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Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé
Îáùåñòâà áèîòåõíîëîãîâ Ðîññèè èì. Þ.À. Îâ÷èííèêîâà
ÇÀÎ "Ïåïòåê"
ÎÎÎ "ÈíòåðËàáÑåðâèñ"
Ìîñêîâñêîãî èíñòèòóòà êèáåðíåòè÷åñêîé ìåäèöèíû

Ðåäàêòîðû ñáîðíèêà
ê.õ.í. Ò.Â. Îâ÷èííèêîâà è Ò.È. Ñîðêèíà

ÌÅÒÀÁÎËÈÇÌ N-ÀÖÈËÄÎÔÀÌÈÍÎÂ Â ÒÊÀÍßÕ È ÊËÅÒÊÀÕ
ÆÈÂÎÒÍÛÕ
Àêèìîâ Ì.Ã.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
E-mail: akimovmike@yandex.ru
Ôàêñ: (495) 335-71-03; òåë.: (495) 330-65-92

Èññëåäîâàíèÿ ïðåäûäóùèõ ëåò ïîêàçàëè, ÷òî N-àöèëäîôàìèíû (NADA)
– äîôàìèíàìèäû äëèííîöåïî÷å÷íûõ æèðíûõ êèñëîò – ÿâëÿþòñÿ
ýíäîãåííûìè ëèãàíäàìè âàíèëîèäíîãî è êàííàáèíîèäíîãî ðåöåïòîðîâ,
îêàçûâàþò èììóíîìîäóëèðóþùåå, ñîñóäîðàñøèðÿþùåå è ïðîòèâîâèðóñíîå
äåéñòâèå, èíãèáèðóþò ôåðìåíòû êàñêàäà àðàõèäîíîâîé êèñëîòû. Â ãîëîâíîì
ìîçãå ìëåêîïèòàþùèõ îáíàðóæåíû äîôàìèíàìèäû àðàõèäîíîâîé (AA-DA),
îëåèíîâîé (Ol-DA), ñòåàðèíîâîé (St-DA) è ïàëüìèòèíîâîé æèðíûõ êèñëîò,
à òàêæå ïîêàçàíà âîçìîæíîñòü áèîñèíòåçà è ìåòèëèðîâàíèÿ
N-àðàõèäîíîèëäîôàìèíà. Îäíàêî, ëîêàëèçàöèÿ è ïðîèçâîäèòåëüíîñòü ñèñòåì
ìåòàáîëèçìà N-àöèëäîôàìèíîâ îñòàâàëèñü íåóñòàíîâëåííûìè, è ïîòîìó
áèîëîãè÷åñêàÿ çíà÷èìîñòü äàííûõ îá èõ ñèãíàëüíîì äåéñòâèè áûëà âåñüìà
îãðàíè÷åííîé.

Ìû âûäâèíóëè ãèïîòåçó î òîì, ÷òî ïóòè ìåòàáîëèçìà NADA è
ñâîáîäíîãî äîôàìèíà ìîãóò áûòü áëèçêèìè, è èçó÷èëè ñòàäèè áèîñèíòåçà
NADA (êîíúþãàöèþ ñ æèðíîé êèñëîòîé, îêèñëåíèå, äåêàðáîêñèëèðîâàíèå)
è îñíîâíûå ïóòè èõ ïðåâðàùåíèé – ñóëüôàòèðîâàíèå, ìåòèëèðîâàíèå,
ãëþêóðîíèäèðîâàíèå, îêèñëåíèå – âî ôðàêöèîíèðîâàííûõ ãîìîãåíàòàõ
ïå÷åíè, ñïèííîãî è ãîëîâíîãî ìîçãà êðûñû, à òàêæå â ïîëíûõ ãîìîãåíàòàõ
ïðåñíîâîäíûõ ãèäð  Hydra attenuata è H. magnipapillata è íà êóëüòóðàõ êëåòîê
ãëèîìû Ñ6 è ôåîõðîìîöèòîìû ÐÑ12. Íàêîïëåíèå öåëåâûõ ïðîäóêòîâ
ïîäòâåðæäàëè ìåòîäàìè ìàññ-ñïåêòðîìåòðèè ESI è MALDI.

Ïðèìåíåíèå òðèòèé-ìå÷åííûõ ïðåäøåñòâåííèêîâ ïîçâîëèëî íàì
äåòåêòèðîâàòü áèîñèíòåç NADA âî âñåõ èññëåäîâàííûõ òêàíÿõ, ïðè÷åì
ïðîöåññ áûë ëîêàëèçîâàí â ìèêðîñîìàõ. Ìû óñòàíîâèëè, ÷òî íàèáîëüøåå
êîëè÷åñòâî ïðîäóêòà íàáëþäàëîñü ïðè èñïîëüçîâàíèè êîìáèíàöèè: æèðíàÿ
êèñëîòà + òèðîçèí. CoA-ýôèð æèðíîé êèñëîòû íå èñïîëüçóåòñÿ â êà÷åñòâå
ïðåäøåñòâåííèêà N-àöèëäîôàìèíîâ, à N-àöèëòèðîçèí äîëæåí áûòü ñíà÷àëà
äåêàðáîêñèëèðîâàí, è òîëüêî ïîòîì îêèñëåí äî AA-DA. Äëÿ óñïåøíîãî
áèîñèíòåçà ìîëåêóë â êëåòî÷íûõ êóëüòóðàõ ïðè èõ íàñûùåíèè
ñîîòâåòñòâóþùåé æèðíîé êèñëîòîé íåîáõîäèì âíåøíèé ñèãíàë:
êàëüöèìèöèí äëÿ Ñ6 è KCl äëÿ ÐÑ12.

Èçâåñòíî, ÷òî, â îòëè÷èå îò áîëüøèíñòâà àìèäîâ æèðíûõ êèñëîò, NADA
ãèäðîëèçóþòñÿ ñ òðóäîì; ýòîò ôàêò ïîäòâåðæäåí â íàøèõ ýêñïåðèìåíòàõ.

Ïðîöåññ ìåòèëèðîâàíèÿ ïî êàòåõîëüíîé ãðóïïå îêàçàëñÿ âåñüìà
ýôôåêòèâíûì: ñïåöèôè÷åñêàÿ àêòèâíîñòü ñèñòåì öèòîçîëüíîé ôðàêöèè â
îòíîøåíèè AA-DA, Ol-DA è N-äîêîçàãåêñàåíîèëäîôàìèíà (DHA-DA) áûëà
â äèàïàçîíå 81-106 ïìîëü/(ìèí*ìã) â ïå÷åíè, è 9-23 ïìîëü/(ìèí*ìã) â
íåðâíîé ñèñòåìå. Ìåòèëèðîâàíèå NADA íå äåòåêòèðîâàëîñü â
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ìèêðîñîìàëüíîé ôðàêöèè, à ìåòèëèðîâàíèå St-DA – íè â îäíîé èç èçó÷åííûõ
ñèñòåì.

Åùå îäèí âûñîêîïðîèçâîäèòåëüíûé ïóòü ïðåâðàùåíèé NADA –
ñóëüôàòèðîâàíèå. Ðåàêöèÿ èçó÷åíà ìåòîäîì ôîòîìåòðèè ñ èñïîëüçîâàíèåì
ñèíòåçèðîâàííîãî ñòàíäàðòà ñóëüôàòà AA-DA. Ïðîöåññ ñóëüôàòèðîâàíèÿ
ïðîòåêàåò â öèòîçîëüíîé ôðàêöèè ïå÷åíè (ñïåöèôè÷åñêàÿ àêòèâíîñòü 0.5-1.32
íìîëü/(ìèí*ìã)), ñïèííîãî è ãîëîâíîãî ìîçãà (äî 3.45 íìîëü/(ìèí*ìã))
êðûñû, à òàêæå â ãîìîãåíàòå ïðåñíîâîäíîé ãèäðû H.magnipapillata.
Â ïîñëåäíåì ñëó÷àå ïðåâðàùåíèþ ïîäâåðãàëèñü òîëüêî DHA-DA è Ol-DA.
Íåñìîòðÿ íà âûñîêóþ ïðîèçâîäèòåëüíîñòü, Êì ñèñòåìû ãîëîâíîãî ìîçãà äëÿ
DHA-DA îêàçàëàñü äîñòàòî÷íî âûñîêîé – 17.76 ìêÌ, ÷òî äåëàåò áîëåå
âåðîÿòíîé ðîëü ñóëüôàòèðîâàíèÿ â êà÷åñòâå çàùèòû ñèãíàëüíîé ñèñòåìû îò
ïåðåãðóçêè è ýêçîãåííûõ àöèëäîôàìèíîâ, à íå êàê ñïîñîá èíàêòèâàöèè
N-àöèëäîôàìèíîâ äëÿ ïðåðûâàíèÿ èõ ñèãíàëà. Ñóëüôàòèðîâàíèå St-DA
îáíàðóæåíî íå áûëî. Åäèíñòâåííûé óñòàíîâëåííûé ïóòü ïðåâðàùåíèé St-DA
– ãëþêóðîíèäèðîâàíèå. Èñïîëüçóÿ ôîòîìåòðèþ ïðîäóêòà ñîïðÿæåííîé
ðåàêöèè, ìû çàôèêñèðîâàëè äàííûé ïðîöåññ â ãîëîâíîì ìîçãå, ãäå
ãëþêóðîíèäèðóþòñÿ St-DA è Ol-DA, è â ïå÷åíè (Ol-DA, AA-DA, DHA-DA).
Ñïåöèôè÷åñêàÿ àêòèâíîñòü ñèñòåìû ãîëîâíîãî ìîçãà íàõîäèòñÿ â äèàïàçîíå
0.14-0.302 íìîëü/(ìèí*ìã), à ïå÷åíè – 0.07-0.16 íìîëü/(ìèí*ìã), ÷òî
ñðàâíèìî ñ ìåòèëèðîâàíèåì. Êì äëÿ St-DA â ãîëîâíîì ìîçãå îêàçàëàñü
äîñòàòî÷íî âûñîêîé – 96 ìêÌ.

Îêèñëåíèå NADA áûëî èçó÷åíî âî ôðàêöèÿõ ïëàçìàëåììû è
ìèòîõîíäðèé êðûñû ñ èñïîëüçîâàíèåì ôîòîìåòðèè. Â ïåðâîì ñëó÷àå
çàôèêñèðîâàíî îêèñëåíèå âñåõ íåíàñûùåííûõ äîôàìèíàìèäîâ ñî
ñïåöèôè÷åñêîé àêòèâíîñòüþ 0.75-1.91 íìîëü/(ìèí*ìã). Â ìèòîõîíäðèàëüíîé
ôðàêöèè âîññòàíîâëåíèå èñêóññòâåííîãî àêöåïòîðà ýëåêòðîíîâ
ñòèìóëèðîâàëè òîëüêî AA-DA è DHA-DA. Âåðîÿòíûé ïðîäóêò îêèñëåíèÿ
NADA ïî êàòåõîëüíîé ãðóïïå, õèíîí, áûë ñèíòåçèðîâàí íàìè è ïðîÿâèë ñåáÿ
êàê ñèëüíûé íóêëåîôèë. Îí ëåãêî âñòóïàë â ðåàêöèè ïðèñîåäèíåíèÿ ñ òàêèìè
SH-ñîäåðæàùèìè ìîëåêóëàìè, êàê 2-ìåðêàïòîýòàíîë è β-ëàêòîãëîáóëèí, à
òàêæå ñ èíñóëèíîì, ñ îáðàçîâàíèåì àääóêòîâ â ïåðâîì ñëó÷àå è îëèãîìåðîâ
â ïîñëåäíèõ äâóõ.

Òàêèì îáðàçîì, ìåòàáîëèçì NADA ïîâòîðÿåò ìåòàáîëèçì äîôàìèíà ñ
íåêîòîðûìè òêàíå- è ìîëåêóëîñïåöèôè÷åñêèìè îòëè÷èÿìè.
Ïðåäïîëîæèòåëüíî, ýòî ìîæåò èìåòü çíà÷åíèå äëÿ ðåãóëÿöèè ïåðåäà÷è
ñèãíàëà NADA.

METABOLISM OF N-ACYLDOPAMINES IN ANIMAL TISSUES
AND CELLS
Akimov M.G.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: akimovmike@yandex.ru
Fax: (495) 335-71-03; tel.: (495) 330-65-92

The research of the past years has shown N-acyldopamines (dopamineamides
of long-chain fatty acids, NADA) to be endogenous ligands of vanilloid and
cannabinoid receptors which possess immunomodulatory, vasodilatatory and
antiviral activity, inhibit enzymes of the arachidonic acid cascade. In mammalian
brain dopamineamides of arachidonic (AA-DA), oleic (Ol-DA), stearic (St-DA)
and palmitic acid were identified and the possibility of biosynthesis and methylation
of AA-DA was demonstrated. However the localization and productivity of
N-acyldopamines' metabolic systems remained unknown and thus the biological
significance of data on their signal properties was very limited.

We proposed a hypothesis that the pathways of NADA metabolism could be
close to those of free dopamine and studied the stages of NADA biosynthesis
(conjugation with fatty acid, oxidation, decarboxylation) and basic pathways of
their transformation – sulfation, methylation, glucuronidation, oxidation in
fractionated homogenates of rat liver, brain and spinal cord, as well as in whole
homogenates of freshwater hydras Hydra attenuata and H. magnipapillata and in
glioma C6 and pheochromocytoma PC12 cell cultures. The accumulation of target
products was confirmed using ESI and MALDI mass-spectrometry.

Using tritium-labeled precursors we detected biosynthesis of NADA in all
tissues studied; the process was localized in microsomes. We found that the most
product formed in incubation of fatty acid with tyrosine. CoA-ester of fatty acid is
not N-acyldopamines' precursor; N-acyltyrosine has to be decarboxylated first
and then oxidized to AA-DA. An external signal is required for successful
biosynthesis in cell cultures, which is calcimycin for C6 and KCl for PC12.

It was known that contrary to most fatty acid amides NADA are poorly
hydrolyzed; this fact was confirmed in our experiments.

The methylation of catechol group of NADA was very efficient: specific
activity of cytosolic fraction's enzymes for AA-DA, Ol-DA and
N-docosahexaenoyldopamine (DHA-DA) was in range 81-106 pmol/(min*mg) in
liver and 9-23 pmol/(min*mg) in nervous system. NADA methylation in
microsomes was not detected, methylation of St-DA was undetectable in all systems
studied.

Yet another high-performance pathway of NADA transformation was sulfation.
This reaction was studied by photometry using synthesized standard of AA-DA
sulfate. Sulfation took place in cytosolic fraction of rat liver (specific activity
0.5-1.32 nmol/(min*mg)), spinal cord and brain (up to 3.45 nmol/(min*mg)) as
well as in freshwater hydra H. magnipapillata homogenate. In the latter case only
DHA-DA and Ol-DA were converted. Though its high performance Km of brain
enzymatic system for DHA-DA appeared to be quite high: 17.76 mkM. This makes
the role of sulfation as protector against overload and exogenous acyldopamines
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more probable than the one as the way of NADA inactivation for termination of
their signal. Sulfation of St-DA was not detected.

The only St-DA transformation pathway discovered was glucuronidation.
Using photometry to measure the product of conjugated reaction we were able to
detect this process in brain (here St-DA and Ol-DA were glucuronated) and in
liver (Ol-DA, AA-DA, DHA-DA). Specific activity of brain system was in range
0.14-0.302 nmol/(min*mg) and of liver one 0.07-0.16 nmol/(min*mg) and thus
was comparable to methylation. Km for St-DA in brain was quite high: 96 mkM.

NADA oxidation was studied in rat plasma membrane and mitochondrial
fractions using photometry. In the first case the oxidation of all unsaturated
dopamineamides with specific activity 0.75-1.91 nmol/(min*mg) was detected. In
mitochondrial fraction the reduction of artificial electron acceptor was stimulated
only by AA-DA and DHA-DA. The probable catechol group oxidation product on
NADA, quinone, was synthesized and appeared to be a good nucleophile. It easily
reacted with such SH-containing molecules as 2-mercaptoethanol and
β-lactoglobulin as well as with insulin producing adducts in the first case and
oligomers in the latter two.

Thus NADA metabolism resembles the one of dopamine with some tissue-
and molecule-specific differences. Probably this may be significant for regulation
of NADA signal transduction.

ÏÐÎÄÓÊÖÈß ÏÎËÈÝÏÈÒÎÏÍÎÃÎ ÁÅËÊÀ ÂÈÐÓÑÀ ßÙÓÐÀ
Â  ÁÀÊÒÅÐÈßÕ È ÐÀÑÒÅÍÈßÕ Ñ ÖÅËÜÞ ÏÎËÓ×ÅÍÈß
ÏÎÒÅÍÖÈÀËÜÍÎÉ ÂÀÊÖÈÍÛ
Àíäðèàíîâà Å.Ï., Êðåìåí÷óãñêàÿ Ñ.Ð., Áîðèñîâ Â.Â., Ýëüäàðîâ Ì.À.,
Ôîëèìîíîâ À.Ñ.
Öåíòð "Áèîèíæåíåðèÿ" ÐÀÍ, Ìîñêâà
E-mail: andrianovak@rambler.ru
Ôàêñ: (499) 135-05-71; òeë.: (499) 135-12-30

Íà÷èíàÿ ñ äâàäöàòîãî ñòîëåòèÿ, æèâîòíîâîäñòâî ìíîãèõ ñòðàí ìèðà
íåñåò áîëüøèå óáûòêè îò ýïèäåìè÷åñêèõ âñïûøåê ÿùóðà. Äëÿ ïðîôèëàêòèêè
ÿùóðà â íàñòîÿùåå âðåìÿ øèðîêî èñïîëüçóþòñÿ âàêöèíû íà îñíîâå
èíàêòèâèðîâàííîãî âèðóñà. Ê ñîæàëåíèþ, òàêèå âàêöèíû èìåþò ðÿä
ñóùåñòâåííûõ íåäîñòàòêîâ, íàèáîëåå ñåðüåçíûå èç êîòîðûõ – íåîáõîäèìîñòü
èñïîëüçîâàíèÿ ñïåöèàëüíûõ ëàáîðàòîðèé äëÿ èõ ïîëó÷åíèÿ, ñëîæíîñòü
äîñòîâåðíîãî äèàãíîñòè÷åñêîãî ðàçëè÷èÿ âàêöèíèðîâàííîãî æèâîòíîãî îò
çàáîëåâøåãî ïîñëå èõ èñïîëüçîâàíèÿ è íåäîñòàòî÷íàÿ áûñòðîòà ïîëó÷åíèÿ
â óñëîâèÿõ âîçíèêíîâåíèÿ î÷àãà çàáîëåâàíèÿ. Ìû èññëåäóåì âîçìîæíîñòü
ïðèìåíåíèÿ ïðåïàðàòîâ ðåêîìáèíàíòíûõ áåëêîâ, îáðàçîâàííûõ íàáîðîì
íàèáîëåå èììóíîãåííûõ ýïèòîïîâ âèðóñà ÿùóðà â ñîñòàâå îäíîé
ïîëèïåïòèäíîé öåïè. Âàêöèíàöèÿ òàêèìè ïîëèýïèòîïíûìè áåëêàìè,
ñîäåðæàùèìè êîìáèíàöèþ õîðîøî èçó÷åííûõ Â- è Ò-êëåòî÷íûõ ýïèòîïîâ
âèðóñà, ìîæåò ïðèâîäèòü ê óëó÷øåíèþ èììóííîãî îòâåòà ó æèâîòíîãî è
ñïîñîáñòâîâàòü áîëåå ýôôåêòèâíîé çàùèòå.

Â íàøåé ëàáîðàòîðèè áûë ñêîíñòðóèðîâàí ñèíòåòè÷åñêèé ãåí,
êîäèðóþùèé ôðàãìåíòû ñòðóêòóðíûõ (VP1, VP4) è íåñòðóêòóðíûõ (2C, 3D)
áåëêîâ âèðóñà ÿùóðà íàèáîëåå øèðîêî ðàñïðîñòðàíåííîãî èçîëÿòà
Î/Òàéâàíü/99. Âî èçáåæàíèå ïîòåíöèàëüíûõ ïðîáëåì ñâîðà÷èâàíèÿ áåëêà
ýïèòîïû áûëè ðàçäåëåíû "ãèáêèìè" ãëèöèí-áîãàòûìè ëèíêåðàìè.
Â ïîñëåäîâàòåëüíîñòü ðåêîìáèíàíòíîãî áåëêà áûëè âêëþ÷åíû
äîïîëíèòåëüíûå ôðàãìåíòû, ïðåäñòàâëÿþùèå ñîáîé â îäíîì ñëó÷àå õèòèí-
ñâÿçûâàþùèé äîìåí, à â äðóãîì – øåñòü àìèíîêèñëîòíûõ îñòàòêîâ ãèñòèäèíà
äëÿ âîçìîæíîñòè àôôèííîé î÷èñòêè áåëêà â íàòèâíûõ èëè äåíàòóðèðóþùèõ
óñëîâèÿõ, ñîîòâåòñòâåííî.

Ïîëèýïèòîïíûé áåëîê áûë ýêñïðåññèðîâàí â áàêòåðèÿõ è ðàñòåíèÿõ.
Äëÿ ïîëó÷åíèÿ áåëêà â áàêòåðèàëüíîé ñèñòåìå ýêñïðåññèè áûëè èñïîëüçîâàíû
êëåòêè E.coli øòàììà Rosetta 2 (DE3), òðàíñôîðìèðîâàííûå ïëàçìèäîé
pET23, êîäèðóþùåé ðåêîìáèíàíòíûé ãåí. Â ýòîé ñèñòåìå áåëîê áûë
ýêñïðåññèðîâàí ñ èñïîëüçîâàíèåì ìåòîäà ñàìîèíäóêöèè. Â êà÷åñòâå
ðàñòèòåëüíîé ñèñòåìû áûëè èñïîëüçîâàíû ðàñòåíèÿ N. benthamiana, ãäå áåëîê
ýêñïðåññèðîâàëè ñ ïîìîùüþ ìîäèôèöèðîâàííîãî Õ-âèðóñà êàðòîôåëÿ è
àãðîáàêòåðèàëüíîé èíîêóëÿöèè. Áåëêè áûëè âûäåëåíû, î÷èùåíû è
ïðîâåðåíû íà ðàñòâîðèìîñòü â ôèçèîëîãè÷åñêèõ óñëîâèÿõ.

Ïðåïàðàòû ïîëèýïèòîïíîãî áåëêà, ïîëó÷åííîãî â áàêòåðèÿõ, áûëè
èñïîëüçîâàíû äëÿ îäíîêðàòíîé èììóíèçàöèè ìîðñêèõ ñâèíîê. Áûëî
ïîêàçàíî, ÷òî ó øåñòè èç ñåìè èììóíèçèðîâàííûõ æèâîòíûõ íå ðàçâèâàëèñü
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ïðèçíàêè çàáîëåâàíèÿ ïîñëå çàðàæåíèÿ âèðóñîì ÿùóðà. Â ñûâîðîòêå
æèâîòíûõ ïðèñóòñòâîâàëè àíòèòåëà ê âèðóñó ÿùóðà ñåðîòèïà Î, ëåãêî
âûÿâëÿåìûå ìåòîäàìè íåïðÿìîãî èììóíîôåðìåíòíîãî àíàëèçà è â ðåàêöèè
íåéòðàëèçàöèè öèòîïàòè÷åñêîãî ýôôåêòà âèðóñà. Àíòèòåëà ñûâîðîòîê
èììóíèçèðîâàííûõ æèâîòíûõ ïðåèìóùåñòâåííî ðåàãèðîâàëè ñ âèðóñíûì
áåëêîì VP1.

Ïîëó÷åííûå â íàøåé ðàáîòå ðåçóëüòàòû ïîçâîëÿþò ïðåäïîëîæèòü
ïåðñïåêòèâíîñòü ðàçðàáàòûâàåìîãî ìåòîäà èììóíèçàöèè æèâîòíûõ
ïîëèýïèòîïíûì áåëêîì.

PRODUCTION OF FMDV POLYEPITOPE PROTEIN IN BACTERIA
AND PLANTS AS A POTENTIAL VACCINE
Andrianova E.P., Kremenchugskaya S.R., Borisov V.V., Eldarov M.A.,
Folimonov A.S.
Centre "Bioengineering" RAS, Moscow
E-mail: andrianovak@rambler.ru
Fax: (499) 135-05-71; tel.: (499) 135-12-30

Foot-and-mouth disease (FMD) causes economical losses in the livestock
industry of many countries of the world. The modern technology to control FMD
is based on the vaccine which is chemically inactivated virus. Unfortunately this
method has a number of disadvantages including the need of high-containment
facilities, difficulties in reliable distinguishing vaccinated from infected animals
and not an adequate rate of vaccine production in a case of emergency. We are
developing alternative FMD vaccine-candidate, based on the proteins, consisting
of efficient viral epitopes. Vaccination by such polyepitope proteins, which include
a combination of well characterized B- and T-cell epitopes of the virus, may result
in improving of animal immune response and inducing protection from the disease.
Polyepitope proteins can be obtained fast and in great quantities using well
established E. coli expression system. The use of inexpensive plant expression
system is also being researched.

The recombinant gene designed in our laboratory encoded fragments of
structural (VP1, VP4) and non-structural proteins (2C, 3D) of wide spread isolate
FMDV O/Taiwan/99. Epitopes were separated by "flexible" glycine-rich linkers
to prevent possible problems with folding of the protein. The protein was expressed
with two affinity tags, chitin binding domain and six histidines for purification in
native and denaturating conditions, respectively.

The polyepitope protein was expressed in bacteria and plants. The bacterial
strain Rosseta 2 was transforemed with pET23 plasmid, which carried the
recombinant gene. In this system the protein was produced by autoinduction
method. In N. benthamiana plants the protein was expressed using a modified
potato virus X construct with agroinfiltration. Produced proteins were extracted,
purified and water solubility was examined.

The bacterial protein was used for single immunization of guinea pigs. Six of
seven immunized animals did not develop FMD symptoms after inoculation with
the virus. The sera of immunized animals contained FMDV type O-specific
antibodies readily detectable with commercial ELISA kits and in reaction of
neutralization of virus cytopathic effect. The antibodies primarily reacted with
protein VP1.

The obtained results suggest that the polyepitope protein immunization method
being developed is promising.
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Àíàëèç êîëè÷åñòâà ìåðòâûõ êëåòîê (ìåòîäîì èñêëþ÷åíèÿ òðèïàíîâîãî
ñèíåãî) ïîäòâåðäèë âûñîêèé òîêñè÷åñêèé ýôôåêò ãèáðèäíîãî áåëêà
ETA-EGFP â êëåòêàõ, òðàíñôèöèðîâàííûõ pCMV-ETA-EGFP è
êîòðàíñôèöèðîâàííûõ pCMV-ETA-EGFP è pEGFP-N1. Èñïîëüçóÿ
ñóáñòðàòíûé Ac-DEVD-AFC òåñò, ìû îáíàðóæèëè, ÷òî ETA-EGFP ãèáðèäíûé
áåëîê èíäóöèðîâàë àïîïòîòè÷åñêóþ ãèáåëü êëåòîê ïóòåì àêòèâàöèè
êàñïàçû-3.

Âàæíûì àñïåêòîì ãåííîé òåðàïèè ÿâëÿåòñÿ èññëåäîâàíèå ýôôåêòîâ
ýêñïðåññèè òîêñè÷íûõ áåëêîâ â êëåòêàõ. Îäíàêî, äëÿ ýòîãî òðåáóþòñÿ
ñïåöèàëüíûå ìåòîäû äëÿ îïðåäåëåíèÿ àêòèâíîñòè íîâûõ âåêòîðîâ.
Îòíîñèòåëüíî ïðîñòûì è áûñòðûì ìåòîäîì îïðåäåëåíèÿ ýêñïðåññèè ãåíîâ,
êîäèðóþùèõ òîêñè÷íûå áåëêè, ÿâëÿåòñÿ êîòðàíñôåêöèÿ ñîçäàííûõ
êîíñòðóêöèé ñ ëþöèôåðàçî- èëè GFP (green fluorescent protein)-ñîäåðæàùèìè
âåêòîðàìè. Â ýòèõ óñëîâèÿõ ïðîäóêò ýêñïðåññèè òîêñè÷íîãî ãåíà
ñïåöèôè÷åñêè èíãèáèðóåò ýêñïðåññèþ ðåïîðòåðíîãî ãåíà. Ïðè ýòîì,
ñóùåñòâóþò òàêèå êëåòî÷íûå áåëêè, êîòîðûå ÿâëÿþòñÿ î÷åíü
÷óâñòâèòåëüíûìè ê âíåøíèì ñòèìóëàì, òàêèì êàê ââåäåíèå ÷óæåðîäíûõ
àãåíòîâ. Ýòè áåëêè òàêæå ìîãóò ñëóæèòü èíäèêàòîðàìè ïîñëåäñòâèé ââåäåíèÿ
âåêòîðîâ â êëåòêè. Ïîäîáíûìè ðåàêöèîííûìè ìàðêåðàìè ìîãóò ñëóæèòü
íåêîòîðûå ñïåöèôè÷åñêèå ÿäðûøêîâûå áåëêè. Ïðè èììóíîöèòîõèìè÷åñêîì
àíàëèçå, èñïîëüçóÿ àíòèòåëà ïðîòèâ îäíîãî èç ìàðêåðíûõ áåëêîâ ÿäðûøêà
À3, ëîêàëèçàöèÿ êîòîðîãî ìåíÿåòñÿ ïðè îáðàáîòêå êëåòîê HeLa ìíîãèìè
èçâåñòíûìè èíãèáèòîðàìè òðàíñëÿöèè, ìû ïîëó÷èëè äîêàçàòåëüñòâî òîãî,
÷òî áåëêîâûé ñèíòåç èíãèáèðóåòñÿ â òðàíñôèöèðîâàííûõ êëåòêàõ in situ.

ETA-EGFP ãèáðèäíûé áåëîê òàêæå áûë èäåíòèôèöèðîâàí â ëèçàòàõ
òðàíñôèöèðîâàííûõ êëåòîê ìåòîäîì Western-áëîòà ïðè ïîìîùè àíòèòåë
ïðîòèâ GFP.

Òàêèì îáðàçîì, íàøè ðåçóëüòàòû ïîêàçûâàþò, ÷òî êëåòêè HeLa,
òðàíñôèöèðîâàííûå pCMV-ETA-EGFP, ñèíòåçèðóþò ETA-EGFP ãèáðèäíûé
áåëîê, êîòîðûé ýôôåêòèâíî èíãèáèðóåò áåëêîâûé ñèíòåç, ïðèâîäÿ ê ìàññîâîé
ãèáåëè êëåòîê ïóòåì àïîïòîçà ÷åðåç êàñïàçà-3-çàâèñèìûé ïóòü.
Ñêîíñòðóèðîâàííûé âåêòîð ìîæåò áûòü èñïîëüçîâàí ïðè ãåíîòåðàïèè ðàêà,
à òàêæå ïîëåçåí ïðè èññëåäîâàíèè òðàíñëÿöèîííûõ íàðóøåíèé â
çëîêà÷åñòâåííûõ êëåòêàõ ÷åëîâåêà. Òàêæå ìû ïðåäëàãàåì íîâûé ïîäõîä äëÿ
îïðåäåëåíèÿ àêòèâíîñòè âåêòîðîâ, êîäèðóþùèõ èíãèáèòîðû áåëêîâîãî
ñèíòåçà, îñíîâûâàÿñü íà ïåðåðàñïðåäåëåíèè ÿäðûøêîâûõ áåëêîâ â
òðàíñôèöèðîâàííûõ êëåòêàõ.

ÊÎÍÑÒÐÓÈÐÎÂÀÍÈÅ ÍÎÂÎÃÎ ÂÅÊÒÎÐÀ ÄËß ÝÊÑÏÐÅÑÑÈÈ
ETA-EGFP ÃÈÁÐÈÄÍÎÃÎ ÁÅËÊÀ È ÅÃÎ ÝÔÔÅÊÒÛ Â
ÊËÅÒÊÀÕ HeLa
Àðåôüåâà À.Ñ., Ãëèíêà Å.Ì., Ñàïîæíèêîâ À.Ì., Çàöåïèíà Î.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
E-mail: quality4@rambler.ru
Ôàêñ: (495) 330-66-47; òåë.: (495) 779-23-66

Êîíñòðóèðîâàíèå âåêòîðîâ äëÿ ýêñïðåññèè öèòîòîêñè÷íûõ áåëêîâ è èõ
íàïðàâëåííàÿ äîñòàâêà â îïóõîëåâûå êëåòêè ÿâëÿþòñÿ ìíîãîîáåùàþùèì
ïîäõîäîì â ãåíîòåðàïèè ðàêà. Âîîáùå, ïîñëåäîâàòåëüíîñòè ãåíîâ
âûñîêîýôôåêòèâíûõ öèòîòîêñè÷íûõ áåëêîâ, ýêñïðåññèÿ êîòîðûõ èíäóöèðóåò
êëåòî÷íóþ ñìåðòü, øèðîêî èñïîëüçóþòñÿ ïðè êîíñòðóèðîâàíèè âåêòîðîâ äëÿ
ãåííîé òåðàïèè. Ýêçîòîêñèí À èç Pseudomonas aeruginosa (ETA, exotoxin A)
è äèôòåðèéíûé òîêñèí (DT-A, diphtheria toxin A) ÿâëÿþòñÿ ìîùíûìè
öèòîòîêñè÷íûìè áåëêàìè, êîòîðûå îñòàíàâëèâàþò áåëêîâûé ñèíòåç ïóòåì
èíàêòèâàöèè ôàêòîðà ýëîíãàöèè-2 (EF-2, elongation factor-2). Íàðÿäó ñ
ðàçðàáîòêîé òêàíå-/îïóõîëåñïåöèôè÷íûõ ïðîìîòîðîâ äëÿ àäðåñíîé
ýêñïðåññèè ãåíîâ òîêñè÷íûõ áåëêîâ â îïóõîëåâûõ êëåòêàõ èñïîëüçóåòñÿ è
ëîêàëüíàÿ ãåííàÿ òåðàïèÿ äëÿ ïðÿìîé äîñòàâêè âåêòîðîâ ñ âûñîêîàêòèâíûìè
ïðîìîòîðàìè, òàêèìè êàê öèòîìåãàëîâèðóñíûé ïðîìîòîð (CMV,
cytomegalovirus promoter), â îïóõîëåâûå òêàíè. Äîâîëüíî ÷àñòî áîëüøèíñòâî
òêàíåñïåöèôè÷íûõ ïðîìîòîðîâ ÿâëÿþòñÿ áîëåå ñëàáûìè ïî ñðàâíåíèþ ñ
øèðîêî èñïîëüçóåìûìè âèðóñíûìè ïðîìîòîðàìè, òàêèìè êàê CMV ðàííèé
ïðîìîòîð è SV40 ðàííèé ïðîìîòîð. Íåêîòîðûå íåâèðóñíûå ìåòîäû ãåííîé
äîñòàâêè, òàêèå êàê èíúåêöèè ïëàçìèäíîé ÄÍÊ, ýëåêòðîïîðàòèâíàÿ äîñòàâêà,
äîñòàâêà ñ ïîìîùüþ ëèïîñîì è ñî÷åòàíèå ýòèõ ìåòîäîâ, òàêæå ÿâëÿþòñÿ
ïîäõîäÿùèìè è ýôôåêòèâíûìè äëÿ òðàíñôåêöèè ñîëèäíûõ îïóõîëåé.

Ìû èñïîëüçîâàëè pEGFP-N1 âåêòîð ïðè êîíñòðóèðîâàíèè íîâîé
ïëàçìèäû (pCMV-ETA-EGFP) äëÿ ýóêàðèîòè÷åñêîé ýêñïðåññèè óñå÷åííîãî
ôðàãìåíòà ýêçîòîêñèíà À (ETA ôðàãìåíò áûë àìïëèôèöèðîâàí ñ ïëàçìèäû
pSW200, ëþáåçíî ïðåäîñòàâëåííîé Prof. Winfried Wels, Chemotherapeutisches
Forschungsinstitut Georg-Speyer-Haus, Frankfurt, Germany). Èçâåñòíî, ÷òî ETA
èíãèáèðóåò áåëêîâûé ñèíòåç è, ñëåäîâàòåëüíî, âûçûâàåò êëåòî÷íóþ ãèáåëü.
Ãåí ETA áûë ãåíåòè÷åñêè "ñëèò" ñ ãåíîì çåëåíîãî ôëóîðåñöèðóþùåãî áåëêà
(EGFP, enhanced green fluorescent protein), ïðè ýòîì ýêñïðåññèÿ ãèáðèäíîãî
ÅTA-EGFP ãåíà áûëà ïîñòàâëåíà ïîä êîíòðîëü CMV ïðîìîòîðà. Ýôôåêòû
ýêñïðåññèè pCMV-ETA-EGFP îïðåäåëÿëè ïðè ïîìîùè ìåòîäà âðåìåííîé
òðàíñôåêöèè êóëüòóðû êëåòîê ÷åëîâåêà HeLa. Ïðè ìèêðîñêîïè÷åñêîì àíàëèçå
êëåòêè HeLa, òðàíñôèöèðîâàííûå pCMV-ETA-EGFP è êîòðàíñôèöèðîâàííûå
pCMV-ETA-EGFP è pEGFP-N1, ïðîÿâëÿëè íèçêóþ èíòåíñèâíîñòü
ôëóîðåñöåíöèè ïî ñðàâíåíèþ ñ êëåòêàìè, òðàíñôèöèðîâàííûìè òîëüêî
pEGFP-N1. Ðåçóëüòàòû ïðîòî÷íîé öèòîìåòðèè ñîîòâåòñòâîâàëè òàêîâûì,
ïîëó÷åííûì â ðåçóëüòàòå ôëóîðåñöåíòíîé ìèêðîñêîïèè, è äàâàëè
èíôîðìàöèþ î ôóíêöèÿõ ETA-EGFP ãèáðèäíîãî áåëêà.
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luciferase- or GFP (green fluorescent protein)-containing vectors. In such cases,
the expression product of the toxic gene specifically inhibits reporter gene
expression. Additionally, there are cell proteins that are very sensitive to external
stimuli such as the introduction of foreign agents. Such proteins can also serve as
indicators of the effects that arise from the introduction of such vectors into cells.
Several specific nucleolar proteins may be used as reaction markers in cells. During
immunocytochemistry, using the antibody against a marker nucleolar antigen A3,
the distribution of which changes when HeLa cells are treated with known
translation inhibitors, we obtained evidence to support the idea that protein synthesis
is inhibited in transfected cells in situ.

ETA-EGFP fusion protein was identified in lysates of transfected cells by
employing the Western blot analysis (using anti-GFP antibodies).

Collectively, our results indicate that HeLa cells transfected with pCMV-
ETA-EGFP synthesize the ETA-EGFP fusion protein that efficiently inhibits protein
synthesis, leading to massive cell death by an apoptosis-mediated pathway with a
participation of caspase-3. The constructed vector can be used in suicidal gene
therapy of cancer and may also be useful for investigating the general effects of
translational downregulation in human cancer cells. We also suggest a novel
approach for detecting the activity of new vectors encoding different translation
inhibitors, which is based on the redistribution of nucleolar proteins in transfected
cells.

CONSTRACTION OF THE NOVEL VECTOR FOR EXPRESSION
OF ETA-EGFP FUSION PROTEIN AND ITS EFFECTS IN HeLa
CELLS
Arefieva A.S., Glinka E.M., Sapozhnikov A.M., Zatsepina O.V.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: quality4@rambler.ru
Fax: (495) 330-66-47; tel.: (495) 779-23-66

Construction of vectors expressing cytotoxic proteins and their targeted
delivery into malignant tumor cells is a promising approach for gene therapy.
Generally, the gene sequences of highly potent cytotoxic proteins, the expression
of which induce cell death, are used in gene therapy vectors. Exotoxin A of
Pseudomonas aeruginosa (ETA) and diphtheria toxin (DT-A) are powerful
cytotoxic proteins that arrest protein synthesis by inactivating elongation factor-2
(EF-2). Alongside the development of tissue/tumor-specific promoters for the
targeted expression of genes of toxic proteins in cancer cells, local gene therapy
can be used for the directed transfer of vectors with very active promoters, such as
the cytomegalovirus promoter (CMV), into tumor tissues. Very often, most tissue-
specific promoters are much weaker than commonly used viral promoters such as
the CMV early promoter and SV40 early promoter. Some non-viral methods of
gene delivery, such as plasmid DNA injection, electroporation-assisted delivery,
liposome-enhanced techniques, as well as combinations of these methods, are
feasible and efficient for transfecting solid tumors.

We used the pEGFP-N1 vector to construct a novel plasmid (pCMV-ETA-
EGFP) for eukaryotic expression of a truncated exotoxin A (ETA fragment  was
amplified from plasmid pSW200, kindly provided by Prof. Winfried Wels,
Chemotherapeutisches Forschungsinstitut Georg-Speyer-Haus, Frankfurt,
Germany). That is known to inhibit protein synthesis, and subsequently induce
cell death. ETA gene was linked genetically to the enhanced green fluorescent
protein (EGFP) gene, and ETA-EGFP gene expression was driven by the CMV
promoter. The effects of pCMV-ETA-EGFP expression were examined in
transiently transfected HeLa cells. According the microscopic analysis, HeLa cells
transfected with pCMV-ETA-EGFP or cotransfected with pCMV-ETA-EGFP and
pEGFP-N1 showed lower fluorescence intensity, than cells transfected with pEGFP-
N1 alone. The flow cytometry results were in good agreement with those obtained
by fluorescence microscopy and revealed the functions of the ETA-EGFP fusion
protein.

Analysis of the number of dead cells (using trypan blue exclusion assay)
further confirmed the highly toxic effect of the ETA-EGFP fusion protein on cells
transfected with pCMV-ETA-EGFP or cotransfected with pCMV-ETA-EGFP and
pEGFP-N1. Using Ac-DEVD-AFC substrate test we discovered that ETA-EGFP
fusion protein induced apoptotic cell death through the caspase-3 activation.

An important aspect of gene therapy is the study of the effects of toxic protein
expression in cells. However, this requires methods for detecting the activity of
new vectors. Relatively simple and rapid method for estimating the expression of
a gene encoding a toxic protein is to cotransfect the created constructs with
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èç îáùåãî ïðàâèëà. Äëÿ èññëåäîâàíèÿ âîçìîæíîñòè àóòîãåííîãî êîíòðîëÿ
ýêñïðåññèè îïåðîíà in vivo ñîçäàíû ñïåöèàëèçèðîâàííûå øòàììû, â êîòîðûõ
ñèíòåç β-ãàëàêòîçèäàçû ñ õðîìîñîìíîãî lacZ-ãåíà íàïðàâëÿåòñÿ îáëàñòüþ
èíèöèàöèè òðàíñëÿöèè rpsB-ìÐÍÊ, âêëþ÷àþùåé 5'-íåòðàíñëèðóåìóþ
îáëàñòü (5'-ÍÒÎ) ðàçëè÷íîé äëèíû (êàê ïðèðîäíóþ äëèíîé 162 íò, òàê è
óêîðî÷åííûå âàðèàíòû), à òàêæå ïëàçìèäà, ýêñïðåññèðóþùàÿ S2 ñ
rpsB-ïðîìîòîðà. Cèíòåç S2 ñ ïëàçìèäû ñïåöèôè÷åñêè ïîäàâëÿë ýêñïðåññèþ
rpsB-lacZ-ðåïîðòåðà, åñëè äëèíà 5'-ÍÒÎ íå ìåíåå 120 íò, ÷òî ïðÿìî
äîêàçûâàåò ôóíêöèþ S2 êàê àóòîãåííîãî ðåïðåññîðà. Ïîêàçàíà
êîíñåðâàòèâíîñòü ôîëäèíãà 5'-ÍÒÎ ó ðàçíûõ ïðåäñòàâèòåëåé
γ-ïðîòåîáàêòåðèé: â êàæäîì ñëó÷àå äâå ïðîòÿæåííûå øïèëå÷íûå ñòðóêòóðû
LH è RH ðàçäåëåíû ñëàáîñòðóêòóðèðîâàííîé öåíòðàëüíîé îáëàñòüþ CR.
Áîëåå òîãî, íåêîòîðûå ó÷àñòêè ïîñëåäîâàòåëüíîñòè 5'-ÍÒÎ îêàçàëèñü
óíèâåðñàëüíî êîíñåðâàòèâíûìè, ÷òî ïðåäïîëàãàåò èõ âàæíóþ ðîëü â
ðåãóëÿöèè ýêñïðåññèè. Ôèëîãåíåòè÷åñêèå ïðåäñêàçàíèÿ ïîäòâåðæäåíû
ýêñïåðèìåíòàëüíî. Ïîëó÷åííûå äàííûå óêàçûâàþò íà âûñîêóþ
êîíñåðâàòèâíîñòü ìåõàíèçìà ðåãóëÿöèè îïåðîíà rpsB-tsf â ýâîëþöèè
ïðîòåîáàêòåðèé.

Ñ ïîìîùüþ Âåñòåðí- è Íîçåðí-áëîòòèíãà èññëåäîâàí ìåõàíèçì
ðåãóëÿöèè ýêñïðåññèè âòîðîãî ãåíà îïåðîíà, tsf, êîòîðûé íå èìååò
ñîáñòâåííîãî ïðîìîòîðà è òðàíñêðèáèðóåòñÿ êàê ÷àñòü áèöèñòðîííîãî
òðàíñêðèïòà. Ïîêàçàíî, ÷òî ïðÿìîå èíãèáèðîâàíèå òðàíñëÿöèè rpsB-ãåíà
áåëêîì S2 îêàçûâàåò ïîëÿðíûé ýôôåêò íà òðàíñêðèïöèþ âòîðîãî öèñòðîíà
(è êàê ñëåäñòâèå íà óðîâåíü ñèíòåçà ôàêòîðà Ts) â ðåçóëüòàòå íàðóøåíèÿ
òðàíñêðèïöèîííî-òðàíñëÿöèîííîãî ñîïðÿæåíèÿ â ïðåäåëàõ rpsB-ãåíà.

Ïîêàçàíî, ÷òî äëÿ àóòîãåííîé ðåãóëÿöèè ñâîåãî îïåðîíà áåëêó S2
òðåáóåòñÿ ïîìîùíèê, ð-áåëîê S1. Îêàçàëîñü, ÷òî íàðóøåíèå àóòîãåííîãî
êîíòðîëÿ ïðîèñõîäèò íå òîëüêî â rpsB-ìóòàíòàõ (íàðóøåíèå ðåãóëÿöèè â
ìóòàíòàõ ïî ãåíó, êîäèðóþùåìó áåëîê-ðåãóëÿòîð, òèïè÷íî äëÿ îïåðîíîâ ð-
áåëêîâ), íî è â ìóòàíòå ïî ãåíó áåëêà S1 (rpsA::IS10) ñ íèçêèì óðîâíåì ñèíòåçà
óêîðî÷åííîãî âàðèàíòà áåëêà. Çàâèñèìîñòü îò óðîâíÿ ñèíòåçà ð-áåëêà,
êîäèðóåìîãî â äðóãîì îïåðîíå, ïðåäïîëàãàåò, ÷òî â ðåãóëÿöèè ìîæåò
ó÷àñòâîâàòü êîìïëåêñ ð-áåëêîâ S1-S2. Îáðàçîâàíèå òàêîãî êîìïëåêñà äîêàçàíî
ñ ïîìîùüþ èììóíîïðåöèïèòàöèè. Ò.î., âûÿâëåíî ïðèíöèïèàëüíîå îòëè÷èå
ìåõàíèçìà àóòîêîíòðîëÿ îïåðîíà rpsB-tsf îò èçâåñòíûõ ìîäåëåé ðåãóëÿöèè
äðóãèõ îïåðîíîâ ð-áåëêîâ, ãäå áåëêó-ðåïðåññîðó íå òðåáóåòñÿ ïîìîùíèê.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòîâ ÐÔÔÈ 06-04-48353 è 09-04-
01014, îñíîâíûå ðåçóëüòàòû îïóáëèêîâàíû: Aseev et al. 2008. RNA 14: 1882-
1894; Àñååâ è äð. 2009. Ìîë. Áèîë. 43: 111-118.
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ÐÈÁÎÑÎÌÍÛÉ ÁÅËÎÊ S2 È ÔÀÊÒÎÐ ÝËÎÍÃÀÖÈÈ Ts
Àñååâ Ë.Â., Áîíè È.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
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Àóòîãåííàÿ ðåãóëÿöèÿ ñèíòåçà ðèáîñîìíûõ áåëêîâ (ð-áåëêîâ) –
íåîáõîäèìîå óñëîâèå ïîääåðæàíèÿ ýêâèìîëÿðíîñòè ñèíòåçà ðèáîñîìíûõ
êîìïîíåíòîâ ó áàêòåðèé. Ìîëåêóëÿðíûå ìåõàíèçìû àóòîãåííîãî êîíòðîëÿ
èçó÷åíû äëÿ ìíîãèõ ðèáîñîìíûõ îïåðîíîâ, îäíàêî îïåðîí rpsB-tsf,
êîäèðóþùèé æèçíåííî âàæíûå êîìïîíåíòû òðàíñëÿöèîííîãî àïïàðàòà –
ð-áåëîê S2 è ôàêòîð ýëîíãàöèè Ts, íèêîãäà íå èññëåäîâàëñÿ è äàæå åãî
ïðîìîòîð íå áûë ëîêàëèçîâàí. Öåëü ðàáîòû – èçó÷åíèå îñîáåííîñòåé
ðåãóëÿöèè îïåðîíà rpsB-tsf ó Escherichia coli è ðîäñòâåííûõ áàêòåðèé â
ñðàâíåíèè ñ èçâåñòíûìè ìîäåëÿìè ðåãóëÿöèè äðóãèõ ðèáîñîìíûõ îïåðîíîâ.
Â ðàáîòå ïîëó÷åíû ñëåäóþùèå ïðèíöèïèàëüíî íîâûå ðåçóëüòàòû.

Âïåðâûå ëîêàëèçîâàí ïðîìîòîð îïåðîíà è ïîêàçàíà åãî
êîíñåðâàòèâíîñòü â γ-ïîäêëàññå ïðîòåîáàêòåðèé. Äëÿ èäåíòèôèêàöèè
ïðîìîòîðà êàðòèðîâàíû 5'-êîíöû rpsB-òðàíñêðèïòîâ ìåòîäîì óäëèíåíèÿ
ïðàéìåðà íà ñóììàðíîé êëåòî÷íîé ÐÍÊ. Îáíàðóæåí åäèíñòâåííûé ñèãíàë,
ñîîòâåòñòâóþùèé ïîçèöèè -162 (îòíîñèòåëüíî À â ñòàðòîâîì êîäîíå AUG
rpsB-ìÐÍÊ). Àíàëèç ïîñëåäîâàòåëüíîñòè ïåðåä ëîêàëèçîâàííûì
òðàíñêðèïöèîííûì ñòàðòîì ïîçâîëèë ïðåäïîëîæèòü, ÷òî òðàíñêðèïöèÿ
îïåðîíà íàïðàâëÿåòñÿ åäèíñòâåííûì ïðîìîòîðîì TGTGGTATAAA,
ïðèíàäëåæàùèì ê ðåäêîìó êëàññó "óäëèíåííûõ" -10 ïðîìîòîðîâ, ÷òî
ïîäòâåðæäåíî ìóòàöèîííûì àíàëèçîì. Óäëèíåííûé -10-ýëåìåíò îòäåëåí îò
ñòàðòà òðàíñêðèïöèè òàê íàçûâàåìûì äèñêðèìèíàòîðîì GCGCGC,
òèïè÷íûì äëÿ ïðîìîòîðîâ ñòàáèëüíûõ ÐÍÊ, íåãàòèâíî ðåãóëèðóåìûõ
àëàðìîíîì ppGpp ïðè àìèíîêèñëîòíîì ãîëîäàíèè, íî ðåäêèì äëÿ ïðîìîòîðîâ
áåëêîâûõ îïåðîíîâ. Ïîëó÷åíû äàííûå, ÷òî GC-áîãàòûé äèñêðèìèíàòîð
îòâå÷àåò çà íåãàòèâíóþ ðåãóëÿöèþ rpsB-ïðîìîòîðà ïðè óâåëè÷åíèè óðîâíÿ
ppGpp â êëåòêå. Ôèëîãåíåòè÷åñêèé àíàëèç âûÿâèë âûñîêóþ êîíñåðâàòèâíîñòü
ñòðîåíèÿ ïðîìîòîðíîé îáëàñòè îïåðîíà rpsB-tsf (ñî÷åòàíèå óäëèíåííîãî –
10-ýëåìåíòà è GC-áîãàòîãî äèñêðèìèíàòîðà) ó γ-ïðîòåîáàêòåðèé.

Âïåðâûå ïîêàçàíî, ÷òî ð-áåëîê S2 ñëóæèò íåãàòèâíûì ðåãóëÿòîðîì
ýêñïðåññèè îïåðîíà rpsB-tsf íà ïîñò-òðàíñêðèïöèîííîì óðîâíå. Îïåðîí
rpsB-tsf àïðèîðè íå ïîä÷èíÿåòñÿ êëàññè÷åñêîé ñõåìå àóòîãåííîé ðåãóëÿöèè
ð-áåëêîâ, ñîãëàñíî êîòîðîé îäèí èç ïðîäóêòîâ îïåðîíà ÿâëÿåòñÿ íå òîëüêî
ñòðóêòóðíûì êîìïîíåíòîì ðèáîñîìû, íàïðÿìóþ âçàèìîäåéñòâóþùèì ñ
ðÐÍÊ íà ïåðâûõ ýòàïàõ ñáîðêè ñóá÷àñòèö, íî è íåãàòèâíûì ðåãóëÿòîðîì,
ñïîñîáíûì ïîäàâëÿòü òðàíñëÿöèþ ñâîåé ìÐÍÊ, åñëè åãî êîëè÷åñòâî â êëåòêå
ïðåâûøàåò óðîâåíü ðÐÍÊ. Îäíàêî, S2 íå óçíàåò ñâîáîäíóþ ðÐÍÊ è
âêëþ÷àåòñÿ â ñîñòàâ 30S ñóá÷àñòèö íà çàâåðøàþùåì ýòàïå ñáîðêè, ïîýòîìó
êàê ïîòåíöèàëüíûé áåëîê-ðåïðåññîð îí àïðèîðè ïðåäñòàâëÿë èñêëþ÷åíèå
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the plasmid producing S2 from the rpsB promoter. S2 in trans specifically inhibited
expression of the rpsB-lacZ reporter if the length of 5'-UTR was no less than 120
nt. Thus, the role of S2 as autogenous repressor was directly proven. Phylogenetic
analysis revealed high conservation of the 5'-UTR specific folding among
γ-proteobacteria: in all cases two long irregular hairpins LH and RH were separated
by loosely structured central region CR. Moreover, several short sequences within
CR and RH appeared to be universally conserved, implying their important role in
expression regulation. Phylogenetic predictions were experimentally confirmed,
thus indicating high level of conservation of the regulatory mechanism in evolution
of proteobacteria.

Western- and Nothern-blot techniques were used to define the regulation
mechanism for the second gene in the operon, tsf, which has no its own promoter
and is transcribed as a part of bicistronic transcript. We showed that both genes
are regulated from a single target within 5'-UTR in front of rpsB; the rpsB translation
is directly inhibited by S2, this inhibition exerts a polar effect on transcription of
the second cistron (and therefore on Ts synthesis) caused by breaking the
transcription-translation coupling within rpsB.

It is shown that protein S2 needs a helper protein, r-protein S1, to regulate the
rpsB-tsf expression. The S2-mediated autogenous control appeared to be impaired
not only in rpsB mutants (abolished regulation in regulatory protein mutants is
typical for r-protein operons) but also in the rpsA mutant rpsA::IS10 producing
suboptimal level of truncated r-protein S1. Such dependence on synthesis of the
product of another operon is unique and suggests that the S1-S2 complex might be
involved in rpsB-tsf regulation. The formation of this complex was proven by
immunoprecipitation. This implies the principal difference of the mechanism for
the rpsB-tsf control from the known regulatory models where the r-protein repressor
does not need a helper protein.

This work is supported by RFBR grants 06-04-48353 and 09-04-01014; the
main results are published in Aseev et al., 2008, RNA 14:1882-1894; Aseev et al.
2009. Mol. Biol. (Russ) 43: 111-118.

REGULATION OF THE rpsB-tsf OPERON ENCODING
RIBOSOMAL PROTEIN S2 AND ELONGATION FACTOR Ts
Aseev L.V., Boni I.V.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: leroymail@gmail.com
Fax: (495) 330-65-38; tel.: (495) 330-63-29

Autogenous regulation of ribosomal protein (r-protein) synthesis ensures the
balanced and equimolar production of ribosomal components in bacteria. Molecular
mechanisms of the autogenous control have been studied for many of ribosomal
operons, except for rpsB-tsf encoding two essential proteins of translational
machinery, r-protein S2 and elongation factor Ts, which has never been studied
and where even promoter location has remained unknown. The main goal of our
study was to investigate the regulatory features of rpsB-tsf, in comparison with the
models of regulation developed for other r-protein operons. New fundamentally
important results obtained in our work are following.

The promoter of the operon was localized for the first time and shown to be
highly conserved in γ-subdivision of proteobacteria. To identify the rpsB
promoter(s), we have mapped 5'-ends of the in vivo rpsB transcripts by using
primer extension on the total cellular E. coli RNA. The only signal was found
which corresponded to the position -162 (relative to the A+1 of the rpsB start
codon AUG). Analysis of the sequence preceding this presumable transcriptional
start point suggested that rpsB-tsf transcription may be governed by a single
promoter TGTGGTATAAA belonging to the rare class of extended minus 10
promoters, which was further directly confirmed by site-directed mutations. The
extended -10 element is separated from the transcription start by a so-called
"discriminator" region GCGCGC, which is typical for stable RNA promoters under
negative control of the alarmone molecule ppGpp under amino acids starvation,
but rarely occurs in promoters for protein operons. We found that the GC-rich
discriminator is responsible for negative regulation of the rpsB promoter by elevated
level of ppGpp in a cell. Phylogenetic approach revealed high conservation of the
rpsB promoter design (combination of the extended -10 element with the GC-rich
discriminator) among γ-proteobacteria.

It is shown for the first time that r-protein S2 serves as a negative regulator of
the rpsB-tsf expression at the post-transcriptional level. The rpsB-tsf operon a
priori cannot fit the classical model for autogenous control of r-protein synthesis,
according to which one of the r-protein encoding by an operon serves not only as
a structural component directly interacting with rRNA at the first steps of ribosome
assembly but also as a negative regulator inhibiting translation of its own mRNA
if its level exceeds that of rRNA. Indeed, S2 does not recognize naked rRNA and
participates at the last step of the 30S assembly, therefore as a potential
autorepressor it a priori represents an exception from the canonic rule. To study
whether rpsB-tsf can be nevertheless regulated by S2, we created a series of
specialized strains where production of γ-galactosidase from chromosomal lacZ
gene is driven by translation initiation region of the rpsB mRNA bearing 5'-UTR
of differing length (native 162-nt long UTR and its truncated variants), as well as
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âûñîêàÿ òêàíåñïåöèôè÷åñêàÿ ýêñïðåññèÿ â ñåìåííèêàõ, ñëåäîâàòåëüíî, ìîæíî
ïðåäïîëîæèòü, ÷òî ïðèñóòñòâèå CpG-îñòðîâêà â ñîñòàâå ðåòðîòðàíñïîçîíà
îáåñïå÷èâàåò âûñîêóþ òêàíåñïåöèôè÷íóþ òðàíñêðèïöèþ ýëåìåíòîâ
CpG-SVA â ñåìåííèêàõ. Ýòî äîëæíî èìåòü âûãîäíûå ïîñëåäñòâèÿ äëÿ
ñåìåéñòâà CpG-SVA ñ òî÷êè çðåíèÿ ôèêñàöèè â ãåíîìå, âåäü äëÿ òîãî, ÷òîáû
ïîñëå âñòàâêè â ãåíîì õîçÿèíà ïåðåäàòüñÿ ïîòîìñòâó, ðåòðîòðàíñïîçîí äîëæåí
âñòðîèòüñÿ â êëåòêàõ çàðîäûøåâîé ëèíèè, íàïðèìåð, ðàñïîëîæåííûõ â
ñåìåííèêàõ. Äåéñòâèòåëüíî, ýâîëþöèîííî ìîëîäîå ñåìåéñòâî CpG-SVA
ìîæíî ïðèçíàòü âåñüìà "óñïåøíûì": âåäü ïîòîìêè îäíîé èç áîëåå ÷åì 1000
èìåâøèõñÿ íà òîò ìîìåíò â ãåíîìå ÷åëîâåêà êîïèé SVA (ò.å. <0.1%) äàëè 76
çàôèêñèðîâàííûõ â ãåíîìå âñòàâîê, ÷òî ñîñòàâëÿåò îêîëî 9% îò âñåõ
èçâåñòíûõ 860 ÷åëîâåê-ñïåöèôè÷íûõ âñòàâîê SVA.

Êðîìå òîãî, ìû ïîêàçàëè, ÷òî äëÿ îáðàòíîé òðàíñêðèïòàçû L1 õàðàêòåðíî
íåìàòðè÷íîå íàâåøèâàíèå öèòîçèíà íà 3'-êîíåö ñèíòåçèðîâàííîé ïåðâîé
öåïè êÄÍÊ.

ÍÎÂÎÅ ÑÅÌÅÉÑÒÂÎ ÌÎÁÈËÜÍÛÕ ÝËÅÌÅÍÒÎÂ ÃÅÍÎÌÀ
×ÅËÎÂÅÊÀ, ÎÁÐÀÇÎÂÀÍÍÎÅ ÏÐÈ ÇÀÕÂÀÒÅ ÏÅÐÂÎÃÎ
ÝÊÇÎÍÀ ÃÅÍÀ MAST2 ÐÅÒÐÎÒÐÀÍÑÏÎÇÎÍÎÌ SVA
Áàíòûø Î.Á., Áóçäèí À.À.
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Â ðåçóëüòàòå äåòàëüíîãî àíàëèçà ñòðóêòóðû ÷åëîâåê-ñïåöèôè÷íûõ
âñòàâîê ðåòðîòðàíñïîçîíîâ SVA, ìû îáíàðóæèëè 76 ýëåìåíòîâ, îáëàäàþùèõ
íåîáû÷íîé ñòðóêòóðîé: íà 5'-êîíöå îíè íåñëè êîïèè ïîñëåäîâàòåëüíîñòè
ïåðâîãî ýêçîíà ãåíà MÀST2, à íà 3'-êîíöå – ïîñëåäîâàòåëüíîñòü
ðåòðîòðàíñïîçîíà SVA. Äëèíû îáåèõ ÷àñòåé îáíàðóæåííûõ õèìåðíûõ
ýëåìåíòîâ ñèëüíî ðàçëè÷àëèñü: îò 35 äî 383 ï.î. äëÿ 5'-êîíöåâîé ÷àñòè è îò
662 äî 4255 ï.î. – äëÿ 3'-êîíöñâîé. Ïîñòîÿííîé îñòàâàëàñü òîëüêî ãðàíèöà
ìåæäó äâóìÿ ÷àñòÿìè. Òàêèå äâóõ÷àñòíûå ýëåìåíòû íåñëè íà 3'-êîíöå
ïîëè(À)-ïîñëåäîâàòåëüíîñòü ðàçëè÷íîé äëèíû è áûëè ôëàíêèðîâàíû
ïðÿìûìè ïîâòîðàìè. 5'-Êîíöåâàÿ ïîñëåäîâàòåëüíîñòü, êîìïëåìåíòàðíàÿ
ïåðâîìó ýêçîíó ãåíà MAST2, ñîäåðæàëà â ñâî¸ì ñîñòàâå CpG-îñòðîâîê,
ïîýòîìó îáíàðóæåííîå ñåìåéñòâî õèìåðíûõ ðåòðîòðàíñïîçîíîâ áûëî
íàçâàíî íàìè CpG-SVA.

Ñîãëàñíî ïðåäëîæåííîìó íàìè ìåõàíèçìó, CpG-SVA ñåìåéñòâî
îáðàçîâàëîñü ïðè ðåòðîòðàíñïîçèöèè ïðåäêîâîãî ýëåìåíòà, âîçíèêøåãî
áëàãîäàðÿ 5'-òðàíñäóêöèè, îñóùåñòâë¸ííîé ýëåìåíòîì SVA. Ïîñëå
ðàçäåëåíèÿ ïðåäêîâûõ ëèíèé ÷åëîâåêà è øèìïàíçå SVA âñòðîèëñÿ â ïåðâûé
èíòðîí MÀST2 â ïðÿìîé îðèåíòàöèè. Â ðåçóëüòàòå ñïëàéñèíãà àáåððàíòíîé
ÐÍÊ, ïîëó÷èâøåéñÿ ñ ïðîìîòîðà MAST2, íî òåðìèíàëüíî ïðîöåññèðîâàííîé
ïî ñèãíàëó ïîëèàäåíèëèðîâàíèÿ SVA, ïåðâûé ýêçîí ÌAST2 îáúåäèíèëñÿ ñî
ñïëàíèðîâàííûì 3'-êîíöåâûì ôðàãìåíòîì ðåòðîòðàíñïîçîíà.
Îáðàçîâàâøèéñÿ ïðåäêîâûé ýëåìåíò CpG-SVA â ðåçóëüòàòå ñîáñòâåííîé
ðåòðîïîçèöèè äàë íà÷àëî âûøåóïîìÿíóòîìó ñåìåéñòâó.

Êàðòèðîâàíèå ïðÿìûõ ïîâòîðîâ, ôëàíêèðóþùèõ âñòàâêè ýëåìåíòîâ
CpG-SVA, ïîçâîëèëî íàì îáíàðóæèòü 18 ñëó÷àåâ 5'-òðàíñäóêöèè è 13 ñëó÷àåâ
3'-òðàíñäóêöèè, íå îòíîñÿùåéñÿ ê CpG-SVA ãåíîìíîé ÄÍÊ. Ïðè ýòîì äëÿ
÷åòûð¸õ ýëåìåíòîâ íàáëþäàëèñü îäíîâðåìåííî è 5'-, è 3'-òðàíñäóêöèè. Âî
âñåõ ÷åòûðåõ ñëó÷àÿõ ýëåìåíò CpG-SVA áûë ôëàíêèðîâàí ñ 5'-êîíöà
òðàíñäóöèðîâàííîé ïîñëåäîâàòåëüíîñòüþ Alu ýâîëþöèîííî ñòàðîãî
ñåìåéñòâà AluSñ, à ñ 3'-êîèöà – òðàíñäóöèðîâàííîé ïîñëåäîâàòåëüíîñòüþ
îêîëî 400 ï.î., âêëþ÷àþùåé äðóãîé ýâîëþöèîííî ñòàðûé ýëåìåíò – AluSp.

Îáùíîñòü ñòðóêòóðû ýòèõ ÷åòûðåõ ëîêóñîâ ñâèäåòåëüñòâóåò îá èõ îáùåì
ïðîèñõîæäåíèè îò åäèíîãî ïðåäêîâîãî ýëåìåíòà CpG-SVA, ñîäåðæàùåãî
òðàíñäóöèðîâàííûå ïîñëåäîâàòåëüíîñòè ñ îáåèõ ñòîðîí.

Ïðèâëå÷åíèå CpG-îñòðîâêà â ñîñòàâ ýëåìåíòîâ ýòîãî õèìåðíîãî
ñåìåéñòâà, ïî-âèäèìîìó, îêàçàëîñü âûãîäíî ñ òî÷êè çðåíèÿ ïîâûøåíèÿ
÷àñòîòû ðåòðîòðàíñïîçèöèè. Èçâåñòíî, ÷òî äëÿ ãåíà MAST2 õàðàêòåðíà
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NOVEL FAMILY OF HUMAN TRANSPOSABLE ELEMENTS
FORMED DUE TO A FUSION OF THE FIRST EXON OF GENE
MAST2 WITH RETROTRANSPOSON SVA
Bantysh O.B., Buzdin A.À.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: olgabantysh@gmail.com
Fax/tel.: (495) 727-38-63

During the detailed structure analysis of human specific inserts of SVA
retrotransposons, we identified 76 elements of an unusual structure. These inserts
harbor a copy of 1st exon of gene MAST2 at the 5' end, and a part of SVA
retrotransposon sequence on the 3' terminus. Lengths of both parts of these chimeric
elements varied significantly: from 35 to 383 base pairs (b.p.) for the 5'-terminal
part and from 662 to 4255 b.p. for the 3'-part. Although lengths of both parts
varied, junction site was identical for all the elements. These binary elements had
a poly(A) sequence of a variable length on the 3' end, and were flanked by 10-12 b.p.
long direct repeats. The discovered chimeric family of retrotranposons was named
''CpG-SVA" because there was a CpG island on the "exonic" 5'-terminal part of
these elements.

We propose a mechanism for the formation of CpG-SVA family that includes
a 5'-transduction by an ancestral human specific SVA retrotransposon. An ancestral
SVA has inserted into the first intron of gene MAST2 in the sense orientation. Due
to slicing of an aberrant RNA driven by MAST2 promoter but terminally processed
using SVA polyadenylation signal, first exon of MAST2 has fused to a spliced
3'-terminal fragment of SVA retrotransposon. The above ancestor CpG-SVA element
due to retrotranspositions of its own copies has formed a novel family presented
in the modern human genome by 76 members.

We identified 18 cases of 5'- and 13 cases of 3'- CpG-SVA transduction of
genomic DNA flanking CpG-SVA insertion sites. Moreover, there were four
elements that had 3'- and 5'-transductions simultaneously. These "double
transducer'" CpG-SVA elements were flanked by identical evolutionally ancient
Alu repeat sequences of AluSc and AluSp families. Similar structures of these
four loci most likely evidence for their single ancestry.

Recruitment of a MAST2 CpG-island was most likely beneficial to the hybrid
retrotransposons because it could significantly increase retrotransposition
frequency. MAST2 gene is transcribed predominantly in testis. Apparently, the
presence of MAST2 CpG island in CpG-SVA elements might increase CpG-SVA
family transcription in testis, which would provide further fixation of novel
CpG-SVA inserts in genome, when retrotransposed in testicular germ cells. Indeed,
expansion of evolutionally young family CpG-SVA was very successful: only one
ancestor element among more than 1000 SVA copies presented in genome at that
time (i.e. < 0.1%) gave rise to 76 fixed novel inserts (over 9% of all 860 human
specified SVA inserts). Also we demonstrate that human L1 reverse transcriptase
adds an extra cytosine residue to the 3'-terminus of the nascent cDNA first strand.

ÑÈÍÒÅÇ È ÑÏÅÊÒÐÀËÜÍÛÅ ÑÂÎÉÑÒÂÀ ÄÈÀÐÈËÝÒÅÍÎÂÛÕ
ÀÍÀËÎÃÎÂ ÐÅÒÈÍÀËß
Áåëèêîâ Í.Å., Ëàïòåâ À.Â., Çåìöîâ Ð.Â., Ëóêèí À.Þ., Äåìèíà Î.Â.*,
Áàðà÷åâñêèé Â.À.**, Êðàþøêèí Ì.Ì.***, Øâåö Â.È., Õîäîíîâ À.À.
Ìîñêîâñêàÿ ãîñóäàðñòâåííàÿ àêàäåìèÿ òîíêîé õèìè÷åñêîé òåõíîëîãèè
èì. Ì.Â. Ëîìîíîñîâà, Ìîñêâà
*Èíñòèòóò áèîõèìè÷åñêîé ôèçèêè èì. Í.Ì. Ýìàíóýëÿ ÐÀÍ, Ìîñêâà
**Öåíòð ôîòîõèìèè ÐÀÍ, Ìîñêâà
***Èíñòèòóò îðãàíè÷åñêîé õèìèè èì. Í.Ä. Çåëèíñêîãî ÐÀÍ, Ìîñêâà
E-mail: nbelikov@yandex.ru
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Íàìè áûëà ðàçðàáîòàíà è ïðåäëîæåíà ýôôåêòèâíàÿ ýêñïåðèìåíòàëüíàÿ
ïðîöåäóðà ïîëó÷åíèÿ öåëåâîãî ôîòîõðîìíîãî ïîëèåíàëÿ (V), àíàëîãà
ôðàãìåíòà íàòèâíîãî õðîìîôîðà áàêòåðèîðîäîïñèíà – all-E-ðåòèíàëÿ è
ñîäåðæàùåãî âìåñòî òðèìåòèëöèêëîãåêñåíîâîãî êîëüöà ïðèðîäíîãî
õðîìîôîðà ôðàãìåíò 1,2-áèñ(òèåíèë)ýòåíà.

Êëþ÷åâîé ñòàäèåé ñèíòåçà ÿâëÿëîñü îëåôèíèðîâàíèå ïî Õîðíåðó-
Ýììîíñó Ñ5-ôîñôîíàòíûì ðåàãåíòîì êàðáîíèëüíîãî ïðåäøåñòâåííèêà (I).
Ïîëó÷åííûé ïðîìåæóòî÷íûé íèòðèë (II) áûë âîññòàíîâëåí â àëüäåãèä ïðè
ïîìîùè äèèçîáóòèëàëþìèíèé ãèäðèäà ïðè -80°Ñ. Ïîâòîðåíèå
âûøåïåðå÷èñëåííûõ ñòàäèé îëåôèíèðîâàíèÿ è âîññòàíîâëåíèÿ äëÿ (III, IV)
ïîçâîëèëî ïîëó÷èòü öåëåâîé àíàëîã ðåòèíàëÿ (V) ñ îáùèì âûõîäîì 12%.
Âíîâü îáðàçîâàííûå Ñ=Ñ-ñâÿçè èìåëè Å-êîíôèãóðàöèþ ïî äàííûì 1Í-ßÌÐ-
ñïåêòðîâ (J 16.3 Ãö). Öåëåâûå è ïðîìåæóòî÷íûå ñîåäèíåíèÿ ïîëó÷åíû â
ïðåïàðàòèâíûõ êîëè÷åñòâàõ, èõ ñòðóêòóðû äîêàçàíû íàáîðîì ôèçèêî-
õèìè÷åñêèõ ìåòîäîâ àíàëèçà.

Áûëè ïðîâåäåíû ñïåêòðàëüíî-êèíåòè÷åñêèå èññëåäîâàíèÿ ôîòîõðîìíûõ
ñâîéñòâ ïîëó÷åííûõ ñîåäèíåíèé [1]. Ïîêàçàíî, ÷òî âñå ñîåäèíåíèÿ ïðîÿâëÿþò
âûðàæåííûå ôîòîõðîìíûå ñâîéñòâà è ÿâëÿþòñÿ òåðìè÷åñêè íåîáðàòèìûìè.
Áûëî óñòàíîâëåíî, ÷òî ââåäåíèå â ìîëåêóëó ïîëèåíîâîé öåïè, ñîïðÿæ¸ííîé
ñ äèàðèëýòåíîâûì ôðàãìåíòîì, ïðèâîäèò ê áàòîõðîìíîìó ñäâèãó ñïåêòðà
ïîãëîùåíèÿ îòêðûòîé ôîðìû ïî ñðàâíåíèþ ñ èñõîäíûì àëüäåãèäîì (I). Äëÿ
öèêëè÷åñêèõ èçîìåðîâ ïîëîæåíèå ìàêñèìóìà ïîãëîùåíèÿ íåçíà÷èòåëüíî
çàâèñèò îò äëèíû öåïè ñîïðÿæåíèÿ. Íàèëó÷øèå êèíåòè÷åñêèå
õàðàêòåðèñòèêè ïðîöåññà ôîòîöèêëèçàöèè, à òàêæå íèçêàÿ ñòåïåíü
ôîòîäåãðàäàöèè õàðàêòåðíû äëÿ íèòðèëà (II).
Ëèòåðàòóðà
1. N. Belikov et al.  J. Photochem. Photobiol. A: Chemistry 2008. 196. 262-267.
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Barachevsky V.A.**, Krayushkin M.M.***, Shvets V.I., Khodonov A.A.
M.V. Lomonosov State Academy of Fine Chemical Technology, Moscow
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***N.D. Zelinsky Institute of Organic Chemistry RAS, Moscow
E-mail: nbelikov@yandex.ru
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An effective experimental procedure has been developed and proposed for
obtaining the target photochromic polyenal (V), analog of all-E-retinal – native
bacteriorhodopsin chromophore fragment, containing 1,2-bis(thienyl)ethene instead
of trimethylcyclohexene ring of natural chromophore.

The key step of the synthesis was Horner-Emmons olefination procedure of
carbonyl precursor (I) with C5-phosphonate reagent. Resulting intermediate nitrile
(II) has been reduced into aldehyde with diisobuthylaluminium hydride at -80°C.
Repeating olefination and reduction steps for (III, IV) gave target retinal analog
(V) with overal yield 12%. Newly formed C=C-bonds had E-configuration shown
by 1H-NMR spectra (J 16.3 Hz). Target and intermediate compounds were obtained
in preparative quantities, their structures being confirmed by range of physico-
chemical methods of analysis.

Spectral-kinetic studies of obtained substances have been carried out [1].
All the substances have been shown to posess distinct photochromic properties
and to be thermally irreversible. It has been found that introduction of polyenic
chain, conjugated with diarylethene fragment, into the molecule leads to
batochromic shift of open form absorbance spectrum compared to initial
aldehyde (I). The position of absorbtion maximum depends on conjugation chain
length slightly for cyclic isomers. The best kinetic properties of photocyclization
process as well as low photodegradation degree are typical for nitrile (II).
Reference
1. N. Belikov et al.  J. Photochem. Photobiol. A: Chemistry 2008. 196. 262-267.
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ËÎÊÀËÈÇÀÖÈß PIP-ÀÊÂÀÏÎÐÈÍÎÂ
Â  ÑÒÅÐÈÍ-ÎÁÎÃÀÙÅÍÍÛÕ ÄÎÌÅÍÀÕ ÏËÀÇÌÀËÅÌÌÛ
Áåëóãèí Á.Â.
Èíñòèòóò ôèçèîëîãèè ðàñòåíèé èì. Ê.À. Òèìèðÿçåâà ÐÀÍ, Ìîñêâà
Ýëåêòðîííûé àäðåñ: hausen@yandex.ru
Ôàêñ: (495) 977-80-18; òåë.: (499) 231-83-77

Áèîëîãè÷åñêèå ìåìáðàíû ñîäåðæàò êà÷åñòâåííî ðàçíûå ëèïèäû. Íî äëÿ
âûïîëíåíèÿ ôóíêöèè ãèäðîôîáíîãî áàðüåðà è ñðåäû äëÿ áåëêîâ òàêîå
ìíîãîîáðàçèå èçáûòî÷íî. Íå âûçûâàåò ñîìíåíèÿ, ÷òî â ìåìáðàíå ñóùåñòâóþò
îáëàñòè, îòëè÷àþùèåñÿ ïî ñîñòàâó îò îñòàëüíîé ÷àñòè ìåìáðàíû èç-çà
îñîáåííîñòåé ôèçè÷åñêèõ ñâîéñòâ è áèîëîãè÷åñêèõ ôóíêöèé. Íà
ñåãîäíÿøíèé äåíü ïðèíÿòî ñ÷èòàòü, ÷òî ìåìáðàíû ÿâëÿþòñÿ
âûñîêîîðãàíèçîâàííûìè ñòðóêòóðàìè, îáåñïå÷èâàþùèìè íåîáõîäèìóþ
ãåòåðîãåííîñòü äëÿ êîìïàðòìåíòàëèçàöèè êëåòî÷íûõ ïðîöåññîâ.
Îáíàðóæåííûå â ïëàçìàëåììå æèâîòíûõ, ãðèáîâ è ðàñòåíèé ñôèíãîëèïèä-
è ñòåðèí-íàñûùåííûå äîìåíû, "ëèïèäíûå ðàôòû", îáëàäàþò ïëîòíîé
óïàêîâêîé êîìïîíåíòîâ è ñïåöèôè÷åñêèì áåëêîâûì ñîñòàâîì. Ìåòîä
ïîëó÷åíèÿ òàêèõ äîìåíîâ äëÿ àíàëèçà îñíîâàí íà èõ óñòîé÷èâîñòè ê
ñîëþáèëèçàöèè íåèîííûìè äåòåðãåíòàìè. Äåòåðãåíòû èçáèðàòåëüíî
ðàçðóøàþò ëèïèä-ëèïèäíûå è ëèïèä-áåëêîâûå âçàèìîäåéñòâèÿ, à
ñîõðàíÿþùàÿñÿ äåòåðãåíò-óñòîé÷èâàÿ ôðàêöèÿ ìåìáðàí èñïîëüçóåòñÿ â
èññëåäîâàíèÿõ. Îäíàêî, íåèçâåñòíî, íàñêîëüêî òàêèå ìåìáðàíû îòðàæàþò
ñîñòàâ "ëèïèäíûõ ðàôòîâ" in vivo. Îäíèì èç õàðàêòåðíûõ áåëêîâ äåòåðãåíò-
óñòîé÷èâûõ ôðàêöèé ïëàçìàëåììû êëåòîê ðàñòåíèé ÿâëÿþòñÿ
PIP-àêâàïîðèíû – áåëêè âîäíûõ êàíàëîâ. Â ñâÿçè ñ ÷åì âñòàåò âîïðîñ î
ñòåïåíè àññîöèàöèè PIP-àêâàïîðèíîâ ñ ýòèìè äîìåíàìè. Çàäà÷è äàííîé
ðàáîòû ñîñòîÿëè â âûäåëåíèè "ðàôòîâ" èç ïëàçìàëåììû ïîáåãîâ
ýòèîëèðîâàííûõ ïðîðîñòêîâ ãîðîõà, êàê äåòåðãåíò-óñòîé÷èâîé ôðàêöèè, è
àíàëèçå ñîäåðæàíèÿ â íèõ PIP-àêâàïîðèíîâ.

Ïëàçìàëåììó ïîëó÷àëè ðàçäåëåíèåì ìèêðîñîìàëüíûõ ìåìáðàí â
äâóõôàçíîé ïîëèìåðíîé ñèñòåìå è ÷àñòü ñîëþáèëèçèðîâàëè íà õîëîäó
1%-íûì Òðèòîíîì Õ-100. Äàëåå èñõîäíûå è ñîëþáèëèçèðîâàííûå ìåìáðàíû
ðàçäåëÿëè íà ôðàêöèè ïóòåì ôëîòàöèè â 3-õ ñòóïåí÷àòîì ãðàäèåíòå ïëîòíîñòè
OptiPrep. Ôðàêöèè ñ ïëîòíîñòüþ 1.09, 1.14 è 1.17 ã/ñì3 îòáèðàëè è
àíàëèçèðîâàëè. Îáîãàùåíèå ôðàêöèé êîìïîíåíòàìè "ðàôòîâ" îöåíèâàëè ïî
îòíîøåíèþ ñòåðèí/áåëîê, ôàçîâîå ñîñòîÿíèå ëèïèäíîãî áèñëîÿ – ïî ñïåêòðàì
ãåíåðàëèçîâàííîé ïîëÿðèçàöèè ôëóîðåñöåíöèè çîíäà ëàóðäàíà, ñîäåðæàíèå
PIP-àêâàïîðèíîâ – ìåòîäîì Âåñòåðí-áëîò àíàëèçà.

Ïîñëå îáðàáîòêè ìåìáðàí Òðèòîíîì Õ-100 â îòíîøåíèè
äåòåðãåíò : áåëîê ≥ 10 : 1 ñîëþáèëèçèðîâàëàñü îñíîâíàÿ ÷àñòü áåëêà
ïëàçìàëåììû. Ñîäåðæàíèå áåëêà â ëåãêèõ äåòåðãåíò-óñòîé÷èâûõ ôðàêöèÿõ
íå ïðåâûøàëî 10-20%. Â êîíòðîëüíûõ âàðèàíòàõ äëÿ ïëàçìàëåììû áûëî
õàðàêòåðíî ðàâíîìåðíîå ðàñïðåäåëåíèå ïî áåëêó âî âñåõ ôðàêöèÿõ. Ïîêàçàíî,
÷òî ëåãêèå ôðàêöèè ìåìáðàí áûëè îáîãàùåíû ñòåðèíàìè. Îòíîøåíèå â íèõ
ñòåðèí/áåëîê ñîñòàâëÿëî 0.1 è 0.3 ìã ñòåðèíîâ/ìã áåëêà äëÿ êîíòðîëüíîé è
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ñîëþáèëèçèðîâàííîé ïëàçìàëåìì, ñîîòâåòñòâåííî. Âî ôðàêöèÿõ ñ âûñîêîé
ïëîòíîñòüþ ñîîòíîøåíèå ñòåðèí/áåëîê íå ïðåâûøàëî 0.05 ìã ñòåðèíîâ/ìã
áåëêà êàê äëÿ ñîëþáèëèçèðîâàííîé, òàê è êîíòðîëüíîé ïëàçìàëåìì. Àíàëèç
òåìïåðàòóðíîé çàâèñèìîñòè ñïåêòðîâ ãåíåðàëèçîâàííîé ïîëÿðèçàöèè
ôëóîðåñöåíöèè ëèïîôèëüíîãî çîíäà ëàóðäàíà, âñòðîåííîãî â âåçèêóëû
ïëàçìàëåììû ðàçíîé ïëîòíîñòè, ïîêàçàë, ÷òî îáîãàùåííûå ñòåðèíàìè
ìåìáðàíû õàðàêòåðèçóþòñÿ áîëåå ïëîòíîé óïàêîâêîé â íèõ ëèïèäíûõ
ìîëåêóë. Èììóíîäåòåêöèÿ PIP-àêâàïîðèíîâ âûÿâèëà ïðåèìóùåñòâåííîå
ðàñïðåäåëåíèå ýòèõ áåëêîâ â äåòåðãåíò-óñòîé÷èâûõ ìåìáðàíàõ. Îäíàêî, âî
ôðàêöèÿõ êîíòðîëüíîé ïëàçìàëåììû ðàçíîé ïëîòíîñòè ðàñïðåäåëåíèå
àêâàïîðèíîâ áûëî ðàâíîìåðíûì.

Òàêèì îáðàçîì, ìîæíî ïîëàãàòü, ÷òî PIP-àêâàïîðèíû ëèøü îò÷àñòè
ÿâëÿþòñÿ ðåçèäåíòíûìè áåëêàìè óïîðÿäî÷åííûõ ñòåðèí-îáîãàùåííûõ
äîìåíîâ ïëàçìàëåììû, à îáðàáîòêà Òðèòîíîì Õ-100 "ñòÿãèâàåò" äàííûå
áåëêè â ýòè ñòðóêòóðû.

PIP-AQUAPORIN LOCALIZATION IN STEROL-ENRICHED PLASMA
MEMBRANE DOMAINS
Belugin B.V.
Timiryazev Institute of Plant Physiology RAS, Moscow
E-mail: hausen@yandex.ru
Fax: (495) 977-80-18, tel.: (499) 231-83-77

Biological membranes are composed of a large variety of lipids. Such diversity
is not necessary for the function of hydrophobic barrier and solvent of proteins. It is
not questionable in the plasma membrane there are lipid-protein domains differed by
their physical properties and biological functions. Today, it is accepted that membranes
are highly organized structures providing necessary heterogeneity to compartmentalize
cellular processes. Sphingolipid- and sterol-enriched domains, also termed as "lipid
rafts", in animal, plant and yeast plasma membrane have a tight lipid packing and
specific protein content. A common method to analyze such domains based on a partial
resistance to solubilization by non-ionic detergents. Although detergent treatment
disrupts lipid-lipid and lipid-protein interactions, the resting fraction of detergent-
resistant membranes (DRMs) can be isolated and analyzed. However, it is unknown
how well the composition of DRMs reflects the content of intact "lipid rafts" in vivo.
Among the proteins detected in the detergent-resistant fraction of plant cell membranes
it has been found PIP-aquaporins – water channel proteins. Question of PIP-aquaporin
lipid-raft association seems to be controversial and remains unclear. The aims of this
work were to isolate "rafts" from the plasma membrane of etiolated pea shoots, as
detergent-resistant fraction, and to analyze the PIP-aquaporin abundance.

Plasma membrane was prepared from microsomes by an aqueous polymer two-
phase partitioning. After treatment with 1% Triton X-100 at 4oC solubilized and resting
membranes separated to the three fractions by flotation in the discontinuous OptiPrep
density gradient. Fractions with density 1.09, 1.14, 1.17 g/ml were collected and
analyzed. "Lipid raft" enrichment was appreciated by sterol/protein ratio, the phase
state of lipid bilayer was analyzed by generalized polarization of emission and exitation
spectra of Laurdan probe, PIP-aquaporin abundance was assessed using Western blot
analysis.

After Triton X-100 treatment with detergent : protein ratio ≥ 10 : 1 the majority
of protein content was solubilized. Protein portion in the low density detergent-resistant
fraction was presented no more than 10-20%. For control variant protein distribution
was found uniformly in all three fractions. It was shown, that low density fractions
were enriched by sterol about 0.1 and 0.3 mg sterol/mg protein in control and solubilized
membranes, correspondingly. In high density fractions this ratio did not exceed 0.05
mg sterols to mg protein in both control and treated membranes. Temperature
dependence analysis of the fluorescence generalized polarization of dye Laurdan, which
was used to label plasma membrane vesicles with different density, revealed that sterol-
enriched membranes characterized by tight lipid packaging. Immunolocalization of
PIP-aquaporins revealed the preferential distribution of such proteins in detergent-
resistant membranes. However, the PIP-abundance was evenly distributed in the
different density fractions of resting membranes.

Thereby, it is possible that PIP-aquaporins are partially resident proteins in ordered
sterol-rich plasma membrane domains and Triton X-100 treatment promotes the
accumulation of such proteins in these structures.
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Äîëãîå âðåìÿ ñ÷èòàëîñü, ÷òî ñòåðîèäíûå ãîðìîíàëüíûå ñèñòåìû
æèâîòíûõ è ðàñòåíèé ïðèíöèïèàëüíî ðàçëè÷íû. Òîëüêî â ïîñëåäíåå
äåñÿòèëåòèå ñòàëè íàêàïëèâàòüñÿ äàííûå îá îïðåäåë¸ííîé ñòðóêòóðíîé è
ôóíêöèîíàëüíîé êîíñåðâàòèâíîñòè ïóòåé ðåãóëÿöèè ñèíòåçà áèîëîãè÷åñêè
àêòèâíûõ ñòåðîèäíûõ ñîåäèíåíèé ó ýòèõ äâóõ âàæíåéøèõ öàðñòâ æèâîé
ïðèðîäû. Óñòàíîâëåíî, ÷òî îñíîâíûå ñòàäèè â ïðîöåññàõ áèîñèíòåçà è
ìåòàáîëèçìà ñòåðîèäíûõ ãîðìîíîâ æèâîòíûõ è áðàññèíîñòåðîèäîâ ðàñòåíèé
êàòàëèçèðóþò öèòîõðîìû Ð450, â îáîèõ ñèñòåìàõ ôóíêöèîíèðóþò òàêèå
ôåðìåíòû, êàê ñòåðîèä 5α-ðåäóêòàçà (5αR) è
∆5-ãèäðîêñèñòåðîèääåãèäðîãåíàçà/∆5-∆4-êåòîñòåðîèäèçîìåðàçà (3β-HSD).

Êëþ÷åâóþ ðîëü â áèîñèíòåçå ñòåðîèäíûõ ãîðìîíîâ æèâîòíûõ èãðàåò
öèòîõðîì P450SCC (side-chain-cleaving), êîòîðûé ëîêàëèçîâàí âî âíóòðåííåé
ìåìáðàíå ìèòîõîíäðèé êëåòîê ñòåðîèäîãåííûõ òêàíåé è, ñ ó÷àñòèåì äâóõ
äðóãèõ êîìïîíåíòîâ ìèòîõîíäðèàëüíîé ýëåêòðîí-òðàíñïîðòíîé öåïè,
àäðåíîäîêñèíà è àäðåíîäîêñèíðåäóêòàçû, êàòàëèçèðóåò ðåàêöèþ îòùåïëåíèÿ
áîêîâîé öåïè õîëåñòåðèíà ñ ïðåâðàùåíèåì åãî â ïðåãíåíîëîí – îáùèé
ïðåäøåñòâåííèê âñåõ ñòåðîèäíûõ ãîðìîíîâ æèâîòíûõ. Õîòÿ ïðèñóòñòâèå
ìèòîõîíäðèàëüíûõ öèòîõðîìîâ ó ðàñòåíèé äî ñèõ ïîð íå äîêàçàíî, èçâåñòíî,
÷òî â ìèòîõîíäðèÿõ íàïåðñòÿíêè Digitalis sp. ïðîèñõîäèò ïðåâðàùåíèå
õîëåñòåðèíà â ïðåãíåíîëîí. Áîëåå òîãî, íåäàâíî â ðàñòåíèÿõ îáíàðóæåí ðÿä
ñòåðîèäíûõ ãîðìîíîâ æèâîòíûõ (ïðîãåñòåðîí, 17-ãèäðîêñèïðîãåñòåðîí,
16-äåãèäðîêñèïðîãåñòåðîí, àíäðîñòåíäèîí), à òàêæå ãîìîëîãè áåëêîâ-
ðåöåïòîðîâ, êîíòðîëèðóþùèõ òðàíñïîðò õîëåñòåðèíà â ìèòîõîíäðèè êëåòîê
æèâîòíûõ. Ñëåäîâàòåëüíî, â ðàñòåíèÿõ âîçìîæíà òðàíñôîðìàöèÿ ñòåðîèäîâ,
ïîäîáíàÿ òàêîâîé ó æèâîòíûõ.

Ýòî íàòîëêíóëî íàñ íà ìûñëü, ÷òî ýôôåêòèâíàÿ ãåòåðîëîãè÷åñêàÿ
ýêñïðåññèÿ ãåíà CYP11A1, êîäèðóþùåãî öèòîõðîì P450SCC æèâîòíûõ, â
ðàñòåíèÿõ íå òîëüêî âîçìîæíà, íî è ìîæåò ïðèâåñòè ê ñóùåñòâåííûì
èçìåíåíèÿì â èõ ìåòàáîëèçìå. Äëÿ òîãî ÷òîáû ïðîâåðèòü óêàçàííîå
ïðåäïîëîæåíèå, íàìè âïåðâûå ïîëó÷åíû òðàíñãåííûå ðàñòåíèÿ òàáàêà,
ýôôåêòèâíî ýêñïðåññèðóþùèå êÄÍÊ CYP11A1 èç êîðû íàäïî÷å÷íèêîâ áûêà
(Ïàòåíò ÐÔ ¹ 2237717 îò 10.10.2004). Äåòàëüíàÿ õàðàêòåðèñòèêà ÷åòûð¸õ
ïîêîëåíèé ýòèõ òðàíñãåííûõ ðàñòåíèé ïîêàçàëà, ÷òî îíè ïî ñðàâíåíèþ ñ

ðàñòåíèÿìè äèêîãî òèïà èìåþò ñîêðàùåííûé ïåðèîä âåãåòàòèâíîãî ðàçâèòèÿ
(ðàííåå öâåòåíèå è ñîçðåâàíèå ñåìÿí), óâåëè÷åííóþ áèîìàññó è ïîâûøåííóþ
ïðîäóêòèâíîñòü (êîëè÷åñòâî è êà÷åñòâî ñåìÿí). Êðîìå òîãî, äëÿ ïîëó÷åííûõ
òðàíñãåííûõ ðàñòåíèé õàðàêòåðíà áîëåå âûðàæåííàÿ óñòîé÷èâîñòü ê ðÿäó
ãðèáíûõ ôèòîïàòîãåíîâ.

Íàáëþäàåìûé ôåíîòèï, ïî-âèäèìîìó, îáúÿñíÿåòñÿ ñèíòåçîì â
òðàíñãåííûõ ðàñòåíèÿõ áèîëîãè÷åñêè àêòèâíûõ ñòåðîèäíûõ ñîåäèíåíèé –
ïðîèçâîäíûõ ïðåãíåíîëîíà. Äåéñòâèòåëüíî, â ýêñòðàêòàõ èç ëèñòüåâ âñåõ
ëèíèé òðàíñãåííûõ ðàñòåíèé ñ ïîìîùüþ ìåòîäà ÃÕ-ÌÑ (ãàçîâàÿ
õðîìàòîãðàôèÿ è ìàññ-ñïåêòðîìåòðèÿ) íàìè îáíàðóæåí ýòîò ïðîãîðìîí –
ïðîäóêò ðåàêöèè, êàòàëèçèðóåìîé ãåòåðîëîãè÷íûì ãåíîì CYP11A1.
Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëèëè ñäåëàòü âûâîä î òîì, ÷òî â òðàíñãåííûõ
ðàñòåíèÿõ òàáàêà ñèíòåçèðóåòñÿ ôóíêöèîíàëüíî àêòèâíûé öèòîõðîì P450SCC.

Äàëüíåéøèì ïðîäóêòîì ïðåâðàùåíèÿ ïðåãíåíîëîíà ó æèâîòíûõ
ÿâëÿåòñÿ ïðîãåñòåðîí, êîòîðûé îêàçûâàåò ãîðìîíàëüíîå äåéñòâèå è íà
ðàñòåíèÿ: â íàó÷íîé ëèòåðàòóðå îïèñàíà èíäóêöèÿ ðàííåãî öâåòåíèÿ
Arabidopsis thaliana ýêçîãåííûì ïðîãåñòåðîíîì. Êðîìå òîãî, êàê îòìå÷àëîñü
âûøå, â ðàñòåíèÿõ îáíàðóæåí ôåðìåíò 3β-HSD, êàòàëèçèðóþùèé
ïðåâðàùåíèå ïðåãíåíîëîíà â ïðîãåñòåðîí. Cðàâíèòåëüíûé àíàëèç ïîêàçàë,
÷òî ñîäåðæàíèå ïðîãåñòåðîíà â ëèñòüÿõ ïîëó÷åííûõ íàìè òðàíñãåííûõ
ðàñòåíèé òàáàêà, â ñðåäíåì, íà 49 % ïðåâûøàåò òàêîâîå â ëèñòüÿõ
êîíòðîëüíûõ ðàñòåíèé. Ìû ïðåäïîëàãàåì, ÷òî ïîâûøåíèå óðîâíÿ
ïðîãåñòåðîíà â òðàíñãåííûõ ðàñòåíèÿõ òàáàêà îáóñëîâëåíî ïðåâðàùåíèåì
ïðåãíåíîëîíà â ïðîãåñòåðîí ïîä äåéñòâèåì 3β-HSD.

Ïîñêîëüêó ñòåðîèäíûå ãîðìîíû ðàñòåíèé (áðàññèíîñòåðîèäû) èìåþò
ñòðóêòóðíîå ñõîäñòâî ñî ñòåðîèäíûìè ãîðìîíàìè æèâîòíûõ, ìîæíî
ïðåäïîëîæèòü, ÷òî ãåòåðîëîãè÷íûé öèòîõðîì P450SCC âêëþ÷àåòñÿ â
ìåòàáîëèçì è ýòèõ ñîåäèíåíèé. Äåéñòâèòåëüíî, ñðàâíèòåëüíûé àíàëèç
ïîêàçàë, ÷òî â ñåìåíàõ ÷åòûðåõ íåçàâèñèìûõ ãåíåòè÷åñêèõ ëèíèé
òðàíñãåííûõ ðàñòåíèé ñîäåðæàíèå 24R-áðàññèíîñòåðîèäîâ, â ñðåäíåì, íà
40% íèæå, ÷åì â ñåìåíàõ êîíòðîëüíûõ ðàñòåíèé. Ýòî ìîæåò óêàçûâàòü íà
âîçìîæíîñòü ïðÿìîãî äåéñòâèÿ öèòîõðîìà P450SCC íà áðàññèíîñòåðîèäû,
ïîñêîëüêó èçâåñòíî, ÷òî ó ðÿäà ðàñòåíèé ïðè ìåòàáîëèçìå áðàññèíîñòåðîèäîâ
ïðîèñõîäèò îòùåïëåíèå áîêîâîé öåïè Ñ27-ñòåðîèäîâ.

Òàêèì îáðàçîì, íàìè âïåðâûå ïðîäåìîíñòðèðîâàíî, ÷òî îòäåëüíûå
êîìïîíåíòû ñèñòåì áèîñèíòåçà ñòåðîèäíûõ ãîðìîíîâ æèâîòíûõ è ðàñòåíèé
ñîâìåñòèìû äðóã ñ äðóãîì è ìîãóò ðàáîòàòü ñîîáùà. Ïðèìåí¸ííûé íàìè
ïîäõîä ÿâëÿåòñÿ óäîáíûì äëÿ äåòàëüíîãî èçó÷åíèÿ ìåòàáîëèçìà ñòåðîèäíûõ
ñîåäèíåíèé â ðàñòåíèÿõ, îí ìîæåò áûòü èñïîëüçîâàí äëÿ ñîçäàíèÿ
òðàíñãåííûõ ðàñòåíèé, èíòåðåñíûõ ñ òî÷êè çðåíèÿ ïðàêòè÷åñêîé
áèîòåõíîëîãèè (êàðòîôåëü, òîìàò, íàïåðñòÿíêà) – òàêèå ðàáîòû íàìè óæå
âåäóòñÿ. Ðàçðàáîòàííàÿ ìåòîäîëîãèÿ ìîæåò îêàçàòüñÿ ïîëåçíîé äëÿ
îáíàðóæåíèÿ ìèòîõîíäðèàëüíûõ öèòîõðîìîâ ðàñòåíèé.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÁÐÔÔÈ (ãðàíò ¹ Á08Ð-
210) è ÐÔÔÈ (ãðàíò ¹ 08-04-90049).
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Over a long period of time it was considered that steroid hormonal systems
of plants and animals are principally different. In recent decade the evident proof
of structural and functional conservatism of the metabolism and regulation of
biologically active steroid compounds in these two main kingdoms of living nature
has been found. It has been shown that main stages in the metabolism of animal
steroid hormones and plant brassinosteroids are catalyzed by the cytochromes
P450 and such enzymes as 5α-reductase (5αR) and ∆5-3β-hydroxysteroid
dehydrogenase/∆5-∆4-ketosteroid isomerase (3β-HSD) are functioning in both
animals and plants.

Cytochrome P450SCC (P450 side chain cleavage) is a key enzyme involved in
the animal steroid hormone biosynthesis. This protein is localized in mitochondria,
and together with the other two components of the mitochondrial electron transfer
chain, adrenodoxin reductase and adrenodoxin, it catalyzes the reaction of
cholesterol side chain cleavage resulting in formation of pregnenolone, which is a
common metabolic precursor of all animal steroid hormones. Though mitochondrial
cytochromes have not yet been discovered in plants, it is known that reaction of
cholesterol transfer into pregnenolone takes place in mitochondria of foxglove
(Digitalis sp.). Moreover, a number of animal steroid hormones (progesterone,
17-hydroxyprogesterone, 16-dihydroxyprogesterone, androstenedione) and
receptors which mediate mitochondrial cholesterol uptake in animal cells were
also recently discovered in plants. Thus, transformation of steroids may take place
in plants in a similar way to the cells of steroidogenic tissues of animals.

We assumed that heterological expression of CYP11A1 gene encoding animal
cytochrome P450scc is indeed possible and could results in considerable changes
in the metabolism of plants. To test this hypothesis we created the transgenic tobacco
plants efficiently expressing cDNA of CYP11A1 gene encoding bovine cytochrome
P450SCC (Patent RF 2237717. 2004 0ct. 10).

We performed the detailed phenotypic characterization of plants obtained
and have shown that the transgenic tobacco plants have reduced period of vegetative
development (early flowering and maturation of bolls), enlarged biomass and
increased productivity (quantity and quality of seeds) throughout the four
generations studied compared to the empty-vector and wild-type plants. Moreover,
they show resistance to some fungal pathogens.

The observed phenotypes are likely determined by the biosynthesis of new
biologically active steroid compounds, pregnenolone derivatives. Indeed,
pregnenolone, a product of the reaction catalyzed by cytochrome P450SCC, was
discovered in the steroid-containing fraction of transgenic plants leaves by the gas
chromatography-mass spectrometry method. Based on these observations, we
concluded that the recombinant cytochrome P450SCC is synthesized and is
functionally active in transgenic tobacco plants.

The product of further metabolic transformation of pregnenolone in animals
is progesterone, which is known to have hormonal action in plants. It has been
shown that exogenous progesterone induces early flowering in Arabidopsis
thaliana. Moreover, as mentioned above, the 3β-HSD enzyme catalyzing the
transformation of pregnenolone into progesterone has been recently discovered in
plants. In our study we observed about 49% increase in progesterone content in all
CYP11A1 transgenic lines comparing to control lines. We assume that this
significant increase of progesterone could be the result of pregnenolone conversion
into progesterone mediated by 3β-HSD enzyme.

As plant steroid hormones, brassinosteroids (BR), have similar structure to
the animal steroid hormones, it is reasonable to predict that heterologous
cytochrome P450SCC can also participate in the metabolism of BR. Indeed, the
comparative analysis revealed that level of BR in the seeds of four transgenic lines
was 40% lower than in control ones. This data can be explained by direct action of
cytochrome P450SCC on the BR as far as it was previously reported that metabolism
of BR in some plants takes place with the side chain cleavage of Ñ27-steroids.

Thus, we have demonstrated that individual components of plant and animal
steroid hormone biosynthesis are compatible to each other and can co-function in
a model systems. The described approach could be used for the further detailed
studies of the metabolism of steroids in plants and also for the creation of new
transgenic plants (potato, tomato, foxglove) in the field of practical biotechnology.
The creation of such plants is a matter of our present research. This methodological
platform can be also of great importance for the detection of mitochondrial
cytochromes P450 in plants.

