÂÎËÞÖÈÈ ÂÛÑØÈÕ ÏÐÈÌÀÒÎÂ
Øåìàòîðîâà Å.Ê., Øïàêîâñêèé Ä.Ã., Ïðîøêèí Ñ.À., Ïðîøêèíà Ã.Ì.,
Øïàêîâñêèé Ã.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: gvs@ibch.ru

Îäíîé èç âàæíåéøèõ ïðîáëåì áèîëîãèè ÿâëÿåòñÿ ïðîèñõîæäåíèå è
ýâîëþöèÿ ÷åëîâåêà êàê æèâîãî ñóùåñòâà. Íà÷àëî íàó÷íîìó îñìûñëåíèþ ýòîãî
âîïðîñà áûëî ïîëîæåíî â 1871 ã. ×. Äàðâèíîì â ðàìêàõ ñèìèàëüíîé ãèïîòåçû
ïðîèñõîæäåíèÿ ÷åëîâåêà îò âûñîêîðàçâèòûõ îáåçüÿí òðåòè÷íîãî ïåðèîäà [1].
Äîñòèæåíèÿ ìîëåêóëÿðíîé áèîëîãèè ïîñëåäíèõ ëåò õîòÿ è ïåðåâåëè
èññëåäîâàíèÿ ðîäîñëîâíîé ÷åëîâåêà íà ãåíîìíûé óðîâåíü, òåì íå ìåíåå âñ¸
åù¸ íå ñìîãëè äàòü îáúÿñíåíèå îñíîâíîìó ïàðàäîêñó âîçíèêíîâåíèÿ ðîäà
Homo: ïðàêòè÷åñêè "íåîãðàíè÷åííûé" (ïî Äæ. Õàêñëè) ïðîãðåññ â
íàïðàâëåíèè ðàçóìíîãî ñóùåñòâà ïðè âåñüìà îãðàíè÷åííûõ, åñëè íå ñêàçàòü
ìèíèìàëüíûõ èçìåíåíèÿõ íàñëåäñòâåííîãî ìàòåðèàëà (ïàðàäîêñ H). Âìåñòå
ñ òåì, íåñîìíåííûì äîñòèæåíèåì íàñòóïèâøåé ïîñòãåíîìíîé ýðû ñòàëî
îñîçíàíèå òîãî, ÷òî îäíèì èç âàæíåéøèõ ìîëåêóëÿðíûõ ìåõàíèçìîâ
ïðîãðåññèâíîé ýâîëþöèè ñëîæíûõ ãåíîìîâ ÿâëÿþòñÿ ñåãìåíòíûå
äóïëèêàöèè, ñïîñîáñòâóþùèå âîçíèêíîâåíèþ íîâûõ ãåííûõ ñåìåéñòâ. C
òî÷êè çðåíèÿ àíòðîïîãåíåçà íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿþò îòíîñèòåëüíî
íåäàâíèå, ñïåöèôè÷íûå äëÿ âûñøèõ ïðèìàòîâ, äóïëèêàöèè [2].

Ìû èçó÷èëè ìîëåêóëÿðíóþ ýâîëþöèþ äâóõ òàêèõ "ìîëîäûõ" ãåííûõ
ñåìåéñòâ: ãåíîâ POLR2J ñèñòåìû òðàíñêðèïöèè è PMS2 ñèñòåìû ðåïàðàöèè
MMR. Âûÿñíèëîñü, ÷òî ïîÿâëåíèå è ñîâåðøåíñòâîâàíèå ãåííîé ñòðóêòóðû
îáîèõ ýòèõ ãåííûõ ñåìåéñòâ ÷¸òêî êîððåëèðóþòñÿ ñ îñíîâíûìè ýòàïàìè
áèîëîãè÷åñêîé ýâîëþöèè âûñøèõ ïðèìàòîâ. Èìåííî â òå÷åíèå ïåðâîãî èç
íèõ, íà÷àâøåãîñÿ îêîëî 20 Mya (ìèëëèîíîâ ëåò íàçàä) è ïðèâåäøåãî ê
îòäåëåíèþ ëèíèè ãîìèíèä îò ýâîëþöèîííîé âåòâè ìàðòûøåê Ñòàðîãî Ñâåòà
(OWM), ïðîèçîøëî óìíîæåíèå, äðîáëåíèå è íà÷àëî äèâåðñèôèêàöèè PMS2-
ïîäîáíûõ ãåíîâ, îáåñïå÷èâøèõ â êîíå÷íîì èòîãå (ïî-âèäèìîìó, òîëüêî ó
ïðåäñòàâèòåëåé ðîäà Homo) âîçìîæíîñòü ðàçäåëåíèÿ íåêîòîðûõ èç PMS2-
îïîñðåäîâàííûõ ôóíêöèé ìåæäó òðåìÿ ðàçíûìè êîìïîíåíòàìè, ñïîñîáíûìè
ê ôîðìèðîâàíèþ àíàëîãîâ PMS2-ïîäîáíûõ áåëêîâ de novo ïî ìîäóëüíîìó
(áëî÷íîìó) ïðèíöèïó èç íåáîëüøèõ PMS2L-ïîëèïåïòèäîâ [3].

Âòîðîé ýòàï (ñ âàæíûìè îáùèìè ñòàäèÿìè, ïðîèçîøåäøèìè 12 è 8 Mya
è ñïåöèôè÷íûìè äëÿ ýâîëþöèîííîé ëèíèè, ïðèâåäøåé ê ðîäó Homo,
ñîáûòèÿìè äàâíîñòüþ ~5.7 è 2 Mya) õàðàêòåðèçîâàëñÿ âîçíèêíîâåíèåì è
ýâîëþöèîííûì ðàçâèòèåì ñåìåéñòâà ãåíîâ POLR2J ñèñòåìû ðåãóëÿöèè
òðàíñêðèïöèè [4]. Îí íà÷àëñÿ ó îáùåãî ïðåäêà ãîðèëëû, øèìïàíçå è ÷åëîâåêà
è, âåðîÿòíî, ñûãðàë âàæíóþ ðîëü â äèâåðãåíöèè ñèñòåì ðåãóëÿöèè ãåííîé
ýêñïðåññèè ó ýòèõ âèäîâ: ñ ïîìîùüþ äðîææåâîé äâóõãèáðèäíîé ñèñòåìû è
áèîõèìè÷åñêèõ ïîäõîäîâ íàìè îáíàðóæåíû óíèêàëüíûå âçàèìîäåéñòâèÿ
íîâûõ èçîôîðì ñóáúåäèíèöû hRPB11 ñ ðÿäîì ñïåöèôè÷åñêèõ ôàêòîðîâ

METHYL CpG AND DIFFERENTIATION
Vinson Ch.
National Cancer Institute at Bethesda, Maryland, USA
E-mail: Vinsonc@dc37a.nci.nih.gov

My talk will focus on the B-ZIP transcription factor domain, a dimeric complex
with each monomer being a long bipartite α-helix. There will be two parts to the
talk, both done by postdoctoral fellows from Moscow. One part will address the
structural rules that regulate the dimerization of the long bipartite α-helix into a
coiled coil leucine zipper done by Dmitry Krylov. The second part will address
how the methylation of the cytosine in the CpG dinucleotide alters DNA binding
specificity of B-ZIP proteins done by Julian Rozenberg.

The C-terminal half of the B-ZIP domain is an amphipathic α-helix – one
side is hydrophilic and likes to be in water and the second side is hydrophobic and
likes to interact with the hydrophobic surface of a second amphipathic helix to
create a dimeric coiled coil renamed the leucine zipper. We have determined the
structural rules that regulate leucine zipper dimerization specificity and they will
be described.

The second part of the talk will address methylation of the cytosine in the
CpG dinucleotide and its affect on B-ZIP protein binding to DNA and subsequent
affects on gene expression. Typically, CpG methylated is associated with gene
inactivation because it both recruits repressor proteins and inhibits the DNA binding
of activating transcription factors. However, recent data indicate that some
methylated promoters are transcriptionally active. We have been differentiating
mouse primary epithelial keratinocytes and observe that promoters that contain
CpG methylation preferentially become activated. To determine if the CpG
methylation is critical for the activation of tissue specific genes, we evaluated if
there is an activity in nuclear extracts that preferentially bound DNA when the
CpG is methylated. We focused of the CRE binding site (TGACGTCA) because
many B-ZIP proteins bind it. When the central CpG dinucleoitide is methylated, it
is bound by C/EBP family members, proteins implicated in differentiation. The
talk will conclude with data suggesting that CpG methylation creates a transcription
factor binding site (TFBS) critical for recruiting C/EBP family members to tissue
specific promoters and activating them. These data identify a new function of the
methylated CpG dinucleotide.
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POLR2J AND PMS2 GENE FAMILIES AS MOLECULAR
MARKERS OF HIGHER PRIMATES EVOLUTION
Shematorova E.K., Shpakovski D.G., Proshkin S.A., Proshkina G.M.,
Shpakovski G.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: gvs@ibch.ru

One of the most important problems in biology is the origin of human species.
By formulating in 1871 the so-called 'simian' hypothesis [1], Charles Darwin was
the first who put the problem into the scientific prospective. Right now, African
origin of both humans and modern great apes is well supported by both
anthropological and DNA sequencing data, but the extent of the phenotypic change
between human and Anthropoid primates is dissonant with the rate of molecular
change (paradox H). Probably, the most important contribution to the problem of
the post-genomic era researches was clear demonstration that segmental
duplications have been major driving forces in shaping the complex eukaryotic
genomes including this of Homo sapiens [2].

We have performed phylogenetic analysis of POLR2J and PMS2-like cDNA
and genomic sequences in the primate lineage and have shown that their molecular
evolution correlates well with the route of evolution of the ape lineage leading to
hominids.  First, our results indicate that amplification of the PMS2-related genes
is characteristic only for higher primates and was originated as duplication of the
PMS2CL region (exons 9-15) approximately 20 Mya [million years ago] in lineage
leading to modern Lesser (gibbon) and Great Ape species after its separation from
branch of Old World Monkeys. The evolution follows by multiple rounds of
amplification of the region PMS2NL (exons 1-5) in orangutan (only one PMS2NL
gene subgroup presents), gorilla and chimpanzee (appearance of the second
PMS2NL subgroup with only two different members). Homo sapiens represents
an extreme case of amplification of the second PMS2NL gene subgroup with eight
for the most part clusterly arranged new PMS2-like gene members. Our data suggest
that a novel tripartite polypeptide system of PMS2-like proteins, which could
replace the original PMS2 protein in some of its novel or substantially diverged
functions, have been established at least in Homo sapiens – with possible impact
on such vitally important genetic processes as gene conversion, somatic
hypermutation and/or class switch recombination [3].

We also have showed that POLR2J gene, encoding absolutely essential
component of the transcription machinery of the eukaryotic cell, i.e. Rpb11 subunit
of RNA polymerase II, undergone three rounds of duplication events started in the
African hominoid ancestor approximately 12 Mya [4]. Subsequent evolution of
the POLR2J gene family occurred for the most part independently in each modern
African apes species and resulted, at least in humans, in production of plural novel
isoforms of Rpb11 subunit with new properties or possibly even with diversified
functions: specific interactions were found for all these isoforms with other human
proteome components with use of yeast two-hybrid system and different
biochemical approaches [5].

òðàíñêðèïöèè è íåêîòîðûìè êîìïîíåíòàìè âàæíåéøèõ ñèãíàëüíûõ ïóòåé
ýóêàðèîòè÷åñêîé êëåòêè [5].

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ïðîãðàììû ÐÀÍ "Ìîëåêóëÿðíàÿ è
êëåòî÷íàÿ áèîëîãèÿ" (íàïðàâëåíèå "Ôóíêöèîíàëüíàÿ ãåíîìèêà") è
Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ïðîåêò ¹ 07-04-01167).
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RNA POLYMERASES IN PARASITIC PROTOZOAN
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Among parasites, unicellular protozoan remain an important issue world wide.
Although the RNA polymerases of some parasitic protozoan have been
characterized with some details, this remains to be done for many others including
apicomplexa such as Plasmodium falciparum. We propose an overview of the
situation for major diseases.

The eucaryotic RNA polymerase II is in charge of the transcription of the
vast majority of the nuclear genome. It happens to be the natural target of the
alpha-amanitin toxin in most eucaryotes with the exception of some fungi. Its
inhibition leads to the degradation of the complex and cell death. This observation
is of interest in therapeutic views. For example, the specific targeting of the RNA
polymerase II of parasitic cells may represent an innovative strategy.

The work was supported by the program "Molecular and Cell Biology"
(direction "Functional Genomics") of the Russian Academy of Sciences and by
the Russian Foundation for Basic Research (project  No. 07-04-01167).
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A PROTEOMIC VIEW OF VIRAL INFECTION AND TUMOR
PROGRESSION: THE RIBOSOME, A KEY PLAYER?
Belin S.1, Rosa-Calatrava M.2, Coute Y.3, Couderc C.4, Hacot S.1, Pourpe S.1,
Magron A.1, Borson-Chazot F.5, E. Frobert2, Josset L.2, Cartet G.2,
Albaret M.A.1, Roche C.4, Scoazec J.-Y.4, Sanchez J.-C.3, Diaz J.-J.1

1Universite de Lyon, Universite Lyon 1, CNRS, UMR 5534, Centre de
Genetique Moleculaire et Cellulaire, Villeurbanne France
2FRE 3011 CNRS-UCBL, Lyon, France
3Biomedical Proteomics Research Group, Departement de Biologie Structurale
et Bioinformatique, Centre Medical Universitaire, Geneva Switzerland
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A great number of data suggest that ribosome biogenesis is altered during
viral infection and tumorigenesis and that these alterations play a crucial role in
the outcome of these pathologies (Derenzini, 2000; Hiscox, 2007; Pich et al.,
2000).

The results obtained in our team during these past years are in favor of this
hypothesis (Coute et al., 2006; Coute et al., 2007; Diaz et al., 1996; Diaz et al.,
2002; Simonin et al., 1995a; Simonin et al., 1995b; Simonin et al., 1997).

Indeed, we have shown that infection of human cells with either herpes simplex
virus or influenza viruses induces a redistribution of several nucleolar proteins
which seems to be essential for viral replication (Calle et al., 2008). We have also
shown that these viruses induce important modifications of ribosomal RNA
maturation that probably allow them to escape cellular anti-viral defense.

Finally we have shown that ribosome biogenesis is extremely modified during
the tumorigenesis process leading to a dramatic alteration of the ribosome
translational abilities.

At present our objectives are to elucidate the molecular mechanisms
underlying these structural and functional modifications.

Our results bring evidence that ribosome themselves could play a central role
in the translational regulation that take place during viral infection and
tumorigenesis.
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Ñðàâíåíèå ïðîòåîì òð¸õ âûøåóêàçàííûõ ìèêîïëàçì ïîçâîëèëî âûÿâèòü
îáùèé áåëêîâûé êîð, ñîñòîÿùèé èç 200 áåëêîâ è îòâå÷àþùèé çà òàêèå
ôóíêöèè êëåòêè, êàê ðåïëèêàöèÿ, òðàíñêðèïöèÿ, òðàíñëÿöèÿ è ñèíòåç ÀÒÔ.
Òàêæå â êîð âîøëè 4 êîíñåðâàòèâíûõ áåëêà, ôóíêöèè êîòîðûõ íåèçâåñòíû.

Èíòåðåñíî, ÷òî M. gallisepticum è Ach. laidlawii ñïîñîáíû ðàñòè íà
àáñîëþòíî îäèíàêîâîé áîãàòîé ñðåäå, íî ïðè ýòîì Ach. laidlawii
ýêñïðåññèðóåò áîëåå 250 äîïîëíèòåëüíûõ áåëêîâ, áîëüøàÿ ÷àñòü èç êîòîðûõ
âûïîëíÿåò ìåòàáîëè÷åñêèå ôóíêöèè.

Êðîìå òîãî, áûëî îáíàðóæåíî, ÷òî ìèêîïëàçìû ýêñïðåññèðóþò îêîëî
ñòà óíèêàëüíûõ äëÿ êàæäîãî âèäà áåëêîâ, êîòîðûå íå èìåþò îðòîëîãîâ â
äðóãèõ îðãàíèçìàõ. Èõ ôóíêöèè îñòàþòñÿ íåïîíÿòíûìè. Ïî-âèäèìîìó, ýòè
áåëêè ìîãóò ðàñøèðÿòü àäàïòîãåííûé ïîòåíöèàë êëåòêè áåç ñóùåñòâåííûõ
ïåðåñòðîåê â å¸ ïóëå êîðîâûõ áåëêîâ.

ÑÐÀÂÍÈÒÅËÜÍÀß ÏÐÎÒÅÎÌÈÊÀ ÌÈÊÎÏËÀÇÌ
Ãîâîðóí Â.Ì.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Êóð÷àòîâñêèé èíñòèòóò, Ìîñêâà, Ðîññèÿ
E-mail: govorun@nanorf.ru

Ìîëëèêóòû (ìèêîïëàçìû) ïðåäñòàâëÿþò ñîáîé êëàññ ìèêðîîðãàíèçìîâ,
ëèø¸ííûõ êëåòî÷íîé ñòåíêè, îòëè÷àþùèõñÿ ìàëûì ðàçìåðîì ãåíîìà è
íèçêèì GC-ñîñòàâîì. Ìèêîïëàçìû, ïðåäïîëîæèòåëüíî, ïðîèçîøëè îò
ãðàìïîëîæèòåëüíûõ áàêòåðèé â ðåçóëüòàòå ðåäóêòèâíîé ýâîëþöèè âñëåäñòâèå
ïàðàçèòè÷åñêîãî îáðàçà æèçíè.

Íà ñåãîäíÿøíèé äåíü äëÿ ìèêîïëàçì èçâåñòíî íàèáîëüøåå êîëè÷åñòâî
àííîòèðîâàííûõ ãåíîìîâ, ïîýòîìó îíè ÿâëÿþòñÿ óäîáíûìè îáúåêòàìè äëÿ
ñðàâíèòåëüíûõ èññëåäîâàíèé.

Ìèêîïëàçìû îáëàäàþò îäíèìè èç ñàìûõ ìàëåíüêèõ èçâåñòíûõ íà
ñåãîäíÿøíèé äåíü ãåíîìîâ. Ðàçìåð ãåíîìîâ ìèêîïëàçì âàðüèðóåò îò 0,5 äî
1,5 ìëí.ï.î. Îäèí èç ïðåäñòàâèòåëåé ìèêîïëàçì – Mycoplasma genitalium –
ÿâëÿåòñÿ àâòîíîìíî ðåïëèöèðóþùèìñÿ îðãàíèçìîì ñ íàèìåíüøèì
èçâåñòíûì íà ñåãîäíÿøíèé äåíü ðàçìåðîì ãåíîìà –  580 ò.ï.î., ñîäåðæàùåãî
524 ãåíà. Âñëåäñòâèå íåáîëüøîãî ðàçìåðà ãåíîìà ìèêîïëàçìû îáëàäàþò
ëèìèòèðîâàííûì íàáîðîì áåëêîâ è ìåòàáîëè÷åñêèõ ôóíêöèé è çàâèñèìû
îò ìåòàáîëèçìà õîçÿèíà èëè ñîäåðæàíèÿ íåîáõîäèìûõ âåùåñòâ â ñðåäå. Òàêèì
îáðàçîì, ìèêîïëàçìû íàèáîëåå áëèçêè ê êîíöåïöèè "ìèíèìàëüíîé êëåòêè",
ò.å. êëåòêè, îáëàäàþùåé ìèíèìàëüíî âîçìîæíûì íàáîðîì áåëêîâ è
ñïîñîáíîé ñàìîñòîÿòåëüíî äåëèòüñÿ íà áîãàòîé ñðåäå.

Ãåíîìíî-ïðîòåîìíîå ïðîôèëèðîâàíèå ïîçâîëÿåò ïîíÿòü, êàêîâ íàáîð
ôóíêöèé èç èìåþùèõñÿ íåîáõîäèì êëåòêå äëÿ å¸ ôóíêöèîíèðîâàíèÿ, à òàêæå
óòî÷íèòü àííîòàöèþ ãåíîìà. Êðîìå òîãî, çíàíèå ïðîòåîìà êëåòêè äàñò
âîçìîæíîñòü ïðîâåñòè å¸ ìåòàáîëè÷åñêóþ ðåêîíñòðóêöèþ. Ñðàâíèòåëüíàÿ
ïðîòåîìèêà ïîçâîëÿåò âûÿñíèòü, êàêîé íàáîð áåëêîâ äîëæåí ïîñòîÿííî
ïðèñóòñòâîâàòü â êëåòêå è îòâå÷àåò çà å¸ îñíîâíûå ôóíêöèè, à êàêèå áåëêè
ñâÿçàíû ñ ïðèñïîñîáëåíèåì îòäåëüíûõ âèäîâ ìèêîïëàçì ê ñâîåé ñðåäå
îáèòàíèÿ.

Â íàøåé ëàáîðàòîðèè ñäåëàíû ïðîòåîìû M. gallisepticum è Acholeplasma
laidlawii. Îáíàðóæåíî ÷òî M. gallisepticum è Ach. laidlawii ýêñïðåññèðóþò
55% è 58% áåëêîâ, çàêîäèðîâàííûõ â ãåíîìå, ñîîòâåòñòâåííî. Â íàñòîÿùåå
âðåìÿ òàêæå èçâåñòåí ïðîòåîì M. mobile, äëÿ êîòîðîãî ïîêàçàíà ýêñïðåññèÿ
88% çàêîäèðîâàííûõ áåëêîâ.

M. gallisepticum è Ach. laidlawii è M. mobile – ðîäñòâåííûå îðãàíèçìû,
îäíàêî èõ ãåíîìû çíà÷èòåëüíî âàðüèðóþò. Ãåíîì Ach. laidlawii ñîñòàâëÿåò
1497 ò.ï.î., M. gallisepticum – 996 ò.ï.î., M. mobile – 777 ò.ï.î. Â ýòîì ðÿäó
êîëè÷åñòâî èçâåñòíûõ ðåãóëÿòîðíûõ áåëêîâ çíà÷èòåëüíî óìåíüøàåòñÿ îò
íåñêîëüêèõ äåñÿòêîâ ó Ach. laidlawii äî íåñêîëüêèõ øòóê ó äâóõ ïîñëåäíèõ.
Òåì íå ìåíåå, â ñòðåññîâûõ óñëîâèÿõ, òàêèõ êàê, íàïðèìåð, òåïëîâîé øîê, ó
ìèêîïëàçì, ïðàêòè÷åñêè íå èìåþùèõ èçâåñòíûõ ìåõàíèçìîâ ðåãóëÿöèè, òåì
íå ìåíåå, ìåíÿåòñÿ ïðîôèëü ýêñïðåññèè áåëêîâ, ÷òî, ïî-âèäèìîìó,
ñâèäåòåëüñòâóåò î íàëè÷èè íåêîåé ðåãóëÿöèè.
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HELICAL ANTIMICROBIAL AND HOST DEFENCE PEPTIDES –
LESSONS FROM DESIGN AND EVOLUTION
Tossi  A.
Department of Life Sciences, University of Trieste, Italy
E-mail: atossi@units.it

Amphipathic helical peptides are amongst the most abundant natural AMPs,
and their structure activity relationships have been extensively studied, also with
the aim of obtaining novel anti-infective agents. We have applied both rational
design approaches to determine SAR in artificial synthetic peptides, and analysed
the effects of evolutionary variations in orthologous primate peptides, so as to
gain a better understanding of the mode-of-action. This depends on the subtle
interplay of numerous features, such as structuring propensity, cationicity,
amphipathicity, hydrophobicity, structural characteristics of the polar and
hydrophobic sectors, and the tendency of peptides to oligomerise. We have used a
"sequence template" derived from the conserved features of numerous
evolutionarily diverse helical peptides to design and synthesise self-contained sets
of AMPs in which these features are systematically and independently varied, so
as to correlate them with the potency and selectivity of antimicrobial action (1).
The observed trends helped to explain the differential behaviour of the human
cathelicidin LL-37 and its orthologues from several non-human primates (2), and
to better understand the different stages of their trajectory from bulk solution,
through the outer cell-wall layers, to and into the membrane (3). In particular, for
some orthologues, a strong helix-forming propensity and consequent tendency to
aggregate in bulk solution strongly influences both the antimicrobial capacity and
effects on host cells, by affecting the manner in which they interact with both
biological membranes and medium components (4).
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Mollicutes (Mycoplasmas) clade consists of bacteria without a cell wall,
possessing very small genomes with a low GC content. It is supposed that mycoplasmas
originate from gram-positive bacteria which were a subject of reductive evolution
during an adaptation to a parasitic lifestyle.

Mycoplasmas are a clade with the largest number of sequenced and annotated
genomes to date. That is why they are a very convenient object of comparative studies.

Mycoplasmas are the organisms with the smallest genomes known up to date.
Their genome sizes vary from 0,5 to 1,5 millions of base pairs. Mycoplasma genitalium
is an autonomously replicating organism with the smallest known genome which
consists of 580 thousands of base pairs comprising 524 genes. Mycoplasmas have
very limited number of proteins and metabolic functions as a consequence of their
small genome size. Thus they are hugely dependent on their host metabolism or media
nutrition content. Thereby mycoplasmas closely resemble the "minimal cell" concept,
meaning a cell that is capable of a self-replication on a rich medium having the less
possible proteins.

Proteo-genomic profiling allows us to elucidate functions required for a cell to
live and also helps to improve genome annotation. In addition it allows to carry out
metabolic reconstruction of the cell. Comparative proteomics helps to find out a core
protein content of the cell which is responsible for basic cellular processes and which
proteins are involved in adaptation of a given Mycoplasma species to its environment.

Our laboratory has studied proteomes of M. gallisepticum and Acholeplasma
laidlawii. We found out that M. gallisepticum and Ach. laidlawii express 55% and
58% of encoded proteins respectively. M. mobile which proteome is known up to
date expresses 88% of encoded proteins.

M. gallisepticum, Ach. laidlawii and M. mobile are relative species but their
genome size varies dramatically. Genome of Ach. laidlawii consists of 1497 thousands
b.p., M. gallisepticum – 996 thousands b.p., M. mobile – 777 thousands b.p. In this
series Ach. laidlawii possesses tens of regulatory proteins, whereas other two have
only few. Nevertheless all mycoplasmas show significant changes in protein expression
pattern under the stress conditions like a heat shock. This might be an evident that
they are capable of some unknown ways of expression regulation.

Comparative studies of the three species revealed a constant protein core
consisting of 200 proteins responsible for replication, transcription, translation and
ATP production. Also core included 4 conserved proteins of unknown function.

Strikingly, M. gallisepticum and Ach. laidlawii are capable of growth on the
same medium but Ach. laidlawii expresses 250 proteins more than M. gallisepticum.
Most of these proteins carry out metabolic functions.

It was also found that mycoplasmas express about a hundred of unique proteins
with unknown function which do not have any orthologs in other species. One can
speculate that these proteins take part in adaptation, improving cell plasticity while
evading significant changes in housekeeping protein core.
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êîòîðûé ÿâëÿåòñÿ âàæíåéøèì ïàòîãåíåòè÷åñêèì çâåíîì èììóíîàãðåññèé
(àòîïèè, àóòîèììóííûå çàáîëåâàíèÿ, ïñîðèàç). Ïîñëåäíèå èññëåäîâàíèÿ,
ïðîâåäåííûå íåçàâèñèìî â íàøåé ëàáîðàòîðèè è íà êàôåäðå èììóíîëîãèè
Êóáàíñêîãî ìåäèöèíñêîãî óíèâåðñèòåòà, ïîêàçàëè, ÷òî ÃÌÄÏ ðåçêî ñíèæàåò
ïðîäóêöèþ ÈË-4 è óñèëèâàåò â 3-8 ðàç ñåêðåöèþ ÈÔÍ-γ ìîíîíóêëåàðíûìè
êëåòêàìè áîëüíûõ àòîïè÷åñêîé áðîíõèàëüíîé àñòìîé è àòîïè÷åñêèì
äåðìàòèòîì. In vivo äàííûé ýôôåêò ñîïðîâîæäàëñÿ äîñòîâåðíûì ñíèæåíèåì
ñûâîðîòî÷íûõ óðîâíåé IgE. Ïîëó÷åííûå ðåçóëüòàòû îáúÿñíÿþò ðàíåå
ïðîäåìîíñòðèðîâàííóþ â êëèíè÷åñêèõ èññëåäîâàíèÿõ ýôôåêòèâíîñòü ÃÌÄÏ
ïðè ëå÷åíèè àòîïè÷åñêèõ çàáîëåâàíèé è ïîçâîëÿþò ðàññìàòðèâàòü äàííûé
ïðåïàðàò êàê íîâîå ïàòîãåíåòè÷åñêîå ëåêàðñòâåííîå ñðåäñòâî äëÿ èõ òåðàïèè.

Çíàíèå ìîëåêóëÿðíîãî ìåõàíèçìà äåéñòâèÿ äàëî âîçìîæíîñòü
ñèñòåìàòèçèðîâàòü äàííûå ðàçðîçíåííûõ ýêñïåðèìåíòàëüíûõ è êëèíè÷åñêèõ
èññëåäîâàíèé ïî ïðîòèâîîïóõîëåâûì ýôôåêòàì ÃÌÄÏ.
Àíòèíåîïëàñòè÷åñêàÿ àêòèâíîñòü ÃÌÄÏ îáåñïå÷èâàåòñÿ, ïðåæäå âñåãî, çà
ñ÷åò óñêîðåíèÿ ñîçðåâàíèÿ è óñèëåíèÿ ôóíêöèé äåíäðèòíûõ êëåòîê, à òàêæå
çà ñ÷åò ïîëÿðèçàöèè èììóííîãî îòâåòà â ñòîðîíó Th1 ñ ïðîäóêöèåé
ïðîòèâîîïóõîëåâûõ öèòîêèíîâ è ôîðìèðîâàíèåì àêòèâèðîâàííûõ
öèòîòîêñè÷åñêèõ êëåòîê. Êðîìå îïèñàííûõ âûøå ïðîòèâîîïóõîëåâûõ
ýôôåêòîâ ÃÌÄÏ, îïîñðåäîâàííûõ àêòèâàöèåé âðîæäåííîãî èììóíèòåòà,
íåäàâíî îòêðûòî åãî ïðÿìîå äåéñòâèå íà îïóõîëåâûå êëåòêè, à èìåííî:

– óñèëåíèå ýêñïðåññèè íà òðàíñôîðìèðîâàííûõ êëåòêàõ
îïóõîëåñïåöèôè÷åñêèõ àíòèãåíîâ, ñïîñîáñòâóþùåå îáëåã÷åíèþ
ðàñïîçíàâàíèÿ îïóõîëè èììóííîé ñèñòåìîé;

– ïîâûøåíèå ÷óâñòâèòåëüíîñòè îïóõîëåâûõ êëåòîê ê äåéñòâèþ
öèòîñòàòèêîâ, ÷òî ìîæåò áûòü â îñíîâå ïðåîäîëåíèÿ ìíîæåñòâåííîé
ëåêàðñòâåííîé óñòîé÷èâîñòè.

Ìîëåêóëÿðíûå ìåõàíèçìû ýòèõ ýôôåêòîâ ÃÌÄÏ ÿâëÿþòñÿ ïðåäìåòîì
íàøèõ èññëåäîâàíèé.
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Ñóùåñòâåííûé ïðîãðåññ, äîñòèãíóòûé â ïîñëåäíåå ïÿòèëåòèå ïðè
èññëåäîâàíèè ìîëåêóëÿðíûõ ìåõàíèçìîâ ôóíêöèîíèðîâàíèÿ âðîæäåííîãî
èììóíèòåòà, â öåëîì, è ïîíèìàíèå åãî ðîëè â ïðîòèâîîïóõîëåâîì
èììóíèòåòå, â ÷àñòíîñòè, ñîçäàëè íîâóþ òåîðåòè÷åñêóþ îñíîâó äëÿ
ðàñøèðåíèÿ ïðèìåíåíèÿ N-àöåòèëãëþêîçàìèíèë-N-àöåòèë-ìóðàìèë-L-
àëàíèë-D-èçîãëóòàìèíà (ÃÌÄÏ) â ìåäèöèíå â êà÷åñòâå èììóíîìîäóëÿòîðà.

Â 1960-õ ãîäàõ áîëãàðñêèé ó÷åíûé È. Áîãäàíîâ, îñíîâûâàÿñü íà èäåÿõ
È.È. Ìå÷íèêîâà î âàæíîé ðîëè ìîëî÷íîêèñëûõ ïðîäóêòîâ â ïðîôèëàêòèêå
ðàêà, ïîëó÷èë èç Lactobacillus bulgaricus ñìåñü ãëèêîïåïòèäîâ, íàçâàííóþ
áëàñòîëèçèíîì. Èçó÷åíèå ïðîòèâîîïóõîëåâîé àêòèâíîñòè áëàñòîëèçèíà,
âûäåëåíèå è îïðåäåëåíèå õèìè÷åñêîé ñòðóêòóðû åãî äåéñòâóþùåãî íà÷àëà
ïðèâåëè ê èäåíòèôèêàöèè è ñèíòåçó îáøèðíîé ñåðèè ïðîèçâîäíûõ
ìèíèìàëüíîé ñòðóêòóðíîé åäèíèöû ïåïòèäîãëèêàíà êëåòî÷íîé ñòåíêè
áàêòåðèé – ìóðàìèëäèïåïòèäîâ (ÌÄÏ). Ñðåäè ìíîãèõ ÌÄÏ, èñïûòûâàåìûõ
â êà÷åñòâå ëåêàðñòâåííûõ ïðåïàðàòîâ, îïòèìàëüíûì îêàçàëñÿ ÃÌÄÏ,
ñîâìåùàþùèé â ñåáå âûñîêóþ áèîëîãè÷åñêóþ àêòèâíîñòü è õîðîøèé
ïðîôèëü áåçîïàñíîñòè. Ïîäîáíûå õàðàêòåðèñòèêè îáåñïå÷èëè óñïåøíîå
ïðèìåíåíèå ÃÌÄÏ â êëèíè÷åñêîé ïðàêòèêå.

Îäíàêî íà ïðîòÿæåíèè äåñÿòèëåòèé ìíîãî÷èñëåííûå èññëåäîâàíèÿ íå
äàâàëè îòâåòà íà âîïðîñ î ìîëåêóëÿðíûõ ìåõàíèçìàõ äåéñòâèÿ ÃÌÄÏ.
Ïåðåëîìíûì ìîìåíòîì ñòàëî îïèñàíèå ðåöåïòîðîâ âðîæäåííîãî èììóíèòåòà
(TLR è NOD) è èõ äîìèíèðóþùåé ðîëè âî âðîæäåííîì è àäàïòèâíîì
èììóííîì îòâåòàõ. Ýòè ðåöåïòîðû, ÿâëÿÿñü ïåðâûì ñïåöèôè÷åñêèì áàðüåðîì
íà ïóòè ïàòîãåíîâ, çàïóñêàþò ÷åðåç òðàíñêðèïöèîííûé ôàêòîð NFk-B
öèòîêèíîâûé êàñêàä, êîòîðûé, â ñâîþ î÷åðåäü, àêòèâèðóåò âñå çâåíüÿ
èììóíèòåòà è íàñòðàèâàåò åãî íà áûñòðóþ ýëèìèíàöèþ ìèêðîîðãàíèçìà.
Áûëî ïîêàçàíî, ÷òî ÃÌÄÏ, èìèòèðóþùèé ñòàíäàðòíîå ñòðóêòóðíîå çâåíî
êëåòî÷íîé ñòåíêè áàêòåðèé, ñïåöèôè÷åñêè àêòèâèðóåò âíóòðèêëåòî÷íûé
NOD2 ðåöåïòîð èììóíîêîìïåòåíòíûõ êëåòîê, â ÷àñòíîñòè ìàêðîôàãîâ è
äåíäðèòíûõ êëåòîê.

Ýòîò âûâîä ïîçâîëèë ñèñòåìàòèçèðîâàòü ðàíåå ïîëó÷åííûå
ýêñïåðèìåíòàëüíûå äàííûå, êàñàþùèåñÿ ìåõàíèçìîâ
èììóíîìîäóëèðóþùåãî ýôôåêòà ÃÌÄÏ, è îòêðûòü íîâûå ïåðñïåêòèâû åãî
èñïîëüçîâàíèÿ â êëèíèêå. Íàïðèìåð, îñîáåííîñòè öèòîêèíîâîãî êàñêàäà,
èíäóöèðóåìîãî ÷åðåç Toll-ïîäîáíûå è NOD ðåöåïòîðû, ïîçâîëÿþò
ðàññìàòðèâàòü èõ ïîòåíöèàëüíûå ëèãàíäû â êà÷åñòâå ïîëÿðèçóþùèõ àãåíòîâ,
íàïðàâëåííûõ íà íîðìàëèçàöèþ Ò-õåëïåðíîãî äèñáàëàíñà (Th1/Th2),



80 81

cells in patients with atopic bronchial asthma and atopic dermatitis. In vivo this
effect was accompanied by significant decrease of serum IgE levels. The results
obtained explain the origin of GMDP efficacy in treatment of atopic diseases,
which was earlier demonstrated in clinical trials, and allow to consider this medicine
as a new pathogenetic drug for their therapy.

The knowledge of molecular mechanisms provided new grounds for treating
the anti-tumor effects of GMDP. Antineoplastic activity of GMDP is provided
primarily by the accelerated maturation and potentiation of dendritic cells, and
also by polarization of immune response toward Th1 followed by production of
anti-tumor cytokines and formation of pool of activated cytotoxic cells. Besides
the aforesaid anti-tumor effects of GMDP mediated by activation of the innate
immunity, it was recently discovered that GMDP directly affects the tumor cells by:

– enhancement of expression of tumor-specific antigens on transformed cells,
making the tumor more easily recognizable by the immune system;

– increase of sensitivity of tumor cells to the action of cytostatic drugs, that
may provide the basis for overcoming the multiple drug resistance.

Molecular mechanisms of these effects of GMDP are the subject of current
studies.

GMDP STORY: FROM MECHNIKOV'S IDEAS TO NOD2
RECEPTOR LIGAND
Andronova T.M.1, Kozlov I.G.2,3, Nesmeyanov V.A.1, Ivanov V.T.1

1Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
2Russian State Medical University, Moscow, Russia
3Federal Research and Clinical Centre of Pediatric Hematology, Oncology and
Immunology, Moscow, Russia
E-mail: ivavt@ibch.ru

Significant progress achieved for the last five years in investigation of
molecular mechanisms of innate immunity in general, and understanding of its
role in anti-tumor immunity in particular, formed new theoretical basis for
application of N-acetyl-glucosaminyl-N-acetyl-muramyl-L-alanyl-D-isoglutamin
(GMDP) as an immunomodulatory drug.

In 1960s a Bulgarian scientist I. Bogdanov, basing on I. Mechnikov's ideas
about the important role of fermented milk products in preventing cancer, obtained
from Lactobacillus bulgaricus a mixture of glycopeptides called blastolysin. The
study of anti-tumor activity of this agent, determination and elucidation of chemical
structure of its effective components led to identification and synthesis of a series
of glycopeptides, derivatives of muramyl dipeptide (MDP) – the minimal structural
unit of bacterial cell wall peptidoglycan. Among the considerable diversity of MDP
derived medicinal products, GMDP occupies a prominent position due to the
optimal balance of high bioactivity and good safety profile. These characteristics
ensured the successful use of GMDP in clinical practice.

However, for some decades numerous investigations failed to produce any
significant information on the molecular mechanisms of GMDP action. The detailed
description of innate immunity receptors (TLR and NOD) and of their key role in
regulation of innate and adaptive immune response has marked the turning point.
These receptors, being the first specific barrier on the way of microorganisms of
any type, trigger through activation of the NFk-B transcription factor the cytokine
cascade, which in turn activates all components of the immune system and tunes it
for efficient elimination of the pathogen. GMDP, acting as a standard structural
unit of a bacterial cell wall was shown to specifically activate the NOD2 intracellular
receptors of several immunocompetent cells, in particular macrophages and
dendritic cells.

This conclusion allowed to systematize the earlier obtained experimental data
related to the mechanisms of immunomodulatory effect of GMDP and to open
new perspectives for its clinical use. For example, the features of cytokine cascade
induced by the activity of Toll-like and NOD-receptors, allow to consider their
potential ligands as polarizing agents focused on normalization of the T-helper
imbalance (Th1/Th2), which is the most important pathogenic component of
immune aggressions (atopy, autoimmune diseases, psoriasis). The recent studies
independently performed in our laboratory and in the Department of immunology
of the Kuban Medical University have demonstrated that GMDP suppresses the
production of IL-4 and stimulates 3-8 fold secretion of IFN-γ by mononuclear
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"ORPHAN" RECEPTOR-LIKE TYROSINE KINASE AS AN
ALKALI SENSOR
Petrenko A.G.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: petrenkoag@gmail.com

The acid-base balance is an important intrinsic property of higher species.
pH of the blood may vary under influence of normal physiological factors such as
food consumption, physical or emotional stress, as well as in certain pathologies,
especially those related to the heart, lungs, kidneys and blood vessels. However, a
proper cellular and systemic response to shifts in the acid-base balance typically
compensates such pH changes, while the deficit of such response or its incorrectness
may lead to dramatic consequences eventually resulting in mortality. The well-
studied physiological mechanisms, that keep the pH of blood and interstitial fluid
at around 7.4, are based on the regulation of secretion of carbon dioxide in the
lungs and of acid or base secretion and excretion by the kidneys and other organs.
These functions are usually performed by specialized cells, primarily by
transmembrane transport of protons and bicarbonate ions in a combination with
decomposition of carbonic acid and removal of the resulting carbon dioxide.
pH-Sensing cell surface receptors are expectedly key molecular components to
regulate these processes.

We have identified a metabotropic receptor that can be activated by alkaline
media. It appears to be a receptor-like tyrosine kinase, previously considered
"orphan". This receptor is a member of the insulin receptor subfamily and was
originally named the insulin receptor-related receptor (IRR). We showed that the
close homologs of IRR, the insulin receptor (IR) and insulin-like growth factor
receptor (IGF-IR) do not respond to pH changes. At the same time, IR shows no
response to either insulin or insulin-like growth factor. Moreover, the search for
protein agonists of IRR by the analysis of the human genome was of no success.
We therefore postulated that the only natural ligand and agonist of IRR is hydroxyl-
ion while the primary physiological role of this receptor is being an alkali sensor.
In support of this hypothesis, we have demonstrated that the pH sensitivity of IRR
is defined by specific structural features of its ectodomain. The analysis of cellular
responses to IRR activation by alkaline media revealed robust receptor-dependent
phosphorylation of protein components of the insulin receptor signaling pathway.
We also showed translocation of glucose transporters to the cytoplasmic membrane
and also cytoskeleton rearrangements in the cells that exogenously express IRR.
IRR activation becomes noticeable at pH 8.0 with the half-effect at about pH 8.4.
Since IRR is localized in specific subsets of cells in the organs that contact with
corporal fluids of extreme pH, such as the kidneys, pancreas and stomach, we
propose that IRR works as a sensor of excessive alkalinization of the bodily fluids,
and that the receptor activation results in the stimulation of metabolism in alkali-
secreting cells.

"ÑÈÐÎÒÑÊÀß" ÐÅÖÅÏÒÎÐÍÀß ÒÈÐÎÇÈÍÊÈÍÀÇÀ – ÑÅÍÑÎÐ
ÙÅËÎ×ÍÎÉ ÑÐÅÄÛ
Ïåòðåíêî À.Ã.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè ì. àêàäåìèêîâ  Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: petrenkoag@gmail.com

Ïîääåðæàíèå êèñëîòíî-ùåëî÷íîãî ðàâíîâåñèÿ ÿâëÿåòñÿ õàðàêòåðíûì è
íåîòúåìëèìûì ñâîéñòâîì âûñøèõ îðãàíèçìîâ. Èçìåíåíèå êèñëîòíîñòè êðîâè
ìîæåò ïðîèñõîäèòü êàê âñëåäñòâèå íîðìàëüíûõ ôèçèîëîãè÷åñêèõ ôàêòîðîâ
(ïèòàíèå, ôèçè÷åñêàÿ è ýìîöèîíàëüíàÿ íàãðóçêà), òàê è â ðåçóëüòàòå
ðàçíîîáðàçíûõ ïàòîëîãèé, â ïåðâóþ î÷åðåäü ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû,
ëåãêèõ è ïî÷åê. Îäíàêî, ïðàâèëüíûé êëåòî÷íûé è ñèñòåìíûé îòâåò íà èçìåíåíèå
êèñëîòíî-ùåëî÷íîãî ðàâíîâåñèÿ ïðèâîäèò ê êîìïåíñàöèè îòêëîíåíèé ðÍ, åãî
æå îòñóòñòâèå èëè íàðóøåíèÿ ìîãóò ïðèâåñòè ê êàòàñòðîôè÷åñêèì ïîñëåäñòâèÿì,
âåäóùèì ê ãèáåëè îðãàíèçìà. Â íàñòîÿùåå âðåìÿ äîñòàòî÷íî ïîäðîáíî èçó÷åíû
ôèçèîëîãè÷åñêèå ìåõàíèçìû ïîääåðæàíèÿ ðÍ êðîâè è ìåæêëåòî÷íîé æèäêîñòè
â óçêîì äèàïàçîíå îêîëî ðÍ 7,4 çà ñ÷åò ðåãóëÿöèè äûõàíèÿ è ñåêðåöèè èçáûòî÷íîé
êèñëîòû ëèáî ùåëî÷è. Äàííûå ôóíêöèè âûïîëíÿþò ñïåöèàëèçèðîâàííûå êëåòêè,
â ïåðâóþ î÷åðåäü çà ñ÷åò òðàíñìåìáðàííîãî òðàíñïîðòà ïðîòîíîâ è áèêàðáîíàòà,
à òàêæå ðàñùåïëåíèÿ óãîëüíîé êèñëîòû ñ ïîñëåäóþùèì óäàëåíèåì óãëåêèñëîãî
ãàçà. Êëþ÷åâûìè êîìïîíåíòàìè ðåãóëÿöèè ýòèõ ïðîöåññîâ ÿâëÿþòñÿ
ðÍ-çàâèñèìûå ðåöåïòîðû ïîâåðõíîñòè êëåòêè, îñóùåñòâëÿþùèå ôóíêöèþ
ñåíñîðîâ àöèäîçà èëè àëêàëîçà.

Íàìè âïåðâûå áûë íàéäåí ìåòàáîòðîïíûé ðåöåïòîð, àêòèâèðóþùèéñÿ ïîä
âîçäåéñòâèåì ùåëî÷íîé ñðåäû. Èì îêàçàëàñü ðàíåå ñ÷èòàâøàÿñÿ "ñèðîòñêîé"
ðåöåïòîðíàÿ òèðîçèíêèíàçà, ÷ëåí ìèíèñåìåéñòâà èíñóëèíîâîãî ðåöåïòîðà,
ïîëó÷èâøàÿ íàçâàíèå èíñóëèíîâûé ðåöåïòîð-ïîäîáíûé ðåöåïòîð (ÈÐÐ). Íàìè
áûëî óñòàíîâëåíî, ÷òî áëèçêèå ãîìîëîãè ÈÐÐ – ðåöåïòîðû èíñóëèíà (ÈÐ) è
èíñóëèíîïîäîáíîãî ðîñòîâîãî ôàêòîðà (ÈÐÔÐ) – íå ðåàãèðóþò íà èçìåíåíèå
ðÍ. Â òî æå âðåìÿ, ÈÐÐ àáñîëþòíî íå÷óâñòâèòåëåí ê èíñóëèíó è
èíñóëèíîïîäîáíîìó ðîñòîâîìó ôàêòîðó. Áîëåå òîãî, ïîèñêè áåëêîâûõ àãîíèñòîâ
ÈÐÐ ïóòåì àíàëèçà ïîëíîãî ãåíîìà ÷åëîâåêà íå óâåí÷àëèñü óñïåõîì. Âñëåäñòâèå
ýòîãî, íàìè áûëî ïðåäëîæåíî, ÷òî åñòåñòâåííûì ëèãàíäîì è àêòèâàòîðîì ÈÐÐ
ÿâëÿåòñÿ ãèäðîêñèë-àíèîí, à ÈÐÐ èñïîëíÿåò ôóíêöèþ ùåëî÷íîãî ñåíñîðà. Â
ïîäòâåðæäåíèå äàííîé ãèïîòåçû ìû óñòàíîâèëè, ÷òî ðÍ ÷óâñòâèòåëüíîñòü ÈÐÐ
îïðåäåëÿåòñÿ ñòðóêòóðíûìè îñîáåííîñòÿìè åãî âíåêëåòî÷íîé ÷àñòè. Â ðåçóëüòàòå
àíàëèçà ñèãíàëüíîãî ïóòè, àêòèâèðóåìîãî ÈÐÐ ïîñëå îáðàáîòêè ùåëî÷íîé ñðåäîé,
áûëî âûÿâëåíî ðåöåïòîð-çàâèñèìîå ôîñôîðèëèðîâàíèå êîìïîíåíòîâ
ñèãíàëüíîãî ïóòè èíñóëèíîâîãî ðåöåïòîðà  Òàêæå áûëî óñòàíîâëåíî, ÷òî â ÈÐÐ-
ñîäåðæàùèõ êëåòêàõ ïðè ïîâûøåíèè ðÍ ñðåäû ïðîèñõîäÿò òðàíñëîêàöèÿ
òðàíñïîðòåðîâ ãëþêîçû íà öèòîïëàçìàòè÷åñêóþ ìåìáðàíó, à òàêæå ïåðåñòðîéêè
öèòîñêåëåòà. ÈÐÐ àêòèâèðóåòñÿ ïðè ðÍ âûøå 8,0, à ïîëóýôôåêò äîñòèãàåòñÿ ïðè
ðÍ 8,4. Ïîñêîëüêó ÈÐÐ ñïåöèôè÷íî ëîêàëèçîâàí â îðãàíàõ, êîíòàêòèðóþùèõ ñî
ñðåäàìè, ðÍ êîòîðûõ âûõîäèò çà ðàìêè ãîìåîñòàçà (ïî÷êè, ïîäæåëóäî÷íàÿ æåëåçà,
æåëóäîê), ìû ïðåäïîëàãàåì, ÷òî ÈÐÐ ÿâëÿåòñÿ ñåíñîðîì èçáûòî÷íîãî
çàùåëà÷èâàíèÿ âíåêëåòî÷íûõ æèäêîñòåé, è åãî àêòèâàöèÿ ïðèâîäèò ê ñòèìóëÿöèè
ìåòàáîëèçìà êëåòîê, îñóùåñòâëÿþùèõ ñåêðåöèþ ùåëî÷è.
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ANALYTICAL PROTEIN CHEMISTRY IN MODERN BIOMEDICAL
RESEARCH
Chertov O.Yu.
Advanced Technology Program, Protein Chemistry Laboratory,
SAIC-Frederick, Inc., NCI-Frederick, Frederick, MD 21702, USA
E-mail: oleg@ncifcrf.gov

From the 1970's through the 1990's protein amino acid sequence determination
based on step-wise N-terminal amino acid degradation (Edman) was the most
important method in protein analysis. This method allows determination of partial
amino acid sequences of purified proteins.

The availability of protein sequence databases based on genome sequences
of most organisms and progress in mass spectrometry of peptides has changed the
role of classical protein chemistry. Presently it is possible to identify large numbers
of proteins in complex mixtures using mass spectrometry based methods. Proteins
are identified based on identification of peptides obtained after protein cleavage
in solution or in polyacrylamide gel. However, determination of sequences of intact
protein larger than 10 kDa using mass spectrometry is still very challenging. To
compare the possibilities of automatic N-terminal protein sequencing and mass
spectrometry techniques for N-terminal sequence determination of proteins the
Edman Sequencing Research Group (ESRG) of Association of Biomolecular
Resource Facilities provided interested laboratories with two protein samples in
the amount of 1 nmol. Participants were asked to use any available technique to
determine maximum N-terminal sequence coverage. The submitted results
demonstrated that Edman sequencing is still have advantages over existing mass
spectrometry methods and therefore will remain a valuable technique for protein
analysis in the near future especially in combination with different mass
spectrometry techniques and HPLC. Edman sequencing is especially useful for
characterization of recombinant proteins, identification of physiologically active
forms of proteins and peptides, identification of antigenic epitopes and biomarkers.

Funded by NCI Contract No. HHSN261200800001E.
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×åðòîâ Î.Þ.
Advanced Technology Program, Protein Chemistry Laboratory,
SAIC-Frederick, NCI-Frederick, Frederick, MD 21702, USA
E-mail: oleg@ncifcrf.gov

Â 70-90 ãã. ÕÕ âåêà îïðåäåëåíèå N-êîíöåâîé ïîñëåäîâàòåëüíîñòè áåëêîâ
è ïåïòèäîâ, îñíîâàííîå íà ìåòîäå Ýäìàíà, áûëî ñàìûì âàæíûì ìåòîäîì â
àíàëèçå áåëêîâ. Ýòîò ìåòîä ïîçâîëÿë îïðåäåëÿòü ïîñëåäîâàòåëüíîñòü áåëêîâ,
âûäåëåííûõ â ÷èñòîì âèäå.

Ïîÿâëåíèå ïðàêòè÷åñêè ïîëíûõ áàç äàííûõ áåëêîâûõ
ïîñëåäîâàòåëüíîñòåé äëÿ áîëüøèíñòâà îðãàíèçìîâ è äîñòèæåíèÿ ìàññ-
ñïåêòðîìåòðèè èçìåíèëè ïîëîæåíèå è ðîëü êëàññè÷åñêîé áåëêîâîé õèìèè.
Â íàñòîÿùåå âðåìÿ âîçìîæíà èäåíòèôèêàöèÿ áîëüøîãî ÷èñëà áåëêîâ â
ñëîæíûõ ñìåñÿõ ñ ïîìîùüþ ìàññ-ñïåêòðîìåòðèè. Èäåíòèôèêàöèÿ áåëêîâ
îñóùåñòâëÿåòñÿ â ðåçóëüòàòå îïðåäåëåíèÿ ïåïòèäîâ, ïîëó÷åííûõ ïîñëå
ðàñùåïëåíèÿ áåëêîâ â ðàñòâîðå èëè â ïîëèàêðèëàìèäíîì ãåëå. Îïðåäåëåíèå
N-êîíöåâîé ïîñëåäîâàòåëüíîñòè áåëêîâ ñ ìîëåêóëÿðíîé ìàññîé áîëåå 10 êÄa
ñ ïîìîùüþ ìàññ-ñïåêòðîìåòðèè ÿâëÿåòñÿ íåïðîñòîé çàäà÷åé. Äëÿ ñðàâíåíèÿ
âîçìîæíîñòåé àâòîìàòè÷åñêîãî N-êîíöåâîãî ñåêâåíèðîâàíèÿ (ïî Ýäìàíó) è
ìàññ-ñïåêòðîìåòðè÷åñêèõ ìåòîäîâ Àññîöèàöèÿ áèîõèìè÷åñêèõ ëàáîðàòîðèé
(ABRF) â 2009 ã ïðåäëîæèëà çàèíòåðåñîâàííûì ëàáîðàòîðèÿì äâà áåëêîâûõ
îáðàçöà â êîëè÷åñòâå 1 íàíîìîëÿ. Íóæíî áûëî îïðåäåëèòü ìàêñèìàëüíî
äëèííóþ N-êîíöåâóþ ïîñëåäîâàòåëüíîñòü, èñïîëüçóÿ ëþáûå äîñòóïíûå
ìåòîäû. Ñðàâíåíèå ðåçóëüòàòîâ, ïðåäñòàâëåííûõ ðàçëè÷íûìè ëàáîðàòîðèÿìè,
ïîêàçàëî, ÷òî àâòîìàòè÷åñêîå N-êîíöåâîå ñåêâåíèðîâàíèå ïî-ïðåæíåìó
ÿâëÿåòñÿ öåííûì ìåòîäîì äëÿ àíàëèçà áåëêîâ. Íåñîìíåííî, ÷òî ýòîò ìåòîä
áóäåò è äàëåå èñïîëüçîâàòüñÿ â àíàëèçå áåëêîâ, îñîáåííî â ñî÷åòàíèè ñ
ðàçëè÷íûìè ìàññ-ñïåêòðîìåòðè÷åñêèìè ìåòîäàìè è ÂÝÆÕ.

Îñíîâíûå îáëàñòè ïðèìåíåíèÿ: õàðàêòåðèñòèêà ðåêîìáèíàíòíûõ áåëêîâ,
èäåíòèôèêàöèÿ áèîëîãè÷åñêè àêòèâíûõ ôîðì áåëêîâ è ïåïòèäîâ, âêëþ÷àÿ
ïîñò-òðàíñëÿöèîííûå ìîäèôèêàöèè, èäåíòèôèêàöèÿ àíòèãåííûõ ýïèòîïîâ
è áèîìàðêåðîâ.
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Íîâîñèáèðñê, Ðîññèÿ
E-mail: knorre@niboch.nsc.ru

Àíòèñìûñëîâàÿ òåõíîëîãèÿ êàê ïîäõîä ê ïîäàâëåíèþ ãåíåòè÷åñêîé
èíôîðìàöèè îëèãîíóêëåîòèäàìè, êîìïëåìåíòàðíûìè îïðåäåëåííîìó
ó÷àñòêó ñìûñëîâîé íóêëåèíîâîé êèñëîòû, âïåðâûå áûëà îïóáëèêîâàíà â 1967
ãîäó â ñòàòüå Í. Ãðèíåâîé ñ ñîòð. â æóðíàëå "Tetrahedron Letters". Îäíàêî, â
ýòî âðåìÿ åùå íå áûëè ðàçðàáîòàíû íè ýôôåêòèâíûå ìåòîäû
îëèãîíóêëåîòèäíîãî ñèíòåçà, íè ìåòîäû ñåêâåíèðîâàíèÿ íóêëåèíîâûõ
êèñëîò. Ïîýòîìó âîçìîæíîñòü ñïåöèôè÷íîé ìîäèôèêàöèè îïðåäåëåííîãî
ó÷àñòêà íóêëåèíîâîé êèñëîòû ñ ïîìîùüþ êîìïëåìåíòàðíîãî
îëèãîíóêëåîòèäà áûëà ïðîäåìîíñòðèðîâàíà äëÿ ñëó÷àÿ àëêèëèðîâàíèÿ
âàëèíîâîé òðàíñïîðòíîé ÐÍÊ ñ ïîìîùüþ òðèíóêëåîòèäà, íåñóùåãî
àëêèëèðóþùèé îñòàòîê. Òîëüêî âîñåìü ëåò ñïóñòÿ Ïîë Çàìå÷íèê ñ
ñîòðóäíèêàìè îñóùåñòâèëè áèîëîãè÷åñêóþ ðåàëèçàöèþ ýòîãî ïîäõîäà â
ñâîèõ ðàáîòàõ ïî ïîäàâëåíèþ ðàçìíîæåíèÿ â êóëüòóðå êëåòîê âèðóñîâ
ñàðêîìû Ðîóñà è ÂÈ×. Ïîäõîä ïðèâëåê âíèìàíèå ìíîãèõ ó÷åíûõ ñâîåé
ïðîñòîòîé è êàæóùåéñÿ ëåãêîñòüþ ðåàëèçàöèè. Äàëüíåéøèå èññëåäîâàíèÿ â
ýòîé îáëàñòè áûëè íàïðàâëåíû íà óëó÷øåíèå ñâîéñòâ àíòèñìûñëîâûõ
ðåàãåíòîâ  in vitro è in vivo. Î÷åâèäíî òàêæå, ÷òî ñòàáèëüíîñòü ðåàãåíòîâ ê
äåéñòâèþ âíóòðè- è ýêñòðàêëåòî÷íûõ íóêëåàç ñóùåñòâåííà äëÿ èññëåäîâàíèé
in vivo è ïîñëåäóþùèõ ìåäèöèíñêèõ ïðèëîæåíèé. Ýôôåêòèâíîñòü
ïîâûøàëàñü ïóòåì ïðèñîåäèíåíèÿ ðåàêöèîííîñïîñîáíûõ ãðóïï, âåäóùåãî
ê íåîáðàòèìîñòè äåéñòâèÿ, óñèëåíèþ êîìïëåìåíòàðíûõ âçàèìîäåéñòâèé
ðåàãåíòîâ è óëó÷øåíèþ ïðîíèöàåìîñòè ÷åðåç ìåìáðàíû. Ïðåäïî÷òåíèå â
äàííîì äîêëàäå îòäàåòñÿ ðàáîòàì, âûïîëíåííûì â Èíñòèòóòå õèìè÷åñêîé
áèîëîãèè è ôóíäàìåíòàëüíîé ìåäèöèíû ÑÎ ÐÀÍ (ðàíåå – Íîâîñèáèðñêèé
èíñòèòóò áèîîðãàíè÷åñêîé õèìèè ÑÎ ÐÀÍ). Áîëüøîå ÷èñëî
ðåêöèîííîñïîñîáíûõ ãðóïï áûëî èññëåäîâàíî â êà÷åñòâå "áîåãîëîâîê"
êîìïëåìåíòàðíûõ ðåàãåíòîâ. Ñðåäè íèõ îñòàåòñÿ êàê ïåðñïåêòèâíàÿ
àëêèëèðóþùàÿ ãðóïïà, ïðåäëîæåííàÿ â ïåðâîé ðàáîòå Í. Ãðèíåâîé. Áûë
èçó÷åí ìåõàíèçì õèìè÷åñêîé ìîäèôèêàöèè â êîìïëåìåíòàðíûõ êîìïëåêñàõ.
Ñòàáèëüíîñòü äóïëåêñîâ äîñòèãàëàñü ïóòåì èñïîëüçîâàíèÿ
ìîðôîëèíîîëèãîíóêëåîòèäîâ, çàìêíóòûõ íóêëåîòèäîâ, ïåïòèäíûõ
îëèãîíóêëåîòèäîâ. Ïðåäïðèíÿòû ìíîãî÷èñëåííûå ïîïûòêè ïîäàâëåíèÿ ðîñòà
îïóõîëåé àíòèñìûñëîâûìè îëèãîíóêëåîòèäàìè. Ãëàâíûìè ìèøåíÿìè â ýòèõ
èññëåäîâàíèÿõ ÿâëÿþòñÿ ôàêòîðû, îòâåòñòâåííûå çà ïðîëèôåðàöèþ,
ïîäàâëåíèå àïîïòîçà è àíãèîãåíåç. Â ðàáîòàõ ÈÕÁÔÌ â êà÷åñòâå ìèøåíè
áûë èñïîëüçîâàí ãåí ìíîæåñòâåííîé ëåêàðñòâåííîé óñòîé÷èâîñòè.

MICELLISATION AND IMMUNO REACTIVITIES OF DIMERIC
βββββ-CASEINS
Haertle Th.
Institut National de la Recherche Agronomique, 44316 Nantes Cedex 3, France
E-mail: haertle@nantes.inra.fr

Bovine β-caseins (β-CN) are highly amphiphilic micellizing phospho-proteins
showing chaperone-like activity in vitro. Recently, existence of multiple sequential
epitopes on β-CN polypeptide chain in both hydrophilic-polar (ψ) and hydrophobic-
apolar domains (ϕ) has been reported. In order to clarify specific contribution of
polar- and apolar domains in micellisation process and in shaping immuno reactivity
of β-CN, its dimeric/bi-amphiphilic "quasi palindromic" forms covalently
connected by a disulfide bond linking either N-terminal (C4 β-CND) or C-terminal
domain (C208 β-CND) were produced and studied. Depending on C- or N-terminal
position of inserted cysteine, each dimeric β-CN contains one polar/apolar region
at the centre and two external hydrophobic/hydrophilic ends. Consequently, such
casein dimers have radically different polarities/hydrophobicities on their outside
surfaces. Dynamic light scattering (DLS) measurements indicate that these dimeric
casein molecules form micelles of different sizes depending on arrangement of
polar fragments of the β-CN mutants in their constrained dimers. Non-aggregated
dimers have different hydrodynamic diameters what could be explained by their
different geometries. Measurements of fluorescence showed more hydrophobic
environment of Trp residues of C208 β-CND, while in similar experimental
conditions Trp residues of C4 β-CND and native β-CN were more exposed to
polar medium. Both fluorescence and DLS studies showed greater propensity for
micellisation of the dimeric β-CNs suggesting that the factors inducing the
formation of micelles are stronger in the bi-amphiphilic dimers. 1-Anilino-
naphthalene-8-sulfonate (ANS) binding studies showed different binding of ANS
by these dimers as well as different exposition of ANS binding (hydrophobic)
regions in the micellar states. The differences in fluorescence resonance energy
transfer (FRET) profiles of C4 β-CND and C208 β-CND can be explained by
differences of distances and/or by differences of relative orientations of the donor
(Trp) and acceptor (ANS), as well as by differences in quenching properties of the
disulfide bridges and intra-molecular hydrophobic interactions. The immuno
reactivity assays showed somewhat lower IgE response to C208 β-CND than to
C4 β-CND. Thus, dimerization of C208 β-CN, connecting two C-terminal
hydrophobic domains of two monomers doubling long-range hydrophobic
interactions, hides a part of epitopes in the hydrophobic interface/core of C208
β-CND what is coherent with the results of DLS and fluorescence studies. This
study not only demonstrated the importance of the organization of polar and
hydrophobic regions during micellisation of the constrained and oriented β-CN
dimers but also confirmed a possible role of C-terminal hydrophobic domain in
defining the immuno reactivity of native β-CN.
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ÑÈÍÒÅÒÈ×ÅÑÊÈÅ ÎËÈÃÎÍÓÊËÅÎÒÈÄÛ, ÈÕ ÀÍÀËÎÃÈ È
ÊÎÍÚÞÃÀÒÛ: ÑÈÍÒÅÇ, ÑÂÎÉÑÒÂÀ È ÏÐÈÌÅÍÅÍÈÅ
Åôèìîâ Â.À.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: eva@mx.ibch.ru
Ôàêñ: (495) 330-56-38; òåë.: (495) 336-59-11

Ñèíòåòè÷åñêèå îëèãîíóêëåîòèäû íàøëè øèðîêîå ïðèìåíåíèå äëÿ
ñèíòåçà èñêóññòâåííûõ ãåíîâ è äðóãèõ ãåíåòè÷åñêèõ äåòåðìèíàíò, à òàêæå
ïðè ñèêâåíñå ÍÊ. Ïîìèìî ýòîãî, îíè àêòèâíî èñïîëüçóþòñÿ  êàê ýôôåêòèâíûå
ðåàãåíòû ãåí-íàïðàâëåííîãî äåéñòâèÿ äëÿ èçó÷åíèÿ ìåõàíèçìîâ ðåãóëÿöèè
ýêñïðåññèè ãåíîâ è êàðòèðîâàíèÿ ãåíîìîâ, äèàãíîñòèêè çàáîëåâàíèé,
äåòåêöèè ïàòîãåííûõ âèðóñîâ è ìèêðîáîâ, à òàêæå äëÿ ëå÷åíèÿ íåêîòîðûõ
çàáîëåâàíèé ñ ïîìîùüþ àíòèñåíñ-òåðàïèè. Â ðàìêàõ ïðîâåäåíèÿ
êîìïëåêñíûõ ðàáîò ïî ñîçäàíèþ íîâûõ ãåííûõ òåõíîëîãèé è ðàçðàáîòêå
îñíîâû äëÿ ñîçäàíèÿ íîâûõ òåðàïåâòè÷åñêèõ è äèàãíîñòè÷åñêèõ ñðåäñòâ â
Èíñòèòóòå ðàçâèâàåòñÿ íàïðàâëåíèå èññëåäîâàíèé ïî ðàçðàáîòêå ìåòîäîëîãèè
õèìè÷åñêîãî ñèíòåçà îëèãîíóêëåîòèäîâ, èõ àíàëîãîâ è ìèìåòèêîâ, à òàêæå
õèìèêî-ôåðìåíòàòèâíîãî ñèíòåçà äâóõöåïî÷å÷íûõ ôðàãìåíòîâ íóêëåèíîâûõ
êèñëîò.

Â äîêëàäå áóäóò ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé ïî ðàçðàáîòêå
íîâûõ ìîäèôèêàöèé ìåòîäîâ õèìè÷åñêîãî ñèíòåçà îëèãîíóêëåîòèäîâ ÄÍÊ
è ÐÍÊ ðÿäà, à òàêæå äâóõöåïî÷å÷íûõ ôðàãìåíòîâ ÍÊ, êîíúþãàòîâ
îëèãîíóêëåîòèäîâ, íîâûõ òèïîâ ìèìåòèêîâ è àíàëîãîâ íóêëåèíîâûõ êèñëîò,
ïî èçó÷åíèþ èõ áèîëîãè÷åñêèõ è ôèçèêî-õèìè÷åñêèõ ñâîéñòâ è ïî
ïðèìåíåíèþ ýòèõ ñîåäèíåíèé â êà÷åñòâå èíñòðóìåíòîâ äëÿ ìîëåêóëÿðíî-
áèîëîãè÷åñêèõ èññëåäîâàíèé.

ANTISENSE APPROACH. HISTORY AND PRESENT STATE
Knorre D.G.
Institute of Chemical Biology and Fundamental Medicine SB RAS,
Novosibirsk, Russia
E-mail: knorre@niboch.nsc.ru

At first the antisense approach to suppress genetic information by
oligonucleotides complementary to some sense fragment of nucleic acid appeared
in the press in 1967 in the paper of Nina Grineva and coworkers in "Tetrahedron
Letters". However in that time neither efficient methods of oligonucleotide synthesis
nor methods of nucleic acid sequencing were not yet elaborated. Therefore,
possibility of specific modification of a definite region of nucleic acid via
complementary oligonucleotide was demonstrated in the case of alkylation of valine
transfer RNA with trinucleotide bearing alkylating residue. Only eight years later
Paul Zamechnik and coworkers successed in biological realization of approach in
their work on suppression of multiplication of Rouse sarcoma and HIV viruses in
cell culture. The approach attracted attention of a multitude of scientists due to
simplicity of the idea and seeming easiness of its realization. Further investigations
in the field were directed firstly to improve properties of antisense reagents and
secondly to demonstrate biological action of these reagents both in vitro and in
vivo. Stability to action of extra- and intracellular nucleases was obviously essential
for in vivo studies and further use in medicine. Efficiency was enhanced first of all
by attachment of reactive groups, leading to irreversibility of action, by increase
the strength of complementary interaction of reagent and target nucleic acid and
by augmentation of membrane permeability. Versions elaborated in the Institute
of chemical biology and fundamental medicine (ICBFM, former Novosibirsk
Institute of bioorganic chemistry) are preferentially considered in the presentation.
A great number of reactive groups were proved as warheads of reactive antisense
reagents. Among them still remains as one of the most promising alkylating
derivative proposed in the first work of Nina Grineva. The reaction mechanism of
chemical modification within complementary complex was studied. Stability of
duplexes was achieved by use of morpholinooligonucleotides, locked
oligonucleotides, PNA-oligonucleotides. Numerous attempts were carried out to
suppress tumor growth by treatment with antisense oligonucleotides. Factors
responsible for cell proliferation, for suppression of apoptosis, for vascular growth
were main targets for antisense oligonucleotides. Some of reagents are already
subjected at definite stages of clinical trials. One of the targets investigated in
ICBFM, is mRNA coding protein responsible for multiple drug resistance.
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×ÒÎ ÄÅËÀÅÒ ÍÀÑ ËÞÄÜÌÈ? ×ÅËÎÂÅ×ÅÑÊÈÅ
ÝÍÄÎÃÅÍÍÛÅ ÐÅÒÐÎÂÈÐÓÑÛ?
Ñâåðäëîâ Å.Ä., Áóçäèí À.À., Ëåáåäåâ Þ.Á.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: edsverd@gmail.com

Â íà÷àëå 80-õ ãîäîâ ïðîøëîãî âåêà Ïðåçèäåíò ÀÍ ÑÑÑÐ
À.Ï. Àëåêñàíäðîâ, âèöå-ïðåçèäåíò ÀÍ ÑÑÑÐ Þ.À. Îâ÷èííèêîâ è ÷ë.-êîðð.
ÀÍ ÑÑÑÐ Å.Ä. Ñâåðäëîâ ïðèøëè ê ðåøåíèþ î öåëåñîîáðàçíîñòè ïîïûòêè
âûÿâèòü ÷åëîâåê-ñïåöèôè÷íûå ãåíû ïóòåì ñðàâíèòåëüíîãî àíàëèçà ãåíîìîâ
÷åëîâåêà è øèìïàíçå. Â ÷àñòíîñòè, èìåëèñü â âèäó ãåíû, îòâåòñòâåííûå çà
ñïîñîáíîñòü ÷åëîâåêà ê ðå÷è. Â êà÷åñòâå ýêñïåðèìåíòàëüíîãî ïîäõîäà áûëà
âûáðàíà çàðîæäàâøàÿñÿ òîãäà âû÷èòàþùàÿ ãèáðèäèçàöèÿ. Ïðè âñåé
íàèâíîñòè, ñ ñåãîäíÿøíåãî óðîâíÿ çíàíèé, ýòà ïîïûòêà ïðèâåëà ê ðàçâèòèþ
øèðîêîãî ñïåêòðà ìåòîäîâ íåñåêâåíèðóþùåãî ïîëíîãåíîìíîãî ñðàâíåíèÿ
ðàçëè÷èé â ãåíîìàõ áëèçêèõ âèäîâ. Â ÷àñòíîñòè, ïåðâûå æå ýêñïåðèìåíòû
ïî ñðàâíåíèþ ÷åëîâåêà è øèìïàíçå âûÿâèëè ðàçëè÷èÿ â ñîäåðæàíèè ÷àñòî-
ïîâòîðÿþùèõñÿ ìîáèëüíûõ ýëåìåíòîâ ãåíîìà. Ñðåäè âîçíèêøèõ êàíäèäàòîâ
íà âîçìîæíóþ ðîëü â ïðîöåññå âèäîâîé äèâåðãåíöèè  íàèáîëåå âåðîÿòíûìè
êàçàëèñü  ÷åëîâå÷åñêèå ýíäîãåííûå ðåòðîâèðóñû (Human endogenous
retroviruses, HERV), ïîïàâøèå â ãåíîì ïðèìàòîâ, âèäèìî, âñëåäñòâèå
ìíîãî÷èñëåííûõ ïîâòîðÿþùèõñÿ âîëí ýïèäåìè÷åñêèõ èíôåêöèé.
Ðåòðîâèðóñíûå LTR (è äðóãèå ðåòðîýëåìåíòû) áûëè îáíàðóæåíû â
òðàíñêðèáèðóåìûõ ôðàêöèÿõ îòäåëüíûõ õðîìîñîì ÷åëîâåêà; ñðàâíåíèå
ðåçóëüòàòîâ èñ÷åðïûâàþùåãî êàðòèðîâàíèÿ LTR ýëåìåíòîâ íà 19-îé, 21-îé
è 22-îé õðîìîñîìàõ ÷åëîâåêà ïîçâîëèëî âûÿâèòü òåíäåíöèþ ê êîíöåíòðàöèè
LTR â îáîãàùåííûõ ãåíàìè ó÷àñòêàõ ãåíîìà; áûëî ïîêàçàíî ñîõðàíåíèå
ïðîìîòîðíîé è ýíõàíñåðíîé àêòèâíîñòè LTR ýëåìåíòîâ ðàçëè÷íîãî
ýâîëþöèîííîãî âîçðàñòà; ñ ïîìîùüþ ñòðóêòóðíî-ýâîëþöèîííîãî àíàëèçà
LTR ýëåìåíòîâ è îïðåäåëåíèÿ ýâîëþöèîííîé äèíàìèêè ðàñïðîñòðàíåíèÿ
ýíäîãåííûõ ðåòðîâèðóñîâ äîêàçàíî ñóùåñòâîâàíèå â ýâîëþöèè ãåíîìà
ïðèìàòîâ íåñêîëüêèõ ïðîäîëæèòåëüíûõ âîëí ðåòðîòðàíñïîçèöèé, ïîñëåäíÿÿ
èç êîòîðûõ ñîâïàäàåò ñî âðåìåíåì ýâîëþöèîííîãî ðàñõîæäåíèÿ ëèíèé
÷åëîâåêà è øèìïàíçå. Ïîëó÷åííûå ðåçóëüòàòû ëåãëè â îñíîâó ãèïîòåçû,
ñîãëàñíî êîòîðîé ðàñïðîñòðàíåíèå LTR ýíäîãåííûõ ðåòðîâèðóñîâ â ãåíîìå
ìîãóò ïðèâîäèòü ê ýâîëþöèîííî çíà÷èìûì èçìåíåíèÿì ñèñòåì ðåãóëÿöèè
ýêñïðåññèè ãåíîâ è ÿâëÿòüñÿ âàæíîé ìîëåêóëÿðíî-ãåíåòè÷åñêîé ïðè÷èíîé
âèäîîáðàçîâàíèÿ ó ïðèìàòîâ. Áûë ðàçðàáîòàí íîâûé ýêñïåðèìåíòàëüíûé
ïîäõîä ê ñðàâíèòåëüíîìó àíàëèçó ðàñïðåäåëåíèÿ èíòåãðàöèé ðåòðîýëåìåíòîâ
â ãåíîìàõ áëèçêîðîäñòâåííûõ âèäîâ, îñíîâàííûé íà ïðèìåíåíèè
ðàçðàáîòàííîé ñåðèè îðèãèíàëüíûõ ìåòîäîâ âû÷èòàþùåé ãèáðèäèçàöèè
ãåíîìíûõ ÄÍÊ. Ñ èñïîëüçîâàíèåì ýòîãî ïîäõîäà íàìè âïåðâûå, â ìàñøòàáàõ
öåëûõ ãåíîìîâ, îñóùåñòâëåí ýêñïåðèìåíòàëüíûé ïîèñê ðàçëè÷èé â ó÷àñòêàõ
èíòåãðàöèé LTR è LINE1 ðåòðîýëåìåíòîâ ìåæäó ãåíîìàìè ÷åëîâåêà è
øèìïàíçå.   Â õîäå ýòèõ èññëåäîâàíèé îòêðûòà è êàðòèðîâàíà

SYNTHETIC OLIGONUCLEOTIDES, THEIR ANALOGUES AND
CONJUGATES: SYNTHESIS, PROPERTIES AND APPLICATIONS
Efimov V.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: eva@mx.ibch.ru
Fax: (495) 330-56-38; tel.: (495) 336-59-11

In recent years, synthetic oligonucleotides have assumed a central role in a
multitude of molecular biology techniques as linkers, primers, gene probes and
segments for the construction of artificial DNA fragments. More recently, a potential
of modified oligonucleotides as antisense and antigene agents, diagnostic probes
and therapeutics has attracted increasing interest.

The results obtained in the development of improved methods for the synthesis
of DNA and RNA oligonucleotides, double-stranded nucleic acid fragments, novel
types of oligonucleotide conjugates, analogues and mimics, as well as the
investigation of their biological and physico-chemical properties will be presented.
Also, the application of these compounds as universal tools for the solution of a
wide range of problems in molecular biology, biotechnology, and medicine will
be discussed.
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WHAT MAKES US HUMAN? HUMAN ENDOGENOUS
RETROVIRUSES?
Sverdlov E.D., Buzdin A.A., Lebedev Yu.B.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: edsverd@gmail.com

In early 80th of the last century President of the USSR Academy of Sciences
A.P. Alexandrov, Vice-president Yu.A. Ovchinnikov and corresponding member
of the USSR Academy of Sciences E.D. Sverdlov have decided it expedient to
reveal human-specific genes by comparative analysis of the human and chimpanzee
genomes. In particular, the planned study should be directed at speech genes
responsible for the human ability to speak. The emerging at that time subtractive
hybridization was chosen as an experimental approach. Although na?ve from the
viewpoint of the present-day level of knowledge, this attempt has led to the
development of a wide spectrum of genome-wide non sequencing strategies for
comparison of closely related genomes. The very first experiments revealed
differences in the content of highly repetitive mobile elements in the genomes of
human and chimpanzee. The most probable candidates for playing a role in species
divergence were seemingly human endogenous retroviruses (HERVs) intruded in
the genomes of primates possibly due to multiple repetitive epidemic infections.
Retroviral LTRs and other retroelements were found in transcribed regions of
particular human chromosomes. Exhaustive mapping of LTRs on human
chromosomes 19, 21 and 22 allowed to reveal a trend towards concentration of
LTRs in gene-enriched regions of the genome. It was demonstrated that LTRs of
various evolutionary age retained their promoter and enhancer activity. Structure
evolutionary analysis and evolutionary dynamics of the spread of endogenous
retroviruses suggested that in primate evolution there had been a number of
extended waves of retrotranspositions, the last wave coinciding in time with the
evolutionary divergence of human and chimpanzee lineages. The results obtained
have underlain a hypothesis that the spread of ERV LTRs in the genome might
lead to evolutionary significant changes in gene expression regulation systems
and might be an important molecular genetic cause of primate speciation. It was
developed a new experimental approach to comparative analysis of retroelement
distribution in genomes of closely related species. The approach was based on a
series of specially developed original methods of subtractive hybridization of
genomic DNAs. Using this approach, we have, for the first time, experimentally
identified differences in regions of integrations of LTR and LINE1 retroelements
between the human and chimpanzee genomes on a genome-wide level. As a result,
a representative group of human genome specific retroelements (150 LTRs and
over 3000 L1s) was identified and mapped, and catalogs of human genes harboring
species-specific integrations of retroelements were compiled. A similar strategy
was then successfully used for a genome-wide identification of polymorphic
insertions of AluY elements in mixed samples of individual human DNAs. There
were revealed "evolutionary young" retroelements represented by the members of
four groups: SVA, Alu, L1 and HERV-K (HML-2) endogenous retroviruses. Of

ïðåäñòàâèòåëüíàÿ ãðóïïà ðåòðîýëåìåíòîâ (150 LTR  è ñâûøå 3000 L1),
ñïåöèôè÷íûõ äëÿ ãåíîìà ÷åëîâåêà, è ñîñòàâëåíû êàòàëîãè ãåíîâ ÷åëîâåêà,
ñîäåðæàùèõ âèäîñïåöèôè÷åñêèå èíòåãðàöèè ðåòðîýëåìåíòîâ. Â
ïîñëåäóþùåì àíàëîãè÷íàÿ ñòðàòåãèÿ áûëà óñïåøíî ïðèìåíåíà äëÿ
ïîëíîãåíîìíîé èäåíòèôèêàöèè ïîëèìîðôíûõ èíñåðöèé AluY ýëåìåíòîâ â
ñìåñåâûõ îáðàçöàõ èíäèâèäóàëüíûõ ÄÍÊ ÷åëîâåêà. Áûëè âûÿâëåíû
"ýâîëþöèîííî ìîëîäûå" ðåòðîýëåìåíòû, ïðåäñòàâëåííûå ÷ëåíàìè ÷åòûð¸õ
ãðóïï: SVA, Alu, L1 è ýíäîãåííûõ ðåòðîâèðóñîâ HERV-K (HML-2). Îñîáûé
èíòåðåñ ïðåäñòàâëÿþò îáíàðóæåííûå íàìè ÷åëîâåê ñïåöèôè÷íûå ýíäîãåííûå
ðåòðîâèðóñû (hsERV), ïðåäñòàâëåííûå 134 êîïèÿìè è çàíèìàþùèå îêîëî
330 ò.ï.î. ÄÍÊ ÷åëîâåêà. Îíè äîáàâèëè â ãåíîìíóþ ïîñëåäîâàòåëüíîñòü êîïèè
50 ôóíêöèîíàëüíûõ ðåòðîâèðóñíûõ ãåíîâ, à òàêæå 134 ïîòåíöèàëüíûõ
ïðîìîòîðà è ýíõàíñåðà. Êàê ìèíèìóì 67 òàêèõ ýëåìåíòîâ ðàáîòàþò êàê
÷åëîâåê ñïåöèôè÷íûå ïðîìîòîðû in vivo. hsERV ðåãóëèðóþò àêòèâíîñòü
èçâåñòíûõ áåëîê êîäèðóþùèõ ãåíîâ ïîñðåäñòâîì èíòåðôåðåíöèè ÐÍÊ è êàê
ýíõàíñåðû, à òàêæå ïðåäîñòàâëÿþò íîâûå ñèãíàëû ïîëèàäåíèëèðîâàíèÿ äëÿ
ìÐÍÊ. Òàêèì îáðàçîì, åñòü âñå îñíîâàíèÿ ðàññìàòðèâàòü ýòè ýëåìåíòû â
êà÷åñòâå âîçìîæíûõ ó÷àñòíèêîâ ýâîëþöèè H. sapiens. Îíè äåéñòâèòåëüíî
çàíèìàþò âàæíîå ìåñòî ñðåäè äðóãèõ ýëåìåíòîâ, îòëè÷àþùèõ ãåíîì ÷åëîâåêà
îò ãåíîìà øèìïàíçå, ìíîæåñòâî êîòîðûõ âûÿâëåíî â õîäå ïðÿìîãî ñðàâíåíèÿ
äâóõ ðîäñòâåííûõ ãåíîìîâ, îñîáåííî ïîñëå îïðåäåëåíèÿ
ïîñëåäîâàòåëüíîñòåé ãåíîìîâ ÷åëîâåêà è øèìïàíçå. Êàê æå îáñòîèò äåëî ñ
îòâåòîì íà âîïðîñ? Äåëàþò ëè íàñ ýòè ýëåìåíòû òåì, ÷òî ìû åñòü -
ïðåäñòàâèòåëÿìè âèäà H. sapiens? Êàê è âñå äðóãèå èññëåäîâàòåëè â ýòîé
îáëàñòè, ìû ñòàëêèâàåìñÿ ñ íåðàçðåøèìîé ñåãîäíÿ ïðîáëåìîé -
ñóùåñòâîâàíèåì ðàçðûâà â çíàíèè ñòðóêòóðíûõ îñîáåííîñòåé è òðàíñëÿöèåé
ýòîãî çíàíèÿ â ôåíîòèïè÷åñêèå ïðèçíàêè. Åñòåñòâåííûé îòáîð, êîòîðûé
îïðåäåëÿåò â êîíå÷íîì ñ÷åòå ðîëü òîãî èëè äðóãîãî ýëåìåíòà ãåíîìà â
ýâîëþöèè, ðàáîòàåò íà óðîâíå öåëîãî îðãàíèçìà è ïîýòîìó, íåñìîòðÿ íà
ìíîæåñòâî óñèëèé, ðàçðûâ ìåæäó íàøèìè çíàíèÿìè ãåíîìíûõ ðàçëè÷èé è
òåì, êàê îíè âëèÿþò íà ôåíîòèïè÷åñêèå ðàçëè÷èÿ, ñîõðàíÿåòñÿ è áóäåò
ñîõðàíÿòüñÿ åùå äîëãî. Íåîáõîäèì ñëåäóþùèé ïðèíöèïèàëüíûé øàã â
ñîçäàíèè ìàññèðîâàííîãî ôóíêöèîíàëüíîãî àíàëèçà îáíàðóæèâàåìûõ
ãåíîìíûõ ðàçëè÷èé. Òîëüêî èìåÿ òàêîé ïîäõîä, ìû áóäåì â ñîñòîÿíèè íà÷àòü
èíòåãðàöèþ âñåõ ãåíîìíûõ è ôåíîòèïè÷åñêèõ äàííûõ â åäèíóþ êàðòèíó,
îïèñûâàþùóþ ïðîöåññ ïðèîáðåòåíèÿ íàøèì âèäîì åãî óíèêàëüíûõ
îñîáåííîñòåé. Ïîèñê â ýòîì íàïðàâëåíèè âåäåòñÿ, íî óñïåõ, ïî-âèäèìîìó,
íå äàñòñÿ ìàëîé êðîâüþ.
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ÂÇÀÈÌÎÄÅÉÑÒÂÈÅ ÁÅËÊÎÂ ÂÃÑ Ñ ÂÈÐÓÑÍÛÌÈ È
ÊËÅÒÎ×ÍÛÌÈ ÊÎÌÏÎÍÅÍÒÀÌÈ
Èâàíîâ À.Â., Áåëæåëàðñêàÿ Ñ.Í., Êîçëîâ Ì.Â., Êóõàíîâà Ì.Ê.,
Òóíèöêàÿ Â.Ë., Êî÷åòêîâ Ñ.Í.
Èíñòèòóò ìîëåêóëÿðíîé áèîëîãèè èì. Â.À. Ýíãåëüãàðäòà ÐÀÍ, Ìîñêâà,
Ðîññèÿ
E-mail: kochet@eimb.ru

Âèðóñ ãåïàòèòà Ñ (ÂÃÑ) ÷åëîâåêà ÿâëÿåòñÿ îñíîâíîé ïðè÷èíîé
õðîíè÷åñêîãî ãåïàòèòà. Õðîíè÷åñêàÿ èíôåêöèÿ ÂÃÑ âûçûâàåò âûñîêèé ðèñê
ðàçâèòèÿ öèððîçà ïå÷åíè è ãåïàòîöåëëþëÿðíîé êàðöèíîìû. Ãåíîì ÂÃÑ
ïðåäñòàâëÿåò ñîáîé îäíîöåïî÷å÷íóþ (+)ÐÍÊ (9.6 ò.íò.), êîäèðóþùóþ
åäèíñòâåííûé ïîëèïðîòåèí äëèíîé 3010-3011 àìèíîêèñëîòíûõ îñòàòêîâ.
Ïîñëå êýï-íåçàâèñèìîé òðàíñëÿöèè ïîëèïðîòåèí ïîñëåäîâàòåëüíî
ðàñùåïëÿåòñÿ êëåòî÷íûìè è âèðóñíûìè ïðîòåèíàçàìè, â ðåçóëüòàòå ÷åãî
îáðàçóþòñÿ ÷åòûðå ñòðóêòóðíûõ (S) è øåñòü íåñòðóêòóðíûõ (NS) âèðóñíûõ
áåëêîâ. NS5B (ÐÍÊ-çàâèñèìàÿ ÐÍÊ-ïîëèìåðàçà, RdRp), NS3 (ïðîòåèíàçà/
õåëèêàçà/NTPàçà) è áåëîê NS5A, íàðÿäó ñ äðóãèìè âèðóñíûìè è êëåòî÷íûìè
ôàêòîðàìè, îáðàçóþò âèðóñíûé ðåïëèêàöèîííûé êîìïëåêñ.

Äëÿ èññëåäîâàíèé âçàèìîäåéñòâèÿ áåëêîâ ÂÃÑ ñ âèðóñíûìè è
êëåòî÷íûìè êîìïîíåíòàìè ìû ýêñïðåññèðîâàëè áîëüøèíñòâî èõ â
áàêòåðèàëüíûõ è ýóêàðèîòè÷åñêèõ ñèñòåìàõ. Â ýòîì ñîîáùåíèè ìû ïðèâîäèì
äàííûå, ñîãëàñíî êîòîðûì íåôîñôîðèëèðîâàííûé âèðóñíûé áåëîê NS5A
èíãèáèðóåò àêòèâíîñòü RdRp íà ìàòðèöå polyA-oligoU, íî ïðàêòè÷åñêè íå
îêàçûâàåò âëèÿíèÿ íà ñèíòåç âèðóñíîé ÐÍÊ. NS5A, ôîñôîðèëèðîâàííûé
êàçåèíêèíàçîé II, îêàçûâàåò ïðîòèâîïîëîæíûé ýôôåêò â îáåèõ ñèñòåìàõ
îïðåäåëåíèÿ àêòèâíîñòè, â òî âðåìÿ êàê ôîñôîðèëèðîâàíèå êàçåèíêèíàçîé I
íå âëèÿåò íà àêòèâíîñòü RdRp. Ôîñôîðèëèðîâàíèå NS5A êàçåèíêèíàçîé II
íå èçìåíÿåò åãî ñðîäñòâà ê RdRp è âèðóñíîé ÐÍÊ. Ìû ïðåäïîëàãàåì, ÷òî
NS5A ïðåäîòâðàùàåò ñâÿçûâàíèå RdRp ñ ìàòðèöåé.

NS5A è íåêîòîðûå äðóãèå áåëêè ÂÃÑ ñïîñîáíû âûçûâàòü îêèñëèòåëüíûé
ñòðåññ êëåòêè. Ìû ïîêàçàëè, ÷òî ýòîò ôåíîìåí îïîñðåäóåòñÿ êëåòî÷íûìè
òðàíñêðèïöèîííûìè ôàêòîðàìè è ñâÿçàí ñ ôîñôîðèëèðîâàíèåì,
îñóùåñòâëÿåìûì ïðîòåèíêèíàçîé Ñ è êàçåèíêèíàçîé II.

Ïîñêîëüêó òåðàïèÿ ÂÃÑ ðàçâèòà íåäîñòàòî÷íî, ïîèñê íîâûõ èíãèáèòîðîâ
æèçíåííîãî öèêëà âèðóñà âåñüìà àêòóàëåí. Â äîêëàäå áóäóò ïðèâåäåíû
äàííûå î äåéñòâèè íîâûõ èíãèáèòîðîâ RdRP, NS3 è ãëèêîçèëèðîâàíèè
ïîâåðõíîñòíûõ ãëèêîïðîòåèíîâ ÂÃÑ.

special interest were also identified 134 copies of human-specific endogenous
retroviruses (hsERVs) that occupy ~330 kb of human DNA. The integrations of
hsERVs added to the genomic sequence 50 copies of functional retroviral genes,
as well as 134 potential promoters and enhancers. At least 67 of these elements
function as human specific promoters in vivo. hsERVs regulate the activity of
known protein coding genes through RNA interference and as enhancers, and also
provide new polyadenylation signals for mRNA. Therefore, there are all grounds
to consider retroelements as likely participants in Homo sapiens evolution. They
do hold a prominent place among other elements differential between the genomes
of human and chimpanzee, many of which were found by a direct comparison of
these genomes, especially after their sequencing. How can we then answer the
question 'Do these elements make us what we are – representatives of the H. sapiens
species'? Just as other researchers in this field, we are facing a currently insoluble
problem due to a gap between our knowledge of structural details and translation
of this knowledge into phenotypic traits. Natural selection, that eventually
determines the role and fate of genomic elements in evolution, works at the level
of the whole organism. Therefore, despite continuous efforts the gap between our
knowledge of genomic differences and their phenotypic embodiment still exists
and will exist for a long time. We need a next fundamental stride in developing
massive functional analysis of genomic differences. Only based on such an approach
we will be able to initiate integration of all genomic and phenotypic data into a
unified conception of the process of acquiring unique features by our species. A
search in this direction is under way, but the success will probably not be achieved
for cheap.
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ENVELOPE GLYCOPROTEIN ON HIV AND SIV VIRIONS:
BIOCHEMICAL AND ELECTRON TOMOGRAPHY ANALYSIS
Chertova E.N.
AIDS and Cancer Virus Program, Protein Chemistry Laboratory,
SAIC-Frederick, Inc., NCI-Frederick, Frederick, MD, 21702, USA
E-mail: chertova@ncifcrf.gov

Using detailed quantitative biochemical analysis we have estimated the
average number of envelope trimers to be 7-19 for HIV-1 and wild type SIV and
50-130 for mutant SIVs (Chertova et al., 2002). Since such calculations inevitably
involve certain assumptions, it would be highly desirable to quantitate virion
envelope content using independent and preferably direct methods.  To characterize
the nature of envelope glycoproteins on the surface of HIV and SIV virions we
used EM analysis coupled with electron tomography and image processing.  The
performance and interpretation of these studies were facilitated by three recent
developments.  First, we have developed a virus inactivation procedure preserving
the functional and conformational state of viral envelope proteins which allowed
safe specimen process for EM studies.  Second, we have recently established
methods for quantitative analysis of viral proteins in purified HIV and SIV which
revealed that gp120 is not shed from the virus but is retained during the purification
process providing viruses as representative samples for EM analysis (Chertova et
al., 2002).  Third, using these methods, we have characterized numerous HIV and
SIV preparations, in the process identifying SIV isolates that have high envelope
content.  Taking advantage of these approaches, purified HIV-1 and SIV have
been directly visualized and the trimeric structures on the surface of the virus
enumerated. HIV-1 and wild-type SIV virions had an average of 8-9 env trimers
per virion and mutant SIVs known to contain high levels of the viral env proteins
had an average of 70-79 trimers (Zhu et al., 2003, Zhu et al., 2006). The results
directly demonstrate the presence of env trimers on the surface virions, and have
important implications for understanding virion formation, virus interactions with
host cells, and virus neutralization.

Funded by NCI Contract No. HHSN261200800001E.
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INTERACTIONS OF HCV PROTEINS WITH VIRAL AND HOST
COMPONENTS
Ivanov A.V., Belzhelarskaya S.N., Kozlov M.V., Kukhanova M.K.,
Tunitskaya V.L., Kochetkov S.N.
Engelhardt Institute of Molecular Biology RAS, Moscow, Russia
E-mail: kochet@eimb.ru

Human hepatitis C virus (HCV) is a major cause of chronic hepatitis
worldwide. Chronic HCV infection is associated with a high risk for development
of liver cirrhosis and hepatocellular carcinoma. HCV is a positive-sense single-
stranded RNA virus with a genome of about 9.6 kb which encodes a polyprotein
of 3010-3011 amino acids. After cap-independent translation the polyprotein is
consecutively splited by cellular and viral proteases, resulting in four structural
(S) and six non-structural (NS) proteins. NS5B (RNA-dependent RNA polymerase,
RdRp), NS3 (proteinase/helicase/NTPase) and NS5A as well as some still unknown
host factors form a complex, which replicates virus genome.

To study interactions of HCV proteins with viral and host components we
expressed most of them in bacterial and eukaryotic cells. Here we demonstrate
that in vitro unphosphorylated NS5A protein inhibits HCV RdRp activity in polyA-
oligoU system but has little effect on synthesis of viral RNA. The phosphorylated
casein kinase (CK) II NS5A protein causes the opposite effect on RdRp in each of
these systems. The NS5A phosphorylation with CKI does not change the RdRp
activity. The phosphorylation of NS5A protein with CKII does not affect its affinity
to the HCV RdRp and RNA. Herein we report evidence that the NS5A prevents
template binding to the RdRp.

NS5A and some other HCV proteins can cause the oxidative stress in the
cells. We show here that this phenomenon is mediated by some cellular transcription
factors and includes the action of protein kinase C and CKII.

As HCV therapy is not developed properly the search of new inhibitors of
viral life cycle is urgently needed. In this report some new data on inhibitors of
RdRP, NS3 and glycosylation of HCV envelop proteins will be demonstrated.
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The studied cell lines differ strongly in their sensitivity to enhanced concentrations
of CPPs and cocktails.

The project was financially supported by the BMBF (IW061002).
References
[1] S. Deshayes, M. Morris, F. Heitz and G. Divita. Delivery of proteins and nucleic acids

using a non-covalent peptide-based strategy. Advanced Drug Delivery Reviews 60,
537-547 (2008).

[2] K. Saar and Ü . Langel. Toxicity Methods for Cell-penetrating Peptides in Handbook
of Cell Penetrating Peptides (Ed. Ü . Langel), CRC Taylor and Francis, Boston, London,
New York, 2007, pp.553-565.

[3] A. L. Niles, R.A. Moravec, P.E. Hesselberth, M.A. Scurria, W.D.Daily and T.L. Riss.
A homogeneous assay to monitor live and dead cells in the same sample by detecting
different protease markers. Anal.Biochem. 366, 197-206 (2007).
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Mussbach F., Zoch A., Franke M., Pietrucha R., Schafer B., Reissmann S.
Jena Bioscience GmbH, Loebstedter Str. 80, 07749 Jena, and Friedrich-
Schiller-University, Institute of Biochemistry and Biophysics, FSU,
Hans-Knoll-Str. 2, 07745 Jena, Germany
E-mail: siegmund.reissmann@uni-jena.de

The use of "Cell Penetrating Peptides and Proteins" (CPPs) for internalization
of  "cargos" such as phosphopeptide ligands, antibodies, enzymes, other functional
proteins and nucleoside triphosphates (NTPs) for influencing intracellular signal
pathways requires knowledge about as well as chemical characteristics and complex
formation tendencies of CPPs, transduction process and amount of transported
cargo. For influencing intracellular signal transduction the delivery of sufficient
amounts of cargo into common cell lines alongside with tolerance of these cells
toward the used transduction procedures remains a major bottleneck for the utility
of CPPs.

We therefore investigated the uptake of fluorescence labelled and unlabelled
peptides, proteins (β-galactosidase, BSA, primary and secondary antibodies) and
of the fluorescence labelled deoxy nucleoside triphosphate dUTP into adherent
(HeLa, COS-7, NIH 3T3) and suspension (Jurkat, NB-4, Kasumi-1) cells. These
cell lines vary largely regarding sensitivity to the required amounts of CPPs and
corresponding transduction rates and efficiencies. We systematically optimized
the transduction efficiencies through fine-tuning of the parameters time,
temperature, presence of auxiliary compounds (DMSO, BSA, protease inhibitors).

We chose only such CPPs, which are able to form non-covalent complexes
with the cargo [1]. The applied CPPs are hydrophilic (Penetratin, HIV-Tat, MPGβ,
CPPP-2) or hydrophobic (MPGα, CAD-2). They show different stabilities against
proteolytic degradation and also different tendencies to form complexes with
proteins or nucleotides. Based on systematic studies on relationships between type
of CPP, type of cargo and cell line we developed for broader applications as well
as a cocktail for peptides and proteins (JBS-Proteoducin) and for nucleotides
(JBS-Nucleoducin).

The transduction of cargos was qualitatively observed for enzymes by staining
with a substrate or for labelled cargos by fluorescence microscopy. Quantification
of the internalized amounts was performed either by fluorescence measurements
in solution or on the electrophoresis gel or by Western-Blotting. The internalized
amounts were calculated to attomol per cell and compared to the extracellular
applicated cargo concentration to give the transduction efficiency. In the case of
the phosphorylated octapeptide ligand for a SH2-domain the internalization was
functionally characterized by influencing the activity of the protein tyrosine
phosphatase SHP-1.

With the aim to avoid studies with damaged cells we estimated their viability
[2] and the intactness of their cell membrane [3] under the used conditions and
especially with the highest applied concentrations of CPPs, cocktails and auxiliaries.
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PYRIDOXAL CATALYSIS, ñÀÌÐ-DEPENDENT PROTEINKINASE AND
MEMBRANE RECEPTOR SYSTEMS (50 YEARS OF COOPERATION)
Severin E.S.
Research Centre of Molecular Diagnostics & Therapy, Moscow, Russia
E-mail: e.severin@mail.ru

Upon graduation of the Chemical Faculty of the Lomonosov Moscow State University,
the main direction of my scientific work was the development of new specific inhibitors of
active centres of pyridoxal enzymes and analysis of the molecular mechanism of their
action.

The work was conducted under the direction of R.M. Khomutov at the Laboratory of
Biocatalysis of the Institute of Molecular Biology of the USSR Academy of Sciences (head
of laboratory academician A.E. Braunstein).

High-purity aspartate-glutamate transaminase was chosen as the main subject of the
study; its purpose was to analyze topography of the active centre, the nature of its functional
groups and characteristics of the peptide sequences of the active centre of this enzymes.

In 1978 by the decision of the Scientific Council of the Institute of Molecular Biology
of the USSR Academy of Sciences, was organized the laboratory for enzymatic regulation
of the cell activity. I was elected to the position of the head of this laboratory.

At the recommendation of academician V.A. Engelgardt, Director of the Institute of
Molecular Biology of the USSR Academy of Sciences, the main direction of the scientific
research carried out at the new laboratory became the study of the biological role of the
secondary mediators – ñÀÌÐ, ñGMP and Ñà2+-binding proteins, which were popular at
that period of the development of the molecular biology.

The ñÀÌÐ-dependent proteinkinase enzyme was chosen as the main subject of the
scientific research; for this purpose we analysed the topography of the ñÀÌÐ-binding part,
the structure and functional groups of the ÀÒÐ-binding part, the mechanism of allosteric
regulation of the enzyme activity; we also studied in detail its substrate specificity.

In 1985 at the recommendation of academician Yu.A. Ovchinnikov I was appointed
to the position of the Director of the Institute of Applied Molecular Biology of the Ministry
of Health of the USSR. The main objective was to develop possible ways of introducing
the achievements of molecular biology and biochemistry into practical medicine.
Academician R.V. Petrov was approved as the scientific consultant of the Institute,
academician E.I. Chazov, academician V.T. Ivanov, academician V.A. Cabanov, academician
of the Russian Academy of Medical Sciences, N.P. Bochkov, took part in forming the
scientific program of the Institute.

It was proposed to study in detail the receptor portrait of a human and its dependence
on the pathological process course in certain target organs. This was essential for
understanding the development of different pathological conditions, the discovery of new
possible ways of treatment and creation of pharmaceuticals with selective action.

The report will give a detailed coverage of:
- the changes of the receptor portrait in the human target cells in the course of the disease

development;
- new molecular-biology based approaches in overcoming multidrug resistance with the

help of receptor-mediated endocytosis;
- possible ways of selective delivery of cytostatics to the tumour cells, for the purpose of

overcoming the toxic effect of the anti-tumour drugs as to the human immune system.

ÏÈÐÈÄÎÊÑÀËÜÍÛÉ ÊÀÒÀËÈÇ, ñÀÌÐ ÇÀÂÈÑÈÌÛÅ
ÏÐÎÒÅÈÍÊÈÍÀÇÛ È ÐÅÖÅÏÒÎÐÍÛÅ ÑÈÑÒÅÌÛ ÌÅÌÁÐÀÍ (50 ËÅÒ
ÑÎÒÐÓÄÍÈ×ÅÑÒÂÀ)
Ñåâåðèí Å.Ñ.
Âñåðîññèéñêèé íàó÷íûé öåíòð ìîëåêóëÿðíîé äèàãíîñòèêè è ëå÷åíèÿ, Ìîñêâà,
Ðîññèÿ
E-mail: e.severin@mail.ru

Ñðàçó ïîñëå îêîí÷àíèÿ õèìè÷åñêîãî ôàêóëüòåòà ÌÃÓ èì. Ì.Â. Ëîìîíîñîâà
îñíîâíûìè íàïðàâëåíèÿìè ìîåé íàó÷íîé ðàáîòû, ïðîâîäèìîé ïîä ðóêîâîäñòâîì Ð.Ì.
Õîìóòîâà â ëàáîðàòîðèè áèîêàòàëèçà Èíñòèòóòà ìîëåêóëÿðíîé áèîëîãèè ÀÍ ÑÑÑÐ
(çàâ. ëàáîðàòîðèåé àêàäåìèê À.Å. Áðàóíøòåéí), áûëè ðàçðàáîòêà íîâûõ
ñïåöèôè÷åñêèõ èíãèáèòîðîâ àêòèâíûõ öåíòðîâ ïèðèäîêñàëåâûõ ôåðìåíòîâ è
èçó÷åíèå ìîëåêóëÿðíîãî ìåõàíèçìà èõ äåéñòâèÿ. Îáúåêòîì èçó÷åíèÿ áûëà âûáðàíà
âûñîêîî÷èùåííàÿ àñïàðòàò-ãëóòàìàò òðàíñàìèíàçà, è öåëüþ èññëåäîâàíèÿ áûëè
èçó÷åíèå òîïîãðàôèè àêòèâíîãî öåíòðà, ïðèðîäû åãî ôóíêöèîíàëüíûõ ãðóïï è
õàðàêòåðèñòèêà ïåïòèäíûõ ïîñëåäîâàòåëüíîñòåé àêòèâíîãî öåíòðà ýòîãî ôåðìåíòà.
Â 1974 ã. ïî ðåøåíèþ Ó÷åíîãî ñîâåòà Èíñòèòóòà ìîëåêóëÿðíîé áèîëîãèè ÀÍ ÑÑÑÐ
áûëà îðãàíèçîâàíà ëàáîðàòîðèÿ ýíçèìàòè÷åñêîé ðåãóëÿöèè êëåòî÷íîé àêòèâíîñòè, è
ÿ áûë èçáðàí íà äîëæíîñòü çàâåäóþùåãî ýòîé ëàáîðàòîðèåé.

Ïî ðåêîìåíäàöèè äèðåêòîðà Èíñòèòóòà ìîëåêóëÿðíîé áèîëîãèè ÀÍ ÑÑÑÐ
àêàäåìèêà Â.À. Ýíãåëüãàðäòà îñíîâíûì íàïðàâëåíèåì èññëåäîâàíèé íîâîé
ëàáîðàòîðèè ñòàëî èçó÷åíèå áèîëîãè÷åñêîé ðîëè ïîïóëÿðíûõ â ýòîò ïåðèîä ðàçâèòèÿ
ìîëåêóëÿðíîé áèîëîãèè âòîðè÷íûõ ïîñðåäíèêîâ – ñÀÌÐ, ñGMP è Ñà2+-ñâÿçûâàþùèõ
áåëêîâ. Îáúåêòîì èññëåäîâàíèÿ áûë âûáðàí ôåðìåíò – ñÀÌÐ-çàâèñèìàÿ
ïðîòåèíêèíàçà, äëÿ êîòîðîãî íàìè áûëè èçó÷åíû òîïîãðàôèÿ ñÀÌÐ-ñâÿçûâàþùåãî
ó÷àñòêà, ñòðóêòóðà è ôóíêöèîíàëüíûå ãðóïïû ÀÒÐ-ñâÿçûâàþùåãî ó÷àñòêà, ìåõàíèçì
àëëîñòåðè÷åñêîé ðåãóëÿöèè àêòèâíîñòè ôåðìåíòà è ïîäðîáíî èññëåäîâàíà
ñóáñòðàòíàÿ ñïåöèôè÷íîñòü ôåðìåíòà.

Â 1985 ã. ïî ðåêîìåíäàöèè àêàäåìèêà Þ.À. Îâ÷èííèêîâà ÿ áûë íàçíà÷åí
äèðåêòîðîì Èíñòèòóòà ïðèêëàäíîé ìîëåêóëÿðíîé áèîëîãèè Ìèíèñòåðñòâà
çäðàâîîõðàíåíèÿ ÑÑÑÐ ñ öåëåâîé çàäà÷åé ðàçðàáîòàòü âîçìîæíûå ïóòè âíåäðåíèÿ
äîñòèæåíèé ìîëåêóëÿðíîé áèîëîãèè è áèîõèìèè â ïðàêòè÷åñêóþ ìåäèöèíó. Íàó÷íûì
êîíñóëüòàíòîì Èíñòèòóòà áûë óòâåðæäåí àêàäåìèê Ð.Â. Ïåòðîâ, â ôîðìèðîâàíèè
íàó÷íîé ïðîãðàììû Èíñòèòóòà ó÷àñòâîâàëè àêàäåìèê Å.È. ×àçîâ, àêàäåìèê
Â.Ò. Èâàíîâ, àêàäåìèê Â.À. Êàáàíîâ, àêàäåìèê ÐÀÌÍ Í.Ï. Áî÷êîâ è äðóãèå âèäíûå
ó÷åíûå. Äëÿ ïîíèìàíèÿ ðàçâèòèÿ ðàçëè÷íûõ ïàòîëîãè÷åñêèõ ñîñòîÿíèé, íàõîæäåíèÿ
âîçìîæíûõ íîâûõ ìåòîäîâ ëå÷åíèÿ è ñîçäàíèÿ èçáèðàòåëüíî äåéñòâóþùèõ
ëåêàðñòâåííûõ ïðåïàðàòîâ áûëî ïðåäëîæåíî ïîäðîáíî èçó÷èòü ðåöåïòîðíûé ïîðòðåò
÷åëîâåêà è åãî çàâèñèìîñòü îò òå÷åíèÿ ïàòîëîãè÷åñêîãî ïðîöåññà â îïðåäåëåííûõ
îðãàíàõ-ìèøåíÿõ.

Â äîêëàäå áóäóò ïîäðîáíî îáñóæäåíû èçìåíåíèÿ ðåöåïòîðíîãî ïîðòðåòà â
êëåòêàõ-ìèøåíÿõ ÷åëîâåêà ïî ìåðå ðàçâèòèÿ çàáîëåâàíèÿ, íîâûå ìîëåêóëÿðíî-
áèîëîãè÷åñêèå ïîäõîäû ïðåîäîëåíèÿ ìíîæåñòâåííîé ëåêàðñòâåííîé óñòîé÷èâîñòè
ñ ïîìîùüþ ðåöåïòîð-îïîñðåäîâàííîãî ýíäîöèòîçà, à òàêæå âîçìîæíûå ïóòè
èçáèðàòåëüíîé äîñòàâêè öèòîñòàòèêîâ â îïóõîëåâûå òêàíè ñ öåëüþ ïðåîäîëåíèÿ
òîêñè÷åñêîãî ýôôåêòà ïðîòèâîîïóõîëåâûõ ëåêàðñòâåííûõ ïðåïàðàòîâ â îòíîøåíèè
èììóííîé ñèñòåìû ÷åëîâåêà.
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VITAMIN E IS ACTIVATED BY PHOSPHORYLATION TO
ααααα-TOCOPHERYL PHOSPHATE
Azzi A.
Vascular Biology Laboratory, JM USDA-HNRCA at Tufts University, Boston,
MA 02111, USA
E-mail: angelo.azzi@tufts.edu

Vitamin E (α-Tocopherol), traditionally described as an antioxidant, has revealed to
possess specific cellular functions that are independent of its radical scavenging properties.
It inhibits protein kinase C and PI3 kinase, as well as activates protein phosphatase 2A and
diacylglycerol kinase. Furthermore, at transcriptional level, several genes (the first to be
described have been CD36, α-TTP, α-tropomyosin, and collagenase) are modulated by
α-tocopherol [1]. α-Tocopheryl phosphate (α-TP) is synthesized and hydrolyzed in animal
cells and tissues; it modulates also several cell functions [2,3]. While it is similar to
α-tocopherol (α-T), α-TP appears to be more potent
than α-T in inhibiting cell proliferation, down
regulating CD36 transcription, inhibiting
atherosclerotic plaque formation etc. In cells and
animals α-TP does not act by liberating α-T; rather,
the intact molecule appears to be more potent than
α-T itself [4,5]). α-TP can be defined as the active
form of α-T. Administration of α-TP to cells or to
animals requires its transfer through membranes.
Specific inhibitors, glybenclamide and probenecid
showed to inhibit α-TP transport and to eliminate
the effects caused by α-TP to cells, in a dose-
dependent way. In a search for genes that are
specifically and strongly affected by α-TP, gene arrays
representing essentially all human genes were used. A group of genes was found that is up-
regulated by  α-TP but not by α-T; suggesting that in some cells  α-T is not sufficiently
converted to  α-TP. Genes which were regulated by both compounds were more affected
by  α-TP than by α-T.
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Àïîïòîç – èñêëþ÷èòåëüíî âàæíûé ìåõàíèçì ýëèìèíàöèè îïàñíûõ äëÿ
îðãàíèçìà êëåòîê, ê ÷èñëó êîòîðûõ îòíîñÿòñÿ âèðóñ-èíôèöèðîâàííûå è
îïóõîëåâûå êëåòêè. Óñòîé÷èâîñòü êëåòîê çëîêà÷åñòâåííûõ íîâîîáðàçîâàíèé
ê ïðîòèâîîïóõîëåâîé çàùèòå îðãàíèçìà, ê àðñåíàëó ñðåäñòâ êîòîðîé
îòíîñèòñÿ ñèñòåìà Fas-çàâèñèìîãî àïîïòîçà, ÿâëÿåòñÿ ñåðüåçíîé ïðîáëåìîé
êàê äëÿ ôóíäàìåíòàëüíîé íàóêè, òàê è äëÿ ïðàêòè÷åñêîé ìåäèöèíû. Îäíîé
èç ïðè÷èí óñòîé÷èâîñòè îïóõîëåâûõ êëåòîê ê öèòîòîêñè÷åñêîìó äåéñòâèþ
Fas-ëèãàíäà ìîæåò áûòü ïîâûøåííàÿ ïðîäóêöèÿ ðàñòâîðèìîãî Fas ýòèìè
êëåòêàìè. Ðàñòâîðèìûé Fas (sFas) ñïîñîáåí äèñòàíòíî èíãèáèðîâàòü äåéñòâèå
Fas-ëèãàíäà, îáåñïå÷èâàÿ êëåòêàì-ïðîäóöåíòàì sFas ïðåèìóùåñòâà â
âûæèâàíèè è ðàçìíîæåíèè.

Â äàííîì èññëåäîâàíèè ïðèâîäèòñÿ õàðàêòåðèñòèêà ïåðâîé
îòå÷åñòâåííîé òåñò-ñèñòåìû äëÿ èììóíîôåðìåíòíîãî îïðåäåëåíèÿ sFas â
ñûâîðîòêå êðîâè ÷åëîâåêà. Ïðèâîäèòñÿ àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ
îïðåäåëåíèÿ êîíöåíòðàöèè sFas ñ ïîìîùüþ ðàçðàáîòàííîé òåñò-ñèñòåìû ó
áîëåå òûñÿ÷è áîëüíûõ c îïóõîëÿìè ìîëî÷íîé æåëåçû, êîñòåé, ÿè÷íèêîâ, òåëà
ìàòêè, òîëñòîé êèøêè, íàäïî÷å÷íèêîâ è ùèòîâèäíîé æåëåçû. Â ðàáîòå
èçó÷åíû êîððåëÿöèîííûå ñâÿçè sFas ñ äðóãèìè ôàêòîðàìè, âîâëå÷åííûìè â
ïàòîãåíåç îíêîëîãè÷åñêèõ çàáîëåâàíèé – ðåöåïòîðàìè ýñòðîãåíîâ â òêàíè
îïóõîëåé ìîëî÷íîé æåëåçû, àêòèâàòîðîì ïëàçìèíîãåíà óðîêèíàçíîãî òèïà
(uPA), èíäóêòîðîì íåîàíãèîãåíåçà â îïóõîëè – VEGF, ïðîâîñïàëèòåëüíûì
öèòîêèíîì ñ øèðîêèì ñïåêòðîì áèîëîãè÷åñêîé àêòèâíîñòè – IL-6 è îáùåé
àêòèâíîñòüþ ùåëî÷íîé ôîñôàòàçû ïðè ñàðêîìàõ êîñòåé. Ïîêàçàíî, ÷òî
ðàñòâîðèìûé Fas âîâëå÷åí â ïàòîãåíåç îïóõîëåâûõ çàáîëåâàíèé: "âûñîêèé"
óðîâåíü sFas â ñûâîðîòêå êðîâè ñâÿçàí ñ ïîçäíèìè ñòàäèÿìè áîëåçíè ïðè
ðàêå ÿè÷íèêîâ, òåëà ìàòêè, òîëñòîé êèøêè è êîðû íàäïî÷å÷íèêîâ; ñ íèçêîé
ñòåïåíüþ äèôôåðåíöèðîâêè îïóõîëè ïðè ðàêå ÿè÷íèêîâ è òåëà ìàòêè; ñ
ãëóáèíîé èíâàçèè îïóõîëè â òêàíü ìèîìåòðèÿ, ñòåíêó êèøêè è â îêðóæàþùèå
òêàíè ïðè ðàêå òåëà ìàòêè è òîëñòîé êèøêè; ñ íàëè÷èåì îòäàëåííûõ ìåòàñòàç
ïðè êîëîðåêòàëüíîì è àäðåíîêîðòèêîëüíîì ðàêå. Ïîêàçàíî, ÷òî "âûñîêèé"
èñõîäíûé óðîâåíü sFas äîñòîâåðíî ñâÿçàí ñ óõóäøåíèåì ïîêàçàòåëåé îáùåé
è áåçðåöèäèâíîé âûæèâàåìîñòè áîëüíûõ îñòåîñàðêîìîé, ðàêîì ÿè÷íèêîâ,
ýíäîìåòðèÿ è àäðåíîêîðòèêàëüíûì ðàêîì, à òàêæå ÿâëÿåòñÿ íåáëàãîïðèÿòíûì
ôàêòîðîì â îöåíêå ýôôåêòèâíîñòè ïðèìåíåíèÿ íåîàäúþâàíòíîé
ïðîòèâîîïóõîëåâîé ëó÷åâîé òåðàïèè äëÿ áîëüíûõ êîëîðåêòàëüíûì ðàêîì.
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Äàííàÿ ðàáîòà ïîñâÿùåíà ýêñïåðèìåíòàëüíîé ïðîâåðêå
ñôîðìóëèðîâàííîé àâòîðîì ãèïîòåçû, â ñîîòâåòñòâèè ñ êîòîðîé
ïðåäïîëàãàåòñÿ, ÷òî ïðè ðàçðóøåíèè ñòðóêòóðû áèîëîãè÷åñêèõ îáúåêòîâ
ôîðìèðóåòñÿ èçëó÷åíèå, íåñóùåå èíôîðìàöèþ îá èõ ñâîéñòâàõ; ýòî
èçëó÷åíèå  ïðè îïðåäåëåííûõ óñëîâèÿõ ìîæåò âîçäåéñòâîâàòü íà äðóãèå
áèîëîãè÷åñêèå îáúåêòû, öåëåíàïðàâëåííî èçìåíÿÿ èõ ñâîéñòâà, ò.å. èãðàåò
ðîëü óïðàâëÿþùåãî äèñòàíöèîííîãî âîçäåéñòâèÿ.

Äëÿ ïðîâåðêè ýòîé ãèïîòåçû ñîçäàíà ñïåöèàëüíàÿ êîìïüþòèçèðîâàííàÿ
óñòàíîâêà.  Îíà ïðåäñòàâëÿåò ñîáîé äâóõêàìåðíóþ ñèñòåìó, â îäíó èç
èçîëèðîâàííûõ îò âíåøíåé ñðåäû êàìåð êîòîðîé ïîìåùàþò áèîëîãè÷åñêóþ
ñóáñòàíöèþ  (îáúåêò-èñòî÷íèê âîçäåéñòâèÿ), à â äðóãóþ – îáúåêò-ïðèåìíèê,
áèîëîãè÷åñêóþ ñóáñòàíöèþ, ñâîéñòâà êîòîðîé ïðåäïîëàãàåòñÿ èçìåíèòü ñ
ïîìîùüþ äèñòàíöèîííîãî âîçäåéñòâèÿ, âîçíèêàþùåãî â ìîìåíò ðàçðóøåíèÿ
ñòðóêòóðû îáúåêòà-èñòî÷íèêà – íàïðèìåð, ñ ïîìîùüþ íàãðåâà.  Êîíñòðóêöèÿ
óñòðîéñòâà èñêëþ÷àåò âîçìîæíîñòü ïåðåíîñà ýíåðãèè îò îáúåêòà-èñòî÷íèêà
ê îáúåêòó-ïðèåìíèêó.

Ïðèâåäåì õàðàêòåðíûå ðåçóëüòàòû, ïîëó÷åííûå ïðè
ýêñïåðèìåíòèðîâàíèè íà êëåòî÷íûõ êóëüòóðàõ. Èññëåäîâàíèÿ ïðîâîäèëèñü
ñîâìåñòíî ñ âåäóùèìè â îáëàñòè ìèêðîáèîëîãèè íàó÷íî-èññëåäîâàòåëüñêèìè
îðãàíèçàöèÿìè  (ÍÈÈ òðàíñïëàíòîëîãèè è èñêóññòâåííûõ îðãàíîâ, ÎÀÎ
"Áèîõèììàø", ÇÀÎ "Ëåéòðàí"). Ýêñïåðèìåíòû ðåàëèçîâûâàëèñü  ïî åäèíîé
ìåòîäèêå: ñòàíäàðòíûì ñïîñîáîì ôîðìèðîâàëèñü äâà îáðàçöà êëåòî÷íûõ
êóëüòóð – êîíòðîëüíûé è ýêñïåðèìåíòàëüíûé. Óñëîâèÿ, îáåñïå÷èâàþùèå èõ
âûðàùèâàíèå, õðàíåíèå,  òðàíñïîðòèðîâêó, áûëè àáñîëþòíî èäåíòè÷íûìè.
Ðàçëè÷èå çàêëþ÷àëîñü òîëüêî â òîì, ÷òî ýêñïåðèìåíòàëüíûé îáðàçåö
ïîäâåðãàëñÿ îáðàáîòêå â óñòàíîâêå.

1. Ýêñïåðèìåíòû ñ βββββ-êëåòêàìè. Â êà÷åñòâå îáúåêòà-ïðèåìíèêà â
äàííîì ñëó÷àå èñïîëüçîâàëàñü êóëüòóðà β-êëåòîê, ïðîäóöèðóþùèõ èíñóëèí.
Äèñòàíöèîííîå âîçäåéñòâèå ôîðìèðîâàëîñü ïðè ðàçðóøåíèè ñòðóêòóðû
(ñæèãàíèè) âåùåñòâà-èñòî÷íèêà – ñóáñòàíöèè, ñîäåðæàùåé ãåïàòîöèòû è
ïàíêðåîöèòû. Èçìåðÿåìûå âåëè÷èíû – êîëè÷åñòâî âûðàáàòûâàåìîãî
β-êëåòêàìè èíñóëèíà  äî îáðàáîòêè â óñòàíîâêå, ÷åðåç äâà ÷àñà ïîñëå îäíî-
èëè äâóêðàòíîé îáðàáîòêè è â êîíòðîëüíûõ îáðàçöàõ.

Óñòàíîâëåíî, ÷òî îáðàáîòêà îêàçûâàåò ÿâíîå ñòèìóëèðóþùåå âëèÿíèå
íà êóëüòóðó β-êëåòîê, óâåëè÷èâàÿ êîëè÷åñòâî âûðàáàòûâàåìîãî èìè èíñóëèíà
ïî ñðàâíåíèþ ñ èñõîäíûìè çíà÷åíèÿìè è êîíòðîëüíûìè îáðàçöàìè â ñðåäíåì
ïðèìåðíî íà 30% ïðè îäíîêðàòíîì âîçäåéñòâèè è íà 44% – ïðè äâóêðàòíîì.

2. Ýêñïåðèìåíò ñ êëåòêàìè Ëåéäèãà. Èñïîëüçîâàíà êëåòî÷íàÿ
êóëüòóðà Ëåéäèãà íîâîðîæäåííûõ ïîðîñÿò. Ýêñïåðèìåíòàëüíûé îáðàçåö

SOLUBLE Fas IN ONCOLOGY DISEASES
Abbasova S.G., Lipkin V.M.*, Kushlinskii N.E.**
Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
*Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
**Cancer Research Center RAMS, Moscow, Russia
E-mail: svetlanaabbasova@rambler.ru

Apoptosis is the mechanism of paramount importance to the disposal of cells
dangerous to the body, such as virus infected or cancerous cells. In the anti-tumor
defense of a human organism, one aspect of the lack of apoptotic elimination
stems from the development of resistance to the effects of the Fas-dependent system
of apoptosis, which is both a fundamental scientific and practical medical problem.
The resistance of malignant cells to the cytotoxic effect of Fas-ligand, among
other reasons, can be mediated by the increased production of soluble Fas (sFas)
by these cells. Soluble Fas is capable of distantly inhibiting the Fas-ligand action
thus providing advantageous survival and proliferation to the sFas-producing cells.

In the present research, the first Russian ELISA test system for assaying sFas
in human blood serum was characterized. The analysis of experimental sFas-
concentration data obtained using the system in over 1,000 patients with breast,
bone, uterine, colon, adrenal gland, thyroid gland, and ovarian cancer was
performed. The correlation was explored between sFas and other factors involved
in the pathogenesis of oncology diseases – the estrogen receptors in the mammary
gland tumor tissue, the urokinase-type plasminogen activator (uPA), the inducer
of tumor neoangiogenesis (VEGF), the proinflammatory cytokine with a broad
spectrum of biological activity (IL-6), and the total activity of the alkaline
phosphatase in bone sarcoma. It was demonstrated that soluble Fas is involved in
the pathogenesis of cancer diseases: The 'high' sFas level in the blood serum was
linked with:  a late stages of ovary, uterine, colon, and adrenal cortex cancer; with
a low-grade tumor differentiation in uterine and ovarian cancer; with the depth of
invasion of the tumor into myometrium in uterine cancer and into the walls of
colon and adjacent tissues in colon cancer; and with distant metastases in colorectal
and adrenal cortex cancer.  The 'high' sFas level was shown to reliably correlate
with the deterioration of overall performance and relapse-free survival of patients
with osteosarcoma, ovarian cancer, endometrial cancer, adrenocortical carcinoma;
it was shown to be an adverse factor in assessing the effectiveness of neoadjuvant
anti cancer radiation therapy for colorectal cancer patients.
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EXPERIMENTAL STUDY OF REMOTE CONTROL EFFECT ON
CELL CULTURES
Avshalumov À.S.
Institute of Cybernetic Medicine, Moscow, Russia
E-mail: alexander.avshalumov@gmail.com

This work describes experimental validation of author's hypothesis, which
assumes that during breakdown of biological objects structure radiation is generated
carrying information about their properties; under certain conditions this radiation
can affect other biological objects, directionally changing their properties, i.e., it
plays the role of remote control effect.

To check this hypothesis, a special computerized unit was created. It represents
a double-chamber system; one chamber isolated from an environment houses a
biological substance (a source-object), the other houses the receiver-object, which
is a biological substance whose properties should be changed with the remote
effect arising at a moment of breakdown of the source object structure, e.g., by
heating. The unit design precludes the energy transfer from source-object to
receiver-object.

The studies were performed together with the research organizations leading
in microbiology (Research Institute for Transplantology and Bioartificial Organs,
JSC "Biohimmash", Closed-JSC "Leytran"). The experiments were implemented
according to the same technique: two samples of cell cultures (control and
experimental) were formed the same way. The conditions ensuring their growth,
storage and transportation were identical. The only difference was that the
experimental sample was subjected to processing in the unit.

1. Beta-cell experiments. Here insulin producing culture of β-cells was used
as receiver object. The remote effect was formed during breakdown (combustion)
of source object structure – a substance containing hepatocytes and pancreocytes.
The measured values are amount of insulin generated by β-cells before processing
in the unit, two hours after single- or double- processing and in controlled samples.

The processing has obvious stimulating effect on the β-cell culture increasing
the amount of insulin generated by cells compared to initial values and controlled
samples on the average of approximately by 30% at single effect and by 44% – at
double effect.

2. Experiment with Leydig cells. Leydig cell culture of newborn pigs was
used. The experimental sample was subjected to the fivefold effect in the unit; the
remote effect formed at breakdown of testicles.

The following results were obtained: compared to the control one, the cell
proliferation index in the processed sample turned out to be higher by 54%, and
testosterone production was higher by 19%.

3. Experiment with human stem cells. Here, human mesenchymal stem
cells of postnatal period were used 30 days after culturing started the experimental
part was subject to the remote effect formed in the unit at a moment of source
object cardiomyocytes destruction  caused by the breakdown factor.

Significant increase of main characteristics of cell vital activity in the
experimental sample compared to the control one was recorded: proliferation index
– on the average by 21%, cardiomyocyte percent of total cell value – by 82%.

ïîäâåðãàëñÿ ïÿòèêðàòíîìó âîçäåéñòâèþ íà óñòàíîâêå; äèñòàíöèîííîå
âîçäåéñòâèå ôîðìèðîâàëîñü ïðè ðàçðóøåíèè òåñòèêóë.

Ïîëó÷åíû ñëåäóþùèå ðåçóëüòàòû: ïî ñðàâíåíèþ ñ êîíòðîëåì
êîýôôèöèåíò ïðîëèôåðàòèâíîé àêòèâíîñòè êëåòîê â îáðàáîòàííîì îáðàçöå
îêàçàëñÿ âûøå íà 54%, à ïðîäóöèðîâàíèå òåñòîñòåðîíà áîëüøå íà 19%.

3. Ýêñïåðèìåíò ñî ñòâîëîâûìè êëåòêàìè ÷åëîâåêà. Â ýêñïåðèìåíòå
èñïîëüçîâàíû ìåçåíõèìàëüíûå ñòâîëîâûå êëåòêè ÷åëîâåêà ïîñòíàòàëüíîãî
ïðîèñõîæäåíèÿ. ×åðåç 30 ñóòîê ïîñëå íà÷àëà êóëüòèâèðîâàíèÿ
ýêñïåðèìåíòàëüíàÿ ÷àñòü ïîäâåðãàëàñü äèñòàíöèîííîìó âîçäåéñòâèþ,
ôîðìèðóåìîìó â óñòàíîâêå â ìîìåíò ãèáåëè ïîä äåéñòâèåì ðàçðóøàþùåãî
ôàêòîðà êàðäèîìèîöèòîâ îáúåêòà-èñòî÷íèêà.

Çàôèêñèðîâàíî çíà÷èòåëüíîå óâåëè÷åíèå îñíîâíûõ õàðàêòåðèñòèê
æèçíåäåÿòåëüíîñòè êëåòîê â ýêñïåðèìåíòàëüíîì îáðàçöå ïî îòíîøåíèþ ê
êîíòðîëüíîìó: èíäåêñà ïðîëèôåðàöèè – â ñðåäíåì, íà 21%, äîëè
êàðäèîìèîöèòîâ â îáùåì ÷èñëå êëåòîê – íà 82%.

Îòìåòèì, ÷òî â êà÷åñòâå èñòî÷íèêà, ïðîäóöèðóþùåãî äèñòàíöèîííîå
âîçäåéñòâèå ïðè ñâîåé äåñòðóêòóðèçàöèè, âåçäå èñïîëüçîâàëèñü  èìåííî òå
áèîñóáñòàíöèè, êîòîðûå íåïîñðåäñòâåííî ñâÿçàíû ñî ñâîéñòâàìè
âîñïðèíèìàþùåé âîçäåéñòâèå êóëüòóðû êëåòîê è òåîðåòè÷åñêè ìîãóò íîñèòü
ñòèìóëèðóþùèé õàðàêòåð â íóæíîì äëÿ ïîëüçîâàòåëÿ íàïðàâëåíèè
(ãåïàòîöèòû è ïàíêðåîöèòû äëÿ β-êëåòîê, òåñòèêóëû – äëÿ êëåòîê Ëåéäèãà,
êàðäèîìèîöèòû – äëÿ ñòâîëîâûõ êëåòîê ÷åëîâåêà). Õàðàêòåðíî, ÷òî ïðè
ýêñïåðèìåíòèðîâàíèè ñî ñòâîëîâûìè êëåòêàìè â ðåçóëüòàòå
öåëåíàïðàâëåííîãî âîçäåéñòâèÿ ïðè äåñòðóêòóðèçàöèè êàðäèîîìèîöèòîâ
óâåëè÷èëîñü ïðîöåíòíîå ñîäåðæàíèå èìåííî êàðäèîìèîöèòîâ, à íå êàêèõ-
ëèáî èíûõ êëåòîê, ïðèñóòñòâîâàâøèõ â èñõîäíîé êóëüòóðå â ïðèìåðíî ðàâíîé
ïðîïîðöèè.

Ïîñëåäóþùåå øèðîêîå ïîäòâåðæäåíèå îáíàðóæåííîãî ôåíîìåíà
óïðàâëÿþùåãî äèñòàíöèîííîãî âîçäåéñòâèÿ è  âûÿâëåíèå åãî ôèçè÷åñêîãî
íîñèòåëÿ ìîãóò îòêðûòü íîâîå ïåðñïåêòèâíîå íàïðàâëåíèå â ìîëåêóëÿðíîé
áèîëîãèè, ïðåäñòàâëÿþùåå ñóùåñòâåííûé íàó÷íûé è ïðàêòè÷åñêèé èíòåðåñ.
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Êîìïëåêñû ëèïèäîâ ñ ÄÍÊ ìîãóò áûòü èñïîëüçîâàíû êàê èíñòðóìåíò
ãåííîé òåðàïèè. Â íàñòîÿùåå âðåìÿ ðàçâèòèå ýòîãî íàïðàâëåíèÿ îãðàíè÷åíî
ýôôåêòèâíîñòüþ èìåþùèõñÿ ñðåäñòâ íàïðàâëåííîé äîñòàâêè ÄÍÊ â êëåòêè-
ìèøåíè. Ìåòîä ëèïîôåêöèè, îñíîâàííûé íà èñïîëüçîâàíèè êàòèîííûõ
ëèïèäîâ äëÿ ñîçäàíèÿ ñèñòåìû äîñòàâêè ÄÍÊ, èìååò ðÿä ïðåèìóùåñòâ:
ìîëåêóëû ÄÍÊ, çàùèùåííûå ëèïèäíîé îáîëî÷êîé, íå ðàçðóøàþòñÿ â
êðîâîòîêå, íå èíôåêöèîííû è íå èììóíîãåííû.

Êîíñòðóèðîâàíèå êîìïëåêñîâ, ñîñòîÿùèõ èç ÄÍÊ, îêðóæåííûõ ñëîåì
êàòèîííûõ ëèïèäîâ è ëèïèäàìè, âûïîëíÿþùèìè ôóíêöèè çàùèòû
êîìïëåêñîâ îò èììóíîêîìïåòåíòíûõ êëåòîê çà ñ÷åò îáðàçîâàíèÿ ñòåðè÷åñêè-
ñòàáèëèçèðîâàííîé ïîâåðõíîñòè, ÿâëÿåòñÿ íàèáîëåå ïåðñïåêòèâíûì. Îäíàêî,
ñóùåñòâåííîå âëèÿíèå íà ýôôåêòèâíîñòü ëèïîôåêöèè îêàçûâàþò ñòðóêòóðà
èñïîëüçóåìûõ ëèïèäîâ, ñîñòàâ ëèïèäíîé ñìåñè è ñïîñîá ïðèãîòîâëåíèÿ
êîìïëåêñîâ. Êðîìå òîãî, êîìïëåêñû ìîãóò èìåòü ðàçëè÷íóþ ñòðóêòóðó. Â
ëèòåðàòóðå èìåþòñÿ ñâåäåíèÿ î êîìïëåêñàõ â âèäå ÄÍÊ, ñâÿçàííîé ñ
ïîâåðõíîñòüþ êàòèîííûõ ëèïîñîì, ëèáî çàêëþ÷åííîé âî âíóòðåííèé âîäíûé
îáúåì îáðàùåííîé ãåêñàãîíàëüíîé ôàçû, ëèáî ñâÿçàííîé ìåæäó ñëîÿìè
ëàììåëÿðíîé ôàçû è äð. Òàêàÿ íåîäíîçíà÷íîñòü ñòðóêòóðû íå äàåò
âîçìîæíîñòè íè îïòèìèçèðîâàòü òåõíîëîãèþ ïîëó÷åíèÿ êîìïëåêñîâ, íè
ïîâëèÿòü íà èõ óñòîé÷èâîñòü è ýôôåêòèâíîñòü äîñòàâêè ÄÍÊ.

Íà îñíîâå ñèíòåçèðîâàííîãî íàìè ðàíåå êàòèîííîãî ïðîèçâîäíîãî
õîëåñòåðèíà – N-[4-xîëåñò-5-åí-3β-èëîêñèêàðáîíèë)áóòèë] ïèðèäèíèé
áðîìèäà â ñî÷åòàíèè ñî âñïîìîãàòåëüíûìè ëèïèäàìè íàìè áûëà îòðàáîòàíà
òåõíîëîãèÿ ïðèãîòîâëåíèÿ êîìïëåêñîâ ëèïèäîâ ñ ÄÍÊ, õàðàêòåðèçóþùèõñÿ
óçêèì è ðåãóëèðóåìûì ðàñïðåäåëåíèåì ïî ðàçìåðàì. Ðàçìåðû è ñòðóêòóðà
êîìïëåêñîâ èññëåäîâàíû ñ ïîìîùüþ ëàçåðíîãî äèíàìè÷åñêîãî
ñâåòîðàññåÿíèÿ è ýëåêòðîííîé ìèêðîñêîïèè. Ñëèÿíèå êîìïëåêñîâ ñ
ëèïîñîìàìè èçó÷åíî ñ ïîìîùüþ èíäóêòèâíî-ðåçîíàíñíîãî ïåðåíîñà ýíåðãèè.

Ðàáîòà ïîääåðæàíà ÐÔÔÈ, ãðàíò ¹ 09-03-00874-à.

As a source producing the remote effect during its destruction, those
biosubstances were used which were directly related to properties of the cell culture
under effect and, theoretically, they can have a stimulating nature in direction
needed for user (hepatocytes and pancreocytes for β-cells, testicles – for Leydig
cells, cardiomyocytes – for human mesenchymal stem cells). Characteristically,
when experimenting with the stem cells, the directional effect on the cardiomyocyte
destruction resulted in significant increase of percentage of just cardiomyocytes,
and not other cells, presented in the initial culture in approximately equal proportion.

Subsequent broad confirmation of the discovered phenomenon of the remote
control effect and revealing its physical carrier can open a new perspective direction
in the molecular biology representing essential scientific and practical interest.
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Ìåëàôåí (ïðîèçâîäíîå ìåëàìèíà è ôîñôèíîâîé êèñëîòû) –
ñèíòåòè÷åñêèé ðåãóëÿòîð ðîñòà ðàñòåíèé, äåéñòâóþùèé â ñâåðõìàëûõ äîçàõ,
ïîâûøàþùèé óðîæàéíîñòü è ñòðåññîóñòîé÷èâîñòü. Â íàñòîÿùåå âðåìÿ
èçó÷àåòñÿ åãî áèîëîãè÷åñêàÿ àêòèâíîñòü è èññëåäóåòñÿ åãî äåéñòâèå íà êëåòêè
æèâîòíûõ – àñöèòíûå êëåòêè íà 7-å ñóòêè ðàçâèòèÿ êàðöèíîìû Ýðëèõà (ÀÊÝ).

Êàê áûëî ïîêàçàíî ðàíåå, ìåëàôåí âëèÿåò íà äâå ìèøåíè íà ïîâåðõíîñòè
êëåòîê – íà ïóðèíîðåöåïòîðû PY2 è Ñà2+-ïðîâîäÿùèå êàíàëû åìêîñòíîãî
âõîäà (CRAC), çíà÷èòåëüíî ñíèæàÿ èõ àêòèâíîñòü. Ñà2+-Ñèãíàëüíàÿ ñèñòåìà
êëåòîê ÀÊÝ ïîäâåðãàåòñÿ óãíåòåíèþ äàæå ïðè êîíöåíòðàöèÿõ 10-10-10-11 Ì.
Â òî æå âðåìÿ Ñà2+-ñèãíàëüíàÿ ñèñòåìà êëåòîê îêàçûâàåò âëèÿíèå íà êàëüöèé-
ñâÿçûâàþùèå áåëêè ðÿäà S100, êîòîðûå ñâÿçûâàþòñÿ ñ áåëêîì ð53, èçìåíÿÿ
åãî òðàíñêðèïöèîííóþ àêòèâíîñòü, è òåì ñàìûì, âîçìîæíî, îñóùåñòâëÿÿ
ïóòè òðàíñäóêöèè ñèãíàëà àïîïòîçà. Ïðè ýòîì, áåëîê S100B ìîæåò îêàçûâàòü
êàê ïðîòåêòèâíûé (â íàíîìîëÿðíûõ êîíöåíòðàöèÿõ), òàê è äåãåíåðàòèâíûé
èëè ïðîàïîïòîòè÷åñêèé ýôôåêò (â ìèêðîìîëÿðíûõ êîíöåíòðàöèÿõ).

Ìåòîäîì èììóíîáëîòòèíãà áûëî èçó÷åíî âëèÿíèå ìåëàôåíà â íèçêîé
êîíöåíòðàöèè (10-10 Ì) íà ñîäåðæàíèå áåëêà ðåãóëÿòîðà ð53 è
àíòèàïîïòîçíîãî áåëêà Bcl-2 â êëåòêàõ ÀÊÝ â çàâèñèìîñòè îò
ïðîäîëæèòåëüíîñòè âîçäåéñòâèÿ. Ïîëó÷åííûå äàííûå ïîêàçûâàþò
óâåëè÷åíèå êîëè÷åñòâà ð53 è ñíèæåíèå Bcl-2 ÷åðåç 1,5 ÷àñà ïîñëå
âîçäåéñòâèÿ, â òî âðåìÿ êàê ÷åðåç 0,5 ÷àñà ñóùåñòâåííûõ èçìåíåíèé íå
íàáëþäàëîñü. Ïî-âèäèìîìó, íàáëþäàåìûå ýôôåêòû ñâèäåòåëüñòâóþò î
ðàçâèòèè àïîïòîçà ÷åðåç 1,5 ÷àñà ïîñëå âîçäåéñòâèÿ ìåëàôåíà. Ýòî
ñîãëàñóåòñÿ ñ òåì ôàêòîì, ÷òî ñâåðõìàëûå êîíöåíòðàöèè ìåëàôåíà (10-12,
10-13 Ì) ñòèìóëèðóþò ïåðåäà÷ó ñèãíàëà, óñèëèâàÿ ïåðâè÷íîå îñâîáîæäåíèå
èîíîâ Ñà2+ èç âíóòðèêëåòî÷íûõ Ñà2+-äåïî, â òî âðåìÿ êàê ïðè êîíöåíòðàöèè
10-10 Ì è âûøå ïðåïàðàò íà÷èíàåò óãíåòàòü ñèñòåìó Ñà2+-îòâåòà.
Ïðåäïîëàãàþòñÿ âîçìîæíûå ìåõàíèçìû äåéñòâèÿ ìåëàôåíà.

DESIGNING OF LIPID-DNA COMPLEXES BASED ON CATIONIC
DERIVATIVE OF CHOLESTEROL
Alekseeva A.S., Maslov M.A.*, Boldyrev I.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Lomonosov State Academy of Fine Chemical Technology, Moscow, Russia
E-mail: anna@lipids.ibch.ru

Lipid-DNA complexes can be used as the instrument of gene therapy.
Evolution of this field is now restricted by existing techniques of targeted delivery
of DNA to cells. Lipofection, which is a cationic lipid based transfection technology,
has a number of advantages: DNA molecules, covered by lipid shield, are protected
from decomposition in blood flow; lipid-DNA complexes are neither infectious
nor immunogenic. Perspective structure of such complexes includes DNA
surrounded with a cationic lipid layer and a second lipid layer which provides a
steric barrier to interaction with biological fluid components and prevents uptake
of complexes by cells of the RES. However, lipofection efficiency depends on
structure of lipids, composition of lipid mixture and a method of preparation.
Moreover, structures of complexes can be different. Possible structures include
DNA bound on the surface of cationic liposomes, as well as encapsulated in internal
water volume of inverted hexagonal phase or fixed between layers of lamellar
phase, etc. This uncertainty restricts further development of the methodology. It is
difficult to optimize stability of the complexes and efficiency of DNA delivery.

Previously we have synthesized cationic derivative of cholesterol – N-[4-
(cholest-5-en-3β-yloxycarbonyl)butyl] peridinium bromide. Using these lipid and
lipid-helpers we have developed a technique of lipid/DNA complexes preparation.
Resulting cationic cholesterol complexes have narrow and adjustable size
distribution. The size and structure of these complexes have been studied using
dynamic laser light scattering and electron microscopy. Interactions with liposomes
have been studied using FRET (fluorescence resonance energy transfer).

This work was financially supported by RFBR, grant 09-03-00874-a.
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ÏÎËÈÏÅÏÒÈÄÍÛÅ ÌÎÄÓËßÒÎÐÛ TRPV1 ÐÅÖÅÏÒÎÐÀ ÈÇ
ÌÎÐÑÊÎÉ ÀÍÅÌÎÍÛ HETERACTIS CRISPA
Àíäðååâ ß.À., Êîçëîâ Ñ.À., Ãðèøèí Å.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
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Ïîëèïåïòèäíûå ìîäóëÿòîðû TRPV1 ìîãóò èìåòü âàæíîå çíà÷åíèå äëÿ
ðàçðàáîòêè íîâûõ àíàëüãåòè÷åñêèõ ñðåäñòâ. Ïî ñðàâíåíèþ ñ
íèçêîìîëåêóëÿðíûìè àíàëîãàìè îíè ñïîñîáíû îêàçûâàòü áîëåå ñïåöèôè÷íîå
òåðàïåâòè÷åñêîå âîçäåéñòâèå è âûçûâàòü ìåíüøåå êîëè÷åñòâî ñèñòåìíûõ
ïîáî÷íûõ ýôôåêòîâ. Êðîìå òîãî, íà èõ îñíîâå îòêðûâàåòñÿ âîçìîæíîñòü
îïòèìèçàöèè ñòðóêòóðû è, ñëåäîâàòåëüíî, áèîëîãè÷åñêèõ ñâîéñòâ ìîëåêóëû
ïóòåì ìóòàãåíåçà.

Ìîðñêèå àíåìîíû – îäíè èç ñàìûõ äðåâíåéøèõ õèùíûõ æèâîòíûõ. Îíè
îõîòÿòñÿ íà ìåëêèõ ðûá, ðàêîîáðàçíûõ è ìîëëþñêîâ, îáåçäâèæèâàÿ èõ ïðè
ïîìîùè ñòðåêàòåëüíûõ êëåòîê (íåìàòîöèñòîâ) ùóïàëåö, ðàñïîëîæåííûõ
âîêðóã ðîòîâîãî îòâåðñòèÿ. Èç ÿäà íåìàòîöèñòîâ àíåìîí áûëî âûäåëåíî
áîëüøîå êîëè÷åñòâî áèîëîãè÷åñêè àêòèâíûõ ìîëåêóë: ìåìáðàíîàêòèâíûå
ïåïòèäû è áåëêè, íåéðîòîêñèíû (áëîêàòîðû Na+- è Ê+-êàíàëîâ), èíãèáèòîðû
ñåðèíîâûõ ïðîòåèíàç.

Ïîìèìî íåéòðàëüíûõ è òîêñè÷íûõ êîìïîíåíòîâ àíåìîíû ïðîäóöèðóþò
ïîëèïåïòèäíûå êîìïîíåíòû ñ àíàëüãåòè÷åñêèì  äåéñòâèåì. Òàêîé ýôôåêò
äîñòèãàåòñÿ çà ñ÷åò áëîêèðîâàíèÿ èëè èçìåíåíèÿ õàðàêòåðèñòèê ïðîâåäåíèÿ
ñèãíàëà (ìîäóëèðîâàíèå äåéñòâèÿ) ðÿäà íåéðîíàëüíûõ ðåöåïòîðîâ.

Öåëåíàïðàâëåííûå èññëåäîâàíèÿ ïî ïîèñêó ïðèðîäíûõ àíàëüãåòè÷åñêèõ
ñîåäèíåíèé ïîçâîëèëè íàì êîìáèíàöèåé ðàçëè÷íûõ õðîìàòîãðàôè÷åñêèõ
ìåòîäîâ âûäåëèòü èç ýêñòðàêòà íåìàòîöèñòîâ ìîðñêîé àíåìîíû Heteractis
crispa 3 àêòèâíûõ ïîëèïåïòèäà ÀÐÍÑ1, ÀÐÍÑ2, ÀÐÍÑ3. Ýòè ïîëèïåïòèäû
îáëàäàþò ðàçëè÷íîé ñïîñîáíîñòüþ èíãèáèðîâàòü â ýêñïåðèìåíòàõ in vitro
îäèí èç îñíîâíûõ ðåöåïòîðîâ è èíòåãðàòîðîâ áîëåâûõ ñòèìóëîâ TRPV1.
Ýôôåêòèâíîñòü èõ àíàëüãåòè÷åñêîãî äåéñòâèÿ íà æèâîòíûõ ìîäåëÿõ áûëà
òàêæå ðàçëè÷íà. Ïîëó÷åííûå äàííûå ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî
ïîëèïåïòèäû ÀÐÍÑ1-3 ñïîñîáíû ýôôåêòèâíî èíãèáèðîâàòü TRPV1 êàíàëû
in vivo, à òàêæå ìîãóò áûòü èñïîëüçîâàíû â êà÷åñòâå îñíîâû äëÿ ñîçäàíèÿ
íîâûõ ñåëåêòèâíûõ àíàëüãåòè÷åñêèõ ëåêàðñòâåííûõ ïðåïàðàòîâ. Àíàëèç
ïðîñòðàíñòâåííîé ñòðóêòóðû ïîëèïåïòèäîâ ÀÐÍÑ1-3 è íåàêòèâíûõ
ãîìîëîãîâ èç ýêñòðàêòà íåìàòîöèñòîâ H. crispa ïîçâîëÿåò ïðåäïîëîæèòü
ôóíêöèîíàëüíî âàæíûå îñòàòêè, íåîáõîäèìûå äëÿ âçàèìîäåéñòâèÿ ñ TRPV1.

INFLUENCE OF MELAFEN ON THE CONTENT OF P53 AND
BCL-2 PROTEINS IN THE EHRLICH ASCETIC CARCINOMA
Albantova À.À., Mil E.M.*, Binyukov V.I.*, Alekseeva O.M.*,
Fattahov S.G.**, Konovalov A.I.**, Burlakova E.B.*
MPTI, Dolgoprudnyi, Russia
*Emanuel Institute of Biochemical Physics RAS, Moscow, Moscow, Russia
E-mail: olgavek@yandex.ru,
Fax (495 137-41-01; tel.: (495) 939-74-09
**Arbuzov Institute of Organic and Physical Chemistry, Kazan Research Center
RAS, Kazan, Russia

Melafen (derivative of melamine and phosphinic acid) – a synthetic growth
factor of plants raising their productivity and stress stability, operating in super
low doses. Now its biological activity is studying and its action on the cells of
animals – ascetic cells on 7 days of development is investigated.

 Earlier was shown melafen influence on two targets surfaces of cells
simultaneously – on purinoreceptors PY2 and on Ca2+-release-activated Ca2+-
channels (CRAC), considerably reducing their activity in therapheutical doses.
The Ca2+-transduction system of animal cells – Ehrlich ascetic carcinoma is
inhibited even at concentration of 10-10-10-11 M. At that the Ca2+-transduction system
of the cells have influence on calcium-binding proteins of S100 family which
interacts with p53 and modulates its transcriptional activity and by that probably
carry out of transduction paths of apoptosis. So proteins S100B can induce as
protective (in nanomolar concentration) and also degenerative or proapoptotic
effect (in micromolar concentration) because that the different ways in which S100
proteins modulate p53 function.

In work has been studied the influence of melafen in concentration of 10-10 M
on the content of the protein- regulator ð53 and the antiapoptotic Bcl-2 protein in
ascetic cells during the time by immunoblotting method . The obtained data shows
increase of ð53 and decrease Bcl-2 in 1,5 hours after influence, while through 0,5
hours no changes were observed. Apparently, these effects may be connected with
the development of apoptosis in 1.5 hours after influence.

It agree with data that at super low concentrations of melafen (10-12, 10-13 Ì)
stimulated the signal transduction, increasing the Ca2+-releasing from intracellular
Ca2+-store. But at the bigger concentrations melafen begin to depress the overall
cell response. Possible mechanisms of action melafen are assumed.
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Ñóðâèâèí ýêñïðåññèðóåòñÿ â áîëüøèíñòâå ðàêîâûõ îïóõîëåé è â
ýìáðèîíàëüíûõ êëåòêàõ, íî îòñóòñòâóåò â òåðìèíàëüíî äèôôåðåíöèðîâàííûõ
êëåòêàõ, çà èñêëþ÷åíèåì òèìóñà, ýíäîòåëèàëüíûõ êëåòîê è íåðâíûõ
ñòâîëîâûõ êëåòîê ïðè àíãèîãåíåçå. Ïîêàçàíà ýêñïðåññèÿ ñóðâèâèíà ïðè ðàêå
ëåãêîãî, êèøå÷íèêà, æåëóäêà, ïèùåâîäà, ïîäæåëóäî÷íîé æåëåçû, ïå÷åíè,
ìî÷åâîãî ïóçûðÿ, ìàòêè, ÿè÷íèêà, êðóïíîêëåòî÷íûõ íå-Õîäæêèíîâñêèõ
ëèìôîìàõ, ëåéêåìèÿõ, íåéðîáëàñòîìàõ, îïóõîëÿõ ìîçãà, ôåîõðîìîöèòîçå,
ñàðêîìàõ, ìåëàíîìàõ è ò.ä. Êðîìå òîãî, ýêñïðåññèÿ ñóðâèâèíà áûëà
îáíàðóæåíà â ðàçëè÷íûõ ïðåíåîïëàñòè÷åñêèõ è äîáðîêà÷åñòâåííûõ
îïóõîëÿõ, âêëþ÷àÿ ïîëèïû êèøå÷íèêà, àäåíîìû ìîëî÷íîé æåëåçû,
ýïèäåðìèñ àòèïè÷íûõ êåðàòèíîöèòîâ ïðè áîëåçíè Áîóýíà, ãèïåðòðîôè÷åñêèé
àêòèíè÷åñêèé êåðàòîç. Ýòî ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî ýêñïðåññèÿ åãî
âîçîáíîâëÿåòñÿ íà ðàííèõ ñòàäèÿõ çëîêà÷åñòâåííîé òðàíñôîðìàöèè èëè
âñëåäñòâèå íàðóøåíèÿ áàëàíñà ìåæäó ïðîëèôåðàöèåé è êëåòî÷íîé ñìåðòüþ.
Óâåëè÷åíèå ýêñïðåññèè â îïóõîëÿõ ÷åëîâåêà ïîäòâåðæäàåòñÿ
ïîëíîãåíîìíûìè èññëåäîâàíèÿìè. Âûñîêèé óðîâåíü ýêñïðåññèè ñóðâèâèíà
â îïóõîëÿõ êîððåëèðóåòñÿ ñ èõ ïðîãðåññèåé è ñ÷èòàåòñÿ íåãàòèâíûì
ïðîãíîñòè÷åñêèì ôàêòîðîì äëÿ íåêîòîðûõ îïóõîëåé. Íàïðèìåð, áûëî
ïîêàçàíî, ÷òî âûñîêîå ñîäåðæàíèå áåëêà ñóðâèâèíà àññîöèèðîâàíî ñ áîëåå
àãðåññèâíûì ôåíîòèïè÷åñêèì ïðîÿâëåíèåì ðàçëè÷íûõ îïóõîëåé è ñ ìåíüøåé
âåðîÿòíîñòüþ âûæèâàíèÿ ïàöèåíòà [Dohi et al., 2004; Fortugno P. et al. 2002].