This study was supported by the BRFBR (grant ¹ B08P-210) and RFBR
(grant ¹ 08-04-90049).
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ÍÎÂÛÉ ÁÅËÎÊ ÃÀÏÎÍÈÍ Â ÊËÅÒÊÀÕ CHO-K1
ÂÇÀÈÌÎÄÅÉÑÒÂÓÅÒ Ñ GAPDH È ËÎÊÀËÈÇÓÅÒÑß Â ßÄÐÅ
ÊËÅÒÊÈ
Áîãàòîâà Î.Â., Ðàêèòèíà Ò.Â., Ñìèðíîâà Å.Â., Ïîçäååâ Â.È.,
Ëèïêèí Â.Ì., Êîñòàíÿí È.À.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì.Øåìÿêèíà è
Þ.À.Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
E-mail: bogatova.olga@gmail.com
Ôàêñ: (495) 336-61-66; òeë.: (495) 330-63-47

Â 2007 ãîäó â êëåòêàõ ëèíèè HL-60 ïðîìèåëîöèòàðíîãî ëåéêîçà ÷åëîâåêà
íàìè  áûë îáíàðóæåí íîâûé áåëîê, âçàèìîäåéñòâóþùèé ñ ïîëèêëîíàëüíûìè
àíòèòåëàìè ê îäíîé èç ôîðì ôàêòîðà äèôôåðåíöèðîâêè HLDF. Ìû äàëè
ýòîìó áåëêó íàçâàíèå ãàïîíèí (haponin, ÍLDF-alike protein). Îïðåäåëåíèå
÷àñòè÷íîé àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè ãàïîíèíà ïîêàçàëî åãî
èäåíòè÷íîñòü ñ ãèïîòåòè÷åñêèì áåëêîì ÷åëîâåêà NP_115701.2, ïîìåù¸ííûì
â êîëëåêöèþ ãåíîâ ìëåêîïèòàþùèõ Íàöèîíàëüíîãî èíñòèòóòà çäîðîâüÿ ÑØÀ
(NIH Mammalian Gene Collection) ïîä íîìåðîì äîñòóïà MGC11102. Ïîçäíåå
íà îñíîâàíèè ïðåäïîëàãàåìîé ñòðóêòóðíîé ãîìîëîãèè ñ ýóêàðèîòè÷åñêèì
ôàêòîðîì èíèöèàöèè òðàíñëÿöèè 1À, â íîìåíêëàòóðå ÷åëîâå÷åñêèõ ãåíîâ
(HGNC) áåëêó NP_115701.2 áûëî ïðèñâîåíî íàçâàíèå åIF1AD (áåëîê,
ñîäåðæàùèé äîìåí ýóêàðèîòè÷åñêîãî ôàêòîðà èíèöèàöèè òðàíñëÿöèè 1À),
òîãäà êàê íàçâàíèå ãàïîíèí áûëî ïðèíÿòî â êà÷åñòâå àëüòåðíàòèâíîãî.

Ôàêòîð èíèöèàöèè òðàíñëÿöèè eIF1A, ó÷àñòâóþùèé â ñáîðêå 43S
ðèáîñîìíîãî êîìïëåêñà íà èíèöèèðóþùåì êîäîíå ìÐÍÊ, – ýòî áåëîê,
ñîñòîÿùèé ó ÷åëîâåêà èç 144 à.î., 75 èç êîòîðûõ ôîðìèðóþò
ÐÍÊ-ñâÿçûâàþùèé äîìåí, êîíñåðâàòèâíûé ó ïðåäñòàâèòåëåé æèâîãî ìèðà
îò ïðîêàðèîò è àðõåé äî ìëåêîïèòàþùèõ. Ïîäîáíûé äîìåí ïðèñóòñòâóåò
òàêæå â ñòðóêòóðå ÷åëîâå÷åñêîãî ãàïîíèíà è åãî àíàëîãîâ èç äðóãèõ
ïðåäñòàâèòåëåé ýóêàðèîò. Äàííûå î ñâÿçè ãàïîíèíà ñ ðèáîñîìîé è ïðîöåññîì
òðàíñëÿöèè èëè î íàëè÷èè ó íåãî ÐÍÊ-ñâÿçûâàþùåé àêòèâíîñòè íà íàñòîÿùåå
âðåìÿ îòñóòñòâóþò. Îäíàêî, áûëî ïîêàçàíî, ÷òî â äðîææåâîé äâóõãèáðèäíîé
ñèñòåìå ãàïîíèí âçàèìîäåéñòâóåò ñ òðàíñêðèïöèîííûì ôàêòîðîì STAT1.

Ñ öåëüþ ôóíêöèîíàëüíîãî èçó÷åíèÿ ãàïîíèíà íàìè áûëà ïîëó÷åíà
ýêñïðåññèÿ ÷åëîâå÷åñêîãî ãàïîíèíà ñ 6-òè ãèñòèäèíîâûì N-êîíöåâûì òàãîì
â áàêóëîâèðóñíîé ñèñòåìå, íàðàáîòàíû ïîëèêëîíàëüíûå àíòèòåëà íà
ðåêîìáèíàíòíûé áåëîê è èçó÷åíà ýêñïðåññèÿ ýíäîãåííîãî ãàïîíèíà â ðÿäå
êëåòî÷íûõ ëèíèé ìëåêîïèòàþùèõ. Êëåòêè ÿè÷íèêà êèòàéñêîãî õîìÿ÷êà
CHO-K1 áûëè âûáðàíû äëÿ äàëüíåéøåãî èññëåäîâàíèÿ áåëêà. Â òîòàëüíîì
êëåòî÷íîì ëèçàòå áûë ïðîâåäåí ïîèñê ïîòåíöèàëüíûõ ïàðòíåðîâ ãàïîíèíà
ìåòîäîì ñîîñàæäåíèÿ ñ ðåêîìáèíàíòíûì áåëêîì. Îäíèì èç âåðîÿòíûõ
ïàðòíåðîâ ãàïîíèíà â êëåòêàõ CHO-K1 îêàçàëàñü ãëèöåðàëüäåãèä
3-ôîñôàòäåãèäðîãåíàçà (GAPDH). Ýòî âçàèìîäåéñòâèå áûëî ïîäòâåðæäåíî
ñîîñàæäåíèåì î÷èùåííîãî GAPDH èç ýðèòðîöèòîâ ÷åëîâåêà ñ
ðåêîìáèíàíòíûì ãàïîíèíîì, à òàêæå ïåðåêðåñòíîé èììóíîïðåöèïèòàöèåé
ýíäîãåííûõ áåëêîâ èç ëèçàòîâ êëåòîê êóëüòóðû CHO-K1.

GAPDH – âàæíåéøèé ôåðìåíò ãëèêîëèçà, îäíàêî â òå÷åíèå ïîñëåäíèõ
äåñÿòèëåòèé áûëî ïîêàçàíî, ÷òî GAPDH èìååò áîëüøîé íàáîð
íåêàíîíè÷åñêèõ ôóíêöèé, â ò.÷. îí ó÷àñòâóåò â ðåïëèêàöèè è ðåïàðàöèè ÄÍÊ,
ðåãóëÿöèè òðàíñêðèïöèè è òðàíñëÿöèè, ÿäåðíîì ýêñïîðòå ÐÍÊ è àïîïòîçå.
Â êëåòêå GAPDH ñóùåñòâóåò â òåòðàìåðíîé ôîðìå è ëîêàëèçóåòñÿ, â
îñíîâíîì, â öèòîïëàçìå, íî ïðè ïðîâåäåíèè àïîïòîòè÷åñêîãî ñèãíàëà èëè
îòâåòå íà ñòðåññ îáðàçóþòñÿ äèìåðíûå è ìîíîìåðíûå ôîðìû áåëêà, êîòîðûå
íàêàïëèâàþòñÿ â ÿäðå. Ïîýòîìó äëÿ äàëüíåéøåãî èçó÷åíèÿ âçàèìîäåéñòâèÿ
ãàïîíèíà è  GAPDH ìû ðåøèëè âûÿñíèòü êëåòî÷íóþ ëîêàëèçàöèþ ãàïîíèíà.

Íà îñíîâå ëèíèè CHO-K1 áûëè âûâåäåíû ñòàáèëüíûå êëîíû,
ýêñïðåññèðóþùèå GFP è ñëèòíûé áåëîê GFP-ãàïîíèí, è ïðîâåä¸í èõ
ñðàâíèòåëüíûé àíàëèç. Ìåòîäîì êîíôîêàëüíîé ìèêðîñêîïèè áûëî ïîêàçàíî,
÷òî GFP ðàâíîìåðíî ðàñïðåäåëÿåòñÿ ìåæäó öèòîïëàçìîé è ÿäðîì êëåòêè, â
òî âðåìÿ êàê GFP-ãàïîíèí íàêàïëèâàåòñÿ â ÿäðå; êðîìå òîãî, ñâåðõýêñïðåññèÿ
GFP-ãàïîíèíà âûçûâàëà çàìåòíîå çàìåäëåíèå ïðîëèôåðàöèè êëåòîê ïî
ñðàâíåíèþ ñ èñõîäíîé ëèíèåé è êëåòêàìè, ýêñïðåññèðóþùèìè GFP.

Äàííàÿ ðàáîòà âûïîëíÿåòñÿ ïðè ïîääåðæêå Ðîññèéñêîãî ôîíäà
ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ãðàíò ¹ 08-04-01127-à) è ïðîãðàììû
Ïðåçèäèóìà Ðîññèéñêîé àêàäåìèè íàóê "Ìîëåêóëÿðíàÿ è êëåòî÷íàÿ
áèîëîãèÿ".
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NEW PROTEIN HAPONIN IN CHO-K1 INTERACTING WITH
GAPDH IS LOCALIZED IN CELL NUCLEUS
Bogatova O.V., Rakitina T.V., Smirnova E.V., Pozdeev V.I., Lipkin V.M.,
Kostanyan I.A.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: bogatova.olga@gmail.com
Fax: (495) 336-61-66; tel.: (495) 330-63-47

In 2007, when studying differentiation factor of promyelocytic leukemia
HL-60 HLDF, we found new protein showed immunoreactivity with polyclonal
antibodies recognizing one of the isoforms of this factor. We recommended naming
this protein haponin (HLDF-alike protein). Identification of the partial amino acid
sequence of the protein revealed its identity with the human hypothetical protein
NP_115701.2, dumped into NIH Mammalian Gene Collection as the MGC11102.
Later, for its structural homology, it was named eIF1AD (eukaryotic initiation
factor 1a domain containing protein), as haponin was accepted by NCBI as an
alias.

Translation initiation factor eIf1a participating in the assembling of 43S
ribosome complex on the mRNA initiation codone consists of 144 aa in human,
75 of which forms RNA-binding domain conserved among all living matter from
prokaryotes and arches to mammals. The same domain is found in the human
haponin as well as its analogues of eukaryotes. However, there are no data on the
relation between haponin and ribosome and translation to the moment. The only
experimental data on the role of this protein in cell demonstrate it to interact with
transcription factor STAT1 in yeast two-hybrid assay.

To study protein functioning, firstly we obtained expression of human haponin
with N-terminal 6-His tag in baculoviral system, then polyclonal antibodies
recognized recombinant protein were gained and expression of native haponin in
the panel of mammalian cell lines was studied. For the further studies on the protein,
chinese hamster ovary cells CHO-K1 were selected.  Total cell lysates were searched
for the potential haponin partners that pull down recombinant protein. One of the
probable interacting partners is glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The interaction was proved by pull-down assay with purified GAPDH
from human erythrocytes and, as well, cross-immunoprecipitation of native proteins
from CHO-K1 cells.

GAPDH is a key enzyme in glycolysis, though it has a number of non-canonical
functions showed in a past few decades, e.g., participation in transcription
regulation, nuclear export of RNA, DNA replication and reparation, apoptosis,
etc. GAPDH is also known to take part in redox-regulation of a number of
transcription and translation factors, GAPDH antibodies inhibit protein translation.
In cell, GAPDH is tetrameric and localized mainly in the cytoplasm, but, when
driving apoptosis signal or stress response, dimeric or monomeric forms arises
that accumulate in the nucleus. So, for the further studies on haponin and GAPDH
we decide to study cell localization of haponin.

On the basis of CHO-K1 line, we developed stable clones expressing GFP
and fusion protein GFP-Haponin and undertake their comparative analysis.  It was

demonstrated by confocal microscopy that GFP is distributed uniformly between
cell cytoplasm and nucleus, while GFP-Haponin accumulates in the nucleus; in
addition, overexpression of GFP-Haponin induces significantly delayed cell
proliferation as compared with the parent line CHO-K1 or its derivative expressing
GFP.

This work is financially supported by the Russian Foundation for Basic
Research grant ¹ 08-04-01127-à and Presidium of the Russian Academy of
Sciences (Molecular and Cell Biology Program).
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ÌÈÊÐÎÁÍÎÌ ÁÈÎÒÎÏËÈÂÍÎÌ ÝËÅÌÅÍÒÅ
Âîåâîäñêàÿ Î.À., Íãóåí Â.Ò., Àëôåðîâ Ñ.Â.
Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Òóëà
Ýëåêòðîííûé àäðåñ: chem@tsu.tula.ru
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Îäíèì èç âîçìîæíûõ ïóòåé ðåøåíèÿ ñëîæèâøèõñÿ ýíåðãåòè÷åñêèõ è
ýêîëîãè÷åñêèõ ïðîáëåì ÿâëÿåòñÿ ðàçðàáîòêà àëüòåðíàòèâíûõ èñòî÷íèêîâ
ýëåêòðè÷åñêîé ýíåðãèè – áèîòîïëèâíûõ ýëåìåíòîâ (ÁÒÝ). Îñíîâíîé
ïðîáëåìîé, ïðåïÿòñòâóþùåé êîììåðöèàëèçàöèè è ðàñïðîñòðàíåíèþ ÁÒÝ,
ÿâëÿåòñÿ èõ íèçêàÿ ïðîèçâîäèòåëüíîñòü. Âàæíûì ôàêòîðîì, âëèÿþùèì íà
ðàáîòó ìèêðîáíûõ ÁÒÝ, ÿâëÿåòñÿ òåìïåðàòóðà. Àíàëèç ëèòåðàòóðíûõ äàííûõ
ïîêàçàë, ÷òî âîïðîñû òåìïåðàòóðíîé çàâèñèìîñòè ðàáîòû ìèêðîáíûõ
áèîòîïëèâíûõ ýëåìåíòîâ îñâåùåíû ñëàáî, â ñâÿçè ñ ÷åì èññëåäîâàíèÿ ïî
èçó÷åíèþ âëèÿíèÿ òåìïåðàòóðû íà ðàáîòó ÁÒÝ ÿâëÿþòñÿ àêòóàëüíûìè.

Öåëüþ äàííîé ðàáîòû áûëî ïîëó÷åíèå òåðìîäèíàìè÷åñêèõ è
êèíåòè÷åñêèõ õàðàêòåðèñòèê ìèêðîáíîãî áèîòîïëèâíîãî ýëåìåíòà íà îñíîâå
áàêòåðèé Gluconobacter oxydans sb.sp. industrius (ÂÊÌ B-1280) è ìåäèàòîðà
2,6-äèõëîðôåíîëèíäîôåíîëà íà îñíîâàíèè èçó÷åíèÿ âëèÿíèÿ òåìïåðàòóðû
íà ãåíåðàöèþ ïîòåíöèàëà.

Äëÿ îïðåäåëåíèÿ òåðìîäèíàìè÷åñêèõ ïàðàìåòðîâ ïðîöåññà ãåíåðàöèè
ïîòåíöèàëà (òåìïåðàòóðíîãî êîýôôèöèåíòà ÝÄÑ, èçìåíåíèÿ ñâîáîäíîé
ýíåðãèè Ãèááñà, ýíòðîïèè, ýíòàëüïèè) è êîíñòàíòû ðàâíîâåñèÿ â ìîäåëè
ìèêðîáíîãî ÁÒÝ íà îñíîâå áàêòåðèé Gl. oxydans è ìåäèàòîðà ýëåêòðîííîãî
òðàíñïîðòà 2,6-äèõëîðôåíîëèíäîôåíîëà, áûëà èçó÷åíà çàâèñèìîñòü
ãåíåðèðóåìîé ÝÄÑ îò òåìïåðàòóðû â äèàïàçîíå îò 283 äî 313 Ê.

Ýòà çàâèñèìîñòü èìåëà âèä êðèâîé ñ ìàêñèìóìîì â îáëàñòè 104 ìÂ.
Äëÿ îïðåäåëåíèÿ òåìïåðàòóðíîãî êîýôôèöèåíòà ÝÄÑ  dE/dT èñïîëüçîâàëè
òàíãåíñ óãëà íàêëîíà ëèíåéíîãî ó÷àñòêà çàâèñèìîñòè ÝÄÑ îò òåìïåðàòóðû.
Èñõîäÿ èç òåìïåðàòóðíîãî êîýôôèöèåíòà ÝÄÑ, áûëè ïîëó÷åíû
òåðìîäèíàìè÷åñêèå ôóíêöèè (èçìåíåíèå ñâîáîäíîé ýíåðãèè Ãèááñà,
ýíòðîïèÿ, ýíòàëüïèÿ) è êîíñòàíòà ðàâíîâåñèÿ ïðîöåññà ãåíåðàöèè ÝÄÑ äëÿ
èññëåäóåìîãî ÁÒÝ. Äëÿ èçó÷àåìîé ñèñòåìû "áàêòåðèàëüíûå êëåòêè
Gl. oxydans – ìåäèàòîð 2,6-äèõëîðôåíîëèíäîôåíîë" íå óäàëîñü îáíàðóæèòü
íàäåæíûå ëèòåðàòóðíûå äàííûå, ïîäòâåðæäàþùèå ïåðåíîñ îäíîãî èëè äâóõ
ýëåêòðîíîâ ìîëåêóëàìè ìåäèàòîðà. Ïîýòîìó çíà÷åíèÿ òåðìîäèíàìè÷åñêèõ
ôóíêöèé ðàññ÷èòûâàëèñü êàê ñ ó÷àñòèåì îäíîãî, òàê è äâóõ ýëåêòðîíîâ.

Äëÿ îäíîãî ýëåêòðîíà:
∆GO=-9,6±0,8 êÄæ ∆SO=22±6 Äæ/K ∆HO=-3±1 êÄæ Ka=50±12

Äëÿ äâóõ ýëåêòðîíîâ:
∆GO=-20±2 êÄæ ∆SO=44±11 Äæ/K ∆HO=-6±3 êÄæ Ka=2400±1600

Äëÿ îïðåäåëåíèÿ êèíåòè÷åñêîé õàðàêòåðèñòèêè – ýíåðãèè àêòèâàöèè
ïðîöåññà ãåíåðàöèè ïîòåíöèàëà â èññëåäóåìîé ìîäåëè ìèêðîáíîãî ÁÒÝ –
áûëà èçó÷åíà çàâèñèìîñòü âðåìåíè ãåíåðàöèè ìàêñèìàëüíîé ÝÄÑ îò
òåìïåðàòóðû â êþâåòå. Äàííàÿ çàâèñèìîñòü èìååò âèä ãèïåðáîëû.

Óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè òåìïåðàòóðû çíà÷èòåëüíî ñîêðàùàåòñÿ
âðåìÿ ãåíåðàöèè ìàêñèìàëüíîãî çíà÷åíèÿ ïîòåíöèàëà. Èñïîëüçóÿ ìåòîä
ðàâíûõ âûõîäîâ, áûë ïîñòðîåí ãðàôèê â êîîðäèíàòàõ ln1/τ (1/RT). Òàíãåíñ
óãëà íàêëîíà ïðÿìîé ñîîòâåòñòâóåò -Ea. Òàêèì îáðàçîì, ðàññ÷èòàííàÿ  ýíåðãèÿ
àêòèâàöèè ñîñòàâèëà 67±4 êÄæ/ìîëü. Ìàòåìàòè÷åñêóþ îáðàáîòêó ðåçóëüòàòîâ
ïðîâîäèëè ñ ïîìîùüþ êîìïüþòåðíîé ïðîãðàììû SigmaPlot 10. Ñëåäóåò
îòìåòèòü, ÷òî îïðåäåëåííàÿ òàêèì îáðàçîì ýíåðãèÿ àêòèâàöèè ÿâëÿåòñÿ
ýôôåêòèâíîé, ò.å. âêëþ÷àåò â ñåáÿ ýíåðãèè àêòèâàöèè âñåõ îòäåëüíûõ ñòàäèé
ïðîöåññà: 1 – äèôôóçèÿ ãëþêîçû ê àêòèâíîìó öåíòðó ôåðìåíòà â ìåìáðàíå
êëåòêè; 2 – õèìè÷åñêàÿ ðåàêöèÿ – òðàíñôîðìàöèÿ ãëþêîçû äî ãëþêîíîëàêòîíà
ïîä äåéñòâèåì ôåðìåíòà ãëþêîçîäåãèäðîãåíàçû; 3 – ïåðåäà÷à ýëåêòðîíà íà
êîôàêòîð PQQ ôåðìåíòà ãëþêîçîäåãèäðîãåíàçû; 4 – ïåðåäà÷à ýëåêòðîíà îò
êîôàêòîðà PQQ íà ìåäèàòîð; 5 – òðàíñïîðò ìåäèàòîðà îò àêòèâíîãî öåíòðà
ôåðìåíòà äî ýëåêòðîäà; 6 – ïåðåäà÷à ýëåêòðîíà îò ìåäèàòîðà íà ýëåêòðîä è
ðåãåíåðàöèÿ ìåäèàòîðà.

Ñòàäèÿ ôåðìåíòàòèâíîé òðàíñôîðìàöèè ãëþêîçû äî ãëþêîíîëàêòîíà
(2) è ñòàäèè ïåðåäà÷è ýëåêòðîíîâ (3,4,6) ïðîòåêàþò áûñòðî è íå îêàçûâàþò
çàìåòíîãî âëèÿíèÿ íà îáùóþ ñêîðîñòü ïðîöåññà ãåíåðàöèè ïîòåíöèàëà â ÁÒÝ.
Âåðîÿòíåå âñåãî, ëèìèòèðóþùèìè ÿâëÿþòñÿ ñòàäèè, ñâÿçàííûå ñ äèôôóçèåé
ãëþêîçû ê àêòèâíîìó öåíòðó ôåðìåíòà è ìåäèàòîðà ê ýëåêòðîäó â ðàñòâîðå.

Âûâîäû:
Âïåðâûå èçó÷åíî âëèÿíèå òåìïåðàòóðû íà ãåíåðàöèþ ÝÄÑ â

áèîòîïëèâíîì ýëåìåíòå íà îñíîâå êëåòîê Gl.oxydans è ìåäèàòîðà
2,6-äèõëîðôåíîëèíäîôåíîëà. Ïðè ïîâûøåíèè òåìïåðàòóðû îò 293 äî 308 Ê
íàáëþäàëîñü âîçðàñòàíèå ÝÄÑ ãåíåðèðóåìîé ÁÒÝ íà 10%, ïðè 313 Ê – ðåçêîå
ïàäåíèå ÝÄÑ, ñâÿçàííîå, ïî-âèäèìîìó, ñ èíàêòèâàöèåé ôåðìåíòà.

Ïîëó÷åíû äàííûå ïî òåðìîäèíàìè÷åñêèì ôóíêöèÿì (èçìåíåíèå
ñâîáîäíîé ýíåðãèè Ãèááñà, ýíòðîïèÿ, ýíòàëüïèÿ), êîíñòàíòe ðàâíîâåñèÿ è
ýíåðãèè àêòèâàöèè ïðîöåññà ãåíåðàöèè ÝÄÑ äëÿ èññëåäóåìîé ìîäåëè ÁÒÝ.

Ðàáîòà âûïîëíåíà â ðàìêàõ ÔÖÏ "Íàó÷íûå è íàó÷íî-ïåäàãîãè÷åñêèå
êàäðû èííîâàöèîííîé Ðîññèè" (2009-2013 ãã.), ãîñêîíòðàêò ¹ 02.740.11.0296.
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TEMPERATURE EFFECT ON THE EMF GENERATION IN THE
MICROBIAL FUEL CELL
Voevodskaya O.A., Nguen V.T., Alferov S.V.
Tula State University, Tula
E-mail: chem@tsu.tula.ru
Fax: (4872) 33-13-05; tel.: (4872) 35-18-40

One of the possible ways for solving ecological and energy problems is the
development of the alternative power sources devises – biofuel cells (BFC). The
main problem which is hampers the commercialization and wide distribution of
BFC is the low performance. One of the important factors which are influence the
BFC performance is the temperature. Analysis of the literature displayed that the
questions of the temperature dependence of BFC is poor studied, so the investigation
of the temperature affect of the biofuel cells performance is the actual task.

The goal of this work was to obtain the thermodynamic and kinetic
characteristics of the microbial biofuel cell based on the bacteria Gluconobacter
oxydans sb.sp. industrius (VKM B-1280) and mediator 2,6-dichlorophenol
indophenol (2,6-DCPIP) studying the temperature affect on the generation of the
potential.

For determination of the thermodynamic parameters of the potential generation
process (electromotive force (EMF) temperature coefficient, Gibbs free energy,
entropy and enthalpy) and equilibrium constant the dependence of generated EMF
from the temperature in the range from 283 to 313 K have been studied in the
model of microbial BFC based on the Gl. oxydans cells and electron-transport
mediator 2,6-dichlorophenol indophenol.

The curve of the temperature dependence of the generated EMF had maximum
in the range of 104 mV. For determination of EMF temperature coefficient dE/dT
the slope of the linear section of the temperature dependence of generated EMF in
the range from 283 to 308 K have been used. On the basis of EMF temperature
coefficient the thermodynamic functions (Gibbs free energy, entropy and enthalpy)
and equilibrium constant of the potential generation process in the current microbial
BFC have been calculated. For the system containing Gl. oxydans cells and electron-
transport mediator 2,6-dichlorophenol indophenol we have not been able to find
any reliable information confirming the transportation  one or two electrons by the
mediator molecules. So the values of the thermodynamic functions have been
calculated with both one and two electron transfer.

For one electron transfer:
∆GO=-9,6±0,8 êÄæ ∆SO=22±6 Äæ/K ∆HO=-3±1 êÄæ Ka=50±12

For two electron transfer:
∆GO=-20±2 êÄæ ∆SO=44±11 Äæ/K ∆HO=-6±3 êÄæ Ka=2400±1600

For determination of the kinetic characteristic – activation energy of the
potential generation process in the microbial BFC under study the dependence of
the maximum EMF generation time from the electrochemical cell temperature
have been studied. This dependence was of the hyperbola form.

It was established that the increasing of temperature considerably decrease
the time for maximum potential generation. Using the equal-outlet method the
graph in the coordinates ln1/τ (1/RT)  has been plot. Slope of the graph corresponds
to -Ea. So the calculated activation energy was 67±4 kJ/mol. Mathematical treatment
of the obtained data have been carried out with SigmaPlot 10. It should be
mentioned that the activation energy determined in such way is the effective, i.e. it
includes the activation energy of the each particular stage of the process: 1 –
glucose diffusion to the active site of the enzyme in the cell membrane; 2 – chemical
reaction – enzyme transformation of the glucose to gluconolactone with
glucosedehydrohenase; 3 – electron transfer to PQQ of glucosedehydrohenase; 4
– electron transfer from PQQ to the mediator 2,6-DCPIP; 5 – mediator diffusion
from the active site of the enzyme to the electrode; 6 – electron transfer from the
mediator to electrode and regeneration of mediator.

Stage of the enzyme transformation of the glucose to gluconolactone (2) and
stages of electron transfer (3,4,6) run fast, and don't considerably effect the overall
speed of the potential generation process in BFC. Most probably the limitation
stages are connected with diffusion of the glucose to the active site of the enzyme
and with the diffusion of the mediator 2,6-DCPIP to the electrode in the solution.

Conclusions:
The temperature affect on the EMF generation in the microbial biofuel cell

based on the bacteria Gl. oxydans sb.sp. industrius (VKM B-1280) and mediator
2,6-dichlorophenol indophenol have been studied for the first time. The rise of the
temperature from 293 to 308 K leads to the increasing on 10% in generated EMF.
Under the 313 K it was registered the sharp decrease in EMF, which is probably
connected with temperature inactivation of the enzyme.

It was obtained the thermodynamic parameters (EMF temperature coefficient,
Gibbs free energy, entropy and enthalpy), equilibrium constant and activation energy
of the potential generation process in the model of microbial BFC under
investigation.

The current study was carried out with grant support from government contract
¹ 02.740.11.0296.
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ÊÎÀÊÒÈÂÀÒÎÐÛ TFIID È BRAHMA
Âîðîáüåâà Í.Å., Øèäëîâñêèé Þ.Â., Ãåîðãèåâà Ñ.Ã.
Èíñòèòóò áèîëîãèè ãåíà, Ìîñêâà
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Ôèçèîëîãè÷åñêîå ñîñòîÿíèå êëåòêè îïðåäåëÿåòñÿ âíåøíèìè è
âíóòðåííèìè ñèãíàëàìè. Â áîëüøèíñòâå ñëó÷àåâ êîíå÷íîé òî÷êîé äåéñòâèÿ
ýòèõ ñèãíàëîâ ÿâëÿåòñÿ èçìåíåíèå óðîâíÿ òðàíñêðèïöèè ãåíà. Äëÿ
ïîääåðæàíèÿ àêòèâèðîâàííîé òðàíñêðèïöèè òðåáóåòñÿ âîçäåéñòâèå
ðàçëè÷íûõ êîàêòèâàòîðíûõ êîìïëåêñîâ, êîòîðûå ïðèâëåêàþòñÿ ãåí-
ñïåöèôè÷åñêèìè àêòèâàòîðàìè. Îäíîé èç îñíîâíûõ çàäà÷ êîàêòèâàòîðîâ
ÿâëÿåòñÿ ðåìîäåëèðîâàíèå è ìîäèôèêàöèÿ õðîìàòèíà. Äëÿ ìíîæåñòâà ãåíîâ,
òðàíñêðèáèðóåìûõ ÐÍÊ-ïîëèìåðàçîé II, òàêóþ ôóíêöèþ âûïîëíÿåò
õðîìàòèí ðåìîäåëèðóþùèé êîìïëåêñ Brahma. Äðóãèì âàæíûì ñâîéñòâîì
êîàêòèâàòîðîâ ÿâëÿåòñÿ ïðèâëå÷åíèå íà ïðîìîòîð îáùèõ ôàêòîðîâ
òðàíñêðèïöèè (GTFs), êîòîðûå ôîðìèðóþò ïðåèíèöèàòîðíûé êîìïëåêñ. Äëÿ
áîëüøèíñòâà ãåíîâ ÐÍÊ-ïîëèìåðàçû II òàêèì êîàêòèâàòîðîì ÿâëÿåòñÿ îáùèé
ôàêòîð òðàíñêðèïöèè TFIID.

Ïðîöåññ ïðèâëå÷åíèÿ êîàêòèâàòîðíûõ êîìïëåêñîâ íà ïðîìîòîð äî ñèõ
ïîð îñòàåòñÿ íå äî êîíöà èçó÷åííûì. Ñàìîé ïîïóëÿðíîé ÿâëÿåòñÿ ìîäåëü
ïîñëåäîâàòåëüíîãî ïðèâëå÷åíèÿ êîàêòèâàòîðîâ ïðè èíèöèàöèè òðàíñêðèïöèè
ãåíà. Îíà ïîäòâåðæäàåòñÿ äàííûìè î òîì, ÷òî îáû÷íî ïðèâëå÷åíèå õðîìàòèí
ðåìîäåëèðóþùèõ êîìïëåêñîâ ïðåäøåñòâóåò ïîÿâëåíèþ îáùèõ ôàêòîðîâ
òðàíñêðèïöèè íà ïðîìîòîðå. Ïî äðóãîé ìîäåëè â ïðîöåññå àêòèâàöèè
òðàíñêðèïöèè êîàêòèâàòîðû ïðèâëåêàþò ñîâìåñòíî â ñîñòàâå óæå
ïðåäâàðèòåëüíî ñôîðìèðîâàâøèõñÿ ñóïåðêîìïëåêñîâ.

Â íàñòîÿùåé ðàáîòå îõàðàêòåðèçîâàí íîâûé ñóïåðêîìïëåêñ BTFly
(Brahma and TFIID in one assembly) [1-2]. Îí âêëþ÷àåò â ñåáÿ êîàêòèâàòîðíûå
êîìïëåêñû TFIID è Brahma, ñîåäèíåííûå ïðè ïîìîùè áåëêà SAYP.
Îáúåäèíåíèå äàííûõ êîàêòèâàòîðîâ â ñòàáèëüíûé ñóïåðêîìïëåêñ
ñâèäåòåëüñòâóåò â ïîëüçó ñîâìåñòíîãî ïðèâëå÷åíèÿ èõ ïðè àêòèâàöèè
òðàíñêðèïöèè.

Â äàííîé ðàáîòå áûë ëîêàëèçîâàí àêòèâàòîðíûé äîìåí áåëêà SAYP, èì
îêàçàëñÿ ýâîëþöèîííî êîíñåðâàòèâíûé äîìåí SAY. Îáíàðóæåíî, ÷òî
ñïîñîáíîñòü äàííîãî äîìåíà àêòèâèðîâàòü òðàíñêðèïöèþ çàâèñèò îò
êëåòî÷íîãî óðîâíÿ êîìïîíåíòîâ êîìïëåêñîâ TFIID è Brahma. Ñ ïîìîùüþ
ðàçëè÷íûõ ìåòîäîâ ïîêàçàíî, ÷òî äîìåí SAY âçàèìîäåéñòâóåò ñ ýòèìè
êîàêòèâàòîðíûìè êîìïëåêñàìè. Êðîìå òîãî, â ñîñòàâå ýòèõ êîìïëåêñîâ áûëè
îïðåäåëåíû íåïîñðåäñòâåííûå ïàðòíåðû SAYP. Îêàçàëîñü, ÷òî SAY äîìåí
âçàèìîäåéñòâóåò îäíîâðåìåííî ñ ñóáúåäèíèöåé TAF5 êîìïëåêñà TFIID è
BAP170 êîìïîíåíòîì êîìïëåêñà  Brahma, îáúåäèíÿÿ ýòè êîàêòèâàòîðíûå
êîìïëåêñû â åäèíûé ñóïåðêîìïëåêñ BTFly.

Ñóïåðêîìïëåêñ BTFly çà ñ÷åò ñâîèõ êîìïîíåíòîâ ñïîñîáåí îáåñïå÷èâàòü
âûïîëíåíèå äâóõ êëþ÷åâûõ ýòàïîâ ïîäãîòîâêè ïðîìîòîðà äëÿ ôîðìèðîâàíèÿ
ïðåèíèöèàòîðíîãî êîìïëåêñà, à çíà÷èò è ïîñëåäóþùåé àêòèâàöèè
òðàíñêðèïöèè.

Îñíîâîé äëÿ ôîðìèðîâàíèÿ ñóïåðêîìïëåêñà ñëóæèò SAY äîìåí áåëêà
SAYP. Îí ÿâëÿåòñÿ âûñîêîêîíñåðâàòèâíîé îáëàñòüþ áåëêà è âõîäèò â ñîñòàâ
âñåõ ãîìîëîãîâ SAYP ó ðàçëè÷íûõ îðãàíèçìîâ, â òîì ÷èñëå è ó ÷åëîâåêà.
Ìîæíî ïðåäïîëîæèòü, ÷òî ïðåäñòàâëåííûé ìåõàíèçì ôóíêöèîíèðîâàíèÿ
êîàêòèâàòîðà SAYP áóäåò õàðàêòåðåí è äëÿ ãîìîëîãîâ ýòîãî áåëêà.
Ëèòåðàòóðà
[1] Vorobyeva N.E., Soshnikova N.V., Nikolenko J.V., et al. (2009). Transcription

coactivator SAYP combines chromatin remodeler Brahma and transcription initiation
factor TFIID into a single supercomplex. Proc. Natl. Acad. Sci. USA. 106(27):11049-54.

[2] Vorobyeva N.E., Soshnikova N.V., Kuzmina J.L., et al. (2009). The novel regulator of
metazoan development SAYP organizes a nuclear coactivator supercomplex. Cell Cycle.
8(14):1-5.
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Fisiological status of living cell is determined by inner and external signals. In most
cases the end point of signals action is changes in gene transcription. For maintaining of
activated transcription is required an impact of different coactivator complexes, which are
recruited by gene-specific activators. One of the main coactivator's goal is to remodel and
modify chromatin. For this function for many genes transcribed by RNA-polymerase II is
responsible Brahma chromatin remodeling complex.  Other important coactivator's ability
is to recruit General Transcription Factors (GTFs) to promoter and to form preinitiation
complex. For most RNA-polymerase II genes for this activity is responsible general
transcriprion factor TFIID.

Process of recruiting coactivator complexes to promoter is still poorly studied.  The
most popular the model of transcription initiation suppose one-by-one coactivator
recruitment. It is confirmed by the fact that the recruitment of chromatin-remodeling
complexes is usually a prerequisite for the efficient recruitment of GTFs to the promoter.
In opposite model transcriptional coactivators are recruited in previously organized state,
forming supercomplexes.

In this work a novel BTFly supercomplex (Brahma and TFIID in one assembly) is
characterized [1-2]. It includes coactivator complexes TFIID and Brahma, united by the
SAYP protein. Integration of such complexes in single supercomplex testifies to the model
of combined recruitment of coactivators during transcription activation.

In this work an evolutionary conserved SAY domain was localized as an activation
domain of SAYP protein. Revealed, that ability of this domain to activate transcription
depends on cellular level of TFIID and Brahma complexes components. Interactions between
SAY domain and these coactivator complexes were demonstrated using different techniques.
Moreover direct partners of SAYP in composition of these complexes were found. SAY
domain simultaneously interact both with TAF5 subunit of TFIID complex and BAP170
component of Brahma complex, combining these coactivators in single supercomlex.

Presented BTFly supercomplex by the means of its components could provide
execution of two key steps of promoter preparation for preinitiation complex formation,
therefore for subsequent transcription activation.

SAY domain of SAY protein serve as the basis for BTFly supercomlex formation. It
is an evolutionary conserved region of the protein and is present in sequence of all SAYP
homologues in different organisms including human. We supposed, that presented
mechanism of coactivator SAYP functioning could be inherent for its homologues.
References
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Ââåäåíèå. Ãàëåêòèíû – β-ãàëàêòîçèäñâÿçûâàþùèå áåëêè, îáúåäèíåííûå
â îäíó ãðóïïó ïî ãîìîëîãèè àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè
óãëåâîäñâÿçûâàþùåãî ñàéòà. Èíòåðåñ ê èññëåäîâàíèþ ãàëåêòèíîâ âûçâàí òåì,
÷òî ýòè áåëêè âîâëå÷åíû â ìíîãî÷èñëåííûå ïðîöåññû, ñâÿçàííûå ñ
æèçíåäåÿòåëüíîñòüþ êëåòêè. Â çàâèñèìîñòè îò ñòðóêòóðíîé îðãàíèçàöèè
ãàëåêòèíû ìëåêîïèòàþùèõ ðàçäåëÿþò íà òðè ãðóïïû: ïðîòî-, õèìåðíûé è
òàíäåìíûé òèïû. Èçó÷àåìûå íàìè ãàëåêòèíû – ãàëåêòèíû òàíäåìíîãî òèïà
(-4, -6, -8, -9), ñîäåðæàò äâà ãîìîëîãè÷íûõ, íî íåèäåíòè÷íûõ ïî
àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè óãëåâîäñâÿçûâàþùèõ äîìåíà (ÓÑÄ),
ñîåäèíåííûõ êîðîòêèì ïåïòèäíûì ëèíêåðîì. Ñ ïîâûøåííîé ýêñïðåññèåé
ãàëåêòèíà-4 ïðè ðàêå æåëóäêà è ìîëî÷íîé æåëåçû, à ãàëåêòèíà-8 ïðè
êàðöèíîìå ëåãêîãî è ïðîñòàòû ñâÿçàíî ðàñïðîñòðàíåíèå ìåòàñòàç è ïëîõîé
ïðîãíîç çàáîëåâàíèÿ; ãàëåêòèí-9, ÿâëÿÿñü õåìîàòòðàêòàíòîì, ïðèâëåêàåò
ýîçèíîôèëû â î÷àã âîñïàëåíèÿ. Íàèáîëåå ïîëíàÿ õàðàêòåðèñòèêà
ñïåöèôè÷íîñòè ãàëåêòèíîâ áûëà  ïîëó÷åíà  òâåðäîôàçíûìè ìåòîäàìè,
ìåòîäàìè ïëàçìîííîãî ðåçîíàíñà, ïîëÿðèçàöèè ôëóîðåñöåíöèè è
ôðîíòàëüíîé àôôèííîé õðîìàòîãðàôèè. Îñíîâíûì âûâîäîì ïðîâåäåííûõ
èññëåäîâàíèé ÿâëÿåòñÿ òî, ÷òî ãàëåêòèíû óçíàþò ôðàãìåíò Galβ1-4GlcNAc
èëè Galβ1-3GlcNAc.

Îñîáûé èíòåðåñ ïðåäñòàâëÿåò èññëåäîâàíèå ãàëåêòèíîâ â ñîñòàâå
êëåòî÷íîé ìåìáðàíû. Â ýòîé ñâÿçè îñòàåòñÿ íåâûÿñíåííûì, íàñêîëüêî
àäåêâàòíî îòðàæàþò ïåðå÷èñëåííûå âûøå òåñò-ñèñòåìû ðåàëüíóþ ñèòóàöèþ,
òî åñòü, êîãäà ãàëåêòèí íàõîäèòñÿ íà ïîâåðõíîñòè êëåòêè. Îòñóòñòâèå äàííûõ
î ñïåöèôè÷íîñòè ãàëåêòèíîâ íà êëåòêå ìû îáúÿñíÿåì îòñóòñòâèåì óäîáíîé
ýêñïåðèìåíòàëüíîé ìîäåëè. Ãàëåêòèíû íå èìåþò ñèãíàëüíîé N-êîíöåâîé
ïîñëåäîâàòåëüíîñòè; ïîïûòêè ñîçäàòü ñòîéêèå òðàíñôåêòàíòû ãàëåêòèíîâ â
áîëüøèíñòâå ñëó÷àåâ áûëè íåóäà÷íû: ãàëåêòèíû íå ñåêðåòèðîâàëèñü èç
êëåòêè èç-çà íåñïîñîáíîñòè âçàèìîäåéñòâîâàòü ñ áåëêàìè-òðàíñïîðòåðàìè
èëè èç-çà îòñóòñòâèÿ ñèãíàëüíîé N-êîíöåâîé ïîñëåäîâàòåëüíîñòè â
ñèíòåçèðóåìîì áåëêå.

Öåëü íàøåé ðàáîòû – èçó÷èòü ñïåöèôè÷íîñòü òàíäåìíûõ ãàëåêòèíîâ â
ñîñòàâå êëåòî÷íîé ìåìáðàíû. Ãàëåêòèíû íàãðóæàëè íà êëåòêè Raji (êîòîðûå
ñàìè íå ýêñïðåññèðóþò ãàëåêòèíû) è èññëåäîâàëè èõ âçàèìîäåéñòâèå ñ
ïîëèàêðèëàìèäíûìè ôëóîðåñöåèí-ìå÷åííûìè ãëèêîêîíúþãàòàìè (Glyc-
PAA-fluo) öèòîôëóîðèìåòðèåé. Äàííàÿ êëåòî÷íàÿ ìîäåëü ïîçâîëèëà âûÿâèòü:
1) íàèáîëåå àôôèííûå ëèãàíäû ãàëåêòèíîâ òàíäåìíîãî òèïà; 2) âêëàä
ëèíêåðîâ, N- è Ñ-ÓÑÄ â óãëåâîäíóþ ñïåöèôè÷íîñòü; 3) îïðåäåëèòü, ñ êàêèìè
èìåííî ãëèêàíàìè ñâÿçûâàþòñÿ ãàëåêòèíû íà ïîâåðõíîñòè êëåòêè.
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Ðåçóëüòàòû. Óãëåâîäíàÿ ñïåöèôè÷íîñòü. Ñïåöèôè÷íîñòü ãàëåêòèíîâ
èçó÷àëàñü ñ ïîìîùüþ íàáîðà ãëèêîêîíúþãàòîâ Glyc-PAA-fluo, ñîäåðæàùèõ
òåðìèíàëüíûå ôðàãìåíòû Galβ1-4GlcNAc (LN) èëè Galβ1-3GalNAc; êðîìå
òîãî, áûëî èññëåäîâàíî âçàèìîäåéñòâèå ãàëåêòèíîâ ñ ñóëüôàòèðîâàííûìè
îëèãîñàõàðèäàìè ñ îñòàòêàìè ñóëüôàòà ïðè Î-3 è Î-6 ãàëàêòîçû è (èëè) Î-6
N-àöåòèëãëþêîçàìèíà.

LN ñëàáî ñâÿçûâàåòñÿ ñ ãàëåêòèíàìè, îäíàêî ñ óâåëè÷åíèåì
ëàêòîçàìèíîâûõ çâåíüåâ â îëèãîñàõàðèäíîé öåïè ñâÿçûâàíèå óâåëè÷èâàåòñÿ.
Òàê, LN3'LN, ò.å. Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAc è LN3, ò.å. Galβ1-
4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAc ñâÿçûâàþòñÿ ñ ãàëåêòèíàìè
-4, -8, – è -9 â 7 ðàç ñèëüíåå. Òàê æå, êàê è äëÿ ãàëåêòèíîâ äðóãèõ òèïîâ, äëÿ
ñâÿçûâàíèÿ ïðèíöèïèàëüíî, â êàêîì ïîëîæåíèè íàõîäèòñÿ òåðìèíàëüíûé
LN-ôðàãìåíò ïî îòíîøåíèþ ê ëàêòîçàìèíîâîìó êîðó, à èìåííî, ãàëåêòèíû-
4, -8 è -9 ñâÿçûâàëèñü ñ LN3'(GlcNAc6')LN, íî íå ñ åãî èçîìåðîì
LN6'(GlcNAc3')LN. Àãàëàêòîàíàëîã (LN)23',6'LN íå ñâÿçûâàëñÿ ñ ãàëåêòèíàìè
âîâñå. Ïðèíöèïèàëüíûì ðàçëè÷èåì ãàëåêòèíîâ òàíäåìíîãî òèïà îò äðóãèõ
ãàëåêòèíîâ ÿâëÿåòñÿ âûñîêàÿ àôôèííîñòü ê íèì äèñàõàðèäà Tββ, ò.å. Galβ1-
3GalNAcβ, à òàêæå ñóëüôàòîâ 3'OSuLec  è 6OSuLN â êëåòî÷íîé ñèñòåìå.
Äèñàõàðèä TF, ò.å. Galβ1-3GalNAcα, íå ïðîÿâëÿåò ñðîäñòâà ê ãàëåêòèíàì
òàíäåìíîãî òèïà, íî ââåäåíèå ñóëüôàòíîé ãðóïïû â ïîëîæåíèå Ñ-3 îñòàòêà
Gal (3'OSuTF) íà äâà ïîðÿäêà óâåëè÷èâàåò ñâÿçûâàíèå ñ ãàëåêòèíîì-8 è -9. Â
òâåðäîôàçíîé ñèñòåìå áûëî ïîêàçàíî, ÷òî çà ñâÿçûâàíèå ñ
ñóëüôàòèðîâàííûìè ëèãàíäàìè è ñèàëîçèäàìè îòâå÷àåò C-ÓÑÄ, à ñ
îëèãîëàêòîçàìèíàìè - N-ÓÑÄ ãàëåêòèíîâ. Ãàëåêòèíû òàíäåìíîãî òèïà
ñïîñîáíû óçíàâàòü îëèãîñàõàðèäû, ôóêîçèëèðîâàííûå èëè òåðìèíèðîâàííûå
îñòàòêàìè Gal  èëè GalNAc , ïðè÷åì òðèñàõàðèä Í (òèï 2), ò.å. Fucα1-2Galβ1-
4GlcNAcβ, ïðîÿâëÿåò íàèáîëüøóþ àôôèííîñòü ê ãàëåêòèíàì, íà äâà ïîðÿäêà
ïðåâûøàþùóþ LN3 è Tββ.Èññëåäîâàíèå óãëåâîäíûõ öåïåé, ñ êîòîðûìè ñâÿçûâàþòñÿ ãàëåêòèíû
íà ïîâåðõíîñòè êëåòêè. Ãàëåêòèí-8 íàãðóæàëè íà êëåòêè, ïðåäâàðèòåëüíî
îáðàáîòàííûå ãëèêîçèäàçàìè, îòùåïëÿþùèìè öåïè, òåðìèíèðîâàííûå
îñòàòêàìè Neu5Acα è Galβ. Äåñèàëèðîâàíèå c ïîñëåäóþùèì
β-äåãàëàêòîçèëèðîâàíèåì ïðèâîäèëî ê óìåíüøåíèþ ñâÿçûâàíèÿ ãàëåêòèíà-8
ñ êëåòêàìè. Êðîìå òîãî, ñâÿçûâàíèå ãàëåêòèíà c êëåòêàìè ïàäàëî ïîñëå
îáðàáîòêè êëåòîê èíãèáèòîðîì áèîñèíòåçà N-ãëèêîçèëèðîâàííûõ öåïåé.
Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî ãàëåêòèíû òàíäåìíîãî
òèïà äëÿ çàÿêîðèâàíèÿ íà êëåòêå èñïîëüçóþò β-ãàëàêòîçèäòåðìèíèðîâàííûå
N-ãëèêàíû, êîòîðûå ìîãóò ñîäåðæàòü îñòàòîêNeu5Acα-3Galβ.

Âîâëå÷åííîñòü ãàëåêòèíîâ â öèñ-âçàèìîäåéñòâèå. Íà ïðèìåðå
ãàëåêòèíà-8 áûëî ïîêàçàíî, ÷òî äåñèàëèðîâàíèå ñ ïîñëåäóþùèì
β-äåãàëàêòîçèëèðîâàíèåì êëåòîê, íàãðóæåííûõ ãàëåêòèíîì, ïðèâîäèò ê
óâåëè÷åíèþ ñâÿçûâàíèÿ LN-ïðîáû ñ ëåêòèíîì; ò.å. ãàëåêòèíû òàíäåìíîãî
òèïà ìîãóò ìàñêèðîâàòüñÿ íà êëåòêàõ β-ãàëàêòîçèäàìè, òåðìèíèðîâàííûìè
îñòàòêîì Neu5Acα-3Galβ; ìàñêèðîâêà ïðåïÿòñòâóåò èõ âçàèìîäåéñòâèþ ñ
ëèãàíäàìè ñîñåäíèõ êëåòîê è îáåñïå÷èâàåò ðåãóëÿöèþ óãëåâîäñâÿçûâàþùåé
àêòèâíîñòè ãàëåêòèíà.

Âûâîäû. Tββ, 3'OSuLec, 6OSuLN, H (òèï 2) ÿâëÿþòñÿ ñàìûìè àôèííûìè
ëèãàíäàìè äëÿ ãàëåêòèíîâ òàíäåìíîãî òèïà; ãàëåêòèíû òàíäåìíîãî òèïà
ìîãóò ìàñêèðîâàòüñÿ íà êëåòêå β-ãàëàêòîçèä-òåðìèíèðîâàííûìè ãëèêàíàìè.

CARBOHYDRATE-BINDING PATTERN OF HUMAN
TANDEM-REPEAT-TYPE CELLULAR GALECTINS
Vokhmyanina O.A., Rapoport E.M., Pazynina G.V., Severov V.V., Bovin N.V.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: vokhmyanina.olga@gmail.com
Fax: (495) 330-55-92; tel.: (495) 330-66-83

Introduction. Galectins are β-galactoside binding lectins defined by homology
in a sequence motif of the carbohydrate-recognition domain (CRD). Galectins can
induce numerous processes involved in the regulation of cell activity. According
to their structural architecture the galectin family can be divided into a proto-,
chimera- and tandem-types. We study carbohydrate specificity of tandem-repeat-
type subfamily galectins (-4, -6, -8, -9) that contain two homologous, non-identical
on amino acid sequence CRDs (N-CRD and Ñ-CRD) linked by a short peptide.
High expression of galectin-4 on stomach and breast carcinoma as well as galectin-8
on lung and prostate carcinoma correlates with metastases spreading and poor
prognosis of survival; it was shown that galectin-9 could act as potent eosinophil
chemoattractant. The specificity of galectins was studied by solid phase assay,
plasmon resonance, fluorescence polarization and frontal affinity chromatography.
The main conclusion of these searches was that galectins preferentially bound
glycoconjugates terminated by Galβ1-4GlcNAc or Galβ1-3GlcNAc. The particular
point of interest of researchers is the study of galectins on cell membrane. Regarding
to this it is not clear whether the methods mentioned above reflect cell system
conditions, namely when galectins are expressed on cell surface. The specificity
of galectins in cell composition has not been studied yet. This may be explained
by the absence of the convenient experimental model. Because of the absence of
N-signal sequence the attempts to obtain stable transfectants of galectins were
unsuccessful: galectins were not secreted on the cell surface since they did not
interact with protein-transporters or the synthesized protein did not possess
N-terminal sequence.

The aim of our work was the study of carbohydrate specificity of tandem-
repeat-type cellular galectins. Galectins were loaded on Raji cells (normally galectin
free) and probed with multivalent glycoconjugates (Glyc-PAA-fluo) by flow
cytometry. This model permits us to identify: 1) affine ligands of tandem type
galectins; 2) how linker and N- and C-ÑRDs affect the carbohydrate specificity;
3) galectin targets on cell surface.

Results. The carbohydrate specificity. The specificity of galectins was studied
by means of glycoconjugates containing terminal Galβ1-4GlcNAc (LN) or Galβ1-
3GalNAc residues; besides interaction of galectins with ligands sulfated on the
position Î-3 or Î-6 of Gal residue or Î-6 of GlcNAc residue has been studied.

LN poorly bound to galectins, however binding was increased with the increase
of lactosamine units in oligosaccharide chain, namely LN3'LN (i.e. Galβ1-
4GlcNAcβ1-3Galβ1-4GlcNAc) and LN3 (i.e. Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-3Galβ1-4GlcNAc) bound to galectins-4,-8, and -9 seven-fold stronger
than LN. As in the case of proto- and chimera galectins the linkage of terminal LN
residue to lactosamine core is principal for the tandem galectins, namely,
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LN3'(GlcNAc6')LN, but not its isomer LN6'(GlcNAc3')LN bound to galectins-
4,-8 and -9. Agalacto analog (LN)23',6'LN did not bind to galectins at all. The
principal difference of tandem-type galectins from the others is high affinity of
disaccharide Tββ (i.e. Galβ1-3GalNAcβ) and sulfated saccharides 3'OSuLec and
6OSuLN to galectins in cellular system. Disaccharide TF (i.e. Galβ1-3GalNAcα)
did not bind to tandem-type galectins, but introduction of sulfated group into Ñ-3
of Gal residue (3'OSuTF) increased binding to galectin-8 and-9 two-fold. It was
shown by solid-phase assay that C-CRD was responsible for the binding of sulfated
and sialylated glycans to tandem galectins whereas N-CRD – for oligolactosamines.
Tandem-type galectins can recognize fucosylated or Galα- or GalNAcα-terminated
glycans; trisaccharide Í (type 2), i.e. Fucα1-2Galβ1-4GlcNAcβ was the most
potent ligand of tandem type galectins being two orders of magnitude more affine
than LN3 and Tββ.Study of glycans that utilize galectins for the anchoring on cell surface.

Galectin-8 was loaded on cells pre-incubated with glycosidases removing
Neu5Acα and Galβ terminal residues from cell glycans. Desialylation following
β-degalactosylation significantly improved the binding of galectin-8 to cells.
Besides, galectins did not bind to cells pre-cultured with inhibitors of biosynthesis
of N-glycans. The obtained data evidenced on anchoring of tandem-type galectins
on cell surface via  β-galactoside-terminated N-glycans, which can contain
Neu5Acα-3Galβ fragment.

Involvement of galectins in cis-interaction. Desialylation following
β-degalactosylation of galectin-8-loaded cells significantly improved the binding
of LN to lectin, i.e. tandem-repeat-type galectins can be masked on cell surface by
β-galactosides containing Neu5Acα-3Galβ residue; masking prevents less specific
interaction with other cells glycans and provides regulation of carbohydrate-binding
activity of galectins.

Conclusions: 1) Saccharides Tββ, 3'OSuLec, 6OSuLN, H (type 2) are the most
potent ligands of tandem-type galectins-4, -8 and -9. 2) Tandem-type galectins
can be masked on cell surface by β-galactoside-terminated glycans.
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Â ðåãóëÿöèè ìíîãèõ êëåòî÷íûõ ñèñòåì ó÷àñòâóþò ìåìáðàíû.
Ôóíêöèîíèðîâàíèå ìåìáðàí è âîçäåéñòâèå íà íèõ âíåøíèõ ôàêòîðîâ, òàêèõ
êàê ïàòîëîãèÿ èëè áèîëîãè÷åñêè àêòèâíûå âåùåñòâà, ïðèâîäèò ê
ãåíåðàëèçîâàííûì ñòðóêòóðíûì ïåðåõîäàì, çàòðàãèâàþùèì êàê ëèïèäíóþ,
òàê è áåëêîâóþ ôàçû. Ïðåäïîñûëêîé òàêèõ ïåðåõîäîâ ÿâëÿåòñÿ èçìåíåíèå
òåêó÷åñòè ìåìáðàí. Â ðåçóëüòàòå ïðîèñõîäèò èçìåíåíèå ëèïèä-áåëêîâûõ
âçàèìîäåéñòâèé, àêòèâíîñòè, ñïåöèôè÷íîñòè è ÷óâñòâèòåëüíîñòè
ìåìáðàííûõ áåëêîâ ê ðåãóëÿòîðíûì ôàêòîðàì. Ìíîãèå èç ýòèõ ïåðåõîäîâ
ñîïðîâîæäàþòñÿ èçìåíåíèÿìè ïàðàìåòðîâ ïåðîêñèäíîãî îêèñëåíèÿ ëèïèäîâ
(ÏÎË) êëåòî÷íûõ ìåìáðàí. Òàêèì îáðàçîì, ñòðóêòóðà ëèïèäíîãî áèñëîÿ
èãðàåò âàæíóþ ðîëü â ìåòàáîëèçìå êëåòêè. Ïîýòîìó öåëüþ íàøåãî
èññëåäîâàíèÿ áûëî èçó÷åíèå èçìåíåíèé ñòðóêòóðíûõ õàðàêòåðèñòèê
áèîëîãè÷åñêèõ ìåìáðàí â íîðìå, ïðè ïàòîëîãèè è âîçäåéñòâèè áèîëîãè÷åñêè
àêòèâíûõ âåùåñòâ. Â êà÷åñòâå ïîêàçàòåëåé ñòðóêòóðíîãî ñîñòîÿíèÿ ìåìáðàí
èçó÷àëèñü âÿçêîñòíûå ñâîéñòâà, ñîäåðæàíèå ìàëîíîâîãî äèàëüäåãèäà, êàê
ïîêàçàòåëÿ óðîâíÿ ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ, à òàêæå ãåìîëèç
ýðèòðîöèòîâ.

Íà ïåðâîì ýòàïå èññëåäîâàëèñü èçìåíåíèÿ òåêó÷åñòè ìåìáðàí,
âûäåëåííûõ èç ìîçãà, à òàêæå èçìåíåíèÿ òåêó÷åñòè è ïàðàìåòðîâ ÏÎË
ýðèòðîöèòîâ ìûøåé ñ ïàòîëîãèåé, ìîäåëèðóþùåé áîëåçíü Àëüöãåéìåðà (ÁÀ),
îñíîâàííîé íà áóëüáýêòîìèè (óäàëåíèå îáîíÿòåëüíûõ ëóêîâèö). Ìîäåëü ÁÀ
ðàçðàáîòàíà â ëàáîðàòîðèè Áîáêîâîé Í.Â. â ÈÁÊ ÐÀÍ. Â õîäå ðàáîòû áûëè
âûÿâëåíû ñòàäèéíûå èçìåíåíèÿ òåêó÷åñòè ìåìáðàí, âûäåëåííûõ èç
ïåðåäíåãî ìîçãà. Íà ïÿòûé ìåñÿö ïîñëå áóëüáýêòîìèè íàñòóïàåò ïåðèîä
êîìïåíñàöèè. Ó ñòàðûõ æèâîòíûõ íàáëþäàåòñÿ ñèìáàòíîå óâåëè÷åíèå
âðàùàòåëüíîé ïîäâèæíîñòè ëèïèäíîãî è áåëêîâîãî çîíäîâ îòíîñèòåëüíî
íîðìû, êàê â ìèêðîñîìàõ, òàê è â ñóáìèòîõîíäðèàëüíîé ôðàêöèè ìåìáðàí,
÷òî ãîâîðèò î äàëüíåéøåì ðàçâèòèè ïàòîëîãèè. Ïîëó÷åííûå ðåçóëüòàòû
êîððåëèðóþòñÿ ñ äàííûìè äðóãèõ ëàáîðàòîðèé îá èçìåíåíèÿõ êîãíèòèâíûõ
ôóíêöèé, ñîäåðæàíèÿ β-àìèëîèäà, àêòèâíîñòè àöåòèëõîëèíýñòåðàçû è ò.ä.
Ïîäîáíûå ñòàäèéíûå èçìåíåíèÿ íàáëþäàëèñü è â ñòðóêòóðå ìåìáðàí
ýðèòðîöèòîâ. Ñòðóêòóðíîå ñîñòîÿíèå ìåìáðàí ýðèòðîöèòîâ õîðîøî
ñîîòíîñèòñÿ ñî ñòðóêòóðîé ìåìáðàí, âûäåëåííûõ èç ìîçãà. Ñëåäîâàòåëüíî,
ñîñòîÿíèå ìåìáðàí ýðèòðîöèòîâ îòðàæàåò îáùåå ñîñòîÿíèå îðãàíèçìà.

Ïî äàííûì, ïîëó÷åííûì â ýêñïåðèìåíòàõ ñ ìîäåëüþ ÁÀ, ñäåëàíî
ïðåäïîëîæåíèå, ÷òî ïîäîáíûå èçìåíåíèÿ ñòðóêòóðû ìåìáðàí ìîãóò
ïðîèñõîäèòü è ïðè ðàçâèòèè ÁÀ ó ÷åëîâåêà. Â ñâÿçè ñ ýòèì íàìè èçó÷åíî
ñòðóêòóðíîå ñîñòîÿíèå ìåìáðàí ýðèòðîöèòîâ 10 ïàöèåíòîâ ðàçíîãî ïîëà è
âîçðàñòà ñ ðàçëè÷íîé ñòåïåíüþ òÿæåñòè ÁÀ. Óñòàíîâëåíî, ÷òî ó âñåõ
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ïàöèåíòîâ ñ ÁÀ ïîâûøåíà òåêó÷åñòü îáåèõ îáëàñòåé ìåìáðàí ýðèòðîöèòîâ,
ò.å. íàðóøåíû ñâÿçè â ñèñòåìå ðåãóëÿöèè ÏÎË êëåòî÷íûõ ìåìáðàí. Â ðàáîòå
Áóðëàêîâîé Å.Á. ïðåäëîæåíà ìåìáðàííàÿ ìîäåëü ïàìÿòè, â êîòîðîé
îïðåäåëÿþùèì ôàêòîðîì ÿâëÿåòñÿ ñòðóêòóðíîå ñîñòîÿíèå ìåìáðàí. Ñ ó÷åòîì
ýòîé ìîäåëè ìîæíî îáúÿñíèòü íàðóøåíèÿ ïàìÿòè, ñâÿçàííûå ñ ðàçâèòèåì
ÁÀ. Âñëåäñòâèå  ïîâûøåííîé ëàáèëüíîñòè ìåìáðàí (~ â 2 ðàçà âûøå íîðìû)
ïðîèñõîäèò íàñòîëüêî áûñòðàÿ ñìåíà èõ æèäêîêðèñòàëëè÷åñêîé ñòðóêòóðû,
÷òî ïðèâîäèò ê íàðóøåíèÿì íå òîëüêî äîëãîâðåìåííîé, íî è êðàòêîâðåìåííîé
ïàìÿòè. Êðîìå òîãî, èçìåíåíà è ñêîðîñòü ÏÎË. Íàìè ïîêàçàíî, ÷òî íå ó âñåõ
ïàöèåíòîâ ñ ÁÀ ïðîèñõîäèò èíòåíñèôèêàöèÿ ïðîöåññîâ ÏÎË, êàê ñ÷èòàëîñü
ðàíåå. Ïî ïîêàçàòåëÿì ÏÎË âûäåëåíî òðè ãðóïïû ïàöèåíòîâ. Ó ïåðâîé
ãðóïïû ïîâûøåí óðîâåíü ÏÎË. Îíà õàðàêòåðèçóåòñÿ âûñîêèì ãåìîëèçîì è
ñîäåðæàíèåì ÌÄÀ êàê äî, òàê è ïîñëå èíêóáàöèè, ïðè÷åì íàáëþäàåòñÿ
ïîâûøåíèå óðîâíÿ ãåìîëèçà è êîëè÷åñòâà ÌÄÀ. Ó âòîðîé è òðåòüåé ãðóïï
ïðîèñõîäèò óãíåòåíèå ïðîöåññîâ ÏÎË. Âòîðàÿ ãðóïïà õàðàêòåðèçóåòñÿ
íèçêèì ãåìîëèçîì è îòñóòñòâèåì ïðèðîñòà ïðè èíêóáàöèè. Ñîîòíîøåíèå
ÌÄÀ/ÏÃ áûëî çíà÷èòåëüíî âûøå åäèíèöû. Ó òðåòüåé ãðóïïû íàáëþäàåòñÿ
âûñîêèé ìåõàíè÷åñêèé ãåìîëèç è ñíèæåíèå óðîâíÿ ãåìîëèçà è ñîäåðæàíèÿ
ÌÄÀ çà âðåìÿ èíêóáàöèè. Âîçìîæíî, ýòè ãðóïïû íàõîäÿòñÿ íà ðàçëè÷íûõ
ñòàäèÿõ ðàçâèòèÿ ÁÀ.

Îïðåäåëåííûé èíòåðåñ ïðåäñòàâëÿëî ñîïîñòàâëåíèå ðåçóëüòàòîâ
âîçäåéñòâèÿ íà òåêó÷åñòü ìåìáðàí ïðåïàðàòîâ äèìåáîí è NT-1505,
ñèíòåçèðîâàííûõ â ÈÔÀÂ ÐÀÍ Áà÷óðèíûì Ñ.Î. è ïðåäëîæåííûõ äëÿ òåðàïèè
ÁÀ, ñî ñòðóêòóðíûì ñîñòîÿíèåì ìåìáðàí ïðè ðàçâèòèè ÁÀ. Ïîëó÷åííûå
äàííûå ïîêàçàëè, ÷òî ïðàêòè÷åñêè ïðè âñåõ òåìïåðàòóðàõ îò 283 äî 317 Ê
îáà ïðåïàðàòà óâåëè÷èâàþò òåêó÷åñòü êàê ëèïèäíîé, òàê è áåëêîâîé ôàçû
ñèíàïòîñîìàëüíûõ ìåìáðàí. Äàëüíåéøåå óâåëè÷åíèå òåêó÷åñòè ìåìáðàí ïðè
ÁÀ ìîæåò ïðèâåñòè ê ðàçðóøåíèþ êëåòîê, ïîýòîìó ñëåäóåò ïðîÿâëÿòü
îñòîðîæíîñòü ïðè ïðèìåíåíèè ýòèõ ïðåïàðàòîâ ïðè òåðàïèè. Âîçìîæíî, ïðè
ñîâìåñòíîì èñïîëüçîâàíèè äàííûõ ïðåïàðàòîâ ñ âåùåñòâàìè,
óâåëè÷èâàþùèìè ìèêðîâÿçêîñòü ìåìáðàí, ìîæíî ïîâûñèòü ýôôåêòèâíîñòü
ëå÷åíèÿ.

Ïî ðåçóëüòàòàì íàøåé ðàáîòû ñäåëàí âûâîä î òîì, ÷òî íàðóøåíèÿ â
ñòðóêòóðå ìåìáðàí èãðàþò âàæíóþ ðîëü ïðè ðàçâèòèè ïàòîëîãèé. Ó÷èòûâàÿ
ýòè èçìåíåíèÿ ìîæíî ãëóáæå ïîíÿòü, êàê ïðîòåêàåò ïðîöåññ ðàçâèòèÿ
ïàòîëîãèè íà êëåòî÷íîì óðîâíå, îöåíèòü ñîñòîÿíèå çäîðîâüÿ ïàöèåíòîâ, à
òàêæå ïîâûñèòü ýôôåêòèâíîñòü òåðàïèè.

MEMBRANES STRUCTURE ROLE DURING ALZHEIMER'S-LIKE
DEMENTIA PROGRESSION AND THERAPY
Gerasimov N.Yu., Goloshchapov A.N., Burlakova E.B.
Institute of biochemical physics RAS, Moscow
E-mail: groshotan@gmail.com
Tel.: (495) 939-71-81

Membranes take part in various cell systems regulation. Functioning of
membranes and external factors influence on them, such as biologically active
substances or pathology, lead to generalized structural transitions, affecting both
lipid and protein phases. A change of lipid bilayer fluidity is a precondition for
such transitions. As a result, lipid-protein interactions and activity, specificity,
regulatory factor sensitivity of membrane proteins are changing. Many of these
transitions are accompanied by cell membrane lipid peroxidation changes. Thus,
a membrane structure plays a significant part in cell metabolism. Therefore, the
aim of our research was the study of biological membranes structural characteristic
changing in health and none and with biologically active substances influence.
Membranes fluidity as the structural characteristic, malonic dialdehyde (MDA)
content and hemolysis of erythrocytes as lipid peroxidation (LPO) rate indicator
were used.

In the first stage fluidity changing of brain membranes, and membranes fluidity
and LPO characteristics changing of erythrocytes of mice with pathology, simulated
Alzheimer's disease (AD), and based on olfactory bulb ectomy, was investigated.
The AD model was developed at the ICB RAS by Bobkova N.V. The phasic
alterations of membranes fluidity, separated from forebrain, have been found out
during researches. For the fifth month after bulbectomy compensation period was
observed. Microviscosity of lipid and protein phases increased symbately relative
to norm in both microsomal and submitochondrial membranes of old mice forebrain.
It speaks about the further progression of the pathology. The results are correlated
with the data of other laboratories respecting changes of cognitive functions,
β-amyloid content, acetylcholinesterase activity etc. Erythrocytes membrane
structure changes were similar and also correlated with forebrain membrane
structural changes. Consequently, an erythrocytes membrane structure exhibits
organism's common state.

Under the data above we supposed that structure of membranes of human
with Alzheimer's disease can be change similarly. Accordingly, we have studied
erythrocytes membrane structural state from ten different age patients of both sexes
with different Alzheimer's disease severity. Both erythrocytes membrane regions
(lipid and protein) fluidity increased level, so failures in the system of LPO
homeostasis in these membranes, was observed. Burlakova E.B. has proposed the
memory model with the membranes structure as the primary factor. Based on this
model memory impairments during AD can be explained. As a result of increased
membranes lability (~twice above normal) membranes mesomorphic structure is
altering insomuch rapidly, that both lasting and recent memory are lost. In addition,
LPO parameters are also changed. We have shown that LPO rate is enhanced not
for all patients, as considered earlier. Three groups were marked out by LPO
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parameters. LPO rate was increased for the first group. It was characterized by
enhanced hemolysis and MDA content before and after incubation with increasing
both hemolysis and MDA content. For the second and third groups LPO rate was
decreased. The second group was characterized by low hemolysis without increment
during incubation. Relation of the MDA content to the peroxide hemolysis was
significantly higher than one. Enhanced mechanical hemolysis and decreasing of
MDA content and hemolysis during incubation period were observed for the third
group. Probably, these groups were in a different AD severity.

In addition, it was interesting to compare membranes structural state during
AD progression with a fluidity of membranes influenced by substances Dimebone
and NT-1505, synthesized by Bachurin S.O. at the IPAC RAS and proposed for
AD therapy. Obtained data have shown that both substances increase synaptosomal
membranes lipid and protein regions fluidity practically for all temperatures from
273 to 317 K. Further membranes fluidity increasing observed during AD
progression can leads to cells breakage, so one should use these substances carefully
for Alzheimer's disease therapy. Perhaps, AD treatment will be more effective if
NT-1505 and Dimebone will be used with substances, enhancing membranes
microviscosity.

In accordance with the results of our research membranes structure disorder
was concluded to play a significant part in a pathology progression. Considering
these alterations, one can comprehend pathology progression process on cellular
level more completely, determine patient's state more properly, and increase therapy
efficiency.
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Æèâàÿ êëåòêà – îòêðûòàÿ ñèñòåìà, êîòîðàÿ ñâîáîäíî îáìåíèâàåòñÿ ñ îêðóæàþùåé
ñðåäîé ìàòåðèåé, ýíåðãèåé è èíôîðìàöèåé. Ìåìáðàííûå áåëêè ÿâëÿþòñÿ
ïîñðåäíèêàìè â ýòîì îáìåíå. Ïîýòîìó èõ èçó÷åíèå – ñòðóêòóðíîå è ôóíêöèîíàëüíîå
– î÷åíü âàæíî äëÿ ïîíèìàíèÿ êëåòî÷íîé áèîëîãèè íà ìîëåêóëÿðíîì óðîâíå.
Ðåöåïòîðíûå ïðîòåèíêèíàçû çàíèìàþò öåíòðàëüíîå ìåñòî â êëþ÷åâûõ ïðîöåññàõ
æèçíåäåÿòåëüíîñòè êëåòêè. Äèñôóíêöèè ýòèõ ðåöåïòîðîâ ïðèâîäÿò êî ìíîãèì
áîëåçíÿì, íàïðèìåð, êàíöåðîãåíåçó, îñòåîïîðîçó, ãèïåðòîíèè, äèàáåòó, íàðóøåíèÿì
èììóíèòåòà è ïðî÷èì. Ñîâðåìåííûå ôàðìàöåâòè÷åñêèå ïðåïàðàòû óæå ñîäåðæàò
êîìïîíåíòû, âîçäåéñòâóþùèå íà ðåöåïòîðíûå ïðîòåèíêèíàçíûå ñèñòåìû, îäíàêî,
äåòàëüíûå ìåõàíèçìû ôóíêöèîíèðîâàíèÿ ýòèõ ðåöåïòîðîâ åùå äî êîíöà íå èçâåñòíû.
Ýòî îáóñëîâëåíî, ïðåæäå âñåãî, çíà÷èòåëüíûìè òðóäíîñòÿìè, âîçíèêàþùèìè ïðè
ïîëó÷åíèè ìåìáðàííûõ áåëêîâ âûñîêîãî êà÷åñòâà â êîëè÷åñòâå, äîñòàòî÷íîì äëÿ
ñòðóêòóðíûõ èññëåäîâàíèé. Â íàñòîÿùåé ðàáîòå â êà÷åñòâå îñíîâíûõ îáúåêòîâ
èññëåäîâàíèÿ âûáðàíû ïðåäñòàâèòåëè òðåõ ñåìåéñòâ ðåöåïòîðíûõ òèðîçèíêèíàç,
êîòîðûå øèðîêî ðàñïðîñòðàíåíû â ðàçëè÷íûõ òêàíÿõ ÷åëîâå÷åñêîãî îðãàíèçìà:
ðåöåïòîðû ýïèäåðìàëüíîãî ôàêòîðà ðîñòà (ErbB1-ErbB4), ðåöåïòîðû ýôðèíîâ
(EphA1, EphA2) è ðåöåïòîð ôàêòîðà ðîñòà ôèáðîáëàñòîâ â íîðìå (FGFR3) è ïàòîëîãèè
(ñ òî÷å÷íûìè ìóòàöèÿìè G380R è A391E). Ãîìî- è ãåòåðîäèìåðèçàöèÿ äàííûõ
ðåöåïòîðíûõ òèðîçèíêèíàç è èõ ìóòàíòíûõ ôîðì ïî òðàíñìåìáðàííîìó (ÒÌ) äîìåíó
íåïîñðåäñòâåííî ñâÿçàíû ñ îíêîãåííûìè ïðîöåññàìè, à òàêæå ñ ðàçëè÷íûìè
íàðóøåíèÿìè ñòðîåíèÿ ñêåëåòà ÷åëîâåêà. Â äàííîé ðàáîòå ðàçðàáîòàíà ïðîñòàÿ è
óíèâåðñàëüíàÿ òåõíîëîãèÿ ïîëó÷åíèÿ ÒÌ ôðàãìåíòîâ ðåöåïòîðíûõ òèðîçèíêèíàç
äëÿ èõ èçó÷åíèÿ ìåòîäîì ÿäåðíîãî ìàãíèòíîãî ðåçîíàíñà (ßÌÐ); èõ âñòðàèâàíèÿ â
ëèïèäíûå/äåòåðãåíòíûå ìèöåëëû è áèöåëëû è àíàëèçà êà÷åñòâà ïîëó÷åííûõ
êîìïëåêñîâ ïðè ïîìîùè äèíàìè÷åñêîãî ñâåòîðàññåÿíèÿ, êðóãîâîãî äèõðîèçìà (ÊÄ-)
è ßÌÐ-ñïåêòðîñêîïèè.

Äëÿ âûñîêîóðîâíåâîé áàêòåðèàëüíîé ýêñïðåññèè ñèíòåòè÷åñêèå ãåíû ÒÌ
ó÷àñòêîâ âûáðàííûõ ðåöåïòîðíûõ òèðîçèíêèíàç 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 (ÏÖÐ). Íà
ñòûêå äâóõ ãåíîâ ââîäèëè íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè, êîäèðóþùèå øåñòü
ãèñòèäèíîâ, ñàéò óçíàâàíèÿ ëåãêîé öåïè ýíòåðîêèíàçû ÷åëîâåêà, à òàêæå ãèáêèå
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ëèíêåðû. Íà N-êîíöå òèîðåäîêñèíà À ïðåäóñìàòðèâàëè H-òàã, óñòðàíÿþùèé
òîêñè÷íîñòü ãèáðèäíîãî áåëêà ïî îòíîøåíèþ ê êëåòêå-õîçÿèíó. Èòîãîâûå ãåíû
êëîíèðîâàëè â ýêñïðåññèîííûé âåêòîð pGEMEX-1 ïîä òðàíñêðèïöèîííûé êîíòðîëü
Ò7 ïðîìîòîðà. Êóëüòèâèðîâàíèå ðåêîìáèíàíòíûõ øòàììîâ 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 ñòàäèè î÷èñòêè ïðîâîäèëè â ïðèñóòñòâèè 1% Òðèòîíà Õ-100.
Äëÿ ïðîâåäåíèÿ ñòðóêòóðíûõ èññëåäîâàíèé íåîáõîäèìî óäàëåíèå äåòåðãåíòà, äëÿ
÷åãî 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. Èäåíòè÷íîñòü âñåõ î÷èùåííûõ áåëêîâ
ñîîòâåòñòâóþùèì öåëåâûì ïåïòèäàì ïîäòâåðæäåíà ïðè ïîìîùè ìàññ-
ñïåêòðîìåòðè÷åñêîãî àíàëèçà è ßÌÐ-ñïåêòðîñêîïèè.

Î÷èùåííûå ïåïòèäû âñòðàèâàëè â ìèöåëëû è áèöåëëû èç ðàçëè÷íûõ
äåòåðãåíòîâ è ëèïèäîâ è îõàðàêòåðèçîâàëè ìåòîäàìè äèíàìè÷åñêîãî ñâåòîðàññåÿíèÿ,
ÊÄ- è ßÌÐ-ñïåêòðîñêîïèè. Äëÿ ïåïòèäîâ áûëî âûáðàíî îïòèìàëüíîå îêðóæåíèå
(ìèöåëëû äîäåöèëôîñôîõîëèíà (ÄÔÕ) èëè áèöåëëû äèìèðèñòîèëôîñôàòèäèëõîëèíà
(ÄÌÔÕ)/äèãåêñàíîèëôîñôàòèäèëõîëèíà (ÄÃÔÕ), ìîäóëèðóþùåå ìåìáðàíó, â
êîòîðîì îíè íàõîäèëèñü â ñîñòàâå äèìåðîâ è ïðèíèìàëè ïðåèìóùåñòâåííî àëüôà-
ñïèðàëüíóþ êîíôîðìàöèþ. Íàëè÷èå êðîññ-ïèêîâ îòî âñåõ ãëèöèíîâ â 15N-HSQC-
ñïåêòðå ßÌÐ, à òàêæå îòíîñèòåëüíî íåáîëüøàÿ øèðèíà ëèíèé ïîäòâåðæäàþò âûñîêîå
êà÷åñòâî ïîëó÷åííûõ îáðàçöîâ, à òàêæå âîçìîæíîñòü ïîëó÷åíèÿ ñòðóêòóðíî-
äèíàìè÷åñêîé èíôîðìàöèè î ãîìî- è ãåòåðîäèìåðíûõ êîìïëåêñàõ ÒÌ ïåïòèäîâ âñåõ
òðåõ ñåìåéñòâ ðåöåïòîðíûõ òèðîçèíêèíàç ìåòîäîì ãåòåðîÿäåðíîé ñïåêòðîñêîïèè
ßÌÐ âûñîêîãî ðàçðåøåíèÿ.

Ðàçðàáîòàííàÿ ñòðàòåãèÿ áàêòåðèàëüíîãî ïîëó÷åíèÿ ïåïòèäîâ è èõ âñòðàèâàíèÿ
â ìåìáðàíîïîäîáíîå îêðóæåíèå ïîçâîëèëà ïîëó÷èòü ïåðâûå â ìèðå ñòðóêòóðû
âûñîêîãî ðàçðåøåíèÿ ÒÌ äîìåíîâ ðåöåïòîðíûõ ïðîòåèíêèíàç â äèìåðíîì ñîñòîÿíèè
(Bocharov et al, 2008, J.Biol.Chem., 6950-6956; Bocharov et al, 2008, J.Biol.Chem., 29385-
29395). Íàñòîÿùàÿ ðàáîòà ïîçâîëÿåò íå òîëüêî ïîëó÷èòü äåòàëüíóþ
ïðîñòðàíñòâåííóþ èíôîðìàöèþ î ñòðóêòóðíî íå îõàðàêòåðèçîâàííûõ äèìåðíûõ
êîìïëåêñàõ, íî è èññëåäîâàòü ìåæìîëåêóëÿðíûå áåëîê-áåëêîâûå è áåëîê-ëèïèäíûå
âçàèìîäåéñòâèÿ â ìåìáðàíå, çíà÷èòåëüíî óëó÷øèòü òåîðåòè÷åñêèå ïîäõîäû äëÿ
ïðåäñêàçàíèÿ è ìîäåëèðîâàíèÿ ôóíêöèîíàëüíîé àññîöèàöèè è êîíôîðìàöèîííûõ
ïåðåñòðîåê ÒÌ äîìåíîâ äðóãèõ ìåìáðàííûõ áåëêîâ. Ýòî ÷ðåçâû÷àéíî âàæíî äëÿ
ðåøåíèÿ ôóíäàìåíòàëüíîé çàäà÷è ïîíèìàíèÿ íà ìîëåêóëÿðíîì óðîâíå ìåõàíèçìîâ
ôóíêöèîíèðîâàíèÿ ìåìáðàííûõ áåëêîâ è ñîçäàíèÿ íîâûõ áèîëîãè÷åñêè àêòèâíûõ
âåùåñòâ ñ çàäàííûìè ñâîéñòâàìè äëÿ áèîòåõíîëîãè÷åñêèõ è ôàðìàêîëîãè÷åñêèõ
öåëåé. ßðêèì ïðèìåðîì òàêèõ àãåíòîâ ìîãóò ÿâëÿòüñÿ ëåêàðñòâåííûå ïðåïàðàòû
íîâîãî ïîêîëåíèÿ, îñíîâàííûå íà ñèíòåòè÷åñêèõ ïåïòèäàõ, êîòîðûå ñïåöèôè÷åñêè
âçàèìîäåéñòâóþò ñ ÒÌ äîìåíàìè ðåöåïòîðíûõ òèðîçèíêèíàç è ðåãóëèðóþò
áèîëîãè÷åñêóþ ôóíêöèþ ðåöåïòîðîâ, äëÿ âîçäåéñòâèÿ, íàïðèìåð, íà ïðîöåññû
ïðîëèôåðàöèè è ïåðåäà÷è ìèòîãåííûõ ñèãíàëîâ â îïóõîëåâûõ êëåòêàõ.
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The alive cell is an open system which freely exchanges matter, energy and
information with an environment. Membrane proteins are intermediaries in this
exchange. Therefore their structural and functional study is very important for
understanding of cellular biology at a molecular level. 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, osteoporosis, diabetes and other). Considerable part
of modern drugs contains components that are directed towards receptor protein
kinase systems. However the detailed mechanism of functioning of these receptors
has not been completely understood yet. The main reason is the hydrophobic nature
of transmembrane (TM) domains leading to certain difficulties during biochemical
obtaining of high-quality membrane protein samples in milligram amount for
structural analysis. In this study a set of protein tyrosine kinases from three families,
widely distributed in the human tissues, was chosen: 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). TM domains of these proteins and their mutants are involved into
receptor homo- and heterodimerization and development of different malignant
types of human cancer, skeletal disorders, etc. The simple and universal technology
of production of TM peptides of receptor tyrosine kinases for structural studies
was developed. A method of reconstruction of purified peptides into membrane-
mimicking environment was created and quality of the samples was analyzed
employing dynamic light scattering, circular dichroism (CD) and nuclear magnetic
resonance (NMR) spectroscopy methods.

For high-yield bacterial production of target peptides, thioredoxin A E.coli
fusion protein system was chosen. Nucleotide sequence encoding each receptor
tyrosine kinase TM peptide was obtained by polymerase chain reaction (PCR)
using chemically synthesized oligonucleotides and was fused to the 3'-terminus of
thioredoxin A gene via PCR. In order to facilitate purification, nucleotide sequences
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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 extension 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 gene was expressed in E.coli
BL21(DE3)pLysS cells using 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 metal-affinity
chromatography (IMAC). Target TM peptide was released from thioredoxin A
moiety by enterokinase cleavage. Hydrolysate 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-
and 15N/13C- derivatives was about 7 mg/l. Identity and purity of all target peptides
were confirmed by gel electrophoreses, mass spectrometry and NMR spectroscopy.
Purified proteins were incorporated into lipid or detergent micelles and bicelles.
Quality of solubilized samples was characterized employing dynamic light-
scattering, CD-, NMR spectroscopy methods. The optimal membrane-mimicking
environment (dodecylphosphocholine (DPC) micelles and
dimyristoylphosphatidylcholine (DMPC) /dihexanoylphosphatidylcholine (DHPC)
lipid bicelles) provided dimeric alpha-helical conformation to the peptides. The
high quality of purified protein samples was confirmed by an identification of all
cross-peaks from all glycine residues and relatively narrowness of the lines in the
15N-HSQC spectra making possible to obtain structural and dynamical information
about homo- and heterodimers of TM peptides of receptor tyrosine kinases
employing heteronuclear high-resolution NMR spectroscopy.

This strategy enabled to determine high resolution structures of TM domains
of receptor protein kinases in dimeric state for the first time (Bocharov et al, 2008,
J.Biol.Chem., 6950-6956; Bocharov et al, 2008, J.Biol.Chem., 29385-29395). This
provides not only detailed spatial information about structurally uncharacterized
dimeric complexes, but also about intermolecular protein-protein and protein-lipid
interactions within the membrane. This improves theoretical approaches to
prediction and modeling of the TM domains functional association and
conformational rearrangements. Being extremely important for understanding the
fundamental mechanisms of membrane protein functioning at molecular level,
TM domains spatial structure development would give a deep insight into the
nature of crucial biological processes in the living cell, resulting in an effective
and novel drug design for biotechnology and pharmacology purposes.
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Ìåìáðàííûå áåëêè (ÌÁ) ñîñòàâëÿþò áîëåå ÷åòâåðòè âñåõ áåëêîâ,
êîäèðóåìûõ ãåíîìîì ÷åëîâåêà. Îíè ïðåäñòàâëÿþò ñîáîé ñóùåñòâåííóþ ÷àñòü
áèîëîãè÷åñêîé ìåìáðàíû è ó÷àñòâóþò âî ìíîãèõ ïðîöåññàõ
æèçíåäåÿòåëüíîñòè êëåòêè. Èìåííî ÌÁ îòâåòñòâåííû çà ïåðåäà÷ó ñèãíàëîâ,
ïðîèçâîäñòâî è ïðåîáðàçîâàíèå ýíåðãèè, ðàñïîçíàâàíèå è òðàíñïîðò âåùåñòâ
÷åðåç ìåìáðàíó. Äèñôóíêöèè ÌÁ íåðåäêî ëåæàò â îñíîâå ðàçëè÷íûõ
çàáîëåâàíèé. Â íàñòîÿùåå âðåìÿ äåéñòâèå ïðèáëèçèòåëüíî 50% ëåêàðñòâ
íàïðàâëåíî èìåííî íà ÌÁ. Çíàíèå ïðîñòðàíñòâåííîé ñòðóêòóðû ÌÁ, à òàêæå
ìåõàíèçìîâ èõ ôóíêöèîíèðîâàíèÿ ñïîñîáñòâîâàëî áû áîëåå ãëóáîêîìó
ïîíèìàíèþ áèîëîãè÷åñêèõ ïðîöåññîâ è çàëîæèëî áû îñíîâó äëÿ
ðàöèîíàëüíîãî äèçàéíà ëåêàðñòâåííûõ ïðåïàðàòîâ. Ñðåäè îãðîìíîãî
ðàçíîîáðàçèÿ äàííûõ î ïðîñòðàíñòâåííîé ñòðóêòóðå âîäîðàñòâîðèìûõ áåëêîâ
â Protein Data Bank äàííûå î ÌÁ ñîñòàâëÿþò ëèøü 1% îò îáùåãî êîëè÷åñòâà.
Ïîäîáíàÿ ñèòóàöèÿ, ãëàâíûì îáðàçîì, ñâÿçàíà ñ îòñóòñòâèåì ýôôåêòèâíûõ
òåõíîëîãèé ïîëó÷åíèÿ ÌÁ. Åñëè íà ñåãîäíÿøíèé äåíü ðåêîìáèíàíòíûå
âîäîðàñòâîðèìûå áåëêè ìîæíî ñèíòåçèðîâàòü â ëþáûõ êîëè÷åñòâàõ è áåç
îñîáûõ ñëîæíîñòåé, òî íàðàáîòêà êàæäîãî íîâîãî ôóíêöèîíàëüíî-àêòèâíîãî
ÌÁ â êîëè÷åñòâàõ, äîñòàòî÷íûõ äëÿ ôèçèêî-õèìè÷åñêèõ ìåòîäîâ
èññëåäîâàíèÿ, ÿâëÿåòñÿ çíà÷èìûì ñîáûòèåì äëÿ ñòðóêòóðíûõ áèîëîãîâ.

Áåëêè ñåìåéñòâà KCNE, äëèíà êîòîðûõ âàðüèðóåòñÿ îò 103 äî 177 à.î.,
îòíîñÿòñÿ ê êëàññó íåáîëüøèõ ÌÁ, ñîäåðæàùèõ îäèí òðàíñìåìáðàííûé
ñåãìåíò. Îíè âçàèìîäåéñòâóþò ñ α-ñóáúåäèíèöàìè ïîòåíöèàë çàâèñèìûõ
êàëèåâûõ êàíàëîâ è ôîðìèðóþò ñ íèìè ñòàáèëüíûå êîìïëåêñû. Ýòî ïðèâîäèò
ê èçìåíåíèþ òàêèõ ñâîéñòâ êàíàëîâ, êàê ïðîâîäèìîñòü, ñåëåêòèâíîñòü,
ïîòåíöèàëû àêòèâàöèè, äåàêòèâàöèè è èíàêòèâàöèè, ÷óâñòâèòåëüíîñòü ê
ëåêàðñòâåííûì ïðåïàðàòàì è äð. Ðàçðàáîòàííûå íàìè ïðîòîêîëû äëÿ
ïîëó÷åíèÿ ÌÁ è èõ èçîòîïíî-ìå÷åííûõ (15N-, 13C-) ïðîèçâîäíûõ áûëè
óñïåøíî àïðîáèðîâàíû íà áåëêàõ ñåìåéñòâà KCNE (KCNE1, dKCNE1 –
óêîðî÷åííûé âàðèàíò KCNE1, KCNE3). Ïîäîáðàíî ñòàáèëüíîå îêðóæåíèå,
èìèòèðóþùåå áèîëîãè÷åñêóþ ìåìáðàíó, ïðèãîäíîå äëÿ ïðîâåäåíèÿ
ñòðóêòóðíî-ôóíêöèîíàëüíûõ èññëåäîâàíèé.
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Äëÿ äîñòèæåíèÿ âûñîêîãî óðîâíÿ ýêñïðåññèè êàæäîãî èç ãåíîâ öåëåâûõ
áåëêîâ ñîáðàíû 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, ñîîòâåòñòâåííî). Ïðîöåññ î÷èñòêè dKCNE1 è KCNE3 âêëþ÷àë
ñëåäóþùèå îñíîâíûå ñòàäèè: ìåòàëëoõåëàòíàÿ 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. Äëÿ
ïðîâåäåíèÿ ñòðóêòóðíûõ èññëåäîâàíèé íåîáõîäèìî ïîëó÷èòü ïðàâèëüíî
ñëîæåííûé áåëîê. Â êà÷åñòâå ñðåä, èìèòèðóþùèõ ìåìáðàííîå îêðóæåíèå,
èñïîëüçîâàíû ðàçëè÷íûå äåòåðãåíòû è ëèïèäû. Îïòèìàëüíàÿ ñðåäà
îïðåäåëåíà íà îñíîâàíèè äàííûõ ÊÄ-ñïåêòðîñêîïèè, äèíàìè÷åñêîãî
ñâåòîðàññåÿíèÿ è ïðåäâàðèòåëüíûõ ßÌÐ-ýêñïåðèìåíòîâ. Ïîêàçàíî, ÷òî äëÿ
âñåõ âûáðàííûõ îáúåêòîâ ñìåñü äåòåðãåíòîâ äîäåöèëôîñôîõîëèí/
ëàóðèëäèìåòèëàìèíîêñèä (â ñîîòíîøåíèè 9:1) íàèëó÷øèì îáðàçîì ïîäõîäèò
äëÿ äàëüíåéøèõ èññëåäîâàíèé: îáðàçóþòñÿ íåáîëüøèå ìèöåëëû (ðàäèóñ
~2,5 íì), îáðàçåö ìîíîäèñïåðñíûé, à áåëîê, ïðåèìóùåñòâåííî, â àëüôà-
ñïèðàëüíîé êîíôîðìàöèè, ÷òî ñîîòâåòñòâóåò ðàñ÷åòíûì äàííûì. Òàêèì
îáðàçîì, ïîëó÷åííûå ðåçóëüòàòû îòêðûâàþò äîðîãó äëÿ äàëüíåéøèõ
ñòðóêòóðíî-ôóíêöèîíàëüíûõ èññëåäîâàíèé.

BACTERIAL SYNTHESIS, PURIFICATION AND REFOLDING
OF  FULL-LENGTH MEMBRANE PROTEINS
Goncharuk S.A.1,2, Ermolyuk Ya.S.1,3, Schulga A.A.1,4, Tikhonov R.V.1,
Mayzel M.L.1, Sobol V.A.1, Bocharov E.V.1, Kuzmichev P.K.1, Chupin V.V.1,
Artemenko E.O.1, Arseniev A.S.1, Kirpichnikov M.P.1,2

1Shemyakin-Ovchinnikov Institure of Bioorganic Chemistry RAS, Moscow,
Russia
2Biological Faculty, M.V. Lomonosov Moscow State University, Moscow,
Russia
3Institute of Neurology, University College London, London, Great Britain
4Bioengineering Center RAS, Moscow, Russia
E-mail: ms.goncharuk@gmail.com
Fax: (495) 335-50-33; tel.: (495) 330-74-83-127

Membrane proteins (MPs) represent approximately one-third of the proteins
encoded by the human genome, and constitute considerable part of biological
membrane. Because of diverse functionality, MPs take a part in the crucial processes
of the cell. They participate in signal transmission, matter and energy transfer
across the membrane. Many human diseases are connected to the malfunction of
MPs. Approximately half of the most common drugs today are directed at MPs.
But the rational design of medical treatments can only occur once the 3D-structure
and mechanism of MP function are known. To date, only about one percent of all
structures deposited in the Protein Data Bank correspond to the MPs. Mainly this
is because of an absence of strategies of their effective production. Up to the
moment there are lots of well known methods for relatively simple production of
large amounts of water-soluble proteins. However to obtain milligram amounts of
every new functionally active MP for physical and chemical analysis is very
complicated task.

KCNE family members are MPs consisting of 103 to 177 residues, with a
single transmembrane domain. These proteins associate with α-subunits of voltage-
gated potassium channels to form stable complexes with unique properties. KCNE
family members influence the channel gating, ion selectivity, ion flux rate (single
channel conductance); significantly affect the pharmacology of the channels. We
developed protocols for successive production of full-length KCNE proteins
(KCNE1, dKCNE1-truncated KCNE1, KCNE3) and isotope labeled (15N-, 13C-)
derivatives. For structural and functional analysis of the purified KCNE proteins,
stable membrane-mimicking media were chosen.

To enhance the expression of the KCNE family 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 system was used. In this case fusion protein
genetic constructs contained following nucleotide sequences: thioredoxin, His-
tag, proteinase cleavage site (dKCNE1: enterokinase; KCNE3: thrombin), flexible
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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 powder was obtained via vacuum drying. For
structure and functional elucidation it is very important to obtain correctly folded
protein. Different lipids and detergents were used to embed purified protein samples.
For all target proteins the best membrane-mimicking medium (maximally similar
to the native one) was chosen based on the data obtained by circular dichroism
(CD-) spectroscopy, dynamic light-scattering and nuclear magnetic resonance
spectroscopy. It was shown that a dodecylphosphocholine/lauryldimethylamine
oxide (DPC/LDAO, 9:1) detergent mixture is the optimal medium for structural
and functional analysis of KCNE proteins. It provided monodisperse solution with
relatively small micelles (radius is about 2.5 nm). In DPC/LDAO the target proteins
formed monomers mainly in alpha-helix conformation that correlates well with
theoretical data. An identification of cross-picks from all glycines and relatively
narrowness of lines (~20 Hz) in the 15N-HSQC spectrum confirm high quality of
purified protein samples and ability of employment the high-resolution NMR
spectroscopy for structural and dynamical investigation of KCNE proteins.

ÈÑÑËÅÄÎÂÀÍÈÅ ÝËÅÊÒÐÎÎÏÒÈ×ÅÑÊÈÕ ÏÀÐÀÌÅÒÐÎÂ
ÑÓÑÏÅÍÇÈÉ ÊËÅÒÎÊ ESCHERICHIA COLI ÏÐÈ ÄÅÉÑÒÂÈÈ
ÀÌÏÈÖÈËËÈÍÀ
Ãóëèé Î.È.
Èíñòèòóò áèîõèìèè è ôèçèîëîãèè ðàñòåíèé è ìèêðîîðãàíèçìîâ ÐÀÍ,
Ñàðàòîâ
E-mail: guliy@ibppm.sgu.ru
Ôàêñ: (8452) 97-03-83; òåë.: (8452) 97-04-44

Èçó÷åíèå àäàïòàöèè ìèêðîáîâ ê äåéñòâèþ àíòèáèîòèêîâ ÿâëÿåòñÿ
âàæíîé ìåäèêî-áèîëîãè÷åñêîé ïðîáëåìîé, ïîñêîëüêó ïîÿâëåíèå
ðåçèñòåíòíûõ ôîðì ìèêðîîðãàíèçìîâ ïðèâîäèò ê ñíèæåíèþ èõ
òåðàïåâòè÷åñêèõ ñâîéñòâ. Â ðåçóëüòàòå âîçäåéñòâèÿ àíòèáèîòèêîâ íà
ìèêðîáíûå êëåòêè ìîãóò ïðîèñõîäèòü èçìåíåíèÿ ìîðôîëîãèè êëåòîê,
äåñòðóêöèÿ êëåòî÷íîé ìåìáðàíû, èçìåíåíèÿ öèòîïëàçìàòè÷åñêîé ìåìáðàíû
è ïîñëåäóþùèå íàðóøåíèÿ áèîõèìè÷åñêèõ ïðîöåññîâ â ýòèõ êëåòî÷íûõ
ñòðóêòóðàõ. Ýòî, â ñâîþ î÷åðåäü, ìîæåò ïðèâîäèòü ê èçìåíåíèþ
ýëåêòðîôèçè÷åñêèõ (ÝÔ) ñâîéñòâ ìèêðîáíûõ êëåòîê è, ñîîòâåòñòâåííî, ê
èçìåíåíèþ ýëåêòðîîïòè÷åñêèõ (ÝÎ) õàðàêòåðèñòèê êëåòî÷íûõ ñóñïåíçèé,
ðåãèñòðèðóåìûõ â ýêñïåðèìåíòàõ ñ èñïîëüçîâàíèåì ýëåêòðîîðèåíòàöèè
êëåòîê â ýëåêòðè÷åñêîì ïîëå. Ïî íèì ìîæíî ñäåëàòü ïðåäâàðèòåëüíûå
çàêëþ÷åíèÿ î íàëè÷èè (èëè îòñóòñòâèè) óñòîé÷èâîñòè ê äàííîìó àíòèáèîòèêó
ó èññëåäóåìûõ êëåòîê. Ïðîâåäåíà îöåíêà âëèÿíèÿ β-ëàêòàìíûõ àíòèáèîòèêîâ
íà ýëåêòðîîïòè÷åñêèå ñâîéñòâà êëåòî÷íîé ñóñïåíçèè E. coli. Èçó÷àëèñü
ýëåêòðîôèçè÷åñêèå ñâîéñòâà ìèêðîáíûõ êëåòîê ÷óâñòâèòåëüíûõ è
ðåçèñòåíòíûõ øòàììîâ ê àìïèöèëëèíó, à òàêæå èçìåíåíèå
ýëåêòðîîïòè÷åñêèõ ïàðàìåòðîâ êëåòî÷íîé ñóñïåíçèè ïðè òðàíñôåêöèè
àìïèöèëëèí-÷óâñòâèòåëüíîãî øòàììà â àíòèáèîòèêî-ðåçèñòåíòíûé
àìïèöèëëèí-óñòîé÷èâîé ôàãîâîé ïëàçìèäîé. Èçìåíåíèÿ â
ýëåêòðîîïòè÷åñêèõ ñâîéñòâàõ ñóñïåíçèé êëåòîê ïðè äåéñòâèè àìïèöèëëèíà
çíà÷èòåëüíî îòëè÷àþòñÿ äëÿ ÷óâñòâèòåëüíûõ è ðåçèñòåíòíûõ øòàììîâ E. coli.
Ïîêàçàíî, ÷òî ýëåêòðîîïòè÷åñêèå ñâîéñòâà ìèêðîáíûõ ñóñïåíçèé ïðè
äåéñòâèè β-ëàêòàìíûõ àíòèáèîòèêîâ ó ÷óâñòâèòåëüíûõ è ðåçèñòåíòíûõ
øòàììîâ êîððåëèðóþòñÿ ñ íàëè÷èåì ïëàçìèä óñòîé÷èâîñòè ê äàííûì
àíòèáèîòèêàì. Èçìåíåíèÿ â ÎÑ ñóñïåíçèé êëåòîê, ÷óâñòâèòåëüíûõ ê
àíòèáèîòèêàì øòàììîâ, èíêóáèðîâàííûõ ñ ðàçëè÷íûìè êîíöåíòðàöèÿìè
àíòèáèîòèêîâ, èìåëè ìåñòî òîëüêî íà ïåðâûõ ïÿòè ÷àñòîòàõ îðèåíòèðóþùåãî
ýëåêòðè÷åñêîãî ïîëÿ (10-1000 êÃö). Ïîêàçàíî, ÷òî ìàêñèìàëüíîå èçìåíåíèå
âåëè÷èíû ýëåêòðîîïòè÷åñêîãî ñèãíàëà ïðîèñõîäèò ïðè êîíöåíòðàöèè
àìïèöèëëèíà 50 ìêã/ìë. Ïðîâåäåíû êîíòðîëüíûå ýêñïåðèìåíòû ïóòåì
ñòàíäàðòíîãî âûñåâà íà ïëîòíûå ïèòàòåëüíûå ñðåäû.

Òàêèì îáðàçîì, èçìåíåíèÿ ÎÑ ñóñïåíçèé ïðè äåéñòâèè àìïèöèëëèíà
ìîæíî èñïîëüçîâàòü â êà÷åñòâå òåñòà óñòîé÷èâîñòè ê äàííîìó àíòèáèîòèêó
ó èññëåäóåìûõ êëåòîê. Ïðåäïîëàãàåòñÿ âîçìîæíîñòü èñïîëüçîâàíèÿ
ýëåêòðîôèçè÷åñêèõ ìåòîäîâ äëÿ èçó÷åíèÿ ìåõàíèçìà âîçäåéñòâèÿ
àíòèáèîòèêîâ íà áàêòåðèàëüíûå êëåòêè.
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YB-1 – ýòî áåëîê ñ Ìì 36 êÄà, âçàèìîäåéñòâóþùèé ñ ÄÍÊ è ÐÍÊ è
ó÷àñòâóþùèé â ðåãóëÿöèè òðàíñêðèïöèè è òðàíñëÿöèè. Áåëîê ñîñòîèò èç òðåõ
äîìåíîâ: N-êîíöåâîãî Ala/Pro-áîãàòîãî äîìåíà, äîìåíà õîëîäîâîãî øîêà è
C-êîíöåâîãî äîìåíà. YB-1 ñïîñîáåí îëèãîìåðèçîâàòüñÿ, à òàêæå
âçàèìîäåéñòâîâàòü ñ ìíîæåñòâîì ìîëåêóëÿðíûõ ïàðòíåðîâ. Íåñìîòðÿ íà
ó÷àñòèå YB-1 âî ìíîãèõ êëåòî÷íûõ ïðîöåññàõ, åãî ñòðóêòóðíûå è
àññîöèàòèâíûå ñâîéñòâà â ðàñòâîðå èçó÷åíû íåäîñòàòî÷íî.

Â ýòîé ðàáîòå ìû ïðåäñòàâëÿåì ðåçóëüòàòû èññëåäîâàíèé áåëêà YB-1
íà ðàçëè÷íûõ ñòðóêòóðíûõ óðîâíÿõ, âêëþ÷àÿ âòîðè÷íóþ ñòðóêòóðó
(ïðîòîííûé ìàãíèòíûé ðåçîíàíñ, ÏÌÐ, è êðóãîâîé äèõðîèçì â äàëüíåé
óëüòðàôèîëåòîâîé îáëàñòè), êîìïàêòíîñòü (ìàëîóãëîâîå ðåíòãåíîâñêîå
ðàññåÿíèå, ÌÐÐ), æåñòêîñòü òðåòè÷íîé ñòðóêòóðû (ÏÌÐ è äèôôåðåíöèàëüíàÿ
ñêàíèðóþùàÿ ìèêðîêàëîðèìåòðèÿ), à òàêæå ìåæìîëåêóëÿðíóþ àññîöèàöèþ
(ÏÌÐ, ÌÐÐ è ýêñêëþçèîííàÿ õðîìàòîãðàôèÿ). Íàìè ïîêàçàíî, ÷òî âòîðè÷íàÿ
ñòðóêòóðà YB-1, â îñíîâíîì, ïðåäñòàâëåíà polyPro(II)-ïîäîáíûìè ñïèðàëÿìè.
Äàííûå ÌÐÐ ãîâîðÿò î òîì, ÷òî ìîëåêóëû YB-1 íàõîäÿòñÿ â ñîñòàâå
ðàñòâîðèìûõ àññîöèàòîâ è äîâîëüíî êîìïàêòíû, íî íå ãëîáóëÿðíû. Ñîãëàñíî
äàííûì ÏÌÐ è äèôôåðåíöèàëüíîé ñêàíèðóþùåé ìèêðîêàëîðèìåòðèè ëèøü
íåáîëüøàÿ ÷àñòü áåëêîâîé ìîëåêóëû ïëîòíî óïàêîâàíà. Ýòà ÷àñòü
ïðåòåðïåâàåò êîîïåðàòèâíûé ïåðåõîä êàê ïðè ïîâûøåíèè òåìïåðàòóðû, òàê
è ïðè åå ïîíèæåíèè. Ïî-âèäèìîìó, àññîöèàöèÿ áåëêàYB-1 î÷åíü äèíàìè÷íà
è çàâèñèò îò êîíöåíòðàöèè áåëêà, èîííîé ñèëû è âåëè÷èíû pH ðàñòâîðà,
ïðè÷åì çà àññîöèàöèþ îòâå÷àåò C-êîíöåâîé äîìåí. Ìîäåëü ñòðóêòóðû áåëêà
YB-1 ìîæíî ïðåäñòàâèòü â âèäå ïëîòíî óïàêîâàííîãî äîìåíà õîëîäîâîãî
øîêà, ê êîòîðîìó ïðèìûêàþò íåïëîòíî óïàêîâàííûå N- è C-êîíöåâûå äîìåíû
ñî ñòðóêòóðîé polyPro(II)-ïîäîáíîé ñïèðàëè.

Àâòîðû áëàãîäàðíû ïðîôåññîðó Ê. Êèõàðå è ïðîôåññîðó Ê. Êèìóðå çà
ïîìîùü â ñáîðå è èíòåðïðåòàöèè äàííûõ ÌÐÐ.

Ðàáîòà ïîääåðæàíà ãðàíòàìè ïî ïðîãðàììå ÐÀÍ "Ìîëåêóëÿðíàÿ è
êëåòî÷íàÿ áèîëîãèÿ" è ïî Ïðîãðàììå ïîääåðæêè íàó÷íûõ øêîë.

ELECTROOPTICAL PARAMETERS OF AMPICILLIN-TREATED
ESCHERICHIA COLI CELL SUSPENSIONS
Guliy O.I.
Institute of Biochemistry and Physiology of Plants and Microorganisms RAS,
Saratov
E-mail: guliy@ibppm.sgu.ru
Fax: (8452) 97-03-83; tel.: (8452) 97-04-44

Since the emergence of microorganisms hinders the therapeutic application
of antibiotics, investigation of microbial adaptation to antibiotics is an important
biomedical problem. In the presence of antibiotics, the morphology of microbial
cells may be changed, their cellular membrane disrupted, and their cytoplasmic
membrane modified; the biochemical processes occurring in these structures may
therefore be impaired. This, in turn, may result in altered electrophysical (EP)
characteristics of microbial cells and therefore in altered electrooptical (EO)
characteristics of cell suspensions, which can be experimentally detected using
the electrical orientation of the cells in an electric field. On the basis of these
alterations, one can draw tentative conclusions about the presence or absence of
resistance to a given antibiotic in the cells under study.

The study of the effect of β-lactamic antibiotic on the electro-optical properties
of Escherichia coli cells showed that ampicillin influences on the orientational
spectra of the ampicillin-susceptible E. coli strains and does not affect the oriental
spectra of the ampicillin-resistant strains. The change in the electro-optical signal
of the ampicillin-susceptible cells and ampicillin-resistant cells correlate with the
presence plasmid-resistance for these antibiotics. Substantial changes in the
orientational spectra (OS) of suspensions of cells incubated with various ampicillin
concentrations took place only at the first five frequencies of the orienting electric
field (10-1000 kHz). The maximal change in the magnitude of the electro-optical
signal occurred at 50 µg/ml of ampicillin. Under the action of ampicillin, sensitive
and resistant E. coli strains gave different EO effects. It follows that the sensitive
and resistant E. coli strains exhibit different of the EO effect on the action of
ampicillin. Control experiments were carried out by standard plating on nutrient
media.

The results of this research show that the study of the mechanism of antibiotic
action on bacterial cells by using an electro-optical analysis method can be used
for development of new antibiotic resistance assay. Thus, the OS changes of
suspensions in the presence of antibiotics may be used as a test for microbial
resistance to such antibiotics.
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MAJOR mRNP PROTEIN YB-1: STRUCTURAL AND
ASSOCIATION PROPERTIES
Guryanov S.G., Melnik B.S., Filimonov V.V., Timchenko A.A.,
Kutyshenko V.P.*, Ovchinnikov L.P., Semisotnov G.V.
Institute of Protein Research RAS, Pushchino
*Institute of Theoretical and Experimental Biophysics RAS, Pushchino
E-mail: sergey@vega.protres.ru
Fax: (495) 632-78-71; tel.: (496) 773-89-41

YB-1 is a multifunctional 36 kDa protein interacting with both DNA and
RNA and participating in transcription and translation regulation. The protein
consists of three  domains: the N-terminal Ala/Pro-rich domain, the cold shock
domain, and the C-terminal domain. YB-1 is capable of oligomerizing and
interacting with a number of molecular partners. In spite of  YB-1 involvement in
many cellular processes, its structural and association properties in solution are
poorly understood.

Here we report the results of our studies of different YB-1 structural levels
including its secondary structure (1H-NMR and far UV-CD), compactness (small
angle X-ray scattering), rigidity of its tertiary structure (1H-NMR and differential
scanning calorimetry), as well as intermolecular association (1H-NMR,  small angle
X-ray scattering and size-exclusion chromatography). It was shown that the
secondary structure of YB-1 mainly consists of polyPro(II)-like helices and a small
part of β-structure that is presumably related to the cold shock domain. Small
angle X-ray scattering data suggest that YB-1 molecules within soluble associates
are rather compact but not globular. Only a small part of the protein molecule is
rigidly packed, according to 1H-NMR and differential scanning calorimetry data.
This rigidly packed part undergoes cooperative transition upon both temperature
decrease and increase. It seems that protein associates are highly dynamic and
dependent on protein concentration, ionic strength and pH value, with C-terminal
domain being responsible for association. A model of the YB-1 structure in solution
may be represented as the rigid cold shock domain flanked by non-rigidly packed
polyPro(II)-like helices of N- and C-terminal domains.

The authors are indebted to Prof. K. Kihara and Prof. K. Kimura for their
assistance in collection and interpretation of small angle X-ray scattering data.

This research was supported by grants from Russian Academy of Sciences
(Program on "Molecular and cellular biology") and from Russian Program for
Scientific Schools.
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Âèðóñ Ýïøòåéíà-Áàðð (ÂÝÁ) øèðîêî ðàñïðîñòðàíåí â ÷åëîâå÷åñêîé
ïîïóëÿöèè, èì èíôèöèðîâàíî áîëåå ÷åì 90% íàñåëåíèÿ ìèðà. Óáåäèòåëüíî
äîêàçàíà ñâÿçü ÂÝÁ ñ ðÿäîì îíêîëîãè÷åñêèõ çàáîëåâàíèé ÷åëîâåêà è, â ïåðâóþ
î÷åðåäü, ñ ëèìôîìîé Áåðêèòà è íåäèôôåðåíöèðîâàííûì ðàêîì íîñîãëîòêè.
Èçâåñòíî, ÷òî êëþ÷åâóþ ðîëü â ïàòîãåíåçå ÂÝÁ-àññîöèèðîâàííûõ
çàáîëåâàíèé èãðàåò îíêîãåí ýòîãî âèðóñà – LMP1. Ïðîäóêòîì ýòîãî ãåíà
ÿâëÿåòñÿ îäíîèìåííûé èíòåãðàëüíûé ìåìáðàííûé áåëîê ñ ìîëåêóëÿðíîé
ìàññîé 63 êÄà, ñîñòîÿùèé èç 386 àìèíîêèñëîòíûõ îñòàòêîâ. Â åãî ñîñòàâ
âõîäÿò øåñòü òðàíñìåìáðàííûõ äîìåíîâ è äâà öèòîïëàçìàòè÷åñêèõ: êîðîòêèé
N-òåðìèíàëüíûé è äëèííûé Ñ-òåðìèíàëüíûé äîìåíû. Ñ-Òåðìèíàëüíûé
öèòîïëàçìàòè÷åñêèé äîìåí LMP1 ñîäåðæèò äâå òðàíñàêòèâèðóþùèõ îáëàñòè
(CTAR1 è CTAR2), êîòîðûå îòâåòñòâåííû çà àêòèâàöèþ öåëîãî êàñêàäà
ñèãíàëüíûõ ïóòåé êëåòêè, â ïåðâóþ î÷åðåäü NF-κB, PI3K-Akt, SAPK/JNK è
p38. Óíèêàëüíîé îñîáåííîñòüþ LMP1 ÿâëÿåòñÿ åãî ÿðêî âûðàæåííûé
ïîëèìîðôèçì. Ðàçëè÷íûå âàðèàíòû ÂÝÁ, èìåþùèå ñïåöèôè÷åñêèå
ìóòàöèîííûå ïåðåñòðîéêè â LMP1, ïåðñèñòèðóþò â ãåîãðàôè÷åñêè
îãðàíè÷åííûõ ðåãèîíàõ. ×àñòî ñ íàëè÷èåì îïðåäåëåííûõ ìóòàöèé â
ïîñëåäîâàòåëüíîñòè LMP1 ñâÿçûâàþò óâåëè÷åíèå àãðåññèâíîñòè îòäåëüíûõ
åãî âàðèàíòîâ è êàê ñëåäñòâèå óâåëè÷åíèå óðîâíÿ ÂÝÁ-àññîöèèðîâàííûõ
çàáîëåâàíèé êàê, íàïðèìåð, íåäèôôåðåíöèðîâàííîãî ðàêà íîñîãëîòêè â
ñòðàíàõ Þãî-Âîñòî÷íîé Àçèè. Â ñâÿçè ñ ýòèì öåëüþ íàøåé ðàáîòû ñòàëî
èçó÷åíèå âëèÿíèÿ ðÿäà ÷àñòî âñòðå÷àþùèõñÿ ìóòàöèé áåëêà LMP1 íà åãî
ôóíêöèîíàëüíûå ñâîéñòâà. Âûáðàííûìè ìóòàöèÿìè ñòàëè çàìåíà ãëèöèíà
íà ñåðèí â 212 ïîëîæåíèè (G212S), ñåðèíà íà òðåîíèí â 366 ïîëîæåíèè
(S366T) è òðåîíèíà íà àëàíèí â 350 ïîëîæåíèè (T350A), à òàêæå èõ ñî÷åòàíèÿ
(G212S/Ò350A, G212S/S366T, G212S/Ò350A/S366T, Triple).

Ðàíåå ïîêàçàíî, ÷òî ýòè ìóòàöèè ïðèâîäÿò ê íàðóøåíèþ äâóõ ñàéòîâ
óáèêâèòèí-ïðîòåîñîìàëüíîé ñèñòåìû (β-TrCP/HOS), ëîêàëèçîâàííûõ â
CTAR-äîìåíàõ áåëêà LMP1, ÷òî óñèëèâàåò òðàíñôîðìèðóþùóþ àêòèâíîñòü
LMP1 in vitro. Â íàøåì èññëåäîâàíèè óäàëîñü âûÿâèòü, ÷òî òîëüêî ïðè
íàëè÷èè äâîéíûõ è òðîéíîé ìóòàöèé, ïðèâîäÿùèõ ê íàðóøåíèþ îáîèõ
HOS-ìîòèâîâ â CTAR1 è CTAR2 îáëàñòÿõ LMP1, ïðîèñõîäèò óâåëè÷åíèå
àêòèâàöèè òðàíñêðèïöèîííîãî ôàêòîðà NF-κB. Îáíàðóæåíî, ÷òî ýêñïðåññèÿ
èññëåäóåìûõ ìóòàíòíûõ âàðèàíòîâ LMP1 ïðèâîäèò ê àêòèâàöèè
ïðîòåèíêèíàçû-Â (PKB-Akt). Êðîìå òîãî, óñòàíîâëåíî, ÷òî èññëåäóåìûå
ìóòàöèè íå âëèÿþò íà óðîâåíü àêòèâàöèè òðàíñêðèïöèîííîãî ôàêòîðà AP-1.
Èñïîëüçóÿ ìåòîäèêó ïðèæèçíåííîé îêðàñêè àêòèíîâûõ ñòðóêòóð êëåòêè, ìû
íå îáíàðóæèëè âëèÿíèÿ ìóòàöèé â HOS-ìîòèâàõ ìîëåêóëû LMP1 íà
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èçìåíåíèÿ àêòèíîâûõ ôèëàìåíòîâ è ïàêñèëëèíà â òðàíñôîðìèðîâàííûõ
êëåòêàõ. Àíàëèç âíóòðèêëåòî÷íîé ãåíåðàöèè NO âûÿâèë ñíèæåíèå óðîâíÿ
NO â ôèáðîáëàñòàõ Rat-1, òðàíñäóöèðîâàííûõ âàðèàíòàìè LMP1-Cao è
LMP1-Triple, ÷òî ìîæåò ñïîñîáñòâîâàòü âûæèâàåìîñòè è óñèëåíèþ
òóìîðîãåííûõ ñâîéñòâ òðàíñôîðìèðîâàííûõ èìè êëåòîê. Ïîêàçàíî, ÷òî
ñèíòåç NO â êëåòêàõ, ýêñïðåññèðóþùèõ ðàçëè÷íûå ìóòàíòíûå âàðèàíòû
LMP1, ïðîèñõîäèò çà ñ÷åò àêòèâàöèè iNOS.

Äàëåå, ó÷èòûâàÿ ïîëó÷åííûå íàìè ðåçóëüòàòû, à òàêæå ïîëíîå îòñóòñòâèå
èíôîðìàöèè î øòàììîâûõ ðàçëè÷èÿõ âàðèàíòîâ LMP1 ÂÝÁ,
ïåðñèñòèðóþùèõ â Ðîññèè, èíòåðåñ ïðåäñòàâëÿëî âûÿâèòü ÷àñòîòó
âñòðå÷àåìîñòè äàííûõ ìóòàöèé â ðîññèéñêîé ïîïóëÿöèè ÂÝÁ ó áîëüíûõ
ÂÝÁ-àññîöèèðîâàííûìè ëèìôîïðîëèôåðàòèâíûìè ïàòîëîãèÿìè, à òàêæå
ïðîâåñòè ôóíêöèîíàëüíûé àíàëèç âûÿâëåííûõ âàðèàíòîâ LMP1. Ñ ýòîé
öåëüþ ìû ïðîâåëè ñåêâåíèðîâàíèå âàðèàíòîâ LMP1, èçîëèðîâàííûõ èç
òêàíåé ðîññèéñêèõ áîëüíûõ ÂÝÁ-àññîöèèðîâàííûìè çàáîëåâàíèÿìè:
èíôåêöèîííûì ìîíîíóêëåîçîì (ÈÌ), ëèìôîìîé Õîäæêèíà (ËÕ) è
íåõîäæêèíñêèìè ëèìôîìàìè (ÍÕË). Íà îñíîâàíèè ôèëîãåíåòè÷åñêîãî
àíàëèçà ïîëó÷åííûõ ïîëíîðàçìåðíûõ ïîñëåäîâàòåëüíîñòåé LMP1 óäàëîñü
âûÿâèòü ïðåîáëàäàíèå ìîíîôèëåòè÷åñêîé ãðóïïû, îòíîñÿùåéñÿ ê
íèçêîäèâåðãåíòíîìó øòàììó LMP1-Â95.8b (áîëåå 51%). Âàðèàíòû,
îòíîñÿùèåñÿ ê äîìèíèðóþùåé ãðóïïå, õàðàêòåðèçîâàëèñü ìèíèìàëüíûì
íàáîðîì ìóòàöèé, ïðè ýòîì èç òðåõ èññëåäóåìûõ íàìè ìóòàöèé îáíàðóæåíà
òîëüêî çàìåíà S366T. Âïåðâûå âûïîëíåííûé ôóíêöèîíàëüíûé àíàëèç
íèçêîäèâåðãåíòíûõ âàðèàíòîâ LMP1 ïîêàçàë ñõîäñòâî áèîëîãè÷åñêèõ
ñâîéñòâ, íåñìîòðÿ íà èõ ðàçëè÷íîå êëèíè÷åñêîå ïðîèñõîæäåíèå: îò áîëüíûõ
çëîêà÷åñòâåííûìè (ËÕ, ÍËÕ) è äîáðîêà÷åñòâåííûìè (ÈÌ) ïàòîëîãèÿìè.
Âûÿâëåí íåâûñîêèé óðîâåíü àêòèâàöèè òðàíñêðèïöèîííîãî ôàêòîðà NF-κB
èññëåäóåìûìè âàðèàíòàìè â ýìáðèîíàëüíûõ êëåòêàõ ïî÷êè ÷åëîâåêà
HEK293. Àêòèâàöèþ òðàíñêðèïöèîííîãî ôàêòîðà ÀÐ-1 íàì îáíàðóæèòü íå
óäàëîñü. Àíàëèç ìîðôîëîãèè ïîëó÷åííûõ êëåòî÷íûõ ëèíèé Rat-1, ïîñòîÿííî
ýêñïðåññèðóþùèõ íèçêîäèâåðãåíòíûå âàðèàíòû LMP1 ðîññèéñêîãî
ïðîèñõîæäåíèÿ, ïîêàçàë èõ ñïîñîáíîñòü ê èíãèáèðîâàíèþ êîíòàêòíîãî
òîðìîæåíèÿ è ôîðìèðîâàíèþ êîëîíèé ïðè ðîñòå áåç ïîäëîæêè. Êðîìå òîãî,
âñå èññëåäóåìûå âàðèàíòû LMP1 â êëåòêàõ Rat-1 âûçûâàëè àêòèâàöèþ
èíäóöèáåëüíîé NO-ñèíòàçû (iNOS), ïðèâîäÿùóþ ê ïðîäóêöèè â êëåòêàõ
îêèñè àçîòà (NO), óðîâåíü íàêîïëåíèÿ êîòîðîé îêàçàëñÿ íåçíà÷èòåëüíî íèæå
òàêîâîãî, âûçâàííîãî ïðîòîòèïíûì âàðèàíòîì LMP1-B95.8. Òàêèì îáðàçîì,
ìû âûÿâèëè, ÷òî ñî÷åòàíèå òðåõ ìóòàöèé â áåëêå LMP1 (G212S/Ò350A/S366T)
èãðàåò êëþ÷åâóþ ðîëü â ìîäóëÿöèè ñèãíàëüíîé àêòèâíîñòè êëåòêè, ïðè ýòîì
íå âëèÿÿ íà ñòðóêòóðíûå êîìïîíåíòû åå öèòîñêëåòà. Ïðîâåäåííûé
ñòðóêòóðíî-ôóíêöèîíàëüíûé àíàëèç âàðèàíòîâ LMP1 îò ðîññèéñêèõ áîëüíûõ
ïîçâîëèë íàì âûÿâèòü ìóòàöèè, ïðåîáëàäàþùèå â âàðèàíòàõ LMP1 ÂÝÁ,
ïåðñèñòèðóþùèõ â Ðîññèè. Ìû ïîëàãàåì, ÷òî îòñóòñòâèå â ðîññèéñêèõ
âàðèàíòàõ LMP1 çàìåí â G212S è Ò350A ÿâëÿåòñÿ îïðåäåëÿþùèì ôàêòîðîì
â ïîíèæåíèè ñèãíàëüíîé àêòèâíîñòè ïðè èõ ýêñïðåññèè â êëåòêàõ.

Ðàáîòà ïîääåðæàíà ãðàíîì ÐÔÔÈ ¹ 07-04-00604-à.
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Epstein-Barr virus (EBV) is prevalent human virus infected over 90% of the
world's population. There is satisfactory evidence its association with some human
oncological diseases, in the first instance Burkitt's lymphoma and undifferentiated
nasopharyngeal carcinoma. LMP1 încogene of this virus plays a key role in
patogenesis of EBV-associated diseases. The product encoded by this gene is same
name 63-kD integral membrane protein consisting of 386 amino acid residues.
This protein includes six transmembane domains and two cytoplasmic domains: a
short N-terminal and a long C-terminal domain. The C-terminal cytoplasmic domain
of LMP1 contains two transactivating regions (CTAR1 è CTAR2) which play an
important role in activation of  cascade of cell signal pathways, primarily NF-κB,
PI3K-Akt, SAPK/JNK, and  p38. One of unique LMP1 characteristic is its
polymorphism. Different EBV variants with specific mutations in LMP1 are
persisting in geographically restricted regions. Definite mutations in LMP1
sequence are often associated with increasing of aggressiveness of its distinct
variants and increasing the level of EBV-associated diseases for instance
undifferentiated nasopharyngeal carcinoma in South-East Asia. Accordingly, the
aim of our study was to investigate the influence of commonly occurring LMP1
mutations on its functional potential. Following selected mutations include the
replacement of glycine by serine in position 212 (G212S), replacement of serine
by threonine in position 366 (S366T), and also replacement of threonine by alanine
in position 350 (T350A), ànd its combinations (G212S/Ò350A, G212S/S366T,
G212S/Ò350A/S366T, Triple).

Mutations affect two sites of ubiquitin-proteosomal systems (β-TrCP/HOS)
which are located in LMP1 CTAR-domains was previously shown to increase
transforming activity of LMP1 in vitro. Only with present of double and triple
affected HOS-motifs mutations both in CTAR1 and CTAR2 were found to increase
NF-κB activation. Also expression of studied LMP1 mutated variants induced
activation of protein-kinase-B (PKB-Akt). In addition, it was established that LMP1
variants carrying mutations in HOS-motifs did not activate AP1 signaling pathways.
We did not find any influence of LMP1 mutations in HOS-motifs on actin filaments
and paxillin by method of intravital staining in transformed cells.  By analysis of
intracellular NO generation it was shown decreasing of NO level in Rat-1 fibroblast
transducted by LMP1-Cao è LMP1-Triple variants. This would be contributing to
survival and enhancement of transformed cell tumorigenic properties. NO synthesis
in cells expressing different LMP1 mutated variants was shown to be by activation
of iNOS.

Further, in consideration of obtained data and full absence of information
about strain differences of LMP1 EBV variant persistent in Russia our attention
was concentrated on frequency of occurrence studied mutations in Russian
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population of EBV at patients with EBV-associated lymphoproliferative disorders
and to carry out functional analysis of detected LMP1 variants. To this aim the
sequencing of LMP1 variants isolated from Russian patients with infectious
mononucleosis (IM), Hodgkin's lymphoma (HL), and non-Hodgkin's lymphomaå
(NHL) have been carried out. Phylogenetic study of obtained sequences revealed
dominance of LMP1 variants belonging to proteins of low-divergent group
LMP1-B95.8b (more than 51%). These variants are characterized by minimal set
of mutations and only replacement S366T from three early studied mutations was
detected in this group. For the first time performed functional analysis of low-
divergent LMP1 variants elucidated the similarity of biological properties despite
the difference of its clinical origin from patients with malignant (HL and NHL) or
benign (IM) process. It was shown that expression of studied low-divergent LMP1
variants in embryonic kidney HEK293 cells was accompanied by insignificant
increasing in transcriptional factor NF-κB activation and hadn't influence on
activation of transcriptional factor AP-1. Morphology assay of obtained Rat-1
stable cell lines constitutively expressing of low-divergent LMP1 variants was
shown its ability to suppression of contact inhibition and colony formation with
unsupported growth. Besides, it was detected that all investigated low-divergent
LMP1 variants expressing in Rat-1 cells induced activation of inducible NO-
synthase (iNOS) and intracellular production of nitrogen oxide (NO). At the same
time the level of the accumulation of the latter was lower then one induced by low-
transforming prototype variant LMP1-B95.8. In summary we have revealed that
combination of tree mutations in LMP1 protein (G212S/Ò350A/S366T) play a
key role at modulation of cell signal activity and have not any influence at structural
components of its cytoskeleton. On the base structural-functional analysis of
obtained from Russian patients LMP1 variants we have detected mutations
dominated in LMP1 EBV variants persisted in Russia. We suppose that absence
of replacement G212S and Ò350A in Russian LMP1 variants is a determinant
factor in decreasing of signal activity in cells expressing those LMP1 variants.

This work was supported by the Russian Foundation for Basic Research
(No. 07-04-00604-a).
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Öåëü èññëåäîâàíèÿ. Ïîñëå îïðåäåëåíèÿ íóêëåîòèäíîé
ïîñëåäîâàòåëüíîñòè ãåíîìîâ ðÿäà îðãàíèçìîâ, îäíîé èç ãëàâíûõ çàäà÷ â
ïîñòãåíîìíóþ ýðó ñòàëî èçó÷åíèå ìåõàíèçìîâ ðåãóëÿöèè ýêñïðåññèè ãåíîâ.
Ïîñëåäíèå äàííûå óêàçûâàþò íà òî, ÷òî òðàíñêðèáèðóþòñÿ íå òîëüêî ãåíû,
íî è íåêîäèðóþùèå ïîñëåäîâàòåëüíîñòè ãåíîìà. Âñÿ ñîâîêóïíîñòü ãåíîâ è
òðàíñêðèáèðóåìûõ îáëàñòåé ãåíîìà ìíîãîêëåòî÷íûõ îðãàíèçìîâ ñâÿçàíà â
ñëîæíåéøóþ ðåãóëèðóåìóþ ñåòü, îïðåäåëÿþùóþ ñóùåñòâîâàíèå
ìíîãî÷èñëåííûõ òèïîâ ñïåöèàëèçèðîâàííûõ êëåòîê. Âàæíåéøóþ ðîëü â
ñóùåñòâîâàíèè ýòîé ðåãóëèðóåìîé ñåòè èãðàþò ðàçëè÷íûå êëàññû
ôóíêöèîíàëüíûõ ýëåìåíòîâ ãåíîìà (ïðîìîòîðû, ýíõàíñåðû, ñàéëåíñåðû,
èíñóëÿòîðû, MAR/SAR-ýëåìåíòû è äð.). Ê ñîæàëåíèþ, íà ñåãîäíÿøíèé äåíü
êàðòèðîâàíèå âñåõ ðåãóëÿòîðíûõ ýëåìåíòîâ íà óðîâíå öåëîãî ãåíîìà ñ ó÷åòîì
âñåâîçìîæíûõ òèïîâ êëåòîê ìíîãîêëåòî÷íûõ îðãàíèçìîâ âûõîäèò çà ïðåäåëû
íàøèõ âîçìîæíîñòåé. Àëüòåðíàòèâîé äàííîãî ðîäà èññëåäîâàíèÿì ñëóæèò
ïîëíûé ôóíêöèîíàëüíûé àíàëèç îòäåëüíûõ ïðîòÿæåííûõ ñåãìåíòîâ ãåíîìà
ñ ïîñëåäóþùåé èíòåãðàöèåé ïîëó÷åííûõ äàííûõ è ñîçäàíèåì ïîëíîé
ãåíîìíîé êàðòû ðåãóëÿòîðíûõ ýëåìåíòîâ.

Â äàííîé ðàáîòå íàìè ïðåäëîæåí ýêñïåðèìåíòàëüíûé ïîäõîä,
ïîçâîëÿþùèé èäåíòèôèöèðîâàòü ïîòåíöèàëüíûå ýíõàíñåðû â ïðîòÿæåííûõ
ôðàãìåíòàõ ãåíîìà. Ñ ïîìîùüþ äàííîãî ìåòîäà áûë ïðîâåäåí àíàëèç ó÷àñòêà
äåâÿòíàäöàòîé õðîìîñîìû ÷åëîâåêà äëèíîé 1õ106 ï.î., ðàñïîëîæåííîãî
ìåæäó ãåíàìè FXYD5 è COX7A1.

Àêòèâíîñòü ìíîãèõ ýíõàíñåðîâ in vivo ìîæåò ðåãóëèðîâàòüñÿ
èíñóëÿòîðíûìè ïîñëåäîâàòåëüíîñòÿìè, îáëàäàþùèìè ýíõàíñåð-
áëîêèðóþùåé àêòèâíîñòüþ. Ïîýòîìó, äëÿ ïîëíîãî ïîíèìàíèÿ
ôóíêöèîíèðîâàíèÿ ýíõàíñåðîâ íåîáõîäèìî èìåòü ïðåäñòàâëåíèå î
ðàñïîëîæåíèè â ãåíîìå èíñóëÿòîðîâ. Ñ ïîìîùüþ ðàíåå ðàçðàáîòàííîãî â
íàøåé ëàáîðàòîðèè ìåòîäà [1], îñíîâàííîãî íà ïîçèòèâíî-íåãàòèâíîé
ñåëåêöèè èíñóëÿòîðíûõ ïîñëåäîâàòåëüíîñòåé, áûëè âûÿâëåíû â ëîêóñå
FXYD5-COX7A1 íîâûå ïîñëåäîâàòåëüíîñòè, ïðîÿâëÿþùèå ñâîéñòâà
èíñóëÿòîðîâ.

Ìàòåðèàëû è ìåòîäû.  Äëÿ ñåëåêöèè ýíõàíñåðîâ íàìè áûë
ìîäèôèöèðîâàí ñàìîèíàêòèâèðóþùèéñÿ ðåòðîâèðóñíûé âåêòîð pQCXIX
ïóòåì çàìåíû îáëàñòè, ñîäåðæàùåé ïðîìîòîð öèòîìåãàëîâèðóñà è IRES-
ïîñëåäîâàòåëüíîñòü, íà ãåí íåîìèöèíôîñôîòðàíñôåðàçû II ïîä êîíòðîëåì
ìèíèìàëüíîãî ïðîìîòîðà öèòîìåãàëîâèðóñà. Ïðîöåäóðà ñåëåêöèè îñíîâàíà
íà ñïîñîáíîñòè ýíõàíñåðîâ àêòèâèðîâàòü ìèíèìàëüíûé ïðîìîòîð ãåíà
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ñåëåêòèâíîãî ìàðêåðà. Ôðàãìåíòû áèáëèîòåêè èññëåäóåìîãî ëîêóñà áûëè
êëîíèðîâàíû â ìîäèôèöèðîâàííûé ðåòðîâèðóñíûé âåêòîð. Ïîëó÷åí íàáîð
ðåòðîâèðóñíûõ ÷àñòèö, êîòîðûì èíôèöèðîâàëè êëåòêè ëèíèè HeLa.
Â ðåçóëüòàòå ñåëåêöèè áûëè îòîáðàíû íåîìèöèí-óñòîé÷èâûå êëåòêè,
ñîäåðæàùèå êîíñòðóêöèè ñ ïîòåíöèàëüíûìè ýíõàíñåðàìè. Ôðàãìåíòû
áèáëèîòåêè, àìïëèôèöèðîâàííûå ñ ãåíîìíîé ÄÍÊ íåîìèöèí-óñòîé÷èâûõ
êëåòîê ñ ïîìîùüþ ÏÖÐ, áûëè êëîíèðîâàíû è ñåêâåíèðîâàíû.

Äëÿ ñåëåêöèè ïîòåíöèàëüíûõ èíñóëÿòîðîâ íàìè èñïîëüçîâàí ìåòîä,
îñíîâàííûé íà ïîçèòèâíî-íåãàòèâíîé ñåëåêöèè è ñïîñîáíîñòè èíñóëÿòîðîâ
çàùèùàòü ðåïîðòåðíûé ãåí îò âîçäåéñòâèÿ ýíõàíñåðà, ïðåäëîæåííûé â
ðàáîòå [1].

Ðåçóëüòàòû. Èäåíòèôèöèðîâàíî 15 ïîòåíöèàëüíûõ ýíõàíñåðîâ â ëîêóñå
FXYD5-COX7A1 õðîìîñîìû 19 ÷åëîâåêà. Ýíõàíñåðíàÿ àêòèâíîñòü 13
îáíàðóæåííûõ ïîñëåäîâàòåëüíîñòåé áûëà ïîäòâåðæäåíà ñ ïîìîùüþ ñèñòåìû
äâîéíîé ëþöèôåðàçíîé äåòåêöèè â ýêñïåðèìåíòàõ ïî òðàíçèåíòíûì
òðàíñôåêöèÿì êëåòîê HeLa. Ìåòîäîì ñäâèãà ýëåêòðîôîðåòè÷åñêîé
ïîäâèæíîñòè ÄÍÊ-áåëêîâûõ êîìïëåêñîâ (EMSA) ïîêàçàíà ñïîñîáíîñòü
îáíàðóæåííûõ ôðàãìåíòîâ âçàèìîäåéñòâîâàòü ñ áåëêàìè ÿäåðíîãî ýêñòðàêòà
èç êëåòîê HeLa.

Ñ ïîìîùüþ ðàíåå ðàçðàáîòàííîãî â íàøåé ëàáîðàòîðèè ìåòîäà,
îñíîâàííîãî íà ïîçèòèâíî-íåãàòèâíîé ñåëåêöèè èíñóëÿòîðíûõ
ïîñëåäîâàòåëüíîñòåé, âûÿâëåíî äåñÿòü íîâûõ ïîñëåäîâàòåëüíîñòåé â ëîêóñå
FXYD5-COX7A1 õðîìîñîìû 19 ÷åëîâåêà, ïðîÿâëÿþùèõ ñâîéñòâà
èíñóëÿòîðîâ.

Çàêëþ÷åíèå. Òàêèì îáðàçîì, ïðåäëîæåí íîâûé ýêñïåðèìåíòàëüíûé
ïîäõîä äëÿ ïðÿìîãî îòáîðà, èäåíòèôèêàöèè è êàðòèðîâàíèÿ ïîòåíöèàëüíûõ
ýíõàíñåðîâ âíóòðè äëèííûõ ãåíîìíûõ ïîñëåäîâàòåëüíîñòåé. Ìåòîä
ïîçâîëÿåò îäíîâðåìåííî íàõîäèòü è êëîíèðîâàòü áîëüøîå ÷èñëî ýíõàíñåðíûõ
ýëåìåíòîâ.

Áûëà ñîñòàâëåíà ãåíîìíàÿ êàðòà ðàñïîëîæåíèÿ îáíàðóæåííûõ â ðàáîòå
ïîòåíöèàëüíûõ ðåãóëÿòîðíûõ ýëåìåíòîâ â ëîêóñå FXYD5-COX7A1
õðîìîñîìû 19 ÷åëîâåêà. Îáíàðóæåííûå ïîòåíöèàëüíûå ýíõàíñåðû
ðàñïîëàãàþòñÿ ïðåèìóùåñòâåííî ñ 5'-ñòîðîí îò ãåíîâ ëèáî â èíòðîíàõ.
Âçàèìíîå ðàñïîëîæåíèå îáíàðóæåííûõ èíñóëÿòîðîâ è ãåíîâ ñîãëàñóåòñÿ ñ
ãèïîòåçîé, ñîãëàñíî êîòîðîé èíñóëÿòîðû ïîäðàçäåëÿþò ãåíîìíóþ ÄÍÊ íà
íåçàâèñèìî ðåãóëèðóåìûå ïåòëåâûå äîìåíû.
Ëèòåðàòóðà
[1]Akopov S.B., Ruda V.M., Batrak V.V., et al. (2006) Mamm. Genome, 17, 1042-1049.
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The aim of the research. As the nucleotide sequence has been established
for several genomes, the main objective of postgenomic research is to study the
regulatory mechanisms of gene expression. Recent data suggest that not only genes
are transcribed but a far greater portion of the genome. The total set of genes and
transcribed genome regions forms an intricate regulatory network, which determines
the formation of many specialized cells in multicellular organisms. The different
classes of cis-regulatory elements (promoters, enhancers, silencers, insulators,
scaffold/matrix attachment regions, etc.) play a major role in supporting this
network.

Unfortunately, nowadays the mapping of all regulatory elements at the level
of whole genome is not possible. Therefore, the alternative way of such a research
is to carry out the functional analysis of long fragments of the genome with
subsequent integration of the received data and creation of the complete map of
regulatory elements of the genome.

Here we propose a straightforward method for identification of potential
enhancers within long genomic sequences. Using this method, we have analyzed
1-Mb FXYD5-COX7A1 region of human chromosome 19.

The enhancers can be regulated in vivo by insulators which exhibit enhancer-
blocking activity. Hence, for detailed understanding of enhancers role in the genome
it is needed to know the localization of insulators. Using a previously developed
in our group method [1] based on the positive-negative selection of insulator
sequences we revealed new potential insulators in 1-Mb FXYD5-COX7A1 region
of human chromosome 19.

Materials and methods. For selection of enhancers, we have modified the
self-inactivating retroviral vector pQCXIX by substituting the CMV promoter and
IRES with a cassette containing the neomycin phosphotransferase II (NPTII) gene
under control of a CMV minimal promoter. The selection procedure is based on
the ability of enhancers to activate a minimal promoter that drives expression of a
selective gene. To this end a mixture of short DNA fragments derived from the
segment of interest was cloned in modified retroviral vector. The pool of retroviruses
obtained was used to infect HeLa cells and then to select neomycin-resistant
colonies containing constructs with enhancer-like sequences. The pool of the
genomic fragments was rescued by PCR and cloned, forming a library of the
potential enhancers that were sequenced.

For selection of potential insulators, we used a method based on protection
of the reporter gene promoter against the effect of enhancer and positive-negative
selection as described in [1].

Results. Fifteen potential enhancers were identified within FXYD5-COX7A1
region of human chromosome 19. The enhancer activity of 13 of them was verified
in a transient transfection reporter gene assay. Using electrophoretic mobility shift
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Ðàñïîëîæåííûå â X-õðîìîñîìå òàíäåìíûå êëàñòåðû ñåìåííèê-
ñïåöèôè÷íûõ ãåíîâ Stellate êîíòðîëèðóþò ñïåðìàòîãåíåç ó Drosophila
melanogaster. Ãåíû Stellate êîäèðóþò áåëîê, ãîìîëîãè÷íûé ðåãóëÿòîðíîé
β-ñóáúåäèíèöå ïðîòåèíêèíàçû CK2 (CK2β), è íå ýêñïðåññèðóþòñÿ ó ñàìöîâ
äèêîãî òèïà. Â îòñóòñòâèå Y-õðîìîñîìû èëè ñöåïëåííîãî ñ íåé ëîêóñà Su(Ste)
(Supressor of Stellate) ïðîèñõîäèò äåðåïðåññèÿ ãåíîâ Stellate, ïðèâîäÿùàÿ ê
íàêîïëåíèþ â ñåìåííèêàõ èãëî- èëè çâåçäîïîäîáíûõ áåëêîâûõ êðèñòàëëîâ,
à òàêæå ê íàðóøåíèþ ñåãðåãàöèè õðîìîñîì â ìåéîçå è ê ÷àñòè÷íîé ëèáî
ïîëíîé ñòåðèëüíîñòè (Livak, 1984; Bozzetti et al., 1995). Â íîðìå ýêñïðåññèÿ
ãåíîâ Stellate ïîäàâëåíà ïðè ïîìîùè êîðîòêèõ ÐÍÊ, îáåñïå÷èâàåìûõ
àíòèñìûñëîâîé òðàíñêðèïöèåé âûñîêîãîìîëîãè÷íîãî ëîêóñà Su(Ste), ïî
ìåõàíèçìó pi-ÐÍÊ-ñàéëåíñèíãà (Aravin et al., 2001; Vagin et al., 2006).
Ìåõàíèçì ïàòîãåíåçà, âûçûâàåìîãî ãèïåðýêñïðåññèåé Stellate, äî ñèõ ïîð
íå âûÿñíåí.

×òîáû ïîíÿòü ïðè÷èíû íàáëþäàåìûõ àíîìàëèé ñïåðìàòîãåíåçà ïðè
ãèïåðýêñïðåññèè Stellate, ìû ïîëó÷èëè âûñîêîñïåöèôè÷íûå àíòèòåëà ê áåëêó
Stellate è èçó÷èëè åãî ñóáêëåòî÷íóþ ëîêàëèçàöèþ ìåòîäàìè áèîõèìè÷åñêîãî
ôðàêöèîíèðîâàíèÿ è èììóíîîêðàøèâàíèÿ öåëûõ ñåìåííèêîâ. Ìû ïîêàçàëè,
÷òî, ïîìèìî ðàíåå èçâåñòíîãî íàêîïëåíèÿ áåëêà Stellate â êðèñòàëëè÷åñêîé
ôîðìå, ïðåèìóùåñòâåííî â öèòîïëàçìå, îí òàêæå ïðèñóòñòâóåò â ðàñòâîðèìîé
ôîðìå èñêëþ÷èòåëüíî â íóêëåîïëàçìå ñïåðìàòîöèòîâ. Ýêñïåðèìåíòû ïî êî-
èììóíîïðåöèïèòàöèè âûÿâèëè, ÷òî ðàñòâîðèìûé ÿäåðíûé Stellate
âçàèìîäåéñòâóåò ñ êàòàëèòè÷åñêîé α-ñóáúåäèíèöåé CK2 (CK2α) in vivo. Ìû
òàêæå ïîêàçàëè, ÷òî äåðåïðåññèÿ Stellate â ñåìåííèêàõ ïðèâîäèò ê ìîäóëÿöèÿì
â ôîñôîðèëèðîâàíèè ÿäåðíûõ áåëêîâ ïî îñòàòêàì ñåðèíà.

Ñîãëàñíî íàøèì èììóíîõèìè÷åñêèì è ìàññ-ñïåêòðîìåòðè÷åñêèì
äàííûì, è ðàñòâîðèìàÿ, è êðèñòàëëè÷åñêàÿ ôîðìû ýíäîãåííîãî Stellate
òðèìåòèëèðîâàíû ïî îñòàòêó ëèçèíà K92. Èíòåðåñíî, ÷òî StellateK92me3
ñïåöèôè÷åñêè óçíàåòñÿ àíòèòåëàìè ê òðèìåòèëèðîâàííîìó îñòàòêó ëèçèíà
K9 ãèñòîíà H3 (H3K9me3), ÷òî ñâèäåòåëüñòâóåò î ñòðóêòóðíîé ìèìèêðèè
ýïèãåíåòè÷åñêîé ìîäèôèêàöèè H3K9me3. Âûðàâíèâàíèå
ïîñëåäîâàòåëüíîñòåé Stellate è äðóãèõ ñóáúåäèíèö CK2β, â òîì ÷èñëå è
ïðåäïîëàãàåìîãî ïðåäøåñòâåííèêà Stellate, βCK2tes (Kalmykova et al., 1997),
âûÿâèëî, ÷òî ìîòèâ äëÿ ìåòèëèðîâàíèÿ ïî îñòàòêó ëèçèíà âîçíèê è
ýâîëþöèîííî çàêðåïèëñÿ òîëüêî â Stellate. Ìû ïîêàçàëè, ÷òî ó ìóõ,
ãåòåðîçèãîòíûõ ïî ìóòàöèè â ãåíå ãèñòîíìåòèëòðàíñôåðàçû dSETDB1, íî
íå Su(Var)3-9, âñëåäñòâèå êîäîìèíàíòíîñòè àëëåëåé, íàáëþäàåòñÿ
âîñïðîèçâîäèìîå ñíèæåíèå ìåòèëèðîâàíèÿ Stellate. Èçâåñòíî, ÷òî dSETDB1

assay (EMSA) we showed the ability of identified enhancers to bind HeLa nuclear
extract proteins.

Using a method based on the positive-negative selection of insulator sequences
[1] we revealed 10 new potential insulators in FXYD5-COX7A1 region of human
chromosome 19.

Conclusions. We report a new experimental method of direct selection,
identification, and mapping of potential enhancer sequences within extended
stretches of genomic DNA. The method allows simultaneous cloning of a quantity
of sequences instead of tedious screening of the separate ones, thus providing a
robust and high-throughput approach to the mapping of enhancers.

All identified in this work potential regulatory sequences were mapped on
chromosome 19 between genes FXYD5 and COX7A1. The enhancer-like sequences
were found to be predominantly located near 5?-regions of genes or within gene
introns. Relative positions of insulators and genes are in accord with the hypothesis
that insulators subdivide genomic DNA into independently regulated loop domains.
Reference
[1]Akopov S.B., Ruda V.M., Batrak V.V., et al. (2006) Mamm. Genome, 17, 1042-1049.
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ïðèñóòñòâóåò êàê â ÿäðå, òàê è â öèòîïëàçìå (Yoon et al., 2008), ÷òî ñîãëàñóåòñÿ
ñ íàøèìè äàííûìè ïî ìåòèëèðîâàíèþ êàê ÿäåðíîé, òàê è
öèòîïëàçìàòè÷åñêîé ïîïóëÿöèé Stellate.

Ýïèãåíåòè÷åñêàÿ ìîäèôèêàöèÿ H3K9me3 óçíàåòñÿ áåëêîì HP1, íåñóùèì
õðîìîäîìåí è îòâåòñòâåííûì çà ôîðìèðîâàíèå ó÷àñòêîâ òðàíñêðèïöèîííî
ðåïðåññèðîâàííîãî ãåòåðîõðîìàòèíà (Fishle et al., 2005; Kouzarides, 2007).
Ìû ïðåäïîëîæèëè, ÷òî òðèìåòèëèðîâàííûé Stellate òàêæå ñïîñîáåí
ïðèâëåêàòü ê ñåáå HP1 èëè äðóãèå õðîìîäîìåí-ñîäåðæàùèå áåëêè.
Àíàëèçèðóÿ ðåçóëüòàòû õèìè÷åñêîãî êðîññ-ëèíêèíãà öåëûõ ÿäåð, ìû
äåòåêòèðîâàëè êîâàëåíòíî ñøèòûé êîìïëåêñ ñ Ìì îêîëî 65 êÄà, ñîäåðæàùèé
êàê Stellate, òàê è HP1, íî îòñóòñòâóþùèé â ñåìåííèêàõ ìóõ äèêîãî òèïà.
Ïîëó÷åííûå íàìè ïðåäâàðèòåëüíûå äàííûå ïî õðîìàòèí-
èììóíîïðåöèïèòàöèè ñåìåííèêîâ (X-ChIP) ïîêàçàëè îáîãàùåíèå HP1 â
ïðèöåíòðîìåðíîì ãåòåðîõðîìàòèíå ïðè äåðåïðåññèè Stellate, ïî ñðàâíåíèþ
ñ ñåìåííèêàìè ìóõ äèêîãî òèïà. Ôîðìèðîâàíèå ãåòåðîõðîìàòèíà â
ïðèöåíòðîìåðíûõ ðàéîíàõ íåîáõîäèìî äëÿ êîððåêòíîãî îáðàçîâàíèÿ
êèíåòîõîðà è ïîñëåäóþùåé ñåãðåãàöèè õðîìîñîì ïðè êëåòî÷íîì äåëåíèè
(Kellum and Alberts, 1995; Ekwall et al., 1996; Pidoux and Allshire, 2005). Êàê
íåäîñòàòî÷íîñòü, òàê è ãèïåðýêñïðåññèÿ HP1 ïðèâîäÿò ê íàðóøåíèÿì â
êîìïàêòèçàöèè ïðèöåíòðîìåðíîãî ãåòåðîõðîìàòèíà è àíîìàëèÿì â
öåíòðîìåðíîé êîãåçèè è ñåãðåãàöèè õðîìîñîì (Inoue et al., 2008).

Íàøè ðåçóëüòàòû ïîçâîëÿþò ïðåäëîæèòü ìîäåëü ïàòîãåíåòè÷åñêîãî
äåéñòâèÿ Stellate â ñåìåííèêàõ D. melanogaster. HP1 â íîðìå ÿâëÿåòñÿ
ìèøåíüþ ôîñôîðèëèðîâàíèÿ, îñóùåñòâëÿåìîãî CK2, êîòîðîå âàæíî äëÿ
ñâÿçûâàíèÿ ÷àñòè ÿäåðíîãî ïóëà HP1 ñ ãåòåðîõðîìàòèíîâûìè ëîêóñàìè, â
òîì ÷èñëå ñ ïðèöåíòðîìåðíûì (Eissenberg et al., 1994; Zhao et al., 1999 and
2001; Shimada et al., 2009). Ìû ïîëàãàåì, ÷òî Stellate â ÿäðàõ ñïåðìàòîöèòîâ
âûïîëíÿåò ôóíêöèþ ðåãóëÿòîðíîé β-ñóáúåäèíèöû CK2, ýôôåêòèâíî
ïðèâëåêàÿ HP1 ïðè ïîìîùè òðèìåòèëëèçèíîâîé ìåòêè ê ãåòåðîòåòðàìåðíîìó
êîìïëåêñó CK2 è ñïîñîáñòâóÿ ãèïåðôîñôîðèëèðîâàíèþ HP1. Èçáûòîê
ôîñôîðèëèðîâàííîãî HP1, â ñâîþ î÷åðåäü, âûçûâàåò ãèïåðêîíäåíñàöèþ
ïðèöåíòðîìåðíîãî ãåòåðîõðîìàòèíà, ÷òî ìîæåò ñëóæèòü ïðè÷èíîé
ìåéîòè÷åñêèõ íàðóøåíèé è íåêîððåêòíîãî ñïåðìàòîãåíåçà ó D. melanogaster
ïðè äåðåïðåññèè Stellate.

Â áëèæàéøåì áóäóùåì äëÿ ïîäòâåðæäåíèÿ íàøåé ìîäåëè ìû ïëàíèðóåì
èçó÷èòü âëèÿíèå äåðåïðåññèè Stellate íà óðîâåíü ôîñôîðèëèðîâàíèÿ HP1, à
òàêæå ïðîñëåäèòü èçìåíåíèå òðàíñêðèïöèè óíèêàëüíûõ ãåíîâ,
ðàñïîëîæåííûõ â ïðèöåíòðîìåðíîì õðîìàòèíå.
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The X-chromosome-linked clusters of the tandemly repeated testis-specific
Stellate genes control spermatogenesis in Drosophila melanogaster. Stellate genes
encode protein homologous to the regulatory β-subunit of the protein kinase CK2
(CK2β) and are repressed in wild-type males. In the absence of the Y chromosome
or Y-linked Su(Ste) locus (Supressor of Stellate), derepression of Stellate genes
lead to accumulation of needle- or stellate-shaped crystals in testes and also to
abnormalities in chromosome segregation and partial or complete male sterility
(Livak, 1984; Bozzetti et al., 1995). Normally, the expression of Stellate genes are
suppressed by short RNAs provided by anti-sense transcription of the highly
homologous Su(Ste) locus, via piRNA-silencing mechanism (Aravin et al., 2001;
Vagin et al., 2006). However, the mechanism of Stellate-induced pathogenesis has
been unclear until now.

To understand causes of the observed abnormalities in spermatogenesis
consequently to the hyper-expression of Stellate, we raised high-avid anti-Stellate
antibodies and studied the subcellular localization of Stellate protein using methods
of biochemical fractionation and whole-mount testis immunostaining. We showed,
that, along with the known accumulation of crystal Stellate protein detected mainly
in the cytoplasm, there was also soluble Stellate located exclusively in the
nucleoplasm of spermatocytes. The co-immunoprecipitation experiments revealed
that the soluble nuclear Stellate interacted with the catalytic α-subunit of CK2
(CK2α) in vivo. We also showed that derepression of Stellate in testes led to
modulations in phosphorylation of nuclear proteins on serine residues.

According to our immunochemical and mass-spectrometric data, both soluble
and crystal forms of the endogenous Stellate are trimethylated on lysine residue,
K92. It should be noted that StellateK92me3 is specifically recognized by anti-
H3K9me3 (trimethylated K9 lysine residue of histone H3) antibodies. This
observation supposes the structural mimicry of the epigenetic H3K9me3
modification. The sequence alignment of Stellate and CK2β subunits, including
the supposed predecessor of Stellate, βCK2tes (Kalmykova et al., 1997), revealed
that the motif for methylation on lysine residue has emerged and been evolutionally
fixed only in Stellate. We showed that in the flies heterozygous on histone
methyltransferase dSETDB1, but not Su(var)3-9, due to the allele codominance,
there was the reproducible decrease in the Stellate methylation. It was shown earlier
that dSETDB1 presented both in the nucleus and cytoplasm (Yoon et al., 2008),
which correlates with our data on methylation of both nuclear and cytoplasmic
populations of Stellate.

The epigenetic H3K9me3 modification is recognized by HP1 protein bearing
chromodomain and being responsible for the formation of regions of
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transcriptionally repressed heterochromatin (Fishle et al., 2005; Kouzarides, 2007).
We suggested that trimethylated Stellate also could attract HP1 or other
chromodomain-containing proteins. By analyzing the results of chemical cross-
linking of the whole nuclei, we detected the covalently linked complex about 65 kDa
containing both Stellate and HP1 proteins, but absent in the testes from the wild-
type flies. The preliminarily data from chromatin immunoprecipitaion in testes
(X-ChIP) showed the enrichment of HP1 in the pericentromeric heterochromatin
against the background of Stellate derepression, as compared with the wild-type
flies. The correct heterochromatin formation in the pericentromeric regions is
necessary for the forming of cohesin complexes and following chromosome
segregation during cell division (Kellum and Alberts, 1995; Ekwall et al., 1996;
Pidoux and Allshire, 2005). Both hypo- and hyperexpression of HP1 lead to
disturbances in compacting of pericentromeric heterochromatin and abnormalities
in centromeric cohesion and segregation of chromosomes (Inoue et al., 2008).

So far, out results allow to develop a model of pathogenic action of the soluble
Stellate in testes of D.melanogaster. It was shown that HP1 normally was a target
of multiple phosphorylation conducting by CK2, and that abnormalities in this
phosphorylation led to the disturbances in HP1 binding to the heterochromatic
loci, including pericentromeric one (Eissenberg et al., 1994; Zhao et al., 1999 and
2001; Shimada et al., 2009). We suggest that Stellate, simultaneously interacting
with CK2α and HP1, functions as a regulatory β-subunit of CK2, attracting HP1
via trimethyllysine mark to heterotetrameric complex CK2 and thus promoting its
hyper-phosphorylation in the nuclei of spermatocytes. This, in turn, may promote
the hyper-condensation of the pericentromeric heterochromatin which leads to the
meiotic disturbances and incorrect spermatogenesis in D. melanogaster.

In the nearest future, to prove our model, we will measure the degree of HP1
phosphorylation against the background of Stellate derepression, and also estimate
changes in the levels of transcription of the unique genes located in the
pericentromeric heterochromatin.
Reference
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Õåìîëèòîòðîôíûå òåðìîàöèäîôèëüíûå áàêòåðèè ðîäà Sulfobacillus –
óíèâåðñàëüíàÿ ãðóïïà îðãàíèçìîâ, ñïîñîáíûõ â àýðîáíûõ óñëîâèÿõ ê
îêèñëåíèþ Fe(II), âîññòàíîâëåííûõ ñîåäèíåíèé ñåðû, ñóëüôèäíûõ ìèíåðàëîâ
è îðãàíè÷åñêèõ âåùåñòâ, â óñëîâèÿõ ãèïîêñèè – ê îêèñëåíèþ ñåðóñîäåðæàùèõ
è îðãàíè÷åñêèõ ñóáñòðàòîâ ñ ñîïðÿæåíèåì âîññòàíîâëåíèÿ Fe(III).
Ðàçíîîáðàçèå òèïîâ ìåòàáîëèçìà è óñòîé÷èâîñòü ê ýêñòðåìàëüíûì
âîçäåéñòâèÿì ïîçâîëÿþò ñóëüôîáàöèëëàì çàíèìàòü ýêîëîãè÷åñêèå íèøè,
ðàçëè÷àþùèåñÿ ñîñòàâîì/ñîîòíîøåíèåì ñóáñòðàòîâ è ôèçèêî-õèìè÷åñêèìè
õàðàêòåðèñòèêàìè, à òàêæå ñ óñïåõîì èñïîëüçîâàòüñÿ â áèîãåîòåõíîëîãèè
ìåòàëëîâ.

Ïîêàçàíî, ÷òî îäíîé èç ñòðàòåãèé âûæèâàíèÿ óìåðåííî òåðìîôèëüíûõ
è òåðìîòîëåðàíòíûõ øòàììîâ ñóëüôîáàöèëë â ýêñòðåìàëüíûõ óñëîâèÿõ
ÿâëÿåòñÿ èçìåíåíèå ôèçèîëîãè÷åñêîãî ñîñòîÿíèÿ îðãàíèçìîâ – ïðèîáðåòåíèå
ñòðåññîóñòîé÷èâîñòè. Ïîñëåäíåå ñîïðîâîæäàåòñÿ íå òîëüêî èçìåíåíèåì
ïðîöåññîâ ýíåðãåòè÷åñêîãî è êîíñòðóêòèâíîãî ìåòàáîëèçìîâ (âðåìåíè
ãåíåðàöèè, êëåòî÷íîãî óðîæàÿ, ñïåêòðà/àêòèâíîñòè êàðáîêñèëèðóþùèõ
ôåðìåíòîâ, ïåðåêëþ÷åíèÿ (òîðìîæåíèÿ) ïóòåé öåíòðàëüíîãî ìåòàáîëèçìà
óãëåðîäà, ôóíêöèîíèðîâàíèÿ äîïîëíèòåëüíûõ ýëåêòðîííîòðàíñïîðòíûõ
öåïåé (ÝÒÖ) (Æóðàâëåâà, 2009; Êîíäðàòüåâà è äð., 2009)), íî è èçìåíåíèåì
ìîðôîãåíåòè÷åñêèõ ïðîãðàìì ñ îáðàçîâàíèåì ðàçëè÷íûõ êëåòî÷íûõ
ìîðôîòèïîâ. Äëÿ S. thermotolerans, S. thermosulfidooxidans, S. sibiricus
óñòàíîâëåíû ôàêòîðû, âëèÿþùèå íà ïåðåêëþ÷åíèå óêàçàííûõ ïðîãðàìì:
ýêñòðåìàëüíî âûñîêèå êîíöåíòðàöèè Í+, SO4

2–, CO2, çàùåëà÷èâàíèå æèäêîé
ôàçû ïóëüïû, íåîïòèìàëüíûå ðîñòîâûå òåìïåðàòóðû, ëèìèòèðîâàíèå
êëåòî÷íûõ ïðîöåññîâ íåäîñòàòêîì Î2, êîíöåíòðàöèåé ïóëà ÀÒÔ, ôàêòîðîâ
ðîñòà.

Äëÿ áàêòåðèé ðîäà Sulfobacillus ïîêàçàíà âûñîêàÿ ïëàñòè÷íîñòü èõ
ìåòàáîëèçìà, íàïðàâëåííàÿ íà ïðèîáðåòåíèå óñòîé÷èâîñòè ê ñòðåññîâûì
âîçäåéñòâèÿì. Íà ïðèìåðå S. thermotolerans Kr1 áûëî ïðîäåìîíñòðèðîâàíî,
÷òî òàêîé ôàêòîð, êàê òåìïåðàòóðà, áëèçêàÿ ê ïðåäåëüíîé äëÿ ðîñòà, âûçûâàë
óâåëè÷åíèå âðåìåíè ãåíåðàöèè â íåñêîëüêî ðàç è óòðàòó îäíîãî èç òðåõ ïóòåé
êàòàáîëèçìà óãëåâîäîâ – îêèñëèòåëüíîãî ïåíòîçîôîñôàòíîãî. Îäíàêî
æèçíåäåÿòåëüíîñòü è îêèñëèòåëüíàÿ ñïîñîáíîñòü ñóëüôîáàöèëë ñîõðàíÿëèñü,
÷òî îáåñïå÷èâàëîñü ôåðìåíòíûìè ñèñòåìàìè äâóõ äðóãèõ ïóòåé – Ýìáäåíà-
Ìåéåðãîôà-Ïàðíàñà è Ýíòíåðà-Äóäîðîâà. Îïòèìàëüíûé ìèêñîòðîôíûé òèï
ïèòàíèÿ ó ñóëüôîáàöèëë îáåñïå÷èâàåò ìàêñèìàëüíûé óðîâåíü ïóëà ÀÒÔ â
êëåòêàõ è âûæèâàíèå áàêòåðèé ïðè ìíîãîêðàòíûõ ïåðåñåâàõ, òîãäà êàê
ëèìèòèðîâàíèå ïðîöåññîâ íèçêèì óðîâíåì ïóëà ÀÒÔ ïðè íåîïòèìàëüíûõ
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ëèòîàâòî- è îðãàíîãåòåðîòðîôíîì òèïàõ ïèòàíèÿ êîððåëèðóåòñÿ ñ
ïðåêðàùåíèåì ðîñòà âåãåòàòèâíûõ êëåòîê áàêòåðèé ïîñëå íåñêîëüêèõ
ïàññàæåé. Äàííûå î ñèíòåçå ÀÒÔ, èíãèáèòîðíîãî àíàëèçà è îïðåäåëåíèÿ
ñêîðîñòè äûõàíèÿ êëåòîê ñóëüôîáàöèëë ñâèäåòåëüñòâóþò î òîì, ÷òî ïðè
îêèñëèòåëüíîì ôîñôîðèëèðîâàíèè èñòî÷íèêîì ýíåðãèè è äîíîðîì
ýëåêòðîíîâ äëÿ ÝÒÖ ìîãóò ñëóæèòü îðãàíè÷åñêèå è íåîðãàíè÷åñêèå
âåùåñòâà, à òàêæå èõ ñìåñè â çàâèñèìîñòè îò òàêèõ ôàêòîðîâ, êàê äîñòóïíîñòü
ñóáñòðàòà, ðÍ, êîíöåíòðàöèÿ O2 â ñðåäå è äð. Â àýðîáíûõ óñëîâèÿõ ïðè
îêèñëåíèè êëåòêàìè Fe(II) ïîêàçàíî ôóíêöèîíèðîâàíèå ðàçâåòâëåííîé ÝÒÖ.
Îäíèì èç ôàêòîðîâ, âëèÿþùèõ íà ñîñòàâ ïåðåíîñ÷èêîâ òðàíñïîðòíîé öåïè,
ÿâëÿåòñÿ êîíöåíòðàöèÿ O2 â ñðåäå, êîòîðàÿ ïîñòåïåííî ñíèæàåòñÿ ñ ðîñòîì
êëåòî÷íîé ïîïóëÿöèè. Â óñëîâèÿõ ëèìèòèðîâàíèÿ ðîñòà ïî êèñëîðîäó
áàêòåðèè ìîãóò ïåðåõîäèòü íà áðîæåíèå. Ïðè çíà÷èòåëüíîì ëèìèòèðîâàíèè
êëåòî÷íûõ ïðîöåññîâ íåäîñòàòêîì O2 (óñëîâèÿ ãèïîêñèè) ñóëüôîáàöèëëû
ïåðåêëþ÷àþòñÿ íà èñïîëüçîâàíèå àëüòåðíàòèâíîãî êèñëîðîäó àêöåïòîðà
ýëåêòðîíîâ – Fe(III).

Âàæíóþ ðîëü â ïðèîáðåòåíèè êëåòêàìè óñòîé÷èâîñòè ê ýêñòðåìàëüíûì
óñëîâèÿì ñðåäû èãðàåò ôîðìèðîâàíèå íîâûõ ìîðôîòèïîâ. Óìåíüøåíèå
ðàçìåðîâ ïàëî÷êîâèäíûõ êëåòîê, õàðàêòåðíûõ äëÿ áàêòåðèé, äî ìåëêèõ èëè
êîêêîâèäíûõ íàáëþäàëè ïðè ïåðåêëþ÷åíèè ìåòàáîëèçìà ñ îêèñëåíèÿ Fe(II)
íà îêèñëåíèå S0 èëè ñóëüôèäíûõ ìèíåðàëîâ ïðè äëèòåëüíîì
êóëüòèâèðîâàíèè, ïðè ðÍ âûøå îïòèìàëüíûõ, ïðè âûñîêèõ òåìïåðàòóðàõ è
êîíöåíòðàöèÿõ ÑÎ2. Ïåðåêëþ÷åíèå ìèêñîòðîôíîãî òèïà ìåòàáîëèçìà íà
ëèòîàâòîòðîôíûé âåëî âíà÷àëå ê ïàäåíèþ ñêîðîñòè ðîñòà, êëåòî÷íîãî óðîæàÿ,
ñîäåðæàíèÿ ÀÒÔ, óìåíüøåíèþ ðàçìåðîâ êëåòîê, â êîíöå ðîñòà - ê ïîÿâëåíèþ
íàíîáàêòåðèé, óëüòðàìèêðîáàêòåðèé (ñîâìåñòíûå äàííûå ñ Ñóçèíîé Í.Å.,
Äóäîé Â.È.). Âûñîêèå êîíöåíòðàöèè Í+ (ðÍ 1.2), Zn2+ (0.5-0.8 M)
èíäóöèðîâàëè îáðàçîâàíèå íèòåâèäíûõ èëè äëèííûõ òîíêèõ êëåòîê, öåïî÷åê
èç íèõ. Èîíû Sb è As, âûùåëà÷èâàåìûå èç ñóëüôèäíûõ ðóä, à òàêæå
ëèìèòèðîâàíèå ïî êèñëîðîäó ñëóæèëè òîë÷êîì äëÿ çàïóñêà ìåõàíèçìîâ
ñïîðóëÿöèè èëè ïîñòåïåííîãî ïðåâðàùåíèÿ âåãåòàòèâíûõ êëåòîê â
ðåôðàêòåðíûå (îäèíî÷íûå èëè öåïî÷êè), êàê ïðàâèëî, ñîõðàíÿþùèå ñâÿçü ñ
âåãåòàòèâíûìè. Óìåíüøåíèå Î2 â æèäêîé ôàçå 11%-íîé ïóëüïû ïðè
îêèñëåíèè â àýðîëèôòíîì ðåæèìå êîíöåíòðàòà ñóëüôèäíûõ ìèíåðàëîâ
Íåæäàíèíñêîãî ìåñòîðîæäåíèÿ ñîïðîâîæäàëîñü ôîðìèðîâàíèåì ñëîæíûõ
êëåòî÷íûõ êîìïëåêñîâ, îáúåäèíåííûõ åäèíûì ïîëèñàõàðèäíûì ìàòðèêñîì.

Ïîêàçàííàÿ ëàáèëüíîñòü ïóòåé ìåòàáîëèçìà ñóëüôîáàöèëë,
èíäóöèðóåìàÿ ðàçëè÷íûìè ôàêòîðàìè, ìîæåò áûòü èñïîëüçîâàíà â
áèîãèäðîìåòàëëóðãè÷åñêèõ òåõíîëîãèÿõ èçâëå÷åíèÿ çîëîòà èç ñóëüôèäíûõ
ðóä. Ïîëó÷åííûå äàííûå î ìîðôîãåíåçå ñóëüôîáàöèëë ñëóæàò îñíîâîé
êîíòðîëÿ ïðîöåññîâ áèîîêèñëåíèÿ çîëîòîñîäåðæàùèõ ñóëüôèäíûõ ðóä ïðè
îöåíêå ôèçèîëîãè÷åñêîãî ñîñòîÿíèÿ ìèêðîáíîé ïîïóëÿöèè è êîððåêòèðîâêè
òåõíîëîãè÷åñêèõ ðåæèìîâ â îïòèìàëüíîì íàïðàâëåíèè ñ öåëüþ âîçâðàòà ê
àêòèâíîìó èñõîäíîìó ôåíîòèïó ïîïóëÿöèè.

PHENOTYPIC REORGANIZATION INDUCED BY VARIOUS
FACTORS IN THERMOPHILIC SULFOBACILLI
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Chemolithotrophic thermoacidophilic bacteria of the genus Sulfobacillus form
a universal group capable of oxidation of Fe(II), reduced sulfur compounds, sulfide
minerals and organic substances under aerobic conditions and are able to oxidize
sulfur-containing and organic substrates with Fe(III) reduction coupling during
hypoxia. The variety of metabolism types enables sulfobacilli to occupy ecological
niches, differing in substrate composition/ ratio and in physicochemical parameters,
and to be successfully used in biogeotechnology of metals.

It has been shown, that one of the survival strategies of moderate thermophilic
and thermotolerant sulfobacilli strains under extreme conditions is physiological
state change - stress stability acquisition. The latter is accompanied not only by
constructive and energy metabolism changes (in generation time, cell yield,
carboxylase spectrum/activity, by switching (inhibition) of carbon metabolism
central pathways, by functioning of additional electron transport chains (Zhuravleva,
2009; Kondrat'eva et al., 2009), but also by formation of diverse cell morphotypes.
Factors, that influence the switch of morphogenetic programs, have been established
for S. thermotolerans, S. thermosulfidooxidans, and S. sibiricus: extremely high
H+, SO4

2–, CO2 concentrations, pulp liquid phase alkalization, non-optimal growth
temperatures, limitation of cellular processes by O2 deficiency, ATP pool and growth
factor concentration.

For bacteria of the genus Sulfobacillus great metabolism plasticity has been
shown, which is directed to acquiring of stability to stress effects. By the example
of S. thermotolerans such factor as a temperature close to limiting growth
temperature has been demonstrated to cause several times higher generation time
and the loss of one of three carbon catabolism pathways – oxidative pentose-
phosphate pathway. Nevertheless vital functions and oxidative activity of
sulfobacilli remained, supplemented by enzyme systems of two other pathways –
Embden-Meyerhof-Parnas and Entner-Doudoroff ones. Optimal mixotrophic
nutrition type provides maximal ATP pool in cells and bacterial survival during
multiple reinoculations, whereas limitation of processes by low ATP level at non-
optimal lithoauto- and organoheterotrophic nutrition types correlates with
termination of bacterial vegetative cell growth after several passages. The data
about ATP synthesis, inhibitory analysis and determination of respiration rate in
sulfobacilli cells are evidence that organic substrates, inorganic compounds and
their mixtures can serve as sources of energy and electron donors during oxidative
phosphorylation, depending on such factors as substrate availability, pH, O2 medium
concentration and others. Under aerobic conditions branch electron transport chain
functioning has been shown during Fe(II) oxidation in sulfobacilli cells. One of
the factors, which has an influence on composition of electron chain carriers is O2
concentration, decreasing gradually with cell population growth. Under conditions
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Ãèàëóðîíîâàÿ êèñëîòà (ÃÊ) ÿâëÿåòñÿ âàæíûì ïðèðîäíûì çàùèòíûì è
áèîëîãè÷åñêè àêòèâíûì âåùåñòâîì. Ýòî îäèí èç îñíîâíûõ êîìïîíåíòîâ
ìåæêëåòî÷íîãî âåùåñòâà äåðìû, âî ìíîãîì îïðåäåëÿþùèé ñòðóêòóðó,
ñâîéñòâà è ôóíêöèîíèðîâàíèå êîæíîãî ïîêðîâà.  Ôèçèêî-õèìè÷åñêèå è
áèîëîãè÷åñêèå ñâîéñòâà ÃÊ ïîçâîëÿþò èñïîëüçîâàòü åå â ðàçëè÷íûõ îáëàñòÿõ
ìåäèöèíû, íàïðèìåð õèðóðãèè, äåðìàòîëîãèè, îôòàëüìîëîãèè à òàêæå â
êîñìåòîëîãèè è êîñìåòè÷åñêîé õèðóðãèè. Äëÿ óñïåøíîãî ïðèìåíåíèÿ ÃÊ â
ìåäèöèíñêèõ è êîñìåòè÷åñêèõ öåëÿõ âåñüìà ñóùåñòâåííûì ÿâëÿåòñÿ
ðàçðàáîòêà ðàçëè÷íûõ ñïîñîáîâ ìîäèôèêàöèè åå ìàêðîñòðóêòóðû, â
÷àñòíîñòè, îðãàíèçàöèÿ ñøèâêè ìàêðîìîëåêóë. Õèìè÷åñêè
ìîäèôèöèðîâàííàÿ ÃÊ â îðãàíèçìå ïîäâåðãàåòñÿ äåãðàäàöèè ñ ìåíüøåé
ñêîðîñòüþ, à ñøèòûå ìîëåêóëû ÃÊ îáðàçóþò ïëîòíûå ãèäðîãåëè,
ïîääåðæèâàþùèå çàäàííûé îáúåì è ôîðìó. Â òî æå âðåìÿ îíè ñîõðàíÿþò
áèîñîâìåñòèìîñòü ïðèðîäíîé ãèàëóðîíîâîé êèñëîòû. Òàêèå áèîïîëèìåðû
ìîãóò áûòü èñïîëüçîâàíû â ïëàñòè÷åñêîé õèðóðãèè äëÿ ìÿãêîãî óâåëè÷åíèÿ
òêàíåé, â õèðóðãèè â êà÷åñòâå ñðåäû äëÿ ïðîâåäåíèÿ îôòàëüìîëîãè÷åñêèõ
îïåðàöèé. Îíè ìîãóò ñëóæèòü çàìåíèòåëåì ñèíîâèàëüíîé æèäêîñòè ñóñòàâîâ,
ñðåäîé äëÿ ñîõðàíåíèÿ è òðàíñïîðòèðîâêè êëåòîê. Ïëåíêè, èçãîòîâëåííûå
íà èõ îñíîâå, ìîãóò áûòü èñïîëüçîâàíû â õèðóðãèè â êà÷åñòâå ðàíåâûõ è
ïðîòèâîñïàå÷íûõ ïîêðûòèé. Ïðàêòè÷åñêîìó ïðèìåíåíèþ ïåðåêðåñòíî-
ñøèòûõ ãèäðîãåëåé ÃÊ ïðåäøåñòâóþò èññëåäîâàíèÿ ïî ïîëó÷åíèþ
áèîìàòåðèàëîâ ñ çàäàííûìè ïîòðåáèòåëüñêèìè ñâîéñòâàìè.

Â ðàáîòå èññëåäîâàíû òðè ñïîñîáà õèìè÷åñêîé ìîäèôèêàöèè
ãèàëóðîíîâîé êèñëîòû ñ öåëüþ ïîëó÷åíèÿ ïîïåðå÷íî-ñøèòîãî ïîëèìåðà,
ñïîñîáíîãî îáðàçîâûâàòü ïëîòíûå ãèäðîãåëè: õèìè÷åñêàÿ ìîäèôèêàöèÿ
äèãèäðàçèäîì ñ ïîñëåäóþùåé ïåðåêðåñòíîé ñøèâêîé; ïåðåêðåñòíîå
ñøèâàíèå äèâèíèëñóëüôîíîì; ýòåðèôèêàöèÿ. Ïðîâåäåíû èññëåäîâàíèÿ
ðåîëîãè÷åñêèõ ñâîéñòâ è áèîëîãè÷åñêîé óñòîé÷èâîñòè ïîëó÷åííûõ
áèîïîëèìåðîâ. Èñõîäíàÿ ÃÊ, èñïîëüçîâàííàÿ äëÿ ìîäèôèêàöèè, âûäåëåíà è
î÷èùåíà íà áàçå ÎÎÎ ÍÏÏ "Òóëüñêàÿ èíäóñòðèÿ ËÒÄ" èç ãðåáíåé êóð.

Ãèäðàçèä-ìîäèôèöèðîâàííûé ãèàëóðîíàò íàòðèÿ, ñøèòûé
äèìåòèëñóáåðèìèäàòîì. Õèìè÷åñêàÿ ìîäèôèêàöèÿ ïðîõîäèëà â äâå ñòàäèè.
Íà ïåðâîì ýòàïå èñïîëüçîâàëè êàðáîäèèìèä-îïîñðåäîâàííóþ ðåàêöèþ
âçàèìîäåéñòâèÿ êàðáîêñèëüíûõ ãðóïï ÃÊ ñ äèãèäðàçèäîì àäèïèíîâîé
êèñëîòû. Ðåàêöèÿ  ïðîòåêàåò â âîäíîé ñðåäå â ìÿãêèõ óñëîâèÿõ (êîìíàòíàÿ
òåìïåðàòóðà, ðÍ 4,75), ÷òî ïîçâîëÿåò óìåíüøèòü  äåãðàäàöèþ ïðèðîäíîãî
ïîëèìåðà. Àäèïèíîâûé äèãèäðàçèä èñïîëüçîâàëè  êàê áèôóíêöèîíàëüíûé
ðåàãåíò â ðåàêöèÿõ íóêëåîôèëüíîãî çàìåùåíèÿ äëÿ ïîñëåäóþùåãî
ïðîâåäåíèÿ ïîïåðå÷íîé ñøèâêè. Ñòåïåíü êîíâåðñèè êàðáîêñèëüíûõ ãðóïï

of growth limitation by oxygen bacteria can convert to fermentation. At considerable
limitation of cell processes by shortage of O2 (hypoxic conditions) sulfobacilli
switch to the use of acceptor, alternative to oxygen, which is Fe(III).

   Decrease in size of rod-like cells, typical for bacteria, to tiny or coccus-
shaped cells has been observed when switching metabolism of sulfobacilli from
Fe2+ oxidation to S0 or sulfide mineral oxidation during prolonged cultivation, as
well as at pH values higher than optimal ones, high temperatures and CO2
concentrations. Switching from mixotrophic type of metabolism to lithoautotrophic
one led to decrease of growth rate, cell yield, ATP content and cell size at first, and
at the end of growth it resulted in the appearance of nanoforms, ultramicrobacteria
(combined data with Suzina N.E. and Duda V.I.). High H+ and Zn2+ concentrations
(pH 1.2 and 0.5-0.8 M respectively) induced formation of thready or long thin
cells and development of cell chains. Sb and As ions, being leached from sulfide
ores, as well as O2 limitation, stimulated sporulation mechanism starting or gradual
cell conversion into refractive cells, usually retaining connection with vegetative
ones. O2 decrease in liquid pulp phase during oxidation of sulfide mineral
concentrate from Nezhdaninskoe deposit in air lift mode was accompanied by
formation of complicated cell complexes, combined by united polysaccharide
matrix.

Lability demonstrated for metabolic pathways of sulfobacilli, which is induced
by various factors, can be applied in biohydrometallurgy technologies of gold
recovery from sulfide ores. Obtained data about sulfobacilli morphogenesis serve
as the basis of process control of gold-containing sulfide ore biooxidation,
evaluating of physiological microbial population state and technological mode
correcting in optimal direction for the purpose of returning to the active initial
population phenotype(s).
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îöåíèâàëè ñ èñïîëüçîâàíèåì 1Í-ßÌÐ â ðàñòâîðå D2O. Êîíâåðñèÿ
êàðáîêñèëüíûõ ãðóïï â àìèäíûå ïðîèçâîäíûå ñîñòàâèëà 80%, â
èçîóðåèäêàðáîíèëüíûå ïðîèçâîäíûå – 12%. Íà âòîðîé ñòàäèè ìîäèôèêàöèè
èñïîëüçîâàëè äèìåòèëñóáåðèìèäàò, êàê áèôóíêöèîíàëüíûé ñøèâàþùèé
àãåíò. Ïðè îïðåäåëåííûõ óñëîâèÿõ õèìè÷åñêîé ìîäèôèêàöèè óäàëîñü
ïîëó÷èòü öåëåâîé ïåðåêðåñòíî-ñøèòûé ïîëèìåð ÃÊ, êîòîðûé íåðàñòâîðèì
â îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, à â âîäíûõ ñðåäàõ íàáóõàåò, îáðàçóÿ ãèäðîãåëè.

Ãèàëóðîíàò íàòðèÿ, ìîäèôèöèðîâàííûé äèâèíèëñóëüôîíîì.
Ìîäèôèêàöèÿ ÃÊ äèâèíèëñóëüôîíîì ÿâëÿåòñÿ íàèáîëåå ïðîñòîé â

òåõíîëîãè÷åñêîì ïëàíå è ýêîíîìè÷åñêè âûãîäíà äëÿ ïðîèçâîäñòâà. Ðåàêöèÿ
îñíîâàíà íà ïåðåêðåñòíîì ñâÿçûâàíèè äèâèíèëñóëüôîíîì ñâîáîäíûõ
ãèäðîêñèëüíûõ ãðóïï ÃÊ â ùåëî÷íîé ñðåäå. Â õîäå èññëåäîâàíèé èçó÷åíî
âëèÿíèå ìîëüíîãî ñîîòíîøåíèÿ ðåàãåíòîâ íà êîýôôèöèåíò íàáóõàíèÿ
ïåðåêðåñòíî-ñøèòîãî áèîïîëèìåðà. Îïòèìèçèðîâàíû óñëîâèÿ ïðîâåäåíèÿ
ðåàêöèè, ïîçâîëÿþùèå ïîëó÷èòü ãèäðîãåëè ñ çàäàííûìè ïîòðåáèòåëüñêèìè
ñâîéñòâàìè.

"Âíóòðåííèå ýôèðû" ãèàëóðîíàòà íàòðèÿ.
Ñèíòåç "âíóòðåííèõ" ýôèðîâ ÃÊ – ïåðñïåêòèâíîå íàïðàâëåíèå

õèìè÷åñêîé ìîäèôèêàöèè, ïîçâîëÿþùåå ïîëó÷èòü ïðîèçâîäíûå, â êîòîðûõ
îòñóòñòâóþò äîïîëíèòåëüíî ââåäåííûå â ñòðóêòóðó "ñâÿçûâàþùèå ìîñòèêè",
ÿâëÿþùèåñÿ ïðè ïîïàäàíèè â îðãàíèçì ñâîåîáðàçíûì ôàêòîðîì ðèñêà
ïîÿâëåíèÿ àëëåðãè÷åñêèõ è äðóãèõ íåãàòèâíûõ ðåàêöèé îðãàíèçìà.
Õèìè÷åñêóþ ìîäèôèêàöèþ ÃÊ ïðîâîäèëè â íåâîäíîé ñðåäå ïîä äåéñòâèåì
÷åòâåðòè÷íûõ ñîëåé – ïðîèçâîäíûõ ïèðèäèíà (ðåàêòèâ Ìóêàÿìû).
Ïîëó÷åííûå îáðàçöû ìîäèôèöèðîâàííîé ÃÊ â âîäå îãðàíè÷åííî íàáóõàëè,
îáðàçóÿ ïðîçðà÷íûå ãèäðîãåëè.

Îáðàçöû ïåðåêðåñòíî-ñøèòîé ãèàëóðîíîâîé êèñëîòû, ïîëó÷åííûå âñåìè
òðåìÿ ñïîñîáàìè,  îõàðàêòåðèçîâàëè ñ èñïîëüçîâàíèåì ÈÊ- è
ßÌÐ-cïåêòðîñêîïèè. Ïîëó÷åíû çíà÷åíèÿ äèíàìè÷åñêîé âÿçêîñòè è
êîýôôèöèåíòîâ íàáóõàíèÿ â âîäå è èçîòîíè÷åñêîì áóôåðíîì ðàñòâîðå.
Èññëåäîâàíà óñòîé÷èâîñòü ïîëó÷åííûõ îáðàçöîâ ìîäèôèöèðîâàííîé ÃÊ ê
äåéñòâèþ äåãðàäèðóþùåãî ôåðìåíòà – òåñòèêóëÿðíîé ãèàëóðîíèäàçû, ïî
ñðàâíåíèþ ñ ïðèðîäíîé ÃÊ. Âñå îáðàçöû ïîêàçàëè ïîâûøåííóþ
óñòîé÷èâîñòü ê äåéñòâèþ ôåðìåíòà.

Íà îñíîâàíèè ïðîâåäåííûõ èññëåäîâàíèé âûáðàíû äâà îáðàçöà
ìîäèôèöèðîâàííîé ÃÊ, ïðîÿâëÿþùèå íåîáõîäèìûå ðåîëîãè÷åñêèå ñâîéñòâà
äëÿ ñîçäàíèÿ èíúåêöèîííûõ ïðåïàðàòîâ íà áàçå ÎÎÎ ÍÏÏ "Òóëüñêàÿ
èíäóñòðèÿ ËÒÄ".

CHEMICAL MODIFICATION OF HYALURONIC ACID FOR
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Hyaluronic acid (HA) is an important natural protective and bio-active
substance. This is a major component of the extracellular matrix, largely determines
the structure, properties and functioning of the skin. The unique rheological and
biological properties of HA indicate the use it in various fields of medicine, such
as surgery, dermatology, ophthalmology as well as in cosmetics and cosmetic
surgery.

For successful application of HA in the medical and cosmetic purposes it is
necessary to research the different ways of the modification its macrostructure, in
particular, organization of cross-linked macromolecules. Such macromolecular
network could be swollen in water to several times its original volume and could
be expected to have superior rheological and viscoelastic properties compared to
solutions of native HA. In addition, these derivatives would be expected to show
increased resistance to degradation in vivo by hyaluronidases. At the same time,
they retain the biocompatibility of natural hyaluronic acid. Such biopolymers can
be used in plastic surgery as dermal fillers, in ophthalmic procedures for the
replacement of the natural vitreous. Its can serve as a replacement for synovial
fluid of joints, as well as the matrix for the preservation and transportation of a
cells. Films made on their basis, can be used in surgery as a wound-healing and
anti-adhesion coatings. Practical application of the cross-cross-linked hydrogels
of HA are preceded by research to obtain a biomaterials with a given specifications.

In this study we investigated three methods of chemical modification of
hyaluronic acid in order to obtain cross-linked polymer that can form dense
hydrogels: chemical modification of hyaluronic acid with dihydrazide followed
by cross-linking, cross-linking with divinylsulfone, etherification. Also were
investigated the rheological properties and resistance to degradation of the HA
hydrogels.

Hydrazide-functionalized hyaluronic acid, cross-linked with dimethyl
suberimidate.

Chemical modification was consisted of two stages. In the first stage was
used carbodiimide-activated reaction   between carboxyl groups of  HA and adipic
dihydrazide. The reaction proceeds at mild, aqueous conditions (room temperature,
pH 4.75), which reduces degradation of the natural polymer. Adipic dihydrazide
was used as a bifunctional reagent in the substitution nucleophilic reaction for the
further cross-linking. The degree of carboxyl group conversion was evaluated using
1H NMR in D2O solution. Conversion of carboxyl groups in the amide derivative
was 80%, in N-acylurea derivatives was 12%. At the second stage of modification
dimetilsuberimidat was used as the bifunctional cross-linking agent. Under certain
conditions of chemical modification was received the required cross-linked
derivative of HA, which is insoluble in organic solvents but swell in water to form
hydrogels.
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Hyaluronic acid, cross-linked with divinylsulfone.
Modification of the HA with divinylsulfone is the most technologically simple

and economically advantageous. The reaction is based on cross-linking of free
hydroxyl groups of HA with divinylsulfone in alkaline medium. The effect of reagent
molar ratio on the swelling rate of cross-linked HA was studied. Optimal conditions
for the reaction to obtain hydrogels with a given consumer properties were found.

"Internal" esters of hyaluronic acid.
Synthesis of "internal" esters of HA is advanced way of chemical modification.

In this derivatives imposed to structure "linking bridges" – risk factor for the
appearance of allergic and other adverse reactions of the organism – are absent.
Chemical modification of HA proceeds in non-aqueous solvent under the action
of quaternary salts – derivatives of pyridine. The obtained samples of the modified
HA limited swell in water to form transparent hydrogels.

The samples of cross-linked hyaluronic acid, obtained by all three methods,
were characterized by IR and NMR spectroscopy. Values of dynamic viscosity
and the swelling ratio in water and isotonic buffer solution obtained. All derivatives
showed increased resistance to degradation in vivo by hyaluronidases.

Based on the study were selected two samples of the modified HA having
appropriate rheological properties for the production of injections at the base of
"Tulskaya Industry Ltd".
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Ââåäåíèå. Öåëüþ ðàáîòû áûëî ñîçäàíèå ñïåöèôè÷åñêè ñâÿçûâàþùèõñÿ
ñ îïóõîëåâûìè êëåòêàìè ôëóîðåñöåíòíûõ êîíñòðóêöèé, ïðèìåíèìûõ äëÿ
ðàííåé äèàãíîñòèêè îíêîëîãè÷åñêèõ çàáîëåâàíèé.

Ïîëóïðîâîäíèêîâûå íàíîêðèñòàëëû èëè "êâàíòîâûå òî÷êè" (QD) –
ôëóîðîôîðû, îáëàäàþùèå íåêîòîðûìè èíòåðåñíûìè ôèçèêî-õèìè÷åñêèìè
ñâîéñòâàìè è ïåðñïåêòèâíûå äëÿ èñïîëüçîâàíèÿ â ìåòîäàõ ìîëåêóëÿðíîé
äèàãíîñòèêè. Äëÿ èõ íàïðàâëåííîé äîñòàâêè ê îïðåäåëåííûì ìèøåíÿì
óñïåøíî èñïîëüçóþò àíòèòåëà.

Ïîëó÷åíèå ôëóîðåñöåíòíûõ êîìïëåêñîâ íàïðàâëåííîãî äåéñòâèÿ.
Äëÿ ñâÿçûâàíèÿ QD ñ àíòèòåëàìè áûëà èñïîëüçîâàíà ñèñòåìà ìîäóëåé
áàðíàçà-áàðñòàð, îïèñàííàÿ íàìè ðàíåå [1]. Áàðíàçà è áàðñòàð – íåáîëüøèå
áåëêè áàêòåðèàëüíîãî ïðîèñõîæäåíèÿ (12 and 10 êÄà), îáëàäàþùèå âûñîêèì
ñðîäñòâîì äðóã ê äðóãó (Êd~10–14 M). Êîíúþãàöèÿ îäíîãî èç ýòèõ áåëêîâ ñ
QD, à äðóãîãî – ñ ðàçëè÷íûìè àíòèòåëàìè ïîçâîëÿåò ñîçäàâàòü
ôëóîðåñöåíòíûå êîìïëåêñû ñ ðàçíîé ñïåöèôè÷íîñòüþ. Â ýòîì êîíòåêñòå,
ìîäóëü áàðíàçà-áàðñòàð àíàëîãè÷åí ñòðåïòàâèäèí-áèîòèíîâîé ñèñòåìå [2].

Ñïåöèôè÷íîñòü äåéñòâèÿ òàêèõ êîìïëåêñîâ áûëà ïðîäåìîíñòðèðîâàíà
íà ïðèìåðå êëåòîê, ãèïåðýêñïðåññèðóþùèõ íà ñâîåé ïîâåðõíîñòè îíêîìàðêåð
HER2/neu. Â êà÷åñòâå íàïðàâëÿþùåãî àãåíòà áûë èñïîëüçîâàí
ðåêîìáèíàíòíûé áåëîê, ñîñòîÿùèé èç àíòè-HER2/neu ìèíè-àíòèòåëà 4D5
scFv è áàðíàçû. Ðàíåå íàìè áûëî ïîêàçàíî, ÷òî òàêèå ìîëåêóëû ýôôåêòèâíî
ñâÿçûâàþòñÿ ñ âíåøíèì äîìåíîì HER2/neu [1,3,4]. Êâàíòîâûå òî÷êè ñ
ìàêñèìóìîì ôëóîðåñöåíöèè â áëèæíåé èíôðàêðàñíîé îáëàñòè ñïåêòðà
(Invitrogen) áûëè êîíúþãèðîâàíû ñ áàðñòàðîì ñ èñïîëüçîâàíèåì EDC â
êà÷åñòâå ñøèâàþùåãî ðåàãåíòà. Áûëî ïîêàçàíî, ÷òî áàðñòàð è íàíîêðèñòàëëû
ñîõðàíèëè ñâîè ôèçèêî-õèìè÷åñêèå ñâîéñòâà è àêòèâíîñòü ïîñëå
êîíúþãàöèè. Ïîëó÷åííûå êîíúþãàòû îáðàçîâûâàëè ñàìîñîáèðàþùèåñÿ
êîìïëåêñû ñ ðåêîìáèíàíòíûì áåëêîì 4D5scFv-áàðíàçà.

Âèçóàëèçàöèÿ in vitro. Ïîëó÷åííûå ôëóîðåñöåíòíûå êîíñòðóêöèè [4D5
scFv-áàðíàçà-áàðñòàð-QD] ýôôåêòèâíî îêðàøèâàëè ïîâåðõíîñòü êëåòîê
êàðöèíîìû ìîëî÷íîé æåëåçû ÷åëîâåêà SKBR-3, ãèïåðýêñïðåññèðóþùèõ
ðåöåïòîð HER2/neu. Ïîñëå èíêóáàöèè ýòèõ æå êëåòîê ñ êîíúþãàòàìè
QD-áàðñòàð õàðàêòåðíîå ñâå÷åíèå íà ïîâåðõíîñòè êëåòîê áûëî íà óðîâíå
øóìà èëè îòñóòñòâîâàëî. Òîëüêî íåáîëüøîé ñèãíàë èëè åãî îòñóòñòâèå,
ñâèäåòåëüñòâóþùèå î ñïåöèôè÷íîñòè äåéñòâèÿ ïîëó÷åííîé ñèñòåìû,
íàáëþäàëèñü ïîñëå èíêóáàöèè HER2/neu-îòðèöàòåëüíûõ êëåòîê ÑHO ñ
íàïðàâëåííûìè êîìïëåêñàìè [4D5 scFv-áàðíàçà-áàðñòàð-QD].
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Âèçóàëèçàöèÿ in vivo. Äëÿ èññëåäîâàíèÿ âîçìîæíîñòè âèçóàëèçàöèè
îïóõîëåé ñ ïîìîùüþ ïîëó÷åííûõ íàïðàâëåííûõ êîìïëåêñîâ â îðãàíèçìå
in vivo áûëè èñïîëüçîâàíû èììóíîäåôèöèòíûå ìûøè ëèíèè nu/nu. Ìûøè ñ
ìîäåëüíîé îïóõîëüþ ìîëî÷íîé æåëåçû ÷åëîâåêà áûëè ïîëó÷åíû ïîñëå
ïîäêîæíîé èìïëàíòàöèè êëåòîê SKBR-3. Êîìïëåêñû êâàíòîâûõ òî÷åê ñ
àíòèòåëàìè (0.14 íìîëü â 100 ìêë PBS) ââîäèëè â õâîñòîâóþ âåíó. Îñîáÿì
êîíòðîëüíîé ãðóïïû ââîäèëè êâàíòîâûå òî÷êè áåç àíòèòåëà â òîé æå
êîíöåíòðàöèè. Äëÿ ïîëó÷åíèÿ ïðèæèçíåííîãî èçîáðàæåíèÿ æèâîòíûõ
èñïîëüçîâàëè óñòàíîâêó äëÿ ôëóîðåñöåíòíîé äèôôóçèîííîé òîìîãðàôèè,
ðàçðàáîòàííóþ â Èíñòèòóòå ïðèêëàäíîé ôèçèêè ÐÀÍ (ã. Í. Íîâãîðîä). ×åðåç
òðè ÷àñà ïîñëå èíúåêöèè êîíúþãàòîâ êâàíòîâûõ òî÷åê ñ àíòèòåëàìè
íàáëþäàëñÿ çíà÷èòåëüíûé ôëóîðåñöåíòíûé ñèãíàë â ðàéîíå îïóõîëè.
Ðåçóëüòàòû ôëóîðåñöåíòíîé ìèêðîñêîïèè îïóõîëåâîé òêàíè post mortem
ïîäòâåðäèëè, ÷òî ýòîò ñèãíàë îáóñëîâëåí íàêîïëåíèåì êâàíòîâûõ òî÷åê â
îïóõîëåâûõ êëåòêàõ. Íåíàïðàâëåííûå êâàíòîâûå òî÷êè òàêæå ÷àñòè÷íî
àêêóìóëèðîâàëèñü â îïóõîëè çà ñ÷åò òàê íàçûâàåìîãî EPR ýôôåêòà (Enhanced
Permeability and Retention effect), îäíàêî íàáëþäàåìûé â ýòîì ñëó÷àå
ôëóîðåñöåíòíûé ñèãíàë áûë çàìåòíî íèæå.

Çàêëþ÷åíèå. Ñîçäàíû ôëóîðåñöåíòíûå êîìïëåêñû íàïðàâëåííîãî
äåéñòâèÿ íà îñíîâå êâàíòîâûõ òî÷åê è ïðîòèâîîïóõîëåâûõ ìèíè-àíòèòåë è
ïîêàçàíî èõ ýôôåêòèâíîå èñïîëüçîâàíèå äëÿ âèçóàëèçàöèè îïóõîëåâûõ
êëåòîê, ýêñïðåññèðóþùèõ îíêîìàðêåð HER2/neu, êàê in vitro, òàê è in vivo.
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Introduction. The goal of this work was to create tumor-targeted fluorescent
molecular complex for cancer imaging both in vitro and in vivo.

Semiconductor quantum dots (QDs) are fluorophores with unique physical
and chemical properties that greatly extend the possibilities for fluorescence
imaging of cells and aliving animals. Some antibodies can be successfully used
for directed delivery of QD to target of interest.

Design of QD-conjugates.The previously described barnase-barstar module
[1] was used for binding QDs to scFv antibody. Barnase and barstar are small-size
bacterial proteins (12 and 10 kDa, respectively) that are highly affine to each
other (Êd~10-14 M). Conjugation of one of these proteins to QD and the other to an
antibody provides a directed delivery of QDs to different targets. In this context,
barnase-barstar module can be compared to the biotin-streptavidin system [2].

The applicability of such fluorescent targeted complexes for tumor cells
imaging was examined by the example of HER2/neu-overexpressing cells.

Anti-HER2/neu 4D5 scFv mini-antibodies fusion to barnase was used as
targeting carrier for QD. We have shown earlier that such molecules high-efficiently
bind to the external domain of HER2/neu cancer marker [1,3,4].

Near IR-emitting QDs (Invitrogen) were conjugated to the barstar protein, a
component of the barnase-barstar module, using EDC as a cross-linker. It was
shown that barstar and nanocrystals retained their physico-chemical properties
and activity. The conjugation allows QDs binding to 4D5scFv-barnase fusions.

In vitro imaging. The [QD-barstar-barnase-4D5 scFv] complex effectively
stained HER2/neu on the surface of human breast cancer SKBR-3 cells. When the
cells were incubated with QD-barstar alone, weak or no detectable signal was
observed on the cell surface, indicating that the QD-barstar conjugates have very
low non-specific binding. Studies using HER2/neu-negative CHO cancer cell line,
also showed the absence of QD-4D5 binding.

In vivo imaging. To investigate the specific binding of QDs labeled with the
anti-HER2/neu mini-antibody to breast cancer in vivo, we used nude mouse model.
Tumor-bearing mice were prepared with SKBR-3 s.c. implantation. Non-targeted
QDs or QD-antibody complexes were injected into tail vein of mice at a
concentration of 1.4 µM and a volume of 100 µl. Live mice whole-body images
were obtained by fluorescence diffuse tomography setup, created at the Institute
of Applied Physics, RAS. In 3h after QD-4D5 complexes injection the bright
fluorescence signal from mice tumor region was detected. It was confirmed by
fluorescence microscopy that the signal is determined by QDs accumulation in
cancer cells due to specific interaction of antibodies with receptor on the cells
surface. Non-targeted QDs accumulation in tumor tissue due to Enhanced
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Permeability and Retention (EPR) effect was much worse compared with targeted
QDs.

Conclusions. We have created fluorescent QD and mini-antibody complex
and demonstrated its effective application for HER2/neu-overexpressing cancer
cells in vitro and in vivo imaging.
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Â íàñòîÿùåå âðåìÿ äëÿ ðàííåé äèàãíîñòèêè ïåðâè÷íîé îïóõîëè è åå
ìåòàñòàç, à òàêæå ìîíèòîðèíãà ïðîâîäèìîé òåðàïèè øèðîêî èñïîëüçóåòñÿ
îïðåäåëåíèå îïóõîëåâûõ ìàðêåðîâ â ñûâîðîòêå êðîâè. Èäåàëüíûé
îíêîìàðêåð äîëæåí îáëàäàòü âûñîêîé ñïåöèôè÷íîñòüþ è ÷óâñòâèòåëüíîñòüþ
â îòíîøåíèè îïðåäåëåííîãî âèäà îïóõîëè, îäíàêî áîëüøèíñòâî èçâåñòíûõ
îïóõîëåâûõ ìàðêåðîâ íå îòâå÷àåò ýòèì êðèòåðèÿì. Îäíîâðåìåííîå
îïðåäåëåíèå íåñêîëüêèõ îíêîìàðêåðîâ ïîâûøàåò ýôôåêòèâíîñòü
ñêðèíèíãîâîãî àíàëèçà è óâåëè÷èâàåò âîçìîæíîñòè äèôôåðåíöèàëüíîé
äèàãíîñòèêè çàáîëåâàíèé. Áîëüøèíñòâî èììóíîõèìè÷åñêèõ ìåòîäîâ
ïîçâîëÿåò âûÿâëÿòü ñîäåðæàíèå òîëüêî îäíîãî ìàðêåðà â îäíîì êëèíè÷åñêîì
îáðàçöå, ïîýòîìó â íàñòîÿùåå âðåìÿ áîëüøèå íàäåæäû â îáëàñòè äèàãíîñòèêè
ðàêà ñâÿçûâàþò ñ èñïîëüçîâàíèåì ìóëüòèïëåêñíûõ ñèñòåì, òàêèõ êàê
ìèêðî÷èïû. Â Èíñòèòóòå ìîëåêóëÿðíîé áèîëîãèè èì. Â.À. Ýíãåëüãàðäòà ÐÀÍ
ðàçðàáîòàíû áèîëîãè÷åñêèå ìèêðî÷èïû íà îñíîâå òðåõìåðíûõ ãèäðîãåëåé.
Áèî÷èï ïðåäñòàâëÿåò ñîáîé ìàòðèöó ðåãóëÿðíî ðàñïîëîæåííûõ íà ïîäëîæêå
ïîëóñôåðè÷åñêèõ ãåëåâûõ ýëåìåíòîâ. Òåõíîëîãèÿ èçãîòîâëåíèÿ ãèäðîãåëåâûõ
áèî÷èïîâ îñíîâàíà íà ïîëèìåðèçàöèîííîé èììîáèëèçàöèè ìîëåêóëÿðíûõ
çîíäîâ â õîäå ôîðìèðîâàíèÿ ãåëåâûõ ÿ÷ååê ìèêðî÷èïà è ïîçâîëÿåò ñîçäàâàòü
áèî÷èïû, ñîäåðæàùèå ìîëåêóëÿðíûå çîíäû ðàçëè÷íîé ïðèðîäû (ÄÍÊ, ÐÍÊ,
áåëêè, îëèãîñàõàðèäû).

Íà îñíîâå ñîçäàííîé òåõíîëîãèè áûë ðàçðàáîòàí ìåòîä, ïîçâîëÿþùèé
ïðîâîäèòü îäíîâðåìåííîå êîëè÷åñòâåííîå îïðåäåëåíèå äåâÿòè îíêîìàðêåðîâ
â ñûâîðîòêå êðîâè ÷åëîâåêà íà áèîëîãè÷åñêîì ìèêðî÷èïå: àëüôà-
ôåòîïðîòåèíà, õîðèîíè÷åñêîãî ãîíàäîòðîïèíà ÷åëîâåêà, ðàêîâîãî
ýìáðèîíàëüíîãî àíòèãåíà, ðàêîâûõ àíòèãåíîâ 125, 15-3, 19-9, ïðîñòàòà-
ñïåöèôè÷åñêîãî àíòèãåíà â îáùåé è ñâîáîäíîé ôîðìàõ, íåéðîí-
ñïåöèôè÷åñêîé ýíîëàçû.

Â êà÷åñòâå ìåòîäà àíàëèçà áûë âûáðàí "ñýíäâè÷"-èììóíîàíàëèç ñ
ôëóîðåñöåíòíîé ðåãèñòðàöèåé ñèãíàëà. Â êà÷åñòâå ïðîÿâëÿþùåé ñèñòåìû
èñïîëüçîâàëè ñìåñü ìîíîêëîíàëüíûõ àíòèòåë ïðîòèâ äåâÿòè ìàðêåðîâ,
êîíúþãèðîâàííûõ ñ ôëóîðåñöåíòíûì êðàñèòåëåì Ñó-5.

Ïðè ïðîâåäåíèè "ñýíäâè÷"-èììóíîàíàëèçà àíòèãåí, íàõîäÿùèéñÿ â
èññëåäóåìîì îáðàçöå, ñâÿçûâàåòñÿ ñî ñïåöèôè÷åñêèìè àíòèòåëàìè,
èììîáèëèçîâàííûìè â ÿ÷åéêàõ áèî÷èïà, ïîñëå ÷åãî îáðàçîâàâøèéñÿ in situ
áèíàðíûé êîìïëåêñ âçàèìîäåéñòâóåò ñ ïðîÿâëÿþùèìè àíòèòåëàìè. Ïîñëå
îòìûâêè áèî÷èïà ïðîèçâîäÿò ðåãèñòðàöèþ ôëóîðåñöåíòíûõ ñèãíàëîâ.
Èíòåíñèâíîñòü ôëóîðåñöåíòíûõ ñèãíàëîâ îò ãåëåâûõ ÿ÷ååê ñ
ñîîòâåòñòâóþùèìè èììîáèëèçîâàííûìè àíòèòåëàìè ïðîïîðöèîíàëüíà



86 87

êîíöåíòðàöèè îíêîìàðêåðà â îáðàçöå. Äëÿ êîëè÷åñòâåííîãî îïðåäåëåíèÿ
êîíöåíòðàöèè îíêîìàðêåðîâ ìåòîäîì èììóíîàíàëèçà íà áèî÷èïå ïîëó÷àþò
ãðàôèêè çàâèñèìîñòè ôëóîðåñöåíòíûõ ñèãíàëîâ ãåëåâûõ ýëåìåíòîâ,
ñîäåðæàùèõ èììîáèëèçîâàííûå àíòèòåëà, îò êîíöåíòðàöèè
ñîîòâåòñòâóþùåãî àíòèãåíà â êàëèáðîâî÷íîé ïðîáå (êàëèáðîâî÷íóþ êðèâóþ),
ïî êîòîðîé çàòåì ðàññ÷èòûâàþò íåèçâåñòíóþ êîíöåíòðàöèþ àíàëèòà â
îáðàçöå. Ðåçóëüòàòû àíàëèçà ðåãèñòðèðóþò è îáñ÷èòûâàþò ñ ïîìîùüþ
óíèâåðñàëüíîãî àïïàðàòíî-ïðîãðàììíîãî êîìïëåêñà äëÿ àíàëèçà
èçîáðàæåíèé áèî÷èïîâ, ðàçðàáîòàííîãî â ÈÌÁ ÐÀÍ.