Êëèíè÷åñêèå èññëåäîâàíèÿ âûÿâèëè, ÷òî ïàöèåíòû, ðàêîâûå êëåòêè
êîòîðûõ èìåëè ïîâûøåííûé óðîâåíü ýêñïðåññèè ãåíà BIRC5(áåëîê-
ñóðâèâèí), áûëè çíà÷èòåëüíî óñòîé÷èâåå ê õèìèîòåðàïèè [Altura R.A. et al.,
2003]. Ñíèæåíèå óðîâíÿ ýêñïðåññèè ýòîãî áåëêà â ðàêîâûõ îïóõîëÿõ ïðèâîäèò
ê óâåëè÷åíèþ àïîïòîçà è îñòàíîâêå ðîñòà îïóõîëè [Altieri D.C. et al., 2003].

Â ñèëó ÿðêî âûðàæåííîé äèôôåðåíöèàëüíîé ýêñïðåññèè ñóðâèâèíà
ìåæäó íîðìîé è îïóõîëüþ, ýòîò áåëîê ñëóæèò îïóõîëåâûì ìàðêåðîì.
Ïîâûøåííàÿ ýêñïðåññèÿ ñóðâèâèíà ïðèâîäèò ê ïðîãðåññèðîâàíèþ ðàêîâûõ
çàáîëåâàíèé, îáðàçîâàíèþ îïóõîëåé, óñòîé÷èâûõ åùå è ê ðàäèîòåðàïèè.
Ñóðâèâèí ìîæíî äåòåêòèðîâàòü â îïóõîëåâûõ òêàíÿõ èììóíîõèìè÷åñêèìè
ìåòîäàìè, ÷òî ñëóæèò áûñòðûì è óäîáíûì ìåòîäîì äèàãíîñòèêè õàðàêòåðà
ðàçâèâàþùåéñÿ îïóõîëè.

Äëÿ äèàãíîñòè÷åñêîãî îïðåäåëåíèÿ áåëêà ñóðâèâèíà â ðàçëè÷íûõ
îáðàçöàõ áûë ïîëó÷åí ðåêîìáèíàíòíûé ñóðâèâèí è ñïåöèôè÷íûå
ìîíîêëîíàëüíûå àíòèòåëà ê íåìó. Â ðåçóëüòàòå èññëåäîâàíèÿ ðàçðàáîòàí è
ïðîõîäèò àïðîáàöèþ äèàãíîñòèêóì ïî îïðåäåëåíèþ ñóðâèâèíà â ðàçëè÷íûõ
áèîëîãè÷åñêèõ îáðàçöàõ ìåòîäîì ÈÔÀ.

POLYPEPTIDE MODULATORS OF TRPV1 RECEPTOR FROM
SEA ANEMONE HETERACTIS CRISPA
Andreev Ya.A., Kozlov S.A., Grishin E.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: ay@land.ru

Polypeptide modulators of TRPV1 receptor can have great value for analgesic
drugs development. They could have more specific therapeutic action and less
systemic side effects then small molecule antagonists. Moreover polypeptide
molecule gives an opportunity for optimization of pharmacological properties by
changing structure using mutagenesis.

Sea anemones are one of eldest preying animals. Anemones prey for small
fish, crustaceans and shellfishes using their tentacles that contain stinging cell
(nematocysts). Venoms of nematocysts are well-known sources for the isolation
of biologically active polypeptide molecules such as membrane active peptides
and proteins, neurotoxins (Na+-, K+-channel blockers), serine protease inhibitors.

Beside of toxic and neutral components, anemones produce polypeptide
components with analgesic action. This effect is a result of blocking or modulating
(changing features of signal transduction) of neuronal receptors.

Searching of natural analgesic compounds resulted in isolation of 3 analgesic
polypeptides (APHC1, APHC2, APHC3) from extract of sea anemone Heteractis
crispa. These polypeptides have different ability to inhibit one of the main receptor
and integrator of pain stimuli TRPV1. Their ability to produce analgesia in vivo
models of pain is also different. Our data suggest that polypeptides APHC1-3 can
efficiently inhibit TRPV1 in vivo and could be a base for new selective analgesic
pharmaceuticals. Spatial structure analysis of APHC1-3 and neutral homologues
from extract of H. crispa revealed potential residues necessary for TRPV1 binding.
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Àóòîèììóííûå áîëåçíè îòíîñÿòñÿ ê îäíèì èç íàèáîëåå
ðàñïðîñòðàíåííûõ çàáîëåâàíèé â ìèðå è çàíèìàþò òðåòüå ìåñòî ïî ÷àñòîòå
âñòðå÷àåìîñòè, ïðîÿâëÿÿñü ó 5-8% íàñåëåíèÿ. Ê ôàêòîðàì, èíäóöèðóþùèì
ðàçâèòèå ýòèõ çàáîëåâàíèé, îòíîñÿòñÿ ãåíåòè÷åñêàÿ ïðåäðàñïîëîæåííîñòü,
èíôåêöèÿ è êñåíîáèîòèêè, ñðåäè êîòîðûõ îñîáîå ìåñòî çàíèìàþò òÿæåëûå
ìåòàëëû è èõ ñîåäèíåíèÿ. Èíúåêöèè ñóáëåòàëüíûõ äîç õëîðèäà ðòóòè
(1,6 ìã/êã) ìûøàì ëèíèè SJL/J ïðèâîäÿò ê  ðàçâèòèþ àóòîèììóííîãî
ïðîöåññà, õàðàêòåðèçóþùåãîñÿ ïîÿâëåíèÿì â êðîâè àóòîàíòèòåë ê áåëêó
ÿäðûøêà ôèáðèëëàðèíó (34 êÄà). Íàëè÷èå â êðîâè àóòîàíòèòåë ê
ôèáðèëëàðèíó õàðàêòåðíî äëÿ ðÿäà àóòîèììóííûõ çàáîëåâàíèé ÷åëîâåêà è
êîððåëèðóåòñÿ ñ ïëîõèìè ïðîãíîçàìè. Ñóùåñòâóþò òàêæå ëèòåðàòóðíûå
äàííûå, õîòÿ è âåñüìà îãðàíè÷åííûå, îá îáíàðóæåíèè àóòîàíòèòåë ê
ôèáðèëëàðèíó ó ëþäåé ñ îïðåäåëåííûì ãåíîòèïîì, ïîäâåðãàþùèõñÿ
ñèñòåìàòè÷åñêîìó âîçäåéñòâèþ ðòóòè. Â íàñòîÿùåå âðåìÿ ìåõàíèçì
âîçíèêíîâåíèÿ àóòîàíòèòåë ê ôèáðèëëàðèíó ïîä äåéñòâèåì õëîðèäà ðòóòè
íåèçâåñòåí. Îäíà èç ãèïîòåç – èçìåíåíèå ïîä äåéñòâèåì ðòóòè êîíôîðìàöèè
ôèáðèëëàðèíà, èìåþùåãî â ñâîåì ñîñòàâå àìèíîêèñëîòû, áîãàòûå
öèñòåèíîì. Âñëåäñòâèå "íåïðàâèëüíîãî" ïðîòåîëèçà èçìåíåííîãî ðòóòüþ
áåëêà â îðãàíèçìå ïîÿâëÿþòñÿ ïåïòèäû, íåòèïè÷íûå äëÿ ïðîòåîëèçà
"íîðìàëüíîãî" ôèáðèëëàðèíà. Ýòè ïåïòèäû óçíàþòñÿ êëåòêàìè èììóííîé
ñèñòåìû, ïðèçíàþòñÿ "÷óæèìè" è ïðîèñõîäèò âûðàáîòêà àíòèòåë ê öåëîìó
áåëêó. Â íàøåé ðàáîòå ìû ïðîâåëè ïåïòèäíî-áåëêîâîå ïðîôèëèðîâàíèå
ñûâîðîòîê êðîâè ñ èñïîëüçîâàíèåì âðåìÿïðîëåòíîé ÌÀËÄÈ ìàññ-
ñïåêòðîìåòðèè ñ öåëüþ ïîèñêà õàðàêòåðíûõ äëÿ èíäóöèðîâàííîãî õëîðèäîì
ðòóòè àóòîèììóííîãî ïðîöåññà ïåïòèäíî-áåëêîâûõ ïàòòåðíîâ ñûâîðîòîê
êðîâè ìûøåé. Áûëî óñòàíîâëåíî, ÷òî, óæå íà÷èíàÿ ñ òðåòüåé íåäåëè ïîñëå
èíúåêöèè äîç õëîðèäà ðòóòè ìûøàì, âîçíèêàþò èçìåíåíèÿ ïåïòèäíî-
áåëêîâîãî ñîñòàâà ñûâîðîòêè êðîâè, ñîïðÿæåííûå ñ ïîÿâëåíèåì ó æèâîòíûõ
àóòîàíòèòåë ê ôèáðèëëàðèíó.

DEVELOPMENT OF DIAGNOSTICUM SYSTEM FOR DETECTION
OF PROTEIN SURVIVIN IN BIOLOGICAL SAMPLES
Antipova N.V., Zavalova L.L., Shahparonov M.I.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: nadine.antipova@gmail.com

Survivin expresses on the majority of tumor and embryonic cells but it is
absent on terminally differentiated cells with the exception  of thymus, endothelial
cells and founder nerve cells in angiogenesis. Survivin expression has been
demonstrated for lung cancer, intestine cancer, stomach cancer, esophagus cancer,
pancreas cancer, liver cancer, urocyst cancer, womb cancer, ovarian carcinoma,
microcellular (none-Hodgkin) lymphoma, leukemia, neuroblastoma, tumors of
brain, pheochromocytoma, sarcoma, melanoma, etc. Survivin expression has been
also detected for different pre-neoplastic and benign tumors, including intestine
polypus, breast adenoma, Bowen's disease, hypertrophic actinic keratosis. It allows
suggesting that survivin expression renewed at early stages of malignant
transformation or due to breaking of balance between proliferation and cell death.
Increasing of survivin expression in  human tumors is confirmed by  full genomic
investigations. High level of survivin expression in tumors correlates with their
progression and is considered as negative prognostic factor for some tumors. For
example, it has been demonstrated that high content of survivin protein associates
with more aggressive phenotypical manifestation of different tumors and lower
variety of patient survival [Dohi et al., 2004; Fortugno P. et al. 2002].

It has been demonstrated in clinical trials that patients with increased level of
BIRC5 (survivin protein) gene expression cancer cells were considerably stable
to chemotherapy [Altieri D.C. et al., 2003].

Due to highly marked differential expression of survivin between norm and
tumor this protein serves as tumor's marker. Increased expression of survivin brings
to cancer diseases progress, formation of tumors stable to radiotherapy. survivin
can be detected in tumor tissues by immunochemistry methods as fast and
convenient methods for diagnosis of progressing tumor character.

Recombinant survivin and specific monoclonal antibodies have been obtained
for diagnostic determination of survivin protein in different samples. As a result of
investigation diagnosticum for survivin detection in different biological samples
by solid phase ELISA has been worked out and is the process of approbation.
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ÌÅÕÀÍÈÇÌ ÁÈÎËÎÃÈ×ÅÑÊÎÃÎ ÄÅÉÑÒÂÈß ÔÈËÜÒÐ-
ÝËÅÌÅÍÒÎÂ ÈÇ ÏÎÐÈÑÒÎÃÎ ÏÎËÈÝÒÈËÅÍÀ,
ÌÎÄÈÔÈÖÈÐÎÂÀÍÍÛÕ ÍÀÍÎ×ÀÑÒÈÖÀÌÈ ÑÅÐÅÁÐÀ
Àðòàìîíîâ À.À., Öåòëèí Â.Â., Ðåâèíà À.À.*, Åðìàêîâ Â.È.**
Èíñòèòóò ìåäèêî-áèîëîãè÷åñêèõ ïðîáëåì ÐÀÍ, Ìîñêâà, Ðîññèÿ
*Èíñòèòóò ôèçè÷åñêîé õèìèè è ýëåêòðîõèìèè èì. À.Í. Ôðóìêèíà ÐÀÍ,
Ìîñêâà, Ðîññèÿ
**Ðîññèéñêèé õèìèêî-òåõíîëîãè÷åñêèé óíèâåðñèòåò èì. Ä.È. Ìåíäåëååâà,
Ìîñêâà, Ðîññèÿ

Íà ñåãîäíÿøíèé äåíü ñóùåñòâóåò ìíåíèå, ÷òî äåéñòâèå íàíî÷àñòèö (Í×)
ñåðåáðà ñâÿçàíî ñ ïåðåõîäîì èõ  â èîííîå ñîñòîÿíèå è ðàñòâîðåíèåì â âîäå,
íî, ïî äàííûì ñïåêòðîñêîïèè, ðàñòâîðåíèÿ Í× íå îáíàðóæèâàåòñÿ äëÿ
ìîäèôèöèðîâàííûõ íàíî÷àñòèöàìè ñåðåáðà ïîâåðõíîñòåé. Ïî íàøèì
ïðåäñòàâëåíèÿì, îñíîâíûì ôàêòîðîì. îêàçûâàþùèì àíòèáàêòåðèàëüíîå
äåéñòâèå, ÿâëÿåòñÿ âîçíèêàþùàÿ êîíòàêòíàÿ ðàçíîñòü ïîòåíöèàëîâ íà
ïîâåðõíîñòè ýòèõ ÷àñòèö. Åñëè ó÷åñòü, ÷òî ìèêðîîñòðèå íàêàïëèâàåò çàðÿä,
ïðè ýòîì âîêðóã íåãî ýëåêòðîñòàòè÷åñêîå ïîëå óñèëèâàåòñÿ â íåñêîëüêî ðàç,
òî ìîæíî ïðåäïîëîæèòü, ÷òî àíòèìèêðîáíîå âîçäåéñòâèå îêàçûâàþò èìåííî
ýëåêòðè÷åñêèå ñèëû,  âîçíèêàþùèå ìåæäó áàêòåðèåé è Í×, ÷òî ìîæåò
âûçûâàòü ýëåêòðîïîðàöèþ è ëèçèñ ìåìáðàí. Åùå îäèí ôàêòîð –
âîçíèêíîâåíèå âûäåëåííûõ íàïðàâëåíèé àêêóìóëÿöèè, ÷òî  ïîçâîëÿåò
êîíöåíòðèðîâàòü ýëåêòðîìàãíèòíóþ ýíåðãèþ â øèðîêîì äèàïàçîíå äëèí âîëí
íåïîñðåäñòâåííî îêîëî Í×. Ýòî ïðåäïîëîæåíèå áûëî ïðîâåðåíî íà
ýêñïåðèìåíòàëüíîé óñòàíîâêå, ïðåäñòàâëåííîé â ðàáîòå [Öåòëèí Â.Â.,
Àðòàìîíîâ À.À., Áîíäàðåíêî Â.À., Ôåäîòîâà È.Â. Î âðåìåííûõ âàðèàöèÿõ
òîêîâ ïðîâîäèìîñòè âîäû â ýëåêòðîõèìè÷åñêîé ÿ÷åéêå. Ñîëíå÷íî-çåìíàÿ
ôèçèêà. 2008. Ò.2. Ñ.361-363]. Ýêñïåðèìåíòàëüíî ïîêàçàíî, ÷òî íàíî-
ìîäèôèêàöèÿ âíóòðåííåé ïîâåðõíîñòè ýëåêòðîõèìè÷åñêîé ÿ÷åéêè ïðèâîäèò
ê èçìåíåíèþ êîíòàêòíîé ðàçíîñòè ïîòåíöèàëîâ â 2,5 ðàçà.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ãðàíòà ÐÔÔÈ ¹ 09-08-
00758.

SEARCH FOR MARKERS OF AUTOIMMUNITY IN MICE USING
MALDI TOF MS PROFILLING OF SERA
Arapidi G.P., Krasilshchikova M.S., Zatsepina O.V., Ziganshin R.H.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: msk@ibch.ru
Fax/tel.: (495) 727-38-61

Autoimmune diseases affect approximately 5-8% of the human population.
It has been proposed that predisposing genetics, infections and xenobiotics, for
example heavy metals, are among the crucial factors responsible for the
autoimmunity induction.  Sublethal doses (1,6 mg/kg) of mercuric chloride
administered to SJL/J mice induce the production of the autoantibodies targeting
the nucleolar protein fibrillarin (34 kDa). Antifibrillarin autoantibodies found in
the autoimmune patients correlates with poor prognosis. Some, but rather limited
data, have shown that antifibrilarin autoantibodies were present in the sera of people,
chronically exposed to mercury. The mechanism of mercury induced autoantibody
production is unknown. The direct alteration of fibrillarin, rich in cysteins, with
mercury - is one of the existing hypothesis. The abnormal proteolysis of altered
fibrillarin leads to the production of "cryptic" peptides, atypical for the proteolysis
of normal fibrillarin. These "cryptic" peptides may be recognized as non-self by
the immune system resulting in development of autoantibodies targeting native
fibrillarin.

To find peptide-protein patterns specific for the mercury-induced
autoimmuniny in mice we have conducted the peptide-protein profiling of the
blood sera of the autoimmune mice using the time-of-flight MALDI MS. We have
observed changes in the peptide-protein composition of the autoimmune sera
possibly associated with the appearance of anti-fibrillarin autoantibodies.



122 123

ÌÎËÅÊÓËßÐÍÛÅ ÌÅÕÀÍÈÇÌÛ ÇÀÙÈÒÍÛÕ ÝÔÔÅÊÒÎÂ
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ÌÎÄÅËÜÍÛÕ ÁÅËÊÎÂÛÕ ÑÓÁÑÒÐÀÒÎÂ
Àðòåìîâà Í.Â., Áóìàãèíà Ç.Ì., Ãóðâèö Á.ß.
Èíñòèòóò áèîõèìèè èì. À.Í. Áàõà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: ximikk@gmail.com
Ôàêñ: (495) 954-27-32; òåë.: (495) 954-30-66

Ïðåäñòàâëåíû íîâûå äàííûå, êàñàþùèåñÿ àêòèâíîñòè îïèîèäíûõ
ïåïòèäîâ. Øèðîêèé ñïåêòð ôèçèîëîãè÷åñêèõ ôóíêöèé êîðîòêèõ ïåïòèäíûõ
ôðàãìåíòîâ áåëêîâ ïèùè, íå ñâÿçàííûõ ñ ïðîÿâëåíèåì èõ îïèîèäíûõ èëè
ïèùåâûõ ñâîéñòâ, âûçûâàåò èíòåðåñ ê èññëåäîâàíèþ ñïîñîáíîñòè
"íåêëàññè÷åñêèõ" ýêçîãåííûõ îïèîèäíûõ ïåïòèäîâ, ðóáèñêîëèíà-5 (Tyr-Pro-
Leu-Asp-Leu) è ýêçîðôèíà Ñ (Tyr-Pro-Ile-Ser-Leu), ñâÿçûâàòüñÿ òàêæå ñ
ðàçâåðíóòûìè áåëêàìè, ïðåäîòâðàùàòü èõ ñòðåññ-èíäóöèðîâàííóþ
íåîáðàòèìóþ àãðåãàöèþ è èíàêòèâàöèþ è ïîääåðæèâàòü èõ â ðàñòâîðèìîì
ñîñòîÿíèè. Ýòè ïåïòèäû ïðîÿâëÿþò óñòîé÷èâîñòü ê îãðàíè÷åííîìó
ïðîòåîëèçó è ñïîñîáíû íàêàïëèâàòüñÿ â êðîâè è ðàçëè÷íûõ òêàíÿõ â
çíà÷èòåëüíûõ êîëè÷åñòâàõ.  Èññëåäîâàëè äâå ìîäåëüíûå ñèñòåìû: àãðåãàöèþ
àëüôà-ëàêòàëüáóìèíà (ËÀ) èç êîðîâüåãî ìîëîêà, èíäóöèðîâàííóþ ïîä
äåéñòâèåì äèòèîòðåèòîëà, è àãðåãàöèþ è èíàêòèâàöèþ êàðáîêñèàíãèäðàçû
(ÊÀ) áûêà â ïðîöåññå åå ðåôîëäèíãà ïîñëå ñíÿòèÿ äåíàòóðèðóþùåãî
âîçäåéñòâèÿ ãóàíèäèíãèäðîõëîðèäà.  Ñ èñïîëüçîâàíèåì ìåòîäîâ
äèíàìè÷åñêîãî ëàçåðíîãî ñâåòîðàññåÿíèÿ è òóðáèäèìåòðèè
ïðîäåìîíñòðèðîâàíî êîíöåíòðàöèîííî-çàâèñèìîå ïîäàâëåíèå
èíòåíñèâíîñòè ñâåòîðàññåÿíèÿ àìîðôíûõ àãðåãàòîâ ËÀ â ïðèñóòñòâèè
ñèíòåòè÷åñêèõ ïåïòèäîâ è ïåðåðàñïðåäåëåíèå ïîïóëÿöèé íàíî÷àñòèö ñ
îáðàçîâàíèåì àãðåãàòîâ ñ ìåíüøåé âåëè÷èíîé ãèäðîäèíàìè÷åñêîãî ðàäèóñà
ïî ñðàâíåíèþ ñ êîíòðîëåì, à òàêæå  óñêîðåíèå ðåàêòèâàöèè ÊÀ è óâåëè÷åíèå
âûõîäà ðàñòâîðèìîãî áåëêà. Äàííûå òðèïòîôàíîâîé ôëóîðåñöåíöèè è
êðóãîâîãî äèõðîèçìà ñâèäåòåëüñòâóþò î âçàèìîäåéñòâèè ìåæäó ïåïòèäîì è
áåëêîì. Ïðåäïîëîæåíî, ÷òî êîìïëåêñ áåëîê – ïåïòèä ëåæèò â îñíîâå
ïðîÿâëåíèÿ èññëåäóåìûìè îïèîèäíûìè ïåïòèäàìè ðàçëè÷íûõ
áèîëîãè÷åñêèõ ôóíêöèé.

Ðàáîòà ïîääåðæàíà ïðîãðàììîé Ïðåçèäèóìà ÐÀÍ "Ìîëåêóëÿðíàÿ è
êëåòî÷íàÿ áèîëîãèÿ" è ãðàíòîì ÐÔÔÈ 08-04-00666-a.

THE MECHANISM OF BIOLOGICAL ACTION OF THE
FILTER-LEMENTS FROM POROUS POLYETHYLENE MODIFIED
NANO-PARTICLES SILVER
Artamonov A.A., Revina A.A., Tsetlin V.V.*, Ermakov V.I.**
Institute of Medical and Biological Problems RAS, Moscow, Russia
*Frumkin Institute of Physical Chemistry and Electrochemistry RAS, Moscow,
Russia
**Mendeleyev University of Chemical Technology of Russia, Moscow, Russia

For today there is an opinion, that action nano-particle of silver binded with
their transition in an ionic condition and dissolution in water, but according to
spectroscopy LF dissolution is not found out for modified nano-particle silver of
surfaces. On our representations, a major factor. Having antibacterial an effect, is
an arising contact potential difference on a surface of these particles. If to consider,
that the microedge accumulates a charge, thus round it the electrostatic field
amplifies several times it is possible to assume, that antimicrobic influence is
rendered by the electric forces arising between a bacterium and nano-particle that
can cause destruction under the influence of electric field and lysis membranes.
One more factor – occurrence of the allocated directions of accumulation that
allows to concentrate electromagnetic energy in a wide range of lengths of waves
directly about nano-particles. This assumption has been checked up on experimental
installation presented in work [Tsetlin V.V., Artamonov A.A., Bondarenko V. A,
Fedotova I.V. About time variations of currents of conductivity of water in an
electrochemical cell. Sun-terrestrial physics. 2008. V.2. P.361-363]. It is
experimentally shown, that nano-updating of an internal surface of an
electrochemical cell leads to change of a contact potential difference in 2,5 times.
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ÐÅÊÎÌÁÈÍÀÍÒÍÎÃÎ ÁÅËÊÀ LIF (LEUKEMIA INHIBITORY
FACTOR)
Áàçàëèé À.Â., Ðûìàðü Ñ.Å.
Èíñòèòóò ìîëåêóëÿðíîé áèîëîãèè è ãåíåòèêè ÍÀÍÓ, Êèåâ, Óêðàèíà
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Öèòîêèíû – ýòî áîëüøàÿ è ðàçíîîáðàçíàÿ ãðóïïà áåëêîâ, êîòîðûå
ÿâëÿþòñÿ áåëêàìè-ïîñðåäíèêàìè, ïðèíèìàþùèìè ó÷àñòèå â ìåæêëåòî÷íîé
ïåðåäà÷å ñèãíàëîâ è çàïóñêå ñèãíàëüíûõ êàñêàäîâ âíóòðè êëåòêè. Îäíèì èç
òàêèõ öèòîêèíîâ ÿâëÿåòñÿ LIF (Leukemia inhibitory factor). LIF ðåãóëèðóåò
ìíîæåñòâî áèîëîãè÷åñêèõ ôóíêöèé, â ÷àñòíîñòè, êîíòðîëèðóåò èììóííóþ
ñèñòåìó, ÿâëÿåòñÿ êëþ÷åâûì ôàêòîðîì â èìïëàíòàöèè áëàñòîöèñòû ó
ìëåêîïèòàþùèõ, âëèÿåò íà ãåìîïîýòè÷åñêóþ ñèñòåìó, ïðèíèìàåò ó÷àñòèå â
îòâåòå îðãàíèçìà íà ïîâðåæäåíèå íåðâíûõ âîëîêîí, óñèëèâàåò âûæèâàíèå è
ïðîëèôåðàöèþ ìûøå÷íûõ êëåòîê è ò.ä. Îí îáåñïå÷èâàåò ñîñòîÿíèå
ïëþðèïîòåíòíîñòè ìûøèíûõ ýìáðèîíàëüíûõ ñòâîëîâûõ êëåòîê, èãðàåò
âàæíóþ ðîëü â ïðîëèôåðàöèè ðàçëè÷íûõ ñòâîëîâûõ êëåòîê in vitro.

Èñõîäÿ èç âàæíîé áèîëîãè÷åñêîé ðîëè LIF, öåëüþ ðàáîòû áûëî
êëîíèðîâàíèå ãåíà LIF ÷åëîâåêà, ïîëó÷åíèå ðåêîìáèíàíòíîãî áåëêà â êëåòêàõ
E. ñoli è åãî î÷èñòêà. C ïîìîùüþ RT-PCR íà ìàòðèöå ìÐÍÊ ïëàöåíòû áûëà
ïîëó÷åíà êÄÍÊ, êîäèðóþùàÿ çðåëûé áåëîê. Ïîñëåäîâàòåëüíîñòü,
êîäèðóþùàÿ çðåëûé áåëîê, áûëà ñóáêëîíèðîâàíà â âåêòîð ýêñïðåññèè pET24.
Ýêñïðåññèÿ ïîëó÷åííîé ïëàçìèäû ïðèâîäèëà ê ñèíòåçó ðåêîìáèíàíòíîãî
áåëêà ñ ìîëåêóëÿðíîé ìàññîé ïðèáëèçèòåëüíî 20 êÄà. Îïòèìèçàöèÿ
ýêñïðåññèè LIF ïðèâåëà ê âûõîäó áåëêà â 100-120 ìã â ëèòðå êóëüòóðû. Äëÿ
äîïîëíèòåëüíîãî ïîâûøåíèÿ óðîâíÿ ýêñïðåññèè ðåêîìáèíàíòíîãî LIF íà
5'-êîíöå êÄÍÊ, êîäèðóþùåé LIF, áûëà ñäåëàíà çàìåíà íóêëåîòèäîâ â øåñòè
êîäîíàõ ñ öåëüþ àäàïòàöèè ìàòðèöû ê èçîàêöåïòîðíîìó ñïåêòðó òÐÍÊ E. ñoli,
êîòîðàÿ ïðèâåëà ê ïîâûøåíèþ óðîâíÿ ýêñïðåññèè íà 25%. Áûëè ïîäîáðàíû
óñëîâèÿ î÷èñòêè òåëåö âêëþ÷åíèÿ, ñîäåðæàùèõ ðåêîìáèíàíòíûé LIF, â
ðåçóëüòàòå ÷åãî ñòåïåíü î÷èñòêè ñîñòàâèëà 50%. Ïðè ïîìîùè èîíîîáìåííîé
õðîìàòîãðàôèè ðàñòâîðåííûé áåëîê â àíàëèòè÷åñêèõ êîëè÷åñòâàõ áûë
î÷èùåí äî 95% ÷èñòîòû. Áèîëîãè÷åñêàÿ àêòèâíîñòü áåëêà áûëà ïðîâåðåíà
íà êëåòêàõ ìûøèíîé ìèåëîèäíîé ëåéêåìè÷åñêîé ëèíèè Ì1. Ïîêàçàíî, ÷òî
ïîëó÷åííûé íàìè ðåêîìáèíàíòíûé áåëîê ïðèâîäèò ê äèôôåðåíöèðîâêå
êëåòîê ëèíèè Ì1.

Òàêèì îáðàçîì, íàìè ïîëó÷åí ïðîäóöåíò ðåêîìáèíàíòíîãî áåëêà LIF
÷åëîâåêà. Ìàêñèìàëüíûé óðîâåíü ýêñïðåññèè ñîñòàâëÿåò 170-180 ìã/ë
êóëüòóðû.

MOLECULAR MECHANISMS OF PROTECTIVE EFFECTS OF
FOOD-DERIVED OPIOID PEPTIDES IN STRESS-INDUCED
AGGREGATION AND INACTIVATION OF MODEL PROTEIN
SUBSTRATES
Artemova N.V., Bumagina Z.M., Gurvits B.Ya.
A.N. Bach Institute of Biochemistry RAS, Moscow, Russia
E-mail: ximikk@gmail.com
Fax: (495) 954-27-32; tel.: (495) 954-30-66

A new view of the opioid peptides is presented. The activity of food-derived
small opioid peptides having many physiological functions beyond the opioid-
like activity or the nutritional

requirement, as a result of interaction with a wide variety of proteins, resistance
to partial proteolysis and accumulation in blood and tissues in large quantities
prompted us to examine whether the "nonclassical" exogenous opioid peptides,
rubiscolin-5 (Tyr-Pro-Leu-Asp-Leu) and exorphin C (Tyr-Pro-Ile-Ser-Leu) can
also bind to partly unfolded stressed proteins to prevent their irreversible
aggregation and inactivation and keep them soluble. To address this concept, we
investigated two model systems: the dithiothreitol-induced aggregation of alpha-
lactalbumin (LA) and aggregation and inactivation of bovine carbonic anhydrase
(CA) in the process of its refolding after removal of stress conditions. Using
dynamic light scattering and turbidimetry we have demonstrated the concentration-
dependent suppression of light scattering intensity of the amorphous aggregates
of LA in the presence of the synthetic peptides, the populations of nanoparticles
with higher hydrodynamic radii being shifted to the lower ones. The presence of
the peptides in the refolding solution was shown to promote reactivation of CA
and enhance the yield of soluble protein. Results of intrinsic tryptophan fluorescence
and circular dichroism measurements revealed the peptide - protein interaction
suggesting that the complex could be involved in various biological activities of
the peptides.

The research is supported by the grant from the Presidium of the Russian
Academy of Sciences, Program "Molecular and Cell Biology" and RFBR grant
08-04-00666-a.
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ÎÒ ÍÀÓ×ÍÎÉ ÐÀÇÐÀÁÎÒÊÈ ÄÎ ËÅÊÀÐÑÒÂÅÍÍÎÃÎ
ÏÐÅÏÀÐÀÒÀ
Áàèðàìàøâèëè Ä.È.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: bdi@kou.ibch.ru

Â Ðîññèéñêîé Ôåäåðàöèè îêàçàëàñü íå ðåàëèçîâàííîé ñòàíäàðòíàÿ äëÿ
çàðóáåæíîãî îïûòà ìîäåëü ðàçðàáîòêè ëåêàðñòâåííûõ ñðåäñòâ ñ
ïîñëåäóþùèì èõ ïðîèçâîäñòâîì, îñíîâàííàÿ íà ïåðåäà÷å/ïðîäàæå
ðåçóëüòàòîâ íàó÷íîãî èññëåäîâàíèÿ â "start up"-êîìïàíèþ. "Start up"
çàíèìàåòñÿ êîììåðöèàëèçàöèåé ïðîäóêòà ñ ïðîäàæåé è ïðàâîì èñïîëüçîâàíèÿ
êîìïàíèÿìè "Áèãôàðìû", êîòîðûå òàêèì îáðàçîì ôèíàíñèðóþò âñþ öåïî÷êó.
Îòñóòñòâèå ïîäîáíîé ñõåìû è ðàçðóøåíèå ñòàðîé ñèñòåìû (àêàäåìè÷åñêèå
ÍÈÈ – îòðàñëåâûå ÍÈÈ – ôàðìàöåâòè÷åñêèå çàâîäû) ñâÿçàíû, â ïåðâóþ
î÷åðåäü, ñ íå î÷åíü ÷åòêîé ãîñóäàðñòâåííîé ïîëèòèêîé â îáëàñòè ðàçâèòèÿ
ôàðìïðîìûøëåííîñòè.

Ïðèíÿòèå êîíöåïöèè ðàçâèòèÿ îòðàñëè "Ôàðìà-2020" ïîçâîëÿåò
íàäåÿòüñÿ íà ïîçèòèâíûå èçìåíåíèÿ è âîñòðåáîâàííîñòü ñóùåñòâóþùåãî
îïûòà ñîçäàíèÿ è âíåäðåíèÿ â ïðîèçâîäñòâî áèîôàðìàöåâòè÷åñêèõ
ëåêàðñòâåííûõ ñðåäñòâ (ËÑ) íà Îïûòíîì áèîòåõíîëîãè÷åñêîì ïðîèçâîäñòâå
ÈÁÕ ÐÀÍ.  Ñïåöèôèêà Áèîôàðìû äàåò âîçìîæíîñòü âûäåëèòü ïðîèçâîäñòâî
àêòèâíîé ôàðìàöåâòè÷åñêîé ñóáñòàíöèè (ÀÔÑ) â îòäåëüíóþ
òåõíîëîãè÷åñêóþ áèçíåñ-åäèíèöó. Êîíå÷íîå ËÑ (ãîòîâàÿ ëåêàðñòâåííàÿ
ôîðìà – ÃËÔ) ìîæåò âûïóñêàòüñÿ ëþáûì ôàðìàöåâòè÷åñêèì ïðåäïðèÿòèåì.
Íàøå ïîäðàçäåëåíèå èìååò: ëèöåíçèþ íà ïðîèçâîäñòâî ËÑ; àêêðåäèòîâàííóþ
êîíòðîëüíî-àíàëèòè÷åñêóþ ëàáîðàòîðèþ; îïûò ðåãèñòðàöèè ËÑ; àëãîðèòì
îôîðìëåíèÿ èíòåëëåêòóàëüíîé ñîáñòâåííîñòè, êâàëèôèöèðîâàííûõ
ñïåöèàëèñòîâ – òåõíîëîãîâ; îïûò ðàñ÷åòà ýêîíîìè÷åñêîé ýôôåêòèâíîñòè è
ïðîåêòèðîâàíèÿ. Èñïîëüçóÿ ñóùåñòâóþùèé áàçèñ, ðàçóìíîé ïðåäñòàâëÿåòñÿ
ñëåäóþùàÿ ïîñëåäîâàòåëüíîñòü ðàáîòû:

- ìàðêåòèíãîâàÿ ýêñïåðòíàÿ îöåíêà íàó÷íîé ðàçðàáîòêè;
- îöåíêà âîçìîæíîñòè ïàòåíòîâàíèÿ ðåçóëüòàòîâ íàó÷íîé ðàçðàáîòêè;
- îöåíêà âîçìîæíîñòè ðåãèñòðàöèè ËÑ;
- òåõíîëîãè÷åñêàÿ âîçìîæíîñòü ðåàëèçàöèè;
- ðàñ÷åò ýêîíîìè÷åñêîé ýôôåêòèâíîñòè ïðè âíåäðåíèè â ïðîèçâîäñòâî.
Íà ñóùåñòâóþùèõ ðåàëèçîâàííûõ è òåêóùèõ ïðîåêòàõ äåìîíñòðèðóåòñÿ

ýôôåêòèâíîñòü ïðåäëîæåííîé êîíöåïöèè.

OPTIMIZATION OF EXPRESSION AND PURIFICATION OF
RECOMBINANT PROTEIN LIF (LEUKEMIA INHIBITORY
FACTOR)
Bazalii A.V., Rymar S.E.
Institute of Molecular Biology and Genetics of NASU, Kiev, Ukraine
E-mail: bazalii_andrii@mail.ru
Tel.: 8(044) 526-55-96

Cytokines are a various and large group of proteins, which are protein
messengers and participate in intercellular signaling and the intracellular signaling
pathways. One of the pleiotropic cytokines is leukemia inhibitory factor (LIF).
LIF regulates a lot of biological functions and in particular controls immune system.
It is a crucial factor in mammalian blastocyst implantation. LIF is involved in
pituitary development, cell proliferation, and tumor formation. It influences on
hemopoietic system, participates in organism response on injure of nerves, improves
the self-renewal and muscle cells proliferation and so on. LIF is a factor which
maintains a pluripotency of murine embryonic stem cells and plays an important
role in proliferation of different stem cells in vitro.

Starting from important biological role of LIF the aim of our study were a
cloning of LIF gene, obtaining of recombinant proteins in E. coli cells and its
purification. During our investigation cDNA encoding mature protein was obtained
on human placenta mRNA by using RT-PCR.

Sequence which encodes mature protein was subcloned into pET24 expression
vector. E. coli strain BL21(DE3)RP were transformed by obtained recombinant
plasmid. Induction by IPTG (isopropyl-D-thiogalactopyranoside) led to synthesis
of recombinant protein whose molecular mass was 20 kDa approximately. Selection
of respective cultural mediums and induction conditions resulted production of
protein in concentration 100-120 mg/l of culture.

Nucleotides of six codons on 5'-terminal cDNA which encodes LIF were
substituted in order to adapt mRNA to isoacceptor spectrum of E. coli tRNAs for
additional increasing of expression level of recombinant LIF. Substitution of
nucleotides resulted in increasing of expression level by 25%. Inclusion bodies
were purified using 1% Triton X-100 and 6M urea. The dissolved protein was
purified in analytical quantity (95%) using ion exchange chromatography.
Biological activity of protein was tested using murine myeloid cell line M1. Our
investigation showed that obtained recombinant protein resulted in M1 cells
differentiation.

Thus, first in Ukraine human LIF gene was cloned and E. coli strain producer
of human recombinant protein LIF was obtained. Its expression was optimized.
Maximum level of expression was 170-180 mg/l.
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ÁÅËÎÊ ÍÎÃÃÈÍ2 – ÑÅÊÐÅÒÈÐÓÅÌÛÉ ÈÍÃÈÁÈÒÎÐ
Smad2-ÇÀÂÈÑÈÌÎÃÎ TGF-beta ÑÈÃÍÀËÜÍÎÃÎ ÊÀÑÊÀÄÀ
ÐÅÃÓËÈÐÓÅÒ ÐÀÍÍÅÅ ÐÀÇÂÈÒÈÅ ÏÅÐÅÄÍÅÃÎ ÌÎÇÃÀ
Áàéðàìîâ À.Â., Åðîøêèí Ô.Ì., Ìàðòûíîâà Í.Þ., Åðìàêîâà Ã.Â.,
Ñîëîâüåâà Å.À., Ñåðåáðÿêîâà Ì.Â., Çàðàéñêèé À.Ã.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: andrbayr@gmail.com

Èçâåñòíûé ýìáðèîíàëüíûé èíäóêòîð íîããèí1 èãðàåò êëþ÷åâóþ ðîëü â
çàêëàäêå è ôîðìèðîâàíèè íåðâíîé ñèñòåìû ïîçâîíî÷íûõ, à òàêæå â øèðîêîì
ñïåêòðå äðóãèõ îíòîãåíåòè÷åñêèõ ïðîöåññîâ, â ÷àñòíîñòè, â äèôôåðåíöèðîâêå
ñêåëåòíûõ ìûøö, ðàçâèòèè ñóñòàâîâ, ÷åðåïíûõ øâîâ, âîëîñÿíûõ ëóêîâèö è
êðîâåíîñíûõ ñîñóäîâ. Áûëî óñòàíîâëåíî, ÷òî â îñíîâå äåéñòâèÿ áåëêà
íîããèí1 ëåæèò åãî ñïîñîáíîñòü ñâÿçûâàòü è èíàêòèâèðîâàòü ìîëåêóëû BMP
(bone morphogenetic proteins) – ðîñòîâûõ ôàêòîðîâ èç ñóïåðñåìåéñòâà
TGF-beta. Êðîìå "êëàññè÷åñêîãî" áåëêà íîããèí1 (ðàíåå – íîããèí) íåäàâíî
áûëè îòêðûòû åùå äâå ãðóïïû íîããèí áåëêîâ ïîçâîíî÷íûõ – íîããèí2 è
íîãèí4. Îòëè÷èÿ àìèíîêèñëîòíûõ ïîñëåäîâàòåëüíîñòåé è ýêñïðåññèè
íîããèí1, íîããèí2 è íîããèí4 óêàçûâàþò íà âîçìîæíûå ðàçëè÷èÿ
áèîëîãè÷åñêèõ ôóíêöèé ýòèõ áåëêîâ.

Íà ðàííèõ ñòàäèÿõ ðàçâèòèÿ øïîðöåâîé ëÿãóøêè ãåí íîããèí2
ýêñïðåññèðóåòñÿ â îáëàñòè çà÷àòêà áóäóùåãî ïåðåäíåãî ìîçãà, ãäå îí, ïîäîáíî
íîããèí1, ìîæåò èíãèáèðîâàòü Smad1-çàâèñèìûé (BMP) TGF-beta ñèãíàëüíûé
êàñêàä. Íàìè ïîêàçàíî, ÷òî, â îòëè÷èå îò áåëêà íîããèí1, íîããèí2 îáëàäàåò
ñïîñîáíîñòüþ ñâÿçûâàòü ìîëåêóëû áåëêà activinB è ïîäàâëÿòü àêòèâíîñòü
Smad2-çàâèñèìîãî (nodal/activin) ñèãíàëüíîãî êàñêàäà. Ýòî ïîäòâåðæäàåòñÿ
ñïîñîáíîñòüþ íîããèí2 ïîäàâëÿòü ôîñôîðèëèðîâàíèå ìîëåêóë Smad2,
ó÷àñòâóþùèõ âî âíóòðèêëåòî÷íîé àêòèâàöèè äàííîãî êàñêàäà, èíãèáèðîâàòü
ýêñïðåññèþ àêòèâèí-çàâèñèìîãî ëþöèôåðàçíîãî ðåïîðòåðà, à òàêæå
ýêñïðåññèþ ýíäîãåííîé ìèøåíè nodal/activin ñèãíàëüíîãî êàñêàäà – ãåíà
brachiury. Ìû ïîêàçàëè, ÷òî äàííîå ñâîéñòâî íîããèí2 èãðàåò âàæíóþ ðîëü â
ðàçâèòèè ïåðåäíåãî ìîçãà. Òàê, ýêñïåðèìåíòàëüíîå ïîäàâëåíèå òðàíñëÿöèè
íîããèí2 ïðèâîäèò ê íàðóøåíèÿì ðàçâèòèÿ ãîëîâíûõ ñòðóêòóð çàðîäûøåé. Ñ
äðóãîé ñòîðîíû, ýêòîïè÷åñêàÿ câåðxýêñïðåññèÿ íîããèí2 âûçûâàåò
ôîðìèðîâàíèå äîïîëíèòåëüíûõ ïåðåäíåãîëîâíûõ ñòðóêòóð, âêëþ÷àÿ
ïåðåäíèé ìîçã è ãëàçà. Â òî æå âðåìÿ, ïîâûøåíèå óðîâíÿ ýêñïðåññèè activinB
â ïåðåäíåé ÷àñòè íåðâíîé ïëàñòèíêè íà ðàííèõ ñòàäèÿõ ðàçâèòèÿ ïðèâîäèò
ê ðåäóêöèè ãîëîâíîãî îòäåëà çàðîäûøåé. Ïðè ýòîì íàïðàâëåííàÿ
ýêñïåðèìåíòàëüíàÿ ýêñïðåññèÿ íîããèí2 â òîé æå îáëàñòè íîðìàëèçóåò
ðàçâèòèå ãîëîâíûõ ñòðóêòóð ó òðàíñãåííûõ ïî activinB çàðîäûøåé.

Ïîëó÷åííûå äàííûå âïåðâûå ïîêàçûâàþò, ÷òî ïîäàâëåíèå ñèãíàëà
activinB áåëêîì íîããèí2 â ïåðåäíåé ÷àñòè íåðâíîé ïëàñòèíêè íåîáõîäèìî
äëÿ íîðìàëüíîãî ðàçâèòèÿ ïåðåäíåãîëîâíûõ ñòðóêòóð.

FROM SCIENTIFIC RESEARCH TO A DRUG PREPARATION
Bairamashvili D.I.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: bdi@kou.ibch.ru

The scheme of the development of pharmaceuticals with their subsequent
production based on the handover/ selling of scientific research results to a startup
company which is conventional for a foreign practice  remains unrealized in Russian
Federation. A startup company deals with the commercialization of a product
together with selling and the right to use by Bigpharma companies which therefore
finance the whole chain. The absence of such a scheme and the destruction of the
old one (academic research institutes – industry research centers – pharmaceutical
plants) are connected primarily with an indistinct state policy in the field of the
pharmaceutical industry.

The acceptance of the branch development concept "Pharma 2020"  holds
out a hope of positive changes and the state of being in demand of the existing
experience of the creation and manufacturing application of biotechnological
medicinal products  (MP) at the place of Experimental Biotechnological production
of IBCh RAS. The specificity of Biopharma offers a logical opportunity to single
out the production of the Active Pharmaceutical Substance (APS) as a separate
technological business unit. Of course medicinal products can be manufactured
by any pharmaceutical company. Our division has: a medicinal product production
certificate; an accredited analytical laboratory; experience in medicinal product
registration; arrangements concerning intellectual property, highly-qualified
specialists – production engineers; the experience in economical efficiency
evaluation and engineering. And using the existing basis the following model
appears to be rational:

- marketing expert evaluation of a scientific research result;
- the estimation of the possibility of  scientific research patenting;
- the evaluation of the possibility of medicinal product registration;
- technological possibility of realization;
- economical efficiency evaluation during manufacturing application
Furthermore, the efficiency of the suggested concept is shown by the

implemented and current projects.
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Âðîæä¸ííàÿ ãèïåðïëàçèÿ êîðû íàäïî÷å÷íèêîâ (ÂÃÊÍ), òÿæ¸ëîå
çàáîëåâàíèå ñ àóòîñîìíûì ðåöåññèâíûì íàñëåäîâàíèåì, âûçâàííîå
íàðóøåíèåì áèîñèíòåçà æèçíåííî-âàæíûõ ñòåðîèäíûõ ãîðìîíîâ êîðòèçîëà
è àëüäîñòåðîíà, îòíîñèòñÿ ê îäíîìó èç íàèáîëåå ðàñïðîñòðàíåííûõ
ãåíåòè÷åñêèõ íàðóøåíèé ó ÷åëîâåêà. Áîëåå 90% âñåõ ñëó÷àåâ ýòîãî
çàáîëåâàíèÿ ÿâëÿþòñÿ ñëåäñòâèåì óìåíüøåíèÿ àêòèâíîñòè ôåðìåíòà
21-ãèäðîêñèëàçû P450c21 (21OH; EC 1.14.99.10), êîòîðûé ïðåâðàùàåò
ïðîãåñòåðîí â 11-äåçîêñèêîðòèêîñòåðîí, à òàêæå 17-ÎÍ-ïðîãåñòåðîí â
11-äåçîêñèêîðòèçîë. Äâà ãëàâíûõ ïîñëåäñòâèÿ ÂÃÊÍ – íåäîñòàòîê èëè
îòñóòñòâèå êîðòèçîëà è àëüäîñòåðîíà è èçáûòî÷íûé ñèíòåç àíäðîãåíîâ â
îðãàíèçìå ïàöèåíòîâ. 21-Ãèäðîêñèëàçà P450c21 ÿâëÿåòñÿ ïðîäóêòîì ãåíà
CYP21, êîòîðûé âìåñòå ñ åãî ïñåâäîãåíîì CYP21P ðàñïîëîæåí íà õðîìîñîìå
6ð21.3 â îáëàñòè ãëàâíîãî êîìïëåêñà ãèñòîñîâìåñòèìîñòè (HLA) III êëàññà.
Ïîñëåäîâàòåëüíîñòè CYP21 è CYP21P ãîìîëîãè÷íû íà 98% è 96% â èíòðîíàõ
è ýêçîíàõ, ñîîòâåòñòâåííî. Ãåí CYP21 ÿâëÿåòñÿ îäíèì èç ñàìûì ïîëèìîðôíûõ
â ãåíîìå ÷åëîâåêà. Â íàñòîÿùåå âðåìÿ èçâåñòíî ~70 ìóòàöèé â ãåíå ÑYP21,
àññîöèèðîâàííûõ ñ ÂÃÊÍ. Èç íèõ 9 òî÷å÷íûõ ìóòàöèé, à òàêæå äåëåöèè
ðàçìåðîì 26-32 ò.ï.í. ïðîèñõîäÿò èç ïñåâäîãåíà ïî ìåõàíèçìó ãåííîé
êîíâåðñèè è â 90-95% ñëó÷àÿõ ÿâëÿþòñÿ ïðè÷èíîé çàáîëåâàíèÿ. Âûñîêàÿ
ãåíåòè÷åñêàÿ èçìåí÷èâîñòü ãåíà CYP21 çàòðóäíÿåò ÄÍÊ-äèàãíîñòèêó ÂÃÊÍ
è ïðîâåäåíèå àäåêâàòíîãî ëå÷åíèÿ.

Íåñìîòðÿ íà áîëüøóþ àêòóàëüíîñòü ïðîáëåìû, èìåþùèåñÿ
ñîâðåìåííûå ñèñòåìû ÄÍÊ-äèàãíîñòèêè ÂÃÍ õàðàêòåðèçóþòñÿ ìàëîé
ýôôåêòèâíîñòüþ. Â ñîîòâåòñòâèè ñ ýòèì, öåëüþ íàøåãî èññëåäîâàíèÿ áûëà
ðàçðàáîòêà íîâîé, îñíîâàííîé íà ÏÖÐ â ðåàëüíîì âðåìåíè, ñèñòåìû ÄÍÊ-
äèàãíîñòèêè äëÿ âûÿâëåíèÿ âûøåóïîìÿíóòûõ íàèáîëåå ÷àñòî âñòðå÷àþùèõñÿ
ìóòàöèé â ãåíå CYP21, àññîöèèðîâàííûõ ñ èññëåäóåìûì ôåíîòèïîì. Êðîìå
òîãî, çíà÷èòåëüíûå óñèëèÿ áûëè íàïðàâëåíû íà ïîèñê íîâûõ ìóòàöèé â ýòîì
ãåíå. Ãëàâíîå ïðåèìóùåñòâî àëëåëü-ñïåöèôè÷åñêîé ÏÖÐ â ðåàëüíîì âðåìåíè
– ïðîñòîòà è òî÷íîñòü ïðÿìîãî îáíàðóæåíèÿ òî÷å÷íûõ ìóòàöèé. Áûëè
ðàçðàáîòàíû íîâûå àëëåëü-ñïåöèôè÷åñêèå ïðàéìåðû è çîíäû TaqMan äëÿ
êàæäîé èç âîñüìè íàèáîëåå ÷àñòî âñòðå÷àþùèõñÿ ìóòàöèé. Ìåòîä áûë
âíà÷àëå àïðîáèðîâàí íà èñêóññòâåííûõ ÄÍÊ-ìàòðèöàõ, ñîäåðæàùèõ
àíàëèçèðóåìûå ìóòàöèè, ââåäåííûå íàïðàâëåííûì ìóòàãåíåçîì ñ ïîìîùüþ

NOGGIN2 – SECRETED INHIBITOR OF Smad2 DEPENDENT
TGF-beta SIGNALING PATHWAY THAT REGULATES THE EARLY
FOREBRAIN DEVELOPMENT
Bayramov A.V., Eroshkin F.M., Martynova N.Yu., Ermakova G.V.,
Solovieva E.A., Serebryakova M.V., Zaraisky A.G.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: andrbayr@gmail.com

Noggin1 is a famous embryonic neural inducer that plays a key role as in
formation of neural system of Vertebrates as in many others ontogenetic processes
like differentiation of skeletal muscles, development of joints, cranial sutures, hair
bulbs and blood vessels. It has been established that noggin1 can bind and inactivate
molecules of BMP (bone morphogenetic proteins) – growth factors from TGF-beta
superfamily.

Besides "classical" noggin1, two other groups of noggin proteins, noggin2
and noggin4, were recently identified in Vertebrates. Different expression patterns
of noggin1, noggin2 and noggin4 in early embryonic development and their amino
acid sequence distinctions suggest that these factors may execute different biological
functions.

Noggin2 is specifically expressed at early stages of the Xenopus embryonic
development in the rostral forebrain primordium where it presumably duplicates
antagonizing effect of noggin1 on BMP signaling. Now we report that in addition
to latter function noggin2 can also antagonize another TGF-beta factor, activinB,
and down-regulate the activity of Smad2-dependent signaling pathway. It is
confirmed by the ability of noggin2 to inhibit phosphorylation of Smad2, that acts
as intracellular activator of this pathway, by its ability to inhibit expression of
activin-response reporter and also by inhibition by noggin2 the expression of
brachiury - intracellular target gene of Smad2-dependent pathway. We've shown
that this property of noggin2 plays important role in the forebrain development.
Down-regulation of noggin2 causes severe abnormalities of forehead development
of Xenopus embryos. On the other hand, ectopical expression of noggin2 results
in development of secondary forehead structures, including forebrain and eyes. At
the same time, overexpression of activin in the anterior part of neural plate at early
stages of development leads to the reduction of forehead structures, but direct
experimental co-expression of noggin2 in the same area normalize the forehead
development.

Consistently, the data received demonstrate for the first time that inhibition
of activin signaling by noggin2 in cells of the anterior neural plate is essential for
the forebrain development in normal embryogenesis.
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Congenital adrenal hyperplasia (CAH) is one of the most common severe
autosomal recessive hereditary disease. CAH is caused by impaired biosynthesis
of cortisol and aldosterone, the steroid hormones necessary for survival. More
90% of CAH cases occur due to deficiency in steroid 21-hydroxylase (P-450C21,
21OH; EC 1.14.99.10) which is required for the conversion of progesterone to
11-deoxycorticosterone and 17-hydroxyprogesterone to 11-deoxycortisol. Two
main consequences of CAH are deficiency or the lack of cortisol and aldosterone
production and the excessive synthesis of androgens in patients. 21- Hydroxylase
(P450c21) is the product of gene CYP21A2, which together with its nonfunctional
pseudogene CYP21P are located on the chromosomal locus 6p21.3 of the HLA
region class III of MCH. The primary structure of these two sequences are ~98%
and ~96% homologous in exons and introns, respectively. The CYP21 gene is
considered to be one of the most polymorphic human genes. At present it is known
~70 mutations in the gene CYP21 associated with CAH. There are 9 point mutations
and also the large deletions of 26-32 kb in size, originated from the above mentioned
pseudogene as a result of gene conversion lead to disease in 90-95% cases. The
high genetic variability at CYP21 locus complicates the DNA diagnostics and
clinical adequate treatment. Despite large actuality of the problem, the modern
systems of DNA diagnostics of CAH are low effective. In accordance with this,
the goal of our study was the development of a new, real time PCR-based, system
of DNA diagnostics for detection of the most frequently CYP21 gene mutations,
associated with the phenotype being investigated. Furthermore significant efforts
were directed toward the search of possible new mutations in this gene. The principal
advantage of allele-specific real time PCR is simplicity and the accuracy of the
direct detection of point mutations. For each of the 8 most frequently occurred
mutations new allele-specific primers and TaqMan probes were developed. Method
was first tested thoroughly on the artificial DNA-matrices, which contain the
analyzed mutations, introduced by the site-directed mutagenesis by overlap
extension PCR. The high efficiency of this system was confirmed on DNA of
patients with the clinical and biochemical manifestations of nonclassical form of
CAH. The total of 45 patients was studied, 7 of them had no signs of disease
(control group). This system revealed two mutant alleles in two different individuals:
nonsense 318GlnX and missense V281L mutations (latter was found in the control
group).The presence of both mutations was confirmed by restriction endonuclease
analysis and by direct gene sequencing. Sequencing of CYP21 gene in 10 DNA

ÏÖÐ ñ ïåðåêðûâàþùèìèñÿ ïðàéìåðàìè. Âûñîêàÿ ýôôåêòèâíîñòü
ðàçðàáîòàííîé ñèñòåìû áûëà äàëåå ïîäòâåðæäåíà íà ÄÍÊ ïàöèåíòîâ ñ
êëèíè÷åñêèìè è áèîõèìè÷åñêèìè ïðèçíàêàìè íåêëàññè÷åñêîé ôîðìû ÂÃÊÍ.
Âñåãî èññëåäîâàëè ÄÍÊ 45 ïàöèåíòîâ, 7 èç êîòîðûõ íå ïðîÿâëÿëè ïðèçíàêîâ
çàáîëåâàíèÿ (êîíòðîëüíàÿ ãðóïïà). C ïîìîùüþ äàííîé ñèñòåìû áûëè
îáíàðóæåíû äâà ìóòàíòíûõ àëëåëÿ ó äâóõ ðàçíûõ èíäèâèäóóìîâ: íîíñåíñ-
ìóòàöèÿ, ïðèâîäÿùàÿ ê îáðûâó ïîëèïåïòèäíîé öåïè â ïîëîæåíèè 318GlnX,
è ìèññåíñ-ìóòàöèÿ, ñîïðîâîæäàþùàÿñÿ çàìåíîé àìèíîêèñëîòíîãî îñòàòêà
V281L (ïîñëåäíÿÿ – â îáðàçöå èç êîíòðîëüíîé ãðóïïû). Íàëè÷èå îáåèõ
ìóòàöèé áûëî ïîäòâåðæäåíî ðåñòðèêòàçíûì àíàëèçîì è ïðÿìûì
ñåêâåíèðîâàíèåì ãåíà. Ïðÿìîå ñåêâåíèðîâàíèå ãåíà ÑYP21 â 10 îáðàçöàõ
ÄÍÊ áîëüíûõ ñ íàèáîëåå âûðàæåííûì ôåíîòèïîì òàêæå âûÿâèëî â ÷åòûð¸õ
îáðàçöàõ ãåòåðîçèãîòíûå ìóòàöèè, ðàñïîëîæåííûå â èíòðîíàõ ÑYP21 è
ïðîèñõîäÿùèå, ïî-âèäèìîìó, èç ïñåâäîãåíà. Èõ âëèÿíèå íà àêòèâíîñòü
21-ãèäðîêñèëàçû ïîêà íå ÿñíî. Òàêèì îáðàçîì, ñðåäè èññëåäîâàííûõ ãåíîâ
CYP21 ó 45 ïàöèåíòîâ íàéäåíî 7 ìóòàíòíûõ. Êðóïíûå äåëåöèè ãåíà, à òàêæå
íàëè÷èå õèìåðíîé ïîñëåäîâàòåëüíîñòè CYP21P/CYP21 èññëåäîâàëè ñ
ïîìîùüþ ÏÖÐ â ïðèñóòñòâèè ëîêóñ-ñïåöèôè÷åñêèõ ïðàéìåðîâ,
ôëàíêèðóþùèõ ìåñòî ïîòåíöèàëüíîé ãåííîé ïåðåñòðîéêè. Â ïîëó÷åííûõ
ïðîäóêòàõ ÏÖÐ ðàçìåðîì 8,5 ò.ï.í., äàëåå èíêóáèðîâàííûõ ñ ðåñòðèêòàçîé
TaqI, áîëüøèõ ãåííûõ ïåðåñòðîåê íå áûëî îáíàðóæåíî.

Â öåëîì, ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î ïåðñïåêòèâíîñòè
èñïîëüçîâàíèÿ ðàçðàáîòàííîé íîâîé ñèñòåìû îáíàðóæåíèÿ òî÷å÷íûõ
ìóòàöèé â ÄÍÊ-äèàãíîñòèêå ÂÃÊÍ è äàþò âîçìîæíîñòü èññëåäîâàòü ñïåêòð
ìóòàöèîííûõ èçìåíåíèé ãåíà CYP21, àññîöèèðîâàííûõ ñ ñèìïòîìàìè ýòîãî
çàáîëåâàíèÿ â ðîññèéñêîé ïîïóëÿöèè.
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Ìåòèëèðîâàíèå ÄÍÊ ó ìëåêîïèòàþùèõ çàêëþ÷àåòñÿ â ïðèñîåäèíåíèè
ìåòèëüíîé ãðóïïû ê öèòîçèíó â ïîçèöèè Ñ5 ïèðèìèäèíîâîãî êîëüöà â ñîñòàâå
äèíóêëåîòèäîâ CG. Ìåòèëèðîâàíèå îñòàòêîâ öèòîçèíà îêàçûâàåò âëèÿíèå
íà ñòðóêòóðíûå õàðàêòåðèñòèêè ÄÍÊ è íà òðàíñêðèïöèþ êàê íåïîñðåäñòâåííî
÷åðåç èçìåíåíèå ýôôåêòèâíîñòè ñâÿçûâàíèÿ òðàíñêðèïöèîííûõ ôàêòîðîâ ñ
ðåãóëÿòîðíûìè ó÷àñòêàìè ÄÍÊ, òàê è îïîñðåäîâàííî ÷åðåç ôîðìèðîâàíèå
ïðîòÿæ¸ííûõ ó÷àñòêîâ ãåòåðîõðîìàòèíà.

Íàìè áûë ïðåäëîæåí íîâûé ýêñïåðèìåíòàëüíûé ìåòîä
øèðîêîìàñøòàáíîãî ïîèñêà ãèïîìåòèëèðîâàííûõ ïîñëåäîâàòåëüíîñòåé
ãåíîìà (íàçâàí n-METR îò àíãë. Non-MEthylated Tag Recovery).  Ïðèíöèï
ìåòîäà ñîñòîèò â ñëåäóþùåì: ãåíîìíàÿ ÄÍÊ îáðàáàòûâàåòñÿ ÷óâñòâèòåëüíîé
ê ìåòèëèðîâàíèþ ýíäîíóêëåàçîé ðåñòðèêöèè (íàïðèìåð, ôåðìåíòîì BspFNI,
êîòîðûé ðàñùåïëÿåò ÄÍÊ òîëüêî ïî ïîñëåäîâàòåëüíîñòè íåìåòèëèðîâàííîãî
òåòðàíóêëåîòèäà CGCG ñ îáðàçîâàíèåì òóïûõ êîíöîâ), ê ïîëó÷åííîìó
ðåñòðèêòó ëèãèðóþò ñóïðåññèîííûå àäàïòîðû è çàòåì ïðîèçâîäÿò
ÏÖÐ-àìïëèôèêàöèþ ñ ïðàéìåðàìè ê àäàïòîðàì è ïîñëåäîâàòåëüíîñòè
ãåíîìíûõ ïîâòîðîâ Alu. Ïðîäóêòû ÏÖÐ êëîíèðóþò â E. coli è ñåêâåíèðóþò.
Äîïîëíèòåëüíîé ñëîæíîñòüþ ÿâëÿëàñü íèçêàÿ àêòèâíîñòü ìåòèë-
÷óâñòâèòåëüíîé ðåñòðèêòàçû BspFNI ïðè ðàñùåïëåíèè ãåíîìíîé ÄÍÊ
÷åëîâåêà. Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ðåñòðèêöèè â ïðîòîêîë ìåòîäà íàìè
áûëà ââåäåíà äîïîëíèòåëüíàÿ ñòàäèÿ ïðåäâàðèòåëüíîé ôðàãìåíòàöèè
ãåíîìíîé ÄÍÊ ðåäêîùåïÿùèìè ýíäîíóêëåàçàìè ðåñòðèêöèè.

Ïîëó÷åííûå íàìè òàêèì îáðàçîì ïèëîòíûå êëîíîòåêè, äåéñòâèòåëüíî,
ñîäåðæàëè ïîñëåäîâàòåëüíîñòè, ôëàíêèðîâàííûå ó÷àñòêàìè óçíàâàíèÿ
ðåñòðèêòàçû BspFNI, ñ îäíîé ñòîðîíû, è ãåíîìíûì ïîâòîðîì Alu, ñ äðóãîé.

samples of patients with the most explicit phenotypes also revealed the heterozygous
mutations in four samples. They locate in the ÑYP21 gene introns and originated
apparently from the pseudogene. Their influence on the activity of 21-hydroxylase
is not clear yet. Thus, among the investigated CYP21 genes in 45 patients are
found 7 mutant genes. The large deletions of gene, and the presence of fusion
CYP21P/CYP21 gene, investigated by the PCR with locus- specific primers, which
flanked the region of potential genetic rearrangement. The further digestion of
obtained PCR fragments of 8.5 kb by restriction endonuclease TaqI did not reveal
large rearrangements.

Our results show the convenience of new system for detecting point mutations
in DNA diagnostics of CAH, and also enable us to investigate the spectrum of
mutations in the gene CYP21, which associated with CAH in the Russian population.
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Â íàñòîÿùåå âðåìÿ ðåêîìáèíàíòíûé ãîðìîí ðîñòà ÷åëîâåêà (ðÃÐ×) øèðîêî
ïðèìåíÿåòñÿ â ìåäèöèíñêîé ïðàêòèêå, â òîì ÷èñëå â ñïîðòèâíîé ìåäèöèíå.
Ãëàâíûìè òðåáîâàíèÿìè, ïðåäúÿâëÿåìûìè â ìåäèöèíå ê ãîòîâûì ëåêàðñòâåííûì
ôîðìàì (ÃËÔ), ñîäåðæàùèì ãåííî-èíæåíåðíûå áåëêè, ÿâëÿþòñÿ ÷èñòîòà è
ñòðóêòóðíàÿ öåëîñòíîñòü. Ýòè æå ïàðàìåòðû îïðåäåëÿþò è èõ
êîíêóðåíòîñïîñîáíîñòü.

Äëÿ ìîëåêóëû ðÃÐ× èçâåñòíû ìîäèôèêàöèè, ñîäåðæàùèå êàê
äåçàìèäèðîâàííûå îñòàòêè àñïàðàãèíà, âîçíèêàþùèå â ðåçóëüòàòå ïðÿìîãî
ãèäðîëèçà èëè ãèäðîëèçà ÷åðåç öèêëè÷åñêèé ñóêöèíèìèäíûé èíòåðìåäèàò ñ
ôîðìèðîâàíèåì ðàçëè÷íîãî êîëè÷åñòâà L-asp-hGH, L-iso-asp-hGH, D-asp-hGH, è
D-iso-asp-hGH; îêèñëåííûå äî ñóëüôîêñèäà îñòàòêè ìåòèîíèíà; ìåæìîëåêóëÿðíûå
äèñóëüôèäíûå äèìåðû; àãðåãàòû è ðÃÐ× ñ íåîòùåïëåííûì N-êîíöåâûì
ìåòèîíèíîì. Ïðèñóòñòâèå â ÃËÔ ïîäîáíûõ "ðîäñòâåííûõ" ïðèìåñåé, à òàêæå
ñëåäîâûõ êîëè÷åñòâ ÄÍÊ, áåëêîâ E. coli è ýíäîòîêñèíîâ ñíèæàåò àêòèâíîñòü
ïðåïàðàòà è âûçûâàåò íåæåëàòåëüíûå ïîáî÷íûå ðåàêöèè ó ïàöèåíòîâ.
Îáíàðóæåíèå ïðèìåñåé ìîäèôèöèðîâàííîãî ðÃÐ× â ÃËÔ ïîçâîëÿåò âûÿâèòü
íåêà÷åñòâåííûå ïðåïàðàòû, à òàêæå ñëóæèò ìàðêåðîì äîïèíãà ïðè íåëåãàëüíîì
èñïîëüçîâàíèè ðÃÐ× â ñïîðòå.

Öåëüþ äàííîé ðàáîòû ÿâëÿëîñü ïðîâåäåíèå ñðàâíèòåëüíîãî àíàëèçà
ðîññèéñêîãî ïðåïàðàòà ðåêîìáèíàíòíîãî ãîðìîíà ðîñòà ÷åëîâåêà (Ðàñòàí®,
Ôàðìñòàíäàðò) ñ äâóìÿ àíàëîãàìè çàðóáåæíîãî ïðîèçâîäñòâà, ñóùåñòâóþùèìè
íà ðîññèéñêîì ôàðìàöåâòè÷åñêîì ðûíêå â íàñòîÿùåå âðåìÿ, òàêèìè êàê
Ãåíîòðîïèí® (Ïôàéçåð Õåëñ, ÑØÀ) è Õóìàòðîï® (Ýëè Ëèëëè, ÑØÀ). Äëÿ îöåíêè
êà÷åñòâà ïðåïàðàòîâ èñïîëüçîâàëè ìåòîäû Åâðîïåéñêîé ôàðìàêîïåè 6.0.

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé áûëî óñòàíîâëåíî, ÷òî âñå òðè
ïðåïàðàòà ïðàêòè÷åñêè íå îòëè÷àëèñü ïî ñîäåðæàíèþ â íèõ ñëåäóþùèõ ïðèìåñåé:
äèìåðîâ, ïîëèìåðîâ è ðÃÐ× ñ íåîòùåïëåííûì N-êîíöåâûì ìåòèîíèíîì áûëî
ìåíåå 1%, ýíäîòîêñèíîâ – ìåíåå 1 ÅÝ/ìã áåëêà, ÄÍÊ øòàììà-ïðîäóöåíòà – ìåíåå
5 ïã/ìã áåëêà, à èììóíîðåàêòèâíûõ áåëêîâ øòàììà-ïðîäóöåíòà – ìåíåå 0,2 íã/ìã
áåëêà. Îäíàêî, îáùåå ñîäåðæàíèå äåçàìèäèðîâàííûõ ôîðì è îêèñëåííûõ
ìåòèîíèíîâ âî âñåõ òðåõ ïðåïàðàòàõ áûëî ðàçëè÷íûì, íî íå ïðåâûøàëî
ïîðîãîâîãî çíà÷åíèÿ – 6%. Òàê, â Ãåíîòðîïèíå® (Ïôàéçåð Õåëñ, ÑØÀ) áûëî
îòìå÷åíî íàèìåíüøåå ñîäåðæàíèå äåçàìèäîâ, êîòîðîå ñîñòàâëÿëî 1%. Õóìàòðîï®

(Ýëè Ëèëëè, ÑØÀ) ñîäåðæàë îêîëî 6% óêàçàííûõ ïðèìåñåé, à Ðàñòàí®,
(Ôàðìñòàíäàðò) – 2,5%. Òàêæå íàìè áûëî îïðåäåëåíî, ÷òî âñå èññëåäóåìûå
ïðåïàðàòû èìåþò èäåíòè÷íóþ ïîëèïåïòèäíóþ ñòðóêòóðó.

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî ðîññèéñêèé ïðåïàðàò
Ðàñòàí®, (Ôàðìñòàíäàðò) íå óñòóïàåò ïî êà÷åñòâó ñâîèì èìïîðòíûì àíàëîãàì.

NEW METOD OF LARGE-SCALE RECOVERY OF
HYPOMETYLATED GENOMIC SEQUENSES
Baskaev K.K., Buzdin A.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: konstantinbaskaev@gmail.com
Fax/tel.: (495) 727-38-63

Mechanism of DNA methylation in mammals includes joining of methyl
groups to pyrimidine ring in position Ñ5 of dinucleotide CG. Methylation exerts
influence on structural characteristics of DNA and on DNA transcriptional
peculiarities by changing transcriptional factor affinity to their target sites.

We propose a novel experimental technique for genome wide recovery of
hypomethylated sequences called n-METR (Non-MEthylated Tag Recovery). This
technique includes the following major stages: digestion of genomic DNA with
methyl-sensitive restriction endonuclease (for example, enzyme BspFNI which
cuts DNA only on non-methylated tetranucleotide CGCG). Then suppression
adapters are ligated to digested DNA and the ligation mixture is PCR-amplified
with primers specific to adapter sequence and to widespread genomic repeat Alu.
PCR products are further cloned in E.coli and sequenced. An additional obstacle
was the low activity of many methyl-sensitive restriction endonucleases when
digesting human genomic DNA. In order to increase the digestion efficiency, we
included an additional step of fragmentation of initial genomic DNA with regular
restriction endonucleases before BspFNI restriction. Genomic libraries obtained
in such a way indeed had sequences flanked with BspFNI restriction site and Alu
repeat at the opposite ends.
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Â áèîëîãè÷åñêèõ ñèñòåìàõ ôóíêöèîíàëüíûå ñâîéñòâà, êàê ïðàâèëî,
ðåàëèçóþòñÿ íàäìîëåêóëÿðíûìè îáúåêòàìè íàíîìàñøòàáíûõ ðàçìåðîâ.
Î÷åâèäíî, ÷òî çíàíèå èõ ïðîñòðàíñòâåííîé îðãàíèçàöèè èìååò áîëüøîå
òåîðåòè÷åñêîå è ïðèêëàäíîå çíà÷åíèå. Ìåæäó òåì, ïðàêòè÷åñêè îòñóòñòâóþò
ïðÿìûå ìåòîäû ïîëó÷åíèÿ èíôîðìàöèè î ñòðóêòóðå òàêîãî ðîäà îáúåêòîâ.
Ýëåêòðîííàÿ ìèêðîñêîïèÿ è êðèîýëåêòðîííàÿ òîìîãðàôèÿ ñåãîäíÿ ÿâëÿþòñÿ
åäèíñòâåííûìè ìåòîäàìè èññëåäîâàíèÿ ñòðîåíèÿ íàíîìàñøòàáíûõ
áèîîáúåêòîâ, îäíàêî, èõ ðàçðåøàþùàÿ ñïîñîáíîñòü (1-2 íì) íåäîñòàòî÷íà
äëÿ âûÿñíåíèÿ òîíêèõ äåòàëåé ñòðóêòóðû. Ìåòîä òðèòèåâîé ïëàíèãðàôèè
(ÒÏ) ìîæåò îêàçàòüñÿ âåñüìà ýôôåêòèâíûì ñðåäñòâîì ïîëó÷åíèÿ
èíôîðìàöèè êàê îá îáùèõ ÷åðòàõ àðõèòåêòóðû ÷àñòèöû, òàê è î ñòðóêòóðå
âõîäÿùèõ â åå ñîñòàâ ìîëåêóëÿðíûõ êîìïëåêñîâ. Ìåòîä óæå õîðîøî
çàðåêîìåíäîâàë ñåáÿ ïðè èçó÷åíèè ñòðóêòóðû òàêèõ îáúåêòîâ, êàê ðèáîñîìû,
íóêëåîñîìû, ðàñòèòåëüíûå è æèâîòíûå âèðóñû è äð.

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âèðèîíà
âèðóñà ãðèïïà À è ïðîñòðàíñòâåííîé ñòðóêòóðû îäíîãî èç âàæíåéøèõ
âèðóñíûõ áåëêîâ – áåëêà Ì1. Ñâåäåíèÿ î ñòðóêòóðå ïîëíîðàçìåðíîãî áåëêà
îòñóòñòâóþò. Èìåþòñÿ ëèøü äàííûå êðèñòàëëîãðàôè÷åñêîãî èññëåäîâàíèÿ
NM-äîìåíà, ñîñòàâëÿþùåãî 2/3 àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè. Ìåòîä
ÒÏ â ñî÷åòàíèè ñ êîìïüþòåðíûìè àëãîðèòìàìè ïðåäñêàçàíèÿ âòîðè÷íîé
ñòðóêòóðû, ìîäåëèðîâàíèÿ áîìáàðäèðîâêè îáúåêòà àòîìàìè òðèòèÿ è
ìîäèôèöèðîâàííîé ïðîãðàììîé Rosetta ïîçâîëèëè ïðåäëîæèòü ìîäåëü
öåëîãî áåëêà, âêëþ÷àÿ Ñ-êîíöåâîé äîìåí. Àíàëèç äàííûõ äëÿ ñâîáîäíîãî
áåëêà, â ñîñòàâå âèðèîíà è â êðèñòàëëè÷åñêîì ñîñòîÿíèè äëÿ NM-äîìåíà
ïîêàçàë ðÿä ñóùåñòâåííûõ ðàçëè÷èé â èõ ñòðóêòóðå. Îïðåäåëåíà îðèåíòàöèÿ
M1 áåëêà â ñîñòàâå âèðóñíîé ÷àñòèöû ïî îòíîøåíèþ ê ëèïèäíîé ìåìáðàíå.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÐÔÔÈ (09-03-00469, 09-04-01160).

COMPARATIVE QUALITY ANALYSIS OF THE RUSSIAN
PREPARATION RASTAN® AND FOREIGN ANALOGUES LIKE
GENOTROPIN® AND HUMATROP®

Kononova N.V., Puchkov I.A., Galkina T.G., Sveshnikova E.V.,
Bobruskin A.I., Demin A.V., Bairamashvili D.I.*
Russian pharmaceutical company ZAO "Masterclon", Moscow, Russia
*Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: alexeybob@rambler.ru

At present recombinant human growth hormone (rh-GH) widely applies both
in medical practice and in sport medicine. Purity and structural integrity are the
principal demands for prepared drug formulations (PDF) which contain
recombinant proteins. Same parameters determine competitiveness of theirs.

For recombinant human growth hormone molecule have known such
modifications like desamidated residues of Asn arising as a result of direct
hydrolysis or of hydrolysis through cyclic succinimide intermediate with appearance
different quantity of L-asp-hGH, L-iso-asp-hGH, D-asp-hGH, D-iso-asp-hGH, the
methionine residues converted to sulfoxides, intermolecular disulfide dimers,
aggregates and the non-segregated N-methionine rh-GH. The presence of similar
"familiar" impurities in prepared drug formulations both like traces of DNA, E.coli-
proteins and endotoxins decrease an activity of drug simultaneously causing
unwanted secondary reactions testing in patients. Detection of impurities of
modified rh-GH in prepared drug formulations allow to detect low-quality
preparations as well as serves as marker of dope at illegal use of rh-GH in sport.

The intent of this work is the comparative analysis of russian preparation rh-
GH (Rastan®, Pharmstandard, Russia) with two foreign analogues existing in
Russian pharmaceutical emporium like Genotropin® (Pfizer, USA) and Humatrop®

(Eli Lilli, USA). For evaluation of drug quality had been used the methods of
European Pharmacopoeia 6.0.

As a consequence of conducted researches was assigned all three drugs
virtually hadn't differed by impurities content such as dimers, polymers, non-
segregated N-Met rh-GH (was less than 1%), endotoxins (less than 1 EU/mg
proteins), producer's culture DNA (less than 5 pg/mg proteins), producers culture
immune-reactions proteins (less than 0,2 ng/mg proteins). However, desamide
pattern`s overall content as well as oxidized methionine’s residues was differed in
all three preparations but wasn't exceeded threshold value 6%. Then in Genotropin®

(Pfizer, USA) was noticed the least desamide`s substance what constituted 1%.
Humatrop® (Eli Lilli, USA) contained about 6% of indicated impurities and Rastan®

(Pharmstandard, Russia) – 2,5%. Also was evaluated all studied preparations have
identical polypeptide structures.

Obtained results indicate that Russian preparation Rastan® (Pharmstandard,
Russia) did not concede foreign analogues at quality.
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Áîëüøàÿ ïîòðåáíîñòü â àäàïòîãåíàõ, èììóíîìîäóëÿòîðàõ,
àíòèîêñèäàíòàõ è àíòèòîêñèêàíòàõ äèêòóåò ñîâðåìåííûì èññëåäîâàòåëÿì
òðåáîâàíèå ê ðàçðàáîòêå íîâûõ áîëåå ýôôåêòèâíûõ ëåêàðñòâ.
Ïðåäïî÷òèòåëüíûìè ÿâëÿþòñÿ ëåêàðñòâåííûå ñðåäñòâà íà îñíîâå ïðèðîäíîãî
ñûðüÿ, îáëàäàþùèå, êàê ïðàâèëî, êîìïëåêñíûì äåéñòâèåì è ðåäêî
ïðèâîäÿùèå ê îñëîæíåíèÿì ïîñëå ïðèìåíåíèÿ. Ïðîãðåññ áèîîðãàíè÷åñêîé
õèìèè è áèîòåõíîëîãèè ñäåëàë âîçìîæíûì ïîëó÷åíèå áèîëîãè÷åñêè è
ôàðìàêîëîãè÷åñêè àêòèâíûõ êîìïîíåíòîâ ïðàêòè÷åñêè èç ëþáîãî
áèîñóáñòðàòà. Èçâåñòíî, ÷òî àäàïòàöèÿ ê íåáëàãîïðèÿòíûì ìåíÿþùèìñÿ
óñëîâèÿì ñðåäû íåðåäêî ñîïðîâîæäàåòñÿ ñíèæåíèåì íåêîòîðûõ
ñïåöèôè÷åñêèõ ôóíêöèé îðãàíèçìà. Íàñòîÿùåå èññëåäîâàíèå ïîñâÿùåíî
èçó÷åíèþ âëèÿíèÿ ëèïîñîìàëüíîé ôîðìû ýêñòðàêòà ÷åðíûõ ëèñòüåâ áàäàíà
òîëñòîëèñòíîãî (ÝÁÒ) íà èììóííûé ñòàòóñ æèâîòíûõ, íàõîäèâøèõñÿ â
óñëîâèÿõ äëèòåëüíîãî õîëîäîâîãî âîçäåéñòâèÿ.

Èññëåäîâàíèå âûïîëíåíî íà 25 áåëûõ êðûñàõ îáîåãî ïîëà ñ ìàññîé òåëà
200-220 ã, êîòîðûå åæåäíåâíî â òå÷åíèå 3-õ ÷àñîâ ïîäâåðãàëèñü õîëîäîâîìó
âîçäåéñòâèþ â òå÷åíèå 21 ñóòîê. Ïîêàçàòåëè èììóííîãî ñòàòóñà
ýêñïåðèìåíòàëüíûõ æèâîòíûõ íà ôîíå ââåäåíèÿ èñïûòóåìûõ ñðåäñòâ (ÝÁÒ
â âèäå âîäíîãî ðàñòâîðà è ÝÁÒ, âêëþ÷åííûé â ëèïîñîìàëüíûå ñòðóêòóðû)
îöåíèâàëè ïî êîëè÷åñòâó ëåéêîöèòîâ è ñóáïîïóëÿöèé ëèìôîöèòîâ â êðîâè
ïðè ïîñòàíîâêå íåïðÿìîé ðåàêöèè ïîâåðõíîñòíîé èììóíîôëóîðåñöåíöèè.

Äàííûå èììóíîãðàììû ïîêàçàëè, ÷òî â ýêñïåðèìåíòàëüíîé ãðóïïå
æèâîòíûõ, ïîëó÷àâøèõ ÝÁÒ â ëèïîñîìàëüíîé ôîðìå, íà 21-å ñóòêè
ýêñïåðèìåíòà îòìå÷àëîñü ïîâûøåíèå êàê àáñîëþòíîãî, òàê è îòíîñèòåëüíîãî
êîëè÷åñòâà Ò-õåëïåðíîé ïîïóëÿöèè ëèìôîöèòîâ äî 2-õ ðàç ïî ñðàâíåíèþ ñ
êîíòðîëåì è â 1,5 ðàçà ïî ñðàâíåíèþ ñ æèâîòíûìè, ïîëó÷àâøèìè íå
âêëþ÷åííûé â ëèïîñîìû ÝÁÒ. Îäíîâðåìåííî ñ ýòèì íàáëþäàëàñü îáðàòíàÿ
òåíäåíöèÿ ê ïîíèæåíèþ êîëè÷åñòâà Ò-ñóïðåññîðîâ. Òàêèì îáðàçîì, ââåäåíèå
ëèïîñîìàëüíîé ôîðìû ÝÁÒ ñîïðîâîæäàåòñÿ óëó÷øåíèåì ïîêàçàòåëåé
èììóííîé ðåàêòèâíîñòè æèâîòíûõ, ÷òî ñâèäåòåëüñòâóåò î ïîëîæèòåëüíîé
äèíàìèêå ñïåöèôè÷åñêîé àäàïòàöèè îðãàíèçìà ïðè õîëîäîâîì âîçäåéñòâèè.

TRITIUM PLANIGRAPHY AS THE METHOD OF STUDYING OF
BIOLOGICAL NANOÎBJECTS SPATIAL ORGANIZATION:
THE  INFLUENZA VIRUS A
Bogacheva E.N., Shishkov A.V., Baratova L.A.*
Institute of Chemical Physics RAS, Moscow, Russia
*A.N. Belozersky Institute of Physical and Chemical Biology, Lomonosov
Moscow State University, Moscow, Russia
E-mail: ben@chph.ras.ru
Fax: (495) 137-83-18

In biological systems functional properties as a rule are realised by
supramolecular nanosize objects. It is obvious that the knowledge of their spatial
organization has the important theoretical and applied value. Meanwhile practically
there are no direct methods of obtaining of the information on structure of such
objects. Electronic microscopy and crioelectronic tomography today are unique
methods of research of a structure nanosize bioobjects, however their resolution
(1-2 nanometers) is insufficient for finding-out of thin details of structure. The
method of tritium planigraphy can appear rather an effective remedy of information
obtaining both on common features of architecture of a particle, and about structure
of molecular complexes entering into its structure. The method has already well
proved at studying of structure of such objects as ribosomes, nucleosomes,
vegetative and animal viruses, etc.

In the present work are presented results of research of influenza virus A and
spatial structure of one of the major virus proteins – protein Ì1. Data on structure
of full-size protein are absent. X-Ray diffraction researches only of the NM-domain
(2/3 amino acid sequence) are available now. Tritium planigraphy method in a
combination to computer algorithms of a prediction of secondary structure,
modelling of bombardment of object by tritium atoms and modified program
Rosetta have allowed to offer model of the whole protein, including the C-end
domain. The analysis of the data for free protein, in structure of virion and in a
crystalline state for the NM-domain has shown a number of essential differences
in their structure. The orientation M1 protein as a part of a virus particle in relation
to lipid membrane is defined.
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Ýôðèíîâûe (Eph) ðåöåïòîðû, ïðåäñòàâèòåëè ñàìîãî áîëüøîãî ñåìåéñòâà
ñðåäè ðåöåïòîðíûõ òèðîçèíêèíàç, è èõ ìåìáðàíî-ñâÿçàííûå ëèãàíäû ýôðèíû
êîíòðîëèðóþò ìåæêëåòî÷íûå âçàèìîäåéñòâèÿ è èãðàþò âåäóùóþ ðîëü â
ïðîöåññàõ ðîñòà, ðàçâèòèÿ è äèôôåðåíöèðîâêè êëåòîê îðãàíèçìà. Óíèêàëüíîå
îòëè÷èå ñèãíàëüíîé ñèñòåìû Eph ðåöåïòîðîâ – â îáîþäíîé íàïðàâëåííîñòè
ïåðåäàâàåìîãî ñèãíàëà ìåæäó äâóìÿ êëåòêàìè, âñëåäñòâèå ÷åãî ýôðèíîâàÿ
ñèñòåìà ìåæêëåòî÷íîãî îáùåíèÿ çàäåéñòâîâàíà â ìîðôîãåíåçå è ðàçäåëåíèè
òêàíåé, êàê â ýìáðèîíàëüíîì, òàê è ïîñòýìáðèîíàëüíîì ðàçâèòèè îðãàíèçìà
÷åëîâåêà, à íàðóøåíèÿ â åå ðàáîòå ñâÿçàíû ñî ìíîãèìè ïàòîëîãèÿìè, â òîì
÷èñëå îíêîãåííûìè è íåéðîäåãåíåðàòèâíûìè ïðîöåññàìè. Íåîáõîäèìûì
óñëîâèåì àêòèâàöèè Eph ðåöåïòîðîâ ÿâëÿåòñÿ èõ ëàòåðàëüíàÿ äèìåðèçàöèÿ
è ïîñëåäóþùàÿ îëèãîìåðèçàöèÿ íà ïîâåðõíîñòè êëåòêè. Â ïîñëåäíåå âðåìÿ
äëÿ ðàçíûõ ïðåäñòàâèòåëåé ðåöåïòîðíûõ òèðîçèíêèíàç ïîÿâëÿþòñÿ
ýêñïåðèìåíòàëüíûå äàííûå î òîì, ÷òî íåïîñðåäñòâåííîå ó÷àñòèå â èõ
ëàòåðàëüíîé ãîìî- è ãåòåðîäèìåðèçàöèè (îëèãîìåðèçàöèè) ïðèíèìàåò
òðàíñìåìáðàííûé (ÒÌ) äîìåí ðåöåïòîðà.

Â ïðåäñòàâëåííîé ðàáîòå áûëè èññëåäîâàíû ïðîñòðàíñòâåííàÿ ñòðóêòóðà
è âíóòðèìîëåêóëÿðíàÿ äèíàìèêà ðåêîìáèíàíòíûõ ÒÌ ôðàãìåíòîâ
ðåöåïòîðîâ EphA1 è EphA2 ñ ïîìîùüþ ãåòåðîÿäåðíîé ñïåêòðîñêîïèè ßÌÐ
â ëèïèäíûõ áèöåëëàõ, èìèòèðóþùèõ ìåìáðàííîå îêðóæåíèå, è ìîëåêóëÿðíîé
äèíàìèêè â ÿâíî çàäàííîì ëèïèäíîì áèñëîå. Ïðîñòðàíñòâåííûå ñòðóêòóðû
ÒÌ äîìåíîâ EphA1 è EphA2 â áèöåëëàõ ÄÌÔÕ/ÄÃÔÕ ïðåäñòàâëÿþò ñîáîé
ñèììåòðè÷íûå ãîìîäèìåðû ñ ïðàâîé è ëåâîé ñâåðõñïèðàëèçàöèÿìè ÒÌ
ñïèðàëåé (îñòàòêè 544-569 è 535-559), âçàèìîäåéñòâóþùèõ ïî
äèìåðèçàöèîííûì ìîòèâàì A550X3G

554X3G
558 (ò.í. "ãëèöèíîâûé çèïïåð") è

L535X3G
539X2A

542X3V
546X2L

549 (ò.í. "ñåìè÷ëåííûé ìîòèâ"), ñîîòâåòñòâåííî.
Âàæíî, ÷òî ïîìèìî çàäåéñòâîâàííûõ äèìåðèçàöèîííûõ ìîòèâîâ â ÒÌ
äîìåíàõ EphA1 è EphA2 ñóùåñòâóþò åùå äðóãèå ïîòåíöèàëüíûå ìîòèâû.
Òàê, äëÿ ÒÌ äîìåíà EphA2 ïîìèìî ñåìè÷ëåííîãî ìîòèâà, îòâåòñòâåííîãî
çà ëåâóþ ñâåðõñïèðàëèçàöèþ, ñóùåñòâóåò, ïî êðàéíåé ìåðå, åùå îäèí
õàðàêòåðíûé äèìåðèçàöèîííûé ìîòèâ A536X3G

540X3G
544, ñõîæèé ñ ãëèöèíîâûì

çèïïåðîì, ó÷àñòâóþùèì â äèìåðèçàöèè ÒÌ äîìåíà EphA1 ñ ïðàâîé
ñâåðõñïèðàëèçàöèåé. Òàêèì îáðàçîì, ñóùåñòâóåò âîçìîæíîñòü ïåðåêëþ÷åíèÿ
äèìåðèçàöèîííîãî èíòåðôåéñà ìåæäó äâóìÿ ìîòèâàìè, ÷òî ìîæåò áûòü
àðãóìåíòîì â ïîëüçó "âðàùàòåëüíî-ñöåïëåííîãî" (rotation-coupling)
ìåõàíèçìà àêòèâàöèè ðåöåïòîðíûõ òèðîçèíêèíàç – ìåõàíèçìà, âêëþ÷àþùåãî
êîíôîðìàöèîííûé ïåðåõîä ðåöåïòîðà èç íåàêòèâíîé â àêòèâíóþ ôîðìó
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The big requirement in adaptogenes, immunemodulators, antioxidants and
antitoxicants dictates to modern researchers the requirement to working out of
new more effective medicines. Medical products on the basis of the natural raw
materials, possessing, as a rule, complex action and seldom leading to complications
after application are preferable. Progress of bioorganic chemistry and biotechnology
has made possible development of biologically and pharmacologically active
components practically of any biosubstratum. It is known that adaptation to adverse
varying conditions of environment is quite often accompanied by decrease in some
specific functions of an organism. The present research is devoted to studying of
influence of liposomal form of extract from black leaves of Bergenia crassifolia
(L) Fritsch (EBC) on the immune status of the animals that were in conditions of
long cold exposure.

Research is executed on 25 white rats of both sexes with weight of a body
200-220 g which daily within 3 hours were exposed by cold influence within 21
days. Indicators of the immune status of experimental animals against introduction
of examinees of means (EBC in the form of a water solution and EBC, included in
liposomal structures) estimated by quantity of leukocytes and lymphocytes
subpopulations in blood at statement of indirect reaction superficial
immunofluorescence.

Data of immune formula has shown that in experimental group of the animals
receiving EBC in liposomal form for 21 days of experiment increase both absolute
and relative quantity of T-helper lymphocytes to 2 times in comparison with the
control and in 1,5 times in comparison with the animals receiving not included in
liposomes EBC was marked. Simultaneously with it the return tendency to fall of
quantity T-supressor lymphocytes was observed. Thus, introduction of EBC'
liposomal form is accompanied by improvement of immune reactance indicators
of animals that testifies to positive dynamics of specific adaptation of an organism
at cold exposure.
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The Eph receptors, largest family of receptor tyrosine kinases, and their membrane-
bound ephrin ligands control a diverse array of cell-cell interaction in the developing
and adult organisms, coordinating cell migration and positioning during tissue
development and tissue repair. The Eph-ephrin interactions may have a role in synaptic
plasticity, learning, and memory formation. The physiological significance of the Eph
receptor tyrosine kinases for therapeutical applications is obvious since they play an
important role in development of many human diseases, including oncogenic and
neurodegenerative diseases. During signal transduction, the Eph receptors, like other
receptor tyrosine kinases, are involved in lateral dimerization and subsequent
oligomerization processes within specialized plasma membrane microdomains, known
as 'lipid rafts', which can impart additional specificity to the ephrin-Eph signaling. While
accumulating evidences reveal that the proper lateral dimerization of transmembrane
(TM) domains of receptor tyrosine kinases is required for biochemical signal transduction
across plasma membrane, the functional role of the TM domains in the Eph receptor
association was so far unclear. The structural-dynamic properties of the homodimeric
TM domains of EphA1 and EphA2 receptors were investigated with the aid of solution
NMR in lipid bicelles and molecular dynamics energy relaxation in explicit lipid bilayer.
The distinct right- and left-handed parallel helix-helix packing was revealed for the TM
domains embedded into the DMPC/DHPC bicelles. The EphA1 TM domain self-
associates in a right-handed parallel α-helical bundle (544-569)2 through the N-terminal
glycine zipper motif A550X3G

554X3G
558. In turn, the left-handed parallel EphA2 TM helices

(535-559)2 interact through the extended heptad repeat motif
L535X3G

539X2A
542X3V

546X2L
549, whereas the characteristic motif A536X3G

540X3G
544

responsible for the EphA1 TM domain dimerization is not employed, enabling the receptor
to adopt more than one dimeric conformation in plasma membrane. These findings serve
as an instructive example of the diversity of TM domain formation within the same
family of protein kinases and appear to favor the assumption that the so-called rotation-
coupled activation mechanism may take place during the Eph receptor signaling. In
addition, our data suggest that the TM domains of Eph receptors and surrounding lipid
bilayer do not merely play a passive role in signal transduction, but can provide an
additional driving force for underlying conformational transition and extra specificity
for the Eph receptor dimerization and clustering. Furthermore, observed dependence of
the structural-dynamic properties of the EphA1 TM domain upon the ionization state of
the Glu547 residue implies that the conformational flexibility and activation of the EphA1
receptor can be regulated by such external and local factors as pH and lipid composition
of the cell membrane. This can represent a new level of regulation of the EphA receptor
activity integrated into a complex system of feedbacks involved in Eph-ephrin signaling.
So, the structural investigation of the EphA TM domain association helps to understand
the underlying mechanisms of the Eph-ephrin signal transduction and provides a basis
to control the receptor kinase activity, especially in pathological states of organism.

ïîñðåäñòâîì èçìåíåíèÿ òîïîëîãèè äèìåðà ÒÌ äîìåíîâ â ïëàçìàòè÷åñêîé
ìåìáðàíå. Ýòè ïðåäïîëîæåíèÿ ñîîòâåòñòâóþò äàííûì î òîì, ÷òî Eph
ðåöåïòîðû ïðåäâàðèòåëüíî ñãðóïïèðîâàíû â ëèïèäíûõ ðàôòàõ â âèäå ñëàáî
àôôèííûõ äèìåðîâ, èõ âçàèìîäåéñòâèå c ýôðèíàìè ïðèâîäèò ê
êîíôîðìàöèîííûì ïåðåñòðîéêàì, ïåðåãðóïïèðîâêå è àãðåãàöèè ðåöåïòîðîâ
â áîëüøèå ëèãàíä-ðåöåïòîðíûå êëàñòåðû â êëåòî÷íîé ìåìáðàíå. Ïîëó÷åííûå
ñòðóêòóðíî-äèíàìè÷åñêèå äàííûå ñâèäåòåëüñòâóþò òàêæå î âîçìîæíîñòè
ñîâìåñòíîãî ñóùåñòâîâàíèÿ àëüòåðíàòèâíûõ äèìåðíûõ êîíôîðìàöèé ÒÌ
äîìåíà EphA1, ïðåäïîëîæèòåëüíî ñîîòâåòñòâóþùèõ àêòèâíîé è íåàêòèâíîé
êîíôèãóðàöèÿì ðåöåïòîðà. Áîëåå òîãî, ñ èñïîëüçîâàíèåì ëèòåðàòóðíûõ
äàííûõ áûëî ïðîäåìîíñòðèðîâàíî, ÷òî íàáëþäàåìàÿ çàâèñèìîñòü
ñòðóêòóðíî-äèíàìè÷åñêèõ ñâîéñòâ ÒÌ äîìåíà EphA1 îò èîíèçàöèîííîãî
ñîñòîÿíèÿ E547, çàãëóáëåííîãî â ëèïèäíûå áèñëîè, âèäèìî, íàïðÿìóþ
ñâÿçàíà ñ áèîëîãè÷åñêîé ôóíêöèåé äàííîãî ðåöåïòîðà â îðãàíèçìå ÷åëîâåêà
êàê â íîðìå, òàê è ïðè ðàçëè÷íûõ ïàòîëîãèÿõ, ñâÿçàííûõ ñ ëîêàëüíûì
ïîäêèñëåíèåì òêàíåé.
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æèðíûõ êèñëîò. Íàèáîëåå ÷åòêèå èçìåíåíèÿ, âûðàæåííûå â óìåíüøåíèè
ñîäåðæàíèÿ, çàôèêñèðîâàíû äëÿ ÔÕ 16:0/18:2, 18:1/20:2 è 18:0/20:4 ñ Ìì
758.6, 808.6, 810.6 êÄà. Ëèçîôîñôàòèäèëõîëèíû, ñîäåðæàùèå â ñâîåé
ñòðóêòóðå îäíó æèðíóþ êèñëîòó, òàêæå ïðåäñòàâëåíû â âèäå íàáîðà
ðàçëè÷íûõ ìîëåêóëÿðíûõ âèäîâ, êîòîðûå çíà÷èòåëüíî óìåíüøàþòñÿ ïî âñåìó
ñïåêòðó ïðè äåéñòâèè ðèâàñòèãìèíà. Ñôèíãîìèåëèíû ïðåäñòàâëåíû
íàèìåíåå áîãàòûì ðàçíîîáðàçèåì ìîëåêóëÿðíûõ âèäîâ ïî ñðàâíåíèþ ñ
âûøåïðåäñòàâëåííûìè ôîñôîëèïèäàìè. Íàèáîëüøèå èçìåíåíèÿ
çàôèêñèðîâàíû äëÿ ÑÌ 16:0 ñ Ìì 703.6 êÄà.

Ñêîðîñòü îêèñëåíèÿ ëèïèäîâ ïëàçìû êðîâè èçìåðÿëè ïðè îêèñëåíèè
ëèïèäîâ ìîëåêóëÿðíûì êèñëîðîäîì â ðàñòâîðå õëîðáåíçîëà â ïðèñóòñòâèè
èíèöèàòîðà àçîèçîáóòèðîíèòðèëà (ÀÈÁÍ, Aldrich) â òåðìîñòàòèðîâàííîé
ÿ÷åéêå ñ èñïîëüçîâàíèåì âîëþìîìåòðè÷åñêîé óñòàíîâêè òèïà "Âàðáóðã".

Ëå÷åíèå ïàöèåíòîâ ñ ÁÀ ðèâàñòèãìèíîì ïðèâîäèëî ê ñíèæåíèþ
ñêîðîñòè îêèñëåíèÿ ëèïèäîâ ïî ñðàâíåíèþ ñ ïàöèåíòàìè, íå ïðèíèìàâøèìè
ïðåïàðàò. Äàííûå ðåçóëüòàòû óêàçûâàþò íà ñïîñîáíîñòü ðèâàñòèãìèíà
èíãèáèðîâàòü îêèñëèòåëüíûå ïðîöåññû â ëèïèäàõ, îòðàæàþùèõ
ïàòîëîãè÷åñêèå ïðîöåññû, ñâÿçàííûå ñ èíäóêöèåé îêèñëèòåëüíîãî ñòðåññà
ïðè ÁÀ.

Ñíèæåíèå ñêîðîñòåé îêèñëåíèÿ ëèïèäîâ ïðè ëå÷åíèè ðèâàñòèãìèíîì
ñîïðîâîæäàåòñÿ ñíèæåíèåì óðîâíÿ ìîëåêóëÿðíûõ âèäîâ õîëèíñîäåðæàùèõ
ôîñôîëèïèäîâ ñ íåíàñûùåííûìè æèðíûìè êèñëîòàìè, ÷òî ìîæåò óêàçûâàòü
íà ïîëîæèòåëüíóþ êîððåêöèþ ïðåïàðàòîì ìåòàáîëèçìà ëèïèäîâ,  íàðóøåíèå
êîòîðîãî âûçâàíî îêèñëèòåëüíûì ñòðåññîì.

Ñëåäîâàòåëüíî, íàøè ðåçóëüòàòû ïîêàçûâàþò, ÷òî èíãèáèòîð
àöåòèëõîëèíýñòåðàçû – ðèâàñòèãìèí, âëèÿÿ íà ôåðìåíò-ìèøåíü, â êîíå÷íîì
ñ÷åòå, ñïîñîáåí ìîäèôèöèðîâàòü ôîñôîëèïèäíûé ñïåêòð è îêèñëèòåëüíûé
ïîòåíöèàë ëèïèäîâ ïëàçìû êðîâè ïàöèåíòîâ â ïðîöåññå ëå÷åíèÿ.
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Áîëåçíü Àëüöãåéìåðà (ÁÀ) õàðàêòåðèçóåòñÿ íàðóøåíèåì êîãíèòèâíûõ
ôóíêöèé ìîçãà, ñíèæåíèåì ïàìÿòè è èíòåëëåêòà, ÷òî ñîïðîâîæäàåòñÿ
âûðàæåííûìè ïàòîëîãè÷åñêèìè ïîâåäåí÷åñêèìè ñèìïòîìàìè. Ïðèíÿòî
ñ÷èòàòü, ÷òî êëþ÷åâûì ìåõàíèçìîì ðàçâèòèÿ ïàòîëîãèè Àëüöãåéìåðîâñêîãî
òèïà ÿâëÿþòñÿ òîêñè÷åñêîå äåéñòâèå β-àìèëîèäíîãî ïåïòèäà è
îêèñëèòåëüíûé ñòðåññ, èíäóöèðóåìûé ïðîâîñïàëèòåëüíûìè öèòîêèíàìè. Â
íàñòîÿùèé ìîìåíò àêöåíò ìíîãèõ èññëåäîâàíèé ïðè÷èí ãèáåëè íåéðîíîâ
ïðè äåìåíöèè Àëüöãåéìåðîâñêîãî òèïà êîíöåíòðèðóåòñÿ íà ôóíêöèè
ëèïèäîâ, êîòîðûå, êàê ïðåäïîëàãàåòñÿ, ìîãóò èãðàòü êëþ÷åâóþ ðîëü â
àìèëîèäîãåíåçå è íåéðîíàëüíîé äèñôóíêöèè.

Öåëüþ íàøåãî èññëåäîâàíèÿ ÿâèëîñü îïðåäåëåíèå âëèÿíèÿ ðèâàñòèãìèíà
– èíãèáèòîðà àöåòèëõîëèíýñòåðàçû è áóòèðèëõîëèíýñòåðàçû – íà ñîäåðæàíèå
ìîëåêóëÿðíûõ âèäîâ ôîñôîëèïèäîâ (ôîñôàòèäèëõîëèíà, ñôèíãîìèåëèíà è
ëèçîôîñôàòèäèëõîëèíà) è ñêîðîñòü îêèñëåíèÿ ëèïèäîâ ïëàçìû êðîâè â õîäå
ëå÷åíèÿ ïàöèåíòîâ, ñòðàäàþùèõ ÁÀ.

Ðèâàñòèãìèí ïðèìåíÿåòñÿ â êëèíèêå äëÿ ëå÷åíèÿ áîëåçíè Àëüöãåéìåðà
íà ñòàäèè íà÷àëüíîé è óìåðåííîé äåìåíöèè. Ðèâàñòèãìèí áîëüíûå
ïðèíèìàëè åæåäíåâíî â èíäèâèäóàëüíî ïåðåíîñèìîé äîçå (îò 3 äî 12 ìã/ñóò)
åæåäíåâíî â òå÷åíèå 3 ìåñ. Ïàöèåíòû ïðîõîäèëè êóðñ ëå÷åíèÿ â Îòäåëå ïî
èçó÷åíèþ áîëåçíè Àëüöãåéìåðà Íàó÷íîãî öåíòðà ïñèõè÷åñêîãî çäîðîâüÿ
ÐÀÌÍ (ðóêîâîäèòåëü – ïðîô. Ñ.È. Ãàâðèëîâà). Âîçðàñò ïàöèåíòîâ êîëåáàëñÿ
îò 60 äî 85 ëåò. Ïëàçìó êðîâè áðàëè îò ïàöèåíòîâ äî è ïîñëå ëå÷åíèÿ
ïðåïàðàòîì. Â êà÷åñòâå êîíòðîëüíîé ãðóïïû áûëè ïàöèåíòû, íå ïðîõîäèâøèå
ëå÷åíèÿ.

Ëèïèäû èç ïëàçìû êðîâè èçâëåêàëè ïî ìåòîäó Áëàéÿ-Äàéåðà. Àíàëèç
ëèïèäîâ ïðîâîäèëè ìåòîäîì ÂÝÆÕ/ÌÑ ñ èñïîëüçîâàíèåì æèäêîñòíîãî
õðîìàòîãðàôà Surveyor (Thermo Electron, Ãåðìàíèÿ), ñîåäèíåííîãî ñ ìàññ-
ñïåêòðîìåòðîì Esquire 4000 (Bruker, Ãåðìàíèÿ) ñ èíòåðôåéñîì äëÿ èîíèçàöèè
ýëåêòðîðàñïûëåíèåì. Äëÿ ÂÝÆÕ èñïîëüçîâàëè êîëîíêó Luna Silica, 2õ150
ìì, ðàçìåð ÷àñòèö 3 ìêì (Phenomenex). Ðàçäåëåíèå ñìåñè ëèïèäîâ ïðîâîäèëè
ìåòîäîì ãðàäèåíòíîãî ýëþèðîâàíèÿ ñ èñïîëüçîâàíèåì ïîäâèæíûõ ôàç À
(97% àöåòîíèòðèëà + 2% ìåòàíîëà + 1% óêñóñíîé êèñëîòû, ðàñòâîð ñîäåðæàë
5 ìÌ àöåòàòà àììîíèÿ) è Â (99% ìåòàíîëà + 1% óêñóñíîé êèñëîòû, ðàñòâîð
ñîäåðæàë 5 ìÌ àöåòàòà àììîíèÿ).

Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçàëè, ÷òî ðèâàñòèãìèí îêàçûâàåò çàìåòíî
äèôôåðåíöèðîâàííîå âëèÿíèå íà ôîñôîëèïèäû ñ ðàçëè÷íûì íàáîðîì
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The rates of lipids oxidation by pure oxygen in chlorbenzene solution in
presence of AIBN (Aldrich) under the permanent pressure and temperature were
measured on "Warburg" type plant.

Treatment of patients with AD by rivastigmin led to decrease in rates oxidation
of plasma lipids in compare with untreated patients. Given results reflect the ability
of rivastigmin to inhibit oxidative stress, induced in AD. Decrease in oxidation
rates of plasma lipids of patients treated by rivastigmin is accompanied by decrease
in the content of molecular species of choline containing phospholipids with
unsaturated fatty acids that can indicate on positive correction of lipids metabolism,
caused by oxidative stress.

Hence, our results showed finally that inhibitor of acetylcholinesterase -
rivastigmin is capable to modify phospholipids spectrum and oxidative potential
of plasma lipids during treatment of patients with AD.

INFLUENCE OF ACETYLCHOLINESTERASE INHIBITOR –
RIVASTIGMIN ON OXIDATION POTENTIAL OF LIPIDS AND
CONTENTS OF MOLECULAR SPECIES OF CHOLINE
CONTAINING PHOSPHOLIPIDS DURING ALZHEIMER'S DISEASE
TREATMENT
Bugaychuk O.V., Krugovov D.A.
Emanuel Institute of Biochemical Physics RAS, Moscow, Russia
E-mail: dioxan@yandex.ru
Fax: (495) 137-41-01; tel.: (495) 939-71-59

Alzheimer's disease (AD) leads to a dramatic decline in cognitive abilities
and memory. Amyloid beta-protein (Abeta) and oxidative stress induced by
proinflamatory citokines is thought to be main primary factors causing
neurodegeneration in AD. At the moment the attention of many studies of
mechanisms of neurons death at Alzheimer's dementia concentrates on the function
of lipids which it is supposed can play a key role in amyloidogenesis and neuronal
disfunction.

The main goal of our study was detection of influence of rivastigmin – inhibitor
of acetylcholinesterase and butyrylcholinesterase – on changes in molecular species
of phospholipids (phosphatidylcholine, sphingomyelin and
lysophosphatidylcholine) and rate of lipids oxidation in blood plasma during
treatment of patients with AD.

Rivastigmin is applied in clinic for AD treatment at the initial and moderate
stages of dimentia in doses from 3 to 12 mg daily within 3 months. AD patients
received medical treatment in AD Department of Research Center for Mental Health
RAMS (Head – prof. S.I. Gavrilova). The age of patients ranged from 60 to 85
years. Blood plasma was collected before and after drug treatment. As a control
group, patients were not treated by rivastigmin.

Lipids were isolated from plasma according to Bligh-Dyer method.
Phospholipid species levels were determined by chromato-mass-spectrometry with
using liquid chromatograph Surveyor (Thermo Electron, Germany) connected to
mass-spectrometer Esquire 4000 (Bruker, Germany) with the interface for ionization
by electrodispersion. Luna Silica column (2x150 mm, the size of particles-3
micrones (Phenomenex) was used for HPLC. Mobile fases A (97% acetonitrile +
2% methanol + 1% acetic acid, a solution contained 5 mM of ammonium acetate)
and B (99% methanol+1% acetic acid, the solution contained 5 mM of ammonium
acetate) were used for elution.

Our results have shown that rivastigmin considerably differentiated influence
on phospholipids with various set of fatty acids. It was found that it reduced
phosphatidylcholines 16:0/18:2, 18:1/20:2 and 18:0/20:4 with Mm 758,6, 808,6
and 810,6 kDa. Lysophosphatidylcholine containing one fatty acid in its structure,
is also represented as a set of different molecular species that have significantly
reduced during treatment by rivastigmin. The biggest changes were recorded for
16:0 sphingomyelin with Mm of 703,6 kDa.
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GENETIC TRANSFORMATION OF ASPEN WITH GLUTAMINE
SYNTHETASE GS1 AND ZEAMATIN GENES
Bulatova I.V.1,2, Novikov P.S.1,3, Kanarskiy A.V.3, Vinokurov M.G.2,
Schestibratov K.A.1

1Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
2Institute of Cell Biophysics RAS, Pushchino, Russia
3Mari State Technical University, Yoshkar-Ola, Russia
E-mail: schestibratov@fibkh.serpukhov.su
Fax: (4967) 33-05-27; tel.: (4967) 33-09-66

Different genotypes of aspen (Populus tremula) was transformed by
agrobacterial methods to create transgenic plants with modified nitrogen
metabolism and increased resistance to heart rot. To optimize nitrogen metabolism
glutamine synthetase gene catalyzing the incorporation of ammonium into glutamine
was chose. The pBIGS vector containing the glutamine synthetase gene from pine
was used in our experiments. In all 37 transgenic lines were produced. PCR analysis
confirmed presence of the GS gene in 34 lines. Modification of nitrogen metabolism
was evaluated by measurement of nitrogen content in plant tissues and cultivation
of plants on subletal levels of phosphinotricin in vitro. Transgenic plants exhibited
increased nitrogen content (15-20%) in comparison with control. On medium
containing 0.5 mg/l phosphinotricin we did not observed growth inhibition on
transgenic plants whereas control plants demonstrated decreased rooting frequency,
root number and total root length.

To increase resistance of aspen to phytopathogenes zeamatin protein from
the PR-5 families was used. ZP and ZPU genes were cloned into binary vectors
pBIN under control of the CaMV 35S promoter. Unlike ZP gene ZPU gene
contained 5'- and 3'-untranslated regions. As result of agrobacterial transformation
15 transgenic lines of aspen were produced. These plants did not show somaclonal
variance. Now we test obtained transgenic plants under greenhouse conditions.

ÃÅÍÅÒÈ×ÅÑÊÀß ÒÐÀÍÑÔÎÐÌÀÖÈß ÎÑÈÍÛ ÃÅÍÀÌÈ
ÃËÓÒÀÌÈÍÑÈÍÒÅÒÀÇÛ GS1 È ÇÅÀÌÀÒÈÍÀ
Áóëàòîâà È.Â.1,2, Íîâèêîâ Ï.Ñ.1,3, Êàíàðñêèé À.Â.3, Âèíîêóðîâ Ì.Ã.2,
Øåñòèáðàòîâ Ê.À.1
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Ïðîâåäåíà ñåðèÿ àãðîáàêòåðèàëüíûõ òðàíñôîðìàöèé ðàçëè÷íûõ
ãåíîòèïîâ îñèíû (Populus tremula) ñ öåëüþ ñîçäàíèÿ òðàíñãåííûõ ôîðì ñ
ìîäèôèöèðîâàííûì ìåòàáîëèçìîì àçîòà è ïîâûøåííîé óñòîé÷èâîñòüþ ê
ñåðäöåâèäíîé ãíèëè.

Äëÿ îïòèìèçàöèè ìåòàáîëèçìà àçîòà âûáðàí ãåí ãëóòàìèíñèíòåòàçû,
êàòàëèçèðóþùåé êîíâåðñèþ àììîíèéíîãî àçîòà â ãëóòàìèí.
Ñ èñïîëüçîâàíèåì âåêòîðíîé ïëàçìèäû pBIGS, íåñóùåé ãåí
ãëóòàìèíñèíòåòàçû ñîñíû ïîä êîíòðîëåì 35S ïðîìîòîðà, ñîçäàíà âòîðàÿ
ñåðèÿ òðàíñãåííûõ ëèíèé îñèíû. Â ðåçóëüòàòå ÷åòûðåõ àãðîáàêòåðèàëüíûõ
òðàíñôîðìàöèé ïîëó÷åíî 37 òðàíñãåííûõ ëèíèé. Ïðèñóòñòâèå ãåíà GS
ïîäòâåðæäåíî ó 34. Ìîäèôèêàöèþ ìåòàáîëèçìà àçîòà â ðàñòåíèÿõ îñèíû
îöåíèâàëè ïóòåì èçìåðåíèÿ ñîäåðæàíèÿ àçîòà â òêàíÿõ ðàñòåíèé, à òàêæå
ìåòîäîì êóëüòèâèðîâàíèÿ â ïðèñóòñòâèè ñóáëåòàëüíûõ äîç ôîñôèíîòðèöèíà
â óñëîâèÿõ in vitro. Ñîäåðæàíèå îáùåãî àçîòà â òêàíÿõ GS ëèíèé ïðåâûøàëî
òàêîâûå çíà÷åíèÿ ó êîíòðîëüíûõ ðàñòåíèé íà 15-20%. Ïðè êóëüòèâèðîâàíèè
íà ñðåäàõ ñ 0,5 ìã/ë ôîñôèíîòðèöèíà ó òðàíñãåííûõ ëèíèé íå íàáëþäàëîñü
èíãèáèðîâàíèÿ ðîñòà, òîãäà êàê êîíòðîëüíûå ðàñòåíèÿ äåìîíñòðèðîâàëè
ñíèæåíèå ÷àñòîòû óêîðåíåíèÿ ìèêðîïîáåãîâ, ñðåäíåãî êîëè÷åñòâà êîðíåé
íà ðàñòåíèå è ñóììàðíîé äëèíû êîðíåé.

Ñ öåëüþ ïîâûøåíèÿ óñòîé÷èâîñòè îñèíû ê ôèòîïàòîãåíàì âûáðàíà
ãðóïïà PR-5, à ñðåäè íèõ – çåàìàòèí. Äëÿ ýêñïðåññèè äàííîãî áåëêà â
ðàñòåíèÿõ îñèíû áûëè êëîíèðîâàíû äâà ãåíà çåàìàòèíà, ZP è ZPU è çàòåì
ïåðåíåñåíû â áèíàðíûå âåêòîðû ñåðèè pBIN ïîä êîíòðîëü 35S ïðîìîòîðà.
Âàðèàíò ãåíà ZP îòëè÷àåòñÿ îò ZPU îòñóòñòâèåì 5'- è 3'-íåòðàíñëèðóåìûõ
ïîñëåäîâàòåëüíîñòåé. Â ðåçóëüòàòå àãðîáàêòåðèàëüíîé òðàíñôîðìàöèè
ïîëó÷åíî 15 òðàíñãåííûõ ëèíèé. Ñîìàêëîíàëüíûõ èçìåíåíèé ó äàííûõ
ðàñòåíèé íå îáíàðóæåíî. Â íàñòîÿùåå âðåìÿ ïðîâîäèòñÿ áèîëîãè÷åñêîå
òåñòèðîâàíèå ýòèõ ðàñòåíèé â óñëîâèÿõ çàùèùåííîãî ãðóíòà.
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IMMUNOCHROMATOGRAPHIC SYSTEMS FOR EXPRESS
DETECTION OF BIOLOGICALLY ACTIVE COMPOUNDS
Byzova N.A., Zherdev A.V., Urusov A.E., Zvereva E.A., Dzantiev B.B.
Bach Institute of Biochemistry RAS, Moscow, Russia
E-mail: dzantiev@inbi.ras.ru
Fax: (495) 954-28-04; tel.: (495) 954-31-42

The presented studies are directed on the elaboration and characterization of
express analytical systems based on a principle of immunochromatography. The
systems are intended for the detection of antibiotics, pesticides and mycotoxins in
biosamples, foodstuffs and agricultural production. Preparations of colloidal gold
nanoparticles (labels for specific immune complexes in immunochromatographic
tests) with diameters from 5 to 40 nm and their conjugates with antibodies were
obtained and described using electronic microscopy and atomic force microscopy.
Optimal conditions for antibodies immobilization on colloidal gold surface were
determined. The comparative experimental analysis of the formation of complexes
(immobilized antigen – antibody with colloidal gold label) in a flowing mode was
carried out for different membranes and colloidal conjugates; optimal sets of
compounds for realization of immunochromatographic assays were determined.
With the use of biosensoric Biacore system kinetic dependences of antigens
interaction with antibodies and antibody-colloidal gold nanoparticles were obtained.
Approaches for directed change of the threshold level between positive and negative
samples were proposed. Conditions of quantitative registration of the analyses
results by portable video digital device of a domestic manufacturing were
determined. Multiparametric analytical systems for simultaneous detection of
several compounds in the same sample were proposed. Scaled technology of the
test-systems manufacturing for the control of antibiotics (chloramphenicol,
streptomycin, ampicillin) was developed. The developed test-systems allow to
detect the studied compounds in concentrations to 1 ng/ml, time of the analysis is
no more than 10 min. Due to rapidity and low laboriousness
immunochromatography is the efficient approach for carrying out analyses both at
laboratory and on-site conditions.
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Ïðîâåäåíû èññëåäîâàíèÿ, íàïðàâëåííûå íà ñîçäàíèå è õàðàêòåðèñòèêó
ñèñòåì ýêñïðåññíîé äåòåêöèè àíòèáèîòèêîâ, ìèêîòîêñèíîâ è ïåñòèöèäîâ â
áèîïðîáàõ, ïðîäóêòàõ ïèòàíèÿ è ñåëüñêîõîçÿéñòâåííîé ïðîäóêöèè,
îñíîâàííûõ íà ïðèíöèïå èììóíîõðîìàòîãðàôèè. Ïîëó÷åíû ïðåïàðàòû
íàíî÷àñòèö êîëëîèäíîãî çîëîòà (ìàðêåðîâ ñïåöèôè÷åñêèõ èììóííûõ
êîìïëåêñîâ) ñ äèàìåòðîì îò 5 äî 40 íì è êîíúþãàòû ñ àíòèòåëàìè; ïðîâåäåíà
èõ õàðàêòåðèñòèêà íà îñíîâàíèè äàííûõ ýëåêòðîííîé è àòîìíî-ñèëîâîé
ìèêðîñêîïèè. Îïðåäåëåíû îïòèìàëüíûå ðåæèìû èììîáèëèçàöèè àíòèòåë
íà êîëëîèäíîì çîëîòå. Ïðîâåäåí ñðàâíèòåëüíûé ýêñïåðèìåíòàëüíûé àíàëèç
ïðîöåññîâ ôîðìèðîâàíèÿ êîìïëåêñîâ (èììîáèëèçîâàííûé àíòèãåí –
ìå÷åííîå êîëëîèäíûì çîëîòîì àíòèòåëî) â ïðîòî÷íîì ðåæèìå ïðè
èñïîëüçîâàíèè ðàçëè÷íûõ ìåìáðàííûõ íîñèòåëåé è êîëëîèäíûõ êîíúþãàòîâ,
óñòàíîâëåíû îïòèìàëüíûå ñî÷åòàíèÿ êîìïîíåíòîâ òåñò-ñèñòåì äëÿ
èììóíîõðîìàòîãðàôèè. Ñ èñïîëüçîâàíèåì áèîñåíñîðíîé ñèñòåìû Biacore
ïîëó÷åíû êèíåòè÷åñêèå õàðàêòåðèñòèêè âçàèìîäåéñòâèÿ àíòèãåíîâ ñ
àíòèòåëàìè è èõ êîíúþãàòàìè ñ íàíî÷àñòèöàìè êîëëîèäíîãî çîëîòà.
Ïðåäëîæåíû ñïîñîáû íàïðàâëåííîãî èçìåíåíèÿ ïîðîãà äåòåêöèè
èììóíîõðîìàòîãðàôè÷åñêîãî àíàëèçà. Îòðàáîòàíû óñëîâèÿ êîëè÷åñòâåííîé
ðåãèñòðàöèè ðåçóëüòàòîâ àíàëèçà ñ ïðèìåíåíèåì ïîðòàòèâíîãî
âèäåîöèôðîâîãî îáîðóäîâàíèÿ îòå÷åñòâåííîãî ïðîèçâîäñòâà. Ïðåäëîæåíû
ìóëüòèïàðàìåòðè÷åñêèå àíàëèòè÷åñêèå ñèñòåìû äëÿ îäíîâðåìåííîãî
îïðåäåëåíèÿ ðàçíûõ ñîåäèíåíèé â îäíîé ïðîáå. Ðàçðàáîòàíà ìàñøòàáèðóåìàÿ
òåõíîëîãèÿ ïðîèçâîäñòâà òåñò-ñèñòåì äëÿ êîíòðîëÿ ñîäåðæàíèÿ àíòèáèîòèêîâ
(õëîðàìôåíèêîë, ñòðåïòîìèöèí, àìïèöèëëèí) â ìîëîêå. Ñ ïîìîùüþ äàííûõ
òåñò-ñèñòåì èññëåäîâàííûå ñîåäèíåíèÿ ìîãóò äåòåêòèðîâàòüñÿ â
êîíöåíòðàöèÿõ äî 1 íã/ìë, ïðîäîëæèòåëüíîñòü àíàëèçà – íå áîëåå 10 ìèí.
Áëàãîäàðÿ âûñîêîé ýêñïðåññíîñòè è ìàëîé òðóäîåìêîñòè
èììóíîõðîìàòîãðàôèÿ ÿâëÿåòñÿ ýôôåêòèâíûì ïîäõîäîì ïðè ïðîâåäåíèè
àíàëèçîâ â ëàáîðàòîðíûõ è âíåëàáîðàòîðíûõ óñëîâèÿõ.
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Elyakova L.A., Vaskovsky B.V., Khoroshilova N.I., Vantseva S.I.,
Agapkina Yu.Yu.*
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow State
University, Moscow, Russia
E-mail: svetvan@yandex.ru

Earlier we showed the significance of new objects – marine polychaetes as
the sources of enzymes' inhibitors, including reverse transcriptase (RT) [1]. During
the first stage of our work the structure of the peptide TYR-PRO-ILE-GLU-MeHIS,
Mm 672 Da, from marine polychaetes Eunicidae [1], was determined. The peptide
showed IC50 10-6 M relative to RT HIV-1. It is significant that the peptide contains
the unusual amino acid - methylhistidine. The patent on the substance was received
[2]. This sequence, as was shown in Bachem review, presents in the actine molecules
of all living creatures, from microorganisms to human, and only in the one place
(from 69-73 amino acid residues).

Further the study with these objects for searching the peptides – IN inhibitors
from HIV-1, was competed by isolation of heptapeptide Mm 683 Da. It is interesting
to see that also the rare amino acid homoserin was discovered in the peptide Mm
683 Da: ASP-LEU-HSE-HIS-ALA-GLN, IC50 3õ10-5 M. There is a similarity
between this peptide and the elements of protein sequence of worm Caenorhabditis
elegans, whose structure has been already determined. The standard techniques of
protein chemistry and mass-spectrometry were used under this study. The research
confirms the states in other reviews that RT and IN peptide inhibitors have similarity
with the some peptide structures from HIV-1 and HIV-2 [3].

The study was supported by the International Science and Technology Center,
the Project 3197ð (2006-2008).
References
1. Elyakova L.A., Myastovskaya O.M., Mamontova V.A., Rasskazov "Potential antitumor

and antiviral activities of marine polychaetes", Biologiya Morya, Vladivostok, 1998,
v.24, N1, P.38-43.

2. Elyakova L.A., Vaskovsky B.V., Bocharov E.A., Tunitskaya V.L., Kochetkov S.N.,
Elyakov G.B. "Substance having inhibiting activity relative to HIV reverse transcriptase",
Patent ¹2314818, Bull. #2, 20.01.2008.

3. R. Dayam, R. Gundla, L.Q. Al-Mawsawi, N. Neamati "HIV-I Integrase inhibitors: 2005-
2006 update", Med. Res. Rev., 2008, v.28, N1, P.118-154.

ÏÅÏÒÈÄÛ Ñ ÐÅÄÊÈÌÈ ÀÌÈÍÎÊÈÑËÎÒÀÌÈ ÈÇ ÌÎÐÑÊÈÕ
×ÅÐÂÅÉ POLYCHAETE ÊÀÊ ÈÍÃÈÁÈÒÎÐÛ ÐÅÂÅÐÒÀÇÛ È
ÈÍÒÅÃÐÀÇÛ ÈÇ HIV-1
Åëÿêîâà Ë.À., Âàñüêîâñêèé Á.Â., Õîðîøèëîâà Í.È., Âàíöåâà Ñ.È.,
Àãàïêèíà Þ.Þ.*
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
*ÍÈÈ ôèçèêî-õèìè÷åñêîé áèîëîãèè èì. À.Í. Áåëîçåðñêîãî ÌÃÓ
èì. Ì.Â. Ëîìîíîñîâà, Ìîñêâà, Ðîññèÿ
E-mail: svetvan@yandex.ru

Ðàíåå íàìè áûëà ïîêàçàíà çíà÷èìîñòü íîâûõ îáúåêòîâ – ìîðñêèõ
ïîëèõåò â êà÷åñòâå èñòî÷íèêîâ èíãèáèòîðîâ ðÿäà ôåðìåíòîâ, â ò.÷. îáðàòíîé
òðàíñêðèïòàçû è ðåâåðòàçû (RÒ) [1]. Â ðåçóëüòàòå ïåðâîãî ýòàïà ðàáîòû
îïðåäåëåíî ñòðîåíèå ïåïòèäà TYR-PRO-ILE-GLU-MeHIS, Ìì 672 Äà, èç
ìîðñêîé ïîëèõåòû Eunicidae [1], ïîêàçàâøåãî IC50 10-6M ïî îòíîøåíèþ ê RT
èç HIV-1. Îòìå÷åíî íàëè÷èå íåîáû÷íîé àìèíîêèñëîòû – ìåòèëãèñòèäèíà.
Íà ýòî âåùåñòâî áûë ïîëó÷åí ïàòåíò ÐÔ [2]. Â îáçîðå Bachem óêàçûâàåòñÿ
íà òî, ÷òî òàêàÿ ïîñëåäîâàòåëüíîñòü ïðèñóòñòâóåò â ìîëåêóëàõ àêòèíà âñåõ
æèâûõ ñóùåñòâ, îò ìèêðîîðãàíèçìîâ äî ÷åëîâåêà, è âñåãäà â îäíîì è òîì æå
ìåñòå (ñ 69 äî 73 àìèíîêèñëîòíîãî îñòàòêà).

Äàëüíåéøàÿ ðàáîòà ñ ýòèì îáúåêòîì ïî ïîèñêó ïåïòèäîâ – èíãèáèòîðîâ
èíòåãðàçû (IN) èç HIV-1 çàâåðøèëàñü âûäåëåíèåì ãåïòàïåïòèäà ñ Ìì 683 Äà.
Èíòåðåñíî, ÷òî â åãî ñîñòàâå òîæå îáíàðóæåíà ðåäêàÿ àìèíîêèñëîòà –
ãîìîñåðèí: ASP-LEU-HSE-HIS-ALA-GLN, IC50 3õ10-5 M. Òàêæå çàìåòíî
ñõîäñòâî ýòîãî ïåïòèäà ñ ýëåìåíòàìè áåëêîâîé ïîñëåäîâàòåëüíîñòè ÷åðâÿ
Caenorhabditis elegans, ÷üÿ ïîëíàÿ ñòðóêòóðà óæå äàâíî îïðåäåëåíà. Ïðè
óñòàíîâëåíèè ñòðóêòóð ïåïòèäîâ èñïîëüçîâàí îáû÷íûé íàáîð ìåòîäîâ
áåëêîâîé õèìèè è ìàññ-ñïåêòðîìåòðèÿ.

Ïðîâåä¸ííàÿ ðàáîòà ïîäòâåðäèëà óæå îòìå÷åííûå â ðÿäå îáçîðîâ
ïîëîæåíèÿ î òîì, ÷òî ïåïòèäíûå èíãèáèòîðû RT è IN èìåþò íåêîòîðîå
ñõîäñòâî ñ ïåïòèäíûìè ïîñëåäîâàòåëüíîñòÿìè ñòðóêòóð èç HIV-1 è HIV-2 [3].

Èññëåäîâàíèå ïîääåðæàíî ôîíäîì ÌÍÒÖ, ïðîåêò 3197ð (04.06-03.08 ã.).
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In work [Vekshin N.L., Kovalev A.E. // J. Biochem. 2006. V.140. P.185], it
was revealed a transfer of 7-amino-actinomycin D (fluorescent analog of
actinomycin D) from synthetic hairpin oligonucleotide HP1 to DNA in solution.
Since fluorescence of 7AAMD at linkage with DNA is much low, than with HP1
[Savintsev I.V., Vekshin N.L. // Mol. Biol (Russ.), 2002. V.36. P.725], it allows
observe directly the redistribution of the antibiotic from HP1 to DNA. The
redistribution consists of fast phase - 4.5 s and slow phase – 100 s. Two components
correspond to two types of sites in DNA. The first kind of sites are loops and
untwisted regions, and the second one is double helix. Using luminescent
microscopy, it is shown [Vekshin N.L., Savintsev I.V. // Biofizika (Russ.), 2009.
V.54, in press] that penetration of actinomycin D (AMD) or 7AAMD in complex
with HP1 to carcinoma cells (cancer of mice) occurs more effectively, than of
antibiotic separately, and leads to more strong killing of these cells. Free 7AAMD
and AMD are accumulated in plasmatic cellular membrane. They badly penetrate
inside cells. In the case of application of the 7AAMD/HP1 or AMD/HP1 complex,
the staining of nucleuses is observed also. It means that complex easily penetrates
both through cellular membrane, and through nuclear membrane. At incubation at
the presence of the AMD/HP1 complex, the killing of cancer cells grows in many
times. It can be suppose to use oligonucleotide hairpins, similar to HP1, as carriers,
facilitating the delivery of heterocyclic antibiotics to cancer cells. After application
of the AMD/HP1 complex to sarcoma mouse, the expectancy of life of animals
was increased from 10-12 days till 20-25 days, while application of the antibiotic
separately increased the term of life only by 1-2 days. Thus, at treatment of sarcoma,
the complex is more effective, than AMD separately. Clusters of coffeine and
adenine can serve as other suitable carriers of actinomycins (and generally of
many heterocyclic antibiotics). Such clusters spontaneously arise in water at
millimolar concentrations. The size of coffeine clusters is very small and they are
especially steady. Fast redistribution of the antibiotic from a surface of coffeine
clusters to DNA in solution was revealed in [Bitekhtina M.A., Vekshin N.L. // Bioorg.
Chem. (Russ.) 2008. V.34. N2. P.256. Vekshin N.L. Biophysics of DNA-Actinomycin
Nano-Complexes (Russ.). Pushchino: Photon-vek, 2009]. On the basis of AMD,
HP1, coffeine and adenine, the anti-cancer pharmacosomes – spherical particles
of the 10-nm size – were prepared [Vekshin N.L. Russ. patent ¹ 2008107667].

ÀÍÒÈÎÏÓÕÎËÅÂÛÅ ÍÓÊËÅÎÒÈÄ-ÀÊÒÈÍÎÌÈÖÈÍÎÂÛÅ
ÔÀÐÌÀÊÎÑÎÌÛ
Âåêøèí Í.Ë.
Èíñòèòóò áèîôèçèêè êëåòêè ÐÀÍ, Ïóùèíî, Ðîññèÿ
E-mail: nvekshin@rambler.ru
Òåë.: (4967 73-94-32

Â ðàáîòå [Vekshin N.L., Kovalev A.E. // J. Biochem. 2006. V.140. P.185]
áûëî ïîêàçàíî ïåðåìåùåíèå 7-àìèíî-àêòèíîìèöèíà D (ôëóîðåñöåíòíîãî
àíàëîãà àêòèíîìèöèíà D) îò ñèíòåòè÷åñêîé îëèãîíóêëåîòèäíîé øïèëüêè HP1
ê ÄÍÊ â ðàñòâîðå. Òàê êàê ôëóîðåñöåíöèÿ 7AAMD â ÄÍÊ  ìíîãîêðàòíî
íèæå, ÷åì â HP1 [Ñàâèíöåâ È.Â., Âåêøèí Í.Ë. //  Ìîë. áèîë. 2002. Ò.36. Ñ.725],
òî ýòî ïîçâîëÿåò íåïîñðåäñòâåííî íàáëþäàòü ïåðåðàñïðåäåëåíèå àíòèáèîòèêà
îò HP1 ê ÄÍÊ. Ïåðåðàñïðåäåëåíèå ñîñòîèò èç áûñòðîé ñòàäèè - 4,5 ñåê è
ìåäëåííîé – 100 ñåê. Äâå êîìïîíåíòû ñîîòâåòñòâóþò äâóì òèïàì ó÷àñòêîâ
ÄÍÊ. Ïåðâûé òèï – ïåòëè è ðàñêðó÷åííûå îáëàñòè, à âòîðîé - äâîéíàÿ
ñïèðàëü. Ñ ïîìîùüþ îïòè÷åñêîé ìèêðîñêîïèè ïîêàçàíî [Âåêøèí Í.Ë,
Ñàâèíöåâ È.Â. // Áèîôèçèêà, 2009. Ò.54, â ïå÷àòè], ÷òî ïðîíèêíîâåíèå AMD
èëè 7AAMD â êîìïëåêñå ñ HP1 âíóòðü ðàêîâûõ êëåòîê êàðöèíîìû ìûøåé
ïðîèñõîäèò áîëåå ýôôåêòèâíî, ÷åì àíòèáèîòèêà îòäåëüíî, è ïðèâîäèò ê áîëåå
çàìåòíîìó óíè÷òîæåíèþ ýòèõ êëåòîê. Ñâîáîäíûé 7AAMD è AMD
íàêàïëèâàþòñÿ â ïëàçìàòè÷åñêîé êëåòî÷íîé ìåìáðàíå, ïëîõî ïðîíèêàÿ
âíóòðü êëåòêè. Â ñëó÷àå ïðèìåíåíèÿ êîìïëåêñîâ 7AAMD/HP1 èëè AMD/
HP1 íàáëþäàåòñÿ òàêæå îêðàøèâàíèå ÿäåð. Ýòî îçíà÷àåò, ÷òî òàêîé êîìïëåêñ
ëåãêî ïðîíèêàåò è ÷åðåç êëåòî÷íóþ, è ÷åðåç ÿäåðíóþ ìåìáðàíû. Ïðè
èíêóáàöèè â ïðèñóòñòâèè êîìïëåêñà AMD/HP1 ãèáåëü ðàêîâûõ êëåòîê
âîçðàñòàåò â íåñêîëüêî ðàç. Ìîæíî ïðåäëîæèòü èñïîëüçîâàòü
îëèãîíóêëåîòèäíûå øïèëüêè, ïîäîáíûå HP1, â êà÷åñòâå ïåðåíîñ÷èêîâ,
îáëåã÷àþùèõ äîñòàâêó ãåòåðîöèêëè÷åñêèõ àíòèáèîòèêîâ ê ðàêîâûì êëåòêàì.
Ïîñëå ïðèìåíåíèÿ êîìïëåêñà AMD/HP1 ê ìûøàì ñ ñàðêîìîé
ïðîäîëæèòåëüíîñòü æèçíè æèâîòíûõ óâåëè÷èëàñü ñ 10-12 äíåé äî 20-25 äíåé,
â òî âðåìÿ êàê ïðèìåíåíèå àíòèáèîòèêà îòäåëüíî óâåëè÷èâàëî ñðîê èõ æèçíè
òîëüêî íà 1-2 äíÿ. Òàêèì îáðàçîì, ïðè îáðàáîòêå êëåòîê ñàðêîìû êîìïëåêñ
áîëåå ýôôåêòèâåí, ÷åì AMD îòäåëüíî. Äðóãèìè ïåðåíîñ÷èêàìè
àêòèíîìèöèíîâ ìîãóò ñëóæèòü êëàñòåðû êîôåèíà è àäåíèíà, ñïîíòàííî
âîçíèêàþùèå â âîäå ïðè ìèëëèìîëÿðíûõ êîíöåíòðàöèÿõ. Ðàçìåð êîôåèíîâûõ
êëàñòåðîâ î÷åíü ìàë, è îíè îñîáåííî óñòîé÷èâû. Áûëî ïîêàçàíî áûñòðîå
ïåðåðàñïðåäåëåíèå àíòèáèîòèêà ñ ïîâåðõíîñòè êîôåèíîâûõ êëàñòåðîâ ê ÄÍÊ
â ðàñòâîðå [Áèòåõòèíà Ì.À., Âåêøèí Í.Ë. // Áèîîðã.õèì. 2008. Ò.34. ¹2.
Ñ.256. Âåêøèí Í.Ë. Áèîôèçèêà ÄÍÊ-àêòèíîìèöèíîâûõ íàíîêîìïëåêñîâ //
Ôîòîí-âåê, 2009]. Íà îñíîâå AMD, HP1, êîôåèíà è àäåíèíà áûëè
ïðèãîòîâëåíû àíòè-ðàêîâûå ôàðìàêîñîìû – ñôåðè÷åñêèå ÷àñòèöû 10-íì
ðàçìåðà [Âåêøèí Í.Ë. Ðîñïàòåíò, ¹ 2008107667].
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Íàíî÷àñòèöû çîëîòà ÿâëÿþòñÿ ïåðñïåêòèâíûìè äëÿ äèàãíîñòèêè è
òåðàïèè îïóõîëåé ïî ðÿäó ïðè÷èí, ñðåäè êîòîðûõ ìîæíî âûäåëèòü èõ
ôèçè÷åñêèå ñâîéñòâà. Áëàãîäàðÿ áîëüøîìó çíà÷åíèþ ñå÷åíèÿ ðàññåÿíèÿ ñâåòà
íà ÷àñòîòå ïîâåðõíîñòíî-ïëàçìîííîãî ðåçîíàíñà, êîíúþãàòû íàíî÷àñòèö
çîëîòà ñ àíòèòåëàìè, ñïåöèôè÷íûìè ê îïóõîëåâûì ìàðêåðàì, ìîãóò áûòü
ýôôåêòèâíî èñïîëüçîâàíû â êà÷åñòâå îïòè÷åñêèõ ìåòîê. Êðîìå òîãî, âûñîêîå
çíà÷åíèå ñå÷åíèÿ ïîãëîùåíèÿ ïîçâîëÿåò èõ ïðèìåíÿòü äëÿ ñåëåêòèâíîé
ôîòîòåðìè÷åñêîé òåðàïèè. Òèðîçèíêèíàçíûé ðåöåïòîð HER2/neu
ãèïåðýêñïðåññèðóåòñÿ êëåòêàìè êàðöèíîìû ìîëî÷íîé æåëåçû, êàðöèíîìû
ïðîñòàòû, ðàêà ýíäîìåòðèÿ, ïåðâè÷íîãî ðàêà æåëóäêà, àäåíîêàðöèíîìû
ÿè÷íèêà è ìíîãèõ äðóãèõ òèïîâ çëîêà÷åñòâåííûõ îïóõîëåé è, ñëåäîâàòåëüíî,
ÿâëÿåòñÿ óäîáíûì îíêîìàðêåðîì [1,2].

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿëàñü ñïåöèôè÷åñêàÿ äîñòàâêà çîëîòûõ
íàíî÷àñòèö ê êëåòêàì àäåíîêàðöèíîìû ÿè÷íèêà ÷åëîâåêà (SKOV-3) ïðè
ïîìîùè èõ êîíúþãàöèè ñ ìèíèàíòèòåëàìè scFv 4D5 ê ðåöåïòîðó HER2/neu
[3]. Â ðàáîòå èñïîëüçîâàëèñü ñôåðè÷åñêèå, ñòàáèëèçèðîâàííûå öèòðàòîì
êîëëîèäíûå íàíî÷àñòèöû çîëîòà äèàìåòðîì 10-15 íì è çîëîòûå íàíîñòåðæíè
ðàçìåðîì 50x15 íì. ×àñòèöû áûëè ïðåäîñòàâëåíû Í.Ã. Õëåáöîâûì è ñîòð.
Ïîëó÷åíèå êîíúþãàòîâ ïðîâîäèëîñü ìåòîäîì ýëåêòðîñòàòè÷åñêîé àäñîðáöèè
öåëåâîãî áåëêà íà ïîâåðõíîñòü íàíî÷àñòèö. Êà÷åñòâî êîìïëåêñîâ îöåíèâàëè
ïî çíà÷åíèÿì ýêñòèíêöèé, îïðåäåëåííûõ èç ñïåêòðîâ ïîãëîùåíèÿ. Äëÿ
èçó÷åíèÿ âçàèìîäåéñòâèÿ ïîëó÷åííûõ êîíúþãàòîâ ñ îïóõîëåâûìè êëåòêàìè
ïðîâîäèëàñü èíêóáàöèÿ êëåòîê ñ íèìè ïðè 0°Ñ. Â êà÷åñòâå êîíòðîëüíîé
êóëüòóðû êëåòîê èñïîëüçîâàëèñü êëåòêè HeLa, â êà÷åñòâå êîíòðîëüíûõ ÷àñòèö
– íàíî÷àñòèöû çîëîòà îáîèõ âèäîâ, íå êîíúþãèðîâàííûå ñ áåëêîì, à òàêæå
íàíî÷àñòèöû çîëîòà, êîíúþãèðîâàííûå ñ íåñïåöèôè÷åñêèì áåëêîì –
áàðíàçîé. Âèçóàëèçàöèÿ êëåòîê ïðîâîäèëàñü ìåòîäîì êîíôîêàëüíîé
ìèêðîñêîïèè. Áûëî óñòàíîâëåíî, ÷òî íàíî÷àñòèöû çîëîòà, íå
êîíúþãèðîâàííûå ñ áåëêîì, íåñïåöèôè÷åñêè èíòåðíàëèçóþòñÿ êëåòêàìè.
Ïîêàçàíî, ÷òî êîíúþãàöèÿ íàíî÷àñòèö çîëîòà ñ áåëêàìè óìåíüøàåò ýòî
íåñïåöèôè÷åñêîå âçàèìîäåéñòâèå. Ïðîäåìîíñòðèðîâàíà ñïåöèôè÷íîñòü
âçàèìîäåéñòâèÿ ïîëó÷åííûõ êîíñòðóêöèé ñ êëåòêàìè SKOV-3. Òàêèì
îáðàçîì, âûáðàííûå ïðîòèâîðàêîâûå ìèíè-àíòèòåëà 4D5 scFv ïðè
êîíúþãàöèè ñ íàíî÷àñòèöàìè çîëîòà îáåñïå÷èâàþò íàïðàâëåííîñòü äîñòàâêè
íàíî÷àñòèö çîëîòà ê îïóõîëåâûì êëåòêàì, ãèïåðýêñïðåññèðóþùèì ðàêîâûé
ìàðêåð HER2/neu, ÷òî ïîçâîëÿåò èñïîëüçîâàòü ñîçäàííûå èììóíîêîíúþãàòû
êàê äëÿ âèçóàëèçàöèè ðàêîâûõ êëåòîê, òàê è äëÿ àäðåñíîãî ôîòîòåðìè÷åñêîãî
âîçäåéñòâèÿ íà íèõ.
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PROTEINS OF THE BROWN MYCELIAL FILM OF THE
BASIDIOMYCETE LENTINUS EDODES WITH PHENOL OXIDASE
AND  LECTIN ACTIVITIES
Vetchinkina E.P., Nikitina V.E.
Institute of Biochemistry and Physiology of Plants and Microorganisms RAS,
Saratov, Russia
E-mail: elenavetrus@yandex.ru
Fax: (8452) 97-03-83; tel.: (8452) 97-04-44

The basidiomycete Lentinus edodes (shiitake) is valued worldwide as a high-
quality edible and medicinal fungus. The keen demand for this product in the food
and pharmaceutical markets makes the study of the physiological-biochemical
peculiarities of L. edodes and the increase in its production a topical problem. The
brown mycelial film is a characteristic stage in the morphogenesis of this culture.
The film is formed immediately before the onset of fruiting. Our observations
suggest that fruiting bodies do not grow fully without the preliminary formation of
the film. To understand the mechanisms regulating the formation of fruiting bodies,
we believe it important to reveal and analyze proteins characterizing the
morphological structures that come before L. edodes fruiting.

We found that the protein composition of the brown film differed considerably
from the compositions observed at other stage in L. edodes development, attesting
that these proteins are of some functional importance and that their synthesis may
serve as a signal to start fruiting.

At the brown-film stage, we revealed lectins characteristic only of this
morphostructure. The lectins had carbohydrate specificity for L-D-melibiose. These
lectins were highly active, with hemagglutination titers ranging from 1:256 to
1:65536. They included, as part of their structure, major polypeptides with Mm of
24, 30, and 38 kDa. We found that when the brown-film lectin was applied on the
growing fungal mycelium, primordium formation accelerated. That is to say, this
is the first time that a positive effect of the brown-film lectin on the acceleration of
morphoformation. Possibly, the transfer from one developmental stage to the next
is regulated by the presence and activity of marker molecules in the cellular
structures, whose role may be played by lectins.

In addition, we established that the brown-film stage in L. edodes F-249
differed substantially from other developmental stages in the composition and
activity of enzymes of the phenol oxidase complex, specifically laccases. We
showed, for the first time, that the intracellular lectins of siitake could influence
the activity of the fungus's own laccases. We found that when incubated with the
laccases isolated from the fungal mycelium, brown-film lectins activated the
enzymes, giving grounds to speak of a regulatory role of the lectins in the functioning
of the enzyme systems and organism as a whole.

ÁÅËÊÈ ÊÎÐÈ×ÍÅÂÎÉ ÌÈÖÅËÈÀËÜÍÎÉ ÏËÅÍÊÈ
ÁÀÇÈÄÈÎÌÈÖÅÒÀ LENTINUS EDODES Ñ
ÔÅÍÎËÎÊÑÈÄÀÇÍÎÉ È  ËÅÊÒÈÍÎÂÎÉ ÀÊÒÈÂÍÎÑÒßÌÈ
Âåò÷èíêèíà Å.Ï., Íèêèòèíà Â.Å.
Èíñòèòóò áèîõèìèè è ôèçèîëîãèè ðàñòåíèé è ìèêðîîðãàíèçìîâ ÐÀÍ,
Ñàðàòîâ, Ðîññèÿ
E-mail: elenavetrus@yandex.ru
Ôàêñ: (8452) 97-03-83; òåë.: (8452) 97-04-44

Áàçèäèîìèöåò Lentinus edodes (øèèòàêå) âî âñåì ìèðå öåíèòñÿ êàê
âûñîêîêà÷åñòâåííûé ñúåäîáíûé è ëåêàðñòâåííûé ãðèá. Â ñèëó ïîâûøåííîãî
ñïðîñà íà ýòîò ïðîäóêò èçó÷åíèå ôèçèîëîãî-áèîõèìè÷åñêèõ îñîáåííîñòåé è
óâåëè÷åíèå ïðîèçâîäñòâà øèèòàêå ÿâëÿþòñÿ àêòóàëüíîé çàäà÷åé. Êîðè÷íåâàÿ
ìèöåëèàëüíàÿ ïëåíêà – õàðàêòåðíàÿ ñòàäèÿ ìîðôîãåíåçà äàííîé êóëüòóðû,
êîòîðàÿ îáðàçóåòñÿ íåïîñðåäñòâåííî ïåðåä íà÷àëîì ïëîäîíîøåíèÿ. Íàìè
îòìå÷åíî, ÷òî ôîðìèðîâàíèå ïîëíîöåííûõ ïëîäîâûõ òåë áåç
ïðåäâàðèòåëüíîãî îáðàçîâàíèÿ ïëåíêè íå ïðîèñõîäèò. Äëÿ ïîíèìàíèÿ
ìåõàíèçìîâ ðåãóëÿöèè ôîðìèðîâàíèÿ ïëîäîâûõ òåë ïðåäñòàâëÿåòñÿ âàæíûì
îáíàðóæåíèå è àíàëèç áåëêîâ, õàðàêòåðèçóþùèõ ìîðôîëîãè÷åñêèå
ñòðóêòóðû, ïðåäøåñòâóþùèå ïëîäîíîøåíèþ L. edodes.

Íàìè áûëî óñòàíîâëåíî, ÷òî áåëêîâûé ñîñòàâ êîðè÷íåâîé ïëåíêè
çíà÷èòåëüíî îòëè÷àåòñÿ îò òàêîâîãî íà äðóãèõ ñòàäèÿõ ðàçâèòèÿ ãðèáà, ÷òî
ñâèäåòåëüñòâóåò îá îïðåäåëåííîì ôóíêöèîíàëüíîì çíà÷åíèè ýòèõ áåëêîâ,
ñèíòåç êîòîðûõ ìîæåò áûòü ñèãíàëîì ê íà÷àëó ïëîäîíîøåíèÿ. Íà ñòàäèè
êîðè÷íåâîé ïëåíêè íàìè áûëè âûÿâëåíû ëåêòèíû ñ óãëåâîäíîé
ñïåöèôè÷íîñòüþ ê L-D-ìåëëèáèîçå, õàðàêòåðíûå òîëüêî äëÿ äàííîé
ìîðôîñòðóêòóðû. Àêòèâíîñòü ëåêòèíîâ áûëà î÷åíü âûñîêà, ñ òèòðàìè
ãåìàããëþòèíàöèè îò 1:256 äî 1:65536. Îíè èìåëè â ñâîåì ñîñòàâå ìàæîðíûå
ïîëèïåïòèäû Ìì 24, 30 è 38 êÄà. Ìû óñòàíîâèëè, ÷òî ïðè íàíåñåíèè ëåêòèíà
êîðè÷íåâîé ïëåíêè íà ðàñòóùèé ìèöåëèé ãðèáà ïðîèñõîäèò óñêîðåíèå
ïðîöåññà îáðàçîâàíèÿ ïðèìîðäèåâ. Òàêèì îáðàçîì, âïåðâûå âûÿâëåíî
ïîëîæèòåëüíîå âëèÿíèå ëåêòèíà êîðè÷íåâîé ïëåíêè íà óñêîðåíèå
ìîðôîîáðàçîâàíèÿ. Âîçìîæíî, ÷òî ïåðåõîä îò îäíîé ñòàäèè ðàçâèòèÿ ê äðóãîé
ðåãóëèðóåòñÿ ïðèñóòñòâèåì è àêòèâíîñòüþ â êëåòî÷íûõ ñòðóêòóðàõ
ìàðêåðíûõ ìîëåêóë, ðîëü êîòîðûõ âûïîëíÿþò ëåêòèíû.

Êðîìå òîãî, íàìè óñòàíîâëåíî, ÷òî êîðè÷íåâàÿ ïëåíêà L. edodes F-249
èìååò ñóùåñòâåííûå îòëè÷èÿ îò äðóãèõ ñòàäèé ðàçâèòèÿ ãðèáà ïî ñîñòàâó è
àêòèâíîñòè ôåðìåíòîâ ôåíîëîêñèäàçíîãî êîìïëåêñà, â ÷àñòíîñòè ëàêêàç.
Âïåðâûå ïîêàçàíà ñïîñîáíîñòü âíóòðèêëåòî÷íûõ ëåêòèíîâ øèèòàêå
îêàçûâàòü âëèÿíèå íà àêòèâíîñòü ñîáñòâåííûõ ëàêêàç. Áûëî óñòàíîâëåíî,
÷òî ëåêòèíû êîðè÷íåâîé ïëåíêè ïðè èíêóáàöèè ñ ëàêêàçàìè, âûäåëåííûìè
èç ìèöåëèÿ ãðèáà, àêòèâèðîâàëè ôåðìåíòû, ÷òî äàåò îñíîâàíèå ãîâîðèòü î
ðåãóëÿòîðíîé äåÿòåëüíîñòè ëåêòèíîâ â ðàáîòå ôåðìåíòíûõ ñèñòåì è
îðãàíèçìà â öåëîì.
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ROLE OF PROTEOLYTIC DEGRADATION IN PDCD4
SUPPRESSION IN LUNG CANCER CELLS AND MELANOMAS
Vikhreva P.N., Korobko E.V., Korobko I.V.
Institute of Gene Biology RAS, Moscow, Russia
E-mail: polina266@gmail.com
Fax: (499) 135-41-05; tel.: (499) 135-99-70

Pdcd4 is a tumor suppressor which is frequently down-regulated in various
tumors thus making Pdcd4 an attractive target for anti-neoplastic therapy.
Suppression of Pdcd4 occurs due to transcriptional silencing, miR21 microRNA-
dependent transcript degradation and inhibition of translation, and also because
of proteasomal ubiquitin-dependent Pdcd4 protein degradation directed by PI3K/
Akt/mTOR-signaling pathway. We investigated the role of PI3K/Akt/mTOR-
dependent degradation of Pdcd4 in Pdcd4 suppression in lung cancer and melanoma
cell lines and assayed if Pdcd4 is down-regulated in melanomas. We found that
similarly to other tumor types, Pdcd4 is frequently suppressed in melanoma cells
when compared to normal melanocytes (down-regulation >2-fold in 7 of 23 studied
melanoma cell lines). In 5 out of 9 studied melanoma cell lines PI3K and mTOR
inhibition resulted in significant (>2.5 times) increase in Pdcd4 protein level.
Similarly to melanoma cell lines, in lung cancer cells PI3K and/or mTOR inhibition
often (in 6 out of 8 assayed cell lines) up-regulated Pdcd4 protein. Summarizing,
similarly to other studied types of tumors, Pdcd4 is often suppressed in melanomas.
At the same time, PI3K/Akt/mTOR-dependent degradation can significantly
contribute to Pdcd4 suppression in lung cancer and melanoma. This observation
should be taken into account when developing new therapeutic approaches to treat
lung cancer and melanoma which are based on the restoring of Pdcd4 activity in
tumor cells.