Äëÿ ðàçðàáîòêè ìåòîäà àíàëèçà äåâÿòè îíêîìàðêåðîâ íà áèî÷èïå
íåîáõîäèìî áûëî äëÿ êàæäîãî èç àíòèãåíîâ âûáðàòü ïàðû ìîíîêëîíàëüíûõ
àíòèòåë, íå äàþùèõ íåñïåöèôè÷åñêèõ ïåðåêðåñòíûõ âçàèìîäåéñòâèé;
ïîäîáðàòü ñîñòàâû áëîêèðóþùèõ è èíêóáàöèîííûõ ðàñòâîðîâ; îïðåäåëèòü
îïòèìàëüíûå êîíöåíòðàöèè äëÿ èììîáèëèçîâàííûõ è ïðîÿâëÿþùèõ àíòèòåë;
âûáðàòü âðåìÿ è òåìïåðàòóðó èíêóáàöèè; âûáðàòü ïàðàìåòðû êîíòðîëÿ
êà÷åñòâà ïîëó÷àåìûõ áèî÷èïîâ. Íàìè òàêæå áûë ðàçðàáîòàí íàáîð
êàëèáðîâî÷íûõ ïðîá íà îñíîâå ñûâîðîòîê çäîðîâûõ äîíîðîâ è
ñòàáèëèçèðóþùèõ äîáàâîê. Êàæäàÿ èç êàëèáðîâî÷íûõ ïðîá ñîäåðæèò äåâÿòü
àíàëèçèðóåìûõ îíêîìàðêåðîâ â èçâåñòíûõ êîíöåíòðàöèÿõ. Êîíöåíòðàöèè
âñåõ îíêîìàðêåðîâ â êàëèáðîâî÷íûõ ïðîáàõ âåðèôèöèðîâàíû íåçàâèñèìûì
ìåòîäîì èììóíîôåðìåíòíîãî àíàëèçà (ÈÔÀ). Ðàçðàáîòàííûé íàáîð
êàëèáðîâî÷íûõ ïðîá ïîçâîëÿåò ïîëó÷àòü â õîäå îäíîãî ýêñïåðèìåíòà äåâÿòü
êàëèáðîâî÷íûõ êðèâûõ äëÿ îäíîâðåìåííîãî êîëè÷åñòâåííîãî îïðåäåëåíèÿ
êàæäîãî èç àíàëèçèðóåìûõ îíêîìàðêåðîâ.

Áûëà ïðîâåäåíà îöåíêà àíàëèòè÷åñêèõ è äèàãíîñòè÷åñêèõ õàðàêòåðèñòèê
ðàçðàáîòàííîãî ìåòîäà è ïîêàçàíî, ÷òî áèî÷èïû ïîçâîëÿþò ïðîâîäèòü
îïðåäåëåíèå îíêîìàðêåðîâ â äèàïàçîíå, íåîáõîäèìîì äëÿ êëèíè÷åñêîãî
àíàëèçà; ïðè ýòîì ñïåöèôè÷íîñòü, âîñïðîèçâîäèìîñòü è ÷óâñòâèòåëüíîñòü
ìåòîäà óäîâëåòâîðÿþò òðåáîâàíèÿì, ïðåäúÿâëÿåìûì ê òðàäèöèîííûì ÈÔÀ-
ñèñòåìàì.

Ïðîâåäåíî òåñòèðîâàíèå ðàçðàáîòàííîãî ìåòîäà ñ èñïîëüçîâàíèåì
ñûâîðîòîê êðîâè áîëüíûõ îíêîëîãè÷åñêèìè çàáîëåâàíèÿìè è çäîðîâûõ
äîíîðîâ è ïîêàçàíî, ÷òî ðåçóëüòàòû îäíîâðåìåííîãî êîëè÷åñòâåííîãî
îïðåäåëåíèÿ äåâÿòè îíêîìàðêåðîâ â îáðàçöàõ ñûâîðîòîê êðîâè íà áèî÷èïàõ
õîðîøî êîððåëèðóþòñÿ ñ ðåçóëüòàòàìè êîììåð÷åñêèõ ÈÔÀ òåñò-ñèñòåì. Â
íàñòîÿùåå âðåìÿ ðàçðàáàòûâàåòñÿ íàáîð ðåàãåíòîâ äëÿ îäíîâðåìåííîãî
êîëè÷åñòâåííîãî îïðåäåëåíèÿ äåâÿòè îíêîìàðêåðîâ â ñûâîðîòêå êðîâè
÷åëîâåêà ÎÌ-(9)-ÁÈÎ×ÈÏ, ýêñïåðèìåíòàëüíàÿ ýêñïëóàòàöèÿ êîòîðîãî
ïðîâîäèòñÿ ñîòðóäíèêàìè ó÷ðåæäåíèÿ "Öåíòðàëüíàÿ êëèíè÷åñêàÿ áîëüíèöà
ñ ïîëèêëèíèêîé" Óïðàâëåíèÿ äåëàìè Ïðåçèäåíòà ÐÔ.

SIMULTANEOUS ANALYSIS OF SEROLOGICAL ONCOLOGICAL
MARKERS ON BIOLOGICAL MICROCHIP
Zubtsova Z.I., Savvateeva E.N., Filippova M.A., Tsybulskaya M.V., Rubina A.Yu.
Engelhardt Institute of Molecular Biology RAS, Moscow
E-mail: zubtsova.z.i@gmail.com
Fax: (499) 135-14-05, tel.: (499) 135-99-80

Òesting of tumor markers in blood serum is widely used today for early
diagnosing of primary tumors and their metastases as well as for monitoring of
tumor therapy. Ideal oncological marker should have high specificity and sensitivity
with respect to certain tumor form but the majority of tumor markers known at the
present time doesn't meet these requirements. Simultaneous detection of several
tumor markers improves the efficiency of screening test and increases the
possibilities of differential diagnosing of diseases. The majority of immunochemical
methods allows detecting the presence of only a single marker in one clinical
sample, therefore, at the present time the multiplex systems, such as microchips,
are challenging in the sphere of cancer diagnosing. In the Engelhardt Institute of
Molecular Biology, RAS biological microchips on the basis of three-dimensional
hydrogels are developed. Biochip is a matrix of hemispherical gel elements regularly
arranged on a substrate. The technology of hydrogel biochips production is based
on polymerization immobilization of molecular probes in the course of forming of
microchips gel pads and it enables to create biochips that contain molecular probes
of different nature (DNA, RNA, proteins, oligosaccharides).

On the basis of the created technology we have developed a method that
allows one to make simultaneous quantitative measurement of nine oncological
markers in human blood serum using biological microchips: α-fetoprotein, human
chorionic gonadotropin, carcinoembryonic antigen, cancer antigens 125, 15-3,
19-9, prostate-specific antigen in total and free forms, neuron-specific enolase.

"Sandwich-type"-immunoassay with fluorescent registration of the signal has
been chosen as the assay method. The developing system is a mixture of monoclonal
antibodies against nine assayed markers labeled with Cy-5 fluorescent dye.

In the "sandwich" immunoassay, an antigen in analyzed probe binds with
specific antibody immobilized in microchip pads. After that the generated in situ
binary complex interacts with developing antibodies. After washing of biochip,
fluorescent signals are recorded. The intensity of fluorescent signal from gel pads
with appropriate immobilized antibodies is proportional to concentration of the
oncomarker in the sample. For quantitative determination of oncomarker
concentration, a dependence of fluorescent signals from gel pads containing
immobilized antibodies versus concentration of the appropriate antigen in a
calibration solution is constructed (calibration curve). Using this plot, unknown
concentration of the analyte in the sample is calculated. The results of the analysis
are recorded and processed using the universal computer software that had been
developed in the IMB RAS for the analysis of fluorescence images from biochips.

During the development of the method for the on-chip analysis of nine
oncomarkers several problems have been solved: pairs of monoclonal antibodies
to every antigen that did not show non-specific cross-reactions have been selected,
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composition of blocking and incubation solutions has been determined, optimal
concentrations for immobilized and developing antibodies have been chosen, time
and temperature of the incubation have been determined, parameters of quantity
control of biochips after manufacturing have been established. We have also
developed a set of calibrators on the basis of blood sera of healthy donors and
stabilizing additives. Every calibrator contains nine oncomarkers in known
concentrations. Concentration of every oncomarker was verified by the independent
method (enzyme immunoassay (EIA)). The developed set of calibration probes
allows obtaining nine calibration curves simultaneously from one experiment for
quantitative determination of nine oncomarkers.

Analytical and diagnostic characteristics of the developed method have been
estimated. It was shown that biochips allow testing oncomarkers within the clinically
meaningful range and the specificity, repeatability and sensitivity of the method
satisfy the requirements for traditional EIA-systems.

The biochip-based method has been tested using blood sera of oncological
patients and healthy donors. The results of the on-chip simultaneous quantitative
detection of nine oncomarkers in blood serum samples correlated well with the
results obtained using commercial EIA test-systems. At the present time we are
developing a kit of reagents for the simultaneous quantitative detection of nine
oncomarkers in human blood serum OM-(9)-BIOCHIP. The kit now undergoes
experimental trial in the "Central clinical hospital and polyclinic" of the Department
for Presidental Affairs of the Russian Federation.

ÍÎÂÛÉ ÀÍÒÈÁÀÊÒÅÐÈÀËÜÍÛÉ ÕÈÐÓÐÃÈ×ÅÑÊÈÉ ØÎÂÍÛÉ
ÌÀÒÅÐÈÀË
Êàáåøåâ Á.Î., Áîíöåâè÷ Ä.Í., Ãóðååâ Ñ.À., Âàñèëüêîâ À.Þ.*
Ãîìåëüñêèé ãîñóäàðñòâåííûé ìåäèöèíñêèé óíèâåðñèòåò, Ãîìåëü, Áåëàðóñü
*Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èì. Ì.Â. Ëîìîíîñîâà, Ìîñêâà
E-mail: 6733866@mail.ru
Òåë.: (+37529) 609-62-71

Öåëü íàøåãî èññëåäîâàíèÿ – ïîëó÷åíèå íîâîãî àíòèáàêòåðèàëüíîãî
õèðóðãè÷åñêîãî øîâíîãî ìàòåðèàëà. Â êà÷åñòâå îñíîâû èñïîëüçîâàíû êðó÷åííûå
êàïðîíîâûå íèòè 3 ìåòðè÷åñêîãî ðàçìåðà. Â êà÷åñòâå óíèâåðñàëüíîãî
àíòèáàêòåðèàëüíîãî êîìïîíåíòà âûáðàíû íàíî÷àñòèöû ñåðåáðà. Ñóñïåíçèÿ
íàíî÷àñòèö ñåðåáðà ïîëó÷åíà ïóòåì ñîâìåñòíîé êîíäåíñàöèè ïàðîâ ñåðåáðà  è
èçîïðîïàíîëà íà ñòåíêàõ ñòåêëÿííîãî ðåàêòîðà, îõëàæäàåìîãî æèäêèì àçîòîì.
Ðàñïðåäåëåíèå ðàçìåðîâ ÷àñòèö ñåðåáðà íîñèò áèìîäàëüíûé õàðàêòåð è
õàðàêòåðèçóåòñÿ ñðåäíèì ðàçìåðîì 4 è 30 íì. Äëÿ íàíåñåíèÿ íà íèòè
èñïîëüçîâàëè äâà âèäà ðàñòâîðîâ íàíî÷àñòèö ñåðåáðà: 1) ðàñòâîð íàíî÷àñòèö â
èçîïðîïèëîâîì ñïèðòå; 2) ðàñòâîð íàíî÷àñòèö â ñìåñè èçîïðîïèëîâîãî ñïèðòà ñ
ïîëèâèíèëïèðîëèäîíîì. Ïîêðûòèÿ íàíîñèëè "ðàñòâîðíûì" ìåòîäîì, èçáûòîê
îðãàíîçîëÿ óäàëÿëè, à íèòè ñóøèëè â òå÷åíèå ÷àñà ïðè òåìïåðàòóðå 80...100°Ñ.
Ïðîâåäåíî èññëåäîâàíèå ìåõàíè÷åñêèõ, ãåìîëèòè÷åñêèõ è òîêñè÷åñêèõ ñâîéñòâ
êàïðîíîâûõ íèòåé ñ ïîêðûòèÿìè èç íàíî÷àñòèö ñåðåáðà. Îïðåäåëåíèå ïðî÷íîñòè
íèòåé ïðè ðàñòÿæåíèè, â òîì ÷èñëå ñ óçëàìè, â ñóõîì è âëàæíîì ñîñòîÿíèÿõ äî è
ïîñëå ìîäèôèêàöèè íàíî÷àñòèöàìè ñåðåáðà, ïðîâîäèëè íà àâòîìàòèçèðîâàííîì
èñïûòàòåëüíîì ñòåíäå ComTen 94C , ïðåäíàçíà÷åííîì äëÿ âûñîêîòî÷íîãî
îïðåäåëåíèÿ ìåõàíè÷åñêèõ õàðàêòåðèñòèê ïîëèìåðíûõ ìàòåðèàëîâ ïðè
ñòàòè÷åñêîì íàãðóæåíèè ïî ÃÎÑÒ 396-84. Ïðè ïðîâåäåíèè ôðèêöèîííûõ
èñïûòàíèé ðåãèñòðèðîâàëè óñèëèå, íåîáõîäèìîå äëÿ ïðîòÿãèâàíèÿ øîâíîé íèòè
ïî ìîêðîé èëè ñóõîé çàìøåâîé ïîâåðõíîñòè îáðàçöà âûäåëàííîé êîæè êàê
èìèòàòîðó áèîòêàíè.

Äëÿ èññëåäîâàíèÿ ãåìîëèòè÷åñêèõ ñâîéñòâ èñïîëüçîâàëè ìåòîäèêó
îïðåäåëåíèÿ ãåìîëèòè÷åñêîãî äåéñòâèÿ ïîëèìåðíûõ ìàòåðèàëîâ in vitro. Ïðèíöèï
ìåòîäà – îïðåäåëåíèå ãåìîëèòè÷åñêîãî äåéñòâèÿ âûòÿæåê èç ìîäèôèöèðîâàííûõ
íèòåé ïî 100% ãåìîëèçó. Äëÿ îïðåäåëåíèÿ òîêñè÷åñêèõ ñâîéñòâ ïðèìåíÿëè
ìåòîäèêó îïðåäåëåíèÿ òîêñè÷åñêîãî äåéñòâèÿ âûòÿæåê èç ìàòåðèàëîâ íà ïîëîâûõ
êëåòêàõ êðóïíîãî ðîãàòîãî ñêîòà. Ïðèíöèï ìåòîäèêè – â âèçóàëüíîì íàáëþäåíèè
äâèãàòåëüíîé àêòèâíîñòè ñïåðìàòîçîèäîâ áûêà, ïîäâåðãøèõñÿ âîçäåéñòâèþ
âîäíûõ ýêñòðàêòîâ ìîäèôèöèðîâàííûõ íèòåé.

Ìåõàíè÷åñêèå ñâîéñòâà íèòåé ñ ïîêðûòèÿìè îòíîñèòåëüíî èñõîäíûõ
èçìåíèëèñü. Ó êàïðîíîâûõ íèòåé ñ ïîêðûòèåì èç íàíî÷àñòèö ñåðåáðà ðàçðûâíàÿ
ïðî÷íîñòü âûðîñëà, à æåñòêîñòü ñíèçèëàñü. Â ñëó÷àå ñ èñïîëüçîâàíèåì ðàñòâîðà
ñ ïîëèâèíèëïèðîëèäîíîì îòìå÷åíî èçìåíåíèå ôðèêöèîííûõ ñâîéñòâ. Â õîäå
èññëåäîâàíèÿ ãåìîëèòè÷åñêèõ ñâîéñòâ îêàçàëîñü, ÷òî èññëåäóåìûé íàìè øîâíûé
ìàòåðèàë, ìîäèôèöèðîâàííûé íàíî÷àñòèöàìè ñåðåáðà, íå èìååò ãåìîëèòè÷åñêîãî
äåéñòâèÿ. Èçó÷åíèå òîêñè÷åñêîãî äåéñòâèÿ âûòÿæåê èç äàííîãî øîâíîãî
ìàòåðèàëà íà ïîëîâûõ êëåòêàõ êðóïíîãî ðîãàòîãî ñêîòà ïîêàçàëî, ÷òî âðåìÿ
ïîäâèæíîñòè ñïåðìàòîçîèäîâ â îïûòíûõ ïðîáàõ áîëüøå, ÷åì â êîíòðîëüíûõ.

Òàêèì îáðàçîì, ìû ìîæåì êîíñòàòèðîâàòü, ÷òî èññëåäóåìûé íàìè øîâíûé
ìàòåðèàë îáëàäàåò óäîâëåòâîðèòåëüíûìè ìåõàíè÷åñêèìè, ãåìîëèòè÷åñêèìè è
òîêñè÷åñêèìè ñâîéñòâàìè.
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NEW ANTIBACTERIAL SURGICAL SUTURAL MATERIAL
Êàbeshev B.Î., Bontsevich D.N., Gureev S.A., Vasilkov À.U.*
Gomel State Medical University, Belarus
*Lomonosov Moscow State University, Moscow
E-mail: 6733866@mail.ru
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The aim of our research is obtaining a new antibacterial surgical sutural
material. 3 metric size lisle  capron threads have been used as a base. In the capacity
of a universal antibacterial component nanoparticles of silver have been selected.
The suspension of silver nanoparticles has been obtained by cojoint condensation
of silver and isopropanol  vapor on the walls of a glass reactor chilled by liquid
nitrogen. The distribution of silver particles sizes has a bimodal pattern and is
characterized by an average size of 4 and 30 nm. Two kinds of silver  nanoparticles
solutions have been  used to apply on threads: 1) nanoparticles solution in isopropyl
alcohol; 2) nanoparticles  solution in the compound of isopropyl alcohol with
polyvinylpirolydon. The coatings have applied by "solution" method, the surplus
of orgazol being removed and  threads being dried within an hour at the temperature
of 80-100°Ñ. The investigation of mechanical, hemolytic and toxic properties of
capron threads with silver nanoparticles coatings has been carried out.

The identification of strength of threads on tension including nodes  both in
dry and moist state before and after modification with silver nanoparticles has
been performed on test stand ComTen 94C, designed for high-precision evaluation
of mechanical characteristics of polymeric materials under static loading in
accordance with GOST 396-84.

While performing friction tests we recorded force necessary for extending
sutural thread on moist or dry chamois surface skin test sample as an imitator if
biotissue. To investigate hemolytic properties we used the methods of determining
hemolytic action of polymeric materials in vitro. The concept of the method is to
determine hemolytic action of extracts from modified threads by 100% hemolysis.
To identify toxic properties, the methods of evaluating toxic action of extracts
from materials on reproductive cells of cattle have been used. The concept of the
method is in visual observation of motion activity of a bull's spermatozoids exposed
to aqueous extracts of modified threads.

Mechanical properties of threads with coatings in regard to original ones
have changed. In capron threads with silver nanoparticles tearing strength has
increased, and inflexibility decreased. In case of using polyvinyl solution changing
friction properties has been marked. In the course of investigating the hemolytic
properties the sutural material under our study proved to have no hemolytic action.
During our investigating the toxic action of the extracts of sutural material on
reproductive cells of cattle it turned out that the movability time of spermatozoids
in test samples is longer than in control ones.

Thus, we can state that the sutural material under our study possesses
satisfactory mechanical, hemolytic and toxic properties.

ÐÀÇÐÀÁÎÒÊÀ ÌÀÊÅÒÀ ÁÏÊ-ÁÈÎÑÅÍÑÎÐÀ ÏÐÎÒÎ×ÍÎ-
ÈÍÆÅÊÖÈÎÍÍÎÃÎ ÒÈÏÀ ÍÀ ÎÑÍÎÂÅ ÄÐÎÆÆÅÂÛÕ
ØÒÀÌÌÎÂ  CANDIDA MALTOSA, CANDIDA BLANKII  È
DEBARYOMYCES HANSENII
Êàìàíèí Ñ.Ñ., Þäèíà Í.Þ., Àðëÿïîâ Â.À.
Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Òóëà
E-mail: chem@tsu.tula.ru
Ôàêñ: (4872) 33-13-05; òåë.: (4872) 35-18-40

Â íàñòîÿùåå âðåìÿ èìååò ìåñòî æåñòêîå îãðàíè÷åíèå ïîòðåáíîñòè
÷åëîâåêà â âîäíûõ ðåñóðñàõ. Ìàñøòàáíûå îáúåìû ïîòðåáëåíèÿ âîäû äëÿ
óäîâëåòâîðåíèÿ áûòîâûõ íóæä, ïðèìåíåíèå âîäû â òåõíîëîãè÷åñêèõ
ïðîöåññàõ ïðèâîäÿò ê èñòîùåíèþ âîäíûõ çàïàñîâ è îñòðîé íåîáõîäèìîñòè
ïðîèçâîäèòü ðåãåíåðàöèþ èñïîëüçîâàííûõ îáúåìîâ âîäû. Äëÿ îöåíêè
ñòåïåíè çàãðÿçíåííîñòè/÷èñòîòû âîäû â íàñòîÿùåå âðåìÿ ïðèìåíÿåòñÿ
ïàðàìåòð, îïðåäåëåííûé êàê "èíäåêñ ÁÏÊ". Ñóùåñòâóþùèé ìåòîä
îïðåäåëåíèÿ ÁÏÊ îñíîâàí íà òåñòàõ, ïðîäîëæèòåëüíîñòü êîòîðûõ ñîñòàâëÿåò
5, 10 èëè 20 ñóòîê. Â ñèëó çíà÷èòåëüíîé ïðîäîëæèòåëüíîñòè ïðîöåäóðû ìåòîä
íå ÿâëÿåòñÿ àäåêâàòíûì â ñîâðåìåííûõ óñëîâèÿõ æèçíè, ïîñêîëüêó
ïðåäñòàâëÿåò ðåçóëüòàòû àíàëèçà ñî çíà÷èòåëüíîé çàäåðæêîé (ìèíèìóì 5
ñóòîê îò ìîìåíòà ïîñòóïëåíèÿ ïðîáû). Ïî óêàçàííîé ïðè÷èíå âîçíèêàþò
ýêîëîãè÷åñêè îïàñíûå ñèòóàöèè, ïðè êîòîðûõ îñòàþòñÿ íåçàìå÷åííûìè
ïîñòóïëåíèå íà âîäîî÷èñòíûå ñîîðóæåíèÿ àâàðèéíî çàãðÿçíåííûõ âîä èëè
íàîáîðîò, íåäîî÷èñòêà èõ â ïðîöåññå ðåãåíåðàöèè. Ñåãîäíÿ âñå âîäîî÷èñòíûå
ñîîðóæåíèÿ ÐÔ èñïîëüçóþò äëÿ ïîâñåäíåâíîãî ðóòèííîãî àíàëèçà ñòî÷íûõ
âîä óïîìÿíóòûé ìåòîä ÁÏÊ5.

Â äàííîì ïðîåêòå ïðåäëàãàåòñÿ ðàçðàáîòêà ïðèáîðà, ïðåäíàçíà÷åííîãî
äëÿ ýêñïðåññ-îöåíêè èíäåêñà ÁÏÊ. Â îñíîâó ïðèáîðà ïîëîæåíà
àâòîìàòèçèðîâàííàÿ ìíîãîêàíàëüíàÿ áèîñåíñîðíàÿ óñòàíîâêà
àìïåðîìåòðè÷åñêîãî òèïà, èíòåãðèðîâàííàÿ ñ ïåðñîíàëüíûì êîìïüþòåðîì.
Äàò÷èêàìè ÿâëÿþòñÿ êèñëîðîäíûå ýëåêòðîäû ñ èììîáèëèçîâàííûìè
êëåòêàìè ìèêðîîðãàíèçìîâ. Â ðàáîòå áûëè èñïîëüçîâàíû äðîææåâûå
øòàììû Candida maltosa BKM-Y-2359, C. blankii  ÂÊÌ Y-2675 è
Debaryomyces hansenii BKM Y-2482. Øòàììû ïîëó÷åíû âî Âñåðîññèéñêîé
êîëëåêöèè ìèêðîîðãàíèçìîâ Èíñòèòóòà áèîõèìèè è ôèçèîëîãèè
ìèêðîîðãàíèçìîâ ÐÀÍ â ã. Ïóùèíî.

Â õîäå âûïîëíåíèÿ ðàáîòû îïðåäåëåíû êèíåòè÷åñêèå ïàðàìåòðû
(óäåëüíàÿ ñêîðîñòü ðîñòà êëåòî÷íîé êóëüòóðû, ïðåäåëüíàÿ ìàêñèìàëüíàÿ
óäåëüíàÿ ñêîðîñòü ðîñòà, êîíñòàíòà, õàðàêòåðèçóþùàÿ ñðîäñòâî ñóáñòðàòà ê
êëåòêàì êóëüòóðû) ðîñòà êóëüòóðû äðîææåâûõ øòàììîâ. Óñòàíîâëåíî, ÷òî ó
äðîææåé D. hansenii ñðîäñòâî ê ðîñòîâûì ñóáñòðàòàì âûøå, ÷åì ó îñòàëüíûõ
äðîææåé.

Ñ èñïîëüçîâàíèåì ìîäåëüíîé ñèñòåìû íà îñíîâå ãëþêîçî-ãëóòàìàòíîé
ñìåñè îïðåäåëåíû àíàëèòè÷åñêèå è ìåòðîëîãè÷åñêèå õàðàêòåðèñòèêè
áèîñåíñîðà íà îñíîâå èñïîëüçóåìûõ äðîææåâûõ øòàììîâ. Ïî áîëüøèíñòâó
ïàðàìåòðîâ (îïåðàöèîííàÿ è äîëãîâðåìåííàÿ ñòàáèëüíîñòè, ñóáñòðàòíàÿ
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ñïåöèôè÷íîñòü, øèðîêèé ðàáî÷èé äèàïàçîí êîíöåíòðàöèé,
÷óâñòâèòåëüíîñòü) íàèëó÷øèå çíà÷åíèÿ ïîêàçàë áèîñåíñîð íà îñíîâå
äðîææåé D. hansenii.

Èçó÷åíî âëèÿíèå íåãàòèâíûõ ôàêòîðîâ (ðÍ, èîíàÿ ñèëà, ñîåäèíåíèÿ
òÿæåëûõ ìåòàëëîâ) íà îêèñëèòåëüíóþ àêòèâíîñòü èììîáèëèçîâàííûõ
äðîææåé â áèîðàñïîçíàþùåì ýëåìåíòå áèîñåíñîðà. Âûÿâëåíî, ÷òî äðîææè
C. maltosa íå ìåíÿþò àêòèâíîñòè â äèàïàçîíå ðÍ (6-7), à ó äðîææåé D. hansenii
è C. blankii íàáëþäàåòñÿ ýêñòðåìàëüíûé õàðàêòåð çàâèñèìîñòè â îáëàñòè ðÍ 7.
Óâåëè÷åíèå èîííîé ñèëû ðàñòâîðà ïðàêòè÷åñêè íå èçìåíÿåò àêòèâíîñòè
äðîææåé D. hansenii è C. blankii, íî èíãèáèðóåò äûõàòåëüíóþ àêòèâíîñòü
C. maltosa. Ïîêàçàíî, ÷òî ïðèñóòñòâèå â ñðåäå èîíîâ Ni2+ è Cr2O7

2– â äèàïàçîíå
êîíöåíòðàöèé 0-6x10–4 ìîëü/äì3 íå îêàçûâàåò ñóùåñòâåííîãî âëèÿíèÿ íà
îêèñëèòåëüíóþ ñïîñîáíîñòü íà C. maltosa è D. hansenii, à C. blankii
ïîäâåðãàåòñÿ íåãàòèâíîìó âîçäåéñòâèþ ñîåäèíåíèé òÿæ¸ëûõ ìåòàëëîâ.

Ïðîâåäåíî ñðàâíèòåëüíîå îïðåäåëåíèå ÁÏÊ ñòî÷íûõ âîä î÷èñòíûõ
ñîîðóæåíèé ñòàíäàðòíûì ìåòîäîì è ñ ïðèìåíåíèåì ðàçðàáîòàííûõ
áèîñåíñîðîâ.  Âïåðâûå ïîêàçàíî, ÷òî èñïîëüçîâàíèå äðîææåâûõ êëåòîê
D. hansenii êàê îñíîâû ðåöåïòîðíîãî ýëåìåíòà áèîñåíñîðà äëÿ îïðåäåëåíèÿ
ÁÏÊ ñòîêîâ î÷èñòíûõ ñîîðóæåíèé ïîçâîëÿåò ïîëó÷àòü äàííûå ñ âûñîêîé
êîððåëÿöèåé ê ñòàíäàðòíîìó ìåòîäó, ïðè ýòîì îøèáêà ñîñòàâèëà íå áîëåå
7% (ñòàíäàðòíûé ìåòîä – íå áîëåå 13%).

Âðåìÿ àíàëèçà ñ èñïîëüçîâàíèåì äàííîãî îáîðóäîâàíèÿ íå ïðåâûøàåò
10 ìèí. Äëÿ èçìåðåíèÿ íå òðåáóåòñÿ ïðèâëå÷åíèÿ
âûñîêîñïåöèàëèçèðîâàííîãî ïåðñîíàëà. Ñëåäóåò îòìåòèòü òàêæå
âîçìîæíîñòü ïîâûøåíèÿ óðîâíÿ àâòîìàòèçàöèè ïðîèçâîäñòâà ïðè
èñïîëüçîâàíèè äàííîé àïïàðàòóðû. Ïðèìåíåíèå íîâîé ìåòîäèêè íå òîëüêî
íå ïðèâåäåò ê ñíèæåíèþ, íî è ïîâûñèò òàêèå ïàðàìåòðû àíàëèçà êàê òî÷íîñòü
è ÷óâñòâèòåëüíîñòü.

Àíàëèçàòîðû íîâîãî ïîêîëåíèÿ ìîãóò áûòü èñïîëüçîâàíû äëÿ îñíàùåíèÿ
ïðîìûøëåííûõ ïðåäïðèÿòèé è ñèñòåì âîäîî÷èñòêè ÐÔ, äëÿ èñïîëüçîâàíèÿ
ñòàíöèÿìè ñàíèòàðíî-ýïèäåìèîëîãè÷åñêîãî êîíòðîëÿ, ñëóæáàìè Ì×Ñ,
ÌèíÏðèðîäû, ýêîëîãè÷åñêèìè ñòðóêòóðàìè.

DEVELOPMENT OF FLOWING-INJECTIVE BOD-BIOSENSOR
MODEL ON BASIS OF YEAST STRAINS CANDIDA MALTOSA,
CANDIDA BLANKII AND DEBARYOMYCES HANSENII
Kamanin S.S., Yudina N.Yu., Arlyapov V.A.
Tula State University, Tula
E-mail: chem@tsu.tula.ru
Fax: (4872) 33-13-05; tel.: (4872) 35-18-40

Now rigid restriction of requirement of the person in water resources takes
place. Scaling volumes of consumption of water for satisfaction of household needs,
water application in technological processes leads to an exhaustion of water stocks
and to sharp necessity to make regeneration of the used volumes of water. Now for
estimation of degree of water impurity/cleanliness is applied the parameter defined
as "biological oxygen demand". The existing method of "biological oxygen
demand" determination is based on the tests which duration makes 5, 10 or 20
days. Owing to considerable duration of procedure the method is not adequate in
modern conditions of a life as represents results of the analysis with a considerable
delay (a minimum of 5 days from the moment of receipt of test). For the specified
reason there are ecologically dangerous situations at which there is not noticed a
receipt on water-purifying constructions of abnormal condition polluted waters or
underrefining them in the course of regeneration on the contrary. Now all water-
purifying constructions of the Russian Federation use the mentioned method
"biological oxygen demand5" for the daily routine analysis of sewage.

In the project working out of the device intended for an express estimation of
index BOD is offered. The automated multichannel biosensor installation is put in
a basis of amperometric type device, integrated with the personal computer.
Transducers are oxygen electrodes with immobilized cells of microorganisms.
Yeast strains Candida maltosa ACM Y-2359, C. blankii ACM Y-2675 and
Debaryomyces hansenii ACM Y-2482 were used during this work. Strains were
given by All-Russian Collection of G.K. Skryabin Institute of Biochemistry and
Physiology of Microorganisms RAS in Pushchino.

Kinetic parameters of yeast strain's growth (specific growth rate, limiting
maximum specific growth rate, substratum affinity constant) were estimated.
Established that substratum affinity of yeast strain D. hansenii is higher than
substratum affinity of other strains used in this work.

By using model system on basis of glucose-glutamate mixture analytic and
metrological characteristics of biosensor containing investigated strains, were
determined. Biosensor on basis of yeast strain D. hansenii had the best magnitudes
of most parameters (operational stability, long-term stability, substratum specificity,
worker concentration range, sensitivity).

Effect of negative factors, such as pH, ionic strength, heavy metals compounds
was investigated. Established that yeasts C. maltosa  don't change their activity in
pH range 6-7, C. blankii and D. hansenii have extremal type of dependence near
pH 7. Increasing ionic strength has practically no effect on C. blankii and D. hansenii
strains, but inhibits oxidating activity of C. maltosa. Showed that existence of Ni2+

and Cr2O7
2– ions in medium in range of concentration 0-6x10–4 mol/l has no essential
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effect on oxidating activity of C. maltosa and D. hansenii, but C. blankii takes
negative exposure of heavy metals compounds.

Comparative determination of BOD of drain waters of treatment facilities by
standard method and using developed biosensors has been carried out. For the
first time showed that using yeast strain D. hansenii  as a basis for receptor element
of biosensor for determination of BOD of drains of treatment facilities allows to
get data with high correlation to the standard method. Error was not higher than
7% (by using standard method – not higher than 13%).

Time of the analysis using mentioned equipment does not exceed 10 minutes.
There is no need in attraction high specialized personnel for measurement. A
possibility of increasing of automation level of manufacture using mentioned
equipment should be noted. Application of a new technique leads not only to end
of decreasing, but also to raising such parameters of the analysis as accuracy and
sensitivity.

Analyzers of new generation can be used at stations of the sanitary and
epidemiologic control, services of the Ministry of emergency measures, Ministry
of nature, ecological structures and for acquisition of the industrial enterprises
and water purification systems of the Russian Federation.
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Îäíèìè èç ïðèçíàêîâ ðàçâèòèÿ áîëåçíè Àëüöãåéìåðà (ÁÀ) ÿâëÿþòñÿ
ôîðìèðîâàíèå àìèëîèäíûõ áëÿøåê, à òàêæå ñíèæåíèå êîëè÷åñòâà
àöåòèëõîëèíîâûõ ðåöåïòîðîâ (ÀÕÐ) àëüôà7-òèïà â ìîçãó ïàöèåíòîâ. Ïî
îäíîé èç ãèïîòåç ðàçâèòèÿ ÁÀ ïàòîãåííûé ïåïòèä áåòà-àìèëîèä ñâÿçûâàåòñÿ
ñ àëüôà7-òèïîì ÀÕÐ íà ïîâåðõíîñòè íåéðîíîâ ìîçãà. Òàêîé êîìïëåêñ
ïðîíèêàåò âíóòðü íåéðîíîâ, ïðèâîäÿ ê ëèçèñó êëåòêè è ôîðìèðîâàíèþ íà åå
ìåñòå àìèëîèäíîé áëÿøêè. Ñîâðåìåííàÿ òåðàïèÿ ÁÀ íîñèò ëèøü
ñèìïòîìàòè÷åñêèé õàðàêòåð. Â ìåäèöèíå ïîêà îòñóòñòâóåò ïðåïàðàò,
ñïîñîáíûé ïîëíîñòüþ èçëå÷èâàòü ÁÀ. Â ñâÿçè ñ ýòèì ÷ðåçâû÷àéíî àêòóàëüíà
ðàçðàáîòêà íîâûõ ïîäõîäîâ ê òåðàïèè ýòîãî òÿæåëîãî çàáîëåâàíèÿ.

Ìû ïðåäëîæèëè ïðèíöèïèàëüíî íîâûé ïîäõîä äëÿ ëå÷åíèÿ ÁÀ,
îñíîâàííûé íà âûðàáîòêå àíòèòåë, íàïðàâëåííûõ ê àëüôà7-ñóáúåäèíèöå ÀÕÐ,
êîòîðûå, ñâÿçûâàÿñü ñ ðåöåïòîðîì, ïðåïÿòñòâîâàëè áû åãî âçàèìîäåéñòâèþ
ñ áåòà-àìèëîèäîì è òàêèì îáðàçîì ïðåäîõðàíÿëè íåéðîí îò ãèáåëè. Â
êà÷åñòâå æèâîòíîé ìîäåëè ÁÀ áûëè èñïîëüçîâàíû ìûøè ëèíèè NMRI,
êîòîðûì ïðîâîäèëè îïåðàöèþ áóëüáýêòîìèè, èëè óäàëåíèÿ îáîíÿòåëüíûõ
ëóêîâèö. Ïîñëå òàêîé îïåðàöèè áóëüáýêòîìèðîâàííûå (ÁÝ) æèâîòíûå
ðàçâèâàþò ïðèçíàêè ÁÀ, õàðàêòåðíûå äëÿ ÷åëîâå÷åñêîé ôîðìû, à èìåííî, ó
òàêèõ ìûøåé íàáëþäàåòñÿ óõóäøåíèå ïðîñòðàíñòâåííîé ïàìÿòè â âîäíîì
ëàáèðèíòå Ìîððèñà, óâåëè÷åíèå óðîâíÿ áåòà-àìèëîèäà è ôîðìèðîâàíèå
àìèëîèäíûõ áëÿøåê â ìîçãó, à òàêæå ãèïîôóíêöèÿ õîëèíýðãè÷åñêîé ñèñòåìû.
Äëÿ èíäóêöèè ñïåöèôè÷åñêèõ ê àëüôà7-ñóáúåäèíèöå àíòèòåë áûëè
èñïîëüçîâàíû ÷åòûðå íåêîíúþãèðîâàííûõ ôðàãìåíòà àëüôà7-ñóáúåäèíèöû.
Â êà÷åñòâå êîíòðîëÿ áûë âçÿò ôðàãìåíò 171-199 áåëêà OMP1 èç Neisseria
meningitides. Èììóíîãåííûìè íà äàííîé ëèíèè ìûøåé îêàçàëèñü òîëüêî äâà
ôðàãìåíòà àëüôà7-ñóáúåäèíèöû ïîñëåäîâàòåëüíîñòè 1-23 è 173-193, à òàêæå
êîíòðîëüíûé ïåïòèä 171-199. Ñïîñîáíîñòü ôðàãìåíòà 173-193 ñòèìóëèðîâàòü
èììóííûé îòâåò áûëà âûøå, ÷åì ôðàãìåíòà 1-23. Èññëåäîâàíèå
òåðàïåâòè÷åñêîãî äåéñòâèÿ èììóíèçàöèè èììóíîàêòèâíûìè ïåïòèäàìè ÁÝ
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ìûøåé ïîêàçàëî, ÷òî âîññòàíîâëåíèå ïàìÿòè íàáëþäàëîñü òîëüêî ó ìûøåé,
èììóíèçèðîâàííûõ ôðàãìåíòîì 173-193. Èììóíèçàöèÿ ïåïòèäîì 173-193
ñíèæàëà óðîâåíü áåòà-àìèëîèäà â ìîçãó ÁÝ ìûøåé äî 11 íã/ã òêàíè ïî
ñðàâíåíèþ ñ íåèììóíèçèðîâàííûìè ÁÝ æèâîòíûìè, ó êîòîðûõ óðîâåíü áåòà-
àìèëîèäà â ìîçãó ñîñòàâëÿåò 38 íã/ã. Áûëî ïîêàçàíî, ÷òî ÁÝ ìûøåé èìåþò
ïîíèæåííûé óðîâåíü àëüôà7-òèïà ÀÕÐ â êîðå ìîçãà (9.8±1,0 ôìîëü/ìã áåëêà)
ïî ñðàâíåíèþ ñî çäîðîâûìè ìûøàìè (14.7±1.9 ôìîëü/ìã áåëêà).
Èììóíèçàöèÿ ôðàãìåíòîì 173-193 ïðèâîäèëà ê âîññòàíîâëåíèþ óðîâíÿ ÀÕÐ
äî íîðìû (15.1±1.5 ôìîëü/ìã áåëêà). Ïåïòèä 173-193 ñòèìóëèðîâàë
âûðàáîòêó àíòèòåë, êîòîðûå ó ÁÝ ìûøåé ïðîíèêàëè ÷åðåç
ãåìàòîýíöåôàëè÷åñêèé áàðüåð. Ïàññèâíàÿ èììóíèçàöèÿ ñûâîðîòêîé êðîâè
ìûøåé, èììóíèçèðîâàííûõ ïåïòèäîì 173-193, ñîäåðæàùåé àíòèòåëà ê
äàííîìó ôðàãìåíòó, ïðåäîòâðàùàëà ñíèæåíèå îáó÷àåìîñòè ÁÝ ìûøåé. Òàêèì
îáðàçîì, ïîêàçàíî, ÷òî èìåííî àíòèòåëà ê àëüôà7-ñóáúåäèíèöå ÀÕÐ
îêàçûâàþò òåðàïåâòè÷åñêîå äåéñòâèå íà ñîñòîÿíèå ïàìÿòè ìûøåé ñ
ýêñïåðèìåíòàëüíî èíäóöèðîâàííîé ôîðìîé ÁÀ. Ïîëó÷åííûå íàìè
ðåçóëüòàòû äåìîíñòðèðóþò ïðèíöèïèàëüíóþ âîçìîæíîñòü èñïîëüçîâàíèÿ
ôðàãìåíòà 173-193 äëÿ ïðîôèëàêòèêè è ëå÷åíèÿ ÁÀ.

SYNTHETIC FRAGMENT 173-193 OF THE ALPHA7 NICOTINIC
ACETYLCHOLINE RECEPTOR IN A NON-CONJUGATED FORM
INDUCES IMMUNETHERAPEUTIC EFFECT IN MICE WITH
EXPERIMENTALLY INDUCED ALZHEIMER'S DISEASE
Kamynina A.V., Medvinskaya N.I.*, Aleksandrova I.Ju.*, Shalgunov V.S.,
Volkova T.D., Koroev D.O., Samokhin A.N.*, Nesterova I.V.*, Shelukhina I.V.,
Krukova E.V., Tsetlin V.I., Bobkova N.V.*, Volpina O.M.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
*Institute of Cell Biophysics RAS, Pushchino
E-mail: aneskaminina@mail.ru
Tel.: (495) 336-57-77

Alzheimer's disease (AD) is accompanied by significant increase of brain amyloid
level and down regulation of the acetylcholine receptor (AChR) alpha7-type in the
hippocampus and in the temporal cortex in patients. One of the hypotheses of AD
neuropathology involves high affinity binding of beta-amyloid to the nicotinic
acetylcholine receptor alpha7-subunit. The complex penetrates into a neuron and leads
to cell lysis and amyloid plaque formation. Current AD therapeutics provide mainly
symptomatic short-term benefit, rather than targeting disease mechanisms. Thus,
development of effective AD therapy requires further effect.

We proposed a new approach to AD treatment based on induction of antibodies
to alpha7-subunit AChR which could bind to the receptor and prevent it from binding
to beta-amyloid and from development of neurodegenerative processes. As a model
of AD we used NMRI mice with olfactory bulb removed. After the operation
bulbectomized (BE) mice demonstrate morphological, biochemical and behavioral
features of AD, such as memory impairment, higher level of brain beta-amyloid and
cholinergic deficiency. Four non-conjugated alpha7-subunit fragments of the nicotinic
acetylcholine receptor and a control peptide (the 171-199 fragment of Outer Membraine
Protein 1 from Neisseria meningitides) were studied to induce immune response in
mice. Only two fragments of alpha7-subunit (amino acids 1-23 and 173-193) and the
control peptide induced antibody formation in mice. Immunogenecity of peptide 173-
193 was higher than of 1-23 fragment. We showed that vaccination with fragment
173-193 of alpha7-subunit restored spatial memory of BE mice, whereas, immunization
with peptide 1-23 as well as with the control peptide did not improve mice memory.
Immunization with fragment 173-193 decreased the level of beta-amyloid in the brain
of BE mice to 11 ng/g of brain tissue compared with 38 ng/g for non-immunized BE
mice. We showed that BE mice have lower level of the neuronal AChR alpha7-type in
the cortex (9.8±1,0 fmol/mg protein) in comparison with healthy animals (14.7±1.9
fmol/mg protein). Immunization with synthetic peptide 173-193 led to recovery of
the AChR alpha7-type up to normal level in the cortex of BE animals (15.1±1.5 fmol/
mg protein).

Peptide 173-193 stimulated formation of antibodies which penetrate the blood-
brain barrier in BE animals. Passive immunization with blood sera containing antibodies
to peptide 173-193 suppressed cognitive decline in mice with experimentally induced
AD. Thus, we confirmed that mainly antibodies to alpha7-subunit caused the
therapeutic effect on the memory of mice with experimentally induced Alzheimer's
disease. The results obtained provide new arguments favouring the immunotherapeutic
approach to treatment of AD based on vaccination with fragments of the alpha7-
subunit of the nicotinic AChR.
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Èñïîëüçîâàíèå õèìè÷åñêèõ ñðåäñòâ çàùèòû ðàñòåíèé îò áîëåçíåé
íàíîñèò çíà÷èòåëüíûé óùåðá îêðóæàþùåé ñðåäå è çäîðîâüþ ëþäåé.
Àëüòåðíàòèâíûì, ýêîëîãè÷åñêè áåçîïàñíûì ìèêðîáèîëîãè÷åñêèì ìåòîäîì
çàùèòû êóëüòóðíûõ ðàñòåíèé îò ôèòîïàòîãåíîâ ÿâëÿåòñÿ êîëîíèçàöèÿ
ðàñòåíèé ïîëåçíûìè ìèêðîîðãàíèçìàìè. Îòäåëüíûå ïðåäñòàâèòåëè
ìèêðîáíûõ àãðîáèîöåíîçîâ, ñóùåñòâóþùèå â òåñíîé âçàèìîñâÿçè ñ
ðàñòåíèÿìè, ñòèìóëèðóþò èõ ðîñò è ðàçâèòèå, à òàêæå ïîâûøàþò
óñòîé÷èâîñòü ðàñòåíèé ê ðàçëè÷íûì áèîòè÷åñêèì è àáèîòè÷åñêèì
ñòðåññîâûì ôàêòîðàì âíåøíåé ñðåäû çà ñ÷åò ñèíòåçà ðàçëè÷íûõ ìåòàáîëèòîâ.
Â íàñòîÿùåå âðåìÿ ðèçîáàêòåðèè, ñïîñîáñòâóþùèå ðîñòó ðàñòåíèé, ïðèíÿòî
îáîçíà÷àòü êàê PGPR (Plant Growth-Promoting Rhizobacteria).
Ïîòåíöèàëüíûìè îáúåêòàìè àãðîáèîòåõíîëîãèè ÿâëÿþòñÿ áàêòåðèè ðîäà
Pseudomonas, äîìèíèðóþùèå â ðèçîñôåðå ðàñòåíèé è âûçûâàþùèå
âûøåïåðå÷èñëåííûå ýôôåêòû. Àññîöèàöèÿ ðàñòåíèå-ìèêðîîðãàíèçì
ÿâëÿåòñÿ âçàèìîâûãîäíîé ñâÿçüþ, ò.ê. ñ îäíîé ñòîðîíû, ìèêðîîðãàíèçìû
ñèíòåçèðóþò íåîáõîäèìûå äëÿ ðàñòåíèÿ ñîåäèíåíèÿ (ôèòîãîðìîíû,
àíòèáèîòèêè) è ñïîñîáñòâóþò ìîáèëèçàöèè ïèòàòåëüíûõ ýëåìåíòîâ èç ïî÷âû
(ôîñôîðà, æåëåçà, àçîòà), à ñ äðóãîé ñòîðîíû, ðàñòåíèÿ ñíàáæàþò
ìèêðîîðãàíèçìû èñòî÷íèêàìè àçîòà, ýíåðãèè è äðóãèìè âåùåñòâàìè.

 Öåëüþ íàøåé ðàáîòû áûëî èññëåäîâàíèå ýôôåêòà êîëîíèçàöèè
ðàñòåíèé òîìàòà ñîðòà "Êîñìîñ" áàêòåðèÿìè Pseudomonas aureofaciens
BS1393 (èõ âëèÿíèå íà ðîñò è ðàçâèòèå ðàñòåíèé, íà àäàïòàöèþ â ñèñòåìå
in vivo è çàùèòíûå ñâîéñòâà ðàñòåíèé îò ôèòîïàòîãåíîâ).

Êîëîíèçàöèþ ñòåðèëüíûõ ðàñòåíèé òîìàòà, âûðàùåííûõ in vitro,
ïðîâîäèëè îäíîêðàòíûì îïðûñêèâàíèåì ñóñïåíçèåé áàêòåðèé P. aureofaciens
BS1393 ñ òèòðîì êëåòîê 103-105. Òåñòèðîâàíèå ðàñòåíèé íà óñòàíîâëåíèå
àññîöèàòèâíîé ñâÿçè ñ áàêòåðèÿìè ïîêàçàëî,  ÷òî ñîäåðæàíèå
ìèêðîîðãàíèçìîâ âî âñåõ ïîñëåäóþùèõ ïàññàæàõ ìèêðîðàçìíîæåíèÿ â
ðàñòèòåëüíûõ ýêñïëàíòàõ ñòàáèëüíî ñîõðàíÿëîñü. Ïðè ýòîì êîëè÷åñòâî
áàêòåðèé P. aureofaciens â ëèñòüÿõ â ïåðâîì ïàññàæå ìèêðîðàçìíîæåíèÿ
ñîñòàâëÿëî 1-3 òûñ. êîëîíèåîáðàçóþùèõ åäèíèö íà 1 ñì2, à â êîðíÿõ –
10-20 òûñ./ñì2, ÷òî óêàçûâàåò íà ðèçîñôåðíóþ ñïåöèôè÷íîñòü øòàììà.

Èçâåñòíî, ÷òî øòàìì P. aureofaciens BS1393 ñèíòåçèðóåò
ôåíàçèíêàðáîíîâóþ êèñëîòó, îáëàäàþùóþ àíòèáèîòè÷åñêèìè ñâîéñòâàìè
è ïîäàâëÿþùóþ ðîñò ôèòîïàòîãåííîé ìèêðîôëîðû. Äëÿ ïðîâåðêè
óñòîé÷èâîñòè êîëîíèçèðîâàííûõ ðàñòåíèé ê ôèòîïàòîãåíàì èñïîëüçîâàëè
áàêòåðèè âèäà Erwinia carotovora Â15 è ìèêðîìèöåòû âèäà Sclerotinia

sclerotiorum. Ìèêðîîðãàíèçìû èñïîëüçîâàëè êàê äëÿ èíôèöèðîâàíèÿ
îòäåëüíûõ ëèñòüåâ, òàê è öåëûõ ðàñòåíèé. Ëèñòüÿ èíêóáèðîâàëè â ÷àøêàõ
Ïåòðè íà âëàæíîé ôèëüòðîâàëüíîé áóìàãå ïðè òåìïåðàòóðå 22-24°C. Ñòåïåíü
ïîâðåæäåíèÿ ðàñòèòåëüíûõ òêàíåé îöåíèâàëè ÷åðåç 1-14 ñóòîê ïîñëå
çàðàæåíèÿ E. carotovora è ÷åðåç 1-30 ñóòîê – S. sclerotiorum. Â îáîèõ âàðèàíòàõ
îïûòà óæå â ïåðâûå äíè ýêñïåðèìåíòà íà íåêîëîíèçèðîâàííûõ ëèñòüÿõ áûëè
çàìåòíû ñèìïòîìû ïîðàæåíèÿ ôèòîïàòîãåíàìè (ðàçðóøåíèå ìåçîôèëëà
ëèñòà, äàëüíåéøåå çàãíèâàíèå òêàíåé ïðè çàðàæåíèè E. carotovora è
îáðàçîâàíèå òåìíûõ íåêðîòè÷åñêèõ ïÿòåí ïðè çàðàæåíèè S. sclerotiorum).
Êîëîíèçèðîâàííûå ëèñòüÿ îñòàâàëèñü áåç ïðèçíàêîâ ïîâðåæäåíèÿ â òå÷åíèå
âñåãî îïûòà. Àíàëîãè÷íàÿ ñèòóàöèÿ íàáëþäàëàñü ïðè çàðàæåíèè öåëûõ
ðàñòåíèé. Êîëîíèçèðîâàííûå ðàñòåíèÿ ïðîÿâëÿëè óñòîé÷èâîñòü ê ïàòîãåíàì
â òå÷åíèå âñåãî âðåìåíè ýêñïåðèìåíòà, â òî âðåìÿ êàê êîíòðîëüíûå –
ïîëíîñòüþ ñãíèëè.

Ïðè ïåðåñàäêå êîëîíèçèðîâàííûõ ðàñòåíèé èç êóëüòóðû in vitro â
çàêðûòûé ãðóíò òåïëèöû íàìè áûëè îòìå÷åíû èõ áûñòðàÿ ïðèæèâàåìîñòü â
êîðíåâîé çîíå (100 % óêîðåíåíèå, êîíòðîëü – 64%), àêòèâíûé ðîñò è ðàçâèòèå
ðàñòåíèé (âûñîòà ðàñòåíèé â 1,5 ðàçà âûøå êîíòðîëüíûõ), áîëåå ðàííåå
îáðàçîâàíèå çàâÿçåé (íà 4 ñóòîê ïî ñðàâíåíèþ ñ êîíòðîëåì) è ñîçðåâàíèå
ïëîäîâ, âûñîêàÿ óðîæàéíîñòü, à òàêæå ëó÷øàÿ óñòîé÷èâîñòü ê ïîðàæåíèþ
ïî÷âåííûìè ôèòîïàòîãåíàìè.

Êîëîíèçàöèÿ ðàñòåíèé òîìàòîâ ïîëåçíûìè ìèêðîîðãàíèçìàìè â
óñëîâèÿõ îòñóòñòâèÿ êîíêóðåíöèè ïîñëåäíèõ ñ íåæåëàòåëüíîé ìèêðîôëîðîé
ïîçâîëèëà ïîëó÷èòü äîñòàòî÷íî ïðîäóêòèâíóþ àññîöèàöèþ ðàñòåíèå-
ìèêðîîðãàíèçì äëÿ èõ êóëüòèâèðîâàíèÿ â ïðèðîäíûõ óñëîâèÿõ.
Èñïîëüçîâàíèå òàêèõ àññîöèàöèé ÿâëÿåòñÿ ïåðñïåêòèâíûì ýêîëîãè÷åñêè
áåçîïàñíûì ìåòîäîì âûðàùèâàíèÿ êóëüòóðíûõ ðàñòåíèé, â òîì ÷èñëå
óñòîé÷èâûõ ê ôèòîïàòîãåíàì.
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Using chemicals to protect plants from diseases causes significant damage to
the environment and human health. One of the most effective and environmental
friendly method of protecting plants from phytopathogenic is the usage of
microorganisms associated with plants. Individual representatives of microbial
agrocoenosis exist in close interconnection with plants. They promote the
development of plants and also improve their stability to various biotic and abiotic
stressful environment causes at the expense of the synthesis of different metabolites.
Nowadays Plant Growth-Promoting Rhizobacteria is given abbreviation PGPR.
Potential objects of agrobiotechnology are Pseudomonas bacteria, which dominate
in the rhizosphere of plants and cause the effects mentioned above. The association
of plant-microorganism is mutually beneficial connection. On the one hand,
microorganisms synthesize combinations required for plants (phytohormones and
antibiotics) and promote mobilization of nourishing components from soil
(phosphorus, iron, nitrogen). On the other hand, plants provide microorganisms
with source of nitrogen, energy and others.

The aim of the present work was the research of colonization of tomato plants
"Kosmos" by the bacteria Pseudomonas aureofaciens BS1393 (their influence on
growth and development of the plants, adaptation in the system in vivo and also
plant protective properties from phytopathogens).

The colonization of the non-bacterial tomato plants, grown in vitro was made
with single-phase spraying by bacteria P. aureofaciens suspension. The cell titer
was equal to 103-105. The plant test devoted to the identification of the associative
connection with bacteria showed that microorganism substance in all the following
passages of microgeneration in vegetation explants was maintained invariably. In
this case the number of bacteria P. aureofaciens in the leaves in the 1st passage of
microgeneration was equal to 1000-3000 of colony forming unit for 1 cm2 and
10000-20000 of colony forming unit for 1 cm2 in the roots. It indicates the
rhizosphere of the strain of peculiarity.

It is well known that the strain P. aureofaciens BS1393 synthesizes
phenazinecarboxylic acid. It is possessed of antibiotic properties and represses
the growth of phytopathogenic microflora. The bacteria Erwinia carotovora Â15
and micromycet Sclerotinia sclerotiorum were used in order to check up the stability
of the colonized plants. Microorganisms were used for infection of separate leaves
as well as whole plants. The leaves were incubated in the Petri dish on the wet
filter paper at the temperature of 22-24°C. The degree of the damage of plant
tissue was estimated in 1-14 days after the infection E. carotovora and also in
1-30 days – S. sclerotiorum. In both cases on the first days of the experiment there

were the symptoms of phytopathogen damage on uncolonized leaves (the damage
of mesophyll of the leaf, further rotting of tissue with the E. carotovora infection
and formation of dark necrotic spots with the S. sclerotiorum infection). The
colonized leaves remained without any signs of damage during the whole
experiment. The situation was identical when the whole plants were infected. The
colonized plants displayed stability to the pathogens throughout the experiment
and the control plants rotted completely.

Replanting the colonized plants from the culture in vitro into the hothouses
we noticed their rapid establishment in the root zone (100% rootage, the control
plants – 64%), active growth and development of the plants (the height of the
plants was 1,5 times more than of the control ones), quicker formation of ovaries
(4 days quicker in comparison with the control plants), bearing aging, good crop
capacity and better stability to soil phytopathogen damage.

The association of the microorganisms with the tomato plants made it possible
to receive rather productive unit plant-microorganism for their cultivation in the
natural conditions. The usage of these units is the perspective environmentally
safe method of the growth of the cultivated plants, including plants stable to
phytopathogens.
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çàêëþ÷àëñÿ â ãèáðèäèçàöèè èìàãèíàëüíûõ äèñêîâ D. melanogaster ñ äâóìÿ
ïðîáàìè ê ãðàíèöàì èíâåðñèè, ñêàíèðîâàíèÿ ïî îáúåìó ÿäåð ñ ïîìîùüþ
êîíôîêàëüíîé ìèêðîñêîïèè è îáðàáîòêå äàííûõ ïðè ïîìîùè
ñïåöèàëèçèðîâàííîãî ïðîãðàììíîãî îáåñïå÷åíèÿ, ïîçâîëÿþùåãî
âîññòàíàâëèâàòü òðåõìåðíîå èçîáðàæåíèå è ïðîèçâîäèòü èçìåðåíèå
àáñîëþòíûõ ðàññòîÿíèé ìåæäó ó÷àñòêàìè ãèáðèäèçàöèè çîíäîâ. Ïðè
ñêàíèðîâàíèè ãîòîâûõ ïðåïàðàòîâ ñ ïîìîùüþ êîíôîêàëüíîãî ìèêðîñêîïà
áûë èñïîëüçîâàí íåñòàíäàðòíûé ìåòîä "ñïåêòðàëüíîãî ðàçäåëåíèÿ ñèãíàëîâ",
òàê êàê îáû÷íûé "ìíîãîêàíàëüíûé" ðåæèì íå ïîçâîëÿë äîáèòüñÿ ïîëíîãî
ðàçäåëåíèÿ ñïåêòðîâ ýìèññèè ôëóîðîõðîìîâ.

Â ðåçóëüòàòå óäàëîñü îáíàðóæèòü, ÷òî â ÿäðàõ èìàãèíàëüíûõ äèñêîâ èç
ëèíèè, ãîìîçèãîòíîé ïî èíâåðñèè, íàáëþäàåòñÿ óìåíüøåíèå ðàññòîÿíèÿ
ìåæäó ñèãíàëàìè ïî ñðàâíåíèþ ñ êîíòðîëåì (ëèíèÿ áåç èíâåðñèè).
Ïîëó÷åííûå äàííûå ãîâîðÿò î ïåðåìåùåíèè ðàéîíà èíâåðñèè â
ãåòåðîõðîìàòèíîâûé êîìïàðòìåíò ÿäðà.

Â íàñòîÿùåå âðåìÿ ïðîâîäèòñÿ ðàáîòà ïî ãèáðèäèçàöèè è
èììóíîîêðàøèâàíèþ èìàãèíàëüíûõ äèñêîâ ëèíèé D. melanogaster,
ãåòåðîçèãîòíûõ ïî èíâåðñèè. Êðîìå òîãî, ïëàíèðóåòñÿ îäíîâðåìåííî
ïðîâåñòè ÄÍÊ- è ÐÍÊ-ãèáðèäèçàöèþ, ÷òîáû èññëåäîâàòü âëèÿíèå
ïåðåìåùåíèÿ â ãåòåðîõðîìàòèíîâûé êîìïàðòìåíò ÿäðà íà ýêñïðåññèþ
ðåïîðòåðíûõ ãåíîâ. Êîëè÷åñòâî ÐÍÊ áóäåò òàêæå îöåíèâàòüñÿ ñ ïîìîùüþ
îáðàòíîé òðàíñêðèïöèè è ÏÖÐ â ðåàëüíîì âðåìåíè.

Òåîðåòè÷åñêè ïåðåìåùåíèå èíâåðòèðîâàííîãî ôðàãìåíòà â
ãåòåðîõðîìàòèíîâûé êîìïàðòìåíò ÿäðà äîëæíî ñîïðîâîæäàòüñÿ ïîÿâëåíèåì
â ñîñòàâå õðîìàòèíà ñîîòâåòñòâóþùèõ áåëêîâ, íàïðèìåð, áåëêà ÍÐ1, è
õàðàêòåðíûõ ìîäèôèêàöèé ãèñòîíîâ, òàêèõ êàê ãèñòîí Í3, äèìåòèëèðîâàííûé
ïî ëèçèíó 9 (Í3Ê9me2). Àíàëèç áåëêîâîãî ñîñòàâà ðàéîíà èíâåðñèè
ïðîâîäèëè ñ ïîìîùüþ èììóíîïðåöèïèòàöèè õðîìàòèíà. Èññëåäîâàëè
ðàñïðåäåëåíèå áåëêà HP1 è ãèñòîíà Í3, äèìåòèëèðîâàííîãî ëèáî ïî ëèçèíó
9 (Í3K9me2), ëèáî ïî ëèçèíó 4 (H3K4me2), íà íîðìàëüíîé è ïåðåñòðîåííîé
õðîìîñîìàõ. Ìîäèôèêàöèÿ Í3K9me2 è áåëîê ÍÐ1 õàðàêòåðíû äëÿ
ãåòåðîõðîìàòèíà, òîãäà êàê ìîäèôèêàöèÿ H3K4me2 – äëÿ "àêòèâíîãî"
õðîìàòèíà. Ñîãëàñíî ïîëó÷åííûì äàííûì, çíà÷èìûå èçìåíåíèÿ â ñòîðîíó
îáîãàùåíèÿ íàáëþäàþòñÿ òîëüêî äëÿ áåëêà HP1, â òî âðåìÿ êàê äëÿ
ðàññìàòðèâàåìûõ ìîäèôèêàöèé ãèñòîíà Í3 ñóùåñòâåííûõ ðàçëè÷èé íå
âûÿâëåíî.

Ïîêàçàííîå íàìè ïåðåìåùåíèå ðàéîíà èíâåðñèè â ãåòåðîõðîìàòèíîâûé
êîìïàðòìåíò ÿäðà â ñëó÷àå ëèíèé D. melanogaster, ãåòåðîçèãîòíûõ ïî
èíâåðñèè, ìîæåò ðåàëèçîâûâàòüñÿ òîëüêî â ðåçóëüòàòå îáðàçîâàíèÿ
õðîìîñîìíîé ïåòëè; ñëåäñòâèåì ýòîãî, ïî-âèäèìîìó, è ÿâëÿåòñÿ òðàíñ-
èíàêòèâàöèÿ ãåíîâ ðåïîðòåðîâ.
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Ýêñïðåññèÿ ãåíîâ êîíòðîëèðóåòñÿ íà ìíîãèõ óðîâíÿõ ðåàëèçàöèè
ãåíåòè÷åñêîé èíôîðìàöèè, è âñå áîëüøå äàííûõ ñâèäåòåëüñòâóþò î òîì, ÷òî
àðõèòåêòóðà ÿäðà è ñòðóêòóðà ãåíîìà, â öåëîì, îêàçûâàþò çíà÷èòåëüíîå
âëèÿíèå íà ýòîò ïðîöåññ. Drosophila melanogaster ïðåäñòàâëÿåò ñîáîé
óäîáíûé ìîäåëüíûé îáúåêò äëÿ èññëåäîâàíèÿ ïîäîáíûõ ÿâëåíèé. Îäíèì èç
íàèáîëåå èçó÷åííûõ ïðèìåðîâ èíàêòèâàöèè ãåíà â ðåçóëüòàòå âçàèìîäåéñòâèÿ
óäàëåííûõ îáëàñòåé ãåíîìà ÿâëÿåòñÿ ìóòàöèÿ brownDominant D. melanogaster,
êîòîðàÿ âûçâàíà èíñåðöèåé áëîêà ãåòåðîõðîìàòèíà â êîäèðóþùóþ
ïîñëåäîâàòåëüíîñòü ãåíà brown íà äèñòàëüíîì êîíöå âòîðîé õðîìîñîìû.
Â ãåòåðîçèãîòàõ bwD/bw+  äàííûé áëîê ãåòåðîõðîìàòèíà ïðèâîäèò ê
ïåðåìåùåíèþ àëëåëÿ äèêîãî òèïà ãåíà brown (bw+) â ãåòåðîõðîìàòèíîâûé
êîìïàðòìåíò ÿäðà è âûêëþ÷åíèþ ãåíà.

Äðóãîé ïîäîáíûé ïðèìåð òðàíñ-âçàèìîäåéñòâèÿ óäàëåííûõ îáëàñòåé
ãåíîìà áûë íåäàâíî îáíàðóæåí â íàøåé ëàáîðàòîðèè: õðîìîñîìíàÿ
ïåðåñòðîéêà À4 âûçûâàåò òðàíñ-èíàêòèâàöèþ ðåïîðòåðíûõ êîíñòðóêöèé,
ðàñïîëîæåííûõ íà íîðìàëüíîé õðîìîñîìå, â ëèíèÿõ D. melanogaster,
ãåòåðîçèãîòíûõ ïî ïåðåñòðîéêå. Äàííàÿ õðîìîñîìíàÿ ïåðåñòðîéêà
ïðåäñòàâëÿåò ñîáîé èíâåðñèþ ôðàãìåíòà ëåâîãî ïëå÷à âòîðîé õðîìîñîìû, â
ðåçóëüòàòå êîòîðîé ó÷àñòîê ýóõðîìàòèíà ðàçìåðîì â ìèëëèîí ïàð
íóêëåîòèäîâ îêàçûâàåòñÿ îêðóæåííûì áëîêàìè ãåòåðîõðîìàòèíà. Öåëü
íàñòîÿùåé ðàáîòû çàêëþ÷àåòñÿ â èññëåäîâàíèè ìîëåêóëÿðíûõ îñíîâ
íàáëþäàåìîãî ýôôåêòà òðàíñ-èíàêòèâàöèè.

Ñ ïîìîùüþ ôëóîðåñöåíòíîé in situ ãèáðèäèçàöèè íà ïîëèòåííûõ
õðîìîñîìàõ èç ñëþííûõ æåëåç ëèíèè D. melanogaster, ãîìîçèãîòíîé ïî
èíâåðñèè, è ìåòîäà ÏÖÐ áûëî îïðåäåëåíî ïîëîæåíèå ýóõðîìàòè÷åñêîé òî÷êè
ðàçðûâà (ÒÐ) èíâåðñèè íà êîíöå ãåíà Mcm10. Ñ ïîìîùüþ ðåñòðèêöèîííîãî
àíàëèçà è ãèáðèäèçàöèè ïî Ñàóçåðíó îáëàñòü áûëà ñóæåíà äî 200 ïàð
íóêëåîòèäîâ. Â íàñòîÿùåå âðåìÿ ñ èñïîëüçîâàíèåì ìåòîäà îáðàòíîé ÏÖÐ
âåäåòñÿ ðàáîòà ïî îïðåäåëåíèþ ïîñëåäîâàòåëüíîñòåé ãåòåðîõðîìàòèíà,
ïðèëåæàùèõ ê ýóõðîìàòè÷åñêîé ÒÐ, äëÿ ëó÷øåãî ïîíèìàíèÿ ïðèðîäû
íàáëþäàåìîãî ýôôåêòà òðàíñ-èíàêòèâàöèè.

Êàðòèðîâàòü ýóõðîìàòè÷åñêóþ ÒÐ áûëî âàæíî è äëÿ òîãî, ÷òîáû
ïðàâèëüíî âûáðàòü ïîëîæåíèå ÄÍÊ-ïðîáû äëÿ èçó÷åíèÿ èçìåíåíèé â
ïðîñòðàíñòâåííîì ðàñïîëîæåíèè ïåðåñòðîåííîãî ôðàãìåíòà õðîìîñîìû â
ÿäðå: ó÷àñòîê ïîñàäêè çîíäà äîëæåí îáÿçàòåëüíî ðàñïîëàãàòüñÿ äî ÒÐ è â òî
æå âðåìÿ äîñòàòî÷íî áëèçêî ê íåé, ÷òî ïîçâîëèò äåòåêòèðîâàòü ìàëåéøèå
èçìåíåíèÿ â àðõèòåêòóðå ÿäðà. Ïîäõîä äëÿ îïðåäåëåíèÿ ïðîñòðàíñòâåííîãî
ðàñïîëîæåíèÿ èíâåðòèðîâàííîãî ôðàãìåíòà õðîìîñîìû âíóòðè ÿäðà
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As the result, we detected the decrease in a distance between signals in the
nuclei of the imaginal disks form the strain homozygous on the inversion, as
compared with the control (strain without the inversion). These data suggest a
translocation of the inversion region into the heterochromatic compartment of the
nucleus.

Now we are working on hybridization and immunostaining of the
D. melanogaster imaginal disks heterozygous on the inversion. We are also going
to conduct a simultaneous RNA-/DNA-hybridization to study the effect of the
translocation into the heterochromatic compartment of the nucleus on the expression
of reporter genes. The RNA amount will also be measured by reverse transcription
and Real-Time PCR.

Theoretically, the translocation of the inverted fragment into the
heterochromatic compartment of the nucleus must be accompanied by appearance
of the corresponding chromatin proteins, for example, HP1 protein, and of the
characteristic histone modifications, such as dimethylation on lysine 9 of histone
H3 (H3K9me2). The analysis of the protein composition of the inversion region
was carried out using chromatin immunoprecipitation (ChIP). We investigated the
distribution of HP1 and histone H3, dimethylated on lysine 9 (H3K9me2) or lysine
4 (H3K4me2), on the rearranged and normal chromosomes. H3K9me2 modification
and HP1 protein are characteristic features of heterochromatin, whereas H3K4me2
modification is of 'active' chromatin. According to our data, the significant
enrichment was observed only for HP1, whereas there were no essential differences
in histone H3 modifications between flies bearing the inversion and wild-type
ones.

The detected translocation of the inversion region into the heterochromatic
compartment of the nucleus in D. melanogaster strains heterozygous on the
inversion, may be realized only consequently to the chromatin loop formation.
The trans-inactivation of the reporter genes seems to be the consequence of such
event.

STUDYING THE LONG-RANGE CHROMOSOMAL
INTERACTIONS IN THE CASE OF TRANS-ACTING POSITION
EFFECT IN DROSOPHILA MELANOGASTER
Kibanov M.V., Lavrov S.A., Abramov Y.A., Gvozdev V.A.
Institute of Molecular Genetics RAS, Moscow
E-mail: mkibanov@gmail.com
Fax: (499) 196-02-21; tel.: (499) 196-08-09

Gene expression is regulated at many levels. Accumulating evidences point
to the nuclear architecture and the spatial organization of genome as the major
factors in regulation of a single gene expression. Fruit fly Drosophila melanogaster
is a convenient model system for investigation of such interactions. One of the
best-known examples of gene inactivation consequently to the trans-interactions
between extensive regions of genome is a mutation brownDominant  in D. melanogaster,
which is caused by insertion of a large block of heterochromatic satellite sequence
into the coding region of brown gene on the distal end of chromosome 2. In bwD/bw+

flies, heterozygous on the insertion, this block of heterochromatin acts in trans
and inactivates wild-type (bw+) allele of brown gene by bringing it into a 'silencing
compartment' of the nucleus.

Another example of the long-range chromosomal interactions has been
recently described in our laboratory. This genetic system is based on an inversion
in the left arm of the chromosome 2, titled A4. In heterozygous, this inversion
causes trans-inactivation of the reporter genes located on the normal homologous
chromosome. The main purpose of our survey is to investigate molecular bases of
this new trans-inactivation phenomenon.

First of all, using methods of fluorescence in situ-hybridization on the polytene
chromosomes from D. melanogaster salivary glands (strain homozygous on the
inversion) and PCR technique, we detected the position of an euchromatic
breakpoint (BP) at the end of Mcm10 gene. Then this region was narrowed to 200
bp by means of restriction analysis and Southern hybridization. Now we are using
inverse PCR technique to reveal the heterochromatic sequences that have been
juxtaposed to the euchromatic BP consequently to the inversion, for better
understanding of their possible role in the phenomenon.

The mapping of the euchromatic BP was also important for further studies of
the perturbations in nuclear architecture in the event of the inversion, because it
allowed us to choose an appropriate DNA probe. This probe, on one hand, must
hybridize with the region of the chromosome 2 left unaffected by the chromosomal
rearrangement – or we would get artificial data; and, on the other hand, it must be
directly juxtaposed to the BP for achieving maximal sensitivity. The approach for
determination of spatial location of the inverted chromosomal fragment within the
nuclei included hybridization of D. melanogaster imaginal disks with two probes
against inversion borders, volume scanning of the nuclei by means of confocal
microscopy, and data processing using specialized software that allowed
reconstruction of 3D-images and measuring of absolute distances between regions
of probes hybridization. During scanning of the preparations, we used the
nonstandard method of 'online fingerprinting', as a standard 'multi-channel' mode
did not achieve complete resolution of fluorophore emission spectra.
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Ïîëó÷åííûå äàííûå õîðîøî ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè ïî èññëåäîâàíèþ
ìèêðîñòðóêòóðû áåëêîâûõ ôðàêöèé êëåéêîâèíû ïðè ïðîâåäåíèè ïðîöåññà
âëàãî-òåïëîâîé îáðàáîòêè.

Ïðè ïîìîùè ñêàíèðóþùåé ýëåêòðîííîé ìèêðîñêîïèè áûëî îòìå÷åíî
èñ÷åçíîâåíèå ìåìáðàíîïîäîáíîé áåëêîâîé ñåòè èñõîäíîé êëåéêîâèíû è åå
óïëîòíåíèå ñ îáðàçîâàíèåì ðîâíîé ïëàòîïîäîáíîé ïîâåðõíîñòè ïðè 60îÑ ñ
ïîñëåäóþùèì ðàçðóøåíèåì è îáðàçîâàíèåì áåëêîâîé ñåòè ñ êðóïíûìè
ÿ÷åéêàìè ñ ìíîãî÷èñëåííûìè ðàçðûâàìè ñòåíîê ïðè 80îÑ. Òàêæå íàáëþäàëè
èçìåíåíèÿ, ïðîèñõîäÿùèå ñ ãëèàäèíîâîé è ãëþòåíèíîâîé ôðàêöèÿìè. Ïðè
ýòîì áîëüøèå ñôåðè÷åñêèå ÷àñòèöû ãëèàäèíà â ôîðìå îêòàýäðîâ ïðè 60îÑ
ñòàíîâèëèñü ìåëêèìè ÷àñòèöàìè íåïðàâèëüíîé ôîðìû ïðè 80îÑ, à ðîâíàÿ
ïëàòîïîäîáíàÿ ñòðóêòóðà ãëþòåíèíà ïðè 50-60îÑ èçìåíÿëàñü â ïîðèñòóþ è
íåîäíîðîäíóþ ïðè 80îÑ.

Èçó÷åíà çàâèñèìîñòü ðåîëîãè÷åñêèõ ñâîéñòâ êëåéêîâèíû ïøåíèöû è
åå ôðàêöèé îò íàëè÷èÿ ñâîáîäíûõ ñóëüôãèäðèëüíûõ ãðóïï è äèñóëüôèäíûõ
ñâÿçåé, à òàêæå èõ ñîîòíîøåíèÿ ïðè ðàçëè÷íûõ ðåæèìàõ âëàãî-òåïëîâîé
îáðàáîòêè. Ïîêàçàíî, ÷òî óêðåïëåíèå êëåéêîâèíû ïðè ïîâûøåíèè
òåìïåðàòóðû ñîïðîâîæäàåòñÿ óìåíüøåíèåì êîëè÷åñòâà ñâîáîäíûõ
ñóëüôãèäðèëüíûõ ãðóïï è óâåëè÷åíèåì êîëè÷åñòâà ðåîëîãè÷åñêè-àêòèâíûõ
äèñóëüôèäíûõ ñâÿçåé, ÷òî ïðîñëåæèâàåòñÿ êàê â ñàìîé êëåéêîâèíå, òàê è â
åå áåëêîâûõ ôðàêöèÿõ. Óâåëè÷åíèå êîëè÷åñòâà ðåîëîãè÷åñêè-àêòèâíûõ
äèñóëüôèäíûõ ñâÿçåé ïðè óâåëè÷åíèè òåìïåðàòóðû âëàãî-òåïëîâîé
îáðàáîòêè âîçìîæíî ñâÿçàíî ñ ÷àñòè÷íîé äåíàòóðàöèåé áåëêîâûõ
êîìïîíåíòîâ êëåéêîâèíû è, êàê áûëî ïîêàçàíî, èõ ðàñùåïëåíèåì íà
êîìïîíåíòû ñ áîëåå íèçêîé ìîëåêóëÿðíîé ìàññîé, äèñóëüôèäíûå ñâÿçè â
êîòîðûõ ãîðàçäî ëåã÷å ïîääàþòñÿ àíàëèçó. Óâåëè÷åíèå òåìïåðàòóðû
îáðàáîòêè ïøåíèöû âî âñåõ ñëó÷àÿõ ïðèâîäèëî ê óâåëè÷åíèþ ñîîòíîøåíèÿ
SS/SH-ãðóïï.

Ìåòîäîì ÈÊ-ñïåêòðîñêîïèè óñòàíîâëåíî, ÷òî ïîâûøåíèå òåìïåðàòóðû
îáðàáîòêè âûøå 60îÑ âûçûâàåò óâåëè÷åíèå îòíîñèòåëüíîé èíòåíñèâíîñòè
ïîëîñ ïîãëîùåíèÿ, îòâåòñòâåííûõ çà âîäîðîäíûå ñâÿçè.

Òàêèì îáðàçîì, óñòàíîâëåíî, ÷òî ïðè ïðîâåäåíèè ïðîöåññà âëàãî-
òåïëîâîé îáðàáîòêè ïðîèñõîäÿò çíà÷èòåëüíûå èçìåíåíèÿ âî
âíóòðèìîëåêóëÿðíûõ ñâÿçÿõ áåëêîâûõ ìîëåêóë êëåéêîâèíû, ïðèâîäÿùèå ê
ñóùåñòâåííûì èçìåíåíèÿì åå ðåîëîãè÷åñêèõ ñâîéñòâ, à èìåííî - àññîöèàöèè
(àãðåãàöèè) è äèññîöèàöèè åå îñíîâíûõ áåëêîâûõ ôðàêöèé çà ñ÷åò ðåàêöèé
òèîë-äèñóëüôèäíîãî îáìåíà, óñèëåíèÿ ïðî÷íîñòè âîäîðîäíûõ ñâÿçåé è
óìåíüøåíèÿ ãèäðîôîáíîñòè.
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Âíóòðèìîëåêóëÿðíûå ñâÿçè âûïîëíÿþò âàæíûå ôóíêöèè ïî
ïîääåðæàíèþ íàòèâíîé êîíôîðìàöèè áåëêîâ êëåéêîâèíû, îäíàêî ìåõàíèçì
èõ ó÷àñòèÿ â ôîðìèðîâàíèè è èçìåíåíèè åå ðåîëîãè÷åñêèõ ñâîéñòâ â
ðåçóëüòàòå âëàãî-òåïëîâîé îáðàáîòêè çåðíà ïøåíèöû Óçáåêèñòàíà èçó÷åí
íåäîñòàòî÷íî. Ñðåäè âíóòðèìîëåêóëÿðíûõ ñâÿçåé â êëåéêîâèíå ïøåíèöû
íàèáîëåå èçó÷åíû êîâàëåíòíûå äèñóëüôèäíûå ñâÿçè, îáðàçóþùèåñÿ çà ñ÷åò
îñòàòêîâ öèñòåèíà è èãðàþùèå âàæíóþ ðîëü â îïðåäåëåíèè ñòðóêòóðû è
ôóíêöèîíàëüíûõ ñâîéñòâ êëåéêîâèíû. Äàííûå ñâÿçè ÿâëÿþòñÿ îñíîâíîé
ìèøåíüþ áîëüøèíñòâà îêèñëèòåëüíî-âîññòàíîâèòåëüíûõ ðåàêöèé,
ïðîòåêàþùèõ âî âðåìÿ ñîçðåâàíèÿ çåðíà, õðàíåíèÿ, ïîìîëà, ïðèãîòîâëåíèÿ
òåñòà è âûïå÷êè. Â òî æå âðåìÿ, êîâàëåíòíàÿ ñòðóêòóðà êëåéêîâèííîé ñåòè
ïîääåðæèâàåòñÿ çà ñ÷åò íåêîâàëåíòíûõ ñâÿçåé: âîäîðîäíûõ, èîííûõ è
ãèäðîôîáíûõ. Ýòîò êëàññ õèìè÷åñêèõ ñâÿçåé îáëàäàåò ãîðàçäî ìåíüøåé
ýíåðãèåé, ÷åì êîâàëåíòíûå ñâÿçè, íî î÷åíü âàæåí â îáåñïå÷åíèè àãðåãàöèè
áåëêîâ êëåéêîâèíû è ñòàáèëèçàöèè ñòðóêòóðû òåñòà.

Öåëüþ íàøåé ðàáîòû áûëî ïîêàçàòü âëèÿíèå ðàçëè÷íîé òåìïåðàòóðû
ïðîöåññà ïðè âëàãî-òåïëîâîé îáðàáîòêå çåðíà ïøåíèöû íà áåëêè êëåéêîâèíû
âî âçàèìîñâÿçè åå ðåîëîãè÷åñêèõ ñâîéñòâ, ñîäåðæàíèÿ ñâîáîäíûõ
ñóëüôãèäðèëüíûõ ãðóïï, äèñóëüôèäíûõ, ãèäðîôîáíûõ è âîäîðîäíûõ ñâÿçåé.

Èññëåäîâàíèå ïðîâîäèëè íà ïøåíèöå ñîðòà Êðîøêà, âûðàùåííîé â
ïðèðîäíî-êëèìàòè÷åñêèõ óñëîâèÿõ Óçáåêèñòàíà, óðîæàÿ 2006 è 2008 ãã.
Âëàãî-òåïëîâóþ îáðàáîòêó ïðîâîäèëè â èíòåðâàëå òåìïåðàòóð îò 40 äî 80îÑ.
Îòìå÷åíî, ÷òî óâåëè÷åíèå òåìïåðàòóðû îáðàáîòêè ïøåíèöû ñïîñîáñòâóåò
óêðåïëåíèþ êëåéêîâèíû è ñíèæåíèþ åå ãèäðàòàöèîííîé
(âîäîïîãëîòèòåëüíîé) ñïîñîáíîñòè. Ïîêàçàíèÿ ïðèáîðà ÈÄÊ-1 èçìåíÿëèñü
îò 110 åä. (III ãðóïïà êà÷åñòâà) â èñõîäíîé êëåéêîâèíå äî 90 åä. (II ãðóïïà
êà÷åñòâà) ïðè òåìïåðàòóðå 70îÑ.

Ìåòîäàìè îáðàùåííî-ôàçîâîé è ýêñêëþçèîííîé õðîìàòîãðàôèè
óñòàíîâëåíî, ÷òî ïðîâåäåíèå ïðîöåññà âëàãî-òåïëîâîé îáðàáîòêè âûçûâàåò
óìåíüøåíèå ýêñòðàêòèâíîñòè è èçìåíåíèå ñîîòíîøåíèÿ âûñîêî- è
íèçêîìîëåêóëÿðíûõ  áåëêîâûõ êîìïîíåíòîâ. Ïðè ýòîì ïîâûøåíèå
òåìïåðàòóðû îáðàáîòêè âûøå 60îÑ âî âñåõ ñëó÷àÿõ, çà èñêëþ÷åíèåì ôðàêöèè
ãëþòåíèíîâ, ïðèâîäèëî ê óìåíüøåíèþ ñîäåðæàíèÿ âûñîêîìîëåêóëÿðíûõ
êîìïîíåíòîâ c îäíîâðåìåííûì óâåëè÷åíèåì êîëè÷åñòâà íèçêîìîëåêóëÿðíûõ.
Ãëþòåíèíîâàÿ ôðàêöèÿ áûëà áîëåå ïîäâåðæåíà âîçäåéñòâèþ âûñîêèõ
òåìïåðàòóð è îáëàäàëà áîëüøåé ñïîñîáíîñòüþ ê àãðåãàöèè, ïðîèñõîäÿùåé,
â îñíîâíîì, çà ñ÷åò êîìïîíåíòà ñ ìîëåêóëÿðíîé ìàññîé 113,42 êÄà.
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and formation of the protein network with large cells with their numerous breaks
at the 80oÑ. Also the changes occurring in fractions of gliadin and glutenin at the
conditions process have been observed. The greater spherical particles in the form
of octahedrons of gliadin transformed at the 60oÑ into fine particles of the wrong
form at the 80oÑ, and equal sheetlike structure of glutenin at the 50-60oÑ changed
in porous and non-uniform at the 80oÑ.

Dependence reological properties of gluten and its fractions from presence
free sulphydryl groups and disulphide bonds, and also their correlations is studied
at the various temperatures modes of water-thermal processing. It is shown, that
strengthening of gluten at rise in temperature is accompanied by reduction of
quantity free sulphydryl groups and increase in quantity reological-active disulphide
bonds that is have place both in gluten and in its protein fractions. The increase in
quantity of reological-active disulphide bonds at the increasing temperature is
probably relation with the partial denaturation of gluten protein components and
their splitting on components with lower Mm (as was shown earlier), in which
disulphide bonds give in to the analysis is much easier. The increase in temperature
of processing of wheat in all cases led to increase in correlation of SS/SH-groups.

By method of IR-spectroscopy it is established, that the increase in temperature
of water-thermal processing above 60oÑ causes increase in relative intensity of
absorption strips responsible for hydrogen bonds.

Thus, it is established, that at carrying out of water-thermal processing have
place significant changes in intramolecular bonds of protein molecules of gluten,
leading to its essential changes of reological properties, associations (aggregation)
and dissociation its basic protein fractions due to reactions of sulphydryl/disulphide
exchange, strengthening of durability of hydrogen bonds and reduction of
hydrophobic capacity.

CHANGES INTRAMOLECULAR BANDS IN THE GLUTEN
PROTEINS DURING WATER-THERMAL PROCESSING OF THE
WHEAT OF UZBEKISTAN
Korablyova N.V., Kasimova T.D.
Institute of the Chemistry of Plant Substances, A.S. of the Republic of
Uzbekistan, Tashkent, Republic of Uzbekistan
E-mail: nadya1477@yahoo.com
Fax: (99871) 120-64-75

Intramolecular bonds realize the important functions to save the natural
conformation of the protein's molecules, however, the mechanism of their
participation in formation and its change as a result of water-thermal processing is
studied insufficiently. Among intramolecular bonds in gluten of the wheat are most
studied covalent disulphide bonds formed due to the rests cysteines and playing
the important role in definition of structure and functional properties of gluten.
These bonds are the main target for the most oxidation-reduction reactions that
occur during maturing of grain, storage, milling, dough preparation and a baking.
At the same time, covalent structure of gluten networks is supported due to non-
covalent bonds: hydrogen bonds, ionic bonds and hydrophobic bonds. This class
of chemical bonds is less energetic, than covalent bonds, but is very important in
aggregation of gluten proteins and stabilization of dough structure.

The aim of our work was to show influence of various temperature of water-
thermal processing of wheat on gluten proteins in its interrelation reological
properties, the quantity free sulphydryl groups, disulphide bonds, hydrophobic
and hydrogen bonds.

We studied of the soft wheat, grown up in climate of Uzbekistan, harvest of
2006 and 2008 years. Water-thermal processing spent in an interval of temperatures
from 40 up to 80oÑ.

It is noted, that the increase in processing temperature of wheat promotes
strengthening gluten and to its decrease hydration (water-absorbing) ability.
Instrument readings of IDK-1 changed from 110 units (III group of quality) in
initial gluten up to 90 units (II group of quality) at temperature 70oÑ.

By methods rapid-phase and size-exclusion HPLC have been established,
that carrying out of water-thermal processing are causes change of correlation
high- and low-molecular components. Thus, rise of the process temperature above
60oÑ in all cases, except for glutenin fraction, led to reduction of high-molecular
components and simultaneous increase in quantity of low-molecular components.
Glutenin fraction has been more subject to influence of heats and possessed greater
ability to aggregation occurring, basically, due to a component with Mm
113,42 êDà. Obtained data coordinated well with the results on research of gluten
microstructure and its fractions during of water-thermal processing.

The changes occurring in a microstructure of gluten and its fractions at the
various temperature modes of conditions process in a range from 40-80oÑ have
been investigated by scanning electronic microscopy. Thus marked disappearance
membrane structure protein network initial gluten and its condensation with
formation equal sheetlike surfaces at the 60oÑ with the subsequent destruction,
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ìóòàöèè. Ãåíû, ýêñïðåññèÿ êîòîðûõ óâåëè÷èâàåòñÿ â ãåðìèíàëüíûõ òêàíÿõ
ãîìîçèãîò ïî ñðàâíåíèþ ñ ãåòåðîçèãîòàìè ïî ìóòàöèè, âîçìîæíî,
ïîäâåðãàþòñÿ ïîäàâëåíèþ ïðè ó÷àñòèè rasiÐÍÊ. Óâåëè÷åíèå ýêñïðåññèè
íåêîòîðûõ ãåíîâ â ÿè÷íèêàõ ãîìîçèãîò ïî ìóòàöèè ìîæåò îòðàæàòü íå
èññëåäîâàííûå ðàíåå àêòèâèðóþùèå ñâîéñòâà SPN-E èëè æå êàêèå-ëèáî
îïîñðåäîâàííûå âçàèìîäåéñòâèÿ. Íåêîòîðûå èç ãåíîâ, ýêñïðåññèÿ êîòîðûõ
ìåíÿåòñÿ ïðè ìóòàöèè spn-E, ó÷àñòâóþò â ìåòàáîëèçìå ÐÍÊ â ÿè÷íèêàõ
äðîçîôèëû.

Âåðèôèêàöèÿ âûÿâëåííûõ ðàçëè÷èé â ýêñïðåññèè ãåíîâ ïðîâîäèëàñü
ìåòîäîì êîëè÷åñòâåííîé ÎÒ-ÏÖÐ è ïîäòâåðäèëà íàëè÷èå çíà÷èìûõ ðàçëè÷èé
â óðîâíå ýêñïðåññèè ðÿäà ãåíîâ. Â äàëüíåéøåì ïðåäïîëàãàåòñÿ ïðîâåñòè
èññëåäîâàíèÿ äðóãèõ ìóòàöèé, íàðóøàþùèõ rasiÐÍÊ-îïîñðåäîâàííûé
ñàéëåíñèíã. Â ñëó÷àå ñîâïàäåíèÿ îáíàðóæåííûõ ãåíîâ-ìèøåíåé äëÿ ðàçíûõ
ìóòàöèé ìîæíî ïðåäïîëîæèòü, ÷òî âåðîÿòíà ðåãóëÿöèÿ ïðè ó÷àñòèè rasiÐÍÊ.
Òàêæå ïëàíèðóåòñÿ èçó÷åíèå âîçìîæíîé ðîëè êîðîòêèõ ÐÍÊ â ðåãóëÿöèè
ýêñïðåññèè èäåíòèôèöèðîâàííûõ ãåíîâ.

ÏÎÈÑÊ ÍÎÂÛÕ ÌÈØÅÍÅÉ ÐÍÊ-ÈÍÒÅÐÔÅÐÅÍÖÈÈ ÏÓÒÅÌ
ÀÍÀËÈÇÀ ÏÐÎÔÈËÅÉ ÝÊÑÏÐÅÑÑÈÈ ÃÅÍÎÂ
Â  ÃÅÐÌÈÍÀËÜÍÛÕ ÒÊÀÍßÕ ÄÐÎÇÎÔÈË, ÌÓÒÀÍÒÍÛÕ
ÏÎ  ÃÅÍÓ SPN-E
Êîðáóò À.Ï., Ëàâðîâ Ñ.À., Ãâîçäåâ Â.À.
Èíñòèòóò ìîëåêóëÿðíîé ãåíåòèêè ÐÀÍ, Ìîñêâà
E-mail: alincha@yandex.ru
Ôàêñ: (499) 196-00-12, òåë.: (499) 196-81-73

Çíà÷èòåëüíàÿ ÷àñòü ýóêàðèîòè÷åñêèõ ãåíîìîâ ïðåäñòàâëåíà
ïîâòîðÿþùèìèñÿ ïîñëåäîâàòåëüíîñòÿìè ÄÍÊ, â òîì ÷èñëå ìîáèëüíûìè
ýëåìåíòàìè. Èçáûòî÷íàÿ ýêñïðåññèÿ òàêèõ ýëåìåíòîâ ïðèâîäèò ê ìóòàöèÿì
è õðîìîñîìíûì ïåðåñòðîéêàì, ïîýòîìó êëåòêà êîíòðîëèðóåò åå ñ ïîìîùüþ
ñïåöèàëüíûõ ìåõàíèçìîâ. Ïîäàâëåíèå ýêñïðåññèè ãåíîìíûõ ïîâòîðîâ â
çàðîäûøåâîé ëèíèè Drosophila melanogaster ïðîèñõîäèò ïðè ó÷àñòèè
êîðîòêèõ èíòåðôåðèðóþùèõ ÐÍÊ, ñâÿçàííûõ ñ ïîâòîðàìè – òàê íàçûâàåìûõ
rasiÐÍÊ (îò repeat-associated short interfering RNA). Ìåõàíèçì ñàéëåíñèíãà,
îïîñðåäîâàííîãî rasiÐÍÊ, îòëè÷àåòñÿ îò ìåõàíèçìîâ ïîäàâëåíèÿ ýêñïðåññèè
ïðè ó÷àñòèè microÐÍÊ è siÐÍÊ. rasiÐÍÊ äëèííåå, ÷åì siÐÍÊ è microÐÍÊ, è
âçàèìîäåéñòâóþò ñ äðóãèìè áåëêàìè Argonaute – áåëêàìè ïîäñåìåéñòâà Piwi.
Ðåãóëÿöèÿ ýêñïðåññèè ïðè ó÷àñòèè rasiÐÍÊ ïîêàçàíà äëÿ ìíîæåñòâà ìèøåíåé,
íî âñå îíè ïðåäñòàâëÿþò ñîáîé ðàçëè÷íûå òèïû ïîâòîðîâ. Çàäåéñòâîâàí ëè
ýòîò ìåõàíèçì èëè åãî êîìïîíåíòû â ðåãóëÿöèè êàêèõ-ëèáî óíèêàëüíûõ
êëåòî÷íûõ ãåíîâ, íà ñåãîäíÿøíèé äåíü íå èçâåñòíî. Áèîãåíåç rasiÐÍÊ ïîêà
èçó÷åí ñëàáî, íî åñòü äàííûå î òîì, ÷òî ó äðîçîôèëû ïðîäóêòû ãåíîâ spn-E
è armi èãðàþò â íåì âàæíóþ ðîëü. Ìóòàöèè â ýòèõ ãåíàõ ïðèâîäÿò ê ðåçêîìó
âîçðàñòàíèþ êîëè÷åñòâà òðàíñêðèïòîâ ìîáèëüíûõ ýëåìåíòîâ â êëåòêàõ
çàðîäûøåâîé ëèíèè äðîçîôèëû è èñ÷åçíîâåíèþ ñîîòâåòñòâóþùèõ èì
rasiÐÍÊ. Ìóõè, ãîìîçèãîòíûå ïî ìóòàöèè â spn-E, ñòåðèëüíû, ó íèõ
íàáëþäàþòñÿ ìíîæåñòâåííûå íàðóøåíèÿ ãàìåòîãåíåçà, â òîì ÷èñëå ìèãðàöèè,
ïîëÿðèçàöèè îîöèòà è ðåîðãàíèçàöèè öèòîñêåëåòà öèñòû.

Èäåíòèôèêàöèÿ íîâûõ ïàðòíåðîâ SPN-E ïî âçàèìîäåéñòâèÿì ìîæåò
ïðîÿñíèòü ñâÿçü ìåæäó äâóìÿ èçâåñòíûìè ôóíêöèÿìè ýòîãî áåëêà –
ïîäàâëåíèåì ýêñïðåññèè ãåíîìíûõ ïîâòîðîâ â çàðîäûøåâîé ëèíèè è
ó÷àñòèåì â ãàìåòîãåíåçå. Îäíèì èç âîçìîæíûõ ïîäõîäîâ äëÿ èäåíòèôèêàöèè
íîâûõ âçàèìîäåéñòâèé êîìïîíåíòîâ ñèñòåìû rasiÐÍÊ-îïîñðåäîâàííîãî
ñàéëåíñèíãà ÿâëÿåòñÿ àíàëèç ïðîôèëåé ýêñïðåññèè ãåíîâ â ãåðìèíàëüíûõ
òêàíÿõ äðîçîôèë, íåñóùèõ ìóòàöèè â ãåíàõ, íåîáõîäèìûõ äëÿ ýòîãî òèïà
ñàéëåíñèíãà. Äëÿ ýòîãî íàìè áûëè èñïîëüçîâàíû òðàñíêðèïòîìíûå
ìèêðî÷èïû. Áûëà îïòèìèçèðîâàíà ìåòîäèêà àìïëèôèêàöèè è íåïðÿìîãî
ìå÷åíèÿ ÐÍÊ èç ÿè÷íèêîâ ìóõ, òàê ÷òî ñîîòíîøåíèå óðîâíåé ýêñïðåññèè
ãåíîâ ó ìóõ, ãîìî- è ãåòåðîçèãîòíûõ ïî ìóòàöèè, ïðàêòè÷åñêè íå ìåíÿåòñÿ â
õîäå àìïëèôèêàöèè ÐÍÊ äëÿ ãèáðèäèçàöèè åå ñ ìèêðî÷èïàìè. Ìû ïðîâåëè
ýêñïðåññèîííûé àíàëèç ÐÍÊ èç ÿè÷íèêîâ ìóõ, ãîìî- è ãåòåðîçèãîòíûõ ïî
ìóòàöèè â spn-E. Àíàëèç ðåçóëüòàòîâ âûÿâèë ñóùåñòâåííûå ðàçëè÷èÿ â
êîëè÷åñòâå òðàíñêðèïòîâ ðÿäà ãåíîâ ìåæäó ãîìî- è ãåòåðîçèãîòàìè ïî
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Íàíîðàçìåðíûå ñèñòåìû äîñòàâêè ëåêàðñòâ, â òîì ÷èñëå ëèïîñîìû –
ýòî ìíîãîîáåùàþùèé ïîäõîä ê ëå÷åíèþ îíêîëîãè÷åñêèõ è âîñïàëèòåëüíûõ
çàáîëåâàíèé. Ýôôåêòèâíîñòü òåðàïèè â äàííîì ñëó÷àå ïîâûøàåòñÿ çà ñ÷åò
óìåíüøåíèÿ îáùåé òîêñè÷íîñòè ïðåïàðàòîâ è óâåëè÷åíèÿ èõ íàêîïëåíèÿ â
î÷àãàõ ïàòîëîãèè (ïàññèâíûé òðàíñïîðò). Îäíàêî, òåõíîëîãè÷íûå ìåòîäû
âêëþ÷åíèÿ â ñîñòàâ ëèïîñîì âîäîðàñòâîðèìûõ ëåêàðñòâ ðàçðàáîòàíû ëèøü
äëÿ îãðàíè÷åííîãî êðóãà ïðåïàðàòîâ, èìåþùèõ àìôèôèëüíóþ êàòèîííóþ
èëè àíèîííóþ ñòðóêòóðó ìîëåêóë [1]. Ñïîñîá ïîëó÷åíèÿ ëåêàðñòâåííûõ
ëèïîñîì ñóùåñòâåííî óïðîùàåòñÿ, åñëè âêëþ÷àòü â íèõ ïðåïàðàòû â âèäå
ëèïîôèëüíûõ ïðîëåêàðñòâ (ðàñùåïëÿåìûõ âíóòðèêëåòî÷íûìè ôåðìåíòàìè
ñ âûñâîáîæäåíèåì èñõîäíîãî àãåíòà) [2]. Áîëåå òîãî, èçâåñòíî, ÷òî
ëèïîôèëüíûå ïðîëåêàðñòâà îáëàäàþò óëó÷øåííîé ôàðìàêîêèíåòèêîé. Äëÿ
äîñòèæåíèÿ àêòèâíîãî òðàíñïîðòà ëèïîñîìû ìîãóò áûòü îñíàùåíû
óãëåâîäíûìè ëèãàíäàìè ñåìåéñòâà ñèàëèë Ëüþèñ, êîòîðûå ñïåöèôè÷íû ê
ñåëåêòèíàì – óãëåâîäñâÿçûâàþùèì ãëèêîïðîòåèíàì, ïîâûøåííî
ýêñïðåññèðóþùèìñÿ íà ïîâåðõíîñòè êëåòîê ýíäîòåëèÿ, àêòèâèðîâàííîãî â
î÷àãàõ âîñïàëåíèÿ è íåîâàñêóëÿðèçàöèè [2, 3].

Íàìè èññëåäîâàíà ôèçèêî-õèìè÷åñêàÿ ñòàáèëüíîñòü ëèïîñîì,
íàãðóæåííûõ 1,2-äèîëåîèëãëèöåðèäíûìè ñëîæíîýôèðíûìè ïðîèçâîäíûìè
øèðîêî ïðèìåíÿåìûõ â êëèíèêå ïðåïàðàòîâ ìåòîòðåêñàòà è ìåëôàëàíà
(MTX-DG è Mlph-DG, ñîîòâåòñòâåííî). Ëèïîñîìû ïîëó÷àëè ìåòîäîì
ýêñòðóçèè ÷åðåç ìåìáðàííûå ôèëüòðû ñ ïîðàìè 100 íì èç ñìåñè ÿè÷íûé
ôîñôàòèäèëõîëèí (PC) – ôîñôàòèäèëèíîçèò (PI) èç ïåêàðñêèõ äðîææåé –
MTX-DG/Mlph-DG, 8:1:1 (ìîë.). Ïî äàííûì äèíàìè÷åñêîãî ëàçåðíîãî
ñâåòîðàññåÿíèÿ, ýëåêòðîííîé ìèêðîñêîïèè, ãåëü-õðîìàòîãðàôèè,
ñïåêòðîôîòîìåòðèè è ýëåìåíòíîãî àíàëèçà íà ôîñôîð, ïðîëåêàðñòâà
ïîëíîñòüþ (10 ìîë. %) âñòðàèâàþòñÿ â ëèïèäíûé áèñëîé ìîíîëàìåëëÿðíûõ
ëèïîñîì ñðåäíåãî ðàçìåðà, ìåíåå 100 íì [4]. Íàìè òàêæå óñòàíîâëåíî, ÷òî
MTX-DG è Mlph-DG â ëèïîñîìàëüíûõ ôîðìàõ óñòîé÷èâû ê
ïðåæäåâðåìåííîìó ãèäðîëèçó âíåêëåòî÷íûìè ýñòåðàçàìè êðîâè ÷åëîâåêà: ñ
ïîìîùüþ ÂÝÆÕ-àíàëèçà ïîêàçàíî, ÷òî ïðè èíêóáàöèè ëèïîñîì â ïëàçìå
in vitro ïðè 37oÑ âïëîòü äî 24 ÷ ðàñùåïëåíèÿ ïðîëåêàðñòâ íå ïðîèñõîäèò [5].

Ëèïîñîìàëüíûå ïðåïàðàòû MTX-DG è Mlph-DG ïðåäíàçíà÷åíû äëÿ
ñèñòåìíîãî ââåäåíèÿ, ïîýòîìó èññëåäîâàíèÿ èõ ãåìîñîâìåñòèìîñòè ÿâëÿþòñÿ
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Institute of Molecular Genetics RAS, Moscow
E-mail: alincha@yandex.ru
Fax: (499) 196-00-12, tel.: (499) 196-81-73

Repetitive sequences, including transposable elements, form a considerable
part of eukaryotic genome. Overexpression of transposable elements usually results
in mutations and chromosomal rearrangements, so they should be under keen
cellular control. Silencing of genomic repeats, including mobile elements, in
Drosophila melanogaster germline is mediated by repeat-associated short
interfering RNAs (rasiRNAs) interacting with Argonaute proteins of the Piwi
subfamily. rasiRNA-based silencing differs from both the siRNA and microRNA
pathways. rasiRNAs are longer than miRNAs and siRNAs and interact with different
Argonaute proteins. rasiRNA-mediated regulation of expression has been shown
for many target sequences but all of them represent different types of repeats,
including transposable elements. It is not known whether some unique cellular
genes are regulated by this pathway. Biogenesis of rasiRNAs is still understood
poorly but it is known that in Drosophila spn-E and armi gene products play an
important role in it. Mutations in the spn-E gene lead to drastic increase of amount
of transcripts from repetitive elements. Flies homozygous for mutations in the
spn-E gene are sterile and manifest multiple aberrations in gametogenesis, including
disturbance of oocyte migration, polarization and reorganization of the cyst
cytoskeleton.

Identification of new interaction partners of spn-E gene product could reveal
a linkage between the processes of repeat silencing and correct gametogenesis. A
possible approach for identification of new targets of the rasiRNA-mediated
silencing machinery is expression profiling of germinal tissues of flies carrying
mutations in genes that are necessary for this type of silencing. We optimized the
RNA amplification and indirect labeling protocol so that ratios between gene
expression levels in flies homozygous and heterozygous for the mutation remained
unaffected during amplification. Then we performed expression profiling of ovaries
of flies carrying mutations in spn-E gene using Drosophila transcriptome
microarrays. Our analysis revealed significant alterations in abundance of some
transcripts in homozygous mutant flies in comparison to heterozygous control
flies. We identified genes that are upregulated and downregulated in homozygous
mutant flies. Upregulated genes may be subjected to rasiRNA-mediated silencing.
Downregulation may reflect unexplored activating function of the rasiRNA pathway
components or some type of indirect interactions. Several affected genes participate
in RNA metabolism in Drosophila ovary. Validation of putative targets was
performed by quantitative RT-PCR and confirmed transcript abundance differences
for some genes. We are going to analyse other mutations that disrupt rasiRNA-
mediated silencing. If same targets for different mutations are found, regulation
by the rasiRNA pathway is plausible for such targets. Further research includes
investigation of the role of rasiRNA-mediated silencing machinery in regulation
of their expression.
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Nanoscale drug delivery systems, including liposomes, offer promising
approaches for the treatment of cancers and inflammatory diseases as they allow
for increased therapeutic efficacy through lower systemic toxicity and higher rates
of drug accumulation at pathology sites (passive targeting). However, efficient
technology of liposome loading with water-soluble drugs has been developed for
a limited number of molecules of amphiphilic cationic or anionic nature [1].
Meanwhile, liposome preparation procedure is significantly simplified through
incorporation of lipophilic prodrugs into the lipid bilayer, free drug being released
upon enzymatic cleavage of the prodrug inside target cells [2]. Besides, lipophilic
prodrugs are known to exhibit improved pharmacokinetics. Active targeting may
be achieved through grafting of carbohydrates of sialyl Lewis (SiaLe) family onto
the surface of liposomes, as they are known to be ligands to selectins, a group of
cell adhesion glycoproteins expressed on activated endothelium cells at
inflammatory and neovascularization sites [2,3].