ÐÎËÜ ÏÐÎÒÅÎËÈÒÈ×ÅÑÊÎÉ ÄÅÃÐÀÄÀÖÈÈ Â ÑÓÏÐÅÑÑÈÈ
PDCD4 Â ÎÏÓÕÎËÅÂÛÕ ÊËÅÒÊÀÕ ÐÀÊÀ ËÅÃÊÈÕ È
ÌÅËÀÍÎÌÀÕ
Âèõðåâà Ï.Í., Êîðîáêî Å.Â., Êîðîáêî È.Â.
Èíñòèòóò áèîëîãèè ãåíà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: polina266@gmail.com
Ôàêñ: (499) 135-41-05; òåë.: (499) 135-99-70

Pdcd4 ÿâëÿåòñÿ ñóïðåññîðîì îïóõîëåâîãî ðîñòà, óðîâåíü êîòîðîãî ÷àñòî
ñíèæåí â îïóõîëÿõ ðàçëè÷íîãî ïðîèñõîæäåíèÿ, ÷òî äåëàåò åãî
ïðèâëåêàòåëüíîé ìèøåíüþ äëÿ ãåííîé òåðàïèè îïóõîëåé. Ñóïðåññèÿ Pdcd4
â îïóõîëÿõ ïðîèñõîäèò èç-çà èíãèáèðîâàíèÿ òðàíñêðèïöèè, ìèêðîÐÍÊ miR21-
çàâèñèìîé äåãðàäàöèè òðàíñêðèïöèè è èíãèáèðîâàíèÿ òðàíñëÿöèè, à òàêæå
â ðåçóëüòàòå  ïðîòåàñîìíîé óáèêâèòèí-çàâèñèìîé äåãðàäàöèè áåëêà,
âûçûâàåìîé àêòèâàöèåé PI3K/Akt/mTOR-ñèãíàëüíîãî ïóòè. Â ýòîé ðàáîòå
ìû èññëåäîâàëè ðîëü PI3K/Akt/mTOR-çàâèñèìîé äåãðàäàöèè Pdcd4 â îáùåé
ñóïðåññèè Pdcd4 â îïóõîëåâûõ êëåòêàõ ðàêà ëåãêèõ è ìåëàíîìàõ, à òàêæå
ñóïðåññèþ Pdcd4 â ìåëàíîìàõ. Â ðåçóëüòàòå ïðîâåäåííîãî àíàëèçà áûëî
óñòàíîâëåíî, ÷òî óðîâåíü áåëêà Pdcd4 ÷àñòî ñíèæåí â êëåòêàõ ìåëàíîì ïî
ñðàâíåíèþ ñ íîðìàëüíûìè ìåëàíîöèòàìè (ñíèæåíèå >2 ðàçà â 7 èç 23
èññëåäîâàííûõ êëåòî÷íûõ ëèíèé ìåëàíîì). Â 5 èç 9 ñëó÷àåâ èíãèáèðîâàíèå
PI3K è mTOR âûçûâàëè çíà÷èòåëüíîå (>2.5 ðàç) óâåëè÷åíèå óðîâíÿ áåëêà
Pdcd4. Â êëåòî÷íûõ ëèíèÿõ ðàêà ëåãêèõ ïðè àíàëîãè÷íîì èíãèáèðîâàíèè
òàêæå ÷àñòî íàáëþäàëîñü óâåëè÷åíèå óðîâíÿ áåëêà Pdcd4 (â 6 èç 8
èññëåäîâàííûõ êëåòî÷íûõ ëèíèé). Òàêèì îáðàçîì, êàê è â äðóãèõ
èññëåäîâàííûõ ðàíåå îïóõîëåâûõ êëåòêàõ, Pdcd4 ÷àñòî ñóïðåññèðîâàí â
ìåëàíîìàõ. Ïðè ýòîì PI3K/Akt/mTOR-çàâèñèìàÿ ïðîòåîëèòè÷åñêàÿ
äåãðàäàöèÿ âíîñèò ñóùåñòâåííûé âêëàä â ñóïðåññèþ Pdcd4 â îïóõîëåâûõ
êëåòêàõ ðàêà ëåãêèõ è ìåëàíîì, è ýòîò ôàêò äîëæåí áûòü ó÷òåí ïðè ðàçðàáîòêå
íîâûõ òåðàïåâòè÷åñêèõ ïîäõîäîâ â ëå÷åíèè îïóõîëåé ëåãêèõ è ìåëàíîì,
îñíîâàííûõ íà âîññòàíîâëåíèè ôóíêöèé Pdcd4 â îïóõîëåâûõ êëåòêàõ.
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ðàôôèíîçà â òåõ æå êîíöåíòðàöèÿõ íå âëèÿþò íà ýôôåêòèâíîñòü ãåìîëèçà.
Ñëåäîâàòåëüíî, íà ðàííèõ ñòàäèÿõ âçàèìîäåéñòâèÿ Ltc2a ñ ýðèòðîöèòàìè
ôîðìèðóþòñÿ ìåìáðàííûå äåôåêòû ðàçìåðîì ìåíåå 2 íì, ïðîíèöàåìûå äëÿ
ñàõàðîçû è ðàôôèíîçû, íî íå ïðîíèöàåìûå äëÿ ÏÝÃ-1000, êîòîðûé
ïðåïÿòñòâóåò îáðàçîâàíèþ áîëåå êðóïíûõ äåôåêòîâ çà ñ÷åò ïîääåðæàíèÿ
ïîëîæèòåëüíîãî îñìîòè÷åñêîãî äàâëåíèÿ, ñæèìàþùåãî ýðèòðîöèò.
Ìåìáðàíû òåíåé ýðèòðîöèòîâ, íåñóùèå áîëüøîå êîëè÷åñòâî Ltc2a,
ïðîïóñêàþò äåêñòðàíû ñ Ìì äî 40 êÄà âêëþ÷èòåëüíî. FD-70 êÄà ïðîíèêàåò
â òåíè â çíà÷èòåëüíî ìåíüøåì êîëè÷åñòâå, ÷åì FD-40 êÄà. Ýôôåêòèâíîñòü
ïðîíèêíîâåíèÿ FD-70 êÄà ñèëüíî âàðüèðóåò îò êëåòêè ê êëåòêå. Òàêèì
îáðàçîì, â ñëó÷àå ýðèòðîöèòîâ, êàê è â ñëó÷àå êëåòîê Ê562, äèàìåòð äåôåêòîâ
íà êîíå÷íûõ ñòàäèÿõ âçàèìîäåéñòâèÿ Ltc2a ñ êëåòêîé óâåëè÷èâàåòñÿ è
ñîñòàâëÿåò îêîëî 13 íì.

Ìû ïðåäïîëàãàåì, ÷òî äåôåêòû, èíäóöèðóåìûå â ïëàçìàòè÷åñêîé
ìåìáðàíå ýóêàðèîòè÷åñêîé êëåòêè ëàòàðöèíîì Ltc2a, – ýòî äèíàìè÷åñêèå
îáðàçîâàíèÿ, ðàçìåð êîòîðûõ èçìåíÿåòñÿ â ïðîöåññå âîçäåéñòâèÿ ïåïòèäà
íà êëåòêó.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ ¹ 07-04-01166.
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Àíòèìèêðîáíûé ïåïòèä ëàòàðöèí Ltc2a èç ÿäà ïàóêà Lachesana tarabaevi
âûçûâàåò ãåìîëèç, ãèáåëü ëèìôîöèòîâ ÷åëîâåêà è êëåòîê ðàêà êðîâè in vitro.
Ñïîñîáíîñòü Ltc2a âûçûâàòü âûòåêàíèå êðàñèòåëÿ èç ëèïîñîì ïîçâîëÿåò
ïðåäïîëîæèòü, ÷òî ãèáåëü êëåòîê ñâÿçàíà ñ èíäóöèðîâàííîé ïåïòèäîì
ïåðìåàáèëèçàöèåé ïëàçìàòè÷åñêîé ìåìáðàíû. Â äàííîé ðàáîòå ìû
ïðåäñòàâëÿåì ðåçóëüòàòû èññëåäîâàíèÿ ïåðìåàáèëèçàöèè ïëàçìàòè÷åñêîé
ìåìáðàíû ýðèòðîöèòîâ ÷åëîâåêà è êëåòîê ýðèòðîëåéêîçà Ê562 ïîä äåéñòâèåì
Ltc2a. Ðàçìåð ìåìáðàííûõ äåôåêòîâ îöåíèâàëè ïî ïðîíèêíîâåíèþ â êëåòêè
ôëóîðåñöåíòíî-ìå÷åííûõ äåêñòðàíîâ (FD) ðàçíîãî ðàçìåðà. Âïåðâûå ñ
èñïîëüçîâàíèåì ëàçåðíîé ñêàíèðóþùåé êîíôîêàëüíîé ìèêðîñêîïèè
ðåàëèçîâàíà ìåòîäèêà èçó÷åíèÿ âîçäåéñòâèÿ ìåìáðàíîòðîïíîãî ïåïòèäà íà
æèâûå êëåòêè â äèíàìèêå ïðè îäíîâðåìåííîì íàáëþäåíèè çà ìîðôîëîãèåé
êëåòêè, ïðîöåññàìè ìåìáðàííîãî ñâÿçûâàíèÿ è èíòåðíàëèçàöèè
ôëóîðåñöåíòíî-ìå÷åííîãî ïåïòèäà, à òàêæå ïðîíèöàåìîñòüþ ìåìáðàíû äëÿ
FD è éîäèñòîãî ïðîïèäèÿ (PI).

Óñòàíîâëåíî, ÷òî íåáîëüøèå ìåìáðàííûå äåôåêòû, ïðîíèöàåìûå äëÿ
êàëüöåèíà è FD-4 êÄà, íî íå ïðîíèöàåìûå äëÿ FD-10 êÄà (ãèäðîäèíàìè÷åñêèå
äèàìåòðû 1,6, 2,8 è 3,7 íì, ñîîòâåòñòâåííî), îáðàçóþòñÿ ïîñëå íà÷àëà
ñâÿçûâàíèÿ Ltc2a íà ìåìáðàíå êëåòîê Ê562, íà ñòàäèè èíòåíñèâíîãî
íàêîïëåíèÿ ïåïòèäà âíóòðè êëåòîê. Òàêèì îáðàçîì, ðàçìåð äåôåêòîâ íà
íà÷àëüíûõ ýòàïàõ ïåðìåàáèëèçàöèè ìåíüøå 3,7 íì. Ïðè ýòîì êëåòêè îñòàþòñÿ
íåïðîíèöàåìûìè äëÿ PI. FD-4 êÄà ïðîíèêàåò â öèòîïëàçìó â çíà÷èòåëüíî
ìåíüøåì êîëè÷åñòâå, ÷åì êàëüöåèí, ÷òî ñâèäåòåëüñòâóåò î êîðîòêîì âðåìåíè
æèçíè ñàìûõ êðóïíûõ íà äàííîé ñòàäèè äåôåêòîâ.

Íà áîëåå ïîçäíèõ ñòàäèÿõ ðàçìåð äåôåêòîâ â ìåìáðàíå óâåëè÷èâàåòñÿ,
è îíè ñòàíîâÿòñÿ ïðîíèöàåìûìè êàê äëÿ PI (êëàññè÷åñêîãî ìàðêåðà ìåðòâûõ
êëåòîê), òàê è äëÿ FD ñ Ìì äî 70 êÄà âêëþ÷èòåëüíî. Îòìåòèì, ÷òî äåêñòðàíû
êðóïíåå 10 êÄà ïðîíèêàþò íå âî âñå êëåòêè, îêðàøåííûå PI, è äîëÿ
ïðîíèöàåìûõ êëåòîê óìåíüøàåòñÿ ñ óâåëè÷åíèåì ðàçìåðà äåêñòðàíà. Òàê,
FD-70 êÄà (ãèäðîäèíàìè÷åñêèé äèàìåòð 13 íì) ïðîíèêàåò òîëüêî â 40% PI-
ïîëîæèòåëüíûõ êëåòîê, â 60% PI-ïîëîæèòåëüíûõ êëåòîê ðàçìåð ìåìáðàííûõ
äåôåêòîâ ìåíüøå 13 íì, íî áîëüøå 3,7 íì.

Â ìåìáðàíàõ ýðèòðîöèòîâ ïðè ãåìîëèçå äîëæíû îáðàçîâûâàòüñÿ
äåôåêòû ðàçìåðîì íå ìåíüøå 6,4 íì (ãèäðîäèíàìè÷åñêèé äèàìåòð
ãåìîãëîáèíà). Îäíàêî, äîáàâëåíèå 50 ìÌ ÏÝÃ-1000 (ãèäðîäèíàìè÷åñêèé
äèàìåòð 2 íì) èíãèáèðóåò ãåìîëèç, âûçûâàåìûé Ltc2a. Ñàõàðîçà èëè
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Ãîññèïîë, æåëòûé ïîëèôåíîëüíûé ïèãìåíò, ïîëó÷àåìûé èç ñåìÿí
õëîï÷àòíèêà, îáëàäàåò ìíîãèìè âàæíûìè áèîëîãè÷åñêèìè ñâîéñòâàìè,
òàêèìè êàê ïðîòèâîâèðóñíîå, ïðîòèâîàëëåðãåííîå, ïðîòèâîðàêîâîå è ìíîãèå
äðóãèå. Èçâåñòíî, ÷òî ãîññèïîë è åãî ïðîèçâîäíûå, â ÷àñòíîñòè,
àññèìåòðè÷íûå ìîíîçàìåùåííûå ïðîèçâîäíûå (ìîíîàìèíîãîññèïîë (ÌÀÃ),
ìîíîàíèëèíîãîññèïîë (ÌÀÍÃ), ïîëóðàãîñèí (ÏÐ), ïîëóáàòðèäåí (ÏÁ)), â
êîòîðûõ ñîîòâåòñòâóþùèå ðàäèêàëû çàìåùåíû íà îäíó àëüäåãèäíóþ ãðóïïó,
îáëàäàþò òàêæå àíòèîêñèäàíòíûì è àíòèðàäèêàëüíûì ñâîéñòâàìè.

Àíòèðàäèêàëüíóþ àêòèâíîñòü ãîññèïîëà è åãî ïðîèçâîäíûõ îïðåäåëÿëè
ñòàíäàðòíûì ìåòîäîì, èçìåðÿÿ èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè ñïèðòîâîãî
ðàñòâîðà ñâîáîäíîãî ðàäèêàëà ÄÔÏÃ (1,1-äèôåíèë-2-ïèêðèëãèäðàçèë) â
òå÷åíèå 25 ìèíóò. Ñïèðòîâûé ðàñòâîð ÄÔÏÃ èìååò òåìíî-ôèîëåòîâûé öâåò,
åãî îïòè÷åñêàÿ ïëîòíîñòü  ïðèíèìàåòñÿ çà êîíòðîëü. Ïðè äîáàâëåíèè
èññëåäóåìîãî âåùåñòâà â ðàñòâîð, ìîëåêóëà ÄÔÏÃ âîññòàíàâëèâàåòñÿ,
îïòè÷åñêàÿ ïëîòíîñòü ðàñòâîðà ïðè ýòîì ïîíèæàåòñÿ. Òàêèì îáðàçîì, ìîæíî
ñóäèòü î òîì, ÷òî äîáàâëåííîå â ðàñòâîð âåùåñòâî îáëàäàåò àíòèðàäèêàëüíîé
àêòèâíîñòüþ.

Â õîäå ýêñïåðèìåíòîâ áûëî óñòàíîâëåíî, ÷òî ãîññèïîë è åãî
ïðîèçâîäíûå â çíà÷èòåëüíîé ìåðå îáëàäàþò àíòèðàäèêàëüíûìè ñâîéñòâàìè.
Àíàëèçèðóÿ ïîëó÷åííûå êðèâûå, íàìè áûë ñäåëàí âûâîä, ÷òî íàèáîëåå
àêòèâíûì ñðåäè èçó÷åííûõ âåùåñòâ îêàçàëñÿ ñàì ãîññèïîë, òîãäà êàê åãî
ìîíîçàìåùåííûå ïðîèçâîäíûå ïîêàçàëè ìåíüøóþ àíòèðàäèêàëüíóþ
àêòèâíîñòü.

Òàêîå ïîâåäåíèå èññëåäóåìûõ âåùåñòâ ìîæåò áûòü ñâÿçàíî ñî
ñòðóêòóðíûìè îñîáåííîñòÿìè ãîññèïîëà è åãî ïðîèçâîäíûõ. Òàê,
ìîíîïðîèçâîäíûå ãîññèïîëà èìåþò â ìîëåêóëå îäíó àëüäåãèäíóþ ãðóïïó,
òîãäà êàê â ìîëåêóëå ãîññèïîëà - äâå òàêèå ãðóïïû. Ñ óìåíüøåíèåì
êîëè÷åñòâà àëüäåãèäíûõ ãðóïï â ìîëåêóëå àíòèðàäèêàëüíàÿ àêòèâíîñòü ðåçêî
ñíèæàëàñü, ÷òî ìîæåò ñâèäåòåëüñòâîâàòü î ïîòåíöèàëüíîé âîçìîæíîñòè
àëüäåãèäíûõ ãðóïï â ìîëåêóëàõ ãîññèïîëà è åãî ìîíîçàìåùåííûõ
ïðîèçâîäíûõ âûñòóïàòü â ðîëè äîíîðîâ ýëåêòðîíîâ.

Òàêèì îáðàçîì, ìîæíî ñäåëàòü âûâîä î òîì, ÷òî àíòèðàäèêàëüíàÿ
àêòèâíîñòü ãîññèïîëà è åãî ïðîèçâîäíûõ êîððåëèðóåòñÿ íåïîñðåäñòâåííî ñ
êîëè÷åñòâîì àëüäåãèäíûõ ãðóïï â ìîëåêóëå. Îäíàêî, ìîëåêóëÿðíûé ìåõàíèçì
äàííîé àíòèðàäèêàëüíîé àêòèâíîñòè íå èçó÷åí îêîí÷àòåëüíî è òðåáóåò
äàëüíåéøèõ èññëåäîâàíèé.

STUDY ON PERMEABILIZATION OF AN EUKARYOTIC CELLS'
PLASMA MEMBRANE BY LATARCIN Ltc2a
Vorontsova O.V.*,**, Arseniev A.S.*, Kirpichnikov M.P.*,**, Feofanov A.V.*,**
*Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
**Biological Faculty, Lomonosov Moscow State University, Moscow, Russia
E mail: layelleth@mail.ru

Latarcin Ltc2a, an antimicrobial peptide from the venom of the spider
Lachesana tarabaevi, induce hemolysis, kill human leukocytes and cancer cells of
several types in vitro. The ability of Ltc2a to disrupt liposomes allows us to associate
cell death with plasma membrane damage by the peptide. This report concerns
permeabilization of plasma membrane of erythrocytes and erythroleukemic K562
cells upon influence of Ltc2a. The size of permeable membrane defects was estimated
by influx of fluorescently labeled dextrans (FDs) into the cells. For the fist time
membranotropic action of a peptide was examined on living cells in dynamics using
laser scanning confocal microscopy with simultaneous viewing of cell morphology,
binding and internalization of a fluorescently labeled peptide together with
permeability of the plasma membrane to FDs and propidium iodide (PI).

Membrane defects that transmit calcein and FD-4 kDa but hold FD-10 kDa
out (hydrodynamic diameters 1.6, 2.8 and 3.7 nm correspondingly) are detected
after beginning of Ltc2a binding to the membrane of K562 cells during the peptide
internalization. Therefore at early stages of permeabilization the defects are smaller
than 3.7 nm. At the same time cells stay impermeant for PI. Significantly less amount
of FD-4 kDa than of calcein penetrates into the cells, indicating short lifetime of the
largest defects.

At the later stages membrane defects increase in size allowing passage of FDs
up to 70 kDa as well as PI. But FDs heavier than 10 kDa enter into a part of cells
and this part decreases with increase in FD's size. Thus FD-70 kDa (hydrodynamic
diameter 13 nm) penetrates into 40% of PI-positive cells while 60% of PI-positive
cells have membrane defects smaller than 13 nm in diameter but larger than 3.7 nm.

During hemolysis defects larger than 6.4 nm (hydrodynamic diameter of
hemoglobin) must be formed in membranes of erythrocytes. However, 50 mM
PEG-1000 (hydrodynamic diameter 2 nm) inhibits hemoglobin leakage, while
sucrose or raffinose at the same concentrations doesn't affect the hemolysis. We
conclude that early in the latarcin's action on erythrocytes' membrane defects smaller
than 2 nm appear. Those defects are permeant for sucrose and raffinose but
impermeant for PEG-1000, which prevent formation of larger defects through
retention of membrane compression by osmotic pressure. Membranes of ghosts
allow passage of FDs up to 40 kDa. Thus in erythrocytes as well as in K562 cells
the diameter of defects increase up to about 13 nm at later stages of the latarcin's
action. We suppose the defects induced by Ltc2a in plasma membrane of eukaryotic
cells to be dynamic structures those sizes change with the development of the peptide
action.

This work was supported by the Russian Foundation for Basic Researches
(grant N 07-04-01166).
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Ðåöåïòîðíûå òèðîçèíêèíàçû çàíèìàþò öåíòðàëüíîå ìåñòî â êëþ÷åâûõ
ïðîöåññàõ æèçíåäåÿòåëüíîñòè êëåòêè. Ñ äèñôóíêöèåé ýòèõ áåëêîâ ñâÿçûâàþò
ìíîãèå áîëåçíè ÷åëîâåêà (êàíöåðîãåíåç, ãèïåðòîíèÿ, äèàáåò è ïð.).
Çíà÷èòåëüíàÿ ÷àñòü ñîâðåìåííûõ èññëåäîâàíèé ëåêàðñòâåííûõ ïðåïàðàòîâ
íàïðàâëåíà íà ðåöåïòîðíûå ïðîòåèíêèíàçíûå ñèñòåìû, òåì íå ìåíåå,
äåòàëüíûå ìåõàíèçìû ôóíêöèîíèðîâàíèÿ ýòèõ ðåöåïòîðîâ åùå äî êîíöà íå
èçó÷åíû. Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ íàìè áûëè âûáðàíû ðåöåïòîðû,
îòíîñÿùèåñÿ ê òðåì ñåìåéñòâàì òèðîçèíêèíàç: ðåöåïòîðû ýïèäåðìàëüíîãî
ôàêòîðà ðîñòà (ErbB1-ErbB4), ýôðèíîâûå ðåöåïòîðû (EphA1, EphA2) è
ðåöåïòîð ôàêòîðà ðîñòà ôèáðîáëàñòîâ â íîðìå (FGFR3) è ïàòîëîãèè (ñ
òî÷å÷íûìè ìóòàöèÿìè G380R è A391E). Òðàíñìåìáðàííûå (ÒÌ) äîìåíû
ýòèõ ðåöåïòîðîâ, ó÷àñòâóÿ â èõ ãîìî- è ãåòåðîäèìåðèçàöèè, èãðàþò âàæíóþ
ðîëü â ðàçâèòèè îíêîãåííûõ ïðîöåññîâ, ðàçëè÷íûõ íàðóøåíèé ñòðîåíèÿ
ñêåëåòà ÷åëîâåêà è äð. Íàìè ðàçðàáîòàíà ìåòîäèêà ïîëó÷åíèÿ ÒÌ äîìåíîâ
ðåöåïòîðíûõ òèðîçèíêèíàç (ÒÌ ïåïòèäîâ), à òàêæå èõ èçîòîïíî-ìå÷åííûõ
(15N-, 13C-) ïðîèçâîäíûõ, â ìèëëèãðàììîâûõ êîëè÷åñòâàõ äëÿ ñòðóêòóðíî-
ôóíêöèîíàëüíûõ èññëåäîâàíèé. Ïîíèìàíèå àñïåêòîâ, ñâÿçàííûõ ñ ðîëüþ ÒÌ
äîìåíîâ â àêòèâàöèè è ôóíêöèîíèðîâàíèè ðåöåïòîðíûõ òèðîçèíêèíàç,
ðàñøèôðîâêà èõ ïðîñòðàíñòâåííîé ñòðóêòóðû ïîìîãóò ïîíÿòü íà
ìîëåêóëÿðíîì óðîâíå ïðèðîäó æèçíåííî-âàæíûõ ïðîöåññîâ, ïðîèñõîäÿùèõ
â æèâîé êëåòêå, è çàëîæàò îñíîâó ñîâðåìåííîãî ïîäõîäà ê ðàöèîíàëüíîìó
äèçàéíó ëåêàðñòâåííûõ ïðåïàðàòîâ íîâîãî ïîêîëåíèÿ.

Äëÿ âûñîêîóðîâíåâîé áàêòåðèàëüíîé ýêñïðåññèè ñèíòåòè÷åñêèå ãåíû
âñåõ ÒÌ ïåïòèäîâ ýêñïðåññèðîâàëè â ñîñòàâå ãèáðèäà ñ òèîðåäîêñèíîì À
E. coli. Íóêëåîòèäíóþ ïîñëåäîâàòåëüíîñòü êàæäîãî ïåïòèäà ñîáèðàëè èç
õèìè÷åñêè ñèíòåçèðîâàííûõ îëèãîíóêëåîòèäîâ è ïîäñîåäèíÿëè ê 3’-êîíöó
ãåíà òèîðåäîêñèíà À ïðè ïîìîùè ïîëèìåðàçíîé öåïíîé ðåàêöèè. Íà ñòûêå
äâóõ ãåíîâ ââîäèëè íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè, êîäèðóþùèå øåñòü
ãèñòèäèíîâ, ñàéò óçíàâàíèÿ ëåãêîé öåïè ýíòåðîêèíàçû ÷åëîâåêà, à òàêæå
ãèáêèå ëèíêåðû. Íà N- êîíöå òèîðåäîêñèíà À ïðåäóñìàòðèâàëè H-òàã,

ANTIRADICAL ACTIVITY OF GOSSYPOL AND ITS
ASYMMETRICAL DERIVATIVES
Gayibov U.G., Sonkina S.N., Tilyabaev K.Z., Salakhutdinov B.A.
Sadykov Institute of Bioorganic Chemistry, Academy of Sciences of
Uzbekistan, Tashkent, Uzbekistan
E-mail: ibchem@uzci.net

Gossypol is a yellow polyphenolic pigment extracted from seeds of cotton.
Gossypol has various valuable biological effects such as antifertile, antiparasitic,
anticancer and other activities. Also, gossypol and its asymmetric derivatives
(monoaminogossypol (MAG), monoanilinogossypol (MANG), semiragosyn (SR),
semibatriden (SB)) where certain radical is substituted for aldehyde group possess
antiradical (ARA) and anti-oxidant activity.

Antiradical activity of above-mentioned compounds has been studied by
measuring the change in optical density of 2,2-diphenyl-1-picrylhydrazyl (DPPH)
ethanol solution during 25 minutes after adding compounds. DPPH ethanol solution
is dark violet liquid, its optical density was accepted as a basis. When studied
compounds are added into solution DPPH molecule reduces and the optical density
of the solution decreases. Thus one can conclude that the studied compound
possesses antiradical activity.

By analyzing kinetic curves of DPPH reduction with gossypol and its
asymmetric derivatives it has been found that all the compounds show antiradical
activity and gossypol itself has the highest one. Such behaviour of gossypol and
its derivatives is probably associated with their structural features. Thus, gossypol
molecule has two aldehyde groups while its derivatives have in their molecules
only one aldehyde group. So the more aldehyde groups are there in the molecule
the higher ARA it reveals. We propose that the number of aldehyde groups correlates
with antiradical activity of gossypol and its asymmetrical derivatives.

Therefore, aldehyde fragments are extremely responsible for exhibiting ARA
by interacting with structures having unpaired electrons like DPPH. However
detailed mechanism of this activity is still unclear and more researches are required.
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Receptor tyrosine kinases play a key role in vitally important biological
processes occurring within the living cell. Malfunctions of these proteins lead to a
wide variety of severe human diseases (oncogenesis, hypertension, diabetes and
other). Considerable part of modern drugs is directed towards receptor protein
kinase systems. However the detailed mechanism of action of these receptors has
not been completely understood yet. We chose a set of protein tyrosine kinases
from three families: epidermal growth factor receptors (ErbB1-ErbB4), Eph
receptors (EphA1, EphA2) and fibroblast growth factor receptor in norma (FGFR3)
and pathology (with G380R and A391E point mutations). Transmembrane (TM)
domains of these proteins are involved into receptor homo- and heterodimers
formation and development of different malignant types of human cancer, skeletal
disorders, etc. We created a method for high-yield production of TM domains of
receptor tyrosine kinases (TM peptides), including isotope labeled (15N-, 13C-)
derivatives, for their structural analysis by high resolution NMR spectroscopy and
functional studies. An elucidation of the role of TM domains in activation and
functioning of receptor tyrosine kinases, their spatial structure development would
give a deep insight into the nature of important biological processes in the living
cell, resulting in an effective and novel drug design.

For high-yield bacterial production, each TM peptide was fused to the
C-terminus of thioredoxin A E. coli. Nucleotide sequences encoding TM peptide
and appropriate fusion protein were obtained by polymerase chain reaction using
chemically synthesized oligonucleotides. In order to facilitate purification,
nucleotide sequences corresponding to a hexa-His tag, enterokinase cleavage site
and flexible linkers were placed between synthetic genes encoding the thioredoxin
A and TM peptide. An H-tag was introduced at the N-terminus of the fusion protein
to reduce the toxicity against to the host cell. The nucleotide sequence encoding
fusion protein was subcloned into expression vector pGEMEX-1 under the control
of T7 promoter. Recombinant protein was expressed in E. coli BL21(DE3)pLysS
cells in M9 minimal medium. For the production of uniformly 15N- or 15N/13C-
labeled protein samples minimal medium containing 15NH4Cl or 15NH4Cl/[U-
13C]glucose was taken. Hexa-His tagged fusion protein was purified by immobilized

óñòðàíÿþùèé òîêñè÷íîñòü ãèáðèäíîãî áåëêà ïî îòíîøåíèþ ê êëåòêå-õîçÿèíó.
Èòîãîâûé ñèíòåòè÷åñêèé ãåí êàæäîãî èç ãèáðèäíûõ áåëêîâ êëîíèðîâàëè â
ýêñïðåññèîííûé âåêòîð pGEMEX-1 ïîä òðàíñêðèïöèîííûé êîíòðîëü Ò7
ïðîìîòîðà. Êóëüòèâèðîâàíèå ðåêîìáèíàíòíûõ øòàììîâ E.coli ïðîâîäèëè íà
ìèíèìàëüíîé ñîëåâîé ñðåäå Ì9. Ïðè íåîáõîäèìîñòè ââåäåíèÿ èçîòîïíûõ
ìåòîê 15N- èëè 13C- èñïîëüçîâàëè 15NH4Cl èëè 13C-ãëþêîçó â êà÷åñòâå
åäèíñòâåííûõ èñòî÷íèêîâ àçîòà èëè óãëåðîäà, ñîîòâåòñòâåííî. Ïðîòîêîë
âûäåëåíèÿ ïåïòèäîâ âêëþ÷àë ñëåäóþùèå ïîñëåäîâàòåëüíûå ñòàäèè:
ìåòàëëîõåëàòíóþ àôôèííóþ õðîìàòîãðàôèþ (ÌÕÀÕ), ãèäðîëèç ãèáðèäíîãî
áåëêà ïðè ïîìîùè ýíòåðîïåïòèäàçû ÷åëîâåêà, ïîâòîðíóþ ÌÕÀÕ è
èîíîîáìåííóþ õðîìàòîãðàôèþ. Âñå ýòàïû î÷èñòêè ïðîâîäèëèñü â
ïðèñóòñòâèè 1% Òðèòîíà X-100. Äëÿ âîçìîæíîñòè ïðîâåäåíèÿ ñòðóêòóðíûõ
èññëåäîâàíèé òðåáîâàëîñü óäàëåíèå äåòåðãåíòà. Äëÿ ýòîãî ïåïòèäû âìåñòå ñ
Òðèòîíîì X-100 îñàæäàëè èç ðàñòâîðà ïðè ïîìîùè òðèõëîðóêñóñíîé
êèñëîòû, à çàòåì îñàäîê òðåõêðàòíî ïðîìûâàëè àöåòîíîì. Èòîãîâûé âûõîä
ïåïòèäîâ, à òàêæå èõ èçîòîïíî-ìå÷åííûõ 15N- è 15N-/13C-ïðîèçâîäíûõ
ñîñòàâèë, â ñðåäíåì, îêîëî 7 ìã/ë êóëüòóðû. Âûñîêàÿ ñòåïåíü î÷èñòêè è
èäåíòè÷íîñòü âñåõ ïîëó÷åííûõ áåëêîâ ñîîòâåòñòâóþùèì öåëåâûì ïåïòèäàì
ïîäòâåðæäåíà ïðè ïîìîùè ãåëü-ýëåêòðîôîðåçà è ìàññ-ñïåêòðîìåòðè÷åñêîãî
àíàëèçà. Î÷èùåííûå áåëêîâûå ïðåïàðàòû ïðèãîäíû äëÿ ïîëó÷åíèÿ
ñòðóêòóðíî-äèíàìè÷åñêîé èíôîðìàöèè îá èõ ãîìî- è ãåòåðîäèìåðíûõ
êîìïëåêñàõ ìåòîäîì ãåòåðîÿäåðíîé ñïåêòðîñêîïèè ßÌÐ âûñîêîãî
ðàçðåøåíèÿ.
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Áåëêè ñåìåéñòâà KCNE ÿâëÿþòñÿ ðåãóëÿòîðàìè ïîòåíöèàë-çàâèñèìûõ
êàëèåâûõ êàíàëîâ, èçìåíÿÿ èõ ïðîâîäèìîñòü, ñåëåêòèâíîñòü, ïîòåíöèàëû
àêòèâàöèè, äåçàêòèâàöèè è èíàêòèâàöèè, ÷óâñòâèòåëüíîñòü ê ëåêàðñòâåííûì
ïðåïàðàòàì è äð. Íåñìîòðÿ íà òî, ÷òî ìóòàöèè â ðåãóëÿòîðíûõ ñóáúåäèíèöàõ
ïðèâîäÿò ê ðàçëè÷íûì çàáîëåâàíèÿì (àðèòìèÿ, ãëóõîòà, ñåìåéíûé
ïåðèîäè÷åñêèé ïàðàëè÷), ñòðóêòóðíûå îñîáåííîñòè, ëåæàùèå â îñíîâå
ôóíêöèîíèðîâàíèÿ áåëêîâ ñåìåéñòâà KCNE, äî ñèõ ïîð åùå íå èçó÷åíû.
Ãëàâíûì îáðàçîì, ýòî ñâÿçàíî ñ îòñóòñòâèåì äîñòàòî÷íîãî êîëè÷åñòâà
áåëêîâîãî ïðåïàðàòà äëÿ ïðîâåäåíèÿ ñòðóêòóðíûõ èññëåäîâàíèé. Îñíîâíûå
ïðîáëåìû, âîçíèêàþùèå ïðè áèîõèìè÷åñêîì ïîëó÷åíèè ìåìáðàííûõ áåëêîâ
(ÌÁ), îáóñëîâëåíû ãèäðîôîáíîñòüþ èõ òðàíñìåìáðàííûõ ó÷àñòêîâ. Äî ñèõ
ïîð ýêñïðåññèÿ è î÷èñòêà êàæäîãî íîâîãî ÌÁ äëÿ ñòðóêòóðíî-
ôóíêöèîíàëüíûõ èññëåäîâàíèé îñòàåòñÿ ñëîæíîé, à çà÷àñòóþ è âîâñå
íåðàçðåøèìîé çàäà÷åé.

Íàìè áûëè ðàçðàáîòàíû ìåòîäèêè ïîëó÷åíèÿ ðàçëè÷íûõ
ïîëíîðàçìåðíûõ áåëêîâ – ïðåäñòàâèòåëåé ñåìåéñòâà KCNE (KCNE1;
dKCNE1 – óêîðî÷åííûé âàðèàíò KCNE1; KCNE3), à òàêæå èõ èçîòîïíî-
ìå÷åííûõ ïðîèçâîäíûõ (15N-, 13C-) â ìèëëèãðàììîâûõ êîëè÷åñòâàõ äëÿ
ïðîâåäåíèÿ ñòðóêòóðíî-ôóíêöèîíàëüíûõ èññëåäîâàíèé. Äëÿ äîñòèæåíèÿ
âûñîêîãî óðîâíÿ ýêñïðåññèè êàæäîãî èç ãåíîâ öåëåâûõ áåëêîâ ñîçäàíû
ðàçëè÷íûå êîíñòðóêöèè. Â ñëó÷àå KCNE1 èñïîëüçîâàíà ïðÿìàÿ ñèñòåìà
ýêñïðåññèè. Äëÿ î÷èñòêè áåëêà íà 3'-êîíöå ãåíà KCNE1 ïðåäóñìîòðåíà
íóêëåîòèäíàÿ ïîñëåäîâàòåëüíîñòü, êîäèðóþùàÿ øåñòü ãèñòèäèíîâ
(ãèñòèäèíîâûé òàã). Â ñëó÷àå dKCNE1 è KCNE3 ïðèìåíåíà ãèáðèäíàÿ
ñèñòåìà ýêñïðåññèè. Â êà÷åñòâå áåëêà ïàðòíåðà âûáðàí òèîðåäîêñèí E.coli.
Ãèáðèäíûå êîíñòðóêöèè ñîäåðæàëè íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè,
êîäèðóþùèå ñëåäóþùèå ýëåìåíòû: òèîðåäîêñèí, ãèñòèäèíîâûé òàã, ñàéò
ðàñùåïëåíèÿ âûñîêîñïåöèôè÷íîé ïðîòåèíàçû (ýíòåðîêèíàçû â ñëó÷àå
dKCNE1 è òðîìáèíà â ñëó÷àå KCNE3) è ãèáêèå ëèíêåðû. Ñîáðàííûå ãåíû
êëîíèðîâàíû â ýêñïðåññèîííûé âåêòîð pGEMEX-1 ïîä êîíòðîëü Ò7
ïðîìîòîðà. Ïðîöåññ êóëüòèâèðîâàíèÿ ðåêîìáèíàíòíûõ øòàììîâ
(BL21(DE3)pLysS) îïòèìèçèðîâàí äëÿ "áîãàòîé" è "áåäíîé" ñðåä (TB è Ì9,

metal-affinity chromatography (IMAC). Target TM peptide was released from
thioredoxin A moiety by enterokinase cleavage. Hydrolyzate was purified by IMAC
and pure target TM peptide was obtained employing ion exchange chromatography
purification. All purification steps were carried out in the presence of 1% triton X-
100. This detergent is inappropriate for subsequent NMR spectroscopy structural
analysis. For this reason detergent removal step took place. Each purified peptide
with Triton X-100 was precipitated by trichloroacetic acid followed by precipitate
washing with acetone. The average yield of TM peptides and isotope-labeled 15N-
è 15N-/13C- derivatives was about 7 mg/l. Identity and purity of all target peptides
were confirmed by gel electrophoreses, mass spectrometry. Purified protein samples
were ready to undergo structure-dynamic characterization of their homo- and
heterodimeric complexes employing the high-resolution NMR spectroscopy.
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KCNE family of membrane proteins (MPs) are regulators of voltage-gated
potassium channels. They contribute to  function of the channels by influencing
channel gating, ion selectivity, ion flux rate (single channel conductance);
significantly affect the pharmacology of the channels. Mutations in regulatory
subunits are associated with inherited and acquired diseases (arrhythmia, deafness,
familial periodic paralysis). However structural basis of KCNE functioning is not
known. This takes place mainly because of lack of substantial amounts of high
quality MPs required for structural analysis. Key problems arise during biochemical
obtaining of MPs. They are connected with the hydrophobic nature of
transmembrane regions. Up to the moment expression and purification of new MP
for structural and functional studies remains challenging task.

We developed efficient methods for production of milligram amounts of
human full-length MPs, KCNE family members (KCNE1; dKCNE1 – truncated
KCNE1; KCNE3), including isotope labeled (15N-, 13C-) derivatives, for structural
and functional analysis. To enhance the expression of target proteins genes, different
constructs were created. For high-yield bacterial production of KCNE1, direct
expression was utilized. In order to facilitate protein purification, nucleotide
sequence encoding six histidines (His-tag) was introduced at the 3'- terminus of
KCNE1 gene. For high-yield bacterial production of dKCNE1 and KCNE3, a
thioredoxin A E. coli fusion protein systems were used. In this case fusion protein
genetic constructs contained following nucleotide sequences: thioredoxin, His-tag,
protease cleavage site (dKCNE1: enterokinase; KCNE3: thrombin), flexible linkers.
The constructed genes were cloned into expression vector pGEMEX-1 under
control of T7 promoter. Parameters of cultivation of recombinant bacterial strains
(BL21(DE3)pLysS) were optimized both for TB (Terrific Broth) and M9 (minimal
salt) media. The dKCNE1 and KCNE3 were purified employing immobilized metal-
affinity chromatography (IMAC), fusion protein hydrolysis, followed by IMAC
and extra chromatography step (ion exchange chromatography for dKCNE1 and
hydrophobic interaction chromatography for KCNE3). The KCNE1 protein was
purified using IMAC and hydrophobic interaction chromatography. Pure target
protein powders were obtained via vacuum drying. Identity and purity of all target
proteins were confirmed by gel electrophoreses and mass spectrometry. Purified
dKCNE1, KCNE1 and KCNE3 protein samples and their isotope-labeled (15N-,
13C-) derivatives were ready to undergo structural and dynamical investigation of
KCNE family members employing the high-resolution NMR spectroscopy.

ñîîòâåòñòâåííî). Â ïðîöåññ î÷èñòêè dKCNE1 è KCNE3 âêëþ÷åíû ñëåäóþùèå
ñòàäèè: ìåòàëëîõåëàòíàÿ àôôèííàÿ õðîìàòîãðàôèÿ (ÌÕÀÕ), ãèäðîëèç
ãèáðèäíîãî áåëêà, ïîâòîðíàÿ ÌÕÀÕ è äîïîëíèòåëüíàÿ õðîìàòîãðàôèÿ
(èîíîîáìåííàÿ – â ñëó÷àå dKCNE1; ãèäðîôîáíàÿ – â ñëó÷àå KCNE3). Î÷èñòêà
KCNE1 ïðîâåäåíà ñ èñïîëüçîâàíèåì ÌÕÀÕ è ãèäðîôîáíîé õðîìàòîãðàôèè.
Äëÿ ïîëó÷åíèÿ ÷èñòîãî ñóõîãî îáðàçöà ôðàêöèè, ñîäåðæàùèå î÷èùåííûé
áåëîê, âûñóøåíû ïîä âàêóóìîì. Âûñîêàÿ ñòåïåíü î÷èñòêè è èäåíòè÷íîñòü
âñåõ áåëêîâ ïîäòâåðæäåíû ïðè ïîìîùè ãåëü-ýëåêòðîôîðåçà è ìàññ-
ñïåêòðîìåòðè÷åñêîãî àíàëèçà. Ïîëó÷åííûå áåëêîâûå ïðåïàðàòû dKCNE1,
KCNE1 è KCNE3 ïðèãîäíû äëÿ ïðîâåäåíèÿ ñòðóêòóðíî-äèíàìè÷åñêèõ
èññëåäîâàíèé ìåòîäàìè ãåòåðîÿäåðíîé ñïåêòðîñêîïèè ßÌÐ âûñîêîãî
ðàçðåøåíèÿ.
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EFFECT OF MURAMYL PEPTIDE GMDP ON NORMALIZATION
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The key process leading to atopic bronchial asthma is hyper activation of
T-helper 2 (Th2) accompanied with decreasing T-helper 1 (Th1) activity. Therefore
a search for drugs normalizing Òh1/Th2 balance is of considerable interest. In this
study the effect of glucosaminylmuramyldipeptide (GMDP) on the production of
main Th1 and Th2 cytokines was observed.

Th1 Activity was registered on IFN-γ production by intact and stimulated
with PHA (10 mkg/ml) and anti-CD3 (5 mkg/ml) in vitro mononuclear cells (MNC)
from peripheral blood of healthy donors and patients with atopic bronchial asthma
(ABA). Th2 Activity was evaluated on IL-4 secretion in the same conditions.

It was shown that GMDP (0,05-5 µg/ml) in vitro modulates proliferation of
PHA- and antiCD3-stimulated MNC from healthy donors and ABA patients and
in dose dependent manner increases 3-8 fold production of IFN-γ. It was also
observed that muramyl peptide decreases secretion of IL-4 by MNC from ABA
patients both non stimulated and mitogen-stimulated. This effect of muramyl peptide
does not appear to be due to lack of co-stimulatory signals: MNC healthy donors
do not react to GMDP in the absence of mitogens.

The above data suggests, that the positive clinical effect of immunostimulator
Licopid (GMDP) on the patients with ABA, detected in previous investigations,
results from normalization of the Òh1/Th2 balance.

ÂËÈßÍÈÅ ÌÓÐÀÌÈËÏÅÏÒÈÄÀ (ÃÌÄÏ) ÍÀ ÍÎÐÌÀËÈÇÀÖÈÞ
Òh1/Òh2 ÁÀËÀÍÑÀ ÏÐÈ ÀÒÎÏÈ×ÅÑÊÎÉ ÁÐÎÍÕÈÀËÜÍÎÉ
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Èñõîäÿ èç ñîâðåìåííûõ ïðåäñòàâëåíèé î ïàòîãåíåçå àòîïè÷åñêîé
áðîíõèàëüíîé àñòìû (ÀÁÀ), îäíèì èç êëþ÷åâûõ ìîìåíòîâ êîòîðîãî ÿâëÿåòñÿ
ãèïåðàêòèâàöèÿ Ò-õåëïåðîâ 2 òèïà (Th2) íà ôîíå ñíèæåíèÿ àêòèâíîñòè Ò-
õåëïåðîâ 1 òèïà (Th1), çíà÷èòåëüíûé ïðàêòè÷åñêèé èíòåðåñ ïðåäñòàâëÿåò
ïîèñê ëåêàðñòâåííûõ ïðåïàðàòîâ, íîðìàëèçóþùèõ Th1/Th2 áàëàíñ.

Öåëüüþ äàííîé ðàáîòû áûëà îöåíêà âëèÿíèÿ
ãëþêîçàìèíèëìóðàìèëäèïåïòèäà (ÃÌÄÏ) íà âûðàáîòêó îñíîâíûõ öèòîêèíîâ
Th1 è Th2 ñòèìóëèðîâàííûìè in vitro ìîíîíóêëåàðíûìè êëåòêàìè (ÌÍÊ)
ïåðèôåðè÷åñêîé êðîâè çäîðîâûõ äîíîðîâ è ïàöèåíòîâ ñ ÀÁÀ ñðåäíåé
òÿæåñòè.

Äëÿ èññëåäîâàíèÿ èñïîëüçîâàëè âåíîçíóþ êðîâü ïàöèåíòîâ â âîçðàñòå
îò 22 äî 42 ëåò ñ âåðèôèöèðîâàííûì äèàãíîçîì ÀÁÀ ñðåäíåé òÿæåñòè, íå
ïîëó÷àâøèõ íà ïðîòÿæåíèè ïîñëåäíèõ 3-õ ìåñÿöåâ ñèñòåìíûõ è òîïè÷åñêèõ
êîðòèêîñòåðîèäîâ èëè êàêèõ-ëèáî äðóãèõ èììóíîòðîïíûõ ïðåïàðàòîâ.
Àêòèâíîñòü Th1 ðåãèñòðèðîâàëè ïî ïðîäóêöèè ÈÔÍ-γ ñòèìóëèðîâàííûìè
in vitro ìîíîíóêëåàðíûìè êëåòêàìè ïåðèôåðè÷åñêîé êðîâè çäîðîâûõ äîíîðîâ
è ïàöèåíòîâ ñ ÀÁÀ ñðåäíåé òÿæåñòè; îöåíêó àêòèâíîñòè Th2 ïðîèçâîäèëè â
àíàëîãè÷íûõ óñëîâèÿõ ïî êîëè÷åñòâó ñåêðåòèðóåìîãî ÈË-4.

Ïîêàçàíî, ÷òî ÃÌÄÏ (in vitro â äèàïàçîíå êîíöåíòðàöèé 0,05-5 ìêã/ìë)
ìîäóëèðóåò ïðîëèôåðàöèþ ÔÃÀ- è àíòè-CD3-ñòèìóëèðîâàííûõ
ìîíîíóêëåàðíûõ êëåòîê çäîðîâûõ äîíîðîâ è áîëüíûõ ÀÁÀ, à òàêæå
äîçîçàâèñèìî óâåëè÷èâàåò ïðîäóêöèþ èìè ÈÔÍ-γ (â 3-8 ðàç). Ó áîëüíûõ
ÀÁÀ êàê íåñòèìóëèðîâàííûå, òàê è ìèòîãåí-ñòèìóëèðîâàííûå ìîíîíóêëåàðû
ñóùåñòâåííî ñíèæàëè ñåêðåöèþ ÈË-4 â ïðèñóòñòâèè èññëåäóåìûõ
êîíöåíòðàöèé ÃÌÄÏ. Íåîáõîäèìî îòìåòèòü, ÷òî àêòèâíîñòü ÃÌÄÏ
ðåàëèçóåòñÿ òîëüêî â îòíîøåíèè àêòèâèðîâàííûõ (àëëåðãåíàìè èëè
ìèòîãåíàìè) ëèìôîöèòîâ è íå ïðîÿâëÿåòñÿ íà íåñòèìóëèðîâàííûõ ÌÍÊ.

Òàêèì îáðàçîì, îáíàðóæåííûé â ïðåäûäóùèõ êëèíè÷åñêèõ
èññëåäîâàíèÿõ ïîëîæèòåëüíûé ýôôåêò èììóíîìîäóëÿòîðà Ëèêîïèäà
(äåéñòâóþùåå âåùåñòâî ÃÌÄÏ) íà ñîñòîÿíèå áîëüíûõ ÀÁÀ îáóñëîâëåí åãî
âîçäåéñòâèåì íà ïàòîãåíåòè÷åñêèé ìåõàíèçì àëëåðãè÷åñêîãî âîñïàëåíèÿ è,
â ÷àñòíîñòè, íà íîðìàëèçàöèþ Òh1/Th2 áàëàíñà.
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TECHNOLOGY OF THE PRODUCTION OF RECOMBINANT
HISTONE Í1.3
Gusarov D., Lasman V., Kosarev S., Bairamashvili D., Genkin D.*,
Formicka-Zeppenzauer G.**
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Lipoxen Plc, London Bioscience Innovation Centre, UK
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Histones are involved in interactions with chromosomes during cell cycle.
These proteins are highly basic due to enrichment of lysine residues. Linker histone
H1 type in cells plays role of an agent which promotes transverse bonds in
chromatin. Recombinant histone proteins, including H1 type, are suggested to be
utilized in anticancer therapy.

The main goal of the present work was to develop an efficient technology of
the production of active pharmaceutical ingredient (API) of recombinant histone
H1.3, which primarily synthesized in E. coli.

The protein H1.3 was separated from culture broth obtained as a result of
strain cultivation and fermentation by means of extraction with perchloric acid.
Supernatant which contained target protein was separated by centrifugation. Further,
proteins were captured from supernatant and purified by chromatographic methods.
As a key step of purification we decided to choose reverse-phase chromatography,
RPC. At analytical level the optimization of RPC process was performed, evaluating
the influence of stationary phase type, mobile phase content and gradient elution
mode. It was proved that the best results can be obtained utilizing silica sorbent
with macropores and butyl lipophication. It was shown that histone retention on
RPC media is strongly influenced with pH of mobile phase. The best separation
results were obtained with mobile phase containing ethanol as an organic modifier
and citric acid as an acidifier. The developed mode of elution contained negative
gradient of pH and positive gradient of organic modifier. The main fraction of
RPC yields approximately 75% and then was precipitated with ethanol. The pellet
was solubilized and purified from low molecular weight components by means of
size-exclusion chromatography. The product obtained was then dried in vacuum
and analyzed. It was shown that API contains no more than 1% of histone-like
impurities (HPLC test), up to 1% of high molecular mass admixtures (SE HPLC
test), no more than 20 ng/mg of host derived proteins (ELISA test).

The developed technology was successfully scaled-up to pilot level. The API
of histone named ONCOHIST was implemented to be used in clinical trials.

ÒÅÕÍÎËÎÃÈß ÏÐÎÈÇÂÎÄÑÒÂÀ ÐÅÊÎÌÁÈÍÀÍÒÍÎÃÎ
ÃÈÑÒÎÍÀ Í1.3
Ãóñàðîâ Ä., Ëàñìàí Â., Êîñàðåâ Ñ., Áàèðàìàøâèëè Ä., Ãåíêèí Ä.*,
Ôîðìè÷êà-Öåïïåíöàóåð Ã.**
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
*Lipoxen Plc, London Bioscience Innovation Centre, UK
**SymbioTec GMBH, Germany

Ãèñòîíû ó÷àñòâóþò â ïîääåðæàíèè è èçìåíåíèè ñòðóêòóðû õðîìîñîì
íà ðàçíûõ ñòàäèÿõ êëåòî÷íîãî öèêëà, à òàêæå â ðåãóëÿöèè àêòèâíîñòè ãåíîâ.
Ãèñòîíû – ñèëüíî îñíîâíûå áåëêè, âõîäÿùèå â ñîñòàâ êîìïëåêñîâ ñ ÄÍÊ.
Ëèíêåðíûé ãèñòîí H1, êîòîðûé ïðèñóòñòâóåò â êëåòêå â ìåíüøåì êîëè÷åñòâå,
÷åì îñòàëüíûå ãèñòîíû, èãðàåò ðîëü àãåíòà, ñïîñîáñòâóþùåãî îáðàçîâàíèþ
ïîïåðå÷íûõ ñâÿçåé â õðîìàòèíå. Ðåêîìáèíàíòíûå ãèñòîíû, â òîì ÷èñëå H1,
ïðåäëîæåíî èñïîëüçîâàòü â ïðîòèâîðàêîâîé òåðàïèè.

Öåëüþ äàííîé ðàáîòû áûëà ðàçðàáîòêà ïðîñòîé è ýôôåêòèâíîé ñõåìû
ïîëó÷åíèÿ àêòèâíîé ôàðìàöåâòè÷åñêîé ñóáñòàíöèè ðåêîìáèíàíòíîãî ãèñòîíà
H1.3, ñèíòåçèðîâàííîãî êëåòêàìè E. coli.

Áåëîê H1.3 áûë âûäåëåí èç êóëüòóðàëüíîé æèäêîñòè, ïîëó÷åííîé â
ðåçóëüòàòå êóëüòèâèðîâàíèÿ øòàììà-ïðîäóöåíòà E. coli, ñ ïîìîùüþ
ýêñòðàêöèè ïåðõëîðíîé êèñëîòîé. Íàäîñàäî÷íàÿ æèäêîñòü, ñîäåðæàùàÿ
êèñëîòî-ðàñòâîðèìûå áåëêè, áûëà îòäåëåíà îò îñàäêà öåíòðèôóãèðîâàíèåì
è õðîìàòîãðàôè÷åñêè î÷èùåíà. Â êà÷åñòâå îñíîâíîãî ñïîñîáà î÷èñòêè
èñïîëüçîâàëàñü îáðàùåííî-ôàçîâàÿ ÂÝÆÕ. Íà àíàëèòè÷åñêîì óðîâíå áûëè
ïîäîáðàíû îïòèìàëüíûå óñëîâèÿ î÷èñòêè, à èìåííî: âèä íåïîäâèæíîé ôàçû,
ñîñòàâ ïîäâèæíîé ôàçû, òèï ãðàäèåíòíîãî èçìåíåíèÿ ñîäåðæàíèÿ ïîäâèæíîé
ôàçû ïðè ýëþèðîâàíèè. Ïðîäåìîíñòðèðîâàíî, ÷òî íàèëó÷øèå ðåçóëüòàòû
î÷èñòêè äîñòèãàþòñÿ ïðè èñïîëüçîâàíèè ìàêðîïîðèñòûõ ñèëèêàãåëåâûõ
ñîðáåíòîâ, ìîäèôèöèðîâàííûõ áóòèëüíûì îñòàòêîì. Ïîêàçàíî, ÷òî
õðîìàòîãðàôè÷åñêîå ïîâåäåíèå ãèñòîíà H1.3 ñèëüíî çàâèñèò îò ðÍ
ïîäâèæíîé ôàçû: ñ óâåëè÷åíèåì çíà÷åíèÿ ðÍ óäåðæàíèå áåëêà ñîðáåíòîì
ðåçêî óâåëè÷èâàåòñÿ. Íàèëó÷øèå ðåçóëüòàòû áûëè ïîëó÷åíû ñ
èñïîëüçîâàíèåì ïîäâèæíûõ ôàç, ñîäåðæàùèõ ýòèëîâûé ñïèðò â êà÷åñòâå
îðãàíè÷åñêîãî ìîäèôèêàòîðà, à òàêæå ëèìîííîé êèñëîòû â êà÷åñòâå
áóôåðíîãî àãåíòà. Ðàçðàáîòàí ñëîæíûé ãðàäèåíò ñîñòàâà ïîäâèæíîé ôàçû,
âêëþ÷àþùèé îäíîâðåìåííîå èçìåíåíèå ñîäåðæàíèÿ ýòèëîâîãî ñïèðòà è
âåëè÷èíû ðÍ. Îñíîâíàÿ ôðàêöèÿ, ñîäåðæàùàÿ íå ìåíåå 75% ãèñòîíà Í1.3
(îò íàíåñåííîãî êîëè÷åñòâà), áûëà çàòåì îñàæäåíà ýòèëîâûì ñïèðòîì. Îñàäîê
îòäåëÿëè è ïåðåðàñòâîðÿëè â âîäå äëÿ èíúåêöèé. Çàòåì ïîëó÷åííûé ðàñòâîð
î÷èùàëè ñ ïîìîùüþ ãåëü-ôèëüòðàöèè îò íèçêîìîëåêóëÿðíûõ ïðèìåñåé è
âûñóøèâàëè ïîä âàêóóìîì. Àêòèâíàÿ ôàðìàöåâòè÷åñêàÿ ñóáñòàíöèÿ ãèñòîíà
Í1.3 ñîäåðæàëà ìåíåå 1% ïðèìåñíûõ ðîäñòâåííûõ áåëêîâ ïî äàííûì ÂÝÆÕ
àíàëèçà, ìåíåå 1% âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ïî äàííûì SEC àíàëèçà,
ìåíåå 20 íã/ìã áåëêîâ êëåòîê E. coli ïî äàííûì ÈÔÀ. Ðàçðàáîòàííàÿ ñõåìà
áûëà ìàñøòàáèðîâàíà äî ïèëîòíîãî óðîâíÿ. Ñóáñòàíöèÿ ãèñòîíà Í1.3 áûëà
èñïîëüçîâàíà äëÿ ïîëó÷åíèÿ ãîòîâûõ ëåêàðñòâåííûõ ôîðì ïðåïàðàòà
ONCOHIST, ïðåäíàçíà÷åííûõ äëÿ êëèíè÷åñêèõ èñïûòàíèé.



180 181

RECEPTION PEPTIDE FRACTIONS IN THE SET MOLECULAR
MASS
Danilov I.M., Zabodalova L.A., Skvortsova N.N.
St.-Petersburg State University of Low-Temperature and Food Technologies,
St.-Petersburg, Russia
E-mail: Danilov-ivan-86@mail.ru; Zabodalova@inbox.ru
Tel.: (812) 764-47-88; (904) 612-99-02

The purpose of the given work is research of conditions influence of enzymatic
hydrolysis on process of accumulation of fraction low-molecular peptides
500-6000 Da.

At the experiment initial stage in quality of proteolytic agent isolated enzymatic
preparation "Pancreatin" was used. Molecular-mass distribution of the enzymatic
hydrolyzate was estimated by a method exclusion gel-penetrating chromatography
with Sephadex G-75. Such parameters as enzyme-substrate a parity, temperature
and duration of fermentation, level of active acidity during time fermentation were
exposed to change. For the control the sample fermented during 48 h is accepted,
at 50±2oÑ, enzyme-substrate parity 1:100, without use pH-stating in the course of
fermentation.

It is established, that carrying out enzymatic hydrolysis for the purpose of
reception low-molecular peptides is more rational for conducting at such
parameters: enzyme-substrate a parity 1:1000, temperature and duration of
fermentation 50±2oÑ and 4 h accordingly, without use ðÍ-stating.

Then possibility of reception low-molecular peptides by ripening milk has
been studied by ferments of the mixed fermentation: kefirnaya, koumisnaya,
kyryngovaya. Molecular masses of fractions on chromatogram koumiss and kyrynga
correspond 6 and 6,5 kDa, and the fraction high-molecular peptides is present
only in track quantities that speaks about fuller hydrolysis of fibers. On
chromatogram kefir there is a fraction of not hydrolyzed fibers, fraction of peptides
with molecular mass 6,8 kDa. Besides, there is an accumulation of peptides to
intermediate molecular masses (8-10 kDa) which front of allocation, is strongly
blocked with peak of allocation of fraction peptides (8-10 êDà) which can prevent
the further division and clearing of necessary fraction.

Thus, for the further studying in quality proteolytic the agent has been selected
kyryngovaya and koumisnaya leaven.

ÏÎËÓ×ÅÍÈÅ ÏÅÏÒÈÄÍÛÕ ÔÐÀÊÖÈÉ Ñ ÇÀÄÀÍÍÎÉ
ÌÎËÅÊÓËßÐÍÎÉ ÌÀÑÑÎÉ
Äàíèëîâ È.Ì., Çàáîäàëîâà Ë.À., Ñêâîðöîâà Í.Í.
ÃÎÓ ÂÏÎ Ñàíêò-Ïåòåðáóðãñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò
íèçêîòåìïåðàòóðíûõ è ïèùåâûõ òåõíîëîãèé, Ñàíêò-Ïåòåðáóðã, Ðîññèÿ
E-mail: Danilov-ivan-86@mail.ru; Zabodalova@inbox.ru
Òåë.: (812) 764-47-88; (904) 612-99-02

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå âëèÿíèÿ óñëîâèé
ôåðìåíòàòèâíîãî ãèäðîëèçà íà ïðîöåññ íàêîïëåíèÿ ôðàêöèè
íèçêîìîëåêóëÿðíûõ ïåïòèäîâ (ÍÌÏ, 500-6000 Äà).

Íà íà÷àëüíîì ýòàïå ýêñïåðèìåíòà â êà÷åñòâå ïðîòåîëèòè÷åñêîãî àãåíòà
èñïîëüçîâàëñÿ èçîëèðîâàííûé ôåðìåíòíûé ïðåïàðàò "Ïàíêðåàòèí". Ìì
îöåíèâàëèñü ìåòîäîì ýêñêëþçèîííîé ãåëü-õðîìàòîãðàôèè íà Sephadex G-
75. Èçìåíåíèþ ïîäâåðãàëèñü òàêèå ïàðàìåòðû, êàê ôåðìåíò-ñóáñòðàòíîå
ñîîòíîøåíèå, òåìïåðàòóðà è ïðîäîëæèòåëüíîñòü ôåðìåíòàöèè, óðîâåíü
àêòèâíîé êèñëîòíîñòè âî âðåìÿ òåðìîñòàòèðîâàíèÿ. Çà êîíòðîëüíûé ïðèíÿò
îáðàçåö, êîòîðûé ïîäâåðãàëñÿ ôåðìåíòàöèè â òå÷åíèå 48 ÷ ïðè 50±2îÑ,
ôåðìåíò-ñóáñòðàòíîå ñîîòíîøåíèå 1:100, áåç èñïîëüçîâàíèÿ ðÍ-
ñòàòèðîâàíèÿ â ïðîöåññå ôåðìåíòàöèè.

Óñòàíîâëåíî, ÷òî ïðîâåäåíèå ôåðìåíòàòèâíîãî ãèäðîëèçà ñ öåëüþ
ïîëó÷åíèÿ ÍÌÏ ðàöèîíàëüíåå âåñòè ïðè òàêèõ ïàðàìåòðàõ: ôåðìåíò-
ñóáñòðàòíîå ñîîòíîøåíèå 1:1000, òåìïåðàòóðà è ïðîäîëæèòåëüíîñòü
ôåðìåíòàöèè 50±2îÑ è 4 ÷, ñîîòâåòñòâåííî, áåç èñïîëüçîâàíèÿ ðÍ-
ñòàòèðîâàíèÿ.

Êðîìå òîãî, áûëà èçó÷åíà âîçìîæíîñòü ïîëó÷åíèÿ ÍÌÏ ïóòåì
ñêâàøèâàíèÿ ìîëîêà çàêâàñêàìè ñìåøàííîãî áðîæåíèÿ: êåôèðíîé,
êóìûñíîé, êóðóíãîâîé. Ìîëåêóëÿðíûå ìàññû ôðàêöèé íà õðîìàòîãðàììàõ
êóìûñà è êóðóíãè ñîîòâåòñòâóþò 6 è 6,5 êÄà, ñîîòâåòñòâåííî, ïðè÷åì ôðàêöèÿ
âûñîêîìîëåêóëÿðíûõ ïåïòèäîâ ïðèñóòñòâóåò ëèøü â ñëåäîâûõ êîëè÷åñòâàõ,
÷òî ãîâîðèò î áîëåå ïîëíîì ãèäðîëèçå áåëêîâ. Íà õðîìàòîãðàììå êåôèðà
îáíàðóæåíû ôðàêöèÿ íå ãèäðîëèçîâàâøèõñÿ áåëêîâ è ôðàêöèÿ ïåïòèäîâ ñ
Ìì 6,8 êÄà. Êðîìå òîãî, ïðîèñõîäèò íàêîïëåíèå ïåïòèäîâ ñ ïðîìåæóòî÷íûìè
Ìì 8-10 êÄà, ôðîíò âûäåëåíèÿ êîòîðûõ ñèëüíî ïåðåêðûâàåòñÿ ñ ïèêîì
âûäåëåíèÿ ôðàêöèè ïåïòèäîâ (8-10 êÄà), êîòîðûå ìîãóò ïîìåøàòü
äàëüíåéøåìó ðàçäåëåíèþ è î÷èñòêå íåîáõîäèìîé ôðàêöèè.

Òàêèì îáðàçîì, äëÿ äàëüíåéøåãî èçó÷åíèÿ â êà÷åñòâå ïðîòåîëèòè÷åñêîãî
àãåíòà áûëè îòîáðàíû êóðóíãîâàÿ è êóìûñíàÿ çàêâàñêè.
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We identified the cell surface receptor that is activated by mildly alkaline
media both in vitro and in vivo at pH>8.0 and thus may serve as an external pH
sensor. Surprisingly, this protein is the insulin receptor-related receptor (IRR), an
orphan receptor-like tyrosine kinase of the insulin receptor family. Unlike IRR,
the insulin receptor and closely related insulin-like growth factor receptor have
ligands of the peptide nature and do not respond to pH changes. The alkali-sensing
property of IRR is conserved in frog, mouse and human. We postulate that the
hydroxyl ion is a natural agonist of IRR because IRR activation by alkaline media
is specific, dose-dependent, reversible, requires the receptor ectodomain and is
accompanied by a conformational change in the entire receptor molecule. The
alkaline stimulation of IRR triggers the intracellular signaling that involves insulin
receptor substrate and AKT/PKB, and results in actin cytoskeleton remodeling.

Our identification of IRR as a pH sensor is quite intriguing taking into account
the high similarity of the amino acid sequences (about 50% identity and 65%
similarity for both IGF-IR and IR) and predicted structural domain organization
of the ectodomains of IRR, IR and IGF-IR. Also, all of the receptor tyrosine kinase
ligands that have been identified so far in both vertebrates and invertebrates are
proteins. The generally accepted paradigm is that a multipoint macromolecular
ligand-receptor interaction is required to trigger dimerization-induced activation
of a receptor tyrosine kinase (in the case of the insulin receptor family the subunits
are pre-dimerized by disulfide bonds). Whereas an alkali-sensing ion channel has
been described previously, IRR is the first example of the metabotropic receptor
that can be activated by alkaline media. Given that no peptide or protein ligand of
IRR has been found yet, our data suggest that hydroxyl anion may be an endogenous
agonist of IRR.

ÀÊÒÈÂÀÖÈß ÌÅÌÁÐÀÍÍÎÉ ÐÅÖÅÏÒÎÐÍÎÉ
ÒÈÐÎÇÈÍÊÈÍÀÇÛ ÏÐÈ ÈÇÌÅÍÅÍÈÈ ÂÍÅÊËÅÒÎ×ÍÎÃÎ ðÍ
Äååâ È.Å., Ñåðîâà Î.Â., Ïîïîâà Í.Â., Ïåòðåíêî À.Ã.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè  èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: deyevie@ibch.ru

Êëàññè÷åñêèì ñïîñîáîì àêòèâàöèè ðåöåïòîðíûõ òèðîçèíêèíàç ÿâëÿåòñÿ
àâòîôîñôîðèëèðîâàíèå âíóòðèêëåòî÷íûõ ÷àñòåé ýòèõ ðåöåïòîðîâ â
ðåçóëüòàòå âçàèìîäåéñòâèÿ  âíåêëåòî÷íîé ÷àñòè ðåöåïòîðîâ ñ èõ ëèãàíäîì.
Äëÿ áîëüøèíñòâà ðåöåïòîðíûõ òèðîçèíêèíàç âçàèìîäåéñòâèå ñ ëèãàíäîì
ïðèâîäèò ê äèìåðèçàöèè ìîíîìåðîâ ðåöåïòîðà, èñêëþ÷åíèå ñîñòàâëÿþò òðè
÷ëåíà ñåìåéñòâà: èíñóëèíîâûé ðåöåïòîð IR (èíñóëèíîâûé ðåöåïòîð), IGF-
IR (èíñóëèíî-ïîäîáíûé ôàêòîð ðîñòà ðåöåïòîð) è IRR (èíñóëèí ðåöåïòîð-
ïîäîáíûé ðåöåïòîð). Ýòè ðåöåïòîðû äèìåðèçîâàíû ïðè ïîìîùè
öèñòåèíîâûõ ìîñòèêîâ ìåæäó ìîíîìåðàìè. Ëèãàíäàìè äëÿ IR è IGF-IR
ÿâëÿþòñÿ, ñîîòâåòñòâåííî, èíñóëèí è èíñóëèíî-ïîäîáíûé ôàêòîð ðîñòà.
Ðåöåïòîð IRR îòíîñèòñÿ ïî ãîìîëîãèè è îáùåìó ñòðîåíèþ ê ñåìåéñòâó
èíñóëèíîâîãî ðåöåïòîðà, íî åãî ëèãàíä äî ñèõ ïîð íå áûë íàéäåí, õîòÿ IRR
áûë îòêðûò åùå â 1989 ãîäó.

Íàìè âûÿâëåíî óíèêàëüíîå ñâîéñòâî ðåöåïòîðà IRR àêòèâèðîâàòüñÿ ïîä
âîçäåéñòâèåì âíåêëåòî÷íîé ùåëî÷íîé ñðåäû. Áûëî ïîêàçàíî, ÷òî äàííîå
ñâîéñòâî ñïåöèôè÷íî äëÿ ýòîãî ðåöåïòîðà, àêòèâàöèÿ IRR îáðàòèìà è
ïðèâîäèò ê èçìåíåíèþ åãî êîíôîðìàöèè. Ðåöåïòîð IRR àêòèâèðóåòñÿ â ðàéîíå
ðÍ îò 8.0 äî 9.0 ñ âåëè÷èíîé ïîëóýôôåêòà îêîëî 8.4.  Ïîêàçàíî, ÷òî îðòîëîãè
IRR ëÿãóøêè è ìûøè òàêæå àêòèâèðóþòñÿ ïîä äåéñòâèåì ùåëî÷íîãî ðÍ.
Ôîñôîðèëèðîâàíèå IRR ïðèâîäèò ê àêòèâàöèè âíóòðèêëåòî÷íûõ ñèãíàëüíûõ
áåëêîâ (INS-1, AKT-1) è èçìåíåíèþ öèòîñêåëåòà êëåòîê.

Ìû ïðîâåëè ïîèñê äðóãèõ ôîñôîáåëêîâ, ñïîñîáíûõ ôîñôîðèëèðîâàòüñÿ
ïðè óâåëè÷åíèè ðÍ âíåøíåé ñðåäû. Èñïîëüçóÿ èììóíî-àôôèííóþ
õðîìàòîãðàôèþ íà àíòèòåëàõ ïðîòèâ ôîñôîòèðîçèíà ñ äàëüíåéøåé
èíäåíòèôèêàöåé áåëêîâ ïðè ïîìîùè ìàññ-ñïåêòðîìåòðèè, ìû îáíàðóæèëè
àêòèâàöèþ ðåöåïòîðíîé òèðîçèíêèíàçû ñ-Ìåt ïðè îáðàáîòêå êëåòîê ñðåäîé
ñ ùåëî÷íûì ðÍ. Äëÿ äàííîãî ðåöåïòîðà èçâåñòåí ëèãàíä, ïîëó÷èâøèé
íàçâàíèå HGF (ôàêòîð ðîñòà ãåïàòîöèòîâ). Èñïîëüçóÿ àíòèòåëà ïðîòèâ ñ-
Ìåt ðåöåïòîðà è åãî ôîñôîðèëèðîâàíîé ôîðìû, ìû ïîäòâåðäèëè åãî
àêòèâàöèþ ïðè óâåëè÷åíèè âíåêëåòî÷íîãî ðÍ.  Òàêæå íàìè ïîêàçàíî, ÷òî
ùåëî÷íàÿ àêòèâàöèÿ ñ-Ìåt íå ñâÿçàíà ñ âûáðîñîì HGF âî âíåêëåòî÷íóþ
ñðåäó, è óðîâåíü àêòèâàöèè çàâèñèò îò òèïà êëåòîê, â êîòîðûõ ýêñïðåññèðóåòñÿ
ñ-Ìåt.

Òàêèì îáðàçîì, ìû îáíàðóæèëè íîâûé ñïîñîá ñïåöèôè÷åñêîé àêòèâàöèè
òèðîçèíêèíàçíûõ ðåöåïòîðîâ,  îòëè÷íûé îò ðàíåå èçâåñòíûõ ìîëåêóëÿðíûõ
ìåõàíèçìîâ.
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Postgenomic studies of possible action mechanisms of receptor-enzymatic
systems in cells are the most important now. The detail investigation of each stage
in such complex systems requires of the application of many techniques used in
molecular biology, bioorganic and organic chemistry and careful interpretation of
results. The usage of organic molecules for non-fluorescent labeling in the ultraviolet
and visible regions is one of approaches for the investigation of ligand – receptor
interaction. This approach requires to use small organic compounds possessed
photochromic properties at strongly limited range of waves-lengths, which is
determined by device parameters and cell properties.

One of the important problems of fundamental and applied sciences is selective
regulation of human hemostasis system, since the mortality from cardio-vascular
diseases takes first place in the world.  We shown earlier, that a number of
compounds of 3,5-substituted isoxazoles class were potent anti-aggregatory agents.
We synthesized two 3,5-substituted isoxazole analogs contained spiropyrane moiety
at 3-position of isoxazole ring for the definition of molecule pharmacophore
fragment and determination of  action mechanism of this class compounds in future.
The photochemistry of these compounds was studied with several photochemical
methods.

This work was partly supported by RFBR grants (projects N 09-03-00565
and N 09-04-01003).
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Ïîñòãåíîìíûå èññëåäîâàíèÿ âîçìîæíûõ ìåõàíèçìîâ ôóíêöèîíèðîâàíèÿ
ðåöåïòîðíî-ôåðìåíòàòèâíûõ ñèñòåì â êëåòêàõ ÿâëÿþòñÿ íàèáîëåå âàæíûìè
â íàñòîÿùåå âðåìÿ. Äåòàëüíîå èçó÷åíèå êàæäîé ñòàäèè â òàêèõ ñëîæíûõ
ñèñòåìàõ òðåáóåò ïðèìåíåíèÿ ìíîãèõ ìåòîäèê, èñïîëüçóåìûõ â ìîëåêóëÿðíîé
áèîëîãèè, áèîîðãàíè÷åñêîé è îðãàíè÷åñêîé õèìèè, è àêêóðàòíîé
èíòåðïðåòàöèè ðåçóëüòàòîâ.

Èñïîëüçîâàíèå îðãàíè÷åñêèõ ìîëåêóë äëÿ íåôëóîðåñöåíòíîãî ìå÷åíèÿ
â óëüòðàôèîëåòîâîé è âèäèìîé îáëàñòÿõ ÿâëÿåòñÿ îäíèì èç ïîäõîäîâ ïðè
èññëåäîâàíèè âçàèìîäåéñòâèÿ ëèãàíä – ðåöåïòîð. Ýòîò ïîäõîä òðåáóåò
ïðèìåíåíèÿ íåáîëüøèõ îðãàíè÷åñêèõ ñîåäèíåíèé, îáëàäàþùèõ
ôîòîõðîìíûìè ñâîéñòâàìè â ñòðîãî îãðàíè÷åííîì äèàïàçîíå äëèí âîëí,
êîòîðûé îïðåäåëÿåòñÿ ïàðàìåòðàìè ïðèáîðà è ñâîéñòâàìè êëåòêè.

Îäíîé èç âàæíûõ ïðîáëåì ôóíäàìåíòàëüíîé è ïðèêëàäíîé íàóê ÿâëÿåòñÿ
íàïðàâëåííàÿ (ñåëåêòèâíàÿ) ðåãóëÿöèÿ ñèñòåìû ãåìîñòàçà ÷åëîâåêà,
ïîñêîëüêó ñìåðòíîñòü îò ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé çàíèìàåò â
íàñòîÿùåå âðåìÿ ïåðâîå ìåñòî â ìèðå.  Ðàíåå ìû ïîêàçàëè, ÷òî íåêîòîðûå
ñîåäèíåíèÿ êëàññà 3,5-çàìåùåííûõ èçîêñàçîëîâ ÿâëÿþòñÿ âîçìîæíûìè
àíòèàãðåãàíòàìè. Ìû ñèíòåçèðîâàëè äâà àíàëîãà 3,5-çàìåùåííûõ
èçîêñàçîëîâ, ñîäåðæàùèõ ñïèðîïèðàíîâûé ôðàãìåíò â ïîëîæåíèè 3
èçîêñàçîëüíîãî êîëüöà äëÿ îïðåäåëåíèÿ ôàðìàêîôîðíîãî ôðàãìåíòà
ìîëåêóëû è óñòàíîâëåíèÿ ìåõàíèçìà äåéñòâèÿ ýòîãî êëàññà âåùåñòâ â
äàëüíåéøåì. Ôîòîõèìèÿ ýòèõ ñîåäèíåíèé áûëà èçó÷åíà ïðè ïîìîùè
íåñêîëüêèõ ôîòîõèìè÷åñêèõ ìåòîäîâ.

Ðàáîòà áûëà ÷àñòè÷íî ïîääåðæàíà ãðàíòàìè ÐÔÔÈ (ïðîåêòû ¹ 09-03-
00565 è  ¹ 09-04-01003).
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Proteins in human nutrition have a special place. They perform a number of
specific functions that are specific to living matter.  Protein substances give the
body basic properties for movement and provide for the exchange between the
organism and the environment.  Approximately one-third of the complete proteins
in a Russian's diet are obtained from marine hydrobionts.

 We studied multi-component products developed on the basis of bivalve
clams (Clem). The protein content of these mollusks are related to the group of
mid-protein marine hydrobionts.

During our research we determined that the investigational product's amino
acids were present in quantities exceeding the recommended WHO / FAO daily
intakes of 100 g at: 3,0 g of tryptophan; 1,4 g of valine; 1,0 g of isoleucine; 1,0 g
of leucine; 1.0 g of phenylalanine + tyrosine; and 1,0 g of lysine. One of the
essential amino acids available in the product we developed is taurine. Clem meat
contains large amounts of taurine (24.91 mg/100 g); therefore, our product can be
regarded as a promising source of this amino acid. Taurine has several important
roles, such as: a neuromediator amino acid, cardiotropic effects, helps to normalize
the function of cell membranes, improves metabolism, etc.

Studying the degree of assimilation in the developed products (relative
biological value (OBTS) and security) was performed on the test-culture of
Tetrahymena pyriformis in vitro. The OBTS rate was 82,4% due to the availability
and completeness of proteins present in the hydrobionts' digestive enzymes. Also,
the toxicity of the canned food was proven to be non-existent through experimental
means.

In calculating the recommendations for introducing the product into the diet,
we took into account the fact that it contains 6,23% taurine. To achieve the functional
effect, it is necessary that the amino acids received from food are 10% to 50% of
the recommended daily requirement, which is 160 g of the finished product. Thus,
the data obtained allows the relation of products of bivalves to those of functional
orientation.

ÁÈÎÒÅÕÍÎËÎÃÈß ÑÏÅÖÈÀËÈÇÈÐÎÂÀÍÍÛÕ ÏÐÎÄÓÊÒÎÂ ÈÇ
ÌÎÐÑÊÈÕ ÃÈÄÐÎÁÈÎÍÒÎÂ
Êàëåíèê Ò.Ê., Äîëãîâà Ò.Ã., Ãðèùåíêî Â.Â., Ãðèøèí À.Ñ.
Òèõîîêåàíñêèé ãîñóäàðñòâåííûé ýêîíîìè÷åñêèé óíèâåðñèòåò,
Âëàäèâîñòîê, Ðîññèÿ
E-mail: ipttgr@rambler.ru
Ôàêñ/òåë.: (4232) 43-40-55

Áåëêè â ïèòàíèè ÷åëîâåêà çàíèìàþò îñîáîå ìåñòî. Îíè âûïîëíÿþò ðÿä
ñïåöèôè÷åñêèõ ôóíêöèé, ñâîéñòâåííûõ òîëüêî æèâîé ìàòåðèè. Áåëêîâûå
âåùåñòâà íàäåëÿþò îðãàíèçì ïëàñòè÷åñêèìè ñâîéñòâàìè è îáåñïå÷èâàþò
îáìåí ìåæäó îðãàíèçìîì è îêðóæàþùåé ñðåäîé. Ïðèìåðíî òðåòü èñòî÷íèêîâ
ïîëíîöåííûõ áåëêîâ â ðàöèîíå ïèòàíèÿ ðîññèÿí ïðèõîäèòñÿ íà ïðîäóêòû èç
ãèäðîáèîíòîâ.

Íàìè áûëè èçó÷åíû ìíîãîêîìïîíåíòíûå ïðîäóêòû, ðàçðàáîòàííûå íà
îñíîâå äâóõñòâîð÷àòûõ ìîëëþñêîâ (êëåì). Ïî ñîäåðæàíèþ áåëêà ýòè
ìîëëþñêè îòíîñÿòñÿ ê ãðóïïå ñðåäíåáåëêîâûõ ãèäðîáèîíòîâ. Â ïðîöåññå
ïðîâåäåíèÿ èññëåäîâàíèé áûëî îáíàðóæåíî, ÷òî â èçó÷àåìîì ïðîäóêòå
ïðèñóòñòâîâàëè àìèíîêèñëîòû â êîëè÷åñòâàõ, ïðåâûøàþùèõ ðåêîìåíäóåìûå
ÔÀÎ/ÂÎÇ ñóòî÷íûå íîðìû ïîòðåáëåíèÿ íà 100 ã.: òðèïòîôàí íà 3,0 ã, âàëèí
íà 1,4 ã, èçîëåéöèí íà 1,0 ã, ëåéöèí íà 1,0 ã, ôåíèëàëàíèí+òèðîçèí íà 1,0 ã,
ëèçèí íà 1,0 ã. Îäíîé èç âàæíåéøèõ àìèíîêèñëîò, èìåþùèõñÿ â
ðàçðàáîòàííîì íàìè ïðîäóêòå, ÿâëÿåòñÿ òàóðèí. Ïðîäóêòû èç ìÿñà êëåì
ñîäåðæàò áîëüøîå êîëè÷åñòâî òàóðèíà (24,91 ìã/100 ã), ïîýòîìó åãî ìîæíî
ðàññìàòðèâàòü êàê ïåðñïåêòèâíûé èñòî÷íèê äàííîé àìèíîêèñëîòû. Òàóðèí
èãðàåò ðîëü íåéðîìåäèàòîðíîé àìèíîêèñëîòû, îêàçûâàåò êàðäèîòðîïíîå
äåéñòâèå, ñïîñîáñòâóåò íîðìàëèçàöèè ôóíêöèè êëåòî÷íûõ ìåìáðàí,
óëó÷øåíèþ îáìåííûõ ïðîöåññîâ è äð.

Èçó÷åíèå ñòåïåíè óñâîÿåìîñòè ðàçðàáîòàííîãî ïðîäóêòà (îòíîñèòåëüíîé
áèîëîãè÷åñêîé öåííîñòè (ÎÁÖ) è áåçîïàñíîñòè) ïðîâîäèëè íà òåñò-êóëüòóðå
Tetrahymena pyriformis in vitro. Ïîêàçàòåëü ÎÁÖ ñîñòàâèë 82,4%, ÷òî
îáóñëîâëåíî ïîëíîöåííîñòüþ è äîñòóïíîñòüþ áåëêîâ, ïðèñóòñòâóþùèõ â
ãèäðîáèîíòàõ, äëÿ ðàñùåïëåíèÿ ïèùåâàðèòåëüíûìè ôåðìåíòàìè. Òàêæå
ýêñïåðèìåíòàëüíûì ïóòåì áûëî äîêàçàíî îòñóòñòâèå òîêñè÷íîñòè êîíñåðâîâ
äëÿ æèâîãî îðãàíèçìà.

Ïðè ðàñ÷åòå ðåêîìåíäàöèé ïî ââåäåíèþ ïðîäóêòà â ðàöèîí íàìè
ó÷èòûâàëîñü òî, ÷òî â íåì ñîäåðæèòñÿ 6,23% òàóðèíà. Äëÿ äîñòèæåíèÿ
ôóíêöèîíàëüíîãî ýôôåêòà íåîáõîäèìî, ÷òîáû äàííîé àìèíîêèñëîòû ñ ïèùåé
ïîñòóïàëî îò 10 äî 50% îò ðåêîìåíäóåìîé ñóòî÷íîé íîðìû, ÷òî ñîñòàâëÿåò
160 ã ãîòîâîãî ïðîäóêòà. Òàêèì îáðàçîì, ïîëó÷åííûå äàííûå ïîçâîëÿþò
îòíåñòè ïðîäóêòû èç äâóñòâîð÷àòûõ ìîëëþñêîâ ê ïðîäóêòàì ôóíêöèîíàëüíîé
íàïðàâëåííîñòè.
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Oxygenated natural polyunsaturated fatty acids play an important biological
role in growth, reproduction and signaling of fungi. Elucidation of mechanisms of
oxylipins action in vital processes of fungi (adaptation and environmental stress)
is actual problem. Recent publications have shown main role of
3-hydroxyarachidonic acid (3-HETE) in signaling system of fungi. In this
connection the goal of our elucidation was investigation of 3-HETE (in different
concentrations) action on growth, differentiation and vital functions of ascomycete
Neurospora crassa as a fungal model.

We have obtained 3(R)-hydroxy-(5Z,8Z,11Z,14Z)-eicosatetraenoic acid by
our synthesis of hydroxylipins based on cross-coupling reaction of acetylenic
compounds. Elucidations of stress-indicative characteristics of fungi under action
of 3-hydroxyeicosatetraenoic acid were carried out. The characteristics are content
of carotenoids in fungal mycelium and content of protein's carbonyl groups formed
by diphenylhydrazine and the amino acids reaction. The biochemical procedures
allow count quantitative characteristics using spectrophotometer data.

It was shown the micromolar concentrations of 3-HETE influence on
carotenoid content of N. crassa in dose dependent manner, optimal concentrations
were 5-10 µM. Increasing of protein's carbonyls under 3-HETE (1 µM and 5 µM)
was shown, that indirectly points on oxidative stress of fungi.

Elucidation by microscope of fungal mycelium on different growth stages
allowed establish the addition of 3-HETE into medium reduces growth of hyphae
and increases their aggregation and inhibits sporulating of N. crassa.

ÂËÈßÍÈÅ 3-ÃÈÄÐÎÊÑÈËÈÏÈÍÎÂ ÍÀ ÄÈÔÔÅÐÅÍÖÈÐÎÂÊÓ
È ÆÈÇÍÅÍÍÎ ÂÀÆÍÛÅ ÔÓÍÊÖÈÈ ÀÑÊÎÌÈÖÅÒÎÂ
Äîðîäíèêîâà Å.À., Ìÿãêîâà Ã.È., Áåëîçåðñêàÿ Ò.À., Ãåññëåð Í.Í.,
Ãðîçà Í.Â.
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Ïðîäóêòû îêèñëåíèÿ ïðèðîäíûõ ïîëèíåíàñûùåííûõ æèðíûõ êèñëîò
èãðàþò âàæíóþ áèîëîãè÷åñêóþ ðîëü â ïðîöåññàõ ðîñòà è ðàçìíîæåíèÿ ãðèáîâ
è ÿâëÿþòñÿ ñèãíàëüíûìè ñîåäèíåíèÿìè â îòíîøåíèÿõ õîçÿèí-ïàòîãåí.
Ïîýòîìó èçó÷åíèå ìåõàíèçìà äåéñòâèÿ îêñèëèïèíîâ â æèçíåííî âàæíûõ
ïðîöåññàõ ðàçâèòèÿ ãðèáîâ, â ÷àñòíîñòè ïðîöåññàõ àäàïòàöèè è âíåøíåãî
ñòðåññà, ÿâëÿåòñÿ àêòóàëüíûì. Ðàíåå áûëè îïóáëèêîâàíû èññëåäîâàíèÿ,
ïîêàçàâøèå âàæíóþ ðîëü 3-ãèäðîêñèàðàõèäîíîâîé êèñëîòû (3-ÍÅÒÅ) â
ñèãíàëüíûõ îòâåòàõ ãðèáîâ. Â ñâÿçè ñ ýòèì, öåëüþ äàííîé ðàáîòû áûëî
èçó÷åíèå äåéñòâèÿ 3-ÍÅÒÅ, äîáàâëåííîé ê êóëüòóðå â ðàçíûõ êîíöåíòðàöèÿõ,
íà ðîñò, äèôôåðåíöèðîâêó è æèçíåííûå õàðàêòåðèñòèêè àñêîìèöåòà
Neurospora crassa, âûáðàííîãî â êà÷åñòâå íàèáîëåå èçó÷åííîé ãðèáíîé
ìîäåëè.

Äëÿ ïðîâåäåíèÿ áèîõèìè÷åñêèõ èññëåäîâàíèé áûëà íàðàáîòàíà â
ïðåïàðàòèâíûõ êîëè÷åñòâàõ 3(R)-ãèäðîêñè-(5Z,8Z,11Z,14Z)-
ýéêîçàòåòðàåíîâàÿ êèñëîòà ñ èñïîëüçîâàíèåì ðàçðàáîòàííîãî íàìè ðàíåå
ìåòîäà ñèíòåçà ãèäðîêñèëèïèíîâ, îñíîâàííîãî íà ðåàêöèè êðîññ-ñî÷åòàíèÿ
òåðìèíàëüíûõ àöåòèëåíîâûõ ôðàãìåíòîâ è ïðîïàðãèëüíûõ ñèíòîíîâ. Áûëè
ïðîâåäåíû èññëåäîâàíèÿ èíäèêàòèâíûõ õàðàêòåðèñòèê ñòðåññà ó ãðèáîâ ïîä
âîçäåéñòâèåì ðàçíûõ êîíöåíòðàöèé 3-ãèäðîêñèýéêîçàòåòðàåíîâîé êèñëîòû.
Ýòè õàðàêòåðèñòèêè - ñîäåðæàíèå êàðîòèíîèäîâ â ìèöåëèè ãðèáà ïðè
ñâåòîâîì èíêóáèðîâàíèè è îïðåäåëåíèå ñîäåðæàíèÿ êàðáîíèëüíûõ ãðóïï â
áåëêàõ ñ èñïîëüçîâàíèåì ðåàêöèè äèíèòðîôåíèëãèäðàçèíà ñ îïðåäåëåííûìè
àìèíîêèñëîòàìè. Ïðèìåíÿåìûå áèîõèìè÷åñêèå ìåòîäèêè ïîçâîëÿþò
ðàññ÷èòàòü êîëè÷åñòâåííûå õàðàêòåðèñòèêè íà îñíîâå
ñïåêòðîôîòîìåòðè÷åñêèõ äàííûõ.

Áûëî ïîêàçàíî, ÷òî ìèêðîìîëÿðíûå êîíöåíòðàöèè 3-ÍÅÒÅ âëèÿþò íà
ñîäåðæàíèå êàðîòèíîèäîâ ó N. crassa äîçîçàâèñèìûì îáðàçîì,
îïòèìàëüíûìè äëÿ âûðàáîòêè êàðîòèíîèäîâ îêàçàëèñü êîíöåíòðàöèè
5-10 ìêÌ . Áûëî óñòàíîâëåíî ïîâûøåíèå ñîäåðæàíèÿ êàðáîíèëüíûõ ãðóïï
â áåëêàõ ïîä âëèÿíèåì 3-HETE â ìèêðîìîëÿðíûõ êîíöåíòðàöèÿõ (1 ìêÌ, 5
ìêÌ), ÷òî êîñâåííûì îáðàçîì óêàçûâàåò íà ðàçâèòèå îêèñëèòåëüíîãî ñòðåññà
ó ãðèáîâ ïîä âëèÿíèåì ýòîãî ñîåäèíåíèÿ.

Èññëåäîâàíèå ìèöåëèÿ ãðèáà ïîä ìèêðîñêîïîì íà ðàçíûõ ñòàäèÿõ ðîñòà
ïîçâîëèëî óñòàíîâèòü, ÷òî äîáàâëåíèå 3-ÍÅÒÅ â ïèòàòåëüíóþ ñðåäó ñíèæàåò
ñêîðîñòü ðîñòà ãèô, óñèëèâàÿ ïðè ýòîì èõ àãðåãàöèþ, à òàêæå èíãèáèðóåò
ñïîðîîáðàçîâàíèå N. ñrassa.
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The polymers are being increasingly used in the studies of membrane proteins
[1,2]. For these purposes the polymerized phospholipids [1], capable of forming
up stable bilayers, or specially constructed polymers, e.g. based on modification
of a short-chain poly(acrylic acid) [2], are used.

We advocate to use also the micelle-forming phospholipids, or their mixtures
for these purposes. The utility of this approach we demonstrate here.

The two phospholipids with identical fatty acids (6 C-atoms-long) have been
synthesized [3]. The polymerizable groups were positioned in the termini of the
fatty acids, one of which was either sorbic (the resulting phospholip is
disorbitoylphosphatidylcholine, DiSorbPC), or 5-hexenic (di-5-
hexenoylphosphatidylcholine, DiHexPC). For the both lipids the critical micelle
concentration and aggregation number were evaluated. The phase behavior of
these lipids in aqueous solution was studied by dynamic light scattering, confocal
microscopy, 31P- and 1H-NMR spectroscopy, as well as translational diffusion
measurements. It was shown that DiSorbPC forms up large (up to 5 µm in diameter)
particles, whereas DiHexPC forms up small (~5 nm) micelles. The mixing these
lipids in different proportions results in the formation of the particles, whose
diameter can be controlled and varied at will in the range of 10 nm – 5 µm.
Subsequent REDOX or UV polymerization of these particles produces their
stabilized variants, exhibiting no significant change in their shape, nor size upon
dilution, variation of pH, or temperature.

In this work we illustrate the application of the polymers formed for
solubilization of membrane proteins and study of their spatial structure using high-
resolution NMR techniques.

This work was financially supported by RFBR, grant N 07-04-00910à.
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Ïîëèìåðû ïîëó÷àþò âñ¸ áîëüøåå ðàñïðîñòðàíåíèå äëÿ èññëåäîâàíèÿ
ìåìáðàííûõ áåëêîâ ìåòîäàìè ßÌÐ-ñïåêòðîñêîïèè âûñîêîãî ðàçðåøåíèÿ.
Ñ èõ ïîìîùüþ ôîðìèðóþò ñòàáèëüíûå áèñëîéíûå ìåìáðàíû,
îáåñïå÷èâàþùèå äîëãîâðåìåííîå ôóíêöèîíèðîâàíèå áåëêîâ, íàïðèìåð, íà
áèî÷èïàõ [1], èëè ìîäåëüíûå, ìèöåëëî-ïîäîáíûå, ìåìáðàííûå ñðåäû äëÿ
èññëåäîâàíèÿ ïðîñòðàíñòâåííîé  ñòðóêòóðû áåëêîâ [2].

Ìû ñèíòåçèðîâàëè äâà ïîëèìåðèçóåìûõ êîðîòêîöåïî÷å÷íûõ (6 Ñ-
àòîìîâ) ëèïèäà íà îñíîâå ñîðáèíîâîé (DiSorbPÑ) è 5-ãåêñåíîâîé (DiHexPC)
êèñëîò [3]. Äëÿ ïîëó÷åííûõ ëèïèäîâ áûëè îïðåäåëåíû êðèòè÷åñêèå
êîíñòàíòû ìèöåëëîáðàçîâàíèÿ è ÷èñëà àãðåãàöèè.

Ôàçîâîå ïîâåäåíèå ñèíòåçèðîâàííûõ ôîñôîëèïèäîâ â âîäíîì ðàñòâîðå
áûëî èññëåäîâàíî ìåòîäàìè ñâåòîðàññåÿíèÿ, êîíôîêàëüíîé ìèêðîñêîïèè,
31Ð-, 1Í-ßÌÐ-ñïåêòðîñêîïèè è äèôôóçèîííûìè èçìåðåíèÿìè ñ èìïóëüñíûìè
ãðàäèåíòàìè ìàãíèòíîãî ïîëÿ. Íàìè ïîêàçàíî, ÷òî â èíäèâèäóàëüíîì
ñîñòîÿíèè  DiSorbPÑ ôîðìèðóåò êðóïíûå (ñ äèàìåòðîì â ìèêðîìåòðîâîì
äèàïàçîíå) ÷àñòèöû, à DiHexPC – íåáîëüøèå ìèöåëëû (äèàìåòðîì îêîëî
30 íì). Ñìåøèâàÿ ýòè ôîñôîëèïèäû â ðàçëè÷íûõ ïðîïîðöèÿõ, ìîæíî
ñôîðìèðîâàòü ÷àñòèöû çàäàííîãî ðàçìåðà (äàïàçîí 10 íì – 5 ìêì). Èñïîëüçóÿ
ÓÔ-, èëè ÐÅÄÎÊÑ-ïîëèìåðèçàöèþ, óäà¸òñÿ ïîëó÷èòü èõ ñòàáèëüíûå
âàðèàíòû, íå èçìåíÿþùèå ñâîèõ ðàçìåðîâ ïðè ïîñëåäóþùåì ðàçáàâëåíèè.

Â äàííîé ðàáîòå ìû èëëþñòðèðóåì ïðèìåíåíèå ïîëó÷åííûõ ïîëèìåðîâ
äëÿ ñîëþáèëèçàöèè ìåìáðàííûõ áåëêîâ ñ ïîñëåäóþùèì èñïîëüçîâàíèåì
ßÌÐ-ñïåêòðîñêîïèè âûñîêîãî ðàçðåøåíèÿ äëÿ èçó÷åíèÿ èõ
ïðîñòðàíñòâåííîé ñòðóêòóðû.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÐÔÔÈ ¹ 07-04-00910à.
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Âûÿñíåíèå ìîëåêóëÿðíûõ ìåõàíèçìîâ, ëåæàùèõ â îñíîâå ôîðìèðîâàíèÿ
òêàíåé è îðãàíîâ, ÿâëÿåòñÿ îäíîé èç îñíîâíûõ çàäà÷ ìîëåêóëÿðíîé áèîëîãèè
ðàçâèòèÿ. Ðàíåå ìû ïîêàçàëè, ÷òî LIM-äîìåííûé áåëîê çèêñèí,
ëîêàëèçîâàííûé ïðåèìóùåñòâåííî â êëåòî÷íûõ êîíòàêòàõ, ñïîñîáåí
êîîðäèíèðîâàòü ìîðôîãåíåòè÷åñêèå äâèæåíèÿ êëåòîê ñ ýêñïðåññèåé ãåíîâ â
ðàííåì ðàçâèòèè öåíòðàëüíîé íåðâíîé ñèñòåìû øïîðöåâîé ëÿãóøêè
Xenopus laevis. Ñ öåëüþ áîëåå äåòàëüíîãî èçó÷åíèÿ ðîëè çèêñèíà â
ýìáðèîãåíåçå X. laevis íàìè áûë ïðîâåäåí ïîèñê åãî áåëêîâûõ ïàðòíåðîâ ñ
ïîìîùüþ äðîææåâîé äâóãèáðèäíîé ñèñòåìû. Áûëî îáíàðóæåíî íåñêîëüêî
áåëêîâ, ñðåäè êîòîðûõ äëÿ äàëüíåéøèõ èññëåäîâàíèé ìû âûäåëèëè
òðàíñìåìáðàííûé áåëîê patched2 (ptc2), ðåöåïòîð ñåêðåòèðóåìîãî áåëêà
hedgehog, ðåãóëèðóþùåãî äèôôåðåíöèðîâêó êëåòîê â ýìáðèîãåíåçå.
Ïîñêîëüêó â äâóãèáðèäíîé ñèñòåìå áûë îáíàðóæåí Ñ-êîíöåâîé
öèòîïëàçìàòè÷åñêèé ó÷àñòîê ptc2 (ñ 1159 ïî 1413 à.î.), áûëî ïîäðîáíî
èçó÷åíî âçàèìîäåéñòâèå èìåííî ýòîãî ôðàãìåíòà ñ çèêñèíîì. Äëÿ
ëîêàëèçàöèè îáëàñòåé âçàèìîäåéñòâèÿ áûëè ñîçäàíû äåëåöèîííûå ìóòàíòû
çèêñèíà è íàéäåííîãî ó÷àñòêà ptc2 è ïðîàíàëèçèðîâàíî èõ ñâÿçûâàíèå â
äðîææåâîé äâóãèáðèäíîé ñèñòåìå. Áûëî îáíàðóæåíî, ÷òî çà ñâÿçûâàíèå
óêàçàííûõ áåëêîâ îòâå÷àþò âòîðîé LIM-äîìåí çèêñèíà è ôðàãìåíò
öèòîïëàçìàòè÷åñêîãî Ñ-êîíöåâîãî ó÷àñòêà ptc2 (1220-1312 à.î.). Ïîëó÷åííûå
äàííûå áûëè ïîäòâåðæäåíû ñîîñàæäåíèåì íà ãëóòàòèîí-ñåôàðîçå êîìïëåêñà
ôðàãìåíòà ptc2 ñ 1220 ïî 1312 à.î., ñøèòîãî ñ myc-ýïèòîïîì, ñ ãèáðèäîì
âòîðîãî LIM-äîìåíà çèêñèíà ñ GST, à òàêæå êîèììóíîïðåöèïèòàöèåé èç
ëèçàòà çàðîäûøåé X. laevis êîìïëåêñà äàííîãî ôðàãìåíòà ptc2 ñ ìå÷åííîé
FLAG-ýïèòîïîì ÷àñòüþ çèêñèíà, ñîäåðæàùåé òðè LIM-äîìåíà. Äàëüíåéøàÿ
ðàáîòà íàïðàâëåíà íà âûÿñíåíèå ýâîëþöèîííîé çíà÷èìîñòè íàéäåííîãî
âçàèìîäåéñòâèÿ.
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Ðàñòåíèÿ âûðàáîòàëè ìíîæåñòâî ìåõàíèçìîâ çàùèòû îò ïàòîãåíîâ è
ñòðåññîâûõ ôàêòîðîâ àáèîòè÷åñêîé ïðèðîäû, ñðåäè êîòîðûõ âàæíóþ ðîëü
èãðàþò PR-áåëêè è çàùèòíûå ïåïòèäû (ÇÏ). Ê ÇÏ ðàñòåíèé îòíîñÿò êîðîòêèå
(30-80 à.î.) Cys-áîãàòûå ïåïòèäû, êîòîðûå èíãèáèðóþò ðîñò ôèòîïàòîãåíîâ
in vitro, ëèáî ÿâëÿþòñÿ èíãèáèòîðàìè ïðîòåèíàç. Îáüåêòàìè íàøèõ
èññëåäîâàíèé áûëè êàê êóëüòóðíûå, òàê è äèêîðàñòóùèå ðàñòåíèÿ, êîòîðûå
îòëè÷àþòñÿ ïîâûøåííîé óñòîé÷èâîñòüþ ê ïàòîãåíàì. Áûëà ðàçðàáîòàíà
ìåòîäîëîãèÿ âûäåëåíèÿ è ñòðóêòóðíî-ôóíêöèîíàëüíîãî àíàëèçà ÇÏ ðàñòåíèé.
Èç ñåìÿí 6 âèäîâ ðàñòåíèé (Cucumis melo, Cucurbita pepo, Echinochloa
crusgalli, Fagopyrum esculentum, Stellaria media, Triticum kiharae),
îòíîñÿùèõñÿ ê 4 áîòàíè÷åñêèì ñåìåéñòâàì, âûäåëåíî 8 íîâûõ ÇÏ,
ñîäåðæàùèõ ïî 4 îñòàòêà ïîëóöèñòèíà è ïîëó÷èâøèõ îáùåå íàçâàíèå 4-Cys
ïåïòèäîâ. Îïðåäåëåíû ïîëíûå àìèíîêèñëîòíûå ïîñëåäîâàòåëüíîñòè (30-40
à.î.) ýòèõ ïåïòèäîâ è óñòàíîâëåíî ðàñïîëîæåíèå S-S-ñâÿçåé. Ïîêàçàíî, ÷òî
4-Cys ïåïòèäû ãîìîëîãè÷íû è èìåþò îáùèé öèñòåèíîâûé ìîòèâ:
C1X3C

2XnC
3X3C4, ãäå X – îñòàòîê ëþáîé àìèíîêèñëîòû; 4 îñòàòêà öèñòåèíà

îáðàçóþò äâå âíóòðèìîëåêóëÿðíûå S-S-ñâÿçè ìåæäó C1-C4 è C2-C3.
Ïðîñòðàíñòâåííàÿ ñòðóêòóðà 4-Cys ïåïòèäà ïðåäñòàâëåíà α-ñïèðàëüíîé
øïèëüêîé, ñòàáèëèçèðîâàííîé äâóìÿ S-S-ìîñòèêàìè, α-ñïèðàëè
ðàñïîëàãàþòñÿ àíòèïàðàëëåëüíî è ñîåäèíåíû ïîäâèæíîé ïåòëåé. Äàííûé
ñòðóêòóðíûé ìîòèâ ÿâëÿåòñÿ ãëàâíûì ïðèçíàêîì íîâîãî ñåìåéñòâà ÇÏ. Òàêæå
ïîëó÷åíî äâà ñèíòåòè÷åñêèõ àíàëîãà è èçó÷åíà áèîëîãè÷åñêàÿ àêòèâíîñòü
ýòîé ãðóïïû ïåïòèäîâ. Îäèí èç ïåïòèäîâ ÿâëÿåòñÿ èíãèáèòîðîì ñåðèíîâûõ
ïðîòåèíàç, òðè äðóãèõ îáëàäàþò âûñîêîé àíòèôóíãàëüíîé àêòèâíîñòüþ, åùå
îäèí ïðåäñòàâèòåëü ñåìåéñòâà ïðîÿâèë ïðîòèâîâèðóñíóþ àêòèâíîñòü. Èç
ñåìÿí ïøåíèöû âûäåëåí íîâûé óíèêàëüíûé 10-Cys ïåïòèä WAMP-1a,
êîòîðûé ãîìîëîãè÷åí õèòèí-ñâÿçûâàþùåìó äîìåíó õèòèíàç êëàññà I çëàêîâ,
îñóùåñòâëåíà åãî ãåòåðîëîãè÷åñêàÿ ýêñïðåññèÿ â E. coli ñ âûñîêèì âûõîäîì
ðåêîìáèíàíòíîãî ïåïòèäà è èçó÷åíû åãî àíòèìèêðîáíûå ñâîéñòâà.
Îïðåäåëåíèå 3D ñòðóêòóðû WAMP-1a íàõîäèòñÿ â ñòàäèè çàâåðøåíèÿ.
Âûäåëåííûå ïåïòèäû ìîãóò íàéòè ïðèìåíåíèå â áèîòåõíîëîãèè.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíòû ¹08-04-
00783 è ¹09-04-00250).
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Ýïèòîïíàÿ âàêöèíàöèÿ – îäíà èç íîâûõ ñòðàòåãèé äîñòèæåíèÿ âûñîêîãî
óðîâíÿ èììóííîãî îòâåòà ïðîòèâ âèðóñà ãðèïïà. Íàøè èññëåäîâàíèÿ
íàïðàâëåíû íà ïðîäóêöèþ â  ðàñòåíèÿõ âàêöèííûõ áåëêîâ íîâîãî òèïà,
ñîñòîÿùèõ èç ñëèòûõ ãëàâíûõ íåéòðàëèçóþùèõ ýïèòîïîâ ãåìàããëþòèíèíà
(H5) âèðóñà ïòè÷üåãî ãðèïïà, êîäèðóåìûõ õèìåðíîé ãåíåòè÷åñêîé
êîíñòðóêöèåé. Ñ ïîìîùüþ àãðîáàêòåðèàëüíîé òðàíñôîðìàöèè è
ðàñòèòåëüíîãî âèðóñíîãî âåêòîðà ìû ýêñïðåññèðîâàëè â ðàñòåíèÿõ
ñèíòåòè÷åñêèå ãåíû, êîäèðóþùèå ïîëèïåïòèäû, ñîäåðæàùèå òðè
èììóíîïðîòåêòèâíûõ ýïèòîïà H5, ñîåäèíåííûõ ñïåöèàëüíî îòîáðàííûìè
ïåïòèäíûìè ëèíêåðàìè. Ýêñïðåññèÿ ýòèõ ãåíîâ â àãðîèíîêóëèðîâàííûõ
ðàñòåíèÿõ äåòåêòèðîâàëàñü ñ ïîìîùüþ Âåñòåðí è Íîçåðí áëîòîâ. Â ðåçóëüòàòå
ýêñïðåññèè ïîëèïåïòèäîâ, êîäèðóåìûõ õèìåðíûìè ãåíàìè, â ðàñòåíèÿõ
íàêàïëèâàëèñü èììóíîãåííûå áåëêè. Ýòî áûëî ïîäòâåðæäåíî ñ ïîìîùüþ
èììóíèçàöèè ìûøåé è ïîñëåäóþùåãî èììóíîôåðìåíòíîãî àíàëèçà (ÈÔÀ)
ïîëó÷åííîé àíòèñûâîðîòêè íà âèðóñ ïòè÷üåãî ãðèïïà  H5N1. Òàêèì îáðàçîì,
ñèíòåòè÷åñêèå ãåíû òðàíñêðèáèðóþòñÿ, òðàíñëèðóþòñÿ è ýêñïðåññèðóþòñÿ
â ðàñòåíèÿõ â âèäå ðåêîìáèíàíòíûõ ìóëüòèýïèòîïíûõ ïîëèïåïòèäîâ, ÷òî
ïîçâîëÿåò ïðîäîëæèòü ðàçðàáîòêó ñïîñîáîâ ñîçäàíèÿ ïîòåíöèàëüíîé âàêöèíû
â ðàñòåíèÿõ.

LOCALIZATION OF THE INTERACTING AREAS OF THE LIM-
DOMAIN PROTEIN ZYXIN AND THE HEDGEHOG
TRANSMEMBRANE RECEPTOR PATCHED2
Ermolina L.V., Martynova N.Yu., Zaraisky A.G.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: lutiklutik@gmail.com

Understanding the molecular mechanisms underlying tissues and organs
formation is one of the fundamental problems of developmental biology. We have
recently shown that LIM-domain protein zyxin, which is primarily localized at
sites of cell adhesion, can coordinate cell morphogenetic movements and gene
expression during the early development of the African clawed frog Xenopus laevis
central nervous system. For the more detailed analysis of zyxin role in the X.
laevis embryogenesis, we performed yeast two-hybrid screening of proteins capable
to interact with zyxin. Among several proteins identified, patched2 (ptc2), the
transmembrane receptor of secreted regulator of cell differentiation hedgehog,
was chosen for further investigation. By means of the standard deletion analysis in
the yeast two-hybrid system, we established, that C-terminal cytoplasmic fragment
of ptc2 (from 1220 to 1312 a.a.) and the second LIM-domain of zyxin are
responsible for the interaction of these two proteins. This result was confirmed by
co-precipitation on glutathione-Sepharose of 1220-1312 aa fragment of ptc2, tagged
by myc-epitope, with the GST-fused second LIM-domain of zyxin. In addition,
co-immunoprecipitation of the complex of the aforementioned ptc2 fragment with
three LIM-domains-containing part of zyxin, tagged by FLAG-epitope, was
observed from the crude lysate of X. laevis embryos microinjected with mRNA
encoding for corresponding protein fragments. Further experiments will be done
to clarify the evolutionary significance of the discovered interaction between zyxin
and ptc2.
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ÏÓÒÈ ÏÅÐÅÄÀ×È ÑÈÃÍÀËÎÂ Â ÊËÅÒÊÀÕ HL-60 Â
ÏÐÎÖÅÑÑÅ ÄÈÔÔÅÐÅÍÖÈÐÎÂÊÈ
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Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
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Áîëüøèíñòâî ýíäîãåííûõ ðåãóëÿòîðîâ èìåþò áåëêîâóþ èëè ïåïòèäíóþ
ïðèðîäó è îñíîâíîé ïðèíöèï èõ äåéñòâèÿ çàêëþ÷àåòñÿ â ëèãàíä-ðåöåïòîðíîì
âçàèìîäåéñòâèè.

Ìèåëîïåïòèäû (ÌÏ) – ýíäîãåííûå èììóíîðåãóëÿòîðû, ÿâëÿþòñÿ
ýëåìåíòàìè ñèñòåìû ïîääåðæàíèÿ ïîñòîÿíñòâà èììóííîãî ñòàòóñà
îðãàíèçìà. Îïðåäåëåíà ñòðóêòóðà øåñòè ÌÏ, èõ èììóíîðåãóëÿòîðíûå
àêòèâíîñòè è ìåõàíèçì äåéñòâèÿ. Êàæäûé èç ÌÏ îáëàäàåò ñîáñòâåííîé
èììóíîêîððèãèðóþùåé àêòèâíîñòüþ â îòíîøåíèè îïðåäåëåííîé êëåòêè-
ìèøåíè, íàïðàâëåííî ñâÿçûâàÿñü ñ íåé ÷åðåç ëèãàíä-ðåöåïòîðíîå
âçàèìîäåéñòâèå.

Ìèåëîïåïòèä-4 (MÏ-4) Phe-Arg-Pro-Arg-Ile-Met-Thr-Pro – íîâûé
äèôôåðåíöèðîâî÷íûé ôàêòîð, áûë âûäåëåí èç ñóïåðíàòàíòà êóëüòóðû êëåòîê
êîñòíîãî ìîçãà ñâèíüè, èäåíòèôèöèðîâàí è ñèíòåçèðîâàí. Ðàíåå áûëî
ïîêàçàíî, ÷òî ÌÏ-4 è ÌÏ-6 (Val-Asp-Pro-Pro) îáëàäàþò ñïîñîáíîñòüþ
èíäóöèðîâàòü òåðìèíàëüíóþ äèôôåðåíöèðîâêó ëåéêîçíûõ êëåòî÷íûõ ëèíèé
÷åëîâåêà HL-60 è K-562, ÷òî ïîäòâåðæäåíî ýêñïðåññèåé
äèôôåðåíöèðîâî÷íûõ àíòèãåíîâ CD14 è CD38, èçìåíåíèÿìè
ìåòàáîëè÷åñêîé àêòèâíîñòè, òàêèìè êàê óãíåòåíèå ïðîëèôåðàöèè, ñèíòåç
ãåìîãëîáèíà è ìîðôîëîãè÷åñêèìè èçìåíåíèÿìè.

Âêëþ÷åíèå â ïðîöåññ äèôôåðåíöèðîâêè MAP-êèíàç ÿâëÿåòñÿ îäíèì èç
äîêàçàòåëüñòâ ðåàëèçàöèè àêòèâíîñòè ÌÏ-4. Ïðîèñõîäèò àêòèâàöèÿ èëè
èíãèáèðîâàíèå ðàçëè÷íûõ ïóòåé MAP-êèíàç: ERK, JNK è p38 â êëåòêàõ HL-
60, èíêóáèðîâàííûõ ñ ÌÏ-4 â òå÷åíèå 72 ÷àñîâ. Êðîìå òîãî, ÌÏ-4
óâåëè÷èâàåò ïðîíèêíîâåíèå èîíîâ Ca2+ â êëåòêè ëèíèè HL-60, âûçâàííîå
fMLP. Ïðè ýòîì ñàì ÌÏ-4 íå âëèÿåò íà áàçàëüíûé óðîâåíü êàëüöèÿ â êëåòêàõ.
Â ýòîì çàêëþ÷àåòñÿ ïðåèìóùåñòâî ÌÏ-4 ïî ñðàâíåíèþ ñ äðóãèìè
äèôôåðåíöèðîâî÷íûìè àãåíòàìè. Èçó÷åíèå ñâÿçûâàíèÿ ÌÏ-4 ñ êëåòêàìè
HL-60 è ïðîíèêíîâåíèå ÌÏ-4 âíóòðü ýòèõ êëåòîê ïîêàçàíî ñ ïîìîùüþ
ÔÈÒÖ-ìå÷åííîãî ÌÏ-4. Êîíñòàíòà ñâÿçûâàíèÿ ÔÈÒÖ-ÌÏ-4 ñ êëåòêàìè
HL-60 ñîñòàâëÿåò Kd=1,3õ10-9 M.

ÌÏ-4 ÿâëÿåòñÿ ïåðñïåêòèâíîé îñíîâîé äëÿ ñîçäàíèÿ ëåêàðñòâåííûõ
ïðåïàðàòîâ íîâîãî ïîêîëåíèÿ, êîòîðûå ìîãóò áûòü èñïîëüçîâàíû â
êîìïëåêñíîé òåðàïèè îíêîëîãè÷åñêèõ çàáîëåâàíèé. Îñíîâíîå äåéñòâèå òàêèõ
ïðåïàðàòîâ íàïðàâëåíî íà êîððåêöèþ ïîâðåæäåííîãî çâåíà èììóííîé
ñèñòåìû.

DESIGN OF MULTIDOMEN PROTEINS GENES FOR
EXPRESSION IN PLANTA  NEW VACCINE POLYPEPTIDES
CONTANING TANDEM REPEATS OF NEUTRALIZING EPITOPES
OF AVIAN INFLUENZA VIRUS HEMAGGLUTININ
Erokhina T.N., Rakitina D.V.*, Leschiner A.D.*,  Solovyev A.G.*,
Morozov S.Yu.*
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow State
University, Moscow, Russia
E-mail: erokhina@yahoo.com; tne@mx.ibch.ru
Fax: (495) 335-71-03; tel.: (495) 336-45-11

Epitope vaccination may be a novel strategy for inducing high levels of
antibodies against influenza virus. We are attempting to develop multicomponent
vaccine in plants, based on the fusion of protective main neutralizing hemagglutinin
(H5) epitopes encoded by chimeric genes. By means of Agrobacterium mediated
transformation and plant virus vector we demonstrated expression of synthetic
genes encoding novel polypeptides containing three immunoprotective H5 epitopes
joined by specially selected peptide linkers. In agroinoculated plants, expression
of the synthetic genes was detected by Western and Northern blots. Expression of
the putative polypeptide encoded by the chimeric H5 multiepitope genes resulted
in accumulation of immunogenic polypeptides confirmed by immunization of mice
and immunoassays of obtained antibodies with avian influenza virus H5N1. The
synthetic genes are therefore transcribed and translated as the expected recombinant
multiepitope polypeptide in plants that constitute a potential edible vaccine.
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MOLECULAR LIPOPHILICITY IN PROTEIN MODELING AND
DRUG DESIGN
Efremov R.G., Chugunov A.O., Pyrkov T.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: efremov@nmr.ru

Hydrophobic interactions play a key role in the folding and maintenance of
the three-dimensional (3D) structure of proteins, as well as in the binding of ligands
(e.g., drugs) to protein targets. Therefore, quantitative assessment of spatial
hydrophobic (lipophilic) properties of these molecules is indispensable for the
development of efficient computational methods in drug design. One possible
solution to the problem lies in application of a concept of the 3D-molecular
hydrophobicity potential (MHP). The formalism of MHP utilizes a set of atomic
physicochemical parameters evaluated from octanol-water partition coefficients
(log P) of numerous chemical compounds. It permits detailed assessment of the
hydrophobic and/or hydrophilic properties of various parts of molecules and may
be useful in analysis of protein-protein and protein-ligand interactions.

Here, we survey recent applications of MHP-based techniques to a number
of biologically relevant tasks [1-4]. Among them are: (i) Detailed assessment of
hydrophobic/hydrophilic organization of proteins; (ii) Application of this data to
the modeling of structure, dynamics, and function of globular and membrane
proteins, membrane-active peptides, etc. (iii) Employment of the MHP-based
criteria in docking simulations for ligands binding to receptors.

It is demonstrated that the application of the MHP-based techniques in
combination with other molecular modeling tools (e.g., Monte Carlo and molecular
dynamics simulations, docking, etc.) permits significant improvement to the
standard computational approaches, provides additional important insights into
the intimate molecular mechanisms driving protein assembling in water and in
biological membranes, and helps in the computer-aided drug discovery process.
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MAP KINASE AND Ca2+-SIGNALING IN HL-60 CELLS DURING
DIFFERENTIATION BY MYELOPEPTIDE-4
Kirilina E.A., Belevskaya R.G., Efremov M.A., Mikhailova A.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow,
Russia
E-mail: stas@ibch.ru

Most endogenous regulator are proteins or peptides by nature and the basic
principle of their action is ligand-receptor interaction.

Myelopeptides (MPs) are endogenous immunoregulators that serve as
elements of the system that maintain a constant immune status of the body. We
have determine structure of six myelopeptides, some of their immunomodulating
activities and mechanism of action. Each MP has an immune activity against a
particular target cell and specifically binds with this cell by means of ligand-receptor
interaction.

Myelopeptide-4 (MP-4) Phe-Arg-Pro-Arg-Ile-Met-Thr-Pro is a new
differentiation factor. It was isolated from the supernatant of the pig bone marrow
cell culture, identified and synthesized. Earlier it was shown, that MP-4 and MP-
6 (Val-Asp-Pro-Pro) have ability to induce terminal differentiation of human
leucosis cell lines HL-60 and K-562. It is confirmed by expression of differentiation
antigens CD14 and CD38, changes in metabolic activity such as inhibition of
proliferation, hemoglobin synthesis, and changes of morphology.

There is strong evidence that MP-4 realizes its action through involvement
of MAP-kinases in the process of differentiation. We can see activation or inhibition
of different components of MAPK pathway - ERK, JNK and p38 in HL-60 cells
incubated with MP-4 during 72 h. MP-4 has significantly increased Ca2+-influx in
cell line HL-60 during differentiation induced by fMLP. On the other hand MP-4
itself has not affected the level of free Ca2+ in the cells. This gives MP-4 advantages
among other agents of differentiation.

The study of MP-4 binding with HL-60 cells and penetration of MP-4 inside
of HL-60 cells is carry out by using FITC-labeled MP-4. Quantity analysis of
FITC-MP-4 binding with HL-60 cells gives Kd=1,3x10-9 M.

MP-4 can be used as a perspective basis for the development of new drugs,
which may have direct action on impaired chains of immune system, including
complex therapy of cancer.
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ORGANOPHOSPHOROUS PLANT GROWTH REGULATOR AS
ADAPTOGEN TO STRESS ACTION
Zhigacheva I.V., Burlakova E.B.
Emanuel Institute of Biochemical Physics RAS, Moscow, Russia
E-mail: zhigacheva@mail.ru
Fax: (499) 137-41-01; tel.: (495) 939-74-09

Melaphen, the melamine salt of bis(oxymethyl)phosphinic acid was
synthesized in Arbuzov Institute of Organic and Physical Chemistry, Kazan
Research Center, Russian Academy of Sciences. Its regulatory effect on activity
of plant cells is determined by influence on the physicochemical properties of
biological membranes. A preliminary treatment of pea seeds with a 10-7 % solution
of melaphen does not change the fatty acid composition membranes of plant, which
grows in the comfortable conditions and normalaizes that index at plants, which
grows  in conditions of low moisture. At that time the ratio of unsaturated to saturated
fatty acid increased to control size in other words from 1,86±0,20 to 2,61±0,11.
The changes of physicochemical properties of membranes effects on activities of
membrane-linked enzymes, in the first place, of respiratory chain enzymes.

Low moisture leads to decreasing the maximum rates of oxidation of
NAD-dependent substrates by pea sprouts mitochondria to 1.5 time. Besides takes
place the reduction of  the efficacy of the oxidative phosphorylation. Hence the
respiration rate with reference to Chance decreases from 2.27±0.1 to 1.7±0.2. The
electron transfer rate at the end of the respiratory chain of mitochondria isolated
from drought-conditioned pea sprouts are less than the control values almost by
40% The pretreatment with melaphen prevents from change in energetics of
mitochondria, which makes conditional upon low moisture.

Under drought conditions, the germination of seeds in control decreases by
46%; that of melaphen-treated seeds remains almost unchanged. Moreover,
melaphen at 1.5 times stimulates the growth of sprout roots under drought
conditions, which is of great importance for adaptation.

ÔÎÑÔÎÐÎÐÃÀÍÈ×ÅÑÊÈÉ ÐÅÃÓËßÒÎÐ ÐÎÑÒÀ ÐÀÑÒÅÍÈÉ
ÊÀÊ ÀÄÀÏÒÎÃÅÍ Ê ÑÒÐÅÑÑÎÂÛÌ ÂÎÇÄÅÉÑÒÂÈßÌ
Æèãà÷åâà È.Â., Áóðëàêîâà Å.Á.
Èíñòèòóò áèîõèìè÷åñêîé ôèçèêè èì. Í.Ì. Ýìàíóýëÿ ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: zhigacheva@mail.ru
Ôàêñ: (499) 137-41-01; òåë.: (495) 939-74-09

Ìåëàôåí [ìåëàìèíîâàÿ ñîëü áèñ(îêñèìåòèë)ôîñôèíîâîé êèñëîòû] –
ðåãóëÿòîð ðîñòà ðàñòåíèé, ñèíòåçèðîâàííûé â Èíñòèòóòå îðãàíè÷åñêîé è
ôèçè÷åñêîé õèìèè èì. À.Å. Àðáóçîâà Êàçàíñêîãî íàó÷íîãî öåíòðà. Ïðåïàðàò
îêàçûâàåò ðåãóëÿòîðíîå äåéñòâèå íà ïðîöåññû æèçíåäåÿòåëüíîñòè
ðàñòèòåëüíîé êëåòêè, èçìåíÿÿ ôèçèêî-õèìè÷åñêèå ñâîéñòâà áèîëîãè÷åñêèõ
ìåìáðàí. Ïðåäïîñåâíàÿ îáðàáîòêà ñåìÿí ãîðîõà 10-7% ðàñòâîðîì ìåëàôåíà
ïî÷òè íå ìåíÿåò æèðíîêèñëîòíûé ñîñòàâ ìåìáðàí ó ðàñòåíèé,
ïðîèçðàñòàþùèõ â êîìôîðòíûõ óñëîâèÿõ, è íîðìàëèçóåò äàííûé ïîêàçàòåëü
ó ðàñòåíèé, íàõîäÿùèõñÿ â óñëîâèÿõ íåäîñòàòî÷íîãî óâëàæíåíèÿ. Ïðè ýòîì
ñîîòíîøåíèå íåíàñûùåííûõ æèðíûõ êèñëîò ê íàñûùåííûì âîçðàñòàåò äî
êîíòðîëüíûõ âåëè÷èí ñ 1,86±0,20 äî 2,61±0,11. Èçìåíåíèå ôèçèêî-
õèìè÷åñêèõ ñâîéñòâ ìåìáðàí âëå÷åò çà ñîáîé è èçìåíåíèå àêòèâíîñòè
ôåðìåíòîâ, àññîöèèðîâàííûõ ñ ìåìáðàíàìè, è, ïðåæäå âñåãî, àêòèâíîñòè
ôåðìåíòîâ äûõàòåëüíîé öåïè ìèòîõîíäðèé.

Íåäîñòàòî÷íîå óâëàæíåíèå ïðèâîäèò ê 1,5 êðàòíîìó ñíèæåíèþ
ìàêñèìàëüíûõ ñêîðîñòåé îêèñëåíèÿ NAD-çàâèñèìûõ ñóáñòðàòîâ
ìèòîõîíäðèÿìè,  âûäåëåííûìè èç ïðîðîñòêîâ ãîðîõà. Íàðÿäó ñ ýòèì
ïðîèñõîäèò è ïàäåíèå ýôôåêòèâíîñòè îêèñëèòåëüíîãî ôîñôîðèëèðîâàíèÿ:
âåëè÷èíà äûõàòåëüíîãî êîíòðîëÿ ïî ×àíñó ñíèæàåòñÿ ñ 2,27±0,01 äî
1,70±0,02. Íà 40% ñíèæàþòñÿ è ñêîðîñòè òðàíñïîðòà ýëåêòðîíîâ íà êîíå÷íîì
ó÷àñòêå äûõàòåëüíîé öåïè. Ïðåäïîñåâíàÿ îáðàáîòêà ñåìÿí ìåëàôåíîì
ïðåäîòâðàùàåò èçìåíåíèÿ â ýíåðãåòèêå ìèòîõîíäðèé, îáóñëîâëåííûå
íåäîñòàòî÷íûì óâëàæíåíèåì.

Ïðè ýòîì âñõîæåñòü ñåìÿí â óñëîâèÿõ íåäîñòàòî÷íîãî óâëàæíåíèÿ
ñíèæàåòñÿ íà 46%, â òî âðåìÿ êàê îáðàáîòêà ýòèõ ñåìÿí ìåëàôåíîì
ïðåäóïðåæäàåò ñíèæåíèå ýòîãî ïîêàçàòåëÿ. Áîëåå òîãî, ïðåïàðàò â 1,5 ðàçà
ñòèìóëèðóåò ðîñò êîðíåé, ÷òî îñîáåííî âàæíî â óñëîâèÿõ âîäíîãî äåôèöèòà.
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ISOLATION AND DETERMINATION OF ACTIVITY
MENINGOCOCCAL IgA1-PROTEASE
Yagudaeva E.Yu., Zhigis L.S., Razgulyaeva O.A., Zueva V.S., Kozlov L.V.*,
Bichucher A.M.*, Kotelnikova O.V., Alliluev A.P.**, Avakov A.E.***,
Rumsh L.D.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Research Institute of Epidemiology and Microbiology of Russia, Moscow,
Russia
**Peoples' Friendship University of Russia, Moscow, Russia
***Microgen Federal State Scientific - Industrial Company for Immunological
Medicines of the Ministry of Health of Russia (MICROGEN Federal State
Company), Moscow, Russia
Fax: (495) 335-10-11; tel.: (495) 330-67-65
E-mail: zhigis@mail.ibch.ru

A simplified method for isolation and purification of meningococcal
IgA1-protease from the culture N. meningitides, serogroup A is described. As
original materials were used three different intermediate products from vaccine
production: cultural fluid, cetavlon supernatant and cetavlon precipitate. The purity
of the enzyme was determined by SDS-PAGE analysis. The activity of IgA1-
protease was evaluated by modified and more convenient ELISA assay, which
was developed early. From 40 l of cultural fluid (103 g cetavlon precipitate) were
obtained about 600 µg preparation with special activity from 0,5 to 4 mln units/mg.
This preparation was used to evaluate their antigenicity and immunogenicity. It
was shown , that isolated IgA1-protease from the meningococcus A,. is able to
protect mice, unfected by meningococcus, serogroup B.

This work was supported by grant OFI N08-04-12126.
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Ðàçðàáîòàí ìåòîä ïîëó÷åíèÿ î÷èùåííîãî ïðåïàðàòà IgA1-ïðîòåèíàçû
èç êóëüòóðû N. meningitidis ñåðîãðóïïû À èç òðåõ ðàçëè÷íûõ
èíàêòèâèðîâàííûõ ïðîìåæóòî÷íûõ ïðîäóêòîâ ïðîèçâîäñòâà
ìåíèíãîêîêêîâîé âàêöèíû: êóëüòóðàëüíîé æèäêîñòè (ÊÆ), ñóïåðíàòàíòà è
îñàäêà, ïîëó÷åííûõ ïðè îñàæäåíèè áàêòåðèàëüíûõ êëåòîê èç ÊÆ öåòàâëîíîì.
×èñòîòó ïîëó÷åííîãî ïðåïàðàòà àíàëèçèðîâàëè ìåòîäîì ýëåêòðîôîðåçà â
ÏÀÀÃ-ÄÑÍ. Ðàçðàáîòàí áîëåå ýôôåêòèâíûé èììóíîôåðìåíòíûé ìåòîä
îïðåäåëåíèÿ  àêòèâíîñòè IgA1-ïðîòåèíàçû, êîòîðûé èñïîëüçîâàëè äëÿ
êîíòðîëÿ àêòèâíîñòè â õîäå âûäåëåíèÿ è î÷èñòêè. Èç 40 ë êóëüòóðàëüíîé
æèäêîñòè (103 ã öåòàâëîíîãî îñàäêà) ïîëó÷åíî îêîëî 600 ìêã ïðåïàðàòà ñ
óäåëüíîé ôåðìåíòàòèâíîé àêòèâíîñòüþ îò 0,5 äî 4 ìëí. åä./ìã. Ïðåïàðàò
èñïîëüçîâàëè äëÿ îïðåäåëåíèÿ åãî àíòèãåííîé è èììóíîëîãè÷åñêîé
àêòèâíîñòè. Íà ìîäåëè ìûøåé ïîêàçàíà ñïîñîáíîñòü IgA1-ïðîòåèíàçû,
âûäåëåííîé èç ìåíèíãîêîêêà ñåðîãðóïïû À, çàùèùàòü â óñëîâèÿõ
ýêñïåðèìåíòà æèâîòíûõ îò çàðàæåíèÿ ìåíèíãîêîêêîì ñåðîãðóïïû Â.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÎÔÈ ¹ 08-04-12126.
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âîñòî÷íàÿ ÿâëÿåòñÿ íàèáîëåå ëåãêî êóëüòèâèðóåìîé â óñëîâèÿõ in vitro. Íà
ñåäüìûå ñóòêè ïîñëå ïîìåùåíèÿ àïèêàëüíîé ÷àñòè ïðîðîñòêîâ íà ñðåäó ÌÑ
ñ ÁÀÏ + ÈÓÊ è ñ ÈÓÊ ïðîèñõîäèò îáðàçîâàíèå áîêîâûõ ïîáåãîâ.

Ïîáåãè Á.â. äëèíîé 5-7 ñì ÷åðåç 1,5 ìåñÿöà ñóáêóëüòèâèðîâàíèÿ
ïðèãîäíû äëÿ ïîâòîðíîãî ìèêðî÷åðåíêîâàíèÿ. Â ñðåäíåì, ñ îäíîãî
àñåïòè÷åñêîãî ïîáåãà ìîæíî ïîëó÷èòü îò 5 äî 10 ìèêðî÷åðåíêîâ, êîòîðûå
ïîñëå äîðàùèâàíèÿ â óñëîâèÿõ in vitro ìîãóò áûòü èñïîëüçîâàíû äëÿ
äàëüíåéøåãî ðàçìíîæåíèÿ ñïîñîáîì êëîíàëüíîãî ìèêðîðàçìíîæåíèÿ. Îáùàÿ
ïðîäîëæèòåëüíîñòü âðåìåíè îò ââåäåíèÿ ýêñïëàíòîâ äî ïîëó÷åíèÿ
óêîðåíåííûõ ìèêðîêëîíîâ ñîñòàâëÿåò îäèí ìåñÿö.

Ïîëó÷åííûå ìèêðîêëîíû Á.â. ñ êîðåøêàìè äëèíîé äî 1,5-2 ñì ëåãêî
àäàïòèðóþòñÿ â óñëîâèÿõ çàêðûòîãî ãðóíòà è ïðè ïîñëåäóþùåé ïåðåñàäêå â
óñëîâèÿ îòêðûòîãî ãðóíòà.

Ïîêàçàíî, ÷òî íàðÿäó ñ ðîñòîì ïàçóøíûõ ïîáåãîâ â óñëîâèÿõ in vitro,
èäåò àêòèâíûé ïðîöåññ ðèçîãåíåçà â îñíîâàíèè ïîáåãîâ. Íàìè óñòàíîâëåíî,
÷òî ðèçîãåíåç ó ðåãåíåðàíòîâ Á.â. ìîæåò ïðîèñõîäèòü è íà áåçãîðìîíàëüíîé
ñðåäå. Ïîñëåäíåå ïîçâîëÿåò çíà÷èòåëüíî óïðîñòèòü ñõåìó êëîíàëüíîãî
ìèêðîðàçìíîæåíèÿ Á.â., ÷òî äåëàåò âîçìîæíûì èñêëþ÷èòü ýòàï ïàññèðîâàíèÿ
ýêñïëàíòîâ íà ðèçîãåííóþ ñðåäó.

Êëîíàëüíîå ìèêðîðàçìíîæåíèå Á.â. è ïîñëåäóþùåå âûðàùèâàíèå
ïîñàäî÷íîãî ìàòåðèàëà íåîáõîäèìû äëÿ ñîçäàíèÿ ïëàíòàöèîííûõ ïîñàäîê
â Êàçàõñòàíå è ïîçâîëÿþò çíà÷èòåëüíî óâåëè÷èòü ëåñèñòîñòü àðèäíûõ
ðåãèîíîâ. Ïîñêîëüêó â ëèñòüÿõ, ñåìåíàõ è äðåâåñèíå Á.â. èìåþòñÿ: ýôèðíîå
ìàñëî, ñîäåðæàùåå ïèíåí (55-60%), ñåñêâèòåðïåíîèäû: âèäëåí,
êàðèîôèëëåí, öåäðîë, ïèíèïèêðèí, ïèëëåí è äð., à òàêæå äóáèëüíûå âåùåñòâà,
ñìîëà; â äðåâåñèíå – àðîìàäåíäðèí, òîêñèôîëëèí; â ñåìåíàõ – æèðíîå è
ýôèðíîå ìàñëà, ìîæíî îòìåòèòü ñåëåêöèîííóþ ïðèâëåêàòåëüíîñòü Á.â. ñ
òî÷êè çðåíèÿ ñîçäàíèÿ êëîíîâ ñ óëó÷øåííûìè êà÷åñòâåííûìè
õàðàêòåðèñòèêàìè ñûðüÿ, íåîáõîäèìûìè äëÿ ôàðìàöåâòè÷åñêîé
ïðîìûøëåííîñòè.

ÐÅÇÓËÜÒÀÒÛ ÈÇÓ×ÅÍÈß ÎÑÎÁÅÍÍÎÑÒÅÉ ÊËÎÍÀËÜÍÎÃÎ
ÌÈÊÐÎÐÀÇÌÍÎÆÅÍÈß BIOTA (THUJA) ORIENTALIS ENDL.
Æóìàáåêîâ Å.Æ., Øàäåíîâà Å.À.
Èíñòèòóò îáùåé ãåíåòèêè è öèòîëîãèè, Àëìàòû, Êàçàõñòàí
E-mail: e.zhumabekov@mail.ru
Ôàêñ: (727) 269-45-87, òåë.: (701) 455-79-58 (ìîá.)

Biota (Thuja) orientalis Endl. – âå÷íîçåëåíûé êóñòàðíèê èëè äåðåâî èç
ñåì. êèïàðèñîâûõ – Cupressaceae ñ ìåëêîé ÷åøóåâèäíîé õâîåé, ïðèæàòîé ê
ñòåáëþ è ðàñïîëîæåííîé â îäíîé ïëîñêîñòè. Áèîòà âîñòî÷íàÿ (Á.â.) –
îäíîäîìíîå äåðåâî, äîñòèãàþùåå 15-18 ì âûñîòû, äîëãîâå÷íà, æèâåò äî 1000
è áîëåå ëåò.

Ìóæñêèå øèøêè – øàðîâèäíûå ìåëêèå (äî 15 ìì), æåíñêèå – êðóïíûå
(2-3 ñì). Ðîäèíà Á.â. – Âîñòî÷íàÿ Àçèÿ. Ââåäåííûå â êóëüòóðó ôîðìû
êóëüòèâèðóþòñÿ ïîâñåìåñòíî â Åâðîïå, ÑÍÃ. Â äèêîì âèäå âñòðå÷àåòñÿ â
Óçáåêèñòàíå è Òàäæèêèñòàíå, ãäå êàê ðåäêèé è èñ÷åçàþùèé âèä çàíåñåíû â
Êðàñíóþ êíèãó.

Â ëèñòüÿõ è äðåâåñèíå Á.â. ñîäåðæàòñÿ: ýôèðíîå ìàñëî, ñîäåðæàùåå
ïèíåí (55-60%), ñåñêâèòåðïåíîèäû: âèäëåí, êàðèîôèëëåí, öåäðîë,
àðîìàäåíäðåí. Êðîìå ýòîãî, â Á.â. ñîäåðæàòñÿ ïèíèïèêðèí, ïèëëåí à òàêæå
äóáèëüíûå âåùåñòâà, ñìîëà. Â äðåâåñèíå Á.â. ñîäåðæèòñÿ òîêñèôîëëèí
(ïðèìåíÿåìûé â ïðîèçâîäñòâå ïðîòèâîîïóõîëåâûõ ïðåïàðàòîâ); â ñåìåíàõ –
æèðíîå è ýôèðíîå ìàñëà. Ëå÷åáíûå ïðåïàðàòû èç Á.â. ïðèìåíÿþòñÿ â
êèòàéñêîé ìåäèöèíå, ðàçðåøåíû ê èñïîëüçîâàíèþ â íåêîòîðûõ ñòðàíàõ
Çàïàäíîé Åâðîïû.

Èñõîäÿ èç ëåñîõîçÿéñòâåííûõ è ëåêàðñòâåííûõ õàðàêòåðèñòèê, ìû
èññëåäîâàëè îñîáåííîñòè ìîðôîãåíåçà Á.â. â êóëüòóðå èçîëèðîâàííûõ òêàíåé
ïðîðîñòêîâ â óñëîâèÿõ in vitro è èçó÷èëè âîçìîæíîñòè îïòèìèçàöèè ñïîñîáà
å¸ êëîíàëüíîãî ìèêðîðàçìíîæåíèÿ ñ îöåíêîé ðåãåíåðàöèîííîé ñïîñîáíîñòè.
Â êà÷åñòâå èñõîäíîãî ìàòåðèàëà äëÿ âûäåëåíèÿ ýêñïëàíòîâ èñïîëüçîâàíû
ïðîðîñòêè, âûðàùåííûå èç ñåìÿí Á.â. Ïåðâûé ýòàï ìèêðîêëîíàëüíîãî
ðàçìíîæåíèÿ âêëþ÷àåò ïîäãîòîâêó ðàñòèòåëüíîãî ìàòåðèàëà ê ââåäåíèþ â
êóëüòóðó in vitro è ïîëó÷åíèå ñòåðèëüíîé êóëüòóðû. Äëÿ ýòîãî íåîáõîäèìî
ïîäîáðàòü õèìè÷åñêèå ñðåäñòâà, ïîçâîëÿþùèå îáåñïå÷èòü íåîáõîäèìûé
óðîâåíü àñåïòèêè.

Ðàçðàáîòàí ìîäèôèöèðîâàííûé è óñîâåðøåíñòâîâàííûé ñïîñîá ìÿãêîé
ñòåðèëèçàöèè ýêñïëàíòîâ, êîòîðûé, ñòåðèëèçóÿ ðàñòèòåëüíóþ òêàíü, íå
ïîâðåæäàåò åå.  Äëÿ êóëüòèâèðîâàíèÿ ðàçëè÷íûõ ÷àñòåé ïðîðîñòêîâ
èñïîëüçîâàëè ñðåäó ÌÑ ñ äîáàâëåíèåì 3% ñàõàðîçû è ðàçëè÷íûõ ðåãóëÿòîðîâ
ðîñòà. Âàðèàíòû ïèòàòåëüíûõ ñðåä: 1) ÌÑ – 0,05ìã/ë 2,4 Ä + 2ìã/ë ÁÀÏ; 2)
ÌÑ – 1ìã/ë ÁÀÏ + 4ìã/ë ÈÓÊ; 3) ÌÑ – 5ìã/ë ÈÓÊ; 4) ÌÑ – áåçãîðìîíàëüíàÿ
ñðåäà (êîíòðîëü). Îòäåëåííûå îò âåãåòèðóþùèõ ïðîðîñòêîâ ýêñïëàíòû
êóëüòèâèðîâàëè ïðè ëþìèíåñöåíòíîì îñâåùåíèè, 16-÷àñîâîì ôîòîïåðèîäå
è òåìïåðàòóðå 22-24îÑ. Åæåäíåâíî ïðîâîäèëè íàáëþäåíèå çà îñîáåííîñòÿìè
ðîñòà è ðàçâèòèÿ ýêñïëàíòîâ â óñëîâèÿõ in vitro.

Ïîêàçàíî, ÷òî â îòëè÷èå îò åëè êîëþ÷åé è ñîñíû êðûìñêîé, áèîòà
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Design and investigation of multifunctional biochemical colloid systems,
especially those based on the synthetic and natural polymers, is a very promising
field of fundamental and applied importance. During the past years there were
numerous studies on various supramolecular and colloids systems, bio- and
nanomaterials, but multifunctional biochemical colloid systems were indirectly
mentioned only in a few of them.

There are following main goals for design of multifunctional biochemical
colloid systems that must be achieved: high 2D- or 3D-organization, integrity at
the molecular level range, desirable properties (realized through the special
compositions of synthetic and natural proteins or by synthesis of multifunctional
organic molecules), multiple usage and reasonable stability. In order to achieve
these goals it is important to combine the approaches and methods of polymer and
colloid chemistry, biochemistry and biotechnology, material science and
engineering. To our opinion, the most promising approaches can be connected
with design of particular polymer-enzyme micro- and nanoparticles, ultrathin
polymer-protein films at the optical, electro- or photo-conductive substrates by
modified methods of self-assembly, layer-by-layer assembly and Langmuir
techniques [1]. These systems can serve as unique models for the investigation of
molecular recognition and interaction phenomena at the interfaces, as well as for
future applications as sensitive components for biodetection; novel nanomaterials
for recording and storage of optical information; self-assembled nanospheres with
immobilized enzymes or liposomes for drug delivery, special membranes with
incorporated proteins, photochromic and nanophotonic elements, nanomaterials
for "biorobots" and so on (some examples are mentioned in the recent review [1]).

Some parts of this work were supported by grants from the Russian Foundation
for Basic Research and Russian Ministry of Education and Science.
Reference
1. Zaitsev S.Yu. Russian nanotechnologies. 2009. 4(7-8). P.6-18.
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Ñîçäàíèå è èññëåäîâàíèå ìíîãîôóíêöèîíàëüíûõ áèîõèìè÷åñêèõ
êîëëîèäíûõ ñèñòåì, ïðåæäå âñåãî, íà îñíîâå ñèíòåòè÷åñêèõ è ïðèðîäíûõ
ïîëèìåðîâ, ÿâëÿåòñÿ ìíîãîîáåùàþùåé îáëàñòüþ, èìåþùåé êàê
ôóíäàìåíòàëüíîå, òàê è ïðèêëàäíîå çíà÷åíèå. Â ïîñëåäíèå ãîäû ïðîâåäåíû
ìíîãî÷èñëåííûå èññëåäîâàíèÿ ïî ðàçëè÷íûì ñóïðàìîëåêóëÿðíûì è
êîëëîèäíûì ñèñòåìàì, áèî- è íàíîìàòåðèàëàì, íî ìíîãîôóíêöèîíàëüíûå
áèîõèìè÷åñêèå êîëëîèäíûå ñèñòåìû áûëè óïîìÿíóòû òîëüêî â íåêîòîðûõ
èç íèõ.

Äëÿ ñîçäàíèÿ ìíîãîôóíêöèîíàëüíûõ áèîõèìè÷åñêèõ êîëëîèäíûõ
ñèñòåì íåîáõîäèìî äîñòèãíóòü ñëåäóþùèå îñíîâíûå ïîêàçàòåëè: âûñîêóþ
2D- èëè 3D-îðãàíèçàöèþ, èíòåãðèðîâàííîñòü íà ìîëåêóëÿðíîì óðîâíå,
çàäàííûå ñâîéñòâà (ðåàëèçóåìûå ïîñðåäñòâîì ñïåöèàëüíûõ êîìïîçèöèé
ñèíòåòè÷åñêèõ è ïðèðîäíûõ ïîëèìåðîâ èëè ñèíòåçîì ìíîãîôóíêöèîíàëüíûõ
îðãàíè÷åñêèõ ìîëåêóë), ìíîãîêðàòíîñòü èñïîëüçîâàíèÿ è äîñòàòî÷íóþ
ñòàáèëüíîñòü. Äëÿ äîñòèæåíèÿ ýòèõ ïîêàçàòåëåé íåîáõîäèìî îáúåäèíåíèå
ïîäõîäîâ è ìåòîäîâ ïîëèìåðíîé è êîëëîèäíîé õèìèè, áèîõèìèè è
áèîòåõíîëîãèè, õèìèè è òåõíîëîãèè ìàòåðèàëîâ.

Ïî-âèäèìîìó, íàèáîëåå ïåðñïåêòèâíûìè ïîäõîäàìè ÿâëÿþòñÿ ñîçäàíèå
ïîëèìåð-ôåðìåíòíûõ ìèêðî- è íàíî÷àñòèö, óëüòðàòîíêèõ ïîëèìåð-áåëêîâûõ
ïëåíîê íà îïòè÷åñêèõ, ýëåêòðî- èëè ôîòîïðîâîäÿùèõ ñóáñòðàòàõ ñ ïîìîùüþ
ìîäèôèöèðîâàííûõ ìåòîäîâ ñàìîàññîöèàöèè, ïîñëîéíîãî íàíåñåíèÿ è
ëåíãìþðîâñêîé òåõíèêè [1]. Ýòè ñèñòåìû ìîãóò ñëóæèòü êàê óíèêàëüíûå
ìîäåëè äëÿ èññëåäîâàíèÿ ïðîöåññîâ ìîëåêóëÿðíîãî óçíàâàíèÿ è
âçàèìîäåéñòâèÿ íà ãðàíèöå ðàçäåëà ôàç, à òàêæå äëÿ ïîñëåäóþùåãî
ïðèìåíåíèÿ êàê ÷óâñòâèòåëüíûå êîìïîíåíòû äëÿ áèîñåíñîðîâ, íîâûå
íàíîìàòåðèàëû äëÿ çàïèñè è õðàíåíèÿ îïòè÷åñêîé èíôîðìàöèè, ñàìî-
àññîöèàöèèðîâàííûå íàíîñôåðû ñ èììîáèëèçîâàííûìè ôåðìåíòàìè è
ëèïîñîìû äëÿ äîñòàâêè ëåêàðñòâ, ñïåöèàëüíûå ìåìáðàíû ñî âñòðîåííûìè
áåëêàìè, ôîòîõðîìíûå è íàíîôîòîííûå ýëåìåíòû, íàíîìàòåðèàëû äëÿ
"áèîðîáîòîâ" è ò.ï. (íåêîòîðûå ïðèìåðû òàêèõ ñèñòåì ïðèâåäåíû â íåäàâíåì
îáçîðå [1]).

Îòäåëüíûå ÷àñòè äàííîé ðàáîòû ïîääåðæàíû ãðàíòàìè Ðîññèéñêîãî
ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé è Ìèíîáðíàóêè ÐÔ.
Ëèòåðàòóðà
1. Çàéöåâ Ñ.Þ. Ðîññèéñêèå íàíîòåõíîëîãèè. 2009. 4(7-8). Ñ.6-18.
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Quorum Sensing (QS) regulation is a specific type of the gene expression
regulation depending on the density of bacterial populations. QS systems include
low molecular weight signal molecules (autoinducers) that can easily diffuse across
the cell wall, and receptor proteins that interact with autoinducers. The best studied
QS systems are those where the role of signal molecules is played by N-acyl
homoserine lactones (AHLs). QS systems play a key role in the regulation of
many cell processes.

The present work is devoted to studying of two types of Serratia
proteamaculans QS systems, these systems functioning regulation and their roles
in cell processes control. The S. ðroteamaculans  strain 94 was isolated from
rotten meat kept in an industrial fridge. This strain is able to hydrolyze the collagen
at low temperature and produce a number of extracell proteases.

Using AHL-biosensors and TLC chromatography we have shown that
S. proteamaculans produced two types of AHL signal molecules. We identified,
cloned and sequenced genes of the first QS system: sprI gene coding an AHL-
synthase and sprR gene coding a receptor protein. Furthermore, in
S. proteamaculans strain 94 we revealed synthesis of the second type QS signal
molecule which was autoinducer AI-2. We identified, cloned and sequenced luxS
gene of AI-2 synthase.

We generated knockout mutants with defective genes of the AHL synthase,
the receptor protein and the AI-2 synthase to find out regulation mechanisms of
these QS systems. To define roles of the QS systems in regulation of
S. proteamaculans 94 metabolism processes we compared activities of different
enzymes from mutant and wild type cells. Cells S. proteamaculans 94 was shown
to display extracellular proteolytic, lipase and chitinase activities which were the
same in mutant cells with the knocked out receptor gene (sprR–). Mutants with the
knocked out AHL synthase gene as well as that one with the knocked out AI-2
synthase gene were shown to drastically decrease extracellular proteolytic and
chitinase activities.

QUORUM SENSING ÑÈÑÒÅÌÛ ÄÂÓÕ ÒÈÏÎÂ Ó SERRATIA
PROTEAMACULANS
Çàéöåâà Þ.Â., Ëèïàñîâà Â.À., Õìåëü È.À.
Èíñòèòóò ìîëåêóëÿðíîé ãåíåòèêè ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: khmel@img.ras.ru
Ôàêñ: (499) 196-02-21; òåë.: (499) 196-00-16

Quorum Sensing (QS) ðåãóëÿöèÿ - ýòî îñîáûé òèï ðåãóëÿöèè ýêñïðåññèè
ãåíîâ áàêòåðèé, çàâèñÿùåé îò ïëîòíîñòè èõ ïîïóëÿöèè. QS-Ñèñòåìû
âêëþ÷àþò íèçêîìîëåêóëÿðíûå ñèãíàëüíûå ìîëåêóëû, íàçâàííûå
àóòîèíäóêòîðàìè (ÀÈ), ëåãêî äèôôóíäèðóþùèå ÷åðåç êëåòî÷íóþ ñòåíêó, è
ðåãóëÿòîðíûå ðåöåïòîðíûå áåëêè, ñ êîòîðûìè ñâÿçûâàþòñÿ àóòîèíäóêòîðû.
Ó ãðàìîòðèöàòåëüíûõ áàêòåðèé ëó÷øå âñåãî èçó÷åíû QS-ñèñòåìû,
ôóíêöèîíèðóþùèå ñ ó÷àñòèåì àóòîèíäóêòîðîâ N-àöèë-ãîìîñåðèíëàêòîíîâ
(ÀÃË). QS-Ñèñòåìû ÿâëÿþòñÿ êëþ÷åâûìè ôàêòîðàìè ðåãóëÿöèè áîëüøîãî
êîëè÷åñòâà êëåòî÷íûõ ïðîöåññîâ, ãëîáàëüíûìè ðåãóëÿòîðàìè ýñïðåññèè
ãåíîâ áàêòåðèé.

Íàñòîÿùàÿ ðàáîòà ïîñâÿùåíà èçó÷åíèþ QS-ñèñòåì äâóõ òèïîâ ó
áàêòåðèè Serratia proteamaculans, ðåãóëÿöèè ôóíêöèîíèðîâàíèÿ ýòèõ ñèñòåì
è èõ ðîëè â êîíòðîëå êëåòî÷íûõ ïðîöåññîâ. Øòàìì S. ðroteamaculans 94
áûë âûäåëåí èç èñïîðòèâøåãîñÿ â õîëîäèëüíîé êàìåðå Ìÿñîêîìáèíàòà ìÿñà.
Øòàìì ñïîñîáåí ãèäðîëèçîâàòü êîëëàãåí ïðè íèçêîé òåìïåðàòóðå, ÿâëÿåòñÿ
ïðîäóöåíòîì íåñêîëüêèõ âíåêëåòî÷íûõ ïðîòåèíàç.

Ñ ïîìîùüþ ÀÃË-áèîñåíñîðîâ è òîíêîñëîéíîé õðîìàòîãðàôèè áûëî
ïîêàçàíî, ÷òî øòàìì S. proteamaculans 94 ïðîäóöèðóåò äâà òèïà ÀÃË-
ñèãíàëüíûõ ìîëåêóë QS-ñèñòåì ïåðâîãî òèïà (LuxR-LuxI ñèñòåìû).
Èäåíòèôèöèðîâàíû, êëîíèðîâàíû è ñåêâåíèðîâàíû ãåíû ïåðâîé QS-
ñèñòåìû: sprI, êîäèðóþùèé ñèíòàçó ÀÃË, è ãåí sprR, êîäèðóþùèé
ðåöåïòîðíûé áåëîê. Ïîêàçàíî, ÷òî ýòè ãåíû ÷àñòè÷íî ïåðåêðûâàþòñÿ è
òðàíñêðèáèðóþòñÿ ñ ïðîòèâîïîëîæíûõ öåïåé ÄÍÊ íàâñòðå÷ó äðóã äðóãó.
Êðîìå òîãî, ó øòàììà S. proteamaculans 94 îáíàðóæåí ñèíòåç ñèãíàëüíîé
ìîëåêóëû QS-ñèñòåìû âòîðîãî òèïà – àóòîèíäóêòîð ÀÈ-2. Èäåíòèôèöèðîâàí,
êëîíèðîâàí è ñåêâåíèðîâàí ãåí ñèíòàçû ÀÈ-2  luxS.

Ïîëó÷åíû ìóòàíòû ñ íîêàóòèðîâàííûìè ãåíàìè ñèíòàçû ÀÃË,
ðåöåïòîðíîãî áåëêà è ñèíòàçû ÀÈ-2 ñ öåëüþ âûÿñíåíèÿ ðåãóëÿöèè
ôóíêöèîíèðîâàíèÿ ýòèõ QS-ñèñòåì. Äëÿ îïðåäåëåíèÿ ðîëè QS-ñèñòåì â
ðåãóëÿöèè ìåòàáîëè÷åñêèõ ïðîöåññîâ S. proteamaculans 94 ñðàâíèâàëè
àêòèâíîñòè ðàçëè÷íûõ ôåðìåíòîâ â êëåòêàõ ìóòàíòíûõ øòàììîâ è øòàììà
äèêîãî òèïà. Áûëî ïîêàçàíî, ÷òî êëåòêè S. proteamaculans 94 îáíàðóæèâàëè
âíåêëåòî÷íóþ ïðîòåîëèòè÷åñêóþ, ëèïàçíóþ è õèòèíàçíóþ  àêòèâíîñòè, òàêîé
æå óðîâåíü àêòèâíîñòè ýòèõ ôåðìåíòîâ íàáëþäàëñÿ â ñëó÷àå ìóòàíòà ñ
íîêàóòèðîâàííûì ãåíîì ðåöåïòîðíîãî áåëêà (sprR–). Ìóòàíòû ñ
íîêàóòèðîâàííûìè ãåíàìè ñèíòàçû ÀÃË (sprI–) è ñèíòàçû ÀÈ-2 (luxS–)
îáíàðóæèâàëè ðåçêî ñíèæåííûå óðîâíè  ïðîòåîëèòè÷åñêîé è õèòèíàçíîé
ôåðìåíòàòèâíûõ àêòèâíîñòåé.
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More than 90% of bacteria exist in the natural environments as biofilms,
multicellular communities attached to hard surfaces. Biofilms have a complex
architecture – they are enclosed by exopolymer's matrix. Bacterial cells in biofilms
are extremely resistant to treatment with different antibacterial preparations.

In this study we investigated the influence of antibacterial drugs of the
nitrofuran series and nitric oxide generators on the capacity of pathogenic bacteria
Pseudomonas aeruginosa PAO1 and Burkholderia cenocepacia 370 to form
biofilms. We have shown that antibacterial drugs of nitrofuran series such as
nitrofurazone, furazidin, nitrofurantoin and nifuroxazide, as well as nitric oxide
generators sodium nitroprusside and isosorbide mononitrate in concentrations that
do not suppress bacterial growth were shown to increase the capacity of pathogenic
bacteria Ps. aeruginosa PAO1 and B. cenocepacia 370 to form biofilms. The
enhancement of biofilm formation at concentrations of antibacterial drugs not
inhibiting bacterial growth is probably a useful strategy for pathogenic bacteria,
facilitating their survival after intensive antibiotic therapy when low quantities of
drugs remain in the organism.

The formation of biofilms in some bacteria, including B. cenocepacia and
Ps. aeruginosa, was shown to be Quorum Sensing (QS)-regulated. It could be
therefore suggested that the enhancement of biofilm formation in the presence of
nitrofurans and NO generators was due to their action on QS.

To study the effect of nitrofurans and NO donors on QS systems, we used
QS-biosensors. These biosensors are a set of isogenic strains of E. coli JLD271
that do or do not contain genes encoding different LuxR type receptor proteins
The bioluminescence activation of lux-reporter strains was observed irrespective
of the presence or absence in the plasmids genes coding for receptor LuxR-type
proteins. Thus, the substances tested did not specifically interact with  QS systems;
this effect is connected most probably with their influence on bioluminescence.
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ÄÎÍÎÐÎÂ NO ÍÀ ÔÎÐÌÈÐÎÂÀÍÈÅ ÁÈÎÏËÅÍÎÊ Ó
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Áîëåå 90% áàêòåðèé ñóùåñòâóþò â ïðèðîäíûõ ýêîñèñòåìàõ â âèäå
ñïåöèôè÷åñêè îðãàíèçîâàííûõ, ïðèêðåïëåííûõ ê òâåðäûì ïîâåðõíîñòÿì
áèîïëåíîê; áèîïëåíêè èìåþò õàðàêòåðíóþ àðõèòåêòóðó è çàêëþ÷åíû â
ýêçîïîëèìåðíûé ìàòðèêñ. Áàêòåðèè, íàõîäÿùèåñÿ â ñîñòàâå áèîïëåíîê,
çíà÷èòåëüíî áîëåå ðåçèñòåíòíû ê äåéñòâèþ ðàçëè÷íûõ àíòèáàêòåðèàëüíûõ
ïðåïàðàòîâ.

Â íàñòîÿùåé ðàáîòå ìû èññëåäîâàëè äåéñòâèå àíòèáàêòåðèàëüíûõ
ïðåïàðàòîâ íèòðîôóðàíîâîãî ðÿäà, àíòèìèêðîáíûõ àãåíòîâ øèðîêîãî ñïåêòðà
äåéñòâèÿ, è äîíîðîâ NO íà ñïîñîáíîñòü áàêòåðèé Pseudomonas aeruginosa
PAO1 è Burkholderia cenocepacia 370 ôîðìèðîâàòü áèîïëåíêè. Ìû âïåðâûå
ïîêàçàëè, ÷òî ïðîèçâîäíûå íèòðîôóðàíà, ôóðàöèëëèí, íèòðîôóðàíòîèí,
íèôóðîêñàçèä è ôóðàãèí, à òàêæå äîíîðû îêñèäà àçîòà, íèòðîïðóññèä íàòðèÿ
è èçîñîðáèä ìîíîíèòðàò â ñóáèíãèáèòîðíûõ êîíöåíòðàöèÿõ îêàçûâàþò
ñòèìóëèðóþùåå äåéñòâèå íà ôîðìèðîâàíèå áèîïëåíîê ó B. cenocepacia 370
è Ps. aeruginosa PAO1. Óâåëè÷åíèå ôîðìèðîâàíèÿ áèîïëåíîê â ýòèõ óñëîâèÿõ
ÿâëÿåòñÿ, ïî-âèäèìîìó, ïîëåçíîé ñòðàòåãèåé äëÿ ïàòîãåííûõ áàêòåðèé,
ñïîñîáñòâóþùåé èõ âûæèâàíèþ ïîñëå àíòèáàêòåðèàëüíîé òåðàïèè, êîãäà
íèçêèå êîëè÷åñòâà ïîäîáíûõ ïðåïàðàòîâ îñòàþòñÿ â îðãàíèçìå.

Ó ðÿäà ãðàìîòðèöàòåëüíûõ áàêòåðèé ôîðìèðîâàíèå áèîïëåíîê
íàõîäèòñÿ ïîä êîíòðîëåì Quorum Sensing (QS) ñèñòåìû ðåãóëÿöèè. Ïîýòîìó
ìû ïðåäïîëîæèëè, ÷òî óâåëè÷åíèå îáðàçîâàíèÿ áèîïëåíîê ïðè äåéñòâèè
íèòðîôóðàíîâ è äîíîðîâ NO îáúÿñíÿåòñÿ àêòèâàöèåé ãåíîâ, ó÷àñòâóþùèõ â
ôóíêöèîíèðîâàíèè QS ñèñòåì. ×òîáû ïðîâåðèòü ýòî ïðåäïîëîæåíèå, ìû
îïðåäåëèëè âëèÿíèå óêàçàííûõ ñîåäèíåíèé íà QS-áèîñåíñîðû – èçîãåííûå
øòàììû E. coli JLD271, ñîäåðæàùèå èëè íå ñîäåðæàùèå ðàçëè÷íûå ãåíû
ðåöåïòîðíûõ áåëêîâ òèïà LuxR. Ýôôåêò íàáëþäàëñÿ â øòàììàõ îáîèõ òèïîâ.
Ýòè äàííûå ïîêàçûâàþò, ÷òî âëèÿíèå èçó÷àåìûõ âåùåñòâ íå ñâÿçàíî ñ èõ
âçàèìîäåéñòâèåì ñ QS ñèñòåìàìè è, ñêîðåå âñåãî, îïðåäåëÿåòñÿ èõ âëèÿíèåì
íà ïðîöåññ áèîëþìèíåñöåíöèè.
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Immobilization of bioactive molecules (peptides, DNA, oligonucleotides, etc.)
and animal cells in biocompatible polymeric microcapsules (MC) is a promising
approach widely used in biotechnology and biomedicine. The main advantage of
this technique is the possibility to vary polymer composition of MC as well as
their physico-chemical characteristics (MC size distribution, polyelectrolyte
membrane thickness, its stability, permeability, etc). As a result, a spectrum of MC
applications could be significantly extended.

In this work MC based on alginate and chitosan were obtained in three steps.
In order to get Ca-alginate beads, Na-alginate solution (2% w/v) was dispersed
into 0.5-2% (w/v) ÑàCl2 solution. The beads then were incubated in 0.2-0.4%
(w/v) oligochitosan (Mm 3.5 kDa, DD 87%) solution to form polyelectrolyte
membrane on a bead surface. Finally, hollow MCs were obtained after dissolution
of Ca-alginate core with 0.05 M EDTA solution.

The aim of our research was to prepare MC within the range size of
300-900 µm by optimizing MC preparation techniques. In this work two devices
were used, in order to disperse Na-alginate solution.

An air flow device allowed to decrease Ca-alginate bead size down to
750-900 µm. MC with these sizes were found to be optimal for development of
MC-based hemocompatible immunosorbent. The sorbent was based on
encapsulated high molecular weight antigens (glycoconjugates) capable to eliminate
anticarbohydrate antibodies (IgG, IgM Abs) directly from whole blood. It was
shown that the high molecular weight glucoconjugates (Mm 1500-2000 kDa) could
not release from MC while Abs easily penetrated through the semi-permeable MC
membrane and specifically bound antigens.

An electrostatic bead generator of high voltage (7.8 kV) was used to produce
beads of 270 µm in diameter. MC formed from these beads could be proposed to
generate multicellular tumor spheroids (a 3-dimensional in vitro model of small
size solid tumor). These MC were shown to provide a growth of encapsulated
human breast adenocarcinoma cells (MCF-7) forming multicellular spheroids after
long term cultivation. Furthermore, a viable cell number in spheroids was higher
compared to that one for spheroids generated inside 750-900 µm MC.
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Â ÍÈÕ ÁÈÎÀÊÒÈÂÍÛÕ ÌÀÊÐÎÌÎËÅÊÓË È ÆÈÂÎÒÍÛÕ
ÊËÅÒÎÊ: ÎÏÒÈÌÈÇÀÖÈß ÌÅÒÎÄÎÂ ÏÎËÓ×ÅÍÈß
Çàéöåâà-Çîòîâà Ä.Ñ., Ñåëèíà Î.Å., Áîâèí Â.Í., Ìàðêâè÷åâà Å.À.
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Âêëþ÷åíèå áèîàêòèâíûõ ìàêðîìîëåêóë (áåëêîâ, ÄÍÊ, îëèãîíóêëåîòèäîâ
è äð.) è æèâîòíûõ êëåòîê â áèîñîâìåñòèìûå ïîëèìåðíûå ìèêðîêàïñóëû (ÌÊ)
ÿâëÿåòñÿ ïåðñïåêòèâíûì íàïðàâëåíèåì áèîìåäèöèíû. Âàðüèðóÿ ïîëèìåðíûé
ñîñòàâ ÌÊ, à òàêæå èõ ôèçèêî-õèìè÷åñêèå õàðàêòåðèñòèêè (ðàçìåð, òîëùèíà,
ïðîíèöàåìîñòü îáîëî÷êè è äð.), ìîæíî ïðåäëîæèòü ýòè íîñèòåëè äëÿ ðåøåíèÿ
ðàçëè÷íûõ áèîìåäèöèíñêèõ çàäà÷. Àëüãèíàò-õèòîçàíîâûå ÌÊ ïîëó÷àëè â 3
ñòàäèè: äèñïåðãèðîâàëè 2% ðàñòâîð àëüãèíàòà íàòðèÿ â 0,5-2 % ðàñòâîð ÑàCl2
äëÿ ôîðìèðîâàíèÿ Ñà-àëüãèíàòíûõ ìèêðî÷àñòèö, èíêóáèðîâàëè èõ â 0,2-0,4%
ðàñòâîðå îëèãîõèòîçàíà (Mì 3,5 êÄà, ÑÄ 87%) äëÿ ôîðìèðîâàíèÿ íà
ïîâåðõíîñòè ÷àñòèöû ïîëèýëåêòðîëèòíîé ìåìáðàíû, à çàòåì ðàñòâîðÿëè
Ñà-àëüãèíàòíîå ÿäðî 0,05 Ì ðàñòâîðîì ÝÄÒÀ.

Öåëüþ ðàáîòû áûëo ïîëó÷åíèå ÌÊ ñ äèàìåòðîì â äèàïàçîíå 300-900
ìêì ïóòåì îïòèìèçàöèè äâóõ ìåòîäîâ äèñïåðãèðîâàíèÿ àëüãèíàòà íàòðèÿ.
Äëÿ ýòîãî â ðàáîòå èñïîëüçîâàëè äâà ïðèáîðà. Ïðèáîð ñ êîàêñèàëüíîé ïîäà÷åé
ñæàòîãî âîçäóõà ïîçâîëèë ïîëó÷èòü ÷àñòèöû ðàçìåðîì 750-900 ìêì. Òàêîé
ðàçìåð ÌÊ áûë îïòèìàëüíûì äëÿ âêëþ÷åíèÿ â íèõ âûñîêîìîëåêóëÿðíûõ
àíòèóãëåâîäíûõ àíòèãåíîâ (ãëèêîêîíúþãàòîâ) ñ öåëüþ ðàçðàáîòêè íîâûõ
ãåìîñîâìåñòèìûõ èììóíîñîðáåíòîâ äëÿ ñïåöèôè÷åñêîé ñîðáöèè
àíòèóãëåâîäíûõ àíòèòåë èç öåëüíîé êðîâè. Áûëî ïîêàçàíî, ÷òî
ïîëóïðîíèöàåìàÿ ìåìáðàíà íå ïîçâîëÿëà èíêàïñóëèðîâàííûì
ãëèêîêîíúþãàòàì (Ìì 1500-2000 êÄà) âûõîäèòü èç ÌÊ, â òî âðåìÿ êàê
àíòèòåëà (IgG, IgM) ëåãêî ïðîíèêàëè âíóòðü ÌÊ è ñïåöèôè÷åñêè ñâÿçûâàëèñü
ñ àíòèãåíàìè.

Ýëåêòðîñòàòè÷åñêèé ãåíåðàòîð ìèêðî÷àñòèö (íàïðÿæåíèå 7,8 êÂ)
ïîçâîëèë ñíèçèòü ñðåäíèé ðàçìåð Ñà-àëüãèíàòíûõ ÷àñòèö äî 270 ìêì. ÌÊ,
ïîëó÷åííûå íà èõ îñíîâå, èíòåðåñíû äëÿ ïîëó÷åíèÿ ìóëüòèêëåòî÷íûõ
îïóõîëåâûõ ñôåðîèäîâ (ÌÎÑ), ïðåäñòàâëÿþùèõ ñîáîé òðåõìåðíûå in vitro
ìîäåëè ðàêîâîé îïóõîëè. Òàêèå ÌÊ îáåñïå÷èâàëè ôîðìèðîâàíèå ñôåðîèäîâ
ïðè êóëüòèâèðîâàíèè â íèõ êëåòîê àäåíîêàðöèíîìû ìîëî÷íîé æåëåçû
(MCF-7), ïðè ýòîì êîëè÷åñòâî æèâûõ êëåòîê áûëî ñóùåñòâåííî âûøå â
ñðàâíåíèè ñ òàêîâûì äëÿ ÌÊ ñî ñðåäíèì ðàçìåðîì 750-900 ìêì.
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Duodenase – dominant serine protease of ruminant duodenal mucosa, is
product of duodenal gland secretion. Physiological role of duodenase is related to
proteolytic activation cascade of digestive proteases. Also, duodenase presents in
mast cells withing the intestinal mucosa and lungworm-infected lung. The enzyme
activates rat peritoneal mast cells (in vitro) and exerts mitogenic action toward
pulmonary arterial fibroblasts, realizing its action through the receptors, activated
by proteases (PAR). Obviously, duodenase has many functions – its role does not
restricted by regulation of digestion, but may be connected with function of cells,
participating in the inflammation, tissue remodeling and some others.

Duodenase structurally is the most related to proteases of immunocompetent
cells (chymases, some granzymes, cathepsin G), which together form special
protease group within chymotrypsin family – granases. Relatively broad primary
specificity (trypsin- and chymotrypsin-like) of duodenase paradoxically combines
with marked selectivity of the enzyme towards protein substrates and inibitors.
Using kinetic data obtained for interaction of duodenase and other proteases with
mutant forms of serpins, it became possible to compare catalytic activity of the
proteases in respect of correlation of primary and tertiary (conformational)
specificities.

Notions of conformational and primary specificity indexes (Ics and Ips,
correspondingly) were introduced, the ratio Ics/Ips defines ratio conformational
and primary specificity for certain enzyme. In the case of duodenase and cathepsin G
the indexes ratio value Ics/Ips>1, meaning that conformational component is
predominates in duodenase specificity. In the case of trypsin and chymotrypsin
value Ics/Ips<1, that characterizes it as enzymes which are more sensitive to
P1-residue nature than to the conformational properties of the substrate.

ÄÓÎÄÅÍÀÇÀ – ÏÐÎÒÅÈÍÀÇÀ Ñ ÄÎÌÈÍÈÐÓÞÙÅÉ
ÒÐÅÒÈ×ÍÎÉ (ÊÎÍÔÎÐÌÀÖÈÎÍÍÎÉ) ÑÏÅÖÈÔÈ×ÍÎÑÒÜÞ
Çàìîëîä÷èêîâà Ò.Ñ.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
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Äóîäåíàçà – äîìèíàíòíàÿ ñåðèíîâàÿ ïðîòåèíàçà ñëèçèñòîé
äâåíàäöàòèïåðñòíîé êèøêè æâà÷íûõ æèâîòíûõ, ÿâëÿåòñÿ ïðîäóêòîì
ñåêðåöèè äóîäåíàëüíûõ æåëåç. Ôèçèîëîãè÷åñêàÿ ðîëü äóîäåíàçû ñâÿçàíà ñ
àêòèâàöèåé êàñêàäà ïèùåâàðèòåëüíûõ ïðîòåèíàç. Äóîäåíàçà òàêæå
ïðèñóòñòâóåò â òó÷íûõ êëåòêàõ òîíêîãî êèøå÷íèêà è ïîðàæ¸ííûõ íåìàòîäàìè
ë¸ãêèõ. Ôåðìåíò àêòèâèðóåò ïåðèòîíåàëüíûå òó÷íûå êëåòêè êðûñû (in vitro)
è îêàçûâàåò ìèòîãåííîå äåéñòâèå íà ôèáðîáëàñòû ë¸ãî÷íûõ àðòåðèé áûêà,
ðåàëèçóÿ ñâîå äåéñòâèå ÷åðåç ðåöåïòîðû, àêòèâèðóåìûå ïðîòåèíàçàìè (PAR).
Ò.î., äóîäåíàçà, î÷åâèäíî, ÿâëÿåòñÿ ïîëèôóíêöèîíàëüíîé ïðîòåèíàçîé – ðîëü
ôåðìåíòà íå îãðàíè÷èâàåòñÿ ðåãóëÿöèåé ïèùåâàðåíèÿ, íî ìîæåò áûòü
ñîïðÿæåíà ñ ôóíêöèîíèðîâàíèåì êëåòîê, ó÷àñòâóþùèõ â âîñïàëèòåëüíûõ
ïðîöåññàõ, ðåìîäåëèðîâàíèè òêàíåé è íåêîòîðûõ äðóãèõ ïðîöåññàõ.

Ñòðóêòóðíî äóîäåíàçà íàèáîëåå áëèçêà ê ïðîòåèíàçàì
èììóíîêîìïåòåíòíûõ êëåòîê (õèìàçû, íåêîòîðûå ãðàíçèìû, êàòåïñèí G),
îáðàçóþùèì îñîáóþ ãðóïïó âíóòðè ñåìåéñòâà õèìîòðèïñèíà – ãðàíàçû.
Îòíîñèòåëüíî øèðîêàÿ ïåðâè÷íàÿ ñïåöèôè÷íîñòü (òðèïñèíî- è
õèìîòðèïñèíîïîäîáíàÿ) äóîäåíàçû ïàðàäîêñàëüíî ñî÷åòàåòñÿ ñ âûðàæåííîé
ñåëåêòèâíîñòüþ ôåðìåíòà â îòíîøåíèè áåëêîâûõ ñóáñòðàòîâ è èíãèáèòîðîâ.
Èñïîëüçóÿ êèíåòè÷åñêèå äàííûå, ïîëó÷åííûå äëÿ âçàèìîäåéñòâèÿ äóîäåíàçû
è äðóãèõ ïðîòåèíàç ñ ìóòàíòíûìè ôîðìàìè ñåðïèíîâ, óäàëîñü ïðîâåñòè
ñðàâíåíèå êàòàëèòè÷åñêîé ýôôåêòèâíîñòè ïðîòåèíàç â àñïåêòå ñîîòíîøåíèÿ
ïåðâè÷íîé è òðåòè÷íîé (êîíôîðìàöèîííîé) ñïåöèôè÷íîñòåé. Ââåäåíû
ïîíÿòèÿ èíäåêñîâ êîíôîðìàöèîííîé è ïåðâè÷íîé ñïåöèôè÷íîñòè ïðîòåèíàç
(Ics è Ips, ñîîòâåòñòâåííî), ñîîòíîøåíèå êîòîðûõ (Ics/Ips) õàðàêòåðèçóåò
ñîîòíîøåíèå êîíôîðìàöèîííîé è ïåðâè÷íîé ñïåöèôè÷íîñòè äëÿ
îïðåäåë¸ííîãî ôåðìåíòà. Â ñëó÷àå äóîäåíàçû è êàòåïñèíà G çíà÷åíèå
Ics/Ips>1, ÷òî ñâèäåòåëüñòâóåò î äîìèíèðóþùåé ðîëè êîíôîðìàöèîííîé
ñïåöèôè÷íîñòè ó ýòèõ ïðîòåèíàç. Â ñëó÷àå òðèïñèíà è õèìîòðèïñèíà
Ics/Ips<1, ÷òî õàðàêòåðèçóåò èõ êàê ôåðìåíòû, áîëåå ÷óâñòâèòåëüíûå ê
ïðèðîäå Ð1 îñòàòêà, ÷åì ê êîíôîðìàöèîííûì ñâîéñòâàì ñóáñòðàòà.
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The study of microbial-plant interactions is the important task of contemporary
biotechnology. Symbiotic and associative microorganisms contribute to effective
consumption by the plants of mineral substances, they supply plants with vitamins
and growth regulators, they enhance resistance to phytopathogens and pests, participate
in the processes of bioremediation. Understanding of the molecular and physiological
mechanisms of interaction between  microorganisms and plants is important for the
successful application of ecologically safe microbiological methods of environmental
protection.

The subject of investigations were the methylotrophic bacteria Methylovorus
mays VKM B-2221 and the rhizospheric strain Pseudomonas aureofaciens 1393.
Aerobic methylotrophic bacteria used methanol secreted by plants in the process of
the metabolism as the source of carbon and energy. Plants may consume vitamins,
polysaccharides, plant hormones and other biologically active compounds produced
by methylotrophs. Colonization of cabbage, sugar beet and tobacco by strain M. mays
led to an increase of seeds germination, rhizogenes of sprouts in vitro, growth
stimulation, increase of content of pigments and total dissoluble protein, optimization
of plant photosynthesis. Colonization leads to the intensification of growth processes
of plant top and roots during the adaptation under conditions in vivo, ensured the
larger percentage of the acclimatized regenerants, as a result of which the length of
stems and the index of the development of root system "the effect of taking root" were
almost 1,5 times higher than in the control plants. Colonization promoted increased
resistanse of plants to the phytopathogenic bacteria Erwinia carotovora B15.

The Pseudomonas strains are capable to stimulation of plants growth due to the
synthesis of plant hormones, improvement in the mineral nutrition of plants and their
protection from phytopathogens producing antibiotics, siderofors, hydrogen cyanide.
The strain of Ps. aureofaciens BS1393 possesses antifungal properties due to the
synthesis of phenazinecarboxylic acid. The colonization of tomatoes and tobacco plants
by the strain of Ps. aureofaciens is carried out. The association between of
microorganisms and the plants stably remained after the microclonal multiplication.
The microscopic investigation of microorganisms localization confirmed their presence
on the surface of plant tissues. The plants colonized by Ps. aureofaciens manifested
the enhanced resistance to the fungus Sclerotinia sclerotiorum and bacterial pathogen
E. carotovora B15. The study of the influence of the plasmids of naphthalene
biodegradation on the properties of Ps. aureofaciens BS1393 rhizospheric strain of is
carried out. The colonization of plants with this strain gave enhanced resistance of
plants to naphthalene, aromatic constituent of oil. The colonization of plants by useful
strains of associative microorganisms is promising method for creation of ecologically
safe and low-expensive biotechnologies for environmental protection.

This study was supported by the Russian Foundation for Basic Research (projects
N 08-08-00406 and N 07-04-00235).
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Èçó÷åíèå ìèêðîáíî-ðàñòèòåëüíîãî âçàèìîäåéñòâèÿ ÿâëÿåòñÿ âàæíîé çàäà÷åé
ñîâðåìåííîé áèîòåõíîëîãèè. Ñèìáèîòè÷åñêèå è àññîöèàòèâíûå ìèêðîîðãàíèçìû
ñïîñîáñòâóþò ýôôåêòèâíîìó ïîòðåáëåíèþ ðàñòåíèÿìè ìèíåðàëüíûõ âåùåñòâ,
ñíàáæàþò èõ âèòàìèíàìè è ðåãóëÿòîðàìè ðîñòà, çàùèùàþò îò ôèòîïàòîãåíîâ è
âðåäèòåëåé, ó÷àñòâóþò â ïðîöåññàõ áèîðåìåäèàöèè. Ïîíèìàíèå ìîëåêóëÿðíî-
ôèçèîëîãè÷åñêèõ ìåõàíèçìîâ âçàèìîäåéñòâèÿ ìèêðîîðãàíèçìîâ ñ ðàñòåíèÿìè âàæíî
äëÿ óñïåøíîãî ïðèìåíåíèÿ ýêîëîãè÷åñêè áåçîïàñíûõ ìèêðîáèîëîãè÷åñêèõ ìåòîäîâ
çàùèòû îêðóæàþùåé ñðåäû.

Îáúåêòîì èññëåäîâàíèé áûëè ìåòèëîòðîôíûå áàêòåðèè Methylovorus mays ÂÊÌ
Â-2221 è ðèçîñôåðíûé øòàìì ïñåâäîìîíàä Pseudomonas aureîfaciens 1393. Àýðîáíûå
ìåòèëîòðîôíûå áàêòåðèè èñïîëüçóþò â êà÷åñòâå èñòî÷íèêà óãëåðîäà è ýíåðãèè
ìåòàíîë, âûäåëÿåìûé ðàñòåíèÿìè â ïðîöåññå ìåòàáîëèçìà. Â ñâîþ î÷åðåäü, ðàñòåíèÿ
ïîëó÷àþò îò ìåòèëîòðîôîâ âèòàìèíû, ïîëèñàõàðèäû, ôèòîãîðìîíû è äðóãèå
áèîëîãè÷åñêè àêòèâíûå ñîåäèíåíèÿ. Êîëîíèçàöèÿ êàïóñòû áåëîêî÷àííîé, ñàõàðíîé
ñâåêëû è òàáàêà øòàììîì M. mays ïðèâîäèëà ê ïîâûøåíèþ âñõîæåñòè ñåìÿí,
êîðíåîáðàçîâàíèÿ ïðîðîñòêîâ in vitro, ñòèìóëÿöèè ðîñòà, ïîâûøåííîìó ñîäåðæàíèþ
ïèãìåíòîâ è îáùåãî ðàñòâîðèìîãî áåëêà, îïòèìèçàöèè ðàáîòû ôîòîñèíòåòè÷åñêîãî
àïïàðàòà. Êîëîíèçàöèÿ ñïîñîáñòâîâàëà èíòåíñèôèêàöèè ðîñòîâûõ ïðîöåññîâ
íàäçåìíîé è êîðíåâîé ÷àñòåé ðàñòåíèé ïðè àäàïòàöèè â óñëîâèÿõ in vivo, îáåñïå÷èâàëà
áîëüøèé ïðîöåíò ïðèæèâøèõñÿ ðåãåíåðàíòîâ, â ðåçóëüòàòå ÷åãî äëèíà ñòåáëåé è
ïîêàçàòåëü ðàçâèòèÿ êîðíåâîé ñèñòåìû "ýôôåêòèâíîñòü óêîðåíåíèÿ" áûëè ïî÷òè â
1,5-2 ðàçà âûøå, ÷åì ó íåêîëîíèçîâàííûõ ðàñòåíèé. Êîëîíèçàöèÿ ñïîñîáñòâîâàëà
ïîâûøåíèþ óñòîé÷èâîñòè ðàñòåíèé ê ôèòîïàòîãåííûì áàêòåðèÿì Erwinia carotovora
B15.

Øòàììû Pseudomonas ñïîñîáíû ñòèìóëèðîâàòü ðîñò ðàñòåíèé çà ñ÷åò ñèíòåçà
ôèòîãîðìîíîâ, óëó÷øåíèÿ ìèíåðàëüíîãî ïèòàíèÿ ðàñòåíèé è çàùèòû îò
ôèòîïàòîãåíîâ, ïðîäóöèðóÿ àíòèáèîòèêè, ñèäåðîôîðû, öèàíèä âîäîðîäà. Øòàìì
Ps. aureofaciens BS1393 îáëàäàåò àíòèôóíãàëüíûìè ñâîéñòâàìè çà ñ÷åò ñèíòåçà
ôåíàçèíêàðáîíîâîé êèñëîòû. Ïðîâåäåíà êîëîíèçàöèÿ ðàñòåíèé òîìàòîâ è òàáàêà ýòèì
øòàììîì. Ïðè êëîíàëüíîì ìèêðîðàçìíîæåíèè àññîöèàòèâíîñòü ìèêðîîðãàíèçìîâ
ñ ðàñòåíèÿìè ñòàáèëüíî ñîõðàíÿëàñü. Ìèêðîñêîïè÷åñêîå èññëåäîâàíèå ëîêàëèçàöèè
ìèêðîîðãàíèçìîâ ïîäòâåðäèëî ïðèñóòñòâèå èõ íà ïîâåðõíîñòè ðàñòèòåëüíûõ òêàíåé.
Ðàñòåíèÿ, êîëîíèçèðîâàííûå Ps. aureofaciens, ïðîÿâëÿëè ïîâûøåííóþ óñòîé÷èâîñòü
ê ãðèáíûì è áàêòåðèàëüíûì ïàòîãåíàì Sclerotinia sclerotiorum è E. carotovora B15.
Ïðîâåäåíî èçó÷åíèå âëèÿíèÿ ïëàçìèä áèîäåãðàäàöèè íàôòàëèíà íà ñâîéñòâà
ðèçîñôåðíîãî øòàììà Ps. aureofaciens BS1393. Êîëîíèçàöèÿ ðàñòåíèé äàííûì
øòàììîì, ñîäåðæàùèì ïëàçìèäû ñ ãåíàìè áèîäåãðàäàöèè íàôòàëèíà, ïðèâîäèëà ê
ïîâûøåíèþ óñòîé÷èâîñòè ðàñòåíèé ê íàôòàëèíó – àðîìàòè÷åñêîìó ñîåäèíåíèþ,
âõîäÿùåìó â ñîñòàâ íåôòè. Êîëîíèçàöèÿ ðàñòåíèé ïîëåçíûìè øòàììàìè
àññîöèàòèâíûõ ìèêðîîðãàíèçìîâ – ïåðñïåêòèâíûé ìåòîä äëÿ ñîçäàíèÿ ýêîëîãè÷åñêè
áåçîïàñíûõ è íèçêîçàòðàòíûõ áèîòåõíîëîãèé äëÿ çàùèòû îêðóæàþùåé ñðåäû.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòàìè ÐÔÔÈ ¹ 08-08-00406 è ¹ 07-04-
00235.
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The oilseed rape (Brassica napus var.oleifera D.C.) is one the valuable oil
plants. In terms of the number produced vegetable oils oilseed rape has a third
place in the world after soybeans and cotton. The solution of the problem the
stable harvest of rape is complicated by the several negative factors, among which
are the major crop losses from diseases caused by phytopathogens. By the most
promising solution of increasing the stability to phytopathogens can be obtaining
transgenic plants the changed properties due to the expression of the genes of
antimicrobic peptide, namely cecropin P1 (cecP1).

Kalanchoe (Kalanchoe pinnata) is medicinal plant, it possesses bactericidal,
bacteriostatic properties, renders the antipyretic and wound-healing action.
Expression of the antimicrobic peptide cecropin P1 in kalanchoe will strengthen
its medicinal properties and will increase its value for pharmacology and medicine.

The purpose of our work was obtaining and analysis of the transgenic plants
of oilseed rape and kalanchoe expressing the synthetic cecP1 gene. The plasmid
pET21d-cecP1 was used as the source of gene. The cecP1gene was anew
synthesized by PCR for the purpose of the flanking of its ends by convenient
sequences for the cloning into the vectors for the transformation of the plants. In
the work three forms of the constructions were used: 1 – pGA482::cecP1 vector,
cecP1 gene is cloned under the constitutive promoter of 35S RNA of cauliflower
mosaic virus (CaMV 35S); 2 – pPCV91::cecP1 vector, the expression of the cloned
cecP1 gene is achieved under the control of the constitutive super-promoter of
35S RNA of cauliflower mosaic virus (CaMV 35S) which contains 4 sequences of
CaMV 35S and untranslated the leader sequence ∆Ω of tobacco mosaic virus
RNA; 3 – pBM::cecP1 vector, cecP1 gene is cloned under the control of the
promoter CaMV 35S into the binary pBM vector which does not contain selective
and marker genes. The obtained genetic constructions transferred into the cells of
agrobacteria GV3101 (pMP90RK) and LBA4404 (PAL4404) which were used
for the transformation of plants. Leaf disks and hypocotyls of the plants which
cultivated in vitro were used as explants for the transformation.

The genetic, physiological and biochemical analyses of the obtained plants
are carried out. The presence of the cecP1 gene in the genome of transgenic plants
was confirmed by PCR. The expression level of cecropin P1 determined by Western
and Nothern analyses. The results of testing on the resistance to phytopatogens
showed that the transgenic rape and kalanchoe plants manifested antibacterial and
antifungal activity against Erwinia carotovora, Pseudomonas syringae,
Sclerotinium sclerotiorum and Phytophthora infestans. The significant decrease
of symptoms of infection up to complete plant resistance is discovered in different
lines.

This study was supported by the Russian Foundation for Basic Research
(projects N 07-04-00235 and N 09-08-00687).
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Ðàïñ (Brassica napus var.oleifera D.C.) ÿâëÿåòñÿ öåííîé ìàñëè÷íîé êóëüòóðîé.
Ïî êîëè÷åñòâó ïðîèçâîäèìîãî ðàñòèòåëüíîãî ìàñëà ðàïñó ïðèíàäëåæèò òðåòüå ìåñòî
â ìèðå ïîñëå ñîè è õëîï÷àòíèêà. Ðåøåíèå ïðîáëåìû ñòàáèëüíîãî óðîæàÿ ðàïñà
îñëîæíÿåòñÿ ðÿäîì íåáëàãîïðèÿòíûõ ôàêòîðîâ, ñðåäè êîòîðûõ îñíîâíîå ìåñòî
çàíèìàþò ïîòåðè óðîæàÿ îò áîëåçíåé, âûçûâàåìûõ ôèòîïàòîãåíàìè. Íàèáîëåå
ïåðñïåêòèâíûì ðåøåíèåì ïîâûøåíèÿ óñòîé÷èâîñòè ê ôèòîïàòîãåíàì ìîæåò áûòü
ïîëó÷åíèå òðàíñãåííûõ ðàñòåíèé ñ íàïðàâëåííî èçìåíåííûìè ñâîéñòâàìè çà ñ÷åò
ýêñïðåññèè ãåíîâ àíòèìèêðîáíûõ ïåïòèäîâ, à èìåííî öåêðîïèíà Ð1 (cecP1).

Êàëàíõîý ïåðèñòîå (Kalanchoe pinnata) – ëåêàðñòâåííîå ðàñòåíèå ñ
áàêòåðèöèäíûìè, áàêòåðèîñòàòè÷åñêèìè ñâîéñòâàìè, îêàçûâàåò
ïðîòèâîâîñïàëèòåëüíîå è ðàíîçàæèâëÿþùåå äåéñòâèå. Ýêñïðåññèÿ â êàëàíõîý
àíòèìèêðîáíîãî ïåïòèäà öåêðîïèíà Ð1 äîëæíà óñèëèòü åãî ëåêàðñòâåííûå ñâîéñòâà
è ïîâûñèòü åãî öåííîñòü äëÿ ôàðìàêîëîãèè è ìåäèöèíû.

Öåëüþ íàøåé ðàáîòû áûëî ïîëó÷åíèå è àíàëèç òðàíñãåííûõ ðàñòåíèé ðàïñà è
êàëàíõîý, ýêñïðåññèðóþùèõ ñèíòåòè÷åñêèé ãåí öåêðîïèíà Ð1. Â êà÷åñòâå èñòî÷íèêà
ãåíà áûëà èñïîëüçîâàíà ïëàçìèäà pET21d-cecP1. Ãåí öåêðîïèíà Ð1 áûë çàíîâî
ñèíòåçèðîâàí ïðè ïîìîùè ÏÖÐ ñ öåëüþ ôëàíêèðîâàíèÿ åãî êîíöîâ óäîáíûìè
ïîñëåäîâàòåëüíîñòÿìè äëÿ êëîíèðîâàíèÿ â âåêòîðû ïðè òðàíñôîðìàöèè ðàñòåíèé.
Â ðàáîòå èñïîëüçîâàëèñü òðè âèäà êîíñòðóêöèé: 1 – âåêòîð pGA482::ñåñÐ1 – ãåí
öåêðîïèíà Ð1 áûë âñòðîåí ïîä êîíñòèòóòèâíûé ïðîìîòîð 35S âèðóñà ìîçàèêè öâåòíîé
êàïóñòû (CaMV 35S); 2 – âåêòîð pPCV91::cecP1 – ýêñïðåññèÿ êëîíèðîâàííîãî ãåíà
cecP1 îñóùåñòâëÿëàñü ïîä êîíòðîëåì êîíñòèòóòèâíîãî ñóïåðïðîìîòîðà 35S ÐÍÊ
âèðóñà ìîçàèêè öâåòíîé êàïóñòû (CaMV 35S), ñîäåðæàùåãî 4 ýíõàíñåðíûõ
ïîñëåäîâàòåëüíîñòè CaMV 35S è íåòðàíñëèðóåìóþ ëèäåðíóþ ïîñëåäîâàòåëüíîñòü
∆Ω òÐÍÊ âèðóñà òàáà÷íîé ìîçàèêè; 3 – âåêòîð ðÂÌ::ñåñÐ1 – ãåí öåêðîïèíà Ð1
êëîíèðîâàí â áèíàðíûé âåêòîð pBM, íå ñîäåðæàùèé ñåëåêòèâíûõ è ìàðêåðíûõ ãåíîâ
ïîä êîíòðîëåì ïðîìîòîðà CaMV 35S. Ïîëó÷åííûå êîíñòðóêöèè ïåðåíîñèëè â êëåòêè
àãðîáàêòåðèé GV3101 (pMP90RK) è LBA4404 (PAL4404), êîòîðûå èñïîëüçîâàëè äëÿ
òðàíñôîðìàöèè ðàñòåíèé. Â êà÷åñòâå ýêñïëàíòîâ äëÿ òðàíñôîðìàöèè èñïîëüçîâàëè
ëèñòîâûå äèñêè è ãèïîêîòèëè ðàñòåíèé, êóëüòèâèðóåìûõ in vitro.

Ïðîâåäåíû ìîëåêóëÿðíî-ãåíåòè÷åñêèé è ôèçèîëîãî-áèîõèìè÷åñêèé àíàëèçû
ïîëó÷åííûõ ðàñòåíèé. Ïðèñóòñòâèå ãåíà öåêðîïèíà Ð1 â ãåíîìå òðàíñãåííûõ ðàñòåíèé
áûëî ïîäòâåðæäåíî ìåòîäîì ÏÖÐ. Óðîâåíü ýêñïðåññèè öåêðîïèíà Ð1 îïðåäåëÿëè
Âåñòåðí- è Íîçåðí-áëîò àíàëèçàìè. Ðåçóëüòàòû áèîòåñòèðîâàíèÿ ïî óñòîé÷èâîñòè
ïîêàçàëè, ÷òî òðàíñãåííûå ðàñòåíèÿ êàðòîôåëÿ, ðàïñà è êàëàíõîý ïðîÿâëÿëè
àíòèáàêòåðèàëüíóþ è àíòèôóíãàëüíóþ àêòèâíîñòè ïðîòèâ Erwinia carotovora,
Pseudomonas syringae, Sclerotinium sclerotiorum è Phytophthora infestans. Ó ðàçëè÷íûõ
ëèíèé îáíàðóæåíî çíà÷èòåëüíîå óìåíüøåíèå ñèìïòîìîâ çàðàæåíèÿ âïëîòü äî èõ
ïîëíîé óñòîé÷èâîñòè.

Ðàáîòà ïîääåðæàíà ãðàíòàìè ÐÔÔÈ ¹ 07-04-00235 è ¹ 09-08-00687.
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The key point of  bacteriophage infection is the recognition of specific
receptors on the surface of the host cell. In the case of widespread Caudoviridae
bacteriophages this process is driven by tail fibers and spikes. Their binding
mediates irreversible phage attachment and injection of phage DNA into the cell.
In natural state assembly and oligomerization of fiber/spike proteins often involves
additional helper factors (chaperones). This complicated mechanism is hard to
emulate in heterologous conditions, so very few recombinant receptor fiber proteins
were obtained so far.

To overcome the chaperone factor we have applied a design of chimeric
protein which bears a "protein carrier" domain guiding correct assembly of the
target protein. For this purpose we empolyed E. coli peptidyl-prolyl-isomerase
SlyD. Based on physico-chemical properties and activity tests of chimeric proteins
"SlyD + phage receptor fibrous protein" we can conclude that they  possess native
conformation and physiologic activity.

The project is supported by RFBR grant N 09-04-00335-à.
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Êëþ÷åâîé ìîìåíò èíôèöèðîâàíèÿ ìèêðîîðãàíèçìîâ áàêòåðèîôàãàìè
ñåìåéñòâà Caudoviridae – ñâÿçûâàíèå ñ ïîâåðõíîñòüþ êëåòêè-õîçÿèíà
õâîñòîâûõ ôèáðèëë èëè øèïîâ ôàãà. Îíè ñâÿçûâàþòñÿ ñ ðåöåïòîðàìè íà
ïîâåðõíîñòè áàêòåðèè è èíèöèèðóþò íåîáðàòèìîå ïðèñîåäèíåíèå ÷àñòèöû
ôàãà è èíúåêöèþ ÄÍÊ â êëåòêó. Â ïðèðîäíûõ óñëîâèÿõ ñáîðêà è
îëèãîìåðèçàöèÿ áåëêîâ ôèáðèëë òðåáóþò ó÷àñòèÿ äîïîëíèòåëüíûõ áåëêîâûõ
ôàêòîðîâ, øàïåðîíîâ, ÷òî çàòðóäíÿåò ïîëó÷åíèå ðåêîìáèíàíòíûõ áåëêîâ.

Äëÿ ïðåîäîëåíèÿ øàïåðîííîãî ôàêòîðà áûëà ïðèìåíåíà îäíà èç
ñîâðåìåííûõ áåëêîâî-èíæåíåðíûõ ñòðàòåãèé – ñîçäàíèå õèìåðíîãî áåëêà,
èìåþùåãî â ñâîåì ñîñòàâå "áåëîê-íîñèòåëü", íàïðàâëÿþùèé ïðàâèëüíóþ
ñáîðêó öåëåâîãî áåëêà. Â ýòîì êà÷åñòâå áûë èñïîëüçîâàí áåëîê "òåïëîâîãî
øîêà" E. coli – ïåïòèäèë-ïðîëèë-èçîìåðàçà SlyD. Íà îñíîâàíèè ÊÄ-ñïåêòðîâ
è ôèçèîëîãè÷åñêèõ òåñòîâ áûëî âûÿñíåíî, ÷òî ïîëó÷åííûå õèìåðíûå áåëêè
"SlyD – ðåöåïòîðíûé ôèáðèëëÿðíûé áåëîê ôàãà" îáëàäàþò íàòèâíîé
êîíôîðìàöèåé è áèîëîãè÷åñêîé àêòèâíîñòüþ.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÐÔÔÈ ¹09-04-00335-à.
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äëÿ êëåòîê íå òîêñè÷íû. Íàèáîëüøåé ôîòîäèíàìè÷åñêîé àêòèâíîñòüþ ñðåäè
èññëåäîâàííûõ ñîåäèíåíèé îáëàäàåò àíèîííîå ïðîèçâîäíîå 1. Îáíàðóæåíî,
÷òî íîðìàëüíûå ÷åëîâå÷åñêèå ëåéêîöèòû â 1,5-2 ðàçà, à ýðèòðîöèòû â 2,5-3
ðàçà ìåíåå ÷óâñòâèòåëüíû ê ôîòîäèíàìè÷åñêîìó äåéñòâèþ ÖÈÕË, ÷åì êëåòêè
ðàêà êðîâè HL60 è Ê562.
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Ìåòîä ôîòîäèíàìè÷åñêîé òåðàïèè (ÔÄÒ) ðàêà îñíîâàí íà ñåëåêòèâíîì
íàêîïëåíèè ôîòîñåíñèáèëèçàòîðà (ÔÑ) â îïóõîëè ñ ïîñëåäóþùèì ëîêàëüíûì
îáëó÷åíèåì ñâåòîì, êîòîðîå èíèöèèðóåò ãåíåðàöèþ àêòèâíûõ ôîðì
êèñëîðîäà, ðàçðóøàþùèõ îïóõîëåâûå êëåòêè. Ýôôåêòèâíîñòü ÔÄÒ
ñóùåñòâåííî çàâèñèò îò ñâîéñòâ ÔÑ è îñîáåííîñòåé åãî âçàèìîäåéñòâèÿ ñ
íîðìàëüíûìè è ðàêîâûìè êëåòêàìè.

Â äàííîé ðàáîòå ïðîâåäåíî ñðàâíèòåëüíîå èññëåäîâàíèå âçàèìîäåéñòâèé
öèêëîèìèäíûõ ïðîèçâîäíûõ õëîðèíà ð6 (ÖÈÕË) ñ íîðìàëüíûìè êëåòêàìè
êðîâè ÷åëîâåêà è êëåòêàìè ìèåëîèäíîãî ëåéêîçà ÷åëîâåêà K562 è HL60. Äëÿ
èññëåäîâàíèé áûëè âûáðàíû òðè ÖÈÕË, îòëè÷àþùèåñÿ ñòðóêòóðîé áîêîâûõ
çàìåñòèòåëåé, çàðÿäîì ìîëåêóëû è âíóòðèêëåòî÷íîé ëîêàëèçàöèåé: 13,15-
N-(3-ãèäðîêñèïðîïèë) öèêëîèìèä õëîðèíà ð6 (1), ìåòèëîâûé ýôèð 13,15-(N-
ìåòîêñè) öèêëîèìèäà õëîðèíà ð6 (2) è ìåòèëîâûé ýôèð 132-(N-
ìåòèëèçîíèêîòèíèëàìèäî)-13,15-öèêëîèìèäà ìåçîõëîðèíà p6 (3).
Ñîåäèíåíèÿ 1-3 áûëè ñèíòåçèðîâàíû â ëàáîðàòîðèè ïðîô. À.Ô.Ìèðîíîâà
(ÌÈÒÕÒ, Ìîñêâà) è, êàê ïîêàçàíî ðàíåå, ÿâëÿþòñÿ ïåðñïåêòèâíûìè ÔÑ äëÿ
ÔÄÒ ðàêà [1-3].

Ìåòîäîì êîíôîêàëüíîé ìèêðîñêîïèè óñòàíîâëåíî, ÷òî ñîåäèíåíèÿ 1-3
ýôôåêòèâíî ïðîíèêàþò êàê â ëåéêîçíûå êëåòêè HL60 è Ê562, òàê è â
íîðìàëüíûå ëåéêîöèòû. Â öèòîïëàçìå ëèìôîöèòîâ è ãðàíóëîöèòîâ 1-3
õàðàêòåðèçóþòñÿ äèôôóçíûì ðàâíîìåðíûì ðàñïðåäåëåíèåì. Äëÿ ñîåäèíåíèÿ
2 â ãðàíóëîöèòàõ îáíàðóæåíî èçáèðàòåëüíîå íàêîïëåíèå â ãðàíóëàõ ðàçìåðîì
0,5-1 ìêì. Â êëåòêàõ K562 è HL60 íàðÿäó ñ äèôôóçíûì ðàñïðåäåëåíèåì â
öèòîïëàçìå äëÿ ïðîèçâîäíûõ 1 è 3 íàáëþäàåòñÿ êîíöåíòðèðîâàíèå â
îêîëîÿäåðíîé îáëàñòè, à äëÿ 2 - èçáèðàòåëüíîå íàêîïëåíèå â ãðàíóëàõ. Â
ñëó÷àå ýðèòðîöèòîâ ñîåäèíåíèÿ 1-3 ñâÿçûâàþòñÿ ñ ïëàçìàòè÷åñêîé
ìåìáðàíîé è íå ïðîíèêàþò â öèòîïëàçìó. Êîëè÷åñòâåííûé àíàëèç ïîêàçàë,
÷òî èññëåäîâàííûå ÖÈÕË íàêàïëèâàþòñÿ â ãðàíóëîöèòàõ áîëåå èíòåíñèâíî,
÷åì â ëèìôîöèòàõ. Äëÿ ñîåäèíåíèÿ 1 ýòî ðàçëè÷èå - â 2 ðàçà. Íàêîïëåíèå 1-
3 â ëèìôîöèòàõ è â êëåòêàõ ëåéêîçà ïðàêòè÷åñêè îäèíàêîâî.

Áûëî îáíàðóæåíî, ÷òî in vitro ÖÈÕË ïðîÿâëÿþò ôîòîèíäóöèðîâàííóþ
öèòîòîêñè÷íîñòü ïðè ñóáìèêðîìîëÿðíûõ êîíöåíòðàöèÿõ â îòíîøåíèè êàê
ðàêîâûõ, òàê è íîðìàëüíûõ êëåòîê êðîâè. Áåç ñâåòîâîãî âîçäåéñòâèÿ ÖÈÕË
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Íåñïàðåííûå îñíîâàíèÿ èãðàþò âàæíóþ ñòðóêòóðîîáðàçóþùóþ ðîëü â
ðàçëè÷íûõ íóêëåèíîâûõ êèñëîòàõ. Â ïîñëåäíåå âðåìÿ ïîÿâëÿåòñÿ âñå áîëüøå
ñâèäåòåëüñòâ î áèîëîãè÷åñêîé âàæíîñòè íåêàíîíè÷åñêèõ G-êâàäðóïëåêñíûõ
ñòðóêòóð ÄÍÊ. Ñòðóêòóðíûé ïîëèìîðôèçì G-êâàäðóïëåêñîâ â íàñòîÿùåå
âðåìÿ èññëåäóåòñÿ ðàçëè÷íûìè ìåòîäàìè.

Â äàííîé ðàáîòå ïðåäëîæåí ìåòîä, ïîçâîëÿþùèé èçó÷àòü ñòðóêòóðíûå
ñâîéñòâà ÍÊ â ðàñòâîðå. Èñïîëüçîâàííûé êðàñèòåëü àêðèäèíîâûé îðàíæåâûé
(ÀÎ) îáðàçóåò äâà òèïà êîìïëåêñîâ íà íóêëåèíîâûõ êèñëîòàõ: èíòåðêàëÿöèÿ
ìåæäó ïàðàìè îñíîâàíèé è îáðàçîâàíèå äèìåðîâ íà íåñïàðåííûõ
íóêëåîòèäàõ. Çíà÷èòåëüíîå ðàçëè÷èå òàêèõ îïòè÷åñêèõ ñâîéñòâ ìîíîìåðîâ
è äèìåðîâ ÀÎ, êàê ïîëîæåíèå ìàêñèìóìîâ ïîãëîùåíèÿ, ôëóîðåñöåíöèè,
âðåì¸í çàòóõàíèÿ ôëóîðåñöåíöèè, äà¸ò âîçìîæíîñòü îöåíèòü äîëþ
íåñïàðåííûõ íóêëåîòèäîâ â ðàçëè÷íûõ íóêëåèíîâûõ êèñëîòàõ. Â äàííîé
ðàáîòå ïðîâåäåíî ñðàâíåíèå êîíôîðìàöèîííûõ îñîáåííîñòåé ðàçëè÷íûõ
êâàäðóïëåêñíûõ  ñòðóêòóð â íàòèâíûõ óñëîâèÿõ.

C èñïîëüçîâàíèåì êîìïëåêñà îïòè÷åñêèõ ìåòîäîâ îïðåäåëåíû óñëîâèÿ
äèìåðèçàöèè ÀÎ íà íåñïàðåííûõ îñíîâàíèÿõ äåíàòóðèðîâàííîé ÄÍÊ â
ðàñòâîðå, ñîäåðæàùåì 0.1 Ì NaCl, 10ìÌ ôîñôàòíûé áóôåð, pH 8, ïðè
òåìïåðàòóðå 3oC.

Ïî êðèâûì çàòóõàíèÿ îïðåäåëåíû âêëàäû â îáùóþ ôëóîðåñöåíöèþ
ðàçíûõ ôîðì êðàñèòåëÿ: ñâîáîäíûõ ìîíîìåðîâ (âðåìÿ æèçíè 2,7 íñ),
èíòåðêàëèðîâàííûõ ìîíîìåðîâ (5 íñ) è ñâÿçàííûõ äèìåðîâ (20 íñ). Âêëàä
äèìåðíîé êîìïîíåíòû èñïîëüçîâàëñÿ äëÿ îöåíêè äîëè íåñïàðåííûõ
îñíîâàíèé. Ïðîâåäåíà ãðàäóèðîâêà ìåòîäà äëÿ îïðåäåëåíèÿ äîëè
íåñïàðåííûõ íóêëåîòèäîâ ñ èñïîëüçîâàíèåì âðåìåíè æèçíè ôëóîðåñöåíöèè
íà ñìåñÿõ íàòèâíîé è äåíàòóðèðîâàííîé ÄÍÊ. Â êà÷åñòâå îáðàçöà ñ èçâåñòíîé
äîëåé íåñïàðåííûõ îñíîâàíèé áûëà âûáðàíà äðîææåâàÿ òÐÍÊPhe (22%).
Îïðåäåëåíû äîëè íåñïàðåííûõ íóêëåîòèäîâ â òåëîìåðíîì êâàäðóïëåêñå
(ÒÒAGGG)4 (17%) è êâàäðóïëåêñíîé ñòðóêòóðå èç ïðîìîòîðà ñ-Myc îíêîãåíà
(28%). Ïîëó÷åííûå çíà÷åíèÿ ñîîòâåòñòâóþò îïðåäåëåííûì ïðÿìûìè
ìåòîäàìè èññëåäîâàíèÿ äîëÿì íåñïàðåííûõ íóêëåîòèäîâ â ýòèõ ñòðóêòóðàõ.

COMPARATIVE STUDY OF ACCUMULATION AND PHOTODYNAMIC
ACTIVITY OF CYCLOIMIDE DERIVATIVES OF CHLORIN p6 IN
HUMAN NORMAL AND CANCER BLOOD CELLS
Ignatova A.A.*,**, Maslova À.S.*,***, Feofanov À.V.*,**
*Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
** Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia
***Lomonosov State Academy of Fine Chemical Technology, Moscow, Russia
E-mail: aignatova_83@mail.ru

The method of photodynamic therapy (PDT) of cancer is based on selective
accumulation of a photosensitizer (PS) in a tumor with the subsequent local light
irradiation, which initiates generation of reactive oxygen species destroying tumor
cells. Efficiency of PDT essentially depends on properties of PS and features of its
interaction with normal and cancer cells.

In this work comparative study of interactions of cycloimide derivatives of chlorin
ð6 (CICD) with human normal blood cells and human myeloid leukemia K562 and
HL60 cells is carried out. For the investigation three CICD have been chosen differing
by structure of substituents, molecule charge and intracellular localization: 13,15-N-
(3-hydroxypropyl) cycloimide chlorin p6 (1), 13,15-(N-methoxy) cycloimide chlorin
p6 methyl ether (2) and 132-(N-methylisonicotinylamido)-13,15-cycloimide
mesochlorin p6 methyl ether (3). The compounds 1-3 have been synthesized in the
laboratory of prof. A.F. Mironov (MSAFCT, Moscow). The compounds 1-3 are
promising PS for PDT of cancer [1-3].

By the confocal microscopy it is shown that the compounds 1-3 penetrate
efficiently into both normal leukocytes and leukemia HL60 and Ê562 cells. Compounds
1-3 are characterized by diffuse distribution in cytoplasm of lymphocytes and
granulocytes. Besides, in granulocytes the compound 2 possesses enhanced
accumulation in small (0.5-1µm) vesicular structures. In K562 and HL60 cells diffuse
distribution of 1 and 3 in cytoplasm is complemented with accumulation in a perinuclear
region, whereas for 2, selective accumulation in small vesicular structures is observed.
In the case of erythrocytes 1-3 bind to plasma membrane and do not penetrate into
cytoplasm. The quantitative analysis has shown that investigated CICD accumulate in
granulocytes more intensively than in lymphocytes. For the compound 1 this distinction
reaches the factor 2. Accumulation of 1-3 in lymphocytes and leukemia cells is
practically identical.

It was found that in vitro CICD show the photoinduced cytotoxicity at
submicromolar concentrations for both cancer and normal blood cells. Without light
irradiation CICD are not toxic for cells. Among the investigated compounds anionic
derivative 1 possesses the greatest photodynamic activity. Normal human leukocytes
and erythrocytes are shown to be 1.5-2 and 2.5-3 fold less sensitive to photodynamic
action of CICD than leukemia  HL60 and Ê562 cells.
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Íóêëåîçèääèôîñôàòêèíàçà (NDP-êèíàçà, ÀÒÐ:NDP ôîñôîòðàíñôåðàçà
ÊÔ 2.7.4.6.) êàòàëèçèðóåò ðåàêöèþ ïåðåíîñà êîíöåâîãî ôîñôàòà ñ íóêëåîçèä-
5'-òðèôîñôàòîâ íà 5'-êîíåö íóêëåîçèä-5'-äèôîñôàòîâ. NDP-êèíàçà èãðàåò
êëþ÷åâóþ ðîëü â êëåòî÷íîì áèîñèíòåçå âñåõ ðèáî- è
äåçîêñèðèáîíóêëåîçèäòðèôîñôàòîâ. Â ñåò÷àòêå ãëàçà áûêà NDP-êèíàçà
ÿâëÿåòñÿ îñíîâíûì ôåðìåíòîì, êàòàëèçèðóþùèì ñèíòåç âíóòðèêëåòî÷íîãî
GTP, ñóáñòðàòà òðàíñäóöèíà è ãóàíèëàòöèêëàçû. NDP-êèíàçû – ãåêñàìåðû,
ñîñòîÿùèå èç ñóáúåäèíèö ñ ìîëåêóëÿðíîé ìàññîé îêîëî 17 êÄà. Â îòëè÷èå
îò ôåðìåíòîâ íèçøèõ îðãàíèçìîâ ãåêñàìåðû  NDP-êèíàç ìëåêîïèòàþùèõ
ñîñòîÿò èç 2-õ òèïîâ ñïîíòàííî àññîöèèðîâàííûõ ñóáúåäèíèö –
NDP-êèíàçû-α  è NDP-êèíàçû-β. Ñóáúåäèíèöû êîäèðóþòñÿ äâóìÿ
íåçàâèñèìûìè ãåíàìè è õàðàêòåðèçóþòñÿ âûñîêîé ñòåïåíüþ ãîìîëîãèè
(90%).

Öåëüþ äàííîãî èññëåäîâàíèÿ áûë ïîèñê ôóíêöèîíàëüíûõ ïàðòíåðîâ
âçàèìîäåéñòâèÿ NDP-êèíàçû-α ñåò÷àòêè ãëàçà áûêà ìåòîäîì äðîææåâîé
äâóõãèáðèäíîé ñèñòåìû MATCHMAKER ôèðìû Clontech. Ïðîâåäåííûé
ñêðèíèíã ïîêàçàë, ÷òî îñíîâíûì ïàðòíåðîì âçàèìîäåéñòâèÿ NDP-êèíàçû-α,
êàê è îæèäàëîñü, ÿâëÿåòñÿ NDP-êèíàçà-β. Êðîìå òîãî, NDP-êèíàçà-α
âçàèìîäåéñòâóåò  ñ ëåãêîé öåïüþ äèíåèíà 1 òèïà (dynein light chain roadblock-
type 1). Äàííûé áåëîê ïðèíàäëåæèò ê äðåâíåìó ñåìåéñòâó ðåãóëÿòîðîâ NTPàç
è ó÷àñòâóåò âî âíóòðèêëåòî÷íîì òðàíñïîðòå. Ïîäòâåðæäåíèå âçàèìîäåéñòâèÿ
NDP-êèíàçû À ñ ëåãêîé öåïüþ äèíåèíà 1 òèïà ïðîâîäèëè in vitro ñ ïîìîùüþ
èììóííîïðåöèïèòàöèè.

FLUORESCENCE METHOD FOR DETERMINATION OF
UNPAIRED NUCLEOTIDES IN NUCLEIC ACIDS STRUCTURES
Ilinsky N.S., Borisova O.F., Kaluzhny D.N.
Engelhardt Institute of Molecular Biology RAS, Moscow, Russia
E-mail: ilinsky_nick@mail.ru
Fax: (499) 135-14-05; tel.: (499) 135-12-55

Unpaired bases play the important structure-forming role in nucleic acids.
Recently a lot of evidences for biological importance of non-canonical G-
quadruplex DNA structures appeared. Structural polymorphism of G-quadruplexes
is under extensive study by various methods.

In this work the method permitting to study structural properties of NA in
solution was suggested. Acridine Orange (AO) forms two types of complexes on
nucleic acids: intercalation between base pairs and formation of sandwich dimers
on unpaired nucleotides. The significant difference between spectral characteristics
of AO monomers and dimers: position of absorption, fluorescence maximum and
times of fluorescence decay give possibility to evaluate a portion of unpaired
nucleotides in various nucleic acids conformations. In this work we compared the
conformational features of various quadruplexes under physiological condition.

With a set of optical methods the conditions of AO dimerization on unpaired
bases of heat denatured DNA in solution containing 0.1 M NaCl, 10 mM phosphate
buffer, pH 8, at temperature 3°C, were determined.

Contributions of free monomers (lifetime 2.7 nsec), intercalated monomers
(5 nsec) and bound dimers (20 nsec) in the total fluorescence of AO:NA complexes
were determined from fluorescence decay curves. The contribution of dimers
component was used for assessment of unpaired bases percentage. Calibration of
the method was made using the fluorescence lifetimes of mixes of native and
denatured DNA. tRNAPhe was selected as the reference structure with known
percentage (22%) of unpaired nucleotides. Percentage of unpaired bases was
defined for the telomeric quadruplex (ÒÒAGGG)4 (17%) and for the quadruplex
structure from ñ-Myc oncogene promoter (28%). The obtained values correspond
to those defined by direct structural methods.
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ÓÁÈÊÂÈÒÈÍ-ËÈÃÀÇÛ Nedd4
Êàëèíè÷åíêî Ñ.Â., Âèõðåâà Ï.Í., Êîðîáêî È.Â.
Èíñòèòóò áèîëîãèè ãåíà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: skalin@rambler.ru
Ôàêñ: (499) 135-41-05; òåë.: (499) 135-99-70

Ïðîòåèíêèíàçà MAK-V îòíîñèòñÿ ê ñåìåéñòâó ÀÌPK-ïîäîáíûõ
ïðîòåèíêèíàç, ÿâëÿþùèõñÿ ðåãóëÿòîðàìè âàæíåéøèõ êëåòî÷íûõ ïðîöåññîâ.
Ïðåäïîëàãàåòñÿ, ÷òî MAK-V ìîæåò ïðèíèìàòü ó÷àñòèå â ïðîöåññàõ ðàçâèòèÿ,
êîíòðîëå êëåòî÷íîé ïðîëèôåðàöèè è ôóíêöèîíèðîâàíèÿ íåðâíîé ñèñòåìû,
îäíàêî ìîëåêóëÿðíûå ìåõàíèçìû äåéñòâèÿ MAK-V ïðàêòè÷åñêè íåèçâåñòíû.

Íàìè áûë ïðîâåäåí ïîèñê áåëêîâ, âçàèìîäåéñòâóþùèõ ñ MAK-V â
êëåòêå, â êà÷åñòâå ïåðâîãî øàãà â èçó÷åíèè ìîëåêóëÿðíûõ ìåõàíèçìîâ åå
äåéñòâèÿ è ðåãóëÿöèè. Ïðè àôôèííîé î÷èñòêå ÌÀÊ-V âûäåëÿåòñÿ â
êîìïëåêñå ñ äðóãèìè êëåòî÷íûìè áåëêàìè, êîòîðûå áûëè î÷èùåíû è
èäåíòèôèöèðîâàíû ìåòîäîì MALDI-TOF ìàññ-ñïåêòðîìåòðèè. Â ðåçóëüòàòå
áûëî óñòàíîâëåíî, ÷òî Å3 óáèêâèòèí-ëèãàçà Nedd4 ÿâëÿåòñÿ îäíèì èç
îñíîâíûõ áåëêîâ, î÷èùàåìûõ ñîâìåñòíî ñ MAK-V. Âçàèìîäåéñòâèå
ïðîòåèíêèíàçû ÌÀÊ-V ñ Nedd4 áûëî ïîäòâåðæäåíî ñ ïîìîùüþ êî-
èììóíîïðåöèïèòàöèîííîãî àíàëèçà è â äâóãèáðèäíîé ñèñòåìå â äðîææàõ.
Àíàëèç âçàèìîäåéñòâèÿ äåëåöèîííûõ ìóòàíòîâ MAK-V è Nedd4 âûÿâèë, ÷òî
èõ âçàèìîäåéñòâèå  îïîñðåäóåòñÿ êàòàëèòè÷åñêèì äîìåíîì ïðîòåèíêèíàçû
MAK-V è êîîïåðàòèâíî Ñ2- è WW-äîìåíàìè óáèêâèòèí-ëèãàçû Nedd4, íî
íå êàòàëèòè÷åñêèì HECT-äîìåíîì.

Áûëî ïîêàçàíî, ÷òî àôôèííî î÷èùåííûé èç êëåòîê ïðåïàðàò MAK-V,
ñîäåðæàùèé Nedd4, îáëàäàåò óáèêâèòèí-ëèãàçíîé àêòèâíîñòüþ. Ïðè ýòîì
óáèêâèòèíèëèðîâàíèå ïðîèñõîäèëî ëèøü â ïðèñóòñòâèè ñïåöèôè÷åñêèõ äëÿ
Nedd4 óáèêâèòèí-êîíúþãèðóþùèõ ôåðìåíòîâ E2. Òàêæå áûëî óñòàíîâëåíî,
÷òî MAK-V óáèêâèòèíèëèðóåòñÿ in vivo è ïîäâåðæåíà ïðîòåîñîìà-çàâèñèìîé
äåãðàäàöèè. Áîëåå òîãî, ñíèæåíèå óðîâíÿ áåëêà Nedd4 â êëåòêàõ c ïîìîùüþ
ÐÍÊ-èíòåðôåðåíöèè âûçûâàëî óâåëè÷åíèå óðîâíÿ  áåëêà MAK-V, ÷òî
óêàçûâàåò íà ó÷àñòèå Nedd4 â ïðîòåîëèòè÷åñêîé äåãðàäàöèè MAK-V.

Èòàê, íàìè âïåðâûå áûëî âûÿâëåíî âçàèìîäåéñòâèå ïðîòåèíêèíàçû
MAK-V è óáèêâèòèí-ëèãàçû Nedd4 è óñòàíîâëåíû äîìåíû îáîèõ áåëêîâ,
îáåñïå÷èâàþùèå ýòî âçàèìîäåéñòâèå. Íàìè áûëî îáíàðóæåíî, ÷òî
ïðîòåèíêèíàçà MAK-V óáèêâèòèíèëèðóåòñÿ in vivo, è ïîëó÷åííûå  ðåçóëüòàòû
óêàçûâàþò íà ó÷àñòèå óáèêâèòèí-ëèãàçû Nedd4 â ïîñòòðàíñëÿöèîííîé
ðåãóëÿöèè ïðîòåèíêèíàçû MAK-V.

TWO-HYBRID INTERACTION PARTNER SCREENING FOR
BOVINE RETINA NDP-KINASE
Kakuev D.L., Pozdeev V.I., Pagaev R.M., Karaschuk G.N., Kostanyan I.A.,
Lipkin V.M.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: kakuev@mx.ibch.ru
Fax: (495) 336-61-66; tel.: (495) 336-63-47

Nucleoside diphosphate kinase (ATP: nucleoside diphosphate
phosphotransferase, EC 2.7.4.6; NDP kinase) catalyses the phosphorylation of
nucleoside diphosphates into triphosphates. Nucleoside diphosphate kinase plays
a key role in cell biosynthesis of ribo- and deoxyribonucleoside thriphosphates. In
retina NDP kinase is the main enzyme which catalyses biosynthesis of intracellular
GTP that is a substrate for transducin and guanylate cyclase. In photoreceptor
cells GTP plays an important role in mechanisms of photoexcitation and dark
adaptation. NDP kinase are typically hexamers of small subunits with molecular
mass of about 17 kDa. In contrast to the enzymes of lower organisms, the NDP
kinase of mammals contains two sorts of randomly associated high homological
(90%) subunits of 152 residues each – NDP-kinase-α and NDP-kinase-β.

The objective of this research was a search of functional interaction partners
of bovine retina NDP-kinase-α with the method of yeast two-hybrid system
MATCHMAKER ("Clontech", USA). The performed screening has shown that
the principal partner of NDP-kinase-α interaction is most likely NDP-kinase-β .
Besides, NdP-kinase-α  cooperates also with dynein light chain roadblock-type 1.
This protein is a member of ancient family of NTPse regulators and participates
in endocellular transport. In vitro the interactions revealed by the yeast two-hybrid
screening was confirmed biochemically by coimmunoprecipitation of the
recombinant proteins.
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Êàðÿãèíà Ò.Á., Ãóêàñîâà Å.À., Áàèðàìàøâèëè Ä.È.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
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Îäíèì èç ïðîòèâîîïóõîëåâûõ ñðåäñòâ ðàñòèòåëüíîãî ïðîèñõîæäåíèÿ,
ïðèìåíÿåìûõ â õèìèîòåðàïèè îíêîëîãè÷åñêèõ çàáîëåâàíèé, ÿâëÿåòñÿ
ýòîïîçèä (Etoposide)-4-äåìåòèëýïèïîäîôèëëîòîêñèí 9-[4,6-O-R-ýòèëèäåí]-
b-D-ãëèêîïèðàíîçèä. Ïðèìåíÿþò ýòîïîçèä ïðè ìåëêîêëåòî÷íîì ðàêå ëåãêèõ,
îïóõîëÿõ ÿè÷åê, ëèìôîìàõ, ìèåëîëåéêîçå, ñàðêîìå Êàïîøè.

Ýòîïîçèä ÿâëÿåòñÿ ïîëóñèíòåòè÷åñêèì ïðîèçâîäíûì ïîäîôèëëîòîêñèíà
(ÏÒ), êîòîðûé âûäåëÿþò èç êîðíåâèù Podophyllum hexandrum (emodi) è
P. peltatum (Podophyllaceae), ãäå åãî ñîäåðæàíèå äîñòèãàåò 4,9% è 0.25-1.0%,
ñîîòâåòñòâåííî. Îäíàêî, ýòè ðàñòåíèÿ ðàñòóò î÷åíü ìåäëåííî, à èç-çà
èíòåíñèâíîãî èñïîëüçîâàíèÿ èõ àðåàë ïîñòåïåííî ñîêðàùàåòñÿ, ÷òî äåëàåò
íåîáõîäèìûì ïîèñê àëüòåðíàòèâíûõ ïóòåé ïîëó÷åíèÿ äàííîãî ëèãíàíà.
Ñîäåðæàíèå ÏÒ â ðàñòåíèÿõ äðóãèõ âèäîâ íåäîñòàòî÷íî äëÿ èñïîëüçîâàíèÿ
èõ â êà÷åñòâå ïðîìûøëåííîãî èñòî÷íèêà. Õèìè÷åñêèé ñèíòåç ñåãîäíÿ
ïðèìåíÿþò äëÿ ìîäèôèêàöèé ðàçëè÷íûõ ó÷àñòêîâ ìîëåêóëû ÏÒ ñ öåëüþ
ïîâûøåíèÿ òåðàïåâòè÷åñêîé àêòèâíîñòè èëè äëÿ óñòðàíåíèÿ íåæåëàòåëüíûõ
ïîáî÷íûõ ýôôåêòîâ. Â ðàñòåíèÿõ ðîäà Linaceae áûëî íàéäåíî ïðîèçâîäíîå
ÏÒ, îáëàäàþùåå âûñîêîé öèòîòîêñè÷åñêîé àêòèâíîñòüþ –
5-ìåòîêñèïîäîôèëëîòîêñèí (5ÌÏÒ). Îäíàêî, â èíòàêòíûõ ðàñòåíèÿõ åãî
ñîäåðæàíèå íå ïðåâûøàåò 0.5% íà ñóõîé âåñ. Â êóëüòóðàõ êëåòîê Linaceae
ñîäåðæàíèå 5ÌÏÒ ìîæåò ïðåâûøàòü åãî ñîäåðæàíèå â ðàñòåíèÿõ (îêîëî
1-4%).

Â ñâÿçè ñ ïîèñêîì àëüòåðíàòèâíûõ èñòî÷íèêîâ ïîëó÷åíèÿ
ïðîòèâîîïóõîëåâûõ ëèãíàíîâ â ãðóïïå êëåòî÷íûõ êóëüòóð ðàñòåíèé
ëàáîðàòîðèè áèîòåõíîëîãèè ÈÁÕ ÐÀÍ áûëà ïîëó÷åíà äèôôåðåíöèðîâàííàÿ
êóëüòóðà L. flavum ñòåáëåâîãî ïðîèñõîæäåíèÿ. Â ïðîöåññå êóëüòèâèðîâàíèÿ
â êëåòêàõ ëüíà íàêàïëèâàþòñÿ 5ÌÏÒ, ãëèêîçèä 5ÌÏÒ, à â êà÷åñòâå ìèíîðíûõ
ñîåäèíåíèé ñèíòåçèðóþòñÿ äâà îïòè÷åñêèõ èçîìåðà 2α,4β- è 2α,4α-5ÌÏÒ,
ÏÒ, α- è β-ïåëüòàòèí, 5'-äåìåòîêñè-5ÌÏÒ. Îñíîâíûì ëèãíàíîì,
íàêàïëèâàþùèìñÿ â ýòîé êóëüòóðå, ÿâëÿåòñÿ 5ÌÏÒ, íà äîëþ êîòîðîãî
ïðèõîäèòñÿ 85-92% îò îáùåé ñóììû ëèãíàíîâ è ñîñòàâëÿåò 280-325.5 ìã/ë.
Îïòèìèçàöèÿ óñëîâèé êóëüòèâèðîâàíèÿ ïîçâîëÿåò óâåëè÷èòü ïðîäóêòèâíîñòü
êóëüòóðû â äâà ðàçà. Îòðàáîòàííàÿ ëàáîðàòîðíàÿ ñõåìà âûäåëåíèÿ äàåò
âîçìîæíîñòü ïîëó÷àòü ïðåïàðàò 5ÌÏÒ 98% ÷èñòîòû.

Ðåçóëüòàòû èññëåäîâàíèÿ ìîãóò áûòü èñïîëüçîâàíû â
áèîòåõíîëîãè÷åñêèõ ðàçðàáîòêàõ äëÿ ïðîìûøëåííîãî ïîëó÷åíèÿ
ýêîëîãè÷åñêè ÷èñòîãî ëåêàðñòâåííîãî ñûðüÿ, à òàêæå ïðè ïîèñêå íîâûõ
ýôôåêòèâíûõ ëåêàðñòâåííûõ ïðåïàðàòîâ íà îñíîâå 5ÌÏÒ.

STUDY OF THE INTERACTION BETWEEN ÌÀÊ-V PROTEIN
KINASE AND Nedd4 UBIQUITIN LIGASE
Êalinichenko S.V., Vikhreva P.N., Korobko I.V.
Institute of Gene Biology RAS, Moscow, Russia
E-mail: skalin@rambler.ru
Fax:(499) 135-41-05; tel.:(499) 135-99-70

MAK-V is à member of the AMPK subfamily of serine/threonine protein
kinases that are key regulators of many cellular processes. MAK-V is expected to
be involved in development, control of cell proliferation and nervous system
function but molecular mechanisms of MAK-V action remain unknown.

In order to investigate molecular mechanisms of MAK-V action and its
regulation, we have searched for MAK-V binding proteins. Affinity isolated from
cells MAK-V protein kinase is co-purified with other cellular proteins. These
proteins were identified by MALDI-TOF mass spectrometry revealing that E3
ubiquitin ligase Nedd4 is the major protein co-purified with MAK-V. Interaction
between MAK-V and Nedd4 was confirmed by co-immunoprecipitation and in
yeast two-hybrid system. Analysis of interaction between MAK-V and Nedd4
deletion mutants revealed that their interaction is mediated by MAK-V catalytic
domain and cooperatively by C2- and WW-domains of Nedd4 but not by its catalytic
HECT-domain.

Purified from cells MAK-V preparation containing Nedd4 ubiquitin ligase
possessed a E3 ubiquitin ligase activity which was detected only in the presence
of E2 ubiquitin-conjugating proteins which are specific for Nedd4. Next, MAK-V
was shown to be ubiquitinated in vivo and to be subjected to proteasome-dependent
degradation. Moreover, depletion of Nedd4 by RNA interference resulted in
increased MAK-V protein level thus indicating that Nedd4 participates in the
proteasome-dependent degradation of MAK-V.

Summarizing, we first revealed interaction between MAK-V protein kinase
and Nedd4 ubiquitin ligase and identified domains responsible for the interaction.
We found that the MAK-V protein kinase is ubiquitinated in vivo, and our results
suggest that Nedd4 ubiquitin ligase might be involved in post-translational
regulation of the MAK-V protein kinase.
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Îöåíêà ýôôåêòèâíîñòè ïðîöåññà ñáðàæèâàíèÿ ãëþêîçû â ýòèëîâûé
ñïèðò ÿâëÿåòñÿ àêòóàëüíîé ïðèêëàäíîé çàäà÷åé. Äëÿ òåõíîëîãà âàæíû òàêèå
ïàðàìåòðû ïðîöåññà, êàê êîëè÷åñòâî èñõîäíîé ãëþêîçû, íàõîäÿùåéñÿ â
ôåðìåíòåðå, ñêîðîñòü åå òðàíñôîðìàöèè â ýòàíîë, êîëè÷åñòâî ïîëó÷àåìîãî
ýòèëîâîãî ñïèðòà. Êàê ïðàâèëî, ó òåõíîëîãà èìåþòñÿ äàííûå õàðàêòåðèñòèêè
îò ïðîèçâîäèòåëÿ, êîòîðûå îòðàæàþò òîëüêî ñðåäíèå çíà÷åíèÿ ïàðàìåòðà
àêòèâíîñòè è äàííûå ïî ôåðìåíòàöèîííîé ïðîöåäóðå, ÷òî ìîæåò îêàçàòüñÿ
íåäîñòàòî÷íûì äëÿ îïòèìàëüíîãî ïðîâåäåíèÿ ïðîöåññà. Â äàííîé ðàáîòå
èññëåäóåòñÿ âîçìîæíîñòü ïîñòðîåíèÿ õàðàêòåðèñòè÷åñêîé êðèâîé
ôåðìåíòàöèîííîãî ïðîöåññà ñáðàæèâàíèÿ, ïîëó÷åííîé ñ èñïîëüçîâàíèåì
áèîñåíñîðíîãî ïîäõîäà. Î÷åâèäíûì âàðèàíòîì êîíòðîëÿ äàííîãî ïðîöåññà
ÿâëÿåòñÿ èñïîëüçîâàíèå äâóõ áèîñåíñîðîâ ïðè íåïðåðûâíîì èçìåðåíèè -
ãëþêîçíîãî íà îñíîâå ãëþêîçîîêñèäàçû è àëêîãîëüíîãî íà îñíîâå
àëêîãîëüîêñèäàçû. Öåëü èññëåäîâàíèÿ ñîñòîÿëà â ñíèæåíèè êîëè÷åñòâà
ñåíñîðîâ è èçìåðåíèè ïðîá îäíèì áèîñåíñîðîì, ÷óâñòâèòåëüíûì ê äâóì
ñóáñòðàòàì (ãëþêîçå è ýòàíîëó). Äëÿ ðåøåíèÿ áûëè íàìå÷åíû äâà ïîäõîäà:
ïåðâûé îñíîâàí íà èçìåðåíèè õàðàêòåðèñòè÷åñêîé êðèâîé ñ ïîìîùüþ
ôåðìåíòíîãî áèîñåíñîðà, ñîäåðæàùåãî ñîâìåñòíî èììîáèëèçîâàííûå
ãëþêîçîîêñèäàçó è àëêîãîëüîêñèäàçó, âî âòîðîì ðàññìàòðèâàëàñü
âîçìîæíîñòü çàìåíû ôåðìåíòîâ áàêòåðèàëüíûìè êëåòêàìè Gluconobacter.

Ïðîâåäåí ìîíèòîðèíã ìîäåëüíîãî ïðîöåññà áðîæåíèÿ áèôåðìåíòíûì
è ìèêðîáíûì ñåíñîðàìè. Ïîëó÷åíû õàðàêòåðèñòè÷åñêèå êðèâûå ïðîöåññà.
Áèîñåíñîðíûé ñèãíàë êàê îò áèôåðìåíòíîãî, òàê è îò ìèêðîáíîãî ñåíñîðîâ
áûë ïðåäñòàâëåí ìîíîòîííî ðàñòóùåé çàâèñèìîñòüþ ñèãíàëà îò âðåìåíè,
äëÿ êîòîðîãî ìîæíî âûäåëèòü õàðàêòåðíûå òî÷êè äîñòèæåíèÿ óðîâíÿ 50%
(t1/2) – óñëîâíî ñåðåäèíà ïðîöåññà áðîæåíèÿ, ìàêñèìàëüíûé íàêëîí êðèâîé
(h, èíòåíñèâíîñòü áðîæåíèÿ) è ìàêñèìàëüíîå çíà÷åíèå Vìàêñ (çàâåðøàþùàÿ
ñòàäèÿ). Êà÷åñòâåííî êðèâûå, ïîëó÷åííûå áèôåðìåíòíûì ìåòîäîì
èçìåðåíèÿ è ìèêðîáíûì áèîñåíñîðîì, áûëè èäåíòè÷íû, ÷òî ñâèäåòåëüñòâóåò
î âîçìîæíîñòè èñïîëüçîâàíèÿ åäèíñòâåííîãî ìèêðîáíîãî áèîñåíñîðà äëÿ
ìîíèòîðèíãà.

YELLOW FLAX BREEDING AS A SOURCE OF ANTI-CANCER
LIGNANS
Karyagina T.B., Gukasova E.A., Bairamashvili D.I.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: tankar@kou.ibch.ru

One of the anti-cancer plant preparations, which are used in chemotherapy of
oncological diseases, is etoposide-4-dimethyl epipodo-phyllotoxin 9-[4,6-O-R-
ethylidene)-b-D-glucopyranoside. Etoposide is used  for the treatment of small
cell carcinoma of lung, orchioncus, lymphomas, myeloleukemia, Kaposi's sarcoma.

Etoposide is a semisynthetic derivative of podophyllotoxin (PT), which is
extracted from the rhizomae of Podophyllum hexandrum (emodi) and P. peltatum
(Podophyllaceae) where its concentration reaches 4,9% and 0,25-1,0%,
respectively. However, these plants grow very slowly and due to the overdraft
their habitat is shrinking which makes the search for alternative ways of obtaining
of the given lignan necessary.

The concentration of podophyllotoxin (PT)  in plants of other species  is
insufficient for their use as an industrial source. Nowadays chemical synthesis is
used for the modification of different patterns of podophyllotoxin (PT)  molecule
in  order to increase therapeutic activity or to eliminate adverse drug reactions.
The derivative of podophyllotoxin with high cytotoxic activity – 5-methoxy
podophyllotoxin (5 MPT) was found in plants which belong to species Linaceae.
But its concentration in intact plants doesn't exceed 0,5% (dry basis).

In connection with the search for alternative sources of anti-cancer lignan
extraction from cell culture groups of plants of the biotechnological laboratory
IBCh RAS differentiated cell culture L. flavum of cauline origin was obtained. In
the process of cultivation 5-methoxy podophyllotoxin (5 MPT), 5-methoxy
podophyllotoxin (5 MPT) glycoside accumulates in flux cells, two enantiomers
2α,4β- and 2α,4α-5 MPT, PT, α- and β-peltatin, 5'-dimethoxy 5 MPT are
synthesized as minor compounds.

The main lignan which accumulates in this culture is 5 MPT, which accounts
for 85-92% of the total amount of lignans. The accumulation of lignans takes
place in the cells of the culture and amounts to 280-325.5 mg/l. Optimization of
cultivation conditions allows twofold increase in  cell culture capacity. Tried and
tested laboratory-scale extraction system makes obtainment of the preparation 5
MPT of 98% purity possible.

Research results can be used in biotechnological developments for commercial
production of ecologically sound drug raw materials, as well as in search for new
effective pharmaceuticals based on 5 MPT.
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ÌÎËÅÊÓËßÐÍÛÅ ÍÀÍÎÏÐÎÂÎËÎÊÈ ÍÀ ÎÑÍÎÂÅ ÄÍÊ È
ÄÍÊ-ÏÎÄÎÁÍÛÕ ÑÒÐÓÊÒÓÐ
Êëèíîâ Ä.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: klinov.dmitry@mail.ru

Ôóíäàìåíòàëüíîé çàäà÷åé íàíîýëåêòðîíèêè ÿâëÿåòñÿ ñîçäàíèå
ýëåêòðîííûõ óñòðîéñòâ è ïðîâîäíèêîâ ìîëåêóëÿðíûõ ðàçìåðîâ. Ðåøåíèå ýòîé
çàäà÷è ïîçâîëèëî áû êîíñòðóèðîâàòü ñâåðõáûñòðûå è ñâåðõêîìïàêòíûå
êîìïüþòåðû, èñïîëüçóþùèå ïðèíöèïèàëüíî íîâûå êâàíòîâûå àëãîðèòìû.
Çíà÷èòåëüíàÿ àêòèâíîñòü â ýòîé îáëàñòè ñâÿçàíà ñ ïîïûòêàìè èñïîëüçîâàíèÿ
äëÿ íàíîýëåêòðîíèêè ôóëëåðåíîâ è íàíîòðóáîê.

Íåñìîòðÿ íà óíèêàëüíûå ñâîéñòâà óãëåðîäíûõ íàíîòðóáîê, èõ
ïðèìåíåíèå â íàíîòåõíîëîãè÷åñêèõ öåëÿõ ñóùåñòâåííî îñëîæíåíî
ïðîáëåìàìè óïðàâëÿåìîãî ìàíèïóëèðîâàíèÿ èìè, èñïîëüçîâàíèåì â
êîíêðåòíîé òåõíîëîãè÷åñêîé öåïî÷êå, äîðîãîâèçíîé è øèðîêèì ðàçáðîñîì
èíäèâèäóàëüíûõ ñâîéñòâ (îò äèýëåêòðèêîâ äî ïîëóïðîâîäíèêîâ è
ïðîâîäíèêîâ).

Àëüòåðíàòèâíûì êàíäèäàòîì äëÿ èñïîëüçîâàíèÿ â êà÷åñòâå
ìîëåêóëÿðíûõ íàíîïðîâîëîê ÿâëÿåòñÿ ìîëåêóëà ÄÍÊ. Êàê îêàçàëîñü, ïîìèìî
âàæíåéøåé ðîëè õðàíèëèùà ãåíåòè÷åñêîé èíôîðìàöèè æèâîãî îðãàíèçìà,
ìîëåêóëû ÄÍÊ ìîãóò îñóùåñòâëÿòü òðàíñïîðò ýëåêòðîíîâ âäîëü ïîëèìåðíîé
öåïè è ïðè ýòîì ïðîÿâëÿòü õîðîøèå ïðîâîäÿùèå ñâîéñòâà. Îäíàêî,
âîñïðîèçâîäèìîñòü ðåçóëüòàòîâ ðàáîò ïî ýëåêòðîííîìó òðàíñïîðòó ÄÍÊ,
ïðîâîäèìûõ âî ìíîãèõ ëàáîðàòîðèÿõ, ÿâëÿåòñÿ íåäîñòàòî÷íî âûñîêîé, ÷òî,
â ïåðâóþ î÷åðåäü, ñâÿçàíî ñ òåì, ÷òî ïðè íàíåñåíèè ìîëåêóë ÄÍÊ èç ðàñòâîðà
íà òâåðäóþ ïîäëîæêó ïðîèñõîäèò ñóùåñòâåííîå èñêàæåíèå íàòèâíîé
ñòðóêòóðû, ïðèñóùåé ýòèì ìîëåêóëàì â ðàñòâîðå.

Íàìè áûëè ðàçðàáîòàíû ïîäõîäû, ïîçâîëÿþùèå óìåíüøèòü âëèÿíèå
ïîäëîæêè íà ñòðóêòóðó àäñîðáèðîâàííûõ ìîëåêóë ÄÍÊ è ïðè ýòîì ñîõðàíèòü
èõ "íàòèâíîå" ñîñòîÿíèå. Ðàçðàáîòàííûå ìåòîäû ïëàçìîõèìè÷åñêîé
ìîäèôèêàöèè ïîâåðõíîñòè ïîçâîëèëè äîáèòüñÿ õîðîøåé ïðîâîäèìîñòè
ìîëåêóë ÄÍÊ [1,2]. Â ñîòðóäíè÷åñòâå ñ Èíñòèòóòîì ïðîáëåì
ìèêðîýëåêòðîíèêè è îñîáî ÷èñòûõ ìàòåðèàëîâ ÐÀÍ è Ïàðèæñêèì
óíèâåðñèòåòîì âïåðâûå áûëà ïîêàçàíà âîçìîæíîñòü ïåðåõîäà ìîëåêóë ÄÍÊ
â ñâåðõïðîâîäÿùåå ñîñòîÿíèå [1].

Êàê èçâåñòíî, îñíîâíîé öåëüþ ìîëåêóëÿðíîé íàíîýëåêòðîíèêè ÿâëÿåòñÿ
ñîçäàíèå ìîëåêóëÿðíîãî êîìïüþòåðà ñ î÷åíü âûñîêîé ïëîòíîñòüþ
ðàçìåùåíèÿ óñòðîéñòâ – ïîðÿäêà òðèëëèîíà íà êâàäðàòíûé ñàíòèìåòð.
Ðàçìåùåíèå ñ òàêîé îãðîìíîé ïëîòíîñòüþ òðåáóåò ñâåðõìàëîãî ðàññåÿíèÿ
ìîùíîñòè íà êàæäîì ðàáîòàþùåì óñòðîéñòâå. Ïðåäïîëàãàåòñÿ, ÷òî ëèøü
ñâåðõïðîâîäÿùèå óñòðîéñòâà ìîãóò óäîâëåòâîðÿòü ýòèì òðåáîâàíèÿì.

Äëÿ êîíñòðóèðîâàíèÿ ìîëåêóëÿðíûõ ýëåêòðîííûõ óñòðîéñòâ íåîáõîäèìî
íàó÷èòüñÿ "óïðàâëÿòü" ìîëåêóëàìè, ïîçèöèîíèðîâàòü èõ â çàäàííîì ìåñòå
ïîäëîæêè ñ íåîáõîäèìîé îðèåíòàöèåé. Íàìè áûëè ðàçðàáîòàíû

ASSESSMENT OF ALCOHOL FERMENTATION PROCESS WITH
THE USE OF GLUCOSE- AND ETHANOL-SENSITIVE
BIOSENSOR
Kitova A.E., Kamanin S.A.*, Reshetilov A.N.
G.K. Skriabin Institute of Biochemistry and Physiology of Microorganisms
RAS, Pushchino, Russia
*Tula State University, Tula, Russia
E-mail: kitova_a@rambler.ru
Tel.: (4967) 73-16-66

Evaluation of the process of glucose fermentation into ethyl alcohol is a topical
applied task. The technologist needs to know the process parameters among them:
the amount of glucose in the fermenter at the initial stage, the rate of its
transformation into ethanol, the quantity of ethyl alcohol produced. In fact, the
technologist receives this information from the manufacturer, but it represents
only mean values of activity parameter and data on fermentation procedure. It
may be insufficient for optimum process performance. In this work the possibility
of constructing a characteristic curve of fermentation process plotted with the use
of a biosensor-based approach is investigated. An obvious alternate control of this
process is the employ of two biosensors (glucose-sensitive glucose oxidase
biosensor and alcohol-sensitive alcohol oxidase biosensor) at continuous
measurement. The objective of the study was to reduce a number of sensors and
measure samples using one biosensor which is sensitive to both substrates (glucose
and ethanol). To implement this task two approaches have been elaborated: the
first one suggests the measurement of characteristic curve with the use of an
bienzyme biosensor which contains immobilized glucose oxidase and alcohol
oxidase, the second technique considers the possibility of replacing enzymes with
bacterial cells of Glucobacter.

Monitoring of a model fermentation process has been carried out with the
use of bienzyme and microbial sensors. Characteristic curves of the process have
been plotted. Biosensor signals from bienzyme and also microbial sensors have
been picked up and signal-time curve has been plotted. It is a monotonically
increasing graph where the following characteristic points can be pointed out: the
achievement 50% level (t1/2) (conventionally the middle stage of the process),
maximum slope of a curve (h, intensity of fermentation) and maximum value of
the signal (Vmax, completion stage). In a qualitative sense curves plotted based on
bienzyme method of measurement and microbial biosensor were identical. This
fact counts in favor of the possibility of using only the microbial biosensor for
monitoring.
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MOLECULAR NANOWIRES BASED ON DNA AND DNA-LIKE
STRUCTURES
Klinov D.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: klinov.dmitry@mail.ru

Fundamental problem of nanoelectronics is building electronic systems and
conductors of molecular dimensions. The decision of this problem would allow to
design the superfast and supercompact computers using essentially new quantum
algorithms. Huge activity in this range is associated with attempts of use the fulerens
and nanotubes for nanoelectronics.

In spite of unique properties  of carbon nanotubes their application for
nanotechnologycal purposes is essentially complicated due to problems of a controlled
manipulation them, use in a certain  technological scheme, wide range of individual
properties (from dielectrics to semiconductors and conductors).

The alternative candidate for use as molecular nanowire  is  DNA molecule. As
has appeared, besides the major role of storage of the genetical information of an
organism, DNA molecule can carry out the transport of electrons along a polymeric
chain and has good conductive properties. However, reproducibility of experiments
on the electronic transport of DNA, made in many laboratories is insufficiently high,
that first of all, is due to an essential distortion of native structure by transition DNA
from solution on the substrate.

We have developed the approaches, allowing one to reduce influence of the
substrate on DNA structure and to save "native" state of DNA molecules. The developed
methods of plasma-chemical activation of a surface have allowed to achieve excellent
conduction of DNA molecules [1,2] and in cooperation with Institute of Problems of
Microelectronics and Pure materials of the Russian Academy of Sciences and the
Paris University, for the first time, we have show the opportunity of transition of DNA
molecules in a superconducting state [1].

As known, the basic purpose of molecular nanoelectronics is construction of a
molecular computer with very high density of devices - about billion on square
centimeter. uch huge density of elements demands a weak scattering of power on each
working device. It is evident, that only superconducting systems can provide these
requests.

For designing molecular electronic devices it is necessary to study "to operate"
of individual molecules, to position them in the set place of the substrate with necessary
orientation. We have developed methodical bases of controlled adsorption of
biopolymers. Controlled adsorption means positioning of molecules in the necessary
place of the substrate with necessary orientation [3].
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ìåòîäè÷åñêèå îñíîâû óïðàâëÿåìîé àäñîðáöèè áèîïîëèìåðîâ, êîòîðàÿ
ïîäðàçóìåâàåò íàíåñåíèå èëè ïîçèöèîíèðîâàíèå ìîëåêóë â íóæíîì ìåñòå
ïîäëîæêè ñ íåîáõîäèìîé îðèåíòàöèåé [3].
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ANALYSIS OF EXPRESSION OF HEAT SHOCK PROTEIN 70 kDa
AND REACTIVE OXYGEN SPECIES PRODUCTION IN HUMAN
NEUTROPHILS IN ELDERLY AGE
Kovalenko E.I., Boyko A.A., Grechikhina M.V., Kanevski L.M.,
Lutsenko G.V., Semenkov V.F.*, Sapozhnikov A.M.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Russian Gerontological Scientific Clinical Center, Moscow, Russia

An important role of neutrophils consists in swift response to bacterial
invasion. The microbicide activity of neutrophils decreases with the age, that is
explained by defects in production of reactive oxygen species (ROS) in response
to infectious or stressing external action. At the same time, in accordance with
current hypothesis prolonged ROS production damaging different tissues of
organism plays an essential role in ageing process. Intracellular chaperones, heat
shock proteins (HSP), protect cells from such damaging factors. But level of HSP
expression in cell response to unfavorable action might be decreased with the age,
that suggest a possible relationship between ROS production, HSP synthesis and
aging process. In this work, correlation analysis was applied to analyze relationship
between ROS production and intracellular Hsp70 in neutrophils of elderly people.

Neutrophils were isolated from peripheral blood of donors of 90 years old
and older. Intracellular ROS and Hsp70 levels were registered by flow
cytofluorimetry. Extracellular ROS production from zymosan-activated neutrophils
was detected by luminol-dependent chemiluminescence. For heat shock of the
cell samples neutrophils were incubated at 43îÑ for 10 min.

A positive correlation was determined for intracellular ROS level and
zymosan-induced extracellular ROS release in neutrophil samples. The correlation
was unaffected by heat shock of neutrophils, although this treatment decreased
significantly the level of "oxidative burst" during phagocytosis. There was no
correlation between basal concentration of intracellular Hsp70 in the cells and
ROS level, both intracellular and extracellular. As it was expected, heat shock
resulted in essential rise of Hsp70 expression in treated cells. In these experiments
significant negative correlation was registered between Hsp70 level detected
immediately after hyperthermia and intracellular ROS concentration (both before
and after heat shock) and zymosan-induced ROS release.

Thus, close relationship between level of intracellular Hsp70 and ROS
production in neutrophils of long-livers was found. For this age group essential
correlation of low ROS values (both intracellular and extracellular) with high Hsp70
response to thermal stress was demonstrated.

ÀÍÀËÈÇ ÝÊÑÏÐÅÑÑÈÈ ÁÅËÊÎÂ ÒÅÏËÎÂÎÃÎ ØÎÊÀ 70 êÄà È
ÏÐÎÄÓÊÖÈÈ ÀÊÒÈÂÍÛÕ ÔÎÐÌ ÊÈÑËÎÐÎÄÀ Â ÍÅÉÒÐÎÔÈËÀÕ
ÄÎËÃÎÆÈÒÅËÅÉ
Êîâàëåíêî Å.È., Áîéêî À.À., Ãðå÷èõèíà Ì.Â., Êàíåâñêèé Ë.Ì., Ëóöåíêî Ã.Â.,
Ñåìåíêîâ Â.Ô.*, Ñàïîæíèêîâ À.Ì.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
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*Ðîññèéñêèé ãåðîíòîëîãè÷åñêèé íàó÷íî-êëèíè÷åñêèé öåíòð, Ìîñêâà, Ðîññèÿ

Âàæíàÿ ðîëü íåéòðîôèëîâ â îðãàíèçìå çàêëþ÷àåòñÿ â áûñòðîì îòâåòå íà
áàêòåðèàëüíóþ èíâàçèþ. Ñ âîçðàñòîì ìèêðîáîöèäíàÿ àêòèâíîñòü ãðàíóëîöèòîâ
óìåíüøàåòñÿ, ÷òî ñâÿçûâàþò ñ íàðóøåíèåì ïðîäóêöèè àêòèâíûõ ôîðì êèñëîðîäà
(ÀÔÊ) â îòâåò íà èíôåêöèîííîå ëèáî ñòðåññèðóþùåå âîçäåéñòâèå. Â òî æå âðåìÿ,
ñóùåñòâóåò ãèïîòåçà, ÷òî ïðîëîíãèðîâàííàÿ ïðîäóêöèÿ ÀÔÊ íåéòðîôèëàìè,
îêàçûâàþùàÿ ïîâðåæäàþùåå äåéñòâèå íà êëåòêè, èãðàåò ñóùåñòâåííóþ ðîëü â
ïðîöåññå ñòàðåíèÿ. Âíóòðèêëåòî÷íûå øàïåðîíû, áåëêè òåïëîâîãî øîêà (ÁÒØ),
ó÷àñòâóþò â çàùèòå êëåòîê îò òàêèõ ïîâðåæäàþùèõ âîçäåéñòâèé. Óðîâåíü
èíäóêöèè ýêñïðåññèè ÁÒØ â îòâåò íà íåáëàãîïðèÿòíîå âîçäåéñòâèå ìîæåò
ñíèæàòüñÿ ñ âîçðàñòîì, ÷òî ñâèäåòåëüñòâóåò î âîçìîæíîì âçàèìîäåéñòâèè
ïðîöåññîâ ïðîäóêöèè ÀÔÊ ñ ïðîòåêòèâíîé ñèñòåìîé ÁÒØ. Öåëüþ äàííîé ðàáîòû
ÿâèëîñü èçó÷åíèå âçàèìîñâÿçè ïðîäóêöèè ÀÔÊ è âíóòðèêëåòî÷íîé ýêñïðåññèè
áåëêîâ òåïëîâîãî øîêà 70 êÄà (ÁÒØ70) â íåéòðîôèëàõ äîíîðîâ âîçðàñòíîé ãðóïïû
90 ëåò è ñòàðøå â íîðìå è ïðè îòâåòå íà òåïëîâîé ñòðåññ.

Îáðàçöû ïåðèôåðè÷åñêîé êðîâè áûëè ïîëó÷åíû îò äîíîðîâ, ïðèíàäëåæàùèõ
ê âîçðàñòíîé êàòåãîðèè 90 ëåò è ñòàðøå. Ðåãèñòðàöèþ âíóòðèêëåòî÷íîãî óðîâíÿ
ÀÔÊ è ñîäåðæàíèÿ ÁÒØ70 â íåéòðîôèëàõ ïðîâîäèëè ìåòîäîì ïðîòî÷íîé
öèòîôëóîðèìåòðèè. Ïðîäóêöèþ âíåêëåòî÷íûõ ÀÔÊ íåéòðîôèëàìè â ïðîöåññå
ôàãîöèòîçà çèìîçàíà îïðåäåëÿëè ìåòîäîì ëþìèíîë-çàâèñèìîé
õåìèëþìèíåcöåíöèè. Òåïëîâîé øîê îáðàçöîâ êëåòîê ïðîâîäèëè ïðè 43îÑ â
òå÷åíèå 10 ìèí.

Ïîëó÷åííûå ðåçóëüòàòû îáíàðóæèëè ïîëîæèòåëüíóþ êîððåëÿöèþ ìåæäó
êîíöåíòðàöèåé âíóòðèêëåòî÷íûõ ÀÔÊ â íåéòðîôèëàõ è óðîâíåì çèìîçàí-
èíäóöèðîâàííîãî âûáðîñà ÀÔÊ ýòèìè êëåòêàìè. Óêàçàííàÿ êîððåëÿöèÿ
ñîõðàíÿëàñü è äëÿ îáðàçöîâ íåéòðîôèëîâ, îáðàáîòàííûõ êðàòêîâðåìåííîé
ãèïåðòåðìèåé. Îäíàêî, â ðåçóëüòàòå òåïëîâîãî øîêà àìïëèòóäà çèìîçàí-
èíäóöèðîâàííîãî "êèñëîðîäíîãî âçðûâà" íåéòðîôèëîâ çíà÷èòåëüíî ñíèæàëàñü.
Â íàøèõ ýêñïåðèìåíòàõ íå íàáëþäàëîñü âçàèìîñâÿçè ìåæäó áàçàëüíûì óðîâíåì
ýêñïðåññèè ÁÒØ70 è ïðîäóêöèåé ÀÔÊ íåéòðîôèëàìè. Ãèïåðòåðìèÿ, êàê è
îæèäàëîñü, ïðèâîäèëà ê óâåëè÷åíèþ êîíöåíòðàöèè âíóòðèêëåòî÷íûõ ÁÒØ70 â
îáðàáîòàííûõ êëåòêàõ. Â ýòèõ ýêñïåðèìåíòàõ áûëà âûÿâëåíà äîñòîâåðíàÿ
îòðèöàòåëüíàÿ êîððåëÿöèÿ çíà÷åíèé ÁÒØ70, çàðåãèñòðèðîâàííûõ ñðàçó ïîñëå
òåïëîâîãî øîêà, è óðîâíÿìè âíóòðèêëåòî÷íîãî ñîäåðæàíèÿ (êàê äî, òàê è ïîñëå
ãèïåðòåðìèè) è âíåêëåòî÷íîé ïðîäóêöèè íåéòðîôèëàìè ÀÔÊ.

Òàêèì îáðàçîì, áûëà âûÿâëåíà òåñíàÿ âçàèìîñâÿçü óðîâíÿ ýêñïðåññèè ÁÒØ70
ñ ïðîäóêöèåé ÀÔÊ â ãðàíóëîöèòàõ äîëãîæèòåëåé. Ïðîäåìîíñòðèðîâàíà
êîððåëÿöèÿ íèçêèõ çíà÷åíèé âíóòðèêëåòî÷íûõ è âíåêëåòî÷íûõ ÀÔÊ ñ âûñîêèì
óðîâíåì îòâåòà ÁÒØ70 íà òåïëîâîé ñòðåññ ó íåéòðîôèëîâ ëþäåé ñ áîëüøîé
ïðîäîëæèòåëüíîñòüþ æèçíè.
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ïðîäóêòû ÏÖÐ áûëè ñåêâåíèðîâàíû. Ïðè àíàëèçå 5 îáðàçöîâ ÄÍÊ,
îòíîñÿùèõñÿ ê òèïó P-D+, áûëî îáíàðóæåíî, ÷òî ìåòèëèðîâàíî îò 51 äî
79% CpG-äèíóêëåîòèäîâ, ðàñïîëîæåííûõ â ïðåäåëàõ èññëåäóåìîãî
ôðàãìåíòà. Êðîìå òîãî, áûëî âûÿâëåíî ìåòèëèðîâàíèå îñòàòêîâ öèòîçèíà,
âõîäÿùèõ â ñîñòàâ ïîñëåäîâàòåëüíîñòåé, îòëè÷íûõ îò CpG. Ïðè ýòîì
ìåòèëèðîâàíèå ïðîìîòîðà ãåíà PTEN ïîëíîñòüþ îòñóòñòâîâàëî â
êîíòðîëüíîì îáðàçöå ÄÍÊ. Àíàëèç ïðîìîòîðà ãåíà PTEN â îáðàçöå ÄÍÊ
òèïà P-D- âûÿâèë ìåòèëèðîâàíèå 64,7% CpG- ïàð. Òàêæå íàáëþäàëîñü
ìåòèëèðîâàíèå îñòàòêîâ öèòîçèíà, âõîäÿùèõ â ñîñòàâ ÑðÀ-, ÑðÒ- è ÑðÑ-
äèíóêëåîòèäîâ. Ïðè ýòîì îòìå÷àëîñü íåðàâíîìåðíîå ðàñïðåäåëåíèå
ìåòèëèðîâàííûõ îñòàòêîâ öèòîçèíà â ïðåäåëàõ àíàëèçèðóåìîé îáëàñòè
ïðîìîòîðà ãåíà PTEN: âñå ìåòèëèðîâàííûå îñíîâàíèÿ áûëè ëîêàëèçîâàíû
íà ó÷àñòêå îò -1036 äî -618.

Òàêèì îáðàçîì, íàìè áûëî îáíàðóæåíî àáåððàíòíîå ìåòèëèðîâàíèå
(ýïèìóòàöèè) ïðîìîòîðà ãåíà PTEN ïðè îïóõîëåâûõ çàáîëåâàíèÿõ
ýíäîìåòðèÿ è ÿè÷íèêîâ, à òàêæå ïîêàçàíî âëèÿíèå ìåòèëèðîâàíèÿ íà
ýôôåêòèâíîñòü ÏÖÐ-àìïëèôèêàöèè ó÷àñòêà ïðîìîòîðà.

ÈÑÑËÅÄÎÂÀÍÈÅ ÑÒÀÒÓÑÀ ÌÅÒÈËÈÐÎÂÀÍÈß ÏÐÎÌÎÒÎÐÀ
ÃÅÍÀ PTEN ÏÐÈ ÎÍÊÎËÎÃÈ×ÅÑÊÈÕ ÇÀÁÎËÅÂÀÍÈßÕ
ÝÍÄÎÌÅÒÐÈß È ßÈ×ÍÈÊÎÂ
Êîâàëåíêî Ò.Ô., Ïàòðóøåâ Ë.È.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
Òåë.: (495) 429-86-10
E-mail: tkov@mx.ibch.ru

Â íàñòîÿùåå âðåìÿ èçâåñòíî, ÷òî àáåððàíòíîå ìåòèëèðîâàíèå
ïðîìîòîðîâ ðÿäà ãåíîâ èãðàåò ñóùåñòâåííóþ ðîëü â ðàçâèòèè ìíîãèõ
îíêîëîãè÷åñêèõ çàáîëåâàíèé. Ñëåäîâàòåëüíî, èçó÷åíèå ïîäîáíûõ
ýïèãåíåòè÷åñêèõ èçìåíåíèé ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé áèîëîãèè è
ìåäèöèíû.

Ãåí PTEN ÿâëÿåòñÿ ãåíîì-ñóïðåññîðîì îïóõîëåé, ãåíåòè÷åñêèå è
ýïèãåíåòè÷åñêèå èçìåíåíèÿ â êîòîðîì îòìå÷àþòñÿ ïðè ìíîãèõ ñïîðàäè÷åñêèõ
è íàñëåäñòâåííûõ îíêîëîãè÷åñêèõ çàáîëåâàíèÿõ. Ðàíåå íàìè áûëî
îáíàðóæåíî, ÷òî ýôôåêòèâíîñòü àìïëèôèêàöèè ó÷àñòêà ïðîìîòîðà ãåíà
PTEN, îáîçíà÷åííîãî êàê ëîêóñ PN-1, íà ÄÍÊ, âûäåëåííîé èç îïóõîëåâûõ
òêàíåé ýíäîìåòðèÿ è ÿè÷íèêîâ, çàâèñèò îò ïðèñóòñòâèÿ â ðåàêöèîííîé ñìåñè
ýíõàíñåðîâ ÏÖÐ: 2-ïèððîëèäîíà èëè DMSO. Áûëî âûÿâëåíî òðè òèïà
ÄÍÊ-ìàòðèö: ìàòðèöû, íà êîòîðûõ ïðîèñõîäèò àìïëèôèêàöèÿ PN-1 â
ïðèñóòñòâèè 2-ïèððîëèäîíà èëè DMSO â ðåàêöèîííîé ñìåñè (P+D+);
ìàòðèöû, íà êîòîðûõ ïðîèñõîäèò àìïëèôèêàöèÿ òîëüêî ïðè íàëè÷èè DMSO
(P-D+), è ìàòðèöû, íà êîòîðûõ ïðîäóêò ÏÖÐ íå îáðàçóåòñÿ ïðè äîáàâëåíèè
ëþáîãî èç óïîìÿíóòûõ ýíõàíñåðîâ ÏÖÐ (P-D-). Ìû ïðåäïîëîæèëè, ÷òî
ïðè÷èíîé çàòðóäíåíèÿ àìïëèôèêàöèè ëîêóñà PN-1 ÿâëÿåòñÿ ìåòèëèðîâàíèå
ÄÍÊ íà äàííîì ó÷àñòêå.

Â íàñòîÿùåé ðàáîòå äîêàçàòåëüñòâî âëèÿíèÿ ìåòèëèðîâàíèÿ íà
ýôôåêòèâíîñòü ÏÖÐ îñóùåñòâëÿëè ñðàâíåíèåì ýôôåêòèâíîñòè
àìïëèôèêàöèè ëîêóñà PN-1 íà èñêóññòâåííûõ ìåòèëèðîâàííîé è
íåìåòèëèðîâàííîé ìàòðèöàõ â ïðèñóòñòâèè 2-ïèððîëèäîíà â ðåàêöèîííîé
ñìåñè. Òàêèìè ìàòðèöàìè ÿâëÿëèñü ïðîäóêòû ÏÖÐ, ïîëó÷åííûå ïðè
àìïëèôèêàöèè ó÷àñòêà ïðîìîòîðà ãåíà PTEN äëèíîé 620 ï.î. â ïðèñóòñòâèè
îñòàòêîâ öèòîçèíà (íåìåòèëèðîâàííàÿ ìàòðèöà) èëè 5-ìåòèëöèòîçèíà
(ìåòèëèðîâàííàÿ ìàòðèöà) â ðåàêöèîííîé ñìåñè. Áûëî ïîêàçàíî, ÷òî ïðè
àìïëèôèêàöèè ëîêóñà PN-1 íà èñêóññòâåííîé íåìåòèëèðîâàííîé ìàòðèöå
ïðîäóêò ÏÖÐ ïîÿâëÿåòñÿ íà 15 öèêëå, òîãäà êàê íà ìåòèëèðîâàííîé ìàòðèöå
îáðàçîâàíèå ïðîäóêòà îòìå÷àåòñÿ íà 31 öèêëå ÏÖÐ.

Òàêæå áûëî ïðîâåäåíî èññëåäîâàíèå ñòàòóñà ìåòèëèðîâàíèÿ ïðîìîòîðà
ãåíà PTEN â îáðàçöàõ ÄÍÊ èç îïóõîëåâûõ òêàíåé ýíäîìåòðèÿ è ÿè÷íèêîâ
ìåòîäîì ìåòèë÷óâñòâèòåëüíîãî ñåêâåíèðîâàíèÿ. Êîíòðîëåì ñëóæèëà ÄÍÊ,
âûäåëåííàÿ èç çäîðîâîé òêàíè (âåíîçíàÿ êðîâü). Ãåíîìíàÿ ÄÍÊ ïîäâåðãàëàñü
êîíâåðñèè áèñóëüôèòîì íàòðèÿ è äàëåå ñëóæèëà ìàòðèöåé ïðè àìïëèôèêàöèè
ó÷àñòêà ïðîìîòîðà ðàçìåðîì 618 ï.î., âêëþ÷àþùåì ëîêóñ PN-1 è
ïðèëåãàþùèå ïîñëåäîâàòåëüíîñòè (îò -1214 äî -596). Îáðàçîâàâøèåñÿ
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Êîâàëèöêàÿ Þ.À., Ñàäîâíèêîâ Â.Á., Íàâîëîöêàÿ Å.Â.
Ôèëèàë Èíñòèòóòà áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ
Ì.Ì. Øåìÿêèíà è Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ïóùèíî, Ðîññèÿ
E-mail: kovalitskaya@inbox.ru

Èçâåñòíî, ÷òî β-ýíäîðôèí âçàèìîäåéñòâóåò ñ äâóìÿ òèïàìè ðåöåïòîðîâ:
ñ êëàññè÷åñêèìè îïèîèäíûìè è íåîïèîèäíûìè, íå÷óâñòâèòåëüíûìè ê
áëîêàòîðó îïèîèäíûõ ðåöåïòîðîâ íàëîêñîíó. Íàìè óñòàíîâëåíî, ÷òî
ñèíòåòè÷åñêèé β-ýíäîðôèíïîäîáíûé ïåïòèä èììóíîðôèí (SLTCLVKGFY),
ñîîòâåòñòâóþùèé ôðàãìåíòó 364-373 òÿæåëîé öåïè IgG ÷åëîâåêà, ÿâëÿåòñÿ
ñåëåêòèâíûì àãîíèñòîì íåîïèîèäíîãî ðåöåïòîðà β-ýíäîðôèíà.

Ñ ïîìîùüþ èììóíîðôèíà, ôðàãìåíòà èììóíîðôèíà 6-10 – ïåíòàðôèíà,
è åãî öèêëè÷åñêîãî àíàëîãà – öèêëîïåíòàðôèíà, ýòè ðåöåïòîðû áûëè
îáíàðóæåíû íàìè íà Ò-ëèìôîöèòàõ ÷åëîâåêà, íà ïåðèòîíåàëüíûõ ìàêðîôàãàõ
ìûøè, íà ìåìáðàííûõ ôðàêöèÿõ èç íàäïî÷å÷íèêîâ, ñåëåçåíêè, ìèîêàðäà è
ãîëîâíîãî ìîçãà êðûñû, à òàêæå íà êëåòêàõ ÷åëîâå÷åñêîé Ò-ëèìôîáëàñòíîé
ëèíèè Jurkat. Èññëåäîâàíèå áèîëîãè÷åñêîé àêòèâíîñòè èììóíîðôèíà
ïîêàçàëî, ÷òî îí çíà÷èòåëüíî óâåëè÷èâàåò èíäóöèðîâàííóþ êîíêàíàâàëèíîì
À ïðîëèôåðàöèþ Ò-ëèìôîöèòîâ ÷åëîâåêà in vitro, ñòèìóëèðóåò ðîñò êëåòîê
÷åëîâå÷åñêîé Ò-ëèìôîáëàñòíîé ëèíèè Jurkat è ÌÒ-4, èíãèáèðóåò àêòèâíîñòü
àäåíèëàòöèêëàçû ìåìáðàí êîðû íàäïî÷å÷íèêîâ êðûñû è ïîäàâëÿåò ñåêðåöèþ
ãëþêîêîðòèêîèäîâ èç íàäïî÷å÷íèêîâ â êðîâü. Ñâÿçûâàíèå èììóíîðôèíà,
ïåíòàðôèíà è öèêëîïåíòàðôèíà ñ ïåðèòîíåàëüíûìè ìàêðîôàãàìè ìûøè
ïðèâîäèëî ê óâåëè÷åíèþ ñïîñîáíîñòè êëåòîê ê àäãåçèè, ðàñïëàñòûâàíèþ,
ìèãðàöèè è ïåðåâàðèâàíèþ áàêòåðèé âèðóëåíòíîãî øòàììà Salmonella
typhimurium 415 in vitro.  Èììóíîðôèí, ïåíòàðôèí è öèêëîïåíòàðôèí
ñòèìóëèðóþò ïðîöåññû êëåòî÷íîãî äåëåíèÿ ðàííèõ ýìáðèîíîâ ìûøè,
îáðàçîâàíèå è âûêëåâûâàíèå çðåëûõ áëàñòîöèñò in vitro. Äåéñòâèå ïåïòèäîâ
íà çàðîäûøè íå áëîêèðóåòñÿ íàëîêñîíîì.

β-Ýíäîðôèíïîäîáíûå ïåïòèäû èìåþò âûñîêîå (ïðèìåðíî îäèíàêîâîå)
ñðîäñòâî ê íåîïèîèäíîìó ðåöåïòîðó β-ýíäîðôèíà è ëþáîé èç ïåïòèäîâ ìîæåò
áûòü èñïîëüçîâàí â êà÷åñòâå ìàðêåðà äàííîãî òèïà ðåöåïòîðîâ.

INVESTIGATION OF PTEN GENE PROMOTER METHYLATION
PATTERNS IN PATIENTS WITH ENDOMETRIAL AND OVARIAN
TUMORS
Kovalenko T.F., Patrushev L.I.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow, Russia
E-mail: tkov@mx.ibch.ru
Tel.: (495) 429-86-10

It has been known that aberrant promoter methylation plays a key role in tumor
development. Therefore the analysis of such epigenetic modification appears to be a very
important task of biological and medical sciences.

Tumor suppressor gene PTEN is implicated in the pathogenesis of several familial
and sporadic cancers. Our previous studies included findings that efficacy of PCR
amplification of the region of PTEN promoter (called PN-1 locus) in DNA samples isolated
from endometrial and ovarian tumor tissues depended on the presence of PCR enhancers
2-pyrrolidone or DMSO in the reaction mixture. We revealed three types of tumor DNA
templates. The first group (designated P+D+) included DNA templates in which the PN-1
locus was amplifiable in the presence of 2-pyrrolidone or DMSO. The second group (P-
D+) included templates in which this locus was not amplifiable in the presence of 2-
pyrrolidone, but the product of PCR was generated in the presence of DMSO. Neither 2-
pyrrolidone nor DMSO could stimulate PCR amplification of the PN-1 locus on the DNA
samples that belonged to the third group of DNA templates (P-D-). We supposed that
PTEN promoter methylation might be the cause of lack of the PN-1 locus amplification.

Here we used two strategies in order to prove our hypothesis that DNA methylation
could affect the PCR amplification. First of all two types of artificial templates (unmethylated
and methylated) were engineered. The 620 bp fragment of PTEN gene promoter was
amplified in the presence of cytosine (unmethylated template) or 5-methylcytosine
(methylated template) in the reaction mixture. These unmethylated and methylated fragments
were used as templates in the PN-1 locus PCR amplification in the presence of 2-pyrrolidone
in the reaction mixture. We revealed that in case of unmethylated template the PCR product
was visible on the 15th cycle of amplification, but in case of methylated template the PCR
product was generated on the 31th cycle.

Then we examined PTEN promoter methylation status in endometrial and ovarian
tumors by methylsensitive sequencing. The DNA samples isolated from venous blood were
used as a control. Genomic DNA was treated with sodium bisulfite and then used as a
template in the PCR amplification of the 618 bp fragment, included the PN-1 locus and
flanking sequences (from  -1214 to -596). The PCR products were purified and sequenced.
Five tumor DNA samples that belong to second group of DNA templates (P-D+) were
examined. Our results indicated that from 51% to 79% of CpG dinucleotides localized in
618 bp fragment were methylated. Also non-CpG methylation was observed in PTEN
promoter. Such methylation was not detected in the control DNA. We revealed methylation
of PTEN promoter in DNA sample that belongs to third type of tumor DNA templates (P-
D-). The fraction of CpG-methylation was 64,7%. Also methylation at CpA, CpC and CpT
sites was observed. We noticed that in case of P-D- DNA sample all of methylated cytosine
residues were localized in the region from - 1036 to - 618.

In summary, we revealed aberrant PTEN gene promoter methylation (epimutations)
in endometrial and ovarian tumors and showed that methylation influenced on the PCR
amplification of PTEN  promoter region under study.
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ÎÑÎÁÅÍÍÎÑÒÈ ÑÒÐÎÅÍÈß ÁÅËÊÎÂ-ÏÐÅÄØÅÑÒÂÅÍÍÈÊÎÂ
ËÈÍÅÉÍÛÕ ÀÍÒÈÌÈÊÐÎÁÍÛÕ ÏÅÏÒÈÄÎÂ ÈÇ ßÄÀ
ÏÀÓÊÎÂ
Êîçëîâ Ñ.À., Âàñèëåâñêèé À.À., Àíäðååâ ß.À., Âîðîíöîâà Î.Â.,
Ïàíêååâ Í.Í., Ãðèøèí Å.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: serg@ibch.ru

Îäíîé èç âàæíûõ ÷àñòåé ñèñòåìû âðîæäåííîãî èììóíèòåòà ó æèâîòíûõ
è ðàñòåíèé ÿâëÿþòñÿ àíòèìèêðîáíûå ïåïòèäû (ÀÌÏ). Èçâåñòíî áîëüøîå
êîëè÷åñòâî ÀÌÏ, è, íåñìîòðÿ íà áîëüøîå ñòðóêòóðíîå ðàçíîîáðàçèå ýòèõ
ïåïòèäîâ, áîëüøèíñòâî èç íèõ èìååò õàðàêòåðíûå îñîáåííîñòè ñòðîåíèÿ,
êàê òî: ñðàâíèòåëüíî íåáîëüøîé ðàçìåð (îáû÷íî 10-50 àìèíîêèñëîòíûõ
îñòàòêîâ), ñóììàðíûé ïîëîæèòåëüíûé çàðÿä è àìôèôèëüíîñòü. Ñ
ôóíêöèîíàëüíîé òî÷êè çðåíèÿ ÀÌÏ îáëàäàþò âàæíûì ñâîéñòâîì, îíè
ïîäàâëÿþò ðîñò ïàòîãåííûõ ìèêðîîðãàíèçìîâ áåç âûðàáîòêè ðåçèñòåíòíîñòè
ê èõ äåéñòâèþ, ÷òî ïîçâîëÿåò ðàññìàòðèâàòü ÀÌÏ êàê ïîòåíöèàëüíûå
òåðàïåâòè÷åñêèå ñðåäñòâà äëÿ áîðüáû ñ èíôåêöèîííûìè çàáîëåâàíèÿìè.
Ìèøåíüþ äëÿ ÀÌÏ ÿâëÿåòñÿ êëåòî÷íàÿ ìåìáðàíà, äëÿ ðàçðóøåíèÿ êîòîðîé
íåîáõîäèìû êîíöåíòðàöèè ïåïòèäîâ ïîðÿäêà 1-20 ìêÌ. Â ÿäå íåêîòîðûõ
âèäîâ ïàóêîâ áûëè îáíàðóæåíû ÀÌÏ, ñèíòåçèðóåìûå â âèäå áåëêîâ-
ïðåäøåñòâåííèêîâ, ãäå àíèîííàÿ ïðîïîñëåäîâàòåëüíîñòü, ïî-âèäèìîìó,
íåéòðàëèçóåò àêòèâíîñòü ÀÌÏ âî âðåìÿ áèîñèíòåçà è õðàíåíèÿ. Íàìè áûëè
ðàçðàáîòàíû ìåòîäû ïîëó÷åíèÿ ðåêîìáèíàíòíûõ ÀÌÏ â Escherichia coli â
ñîñòàâå ñëèòíûõ áåëêîâ. Íà ïðèìåðå îäíîãî ðåêîìáèíàíòíîãî ïåïòèäà –
ïðîëàòàðöèíà 2à – áûëî ïðîâåäåíî èçó÷åíèå âëèÿíèÿ ïðèðîäíîé àíèîííîé
ïðîïîñëåäîâàòåëüíîñòè ïðåäøåñòâåííèêà ÀÌÏ íà àíòèìèêðîáíóþ
àêòèâíîñòü.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíò ¹08-04-
00454).

SYNTHETIC PEPTIDE IMMUNORPHIN LIKE INSTRUMENT OF
NON-OPIOID βββββ-ENDORPHIN RECEPTOR STUDY
Kovalitskaya Yu.A., Sadovnikov V.B., Navolotskaya E.V.
Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
E-mail: kovalitskaya@inbox.ru

It is known, that β-endorphin is interacting with two types of receptors, classic
opiod and non-opioid, not sensitive to antagonist of opioid receptor naloxone. We
were found that synthetic β-endorphinlike peptide immunorphin (SLTCLVKGFY),
the 364-373 fragment of H-chain of human IgG, is a selective agonist of non-
opioid receptor of β-endorphin.

By the help of immunorphin, fragment immunorphin 6-10 – pentarphin and
its cyclic analogs cyclopentarphin non-opioid receptors of β-endorphin are situated
on human T-lymphocyte, peritoneal mouse macrophages, membrane fractions from
rate adrenal, spleen, myocardium and brain, and also on the human
T-lymphoblastoid cell line Jurkat. We demonstrated, that immunorphin is
significantly increased concanavallin A induced proliferation of human
T-lymphocyte in vitro, it is stimulated the human T-lymphoblastoid cell lines Jurkat
and MT-4 growth. It was found, that immunorphin was inhibited adenylate cyclase
activity and release of corticosteroids from adrenal cortex into the blood, when it
was injected at the rate intramuscular. The bound of the immunorphin, pentarphin
and cyclopentarphin with peritoneal mouse macrophages resulted to the adhesion,
spreading, journey enhance of macrophages. Pentarphin and cyclopentarphin are
stimulated macrophage to the digestion bacteria of virulent strain Salmonella
typhimurium 415 in vitro. Immunorphin, pentarphin and cyclopentarphin stimulate
cell fission of early mouse embryo, formation and hatching of mature blastocyst
in vitro. The effect of peptides did not block by naloxone.

β-Endorphinlike peptides have high (about similar) affinity to non-opioid
β-endorphin receptor and each of peptides could be used like a marker of this type
of receptors in researches.
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ÀÖÅÒÈËÕÎËÈÍÎÂÎÃÎ ÐÅÖÅÏÒÎÐÀ
Êîïåèíà Ã.Ñ.**, Ëþêìàíîâà Å.Í.*, Øóëåïêî Ì.À.**, Øåíêàðåâ Ç.Î.*,
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Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
**Áèîëîãè÷åñêèé ôàêóëüòåò ÌÃÓ èì. Ì.Â. Ëîìîíîñîâà, Ìîñêâà, Ðîññèÿ
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Íèêîòèíîâûå àöåòèëõîëèíîâûå ðåöåïòîðû (íÀÕÐ) ÿâëÿþòñÿ ëèãàíä-
çàâèñèìûìè èîííûìè êàíàëàìè, âñòðîåííûìè â ïîñòñèíàïòè÷åñêóþ
ìåìáðàíó íåéðîíîâ. Îäíèì èç øèðîêî ðàñïðîñòðàíåííûõ â íåðâíîé ñèñòåìå
ìëåêîïèòàþùèõ ÿâëÿåòñÿ ãîìîïåíòàìåð íÀÕÐ α7 òèïà (α7íÀÕÐ), ñ
äèñôóíêöèÿìè êîòîðîãî ñâÿçàíî ðàçâèòèå ðÿäà òÿæåëûõ çàáîëåâàíèé íåðâíîé
è ýíäîêðèííîé ñèñòåì. Èññëåäîâàíèÿ íÀÕÐ è ðàçðàáîòêà ïðåïàðàòîâ äëÿ
ëå÷åíèÿ ïîäîáíûõ çàáîëåâàíèé òðåáóþò íàëè÷èÿ âûñîêîýôôåêòèâíûõ ñèñòåì
ïðîäóêöèè îòäåëüíûõ ñóáúåäèíèö è äîìåíîâ ðåöåïòîðà, ñîçäàíèå êîòîðûõ
çàòðóäíåíî èç-çà ñêëîííîñòè ýòèõ áåëêîâ ê àãðåãàöèè.

Öåëüþ äàííîé ðàáîòû áûëî ñîçäàíèå ýôôåêòèâíîé ñèñòåìû ïðîäóêöèè
âíåêëåòî÷íîãî äîìåíà α7íÀÕÐ (α7ÂÄ) ÷åëîâåêà. Äëÿ ýòîãî íà îñíîâå
ïîëíîðàçìåðíîãî ãåíà α7íÀÕÐ áûëî ïîëó÷åíî äâà ìóòàíòíûõ ãåíà α7ÂÄ,
ñîäåðæàùèõ çàìåíû, ïðèâîäÿùèå ê ïîâûøåíèþ ðàñòâîðèìîñòè äîìåíà
(α7ÂÄ/DTES è α7ÂÄ/DTES-6). Íà Ñ-êîíåö α7ÂÄ áûë äîáàâëåí His6-tag äëÿ
îáëåã÷åíèÿ ïðîöåäóðû âûäåëåíèÿ.

Â ñâîåé ðàáîòå ìû ðàçðàáîòàëè äâå ñèñòåìû ïðîäóêöèè áåëêà –
ýêñïðåññèÿ â êëåòêàõ E. ñoli è áåñêëåòî÷íûé ñèíòåç. Ïðè ñèíòåçå îáîèõ
ìóòàíòíûõ âàðèàíòîâ â ýòèõ ñèñòåìàõ ïðàêòè÷åñêè âåñü áåëîê íàêàïëèâàëñÿ
â âèäå íåðàñòâîðèìûõ àãðåãàòîâ. Ïðè÷èíîé àãðåãàöèè, âîçìîæíî, ñëóæèëè
íåïðàâèëüíîå ôîðìèðîâàíèå äèñóëüôèäíûõ ñâÿçåé è ñòðåìëåíèå ôðàãìåíòà
ðåöåïòîðà ê ñàìîïðîèçâîëüíîé ïåíòàìåðèçàöèè.

Â õîäå ýêñïåðèìåíòîâ áûëè ïîäîáðàíû óñëîâèÿ äëÿ ðåíàòóðàöèè îáîèõ
âàðèàíòîâ áåëêà. Áûëè èñïîëüçîâàíû ðàçëè÷íûå ïîäõîäû äëÿ ðàñòâîðåíèÿ
îñàäêà, âêëþ÷àþùèå êàê äîáàâëåíèå 8 Ì ìî÷åâèíû, 6 Ì ãóàíèäèíõëîðèäà,
òàê è 1% ðàñòâîðà äåòåðãåíòà ëàóðèëñàðêîçèíà íàòðèÿ (LS). Íàèáîëüøàÿ
ýôôåêòèâíîñòü ðàñòâîðåíèÿ α7ÂÄ /DTES èç îñàäêà áûëà äîñòèãíóòà ïðè
èñïîëüçîâàíèè ñìåñè 4Ì ìî÷åâèíû è 1% LS â ïðèñóòñòâèè ÄÒÒ. Ðåíàòóðàöèþ
α7ÂÄ/DTES ïðîâîäèëè íà ìåòàëëîàôèííîé ñìîëå â ðåçóëüòàòå ïðîìûâêè
ñìåñüþ GSH/GSSG è â ãðàäèåíòå ïîíèæåíèÿ êîíöåíòðàöèè ìî÷åâèíû, ïðè
ýòîì LS ïîñòåïåííî çàìåíÿëè íà 0.1% äîäåöèëôîñôîõîëèí (DPC). Àíàëèç
áåëêà α7ÂÄ/DTES â DPC ñ ïîìîùüþ ãåëü-ôèëüòðàöèè ïîêàçàë, ÷òî
èñïîëüçîâàíèå DPC ïîçâîëèëî ïîëó÷èòü ãîìîãåííûé (>90%) ïðåïàðàò α7ÂÄ/
DTES ñ äèàìåòðîì ÷àñòèö îêîëî 7 íì, ÷òî ñîîòâåòñòâóåò ðàçìåðó ìîíîìåðà
α7ÂÄ (5 íì) â êîìïëåêñå ñ ìèöåëëîé DPC (4 íì). Àíàëèç âòîðè÷íîé
ñòðóêòóðû α7ÂÄ/DTES â ðàñòâîðå DPC ìåòîäîì ÊÄ ñïåêòðîñêîïèè âûÿâèë

STRUCTURAL PECULIARITY OF ANTIMICROBIAL PEPTIDE
PRECURSORS FROM SPIDER VENOM
Kozlov S.A., Vassilevski A.A., Andreev Ya.A., Vorontsova O.V., Pankeev N.N.,
Grishin E.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: serg@ibch.ru

Antimicrobial peptides (AMPs) are an important part of host defense system
(innate immunity) typical for both plants and animals. A great number of AMPs
with various structure have been described to this moment, but most of them are
characterized by specific features: relatively small size (usually 10-50 amino acid
residues), overall positive charge and amphiphilicity. AMPs possess an important
functional property to inhibit growth of pathogenic microorganisms without
resistance development, which allows regarding them as potential therapeutics to
combat infectious diseases. AMPs target the cell membrane that can be damaged
at peptide concentrations of around 1-20 µM. In some spider venoms, AMPs have
been discovered that are synthesized as precursor proteins containing an anionic
prosequence that may neutralize AMP activity during biosynthesis and storage.
We developed methods of recombinant AMPs production in Escherichia coli as
parts of fusion proteins. Using recombinant prolatarcin 2a as an example, we
investigated the impact of the natural anionic prosequence of an AMP precursor
on its antimicrobial activity.
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BACTERIAL AND CELL FREE PRODUCTION OF EXTRACELLULAR
DOMAIN OF NICOTINIC ACETYLCHOLINE RECEPTOR
Kopeina G.S.**, Lyukmanova E.N.*, Shulepko M.A.**, Shenkarev Z.O.*,
Kasheverov I.E.*, Tsetlin V.I.*, Dolgikh D.A.*,**, Kirpichnikov M.P.*,**
*Shemyakin & Ovchinnikov Insitute of Bioorganic Chemistry RAS, Moscow, Russia
**Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia
E-mail: katya@nmr.ru

Nicotinic acetylcholine receptor (nAChR) is ligand-gated ion channel incorporated
into postsynaptic membrane of neurons. The several neurodegenerative and endocrinal
diseases are related with its disfunctions. The effective systems for production of
individual subunits and domains of nAChR are required for studies of receptor and for
design of biomedical drugs for disease treatment.

The main goal of present work is the development of effective expression systems
for production of human extracellular N-terminal domains of α7 (α7ED). For this aim,
on the basis of full-length gene of α7nAChR two mutant genes of α7ED with
substitutions that should increase solubility were constructed (α7ED/DTES and α7ED/
DTES-6). Additionally, the His6-tag was incorporated on the C-terminus of mutants.

Two systems of α7ED production were developed for E.coli expression and cell-
free synthesis. The protein in both cases was synthesized in the insoluble form. The
most probable origins of observed aggregation are incorrect disulfide bond formation
and/or tendency of α7ED to spontaneous pentamerization in solution.

The conditions for refolding of α7ED/DTES and α7ED/DTES-6 from precipitate
were found. The several approaches (8 M urea, 6 M guanidine hydrochloride and 1%
sodium laurylsarcosine, LS) for precipitate solubilization were tried. The best efficiency
was obtained for mixture of 4 M urea and 1% LS in the presence of DTT. The refolding
of α7ED/DTES was carried out on metal-affinity resin by washing with GSH/GSSG in
the descending gradient of urea and gradual replacement of 1% LS by 0.1%
dodecylphosphocholine (DPC). The analysis of α7ED/DTES in DPC by size-exclusion
chromatography showed, that α7ED/DTES in DPC represents homogeneous (>90%)
sample with diameter of the particles about 7 nm, that probably corresponds to size of
α7ED monomer (5 nm) associated with DPC micelle (4 nm). Analysis of secondary
structure of α7ED/DTES by means of CD spectroscopy revealed prevalence of β-
structure. The ability of α7ED/DTES in DPC to interact with nAChR antagonists was
studied by means of NMR spectroscopy using 15N-labeled long-chain neurotoxin NTII/
I. The analysis revealed that one molecule of domain binds two molecules of toxin with
dissociation constant ~2 mkM and large cooperativity (Hill coefficient ~1.8).

For α7ED/DTES-6 other protocol of renaturation was developed. The protein
precipitate was solubilized in 8 M urea in the presence of DTT. The urea was removed
gradually by dialysis against the mixture of GSH/GSSG. Analysis by size-exclusion
chromatography revealed that α7ED/DTES-6 has preferable (>90%) pentameric
organization. Biological activity of α7ED/DTES-6 was examined in binding experiments
with 125I-labeled  α-bungarotoxin. Determined IC50 value (~10 nM) proves proper folding
of the protein.

The both variants of α7ED were expressed in E. coli and cell-free system. In the
first case the final yield of refolded water-soluble protein was about 80 mg/l of bacterial
culture, in the second case – 1 mg/ml of translation mix.

ïðåîáëàäàíèå β-ñòðóêòóðû. Ñïîñîáíîñòü α7ÂÄ/DTES â ðàñòâîðå DPC
âçàèìîäåéñòâîâàòü ñ àíòàãîíèñòàìè íÀÕÐ áûëà èññëåäîâàíà ìåòîäîì ßÌÐ-
ñïåêòðîñêîïèè ñ èñïîëüçîâàíèåì 15N-ìå÷åííîãî àíàëîãà äëèííîãî
íåéðîòîêñèíà NTII/NTI. Áûëî ïîêàçàíî, ÷òî êàæäàÿ ìîëåêóëà α7ÂÄ/DTES
ñïåöèôè÷åñêè ñâÿçûâàåò äâå ìîëåêóëû òîêñèíà ñ ýôôåêòèâíîé êîíñòàíòîé
îêîëî 2 ìêÌ è ñðàâíèòåëüíî áîëüøîé êîîïåðàòèâíîñòüþ (êîýôôèöèåíò
Õèëëà 1.8).

Äëÿ âàðèàíòà α7ÂÄ/DTES-6 áûë ðàçðàáîòàí äðóãîé ïðîòîêîë
ðåíàòóðàöèè. Áåëêîâûé ïðåöèïèòàò ðàñòâîðÿëè â 8Ì ìî÷åâèíå ñ äîáàâëåíèåì
DTT, äàëåå êîíöåíòðàöèþ ìî÷åâèíû ïîñòåïåííî ñíèæàëè ñ ïîìîùüþ äèàëèçà
ïðîòèâ áóôåðà, ñîäåðæàùåãî ñìåñü GSH/GSSG. Àíàëèç ñ ïîìîùüþ ãåëü-
ôèëüòðàöèè âûÿâèë, ÷òî ïîëó÷åííûé òàêèì îáðàçîì α7ÂÄ/DTES-6
ïðåäñòàâëåí ïðåèìóùåñòâåííî (>90%) â ôîðìå ïåíòàìåðà. Áèîëîãè÷åñêàÿ
àêòèâíîñòü α7ÂÄ/DTES-6 áûëà èññëåäîâàíà â ýêñïåðèìåíòàõ ïî ñâÿçûâàíèþ
ñ 125I-ìå÷åííûì áóíãàðîòîêñèíîì, ïîëó÷åííîå çíà÷åíèå IC50 (~10 íM)
ñâèäåòåëüñòâîâàëî î íàòèâíîé ñòðóêòóðå áåëêà.

Îáà âàðèàíòà ãåíà α7ÂÄ áûëè ýêñïðåññèðîâàíû â E. coli è â
áåñêëåòî÷íîé ñèñòåìå. Ïðè ýêñïðåññèè â êëåòêàõ êîíå÷íûé âûõîä
ðàñòâîðèìîãî áåëêà ñîñòàâèë ïðèìåðíî 80 ìã/ë áàêòåðèàëüíîé êóëüòóðû, à â
ñëó÷àå áåñêëåòî÷íîé ïðîäóêöèè – 1 ìã/ìë òðàíñëÿöèîííîé ñìåñè.
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trans. Áîëüøèå ðèáîñîìíûå ñóá÷àñòèöû ýòîãî øòàììà, ñîáèðàþùèåñÿ in vivo
â îòñóòñòâèå áåëêà L5, èìåþò êîýôôèöèåíò ñåäèìåíòàöèè 47S è íå ñïîñîáíû
àññîöèèðîâàòü ñ 30S ñóá÷àñòèöàìè in vitro. Ïîëó÷åííûå 47S ñóá÷àñòèöû
ëèøåíû áåëêà L5, à òàêæå ñîäåðæàò òîëüêî ñëåäîâûå êîëè÷åñòâà 5S ðÐÍÊ è
áåëêîâ L18, L25, L16 è L27. Òàêèì îáðàçîì, ìîæíî çàêëþ÷èòü, ÷òî îäíîé èç
ôóíêöèé áåëêà L5 ÿâëÿåòñÿ ñòàáèëèçàöèÿ âçàèìîäåéñòâèÿ 5S ðÐÍÊ-áåëêîâîãî
êîìïëåêñà â ñîñòàâå áîëüøîé ðèáîñîìíîé ñóá÷àñòèöû. Êðîìå òîãî, ìû âíåñëè
ðÿä ìóòàöèé â ó÷àñòîê áåëêà L5, ïðåäïîëîæèòåëüíî êîíòàêòèðóþùèé ñ òÐÍÊ
â Ð-ñàéòå ðèáîñîìû. Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò íà òî, ÷òî òàêèå
èçìåíåíèÿ â ðèáîñîìå ìîãóò ñíèæàòü òî÷íîñòü òðàíñëÿöèè in vivo.

Ðàáîòà ïîääåðæàíà: ãðàíòàìè ÐÔÔÈ ¹ 08-04-00459-à è ¹ 09-04-
01747-à, Ïðîãðàììàìè Ïðåçèäåíòà ÐÔ ïî ïîääåðæêå Âåäóùèõ íàó÷íûõ øêîë
(ÍØ-751.2008.4) è "Ìîëåêóëÿðíàÿ è êëåòî÷íàÿ áèîëîãèÿ" Ðîññèéñêîé
àêàäåìèè íàóê. Ðàáîòà Ì.Á. Ãàðáåð ïîääåðæèâàëàñü ãðàíòîì Ìåäèöèíñêîãî
èíñòèòóòà Ãîâàðäà Õüþçà (HHMI 55005609).

ÐÎËÜ 5S ðÐÍÊ-ÑÂßÇÛÂÀÞÙÈÕ ÁÅËÊÎÂ L5 È L25 Â ÑÁÎÐÊÅ
ÁÀÊÒÅÐÈÀËÜÍÎÉ ÐÈÁÎÑÎÌÛ IN VIVO
Êîðåïàíîâ À.Ï., Êîðîáåéíèêîâà À.Â., Áàæåíîâà Ì.Â., Øåñòàêîâ Ñ.À.,
Áóáóíåíêî Ì.Ã.*, Ãàðáåð Ì.Á., Ãîíãàäçå Ã.Ì.
Èíñòèòóò áåëêà ÐÀÍ, Ïóùèíî, Ðîññèÿ
*Íàöèîíàëüíûé èíñòèòóò ðàêà, Ôðåäåðèê, ÑØÀ
E-mail: kav-20@rambler.ru
Ôàêñ: (495) 632-78-71; òåë.: (4967) 73-27-70

Â Escherichia coli ñïåöèôè÷åñêèé êîìïëåêñ 5S ðÐÍÊ ñ ðèáîñîìíûìè
áåëêàìè L5, L18 è L25 ôîðìèðóåò áîëüøóþ ÷àñòü öåíòðàëüíîãî ïðîòóáåðàíöà
50S ðèáîñîìíîé ñóá÷àñòèöû. Èçâåñòíî, ÷òî öåíòðàëüíûé ïðîòóáåðàíåö
ó÷àñòâóåò â àññîöèàöèè ðèáîñîìíûõ ñóá÷àñòèö, à ó åãî îñíîâàíèÿ
ðàñïîëîæåíû ïåïòèäèëòðàíñôåðàçíûé öåíòð è òÐÍÊ-ñâÿçûâàþùèå ñàéòû
ðèáîñîìû. Â ýêñïåðèìåíòàõ in vitro áûëî ïîêàçàíî, ÷òî â îòñóòñòâèå 5S ðÐÍÊ-
áåëêîâîãî êîìïëåêñà ñîáèðàåòñÿ ôóíêöèîíàëüíî íåàêòèâíàÿ ðèáîñîìíàÿ
ñóá÷àñòèöà. Äî ñèõ ïîð, îäíàêî, íåò ïðÿìûõ äàííûõ î ôóíêöèè 5S ðÐÍÊ-
áåëêîâîãî êîìïëåêñà â ðèáîñîìå. Òðè ãîäà íàçàä, èñïîëüçóÿ ñîâðåìåííûå
ìåòîäû ìîëåêóëÿðíîé ãåíåòèêè, ìû íà÷àëè èññëåäîâàíèå ðîëè 5S ðÐÍÊ-
ñâÿçûâàþùèõ ðèáîñîìíûõ áåëêîâ L5, L18 è L25 â ôîðìèðîâàíèè
ôóíêöèîíàëüíî àêòèâíîé ðèáîñîìû â êëåòêàõ E. coli. Ïîêàçàíî, ÷òî áåëêè
L5 è L18 ñòðîãî íåîáõîäèìû äëÿ âûæèâàíèÿ áàêòåðèàëüíîé êëåòêè, òîãäà
êàê ïðè íîêàóòå ãåíà áåëêà L25 êëåòêè E. coli âûæèâàþò, íî ðàñòóò ìåäëåííåå,
÷åì êëåòêè èñõîäíîãî øòàììà, à L25-äåôèöèòíûå ðèáîñîìû îòëè÷àþòñÿ
ñíèæåííîé ýôôåêòèâíîñòüþ â ñèíòåçå ïðèðîäíûõ ïîëèïåïòèäîâ in vivo è
in vitro (Korepanov et al., 2007).

Â íàñòîÿùåé ðàáîòå óêàçàííûå èññëåäîâàíèÿ áûëè ïðîäîëæåíû.
Ïîêàçàíî, ÷òî ïðåïàðàòû L25-äåôèöèòíûõ ðèáîñîì ñîäåðæàò äî 30-40% 50S
ðèáîñîìíûõ ñóá÷àñòèö, êîòîðûå íå ñïîñîáíû àññîöèèðîâàòü ñ 30S
ñóá÷àñòèöàìè. Èçìåíåíèÿ, ïðîèçîøåäøèå â ñòðóêòóðå ýòèõ ðèáîñîì, áûëè
èññëåäîâàíû ìåòîäîì õèìè÷åñêîãî ïðîáèíãà ÐÍÊ. Â 50S ñóá÷àñòèöàõ,
íàõîäÿùèõñÿ â ñîñòàâå L25-äåôèöèòíûõ 70S ðèáîñîì, èçìåíèëàñü
äîñòóïíîñòü ìîäèôèöèðóþùèì àãåíòàì íóêëåîòèäîâ ñïèðàëåé 38, 39, 41,
42 è 89 23S ðÐÍÊ è ïåòëè E 5S ðÐÍÊ. Â âûäåëåííûõ 50S ñóá÷àñòèöàõ, íå
ñïîñîáíûõ àññîöèèðîâàòü ñ 30S ñóá÷àñòèöàìè, èçìåíåíèÿ â óêàçàííûõ
îáëàñòÿõ îêàçàëèñü åùå áîëåå âûðàæåíû, à òàêæå ïîÿâèëèñü èçìåíåíèÿ â
ñïèðàëÿõ 37, 80, 81, 86 è 88. Áîëåå òîãî, â ýòèõ ðèáîñîìíûõ ñóá÷àñòèöàõ
îòñóòñòâîâàë áåëîê L16. Èìåííî ó÷àñòêè 23S ðÐÍÊ, èçìåíèâøèå äîñòóïíîñòü
ìîäèôèêàíòàì â L25-äåôèöèòíûõ 50S ðèáîñîìíûõ ñóá÷àñòèöàõ, â ðèáîñîìå
ôîðìèðóþò ìåæìîëåêóëÿðíûå êîíòàêòû ñ 5S ðÐÍÊ-áåëêîâûì êîìïëåêñîì è
áåëêîì L16. Íàøè äàííûå ãîâîðÿò î òîì, ÷òî áåëîê L25 íåîáõîäèì äëÿ
ñòàáèëèçàöèè ñòðóêòóðíî-ôóíêöèîíàëüíîãî óçëà, ñîñòîÿùåãî èç 5S ðÐÍÊ-
áåëêîâîãî êîìïëåêñà, áåëêà L16 è îòìå÷åííûõ âûøå ó÷àñòêîâ 23S ðÐÍÊ.

Áûë ñîçäàí òàêæå øòàìì E. coli ñ äåëåöèåé õðîìîñîìíîãî ãåíà
æèçíåííî-âàæíîãî 5S ðÐÍÊ-ñâÿçûâàþùåãî áåëêà L5. Æèçíåäåÿòåëüíîñòü
øòàììà ïîääåðæèâàëàñü çà ñ÷åò ðåãóëèðóåìîé ýêñïðåññèè ãåíà áåëêà L5 in
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the L5 protein functions is to stabilize interactions of 5S rRNA-protein complex
within the large ribosomal subunit. Moreover, we introduced a number of mutations
in the region of L5 protein probably contacting with tRNA at the P-site of the
ribosome. The results obtained indicate that such changes in the ribosome can
reduce the accuracy of translation in vivo.

This work was supported by the Russian Foundation for Basic Research (grants
N 08-04-00459-à and N 09-04-01747-à), the Program for support of Outstanding
Scientific Schools (SSh-751.2008.4) and the Program for Molecular and Cellular
Biology RAS. The research of M.B. Garber was supported by International
Research Scholar's award from the Howard Hughes Medical Institute (HHMI
55005609).

ROLE OF 5S rRNA-BINDING PROTEINS L5 AND L25 IN THE
BACTERIAL RIBOSOME ASSEMBLY IN VIVO
Korepanov A.P., Korobeinikova A.V., Bazhenova M.V., Shestakov S.A.,
Bubunenko M.G.*, Garber M.B., Gongadze G.M.
Institute of Protein Research RAS, Pushchino, Russia
*National Cancer Institute, Frederick, USA
E-mail: kav-20@rambler.ru
Fax: (495) 632-78-71; tel.: (4967) 73-27-70

In Escherichia coli a specific complex of 5S rRNA with ribosomal proteins
L5, L18, and L25 forms majority of the central protuberance of the 50S ribosomal
subunit. It is known that the central protuberance participates in association of
ribosomal subunits and the peptidyl transferase center and tRNA-binding sites are
located at the protuberance base. It was shown by in vitro experiments that in the
absence of 5S rRNA-protein complex an inactive large ribosomal subunit
assembled. However, there is no direct evidence about the function of 5S rRNA-
protein complex in the ribosome so far. Three years ago, using modern molecular
genetics methods we have started studying the role of the 5S rRNA-binding proteins
L5, L18, and L25 in formation of functional ribosome in E. coli cells. It has been
shown that L5 and L18 proteins are essential for bacterial cell viability, whereas
E. coli cells with knockout of L25 protein gene are viable but grow slower than
the parental strain. L25-defective ribosomes demonstrate decreased efficiency in
the synthesis of natural polypeptides in vivo and in vitro (Korepanov et al., 2007).

In this work above mentioned studies have been continued. It has been shown
that the preparations of L25-defective ribosomes contain about 30-40% of 50S
ribosomal subunits which are unable to associate with 30S ones. The changes
occurred in the structure of these ribosomes have been investigated by the chemical
probing of RNA method. It was shown that in the 50S subunits of L25-defective
70S ribosomes the accessibility of nucleotides for modification reagents was
changed in helixes 38, 39, 41, 42, and 89 of 23S rRNA and E loop of 5S rRNA. In
the isolated 50S subunits that are unable to associate with 30S ones the alterations
in the indicated regions were much stronger and the changes in helixes 37, 80, 81,
86, and 88 of 23S rRNA arised. Furthermore, these 50S subunits have lost the
protein L16. The regions of 23S rRNA changing the accessibility for modification
reagents in the L25-defective 50S subunits form in the ribosome intermolecular
contacts with 5S rRNA-protein complex and L16 protein. Thus, our data indicate
that L25 protein is essential for stabilization of the structural-functional unit
comprising of 5S rRNA-protein complex, L16 protein, and the indicated above
regions of 23S rRNA.

We have also created E. coli strain with deletion of chromosomal gene of
vital 5S rRNA-binding protein L5. The viability of the strain is provided by the
regulated expression of L5 protein gene in trans. The large ribosome subunits
from this strain, which assemble in the absence of L5 protein in vivo have
sedimentation coefficient of 47S and are unable to associate with 30S subunits
in vitro. The 47S subunits are lost the L5 protein and contain only trace amounts
of 5S rRNA and L18, L25, L16, and L27 proteins. Thus, we conclude that one of
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ñòðóêòóðèðîâàííóþ 5'-ÍÒÎ. Íàìè ñîçäàíû øòàììû E. coli, êîòîðûå èìåþò
â õðîìîñîìíîì lac ëîêóñå "ñëèòíûé" ãåí, ñîñòîÿùèé èç ðåïîðòåðíîãî ãåíà
lacZ è 5'-ÍÒÎ îäíîé èç íåñêîëüêèõ ìîäåëüíûõ ìÐÍÊ. Áûëè ïîëó÷åíû
ïëàçìèäû, íåñóùèå ãåíû áåëêîâ S11 è S18 äèêîãî òèïà èëè ñ ìóòàöèÿìè â
èíòåðåñóþùèõ íàñ ðàéîíàõ. Ìû ïëàíèðóåì îñóùåñòâèòü íîêàóò
õðîìîñîìíûõ ãåíîâ áåëêîâ S11 è S18 â óñëîâèÿõ ýêñïðåññèè in trans
êëîíèðîâàííûõ ãåíîâ. Òàêèì îáðàçîì, ïî óðîâíþ ýêñïðåññèè áåòà-
ãàëàêòîçèäàçû ìû ñìîæåì îöåíèòü âëèÿíèå âíåñåííûõ íàìè çàìåí íà
òðàíñëÿöèþ òåõ èëè èíûõ ìÐÍÊ è âûÿâèòü ôóíêöèîíàëüíóþ ðîëü áåëêîâ
S11 è S18.

Ðàáîòà ïîääåðæàíà ãðàíòàìè ÐÔÔÈ ¹ 07-04-92172-ÍÖÍÈ_à,
Ïðîãðàììàìè Ïðåçèäåíòà ÐÔ ïî ïîääåðæêå Âåäóùèõ íàó÷íûõ øêîë è
"Ìîëåêóëÿðíàÿ è êëåòî÷íàÿ áèîëîãèÿ" Ðîññèéñêîé àêàäåìèè íàóê. Ðàáîòà
Ì.Á. Ãàðáåð ïîääåðæèâàëàñü ãðàíòîì Ìåäèöèíñêîãî èíñòèòóòà Ãîâàðäà
Õüþçà (HHMI 55005609).
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Ñáîðêà ðèáîñîìíûõ ñóá÷àñòèö èç èçîëèðîâàííûõ ðÐÍÊ è ðèáîñîìíûõ
áåëêîâ ÿâëÿåòñÿ ñòóïåí÷àòûì êîîïåðàòèâíûì ïðîöåññîì, êîòîðûé äîñòàòî÷íî
ïîäðîáíî èçó÷åí â ñèñòåìå in vitro. Íà ïåðâîì ýòàïå ñ ðÐÍÊ ñâÿçûâàåòñÿ
îïðåäåëåííûé íàáîð áåëêîâ (òàê íàçûâàåìûõ "ïåðâè÷íî-ñâÿçûâàþùèõñÿ").
Ñâÿçûâàíèå ýòèõ áåëêîâ íåîáõîäèìî äëÿ âñòðàèâàíèÿ â ðèáîñîìó íàáîðà
"âòîðè÷íî-ñâÿçûâàþùèõñÿ" áåëêîâ è òàê äàëåå.