Liposomes loaded with 1,2-dioleoylglyceride esters of widely used
chemotherapeutics methotrexate and melphalan (MTX-DG and Mlph-DG,
respectively) were studied in terms of their physicochemical stability. Liposomes
composed of egg phosphatidylcholine (PC) – phosphatidylinositol (PI) of baker's
yeast – MTX-DG/Mlph-DG, 8:1:1 (by mol), were prepared by extrusion through
polycarbonate membrane filters with mean pore diameter of 100 nm. According
to dynamic laser light scattering, electron microscopy, gel filtration,
spectrophotometry, and elemental analysis of phosphorus concentration data, the
prodrugs incorporate completely into lipid bilayer of monolamellar liposomes less
than 100 nm in diameter [4]. We have also demonstrated MTX-DG and Mlph-DG
liposomal formulations to be stable towards premature hydrolysis by extracellular
esterases during incubation in human plasma at 37°C up to 24 h in vitro [5].

As liposomes are to be administered systemically, there is no doubt
hemocompatibility studies of the liposomal formulations are obligatory. In this
respect, the following panel of tests was performed: hemolysis test; red blood cell
morphology, counting, and size distribution; platelet counting and size distribution;
complement activation; and coagulation cascade activation. Liposomes loaded
with MTX- or Mlph-DG either equipped with glycoconjugate vectors
(diglyceride-PEG conjugates of SiaLea/SiaLeX, 2 mol %) or not, were studied. In
vitro hemocompatibility tests of the liposomal formulations were performed
according to ISO standards (10993-4).

îáÿçàòåëüíûìè. Íàìè ïðîâåäåíà ñåðèÿ èñïûòàíèé ëèïîñîì in vitro,
âêëþ÷àþùàÿ ñëåäóþùèå ýêñïåðèìåíòû: òåñòû íà ãåìîëèç; èññëåäîâàíèÿ
ìîðôîëîãèè, ðàñïðåäåëåíèÿ ïî ðàçìåðàì è êîëè÷åñòâó ýðèòðîöèòîâ è
òðîìáîöèòîâ; àíàëèç ñòåïåíè àêòèâàöèè ñèñòåìû êîìïëåìåíòà, à òàêæå
êàñêàäà êîàãóëÿöèè. Èññëåäîâàëè òàêæå ïðåïàðàòû ëåêàðñòâåííûõ ëèïîñîì
ñ óãëåâîäíûìè ëèãàíäàìè ñåìåéñòâà ñèàëèë Ëüþèñ (äèîëåîèëãëèöåðèäíûå
ÏÝÃ-ñîäåðæàùèå êîíúþãàòû SiaLeà/SiaLeX-PEG-DG, 2 ìîë %). Òåñòû íà
ãåìîñîâìåñòèìîñòü ïðîâîäèëè â ñîîòâåòñòâèè ñ ðåêîìåíäàöèÿìè
Ìåæäóíàðîäíîé îðãàíèçàöèè ïî ñòàíäàðòèçàöèè ISO (10993-4).

Ëèïîñîìû, íàãðóæåííûå Mlph-DG, êàê ñ óãëåâîäíûìè ëèãàíäàìè, òàê
è áåç íèõ, íå ïðîÿâèëè çíà÷èòåëüíîé ðåàêòèâíîñòè ïî îòíîøåíèþ ê
êîìïîíåíòàì êðîâè íè â îäíîì èç òåñòîâ. Â îòëè÷èå îò íèõ, MTX-DG â
ëèïîñîìàëüíîé ôîðìå çàìåäëÿë êîàãóëÿöèþ è âûçûâàë àêòèâàöèþ ñèñòåìû
êîìïëåìåíòà, ïðè÷åì â êîíöåíòðàöèîííî-çàâèñèìîé ôîðìå. Íà
ãåìîðåàêòèâíîñòü ëèïîñîì íå âëèÿëè ñòðóêòóðà óãëåâîäíîãî ëèãàíäà, à òàêæå
íàëè÷èå èëè îòñóòñòâèå PI , âûïîëíÿþùåãî ðîëü ïîâåðõíîñòíî-
ñòàáèëèçèðóþùåãî ôàêòîðà â ñîñòàâå ëèïîñîì. Óãíåòåíèå êîàãóëÿöèîííîé
àêòèâíîñòè è àêòèâàöèÿ ñèñòåìû êîìïëåìåíòà, âåðîÿòíî, ñâÿçàíû ñ
àäñîðáöèåé íà îòðèöàòåëüíî çàðÿæåííîé ïîâåðõíîñòè ÌÒÕ-ëèïîñîì
áåëêîâûõ êîìïîíåíòîâ, âîâëå÷åííûõ âî âçàèìîñâÿçàííóþ ñåòü êàñêàäîâ
ñèñòåì àêòèâàöèè êîàãóëÿöèè è êîìïëåìåíòà. Âàæíî, ÷òî âëèÿíèå íà ñèñòåìû
êîàãóëÿöèè è êîìïëåìåíòà çíà÷èòåëüíî óìåíüøàëîñü ïðè ïîíèæåíèè
íàãðóçêè ëèïîñîì MTX-DG îò 10 äî 2.5 ìîë. %.

Ïðîâåäåííàÿ ñåðèÿ òåñòîâ íà ãåìîñîâìåñòèìîñòü ÿâëÿåòñÿ ñêðèíèíãîâîé
è ïðåäíàçíà÷åíà äëÿ èñêëþ÷åíèÿ àáñîëþòíî íåïðèåìëåìûõ ïðåïàðàòîâ.
Íàøè äàííûå ñâèäåòåëüñòâóþò â ïîëüçó îòíîñèòåëüíîé òîëåðàíòíîñòè
ëèïîñîìàëüíîé ñèñòåìû ïî îòíîøåíèþ ê êîìïîíåíòàì êðîâè, íåñìîòðÿ íà
íåêîòîðûå íåæåëàòåëüíûå ýôôåêòû, îáóñëîâëåííûå ïðèðîäîé ñàìîãî
èñõîäíîãî ëåêàðñòâà. Äàëüíåéøèå èññëåäîâàíèÿ ïðîôèëÿ áåëêîâ,
ñâÿçûâàåìûõ ëèïîñîìàìè, ïîçâîëÿò âûÿâèòü ïðèðîäó îáíàðóæåííîé
àêòèâíîñòè MTX-ëèïîñîì è îïòèìèçèðîâàòü ïðåïàðàò.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ (ïðîåêò 06-04-49432) è FEBS
Collaborative Experimental Scholarships for Central & Eastern Europe.
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Öåëü èññëåäîâàíèÿ. Îäíèì èç íàèáîëåå ïåðñïåêòèâíûõ ïîäõîäîâ ê
ëå÷åíèþ îíêîëîãè÷åñêèõ çàáîëåâàíèé ÿâëÿåòñÿ èñïîëüçîâàíèå ñòðàòåãèè
ñóèöèäàëüíîé ãåíîòåðàïèè, êîòîðàÿ îñíîâûâàåòñÿ íà èçáèðàòåëüíîé
ýêñïðåññèè ãåíîâ òåðàïåâòè÷åñêîãî âìåøàòåëüñòâà â îïóõîëåâûõ êëåòêàõ.
Ãðóïïà ãåíîâ ñóèöèäàëüíîãî âîçäåéñòâèÿ ñïîñîáíà ïðåâðàùàòü íåòîêñè÷íîå
äëÿ ÷åëîâåêà ñîåäèíåíèå â ïîòåíöèàëüíûé öèòîñòàòèê, âûçûâàÿ òåì ñàìûì
ãèáåëü ðàêîâûõ êëåòîê. Ãëàâíûì îãðàíè÷åíèåì â èñïîëüçîâàíèè
ñóèöèäàëüíîé ãåíîòåðàïèè ÿâëÿåòñÿ îòñóòñòâèå ãåííî-èíæåíåðíûõ âåêòîðîâ
íåâèðóñíîãî ïðîèñõîæäåíèÿ, êîòîðûå ìîãëè áû îáåñïå÷èòü âûñîêóþ
ýôôåêòèâíîñòü äîñòàâêè, à òàêæå îòñóòñòâèå ñïåöèôè÷åñêîé ýêñïðåññèè
ñóèöèäàëüíûõ ãåíîâ â ðàêîâûõ êëåòêàõ. Îäíèì èç âîçìîæíûõ âàðèàíòîâ
ðåøåíèÿ äàííîé ïðîáëåìû ÿâëÿåòñÿ ñîçäàíèå òåðàïåâòè÷åñêèõ ñèñòåì, â
êîòîðûõ èñïîëüçîâàëèñü áû ãåíû ñóèöèäàëüíîãî âîçäåéñòâèÿ ïîä êîíòðîëåì
îïóõîëü- è òêàíåñïåöèôè÷íûõ ðåãóëÿòîðíûõ ýëåìåíòîâ. Öåëü èññëåäîâàíèÿ
- ñîçäàíèå è àíàëèç ýôôåêòèâíîñòè ãåííî-èíæåíåðíûõ êîíñòðóêöèé, íåñóùèõ
ñóèöèäàëüíûé ãåí ãèáðèäíîé äðîææåâîé öèòîçèíäåçàìèíàçû/óðàöèë
ôîñôîðèáîçèëòðàíñôåðàçû (yCD/yUPRT) ïîä êîíòðîëåì êîíñòèòóòèâíîãî è
îïóõîëüñïåöèôè÷åñêîãî ïðîìîòîðîâ.

Ìàòåðèàëû è ìåòîäû. Ôðàãìåíòû ãåíîâ öèòîçèíäåçàìèíàçû (yCD) è
óðàöèë ôîñôîðèáîçèëòðàíñôåðàçû (yUPRT) áûëè àìïëèôèöèðîâàíû íà
ìàòðèöå ãåíîìíîé ÄÍÊ øòàììà Saccharomyces cerevisiae arg4 è êëîíèðîâàíû
â âåêòîð pGL3-Basic Vector ("Promega") òàêèì îáðàçîì, ÷òîáû îáà ãåíà
íàõîäèëèñü â îäíîé ðàìêå ñ÷èòûâàíèÿ. Ãèáðèäíûé ãåí yCD/yUPRT
êëîíèðîâàëè ïîä êîíòðîëåì äâóõ ïðîìîòîðîâ: êîíñòèòóòèâíîãî ïðîìîòîðà
CMV è îïóõîëüñïåöèôè÷åñêîãî ïðîìîòîðà ãåíà BIRC5 (Baculoviral Inhibitor
of Apoptosis Repeat-Containing Type 5). Ôóíêöèîíàëüíóþ àêòèâíîñòü
ñîçäàííûõ ýêñïðåññèîííûõ êîíñòðóêöèé àíàëèçèðîâàëè ìåòîäàìè
òðàíñôåêöèè êëåòîê è Western blot àíàëèçà ñ àíòèòåëàìè ê öèòîçèíäåçàìèíàçå.
Äëÿ ïîâûøåíèÿ àêòèâíîñòè ïðîìîòîðà ãåíà BIRC5 èñïîëüçîâàëè
ìîäèôèöèðîâàííóþ ñèñòåìó Cre-LoxP. Êîëè÷åñòâåííóþ îöåíêó
öèòîòîêñè÷åñêîãî ýôôåêòà ñîçäàííûõ ýêñïðåññèîííûõ êîíñòðóêöèé
ïðîâîäèëè ïðè ïîìîùè ÌÌÒ òåñòà êëåòîê ëèíèé ÍÅÊ293 è CaluI,
ïðåäâàðèòåëüíî òðàíñôèöèðîâàííûõ ãåííî-èíæåíåðíûìè êîíñòðóêöèÿìè è
ïîñëåäóþùåé îáðàáîòêîé êëåòîê 5-ôòîðöèòîçèíîì.

Liposomes loaded with Mlph-DG, either targeted or not, didn't exhibit any
significant hemoreactivity. On the opposite, liposomes containing MTX-DG
induced elevated C3a levels and abnormal coagulation times in a concentration
dependent manner. The reactivity of liposome surface wasn't influenced by the
structure of carbohydrate ligand attached (SiaLeX versus SiaLea) or by the presence
or absence of PI, an anti-opsonizing component of the formulation. So far, reduction
in coagulation activity in the presence of MTX-liposomes and their interference
with the complement cascade may be ascribed to physical adsorption of at least
one of the protein components involved in the interrelated coagulation and
complement activation cascades on the negatively charged surface of MTX-
liposomes. In this respect, important is the fact that the effect produced on
complement and coagulation systems was considerably reduced by decrease of
liposome loading with MTX-DG from 10 to 2.5%.

These hemocompatibility tests are of screening nature, meaning they are
designed to distinguish between tolerated and unsustainable candidates for drug
delivery systems. The data obtained so far proved the relatively good hemotolerance
of the liposomes loaded with lipophilic prodrugs despite of some undesirable yet
manageable effects on coagulation and complement activation linked to the nature
of the drug. Further studies on liposome-plasma protein binding profiles are required
for elucidating the effect of coagulation and complement cascades promotion by
MTX-liposomes.

The work was supported by the Russian Foundation for Basic Research
(project no. 06-04-49432) and FEBS Collaborative Experimental Scholarships
for Central & Eastern Europe.
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The aim of the research. Using of the strategy of suicide gene therapy, based
on selective expression of genes of therapeutic action in tumor cells, is one of the
most promising approaches for cancer treatment. The group of genes of suicidal
action are able to convert of a non-toxic for human prodrug into potential cytostatic
drug, thereby kills the tumor cells. The major obstacle for using of suicide gene
therapy is the lack of suitable non-viral based vectors for tumor specific gene
delivery and tumor specific expression of suicide genes. One of the possible
approaches to solve this problem is constructing of therapeutic system, which use
suicide genes under the control of tumor and tissue specific regulatory elements.
The aim of our research was construction and efficiency evaluation of gene-
engineered vectors, carrying fusion suicide gene, composed of the yeast cytosine
deaminase (yCD)/yeast uracil phosphoribosyltransferase (yUPRT) under the control
of constitutive and tumor specific promoters.

Materials and methods. Genomic DNA of Saccharomyces cerevisiae, strain
arg4, was employed to amplify yCD and yUPRT fragments. The products of
amplification were cloned to the pGL3-Basic Vector ("Promega"). Both genes
were in the same reading frame. Bifunctional fusion gene yCD/yUPRT was placed
under the control of two promoters: constitutive CMV promoter and tumor specific
BIRC5 (Baculoviral Inhibitor of Apoptosis Repeat-Containing Type 5) promoter.
To analyze the functional activity of engineered vectors a Western blot analysis
was done for yeast CD. To enhance BIRC5 promoter activity we used modified
Cre-loxP system. We transfected HEK293 and CaluI cells with engineered vectors
in combination with 5-fluorcytosine (5-FC) and used MTT-assay for quantitative
evaluation of cytotoxic effects.

Results. We generated therapeutic plasmids based on pGL3-Basic Vector
("Promega"), carrying fusion gene yCD/yUPRT under the control of CMV and
BIRC5 promoters. We demonstrated the efficiency of generated vectors in 5-FC-
depended suppression of cell growth on HÅÊ293 and CaluI cell models. It was
shown, that Cre-LoxP system may significantly enhance tumor-specific promoter
activity, thereby evaluate tumor-directed cytotoxicity of the yCD/yUPRT killer
agent. We developed optimal conditions for employment of this therapeutic system
(5-FC concentration, prodrug incubation time, ratio between killer and activation
vectors).

Conclusion. Data obtained on quantitative evaluation of cytotoxic effect for
generated vectors demonstrate their high therapeutic potential in experiments
in vitro. Generated in this experimental work vector based system may serve as
the platform for perspective target antitumor drugs. In future, this designed
therapeutic system could be tested on different tumor cell lines and on experimental
animals.

This work was performed as part of Federal program 2007-2012 (National
contract 02.522.11.2005).

Ðåçóëüòàòû. Áûëè ñîçäàíû ýêñïðåññèîííûå êîíñòðóêöèè íà îñíîâå
âåêòîðà pGL3-Basic Vector ("Promega"), íåñóùèå ãèáðèäíûé ãåí
öèòîçèíäåçàìèíàçû-óðàöèë ôîñôîðèáîçèëòðàíñôåðàçû ïîä êîíòðîëåì äâóõ
ïðîìîòîðîâ: CMV è pSurv4. Áûëà ïðîäåìîíñòðèðîâàíà ýôôåêòèâíîñòü
ïîëó÷åííûõ ýêñïðåññèîííûõ êîíñòðóêöèé â ôòîðöèòîçèí-çàâèñèìîé
ñóïðåññèè êëåòî÷íîãî ðîñòà íà ìîäåëè êëåòîê ëèíèé HÅÊ293 è CaluI.
Ïîêàçàíî, ÷òî ñ ïîìîùüþ Cre-LoxP-ñèñòåìû ìîæíî ñóùåñòâåííî óñèëèòü
àêòèâíîñòü ðàêîâîñïåöèôè÷íîãî ïðîìîòîðà è, êàê ñëåäñòâèå, ïîâûñèòü
îïóõîëüíàïðàâëåííóþ öèòîòîêñè÷íîñòü êèëëåðíîãî àãåíòà
öèòîçèíäåçàìèíàçû/óðàöèë ôîñôîðèáîçèëòðàíñôåðàçû. Ïîäîáðàíû
îïòèìàëüíûå óñëîâèÿ äëÿ èñïîëüçîâàíèÿ äàííîé òåðàïåâòè÷åñêîé ñèñòåìû
(êîíöåíòðàöèÿ 5-ôòîðöèòîçèíà, âðåìÿ èíêóáàöèè ñ ïðîëåêàðñòâîì,
ñîîòíîøåíèå êèëëåðíîãî è àêòèâàöèîííîãî âåêòîðîâ).

Çàêëþ÷åíèå. Ïîëó÷åííûå äàííûå ïî êîëè÷åñòâåííîé îöåíêå
öèòîòîêñè÷åñêîãî ýôôåêòà ñîçäàííûõ ãåííî-èíæåíåðíûõ êîíñòðóêöèé
óêàçûâàþò íà âûñîêèé òåðàïåâòè÷åñêèé ïîòåíöèàë äàííûõ ýêñïðåññèîííûõ
êîíñòðóêöèé â ýêñïåðèìåíòàõ in vitro. Ñîçäàííàÿ â ðàìêàõ ýêñïåðèìåíòàëüíîé
ðàáîòû ãåííî-èíæåíåðíàÿ ñèñòåìà ìîæåò ëå÷ü â îñíîâó ïåðñïåêòèâíûõ
òàðãåòíûõ ëåêàðñòâåííûõ ïðîòèâîðàêîâûõ ïðåïàðàòîâ. Ðàçðàáîòàííàÿ
òåðàïåâòè÷åñêàÿ ñèñòåìà â äàëüíåéøåì ìîæåò áûòü èñïûòàíà íà ðàçëè÷íûõ
êóëüòóðàõ ðàêîâûõ êëåòîê è íà ýêñïåðèìåíòàëüíûõ æèâîòíûõ.

Ðàáîòà âûïîëíåíà â ðàìêàõ Ôåäåðàëüíîé ïðîãðàììû 2007-2012
(Ãîñóäàðñòâåííûé êîíòðàêò 02.522.11.2005).
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äèíàìè÷åñêîãî ñâåòîðàññåÿíèÿ ñâèäåòåëüñòâîâàëè î òîì, ÷òî ðåöåïòîð â
ìèöåëëàõ ëàóðèëñàðêîçèíà íàõîäèëñÿ â îëèãîìåðíîé ôîðìå.

Îáðàçîâàíèå îëèãîìåðîâ ðåöåïòîðîì îáóñëîâëåíî ìåæìîëåêóëÿðíûìè
ãèäðîôîáíûìè âçàèìîäåéñòâèÿìè è îáðàçîâàíèåì ìåæìîëåêóëÿðíûõ
äèñóëüôèäíûõ ñâÿçåé. Äëÿ ðàçðóøåíèÿ ãèäðîôîáíûõ âçàèìîäåéñòâèé
èñïîëüçîâàëñÿ èçáûòîê ðàçëè÷íûõ äåòåðãåíòîâ è èõ ñìåñåé, ïðîâîäèëàñü
äëèòåëüíàÿ îáðàáîòêà óëüòðàçâóêîì. Äèñóëüôèäíûå ñâÿçè âîññòàíàâëèâàëèñü
ðàçëè÷íûìè àãåíòàìè, èç êîòîðûõ íàèáîëåå ýôôåêòèâíûì îêàçàëñÿ
ãèäðîôîáíûé òðèìåòèëîâûé ýôèð òðèñ(2-êàðáîêñèýòèë)ôîñôèíà. Îäíàêî,
ïîëó÷èòü ðåöåïòîðû â ìîíîìåðíîé ôîðìå íå óäàëîñü. Âåðîÿòíî,
äèñóëüôèäíûå ñâÿçè â ãèäðîôîáíûõ òðàíñìåìáðàííûõ îáëàñòÿõ ìîëåêóëû
áåëêà ìàëîäîñòóïíû äëÿ âîññòàíîâèòåëåé. Â ñâÿçè ñ ýòèì áûëè ñäåëàíû
çàìåíû "ôóíêöèîíàëüíî íåçíà÷èìûõ" îñòàòêîâ öèñòåèíà èç ìåìáðàííûõ
äîìåíîâ áåëêà íà ñòðóêòóðíî àíàëîãè÷íûå îñòàòêè âàëèíà è ñåðèíà, íå
âñòóïàþùèå â îáðàçîâàíèå ìåæìîëåêóëÿðíûõ êîâàëåíòíûõ ñâÿçåé. Äëÿ
äàííîé ìóòàíòíîé ôîðìû β-2-AR íàìè áûëè èññëåäîâàíû ðàçëè÷íûå ìåòîäû
ñîëþáèëèçàöèè â ðàçëè÷íûõ äåòåðãåíòàõ è èõ ñìåñÿõ, ïîäîáðàíû óñëîâèÿ
âîññòàíîâëåíèÿ äèñóëüôèäíûõ ñâÿçåé. Â èòîãå áûë ðàçðàáîòàí ïðîòîêîë
ñîëþáèëèçàöèè, îñíîâàííûé íà âñòðàèâàíèè â ìèöåëëû ïîëíîñòüþ
ðàçâ¸ðíóòîé â ðàñòâîðå ìóðàâüèíîé êèñëîòû áåëêîâîé ãëîáóëû ñ
ïðåäâàðèòåëüíî ðàçîìêíóòûìè äèñóëüôèäíûìè ñâÿçÿìè, óäàëåíèåì îñòàòêîâ
ìóðàâüèíîé êèñëîòû ëèîôèëèçàöèåé è ðåãèäðàòàöèåé îáðàçöà. Äàííûå
ýëåêòðîôîðåçà è äèíàìè÷åñêîãî ñâåòîðàññåÿíèÿ ñâèäåòåëüñòâóþò î òîì, ÷òî
ñîëþáèëèçèðîâàííàÿ â ìèöåëëàõ ïî íàøåìó ïðîòîêîëó ìóòàíòíàÿ ôîðìà
ðåöåïòîðà β-2-AR íàõîäèòñÿ ïðåèìóùåñòâåííî â âèäå ìîíîìåðà, à äàííûå
ñïåêòðîñêîïèè êðóãîâîãî äèõðîèçìà ïîêàçûâàþò, ÷òî áåëîê-ðåöåïòîð
ñôîðìèðîâàë íåîáõîäèìûå ýëåìåíòû âòîðè÷íîé ñòðóêòóðû. Â êà÷åñòâå
äåòåðãåíòîâ íàèáîëåå ýôôåêòèâíûìè îêàçàëèñü ñòðóêòóðíî áëèçêèå àíàëîãè
ëèïèäîâ äîäåöèëôîñôîõîëèí, òåòðàäåöèëôîñôîõîëèí,
ãåêñàäåöèëôîñôîõîëèí, 1-ìèðèñòîèë-2-ãèäðîêñè-sn-ãëèöåðî-3-[ôîñôî-rac-
(1-ãëèöåðèí)] è èõ ñìåñè. Ìèöåëëû ñî âñòðîåííûì ðåöåïòîðîì èìåþò
îòíîñèòåëüíî íåáîëüøîé ðàçìåð, ñòàáèëüíû âî âðåìåíè è ìîãóò
èñïîëüçîâàòüñÿ äëÿ ïðîâåäåíèÿ ñòðóêòóðíûõ èññëåäîâàíèé ìåòîäàìè ßÌÐ
âûñîêîãî ðàçðåøåíèÿ.

Ðàçðàáîòàííàÿ òåõíîëîãèÿ óñïåøíî èñïîëüçîâàëàñü òàêæå äëÿ
ñîëþáèëèçàöèè äðóãîãî ïðåäñòàâèòåëÿ GPCRs – ìåëàíîêîðòèíîâîãî
ðåöåïòîðà MC2R.

ÑÎËÞÁÈËÈÇÀÖÈß È ÐÅÔÎËÄÈÍÃ G-ÁÅËÎÊ
ÑÎÏÐßÆ¨ÍÍÛÕ ÐÅÖÅÏÒÎÐÎÂ
Êóçüìè÷¸â Ï.Ê., ×óïèí Â.Â.*, Ïåòðîâñêàÿ Ë.Å.*, Àðñåíüåâ À.Ñ.*
Ìîñêîâñêèé ôèçèêî-òåõíè÷åñêèé èíñòèòóò (Ãîñóäàðñòâåííûé
óíèâåðñèòåò), Äîëãîïðóäíûé ÌÎ
*Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
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G-Áåëîê-ñîïðÿæ¸ííûå ðåöåïòîðû (GPCRs) ïðåäñòàâëÿþò ñîáîé
ñåìåéñòâî ïîðÿäêà 800 òðàíñìåìáðàííûõ áåëêîâ. Âñå ìîëåêóëû GPCRs
ñîñòîÿò èç îäíîé ïîëèïåïòèäíîé öåïè, ñîäåðæàùåé 7 òðàíñìåìáðàííûõ
àëüôà-ñïèðàëüíûõ ó÷àñòêîâ. GPCRs ó÷àñòâóþò â ïåðåäà÷å ñèãíàëîâ ÷åðåç
êëåòî÷íóþ ìåìáðàíó è ðåãóëèðóþò ìíîãèå ôèçèîëîãè÷åñêè âàæíûå
ïðîöåññû. Ðåöåïòîðû ñåìåéñòâà GPCR ÿâëÿþòñÿ ìèøåíÿìè äëÿ ìíîãèõ
ëåêàðñòâåííûõ ïðåïàðàòîâ. Äëÿ ïîíèìàíèÿ ìåõàíèçìîâ ôóíêöèîíèðîâàíèÿ
êëåòêè è ñîçäàíèÿ íîâûõ ëåêàðñòâåííûõ ïðåïàðàòîâ íåîáõîäèìî çíàíèå
ïðîñòðàíñòâåííîé ñòðóêòóðû GPCRs. Â ñâÿçè ñ ýòèì, â ïîñëåäíåå äåñÿòèëåòèå
ïðîâîäèëèñü èíòåíñèâíûå èññëåäîâàíèÿ ïî ðàçðàáîòêå ìåòîäîëîãèè
ïîëó÷åíèÿ GPCRs è îïðåäåëåíèÿ èõ ïðîñòðàíñòâåííîé ñòðóêòóðû. Â
ðåçóëüòàòå, íåäàâíî ìåòîäàìè ðåíòãåíîñòðóêòóðíîé êðèñòàëëîãðàôèè
îïðåäåëåíà ïðîñòðàíñòâåííàÿ ñòðóêòóðà äâóõ ïðåäñòàâèòåëåé ñåìåéñòâà
GPCRs. Íåîáõîäèìî îòìåòèòü, ÷òî äàííûé ïîäõîä ïîçâîëÿåò ïîëó÷èòü ëèøü
ñòàòè÷åñêóþ ñòðóêòóðó ðåöåïòîðîâ â êðèñòàëëå, à íå â ìåìáðàííîì
îêðóæåíèè. Â ïðèíöèïå, ýòà ïðîáëåìà ìîæåò áûòü ðåøåíà ìåòîäàìè ßÌÐ
ñïåêòðîñêîïèè, êîòîðûå ïîçâîëÿþò îïðåäåëèòü íå òîëüêî ïðîñòðàíñòâåííóþ
ñòðóêòóðó, íî è äèíàìèêó áåëêîâûõ ìîëåêóë â ñðåäàõ, ìîäåëèðóþùèõ
ìåìáðàííîå îêðóæåíèå. Íåîáõîäèìûì óñëîâèåì ïðîâåäåíèÿ òàêèõ ßÌÐ
ýêñïåðèìåíòîâ ÿâëÿåòñÿ âîçìîæíîñòü ïîëó÷åíèÿ èçîòîïíî-ìå÷åííûõ
ðåöåïòîðîâ â ìèëëèãðàììîâûõ êîëè÷åñòâàõ, è ñîëþáèëèçàöèÿ èõ â ñðåäàõ,
èìèòèðóþùèõ îêðóæåíèå áèîëîãè÷åñêèõ ìåìáðàí, îáåñïå÷èâàþùèõ
ôîëäèíã áåëêà. Áûëà ðàçðàáîòàíà òåõíîëîãèÿ ïîëó÷åíèÿ öåëîãî ðÿäà GPCRs,
âêëþ÷àÿ èçîòîïíî-ìå÷åííûå, ïóòåì ýêñïðåññèè ðåöåïòîðîâ â áàêòåðèÿõ
E.coli. Ê ñîæàëåíèþ, âñå ïîëó÷åííûå ðåöåïòîðû îáðàçîâûâàëè îëèãîìåðû.
Â òî æå âðåìÿ èçâåñòíî, ÷òî ðåöåïòîðû ôóíêöèîíàëüíî àêòèâíû â
ìîíîìåðíîé èëè äèìåðíîé ôîðìàõ.

Öåëüþ äàííîé ðàáîòû ÿâèëàñü ðàçðàáîòêà òåõíîëîãèè ñîëþáèëèçàöèè
è ðåôîëäèíãà GPCRs â ôîðìå ìîíîìåðà â ñîñòàâå ìèöåëë èç äåòåðãåíòîâ,
èìèòèðóþùèõ ñâîéñòâà ìåìáðàíû. Îòðàáîòêà óñëîâèé ñîëþáèëèçàöèè
ïðîâîäèëàñü íà ïðèìåðå îäíîãî èç ïðåäñòàâèòåëåé ñåìåéñòâà GPCRs,
β-2-àäðåíåðãè÷åñêîãî ðåöåïòîðà (β2AR).

β-2-AR ðåöåïòîð ïîëó÷àëè ýêñïðåññèåé â òåëüöà âêëþ÷åíèÿ â áàêòåðèÿõ
E.coli, ñîëþáèëèçèðîâàëè â ëàóðèëñàðêîçèíå è âûäåëÿëè ñ ïîìîùüþ
ìåòàëëîõåëàòíîé õðîìàòîãðàôèè. Äàííûå ãåëü-ýëåêòðîôîðåçà è
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bonds formation. For this mutation form β2AR we investigated different
solubilization methods in various detergents and their mixture, checked the
conditions for reducing disulfide bonds. As a result we had developed the
solubilization protocol which based on building into micelles full-unfolded in formic
acid protein globule with preliminary reducing disulfide bonds, removing formic
acid by liofilizing and rehydration the sample. Gel-electrophoresis and dynamic
light scattering data were suggesting that solubilized by our protocol mutant receptor
β2AR was predominantly in monomeric stage. And circular dichroism data were
saying that protein-receptor formed all secondary structure. The most effective
detergents were lipid-structural analogs: dodecylphosphocholine,
tetradecylphosphocholine, hexadecylphosphocholine, 1-myristoyl-2-hydroxy-sn-
glycero-3-[phospho-rac-(1-glycerol)] and their mixtures. Micelles with receptor
were small, stable in time. Thus they were convenient for structural investigations
by NMR spectroscopy.

This technique was successfully used to another member of GPCRs family –
melanocortin-2 receptor (MC2R).

SOLUBILIZATION AND REFOLDING OF G-PROTEIN COUPLED
RECEPTORS
Kuzmichev P.K., Chupin V.V.*, Petrovskaya L.E.*, Arseniev A.S.*
Moscow Institute of Physics and Technology (State University), Dolgoprudnij
Moscow reg.
*Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: pavel.kuzmichev@gmail.com
Fax: (495) 335-50-33; tel.: (495) 335-27-33

G-Protein coupled receptors (GPCRs) are a large family of about 800
transmembrane proteins. All GPCRs molecules consist of polypeptide chain with
7 transmembrane helix segments. GPCRs are taking part in signal transduction
through the cell membrane and regulating numerous significant physiological
processes. GPCRs are targets for lots of commercial drugs. It is necessary to know
three-dimensional structures of GPCRs to understand cell functioning mechanisms
and create novel drugs. Last 10 years there were intensive investigations to
developing methodology of obtaining GPCRs and estimating their structures.
Lately, structures of two members of GPCR family were resolved by X-ray
crystallography. It should be noted that with this method we can only determine
the static structure of receptors in crystal, not in membrane environment. This
problem could be solved by NMR spectroscopy methods which allow us to find
the structure and dynamics of protein molecules in membrane mimetic environment.
For NMR experiments we need to obtain milligrams of isotopic labeled receptors
and solubilize proteins in membrane mimetic media providing protein folding.
New technology producing a number of GPCRs in E.coli was developed, including
isotopic labeled samples. Unfortunately all receptors formed oligomers.
Coincidently it is know that GPCRs functionally active in monomeric or dimeric
stage.

The goal of this work was developing new technique of solubilization and
refolding GPCRs in monomeric form in membrane mimetic detergent micelles.
Conditions optimization was performed on the member of GPCRs family,
β-2-adrenergic receptor (β2AR).

β-2-AR receptor was obtained by expression in inclusion bodies in E.coli,
solubilized in lauroyl sarcosine and separated with Ni-affinity chromatography.
Gel-electrophoresis and dynamic light scattering data were suggesting that receptor
in lauroyl sarcosine micelles was in oligomeric stage.

Oligomers formation attributed to intermolecular hydrophobic interactions
and intermolecular disulfide bonds formation. For destruction hydrophobic
interactions excess of different detergents and ultrasonic treatment were used.
Disulfide bonds were deoxidized with different reducing reagents, the most effective
agent was trimethyl ether of tris(2-carboxyethyl)phosphine. However we do not
succeeded to obtain receptors in monomeric form again. Probably disulfide bonds
in hydrophobic transmembrane domains of protein globule are difficult to access
for reducing reagents. As a result exchanges of "functional not significant" amino
acid residues cysteines from transmembrane domains to structural similar residues
valine and serine were taken, which are not leading to intermolecular covalent
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THREE-DIMENTIONAL CHITINOUS MATRIÑES FROM MARINE
SPONGES AND THEIR FUTURE APPLICATIONS FOR
BIOTECHNOLOGY
Kurek D.V.*,**, Varlamov V.P.*, Ehrlich H.**
*Centre "Bioengineering" RAS, Moscow, Russia
**Institute of Bioanalytical Chemistry, Dresden University of Technology,
Dresden, Germany
E-mail: svoboda_rus@mail.ru

Since 1823, different authors have demonstrated the presence of chitin in all
kind of invertebrates. In contrast, this biopolymer could not be identified within
sponges (Porifera) – the first known representatives of Metazoa. Our recent
observation of endogenous chitin within skeletal formations of Verongula gigantea
[1] highlights the fundamental role of chitin in the evolution of the earliest
metazoans and their skeletons. Based on this observation, we have extended our
studies concerning chitin identification to other verongid sponges. The internal
skeletons of Aplysina aerophoba, A. cavernicola, A. gerardogreeni, A. fulva,
A. cauliformis and Ianthella basta [2] collected in different regions of the world
were studied using different analytical techniques (FTIR, Raman and solid-state
NMR spectroscopy, Calcofluor White staining, and chitinase test). It could be
shown for the first time that chitin is an integral main component of the skeletal
fibers of these marine sponges. Chitin as a skeletal material in sponges is of special
interest as its presence proves the existence of this important biopolymer several
hundred million years before the appearance of chitin in arthropod skeletons.
Analytical results revealed that sponge chitin is closer to alpha-chitin known from
other invertebrates than to beta-chitin.

Because of the nanofibrillar organization, and three-dimensional structure
we believe that this chitinous matrices will be widely used in the field of
biotechnology. For example, partial deacetylation experiments of these matrices
are now in progress. Obtaining of free amino-groups on the surface of three-
dimensional biomaterial will lead to a possibility of immobilizing of various proteins
or other useful macromolecules in order to obtain such a biofactories. For example,
immobilized enzymes could be used for performing highly selective reactions,
which cannot be accomplished by a chemical synthesis. Such cases are typical for
pharmaceuticals requiring high selectivity and minimum interference of extraneous
chemicals.

In addition, such chitinous matrices could be used as sorbents for removal of
heavy metal ions or as an affinity sorbents for the purification of recombinant
proteins [3].
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Íà÷èíàÿ ñ 1823 ãîäà, ðàçëè÷íûå àâòîðû ïîêàçàëè ïðèñóòñòâèå õèòèíà âî
âñåõ âèäàõ áåñïîçâîíî÷íûõ. Îäíàêî, ýòîò áèîïîëèìåð âðÿä ëè àññîöèèðóåòñÿ ñ
ìîðñêèìè ãóáêàìè (Porifera) – ïåðâûìè èçâåñòíûìè ïðåäñòàâèòåëÿìè öàðñòâà
æèâîòíûõ (Metazoa). Íàøè íåäàâíèå èññëåäîâàíèÿ  ãóáîê Verongula gigantea [1]
ïîêàçàëè íàëè÷èå õèòèíà â ñêåëåòíûõ ñòðóêòóðàõ è ñâèäåòåëüñòâóþò î
ôóíäàìåíòàëüíîé ðîëè õèòèíà â ýâîëþöèè ñàìîãî ðàííåãî ïðåäñòàâèòåëÿ öàðñòâà
æèâîòíûõ è èõ ñêåëåòîâ. Îñíîâûâàÿñü íà ýòîì íàáëþäåíèè, ìû ðàñøèðèëè íàøè
èññëåäîâàíèÿ, êàñàþùèåñÿ èäåíòèôèêàöèè õèòèíà â äðóãèõ ãóáêàõ êëàññà
Âåðîíãèä. Âíóòðåííèå ñêåëåòû ãóáîê Aplysina aerophoba, À. cavernicola,
À. gerardogreeni, À. fulva,   À. cauliformis è Ianthella basta [2], ñîáðàííûõ â
ðàçëè÷íûõ ðåãèîíàõ ìèðà, áûëè èçó÷åíû ñ èñïîëüçîâàíèåì öåëîãî ðÿäà
àíàëèòè÷åñêèõ ìåòîäîâ (ÈÊ-ñïåêòðîìåòðèÿ, Ðàìàí-ñïåêòðîìåòðèÿ, òâåðäîôàçíàÿ
ßÌÐ-ñïåêòðîñêîïèÿ, îêðàøèâàíèå ñåëåêòèâíûì ðåàãåíòîì Calcofluor White è
õèòèíàçíûé òåñò). Âïåðâûå áûëî ïîêàçàíî, ÷òî õèòèí ÿâëÿåòñÿ îñíîâíûì
êîìïîíåíòîì â ñêåëåòíûõ ñòðóêòóðàõ ýòèõ ìîðñêèõ ãóáîê. Õèòèí â ìîðñêèõ
ãóáêàõ ïðåäñòàâëÿåò ñîáîé îñîáûé èíòåðåñ, ïîñêîëüêó åãî ïðèñóòñòâèå â ñêåëåòå
ïîäòâåðæäàåò ñóùåñòâîâàíèå ýòîãî âàæíîãî áèîïîëèìåðà íà íåñêîëüêî ñîòåí
ìèëëèîíîâ ëåò ðàíåå, ÷åì îí ïîÿâèëñÿ â ñêåëåòàõ ÷ëåíèñòîíîãèõ. Àíàëèòè÷åñêèå
èññëåäîâàíèÿ ïîêàçàëè, ÷òî ãóáî÷íûé õèòèí áëèæå ê àëüôà-õèòèíó, ÷åì ê áåòà-
õèòèíó, ïðèñóòñòâóþùåìó â äðóãèõ áåñïîçâîíî÷íûõ. Íàíîôèáðèëëÿðíàÿ
îðãàíèçàöèÿ, òðåõìåðíàÿ ñòðóêòóðà, áîëüøàÿ âíóòðåííÿÿ åìêîñòü òàêèõ ìàòðèö
ÿâëÿþòñÿ òåìè îïðåäåëÿþùèìè ñâîéñòâàìè, èç-çà êîòîðûõ  òàêîé íîâûé
áèîìàòåðèàë èç ìîðñêèõ ãóáîê áóäåò øèðîêî èñïîëüçîâàòüñÿ â áèîòåõíîëîãèè.
Íàïðèìåð, ñåé÷àñ ïðîâîäÿòñÿ ýêñïåðèìåíòû ïî ÷àñòè÷íîìó äåàöåòèëèðîâàíèþ
ýòèõ ìàòðèö. Ïîëó÷åíèå ñâîáîäíûõ NH2-ãðóïï íà ïîâåðõíîñòè òðåõìåðíîé
ñòðóêòóðû ñêåëåòà ïîçâîëèò èììîáèëèçîâàòü ðàçëè÷íûå ôóíêöèîíàëüíûå áåëêè
èëè äðóãèå ïîëåçíûå ìàêðîìîëåêóëû â öåëÿõ ïîëó÷åíèÿ, òàê íàçûâàåìûõ,
áèîôàáðèê. Íàïðèìåð, èììîáèëèçîâàííûå ôåðìåíòû ìîãóò áûòü èñïîëüçîâàíû
äëÿ ïðîâåäåíèÿ âûñîêîñåëåêòèâíûõ ðåàêöèé, êîòîðûå íå ìîãóò áûòü âûïîëíåíû
õèìè÷åñêèì ïóòåì. Òàêèå ñëó÷àè õàðàêòåðíû äëÿ ôàðìàöåâòèêè, òðåáóþùåé
âûñîêîé ñåëåêòèâíîñòè è ìèíèìàëüíîãî âìåøàòåëüñòâà ïîñòîðîííèõ
õèìè÷åñêèõ ðåàãåíòîâ. Êðîìå òîãî, õèòèíîâûå ìàòðèöû ìîãóò áûòü èñïîëüçîâàíû
â êà÷åñòâå ñîðáåíòîâ äëÿ óäàëåíèÿ òÿæåëûõ ìåòàëëîâ èëè â êà÷åñòâå àôôèííûõ
ñîðáåíòîâ äëÿ î÷èñòêè ðåêîìáèíàíòíûõ áåëêîâ [3].
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Áûëî ïðîâåäåíî èññëåäîâàíèå ôîòîõðîìíîãî ïîâåäåíèÿ íàáîðà
ñèíòåçèðîâàííûõ ñîåäèíåíèé (2,4-7) â ïîëÿðíîì ðàñòâîðèòåëå – ýòàíîëå è
ìàëîïîëÿðíîì – òîëóîëå. Âûÿâëåíà çàâèñèìîñòü ýôôåêòèâíîñòè
ôîòîäåãðàäàöèè ïîëèåíîâûõ ñïèðîïèðàíîâ îò ïðèðîäû ðàñòâîðèòåëÿ.

Íàìè áûëî îáíàðóæåíî ñíèæåíèå ýôôåêòèâíîñòè ôîòîõðîìíûõ
ïðåâðàùåíèé è ñêîðîñòè òåìíîâîé öèêëèçàöèè ôîòîèíäóöèðîâàííîé
ìåðîöèàíèíîâîé ôîðìû (Â) ïðè óâåëè÷åíèè äëèíû ïîëèåíîâîãî çàìåñòèòåëÿ
ñ îäíîâðåìåííûì ïîâûøåíèåì óñòîé÷èâîñòè ôîòîõðîìíûõ ñïèðîïèðàíîâ
ê ôîòîäåãðàäàöèè â ýòàíîëå, ïî ñðàâíåíèþ ñ òîëóîëîì. Ýòî ÿâëåíèå ìîæíî
îáúÿñíèòü ñòàáèëèçàöèåé ôîòîèíäóöèðîâàííûõ ìåðîöèàíèíîâûõ ôîðì
ìîëåêóë âñëåäñòâèå îáðàçîâàíèÿ âîäîðîäíûõ ñâÿçåé ìåæäó íèìè è
ìîëåêóëàìè ðàñòâîðèòåëÿ. Â îòëè÷èå îò ñïåêòðàëüíûõ õàðàêòåðèñòèê
ñïèðîïèðàíîâîé ôîðìû ïîëîæåíèå ìàêñèìóìîâ ïîëîñ ïîãëîùåíèÿ è
ìîíîìåðíîé, è àãðåãèðîâàííîé ôîòîèíäóöèðîâàííûõ ôîðì ôîòîõðîìíûõ
ðåòèíàëåé ñëàáî çàâèñèò îò ïðèðîäû è äëèíû ïîëèåíîâûõ çàìåñòèòåëåé. Ýòî
ìîæíî îáúÿñíèòü òåì, ÷òî ñîïðÿæåíèå ìåæäó ïîëèåíîâîé öåïî÷êîé è
ìåðîöèàíèíîâîé ôîðìîé ñïèðîïèðàíà ïðàêòè÷åñêè îòñóòñòâóåò.
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Ñèíòåòè÷åñêèå èññëåäîâàíèÿ â îáëàñòè ïîëó÷åíèÿ íîâûõ ïðîèçâîäíûõ
ôîòîõðîìíûõ ñîåäèíåíèé, ÿâëÿþòñÿ âåñüìà àêòóàëüíûìè â íàñòîÿùåå âðåìÿ.
Äàííàÿ ðàáîòà ïîñâÿùåíà ðàçðàáîòêå ìåòîäîâ ïîëó÷åíèÿ ïîëèåíîâûõ
ïðîèçâîäíûõ ôîòîõðîìíûõ ñîåäèíåíèé ðÿäà ñïèðîïèðàíîâ, ñîäåðæàùèõ
íåïðåäåëüíûé ôðàãìåíò â ïÿòîì ïîëîæåíèè èíäîëèíîâîãî ôðàãìåíòà
ìîëåêóëû.

Îïðîáîâàííàÿ íàìè ðàíåå óíèâåðñàëüíàÿ ýêñïåðèìåíòàëüíàÿ ïðîöåäóðà
íàðàùèâàíèÿ ïîëèåíîâîé öåïè ìîëåêóëû ðåòèíîèäîâ [1-3] áûëà óñïåøíî
ïðèìåíåíà â ýòîì èññëåäîâàíèè äëÿ ñèíòåçà íîâûõ ïðîèçâîäíûõ
ñïèðîïèðàíîâ.

Êëþ÷åâîé ñòàäèåé ñèíòåçà ÿâëÿëîñü îëåôèíèðîâàíèå ïî Õîðíåðó-
Ýììîíñó Ñ5-ôîñôîíàòíûì ðåàãåíòîì êàðáîíèëüíîãî ïðåäøåñòâåííèêà (2).
Ïîëó÷åííûå ïðîìåæóòî÷íûå íèòðèëû áûëè âîññòàíîâëåíû â àëüäåãèäû ïðè
ïîìîùè DIBAH ïðè -90oÑ. Ïîâòîðåíèå âûøåïåðå÷èñëåííûõ ñòàäèé
îëåôèíèðîâàíèÿ è âîññòàíîâëåíèÿ äëÿ (5,6) ïîçâîëèëî ïîëó÷èòü öåëåâîé
àíàëîã ðåòèíàëÿ (7) ñ îáùèì âûõîäîì 14%. Âíîâü îáðàçîâàííûå Ñ=Ñ-ñâÿçè
èìåëè Å-êîíôèãóðàöèþ ïî äàííûì 1Í-ßÌÐ-ñïåêòðîâ (J 16.3 Ãö). Öåëåâûå è
ïðîìåæóòî÷íûå ñîåäèíåíèÿ ïîëó÷åíû â ïðåïàðàòèâíûõ êîëè÷åñòâàõ, èõ
ñòðóêòóðû äîêàçàíû íàáîðîì ôèçèêî-õèìè÷åñêèõ ìåòîäîâ àíàëèçà.
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We have found decrease of photochromic transitions efficiency and
photoinduced merocyanin form (B) dark cyclization speed and simultaneous
increase of photochromic spiropyran resistance to photodegradation in ethanol
compared to toluene with increase of polyenic substituent length. This phenomenon
could be explained by photoinduced merocyanine form molecules stabilization as
result of hydrogen bond formation between them and solvent molecules. As opposed
to spiropyran form spectral characteristics, the absorption band maxima positions
of both monomeric and aggregated photoinduced forms of photochromic retinals
depends slightly on nature and length of polyenic substituents. This could be
accounted for by conjugation between polyenic chain and spiropyran merocyanine
form being almost absent.
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Synthetic studies in field of new derivatives of photochromic compounds are
quite topical at present. This study is devoted to development of production methods
of polyenic spiropyran derivatives containing unsaturated fragment at 5th position
of indole fragment of the molecule.

The all-purpose procedure approved earlier by us for building up a polyenic
chain of retinoid molecules [1-3] has been successfully applied in this study for
synthesis of new spiropyran derivatives.

The key stage of the synthesis was Horner-Emmons olefination procedure of
carbonyl precursor (2) with C5-phosphonate reagent. Resulting intermediate nitriles
were reduced into aldehydes using DIBAH at -90oÑ. Repeating the olefination
and reduction steps for (5,6) allowed to obtain the target retinal analog (7) with
overall yield 14%. The newly formed C=C-bonds had E-configuration shown by
1H-NMR spectra (J 16.3 Hz). Target and intermediate compounds were obtained
in preparative quantities, their structures being confirmed by range of physico-
chemical methods of analysis.

Investigation of synthesized compounds' (2,4-7) photochromic behavior in
polar solvent – ethanol and low-polar solvent – toluene has been carried out. The
dependence of polyenic spiropyrans' photodegradation efficiency on nature of
solvent has been revealed.
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îïòèìèçàöèè âûõîäà ðåíàòóðàöèè. Ðåêîìáèíàíòíûå áåëêè áûëè
îõàðàêòåðèçîâàíû ñ ïîìîùüþ ìàññ-ñïåêòðîìåòðèè, ÊÄ è ßÌÐ
ñïåêòðîñêîïèè. Áûëè ïîëó÷åíû 15N-ìå÷åííûå àíàëîãè WTX è Lynx1, ÷òî
ïîçâîëèëî èññëåäîâàòü ñòðóêòóðó è äèíàìèêó ýòèõ áåëêîâ ìåòîäàìè ßÌÐ
ñïåêòðîñêîïèè. Áûëî ïîêàçàíî, ÷òî îáà áåëêà îáëàäàþò êîíôîðìàöèîííîé
ãåòåðîãåííîñòüþ. Òàê, ìîëåêóëà WTX ïðèñóòñòâóåò â âîäíîì ðàñòâîðå â âèäå
äâóõ îñíîâíûõ êîíôîðìàöèé, îòëè÷àþùèõñÿ öèñ-òðàíñ-èçîìåðèåé
ïåïòèäíîé ñâÿçè Arg32-Pro33, îáìåí ìåæäó ýòèìè êîíôîðìàöèÿìè
ïðîèñõîäèò ñ õàðàêòåðíûìè âðåìåíàìè áîëåå 100 ìñ. Íàáëþäàåìûå â
ìîëåêóëå Lynx1 îáìåííûå ïðîöåññû ñâÿçàíû ñ äèíàìè÷åñêèìè ïåðåõîäàìè
ïåòëåâûõ ó÷àñòêîâ èç β-ñòðóêòóðíîé êîíôîðìàöèè â íåñòðóêòóðèðîâàííîå
ñîñòîÿíèå è ïðîòåêàþò ñ õàðàêòåðíûìè âðåìåíàìè â äèàïàçîíå 1-50 ìñ.
Ìåòîäàìè ßÌÐ ñïåêòðîñêîïèè âïåðâûå áûëà îïðåäåëåíà ïðîñòðàíñòâåííàÿ
ñòðóêòóðà äëÿ îñíîâíîãî (ñòðóêòóðèðîâàííîãî) ñîñòîÿíèÿ áåëêà Lynx1 â
âîäíîì ðàñòâîðå. Ïîëó÷åííàÿ ñòðóêòóðà ñîäåðæèò òîêñèíîïîäîáíûé
"òðåõïåòëåâîé" ìîòèâ, ñòàáèëèçèðîâàííûé äâóìÿ àíòèïàðàëëåëüíûìè
β-ëèñòàìè. Ïåðâûé β-ëèñò îáðàçîâàí äâóìÿ β-òÿæàìè è âêëþ÷àåò â ñåáÿ
îñòàòêè N-êîíöåâîé ïåòëè áåëêà, à âòîðîé β-ëèñò èìååò â ñâîåì ñîñòàâå
÷åòûðå β-òÿæà, îáðàçîâàííûå ôðàãìåíòàìè âñåõ òðåõ ïåòåëü áåëêà Lynx1.
Ïîëó÷åííûå äàííûå ÿâëÿþòñÿ ïåðâûì ýêñïåðèìåíòàëüíûì ïîäòâåðæäåíèåì
ïðåäïîëîæåíèÿ î ñõîæåñòè ïðîñòðàíñòâåííîé ñòðóêòóðû áåëêîâ ñåìåéñòâà
Lynx è α-íåéðîòîêñèíîâ çìåé.

Íàëè÷èå ýôôåêòèâíûõ ñèñòåì áàêòåðèàëüíîé ïðîäóêöèè WTX è Lynx1
ïîçâîëèëî òàêæå ïðîâåñòè ôóíêöèîíàëüíûå èññëåäîâàíèÿ ýòèõ áåëêîâ.
Ìåòîäàìè ñàéò-íàïðàâëåííîãî ìóòàãåíåçà áûëè ïîëó÷åíû 11 ìóòàíòíûõ
ôîðì WTX: C6S/C11S, P7A, P33A, P7A/P33A, W36A, R31A, R32A, R31A/
R32A, R31E/R32A, R31A/R32E è Q30-W36/REARGT. Àíàëèç àêòèâíîñòè
ïîëó÷åííûõ ìóòàíòîâ â îòíîøåíèè íÀÕÐ ìûøå÷íîãî è α7 íåéðîíàëüíîãî
òèïîâ âïåðâûå âûÿâèë, ÷òî: 1) íàëè÷èå äîïîëíèòåëüíîé äèñóëüôèäíîé ñâÿçè
â ïåðâîé ïåòëå ñíèæàåò ñðîäñòâî WTX ê îáîèì òèïàì ðåöåïòîðà;
2) êîíôîðìàöèîííàÿ ãåòåðîãåííîñòü WTX íå îêàçûâàåò çíà÷èòåëüíîãî
âëèÿíèÿ íà àêòèâíîñòü òîêñèíà; 3) îñòàòîê Trp36, íàõîäÿùèéñÿ íà êîíöå
öåíòðàëüíîé ïåòëè òîêñèíà, âàæåí òîëüêî äëÿ âçàèìîäåéñòâèÿ ñ ìûøå÷íûì
íÀÕÐ; 4) íàëè÷èå çàðÿæåííûõ îñòàòêîâ Arg â öåíòðàëüíîé ïåòëå òîêñèíà
èãðàåò êðèòè÷åñêóþ ðîëü ïðè âçàèìîäåéñòâèè ñ íÀÕÐ α7 òèïà. Òàêèì
îáðàçîì, â õîäå èññëåäîâàíèÿ áûëè âûÿâëåíû äåòåðìèíàíòû, îòâåòñòâåííûå
çà ñåëåêòèâíîñòü âçàèìîäåéñòâèÿ WTX ñ ðàçëè÷íûìè òèïàìè íÀÕÐ. Âïåðâûå
áûëî îõàðàêòåðèçîâàíî âçàèìîäåéñòâèå Lynx1 ñ íÀÕÐ ìûøå÷íîãî è α7 òèïîâ.
Áûëè îïðåäåëåíû êîíñòàíòû ñâÿçûâàíèÿ, è áûëî îáíàðóæåíî, ÷òî â îòëè÷èå
îò WTX âçàèìîäåéñòâèå Lynx1 ñ ðåöåïòîðîì íîñèò îáðàòèìûé õàðàêòåð,
÷òî âîçìîæíî è îáóñëàâëèâàåò åãî îñîáóþ ðîëü ìîäóëÿòîðà àêòèâíîñòè íÀÕÐ.
Âïåðâûå áûëî ïîêàçàíî, ÷òî Lynx1 êîíêóðèðóåò çà ñàéòû ñâÿçûâàíèÿ ñ
íåéðîòîêñèíàìè çìåé, ÷òî âîçìîæíî óêàçûâàåò íà ÷àñòè÷íîå ïåðåêðûâàíèå
ñàéòîâ ñâÿçûâàíèÿ ýòèõ ëèãàíäîâ íà ïîâåðõíîñòè ðåöåïòîðà.

ÑÒÐÓÊÒÓÐÍÎ-ÔÓÍÊÖÈÎÍÀËÜÍÛÅ ÈÑÑËÅÄÎÂÀÍÈß
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Íèêîòèíîâûé àöåòèëõîëèíîâûé ðåöåïòîð (íÀÕÐ) ïðåäñòàâëÿåò ñîáîé
ëèãàíäîçàâèñèìûé èîííûé êàíàë, âñòðîåííûé â ïîñòñèíàïòè÷åñêóþ
ìåìáðàíó íåéðîíîâ. Â çàâèñèìîñòè îò ëîêàëèçàöèè ðàçëè÷àþò íåéðîíàëüíûå
è ìûøå÷íûå íÀÕÐ. Ñ äèñôóíêöèåé ýòèõ ðåöåïòîðîâ ñâÿçàíû ìíîãèå áîëåçíè
öåíòðàëüíîé è ïåðèôåðè÷åñêîé íåðâíîé ñèñòåìû. Îäíèìè èç øèðîêî
èçó÷åííûõ èíãèáèòîðîâ íÀÕÐ ÿâëÿþòñÿ α-íåéðîòîêñèíû ÿäà çìåé, êîòîðûå
ïðåäñòàâëÿþò ñîáîé íåáîëüøèå áåëêè, èìåþùèå "òðåõïåòåëüíóþ"
β-ñòðóêòóðíóþ îðãàíèçàöèþ, ñòàáèëèçèðîâàííóþ 4-5 äèñóëüôèäíûìè
ñâÿçÿìè. Ñî ñòðóêòóðíîé òî÷êè çðåíèÿ, α-íåéðîòîêñèíû ìîæíî óñëîâíî
ðàçäåëèòü íà òðè áîëüøèõ êëàññà: êîðîòêèå α-íåéðîòîêñèíû (60-62 à.î.,
4 äèñóëüôèäíûå ñâÿçè), äëèííûå α-íåéðîòîêñèíû (66-75 à.î., äîïîëíèòåëüíàÿ
äèñóëüôèäíàÿ ñâÿçü ðàñïîëîæåíà â öåíòðàëüíîé ïåòëå) è "íåîáû÷íûå"
íåéðîòîêñèíû (62-68 à.î., äîïîëíèòåëüíàÿ äèñóëüôèäíàÿ ñâÿçü ðàñïîëîæåíà
â ïåðâîé, N-êîíöåâîé, ïåòëå). Íåñêîëüêî ëåò íàçàä áûëî îòêðûòî íîâîå
ñåìåéñòâî ýíäîãåííûõ íåéðîìîäóëÿòîðîâ íÀÕÐ, Lynx. Ïîñëåäîâàòåëüíîñòè
ýòèõ áåëêîâ âûñîêî ãîìîëîãè÷íû ïîñëåäîâàòåëüíîñòÿì "íåîáû÷íûõ"
íåéðîòîêñèíîâ ÿäà çìåé. Îäíàêî, â îòëè÷èå îò α-íåéðîòîêñèíîâ áåëêè
ñåìåéñòâà Lynx íå áëîêèðóþò, à íàîáîðîò àêòèâèðóþò êàíàë íÀÕÐ â
ïðèñóòñòâèè àãîíèñòîâ. Äðóãèå ñòðóêòóðíî-ôóíêöèîíàëüíûå äàííûå î
ïðåäñòàâèòåëÿõ ýòîãî ñåìåéñòâà íåéðîìîäóëÿòîðîâ íà äàííûé ìîìåíò
îòñóòñòâóþò.

Îäíèì èç îáúåêòîâ äàííîãî èññëåäîâàíèÿ ÿâëÿåòñÿ "ñëàáûé" òîêñèí èç
ÿäà êîáðû Naja kaouthia (WTX), ýêçîãåííûé èíãèáèòîð íÀÕÐ. WTX,
îòíîñÿùèéñÿ ê ñåìåéñòâó "íåîáû÷íûõ" òîêñèíîâ, îáëàäàåò íèçêîé
òîêñè÷íîñòüþ in vivo è ñëàáîé àôèííîñòüþ ê íÀÕÐ ïî ñðàâíåíèþ ñ äëèííûìè
è êîðîòêèìè α-íåéðîòîêñèíàìè, õîòÿ â èòîãå âûçûâàåò ïðàêòè÷åñêè
íåîáðàòèìîå áëîêèðîâàíèå êàê ìûøå÷íûõ ðåöåïòîðîâ, òàê è íåéðîíàëüíûõ
íÀÕÐ α7 òèïà. Âòîðûì îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ áåëîê Lynx1
÷åëîâåêà, ýíäîãåííûé àêòèâàòîð íÀÕÐ. Ãîìîëîãèÿ àìèíîêèñëîòíîé
ïîñëåäîâàòåëüíîñòè áåëêîâ Lynx1 è WTX ñîñòàâëÿåò ~30%.

Â äàííîé ðàáîòå âïåðâûå áûëè ðàçðàáîòàíû áàêòåðèàëüíûå ñèñòåìû
ïðîäóêöèè WTX è Lynx1 â âèäå òåëåö âêëþ÷åíèÿ E. coli. Áûëè îïðîáîâàíû
ðàçëè÷íûå ìåòîäû ðåíàòóðàöèè è ïðîâåäåí ñêðèíèíã óñëîâèé äëÿ
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transitions of loop regions from β-structural to random coil conformation and
take place with characteristic times in the range of 1-50 ms. For the first time the
spatial structure of the major (β-structural) conformation of Lynx1 molecule in
water solution was determined by means of NMR spectroscopy. The obtained
structure contains toxin-like "three-finger" motif stabilized by two antiparallel
β-sheets. The first β-sheet involves two β-strands and is formed by residues from
N-terminal loop of the protein. The second β-sheet involves four β-strands formed
by the fragments of all three loops of Lynx1. Obtained data experimentally prove
the hypothesis about similarity between spatial structure of Lynx proteins and
snake α-neurotoxins.

The development of effective bacterial systems for production of WTX and
Lynx1 allowed to perform the functional studies of these proteins. Eleven mutant
forms of WTX were produced by means of site-directed mutagenesis: C6S/C11S,
P7A, P33A, P7A/P33A, W36A, R31A, R32A, R31A/R32A, R31E/R32A, R31A/
R32E è Q30-W36/REARGT. The analysis of the activity of these mutants against
muscle type and neuronal α7 type nAChRs revealed that: 1) the presence of
additional disulfide bond in the first loop decreases the affinity of WTX to both
types of receptor; 2) conformational heterogeneity of WTX doesn't effect on the
toxin activity; 3) Trp36 residue located in the tip of the central loop of toxin is
important only for interaction with muscle type nAChRs; 4) the presence of charged
Arg residues in the tip of the central loop is crucial for interaction with neuronal
α7 type receptor. Thus for the first time the determinants important for selective
action of WTX on different types of nAChRs were revealed. The interaction of
Lynx1 with muscle type and neuronal α7 type nAChRs was characterized and
binding affinity constants were measured. It was shown, that in contrast to WTX,
the interaction of Lynx1 with receptor is reversible. Probably, this feature underlies
the special role of Lynx1 as modulator of nAChRs activity. For the first time it was
shown that Lynx1 and snake neurotoxins competes for the binding to nAChRs.
Probably the binding sites of these ligands are partially overlapped on the receptor
surface.

STRUCTURE-FUNCTIONAL STUDIES OF MOLECULAR
MECHANISMS OF INTERACTION BETWEEN EXOGENOUS
AND  ENDOGENOUS NEUROMODULATORS AND NICOTINIC
ACETYLCHOLINE RECEPTOR
Lyukmanova E.N., Shulepko M.A., Kasheverov I.E., Shenkarev Z.O.,
Mineev K.S., Paramonov A.S., Arseniev A.S., Dolgikh D.A., Tsetlin V.I.,
Kirpichnikov M.P.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: ekaterina-lyukmanova@yandex.ru

Nicotinic acetylcholine receptor (nAChR) is a ligand-gated ionic channel,
located in the postsynaptic membranes of neurons. According to their localization
these receptors are subdivided into two types – neuronal and muscle. Many disorders
in the central and peripheral nervous systems are connected with disfunctions of
nAChRs. α-Neurotoxins from snake venoms, the most studied inhibitors of
nAChRs, are small proteins with characteristic "three-finger" β-structural fold
stabilized by 4-5 disulfide bonds. Structurally, α-neurotoxins can be subdivided
onto three big classes: short-chain α-neurotoxins (60-62 amino acid residues, 4
disulfide bonds), long-chain α-neurotoxins (66-75 amino acid residues, fifth
disulfide bond is located in the tip of the central loop) and "unusual" neurotoxins
(62-68 amino acid residues, fifth disulfide bond is situated in the first, N-terminal,
loop). Several years ago the new family of endogenic neuromodulators of nAChRs
– Lynx, was discovered. The amino acid sequences of these proteins are highly
homologous to sequences of "unusual" snake neurotoxins. In contrast to α-
neurotoxins, proteins from Lynx family activate the nAChR channel in the presence
of agonists. Other structural-functional data about Lynx proteins are presently
absent.

One of the objects of this study is "weak" toxin from Naja kaouthia venom
(WTX), exogenic inhibitor of nAChRs. WTX belongs to the family of "unusual"
neurotoxins and has low toxicity in vivo and weak affinity to nAChRs in comparison
with long-chain and short chain α-neurotoxins. In spite of it, WTX irreversibly
blocks both muscle type and neuronal α7 type nAChRs. The second object of
present investigation is human Lynx1, endogenic activator of nAChRs. The
homology of amino acid sequences of Lynx1 and WTX is about 30%.

In the present work the bacterial systems for production of WTX and Lynx1
in the form of E. coli inclusion bodies were developed for the first time. Different
methods of refolding and the screening of conditions for yield optimization were
performed. The recombinant proteins were characterized by means of mass
spectrometry, CD and NMR spectroscopy. 15N-labeled analogs of Lynx1 and WTX
were produced that allowed NMR investigation of the spatial structure and dynamics
of these proteins. It was found that both proteins are conformationally
heterogeneous. WTX molecule has two main conformations in water solution
differed from each other by cis-trans-isomerization of peptide bond Arg32-Pro33.
The exchange between these two conformations takes place with characteristic
time more than 100 ms. The exchange processes in Lynx are underlain by dynamic
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ïîìîã âûÿâèòü 3 ãåíà è 7 ïîëèìîðôíûõ ìàðêåðîâ, ïîäõîäÿùèõ äëÿ
ïðîâåäåíèÿ èññëåäîâàíèÿ. Ïðîâåäåíà ýêñïåðèìåíòàëüíàÿ ïðîâåðêà âñåõ 7
ïîëèìîðôíûõ ìàðêåðîâ. Â ÷àñòíîñòè, ãåíîòèïèðîâàíèå äàííûõ ìàðêåðîâ â
ãðóïïå èç 50 ÷åëîâåê ïîäòâåðäèëî èõ âûñîêóþ ãåòåðîçèãîòíîñòü,
ïðåâûøàþùóþ 30%, è îòñóòñòâèå íåðàâíîâåñèÿ ïî ñöåïëåíèþ. Ñ ïîìîùüþ
ÎÒ-ÏÖÐ óñïåøíî ïðîâåäåíà àìïëèôèêàöèÿ ôðàãìåíòîâ, ôëàíêèðóþùèõ 6
èç 7 ïîëèìîðôíûõ ìàðêåðîâ, èç ÐÍÊ, ïîëó÷åííîé èç ïëàçìû êðîâè
áåðåìåííûõ æåíùèí ñðåäíåãî è äëèòåëüíîãî ñðîêîâ õðàíåíèÿ (1-6 ìåñÿöåâ).

Âûâîäû. Ïîäòâåðæäåíà âîçìîæíîñòü àìïëèôèêàöèè ïîëèìîðôíûõ
ìàðêåðîâ èç ÐÍÊ ïëàöåíòàðíîãî ïðîèñõîæäåíèÿ. Îïðåäåëåíû óñëîâèÿ
õðàíåíèÿ îáðàçöîâ ïëàçìû êðîâè, ñîîòâåòñòâóþùèå âîçìîæíîñòÿì
ìåäèöèíñêèõ öåíòðîâ. Ñîñòàâëåíà ïàíåëü èç 6 ïîëèìîðôíûõ ìàðêåðîâ,
êîòîðûå áûëè óñïåøíî àìïëèôèöèðîâàíû èç îáðàçöîâ ïëàçìû êðîâè.
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Ââåäåíèå. Áëàãîäàðÿ óñïåøíîìó ðàçâèòèþ öèòîãåíåòèêè, áèîõèìèè è
ìîëåêóëÿðíîé áèîëîãèè îêàçàëîñü âîçìîæíûì âûÿâëÿòü õðîìîñîìíûå è
ãåííûå ìóòàöèè ó ÷åëîâåêà íå òîëüêî â ïîñòíàòàëüíîì ïåðèîäå, íî è íà ðàçíûõ
ñðîêàõ ïðåíàòàëüíîãî ðàçâèòèÿ. Â ïîñëåäíèå ãîäû èíòåíñèâíî
ðàçðàáàòûâàþòñÿ íåèíâàçèâíûå ìåòîäû äîðîäîâîé äèàãíîñòèêè ðàçëè÷íîé
íàñëåäñòâåííîé ïàòîëîãèè. Ñèíäðîì Äàóíà ÿâëÿåòñÿ ñàìîé ðàñïðîñòðàí¸ííîé
õðîìîñîìíîé ïàòîëîãèåé.

Öåëü ðàáîòû. Ðàçðàáîòêà íåèíâàçèâíîãî è äîñòóïíîãî ãåíåòè÷åñêîãî
òåñòà, ïîçâîëÿþùåãî äîñòîâåðíî îïðåäåëÿòü ñèíäðîì Äàóíà (÷àñòè÷íóþ èëè
ïîëíóþ òðèñîìèþ ïî õðîìîñîìå 21) ó ïëîäà â ïåðâîì – íà÷àëå âòîðîãî
òðèìåñòðà áåðåìåííîñòè (äî 10-15 íåäåëü).

Îáúåêò èññëåäîâàíèÿ è ìåòîäû. Ãåíåòè÷åñêèì ìàòåðèàëîì ÿâëÿþòñÿ
öèðêóëèðóþùèå â ïëàçìå êðîâè ìàòåðè ìîëåêóëû ìÐÍÊ òð¸õ ãåíîâ,
òðàíñêðèáèðóåìûõ ñ õðîìîñîìû 21, ýêñïðåññèÿ êîòîðûõ ñïåöèôè÷íà äëÿ
êëåòîê ïëàöåíòû è ýìáðèîíà. Äëÿ ïðîâåäåíèÿ àíàëèçà èñïîëüçóåòñÿ ÐÍÊ,
âûäåëåííàÿ èç ïëàçìû êðîâè áåðåìåííûõ æåíùèí, èç êîòîðîé ñ ïîìîùüþ
ÏÖÐ ñ îáðàòíîé òðàíñêðèïöèåé (ÎÒ-ÏÖÐ) àìïëèôèöèðîâàëè ó÷àñòêè
âûáðàííûõ ãåíîâ. Çàòåì ïðîâîäèòñÿ êîëè÷åñòâåííûé àíàëèç àëëåëåé
ïîëèìîðôíûõ ìàðêåðîâ, ëåæàùèõ âíóòðè àìïëèôèöèðîâàííûõ ôðàãìåíòîâ,
íà àâòîìàòè÷åñêîì ñåêâåíàòîðå ñ èñïîëüçîâàíèåì ðåàêöèè óäëèíåíèÿ
ïðàéìåðîâ. Ñîîòíîøåíèÿ êîíöåíòðàöèé àëëåëåé äîëæíî áûòü ðàâíî 1:1 â
íîðìå è 1:2 èëè 2:1 ó íîñèòåëåé òðèñîìèé.

Ðåçóëüòàòû. Ïðîâåäåíû ïðåäâàðèòåëüíûå ýêñïåðèìåíòû ïî
èññëåäîâàíèþ ñîõðàííîñòè ÐÍÊ â öåëüíîé êðîâè è ïëàçìå. Ñîõðàííîñòü
îïðåäåëÿëè ïóòåì ñïåöèôè÷íîé àìïëèôèêàöèè ñ ÎÒ-ÏÖÐ ôðàãìåíòîâ òð¸õ
ãåíîâ: ãåíîâ "äîìàøíåãî õîçÿéñòâà" ACTB è B2M, à òàêæå ñïåöèôè÷íîãî
äëÿ ïëàöåíòû ãåíà PLAC4, ñ ïîëóêîëè÷åñòâåííûì àíàëèçîì ðåçóëüòàòîâ.
Ýêñïåðèìåíòû ïîêàçàëè âûñîêóþ ñîõðàííîñòü öèðêóëèðóþùåé ÐÍÊ â ïëàçìå
ïðè +4oÑ è -70oÑ è â êðîâè ïðè +4oÑ â òå÷åíèå 24 ÷àñîâ (ñíèæåíèå óðîâíÿ
ñèãíàëà íå áîëåå 20%). Òàêæå íà îñíîâàíèè ýêñïåðèìåíòàëüíûõ äàííûõ
âûáðàí ìåòîä âûäåëåíèÿ èç ïëàçìû, îáåñïå÷èâàþùèé íàèáîëüøåå
êîëè÷åñòâî è êà÷åñòâî ÐÍÊ. Àíàëèç áàç äàííûõ è ëèòåðàòóðíûõ èñòî÷íèêîâ
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Ðàñòèòåëüíûå LTP (ëèïèä-òðàíñïîðòèðóþùèå áåëêè) – íåáîëüøèå
îñíîâíûå áåëêè, îáëàäàþùèå ñïîñîáíîñòüþ òðàíñïîðòèðîâàòü ìîëåêóëû
ëèïèäîâ ìåæäó áèîìåìáðàíàìè in vitro. LTP îòíîñèòåëüíî ñòàáèëüíû,
óñòîé÷èâû ê òåïëîâîé è õèìè÷åñêîé äåíàòóðàöèè, à òàêæå ôåðìåíòàòèâíîìó
ðàñùåïëåíèþ. LTP ðàñòåíèé â ñîîòâåòñòâèè ñ ìîëåêóëÿðíîé ìàññîé
ïîäðàçäåëÿþòñÿ íà äâà ïîäêëàññà: LTP1 (îêîëî 9 êÄà) è LTP2 (îêîëî 7 êÄà).
Äàííûå áåëêè ñîäåðæàò âîñåìü êîíñåðâàòèâíûõ îñòàòêîâ öèñòåèíà,
îáðàçóþùèõ ÷åòûðå äèñóëüôèäíûå ñâÿçè. Äëÿ ïðîñòðàíñòâåííîé ñòðóêòóðû
LTP õàðàêòåðíî íàëè÷èå ãèäðîôîáíîé âïàäèíû, îáðàçîâàííîé òðåìÿ èëè
÷åòûðüìÿ α-ñïèðàëÿìè è äëèííûì Ñ-êîíöåâûì ôðàãìåíòîì.

LTP ó÷àñòâóþò â òàêèõ áèîëîãè÷åñêèõ ïðîöåññàõ â ðàñòåíèÿõ, êàê ñèíòåç
êóòèíà, ýìáðèîãåíåç è àäàïòàöèÿ ê ñòðåññîâûì ôàêòîðàì îêðóæàþùåé ñðåäû.
Ïðåäïîëàãàåòñÿ, ÷òî LTP, ïîäàâëÿþùèå ðîñò áàêòåðèé è ãðèáîâ, ÿâëÿþòñÿ
âàæíûì ýëåìåíòîì çàùèòíîé ñèñòåìû ðàñòåíèé. Ìíîãèå ïðåäñòàâèòåëè
ïîäêëàññà LTP1 – ñèëüíûå àëëåðãåíû, îòâåòñòâåííûå çà ðàçâèòèå èììóííûõ
ðåàêöèé íà ëàòåêñ, ïûëüöó è ðàñòèòåëüíûå ïèùåâûå ïðîäóêòû.

Èçó÷åíèå LTP ðàñòåíèé, îáëàäàþùèõ àíòèìèêðîáíîé àêòèâíîñòüþ è
ñâîéñòâàìè àëëåðãåíîâ, ïðåäñòàâëÿåò èíòåðåñ â ñâÿçè ñ âîçìîæíîñòüþ èõ
ïðàêòè÷åñêîãî ïðèìåíåíèÿ êàê â îáëàñòè ñåëüñêîãî õîçÿéñòâà äëÿ ñîçäàíèÿ
óñòîé÷èâûõ òðàíñãåííûõ ðàñòåíèé, òàê è â îáëàñòè ìåäèöèíû äëÿ ðàçðàáîòêè
íîâûõ ïðåïàðàòîâ äèàãíîñòè÷åñêîãî è òåðàïåâòè÷åñêîãî ïðèìåíåíèÿ.

Â õîäå ïðåäøåñòâóþùåé ðàáîòû áûëè âûäåëåíû ÷åòûðå íîâûõ ëèïèä-
òðàíñïîðòèðóþùèõ áåëêà èç ïðîðàùåííûõ ñåìÿí ÷å÷åâèöû Lens culinaris
(Lc-LTP2,4,7,8) [Å.È.Ôèíêèíà, Ñ.Â.Áàëàíäèí, Ì.Â.Ñåðåáðÿêîâà,
Í.À.Ïîòàïåíêî, À.À.Òàãàåâ, Ò.Â.Îâ÷èííèêîâà. Âûäåëåíèå è ïåðâè÷íàÿ
ñòðóêòóðà íîâûõ ëèïèä-òðàíñïîðòèðóþùèõ áåëêîâ èç ïðîðàùåííûõ ñåìÿí
÷å÷åâèöû (Lens culinaris). Áèîõèìèÿ, 2007, ò.72, ¹4, ñ.533-543]. Áûëè
óñòàíîâëåíû èõ ïîëíûå àìèíîêèñëîòíûå ïîñëåäîâàòåëüíîñòè è ñòðóêòóðû
êÄÍÊ. Âûäåëåííûå áåëêè ïðîÿâëÿþò àíòèáàêòåðèàëüíóþ àêòèâíîñòü, â
÷àñòíîñòè, ïîäàâëÿþò ðîñò ôèòîïàòîãåíà Agrobacterium tumefaciens. Äëÿ
ïðîâåäåíèÿ äàëüíåéøèõ ñòðóêòóðíî-ôóíêöèîíàëüíûõ è ïðåäêëèíè÷åñêèõ
èññëåäîâàíèé íàìè áûëè ðàçðàáîòàíû ñèñòåìû äëÿ ãåòåðîëîãè÷åñêîé
ýêñïðåññèè Lc-LTP2 â Å. coli. Â êà÷åñòâå ðîäèòåëüñêîãî øòàììà
èñïîëüçîâàëñÿ øòàìì E. coli BL-21(DE3), ýêñïðåññèðóþùèé Ò7 ÐÍÊ-
ïîëèìåðàçó ïðè èíäóêöèè ÈÏÒÃ èëè ëàêòîçîé, ïîçâîëÿþùèé ñ âûñîêîé
ýôôåêòèâíîñòüþ ñèíòåçèðîâàòü öåëåâîé áåëîê ïîä êîíòðîëåì Ò7 ïðîìîòîðà.
N-Êîíöåâîé îêòàãèñòèäèíîâûé ó÷àñòîê îáåñïå÷èâàë âîçìîæíîñòü

DETECTION OF AN OPPORTUNITY OF CIRCULATING mRNA
USAGE FOR PRENATAL DIAGNOSTICS OF DOWN SYNDROME
Manuylova E.G., Markova J.G.*, Shilova N.V.*, Zolotuchina T.V.*,
Nosikov V.V., Seryogin Yu.A.
State Scientific Center of RF "GosNII Genetika", Moscow
*State Institution Medical Genetic Scientific Center of RAMS, Moscow
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Introduction. Because of successful development of cytogenetics,
biochemistry and molecular biology, it became possible to detect human
chromosomal and genetic mutations not only during postnatal period but during
different prenatal periods. Non-invasive prenatal diagnostics of congenital
pathology is intensively developed at last years. Down syndrome is the most widely-
distributed pathology.

The objective of investigation. The development of available non-invasive
genetic test for reliable detection of fetus Down syndrome (mosaic or full trisomy)
during the first – beginning of the second trimester of pregnancy (up to 10-15
weeks).

Object of investigation and methods. Genetic material is extra cellular
maternal mRNA molecules of three genes, transcribed from chromosome 21, which
expression is specific for cells  of both placenta and embryo. RNA isolated from
blood plasma of pregnant women is used for the reverse transcription and following
amplification (RT-PCR) of sites of chosen genes. Quantitative analysis of
polymorphic markers alleles in amplificated fragments was held using automatic
primer extension reaction and sequenator. The normal ratio of alleles is 1:1 and in
case of trisomy it equals 1:2 or 2:1.

Results. Preliminary investigations of  RNA integrity in blood and plasma
were carried on. Integrity was detected by specific RT-PCR amplification of
"household" genes' fragments ACTB and B2M and specific placenta gene PLAC4
with semiquantitative analysis of results. The experiments have shown high integrity
of extra cellular RNA in plasma at +4oÑ and -70oÑ and in blood at +4oÑ during 24
hours storage (decrease of signal is no more than 20%). The method of RNA
isolation from plasma with the maximal quantity and quality of RNA was chosen
also on the ground of experimental data. The analysis of data bases and literary
sources allowed to find out 3 genes and 7 polymorphic markers. Genetic typing of
given markers in the group of 50 people confirmed their high heterozygosity (more
than 30%) and the absence of coupling disbalance. Successful amplification of
fragments flanking 6 from 7 polymorphic markers was held by RT-PCR from
median and prolonged storage life (1-6 months) RNA isolated from plasma of
pregnant women.

Conclusion.  An opportunity of polymorphic markers' amplification of
placenta RNA is confirmed. Storage conditions of plasma samples fitting the
facilities of medical centers are described. Six polymorphic markers were
successfully amplified from plasma samples.
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PROTEIN IN E. COLI
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Plant lipid transfer proteins (LTPs) are small basic proteins that are capable
of exchanging lipids between biomembranes in vitro. LTPs are relatively stable
molecules resistant to thermal and chemical denaturation and enzymatic digestion.
Plant LTPs are divided into two subclasses according to their molecular masses:
LTP1s (9 kDa) and LTP2s (7 kDa). These proteins contain eight conserved cysteine
residues forming four disulfide bonds. The three-dimensional structure of LTPs is
characterized by an internal hydrophobic cavity surrounded by three or four
α-helices, and a long C-terminal tail.

Plant LTPs are involved in such physiological processes as cutin biosynthesis,
embryogenesis and adaptation to environmental stress factors. LTPs exhibiting
antibacterial and antifungal activities are considered to be an important component
of plant defense system. Many members of the LTP1s subclass are strong allergens
responsible for development of immune reactions to latex, pollen and plant food.

Study of plant LTPs possessing antimicrobial and allergenic properties is of
special interest in view of their possible application in agriculture, as resistance
factors for transgenic plants, and in medicine, as diagnostic and therapeutic agents.

In our previous work, four novel lipid transfer proteins, called Lc-LTP2, 4, 7
and 8, were purified from the lentil Lens culinaris germinated seeds [E.I. Finkina,
S.V.Balandin, M.V.Serebryakova, N.A.Potapenko, A.A.Tagaev, T.V.Ovchinnikova.
Purification and primary structure of novel lipid transfer proteins from germinated
lentil (Lens culinaris) seeds. Biochemistry (Moscow), 2007, V.72, No.4, pp.430-
438]. The complete amino acid sequence and cDNA structure of all the proteins
were determined. The purified LTPs showed antibacterial activity, particularly
against phytopathogenic Agrobacterium tumefaciens. In order to obtain sufficient
amounts of LTPs for structure-functional and preclinical investigations,
heterologous expression systems for Lc-LTP2 production in E. coli have been
developed. The target protein was expressed under control of the strong T7 promoter
in E. coli BL-21(DE3) strain, containing chromosome-integrated T7 RNA
polymerase gene activated by IPTG or lactose induction. An octahistidine tag was
added to the N-terminus of the fusion protein allowing to use immobilized metal
ion affinity chromatography (IMAC) in the purification process. One of the two
plasmid variants also included thioredoxin A coding sequence upstream of Lc-
LTP2 sequence so that to express the target protein in soluble form and to facilitate
its folding. This system demonstrated higher yield of the mature protein and was
used for preparative protein purification.

The BL-21(DE3)/pET-His8-TrxL-Lc-LTP2 cells were grown in nutrient rich
medium. Optimization of growth medium composition, temperature and other
expression conditions allowed to achieve a satisfactory yield of LTP-containing
fusion protein. The cells containing expression products were harvested by

ìåòàëëîõåëàòíîé î÷èñòêè ðåêîìáèíàíòíîãî áåëêà. Îäèí èç äâóõ
ðàçðàáîòàííûõ âàðèàíòîâ êîíñòðóêöèè ïðåäóñìàòðèâàë ïîëó÷åíèå Lc-LTP2
â ôîðìå ãèáðèäíîãî áåëêà ñ ìîäèôèöèðîâàííûì òèîðåäîêñèíîì À. Äàííàÿ
ñèñòåìà ïîêàçàëà áîëåå âûñîêèé âûõîä öåëåâîãî ïðîäóêòà è áûëà
èñïîëüçîâàíà äëÿ âûäåëåíèÿ áåëêà.

Êëåòêè øòàììà BL-21(DE3)/pET-His8-TrxL-Lc-LTP2 êóëüòèâèðîâàëè â
áîãàòîé ïèòàòåëüíîé ñðåäå. Îïòèìèçàöèÿ ñîñòàâà ïèòàòåëüíîé ñðåäû,
òåìïåðàòóðû è äðóãèõ óñëîâèé ýêñïðåññèè ïîçâîëèëà äîñòè÷ü
óäîâëåòâîðèòåëüíîãî âûõîäà LTP-ñîäåðæàùåãî ãèáðèäíîãî áåëêà. Êëåòî÷íûé
îñàäîê, ñîäåðæàùèé ïðîäóêòû ýêñïðåññèè, ëèçèðîâàëè ñ ïîìîùüþ
óëüòðàçâóêà. Ïîëó÷åííûé â ðåçóëüòàòå öåíòðèôóãèðîâàíèÿ îñâåòëåííûé ëèçàò
ïîäâåðãàëè ìåòàëëîõåëàòíîé õðîìàòîãðàôèè, ýëþèðóÿ ãèáðèäíûé áåëîê
ãðàäèåíòîì èìèäàçîëà. Äëÿ ïîëó÷åíèÿ çðåëîãî áåëêà áûëà èñïîëüçîâàíà
ðåàêöèÿ ðàñùåïëåíèÿ ãèáðèäíîãî áåëêà His8-TrxL-Lc-LTP2 áðîìöèàíîì ïî
èñêóññòâåííî ââåäåííîìó îñòàòêó ìåòèîíèíà.

Äëÿ ðàçäåëåíèÿ ñìåñè, ïîëó÷åííîé â ðåçóëüòàòå ðåàêöèè ñ áðîìöèàíîì,
è â êà÷åñòâå ôèíàëüíîé ñòàäèè î÷èñòêè ðåêîìáèíàíòíîãî áåëêà áûëà
èñïîëüçîâàíà ÎÔ-ÂÝÆÕ. Äëÿ î÷èñòêè Lc-LTP2 áûëà âûáðàíà ñèñòåìà
ðàñòâîðèòåëåé àöåòîíèòðèë-âîäà ñ äîáàâëåíèåì 0,1% ÒÔÓ. Ðàçäåëåíèå
ïðîâîäèëè â ëèíåéíîì ãðàäèåíòå êîíöåíòðàöèè àöåòîíèòðèëà îò 5 äî 80%
çà 60 ìèíóò. Âðåìÿ óäåðæèâàíèÿ ðåêîìáèíàòíîãî Lc-LTP2 â óñëîâèÿõ
çàäàííîãî ãðàäèåíòà ñîîòâåòñòâîâàëî çíà÷åíèþ, ïîëó÷åííîìó äëÿ ïðèðîäíîãî
áåëêà. Ìîëåêóëÿðíàÿ ìàññà ïîëó÷åííîãî áåëêà, îïðåäåëåííàÿ ìåòîäîì
MALDI-TOF ìàññ-ñïåêòðîìåòðèè, îêàçàëàñü ðàâíîé ìîëåêóëÿðíîé ìàññå
ïðèðîäíîãî Lc-LTP2 (9282,7 Äà).

Èäåíòè÷íîñòü ðåêîìáèíàíòíîãî Lc-LTP2 ïðèðîäíîìó áåëêó áûëà òàêæå
ïîäòâåðæäåíà òåñòèðîâàíèåì àíòèìèêðîáíîé àêòèâíîñòè ìåòîäîì
äâóêðàòíûõ ñåðèéíûõ ðàçâåäåíèé â æèäêîé ïèòàòåëüíîé ñðåäå. Ïîëó÷åííûé
ðåêîìáèíàíòíûé Lc-LTP2 îáëàäàë àíòèáàêòåðèàëüíîé àêòèâíîñòüþ è ñ òîé
æå ýôôåêòèâíîñòüþ, ÷òî è ïðèðîäíûé áåëîê, ïîäàâëÿë ðîñò ïî÷âåííîé
ôèòîïàòîãåííîé áàêòåðèè A. tumefaciens, âûçûâàþùåé îïóõîëè ó ðàñòåíèé.
Î÷èùåííûé ðåêîìáèíàíòíûé Lc-LTP2 îáëàäàë òàêæå ïðîòèâîãðèáêîâîé
àêòèâíîñòüþ è èíãèáèðîâàë ðîñò ôèòîïàòîãåííûõ ãðèáîâ Aspergillus niger è
Neurospora crassa, ÿâëÿþùèõñÿ ïðè÷èíîé ðàçâèòèÿ  ó ðàñòåíèé ÷åðíîé è
êðàñíîé ãíèëè.

Â ðàìêàõ äàííîé ðàáîòû áûëà ñîçäàíà ãåííî-èíæåíåðíàÿ êîíñòðóêöèÿ
äëÿ ýêñïðåññèè Lc-LTP2 â Å. coli â ñîñòàâå ãèáðèäíîãî áåëêà, è ïîëó÷åí
øòàìì-ïðîäóöåíò, ïîçâîëÿþùèé ýêñïðåññèðîâàòü ëèïèä-òðàíñïîðòèðóþùèé
áåëîê ÷å÷åâèöû ñ âûõîäîì íå ìåíåå 1,5 ìã/ë êóëüòóðû â ïåðåñ÷åòå íà ÷èñòûé
Lc-LTP2. Ðàçðàáîòàííàÿ ìåòîäèêà  âûäåëåíèÿ ðåêîìáèíàíòíîãî áåëêà
ïîçâîëÿåò ïîëó÷àòü Lc-LTP2, èäåíòè÷íûé ïðèðîäíîìó ïî ìîëåêóëÿðíîé
ìàññå, àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè è àíòèìèêðîáíîé àêòèâíîñòè.
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Èñïîëüçîâàíèå ðàêîâî-ñïåöèôè÷íûõ ïðîìîòîðîâ â ãåííî-
òåðàïåâòè÷åñêèõ ñèñòåìàõ, íàïðàâëåííûõ íà ëå÷åíèå îíêîëîãè÷åñêèõ
çàáîëåâàíèé, èìååò áîëüøóþ ïåðñïåêòèâó. Ñ èõ ïîìîùüþ ìîæíî äîáèòüñÿ
ýêñïðåññèè òðàíñãåíà èñêëþ÷èòåëüíî â îïóõîëåâûõ êëåòêàõ. Îäíàêî èçâåñòíî,
÷òî ñèëà ïðîìîòîðîâ, ñïåöèôè÷åñêè àêòèâíûõ â ðàêîâûõ êëåòêàõ, çà÷àñòóþ
íåäîñòàòî÷íî âûñîêà äëÿ ïðîÿâëåíèÿ íåîáõîäèìîãî òåðàïåâòè÷åñêîãî
ýôôåêòà. Âñëåäñòâèå ýòîãî âîçíèêàåò íåîáõîäèìîñòü ðàçðàáîòêè ñèñòåì,
ïîçâîëÿþùèõ óñèëèâàòü àêòèâíîñòü òàêèõ ïðîìîòîðîâ. Ðàíåå íàìè áûëî
ïîêàçàíî, ÷òî óðîâåíü ýêñïðåññèè òðàíñãåíà, íàõîäÿùåãîñÿ ïîä êîíòðîëåì
ðàêîâî-ñïåöèôè÷íîãî ïðîìîòîðà ãåíà ñóðâèâèíà (BIRC5) ÷åëîâåêà, ìîæíî
óâåëè÷èòü ïðè èñïîëüçîâàíèè Tat-TAR-ñèñòåìû HIV-1. Áåëîê tat
ñïåöèôè÷åñêè ñâÿçûâàåòñÿ ñ âèðóñíîé ìÐÍÊ â ðàéîíå TAR-
ïîñëåäîâàòåëüíîñòè 5'LTR HIV-1 è àêòèâèðóåò òðàíñêðèïöèþ
ïîäêîíòðîëüíûõ ãåíîâ. Åñëè ïîìåñòèòü ãåí tat ïîä êîíòðîëü ðàêîâî-
ñïåöèôè÷íîãî ïðîìîòîðà, òî ìîæíî ýôôåêòèâíî óâåëè÷èòü óðîâåíü
ýêñïðåññèè òðàíñãåíà òîëüêî â îïóõîëåâûõ êëåòêàõ, ïðè ýòîì â íîðìàëüíîé
òêàíè óðîâåíü åãî ýêñïðåññèè áóäåò ìèíèìàëüíûì èëè îòñóòñòâîâàòü ñîâñåì.

Â êà÷åñòâå ãåíà òåðàïåâòè÷åñêîãî âîçäåéñòâèÿ ìû èñïîëüçîâàëè ãåí
òèìèäèíêèíàçû âèðóñà ïðîñòîãî ãåðïåñà (tk-HSV). Ýòîò ôåðìåíò ïðåâðàùàåò
íóêëåîçèäíûå àíàëîãè, òàêèå êàê ãàíöèêëîâèð è àöèêëîâèð, â
ìîíîôîñôîðèëèðîâàííóþ ôîðìó, êîòîðóþ çàòåì ýíäîãåííûå êëåòî÷íûå
êèíàçû ïðåîáðàçóþò â òîêñè÷íóþ òðèôîñôàòíóþ ôîðìó, êîíêóðèðóþùóþ ñ
íîðìàëüíûìè íóêëåîòèäàìè ïðè ðåïëèêàöèè ÄÍÊ. Òàêèì îáðàçîì,
ýêñïðåññèÿ ãåíà tk-HSV  â êëåòêàõ ìëåêîïèòàþùèõ äåëàåò èõ
÷óâñòâèòåëüíûìè ê ãàíöèêëîâèðó, ÷òî ïðèâîäèò ê îñòàíîâêå ñèíòåçà ÄÍÊ è
ê ãèáåëè êëåòêè.

×òîáû ðàñøèðèòü ñïåêòð îïóõîëåé, äëÿ êîòîðûõ âîçìîæíî ýôôåêòèâíîå
èñïîëüçîâàíèå ðàçðàáîòàííîé ñèñòåìû, ìû èññëåäîâàëè ïîòåíöèàë äâóõ
ïðîìîòîðîâ, îáëàäàþùèõ øèðîêîé îïóõîëåâîé ñïåöèôè÷íîñòüþ (ïðîìîòîð
ãåíà ñóðâèâèíà ÷åëîâåêà (pSurv) è ãèáðèäíûé ïðîìîòîð ãåíà îáðàòíîé
òðàíñêðèïòàçû ÷åëîâåêà è öèòîìåãàëîâèðóñà (phTERT-CMV)) â Tat-TAR-
ñèñòåìå.

Â ðàáîòå áûëè èñïîëüçîâàíû ôðàãìåíòû 5'LTR âèðóñà HIV-1, îäèí èç
êîòîðûõ – ∆LTRep – ñîäåðæàë âèðóñíûé ýíõàíñåð è ïðîìîòîð; ðàéîí R,
íåñóùèé TAR-ýëåìåíò; U5 îáëàñòü è íóêëåîòèäíóþ ïîñëåäîâàòåëüíîñòü
ïîñëå U5 îáëàñòè äî ñòàðòîâîãî êîäîíà ïåðâîãî ãåíà âèðóñà, à âòîðîé - åãî
óêîðî÷åííûé âàðèàíò áåç ýíõàíñåðà (∆LTRp).

centrifugation and lysed by sonication. The cleared lysate was collected, loaded
onto IMAC resin, and the fusion protein was eluted using imidazole gradient. The
mature protein was obtained by CNBr cleavage of the fusion protein His8-TrxL-
Lc-LTP2 at the methionine residue under standard conditions.

Separation of the cleavage products and fine purification of the recombinant
Lc-LTP2 were carried out by reverse-phase HPLC. The chromatography was
performed in a linear gradient of acetonitrile in 0.1% TFA: from 5% to 80% for 60
min. The recombinant Lc-LTP2 was eluted from the column at the same retention
time as the natural protein. Molecular mass of the purified protein, determined by
MALDI-TOF mass spectrometry, is equal to that of the natural Lc-LTP2
(9282,7 Da).

Identity of the recombinant and natural Lc-LTP2 was also monitored by
antimicrobial activity measurement using twofold serial dilution method. The
purified recombinant Lc-LTP2 shows antibacterial activity and suppresses growth
of the pathogenic soil bacterium A. tumefaciens, which causes root swelling, with
the same efficiency as the natural protein. The purified recombinant Lc-LTP2 also
inhibits growth of the phytopathogenic fungi Aspergillus niger and Neurospora
crassa, which cause such plant diseases as black and red bread molds,
correspondingly.

In this work, the bacterial expression host strain, translational fusion strategy,
and convenient cleavage and purification procedures were optimized to produce a
sufficient amount (1,5 mg/l) of a soluble and correctly folded recombinant lentil
Lc-LTP2. The described method of purification allows to obtain Lc-LTP2 having
molecular weight, amino acid sequence and antimicrobial activity identical to the
natural lentil LTP protein.
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Application of cancer-specific promoters in gene-therapy systems directed
to cancer treatment has a great success. These promoters can induce transgene
expression in tumor cells only. However it is known that cancer-specific promoter
strength is not enough for efficient therapy effect. Consequently it is necessary to
develop new systems allowing to increase a cancer-specific activity. Earlier we
had shown that HIV-1 Tat-TAR-system could increase transgene expression under
control of cancer-specific human survivin gene promoter (BIRC5). Tat protein
specifically binds TAR sequence within 5'LTR of viral mRNA HIV-1 and thus
participates in transcription activation of under control gene. When tat gene is
regulated by cancer-specific promoter one can increase transgene expression in
tumor cells effectively with minimal level of expression in normal tissue at the
same time.

In our experiments herpes simplex virus thymidine kinase (tk-HSV) was
chosen as a suicide agent. This protein can convert nucleoside analogues such as
ganciclovir and acyclovir in monophosphorylated form being transformed by
endogenous cell kinases in toxic form competing with normal nucleotides during
DNA replication. Such a way mammalian cells expressing tk-HSV become sensitive
to ganciclovir that results in stopping of DNA synthesis and cell death.

To broaden tumor diversity for our Tat-TAR-system two promoters with wide
spectrum of tumor specificity were investigated. These are a human survivin gene
(BIRC5) promoter (pSurv) and a hybrid human telomerase reverse transcriptase
gene and cytomegalovirus promoter (phTERT-CMV).

We used two fragments of HIV-1 5'LTR, first of that (∆LTRep) has viral
enhancer and promoter; R region with TAR-element; U5 region and nucleotide
sequence downstream U5 region up to start-codon of viral first gene, and the second
one – its partly deleted non-enhancer version (∆LTRp).

The developed system consists of vector constructions, the first one has tat
gene under cancer-specific promoter control and the second was tk-HSV gene
under control of ∆LTRep or ∆LTRp.

Tat and tk-HSV genes, LTR HIV-1 fragment (∆LTRep) were cloned in gene
expression constructions. Tat gene was controlled by pSurv or phTERT-CMV and
tk-HSV gene – by ∆LTRep. For comparison cancer-specific promoter constructions
containing tk-HSV gene under control of pSurv, phTERT-CMV and strong non-
specific promoter of cytomegalovirus (pCMV/E) were prepared. Potential
capacities of these constructions for transactivating of tk-HSV gene transcription
were investigated in transient transfection of human cancer cell lines Calu-1 and
HT1080 with following immunoblotting of cell extracts with antibodies against
tk-HSV. Tk-HSV protein was hardly detectable when this gene was under control

Ðàçðàáîòàííàÿ ñèñòåìà ñîñòîèò èç âåêòîðíûõ êîíñòðóêöèé, îäíà èç
êîòîðûõ íåñåò ãåí tat ïîä êîíòðîëåì ðàêîâî-ñïåöèôè÷íîãî ïðîìîòîðà, à
âòîðàÿ – ãåí òèìèäèíêèíàçû âèðóñà ïðîñòîãî ãåðïåñà ïîä êîíòðîëåì ∆LTRep
èëè ∆LTRp. Ãåíû tat è tk-HSV, à òàêæå ∆LTRep, áûëè êëîíèðîâàíû â
êîíñòðóêöèè, ïðè ýòîì ãåí tat íàõîäèëñÿ ïîä êîíòðîëåì pSurv èëè
phTERT-CMV, à ãåí tk-HSV – ïîä êîíòðîëåì ∆LTRep. Äëÿ ñðàâíåíèÿ è îöåíêè
ýôôåêòèâíîñòè ðàêîâî-ñïåöèôè÷íûõ ïðîìîòîðîâ áûëè ïîëó÷åíû
êîíñòðóêöèè, â êîòîðûõ ãåí tk-HSV íàõîäèëñÿ ïîä óïðàâëåíèåì ëèáî pSurv,
ëèáî phTERT-CMV, ëèáî ïîä êîíòðîëåì ñèëüíîãî íåñïåöèôè÷íîãî ïðîìîòîðà
öèòîìåãàëîâèðóñà (pCMV/E). Ýôôåêòèâíîñòü ðàáîòû Tat-TAR ñèñòåìû áûëà
ïîêàçàíà ïðè òðàíçèåíòíîé òðàíñôåêöèè ðàêîâûõ ëèíèé êëåòîê ÷åëîâåêà
Calu-1 è HT1080 ñ ïîñëåäóþùèì èììóíîáëîòòèíãîì êëåòî÷íûõ ýêñòðàêòîâ
ñ àíòèòåëàìè ê tk-HSV. Èññëåäóåìûé áåëîê tk-HSV ïðàêòè÷åñêè íå
äåòåêòèðîâàëñÿ, åñëè åãî ãåí íàõîäèëñÿ ïîä êîíòðîëåì ðàêîâî-ñïåöèôè÷íîãî
ïðîìîòîðà èëè ∆LTRep è, íàïðîòèâ, ñèíòåçèðîâàëñÿ íà î÷åíü âûñîêîì óðîâíå,
åñëè ãåí tk-HSV íàõîäèëñÿ ïîä êîíòðîëåì áèíàðíîé ñèñòåìû Tat-TAR è
pCMV/E.

Ìû ïîêàçàëè, ÷òî â êëåòêàõ, íåñóùèõ ãåí tk-HSV ïîä êîíòðîëåì Tat-TAR-
ñèñòåìû è ðàêîâî-ñïåöèôè÷íîãî ïðîìîòîðà, ïðîèñõîäèò ôîñôîðèëèðîâàíèå
ãàíöèêëîâèðà, â êîëè÷åñòâå, äîñòàòî÷íîì äëÿ èõ ýôôåêòèâíîé ãèáåëè. Ïðè
ýòîì ýôôåêòèâíîñòü ðàçðàáîòàííîé ñèñòåìû ñîïîñòàâèìà ñ ýôôåêòèâíîñòüþ
ïðîìîòîðà öèòîìåãàëîâèðóñà è ñóùåñòâåííî âûøå ýôôåêòèâíîñòè ðàáîòû
ðàêîâî-ñïåöèôè÷íûõ ïðîìîòîðîâ. Îäíàêî ìû òàêæå îáíàðóæèëè, ÷òî ∆LTRep
îáëàäàåò âûñîêîé áàçàëüíîé àêòèâíîñòüþ, â ðåçóëüòàòå êîòîðîé ãèáíóò
êëåòêè, íåñóùèå ïîä åãî êîíòðîëåì ãåí tk-HSV. Íàìè áûëè èññëåäîâàíû
ñïîñîáû ïîíèæåíèÿ òàêîé íåñïåöèôè÷åñêîé àêòèâíîñòè è ïîêàçàíî, ÷òî
óêîðî÷åííûé âàðèàíò (∆LTRp) èìååò ñóùåñòâåííûå ïðåèìóùåñòâà äëÿ
èñïîëüçîâàíèÿ â ðàçðàáàòûâàåìîé ñèñòåìå.