Íàøè èññëåäîâàíèÿ íàïðàâëåíû íà èçó÷åíèå ðîëè áåëêîâ ïëàòôîðìû
ìàëîé ðèáîñîìíîé ñóá÷àñòèöû E. coli â ôîðìèðîâàíèè è ðàáîòå ðèáîñîìû.
Ñîãëàñíî êëàññè÷åñêîé ñõåìå, íà ïåðâîì ýòàïå ñáîðêè ïëàòôîðìû in vitro ñ
èçîëèðîâàííîé 16S ðÐÍÊ ñâÿçûâàåòñÿ ðèáîñîìíûé áåëîê S15. Ñâÿçûâàíèå
áåëêà S15 íåîáõîäèìî äëÿ ïðèñîåäèíåíèÿ ïàðû áåëêîâ, S6 è S18, êîòîðûå
òàêæå ñòèìóëèðóþò âñòðàèâàíèå äðóã äðóãà â ðèáîñîìó. Îáðàçîâàâøèéñÿ
êîìïëåêñ ñïîñîáåí ñâÿçûâàòü áåëîê S11, êîòîðûé íóæåí äëÿ âñòðàèâàíèÿ
áåëêà S21. Ðàíåå ìû ïîêàçàëè, ÷òî, íåñìîòðÿ íà êëþ÷åâóþ ðîëü, êîòîðóþ
èãðàåò áåëîê S15 â ñáîðêå ïëàòôîðìû 30S ñóá÷àñòèöû in vitro, ýòîò áåëîê íå
ÿâëÿåòñÿ íåîáõîäèìûì äëÿ âûæèâàíèÿ êëåòîê è ñáîðêè ðèáîñîìû. Â
ïðåäñòàâëåííîé ðàáîòå ìû îñóùåñòâèëè íîêàóò ãåíîâ ðèáîñîìíûõ áåëêîâ
ïëàòôîðìû S6, S11, S18 è S21.

Íàøè äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî òîëüêî áåëîê S6 íå êðèòè÷åí
äëÿ âûæèâàíèÿ E. coli, òîãäà êàê íîêàóò ãåíîâ îñòàëüíûõ áåëêîâ ëåòàëåí äëÿ
êëåòîê. Ðèáîñîìû, ñîáðàííûå â êëåòêå â îòñóòñòâèå áåëêà S6, èìåþò ïîëíûé
íàáîð áåëêîâ, âêëþ÷àÿ áåëîê S18. Ïîíèæåíèå òåìïåðàòóðû êóëüòèâàöèè S6-
äåôèöèòíîãî øòàììà äî 25oÑ ïðèâîäèò ê îñòàíîâêå ðîñòà, ÷òî
ñîïðîâîæäàåòñÿ íàêîïëåíèåì â êëåòêàõ äåôåêòíûõ ìàëûõ ðèáîñîìíûõ
ñóá÷àñòèö, íåñïîñîáíûõ àññîöèèðîâàòü ñ 50S ðèáîñîìíûìè ñóá÷àñòèöàìè.
Íà îñíîâàíèè ýòîãî ìû ñ÷èòàåì, ÷òî áåëîê S6 ìîæåò âûïîëíÿòü ñòðóêòóðíóþ
ôóíêöèþ ïðè ñáîðêå ïëàòôîðìû 30S ñóá÷àñòèöû.

Ñîãëàñíî ïîñëåäíèì äàííûì î ïðîñòðàíñòâåííîé ñòðóêòóðå ðèáîñîì è
ôóíêöèîíàëüíûõ ðèáîñîìíûõ êîìïëåêñîâ, íà ïåðâûõ ýòàïàõ èíèöèàöèè
áåëêîâîãî ñèíòåçà ìÐÍÊ, èìåþùèå ïðîòÿæåííóþ ñòðóêòóðèðîâàííóþ 5'-
íåòðàíñëèðóåìóþ îáëàñòü (5'-ÍÒÎ), ñâÿçûâàþòñÿ ñ ïëàòôîðìîé ìàëîé
ðèáîñîìíîé ñóá÷àñòèöû â ðàéîíå Å-ñàéòà è âçàèìîäåéñòâóþò ñ íåñêîëüêèìè
ðèáîñîìíûìè áåëêàìè. Â ÷àñòíîñòè, ñ÷èòàåòñÿ, ÷òî ìÐÍÊ âçàèìîäåéñòâóåò
ñ îïðåäåëåííûìè ó÷àñòêàìè áåëêîâ S11 è S18. Òàêèì îáðàçîì, ýòè áåëêè
ìîãóò áûòü âàæíûìè äëÿ èíèöèàöèè òðàíñëÿöèè ïðèðîäíûõ ìÐÍÊ, èìåþùèõ



256 257

knockout of chromosomal genes for S11 and S18 proteins at the condition of in
trans expression of the corresponding cloned genes. Thus, by looking at the beta-
galactosidase expression we will be able to see influence of the mutations on
translation of different mRNAs and to reveal functional role of S11 and S18.

The research was supported by the Russian Foundation for Basic Research
(grant N 07-04-92172-CNRS_à), the Program of RAS on Molecular and Cellular
Biology and the Program of the RF President on support of outstanding scientific
schools. The research of M.B.Garber was supported, in part, by an International
Research Scholar's award from the Howard Hughes Medical Institute.

STUDYING THE ROLE OF THE RIBOSOMAL PROTEINS S6, S11,
S18 AND S21 IN THE RIBOSOME BIOGENESIS AND
TRANSLATION IN ESCHERICHIA COLI
Korepanov A.P., Bubunenko M.G.*, Korobeinikova A.V., Springer M.**,
Garber M.B.
Institute of Protein Research RAS, Pushchino, Russia
*National Cancer Institute, Frederick, USA
**Institut de Biologie Physico-chimique, Paris, France
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Assembly of ribosomal subunits from isolated rRNAs and ribosomal proteins
is a stepwise cooperative process that has been studied thoroughly in vitro. At the
first step, a certain set of proteins (the so-called "primary-binding") binds to RNA.
Binding of these proteins is required for incorporation of a set of the "secondary-
binding" proteins into the ribosome, and so on.

Our investigation is focused on studying the role of proteins of the platform
of the small ribosomal subunit in the ribosome biogenesis and functioning.
According to a conventional map (from in vitro experiments), ribosomal protein
S15 binds to the 16S rRNA at the first step of the platform assembly. Binding of
S15 is required for attaching of a couple of proteins, S6 and S18, which also
stimulate incorporation of each other into the ribosome. Such a complex is able to
bind S11 protein that is required for incorporation of S21 protein. As we have
shown earlier, S15 protein is not essential for cell survival and the ribosome
assembly in vivo, in spite of its pivotal role in the platform assembly in vitro. In
the present work, we have performed a knockout of genes encoding ribosomal
proteins of the platform: S6, S11, S18 and S21.

Our data suggest that only S6 protein is not essential for E. coli survival, but
knockout of the genes of the rest of the studied proteins is lethal. Ribosomes
assembled in the cells in the absence of S6 protein consist of all the proteins,
including S18. Decrease in cultivation temperature of the S6-deficient strain to
25oC stops the cell growth. This is accompanied by accumulation of defective
small ribosomal subunits, which are unable to associate with 50S ribosomal
subunits. On these grounds we suggest that S6 may play a structural function during
the 30S subunit platform assembly.

According to recent data regarding the spatial structure of the ribosome and
functional ribosomal complexes, mRNAs possessing extensive and structured 5'-
untranslated region (5'-UTR) bind to the platform of the small ribosomal subunit
at the E-site region and interact with several ribosomal proteins during the first
step of translation initiation. In particular, it is believed that mRNA interacts with
certain regions of proteins S11 and S18. Thus, these proteins may be important for
translation initiation of natural mRNAs possessing structured 5'-UTR. We have
constructed E. coli strains that have translation fusions, comprising lacZ reporter
gene and a 5'-UTR of one of the model mRNAs in the chromosomal lac locus.
Plasmids, bearing genes for S11 and S18 proteins of the wild type or having
mutations in the regions under study have been obtained. We plan to perform a
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System autoimmune diseases, such as lupus erythematosus (SLE), rheumatoid
arthritis, scleroderma, multiple sclerosis, occur in up to 1.5% of the population.
Aetiology of autoimmune diseases is unknown, but it has been proposed that genetic
factors and environmental risk factors can contribute to their induction. In patients
suffering from scleroderma the production of autoantibodies against the nucleolar
protein fibrillarin is associated with the HLA-DQB1genotype. It is also known
that inbred (i.e. genetically homogeneous) mice differ in their susceptibility to
environmental xenobiotics. For example, mice with the various H-2 haplotypes
significantly differ in susceptibility to regular administrations of sublethal doses
of HgCl2. Mice with the H-2s haplotype (strains SJL, A.SW, B10.S) and H-2q
(strains DBA/1, FVB/N) are more sensitive than mice of other strains. However,
the influence of exogenous factors is, in general, easier to assess by the use of
outbred animals. Outbred mice are heterozygous and similar to humans genetically
and phenotypically heterogeneous.

This work was aimed to study the ability of two outbred mouse stocks –
CD-1 and CFW – to produce anti-fibrillarin autoantibodies after regular injections
of the standard doses of HgCl2 (1.6 mg/kg). Mice were purchased from the Animal
Breeding Stock in Pushchino.

Our results showed that all mice of the both stocks produced anti-fibrillarin
autoantibodies after four weeks of HgCl2 administration. Our results argue in favour
that environmental factors (for example, exposure to xenobiotics) may play a crucial
role in induction of autoimmune pathological reactions in humans.

ÕËÎÐÈÄ ÐÒÓÒÈ ÂÛÇÛÂÀÅÒ ÀÓÒÎÈÌÌÓÍÍÛÉ ÏÐÎÖÅÑÑ Ó
ÀÓÒÁÐÅÄÍÛÕ ÌÛØÅÉ
Êðàñèëüùèêîâà Ì.Ñ., Êàìàåâà À.Ã., Çàöåïèíà Î.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: msk@ibch.ru
Ôàêñ/òåë.: (495) 727-38-61

Ñèñòåìíûå àóòîèììóííûå çàáîëåâàíèÿ, òàêèå êàê êðàñíàÿ âîë÷àíêà
(ÑÊÂ), ðåâìàòîèäíûé àðòðèò,  ñêëåðîäåðìèÿ, ðàññåÿííûé ñêëåðîç, ïîðàæàþò
îêîëî 1.5% íàñåëåíèÿ ðàçâèòûõ ñòðàí. Ýòèîëîãèÿ àóòîèììóííûõ áîëåçíåé
íåèçâåñòíà, îäíàêî ê ôàêòîðàì, èíäóöèðóþùèì èõ âîçíèêíîâåíèå,  îòíîñÿò
ãåíåòè÷åñêóþ ïðåäðàñïîëîæåííîñòü è íåáëàãîïðèÿòíûå âîçäåéñòâèÿ
îêðóæàþùåé ñðåäû. Èçâåñòíî, ÷òî îáðàçîâàíèå àíòèòåë ê áåëêó ÿäðûøêà
ôèáðèëëàðèíó ó áîëüíûõ  ñèñòåìíîé ñêëåðîäåðìèåé àññîöèèðîâàíî ñ
íàëè÷èåì îïðåäåëåííûõ àëëåëåé ãåíîòèïà HLA-DQB1. Èññëåäîâàíèÿ,
ïðîâåäåííûå íà èíáðåäíûõ, ò.å. ãåíåòè÷åñêè îäíîðîäíûõ,  ëèíèÿõ ìûøåé
ïîêàçàëè, ÷òî æèâîòíûå ðàçíûõ ëèíèé îáëàäàþò ðàçíîé ÷óâñòâèòåëüíîñòüþ
ê äåéñòâèþ êñåíîáèîòèêîâ, ïðèñóòñòâóþùèõ â îêðóæàþùåé ñðåäå. Òàê, ìûøè
ñ ðàçíûìè ãàïëîòèïàìè Í-2 çíà÷èòåëüíî îòëè÷àþòñÿ äðóã îò äðóãà ïî
÷óâñòâèòåëüíîñòè ê õðîíè÷åñêîìó âîçäåéñòâèþ ñóáëåòàëüíûõ äîç õëîðèäà
ðòóòè. Íàèáîëåå âûðàæåííûå ïðèçíàêè ñèñòåìíûõ àóòîèììóííûõ
çàáîëåâàíèé, ñîïðîâîæäàþùèõñÿ ïîÿâëåíèåì àóòîàíòèòåë ê ôèáðèëëàðèíó,
íàáëþäàëèñü ó ìûøåé ñ ãàïëîòèïàìè H-2s (ëèíèè SJL, A.SW, B10.S) è H-2q
(ëèíèè DBA/1, FVB/N). Îäíàêî, âëèÿíèå ýêçîãåííûõ ôàêòîðîâ íà ïîïóëÿöèþ
â öåëîì ïðîùå îöåíèâàòü íà àóòáðåäíûõ, ò.å. íåëèíåéíûõ, æèâîòíûõ.
Àóòáðåäíûå ìûøè ãåòåðîçèãîòíû ïî íåîïðåäåëåííîìó ÷èñëó ãåíîâ è,
ïîäîáíî ëþäÿì, ãåíåòè÷åñêè è ôåíîòèïè÷åñêè íåîäíîðîäíû.

Öåëü íàñòîÿùåé ðàáîòû – èññëåäîâàòü ñïîñîáíîñòü ìûøåé äâóõ
àóòáðåäíûõ ñòîêîâ – CD-1 è CFW – âûðàáàòûâàòü àíòèòåëà ê ôèáðèëëàðèíó
ïîñëå ðåãóëÿðíûõ ïîäêîæíûõ èíúåêöèé ñòàíäàðòíûõ äîç HgCl2 (1.6 ìã/êã).
Æèâîòíûå ïîëó÷åíû èç Ïèòîìíèêà ëàáîðàòîðíûõ æèâîòíûõ Ïóùèíî (ÔÈÁÕ
ÐÀÍ).

Ðåçóëüòàòû ðàáîòû ãîâîðÿò î òîì, ÷òî ïîñëå 4-õ íåäåëü èíúåêöèé HgCl2
ó âñåõ ìûøåé îáîèõ àóòáðåäíûõ ñòîêîâ ïîÿâëÿþòñÿ àóòîàíòèòåëà ê
ôèáðèëëàðèíó. Ýòè íàáëþäåíèÿ ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî ôàêòîðû
îêðóæàþùåé ñðåäû (íàïðèìåð, êñåíîáèîòèêè) ìîãóò èãðàòü êëþ÷åâóþ ðîëü
â ðàçâèòèè èíäóöèðîâàííîãî àóòîèììóííîãî ïðîöåññà ó ëþäåé.
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Schungites are not only good sorbent agents, but also provide outflow of
fullerenes into water in a complex with organic molecules and microelements,
what makes their  useful properties. Bacterici-dal properties of schungite are
instrumental in destruction of bacterial cells (collibacillus, comma bacillus), low-
molecular admixtures, organics, compounds of phosphorus (pesticides), pathogenic
saprophytes, eggs of helminths, protozoa.

In researches we used agent on the basis of humic substances, PEG 1500 and
400, succinic acid and structured fullerene-containing water, prepared in certain
proportion in laboratory environment. A comparison of bactericidal properties of
powder-like schungite sized 40 µm and 50-70 nm was made. It was got with the
use of cryoblending (measurings were made with the use of device  HORIBA
LA-910). Humic preparations, prepared on the basis of the structured fullerene-
enclosing water, were tested when a procedure of attenuation of schungit-containing
water was made. Biological activity of preparation was tested by means of weighting
of 7-daily seedlings of winter sorts of wheat, handled in Petri dishes on identical
mixture for growing. The control sample of mixture for growing was prepared on
the boiled tap water.

Our findings positively confirm certain growthstimulating influence of
analysed samples. Seeds of both sorts of wheat showed practically identical force
of germination capacity, which surpassed this index in comparison with control
sample. More effectively appeared not simply cultivation, but also steeping of
seeds of various sorts of wheat in preparations on the basis of the structured water.
Harvested seedings were planted in soil. The analysis of results of the derived
harvest detected some increase of mass of ear probably due to increase of amount
of grains in it. Rather better, but statistically not reliable results, requiring further
researches, were obtained at growing of grains of wheat by the use of schungite
powder sized 50-70 nm.

ÏÎÈÑÊÈ ÐÀÖÈÎÍÀËÜÍÛÕ ÏÓÒÅÉ ÈÑÏÎËÜÇÎÂÀÍÈß
ÍÀÍÎÒÅÕÍÎËÎÃÈ×ÅÑÊÎÃÎ ÑÛÐÜß ÏÐÈ ÐÀÇÐÀÁÎÒÊÅ
ÍÎÂÛÕ ÏÐÎÄÓÊÒÎÂ
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Íàöèîíàëüíûé òåõíè÷åñêèé óíèâåðñèòåò "ÕÏÈ", Õàðüêîâ, Óêðàèíà
**ÍÀÓ, Èíñòèòóò ïðîáëåì ìàøèíîñòðîåíèÿ èì. À.Í. Ïîäãîðíîãî,
Õàðüêîâ, Óêðàèíà
E-mail: krichkovska@kpi.kharkov.ua; fox-phenek@ukr.net
Ôàêñ: (8057) 764-67-90; òåë.: (8057) 707-64-95

Øóíãèòû ÿâëÿþòñÿ íå òîëüêî õîðîøèìè ñîðáåíòàìè, íî è îáåñïå÷èâàþò
âûäåëåíèå â âîäó ôóëëåðåíîâ â êîìïëåêñå ñ îðãàíè÷åñêèìè ìîëåêóëàìè è
ìèêðîýëåìåíòàìè, ÷åì è îáóñëîâëèâàþòñÿ èõ ïîëåçíûå ñâîéñòâà [1].
Áàêòåðèöèäíûå ñâîéñòâà øóíãèòà ñïîñîáñòâóþò óíè÷òîæåíèþ
áàêòåðèàëüíûõ êëåòîê (êèøå÷íîé ïàëî÷êè, õîëåðíîãî âèáðèîíà),
íèçêîìîëåêóëÿðíûõ ïðèìåñåé, îðãàíèêè, ñîåäèíåíèé ôîñôîðà
(ÿäîõèìèêàòîâ), ïàòîãåííûõ ñàïðîôèòîâ, ÿèö ãëèñòîâ, ïðîñòåéøèõ.

Â èññëåäîâàíèÿõ èñïîëüçîâàëè ïðåïàðàò íà îñíîâå ãóìèíîâûõ âåùåñòâ,
ÏÝÎ 1500 è 400, ÿíòàðíîé êèñëîòû è ñòðóêòóðèðîâàííîé ôóëëåðåíîâîé âîäû,
ïðèãîòîâëåííûé â îïðåäåëåííîì ñîîòíîøåíèè â ëàáîðàòîðíûõ óñëîâèÿõ.
Ïðîâîäèëîñü ñðàâíåíèå áàêòåðèöèäíûõ ñâîéñòâ ïîðîøêîîáðàçíîãî øóíãèòà
ðàçìåðîì 40 ìêì è 50-70 íì, ïîëó÷åííûõ ñ èñïîëüçîâàíèåì êðèîèçìåëü÷åíèÿ
(èçìåðåíèÿ ïðîâîäèëèñü ñ èñïîëüçîâàíèåì ïðèáîðà HORIBA LA-910).
Ãóìèíîâûå ïðåïàðàòû, ïðèãîòîâëåííûå íà îñíîâå ñòðóêòóðèðîâàííîé
ôóëëåðåíñîäåðæàùåé âîäû, èñïûòûâàëè ïðè ðàçâåäåíèè ïîëó÷åííîé íà
øóíãèòàõ âîäû. Áèîëîãè÷åñêóþ àêòèâíîñòü ïðåïàðàòà èññëåäîâàëè ìåòîäîì
âçâåøèâàíèÿ 7-äíåâíûõ ïðîðîñòêîâ îçèìîé ïøåíèöû ñîðòîâ, âûðàùåííûõ
â ÷àøêàõ Ïåòðè íà îäèíàêîâîé ñìåñè äëÿ âûðàùèâàíèÿ. Êîíòðîëüíûé îáðàçåö
ñìåñè äëÿ âûðàùèâàíèÿ ãîòîâèëè íà âîäîïðîâîäíîé êèïÿ÷åíîé âîäå.

Ïîëó÷åííûå äàííûå äîñòîâåðíî ïîäòâåðæäàþò îïðåäåëåííîå
ðîñòñòèìóëèðóþùåå âëèÿíèå èññëåäîâàííûõ îáðàçöîâ. Ñåìåíà îáîèõ ñîðòîâ
ïøåíèöû ïðîÿâèëè ïðàêòè÷åñêè îäèíàêîâóþ ñèëó âñõîæåñòè, êîòîðàÿ
ïðåâûøàëà ýòîò ïîêàçàòåëü â êîíòðîëå. Áîëåå ýôôåêòèâíûì îêàçàëîñü íå
ïðîñòî âûðàùèâàíèå, à çàìà÷èâàíèå ñåìÿí ñîðòîâ ïøåíèöû â ïðåïàðàòàõ íà
îñíîâå ñòðóêòóðèðîâàííîé âîäû. Ïîëó÷åííûå ïðîðîñòêè áûëè âûñåÿíû â
ãðóíò. Àíàëèç óðîæàÿ ïîêàçàë íåêîòîðîå óâåëè÷åíèå ìàññû êîëîñà ÷àùå çà
ñ÷åò óâåëè÷åíèÿ êîëè÷åñòâà çåðåí â íåì. Íåñêîëüêî ëó÷øèå, íî ñòàòèñòè÷åñêè
íå äîñòîâåðíûå ðåçóëüòàòû, òðåáóþùèå äàëüíåéøèõ èññëåäîâàíèé, áûëè
ïîëó÷åíû ïðè âûðàùèâàíèè çåðåí ïøåíèöû ïðè èñïîëüçîâàíèè øóíãèòîâîãî
ïîðîøêà ðàçìåðîì 50-70 íì.
Ëèòåðàòóðà
1. Äàëìàòîâ Â.Þ. Óëüòðàäèñïåðñíûå àëìàçû äåòîíàöèîííîãî ñèíòåçà. Ïîëó÷åíèå,

ñâîéñòâà, ïðèìåíåíèå. - ÑÏá.: ÑÏáÃÏÓ. 2003. 344 ñ.
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Bacteriophages phiKZ P. aeruginosa and Ò4 E. coli belong to Myoviridae
family; its representatives are characterized by specialized organelle called a
contracted tail, providing high infection efficiency. During infection the phage tail
is subjected to the conformational  rearrangement resulting in irreversible sheath
contraction. The rigid internal tube penetrates through a cellular wall and provides
DNA injection into the host cell. Phage contracted sheath, molecular "muscle" of
virus, is simple biological mechanical device consisting of one type molecules.
Probably, different phages have the same mechanism of the tail sheath contraction
despite no apparent sequence homology between the tail proteins, different tail
lengths and hosts.

The phiKZ tail organization is similar to that of phage T4, but its tail is much
longer: 2000 Å versus 1200 Å . The phiKZ sheath is composed of 264 subunits of
gp29 (695 à.a., 77 kDa), while Ò4 sheath is composed of 138 copies of gp18
(659 à.a., 73 kDa). Recently we have solved a crystal structure of about three
quarters of gp18 molecule by X-ray methods. The goal of present investigation is
determination of phiKZ gp29 structure and its comparison with T4 sheath protein
structure.

Similarly T4 gp18, recombinant gp29, produced by E. coli cells, self-
assembles into polysheaths of variable length, which complicates crystallization.
Therefore, gp 29 C-truncated mutant that have lost the ability to polymerize was
designed. Limited trypsinolysis of this mutant results in a stable fragment (about
35 kDa), which was crystallized. The crystal structure of gp29 protease resistant
fragment was solved to 2.2 Å resolution. The comparative analysis of spatial
structure of phiKZ gp29 and Ò4 gp18 fragments has revealed similar topology of
sheath proteins that, apparently, is caused by similar functions and point to a
common evolutionary origin.

Comparative studies of sheath protein structures from two different Myoviridae
phages was carried out for the first time.

This work was supported by the Russian Foundation for Basic Research (N
08-04-01260).
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Áàêòåðèîôàãè phiKZ P. aeruginosa è Ò4 E. coli îòíîñÿòñÿ ê ñåìåéñòâó
Myoviridae, äëÿ ïðåäñòàâèòåëåé êîòîðîãî õàðàêòåðíî íàëè÷èå ñïåöèàëüíîé
îðãàíåëëû – ñîêðàòèìîãî õâîñòà, îáåñïå÷èâàþùåãî âûñîêóþ
èíôåêöèîííîñòü âèðèîíîâ. Â ïðîöåññå èíôèöèðîâàíèÿ õâîñò ôàãà
ïîäâåðãàåòñÿ ñòðóêòóðíîé ðåîðãàíèçàöèè, âåäóùåé ê íåîáðàòèìîìó
ñîêðàùåíèþ ÷åõëà. Ïðè ýòîì æåñòêèé âíóòðåííèé ñòåðæåíü ïðîíèêàåò ÷åðåç
êëåòî÷íóþ ñòåíêó è îáåñïå÷èâàåò ââåäåíèå ãåíîìíîé ÄÍÊ â êëåòêó õîçÿèíà.
Ñîêðàòèìûå ÷åõëû ôàãîâ, ñâîåãî ðîäà ìîëåêóëÿðíûå "ìûøöû" âèðóñîâ,
ïðåäñòàâëÿþò ñîáîé ïðîñòåéøèå äâèãàòåëüíûå ñèñòåìû, ñîñòîÿùèå èç
ìîëåêóë îäíîãî òèïà. Íå èñêëþ÷åíî, ÷òî ìåõàíèçì ñîêðàùåíèÿ ÷åõëîâ ó
ðàçíûõ ôàãîâ ïðè èíôèöèðîâàíèè îäèí è òîò æå, íåñìîòðÿ íà îòñóòñòâèå
ãîìîëîãèè â àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè ÷åõîëüíûõ áåëêîâ,
âàðèàáåëüíîñòü äëèíû õâîñòà è ðàçíûõ áàêòåðèàëüíûõ õîçÿåâ.

Õâîñò ôàãà phiKZ îðãàíèçîâàí ïîäîáíî õâîñòó Ò4, íî ñóùåñòâåííî
äëèííåå: 2000 Å  ïðîòèâ 1200 Å. ×åõîë phiKZ ôîðìèðóþò 264 ñóáúåäèíèöû
ïðîäóêòà ãåíà 29 (gp29, 695 à.î., 77 êÄà), à ÷åõîë Ò4 – 138 êîïèé gp18 (659
à.î., 73 êÄà). Ñðàâíèòåëüíî íåäàâíî íàìè áûëà îïðåäåëåíà êðèñòàëëè÷åñêàÿ
ñòðóêòóðà òðåõ ÷åòâåðòåé ìîëåêóëû gp18 ìåòîäàìè ðåíòãåíîñòðóêòóðíîãî
àíàëèçà. Öåëüþ íàñòîÿùåé ðàáîòû ÿâèëîñü óñòàíîâëåíèå ñòðóêòóðû gp29
ôàãà phiKZ è ñðàâíåíèå åå ñî ñòðóêòóðîé ÷åõîëüíîãî áåëêà ôàãà Ò4.

Ïîäîáíî gp18 ôàãà Ò4, ðåêîìáèíàíòíûé gp29, ïðîäóöèðóåìûé êëåòêàìè
E. coli, ôîðìèðóåò ïîëè÷åõëû íåðåãóëÿðíîé äëèíû, ÷òî çàòðóäíÿåò åãî
êðèñòàëëèçàöèþ. Ïîýòîìó áûë ïîëó÷åí óêîðî÷åííûé ñ Ñ-êîíöà ìîëåêóëû
ìóòàíò gp29, óòðàòèâøèé ñïîñîáíîñòü ê ñàìîñáîðêå. Îãðàíè÷åííûé
òðèïñèíîëèç ýòîãî áåëêà ïîçâîëèë ïîëó÷èòü ñòàáèëüíûé ôðàãìåíò ñ Ìì îêîëî
35 êÄà, êîòîðûé óäàëîñü çàêðèñòàëëèçîâàòü. Êðèñòàëëè÷åñêàÿ ñòðóêòóðà
ïðîòåèíàçîóñòîé÷èâîãî ôðàãìåíòà gp29 îïðåäåëåíà ñ ðàçðåøåíèåì 2.2 Å .

Ñðàâíèòåëüíûé àíàëèç ïðîñòðàíñòâåííûõ ñòðóêòóð ôðàãìåíòîâ gp29
phiKZ è gp18 Ò4 âûÿâèë ñõîäíóþ òîïîëîãèþ ÷åõîëüíûõ áåëêîâ, ÷òî, ïî-
âèäèìîìó, îáóñëîâëåíî ïîäîáèåì âûïîëíÿåìûõ èìè ôóíêöèé è óêàçûâàåò
íà îáùåå ýâîëþöèîííîå ïðîèñõîæäåíèå. Èññëåäîâàíèå ñòðóêòóð ÷åõîëüíûõ
áåëêîâ äâóõ ðàçíûõ ôàãîâ ñåìåéñòâà Myoviridae âûïîëíåíî âïåðâûå.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÐÔÔÈ ¹ 08-04-01260.
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PARAMETERS OF HEMATOLOGY AND BIOELEMENT STATUSES
PREDICT SPONTANEOUS MOUSE MAMMARY CANCER
APPEARANCE IN CANCER PRONE MICE
Kuchina M.N., Skalny A.V.*, Bojenko V.K.**, Moiseeva Å.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Institute of Bioelementology, Orenburg, Russia
*Russian Scientific Centre of Roentgenoradiology, Moscow, Russia

Analysis of published data permitted to reveal distinct changes in macro- and
microelement statuses (bioelement statuses, BES) in breast cancer (BC) patients.
These characteristics are considered as surrogate markers of neoplastic growth in
mammary gland. Pretumor females of original close related BLRB and BYRB
mouse strains with high incidence of spontaneous mammary cancer (sMC) were
thoroughly characterized as a proper model of BC prone human population. Our
aims were (1) to compare hematology and BES characteristics before and after
sMC detection; (2) to disclose parameters that were predictive for sMC
manifestation within 2, 4, and 12 months after blood and fur probe collection; (3)
to recognize whether our model may properly reflect changes of similar factors in
connection with BC appearance in human patients.

Blood and fur probes were collected individually and simultaneously from
BLRB and BYRB bred and virgin females of various ages (≥6 months) with sMC
(n=15) and those before tumor detection (pretumor females, n=130) under ether
narcosis. The hematology parameters (HP, n=18) were individually measured and
analyzed by "Advia 60", USA. The BES parameters in probes of fur (n=25) and
blood corpuscle fraction (BCF, n=25) were analyzed by inductively coupled (argon)
plasma atomic emission spectroscopy (ICP-AES) and mass spectrometry (ICP-
MS). All the mice were observed once a week during 12 months to reveal newly
arisen sMC. To the end, 81 sMC were detected, 28 females died without visible
sMC, 36 were alive without tumor. Discriminant analysis (DA, Statistica 6.0.) was
used to predict sMC appearance manifestation within 2, 4, and 12 months after
blood and fur probe collection.

As a result, females with sMC demonstrated significant differences in 5 BES
parameters of fur, 5 bioelement parameters of blood corpuscle fraction, and 8
hematology parameters comparing with pretumour females. Combinations of the
3-7 the most informative parameters were found to predict sMC appearance 2 and
4 (but not 12) months after probe collection accurately with high degree of
specificity.

Existence of surrogate cancer markers among bioelement status parameters
in fur and blood corpuscle fraction of pretumour mice and high degree of accordance
in dynamics of those parameters in pretumour and tumour mouse females to similar
changes in analogous parameters of BC patients permits a conclusion that mouse
model used is adequate imitation of bioelement factor role in humans. Obtained
data open new avenues to predict BC appearance in predisposed women by
disclosed bioelement parameters in hair and blood.
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ÌÎËÎ×ÍÎÉ ÆÅËÅÇÛ Ó ÏÐÅÄÐÀÑÏÎËÎÆÅÍÍÛÕ Ê ÐÀÊÓ
ÌÛØÅÉ
Êó÷èíà M.Í., Ñåìóøèíà Ñ.Ã., Ñêàëüíûé À.Â.*, Áîæåíêî Â.Ê.**, Ìîèñååâà Å.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
*Èíñòèòóò áèîýëåìåíòîëîãèè, Îðåíáóðã, Ðîññèÿ
**ÐÍÖ påíòãåíîðàäèîëîãèè, Ìîñêâà, Ðîññèÿ

Ïðîâåäåííûé àíàëèç ëèòåðàòóðíûõ äàííûõ ïîçâîëèë âûÿâèòü íàëè÷èå âïîëíå
îïðåäåëåííûõ èçìåíåíèé ìàêðî- è ìèêðîýëåìåíòíîãî ñòàòóñîâ (áèîýëåìåíòíîãî
ñòàòóñà, ÁÝÑ) ïàöèåíòîâ ñ ðàêîì ìîëî÷íûõ æåëåç (ÐÌÆ). Ìû ñ÷èòàåì èõ
ñóððîãàòíûìè ìàðêåðàìè íîâîîáðàçîâàíèé â ìîëî÷íîé æåëåçå. Èçâåñòíî, ÷òî
ïðåäîïóõîëåâûå ñàìêè ìûøåé îðèãèíàëüíûõ ëèíèé BLRB è BYRB ÿâëÿþòñÿ
àäåêâàòíîé ìîäåëüþ ÷åëîâå÷åñêîé ïîïóëÿöèè ïðåäðàñïîëîæåííûõ ê ÐÌÆ
èíäèâèäóóìîâ. Öåëüþ èññëåäîâàíèÿ áûëî (1) ñðàâíèòü ãåìàòîëîãè÷åñêèå
ïàðàìåòðû (ÃÏ) è ôàêòîðû ÁÝÑ ìûøåé äî è ïîñëå âîçíèêíîâåíèÿ ÐÌÆ, (2)
âûÿâèòü èç íèõ íàèáîëåå èíôîðìàòèâíûå, ïðåäñêàçûâàþùèå ïîÿâëåíèå ÐÌÆ â
òå÷åíèå 2, 4 è 12 ìåñÿöåâ ïîñëå âçÿòèÿ ïðîá êðîâè è øåðñòè, è (3) âûÿñíèòü,
àäåêâàòíî ëè èñïîëüçîâàííàÿ ìîäåëü îòðàæàåò èçìåíåíèÿ áèîýëåìåíòíîãî ñòàòóñà
ó ÷åëîâåêà â ñâÿçè ñ âîçíèêíîâåíèåì ÐÌÆ.

Îò 15 ñàìîê ñ ÐÌÆ è 130 ñàìîê îðèãèíàëüíûõ ëèíèé BLRB/BYRB â âîçðàñòå
áîëåå 6 ìåñÿöåâ (ðîæàâøèõ è äåâñòâåííûõ) äî îáíàðóæåíèÿ ÐÌÆ (n=145) áûëè
ïîëó÷åíû îáðàçöû êðîâè è øåðñòè. Èçìåðèëè èíäèâèäóàëüíî è ïðîàíàëèçèðîâàëè
18 ãåìàòîëîãè÷åñêèõ ïàðàìåòðîâ êðîâè (ÃÏÊ) íà ãåìàòîëîãè÷åñêîì àíàëèçàòîðå
"Advia 60" è 25 ìèêðî- è ìàêðîýëåìåíòîâ øåðñòè è ôðàêöèè ôîðìåííûõ ýëåìåíòîâ
êðîâè (ÔÔÝÊ) ìåòîäàìè àòîìíîé ýìèññèîííîé è ìàññ- ñïåêòðîìåòðèè ñ
èíäóêòèâíî ñâÿçàííîé àðãîíîâîé ïëàçìîé. Â òå÷åíèå ãîäà ðàç â íåäåëþ âñåõ ìûøåé
îñìàòðèâàëè ñ öåëüþ îáíàðóæåíèÿ íîâûõ ÐÌÆ. Â èòîãå, ó 81 ìûøè âîçíèê ÐÌÆ,
28 ìûøåé ïîãèáëè áåç âèäèìîãî ÐÌÆ, 36 ìûøåé áûëè æèâû áåç ïðèçíàêîâ ÐÌÆ.
Äëÿ ïðåäñêàçàíèÿ ïîÿâëåíèÿ ÐÌÆ ó ìûøåé â òå÷åíèå 2, 4 è 12 ìåñÿöåâ ïîñëå
âçÿòèÿ ïðîá èñïîëüçîâàëè äèñêðèìèíàíòíûé àíàëèç â ïðîãðàììå Statistica 6.0.

Â ðåçóëüòàòå, ó ñàìîê ñ ÐÌÆ  áûëè âûÿâëåíû äîñòîâåðíûå îòëè÷èÿ ïî óðîâíþ
5 ýëåìåíòîâ øåðñòè, 5 ýëåìåíòîâ ÔÔÝÊ è 8 ÃÏÊ ïî ñðàâíåíèþ ñ
ñîîòâåòñòâóþùèìè çíà÷åíèÿìè ó ïðåäðàêîâûõ ìûøåé. Ïóòåì ïðîâåäåíèÿ
äèñêðèìèíàíòíîãî àíàëèçà áûëè íàéäåíû êîìáèíàöèè 3-7 èíôîðìàòèâíûõ
ïàðàìåòðîâ, ïîçâîëÿþùèå ñ âûñîêîé ñòåïåíüþ òî÷íîñòè è ñïåöèôè÷íîñòè
ïðîãíîçèðîâàòü ïîÿâëåíèå  ÐÌÆ ÷åðåç 2 è 4 (íî íå 12) ìåñÿöà ïîñëå çàáîðà
îáðàçöîâ.

Òàêèì îáðàçîì, íàëè÷èå ñóððîãàòíûõ ìàðêåðîâ èç ÷èñëà ÁÝÑ ïàðàìåòðîâ
øåðñòè è ÔÔÝÊ ó ïðåäðàêîâûõ ìûøåé ëèíèé BLRB/BYRB, âûñîêàÿ ñòåïåíü
ñîîòâåòñòâèÿ èçìåíåíèé ýëåìåíòíîãî è ãåìàòîëîãè÷åñêîãî ñòàòóñîâ ïðåäðàêîâûõ
è ðàêîâûõ ìûøåé àíàëîãè÷íûì èçìåíåíèÿì ïàðàìåòðîâ ïðè îáðàçîâàíèè ÐÌÆ
÷åëîâåêà ïîçâîëÿþò ñäåëàòü çàêëþ÷åíèå îá àäåêâàòíîñòè èñïîëüçîâàííîé ìîäåëè.
Ýòî îòêðûâàåò íîâûå âîçìîæíîñòè ïî ïðåäñêàçàíèþ ïîÿâëåíèÿ ÐÌÆ ó
ïðåäðàñïîëîæåííûõ ê ðàêó æåíùèí ïðè èñïîëüçîâàíèè ïàðàìåòðîâ ÁÅÑ âîëîñ è
êðîâè.
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÷òî êëþ÷åâóþ ðîëü â ïðîÿâëåíèè áèîëîãè÷åñêîé àêòèâíîñòè èãðàþò
ïîñëåäîâàòåëüíîñòü PRYH è àìèíîêèñëîòíûå îñòàòêè K9,I10, S11 è Ì13.
Äàííûå ïî êîìïüþòåðíîìó ìîäåëèðîâàíèþ áèîëîãè÷åñêè àêòèâíûõ ïåïòèäîâ
ñâèäåòåëüñòâóþò îá èõ ïðîñòðàíñòâåííî ïîäîáíîé êîíôîðìàöèè. Áûëè
ïðîàíàëèçèðîâàíû àäúþâàíòíûå ñâîéñòâà ïåïòèäà ïðè åãî ìàëûõ äîçàõ.
Âûÿâëåíî, ÷òî îí îáëàäàåò âûñîêîé àäúþâàíòíîé àêòèâíîñòüþ â äîçàõ
2-3 íã/æèâîòíîå. Äëÿ àäúþâàíòíîé àêòèâíîñòè â ýòèõ äîçàõ õàðàêòåðíà
êîëîêîëîîáðàçíàÿ çàâèñèìîñòü â äèàïàçîíå 0,1-10 íã/æèâîòíîå, àíàëîãè÷íàÿ
äîçàì 0,1-100 ìêã/ìë. RN-Ïåïòèä îáëàäàåò âûñîêîé àäúþâàíòíîé
àêòèâíîñòüþ â îòíîøåíèè T-çàâèñèìûõ àíòèãåíîâ â äîçàõ 2-3 íã/æèâîòíîå
è 1-10 ìêã/æèâîòíîå. Áûëî èçó÷åíî âëèÿíèå RN-ïåïòèäà â êîíöåíòðàöèÿõ
2 íã/ìë è 10 ìêã/ìë íà èíäóêöèþ ñèíòåçà ëèìôîêèíîâ ïåðèôåðè÷åñêèìè
ëèìôîöèòàìè êðîâè ÷åëîâåêà. Ïîêàçàíî, ÷òî â îòâåò íà îáðàáîòêó
RN-ïåïòèäîì ïðîèñõîäèò ñòèìóëÿöèÿ ñèíòåçà ãàììà-èíòåðôåðîíà,
èíòåðëåéêèíà-1 (Èë-1), èíòåðëåéêèíà-4 (Èë-4) è, â ìåíüøåé ñòåïåíè, ôàêòîðà
íåêðîçà îïóõîëè àëüôà (ÔÍÎ-àëüôà). Ïðè÷åì, â äîçå 2 íã/æèâîòíîå èíäóêöèÿ
ñèíòåçà ÔÍÎ-àëüôà áûëà ìèíèìàëüíîé è ÷åðåç 48 ÷àñîâ ÔÍÎ-àëüôà íå
îáíàðóæèâàëñÿ. Äëÿ ÃÌÄÏ áûëà õàðàêòåðíà çíà÷èòåëüíàÿ èíäóêöèÿ
ÔÍÎ-àëüôà, â ìåíüøåé ñòåïåíè ÈË-1, à òàêæå âûðàæåííàÿ èíäóêöèÿ Èë-10.
RN-Ïåïòèä Èë-10 íå èíäóöèðîâàë. Òàêèì îáðàçîì, ñïåêòð èíäóöèðóåìûõ
RN-ïåïòèäîì è ÃÌÄÏ ëèìôîêèíîâ íåñêîëüêî îòëè÷àåòñÿ, êàê îòëè÷àþòñÿ
èõ àäúþâàíòíûå è ïèðîãåííûå ñâîéñòâà. Îïèñàííûé íàìè ïîäõîä ìîæåò áûòü
èñïîëüçîâàí äëÿ ïîèñêà ìèìåòèêîâ áèîëîãè÷åñêè àêòèâíûõ
íèçêîìîëåêóëÿðíûõ ñîåäèíåíèé.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ, ãðàíò ¹ 08-04-
00826à.
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Ïðåäëîæåí ìåòîä ïîëó÷åíèÿ ïåïòèäîìèìåòèêîâ, îáëàäàþùèõ òàêèìè
æå ñâîéñòâàìè, êàê è ïðèðîäíûå àäüþâàíòû, íî íå èìåþùèõ îòðèöàòåëüíûõ
ïîáî÷íûõ ýôôåêòîâ, ïðèñóùèõ èñõîäíûì ñîåäèíåíèÿì. Â ðàáîòå
èñïîëüçîâàíû âûñîêîñïåöèôè÷íûå ìîíîêëîíàëüíûå àíòèòåëà ïðîòèâ ÃÌÄÏ
è ïåïòèäíûå êîìáèíàòîðíûå áèáëèîòåêè â ôîðìàòå ôàãîâîãî äèñïëåÿ äëÿ
ïîèñêà ïåïòèäîâ, îáëàäàþùèõ àäüþâàíòíîé àêòèâíîñòüþ ÃÌÄÏ. Ñ ýòîé
öåëüþ ïðèìåíÿëè ðàçëè÷íûå ìåòîäû èììóííîàôôèííîãî îáîãàùåíèÿ
áèáëèîòåê. Ïðè ýëþöèè ôàãîâûõ ÷àñòèö ñ èììóíîñîðáåíòà 1 ìêÌ ðàñòâîðîì
ïðèðîäíîãî ëèãàíäà áûë ïîëó÷åí ïåïòèä ñî ñòðóêòóðîé Arg-Val-Pro-Pro-Arg-
Tyr-His-Ala-Lis-Ile-Ser-Pro-Met-Val-Asn (RN). Ïðè èñïîëüçîâàíèè äëÿ ýëþöèè
áóôåðà ñ íèçêèì çíà÷åíèåì ðÍ áûëè âûäåëåíû äâà ïåïòèäà: Ser-Gly-Arg-
Val-Ala-Val-Ser-Pro-Asp-Ser-Pro-Leu-Phe-Tyr-Pro (SP) è Arg-Tyr-Gly-Gly-Ser-
Val-Leu-Asn-Ile-Glu-Cys-Gln-Phe-Tyr-Gly (AG). Êîíñòàíòû àôôèííîñòè äëÿ
ïåïòèäîâ RN è SP ñîñòàâëÿëè 3.6õ108 Ì-1 è 3.5õ108 Ì-1, ñîîòâåòñòâåííî.
Ñïåöèôè÷íîñòü âçàèìîäåéñòâèÿ ñ ìîíîêëîíàëüíûìè àíòèòåëàìè ïðîâåðÿëè
ñ ïîìîùüþ êîíêóðåíòíîãî âûòåñíåíèÿ ïåïòèäîâ èç êîìïëåêñà àíòèãåí-
àíòèòåëî ñ ïîìîùüþ ïðèðîäíîãî ëèãàíäà (ÃÌÄÏ). RN-Ïåïòèä áûë
ñèíòåçèðîâàí è åãî áèîëîãè÷åñêàÿ àêòèâíîñòü áûëà èññëåäîâàíà. Ïîäîáíî
ÃÌÄÏ, RN-ïåïòèä ñïîñîáåí óñèëèâàòü èììóííûé îòâåò íà îâàëüáóìèí è
óâåëè÷èâàòü ýêñïðåññèþ àíòèãåíîâ ÃÊÃÑ II êëàññà íà ïîâåðõíîñòè
ïåðèòîíåàëüíûõ ìàêðîôàãîâ ìûøåé Balb/c. Ñ äðóãîé ñòîðîíû, îí íå îáëàäàë
ïðèñóùåé ÃÌÄÏ ïèðîãåííîñòüþ è íå áûë èììóíîãåíåí. N-Êîíöåâîé îñòàòîê
àðãèíèíà èãðàåò áîëüøóþ ðîëü â ïîÿâëåíèè àäúþâàíòíûõ ñâîéñòâ, â òî âðåìÿ
êàê C-êîíöåâîé àñïàðàãèí ìîæåò áûòü óäàëåí. Òàê êàê è óãëåâîäíàÿ, è
ïåïòèäíàÿ ÷àñòè ÃÌÄÏ íåîáõîäèìû äëÿ ïðîÿâëåíèÿ áèîëîãè÷åñêîé
àêòèâíîñòè, ìîæíî ïðåäïîëîæèòü, ÷òî ïåïòèä èìèòèðóåò ïðîñòðàíñòâåííóþ
ñòðóêòóðó èíòàêòíîé ìîëåêóëû ÃÌÄÏ. Äàëüíåéøèå èññëåäîâàíèÿ RN–
ïåïòèäà ïîêàçàëè, ÷òî ïîñëåäîâàòåëüíîñòü PRYH èãðàåò êëþ÷åâóþ ðîëü âî
âçàèìîäåéñòâèè ñ àíòèòåëàìè è ïðîÿâëåíèè áèîëîãè÷åñêîé àêòèâíîñòè.
Àíàëîãè RN-ïåïòèäà, óêîðî÷åííûå ñ C-êîíöà, ñîõðàíÿþò áèîëîãè÷åñêóþ
àêòèâíîñòü è ìèíèìàëüíûì àäúþâàíòíûì ïåïòèäîì ÿâëÿåòñÿ RVPPRYH.
Àíàëèç àäúþâàíòíîé àêòèâíîñòè àíàëîãîâ RN-ïåïòèäà, óêîðî÷åííûõ
îäíîâðåìåííî ñ N- è C-êîíöîâ, à òàêæå àíàëèç ñ ïîìîùüþ Ala-scan, ïîêàçàëè,
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Õâîéíûå ïîðîäû ÿâëÿþòñÿ îäíèì èç íàèáîëåå ñëîæíûõ îáúåêòîâ äëÿ
êóëüòèâèðîâàíèÿ in vitro. Îäíàêî, èñïîëüçîâàíèå ìåòîäîâ êóëüòóðû òêàíè
íåîáõîäèìî êàê äëÿ áûñòðîãî ðàçìíîæåíèÿ ýëèòíûõ ãåíîòèïîâ õâîéíûõ, òàê
è äëÿ óëó÷øåíèÿ ðàñòåíèé ìåòîäàìè ãåííîé èíæåíåðèè. Ñîñíà îáûêíîâåííàÿ
(Pinus sylvestris L.) çàíèìàåò âòîðîå ìåñòî ñðåäè îñíîâíûõ ëåñîîáðàçóþùèõ
ïîðîä â Ðîññèè. Ìû ðàçðàáîòàëè ìåòîäèêó êëîíàëüíîãî ðàçìíîæåíèÿ ñîñíû
îáûêíîâåííîé èç 2-õ íåäåëüíûõ ïðîðîñòêîâ, âêëþ÷àþùóþ èíäóêöèþ ïî÷åê,
ðàçìíîæåíèå, ýëîíãàöèþ è óêîðåíåíèå ïîáåãîâ.

Äëÿ èíäóêöèè ïî÷åê èñïîëüçîâàëè öèòîêèíèíû 6-ÁÀÏ, êèíåòèí, çåàòèí,
2iP è ÒÄÇ  â ðàçëè÷íûõ êîíöåíòðàöèÿõ. Êèíåòèí è 2iP â íåçíà÷èòåëüíîé
ñòåïåíè ñòèìóëèðîâàëè îðãàíîãåíåç, òîãäà êàê 6-ÁÀÏ è çåàòèí â âûñîêèõ
êîíöåíòðàöèÿõ ñïîñîáñòâîâàëè èíäóêöèè ïî÷åê. Áûëè îïðåäåëåíû
îïòèìàëüíûå óñëîâèÿ ïóëüñîâîé îáðàáîòêè ýêñïëàíòîâ 6-ÁÀÏ. Èç
ïðîòåñòèðîâàííûõ ñðåä (MS, LP500, SH, WPM, TE è DCR) ñðåäû WPM è
DCR âûçûâàëè âèòðèôèêàöèþ ó áîëüøåé ÷àñòè ýêñïëàíòîâ (50-70%), à íà
ñðåäå ÒÅ íàáëþäàëñÿ íåêðîç ýêñïëàíòîâ. Íàèëó÷øèå ðåçóëüòàòû áûëè
ïîëó÷åíû íà ñðåäàõ  LP500 è SH. Òàêæå áûëî èçó÷åíî âëèÿíèå íà ðîñò
ðàñòåíèé äëèíû ñâåòîâîãî äíÿ, èíòåíñèâíîñòè îñâåùåíèÿ è íèòðàòà ñåðåáðà.
Äîáàâëåíèå àêòèâèðîâàííîãî óãëÿ ñíèæàëî êîëè÷åñòâî îáðàçóþùèõñÿ ïî÷åê,
íî ñïîñîáñòâîâàëî ýëîíãàöèè ïîáåãîâ. Â ðåçóëüòàòå êîìáèíàöèè
âûøåïåðå÷èñëåííûõ ôàêòîðîâ íàì óäàëîñü äîáèòüñÿ îáðàçîâàíèÿ ïîñëå 2-ãî
ïàññàæà äî 7-8 ïîáåãîâ/ýêñïëàíò, ÷àñòü èç êîòîðûõ ìîãëà áûòü îòäåëåíà äëÿ
ñàìîñòîÿòåëüíîãî êóëüòèâèðîâàíèÿ. Óêîðåíåíèå ïîáåãîâ áûëî äîñòèãíóòî
íà ñðåäå 1/2 ìàêðî DCR ñ äîáàâëåíèåì ÍÓÊ. Óêîðåíåííûå ðàñòåíèÿ ñîñíû
áûëè óñïåøíî àäàïòèðîâàíû â òåïëèöå. Â íàñòîÿùåå âðåìÿ ìû âåäåì ðàáîòó
ïî ðàçðàáîòêå òåõíîëîãèè êëîíàëüíîãî ìèêðîðàçìíîæåíèÿ ñîñíû
îáûêíîâåííîé ñ èñïîëüçîâàíèåì âåãåòàòèâíîãî ìàòåðèàëà îò âçðîñëûõ
äåðåâüåâ.

DEVELOPING OF PEPTIDOMIMETICS BY USING COMBINATORIAL
PHAGE PEPTIDE LIBRARIES
Laman A.G.1, Shepelyakovskaya A.O.1, Boziev Kh.M.1, Savinov G.V.1,3, Brovko F.A.1,
Nesmeyanov V.A.2

1Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
2Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow, Russia
3Branch of Lomonosov Moscow State University, Pushchino, Russia
E-mail: brovko@fibkh.serpukhov.su

We describe the production of an adjuvant with related biological activities as
N-acetylglucosaminyl-1– 4-N-acetylmuramyl-alanyl-D-isoglutamine (GMDP), a commonly
used enhancer of the immune response. In these approach high specific monoclonal antibody
against GMDP and phage display combinatorial peptide libraries have been used for finding
adjuvant active peptides. With these purpose different methods of immunoaffinity
enrichment have been applied. The peptide with only structure Arg-Val-Pro-Pro-Arg-Tyr-
His-Ala-Lis-Ile-Ser-Pro-Met-Val-Asn (RN-peptide) have been obtained using 1 ìêÌ GMDP
solution as eluent. Two another peptides Ser-Gly-Arg-Val-Ala-Val-Ser-Pro-Asp-Ser-Pro-
Leu-Phe-Tyr-Pro (SP-peptide) è Arg-Tyr-Gly-Gly-Ser-Val-Leu-Asn-Ile-Glu-Cys-Gln-Phe-
Tyr-Gly (RG-peptide) have been obtained using buffer solution with low pH value for
elution from immunosorbents. The affinity constant for RN and SP peptides consists 3.6x108

M-1 and 3.5x108 M-1 correspondently. The specificity of interaction between this peptides
and monoclonal antibody was checked by competition with natural ligand (GMDP).
RN-Peptide was synthesized, and its biological activity was studied. Like GMDP,
RN-peptide was shown to augment the antibody response to ovalbumin in mice and to up-
regulate MHC class II antigen expression by Balb/c mice peritoneal macrophages. On the
other hand it was non-immunogenic and less pyrogenic than GMDP. N-Terminal arginine
residue was of major importance for adjuvant activity of RN-peptide, whereas C-terminal
asparagine could be deleted. Because both carbohydrate and peptide moieties of GMDP
are known to be crucial for its biological activity evidently the peptide mimics the spatial
structure of intact muramy peptide.  We studied further the mechanism of action of
RN-peptide. Its PRYH sequence mostly contributes to interaction with the antibodies.
RN-Peptide analogues truncated C-terminally remained their adjuvant activity whilst the
shortestl active peptide was RVPPRYH. Adjuvant activity assays of N- and C-terminally
truncated RN-peptides together with the  Ala-scan showed that the key role in the biological
activity belongs to K9, I10, S11 and Ì13 amino acid residues. These data with computer
modeling studies indicate that biologically active peptides could form sterically similar
configurations in solution. Adjuvant activity of the peptide in extremely small as little as
1-10 ng/animal has been analyzed. RN-Peptide is turned out have high adjuvant activity in
doses about 2-3 ng/animal. Bell-like dependence of adjuvant activity in range 0,1-10 ng/
animal analogous to the dependence in range 0,1-100 mkg/animal have been demonstrate.
RN-Peptide have high adjuvant activity in the case of T-dependent antigens in doses
2-3 ng/animal and 1-10 ng/animal. The influence of RN-peptide on limphokine production
by peripheral lymphocytes has been examined. It have been shown that treatment of
lymphocytes with RN-peptide in concentrations 2 ng/ml and 10 ng/ml stimulate synthesis
of gamma-interferon (Inf), IL-4, Il-1 and less TNF-alpha. When the concentration 2 ng/ml
was used TNF-alpha was not detected after 48 h incubation. GMDP highly stimulate
synthesis of TNF and Il-10 and less Il-1, gamma-Inf. RN-Peptide do not stimulate Il-10
synthesis. Thus the spectrum of limphokine induced differ for GMDP and RN-peptide and
its adjuvant and pyrogenics is different. Described methods can be applied for finding of
peptide mimetics of biological active low molecular weight compounds.

The work was supported by RFBI grant N 08-04-00826à.
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Ìû óñòàíîâèëè, ÷òî øåñòè÷ëåííûé ïåïòèä HLDF-6 (áèîëîãè÷åñêè àêòèâíûé
ôðàãìåíò ôàêòîðà äèôôåðåíöèðîâêè HLDF [1]) îáëàäàåò øèðîêèì ñïåêòðîì
íîîòðîïíîé è íåéðîïðîòåêòèâíîé àêòèâíîñòåé. Èññëåäîâàíèÿ íà ðàçëè÷íûõ âèäàõ
æèâîòíûõ ïîêàçàëè, ÷òî ó èíòàêòíûõ æèâîòíûõ â óñëîâèÿõ öåíòðàëüíîãî è ñèñòåìíîãî
ââåäåíèÿ HLDF-6 â äîçàõ 3-30 ìêã/êã íàáëþäàåòñÿ óëó÷øåíèå ôîðìèðîâàíèÿ è
ñîõðàíåíèÿ äîëãîâðåìåííîé ïàìÿòè. Ïîëó÷åíû ïðÿìûå ñâèäåòåëüñòâà
íåéðîïðîòåêòîðíîãî ýôôåêòà HLDF-6 â ýêñïåðèìåíòàõ íà ïåðâè÷íîé êóëüòóðå
íåéðîíàëüíûõ êëåòîê ãèïïîêàìïà, ìîçæå÷êà, à òàêæå èììóíîêîìïåòåíòíûõ êëåòîê.
Íà ýêñïåðèìåíòàëüíûõ ìîäåëÿõ êëèíè÷åñêîé ïàòîëîãèè – áîëåçíè Àëüöãåéìåðà,
áîëåçíè Ïàðêèíñîíà, íàðêîìàíèéíîé çàâèñèìîñòè, èøåìè÷åñêîãî èíñóëüòà –
ïîêàçàíî, ÷òî ïåïòèä â äîçàõ 1-50 ìêã/êã ñíèìàåò âûðàæåííûé êîãíåòèâíûé äåôèöèò
è ñïîñîáñòâóåò âîññòàíîâëåíèþ íàðóøåííîé ïàìÿòè.

Íåéðîïðîòåêòîðíîå äåéñòâèå ïåïòèäà HLDF-6 íà íåéðîíàõ ñàìöîâ ñâÿçàíî ñ
åãî ñïîñîáíîñòüþ ñíèæàòü ýêñïðåññèþ ìÐÍÊ 5-α-ðåäóêòàçû, ÷òî ïðèâîäèò ê
áëîêèðîâêå  ïðåâðàùåíèÿ òåñòîñòåðîíà â äèãèäðîòåñòîñòåðîí è ïðåïÿòñòâóåò òåì
ñàìûì ãèïåðàêòèâàöèè NMDA ðåöåïòîðîâ íåéðîíîâ CA1 îáëàñòè ãèïïîêàìïà.
Ìåõàíèçì æå íåéðîïðîòåêòîðíîãî äåéñòâèÿ ïåïòèäà íà íåéðîíàõ ñàìîê ñâÿçàí ñ
óñèëåíèåì ýêñïðåññèè áåëêà ABAD (17 β-ãèäðîêñèñòåðîèääåãèäðîãåíàçû 10 òèïà),
êîòîðûé ÿâëÿåòñÿ ìèøåíüþ äåéñòâèÿ β-àìèëîèäíîãî ïåïòèäà, è áëîêèðîâàíèåì
ìåòàáîëèçìà ïðîãåñòåðîíà â 5-α-äèãèäðîïðîãåñòåðîí çà ñ÷åò èíãèáèðîâàíèÿ
ýêñïðåññèè ìÐÍÊ ãåíà 5-α-ðåäóêòàçû.

Íàìè íà÷àòû äîêëèíè÷åñêèå èñïûòàíèÿ ïåïòèäà HLDF-6. Èññëåäîâàíèÿ
ïðîâîäÿòñÿ íà ëàáîðàòîðíûõ æèâîòíûõ SPF-ñòàòóñà â ëàáîðàòîðèè áèîèñïûòàíèé
ÔÈÁÕ ÐÀÍ â ñîîòâåòñòâèè ñ ìåæäóíàðîäíûìè íîðìàìè GLP è òðåáîâàíèÿìè
Ðóêîâîäñòâà ïî ýêñïåðèìåíòàëüíîìó (äîêëèíè÷åñêîìó) èçó÷åíèþ íîâûõ
ôàðìàêîëîãè÷åñêèõ âåùåñòâ (Ì. Ìåäèöèíà, 2005). Ñîãëàñíî ðåçóëüòàòàì, ïîëó÷åííûì
ïðè èññëåäîâàíèè îñòðîé òîêñè÷íîñòè, ïåïòèä HLDF-6 ìîæåò áûòü îòíåñåí ê
íàèìåíåå òîêñè÷íîìó 5-ìó êëàññó âåùåñòâ ïî ñèñòåìå GHS. Íà ïåïòèä HLDF-6
èìååòñÿ Ðîññèéñêèé ïàòåíò ¹ 2213747.

Òàêèì îáðàçîì, ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ðàññìàòðèâàòü ïåïòèä HLDF-
6 â êà÷åñòâå ïåðñïåêòèâíîãî ñîåäèíåíèÿ äëÿ ñîçäàíèÿ íîâîãî íîîòðîïíîãî è
íåéðîïðîòåêòèâíîãî ëåêàðñòâåííîãî ïðåïàðàòà.
Ëèòåðàòóðà
1. Kostanyan I.A., Astapova M.V., Starovoytova E.V., Dranitsyna S.M., Lipkin V.M. A new

human leukemia cell 8.2 kDa differentiation factor: Isolation and primary structure.
FEBS Letters, 1994, 356: 327-329.

CLONAL MICROPROPAGATION OF SCOTS PINE (PINUS
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Conifer clonal forestry as a form of plantation forestry has great potential
advantages. However conifers are most recalcitrant objects for cultivation in vitro.
Scots pine is one of the most widespread forest tree species in Russia. We developed
clonal micropropagation protocol for Scots pine from young seedlings including
bud induction, shoot multiplication, elongation and rooting. BA, kinetin, zeatin,
thidiazuron and 2iP at various concentrations  were tested for the induction of
adventitious buds. Kinetin and 2iP had little bud-inducing effect compared to BA
and zeatin. Optimal conditions for pulse treatment of explants with BA were defined.
Basal media used in our study include MS, PM1, SH, WPM, TE, MCM and DCR
media. WPM and MS media induced vitrification of most explants. The use of TE
medium resulted in explant necrosis. SH and LP500 media gave the best results.
Influence of light intensity, photoperiod length and silver nitrate on explants of
Scots pine were investigated. Addition of activated charcoal inhibited bud
production but promoted shoot elongation. Root initiation were obtained after
exposition on NAA-containing 1/2 macro DCR medium. Rooted plantlets were
successfully acclimatized in the greenhouse. We are now in the process of
developing clonal micropropagation technology for Scots pine using vegetative
tissue explants from mature trees.
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Äëÿ ãëóáîêîé ëîêàëüíîé î÷èñòêè áûòîâûõ è ïðîìûøëåííûõ ñòî÷íûõ
âîä íà ñîâðåìåííîì ðûíêå ïðåäëàãàåòñÿ áîëüøîå êîëè÷åñòâî ìèêðîáíûõ
ïðåïàðàòîâ, äëÿ êîòîðûõ àíîíñèðóåòñÿ, ÷òî îíè ïðèãîäíû äëÿ î÷èñòêè â
àýðîáíûõ è àíàýðîáíûõ óñëîâèÿõ. Ïðîâåðêà øåñòè êîììåð÷åñêèõ ïðåïàðàòîâ
ñ èñïîëüçîâàíèåì ìîäåëüíîãî ñóáñòðàòà, èìèòèðóþùåãî êîíöåíòðèðîâàííûå
áûòîâûå ñòî÷íûå âîäû, ïîêàçàëà, ÷òî âñå îíè àêòèâíû â àýðîáíûõ óñëîâèÿõ.
Îäíàêî, íè îäèí èç èñïûòàííûõ ïðåïàðàòîâ íå îêàçàëñÿ ïðèãîäåí äëÿ
àíàýðîáíîé îáðàáîòêè êîíöåíòðèðîâàííûõ ñòî÷íûõ âîä è èõ îñàäêîâ. Ïðè
êóëüòèâèðîâàíèè â àíàýðîáíûõ óñëîâèÿõ íàáëþäàëîñü îáðàçîâàíèå
çíà÷èòåëüíûõ êîëè÷åñòâ ëåòó÷èõ æèðíûõ êèñëîò (ËÆÊ), íî íå ìåòàíà –
êîíå÷íîãî ïðîäóêòà àíàýðîáíîé äåãðàäàöèè îðãàíè÷åñêèõ âåùåñòâ. Ýòî
ñâèäåòåëüñòâóåò îá îòñóòñòâèè ìåòàíîãåííîãî ìèêðîáíîãî ñîîáùåñòâà â
êîììåð÷åñêèõ ïðåïàðàòàõ. Èññëåäîâàëè àíàýðîáíîå ðàçëîæåíèå ìîäåëüíîãî
ñóáñòðàòà êîììåð÷åñêèìè ïðåïàðàòàìè â êîìáèíàöèè ñ âûáðàííûìè
ìåòàíîãåííûìè ìèêðîáíûìè ñîîáùåñòâàìè ïðè èõ îäíîâðåìåííîì è
ïîñëåäîâàòåëüíîì èñïîëüçîâàíèè. Ïðè îäíîâðåìåííîì èñïîëüçîâàíèè
êîììåð÷åñêèõ ïðåïàðàòîâ è àêòèâíûõ àíàýðîáíûõ èëîâ êèñëîòîîáðàçóþùèå
áàêòåðèè îáðàçîâûâàëè ËÆÊ ñ áîëåå âûñîêîé ñêîðîñòüþ, ÷åì ñèíòðîôíûå
áàêòåðèè, è ìåòàíîãåííûå àðõåè áûëè ñïîñîáíû ðàçëàãàòü èõ ñ îáðàçîâàíèåì
ìåòàíà. Ïîêàçàíà âîçìîæíîñòü äâóõñòóïåí÷àòîé àíàýðîáíîé îáðàáîòêè
êîíöåíòðèðîâàííûõ ñòîêîâ ñ îáðàçîâàíèåì íà ïåðâîé ñòóïåíè ËÆÊ è
ïîñëåäóþùåé îáðàáîòêîé æèäêîé ôðàêöèè ìåòàíîãåííûì àêòèâíûì èëîì.
Ïåðñïåêòèâíîé ÿâëÿåòñÿ èììîáèëèçàöèÿ àíàýðîáíîãî àêòèâíîãî èëà íà
òâåðäîì íîñèòåëå.

HLDF-6 HEXAPEPTIDE – À NEW PROMISING
NEUROPROTECTOR
Lipkin V.M., Surina E.A., Storozheva Z.I.*, Rodionov I.L.**,
Murashev A.N.**, Bogachuk A.P., Kostanyan I.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: vmlipkin@mx.ibch.ru
*Anokhin Institute of Normal Physiology RAMS, Moscow, Russia
**Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia

We established that HLDF-6 hexapeptide, biologically active fragment of
Human Leukemia Differentiation Factor (HLDF) [1], possesses nootropic and
neuroprotective activities. Investigations on different animals have shown that in
intact animals, under the conditions of central and system administration of HLDF-6
in the doses 3-30 ìkg/kg, improvement is observed of long-term memory formation
and maintenance.  The direct evidences have been obtained of neuroprotective
effect of HLDF-6 on the primary culture of neuronal cells of hippocampus,
cerebellum and immunocompetent cells.

On the experimental models of clinical pathology – Alzheimer's disease,
Parkinson disease, drug abuse, and ischemic stroke – the peptide in the doses 1-50
mkg/kg was shown to withdraw the pronounced cognitive deficit and to promote
the recovery of disturbed memory.

Protective action of HLDF-6 peptide on rat-male neurons is connected with
its ability to reduce 5-alpha reductase mRNA expression, blocking testosterone
metabolism into dihydrotestosterone (DHT) and thus interfering hyperactivation
of NMDA receptors in CA1 areas of hippocampus. The mechanism of protective
action of peptide on rat-female is connected with ABAD (17 beta-
hydroxysteroiddehydrohenase of the 10th type) mRNA expression enhancement
which is a target of beta-amyloid peptide action and blocking of progesterone
conversion into 5 alpha-dihydroprogesterone due to 5-alpha-reductase mRNA
expression inhibition.

We have begun the pre-clinical trials of HLDF-6 peptide. The investigations
are performed on laboratory SPF-animals in the biological testing department of
BIBCh RAS in compliance with international GLP rules and the requirements of
the Guide on experimental (pre-clinical) study of new pharmacological substances.
(M., Medicine, 2005). According to the results obtained during acute toxicity study,
the HLDF-6 peptide might be referred to the least toxic 5th class of substances in
GHS system. For the HLDF-6 peptide we have a Russian patent ¹ 2213747.

Thus, the results obtained permit to regard the HLDF-6 peptide as a perspective
compound for creation a novel nootropic and neuroprotective remedy.
Reference
1. Kostanyan I.A., Astapova M.V., Starovoytova E.V., Dranitsyna S.M., Lipkin V.M. A new

human leukemia cell 8.2 kDa differentiation factor: Isolation and primary structure.
FEBS Letters, 1994, 356: 327-329.
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ÎÁÐÀÒÈÌÎ ÔÎÒÎÊÎÍÂÅÐÒÈÐÓÅÌÛÉ ÌÎÍÎÌÅÐÍÛÉ
ÊÐÀÑÍÛÉ ÔËÓÎÐÅÑÖÅÍÒÍÛÉ ÁÅËÎÊ
Ëèöçþàíü ×æàí, Ãóðñêàÿ Í.Ã., Êîïàíöåâà Å.Å., Ëóêüÿíîâ Ê.À.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: weili54@gmail.com

Ðàíåå â íàøåé ëàáîðàòîðèè áûë ïîëó÷åí îáðàòèìî ôîòîêîíâåðòèðóåìûé
ôëóîðåñöåíòíûé áåëîê, íàçâàííûé KFP (Kindling Fluorescent protein -
"ðàçãîðàþùèéñÿ" ôëóîðåñöåíòûé áåëîê). Îñíîâíûì íåäîñòàòêîì KFP
ÿâëÿåòñÿ åãî òåòðàìåðíàÿ ïðèðîäà, ÷òî çàòðóäíÿåò èñïîëüçîâàíèå KFP äëÿ
ìå÷åíèÿ öåëåâûõ áåëêîâ.

Íàìè áûë ïðîâåäåí íàïðàâëåííûé ìóòàãàíåç ìîíîìåðíîãî êðàñíîãî
ôëóîðåñöåíòíîãî áåëêà TagRFP è åãî âàðèàíòîâ ñ öåëüþ ïîëó÷åíèÿ îáðàòèìî
ôîòîêîíâåðòèðóåìûõ áåëêîâ. Ïîêàçàíî, ÷òî àìèíîêèñëîòíûå îñòàòêè â
ïîçèöèÿõ 69, 148, 165, 179 è 181 (íóìåðàöèÿ ñîãëàñíî çåëåíîìó
ôëóîðåñöåíòíîìó áåëêó GFP) èãðàþò îïðåäåëÿþùóþ ðîëü â ïðîÿâëåíèè
ñâîéñòâ ôîòîêîíâåðòèðóåìîñòè. Ïîëó÷åí ôîòîêîíâåðòèðóåìûé áåëîê KFP-
HC, îáëàäàþùèé ôëóîðåñöåíöèåé â êðàñíîé îáëàñòè ñïåêòðà, ñ ìàêñèìóìàìè
âîçáóæäåíèÿ è ýìèññèè ïðè 585 è 615 íì, ñîîòâåòñòâåííî. Ïîêàçàíî, ÷òî
èíòåíñèâíîñòü ôëóîðåñöåíöèè KFP-HC ïàäàåò â 5-10 ðàç (çà ñ÷åò óìåíüøåíèÿ
êâàíòîâîãî âûõîäà ôëóîðåñöåíöèè) ïîä âîçäåéñòâèåì çåëåíîãî ñâåòà (530-
560 íì) è çàòåì âîçâðàùàåòñÿ ê èñõîäíîìó óðîâíþ ïðè îáëó÷åíèè ñèíèì
ñâåòîì (450-490 íì) èëè ïîñëå èíêóáàöèè â òåìíîòå (âðåìÿ
ïîëóâîññòàíîâëåíèÿ 30 ìèí). KFP-HC ìîæåò ñòàòü óäîáíûì èíñòðóìåíòîì
äëÿ èçó÷åíèÿ äèíàìèêè áåëêîâ â æèâîé êëåòêå, à òàêæå äëÿ ôëóîðåñöåíòíîé
ìèêðîñêîïèè óëüòðàâûñîêîãî ðàçðåøåíèÿ.

TREATMENT OF CONCENTRATED SEWAGES BY MEANS OF
COMMERCIAL MICROBIAL CONSORTIUMS IN AGGREGATE
WITH ANAEROBIC MICROBIAL CONSOCIETUMS EXPLOITING
Litty Y.V., Nekrasova V.K., Nozhevnikova A.N.
Vinogradskiy Institute of Microbiology RAS, Moscow, Russia
E-mail: litty-yuriy@mail.ru
Fax: (499) 135-65-30; tel.: (499) 135-04-20

Today`s market offers a great deal of commercial microbial consortiums for
treating of domestic  and industrial sewages with high purification efficiency. It is
declared that the product is capable of treatment both in aerobic and anaerobic
condition. Six above-mentioned consortiums were cultivated in media with dummy
substrate, similar to concentrated domestic sewage. It was shown in the experiment
that they were active in aerobic condition. Still, neither of tested consortiums were
capable of degrading of concentrated sewage and it`s sludge in anaerobic condition.
A great amount of volatile fatty acids was produced when cultivating in anaerobic
condition. But methane, being  a terminal product of organic matter degradation
in anaerobic condition, was not discovered. The fact indicates of methanogenic
microbial consocietum`s absence in tested commercial products. Subsequently,
the experiment of dummy substrate degrading by commercial microbial consortiums
in combination with selected methanogenic microbial consocietums was carried
out, the formers and latters being used simultaneously and in consecutive order.
The simultaneous using of both commercial microbial consortium and activated
anaerobic sludge exhibited the production of volatile fatty acids by acetogenic
bacteria with rates higher, than those of syntrophic bacteria and methanogenic
archaebacteria`s ability to degrade volatile fatty acids with production of methane.
It was shown the possibility of anaerobic treatment of concentrated sewages via
organic matter degrading up to volatile fatty acids at the first step, followed by the
liquid fraction treatment with methanogenic activated sludge at the second. The
anaerobic activated sludge immobilization on solid binder is considered to be
highly perspective.

The aim of the work was to investigate an anaerobic degradation of dummy
substrate, similar to concentrated domestic sewage, by means of commercial
microbial consortiums in combination with anaerobic microbial consocietums
exploiting in simultaneous and consecutive order.
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ÁÅËÎÊ Â23/ÍÓÊËÅÎÔÎÇÌÈÍ ÊÀÊ ÎÏÓÕÎËÅÂÛÉ ÌÀÐÊÅÐ
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Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
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Ôàêñ: (495) 335-71-03; òåë.: (495) 330-66-47

Â ïîñëåäíåå âðåìÿ ó÷åíûìè ðàçíûõ ñòðàí ïðîâîäÿòñÿ èññëåäîâàíèÿ ïî
âûÿñíåíèþ ðîëè ÿäðûøêîâûõ áåëêîâ â àïîïòîçå è êàíöåðîãåíåçå, ïðè ýòîì
îñîáîå âíèìàíèå óäåëÿåòñÿ áåëêó Â23. Íóêëåîôîçìèí, ýêñïðåññèðóþùèéñÿ
â âèäå äâóõ èçîôîðì B23.1 è B23.2, ÿâëÿåòñÿ ïîëèôóíêöèîíàëüíûì áåëêîì,
âêëþ÷åííûì â øèðîêèé ñïåêòð ïðîöåññîâ, êîíòðîëèðóþùèõ áèîãåíåç
ðèáîñîì, òðàíñôîðìàöèþ è ïðîëèôåðàöèþ êëåòîê, ñòàáèëüíîñòü ãåíîìà è
êàíöåðîãåíåç, ðåãóëÿöèþ îíêîñóïðåññîðîâ ð53 è Arf. Ïðè ðàêå ïðîñòàòû,
êèøå÷íèêà, ÿè÷íèêîâ, æåëóäêà, ìîëî÷íîé æåëåçû, ìî÷åâîãî ïóçûðÿ, ãäå
íóêëåîôîçìèí ñâåðõýêñïðåññèðóåòñÿ, îí áûë ïðåäëîæåí â êà÷åñòâå
îíêîìàðêåðà. Íîâûå ëèòåðàòóðíûå äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî
ìàëèãíèçàöèÿ êëåòîê ñîïðîâîæäàåòñÿ íå òîëüêî ñâåðõýêñïðåññèåé
íóêëåîôîçìèíà, íî è ïîÿâëåíèåì åãî íîâûõ ñòðóêòóðíûõ ôîðì. Ïðè
çëîêà÷åñòâåííûõ çàáîëåâàíèÿõ êðîâè äåòåêòèðîâàíû ìóòàíòíûå è
ñìåøàííûå ôîðìû íóêëåîôîçìèíà. Ó áîëüíûõ ãåïàòîêëåòî÷íîé êàðöèíîìîé
âûÿâëåíà ôîðìà íóêëåîôîçìèíà, íå ñîäåðæàùàÿñÿ â íîðìàëüíîé è öèððîçíîé
ïå÷åíè, èìåþùàÿ óêîðî÷åííóþ N-êîíöåâóþ àìèíîêèñëîòíóþ
ïîñëåäîâàòåëüíîñòü, îáðàçóþùàÿ ãåêñàìåðû, íåîáû÷íî óñòîé÷èâûå ê
îáðàáîòêå SDS. Àíàëèç ñòðóêòóðíîãî ñîñòîÿíèÿ íóêëåîôîçìèíà â îïóõîëåâûõ
êëåòêàõ ÷åëîâåêà: HeLa (êàðèíîìà øåéêè ìàòêè), Hep G2 (ãåïàòîêëåòî÷íàÿ
êàðöèíîìà), NGP (íåéðîáëàñòîìà), Jurkat (îñòðàÿ Ò-êëåòî÷íàÿ ëåéêåìèÿ),
Ê-562 (õðîíè÷åñêàÿ ìèåëîèäíàÿ ëåéêåìèÿ) è Ramos (ëèìôîìà Áåðêèòòà)
ïîçâîëèë íàì âïåðâûå îáíàðóæèòü íàëè÷èå àíàëîãè÷íûõ SDS-óñòîé÷èâûõ
îëèãîìåðîâ è ïîêàçàòü, ÷òî èõ îáðàçîâàíèå ÿâëÿåòñÿ îáùèì ïðèçíàêîì
îïóõîëåé ÷åëîâåêà è ìîæåò ñëóæèòü ìàðêåðîì êàíöåðîãåíåçà. Ìû
ðàçðàáîòàëè ìåòîä äëÿ äèôôåðåíöèàëüíîãî äåòåêòèðîâàíèÿ ìîíîìåðîâ è
îëèãîìåðîâ áåëêà Â23. Äëÿ  ýòîé öåëè ïîëó÷åíû àíòèòåëà ê ñèíòåòè÷åñêèì
ïåïòèäàì, ñîîòâåòñòâóþùèì N-êîíöåâîé (îëèãîìåðèçàöèîííûé äîìåí) è
Ñ-êîíöåâîé îáëàñòÿì (Â23.1-ñïåöèôè÷íûé äîìåí) áåëêà Â23. Ïîêàçàíî, ÷òî
â ðàçëè÷íûõ îïóõîëåâûõ êëåòêàõ (HeLa, Hep G2, K-562, Ramos) àíòèòåëà ê
N-êîíöåâîé îáëàñòè âûÿâëÿþò ëîêàëèçîâàííûå â íóêëåîïëàçìå è öèòîïëàçìå
ìîíîìåðû íóêëåîôîçìèíà, à àíòèòåëà ê  Ñ-êîíöåâîé îáëàñòè –
ëîêàëèçîâàííûå â ÿäðûøêå îïóõîëåñïåöèôè÷åñêèå îëèãîìåðû áåëêà.
Ïîëó÷åííûå àíòèòåëà ìîãóò èñïîëüçîâàòüñÿ â äèàãíîñòèêå è ìîíèòîðèíãå
ëå÷åíèÿ îïóõîëåâûõ çàáîëåâàíèé.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòîâ Ïðîãðàììû
"Ôóíäàìåíòàëüíûå íàóêè – ìåäèöèíå, 2009" è ÐÔÔÈ (¹ 09-04-00713).

REVERSIBLY PHOTOCONVERTIBLE MONOMERIC RED
FLUORESCENT PROTEIN
Lijuan Zhang, Gurskaya N.G., Kopanceva E.E., Lukyanov K.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: weili54@gmail.com

Earlier, a reversibly photoconvertible fluorescent protein called KFP (Kindling
Fluorescent Protein) has been developed in our laboratory. The main disadvantage
of KFP is a tetrameric state, which impedes its use for labeling of target proteins.

A site-directed mutagenesis of monomeric red fluorescent protein TagRFP
and its variants aimed at generation of reversibly photoswitchable fluorescent
proteins was performed. It was found that amino acids at positions 69, 148, 165,
179 and 181 (numbering according to GFP) play a key role in ability to the
photoconversion. A photoswitchable red fluorescent protein KFP-HC with
excitation and emission maxima at 585 and 615 nm, respectively, was generated.
Under green light (530-560 nm) irradiation KFP-HC fluorescent intensity decreases
5-10 fold (due to fluorescence quantum yield decrease). Then, it restores by
irradiation with blue light (450-490 nm) or after incubation in the dark (half-time
of 30 min). KFP-HC can represent a useful tool for studies of protein dynamics in
living cells, as well as for fluorescence microscopy of ultra-high resolution.
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ÇÅËÅÍÛÅ ÔËÓÎÐÅÑÖÅÍÒÍÛÅ ÁÅËÊÈ –
ÑÂÅÒÎÈÍÄÓÖÈÐÓÅÌÛÅ ÄÎÍÎÐÛ ÝËÅÊÒÐÎÍÎÂ
Ëóêüÿíîâ Ê.À., Áîãäàíîâ À.Ì.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
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Çåëåíûé ôëóîðåñöåíòíûé áåëîê ìåäóçû Aequorea victoria (Green
Fluorescent Protein, GFP) øèðîêî èñïîëüçóåòñÿ â ñîâðåìåííîé êëåòî÷íîé
áèîëîãèè è áèîìåäèöèíñêèõ èññëåäîâàíèÿõ â êà÷åñòâå ãåíåòè÷åñêè
êîäèðóåìîé ôëóîðåñöåíòíîé ìåòêè. Â äàííîé ðàáîòå ìû ïîêàçàëè, ÷òî
çåëåíûå ôëóîðåñöåíòíûå áåëêè èç ðàçíûõ òàêñîíîìè÷åñêèõ ãðóïï ìîãóò
âûñòóïàòü â êà÷åñòâå ñâåòîèíäóöèðóåìûõ äîíîðîâ ýëåêòðîíîâ â
ôîòîõèìè÷åñêèõ ðåàêöèÿõ ñ ðàçëè÷íûìè îêèñëèòåëÿìè (àêöåïòîðàìè
ýëåêòðîíîâ), òàêèìè êàê áåíçîõèíîí, ôëàâèíû è ôëàâîïðîòåèíû, öèòîõðîì ñ
è äðóãèå. Â õîäå ýòèõ ðåàêöèé ïðîèñõîäèò ôîòîêîíâåðñèÿ çåëåíûõ
ôëóîðåñöåíòíûõ áåëêîâ â ôîðìó ñ ýìèññèåé â êðàñíîé îáëàñòè ñïåêòðà, ÷åòêî
äåòåêòèðóåìóþ ñ ïîìîùüþ ìåòîäîâ ôëóîðåñöåíòíîé ñïåêòðîñêîïèè è
ôëóîðåñöåíòíîé ìèêðîñêîïèè. Áûëî ïîêàçàíî, ÷òî òàêàÿ ôîòîêîíâåðñèÿ
ïðîèñõîäèò â æèâûõ êëåòêàõ áåç äîáàâëåíèÿ âíåøíèõ îêèñëèòåëåé, î÷åâèäíî,
çà ñ÷åò âçàèìîäåéñòâèÿ ôëóîðåñöåíòíîãî áåëêà ñ âíóòðèêëåòî÷íûìè ðåäîêñ-
àêòèâíûìè ìîëåêóëàìè. Ýòè äàííûå ïîçâîëÿþò ïî-íîâîìó âçãëÿíóòü íà
çåëåíûå ôëóîðåñöåíòíûå áåëêè: îíè ïðåäñòàâëÿþò ñîáîé íå òîëüêî ïàññèâíûå
ïèãìåíòû, ñïîñîáíûå ê ïîãëîùåíèþ ñâåòà è ôëóîðåñöåíöèè, íî è ìîãóò
èãðàòü àêòèâíóþ ðîëü â ñâåòîèíäóöèðóåìîì ïåðåíîñå ýëåêòðîíîâ, ÷òî âàæíî
êàê äëÿ ïîíèìàíèÿ ýâîëþöèè è áèîëîãè÷åñêîé ðîëè ýòîãî áåëêîâîãî
ñåìåéñòâà, òàê è äëÿ ðàçðàáîòêè ïðèíöèïèàëüíî íîâûõ îáëàñòåé
ïðàêòè÷åñêîãî ïðèìåíåíèÿ ôëóîðåñöåíòíûõ áåëêîâ â ìîëåêóëÿðíîé è
êëåòî÷íîé áèîëîãèè.

PROTEIN B23/NUCLEOPHOSMIN AS A TUMOR MARKER
Lobanova N.V., Potapenko N.A., Volpina O.M., Vladimirova N.M.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: vla.ibch@mail.ru
Fax: (495) 335-71-03; tel.: (495) 330-66-47

During last years scientists from different laboratories have been studying
the role of nucleolar proteins in carcinogenesis and apoptosis, paying special
attention to nucleophosmin. Nucleophosmin, expressed in two isoforms (B23.1
and B23.2), plays multiple role in ribosome biogenesis, cell proliferation,
centrosome duplication, molecular chaperoning, regulation of oncosuppressors
p53 and Arf. Overexpression or downregulation of B23 alters the cellular status
with respect to proliferation, differentiation and apoptosis. For  prostate, colon,
ovarian, gastric, breast, bladder cancer where nucleophosmin overexpressed, it
was proposed as tumor marker. According to new data cell malignization is
accompanied not only by nucleophosmin overexpression (more than 20 fold), but
also its new structural forms appearance. In haematopoietic malignancies different
mutated and fused B23 forms were detected. In hepatocellular carcinoma patients
N-terminus truncated protein B23 forming unusually SDS-stable oligomers was
found. We showed at first time the existence of SDS-stable B23 oligomers in
different human tumor cells: HeLa (cervical carcinoma), Hep G2 (hepatocellular
carcinoma), NGP (neuroblastoma), Jurkat (acute T-cell leukemia), K-562 (chronic
myeloid leukemia), Ramos (Burkitt's lymphoma) by immunoblotting using
monoclonal anti-B23 antibodies. So, we demonstrated that SDS-stable B23
oligomers can be common feature of human tumor cells and serve as a tumor
marker. Differential detecting of B23 monomers and oligomers was next stage of
our investigation. For this purpose antibodies to fragments from N-terminus
(oligomerization domain) and C-terminus (specific B23.1 domain) were obtained
using synthetic peptides. It was shown that in different tumor cells (HeLa, Hep
G2, K-562, Ramos) antibodies to N-terminal region detected only localized in
nucleoplasm and cytoplasm B23 monomers, antibodies to C-terminal region –
localized in nucleolus tumor-specific oligomers. The obtained antibodies could
be used for tumor diagnostics and therapy monitoring.

The work was supported by Program “the Basic Sciences to Medicine”
Foundation project, 2009 and the Russian Foundation for Basic Research (project
¹ 09-04-00713).
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ÑÎÄÅÐÆÀÍÈß ÕÎËÅÐÍÎÃÎ È ÄÈÔÒÅÐÈÉÍÎÃÎ ÒÎÊÑÈÍÎÂ
Ëþáàâèíà È.À., Ïåòðîâà Å.Ý., Âàëÿêèíà Ò.È.
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Çàáîëåâàíèÿ, âûçûâàåìûå áàêòåðèàëüíûìè òîêñèíàìè, ïðåäñòàâëÿþò
óãðîçó äëÿ çäîðîâüÿ ëþäåé. Ê èõ ÷èñëó îòíîñÿòñÿ õîëåðíûé (ÑÒ) è
äèôòåðèéíûé (DT) òîêñèíû. Äëÿ ïðîâåäåíèÿ ñêðèíèíãîâîãî è
ìîíèòîðèíãîâîãî ýêñïðåññ-àíàëèçà ñîäåðæàíèÿ ýòèõ òîêñèíîâ â îáðàçöàõ
ðàçëè÷íîãî ïðîèñõîæäåíèÿ íàìè áûëè ðàçðàáîòàíû
èììóíîõðîìàòîãðàôè÷åñêèå òåñò-ñèñòåìû.

Ðàçðàáîòàííûå òåñò-ñèñòåìû îñíîâàíû íà ïðèíöèïå ñýíäâè÷-
èììóíîàíàëèçà, â îñíîâå êîòîðîãî ëåæèò èñïîëüçîâàíèå ïàðû
ìîíîêëîíàëüíûõ àíòèòåë, îäíî èç êîòîðûõ ñâÿçóþùåå òîêñèí, à âòîðîå
äåòåêòèðóþùåå, â äàííîì ñëó÷àå, íåñóùåå â êà÷åñòâå ìåòêè ÷àñòèöû
êîëëîèäíîãî çîëîòà. Äëÿ îïðåäåëåíèÿ ÑÒ èñïîëüçîâàíû â êà÷åñòâå ñâÿçóþùèõ
àíòèòåëà F5/H3 è àíòèòåëà B1/F8 – â êà÷åñòâå äåòåêòèðóþùèõ. Äëÿ
èììóíîõðîìàòîãðàôèè DT èñïîëüçîâàíû êàê ñâÿçóþùèå – àíòèòåëà Å6Â9,
òàê è äåòåêòèðóþùèå – àíòèòåëà Ñ2G5. Ðàíåå íàìè ìåòîäîì ñýíäâè÷-ÈÔÀ â
ïëàíøåòíîì ôîðìàòå áûëî ïîêàçàíî, ÷òî èìåííî ýòè ïàðû àíòèòåë ñ
ìàêñèìàëüíîé ÷óâñòâèòåëüíîñòüþ âûÿâëÿþò òîêñèíû â èññëåäóåìûõ
îáðàçöàõ, à èìåííî, ÷óâñòâèòåëüíîñòü îïðåäåëåíèÿ CT ñîñòàâëÿëà 0,1íã/ìë,
à DT – 1 íã/ìë.

Áûëè ñèíòåçèðîâàíû êîíúþãàòû àíòèòåë B1/F8 è Ñ2G5 ñ ÷àñòèöàìè
êîëëîèäíîãî çîëîòà, èìåþùèìè ðàçìåðû 20, 30, 40 è 50 íì. Ïîêàçàíî, ÷òî
ìàêñèìàëüíàÿ ÷óâñòâèòåëüíîñòü èììóíîõðîìàòîãðàôè÷åñêîãî àíàëèçà CÒ
è DÒ äîñòèãàåòñÿ ïðè èñïîëüçîâàíèè êîíúþãàòîâ ñ ÷àñòèöàìè ðàçìåðîì
40 íì. Â àíàëèçå èñïîëüçîâàëè òåñò-ïîëîñêè, ñîñòîÿùèå èç âïèòûâàþùåé,
òåñòîâîé è ïîãëîùàþùåé çîí, ñîáðàííûå èç ìàòåðèàëîâ ôèðìû Arista, ÑØÀ.
Ïðè ïðîâåäåíèè àíàëèçà òåñò-ïîëîñêó âïèòûâàþùèì êîíöîì îïóñêàëè â
âîäíûé ðàñòâîð àíàëèçèðóåìîãî îáðàçöà. Ïîä äåéñòâèåì êàïèëëÿðíûõ ñèë
îáðàçåö ïîäíèìàëñÿ ââåðõ, ðàñòâîðÿÿ âûñóøåííûé íà âåðõíåé ÷àñòè
âïèòûâàþùåé çîíû êîíúþãàò äåòåêòèðóþùèõ àíòèòåë ñ êîëëîèäíûì çîëîòîì,
è, ìèãðèðóÿ ñ ïîñòîÿííîé ñêîðîñòüþ ÷åðåç òåñòîâóþ çîíó, ïîñòóïàë â
ïîãëîùàþùóþ çîíó. Â ñëó÷àå, åñëè â îáðàçöå ñîäåðæàëñÿ òîêñèí, ïðîõîäèëî
åãî ñâÿçûâàíèå ñ äåòåêòèðóþùèì êîíúþãàòîì àíòèòåë è ñâÿçóþùèìè
àíòèòåëàìè, íåïîäâèæíî ñîðáèðîâàííûìè íà ïîâåðõíîñòè òåñòîâîé çîíû.
Â ìåñòå íàíåñåíèÿ ñâÿçóþùèõ àíòèòåë ïîÿâëÿëàñü âèçóàëüíî äåòåêòèðóåìàÿ
ïîëîñà ôèîëåòîâîãî öâåòà. Â êà÷åñòâå ïîëîæèòåëüíîãî êîíòðîëÿ
èñïîëüçîâàëè ïîëèêëîíàëüíûå îâå÷üè àíòè-ìûøèííûå àíòèòåëà.
Ìèíèìàëüíàÿ âèçóàëüíî äåòåêòèðóåìàÿ êîíöåíòðàöèÿ òîêñèíîâ ñ ïîìîùüþ
ðàçðàáîòàííîãî ìåòîäà ñîñòàâèëà äëÿ ÑÒ 10 íã/ìë; äëÿ DÒ 10 íã/ìë, âðåìÿ
àíàëèçà 15 ìèí. Äëÿ óâåëè÷åíèÿ ÷óâñòâèòåëüíîñòè àíàëèçà èñïîëüçîâàëè

GREEN FLUORESCENT PROTEINS ACT AS A LIGHT-INDUCED
ELECTRON DONORS
Lukyanov K.A., Bogdanov A.M.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: kluk@ibch.ru

Green fluorescent protein (GFP) from jellyfish Aequorea victoria is widely
used in modern cell biology and biomedical studies as a genetically encoded
fluorescent label. In this work we discovered a new feature of GFPs from diverse
taxons can act as the light-induced electron donors in photochemical reactions
with various electron acceptors such as benzoquinone, flavins and flavoproteins,
cytochrome c and others. As a result of these reactions GFPs convert into red
fluorescent state which is clearly detectable by fluorescence spectroscopy and
microscopy. Moreover, this photoconversion can be observed in living cells without
additional treatment, probably due to interactions of GFPs with intracellular redox-
active molecules. This finding changes our general view of GFPs: they represent
not only passive light absorbers/emitters but also can play an active role in light-
induced electron transfer. This provides new insights into evolution and biology
of this protein family as well as suggests new areas of practical applications of
fluorescent proteins in molecular and cell biology.
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IMMUNOCHROMATOGRAPHIC ASSAY OF CHOLERA AND
DIPHTHERIA TOXINS
Ljubavina I.A., Petrova E.E., Valyakina T.I.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow, Russia
E-mail: valyakina@ibch.ru
Tel.: (495) 335-35-33

The diseases, caused by cholera (CT) and diphtheria (DT) bacterial toxins,
represent a significant threat to human health. An immunochromatographic assay of
qualitative express analysis to screening and monitoring the content CT and DT in
different origin samples was developed. The methods are based on sandwich assay
systems, using two mouse monoclonal antibodies. The first antibody is captured toxin,
coated in the nitrocellulose membrane, second antibody is detected, labeled with
colloidal gold.

For immunochromatography of CT used F5/H3 antibody as captured and B1/F8
antibody as detected. For detection of DT used E6B9 antibody as captured and C2G5
as detected. Earlier was shown by method of sandwich ELISA in plate format with
these couples determined with a maximum sensitivity toxin, limit of detection is 0.1
ng/ml for CT and 1ng/ml for DT.

The conjugates of the antibodies with colloidal gold with diameters of particles of
20, 30, 40 and 50 nm were synthesized. It is shown, that the particles size 40nm is
optimal for maximum sensitivity of the assay. For testing used test strips consist of
taking up, test and absorbing parts provided by the Arista (USA). The assay was started
from immersion of the taking up end of the strip into the sample solution. The solution
rised up the strip due to capillary forces and interacted with specific antibody labeled
colloidal gold, applied onto the upper part of the taking up region of the test strip.
Then, all the reaction components migrated up through the test zone to the absorbing
zone. When toxin existed in samples, it bound to antibody-colloidal gold conjugates
and then is bound by solid-phase by captured antibodies.

The sandwiched toxin molecules fixed on the captured antibody line area in the
test zone and violet line can be visualized. The sheep polyclonal anti-mouse antibodies
used as positive control of the test. The minimal detection concentration by developed
methods is 10 ng/ml for CT and DT, the time of analysis is 15 min. The limit of detection
was enhanced by silver enhancement kit, Sigma, to 1ng/ml for CT and DT.

To evaluate specificity of the methods, the cross-reaction between CT, DT,
staphylococcus enterotoxins, such as SEA, SEB, SED, SEC1, SEF, SEE and E. coli
labile heat-toxin (LT) were studied, used concentration of the toxins 1 ng/ml. In the
result, unspecific signal has not observed. Thus, indicated a high specificity of the
developed methods.

It is shown, that the detection of CT or DT by developed methods is possible in
different origin samples, such as milk, juice, tap and river water, human serum, nasal
wash without decrease of the sensitivity.

As a result, was developed simple, sensitive, specific, economic, qualitative one-
step immunochromatographic assay of detection CT and DT in different origin samples
without any special equipment. The immunochromatographic method of detection of
CT and DT can be used by a wide range of doctors, scientists and military experts,
including not equipped laboratories and field conditions.

ñèñòåìó óñèëåíèÿ ñèãíàëà êîëëîèäíîãî çîëîòà, ñîäåðæàùóþ ñîëè ñåðåáðà
ôèðìû Sigma. Â ðåçóëüòàòå ýòîãî ìèíèìàëüíàÿ äåòåêòèðóåìàÿ êîíöåíòðàöèÿ
îáîèõ òîêñèíîâ çíà÷èòåëüíî óìåíüøèëàñü è ñîñòàâèëà 1 íã/ìë.
Ñïåöèôè÷íîñòü ðàçðàáîòàííûõ òåñò-ñèñòåì õàðàêòåðèçîâàëè, îïðåäåëÿÿ ñ
èõ ïîìîùüþ ñòàôèëîêîêêîâûå ýíòåðîòîêñèíû À, Â, D, C1, E, F è
òåðìîëàáèëüíûé òîêñèí E. coli (LT), â äèàïàçîíå êîíöåíòðàöèé 1 ìêã/ìë
ñâÿçûâàíèÿ íå íàáëþäàëè. Ïîëó÷åííûå ðåçóëüòàòû ãîâîðÿò î âûñîêîé
ñïåöèôè÷íîñòè ðàçðàáîòàííîãî ìåòîäà îïðåäåëåíèÿ ÑT è DT.

Ïîêàçàíî, ÷òî îïðåäåëåíèå ÑÒ è ÄÒ èììóíîõðîìàòîãðàôè÷åñêèì
ìåòîäîì ìîæíî ïðîâîäèòü â îáðàçöàõ ðàçëè÷íîé ïðèðîäû – â ìîëîêå, ñîêàõ,
âîäîïðîâîäíîé è ðå÷íîé âîäå, à òàêæå â ñûâîðîòêå êðîâè è ñìûâàõ
íîñîãëîòêè ÷åëîâåêà áåç ïîòåðè ÷óâñòâèòåëüíîñòè.

Òàêèì îáðàçîì, áûë ðàçðàáîòàí ýêîíîìè÷íûé, ÷óâñòâèòåëüíûé,
ñïåöèôè÷íûé íåèíñòðóìåíòàëüíûé ìåòîä îáíàðóæåíèÿ õîëåðíîãî è
äèôòåðèéíîãî òîêñèíîâ â îáðàçöàõ ðàçëè÷íîãî ïðîèñõîæäåíèÿ, ïðîñòîé è
äîñòóïíûé, êîòîðûé ìîæåò èñïîëüçîâàòüñÿ øèðîêèì êðóãîì âðà÷åé, ó÷åíûõ
è âîåííûõ ñïåöèàëèñòîâ, â òîì ÷èñëå â ìàëîîáîðóäîâàííûõ ëàáîðàòîðèÿõ è
ïîëåâûõ óñëîâèÿõ.
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THE ROLE OF NADPH OXIDASE IN MITOGEN ACTIVATED
PROTEIN KINASE CASCADES ACTIVATION AT PHAGOCYTOSIS
Markvicheva K.N., Mishina N.M., Belousov V.V., Lukyanov S.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: ksenmark@mail.ru
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The macrophage ability to engulf pathogens into specialized endocytic
vacuoles and to destruct them is crucial for a proper immune response. For a long
time the main mechanism of intraphagosomal pathogen destruction was considered
as a result of an oxidative damage of pathogen cells by reactive oxygen species
(ROS) produced by NADPH oxidase (NOX). The latest data provided a strong
evidence that the pathogen destruction is a result of electrogenic NOX activity
and an attended acidification of an intraphagosomal space which is needed for
phagocytic proteases activation. At the same time a growing set of data suggests a
second messenger role of ROS, mainly H2O2, in different cell types. The best
example of redox signaling is mitogen activated protein kinase (MAPK) regulation
thought an oxidation of cysteins in a catalytic cleft of protein tyrosine phosphates
(PTPs) by H2O2.

In order to understand a correlation between the NOX participation in
phagocytic uptake and the H2O2 messenger role, we explored a real-time H2O2
production and the main MAPK cascades activation in phagocyting RAW264.7
murine macrophages.

Confocal ratiometric images of the real-time H2O2 production in macrophages
phagocyting serum opsonized zymosan were obtained. Cells expressing a GFP-
based fluorescent probe for H2O2 detection, called HyPer, were used. Time-courses
for H2O2 production at phagocytosis were obtained for the individual cells.

NOX family proteins are expressed in most cell types and are known to take
part in regulation of various signaling cascades. To better understand the NOX
activity role in the main MAPK activation pathways in phagocytes,
immunofluorescent staining of phagocyting RAW 264.7 cells and Western blot
analysis were used. Both Erk1/2 and p38 cascades have a basal activity in living
cells and are upregulated at phagocyting cells. The reciprocal inhibition of p38
and Erk1/2 cascades at phagocytosis was shown. We also revealed that unlike p38
signal pathway, Erkl1/2 one requires ROS-producing NOX activity.

Thus, H2O2 production in individual phagocyting cell is transient. We also
suggest that NOX activation at phagocytosis known previously as oxidative burst,
is crucial for Erk1/2 signaling pathway activation in macrophages as well as in
non-phagocyting cell types.

ÐÎËÜ NADPH ÎÊÑÈÄÀÇÛ Â ÀÊÒÈÂÀÖÈÈ MAP ÊÈÍÀÇÍÛÕ
ÊÀÑÊÀÄÎÂ ÏÐÈ ÔÀÃÎÖÈÒÎÇÅ
Ìàðêâè÷¸âà Ê.Í., Ìèøèíà Í.Ì., Áåëîóñîâ Â.Â., Ëóêüÿíîâ Ñ.À.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: ksenmark@mail.ru
Ôàêñ/òåë.: (495) 429-80-20

Ñïîñîáíîñòü ìàêðîôàãîâ ôàãîöèòèðîâàòü è ðàçðóøàòü êëåòêè ïàòîãåíîâ
î÷åíü âàæíà äëÿ íîðìàëüíîãî ðàçâèòèÿ èììóííîãî îòâåòà. Äî íåäàâíåãî
âðåìåíè ïðîäóêöèÿ àêòèâíûõ ôîðì êèñëîðîäà (ÀÔÊ), â îñîáåííîñòè
ïåðåêèñè âîäîðîäà H2O2, NADPH îêñèäàçîé êëåòîê-ôàãîöèòîâ
ðàññìàòðèâàëàñü ëèøü â êîíòåêñòå îêèñëèòåëüíîãî ïîâðåæäåíèÿ ïàòîãåíîâ
âíóòðè ôàãîñîìû. Â òî æå âðåìÿ, ãîìîëîãè ôàãîöèòàðíîé NADPH îêñèäàçû
áûëè îáíàðóæåíû ïðàêòè÷åñêè âî âñåõ òèïàõ êëåòîê. Òàêèì îáðàçîì,
ôóíêöèîíèðîâàíèå ýòèõ ôåðìåíòîâ íå îáÿçàòåëüíî ñâÿçàíî ñ ôàãîöèòîçîì,
íî íåîáõîäèìî äëÿ ïðîõîæäåíèÿ ïðîöåññîâ, óíèâåðñàëüíî ïðåäñòàâëåííûõ
â ðàçíûõ êëåòêàõ. Äëÿ íåôàãîöèòèðóþùèõ êëåòîê òàêîâûìè ïðîöåññàìè
ÿâëÿþòñÿ íà÷àëüíûå âíóòðèêëåòî÷íûå ñòàäèè ÌÀÐ êèíàçíûõ êàñêàäîâ, äëÿ
ïðîõîæäåíèÿ êîòîðûõ íåîáõîäèìà àêòèâàöèÿ NADPH îêñèäàç. Öåëüþ äàííîé
ðàáîòû ÿâëÿëîñü èçó÷åíèå ñâÿçè àêòèâíîñòè NADPH îêñèäàçû â
ôàãîöèòèðóþùèõ ìàêðîôàãàõ ñ ðåãóëÿöèåé àêòèâíîñòè îñíîâíûõ MAPK
ñèãíàëüíûõ êàñêàäîâ.

Â äàííîé ðàáîòå ìû èññëåäîâàëè ïðîäóêöèþ êëåòêàìè ìàêðîôàãîâ
ìûøè RAW 264.7 Í2O2 â ïðîöåññå ôàãîöèòîçà ÷àñòèö îïñîíèçèðîâàííîãî
ñûâîðîòêîé çèìîçàíà, à òàê æå àêòèâàöèþ äâóõ îñíîâíûõ ÌÀÐ êèíàçíûõ
êàñêàäîâ, ð38 è Erk1/2. Äëÿ âèçóàëèçàöèè ïðîäóêöèè H2O2 ïðè ôàãîöèòîçå
íà óðîâíå èíäèâèäóàëüíûõ êëåòîê â ðåàëüíîì âðåìåíè èñïîëüçîâàëè êëåòêè
RAW 264.7, ýêñïðåññèðóþùèå ôëóîðåñöåíòíûé ãåíåòè÷åñêè êîäèðóåìûé
ñåíñîð íà îñíîâå GFP äëÿ äåòåêöèè H2O2 HyPer.

Àêòèâàöèÿ MAP êèíàçíûõ êàñêàäîâ â ôàãîöèòèðóþùèõ êëåòêàõ
èçó÷àëàñü ìåòîäàìè èììóíîôëóîðåñöåíòíîãî îêðàøèâàíèÿ è Âåñòåðí-
áëîòòèíãà. Ìû îáíàðóæèëè, ÷òî ôàãîöèòîç àêòèâèðóåò îáà ýòè êàñêàäà. Êðîìå
òîãî, ïîëó÷åííûå íàìè äàííûå ñâèäåòåëüñòâóþò  î âçàèìíîì èíãèáèðîâàíèè
äàííûõ ñèãíàëüíûõ êàñêàäîâ.

 Ïðè ýòîì àêòèâàöèÿ Erk1/2 çàâèñèò, à ð38 - íå çàâèñèò, îò àêòèâíîñòè
NADPH îêñèäàçû. Òàêèì îáðàçîì, ìîæíî óòâåðæäàòü, ÷òî â ôàãîöèòàõ
àêòèâàöèÿ ÌÀÐ êèíàç ïðè ôàãîöèòîçå ïðîõîäèò ïî ìåõàíèçìó, ñõîäíîìó ñ
òàêîâûì â íåôàãîöèòèðóþùèõ êëåòêàõ, ÷òî ñâèäåòåëüñòâóåò îá
óíèâåðñàëüíîñòè ôóíêöèè NADPH îêñèäàç â êëåòêàõ ðàçëè÷íîãî òèïà.
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Pseudomonas aeruginosa, øèðîêî ðàñïðîñòðàíåííàÿ ãðàìîòðèöàòåëüíàÿ
áàêòåðèÿ, ÿâëÿåòñÿ óìåðåííûì ïàòîãåíîì, âûçûâàþùèì ñåðüåçíûå
îñëîæíåíèÿ, ïðåæäå âñåãî ó îñëàáëåííûõ áîëüíûõ. Áîðüáà ñ Ps. aeruginosa
çàòðóäíåíà â ñèëó âûðàæåííîé ìíîæåñòâåííîé óñòîé÷èâîñòè áàêòåðèè ê
àíòèáèîòèêàì. Âèðóñû áàêòåðèé (áàêòåðèîôàãè) – ïðèðîäíûå âðàãè è
ýâîëþöèîííûå ðåãóëÿòîðû ÷èñëåííîñòè áàêòåðèé – â ïîñëåäíåå âðåìÿ
ðàññìàòðèâàþòñÿ êàê ýôôåêòèâíûå ñðåäñòâà áèîêîíòðîëÿ ïàòîãåíîâ.

Âèðóëåíòíûå áàêòåðèîôàãè KMV, YuA è SN P. aeruginosa áûëè
âûäåëåíû â íàøåé ëàáîðàòîðèè, à ïîñëå èçó÷åíèÿ èõ ãåíîìîâ è ïðîòåîìîâ
ðàçðàáîòàíû èììóíîëîãè÷åñêèå è ÏÖÐ ñèñòåìû äåòåêöèè ôàãîâ ýòèõ âèäîâ
â ïðîáàõ âîäû è ïî÷âû. Ïðîñòðàíñòâåííûå  ìîäåëè êàïñèäîâ, ïîñòðîåííûå
íà îñíîâå ðåêîíñòðóêöèé êðèîýëåêòðîííî-ìèêðîñêîïè÷åñêèõ èçîáðàæåíèé
ñ ðàçðåøåíèåì 16-18 Å , âûÿâèëè ðÿä ìîðôîëîãè÷åñêèõ îñîáåííîñòåé,
ïðèñóùèõ êàæäîìó èç âèäîâ áàêòåðèîôàãîâ.

Òî÷íàÿ èäåíòèôèêàöèÿ ìåñòîïîëîæåíèÿ ìíîãîêîïèéíûõ áåëêîâ
ïðåäñòàâëÿåò èíòåðåñ â ïåðñïåêòèâå êîíñòðóèðîâàíèÿ ãåííî-èíæåíåðíûõ
ìîäåëåé, íåñóùèõ ïåïòèäû íà ïîâåðõíîñòè  âèðóñíîé ÷àñòèöû (ôàãîâûé
äèñïëåé). Áûëè ïîëó÷åíû è î÷èùåíû ðåêîìáèíàíòíûå ñòðóêòóðíûå áåëêè –
êàíäèäàòû è ïîëó÷åíû ñïåöèôè÷åñêèå ïîëèêëîíàëüíûå àíòèòåëà ïðîòèâ íèõ.
Èììóíîýëåêòðîííàÿ ìèêðîñêîïèÿ íà ïðåïàðàòå î÷èùåííûõ ôàãîâ ñ
âèçóàëèçàöèåé âçàèìîäåéñòâèÿ ñ âòîðè÷íûìè àíòèòåëàìè,
êîíúþãèðîâàííûìè ñ ÷àñòèöàìè çîëîòà, âûÿâèëà äåêîðèðóþùèå áåëêè
êàïñèäîâ ôàãîâ KMV, YuA è SN.
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ÒÅÕÍÈ×ÅÑÊÈÕ ÊÓËÜÒÓÐ, ÊÓËÜÒÈÂÈÐÓÅÌÛÕ
Â  ÓÇÁÅÊÈÑÒÀÍÅ
Ìåæëóìÿí Ë.Ã., Ðàõèìîâà Ø.Õ., Àáäóõàëèêîâà Ì.À., Ñàãäóëëàåâ Á.Ò.,
Þëäàøåâ Ï.Õ.
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Çà ðóáåæîì â ïðàêòèêó ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà ðàñòåíèé
âíåäðÿþò ñîçäàíèå òðàíñãåííûõ ðàñòåíèé, ñîäåðæàùèõ ãåíû áåëêîâ äðóãèõ
âèäîâ ðàñòåíèé, ïîâûøàþùèõ èõ óñòîé÷èâîñòü ê âðåäèòåëÿì è áîëåçíÿì.
Â íàñòîÿùåå âðåìÿ ãåíû 14 ðàñòèòåëüíûõ áåëêîâ-èíãèáèòîðîâ ïðîòåèíàç
ýêñïðåññèðîâàíû â ðàçëè÷íûõ êóëüòóðíûõ ðàñòåíèÿõ.

Íàøè èññëåäîâàíèÿ íà õëîï÷àòíèêå ïîêàçàëè ëèíåéíóþ çàâèñèìîñòü
ìåæäó êîíöåíòðàöèåé èíãèáèòîðîâ ïðîòåèíàç è âèëòîóñòîé÷èâîñòüþ ñîðòà,
à òàêæå íàêîïëåíèå èíãèáèòîðîâ ïðîòåèíàç â îòâåò íà èíôèöèðîâàíèå. Íà
îñíîâàíèè óñòàíîâëåííîé çàâèñèìîñòè âïåðâûå ïðîâåäåí ïîèñê ãåíåòè÷åñêè
çàêðåïëåííûõ ôîðì õëîï÷àòíèêà ñ âûñîêèì ñîäåðæàíèåì èíãèáèòîðîâ
ïðîòåèíàç. Ðàçðàáîòàí âûñîêîýôôåêòèâíûé ìåòîä, ñî÷åòàþùèé
èíãèáèòîðíûé àíàëèç ñ ìåòîäàìè èììóíîõèìè÷åñêîãî àíàëèçà, äëÿ
ïðîâåäåíèÿ ñêðèíèíãà èññëåäóåìûõ ñåëåêöèîííûõ ëèíèé õëîï÷àòíèêà íà
âàæíåéøèå õîçÿéñòâåííî-öåííûå ïðèçíàêè.

Ïðîâåäåíû âûäåëåíèå è î÷èñòêà áèôóíêöèîíàëüíîãî èíãèáèòîðà
ïðîòåèíàç è α-àìèëàç èç ìåñòíûõ ñîðòîâ êóêóðóçû è ïøåíèöû, ïîëó÷åííûå
çíà÷åíèÿ èíãèáèòîðíîé àêòèâíîñòè ìîãóò ñëóæèòü îäíèì èç ïîêàçàòåëåé
ïèòàòåëüíîé öåííîñòè ýòèõ êóëüòóð. Îïûòû íà æèâîòíûõ ïîêàçàëè, ÷òî
áèôóíêöèîíàëüíûé èíãèáèòîð èç çåðíà êóêóðóçû âëèÿåò íà ñâîðà÷èâàåìîñòü
êðîâè. Â òî æå âðåìÿ èíãèáèòîðû ïðîòåèíàç ïðèâëåêàþò âíèìàíèå
èññëåäîâàòåëåé êàê âåùåñòâà, ñïîñîáíûå âëèÿòü íå òîëüêî íà ïèùåâóþ è
êîðìîâóþ öåííîñòü ðàñòèòåëüíûõ áåëêîâ, íè è îáëàäàþùèå îïðåäåëåííûì
òåðàïåâòè÷åñêèì àíòèêàíöåðîãåííûì äåéñòâèåì. Îáíàðóæåííîå íàìè
ñî÷åòàíèå àíòèêàíöåðîãåííûõ ñâîéñòâ áèôóíêöèîíàëüíîãî èíãèáèòîðà
α-àìèëàçû è ñóáòèëèçèíà èç çåðíà ïøåíèöû è ñïîñîáíîñòè íåíàñûùåííûõ
æèðíûõ êèñëîò èç âîäîðîñëåé (61,7%) è ñåìÿí Feichodesma (90%) ïîäàâëÿòü
îïóõîëåâûé ðîñò êëåòîê ìîæåò ïðåäñòàâëÿòü çíà÷èòåëüíûé èíòåðåñ ïðè
èñïîëüçîâàíèè òàêèõ ïðîèçâîäíûõ èíãèáèòîðà â êà÷åñòâå ïîòåíöèàëüíûõ
ïðîôèëàêòè÷åñêèõ ñðåäñòâ.
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Ãàíãëèîçèäû ÿâëÿþòñÿ õîðîøî èçâåñòíûìè ãëèêîëèïèäàìè íà îñíîâå
öåðàìèäà, ñîäåðæàùèìè îäèí èëè íåñêîëüêî îñòàòêîâ ñèàëîâûõ êèñëîò è
âûïîëíÿþùèìè ðàçëè÷íûå ôóíêöèè: ðåöåïöèþ áàêòåðèàëüíûõ òîêñèíîâ è
ëåêòèíîâ, ó÷àñòèå â êëåòî÷íûõ êîíòàêòàõ,  äèôôåðåíöèàöèè è òðàíñôîðìàöèè
êëåòîê è ò.ä. Âñå ýòè ñâîéñòâà îáóñëîâëåíû íàëè÷èåì ðàçëè÷íûõ
îëèãîñàõàðèäíûõ ãðóïï â ìîëåêóëå ãàíãëèîçèäà. Áîëåå òîãî, ãèäðîôîáíàÿ
÷àñòü ìîëåêóëû òàêæå èãðàåò íåìàëîâàæíóþ ðîëü, áóäó÷è îòâåòñòâåííîé çà
ó÷àñòèå ãàíãëèîçèäîâ, êàê ñôèíãîëèïèäîâ, â ñîñòàâå "ðàôòîâ". Â òî æå âðåìÿ
ãàíãëèîçèäû ìîãóò áûòü ðàññìîòðåíû â êà÷åñòâå óíèêàëüíîãî îáúåêòà äëÿ
êîíñòðóèðîâàíèÿ ìîëåêóëÿðíûõ çîíäîâ ïðè èññëåäîâàíèè ìåìáðàí è
ôëóîðîôîðîâ. Îñíîâíûì îòëè÷èåì ãàíãëèîçèäîâ îò äðóãèõ òèïîâ ëèïèäîâ,
ñ òî÷êè çðåíèÿ ìå÷åíèÿ, ÿâëÿåòñÿ âîçìîæíîñòü ââåäåíèÿ ìåòêè â ïîëÿðíóþ
è íåïîëÿðíóþ îáëàñòè ìîëåêóëû áåç ñóùåñòâåííîãî íàðóøåíèÿ ëèïèäíîé
ñòðóêòóðû. Çàïðåò íà êàêèå-ëèáî èçìåíåíèÿ â ïîëÿðíîé, "ôóíêöèîíàëüíî-
çíà÷èìîé" îáëàñòè ëèïèäà, â íàñòîÿùåå âðåìÿ íå ïðåäñòàâëÿåòñÿ
àáñîëþòíûì. Îñòàòîê ñèàëîâîé êèñëîòû, ïðåäñòàâëåííûé â ïîëÿðíîé ãîëîâêå
ãàíãëèîçèäà, äàåò âîçìîæíîñòü ââîäèòü ìåòêó â îïðåäåëåííóþ ïîçèöèþ (â
ïðîòèâîïîëîæíîñòü äðóãèì ñàõàðàì) è ìîæåò áûòü îñóùåñòâëåí äâóìÿ
ïóòÿìè. Ïåðâûé – ýòî çàìåíà N-àöåòèëüíîé ãðóïïû íà ìå÷åíóþ, è âòîðîé –
ïåðîêñèäíîå îêèñëåíèå ãëèöèðèíîâîãî îñòàòêà Ñ7-Ñ9 â îñòàòêå ñèàëîâîé
êèñëîòû ñ ïîñëåäóþùèì ìå÷åíèåì ÷åðåç îáðàçîâàíèå îñíîâàíèÿ Øèôôà.
Ïåðâûé ïîäõîä ïðåäñòàâëÿåòñÿ ïðåäïî÷òèòåëüíûì, ïîñêîëüêó âåäåò ê
ìåíüøèì èçìåíåíèÿì â ïðèðîäíîé ñòðóêòóðå ãàíãëèîçèäà. Â
äåéñòâèòåëüíîñòè, N-àöèë-íåéðàìèíîâàÿ êèñëîòà, â êîíå÷íîì èòîãå,
îòñòàåòñÿ N-àöèëèðîâàííîé, òîëüêî ìå÷åííîé, òîãäà êàê âî âòîðîì ñëó÷àå
îñòàòîê ñèàëîâîé êèñëîòû ëèøàåòñÿ 3-õ ãèäðîêñèëüíûõ ãðóïï. Èëè, øèðîêî
ïðèìåíÿåìûé â ìåìáðàííûõ èññëåäîâàíèÿõ N-ðîäàìèíèë-
ôîñôàòèäèëýòàíîëàìèí íå èìååò ñâîáîäíîé àìèíîãðóïïû, êàê åãî ïðèðîäíûé
ïðåäøåñòâåííèê, òî åñòü â ýòîì ñëó÷àå ìû èìååì ïðèíöèïèàëüíîå íàðóøåíèå
ïðèðîäíîé ñòðóêòóðû. Áîëåå òîãî, â äàííîì ñëó÷àå ìåòêà ðàñïîëàãàåòñÿ î÷åíü
áëèçêî ê âîäíî-ëèïèäíîé èíòåðôàçå è ìîæåò áûòü âîâëå÷åíà â ïîÿñ
îáðàçîâàíèÿ âîäîðîäíûõ ñâÿçåé áèñëîÿ â ïðîòèâîïîëîæíîñòü ïîëÿðíî-
ìå÷åííûì ãàíãëèîçèäàì, ãäå ìåòêà íàõîäèòñÿ íà äîñòàòî÷íî óäàëåííîì
ðàññòîÿíèè îò ýòîé çîíû. Âîçìîæíî ýòèì îáúÿñíÿåòñÿ, ïî÷åìó BODIPY-
ìå÷åííûé ïî ïîëÿðíîé ÷àñòè ãàíãëèîçèä GM1 ìîæåò âûïîëíÿòü ðîëü
"ðàôòîâîãî" çîíäà. Â ÷àñòíîñòè, ðàçëè÷íûå BODIPY-ìå÷åííûå ãàíãëèîçèäû,
ïåðåêðûâàþùèå øèðîêóþ îáëàñòü ñïåêòðà (ïðèíèìàÿ âî âíèìàíèå
ïðåèìóùåñòâà BODIPY ôëóîðîôîðà), ìîãóò îáðàçîâûâàòü óíèêàëüíûé íàáîð
çîíäîâ ñ ðàçëè÷íîé îáëàñòüþ ïðèìåíåíèÿ. Òàêèì îáðàçîì, ýòî äàåò

ELECTRON-MICROSCOPIC 3D-CAPSID RECONSTRUCTION AND
IDENTIFICATION OF SURFACE PROTEINS OF PSEUDOMONAS
AERUGINOSA BACTERIOPHAGES
Filchikov M.V., Sykilinda N.N., Mesyanzhinov V.V., Miroshnikov K.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: kmi@ibch.ru

Gram-negative Pseudomonas aeruginosa bacteria attract significant medical
interest as a facultative pathogen causing septic and urologic infections. Due to
high natural polyresistence to antibiotics and high colonization level Ps. aeruginosa
is difficult to treat.  an thus is a prospective object for experimental therapeutic
methods like phage therapy. Therefore bacterial viruses (bacteriophages), which
are natural enemies and evolutionary moderators of population of bacteria, are
considered as prospective remedy for pathogen biocontrol.

We have isolated strictly virulent P.aeruginosa bacteriophages KMV, YuA
and SN, investigated their genomes and proteomes, and designed immunologic
and PCR-based systems for rapid identification of YuA-like and KMV-like phages
from water/soil samples. Cryo-electronic microscopic images of the phages were
recorded, and 3D-image reconstructions of capsids with 16-18 Å resolution have
revealed several notable features of virions specific for each particular phage specie.

Exact identification of the location of major multicopy proteins is prospective
in terms of the construction of gene-engineered models bearing peptides on the
surface of viral particle (phage display). We have selected, constructed and purified
candidate structural proteins, and obtained specific polyclonal antibodies.
Immunoelectron microscopy of purified phages with visualization by secondary
gold-conjugated antibodies has revealed decorative proteins of  KMV, YuA and
SN capsids.
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Gangliosides are well known ceramide-based glycolipids containing one or more
sialic acid residues, playing a various number of membrane functions, as a receptor of
bacterial toxins and lectins, cell contacts participation, cell differentiation and
transformation and many others. All these properties are by virtue of different
oligosaccharide head groups in the ganglioside molecules. Moreover the hydrophobic
part plays the important role, being responsible for participation of gangliosides, as a
sphingolipid, in the partition of "rafts". In the same time gangliosides can be considered
as an unique object for the molecular probes design for membrane and fluorophore
studies. The main difference of gangliosides from other types of lipids from the point
of view of labeling is the possibility to label both polar and non-polar part of molecule
without sufficient disturbing of the lipid structure. The restriction to input any changes
to the polar, "functionally essential" part of lipid, seems not absolute now. Sialic acid
residue, presented in the gangliosides polar head group, gives the opportunity to input
the label in the specific position (in contrast to the others sugars) and can be done by
two ways. First, is the change of N-acetyl group by the labeled one, the other – by
peroxide oxidation of the glycerol residue C7-C9 in the sialic acid residue with following
labeling through shiff-base formation. The first approach seems preferable because
leads to less changes of the natural ganglioside structure. In fact, the N-acyl neuraminic
acid finally remains N-acyl as well, but just with the labeled one, meanwhile in the
second case the sialic acid residue looses three hydroxyl groups. Or, widely used in the
membrane studies N-rhodaminyl-phospatidylethanolamine has no free amino-group as
natural lipid has, so we have the principal disturbing of the natural structure. Moreover,
in this case the label is situated very close to lipid-water interface and can be involved
in the hydrogen bond belt of bilayer in contrast with polar-labeled ganglioside, where
the label is far apart from this zone. This is possible explanation why BODIPY-labeled
GM1 by the polar part can be used as "raft" probe. Particularly, different BODIPY-
labeled gangliosides, covering the broad range of spectrum and, taking into consideration
the advantages of BODIPY-fluorophore, can form the unique set of fluorescent probes
with the different opportunities to use.

Thus, it gives the possibility to study the polar and non-polar region of membrane
with the similar probes, based on the same type of the molecule. The probes, composing
the donor-acceptor pair with the different location of the label have shown the possibility
to distinguish between the signals from polar- and non-polar-labeled compounds.

The other possibility to use these probes is to study peptide – membrane interaction
with polar- or non-polar labeled gangliosides in order to sort out how deep could be
loaded several part of peptide, labeled with the corresponding label as well, as it was
used for the Alzheimer peptide. When two (ore more) labels were attached to the
ganglioside molecule, they were situated in the certain distance between them and give
an additional opportunity to study the fluorophore properties as well.

Finally, since the same ganglioside-core probes are used, we can neglect the type
of lipid base, in contrast of the case of combination of other lipophilic probes.

âîçìîæíîñòü èçó÷àòü ïîëÿðíûé è íåïîëÿðíûé ðåãèîíû ìåìáðàí ñ ïîìîùüþ
îäíîòèïíûõ çîíäîâ, ïîñòðîåííûõ íà îñíîâå îäíèõ è òåõ æå ìîëåêóë. Çîíäû,
ñîñòàâëÿþùèå äîíîð-àêöåïòîðíûå ïàðû ñ ïîëîæåíèåì ìåòêè â ðàçëè÷íûõ
îáëàñòÿõ, ïîêàçàëè âîçìîæíîñòü ðàçëè÷àòü ñèãíàëû îò ïîëÿðíî- è íåïîëÿðíî-
ìå÷åííûõ ñîåäèíåíèé. Äðóãîé âîçìîæíîñòüþ èñïîëüçîâàíèÿ çîíäîâ ÿâëÿåòñÿ
èçó÷åíèå ïåïòèä-ìåìáðàííûõ âçàèìîäåéñòâèé, èñïîëüçóÿ ïîëÿðíî- èëè
íåïîëÿðíî-ìå÷åííûå çîíäû, ñ öåëüþ îïðåäåëåíèÿ ãëóáèíû ïîãðóæåíèÿ
ðàçëè÷íûõ ÷àñòåé ïåïòèäà, êàê ýòî áûëî ïîêàçàíî íà ïðèìåðå âçàèìîäåéñòâèÿ
ïåïòèäà Àëüöãåéìåðà ñ ìåìáðàíàìè. Ïðè ââåäåíèè äâóõ è áîëåå ìåòîê â
ñîñòàâ ãàíãëèîçèäà ïîÿâëÿåòñÿ äîïîëíèòåëüíàÿ âîçìîæíîñòü èçó÷åíèÿ
ñâîéñòâ ôëóîðîôîðîâ, ïîñêîëüêó ìåòêè íàõîäÿòñÿ íà îïðåäåëåííîì
ðàññòîÿíèè äðóã îò äðóãà.

Òàêèì îáðàçîì, ïîñêîëüêó â ìåìáðàíå èñïîëüçóþòñÿ çîíäû íà îñíîâå
îäíîé è òîé æå ìîëåêóëû ãàíãëèîçèäà, âîçìîæíî ïðåíåáðå÷ü òèïîì ëèïèäà
â ïðîòèâîïîëîæíîñòü èñïîëüçîâàíèþ íàáîðà ðàçëè÷íûõ ëèïîôèëüíûõ
çîíäîâ.
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òàêîâîé âèòàìèíîâ Ñ è β-êàðîòèíà. Èçó÷åíèå äåòîêñèöèðóþùåãî äåéñòâèÿ
ïåïòèäîâ ïðîâåäåíî íà íåñêîëüêèõ ìîäåëÿõ òîêñèêîçà. Íà ìîäåëè òîêñèêîçà,
èíäóöèðîâàííîãî öèòîñòàòè÷åñêèì ïðåïàðàòîì öèñïëàòèíîì, âûÿâëåíî, ÷òî
ÄÑÈÏ è 3 ðîäñòâåííûõ ïåïòèäà ñïîñîáñòâîâàëè çàìåòíîìó ñíèæåíèþ
òîêñè÷íîñòè ïðåïàðàòà, ÷òî âûðàæàëîñü â 1,5-êðàòíîì ñíèæåíèè ëåòàëüíîñòè
æèâîòíûõ. Îäèí èç èññëåäîâàííûõ àíàëîãîâ  ïðîÿâèë íàèáîëåå
ïîëîæèòåëüíîå âëèÿíèå, åãî 4-õ êðàòíîå ïðèìåíåíèå â  äîçå 50 ìêã/êã íà
ôîíå èñïîëüçîâàíèÿ öèñïëàòèíà ïðèâîäèëî ê ñóùåñòâåííîìó ñíèæåíèþ
ëåòàëüíîñòè äî 17%, â òî âðåìÿ êàê â êîíòðîëå ãèáåëü æèâîòíûõ äîñòèãàëà
50-67%. Ýòîò æå àêòèâíûé àíàëîã ñïîñîáñòâîâàë òàêæå óìåíüøåíèþ ãåïàòî-
è íåôðîòîêñè÷íîñòè öèòîñòàòèêà. Ñî÷åòàííîå ïðèìåíåíèå öèòîñòàòèêà ñ
ÄÑÈÏ èëè åãî àêòèâíûì àíàëîãîì  ó æèâîòíûõ ñ êàðöèíîìîé Ëüþèñà íå
ïðèâîäèëî ê îòìåíå òåðàïåâòè÷åñêîãî äåéñòâèÿ öèòîñòàòèêà, íî è íå
ñïîñîáñòâîâàëî åãî óñèëåíèþ. Â íàñòîÿùåå âðåìÿ ïðîâîäÿòñÿ èññëåäîâàíèÿ
åùå íåñêîëüêèõ íîâûõ àíàëîãîâ ÄÑÈÏ, ñðåäè êîòîðûõ òàêæå îáíàðóæåíû
ïåïòèäû ñ âûðàæåííûì äåòîêñèöèðóþùèì äåéñòâèåì.

Òàêèì îáðàçîì, äàííûå èññëåäîâàíèÿ ïîêàçàëè öåëåñîîáðàçíîñòü
äàëüíåéøåãî èçó÷åíèÿ äåòîêñèöèðóþùåãî äåéñòâèÿ ðåãóëÿòîðíûõ ïåïòèäîâ
íà ìîäåëè òîêñèêîçà, èíäóöèðîâàííîãî ðàçëè÷íûìè öèòîñòàòè÷åñêèìè
ïðåïàðàòàìè, ïîèñêà îïòèìàëüíîãî ïðîòîêîëà ïðèìåíåíèÿ ïåïòèäîâ,
ïîäðîáíîãî èçó÷åíèÿ çàâèñèìîñòè äîçà-ýôôåêò è àíòèìåòàñòàòè÷åñêîãî
ïîòåíöèàëà ïåïòèäîâ.

Ðàáîòà ïîääåðæàíà Ïðàâèòåëüñòâîì Ìîñêâû.

ÏÅÏÒÈÄ ÄÅËÜÒÀ-ÑÍÀ (ÄÑÈÏ) È ÅÃÎ ÀÍÀËÎÃÈ: ÏÎÈÑÊ
ÑÎÅÄÈÍÅÍÈÉ Ñ ÎÍÊÎÏÐÎÒÅÊÒÈÂÍÛÌ ÄÅÉÑÒÂÈÅÌ
Ìèõàëåâà È.È., Ïðóä÷åíêî È.À., Åôðåìîâ Å.Ñ., Îíîïðèåíêî Ë.Â.,
×èêèí Ë.Ä., ßêóáîâñêàÿ Ð.È.*, Íåìöîâà Å.Ð.*, Áåçáîðîäîâà Î.À.*
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: imikha@ibch.ru
*ÔÃÓ Ìîñêîâñêèé íàó÷íî-èññëåäîâàòåëüñêèé îíêîëîãè÷åñêèé èíñòèòóò
èì. Ï.À. Ãåðöåíà Ðîñçäðàâà, Ìîñêâà, Ðîññèÿ

Îäíèì èç íàèáîëåå àêòèâíî ðàçâèâàåìûõ ñåãîäíÿ ïóòåé èçûñêàíèÿ íîâûõ
òåðàïåâòè÷åñêèõ ñðåäñòâ â îíêîëîãèè ÿâëÿåòñÿ ïîèñê ñïîñîáîâ çíà÷èòåëüíîãî
óëó÷øåíèÿ èçáèðàòåëüíîñòè ïðèìåíÿåìûõ ñðåäñòâ â îòíîøåíèè îïóõîëåâûõ
êëåòîê è ñïîñîáîâ  ñíèæåíèÿ òîêñè÷íîñòè ïðîòèâîîïóõîëåâîé òåðàïèè.
Àêòèâíî èññëåäóþòñÿ ôóíäàìåíòàëüíûå ìåõàíèçìû ðåãóëÿöèè îñíîâíûõ
êëåòî÷íûõ ïðîöåññîâ è ìåæêëåòî÷íûõ âçàèìîäåéñòâèé, íàðóøåíèÿ êîòîðûõ
ëåæàò â îñíîâå êàíöåðîãåíåçà. Áîëüøîå âíèìàíèå óäåëÿåòñÿ èçó÷åíèþ
ðåãóëÿòîðíîé ðîëè  ïåïòèäíî-áåëêîâûõ ôàêòîðîâ ýíäîãåííîé ïðèðîäû, íà
îñíîâå êîòîðûõ âåäåòñÿ öåëåíàïðàâëåííîå èçûñêàíèå íîâûõ ëåêàðñòâåííûõ
ñðåäñòâ äëÿ  îíêîëîãèè.

ÈÁÕ ÐÀÍ â òå÷åíèå ìíîãèõ ëåò ïðîâîäèò èññëåäîâàíèÿ  ñòðóêòóðíî-
ôóíêöèîíàëüíûõ îñîáåííîñòåé, áèîëîãè÷åñêèõ ñâîéñòâ è ìåõàíèçìà
äåéñòâèÿ ïåïòèäà äåëüòà-ñíà (ÄÑÈÏ). Â ðåçóëüòàòå âûÿâëåíû ÿðêèå
ñòðåññïðîòåêòèâíûå ñâîéñòâà ýòîãî ïðèðîäíîãî ôàêòîðà è èçó÷åíû
áèîõèìè÷åñêèå ìåõàíèçìû èõ ðåàëèçàöèè. Ðàíåå íàìè óæå áûëè ïîëó÷åíû
ïåðâûå ïîëîæèòåëüíûå ðåçóëüòàòû ïðè èçó÷åíèè îíêîïðîòåêòèâíûõ ñâîéñòâ
ÄÑÈÏ è ãðóïïû åãî àíàëîãîâ. Óñòàíîâëåíî, ÷òî ÄÑÈÏ ïîâûøàë
ïðîòèâîîïóõîëåâóþ óñòîé÷èâîñòü æèâîòíûõ â óñëîâèÿõ èíîêóëÿöèè
îïóõîëåâûõ êëåòîê íà ôîíå ñòðåññîâîãî âîçäåéñòâèÿ è òîðìîçèë
ìåòàñòàçèðîâàíèå êàðöèíîìû Ëüþèñà ïîñëå õèðóðãè÷åñêîãî óäàëåíèÿ
îïóõîëè. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ÄÑÈÏ è ðÿä åãî àíàëîãîâ ñóùåñòâåííî
óìåíüøàëè îáúåì è êîëè÷åñòâî ìåòàñòàç íà ìûøàõ ñ êàðöèíîìîé Ëüþèñà.
Âûÿâëåíà ñïîñîáíîñòü ÄÑÈÏ îãðàíè÷èâàòü ñïîíòàííûé êàíöåðîãåíåç è
ìóòàãåíåç. Ðåçóëüòàòû ðàíåå ïðîâåäåííûõ èññëåäîâàíèé ñâèäåòåëüñòâóþò î
ïåðñïåêòèâíîñòè èñïîëüçîâàíèÿ ñîåäèíåíèé ýòîé ãðóïïû â îíêîëîãè÷åñêîé
ïðàêòèêå – ýòî âîçìîæíîå òîðìîæåíèå ìåòàñòàçèðîâàíèÿ, ñíèæåíèå
òîêñè÷åñêîãî äåéñòâèÿ öèòîñòàòèêà è îãðàíè÷åíèå íàðóøåíèé
íåéðîýíäîêðèííîãî ñòàòóñà.

Â ñâÿçè ñ ýòèì íàìè áûëî ïðåäïðèíÿòî èçó÷åíèå îíêîïðîòåêòèâíîãî
ïîòåíöèàëà ÄÑÈÏ è ãðóïïû ðîäñòâåííûõ ïåïòèäîâ ñ öåëüþ âûÿâëåíèÿ
íàèáîëåå ýôôåêòèâíûõ ïðîèçâîäíûõ ýòîé ãðóïïû. Ïðîâåäåíû ðàáîòû ïî
ñèíòåçó ïåïòèäà äåëüòà-ñíà è 10 åãî àíàëîãîâ, èçó÷åíèþ èõ àíòèîêñèäàíòíûõ
è äåòîêñèöèðóþùèõ ñâîéñòâ, à òàêæå âëèÿíèÿ ïåïòèäîâ íà ðîñò
ýêñïåðèìåíòàëüíûõ îïóõîëåé. Óñòàíîâëåíî, ÷òî ÄÑÈÏ è åãî ñèíòåòè÷åñêèå
àíàëîãè â äîïîëíåíèå ê âûðàæåííîìó íåïðÿìîìó àíòèîêñèäàíòíîìó
äåéñòâèþ îáëàäàþò è ïðÿìîé àíòèîêñèäàíòíîé àêòèâíîñòüþ, ñðàâíèìîé ñ
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17%), whereas the control mortality was as high as 50-67%. The same analogue
also favored a decrease in hepatotoxicity and nephrotoxicity of the cytostatic.
Combination treatment of the animals with the Lewis carcinoma with the cytostatic
and DSIP or its active analogue did not result in both an elimination and increase
in the therapeutic effect of the cytostatic. Nowadays, a number of new DSIP
analogues are studied, and peptides with the pronounced detoxifying effect are
also found among them.

Thus, our studies demonstrated the expedience of the further investigation of
the detoxifying effect of the regulatory peptides on the models of experimental
toxicosis. The search for optimal protocol of the peptide application and detailed
studies of the dose-effect dependence and anti-metastatic potential of the peptides
are under way.

This study is supported by the Moscow government.

DELTA-SLEEP INDUCING PEPTIDE (DSIP) AND ITS
ANALOGUES: SEARCH FOR COMPOUNDS WITH ONCO-
PROTECTIVE EFFECT
Mikhaleva I.I., Prudchenko I.A., Efremov E.S., Onoprienko L.V.,
Chikin L.D., Yakubovskaya R.I.*, Nemtsova E.P.*, Bezborodova O.A.*
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: imikha@ibch.ru
*Gertsen Scientific-Research Cancer Institute, Russian Ministry of Public
Health, Moscow, Russia

One of the most topical lines of the modern oncology is a search for significant
improvement of selectivity of therapeutic anti-tumor agents and decrease in their
toxicity. Regulatory mechanisms of basic cellular processes and intercellular
interactions whose disorders underlie carcinogenesis are actively studied. Much
attention is given to investigation of a regulatory role of endogenous peptide and
protein factors, which are the basis of a purposeful search for new drugs in oncology.

The Institute of Bioorganic Chemistry has studied structure-functional
peculiarities, biological properties, and mechanism of action of Delta-Sleep
Inducing Peptide (DSIP) over a long period of time. As a result, pronounced stress-
protective properties of this natural factor were revealed, and biochemical
mechanisms of their realization are investigated. Previously, our examination of
onco-protective properties of DSIP and series of its analogues already gave first
positive results. DSIP was found to increase the anti-tumor resistance of animals
under the conditions of inoculation of tumor cells under stress and to inhibit
dissemination of Lewis carcinoma after its surgical removal. DSIP and a number
of its analogues were shown to significantly decrease the tumor volume  and the
number of metastases in mice with the Lewis carcinoma. The DSIP ability to limit
the spontaneous carcinogenesis and mutagenesis was also revealed. Results of the
previous studies demonstrate that some of these compounds are promising for
oncological practice, in particular, for possible inhibition of metastasis, decrease
in the toxic effects of cytostatics, and limitation of disorders of neuroendocrine
status.

In this connection, we have studied the onco-protective potential of DSIP
and a group of relative peptides with the aim to select the most effective derivatives
of this group. DSIP and 10 of its analogues were synthesized, and their anti-oxidant
and detoxifying properties and influence on a growth of experimental tumors were
studied. DSIP and its analogues were found to exhibit a direct anti-oxidant activity
in addition to the pronounced indirect antioxidant effect, and this direct activity
was comparable with that of vitamin C and β-carotene. The detoxifying effect of
the peptides was studied on several models of toxicosis. DSIP and three relative
peptides considerably promoted the decrease in the toxicity in the model of toxicosis
induced by the cisplatin cytotoxic agent. The effect of the peptide resulted in 1.5-
fold decrease in the animal mortality. One of the studied analogues exhibited the
most positive influence; its fourfold application at a dose of 50 µg/kg on the
background of the cisplatin treatment significantly decreased the mortality (up to
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ORIGINAL APPROACHES TO TEST ANTI-CANCER AND
ANTI-INFECTIOUS DRUGS IN NON-SPECIFIC PATHOGEN FREE
(NON-SPF) MOUSE MODELS
Moiseeva Å.V., Semushina S.G., Kessler Yu.V., Lazarev V.F.,
Barabanshchikova V.S.*, Kozlov A.V.*, Nefedova N.V.*
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: evmoiseeva@ibch.ru
*MSU of Applied Biotechnology, Moscow, Russia

Routine anti-cancer and anti-infectious drug (ac-D and ai-D, respectively)
testing approaches using specific pathogen free (SPF) mouse models rise a question
in what extend they correspond to analogous diseases in clearly non-SPF human
patients. Chronic infectious processes in humans obviously (a) proceed
simultaneously with breast cancer (BC) progression and interfere a given anti-
cancer treatment and (b) non-adequate to acute experimental infections in SPF
laboratory mice. Therefore, our aim was to characterize microbiological statuses
of our non-SPF mouse models and formulate main guidelines of author's approach
to ac-D and ai-D testing procedure.

Three-step set of ac-D testing procedure permits to reveal both direct and
indirect effect (latter due to immune system control) of a given drug on BC growth:
(1) in vitro, using short term cultures of both cancer and immune cells from intact
and tumor bearing mice; (2) in vivo, using transplanted and (3) spontaneous BC
mouse models. The main characteristic of ac-D testing procedure at the final step
is it's investigation both with and without preceding surgical tumor extirpation,
making our approach in mouse model as close to clinical trial as possible. This is
illustrated by immunotherapy using interleukin-2. We showed that naturally arisen
(including those occurred due to chronic inflammation) spontaneous BC in BLRB/
BYRB and CBRB females adequately mimics main types of human BC. "Point
experiment" method, hypothesis of "closed window", and subdividing both control
and experimental groups in subgroups according to similar characteristics of tumor
growth following analysis of ac-D effect within those subgroups permit to improve
experimental design using limited amounts of mice and reveal both positive and
negative effects of tested drug.

Model of naturally arisen chronic dermatitis in CBRB mice was shown to be
adecuate to analogous disease in humans. This model is useful for ai-D testing as
Staphylococcus aureus and coagulaso-negative staphylococci cause intravivarium
contamination for mice and hospital-acquired infection for human patients. As ai-
D we tested probiotic cultures, for instance, lactobacterium, lactococci and products
of their vital activities that are well known to inhibit staphylococci growth. Regular
individual spinal skin probing and microbiological analyses permit to reveal
therapeutic efficacy of tested probiotics in mouse model used. Both positive and
negative effects were revealed in individual mice.

ÎÐÈÃÈÍÀËÜÍÛÅ ÏÎÄÕÎÄÛ Ê ÒÅÑÒÈÐÎÂÀÍÈÞ
ÏÐÎÒÈÂÎÎÏÓÕÎËÅÂÛÕ È ÏÐÎÒÈÂÎÈÍÔÅÊÖÈÎÍÍÛÕ
ËÅÊÀÐÑÒÂ ÍÀ ÍÅ-ÑÏÔ ÌÛØÈÍÛÕ ÌÎÄÅËßÕ
Ìîèñååâà Å.Â., Ñåìóøèíà Ñ.Ã., Êåññëåð Þ.Â., Ëàçàðåâ Â.Ô.,
Áàðàáàíùèêîâà Â.Ñ.*, Êîçëîâ À.Â.*, Íåôåäîâà Í.Â.*
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: evmoiseeva@ibch.ru
*ÌÃÓ ïðèêëàäíîé áèîòåõíîëîãèè, Ìîñêâà, Ðîññèÿ

Òåñòèðîâàíèå ïðîòèâîîïóõîëåâûõ è ïðîòèâîèíôåêöèîííûõ ïðåïàðàòîâ (ïî-
Ï è ïè-Ï, ñîîòâåòñòâåííî) íà ìûøèíûõ áèîìîäåëÿõ, íàõîäÿùèõñÿ â óñëîâèÿõ,
ñâîáîäíûõ îò ïàòîãåííîé ôëîðû (ÑÏÔ), ñòàâèò âîïðîñ îá àäåêâàòíîñòè
ïîëó÷åííûõ ðåçóëüòàòîâ äëÿ ÷åëîâåêà. Î÷åâèäíî, ÷òî õðîíè÷åñêèå èíôåêöèè ó
÷åëîâåêà (à) ïðîòåêàþò îäíîâðåìåííî ñ ïðîãðåññèåé ðàêà ìîëî÷íîé æåëåçû
(ÐÌÆ) è îñëîæíÿþò ëå÷åíèå è (á) íå àäåêâàòíû îñòðûì ýêñïåðèìåíòàëüíûì
çàðàæåíèÿì ëàáîðàòîðíûõ ìûøåé. Ïîýòîìó íàøåé öåëüþ áûëî îõàðàêòåðèçîâàòü
ìèêðîáèîëîãè÷åñêèé ñòàòóñ íàøèõ íå-ÑÏÔ ìûøèíûõ ìîäåëåé è ñôîðìóëèðîâàòü
îñíîâíûå ïîëîæåíèÿ àâòîðñêîãî ïîäõîäà ê òåñòèðîâàíèþ ïî-Ï è ïè-Ï.

Òðåõñòóïåí÷àòàÿ ñèñòåìà òåñòèðîâàíèÿ ïî-Ï ïîçâîëÿåò âûÿâèòü êàê ïðÿìîå,
òàê è îïîñðåäîâàííîå èììóííîé ñèñòåìîé äåéñòâèå íà ðîñò ÐÌÆ: (1) in vitro íà
êðàòêîñðî÷íûõ êóëüòóðàõ ðàêîâûõ è èììóííûõ êëåòîê êàê èíòàêòíûõ ìûøåé,
òàê è îïóõîëåíîñèòåëåé; (2) in vivo íà ñèíãåííûõ ïåðåâèâàåìûõ è (3) in vivo íà
ñïîíòàííûõ ìîäåëÿõ. Ãëàâíîé îñîáåííîñòüþ ïðîâåäåíèÿ òåñòèðîâàíèÿ
ïðåïàðàòîâ ïðîòèâ ÐÌÆ íà ïîñëåäíåì, çàâåðøàþùåì ýòàïå ÿâëÿåòñÿ åãî
ìàêñèìàëüíîå ïðèáëèæåíèå ê êëèíè÷åñêèì èñïûòàíèÿì, à èìåííî,  àïðîáàöèÿ
â ñî÷åòàíèè ñ õèðóðãè÷åñêèì óäàëåíèåì îïóõîëè è áåç, ÷òî ïðîèëëþñòðèðîâàíî
íà ïðèìåðå èììóíîòåðàïèè ÐÌÆ èíòåðëåéêèíîì-2. Ìû ïîêàçàëè, ÷òî
åñòåñòâåííî ðàçâèâàþùèåñÿ,  â òîì ÷èñëå, è ïîä äåéñòâèåì õðîíè÷åñêèõ
âîñïàëèòåëüíûõ ïðîöåññîâ, ñïîíòàííûå îïóõîëè ìîëî÷íûõ æåëåç ñàìîê ìûøåé
BLRB/BYRB è CBRB íàèáîëåå àäåêâàòíî îòðàæàþò îñíîâíûå òèïû ÐÌÆ
÷åëîâåêà. Ìåòîä "òî÷å÷íûõ ýêñïåðèìåíòîâ", ãèïîòåçà "çàêðûòîãî îêíà" è àíàëèç
äåéñòâèÿ ïðåïàðàòà ïî ïîäãðóïïàì â ñîîòâåòñòâèè ñ îñîáåííîñòÿìè ðîñòà
îïóõîëè ïîçâîëÿþò óëó÷øèòü äèçàéí ýêñïåðèìåíòà ïðè îãðàíè÷åííîì êîëè÷åñòâå
ïîäîïûòíûõ ìûøåé è àäåêâàòíî ïðîàíàëèçèðîâàòü ïîëó÷åííûå äàííûå, âûÿâèâ
êàê ïîëîæèòåëüíûå, òàê è îòðèöàòåëüíûå ýôôåêòû äåéñòâèÿ èññëåäóåìîãî ïî-
Ï.

Èñïûòàíèÿ ïè-Ï ïðîâîäÿòñÿ íà ìîäåëè õðîíè÷åñêîãî äåðìàòèòà ìûøåé
CBRB, êîòîðàÿ âïîëíå àäåêâàòíà ñîîòâåòñòâóþùåìó çàáîëåâàíèþ ÷åëîâåêà.
Âîçáóäèòåëÿìè âíóòðèâèâàðíîé èíôåêöèè ó ìûøåé, êàê è âíóòðèáîëüíè÷íûõ
çàáîëåâàíèé ÷åëîâåêà, ÿâëÿþòñÿ Staphylococcus aureus è êîàãóëàçîíåãàòèâíûå
ñòàôèëîêîêêè, ðîñò êîòîðûõ, êàê èçâåñòíî, èíãèáèðóþò ïðîáèîòè÷åñêèå
êóëüòóðû, íàïðèìåð, ëàêòîáàêòåðèè, ëàêòîêîêêè è ïðîäóêòû èõ
æèçíåäåÿòåëüíîñòè. Ïðèæèçíåííûé çàáîð ïðîá ñ êîæè ñïèíû ìûøåé è èõ
èíäèâèäóàëüíûé ìèêðîáèîëîãè÷åñêèé àíàëèç ïîçâîëèëè âûÿâèòü êàê
ïîçèòèâíîå, òàê è íåãàòèâíîå äåéñòâèå ýòèõ ïðîáèîòèêîâ íà èñïîëüçóåìîé
áèîìîäåëè.
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STRUCTURAL INVESTIGATIONS OF DIMERIC
TRANSMEMBRANE DOMAIN OF AMYLOID PRECURSOR
PROTEIN
Nadezhdin K.D., Bocharova O.V., Bocharov E.V., Arseniev A.S.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
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The amyloid precursor protein (APP) undergoes sequential cleavages to
generate diverse polypeptides, including the amyloid beta peptide (Abeta), which
is believed to play a major role in amyloid plaque formation in Alzheimer's disease.
However, its physiological functions remain unclear. It is well known that specific
familial mutations in APP cause overproduction of Abeta. The majority of these
defects is located in the transmembrane (TM) domain of APP, probably disordering
the protein fold and influencing its dimerization mechanism in the plasma
membrane. The presence of characteristic sequential motifs in the APP polypeptide
chain, such as GxxxG/A, indicates the helix-helix type of TM dimerization. We
developed the bacterial expression system and purified recombinant APP fragment
(686-726) including the TM domain. Using the modern solution NMR techniques
we investigated structural-dynamic properties of the dimeric APP TM domain in
membrane mimetic environment.

ÑÒÐÓÊÒÓÐÍÛÅ ÈÑÑËÅÄÎÂÀÍÈß ÄÈÌÅÐÀ
ÒÐÀÍÑÌÅÌÁÐÀÍÍÎÃÎ ÄÎÌÅÍÀ ÁÅËÊÀ-ÏÐÅÄØÅÑÒÂÅÍÍÈÊÀ
ÀÌÈËÎÈÄÀ
Íàäåæäèí Ê.Ä., Áî÷àðîâà Î.Â., Áî÷àðîâ Ý.Â., Àðñåíüåâ À.Ñ.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: verne@nmr.ru

Â ðåçóëüòàòå ïîñëåäîâàòåëüíîãî ôåðìåíòàòèâíîãî ðàñùåïëåíèÿ áåëêà-
ïðåäøåñòâåííèêà àìèëîèäà (amyloid precursor protein, APP) â îðãàíèçìå
÷åëîâåêà îáðàçóåòñÿ ðÿä ïîëèïåïòèäîâ. Îäíèì èç íèõ ÿâëÿåòñÿ àìèëîèä-
beta ïåïòèä (Abeta), êîòîðûé èãðàåò êëþ÷åâóþ ðîëü â îáðàçîâàíèè áëÿøåê
âî âðåìÿ ðàçâèòèÿ áîëåçíè Àëüöãåéìåðà. Îäíàêî, ôèçèîëîãè÷åñêîå äåéñòâèå
ÀÐÐ îñòàåòñÿ íåâûÿñíåííûì. Õîðîøî èçâåñòíî, ÷òî ñïåöèôè÷åñêèå
íàñëåäñòâåííûå ìóòàöèè ÀÐÐ âûçûâàþò óñèëåííîå ïðîèçâîäñòâî Abeta â
îðãàíèçìå. Áîëüøàÿ ÷àñòü ýòèõ äåôåêòîâ ëîêàëèçîâàíà â òðàíñìåìáðàííîì
(ÒÌ) äîìåíå ÀÐÐ. Âîçìîæíî, îíè âûçûâàþò íàðóøåíèÿ óêëàäêè
ïîëèïåïòèäíîé öåïè ÒÌ äîìåíà ÀÐÐ, âëèÿÿ òåì ñàìûì íà äèìåðèçàöèþ áåëêà
è åãî ïîñëåäîâàòåëüíîå ðàñùåïëåíèå â ïëàçìàòè÷åñêîé ìåìáðàíå.
Ïðèñóòñòâèå õàðàêòåðíûõ ìîòèâîâ â ïîñëåäîâàòåëüíîñòè ÀÐÐ, òàêèõ êàê
GxxxG/A, óêàçûâàåò íà ñïèðàëü-ñïèðàëüíûé ìåõàíèçì äèìåðèçàöèè ÒÌ
äîìåíà.

Â íàñòîÿùåé ðàáîòå ìû ðàçðàáîòàëè ðåêîìáèíàíòíóþ ñèñòåìó
ýêñïðåññèè è ñèñòåìó î÷èñòêè ôðàãìåíòà ÀÐÐ (686-726), âêëþ÷àþùåãî â
ñåáÿ ÒÌ ñåãìåíò. Ïðè ïîìîùè ñîâðåìåííûõ ìåòîäèê ßÌÐ-ñïåêòðîñêîïèè
ìû èññëåäîâàëè ñòðóêòóðíî-äèíàìè÷åñêèå ñâîéñòâà äèìåðà ÒÌ äîìåíà ÀÐÐ
â ñðåäàõ, èìèòèðóþùèõ ìåìáðàííîå îêðóæåíèå.
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STRUCTURAL ORGANIZATION OF THE PROTEINS
Nekrasov A.N.*, Zinchenko A.A.*, Kirpichnikov M.P.*,**
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
**Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia
E-mail: àlexei_nekrasov@mail.ru
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Analysis of organization of catalytic centers of the enzymes demonstrates
that the determined  alteration of the functional groups mutual orientation represents
the key factor providing enzyme efficiency. They should possess the mechanism
providing determined rearrangements in catalytic centers. Classical concepts in
protein organization don't always allow to identify the elements responsible for
this function in 3D-structure of the enzymes.

In current work we have proposed the method for identification of such
structural elements based on the analysis of informational structure of protein
sequences. The method relies upon the new concept of protein sequence as a
complex of informational units. This approach allows identification in any protein
sequences of hierarchically organized elements – elements of informational
structure (ELIS). It was shown that in the proteins having obvious domain structure
the borders of structural domains correspond to the borders of high-ranking ELIS.
In this case one can claim that high-ranking ELIS accomplish the functional role
of structural domains. Constructions of recombinant proteins with specified
functional properties by deleting ELIS-corresponding fragments from wild-type
protein sequences are exemplified.

The method of analysis of informational structure is realized as "ANIS" Web-
service at anis.ibch.ru/trees.

The work is supported by Grant SS-2231.2008.4.
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Àíàëèç îðãàíèçàöèè êàòàëèòè÷åñêèõ öåíòðîâ ôåðìåíòîâ ïîêàçûâàåò, ÷òî
äåòåðìèíèðîâàííîå èçìåíåíèå âçàèìíîé îðèåíòàöèè ôóíêöèîíàëüíûõ ãðóïï
ÿâëÿåòñÿ êëþ÷åâûì ôàêòîðîì, îáåñïå÷èâàþùèì ýôôåêòèâíîñòü ôåðìåíòîâ.
Îíè äîëæíû îáëàäàòü ìåõàíèçìîì, îáåñïå÷èâàþùèì äåòåðìèíèðîâàííûå
ïåðåñòðîéêè â êàòàëèòè÷åñêèõ öåíòðàõ. Êëàññè÷åñêèå ïðåäñòàâëåíèÿ îá
îðãàíèçàöèè áåëêîâ íå âñåãäà ïîçâîëÿþò âûÿâèòü â 3D-ñòðóêòóðå ôåðìåíòîâ
ýëåìåíòû, êîòîðûå ìîãóò âûïîëíÿòü ýòó ôóíêöèþ. Â íàñòîÿùåé ðàáîòå
ïðåäëîæåí ìåòîä, ïîçâîëÿþùèé âûÿâëÿòü ïîäîáíûå ñòðóêòóðíûå ýëåìåíòû
íà îñíîâå àíàëèçà èíôîðìàöèîííîé ñòðóêòóðû áåëêîâûõ
ïîñëåäîâàòåëüíîñòåé.

Â îñíîâå ìåòîäà ëåæèò íîâîå ïðåäñòàâëåíèå î áåëêîâîé
ïîñëåäîâàòåëüíîñòè êàê ñîâîêóïíîñòè èíôîðìàöèîííûõ åäèíèö. Òàêîé
ïîäõîä ïîçâîëÿåò âûÿâëÿòü â ëþáûõ àìèíîêèñëîòíûõ ïîñëåäîâàòåëüíîñòÿõ
èåðàðõè÷åñêè îðãàíèçîâàííûå ýëåìåíòû – ýëåìåíòû èíôîðìàöèîííîé
ñòðóêòóðû (ÝËÈÑ). Íàìè áûëî ïîêàçàíî, ÷òî â áåëêàõ ñ ÷åòêî âûðàæåííîé
äîìåííîé ñòðóêòóðîé ãðàíèöû ñòðóêòóðíûõ äîìåíîâ ñîâïàäàþò ñ ãðàíèöàìè
ÝËÈÑ âûñøèõ ðàíãîâ, ÷òî ïîçâîëÿåò óòâåðæäàòü, ÷òî ÝËÈÑ âûñøåãî ðàíãà
âûïîëíÿþò ôóíêöèîíàëüíóþ ðîëü ñòðóêòóðíûõ äîìåíîâ. Ïðèâåäåíû
ïðèìåðû ïîëó÷åíèÿ ðåêîìáèíàíòíûõ áåëêîâ ñ çàäàííûìè ôóíêöèîíàëüíûìè
õàðàêòåðèñòèêàìè ïóòåì óäàëåíèÿ èç íàòèâíîé ïîëèïåïòèäíîé
ïîñëåäîâàòåëüíîñòè ôðàãìåíòîâ, ñîîòâåòñòâóþùèõ ÝËÈÑ.

Ìåòîä àíàëèçà èíôîðìàöèîííîé ñòðóêòóðû áåëêîâ ðåàëèçîâàí â âèäå
"ÀÍÈÑ" âåá-ñåðâèñà, äîñòóïíîãî ïî àäðåñó: anis.ibch.ru/trees.
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The ability of proteins to recognize the certain site on the RNA surface with
high specificity is very important for functioning of different biological systems.
But the rules of such recognition and discrimination are still poorly studied.  The
object of our investigations is ribosomal protein L1. It is one of the largest ribosomal
proteins located on the side protuberance of the 50S ribosomal subunit. L1 is a
primary RNA-binding ribosomal protein which associates independently,
specifically and strongly with 23S rRNA. Beside that L1 has a specific binding
site on its mRNA and regulates its own synthesis by a feedback mechanism.

To investigate L1-RNA interactions we used the combined approach, which
include the X-ray and kinetic studies. For our investigations we chose mutant
forms of LI and its domain I with the amino acid substitutions in the conserved
RNA-recognition module. Our data demonstrate that a single replacement of
conserved polar amino acid residues by a non polar one in the region of the RNA-
protein interface has an allosteric action on the neighboring structural elements
and significantly increase dissociation rate constants of RNA-protein complexes.
We have also shown that deletion of eight N-terminal amino acid residues in domain
I of L1 from Thermus thermophilus results in impairing of the complex formation
with both mRNA and rRNA.

This work was supported by the Russian Academy of Sciences, the Russian
Foundation for Basic Research (N 07-04-00734), the Program of RAS on Molecular
and Cellular Biology and the Program of the RF President on support of outstanding
scientific schools.
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Äëÿ ôóíêöèîíèðîâàíèÿ ìíîãèõ áèîëîãè÷åñêèõ ñèñòåì âàæíà
ñïîñîáíîñòü áåëêîâ ñïåöèôè÷åñêè óçíàâàòü îïðåäåëåííûå ó÷àñòêè íà
ïîâåðõíîñòè ÐÍÊ,  îäíàêî, ïðàâèëà, ïî êîòîðûì ïðîèñõîäèò ýòî óçíàâàíèå,
ñëàáî èçó÷åíû. Îáúåêòîì íàøèõ èññëåäîâàíèé ÿâëÿåòñÿ ðèáîñîìíûé áåëîê
L1. Ýòîò áåëîê îáðàçóåò L1-âûñòóï ðèáîñîìû, ó÷àñòâóþùèé â âûñâîáîæäåíèè
äåàöèëèðîâàííîé òÐÍÊ èç Å-ñàéòà. Êðîìå òîãî, îí èìååò ñïåöèôè÷åñêèé
ó÷àñòîê ñâÿçûâàíèÿ íà ìÐÍÊ è îñóùåñòâëÿåò ðåãóëÿöèþ ñîáñòâåííîãî
ñèíòåçà ïî ïðèíöèïó "îáðàòíîé ñâÿçè".

Â íàñòîÿùåé ðàáîòå äëÿ èçó÷åíèÿ âçàèìîäåéñòâèé áåëêà L1 è ÐÍÊ ìû
èñïîëüçóåì êîìáèíèðîâàííûé ïîäõîä, âêëþ÷àþùèé ñîâîêóïíîñòü
ðåíòãåíîñòðóêòóðíûõ è êèíåòè÷åñêèõ èññëåäîâàíèé.  Äëÿ íàøèõ
ýêñïåðèìåíòîâ ìû âûáðàëè ìóòàíòíûå ôîðìû áåëêà L1 è åãî ïåðâîãî äîìåíà
ñ çàìåíàìè àìèíîêèñëîòíûõ îñòàòêîâ â îáëàñòè êîíñåðâàòèâíîãî ÐÍÊ-
óçíàþùåãî ìîäóëÿ. Èç ïîëó÷åííûõ íàìè äàííûõ ìîæíî ñäåëàòü âûâîä î òîì,
÷òî îäèíî÷íûå çàìåíû â îáëàñòè ÐÍÊ-áåëêîâîãî èíòåðôåéñà êîíñåðâàòèâíûõ
ïîëÿðíûõ àìèíîêèñëîòíûõ îñòàòêîâ íà íåïîëÿðíûå îêàçûâàþò
àëëîñòåðè÷åñêîå âîçäåéñòâèå íà ñîñåäíèå ó÷àñòêè ñòðóêòóðû è çíà÷èòåëüíî
óâåëè÷èâàþò ñêîðîñòü äèññîöèàöèè ÐÍÊ-áåëêîâûõ êîìïëåêñîâ. Êðîìå òîãî,
ïîêàçàíî, ÷òî äåëåöèÿ âîñüìè N-êîíöåâûõ àìèíîêèñëîòíûõ îñòàòêîâ  â
ïåðâîì äîìåíå áåëêà L1 èç Thermus thermophilus ïðèâîäèò ê íàðóøåíèþ
ôîðìèðîâàíèÿ  êîìïëåêñîâ áåëêà, êàê ñ ìàòðè÷íîé, òàê è ñ ðèáîñîìíîé ÐÍÊ.

Ðàáîòà áûëà ïîääåðæàíà ãðàíòîì ÐÔÔÈ (¹ 07-04-00734), Ïðîãðàììîé
ïîääåðæêè âåäóùèõ íàó÷íûõ øêîë è Ïðîãðàììîé ÌÊÁ ÐÀÍ.
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Plants have produced a wide spectrum of defense mechanisms against
pathogens and abiotic stress factors. Pathogenesis-related proteins (PR-proteins)
and antimicrobial peptides (AMPs) are believed to play an important role in defense
mechanisms. Plant AMPs are short (30-80 residues) Cys-rich peptides, which
reduce growth of phytopathogens in vitro. The peptide Åñ-ÀÌÐ1 was purified
from seeds of Common Barnyard Grass (Echinochloa crusgalli). Its full amino
acid sequence was determined and its biological activity was studied. Micromolar
concentrations of the peptide were shown to inhibit conidial growth of several
fungal phytopathogens.

Three-dimensional structure of the peptide in aqueous solution was determined
by 1H NMR spectroscopy at pH 3.4 and pH 6.6. Åñ-ÀÌÐ1 has similar structure at
both pH consisting of two antiparallel helices formed by the residues 7-14 and 22-
30 that are linked together by a turn (residues 15-21) and stabilized by two disulfide
bonds 7-29 and 11-25. A small hydrophobic core between the helices is formed by
the side chains of residues Val22, Val26, Met12 and cysteines. All polar side chains
and the side chain of Trp20 are exposed to aqueous solution. The side chain of
Trp20 has two conformations switched by the rotation around the χ2 dihedral angle.
N- and C-termini are unstructured. Nevertheless, essential reorganization of the
spatial structure was observed while changing pH from 6.6 to 3.4. Both helices
became destabilized, the N-terminal α-helix switched to a 310-helix, and the mobility
of the turn between the helices increased.

Comparative analysis of three-dimensional structures in PDB revealed
similarity between Ec-AMP1 and the trypsin inhibitor VhTI from seeds of Veronica
hederifolia [1]. The structure of VhTI in PDB is in the form of complex with
trypsin. VhTI and Ec-AMP1 are highly similar in the helix region. However, our
data show no inhibitory activity of Ec-AMP1 against trypsin.
Reference
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P., Brady R.L. "An unusual helix-turn-helix protease inhibitory motif in a novel trypsin
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Ðàñòåíèÿ âûðàáîòàëè ðàçëè÷íûå ìåõàíèçìû çàùèòû îò ïàòîãåíîâ è
ñòðåññîâûõ ôàêòîðîâ àáèîòè÷åñêîé ïðèðîäû, âàæíóþ ðîëü â êîòîðûõ èãðàþò
çàùèòíûå áåëêè è àíòèìèêðîáíûå ïåïòèäû (ÀÌÏ). Ê ÀÌÏ ðàñòåíèé
îòíîñÿòñÿ êîðîòêèå (30-80 àìèíîêèñëîòíûõ îñòàòêîâ) Cys-áîãàòûå ïåïòèäû,
êîòîðûå èíãèáèðóþò ðîñò ôèòîïàòîãåíîâ in vitro. Èç ñåìÿí åæîâíèêà
îáûêíîâåííîãî (Echinochloa crusgalli) ìåòîäàìè æèäêîñòíîé õðîìàòîãðàôèè
âûäåëåí ïåïòèä Åñ-ÀÌÐ1, îïðåäåëåíà åãî ïîëíàÿ àìèíîêèñëîòíàÿ
ïîñëåäîâàòåëüíîñòü è èçó÷åíà áèîëîãè÷åñêàÿ àêòèâíîñòü. Ïîêàçàíî, ÷òî ýòîò
ïåïòèä èíãèáèðóåò ðîñò êîíèäèé ðÿäà ôèòîïàòîãåííûõ ãðèáîâ.

Ìåòîäîì 1Í-ßÌÐ-ñïåêòðîñêîïèè îïðåäåëåíà ïðîñòðàíñòâåííàÿ
ñòðóêòóðà ïåïòèäà â âîäíîì ðàñòâîðå ïðè ðÍ 3,4 è pH 6,6. Ïðè îáîèõ
çíà÷åíèÿõ pH ïåïòèä èìååò ñõîäíóþ ñòðóêòóðó: äâå ñïèðàëè, îáðàçîâàííûå
îñòàòêàìè 7-14 è 22-30, ñâÿçàíû ðåâåðñèâíûì ïîâîðîòîì ìåæäó îñòàòêàìè
15-21 è ñòàáèëèçèðîâàíû äâóìÿ äèñóëüôèäíûìè ìîñòèêàìè 7-29 è 11-25.
Áîêîâûå öåïè îñòàòêîâ Val22, Val26, Met12 è öèñòåèíîâ îáðàçóþò â ñåðåäèíå
ìîëåêóëû ãèäðîôîáíûé êëàñòåð. Ïîëÿðíûå áîêîâûå öåïè îñòàòêîâ ïåïòèäà,
à òàêæå áîêîâàÿ öåïü Trp20 ýêñïîíèðîâàíû â âîäíóþ ñðåäó. Áîêîâàÿ öåïü
Trp20 íàõîäèòñÿ â äâóõ êîíôîðìàöèÿõ, ïåðåõîä ìåæäó êîòîðûìè
îñóùåñòâëÿåòñÿ âðàùåíèåì óãëà χ2. N- è C-êîíöåâûå îñòàòêè ïåïòèäà èìåþò
íåóïîðÿäî÷åííóþ ñòðóêòóðó. Â òî æå âðåìÿ, â ñòðóêòóðå Åñ-ÀÌÐ1 áûëè
îòìå÷åíû ðàçëè÷èÿ ïðè ïåðåõîäå îò pH 6,6 ê pH 3,4: îáå α-ñïèðàëè
äåñòàáèëèçèðóþòñÿ, N-êîíöåâàÿ α-ñïèðàëü ïåðåõîäèò â 310-ñïèðàëü,
óâåëè÷èâàåòñÿ ïîäâèæíîñòü ïåòëåâîãî ó÷àñòêà ìåæäó ñïèðàëÿìè.

Ïîèñê ñòðóêòóðíûõ ãîìîëîãîâ èçó÷àåìîãî ïåïòèäà â áàçå äàííûõ PDB
âûÿâèë èíãèáèòîð òðèïñèíà VhTI èç ñåìÿí Veronica hederifolia [1]. VhTI
ïðåäñòàâëåí â PDB â âèäå êîìïëåêñà ñ òðèïñèíîì â êðèñòàëëå. Ïåïòèäû
èìåþò âûñîêóþ ñòðóêòóðíóþ ãîìîëîãèþ â îáëàñòè α-ñïèðàëåé, îäíàêî ïî
íàøèì äàííûì Åñ-ÀÌÐ1 íå èíãèáèðóåò òðèïñèí.
Ëèòåðàòóðà
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inhibitor from seeds of Veronica (Veronica hederifolia L.)" J. Biol. Chem. (2007)  282,
27760-27768.
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Ðàáîòà ïîñâÿùåíà èññëåäîâàíèþ ðåãóëÿòîðíîé îáëàñòè òàíäåìíî
ïîâòîðåííûõ ñåìåííèê-ñïåöèôè÷íûõ ãåíîâ Stellate, ðàñïîëîæåííûõ â Õ-
õðîìîñîìå è êîäèðóþùèõ áåëêè, ãîìîëîãè÷íûå ðåãóëÿòîðíîé β-ñóáúåäèíèöå
ïðîòåèíêèíàçû CK2 (casein kinase 2). Â ñåìåííèêàõ ñàìöîâ äèêîãî òèïà
ýêñïðåññèÿ ãåíîâ Stellate ïîäàâëÿåòñÿ âûñîêîãîìîëîãè÷íûìè èì ïîâòîðàìè
Suppressor of Stellate (Su(Ste)), ðàñïîëîæåííûìè â Y-õðîìîñîìå.
Òðàíñêðèïöèÿ ïîâòîðîâ Su(Ste) ñëóæèò èñòî÷íèêîì àíòèñìûñëîâûõ piRNA
(Piwi-interacting RNA), ðåïðåññèðóþùèõ ýêñïðåññèþ ãåíîâ Stellate. Óäàëåíèå
ïîâòîðîâ Su(Ste) âûçûâàåò ñâåðõýêñïðåññèþ ãåíîâ Stellate è íàêîïëåíèå â
êëåòêàõ ñïåðìàòîöèòîâ êðèñòàëëîâ áåëêà Stellate, ÷òî ïðèâîäèò ê íàðóøåíèÿì
ìåéîçà è ñòåðèëüíîñòè ñàìöîâ. Ïðîìîòîð ãåíîâ Stellate íå ñîäåðæèò ÒÀÒÀ-
áîêñà, îäíàêî íåñåò ïîñëåäîâàòåëüíîñòü èíèöèàòîðà Inr. Ðàíåå áûëî ïîêàçàíî,
÷òî ôðàãìåíòà ïðîìîòîðíîé îáëàñòè ãåíîâ Stellate ðàçìåðîì 134 ï.î.
äîñòàòî÷íî êàê äëÿ Su(Ste)-çàâèñèìîãî ñàéëåíñèíãà ðåïîðòåðíîé êîíñòðóêöèè
Ste134-lacZ â ñåìåííèêàõ ìóõ, òàê è äëÿ åå âûñîêîýôôåêòèâíîé ýêñïðåññèè
â îòñóòñòâèå ïîâòîðîâ Su(Ste). Äàëüíåéøèé àíàëèç äåëåöèîííûõ êîíñòðóêöèé,
âûïîëíåííûé â ýòîé ðàáîòå, ïðîäåìîíñòðèðîâàë çíà÷èòåëüíîå ñíèæåíèå
ýêñïðåññèè ðåïîðòåðà â ëèíèÿõ Ste63-lacZ ïî ñðàâíåíèþ ñ êîíñòðóêöèåé
Ste134-lacZ è ïðàêòè÷åñêè ïîëíîå ïîäàâëåíèå ýêñïðåññèè â ñëó÷àå Ste44-
lacZ. Òàêèì îáðàçîì, ó÷àñòîê 134 ï.î. (îò -101 äî +33 íóêëåîòèäà
îòíîñèòåëüíî ñàéòà ñòàðòà òðàíñêðèïöèè) ïðåäñòàâëÿåò ñîáîé ìèíèìàëüíûé
ïðîìîòîð ãåíîâ Stellate, à êîðîòêèé ó÷àñòîê 71 ï.î. (îò -101 äî -30 íóêëåîòèäà)
ìîæåò ñîäåðæàòü îäèí èëè íåñêîëüêî ñàéòîâ ñâÿçûâàíèÿ òðàíñêðèïöèîííûõ
ôàêòîðîâ. Ìåòîäîì ãåëü-øèôòà ìû îáíàðóæèëè, ÷òî â ÿäåðíîì ýêñòðàêòå
ñåìåííèêîâ ñîäåðæàòñÿ áåëêîâûå ôàêòîðû, ñïåöèôè÷íî âçàèìîäåéñòâóþùèå
ñ òðåìÿ êîíñåíñóñíûìè ïîñëåäîâàòåëüíîñòÿìè â ìèíèìàëüíîì ïðîìîòîðå.
Ýòè ïîñëåäîâàòåëüíîñòè áûëè èäåíòèôèöèðîâàíû íàìè êàê Å-áîêñû, ñàéòû
ñâÿçûâàíèÿ òðàíñêðèïöèîííûõ ôàêòîðîâ êëàññà bHLH (basic helix-loop-helix).
Ìû ïðîäåìîíñòðèðîâàëè, ÷òî ñâÿçûâàíèå ôàêòîðîâ ñ Å-áîêñàìè ñåìåííèê-
ñïåöèôè÷íî, íàðóøåíèå ïîñëåäîâàòåëüíîñòè Å-áîêñà áëîêèðóåò îáðàçîâàíèå
êîìïëåêñîâ, è ÷òî ñî âñåìè òðåìÿ Å-áîêñàìè âçàèìîäåéñòâóåò îäèí è òîò æå
ôàêòîð (êîìïëåêñ ôàêòîðîâ). Óñòàíîâëåí ðÿä áèîõèìè÷åñêèõ ñâîéñòâ
ïðåäïîëàãàåìîãî ôàêòîðà: çàâèñèìîñòü ÄÍÊ-áåëêîâûõ âçàèìîäåéñòâèé îò
ïðèñóòñòâèÿ èîíîâ Mg2+ è îêèñëèòåëüíî-âîññòàíîâèòåëüíîãî ñîñòîÿíèÿ
ñðåäû, óëó÷øåíèå ñâÿçûâàíèÿ â ïðèñóòñòâèè ïîëèàìèíîâ. Ýòè äàííûå â
ñî÷åòàíèè ñ äàííûìè òêàíåñïåöèôè÷íûõ ýêñïðåññèîííûõ áèáëèîòåê
òðàíñêðèïòîâ ïîçâîëèëè íàì ïðåäïîëîæèòü, ÷òî èñêîìûé ôàêòîð – ýòî dUSF.

AGGREGATION PROPENSITY OF THE ALZHEIMER'S AMYLOID
βββββ-PEPTIDE IS ENHANCED BY THE JAPANESE MUTATION E22∆∆∆∆∆
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Institute of Molecular Biology and Biophysics, ETH Zurich, Switzerland
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Alzheimer's disease (AD) is an irreversible, progressive brain disease that
slowly destroys memory and thinking skills. The pathogenesis of this disease is
complex and involves many molecular, cellular and physiological pathologies.
AD is characterized by accumulation of extracellular amyloid plaques and
intracellular neurofibrillar tangles in human brain tissue. The extracellular deposits
are predominantly composed of aggregated amyloid β-peptides (Aβ). Aβ is
generated from the amyloid precursor protein (APP) via proteolytic cleavage and
has a length of 39-43 amino acid residues. Predominant Aβ variants are the Aβ1-
40 and Aβ1-42. Majority of AD cases occur spontaneously, a subset of early-
onset familial AD cases, however, is caused by mutations in the genes encoding
the Aβ precursor or presenilins.

We investigated an effect of the recently described Aβ mutation E22∆, which
was identified in Japanese patients, on aggregation characteristics and neurotoxicity
of Aβ. The protocol for producing recombinant Aβ,  earlier developed in our
group, was improved to obtain highly pure unmodified Aβ. To investigate
aggregation kinetics of  the variants Aβ1-40 and Aβ1-42 with and without the
E22∆ mutation, we applied thioflavin T  assay which allows to measure fluorescence
continuously in heterogeneous samples. We also introduced the method for
monitoring amount of soluble Aβ during aggregation process using a plate reader
instrument. These assays revealed that recombinant Aβ1-42 E22∆ and Aβ1-40
E22∆ exhibited in vitro enhanced aggregation propensity compared to Aβ1-42 wt
and Aβ1-40 wt. Aβ1-40 E22∆  showed an increased tendency to form bundles of
fibrils which were visualized with electron microscopy. To investigate the
pathogenic role of the mutation E22∆, we performed cytotoxicity assays with the
four peptide variants in rat primary neuron cultures. The Aβ1-40 E22∆ and Aβ1-
42 wt caused significant detrimental effects on cell viability in contrast to Aβ1-42
E22∆ and Aβ1-40 wt. These results were confirmed by immunocytochemical
imaging of the neuronal cells.



308 309
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This study is devoted to investigation of the regulatory region of the tandemly
repeated X-chromosome-linked testis-specific Stellate genes in Drosophila
melanogaster, encoding proteins homologous to the regulatory β-subunit of the protein
kinase CK2. In testes of wild-type males, expression of Stellate genes is repressed by
highly homologous Y-linked Su(Ste) (Suppressor of Stellate) repeats. Silencing of
Stellate genes is provided by antisense piRNAs (Piwi-interacting RNA) produced by
transcription of Su(Ste) repeats. Deletion of Su(Ste) locus leads to overexpression of
Stellate protein, which forms abundant crystals in the spermatocytes, and also to meiotic
abnormalities and male sterility. The promoter of Stellate genes seems to be TATA-
less but initiator-containing one. Previously it was found that 134 bp region containing
Stellate transcription start site (TSS) was sufficient both for Su(Ste)-dependent silencing
and high-level expression of the transgene Ste134-lacZ reporter in testes of males
lacking Su(Ste) repeats. Further investigation of the deletion reporter constructs
performed in this work demonstrated the significant reduction of lacZ expression in
Ste63-lacZ construct, as compared with Ste134-lacZ, and almost complete repression
of expression in case of Ste44-lacZ. We considered the 134 bp fragment (-101 bp
upstream - +33 bp downstream of the TSS) to be a minimal promoter region of Stellate
genes and that a short fragment of 71 bp (from -101 bp to -30 bp) contained some
transcription factor binding site(s). Electrophoretic mobility shift assays (EMSA)
demonstrated the formation of specific protein-DNA complexes with three regulatory
sequences from Stellate minimal promoter in testis nuclear extract. We identified these
sequences as E-boxes, the binding sites for basic helix-loop-helix (bHLH) superfamily
of transcriptional regulatory proteins. We demonstrated that the binding of putative
bHLH factor(s) with E-boxes was testis-specific, the mutation in the consensus
sequence of the E-box disrupted the binding, and that the testis-specific factor(s)
binding three E-boxes from Stellate promoter region in the testis extract were the
same. Several biochemical properties of the putative bHLH factor(s) were
demonstrated, such as Mg2+-dependence of the complex formation, enhancement of
the binding in the presence of polyamines, redox-dependence of the protein-DNA
interaction. Taken together with tissue-specific expression sequence tags data, these
biochemical findings allowed us to suppose dUSF to be a protein of interest. In super-
shift EMSA experiments, using polyclonal mouse anti-dUSF antibodies, we identified
the transcription factor recognizing E-boxes as dUSF. Immunofluorescence staining
of the whole-mount testes from adult flies showed dUSF presented in the primary and
mature spermatocytes, where Stellate expression was shown to start. We detected no
USF signal in the immunostained Drosophila S2 cell culture, where Stellate was not
expressed. In vivo analysis of the E-box influence on the expression of Stellate genes
using reporter gene constructs is now being performed.

Ñ ïîìîùüþ ïîëó÷åííûõ â ìûøàõ ïîëèêëîíàëüíûõ àíòè-dUSF àíòèòåë
ìåòîäîì ñóïåð-øèôòà ìû îäíîçíà÷íî îïðåäåëèëè ïðåäïîëàãàåìûé ôàêòîð
êëàññà bHLH êàê dUSF. Ìåòîäîì èììóíîôëóîðåñöåíòíîãî îêðàøèâàíèÿ
ïðîäåìîíñòðèðîâàíî ïðèñóòñòâèå dUSF â êëåòêàõ ïåðâè÷íûõ è çðåëûõ
ñïåðìàòîöèòîâ, ãäå ãåíû Stellate ýêñïðåññèðóþòñÿ, è îòñóòñòâèå ñèãíàëà îò
dUSF â êóëüòóðå êëåòîê Drosophila S2, ãäå ãåíû Stellate íå ýêñïðåññèðóþòñÿ.
Ïðîâîäèòñÿ in vivo àíàëèç ðîëè Å-áîêñîâ â ðåãóëÿöèè ýêñïðåññèè ãåíîâ Stellate
ñ ïîìîùüþ òðàíñãåííûõ ðåïîðòåðíûõ êîíñòðóêöèé.
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Lipopolysaccharides (LPS) are cell wall component of gram-negative bacteria.
These endotoxic molecules can induce inflammatory in circulation of host. Sepsis
and endotoxic shock develop when inner protective mechanisms of host are
attenuated and exhausted.

Heat shock proteins 70 kDa (HSP70) are an important family of endogenous
cytoprotective proteins that are induced in response to heat and a variety of other
stresses. Protective effect of bovine HSP70 in rat sepsis model has been obtained
in our laboratory.

In present study we examined dose-dependent effect of HSP70 protection in
rat model of endotoxic shock model. Adult male Sprague-Dawley rats (SPF status,
weight 300-350 g) were used in the experiment. All animals were anesthetized
(chloral hydrate, i.p., 400 mg/kg) and catheterized 24 hours before the experiment.
Lipopolysacharide (E.coli) administration (i.v., 2 mg/kg) used to induce the
endotoxic shock. Intravenous medication of human recombinant HSP70 (rhHSP70)
injected 10 minutes before LPS (266 and 133 µg/kg). rhHSP70 administration
had a protect action on clotting time, fibrinogen level, fibrinolytic system, stabilized
biochemical parameters of blood, prevented arterial hypotension and tachycardia.
Mortality in groups: 83% with LPS, 70% with rhHSP70 (133 µg/kg) + LPS and
30% with rhHSP70 (266 µg/kg) +LPS.

Our results suggested that dose-dependent effect of rhHSP70 was present.
High dose (266 µg/kg) was more effective to treat sepsis in rats.

ÐÅÊÎÌÁÈÍÀÍÒÍÛÉ ÁÒØ70 ×ÅËÎÂÅÊÀ ÊÀÊ ÑÐÅÄÑÒÂÎ
ÇÀÙÈÒÛ ÎÐÃÀÍÈÇÌÀ ÎÒ ÃÐÀÌÎÒÐÈÖÀÒÅËÜÍÛÕ
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Ì.Ì. Øåìÿêèíà è Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ïóùèíî, Ðîññèÿ
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Ýíäîòîêñèíû ãðàìîòðèöàòåëüíûõ áàêòåðèé ïðåäñòàâëÿþò ñîáîé
ëèïîïîëèñàõàðèäû (ËÏÑ). Ïðè ïðîíèêíîâåíèè â ñèñòåìíûé êðîâîòîê
îðãàíèçìà îíè ñïîñîáíû âûçûâàòü âîñïàëèòåëüíóþ ðåàêöèþ. Ïðè
íåäîñòàòî÷íîñòè èëè èñòîùåíèè çàùèòíûõ ìåõàíèçìîâ õîçÿèíà ìîãóò
ðàçâèâàòüñÿ  òàêèå ïàòîëîãè÷åñêèå ñîñòîÿíèÿ êàê ñåïñèñ è ñåïòè÷åñêèé øîê.

Îäíèì èç âàæíåéøèõ ìîëåêóëÿðíûõ ìåõàíèçìîâ, îáåñïå÷èâàþùèõ
çàùèòó êëåòîê è îðãàíèçìà îò òåïëîâîãî è ìíîãèõ äðóãèõ âèäîâ ñòðåññà,
ÿâëÿåòñÿ âíóòðèêëåòî÷íàÿ ýêñïðåññèÿ áåëêà òåïëîâîãî øîêà 70 êÄà (ÁÒØ70).
Â íàøåé ëàáîðàòîðèè ðàíåå áûëè ïîëó÷åíû äàííûå î çàùèòíûõ ñâîéñòâàõ
ÁÒØ70 èç ìûøöû áûêà è ðåêîìáèíàíòíîãî ÷åëîâå÷åñêîãî ÁÒØ70 (ðÁÒØ70)
ïðè âíóòðèâåííîì ââåäåíèè èõ (â äîçå 266 ìêã/êã) êðûñàì ñ ýíäîòîêñè÷åñêèì
øîêîì.

Â íàñòîÿùåé ðàáîòå èçó÷àëè äîçîçàâèñèìûé ýôôåêò ðÁÒØ70  íà ìîäåëè
ýíäîòîêñè÷åñêîãî øîêà ó êðûñ. Ýêñïåðèìåíòû âûïîëíåíû íà ñâîáîäíûõ îò
ïàòîãåííîé ìèêðîôëîðû áîäðñòâóþùèõ ñàìöàõ êðûñ Sprague-Dowley âåñîì
300-350 ã. Ýíäîòîêñè÷åñêèé øîê ìîäåëèðîâàëè âíóòðèâåííûì ââåäåíèåì
ËÏÑ èç E. coli â äîçå 2 ìã/êã (n=15). Ïðåïàðàò áåëêà ââîäèëè âíóòðèâåííî çà
10 ìèíóò äî ËÏÑ â äîçàõ 266 ìêã/êã (n=15) è 133 ìêã/êã (n=10).
Ðåãèñòðèðîâàëè âûæèâàåìîñòü æèâîòíûõ îò ýíäîòîêñè÷åñêîãî øîêà â
òå÷åíèå 3 ñóòîê ïîñëå íà÷àëà ýêñïåðèìåíòà. Ïàðàìåòðû ãåìîäèíàìèêè
(ñðåäíåå àðòåðèàëüíîå äàâëåíèå è ÷àñòîòà ñåðäå÷íûõ ñîêðàùåíèé)
ðåãèñòðèðîâàëè â òå÷åíèå 5 ÷àñîâ ïîñëå ââåäåíèÿ ýíäîòîêñèíà. Ïîêàçàòåëè
ãåìîñòàçà (ïðîòðîìáèíîâîå è òðîìáîïëàñòèíîâîå âðåìåíà ñâåðòûâàíèÿ
êðîâè, âðåìÿ ôèáðèíîëèçà, êîíöåíòðàöèÿ ôèáðèíîãåíà) ðåãèñòðèðîâàëè â
èñõîäíîì ñîñòîÿíèè, ÷åðåç 20 ìèíóò è ÷åðåç 5 ÷àñîâ ïîñëå ââåäåíèÿ ËÏÑ.

Ïîêàçàíî, ÷òî çàùèòíîå äåéñòâèå ðÁÒØ70 çàâèñèò îò äîçû ââîäèìîãî
ïðåïàðàòà. Â äîçå 133 ìêã/êã ïðåïàðàò ðÁÒØ70 îêàçûâàåò çíà÷èòåëüíî
ìåíüøèé çàùèòíûé ýôôåêò íà ìîäåëè ýíäîòîêñè÷åñêîãî øîêà. Âîçìîæíî,
ýòî âûçâàíî ñïîñîáíîñòüþ ÁÒØ70 ðàñïîçíàâàòü è îáðàçîâûâàòü êîìïëåêñû
ñ ìîëåêóëàìè ËÏÑ, ïðåäîòâðàùàÿ òåì ñàìûì èõ òîêñè÷åñêîå âîçäåéñòâèå
íà îðãàíèçì.
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The aim of this research work is design of mutant variants of cytochrome c
with lower electron-transport activity. Examination of such mutant variants will
allow to study interaction machinery of cytochrome c and complexis III and IV of
the mitochondrial respiratory chain.

This research work is based on early model of cytochrome c functioning,
explaining force machinery of Fe atom's moving out of heme cleft. Analysis of
informational structure method (anis.ibch.ru/trees) allowed to reveal two supreme
elements of informational structure (ELIS) of cytochrome c primary structure.
Each ELIS contains one residue interacting with Fe atom. Moving of as spatial
structure elements relative to each other as different supreme ELIS provides
appearance of polypeptide deformation in site (76-83), which contains residue
interacting with Fe atom.

Using site-directed approach according site (76-83) we can change structural
characteristics, provided conformational adjustments, which are required for
electron-transport activity of cytochrome c. Analysis of separate residue structural
significance and local environment one allowed to suppose point mutations, some
of them are realised in this research work.

Mutant genes of cytochrome c I81Y/A83Y/G84N, T78N/K79Y/M80I/I81M/
F82N and T78S/K79P have been obtained and expressed in bacterial system.
Recombinant proteins have been purified at amounts required for further
examination. Now we are studing interaction of obtained mutant variants of
cytochrome c with its redox partners – complexis III and IV of the mitochondrial
respiratory chain.
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Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ ñîçäàíèå ìóòàíòíûõ ôîðì öèòîõðîìà ñ,
îáëàäàþùèõ ñíèæåííîé ýëåêòðîí-òðàíñïîðòíîé àêòèâíîñòüþ. Èññëåäîâàíèå
òàêèõ ìóòàíòíûõ ôîðì äîëæíî ïîçâîëèòü èçó÷èòü ìåõàíèçì âçàèìîäåéñòâèÿ
öèòîõðîìà ñ ñ êîìïëåêñàìè III è IV äûõàòåëüíîé öåïè ìèòîõîíäðèè.

Ðàáîòà îñíîâàíà íà ðàíåå ïðåäëîæåííîé ìîäåëè ôóíêöèîíèðîâàíèÿ
öèòîõðîìà ñ, îáúÿñíÿþùåé ìåõàíèçì âîçíèêíîâåíèÿ ñèë, âûâîäÿùèõ àòîì
Fe èç ïëîñêîñòè ãåìà. Ìåòîä àíàëèçà èíôîðìàöèîííîé ñòðóêòóðû
(anis.ibch.ru/trees) ïîçâîëèë âûÿâèòü â ïåðâè÷íîé ñòðóêòóðå öèòîõðîìà ñ äâà
ýëåìåíòà èíôîðìàöèîííîé ñòðóêòóðû (ÝËÈÑ) âûñøåãî ðàíãà, íà êàæäîì èç
êîòîðûõ ðàñïîëîæåíû ïî îäíîìó îñòàòêó, âçàèìîäåéñòâóþùåìó ñ àòîìîì
Fe. Äâèæåíèå äðóã îòíîñèòåëüíî äðóãà ýëåìåíòîâ ïðîñòðàíñòâåííîé
ñòðóêòóðû, ñîîòâåòñòâóþùèõ ðàçëè÷íûì ÝËÈÑ âûñøåãî ðàíãà, îáåñïå÷èâàåò
âîçíèêíîâåíèå äåôîðìàöèé ïîëèïåïòèäíîé öåïè, ëîêàëèçóþùèõñÿ íà ñàéòå
(76-83), ñîäåðæàùåì îäèí èç îñòàòêîâ, êîòîðûé âçàèìîäåéñòâóåò ñ àòîìîì Fe.

Òî÷å÷íûìè ìóòàöèÿìè â ñàéòå 76-83 ìîæíî èçìåíèòü ñòðóêòóðíûå
õàðàêòåðèñòèêè, îáåñïå÷èâàþùèå ðåàëèçàöèþ êîíôîðìàöèîííûõ
ïåðåñòðîåê, íåîáõîäèìûõ äëÿ ýëåêòðîí-òðàíñïîðòíîé àêòèâíîñòè
öèòîõðîìà ñ. Àíàëèç ñòðóêòóðíîé çíà÷èìîñòè îòäåëüíûõ àìèíîêèñëîòíûõ
îñòàòêîâ è èõ ëîêàëüíîãî îêðóæåíèÿ ïîçâîëèë ïðåäëîæèòü òî÷å÷íûå ìóòàöèè,
ðÿä èç êîòîðûõ áûë ðåàëèçîâàí â íàñòîÿùåé ðàáîòå.

Ïîëó÷åíû âàðèàíòû ãåíîâ öèòîõðîìà ñ, íåñóùèå ìóòàöèè I81Y/A83Y/
G84N, T78N/K79Y/M80I/I81M/F82N è T78S/K79P. Ìóòàíòíûå ãåíû
ýêñïðåññèðîâàíû â áàêòåðèàëüíîé ñèñòåìå, ðåêîìáèíàíòíûå áåëêè ïîëó÷åíû
è î÷èùåíû â íåîáõîäèìûõ äëÿ èññëåäîâàíèé êîëè÷åñòâàõ. Â íàñòîÿùåå âðåìÿ
ïðîâîäÿòñÿ èññëåäîâàíèÿ âçàèìîäåéñòâèÿ ïîëó÷åííûõ ìóòàíòíûõ âàðèàíòîâ
öèòîõðîìà ñ ñ åãî ðåäîêñ-ïàðòí¸ðàìè – êîìïëåêñàìè III è IV äûõàòåëüíîé
öåïè ìèòîõîíäðèé.
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The protein survivin is an inhibitor of apoptosis which also plays an important
role in the regulation of the cell cycle and is necessary for cell division. In solution
survivin behaves like a homodimer. However, the state in which it appears in
different compartments of the cell still remains unclear. Survivin is selectively
overexpressed in most human cancers and in embryonic tissues, but not in
differentiated cells of the adult organism. High levels of survivin expression make
cancer cells insensitive to radiation and treatment with anti-tumor drugs. The anti-
apoptotic effect of survivin is based on its binding to the proapoptotic protein
Smac/Diablo and inhibiting Smac/Diablo activity. The increase of survivin
expression in tumor cells leads to the its binding to most of the Smac/Diablo
molecules, which as a result cannot induce apoptosis. Inhibition of survivin
expression leads to apoptosis in cancer cells, but has no effect on normal tissues.
Thereby, survivin appears a very attractive target for anticancer therapy. In addition,
it might be used as diagnostic molecular marker to distinguish between different
types of cancers.

In this report we investigated the interaction between survivin and Smac/
Diablo. We made a more accurate map of the region of Smac/Diablo which interacts
with survivin. We showed that removing the first eight amino acids of mature
Smac/Diablo fully abrogates its interaction with survivin, which narrows it down
from the twenty currently considered necessary in the literature. Furthermore, we
have proven that in vitro Smac/Diablo can interact with the survivin monomer,
even though previous results suggested that the surviving monomer doesn't have
any biological activity and can't interact with Smac/Diablo.  Currently, we are
studying the interactions of these proteins and their mutants in vivo in different
cell lines.
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Ñóðâèâèí ÿâëÿåòñÿ ìíîãîôóíêöèîíàëüíûì áåëêîì, îí ó÷àñòâóåò â
èíãèáèðîâàíèè àïîïòîçà, ðåãóëÿöèè êëåòî÷íîãî öèêëà, à òàêæå â ïðîöåññå
äåëåíèÿ êëåòêè. Â ðàñòâîðå ñóðâèâèí ñóùåñòâóåò â âèäå ãîìîäèìåðà, îäíàêî
â êàêîì ñîñòîÿíèè îí íàõîäèòñÿ â ðàçëè÷íûõ êîìïàðòìåíòàõ êëåòêè äî ñèõ
ïîð îäíîçíà÷íî íåèçâåñòíî. Ñóðâèâèí ýêñïðåññèðóåòñÿ â áîëüøèíñòâå
îïóõîëåé è â ýìáðèîíàëüíûõ òêàíÿõ, íî ïðè ýòîì îòñóòñòâóåò â íåäåëÿùèõñÿ
òêàíÿõ âçðîñëîãî îðãàíèçìà. Ïîâûøåííàÿ ýêñïðåññèÿ ñóðâèâèíà ïðèäà¸ò
ðàêîâûì êëåòêàì óñòîé÷èâîñòü ê îáëó÷åíèþ ðàäèàöèåé è ïðîòèâîîïóõîëåâûì
ïðåïàðàòàì. Àíòèàïîïòîçíîå äåéñòâèå cóðâèâèíà îñíîâàíî íà åãî
ñïîñîáíîñòè âçàèìîäåéñòâîâàòü ñ ïðîàïîïòîçíûì áåëêîì Smac/Diablo è
èíãèáèðîâàòü åãî àêòèâíîñòü. Ïîâûøåíèå ýêñïðåññèè ñóðâèâèíà â ðàêîâûõ
êëåòêàõ âåä¸ò ê òîìó, ÷òî áîëüøàÿ ÷àñòü Smac/Diablo îêàçûâàåòñÿ ñâÿçàííîé
ñ ñóðâèâèíîì è èç-çà ýòîãî íå ñïîñîáíà âûçûâàòü àïîïòîç. Èíãèáèðîâàíèå
ýêñïðåññèè ñóðâèâèíà ïðèâîäèò ê çíà÷èòåëüíîìó ïîâûøåíèþ àïîïòîçà â
îïóõîëåâûõ êëåòêàõ, îäíàêî, íå âëèÿåò íà íîðìàëüíûå êëåòêè îðãàíèçìà.
Òàêèì îáðàçîì, ñóðâèâèí ÿâëÿåòñÿ ïðèâëåêàòåëüíîé ìèøåíüþ äëÿ
àíòèðàêîâîé òåðàïèè è, êðîìå ýòîãî, íà îáíàðóæåíèè ïðèñóòñòâèÿ ñóðâèâèíà
â èññëåäóåìûõ îáðàçöàõ ìîãóò áûòü îñíîâàíû ìåòîäû äèàãíîñòèêè ðàêîâûõ
çàáîëåâàíèé.

Íàìè áûëî îñóùåñòâëåíî áîëåå òî÷íîå êàðòèðîâàíèå ó÷àñòêà Smac/
Diablo, íåîáõîäèìîãî äëÿ ñâÿçûâàíèÿ ñ ñóðâèâèíîì. Ìû ïîêàçàëè, ÷òî
óäàëåíèå óæå ïåðâûõ âîñüìè àìèíîêèñëîò çðåëîãî Smac/Diablo ïðèâîäèò ê
îòñóòñòâèþ âçàèìîäåéñòâèÿ. Êðîìå òîãî, ìû äîêàçàëè ÷òî in vitro Smac/Diablo
ñïîñîáåí âçàèìîäåéñòâîâàòü ñ ìîíîìåðîì ñóðâèâèíà, õîòÿ ðàíåå
ïðåäïîëàãàëîñü, ÷òî ìîíîìåð ñóðâèâèíà íå îáëàäàåò áèîëîãè÷åñêîé
àêòèâíîñòüþ è íå ñïîñîáåí âçàèìîäåéñòâîâàòü ñ áåëêîì Smac/Diablo. Â
íàñòîÿùåå âðåìÿ íàìè ïðîâîäÿòñÿ ýêñïåðèìåíòû ïî èçó÷åíèþ
âçàèìîäåéñòâèÿ ýòèõ áåëêîâ è èõ ìóòàíòîâ in vivo â êëåòêàõ ðàçëè÷íûõ
êëåòî÷íûõ ëèíèé.
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â èììîáèëèçîâàííûõ òàêèì îáðàçîì ïðîäóêòàõ ÏÖÐ îïðåäåëÿëè ïî
âîçíèêíîâåíèþ â íèõ ïîä äåéñòâèåì ìóòàöèé íîâûõ ñàéòîâ ðåñòðèêöèè ïóòåì
çàìåíû åäèíñòâåííîãî íóêëåîòèäà. Â êà÷åñòâå ðåñòðèêòàç áûëè âûáðàíû
AspS9I (Cfr13I) ñ ñàéòîì ðåñòðèêöèè G↓GNCC, Fsp4HI (SatI) ñ ñàéòîì
GC↓NGC è HinfI ñ ñàéòîì G↓ANTC. Îñâîáîäèâøèåñÿ ðåñòðèêòàçíûå
ôðàãìåíòû ëèãèðîâàëè ñ óíèâåðñàëüíûì îëèãîíóêëåîòèäíûì àäàïòåðîì, ñ
êîòîðûì äàëåå âçàèìîäåéñòâîâàë îäèí èç ïðàéìåðîâ ïðè ÏÖÐ-àìïëèôèêàöèè
ôðàãìåíòîâ ÄÍÊ. Âòîðîé ïðàéìåð áûë êîìïëåìåíòàðåí ïîñëåäîâàòåëüíîñòè
ïîâòîðà.

Ðàçðàáîòàííàÿ ñèñòåìà ïîçâîëèëà íàì âïåðâûå âûÿâèòü â ãåíîìå ìûøåé
èíáðåäíûõ ëèíèé ðåäêèå ïîñëåäîâàòåëüíîñòè B1-ïîâòîðîâ, èñõîäíî
ñîäåðæàùèå àíàëèçèðóåìûå ñàéòû ðåñòðèêöèè, êîòîðûå îòñóòñòâóþò â
êîíñåíñóñíîé B1-ïîñëåäîâàòåëüíîñòè. Êðîìå òîãî, ñ ïîìîùüþ äàííîé
ñèñòåìû ïðîâåäåíà êà÷åñòâåííàÿ îöåíêà óðîâíÿ ñîìàòè÷åñêîãî ìóòàãåíåçà
ó ìûøåé, ïîäâåðãíóòûõ ýêçîãåííîìó âîçäåéñòâèþ ýòèëíèòðîçîìî÷åâèíîé.
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Ñëó÷àéíûå ìóòàöèè íåïðåðûâíî âîçíèêàþò â êëåòêàõ îðãàíèçìà íà
ïðîòÿæåíèè åãî æèçíè êàê ñëåäñòâèå îøèáîê ðåïëèêàöèè ÄÍÊ, à òàêæå
ýíäîãåííûõ è ýêçîãåííûõ ãåíîòîêñè÷åñêèõ âîçäåéñòâèé. Ñðåäíÿÿ ÷àñòîòà
ñïîíòàííûõ ìóòàöèé ó æèâîòíûõ îöåíèâàåòñÿ íà óðîâíå 10-8-10-10 íà
íóêëåîòèä ãåíîìíîé ÄÍÊ è ìîæåò ñóùåñòâåííî âîçðàñòàòü â ðàçëè÷íûõ
ýêñòðåìàëüíûõ óñëîâèÿõ ñóùåñòâîâàíèÿ îðãàíèçìà. Â ÷àñòíîñòè, äëÿ
îïóõîëåâûõ êëåòîê íåðåäêî õàðàêòåðåí òàê íàçûâàåìûé ìóòàòîðíûé ôåíîòèï,
ïðè êîòîðîì âîçðàñòàåò ÷àñòîòà ñïîíòàííûõ ìóòàöèé. Ìóòàöèè â îíêîãåíàõ
è ãåíàõ-ñóïðåññîðàõ îïóõîëåé, â ñâîþ î÷åðåäü, ÿâëÿþòñÿ ïðè÷èíîé
ìàëèãíèçàöèè òêàíåé è âîçíèêíîâåíèÿ çëîêà÷åñòâåííûõ íîâîîáðàçîâàíèé.
Ïîâûøåíèå óðîâíÿ ñïîíòàííîãî ìóòàãåíåçà îòìå÷åíî è â óñëîâèÿõ
îêèñëèòåëüíîãî ñòðåññà, à òàêæå ïîä äåéñòâèåì ãåíîòîêñè÷åñêèõ ôàêòîðîâ
ýêçîãåííîãî ïðîèñõîæäåíèÿ. Ñ ó÷åòîì ýòîãî, äëÿ îöåíêè ôóíêöèîíàëüíîãî
ñîñòîÿíèÿ ãåíîìà, ïðîãíîçà ðàçâèòèÿ ïàòîëîãè÷åñêèõ ïðîöåññîâ è ïðèíÿòèÿ
àäåêâàòíûõ ìåð íåîáõîäèìî îïðåäåëÿòü óðîâåíü ñïîíòàííîãî è
èíäóöèðîâàííîãî ìóòàãåíåçà â ñîìàòè÷åñêèõ êëåòêàõ. Öåëüþ ïðîâåäåííûõ
íàìè èññëåäîâàíèé áûëà ðàçðàáîòêà íîâîé êîíöåïöèè â îöåíêå óðîâíåé
ñëó÷àéíîãî ñîìàòè÷åñêîãî ìóòàãåíåçà è åå àïðîáàöèÿ â óñëîâèÿõ
ýêñïåðèìåíòà.

Äåéñòâèå ðàçðàáîòàííîé íàìè ñèñòåìû îñíîâàíî íà òðåõ ïðèíöèïàõ.
Âî-ïåðâûõ, îöåíêà óðîâíÿ ìóòàãåíåçà îñóùåñòâëÿåòñÿ ïóòåì èçìåðåíèÿ ÷èñëà
ñëó÷àéíûõ ìóòàöèé â ïîâòîðÿþùèõñÿ ïîñëåäîâàòåëüíîñòÿõ ÄÍÊ. Ñ ïîìîùüþ
ÏÖÐ è îäíîé ïàðû ïðàéìåðîâ óäàåòñÿ ðàâíîìåðíî àìïëèôèöèðîâàòü
áîëüøèíñòâî ïîâòîðîâ ÄÍÊ àíàëèçèðóåìîãî ãåíîìà è î÷èñòèòü ïðîäóêòû
àìïëèôèêàöèè äëÿ ïîñëåäóþùåãî àíàëèçà ïðîèçîøåäøèõ â íèõ ìóòàöèé.
Âî-âòîðûõ, èñïîëüçîâàí âûñîêîýôôåêòèâíûé ìåòîä îáîãàùåíèÿ ðåäêèõ
ìóòàíòíûõ ïîñëåäîâàòåëüíîñòåé. Â-òðåòüèõ, ïðèìåíåí îñíîâàííûé íà ÏÖÐ
âûñîêî÷óâñòâèòåëüíûé ìåòîä èõ äåòåêöèè.

Â êà÷åñòâå ìîäåëè íàìè âûáðàíû B1-ðåòðîïîçîíû ìûøè (~140 ï.í.),
äëÿ êîòîðûõ èçâåñòíà êîíñåíñóñíàÿ ïîñëåäîâàòåëüíîñòü íóêëåîòèäîâ, à ÷èñëî
êîïèé â ãåíîìå ñîñòàâëÿåò ~500 000. B1-Ïîâòîðû ãåíîìíîé ÄÍÊ
àìïëèôèöèðîâàëè ñ ïîìîùüþ ïàðû ïðàéìåðîâ, îäèí èç êîòîðûõ áûë
áèîòèíèëèðîâàí ïî 5'-êîíöó. Íà ýòîì ýòàïå áûëè îïòèìèçèðîâàíû óñëîâèÿ
àìïëèôèêàöèè, ïðè êîòîðûõ ÷èñëî ìóòàöèé, âíîñèìûõ â ïðîäóêò ÏÖÐ ÄÍÊ-
ïîëèìåðàçîé, áûëî ìèíèìàëüíûì. Áèîòèíèëèðîâàííûå ïðîäóêòû ÏÖÐ
ñâÿçûâàëè ñ ìàãíèòíûìè ìèêðî÷àñòèöàìè (Dynal Biotech), ñîäåðæàùèìè íà
ñâîåé ïîâåðõíîñòè ìîëåêóëû ñòðåïòàâèäèíà, è îòäåëÿëè îò íåñâÿçàâøåãîñÿ
ìàòåðèàëà ñ ïîìîùüþ ìàãíèòíîãî êîíöåíòðàòîðà. ×èñëî ìóòàíòíûõ ïîâòîðîâ
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Ðàçìåðû ãåíîìîâ ýóêàðèîòè÷åñêèõ îðãàíèçìîâ, îáîçíà÷àåìûå
ëàòèíñêèì ñèìâîëîì C, ðàçëè÷àþòñÿ áîëåå, ÷åì â 200 000 ðàç. Ïðè ýòîì íå
îáíàðóæèâàåòñÿ êîððåëÿöèè ìåæäó ôåíîòèïè÷åñêîé ñëîæíîñòüþ
áèîëîãè÷åñêèõ âèäîâ è ðàçìåðîì èõ ãåíîìà. Ó ïîçâîíî÷íûõ îäíèìè èç ñàìûõ
áîëüøèõ ãåíîìîâ îáëàäàþò õâîñòàòûå àìôèáèè è äâîÿêîäûøàùèå ðûáû –
ïî ~120 ïã (~1,2x1011 ï.í.) ÄÍÊ. Äëÿ ñðàâíåíèÿ – ðàçìåð ãåíîìà ÷åëîâåêà
ñîñòàâëÿåò 3,5 ïã. Îñíîâíàÿ ìàññà ÄÍÊ áîëüøèõ ýóêàðèîòè÷åñêèõ ãåíîìîâ
ïðåäñòàâëåíà íåêîäèðóþùèìè ïîñëåäîâàòåëüíîñòÿìè, ôóíêöèè êîòîðûõ
íåèçâåñòíû. Äëÿ îáúÿñíåíèÿ ýòîãî ôåíîìåíà ("çàãàäêè C") íàìè ðàçðàáîòàíà
êîëè÷åñòâåííàÿ ìîäåëü, â ñîîòâåòñòâèè ñ êîòîðîé íåêîäèðóþùèå
ïîñëåäîâàòåëüíîñòè ñîçäàþò íîâóþ (òðåòüþ) çàùèòó êîäèðóþùèõ ÷àñòåé îò
õèìè÷åñêèõ (ãëàâíûì îáðàçîì ýíäîãåííûõ) ìóòàãåíîâ. Äâå ïåðâûå – ýòî
ñèñòåìû àíòèìóòàãåíåçà è ðåïàðàöèè ïîâðåæäåíèé ÄÍÊ.

Ïðåäïîëàãàåòñÿ, ÷òî õèìè÷åñêèå ìóòàãåíû, â îñíîâíîì, ïîñòóïàþò â
ÿäðî ïóòåì äèôôóçèè ÷åðåç ÿäåðíûå ïîðîâûå êîìïëåêñû (NPC). Ïðè ýòîì
ýâîëþöèîííîå èçìåíåíèå ðàçìåðîâ êîäèðóþùåé è íåêîäèðóþùåé ÷àñòåé
ãåíîìà ïî-ðàçíîìó âëèÿåò íà ïîòîê ìóòàãåíîâ â ÿäðî ÷åðåç NPC, ïîñêîëüêó
ïðîöåññ áèîñèíòåçà áåëêîâûõ êîìïîíåíòîâ NPC â áóëüøåé ñòåïåíè ñâÿçàí ñ
êîäèðóþùåé ÷àñòüþ ãåíîìà. Ñîîòâåòñòâåííî, ñêîðîñòü ïîòîêà ìóòàãåíîâ èç
öèòîïëàçìû â ÿäðî â íàøåé ìîäåëè îïèñûâàåòñÿ ñëåäóþùèì óðàâíåíèåì:

 ϕ = ϕ0cNcT + ϕ0ncNncT

Çäåñü ϕ – îáùèé ïîòîê ìóòàãåíîâ â ÿäðî, ìîëü/ñ, NcT è NncT – îáùåå
÷èñëî íóêëåîòèäîâ, ñîîòâåòñòâåííî, â êîäèðóþùèõ è íåêîäèðóþùèõ ÷àñòÿõ
ãåíîìà ("îáùåå" îçíà÷àåò ñóììó ïîâðåæäåííûõ è íåïîâðåæäåííûõ
ìóòàãåíàìè íóêëåîòèäîâ); ϕ0c è ϕ0nc  – êîýôôèöèåíòû, îïèñûâàþùèå âëèÿíèå
êîäèðóþùèõ è íåêîäèðóþùèõ ÷àñòåé ãåíîìà íà ïîòîê ìóòàãåíîâ â ðåàëüíîå
ÿäðî. Ýòî âëèÿíèå îñóùåñòâëÿåòñÿ ÷åðåç ðåãóëÿöèþ îáùåãî êîëè÷åñòâà NPC
íà ïîâåðõíîñòè ÿäðà è/èëè ïðîíèöàåìîñòè NPC äëÿ ìóòàãåíîâ. Ðåøåíèå
óðàâíåíèé äëÿ ñòàöèîíàðíîãî ñîñòîÿíèÿ ñèñòåìû ÿäðî ìóòàãåíû ñ ó÷åòîì
ïðîöåññîâ ïîñòóïëåíèÿ ìóòàãåíîâ â ÿäðî, ïîâðåæäåíèÿ è ðåïàðàöèè ÄÍÊ
ïðèâîäèò ê ñëåäóþùåé çàâèñèìîñòè ïîâðåæäàåìîñòè êîäèðóþùèõ
íóêëåîòèäîâ ãåíîìà îò êîëè÷åñòâà ñîäåðæàùåéñÿ â íåì íåêîäèðóþùåé ÄÍÊ:

 β/β0 = NcT/NT + (1 – NcT/NT)ϕ0nc/ϕ0c ,
ãäå β – äîëÿ ïîâðåæäåííûõ êîäèðóþùèõ íóêëåîòèäîâ â ðåàëüíîì ãåíîìå
(îòíîøåíèå ÷èñëà ïîâðåæäåííûõ êîäèðóþùèõ íóêëåîòèäîâ ê îáùåìó ÷èñëó
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Random mutations continuously arise in the cells during organism life span as a
consequence of replication errors as well as endogenous and exogenous genotoxic
exposure. Average spontaneous mutation rate in animals is estimated at 10-8-10-10 per
genomic DNA nucleotide and may be considerably higher under different extreme
conditions. In particular, tumor cells often exhibit so-called mutator phenotype, i.e.
increased spontaneous mutation rate. The mutations in oncogenes and tumor suppressor
genes cause, in turn, tissue malignization and tumor formation. The elevation of
spontaneous mutation rate was registered as a consequence of oxidative stress as well
as under exposure to the exogenous genotoxic factors. Taking all the abovesaid into
account, it is necessary to measure the spontaneous and induced mutation rate in
somatic cells for estimation of the genome functional state, for better prognosis of
disease and its adequate treatment. The goal of our investigations was the development
and experimental testing of new conception of assay for random mutation rate
determination.

The operation of our assay is based on three main concepts. First, the mutagenesis
was detected by measurement of random mutations in repeated nucleotide sequences.
By using one pair of primers only it is possible to amplify evenly most analyzed DNA
repeats, followed by PCR product purification and mutation detection. Second, high-
performance method for rare mutant sequence enrichment was used. Third, for detection
of rare sequences the highly sensitive PCR-based method was applied.

Mouse B1 retroposons (~140 bp, ~5x105 copy number per genome) with known
consensus sequence were chosen as a model. Genomic B1 repeats were amplified by
pair of primers, one of which was 5'-biotinylated. At this stage, the amplification
conditions where optimized which allow to minimize the number of mutation
introduced into PCR product by Taq DNA polymerase errors. Biotinylated PCR
products were bound by streptavidin-coated magnetic microparticles, and complexes
were purified by Dynal Magnetic Particle Concentrator (Dynal Biotech). The number
of mutant sequences in immobilized PCR products was determined by appearance of
new restriction sites which created by mutational replacement of single nucleotide in
several potential site sequences. The following restriction endonucleases were chosen
for assay development: AspS9I/Cfr13I with restriction site G↓GNCC, Fsp4HI/SatI
(GC↓NGC), and HinfI (G↓ANTC). The released restriction fragments were ligated
to an universal oligonucleotide adaptor, which serves as the priming site for PCR
amplification. The second primer was complementary to the restriction fragment
sequence.

The worked out assay permit us to observe for the first time rare B1 repeat
sequences which contain initially the restriction sites under study missing in the
consensus B1 sequence. Also the qualitative evaluation of somatic mutagenesis was
performed in ethylnitrosourea treated mice.
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Eukaryotic genome sizes, designated by "C" symbol, differ over 200,000-fold.
But there is no correlation between the organism genome size and its phenotypic
complexity. Among vertebrates, amphibians and lungfishes have the largest
genomes of ~120 pg (~1.2x1011 bp) DNA. For comparison, the size of the human
genome is 3.5 pg. The main part of DNA of large eukaryotic genomes is represented
by non-coding sequences, the functions of which are unknown. To explain this
phenomenon ("C-value enigma") we have developed a quantitative model,
according to which the non-coding sequences serve as a new (third) protection
system safeguarding coding parts of genome against chemical (mainly endogenous)
mutagens. The first two are antimutagenesis and DNA repair systems.

It is assumed at this stage of modelling that chemical mutagens enter the
nucleus mainly by diffusion through nuclear pore complexes (NPC). Moreover,
the evolutionary changes of coding and non-coding genome region sizes differently
influence the flow of mutagens into the nucleus through NPC, since the process of
biosynthesis of the NPC protein components is largely associated with the genome
coding part. Accordingly, the rate of mutagen flow from cytoplasm into nucleus in
our model describes the following expression:

  ϕ = ϕ0cNcT + ϕ0ncNncT
where ϕ is total mutagen flow into the nucleus, mole/sec; NcT and NncT are total
numbers of nucleotides, respectively, in coding and non-coding genome regions
("total" means the sum of damaged and undamaged nucleotides); ϕ0c and ϕ0nc are
coefficients that describe the effect of coding and non-coding genome regions on
the mutagen flow into the real nucleus. This effect is based on regulation of the
NPC total number on the nuclear surface and/or the NPC permeability for mutagens.
The model equations take into account the processes of mutagen delivery into the
nucleus, nucleotide damage and repair. Solution of the equations for steady state
of the nucleus-mutagen system results in the following dependence:

 β/β0 = NcT/NT + (1 – NcT/NT)ϕ0nc/ϕ0c ,
where β is the fraction of damaged nucleotides in the real genome (ratio of the
number of damaged nucleotides to total number of nucleotides in the genome); β0
is a similar value for a hypothetical genome containing total coding DNA of real
genome and free of its noncoding DNA; NT = NcT + NncT, the total content of all
nucleotides in the genome (coding and non-coding, damaged and undamaged). It

íóêëåîòèäîâ ãåíîìà); β0 – àíàëîãè÷íàÿ âåëè÷èíà äëÿ ãèïîòåòè÷åñêîãî ãåíîìà,
ñîäåðæàùåãî âñþ êîäèðóþùóþ ÄÍÊ ðåàëüíîãî ãåíîìà è íå ñîäåðæàùåãî
åãî íåêîäèðóþùåé ÄÍÊ; NT = NcT + NncT – ñóììàðíîå ñîäåðæàíèå âñåõ
íóêëåîòèäîâ â ãåíîìå (êîäèðóþùèõ è íåêîäèðóþùèõ, ïîâðåæäåííûõ è
íåïîâðåæäåííûõ). Èç ïîñëåäíåãî óðàâíåíèÿ ñëåäóåò, ÷òî â íàøåé ìîäåëè
ãîìîãåííîãî ÿäðà çàùèòíûé ýôôåêò íåêîäèðóþùèõ ïîñëåäîâàòåëüíîñòåé
èìååò ìåñòî, åñëè ϕ0nc < ϕ0c, òî åñòü, åñëè ÷èñëî NPC è èõ ïðîíèöàåìîñòü äëÿ
ìóòàãåíîâ îïðåäåëÿþòñÿ êîëè÷åñòâîì êîäèðóþùåé ÄÍÊ â áóëüøåé ñòåïåíè,
÷åì êîëè÷åñòâîì íåêîäèðóþùåé ÄÍÊ. Ïðè ýòîì çàùèòíîå äåéñòâèå
íåêîäèðóþùåé ÄÍÊ òåì âûøå, ÷åì ìåíüøå çàâèñèò âåëè÷èíà ïîòîêà
ìóòàãåíîâ ÷åðåç ÿäåðíóþ ìåìáðàíó îò íàëè÷èÿ íåêîäèðóþùèõ
ïîñëåäîâàòåëüíîñòåé, è íàèáîëüøèé çàùèòíûé ýôôåêò íåêîäèðóþùåé ÄÍÊ
äîëæåí èìåòü ìåñòî ïðè  ϕ0nc = 0 (îäèíàêîâûå êîëè÷åñòâî è ïðîíèöàåìîñòü
NPC äëÿ ìóòàãåíîâ â îòñóòñòâèå íåêîäèðóþùåé ÄÍÊ è ïðè åå íàëè÷èè).
Òåîðåòè÷åñêè çàùèòíîå äåéñòâèå íåêîäèðóþùèõ ïîñëåäîâàòåëüíîñòåé ìîæåò
áûòü åùå çíà÷èòåëüíåå â òîì ñëó÷àå, åñëè îíè óìåíüøàþò îáùèé ïîòîê
ìóòàãåíîâ âíóòðü ÿäðà ϕ0c < 0. Íàêîíåö, çàùèòà áóäåò îòñóòñòâîâàòü ïðè
ðàâíîé äåòåðìèíèðîâàííîñòè ïîòîêîâ ìóòàãåíîâ êîäèðóþùèìè è
íåêîäèðóþùèìè ïîñëåäîâàòåëüíîñòÿìè ϕ0nc = ϕ0c. Ñ óâåëè÷åíèåì â ãåíîìå
ñîäåðæàíèÿ íåêîäèðóþùåé ÷àñòè, äîëÿ ïîâðåæäàåìûõ ìóòàãåíàìè
íóêëåîòèäîâ â êîäèðóþùèõ ïîñëåäîâàòåëüíîñòÿõ óìåíüøàåòñÿ, ïðè÷åì
âåñüìà ñóùåñòâåííî ïðè NncT >> NcT. Íàïðèìåð, äëÿ ÷åëîâåêà âûøåóïîìÿíóòàÿ
äîëÿ êîäèðóþùåé ÄÍÊ ~3% îçíà÷àåò  NncT / NcT ~ 0,97/0,03 ≈ 32.

Ó âèäîâ, èìåþùèõ íèçêóþ àêòèâíîñòü ñèñòåì àíòèìóòàãåíåçà è
ðåïàðàöèè ïîâðåæäåíèé ÄÍÊ çàùèòíûé ýôôåêò íåêîäèðóþùèõ ÍÏ ìîæåò
èãðàòü îñíîâíóþ ðîëü â ñíèæåíèè ÷àñòîòû ìóòàöèé, âîçíèêàþùèõ â
êîäèðóþùèõ ïîñëåäîâàòåëüíîñòÿõ, äî ïðèåìëåìîãî óðîâíÿ. Äëÿ ýòîãî êëåòêè
äîëæíû èìåòü âûñîêîå ñîäåðæàíèå íåêîäèðóþùèõ ÍÏ â ãåíîìå. Ýòî –
âîçìîæíîå îáúÿñíåíèå "çàãàäêè Ñ".
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ÏÐÎÑÒÐÀÍÑÒÂÅÍÍÀß ÑÒÐÓÊÒÓÐÀ ÆÅËÒÎÃÎ
ÔËÓÎÐÅÑÖÅÍÒÍÎÃÎ ÁÅËÊÀ PhiYFP, ÓÑÒÀÍÎÂËÅÍÍÀß Ñ
ÏÎÌÎÙÜÞ ÌÀÑÑ-ÑÏÅÊÒÐÎÌÅÒÐÈ×ÅÑÊÈÕ È ÐÀÑ×ÅÒÍÛÕ
ÌÅÒÎÄÎÂ
Ïàõîìîâ À.À., Ìàðòûíîâ Â.È.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: alpah@mail.ru

Æåëòûé ôëóîðåñöåíòíûé áåëîê (YFP) øèðîêî ïðèìåíÿåòñÿ â êà÷åñòâå
FRET ïàðòíåðà ê öèàíîâîìó ôëóîðåñöåíòíîìó áåëêó (CFP) ïðè èçó÷åíèè
áèîïðîöåññîâ íà êëåòî÷íîì óðîâíå. Æåëòûé ôëóîðåñöåíòíûé áåëîê èç
Phialidium sp. (PhiYFP) èìååò äîïîëíèòåëüíûé áàòîõðîìíûé ñäâèã â 20 íì
ïî ñðàâíåíèþ ñ øèðîêî ðàñïðîñòðàíåííûì EYFP è ïî ñïåêòðàëüíûì
õàðàêòåðèñòèêàì áëèçîê ê ãîìîëîãó èç Zoanthus sp., zFP538. Â íàñòîÿùåé
ðàáîòå ïðè ïîìîùè ãîìîëîãè÷íîãî ìîäåëèðîâàíèÿ óñòàíîâëåíà ñòðóêòóðà
PhiYFP. Ðàíåå ñòðóêòóðà ôëóîðåñöåíòíûõ áåëêîâ îïðåäåëÿëàñü
èñêëþ÷èòåëüíî ïðè ïîìîùè êðèñòàëëîãðàôè÷åñêèõ èññëåäîâàíèé, òàê êàê
ïðè ïîìîùè ìîäåëèðîâàíèÿ íåëüçÿ óñòàíîâèòü ñòðóêòóðó õðîìîôîðà –
êëþ÷åâîãî êîìïîíåíòà áåëêà. Ìû óñòàíîâèëè ñòðóêòóðó õðîìîôîðà PhiYFP
ïðè ïîìîùè ìàññ-ñïåêòðîìåòðè÷åñêèõ èññëåäîâàíèé âûäåëåííîãî èç áåëêà
õðîìîôîðñîäåðæàùåãî ïåïòèäà. Îáúåäèíèâ äàííûå ìàññ-ñïåêòðîìåòðèè è
ãîìîëîãè÷íîãî ìîäåëèðîâàíèÿ, ìû ïîëó÷èëè ïîëíóþ ñòðóêòóðó PhiYFP.
Êîìáèíèðîâàíèå ìàññ-ñïåêòðîìåòðè÷åñêèõ è ðàñ÷åòíûõ ìåòîäîâ äëÿ
óñòàíîâëåíèÿ ñòðóêòóðû ôëóîðåñöåíòíûõ áåëêîâ áûëî ïðèìåíåíî âïåðâûå
è ìîæåò áûòü èñïîëüçîâàíî äëÿ îïðåäåëåíèÿ ñòðóêòóðû äðóãèõ ãîìîëîãîâ,
íå ïîääàþùèõñÿ êðèñòàëëèçàöèè.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà
ôóíäàìåíòàëüíûõ èññëåäîâàíèé (¹ 09-04-00212), à òàêæå Ðîññèéñêîãî
Ôåäåðàëüíîãî àãåíòñòâà ïî íàóêå è èííîâàöèÿì (ÌÊ-1094.2009.4).

follows from last equation that under the above assumptions the protective effect
of non-coding sequences takes place when ϕ0nc < ϕ0c, i.e. if the number of NPC
and their permeability for mutagens are defined to a higher extent by the amount
of coding than non-coding DNA. It should be emphasized that the lower is the
dependence of the mutagen flow through the nuclear membrane on the presence
of non-coding sequences (i.e., the lower is the coefficient ϕ0nc), the higher the
protective effect of non-coding DNA is. The highest protective effect of non-coding
DNA should take place at ϕ0nc = 0 (when both NPC amount and permeability for
mutagens have equal values in the presence and absence of non-coding DNA). In
theory, the protective effect of non-coding sequences might be even higher if they
reduced the total mutagen flow into the nucleus (ϕ0nc <  0). Finally, protection is
absent in the case of equal determinacy of mutagen flows by coding and non-
coding sequences (ϕ0nc = ϕ0c). As the content of non-coding region in the genome
increases, the fraction of mutagen-damaged nucleotides in coding NS decreases
and rather greatly at NncT >> NcT.

In species, which have low activities of antimutagenesis and DNA repair
systems, the protective effect of non-coding sequences may play the main role in
reduction of spontaneous mutation rate in the coding sequences to acceptable level.
For this, the cells should have very high content of non-coding sequences in their
genome. This is a possible solution of "C-value enigma".
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ÈÑÊÓÑÑÒÂÅÍÍÛÅ ÔÍÎ-ÑÂßÇÛÂÀÞÙÈÅ ÁÅËÊÈ ÍÀ
ÎÑÍÎÂÅ ÄÎÌÅÍÀ ÔÈÁÐÎÍÅÊÒÈÍÀ
Ïåòðîâñêàÿ Ë.Å., Øèíãàðîâà Ë.Í., Íåêðàñîâ À.Í., Êðþêîâà Å.À.,
Áîëäûðåâà Å.Ô., ßêèìîâ Ñ.À., Äîëãèõ Ä.À., Êèðïè÷íèêîâ Ì.Ï.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: lpetr65@yahoo.com
Ôàêñ/òåë.: (495) 330-69-83

Ôèáðîíåêòèíîâûé äîìåí (10 äîìåí ôèáðîíåêòèíà III òèïà, Fn3) ÿâëÿåòñÿ
ñòðóêòóðíûì àíàëîãîì VH äîìåíà èììóíîãëîáóëèíîâ. Ýòîò íåáîëüøîé áåëîê
íå ñîäåðæèò îñòàòêîâ öèñòåèíà è õîðîøî ýêñïðåññèðóåòñÿ â êëåòêàõ E. ñoli â
ðàñòâîðèìîé ôîðìå.  Âàðüèðîâàíèå àìèíîêèñëîòíûõ ïîñëåäîâàòåëüíîñòåé
â òðåõ ïåòëÿõ Fn3, ñîîòâåòñòâóþùèõ CDR â ìîëåêóëàõ àíòèòåë, ïîçâîëÿåò
ïîëó÷àòü áåëêè, îáëàäàþùèå ñïîñîáíîñòüþ ñâÿçûâàòü ðàçëè÷íûå àíòèãåíû.

Ôàêòîð íåêðîçà îïóõîëåé-àëüôà ÷åëîâåêà (ÔÍÎ) - ïîëèôóíêöèîíàëüíûé
öèòîêèí, îäèí èç îñíîâíûõ ìåäèàòîðîâ âîñïàëåíèÿ. Ìíîãèå àóòîèììóííûå
è âîñïàëèòåëüíûå çàáîëåâàíèÿ ÷åëîâåêà ñîïðîâîæäàþòñÿ ñâåðõïðîäóêöèåé
ÔÍÎ, êîòîðàÿ ïðèâîäèò ê ïàòîëîãè÷åñêèì ñîñòîÿíèÿì, âêëþ÷àÿ ñåïòè÷åñêèé
øîê. Òàêèì îáðàçîì, êîíñòðóèðîâàíèå ÔÍÎ-ñâÿçûâàþùèõ áåëêîâ äëÿ
ñíèæåíèÿ óðîâíÿ ýòîãî öèòîêèíà â îðãàíèçìå ïðåäñòàâëÿåò ñîáîé àêòóàëüíóþ
çàäà÷ó áåëêîâîé èíæåíåðèè. Íàìè ïîëó÷åíû ãåíû èñêóññòâåííûõ áåëêîâ, â
êîòîðûõ ïîñëåäîâàòåëüíîñòè ïåòåëü Fn3 çàìåíåíû ïîñëåäîâàòåëüíîñòÿìè
CDR èç ëåãêîé (Fn3L) è òÿæåëîé (Fn3H) öåïåé àíòèòåëà F10, ñâÿçûâàþùåãî
ÔÍÎ ñ âûñîêîé àôôèííîñòüþ è îáëàäàþùåãî íåéòðàëèçóþùèìè ñâîéñòâàìè.
Ðàçðàáîòàíû ìåòîäèêè ýêñïðåññèè ïîëó÷åííûõ ãåíîâ â E. ñoli è âûäåëåíèÿ
ðåêîìáèíàíòíûõ áåëêîâ. Ïðîâåäåí àíàëèç ñâÿçûâàíèÿ ÔÍÎ âàðèàíòàìè Fn3L
è Fn3H ñ èñïîëüçîâàíèåì ìåòîäà ELISA. Ïîêàçàíî, ÷òî îáà âàðèàíòà
ñïåöèôè÷åñêè ñâÿçûâàþòñÿ ñ  ÔÍÎ, ïðè ýòîì âçàèìîäåéñòâèå ñ äðóãèìè
öèòîêèíàìè íå íàáëþäàåòñÿ.

Ñ öåëüþ èçó÷åíèÿ ðîëè îòäåëüíûõ CDR â ñâÿçûâàíèè ÔÍÎ ïîëó÷åíû
âàðèàíòû Fn3L è Fn3H c çàìåíàìè îäíîãî èç CDR ïîñëåäîâàòåëüíîñòÿìè
ïåòåëü Fn3. Ïðîâîäèòñÿ èçó÷åíèå ïîëó÷åííûõ áåëêîâ.

Ðàáîòà ïðîâîäèòñÿ ïðè ôèíàíñîâîé ïîääåðæêå ãðàíòà ÍØ-2231.2008.4
è ïðîãðàììû ÐÀÍ "Ìîëåêóëÿðíàÿ è êëåòî÷íàÿ áèîëîãèÿ".

3D-STRUCTURE OF YELLOW FLUORESCENT PROTEIN PhiYFP
SOLVED BY MASS-SPECTROMETRIC AND COMPUTATIONAL
METHODS
Pakhomov A.A., Martynov V.I.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: alpah@mail.ru

The yellow fluorescent protein (YFP) is widely used as a FRET partner of
the cyan fluorescent protein (CFP) in the study of bioprocesses at the cell level.
The yellow fluorescent protein from Phialidium sp. (PhiYFP) exhibits additional
batochromic shift of 20 nm as compared to widespread EYFP and spectrally is
very close to its homolog, zFP538 from Zoanthus sp.,. In the present work the
spatial structure of PhiYFP was determined by means of homology modeling.
Previously, the structures of FPs were determined solely by crystallographic studies
mostly because of impossibility of modeling the unknown chromophore structure,
a key component of a fluorescent protein. Here we have determined the PhiYFP
chromophore structure by means of mass-spectrometric analysis of the
chromophore-bearing peptide isolated from a proteolytic digest of the protein. By
combining mass-spectrometric and homology modeling data, the complete
3D-structure of PhiYFP has been obtained. This novel approach combining mass-
spectrometric and computational methods can be used in 3D-structure determination
of non-crystalizable homologous proteins.

This work was supported by the Russian Foundation for Basic Research (No.
09-04-00212) and by the Russian Federal Agency for Science and Innovations
(MK-1094.2009.4).
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TRIP8b – ÍÎÂÛÉ ÊËÀÒÐÈÍ-ÑÂßÇÛÂÀÞÙÈÉ ÁÅËÎÊ
Ïîïîâà Í.Â., Äååâ È.Å., Ïåòðåíêî À.Ã.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: popova@ibch.ru

Êëàòðèí-îïîñðåäîâàííûé ýíäîöèòîç (CME) íåîáõîäèì äëÿ òðàíñïîðòà
ëèïèäîâ è áåëêîâ ñ öèòîïëàçìàòè÷åñêîé ìåìáðàíû è ñåòè Ãîëüäæè. Â íåðâíûõ
îêîí÷àíèÿõ ñ ïîìîùüþ ýòîãî ïðîöåññà îñóùåñòâëÿåòñÿ êîìïåíñàòîðíûé
ýíäîöèòîç ñèíàïòè÷åñêèõ ïóçûðüêîâ ïîñëå âûáðîñà íåéðîìåäèàòîðà. Â
ïîñëåäíåå äåñÿòèëåòèå áûëè íàéäåíû ìíîãèå áåëêîâûå êîìïîíåíòû ñëîæíîãî
ìåõàíèçìà, ðåãóëèðóþùåãî CME è îáðàçîâàíèå êëàòðèí-ïîêðûòûõ
ïóçûðüêîâ. Ìíîãèå áåëêè ýêñïðåññèðóþòñÿ â øèðîêîì äèàïàçîíå êëåòîê è
âûïîëíÿþò îáùèå ôóíêöèè, íî â òî æå âðåìÿ, íàéäåíû áåëêè, êîòîðûå
ýêñïðåññèðóþòñÿ â îãðàíè÷åííîì òèïå êëåòîê è âûïîëíÿþò áîëåå
ñïåöèôè÷íûå ôóíêöèè.

Íàìè áûë îáíàðóæåí öèòîïëàçìàòè÷åñêèé áåëîê ñ íåñêîëüêèìè
òåòðàòðèêîïåïòèäíûìè ïîâòîðàìè (TRIP8b), ñâÿçûâàþùèéñÿ ñ
êàëüöèéíåçàâèñèìûì ðåöåïòîðîì àëüôà-ëàòðîòîêñèíà (CIRL). Äëÿ èçó÷åíèÿ
ôóíêöèîíàëüíîé ðîëè TRIP8b ìû ïðîâåëè ïîèñê áåëêîâ, êîòîðûå ñ íèì
âçàèìîäåéñòâóþò, ìåòîäîì àôôèííîé õðîìàòîãðàôèè ýêñòðàêòîâ ìîçãà êðûñû
íà èììîáèëèçîâàííîì TRIP8b. Â ýëþàòàõ ñ TRIP8b-ñåôàðîçû áûëè
èäåíòèôèöèðîâàíû êëàòðèí è ñóáúåäèíèöû êîìïëåêñà AP-2. Ñ ïîìîùüþ
óêîðî÷åííûõ êîíñòðóêöèé è ìíîãîòî÷å÷íûõ ìóòàíòîâ TRIP8b â
ïîñëåäîâàòåëüíîñòè ýòîãî áåëêà áûëè îïðåäåëåíû îáëàñòè, îòâå÷àþùèå çà
âçàèìîäåéñòâèå ñ êëàòðèíîì.

Ìåòîäîì äèôôåðåíöèàëüíîãî öåíòðèôóãèðîâàíèÿ áûëà âûäåëåíà
ôðàêöèÿ êëàòðèí-ïîêðûòûõ ïóçûðüêîâ. Îêðàøèâàíèå ñïåöèôè÷íûìè
àíòèòåëàìè ïîêàçàëî, ÷òî TRIP8b äåéñòâèòåëüíî ñîäåðæèòñÿ â äàííîé
ôðàêöèè.

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ïðåäïîëîæèòü ó÷àñòèå TRIP8b â
êëàòðèí-îïîñðåäîâàííîì ýíäîöèòîçå.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíò ¹09-04-
01644-à), Ïðîãðàììû ôóíäàìåíòàëüíûõ èññëåäîâàíèé Ïðåçèäèóìà ÐÀÍ
"Ôóíäàìåíòàëüíûå íàóêè - ìåäèöèíå".

ARTIFICIAL TNF-BINDING PROTEINS BASED ON HUMAN
FIBRONECTIN DOMAIN
Petrovskaya L.E., Shingarova L.N., Nekrasov A.N., Kryukova E.A.,
Boldyreva E.F., Yakimov S.A., Dolgikh D.A., Kirpichnikov M.P.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia
E-mail: lpetr65@yahoo.com
Fax/tel.: (495) 330-69-83

Human fibronectin domain (10th fibronectin type III domain, Fn3) is the
structural analogue of VH immunoglobulin domain. This small protein doesn't
contain cysteine residues and is expressed in E. coli cells at high level in soluble
form. Variation of amino acid sequences of 3 CDR-like loops of Fn3 generates
proteins which can bind different antigens with high affinity.

Human tumor necrosis factor-alpha (TNF) is a multifunctional cytokine which
plays a central role in inflammation.  Many autoimmune and inflammatory diseases
are accompanied with TNF superproduction leading to pathologic conditions
including septic shock. Therefore construction of TNF-binding proteins in order
to decrease the level of this cytokine in the organism represents the urgent task of
the protein engineering. F10 monoclonal antibody was previously shown to bind
TNF with high affinity and neutralize its activity. We have obtained the synthetic
genes encoding for artificial proteins in which Fn3 loop sequences are displaced
with CDRs from the light (Fn3L) and the heavy (Fn3H) chains from F10. We have
expressed these genes in E. coli cells and purified the corresponding proteins. By
the use of ELISA with recombinant human TNF we have shown that both variants
specifically bind TNF but don't interact with other cytokines tested.

To study the role of individual CDR's in TNF binding we have substituted
one of each CDR regions in Fn3L and Fn3H proteins with corresponding wild-
type Fn3 loop sequences. The properties of the chimeric proteins are under
investigation.

The work is supported by Grant SS-2231.2008.4 and Russian Academy of
Sciences Programme "Molecular and Cell Biology".
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ÂÛÄÅËÅÍÈÅ È Î×ÈÑÒÊÀ ÏÐÎÀÏÎÏÒÎÇÍÎÃÎ ÁÅËÊÀ BNIP3
Øóëüãà À.À., Ïóñòîâàëîâà Þ.Å., Òêà÷ Å.Í., Êèðïè÷íèêîâ Ì.Ï.,
Àðñåíüåâ À.Ñ.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: jul@nmr.ru

Ïðîàïîïòîçíûé áåëîê BNIP3 èãðàåò êëþ÷åâóþ ðîëü â ñìåðòè êëåòîê
ïðè ãèïîêñèè. Áåëîê ïðèíàäëåæèò ê ñåìåéñòâó ìèòîõîíäðèàëüíûõ áåëêîâ
BCL-2, ïîäãðóïïå ÂÍ3-only, íà îñíîâàíèè ãîìîëîãèè àìèíîêèñëîòíîé
ïîñëåäîâàòåëüíîñòè, íî ìåõàíèçì åãî äåéñòâèÿ çíà÷èòåëüíî îòëè÷àåòñÿ îò
äðóãèõ ïðîàïîïòîçíûõ áåëêîâ ýòîãî æå ñåìåéñòâà. Êëåòî÷íàÿ ñìåðòü,
âûçâàííàÿ BNIP3, íå ñîïðîâîæäàåòñÿ âûñâîáîæäåíèåì öèòîõðîìà ñ, à èìååò
íåñêîëüêî ïðèçíàêîâ íåêðîçà. Áîëåå ãëóáîêèé àíàëèç àêòèâíîñòè BNIP3
ÿâëÿåòñÿ ïðîáëåìàòè÷íûì, åñëè íå îáåñïå÷èòü èñòî÷íèê, èç êîòîðîãî åãî
ìîæíî âûäåëÿòü â áîëüøèõ êîëè÷åñòâàõ. Ïîýòîìó BNIP3 ñèíòåçèðîâàëè â
Escherichia coli íàïðÿìóþ èëè æå â âèäå ãèáðèäíîãî áåëêà, áóäó÷è
ïðèñîåäèíåííûì ê Ñ-êîíöó SUMO èëè Mistic. Ñàìûé âûñîêèé óðîâåíü
ýêñïðåññèè íàáëþäàëñÿ â ñëó÷àå ãèáðèäà SUMO-BNIP3 - áîëåå ÷åì 100 ìã/ë
â áîãàòîé àâòîèíäóêöèîííîé ñðåäå. Ãèáðèäíûé áåëîê ñîäåðæàë äâå
àôôèííûõ òàãà-ïîñëåäîâàòåëüíîñòè èç øåñòè ãèñòèäèíîâ íà N-êîíöå è
Streptag II íà C-êîíöå. Âûðàùèâàíèå áàêòåðèé ïðè âûñîêèõ òåìïåðàòóðàõ
(îêîëî 37°C) ñïîñîáñòâîâàëî íàêîïëåíèþ áåëêà â òåëüöàõ âêëþ÷åíèÿ, òîãäà
êàê ïðè áîëåå íèçêèõ òåìïåðàòóðàõ (îêîëî 13°C) áîëüøàÿ ÷àñòü áåëêà
ëîêàëèçîâàëàñü â áàêòåðèàëüíîé ìåìáðàíå. Áûëè ïîäîáðàíû ìèíèìàëüíûå
àâòîèíäóêöèîííûå ñðåäû, ïðèãîäíûå äëÿ ìå÷åíèÿ áåëêà ñòàáèëüíûìè
èçîòîïàìè 15N è 13C, êîòîðûå îáåñïå÷èâàþò âûõîä BNIP3 íå ìåíåå, ÷åì 20 ìã
íà ëèòð êóëüòóðû. Ðàçðàáîòàí ïðîòîêîë âûäåëåíèÿ ãèáðèäíîãî áåëêà èç
ìåìáðàííîé ôðàêöèè, êîòîðûé âêëþ÷àë â ñåáÿ ýêñòðàêöèþ áåëêà èç êëåòîê
ïðè ïîìîùè äåòåðãåíòà è ìåòàëëîõåëàòíóþ àôôèííóþ õðîìàòîãðàôèþ.
Ãèáðèäíûé áåëîê çàòåì ðàñùåïëÿëñÿ ïðè ïîìîùè SUMO ãèäðîëàçû è BNIP3
âûäåëÿëñÿ ïóòåì àôôèííîé õðîìàòîãðàôèè íà ñìîëå ñ èììîáèëèçîâàííûì
Streptactin è èîíîîáìåííîé õðîìàòîãðàôèè. Ñëåäóÿ ýòîìó ïðîòîêîëó, áûëî
î÷èùåíî íåñêîëüêî ìèëëèãðàìì 15N-ìå÷åííîãî BNIP3. Áåëîê áûë
ñîëþáèëèçèðîâàí â âîäíîì ðàñòâîðå ìèöåëë ÄÔÕ ñ ìîëÿðíûì ñîîòíîøåíèåì
áåëîê/äåòåðãåíò – 1:60. Áûëè ïîëó÷åíû ïðåäâàðèòåëüíûå 15N-HSQC ñïåêòðû
ïðè 40°C äëÿ îáðàçöà, ñîäåðæàùåãî 20 ìM àöåòàòíîãî áóôåðà, 0.15 ìêM
àçèäà íàòðèÿ, 1 ìM ÝÄÒÀ è 5% D2O (pH 5.0). Â ïîëó÷åííîì ßÌÐ ñïåêòðå
íàáëþäàëîñü ïðèìåðíî 70% HN-N êðîññ-ïèêîâ.

TRIP8b IS A NOVEL CLATHRIN-BINDING PROTEIN
Popova N.V., Deyev I.E., Petrenko A.G.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia
E-mail: popova@ibch.ru

Clathrin-mediated endocytosis (CME) is necessary for the transport of lipids
and proteins from the cytoplasmic membrane and Golgi network. In axon terminals,
CME is required for synaptic vesicle recycling after neurotransmitter release. Over
the past decade, numerous protein components of the complex machinery, regulating
CME and the formation of clathrin-coated pits, have been identified. Many of
these proteins have general functions, common to all forms of CME, and are found
in all cell types. However, proteins, expressed in limited cell types, were also
identified that exhibit specific functions.

TRIP8b, a putative cytosolic adapter protein with multiple tetratricopeptide
repeats, was initially identified by us as calcium-independent receptor of latrotoxin
(CIRL)-interacting protein. To understand functional significance of CIRL-TRIP8b
interaction, we further isolated TRIP8b-interacting proteins by affinity
chromatography of brain extracts on immobilized recombinant TRIP8b. Clathrin
and the subunits of AP2 complex appeared to be the major TRIP8b-interacting
proteins. We identified two clathrin binding sites in TRIP8b using N-terminal
GST-fused TRIP8b truncated proteins and multiple point mutants. The fraction of
clathrin-coated vesicles (CCV) was isolated, and TRIP8b was detected in this
fraction with specific antibodies.

Our data suggest a role of TRIP8b in receptor-mediated endocytosis.
This work was financially supported by the Russian Foundation for Basic

Research (grant No. 09-04-01644-à) and Program of Presidium of the Russian
Academy of Sciences "Fundamental Sciences for Medicine".
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ÑÅÐÅÁÐÀ
Ðàäöèã Ì.À., Õìåëü È.À.
Èíñòèòóò ìîëåêóëÿðíîé ãåíåòèêè ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: radzig@yandex.ru
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Àíòèìèêðîáíàÿ àêòèâíîñòü ñîåäèíåíèé ñåðåáðà èçâåñòíà è èñïîëüçóåòñÿ
äëÿ áîðüáû ñ ïàòîãåííûìè ìèêðîîðãàíèçìàìè î÷åíü äàâíî. Â íàñòîÿùåå
âðåìÿ èíòåðåñ ê èñïîëüçîâàíèþ ñåðåáðà, è îñîáåííî â ôîðìå íàíî÷àñòèö
(Í×Ñ), îáóñëîâëåí øèðîêèì ðàñïðîñòðàíåíèåì ôîðì ïàòîãåííûõ áàêòåðèé,
ðåçèñòåíòíûõ ê àíòèáèîòèêàì. Îáúåêòîì äàííûõ èññëåäîâàíèé áûëè èîíû
ñåðåáðà (â ñîñòàâå íèòðàòà ñåðåáðà) è ñòàáèëèçèðîâàííûå Í×Ñ ðàçìåðîì
5 íì. Îïðåäåëåíû ìèíèìàëüíûå èíãèáèðóþùèå êîíöåíòðàöèè ýòèõ
ñîåäèíåíèé äëÿ ãðàìîòðèöàòåëüíûõ áàêòåðèé Escherichia coli K12, Serratia
proteamaculans 94 è Pseudomonas aeruginosa ÐÀO1 è ãðàìïîëîæèòåëüíûõ
áàêòåðèé Staphylococcus aureus è Bacillus subtilis. Èññëåäîâàíî äåéñòâèå
èîíîâ ñåðåáðà è Í×Ñ íà ôîðìèðîâàíèå áèîïëåíîê ãðàìîòðèöàòåëüíûìè
áàêòåðèÿìè, à òàêæå âëèÿíèå Í×Ñ íà äèñïåðñèþ óæå îáðàçîâàííûõ
áèîïëåíîê. Íå íàáëþäàëîñü ðàçëè÷èé â ÷óâñòâèòåëüíîñòè ê èîíàì ñåðåáðà
è Í×Ñ ó øòàììîâ Å. coli äèêîãî òèïà è øòàììîâ, äåôåêòíûõ ïî ýêñöèçèîííîé
ðåïàðàöèè (uvrA, uvrB ìóòàíòû), SOS-ðåïàðàöèè è ðåêîìáèíàöèè (recA, lexA,
recBC, recF, umuÑ ìóòàíòû). Ýòî ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî èõ
àíòèáàêòåðèàëüíîå äåéñòâèå íå ñâÿçàíî ñî çíà÷èòåëüíûìè ïîâðåæäåíèÿìè
ÄÍÊ, êîòîðûå ìîãóò áûòü âîññòàíîâëåíû ïðè ó÷àñòèè èçâåñòíûõ
ðåïàðàòèâíûõ ñèñòåì êëåòêè. Ìóòàíòíûå øòàììû Å. coli, ëèøåííûå ïîðèíîâ
OmpF èëè ÎmðÑ, áûëè â 3-4 ðàçà áîëåå óñòîé÷èâûìè ê èîíàì è íàíî÷àñòèöàì
ñåðåáðà ïî ñðàâíåíèþ ñî øòàììîì äèêîãî òèïà, ÷òî ñâèäåòåëüñòâóåò îá
ó÷àñòèè ïîðèíîâ â òðàíñïîðòå ñîåäèíåíèé ñåðåáðà â êëåòêè áàêòåðèé.
Ïîêàçàíî, ÷òî Quorum Sensing ñèñòåìû íå ó÷àñòâóþò â ðåãóëÿöèè
÷óâñòâèòåëüíîñòè Pseudomonas è Serratia ê èîíàì ñåðåáðà è Í×Ñ.

EXPRESSION AND PURIFICATION OF PRO-APOPTOTIC
PROTEIN BNIP3
Schulga A.A., Pustovalova Yu.E., Tkach E.N., Kirpichnikov M.P.,
Arseniev A.S.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia
E-mail: jul@nmr.ru

Mitochondrial pro-apoptotic protein BNIP3 plays an important role in
hypoxia-induced death of normal and malignant cells. BNIP3 belongs to BH3-only
subfamily of Bcl-2 family but it has atypical mechanism of activity. Cell death
mediated by BNIP3 is independent of cytochrome c release and shows several
characteristics of necrosis. The deeper analysis of BNIP3 activity is problematic
without availability of raw material, containing this protein in big quantities. The
BNIP3 gene was expressed in Escherichia coli directly or as fusion to 3’-end of
SUMO or Mistic genes. The highest expression level was observed in the case of
the SUMO fusion - more than 100 mg/l in rich autioinduction medium. The fusion
protein contains two affinity tags – sequence of six histidins on N-terminus of
SUMO and Streptag II on C-terminus of BNIP3. Bacterial growth at higher
temperatures (about 37°C) is favored to the protein deposition in inclusion bodies,
whereas at lower temperatures (about 13°C) most of the protein is localized in the
bacterial membrane. Minimal autoinduction media were selected for
15N-, 13C-isotope labeling of BNIP3 which give yields of 20 mg/l. The protocol for
the fusion protein purification from the membrane fraction was developed which
includes steps of the protein detergent extraction from bacterial cells and metal-
chelate affinity chromatography. Then fusion protein is digested with the
recombinant SUMO hydrolase and BNIP3 is isolated with Streptactin affinity and
ion-exchange chromatographies. Following this protocol several milligrams of
15N-labeled BNIP3 was isolated. The protein was solubilized in aqueous solution
of DPC micelles prepared with protein/detergent molar ratio of 1:30. Preliminary
15N-HSQC spectrum was acquired at 40°C using 0.4 mM samples of BNIP3 built
in DPC micelles dissolved in solution (pH 5.0) containing 20 mM deuterated sodium
acetate, 0.15 µM sodium azide, 1 mM EDTA and 5% D2O. In this NMR spectrum
70% of HN-N cross-peaks were observed.
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Ïðè ÏÀÀÃ-àíàëèçå áåëêîâîãî ýêñòðàêòà ðåñïèðàòîðíîãî ýïèòåëèÿ êðûñ
íàìè áûëî óñòàíîâëåíî, ÷òî ó æèâîòíûõ ñ èñêóññòâåííî âûçâàííûìè
íåéðîäåãåíåðàòèâíûìè èçìåíåíèÿìè íàáëþäàåòñÿ çíà÷èòåëüíîå óâåëè÷åíèå
ïîëîñû áåëêà ñ êàæóùåéñÿ ýëåêòðîôîðåòè÷åñêîé ïîäâèæíîñòüþ ~43 êÄà.
Ïðèðîäíûé áåëîê áûë âûäåëåí è îïðåäåëåíà åãî ìîëåêóëÿðíàÿ ìàññà –
42986 Äà. Îïðåäåëåíèå N-êîíöåâîé ïîñëåäîâàòåëüíîñòè áåëêà ïî ìåòîäó
Ýäìàíà ïîçâîëèëî óñòàíîâèòü 11 àìèíîêèñëîòíûõ îñòàòêîâ:
YQLMCYYTSWA. Ïðè MALDI-TOF-àíàëèçå òðèïòè÷åñêîãî ãèäðîëèçàòà
áûëî èäåíòèôèöèðîâàíî 14 ïåïòèäîâ, ïðàêòè÷åñêè ïåðåêðûâàþùèõ
ïîñëåäîâàòåëüíîñòü áåëêà. Ðàñ÷åòíàÿ ìîëåêóëÿðíàÿ ìàññà áåëêà, ñîñòîÿùåãî
èç 380 à.î., ñîñòàâëÿëà 42949,29 Äà, ðàñ÷åòíàÿ èçîýëåêòðè÷åñêàÿ òî÷êà – 5,36.

Íàèáîëåå áëèçêîé ïî ñòðóêòóðå ê îáíàðóæåííîìó áåëêó ÿâëÿåòñÿ
ïîñëåäîâàòåëüíîñòü ãèïîòåòè÷åñêîãî áåëêà ñhitinase 3-like protein 3 precursor
(Secretory protein YM-1, NCBI: LOCUS XP_227567), âêëþ÷àþùàÿ 424 à.î.
Áåëîê YM-1 îòíîñèòñÿ ê ñåìåéñòâó 18 ãëèêîãèäðîëàç (õèòèíàçîïîäîáíûõ
áåëêîâ CLPs), îäíàêî, áîëüøèíñòâî ïðåäñòàâèòåëåé ýòîãî ñåìåéñòâà íå
îáëàäàþò ôåðìåíòàòèâíîé àêòèâíîñòüþ, íî ñïîñîáíû ñâÿçûâàòüñÿ ñ
êàðáîãèäðàòíûìè ïîëèìåðàìè è ðàñïîçíàâàòü ìèêðîîðãàíèçìû, ñîäåðæàùèå
õèòèí â êëåòî÷íîé ñòåíêå. Ðàíåå áûëî äîêàçàíî, ÷òî ðàçâèòèå ìíîãèõ âèäîâ
T-õåëïåð-2-çàâèñèìûõ âîñïàëèòåëüíûõ è àëëåðãè÷åñêèõ çàáîëåâàíèé,
ïðîèñõîäÿùèõ ñ îïîñðåäîâàííûì ó÷àñòèåì Il-4 èëè Il-13, ñâÿçàíî ñ
íàêîïëåíèåì â ñëèçèñòûõ îáîëî÷êàõ òåõ èëè èíûõ ïðåäñòàâèòåëåé CLPs (â
òîì ÷èñëå è YM-1).

Ïîëó÷åíà êîíñòðóêöèÿ, êîòîðàÿ îáåñïå÷èâàåò ïðîäóêöèþ
ðåêîìáèíàíòíîãî àíàëîãà YM-1 â êëåòêàõ E.coli.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ïðîãðàììû
ôóíäàìåíòàëüíûõ èññëåäîâàíèé Ïðåçèäèóìà ÐÀÍ "Ìîëåêóëÿðíàÿ è
êëåòî÷íàÿ áèîëîãèÿ" (ãðàíò ¹ 200101).

ANTIBACTERIAL EFFECTS OF SILVER IONS AND SILVER
NANOPARTICLES
Radzig M.A., Khmel I.A.
Institute of Molecular Genetics RAS, Moscow, Russia
E-mail: radzig@yandex.ru
Fax: (499) 196-02-21; tel.: (499) 196-00-16

Antimicrobial activity of silver compounds is well known and used against
pathogenic microorganisms long ago. Current interest in using silver, and especially
in the form of nanoparticles (SNP), results from a wide spread of pathogenic bacteria
resistant to antibiotics. The subjects of our investigations were silver ions (entering
into the composition of silver nitrate) and stabilized SNPs of size 5 nm. Minimal
inhibiting concentrations of these compounds for gram-negative bacteria
Escherichia coli K12, Serratia proteamaculans 94, and Pseudomonas aeruginosa
PAOl, and for gram-positive bacteria Staphylococcus aureus and Bacillus subtilis
were determined. Action of silver ions and SNPs on the biofilm formation by
gram-negative bacteria has been investigated along with the SNP action on
dispersion of already formed biofilms. Wild-type E. coli strains and the strains
deficient in excision repair (uvrA, uvrB mutants), SOS-repair or recombination
(recA, lexA, recBC, recF, umuC mutants) did not differ in their sensitivity to silver.
This implies that the bacteria sensitivity to silver does not depend on DNA lesions
which could be restored with the assistance of known cell's repair and recombination
systems. E. coli mutant strains deficient in OmpF or OmpC porins were 3-4-fold
more resistant to silver ions and SNPs when compared to the wild-type strains; it
indicates that porins take part in transport of silver compounds into bacteria cells.
We showed that Quorum Sensing systems have not taken part in the control of
sensitivity / resistance of Pseudomonas and Serratia to silver compounds.
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Èíãèáèòîðû ïðîòåèíàç òèïà Êóíèòöà èç êëóáíåé êàðòîôåëÿ îòíîñÿò ê
ñóïåðñåìåéñòâó ñîåâîãî èíãèáèòîðà òðèïñèíà Êóíèòöà, âêëþ÷àþùåìó
ðàñòèòåëüíûå èíãèáèòîðû ïðîòåèíàç, âñòðå÷àþùèåñÿ â ñåìåíàõ è
çàïàñàþùèõ îðãàíàõ ðàñòåíèé ðàçëè÷íûõ ñèñòåìàòè÷åñêèõ ãðóïï, è âûäåëÿþò
â ïîäñåìåéñòâî, îáîçíà÷åííîå êàê PKPI (potato Kunitz-type protease inhibitors).
Íà îñíîâàíèè ñòðóêòóðû N-êîíöåâûõ àìèíîêèñëîòíûõ ïîñëåäîâàòåëüíîñòåé
ñðåäè áåëêîâ PKPI âûäåëÿþò òðè ñòðóêòóðíûå ãðóïïû: PKPI-A, PKPI-B è
PKPI-C.

Èç êëóáíåé êàðòîôåëÿ ñîðòà Èñòðèíñêèé áûëè âûäåëåíû äâà áåëêà
èíãèáèòîðà ñ ìîëåêóëÿðíûìè ìàññàìè 21 è 22 êÄà, îáîçíà÷åííûå PKSI
(potato Kunitz-type subtilisin inhibitor) è PKTI-22 (potato Kunitz-type trypsin
inhibitor), ñîîòâåòñòâåííî. Áåëîê PKSI ýôôåêòèâíî ïîäàâëÿë àêòèâíîñòü
ñóáòèëèçèíà Êàðëñáåðã (Êi = 1,67 íÌ), íî íå äåéñòâîâàë íà òðèïñèí,
õèìîòðèïñèí è öèñòåèíîâóþ ïðîòåèíàçó – ïàïàèí. Áåëîê PKTI-22 ïðîÿâëÿë
ñåáÿ êàê ýôôåêòèâíûé èíãèáèòîð òðèïñèíà (Êi = 2,06 íÌ), ñëàáî äåéñòâîâàë
íà õèìîòðèïñèí è íå ïîäàâëÿë àêòèâíîñòü ñóáòèëèçèíà Êàðëñáåðã. Êðîìå
òîãî, áåëîê PKTI-22 íå òîëüêî ïîäàâëÿë ïðîðàñòàíèå ãèô, íî è óñêîðÿë
ðàçðóøåíèå ìàêðîêîíèäèé ãðèáà Fusarium culmorum.

Îïðåäåëåíû N-êîíöåâûå àìèíîêèñëîòíûå ïîñëåäîâàòåëüíîñòè îáîèõ
áåëêîâ-èíãèáèòîðîâ, ñîäåðæàùèå 19(20) àìèíîêèñëîòíûõ îñòàòêîâ. Èõ
àíàëèç ïîçâîëèë ïðåäïîëîæèòü, ÷òî áåëîê PKSI êîäèðóåòñÿ ãåíîì PKPI-C2,
à PKTI-22 – ãåíîì PKPI-B10. Â ðåçóëüòàòå ãåòåðîëîãè÷íîé ýêñïðåññèè ãåíîâ
PKPI-C2 è PKPI-B10 â êëåòêàõ Escherichia coli áûëè ïîëó÷åíû è î÷èùåíû
äî ãîìîãåííîñòè ðåêîìáèíàíòíûå áåëêè PKPI-C2 è PKPI-B10. Àíàëèç
ñòðóêòóðû è ñâîéñòâ ýòèõ áåëêîâ ïîêàçàë, ÷òî ïåðâûé èç íèõ èäåíòè÷åí áåëêó
PKSI, à âòîðîé – PKTI-22. Ýòè äàííûå ïîäòâåðæäàþò ïðåäïîëîæåíèå î òîì,
÷òî ãåíû PKPI-C2 è PKPI-B10 àêòèâèðóþòñÿ ïðè ñîçðåâàíèè êëóáíåé
êàðòîôåëÿ. Âîçìîæíî, áåëêè, êîäèðóåìûå ýòèìè ãåíàìè, âêëþ÷åíû â ñèñòåìó
çàùèòû ðàñòåíèÿ êàðòîôåëÿ îò ïîðàæåíèÿ ôèòîïàòîãåííûìè
ìèêðîîðãàíèçìàìè.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà
ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ïðîåêò ¹ 07-04-00254).

NOVEL PROTEIN FROM RAT OLFACTORY EPITHELIUM
EXPRESSING IN PATHOPHYSIOLOGICAL CONDITIONS
Radchenko V.V., Ilnitskaya E.V., Tretyakov V.E.*, Storozheva Z.I.**,
Shuvaeva T.M., Lipkin V.M.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: radchenko@mail.ibch.ru
Fax: (495) 335-71-03
*Research Institute of Physicochemical Medicine, Ministry of Health and Social
Development of the Russian Federation, Moscow, Russia
**Anokhin Institute of Normal Physiology RAMS, Moscow, Russia

Upon SDS-PAGE analysis of rat olfactory epithelium protein extract we have
established that in the animals with artificially induced neurodegenerative changes
considerable increase of protein band with molecular mass ~43 kDa have been
observed. Natural protein was separated and its molecular mass was fixed as 42986
Da. The N-terminal protein sequence determination using Edman degradation
allowed to establish 11 amino acid residues: YQLMCYYTSWA. MALDI-TOF-
analysis of tryptic hydrolyzate identified 14 peptides almost overlapped protein
sequence. Calculated molecular mass of the protein, consisted of 380 amino acid
residues was 42949,29 Da, Ip – 5,36.

Most close to found protein in structure the sequence is of the hypotetical
protein Chitinase 3-like protein 3 precursor (Secretory protein YM-1, NCBI:
LOCUS  XP_227567), including 391 amino acid residues. Protein YM-1 belongs
to the family 18 of glycohydrolase (chitinase-like proteins, CLPs), however almost
all members of this family  have no demonstrated enzyme activity, but they are
able to bind to carbohydrate polymers and to recognize microorganisms that bear
chitin molecules on their cell walls. Earlier, it was proved that the development of
many T-helper 2-dependent inflammatory and allergic diseases, induced by Il-4 or
Il-13, is associated with accumulation of CLPs (including YM-1) in mucus
epithelium.

The construction providing the production of recombinant YM-1 in E. coli
cells was designed.

This work was supported by the grant Molecular and Cellular Biology
(N 200101).
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ÏÎËÓ×ÅÍÈÅ ÀÍÒÈÒÅËÎÏÎÄÎÁÍÛÕ ÐÅÊÎÌÁÈÍÀÍÒÍÛÕ
ÁÅËÊÎÂ Ê ÃÀÏÎÍÈÍÓ ÌËÅÊÎÏÈÒÀÞÙÈÕ
Ðîäèîíîâà À.Ñ., Ðàä÷åíêî Â.Â., Êîñòàíÿí È.À., Ñóðèíà Å.À.,
Ëèïêèí Â.Ì.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: radchenko@mail.ibch.ru

Â êëåòêàõ ëèíèè HL-60 íàìè áûë îáíàðóæåí íîâûé áåëîê ãàïîíèí,
èìåþùèé, êàê îêàçàëîñü, çíà÷èòåëüíóþ ñòðóêòóðíóþ ãîìîëîãèþ ñ
ýóêàðèîòè÷åñêèì ôàêòîðîì èíèöèàöèè òðàíñëÿöèè eIF1A (82,9%). Â
íàñòîÿùåå âðåìÿ ïðîâîäÿòñÿ èíòåíñèâíûå ñòðóêòóðíî-ôóíêöèîíàëüíûå
èññëåäîâàíèÿ ýòîãî áåëêà. Äëÿ âûÿñíåíèÿ òêàíåâîé è âíóòðèêëåòî÷íîé
ëîêàëèçàöèé ãàïîíèíà íåîáõîäèìî íàëè÷èå âûñîêîñïåöèôè÷íûõ àíòèòåë.
Îäíàêî, çíà÷èòåëüíàÿ ãîìîëîãèÿ ãàïîíèíà è eIF1A äåëàåò ìàëîýôôåêòèâíûì
èñïîëüçîâàíèå ïîëèêëîíàëüíûõ àíòèòåë, à ïîëó÷åíèå ñïåöèôè÷åñêèõ
ìîíîêëîíàëüíûõ – ñëîæíûé, äëèòåëüíûé è äîðîãîñòîÿùèé ïðîöåññ.

Íàìè ïðèìåíåí ñîâðåìåííûé ïîäõîä, çàêëþ÷àþùèéñÿ â òîì, ÷òî íà áàçå
àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè âàðèàáåëüíîé ÷àñòè àíòèòåë
àâñòðàëèéñêîé êîâðîâîé àêóëû áûëè ñêîíñòðóèðîâàíû àíòèòåëîïîäîáíûå
ðåêîìáèíàíòíûå áåëêè (ÀÏÐÁ), ñïîñîáíûå ñïåöèôè÷åñêè âçàèìîäåéñòâîâàòü
ñî ñòðîãî îïðåäåë¸ííûì ó÷àñòêîì ïîñëåäîâàòåëüíîñòè ãàïîíèíà. Â êà÷åñòâå
ìîäåëüíîé àíòèãåííîé äåòåðìèíàíòû âûáðàí èììóíîãåííûé ó÷àñòîê
ïîñëåäîâàòåëüíîñòè ãàïîíèíà 43TAQGQRF49. Ìàòåìàòè÷åñêèå ðàñ÷¸òû
ïîçâîëèëè ïîëó÷èòü íåñêîëüêî âàðèàíòîâ àìèíîêèñëîòíîé
ïîñëåäîâàòåëüíîñòè ãèïåðâàðèàáåëüíûõ ó÷àñòêîâ (CDR – complementarity
determining regions) âàðèàáåëüíîé îáëàñòè ÀÏÐÁ, ôîðìèðóþùèõ
àíòèãåíñâÿçûâàþùèé öåíòð. Â ïðîêàðèîòè÷åñêîé ñèñòåìå ýêñïðåññèè
ïîëó÷åíû äâà âàðèàíòà õèìåðíûõ ÀÏÐÁ, ñîñòîÿùèå èç ïîñëåäîâàòåëüíî
ñîåäèí¸ííûõ: âàðèàáåëüíîé ÷àñòè àíòèòåë àêóëû ñ ðàññ÷èòàííûìè CDR,
äèìåðèçóþùåãî ïåïòèäà, ïîñëåäîâàòåëüíîñòè GFP è KI-ïåïòèäà,
îáåñïå÷èâàþùåãî êàëüöèåâóþ ïðåöèïèòàöèþ ÀÏÐÁ. Ñïåöèôè÷íîå
âçàèìîäåéñòâèå îáîèõ ÀÏÐÁ ñ ïðèðîäíûì è ðåêîìáèíàíòíûì ãàïîíèíàìè
êðûñû è ÷åëîâåêà áûëî èññëåäîâàíî â ýêñïåðèìåíòàõ ñ èñïîëüçîâàíèåì äîò-
áëîòà, Âåñòåðí-áëîòà è ELISA.

Ðàáîòà ïîääåðæàíà ãðàíòîì Ïðåçèäèóìà ÐÀÍ "Ìîëåêóëÿðíàÿ è
êëåòî÷íàÿ áèîëîãèÿ" (¹ 200101).

SPECIFIC PROTEASE INHIBITORS FROM POTATO TUBERS
AND THEIR GENES
Revina T.A., Kladnitskaya G.V., Gvozdeva E.L., Parfenov I.A., Valueva T.A.
Bach Institute of Biochemistry RAS, Moscow, Russia
E-mail: valueva@inbi.ras.ru
Fax: (495) 954-27-32; tel.: (495) 952-13-84

Some inhibitors from potato tubers are believed to be members of the Kunitz-
type soybean trypsin inhibitor super family on the basis of their primary structures.
The plant proteins, members of this super family were found in seeds and storage
organs of different systematic group plants. Potato inhibitors are combined into a
subfamily denoted as PKPI (potato Kunitz-type protease inhibitors). The proteins
of the PKPI family can be classified into three structural groups, namely, PKPI-A,
PKPI-B and PKPI-C, on the basis of the homology of their N-terminal amino acid
sequences.

Two protein inhibitors have been isolated from potato tubers (Solanum
tuberosum L. cv. Istrinskii). One of them denoted as PKSI (potato Kunitz-type
subtilisin inhibitor) tightly inhibited subtilisin Karlsberg (Êi = 1,67 íÌ), whereas
it did not interact with trypsin, chymotrypsin and papain (plant cysteine protease).
The second protein denoted as PKTI-22 (potato Kunitz-type trypsin inhibitor)
tightly inhibited trypsin (Êi = 2,06 íÌ), whereas its interaction with chymotrypsin
is substantially weaker. The PKTI-22 did not act on subtilisin. Besides, PKTI-22
suppressed the mycelium grown of fungi Fusarium culmorum. It induced the
destruction of fungal macroconidias.

N-Terminal amino acid sequences consisted 19 or 20 residues of both proteins
were been determined. Analysis of these sequences was shown that PKSI and
PKTI-22 are very likely encoded by PKPI-C2 and PKPI-B10 genes respectively.
The recombinant proteins have been obtained by heterological expression of genes
PKPI-C2 and PKPI-B10 in Escherichia coli. They were been purified additionally.
The analysis of their structures and properties is shown that the recombinant protein
PKPI-C2 is identical to PKSI, but the protein PKPI-B10 – PKTI-22. Our results
suggest that genes PKPI-C2 and PKPI-B10 are activated during potato tuber
maturing. Perhaps proteins encoded by these genes are involved in the protection
of potato plants from phytopathogenic microorganisms.

This work was supported by the Russian Foundation for Basic Research,
project no. 07-04-00254).
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Áîòóëèçì – çàáîëåâàíèå, âûçûâàåìîå ñàìûìè òîêñè÷íûìè èç âñåõ
èçâåñòíûõ âåùåñòâ, áîòóëèíè÷åñêèìè íåéðîòîêñèíàìè. Áîòóëèíè÷åñêèå
íåéðîòîêñèíû ñåêðåòèðóþòñÿ ñïîðîîáðàçóþùèìè îáëèãàòíûìè
àíàýðîáíûìè ìèêðîîðãàíèçìàìè Clostridium botulinum. Çàáîëåâàíèÿ ëþäåé
áîòóëèçìîì ìîãóò áûòü âûçâàíû ïèùåâûìè îòðàâëåíèÿìè, ïîïàäàíèåì
èíôåêöèè â îðãàíèçì ÷åðåç ïîâðåæäåííûå êîæíûå ïîêðîâû (òðàâìàòè÷åñêèé
áîòóëèçì), èçâåñòíû òàêæå ñëó÷àè ìëàäåí÷åñêîãî áîòóëèçìà. Áîòóëèíè÷åñêèå
íåéðîòîêñèíû â ñâÿçè ñ èõ ýêñòðåìàëüíîé òîêñè÷íîñòüþ êâàëèôèöèðóþòñÿ
êàê àãåíòû áèîòåððîðèñòè÷åñêîé óãðîçû ïåðâîñòåïåííîé îïàñíîñòè íàðÿäó
ñ ñèáèðñêîé ÿçâîé, ÷óìîé, âèðóñíûìè ãåìîððàãè÷åñêèìè ëèõîðàäêàìè è äð.
Óãðîçà áèîòåððîðèçìà ñòàëà îñîáåííî àêòóàëüíîé â ïîñëåäíèå ãîäû,
äîñòàòî÷íî âñïîìíèòü î ïîïûòêå ïðèìåíåíèÿ äàííûõ òîêñèíîâ äëÿ ìàññîâîãî
îòðàâëåíèÿ ÿïîíñêîé ñåêòîé Aum Shinrikyo.

Áîòóëèíè÷åñêèå íåéðîòîêñèíû ñåðîëîãè÷åñêè ïîäðàçäåëÿþòñÿ íà
ãðóïïû A,B,C,D,E,F è G, äëÿ ÷åëîâåêà óãðîçó ïðåäñòàâëÿþò òîêñèíû
ñåðîòèïîâ A, B, E è F. Ïèùåâûå îòðàâëåíèÿ íàèáîëåå ÷àñòî ñâÿçàíû ñ
ñåðîòèïàìè À è Â. Áîòóëèíè÷åñêèå íåéðîòîêñèíû îáðàçóþò ñòàáèëüíûå
êîìïëåêñû ñ äðóãèìè áåëêàìè (â îñíîâíîì, ãåìàããëþòèíèíàìè), ñ êîòîðûìè
îíè ñâÿçàíû íåêîâàëåíòíûìè ñâÿçÿìè. Êîìïëåêñîîáðàçîâàíèå çàùèùàåò
áîòóëîòîêñèíû îò àãðåññèâíîé ñðåäû æåëóäêà ïðè ïèùåâîé èíòîêñèêàöèè è
óâåëè÷èâàåò èõ âðåìÿ æèçíè â êðîâîòîêå, à âîçìîæíî, è óñèëèâàåò ñðîäñòâî
ê ïðåñèíàïòè÷åñêèì ìåìáðàíàì íåéðîíîâ, òåì ñàìûì çíà÷èòåëüíî ñíèæàÿ
ëåòàëüíóþ äîçó òîêñèíà ïðè îðàëüíîì è ïàðåíòåðàëüíîì ñïîñîáàõ ââåäåíèÿ.

Ïðîáëåìà ðàçðàáîòêè âûñîêî÷óâñòâèòåëüíûõ ýêñïðåññ-ìåòîäîâ
äèàãíîñòèêè áîòóëèíè÷åñêèõ òîêñèíîâ îñòàåòñÿ àêòóàëüíîé â íàñòîÿùåå
âðåìÿ. Íàìè ïîëó÷åíà è îõàðàêòåðèçîâàíà ïàíåëü ìîíîêëîíàëüíûõ àíòèòåë
ïðîòèâ áîòóëèíè÷åñêèõ íåéðîòîêñèíîâ òèïîâ A, B, Å è F, ñïîñîáíûõ
ñïåöèôè÷íî âçàèìîäåéñòâîâàòü ñ ñîîòâåòñòâóþùèìè òîêñèíàìè â ñîñòàâå
òîêñè÷åñêèõ êîìïëåêñîâ. Íà îñíîâå ïîëó÷åííûõ àíòèòåë ðàçðàáîòàíû òåñò-
ñèñòåìû äëÿ äåòåêöèè áîòóëèíè÷åñêèõ òîêñèíîâ â âàðèàíòå "ñýíäâè÷"-ÈÔÀ
ñ ïðåäåëîì äåòåêöèè îêîëî 1 íã/ìë. Ïîêàçàíî, ÷òî ïîëó÷åííûå
ìîíîêëîíàëüíûå àíòèòåëà ìîãóò òàêæå ïðèìåíÿòüñÿ äëÿ îäíîâðåìåííîãî
àíàëèçà íåñêîëüêèõ òîêñèíîâ â ôîðìàòå áèîëîãè÷åñêèõ ìèêðî÷èïîâ.

GENERATION OF THE RECOMBINANT ANTIBODY LIKE
PROTEINS TO THE MAMMALIAN HAPONIN
Rodionova A.S., Radchenko V.V., Kostanyan I.A., Surina E.A., Lipkin V.M.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: radchenko@mail.ibch.ru
Fax: (495) 335-71-03

In the HL-60 cells, we have found a new protein haponin. It turns out that
haponin has a significant structural homology with the eukaryotic translation
initiation factor  eIF1A (82,9%). At present, the intensive structural-functional
investigations of this protein are being carried out. To elucidate tissue and
intracellular localization of haponin the availability is necessary of the high-specific
antibodies. However the essential homology of the haponin with eIF1A makes
inefficient the using of the polyclonal antibodies, but obtaining of the specific
monoclonal antibodies is complex, long-term and expensive.

We have used a modern approach consisting in designing of the recombinant
antibody like proteins (RALP) on the base of the amino acid sequence of the
Australian carpet shark antibodies variable region. RALP are able to bind
specifically to strongly defined sequence region of the haponin. Immunogenic
region 43TAQGQRF49 of the haponin sequence was chosen as a model antigenic
determinant. Mathematical calculations allowed obtaining several variants of the
amino acid sequences of complementarity determining regions (CDR) of the
variable region of the RALP, which form antigen-binding site. In prokariotic
expression system, two variants of the chimeric RALP were designed consisting
of connected in series the shark antibodies variable region with calculated CDR,
dimeric peptide, GFP sequence and KI-peptide providing Ca-precipitation of the
RALP. Specific binding of both of the RALP to natural and recombinant rat and
human haponin was investigated with dot-blot, Western-blot and ELISA.

This work was supported by the grant of Presidium of RAS "Molecular and
Cellular Biology" (N 200101).
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Òðàíñãåííûå ðàñòåíèÿ ÿâëÿþòñÿ ïåðñïåêòèâíûìè îáúåêòàìè äëÿ
ïîëó÷åíèÿ äåøåâûõ è áåçîïàñíûõ âàêöèí ïî ñðàâíåíèþ ñ èõ òðàäèöèîííûìè
èñòî÷íèêàìè. Ðàñòåíèÿ êàê ïîòåíöèàëüíûå ïðîäóöåíòû âàêöèí èìåþò
ïðåèìóùåñòâî ïåðåä áàêòåðèÿìè, íå èìåþùèìè ñèñòåì ýóêàðèîòè÷åñêîé
ïîñòñèíòåòè÷åñêîé ìîäèôèêàöèè áåëêîâ. Ýêñïðåññèÿ ãåíîâ òàêèõ áåëêîâ â
ðàñòåíèÿõ ïîçâîëÿåò îñóùåñòâèòü â ðàñòèòåëüíîé êëåòêå ïîëíîöåííûé ñèíòåç
öåëåâûõ àíòèãåíîâ, ñïîñîáíûõ âûçûâàòü àêòèâíûé èììóííûé îòâåò.

Ñ öåëüþ ìàêñèìàëüíîé ýêñïðåññèè ãåíà ïîâåðõíîñòíîãî àíòèãåíà âèðóñà
ãåïàòèòà Â (HBsAg) ïðîâåäåíî èçìåíåíèå åãî ïåðâè÷íîé ñòðóêòóðû ñ ó÷åòîì
÷àñòîòû âñòðå÷àåìîñòè êîäîíîâ â ãåíàõ ðàñòåíèé. Ñèíòåçèðîâàííûé ãåí
HBsAg âñòðîåí ïîä êîíòðîëü ñèëüíîãî ïðîìîòîðà ñ äâîéíûì ýíõàíñåðîì
35S ÐÍÊ âèðóñà ìîçàèêè öâåòíîé êàïóñòû (CaMV 35S). Ãåíåòè÷åñêèå
êîíñòðóêöèè ïåðåíåñåíû â øòàìì Agrobacterium tumefaciens GV3101
(pMP90RK) ìåòîäîì ïðÿìîé òðàíñôîðìàöèè. Ýòè øòàììû èñïîëüçîâàëè äëÿ
çàðàæåíèÿ ëèñòîâûõ ýêñïëàíòîâ òàáàêà. Ðåãåíåðàíòû òðàíñãåííûõ ðàñòåíèé
áóäóò ïîäâåðãíóòû â äàëüíåéøåì ìîëåêóëÿðíî-áèîëîãè÷åñêîìó è
áèîõèìè÷åñêîìó àíàëèçàì.

Ñîçäàíû ãåíåòè÷åñêèå êîíñòðóêöèè, ñîäåðæàùèå ãåí HBsAg ïîä
êîíòðîëåì ïðîìîòîðà 35S ÐÍÊ âèðóñà ìîçàèêè öâåòíîé êàïóñòû (CaMV 35S)
ñ íåñêîëüêèìè ýíõàíñåðàìè, ÷òî äîëæíî ìíîãîêðàòíî óâåëè÷èòü ñèíòåç
ðåêîìáèíàíòíîãî áåëêà HBsAg â êëåòêàõ òðàíñãåííûõ ðàñòåíèé ïî ñðàâíåíèþ
ñ ðàíåå èñïîëüçîâàííûìè êîíñòðóêöèÿìè.

Äëÿ ïîëó÷åíèÿ áåçìàðêåðíûõ òðàíñãåííûõ ðàñòåíèé, ýêñïðåññèðóþùèõ
ãåí ïîâåðõíîñòíîãî àíòèãåíà âèðóñà ãåïàòèòà Â (HBsAg) áåç äîïîëíèòåëüíûõ
ñåëåêòèâíûõ ãåíîâ èëè ãåíîâ-ðåïîðòåðîâ, ïîëó÷åí ðåêîìáèíàíòíûé âåêòîð
pBM áåç òàêèõ ìàðêåðíûõ ãåíîâ è â íåì êëîíèðîâàí ãåí HBsAg. Äëÿ îòáîðà
òðàíñãåííûõ ðàñòåíèé ñ ãåíîì HBsAg ïðèìåíÿëè ìåòîä èììóíîôåðìåíòíîãî
àíàëèçà. Ïîëó÷åíî 15 ëèíèé òðàíñãåííûõ ðàñòåíèé òàáàêà è 10 ëèíèé òîìàòà
áåç ñåëåêòèâíûõ ìàðêåðîâ, ñèíòåçèðóþùèõ àíòèãåí íà óðîâíå 0.01-0.05%
îò îáùåãî ðàñòâîðèìîãî áåëêà. Ðàçðàáîòàííûé ìåòîä îòáîðà áåçìàðêåðíûõ
òðàíñôîðìàíòîâ ìîæåò èñïîëüçîâàòüñÿ â îáùåé ñòðàòåãèè ïîëó÷åíèÿ
áåçîïàñíûõ ðàñòåíèé áåç ñåëåêòèâíûõ ìàðêåðîâ.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ãðàíòàìè ÐÔÔÈ ¹ 08-
08-00328 è 08-08-90014.

DEVELOPMENT OF A MONOCLONAL ANTIBODY-BASED TEST
SYSTEM FOR THE DETECTION OF BOTULIN TOXINS TYPE A,
B, E, AND F
Abbasova S.G., Rudenko N.V., Shuvalova O.P., Vinogradova I.I.*,
Vertiev Yu.V.*, Nesmeyanov V.A.**, Grishin E.V.**
Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
*Gamaleya Institute of Epidemiology and Microbiology RAMS, Moscow,
Russia
**Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: svetlanaabbasova@rambler.ru

Botulism is a disease caused by one of the most toxic known substances -
botulin neurotoxins. The neurotoxins are secreted by the microorganism
Clostridium botulinum, an obligate anaerobic, Gram positive, spore-forming
bacteria. The disease in human can be:  food borne; induced by trauma when a
wound is infected with C. botulinum; or, can occur in infants because of ingesting
the spores. The neurotoxins owing to their extreme toxicity are classified as a top-
rank bioterrorist threat, along with such agents as anthrax, plague, viral
haemorrhagic fevers, and some others. A bioterrorism attack has become a real
threat these days, as exemplified by a recent attempt of mass poisoning with the
botulism neurotoxins by the Japanese Aum Shinrikyo sect.

There are seven serologically distinct toxin types, A, B, C, D, E, F, and G, of
which only types A, B, E, and F are dangerous to humans. Food borne poisoning
is most often caused by the botulin neurotoxins A and B. The neurotoxins form
stable non-covalent complexes with other proteins, mostly hemagglutinins. The
formation of such complexes protects the toxins from aggressive milieu of the
digestive system and extends their blood circulation time, and possibly increases
their affinity toward post-synaptic neuron membranes thus significantly diminishing
the oral and parenteral lethal doses of the toxins.

The highly sensitive detection of the botulin toxins remains a challenging
task. We have obtained and characterized a panel of monoclonal antibodies against
the neurotoxins type A, B, E, and F, which are capable of specific interactions with
each of these toxins in the toxic complexes. Test systems based upon these
antibodies have been developed that detect botulin toxins employing sandwich
ELISA with the detection limit about 1 ng/ml. The monoclonal antibodies are
shown to be also suitable for simultaneous detection of several toxins in bio-
microchip format assays.
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ÄÐOÏÏÀ ÍÀ ÑÈÍÒÅÇ ÁÅËÊÀ Â ÆÈÂÎÒÍÛÕ ÊËÅÒÊÀÕ
Ñàèòìóðàòîâà Î.Õ., Íàçàðîâ Ò.À.*
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêà À.Ñ. Ñàäûêîâà, ÀÍ ÐÓç,
Òàøêåíò, Óçáåêèñòàí
E-mail: ibchem@uzci.net
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*Òàøêåíòñêèé ïåäèàòðè÷åñêèé ìåäèöèíñêèé èíñòèòóò, Òàøêåíò,
Óçáåêèñòàí

Èçâåñòíî, ÷òî ÿäîõèìèêàòû, ïðèìåíÿåìûå â ñåëüñêîì õîçÿéñòâå,
îêàçûâàþò âîçäåéñòâèå íà áèîõèìè÷åñêèå ïðîöåññû â êëåòêàõ è òêàíÿõ
ðàñòåíèé. Ýòè ïðîöåññû èçó÷åíû íåäîñòàòî÷íî. Ñðåäè ÿäîõèìèêàòîâ äðîïï
ÿâëÿåòñÿ íàèìåíåå òîêñè÷íûì, ïðèìåíÿåòñÿ â êà÷åñòâå äåôîëèàíòà
õëîï÷àòíèêà  ñðåäíåâîëîêíèñòûõ è òîíêîâîëîêíèñòûõ ñîðòîâ ñ íîðìîé
ðàñõîäà 0,3-0,7 êã/ãà.

Â íàñòîÿùåé ðàáîòå èçó÷åíî âëèÿíèå äðîïïà íà ñèíòåç áåëêà â êëåòêàõ
ðàçíûõ îðãàíîâ êðûñ. Äëÿ ýêñïåðèìåíòà èñïîëüçîâàëè 14Ñ äðîïï ñ óä.
àêòèâíîñòüþ 1µÑi, êîòîðûé âíîñèëè â èíêóáàöèîííóþ ñðåäó. Ïîñëå
èíêóáàöèè ìå÷åíûå áåëêè îñàæäàëè, ïðîìûâàëè, âûñóøèâàëè è èçìåðÿëè
ðàäèîàêòèâíîñòü íà β-ñ÷åò÷èêå. Ñèíòåç áåëêà îïðåäåëÿëè ïî âêëþ÷åíèþ
ìå÷åíûõ àìèíîêèñëîò â òå÷åíèå 24 è 72 ÷àñîâ ïîñëå âíåñåíèÿ â
èíêóáàöèîííóþ ñðåäó ïðåïàðàòà. Óñòàíîâëåíî, ÷òî ÷åðåç ñóòêè ñèíòåç áåëêà
â æåëóäêå êðûñ ñíèæàåòñÿ íà 32%, à ÷åðåç 72 ÷àñà – íà 66% ïî ñðàâíåíèþ ñ
íîðìîé. Ïîñëå 24 ÷àñîâ ñèíòåç áåëêà â ïå÷åíè ñíèæàåòñÿ íà 14%, ÷åðåç 72
÷àñà – íà 45%; â 12-ïåðñòíîé êèøêå ÷åðåç 24 ÷àñà – íà 39%, ÷åðåç 72 ÷àñà –
íà 48% ïî ñðàâíåíèþ ñ êîíòðîëåì. Ñëåäîâàòåëüíî, ñèíòåç áåëêà íàèáîëåå
èíòåíñèâíî ïðîèñõîäèò â æåëóäêå, 12- ïåðñòíîé êèøêå è ïå÷åíè. Äðîïï ÷åðåç
êîðîòêîå âðåìÿ âûâîäèòñÿ èç îðãàíèçìà.

Òàêèì îáðàçîì, äðîïï êàê è äðóãèå ðàíåå ïðîâåðåííûå ïðåïàðàòû
(Õàðâåéä F 25, àëüôà ñóìè) ïîäàâëÿåò ñèíòåç îáùåãî áåëêà â æåëóäêå,
12-ïåðñòíîé êèøêå è â ïå÷åíè, ÷òî ïîäòâåðæäàåò íèçêóþ òîêñè÷íîñòü äàííîãî
ïðåïàðàòà.

OPTIMIZATION OF HBsAg SYNTHESIS IN TRANSGENIC PLANT
CELLS
Rukavtsova E.B., Chebotareva E.N., Buryanov Ya.I.
Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
E-mail: ruk@fibkh.serpukhov.su

Transgenic plants are promising for the production of inexpensive and safe
vaccines compared to traditional producers. Plant cells have enzymatic systems of
post-translational modifications that are required for the assembling of the
synthesized monomeric vaccine polymers into immunogenic multimeric forms.
Gene expression of such proteins in plants allows the full synthesis of target antigens
able to induce an active immune response in a plant cell.

Synthesis of HBsAg gene according to frequency of codon usage in plants
was carried for enhance of HBs-antigen expression in cells of transgenic plants.
The synthesized gene was cloned under the control of strong virus promoter with
double enhancer on the base of 35S RNA cauliflower mosaic virus promoter (CaMV
35S). Genetic constructions were transferred into Agrobacterium tumefaciens
GV3101 (pMP90RK) strain by a method of direct transformation. Received
agrobacterial strains used for infection of leaf explants of tobacco. Obtained
regenerants will be subjected to the molecular biologial and biochemical analysis.

Genetic constructions with HBsAg gene under the control of CaMV 35S
promoter with few enhancers were obtained. This should increase the protein
synthesis in transgenic cells many times higher in comparison of previously
constructed plasmids.

It was constructed the pBM plasmid vector which not contain selective marker
genes of antibiotics and herbicides resistance for selection of transgenic plants.
The HBsAg gene under the control of CaMV 35SS promoter was cloned into this
plasmid. ELISA has been applied for screening of transgenic plants with HBsAg
gene. Such a way we found 15 tobacco and 10 tomato marker-free transgenic lines
which synthesized HBsAg at the 0.01-0.05% of total soluble protein. The developed
method of transformants selection is the base of general strategy of marker-free
plants construction.

This study was supported by Russian Foundation for Basic Research (projects
N 08-08-00328 and N 08-08-90014).
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ÈÑÑËÅÄÎÂÀÍÈÅ ÀÊÒÈÂÍÎÑÒÈ ÑÎÅÄÈÍÅÍÈÉ ßÄÀ ÊÎÁÐÛ
È ÔÐÀÃÌÅÍÒÀ ÍÅÉÐÎÏÅÏÒÈÄÀ  ÍÀ ßÄÅÐÍÛÉ ÑÈÍÒÅÇ
ÁÅËÊÀ
Ñàèòìóðàòîâà Î.Õ., Ñàãäèåâ Í.Æ.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêà À.Ñ. Ñàäûêîâà ÀÍ ÐÓç,
Òàøêåíò, Óçáåêèñòàí
E-mail: ibchem@uzci.net
Web-site: www.Biochem.fam.uz

Ðàíåå íàìè âïåðâûå áûëî ïîêàçàíî, ÷òî â ÿäðàõ êëåòîê ãîëîâíîãî ìîçãà
êðîëèêîâ ñèíòåçèðóþòñÿ íèçêîìîëåêóëÿðíûå ãëèêîïðîòåèäû ñ Ìì. 10-15 êÄà
è 25-30 êÄà. Óñòàíîâëåíî, ÷òî ýòè áåëêè îáëàäàþò ôèçèîëîãè÷åñêîé
àêòèâíîñòüþ, â ÷àñòíîñòè, èçìåíÿþò äâèãàòåëüíóþ àêòèâíîñòü è
ïîâåäåí÷åñêèå ðåàêöèè æèâîòíûõ.

Öåëüþ íàøåãî èññëåäîâàíèÿ áûëî èçó÷åíèå âëèÿíèå ÿäà êîáðû è
ôðàãìåíòà íåéðîïåïòèäà ÀÊÒÃ(4-7)  íà áèîñèíòåç áåëêà â êëåòî÷íûõ ÿäðàõ.
ßä êîáðû ñ ËÄ50 ââîäèëè êðîëèêàì â óøíûå âåíû â êîíöåíòðàöèè 0,1 ìã/êã.
×åðåç 15 ìèí è 18 ÷àñîâ æèâîòíûõ äåêàïòèðîâàëè, âûäåëÿëè ÿäðà èç
ãîëîâíîãî ìîçãà, è èçó÷àëè áåëîêñèíòåçèðóþùóþ àêòèâíîñòü ÿäåð ïîñëå
âîçäåéñòâèÿ ÿäà êîáðû. Áèîñèíòåç áåëêà â ÿäðàõ êëåòîê èçó÷àëè ïî
âêëþ÷åíèþ 14Ñ àìèíîêèñëîò. Ïîêàçàíî, ÷òî áåëîêñèíòåçèðóþùàÿ àêòèâíîñòü
ÿäåð óìåíüøàåòñÿ è äîñòèãàåò 70% ÷åðåç 18 ÷àñîâ ïîñëå âîçäåéñòâèÿ ÿäà.

Íàìè òàêæå áûëî èçó÷åíî âëèÿíèå íåéðîïåïòèäà ÀÊÒÃ(4-7) íà áèîñèíòåç
áåëêà â ÿäðàõ êëåòîê. Äëÿ ýòîãî èç ãîëîâíîãî ìîçãà æèâîòíûõ áûëè âûäåëåíû
ÿäðà. ×èñòîòó ÿäåð êîíòðîëèðîâàëè ìèêðîñêîïè÷åñêè. ßäðà ñóñïåíäèðîâàëè
â 0,25 Ì ðàñòâîðå ôîñôàòíîãî áóôåðà, ðÍ 7,4 â êîíöåíòðàöèè 1 ìã/ìë è äàëåå
äîáàâëÿëè ÀÊÒÃ(4-7) â êîíöåíòðàöèè 5 ìêã/ìë. Áèîñèíòåç  êîíòðîëèðîâàëè
ïî âêëþ÷åíèþ 14Ñ àìèíîêèñëîò â òå÷åíèå 1 ÷àñà. Ïîêàçàíî, ÷òî íåéðîïåïòèä
ñòèìóëèðóåò ñèíòåç áåëêà íà 45%.

Òàêèì îáðàçîì, íàìè áûëî óñòàíîâëåíî, ÷òî ÿä êîáðû óãíåòàåò áèîñèíòåç
áåëêà â ÿäðàõ êëåòîê æèâîòíûõ, à íåéðîïåïòèä ÀÊÒÃ(4-7), íàîáîðîò,
ñòèìóëèðóåò ýòîò ïðîöåññ.

BIOLOGICAL EFFECT OF DEFOLIANT DROPP ON PROTEIN
SYNTHESIS IN CELLS
Saitmuratova O.H., Nazarov T.N.*
Sadykov Institute of Bioorganic Chemistry, Academy of Sciences of
Uzbekistan, Tashkent, Uzbekistan
E-mail: ibchem@uzci.net
Web-site: www.Biochem.fam.uz
*Tashkent Pediatric Medicinal Institute, Tashkent, Uzbekistan

It is known that toxins used in agriculture effect the biochemical processes in
cells and tissues. These effects are not studied properly. Among the toxins dropp
is one of the less toxic and is used as cotton defoliant for average-stapled and fine-
stapled species with rate of application of 0.3-0.7 kg/hectare.

In the present paper dropp's effect on protein synthesis in various rat's organs
were studied. In our experiments we used 14Ñ dropp with specific activity 1µÑi
and brought it into the incubation medium. After incubation period labeled proteins
were precipitated, washed, dried and their radioactivity was measured using
β-counter. Protein synthesis was defined by 14C inclusioned into amino acids during
24 and 72 hours after dropp had been added to medium. We have found that
protein synthesis in stomach after 24 hours decreases to 32%, after 72 hours – to
66% in comparison with control experiments. After 24 hours protein synthesis in
liver decreases to 14%, and after 72 hours – to 45%. In duodenum protein synthesis
decreases to 39% after 24 hours, and to 48% – after 72 hours correspondingly.
Protein synthesis is more observed in stomach, duodenum and liver. Dropp is not
strongly toxic and after a short period of time excretes from organism.

Thus dropp as some other previously studied toxins (Harvade F 25, alfa sumi)
suppress general protein synthesis in stomach, duodenum and liver that proves its
low-toxicity.
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ÃÅÌÎËÈÒÈ×ÅÑÊÓÞ ÀÊÒÈÂÍÎÑÒÈ ËÀÒÀÐÖÈÍÀ Ltc1
Ñàìñîíîâà Î.Â.*,**, Àðñåíüåâ À.Ñ.*, Êèðïè÷íèêîâ Ì.Ï.*,**,
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E-mail: olgsamsonova@yandex.ru

Ëàòàðöèíû, ïåïòèäû, îáíàðóæåííûå â ÿäå ïàóêà Lachesana tarabaevi,
îáëàäàþò âûðàæåííîé àíòèìèêðîáíîé àêòèâíîñòüþ, íî ïðîÿâëÿþò òàêæå
öèòîòîêñè÷åñêèé è ãåìîëèòè÷åñêèé ýôôåêòû in vitro. Ïðîâåäåííûå ðàíåå
èññëåäîâàíèÿ ëàòàðöèíà Ltc1 ïîêàçàëè, ÷òî îñíîâíîé ìèøåíüþ äåéñòâèÿ
ïåïòèäà ÿâëÿåòñÿ ïëàçìàòè÷åñêàÿ ìåìáðàíà êëåòêè. Ïðèìåíåíèå ìåòîäèê
îïòè÷åñêîé ìèêðîñêîïèè âûÿâèëî èçìåíåíèÿ â ìîðôîëîãèè êëåòêè íà
íà÷àëüíîì ýòàïå (áëåááèíã è óâåëè÷åíèå îáúåìà) è âîçðàñòàíèå
ïðîíèöàåìîñòè êëåòî÷íîé ìåìáðàíû äëÿ îðãàíè÷åñêèõ ìîëåêóë â øèðîêîì
äèàïàçîíå ìîëåêóëÿðíûõ ìàññ íà òåðìèíàëüíîé ñòàäèè âîçäåéñòâèÿ ïåïòèäà,
÷òî ÿâëÿåòñÿ îòëè÷èòåëüíûì ïðèçíàêîì ãèáåëè êëåòêè ïî òèïó íåêðîçà. Òåì
íå ìåíåå, ìîëåêóëÿðíûå ìåõàíèçìû ðàçâèòèÿ öèòîòîêñè÷åñêèõ ïðîöåññîâ
ïîä äåéñòâèåì Ltc1 òðåáóþò áîëåå äåòàëüíîãî èññëåäîâàíèÿ.

Âçàèìîäåéñòâèå Ltc1 ñ ìåìáðàíîé, ïðèâîäÿùåå ê íàáóõàíèþ êëåòêè,
ïî-âèäèìîìó, íàðóøàåò ìåõàíèçìû ïîääåðæàíèÿ ïîñòîÿíñòâà
âíóòðèêëåòî÷íîãî îáú¸ìà. Â áîëüøèíñòâå ñëó÷àåâ ðåãóëÿöèÿ îáú¸ìà êëåòêè
îñóùåñòâëÿåòñÿ ïðè ó÷àñòèè ñèñòåìû òðàíñïîðòà èîíîâ. Íàìè èññëåäîâàíî
âëèÿíèå èíãèáèòîðîâ ðàçëè÷íûõ òèïîâ èîííîé ïðîâîäèìîñòè íà
öèòîòîêñè÷åñêîå è ãåìîëèòè÷åñêîå äåéñòâèå ïåïòèäà. Îáíàðóæåíî, ÷òî â
ïðèñóòñòâèè 5-íèòðî-1-(3-ôåíèëïðîïèëàìèíî)áåíçîéíîé êèñëîòû (áëîêàòîðà
îáúåì-ðåãóëèðóåìûõ àíèîííûõ êàíàëîâ) è õèíàêðèíà (èíãèáèòîðà
íèêîòèíîâîãî àöåòèëõîëèíîâîãî ðåöåïòîðà è ôîñôîëèïàçû À2) ñóùåñòâåííî
âîçðàñòàåò àêòèâíîñòü Ltc1 â îòíîøåíèè êëåòîê ýðèòðîëåéêîçà ÷åëîâåêà Ê562
è ýðèòðîöèòîâ ÷åëîâåêà. Óìåðåííîå óâåëè÷åíèå ãåìîëèòè÷íîñòè íàáëþäàåòñÿ
òàêæå ïðè îäíîâðåìåííîì âîçäåéñòâèè ïåïòèäà è 5-(N-ìåòèë-N-
èçîáóòèë)àìèëîðèäà, èíãèáèòîðà Na+/H+-îáìåííèêà. Êàê èçâåñòíî èç
ëèòåðàòóðíûõ äàííûõ, óêàçàííûå ñîåäèíåíèÿ ñïîñîáíû ïîäàâëÿòü îòäåëüíûå
ìåõàíèçìû ðåãóëèðóåìîãî óìåíüøåíèÿ îáúåìà, àêòèâèðóåìûå ïðè íàáóõàíèè
êëåòêè â ãèïîòîíè÷åñêîé ñðåäå èëè ïðè ïàòîëîãè÷åñêèõ ñîñòîÿíèÿõ, âåäóùèõ
ê íåêðîçó.

Íàìè ïîêàçàíî, ÷òî öèòîòîêñè÷íîñòü Ltc1 äëÿ êëåòîê Ê562 çàâèñèò îò
èîííîãî ñîñòàâà ñðåäû, à èìåííî, óìåíüøàåòñÿ â ñëó÷àå çàìåíû Na+-íà Ê+-
èëè Cl–- íà ôîñôàò-èîíû. Íàèáîëåå âûðàæåííîå ñíèæåíèå àêòèâíîñòè
íàáëþäàëîñü â ñëó÷àå ïî÷òè ïîëíîãî çàìåùåíèÿ NaCl äðóãèìè êîìïîíåíòàìè
ôîñôàòíî-ñîëåâîãî áóôåðíîãî ðàñòâîðà.

Â òî æå âðåìÿ, íå îáíàðóæåíî âëèÿíèÿ íà òîêñè÷íîñòü Ltc1 àãåíòîâ,
èçìåíÿþùèõ âíóòðèêëåòî÷íóþ êîíöåíòðàöèþ ñâîáîäíûõ èîíîâ Ca2+, òàêèõ

ANALYSIS OF EFFECT OF COBRA'S TOXIN AND
NEUROPEPTIDE FRAGMENT ON NUCLEUS PROTEIN
SYNTHESIS
Saitmuratova O.H., Sagdiev N.J.
Sadykov Institute of Bioorganic Chemistry, Academy of Sciences of
Uzbekistan, Tashkent, Uzbekistan
E-mail: ibchem@uzci.net
Web-site: www.Biochem.fam.uz

Previously we have found that in the nucleus of cerebrum cells low-molecular
glycoproteids with molecular masses of 10-15 êDà è 25-30 êDà are synthesized.
These proteins showed physiological activity, in particular, they could effect motor
activity and behavioral reaction of animals.

The main purpose of the present paper was to study the effects of cobra's
toxin and ACTG(4-7) neuropeptide's fragment on protein's biosynthesis in nucleus
cells. Cobra's toxin of LD50 was injected into auricular veins of rabbits at
concentration of 0,1mg/kg. After 15 minutes and 18 hours animals were decapitated,
nucleuses were extracted from cerebrum and the proteins productivity was measured
by registering the inclusion of 14Ñ into amino acids. It was found that protein
synthesis productivity of nucleus cells decreases and reaches 70% after 18 hours
of toxin's exposure.

We also studied the effect of ACTG(4-7) neuropeptide on protein synthesis
productivity in cells' nucleus. By this purpose nucleuses were extracted from
cerebrum cells. Purity of nucleuses was monitored visually by microscope.
Nucleuses were suspended in 0.25 M phosphate buffer, pH 7.4 to the concentration
of 1mg/ml and then ACTG(4-7) at concentration of 5 µg/ml was added. Biosynthesis
was checked by inclusion of 14C during 1 hour. It was shown that neuropeptide
stimulates protein synthesis to 45%.

Thus we established that cobra's toxin suppresses protein biosynthesis in cell
nucleus of animals, however ACTG(4-7) neuropeptide's stimulates the process.
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STUDY OF THE ROLE OF SOME ION TRANSPORT SYSTEMS IN
THE LATARCIN Ltc1 CYTOTOXIC AND HAEMOLYTIC ACTIVITIES
Samsonova O.V.*,**, Arseniev A.S.*, Kirpichnikov M.P.*,**, Feofanov A.V.*,**
*Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
**Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia
E-mail: olgsamsonova@yandex.ru

Latarcins, the peptides discovered in the spider Lachesana tarabaevi venom, have
pronounced antimicrobial activity but produce also cytotoxic and haemolytic effects in
vitro. Earlier research revealed that plasma membrane is the main target of the latarcin
Ltc1 action. Using optical microscopy methods, cellular  morphology was found to
change since the very initial stage of the peptide-cell interaction. Morphology changes
included membrane blebbing and an increase in volume. At the terminal stage of peptide-
cell interaction the plasma membrane became permeable for large molecules. These
features are hallmarks of the cell death by necrosis. However, molecular mechanisms
underlying the Ltc1-induced cytotoxic process needs further investigation.

Ltc1 induced cell swelling impairs presumably the mechanisms that maintain a
constant cell volume. Generally, cell volume regulation is controlled by the ion transport
system. Accordingly, we have studied how peptide cytotoxic and haemolytic action
was affected by some inhibitors of ion conductivity. It was found that 5-nitro-1-(3-
phenylpropylamino)benzoic acid (volume-regulated anion channels blocker) and
quinacrine (inhibitor of nicotinic acetylcholine receptor and phospholipase A2) enhance
significantly Ltc1 activity towards human erythroleukemia cells K562 and erythrocytes.
A moderate increase in haemolytic power of the peptide was observed in the presence
of Na+/H+ exchanger inhibitor 5-(N-methyl-N-isobutyl)amiloride. The studied inhibitors
of ion conductivity are known to suppress certain mechanisms of regulatory volume
decrease that are activated at cell swelling under hypotonic conditions or at pathologies
followed by necrosis.

We revealed that Ltc1 cytotoxicity for K562 cells depends on the medium ion
composition. Thus, Na+ by Ê+ or Cl– by phosphate replacement increases cell surviving.
A decrease in Ltc1 activity was maximal when NaCl was replaced almost totally by
other components of phosphate buffered saline.

At the same time the agents that affect intracellular concentration of free Ca2+,
viz. Ca2+ chelator BAPTA acetoxymethyl ether,  mechanosensitive calcium channel
blocker GdCl3 or ATP, inducing transient increase of cytoplasmic Ca2+, did not alter
Ltc1 activity. Inhibition of ATP synthesis also did not influence significantly to the
peptide toxicity for Ê562 cells.

In conclusion, Ltc1 membrane activity is neither ATP-dependent nor governed by
intracellular Ca2+ level, thus prompting us to conclude that the active transport systems
or signal cascades don't play any meaningful role in the peptide-induced cell killing
mechanism. We suggest that Ltc1 acts as a direct lytic factor permeabilizing the
eukaryotic cell membrane for the inorganic ions. At low concentrations of Ltc1,
regulatory processes are stimulated in a cell in order to compensate destabilizing action
of the peptide. Anionic imbalance of intracellular and extracellular media, in particular,
imbalance of Cl-, is considered to be the most probable key force of the latarcin-induced
cytolysis.

The work was supported by RFFI (grant N 07-04-01166).