Òàêèì îáðàçîì, ìû ïîêàçàëè, ÷òî ñ ïîìîùüþ Tat-TAR-ñèñòåìû âèðóñà
èììóíîäåôèöèòà ÷åëîâåêà ìîæíî â ñòî è áîëåå ðàç óñèëèòü àêòèâíîñòü
ðàêîâî-ñïåöèôè÷íûõ ïðîìîòîðîâ è òåì ñàìûì ïîâûñèòü îïóõîëü-
íàïðàâëåííóþ öèòîòîêñè÷íîñòü êèëëåðíîãî àãåíòà – òèìèäèíêèíàçû âèðóñà
ïðîñòîãî ãåðïåñà.
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Ìåìáðàííûå áåëêè ïðåäñòàâëÿþò áîëüøîé èíòåðåñ äëÿ áèîëîãèè è
ìåäèöèíû, îäíàêî èõ ïðîñòðàíñòâåííûå ñòðóêòóðû ñëàáî èçó÷åíû.
Ðåíòãåíîñòðóêòóðíûé àíàëèç èñïûòûâàåò ïðîáëåìû ñ èõ êðèñòàëëèçàöèåé,
â òî âðåìÿ êàê ßÌÐ-ñïåêòðîñêîïèÿ íå ìîæåò èìåòü äåëî ñ êîìïëåêñàìè òàêîé
áîëüøîé ìîëåêóëÿðíîé ìàññû è ìàëîé ïîäâèæíîñòè. Ñ ó÷¸òîì òîãî, ÷òî
ìåìáðàííûå áåëêè ÿâëÿþòñÿ íàèáîëåå ïîïóëÿðíûìè ìèøåíÿìè äëÿ
ëåêàðñòâåííûõ ïðåïàðàòîâ, ìû ìîæåì çàêëþ÷èòü, ÷òî ïðèíöèïû,
îïðåäåëÿþùèå îðãàíèçàöèþ, ñáîðêó è ôóíêöèþ êàíàëîâ è ðåöåïòîðîâ,
íåîáõîäèìî èññëåäîâàòü.

Ïîñêîëüêó áîëüøàÿ ÷àñòü ìåìáðàííûõ áåëêîâ ñîñòîèò èç íåñêîëüêèõ
òðàíñìåìáðàííûõ ñïèðàëåé, äëÿ èçó÷åíèÿ ïåðå÷èñëåííûõ ïðèíöèïîâ íàìè
áûë âûáðàí íàèáîëåå ïðîñòîé è íåáîëüøîé îáúåêò èç êëàññà ìåìáðàííûõ
áåëêîâ – äèìåð α-ñïèðàëåé. Ýòè êîìïëåêñû èìåþò íåáîëüøóþ ìîëåêóëÿðíóþ
ìàññó è âûñîêóþ ïîäâèæíîñòü, îäíàêî ïðè ýòîì îíè ÿâëÿþòñÿ õîðîøåé
ìîäåëüþ äëÿ èññëåäîâàíèÿ ñïèðàëü-ñïèðàëüíûõ âçàèìîäåéñòâèé. Äëÿ ðàñ÷¸òà
èõ ïðîñòðàíñòâåííûõ ñòðóêòóð áûë ðàçðàáîòàí ñïåöèàëüíûé ïðîòîêîë ñ
ïðèìåíåíèåì 13C-ôèëüòðîâàííûõ ñïåêòðîâ NOESY äëÿ äåòåêòèðîâàíèÿ
ìåæìîëåêóëÿðíûõ âçàèìîäåéñòâèé, îñîáîé ïðîöåäóðû êàëèáðîâêè êðîññ-
ïèêîâ â îãðàíè÷åíèÿ íà ðàññòîÿíèÿ, à òàêæå íåîäíîçíà÷íûõ îãðàíè÷åíèé íà
ðàññòîÿíèÿ äëÿ ïðàâèëüíîé èíòåðïðåòàöèè äàííûõ ßÝÎ, ïîëó÷åííûõ èç
ñïåêòðîâ ñ ñèëüíûì ïåðåêðûòèåì è ðàçëè÷íûìè äèíàìè÷åñêèìè
õàðàêòåðèñòèêàìè ñèãíàëîâ.

Ïðè ïîìîùè ýòîãî ïðîòîêîëà áûëè ðàññ÷èòàíû ñòðóêòóðû íåñêîëüêèõ
äèìåðîâ òðàíñìåìáðàííûõ (ÒÌ) ñåãìåíòîâ ñèãíàëüíûõ êèíàç ñåìåéñòâà
ErbB: ErbB2, ErbB4, ErbB1/ErbB2. Ïåïòèäû èññëåäîâàëèñü â ðàñòâîðå áèöåëë
– ñìåñè äèìèðèñòîèë- è äèãåêñàíîèëôîñôàòèäèëõîëèíîâ â ñîîòíîøåíèè 1:4.
Êàê ñ÷èòàåòñÿ, â óñëîâèÿõ ýêñïåðèìåíòà ëèïèäû îáðàçóþò àãðåãàòû
äèñêîèäàëüíîé ôîðìû, ïðåäñòàâëÿþùèå èç ñåáÿ àäåêâàòíóþ ñðåäó,
èìèòèðóþùóþ ìåìáðàííîå îêðóæåíèå. Âñå ïîëó÷åííûå ñòðóêòóðû ÿâëÿþòñÿ
ïðàâîçàêðó÷åííûìè äèìåðàìè α-ñïèðàëåé â ïàðàëëåëüíîé îðèåíòàöèè,
ïðè÷¸ì óãîë ìåæäó ñïèðàëÿìè äëÿ âñåõ îáúåêòîâ ñîñòàâëÿë îò 40 äî 50
ãðàäóñîâ. ÒÌ-ñåãìåíòû âçàèìîäåéñòâóþò ÷åðåç ðàçëè÷íûå âàðèàíòû
ãëèêîôîðèíîâûõ G3G ìîòèâîâ è ìåæìîëåêóëÿðíûå âîäîðîäíûå ñâÿçè,
îáðàçîâûâàåìûå áîêîâûìè öåïÿìè îñòàòêîâ ñåðèíîâ è òðåîíèíîâ. Âî âñåõ
òðåõ ñëó÷àÿõ íà èíòåðôåéñå âçàèìîäåéñòâèÿ íàõîäèëñÿ îòíîñèòåëüíî
ïîëÿðíûé ðåãèîí ïîâåðõíîñòè  ÒÌ  ñïèðàëè. Ýêñïåðèìåíòû ñ ErbB4
ïîêàçàëè, ÷òî ñïèðàëü-ñïèðàëüíûå êîíòàêòû ìîãóò âûçûâàòü íåáîëüøèå

of cancer-specific promoter or ∆LTRep and vice versa it was synthesized at very
high level when tk-HSV gene was regulated by binary Tat-TAR-system or pCMV/E.

We have shown also that cells carrying tk-HSV gene under Tat-TAR-system
control and cancer-specific promoter phosphorylate ganciclovir at a level sufficient
for their effective death. Moreover effectiveness of developed system was similar
with cytomegalovirus promoter effectiveness and was essentially higher than cancer-
specific promoter effectiveness. However we have found that ∆LTRep has high
basal activity that results in death of cells transfected by tk-HSV under ∆LTRep
control. The ways of decreasing such a non-specific activity were investigated and
it was shown that short ∆LTRp promoter has some advantages for application in
developing system.

Such a way we have demonstrated that Tat-TAR-system can raise a cancer-
specific transgen expression in 100 fold and more and thus increase tumor-directed
cytotoxicity of suicide gene – herpes simplex virus thymidine kinase.
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Membrane proteins are now of the great interest in biology and medicine, but
their spatial structures are still studied poorly. X-Ray experiences problems with
crystallization and NMR cannot deal with high Mm and low mobility of protein-
lipid complexes. Taking into account that membrane complexes are the most
popular targets for modern drugs, we can postulate that understanding of principles,
determining organization, folding and function of channels and receptors, is
necessary.

As the major part of membrane proteins consists of several membrane-
spanning helices, in order to study such principles, we have chosen the simplest
and the smallest object among all membrane proteins – helical dimers. These
complexes have low Mm and rather fast dynamics, but they represent a good
model for interhelical interaction. For the calculation of protein structure special
protocol was developed, employing 13C-filtered NOESY techniques for the
detection of intermolecular interactions; special peak list calibration procedure
and multiple (ambiguous) distance restraints for proper handling of NOE data
gathered from spectra with overlapped signals with different dynamical
characteristics.

Using the protocol, structures of several dimers of transmembrane (TM)
segments of ErbB-family kinase receptors were calculated: ErbB2, ErbB4,
ErbB1/ErbB2. Peptides were studied in the bicelles solution – the mixture of à
dimiristoyl- and dihexanoylphosphatidylcholines. As supposed, at the experimental
conditions these lipids form aggregates with discoidal shape, which represent the
adequate lipid mimicking environment. All of them are parallel right-handed dimers
with the angle between the axes of helices ranging between 40 and 50 degrees.
Helices interact trough different variants of G3G motifs and intermolecular
hydrogen bonds formed by Ser and Thr sidechains. In all three cases the interaction
interface was formed by relatively polar region on the surface of transmembrane
helix. Experiments with ErbB4 showed that helix-helix interactions can cause small
changes in secondary structure of transmembrane spans, in donor-acceptor distance
of hydrogen bonds, for instance.

Measured dynamical features of the objects under the study, revealed that all
of them consist of transmembrane helix, which is moving in the rigid complex
with lipids, having overall Mm of 30-40 kDa, and mobile terminal regions. In all
cases several charged residues are inside the stable helix. In the case of
ErbB1/ErbB2 heterodimer the TM helix of ErbB1 was destabilized at the
N-terminus and was as well 1 turn shorter, than one of ErbB2, which evidences the
different orientation of ErbB1 and ErbB2 TM spans with respect to the bicelle
surface normal.

èçìåíåíèÿ âî âòîðè÷íîé ñòðóêòóðå òðàíñìåìáðàííûõ ó÷àñòêîâ, â ÷àñòíîñòè,
â ðàññòîÿíèè äîíîð-àêöåïòîð äëÿ ñïèðàëüíûõ âîäîðîäíûõ ñâÿçåé.

Èçìåðåííûå äèíàìè÷åñêèå õàðàêòåðèñòèêè èññëåäîâàííûõ îáúåêòîâ
ïîêàçàëè, ÷òî âñå îíè ñîñòîÿò èç òðàíñìåìáðàííîé ñïèðàëè, êîòîðàÿ äâèãàåòñÿ
â æåñòêîì êîìïëåêñå ñ ëèïèäàìè îáùåé ìàññû 30-40 êÄà, è ïîäâèæíûõ
êîíöåâûõ ó÷àñòêîâ. Âî âñåõ ñëó÷àÿõ â ñòàáèëüíóþ ñïèðàëü âõîäèò íåñêîëüêî
çàðÿæåííûõ îñòàòêîâ. Â ñëó÷àå ãåòåðîäèìåðà ErbB1/ErbB2 ñïèðàëü ErbB1
îêàçàëàñü äåñòàáèëèçèðîâàííîé íà N-êîíöå, à òàêæå áûëà êîðî÷å íà 1 âèòîê,
÷òî, ñêîðåå âñåãî, ãîâîðèò î ðàçëè÷íîé îðèåíòàöèè ErbB1 è ErbB2 ïî
îòíîøåíèþ ê íîðìàëè ïîâåðõíîñòè áèöåëëû.

ÒÌ äîìåí ErbB2 ïðè ãîìî- è ãåòåðîäèìåðèçàöèè ñ ErbB1
âçàèìîäåéñòâîâàë ñî âòîðîé ñïèðàëüþ ïî îäíîìó è òîìó æå ó÷àñòêó
ïîâåðõíîñòè, ÷òî ïîäòâåðæäàåò ïðåäëîæåííóþ ðàíåå  äëÿ àêòèâàöèè òèðîçèí-
êèíàçíûõ ðåöåïòîðîâ ìîäåëü "ñöåïëåííîãî âðàùåíèÿ", òàê êàê íàëè÷èå
âòîðîé ïîëÿðíîé îáëàñòè íåîáõîäèìî íå äëÿ ãåòåðîäèìåðèçàöèè, à äëÿ
ïåðåêëþ÷åíèÿ ìåæäó àêòèâíîé è íåàêòèâíîé ôîðìàìè. Ñîãëàñíî ìîäåëè,
âñå ïîëó÷åííûå ñòðóêòóðû ñîîòâåòñòâóþò ñâÿçàííîé, àêòèâíîé êîíôîðìàöèè
ðåöåïòîðà, ÷òî ñâèäåòåëüñòâóåò î òîì, ÷òî âíóòðèêëåòî÷íûå äîìåíû
âçàèìîäåéñòâóþò â îòñóòñòâèå ëèãàíäà, à àêòèâàöèÿ ðåöåïòîðà ïðèâîäèò ê
èçìåíåíèþ âçàèìíîé îðèåíòàöèè êèíàçíûõ äîìåíîâ è ïåðåäà÷å ñèãíàëà.
Ñîîòâåòñòâèå ïîëó÷åííûõ ñòðóêòóð àêòèâíîé ôîðìå ðåöåïòîðîâ
ïîäòâåðæäàåòñÿ èçâåñòíûìè äëÿ ãîìîëîãîâ ìóòàöèÿìè, âûçûâàþùèìè ðàê
ó êðûñ. Îäíîé èç òàêèõ ìóòàöèé ÿâëÿåòñÿ çàìåíà Val659Glu. Ðåçóëüòàòû
ìîäåëèðîâàíèÿ ïîêàçûâàþò, ÷òî ïîäîáíàÿ çàìåíà ñòàáèëèçèðóåò ïîëó÷åííóþ
ñòðóêòóðó ErbB2 çà ñ÷åò îáðàçîâàíèÿ äîïîëíèòåëüíûõ ìåæìîëåêóëÿðíûõ
âîäîðîäíûõ ñâÿçåé â ðàéîíå èíòåðôåéñà äèìåðèçàöèè.

Ýòî èññëåäîâàíèå, âìåñòå ñ áèîõèìè÷åñêèìè äàííûìè, ïîäòâåðäèëî,
÷òî ìåìáðàííûå äîìåíû ìîãóò èãðàòü âàæíóþ ðîëü â ôóíêöèîíèðîâàíèè
ìåìáðàííûõ áåëêîâ, è ïðåäîñòàâèëî äîïîëíèòåëüíûå ñâèäåòåëüñòâà â ïîëüçó
ìåõàíèçìà "ñöåïëåííîãî âðàùåíèÿ", ïðåäëîæåííîãî äëÿ àêòèâàöèè
ðåöåïòîðîâ ñåìåéñòâà ErbB. Áîëåå òîãî, ïðîñòðàíñòâåííûå ñòðóêòóðû ìîãóò
îáúÿñíèòü ýôôåêòû ðÿäà ìóòàöèé â òðàíñìåìáðàííîé ñïèðàëè  ErbB2,
êîòîðûå, êàê ïîëàãàþò, ñâÿçàíû ñ ðàçâèòèåì ðàêà. Äàëüíåéøèå èññëåäîâàíèÿ
â äàííîé îáëàñòè ìîãóò ïîçâîëèòü ñîçäàòü ëåêàðñòâà, íàöåëåííûå íå íà
âíåêëåòî÷íûé, à íà òðàíñìåìáðàííûé äîìåí ñ âûñîêîé ñïåöèôè÷íîñòüþ.
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Áàêòåðèàëüíàÿ ÐÍÊ-ïîëèìåðàçà (ÐÍÊÏ) – ýòî ñëîæíàÿ ìîëåêóëÿðíàÿ
ìàøèíà, êîòîðàÿ ñïîñîáíà êàòàëèçèðîâàòü íåñêîëüêî ðàçëè÷íûõ ðåàêöèé:
ïðèñîåäèíåíèå íóêëåîòèäîâ, ïèðîôîñôîðîëèç, ýíäî- è ýêçîíóêëåîëèòè÷åñêîå
ðàñùåïëåíèå ÐÍÊ. Ýòè ðåàêöèè îñóùåñòâëÿþòñÿ â ðåçóëüòàòå ñëîæíûõ
êîíôîðìàöèîííûõ ïåðåñòðîåê â àêòèâíîì öåíòðå ôåðìåíòà. Íåäàâíèå
ñòðóêòóðíûå è áèîõèìè÷åñêèå èññëåäîâàíèÿ ïîêàçàëè, ÷òî â ïðèñîåäèíåíèè
íóêëåîòèäîâ â õîäå êàòàëèçà ãëàâíóþ ðîëü èãðàþò äâà ýëåìåíòà β’-
ñóáúåäèíèöû ÐÍÊÏ: G-ïåòëÿ è F-ñïèðàëü. Ñâÿçûâàíèå íóêëåîòèäà
èíäóöèðóåò "ñâîðà÷èâàíèå" G-ïåòëè è îáðàçîâàíèå "çàêðûòîé" êîíôîðìàöèè
àêòèâíîãî öåíòðà, îáåñïå÷èâàþùåé ïðàâèëüíóþ îðèåíòàöèþ íóêëåîòèäà,
êîòîðûé íàïðÿìóþ êîíòàêòèðóåò ñ G-ïåòëåé è F-ñïèðàëüþ. Òðàíñëîêàöèÿ
ÐÍÊÏ ïî ìàòðèöå ÄÍÊ, êîòîðàÿ ïðîèñõîäèò ïîñëå âêëþ÷åíèÿ íóêëåîòèäà,
òàêæå ñîïðîâîæäàåòñÿ ñòðóêòóðíûìè èçìåíåíèÿìè G-ïåòëè è F-ñïèðàëè.
Îäíàêî, äåòàëüíûå ìåõàíèçìû ñòðóêòóðíûõ ïåðåñòðîåê G-ïåòëè, F-ñïèðàëè
è äðóãèõ ýëåìåíòîâ àêòèâíîãî öåíòðà ÐÍÊÏ íà ðàçíûõ ñòàäèÿõ êàòàëèçà
îñòàþòñÿ íåèçâåñòíû.

ÐÍÊÏ òåðìîôèëüíûõ áàêòåðèé õàðàêòåðèçóþòñÿ ñíèæåííîé ñêîðîñòüþ
êàòàëèçà (ïðè óìåðåííûõ è íèçêèõ òåìïåðàòóðàõ) ïî ñðàâíåíèþ ñ ÐÍÊÏ
ìåçîôèëüíûõ áàêòåðèé. Â ÷àñòíîñòè, ìû ïîêàçàëè, ÷òî ÐÍÊÏ òåðìîôèëüíîé
áàêòåðèè Thermus aquaticus îáëàäàåò ãîðàçäî ìåíüøåé ñêîðîñòüþ êàòàëèçà,
÷åì ÐÍÊÏ ôèëîãåíåòè÷åñêè áëèçêîé ìåçîôèëüíîé áàêòåðèè Deinococcus
radiodurans (ïðè 37oÑ). Òàêèì îáðàçîì, ñðàâíåíèå ìåçîôèëüíûõ è
òåðìîôèëüíûõ ÐÍÊÏ ìîæåò áûòü èñïîëüçîâàíî äëÿ ïîèñêà ñòðóêòóðíûõ
ýëåìåíòîâ ÐÍÊÏ, ó÷àñòâóþùèõ â êàòàëèçå. Öåëüþ äàííîé ðàáîòû áûë ïîèñê
ñòðóêòóðíûõ ýëåìåíòîâ ÐÍÊÏ, îáåñïå÷èâàþùèõ ðàçëè÷èÿ â êàòàëèòè÷åñêèõ
ñâîéñòâàõ ÐÍÊÏ T. aquaticus è D.  radiodurans.

Ñðàâíåíèå ïîñëåäîâàòåëüíîñòåé ýòèõ ÐÍÊÏ ïîçâîëèëî âûÿâèòü
àìèíîêèñëîòíûå çàìåíû â íåñêîëüêèõ ýëåìåíòàõ àêòèâíîãî öåíòðà, êîòîðûå
ìîãëè áû âëèÿòü íà ñêîðîñòü êàòàëèçà. Â ÷àñòíîñòè, ÐÍÊÏ D.  radiodurans
ñîäåðæèò 4 çàìåíû â G-ïåòëå, 1 çàìåíó â F-ñïèðàëè è 8 çàìåí â F-ïåòëå –
ó÷àñòêå, ïðèìûêàþùåì ê N-êîíöó F-ñïèðàëè è âçàèìîäåéñòâóþùåì ñî
"ñâåðíóòîé" G-ïåòëåé â çàêðûòîé êîíôîðìàöèè àêòèâíîãî öåíòðà. Ðîëü
F-ïåòëè â êàòàëèçå ðàíåå íå èññëåäîâàëàñü. ×òîáû óñòàíîâèòü ðîëü ýòèõ çàìåí,
ìû ïîëó÷èëè íåñêîëüêî âàðèàíòîâ ÐÍÊÏ T. aquaticus, â êîòîðûõ îòäåëüíûå
ðàéîíû áåëêà áûëè çàìåíåíû íà ñîîòâåòñòâóþùèå ýëåìåíòû ÐÍÊÏ
D. radiodurans: (1) ÐÍÊÏ ñ çàìåíîé G-ïåòëè (G-Dra),  (2) ÐÍÊÏ ñ çàìåíîé
F-ïåòëè è F-ñïèðàëè (F-Dra), (3) âàðèàíòû ÐÍÊÏ ñ òî÷å÷íûìè çàìåíàìè â
F-ïåòëå è F-ñïèðàëè, (4) ÐÍÊÏ ñ äåëåöèåé öåíòðàëüíîé ÷àñòè F-ïåòëè
(∆F-loop).

The TM domain of ErbB2 interacted with another helix through the same
surface area in the both cases of homo- and heterodimerization. That confirms the
"rotation-coupling" model, suggested for the activation of receptor tyrosine kinases,
because the second possible dimerization area exists on the surface of the helix
not for the heterodimerization, but for the switching between active and inactive
forms of the membrane domain. Following the model, we can suppose that the
calculated structure corresponds to the active conformation of the receptor and
that can confirm that intracellular domains of the receptors interact with each other
in the absence of the ligand, and the activation of the receptor causes the changes
in the mutual orientation of helical TM spans, and it, in turn, changes the orientation
of kinase domains and leads to the signal transduction. The correspondence of the
obtained structures to the active state of the receptor can be confirmed by the well-
known mutations, found in the homologous proteins, triggering the cancer for
rats. One of such mutations is Val659Glu. The results of molecular modeling show
that such mutations stabilize the calculated structure of ErbB2 via the formation
of additional hydrogen bonds on the interfacial region.

This research together with biochemical data proved that membrane domain
can play significant role in the function of membrane proteins, and gave additional
evidences in the favor of rotational coupling activation mechanism, suggested for
ErbB family. Moreover, spatial structures can explain the effects of some mutations
in transmembrane helix of ErbB2 which are thought to be cancer-related. Further
studies could allow designing drugs which target not extracellular but also
membrane domains with high specificity.
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Bacterial RNA polymerase (RNAP) is a remarkable molecular machine that
is able to catalyze several different reactions, including nucleotide addition, the
reverse reaction of pyrophosphorolysis, and reactions of exo- and endo-nucleolytic
RNA cleavage. These reactions occur in the same active center that undergoes
complex conformational changes during catalysis. Recent structural and
biochemical studies identified two elements in the largest RNAP subunit (β’ in
bacteria), the G-loop and the F-helix, which appear to play the key role during the
nucleotide addition cycle. Binding of an incoming NTP substrate induces folding
of the G-loop, creating a closed, catalytically-competent conformation of the active
center, in which the substrate directly interacts with the G-loop and the F-helix
and is properly aligned with the template DNA and 3’-OH of the nascent RNA for
facile catalysis. Following nucleotide incorporation, the enzyme moves one
nucleotide downstream the DNA, which is accompanied by coordinated
rearrangements of both the G-loop and the F-helix. However, the detailed
mechanisms of conformational changes of the G-loop, the F-helix, and other
elements of the active center at different steps of catalysis remain unknown.

RNAPs from thermophilic bacteria display much lower catalytic rates at low
and moderate temperatures than the enzymes from mesophilic bacteria. In particular,
we demonstrated that Thermus aquaticus RNAP synthesizes RNA much slower
than its closest mesophilic relative, Deinococcus radiodurans RNAP, at
temperatures below 37oC. Thus, comparison of the mesophilic and thermophilic
RNAPs could reveal structural elements of RNAP that are involved in catalysis.
In this work, we sought to identify structural elements of RNAP responsible for
the observed differences in catalytic properties between RNAPs from T. aquaticus
and D. radiodurans.

Sequence alignments revealed amino acid substitutions in several elements
of the active center in these RNAPs that could play a key role in defining the rate
of RNA synthesis. In particular, D. radiodurans RNAP contained 4 substitutions
in the G-loop, 1 substitution in the F-helix, and 8 substitutions in the F-loop, that
is adjacent to the N-terminus of the F-helix and directly interacts the folded G-loop
in the closed conformation of the active center. The role of F-loop in RNAP function
has not been studied.  To assess the role of these substitutions, we created several
derivatives of T. aquaticus RNAP in which the selected regions were replaced
with the corresponding sequences from D. radiodurans: (1) RNAP with substitution
of the G-loop (G-Dra), (2) RNAP with substitution of the F-loop and F-helix
(F-Dra), (3) RNAPs with points amino acid substitutions in the F-loop and F-helix,
and (4) RNAP with a deletion of the central part of the F-loop (∆F-loop).

The rates of catalysis by the wild-type T. aquaticus and D. radiodurans RNAPs
and mutant variants of T. aquaticus RNAP were measured using artificially
assembled elongation complexes, which allow to analyze single nucleotide addition.

Cêîðîñòè êàòàëèçà ÐÍÊÏ T. aquaticus è D. radiodurans è ìóòàíòíûõ
âàðèàíòîâ ÐÍÊÏ  T. aquaticus áûëè èçìåðåíû ñ èñïîëüçîâàíèåì
èñêóññòâåííûõ ýëîíãàöèîííûõ êîìïëåêñîâ, ïîçâîëÿþùèõ àíàëèçèðîâàòü
ïðèñîåäèíåíèå îäíîãî íóêëåîòèäà. Áûëî ïîêàçàíî, ÷òî ïðè 20°C ñêîðîñòü
ïðèñîåäèíåíèÿ íóêëåîòèäà ÐÍÊÏ T. aquaticus â 320 ðàç ìåíüøå, ÷åì ñêîðîñòü
D. radiodurans RNAP. Ñêîðîñòü êàòàëèçà ìîçàè÷íîé ÐÍÊÏ G-Dra íå
îòëè÷àëàñü îò ñêîðîñòè êàòàëèçà ÐÍÊÏ T. aquaticus, à ñêîðîñòü êàòàëèçà
ìîçàè÷íîé ÐÍÊÏ F-Dra áûëà áîëüøå â 40 ðàç. Òî÷å÷íûå çàìåíû â F-ïåòëå
òàêæå ïðèâîäèëè ê óâåëè÷åíèþ ñêîðîñòè êàòàëèçà â íåñêîëüêî ðàç.
Íàèáîëüøèé ýôôåêò íà ñêîðîñòü êàòàëèçà îêàçûâàëà äåëåöèÿ F-ïåòëè, êîòîðàÿ
ïðèâîäèëà ê ïàäåíèþ ñêîðîñòè ñèíòåçà ÐÍÊ ÐÍÊÏ T. aquaticus â 70 ðàç.

Äëÿ òîãî ÷òîáû óñòàíîâèòü, êàêóþ ðîëü èãðàåò F-ïåòëÿ â êàòàëèçå, ìû
èññëåäîâàëè âëèÿíèå àíòèáèîòèêà ñòðåïòîëèäèãèíà (Stl) íà ñèíòåç ÐÍÊ
ðàçëè÷íûìè ÐÍÊÏ. Stl ñâÿçûâàåòñÿ â ñåðåäèíå F-ñïèðàëè è ïðåïÿòñòâóåò
ñâîðà÷èâàíèþ G-ïåòëè â õîäå êàòàëèçà. Áûëî óñòàíîâëåíî, ÷òî Stl çíà÷èòåëüíî
ñíèæàåò ñêîðîñòü ñèíòåçà ÐÍÊÏ T. aquaticus è ÐÍÊÏ F-Dra, íî íå âëèÿåò íà
ñêîðîñòü ÐÍÊÏ ∆F-loop. Ïðèìå÷àòåëüíî, ÷òî â ïðèñóòñòâèè àíòèáèîòèêà âñå
èññëåäóåìûå ôåðìåíòû èìåþò ïðèìåðíî îäèíàêîâóþ ñêîðîñòü, ñðàâíèìóþ
ñî ñêîðîñòüþ ôåðìåíòà ñ äåëåöèåé F-ïåòëè â îòñóòñòâèå Stl. Òàêèì îáðàçîì,
Stl, âåðîÿòíî, îêàçûâàåò íà ïðèñîåäèíåíèå íóêëåîòèäà òîò æå ýôôåêò, ÷òî è
äåëåöèÿ F-ïåòëè. Ýòî ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî F-ïåòëÿ ñïîñîáñòâóåò
ïðàâèëüíîìó ñâîðà÷èâàíèþ G-ïåòëè è ñòàáèëèçèðóåò çàêðûòóþ
êîíôîðìàöèþ àêòèâíîãî öåíòðà â õîäå êàòàëèçà.

Ðàíåå áûëî ïîêàçàíî, ÷òî G-ïåòëÿ îáåñïå÷èâàåò âûñîêóþ òî÷íîñòü
ñèíòåçà ÐÍÊ çà ñ÷åò ñòèìóëÿöèè áûñòðîãî âêëþ÷åíèÿ ïðàâèëüíûõ
íóêëåîòèäîâ ïî ñðàâíåíèþ ñ íåïðàâèëüíûìè ñóáñòðàòàìè. Ìû ïîêàçàëè, ÷òî
äåëåöèÿ F-ïåòëè òàêæå íàðóøàåò ýôôåêòèâíóþ äèñêðèìèíàöèþ ñóáñòðàòîâ.
Òàêèì îáðàçîì, ïî-âèäèìîìó, F-ïåòëÿ è G-ïåòëÿ ñîâìåñòíî âëèÿþò íà
äèñêðèìèíàöèþ ñóáñòðàòîâ ÐÍÊÏ.

Â îòëè÷èå îò ðåàêöèè ñèíòåçà ÐÍÊ ìóòàöèè â F-ïåòëå íå îêàçûâàëè
çíà÷èòåëüíîãî ýôôåêòà íà ñêîðîñòü ðàñùåïëåíèÿ ÐÍÊ áàêòåðèàëüíîé ÐÍÊÏ.
Áûëî óñòàíîâëåíî, ÷òî ÐÍÊÏ T. aquaticus, D.  radiodurans è ÐÍÊÏ ñ äåëåöèåé
F-ïåòëè èìåþò îäèíàêîâóþ ñêîðîñòü ðàñùåïëåíèÿ ÐÍÊ. Ñëåäîâàòåëüíî,
F-ïåòëÿ, ïî-âèäèìîìó, íå ó÷àñòâóåò â ðåàêöèè ðàñùåïëåíèÿ ÐÍÊ.

Òàêèì îáðàçîì, â äàííîé ðàáîòå ìû ïîêàçàëè, ÷òî F-ïåòëÿ,
ðàñïîëîæåííàÿ â îáëàñòè àêòèâíîãî öåíòðà ÐÍÊÏ, èãðàåò âàæíóþ ðîëü â
ïðîöåññå êàòàëèçà áàêòåðèàëüíîé ÐÍÊÏ. F-ïåòëÿ íåïîñðåäñòâåííî
âçàèìîäåéñòâóåò ñ G-ïåòëåé â çàêðûòîé êîíôîðìàöèè àêòèâíîãî öåíòðà è
àëëîñòåðè÷åñêè ñïîñîáñòâóåò ïðèñîåäèíåíèþ íóêëåîòèäîâ. Çàìåíû â F-ïåòëå
ìîãóò ñëóæèòü ìåõàíèçìîì àäàïòèâíîé ðåãóëÿöèè ñêîðîñòåé êàòàëèçà ó ÐÍÊÏ
ìåçîôèëüíûõ è òåðìîôèëüíûõ áàêòåðèé.
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Êâàíòîâûå òî÷êè ÿâëÿþòñÿ ïåðñïåêòèâíûì ìàòåðèàëîì äëÿ
áèîìåäèöèíñêèõ èññëåäîâàíèé áëàãîäàðÿ èõ óíèêàëüíûì ñâîéñòâàì:
óñòîé÷èâîñòè ê ôîòîîáåñöâå÷èâàíèþ, âûñîêîìó êâàíòîâîìó âûõîäó,
øèðîêîìó ñïåêòðó ïîãëîùåíèÿ è óçêîìó – ýìèññèè. Êðîìå òîãî, êâàíòîâûå
òî÷êè ìîãóò áûòü êîíúþãèðîâàíû ñ áèîëîãè÷åñêèìè ìîëåêóëàìè, ÷òî
ïîçâîëÿåò èõ èñïîëüçîâàòü äëÿ ñîçäàíèÿ ñèñòåì íàïðàâëåííîé äîñòàâêè,
âèçóàëèçàöèè òðàíñìåìáðàííîãî è âíóòðèêëåòî÷íîãî òðàíñïîðòà âåùåñòâ.
Ïîýòîìó öåëüþ äàííîé ðàáîòû ÿâëÿëîñü èññëåäîâàíèå ïîãëîùåíèÿ,
âíóòðèêëåòî÷íîãî ïåðåäâèæåíèÿ è âûäåëåíèÿ êâàíòîâûõ òî÷åê îäíèì èç
òèïîâ êëåòîê êðîâè – íåéòðîôèëüíûìè ãðàíóëîöèòàìè. Âïåðâûå áûëî
ïðîâåäåíî èññëåäîâàíèå âçàèìîäåéñòâèÿ íåéòðîôèëîâ ñ êâàíòîâûìè òî÷êàìè
ìåòîäàìè ñêàíèðóþùåé ëàçåðíîé è ñêàíèðóþùåé çîíäîâîé ìèêðîñêîïèè â
ðåæèìå ðåàëüíîãî âðåìåíè è çàôèêñèðîâàíû ïðîöåññû ôàãîöèòîçà,
âíóòðèêëåòî÷íîãî òðåéñèíãà, àãðåãàöèè è ýêñêðåöèè êâàíòîâûõ òî÷åê
íåéòðîôèëüíûìè ãðàíóëîöèòàìè, à òàêæå âûÿâëåí ýôôåêò ïîäàâëåíèÿ
êâàíòîâûìè òî÷êàìè ðåñïèðàòîðíîé àêòèâíîñòè ôàãîöèòîâ.

Íåéòðîôèëüíûå ãðàíóëîöèòû âûäåëÿëè èç êðîâè çäîðîâûõ äîíîðîâ íà
äâîéíîì ãðàäèåíòå ôèêîëëà-óðîãðàôèíà. Êâàíòîâûå òî÷êè CdSe/ZnS,
ïîêðûòûå ìåðêàïòîóêñóñíîé êèñëîòîé (ÌÓÊ), ïîëó÷åíû â ÈÁÕ ÐÀÍ è
èñïîëüçîâàíû â íà÷àëüíîé êîíöåíòðàöèè 2 ìã/ìë. Êâàíòîâûå òî÷êè
CdSe/CdS, ïîêðûòûå ÌÓÊ, ïîëó÷åíû òàêæå â ÈÁÕ ÐÀÍ è èñïîëüçîâàíû â
íà÷àëüíîé êîíöåíòðàöèè 0, 06 ìã/ìë. Êâàíòîâûå òî÷êè CdSe/ZnS, ïîêðûòûå
ïîëèýòèëåíãëèêîëåì (ÏÝÃ) ïðîèçâîäñòâà Eugene, USA, èñïîëüçîâàíû â
íà÷àëüíîé êîíöåíòðàöèè 40 íÌ.

Êâàíòîâûå òî÷êè ïîãëîùàþòñÿ íåéòðîôèëüíûìè ãðàíóëîöèòàìè. Ýòî
ïîãëîùåíèå ðåàëèçóåòñÿ òðàäèöèîííûì äëÿ ïîëèìîðôíî-ÿäåðíûõ
ëåéêîöèòîâ (ÏÌßË) ïóòåì – ôàãîöèòîçîì. Çà ðåàëèçàöèþ ìåõàíèçìà
ôàãîöèòàðíîãî çàõâàòà ñâèäåòåëüñòâóþò äâà ôàêòà. Âî-ïåðâûõ, íåéòðîôèëû
àêòèâíî ôîðìèðóþò ïñåâäîïîäèè (ôåíîìåí îáðàçîâàíèÿ ïñåâäîïîäèé
çàôèêñèðîâàí êàê ìåòîäîì ñêàíèðóþùåé ëàçåðíîé, òàê è ñêàíèðóþùåé
çîíäîâîé ìèêðîñêîïèè). Âî-âòîðûõ, ìåòîäîì êîíôîêàëüíîé ìèêðîñêîïèè
óñòàíîâëåíî, ÷òî ÷åðåç íåñêîëüêî ìèíóò ïîñëå äîáàâëåíèÿ ê íåéòðîôèëüíûì
ãðàíóëîöèòàì êâàíòîâûõ òî÷åê ïðàêòè÷åñêè âñå îíè îêàçûâàþòñÿ âíóòðè
ôàãîëèçîñîìàëüíûõ ãðàíóë. Ýòîò ôàêò áûë óñòàíîâëåí áëàãîäàðÿ îêðàñêå
ëèçîòðåêåðîì: çåëåíîå ñâå÷åíèå ìàðêåðà ëèçîñîì ïðàêòè÷åñêè ïîëíîñòüþ

At 20oC, the observed rate of single nucleotide addition by T. aquaticus RNAP
was 320-fold slower than the rate of D. radiodurans RNAP. The rate of catalysis
by the mosaic G-Dra RNAP was similar to that of the T. aquaticus enzyme, whereas
the mosaic F-Dra RNAP was 40-fold faster. Point amino-acid substitutions in the
F-loop resulted in a several-fold increase in the rate of catalysis by T. aquaticus
RNAP. Deletion of the F-loop had the most dramatic effect on the rate of single
nucleotide addition, which was reduced 70-fold relative to the wild-type T.
aquaticus RNAP at different conditions.

To study the functional role of the F-loop in catalysis, we tested effects of
antibiotic streptolydigin (Stl) on catalysis by T. aquaticus RNAP and its mosaic
variants. Stl binds in the middle of the F-helix and blocks folding of the G-loop
during nucleotide addition. Stl dramatically slowed nucleotide addition by the
wild-type T. aquaticus RNAP and F-Dra RNAP. In contrast, ∆F RNAP was
essentially resistant to Stl. Remarkably, all three enzymes had similar rates of
catalysis in the presence of Stl, comparable to the rate of the ∆F-loop RNAP in the
absence of the antibiotic. These data suggest that Stl and the deletion of the F-loop
may affect the nucleotide addition reaction in a similar fashion. We thus propose
that the F-loop promotes the proper folding of the G-loop and stabilizes the closed
conformation of the active center during catalysis.

Recently it has been proposed that the G-loop is important for high fidelity of
RNA synthesis, by promoting their faster incorporation of correctly matched NTP
substrates in comparison with incorrect substrates. We demonstrated that the
∆F-loop RNAP was unable to efficiently discriminate against the non-cognate
substrates. Our results therefore suggest that the F-loop, together with the G-loops,
contributes to substrate selection by RNAP.

In contrast to RNA synthesis, the RNA cleavage reaction was not significantly
affected by substitutions in the F-loop. The wild-type T. aquaticus and
D. radiodurans RNAPs, and ∆F-loop RNAP and by the mosaic T. aquaticus RNAP
variants possessed similar rates of intrinsic RNA cleavage, indicating that the F-loop
is not required for the RNA hydrolysis by RNAP.

In summary, we identify the F-loop as an additional structural element near
the active center that plays an essential role in catalysis by bacterial RNAP. The
F-loop directly contacts the G-loop in the closed conformation of the active center
and allosterically stimulates nucleotide addition. Substitutions in the F-loop may
serve as a mechanism of adaptive regulation of the catalytic rates of RNAPs from
mesophilic and thermophilic bacteria.
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Quantum dots are a perspective particle for biomedical researches, because
they have unique properties: stability to photobleaching, a high quantum emission,
a wide spectrum of absorption and narrow – emission. Besides quantum dots can
be conjugate with biological molecules that allows to use them for creation of the
delivery systems, visualization the process of transmembrane and endocellular
transports. Therefore the purpose of this presents work was research of
phagocytosis, endocellular movement and excretion of quantum dots by one of
blood cells types – neutrophils granulocytes. In this work the methods of scanning
laser and force microscopy have been used to pioneer for studying the interaction
of neutrophils with quantum dots into real time regime. It has been fixed the
processes of phagocytosis, endocellular moving, aggregations and excretions
quantum dots by neutrophils granulocytes. For the first time has been detected the
effect of suppression of phagocytes respiratory activity by quantum dots.

Neutrophils granulocytes were separated from the blood of healthy donors
on a double gradient fikoll-urografin. The quantum dots CdSe/ZnS, which covered
mercaptoacetic acid (MAA), was received in Shemyakin-Ovchinnikov Institute
of Bioorganic Chemistry RAS, were used in initial concentration of 2 mg/ml. The
quantum dots CdSe/CdS, which covered MAA, was received in Shemyakin-
Ovchinnikov Institute of Bioorganic Chemistry RAS, were used in initial
concentration of 0,06 mg/ml. The quantum dots CdSe/ZnS, which covered by
polyethyleneglycol (PEG), of manufacture Eugene, USA were used in initial
concentration of 40 nM.

The neutrophils granulocytes were absorbed quantum dots. This absorption
is realised traditionaly for polimorfo-nuclear leukocytes (PMNL) by a phagocytosis.
The proofs of phagocytosis realization were two facts. First, of all the neutrophils
were formed pseudopodia (very the active phenomen of pseudopodia  formation
was fixed by two methods: scanning laser and scanning force microscopy). Second,
it was established that after addition of quantum dots to neutrophils granulocytes
they localize into phagolysosomes granules of cells some minutes late. This fact
has been established by using confocal microscopy  and stain by lysotreker: a
green luminescence of lysosomes marker was almost completely overlapping on
quantum dots red fluorescent signal (a total signal was yellow).

We supposed that the further way of quantum dots inside a cells was concerned
with the exit of quantum dots from phagolysosomes. An indirect evidence of
quantum dots exit was decrease in  cells respiratory activity after 70 min incubation.
In paper of Nel A. et al. (2006) it was shown that quantum dots as well as other
nanomaterials induce formation in cells of reactive oxygen species (ROS). But

íàêëàäûâàëîñü íà êðàñíûé ôëóîðåñöåíòíûé ñèãíàë êâàíòîâûõ òî÷åê
(ñóììàðíûé ñèãíàë æåëòîãî öâåòà).

Äàëüíåéøèé ïóòü êâàíòîâûõ òî÷åê âíóòðè êëåòêè, ïî âñåé âèäèìîñòè,
ïðåäïîëàãàåò âûõîä êâàíòîâûõ òî÷åê èç ôàãîëèçîñîì. Êîñâåííûì ïðèçíàêîì
âûõîäà êâàíòîâûõ òî÷åê èç ôàãîëèçîñîì ÿâëÿåòñÿ ñíèæåíèå ðåñïèðàòîðíîé
àêòèâíîñòè êëåòêè ÷åðåç 70 ìèí èíêóáàöèè ñ êâàíòîâûìè òî÷êàìè. Â ðàáîòàõ
Nel A. è ñîàâò. (2006) ïîêàçàíî, ÷òî êâàíòîâûå òî÷êè, êàê è äðóãèå
íàíîìàòåðèàëû, èíäóöèðóþò îáðàçîâàíèå â êëåòêàõ àêòèâíûõ ôîðì
êèñëîðîäà (ÀÔÊ). Íî ýòîò ïðîöåññ âîçìîæåí òîëüêî â òîì ñëó÷àå, åñëè
êâàíòîâûå òî÷êè áóäóò îáíàðóæåíû â îáúåìå öèòîïëàçìû. Òîêñè÷åñêèé
ýôôåêò îáðàçóåìûõ ÀÔÊ ìîæåò ïðîÿâëÿòüñÿ ïðè îêèñëåíèè ôåðìåíòîâ,
êàòàëèçèðóþùèõ ðåàêöèè ãåêñîçîìîíîôîñôàòíîãî øóíòà – îñíîâíîãî
èñòî÷íèêà ÍÀÄÔÍ2 è/èëè íåïîñðåäñòâåííî ÍÀÄÔÍ-îêñèäàçû. Èñòîùåíèå
ôåðìåíòàòèâíîãî ðåçåðâà êëåòêè ðåãèñòðèðóåòñÿ íàìè ïî ñíèæåíèþ ÷èñëà
ãðàíóë äèôîðìàçàíà êàê â ñïîíòàííîì, òàê è â ñòèìóëèðîâàííîì ÍÑÒ-òåñòå.
Ïîäàâëåíèå ðåñïèðàòîðíîé àêòèâíîñòè ôàãîöèòîâ ÿâëÿåòñÿ äîçîçàâèñèìûì.
Â ÷àñòíîñòè, ïðè èñïîëüçîâàíèè íàèìåíüøåé êîíöåíòðàöèè êâàíòîâûõ òî÷åê
– 0,003 ìã/ìë – ïðîèñõîäèëî èíãèáèðîâàíèå ñïîíòàííîãî ÍÑÒ-òåñòà íà 19%,
à ñòèìóëèðîâàííîãî íà 11%, òîãäà êàê ïðè âîçäåéñòâèè ìàêñèìàëüíîé
êîíöåíòðàöèè – 0,06 ìã/ìë ïîêàçàòåëè ñïîíòàííîãî ÍÑÒ-òåñòà ñíèæàëèñü
íà 47%, à ñòèìóëèðîâàííîãî – íà 50%.

Âíóòðèêëåòî÷íûé òðåéñèíã êâàíòîâûõ òî÷åê ìîã èìåòü ðàçíûé õàðàêòåð.
Äëÿ ïîäàâëÿþùåãî áîëüøèíñòâà íåéòðîôèëîâ îòìå÷åíî âíóòðèêëåòî÷íîå
äâèæåíèå êâàíòîâûõ òî÷åê. Îíî èìåëî ðàçíûé õàðàêòåð: ÷àñòü
íåéòðîôèëüíûõ ãðàíóëîöèòîâ ýêñêðåòèðîâàëè àãðåãàòû êâàíòîâûõ òî÷åê, äëÿ
äðóãèõ ÏÌßË çàðåãèñòðèðîâàí îáìåí êâàíòîâûìè òî÷êàìè, íåêîòîðûå
êëåòêè ïîêðûâàëèñü ñâåðõó êâàíòîâûìè òî÷êàìè íà îäíîì èç ïîëþñîâ.
Ìíîãèå êëåòêè ïîñëå ãèáåëè áûëè îêðóæåíû îðåîëîì èç êâàíòîâûõ òî÷åê.
Ãîðàçäî ìåíüøåå êîëè÷åñòâî êëåòîê õàðàêòåðèçîâàëîñü îòñóòñòâèåì
öèòîïëàçìàòè÷åñêîãî ïåðåìåùåíèÿ êâàíòîâûõ òî÷åê: â ýòîì ñëó÷àå
íàíî÷àñòèöû àêêóìóëèðîâàëèñü â îäíîì èç êîìïàðòìåíòîâ êëåòîê (íî âñåãäà
âíå ÿäðà).

Òàêèì îáðàçîì, â ïðåäñòàâëåííîé ðàáîòå äîêàçàíà ïåðñïåêòèâíîñòü
èñïîëüçîâàíèÿ êâàíòîâûõ òî÷åê äëÿ èññëåäîâàíèÿ ïðîöåññîâ ïîãëîùåíèÿ,
âíóòðèêëåòî÷íîãî òðàíñïîðòà è ýêñêðåöèè êëåòîê. Îäíàêî äàííûé òèï
íàíî÷àñòèö íå ÿâëÿåòñÿ áèîèíåðòíûì, ïîñêîëüêó ïðè ïîãëîùåíèè êâàíòîâûõ
òî÷åê ñíèæàåòñÿ ýôôåêòèâíîñòü ðåñïèðàòîðíîãî âçðûâà.
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Ïðèîíû ìëåêîïèòàþùèõ – îñîáûé êëàññ èíôåêöèîííûõ àãåíòîâ,
âûçûâàþùèõ íåèçëå÷èìûå çàáîëåâàíèÿ öåíòðàëüíîé íåðâíîé ñèñòåìû ó
ëþäåé (áîëåçíü Êðåéöôåëüäà -ßêîáà, êóðó, ñèíäðîì Ãåðñòìàíà-Øòðàóññëåðà-
Øåéíêåðà) è æèâîòíûõ (ãóá÷àòàÿ ýíöåôàëîïàòèÿ – "êîðîâüå áåøåíñòâî").
Â îòëè÷èå îò âñåõ èçâåñòíûõ ïàòîãåíîâ, ïðèîíû íå ñîäåðæàò ãåíîìà, à èõ
èíôåêöèîííîñòü ñâÿçàíà ñ áåëêîì, íàçûâàåìûì PrP. Ýòîò áåëîê ìîæåò
ñóùåñòâîâàòü â àëüòåðíàòèâíûõ êîíôîðìàöèîííûõ ôîðìàõ – èíôåêöèîííîé
(ôèáðèëëÿðíîé, PrPSc) è íåèíôåêöèîííîé (ìîíîìåðíîé, PrPC), ïðè÷åì
èíôåêöèîííàÿ ôîðìà ñïîñîáíà êàòàëèçèðîâàòü ïðåâðàùåíèå íîðìàëüíîé
ôîðìû â èíôåêöèîííóþ ïîñðåäñòâîì áåëîê-áåëêîâûõ âçàèìîäåéñòâèé.
Ñîçäàíèå ñèñòåìû äåòåêöèè, ïîçâîëÿþùåé ñïåöèôè÷åñêè ðàçëè÷àòü
ôèáðèëëÿðíóþ è ìîíîìåðíóþ ôîðìû áåëêà, ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé,
ðåøåíèå êîòîðîé ïîçâîëèò ðàçðàáîòàòü ìåòîäû ýêñïðåññ-äèàãíîñòèêè è
ïðîôèëàêòèêè ïðèîííûõ çàáîëåâàíèé.

Ó äðîææåé Saccharomyces cerevisiae, â îòëè÷èå îò ìëåêîïèòàþùèõ,
ñïîñîáíîñòü áåëêîâ ïåðåõîäèòü â ïðèîííîå ñîñòîÿíèå íå âûçûâàåò òÿæåëûõ
íåéðîäåãåíåðàòèâíûõ çàáîëåâàíèé. Îäíîé èç íàèáîëåå óäîáíûõ ñèñòåì äëÿ
èçó÷åíèÿ ïðîöåññà ïðèîíèçàöèè áåëêîâ ÿâëÿåòñÿ íåõðîìîñîìíî íàñëåäóåìûé
ãåíåòè÷åñêèé äåòåðìèíàíò [PSI+] äðîææåé S. cerevisiae, ÷üå âîçíèêíîâåíèå
è íàñëåäîâàíèå ñâÿçàíî ñ ïåðåõîäîì â ïðèîííîå ñîñòîÿíèå ôàêòîðà
òåðìèíàöèè òðàíñëÿöèè Sup35,  êîòîðûé ìîæåò ñóùåñòâîâàòü â
àëüòåðíàòèâíûõ ñîñòîÿíèÿõ – â âèäå ôóíêöèîíàëüíî-àêòèâíûõ ìîíîìåðîâ
è â ôèáðèëëÿðíîé (ïðèîííîé) ôîðìå. Áåëîê Sup35 ñîñòîèò èç òðåõ  äîìåíîâ:
C-êîíöåâîé äîìåí îòâå÷àåò çà ôóíêöèþ áåëêà â òåðìèíàöèè òðàíñëÿöèè,
N-êîíöåâîé äîìåí íåîáõîäèì äëÿ íàñëåäîâàíèÿ [PSI+], à ðîëü ñðåäèííîãî
Ì-äîìåíà äî êîíöà íå âûÿñíåíà. Â êà÷åñòâå ìîëåêóëû-ìèøåíè áûë ïîëó÷åí
ðåêîìáèíàíòíûé Sup35NM â ìîíîìåðíîé è ôèáðèëëÿðíîé ôîðìàõ.

Èçâåñòíî, ÷òî ìåòîä SELEX (Systematic Evolution of Ligands by
Exponential enrichment) ïîçâîëÿåò íàõîäèòü ôðàãìåíòû íóêëåèíîâûõ êèñëîò
(àïòàìåðû), îáëàäàþùèå ñïîñîáíîñòüþ ñïåöèôè÷åñêè ñâÿçûâàòüñÿ ñ
áåëêîâîé ìèøåíüþ ñ âûñîêèìè ïîêàçàòåëÿìè ñðîäñòâà.  Íàìè áûëî
ïðîâåäåíî 9 ïîñëåäîâàòåëüíûõ ñòàäèé îòáîðà àïòàìåðîâ, ñïîñîáíûõ

this process is possible only if quantum dots are found out in cytoplasm volume.
The toxic effect of forming ROS can be shown in enzymes oxidation. The ROS
can destructed the enzymes of hexoso-monophosphate pathway – the basic source
NADPÍ2 and/or is direct NADPH-oxidase. There was a decrease in the number
of cells enzymes was registered because of number of granules dyformazan  was
decrease both in spontaneous and in stimulation of NBT-test. Suppression of
respiratory activity of phagocytes was depended from dose. In particular use of
the minimum concentration of quantum dots – 0,003 mg/ml – inhibition of the
spontaneous NBT-test on 19 %, and stimulation on 11 % was observed whereas at
influence of the maximum concentration – 0,06 mg/ml of the spontaneous NBT-test
decreased on 47 %, and stimulation on 50 %was established. Endocellular moving
quantum dots could have the different character. For the overwhelming majority
neutrophils was noted endocellular movement of quantum dots. It had different
character: a part of neutrophils granulocytes excretion conjugates of quantum dots,
for others PMNL was registered the exchange of the quantum dots, some cells
became covered by quantum dots on one of side. Many cells after destruction
have been surrounded by an aureole from quantum dots. Less of cells was
characterised by absence of cytoplasmatic moving of quantum dots: in this case a
nanoparticle accumulated in one compartment of cells (but always outside a
nucleus).

Thus, in the presented work perspective of  use of quantum dots for research
processes of cells phagocytosis, endocellular transport and excreting was proved.
However this type of nanoparticles is not bioinert because at the phagocytosis of
quantum dots decrease of neutrophils respiratory burst.
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Prions are a unique class of infectious agents whose infectivity is related
solely to protein. The PrPC refers to the endogenous prion protein, which is found
in a multitude of tissues, while PrPSc refers to the misfolded form of PrPC, and is
responsible for the formation of amyloid plaques that lead to neurodegeneration.
The PrPSc has been implicated in a number of diseases, including bovine spongiform
encephalopathy in cattle (also known as "mad cow disease"), Creutzfeldt-Jakob
and Gerstmann-Straussler-Scheinker disease in humans. The infectious form PrPSc

can catalyze conversion of the normal cellular form PrPC into PrPSc. A related
phenomenon was described in Saccharomyces cerevisiae. One of the most
convenient models for studying the prion transformation of proteins is provided
by the S. cerevisiae [PSI+] genetic determinant with a non-chromosomal inheritance;
its origin and inheritance is associated with the prion transformation of the
translation termination factor Sup35p. The prion transformation of Sup35p leads
to its conformational rearrangement and polymerization. Thus, Sup35p occurs in
two alternative forms, as functionally active monomers and inactive (prion) fibrils.
Sup35p consists of three domains: the C-terminal (C) domain plays a vital role
and is responsible for the Sup35p function in translation termination, the N-terminal
(N) domain is necessary and sufficient for the origin and inheritance of [PSI+],
that is, for the prion transformation of Sup35p. The role of the middle (M) domain
is not completely understood. Recombinant Sup35NM was obtained as monomers
and fibrils for using as target for development of DNA aptamers by SELEX
(Systematic Evolution of Ligands by Exponential enrichment). SELEX is the
procedure of selection from an enormous mixture of short DNA or RNA
oligonucleotides with randomized sequence those which can specifically and with
high affinity bind to the ligand of interest. We carried out nine consecutive rounds
to select the aptamers that specifically interacted with Sup35NM fibrils, but not
bind with monomeric form of Sup35NM. The portion of oligonucleotides
specifically binding to fibrils reached 40% after round 9. The aptamers were
amplified in the doublestranded form, cloned, and sequenced. The nucleotide
sequences of 40 aptamers were tested for homology regions. Relatively long (up
to 24 bp) homology regions were found in several aptamers. The aptamers that
had several homologs among other aptamers were of particular interest. These
aptamers (S1-S10) were chemically synthesized and 5'-biotinylated to allow
aptamer – target binding assays. The dissociation constant (Kd) was estimated for
aptamer-fibrillar Sup35NM complexes. The Kd values obtained for the other

ñïåöèôè÷åñêè ñâÿçûâàòüñÿ ñ ôèáðèëëÿðíîé ôîðìîé Sup35NM è íå
âçàèìîäåéñòâóþùèõ ñ ìîíîìåðíûì áåëêîì. Ïîñëå äåâÿòîãî öèêëà äîëÿ
îëèãîíóêëåîòèäîâ, ñïåöèôè÷åñêè ñâÿçûâàþùèõñÿ ñ ôèáðèëëàìè, äîñòèãëà
40%. Ïîëó÷åííûå àïòàìåðû â äâóõöåïî÷å÷íîé ôîðìå êëîíèðîâàëè  è
ñåêâåíèðîâàëè, àíàëèç íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé ïîêàçàë
ïðèñóòñòâèå äîâîëüíî ïðîòÿæåííûõ ãîìîëîãè÷íûõ ó÷àñòêîâ (äî 24
íóêëåîòèäîâ). Îòîáðàííûå àïòàìåðû ñ âûñîêîé ñòåïåíüþ ãîìîëîãèè â
âàðèàáåëüíûõ ó÷àñòêàõ (S1-S10) ñèíòåçèðîâàëè õèìè÷åñêè, ïîìåùàÿ áèîòèí
íà  5'-êîíåö ÄÍÊ.   Èçó÷åíèå ýôôåêòèâíîñòè âçàèìîäåéñòâèÿ àïòàìåð-
ôèáðèëëà ïîêàçàëî, ÷òî êîíñòàíòû äèññîöèàöèè (Kd) êîìïëåêñîâ
àïòàìåð-ôèáðèëëÿðíûé Sup35NM  íàõîäÿòñÿ â äèàïàçîíå 0,1-1,0 ìêÌ è
ñðàâíèìû ñ âåëè÷èíàìè, õàðàêòåðèçóþùèìè âçàèìîäåéñòâèå áåëêîâ ñ
àíòèòåëàìè. Îöåíêà ñïåöèôè÷íîñòè ñâÿçûâàíèÿ ñèíòåçèðîâàííûõ àïòàìåðîâ
ïðè ïîìîùè ÈÔÀ-ïîäîáíîé ìåòîäèêè  îáíàðóæèëà, ÷òî ñâÿçûâàíèå ÄÍÊ-
àïòàìåðîâ ñ ïîëèìåðíîé ôîðìîé Sup35NM ïðîèñõîäèò â 5-10 ðàç áîëåå
ýôôåêòèâíî, ÷åì ñ ìîíîìåðàìè ýòîãî áåëêà. Â õîäå ïðåäâàðèòåëüíûõ
èññëåäîâàíèé îòîáðàííûå àïòàìåðû îáíàðóæèëè ñïîñîáíîñòü ñïåöèôè÷åñêè
ñâÿçûâàòüñÿ êàê ñ äðîææåâûìè ïðèîíàìè, òàê è ñ îáðàçöàìè ïðèîíîâ
æèâîòíîãî ïðîèñõîæäåíèÿ, ÷òî ìîæåò ñòàòü îñíîâîé äëÿ ñîçäàíèÿ ñèñòåìû
äèàãíîñòèêè è ëå÷åíèÿ ïðèîííûõ çàáîëåâàíèé.

Ðàáîòà áûëà ïîääåðæàíà ãðàíòàìè ISTÑ 2750, CRDF 2859 è ÐÔÔÈ ¹08-
04-0062; ¹ 07-04-91105.
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aptamers ranged from 0.1 to 1.0 mkM. Aptamer affinity for target molecules reach
values comparable with affinities of antibodies. The binding specificity of the
synthetic aptamers was evaluated by an ELISA-like assay. The DNA aptamers
bound to polymeric Sup35NM with a five- to tenfold higher efficiency than to
monomeric Sup35NM. Selected aptamers demonstrated the possibility to bind
specifically protein prion forms both in yeast and in animal samples and become a
base for development of diagnostic kits and therapeutic means against prion
diseases.

This work was financially supported by the ISTÑ 2750, CRDF 2859 and
RFFI ¹08-04-0062; ¹ 07-04-91105.
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Â êëåòêàõ ýóêàðèîò öèòîõðîì ñ âûïîëíÿåò äâå ãëàâíûå ôóíêöèè: âî-
ïåðâûõ, íàõîäÿñü íà ìèòîõîíäðèàëüíîé ìåìáðàíå, ó÷àñòâóåò â ïåðåíîñå
ýëåêòðîíîâ ïî äûõàòåëüíîé öåïè, ïîääåðæèâàÿ æèçíåäåÿòåëüíîñòü êëåòêè,
è, âî-âòîðûõ, ÿâëÿåòñÿ âàæíûì ìåäèàòîðîì àïîïòîòè÷åñêîãî êàñêàäà,
ïðèâîäÿùåãî ê êëåòî÷íîé ãèáåëè. Ðàíåå áûëî óñòàíîâëåíî, ÷òî ìûøè
ëèøåííûå öèòîõðîìà ñ, ãèáíóò íà ðàííèõ ñòàäèÿõ ýìáðèîãåíåçà, â ïåðâóþ
î÷åðåäü, èç-çà íåñïîñîáíîñòè êëåòîê ê îêèñëèòåëüíîìó ôîñôîðèëèðîâàíèþ.
Ñòðóêòóðíî-ôóíêöèîíàëüíûå èññëåäîâàíèÿ ïîçâîëèëè îïðåäåëèòü, êàêèå
àìèíîêèñëîòíûå îñòàòêè â ìîëåêóëå öèòîõðîìà ñ âàæíû äëÿ ïðî-
àïîïòîòè÷åñêîé ôóíêöèè áåëêà. ×ðåçâû÷àéíî âàæíûì îêàçàëñÿ ëèçèí â 72
ïîëîæåíèè, ïðè÷åì åãî çàìåíà íà àëàíèí ïðèâîäèëà ê ïîâûøåííîé
óñòîé÷èâîñòè ýìáðèîíàëüíûõ ôèáðîáëàñòîâ (ÌÝÔ) ê òàêèì âèäàì
êëåòî÷íîãî ñòðåññà êàê äåéñòâèå óëüòðàôèîëåòîâîãî îáëó÷åíèÿ èëè îáðàáîòêà
ñòàóðîñïîðèíîì. Îñíîâûâàÿñü íà ðåçóëüòàòàõ ýêñïåðèìåíòîâ in vitro ñ
ðàçëè÷íûìè ìóòàíòíûìè ôîðìàìè öèòîõðîìà ñ, ïåðåä íàìè áûëà ïîñòàâëåíà
çàäà÷à ïî ïîëó÷åíèþ ìóòàíòíûõ ìûøåé, â êîòîðûõ â ãåí ñîìàòè÷åñêîãî
öèòîõðîìà ñ áûëà áû âíåñåíà ìóòàöèÿ, ïðèâîäÿùàÿ ê çàìåíå ëèçèíà â 72
ïîëîæåíèè íà òðèïòîôàí (K72W). Îæèäàëîñü, ÷òî ó òàêèõ ìûøåé ïðè
íîðìàëüíîé ôóíêöèè ïåðåíîñà ýëåêòðîíîâ áóäåò äðàìàòè÷åñêè çàìåäëåí
àïîïòîç, îñóùåñòâëÿåìûé ÷åðåç ìèòîõîíäðèè, ÷òî äîëæíî áûëî ïðîÿâèòüñÿ
âî ìíîãèõ òêàíÿõ, ãäå ãîìåîñòàç ïîääåðæèâàåòñÿ áàëàíñîì ìåæäó
ïðîëèôåðàöèåé è êëåòî÷íîé ãèáåëüþ. Òàêèå ìûøè áûëè ñêîíñòðóèðîâàíû ñ
ïîìîùüþ òåõíîëîãèè ãåíåòè÷åñêîãî íîêàóòà, è èç íèõ, à òàêæå èç
êîíòðîëüíûõ ìûøåé, áûëè ïîëó÷åíû ïåðâè÷íûå êóëüòóðû ÌÝÔ. Â íàøåé
ðàáîòå áûëè ïîëó÷åíû ïåðâûå ôåíîòèïè÷åñêèå ðåçóëüòàòû êàê íà ñàìèõ
ìûøàõ, òàê è ïðè èçó÷åíèè ñâîéñòâ ÌÝÔ. Âîïðåêè îæèäàíèÿì, îñíîâàííûì
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íà äàííûõ ëèòåðàòóðû, îêàçàëîñü, ÷òî êàê ãåòåðîçèãîòíûå, òàê è ãîìîçèãîòíûå
ìûøè ñ ìóòàöèåé K72W ñïîñîáíû äîñòèãàòü çðåëîãî âîçðàñòà è äàâàòü
ïîòîìñòâî. Îäíàêî ïðè ñêðåùèâàíèè ãîìîçèãîòíûõ ìûøåé ñ
ãåòåðîçèãîòíûìè íàáëþäàëîñü îòêëîíåíèå îò îæèäàåìîãî ðàñùåïëåíèÿ
ïîòîìñòâà (1:1) â ïîëüçó ãåòåðîçèãîò. Ïðè àíàëèçå âûáîðêè èç 100 ìûøåé
ýòà ðàçíèöà äîñòèãàëà 33%, ÷òî óêàçûâàëî íà ñíèæåííóþ âûæèâàåìîñòü
ãîìîçèãîòíûõ ìûøåé. Êðîìå òîãî, 11% ðîæäåííûõ ãîìîçèãîòíûõ ìûøåé
õàðàêòåðèçîâàëèñü ðàííåé ïîñòíàòàëüíîé ëåòàëüíîñòüþ, à 33% ïîãèáàëè,
íå äîñòèãíóâ âîçðàñòà â 70 äíåé. Èç ýòèõ ìûøåé 10% ïðîÿâëÿëè ïðèçíàêè
êàõåêñèè, 10% ìàêðîöåôàëèè, à îñòàâøèåñÿ 13% ïîãèáàëè áåç âèäèìûõ
ïàòîëîãè÷åñêèõ îòêëîíåíèé. Â ïîñòíàòàëüíîì îíòîãåíåçå ìîæíî âûäåëèòü
äâà ïåðèîäà âûðàæåííîé ñìåðòíîñòè ìóòàíòíûõ ìûøåé (â ïåðâóþ î÷åðåäü,
ñàìöîâ) – íåñêîëüêî ïåðâûõ äíåé ïîñëå ðîæäåíèÿ è 3-4 íåäåëÿ. Ê ìîìåíòó
äîñòèæåíèÿ ïîëîâîãî ñîçðåâàíèÿ ñîîòíîøåíèå ñàìêè/ñàìöû ñîîòâåòñòâóåò
2,15, ïðè ýòîì çíà÷èìûõ îòëè÷èé â ôåíîòèïàõ ñàìöîâ è ñàìîê îáíàðóæåíî
íå áûëî. Ïðèìåðíî ïîëîâèíà âûæèâàþùèõ ãîìîçèãîòíûõ ìûøåé íåîòëè÷èìà
ïî âíåøíèì ìîðôîëîãè÷åñêèì ïàðàìåòðàì îò ìûøåé äèêîãî òèïà, áîëåå
òîãî, íåñêîëüêî ãîìîçèãîòíûõ ìûøåé óæå äîñòèãëè âîçðàñòà â 1,5 ãîäà, ÷òî
ñâèäåòåëüñòâóåò â ïîëüçó ïîðîãîâîãî ýôôåêòà íåèçâåñòíîé ïîêà ïðèðîäû ïðè
ïðîÿâëåíèè äàííîé ìóòàöèè. Â õîäå èññëåäîâàíèÿ àíàòîìèè ãîëîâíîãî ìîçãà
ãîìîçèãîòíûõ ìóòàíòíûõ ìûøåé áåç âèäèìûõ ôåíîòèïè÷åñêèõ îòêëîíåíèé
íàéäåíî, ÷òî âñå õàðàêòåðíûå ñòðóêòóðû èìåþò íîðìàëüíîå ñòðîåíèå è
ëîêàëèçàöèþ, õîòÿ ïîêà íåëüçÿ èñêëþ÷èòü áîëåå òîíêèõ îòêëîíåíèé îò íîðìû.
Ñ äðóãîé ñòîðîíû, ïðè ãèñòîëîãè÷åñêîì àíàëèçå ìûøåé ñ ìàêðîöåôàëèåé
áûëî ïîêàçàíî àíîìàëüíîå óâåëè÷åíèå æåëóäî÷êîâ ìîçãà, ÷òî ÿâëÿåòñÿ
õàðàêòåðíûì ïðèçíàêîì ãèäðîöåôàëèè. Â ðåçóëüòàòå àíàòîìè÷åñêèå
ñòðóêòóðû ìîçãà èìåëè èçìåíåííûå ôîðìû è áûëè ñìåùåíû äðóã
îòíîñèòåëüíî äðóãà. Ýêñïåðèìåíòû in vitro ïîêàçàëè, ÷òî ÌÝÔ èç
ãîìîçèãîòíûõ ìûøåé íåîòëè÷èìû ïî âíåøíèì ìîðôîëîãè÷åñêèì
ïàðàìåòðàì îò êëåòîê äèêîãî òèïà è ýêñïðåññèðóþò òîëüêî ñîìàòè÷åñêóþ
èçîôîðìó öèòîõðîìà ñ (áåç êîìïåíñàòîðíîé àêòèâàöèè ýêñïðåññèè
òåñòèêóëÿðíîé ôîðìû). Êàê è îæèäàëîñü, âíåñåíèå ìóòàöèè íå ïîâëèÿëî íà
ëîêàëèçàöèþ öèòîõðîìà ñ â êëåòêå è íå íàðóøèëî ôóíêöèþ äûõàíèÿ. Îäíàêî
ïðè äåéñòâèè èíäóêòîðîâ àïîïòîçà, òàêèõ êàê ýìåòèí è ñòàóðîñïîðèí,
ãîìîçèãîòíûå êëåòêè â öèòîòîêñè÷åñêîì òåñòå áûëè çíà÷èòåëüíî óñòîé÷èâåå
êîíòðîëüíûõ. Âìåñòå ñ òåì, êîëè÷åñòâåíûå ðàçëè÷èÿ îêàçàëèñü íå ñòîëü
äðàìàòè÷íûìè, êàê ïðåäñêàçûâàëè äàííûå ëèòåðàòóðû. Êàê è îæèäàëîñü,
ïðè àêòèâàöèè âíåøíåãî (íåìèòîõîíäðèàëüíîãî) àïîïòîòè÷åñêîãî êàñêàäà ñ
ïîìîùüþ ôàêòîðà íåêðîçà îïóõîëåé (ÔÍÎ) êëåòêè ïîãèáàëè ñõîäíûì
îáðàçîì âíå çàâèñèìîñòè îò ãåíîòèïà.

Òàêèì îáðàçîì, íàìè âïåðâûå ñîçäàíû è îõàðàêòåðèçîâàíû ìóòàíòíûå
ìûøè ñ çàìåíîé K72W, ÷àñòü êîòîðûõ èìååò ÿâíûå àíàòîìè÷åñêèå àíîìàëèè,
à äðóãàÿ - âíåøíå íîðìàëüíà è áóäåò ñëóæèòü öåííîé ìîäåëüþ äëÿ áóäóùåãî
èçó÷åíèÿ ìíîãèõ ôèçèîëîãè÷åñêèõ ïðîöåññîâ, â ÷àñòíîñòè, ñòàðåíèÿ. Êðîìå
òîãî, íàìè ñîçäàíà êëåòî÷íàÿ ìîäåëü ÌÝÔ, êîòîðàÿ óæå âûÿâèëà èíòåðåñíûå
îòëè÷èÿ îò íîðìû è êîòîðàÿ ïîçâîëèò èññëåäîâàòü ðîëü ìóòàíòíîãî
öèòîõðîìà ñ â ôèçèîëîãèè êëåòêè, â ÷àñòíîñòè ïðè àïîïòîòè÷åñêèõ êàñêàäàõ,
çàïóñêàåìûõ ðàçëè÷íûìè àãåíòàìè.

BIOLOGICAL EFFECTS OF MOUSE SOMATIC CYTOCHROME C
MUTATION RESULTING IN REPLACEMENT OF LYSINE IN 72nd
POSITION
Mufazalov I.A.1,2, Kuprash D.V.1, Penkov D.N.1, Chernyak B.V.3,
Pletjushkina O.Y.3, Vyssokikh M.Y.3, Chertkova R.V.4, Kirpichnikov M.P.4,
Dolgikh D.A.4, Kruglov A.A.1,2, Zworykina S.V.5, Anokhin K.V.5,
Skulachev V.P.2,3, Nedospasov S.A.1,3

1Engelhardt Institute of Molecular Biology RAS, Moscow
2Faculty of Bioengineering and Bioinformatics, Moscow State University,
Moscow
3Belozersky Institute of Physico-Chemical Biology, Moscow State University,
Moscow
4Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
5Anokhin Research Institute of Normal Physiology RAMS, Moscow
E-mail: mufazalov-ilg@yandex.ru
Tel.: (499) 135-99-64

Cytochrome c has two main functions in eukaryotic cells: it is involved in
electron transfer in the respiratory chain thus maintaining life cycle of the cells; it
also is an important mediator of apoptotic cascade. Mice lacking cytochrome c
showed lethality in early embryonic stages mostly due to disruption of oxidative
phosphorylation. Structure-functional analysis revealed amino acid residues
important for pro-apoptotic function of cytochrome c. Particularly, lysine in position
72 was demonstrated to be crucial for this function as its substitution by alanine
resulted in increased resistance of mouse embryonic fibroblasts (MEF) to several
types of cell stress, such as UV irradiation and staurosporin treatment. Taking into
consideration earlier in vitro data concerning the properties of  distinct mutant
forms of cytochrome c, we decided to create mice with mutation in somatic
cytochrome c gene which would lead to lysine-to-tryptophan substitution in position
72 (K72W). In such mice the electron transfer process was expected to be
unimpaired, while mitochondria-mediated apoptosis should be delayed or
abrogated. Abnormal phenotype was expected to be manifested in many tissues in
which homeostasis is regulated by the balance between proliferation and cell death.
K72W mutant mice were generated in our laboratory by knockout technology
utilizing two types of recombination systems (Cre and Flp). Primary cultures of
mouse embryonic fibroblasts (MEFs) from the mutants as well as from control
mice were prepared and studied. Contrary to our expectations based on published
data, some heterozygous as well as homozygous mice were grossly normal and
fertile. However, when we crossed homozygous and heterozygous mice, a deviation
from expected normal Mendelian ratio (1:1) with the increase in heterozygous
offspring was observed. Sampling analysis of 100 mice suggested decrease in
survival of homozygous males. About 10% of homozygous mice showed early
postnatal lethality and more than 30% died until the age of 70 days. 10% of these
mice showed signs of cachexia, 10% showed signs of macrocephaly, and remaining



164 165

13% died without obvious pathology detected. We identified two periods of
increased mortality (foremost for males) – several days after birth and in 3-4 week
interval after birth. By the time of puberty females/males ratio reached 2.15, without
significant phenotypic differences between males and females. Strikingly,
approximately half of survived homozygous mice could not be distinguished from
wild type mice by physical examination, and some of homozygous mice survived
to the age of 1.5 year. These observations imply the existence of thresholds in
manifestation of K72W phenotype of unknown nature. Brain anatomy analysis of
homozygous mice without obvious abnormalities revealed that all typical structures
have normal texture and localization, but we could not exclude more subtle
aberrations. On the other hand, histological analysis of mice with macrocephaly
showed abnormal enlargement of brain ventricles which is a typical sign of
hydrocephaly. As a result shapes of anatomical structures were changed and were
displaced from their normal location. In vitro experiments revealed that MEFs
from homozygous mice and wild type mice showed no difference in morphology.
Cell cultures expressed only mutant somatic cytochrome c without compensatory
expression of testicular isoforms. As expected, the mutation did not affect
cytochrome c localization inside the cell and did not disrupt its respiratory functions.
However, in cytotoxicity assays homozygous cells were significantly more resistant
to treatment with pro-apoptotic inducers, such as emetin and staurosporin, than
control cells. However, the quantitative differences were not as striking as could
be expected based on published in vitro data. Expectedly, when extrinsic (non-
mitochondrial) apoptotic pathway was activated by treatment with tumor necrosis
factor (TNF) there was no difference between cells of various genotypes. In
conclusion, we were the first to create and characterize K72W mutant mice, some
of them having obvious anatomical abnormalities (in particular, in brain) and others
grossly normal. The latter could become an important animal model in the future
research of many physiological processes, including ageing. Moreover, we have
prepared and characterized cellular MEF model from such mice, which has already
revealed interesting differences. This model will prove to be helpful in further
studies on the role of mutant cytochrome c in cell physiology, particularly in
regulating apoptotic pathways that are activated in response to various agents.

ÐÅÃÓËßÖÈß ÝÊÑÏÐÅÑÑÈÈ ÃÅÍÎÂ ÑÈÑÒÅÌÛ ÐÅÑÒÐÈÊÖÈÈ-
ÌÎÄÈÔÈÊÀÖÈÈ Eco29kI
Íàãîðíûõ Ì.Î., Çàõàðîâà Ì.Â., Ñîëîíèí A.Ñ., Ñåâåðèíîâ K.Â.*,**
Èíñòèòóò áèîõèìèè è ôèçèîëîãèè ìèêðîîðãàíèçìîâ ÐÀÍ, Ïóùèíî
*Èíñòèòóò ìîëåêóëÿðíîé ãåíåòèêè ÐÀÍ, Ìîñêâà
**Èíñòèòóò áèîëîãèè ãåíà ÐÀÍ, Ìîñêâà
E-mail: mz412@rambler.ru
Ôàêñ: (495) 956-33-0; òåë.: (4967) 73-18-20

Ñèñòåìà ðåñòðèêöèè-ìîäèôèêàöèè Eco29kI (ÑÐÌ Eco29kI) ëîêàëèçîâàíà
íà ïëàçìèäå pECO29 â ïðèðîäíîì øòàììå E. coli 29k. ÑÐÌ Eco29kI ñîñòîèò
èç äâóõ ïîñëåäîâàòåëüíî ðàñïîëîæåííûõ ãåíîâ. Ïåðâûé ãåí (eco29kIR)
êîäèðóåò ýíäîíóêëåàçó ðåñòðèêöèè, âòîðîé ãåí (eco29kIM) –
ìåòèëòðàíñôåðàçó. Ýêñïðåññèÿ ýòèõ äâóõ ãåíîâ äîëæíà íàõîäèòüñÿ ïîä
æåñòêèì êîíòðîëåì, ÷òîáû íå äîïóñòèòü ãèäðîëèòè÷åñêîå ðàñùåïëåíèå
õîçÿéñêîé ÄÍÊ äî åå ìîäèôèêàöèè ìåòèëòðàíñôåðàçîé. Â òî æå âðåìÿ, ëîãèêà
ãåíåòè÷åñêîãî óñòðîéñòâà ÑÐÌ Eco29kI, íà ïåðâûé âçãëÿä, ïðåäïîëàãàåò
íàðàáîòêó ýíäîíóêëåàçû ðàíüøå ìåòèëòðàíñôåðàçû. Â äàííîé ðàáîòå ìû
îáíàðóæèëè, ÷òî ÑÐÌ Eco29kI èìååò íåñêîëüêî ðåãóëÿòîðíûõ ýëåìåíòîâ,
êîòîðûå ïîçâîëÿþò ïëàçìèäå pECO29 ýôôåêòèâíî óñòàíàâëèâàòüñÿ è
ïîääåðæèâàòüñÿ â õîçÿéñêîé áàêòåðèàëüíîé êëåòêå. Ñ äâóõ ïðîìîòîðîâ,
ôîðìèðóþùèõ ïðîìîòîðíûé ðåãèîí (ResP) ãåíà eco29kIR è ðàñïîëîæåííûõ
ïåðåä ãåíîì ýíäîíóêëåàçû eco29kIR, òðàíñêðèáèðóþòñÿ äâå áèöèñòðîííûå
ìÐÍÊ. Êðîìå òîãî, ó ãåíà ìåòèëòðàíñôåðàçû eco29kIM îáíàðóæåí
ñîáñòâåííûé ïðîìîòîð, ðàñïîëîæåííûé âíóòðè ãåíà ýíäîíóêëåàçû eco29kIR.
Òðàíñëÿöèÿ ýòîé ìÐÍÊ ïîçâîëÿåò ñèíòåçèðîâàòüñÿ ìåòèëòðàíñôåðàçå íà
ðàííåé ñòàäèè óñòàíîâëåíèÿ ïëàçìèäû pECO29 â íîâîé áàêòåðèàëüíîé
êëåòêå. Òàêæå ìû îáíàðóæèëè äâà ïðîìîòîðà, òðàíñêðèáèðóþùèõ â îáðàòíîì
íàïðàâëåíèè (àíòèñåíñ-ïðîìîòîðû) è ðàñïîëîæåííûõ âíóòðè ñòðóêòóðíîé
÷àñòè ãåíà eco29kIR. Àêòèâíîñòü ýòèõ ïðîìîòîðîâ ïðèâîäèò ê çíà÷èòåëüíîìó
óìåíüøåíèþ ñèíòåçà ýíäîíóêëåàçû ñ áèöèñòðîííîé ìÐÍÊ, òàêæå äàâàÿ
ïðåèìóùåñòâî âî âðåìåíè äëÿ íàðàáîòêè ìåòèëòðàíñôåðàçû. Ïðèñóòñòâèå
àíòèñåíñ-ïðîìîòîðîâ â òðàíñëÿöèîííûõ ñëèòíûõ áåëêàõ ñ ðåïîðòåðíûì
ãåíîì lacZ ïðèâîäèò ê ~10-êðàòíîìó ïàäåíèþ ñèíòåçà β-ãàëàêòîçèäàçû ñ
ïðîìîòîðíîãî ðåãèîíà ResP. Ñõîæèé ðåçóëüòàò áûë ïîëó÷åí, êîãäà áûë
èñïîëüçîâàí òðàíñëÿöèîííûé ñëèòíûé áåëîê ñ òî÷å÷íûìè ìóòàöèÿìè â -10
îáëàñòè àíòèñåíñ-ïðîìîòîðîâ. Ñ ïîìîùüþ ìåòîäà óäëèíåíèÿ ïðàéìåðà
óäàëîñü âûÿñíèòü, ÷òî ïàäåíèå ñèíòåçà β-ãàëàêòîçèäàçû ïðîèñõîäèò
ïàðàëëåëüíî ñ ïàäåíèåì óðîâíÿ ìÐÍÊ, òðàíñêðèáèðóþùèõñÿ ñ ïðîìîòîðíîãî
ðåãèîíà ResP â ïðèñóòñòâèè àíòèñåíñ-ïðîìîòîðîâ.

Äëÿ äîêàçàòåëüñòâà ãèïîòåçû, ÷òî òðàíñêðèïòû ñ àíòèñåíñ-ïðîìîòîðîâ
âûçûâàþò ïàäåíèå óðîâíÿ ýêñïðåññèè ýíäîíóêëåàçû Eco29kI.R, êëåòêè,
íåñóùèå òðàíñëÿöèîííûé ñëèòíûé áåëîê ResP-AS::lacZ, áûëè
ïðîòðàíñôîðìèðîâàíû ñîâìåñòèìîé ïëàçìèäîé, êîòîðàÿ ïðîäóöèðîâàëà
àíòèñåíñ-òðàíñêðèïòû, íî íå ïðîäóöèðîâàëà áèöèñòðîííóþ ìÐÍÊ. Â
ïðèñóòñòâèè ñîâìåñòèìîé ïëàçìèäû ïðîäóêöèÿ β-ãàëàêòîçèäàçû çíà÷èòåëüíî
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ñíèæàëàñü, ðàâíî êàê è êîëè÷åñòâî ìÐÍÊ, êîòîðûå ñèíòåçèðîâàëèñü ñ
ïðîìîòîðíîãî ðåãèîíà ResP. Òàêèì îáðàçîì, àíòèñåíñ-òðàíñêðèïòû ìîãóò
äåéñòâîâàòü in trans.

Íàøè ðåçóëüòàòû ïîêàçûâàþò, ÷òî êîîðäèíèðîâàííàÿ ýêñïðåññèÿ ãåíîâ
ÑÐÌ Eco29kI äîñòèãàåòñÿ çà ñ÷åò:

1) óâåëè÷åíèÿ ñèíòåçà ìåòèëòðàíñôåðàçû Eco29kI.M çà ñ÷åò
äîïîëíèòåëüíîãî ïðîìîòîðà,  êîòîðûé íàõîäèòñÿ â ñòðóêòóðíîé ÷àñòè ãåíà
ýíäîíóêëåàçû eco29kIR;

2) óìåíüøåíèÿ ñèíòåçà ýíäîíóêëåàçû Eco29kI.R, ñâÿçàííîãî ñ
àêòèâíîñòüþ àíòèñåíñ-ïðîìîòîðîâ, êîòîðûå òàêæå ðàñïîëîæåíû â
ñòðóêòóðíîé ÷àñòè ãåíà ýíäîíóêëåàçû eco29kIR. ÐÍÊ, ïðîäóöèðóþùàÿñÿ ñ
ýòèõ ïðîìîòîðîâ, óìåíüøàåò óðîâåíü ñèíòåçà ýíäîíóêëåàçû Eco29kI.R,
èíãèáèðóÿ òðàíñëÿöèþ ãåíà eco29kIR, ëèáî âûçûâàÿ äåãðàäàöèþ ìÐÍÊ.

REGULATION OF GENE EXPRESSION IN RESTRICTION-
MODIFICATION SYSTEM Eco29kI
Nagornykh M.O., Zakharova M.V., Solonin A.S., Severinov K.V.*,**
Institute of Biochemistry and Physiology of Microorganisms RAS, Pushchino
*Institute of Molecular Genetics RAS, Moscow
**Institute of Gene Biology RAS, Moscow
E-mail: mz412@rambler.ru
Fax: (495) 956-33-70; tel.: (4967) 73-18-20

Eco29kI restriction-modification system is localized on the pECO29 plasmid
of E. coli strain 29k. Restriction-modification system Eco29kI consists of two co-
transcribed genes. The first gene (eco29kIR) encodes restriction endonuclease,
the second gene (eco29kIM) encodes methyltransferase. Expression of these genes
must be tightly regulated to prevent cleavage of host DNA before methylation
occurs. The genetic architecture of Eco29kI is counter-intuitive as it seems to
favor premature expression of the endonuclease gene. In this work, we uncovered
several regulatory elements that contribute to efficient establishment and stable
maintenance of pECO29 in host bacteria. At least two different bicistronic mRNAs
are transcribed from two promoters located upstream of the eco29kIR gene, forming
ResP region. In addition, eco29kIM gene has its own promoter located inside
eco29kIR. Translation of this monocistronic mRNA allows early accumulation of
protective methyltransferase during pECO29 establishment in naïve hosts. We
also found two antisense promoters located within the structural part of the eco29kIR
gene. The activity of these promoters results in dramatic reduction of endonuclease
synthesis from bicistronic mRNA, further stimulating methylase synthesis. The
presence of AS promoters in translational fusions with lacZ reporter gene, led to
~10-fold decrease in β-galactosidase production from ResP. A similar result was
obtained when a translational fusion harboring down-mutations in -10 promoter
elements of AS promoters was used. Primer extension analysis revealed that the
drop in β-galactosidase production was paralleled by decrease in steady-state levels
of ResP-initiated transcripts in the presence of AS promoters.

To support the idea that AS promoter transcripts cause a drop in Eco29kI.R
expression on a post-transcriptional level, cells bearing a ResP-AS::lacZ fusion
plasmid were transformed with a compatible plasmid, that produces asRNA but
does not produce bicistronic mRNA. The presence of the second plasmid led to a
significant drop in β-galactosidase production and almost complete disappearance
of primer extension product corresponding to ResP-initiated transcripts. Thus,
AS-initiated transcripts can act in trans.

Our results reveal that coordinate expression of the Eco29kI system genes is
achieved by:

1) increased synthesis of Eco29kI.M due to an additional promoter located
within the structural part of eco29kIR gene;

2) decreased synthesis of Eco29kI.R due to the activity of antisense
promoters also located in the structural part of eco29kIR. RNA produced from
these promoters decreases the level of Eco29kI.R synthesis by decreasing the level
of eco29kIR translation and/or inducing degradation of this transcript.
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Àíàëèç íóêëåèíîâûõ êèñëîò (ÍÊ) ñëóæèò îñíîâîé ìîëåêóëÿðíîé
äèàãíîñòèêè çàáîëåâàíèé ÷åëîâåêà, èäåíòèôèêàöèè ëè÷íîñòè, à òàêæå
ìîíèòîðèíãà ãåíîòîêñè÷åñêèõ âåùåñòâ è ìàòåðèàëîâ. Ñ äðóãîé ñòîðîíû, ÍÊ
ÿâëÿþòñÿ ïåðñïåêòèâíûìè ëåêàðñòâåííûìè àãåíòàìè, ïðèìåíÿåìûìè äëÿ
ãåííîé òåðàïèè øèðîêîãî êðóãà çàáîëåâàíèé è ïîëó÷åíèÿ âàêöèí. Àêòóàëüíîé
ïðîáëåìîé â àíàëèçå ÍÊ è ãåííîé òåðàïèè îñòàåòñÿ ñîçäàíèå ýôôåêòèâíûõ
ìåòîäîâ âûäåëåíèÿ, ïîñëåäóþùåé î÷èñòêè è èññëåäîâàíèÿ ñîñòàâà ÍÊ.
Âàæíûìè õàðàêòåðèñòèêàìè ýòèõ ìåòîäîâ äîëæíû ÿâëÿòüñÿ âûñîêàÿ
ñåëåêòèâíîñòü, íèçêèå òðóäîåìêîñòü è ñåáåñòîèìîñòü. Íàìè ðàçðàáîòàíà
òåõíîëîãèÿ âûäåëåíèÿ / òîíêîé î÷èñòêè ÄÍÊ, à òàêæå ýêñïðåññ-àíàëèçà åå
ñòðóêòóðû è îïðåäåëåíèÿ ÄÍÊ-ïîâðåæäàþùèõ ôàêòîðîâ.

Â îñíîâå òåõíîëîãèè ëåæèò èñïîëüçîâàíèå óãëåðîäíûõ íàíîòðóáîê
(ÓÍÒ) – ãðàôèòîâîãî íàíîìàòåðèàëà, îáëàäàþùåãî óíèêàëüíûìè
ñòðóêòóðíûìè è ôèçèêî-õèìè÷åñêèìè ñâîéñòâàìè [1]. Êîììåð÷åñêèé
ïðåïàðàò ÓÍÒ ïîäâåðãàëè ñòàíäàðòíîìó õèìè÷åñêîìó îêèñëåíèþ â
ñî÷åòàíèè ñ óëüòðàçâóêîâûì äèñïåðãèðîâàíèåì. Äàííàÿ ïðîöåäóðà ïîçâîëÿåò
î÷èñòèòü ÓÍÒ îò ïðèìåñåé è ïîëó÷èòü ñòàáèëüíóþ âîäíóþ ñóñïåíçèþ ÓÍÒ,
ñîäåðæàùèõ ïîâåðõíîñòíî-àêòèâíûå êèñëîðîäñîäåðæàùèå ãðóïïû.

Îêèñëåííûå ÓÍÒ èñïîëüçîâàëè â êà÷åñòâå àêòèâíîãî êîìïîíåíòà
ýëåêòðîõèìè÷åñêèõ ñåíñîðîâ (ýëåêòðîäîâ), êàê îïèñàíî ðàíåå [2,3]. Ïîêàçàíî,
÷òî áëàãîäàðÿ êàòàëèòè÷åñêîìó ýôôåêòó ÓÍÒ çíà÷èòåëüíî óâåëè÷èâàþò
÷óâñòâèòåëüíîñòü ïðÿìîãî îïðåäåëåíèÿ áèîìîëåêóë, â òîì ÷èñëå ÄÍÊ è åå
êîìïîíåíòîâ, íà ýëåêòðîäàõ, ìîäèôèöèðîâàííûõ ÓÍÒ. Íà ýòèõ ýëåêòðîäàõ
ÄÍÊ èíòåíñèâíî îêèñëÿåòñÿ ïðè ïîòåíöèàëå îêîëî +1 Â, ïðè÷åì ñèãíàë
îêèñëåíèÿ ñèëüíî çàâèñèò îò ñòðóêòóðíîãî ñîñòîÿíèÿ ÄÍÊ. Ýòî ïîçâîëèëî
ðàçðàáîòàòü èíôîðìàòèâíûå ñåíñîðû äëÿ êîìïëåêñíîãî àíàëèçà ïðîöåññîâ
ïîâðåæäåíèÿ ÄÍÊ, âêëþ÷àÿ åå äåíàòóðàöèþ, äåïóðèíèçàöèþ, îêèñëèòåëüíóþ
ìîäèôèêàöèþ, à òàêæå ðàñùåïëåíèå.

Â ÷àñòíîñòè, íàìè ïîêàçàíî, ÷òî â ðåçóëüòàòå ôðàãìåíòàöèè ÄÍÊ ñèãíàë
îêèñëåíèÿ óâåëè÷èâàåòñÿ ïðîïîðöèîíàëüíî ñòåïåíè ïîâðåæäåíèÿ ÄÍÊ
âñëåäñòâèå óëó÷øåíèÿ åå àäñîðáöèè íà ÓÍÒ. Ðàçðàáîòàííûé ñåíñîð
õàðàêòåðèçóåòñÿ ýêñïðåññíîñòüþ è âûñîêîé ñåëåêòèâíîñòüþ, äîñòàòî÷íîé
äëÿ îïðåäåëåíèÿ â ñûâîðîòêå êðîâè àêòèâíîñòè ÄÍÊ-ãèäðîëèçóþùèõ
ôåðìåíòîâ – ìàðêåðîâ àóòîèììóííûõ è îíêîëîãè÷åñêèõ çàáîëåâàíèé.

×óâñòâèòåëüíîñòü ñåíñîðîâ ê ñòðóêòóðíûì äåôåêòàì ÄÍÊ îáúÿñíÿåòñÿ
ñèëüíîé àäñîðáöèåé àçîòèñòûõ îñíîâàíèé íà ïîâåðõíîñòè ÓÍÒ [4]. Ýòî

ïîêàçûâàåò âîçìîæíîñòü èñïîëüçîâàíèÿ ïðèãîòîâëåííûõ ÓÍÒ â êà÷åñòâå
ñîðáåíòîâ äëÿ âûäåëåíèÿ è ôðàêöèîíèðîâàíèÿ ÄÍÊ. Íàìè èçó÷åíà àäñîðáöèÿ
ïëàçìèäíîé ÄÍÊ pEGFPN2 â ðàçíûõ êîíôîðìàöèÿõ íà ïîâåðõíîñòè ÓÍÒ ñ
ïîìîùüþ ýëåêòðîôîðåçà â ãåëå è äèíàìè÷åñêîãî ðàññåèâàíèÿ ñâåòà.

Íàòèâíóþ (ñóïåðñêðó÷åííóþ) ÄÍÊ ïåðåâîäèëè â ëèíåéíóþ è ÷àñòè÷íî
äåíàòóðèðîâàííóþ ôîðìû ïóòåì ðàñùåïëåíèÿ ðåñòðèêòàçàìè è ïðîãðåâàíèÿ,
ñîîòâåòñòâåííî. ÄÍÊ ñîèíêóáèðîâàëè ñ ÓÍÒ â ðàçíûõ áóôåðíûõ ðàñòâîðàõ
ñ ïîñëåäóþùèì óäàëåíèåì ñîðáåíòà öåíòðèôóãèðîâàíèåì. Óñòàíîâëåíî, ÷òî
â îòñóòñòâèå èîíîâ äâóõâàëåíòíûõ ìåòàëëîâ ÓÍÒ èçáèðàòåëüíî àäñîðáèðóþò
ëèíåéíóþ è äåíàòóðèðîâàííóþ ôîðìû ÄÍÊ è íå ñâÿçûâàþòñÿ ñ
ñóïåðñêðó÷åííîé ôîðìîé. Â ïðèñóòñòâèè èîíîâ Mg è Mn (II) ÓÍÒ îáðàòèìî
ñâÿçûâàþò ñóïåðñêðó÷åííóþ ÄÍÊ âñëåäñòâèå õåëàòèðîâàíèÿ. Ðàçðàáîòàííûé
ìåòîä àäñîðáöèè ÄÍÊ ñ ïîìîùüþ ÓÍÒ îòëè÷àåòñÿ âûñîêîé ýôôåêòèâíîñòüþ
è ìîæåò áûòü èñïîëüçîâàí äëÿ âûäåëåíèÿ è î÷èñòêè ñóïåðñêðó÷åííîé
ïëàçìèäíîé ÄÍÊ (òåðàïåâòè÷åñêîãî àãåíòà) îò áèîëîãè÷åñêè íåàêòèâíûõ
ïðèìåñåé íóêëåèíîâûõ êèñëîò. Ýòî ïðåäñòàâëÿåò èíòåðåñ äëÿ ïîëó÷åíèÿ
âûñîêîàêòèâíûõ è áåçîïàñíûõ ïðåïàðàòîâ ïëàçìèäíîé ÄÍÊ äëÿ ãåííîé
òåðàïèè è âàêöèíàöèè.

Ïðåäëîæåííàÿ òåõíîëîãèÿ ïîçâîëÿåò ñîçäàâàòü íà îñíîâå
ìîäèôèöèðîâàííûõ ÓÍÒ ñåíñîðû è ñîðáåíòû, êîòîðûå, íàðÿäó ñ âûñîêîé
ýôôåêòèâíîñòüþ, õàðàêòåðèçóþòñÿ íèçêîé ñåáåñòîèìîñòüþ è âîçìîæíîñòüþ
êîììåðöèàëèçàöèè. Â ÷àñòíîñòè, ðàçðàáîòàííûå ìåòîäû îïðåäåëåíèÿ ÄÍÊ-
ïîâðåæäàþùèõ ôàêòîðîâ (çàÿâêè íà ïîëó÷åíèå ïàòåíòà ÐÔ ¹ 2008132249,
¹ 2008137068) àäàïòèðóåìû äëÿ ïðîâåäåíèÿ àíàëèçà ñ èñïîëüçîâàíèåì
íåäîðîãèõ îäíîðàçîâûõ ýëåêòðîäîâ, èçãîòàâëèâàåìûõ ïî òåõíîëîãèè
òðàôàðåòíîé ïå÷àòè. Ðàçðàáîòàííûå ñîðáåíòû ÿâëÿþòñÿ ãîòîâûì ïðîäóêòîì,
êîòîðûé ìîæåò áûòü èñïîëüçîâàí äëÿ ôðàêöèîíèðîâàíèÿ ÍÊ è
äîïîëíèòåëüíîé î÷èñòêè ïëàçìèäíîé ÄÍÊ (çàÿâêà íà ïîëó÷åíèå ïàòåíòà ÐÔ
¹ 2008140011).
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Nucleic acid analysis is a basis for molecular diagnostics of human diseases,
personality identification, monitoring genotoxicity of substances and materials.
On the other hand, nucleic acids are promising agents for gene therapy of various
illnesses and vaccine preparation. Creation of effective methods for isolation, further
purification and characterization of nucleic acid composition still remains being
issue of the day in analysis of nucleic acids and gene therapy. Crucial features of
these methods are high selectivity, low labour-intensiveness and cost price. We
developed a technology for isolation and purification of DNA that is also
appropriate for express-analysis of its structure and determining the DNA-damaging
factors.

Technology is based on employing carbon nanotubes (CNT), a graphitic
nanomaterial, possessing unique structural and physicochemical properties [1].
Commercial preparation of CNTs (prepared by CVD method) was subjected to a
standard chemical oxidation in combination with ultrasound dispersion. This
procedure allows purifying CNTs of impurities and obtaining water suspension of
CNTs containing surface-active oxygenated groups.

Oxidized CNTs were used as an active component of electrochemical sensors
(electrodes) as described in [2, 3]. It was shown that catalytic ability of CNTs on
CNT-modified electrodes has a great effect on increasing the sensitivity of direct
identification of biomolecules, including DNA and its components. DNA is actively
oxidized on these electrodes at the potential of +1 V, and at the same time the
oxidation signal is strongly dependent on structural state of DNA. This allowed us
to develop informative sensors for complex analysis of DNA damage processes,
including their denaturation, oxidative modification and cleavage.

In particular, we have shown that fragmentation of DNA results in increase
of oxidation signal that is proportional to the level of DNA damage. This could be
due to a better adsorption of damaged DNA on CNTs. Developed sensors are
suitable for rapid and selective detection of DNA-hydrolyzing enzymes in blood
serum, markers for autoimmune and oncological diseases.

Sensitivity of sensors to structural defects in DNA could be explained by
strong adsorption of nitrogen bases on the surface of CNTs [4]. This shows the
possibility of employing prepared CNTs as a sorbent for isolation and fractioning
of DNA. We studied adsorption of plasmid DNA pEGFP-N2 in various
conformations on the surface of CNTs by the means of gel electrophoresis and
dynamic light scattering.

Native (supercoiled) DNA was converted into a linear and partially denatured
forms by cleaving using restriction enzymes and heating, correspondingly. DNA
was co-incubated with CNTs in different buffer solutions. Later on sorbent was

removed and the mixture was centrifuged. It was determined that in the absence of
bivalent metal ions CNTs selectively adsorb linear and denatured forms of DNA
and do not bind to supercoiled form. In the presence of Mg and Mn(II) ions CNTs
reversibly bind supercoiled DNA due to chelation effect. Developed method of
DNA adsorption using CNTs is notable for high effectiveness and could be used
for isolation and purification of supercoiled plasmid DNA (therapeutical agent)
from biologically inactive impurities of nucleic acids. This is of interest for obtaining
highly active and safe preparations of plasmid DNA for the purposes of gene
therapy and vaccination. Proposed technology allows creation of CNT-based
sensors and sorbents, that are highly effective, possess low cost price and possibility
of successful commercialization. In particular, developed methods for identification
of DNA-damaging factors (patent applications N 2008132249, N 2008137068)
are adaptable for carrying out analysis using low cost disposable electrodes,
produced by screen printing technology. Developed sorbents present a ready
product, that can be employed for fractioning of nucleic acids and additional
purification of plasmid DNA (patent application N 2008140011).
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Àóðåëèí – êàòèîííûé àíòèìèêðîáíûé ïåïòèä ñ Ìì 4,3 êÄà, âûäåëåííûé
èç ìåçîãëåè ñöèôîèäíîé ìåäóçû Aurelia aurita è ñîñòîÿùèé èç 40
àìèíîêèñëîòíûõ îñòàòêîâ. Øåñòü îñòàòêîâ öèñòåèíà â ñîñòàâå ìîëåêóëû
îáðàçóþò òðè âíóòðèìîëåêóëÿðíûå äèñóëüôèäíûå ñâÿçè. Àóðåëèí îáëàäàåò
àíòèìèêðîáíîé àêòèâíîñòüþ â îòíîøåíèè ãðàìïîëîæèòåëüíûõ è
ãðàìîòðèöàòåëüíûõ áàêòåðèé.  Â ðàìêàõ ðàáîòû ïî èññëåäîâàíèþ ñòðóêòóðû
è áèîëîãè÷åñêèõ ñâîéñòâ àóðåëèíà áûëà ñîçäàíà íîâàÿ ýôôåêòèâíàÿ ñèñòåìà
ïîëó÷åíèÿ åãî ðåêîìáèíàíòíîãî àíàëîãà, èäåíòè÷íîãî ïðèðîäíîìó ïåïòèäó.

Ýêñïðåññèÿ àíòèìèêðîáíûõ ïåïòèäîâ â êëåòêàõ ÷óâñòâèòåëüíûõ ê íèì
ìèêðîîðãàíèçìîâ òðåáóåò âðåìåííîé íåéòðàëèçàöèè òîêñè÷íîñòè
ñèíòåçèðóåìîãî ïðîäóêòà. Ïîëó÷åííàÿ íàìè ïëàçìèäíàÿ êîíñòðóêöèÿ
pET-His8-TrxL-Aur îáåñïå÷èâàåò âûñîêèé óðîâåíü ýêñïðåññèè àóðåëèíà â
E. coli çà ñ÷åò âêëþ÷åíèÿ åãî àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè â ñîñòàâ
ãèáðèäíîãî áåëêà íà îñíîâå ìîäèôèöèðîâàííîãî òèîðåäîêñèíà À.
Íåîáõîäèìîñòü èñïîëüçîâàíèÿ áåëêà-íîñèòåëÿ îáóñëîâëåíà íå òîëüêî
òîêñè÷íîñòüþ çðåëîãî àóðåëèíà äëÿ áàêòåðèàëüíîé êëåòêè, íî è
âîçìîæíîñòüþ åãî äåãðàäàöèè â ãåòåðîëîãè÷íîé ñèñòåìå. Òèîðåäîêñèí
ñïîñîáåí íàêàïëèâàòüñÿ â âûñîêîé êîíöåíòðàöèè â öèòîïëàçìå E. coli â
ðàñòâîðèìîé ôîðìå è øèðîêî ïðèìåíÿåòñÿ äëÿ ñâåðõýêñïðåññèè
áèîëîãè÷åñêè àêòèâíûõ ïîëèïåïòèäîâ – â ïåðâóþ î÷åðåäü, äëÿ ýêñïðåññèè
ïîëèïåïòèäîâ, îáîãàùåííûõ îñòàòêàìè öèñòåèíà, ïîëó÷åíèå êîòîðûõ â
íàòèâíîé ôîðìå ïðåäñòàâëÿåò ñîáîé âî ìíîãèõ ñëó÷àÿõ òðóäíîðàçðåøèìóþ
çàäà÷ó. Ìåæäó ïîñëåäîâàòåëüíîñòÿìè áåëêà-íîñèòåëÿ è àóðåëèíà áûë ââåäåí
ìåòèîíèíîâûé êîäîí ATG, ÷òî ïîçâîëèëî ñ ïîìîùüþ ðåàêöèè ðàñùåïëåíèÿ
ãèáðèäíîãî áåëêà áðîìöèàíîì â êèñëîé ñðåäå ïîëó÷èòü ðåêîìáèíàíòíûé
ïåïòèä, èäåíòè÷íûé ïðèðîäíîìó. Äëÿ ïðåäîòâðàùåíèÿ ôðàãìåíòàöèè áåëêà-
íîñèòåëÿ ïðè îáðàáîòêå áðîìöèàíîì âíóòðåííèé îñòàòîê ìåòèîíèíà â åãî
ñòðóêòóðå áûë çàìåíåí îñòàòêîì ëåéöèíà (M37L) ñ ïîìîùüþ íàïðàâëåííîãî
ìóòàãåíåçà. Ïîñëåäîâàòåëüíîñòü, êîäèðóþùàÿ àóðåëèí, áûëà ïîëó÷åíà
ìåòîäîì àìïëèôèêàöèè ñîîòâåòñòâóþùåãî ó÷àñòêà êÄÍÊ ïðåïðîàóðåëèíà ñ
èñïîëüçîâàíèåì ÏÖÐ-ïðàéìåðîâ, îáåñïå÷èâàþùèõ çàìåíó ðåäêèõ êîäîíîâ
êîäîíàìè, ïðåäïî÷òèòåëüíûìè äëÿ ýêñïðåññèè â E. coli. Äëÿ îáåñïå÷åíèÿ
âîçìîæíîñòè ìåòàëëîõåëàòíîé î÷èñòêè ãèáðèäíîãî áåëêà â åãî ñòðóêòóðó
áûë ââåäåí N-êîíöåâîé ôðàãìåíò èç âîñüìè îñòàòêîâ ãèñòèäèíà. Ðàçìåð
ïëàçìèäû ñîñòàâèë 5876 ï.î., ðàçìåð êîäèðóåìîãî ãèáðèäíîãî áåëêà – 163
àìèíîêèñëîòíûõ îñòàòêà (17,8 êÄà). Êîíñòðóêöèÿ pET-His8-TrxL-Aur
ïðåäíàçíà÷åíà äëÿ ýêñïðåññèè â E. coli ñ ó÷àñòèåì ÐÍÊ-ïîëèìåðàçû ôàãà
T7. Ýêñïðåññèÿ ïðîòåêàåò ïîä êîíòðîëåì ïðîìîòîðà T7lac; â êà÷åñòâå

èíäóêòîðà ìîãóò áûòü èñïîëüçîâàíû ÈÏÒÃ (èçîïðîïèë-β-D-
òèîãàëàêòîïèðàíîçèä) èëè ëàêòîçà. Îòêðûòàÿ ðàìêà ñ÷èòûâàíèÿ çàâåðøàåòñÿ
ñòîï-êîäîíîì TAA, à òðàíñêðèáèðóåìàÿ îáëàñòü îãðàíè÷èâàåòñÿ
òåðìèíàòîðîì òðàíñêðèïöèè ôàãà T7. Ïëàçìèäà íåñåò ãåí β-ëàêòàìàçû,
ïðèäàþùèé êëåòêå óñòîé÷èâîñòü ê β-ëàêòàìíûì àíòèáèîòèêàì.

Ðàçðàáîòàííàÿ ñõåìà î÷èñòêè ðåêîìáèíàíòíîãî àóðåëèíà âêëþ÷àåò
ñëåäóþùèå ñòàäèè: àôôèííóþ ìåòàëëîõåëàòíóþ õðîìàòîãðàôèþ ãèáðèäíîãî
áåëêà, äèàëèç ýëþàòà ïðîòèâ ðàñòâîðà óêñóñíîé êèñëîòû, ðàñùåïëåíèå áåëêà
áðîìöèàíîì ïî îñòàòêó ìåòèîíèíà, ðàñïîëîæåííîìó ìåæäó áåëêîì-
íîñèòåëåì è öåëåâûì ïåïòèäîì, îòäåëåíèå áåëêà-íîñèòåëÿ ñ ïîìîùüþ
ïîâòîðíîé ìåòàëëîõåëàòíîé î÷èñòêè è ôèíàëüíóþ î÷èñòêó àóðåëèíà ñ
ïîìîùüþ îáðàùåííî-ôàçîâîé ÂÝÆÕ â ãðàäèåíòå êîíöåíòðàöèè
àöåòîíèòðèëà. Ãîìîãåííîñòü ïîëó÷åííûõ ïðåïàðàòîâ è èõ èäåíòè÷íîñòü
ïåïòèäó ïðèðîäíîãî ïðîèñõîæäåíèÿ êîíòðîëèðîâàëè ñ ïîìîùüþ
ýëåêòðîôîðåçà â ïîëèàêðèëàìèäíîì ãåëå è MALDI-TOF ìàññ-ñïåêòðîìåòðèè.

Àíàëèç ðåçóëüòàòîâ, ïîëó÷åííûõ â ýêñïåðèìåíòàõ ñ èñïîëüçîâàíèåì äâóõ
òèïîâ èíäóêöèè, ïîêàçàë, ÷òî ïðèìåíåíèå ÈÏÒÃ â êà÷åñòâå èíäóêòîðà
îáåñïå÷èâàåò áîëüøóþ ãîìîãåííîñòü, íî ìåíüøèå àáñîëþòíûå âûõîäû
ïîëó÷àåìîãî ïåïòèäà, ÷åì ïðè èñïîëüçîâàíèè ëàêòîçû. Ïðè èíäóêöèè
ëàêòîçîé èç îäíîãî ëèòðà êóëüòóðû áûëî ïîëó÷åíî 10,8 ìã öåëåâîãî ïåïòèäà,
à ïðè èíäóêöèè IPTG – 3,4 ìã.

Àíòèìèêðîáíàÿ àêòèâíîñòü ðåêîìáèíàíòíîãî àóðåëèíà áûëà
óñòàíîâëåíà ìåòîäîì ðàäèàëüíîé äèôôóçèè ïåïòèäà â àãàðîçíîì ãåëå â
îòíîøåíèè òåñò-êóëüòóð ãðàìïîëîæèòåëüíûõ áàêòåðèé: Bacillus megaterium,
øòàìì VKM41; Staphylococcus aureus, øòàìì 209P; Micrococcus luteus,
øòàìì B1314.
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PRODUCTION OF RECOMBINANT ANTIMICROBIAL PEPTIDE AURELIN
Panteleev P.V., Balandin S.V., Finkina E.I., Ovchinnikova T.V.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: serb@mx.ibch.ru
Fax: (495) 336-43-33; tel.: (495) 335-09-00

Aurelin is a 4,3 kDa cationic antimicrobial peptide purified from mesoglea of the
scyphozoa jellyfish Aurelia aurita. The peptide contains 40 amino acid residues including
6 cysteines forming  three intramolecular disulfide bridges. Aurelin exhibits antimicrobial
activity against gram-positive and gram-negative bacteria. In order to investigate the structure
and biological properties of aurelin, a new effective method for producing its recombinant
analogue, identical to the natural peptide, has been developed.

Production of recombinant antimicrobial peptides in cells of sensitive host
microorganisms requires temporary neutralization of the target product toxicity. Another
factor to be considered is possible peptide degradation in a heterologous expression system.
The constructed plasmid pET-His8-TrxL-Aur allows to achieve high-level aurelin expression
by incorporating its coding sequence into the fusion protein downstream of modified
thioredoxin A. Soluble thioredoxin is capable of accumulating in high amounts in E. coli
cytoplasm and therefore is widely used as a carrier protein for high-level expression of
biologically active polypeptides, especially those enriched with cysteine residues. Such
polypeptides are often difficult to obtain in a soluble form. Methionine codon ATG was
introduced between thioredoxin and aurelin sequences so that to release the target peptide
containing the native N-terminus by cyanogen bromide cleavage of the fusion protein in
acidic environment. To prevent the carrier protein fragmentation, internal methionine residue
within the thioredoxin sequence was replaced with leucine residue by directed mutagenesis
(M37L). Aurelin coding sequence was amplified from the natural preproaurelin cDNA
using PCR primers that effect substitution of rare codons with those preferred by E. coli
translation system. To facilitate purification process an octahistidine tag (His8) was added
to the N-terminus of the fusion protein. The plasmid size is 5876 b.p., the encoded fusion
protein consists of 163 amino acid residues (17,8 kDa). The expression vector pET-His8-
TrxL-Aur was aimed at use in E. coli strains containing T7 RNA-polymerase gene. The
target gene, placed under control of the T7lac promoter, can be induced with isopropyl-β-
D-thiogalactopyranoside (IPTG) or lactose added to the growth media. The open reading
frame ends with the stop-codon TAA, and the transcribed area is limited by the phage T7
terminator. The plasmid bears β-lactamase gene providing resistance to β-lactam antibiotics.

The developed purification procedure includes following stages: immobilized metal
ion affinity chromatography (IMAC) of the fusion protein, dialysis against acetic acid
solution, cyanogen bromide cleavage of the fusion protein at methionine residue located
between the carrier protein and the target peptide, elimination of the carrier protein from
the mix by the second IMAC, and fine aurelin purification using reversed-phase HPLC in
acetonitrile concentration gradient. The recombinant aurelin homogeneity and its identity
to the natural peptide were monitored by SDS-PAGE and MALDI-TOF mass-spectrometry.

Comparison of two types of induction has shown that expression using IPTG results
in better product homogeneity, but less absolute yield as compared to overnight lactose
induction. The final output constituted 3,4 mg (IPTG) and 10,8 mg (lactose) of aurelin per
liter of culture.

Antimicrobial activity of the recombinant peptide has been measured by radial diffusion
assay in agarose gel. Recombinant aurelin inhibits growth of Gram-positive bacteria such
as Bacillus megaterium (VKM41), Staphylococcus aureus (209P), Micrococcus luteus
(B1314).

ßÌÐ-ÈÑÑËÅÄÎÂÀÍÈÅ ÈÇÎËÈÐÎÂÀÍÍÎÃÎ ÂÎËÜÒ-
ÑÅÍÑÎÐÍÎÃÎ ÄÎÌÅÍÀ Ê+-ÊÀÍÀËÀ KvAP Â ÌÈÖÅËËÀÕ
ÄÅÒÅÐÃÅÍÒÎÂ. ÎÒ ÄÈÍÀÌÈÊÈ Ê ÂÎÇÌÎÆÍÛÌ ÌÎÄÅËßÌ
ÏÎÒÅÍÖÈÀË-ÇÀÂÈÑÈÌÎÉ ÀÊÒÈÂÀÖÈÈ
Ïàðàìîíîâ À.Ñ., Øåíêàðåâ Ç.Î., Ëþêìàíîâà Å.Í., Øèíãàðîâà Ë.Í.,
Àðñåíüåâ À.Ñ.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
E-mail: zh@nmr.ru
Ôàêñ: (495) 335-50-33; òåë.: (495) 330-74-83

Ïîòåíöèàë-çàâèñèìûå êàëèåâûå êàíàëû èãðàþò êëþ÷åâóþ ðîëü âî
ìíîãèõ ïðîöåññàõ, íåîáõîäèìûõ äëÿ ñóùåñòâîâàíèÿ ìíîãîêëåòî÷íûõ
îðãàíèçìîâ. Àêòèâàöèåé ýòèõ êàíàëîâ óïðàâëÿþò ñïåöèàëüíûå âîëüò-
ñåíñîðíûå äîìåíû, ñîñòîÿùèå èç ÷åòûðåõ òðàíñìåìáðàííûõ (ÒÌ) ñïèðàëåé
(S1-S4) è èñïûòûâàþùèå çíà÷èòåëüíûå êîíôîðìàöèîííûå ïåðåñòðîéêè â
îòâåò íà èçìåíåíèå ÒÌ ýëåêòðè÷åñêîãî ïîòåíöèàëà. Â íàñòîÿùåå âðåìÿ
äåòàëè ýòîãî ìåõàíèçìà ÿâëÿþòñÿ ïðåäìåòîì äèñêóññèé. Ïðåäñòàâëåííàÿ
ðàáîòà ïîñâÿùåíà èçó÷åíèþ èçîëèðîâàííîãî âîëüò-ñåíñîðíîãî äîìåíà
ïðîòîòèïè÷åñêîãî êàëèåâîãî êàíàëà KvAP (ÂÑÄ-KvAP) èç òåðìîôèëüíîé
àðõåáàêòåðèè Aeropirum pernix ìåòîäàìè ßÌÐ-ñïåêòðîñêîïèè âûñîêîãî
ðàçðåøåíèÿ.

Â õîäå ïîèñêà îïòèìàëüíîé ìåìáðàíîìîäåëèðóþùåé ñðåäû äëÿ ßÌÐ-
èññëåäîâàíèé ÂÑÄ-KvAP áûë ïðîâåäåí ñðàâíèòåëüíûé àíàëèç 2D 1H-15N-
êîððåëÿöèîííûõ ñïåêòðîâ äîìåíà â ìèöåëëàõ è áèöåëëàõ äåòåðãåíòîâ ñ
ðàçëè÷íûìè ñâîéñòâàìè. Áûëî ïîêàçàíî, ÷òî ïðîñòðàíñòâåííàÿ ñòðóêòóðà
ÂÑÄ-KvAP â öâèòòåð-èîííûõ, íåéòðàëüíûõ è ñëàáîêàòèîííûõ ñðåäàõ (DPC,
DMPC/DHPC, LDAO) çíà÷èòåëüíî îòëè÷àåòñÿ îò ñòðóêòóðû, íàáëþäàåìîé â
îêðóæåíèè àíèîííûõ ìèöåëë (SDS, LMPC, LMPG). Îäíàêî äàííûå
ñïåêòðîñêîïèè êðóãîâîãî äèõðîèçìà óêàçûâàëè íà òî, ÷òî âî âñåõ
ïðîòåñòèðîâàííûõ ñðåäàõ äîìåí èìååò ñõîæóþ âòîðè÷íóþ ñòðóêòóðó
(ñîäåðæàíèå ñïèðàëåé ~60%).

Äëÿ âûáîðà ìåìáðàíîìîäåëèðóþùåé ñðåäû, ñîõðàíÿþùåé íàòèâíóþ
ñòðóêòóðó ÂÑÄ-KvAP, áûë ïðèìåíåí íîâûé ïîäõîä, îñíîâàííûé íà
èñïîëüçîâàíèè ñïåöèàëüíîé "ñðåäû ñðàâíåíèÿ" - ëèïèä-áåëêîâûõ íàíîäèñêîâ
(ËÁÍ). ËÁÍ ïðåäñòàâëÿþò ñîáîé íàíîðàçìåðíûå (10õ4 íì) ó÷àñòêè
áèñëîéíîé ìåìáðàíû, ñòàáèëèçèðîâàííûå äèìåðîì ôðàãìåíòà 44-243
àïîëèïîïðîòåèíà À-1 ÷åëîâåêà (MSP). ËÁÍ ÿâëÿþòñÿ ïðèíöèïèàëüíî íîâîé
ìåìáðàíîìîäåëèðóþùåé ñðåäîé äëÿ ìîëåêóëÿðíî-áèîëîãè÷åñêèõ
èññëåäîâàíèé è ñïîñîáíû ñîõðàíÿòü ìíîãèå ìåìáðàííûå áåëêè â íàòèâíîì
ôóíêöèîíàëüíîì ñîñòîÿíèè [1]. Êîìïëåêñû ÂÑÄ-KvAP/ËÁÍ áûëè ïîëó÷åíû
íà îñíîâå àíèîííûõ è öâèòòåð-èîííûõ ëèïèäîâ (DMPC è DMPG). Áûëî
ïîêàçàíî, ÷òî êàæäûé êîìïëåêñ èìååò äèàìåòð ~9.5 íì è âêëþ÷àåò â ñåáÿ
îäíó ìîëåêóëó ÂÑÄ-KvAP, äâå ìîëåêóëû MSP è îêîëî 100 ëèïèäîâ.
Ïîëó÷åííûå â ñîñòàâå ËÁÍ 2D 1H-15N-TROSY ñïåêòðû äîìåíà áûëè áëèçêè
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ê ñïåêòðàì, íàáëþäàåìûì â öâèòòåð-èîííûõ äåòåðãåíòàõ, ÷òî óêàçûâàëî íà
ñîõðàíåíèå íàòèâíîé ñòðóêòóðû ÂÑÄ-KvAP â îêðóæåíèè ýòèõ äåòåðãåíòîâ.

Îòíåñåíèå ñèãíàëîâ ßÌÐ àòîìîâ îñíîâíîé öåïè äëÿ 2H-13C-15N-
ìå÷åííîãî àíàëîãà ÂÑÄ-KvAP â ñìåøàííûõ ìèöåëëàõ DPC/LDAO (2:1) áûëî
âûïîëíåíî ñ èñïîëüçîâàíèåì ìåòîäîâ TROSY. Âòîðè÷íàÿ è ïðîñòðàíñòâåííàÿ
ñòðóêòóðû ÂÑÄ-KvAP áûëè îõàðàêòåðèçîâàíû íà îñíîâàíèè äàííûõ ßÌÐ
(âòîðè÷íûå õèìè÷åñêèå ñäâèãè, êîíòàêòû NOE, äîñòóïíîñòü HN ïðîòîíîâ
ðàñòâîðèòåëþ). Ñðàâíåíèå ïîëó÷åííûõ äàííûõ ñ ðàíåå îïóáëèêîâàííûìè
ðåçóëüòàòàìè ðåíòãåíîñòðóêòóðíîãî àíàëèçà [2] è ÝÏÐ [3] ïîçâîëèëî
ïðåäïîëîæèòü, ÷òî íàáëþäàåìàÿ â ìèöåëëàõ öâèòòåð-èîííûõ äåòåðãåíòîâ
ïðîñòðàíñòâåííàÿ ñòðóêòóðà ÂÑÄ-KvAP ñîîòâåòñòâóåò àêòèâèðîâàííîé
êîíôîðìàöèè âîëüò-ñåíñîðíîãî äîìåíà, íàáëþäàåìîé â ïîëíîðàçìåðíîì
êàíàëå â îòñóòñòâèå ÒÌ ïîòåíöèàëà.

Äèíàìèêà îñíîâíîé öåïè ÂÑÄ-KvAP áûëà èññëåäîâàíà, èñïîëüçóÿ
äàííûå ßÌÐ-ðåëàêñàöèè ÿäåð 15N. Áûëî ïîêàçàíî, ÷òî N- è C-êîíöåâûå
ôðàãìåíòû äîìåíà (âêëþ÷àÿ ñïèðàëü S45), à òàêæå ïåòëåâûå ó÷àñòêè S1-S2
è S2-S3 ñîâåðøàþò áûñòðûå äâèæåíèÿ ñ õàðàêòåðíûìè âðåìåíàìè â
äèàïàçîíå ïñ-íñ. Â òî æå âðåìÿ öåíòðàëüíûå ðåãèîíû âñåõ ñïèðàëåé äîìåíà
â ðàéîíå ìåæñïèðàëüíûõ êîíòàêòîâ èñïûòûâàþò ìåäëåííûå ôëóêòóàöèîííûå
äâèæåíèÿ â ìêñ-ìñ äèàïàçîíå. Ýòè ðåçóëüòàòû ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî
ïðè èçìåíåíèè ÒÌ ïîòåíöèàëà "æåñòêàÿ" (ñòàáèëüíàÿ â ïñ-íñ äèàïàçîíå)
ñïèðàëüíàÿ øïèëüêà S4-S3b ïåðåìåùàåòñÿ êàê åäèíûé ñòðóêòóðíûé ýëåìåíò
îòíîñèòåëüíî ñïèðàëåé S1 è S2. Ïðè ýòîì ïðîèñõîäÿò çíà÷èòåëüíûå
êîíôîðìàöèîííûå èçìåíåíèÿ â "ïîäâèæíîì" ýëåìåíòå S23 è â øàðíèðíîì
ðåãèîíå íà ñòûêå ñïèðàëåé S4 è S45. Ïîëó÷åííûå äàííûå ïîçâîëÿþò
êðèòè÷åñêè ïåðåñìîòðåòü ñîâðåìåííûå ìîäåëè ïîòåíöèàë-çàâèñèìîé
àêòèâàöèè K+-êàíàëîâ.
Ëèòåðàòóðà
1. Nath A., Atkins W.M., Sligar S.G. (2007) Biochemistry 46:2059-2069.
2. Jiang Y.,  Lee A., Chen J., et al. (2003) Nature 423(6935): 33-41.
3. Cuello L.G., Cortes D.M., Perozo E. (2004) Science 306(5695): 491-495.

NMR STUDY OF ISOLATED VOLTAGE-SENSING DOMAIN OF
THE K+-CHANNEL KvAP IN DETERGENT MICELLES. FROM
DYNAMICS TO POSSIBLE MODELS OF VOLTAGE-GATING
Paramonov A.S., Shenkarev Z.O., Lyukmanova E.N., Shingarova L.N.,
Arseniev A.S.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: zh@nmr.ru

Voltage-gated K+-channels play crucial role in many processes, which are
essential for multicellular organisms. Activation of voltage-gated channels is
mediated by special voltage-sensing domains composed from four transmembrane
(TM) helices (S1-S4). The change in TM electric potential induces rearrangement
in the voltage-sensor conformation, that leads to channel gating, but the detailed
mechanism of this process is still unclear. Present report describes NMR
investigation of isolated voltage-sensing domain of the prototypical archaeal
K+-channel KvAP (VSD-KvAP) from Aeropirum pernix.

To find optimal conditions for NMR study of VSD-KvAP the several
membrane mimetics involving detergent micelles and bicelles were screened. The
comparison of 2D 1H,15N-correlation spectra revealed that the spatial structure of
domain in the environment of zwitter-ionic or weakly-cationic micelles (DPC,
DMPC/DHPC, LDAO) is significantly differ from the structure observed in anionic
micelles (SDS, LMPC, LMPG). At the same time, the results of CD spectroscopy
indicated almost identical secondary structure of VSD-KvAP (~60% of helicity)
in all tested media.

To facilitate detergent screening we developed new approach that involves
special "reference medium" – the lipid-protein nanodisc (LPNs). LPNs represent
nanoscale (10x4 nm) discoid particles involving patches of lipid bilayers wrapped
around by dimer of 44-243 fragment of human apolipoprotein A-1. Early it was
shown for many membrane proteins that LPNs can stabilize their native
conformation and support functional activity [1]. The VSD-KvAP/LPN complexes
with diameters ~9.5 nm were reconstructed using anionic (DMPG) and zwitter-
ionic (DMPC) lipids. The 2D 1H,15N-TROSY spectra of VSD-KvAP measured in
LPN environment were very similar to spectra of domain in zwitter-ionic detergents,
thus indicating that zwitter-ionic detergents preserve native structure of VSD-KvAP.

The almost complete backbone resonance assignment of 2H,13C,15N-labeled
VSD-KvAP was obtained using TROSY methods in the environment of mixed
DPC/LDAO (2:1) micelles. Secondary and spatial structure of domain was
characterized using NMR data (secondary chemical shifts, NOE contacts, solvent
accessibility of HN protons). The comparison of obtained data with published results
of X-ray [2] and EPR [3] investigations leads to proposal that observed VSD-
KvAP structure corresponds to structure of activated domain presented in the full-
length channel at zero TM potential.

The backbone dynamics of VSD-KvAP were studied using 15N-relaxation
measurements. The N- and C-terminal fragments of domain (including S45 helix),
loop regions S1-S2 and S2-S3 were found mobile in ps-ns time-scale. At the same
time the central regions of all domain helices at the level of interhelical contacts
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ÏÎÑÒÒÐÀÍÑËßÖÈÎÍÍÀß ÕÈÌÈß ÊÐÀÑÍÛÕ
ÔËÓÎÐÅÑÖÅÍÒÍÛÕ ÁÅËÊÎÂ ÈÇ ÊÎÐÀËËÎÂÛÕ ÏÎËÈÏÎÂ
Ïàõîìîâ À.À., Ìàðòûíîâ Â.È.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
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Ôëóîðåñöåíòíûå áåëêè, ãîìîëîãè øèðîêî èçâåñòíîãî GFP (Green
Fluorescent Protein, çåëåíûé ôëóîðåñöåíòíûé áåëîê), ïðåäñòàâëÿþò
çíà÷èòåëüíûé ïðàêòè÷åñêèé è ôóíäàìåíòàëüíûé èíòåðåñ äëÿ ñîâðåìåííîé
ìîëåêóëÿðíîé è êëåòî÷íîé áèîëîãèè, à òàêæå äëÿ áèîõèìèè è
áèîîðãàíè÷åñêîé õèìèè. Îñíîâíàÿ ìàññà íàó÷íûõ èññëåäîâàíèé íàïðàâëåíà
íà èõ ïðèìåíåíèå è íà ñîçäàíèå íîâûõ ãåíåòè÷åñêè êîäèðóåìûõ çîíäîâ.
Èçó÷åíèå ìåõàíèçìîâ îáðàçîâàíèÿ õðîìîôîðîâ â ýòèõ áåëêàõ èìååò îñîáîå
çíà÷åíèå, òàê êàê îòêðûâàåò âîçìîæíîñòè äëÿ íàïðàâëåííîãî èçìåíåíèÿ
ñïåêòðàëüíûõ ñâîéñòâ áåëêà ïóòåì èíäóêöèè èëè çàïðåòà îáðàçîâàíèÿ
õðîìîôîðà òîãî èëè èíîãî òèïà. Â ïîñëåäíåå âðåìÿ óñèëèÿ ó÷åíûõ
íàïðàâëåíû íà ïîèñê è ñîçäàíèå ôëóîðåñöåíòíûõ áåëêîâ, îáëàäàþùèõ
çíà÷èòåëüíûì áàòîõðîìíûì ñäâèãîì ïî ñðàâíåíèþ ñ GFP. Ïðîðûâ â ýòîé
îáëàñòè ïðîèçîøåë â 1999 ã., êîãäà áûëè êëîíèðîâàíû íîâûå GFP-ïîäîáíûå
áåëêè èç êîðàëëîâûõ ïîëèïîâ. ×àñòü èç íèõ îêàçàëàñü ñïîñîáíîé ê ýìèññèè
â êðàñíîé îáëàñòè ñïåêòðà. Êðàñíûå ôëóîðåñöåíòíûå áåëêè (RFP – Red
Fluorescent Protein) ïðåäñòàâëÿþò çíà÷èòåëüíûé èíòåðåñ, ïîñêîëüêó îíè, âî-
ïåðâûõ, ðàñøèðÿþò ñïåêòðàëüíûé äèàïàçîí, ïåðåêðûâàåìûé
ôëóîðåñöåíòíûìè áåëêàìè, ÷òî ïîçâîëÿåò îäíîâðåìåííî ââîäèòü
ðàçíîöâåòíûå ôëóîðåñöåíòíûå ìåòêè â ðàçëè÷íûå áåëêè-ìèøåíè. Âî-âòîðûõ,
â îòëè÷èå îò GFP, ïðè ðàáîòå ñ êðàñíûìè ôëóîðåñöåíòíûìè áåëêàìè âêëàä
àâòîôëóîðåñöåíöèè êëåòêè ìèíèìàëåí. Â-òðåòüèõ, òêàíè æèâîòíûõ íàèáîëåå
ïðîçðà÷íû â äàëüíåêðàñíîì è èíôðàêðàñíîì äèàïàçîíàõ (650-900 íì),
ïîýòîìó áåëêè, îáëàäàþùèå ýìèññèåé â ýòîé îáëàñòè ñïåêòðà, ïîçâîëÿþò
èçó÷àòü ïðîöåññû â ðàìêàõ öåëîãî îðãàíèçìà.

Äàííàÿ ðàáîòà ïîñâÿùåíà èçó÷åíèþ ïîñòòðàíñëÿöèîííûõ ðåàêöèé
îáðàçîâàíèÿ õðîìîôîðà âî ôëóîðåñöåíòíûõ áåëêàõ, îáëàäàþùèõ
çíà÷èòåëüíûì áàòîõðîìíûì ñäâèãîì â ñïåêòðàõ ïîãëîùåíèÿ è
ôëóîðåñöåíöèè. Ïðè ïîìîùè ìàññ-ñïåêòðîìåòðèè, òàíäåìíîé ìàññ-
ñïåêòðîìåòðèè è ßÌÐ èññëåäîâàíèé áûëî ïîêàçàíî, ÷òî õðîìîôîðû áåëêîâ
èç Goniopora tenuidens (gtCP) è Condylactis gigantea (cgCP) ñîäåðæàò â
êà÷åñòâå áàòîõðîìíîé ìîäèôèêàöèè àöèëèìèííóþ ãðóïïó, ðàñøèðÿþùóþ
π-ñèñòåìó GFP-õðîìîôîðà, è èìåþò õðîìîôîð, ïîäîáíûé êðàñíîìó
ôëóîðåñöåíòíîìó áåëêó DsRed. Àöèëèìèí – ðåàêöèîííîñïîñîáíàÿ ãðóïïà,
êîòîðàÿ, âñòóïàÿ â äîïîëíèòåëüíûå ïîñòòðàíñëÿöèîííûå ðåàêöèè, ìîæåò
áûòü äîïîëíèòåëüíûì èñòî÷íèêîì ñïåêòðàëüíîé âàðèàáåëüíîñòè. Íà
ïðèìåðå  cgCP áûëî ïîêàçàíî, ÷òî â ìÿãêèõ è æåñòêèõ äåíàòóðèðóþùèõ
óñëîâèÿõ âîçìîæíû ïðèñîåäèíåíèå âîäû ê C=N ñâÿçè àöèëèìèíà è
ïîñëåäóþùèé åãî ðàñïàä â ðåçóëüòàòå ïîëíîãî ãèäðîëèçà. Ïðè ýòîì âûõîä
ïðîäóêòà â ïîñëåäíåé ñòàäèè â çíà÷èòåëüíîé ñòåïåíè çàâèñèò îò
êàòàëèòè÷åñêîãî äåéñòâèÿ ïåðâîãî õðîìîôîðîáðàçóþùåãî îñòàòêà.

were subjected to slow conformational fluctuations in the mks-ms time-scale. These
data lead to proposal that the S4-S3b helical hairpin (stable in ps-ns time-scale)
accomplishes rigid body movement relative to S1 and S2 helices upon change in
TM potential. This movement is accompanied by conformational changes in the
"labile" S23 element and in the hinge between S4 and S45 helices. The obtained
data permit critical reassessment of some voltage-gating models.
References
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Fluorescent proteins (FPs) homologous to the Green Fluorescent Protein
(GFP) are of intense practical and fundamental interest in the field of modern
molecular and cellular biology, biochemistry and bioorganic chemistry. While most
studies are focused on the FPs applications and generation of novel genetically
encoded probes, investigations of chromophore-forming reactions are of special
interest. Induction or inhibition of the predefined chromophore chemical reactions
would allow directed spectral manipulations of the protein. The last decade is
marked by continuing efforts aimed at generation of redshifted fluorescent proteins.
A breakthrough in this field took place in 1999, when a number of GFP-like proteins
from Anthozoans were cloned. Some of them emitted light in the red spectral
region. Red fluorescent proteins (RFPs) are of great demand since they expand
spectral range covered by FPs and provide important tools for multicolour labelling
of proteins, organelles etc. Moreover, unlike GFP, contribution of cell
autofluorescence is minimal in the red spectral region. Additionally, animal tissues
are most transparent in the far-red and infra-red range (650 - 900 nm), therefore
proteins emitting in this spectral window allow effective whole-body imaging.

This work is devoted to investigation of posttranslational reactions resulting
in significant FP's batochromic shift. By mass-spectrometry, tandem mass-
spectrometry and NMR it was shown that chromophores of proteins from
Goniopora tenuidens (gtCP) and Condylactis gigantea (cgCP) contain an acylimine
group as a batochromic modification expanding the chromophore π-system. The
chemical structures of the chromophores are similar to that of DsRed (DsRed is
the trade name of the first discovered natural RFP from Discosoma sp.). Since
acylimine is a reactive group, its reactions could be an additional source of spectral
diversity. As an example, reactivity of acylimine was examined within cgCP. It
was shown that upon mild denaturing conditions H2O addition to the C=N bond of
acylimine takes place, whereas harsh denaturing conditions result in protein
fragmentation due to complete hydrolysis of the acylimine. The yield of the latter
reaction is strongly depends on the nature of the first chromophore-forming residue.

Remarkably, all chromoproteins are converted into fluorescent analogues by
minor substitutions in the chromophore environment, which is explained by
chromophore conformational changes (cis-trans isomerisation). A chromoprotein
from the sea anemone Anemonia sulcata (asCP) is of particular interest because
reversible chromophore isomerisation occurs upon visible light irradiation. This
phenomenon underlies the so-called kindling effect of this protein. Chromophore
structure of asCP is different from those of other RFPs and chromoproteins. We
demonstrated that during asCP chromophore synthesis acylimine hydrolysis occurs
autocataliticaly within folded protein. As a result, the keto-substituted extended
π-system of the GFP-chromophore is forming.

Investigating chromophore structure of RFP from Zoanthus sp.2 (z2FP574)
it was found, that acylimine can be synthesised by alternative pathway. It was

Ê íàñòîÿùåìó âðåìåíè óñòàíîâëåíî, ÷òî ïðè íåáîëüøîì êîëè÷åñòâå
çàìåí â îêðóæåíèè õðîìîôîðà âñå õðîìîáåëêè ïðåâðàùàþòñÿ âî
ôëóîðåñöåíòíûå, ÷òî ñâÿçàíî ñ êîíôîðìàöèîííûìè èçìåíåíèÿìè õðîìîôîðà
(öèñ-òðàíñ-èçîìåðèçàöèÿ). Ñðåäè íèõ îñîáî ñòîèò âûäåëèòü õðîìîáåëîê èç
Anemonia sulcata (asCP), â êîòîðîì ïîä äåéñòâèåì ñâåòà ìîæåò ïðîòåêàòü
îáðàòèìàÿ èçîìåðèçàöèÿ õðîìîôîðà. Ýòà îñîáåííîñòü ëåæèò â îñíîâå ðàáîòû
ðàçæèãàþùåãîñÿ ôëóîðåñöåíòíîãî áåëêà (KFP – Kindling Fluorescent Protein),
ñîçäàííîãî íà îñíîâå asCP. Ñòðóêòóðà õðîìîôîðà asCP îòëè÷àåòñÿ îò äðóãèõ
RFP è õðîìîáåëêîâ. Íàìè áûëî ïîêàçàíî, ÷òî â õîäå ñèíòåçà õðîìîôîðà asCP
ãèäðîëèç àöèëèìèíà ïðîèñõîäèò àâòîêàòàëèòè÷åñêè âíóòðè ñâåðíóòîãî áåëêà.
Â ðåçóëüòàòå ðåàêöèè îáðàçóåòñÿ êåòî-çàìåñòèòåëü, ðàñøèðÿþùèé π-ñèñòåìó
GFP-õðîìîôîðà.

Ïðè èçó÷åíèè ñòðóêòóðû õðîìîôîðà RFP èç Zoanthus sp.2 (z2FP574)
áûëî îáíàðóæåíî, ÷òî ñèíòåç àöèëèìèíà â GFP-ïîäîáíûõ áåëêàõ ìîæåò
ïðîòåêàòü ïî àëüòåðíàòèâíîìó ìåõàíèçìó. Áûëî ïîêàçàíî, ÷òî íà
ïðîìåæóòî÷íîé ñòàäèè ñîçðåâàíèÿ õðîìîôîðà îáðàçóåòñÿ ñíà÷àëà çåëåíàÿ
ôîðìà, ñîäåðæàùàÿ õðîìîôîð GFP-òèïà, êîòîðàÿ â ðåçóëüòàòå ðåàêöèé
îêèñëåíèÿ è äåêàðáîêñèëèðîâàíèÿ ïðåâðàùàåòñÿ â êðàñíóþ. Äëÿ
èññëåäîâàíèÿ ïðîòåêàþùèõ ðåàêöèé íàì óäàëîñü çàìåäëèòü ïðîöåññ ñèíòåçà
êðàñíîãî õðîìîôîðà è "ïîéìàòü" ïðîìåæóòî÷íóþ çåëåíóþ ôîðìó áåëêà.
Äèíàìèêà çåëåíî-êðàñíîé êîíâåðñèè áûëà èçó÷åíà ïðè ïîìîùè ðàçëè÷íûõ
áèîõèìè÷åñêèõ ìåòîäîâ è ìàññ-ñïåêòðîìåòðèè. Îáíàðóæåííîå ïîâåäåíèå
z2FP574 õàðàêòåðíî äëÿ ôëóîðåñöåíòíûõ òàéìåðîâ - áåëêîâ, ñïîñîáíûõ
ìåíÿòü öâåò ôëóîðåñöåíöèè ñî âðåìåíåì. Îäíàêî öâåòîâîå ïðåâðàùåíèå
z2FP574 îòëè÷àåòñÿ îò äðóãèõ èçâåñòíûõ òàéìåðîâ íå òîëüêî ïî ñòðóêòóðíûì
õàðàêòåðèñòèêàì, íî è êèíåòè÷åñêè. Â ÷àñòíîñòè, â äðóãèõ ôëóîðåñöåíòíûõ
òàéìåðàõ çåëåíàÿ ôîðìà ÿâëÿëàñü êîíå÷íîé è íå ñïîñîáíîé ê êîíâåðñèè â
êðàñíóþ. Ïðè ýòîì, íàáëþäàåìîå èçìåíåíèå öâåòà ïðîõîäèò â íèõ çà ñ÷¸ò
áåçûçëó÷àòåëüíîãî ïåðåíîñà ýíåðãèè (FRET) âíóòðè òåòðàìåðà áåëêà è çà
ñ÷¸ò ìåíüøåé ñêîðîñòè îáðàçîâàíèÿ "êðàñíîãî" õðîìîôîðà. z2FP574, ñ ýòîé
òî÷êè çðåíèÿ, ÿâëÿåòñÿ èñòèííûì ôëóîðåñöåíòíûì òàéìåðîì è ìîæåò áûòü
èñïîëüçîâàí äëÿ ñîçäàíèÿ ìîíîìåðíîãî çîíäà.

Òàêèì îáðàçîì, îáðàçîâàíèå õðîìîôîðà â êðàñíûõ ôëóîðåñöåíòíûõ
áåëêàõ êîíòðîëèðóåòñÿ, ãëàâíûì îáðàçîì, ïîñòòðàíñëÿöèîííûìè ðåàêöèÿìè
îáðàçîâàíèÿ àöèëèìèíà è åãî âîçìîæíîãî ïîñëåäóþùåãî ðàñùåïëåíèÿ.

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).
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Â íàñòîÿùåå âðåìÿ äëÿ èçìåðåíèÿ ñêîðîñòè ãåíåðàöèè ñóïåðîêñèäà â
ìèòîõîíäðèàëüíûõ ïðåïàðàòàõ íàèáîëåå ÷àñòî èñïîëüçóþò àöåòèëèðîâàííûé
öèòîõðîì ñ (ÀñÑ). Àöåòèëèðîâàíèå ëèçèíîâûõ îñòàòêîâ öèòîõðîìà ñ ñíèæàåò
ñêîðîñòè åãî âîññòàíîâëåíèÿ ìèòîõîíäðèàëüíûìè ðåäóêòàçàìè è ñêîðîñòè
åãî îêèñëåíèÿ öèòîõðîì c-îêñèäàçîé, ïðè ýòîì ñïîñîáíîñòü öèòîõðîìà ñ ê
âîññòàíîâëåíèþ ñóïåðîêñèäîì ñîõðàíÿåòñÿ. Îäíàêî ïðèìåíåíèå ÀñÑ èìååò
ðÿä ñóùåñòâåííûõ íåäîñòàòêîâ. Âî-ïåðâûõ, ïðè àöåòèëèðîâàíèè öèòîõðîìà ñ
óêñóñíûì àíãèäðèäîì îáðàçóåòñÿ äîñòàòî÷íî ãåòåðîãåííàÿ ñìåñü ìîëåêóë
öèòîõðîìà ñ ñ ðàçëè÷íûì ÷èñëîì ìîäèôèöèðîâàííûõ ëèçèíîâûõ îñòàòêîâ.
Âî-âòîðûõ, ïðè àöåòèëèðîâàíèè ñíèæàåòñÿ îáùèé ïîëîæèòåëüíûé çàðÿä
öèòîõðîìà ñ, ÷òî âåäåò ê ñíèæåíèþ ñðîäñòâà ê ñóïåðîêñèäó. Â-òðåòüèõ,
ïðèñóòñòâèå â ñðåäå èçìåðåíèÿ âûñîêèõ êîíöåíòðàöèé ôîñôàòîâ èëè
õëîðèäîâ êàëèÿ, âíîñèìûõ äëÿ óìåíüøåíèÿ íåñïåöèôè÷åñêîãî
âçàèìîäåéñòâèÿ ÀñÑ ñ êîìïîíåíòàìè äûõàòåëüíîé öåïè, âûçûâàåò ÷àñòè÷íîå
ðàçîáùåíèå äûõàòåëüíîé öåïè, ÷òî èñêàæàåò êàðòèíó ãåíåðàöèè ñóïåðîêñèäà.

Â íàñòîÿùåé ðàáîòå ïîëó÷åí ðÿä ìóòàíòíûõ âàðèàíòîâ öèòîõðîìà ñ
ëîøàäè ñ çàìåíàìè ïîëîæèòåëüíî-çàðÿæåííûõ ëèçèíîâûõ àìèíîêèñëîòíûõ
îñòàòêîâ (Ê8, Ê13, Ê27, Ê72, Ê79, Ê86, Ê87), îêðóæàþùèõ ãåìîâóþ ùåëü,
êîòîðûå èãðàþò âàæíóþ ðîëü â ôîðìèðîâàíèè ðåàêöèîííîñïîñîáíûõ
êîìïëåêñîâ öèòîõðîìà ñ ñ îêèñëèòåëüíî-âîññòàíîâèòåëüíûìè ïàðòíåðàìè:
óáèõèíîë: öèòîõðîì ñ-ðåäóêòàçîé (êîìïëåêñîì III) è öèòîõðîì ñ-îêñèäàçîé
(êîìïëåêñîì IV). Êîýêñïðåññèþ ìóòàíòíûõ ãåíîâ öèòîõðîìà ñ è ãåíà ãåì-
ëèãàçû, íàõîäÿùèõñÿ â ñîñòàâå ïëàçìèäíîãî âåêòîðà pB(PCYCS),
îñóùåñòâëÿëè â êëåòêàõ E.coli JM-109. Ðåêîìáèíàíòíûå áåëêè î÷èùàëè ñ
ïîìîùüþ êàòèîíîîáìåííîé, àäñîðáöèîííîé è ãåëü-ôèëüòðàöèîííîé
õðîìàòîãðàôèè. Ñïîñîáíîñòü ïîëó÷åííûõ ìóòàíòíûõ áåëêîâ
âçàèìîäåéñòâîâàòü ñ áåëêàìè-ïàðòíåðàìè èçó÷àëè â ñèñòåìå ìèòîïëàñòîâ
ïå÷åíè êðûñû, ëèøåííûõ öèòîõðîìà ñ. Èçìåðÿëè ñóêöèíàò: öèòîõðîì ñ-
ðåäóêòàçíóþ è öèòîõðîì ñ-îêñèäàçíóþ àêòèâíîñòè ìèòîïëàñòîâ â
ïðèñóòñòâèè ïîëó÷åííûõ ìóòàíòíûõ âàðèàíòîâ, öèòîõðîìà ñ äèêîãî òèïà è
ÀñÑ. Êîëè÷åñòâåííîå èçìåðåíèå ãåíåðàöèè ñóïåðîêñèäà ñ ïîìîùüþ

shown, that during z2FP574 maturation an intermediate green form, bearing the
GFP-type chromophore, appears. The "red" chromophore in this case arises from
additional oxidation and decarboxylation reactions. By means of mutagenesis the
reaction of the chromophore synthesis was slowed down and the resulting trapped
intermediates were studied by biochemical methods and by mass-spectrometry.
Detected z2FP574 behavior is characterized to the so-called fluorescent timers,
the proteins that change colour with time. However post-translational chemistry
of z2FP574 was proposed to be different from that of other known RFPs and
fluorescent timers. Specifically, the green form of the earlier described timer was
shown to be a dead-end product. Consequently, the observed colour development
in this case arises from a Förster/fluorescence resonance energy transfer (FRET)
within the tetramer between green and red species. Unlike fluorescent timer based
on DsRed mutant, it is possible to create the monomeric tag timer using z2FP574
variants.

Summing up, chromophore formation in red fluorescent proteins is controlled
substantially by posttranslational reactions of acylimine synthesis and reactivity
of the acylimine group.

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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At present time for superoxide generation measurement in mitochondrial
preparations acetylated cytochrome c is used most often. Acetylation of lysine
residues of cytochrome c decreases the rate of his reduction from mitochondrial
reductases and the rate of his oxidation by cytocrome c oxidase. Acetylated
cytochrome c remains ability to oxidize superoxide. Application of acetylated
cytochrome c has a number of essential disadvantages. Firstly, under acetylation
of cytochrome c by acetic anhydride rather a heterogeneous mixture of cytochrome c
molecules with different numbers of modificated lysine residues is generated.
Secondly, under acetylation the common positive charge of cytochrome c is
decreased that leads to decreasing affinity to superoxide. Thirdly, high concentration
of potassium phosphate or potassium chloride in the measuring medium leads to
partial uncoupling of respiratory chain.

In this work we have constructed several horse cytochrome c mutant variants
with substitutions in amino acid residues (Ê8, Ê13, Ê27, Ê72, Ê79, Ê86, Ê87)
surrounding the heme crevice which are important for the interaction of protein
with its respiratory chain partners: ubiquinol: cytochrome c reductase (complex
III) and cytochrome c oxidase (complex IV). Coexpression of horse cytochrome c
genes and heme-ligase gene was carried out in plasmid vector pBP(CYCS) in
Å.coli JM-109. Recombinant proteins were purified by cation-exchange, adsorption
and gel filtration chromatography. The capacity of cytochrome c variants to interact
with partners was investigated in the rat liver mitochondria depleted in
cytochrome c. Quantitative measurement of superoxide generation was carried
out in bovine heart submitochondrial particles.

In the first stage of work using mutant variants of cytochrome c with single
and double substitutions (Ê8Å, Ê13Å, Ê27Å, Å69Ê/K72E, Ê79Å, Ê86Å/Ê87Å,
Ê86W/K87C) we have shown, that conservative residues Ê86 and Ê87 are
important to complex ubiquinol: cytochrome c reductase/cytochrome c and complex
cytochrome c/cytochrome c oxidase formation. Lysine residues 8, 27, 72 are
important to complex ubiquinol: cytochrome c reductase/cytochrome c formation.
Lysine residues 13, 79 are important to complex cytochrome c/cytochrome c oxidase
formation.

In the second stage of work we obtained mutant variants of cytochrome c
which had forth (Ê27Å/K86E/K87E/E90K, E69K/Ê72Å/K86E/K87E), six (Ê27Å/
E69K/Ê72Å/K86E/K87E/E90K, Ê8Å/E62K/E69K/Ê72Å/K86E/K87E) and eight
(Ê8Å/Ê27Å/E62K/E69K/Ê72Å/K86E/K87E/E90K) substitutions.

ïîëó÷åííûõ ìóòàíòíûõ âàðèàíòîâ è ÀñÑ ïðîâîäèëè â ïðåïàðàòàõ
ñóáìèòîõîíäðèàëüíûõ ÷àñòèö (ÑÌ×) ñåðäöà áûêà. Èçìåðÿëè îáùèå ñóêöèíàò:
öèòîõðîì ñ-ðåäóêòàçíûå àêòèâíîñòè ÑÌ× â îòñóòñòâèå è â ïðèñóòñòâèè
ñóïåðîêñèääèñìóòàçû (ÑÎÄ). ÑÎÄ-÷óâñòâèòåëüíûå àêòèâíîñòè (ñêîðîñòè
ãåíåðàöèè ñóïåðîêñèäà) ïîëó÷àëè âû÷èòàíèåì ÑÎÄ-íå÷óâñòâèòåëüíûõ
àêòèâíîñòåé èç îáùèõ àêòèâíîñòåé.

Íà ïåðâîì ýòàïå ðàáîòû ñ ïîìîùüþ ìóòàíòíûõ âàðèàíòîâ öèòîõðîìà ñ,
íåñóùèõ åäèíè÷íûå è äâîéíûå çàìåíû (Ê8Å, Ê13Å, Ê27Å, Å69Ê/K72E, Ê79Å,
Ê86Å/Ê87Å, Ê86W/K87C), ïîêàçàíî, ÷òî êîíñåðâàòèâíûå îñòàòêè Ê86 è Ê87
âàæíû äëÿ ôîðìèðîâàíèÿ êîìïëåêñà óáèõèíîë: öèòîõðîì ñ-ðåäóêòàçà/
öèòîõðîì ñ è êîìïëåêñà öèòîõðîì ñ/öèòîõðîì ñ-îêñèäàçà ïðèìåðíî â
îäèíàêîâîé ñòåïåíè è, ïî-âèäèìîìó, ÿâëÿþòñÿ "îñíîâîé" óíèâåðñàëüíîãî
ñàéòà âçàèìîäåéñòâèÿ öèòîõðîìà ñ ñ áåëêîâûìè ðåäîêñ-ïàðòíåðàìè.
Ëèçèíîâûå îñòàòêè öèòîõðîìà ñ â ïîëîæåíèÿõ 8, 27, 72 âíîñÿò
ïðåèìóùåñòâåííûé âêëàä â ôîðìèðîâàíèå ðåàêöèîííîñïîñîáíîãî êîìïëåêñà
ñ óáèõèíîë: öèòîõðîì ñ-ðåäóêòàçîé äûõàòåëüíîé öåïè, à ëèçèíîâûå îñòàòêè
â ïîëîæåíèÿõ 13, 79 – ñ öèòîõðîì ñ-îêñèäàçîé.

Íà âòîðîì ýòàïå ðàáîòû ïîëó÷åíû ìóòàíòíûå âàðèàíòû öèòîõðîìà ñ
ëîøàäè, íåñóùèå ÷åòûðå (Ê27Å/K86E/K87E/E90K, E69K/Ê72Å/K86E/K87E),
øåñòü (Ê27Å/E69K/Ê72Å/K86E/K87E/E90K, Ê8Å/E62K/E69K/Ê72Å/K86E/
K87E) è âîñåìü (Ê8Å/Ê27Å/E62K/E69K/Ê72Å/K86E/K87E/E90K) çàìåí. Ïðè
êîíñòðóèðîâàíèè ìóòàíòíûõ âàðèàíòîâ öèòîõðîìà ñ ó÷èòûâàëàñü
íåîáõîäèìîñòü ñîõðàíåíèÿ ñóììàðíîãî çàðÿäà ìîëåêóëû, ïîñêîëüêó
ñíèæåíèå ñóììàðíîãî ïîëîæèòåëüíîãî çàðÿäà ìîæåò ñíèæàòü ñêîðîñòü
ðåàêöèè áåëêà ñ îòðèöàòåëüíî çàðÿæåííûì àíèîíîì ñóïåðîêñèä-ðàäèêàëà.
Äëÿ êîìïåíñàöèè èçáûòî÷íûõ îòðèöàòåëüíûõ çàðÿäîâ â ïîñëåäîâàòåëüíîñòè
ìóòàíòíûõ âàðèàíòîâ öèòîõðîìà ñ áûëè ââåäåíû çàìåíû E/K â ïîëîæåíèÿõ
62, 69 è 90.

Òðè èç ïîëó÷åííûõ ìóòàíòíûõ âàðèàíòîâ öèòîõðîìà ñ, ñîäåðæàùèå
øåñòü è âîñåìü àìèíîêèñëîòíûõ çàìåí, îáëàäàëè ñóùåñòâåííî ñíèæåííîé,
ïî ñðàâíåíèþ ñ àöåòèëèðîâàííûì öèòîõðîìîì ñ, ðåàêòèâíîñòüþ ïî
îòíîøåíèþ ê êîìïëåêñàì III è IV äûõàòåëüíîé öåïè, ñîõðàíÿÿ ïðè ýòîì
âûñîêóþ ñêîðîñòü ñïåöèôè÷åñêîãî îêèñëåíèÿ ñóïåðîêñèäà. Òî÷íîñòü
èçìåðåíèÿ ñêîðîñòè ãåíåðàöèè ñóïåðîêñèäà êîìïëåêñîì I â ÑÌ× ñåðäöà áûêà
ñ ïîìîùüþ ìóòàíòíûõ âàðèàíòîâ öèòîõðîìà ñ ëîøàäè â ñðåäå ñ ôîñôàòîì â
2 ðàçà, à â ñðåäå áåç ôîñôàòà â 4 ðàçà ïðåâîñõîäèò òî÷íîñòü èçìåðåíèÿ ñ
ïîìîùüþ àöåòèëèðîâàííîãî öèòîõðîìà ñ. Â ñâÿçè ñ ýòèì ïîëó÷åííûå
ìóòàíòíûå âàðèàíòû öèòîõðîìà ñ ïðåäñòàâëÿþò ñîáîé îñíîâó äëÿ íîâîé
ýôôåêòèâíîé òåñò-ñèñòåìû êîëè÷åñòâåííîãî îïðåäåëåíèÿ ñóïåðîêñèäà â
ìèòîõîíäðèàëüíûõ ïðåïàðàòàõ.
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Ïåðîêñèä âîäîðîäà êàê îäíà èç àêòèâíûõ ôîðì êèñëîðîäà (ÀÔÊ)
âûïîëíÿåò ñèãíàëüíóþ è ñóáñòðàòíóþ ðîëü â ðàñòåíèÿõ, ó÷àñòâóÿ â ðàáîòå
óñòüèö, àïèêàëüíîì ðîñòå êîðíåâûõ âîëîñêîâ è ïûëüöåâûõ òðóáîê, ñèíòåçå
êëåòî÷íîé ñòåíêè, ôîðìèðîâàíèè ôèòîèììóíèòåòà, êëåòî÷íîé ñìåðòè, îòâåòå
íà èçìåíÿþùèåñÿ ôàêòîðû ñðåäû è äðóãèõ. Îäíàêî, ÿâëÿÿñü òîêñè÷íûìè
ìîëåêóëàìè, ÀÔÊ ñïîñîáíû ïîâðåæäàòü êëåòî÷íûå ñòðóêòóðû ïîñðåäñòâîì
ïðîãðåññèðóþùåãî îêèñëèòåëüíîãî ñòðåññà. Êàêèì îáðàçîì îñóùåñòâëÿåòñÿ
áàëàíñ ñîäåðæàíèÿ ÀÔÊ â ðàñòåíèÿõ, äî êîíöà íå ÿñíî. Î÷åâèäíî, ÷òî äëÿ
ïîääåðæàíèÿ îïðåäåëåííîãî óðîâíÿ ÀÔÊ â êëåòêå íåîáõîäèìà òùàòåëüíàÿ
ñèñòåìà ðåãóëÿöèè. Ïîëàãàþò, ÷òî â ðàáîòå ýòîé ñèñòåìû ó àðàáèäîïñèñà
ó÷àñòâóþò ïðîäóêòû ïðèìåðíî 150 ãåíîâ.

Îäíèì èç áåëêîâ, êàòàëèçèðóþùèõ îáðàçîâàíèå ÀÔÊ â àïîïëàñòå,
ÿâëÿåòñÿ ÍÀÄÔÍ-îêñèäàçà ïëàçìàëåììû ðàñòèòåëüíûõ êëåòîê. Ãåíû
ÍÀÄÔÍ-îêñèäàç ðàñòåíèé rboh (respiratory burst oxidase homolog) èìåþò
ãîìîëîãèþ ñ êàòàëèòè÷åñêîé ñóáúåäèíèöåé gp91phox îêñèäàçû ôàãîöèòîâ
ìëåêîïèòàþùèõ è èäåíòèôèöèðîâàíû äëÿ ðèñà, àðàáèäîïñèñà, òàáàêà,
êàðòîôåëÿ è äð. Ïîêàçàíî, ÷òî "îêèñëèòåëüíûé âçðûâ" êàê îòâåò íà
ïîâðåæäåíèå ïàòîãåíàìè (áèîòè÷åñêèé ñòðåññ) ôîðìèðóåòñÿ ïðè àêòèâàöèè
áåëêîâ ýòîãî ñåìåéñòâà. Êàêèì îáðàçîì ïðîÿâëÿåòñÿ àêòèâíîñòü ÍÀÄÔÍ-
îêñèäàç ïëàçìàëåììû ïðè àáèîòè÷åñêîì ñòðåññå (òåìïåðàòóðà, çàñîëåíèå,
çàñóõà), îñòàåòñÿ íå ÿñíûì. Öåëüþ ïðîâåäåííîãî èññëåäîâàíèÿ ñòàëè
ôóíêöèîíàëüíàÿ èäåíòèôèêàöèÿ ÍÀÄÔÍ-îêñèäàçû ïëàçìàëåììû
ïðîðîñòêîâ êóêóðóçû è âûÿñíåíèå åå ðîëè ïðè ïîíèæåíèè òåìïåðàòóðû
âûðàùèâàíèÿ.

Îáúåêòîì èññëåäîâàíèÿ áûëè 5-òè äíåâíûå ýòèîëèðîâàííûå ïðîðîñòêè
êóêóðóçû, âûðàùåííûå ïðè òåìïåðàòóðå 25îÑ (êîíòðîëü) è âûäåðæàííûå ïðè
6îÑ â òå÷åíèå ñóòîê (îïûò). Ñîäåðæàíèå ïåðîêñèäà âîäîðîäà â òêàíÿõ ïîáåãîâ
è êîðíåé îïðåäåëÿëè ñïåêòðîôîòîìåòðè÷åñêè â ðåàêöèè ñ õëîðèñòûì
òèòàíîì. Ïëàçìàëåììó ïîëó÷àëè ðàçäåëåíèåì ìèêðîñîìàëüíûõ ìåìáðàí â
äâóõôàçíîé ïîëèìåðíîé ñèñòåìå. Ñóïåðîêñèä-ïðîäóöèðóþùóþ àêòèâíîñòü
ïëàçìàëåììû â ïðèñóòñòâèè ÍÀÄÔÍ îöåíèâàëè ñïåêòðîôîòîìåòðè÷åñêè ïî
âîññòàíîâëåíèþ ÕÒÒ äî ôîðìàçàíà. Áåëêè ïëàçìàëåììû, ñïîñîáíûå
ãåíåðèðîâàòü ñóïåðîêñèä, èäåíòèôèöèðîâàëè ïî îïðåäåëåíèþ ìîëåêóëÿðíîé
ìàññû ïîëîñ ïîñëå íàòèâíîãî ýëåêòðîôîðåçà, êîòîðûå îêðàøèâàëèñü
ôîðìàçàíîì êàê ïðîäóêòîì âîññòàíîâëåíèÿ íèòðîñèíåãî òåòðàçîëèÿ â
ÍÀÄÔÍ-îêñèäàçíîé ðåàêöèè. Ïðèñóòñòâèå ÍÀÄÔÍ-îêñèäàçû â ïëàçìàëåììå
ïîäòâåðæäàëè ìåòîäîì Âåñòåðí áëîò àíàëèçà ñ èñïîëüçîâàíèåì àíòèòåë ê
êàòàëèòè÷åñêîé ñóáúåäèíèöå gp91phox ôàãîöèòîâ.

Three of the obtained mutants contained six and eight amino acid substitutions
were found to have significantly decreased reactivity with complex III and complex
IV of respiratory chain, whereas they shown high rate of specific reduction by
superoxide-radical. Observational accuracy of the rate of generation superoxide
with the help of mutant variants of cytochrome c in the medium containing
phosphate in two times and in the medium without phosphate in four times exceeded
observational accuracy with the help of acetylated cytochrome c. These mutants
may be used as the basis of the new effective test-system for quantitative superoxide
measurement in mitochondrial preparations.
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Hydrogen peroxide is one of a number of reactive oxygen species (ROS) involved as
a signal and substrate in stomata closure, apical growth of root hairs and pollen tubes, cell
wall synthesis, cell death, pathogen and stress reactions and other. Besides this role, ROS
are toxic molecules, which capable to injure the cell thereby progressive oxidative stress.
How the balances of ROS content in plants are maintained is not obvious. Evidently there
is system that must keep carefully the defined level of ROS inside or outside of the cell. It
is reasonable to suppose that about 150 gene products participate in the process.

Plant plasma membrane NADPH-oxidase is one of the proteins delivered ROS for
apoplast. The plant NADPH-oxidase genes called rboh (respiratory burst oxidase homolog)
have homology with gp91phox subunit of mammals phagocyte oxidase and were cloned
for rice, Arabidopsis, tobacco, potato and others. It was shown that "oxidative burst" induced
by the pathogen attack (biotic stress) results from activation of these proteins. The
involvement of NADPH-oxidase activity under abiotic stress (temperature, drought, salt)
is still a question. Aim of investigation was to elucidate the role of plasma membrane
NADPH-oxidase under lowering of seedling growth temperature.

Etiolated maize seedlings grown at 25oC for 5 days and transferred in the last day to
the 6oC have been the subject of experimentation. Seedling hydrogen peroxide content was
evaluated using colorimetric method with titanium chloride solution. The plasma membrane
was obtained by separation of microsome fraction in the two-polymer system. Superoxide-
producing activity of plasma membrane was estimated with XTT reduction in the presence
of NADPH. The identification of NADPH-oxidazing proteins in plasmalemma was inferred
from appearance of formazan-stained protein bands in gels with NBT. In order to determine
what band corresponds to maize NADPH-oxidase Western blot analysis using an antibody
against gp91phox was performed.

It was revealed about 1.5 times increase of H2O2 content in shoots and roots during
the first hours after transfer of seedlings from 25oC to 6oC. After that H2O2 content of cold
seedlings returned to values inherent to control plants. According to the kinetic analysis
the plasma membrane NADPH-oxidase activity was 53.4 and 27.0 nmoles formazan/mg
protein.min for shoot and root cells, correspondingly, with slightly marked pH optimum at
7-8 and high sensitivity (EC50 ≤ 10 µM) to the presence of inhibitor of flavin-containing
oxidases – diphenylene iodonium (DPI). Activity was decreased by 50-60% in shoots and
by 15% in roots after plant cold treatment. Plasma membrane proteins with Mm about 50,
70 and 105 kDa in shoots, but 50 and 70 kDa – in roots, were capable to superoxide
production in gel, induced by NADPH. Only proteins of the shoot and root cell plasma
membrane with Mm 50 and 105 kDa were sensitive to low DPI concentrations and
immunodetected with antibodies against gp91phox. Based on results it is possible to
conclude that only 105 kDa protein may be identified as NADPH-oxidase, because 50 kDa
protein is likely to be result of proteolysis.

These data suggest that transitory increase of hydrogen peroxide content in the maize
seedling tissues under lowering of growth temperature apparently is not result of NADPH-
oxidase activation.

Áûëî îáíàðóæåíî, ÷òî â ïåðâûå ÷àñû ïîñëå ïåðåíîñà ðàñòåíèé ñ 25îÑ
íà 6îÑ â êîðíÿõ è ïîáåãàõ ïðîèñõîäèë ñêà÷îê ñîäåðæàíèÿ Í2Î2 â òêàíÿõ
ïðèìåðíî â 1.5 ðàçà. Âîçðàñòàíèå óðîâíÿ Í2Î2  íîñèëî òðàíçèòîðíûé
õàðàêòåð, è îí âîçâðàùàëñÿ ê çíà÷åíèÿì, õàðàêòåðíûì äëÿ êîíòðîëüíûõ
ðàñòåíèé. Ñîãëàñíî ðåçóëüòàòàì êèíåòè÷åñêîãî àíàëèçà, ÍÀÄÔÍ-îêñèäàçíàÿ
àêòèâíîñòü ïëàçìàëåììû êëåòîê ïîáåãîâ è êîðíåé ñîñòàâëÿëà 53.4 è
27.0 íìîëü ôîðìàçàíà / ìã áåëêà.ìèí, ñîîòâåòñòâåííî, õàðàêòåðèçîâàëàñü
ñëàáîâûðàæåííûì îïòèìóìîì ïðè ðÍ 7-8 è äî 70% ïîäàâëÿëàñü â
ïðèñóòñòâèè èíãèáèòîðà ôëàâèí-ñîäåðæàùèõ îêñèäàç – äèôåíèëåí
èîäîíèóìà (ÅÑ50 ≤10 ìêÌ). Ïîñëå ïåðâûõ ÷àñîâ ïðè 6îÑ ÍÀÄÔÍ-îêñèäàçíàÿ
àêòèâíîñòü ïëàçìàëåììû ïîáåãîâ áûëà íèæå êîíòðîëÿ íà 50-60%. Â êîðíÿõ
ñíèæåíèå àêòèâíîñòè áûëî íåçíà÷èòåëüíûì – ìåíåå 15%. Áåëêè
ïëàçìàëåììû êëåòîê ïîáåãîâ, ñïîñîáíûå ïðîäóöèðîâàòü ñóïåðîêñèä â
ïðèñóòñòâèè ÍÀÄÔÍ, èìåëè ìîëåêóëÿðíûå ìàññû 50, 70 è 105 êÄà; â
ïëàçìàëåììå êîðíåé – 50 è 70 êÄà. Òîëüêî áåëêè ñ ìàññîé 50 è 105 êÄà áûëè
÷óâñòâèòåëüíû ê èíãèáèòîðó ÍÀÄÔÍ-îêñèäàç äèôåíèëåí èîäîíèóìó è
âûÿâëÿëèñü ñ àíòèòåëàìè ê gp91phox. Çíà÷åíèå 105 êÄà, ïîëó÷åííîå íàìè,
ñîîòâåòñòâóåò ìàññàì èçâåñòíûõ ÍÀÄÔÍ-îêñèäàç ïëàçìàëåììû
ðàñòèòåëüíûõ êëåòîê. Ïîëîñà 50 êÄà, ñêîðåå âñåãî, ÿâëÿåòñÿ ïðîäóêòîì
ïðîòåîëèçà ýòîãî áåëêà.

Ïîëó÷åííûå â ðàáîòå ðåçóëüòàòû äàþò îñíîâàíèå ñ÷èòàòü, ÷òî
ôîðìèðîâàíèå òðàíçèòîðíûõ èçìåíåíèé ñîäåðæàíèÿ ïåðîêñèäà âîäîðîäà â
òêàíÿõ ïðîðîñòêîâ êóêóðóçû ïðè ñíèæåíèè òåìïåðàòóðû âûðàùèâàíèÿ íå
ÿâëÿåòñÿ ðåçóëüòàòîì àêòèâàöèè ÍÀÄÔÍ-îêñèäàçû ïëàçìàëåììû.
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X-RAY STRUCTURE OF THE FAR-RED FLUORESCENT
BIOMARKER MKATE PROVIDED A BASE FOR DEVELOPMENT
OF THE NEW GENE ENGINEERED VARIANT WITH THE
ENHANCED BRIGHTNESS
Pletneva N.V., Shcherbo D., Merzlyak E.M., Chudakov D.M., Pletnev V.Z.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: nadand@mail.ru
Tel.: (495) 330-75-10

The green fluorescent protein and other related fluorescent proteins have
become efficient non-invasive tools in cell biology and biomedicine for visualizing
and monitoring the internal processes within cells or whole organisms. The
monomeric fluorescent proteins that emit red (λem > 570nm), and especially far-
red (λem > 610nm) light, are of particular practical interest. The three dimensional
organization of the genetically engineered monomeric variant mKate made from
the wild type progenitor, dimeric fluorescent protein eqFP578 (sea anemone
Entacmaea quadricolor), has been studied in detail by high resolution X-ray
method. Among other monomeric fluorescent proteins mKate is the most bright
far-red biomarker (λem=635nm) with pronounced pH dependence of fluorescence
showing maximum emission at pH ~8, which gradually diminishes to zero upon
decreasing to pH ~3. Exceptionally high photophysical characteristics of mKate
put it in group of the most perspective biomarkers for monitoring individual proteins
in live organisms, as well as for multicolor labeling and fluorescence resonance
energy transfer (FRET) technologies. The three-dimensional structures of mKate
at different values of pH – pH 2.0 (resolution 1.8 Å), pH 4.2 (1.75Å), pH 7.0 and
pH 9.0 (2.6 Å) have been determined at atomic level by the X-ray method. The
atomic coordinates of the corresponding four new crystal structures have been
deposited to the international Protein Data Bank with the identification codes
PDB_ID - 3BX9, 3BXA, 3BXB, 3BXC, respectively. The phenomenon of pH-
dependent fluorescence of mKate has been shown to be due to reversible cis-
trans-isomerization of the Tyr 64 phenolic ring of the chromophore-forming
sequence Met63-Tyr64-Gly65. In the non-fluorescent (dark) state at pH 2.0 the
crystal structure of mKate exhibits the chromophore in trans-isomeric form. The
weakly fluorescent state of the protein at pH 4.2 is characterized by a mixture of
trans- and cis-isomers. The chromophore in highly fluorescent state at pH 7.0 and
9.0 adopts cis-form. The structural analysis has revealed the residue Ser158 which
stabilizes the non-fluorescent trans-state of the chromophore by hydrogen bonding.
The site directed mutagenesis with replacement Ser158Ala destabilized trans-
state of the chromophore increasing the fluorescence brightness of the new designed
variant, mKate_Ser158Ala, almost twice. The new variant exhibits also the
enhanced rate of the chromophore maturation. The exceptionally high photo-
physical characteristics of mKate_S158A place it among other biomarkers beyond
comparison for protein labeling. Analysis of the crystal structures has revealed a
group of key residues most likely responsible for the observed monomeric state of
mKate in solution.

ÏÐÎÑÒÐÀÍÑÒÂÅÍÍÀß ÑÒÐÓÊÒÓÐÀ ÄÀËÜÍÅÊÐÀÑÍÎÃÎ
ÔËÓÎÐÅÑÖÅÍÒÍÎÃÎ ÁÈÎÌÀÐÊÅÐÀ MKATE ËÅÃËÀ Â ÎÑÍÎÂÓ
ÑÎÇÄÀÍÈß ÍÎÂÎÃÎ ÃÅÍÍÎ-ÈÍÆÅÍÅÐÍÎÃÎ ÂÀÐÈÀÍÒÀ Ñ
ÏÎÂÛØÅÍÍÎÉ ßÐÊÎÑÒÜÞ
Ïëåòíåâà Í.Â., Ùåðáî Ä., Ìåðçëÿê Å.Ì., ×óäàêîâ Ä.Ì., Ïëåòíåâ Â.Ç.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
E-mail: nadand@mail.ru
Òåë.: (495) 330-75-10

Çåëåíûé ôëóîðåñöåíòíûé áåëîê è äðóãèå ðîäñòâåííûå ôëóîðåñöåíòíûå áåëêè
íàøëè øèðîêîå ïðèìåíåíèå â êëåòî÷íîé áèîëîãèè è áèîìåäèöèíå â êà÷åñòâå
ýôôåêòèâíûõ íåèíâàçèâíûõ èíñòðóìåíòîâ äëÿ âèçóàëèçàöèè è ìîíèòîðèíãà
âíóòðåííèõ ïðîöåññîâ â êëåòêàõ èëè öåëûõ îðãàíèçìàõ. Ìîíîìåðíûå ôëóîðåñöåíòíûå
áåëêè ñ ýìèññèåé ôëóîðåñöåíöèè â êðàñíîé (λýì > 570íì) è îñîáåííî â äàëüíåêðàñíîé
(λýì > 610íì) îáëàñòÿõ ñïåêòðà ïðåäñòàâëÿþò îñîáûé ïðàêòè÷åñêèé èíòåðåñ.
Ìåòîäîì ðåíòãåíîñòðóêòóðíîãî àíàëèçà âûñîêîãî ðàçðåøåíèÿ äåòàëüíî èçó÷åíà
ïðîñòðàíñòâåííàÿ îðãàíèçàöèÿ ãåííî-èíæåíåðíîãî ìîíîìåðíîãî âàðèàíòà mKate,
ïîëó÷åííîãî èç ïðåäøåñòâåííèêà äèêîãî òèïà, äèìåðíîãî ôëóîðåñöåíòíîãî áåëêà
eqFP578 (ìîðñêîé àíåìîí Entacmaea quadricolor). Ñðåäè ìîíîìåðíûõ
ôëóîðåñöåíòíûõ áåëêîâ âàðèàíò mKate ÿâëÿåòñÿ ñàìûì ÿðêèì äàëüíåêðàñíûì
(λýì=635íì) áèîìàðêåðîì ñ ÿðêî âûðàæåííîé ðÍ-çàâèñèìîñòüþ ôëóîðåñöåíöèè.
Ìàêñèìóì ýìèññèè mKate ïðè ðÍ ~8 ïîñòåïåííî ïàäàåò äî íóëÿ ïðè óìåíüøåíèè ðÍ
äî ~3. Èñêëþ÷èòåëüíî âûñîêèå ôîòîôèçè÷åñêèå ñâîéñòâà mKate âûäâèíóëè åãî â
ðÿä íàèáîëåå ïåðñïåêòèâíûõ áèîìàðêåðîâ äëÿ ìîíèòîðèíãà èíäèâèäóàëüíûõ áåëêîâ
â æèâûõ îðãàíèçìàõ, à òàêæå äëÿ òåõíîëîãèé ìíîãîöâåòíîãî ìå÷åíèÿ è ðåçîíàíñíîãî
ïåðåíîñà ýíåðãèè ôëóîðåñöåíöèè (FRET). Ìåòîäîì ðåíòãåíîñòðóêòóðíîãî àíàëèçà
íà àòîìíîì óðîâíå óñòàíîâëåíû ïðîñòðàíñòâåííûå ñòðóêòóðû mKate ïðè 4-õ
ðàçëè÷íûõ çíà÷åíèÿõ ðÍ – ðÍ 2.0 (ðàçðåøåíèå 1.8Å), ðÍ 4.2 (1.75Å), ðÍ 7.0 è ðÍ 9.0
(2.6Å). Êîîðäèíàòû àòîìîâ ÷åòûðåõ íîâûõ êðèñòàëëè÷åñêèõ ñòðóêòóð äåïîíèðîâàíû
â Ìåæäóíàðîäíûé ñòðóêòóðíûé áàíê áåëêîâ ñ êîäàìè äîñòóïà PDB_ID: 3BX9, 3BXA,
3BXB, 3BXC, ñîîòâåòñòâåííî. Óñòàíîâëåíî, ÷òî ðÍ-çàâèñèìîñòü ôëóîðåñöåíöèè
ÿâëÿåòñÿ ñëåäñòâèåì îáðàòèìîé öèñ-òðàíñ- èçîìåðèçàöèè ôåíîëüíîãî êîëüöà îñòàòêà
Ty64 õðîìîôîð-îáðàçóþùåé ïîñëåäîâàòåëüíîñòè Met63-Tyr64-Gly65. Â
íåôëóîðåñöåíòíîì (òåìíîâîì) ñîñòîÿíèè ïðè ðÍ 2.0 õðîìîôîð â êðèñòàëëè÷åñêîé
ñòðóêòóðå mKate íàõîäèòñÿ â òðàíñ-èçîìåðíîé ôîðìå. Ñëàáî ôëóîðåñöåíòíîå
ñîñòîÿíèå ïðè ðÍ 4.2 õàðàêòåðèçóåòñÿ ðàâíîâåñèåì òðàíñ- è öèñ-èçîìåðíûõ ôîðì
õðîìîôîðà. È, íàêîíåö, õðîìîôîð, îòâå÷àþùèé íàèáîëåå ñèëüíîé ôëóîðåñöåíöèè
áåëêà ïðè ðÍ 7 è 9, ðåàëèçóåòñÿ â öèñ-ôîðìå. Àíàëèç ïðîñòðàíñòâåííîé ñòðóêòóðû
âûÿâèë îñòàòîê Ser158, êîòîðûé ñòàáèëèçèðóåò çà ñ÷åò âîäîðîäíîé ñâÿçè
íåôëóîðåñöåíòíîå òðàíñ-ñîñòîÿíèå õðîìîôîðà. Ïîñëåäóþùèé äèçàéí íà îñíîâå
ñàéòíàïðàâëåííîãî ìóòàãåíåçà ñ çàìåíîé Ser158Ala ïîçâîëèë äåñòàáèëèçèðîâàòü ýòî
ñîñòîÿíèå, ÷òî ïðèâåëî ê óëó÷øåíèþ ÿðêîñòè ôëóîðåñöåíöèè íîâîãî
ñêîíñòðóèðîâàííîãî âàðèàíòà, mKate_Ser158Ala, ïî÷òè âäâîå. Ïîëó÷åííûé íîâûé
âàðèàíò äåìîíñòðèðóåò òàêæå ïîâûøåííóþ ñêîðîñòü ñîçðåâàíèÿ õðîìîôîðà.
Èñêëþ÷èòåëüíî âûñîêèå ôîòîôèçè÷åñêèå ñâîéñòâà íîâîãî âàðèàíòà mKate_S158A
äåëàþò åãî âíå êîíêóðåíöèè ñðåäè äðóãèõ áèîìàðêåðîâ äëÿ ìå÷åíèÿ áåëêîâ. Íà îñíîâå
àíàëèçà êðèñòàëëè÷åñêèõ ñòðóêòóð âûÿâëåíû êëþ÷åâûå îñòàòêè, íàèáîëåå âåðîÿòíî
îòâåòñòâåííûå çà ìîíîìåðíîå ñîñòîÿíèå mKate â ðàñòâîðå.
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ôîðìèðóþòñÿ íà ïîâåðõíîñòè êðåìíåçåìà â ðåçóëüòàòå ïðåäâàðèòåëüíîé
îáðàáîòêè îçîíîì. Áûëè èññëåäîâàíû ñâîéñòâà ïîëó÷åííîãî ñîðáåíòà.
Ïîêàçàíî, ÷òî îí îòëè÷àåòñÿ âûñîêîé õèìè÷åñêîé ñòîéêîñòüþ è âûñîêîé
ñåëåêòèâíîñòüþ ïðè ðàçäåëåíèè íóêëåèíîâûõ êèñëîò è áåëêîâ, à òàêæå ÄÍÊ
îò ÐÍÊ.

Â òðåòüåì ñëó÷àå âïåðâûå â ðåçóëüòàòå ðåàëèçàöèè êîìïëåêñíîãî ïîäõîäà
ê ìîäèôèêàöèè ïîâåðõíîñòè êðåìíåçåìà íà ãèäðîôîáíîé õèìè÷åñêè ñòîéêîé
ìàòðèöå ôîðìèðîâàëîñü ãèäðîôèëüíîå ñîðáöèîííî-àêòèâíîå ÏÀÍÈ
ïîêðûòèå. Òàêèì îáðàçîì, áûë ïîëó÷åí íàíîòîëùèííûé áèôóíêöèîíàëüíûé
ïîëèìåðíûé ñëîé, ãäå ñî÷åòàíèå ñâîéñòâ ïîëèìåðñîäåðæàùåãî íîñèòåëÿ è
ñåëåêòèâíûõ ñîðáöèîííûõ ñâîéñòâ ïîëèàíèëèíîâîãî ïîêðûòèÿ ïîçâîëèëî
ñîçäàòü íîâûé òèï áèîñîðáåíòà, êîòîðûé, íå óñòóïàÿ â ñîðáöèîííûõ
ñâîéñòâàõ ðàíåå ïîëó÷åííûì ôòîðïîëèìåð- è ÏÀÍÈ-ñîäåðæàùèì ñîðáåíòàì
è êîììåð÷åñêèì îáðàçöàì, îòëè÷àåòñÿ ïðè ýòîì íîâûìè ñâîéñòâàìè, â
÷àñòíîñòè, ñâîéñòâîì ðàçäåëÿòü îäíî- è äâóõöåïî÷å÷íûå íóêëåèíîâûå
êèñëîòû, à òàêæå ïîçâîëÿåò â îäíó ñòàäèþ ïîëó÷àòü ñòàáèëüíûå ïðè õðàíåíèè
ïðåïàðàòû ÄÍÊ, íåïîñðåäñòâåííî ïðèãîäíûå äëÿ ïðîâåäåíèÿ ÏÖÐ-àíàëèçà.

Ïîëó÷åííûå ñîðáåíòû èñïîëüçîâàëè äëÿ âûäåëåíèÿ ÄÍÊ èç
áàêòåðèàëüíûõ ëèçàòîâ, ýêñòðàêòîâ ðàñòèòåëüíîé òêàíè, à òàêæå êëèíè÷åñêèõ
îáðàçöîâ òêàíåé ÷åëîâåêà (óðîãåíèòàëüíûå ìàçêè).

Òàêæå â õîäå ðàáîòû áûë ðàçðàáîòàí ìåòîä ïîëó÷åíèÿ íàíîòîëùèííîãî
ñëîÿ àíèëèíñîäåðæàùåãî ñîïîëèìåðà íà ïîâåðõíîñòè êðåìíèåâûõ ïëàñòèí
äëÿ ìàññ-ñïåêòðîìåòðèè (ïàòåíòíàÿ çàÿâêà ÅÐ09165091.1). Ñîâìåñòíûå
èññëåäîâàíèÿ ñ êîìïàíèåé Royal Philips â õîäå äàííîé ðàáîòû ïîêàçàëè
âîçìîæíîñòü ðàçäåëåíèÿ áåëêîâ è ïåïòèäîâ â çàâèñèìîñòè îò çíà÷åíèÿ èõ
èçîýëåêòðè÷åñêîé òî÷êè íà ïîëó÷åííîé ïîäëîæêå ñ äàëüíåéøèì ïðîâåäåíèåì
ìàññ-ñïåêòðîìåòðèè áåç ââåäåíèÿ äîïîëíèòåëüíîãî îïòè÷åñêè àêòèâíîãî
âåùåñòâà (ìàòðèöû). Ñëåäóåò îòìåòèòü, ÷òî ïîëó÷åííûå ìàññ-ñïåêòðû
õàðàêòåðèçîâàëèñü îòñóòñòâèåì øóìà â íèçêî÷àñòîòíîé îáëàñòè, îáû÷íî
íàáëþäàåìîãî ïðè èñïîëüçîâàíèè òðàäèöèîííûõ ìåòîäîâ ïðîáîïîäãîòîâêè
è àíàëèçà ñ äîáàâëåíèåì ìàòðèöû.

ÐÀÇÐÀÁÎÒÊÀ ÍÎÂÛÕ ÏÎËÈÌÅÐÑÎÄÅÐÆÀÙÈÕ ÍÎÑÈÒÅËÅÉ
ÄËß ÁÈÎÀÍÀËÈÇÀ
Ïðîñòÿêîâà Ë.È., Êàïóñòèí Ä.Â., Çóáîâ Â.Ï.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
E-mail: profan@list.ru
Ôàêñ: (495) 335-10-11, òåë.: (495) 336-06-00

Àêòóàëüíîñòü òåìû ðàáîòû îïðåäåëÿåòñÿ ïîñòîÿííî âîçðàñòàþùèìè
ïîòðåáíîñòÿìè â ÷èñòûõ êîíöåíòðèðîâàííûõ ïðåïàðàòàõ áèîïîëèìåðîâ, â
÷àñòíîñòè, íóêëåèíîâûõ êèñëîòàõ, äëÿ áèîòåõíîëîãèè è êëèíè÷åñêîé
äèàãíîñòèêè.

Äëÿ âûäåëåíèÿ íóêëåèíîâûõ êèñëîò èç ðàçëè÷íûõ èñòî÷íèêîâ
ïðèìåíÿþò ìíîæåñòâî ìàòåðèàëîâ è ìåòîäèê. Íàèáîëåå ïåðñïåêòèâíûìè â
ýòîì îòíîøåíèè ÿâëÿþòñÿ êîìïîçèöèîííûå ñîðáåíòû, ìîäèôèöèðîâàííûå
íàíîñëîÿìè ôóíêöèîíàëèçèðîâàííûõ ïîëèìåðîâ, â ÷àñòíîñòè,
ôòîðñîäåðæàùèìè ïîëèìåðàìè è ïîëèàíèëèíàìè. Èñïîëüçîâàíèå ýòèõ
ïîëèìåðîâ â êà÷åñòâå ìîäèôèêàòîðîâ ñîðáåíòîâ îáåñïå÷èâàåò èõ óíèêàëüíûå
ôèçèêî-õèìè÷åñêèå è ñîðáöèîííûå êà÷åñòâà, íèçêèé óðîâåíü
íåñïåöèôè÷åñêîé ñîðáöèè, âûñîêóþ ñåëåêòèâíîñòü ïðè ðàçäåëåíèè
áèîïîëèìåðîâ, à òàêæå êîìïëåêñ îñîáûõ ñâîéñòâ, îáåñïå÷èâàþùèõ, â
÷àñòíîñòè, ýôôåêòèâíîå ðàçäåëåíèå è î÷èñòêó áëèçêèõ ïî ñâîéñòâàì
áèîìàêðîìîëåêóë. Îäíàêî ñëîæíîñòü ïîëó÷åíèÿ òàêèõ ìàòåðèàëîâ äåëàåò
àêòóàëüíûì ïîèñê òåõíîëîãè÷íûõ è ýôôåêòèâíûõ ñïîñîáîâ ïîëó÷åíèÿ
ôòîðïîëèìåð- è ïîëèàíèëèí-ñîäåðæàùèõ ñîðáåíòîâ äëÿ ðàçäåëåíèÿ
áèîïîëèìåðîâ. Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà íîâûõ
ñïîñîáîâ ñèíòåçà ôòîðïîëèìåð- è ïîëèàíèëèí-ìîäèôèöèðîâàííûõ
êðåìíåçåìîâ, îöåíêà ôèçèêî-õèìè÷åñêèõ è ñîðáöèîííûõ ñâîéñòâ
ïîëó÷åííûõ ìàòåðèàëîâ â óñëîâèÿõ âûäåëåíèÿ è î÷èñòêè ÄÍÊ èç ìîäåëüíûõ
ñìåñåé è ëèçàòîâ áàêòåðèàëüíûõ, ðàñòèòåëüíûõ êëåòîê è êðîâè, ðàçðàáîòêà
ýôôåêòèâíûõ ìåòîäèê èõ ïðèìåíåíèÿ, â ÷àñòíîñòè, âûäåëåíèÿ íóêëåèíîâûõ
êèñëîò èç ðàçëè÷íûõ èñòî÷íèêîâ â îäíó ñòàäèþ, à òàêæå ñðàâíåíèå
ýôôåêòèâíîñòè ïðèìåíåíèÿ ïîëó÷åííûõ ñîðáåíòîâ è êîììåð÷åñêèõ
ìàòåðèàëîâ äëÿ âûäåëåíèÿ ÄÍÊ. Â õîäå ðàáîòû ïîëó÷åíû òðè òèïà ñîðáåíòîâ,
ìîäèôèöèðîâàííûõ, ñîîòâåòñòâåííî, ôòîðèðîâàííûì ïîëèýôèðîì,
ïîëèòåòðàôòîðýòèëåíîì, è ìàòåðèàë, ïîñëåäîâàòåëüíî ìîäèôèöèðîâàííûé
ôòîðîïëàñòîì è ïîëèàíèëèíîì.

Â ïåðâîì ñëó÷àå ïîëèìåðíóþ ôàçó èììîáèëèçîâàëè â ðåçóëüòàòå ò.í.
êàñòèíãà. Ïðè ýòîì íàíåñåííîå ôòîðïîëèìåðíîå ïîêðûòèå âïåðâûå
õèìè÷åñêè ìîäèôèöèðîâàëè íóêëåîçèäîì. Ïîëó÷åííûé ìàòåðèàë áûë
îõàðàêòåðèçîâàí; ñîâìåñòíûå èññëåäîâàíèÿ ñ êîëëåãàìè èç êîìïàíèè Proligo
GmbH ïîäòâåðäèëè ýôôåêòèâíîñòü åãî ïðèìåíåíèÿ â êà÷åñòâå íîñèòåëÿ äëÿ
òâåðäîôàçíîãî ñèíòåçà îëèãîíóêëåîòèäîâ.

Âî âòîðîì ñëó÷àå ôòîðïîëèìåðíîå ïîêðûòèå âïåðâûå ïîëó÷èëè
ðàçðàáîòàííûì íàìè ìåòîäîì ò.í. îçîí-èíèöèèðîâàííîé ïîëèìåðèçàöèè. Ïðè
ýòîì àêòèâíûå öåíòðû, èíèöèèðóþùèå ïîëèìåðèçàöèþ ôòîðìîíîìåðà,
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molecular mass and bacterial lysates). It was shown that the passing of biopolymers
mixtures through the cartridges packed with prepared adsorbents results in the
different retention of DNA with different molecular mass.

In the third case we realized for the first time the complex approach for
modification of silica surface which is based on aniline matrix polymerization on
the hydrophobic chemical stable matrix (silica, modified with vinyl containing
polymer). The specific feature of this approach is the polymer coating has a twice
function: a) its effectively shielding the inorganic surface of the carrier providing
the decreasing of non-specific sorption, and b) its serves as a matrix for
immobilization of PANI layers due to its ability to retain the reactive phenasin-
containing oligomers of PANI. The last are formed during induction period when
the aniline polymerization is carried out. Thus we formed the bifunctional polymer
nano-layer where the vinyl polymer is hydrophobic chemically stable matrix, on
which the hydrophilic sorptive active coating of PANI was immobilized.

The combination of polymer-containing support properties with selective
sorption properties of PANI coating allowed to create the new type of bioadsorbent.
This material does  not cede the sorption properties in comparison with
conventionally obtained fluoropolymer- and PANI-coated adsorbents and
commercially available samples. At the same time it differs in its new properties,
in particular it's able to separate the single- and double strained nucleic acids.

Obtained adsorbents were used for one-step isolation of DNA from bacterial
lysates, extracts of the plant tissues, as well as from clinical samples of human
tissues (urogenital smears).

Also, during the work a method for obtaining nano-layer of aniline containing
polymer on surface silica chips for mass spectrometry (European patent application
number EP09165091.1) was developed. The joint researches with colleges from
Royal Philips confirm that such coating has integrated matrix functionality and
extremely low background at low masses. This makes it suitable for easy,
reproducible analysis of, in particular, low molecular weight biomolecules, e.g.
peptide mass finger printing and any other type of mass spectrometry.

DEVELOPMENT OF A NEW POLYMER CONTAINING CARRIER
FOR BIOANALYSES
Prostyakova A.I., Kapustin D.V., Zubov V.P.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: profan@list.ru
Fax: (495) 335-10-1; tel.: (495) 336-06-00

The theme of the work gains currency due to necessity of biotechnology and
clinical diagnostic in high purified and concentrated biopolymers (particularly in
nucleic acids) samples.

A number of materials and methods are used for isolation of nucleic acids
from different sources. The composite adsorbents modified with nano-layers of
functionalized polymers (in particular with fluoropolymers and polyanilines, PANI)
are the most perspective for these aims. The use of these polymers as polymer
modifiers of adsorbent surface makes obtained materials very promising   for
effective separation even of similar biopolymers. It can be reached, in particular,
due to unique physical-chemical and sorption properties of such polymers and
materials modified there of, low non-specific sorption level and high selectivity
for biopolymers separation, as well as the complex of specific properties. However
the complexity of the sad materials manufacturing causes the development of
simplest and effective methods for the preparation of biocompatible fluoropolymer
and PANI-containing adsorbents.

The main aim of the work is developing a new approaches for the synthesis
fluoro- and aniline containing silica carriers,  studying their physicochemical and
sorption properties; developing new efficient methods for one-step isolation and
purification DNA from different sources (bacterial lysates, extracts of the plant
tissues, clinical samples of human tissues and blood).

Three types of  the sorbent, modified with fluorinated polyester,
tetrafluoroethylen and material, sequence modified with fluoropolymer and aniline,
were obtained during the work.

In the first case, polymer was immobilized by casting, and then fluoro
containing coating was modified with nucleoside.  Received material was studied
and described. The joint researches with colleges from ProligoGmb confirmed
efficiency of applying such material as carrier for solid-phase oligonucleotides
synthesis.

In the next case fluoro containing coating was obtained by a new type of
polymerization developed in our laboratory – ozon-induced polymerization. Active
centers forms on the carrier surface during the ozonolis and can initiate
polymerization of different vinyl monomers. Morphological characteristics (specific
volume and mean pore diameter) of prepared adsorbents were determined using
mercury porosimetry insignificantly differ from values determined for materials
obtained through irradiation post-polymerisation technique. The additional
advantage of developed method is the possibility to activate the carrier surface
using air current instead the oxygen at the room temperature. The sorption properties
of obtained adsorbents were studied on examples of biopolymers separation from
their model and real mixtures (in particular using DNA solutions with different
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Êóëüòóðàëüíàÿ æèäêîñòü ñ èññëåäóåìûì ôåðìåíòîì áûëà
ïîñëåäîâàòåëüíî ïðîïóùåíà ÷åðåç ìåìáðàíû ñ äèàìåòðàìè ïîð,
ñîîòâåòñòâóþùèìè Ìì 100, 50, 15, 5 êÄà. Äàííûå àíàëèçà ôðàêöèé ôèëüòðàòà
íà íàëè÷èå àêòèâíîñòè êñèëàíàç ïîêàçàëè, ÷òî ìîëåêóëÿðíàÿ ìàññà
èññëåäóåìîãî ôåðìåíòà íàõîäèòñÿ â äèàïàçîíå îò 50 äî 100 êÄà.

Òàêèì îáðàçîì, ìîæíî ïðåäïîëîæèòü, ÷òî èñïîëüçîâàíèå ïðåäëàãàåìîãî
ôåðìåíòà êñèëàíàçû íà îñíîâå îáíàðóæåííîãî íàìè øòàììà áóäåò
ñïîñîáñòâîâàòü ñíèæåíèþ ñåáåñòîèìîñòè æèâîòíîâîä÷åñêîé ïðîäóêöèè â
ðåçóëüòàòå óâåëè÷åíèÿ ýôôåêòèâíîñòè êîðìà (ïðèðîñò ìàññû æèâîòíûõ) è
ñíèæåíèÿ ñòîèìîñòè ñàìîãî êîðìà çà ñ÷åò èñïîëüçîâàíèÿ áîëåå äåøåâîãî
çåðíîâîãî ñûðüÿ.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà ôîíäà ñîäåéñòâèÿ ðàçâèòèþ
ìàëûõ ôîðì ïðåäïðèÿòèé â íàó÷íî-òåõíè÷åñêîé ñôåðå ïî ïðîãðàììå
"Ó÷àñòíèê ìîëîäåæíîãî íàó÷íî-èííîâàöèîííîãî êîíêóðñà" ("Ó.Ì.Í.È.Ê.").
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Êëþ÷åâûì êîìïîíåíòîì àãðîáèçíåñà íåèçìåííî ÿâëÿåòñÿ ýôôåêòèâíîå
êîðìîïðîèçâîäñòâî, îáåñïå÷èâàþùåå ñáàëàíñèðîâàííûå è
âûñîêîêà÷åñòâåííûå êîðìà ïðè ìèíèìàëüíûõ çàòðàòàõ íà èõ ïðîèçâîäñòâî.
Èçâåñòíî, ÷òî ïîðÿäêà 90% âñåõ ïðîèçâîäèìûõ êîðìîâ ñîñòàâëÿþò êîðìà
äëÿ ïòèöåâîäñòâà, ñâèíîâîäñòâà è êðóïíîãî ðîãàòîãî ñêîòà. Êà÷åñòâî è
ñòîèìîñòü æèâîòíîâîä÷åñêîé ïðîäóêöèè çàâèñÿò îò êà÷åñòâà è ñòîèìîñòè
êîðìîâ. Ñ ðàçâèòèåì áèîòåõíîëîãèè â êîðìîïðîèçâîäñòâå äëÿ óëó÷øåíèÿ
ïèùåâîé öåííîñòè êîðìà èñïîëüçóþò ôåðìåíòû. Îíè ïîçâîëÿþò èçúÿòü èç
êîðìîâ íåïèùåâûå ôàêòîðû (ôèòàòû) è ðàçðóøèòü òðóäíîãèäðîëèçóåìûå
êîìïîíåíòû çåðíà (ïåíòîçàíû, áåòà-ãëþêàíû).

Îäíèì èç íàèáîëåå èçó÷àåìûõ ãðèáîâ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ ðîä
Trichoderma. Ïðè÷èíîé ýòîãî èíòåðåñà ÿâëÿåòñÿ áîëüøàÿ ïðàêòè÷åñêàÿ
çíà÷èìîñòü ðîäà. Âèäû Trichoderma ÿâëÿþòñÿ ïðîäóöåíòàìè ôåðìåíòîâ
(öåëëþëàç, õèòèíàç, ïåêòèíàç, êñèëàíàç è äð.), èñïîëüçóåìûõ â öåëëþëîçíî-
áóìàæíîé è ïèùåâîé ïðîìûøëåííîñòè, â ïðîèçâîäñòâå ìîþùèõ ñðåäñòâ, â
ïîëó÷åíèè ñïèðòà è êîðìîâûõ äîáàâîê.

Öåëüþ äàííîé ðàáîòû ÿâèëñÿ ñêðèíèíã ãðèáîâ ðîäà Trichoderma ñ
âûñîêîé êñèëàíàçíîé àêòèâíîñòüþ.

Ìîíîñïîðîâûå êóëüòóðû ãðèáîâ ïîëó÷àëè ìåòîäîì, ïðåäëîæåííûì
À.Í. Ëèõà÷åâûì [1]. Äëÿ êóëüòèâèðîâàíèÿ ãðèáîâ èñïîëüçîâàëè ïðèðîäíóþ
ýêñïåðèìåíòàëüíóþ ñðåäó – ýêñòðàêò ðæàíûõ ïåíòîçàíîâ (%): ïåíòîçàíû –
0.2, áåëîê – 0.5; (NH4)2SO4 – 0.5. Êóëüòóðû âûðàùèâàëè â 150 ìë êîëáàõ,
ñîäåðæàùèõ 50 ìë ñðåäû â òå÷åíèå 36-192 ÷àñîâ íà ëàáîðàòîðíûõ êà÷àëêàõ
ñ èíòåíñèâíîñòüþ êà÷àíèÿ 200 îá./ìèí ïðè òåìïåðàòóðå 28oÑ. Ïðîáû äëÿ
îïðåäåëåíèÿ ôåðìåíòàòèâíîé àêòèâíîñòè îòáèðàëè êàæäûå 24 ÷àñà. Êëåòêè
îòäåëÿëè öåíòðèôóãèðîâàíèåì.

Îïðåäåëåíèå êñèëàíàçíîé àêòèâíîñòè ïðîâîäèëè ïî ìåòîäèêå König [2],
äèàïàçîíà ðàçìåðîâ èññëåäóåìûõ êñèëàíàç – ìåòîäîì ìåìáðàííîé
ôèëüòðàöèè. Äëÿ ñòàòèñòè÷åñêîé îáðàáîòêè äàííûõ èñïîëüçîâàëè ïðîãðàììó
Excel. Äëÿ ñðàâíåíèÿ ïðèìåíÿëè èíòåðâàëüíûå îöåíêè. Óðîâåíü çíà÷èìîñòè
ð < 0,05 [3].

Â ðåçóëüòàòå èññëåäîâàíèé íàéäåí øòàìì ñ âûñîêîé àêòèâíîñòüþ
ñèíòåçà êñèëàíàç – íà 70% âûøå àêòèâíîñòè ñòàíäàðòíî èñïîëüçóåìîãî
øòàììà. Îòìå÷åíà âûñîêàÿ ñòàáèëüíîñòü ôåðìåíòà â ñìîäåëèðîâàííûõ
óñëîâèÿõ êèøå÷íîãî òðàêòà ìîíîãàñòðè÷íûõ æèâîòíûõ – çà 5 ÷àñîâ
ñîõðàíÿåòñÿ 60% èñõîäíîé àêòèâíîñòè è ïîâûøåííàÿ ñïîñîáíîñòü êñèëàíàçû
ñíèæàòü âÿçêîñòü ðàñòâîðà íåêðàõìàëèñòûõ ïîëèñàõàðèäîâ. Ëàáîðàòîðíûå
èññëåäîâàíèÿ ïîêàçàëè, ÷òî èñïîëüçîâàíèå ïîëó÷åííîãî íàìè ôåðìåíòà
óëó÷øàåò ïåðåâàðèâàåìîñòü êîðìà íà 40% ïî ñðàâíåíèþ ñî ñòàíäàðòíûì
ïðåïàðàòîì.
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of fractions of a filtrate on activity of xylanases has shown that the molecular
masses of investigated enzyme are in a range from 50 to 100 kDa.

The use of offered enzyme preparation (xylanase) promotes decrease of the
cost price of cattle-breeding production as a result of increase of efficiency of a
forage (a gain of weight of animals) and deprecation of the forage due to use of
cheaper grain raw material.

This work is executed with support of the grant of fund of assistance to
development of small forms of the enterprises in scientific and technical sphere
under the program "Participant of youth scientifically-innovative competition"
("P.Y.S.I.C.").
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A key component of agrobusiness invariable is effective food manufactures,
providing the balanced and high-quality forages at the minimal expenses for their
manufacture. It's known, that the order of 90% all made food make forages for
poultry farming, pork farming and large horned livestock.

The aim of biotechnology in the forage production is to improve the nutritional
value of forage by using the fungi enzymes. There are non-nutritive ingredients
(phytates) and hard digesting components of the grain (pentosan, beta-glucan) in
forages. This makes food less digesting by animals and leads to increase of
agricultural production cost.

One of the most studied mushrooms today is sort Trichoderma. The reason
of this interest is big practical and the importance of a sort. Kinds of Trichoderma
are producers of enzymes (cellulase, chitinase, pectinase, xylanase etc.), used in
pulp-and-paper and the food-processing industry, in manufacture of washing-up
liquids, in manufacture of ethanol, in manufacture of fodder additives.

We perform the screening of microorganisms with a high xylanase activity.
Monosporous cultures of mushrooms were received by method offered by

A.N. Likhachev [1].
We used the natural experimental environment – an extract pentozanes of

ryes (%): pentozanes – 0.2, fiber – 0.5; (NH4)2SO4 – 0.5. Cultures grew up in
150 ml the flasks containing 50 ml of environment during 36-192 hours on
laboratory rocking chairs with intensity of rotation 200 turn /min at temperature
28oÑ. Tests for definition of enzyme activity were selected each 24 hours. Cages
have separated the device for fast rotation.

Definition of xylanase activity was received by method offered by König [2].
Definition of a range of the sizes of xylanase was investigated by method of filtration
of membranes.

We used the program Excel for statistical data processing. To comparison
applied interval estimations. A significance value was ð < 0,05 [3].

The attractive characteristics of the proposed fungi strain and xylanase
preparation are:

1. The activity of xylanase production of our strain was higher up to 70% in
comparison with standard strain.

2. Xylanase preparation was shown to possess the high stability during
5 hours.

3. The increased ability of xylanase to reduce viscosity of non-starched
polysaccharides determined in animals and birds digestive tract was shown.
Xylanase preparation improved the forage digestibility on 40% in
comparison with a standard enzyme preparation.

The cultural liquid of investigated enzyme has been consistently passed
through membranes with diameters of a 100, 50, 15, 5 kDa. The data of the analysis
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GENETIC ANALYSIS OF ATHLETIC PERFORMANCE
Rebrikov D.V., Morozova S.A., Trofimov D.Y., Shevkoplyas E.V.*,
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To find a new linkages of genetic markers with an individual athletic
performance, 1417 Russian elite athletes were tested by 3 physiological, 74
biochemical, 11 immunological and 12 genetic parameters. To search for
associations of qualitative and quantitative parameters, new statistical algorithm
was developed.

The database analysis showed several new associations of genetic and
phenotypic factors: Ñ341T polymorphism of GSTP1 and serum osteocalcin level;
A4889G polymorphism (allele m2) of CYP1A1 and haemoglobin/hydrocortisone
levels; A(-9)V polymorphism of Mn-SOD and alanine aminotransferase activity,
+9/-9 polymorphism of BDKRB2 and testosterone level, deletion polymorphisms
of GSTT1 and testosterone level etc.

For most of new associations found the biochemical pathways of interaction
was proposed.

This work was partially supported by Rosnauka grant ¹02.522.12.2001 and
FP6 DIAGNOSIS project #037212.
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Ñ öåëüþ ïîèñêà ïðèçíàêîâ, îïðåäåëÿþùèõ èíäèâèäóàëüíóþ ñïîðòèâíóþ
óñïåøíîñòü, 1417 ñïîðòñìåíîâ – ïðåäñòàâèòåëåé îëèìïèéñêèõ ñáîðíûõ ÐÔ
– áûëè îáñëåäîâàíû ïî 3 ôèçèîëîãè÷åñêèì, 74 áèîõèìè÷åñêèì, 11
èììóíîëîãè÷åñêèì è 12 ãåíåòè÷åñêèì ïîêàçàòåëÿì. Äëÿ ïîèñêà
âçàèìîñâÿçàííûõ ïðèçíàêîâ áûë ðàçðàáîòàí àëãîðèòì âûÿâëåíèÿ
âçàèìîñâÿçè ìåæäó êà÷åñòâåííûìè è êîëè÷åñòâåííûìè ïðèçíàêàìè.

Àíàëèç ïîëó÷åííîé áàçû äàííûõ ñ èñïîëüçîâàíèåì ðàçðàáîòàííîãî
ìàòåìàòè÷åñêîãî àïïàðàòà âûÿâèë ðÿä íîâûõ âçàèìîñâÿçåé ãåíåòè÷åñêèõ è
ôåíîòèïè÷åñêèõ ïðèçíàêîâ. Òàê, îáíàðóæåíà âçàèìîñâÿçü ìåæäó óðîâíåì
ñûâîðîòî÷íîãî îñòåîêàëüöèíà è ïîëèìîðôèçìîì Ñ341T ãåíà ãëóòàòèîí-S-
òðàíñôåðàçû Ð1 (GSTP1); óðîâíÿìè ãåìîãëîáèíà è êîðòèçîëà è
ïîëèìîðôèçìîì A4889G (âàðèàíò m2) ãåíà öèòîõðîìà Ð4501 À1 (CYP1A1);
àêòèâíîñòüþ àëàíèíàìèíîòðàíñôåðàçû è ïîëèìîðôèçìîì A(-9)V ãåíà
ñóïåðîêñèääèñìóòàçû (Mn-SOD); óðîâíåì òåñòîñòåðîíà è ïîëèìîðôèçìîì
+9/-9 ãåíà ðåöåïòîðà áðàäèêèíèíà II òèïà (BDKRB2); óðîâíåì òåñòîñòåðîíà
è äåëåöèîííûì âàðèàíòîì ãåíà ãëóòàòèîí S-òðàíñôåðàçû òåòà-1 (GSTT1)
è äð.

Äëÿ áîëüøåé ÷àñòè âûÿâëåííûõ âçàèìîñâÿçåé ïðåäëîæåíà ñõåìà èõ
âîçìîæíîé ðåàëèçàöèè íà áèîõèìè÷åñêîì óðîâíå.