êàê õåëàòîð Ca2+ àöåòîêñèìåòèëîâûé ýôèð BAPTA, áëîêàòîð
ìåõàíî÷óâñòâèòåëüíûõ êàëüöèåâûõ êàíàëîâ GdCl3 è ÀÒÔ, èíäóöèðóþùèé
êðàòêîâðåìåííîå ïîâûøåíèå öèòîïëàçìàòè÷åñêîé êîíöåíòðàöèè Ca2+.
Èíãèáèðîâàíèå êëåòî÷íûõ ïóòåé ñèíòåçà ÀÒÔ òàêæå íå îêàçûâàåò
ñóùåñòâåííîãî âëèÿíèÿ íà óðîâåíü òîêñè÷íîñòè Ltc1 äëÿ êëåòîê Ê562.

Òàêèì îáðàçîì, ìåìáðàííàÿ àêòèâíîñòü Ltc1 íå ÿâëÿåòñÿ ÀÒÔ-çàâèñèìîé
è íå ðåãóëèðóåòñÿ âíóòðèêëåòî÷íûì óðîâíåì èîíîâ Ca2+, ÷òî ïîçâîëÿåò
ïðàêòè÷åñêè èñêëþ÷èòü ó÷àñòèå ìåõàíèçìîâ àêòèâíîãî òðàíñïîðòà èëè
ñèãíàëüíûõ êàñêàäîâ. Ìû ïðåäïîëàãàåì, ÷òî Ltc1 äåéñòâóåò êàê ïðÿìîé
ëèòè÷åñêèé ôàêòîð, ïåðìåàáèëèçóÿ ìåìáðàíó ýóêàðèîòè÷åñêîé êëåòêè äëÿ
íåîðãàíè÷åñêèõ èîíîâ. Ïðè íèçêèõ êîíöåíòðàöèÿõ Ltc1 â êëåòêå
àêòèâèðóþòñÿ ðåãóëÿòîðíûå ïðîöåññû, íàïðàâëåííûå íà êîìïåíñàöèþ
äåñòàáèëèçèðóþùåãî âîçäåéñòâèÿ ïåïòèäà. Â êà÷åñòâå âåðîÿòíîãî êëþ÷åâîãî
àñïåêòà öèòîëèòè÷åñêîãî ìåõàíèçìà ðàññìàòðèâàåòñÿ äèñáàëàíñ àíèîíîâ Cl–

ìåæäó öèòîïëàçìîé êëåòêè è âíåêëåòî÷íîé ñðåäîé.
Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ (ãðàíò ¹ 07-04-01166).
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èíòåðíàëèçàöèè äàííûìè êëåòêàìè ýêçîãåííûõ ÁÒØ70. Â îòäåëüíîé ñåðèè
ýêñïåðèìåíòîâ áûëî ïðîäåìîíñòðèðîâàíî, ÷òî ïðåäèíêóáàöèÿ ëèìôîèäíûõ
êëåòîê ñ ýêçîãåííûìè ÁÒØ70 ïîâûøàåò óñòîé÷èâîñòü êëåòî÷íîé êóëüòóðû
ê äåéñòâèþ èíäóêòîðîâ àïîïòîçà.

Òàêèì îáðàçîì, íàøè ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî â ðàçëè÷íûõ
ïîïóëÿöèÿõ ëèìôîöèòîâ ïðîèñõîäèò ôîðìèðîâàíèå âíåêëåòî÷íîãî ïóëà
ÁÒØ70. Ýòî ïîçâîëÿåò ðàññìàòðèâàòü ëèìôîèäíûå êëåòêè êàê îäèí èç
èñòî÷íèêîâ ñûâîðîòî÷íûõ ÁÒØ70, öèðêóëèðóþùèõ â îðãàíèçìå.
Âíåêëåòî÷íûå ÁÒØ70 èíòåðíàëèçóþòñÿ ëèìôîöèòàìè ðàçëè÷íîé îðãàííîé
ëîêàëèçàöèè, ÷òî ïðèâîäèò, â ÷àñòíîñòè, ê óâåëè÷åíèþ ðåçèñòåíòíîñòè êëåòîê
ê ôàêòîðàì, èíäóöèðóþùèì àïîïòîç. Ïîëó÷åííûå äàííûå óêàçûâàþò íà òî,
÷òî èììóíîìîäóëèðóþùèå ôóíêöèè âíåêëåòî÷íûõ ÁÒØ70 ñâÿçàíû íå òîëüêî
ñ àêòèâàöèåé àíòèãåíïðåäñòàâëÿþùèõ êëåòîê, íî è ñ âëèÿíèåì ýòèõ ïðîòåèíîâ
íà Ò-êëåòî÷íîå çâåíî èììóííîé ñèñòåìû.

ÝÔÔÅÊÒÛ ÂÍÅÊËÅÒÎ×ÍÎÃÎ ÏÓËÀ ÁÒØ70 Â ÏÎÏÓËßÖÈßÕ
ËÈÌÔÎÈÄÍÛÕ ÊËÅÒÎÊ
Ñàïîæíèêîâ À.Ì., Àëåêïåðîâ Ý.À., Áîéêî À.À., Ëóöàí Í.È.,
Êëèíêîâà À.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: amsap@ibch.ru

Â ïîñëåäíèå ãîäû â ëèòåðàòóðå ïîÿâèëèñü ñâåäåíèÿ î ñóùåñòâîâàíèè â
ñûâîðîòêå êðîâè ÷åëîâåêà è æèâîòíûõ öèðêóëèðóþùåãî âíåêëåòî÷íîãî ïóëà
ÁÒØ70 ýíäîãåííîãî ïðîèñõîæäåíèÿ. Áûëî ïðîäåìîíñòðèðîâàíî, ÷òî
ýêçîãåííûå ÁÒØ70 âçàèìîäåéñòâóþò ñ àíòèãåíïðåäñòàâëÿþùèìè êëåòêàìè,
Ò-ëèìôîöèòàìè, NK-êëåòêàìè è ñ ñèñòåìîé êîìïëåìåíòà. Ïîÿâëåíèå â
îðãàíèçìå âíåêëåòî÷íûõ ÁÒØ70 ðàññìàòðèâàåòñÿ ðÿäîì àâòîðîâ êàê "ñèãíàë
òðåâîãè" äëÿ èììóííîé ñèñòåìû. Ýòè äàííûå äàþò îñíîâàíèå äëÿ
ïðåäïîëîæåíèÿ î âîâëå÷åííîñòè ñûâîðîòî÷íûõ öèðêóëèðóþùèõ ÁÒØ70 â
ñèñòåìó èììóíîðåãóëÿöèè. Îäíàêî, ìåõàíèçìû âëèÿíèÿ âíåêëåòî÷íûõ
ÁÒØ70 íà èììóííóþ ñèñòåìó îñòàþòñÿ âî ìíîãîì íåèçó÷åííûìè. Íå
èäåíòèôèöèðîâàí òàêæå èñòî÷íèê ïðèñóòñòâóþùåãî â îðãàíèçìå
ñûâîðîòî÷íîãî ïóëà äàííûõ ïðîòåèíîâ. Â òî æå âðåìÿ, â îïûòàõ in vitro áûëî
ïðîäåìîíñòðèðîâàíî, ÷òî ñïîñîáíîñòüþ ê ñåêðåöèè ÁÒØ70 â îêðóæàþùóþ
ñðåäó îáëàäàþò ðàçíûå òèïû êëåòîê, â òîì ÷èñëå êëåòêè èììóííîé ñèñòåìû.
Äàííàÿ ðàáîòà ïîñâÿùåíà èçó÷åíèþ ôåíîìåíà ñåêðåöèè ÁÒØ70 â ïîïóëÿöèÿõ
ëèìôîöèòîâ è àíàëèçó âçàèìîäåéñòâèÿ âíåêëåòî÷íîãî ïóëà ÁÒØ70 ñ
ðàçëè÷íûìè òèïàìè ëèìôîèäíûõ êëåòîê.

Â ýêñïåðèìåíòàõ èñïîëüçîâàëè êëåòêè, âûäåëåííûå èç ðàçëè÷íûõ
ëèìôîèäíûõ îðãàíîâ ìûøåé, è ëèíèè îïóõîëåâûõ êëåòîê. Àíàëèç óðîâíÿ
ýêñïðåññèè ïîâåðõíîñòíûõ è âíóòðèêëåòî÷íûõ ïðîòåèíîâ, îöåíêó
âçàèìîäåéñòâèÿ ýêçîãåííûõ ÁÒØ70 ñ êëåòêàìè-ìèøåíÿìè, à òàêæå
èçìåðåíèå ïðîöåíòíîãî ñîäåðæàíèÿ àïîïòîçíûõ êëåòîê â êëåòî÷íûõ
êóëüòóðàõ ïðîâîäèëè ñ ïîìîùüþ ìåòîäîâ ïðîòî÷íîé öèòîôëóîðèìåòðèè è
ñêàíèðóþùåé êîíôîêàëüíîé ìèêðîñêîïèè. Àôôèííîå âûäåëåíèå ÁÒØ70
ïðîâîäèëè íà êîëîíêå ñ ÀÒÔ-àãàðîçîé. Â ýêñïåðèìåíòàõ ïî èçó÷åíèþ
âçàèìîäåéñòâèÿ ýêçîãåííîãî ïóëà ÁÒØ70 ñ êëåòêàìè èñïîëüçîâàëè
áèîòèíèëèðîâàííóþ ôîðìó ðåêîìáèíàíòíîãî ÁÒØ70 ÷åëîâåêà. Äëÿ èçó÷åíèÿ
ôåíîìåíà ñåêðåöèè ÁÒØ70 ëèìôîèäíûìè êëåòêàìè ïðèìåíÿëè Âåñòåðí-
áëîò è èììóíîôåðìåíòíûé àíàëèç.

Ðåçóëüòàòû ïðîâåäåííûõ ýêñïåðèìåíòîâ ïðîäåìîíñòðèðîâàëè, ÷òî
ñîîáùåñòâà ëèìôîèäíûõ êëåòîê, êóëüòèâèðóåìûå in vitro, õàðàêòåðèçóþòñÿ
ïðèñóòñòâèåì â ìåæêëåòî÷íîì ïðîñòðàíñòâå ðàñòâîðèìîé ôîðìû ÁÒØ70.
Î÷åâèäíî, ÷òî ìîëåêóëû âíåêëåòî÷íîãî ïóëà ÁÒØ70 âûïîëíÿþò
îïðåäåëåííûå ôóíêöèè, ñâÿçàííûå, â ÷àñòíîñòè, ñ âçàèìîäåéñòâèåì ñ
êëåòêàìè-ìèøåíÿìè. Ìû ïðîâåëè èññëåäîâàíèå âçàèìîäåéñòâèÿ ýêçîãåííûõ
ÁÒØ70 ñ ëèìôîèäíûìè êëåòêàìè ðàçíûõ òèïîâ. Áûëî îáíàðóæåíî, ÷òî
áèîòèíèëèðîâàííûå ÁÒØ70 âûÿâëÿþòñÿ âî âíóòðèêëåòî÷íîì ïðîñòðàíñòâå
âñåõ ïðîòåñòèðîâàííûõ ðàçíîâèäíîñòåé êëåòîê, ÷òî ñâèäåòåëüñòâóåò îá
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Ïóçûð÷àòêà ÿâëÿåòñÿ àóòîèììóííûì çàáîëåâàíèåì, êîòîðîå âûçûâàåòñÿ
ôîðìèðîâàíèåì àóòîàíòèòåë ê ìîëåêóëàì àäãåçèè êåðàòèíîöèòîâ êîæè è ñëèçèñòûõ
îáîëî÷åê äåñìîãëåèíàì (ÄÑÃ) 1 è 3. Ðàçëè÷àþò âóëüãàðíóþ è ëèñòîâèäíóþ ôîðìû
ïóçûð÷àòêè, ïðè êîòîðûõ â ñûâîðîòêàõ êðîâè áîëüíûõ âûÿâëÿþò àíòèòåëà ê ÄÑÃ3
ëèáî ÄÑÃ1, ñîîòâåòñòâåííî. Èçâåñòíî, ÷òî ïàòîãåííûå àíòèòåëà ðàñïîçíàþò
êîíôîðìàöèîííûå ýïèòîïû â ïåðâîì äèñòàëüíîì äîìåíå, ñòðóêòóðà êîòîðûõ çàâèñèò
îò ïðèñóòñòâèÿ èîíîâ êàëüöèÿ. ÄÑÃ1 è ÄÑÃ3 èìåþò 78% ãîìîëîãèè, ÷òî ïîçâîëÿåò
ìåòîäîì âûðàâíèâàíèÿ èäåíòèôèöèðîâàòü íåãîìîëîãè÷íûå ó÷àñòêè áåëêîâ.

Öåëüþ ðàáîòû ÿâëÿëàñü èäåíòèôèêàöèÿ íåãîìîëîãè÷íûõ ó÷àñòêîâ áåëêîâ ÄÑÃ1
è ÄÑÃ3, êîíñòðóèðîâàíèå êîíôîðìàöèîííûõ íåãîìîëîãè÷íûõ ýïèòîïîâ ìåòîäàìè
ìîëåêóëÿðíîãî ìîäåëèðîâàíèÿ è âåðèôèêàöèÿ èõ ïàòîãåííîñòè in vitro. Äëÿ
ïîñòðîåíèÿ  ïðîñòðàíñòâåííîé ñòðóêòóðû ãîìîäèìåðà, îáðàçîâàííîãî N-êîíöåâûìè
äîìåíàìè ÄÑÃ3 ÷åëîâåêà, èñïîëüçîâàëè äàííûå êðèñòàëëîãðàôè÷åñêîãî àíàëèçà
Å-êàäãåðèíà ÷åëîâåêà (50% ãîìîëîãèè â ïåðâûõ äîìåíàõ). Ìîäåëü áûëà ïîñòðîåíà ñ
ïîìîùüþ îòêðûòîãî ñåðâåðà Swiss-model (http://swissmodel.expasy.org//SWISS-
MODEL.html). Â ïåðâîì äîìåíå ÄÑÃ3 âûÿâèëè ÷åòûðå ëèíåéíûõ íåãîìîëîãè÷íûõ
ó÷àñòêà. Äëÿ ôîðìèðîâàíèÿ êîíôîðìàöèîííîãî Â-êëåòî÷íîãî ýïèòîïà òðåáóåòñÿ òðè
ñáëèæåííûõ â ïðîñòðàíñòâå ó÷àñòêà â àíòèãåíå, ñîîòâåòñòâóþùèå êàæäîìó èç
ãèïåðâàðèàáåëüíûõ ó÷àñòêîâ IgG. Èñõîäÿ èç ýòîãî è íà îñíîâå ïðîñòðàíñòâåííîé
ìîäåëè ÄÑÃ3, íàìè áûëè îòîáðàíû äâà ëèíåéíûõ ó÷àñòêà, êîòîðûå ïîòåíöèàëüíî
ìîãóò âõîäèòü â ñîñòàâ íåãîìîëîãè÷íûõ êîíôîðìàöèîííûõ ýïèòîïîâ.  Ëèíåéíûé
ýïèòîï 25-34 íàõîäèòñÿ íà âåðõóøêå ïåðâîãî äîìåíà è âõîäèò â ñîñòàâ àëüôà-ñïèðàëè,
à ýïèòîï 83-98 ôîðìèðóåò ïðîòÿæåííûé ó÷àñòîê, ÷àñòü èç êîòîðîãî òàêæå
ýêñïîíèðîâàíà íà âåðõóøêå äîìåíà â ïåòëå ìåæäó β-òÿæàìè F è G, à âòîðîé ó÷àñòîê
çàíèìàåò áîêîâîå ïîëîæåíèå è íàõîäèòñÿ â ñàìîì β-òÿæå G. Ïîñêîëüêó ýïèòîï 83-98
ÿâíî ôîðìèðóåò äâà ðàçëè÷íûõ ïî ñâîéñòâàì ó÷àñòêà, ïðîñòðàíñòâåííî óäàëåííûõ,
òî ìû ðàçäåëèëè åãî íà äâà ïåïòèäà. Âñå òðè ïåïòèäà 25-34, 78-90 è 89-98 áûëè
ñèíòåçèðîâàíû, è ê íèì áûëè ïîëó÷åíû êðîëè÷üè àíòèñûâîðîòêè. Äëÿ ïðîâåðêè
ïàòîãåííîãî äåéñòâèÿ àíòèñûâîðîòîê èñïîëüçîâàëè ëèíèþ êåðàòèíîöèòîâ ÷åëîâåêà
HaCaT. Êëåòêè èíêóáèðîâàëè íà ïîêðîâíûõ ñòåêëàõ äî äîñòèæåíèÿ êîíôëþýíòíîãî
ìîíîñëîÿ. Ñûâîðîòêó ïðîòèâ ïåïòèäîâ (10% o/o) äîáàâëÿëè è îñòàâëÿëè íà 48 ÷.
Îöåíèâàëè ýêñïðåññèþ äåñìîãëåèíà 3 íà ïîâåðõíîñòè êëåòîê ìåòîäîì êîíôîêàëüíîé
ìèêðîñêîïèè ñ ïîìîùüþ ìîíîêëîíàëüíîãî àíòèòåëà ê ÄÑÃ3. Ïîêàçàëè, ÷òî àíòèòåëà
ê ïåïòèäàì 25-34 è 78-90 âûçûâàþò çà 48 ÷ ïîëíîå èñòîùåíèå ÄÑÃ3 èç äåñìîñîì, à
àíòèòåëà ê ïåïòèäó 89-98 ëèøü ñíèæàþò åãî ýêñïðåññèþ. Â êà÷åñòâå êîíòðîëÿ
èñïîëüçîâàëè ñûâîðîòêè áîëüíûõ âóëüãàðíîé ïóçûð÷àòêîé, êîòîðûå òàêæå âûçûâàëè
èñòîùåíèå ÄÑÃ3 èç äåñìîñîì. Òàêèì îáðàçîì, ìåòîäîì ìîëåêóëÿðíîãî
ìîäåëèðîâàíèÿ èäåíòèôèöèðîâàíî äâà ïàòîãåííûõ ýïèòîïà íà ìîëåêóëå ÄÑÃ3
÷åëîâåêà è ïîêàçàíî, ÷òî îíè ëîêàëèçóþòñÿ íà âåðõóøêå ïåðâîãî äîìåíà. Èñõîäÿ èç
èìåþùèõñÿ ëèòåðàòóðíûõ äàííûõ ïî ìåõàíèçìàì ôîðìèðîâàíèÿ äèìåðîâ ÄÑÃ3,
ìîæíî ïðåäïîëîæèòü, ÷òî ñâÿçûâàíèå àóòîàíòèòåë ñ ýïèòîïàìè 25-34  è 83-90
ïðåïÿòñòâóåò ïåðåõîäó öèñ-äèìåðîâ ÄÑÃ3 â òðàíñ-äèìåðû.

EFFECTS OF EXTRACELLULAR POOL OF HSP70 IN
POPULATIONS OF LYMPHOID CELLS
Sapozhnikov A.M., Alekperov E.A., Boyko A.A., Lutsan N.I., Klinkova A.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow,
Russia
E-mail: amsap@ibch.ru

The data demonstrating presence of extracellular circulating pool of
endogenous Hsp70 in human and animal blood serum was published in literature
during several past years. It was also shown that extracellular Hsp70 interact with
antigen-presenting cells, T lymphocytes, NK cells, and with complement system.
Presence of extracellular Hsp70 in organism is considered by a number of authors
as a "danger signal" for immune system. Thus, existing data suggest involvement
of circulating serum Hsp70 in immunoregulation. However, the mechanisms of
Hsp70 influence on immune system remain unstudied in many respects. The source
of serum extracellular Hsp70 also was not yet identified. At the same time, in
experiments in vitro it was demonstrated that exocytosis of Hsp70 resided different
types of cells including immunocompetent cells. The goal of this work was study
of phenomenon of Hsp70 secretion in population of lymphocytes and analyses of
interaction of extracellular pool of the protein with different types of lymphoid
cells.

Tumor cell lines and cells isolated from different mouse lymphoid organs
were used for the experiments. Flow cytofluorimetry and laser confocal microscopy
were used for analysis of surface and intracellular protein expression, evaluation
of interaction of exogenous Hsp70 with target cells, detection of apoptosis in
lymphoid cell cultures. Isolation and purification of Hsp70 was performed by
affine chromatography using ATP-agarose. Determination of exogenous Hsp70
adsorption and internalization in cell populations was carried out by using
biotinilated recombinant human Hsp70. Western-blot and immune-enzyme analysis
was used to study phenomenon of Hsp70 secretion in lymphoid cell cultures.

Obtained results demonstrated that formation of extracellular pool of Hsp70
in the cell cultures in vitro was the feature of all tested types of lymphocytes. This
fact suggests that extracellular molecules of the protein have certain functions
connected, in particular, apparently with interaction with target cells. Therefore
we analyzed adsorption of exogenous Hsp70 by different lymphoid cell types. It
was revealed that biotinilated Hsp70 penetrated to intracellular space of all tested
types of lymphocytes, that was evidence of internalization of the protein by the
cells. In an additional series of experiments it was demonstrated that preincubation
of lymphoid cells with exogenous Hsp70 resulted in essential increase of the cell
culture resistance to inductors of apoptosis.

Thus, our results show that in different population of lymphocytes the
formation of extracellular pool of Hsp70 takes place. This fact allows to consider
lymphoid cells as a source of serum Hsp70 circulating in organism. Lymphocytes
of different origin are able to internalize extracellular Hsp70, and this internalization
results in increase of cell resistance to apoptogenic factors. Our data suggest that
immunomodulating effects of extracellular Hsp70 are mediated not only by
interaction of the protein with antigen-presenting cells but also by influence on T
cell populations.
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1,4,6,10-ÒÅÒÐÀÀÇÀÀÄÀÌÀÍÒÀÍÛ – ÍÎÂÛÉ ÊËÀÑÑ
ÃÅÒÅÐÎÀÄÀÌÀÍÒÀÍÎÂ
Ñåìàêèí À.Í., Ñóõîðóêîâ À.Þ., Ëåñèâ À.Â., Èîôôå Ñ.Ë.
Èíñòèòóò îðãàíè÷åñêîé õèìèè èì. Í.Ä. Çåëèíñêîãî ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: sukhorukov@server.ioc.ac.ru
Ôàêñ: (499) 135-53-28; òåë.: (499) 135-53-29

Àçîòèñòûå ïðîèçâîäíûå àäàìàíòàíà íàõîäÿò øèðîêîå ïðèìåíåíèå â
ñîâðåìåííîé ìåäèöèíå. Õîðîøî èçâåñòíû ïðåïàðàòû íà îñíîâå àäàìàíòàíîâ,
îáëàäàþùèå ïðîòèâîâèðóñíîé, èììóíîïðîòåêòîðíîé, àíòèêàòàëåïòè÷åñêîé
è öèòîòîêñè÷åñêîé àêòèâíîñòÿìè [1]. 1,3,5,7-Òåòðààçàäàìàíòàí 1 (ñì. ñõåìó),
áîëåå èçâåñòíûé êàê óðîòðîïèí, ÿâëÿåòñÿ îäíèì èç íàèáîëåå ñòàðûõ
ñèíòåòè÷åñêèõ ëåêàðñòâåííûõ ñðåäñòâ, èñïîëüçóåìûõ â íàñòîÿùåå âðåìÿ.
Óðîòðîïèí 1 è åãî íåìíîãî÷èñëåííûå ïðîèçâîäíûå ÿâëÿþòñÿ åäèíñòâåííûìè
èçâåñòíûìè íà ñåãîäíÿøíèé äåíü ïðåäñòàâèòåëÿìè êëàññà
òåòðààçàäàìàíòàíîâ, â òî âðåìÿ êàê èõ ñòðóêòóðíûå èçîìåðû, âåñüìà
èíòåðåñíûå ñ òî÷êè çðåíèÿ áèîëîãè÷åñêîé àêòèâíîñòè, íå íàéäåíû.

Ñõåìà

Íàìè âïåðâûå ñèíòåçèðîâàíû 4,6,10-òðèãèäðîêñè-1,4,6,10-
òåòðààçààäàìàíòàíû 2 è 3, íîâûé êëàññ ãåòåðîàäàìàíòàíîâ, ñîäåðæàùèõ
êàðêàñ, èçîìåðíûé óðîòðîïèíó. Ïðåäëîæåííûé òðåõ-ñòàäèéíûé ìåòîä
ñèíòåçà àäàìàíòàíîâ 2 è 3 êðàéíå ïðîñò â ðåàëèçàöèè è èñõîäèò èç
êîììåð÷åñêè äîñòóïíûõ àëèôàòè÷åñêèõ íèòðîñîåäèíåíèé è àììèàêà [2].

Â äîêëàäå áóäóò ðàññìîòðåíû àñïåêòû ñèíòåçà àäàìàíòàíîâ 2 è 3, èõ
ðåàêöèîííîé ñïîñîáíîñòè, à òàêæå ïðåäâàðèòåëüíûå èññëåäîâàíèÿ
áèîëîãè÷åñêîé àêòèâíîñòè íåêîòîðûõ ïðåäñòàâèòåëåé.
Ëèòåðàòóðà
1. Ìîðîçîâ È.Ñ., Ïåòðîâ Â.È., Ñåðãååâà Ñ.Ë., "Ôàðìàêîëîãèÿ àäàìàíòàíîâ",

Âîëãîãðàä,  ÂÌÀ, 2001.
2. Semakin A.N., Sukhorukov A.Yu., Lesiv A.V., Ioffe S.L., Nelyubina Yu.V.,

Lyssenko K.A., Tartakovsky V.A., Organic Letters, in press.
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IDENTIFICATION OF HUMAN DESMOGLEIN 3 PATHOGENIC
EPITOPES
Svirshchevskaya E.V., Lysenko A.A., Dementyeva D.V., Prokhorov A.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: esvir@mx.ibch.ru

Pemphigus is an autoimmune disease induced by the formation of
autoantibodies to desmogleins (DSG) 1 and 3, adhesion molecules of keratinocytes
and mucous membranes. There are two major forms of pemphigus: vulgaris and
foliaceus, at which antibodies to DSG 3 and 1 accordingly are developed.
Pathogenic antibodies recognize conformational epitopes located in the first distal
domain. Their structure depends on the presence of calcium ions. DSG 1 and 3
demonstrate 78% homology however pemphigus vulgaris (PV) sera do not cross-
recognize DSG1. Protein alignment permits identification of non-homologous
regions which potentially form pathogenic epitopes of DSG3 recognized by PV
sera. The aim of this work was to identify non-homologous regions of DSG1 and
DSG3, construct conformational epitopes using molecular modeling and verify
their pathogenicity in vitro. The spatial structure of homo-dimmers formed by
N-terminal domains of human DSG3 was modeled on the basis of human E-cadherin
(50% homology for the first domains) crystallographic data by the resources of
open server Swiss-model (http://swissmodel.expasy.org//SWISS-MODEL.html).
We have identified four non-homologous regions in the first DSG3 domain. To
form confocrational B-cell epitope three peptides on the protein surface of antigen
protein must be closely located according to each hyper-variable regions of IgG.
Basing on this and according to spatial DSG3 model we have selected two linear
peptides which potentially can form non-homologous conformational epitopes. It
appeared that 25-34 epitope which forms α-helix, seats on the top of the first
domain facing adhesion molecules from an adjacent cell. At the same time epitope
83-98 belongs to β-strand F and G. It contains two functionally different parts one
of which (83-90) is also exposed on the top of the molecule, while the other (90-
98) forms lengthy region in G β-strend itself and is situated in the lateral position.
Because peptide 83-98 obviously forms two functionally and spatially different
regions we have divided it into two peptides. All three peptides 25-34; 78-90, and
89-98 were synthesized and rabbit anti-sera were obtained. To verify pathogenic
activity of anti-peptide sera we have used human keratinocyte cell line HaCaT.
The cells were incubated on cover glasses until confluence. The anti-sera have
been added (10% v/v) for 48 h. The expression of DSG3 on the cell surface has
been analyzed by confocal microscopy using murine monoclonal antibody to DSG3.
Rabbit antibodies to 25-34 and 78-90 peptides have induced complete depletion
of DSG3 from desmosomes while anti-89-98 only decreased its expression.
Pemphigus sera were used as controls. These also induced DSG3 depletion from
desmosomes. Thus, two pathogenic DSG3 epitopes were identified by molecular
modeling. Both have been localized on the top of first domain. Basing on these as
well as existing data it can be speculated that the binding of autoantibody with 25-
34 or 83-90 epitopes can disturb the transition of DSG3 from cis- to trans-dimmer
due to sterical hindrance.
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Îäíîé èç îñíîâíûõ âåòåðèíàðíûõ ïðîáëåì ñåëüñêîãî õîçÿéñòâà
ÿâëÿþòñÿ ýøåðèõèîçû – èíôåêöèè, âûçûâàåìûå ïàòîãåííûìè øòàììàìè
êèøå÷íîé ïàëî÷êè (E. coli), ÷åé ïàòîãåííûé ïîòåíöèàë â íàèáîëüøåé ñòåïåíè
ðåàëèçóåòñÿ ó ìîëîäíÿêà æèâîòíûõ â ïåðèîäû îòú¸ìà.

Èç âåòåðèíàðíûõ ïðåïàðàòîâ, ïðèìåíÿåìûõ äëÿ áîðüáû ñ
èíôåêöèîííûìè çàáîëåâàíèÿìè, îñîáîå ìåñòî çàíèìàþò áàêòåðèîôàãè,
îáëàäàþùèå ðÿäîì çíà÷èòåëüíûõ ïðåèìóùåñòâ ïî ñðàâíåíèþ ñ
àíòèáèîòèêàìè. Îíè ñïåöèôè÷íî äåéñòâóþò íà îïðåäåë¸ííûå âèäû è äàæå
øòàììû áàêòåðèé, íå ïîðàæàÿ íîðìîôëîðó êèøå÷íèêà; èíåðòíû â îòíîøåíèè
êëåòîê æèâîòíîãî; ñïîñîáíû ê ñàìîðàçìíîæåíèþ ñ ïîñëåäóþùåé
ñàìîýëèìèíàöèåé. Â íàñòîÿùåå âðåìÿ ñóùåñòâåííûå îãðàíè÷åíèÿ
ôàãîòåðàïèè ñâÿçàíû ñî ñïîñîáíîñòüþ ôàãîâ òðàíñäóöèðîâàòü ðàçëè÷íûå
ãåíû, â ÷àñòíîñòè – äåòåðìèíàíòû óñòîé÷èâîñòè ê àíòèáèîòèêàì. Ïî ýòîé
ïðè÷èíå ôîðìèðîâàíèå êîëëåêöèé íåòðàíñäóöèðóþùèõ ôàãîâ ìîæåò
ñ÷èòàòüñÿ îñíîâîé ðàçðàáîòêè óñïåøíîé ñòðàòåãèè ïîëó÷åíèÿ ïåðñïåêòèâíûõ
áàêòåðèîôàãîâ, ñîîòâåòñòâóþùèõ òðåáîâàíèÿì, ïðåäúÿâëÿåìûì ê
ñîâðåìåííûì ìåäèöèíñêèì è âåòåðèíàðíûì ïðåïàðàòàì.

Äëÿ ôîðìèðîâàíèÿ òàêîé êîëëåêöèè áûë ïðîèçâåäåí îòáîð ïðîá èç
ïðèðîäíûõ è ñòî÷íûõ âîä â Êðàñíîäàðñêîì è Ïðèìîðñêîì êðàÿõ, à òàêæå èç
ôåêàëèé ñâèíîìàòîê è ïîðîñÿò-îòú¸ìûøåé â ÑÒÔ ÎÏÕ "Ðàññâåò" ÑÊÍÈÈÆ
ïîñ. Çíàìåíñêèé (ã. Êðàñíîäàð).

Áûëè èññëåäîâàíû äâå ïðîáû ôåêàëèé îò ñâèíîìàòîê è äâå ïðîáû îò
êëèíè÷åñêè çäîðîâûõ ïîðîñÿò äâóõìåñÿ÷íîãî âîçðàñòà, à òàêæå òðè ïðîáû
èç ðåêè Êóáàíü íà ðàçíûõ óðîâíÿõ îòíîñèòåëüíî ã. Êðàñíîäàðà. Êðîìå òîãî,
áûëè èñïîëüçîâàíû 9 ãðóïï ïðîá ñòî÷íûõ âîä è âîäíûõ ýêîñèñòåì
Ïðèìîðñêîãî êðàÿ. Òàêæå áûëè èñïîëüçîâàíû ôàãè èç êîëëåêöèè ÈÁÔÌ ÐÀÍ.
Èç îòîáðàííûõ ïðîá áûëî ïðîâåäåíî âûäåëåíèå áàêòåðèîôàãîâ è
ñôîðìèðîâàíà êîëëåêöèÿ, âêëþ÷àþùàÿ 98 ôàãîâ.

Äëÿ èçó÷åíèÿ ýôôåêòèâíîñòè ôàãîâ èç áèîìàòåðèàëà ïîðîñÿò (ôåêàëèè,
ñåêöèîííûé ìàòåðèàë) ñ óñòàíîâëåííûì âåòåðèíàðíûì äèàãíîçîì êèøå÷íîãî

1,4,6,10-TETRAAZAADAMANTANES – A NEW CLASS OF
HETEROADAMANTANES
Semakin A.N., Sukhorukov A.Yu., Lesiv A.V., Ioffe S.L.
Zelinsky Institute of Organic Chemistry RAS, Moscow, Russia
E-mail: sukhorukov@server.ioc.ac.ru
Fax: (499) 135-53-28; tel.: (499) 135-53-29

Nitrogen derivatives of adamantanes are widely applied in modern medicine.
Many adamantane-based drugs possessing antiviral, immunoprotector,
anticataleptic and cytotoxic activity [1]. 1,3,5,7-Tetraazaadamntane 1 (see Scheme)
known as urotropin is one of the oldest therapy agents used to date. Urotropin and
some of its derivatives are the only representatives of tetrazaadamantanes class,
whereas their structural isomers, which may be of certain interest to biochemistry,
are unknown.

Scheme

Here we present the first synthesis of 4,6,10-trihydroxy-1,4,6,10-
tetraazaadamantanes 2 and 3, a new class of heteroadamantanes, which contain a
cage isomeric to urotropin. The suggested simple three-step synthesis of
adamantanes 2 and 3 starts from commercially available aliphatic nitro compounds
and ammonia [2].

Different aspects of synthesis of adamantanes 2 and 3, their reactivity, as
well as the preliminarily results of biological activity studies for some
representatives, will be discussed in the report.
References
1. Morosov I.S., Petrov V.I., Sergeeva S.L., "Farmakology of adamantanes", Volgograd,

VMA, 2001.
2. Semakin A.N., Sukhorukov A.Yu., Lesiv A.V., Ioffe S.L., Nelyubina Yu. V., Lyssenko

K.A., Tartakovsky V.A., Organic Letters, in press.
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MICROBIOLOGICAL AND MOLECULAR-GENETIC
CHARACTERISTIC OF BACTERIOPHAGES ISOLATED FROM
VARIOUS SOURCES IN KRASNODAR AND PRIMORIE REGIONS,
AND PREPARATING THE PHAGE MEDICINE FOR THERAPY OF
ESCHERICHIOSIS OF PIG
Skoblikow N.E., Vasilyeva E.A.*, Vasilyeva E.L.*, Moskalenko E.A.,
Zimin A.A.*
North Caucasian Research Institute of Animal Husbandry, Krasnodar, Russia
*Institute of Biochemistry and Physiology of Microorganisms RAS, Pushchino,
Russia
E-mail: skoblikow@yandex.ru, zimin@ibpm.pushchino.ru
Fax/tel.: (8-61)-260-87-72; (8-467)-73-04-79

One of the general veterinary problem of agriculture are escherichiosis as
infection disease induced by pathogenic strains of E. coli, which pathogenic
potential in most degree released in animal youth in during the post-weaning period.

From the wide specter of veterinary medicines used for therapy of infectious
diseases, the phages have the special place. The phages possess a number of
significant advantages in comparison with antibiotics: they specifically act to
concrete species and even strains of bacteria; they do not target the intestinal normal
microflora; they are indifferent for animal's eukaryotic cells; they capable to self-
multiplication with subsequent self-elimination. Now the serious restrictions of
phage therapy associated with ability of phages to transduce the various genes, in
particular – the determinants of antibiotic resistance. By this cause the forming of
non-tansducing phages may be considered as a basis for design of successful
strategy of reception the perspective phages, accords to requirements to modern
medical and veterinary medicines.

Sampling has been made for formation of such collection from natural waters
and sewages from Krasnodar and Primorie regions and also fecal probes from
sows and weaned piglets (Krasnodar district).

Two fecal probes from sows and two fecal probes from clinically healthy
piglets of two-month age have been selected. The water ecosystem probes of
Krasnodar region included three probes from different water levels of Kuban river
near the Krasnodar city. Besides, the 9 groups of probes of sewages and natural
waters of Primorie region have been used. Also the phages from IBPM collection
used. The phages from selected probes has been isolated and the collection consisted
from the 98 of these phages has been created.

The pathogenic Enterobacteriaceae strains have been isolated from
biomaterials (excrements, section material) of piglets with established intestinal
escherichiosis veterinary diagnosis for reception the objects of studying of phages
efficiency. The working collection of pathogenic E. coli strains (13 strains from 6
districts of Krasnodar region) formed after species detection and serological
identification.

The strains E. coli Ec-26 and Ec-27 has been isolated from died by
escherichiosis piglets from pig farm of Tikhoretsk district. Serologic analysis has

ýøåðèõèîçà áûëè âûäåëåíû øòàììû ïàòîãåííûõ ýíòåðîáàêòåðèé. Ïîñëå
îïðåäåëåíèÿ âèäîâîé ïðèíàäëåæíîñòè, áèîõèìè÷åñêîé àêòèâíîñòè è
ïðîâåäåíèÿ ñåðîëîãè÷åñêîé èäåíòèôèêàöèè áûëà ñôîðìèðîâàíà ðàáî÷àÿ
êîëëåêöèÿ (13 øòàììîâ èç øåñòè ðàéîíîâ Êðàñíîäàðñêîãî êðàÿ), âûäåëåííûõ
â ðåãèîíå ðàñïðîñòðàíåíèÿ âîçáóäèòåëåé êèøå÷íîãî ýøåðèõèîçà.

Øòàììû E. coli Ec-26 è Ec-27 áûëè ïîëó÷åíû îò ïàâøèõ îò ýøåðèõèîçà
ïîðîñÿò íà ñâèíîôåðìå Òèõîðåöêîãî ðàéîíà. Ñåðîëîãè÷åñêîå èññëåäîâàíèå
ïîêàçàëî, ÷òî øòàìì E. coli Ec-26 îòíîñèòñÿ ê Î33-ñåðîòèïó, à øòàìì E. coli
Ec-27 – ê Î18-ñåðîòèïó. Øòàììû E. coli Ec-23 (ñåðîòèï Î138), Ec-24 (ñåðîòèï
Î139), Ec-25 (ñåðîòèï Î155), Ec-28 (ñåðîëîãè÷åñêè íå îõàðàêòåðèçîâàí) è
Ec-29 (ñåðîòèï Î33) áûëè âûäåëåíû îò ïàâøèõ ïîðîñÿò íà äâóõ ñâèíîôåðìàõ
Êàâêàçñêîãî ðàéîíà. Øòàììû E. coli Ec-23 è Ec-24 õàðàêòåðèçîâàëèñü
îòðèöàòåëüíîé áèîõèìè÷åñêîé àêòèâíîñòüþ â òåñòå íà ôåðìåíòàöèþ ëàêòîçû.
Øòàììû E. coli Ec-21 (ñåðîòèï Î41) è Ec-22 (ñåðîòèï Î119) áûëè
èçîëèðîâàíû îò ìóìèôèöèðîâàííûõ ïëîäîâ ñâèíîìàòîê, çàáîëåâøèõ
êèøå÷íûì ýøåðèõèîçîì. Ñåðîëîãè÷åñêè íå îõàðàêòåðèçîâàííûå øòàììû
E. coli Ec-01 è Ec-02 (ã. Êðàñíîäàð), à òàêæå  Ec-04 è Ec-12 (Íîâîêóáàíñêèé
ðàéîí) áûëè âûäåëåíû èç ôåêàëèé ïîðîñÿò-îòú¸ìûøåé ñ äèàðååé.

Ïðîâåäåíà ïðîâåðêà ÷óâñòâèòåëüíîñòè ïàòîãåííûõ øòàììîâ E. coli ê
îòîáðàííûì áàêòåðèîôàãàì, ïî ðåçóëüòàòàì êîòîðîé áàêòåðèè áûëè
ðàçäåëåíû íà äâå ãðóïïû, ïðåäñòàâèòåëè êàæäîé èç ãðóïï õàðàêòåðèçîâàëèñü
÷óâñòâèòåëüíîñòüþ ê ñâîèì áàêòåðèîôàãàì. Ëèøü íåìíîãèå èç âûäåëåííûõ
áàêòåðèîôàãîâ ëèçèðîâàëè ïðåäñòàâèòåëåé àëüòåðíàòèâíîé ãðóïïû áàêòåðèé.
Êîëëåêöèÿ áàêòåðèîôàãîâ, èçîëèðîâàííûõ èç áèîìàòåðèàëà ïîðîñÿò, áûëà
èññëåäîâàíà ñ ïîìîùüþ ÏÖÐ ñ èñïîëüçîâàíèåì ïðàéìåðîâ ê ãåíó 23
áàêòåðèîôàãà Ò4-òèïà. Ãåí 23 êîäèðóåò îñíîâíîé áåëîê ãîëîâêè áàêòåðèîôàãà
è ÿâëÿåòñÿ õàðàêòåðèñòè÷åñêèì áåëêîì äëÿ ýòîé ãðóïïû âèðóñîâ. Ïî ýòîìó
ïðèçíàêó âñå âûäåëåííûå áàêòåðèîôàãè áûëè îòíåñåíû ê Ò4-òèïó.

Îáíàðóæåíû äâà áàêòåðèîôàãà, ñïîñîáíûå ëèçèðîâàòü âñå øòàììû
áàêòåðèé – âîçáóäèòåëåé ýøåðèõèîçà ó ïîðîñÿò. Ïîñëå èññëåäîâàíèÿ ýòèõ
ôàãîâ íà  ñïîñîáíîñòü ê òðàíñäóêöèè ïëàçìèäíûõ ìàðêåðîâ
àíòèáèîòèêîðåçèñòåíòíîñòè áûëî óñòàíîâëåíî, ÷òî îáà áàêòåðèîôàãà íå
îáëàäàþò òðàíñäóöèðóþùèì ýôôåêòîì è ìîãóò áûòü íàçâàíû ãåíåòè÷åñêè
áåçîïàñíûìè äëÿ ïðèìåíåíèÿ â ôàãîâîé òåðàïèè.

Âûâîäû.
1. Ñîçäàíà êîëëåêöèÿ èç 98 áàêòåðèîôàãîâ, ñïåöèôè÷íûõ ê ðÿäó

øòàììîâ E.coli.
2. Ñîçäàíà êîëëåêöèÿ èç 13 øòàììîâ E. coli, âûäåëåííûõ îò ïîðîñÿò,

áîëüíûõ ýøåðèõèîçîì.
3. Èç êîëëåêöèè ôàãîâ îòîáðàíû äâà íåòðàíñäóöèðóþùèõ áàêòåðèîôàãà

Ò4-òèïà, ñïîñîáíûå ëèçèðîâàòü âñå èññëåäîâàííûå øòàììû ïàòîãåííûõ
E. coli.

4. Ïîêàçàíî, ÷òî äî 100% áàêòåðèîôàãîâ, âûäåëåííûõ èç áèîìàòåðèàëà
ïîðîñÿò, ìîãóò îòíîñèòüñÿ ê áàêòåðèîôàãàì Ò4-òèïà ñåìåéñòâà Myoviridae.

Ðàáîòà áûëà ïîääåðæàíà ãðàíòàìè ÐÔÔÈ: ¹ 07-04-01563-à, ¹ 09-04-
10132-ê, ¹ 08-04-10149-ê, ¹ 08-04-99111-ð_îôè, ¹ 09-04-90824-ìîá_ñò.
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ÂËÈßÍÈÅ ÑÒÅÏÅÍÈ ÀÖÅÒÈËÈÐÎÂÀÍÈß
ÕÈÒÎÎËÈÃÎÑÀÕÀÐÈÄÎÂ ÍÀ ÀÊÒÈÂÍÎÑÒÜ ÏÅÐÎÊÑÈÄÀÇ
ÊÀÐÒÎÔÅËß ÏÐÈ ÈÍÔÈÖÈÐÎÂÀÍÈÈ PHYTOPHTHORA
INFESTANS
Ñîðîêàíü À.Â., ×åðåïàíîâà Å.À.
Èíñòèòóò áèîõèìèè è ãåíåòèêè Óôèìñêîãî íàó÷íîãî öåíòðà ÐÀÍ, Óôà,
Ðîññèÿ
E-mail: phyto@anrb.ru
Ôàêñ/òåë.: (347) 235-60-88

Îëèãîìåðû õèòèíà, âõîäÿùåãî â ñîñòàâ êëåòî÷íûõ ñòåíîê ãðèáîâ,
ñïîñîáíû ðàñïîçíàâàòüñÿ ðåöåïòîðàìè ðàñòèòåëüíûõ êëåòîê, ÷òî ïðèâîäèò
ê çàïóñêó â íèõ çàùèòíûõ ìåõàíèçìîâ. Â ëèòåðàòóðå èìåþòñÿ âåñüìà
ïðîòèâîðå÷èâûå äàííûå ïî ïîâîäó èììóíîñòèìóëèðóþùèõ ñâîéñòâ
õèòîîëèãîñàõàðèäîâ (ÕÎÑ) â çàâèñèìîñòè îò èõ ñòåïåíè àöåòèëèðîâàíèÿ
(ÑÀ). Òàê êàê ïåðîêñèäàçàì îòâîäèòñÿ çíà÷èòåëüíàÿ ðîëü â èììóííîì îòâåòå
ðàñòåíèé, èíòåðåñíî óçíàòü, ìåíÿåòñÿ ëè àêòèâíîñòü ïåðîêñèäàç ïîä âëèÿíèåì
ÕÎÑ ñ ðàçëè÷íîé ÑÀ è îäèíàêîâî ëè èõ äåéñòâèå íà ïåðîêñèäàçû ðàçëè÷íîé
ëîêàëèçàöèè.

Äëÿ èññëåäîâàíèÿ èñïîëüçîâàëèñü ïðîáèðî÷íûå ðàñòåíèÿ êàðòîôåëÿ,
óñòîé÷èâîãî ê ôèòîôòîðîçó ñîðòà Íåâñêèé, âûðàùåííûå íà ñðåäàõ
êóëüòèâèðîâàíèÿ ñ äîáàâëåíèåì ïðåïàðàòîâ ÕÎÑ ñ ÑÀ 65% è 30% è áåç íèõ.
Íà 7 ñóòêè ëèñòüÿ èíîêóëèðîâàëè ñóñïåíçèåé çîîñïîð Phytophthora infestans.
Êîíòðîëåì ñëóæèëè íåèíôèöèðîâàííûå ðàñòåíèÿ. Íà 1, 3 è 7 ñóòêè ïîñëå
çàðàæåíèÿ ðàñòåíèé â ñóïåðíàòàíòàõ ñâîáîäíî-ðàñòâîðèìîé è èîííî-
ñâÿçàííîé ñ êëåòî÷íûìè ñòåíêàìè ôðàêöèÿõ îïðåäåëÿëè àêòèâíîñòü
ïåðîêñèäàçû.

Ðåçóëüòàòû ïîêàçàëè, ÷òî ÕÎÑ ñ ÑÀ 30% ñïîñîáñòâîâàëè ðàííåé
àêòèâàöèè ñâîáîäíî-ðàñòâîðèìûõ ïåðîêñèäàç ðàñòåíèé, à ñ ÑÀ 65% – ãîðàçäî
áîëåå ñèëüíîé àêòèâàöèè ïåðîêñèäàç, ñâÿçàííûõ ñ êëåòî÷íûìè ñòåíêàìè.
Òàê êàê àêòèâàöèÿ ïåðîêñèäàç â êëåòî÷íûõ ñòåíêàõ ñîçäàåò êàê ìåõàíè÷åñêèé,
òàê è õèìè÷åñêèé áàðüåð äëÿ ïàòîãåíà âîêðóã çîíû èíôèöèðîâàíèÿ, ýòà
ñòðàòåãèÿ ïîçâîëÿåò ðàñòåíèþ ýôôåêòèâíåå çàùèùàòüñÿ. Íàøè âèçóàëüíûå
íàáëþäåíèÿ ïîêàçàëè, ÷òî ïîä âîçäåéñòâèåì ÕÎÑ ñ ÑÀ 65% è êîëè÷åñòâî
íåêðîòèçèðîâàííûõ ó÷àñòêîâ íà çàðàæåííûõ ëèñòüÿõ êàðòîôåëÿ áûëî
çíà÷èòåëüíî ìåíüøå, ÷åì íà ÕÎÑ ñ ÑÀ 30%.

Ðàáîòà áûëà ïîääåðæàíà ãðàíòàìè ÐÔÔÈ ¹ 08-04-90259-Óçá_à è ÀÖÂÏ
"Ðàçâèòèå íàó÷íîãî ïîòåíöèàëà âûñøåé øêîëû" ¹ 113/09.

shown that strain E. coli Ec-26 are O33-serotype, and strain E. coli Ec-27 are
O18-serotype. The strains E. coli Ec-23 (O138-serotype), Ec-24 (O139-serotype),
Ec-25 (O155-serotype), Ec-28 (non-typed serologically) and Ec-29 (O33-serotype)
isolated from died by escherichiosis piglets from two pig farms of Caucasskaya
district. The strains E. coli Ec-23 and Ec-24 were characterized as negative for
lactose fermentation. The strains E. coli Ec-21 (O41-serotype) and Ec-22 (O119-
serotype) has been isolated from mummificated (necrotic) embryos of sows,
diseased by intestinal escherichiosis. The non-characterized serologically strains
E. coli Ec-01 and Ec-02 (Krasnodar district) and Ec-04 è Ec-12 (Novokubansk
disrict) have been isolated from weaned piglets with diarrhea.

The test of sensitivity of pathogenic E. coli strains to selected phages has
been executed. In result of it the all bacterial strains divided on two groups. The
bacteria of each of these groups characterized by sensitivity for self phages. Only
few of isolated phages has been lysed the members of other bacterial group. The
collection of phages isolated from pig biomaterial, has been analysed by PCR
with using the primers to gene 23 of T4-type phages. The gene 23 codes the major
phage head protein and is characteristic for this group of viruses. To this sign all
isolated phages have been carried to T4-type.

The two phages, capable to lyse all bacterial strains induced the intestinal
escherichiosis found out. After analysis of these phages for capability to transduce
the plasmid markers of antibiotic resistance, has been established that both phages
do not possess the tansducing effect and may be named genetically safe for phage
therapy. Two these phages may be offered for the phage therapy.

Results.
1. The collection of 98 specific to E. coli strains phages created.
2. The collection of 13 E. coli strains isolated from piglets with escherichiosis

created.
3. From phage collection selected two non-transducing Ò4-type phages,

capable to lyse all of investigated pathogenic E. coli strains.
4. It is shown that till 100% phages isolated from piglets biomaterials, may

be carried to Ò4-type Myoviridae genera phages.
This work was supported by RFBR grants 07-04-01563-à, 09-04-10132-ê,

08-04-10149-ê, 08-04-99111-ð_îfi, 09-04-90824-mob_st.
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ÔÓÍÊÖÈÎÍÀËÜÍÛÅ ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ È
ÎËÈÃÎÌÅÐÈÇÀÖÈß ÓÊÎÐÎ×ÅÍÍÛÕ Â ÎÁËÀÑÒÈ
N-ÊÎÍÖÅÂÎÃÎ ÄÎÌÅÍÀ ÔÎÐÌ ÀÒÐ-ÇÀÂÈÑÈÌÎÉ
Lon-ÏÐÎÒÅÈÍÀÇÛ E. COLI
Ñòåïíîâ À.À., Àíäðèàíîâà À.Ã., ×àùèíîâà Ä.Â., Ìåëüíèêîâ Ý.Ý.,
Ðîòàíîâà Ò.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: anton.stepnov@gmail.com

ÀÒÐ-çàâèñèìàÿ Lon-ïðîòåèíàçà E. coli (Åñ-Lon), ïðåäñòàâèòåëü
ñóïåðñåìåéñòâà ÀÀÀ(+)-áåëêîâ, ó÷àñòâóåò â ïîääåðæàíèè ñîõðàííîñòè
êëåòî÷íîãî ïðîòåîìà ïóòåì ñåëåêòèâíîé äåãðàäàöèè ðÿäà ðåãóëÿòîðíûõ
áåëêîâ, à òàêæå àíîìàëüíûõ è äåôåêòíûõ ïîëèïåïòèäîâ ïî óíèêàëüíîìó
ïðîöåññèâíîìó ìåõàíèçìó. Ôåðìåíò ÿâëÿåòñÿ ãîìîîëèãîìåðîì è èìååò
ìóëüòèäîìåííóþ îðãàíèçàöèþ. Ñóáúåäèíèöà Åñ-Lon (784 à.î.) îáúåäèíÿåò
òðè äîìåíà: íåêàòàëèòè÷åñêèé N-êîíöåâîé (N, à.î. ~1-300), ÀÒÐ-àçíûé (À,
~300-584) è ïðîòåîëèòè÷åñêèé (Ð, 585-784). Â N-äîìåíå îáíàðóæåíà
ïðîòÿæåííàÿ coiled-coil (ÑÑ)-îáëàñòü (à.î. ~180-280), ïðåäïîëîæèòåëüíî
îòâåòñòâåííàÿ çà îëèãîìåðèçàöèþ ôåðìåíòà è åãî âçàèìîäåéñòâèå ñ áåëêîâûì
ñóáñòðàòîì.

Äëÿ âûÿâëåíèÿ ñòðóêòóðíî-ôóíêöèîíàëüíîé ðîëè ÑÑ-îáëàñòè â Åñ-Lon
ïîëó÷åíû è îõàðàêòåðèçîâàíû äåëåöèîííàÿ ôîðìà d(CC)-Lon, à òàêæå
óêîðî÷åííûå ôîðìû ôåðìåíòà, ñîõðàíèâøèå ëèáî ïîëíóþ ÑÑ-îáëàñòü
(Lon(173-784)), ëèáî åå Ñ-êîíöåâóþ ïîëîâèíó (Lon(235-784)).

Óñòàíîâëåíî, ÷òî ôîðìà Lon(235-784) îáëàäàåò ïîíèæåííîé ïî
ñðàâíåíèþ ñ  ïîëíîðàçìåðíûì ôåðìåíòîì ñòåïåíüþ îëèãîìåðèçàöèè. Êðîìå
òîãî, ýòà ôîðìà õàðàêòåðèçóåòñÿ íåîáû÷íûì àâòîëèçîì, êîòîðûé çíà÷èòåëüíî
óñèëèâàåòñÿ ïðè ãèäðîëèçå ÀÒÐ è ïðèâîäèò ê îòùåïëåíèþ îñòàâøåéñÿ ÷àñòè
ÑÑ-îáëàñòè. Âûäâèíóòî ïðåäïîëîæåíèå î âíóòðèìîëåêóëÿðíîì ìåõàíèçìå
ïðîòåêàíèÿ àâòîëèçà. Âñå ìîäèôèöèðîâàííûå ôîðìû Åñ-Lon ïðîÿâëÿþò
íåïðîöåññèâíóþ ïðîòåîëèòè÷åñêóþ àêòèâíîñòü. Îñîáåííîñòÿìè
äåëåöèîííîé ôîðìû d(CC)-Lon ÿâëÿþòñÿ íå÷óâñòâèòåëüíîñòü ê äåéñòâèþ
ADP – èíãèáèòîðà ïîëíîðàçìåðíîé Åñ-Lon è îòñóòñòâèå ÀÒÐ-àçíîé
àêòèâíîñòè ïðè ñîõðàíåíèè ñïîñîáíîñòè ê ñâÿçûâàíèþ íóêëåîòèäîâ.

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò îá ó÷àñòèè N-êîíöåâîãî
ôðàãìåíòà â ôîðìèðîâàíèè ïîëíîöåííîé îëèãîìåðíîé ñòðóêòóðû ôåðìåíòà,
íåîáõîäèìîé äëÿ ïðîöåññèâíîé äåãðàäàöèè áåëêîâûõ ìèøåíåé, à òàêæå
äîêàçûâàþò âîâëå÷åííîñòü Ñ-êîíöåâîé ÷àñòè ÑÑ-îáëàñòè â ñèñòåìó
ðåãóëÿöèè ôóíêöèîíèðîâàíèÿ ÀÒÐ-àçíîãî è ïðîòåîëèòè÷åñêîãî öåíòðîâ
Åñ-Lon-ïðîòåèíàçû.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÐÔÔÈ ¹ 08-04-00977.

INFLUENCE OF ACETYLATION DEGREE OF CHITIN ON
PEROXIDASES ACTIVITY IN POTATO, INFECTED BY
PHYTOPHTHORA INFESTANS
Sorokan A.V., Cherepanova E.A.
Institute of Biochemistry and Genetics, Ufa Scientific Center RAS, Ufa, Russia
E-mail: phyto@anrb.ru
Fax/tel.: (347) 235-60-88

Chitin is compound of fungal cell walls, which distinguished by receptors of
plant cells and initiates protective mechanisms. The information about influence
of acetilation degree (AD) of these molecules on their immunostimulation properties
is rather inconsistent. Because peroxidases are considered like important players
in the immune reaction of plants, it is interesting to investigate to study changes
activity of peroxidases with chitin olygomers (CO) treatment, and difference of
influence the CO with various AD on peroxidases with various location in plant
cell.

We used potato plants which cultivated in tubes sort Nevskiy and are resistant
to late bligh. Murashige-Skoog medium contained chitin olygomers with AD 65%
and 30% in concentration of 1 mg/l and without it. After 7 days of growth we
inoculate plants by suspension of Ph. infestans zoospores. Non-inoculated plants
were used for control. Measurements were made on the 1th, 3d and 7th days after the
infection. The activity of peroxidases was defined in supernatants of soluble and
ionic-bound fractions.

The results showed that the chitin with AD 30% promoted early activation of
soluble plant peroxidases, and chitin with AD 65% increased the activity of
association with cell walls peroxidases. Because activation of cell-wall peroxidases
creates mechanical and chemical barrier in zone of pathogen attack, this strategy
allows a plants to protect themselves more effectively. Our visual observation
showed that addition of chitin with ÀD 65% led to formation of less quantity of
necrosis sites on the infected potato leaves, than presence of chitin olygomers
with AD 30% in medium.

Work was supported by a grant from Russian Foundation for Basic Research
¹ 08-04-90259-Uzb_a and ACVP "Development of scientific potential of the
Higher School" ¹ 113/09.
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Ñóõàíîâ Ñ.Â., Áàðñóêîâ Ë.È., Áàëàíäèí Ñ.Â., Æìàê Ì.Í.,
Îâ÷èííèêîâà Ò.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
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Èçó÷åíî äåéñòâèå àðåíèöèíà-1 è àðåíèöèíà-2 èç ìîðñêèõ ïîëèõåò
Arenicola marina íà ïðîâîäèìîñòü ÁËÌ â øèðîêîì äèàïàçîíå êîíöåíòðàöèé
ïåïòèäîâ è ìåìáðàííûõ ïîòåíöèàëîâ. Óñòàíîâëåíî, ÷òî êàê àðåíèöèí-1, òàê
è àðåíèöèí-2 â î÷åíü íèçêèõ êîíöåíòðàöèÿõ (10-8 – 10-7 Ì) èíäóöèðóþò
èíòåíñèâíûå ôëóêòóàöèè ìåìáðàííîãî òîêà â ëèïèäíûõ ìåìáðàíàõ. Áîëåå
âûñîêèå êîíöåíòðàöèè ïåïòèäîâ ïðèâîäÿò ê ïîëíîìó ðàçðóøåíèþ ìåìáðàí,
ïðè÷åì âðåìÿ èõ æèçíè ñèëüíî çàâèñèò îò êîíöåíòðàöèè ïåïòèäîâ è âåëè÷èíû
ïðèëîæåííîãî ïîòåíöèàëà. Àíàëèç çàâèñèìîñòè âðåìåíè æèçíè ìåìáðàíû
îò êîíöåíòðàöèè àðåíèöèíà è âåëè÷èíû ïðèëîæåííîãî ïîòåíöèàëà, à òàêæå
äèíàìèêè íàðàñòàíèÿ ïðîâîäèìîñòè âî âðåìåíè ïîçâîëÿåò çàêëþ÷èòü, ÷òî â
ìåìáðàíå ïðîèñõîäèò ïîñòåïåííîå íàêîïëåíèå àðåíèöèíà, ïðèâîäÿùåå ê
âîçíèêíîâåíèþ ôëóêòóàöèé ìåìáðàííîãî òîêà ñ ó÷àñòèåì âðåìåííî
îòêðûâàþùèõñÿ ïîð è êàíàëîâ. Ñóäÿ ïî âåëè÷èíå ìèíèìàëüíûõ ôëóêòóàöèé
ìåìáðàííîãî òîêà, ïðè ìàëûõ êîíöåíòðàöèÿõ àðåíèöèíà è íèçêèõ
ïîòåíöèàëàõ îñíîâíîé âêëàä â ïðîâîäèìîñòü ìåìáðàíû âíîñÿò ñòðóêòóðû
òèïà îäèíî÷íûõ êàíàëîâ. Ïî ìåðå íàêîïëåíèÿ àðåíèöèíà â ìåìáðàíå
îáðàçóþòñÿ äîñòàòî÷íî êðóïíûå ïîðû, â ôîðìèðîâàíèè êîòîðûõ ìîãóò
ó÷àñòâîâàòü áîëåå äåñÿòè ïåïòèäíûõ ìîëåêóë. Íà îñíîâàíèè
ýëåêòðîõèìè÷åñêèõ õàðàêòåðèñòèê íàáëþäàåìûõ ôëóêòóàöèé ìåìáðàííîãî
òîêà ìîæíî ñäåëàòü âûâîä, ÷òî êàíàëû è ïîðû, ôîðìèðóåìûå àðåíèöèíîì â
ìåìáðàíå, îáëàäàþò ñëàáîé àíèîííîé ñåëåêòèâíîñòüþ. Ïðè âûñîêèõ
êîíöåíòðàöèÿõ àðåíèöèíà è ïðèëîæåííûõ ïîòåíöèàëàõ ìåìáðàíà, â êîíå÷íîì
ñ÷åòå, ðàçðóøàåòñÿ, ïî-âèäèìîìó, çà ñ÷åò îáðàçîâàíèÿ â íåé áîëüøîãî
êîëè÷åñòâà êðóïíûõ ïîð è èõ ñëèÿíèÿ, ÷òî ïðèâîäèò ê íàðóøåíèþ
öåëîñòíîñòè ëèïèäíîãî áèñëîÿ. Â õîäå ïðîâåäåíèÿ ñðàâíèòåëüíûõ
ýêñïåðèìåíòîâ íà ÁËÌ, ïðèãîòîâëåííûõ èç öâèòòåð-èîííûõ è îòðèöàòåëüíî
çàðÿæåííûõ ôîñôîëèïèäîâ, áûëè îáíàðóæåíû ñóùåñòâåííûå ðàçëè÷èÿ â
õàðàêòåðå äåéñòâèÿ àðåíèöèíîâ íà èîííóþ ïðîâîäèìîñòü, ÷òî ïîçâîëÿåò
ïðåäïîëîæèòü, ÷òî ìåìáðàííûå ëèïèäû òàêæå âîâëå÷åíû â ôîðìèðîâàíèå
ìîëåêóëÿðíûõ ñòðóêòóð, îòâåòñòâåííûõ çà ìåìáðàíîëèòè÷åñêóþ àêòèâíîñòü
ýòèõ ïåïòèäîâ.

FUNCTIONAL CHARACTERISTICS AND OLIGOMERIZATION OF
E. COLI ATP-DEPENDENT Lon PROTEASE WITH VARIOUS
TRUNCATIONS IN THE  REGION OF N-TERMINAL DOMAIN
Stepnov A.A., Andrianova A.G., Chaschinova D.V., Melnikov E.E.,
Rotanova T.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: anton.stepnov@gmail.com

ATP-Dependent Lon protease from E. coli (Åñ-Lon) is a representative of
AAA(+) protein superfamily and participates in cellular proteome maintainance
by selective degradation of a number of regulatory proteins as well as abnormal
and defective polypeptides using an unique processive mechanism. Åñ-Lon is a
homooligomer and has a multidomain organization. The enzyme subunit (784 a.a.)
consists of a non-catalytic N-terminal domain (N, a.a. ~1-300), an ATPase (A, a.a.
~300-584) and a proteolytic domain (Ð, a.a. 585-784). The N-domain contains an
extended coiled-coil (ÑÑ) region (a.a. ~180-280) presumably responsible for the
enzyme oligomerization and interaction with a protein target.

For revealing a structure-functional role of ÑÑ region in Ec-Lon the deletion
form d(CC)-Lon as well as truncated forms of the enzyme which have kept either
the full ÑÑ region (Lon (173-784)) or its C-terminal half (Lon(235-784)) are
received and characterized.

Lon(235-784) was found to possess the lowered extent of oligomerization in
comparison with the full-length enzyme. Besides, this form is characterized by
unusual autolysis which considerably increases at ATP hydrolysis and leads to the
removal of the rest part of the ÑÑ region. The intramolecular mechanism of the
autolysis is suggested. All modified forms of Ec-Lon display a non-processive
proteolytic activity. Exciting features of d(CC)-Lon are the tolerance to the inhibitor
of the full-length Ec-Lon - ADP and the loss of ATPase activity while keeping the
ability to nucleotide binding.

These results confirm the participation of the N-terminal fragment in formation
of the enzyme oligomeric structure which is necessary for the processive
degradation of protein targets, and also prove an involvement of the C-terminal
part of the CC region in the regulation of functioning of Ec-Lon ATPase and
proteolytic sites.

This work is supported by the Russian Foundation for Basic Research grant
¹ 08-04-00977.
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Äåëüòà-ñîí èíäóöèðóþùèé ïåïòèä (ÄÑÈÏ, TrpAlaGlyGlyAspAlaSerGlyGlu) –
ðåãóëÿòîðíûé íåéðîïåïòèä, îáëàäàþùèé ñòðåññ-ïðîòåêòîðíîé è àäàïòîãåííîé
àêòèâíîñòÿìè [1]. ÄÑÈÏ ÿâëÿåòñÿ äåéñòâóþùèì âåùåñòâîì ëåêàðñòâåííîãî ïðåïàðàòà
Äåëüòàðàí. Èçâåñòíî, ÷òî ìîëåêóëà ÄÑÈÏ îáëàäàåò íèçêîé ñòàáèëüíîñòüþ â
ôèçèîëîãè÷åñêèõ óñëîâèÿõ è ðàçðóøàåòñÿ ÷åðåç íåñêîëüêî ìèíóò ïîñëå ââåäåíèÿ â
îðãàíèçì [2].

Öåëüþ äàííîãî èññëåäîâàíèÿ áûëî èçó÷èòü âîçìîæíîñòü âêëþ÷åíèÿ ÄÑÈÏ â
ïîðèñòûå áèîäåãðàäèðóåìûå ïîëèìåðíûå ìàòðèöû è èññëåäîâàòü åãî âûõîä â ìîäåëè
in vitro. Äëÿ âêëþ÷åíèÿ ÄÑÈÏ èñïîëüçîâàëè òðè òèïà ìàêðîïîðèñòûõ ïîëèìåðíûõ
ãèäðîãåëåé: íà îñíîâå àêðèëîâîãî ïðîèçâîäíîãî ïîëèâèíèëîâîãî ñïèðòà (ÏÂÑ,
ýëåêòðîíåéòðàëüíàÿ ìàòðèöà) [3], ñîïîëèìåðà àêðèëîâîé êèñëîòû è N,N'-ìåòèëåí-
áèñ-àêðèëàìèäà (ÏÀÀ, îòðèöàòåëüíî çàðÿæåííàÿ ìàòðèöà) [4], ñîïîëèìåðà
äèìåòèëàìèíîýòèëìåòàêðèëàòà è N,N'-ìåòèëåí-áèñ-àêðèëàìèäà (ïÄÌÀÝÌÀ,
ïîëîæèòåëüíî çàðÿæåííàÿ ìàòðèöà) [4]. Âêëþ÷åíèå ïåïòèäà â ÏÂÑ ìàòðèöó
ïðîâîäèëè ïóòåì äîáàâëåíèÿ ðàñòâîðà ÄÑÈÏ (0,5-1 ìã/ìë, 400 ìêë) ñ ïîñëåäóþùèì
(ñïóñòÿ 1 ÷) ëèîôèëüíûì âûñóøèâàíèåì. Ìàòðèöû ÏÀÀ è ïÄÌÀÝÌÀ (4-20 ìã)
èíêóáèðîâàëè â òå÷åíèå 16 ÷ â ðàñòâîðå ïåïòèäà (0,5-1 ìë, êîíöåíòðàöèÿ ïåïòèäà
0,1 ìã/ìë) è ëèîôèëüíî âûñóøèâàëè. Ìåòîäîì îáðàùåííî-ôàçîâîé õðîìàòîãðàôèè
îáíàðóæåíî, ÷òî ÄÑÈÏ àäñîðáèðóåòñÿ íà ìàòðèöå ïÄÌÀÝÌÀ èç âîäíîãî ðàñòâîðà
÷àñòè÷íî (65% îò èñõîäíîãî êîëè÷åñòâà) â òå÷åíèå 6 ÷ è ïîëíîñòüþ – ñïóñòÿ 16 ÷. Â
òî âðåìÿ êàê â ÏÂÑ ìàòðèöó ÄÑÈÏ âêëþ÷àëñÿ ïîëíîñòüþ, àäñîðáöèè ïåïòèäà â
ÏÀÀ ìàòðèöå íå íàáëþäàëè. Äëÿ èññëåäîâàíèÿ äåñîðáöèè ïåïòèäà èç ïðåäâàðèòåëüíî
ëèîôèëüíî âûñóøåííûõ ìàòðèö ïîñëåäíèå ïîìåùàëè â 0,9% ðàñòâîð NaCl èëè PBS
(pH 7,4; 6,0; 5,0). Îáíàðóæåíî, ÷òî ïîëíûé âûõîä ïåïòèäà â ðàñòâîðû èç ÏÂÑ ìàòðèöû
ïðîèñõîäèë ÷åðåç 3 ÷, â òî âðåìÿ êàê èç ïÄÌÀÝÌÀ ìàòðèöû âûõîä ïåïòèäà ñîñòàâèë
86% â òå÷åíèå 1-3 ÷ ïðè íåéòðàëüíîì ðÍ (7,4) è 56-61% ïðè pH 5,0 è 6,0,
ñîîòâåòñòâåííî. Â êîíòðîëüíîì îáðàçöå (èíêóáàöèÿ ïÄÌÀÝÌÀ ìàòðèöû â âîäå
MilliQ) âûõîäà ïåïòèäà íå íàáëþäàëè äàæå ïîñëå 24 ÷. Äîáàâëåíèå ê íåìó ðàñòâîðà
PBS (pH 7,4) ïðèâîäèëî ê ïîëíîé äåñîðáöèè ïåïòèäà.

Òàêèì îáðàçîì, ÄÑÈÏ ìîæíî èììîáèëèçîâàòü íà ïîðèñòûõ ãèäðîãåëåâûõ
ìàòðèöàõ ÏÂÑ è ïÄÌÀÝÌÀ çà ñ÷åò ôîðìèðîâàíèÿ âîäîðîäíûõ è èîííûõ ñâÿçåé.
Äàííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâàíû ïðè ðàçðàáîòêå áèîäåãðàäèðóåìûõ
íîñèòåëåé äëÿ ñîçäàíèÿ òðàñïëàíòàòîâ ñ âêëþ÷åííûìè â íèõ áèîàêòèâíûìè
ïåïòèäàìè.
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ARENICIN-INDUCED CONDUCTIVITY OF BILAYER LIPID
MEMBRANES (BLM)
Sukhanov S.V., Barsukov L.I., Balandin S.V., Zhmak M.N.,
Ovchinnikova T.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: ssv@ibch.ru

The effect of arenicin-1 and arenicin-2 from marine polychaeta Arenicola
marina on BLM conductivity was studied in the broad range of polypeptide
concentrations and membrane potentials. Both arenicins have been found to induce
intensive current fluctuations in BLM at very low concentrations (10-8 – 10-7 Ì).
Higher peptide concentrations give rise to complete disruption of BLM, the life-
time of the membrane being greatly dependent on the peptide concentration and
the value of applied potential. An analysis of these dependences as well as the
dynamics of growth in membrane conductivity with time implies that gradual
accumulation of arenicin in the membrane results in appearance of current
fluctuations representing temporarily opened pores and channels. Judging by the
lowest values of current fluctuations recorded at low arenicin concentrations and
weak potentials, the molecular structures similar to single cannels make the major
contribution in the membrane conductivity under these conditions. As more arenicin
is accumulated in the membrane, rather large pores are formed containing more
than ten peptide molecules. Electrochemical characteristics of the membrane current
fluctuations indicate that the channels and pores formed by arenicin in the membrane
have moderate anionic selectivity. At high arenicin concentrations and applied
electrical potentials, the membrane is ultimately broken down apparently due to
formation of large pores and their subsequent fusion, which violates the integrity
of lipid bilayer. Comparative studies have revealed substantial differences in the
action of arenicins on BLMs prepared from neutral and negatively charged
phospholipids. This implies that membrane lipids are also involved in formation
of molecular structures responsible for the membranolytic activity of these peptides.
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Íóêëåîçèäû, ñîäåðæàùèå ðàçëè÷íûå ìîäèôèêàöèè â îñíîâàíèè èëè
ðèáîôóðàíîçíîì îñòàòêå, êàê ïðàâèëî, ïîëó÷àþò ìíîãîñòàäèéíûì
õèìè÷åñêèì ñèíòåçîì. Òàêîé ñèíòåç òðóäîåìîê, õàðàêòåðèçóåòñÿ íèçêèì
âûõîäîì öåëåâûõ ïðîäóêòîâ è ñëîæíîñòüþ èõ âûäåëåíèÿ ïî ïðè÷èíå
ôîðìèðîâàíèÿ â ðåàêöèè ñìåñè ðåãèî- è ñòåðåîèçîìåðîâ. Àëüòåðíàòèâíûì
ñïîñîáîì ïîëó÷åíèÿ ïðèðîäíûõ íóêëåîçèäîâ è èõ ìîäèôèöèðîâàííûõ
àíàëîãîâ ìîæåò ñëóæèòü áèîñèíòåòè÷åñêèé ïðîöåññ, êàòàëèçèðóåìûé N-
äåçîêñèðèáîçèëòðàíñôåðàçàìè èëè íóêëåîçèäôîñôîðèëàçàìè
ìèêðîîðãàíèçìîâ. Îñíîâíûì ïðåèìóùåñòâîì áèîêîíâåðñèè ïåðåä
õèìè÷åñêèì ñèíòåçîì ÿâëÿåòñÿ àáñîëþòíàÿ ðåãèî- è ñòåðåîñïåöèôè÷íîñòü
êàòàëèçèðóåìûõ ôåðìåíòàìè ïðîöåññîâ. Êðîìå òîãî, ýòè ðåàêöèè íå òðåáóþò
íèêàêèõ êîôàêòîðîâ è ìîãóò ïðîòåêàòü â ýêîëîãè÷åñêè è òåõíîëîãè÷åñêè
áåçîïàñíûõ âîäíûõ áóôåðàõ. Áëàãîäàðÿ øèðîêîé ñóáñòðàòíîé ñïåöèôè÷íîñòè
íóêëåîçèäôîñôîðèëàçû ÿâëÿþòñÿ áîëåå ïîäõîäÿùèìè áèîêàòàëèçàòîðàìè
äëÿ ïðîìûøëåííîãî ïðèìåíåíèÿ.

Íóêëåîçèäôîñôîðèëàçû – îäíà èç ãðóïï êëþ÷åâûõ ôåðìåíòîâ ñèíòåçà
è îáìåíà ïóðèíîâûõ è ïèðèìèäèíîâûõ íóêëåîçèäîâ â æèâûõ îðãàíèçìàõ -
îò áàêòåðèé äî ìëåêîïèòàþùèõ. Â ïðèñóòñòâèè îðòîôîñôàòà ýòè ôåðìåíòû
êàòàëèçèðóþò îáðàòèìûé ôîñôîðîëèç ðèáî-, àðàáèíî- è
äåçîêñèðèáîíóêëåîçèäîâ äî ïåíòîçî-1-ôîñôàòà è ñîîòâåòñòâóþùèõ
îñíîâàíèé, à òàêæå ôîñôàòçàâèñèìûé ïåðåíîñ ïåíòîçû ìåæäó ïóðèíîâûìè
è ïèðèìèäèíîâûìè îñíîâàíèÿìè èëè íóêëåîçèäàìè
(òðàíñãëèêîçèëèðîâàíèå) ñ îáðàçîâàíèåì íóêëåîçèäîâ, îòëè÷íûõ îò
èñõîäíûõ, ïî ñõåìå:

Íóêëåîçèä + P ↔↔↔↔↔ Ïåíòîçî-1-ôîñôàò + Îñíîâàíèå
Íàìè áûëè êëîíèðîâàíû ãåíû íóêëåîçèäôîñôîðèëàç Geobacillus

stearothermophilus ÂÊÌ-2194 è ïîëó÷åíû ðåêîìáèíàíòíûå øòàììû E.coli
BL21(DE3)/pBstPNPII è BL21(DE3)/pBstPYNP, ïðîäóöèðóþùèå,
ñîîòâåòñòâåííî, ïóðèííóêëåîçèäôîñôîðèëàçó II (ÊÔ 2.4.2.1) è
ïèðèìèäèííóêëåîçèäôîñôîðèëàçó (ÊÔ 2.4.2.2) G. stearothermophilus.
Óäåëüíàÿ àêòèâíîñòü ïîëó÷åííûõ ôåðìåíòíûõ ïðåïàðàòîâ, îïðåäåëåííàÿ â
ðåàêöèè ôîñôîðîëèçà ñîîòâåòñòâóþùèõ ñóáñòðàòîâ, ñîñòàâëÿëà 55±4 åä/ìã
áåëêà äëÿ ïðåïàðàòà ïóðèííóêëåîçèäôîñôîðèëàçû è 112±7 åä/ìã áåëêà äëÿ
ïèðèìèäèííóêëåîçèäôîñôîðèëàçû G.stearothermophilus. Òåðìîñòàáèëüíîñòü
ýòèõ ôåðìåíòîâ áûëà âûñîêà è âðåìÿ ïîëóæèçíè ïðè òåìïåðàòóðå 65oÑ

ENTRAPMENT OF DELTA-SLEEP INDUCING PEPTIDE INTO
POLYMER MATRIÑES
Sukhanova T.V., Gurevich Y.M.*, Artyukhov A.A.*, Efremov E.S.,
Chikin L.D., Prudchenko I.A.*, Shtilman M.I.*, Markvicheva E.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Mendeleyev University of Chemical Technology of Russia, Research and
Teaching Center "Biomaterials", Moscow, Russia
E-mail: sukhanovat@mail.ru

Delta-sleep inducing peptide (DSIP, TrpAlaGlyGlyAspAlaSerGlyGlu) is a
regulatory neuropeptide with stress-protectoric and adaptogenic activities [1]. It
is an active substance of medical product Deltaran. As well known, DSIP molecule
has low stability under physiological conditions and was destroyed in some minutes
after its administration in a body [2].

The aim of this research is to study possibility of DSIP entrapment in
biodegradable porous polymer matrices and to estimate its release using in vitro
model. Three types of macroporous polymer hydrogels were used for DSIP
entrapment: acrylate modified polyvinyl alcohol (PVA, electroneutral matrix) [3],
copolymer of acrylic acid and N,N'-methylene-bis-acrylamide (PAA, negatively
charged matrix) [4], copolymer of dimethylaminoethyl methacrylate and N,N'-
methylene-bis-acrylamide (PDMAEMA, positively charged matrix) [4]. Peptide
entrapment in PVA matrix was carried out by addition of DSIP solution
(0.5-1 mg/ml, 400µl) following lyophilization after 1 h. PAA and pDMAEMA
matrices (4-20 mg) were incubated in aqueous peptide solution (0.5-1 ml,
0.1 mg/ml) for 16 h following lyophilization. It was found by reverse phase
chromatography, DSIP was adsorbed on PDMAEMA matrix from aqueous solution
partially (65% from basic amount)in 6 h and completely in 16 h. Where as DSIP
entrapped in PVA matrix completely, peptide adsorption on PAA matrix is not
observed. For study of peptide desorption from previously lyophilized matrices
they were positioned in 0.9% NaCl solution or PBS (pH 7.4; 6.0; 5.0). It was
found, the complete DSIP release in solutions from PVA matrix was observed
after 3 h, where as from PDMAEMA matrix DSIP release was 86% in 1-3 h at
neutral pH (7.4) and 56-61% at pH 5.0 and 6.0 respectively. In control (incubation
PDMAEMA matrix in MilliQ water) peptide release was not observed even in
24 h. Addition of PBS solution (pH 7.4) resulted to 100% peptide desorption.

 This allows to predict DSIP immobilization on porous hydrogel PVA matrix
and PDMAEMA matrix by forming hydrogen and ionic bonds. These results can
be used for development of biodegradable carriers for transplants with entrapped
in it bioactive peptides, accelerating of tissues reparation processes.
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SYNTHESIS OF NUCLEOSIDE ANALOGUES BY ENZYMATIC
TRANSGLYCOSYLATION WITH RECOMBINANT
THERMOSTABLE NUCLEOSIDE PHOSPHORYLASES
Taran S.A.*,**, Feofanov S.A.*, Miroshnikov A.I.*
*Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
E-mail: corresponder@rambler.ru
**Pushchino State University, Pushchino, Russia

Background. Modified nucleosides and their analogs are now widely used
in medical practice as an important group of efficient chemotherapeutics for
treatment of viral and cancer diseases. Biotechnological production of the
nucleoside analogs containing modified bases with the help of bacterial nucleoside
phosphorylases is more promising then chemical synthesis.

Objectives.
1. Construction of genetically engineered E. coli strains producing

Geobacillus stearothermophilus B-2194 thermostable purine (PuNP) and
pyrimidine (PyNP) nucleoside phosphorylases.

2. Investigation of the potential of engineered E.coli strains for synthesis of
natural nucleosides and their modified derivatives using various pentose donors
and acceptors.

Methods.  Cloning of G. stearothermophilus nucleoside phosphorylase genes
into expression vectors. Preparation of natural and modified nucleosides by
transglycosylation reactions.

Results.
1. We have constructed the genomic library of the G. stearothermophilus

B-2194. By using conserved gene primers, we have detected the fragments of the
punB and pyn genes. The genes were cloned into the pET-related vectors and the
enzymes were expressed in E. coli BL21(DE3).

2. The yield of nucleoside phosphorylases in this case reached 40% of the
total cellular protein.

3. Use of the cells containing the thermostable enzymes allowed us to conduct
the process at 70-75oC, providing the maximal concentrations of sparingly soluble
substrates.

4. The study has demonstrated that intact cells of the tested recombinant
E. coli strains, the overproducers of the G. stearothermophilus purine (PuNP) and
pyrimidine (PyNP) nucleoside phosphorylases, are appropriate for a highly efficient
synthesis of 2'-deoxyinosine, 2'-deoxyguanosine, 2CldAdo(cladribine) and 1-β-
D-ribofuranosil-1,2,4-triazole-3-carboxamide (ribavirin).

Conclusion. We have developed very efficient biocatalysts for the preparation
of natural and modified nucleosides.

ñîñòàâëÿëî 250 è 118 ÷àñîâ äëÿ ïóðèííóêëåîçèäôîñôîðèëàçû è
ïèðèìèäèííóêëåîçèäôîñôîðèëàçû, ñîîòâåòñòâåííî. Îõàðàêòåðèçîâàííûå
ôåðìåíòíûå ïðåïàðàòû ðåêîìáèíàíòíûõ íóêëåîçèäôîñôîðèëàç
G.stearothermophilus èììîáèëèçîâàëè íà àìèíîïðîïèëèðîâàííîì
ìàêðîïîðèñòîì ñòåêëå AP-CPG-170 è èñïîëüçîâàëè â ðåàêöèÿõ ôîñôîðîëèçà
è òðàíñãëèêîçèëèðîâàíèÿ ïðèðîäíûõ è ìîäèôèöèðîâàííûõ íóêëåîçèäîâ.

Ââåäåíèå ðàçëè÷íûõ ìîäèôèêàöèé ïî 2- è 6-ïîëîæåíèÿì ïóðèíîâûõ
îñíîâàíèé è 5-ïîëîæåíèþ ïèðèìèäèíîâûõ îñíîâàíèé íå ïðèâîäèëî ê
ñóùåñòâåííîìó èçìåíåíèþ àêòèâíîñòè ôåðìåíòîâ ïî ñðàâíåíèþ ñ
ïðèðîäíûìè ñóáñòðàòàìè, ÷òî ïîçâîëÿåò èñïîëüçîâàòü ïîëó÷åííûå
ôåðìåíòíûå ïðåïàðàòû äëÿ ñèíòåçà ìîäèôèöèðîâàííûõ íóêëåîçèäîâ.

Ñõåìà ïîëó÷åíèÿ 2-õëîð-2'-äåçîêñèàäåíîçèíà

Ïîêàçàíà âîçìîæíîñòü ýôôåêòèâíîãî ïðèìåíåíèÿ ôåðìåíòíûõ
ïðåïàðàòîâ íóêëåîçèäôîñôîðèëàç G. stearothermophilus äëÿ
áèîòåõíîëîãè÷åñêîãî ïîëó÷åíèÿ ðÿäà ñóáñòàíöèé ôàðìàöåâòè÷åñêîé
ïðîäóêöèè: 2-õëîð-2'-äåçîêñèàäåíîçèíà (ñóáñòàíöèÿ ïðåïàðàòà "Êëàäðèáèí")
â ñîïðÿæåííîé ðåàêöèè òðàíñãëèêîçèëèðîâàíèÿ ñ òèìèäèíîì (äîíîð
äåçîêñèðèáîçû) è 2-õëîðàäåíèíîì (ìîäèôèöèðîâàííîå îñíîâàíèå); 9-β-D-
àðàáèíîôóðàíîçèë-2-ôòîðàäåíèíà (ñóáñòàíöèÿ ïðåïàðàòà "Ôëóäàðàáèí") â
ñîïðÿæåííîé ðåàêöèè òðàíñãëèêîçèëèðîâàíèÿ ñ 9-β-D-àðàáèíîôóðàíîçèë-
óðàöèëîì (äîíîð àðàáèíîçû) è 2-ôòîðàäåíèíîì (ìîäèôèöèðîâàííîå
îñíîâàíèå); 1-β-D-ðèáîôóðàíîçèë-1,2,4-òðèàçîë-3-êàðáîêñàìèäà (ñóáñòàíöèÿ
ïðåïàðàòà "Âèðàçîë") ñ ãóàíîçèíîì (äîíîð ðèáîçû) è 1,2,4-òðèàçîë-3-
êàðáîêñàìèäîì (ìîäèôèöèðîâàííîå îñíîâàíèå). Ðàçðàáîòàíû ìåòîäèêè è
òåõíîëîãè÷åñêèå ðåãëàìåíòû áèîòåõíîëîãè÷åñêîãî ñèíòåçà è âûäåëåíèÿ
öåëåâûõ ïðîäóêòîâ èç ðåàêöèîííîé ñìåñè èîíîîáìåííîé õðîìàòîãðàôèåé
íà ðàçëè÷íûõ ñîðáåíòàõ îòå÷åñòâåííîãî è èìïîðòíîãî ïðîèçâîäñòâà (Dowex,
ÀÂ17õ2) ñ èñïîëüçîâàíèåì ýêîëîãè÷åñêè è òåõíîëîãè÷åñêè áåçîïàñíûõ
ýëþåíòîâ (âîäà, àììèà÷íàÿ âîäà) è ðåàêòèâîâ.

Ñîçäàí "áèîòåõíîëîãè÷åñêèé èíñòðóìåíòàðèé", êîòîðûé ìîæåò
èñïîëüçîâàòüñÿ äëÿ ïîëó÷åíèÿ øèðîêîãî ñïåêòðà êàê óæå èññëåäîâàííûõ,
òàê è íîâûõ ïðåïàðàòîâ íóêëåîçèäíîé ïðèðîäû äëÿ íóæä ìåäèöèíû è äðóãèõ
ïðèìåíåíèé.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ
èññëåäîâàíèé (ïðîåêòû ÐÔÔÈ 08-04-12143, 08-04-01842) è Ôåäåðàëüíîãî
àãåíòñòâà ïî îáðàçîâàíèþ (ïðîåêò Òåìàòè÷åñêîãî ïëàíà ¹ 1.1.09).
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DEVELOPMENT OF BIOLOGICAL MODEL OF EPIGENETIC
ACTIVATION OF ABIOTIC STRESS RESISTANCE PROGRAMS
IN  PLANTS
Tarlachkov S.V., Vshyvceva E.N., Shevchuk T.V.*, Dyachenko O.V.*,
Zakharchenko N.S.*, Buryanov Ya.I.*
Pushchino State University, Pushchino, Russia
*Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
E-mail: ovdyachenko@fibkh.serpukhov.su

At present the common approach to abiotic stress-resistant transgenic plants
creation is the introducing only some new specific reactions among numerous
interrelated biochemical pathways of metabolic response. However, plants possess
the whole integrated system of interconnected physiological pathways of stress
response. Enzymatic DNA methylation plays important role in regulation of
morphogenesis, cell differentiation, apoptosis, chromatin structure formation, and
gene expression regulation in plant cell. There are possibilities for creation of
transgenic plants with artificially activated epigenetic programs of abiotic stress
response. The aim of present work is development of biological model for studying
transgene-induced activation of genetic programs which are responsible for plant
protection against salt stress. Mesembryanthemum crystallinum is choose as a
model plant organism. This halophyte plant are known to respond on a salt stress
or water deficit by switching of C3 photosynthesis to CAM-metabolism with
simultaneous increase of CNG-methylation level (N – any nucleotide) in repeated
sequences in nuclear genome. The hypothesis was proposed, that CNG-
hypermethylation of satellite sequences play a role in specific chromatin structure
creation, assisting salt stress adaptation and switching to CAM-metabolism. Genetic
transformation system of M. crystallinum plant with vectors carrying site-specific
cytosine methyltransferases genes was elaborated. Agrobacterial transformation
of M. crystallinum plant with plasmid carrying modified gene of bacterial DNA
methyltransferase EcoRII was carried out. First generation transgenic plants are
under investigation.

This work had been supported by grants from RFBR: N09-08-00687 and
N09-04-12126.
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Â íàñòîÿùåå âðåìÿ âñå ïðîâîäèìûå â ìèðå èññëåäîâàíèÿ ïî ñîçäàíèþ
óñòîé÷èâûõ ê àáèîòè÷åñêîìó ñòðåññó ðàñòåíèé íàïðàâëåíû íà èçìåíåíèå
òîëüêî îäíîãî èç ìíîãî÷èñëåííûõ çâåíüåâ èõ ìåòàáîëè÷åñêîãî çàùèòíîãî
îòâåòà, â òî âðåìÿ êàê ðàñòåíèÿ èìåþò èíòåãðàëüíóþ ìîëåêóëÿðíî-
ãåíåòè÷åñêóþ ñèñòåìó âçàèìîñâÿçàííûõ ôèçèîëîãè÷åñêèõ îòâåòîâ íà ñòðåññ.
Ýíçèìàòè÷åñêîå ìåòèëèðîâàíèå ÄÍÊ èãðàåò âàæíóþ ðîëü â ðåãóëÿöèè òàêèõ
êëåòî÷íûõ ïðîöåññîâ ó ðàñòåíèé, êàê äèôôåðåíöèðîâêà è ìîðôîãåíåç,
àïîïòîç, ôîðìèðîâàíèå ñòðóêòóðû õðîìàòèíà è ýêñïðåññèÿ ãåíîâ. Èìåþòñÿ
ïðåäïîñûëêè ñîçäàíèÿ òðàíñãåííûõ ðàñòåíèé ñ àêòèâèðîâàííûìè
ýïèãåíåòè÷åñêèìè ïðîãðàììàìè çàùèòíîãî îòâåòà íà àáèîòè÷åñêèå ñòðåññû.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ñîçäàíèå áèîëîãè÷åñêîé ìîäåëè äëÿ
èññëåäîâàíèÿ òðàíñãåí-èíäóöèðîâàííîé àêòèâàöèè ãåíåòè÷åñêèõ ïðîãðàìì
çàùèòû ðàñòåíèé îò ñîëåâîãî ñòðåññà íà îñíîâå ôàêóëüòàòèâíûõ ãàëîôèòíûõ
ðàñòåíèé Mesembryanthemum crystallinum. Ýòè ðàñòåíèÿ îòâå÷àþò íà ñîëåâîé
ñòðåññ èëè âîäíûé äåôèöèò ïåðåêëþ÷åíèåì Ñ3-ôîòîñèíòåçà íà CAM-
ìåòàáîëèçì è óâåëè÷åíèåì CpNpG-ìåòèëèðîâàíèÿ (N-ëþáîé íóêëåîçèä)
ïîâòîðÿþùèõñÿ ïîñëåäîâàòåëüíîñòåé ÿäåðíîãî ãåíîìà. Ïðåäëîæåíà ãèïîòåçà
î cïåöèôè÷åñêîé ôóíêöèîíàëüíîé ðîëè CpNpG-ãèïåðìåòèëèðîâàíèÿ
ïîâòîðÿþùèõñÿ ïîñëåäîâàòåëüíîñòåé ãåíîìà â îáðàçîâàíèè
ñïåöèàëèçèðîâàííîé ñòðóêòóðû õðîìàòèíà â êëåòêàõ ðàñòåíèé M. crystallinum
ïðè èõ àäàïòàöèè ê ñîëåâîìó ñòðåññó è ïåðåêëþ÷åíèè íà CAM-ìåòàáîëèçì.
Ðàçðàáîòàíà ñèñòåìà ãåíåòè÷åñêîé òðàíñôîðìàöèè ðàñòåíèé M. crystallinum
ñïåöèàëèçèðîâàííûìè âåêòîðàìè, ñîäåðæàùèìè ãåíû ñàéò-ñïåöèôè÷åñêèõ
öèòîçèíîâûõ ÄÍÊ-ìåòèëòðàíñôåðàç. Ïðîâåäåíà àãðîáàêòåðèàëüíàÿ
òðàíñôîðìàöèÿ ðàñòåíèé M. crystallinum âåêòîðîì, íåñóùèì
ìîäèôèöèðîâàííûé ãåí áàêòåðèàëüíîé ÄÍÊ-ìåòèëòðàíñôåðàçû EcoRII.
Ïîëó÷åíû òðàíñãåííûå ðàñòåíèÿ ïåðâîãî ïîêîëåíèÿ, ïðèâîäÿòñÿ ðåçóëüòàòû
èõ ìîëåêóëÿðíî-ãåíåòè÷åñêîãî àíàëèçà.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòàìè ÐÔÔÈ ¹ 09-08-00687 è ¹
09-04-12126.
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AS SPECTRAL-FLUORESCENT PROBES FOR
BIOMACROMOLECULES
Tatikolov A.S., Akimkin T.M., Kashin A.S., Panova I.G.*
*Emanuel Institute of Biochemical Physics RAS, Moscow, Russia
*Koltsov Institute of Developmental Biology RAS, Moscow, Russia
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A search for simple and convenient methods for the study of biological objects,
in particular, the use of dye probes, is of importance for investigative and
experimental purposes. Our task was to find dyes that could serve as spectral-
fluorescent probes for various biomacromolecules in the analysis and the study of
biological systems. Meso- (or 9-) substituted polymethine dyes can serve as such
probes. For unsubstituted polymethine dyes the cis-isomer usually has higher energy
than the trans-isomer, and the trans-cis equilibrium is shifted toward the trans-
isomer. For meso-substituted polymethine dyes the energies of the trans- and cis-
isomers can be comparable due to steric hindrances, the trans-cis equilibrium
becomes mobile and is shifted toward one or another side depending of the
molecular surrounding. This makes meso-substituted polymethine dyes promising
for application as spectral-fluorescent probes for biomacromolecules. We used
one of such dyes, 3,3'-di(sulphopropyl)-4,5,4',5'-dibenzo-9-ethylthiacarbocyanine
betaine, as a probe for analysis of the extracellular media of the human eye and the
eye of some animals for albumin and collagens. We also studied the interaction of
the other meso-substituted polymethine dye, 3,3'-di(sulphopropyl)-9-
methylthiacarbocyanine betaine, with human and bovine serum albumins and
showed that this dye can serve as a spectral-fluorescent probe for serum albumins.
We studied the non-covalent interaction of a number of squarylium dyes (which
can be considered as polymethine dyes with a meso-substituent) with serum
albumins of various animals and found that one of these dyes can also serve as a
probe for serum albumins. We used this dye in the study of the composition of the
vitreous body of the chick eye. The interaction of 3,3',9-trimethylthiacarbocyanine
with DNA was studied by us in detail. We found that this dye interacts not only
with DNA, but also with hyaluronic acid to form H-aggregates on its molecules. It
was concluded that meso-substituted polymethine dyes can serve as efficient
spectral-fluorescent probes for various biomacromolecules in studies of biological
objects.

The work was supported by the Russian Foundation for Basic Research
(project 09-04-01054a).
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Ïîèñê ïðîñòûõ è óäîáíûõ ìåòîäîâ èçó÷åíèÿ áèîëîãè÷åñêèõ îáúåêòîâ,
â ÷àñòíîñòè, èñïîëüçîâàíèå êðàñèòåëåé-çîíäîâ, ÿâëÿåòñÿ âàæíûì äëÿ
èññëåäîâàòåëüñêèõ è ýêñïåðèìåíòàëüíûõ öåëåé. Íàøåé çàäà÷åé áûëî íàéòè
òàêèå êðàñèòåëè, êîòîðûå ìîãëè áû ñëóæèòü ñïåêòðàëüíî-ôëóîðåñöåíòíûìè
çîíäàìè äëÿ ðàçëè÷íûõ áèîìàêðîìîëåêóë ïðè àíàëèçå è èçó÷åíèè
áèîëîãè÷åñêèõ ñèñòåì. Òàêèìè çîíäàìè ìîãóò ñëóæèòü ìåçî- (èëè 9-)
çàìåùåííûå ïîëèìåòèíîâûå êðàñèòåëè. Â íåçàìåùåííûõ ïîëèìåòèíîâûõ
êðàñèòåëÿõ öèñ-èçîìåð îáû÷íî èìååò áîëåå âûñîêóþ ýíåðãèþ, ÷åì òðàíñ-
èçîìåð, è òðàíñ-öèñ ðàâíîâåñèå ñäâèíóòî â ñòîðîíó òðàíñ-èçîìåðà. Â ìåçî-
çàìåùåííûõ ïîëèìåòèíîâûõ êðàñèòåëÿõ òðàíñ- è öèñ-èçîìåðû ìîãóò áûòü
ñðàâíèìû ïî ýíåðãèè âñëåäñòâèå ñòåðè÷åñêèõ ïðåïÿòñòâèé, è òðàíñ-öèñ
ðàâíîâåñèå ñòàíîâèòñÿ ïîäâèæíûì, ñäâèãàåòñÿ â òó èëè äðóãóþ ñòîðîíó â
çàâèñèìîñòè îò ìîëåêóëÿðíîãî îêðóæåíèÿ. Ýòî äåëàåò ìåçî-çàìåùåííûå
ïîëèìåòèíîâûå êðàñèòåëè ïåðñïåêòèâíûìè äëÿ èñïîëüçîâàíèÿ â êà÷åñòâå
ñïåêòðàëüíî-ôëóîðåñöåíòíûõ çîíäîâ äëÿ áèîìàêðîìîëåêóë. Îäèí èç òàêèõ
êðàñèòåëåé, 3,3'-äè(ñóëüôîïðîïèë)-4,5,4',5'-äèáåíçî-9-ýòèëòèàêàðáîöèàíèí-
áåòàèí, áûë èñïîëüçîâàí íàìè â êà÷åñòâå çîíäà äëÿ àíàëèçà âíåêëåòî÷íûõ
ñðåä ãëàçà ÷åëîâåêà è íåêîòîðûõ æèâîòíûõ íà àëüáóìèí è êîëëàãåíû. Íàìè
èçó÷åíî òàêæå âçàèìîäåéñòâèå äðóãîãî àíèîííîãî ìåçî-çàìåùåííîãî
êðàñèòåëÿ – 3,3'-äè-(ñóëüôîïðîïèë)-9-ìåòèëòèàêàðáîöèàíèí-áåòàèíà – ñ
ñûâîðîòî÷íûìè àëüáóìèíàìè ÷åëîâåêà è áûêà è ïîêàçàíî, ÷òî îí ìîæåò
ñëóæèòü ñïåêòðàëüíî-ôëóîðåñöåíòíûì çîíäîì íà ñûâîðîòî÷íûå àëüáóìèíû.
Èññëåäîâàíî íåêîâàëåíòíîå âçàèìîäåéñòâèå ðÿäà ñêâàðèëèåâûõ êðàñèòåëåé
(êîòîðûå ìîæíî ðàññìàòðèâàòü êàê ïîëèìåòèíîâûå êðàñèòåëè ñ ìåçî-
çàìåñòèòåëåì) ñ ñûâîðîòî÷íûìè àëüáóìèíàìè ðàçëè÷íûõ æèâîòíûõ è
óñòàíîâëåíî, ÷òî îäèí èç òàêèõ êðàñèòåëåé òàêæå ìîæåò ñëóæèòü çîíäîì íà
ñûâîðîòî÷íûå àëüáóìèíû. Äàííûé êðàñèòåëü èñïîëüçîâàí íàìè ïðè èçó÷åíèè
ñîñòàâà ñòåêëîâèäíîãî òåëà ãëàçà öûïëåíêà. Ïîäðîáíî èçó÷åíî
âçàèìîäåéñòâèå 3,3',9-òðèìåòèëòèàêàðáîöèàíèíà ñ ÄÍÊ. Îáíàðóæåíî, ÷òî
ýòîò êðàñèòåëü âçàèìîäåéñòâóåò íå òîëüêî ñ ÄÍÊ, íî è ñ ãèàëóðîíîâîé
êèñëîòîé, îáðàçóÿ íà åå ìîëåêóëàõ Í-àãðåãàòû. Ñäåëàí âûâîä, ÷òî ìåçî-
çàìåùåííûå ïîëèìåòèíîâûå êðàñèòåëè ìîãóò ñëóæèòü ýôôåêòèâíûìè
ñïåêòðàëüíî-ôëóîðåñöåíòíûìè çîíäàìè äëÿ ðàçëè÷íûõ áèîìàêðîìîëåêóë
ïðè èçó÷åíèè áèîëîãè÷åñêèõ îáúåêòîâ.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ïðîåêò 09-04-
01054à).
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It is almost 200 years since L. Derosne had isolated the first alkaloid from
Papaver somniferum. For expired period chemists isolated and characterized the
structures of more than 20000 alkaloids. A great contribution to alkaloids' chemistry
was made by famous Uzbek scientists A.S. Sadykov and S.Yu. Yunusov - the
founders of worldwide known Uzbekistan research schools in the field of bioorganic
chemistry. A specific feature of investigations conducted in these schools was not
just isolation of Central Asian alkaloids and establishment of their structure, but
also determination of interconnection between structure, function and physiological
action of alkaloids as well as their derivatives. This scientific direction was
developed by A.S. Sadykov, who in 1949 modified alkaloid lupinine and
synthesized its derivatives exhibiting a pronounced conductive anesthesia. Such
effect, as it has been shown, was caused by surface activity, lipophility and
membrane permeability of synthesized compounds and also by the rate of metabolic
destroys of membranes by different hydrolyzing enzymatic systems of organism.

Phosphor organic compounds containing the fragments of alkaloids such as
anabazine, lupinine, pyperidine, morpholine, decahydroquinoline, ephedrine,
pseudo-ephedrine, salsoline, salsolodine, cytisine and others have been synthesized
for the first time. By analyzing kinetic parameters of interaction of these compounds
with such metabolic enzymes as cholinesterase and carboxyl esterase the differences
in topography of an active center of analogical enzymes of warm-blooded animals
and arthropods have been revealed. It served as theoretical basis for creating
selectively acting insect-acaricides against cotton pests and also for developing
synergists that potent the activity of industrial plant protection chemicals, especially
carbamates, piretroids and microbiopreparations.
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Ìèíóëî 200 ëåò ñ òåõ ïîð, êàê èç ìëå÷íîãî ñîêà ìàêà Papaver somniferum
Ë. Äåðîíü âûäåëèë ïåðâûé àëêàëîèä. Çà èñòåêøèé ïåðèîä ìíîãèìè õèìèêàìè
âûäåëåíî è îïèñàíî ñòðîåíèå áîëåå 20 òûñÿ÷ àëêàëîèäîâ. Âåñîìûì ÿâëÿåòñÿ
âêëàä â õèìèþ àëêàëîèäîâ âûäàþùèõñÿ ó÷åíûõ Óçáåêèñòàíà àêàäåìèêîâ
À.Ñ. Ñàäûêîâà è Ñ.Þ. Þíóñîâà, ñîçäàòåëåé èçâåñòíûõ øêîë èññëåäîâàòåëåé
Óçáåêèñòàíà â îáëàñòè áèîîðãàíè÷åñêîé õèìèè. Îòëè÷èòåëüíîé
îñîáåííîñòüþ èññëåäîâàíèé, ïðîâîäèìûõ â ýòèõ øêîëàõ, áûëî íå ïðîñòî
âûäåëåíèå è óñòàíîâëåíèå ñòðóêòóðû àëêàëîèäîâ Öåíòðàëüíîé Àçèè, íî è
âûÿñíåíèå âçàèìîñâÿçè ìåæäó ñòðîåíèåì, ôóíêöèåé è ôèçèîëîãè÷åñêèì
äåéñòâèåì íå òîëüêî ñàìèõ àëêàëîèäîâ, íî è èõ ðàçíîîáðàçíûõ õèìè÷åñêèõ
ìîäèôèêàöèé. Ðàçâèòèå äàííîãî íàïðàâëåíèÿ áûëî íà÷àòî À.Ñ.Ñàäûêîâûì
â 1949 ãîäó ñ ìîäèôèêàöèè àëêàëîèäà ëóïèíèíà, â ðÿäó êîòîðîãî îáíàðóæåíû
âåùåñòâà ñ âûðàæåííîé ïðîâîäíèêîâîé àíåñòåçèåé. Òàêîé ýôôåêò, êàê áûëî
ïîêàçàíî, ïðîÿâëÿåòñÿ áëàãîäàðÿ ïîâåðõíîñòíî-àêòèâíûì ñâîéñòâàì,
ëèïîôèëüíîñòè è ïðîíèêàþùåé ñïîñîáíîñòè ñèíòåçèðîâàííûõ ñîåäèíåíèé
÷åðåç ìåìáðàíû, à òàêæå ñêîðîñòè ìåòàáîëè÷åñêîãî ðàçðóøåíèÿ ïîñëåäíèõ
ïîä äåéñòâèåì ðàçëè÷íûõ ãèäðîëèòè÷åñêèõ ôåðìåíòíûõ ñèñòåì îðãàíèçìà.

Âïåðâûå áûëè ñèíòåçèðîâàíû îðãàíè÷åñêèå ñîåäèíåíèÿ ôîñôîðà, â
ñîñòàâå ìîëåêóë êîòîðûõ ñîäåðæàëèñü òàêèå àëêàëîèäû êàê àíàáàçèí,
ëóïèíèí, ïèïåðèäèí, ìîðôîëèí, äåêàãèäðîõèíîëèí, ýôåäðèí,
ïñåâäîýôåäðèí, ñàëüñîëèí, ñàëüñîëèäèí, öèòèçèí è äð. Àíàëèçèðóÿ
êèíåòè÷åñêèå ïàðàìåòðû âçàèìîäåéñòâèÿ ýòèõ ñîåäèíåíèé ñ òàêèìè
ôåðìåíòàìè ìåòàáîëèçìà, êàê õîëèíýñòåðàçû è êàðáîêñèëýñòåðàçû, ìû
âûÿâèëè ðàçëè÷èÿ â òîïîãðàôèè àêòèâíîãî öåíòðà àíàëîãè÷íûõ ôåðìåíòîâ
òåïëîêðîâíûõ è ðÿäà ÷ëåíèñòîíîãèõ, ÷òî ïîñëóæèëî òåîðåòè÷åñêîé îñíîâîé
äëÿ ñîçäàíèÿ èçáèðàòåëüíî äåéñòâóþùèõ èíñåêòî-àêàðèöèäîâ ïðîòèâ
âðåäèòåëåé õëîï÷àòíèêà, à òàêæå ñèíåðãèñòîâ, ïîòåíöèðóþùèõ àêòèâíîñòü
ïðîìûøëåííî âûïóñêàåìûõ õèìè÷åñêèõ ñðåäñòâ çàùèòû ðàñòåíèé, â
÷àñòíîñòè êàðáàìàòîâ, ïèðåòðîèäîâ è ïðåïàðàòîâ, ïîëó÷àåìûõ
ìèêðîáèîëîãè÷åñêèì ïóòåì.
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3 êÄà – ãîëóáîé (λâîçáóæäåíèÿ/ λýìèññèè = 260íì/510íì), à ôðàêöèè 1-
0,5 êÄà – ñèíèé (λâîçáóæäåíèÿ/ λýìèññèè = 280íì/350íì, 265íì/400íì,
265íì/430íì).

Èçó÷åíèå ñòðóêòóðû ôîòîõèìè÷åñêè àêòèâíûõ êîìïîíåíòîâ ÃÂ ñîçäàåò
îñíîâó äëÿ ïðèíöèïèàëüíîãî óñîâåðøåíñòâîâàíèÿ ìåòîäîâ î÷èñòêè è
âîçîáíîâëåíèÿ áèîñôåðíûõ ðåñóðñîâ â ñâÿçè ñ âîçðàñòàþùèì çàãðÿçíåíèåì
îêðóæàþùåé ñðåäû è óõóäøåíèåì êà÷åñòâà ïèòüåâîé âîäû.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÈÍÒÀÑ ¹ 06-8055.
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Ãóìèíîâûå âåùåñòâà (ÃÂ) – âîçîáíîâëÿåìûå è ïðàêòè÷åñêè
íåèñ÷åðïàåìûå ïðèðîäíûå îðãàíè÷åñêèå áèîïîëèìåðû, ÿâëÿþòñÿ
îáÿçàòåëüíûì è ñòàáèëüíûì êîìïîíåíòîì ýêîñôåðû, îáåñïå÷èâàÿ åå ìíîãèå
òîêñèêîïðîòåêòîðíûå ôóíêöèè. Îêîëî 25 ëåò íàçàä áûëî îáíàðóæåíî, ÷òî
ÃÂ ñïîñîáíû íå òîëüêî ñâÿçûâàòü, íî è ýôôåêòèâíî ðàçðóøàòü ïåñòèöèäû è
äðóãèå ïîëëþòàíòû, èñïîëüçóÿ â êà÷åñòâå èñòî÷íèêà ýíåðãèè ñîëíå÷íûé ñâåò,
ïðè÷åì ýôôåêòèâíîñòü äåãðàäàöèè ïîëëþòàíòîâ ãóìèíîâûìè âåùåñòâàìè
íà ïîðÿäîê ïðåâûøàåò ñîîòâåòñòâóþùóþ àêòèâíîñòü ìèêðîîðãàíèçìîâ.
Íåñìîòðÿ íà ìíîãî÷èñëåííûå èññëåäîâàíèÿ â ýòîé îáëàñòè äî íàñòîÿùåãî
âðåìåíè íåò ÷åòêîãî ïðåäñòàâëåíèÿ íè î ïåðâè÷íîé ñòðóêòóðå è
ïðîñòðàíñòâåííîé îðãàíèçàöèè ãóìèíîâîãî êîìïëåêñà, íè î åãî êîìïîíåíòàõ,
îòâå÷àþùèõ çà ñâåòîçàâèñèìóþ äåãðàäàöèþ ïåñòèöèäîâ è äðóãèõ
ïîëëþòàíòîâ.

Öåëüþ íàñòîÿùåé ðàáîòû áûëî âûäåëåíèå è ñòðóêòóðíûå èññëåäîâàíèÿ
ôîòîõèìè÷åñêè àêòèâíîé ôðàêöèè ÃÂ ÷åðíîçåìà, ÿâëÿþùåãîñÿ íàèáîëåå
ïëîäîðîäíîé ïî÷âîé Ðîññèè. Äëÿ ýòèõ öåëåé áûëà ðàçðàáîòàíà ìåòîäèêà
ìíîãîêðàòíîé óëüòðàôèëüòðàöèè îäíîãî è òîãî æå îáðàçöà ÃÂ, ðàñòâîðåííîãî
â 7Ì ìî÷åâèíå, íà ìåìáðàíå ñ íîìèíàëüíûì ðàçìåðîì ïîð 5 êÄà. Ïîñëå 20
óëüòðàôèëüòðàöèîííûõ ïðîöåäóð êîíöåíòðàò (ÃÂ, çàäåðæèâàåìûå íà
ìåìáðàíå è îáëàäàþùèå íîìèíàëüíîé ìîëåêóëÿðíîé ìàññîé Ìì >5 êÄà) è
ôèëüòðàò (ÃÂ, ïðîõîäÿùèå ÷åðåç ìåìáðàíó è îáëàäàþùèå íîìèíàëüíîé Ìì
<5 êÄà) àíàëèçèðîâàëè ñ ïîìîùüþ ýëåêòðîôîðåçà â ïîëèàêðèëàìèäíîì ãåëå,
ðàçðàáîòàííîì ðàíåå [1] ñ ïîñëåäóþùåé äåòåêöèåé ãåëÿ â âèäèìîì è
óëüòðàôèîëåòîâîì ñâåòå. Íåñìîòðÿ íà òî, ÷òî äåòåêöèÿ ãåëÿ â
óëüòðàôèîëåòîâîì ñâåòå ÿâëÿåòñÿ ðóòèííîé òåõíèêîé, øèðîêî èñïîëüçóåìîé
â õèìèè íóêëåèíîâûõ êèñëîò è áåëêîâ, äëÿ äåòåêöèè ÃÂ îíà áûëà
èñïîëüçîâàíà âïåðâûå. Áûëî îáíàðóæåíî, ÷òî ôðàêöèÿ ñ Ìì < 5 êÄà â
óëüòðàôèîëåòîâîì ñâåòå (λ=312 íì) îáëàäàåò ñîáñòâåííîé ãîëóáîé è æåëòî-
çåëåíîé ôëóîðåñöåíöèåé, äåòåêòèðóåìîé íà òðàíñèëëþìèíàòîðå áåç
îêðàøèâàíèÿ, â òî âðåìÿ êàê êîíöåíòðàò ñ Ìì > 5 êÄà íå ôëóîðåñöèðîâàë.
Àíàëèç ôîòîõèìè÷åñêîé àêòèâíîñòè ñ èñïîëüçîâàíèåì â êà÷åñòâå ñóáñòðàòîâ
òðèìåòèëôåíîëà è ôóðôóðîëà ïîêàçàë, ÷òî âñÿ ôîòîõèìè÷åñêàÿ àêòèâíîñòü
ñêîíöåíòðèðîâàíà â íèçêîìîëåêóëÿðíîé ôëóîðåñöèðóþùåé ôðàêöèè.

Ñóáôðàêöèîíèðîâàíèå ôîòîõèìè÷åñêè àêòèâíîé ôðàêöèè áûëî
ïðîâåäåíî óëüòðàôèëüòðàöèåé íà 3 êÄà è 1êÄà ìåìáðàíàõ. Àíàëèç ñ ïîìîùüþ
òðåõìåðíîé ôëóîðåñöåíöèè ïîêàçàë, ÷òî ôðàêöèÿ 3-5 êÄà ñîäåðæèò æåëòî-
çåëåíûé ôëóîðîôîð (λâîçáóæäåíèÿ/ λýìèññèè = 260íì/550íì), ôðàêöèè 1-
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Äëÿ âîññòàíîâëåíèÿ íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ ãîëîâíîãî ìîçãà
ïîñëå ïåðåíåñåííîãî èíñóëüòà ïðèìåíÿþò ðàçëè÷íûå ïî ñòðóêòóðå è
ýôôåêòèâíîñòè ïðåïàðàòû. Ïåðñïåêòèâíîé è íàèáîëåå èñïîëüçóåìîé ãðóïïîé
ïðåïàðàòîâ, îáëàäàþùèõ òåðàïåâòè÷åñêîé àêòèâíîñòüþ â îòíîøåíèè
ïîñëåäñòâèé èøåìèè ãîëîâíîãî ìîçãà, ÿâëÿåòñÿ ãðóïïà íîîòðîïíûõ
ïðåïàðàòîâ íà îñíîâå íåéðîïåïòèäîâ. Ê íèì îòíîñÿòñÿ öåðåáðîëèçèí è
ñåìàêñ. Öåðåáðîëèçèí ïðåäñòàâëÿåò ñîáîé ãèäðîëèçàò ñâèíîãî ìîçãà, â ñîñòàâ
êîòîðîãî âõîäÿò íèçêîìîëåêóëÿðíûå áèîëîãè÷åñêè àêòèâíûå íåéðîïåïòèäû,
ñåìàêñ – ñèíòåòè÷åñêèé ãåïòàïåïòèä, àíàëîã ôðàãìåíòà ÀÊÒÃ 4-10. Öåëüþ
íàøåãî èññëåäîâàíèÿ áûëî èçó÷èòü è ñðàâíèòü ìåæäó ñîáîé âëèÿíèå ýòèõ
ïðåïàðàòîâ íà ìîðôîëîãèþ ôóíêöèé ãîëîâíîãî ìîçãà êðûñ CD ïîñëå
ïåðåíåñåííîãî ôîêàëüíîãî èíñóëüòà. Èíñóëüò ìîäåëèðîâàëè
âíóòðèñîñóäèñòîé îêêëþçèåé ñðåäíåé ìîçãîâîé àðòåðèè ïîä êîíòðîëåì
ëîêàëüíîãî ìîçãîâîãî êðîâîòîêà. Îêêëþçèÿ äëèëàñü 90 ìèíóò ñ ïîñëåäóþùåé
ðåïåðôóçèåé. Ïðåïàðàòû ââîäèëè æèâîòíûì â òå÷åíèå 21 äíÿ, öåðåáðîëèçèí
– âíóòðèáðþøèííî â äîçå 1,54 ìã/êã, ñåìàêñ – èíòðàíàçàëüíî â äîçå 0,165
ìã/êã. Äîçû áûëè ðàññ÷èòàíû, èñõîäÿ èç òåðàïåâòè÷åñêèõ äîç äëÿ ÷åëîâåêà ñ
èñïîëüçîâàíèåì êîýôôèöèåíòà ïåðåñ÷åòà íà êðûñó. Êîíòðîëåì ñëóæèëè
æèâîòíûå ñ èíñóëüòîì è ââåäåííûì ôèçèîëîãè÷åñêèì ðàñòâîðîì.
Ëîæíîîïåðèðîâàííûå æèâîòíûå ñëóæèëè îòðèöàòåëüíûì êîíòðîëåì. Â
òå÷åíèå 28 äíåé ó æèâîòíûõ òåñòèðîâàëè ìîòîðíóþ êîîðäèíàöèþ (òåñò íà
âðàùàþùåìñÿ ñòåðæíå) è ëîêîìîòîðíóþ àñèììåòðèþ (êåòàìèí-
èíäóöèðîâàííîå âðàùåíèå). Íà 29 ñóòêè ìîçã æèâîòíûõ ïåðôóçèðîâàëè ÷åðåç
ïðàâûé æåëóäî÷åê ñåðäöà 3% ðàñòâîðîì ïàðàôîðìàëüäåãèäà. Èçãîòàâëèâàëè
ñåðèéíûå êðèîñðåçû ãîëîâíîãî ìîçãà, îêðàøèâàëè èõ êðåçèëîâûì
ôèîëåòîâûì è ïðè ïîìîùè 3D-ðåêîíñòðóèðîâàíèÿ ðàññ÷èòûâàëè îáúåì
èíôàðêòà. Ïðè òåñòèðîâàíèè ëîêîìîòîðíîé àñèììåòðèè ýôôåêòèâíîñòü
ïðîÿâèë ïðåïàðàò ñåìàêñ, ìîòîðíîé êîîðäèíàöèè – öåðåáðîëèçèí. Ïðè
àíàëèçå îáúåìîâ ïîâðåæäåíèÿ ãîëîâíîãî ìîçãà áûëî îáíàðóæåíî, ÷òî
ââåäåíèå öåðåáðîëèçèíà ñïîñîáñòâîâàëî äîñòîâåðíî çíà÷èìîìó óìåíüøåíèþ
îáúåìà èíôàðêòà îòíîñèòåëüíî êîíòðîëüíûõ æèâîòíûõ. Òàêèì îáðàçîì,
ìîæíî ñäåëàòü âûâîä î íåéðîïðîòåêòîðíîé àêòèâíîñòè îáîèõ ïðåïàðàòîâ â
îòíîøåíèè ôîêàëüíîãî èíñóëüòà ãîëîâíîãî ìîçãà. Îäíàêî, áîëåå âûðàæåíû
ýòè ñâîéñòâà â óñëîâèÿõ èññëåäîâàíèÿ áûëè ó öåðåáðîëèçèíà.

SEPARATION AND ISOLATION OF PHOTOCHEMICALLY ACTIVE
AND FLUORESCENT SPECIES FROM HUMIC SUBSTANCES
Trubetskaya O.E., Shaloiko L.A., Demin D.V.*, Trubetskoj O.A.*
Branch of  Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
*Institute of Basic Biological Problems RAS, Pushchino, Russia
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Humic substances (HS) contain a large portion of the total organic carbon in
terrestrial and aquatic environments. Increasing interest has been given to HS in the
past 25 years as they serve as an effective carbon sink reducing gas emission and
greenhouse effect and solar energy absorbent. Due to absorption of solar radiations
HS initiate a number of photochemical processes, producing radicals and/or other
chemical species able to promote the transformation of organic chemicals (pesticides
and other organic pollutants). However, due to the complexity of HS, it still remains
difficult to elucidate the exact mechanisms of their photochemical properties and
clear up which integral components and chromophores are responsible for those.
One way to get a better insight into these properties is to fractionate HS into
homogeneous fractions having different physical-chemical properties and/or
functional activity.

The aim of this study was to isolate photochemically active fractions from
chernozem soil HS, as more fertilize soil in Russia. For this purpose multiply
ultrafiltration procedure on 5 kDa membrane of HS sample dissolved in 7M urea
has been used. After 20 repeated UF-runs retentate with nominal molecular size
(MS) > 5kDa and ultrafiltrate with MS<5kDa were dialyzed, lyophilized and analyzed
by electrophoresis in polyacrylamide gel according to [1], with further detection of
the gel in visible and UV-light (312 nm). It was found that fraction with MS>5kDa
in UV-light did not show fluorescence, while fraction with MS<5kDa demonstrated
very intensive overlapped yellow and blue fluorescence. Analysis of photochemical
activity of fractions obtained using trimethylphenol and furfurylic achohol as a
standard photochemical probe demonstrated that all photochemical activity of
chernozem HS located in low MS fluorescent fraction <5 kDa.

Subfractionation of fluorophores from fluorescence fraction was achieved using
UF-procedure on 3kDa and 1kDa membranes. 3D-fluorescence analysis
demonstrated that fraction with MS 3-5 kDa contained yellow fluorophore (λex\λem
= 260\550nm), fraction with MS 1-3 kDa contained blue fluorophore (λex\λem =
260\510nm) and fraction with MS 1-0,5 kDa contained ultramarine fluorophores
and at least three maximums (λex\λem = 280\350, 280\400, 265\440nm).

The data obtained could clear the role of humic macromolecules in natural
remediation processes. This is especially important for characterisation of Russian
chemically polluted soils and water for selecting the major parameters for monitoring
bioremediation.

The work has been supported by grant INTAS N 06-8055.
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Ìåòàëëû â íàíîêðèñòàëëè÷åñêîì ñîñòîÿíèè ÿâëÿþòñÿ ýôôåêòèâíûìè
ïðåïàðàòàìè, êîòîðûå îáëàäàþò áèîëîãè÷åñêèì äåéñòâèåì. Íàíîïîðîøêè
èìåþò íèçêóþ òîêñè÷íîñòü è îáðàçóþò äåïî ìåòàëëîâ â îðãàíèçìå, ÷òî
îáåñïå÷èâàåò ïðîëîíãèðîâàííûé õàðàêòåð èõ äåéñòâèÿ. Ïîñêîëüêó
ôóíêöèîíàëüíûå ñâîéñòâà íàíî÷àñòèö ìåòàëëîâ îïðåäåëÿþòñÿ èõ
õèìè÷åñêèì è ôàçîâûì ñîñòàâàìè, ôîðìîé è ðàçìåðàìè ÷àñòèö, ìû ïðîâåëè
ðåíòãåíîâñêîå äèôðàêöèîííîå èññëåäîâàíèå ñòðóêòóðû ïîðîøêîâ,
èñïîëüçóåìûõ â áèîëîãè÷åñêèõ ýêñïåðèìåíòàõ. Îáíàðóæåíî, ÷òî
íàíîêðèñòàëëè÷åñêèå ïîðîøêè ìåòàëëîâ ÿâëÿþòñÿ ýôôåêòèâíûìè
ðåãóëÿòîðàìè ðîñòà ïðè ðàçëè÷íûõ ñïîñîáàõ ââåäåíèÿ â îðãàíèçì æèâîòíûõ
è ïòèö. Âíåñåíèå ïîðîøêîâ â ðàçíûõ êîíöåíòðàöèÿõ â ïðåìèêñû (âèòàìèííî-
ìèíåðàëüíûå äîáàâêè) êîðìîâ äëÿ âûðàùèâàíèÿ öûïëÿò-áðîéëåðîâ
ïîâûøàåò ïðîäóêòèâíîñòü ïòèö íà 7-15% è ñíèæàåò çàòðàòû êîðìà íà åäèíèöó
ïðèðîñòà æèâîé ìàññû íà 3-9% ïðè 100%-íîé ñîõðàííîñòè ïîãîëîâüÿ.
Íàèáîëüøèé ïðèðîñò æèâîé ìàññû áðîéëåðîâ ïîëó÷åí ïðè äîáàâëåíèè â
ïðåìèêñû Fe:Zn:Cu â ñîîòíîøåíèè 12,5:6,0:1,7 ã/òîííó, ñîîòâåòñòâåííî, ïðè
ýòîì â êîíòðîëå èñòî÷íèêîì ìèêðîýëåìåíòîâ ñëóæèë åñòåñòâåííûé óðîâåíü
ýëåìåíòîâ êîðìà. Óñèëåíèå ìèêðîýëåìåíòíîãî îáìåíà ïðè âíåñåíèè
ïîðîøêîâ ó ïòèö ïðîèñõîäèò çà ñ÷åò ïîâûøåííîãî â 1,1-2,3 ðàçà óñâîåíèÿ
âñåõ òðåõ ìåòàëëîâ èç êîðìà, ÷òî è ïðèâîäèò ê èíòåíñèôèêàöèè ðîñòà öûïëÿò.
Ðåãèñòðàöèÿ ñèãíàëîâ ÝÏÐ îðãàíîâ è òêàíåé ìûøåé ìåòîäîì
íèçêîòåìïåðàòóðíîé ÝÏÐ-ñïåêòðîñêîïèè ïîêàçàëà, ÷òî ââåäåííûé ïîðîøîê
æåëåçà àêòèâíî ðàçíîñèòñÿ êðîâîòîêîì ïî âñåìó îðãàíèçìó, à ìàêñèìàëüíîå
åãî íàêîïëåíèå â îðãàíàõ íàáëþäàåòñÿ ÷åðåç íåäåëþ ïîñëå ââåäåíèÿ.
Îáíàðóæåíî, ÷òî ñòèìóëèðóþùåå äåéñòâèå íàíîìåòàëëîâ íà ðîñò ïòèö è
ðåãåíåðàöèþ òêàíåé æèâîòíûõ ïðîèñõîäèò çà ñ÷åò óñèëåíèÿ â 1,5 ðàçà ñèíòåçà
ÄÍÊ è áåëêà â êëåòêàõ íà ôîíå óâåëè÷åíèÿ êîëè÷åñòâà ôîñôîðñîäåðæàùèõ
ñîåäèíåíèé, ó÷àñòâóþùèõ â ýíåðãåòè÷åñêîì îáìåíå (ïî äàííûì 31Ð-ßÌÐ
ñïåêòðîñêîïèè). Ïðè ââåäåíèè íàíî÷àñòèö ìåòàëëîâ èçìåíÿþòñÿ ëèïèäíûé
ñîñòàâ, à òàêæå ïàðàìåòðû ïåðîêñèäíîãî îêèñëåíèÿ ëèïèäîâ è ñòðóêòóðíîå
ñîñòîÿíèå ëèïèäíîãî áèñëîÿ êëåòî÷íûõ ìåìáðàí, êîòîðîå îöåíèâàëè ìåòîäîì
ÝÏÐ ñïèíîâûõ çîíäîâ. Âîçìîæíî, óíèêàëüíûå ñâîéñòâà íàíîïîðîøêîâ
ìåòàëëîâ, òàêèå êàê ðàçâèòàÿ ïîâåðõíîñòü è ãåîìåòðè÷åñêèå ðàçìåðû ÷àñòèö,
îïðåäåëÿþò õàðàêòåð èõ äåéñòâèÿ íà áèîëîãè÷åñêèå ñèñòåìû.
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Tukhovskaya E.A., Sukhorukova N.A., Lobanova N.N., Murashev A.N.
Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
E-mail: tukhovskaya@fibkh.serpukhov.su

Stroke treatment is the huge clinical problems. One of the most perspective
and applicable group of pharmacological agents having therapeutic activity for
brain ischemia treatment – is nootropic drug products on neuropeptide basis, such
as cerebrolysin and semax. Cerebrolysin - is hydrolyzate of purified porcine brain
proteins, and consists of low-molecular-weight neuropeptides and free amino acids.
Semax – is synthetic heptapeptide, analog of ACTH fragment 4-10. The aim of
our study was to investigate and compare the effects of this drug products in rats
with focal brain stroke. Stroke was initiated by transient intraluminal middle cerebral
artery occlusion (MCAO). For the control if ischemia-reperfusion process we
registered local blood flow. Occlusion lasted for 90 minutes with following
reperfusion. Treatment with drugs lasted for 21 day. Cerebrolysin was
intraperitonialy injected in dose 1.54 mg/kg, and semax – applicated intranasal in
dose 0.165 mg/kg. Doses were calculated from therapeutic dosed for humans.
Controls were sham-operated animals. Animals were tested for 28 days on motor
coordination impairment (rotarod) and locomotor asymmetry (ketamine-induced
rotation). At 29 day animals were brain-perfused through right hart ventricle with
3% paraform solution. Serial cryoslices were stained with cresyl violet. Brain
infarction volume calculated using 3D-reconstruction. Semax was effective in
reducing of locomotor asymmetry, and cerebrolysin improved motor coordination
performance. Brain infarction analysis showed that cerebrolysin significantly
reduced injury volume versus control MCAO-only animals. Therefore, it can be
concluded that both drug products have neuroprotective activity concerning focal
stroke. But cerebrolysin showed more significant effectiveness in experimental
conditions.
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Îëèãîïåïòèäàçû Â (OpdB) – ñðàâíèòåëüíî íîâàÿ ãðóïïà ñåðèíîâûõ
ïðîòåèíàç ñ òðèïñèíîâîé ñïåöèôè÷íîñòüþ, ñïîñîáíûõ ãèäðîëèçîâàòü ëèøü
íåáîëüøèå (< 4 êÄà) ïåïòèäû. OpdB îáíàðóæåíû â ãðàìîòðèöàòåëüíûõ
áàêòåðèÿõ, îäíîêëåòî÷íûõ ýóêàðèîòàõ (ëåéøìàíèè è òðèïàíîñîìû), à òàêæå
â íåêîòîðûõ ðàñòåíèÿõ. OpdB òðèïàíîñîì èãðàþò êëþ÷åâóþ ðîëü â ðàçâèòèè
òðèïàíîñîìíûõ èíôåêöèé. Áèîëîãè÷åñêèå ôóíêöèè áàêòåðèàëüíûõ OpdB
äî ñèõ ïîð òî÷íî íå óñòàíîâëåíû, ïðåäïîëàãàåòñÿ, ÷òî îíè ó÷àñòâóþò â
ïðîöåññèíãå ïåïòèäîâ êëåòêè. Ñòðóêòóðà è ýíçèìîëîãè÷åñêèå õàðàêòåðèñòèêè
îïèñàíû ëèøü äëÿ íåáîëüøîãî ÷èñëà áàêòåðèàëüíûõ OpdB.

Èç ïñèõðîòîëåðàíòíîãî ãðàìîòðèöàòåëüíîãî ìèêðîîðãàíèçìà Serratia
proteamaculans ñ ïîìîùüþ èîíîîáìåííîé õðîìàòîãðàôèè íà Q-ñåôàðîçå è
àôôèííîé õðîìàòîãðàôèè íà BPTI-ñåôàðîçå áûëà ïîëó÷åíà íîâàÿ
òðèïñèíîïîäîáíàÿ ïðîòåèíàçà (PSP). Ïðåïàðàò PSP, ãîìîãåííûé ïî äàííûì
ýëåêòðîôîðåçà â ÏÀÀÃ, îáëàäàë ìîëåêóëÿðíîé ìàññîé 78 êÄà; îïðåäåëåíà
N-êîíöåâàÿ àìèíîêèñëîòíàÿ ïîñëåäîâàòåëüíîñòü 1-10 è ïðîâåäåí ìàññ-
ñïåêòðîìåòðè÷åñêèé àíàëèç òðèïòè÷åñêèõ ïåïòèäîâ PSP. Ïîêàçàíî, ÷òî
äàííûé ôåðìåíò ÿâëÿåòñÿ ðàíåå íåèçâåñòíîé OpdB.

Ïðîâåäåí ñóáñòðàòíûé è èíãèáèòîðíûé àíàëèçû PSP. Ïîêàçàíî, ÷òî PSP
îáëàäàåò âûñîêîé ñóáñòðàòíîé ñïåöèôè÷íîñòüþ ê ñóáñòðàòàì ñ ïîëîæèòåëüíî
çàðÿæåííûìè îñòàòêàìè â P1 è P2 ïîëîæåíèÿõ è ó íåå îòñóòñòâóåò àêòèâíîñòü
â îòíîøåíèè áåëêîâûõ ñóáñòðàòîâ. Ñäåëàíî ïðåäïîëîæåíèå î
äîïîëíèòåëüíîì ãèäðîôîáíîì öåíòðå, îòâå÷àþùåì çà ñâÿçûâàíèå ôåðìåíòà
ñ àðîìàòè÷åñêèìè àìèíîêèñëîòíûìè îñòàòêàìè ñóáñòðàòîâ è èíãèáèòîðîâ.
Èññëåäîâàíà ðÍ- è òåìïåðàòóðíàÿ çàâèñèìîñòü àêòèâíîñòè è ñòàáèëüíîñòè
PSP. Ïîêàçàíî, ÷òî PSP ïðîÿâëÿåò ñâîéñòâà ïñèõðîôèëüíîãî ôåðìåíòà.
Ïîëó÷åí ðåêîìáèíàíòíûé ôåðìåíò (His6-PSP), âûÿâëåíî, ÷òî N-êîíöåâàÿ
ãåêñàãèñòèäèíîâàÿ ïîñëåäîâàòåëüíîñòü íå âëèÿåò íà ñïåöèôè÷íîñòü è
àêòèâíîñòü (His6-PSP). Îáíàðóæåíà âûñîêàÿ èäåíòè÷íîñòü
ïîñëåäîâàòåëüíîñòè PSP ñ ïîñëåäîâàòåëüíîñòÿìè OpdB âîçáóäèòåëåé
îïàñíûõ èíôåêöèîííûõ çàáîëåâàíèé ÷åëîâåêà è æèâîòíûõ – Yersinia pestis,
Salmonella enterica, Trypanosoma cruzi è Trypanosoma brucei.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíò ¹07-04-
00569) è ÃÊ ¹ 02.512.11.2208.

SOME ASPECTS OF THE BIOLOGICAL EFFECTS OF METAL
NANOPOWDERS
Fatkullina L.D., Krivandin A.V., Ivanenko G.F., Burlakova E.B.,
Goloschapov A.N.
Emanuel Institute of Biochemical Physics RAS, Moscow, Russia
Å-mail: fatkullina@sky.chph.ras.ru
Fax:(499) 137-41-01; tel.:(495) 939-71-81

Metals in nanocrystalline state are efficient chemicals that have biological
activity. Nanopowders possess low toxicity and make metal depots in organism
that provides prolonged influence. As far as the functional activity of metal
nanoparticles may be dependent on their structure, we carried out X-ray diffraction
analysis of the nanopowders used in this study. Nanocrystalline metal powders are
efficient growth regulators under different forms of injection to organism animals
and birds. Introduction of iron, zinc, copper nanopowders in different concentrations
into premixes (vitamin-mineral additions) of food for broilers increases bird's mass
by 7-15 percent and reduces feed cost by 3-9 percent without any loss of livestock.
The largest augmentation of broiler growth was achieved with iron:zinc:copper
supplement ratio 12.5:6.0:1.7 g/ton correspondingly (reference group had food
with natural level of the same elements). The improvement in element exchange in
organism of poultry is the result of the 1.1-2.3 times increase of absorption of all
three metals from food that causes the intensification of poultry mass growth.
These data confirm that nanodispersed metals may be used as microelement
ingredients. EPR signal registration in organs and tissues by low-temperature EPR
spectroscopy showed, that inserted powder is actively floated by blood stream
throughout organism and maximal accumulation of ferromagnetic iron in organs
is in one week after injection. It is established that in the basis of stimulative
mechanism of nanopowders on growth and regeneration underlies the enhancement
of DNA and protein synthesis in cells of mice against a background amount increase
of phosphoprous-containing products (according to 31P-NMR spectroscopy data),
participating in energy exchange. The injection of metal nanopowders changes
the lipid composition, lipid peroxide oxidation and structural state of lipid bilayer
of cellular membranes which was rated by EPR spectroscopy method with the use
of paramagnetic spin probes. Probably, unique behaviour of nanopowders, like
developed surface and geometry of particles, determine their effect on biological
system.
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Îïèîèäíûå àíàëüãåòèêè øèðîêî ïðèìåíÿþòñÿ â ñîñòàâå êîìáèíèðîâàííîé
òåðàïèè äëÿ êóïèðîâàíèÿ îñòðîé áîëè ïðè ñòåíîêàðäèè, èíôàðêòàõ ìèîêàðäà,
õèðóðãè÷åñêèõ îïåðàöèÿõ. Îäíàêî, íàðêîòè÷åñêèå àíàëüãåòèêè âûçûâàþò ðÿä
ïîáî÷íûõ ýôôåêòîâ, ÷òî äåëàåò àêòóàëüíûì ðàçðàáîòêó íîâûõ áåçîïàñíûõ
ïðåïàðàòîâ ñ óëó÷øåííûìè êàðäèîïðîòåêòèâíûìè è àíàëüãåòè÷åñêèìè
ñâîéñòâàìè.

Ñèíòåçèðîâàí ðÿä àíàëîãîâ ýíêåôàëèíà, íàçâàííûõ P91, P92, P93, P94 è
P95, ñ ïîòåíöèàëüíûìè êàðäèîïðîòåêòèâíûìè ñâîéñòâàìè ìåòîäîì
òâåðäîôàçíîé ïåïòèäíîé õèìèè; ãîìîãåííîñòü ïåïòèäîâ îïðåäåëåíà
âûñîêîýôôåêòèâíîé æèäêîñòíîé õðîìàòîãðàôèåé; ñòðóêòóðíàÿ èäåíòèôèêàöèÿ
ïåïòèäîâ âûïîëíåíà àíàëèçîì àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè è ìàññ-
ñïåêòðîìåòðèåé.

Â äàííîé ðàáîòå áûëè èçó÷åíû àíàëüãåòè÷åñêèå è êàðäèîïðîòåêòèâíûå
ñâîéñòâà íîâûõ ïåïòèäîâ â ñðàâíåíèè ñ îïèîèäíûì àíàëüãåòèêîì ìîðôèíîì.
Èññëåäîâàíèå îáåçáîëèâàþùåé àêòèâíîñòè ïåïòèäîâ â òåñòå "ãîðÿ÷àÿ ïëàñòèíà"
ïîñëå èõ âíóòðèâåííîãî ââåäåíèÿ ìûøàì ïîêàçàëî äîçîçàâèñèìîñòü ýôôåêòà
ïåïòèäîâ ñ ñîîòâåòñòâóþùèìè çíà÷åíèÿìè ED50 (ìêìîëü/êã) 1.4 (P91), 3.3 (P92),
4.4 (P93), 6.9 (P94) è 1.6 (P95). Äëÿ ñðàâíåíèÿ, çíà÷åíèå ED50 àíàëüãåòè÷åñêîãî
äåéñòâèÿ ìîðôèíà ñîñòàâëÿåò 5.9 ìêìîëü/êã. Êàðäèîïðîòåêòèâíîå äåéñòâèå
ïåïòèäîâ áûëî èçó÷åíî in vivo íà êðûñèíîé ìîäåëè îñòðîãî èíôàðêòà ìèîêàðäà
ïîñëå èøåìèè, âûçâàííîé îêêëþçèåé êîðîíàðíîé àðòåðèè, ñ ïîñëåäóþùåé
ðåïåðôóçèåé. Ïåïòèäû P91 è P94 ïðè ââåäåíèè ïåðåä îêêëþçèåé óìåíüøàëè
ðàçìåð èíôàðêòà, âûðàæåííûé êàê îòíîøåíèå ïëîùàäè èíôàðêòíîé çîíû ê
ïëîùàäè çîíû ðèñêà (IS/AAR), íà 30% ïî ñðàâíåíèþ ñ êîíòðîëüíûìè æèâîòíûìè
(IS/AAR, 42.9±2.7%) ñ èíòåðâàëîì ýôôåêòèâíûõ äîç 0.5-5 ìêã/êã è 0.14-3.5 ìêã/êã,
ñîîòâåòñòâåííî. Ïåïòèäû Ð92, Ð93 è Ð95 ïðè ââåäåíèè â äîçàõ 0.1 ìêã/êã, 1 ìêã/êã,
5 ìêã/êã è 10 ìêã/êã êàê ïåðåä èøåìèåé, òàê è â ìîìåíò íà÷àëà ðåïåðôóçèè, íå
âëèÿëè íà ðàçìåð èíôàðêòà. Ìîðôèí, ââåäåííûé íà 5 ìèí ïåðåä îêêëþçèåé â
äîçå 1 ìã/êã, äîñòîâåðíî íå èçìåíÿë ðàçìåð èíôàðêòà (IS/AAR, 36.1±2.1%
îòíîñèòåëüíî 42.9±2.7%), îäíàêî, ïðè äðîáíîì ââåäåíèè íà 15, 10 è 5 ìèí ïåðåä
îêêëþçèåé óìåíüøàë IS/AAR ïî ñðàâíåíèþ ñ êîíòðîëåì (33.3±2.7% è 42.9± 2.7%,
ñîîòâåòñòâåííî). Èçó÷åíèå àôôèííîñòè ïåïòèäà P94 ê mu-, delta-, è kappa-
îïèîèäíûì ðåöåïòîðàì ìåòîäîì ðàäèîëèãàíäíîãî ñâÿçûâàíèÿ ïîêàçàëî âûñîêóþ
àãîíèñòè÷åñêóþ àêòèâíîñòü Ð94 êî âñåì òðåì òèïàì èçó÷åííûõ ðåöåïòîðîâ ñ
ìàêñèìàëüíîé àêòèâíîñòüþ â îòíîøåíèè mu-ðåöåïòîðîâ. Ðåçóëüòàòû äàííîé
ðàáîòû âûÿâèëè âûñîêóþ àíàëüãåòè÷åñêóþ àêòèâíîñòü ïåïòèäà Ð94 è åãî
êàðäèîïðîòåêòèâíûå ñâîéñòâà, ïðîÿâëÿþùèåñÿ â ìåíüøèõ äîçàõ ïî ñðàâíåíèþ
ñ ìîðôèíîì, ÷òî ìîæåò èìåòü êëèíè÷åñêîå ïðèìåíåíèå.

ISOLATION, PURIFICATION AND CHARACTERIZATION OF
NOVEL OLIGOPEPTIDASE B FROM PSYCHROTOLLERANT
MICROORGANISM SERRATIA PROTEAMACULANS
Khairullin R.F., Sebyakina T.Yu., Mikhailova A.G., Rumsh L.D.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: bioraf@yahoo.com
Fax: (495) 335-7103; tel.: (495) 330-63-74

Oligopeptidase B (OpdB) is a relatively novel group of serine peptidases
with a trypsin-like specificity that not hydrolyze proteins larger than 4 kDa. OpdB
is present in Gram-negative bacteria, unicellular eukaryotes such as trypanosomes
and leishmania, and some plants. It was demonstrated that trypanosomal OpdB is
implicated in the pathogenesis of trypanosome infections. Physiological role of
bacterial oligopeptidase has not been elucidated, but it is proposed that OpdB is a
potential processing enzyme of prokaryotes, being very specific for the basic amino
acid pairs of polypeptides.

A novel trypsin-like serine protease from the psychrotolerant microorganism
Serratia proteàmaculans was developed using ion-exchange chromatography on
Q-Sepharose and affinity chromatography on BPTI-Sepharose. Electrophoretically
homogeneous PSP preparation was obtained; the apparent molecular mass of
proteinase was 78 kDa. N-Terminal sequence analysis of the first 10 residues and
MALDI-MS peptide mass fingerprint analysis allow to establish, that PSP is a
novel member of oligopeptidase B group.

Substrate and inhibitor specificity of PSP were investigated. PSP displays
extremely high activity towards peptide substrates with basic residues in P1 and
P2 positions and does not hydrolyze protein substrates. The existence of a
hydrophobic binding site interacting with aromatic amino acids residues and
hydrophobic inhibitors was proposed. Effects of temperature and pH on enzyme
activity and stability were examined. It was shown that PSP demonstrate properties
of psychrophilic enzymes. Recombinant enzymes were obtained, it was
demonstrated no effects of polyhistidine tag on the PSP enzymatic activity. The
PSP retained a high degree of identity with OpdB from several human and animal
pathogens, such as Yersinia pestis, Salmonella enterica, Trypanosoma cruzi,
Trypanosoma brucei.

The work was supported by the Russian Foundation for Basic Research
(Project No. 07-04-00569) and Government contract ¹ 02.512.11.2208.
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Õîðîøî èçâåñòíî, ÷òî áîëüíûå ïî-ðàçíîìó ðåàãèðóþò íà îäíî è òî æå
ëå÷åíèå. Íàñëåäñòâåííî îáóñëîâëåííûå âàðèàöèè â ïîñëåäîâàòåëüíîñòÿõ
ãåíîâ, êîäèðóþùèõ ôåðìåíòû ìåòàáîëèçìà è äðóãèå ìîëåêóëû, ó÷àñòâóþùèå
â ðàñïðåäåëåíèè è ðåàëèçàöèè ýôôåêòîâ ëåêàðñòâ, ðàññìàòðèâàþòñÿ êàê
âàæíåéøèå ñîñòàâëÿþùèå èíäèâèäóàëüíûõ ðàçëè÷èé òîêñè÷íîñòè è
ýôôåêòèâíîñòè õèìèîòåðàïèè ó ïàöèåíòîâ. Ó÷åò ãåíåòè÷åñêîãî ñòàòóñà
ïàöèåíòîâ ìîæåò ñîäåéñòâîâàòü èíäèâèäóàëèçàöèè õèìèîòåðàïèè è
îïòèìèçàöèè ñõåì ëå÷åíèÿ.

Â ïîäõîäå ê âîçìîæíîñòè ïðåäñêàçûâàòü ðåçóëüòàòû õèìèîòåðàïèè íà
îñíîâå öèñïëàòèíà ó áîëüíûõ ðàêîì ÿè÷íèêîâ ìû èñõîäèëè èç àíàëèçà
êîððåëÿöèé ìåæäó âûæèâàåìîñòüþ è ïîáî÷íûìè ýôôåêòàìè ëå÷åíèÿ è
ïîëèìîðôèçìîì ãåíîâ ãëóòàòèîí-S-òðàíñôåðàç, ãåíîâ ðåïàðàöèè ÄÍÊ, à
òàêæå ãåíîâ TP53 è CYP2E1, àêòèâíîñòü áåëêîâûõ ïðîäóêòîâ êîòîðûõ
ñîîòíîñèòñÿ ñ ðàçíûìè ó÷àñòêàìè ìåòàáîëèçìà öèñïëàòèíà. Âñåãî áûë
ïðîàíàëèçèðîâàí 21 ïîëèìîðôèçì â 10 ãåíàõ (GSTA1, GSTM1, GSTM3,
GSTP1, GSTT1, ERCC1, XPD, XRCC1, TP53, and CYP2E1) ó 104 áîëüíûõ ðàêîì
ÿè÷íèêîâ æåíùèí, ïîëó÷àâøèõ öèñïëàòèí â ñî÷åòàíèè ñ öèêëîôîñôàìèäîì.
Îáíàðóæåíà âûðàæåííàÿ âçàèìîñâÿçü ìåæäó ïîëèìîðôèçìîì GSTP1
Ile105Val è âðåìåíåì äî ïðîãðåññèðîâàíèÿ (χ2 = 12.116, P = 0.0023), èíòåðâàë
êîòîðîãî ó áîëüíûõ, ãîìîçèãîòíûõ ïî àëëåëþ "Ile", áûë äîñòîâåðíî áîëüøå,
÷åì ó áîëüíûõ ñ îäíèì èëè äâóìÿ àëëåëÿìè "Val" (log rank test, P = 0.0001).
Íàéäåííàÿ êîððåëÿöèÿ ñîõðàíÿëàñü è ïîñëå èñêëþ÷åíèÿ èç àíàëèçà
ïàöèåíòîâ, ó êîòîðûõ õèìèîòåðàïèÿ ïðîâîäèëàñü â àäúþâàíòíîì ðåæèìå
(log-rank test, P = 0.005). Àññîöèàöèÿ ñ îáùåé âûæèâàåìîñòüþ áûëà îòìå÷åíà
äëÿ GSTA1 -69C>T ïîëèìîðôèçìà: ïàöèåíòû ñ ãåíîòèïîì T/T èìåëè áîëüøóþ
ïðîäîëæèòåëüíîñòü æèçíè ïî ñðàâíåíèþ ñ îáëàäàòåëÿìè C/C ãåíîòèïà (log
rank test, P = 0.044 äëÿ âñåé âûáîðêè, è P = 0.025 äëÿ ãðóïïû áåç ïàöèåíòîâ,
ïîëó÷àâøèõ ëå÷åíèå â àäüþâàíòíîì ðåæèìå). Òðîìáîöèòîïåíèÿ, àíåìèè è
íåéðîïàòèÿ ðåæå âñòðå÷àëèñü ñðåäè ïàöèåíòîâ ñ GSTM1 0/0 èëè GSTM3
AGG/AGG ãåíîòèïàìè. Òÿæåëàÿ íåéòðîïåíèÿ áûëà áîëåå õàðàêòåðíà äëÿ
îáëàäàòåëåé ãåíîòèïîâ TP53 72 Pro/Pro, ERCC2 312 Asp/Asn è XRCC1 399
Arg/Arg. Áîëåå âûñîêèé ðèñê ðàçâèòèÿ íåôðîòîêñè÷íîñòè áûë îòìå÷åí ó
ïàöèåíòîâ ñ ãåòåðîçèãîòíûìè ERCC1 19007 T/C è 8092 C/A ãåíîòèïàìè.
Äîñòîâåðíûõ àññîöèàöèé ìåæäó òåì èëè èíûì ãåíîòèïîì èññëåäîâàííûõ
ëîêóñîâ è ÷àñòîòîé ïîëíûõ ðåìèññèé âûÿâëåíî íå áûëî.

NOVEL OPIOID PEPTIDE AGONISTS WITH ANALGESIC AND
CARDIOPROTECTIVE ACTIVITY
Khokhlova O.N., Shaikhutdinova E.R., Murashev A.N., Krapf H.*,
Bissessar E.*, Bobrova I.*
Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
*Eribis AB, Uppsala, Sweden
E-mail: khohlova@fibkh.serpukhov.su

Opioid analgesics are the mainstay in the treatment of acute pain from angina,
myocardial infarction, surgery etc. Adverse effects commonly associated with the
use of narcotic analgesics create the prerequisites to develop new drugs with
improved cardioprotective, analgesic and safety profiles.

A series of the enkephalin analogues named as P91, P92, P93, P94 and P95
with potential cardioprotective properties were designed and synthesized by the
solid-phase methodology of peptide chemistry. Homogeneity of peptides was
assessed by high performance liquid chromatography. Structure identification was
achieved by amino acid analysis and mass spectrometry.

The antinociceptive and cardioprotective properties of these novel peptides
and exogenous opioid morphine were investigated and compared in this work.
The study of antinociception after intravenous administration to mice by the hot-
plate test showed that the new peptides increased the effect in a dose-dependent
manner with a corresponding ED50 values of 1.4 (P91), 3.3 (P92), 4.4 (P93), 6.9
(P94) and 1.6 (P95) µmol/kg. In comparison, morphine increased antinociception
in mice with ED50 value of 5.9 µmol/kg. The cardioprotective effects of peptides
were evaluated in vivo in a rat model of the ischemia/reperfusion heart injury. The
peptides P91 and P94, when applied prior to ischemia, reduced infarct size/area-
at-risk (IS/AAR) up to 30% compared to untreated animals (control, IS/AAR,
42.9±2.7%) with a range of effective doses 0.5-5 µg/kg and 0.14-3.5 µg/kg,
respectively. The peptides P92, P93, and P95 administrated at the doses 0.1 µg/kg,
1 µg/kg, 5 µg/kg or 10 µg/kg either 5 min prior to ischemia or at 0 min of reperfusion
have not significantly reduced the infarct size of rats. Morphine administrated at
5 min prior of occlusion (1 mg/kg) had no significant effect on infarct size (IS/
AAR, 36.1± 2.1% versus 42.9±2.7%) but significantly reduced the infarct size as
compared with control (IS/AAR, 33.3±2.7% versus 42.9±2.7%) when
administrated preconditionally at 15, 10 and 5 min before occlusion. Peptide P94
was also tested for the mu-, delta-, and kappa-affinity by the opioid receptor
radioligand binding assay and displayed agonist activity toward all three types of
opioid receptors with more high level of  affinity to  the mu-opioid receptor. These
results demonstrated that P94 elicits a similar magnitude of antinociceptive activity
in mice as that of morphine and has a cardioprotective activity at the low doses
that can have potential for clinical application.
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Ââåäåíèå. Äàííûå ïî ìåõàíèçìàì âçàèìîäåéñòâèÿ ìåòàáîëè÷åñêèõ
ïðîöåññîâ â óñëîâèÿõ ñîâìåñòíîãî ïðîòåêàíèÿ ðàêà ìîëî÷íîé æåëåçû (ÐÌÆ) è
ñàõàðíîãî äèàáåòà (ÑÄ) ïðîòèâîðå÷èâû. Áîëüøèíñòâî àâòîðîâ ñêëîíÿåòñÿ ê
âûâîäó î ñâÿçè ÑÄ (îñîáåííî èíñóëèí-íåçàâèñèìîãî, òèïà II) ñ ïîâûøåííûì
ðèñêîì ÐÌÆ. Îäíàêî, â ðÿäå ðàáîò áûëî ïîêàçàíî, ÷òî ÷àñòîòà ÐÌÆ ñðåäè
áîëüíûõ ÑÄ áûëà ñîïîñòàâèìîé èëè äàæå íèæå, ÷åì â ïîïóëÿöèè æåíùèí, íå
áîëüíûõ ÑÄ. Äàííûå ïî ñâÿçè èíñóëèí-çàâèñèìîãî ÑÄ (ÈÇÑÄ, òèï I) è ÐÌÆ
ïðàêòè÷åñêè îòñóòñòâóþò. Öåëüþ íàøåé ðàáîòû áûëî âûÿñíèòü, ñìîæåò ëè
ýêñïåðèìåíòàëüíûé ÈÇÑÄ ïîâëèÿòü íà ñêîðîñòü ïðîÿâëåíèÿ è ðîñòà ïåðåâèòîãî
ÐÌÆ è íà âûæèâàíèå ìûøåé-ðåöèïèåíòîâ.

Ìåòîäû. Îïûò 1. Ñíà÷àëà ó ñàìîê ìûøåé BALB/c âûçâàëè ÈÇÑÄ ïóòåì
ï.ê. îäíîêðàòíîãî ââåäåíèÿ àëëîêñàíà (400 ìã/êã, n=40), íà äåíü 0. Êîíòðîëüíûå
ìûøè (n=19) ïîëó÷èëè îäíîâðåìåííî èíúåêöèþ ôèçèîëîãè÷åñêîãî ðàñòâîðà.
×åðåç 2 íåäåëè âñåì ðåöèïèåíòàì (n=59) ââåëè ï.ê. ñèíãåííûå îïóõîëåâûå êëåòêè
(ÎÊ) ÐÌÆ. Îïûò 2. ÈÇÑÄ âûçâàëè òàêèì æå îáðàçîì ó ñàìîê ìûøåé BALB/c
(n=36) íà 22 äåíü ïîñëå ïåðåâèâêè èì ÎÊ âî âðåìÿ ëàòåíòíîãî ïåðèîäà ðîñòà
ÐÌÆ. Óðîâåíü ãëþêîçû èçìåðÿëè èíäèâèäóàëüíî â êàïëå âåíîçíîé êðîâè èç
õâîñòîâîé âåíû ñ ïîìîùüþ ïðèáîðà Aññu-Chek Active, Roche, Ãåðìàíèÿ.

Ðåçóëüòàòû. Îò ïîëîâèíû äî òðåòè ðåöèïèåíòîâ ïîãèáàëè âñêîðå ïîñëå
ââåäåíèÿ àëëîêñàíà, ïðèìåðíî ó 1/2 âûæèâøèõ ñàìîê â êðîâè ðåãèñòðèðîâàëàñü
ãèïåðãëèêåìèÿ (ÃÊ+), è ó 1/2 – íåò (ÃÊ–). Ïðîÿâëåíèå îïóõîëè â Îïûòå 1 áûëî
ïðîñòèìóëèðîâàíî ó ÃÊ+ ìûøåé (n=11): 82% îïóõîëåé ïàëüïèðîâàëîñü íà 25-é
äåíü ïîñëå ââåäåíèÿ àëëîêñàíà (ïðîòèâ 36 è 26% ó ÃÊ– (n=11) è êîíòðîëüíûõ
(n=19) ãðóïï, ñîîòâåòñòâåííî). Îäíàêî, ñêîðîñòü ðîñòà óæå ïðîÿâèâøèõñÿ
îïóõîëåâûõ óçåëêîâ â óñëîâèÿõ ÃÊ áûëà çàìåäëåíà ïî ñðàâíåíèþ ñ êîíòðîëåì.
Â Îïûòå 2 ñêîðîñòü è ïðîÿâëåíèÿ, è ðîñòà óçåëêîâ ó ÃÊ+ ìûøåé (n=10) áûëà
çàñóïðåññèðîâàíà è âûæèâàëè îíè äîëüøå, ÷åì êîíòðîëüíûå (n=10). Îïóõîëè
ÃÊ– ìûøåé çàíèìàëè ïðîìåæóòî÷íîå ïîëîæåíèå ïî ñêîðîñòè ïðîÿâëåíèÿ è ðîñòà
îïóõîëè â îáîèõ ýêñïåðèìåíòàõ.

Âûâîäû. Ïðè àëëîêñàíîâîì ÈÇÑÄ ìûøåé, âûçâàííîì äî ïåðåâèâêè
îïóõîëè, ïðîÿâëåíèå ÐÌÆ áûëî ïðîñòèìóëèðîâàíî ïî ñðàâíåíèþ ñ êîíòðîëåì.
Îäíàêî, èíãèáèðîâàíèå ñêîðîñòè ðîñòà ÐÌÆ â óñëîâèÿõ ÃÊ íàáëþäàëîñü
íåçàâèñèìî îò ïîñëåäîâàòåëüíîñòè ñîáûòèé. Íàøè ðåçóëüòàòû, âåðîÿòíî,
ïðîëèâàþò ñâåò íà ïðîòèâîðå÷èÿ â ëèòåðàòóðíûõ äàííûõ ïî ñâÿçè ÐÌÆ è ÑÄ ó
÷åëîâåêà. Óêîðî÷åííûé ëàòåíòíûé ïåðèîä ðîñòà ÐÌÆ â óñëîâèÿõ ÃÊ ìîæåò
ïðèâåñòè ê áîëåå âûñîêîé ÷àñòîòå ÐÌÆ ñðåäè ïàöèåíòîâ ñ ÑÄ, íî ÃÊ âî âðåìÿ
ëàòåíòíîãî ïåðèîäà – ê çàìåäëåíèþ ïðîÿâëåíèÿ è ïîñëåäóþùåãî ðîñòà ÐÌÆ.
Ïîëó÷åííûå äàííûå ÿâëÿþòñÿ îñíîâàíèåì äëÿ ïðîâåäåíèÿ íîâûõ èññëåäîâàíèé
íà ñïîíòàííûõ ìûøèíûõ ìîäåëÿõ ÐÌÆ.

GENETIC POLYMORPHISM AND OUTCOME OF
CISPLATIN-BASED CHEMOTHERAPY IN OVARIAN CANCER
Khokhrin D.V., Khrunin A.V., Moiseev A.A.
Insitiute of Molecular Genetics RAS, Moscow, Russia
E-mail: ectecon@mail.ru
Fax: (499) 196-02-21; tel.: (499) 196-02-10

It is well recognized that different patients respond in different ways to the
same medication. Inherited sequence variations in genes encoding drug-
metabolizing enzymes and other molecules involved in drug disposition and effects
are considered as responsible for much of the interindividual differences in the
toxicity and efficacy of many chemotherapy agents. Selecting patients according
to key genetic characteristics may help to tailor chemotherapy and optimize the
treatment.

In our study we explored the possibility of predicting the outcomes of cisplatin-
based treatment in women with ovarian cancer by correlating survival and adverse
effects with individual polymorphism in the glutathione S-transferase and DNA
repair genes, as well as TP53 and CYP2E1 genes, the protein activities of which
may be addressed in different aspects of cisplatin metabolism. Totally 21
polymorphisms in 10 genes (GSTA1, GSTM1, GSTM3, GSTP1, GSTT1, ERCC1,
XPD, XRCC1, TP53, and CYP2E1) were tested for correlations with efficacy and
toxicity of cisplatin-cyclophosphamide regimen in 104 ovarian cancer patients.
The GSTP1 Ile105Val polymorphism was strongly associated with progression-
free survival (PFS; χ2 = 12.12, P = 0.002): patients with a homozygous Ile/Ile
genotype had an increased PFS compared with that of patients with one or two Val
alleles (log-rank test, P = 0.0001). The association remained significant in a further
analysis after the exclusion of patients treated with adjuvant therapy (log-rank
test, P = 0.005). The allelic status of the GSTA1 -69 C>T polymorphism correlated
with overall survival: patients with T/T genotype survived longer than C/C carriers
(log-rank test, P = 0.044 for all patients, and P = 0.025 if patients with adjuvant
chemotherapy were excluded). Thrombocytopenia, anemia and neuropathy were
less frequent among patients with the GSTM1-null or GSTM3 intron 6 AGG/AGG
genotypes. Severe neutropenia was associated with the TP53 72 Pro/Pro, XPD
312 Asp/Asn and XRCC1 399 Arg/Arg genotypes. A higher risk of nephrotoxicity
was noted for patients with the heterozygous ERCC1 19007 T/C and 8092 C/A
genotypes. No correlations were found between genotypes and complete tumor
responses.
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Ñèíòåòè÷åñêèå àëèôàòè÷åñêèå ïîëèýôèðû ìîëî÷íîé êèñëîòû (PLLA)
è ñîïîëèìåðîâ ìîëî÷íîé è ãëèêîëåâîé êèñëîò (PLGA) íàõîäÿò øèðîêîå
ïðèìåíåíèå â òêàíåâîé èíæåíåðèè áëàãîäàðÿ èõ ìåõàíè÷åñêèì ñâîéñòâàì,
áèîñîâìåñòèìîñòè è áèîäåãðàäèðóåìîñòè. Ýòè ïîëèìåðû ìîãóò áûòü
èñïîëüçîâàíû äëÿ êóëüòèâèðîâàíèÿ êëåòîê in vitro ñ öåëüþ èõ äàëüíåéøåãî
ïðèìåíåíèÿ â êà÷åñòâå èìïëàíòàíòîâ äëÿ ðåïàðàöèè òêàíåé. Ñîçäàíèå
ìèêðîíîñèòåëåé íà îñíîâå PLLA è PLGA  ïîëèìåðîâ íàïðàâëåíî íà
óëó÷øåíèå ïðèêðåïëåíèÿ è ðàñïëàñòûâàíèÿ êëåòîê, èõ ïðîëèôåðàöèè è
äèôôåðåíöèàöèè. Öåëüþ äàííîé ðàáîòû áûëà îïòèìèçàöèÿ ïîëó÷åíèÿ íîâûõ
PLLA è PLGA ìèêðî÷àñòèö ñ äàëüíåéøåé ìîäèôèêàöèåé èõ ïîâåðõíîñòè è
èñïîëüçîâàíèÿ äëÿ êóëüòèâèðîâàíèÿ êëåòîê  in vitro.

Äëÿ ïîëó÷åíèÿ PLLA è PLGA ìèêðî÷àñòèö â ðàáîòå áûë èñïîëüçîâàí
ìåòîä ïðîñòîé ýìóëüñèè òèïà ìàñëî/âîäà. Ïîñëå î÷èñòêè è ëèîôèëüíîé ñóøêè
ìèêðî÷àñòèöû áûëè îõàðàêòåðèçîâàíû ñ ïîìîùüþ Coulter Counter Multisizer
è îïòè÷åñêîãî ìèêðîñêîïà. Ñðåäíèé ðàçìåð PLLA ìèêðî÷àñòèö ñîñòàâèë
125-250 µm, PLGA ìèêðî÷àñòèö –  60-170 µm, ÷òî îáúÿñíÿåòñÿ áîëüøåé
ìîëåêóëÿðíîé ìàññîé èñõîäíîãî PLLA ïîëèìåðà è ÿâëÿåòñÿ áîëåå
ïîäõîäÿùèì äëÿ ìèêðîíîñèòåëåé (îïòèìàëüíûé ðàçìåð ìèêðîíîñèòåëåé 150-
300 µm). Ñ ïîìîùüþ ñêàíèðóþùåé ýëåêòðîííîé ìèêðîñêîïèè áûëî ïîêàçàíî,
÷òî ïîâåðõíîñòü ìèêðî÷àñòèö èç àìîðôíîãî PLGA ïîëèìåðà áûëà ãëàäêîé
è ðîâíîé, â òî âðåìÿ êàê PLLA ìèêðî÷àñòèöû èìåëè íåðåãóëÿðíóþ ñòðóêòóðó,
÷òî ñâÿçàíî ñ ðàçíîé ñòåïåíüþ êðèñòàëëè÷íîñòè ïîëèìåðîâ. Äëÿ îáåñïå÷åíèÿ
ïðèêðåïëåíèÿ êëåòîê ïîâåðõíîñòü PLLA ìèêðî÷àñòèö ìîäèôèöèðîâàëè
ïóòåì ôèçè÷åñêîé ñîðáöèè õèòîçàíà è ïîëèäèìåòèëàìèíîýòèëìåòàêðèëàòà.
Äëÿ èññëåäîâàíèÿ âîçìîæíîñòè êóëüòèâèðîâàíèÿ êëåòîê íà ïîâåðõíîñòè
PLLA ìèêðî÷àñòèö áûëè èñïîëüçîâàíû ìûøèíûå ôèáðîáëàñòû L929.
Íàáëþäàëèñü ïðèêðåïëåíèå, ðàñïëàñòûâàíèå è ïðîëèôåðàöèÿ êëåòîê íà
ïîâåðõíîñòè ìèêðî÷àñòèö.

Òàêèì îáðàçîì, PLLA ìèêðî÷àñòèöû ìîãóò áûòü ïðåäëîæåíû â êà÷åñòâå
ìèêðîíîñèòåëåé äëÿ êóëüòèâèðîâàíèÿ êëåòîê è èõ äàëüíåéøåãî ïðèìåíåíèÿ
â òêàíåâîé èíæåíåðèè.

TUMOR MANIFESTATION AND GROWTH RATE OF
TRANSPLANTED MAMMARY CANCER FOLLOWING INSULIN
DEPENDENT DIABETES MELLITUS
Khripkova N.À., Semushina S.G., Aleksandrovski J.A.*, Moiseeva Å.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Kantorforschungsgruppe, Baden-Baden, Germany
E-mail: evmoiseeva@ibch.ru

Introduction. Studies concerning the mechanisms of metabolic processes
interactions in a combined diabetes mellitus (DM) and breast cancer (BC) condition
show controversial results. The majority of authors concluded that DM (especially,
DM type 2) is linked to a higher incidence of BC. However, some of investigations
demonstrated incidences of BC that were comparable or even lower than those in
non-diabetic subjects. Data on insulin-dependent DM (IDDM, type1) and BC is
hardly found. Our aim was to study whether untreated experimental DM may affect
manifestation time and tumor growth rate of transplanted mouse mammary
carcinoma (MC) and recipient survival.

Methods. Experiment 1. Firstly, alloxan induced DM (AIDM) was
established. At day 0 alloxan was injected s.c. to the BALB/c females (400 mg/kg,
n=40), control mice were injected with physiologic fluid in the same manner (n=19).
Then, two weeks later syngeneic MC cells (106 per mouse) were s.c. transplanted
to all mice. Experiment 2. AIDM was established in the other set of transplanted
MC bearing mice (n=36) during the latent period of tumor growth (day 22 post
transplantation). Tumor manifestation time and growth rates of individual nodules
have been compared in HG+, HG– and control mice. Glucose level was checked
once a week individually in a sample of tail vein blood by Aññu-Chek Active,
Roche, Germany.

Results. In our experiments about one third to half of recipients died early
after alloxan injection, about 1/2 of survivors showed and 1/2 did not show signs
of hyperglycaemia (HG+ and HG–, respectively). Tumor manifestation in
Experiment 1 was stimulated in hyperglycaemic animals (n=11) since 82% of the
nodules were palpable in HG+ mice at day 25 post alloxan injection (versus 36 and
26% in HG– (n=11) and control (n=19) group, respectively). However, visible
tumor growth rate was significantly suppressed in those HG+ mice comparing with
a control rate; tumors of HG– mice demonstrated intermediate growth rate. Both
tumor manifestation and growth rates were inhibited in HG– mice (n=10) comparing
with the control rates (n=10) in Experiment 2. Survival of those HG+ mice was
prolonged. Tumors from HG– (n=8) mice demonstrated intermediate rate of
palpable appearance, visible tumor growth, and survival dynamics.

Conclusions. MC emerged earlier in HG+ mice when AIDM was established
prior to tumor transplantation. However, inhibition of tumor growth rate was always
observed under HG+ conditions. Our results may shed light on some discrepancies
in literature data: reduced latent period of MC under the long lasting HG conditions
may point to higher BC incidence among diabetic patients, but HG during latent
period of BC may result in postponed tumor manifestation and growth. Obtained
data warrant new investigations in spontaneous mouse models of human BC.
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Â òîêñèêîëîãèè íàðÿäó ñ òðàäèöèîííûìè ìåòîäàìè êîíòðîëÿ ïðèìåíÿþò
áèîëîãè÷åñêîå òåñòèðîâàíèå. Ïîëó÷àåìàÿ ñ ïîìîùüþ äàííûõ ìåòîäîâ
èíôîðìàöèÿ õàðàêòåðèçóåòñÿ  èíòåãðàëüíûì õàðàêòåðîì âîñïðèÿòèÿ è
îòðàæåíèÿ âñåõ òîêñè÷åñêèõ âîçäåéñòâèé, îáóñëîâëåííûõ ñîâìåñòíûì
ïðèñóòñòâèåì òîêñèêàíòîâ. Äåéñòâèå êñåíîáèîòèêîâ-òîêñèêàíòîâ íà
ìèêðîîðãàíèçìû íåïîñðåäñòâåííî ñâÿçàíî ñ ïîòðåáëåíèåì èìè êèñëîðîäà.
Â çàâèñèìîñòè îò òèïà ìèêðîîðãàíèçìîâ ìîæåò íàáëþäàòüñÿ óâåëè÷åíèå
äûõàòåëüíîé àêòèâíîñòè â ïðèñóòñòâèè íåêîòîðûõ îðãàíè÷åñêèõ
êñåíîáèîòèêîâ èëè ñíèæåíèå äûõàíèÿ çà ñ÷åò èíãèáèðóþùåãî äåéñòâèÿ
òîêñèêàíòîâ.

 Èññëåäîâàëàñü âîçìîæíîñòü  ïðèìåíåíèÿ áèîñåíñîðà íà îñíîâå
"èììîáèëèçîâàííûå ìèêðîîðãàíèçìû – êèñëîðîäíûé ýëåêòðîä òèïà Êëàðêà"
äëÿ îöåíêè òîêñè÷íîñòè. Äëÿ ðàáîòû áûëè îòîáðàíû îáðàçöû îáóâè, îäåæäû,
èãðóøåê ñ èçâåñòíûìè ðåçóëüòàòàìè òîêñèêîëîãè÷åñêîé ýêñïåðòèçû,
èññëåäîâàííûå â ëàáîðàòîðèè ÔÃÓÇ "Öåíòð ãèãèåíû è ýïèäåìèîëîãèè â
Òóëüñêîé îáëàñòè", êîòîðûå ïîëó÷èëè íåóäîâëåòâîðèòåëüíûå ðåçóëüòàòû
ýêñïåðòèçû ïî èíäåêñó òîêñè÷íîñòè íà àíàëèçàòîðå èçîáðàæåíèé ÀÒ-05,
çàïàõó, çàâûøåííîìó ñîäåðæàíèþ ôåíîëà, àëüäåãèäîâ, öèíêà, ïðèñóòñòâèþ
ïðîèçâîäíûõ ôòàëåâîé êèñëîòû,  íåñîîòâåòñòâèþ ðÍ. Â êà÷åñòâå îáðàçöîâ
ñðàâíåíèÿ âûáðàëè: äåòñêóþ èãðóøêó è ìàòåðèàë, êîíòàêòèðóþùèé ñ
ïèùåâûìè ïðîäóêòàìè (ïëàñòèêîâóþ áóòûëêó). Îáðàçöû ñðàâíåíèÿ ïîëó÷èëè
óäîâëåòâîðèòåëüíûå ñàíèòàðíî-ãèãèåíè÷åñêèå çàêëþ÷åíèÿ.

Äëÿ ñîçäàíèÿ ðåöåïòîðíîãî ýëåìåíòà èñïîëüçîâàëè èììîáèëèçîâàííûå
êëåòêè ðàçëè÷íûõ øòàììîâ ìèêðîîðãàíèçìîâ (Pseudomonas putida BS3701
(pBS1141)(pBS1142), P. putida BS394, Escherichia coli K-12, E. coli TOP10,
Hansenula polymorpha NCYC 945 ln), ïðèíàäëåæàùèõ ÈÁÔÌ ÐÀÍ â Ïóùèíî
è ÔÃÓÇ "Öåíòð ãèãèåíû è ýïèäåìèîëîãèè â Òóëüñêîé îáëàñòè".
Èììîáèëèçàöèþ ìèêðîîðãàíèçìîâ îñóùåñòâëÿëè âêëþ÷åíèåì áèîìàññû
îòäåëüíûõ øòàììîâ â àãàðîâûé ãåëü. Ñèãíàë ñ êèñëîðîäíîãî ýëåêòðîäà
ðåãèñòðèðîâàëè ïîäêëþ÷åííûì ê íåìó ïîòåíöèîñòàòîì.

Ïðè äîáàâëåíèè âûòÿæêè èç àíàëèçèðóåìûõ îáúåêòîâ â èçìåðèòåëüíóþ
êþâåòó áèîñåíñîðà ïðîèñõîäèò èçìåíåíèå êîíöåíòðàöèè êèñëîðîäà,
ðàñòâîðåííîãî â ïðèýëåêòðîäíîé âîäíîé ñðåäå, âûçâàííîå âîçäåéñòâèåì
âûòÿæêè íà ìåòàáîëè÷åñêóþ àêòèâíîñòü ìèêðîîðãàíèçìîâ. Èçìåðÿåìûì
ïàðàìåòðîì (îòâåòîì áèîñåíñîðà) ÿâëÿëàñü ìàêñèìàëüíàÿ ñêîðîñòü
èçìåíåíèÿ âûõîäíîãî ñèãíàëà áèîñåíñîðà ïðè äîáàâëåíèè ñóáñòðàòîâ.
Âûõîäíîé ñèãíàë – ñèëà òîêà, îáðàòíî ïðîïîðöèîíàëüíàÿ êîíöåíòðàöèè
êèñëîðîäà â ïðèýëåêòðîäíîì ïðîñòðàíñòâå.

DEVELOPMENT OF BIODEGRADABLE MICROCARRIERS
BASED ON POLY(L-LACTIDE) AND POLY(LACTIDE-CO-
GLYCOLIDE) FOR TISSUE ENGINEERING
Tsoy A.M., Sevrin Ch.*, Grandfils Ch.*, Markvicheva E.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: tsoyanna@gmail.com
Fax: (495) 335-10-11; tel.: (495) 336-06-00
*Interfacultary Biomaterial Center (CEIB), University of Liege, Belgium

Synthetic polyesters, such as poly(L-lactide) (PLLA), polyglycolide (PGA)
and poly(lactic-co-glycolide) are attractive biomaterials for tissue engineering due
to their mechanical properties, biocompatibility and biodegradability. These
materials can be customized to be used for cell cultivation in vitro with a view to
implant them for promoting tissue repair. Microcarriers can be designed to improve
cell attachment, spreading, proliferation and differentiation. One of a key parameters
promoting cell growth which should be taken into consideration is grafting adhesion
moieties on the microcarrier surface. The aim of the study was to prepare and
optimize novel PLLA and PLGA microbeads for their further surface modification,
in order to promote cell adhesion. Preliminary in vitro study on cultivation of
animal cells on the obtained microbeads has been also carried out.

To prepare PLLA and PLGA microbeads an oil/water emulsion /evaporation
technique was adopted. After purification and drying microbeads were characterized
using Coulter Counter Multisizer as well as by optical microscopy combined with
image analysis software (Lucia, Nikon). The mean size of PLLA microbeads was
biggest (125-250 µm) compare to the PLGA microbeads (60-170 µm) due to a
highest molecular mass of used PLLA polymer which are more appropriate
microcarrier size for cell cultivation (150-300 µm). The microbead surface
morphology was observed by Scanning Electron Microscopy (SEM). In relation
to the difference of crystallinity between two polymers, an important contrast in
surface roughness between two microcarrier sets was observed. While amorphous
PLGA allows to produce smooth microbeads, irregular surface morphologies were
observed in the case of microbeads prepared from semi-crystalline PLLA. In order
to promote cell attachment to PLLA microbead surface, the microbeads were
modified by a physical sorption of chitosan or
poly(dimethylaminoethylmethacrylate) (PDMAEMA). Mouse fibroblasts L929
as model animal cells were used to test the obtained modified microbeads as
potential microcarriers. The cells were found to attach, to spread and to proliferate
on microbead surface. It was shown by SEM that in the case of PDMAEMA surface
modification cell attachment and growth was better.

Thus, in vitro study showed rather good cell attachment and proliferation on
PLLA microbead surface. After further optimization PLLA microbeads could be
proposed as cell microcarriers for tissue engineering.
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In toxicology alongside with traditional methods of control biological testing is used.
The information acquired is characterized by integral nature of perception and by reflection
of all toxic effects, conditioned by co-presence of toxicants. The influence of xenobiotics-
toxicants on microorganisms is directly connected with their consumption of oxygen.
Depending on the type of microorganisms there can be noticed the increase of respiratory
activity in presence of some organic xenobiotics or reduction of breathing due to inhibiting
effect of toxicants.

The possibility of use of a biosensor based on "immobilized microorganisms - the
Clark-type oxygen electrode" for toxicity estimation was studied. There were chosen some
samples of footwear, clothes and toys with the known results of toxicological examination
conducted by the laboratory of FSHE "Centre of Hygiene and Epidemiology in Tula Region",
which had got unsatisfactory results of the expert operation on the index of toxicity on the
analyzer of scents AT-05, scent, excess presence of phenol, aldehydes, zinc, products of
phthalic acid, PH level discrepancy. As a sample of comparison there was chosen a toy and
some material, contacting with food-stuffs (a plastic bottle). The samples of comparison
got satisfactory sanitary-hygienic results.

For making the reception element there have been used the immobilized hutches of
different types of microorganism (Pseudomonas putida BS3701 (pBS1141)(pBS1142), P.
putida BS394, Escherichia coli K-12, E. coli TOP10, Hansenula polymorpha NCYC 945
ln), belonging to the laboratory of FSHE "Centre of Hygiene and Epidemiology in Tula
Region" and Skriabin Institute of Biochemistry and Physiology of Microorganisms, RAS,
Pushchino. The immobilization of microorganisms was conducted by putting the biomass
of separate cultures in àgar gel. The signal from the oxygen electrode was registered with
the help of potentiostate.

At adding the extraction from the object analyzed into the measuring ditch of the
biosensor some change in concentration of oxygen dissolved in water close to the electrode,
caused by the influence of the extraction on metabolic activity of microorganisms, occurs.
The measured parameter (the response of the biosensor) is the maximum speed of the
change of the outgoing signal of the biosensor at the adding of substratum. The output
signal – amperage, is inversely proportional to concentration of oxygen close to the electrode.

Nine samples of consumer goods were analyzed comparatively to blank test for four
phases of exposure (1, 6, 24 and 96 hours) by means of five cultures of microorganisms
mentioned above and some data about the diverse capacity of the investigated cultures to
distinguish the possible toxicity of studied objects were acquired. The "answers" of the
biosensor, expressed in nA/min, can be used as a quantitative indicator of the degree of the
sample toxicity. Taking into account the  estimation of toxicity of samples, explored by
means of AT-05 and sanitary-chemical methods, there has been conducted the correlation
of data got by means of microbial sensor based on cultures of E. coli K-12, P. putida
BS394, P. putida BS3701 and toxicological examination.

The fact that there is a direct dependence of the biosensor response on the degree of
extract dilution proves that the biosensor can be used for quantitative toxicity estimation.

The given method is reasonable to be used for preliminary studies of homogeneous
products, similar chemical compounds, as well as models, complementing traditional methods.

Áûëî ïðîàíàëèçèðîâàíî 9 îáðàçöîâ òîâàðîâ íàðîäíîãî ïîòðåáëåíèÿ
îòíîñèòåëüíî õîëîñòîãî îïûòà ïî ÷åòûðåì âðåìåíàì ýêñïîçèöèè (1, 6, 24 è
96 ÷àñîâ) ñ ïîìîùüþ ïÿòè âûøåóêàçàííûõ øòàììîâ ìèêðîîðãàíèçìîâ, è
ïîëó÷åíû äàííûå î ñïîñîáíîñòè èññëåäóåìûõ øòàììîâ ìèêðîîðãàíèçìîâ
ðàçëè÷àòü âîçìîæíóþ òîêñè÷íîñòü èññëåäóåìûõ îáúåêòîâ. Îòâåòû
áèîñåíñîðà, âûðàæåííûå â íÀ/ìèí, ìîæíî èñïîëüçîâàòü êàê êîëè÷åñòâåííûé
ïîêàçàòåëü ñòåïåíè òîêñè÷íîñòè îáðàçöîâ. Îñíîâûâàÿñü íà îöåíêå
òîêñè÷íîñòè îáðàçöîâ, èññëåäîâàííûõ ñ ïîìîùüþ ÀÒ-05 è ñàíèòàðíî-
õèìè÷åñêèõ ìåòîäîâ, ïðîâåäåíà êîððåëÿöèÿ äàííûõ èññëåäîâàíèÿ îáðàçöîâ
ñ ïîìîùüþ ìèêðîáíûõ ñåíñîðîâ íà îñíîâå øòàììîâ E. coli K-12, P. putida
BS394, P. putida BS3701 è òîêñèêîëîãè÷åñêîé ýêñïåðòèçû. Î âîçìîæíîñòè
ïðèìåíåíèÿ áèîñåíñîðà äëÿ êîëè÷åñòâåííîé îöåíêè ïðè èññëåäîâàíèè
òîêñè÷íîñòè ãîâîðèò è òîò ôàêò, ÷òî îáíàðóæèâàåòñÿ ïðÿìàÿ çàâèñèìîñòü
îòêëèêà áèîñåíñîðà îò ðàçâåäåíèÿ âîäíûõ âûòÿæåê. Äàííûé ìåòîä
öåëåñîîáðàçíî ïðèìåíÿòü äëÿ ïðåäâàðèòåëüíûõ èññëåäîâàíèé îäíîðîäíîé
ïðîäóêöèè, ñõîäíûõ õèìè÷åñêèõ ñîåäèíåíèé, à òàêæå â êà÷åñòâå ìîäåëåé,
äîïîëíÿþùèõ òðàäèöèîííûå.
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(ãåêñàí-âîäà) è èçâëå÷åíèè èõ èç âîäíîé ôàçû áóòàíîëîì. Áèîëîãè÷åñêàÿ
ýôôåêòèâíîñòü ïðîòèâ ëè÷èíîê òðèïñà ëàáîðàòîðíîãî îáðàçöà ïðåïàðàòà
ïðåâûøàëà 80%, ñóììàðíàÿ ñìåðòíîñòü îñîáåé òðèïñà çà 5 äíåé ñîñòàâèëà
85,2%. Ïîëó÷åííûé ïðåïàðàò õàðàêòåðèçóåòñÿ íå òîëüêî ïðÿìûì òîêñè÷åñêèì
äåéñòâèåì íà ëè÷èíêè âðåäèòåëÿ, íî è ñïîñîáåí âëèÿòü íà ïðîöåññû,
ïðîèñõîäÿùèå âíóòðè íàñåêîìîãî, îêàçûâàÿ íåãàòèâíîå âîçäåéñòâèå íà
ïîñëåäóþùèå ñòàäèè ðàçâèòèÿ. Â îòëè÷èå îò ìíîãèõ áèîïåñòèöèäîâ
ðàñòèòåëüíîãî ïðîèñõîæäåíèÿ, ïðåïàðàò èç S. sussamyrica ïðîÿâëÿë
èçáèðàòåëüíîñòü äåéñòâèÿ, âëèÿÿ òîëüêî íà êàëèôîðíèéñêîãî òðèïñà.

ÐÀÑÒÈÒÅËÜÍÛÉ ÏÐÅÏÀÐÀÒ ÈÇ SILENE SUSSAMYRICA ÄËß
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Èññëåäîâàíèÿ ïîñëåäíèõ ëåò â ìèðå íàïðàâëåíû íà ïîèñê áèîëîãè÷åñêè
àêòèâíûõ âåùåñòâ ðàñòèòåëüíîãî ïðîèñõîæäåíèÿ, êîòîðûå ìîãëè áû
ïðèìåíÿòüñÿ äëÿ çàùèòû ðàñòåíèé â êà÷åñòâå áîòàíè÷åñêèõ ïåñòèöèäîâ.
Áîëüøîå âíèìàíèå óäåëÿåòñÿ áèîïåñòèöèäàì, õàðàêòåðèçóþùèìñÿ âûñîêîé
èçáèðàòåëüíîñòüþ äåéñòâèÿ íà öåëåâûå îáúåêòû è ñî÷åòàþùèì â ñåáå
íåñêîëüêî òèïîâ áèîëîãè÷åñêîé àêòèâíîñòè. Ïðè èçó÷åíèè èíñåêòèöèäíîé
àêòèâíîñòè ýêñòðàêòîâ èç 123 âèäîâ ðàñòåíèé Êûðãûçñòàíà áûë óñòàíîâëåí
òîêñè÷åñêèé ýôôåêò ýòàíîëüíîãî ýêñòðàêòà èç íàäçåìíîé ÷àñòè ðàñòåíèÿ
Silene sussamyrica Lazkov (Caryophyllaceae) ïðîòèâ êàëèôîðíèéñêîãî òðèïñà
Frankliniella occidentalis Perg., ðàñïðîñòðàíåííîãî âðåäèòåëÿ êóëüòóð
çàùèùåííîãî ãðóíòà. Äî íàñòîÿùåãî âðåìåíè íå ñîîáùàëîñü î ïåñòèöèäíûõ
ñâîéñòâàõ ýòîãî ðàñòåíèÿ. Â ëàáîðàòîðíûõ óñëîâèÿõ ïðè âîçäåéñòâèè 1%
ýêñòðàêòà ñìåðòíîñòü ëè÷èíîê íà ïÿòûå ñóòêè äîñòèãàëà 46,4%. Ãèáåëü
ïðîèñõîäèëà ïðè ëèíüêå è ïåðåõîäå íà ñëåäóþùóþ ñòàäèþ ðàçâèòèÿ. Ïðè
èçó÷åíèè âëèÿíèÿ 1% ðàñòâîðà ïðåïàðàòà èç S. sussamyrica (ïðåïàðàòèâíàÿ
ôîðìà: ýêñòðàêò – 10%, ÄÌÔÀ – 80%, Òâèí-60 – 10%) íà ãåòåðîãåííóþ
ïîïóëÿöèþ êàëèôîðíèéñêîãî òðèïñà â òåïëèöå ýôôåêòèâíîñòü ïðåïàðàòà
äîñòèãàëà 77,4% è ñîõðàíÿëàñü â òå÷åíèå 2-õ íåäåëü. Ïðåïàðàò òàêæå îêàçûâàë
ðåïåëëåíòíîå äåéñòâèå ñðåäíåé ñòåïåíè íà ñàìîê òðèïñà (33%) è ïðèâîäèë
ê ñíèæåíèþ ÷èñëåííîñòè ïîòîìñòâà íà 61,6%. Ñ öåëüþ âûäåëåíèÿ àêòèâíîãî
íà÷àëà ýêñòðàêò S. sussamyrica  áûë ðàçäåëåí íà ôðàêöèè ïóòåì
ïîñëåäîâàòåëüíûõ ïåðåýêñòðàêöèé ñ èñïîëüçîâàíèåì îðãàíè÷åñêèõ
ðàñòâîðèòåëåé ñ óâåëè÷èâàþùåéñÿ ïîëÿðíîñòüþ. ×åòûðå ôðàêöèè èç ïÿòè
ïðîòåñòèðîâàííûõ ïðîÿâèëè âûñîêóþ ëàðâèöèäíóþ àêòèâíîñòü â îòíîøåíèè
êàëèôîðíèéñêîãî òðèïñà, áèîëîãè÷åñêàÿ ýôôåêòèâíîñòü âàðüèðîâàëà â
ïðåäåëàõ 50-70%. Èíñåêòèöèäíàÿ àêòèâíîñòü ýòèëàöåòàòíîé è âîäíîé
ôðàêöèé áûëà âûøå, ÷åì ó èñõîäíîãî ýêñòðàêòà. Íà ïÿòûå ñóòêè ñìåðòíîñòü
íàñåêîìûõ äîñòèãàëà 68,0%. Èçâåñòíî, ÷òî ðîä Silene õàðàêòåðèçóåòñÿ
âûñîêèì ñîäåðæàíèåì ôèòîýêäèñòåðîèäîâ. Ïðèíèìàÿ âî âíèìàíèå õàðàêòåð
äåéñòâèÿ ôðàêöèé, ýêñòðàêòà è ëèòåðàòóðíûå äàííûå, ìîæíî ïðåäïîëîæèòü,
÷òî èíñåêòèöèäíàÿ àêòèâíîñòü ñâÿçàíà ñ ïðèñóòñòâèåì ýòîãî êëàññà
ñîåäèíåíèé. Íàëè÷èå ôèòîýêäèçîíîâ âî âñåõ àêòèâíûõ ôðàêöèÿõ è â
èñõîäíîì ýêñòðàêòå áûëî ïîäòâåðæäåíî íàìè ìåòîäàìè òîíêîñëîéíîé
õðîìàòîãðàôèè. Íà îñíîâàíèè ïîëó÷åííûõ ðåçóëüòàòîâ áûëà ðàçðàáîòàíà
ñõåìà ïîëó÷åíèÿ êîìïëåêñà âåùåñòâ, ýôôåêòèâíîãî ïðîòèâ êàëèôîðíèéñêîãî
òðèïñà. Ñïîñîá îñíîâàí íà ýêñòðàêöèè ôèòîýêäèçîíîâ èç ðàñòèòåëüíîãî
ñûðüÿ îðãàíè÷åñêèì ðàñòâîðèòåëåì (ýòàíîëîì) ñ ïîñëåäóþùåé î÷èñòêîé
ïåðåðàñïðåäåëåíèåì ìåæäó äâóìÿ íåñìåøèâàþùèìèñÿ ðàñòâîðèòåëÿìè
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Óáèêâèòèëèðîâàíèå ïðåäñòàâëÿåò ñîáîé ïðîöåññ êîâàëåíòíîãî
ïðèñîåäèíåíèÿ íåáîëüøîãî áåëêà óáèêâèòèíà ê îñòàòêó ëèçèíà íà
ïîâåðõíîñòè áåëêà-ìèøåíè. Òàêàÿ ïîñò-òðàíñëÿöèîííàÿ ìîäèôèêàöèÿ
ðåãóëèðóåò âðåìÿ æèçíè è ôóíêöèîíàëüíóþ àêòèâíîñòü áîëüøîãî ÷èñëà
êëåòî÷íûõ áåëêîâ. Áåëîê Ubc13 (UBE2N) – ïðåäñòàâèòåëü îáøèðíîãî êëàññà
óáèêâèòèí-êîíúþãèðóþùèõ ôåðìåíòîâ. Îí èãðàåò âàæíóþ ðîëü â ïðîöåññàõ
èììóííîãî îòâåòà è ðåãóëÿöèè àêòèâíîñòè ôàêòîðîâ òðàíñêðèïöèè NFkappaB
è p53. Êîìïëåêñ Ubc13 ñ àäàïòåðíûì áåëêîì Mms2 èëè Uev1A ñèíòåçèðóåò
ìóëüòèóáèêâèòèíîâûå öåïè, ÷òî îáóñëàâëèâàåò åãî ó÷àñòèå â ïðîöåññàõ
ðåïàðàöèè ÄÍÊ. Èíòåðåñíî, ÷òî â ñëó÷àå îòñóòñòâèÿ àäàïòåðíûõ áåëêîâ,
Ubc13 êàòàëèçèðóåò ðåàêöèþ ïåðåíîñà óáèêâèòèíà íà ñîáñòâåííûå îñòàòêè
ëèçèíîâ, ò.å. àâòîóáèêâèòèëèðóåòñÿ. Ìåõàíèçìû è ôèçèîëîãè÷åñêîå çíà÷åíèå
äàííîãî ôåíîìåíà îñòàþòñÿ ïëîõî èçó÷åííûìè.

Öåëüþ íàøåãî èññëåäîâàíèÿ áûëà èäåíòèôèêàöèÿ ñàéòîâ
àâòîóáèêâèòèëèðîâàíèÿ â ìîëåêóëå Ubc13. Ïîñëå ïðîâåäåíèÿ ðåàêöèè
àâòîìîäèôèêàöèè in vitro óáèêâèòèëèðîâàíèå Ubc13 áûëî ïîäòâåðæäåíî ñ
ïîìîùüþ ìåòîäà èììóíîáëîòòèíãà. Ïîñëå îïòèìèçàöèè óñëîâèé ðåàêöèè
in vitro ïðîäóêòû ðåàêöèè ðàçäåëÿëèñü ñ ïîìîùüþ ýëåêòðîôîðåçà â
ïîëèàêðèëàìèäíîì ãåëå è ïîñëå îêðàñêè Coommassie G250 ïîäâåðãàëèñü
òðèïñèíîëèçó â ãåëå. Ïîëó÷åííûå â ðåçóëüòàòå ïåïòèäû àíàëèçèðîâàëèñü ñ
ïîìîùüþ ìåòîäà òàíäåìíîé ìàññ-ñïåêòðîìåòðèè (LC-MS/MS). Â ðåçóëüòàòå
àíàëèçà ïîëó÷åííûõ ñïåêòðîâ äëÿ Ubc13 óäàëîñü èäåíòèôèöèðîâàòü ðÿä
ñïåöèôè÷åñêèõ ïåïòèäîâ, îäèí èç êîòîðûõ ñîäåðæèò ñàéò óáèêâèòèëèðîâàíèÿ
– Lys92. Ðàñïîëîæåíèå äàííîãî ñàéòà âáëèçè êàòàëèòè÷åñêîãî öåíòðà áåëêà
Ubc13 óêàçûâàåò íà ðåãóëÿòîðíóþ ðîëü, êîòîðóþ èãðàåò ïðîöåññ
àâòîìîäèôèêàöèè. Êðîìå òîãî, àíàëèç ñïåêòðîâ ïîêàçàë ïðèñóòñòâèå ñðåäè
ïðîäóêòîâ ðåàêöèè in vitro ìóëüòèóáèêâèòèíîâûõ öåïåé ðàçëè÷íîé
àðõèòåêòóðû. Òàêèì îáðàçîì, íàìè âïåðâûå óñòàíîâëåíî, ÷òî Ubc13 ìîæåò
ñèíòåçèðîâàòü ìóëüòèóáèêâèòèíîâûå öåïè äàæå â îòñóòñòâèå àäàïòåðíûõ
áåëêîâ.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíòû 08-04-
01816-à è 08-04-97107-ð_ïîâîëæüå_à).

PLANT PREPARATION FROM SILENE SUSSAMYRICA AGAINST
WESTERN FLOWER THRIPS
Chermenskaja T.D., Shchenikova A.V., Chakaeva A.Sh.*
All-Russia Institute of Plant Protection, St.-Petersburg, Pushkin, Russia
*Kyrgyz Scientific Research Institute of Livestock Breeding and Pastures,
Bishkek, Kyrgyzstan
E-mail: tchermenskaya@yandex.ru
Fax: (812)470-51-10; tel.: (812)470-43-84

Researches of last years in the world are directed on search of biologically
active substances of plant origin which could be applied to protection of plants as
botanical pesticides. The big attention is given the biopesticides with high selectivity
action on target objects, and combining some types of biological activity. During
investigation of insecticidal activity of extracts from 123 species of plants from
Kyrghyzstan the toxic effect of ethanol extract from an aerial part of plant Silene
sussamyrica Lazkov (Caryophyllaceae) against western flower thrips (WFT)
Frankliniella occidentalis Perg., the widespread pest of the greenhouse plants has
been determined. The pesticidal properties of this plant were not described to
present time. In laboratory bioassays mortality of larvae was 46,4% at the 1%
concentration of extract and was the result of moulting on the following stage of
development. During research of influence of 1% solution of formulation from
S. sussamyrica (extract – 10%, DMFA – 80%, the Tween-60 – 10%) on a
heterogeneous population thrips in greenhouse, efficiency was 77,4% and kept
during 2 weeks. The formulation had the repellent effect of an average degree to
thrips female (33%) and reduced the numbers of offspring on 61,6%. For isolation
of active substances the extract of S. sussamyrica has been divided into fractions
by consecutive extractions with organic solvents with increasing polarity. Four
fractions of five tested have shown high larvicidal activity to WFT, biological
efficiency varied within 50-70 %. Insecticidal activities of ethylacetate and water
fractions were higher, than at an initial extract. On the fifth day death rate of
insects reached 68,0%. It is known, that plant genus Silene is characterized by the
high content of phytoecdysteroids. Considering character of action of fractions
and an extract and the literature data, it is possible to assume, that insecticidal
activity is concerned with presence of this class of compounds. Presence of
phytoecdysone in all active fractions and in crude extract has been confirmed by
us by thin-layer chromatography. On the basis of the received results the scheme
to obtain the complex of substances, effective against WFT has been developed.
The method is based on extraction of  phytoecdysone from plant material by organic
solvent (ethanol) with the subsequent clearing by redistribution between two not
mixing up solvents (hexane-water) and extraction from the water phase by buthanol.
Biological efficiency a laboratory sample of preparation against thrips larvae
exceeded 80 %, total mortality of individuals for 5 days was 85,2%. The received
preparation is characterized not only direct toxic action on larvae of pest, but is
capable to influence the processes occuring inside an insect also, rendering negative
influence on the subsequent stages of development. In contrast to many botanical
pesticides, the preparation from S. sussamyrica showed selectivity of action,
influencing only on western flower thrips.
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Ïëàçìèäà pAM28 ïðè åå ââåäåíèè â êëåòêè Erwinia carotovora
ñóïðåññèðóåò ïàòîãåííîñòü ýòèõ áàêòåðèé. Íà ïëàçìèäå ëîêàëèçîâàíû äâà
ãåíà: rep, êîäèðóþùèé áåëîê èç 302 àìèíîêèñëîò è, ïðåäïîëîæèòåëüíî,
îòâåòñòâåííûé çà ðåïëèêàöèþ ïëàçìèäû, è speA, îáåñïå÷èâàþùèé ôóíêöèþ
ñóïðåññèè ïàòîãåííîñòè. Ñòðóêòóðíàÿ ÷àñòü ãåíà speA ïðåäñòàâëÿåò ñîáîé
ïðîòÿæåííóþ îòêðûòóþ ðàìêó ñ÷èòûâàíèÿ (ÎÐÑ), ñîñòîÿùóþ èç 368
àìèíîêèñëîò. Â ïðåäåëàõ äàííîé ÎÐÑ èìåþòñÿ 6 êîäîíîâ ÀÒG, ïîòåíöèàëüíî
ïðåòåíäóþùèõ íà ðîëü èíèöèèðóþùèõ. Ïåðåä òðåìÿ èç íèõ (start 2, start 4 è
start 6) ðàñïîëàãàþòñÿ ïóðèí-áîãàòûå ó÷àñòêè, â áîëüøåé èëè ìåíüøåé
ñòåïåíè îáëàäàþùèå ãîìîëîãèåé ñ ïîñëåäîâàòåëüíîñòüþ Øàéíà-Äàëüãàðíî
(SD1, SD2 è SD3, ñîîòâåòñòâåííî). Òðè äðóãèõ êîäîíà (start 1, start 3 è start 5)
ëèøåíû SD ïîñëåäîâàòåëüíîñòåé.

Äëÿ òåñòèðîâàíèÿ âîçìîæíûõ ó÷àñòêîâ èíèöèàöèè òðàíñëÿöèè êàê
èçîëèðîâàííî, òàê è â íàòèâíîì ãåíåòè÷åñêîì îêðóæåíèè ïëàçìèäû pAM28
áûëà ðàçðàáîòàíà ñõåìà èõ êëîíèðîâàíèÿ ïîä ïðîìîòîðîì PCH. Â êà÷åñòâå
ðåïîðòåðíîãî èñïîëüçîâàëè ãåí egfp. Áûë ïîëó÷åí ðÿä êîíñòðóêöèé, êîòîðûìè
òðàíñôîðìèðîâàëè E. coli ñ öåëüþ ïðîâåðêè ôóíêöèîíàëüíîé àêòèâíîñòè in
vivo ðàçëè÷íûõ ïîñëåäîâàòåëüíîñòåé SD. Ïî ôëóîðåñöåíöèè
òðàíñôîðìèðîâàííûõ êëåòîê áûëî ïîêàçàíî, ÷òî ýôôåêòèâíàÿ òðàíñëÿöèÿ
ðåïîðòåðíîãî ãåíà ïðîèñõîäèëà ëèøü òîãäà,  êîãäà ïåðåä íèì ðàñïîëàãàëèñü
ïîñëåäîâàòåëüíîñòè SD2 èëè SD3. Ïðèñóòñòâèå ïåðåä ãåíîì egfp
ïîñëåäîâàòåëüíîñòè SD1 ïðèâîäèëî ê ñëàáîé åãî òðàíñëÿöèè è ñâå÷åíèþ
áàêòåðèàëüíûõ êëåòîê, çàìåòíîìó ëèøü ïîä ôëóîðåñöåíòíûì ìèêðîñêîïîì.
Òàêèì îáðàçîì, ïîëó÷åííûå ýêñïåðèìåíòàëüíûå äàííûå ñâèäåòåëüñòâóþò î
ðàçëè÷íîé ôóíêöèîíàëüíîé àêòèâíîñòè âñåõ òðåõ èññëåäîâàííûõ ñòðóêòóð.
Äëÿ îòâåòà íà âîïðîñ: êàêàÿ æå èç òðåõ ïîñëåäîâàòåëüíîñòåé SD ãåíà speA
ïðåäïî÷òèòåëüíî èñïîëüçóåòñÿ â êëåòêå è, ñîîòâåòñòâåííî, ñ êàêîãî èç
ïîòåíöèàëüíûõ ñòàðòîâûõ êîäîíîâ íà÷èíàåòñÿ òðàíñëÿöèÿ ìÐÍÊ ãåíà, áûëî
ðåøåíî îïðåäåëèòü ðàçìåð GFP-ñîäåðæàùåãî õèìåðíîãî áåëêà. Áåëîê òàêîé
ïðèðîäû ìîæåò ñèíòåçèðîâàòüñÿ â êëåòêàõ, òðàíñôîðìèðîâàííûõ ïëàçìèäîé
pPCH-start6. Â äàííîé ãåíåòè÷åñêîé êîíñòðóêöèè ïåðåä ÎÐÑ ãåíà egfp
ðàñïîëàãàåòñÿ ÷àñòü ÎÐÑ ãåíà speA, ñîäåðæàùàÿ âñå òðè ïîñëåäîâàòåëüíîñòè
SD. Â ðåçóëüòàòå Âåñòåðí-áëîò àíàëèçà, ïðîâåäåííîãî ñ ïðèìåíåíèåì
ïîëèêëîíàëüíûõ àíòèòåë ê GFP, áûëî ïîêàçàíî, ÷òî ïîìèìî ìàæîðíîãî áåëêà
ðàçìåðîì 32 êÄà èìååòñÿ ðÿä ìèíîðíûõ ñèãíàëîâ, ñîîòâåòñòâóþùèõ áåëêàì
ñ ìîëåêóëÿðíûìè ìàññàìè 44, 48 è 58 êÄà. Ïðè ñîïîñòàâëåíèè ÷èñëåííûõ
çíà÷åíèé òåîðåòè÷åñêè ðàññ÷èòàííûõ ìîëåêóëÿðíûõ ìàññ õèìåðíûõ GFP-
ñîäåðæàùèõ áåëêîâ, êîòîðûå ìîãóò ñèíòåçèðîâàòüñÿ ñ èñïîëüçîâàíèåì

PROBING THE MECHANISM OF AUTOUBIQUITYLATION OF
UBC13 (UBE2N) PROTEIN USING MASS SPECTROMETRY
Chernorudskiy A.L.1, Kondratieva E.V.1, Zhabereva A.S.1, Zgoda V.G.2,
Gainullin M.R.1,3
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Ubiquitylation is a process of covalent attachment of small protein ubiquitin
to a lysine residue on a surface of target protein. This post-translational modification
regulates lifetime and functional activity of many cellular proteins. Ubc13 protein
is a member of a large class of ubiquitin-conjugating proteins. Ubc13 plays an
important role in immune response processes and regulation of activity of
transcription factors NFkappaB and p53. Complex of Ubc13 with Mms2 or Uev1a
adapter protein synthesizes multiubiquitin chains that act in processes of DNA
repair. In the case of absence of adapter proteins, Ubc13 catalyzes transfer of
ubiquitin to enzyme's own lysine residues, i.e. autoubiquitylation. Mechanisms
and physiological significance of this phenomenon remain poorly understood.

The present research aimed to identify particular autoubiquitylation sites in
Ubc13 molecule. An in vitro automodification reaction was carried out and Ubc13
ubiquitylation was confirmeded by Western blotting. The reaction conditions were
then optimized. The reaction products were separated by polyacrilamide gel
electrophoresis, stained by Coommassie G250 and subjected to ingel trypsinolysis.
The resulting peptides were analyzed by tandem mass spectrometry (LC-MS/MS).
The analysis of obtained spectra allowed identification of specific Ubc13 peptides,
including one containing ubiquitylation site - Lys92. Location of this residue near
the catalytic site of Ubc13 points to a regulatory role of automodification process.
Moreover, spectra analysis revealed multiubiquitin chains of various structures
among products of in vitro reaction. Thus, it was shown for the first time that
Ubc13 can synthesize multiubiquitin chains even in the absence of adapter proteins.

This work was supported by Russian Foundation for Basic Research grants
08-04-01816 and 08-04-97107.
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Chernyshov S.V., Gorokhovatsky A.Yu., Buryanov Ya.I.
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Pushchino, Russia
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pAM28 plasmid suppresses Erwinia carotovora pathogenicity being
introduced into E.carotovora cells. Two genes are localized on the plasmid: rep
gene coding 302 amino acid protein which presumably respond to plasmid
replication and speA gene which provide pathogenicity suppression. The structural
part of speA gene is a long open riding frame (ORF) which consists of 368 amino
acid residues. Six potential initiative ÀÒG codons are along this ORF. Purine-rich
motifs (SD1, SD2 è SD3) with different homology to Shaine - Dalgarno sequence
are located upstream three of this six ÀÒGs (start 2, start 4 è start 6). The upstream
regions of three other ATGs (start 1, start 3 è start 5) have no homology with SD.

For testing of its functional activity cloning of putative translation initiation
signals was designed using egfp gene as reporter. A range of genetic constructions
had been created and these plasmids were used for functional analysis of various
SDs in vivo. Transformed cells fluorescence revealed that effective translation of
reporter gene occurred only when SD2 and SD3 controlled egfp gene while SD1
provided just weak translation and poor fluorescence, which was detectable only
under fluorescent microscope. Thus our data confirm different functional activity
of this three SDs. We decided to determine GFP-fused protein size to define which
SD sequence does work in cells presumably. Such a protein could be synthesized
in cells transformed with pPCH-start6 plasmid. In this plasmid 3'-end of speA
gene contained all three SDs (SD1, SD2, SD3) was fused with egfp gene. Western-
blot analysis with anti-EGFP antibodies showed major 32 kDa protein along with
several minor proteins of 44, 48 and 58 kDa size. Comparing theoretically predicted
GFP-fused protein size with our data we revealed simultaneous but non-equal
contribution of all three SDs to translation initiation. To our surprise translation
had been initiated from start 1 also; however this required presence of the sequence
located between start 1 and start 2 points. Moreover, direct positioning of egfp
gene under start 1 control resulted in no expression of egfp. Thereby our data
shows simultaneous translation initiation from several ATGs of 3'-speA gene region
and we observe synthesis of several proteins of different length with distinct N-end
sequences.

ðàçëè÷íûõ èíèöèèðóþùèõ êîäîíîâ, ñ ïîëó÷åííûìè â ýêñïåðèìåíòå
âåëè÷èíàìè, ìû ïðèøëè  ê âûâîäó îá îäíîâðåìåííîì, íî íåðàâíîçíà÷íîì
ó÷àñòèè â èíèöèàöèè òðàíñëÿöèè âñåõ òðåõ ïîñëåäîâàòåëüíîñòåé SD.
Ðåçóëüòàòû ïðîâåäåííûõ èññëåäîâàíèé ñâèäåòåëüñòâóåò òàêæå îá èíèöèàöèè
òðàíñëÿöèè è ñî ñòàðòîâîé òî÷êè 1. Ïðè÷åì äëÿ ýòîãî íåîáõîäèìî, ïî âñåé
âåðîÿòíîñòè, ïðèñóòñòâèå íóêëåîòèäíîé ïîñëåäîâàòåëüíîñòè, ðàñïîëîæåííîé
ìåæäó ñòàðòîâûìè òî÷êàìè 1 è 2, ïîñêîëüêó êëîíèðîâàíèå ãåíà egfp
íåïîñðåäñòâåííî ïîä ñòàðòîâóþ òî÷êó 1 íå ïðèâîäèò ê åãî ýêñïðåññèè. Òàêèì
îáðàçîì, ïîëó÷åííûå äàííûå ïîçâîëÿþò ãîâîðèòü îá îäíîâðåìåííîé
èíèöèàöèè òðàíñëÿöèè ñ èñïîëüçîâàíèåì íåñêîëüêèõ ñòàðòîâûõ òî÷åê ãåíà
egfp, èìåþùåãî â ñâîåì ñîñòàâå 3’-êîíöåâóþ ïîñëåäîâàòåëüíîñòü ãåíà speA.
Ïðè ýòîì ïðîèñõîäèò ñèíòåç áåëêîâûõ ìîëåêóë, ðàçëè÷àþùèõñÿ ìåæäó ñîáîé
ïðîòÿæåííîñòüþ è àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòüþ N-êîíöåâîé ÷àñòè.
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íàêàïëèâàòüñÿ â öèòîïëàçìå. Â öèòîïëàçìå 1-3 èìåþò ñõîäíîå ðàñïðåäåëåíèå:
äèôôóçíî îêðàøèâàþò öèòîïëàçìó è êîíöåíòðèðóþòñÿ â ãðàíóëÿðíûõ
ñòðóêòóðàõ ðàçìåðîì ìåíåå 1 ìêì. Â êëåòî÷íîì ÿäðå êîíñòðóêöèè 1-3 íå
îáíàðóæèâàþòñÿ. Óñòàíîâëåíî, ÷òî
ýôôåêòèâíîñòü ïðîíèêíîâåíèÿ
êîíñòðóêöèé 1-3 â êëåòêè
âîçðàñòàåò ïðè óâåëè÷åíèè äëèíû
àëêèëüíîãî ôðàãìåíòà ñïåéñåðà.
Êîýôôèöèåíòû âíóòðèêëåòî÷íîãî
íàêîïëåíèÿ (ìàêñèìàëüíîå
îòíîøåíèå âíóòðèêëåòî÷íîé
êîíöåíòðàöèè ñîåäèíåíèÿ ê åãî
êîíöåíòðàöèè âî âíåøíåé ñðåäå)
êîíñòðóêöèé 1, 2 è 3, èçìåðåííûå
ìåòîäîì êîíôîêàëüíîé
ìèêðîñêîïèè è ðåêîíñòðóêöèè
ñïåêòðàëüíûõ èçîáðàæåíèé,
ñîñòàâëÿþò, ñîîòâåòñòâåííî, 24, 52
è 80. Âíóòðèêëåòî÷íàÿ êîíöåí-
òðàöèÿ ~109 àòîìîâ áîðà íà êëåòêó,
íåîáõîäèìàÿ äëÿ ýôôåêòèâíîé
ÁÍÇÒ, äîñòèãàåòñÿ ïðè êîíöåíòðàöèè 1, 2 è 3 âî âíåøíåé ñðåäå,
ñîîòâåòñòâåííî, 1.6, 0.7 è 0.5 ìêìîëü/ë. Ïîêàçàíî, ÷òî êîíñòðóêöèè 1-3
ñîõðàíÿþò ñïîñîáíîñòü õëîðèíà å6 ê ôîòîèíäóöèðîâàííîé ãåíåðàöèè
ñèíãëåòíîãî êèñëîðîäà è âûçûâàþò ôîòîèíäóöèðîâàííóþ ãèáåëü êëåòîê À549
ïðè ñóáìèêðîìîëÿðíûõ êîíöåíòðàöèÿõ. Â ñîîòâåòñòâèè ñ îòíîñèòåëüíûì
âíóòðèêëåòî÷íûì íàêîïëåíèåì ôîòîèíäóöèðîâàííàÿ öèòîòîêñè÷íîñòü
âîçðàñòàåò â ðÿäó 1<2<3.

Òàêèì îáðàçîì, èç èññëåäîâàííûõ êîíñòðóêöèé ñîåäèíåíèå 3 ÿâëÿåòñÿ
íàèáîëåå ïåðñïåêòèâíûì ïîëèôóíêöèîíàëüíûì àãåíòîì äëÿ ÁÍÇÒ, ÔÄÒ,
ïîäõîäîâ, òðåáóþùèõ êîìáèíèðîâàííîãî ïðèìåíåíèÿ îáîèõ âèäîâ òåðàïèè,
à òàêæå äëÿ ôëóîðåñöåíòíîé äèàãíîñòèêè ïðè îïðåäåëåíèè ëîêàëèçàöèè è
ãðàíèö îïóõîëåâûõ îáðàçîâàíèé.

1: n=2; 2: n=4; 3: n=6
Ðèñ.1. Ñòðóêòóðíûå ôîðìóëû ñîåäèíåíèé.
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Äëÿ ñîâðåìåííîé ìåäèöèíû ïîèñê ýôôåêòèâíûõ ñïîñîáîâ ëå÷åíèÿ
îíêîëîãè÷åñêèõ çàáîëåâàíèé ÿâëÿåòñÿ îäíîé èç ïðèîðèòåòíûõ çàäà÷. Â
äîïîëíåíèå ê òðàäèöèîííûì ïîäõîäàì, îñíîâàííûì íà äîñòèæåíèÿõ
õèðóðãèè, õèìèî- è ðàäèîòåðàïèè, â ïîñëåäíåå âðåìÿ âåäóòñÿ èíòåíñèâíûå
ðàçðàáîòêè ìåòîäîâ ôîòîäèíàìè÷åñêîé è áîð-íåéòðîíîçàõâàòíîé òåðàïèè
ðàêà (ñîîòâåòñòâåííî ÔÄÒ è ÁÍÇÒ). ÔÄÒ èñïîëüçóåò ñâîéñòâî
ôîòîñåíñèáèëèçàòîðîâ (ÔÑ) ðàçðóøàòü ðàêîâûå êëåòêè àêòèâíûìè ôîðìàìè
êèñëîðîäà, îáðàçóþùèìèñÿ ïîä äåéñòâèåì ñâåòà. ÁÍÇÒ îñíîâàíà íà âûñîêîì
ñå÷åíèè âçàèìîäåéñòâèÿ ñòàáèëüíûõ èçîòîïîâ 10Â ñ ïîòîêîì ýïèòåïëîâûõ
íåéòðîíîâ. Â ðåçóëüòàòå ÿäåðíîé ðåàêöèè íåéòðîíîâ ñ 10Â ïðîèñõîäèò
áîëüøîå âûäåëåíèå ýíåðãèè, âûçûâàþùåå ãèáåëü ðàêîâûõ êëåòîê.
Ýôôåêòèâíîñòü ÔÄÒ è ÁÍÇÒ â çíà÷èòåëüíîé ìåðå çàâèñèò îò ñïîñîáíîñòè
ÔÑ è ñîåäèíåíèé, íåñóùèõ 10Â, ïðîíèêàòü, íàêàïëèâàòüñÿ è óäåðæèâàòüñÿ â
ðàêîâûõ êëåòêàõ.

Â äàííîé ðàáîòå ìû äîêëàäûâàåì î ñâîéñòâàõ ïîëèôóíêöèîíàëüíûõ
ìîäóëüíûõ êîíñòðóêöèé 1-3 (ðèñ. 1), ñîñòîÿùèõ èç õëîðèíà å6, áîð-
ñîäåðæàùåãî êëàñòåðà (áèñ(äèêàðáîëëèäíîãî) êîìïëåêñà êîáàëüòà) è
ñîåäèíÿþùåãî èõ ñïåéñåðà, à òàêæå îò çàâèñèìîñòè ýòèõ ñâîéñòâ îò äëèíû
àëêèëüíîãî ó÷àñòêà ñïåéñåðà. Õëîðèí å6 ÿâëÿåòñÿ ÔÑ, ñïîñîáíûì, êàê
ïîêàçàíî ðàíåå, íàêàïëèâàòüñÿ â ðàêîâûõ êëåòêàõ, è, ñëåäîâàòåëüíî, îáëåã÷àòü
ïðîíèêíîâåíèå êîíñòðóêöèé 1-3 â êëåòêè. Õëîðèí å6 ôëóîðåñöèðóåò, ÷òî
îáëåã÷àåò àíàëèç ëîêàëèçàöèè è ðàñïðåäåëåíèÿ êîíñòðóêöèé 1-3 â êëåòêàõ è
æèâûõ îðãàíèçìàõ. Áèñ(äèêàðáîëëèäíûé) êîìïëåêñ êîáàëüòà îáåñïå÷èâàåò
òðàíñïîðòèðîâêó 36 àòîìîâ 10Â â ñîñòàâå êàæäîé êîíñòðóêöèè. Ñïåéñåð íå
òîëüêî îáúåäèíÿåò õëîðèí å6 è áîð-ñîäåðæàùèé ìîäóëü â åäèíóþ
êîíñòðóêöèþ, íî è, êàê îáñóæäàåòñÿ íèæå, âëèÿåò íà ñïîñîáíîñòü
êîíñòðóêöèè ïðîíèêàòü â êëåòêè.

Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî êîíñòðóêöèè 1-3 ñïîñîáíû
ïðîíèêàòü â êëåòêè àäåíîêàðöèíîìû ëåãêîãî ÷åëîâåêà À549 è ýôôåêòèâíî
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Our studies revealed that 1-3 penetrate into A549 human lung adenocarcinoma
cells and accumulate efficiently in cytoplasm. They demonstrate similar distribution
in cytoplasm: diffuse staining and accumulation in small (less than 1µm in diameter)
vesicular structures. There is no penetration of 1-3 in a nucleus.  It is found that an
increase in alkyl moiety length of the linker leads  to an increase in intracellular
accumulation of a construction. Coefficients of intracellular accumulation (maximal
ratio of intracellular to extracellular concentration) of 1, 2 and 3 are 24, 52 and 80,
respectively, as measured with the confocal spectral imaging technique. Intracellular
concentration of ~109 atoms of a boron per cell that is necessary for efficient
BNCT is reached at the following extracellular concentration of 1, 2 and 3: 1.6,
0.7 and 0.5 µM, respectively. It is shown, that photoinduced generation of singlet
oxygen by chlorin moiety is  preserved for 1-3, and 1-3 cause photoinduced death
of À549 cells at submicromolar  concentration. In accordance with the relative
intracellular accumulation of 1-3 the photoinduced cytotoxicity increases in the
range 1<2<3.

Thus, among the studied constructions compound 3 is the most perspective
multifunctional agent for BNCT, PDT, combined application of both types of
therapy and fluorescent diagnostics of tumor localization and dissemination.

CONJUGATES OF CHLORIN å6 WITH BORON-CONTAINING
POLYHEDRONS AS MULTIFUNCTIONAL MODULAR
CONSTRUCTIONS FOR FLUORESCENT DIAGNOSTICS,
ANTICANCER BORON NEUTRON CAPTURE AND
PHOTODYNAMIC THERAPY
Chestnova A.V.1,2, Ignatova À.À.1,3, Grin M.À.2, Mironov À.F.2, Sivaev I.B.4,
Bregadze V.I.4, Feofanov À.V.1,3

1Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
2Lomonosov State Academy of Fine Chemical Technology, Moscow, Russia
3Facultyof Biology, Lomonosov Moscow State University, Moscow, Russia
4Nesmeyanov Institute of Elementoorganic Compounds RAS, Moscow, Russia
E-mail: chestnova86@rambler.ru

Search for effective ways of treatment of oncological diseases is one of the
priority problems for modern medicine. In addition to the traditional approaches
based on achievements of surgery, chemo- and radio-therapy, the methods of
anticancer photodynamic and boron neutron capture therapy (PDT and BNCT,
respectively) are currently under intensive development. PDT utilizes  a property
of photosensitizers (PS) to disrupt cancer cells by active oxygen species formed
during irradiation with light . BNCT is based on a high cross-section of interaction
of stable 10Â isotopes with low-energy neutrons. Nuclear reaction of neutrons with

10Â leads to the release of much energy
causing destruction of cancer cells. The
efficiency of PDT and BNCT depends
considerably on ability of PS and the
substance bearing 10Â to penetrate,
accumulate and be retained in cancer
cells.

In the present work we report on the
properties of multifunctional modular
constructions 1-3 (Fig. 1), consisting of
chlorin å6, a boron-containing cluster,
namely, cobalt bis(dicarbollide) and
linker as well as on the dependence of
these properties on an alkyl moiety length
of the linker. Chlorin å6 is PS that is
known to be capable to accumulate in
cancer cells. Hence, chlorin å6 moiety
can promote penetration of 1-3 in cells.

Chlorin å6 fluoresces, that facilitates the analysis of localization and distribution
of 1-3 in cells and living organisms. The cobalt bis(dicarbollide) as a module of
1-3 provides transportation of 36 atoms of 10Â. The linker unites chlorin å6 and a
boron-containing module in a uniform construction, and in addition, it affects an
ability of the construction to penetrate into cells (see below).
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1: n=2; 2: n=4; 3: n=6
Fig. 1. The structures of compounds.
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BACTERIOPHAGE T4 BETA-HELICAL DOMAIN AND PEPTIDYL-
PROLYL ISOMERASE DRIVES THE FOLDING OF THE LONG
TAIL FIBER FRAGMENT INTO A FUNCTIONAL CHIMERIC
PROTEIN
Chuprov-Netochin R.N., Shneider M.M., Sykilinda N.N., Miroshnikov K.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: kmi@ibch.ru
Fax: (495) 336-60-22; tel.: (495) 335-55-88

The key moment of Escherichia coli infection of bacteriophages T4 – binding
to the surface of host cell – is determined by the specificity of protein of long tail
phage fibrils, in particular, gp37. In natural conditions, assembly and
oligomerization of this protein requires the participation of at least two additional
protein factors – gp57A and gp38, and because it is highly difficult to obtain
recombinant forms of gp37.

To overcome this obstacle, was applied one of the modern protein-engineering
strategies – creating chimeric proteins, which has in its composition "protein
carrier", guiding the correct assembly of the target protein. In this capacity, were
used trimeric beta-helical domain of another protein of bacteriophage T4 – gp5
protein and E.coli peptidyl-prolyl isomerase SlyD. On the basis of CD spectra and
physiological tests, it was found that the obtained chimerical proteins possess
native structure and biological activity.

ÁÅÒÀ-ÑÏÈÐÀËÜÍÛÉ ÄÎÌÅÍ ÁÀÊÒÅÐÈÎÔÀÃÀ Ò4 È
ÏÅÏÒÈÄÈË-ÏÐÎËÈË ÈÇÎÌÅÐÀÇÀ ÓÏÐÀÂËßÞÒ ÓÊËÀÄÊÎÉ
ÔÐÀÃÌÅÍÒÀ ÄËÈÍÍÛÕ ÕÂÎÑÒÎÂÛÕ ÔÈÁÐÈËË Â ÑÎÑÒÀÂÅ
ÕÈÌÅÐÍÎÃÎ ÁÅËÊÀ
×óïðîâ-Íåòî÷èí Ð.Í., Øíåéäåð Ì.Ì., Ñûêèëèíäà Í.Í.,
Ìèðîøíèêîâ Ê.À.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: kmi@ibch.ru
Ôàêñ: (495) 336-60-22; òåë.: (495) 335-55-88

Êëþ÷åâîé ìîìåíò èíôåêöèè êëåòêè Escherichia coli áàêòåðèîôàãîì Ò4
– ñâÿçûâàíèå ñ ïîâåðõíîñòüþ êëåòêè-õîçÿèíà - îïðåäåëÿåòñÿ ñïåöèôè÷íîñòüþ
áåëêîâ äëèííûõ õâîñòîâûõ ôèáðèëë ôàãà, â ÷àñòíîñòè, gp37. Â ïðèðîäíûõ
óñëîâèÿõ ñáîðêà è îëèãîìåðèçàöèÿ ýòîãî áåëêà òðåáóþò ó÷àñòèÿ, ïî êðàéíåé
ìåðå, äâóõ äîïîëíèòåëüíûõ áåëêîâûõ ôàêòîðîâ – gp57A è gp38, ÷òî  ñèëüíî
çàòðóäíÿåò ïîëó÷åíèå ðåêîìáèíàíòíîé ôîðìû gp37.

Äëÿ ïðåîäîëåíèÿ ýòîãî ïðåïÿòñòâèÿ áûëà ïðèìåíåíà îäíà èç
ñîâðåìåííûõ áåëêîâî-èíæåíåðíûõ ñòðàòåãèé – ñîçäàíèå õèìåðíîãî áåëêà,
èìåþùåãî â ñâîåì ñîñòàâå "áåëîê-íîñèòåëü", íàïðàâëÿþùèé ïðàâèëüíóþ
ñáîðêó öåëåâîãî áåëêà. Â ýòîì êà÷åñòâå áûëè èñïîëüçîâàíû òðèìåðíûé áåòà-
ñïèðàëüíûé äîìåí äðóãîãî áåëêà ôàãà Ò4 – gp5 è áåëîê E. coli  ïåïòèäèë-
ïðîëèë èçîìåðàçà SlyD. Íà îñíîâàíèè ÊÄ-ñïåêòðîâ è ôèçèîëîãè÷åñêèõ òåñòîâ
áûëî âûÿñíåíî, ÷òî ïîëó÷åííûå õèìåðíûå áåëêè îáëàäàþò íàòèâíîé
êîíôîðìàöèåé è áèîëîãè÷åñêîé àêòèâíîñòüþ.
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SOMATIC EMBRYOGENESIS IN PICEA ABIES: OPTIMIZATION
OF MATURATION CONDITIONS
Churochkina O.A., Schestibratov K.A.
Branch of Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS,
Pushchino, Russia
E-mail: cholga-13@rambler.ru
Tel.: (4967) 33-09-66

Process of the somatic embryogenesis in Picea abies can be divided on four
main stages: embryogenic callus initiation, proliferation, embryo maturation,
embryo germination. The most problem stage is maturation. The success of this
stage depends on both cultivation conditions on present and previous stages and
genotypic features of plant source.

In our work three methods of embryogenic callus preparation with following
maturation of somatic embryos using five callus lines (75/1, 75/6, 84/1, 84/2, 84/
7) were investigated. In the first variant we used callus precultivation on solid
gormone-free medium within 7 days. In the second variant precultivation of
embryogenic callus on medium with tenfold reduction of growth regulators within
7 days after proliferation was carried out. In the third variant (control) the
precultivation stage was excluded and embryogenic callus was transferred
immediately on the medium for the maturation of somatic embryos. Calluses after
precultivation on hormone-free medium demonstrated rapid senescense on
maturation medium containing 1/2 salts NS III, 6% sucrose, 40 µÌ ABA, 2%
PEG and 0,8% Gellan Gum. The difference between five callus lines in browning
development and the next necrosis was not observed. Somatic embryos did not
developed on callus with browning and necrosis. The best results were obtained
on the second variant of embryo maturation. Tenfold reduction of growth regulators
during the precultivation stage did not affect on growth of embryogenic callus but
significantly improved its viability on the maturation stage. Formation of mature
cotyledonary embryos was observed only in this variant. Apparently high
concentrations of auxins in medium on the proliferation stage lead to its surplus
accumulation in embryogenic callus cells what inhibits maturation of the embryos
upon the effect of abscisic acid. In control variant formation of mature somatic
embryos was not occurred.

ÎÏÒÈÌÈÇÀÖÈß ÓÑËÎÂÈÉ ÑÎÇÐÅÂÀÍÈß ÑÎÌÀÒÈ×ÅÑÊÈÕ
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×óðî÷êèíà Î.À., Øåñòèáðàòîâ Ê.À.
Ôèëèàë Èíñòèòóòà áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ
Ì.Ì. Øåìÿêèíà è Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ïóùèíî, Ðîññèÿ
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Ïðîöåññ ñîìàòè÷åñêîãî ýìáðèîãåíåçà íà ïðèìåðå åëè åâðîïåéñêîé
ìîæíî ðàçäåëèòü íà ÷åòûðå îñíîâíûå ñòàäèè: èíèöèàöèÿ ýìáðèîãåííîãî
êàëëóñà, ïðîëèôåðàöèÿ, ñîçðåâàíèå ýìáðèîíîâ, ïðîðàñòàíèå ýìáðèîíîâ.
Íàèáîëåå ïðîáëåìíîé ñòàäèåé ÿâëÿåòñÿ ñòàäèÿ ñîçðåâàíèÿ. Åå óñïåøíîñòü
çàâèñèò êàê îò óñëîâèé êóëüòèâèðîâàíèÿ íà äàííîì ýòàïå, ãåíîòèïè÷åñêèõ
îñîáåííîñòåé ðàñòèòåëüíîãî ìàòåðèàëà, òàê è îò óñëîâèé êóëüòèâèðîâàíèÿ
íà ïðåäûäóùèõ ñòàäèÿõ ýìáðèîãåíåçà.

Â ðàìêàõ äàííîé ðàáîòû èññëåäîâàíî òðè ñïîñîáà ïîäãîòîâêè
ýìáðèîãåííîãî êàëëóñà ñ èñïîëüçîâàíèåì ïÿòè êàëëóñíûõ ëèíèé (75/1, 75/6,
84/1, 84/2, 84/7) ñ ïîñëåäóþùèì ñîçðåâàíèåì ñîìàòè÷åñêèõ ýìáðèîíîâ. Â
ïåðâîì âàðèàíòå âûáðàí ïîäõîä ïðåêóëüòèâàöèè êàëëóñíûõ ãðóïï íà òâåðäîé
áåçãîðìîíàëüíîé ïèòàòåëüíîé ñðåäå â òå÷åíèå 7 äíåé. Âî âòîðîì âàðèàíòå
ïîñëå ýòàïà ïðîëèôåðàöèè ïðîâîäèëàñü ïðåêóëüòèâàöèÿ ýìáðèîãåííîãî
êàëëóñà íà ïèòàòåëüíîé ñðåäå ñ äåñÿòèêðàòíîé ðåäóêöèåé ðåãóëÿòîðîâ ðîñòà
â òå÷åíèå 7 äíåé. Â òðåòüåì âàðèàíòå (êîíòðîëü) ýòàï ïðåäîáðàáîòêè
èñêëþ÷àëñÿ, è ýìáðèîãåííûé êàëëóñ ïåðåíîñèëñÿ íåïîñðåäñòâåííî íà ñðåäó
äëÿ ñîçðåâàíèÿ ñîìàòè÷åñêèõ ýìáðèîíîâ. Êàëëóñíûå ãðóïïû ïîñëå ýòàïà
áåçãîðìîíàëüíîé ïðåêóëüòèâàöèè îòëè÷àëèñü áûñòðûì ñòàðåíèåì íà ñðåäå
äëÿ ñîçðåâàíèÿ – 1/2 NS III, 6% ñàõàðîçû, 40 µÌ ÀÁÊ, 2% PEG è 0,8% Gellan
Gum. Ðàçëè÷èé ìåæäó ïÿòüþ ëèíèÿìè â ñêîðîñòè ïîáóðåíèÿ è ïîñëåäóþùåãî
íåêðîçà îáíàðóæåíî íå áûëî. Íà êàëëóñíûõ ãðóïïàõ ñ ñèìïòîìàìè ïîáóðåíèÿ
è íåêðîçà ñîìàòè÷åñêèå ýìáðèîíû íå ðàçâèâàëèñü. Ëó÷øèå ðåçóëüòàòû
ïîëó÷åíû âî âòîðîì âàðèàíòå ñîçðåâàíèÿ, ïðè äåñÿòèêðàòíîé ðåäóêöèè
êîíöåíòðàöèè ðåãóëÿòîðîâ ðîñòà íà ñòàäèè ïðåêóëüòèâàöèè. Ýòà ìîäèôèêàöèÿ
íå âëèÿëà íà ñêîðîñòü ðîñòà ýìáðèîãåííîãî êàëëóñà, íî çíà÷èòåëüíî
ïîâûøàëà åãî æèçíåñïîñîáíîñòü ïðè ïåðåõîäå ê ñòàäèè ñîçðåâàíèÿ.
Ôîðìèðîâàíèå çðåëûõ ñåìÿäîëüíûõ ýìáðèîíîâ ïðîèñõîäèëî òîëüêî â äàííîì
âàðèàíòå îïûòà. Ïî-âèäèìîìó, âûñîêèå êîíöåíòðàöèè àóêñèíîâ â
ïèòàòåëüíîé ñðåäå íà ñòàäèè ïðîëèôåðàöèè ïðèâîäÿò ê èçáûòî÷íîìó
íàêîïëåíèþ èõ â êëåòêàõ ýìáðèîãåííîãî êàëëóñà, ÷òî, â ñâîþ î÷åðåäü,
èíãèáèðóåò ñîçðåâàíèå ýìáðèîíîâ ïîä äåéñòâèåì àáñöèçîâîé êèñëîòû. Â
êîíòðîëüíîì âàðèàíòå ôîðìèðîâàíèÿ çðåëûõ ñîìàòè÷åñêèõ ýìáðèîíîâ íå
ïðîèñõîäèëî.
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Antimicrobial peptides (AMP) play important roles in the host innate defense
mechanisms. Despite the fact that there are several reports devoted to AMPs isolated
from skin, skin mucus, intestine and other organs and tissues of different species
of fish, there is a paucity of information available on AMPs purified from fish
leukocytes, although it is known that the innate immune system plays a key role in
the host defense of fish, and hence, it is reasonable to expect that fish leukocytes
consist of potent antimicrobial compounds. We isolated six antimicrobial peptides
from leukocytes of the Russian sturgeon Acipenser guldenstadti: three major
fractions of the peptides were represented by the peptides with molecular masses
of 5336 Da, 3804 Da and 2742 Da; and three minor fractions were the peptides
with Mm of 5174 Da, 5449, 4778 Da. Structural analysis revealed that five of
isolated AMPs comprised acetylated N-terminal fragments of H2A histone while
the peptide 2742 Da was defined as a fragment of a middle part of H2A molecule.
We investigated the biological activity of three major peptides.The peptides with
molecular masses of 5336 Da, 3804 Da exerted potent antimicrobial activity
towards Gram-positive and Gram-negative bacteria upon low salt conditions in
the radial diffusion assay, whereas the peptide 2742 Da was effective only against
E. coli. The presence in a medium of 100 mM NaCl did not impair microbicidal
activities of either 3804 Da or 5336 Da peptides against E. coli, but decreased
their efficacy against other microbes. The ability of AMPs to permeabilize the
inner and outer membranes of E. coli ML35p was studied in real time by a
photometric procedure: all of three investigated peptides did not affect the
permeability of the inner membrane of E. coli. The obtained data indicate that the
bacterial membrane was not the main target of the antimicrobial action of the
sturgeon AMPs. All three sturgeon peptides did not cause appreciable hemolytic
effect on human erythrocytes up to 40 µM concentration of the peptides. The
toxicity of the sturgeon peptides toward eukaryotic mammalian cells was also
insignificant. By the date several AMPs derived from histone H2A have been
described in literature – hipposin from the mucus of Atlantic halibut and buforin
from amphibian skin. Our findings support the idea that histone-derived peptides
may serve as an important source of host defense molecules in both fish and
amphibians.

This work was supported by the RFBR grants No 07-04-01759; 09-04-01655
and State contract 02.512.11.2234.
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Àíòèìèêðîáíûå ïåïòèäû (ÀÌÏ) èãðàþò âàæíóþ ðîëü â
ôóíêöèîíèðîâàíèè ñèñòåìû âðîæäåííîãî èììóíèòåòà. Â ëèòåðàòóðå èìåþòñÿ
äàííûå î ÀÌÏ èç êîæíûõ ïîêðîâîâ, êèøå÷íèêà è äðóãèõ îðãàíîâ è òêàíåé
ðûá, íî ïðàêòè÷åñêè îòñóòñòâóåò èíôîðìàöèÿ î ÀÌÏ èç ëåéêîöèòîâ
æèâîòíûõ ýòîãî êëàññà, õîòÿ èçâåñòíî, ÷òî ñèñòåìà âðîæäåííîãî èììóíèòåòà
èãðàåò êëþ÷åâóþ ðîëü â ïðîòèâîèíôåêöèîííîé çàùèòå ó ðûá è, òàêèì
îáðàçîì, ìîæíî ïðåäïîëîæèòü íàëè÷èå ýôôåêòèâíûõ àíòèìèêðîáíûõ
ñîåäèíåíèé â ëåéêîöèòàõ ýòèõ æèâîòíûõ. Ìû âûäåëèëè øåñòü àíòèìèðîáíûõ
ïåïòèäîâ èç ëåéêîöèòîâ ðóññêîãî îñåòðà Acipenser guldenstadti: òðè îñíîâíûå
ôðàêöèè ñîñòàâëÿëè ïåïòèäû ñ ìîëåêóëÿðíûìè ìàññàìè 5336 Äà, 3804 Äà è
2742 Äà è òðè ìèíîðíûå ôðàêöèè – 5174 Äà, 5449 Äà, 4778 Äà. Ñòðóêòóðíûé
àíàëèç ïîëó÷åííûõ ïåïòèäîâ ïîêàçàë, ÷òî ïÿòü èç íèõ ïðåäñòàâëÿþò ñîáîé
àöåòèëèðîâàííûå N-êîíöåâûå ôðàãìåíòû ãèñòîíà Í2À, â òî âðåìÿ êàê ïåïòèä
ñ ìîëåêóëÿðíîé ìàññîé 2742 Äà ÿâëÿåòñÿ ôðàãìåíòîì èç ñðåäèííîé ÷àñòè
ìîëåêóëû òîãî æå ãèñòîíà. Ìû èññëåäîâàëè áèîëîãè÷åñêóþ àêòèâíîñòü òðåõ
ìàæîðíûõ ôðàêöèé ïåïòèäîâ. Ïåïòèäû ñ ìîëåêóëÿðíûìè ìàññàìè 5336 Äà
è 3804 Äà ïðîÿâëÿëè âûñîêóþ àíòèìèêðîáíóþ àêòèâíîñòü â îòíîøåíèè
ãðàìïîëîæèòåëüíûõ è ãðàìîòðèöàòåëüíûõ áàêòåðèé â ñðåäå ñ íèçêèì
ñîäåðæàíèåì NaCl (ìåòîä ðàäèàëüíîé äèôôóçèè), â òî âðåìÿ êàê ïåïòèä 2742
Äà áûë ýôôåêòèâåí òîëüêî ïðîòèâ E. coli. Ïðè íàëè÷èè â ñðåäå100 ìÌ NaCl
àêòèâíîñòü ïåïòèäîâ 3804 Äà è 5336 Äà ïðîòèâ E. coli íå èçìåíÿëàñü, òîãäà
êàê èõ àêòèâíîñòü â îòíîøåíèè äðóãèõ ìèêðîîðãàíèçìîâ ñíèæàëàñü.
Ñïîñîáíîñòü ÀÌÏ âëèÿòü íà ïðîíèöàåìîñòü âíåøíåé è âíóòðåííåé ìåìáðàí
E. coli ML35p èçó÷àëè ñ ïîìîùüþ ôîòîìåòðè÷åñêîãî ìåòîäà â ðåàëüíîì
âðåìåíè: âñå òðè ïåïòèäà íå âëèÿëè íà ïðîíèöàåìîñòü öèòîïëàçìàòè÷åñêîé
ìåìáðàíû E. coli, ÷òî ïîçâîëèëî ïðåäïîëîæèòü, ÷òî ìåìáðàíà áàêòåðèè íå
ÿâëÿåòñÿ îñíîâíîé ìèøåíüþ àíòèìèêðîáíîãî äåéñòâèÿ ÀÌÏ îñåòðà. Âñå
òðè ïåïòèäà íå âûçûâàëè ãåìîëèçà ýðèòðîöèòîâ ÷åëîâåêà è íå îêàçûâàëè
òîêñè÷åñêîãî äåéñòâèÿ íà êóëüòèâèðóåìûå êëåòêè ìëåêîïèòàþùèõ
(ìàêñèìàëüíàÿ èññëåäóåìàÿ êîíöåíòðàöèÿ ïåïòèäîâ – 40 ìêÌ). Ê íàñòîÿùåìó
âðåìåíè â ëèòåðàòóðå îïèñàíî íåñêîëüêî ÀÌÏ, ÿâëÿþùèõñÿ ïðîèçâîäíûìè
ãèñòîíà Í2À, íàïðèìåð, õèïîçèí èç ñëèçè àòëàíòè÷åñêîãî ïàëòóñà, áóôîðèí
èç êîæè àìôèáèè. Ïîëó÷åííûå íàìè äàííûå ñâèäåòåëüñòâóþò â ïîëüçó
ïðåäïîëîæåíèÿ, ÷òî ïåïòèäû-ïðîèçâîäíûå ãèñòîíîâ ìîãóò ñëóæèòü
ôàêòîðàìè ïðîòèâîèíôåêöèîííîé çàùèòû ó ðûá è àìôèáèé.

Ðàáîòà ïîääåðæàíà ãðàíòàìè ÐÔÔÈ ¹ 07-04-01759; 09-04-01655 è Ãîñ.
êîíòðàêòîì 02.512.11.2234.
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Changes in epigenetic state caused by leukaemia progression does affect
expression of numerous genes. Understanding the role of enzymatic DNA
methylation in the process of malignant cell transformation and cancer progression
is necessary for purposes of cancer progression diagnosis, prognosis, and
chemotherapy. Human genome methylation level during progression of different
aetiology leukaemia had been studied. Data on methylation peculiarities of several
distinct genes (calcitonine gene, multi-drug resistance gene MDR-1, p21) and of
the whole genome were obtained for patients with different types of leukaemia.
Reciprocal correlation of MDR-1 gene methylation level and chronic myeloid
leukaemia progression has been shown. Increase of methylation level of calcitonine
gene 5'-region was observed, while MDR-1 gene 5'-region was hypomethylated
during disease progression. Hypermethylation of CCGG's in p21 gene was shown
for acute myeloblastic leukaemia. It has been revealed that during leukaemia
CCWGG (W = A or T) sites in the MDR-1 gene 5'-region reduce methylation
level, while methylation of CCWGG sites of calcitonine gene 5'-region remain
unchanged.

This work had been supported by grants from RFBR: N 08-04-90034 and
N 09-04-00889.

ÎÑÎÁÅÍÍÎÑÒÈ ÑÀÉÒ-ÑÏÅÖÈÔÈ×ÅÑÊÎÃÎ
ÌÅÒÈËÈÐÎÂÀÍÈß ÃÅÍÎÌÀ ×ÅËÎÂÅÊÀ ÏÐÈ ËÅÉÊÎÇÀÕ
Âîëîãæàííèêîâà À.À., Øåâ÷óê Ò.Â.*, Èñìàèëîâ Ð.Ã., Âøèâöåâà Å.Í.,
Ìàðèíè÷ Ä.Â.**, Äüÿ÷åíêî Î.Â.*, Áóðüÿíîâ ß.È.*
Ïóùèíñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Ïóùèíî, Ðîññèÿ
*Ôèëèàë Èíñòèòóòà áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ
Ì.Ì. Øåìÿêèíà è Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ïóùèíî, Ðîññèÿ
**Ðåñïóáëèêàíñêèé íàó÷íî-ïðàêòè÷åñêèé öåíòð ãåìàòîëîãèè è
òðàíñôóçèîëîãèè, Ìèíñê, Áåëàðóñü
E-mail: shevchuk@fibkh.serpukhov.su

Ýïèãåíåòè÷åñêèå èçìåíåíèÿ, âîçíèêàþùèå ïðè ðàçâèòèè ëåéêåìèé,
çàòðàãèâàþò ðåãóëÿöèþ ýêñïðåññèè ìíîæåñòâà ãåíîâ. Èññëåäîâàíèå ðîëè
ýíçèìàòè÷åñêîãî ìåòèëèðîâàíèÿ ÄÍÊ â ïðîöåññå çëîêà÷åñòâåííîé
òðàíñôîðìàöèè êëåòîê è îïóõîëåâîé ïðîãðåññèè âàæíî äëÿ ïîíèìàíèÿ
ìîëåêóëÿðíî-ãåíåòè÷åñêîé ïðèðîäû ðàêà è ìîæåò íàéòè ïðàêòè÷åñêîå
ïðèìåíåíèå â ïðîãíîçèðîâàíèè è äèàãíîñòèêå êàíöåðîãåííûõ çàáîëåâàíèé.

Ïðîàíàëèçèðîâàí óðîâåíü ìåòèëèðîâàíèÿ ãåíîìà ÷åëîâåêà ïðè ðàçâèòèè
ëåéêîçîâ ðàçëè÷íîé ýòèîëîãèè. Ïîëó÷åíû äàííûå îá îñîáåííîñòÿõ
ìåòèëèðîâàíèÿ îòäåëüíûõ ãåíîâ (ãåí êàëüöèòîíèíà ÷åëîâåêà, ãåí
ìíîæåñòâåííîé ëåêàðñòâåííîé óñòîé÷èâîñòè MDR-1, p21) è ãåíîìà â öåëîì
ó áîëüíûõ ðàçëè÷íûìè ôîðìàìè ëåéêåìèé. Ïîêàçàíî íàëè÷èå îáðàòíîé
êîððåëÿöèè ìåæäó óðîâíåì ìåòèëèðîâàíèÿ ãåíà MDR-1 è ñòåïåíüþ
ïðîãðåññèè õðîíè÷åñêîãî ìèåëîèäíîãî ëåéêîçà. Óñòàíîâëåíî ïîâûøåíèå
óðîâíÿ ìåòèëèðîâàíèÿ 5'-îáëàñòè ãåíà êàëüöèòîíèíà íà ôîíå
ãèïîìåòèëèðîâàíèÿ 5'-îáëàñòè ãåíà MDR-1 ïðè ïðîãðåññèè çàáîëåâàíèÿ.
Ïîêàçàíî ãèïåðìåòèëèðîâàíèå ñàéòîâ CCGG ãåíà p21 ïðè îñòðîì
ìèåëîáëàñòíîì ëåéêîçå. Îáíàðóæåíî, ÷òî ïðè ëåéêîçíûõ çàáîëåâàíèÿõ
óðîâåíü ìåòèëèðîâàíèÿ ïîñëåäîâàòåëüíîñòåé CCWGG (W – À èëè Ò)
5'-îáëàñòè ãåíà MDR-1 ñíèæàåòñÿ, â òî âðåìÿ êàê CCWGG-ìåòèëèðîâàíèå
5'-îáëàñòè ãåíà êàëüöèòîíèíà îñòàåòñÿ íåèçìåííûì. Ôîðìèðîâàíèå ôåíîòèïà
ëåêàðñòâåííîé óñòîé÷èâîñòè îïóõîëåâûõ êëåòîê áîëåå õàðàêòåðíî äëÿ
õðîíè÷åñêèõ ëåéêîçîâ, ÷åì äëÿ îñòðûõ. Óêàçàííûé ôåíîòèï ìíîæåñòâåííîé
ëåêàðñòâåííîé óñòîé÷èâîñòè, îáóñëîâëåííûé ìåìáðàííûì
P-ãëèêîïðîòåèíîì, â íàñòîÿùåå âðåìÿ ñ÷èòàåòñÿ îäíèì èç âàæíåéøèõ
ôàêòîðîâ, ïðåïÿòñòâóþùèõ ýôôåêòèâíîé õèìèîòåðàïèè çëîêà÷åñòâåííûõ
çàáîëåâàíèé êðîâè.

Ïîëó÷åííûå äàííûå ìîãóò íàéòè ïðèìåíåíèå ïðè ñîâîêóïíîé îöåíêå
ïðîãíîçà ëåéêåìèé, ìîíèòîðèíãå çàáîëåâàíèé, à òàêæå â èçó÷åíèè
ìåõàíèçìîâ ïðîãðåññèè îïóõîëåâîãî ïðîöåññà ïðè ðàçëè÷íûõ ôîðìàõ
ëåéêîçîâ.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòàìè ÐÔÔÈ ¹ 08-04-90034 è
¹ 09-04-00889.
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àïîïòîç íåäèôôåðåíöèðîâàííûõ êëåòîê PC12, ñîïðîâîæäàþùèéñÿ
àêòèâàöèåé êàñïàç-3/7. Chp àêòèâèðóåò JNK-çàâèñèìûé ñèãíàëüíûé ïóòü,
êîòîðûé èãðàåò âàæíóþ ðîëü â ðàçâèòèè àïîïòîçà â êëåòêàõ PC12. Ýêñïðåññèÿ
Chp òàêæå âûçûâàëà èíàêòèâàöèþ ïðîòåèíêèíàçû Akt è ñîïóòñòâóþùóþ
àêòèâàöèþ ñóáñòðàòà Akt, GSK3β. Àêòèâàöèÿ GSK3β çà ñ÷åò óñòðàíåíèÿ
èíãèáèòîðíîãî ôîñôîðèëèðîâàíèÿ ñî ñòîðîíû Akt òàêæå ìîæåò âíîñèòü
âêëàä â àïîïòîòè÷åñêóþ ãèáåëü êëåòîê PC12. Ïîëó÷åííûå ðåçóëüòàòû
îòêðûâàþò äàëüíåéøèå ïåðñïåêòèâû èçó÷åíèÿ ðîëè Chp â íåðâíîé ñèñòåìå
ìëåêîïèòàþùèõ â ñâåòå âûÿâëåííîé íàìè ñïîñîáíîñòè ÃÒÔàçû Chp
îêàçûâàòü âëèÿíèå íà æèçíåñïîñîáíîñòü êëåòîê è åå âîçìîæíóþ ðîëü â
ðåãóëÿöèè JNK-çàâèñèìîãî àïîïòîçà êëåòîê PC12.

RHO ÃÒÔàçà CHP/WRCH2 ÈÍÄÓÖÈÐÓÅÒ ÀÏÎÏÒÎÇ ÊËÅÒÎÊ
PC12, ÑÎÏÐÎÂÎÆÄÀÞÙÈÉÑß ÀÊÒÈÂÀÖÈÅÉ JNK È
ÑÓÏÐÅÑÑÈÅÉ AKT
Øåïåëåâ Ì.Â., ×åðíîôô Ä.*, Êîðîáêî È.Â.
Èíñòèòóò áèîëîãèè ãåíà ÐÀÍ, Ìîñêâà, Ðîññèÿ
*Îíêîëîãè÷åñêèé öåíòð Ôîêñ ×åéç, Ôèëàäåëüôèÿ, ÑØÀ
E-mail: mshepelev@mail.ru
Ôàêñ: (499) 135-41-05; òåë.: (499) 135-99-70

Áåëêè ñåìåéñòâà Rho ÃÒÔàç ïîñðåäñòâîì âçàèìîäåéñòâèÿ ñ áåëêàìè-
ìèøåíÿìè, íàçûâàåìûìè ýôôåêòîðàìè, ó÷àñòâóþò â ðåãóëÿöèè òàêèõ
êëåòî÷íûõ ïðîöåññîâ, êàê ïåðåñòðîéêè àêòèíîâîãî öèòîñêåëåòà, ïðîãðåññèÿ
êëåòî÷íîãî öèêëà, àïîïòîç è ìíîãèõ äðóãèõ. Ñåìåéñòâî Rho ÃÒÔàç ó ÷åëîâåêà
íàñ÷èòûâàåò 20 áåëêîâ, ðàçäåëÿåìûõ íà âîñåìü ïîäñåìåéñòâ. Òàê íàçûâàåìàÿ
"àòèïè÷íàÿ" Rho ÃÒÔàçà Chp/Wrch-2/RhoV âìåñòå ñ áåëêîì Wrch-1/RhoU
îòíîñèòñÿ ê ïîäñåìåéñòâó RhoU/V è ÿâëÿåòñÿ ìàëîèçó÷åííûì áåëêîì, ÷üè
êëåòî÷íûå ôóíêöèè áîëüøåé ÷àñòüþ îñòàþòñÿ íåèçâåñòíûìè. Áûëî ïîêàçàíî,
÷òî Chp âûçûâàåò ôîðìèðîâàíèå ëàìåëëèïîäèé è ôîêàëüíûõ êîíòàêòîâ,
çëîêà÷åñòâåííóþ òðàíñôîðìàöèþ ôèáðîáëàñòîâ ìûøè, àêòèâèðóåò
ïðîòåèíêèíàçû JNK è Pak1, à òàêæå èíäóöèðóåò óáèêâèòèí-çàâèñèìóþ
äåãðàäàöèþ Pak1. Ó ëÿãóøåê X. laevis Chp/RhoV ÿâëÿåòñÿ îäíèì èç íàèáîëåå
ðàííèõ ýêñïðåññèðóåìûõ ìàðêåðîâ íåðâíîãî ãðåáíÿ è èãðàåò âàæíóþ ðîëü â
äèôôåðåíöèðîâêå åãî êëåòîê. Ó ìëåêîïèòàþùèõ òðàíñêðèïò ãåíà RHOV
îáíàðóæèâàåòñÿ â ãîëîâíîì ìîçãå âçðîñëûõ îñîáåé è ýìáðèîíîâ, îäíàêî,
ôóíêöèè áåëêà Chp â íåðâíîé ñèñòåìå îñòàþòñÿ íåèçâåñòíûìè.

Äëÿ âûÿâëåíèÿ êëåòî÷íûõ ïðîöåññîâ, íà êîòîðûå ìîæåò âëèÿòü Chp â
êëåòêàõ, îáëàäàþùèõ ñïîñîáíîñòüþ äèôôåðåíöèðîâàòüñÿ â íåéðîíû, áûëè
ïîëó÷åíû êëåòî÷íûå ëèíèè PC12TetOn ñ òåòðàöèêëèí-ðåãóëèðóåìîé
ýêñïðåññèåé ÃÒÔàçû Chp c N-êîíöåâûì FLAG ýïèòîïîì (PC12wt5), à òàêæå
å¸ êîíñòèòóòèâíî àêòèâíîé ôîðìû, ChpG40V (PC12gv7). Îöåíêà âëèÿíèÿ
ýêñïðåññèè ÃÒÔàçû Chp íà æèçíåñïîñîáíîñòü êëåòîê ïîêàçàëà, ÷òî
ýêñïðåññèÿ Chp âûçûâàåò ñíèæåíèå æèçíåñïîñîáíîñòè êëåòîê PC12wt5 è
gv7. Àíàëèç àêòèâíîñòè êàñïàç-3/7 ïîêàçàë, ÷òî ýêñïðåññèÿ Chp ïðèâîäèò ê
àêòèâàöèè êàñïàç-3/7, ÷òî óêàçûâàåò íà àïîïòîòè÷åñêóþ ãèáåëü êëåòîê
PC12TetOn. Ïðè ýòîì áûëî âûÿâëåíî, ÷òî îáå ôîðìû áåëêà Chp âûçûâàþò
àêòèâàöèþ ïðîòåèíêèíàçû JNK, êîòîðàÿ èãðàåò âàæíóþ ðîëü ïðè àïîïòîçå
êëåòîê PC12. Áîëåå òîãî, ïðè òðàíçèòîðíîé ýêñïðåññèè â êëåòêàõ HEK293
áåëêîâ GFP-Chp è GFP-ChpG40V, íî íå áåëêà GFP-ChpG40V ñ óäàë¸ííûì
Ñ-êîíöåâûì äîìåíîì, êðèòè÷åñêè âàæíûì äëÿ àññîöèàöèè Chp ñ
ìåìáðàíàìè, íàáëþäàëèñü àêòèâàöèÿ JNK, ôîñôîðèëèðîâàíèå áåëêà c-Jun è
àêòèâàöèÿ AP-1-çàâèñèìîé òðàíñêðèïöèè. Ïîìèìî âëèÿíèÿ íà JNK-
ñèãíàëüíûé êàñêàä áûëî îáíàðóæåíî, ÷òî â êëåòêàõ PC12TetOn áåëîê Chp
äèêîãî òèïà, íî íå ChpG40V, âûçûâàë äâóêðàòíîå ñíèæåíèå àêòèâíîñòè
ïðîòåèíêèíàçû Akt è äðàìàòè÷åñêîå ñíèæåíèå óðîâíÿ ôîñôîðèëèðîâàíèÿ
ïðîòåèíêèíàçû GSK3β ïî ñàéòó Ser9, ÿâëÿþùåãîñÿ ìèøåíüþ Akt.

Òàêèì îáðàçîì, íàìè âïåðâûå ïîêàçàíî, ÷òî ÃÒÔàçà Chp âûçûâàåò
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ÈÑÑËÅÄÎÂÀÍÈÅ ÑÒÀÁÈËÜÍÎÑÒÈ ÑÓÁÑÒÀÍÖÈÈ ÈÍÑÓËÈÍÀ
È ÏÐÅÏÀÐÀÒÎÂ ÈÍÑÓÐÀÍ Ð È ÈÍÑÓÐÀÍ ÍÏÕ ÄËß
ÎÁÅÑÏÅ×ÅÍÈß ÈÕ ÊÀ×ÅÑÒÂÀ ÍÀ ÎÏÛÒÍÎÌ
ÁÈÎÒÅÕÍÎËÎÃÈ×ÅÑÊÎÌ ÏÐÎÈÇÂÎÄÑÒÂÅ ÈÁÕ ÐÀÍ
Øèáàíîâà Å.Ä., Øåïåëü Å.Í., Ïàëü÷åíêîâà Í.Á., Ñèçîâà Í.Â.,
Ãóñàðîâ Ä.À., Áàèðàìàøâèëè Ä.È.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: shib@kou.ibch.ru

Èçó÷åíèå ñòàáèëüíîñòè ëåêàðñòâåííûõ ïðåïàðàòîâ ïðîâîäèòñÿ äëÿ
ïîëó÷åíèÿ èíôîðìàöèè îá èçìåíåíèè èõ êà÷åñòâà ñ òå÷åíèåì âðåìåíè ïîä
âëèÿíèåì ôàêòîðîâ îêðóæàþùåé ñðåäû (òåìïåðàòóðû, âëàæíîñòè,
îñâåùåíèÿ). Äîëãîñðî÷íûå èñïûòàíèÿ â ðåàëüíîì âðåìåíè îñóùåñòâëÿþòñÿ
äëÿ óñòàíîâëåíèÿ è ïîäòâåðæäåíèÿ ñðîêîâ ãîäíîñòè ïðåïàðàòîâ. Îäíàêî ìû
ïîëàãàåì, ÷òî íà îñíîâàíèè äàííûõ ïî ñòàáèëüíîñòè ïðåïàðàòà ìîæíî ñóäèòü
è î òîì, íàñêîëüêî ñòàíäàðòíî ïðîõîäèò âåñü òåõíîëîãè÷åñêèé öèêë
ïðèãîòîâëåíèÿ ëåêàðñòâåííîãî ñðåäñòâà. Èìåííî ïîýòîìó íà îïûòíîì
áèîòåõíîëîãè÷åñêîì ïðîèçâîäñòâå ÈÁÕ ÐÀÍ ïðîâîäÿòñÿ äîëãîñðî÷íûå
èñïûòàíèÿ ñòàáèëüíîñòè âñåõ âûïóñêàåìûõ ñåðèé ñóáñòàíöèè ãåííî-
èíæåíåðíîãî èíñóëèíà è ãîòîâûõ ëåêàðñòâåííûõ ôîðì – Èíñóðàíà Ð è
Èíñóðàíà ÍÏÕ. Çà 5 ëåò ðàáîòû ïðîèçâîäñòâà áûëà èññëåäîâàíà ñòàáèëüíîñòü
ïðè õðàíåíèè 6-òè ñåðèé ñóáñòàíöèè èíñóëèíà, 9 ñåðèé Èíñóðàíà Ð 100 ÌÅ/ìë
è 40 ÌÅ/ìë è 8 ñåðèé Èíñóðàíà ÍÏÕ, 100 ÌÅ/ìë è 40 ÌÅ/ìë.

Ïðîâåäåí àíàëèç ôàêòîðîâ, îêàçûâàþùèõ âëèÿíèå íà ñòàáèëüíîñòü
ïîêàçàòåëåé êà÷åñòâà ïðåïàðàòîâ èíñóëèíà ïðè õðàíåíèè, ñâÿçàííûõ ñ
êà÷åñòâîì èñõîäíûõ îñíîâíûõ (äëÿ ñóáñòàíöèè) è âñïîìîãàòåëüíûõ
êîìïîíåíòîâ â ñîñòàâå ãîòîâûõ ëåêàðñòâåííûõ ôîðì (ÃËÔ) è òåõíîëîãèåé
èõ ïðèãîòîâëåíèÿ.

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïîäòâåðäèë âûñîêîå êà÷åñòâî è
ñòàáèëüíîñòü ñóáñòàíöèè Èíñóðàíà Ð è Èíñóðàíà ÍÏÕ íà ïðîòÿæåíèè âñåãî
ñðîêà ãîäíîñòè, ÷òî ïîçâîëèëî ñäåëàòü âûâîä î òîì, ÷òî ïðàêòè÷åñêè âñå
âèäû ðàáîò íà ïðîèçâîäñòâå â ðàìêàõ ñèñòåìû êà÷åñòâà ñîçäàþò äîñòàòî÷íóþ
óâåðåííîñòü â êà÷åñòâå êîíå÷íîãî ïðîäóêòà. Èìåííî ýòî è îïðåäåëÿåò
ýôôåêòèâíîñòü äàííîé ñèñòåìû íà ôàðìàöåâòè÷åñêîì ïðîèçâîäñòâå.

RHO FAMILY GTPase CHP/WRCH2 INDUCES PC12 APOPTOTIC
CELL DEATH ACCOMPANIED BY JNK ACTIVATION AND
SUPPRESSION OF AKT
Shepelev M.V., Chernoff J.*, Korobko I.V.
Institute of Gene Biology RAS, Moscow, Russia
*Fox Chase Cancer Center, Philadelphia, PA, USA
E-mail: mshepelev@mail.ru
Fax: (499) 135-41-05; tel.: (499) 135-99-70

Rho family GTPases act through interaction with protein targets called
effectors and regulate wide variety of cellular processes including dynamics of
actin cytoskeleton, cell cycle progression, apoptosis, and many others. The family
of Rho GTPases in human consists of 20 members and can be subdivided into 8
subfamilies. The so-called "atypical" Rho GTPases Wrch-1/RhoU and Chp/Wrch-
2/RhoV compose the RhoU/V subfamily. Chp is a poorly characterized protein
which functions remain largely unknown. It has been shown that Chp induces
formation of lamellipodia, assembly of focal adhesions, activation of JNK and
oncogenic transformation of mouse fibroblasts. Chp also induces activation of
serine/threonine protein kinase Pak1 and simultaneously targets Pak1 to ubiquitin-
dependent degradation. Recently it was shown that Chp/RhoV is one of the earliest
expressed neural crest markers in X. laevis embryos and that Chp plays an important
role in differentiation of neural crest cells. In mammals RHOV transcript encoding
Chp is found both in fetal and adult brain but the function of Chp in the nervous
system of mammals remains to be elucidated.

To identify cellular processes affected by Chp GTPase in cells that have a
capacity to differentiate into neurons, we established PC12TetOn cell lines with
tetracycline-regulated expression of N-terminally FLAG-tagged Chp (PC12wt5)
and its constitutively active form, ChpG40V (PC12gv7). Using these cell lines we
showed that expression of Chp compromises viability of PC12wt5 and gv7 cells.
We found that Chp activates caspases-3/7 indicating that Chp induces apoptosis in
PC12TetOn cells. Both wild type Chp and ChpG40V activated JNK protein kinase
which plays an essential role in apoptosis of PC12 cells. Transient expression of
GFP-Chp and GFP-ChpG40V proteins in HEK293 cells but not of its mutant
lacking C-terminal domain that is critical for the membrane association of Chp,
has lead to the activation of JNK, c-Jun phosphorylation and stimulation of AP-1-
dependent transcriptional activity. Besides its action on JNK-dependent signaling
pathway we found that in PC12TetOn cells wild type Chp, but not ChpG40V
induced two-fold reduction in Akt activity and dramatic reduction in Akt-directed
phosphorylation of Ser9 in GSK3β.

In summary, we showed for the first time that expression of Chp induces
apoptotic cell death in undifferentiated PC12 cells that is accompanied by caspases-
3/7 activation. Chp activates JNK signaling pathway which is important for
apoptosis of PC12 cells. We also found that Chp expression results in
downregulation of pro-survival Akt activity and relieve of the inhibitory
phosphorylation of Akt's substrate GSK3β which might also contribute to apoptotic
death of PC12 cells. Thus our results revealed a role of Chp in regulation of cell
viability and highlight Chp as a putative regulator of JNK-dependent apoptosis in
PC12 cells challenging for further studies of Chp functions in nervous system of
mammals.
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ÏÐÅÏÀÐÀÒÈÂÍÀß Î×ÈÑÒÊÀ ÁÀÊÒÅÐÈÎÔÀÃÎÂ
PSEUDOMONAS AERUGINOSA ÕÐÎÌÀÒÎÃÐÀÔÈ×ÅÑÊÈÌÈ
ÌÅÒÎÄÀÌÈ
Øêàòóëà Ñ.Â., Êóëèêîâ Å.Å.*, Ñûêèëèíäà Í.Í., Ìèðîøíèêîâ Ê.À.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
E-mail: kmi@ibch.ru
*Èíñòèòóò ìèêðîáèîëîãèè èì. Ñ.Í. Âèíîãðàäñêîãî ÐÀÍ, Ìîñêâà, Ðîññèÿ

Ñïîñîáíîñòü âèðóñîâ áàêòåðèé (áàêòåðèîôàãîâ) óíè÷òîæàòü
áàêòåðèàëüíûå êëåòêè â õîäå èíôåêöèîííîãî öèêëà – îñíîâà èäåè
èñïîëüçîâàíèÿ èõ â êà÷åñòâå òåðàïåâòè÷åñêèõ àãåíòîâ. Â ñîâðåìåííûõ
óñëîâèÿõ ïîñòîÿííîãî ðîñòà êîëè÷åñòâà øòàììîâ ïàòîãåííûõ áàêòåðèé,
îáëàäàþùèõ ìíîæåñòâåííîé óñòîé÷èâîñòüþ ê àíòèáèîòèêàì ðàçëè÷íûõ
êëàññîâ, èíòåðåñ ê ôàãîâîé òåðàïèè âîçðîæäàåòñÿ. Â íàñòîÿùåå âðåìÿ â
ýêñïåðèìåíòàëüíûõ è ïðîèçâîäèìûõ ìàëûìè ñåðèÿìè ïðåïàðàòàõ
áàêòåðèîôàãîâ (ôàãîâûõ êîêòåéëÿõ) îáû÷íî èñïîëüçóþòñÿ ôèëüòðîâàííûå
ëèçàòû áàêòåðèàëüíûõ êëåòîê. Ïåðñïåêòèâíûì íàïðàâëåíèåì äëÿ
øèðîêîìàñøòàáíîãî ïîëó÷åíèÿ ôàãîâûõ ïðåïàðàòîâ ÿâëÿåòñÿ ðàçðàáîòêà
õðîìàòîãðàôè÷åñêèõ ìåòîäîâ, ïîçâîëÿþùèõ ñõîäíûì îáðàçîì î÷èùàòü
ðàçëè÷íûå ïî ñâîéñòâàì áàêòåðèîôàãè. Â ïðåäñòàâëåííîé ðàáîòå
äåìîíñòðèðóþòñÿ óñïåøíûå ïðèëîæåíèÿ êîìáèíàöèè õðîìàòîãðàôèè ÷åðåç
ñòåêëî ñ êîíòðîëèðóåìûì ðàçìåðîì ïîð (CPG) è àäñîðáöèîííîé
õðîìàòîãðàôèè (IEC, HIC) äëÿ ýôôåêòèâíîé î÷èñòêè ðÿäà áàêòåðèîôàãîâ
Pseudomonas aeruginosa.

RESEARCH OF INSULIN ACTIVE PHARMACEUTICAL
INGREDIENT (API) AND PHARMACEUTICALS INSURAN R AND
INSURAN NPH STABILITY FOR GUARANTEEING QUALITY AT
THE EXPERIMENTAL BIOTECHNOLOGY PRODUCTION (EBP)
OF THE INSTITUTE OF BIOORGANIC CHEMISTRY
Shibanova E.D., Shepel E.N., Palchenkova N.B., Sizova N.V., Gusarov D.A.,
Bairamashvili D.I.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: shib@kou.ibch.ru

The study of pharmaceutical stability means obtaining information about
changes in their quality with the course of time under the influence of environmental
factors (temperature, humidity, exposure to light). Long-term tests in real-time
mode are carried out in order to determine and to confirm the expiration date.
However we believe that it's possible to draw a conclusion about the degree of
conventionality and validity of the technological cycle of medicinal product from
drug stability data. For this very reason long-term tests for all produced batches of
gene-engineered insulin and finished product Insuran R and Insuran NPH are carried
out at the place of Experimental biotechnology production of IBCh RAS. During
5 years of production the stability in storage for 6 batches of insulin API, 9 series
of Insuran P 100 IU/ml and 40 IU/ml, and 8 series of Insuran NPH, 100 IU/ml and
40 IU/ml was tested.

Parameters which influence the stability of insulin drugs quality data in storage
that are connected with the quality of API and raw materials in the formula of
medicinal product and the technology of their preparation were analyzed.

Data analysis confirmed the high quality and the stability of the API, Insuran P
and Insuran NPH during the whole period of validity. It allowed effectuating a
conclusion that almost all types of activity at the manufacture as a part of the
quality system ensure the quality of a target product. This very fact determines the
efficiency of the quality system at the place of pharmaceutical production.
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ÂÅÍÎÌÈÊÀ ÏÀÓÊÀ MISUMENA VATIA
Øëÿïíèêîâ Þ.Ì., Êîçëîâ Ñ.À., Ãðèøèí Å.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ
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Òåë.: (495) 336-65-40

Âåíîìèêà – ýòî íîâîå äèíàìè÷íî ðàçâèâàþùååñÿ íàïðàâëåíèå,
èçó÷àþùåå êîìïîíåíòíûé ñîñòàâ ïðèðîäíûõ ÿäîâ. Íàìè áûëè èçó÷åíû
êà÷åñòâåííûé è êîëè÷åñòâåííûé ñîñòàâû ÿäîâ, ïîëó÷åííûõ îò
èíäèâèäóàëüíûõ îñîáåé ïàóêà Misumena vatia. Áûëè ïðîàíàëèçèðîâàíû
ñìåñåâîé ÿä, ïîëó÷åííûé îò íåñêîëüêèõ äåñÿòêîâ îñîáåé ïàóêà M. vatia, à
òàêæå ÿä êàæäîãî èç 20 ïàóêîâ ýòîãî æå âèäà èç îäíîãî ãåîãðàôè÷åñêîãî
àðåàëà îáèòàíèÿ. Äëÿ èäåíòèôèêàöèè ïåïòèäíûõ êîìïîíåíòîâ îáðàçöû ÿäîâ
ðàçäåëÿëè íà ôðàêöèè ñ ïîìîùüþ ÂÝÆÕ ñ ïîñëåäóþùèì ìàññ-
ñïåêòðîìåòðè÷åñêèì àíàëèçîì. Óêàçàííûì ñïîñîáîì â ñîñòàâå ñìåñåâîãî
ÿäà ïàóêà M. vatia áûëî èäåíòèôèöèðîâàíî 116 êîìïîíåíòîâ. Â òî æå âðåìÿ,
â ñîñòàâå ÿäîâ, ïîëó÷åííûõ îò îòäåëüíûõ îñîáåé, áûëî îáíàðóæåíî
ñóùåñòâåííî ìåíüøåå ÷èñëî êîìïîíåíòîâ – îò 80 äî 99. Áûëà âûÿâëåíà ãðóïïà
èç 73 êîìïîíåíòîâ, ïðèñóòñòâóþùèõ âî âñåõ ïðîàíàëèçèðîâàííûõ îáðàçöàõ,
è ïîêàçàíî, ÷òî íàëè÷èå îñòàëüíûõ êîìïîíåíòîâ â ñîñòàâå ÿäà âàðüèðóåò îò
îñîáè ê îñîáè. Ýòè äàííûå ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè, ïîëó÷åííûìè ïðè
àíàëîãè÷íîì èññëåäîâàíèè ÿäîâ ïàóêà Agelena orientalis. Äëÿ 31 ïåïòèäíîãî
êîìïîíåíòà ÿäà ïàóêà M. vatia áûëà óñòàíîâëåíà ïåðâè÷íàÿ ñòðóêòóðà.

PREPARATIVE CHROMATOGRAPHIC PURIFICATION OF
PSEUDOMONAS AERUGINOSA BACTERIOPHAGES
Shkatula S.V., Kulikov Å.Å.*, Sykilinda N.N., Miroshnikov K.A.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: kmi@ibch.ru
*Vinogradsky Institute of Microbiology RAS, Moscow, Russia

An ability of bacterial viruses (bacteriophages) to destroy microbial cells
during their infection cycle is a basis for bacteriophages' employment as
antibacterial agents. Current continuous increase of antibiotic-resistant strains of
pathogenic bacteria stimulates an interest to phage therapy. Experimental and small-
scale production bacteriophage preparations (phage coctails) consist of filtered
phage lysates. Development of chromatographic methods that can be repeatedly
applied for purification of different bacteriophages is a prospective direction for
large scale production of therapeutic phages. In the present work we demonstrate
successful application of a combination of controlled-pore glass (CPG) penetration
chromatography, and adsorbtion chromatography (IEC, HIC) for effective
purification of several Pseudomonas aeruginosa bacteriophages.
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Ñàõàðíûé äèàáåò 1-ãî òèïà (ÑÄ1) âûçûâàåò ìíîãî÷èñëåííûå íàðóøåíèÿ
â ðåïðîäóêòèâíîé è íåðâíîé ñèñòåìàõ ÷åëîâåêà è ýêñïåðèìåíòàëüíûõ
æèâîòíûõ. Êàê ïîêàçàíî íàìè ðàíåå, ïðè ÑÄ1 ìåíÿåòñÿ ÷óâñòâèòåëüíîñòü ê
ãîðìîíàì àäåíèëàòöèêëàçíîé (ÀÖ) ñèãíàëüíîé ñèñòåìû. Öåëü ðàáîòû
ñîñòîÿëà â èäåíòèôèêàöèè íàðóøåíèé â ðåãóëèðóåìîé ãîðìîíàìè ÀÖ ñèñòåìå
â ðåïðîäóêòèâíûõ è íåðâíîé òêàíÿõ êðûñ ñî ñòðåïòîçîòîöèíîâûì ÑÄ1 ñ
ïîìîùüþ ñèíòåòè÷åñêèõ ïåïòèäîâ, ïðîèçâîäíûõ ñèãíàëüíûõ áåëêîâ,
êîìïîíåíòîâ ýòîé ñèñòåìû. Áûëè ïðèìåíåíû ïåïòèäû
ARERKATKTL255-264KA, KHSRKALKASL258-268KA è
EIRNQVKKE(Nle)ILAKR615-629, ïðîèçâîäíûå òðåòüåé öèòîïëàçìàòè÷åñêîé
ïåòëè ñåðîòîíèíîâûõ ðåöåïòîðîâ 1B-ãî è 6-ãî òèïîâ è ðåëàêñèíîâîãî
ðåöåïòîðà 1-ãî òèïà, ñîîòâåòñòâåííî, è ïåïòèäû RMHLRQYELL385-394 è
KNNLKDCGLF346-355, ñîîòâåòñòâóþùèå Ñ-êîíöåâûì ñåãìåíòàì αs- è
α i2-ñóáúåäèíèö G-áåëêîâ. Îáíàðóæåíî, ÷òî â ìàòêå è òåñòèêóëàõ
äèàáåòè÷åñêèõ êðûñ ñòèìóëèðóþùèå ýôôåêòû ñåðîòîíèíà è ðåëàêñèíà íà
àêòèâíîñòü ÀÖ è ÃÒÔ-ñâÿçûâàíèå G-áåëêîâ ñíèæàþòñÿ. Îñíîâûâàÿñü íà
ýêñïåðèìåíòàõ ñ ñèíòåòè÷åñêèìè ïåïòèäàìè, ìû ïîêàçàëè, ÷òî íàðóøåíèÿ â
ïåðåäà÷å ñèãíàëà ÷åðåç ÀÖ ñèñòåìó ëîêàëèçîâàíû íà óðîâíå ðåöåïòîðà è
åãî ñîïðÿæåíèÿ ñ Gs-áåëêîì. Âî âñåõ èññëåäîâàííûõ òêàíÿõ ïðè ÑÄ1 â
çíà÷èòåëüíîé ñòåïåíè îñëàáåâàëî èíãèáèðóþùåå âëèÿíèå ñåðîòîíèíà è
ñîìàòîñòàòèíà íà ÀÖ ñèñòåìó. Èñïîëüçóÿ êîìáèíàöèè ñèíòåòè÷åñêèõ
ïåïòèäîâ, ìû óñòàíîâèëè, ÷òî â ýòîì ñëó÷àå íàðóøåíèÿ ëîêàëèçîâàíû íà
óðîâíå Gi-áåëêà, êîòîðûé ñîïðÿæåí ñ ñåðîòîíèíîâûìè ðåöåïòîðàìè 1-ãî òèïà
è ñîìàòîñòàòèíîâûìè ðåöåïòîðàìè. Âûñêàçàíî ïðåäïîëîæåíèå, ÷òî
âûÿâëåííûå íàìè íàðóøåíèÿ â ïåðåäà÷å ñèãíàëà ÷åðåç
ãîðìîíî÷óâñòâèòåëüíóþ ÀÖ ñèñòåìó îòâåòñòâåííû çà ðàçâèòèå
ïàòîëîãè÷åñêèõ èçìåíåíèé â ðåïðîäóêòèâíîé è íåðâíîé ñèñòåìàõ ïðè ÑÄ1.

Ðàáîòà ïîäåðæàíà ÐÔÔÈ (ãðàíò ¹ 09-04-00746à) è Ïðîãðàììîé
"Ôóíäàìåíòàëüíûå íàóêè – ìåäèöèíå" (2009 ã.).

VENOMICS OF MISUMENA VATIA SPIDER
Shlyapnikov Y.M., Kozlov S.A., Grishin E.V.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: shlyapnikov@online.stack.net
Òåë.: (495) 336-65-40

Venomics is new dynamically emerging field exploring the composition of
natural venoms. We have studied the qualitative and quantitative composition of
venoms obtained from individual Misumena vatia spider specimens. The mixture
venom obtained from several dozens of M. vatia specimens and also the venom of
each of 20 spiders of this species from the same natural habitat was analyzed. For
the polypeptide components identification, the venom samples were separated by
HPLC followed by mass-spectral analysis. 116 components were identified in the
M. vatia mixture venom composition in this way. At the same time, significantly
smaller number of components – 80 to 99 – was detected in the venoms obtained
from individual specimens. The group of 73 components present in all analyzed
samples was revealed, and the presence of other components in venom composition
was shown to vary between single specimens. This data is in agreement with the
results obtained in the similar study of Agelena orientalis spider venoms. For the
31 polypeptide components of M.vatia venom the primary structure was
determined.
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Îäíîé èç àêòóàëüíûõ ïðîáëåì ìîëåêóëÿðíîé ýíäîêðèíîëîãèè ÿâëÿåòñÿ
ïîèñê âûñîêîñåëåêòèâíûõ ðåãóëÿòîðîâ ãîðìîíàëüíûõ ñèãíàëüíûõ ñèñòåì.
Íàèáîëåå ïåðñïåêòèâíûìè èç íèõ ÿâëÿþòñÿ ñèíòåòè÷åñêèå ïåïòèäû,
ñîîòâåòñòâóþùèå ó÷àñòêàì öèòîïëàçìàòè÷åñêèõ ïåòåëü (ÖÏ) ðåöåïòîðîâ,
êîòîðûå âçàèìîäåéñòâóþò ñ ãåòåðîòðèìåðíûìè G-áåëêàìè. Öåëü ðàáîòû
ñîñòîÿëà â ñèíòåçå ïåïòèäîâ, ïðîèçâîäíûõ Ñ-êîíöåâîãî ó÷àñòêà 258-268
òðåòüåé ÖÏ ñåðîòîíèíîâîãî ðåöåïòîðà 6-ãî òèïà (ÑÐ6), êîòîðûé ñîïðÿæåí ñ
àäåíèëàòöèêëàçîé (ÀÖ), è èçó÷åíèþ èõ âëèÿíèÿ íà ÷óâñòâèòåëüíóþ ê
ñåðîòîíèíó àäåíèëàòöèêëàçíóþ ñèãíàëüíóþ ñèñòåìó â ìîçãå êðûñ. Áûëè
âïåðâûå ñèíòåçèðîâàíû òðè ïåïòèäà (ÑÐ6-ïåïòèäà) –
KHSRKALKASL258-268KA-àìèä (I), ñîîòâåòñòâóþùèé Ñ-êîíöåâîìó ó÷àñòêó
òðåòüåé ÖÏ ÑÐ 6-ãî òèïà, åãî ïàëüìèòîèëèðîâàííûé àíàëîã
KHSRKALKASL258-268K(Palm)A-àìèä (II) è äèìåð
(KHSRKALKASL258-268KG)2KA (III). Âñå ÑÐ6-ïåïòèäû ñòèìóëèðîâàëè
áàçàëüíóþ àêòèâíîñòü ÀÖ è áàçàëüíûé óðîâåíü ÃÒÔ-ñâÿçûâàíèÿ âî ôðàêöèè
ìåìáðàí ìîçãà êðûñ, íàèáîëåå ýôôåêòèâíûì áûë ïåïòèä II. Äåéñòâèå ÑÐ6-
ïåïòèäîâ áûëî ñåëåêòèâíûì â îòíîøåíèè ÑÐ6. Â èõ ïðèñóòñòâèè îò÷åòëèâî
ñíèæàëèñü ñòèìóëèðóþùèå ÀÖ è ÃÒÔ-ñâÿçûâàþùèå ýôôåêòû ñåðîòîíèíà è
â çíà÷èòåëüíîé ñòåïåíè áëîêèðîâàëèñü ýôôåêòû EMDT, ñåëåêòèâíîãî
àãîíèñòà ÑÐ6, íî ïðàêòè÷åñêè íå ìåíÿëèñü ýôôåêòû
5-êàðáîêñèàìèäîòðèïòàìèíà è 8-OH-DPAT, êîòîðûå àêòèâèðóþò ÑÐ,
îòëè÷íûå îò ÑÐ6. Íàðÿäó ñ ýòèì, ïåïòèä II èíãèáèðîâàë ñòèìóëèðóþùèå
ýôôåêòû ñåðîòîíèíà, ñíèæåííûå â ïðèñóòñòâèè àíòàãîíèñòîâ
öèàíîïèíäîëîëà è êåòàíñåðèíà, êîòîðûå ïðàêòè÷åñêè íå äåéñòâóþò íà ÑÐ6,
íî íå âëèÿë íà ýôôåêòû ñåðîòîíèíà, ñíèæåííûå â ïðèñóòñòâèè àíòàãîíèñòîâ
SB-271046 è ìåòèîòåïèíà, êîòîðûå ïðåïÿòñòâóþò ïåðåäà÷å ñèãíàëà ÷åðåç
ÑÐ6. Òàêèì îáðàçîì, ÑÐ6-ïåïòèäû àêòèâèðóþò êîìïîíåíòû
àäåíèëàòöèêëàçíîé ñèãíàëüíîé ñèñòåìû â ìîçãå êðûñ è ñåëåêòèâíî íàðóøàþò
ïåðåäà÷ó ãîðìîíàëüíîãî ñèãíàëà ÷åðåç ÑÐ6, íå çàòðàãèâàÿ äðóãèå òèïû ÑÐ.
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DIABETIC RATS USING SYNTHETIC PEPTIDES, THE
DERIVATIVES OF SIGNAL PROTEINS
Shpakov A.O., Bondareva V.M., Shpakova E.A.*, Tarasenko I.I.*,
Derkach K.V., Kuznetsova L.A., Vlasov G.P.*, Pertseva M.N.
Sechenov Institute of Evolutionary Physiology and Biochemistry RAS,
St.-Petersburg, Russia
*Institute of Macromolecular Compounds RAS, St.-Petersburg, Russia
E-mail: alex_shpakov@list.ru
Fax: (812) 552-30-12; tel.: (812) 552-31-17

Diabetes mellitus of the type 1 (DM1) induces numerous disturbances in
reproductive and nervous systems of human and experimental animals. As shown
by us earlier the sensitivity of the adenylyl cyclase (AC) signaling system to
hormones is changed in the condition of the DM1. The aim of the present work is
the identification of the disturbances in hormone-regulated AC system in nervous
and reproductive tissues of the rats with streptozotocin-induced DM1 using
synthetic peptides, the derivatives of signal proteins, the components of this system.
The peptides ARERKATKTL255-264KA, KHSRKALKASL258-268KA and
EIRNQVKKE(Nle)ILAKR615-629, the derivatives of the third intracellular loops of
serotonin receptors of the type 1B and 6 and relaxin receptor of the type 1,
respectively, and the peptides RMHLRQYELL385-394 and KNNLKDCGLF346-355,
corresponding to Ñ-terminal regions of G-protein αs- and αi2-subunits, were used.
It was shown that in the uterus and testis of diabetic rats the stimulatory effects of
serotonin and relaxin on AC activity and G protein GTP-binding are decreased.
Based on the experiments with synthetic peptides we showed that the disturbances
in signal transduction via AC system are localized in the level of the receptor and
it's coupling with Gs-protein. In all investigated tissues in the condition of DM1
the inhibitory influence of serotonin and somatostatin on AC system was
significantly reduced. Using combinations of the synthetic peptides we founded
that the disturbances in this case are localized on the level of Gi-protein coupled
with serotonin receptors of the type 1 and somatostatin receptors. We supposed
that identified by us disturbances in signal transduction via hormone-sensitive AC
system are responsible for the development of pathological changes in reproductive
and nervous systems in the condition of DM1.

The work is supported RFBI (Grant ¹ 09-04-00746à) and Program
"Fundamental sciences – medicine" (2009).
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Ðàíåå áûëî ïîêàçàíî, ÷òî ñîðáåíò íà îñíîâå êðåìíåçåìà,
ìîäèôèöèðîâàííîãî ïîëèàíèëèíîì (ÏÀÍÈ), ñåëåêòèâåí ïðè ðàçäåëåíèè
íóêëåèíîâûõ êèñëîò è áåëêîâ, à òàêæå ÄÍÊ è ÐÍÊ. Îäíàêî, ïðîöåññ ïîëó÷åíèÿ
ÏÀÍÈ-ñîäåðæàùèõ êîìïîçèöèîííûõ ñîðáåíòîâ ñîïðîâîæäàåòñÿ îáðàçîâàíèåì
â îáúåìå ðåàêöèîííîé ñìåñè ñëàáîçàêðåïëåííûõ íà ïîâåðõíîñòè íîñèòåëÿ ÷àñòèö
ÏÀÍÈ, ÷òî çíà÷èòåëüíî çàòðóäíÿåò ïðîöåäóðó ïîñëåäóþùåé î÷èñòêè ñîðáåíòîâ
è ñíèæàåò ýôôåêòèâíîñòü èõ ïðèìåíåíèÿ äëÿ âûäåëåíèÿ áèîïîëèìåðîâ, â
÷àñòíîñòè, íóêëåèíîâûõ êèñëîò (ÍÊ) è áåëêîâ.

Â êà÷åñòâå îäíîãî èç ñïîñîáîâ ëîêàëèçàöèè ïðîöåññà ðîñòà ìàêðîìîëåêóëû
ÏÀÍÈ íà ïîâåðõíîñòè íîñèòåëÿ áûëî ïðåäëîæåíî ïðîâîäèòü îêèñëèòåëüíóþ
ïîëèìåðèçàöèþ àíèëèíà íà ïîâåðõíîñòè ñèëàìèíèðîâàííîãî êðåìíåçåìà,
äîïîëíèòåëüíî ìîäèôèöèðîâàííîãî ïîëèñóëüôîêèñëîòîé. Ïðè ýòîì
èñïîëüçîâàëè êîììåð÷åñêè äîñòóïíóþ ïîëè-(2-àêðèëàìèäî-2-ìåòèë-1-
ïðîïàí)ñóëüôîíîâóþ êèñëîòó (ÏÀÌÏÑÊ, Ìì 2000000), à òàêæå ñèíòåçèðîâàííûå
íàìè ïîëèñòèðîëñóëüôîêèñëîòû (ÏÑÑÊ) ðàçëè÷íîé ìîëåêóëÿðíîé ìàññû.

Ïîêàçàíî, ÷òî ïîëó÷åííûå ïðåäëîæåííûì ñïîñîáîì ÏÀÍÈ-ñîäåðæàùèå
ñîðáåíòû ýôôåêòèâíû ïðè âûäåëåíèè è î÷èñòêå ÄÍÊ èç ñëîæíûõ ñìåñåé
(íàïðèìåð, áàêòåðèàëüíûõ ëèçàòîâ). Îäíàêî, ïðèñóòñòâèå ÏÀÌÏÑÊ â ñîñòàâå
ÏÀÍÈ-ñîäåðæàùåãî ñîðáåíòà ïðèâîäèò ê äåãðàäàöèè ìàêðîìîëåêóëû ÄÍÊ ïðè
õðàíåíèè ïîëó÷åííûõ ÄÍÊ-ñîäåðæàùèõ ýëþàòîâ. Ïî-âèäèìîìó, ýòîò ýôôåêò
îáóñëîâëåí ýêñïîíèðîâàíèåì â ðàñòâîð íå ñâÿçàííûõ ñ íîñèòåëåì áîêîâûõ
àêòèâíûõ ñóëüôîãðóïï âûñîêîìîëåêóëÿðíîé ïîëèñóëüôîêèñëîòû,
èíèöèèðóþùèõ ãèäðîëèç ÍÊ.

Äëÿ óñòðàíåíèÿ óêàçàííîãî ýôôåêòà â êà÷åñòâå ïîëèìåðíîãî
ñîìîäèôèêàòîðà ïðè ïîëó÷åíèè ñîðáåíòîâ ìû èñïîëüçîâàëè ïðåäâàðèòåëüíî
ñèíòåçèðîâàííûå â ðàçëè÷íûõ ñðåäàõ ïîëèñòèðîëñóëüôîêèñëîòû ñ ìåíüøåé
ìîëåêóëÿðíîé ìàññîé (îò 70000 äî 500000). Ïîêàçàíî, ÷òî ïîëó÷åííûå ÏÑÑ-
ÏÀÍÈ-ñîäåðæàùèå ñîðáåíòû ñåëåêòèâíû ê ïàðàì ÍÊ-áåëîê è ÄÍÊ-ÐÍÊ è èõ
èñïîëüçîâàíèå íå ïðèâîäèò ê ðàçðóøåíèþ ÄÍÊ ïðè õðàíåíèè.

Òàêèì îáðàçîì, ïðåäëîæåííûé ïîäõîä çíà÷èòåëüíî óïðîùàåò òåõíîëîãèþ
ïîëó÷åíèÿ ÏÀÍÈ-ìîäèôèöèðîâàííûõ ñîðáåíòîâ, ïîñêîëüêó ïðè ïîëèìåðèçàöèè
àíèëèíà â ïðèñóòñòâèè ïîëèñòèðîëñóëüôîêèñëîòû íå îáðàçóåòñÿ âçâåñè ÷àñòèö
ÏÀÍÈ â îáúåìå ðåàêöèîííîé ñìåñè, êðîìå òîãî, ïîÿâëÿåòñÿ âîçìîæíîñòü
èñïîëüçîâàòü â êà÷åñòâå ìîäèôèêàòîðîâ ïîâåðõíîñòè íîñèòåëÿ ïðåäâàðèòåëüíî
ïîëó÷åííûå ïîëèêîìïëåêñû ÏÑÑÊ-ÏÀÍÈ.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÅÑ ¹ 037212 (LSHB-CT-2007-037212)
DIAGNOSIS.

INFLUENCE OF THE PEPTIDES, DERIVATIVES OF THE THIRD
INTRACELLULAR LOOP OF SEROTONIN RECEPTOR OF THE
TYPE 6, ON ACTIVITY OF SEROTONIN-SENSITIVE ADENYLYL
CYCLASE SIGNALING SYSTEM
Shpakova E.A., Tarasenko I.I., Vlasov G.P., Shpakov A.O.*
Institute of Macromolecular Compounds RAS, St.-Petersburg, Russia
*Sechenov Institute of Evolutionary Physiology and Biochemistry RAS,
St.-Petersburg, Russia
E-mail: eshpakova@mail.ru
Fax: (812) 328-68-69; tel.: (812) 323-10-50

The search of highly selective regulators of hormonal signaling systems is a
one of actual problems of molecular endocrinology. The most perspective regulators
are the synthetic peptides, corresponding to the regions of intracellular loops (ICL)
of the receptors that interact with heterotrimeric G proteins. The aim of this work
are the synthesis of the peptides, derivatives of C-terminal region 258-268 of the
third ICL of the serotonin receptor of the type 6 (5-HTR6) coupled with adenylyl
cyclase (AC) in a stimulatory manner, and the study of influence of these peptides
on serotonin-sensitive adenylyl cyclase signaling system in rat brain. In the first
time three peptides (5-HTR6-peptides) were synthesized:
KHSRKALKASL258-268KA-amide (I), corresponding C-terminal region of the third
ICL of 5-HTR6, its palmitoylated analog KHSRKALKASL258-268K(Palm)A-amide
(II) and dimer (KHSRKALKASL258-268KG)2KA (III). All 5-HTR6-peptides
stimulated basal activity of AC and basal level of GTP-binding in membrane fraction
of rat brain. The most effective was peptide II. The action of the 5-HTR6-peptides
was selective to 5-HTR6. In the presence of the peptides AC and GTP-binding
stimulatory effects of serotonin were decreased and the effects of EMDT, a selective
agonist of 5-HTR6, were blocked, while the effects of 5-carboxyamidotryptamine
and 8-OH-DPAT that activate the other type of 5-HTR were preserved. The peptide
II inhibited stimulatory effects of serotonin decreasing in the presence of antagonists
cyanopindolol and ketanserin that practically not act on 5-HTR6, but the peptide
not influence on serotonin effects decreasing in the presence of antagonists
SB-271046 and methiothepine that blocked the signal transduction via 5-HTR6.
Summing up, 5-HTR6-peptides activate the components of adenylyl cyclase
signaling system in rat brain and selectively disturb the transduction of hormonal
signal via 5-HTR6 and not interact with 5-HTR of the other types.

The work is supported RFBI (Grant ¹ 09-04-00746à) and Program
"Fundamental sciences – medicine" (2009).
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ÏÐÎÒÈÂ F1 ÀÍÒÈÃÅÍÀ YERSINIA PESTIS
ßãóäèí T.A., Ìàð÷åíêî À.Í., Çàöåïèí Ñ.Ñ., Ãîðîäåöêàÿ Ñ.Á.*,
Ñîëîïîâà Î.Í.*, Øåì÷óêîâà Î.Á.*, Ñâåøíèêîâ Ï.Ã.*,
Áåíåâîëåíñêèé Ñ.Â.
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Êàïñóëüíûé F1 àíòèãåí ÿâëÿåòñÿ ãëàâíûì èììóíîõèìè÷åñêèì
êîìïîíåíòîì ïîâåðõíîñòíîãî àíòèãåíà Y. pestis. Ãèáðèäîìà F19-107,
ñåêðåòèðóþùàÿ ìîíîêëîíàëüíûå àíòèòåëà (ìÀò) ïðîòèâ F1 àíòèãåíà Y. pestis,
áûëà ïîëó÷åíà ïîñëå èììóíèçàöèè ìûøè F1 àíòèãåíîì. Ìîíîêëîíàëüíûå
àíòèòåëà F19 ïðîòèâ F1 àíòèãåíà Y. pestis ïîêàçûâàþò âûñîêóþ
ñïåöèôè÷åñêóþ àêòèâíîñòü è îáëàäàþò âûñîêîýôôåêòèâíîé ïðîòåêòèâíîé
ñïîñîáíîñòüþ. Kd ìÀò ïðîòèâ F1 àíòèãåíà Y. pestis ñîñòàâëÿåò 5õ10-9 M.

Ãåíû, êîäèðóþùèå Fab-ôðàãìåíò ìûøèíîãî ìÀò ïðîòèâ F1 àíòèãåíà
Y. pestis, áûëè êëîíèðîâàíû ñ èñïîëüçîâàíèåì ìÐÍÊ èç ñîîòâåòñòâóþùåé
ãèáðèäîìû â êà÷åñòâå ìàòðèöû è ñåêâåíèðîâàíû. Ñêîíñòðóèðîâàí øòàìì
Pichia pastoris, ïðîäóöèðóþùèé ðåêîìáèíàíòíûé Fab-ôðàãìåíò ìûøèíîãî
ìÀò ïðîòèâ F1 àíòèãåíà Y. pestis. Èììóíîôåðìåíòíûé àíàëèç ñâÿçûâàíèÿ
ðåêîìáèíàíòíîãî è ýíçèìàòè÷åñêè ïîëó÷åííîãî Fab-ôðàãìåíòîâ ïîêàçàë, ÷òî
ðåêîìáèíàíòíûé Fab âûñîêî ñïåöèôè÷åí ïðîòèâ F1 àíòèãåíà Y. pestis. Kd
ðåêîìáèíàíòíîãî Fab ïðîòèâ F1 àíòèãåíà Y. ðestis ñîñòàâëÿåò 5x10-10 M, â òî
âðåìÿ êàê Êd ýíçèìàòè÷åñêè ïîëó÷åííîãî Fab ìÀò ïðîòèâ F1 àíòèãåíà Y. pestis
– 1x10-8M.

Ñêîíñòðóèðîâàíû ãåíû Fab-ôðàãìåíòà ãóìàíèçîâàííîãî ìÀò ïðîòèâ F1
àíòèãåíà Y. pestis. Ýòè ãåíû ñîñòîÿò èç ãóìàíèçîâàííûõ ïîñëåäîâàòåëüíîñòåé
âàðèàáåëüíûõ äîìåíîâ òÿæ¸ëîé è ë¸ãêîé öåïåé ìÀò ïðîòèâ F1 àíòèãåíà
Y. pestis, ñëèòíûõ â ðàìêå ñ÷èòûâàíèÿ ñ ÑH1 äîìåíîì òÿæ¸ëîé öåïè àíòèòåë
÷åëîâåêà êëàññà IgG1 è êîíñòàíòíûì äîìåíîì ë¸ãêèõ öåïåé àíòèòåë ÷åëîâåêà
êëàññà êàïïà, ñîîòâåòñòâåííî.

Â ðåçóëüòàòå òðàíñôîðìàöèè êëåòîê P. pastoris ýêñïðåññèîííûìè
êàññåòàìè, ñîäåðæàùèìè ãåíû Fab-ôðàãìåíòà ãóìàíèçîâàííîãî ìÀò ïðîòèâ
F1 àíòèãåíà Y. pestis, áûë ïîëó÷åí øòàìì P. pastoris, ïðîäóöèðóþùèé Fab
ãóìàíèçîâàííîãî ìÀò ïðîòèâ F1 àíòèãåíà Y. pestis. Kd ãóìàíèçîâàííîãî Fab
ïðîòèâ F1 àíòèãåíà Y. pestis ñîñòàâëÿåò 8x10-8 M.

PREPARATION OF A POLYANILINE ADSORBENTS ON THE
POLY(SULFONIC ACID) MATRIX
Yagudaeva E.Yu., Bukina Ya.A., Kapustin D.V., Tverskoy V.A.*,
Ryazantsev D.Yu., Zavriev S.K., Zubov V.P.
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
*Lomonosov State Academy of Fine Chemical Technology, Moscow, Russia
E-mail: zubov@ibch.ru
Fax.  (495) 335-10-11; tel.: (495) 336-06-00

It was shown earlier, that the adsorbents based on silica modified with
polyaniline (PANI) was selective when the separation of nucleic acids and proteins
as well as DNA and RNA was carried out. However, the synthesis of PANI-
containing composite adsorbents results in the formation of a significant amount
of PANI particles weakly attached to the support surface in the bulk of the reaction
mixture. This circumstance significantly complicates further purification of
adsorbents and decreases efficiency of their use for separation of nucleic acids
(NA) and proteins.

We suggested to carry out the aniline polymerization on the surface of
silaminated silica additionally modified with polysulfonic acid as one of the methods
of polymerization localization. At that the commercially available poly-2-
(acrilamid-2-methyl-1-propane) sulfonic acid (PAMPSA, Mm 2000000) and also
synthesized by us poly(4-styrensulfonic acids) with different molecular mass were
used.

It was shown, that the adsorbents obtained through the suggested method
were effective for DNA isolation and purification from the complex mixtures (i.e.
from the bacterial lysates). However the presence of PAMPSA in the content of
adsorbent results in DNA degradation under the storage of the DNA-containing
eluates. This effect is probably caused by the presence of unconnected with the
support active side-chain sulfo groups of high molecular polysulfonic acid which
initiate the nucleic acid hydrolysis.

To avoid the described effect used poly(styrensulfonic acids) preliminary
synthesized in the different media with lower molecular mass (from 70000 to
500000) as a polymer co-modifier.

It was shown that obtained PSSA-PANI adsorbents do not result it DNA
degradation and they are selective to the pairs NA-protein and DNA-RNA.

Thus, with the use of matrix polymerization of aniline several problems can
be solved. Firstly, the polymerization of aniline in the presence of PSSA is
proceeding without formation of a suspension of PANI particles in the bulk of the
reaction mixture. In this case, washing of the final adsorbent is significantly
simplified and the adsorbent quality is improved. Secondly, the employment of
the preformed PSSA-PANI polycomplexes as new polymer modifiers of the support
surface makes it possible to simplify the manufacturing of composite adsorbents.

This work was supported by EU grant no. 037212 (LSHB-CT-2007-037212)
DIAGNOSIS.
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Àíòèìèêðîáíûå ïåïòèäû (ÀÌÏ) ñèñòåìû âðîæäåííîãî èììóíèòåòà
æèâîòíûõ è ðàñòåíèé îáåñïå÷èâàþò ïåðâóþ ëèíèþ ïðîòèâîèíôåêöèîííîé
çàùèòû æèâûõ îðãàíèçìîâ. Ïðîëèí-áîãàòûå ïåïòèäû (ÏÁÏ) ñîñòàâëÿþò
ãðóïïó ÀÌÏ ñ âûðàæåííîé àíòèìèêðîáíîé àêòèâíîñòüþ, ïðåèìóùåñòâåííî
â îòíîøåíèè ãðàìîòðèöàòåëüíûõ áàêòåðèé. Àíòèìèêðîáíîå äåéñòâèå ÏÁÏ,
â îòëè÷èå îò òàêîâîãî ó áîëüøèíñòâà äðóãèõ ÀÌÏ, êàê ïðåäïîëàãàåòñÿ,
îñóùåñòâëÿåòñÿ íå çà ñ÷åò ïîâðåæäåíèÿ ìåìáðàí ìèêðîîðãàíèçìîâ, à
íàïðàâëåíî íà íàðóøåíèå ðàçëè÷íûõ âíóòðèêëåòî÷íûõ ïðîöåññîâ. Ìû
èññëåäîâàëè àíòèìèêðîáíûå ýôôåêòû äâóõ ÏÁÏ, âûäåëåííûõ íàìè ðàíåå
èç ëåéêîöèòîâ êîçû – Âàñ 2,8 è Âàñ 2,9. Ýòè ïåïòèäû ÿâëÿþòñÿ N-êîíöåâûìè
ôðàãìåíòàìè ïåïòèäà Âàñ 7,5 êîçû, ñòðóêòóðà êîòîðîãî îïèñàíà â ëèòåðàòóðå
è áûëà óñòàíîâëåíà â ðåçóëüòàòå êëîíèðîâàíèÿ ãåíîâ êàòåëèí-ñîäåðæàùèõ
ïðåäøåñòâåííèêîâ ÀÌÏ êîçû, õîòÿ áåëêîâûé ïðîäóêò ê íàñòîÿùåìó âðåìåíè
íå áûë âûäåëåí èç ëåéêîöèòîâ è áèîëîãè÷åñêàÿ àêòèâíîñòü åãî íå èçó÷åíà.
Îáà èññëåäóåìûõ ïåïòèäà, Âàñ 2,8 è Âàñ 2,9, êàê è äðóãîé ÏÁÏ êîçû – Âàñ5,
äåìîíñòðèðóþò âûñîêóþ àíòèìèêðîáíóþ àêòèâíîñòü â îòíîøåíèè øèðîêîãî
ñïåêòðà ìèêðîîðãàíèçìîâ (ìåòîä ðàäèàëüíîé äèôôóçèè) â ñðåäàõ ñ íèçêîé
êîíöåíòðàöèåé õëîðèäà íàòðèÿ; ìèíèìàëüíûå êîíöåíòðàöèè ïåïòèäîâ,
èíãèáèðóþùèå ðîñò ìèêðîîðãàíèçìîâ, ñîñòàâëÿþò 0,5-2,5 ìêÌ äëÿ
áîëüøèíñòâà èññëåäîâàííûõ íàìè øòàììîâ. Â ñðåäàõ, ñîäåðæàùèõ NaCl â
êîíöåíòðàöèè 0,15 ìÌ, àêòèâíîñòü ýòèõ ïåïòèäîâ â îòíîøåíèè Escherichia
coli è Listeria monocytogenes ñóùåñòâåííî íå ìåíÿëàñü, â òî âðåìÿ êàê èõ
àíòèìèêðîáíîå äåéñòâèå â îòíîøåíèè Staphylococcus aureus è Candida
albicans â ýòèõ óñëîâèÿõ îêàçàëàñü ñíèæåííîé. Îáà ïåïòèäà îáëàäàëè âûñîêîé
àíòèìèêðîáíîé àêòèâíîñòüþ â îòíîøåíèè àíòèáèîòèêî-ðåçèñòåíòíûõ
êëèíè÷åñêèõ èçîëÿòîâ Pseudomonas aeruginosa è Klebsiella pneumoniae,
íåçàâèñèìî îò êîíöåíòðàöèè ñîëè â ñðåäå. Èññëåäóåìûå ÏÁÏ â
êîíöåíòðàöèÿõ äî 100 ìêÌ íå ïðîÿâëÿëè ãåìîëèòè÷åñêîé àêòèâíîñòè â
îòíîøåíèè ýðèòðîöèòîâ ÷åëîâåêà, à òàêæå íå îáëàäàëè öèòîòîêñè÷åñêèì
äåéñòâèåì íà îïóõîëåâûå è íîðìàëüíûå êëåòêè ìëåêîïèòàþùèõ. Òàêèì
îáðàçîì, èçó÷åííûå íàìè ÏÁÏ, èìåþùèå âûñîêóþ àíòèìèêðîáíóþ
àêòèâíîñòü è íèçêóþ òîêñè÷íîñòü â îòíîøåíèè êëåòîê ÷åëîâåêà, ìîãóò
ñëóæèòü ìîäåëÿìè äëÿ ñîçäàíèÿ íîâûõ àíòèáèîòè÷åñêèõ ëåêàðñòâåííûõ
ïðåïàðàòîâ.

Ðàáîòà ïîääåðæàíà ãðàíòàìè ÐÔÔÈ ¹ 07-04-01759; 09-04-01655 è Ãîñ.
êîíòðàêòîì 02.512.11.2234.

RECOMBINANT HUMANIZED ANTIBODY AGAINST F1 ANTIGEN
YERSINIA PESTIS
Yagudin T.A., Marchenko A.N., Zatsepin S.S., Gorodetskaya S.B.*,
Solopova O.N.*, Shemchukova O.B.*, Sveshnikov P.G.*, Benevolensky S.V.
Bach Institute of Biochemistry RAS, Moscow, Russia
E-mail: TimYagudin@gmail.com
Fax/tel.: (495) 648-09-12
*Russian Research Center for Molecular Diagnostics and Therapy, Moscow,
Russia
E-mail: petersveshnikov@list.ru
Fax/tel.: (499) 613-23-65

Capsular F1 antigen is a main immunochemical component of Y. pestis surface
antigen. The hybridoma F19-107 which secretes a monoclonal antibody (mAb)
specific for the F1 antigen from Y. ðestis was produced after immunizing a mouse
with the F1 antigen. The mAb F19 against F1 antigen from Y. ðestis demonstrated
high specific activity and appears to be highly effective to protect mice against the
challenge by the virulent strain of Y. pestis F1 (+). Kd for the mAb to F1 antigen
from Y. ðestis is equal to 5õ10-9 M.

Genes encoding Fab fragment of mouse mAb against the F1 antigen of Y. pestis
were cloned using mRNA from appropriate cell line as a template and sequenced.
Pichia pastoris strain producing recombinant Fab fragment of mouse mAb against
F1 antigen Y. pestis was constructed. Analysis of recombinant and natural mouse
Fab's binding using ELISA has shown that recombinant Fab is highly specific
against F1 antigen from Y. ðestis. Kd for the recombinant Fab against F1 antigen
from Y. ðestis is equal to 5x10-10 M whereas Êd for the enzymatically processed
Fab of mouse mAb F19 against F1 antigen from Y. ðestis is equal to 1x10-8 M.

Genes coding for Fab of humanized mAb against F1 antigen from Y. ðestis
were constructed. These genes contain humanized sequences of mouse mAb F19
heavy and light chains variable regions fused with ÑH1 domain of heavy chain of
human immunoglobulin IgG1 and constant domain CL of light chain of human
immunoglobulin kappa correspondingly. Introduction of these genes in appropriate
expression plasmid into P. pastoris cells results in obtaining P. pastoris strain
producing recombinant Fab fragment of humanized mAb F19. Kd for humanized
Fab against F1 antigen from Y. ðestis was determined in two-stage ELISA equal to
8x10-8 M.
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ÀÂÒÎÐÑÊÈÉ ÓÊÀÇÀÒÅËÜANTIMICROBIAL ACTIVITY OF TWO PROLINE-RICH PEPTIDES
FROM GOAT LEUKOCYTES
Yamschikova E.V., Shamova O.V., Ovchinnikova T.V.*, Orlov D.S.,
Kokryakov V.N.
Institute of Experimental Medicine RAMS, St.-Petersburg, Russia
*Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia
E-mail: kokryak@yandex.ru
Fax: (812) 234-94-93; tel.: (812) 234-07-64

Antimicrobial peptides (AMPs) from the innate immune system of animals
and plants provide a first line of anti-infective defense in the living kingdom.
Proline-rich peptides (PRP) constitute a group of AMP with distinct antimicrobial
activity predominantly towards Gram-negative bacteria. Their antimicrobial action,
in contrast with most of other AMPs, is believed to occur via non-lytic mechanism
and directed to intracellular targets. We investigated antimicrobial activity of two
PRP which we recently isolated from goat leukocytes – Bac 2.8 and Bac 2.9. Both
peptides are defined as N-terminal fragments of caprine Bac 7.5 whose structure
has been previously deduced from cDNA of goat cathelicidins, while the whole
molecule of this peptide was never isolated from goat blood cells and its biological
activity has not been investigated. Similarly to caprine Bac 5, both Bac 2.8 and
2.9 exhibited potent, broad-spectrum antimicrobial activity in the radial diffusion
assay under low salt conditions with minimum inhibitory concentrations in the
range of 0.5-2.5 µM for most strains. While the peptides remained active against
Escheriñhia coli and Listeria monocytogenes in the presence of physiological
concentration of NaCl (0.15 mM), they lost activity against Staphylococcus aureus
and Candida albicans under these conditions. Both peptides exerted potent salt
insensitive antimicrobial activity towards drug-resistant clinical isolates of
Pseudomonas aeruginosa and Klebsiella pneumoniae. The peptides showed no
hemolytic activity even at high dose levels (up to 100 µM) in human erythrocytes.
Both PRP also exerted low cytotoxic activity towards tested normal and tumor
mammalian cells in vitro. Thus, these two PRP with potent antibiotic activity and
low toxicity for host cells may be considered as templates for design of new
therapeutics with antimicrobial action.

This work was supported by the RFBR grants No 07-04-01759; 09-04-01655
and State contract 02.512.11.2234.
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