Ðàáîòà ïîääåðæàíà ãðàíòîì Ðîñíàóêè ¹02.522.12.2001 è ãðàíòîì
Åâðîêîìèññèè FP6 #037212 (DIAGNOSIS).
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Ââåäåíèå. Áîêîâîé àìèîòðîôè÷åñêèé ñêëåðîç (ÁÀÑ) ïðèíàäëåæèò ê
ãðóïïå íåéðîäåãåíåðàòèâíûõ çàáîëåâàíèé ñ ïðîãðåññèðóþùåé ãèáåëüþ
äâèãàòåëüíûõ íåéðîíîâ ãîëîâíîãî è ñïèííîãî ìîçãà. Â íàñòîÿùåå âðåìÿ íå
ñóùåñòâóåò ýôôåêòèâíûõ ìåòîäîâ ëå÷åíèÿ ÁÀÑ. Ïîääåðæàíèå æèçíè
íåéðîíîâ, âñòóïèâøèõ â ïàòîëîãè÷åñêèé ïðîöåññ, è âîññòàíîâëåíèå
óòðà÷åííûõ ìåæêëåòî÷íûõ ñâÿçåé â íåðâíîé òêàíè ìîãóò ñóùåñòâåííî
ïîâûñèòü êà÷åñòâî è ïðîäîëæèòåëüíîñòü æèçíè áîëüíûõ. Ïåðñïåêòèâíûìè
ìåòîäàìè ëå÷åíèÿ áîëüíûõ, ñòðàäàþùèõ ÁÀÑ, ñ÷èòàþòñÿ ãåííàÿ è êëåòî÷íàÿ
òåðàïèè. Ïðè ãåííîé òåðàïèè ïðîâîäèòñÿ êîððåêöèÿ ýêñïðåññèè ãåíîâ,
îòâåòñòâåííûõ çà ðàçâèòèå çàáîëåâàíèÿ, èëè äîñòàâêà ãåíîâ,
ýêñïðåññèðóþùèõ íåéðîòðîôè÷åñêèå ôàêòîðû. Äðóãèì ïåðñïåêòèâíûì
íàïðàâëåíèåì â òåðàïèè íåéðîäåãåíåðàòèâíûõ çàáîëåâàíèé ÿâëÿåòñÿ
òðàíñïëàíòàöèÿ ñòâîëîâûõ è/èëè ïðîãåíåòîðíûõ êëåòîê. Òåðàïåâòè÷åñêèé
ýôôåêò ïðè êëåòî÷íîé òåðàïèè äîñòèãàåòñÿ ñåêðåöèåé òðàíñïëàíòèðóåìûìè
êëåòêàìè ôàêòîðîâ, ïîääåðæèâàþùèõ âûæèâàåìîñòü íåðâíûõ êëåòîê, à òàêæå
äèôôåðåíöèðîâêîé ñòâîëîâûõ è ïðîãåíåòîðíûõ êëåòîê â íåéðàëüíîì
íàïðàâëåíèè. Îäíàêî íàèáîëåå ïåðñïåêòèâíûì íàïðàâëåíèåì ñ÷èòàåòñÿ
êîìáèíèðîâàííàÿ ãåííàÿ è êëåòî÷íàÿ òåðàïèÿ. Ïðè äàííîì ïîäõîäå
ñîâìåùàþòñÿ ñâîéñòâà ñòâîëîâûõ êëåòîê è ýêñïðåññèÿ ðåêîìáèíàíòíûõ
òåðàïåâòè÷åñêèõ íåéðîòðîôè÷åñêèõ ôàêòîðîâ.

Öåëü. Â äàííîé ðàáîòå ðàññìàòðèâàþòñÿ ãåííûå è êëåòî÷íûå ïîäõîäû
äëÿ ëå÷åíèÿ ÁÀÑ íà ìîäåëè òðàíñãåííûõ G93A ìûøåé. Ãåííî-êëåòî÷íàÿ
òåðàïèÿ îñíîâàíà íà òðàíñïëàíòàöèè ìîíîíóêëåàðíûõ êëåòîê êðîâè
ïóïîâèíû, òðàíñôåöèðîâàííûõ ãåíàìè íåéðàëüíîé ìîëåêóëû àäãåçèè
(L1CAM) è ñîñóäèñòîãî ýíäîòåëèàëüíîãî ôàêòîðà ðîñòà (VEGF). Ãåííàÿ
òåðàïèÿ îñíîâàíà íà ïðÿìîé àïïëèêàöèè êîðîòêîé èíòåðôåðèðóþùåé ÐÍÊ
(siRNA) íà öåíòðàëüíûé ó÷àñòîê ïåðåðåçàííîãî ñåäàëèùíîãî íåðâà
òðàíñãåííûõ ìûøåé.

Ìàòåðèàëû è ìåòîäû. Òðàíñãåííûå ìûøè B6SJL-TG(SOD1-
G93A)dl1Gur/J (äàëåå G93A ìûøè) áûëè ïîëó÷åíû èç Jackson Laboratory
(Bar Harbor, USA). G93A ìûøè ýêñïðåññèðóþò ãåí Cu2+/Zn2+-ñóïåðîêñèä-
äèñìóòàçû (hSOD1) ÷åëîâåêà, êîòîðûé âûçûâàåò îäíó èç ñåìåéíûõ ôîðì
ÁÀÑ. Ãåíû L1CAM è VEGF áûëè ÏÖÐ àìïëèôèöèðîâàíû è êëîíèðîâàíû â
ýêñïðåññèîííûé ïëàçìèäíûé âåêòîð pcDNA3.1. Ìîíîíóêëåàðíûå êëåòêè
êðîâè ïóïîâèíû ÷åëîâåêà ïîëó÷àëè öåíòðèôóãèðîâàíèåì â ãðàäèåíòå
ïëîòíîñòè ôèêîëëà è òðàíñôåöèðîâàëè ñ ïîìîùüþ ýëåêòðîïîðàòîðà Gene
Pulser Xcell Total System (BioRad). Ãåíåòè÷åñêè ìîäèôèöèðîâàííûå êëåòêè

èíúåöèðîâàëè â ðåòðîîðáèòàëüíîå ïðîñòðàíñòâî G93A ìûøåé. ×åðåç
2 íåäåëè, 2 è 3 ìåñÿöà ïîÿñíè÷íûé îòäåë ñïèííîãî ìîçãà ìûøåé âûäåëÿëè
äëÿ èììóíîãèñòîõèìè÷åñêîãî èññëåäîâàíèÿ.

Äëÿ ãåííîé òåðàïèè íà îñíîâå ìåõàíèçìîâ ÐÍÊ-èíòåðôåðåíöèè G93A
ìûøàì ïåðåðåçàëè ëåâûé ñåäàëèùíûé íåðâ â ñðåäíåé òðåòè áåäðà è íà
öåíòðàëüíûé îòðåçîê íåðâà íàäåâàëè ñèëèêîíîâóþ òðóáêó, ñîäåðæàùóþ
ðàñòâîð siRNA. Â ðàáîòå ïðèìåíÿëè siRNA, êîìïëåìåíòàðíóþ ê ìÐÍÊ ãåíà
hSOD1, à òàêæå êîíòðîëüíûå siRNA. ×åðåç 24 ÷àñà ïîñëå îïåðàöèè óðîâåíü
ýêñïðåññèè ìÐÍÊ â ïîÿñíè÷íîì îòäåëå ñïèííîãî ìîçãà ìûøåé îïðåäåëÿëè
ñ ïîìîùüþ ÏÖÐ â ðåàëüíîì âðåìåíè (ÏÖÐ-ÐÂ).

Ðåçóëüòàòû è îáñóæäåíèå. Â õîäå èììóíîãèñòîõèìè÷åñêîãî àíàëèçà
òêàíåé ïîÿñíè÷íîãî îòäåëà ñïèííîãî ìîçãà ìûøåé ìû îáíàðóæèëè, ÷òî
òðàíñïëàíòèðîâàííûå ãåíåòè÷åñêè ìîäèôèöèðîâàííûå ìîíîíóêëåàðíûå
êëåòêè êðîâè ïóïîâèíû ÷åëîâåêà ìèãðèðîâàëè â çîíû íåéðîäåãåíåðàöèè è
äèôôåðåíöèðîâàëèñü â ýíäîòåëèàëüíûå êëåòêè ñ îáðàçîâàíèåì íîâûõ
êðîâåíîñíûõ ñîñóäîâ. Èçâåñòíî, ÷òî VEGF ÿâëÿåòñÿ àíãèîãåííûì è
íåéðîïðîòåêòîðíûì ôàêòîðîì, â òî âðåìÿ êàê ýêñïðåññèÿ íåéðàëüíîé
ìîëåêóëû àäãåçèè L1CAM ñïîñîáñòâóåò ïîâûøåíèþ òðîïèçìà ãåíåòè÷åñêè
ìîäèôèöèðîâàííûõ êëåòîê ê íåðâíîé òêàíè. Ïîëó÷åííûå ðåçóëüòàòû
ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî ôîðìèðîâàíèå íîâûõ êðîâåíîñíûõ ñîñóäîâ â
çîíå íåéðîäåãåíåðàöèè ïîâûøàåò âûæèâàåìîñòü ìîòîíåéðîíîâ è óêàçûâàåò
íà öåëåñîîáðàçíîñòü ïîñëåäóþùåãî ðàçâèòèÿ èññëåäîâàíèé  äàííîãî ïîäõîäà
â òåðàïèè íåéðîäåãåíåðàòèâíûõ çàáîëåâàíèé. Àïïëèêàöèÿ hSOD1-
ñïåöèôè÷íîé siRNA íà ñåäàëèùíûé íåðâ ïðèâîäèëà ê ñíèæåíèþ óðîâíÿ
ìÐÍÊ hSOD1 â ïîÿñíè÷íîì îòäåëå ñïèííîãî ìîçãà íà 48% â ñðàâíåíèè ñ
êîíòðàëàòåðàëüíîé ñòîðîíîé (P = 0,032). Íàìè âïåðâûå áûëî ïîêàçàíî, ÷òî
hSOD1-ñïåöèôè÷íàÿ siRNA, àïïëèöèðîâàííàÿ íà ñåäàëèùíûé íåðâ,
ðåòðîãðàäíî òðàíñïîðòèðóåòñÿ â ñïèííîé ìîçã è ñíèæàåò óðîâåíü ìÐÍÊ
ìóòàíòíîãî ãåíà hSOD1.

Òàêèì îáðàçîì, â äàííîé ðàáîòå ïîêàçàíî, ÷òî êîìáèíèðîâàííàÿ
íåâèðóñíàÿ ãåííî-êëåòî÷íàÿ òåðàïèÿ è àïïëèêàöèÿ siRNA ìîãóò áûòü
ýôôåêòèâíû äëÿ ëå÷åíèÿ áîêîâîãî àìèîòðîôè÷åñêîãî ñêëåðîçà.
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Introduction. Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disease which is characterized by progressive death of motor neurons in brain and
spinal cord. Currently there is no effective treatments for ALS. Sustaining viability
of neurons which entered pathological process and restoration of lost cellular
contacts in neural tissue could significantly increase life quality and expectancy of
ALS patients. Gene and cell therapies are considered promising for treating this
disease. Gene therapy allows correction of genes responsible for disease onset
and progression and expression of neurotrophic factors. Another promising
approach for treating neurodegenerative diseases is transplantation of stem and/or
progenitor cells. Therapeutic effect of cell therapy is based on secretion by
transplanted cells of different paracrine factors which enhance neural cell viability,
as well as on differentiation of transplanted cells into neural lineage. One of the
most promising approaches is combination of gene and cell therapy, which takes
advantage of stem and progenitor cell properties and expression of recombinant
therapeutic neurotrophic factors.

Aim. The purpose of this work was to develop gene and cell therapy
approaches for treating ALS using transgenic G93A mice model. Gene-cell therapy
was based on transplantation of human umbilical cord blood mononuclear cells
transfected with genetic constructs encoding neural cell adhesion molecule L1
(L1CAM) and vascular endothelial growth factor (VEGF). Gene therapy approach
was based on direct application of short interfering RNA (siRNA) onto the proximal
nerve stump of severed sciatic nerves of transgenic animals.

Materials and methods. Mice transgenic for hSOD1 [B6SJL-TG(SOD1-
G93A) dl1Gur/J] were obtained from Jackson Laboratory (Bar Harbor, ME, USA).
These transgenic mice express a mutant form (G93A substitution) of human copper/
zinc superoxide dismutase-1 (hSOD1), which is responsible for one of the familial
forms of ALS. Genes L1CAM and VEGF were PCR amplified and cloned into
pcDNA3.1 expression plasmid. Mononuclear cells (MC) were isolated from human
umbilical cord blood (UCB) by standard technique of sedimentation onto a density
barrier (1.077 g/ml of Ficoll solution) and transfected by electroporation using
Gene Pulser Xcell Total System (BioRad). Genetically modified cells were
retroorbitally injected into G93A mice. At different time points post transplantation
(2 weeks, 2 and 3 months) mice were sacrificed and lumbar spinal cords were
removed for immunochistochemical analysis.

Gene therapy approach was based on RNA interference. The left sciatic nerve
of anesthetized animals was cut in the mid-thigh, and the proximal nerve stump
was inserted into a silastic plastic tube containing siRNA solution. We used siRNA
complementary to hSOD1 as well as different control siRNAs. Twenty-four hours

after surgery the mice were euthanized, and lumbar spinal cords were removed for
real-time (RT)-PCR examination.

Results and discussion. Immunochistochemical analysis of lumbar spinal
cords sections revealed that transplanted genetically modified UCB-MC migrated
to the sites of neurodegeneration and differentiated into endothelial cells, forming
new blood vessels. It is known, that VEGF is an angiogenic and neuroprotection
factor, whereas neural adhesion molecule L1CAM expression increases tropism
of genetically modified cells to neural tissue. Our results suggest, that new blood
vessel formation at the sites of neurodegeneration might increase viability of
motoneurons and such approach might be promising for developing gene-cell
therapies for treating neurodegenerative diseases.

Administration of hSOD1-specic siRNA resulted in a 48% decrease in hSOD1
mRNA level in corresponding spinal cord section (P = 0.032). These results clearly
prove that siRNA targeting mutant SOD1 mRNA is taken up by the sciatic nerve,
retrogradely transports to the perikarya of motor neurons, and inhibits mutant
SOD1 mRNA in G93A mice.

In conclusion, we demonstrate efficiency of combined non-viral gene-cell
therapy and direct application of siRNA for treating amyotrophic lateral sclerosis.
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Ãåí lim3 äðîçîôèëû, êîäèðóþùèé òðàíñêðèïöèîííûé ôàêòîð ÐÍÊ
ïîëèìåðàçû ²², èãðàåò êëþ÷åâóþ ðîëü â ðåãóëÿöèè ðàçâèòèÿ íåéðîíîâ.
Ìóòàöèè ãîìîëîãîâ äàííîãî ãåíà, LHX3/4, ó ÷åëîâåêà ïðèâîäÿò ê íàðóøåíèÿì
ñåêðåöèè ãîðìîíà ãèïîôèçà, êàðëèêîâîñòè, íàðóøåíèÿì ðàáîòû ìîçãà. Ðàíåå
áûëî ïîêàçàíî, ÷òî lim3 ÿâëÿåòñÿ ãåíîì-êàíäèäàòîì, ó÷àñòâóþùèì â êîíòðîëå
ïðîäîëæèòåëüíîñòè æèçíè (ÏÆ) äðîçîôèëû (Ðîùèíà, Ïàñþêîâà, 2007).
Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå ìîëåêóëÿðíûõ ìåõàíèçìîâ,
ëåæàùèõ â îñíîâå ó÷àñòèÿ ãåíà lim3 â êîíòðîëå ÏÆ. Ìîæíî ïðåäïîëîæèòü,
÷òî îïðåäåëåííûé óðîâåíü àêòèâíîñòè ãåíà â îíòîãåíåçå è
òêàíåñïåöèôè÷íîñòü åãî ýêñïðåññèè, íàïðèìåð, â íåðâíîé òêàíè, ìîãóò
îïðåäåëÿòü åãî âëèÿíèå íà ÏÆ. Çàäà÷à äàííîé ðàáîòû çàêëþ÷àëàñü â èçó÷åíèè
âëèÿíèÿ ìîëåêóëÿðíîé ñòðóêòóðû ðåãóëÿòîðíîé îáëàñòè ãåíà lim3 íà åãî
òðàíñêðèïöèþ è àíàëèçå âçàèìîñâÿçè óðîâíÿ åãî ýêñïðåññèè è ÏÆ
äðîçîôèëû.

Lim3 ó äðîçîôèëû îáðàçóåò äâå ìÐÍÊ: lim3-RB è lim3-RA.
Ôóíêöèîíàëüíîå çíà÷åíèå äëÿ ðàçâèòèÿ íåéðîíîâ áûëî ïîêàçàíî äëÿ lim3-RA
(Thor et al., 1999). Â ñâÿçè ñ ýòèì lim3-RA áûë âûáðàí íàìè äëÿ èññëåäîâàíèÿ
ðîëè ýêñïðåññèè ãåíà lim3 â êîíòðîëå ÏÆ. Ìåõàíèçì îáðàçîâàíèÿ ýòîãî
òðàíñêðèïòà è ñòðîåíèå ðåãóëÿòîðíîé îáëàñòè ðàíåå îïèñàíû íå áûëè. Àíàëèç
(NNPP, v.2.2) ïîêàçàë íàëè÷èå äâóõ ïðîìîòîðíûõ ýëåìåíòîâ, ðàñïîëîæåííûõ
íà ðàññòîÿíèè ~500 ï.í. âûøå çàÿâëåííîãî â áàçå äàííûõ íà÷àëà lim3-RA.
Íîçåðí-áëîò àíàëèç ñî ñïåöèôè÷íûì ê lim3-RA çîíäîì ïîêàçàë íàëè÷èå äâóõ
òðàíñêðèïòîâ âìåñòî îäíîãî: ìàæîðíûé òðàíñêðèïò ñîâïàäàë ñ lim3-RA (2,5
ò.ï.í.), à âòîðîé (2,3 ò.ï.í.) ïðåæäå íå áûë àííîòèðîâàí è áûë íàçâàí íàìè
lim3-RC. Íàëè÷èå íîâîé ìÐÍÊ áûëî ïîäòâåðæäåíî 5'RACE, ïîçâîëèâøèì
âûÿâèòü, ÷òî îáå ìÐÍÊ èìåþò ìíîæåñòâåííûå ñòàðòû òðàíñêðèïöèè, à òàêæå
óòî÷íèòü íà 6 íóêëåîòèäîâ ñòàðò äëÿ lim3-RA.

Àíàëèç ïðîìîòîðíûõ îáëàñòåé lim3-RA è lim3-RÑ äàë âîçìîæíîñòü
îïðåäåëèòü íåñêîëüêî òèïè÷íûõ ðåãóëÿòîðíûõ ýëåìåíòîâ òðàíñêðèïöèè
(Drosophila Core Promoter Database, DCPD). Òàê, äëÿ lim3-RA áûë íàéäåí
êîíñåíñóñíûé èíèöèàòîð, êîíñåíñóñíûé Downstream core promoter element
(DPE), à òàêæå ìîòèâ CAATAA, õàðàêòåðíûé äëÿ ãåíîâ, ýêñïðåññèÿ êîòîðûõ
ïðèõîäèòñÿ íà ýìáðèîíàëüíóþ ñòàäèþ, à ôóíêöèÿ ñâÿçàíà ñ ðàçâèòèåì
íåéðîíîâ. Äëÿ lim3-RÑ íå áûëî îáíàðóæåíî êëàññè÷åñêèõ ïðîìîòîðíûõ
ýëåìåíòîâ, îäíàêî â ïîëîæåíèè -24-(-18) îò åãî ñòàðòà áûëà íàéäåíà
ïîñëåäîâàòåëüíîñòü CAAAAT, ñïîñîáíàÿ êîìïåíñèðîâàòü îòñóòñòâèå ÒÀÒÀ-

áîêñà. Òàêèì îáðàçîì, ïîêàçàíî, ÷òî ñòðóêòóðà ïðîìîòîðíîé îáëàñòè ãåíà
lim3 òèïè÷íà äëÿ òêàíåñïåöèôè÷íûõ ðåãóëÿòîðíûõ ãåíîâ, èìåþùèõ
ðàññåÿííûé ñòàðò òðàíñêðèïöèè.

Äàëåå, äëÿ èçó÷åíèÿ âëèÿíèÿ ìîëåêóëÿðíîé ñòðóêòóðû ðåãóëÿòîðíîé
îáëàñòè ãåíà lim3 íà óðîâåíü åãî òðàíñêðèïöèè è ÏÆ äðîçîôèëû ìû
èñïîëüçîâàëè 50 ëèíèé ìóõ, ñîäåðæàùèõ èíäèâèäóàëüíóþ âòîðóþ õðîìîñîìó
èç ïðèðîäíîé ïîïóëÿöèè Raleigh â îäíîðîäíîì ãåíåòè÷åñêîì îêðóæåíèè
(èçîãåííàÿ ëèíèÿ Samarkand). Ëèíèè äîñòîâåðíî ðàçëè÷àþòñÿ ïî ÏÆ (22-62
äíåé, P<0,0001) (De Luca M., 2003). Äëÿ êàæäîé èç 50 àëëåëåé lim3 áûëè
îïðåäåëåíû ïîñëåäîâàòåëüíîñòü ôðàãìåíòà ÄÍÊ â 2092 ï.í., îõâàòûâàþùàÿ
îáíàðóæåííóþ íàìè ðåãóëÿòîðíóþ îáëàñòü, ïåðâûé ýêçîí è ÷àñòü ïåðâîãî
èíòðîíà lim3-RA è lim3-RÑ. Âñåãî áûëî íàéäåíî 89 ïîëèìîðôíûõ ëîêóñîâ-
ìàðêåðîâ, íåðàâíîìåðíî ðàñïðåäåëåííûõ ïî äëèíå èññëåäîâàííîãî
ôðàãìåíòà. Íàèáîëåå âàðèàáåëüíûì îêàçàëñÿ äèñòàëüíûé ðàéîí
ðåãóëÿòîðíîé îáëàñòè (π = 0.01170) è èíòðîí (π = 0.01443); ìåíåå
âàðèàáåëüíûì – ïðîêñèìàëüíûé ðàéîí ðåãóëÿòîðíîé îáëàñòè (π = 0.00114);
íàèìåíåå âàðèàáåëüíûì – ýêçîí (π = 0.00114). Ðîëü îòáîðà â ïîääåðæàíèè
íèçêîãî óðîâíÿ ïîëèìîðôèçìà â ýêçîíå ïîäòâåðæäåíà ñòàòèñòè÷åñêèì
àíàëèçîì äàííûõ (Tajima, 1989). Ìû ïðîàíàëèçèðîâàëè ñâÿçü ìåæäó
îáíàðóæåííûì íàìè ïîëèìîðôèçìîì ðåãóëÿòîðíîé îáëàñòè lim3 è
èçìåí÷èâîñòüþ ÏÆ äðîçîôèëû. Ïÿòü èç íàéäåííûõ ïîëèìîðôíûõ ñàéòîâ
îêàçàëèñü äîñòîâåðíî ñâÿçàíû ñ ÏÆ äðîçîôèëû. Òðè èç íèõ îáðàçîâàëè
ãàïëîòèï, äîñòîâåðíî ñâÿçàííûé ñ ÏÆ (Ð=0,0005).

Ìû ïðåäïîëîæèëè, ÷òî çàìåíû â ðåãóëÿòîðíîé îáëàñòè ìîãóò ïðèâîäèòü
ê èçìåíåíèþ óðîâíÿ òðàíñêðèïöèè ãåíà è, ñëåäîâàòåëüíî, ê èçìåíåíèþ ÏÆ
äðîçîôèëû. Äëÿ õàðàêòåðèñòèêè óðîâíÿ òðàíñêðèïöèè lim3 ïðè ïîìîùè ÎÒ-
ÏÖÐ â ðåàëüíîì âðåìåíè áûëî èçìåðåíî êîëè÷åñòâî ìÐÍÊ lim3-RA â 16
ëèíèÿõ ñ ðàçëè÷íûìè âàðèàíòàìè íàéäåííîãî ãàïëîòèïà.

Îöåíêà óðîâíÿ ýêñïðåññèè ïîêàçàëà, ÷òî âàðèàíòû ãàïëîòèïà,
õàðàêòåðèçóþùèåñÿ ìàêñèìàëüíîé ÏÆ, îáóñëîâëèâàþò ñðåäíèé, âèäèìî,
îïòèìàëüíûé óðîâåíü ýêñïðåññèè ãåíà lim3 è ñ áîëüøåé ÷àñòîòîé
ïðåäñòàâëåíû â ïîïóëÿöèè. Ëèíèè, â êîòîðûõ ýêñïðåññèÿ äîñòîâåðíî âûøå
èëè íèæå îïòèìóìà, èìåþò ìåíüøóþ ÏÆ è ñîäåðæàò âàðèàíòû ãàïëîòèïà,
ðåäêî âñòðå÷àþùèåñÿ â ïîïóëÿöèè. Îáíàðóæåííîå ðàñïðåäåëåíèå óðîâíÿ
ýêñïðåññèè ïî ãàïëîòèïàì áûëî îäèíàêîâûì äëÿ âñåõ èññëåäîâàííûõ òêàíåé,
ãäå íàáëþäàåòñÿ ýêñïðåññèÿ lim3: ýìáðèîíîâ, ãîëîâ, ñåìåííèêîâ.
Êîìïüþòåðíûé àíàëèç ïîêàçàë, ÷òî ìàðêåðû ãàïëîòèïà ïîïàäàþò â ñàéòû
ñâÿçûâàíèÿ áåëêîâ, äâà èç êîòîðûõ ó÷àñòâóþò â ðàçâèòèè íåéðîíîâ, à îäèí –
â ðåìîäåëèðîâàíèè õðîìàòèíà.

Òàêèì îáðàçîì, íàìè ïîêàçàíà ôóíêöèîíàëüíàÿ ñâÿçü ìåæäó
ïîëèìîðôèçìîì ðåãóëÿòîðíîé îáëàñòè ãåíà, îïðåäåëÿþùåãî ðàçâèòèå
íåðâíîé ñèñòåìû, è ïðîäîëæèòåëüíîñòüþ æèçíè.
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Lim3 is an essential gene coding for RNA polymerase II transcription factor
and playing a key role in neuron specification during Drosophila development.
Mutations in its human homologs, LHX3/4, result in disorder of pituitary hormone
release, short stature, abnormality of brain functioning. Lim3 was previously
nominated as a candidate gene affecting Drosophila lifespan (Roshina, Pasyukova,
2007). The long term goal of this work is to study molecular mechanisms of lim3
association with Drosophila lifespan. A certain level of gene expression in ontogeny
and tissue-specificity of its transcription, for example in nerve tissue, can be
supposed to define its influence on the lifespan. The purpose of this research was
to study the impact of variation in lim3 regulatory region molecular structure on
its expression and to analyze association between gene expression level and
Drosophila lifespan.

Lim3 produces two mRNAs: lim3-RB and lim3-RA. Lim3-RA was shown to
have functional meaning for Drosophila neuron development (Thor et al., 1999).
As a result, we chose lim3-RA to study lim3 association with Drosophila lifespan.
Mechanisms of this transcript production and its regulatory region structure had
not been previously described. Computer analysis (NNPP, v.2.2) revealed two
promoter sequences located 500 bp upstream of the initially predicted lim3-RA
transcription start site (TSS). Northern blot analysis with the specific probe to
lim3-RA detected two transcripts instead of one: the major transcript was of the
same length with lim3-RA (2,5 kb) and the second (2,3 kb) which had not been
previously annotated was named lim3-RC. 5'RACE analysis confirmed the presence
of additional new mRNA, lim3-RC, and revealed lim3-RA and lim3-RC to have
multiple transcription start sites. 5'RACE also allowed to define lim3-RA TSS to
be 6 nucleotides upstream with regard to the earlier annotated start site.

The computer analysis of promoter regions of lim3-RA and lim3-RÑ revealed
several regulatory elements (Drosophila Core Promoter Database, DCPD). Thus,
lim3-RA was found to have a consensus initiator, consensus downstream core
promoter element (DPE) and a motif CAATAA shared with genes which expression
referred to embryonic stage and function concerned with neuron development. In
contrast to the lim3-RA, lim3-RC was not found to have any promoter elements in
the regulatory region of this transcript. But the sequence CAAAAT found at -24-
(-18) position relative to the lim3-RC TSS could functionally replace a TATA
element for transcriptional activation. Thus, the promoter region structure of gene
lim3 appeared to be common to tissue-specific regulatory genes with multiple
transcription start sites.

To study the influence of lim3 regulatory region molecular structure on its
expression level and Drosophila lifespan we used fifty substitution D. melanogaster
lines containing natural second chromosomes in homogenous genetic background
(isogenic line Samarkand), significantly differing in lifespan (22-62 days, P<0,0001;
De Luca et al., 2003). A DNA fragment of 2092 bp including 5'-regulatory region,
the first exon and intron of lim3-RA and lim3-RÑ was sequenced for each of 50
substitution lines. Eighty nine polymorphic sites (markers) found were non-
uniformly distributed along the DNA fragment: the remote, distal 5'-regulatory
region (π = 0.01170) and intron (π = 0.01443) were the most variable; the proximal
5'-regulatory region adjacent to the gene was considerably less variable
(π = 0.00114); and the lowest level of variability was found in exon (π = 0.00114).
The statistic data analysis confirmed the exon with such a low level of variability
to be under selective pressure (Tajima, 1989). Further, we analyzed the association
between the revealed polymorphism of gene lim3 regulatory region and Drosophila
lifespan variation. Five of previously found polymorphic markers demonstrated
significant associations with Drosophila lifespan. Three of these markers formed
a haplotype significantly associated with lifespan (P=0.0005).

We supposed that changes in regulatory region might result in lim3 expression
alterations and, consequently, in Drosophila longevity changes. To evaluate
expression level of lim3, we used Real Time RT-PCR to determine major lim3-RA
transcript amount in sixteen Drosophila lines with different variants of the above
mentioned haplotype.

Haplotype variants associated with maximum lifespan appeared to provide
medium and apparently optimal expression level and were most often encountered
in population. Lines with higher or lower transcription levels had decreased lifespan
and possessed rare haplotype variants. The haplotype-dependent transcription level
was the same for all tissues where lim3 expression was studied: embryos, heads
and testis.

The computer analysis of the markers formed this significant haplotype
revealed them to affect binding motifs of different proteins, one of which was
associated with chromatin remodeling .

Overall, we showed a functional relationship between the regulatory region
polymorphism of the gene playing a key role in nervous system development and
lifespan.
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Àíòèòåëà, êîíúþãèðîâàííûå ñ íàíî÷àñòèöàìè, â ïåðâóþ î÷åðåäü ñ
íàíî÷àñòèöàìè êîëëîèäíîãî çîëîòà (ÍÊÇ), øèðîêî ïðèìåíÿþòñÿ â êà÷åñòâå
ñðåäñòâ âèçóàëèçàöèè è äîñòàâêè, êàòàëèçàòîðîâ, â àíàëèòè÷åñêèõ ñèñòåìàõ,
à òàêæå â òåðàïåâòè÷åñêèõ öåëÿõ. Â çàâèñèìîñòè îò âûáîðà óñëîâèé
èììîáèëèçàöèè äëÿ îäíèõ è òåõ æå ðåàãåíòîâ ìîãóò áûòü ïîëó÷åíû
êîíúþãàòû, ñóùåñòâåííî îòëè÷àþùèåñÿ ïî ñâîéñòâàì. Ïîýòîìó çàâèñèìîñòü
ôóíêöèîíàëüíûõ ñâîéñòâ êîíúþãàòà (ïðåæäå âñåãî - ñïîñîáíîñòè ñâÿçûâàòüñÿ
ñ àíòèãåíîì) îò åãî ñòðóêòóðû ïðåäñòàâëÿåò çíà÷èòåëüíûé èíòåðåñ.
Èììîáèëèçàöèÿ àíòèòåë íà ïîâåðõíîñòè ÍÊÇ ïðèâîäèò ê îáðàçîâàíèþ
ïîëèâàëåíòíûõ ñòðóêòóð ñ àôôèííîñòüþ (ðàâíîâåñíîé êîíñòàíòîé ðåàêöèè
ñ àíòèãåíîì), îòëè÷àþùåéñÿ îò àôôèííîñòè ñîîòâåòñòâóþùèõ àíòèòåë.
Àíàëèç çàâèñèìîñòè ìåæäó ñòðóêòóðîé êîíúþãàòîâ àíòèòåë ñ ÍÊÇ è èõ
àôôèííîñòüþ, íà ñåãîäíÿøíèé äåíü ïðàêòè÷åñêè íå îõàðàêòåðèçîâàííîé,
ñîñòàâëÿë çàäà÷ó ïðîâåäåííîãî èññëåäîâàíèÿ.

Âçàèìîäåéñòâèå ïîëèâàëåíòíûõ êîíúþãàòîâ àíòèòåë ñî ñòðóêòóðàìè,
íåñóùèìè íà ñâîåé ïîâåðõíîñòè áîëüøîå ÷èñëî èäåíòè÷íûõ àíòèãåííûõ
äåòåðìèíàíò, ÿâëÿåòñÿ íàèáîëåå ïîêàçàòåëüíûì ïîëèâàëåíòíûì
âçàèìîäåéñòâèåì. Â ýòîì ñëó÷àå âîçìîæíî îöåíèòü ôóíêöèîíàëüíûå
ñâîéñòâà ïîëèâàëåíòíîãî êîíúþãàòà êàê öåëîñòíîé ÷àñòèöû. Â íàøåé ðàáîòå
â êà÷åñòâå ïîëèâàëåíòíîãî àíòèãåíà áûë èñïîëüçîâàí âèðóñ øàðêè ñëèâû
(ÂØÑ). ÂØÑ èìååò íèòåâèäíóþ ôîðìó ÷àñòèö è ñîñòîèò èç áîëåå ÷åì 2000
êîïèé áåëêà îáîëî÷êè (ìîëåêóëÿðíàÿ ìàññà 36,4 êÄà), ïîêðûâàþùèõ
åäèíñòâåííóþ ìîëåêóëó ÐÍÊ.

Äëÿ ðàáîòû áûëî ïîëó÷åíî äâà ìîíîêëîíàëüíûõ àíòèòåëà (Àò1, Àò2)
ïðîòèâ ÂØÑ. Âàðüèðóÿ ñîîòíîøåíèå çîëîòîõëîðèñòîâîäîðîäíîé êèñëîòû è
öèòðàòà, áûëî ñèíòåçèðîâàíî ïÿòü ïðåïàðàòîâ ÍÊÇ ñî ñðåäíèì äèàìåòðîì
÷àñòèö 6,4, 12,6, 23,4, 33,4 è 52 íì, ïî äàííûì ýëåêòðîííîé ìèêðîñêîïèè.
ÍÊÇ ðàçíîãî ðàçìåðà áûëè âûáðàíû ñ öåëüþ ïîëó÷èòü êîíúþãàòû ñ ðàçíîé
ïëîùàäüþ ïîñàäêè äëÿ àíòèòåë, à, ñëåäîâàòåëüíî, êîíúþãàòû ðàçíîé
âàëåíòíîñòè. Äàííûå ðåàãåíòû îáåñïå÷èëè âîçìîæíîñòü ñèíòåçà äåñÿòè
êîíúþãàòîâ, íåñóùèõ îò 3 äî 200 ìîëåêóë àíòèòåë íà ïîâåðõíîñòè îäíîé
ÍÊÇ. Äëÿ êàæäîãî êîíúþãàòà áûëè îïòèìèçèðîâàíû óñëîâèÿ êîíúþãàöèè:
ðÍ è êîíöåíòðàöèÿ àíòèòåë äëÿ èììîáèëèçàöèè.

Ðàâíîâåñíûå êîíñòàíòû äèññîöèàöèè è êèíåòèêà ðåàêöèè
âçàèìîäåéñòâèÿ áûëè èçìåðåíû ñ ïîìîùüþ ïîâåðõíîñòíîãî ïëàçìîííîãî
ðåçîíàíñà, èñïîëüçóÿ BIAcore X. Íà ïîâåðõíîñòü ÑÌ3 ÷èïà êîâàëåíòíî
èììîáèëèçîâàëè ñïåöèôè÷åñêèå àíòèòåëà. Äàëåå ïîñëåäîâàòåëüíî ââîäèëñÿ
âèðóñ â ïîñòîÿííîé êîíöåíòðàöèè è àíòèòåëà èëè èõ êîíúþãàòû â ðàçëè÷íûõ

êîíöåíòðàöèÿõ. Ïîñëå ñòàäèé àññîöèàöèè è äèññîöèàöèè ðåãåíåðèðîâàëè
ïîâåðõíîñòü äî ïåðâîãî ñëîÿ àíòèòåë. Äëÿ ìîíîêëîíàëüíûõ àíòèòåë ïîëó÷åíû
áëèçêèå çíà÷åíèÿ ðàâíîâåñíûõ êîíñòàíò (Êä): 1,46*10-8 M (Àò1) è 1,73*10-8 M
(Àò2). Òàêæå áûëè îïðåäåëåíû ðàâíîâåñíûå êîíñòàíòû äëÿ êîíúþãàòîâ ÍÊÇ
ñ ñîîòâåòñòâóþùèìè àíòèòåëàìè: 1,69*10-9 M (Àò1-ÍÊÇ6,4), 2,94*10-10 M
(Àò1-ÍÊÇ12,6), 5,4*10-11 M (Àò1-ÍÊÇ23,4), 5,24*10-11 M (Àò1-ÍÊÇ33,4),
7,02*10-12 M (Àò1-ÍÊÇ52), 2,39*10-9 M (Àò2-ÍÊÇ6,4), 4,42*10-10 M (Àò2-
ÍÊÇ12,6), 9,9*10-11 M (Àò2-ÍÊÇ23,4), 7,09*10-11 M (Àò2-ÍÊÇ33,4),
2,62*10-11 M (Àò2-ÍÊÇ52).

Ñðàâíåíèå çíà÷åíèé, ïðåäñòàâëåííûõ âûøå, ïîçâîëÿåò ñäåëàòü âûâîä î
òîì, ÷òî àôôèííîñòü êîíúþãàòîâ èçìåíÿåòñÿ â ñîîòâåòñòâèè ñ ðàçìåðîì
êîëëîèäíîãî íîñèòåëÿ (ò.å. â ñîîòâåòñòâèè ñ âàëåíòíîñòüþ êîíúþãàòà).
Àôôèííîñòü ðåàêöèè âçàèìîäåéñòâèÿ ÂØÑ ñ àíòèòåëàìè íèæå àôôèííîñòè
âçàèìîäåéñòâèÿ ÂØÑ ñ ñîîòâåòñòâóþùèìè àíòèòåëàìè â êîíúþãàòàõ îò
îäíîãî (êîíúþãàòû ñ ÍÊÇ ñ äèàìåòðîì 6,4 íì) äî òðåõ ïîðÿäêîâ (êîíúþãàòû
ñ ÍÊÇ ñ äèàìåòðîì 52 íì). Ñ ðîñòîì âàëåíòíîñòè êîíúþãàòà êîëè÷åñòâî
òî÷åê ñâÿçûâàíèÿ âíóòðè êîìïëåêñà óâåëè÷èâàåòñÿ. Òàêèì îáðàçîì, äëÿ
êîíúþãàòîâ ÍÊÇ áîëüøåãî ðàçìåðà êèíåòè÷åñêàÿ êîíñòàíòà äèññîöèàöèè
óìåíüøàåòñÿ, à êèíåòè÷åñêàÿ êîíñòàíòà àññîöèàöèè óâåëè÷èâàåòñÿ. Êðîìå
òîãî, ñ óâåëè÷åíèåì ðàçìåðîâ êîíúþãàòà ïîâûøàåòñÿ àôôèííîñòü
âçàèìîäåéñòâèÿ.

Òàêèì îáðàçîì, óâåëè÷åíèå ïëîùàäè íîñèòåëÿ è, ñîîòâåòñòâåííî,
ñîîòíîøåíèÿ àíòèòåëî/ÍÊÇ ïîçâîëÿåò ñèíòåçèðîâàòü êîíúþãàòû àíòèòåë,
îáëàäàþùèå çíà÷èòåëüíî áîëüøåé àôôèííîñòüþ è, áëàãîäàðÿ ýòîìó,
íàèáîëåå ïåðñïåêòèâíûå äëÿ áèîàíàëèòè÷åñêîãî èñïîëüçîâàíèÿ.

Ðàáîòà ïîääåðæàíà Ïðîãðàììîé Ïðåçèäèóìà ÐÀÍ "Îñíîâû
ôóíäàìåíòàëüíûõ èññëåäîâàíèé íàíîòåõíîëîãèé è íàíîìàòåðèàëîâ".
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CORRELATION BETWEEN COMPOSITION OF MULTIVALENT
CONJUGATES OF ANTIBODIES WITH COLLOIDAL GOLD
NANOPARTICLES AND THEIR AFFINITY
Safenkova I.V., Zherdev A.V., Dzantiev B.B.
Institute of Biochemistry RAS, Moscow
E-mail: saf-iri@yandex.ru
Fax/tel.: (495) 954-28-04

Antibodies conjugated with nanoparticles, especially with colloidal gold
nanoparticles (GNPs), have numerous applications in analytical techniques,
imaging, delivery, therapy. The conjugates of different composition can be obtained
for the same reagent by a choice of conditions of immobilization. In this connection
the influence of the conjugates' composition on their functional properties (first of
all - on their binding with antigens) is a subject of specific interest. Immobilization
of antibodies on a GNP's surface leads to formation of multivalent structure with
the affinity (equilibrium constant of the reaction with antigen) that differs from
affinity of native antibodies. The aim of this study is about dependences between
composition of GNPs conjugates with antibodies and their affinity because currently
there is a lack of information about it. The interaction of multivalent conjugates
with multiepitopic structures is the most indicative for this purpose as well as in
this case functional properties of multivalent conjugate as an integrated reactant
could be estimated. In our study plum pox virus (PPV) was chosen as multivalent
antigen to be characterized. PPV with flexuous rod-shaped form of particles consists
of more than 2,000 copies of a single-coat protein with Mm 36.4 kDa encapsulating
a single RNA molecule.

Two monoclonal antibodies against PPV (Ab1 and Ab2) have been obtained.
Varying HAuCl4 / citrate ratio, five GNP preparations with average diameter of
particles equal to 6.4, 12.6, 23.4, 33.4 and 52 nm (according to electron microscopy
measurements) were synthesized. GNPs of various sizes were used to obtain
conjugates with different area for immobilization of antibodies, and, consequently,
conjugates with different valency. The formed row of preparations was allowed to
synthesize ten conjugates containing from 3 to 200 molecules of antibodies per
one GNP. For each conjugate optimal conditions for the immobilization were
determined by varying ðÍ and concentration of antibodies.

Surface plasmon resonance (using BIAcore X) was applied to study the affinity
and kinetics of the conjugate-PPV interactions. Antibodies were immobilized
covalently on surface of ÑÌ3 chip. Then the virus at a fixed concentration and
antibodies or their conjugates at varying concentrations were injected sequentially.
After association and dissociation stages the surface was regenerated to the first
layer of the antibodies. The obtained equilibrium dissociation constants (Kd) for
native antibodies have close values, namely 1.46*10-8 M for Ab1 and 1.73*10-8 M
for Ab2. Kd for the conjugates were 1.69*10-9 M (Ab1-GNP6.4), 2.94*10-10 M
(Ab1-GNP12.6), 5.4*10-11 M (Ab1-GNP23.4), 5.24*10-11 M (Ab1-GNP33.4),
7.02*10-12 M (Ab1-GNP52), 2.39*10-9 M (Ab2-GNP6.4), 4.42*10-10 M (Ab2-
GNP12.6), 9.9*10-11 M (Ab2-GNP23.4), 7.09*10-11 M (Ab2-GNP33.4),
2.62*10-11 M (Ab2-GNP52).

The comparison of the given above values allow to conclude that the
conjugates' affinities change in the accordance with the sizes of colloidal carriers
(i.e. with the conjugates' valency). Affinity of the interaction of PPV with conjugates
is higher as compared with the interaction of PPV with corresponding for antibodies
from 1 order (conjugates with 6.4 nm GNP) to 3 orders (conjugates with 52 nm
GNP). Growth of the conjugates valency causes growth of the number of connection
points in the immune complex. Thus, kinetic constant of dissociation decreases
and kinetic constant of association increases for GNP conjugates of higher size.
Increase of the conjugate size corresponds to growth of its affinity.

Therefore, at increase of the area of the carrier and corresponding growth of
antibody/GNP ratio is an efficient tool to synthesize conjugate that will possess
considerably higher affinity and therefore will be the most perspective for
bioanalytical application.

The work was supported by the Program of Fundamental Researches of the
Presidium of the Russian Academy of Sciences "Principles of fundamental studies
of nanotechnologies and nanomaterials".
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ÄÈÔÒÅÐÈÉÍÎÌÓ ÒÎÊÑÈÍÓ Ñ ÖÅËÜÞ ÑÎÇÄÀÍÈß
ÂÛÑÎÊÎ×ÓÂÑÒÂÈÒÅËÜÍÛÕ ÒÅÑÒ-ÑÈÑÒÅÌ
Ñèìîíîâà Ì.À., Øîøèíà Í.Ñ., Âàëÿêèíà Ò.È.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
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Äèôòåðèéíûé òîêñèí, ïðîäóöèðóåìûé êëåòêàìè ïàòîãåííûõ áàêòåðèé
Corynebacteriun dipftheriae, ÿâëÿåòñÿ ãëàâíûì ïàòîëîãè÷åñêèì ôàêòîðîì
äèôòåðèè – çàáîëåâàíèÿ, êîòîðîå ïðåäñòàâëÿåò ñåðüåçíóþ ïðîáëåìó äëÿ çäîðîâüÿ
íàñåëåíèÿ âî ìíîãèõ ðåãèîíàõ ìèðà. Çàäà÷åé íàñòîÿùåé ðàáîòû ÿâèëîñü
ïîëó÷åíèå ìîíîêëîíàëüíûõ àíòèòåë (ÌÀ) ê äèôòåðèéíîìó òîêñèíó (ÄÒ),
ñïîñîáíûõ ñ âûñîêîé ÷óâñòâèòåëüíîñòüþ (ïðåäåë äåòåêöèè íèæå 2 íã/ìë)
îïðåäåëÿòü ÄÒ â ïëàíøåòíîì ñýíäâè÷-âàðèàíòå èììóíîôåðìåíòíîãî àíàëèçà
(ÈÔÀ) è â ôîðìàòå áèîëîãè÷åñêîãî ìèêðî÷èïà. Ãèáðèäîìû, ïðîäóöèðóþùèå
ÌÀ ê ÄÒ, áûëè ïîëó÷åíû ñëèÿíèåì êëåòîê ìèåëîìû SP2/0 è ëèìôîöèòîâ
ïîäêîëåííûõ ëèìôàòè÷åñêèõ óçëîâ ìûøåé BALB/ñ, èììóíèçèðîâàííûõ ÄÒ (ÃÓ
ÍÈÈ ìèêðîáèîëîãèè è ýïèäåìèîëîãèè èì. Í.Ô. Ãàìàëåè) èëè êîíúþãàòîì ÄÒ ñ
ïîëèñòèðîëüíûìè ìèêðîñôåðàìè (ÄÒ-ÏÌ). Â ðåçóëüòàòå ãèáðèäèçàöèè
ëèìôîöèòîâ ìûøåé, èììóíèçèðîâàííûõ ÄÒ, áûëî ïîëó÷åíî 13 ñòàáèëüíûõ
ïðîäóöèðóþùèõ ìîíîêëîíàëüíûå àíòèòåëà êëîíîâ ãèáðèäîì, è â ðåçóëüòàòå
ãèáðèäèçàöèè ëèìôîöèòîâ  ìûøåé, èììóíèçèðîâàííûõ ÄÒ-ÏÌ – 9 êëîíîâ.
Ìåòîäîì Âåñòåðí-áëîò àíàëèçà áûëî ïîêàçàíî, ÷òî ÌÀ, ïîëó÷åííûå â ðåçóëüòàòå
ñëèÿíèÿ êëåòîê ìèåëîìû è ëèìôîöèòîâ ìûøåé, èììóíèçèðîâàííûõ ÄÒ,
ñâÿçûâàëèñü ïðåèìóùåñòâåííî ñ Â-ôðàãìåíòîì, òîãäà êàê ÌÀ, ïîëó÷åííûå â
ðåçóëüòàòå ñëèÿíèÿ êëåòîê ìèåëîìû è ëèìôîöèòîâ ìûøåé, èììóíèçèðîâàííûõ
ÄÒ-ÏÑ, ñâÿçûâàëèñü èñêëþ÷èòåëüíî ñ À-ôðàãìåíòîì òîêñèíà. Èç ïàíåëè
ïîëó÷åííûõ ÌÀ îòáèðàëè ïàðû äëÿ ñýíäâè÷-âàðèàíòà ÈÔÀ, êîòîðûå ïîçâîëÿëè
äåòåêòèðîâàòü ÄÒ â êîíöåíòðàöèè íèæå 2 íã/ìë. Ñýíäâè÷-àíàëèç ïðîâîäèëè,
èñïîëüçóÿ ïîëó÷åííûå â ðåçóëüòàòå îáîèõ âàðèàíòîâ èììóíèçàöèè MA â êà÷åñòâå
êàê ñâÿçûâàþùèõ, òàê è äåòåêòèðóþùèõ àíòèòåë. Áûëè îòîáðàíû 5 ïàð ÌÀ,
ïðåäåë äåòåêöèè ÄÒ äëÿ êîòîðûõ ñîñòàâèë íå áîëåå 1,3 íã/ìë. Ïðèñóòñòâèå â
ïðîáàõ ñ äèôòåðèéíûì òîêñèíîì áèîëîãè÷åñêîãî ìàòåðèàëà (ñìûâîâ íîñîãëîòêè
çäîðîâîãî ÷åëîâåêà) íå ñíèæàëî ÷óâñòâèòåëüíîñòü îïðåäåëåíèÿ òîêñèíà â
ñýíäâè÷-ÈÔÀ. Äëÿ àíòèòåë, îáðàçóþùèõ ïàðû â ñýíäâè÷-ÈÔÀ ñ òðåáóåìûì
ïðåäåëîì äåòåêöèè, áûëè îïðåäåëåíû òèïû òÿæåëûõ öåïåé è êîíñòàíòû
àôôèííîñòè. Âñå àíòèòåëà îòíîñèëèñü ê êëàññó IgG, ïîäêëàññàì IgG1, IgG2a,
IgG2b è IgG3. Âåëè÷èíû êîíñòàíò âàðüèðîâàëè îò 0,013õ109 äî 14õ109 Ì-1.
Âûÿñíèëîñü, ÷òî ïàðû äëÿ äåòåêöèè ÄÒ â ñýíäâè÷-ÈÔÀ îáðàçîâûâàëèñü êàê
ìåæäó àíòèòåëàìè, ïîëó÷åííûìè â ðåçóëüòàòå èììóíèçàöèè ìûøåé ÄÒ, òàê è
ÄÒ-ÏÑ. Â ôîðìàòå ìèêðî÷èïà îòîáðàííûå ïàðû ïîäòâåðäèëè âûñîêóþ
÷óâñòâèòåëüíîñòü äåòåêöèè ÄÒ. Ïðåäåë äåòåêöèè ÄÒ äëÿ ëó÷øåé ïàðû ñîñòàâèë
1,6 íã/ìë. Ïðè èñïîëüçîâàíèè ýòèõ ïàð â ôîðìàòå ìèêðî÷èïà áûëà ïîêàçàíà
âîçìîæíîñòü îäíîâðåìåííîãî îïðåäåëåíèÿ ÄÒ è âîñüìè äðóãèõ òîêñèíîâ, à
èìåííî ðèöèíà, ëåòàëüíîãî ôàêòîðà ñèáèðåÿçâåííîãî òîêñèíà, ïðîòåêòèâíîãî
àíòèãåíà ñèáèðåÿçâåííîãî òîêñèíà, õîëåðíîãî òîêñèíà è òîêñèíîâ ñòàôèëîêîêêîâ
SeB, SeA, SeI è SeG.

OBTAINING OF MONOCLONAL ANTIBODIES TO DIPHTHERIA
TOXIN FOR PRODUSING OF HIGH SENSITIVE ASSAYS
Simonova M.A., Shoshina N.S., Valyakina T.I.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: valyakina@ibch.ru
Tel: (495) 335-35-22

Diphtheria toxin is produced by pathogenic bacteria Corynebacteriun
dipftheriae. It is the main pathological factor of diphtheria – disease that steel
serious danger for populations of many world regions. In present work we obtained
monoclonal antibodies (MAbs) to diphtheria toxin (DT), which were able to detect
the last one in concentration no more than 2 ng/ml in sandwich enzyme linked
solid phase immunoassay (ELISA) and microchip immunoassay. The MAbs were
arisen by hybridoma technology. Myeloma cells SP2/0 were fused with lymphocytes
from popliteal lymph nodes of mice immunized with DT (Gamaleya Research
Institute of Epidemiology and Microbiology, Russian Academy of Medical
Sciences, Moscow) or DT conjugated with polystyrene microparticles (DT-cPM).
As result after hybridization of the lymphocytes of mice immunized with intact
DT we obtained 13 hybridoma clones which were stable produced MAbs to DT
and after hybridization of the lymphocytes of mice immunized with DT-cPM – 9
clones. We use Western blot analysis to determinate the antigenic specificity of
the obtained antibodies. MAbs which were obtained after mice immunization with
intact DT bound mainly B-fragment of the toxin, and MAbs arose as result of
mice immunization with DT-cPM bound only A-fragment. From the panel of MAbs
obtained after both immunizations we were selected the pairs of the antibodies
which were able to detect DT in ELISA in concentration no more than 2 ng/ml.
The 5 pairs of MAbs were obtained which were able to detect DT in concentration
from 1.3 ng/ml. In presence of nazopharyngs lavage samples from healthy person
the sensitivity of DT detection did not decrease. We have been determinate types
of heavy chains and affinity constants for MAbs which were formed pairs with
appropriate sensitivity of DT detection. All MAbs were IgG class and IgG1, IgG2a,
IgG2b, and IgG3 subclasses. The affinity constants values were varied from
0.013õ109 to 14õ109 Ì-1. In microchip analysis the selected pairs also were able
to detect DT with high sensitivity. The DT detection limit was 1.6 ng/ml in this
analysis. In microchip analysis it was shown possibility of simultaneous DT
detection with another 8 toxins, namely ricin, lethal anthrax factor, protective
antigen of anthrax toxin, cholera toxin, and staphylococcal entherotoxins SeB,
SeA, SeI è SeG.
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Öåëü èññëåäîâàíèÿ. Èçìåíåíèÿ â ýêñïðåññèè, âîçíèêàþùèå â îòâåò íà
çàùèòíóþ ðåàêöèþ îðãàíèçìà-õîçÿèíà, ÿâëÿþòñÿ íåîáõîäèìûì óñëîâèåì äëÿ
âûæèâàíèÿ è ôóíêöèîíèðîâàíèÿ ïàòîãåííûõ áàêòåðèé. Àíàëèç ýòèõ
èçìåíåíèé âàæåí äëÿ ïîíèìàíèÿ ïàòîãåíåçà èíôåêöèîííîãî çàáîëåâàíèÿ è
âûðàáîòêè ïîäõîäîâ ê ýôôåêòèâíîìó ëå÷åíèþ. Èçó÷åíèå ñïåöèôè÷åñêîé
ýêñïðåññèè ãåíîâ âîçáóäèòåëåé â èíôèöèðîâàííîì õîçÿèíå çàòðóäíåíî èç-çà
ñëîæíîñòåé, ñâÿçàííûõ ñ âûäåëåíèåì áàêòåðèàëüíîé ÐÍÊ, è ïðîáëåìû
îòäåëåíèÿ áàêòåðèàëüíîé ÐÍÊ îò ãðîìàäíîãî èçáûòêà ÐÍÊ õîçÿèíà. Öåëüþ
èññëåäîâàíèÿ ñòàëà ðàçðàáîòêà óíèâåðñàëüíîãî ìåòîäà àíàëèçà ïðîôèëÿ
òðàíñêðèïöèè âíóòðèêëåòî÷íûõ ìèêðîîðãàíèçìîâ è ïðèìåíåíèå åãî äëÿ
èçó÷åíèÿ äèíàìèêè ïîëíîãåíîìíîé ýêñïðåññèè M. tuberculosis â õîäå ðàçâèòèÿ
èíôåêöèîííîãî ïðîöåññà â ðåçèñòåíòíîé è âîñïðèèì÷èâîé ê çàáîëåâàíèþ
ëèíèÿõ ìûøåé.

Ìàòåðèàëû è ìåòîäû. Â ðàáîòå áûëè èñïîëüçîâàíû ìûøè ëèíèè B6,
óñòîé÷èâûå ê èíôåêöèè M. tuberculosis, è ëèíèè I/St, ÷óâñòâèòåëüíûå ê
èíôåêöèè. Ñóììàðíàÿ ÐÍÊ ëåãêèõ ìûøåé îáåèõ ëèíèé áûëà âûäåëåíà ÷åðåç
4 è 6 íåäåëü ñ ìîìåíòà çàðàæåíèÿ áàêòåðèÿìè M. tuberculosis øòàììà H37Rv.
Äàëåå áûëà ïðîâåäåíà ñîâìåñòíàÿ äåíàòóðàöèÿ è ðåíàòóðàöèÿ èçáûòêà
áàêòåðèàëüíîé ãåíîìíîé ÄÍÊ ñ ñèíòåçèðîâàííîé íà ìàòðèöå ñóììàðíîé ÐÍÊ
êÄÍÊ, â ðåçóëüòàòå áûëà  âûäåëåíà ôðàêöèÿ, îáîãàùåííàÿ áàêòåðèàëüíîé
êÄÍÊ. Äëÿ ðÿäà ãåíîâ ñ ïîìîùüþ êîëè÷åñòâåííîé ÏÖÐ áûëè ñðàâíåíû
óðîâíè òðàíñêðèïöèè â îáðàçöå ñóììàðíîé êÄÍÊ è ôðàêöèè áàêòåðèàëüíîé
êÄÍÊ. Çàòåì áûëî ïðîâåäåíî òîòàëüíîå ñåêâåíèðîâàíèå ïîëó÷åííûõ
îáðàçöîâ, äàííûå îáðàáîòàíû áèîèíôîðìàòè÷åñêè è ñòàòèñòè÷åñêè.

Ðåçóëüòàòû. Âîçìîæíîñòü ïðèìåíåíèÿ ðàçðàáîòàííîé ìåòîäèêè äëÿ
êà÷åñòâåííîé è êîëè÷åñòâåííîé îöåíêè ýêñïðåññèè ãåíîâ áûëà ïîäòâåðæäåíà
ñ ïîìîùüþ ÏÖÐ. Â ðåçóëüòàòå àíàëèçà äàííûõ áûëè ïîëó÷åíû ñâåäåíèÿ î
êà÷åñòâåííûõ è êîëè÷åñòâåííûõ îòëè÷èÿõ â ïðîôèëÿõ òðàíñêðèïöèè
áàêòåðèé èç ðåçèñòåíòíîé è âîñïðèèì÷èâîé ê èíôåêöèè ëèíèé ìûøåé.
Îòìå÷åíû ðàçëè÷èÿ â ïðîôèëÿõ ýêñïðåññèè ãåíîâ ðÿäà ôóíêöèîíàëüíûõ
êàòåãîðèé, â ÷àñòíîñòè, êàòåãîðèè ãåíîâ âèðóëåíòíîñòè, ýíåðãåòè÷åñêîãî
îáìåíà è ðÿäà äðóãèõ.

Çàêëþ÷åíèå. Ðàçðàáîòàí ýôôåêòèâíûé è óíèâåðñàëüíûé ìåòîä,
ïîçâîëÿþùèé èçó÷àòü ïðîôèëè òðàíñêðèïöèè âíóòðèêëåòî÷íûõ
ïàðàçèòè÷åñêèõ áàêòåðèé. Ïîêàçàíà âûñîêàÿ ÷óâñòâèòåëüíîñòü è

ñïåöèôè÷íîñòü ìåòîäà. Íàáîð òðàíñêðèïòîâ, ïîëó÷åííûé äàííûì ñïîñîáîì,
ñîõðàíÿåò êàê êà÷åñòâåííûå, òàê è êîëè÷åñòâåííûå õàðàêòåðèñòèêè
òðàíñêðèïòîìà áàêòåðèè èç èíôèöèðîâàííûõ òêàíåé, è ìîæåò áûòü
èñïîëüçîâàí äëÿ èçó÷åíèÿ ýêñïðåññèè ãåíîâ ïàòîãåíîâ in vivo. Àíàëèç ýòèõ
ïîñëåäîâàòåëüíîñòåé, òðàíñêðèáèðóþùèõñÿ â óñëîâèÿõ ðåàëüíîé èíôåêöèè,
ïîçâîëèò â äàëüíåéøåì ïðåäëîæèòü ðàíåå íåèçâåñòíûå ìèøåíè äëÿ ñîçäàíèÿ
íîâûõ ëåêàðñòâ è ìîíèòîðèíãà èíôåêöèé.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíò 08-04-
01053), Ïðîãðàììû ïîääåðæêè âåäóùèõ íàó÷íûõ øêîë Ðîññèè (ïðîåêò ÍØ
2395.2008.4) è Ïðîãðàììû ïî ìîëåêóëÿðíîé è êëåòî÷íîé áèîëîãèè
Ïðåçèäèóìà ÐÀÍ.
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NEW METHOD OF GENE EXPRESSION ANALYSIS OF
INTRACELLULAR PATHOGENS AND ITS APPLICATION FOR
THE STUDY OF M. TUBERCULOSIS TRANSCRIPTOME IN VIVO
Skvortsov T.A., Ignatov D.V., Apt A.S.*, Azhikina T.L., Sverdlov E.D.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
*Central Institute for Tuberculosis, Moscow
E-mail: timofey.skvortsov@gmail.com
Fax: (495) 330-65-38; tel.: (495) 330-65-47

The aim of the research. Changes in gene expression in response to host
defense mechanisms are necessary for the survival and functional activity of
pathogenic bacteria. Analyzing these changes is crucial for a better understanding
of the pathogenesis of infectious disease and development of effective treatment
approaches. Study of pathogen-specific gene expression in the infected host is
hampered by difficulties in isolation of bacterial RNA and its separation from the
huge excess of host RNA. Developing a universal method to analyze intracellular
pathogen transcription profiles and applying it to study M. tuberculosis genome-
wide expression dynamics in the course of infectious disease progression in two
mouse strains, susceptible and resistant to infection, has become the aim of our
research.

Materials and methods. In our work we used mice of B6 strain (resistant to
M. tuberculosis infection) and I/St strain (susceptible to M. tuberculosis infection).
Total RNA from lungs of mice of both strains was extracted at 4 and 6 weeks after
infection with M. tuberculosis H37Rv bacteria. Afterwards denaturation and
renaturation of excess of bacterial genomic DNA combined with cDNA synthesized
from total RNA as a template were conducted, and, as a result, a fraction enriched
with bacterial cDNA was extracted. Transcription levels for a number of genes
were compared in samples of total cDNA and bacterial cDNA fractions by means
of quantitative PCR. After that total sequencing of obtained samples was conducted
and acquired data processed statistically and bioinformatically.

Results. The possibility of  applying the developed technique for quantitative
and qualitative assessment of gene expression was confirmed by means of PCR.
As a result of data analysis information about qualitative and quantitative differences
in transcription profiles of bacteria from resistant and susceptible to infection mouse
strains was obtained. Differences in expression profiles were found for genes
belonging to several functional categories, particularly: virulence genes, energy
metabolism genes and several other categories.

Conclusion. A new and effective method of studying intracellular parasitic
bacteria transcription profiles was developed. High sensitivity and specificity of
the method were shown. The set of transcripts acquired using this method preserves
both qualitative and quantitative traits of bacterial transcriptome obtained from
infected tissues and can be used for the study of pathogen gene expression in vivo.
Analysis of such sequences, transcribed in a real infection, will allow suggesting
new drug targets and infection monitoring techniques in the future.

This work was supported by grants from the RFBR (grant 08-04-01053), the
State support of the Leading Scientific Schools (NS-2395.2008.4) and the Program
of Presidium of RAS "Molecular and Cell Biology".
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Îäíèì èç ïðèîðèòåòíûõ íàïðàâëåíèé ñîâðåìåííîé áèîòåõíîëîãèè
ÿâëÿåòñÿ èçó÷åíèå ôåðìåíòîâ è ôåðìåíòíûõ ñèñòåì. Ôåðìåíòû â êà÷åñòâå
áèîëîãè÷åñêèõ êàòàëèçàòîðîâ ïðèìåíÿþòñÿ â ðàçëè÷íûõ îòðàñëÿõ
ïðîìûøëåííîñòè: ïèùåâîé, òåêñòèëüíîé, ôàðìàöåâòè÷åñêîé, êîæåâåííîé,
â ñåëüñêîì õîçÿéñòâå è ìåäèöèíå. Ïîâñåìåñòíîå èñïîëüçîâàíèå ýíçèìîâ â
áèîòåõíîëîãèè äî ïîñëåäíåãî âðåìåíè ñäåðæèâàëîñü âñëåäñòâèå ðÿäà ïðè÷èí.
Â ñâÿçè ñ ýòèì àêòóàëüíîé ïðîáëåìîé ÿâëÿåòñÿ ïðîäëåíèå è óâåëè÷åíèå
êàòàëèòè÷åñêîé àêòèâíîñòè ôåðìåíòîâ.

Îäíèì èç íàèáîëåå ïåðñïåêòèâíûõ íàïðàâëåíèé èññëåäîâàíèé íà ïóòè
ðåøåíèÿ óêàçàííûõ ïðîáëåì ÿâëÿåòñÿ ïîëó÷åíèå ãåòåðîãåííûõ
áèîêàòàëèçàòîðîâ, à èìåííî èñïîëüçîâàíèå èììîáèëèçîâàííûõ ôåðìåíòîâ,
èìåþùèõ ðÿä î÷åâèäíûõ ïðåèìóùåñòâ ïåðåä ðàñòâîðèìûìè ýíçèìàìè:
âîçìîæíîñòü îòäåëåíèÿ áèîêàòàëèçàòîðà îò ðåàêöèîííîé ñðåäû,
íåïðåðûâíîñòü ïðîâåäåíèÿ òåõíîëîãè÷åñêîãî ïðîöåññà ñ íàïðàâëåííûì
ðåãóëèðîâàíèåì ñêîðîñòè è âûõîäà ðåàêöèè, öåëåíàïðàâëåííîå èçìåíåíèå
ñâîéñòâ ôåðìåíòà.

Â íàñòîÿùåå âðåìÿ äîñòèãíóòû çíà÷èòåëüíûå óñïåõè â îáëàñòè
ðàçðàáîòêè òåõíîëîãèé èììîáèëèçîâàííûõ ôåðìåíòíûõ ïðåïàðàòîâ.
Èçâåñòíî áîëüøîå ðàçíîîáðàçèå îðãàíè÷åñêèõ è íåîðãàíè÷åñêèõ íîñèòåëåé
è ñïîñîáîâ èììîáèëèçàöèè áèîìîëåêóë íà òâåðäîé ìàòðèöå. Îäíàêî
ïðåäëàãàåìûì ñïîñîáàì èììîáèëèçàöèè áèîëîãè÷åñêèõ âåùåñòâ ïðèñóùè
íåäîñòàòêè, ãëàâíûì îáðàçîì, ñâÿçàííûå ñ èñïîëüçîâàíèåì äîðîãîñòîÿùèõ
ðåàãåíòîâ è ìíîãîñòàäèéíûõ ïðîöåññîâ. Â ñâÿçè ñ ýòèì öåëüþ íàñòîÿùåé
ðàáîòû ÿâëÿëàñü ðàçðàáîòêà ýôôåêòèâíîé íåòðóäîåìêîé òåõíîëîãèè
èììîáèëèçàöèè áèîìîëåêóë íà èíåðòíîì íîñèòåëå äëÿ ïîñëåäóþùåãî
èñïîëüçîâàíèÿ â ðàçëè÷íûõ îáëàñòÿõ áèîòåõíîëîãèè.

Îáúåêòîì èññëåäîâàíèé ÿâëÿëñÿ ïðîòåîëèòè÷åñêèé ôåðìåíò
α-õèìîòðèïñèí, â êà÷åñòâå ìàòåðèàëà äëÿ èììîáèëèçàöèè áûëè âûáðàíû
íàíî÷àñòèöû ìàãíåòèòà Fe3O4. Âûáîð èíåðòíîãî íîñèòåëÿ îáóñëîâëåí
ïðîÿâëåíèåì ó ìàãíèòíûõ íàíîîáúåêòîâ óíèêàëüíûõ ôèçè÷åñêèõ è
õèìè÷åñêèõ ñâîéñòâ, à òàêæå èõ âûñîêîðàçâèòîé àêòèâíîé ïîâåðõíîñòüþ è
âûñîêîé ñîðáöèîííîé åìêîñòüþ. Áëàãîäàðÿ ñâîèì ðàçìåðàì, ñîïîñòàâèìûì
ñ ðàçìåðîì êëåòîê è áèîìîëåêóë, íàíî÷àñòèöû ñïîñîáíû âçàèìîäåéñòâîâàòü
ñ áèîîáúåêòàìè, ÷òî ïîçâîëÿåò ðàçíîîáðàçèòü èõ ïðàêòè÷åñêîå ïðèìåíåíèå.
Íàíî÷àñòèöû, îáëàäàþùèå ìàãíèòíûìè ñâîéñòâàìè, ïðåäñòàâëÿþò
çíà÷èòåëüíûé èíòåðåñ äëÿ áèîòåõíîëîãèè, ÷òî ñâÿçàíî ñ âîçìîæíîñòüþ
óïðàâëåíèÿ èìè ïðè âîçäåéñòâèè âíåøíåãî ìàãíèòíîãî ïîëÿ.
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Äëÿ ïîëó÷åíèÿ íàíî÷àñòèö ìàãíåòèòà èñïîëüçîâàëñÿ ìåòîä Ìàññàðòà –
âçàèìîäåéñòâèå ðàñòâîðîâ õëîðèäîâ æåëåçà (II) è (III) â ñîîòíîøåíèè 1:2 ñ
äîáàâëåíèåì ðàñòâîðà NH4OH ñ ïîñëåäóþùèì îòäåëåíèåì îáðàçóþùèõñÿ
÷àñòèö Fe3O4 ñ ïîìîùüþ ìàãíèòíîãî ñåïàðàòîðà.

Ñ öåëüþ èììîáèëèçàöèè èññëåäóåìîãî ôåðìåíòà íà ÷àñòèöû ìàãíåòèòà
â ðàáîòå áûëè èñïîëüçîâàíû äâà ñïîñîáà: ñòàíäàðòíûé êàðáîäèèìèäíûé è
àäñîðáöèîííûé. Êîëè÷åñòâî èììîáèëèçîâàííîãî áåëêà îöåíèâàëîñü ïî
ìåòîäó Äþìà, îñíîâàííîìó íà èçìåðåíèè òåïëîïðîâîäíîñòè ìîëåêóëÿðíîãî
àçîòà, îáðàçóþùåãîñÿ ïîñëå ñæèãàíèÿ àíàëèçèðóåìîãî îáðàçöà ïðè
òåìïåðàòóðå îêîëî 1000oÑ â àòìîñôåðå êèñëîðîäà è ïîñëåäóþùåãî
âîññòàíîâëåíèÿ âñåõ îáðàçóþùèõñÿ îêñèäîâ àçîòà. Ïðîòåîëèòè÷åñêàÿ
àêòèâíîñòü íàòèâíîãî è èììîáèëèçîâàííîãî ôåðìåíòîâ îöåíèâàëàñü â
ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ÃÎÑÒ 20264.2-74.

Ñðàâíèòåëüíàÿ õàðàêòåðèñòèêà ôèçè÷åñêîãî (àäñîðáöèîííîãî) è
õèìè÷åñêîãî (êàðáîäèèìèäíîãî) ñïîñîáîâ èììîáèëèçàöèè α-õèìîòðèïñèíà
íà èíåðòíîé ìàòðèöå èç ìàãíèòíîãî íàíîêîìïîçèòíîãî ìàòåðèàëà ïîêàçàëà,
÷òî èç äâóõ ðàññìîòðåííûõ ñïîñîáîâ àêòèâàöèè ïîâåðõíîñòè íàíî÷àñòèö
íàèáîëåå ýôôåêòèâíà êàðáîäèèìèäíàÿ ìåòîäèêà. Äàííûé ñïîñîá ïîçâîëÿåò
êîâàëåíòíî ïðèñîåäèíÿòü ê íàíî÷àñòèöàì ìàãíåòèòà äî 95% èçó÷àåìîãî
ôåðìåíòà, â òî âðåìÿ êàê äëÿ àäñîðáöèîííîãî ñïîñîáà ýòîò ïîêàçàòåëü
ñîñòàâëÿåò 50%. Îïòèìàëüíûìè óñëîâèÿìè ôóíêöèîíèðîâàíèÿ ïîëó÷åííîãî
ïåðâûì ñïîñîáîì ïðåïàðàòà ÿâëÿþòñÿ øèðîêèé äèàïàçîí ðÍ è òåìïåðàòóð.
Äàííûå, ïîëó÷åííûå ïðè èçó÷åíèè ñòàáèëüíîñòè èññëåäóåìûõ ïðåïàðàòîâ
âî âðåìåíè, òàêæå ñâèäåòåëüñòâóþò î ïîëó÷åíèè íàèáîëåå àêòèâíûõ è
óñòîé÷èâûõ èììîáèëèçîâàííûõ ïðåïàðàòîâ ñ ïðèìåíåíèåì êàðáîäèèìèäíîé
ìåòîäèêè ïî ñðàâíåíèþ ñ àäñîðáöèîííîé. Óñòàíîâëåíî, ÷òî èññëåäóåìûé
èììîáèëèçîâàííûé ôåðìåíò ïîñëå ïÿòèêðàòíîãî èñïîëüçîâàíèÿ â êà÷åñòâå
êàòàëèçàòîðà ñîõðàíÿåò 79% è 23% ïðîòåîëèòè÷åñêîé àêòèâíîñòè,
ñîîòâåòñòâåííî, â êàðáîäèèìèäíîì è àäñîðáöèîííîì ìåòîäàõ
èììîáèëèçàöèè, ÷òî ÿâëÿåòñÿ äîïîëíèòåëüíûì ñâèäåòåëüñòâîì
ýôôåêòèâíîñòè êîâàëåíòíîãî âçàèìîäåéñòâèÿ õèìîòðèïñèíà ñ
íàíîêîìïîçèòíûì ìàòåðèàëîì.

Ïðåäëàãàåìûé ñïîñîá êîâàëåíòíîé èììîáèëèçàöèè (êàðáîäèèìèäíûé)
õèìîòðèïñèíà íà ìàãíèòíîì íàíîêîìïîçèòíîì ìàòåðèàëå, êðîìå î÷åâèäíûõ
ïðåèìóùåñòâ ïåðåä ïðåäøåñòâåííèêàìè (âûñîêàÿ âåëè÷èíà óäåëüíîé
àêòèâíîñòè èììîáèëèçîâàííîãî ôåðìåíòíîãî ïðåïàðàòà, øèðîêèé äèàïàçîí
ðÍ è òåìïåðàòóð ôóíêöèîíèðîâàíèÿ, âûñîêàÿ ñêîðîñòü ôåðìåíòàòèâíîãî
ïðîöåññà, ñòàáèëüíîñòü ïðè õðàíåíèè, âîçìîæíîñòü ìíîãîêðàòíîãî
èñïîëüçîâàíèÿ áåç ïîòåðè êàòàëèòè÷åñêîé àêòèâíîñòè), îòëè÷àåòñÿ ïðîñòîòîé
èñïîëüçóåìûõ ìåòîäèê è äîñòóïíîñòüþ ðåàãåíòîâ.

FEATURES OF RECEPTION OF FERMENTAL PREPARATIONS,
IMMOBILIZED ON MAGNETIC CARRIERS
Soldatova L.S., Babich O.O., Prosekov A.J.
GOU VPO the Kemerovo Technology Institute of the Food Industry, Kemerovo
E-mail: soldatovals@rambler.ru
Fax: (3842) 74-42-32; tel.: (3842) 73-50-98

The studying of enzymes and fermental systems is one of basic directions of
modern biotechnology. Enzymes as biological catalysts are applied in various
industries: food, textile, pharmaceutical, tanning, in agriculture and medicine.
Universal use of enzymes in biotechnology is restrained until recently owing to a
number of the reasons, basic of which are labour input of branch of enzymes from
initial reagents and reaction products, instability of enzymes at storage and at
action of various factors, high cost of pure fermental preparations. In this connection
an actual problem is prolongation and increase of catalytic activity of enzymes.

One of the most perspective directions of researches on a way of the decision
of the specified problems is reception of heterogeneous biocatalysts, namely use
of immobilized enzymes having a number of obvious advantages before soluble
enzymes : possibility of separation of the biocatalyst from the reactionary
environment, a continuity of carrying out of technological process with the directed
regulation of speed and a reaction exit, purposeful change of enzyme properties.

Now considerable successes in the field of working out of technologies of
immobilized fermental preparations are reached. The big variety of organic and
inorganic carriers and ways of biomolecules immoblization on a firm matrix is
known. However known ways of immobilization of biological substances have
many lacks, mainly, connected with use of expensive reagents and multiphasic
processes. Thereupon the purpose of the present work was working out of effective
not labour-consuming technology of biomolecules immobilization on the inert
carrier for the purpose of the subsequent use in various fields of biotechnology.

Object of research was proteolytic enzyme α-chymotrypsin, as a material for
immobilization have been chosen nanoparticles Fe3O4. The choice of the inert
carrier is caused by display for magnetic nanoobjects unique physical and chemical
properties, and also their advanced active surface and high sorption capacity. Thanks
to the sizes comparable with the size of cages and biomolecules, nanoparticles are
capable to cooperate with bioobjects that allows to diversify their practical
application. Nanoparticles, possessing magnetic properties, represent considerable
interest for biotechnology that is connected with possibility of management of
them at influence of an external magnetic field.

For reception of nanoparticles the method of Massarta – interaction of
solutions of chlorides of iron (II) and (III) in the ratio 1:2 with addition of solution
NH4OH with the subsequent branch of formed particles Fe3O4 by means of a
magnetic separator was used. On purpose for immobilization of investigated enzyme
on magnetic particles in work two ways have been used: standard carbodiimmide
activation procedure and adsorptional way. The quantity of immobilized protein
was estimated on the method Duma based on measurement of heat conductivity of
molecular nitrogen, the analyzed sample formed after burning at temperature nearby
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1000oÑ in atmosphere of oxygen and the subsequent restoration of all formed
nitrogen oxides. Proteolytic activity of free and immobilized enzyme was estimated
according to requirements of GOST 20264.2-74.

The comparative characteristic of physical (adsorptional) and chemical
(carbodiimmide activation procedure) immobilization of α-chymotrypsin on an
inert matrix from magnetic nanocompositional material has shown that from two
considered ways of activation of a surface nanoparticles the carbodiimmide
activation procedure is most effective. This way allows to attach covalently to
nanoparticles Fe3O4 95 % of studied enzyme while for adsorptional way this
indicator makes 50%. Optimum operating conditions of the preparation received
by the first way are a wide range ðÍ and temperatures. The data received at studying
of stability of investigated preparations in time, also testifies to reception of the
most active and steady immobilized preparations with application carbodiimmide
technique in comparison with adsorptional. It is established that investigated
immobilized enzyme after fivefold use as the catalyst keeps 79% and 23%
proteolytic activity accordingly in carbodiimmide and adsorptional methods that
is the additional certificate of efficiency of covalent interactions of chymotrypsin
with nanocompositional material.

The offered way of covalent immobilization (carbodiimmide activation
procedure) of chymotrypsin on magnetic nanocompositional material, except
obvious advantages before the predecessor (high size of specific activity of
immobilized fermental preparation, a wide range ðÍ and temperatures, high speed
of enzymatic process, stability at storage, possibility of repeated use without loss
of enzymatic activity), differs by simplicity of used techniques and availability of
reagents.
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Ââåäåíèå. Ñðåäè ìóëüòèïîòåíòíûõ ìåçåíõèìàëüíûõ ñòðîìàëüíûõ
êëåòîê âçðîñëîãî îðãàíèçìà ñòðîìàëüíûå êëåòêè æèðîâîé òêàíè (ÑÊÆÒ)
ñ÷èòàþòñÿ îäíèìè èç ñàìûõ ïåðñïåêòèâíûõ äëÿ ïðèìåíåíèÿ â êëåòî÷íîé
òåðàïèè. Áûëî ïîêàçàíî, ÷òî îíè îáëàäàþò ñïîñîáíîñòüþ ñòèìóëèðîâàòü ðîñò
êðîâåíîñíûõ ñîñóäîâ, â òîì ÷èñëå ïóòåì ñåêðåöèè àíãèîãåííûõ ôàêòîðîâ
ðîñòà. Îäíàêî ðàçëè÷íûå ôàêòîðû, âêëþ÷àÿ âîçðàñò ïàöèåíòîâ, ìîãóò
îêàçûâàòü âëèÿíèå íà èõ ôóíêöèîíàëüíûå ñâîéñòâà. Ïîýòîìó öåëüþ íàøåé
ðàáîòû áûëî îöåíèòü âëèÿíèå âîçðàñòíîãî ôàêòîðà íà ïðîëèôåðàöèþ,
æèçíåñïîñîáíîñòü è àíãèîãåííóþ àêòèâíîñòü ÑÊÆÒ.

Ìàòåðèàëû è ìåòîäû. ÑÊÆÒ áûëè âûäåëåíû èç æèðîâîé òêàíè ìûøåé
ëèíèè BalB/ñ, âîçðàñò æèâîòíûõ ñîñòàâëÿë 2 ìåñÿöà (ÑÊÆÒìîë, n=9) èëè
18 ìåñÿöåâ (ÑÊÆÒñòàð, n=9). Êëåòêè êóëüòèâèðîâàëè äî 2 ïàññàæà. Çàòåì â
òå÷åíèå 48 ÷àñîâ èõ âûðàùèâàëè â óñëîâèÿõ 1% (ãèïîêñèÿ) èëè 20%
(íîðìîêñèÿ) ñîäåðæàíèÿ êèñëîðîäà. Ïðîëèôåðàöèþ êëåòîê îöåíèâàëè ñ
ïîìîùüþ êîììåð÷åñêîãî ÌÒÒ òåñòà (Invitrogen). Äëèíó òåëîìåð îïðåäåëÿëè
ñ ïîìîùüþ ïîëèìåðàçíîé öåïíîé ðåàêöèè â ðåàëüíîì âðåìåíè.
Æèçíåñïîñîáíîñòü êëåòîê îöåíèâàëè ñ ïîìîùüþ ïðîòî÷íîé
öèòîôëóîðîìåòðèè ïî ñâÿçûâàíèþ àííåêñèíà-V è íàêîïëåíèþ
7-àìèíîàêòèíîìèöèíà D. Àíàëèç èçìåíåíèÿ ýêñïðåññèè ãåíîâ ïðîâîäèëè
ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè â ðåàëüíîì âðåìåíè. Àíãèîãåííóþ
àêòèâíîñòü ñóììàðíûõ ïðîäóêòîâ ñåêðåöèè êëåòîê îöåíèâàëè ïî âëèÿíèþ
êîíäèöèîíèðîâàííîé ñðåäû (ÊÑ) íà îáðàçîâàíèå êàïèëëÿðîïîäîáíûõ
ñòðóêòóð ýíäîòåëèàëüíûìè êëåòêàìè (HUVEC) íà ìàòðèãåëå in vitro.

Ðåçóëüòàòû. CÊÆÒ ñòàðûõ æèâîòíûõ îáëàäàþò â 2 ðàçà ìåíüøèì
ïðîëèôåðàòèâíûì ïîòåíöèàëîì ïî ñðàâíåíèþ ñ êëåòêàìè ìîëîäûõ
æèâîòíûõ. Äëèíà òåëîìåð ó êëåòîê ñòàðûõ æèâîòíûõ áûëà â 3 ðàçà ìåíüøå
ïî ñðàâíåíèþ ñ ÑÊÆÒ ìîëîäûõ ìûøåé. Áîëåå òîãî, â ïîïóëÿöèè ÑÊÆÒ
ñòàðûõ æèâîòíûõ äîëÿ êëåòîê, íàõîäÿùèõñÿ íà ðàçíûõ ñòàäèÿõ àïîïòîçà áûëà
â 3 ðàçà áîëüøå ïî ñðàâíåíèþ ñ êëåòêàìè ìîëîäûõ æèâîòíûõ. Ñîäåðæàíèå
ìÐÍÊ ôàêòîðà ðîñòà ýíäîòåëèÿ ñîñóäîâ (VEGF), ïëàöåíòàðíîãî ôàêòîðà
ðîñòà (PlGF) áûëî ñòàòèñòè÷åñêè çíà÷èìî áîëüøå â ÑÊÆÒìîë, â òî âðåìÿ
êàê óðîâåíü ôàêòîðà ðîñòà ãåïàòîöèòîâ (HGF) áûë âûøå â ÑÊÆÒñòàð.
Ãèïîêñèÿ ïðèâîäèëà ê âûðàâíèâàíèþ ñîäåðæàíèÿ ìÐÍÊ HGF â ÑÊÆÒìîë è
ÑÊÆÒñòàð. Ýêñïðåññèÿ àíòèàíãèîãåííûõ ôàêòîðîâ ýíäîñòàòèíà è
òðîìáîñïîíäèíà çíà÷èìî íå îòëè÷àëàñü â êëåòêàõ îò æèâîòíûõ ðàçíîãî
âîçðàñòà è â ñõîæåé ñòåïåíè ñíèæàëàñü â ãèïîêñè÷åñêèõ óñëîâèÿõ.
Íàáëþäàëîñü ñòàòèñòè÷åñêè çíà÷èìîå ïîâûøåíèå ôàêòîðîâ ñèñòåìû
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óðîêèíàçû (óðîêèíàçà, ðåöåïòîð ê óðîêèíàçå, ìåòàëëîïðîòåèíàçû 2 è 9 òèïîâ,
èíãèáèòîð àêòèâàòîðà ïëàçìèíîãåíà-1) â ÑÊÆÒñòàð ïî ñðàâíåíèþ ñ
ÑÊÆÒìîë êàê â íîðìîêñè÷åñêèõ, òàê è â ãèïîêñè÷åñêèõ óñëîâèÿõ. Ñóììàðíàÿ
äëèíà êàïèëëÿðîïîäîáíûõ ñòðóêòóð, îáðàçîâàííûõ HUVEC íà ìàòðèãåëå â
ïðèñóòñòâèè ÊÑ îò ÑÊÆÒìîë, áûëà ñòàòèñòè÷åñêè çíà÷èìî áîëüøå, ÷åì îò
ÑÊÆÒñòàð, ÷òî ñâèäåòåëüñòâóåò î áîëåå âûðàæåííîé ñåêðåöèè àíãèîãåííûõ
ôàêòîðîâ êëåòêàìè ìîëîäûõ æèâîòíûõ. Â êëåòêàõ, êóëüòèâèðîâàííûõ â
óñëîâèÿõ ãèïîêñèè, ñïîñîáíîñòü ñòèìóëèðîâàòü îáðàçîâàíèå òàêèõ ñòðóêòóð
ïîâûøàëàñü â ðàâíîé ñòåïåíè.

Òàêèì îáðàçîì, ïðè ñòàðåíèè ïðîèñõîäèò ïîäàâëåíèå ïðîëèôåðàòèâíîé
àêòèâíîñòè è æèçíåñïîñîáíîñòè ñòðîìàëüíûõ êëåòîê æèðîâîé òêàíè, à òàêæå
ïðîäóêöèè àíãèîãåííûõ ôàêòîðîâ ýòèìè êëåòêàìè. Îäíàêî ñòèìóëÿöèÿ
àíãèîãåííîãî ïîòåíöèàëà êëåòîê ïîä äåéñòâèåì ãèïîêñèè íå çàâèñèò îò
âîçðàñòà, ÷òî óêàçûâàåò íà òî, ÷òî êóëüòèâèðîâàíèå êëåòîê ïåðåä
òðàíñïëàíòàöèåé â óñëîâèÿõ ïîíèæåííîãî ñîäåðæàíèÿ êèñëîðîäà ìîæåò
ïîâûøàòü ýôôåêòèâíîñòü êëåòî÷íîé òåðàïèè.

AGEING INHIBITS PROLIFERATION, VIABILITY AND
ANGIOGENIC POTENTIAL OF ADIPOSE-DERIVED STEM CELLS
Starostina E.E., Efimenko A.Yu., Kalinina N.I., Parfenova E.V.,
Tkachuk V.A.
Faculty of Basic Medicine, Moscow State University, Moscow
E-mail: info@fbm.msu.ru
Fax/tel.: (495) 939-24-30

Objective. Among adult multipotent mesenchimal stem cells adipose-derived
stromal cells (ADSC) are considered to be one of the most perspective cells for
cell therapy. They are able to stimulate the growth of blood vessels, last but not
least through secretion of angiogenic growth factors. However, different factors
such as the age of patients can affect the functional properties of ADSC. Therefore,
we investigated the influence of ageing on proliferation, viability and angiogenic
activity of ADSC.

Materials and methods. ADSC were isolated from adipose tissue of young
(ADSCyoung, age – 2 months, n=9) and old (ADSCold, age – 18 months, n=9)
mice (BalB/c) and expanded with serial passages. Then cells were cultivated for
48 h under 1% (hypoxia) or 20% (normoxia) of oxygen. Proliferation was estimated
with commercial MTT test (Invitrogen). Telomere length was measured by realtime
PCR. Viability was estimated by flow cytometry as annexin-V binding and 7-AAD
accumulation in cells. Gene expression of angiogenesis-related factors was
determined by realtime PCR. Angiogenic activity of total cell secretion products
was estimated as influence of conditioned medium (CM) from ADSC on capillary-
like tube formation by HUVEC on Matrigel in vitro.

Results. Proliferation potential and telomere length were less in ADSCold
than in ADSCyoung. Amount of cells on different apoptotic stages was higher in
ADSCold. Gene expression of VEGF and PlGF was higher in ADSCyoung but
expression of HGF was higher in ADSCold. Hypoxia led to the equation of HGF
level in ADSCyoung and ADSCold. Expression of antiangiodenic factors
(endostatin, thrombospondin) was similar in cells from animals of different age.
We noted higher gene expression of urokinase system factors (uPA, uPAR, MMP2,
MMP9, PAI-I) in ADSCold compared to ADSCyoung both in standard and hypoxic
condition. Summary length of capillary-like tubes was higher in presence of CM
from ADSCyoung in comparison to ADSCold. So ADSC from young animals
produced more angiogenic factors than ADSC from old animals. Hypoxia raised
ability of both ADSCyoung and ADSCold to stimulate tubes formation similarly.

In conclusion proliferation, viability and production of angiogenic factors
are inhibited in ADSC from old animals compared to young animals. But it seems
that stimulation of ADSC angiogenic potential by hypoxia doesn't depend on age.
Therefore culturing ADSC from elder patients in hypoxic conditions before
transplantation may increase efficiency of the procedure.
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Ýíäîãåííûå ðåòðîâèðóñû (ÝÐÂ) è ðîäñòâåííûå èì ïîñëåäîâàòåëüíîñòè
ôîðìèðóþò îêîëî 8% ãåíîìà ÷åëîâåêà. Òàêæå èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ
ïîñòîÿííûì êîìïîíåíòîì òðàíñêðèïòîìà ÷åëîâåêà. Íàïðèìåð, îêîëî 50%
÷åëîâåê-ñïåöèôè÷íûõ ÝÐÂ îáëàäàþò ïðîìîòîðíîé àêòèâíîñòüþ â ðàçëè÷íûõ
òêàíÿõ. Îñíîâíîé ðåãóëÿòîðíûé ïîòåíöèàë ÝÐÂ ñîñðåäîòî÷åí â èõ äëèííûõ
êîíöåâûõ ïîâòîðàõ (LTR, îò àíãë. long terminal repeats). Êàæäûé LTR ñîäåðæèò
ïðîìîòîð, ýíõàíñåð è ñèãíàë ïîëèàäåíèëèðîâàíèÿ, íåîáõîäèìûå äëÿ
òðàíñêðèïöèè ñîáñòâåííûõ ïîñëåäîâàòåëüíîñòåé ÝÐÂ, íî îíè òàêæå ìîãóò
îêàçûâàòü âëèÿíèå è íà ýêñïðåññèþ ãåíîâ õîçÿèíà. Äëÿ èññëåäîâàíèÿ
ýíõàíñåðíîé àêòèâíîñòè ÝÐÂ áûëî âûáðàíî øåñòü ëîêóñîâ, â êîòîðûõ
äëèííûå êîíöåâûå ïîâòîðû ÷åëîâåê-ñïåöèôè÷íûõ ÝÐÂ íàõîäèëèñü íà
ðàññòîÿíèè îò 1,6 äî 4,5 òûñÿ÷ ïàð íóêëåîòèäîâ îò òî÷åê íà÷àëà òðàíñêðèïöèè
èçâåñòíûõ ôóíêöèîíàëüíûõ ãåíîâ ÷åëîâåêà. Äëÿ êàæäîãî ëîêóñà áûëî
ñîçäàíî ïî äâà òèïà ãåííî-èíæåíåðíûõ êîíñòðóêöèé, âêëþ÷àþùèõ
ðåïîðòåðíûé ãåí ëþöèôåðàçû ñâåòëÿ÷êà ïîä òðàíñêðèïöèîííûì êîíòðîëåì
èññëåäóåìûõ ïîñëåäîâàòåëüíîñòåé. Ïåðâûé òèï êîíñòðóêöèé â ïîëîæåíèè
ïðîìîòîðà ñîäåðæàë ôðàãìåíòû ãåíîìà ìåæäó LTR è òî÷êîé íà÷àëà
òðàíñêðèïöèè èññëåäóåìîãî ãåíà. Âòîðîé òèï äîïîëíèòåëüíî âêëþ÷àë LTR.
Ïîëó÷åííûìè êîíñòðóêöèÿìè áûëè ïðîâåäåíû òðàíçèåíòíûå òðàíñôåêöèè
÷åòûðåõ êëåòî÷íûõ ëèíèé ÷åëîâåêà. Ïîñëå òðàíñôåêöèè èçìåðÿëè óðîâåíü
àêòèâíîñòè ëþöèôåðàçû â êëåòî÷íûõ ëèçàòàõ. Òàêèì îáðàçîì, â îïûòå
ñðàâíèâàëñÿ óðîâåíü ýêñïðåññèè ðåïîðòåðíîãî ãåíà ïðè òðàíñôåêöèè
êîíñòðóêöèÿìè, ñîäåðæàùèìè è íå ñîäåðæàùèìè LTR. Äëÿ ðåãóëÿòîðíûõ
îáëàñòåé ãåíîâ PRODH (proline dehydrogenase 1), SOCS4 (suppressor of
cytokine signaling 4) è KIAA1919 (sodium-dependent glucose transporter 1) â
ïðèñóòñòâèè LTR áûëî îòìå÷åíî çíà÷èòåëüíîå ïîâûøåíèå ýêñïðåññèè
ðåïîðòåðíîãî ãåíà â ëèíèè êëåòîê òåðàòîêàðöèíîìû ÷åëîâåêà. Ýòî îçíà÷àåò,
÷òî äëÿ ýòèõ ëîêóñîâ LTR ïðîÿâëÿþò ýíõàíñåðíóþ àêòèâíîñòü è ìîãóò
îêàçûâàòü âëèÿíèå íà ýêñïðåññèþ ñîñåäíèõ ãåíîâ. Äëÿ ïðîâåðêè ýòîé
ãèïîòåçû áûë èçìåðåí óðîâåíü ýêñïðåññèè âûøåóïîìÿíóòûõ ãåíîâ â òåõ æå
ñàìûõ êëåòî÷íûõ ëèíèÿõ. Êîððåëÿöèÿ ìåæäó óðîâíÿìè ýêñïðåññèè
ðåïîðòåðíîãî ãåíà è "ýíäîãåííîé" êîïèè ñîñåäíåãî ñ LTR ãåíà áûëà îòìå÷åíà
òîëüêî äëÿ ãåíà PRODH: íàáëþäàëàñü ïîâûøåííàÿ ýêñïðåññèÿ â ëèíèè
òåðàòîêàðöèíîìû è îòíîñèòåëüíî íèçêàÿ – â îñòàëüíûõ êëåòî÷íûõ ëèíèÿõ.
Íåñîâïàäåíèå ðåçóëüòàòîâ ïî òðàíñêðèïöèè in vitro è in vivo äëÿ îñòàëüíûõ
ãåíîâ ìîæåò áûòü ñâÿçàíî ñ âêëàäîì ìåòèëèðîâàíèÿ â ýíõàíñåðíóþ
àêòèâíîñòü LTR. Â íàñòîÿùåå âðåìÿ ýòà ãèïîòåçà ïðîâåðÿåòñÿ â íàøåé
ëàáîðàòîðèè.

ANALYSIS OF ENHANCER ACTIVITY OF HUMAN-SPECIFIC
ENDOGENOUS RETROVIRAL LONG TERMINAL REPEATS
Suntsova M.V., Gogvadze E.V., Buzdin A.A.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: suntsova86@mail.ru
Fax: (495) 727-38-63; tel.: (495) 727-38-63

Endogenous retroviruses (ERVs) and related sequences shape ~8% of human
genome. They are also a permanent component of human transcriptome. For
example, at least 50% of human specific ERVs demonstrate promoter activity in
different tissues. The major regulatory potential of the ERVs is concentrated in
this long terminal repeats (LTRs). Each LTR harbors promoter, enhancer and
polyadenylation signal, which are essential for transcription of retroviral own
sequences, but they may also exert influence on host gene expression. In order to
analyze natural enhancer activity of the LTRs, we performed a genome-wide
bioinformatic screening and identified six loci where LTRs were located close
(<5 kb) to known functional human gene transcriptional start sites (distances
1,6-4,5 kb). For each locus we designed two types of genetic constructs including
firefly luciferase as a reporter gene under transcriptional control of the investigated
DNA sequences. Constructs of the first type had only genomic fragments between
the LTR and gene transcriptional start site, whereas second type constructs had
longer genomic fragments including also the LTR sequences themselves. The
obtained constructs were used for transient transfections of four human cell lines.
Following transfections, luciferase activity in cell lysates was measured. In such a
way we have experimentally compared reporter gene expression for the constructs
with/without the LTRs. For the regulatory regions of three human genes: PRODH
(proline dehydrogenase 1), SOCS4 (suppressor of cytokine signaling 4) and
KIAA1919 (sodium-dependent glucose transporter 1), we detected significant
increase of reporter gene expression in human teratocarcinoma cell lines. Therefore,
for these loci the LTRs demonstrate enhancer activity and thereby may influence
host gene expression. To check this hypothesis, we measured transcriptional levels
of the above genes in the same cell lines. We observed correlation between the
expression of the reporter gene and transcription of the "endogenous" copy of the
LTR-adjacent gene only for the single human gene PRODH. There was a relatively
high expression in teratocarcinoma cell lines and low or no expression – in the
other cell lines. Disagreement between the results on transcription in vitro and in
vivo for other genes is most probably due to epigenetic regulation of the LTR
enhancer activity on the level of methylation. At present, this hypothesis is
investigated in our laboratory.
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ÁÈÎÝÒÈÊÀ
Ñóõàíîâà Þ.À.
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Â ðàáîòå äàí àíàëèç íàó÷íî-òåõíîëîãè÷åñêèõ, ìåäèöèíñêèõ è ýòè÷åñêèõ
ïðîáëåì êëîíèðîâàíèÿ, ñôîðìóëèðîâàíû öåëè è çàäà÷è êëîíèðîâàíèÿ.
Ïðèâåäåíû ðåçóëüòàòû ñîöèîëîãè÷åñêîãî îïðîñà ó÷àùèõñÿ ñòàðøèõ êëàññîâ
ïî òåìå "Êëîíèðîâàíèå æèâûõ îðãàíèçìîâ".

Ñîâðåìåííîå êëîíèðîâàíèå – ýòî êîïèðîâàíèå êëåòîê, ãåíîâ, àíòèòåë, à
òàêæå ìíîãîêëåòî÷íûõ îðãàíèçìîâ â ëàáîðàòîðíûõ óñëîâèÿõ.

Êàêîâà æå ïðàêòè÷åñêàÿ ïîëüçà êëîíèðîâàíèÿ? Êëîíèðîâàíèå æèâîòíûõ,
ðàñòåíèé è áàêòåðèé ñ ïðèìåíåíèåì ìåòîäîâ ãåííîé èíæåíåðèè ïðåäïîëàãàåò
íå ñòîëüêî  âîñïðîèçâåäåíèå ñòàðûõ, ñêîëüêî ñîçäàíèå íîâûõ îðãàíèçìîâ,
îáëàäàþùèõ çàðàíåå çàäàííûìè ñâîéñòâàìè.

Èñïîëüçîâàíèå òåõíîëîãèè êëîíèðîâàíèÿ îòêðûâàåò íåáûâàëóþ ðàíåå,
óíèêàëüíóþ âîçìîæíîñòü ðåøåíèÿ ðàçëè÷íûõ òåîðåòè÷åñêèõ è ïðèêëàäíûõ
çàäà÷, ñòîÿùèõ ïåðåä áèîìåäèöèíîé è ñåëüñêèì õîçÿéñòâîì. Áëàãîäàðÿ
òåõíîëîãèè êëîíèðîâàíèÿ ïðåäïîëàãàåòñÿ ïîÿâëåíèå óñêîðåííîé
ãåíåòè÷åñêîé ñåëåêöèè æèâîòíûõ è ðàñòåíèé ñ èñêëþ÷èòåëüíûìè
ïðîèçâîäñòâåííûìè ïîêàçàòåëÿìè. Êëîíèðîâàíèå ìèêðîîðãàíèçìîâ â
ñî÷åòàíèè ñ òðàíñãåíåçîì îòêðûâàåò äîïîëíèòåëüíûå âîçìîæíîñòè äëÿ
ïðîèçâîäñòâà öåííûõ áèîëîãè÷åñêè àêòèâíûõ áåëêîâ äëÿ ëå÷åíèÿ ðàçëè÷íûõ
çàáîëåâàíèé ÷åëîâåêà.

Â ðàáîòå îòäåëüíî îáñóæäàåòñÿ ïðîáëåìà öåëåñîîáðàçíîñòè è
ïðàâîìåðíîñòè êëîíèðîâàíèÿ ÷åëîâåêà. Â ñâÿçè ñ ýòèì ðàññìîòðåíû
òåðàïåâòè÷åñêîå è ðåïðîäóêòèâíîå êëîíèðîâàíèå ÷åëîâåêà.

Äåëàåòñÿ âûâîä î òîì, ÷òî ðàçðàáîòêà ìåòîäîâ ïîëó÷åíèÿ áîëüøîãî
êîëè÷åñòâà ñòâîëîâûõ êëåòîê ïðè òåðàïåâòè÷åñêîì êëîíèðîâàíèè äàñò
âîçìîæíîñòü êîððåêòèðîâàòü è ëå÷èòü ìíîãèå äî ñèõ ïîð íåèçëå÷èìûå
çàáîëåâàíèÿ, òàêèå êàê äèàáåò, áîëåçíü Ïàðêèíñîíà, áîëåçíü Àëüöãåéìåðà,
áîëåçíè ìèîêàðäà, ïî÷åê, ïå÷åíè, çàáîëåâàíèÿ êîñòåé, êðîâè è äðóãèå. Â òî
æå âðåìÿ âîïðîñ öåëåñîîáðàçíîñòè ðåïðîäóêòèâíîãî êëîíèðîâàíèÿ ÷åëîâåêà
îñòàåòñÿ â íàñòîÿùåå âðåìÿ îòêðûòûì.

Äëÿ òîãî ÷òîáû âûÿñíèòü, íàñêîëüêî ïðîèíôîðìèðîâàíû
ñòàðøåêëàññíèêè ïî âîïðîñàì êëîíèðîâàíèÿ, áûë ïðîâåäåí îïðîñ ñðåäè 64
ó÷àùèõñÿ øêîëû ¹1306. Ïîëó÷åíû ñëåäóþùèå ðåçóëüòàòû:

1) î êëîíèðîâàíèè ñëûøàëè âñå ó÷àñòíèêè îïðîñà. Ïðè ýòîì ó÷àùèåñÿ
óêàçûâàëè ðàçíûå èñòî÷íèêè èíôîðìàöèè: 57% óçíàëè î êëîíèðîâàíèè èç
ñðåäñòâ ìàññîâîé èíôîðìàöèè, 24% – èç ôèëüìîâ è ôàíòàñòèêè è òîëüêî
19% – èç íàó÷íîé ëèòåðàòóðû;

2) ê êëîíèðîâàíèþ æèâîòíûõ, ðàñòåíèé è ìèêðîîðãàíèçìîâ
áîëüøèíñòâî îòíîñÿòñÿ ïîëîæèòåëüíî – 67%, îòðèöàòåëüíî – 9%,
âîçäåðæàëèñü – 24% ó÷àùèõñÿ;

3) ê êëîíèðîâàíèþ ÷åëîâåêà ó÷åíèêè îòíîñÿòñÿ ïî-ðàçíîìó, íî
áîëüøèíñòâî (48%) ñ îïàñåíèåì îòíîñèòñÿ ê ïðîâåäåíèþ òàêèõ îïûòîâ. Çà
âîçìîæíîñòü ïîïûòêè êëîíèðîâàíèÿ ÷åëîâåêà âûñêàçàëèñü 24%,
âîçäåðæàëèñü 28% ó÷àùèõñÿ.

Â ðåçóëüòàòå àíàëèçà ëèòåðàòóðû, ïîñâÿù¸ííîé ñîâðåìåííîìó
êëîíèðîâàíèþ, è ïðîâåä¸ííîãî ñîöèîëîãè÷åñêîãî îïðîñà ìîæíî ñäåëàòü
ñëåäóþùèå âûâîäû:

1) óñïåõè â îáëàñòè êëîíèðîâàíèÿ îòêðûâàþò øèðîêèå ïåðñïåêòèâû äëÿ
ïðàêòè÷åñêîãî ïðèìåíåíèÿ êëîíèðîâàííûõ ìèêðîîðãàíèçìîâ, ðàñòåíèé è
æèâîòíûõ;

2) ìåòîäè÷åñêè è òåõíè÷åñêè êëîíèðîâàíèå ìëåêîïèòàþùèõ è ÷åëîâåêà
íà ñåãîäíÿøíèé äåíü ðàçðàáîòàíî íåäîñòàòî÷íî;

3) ýòè÷åñêàÿ ñòîðîíà ïðîáëåìû êëîíèðîâàíèÿ ÷åëîâåêà â íàøåì
îáùåñòâå åùå íå ðåøåíà;

4) øêîëüíèêè ñëàáî èíôîðìèðîâàíû ïî âîïðîñó êëîíèðîâàíèÿ, íî, â
îñíîâíîì, èõ îòíîøåíèå ê íåìó ïîçèòèâíîå. Ê êëîíèðîâàíèþ ÷åëîâåêà
ïîäàâëÿþùåå áîëüøèíñòâî ó÷àùèõñÿ îòíîñÿòñÿ  îòðèöàòåëüíî.

Ñ÷èòàþ, ÷òî îòíîøåíèå ê êëîíèðîâàíèþ â îáùåñòâå äîëæíî
áàçèðîâàòüñÿ íà ãëóáîêèõ ñîâðåìåííûõ íàó÷íûõ çíàíèÿõ, ïîýòîìó îñíîâû
íàó÷íîé èíôîðìàöèè ïî äàííîé ïðîáëåìå äîëæíû çàêëàäûâàòüñÿ ó ÷åëîâåêà
óæå â øêîëå.
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The present work deals with analysis of cloning-associated scientific and
technological, medical and ethical issues and determines objectives goals and tasks
of cloning. It also provides results of the sociological interview conducted among
senior school pupils on the subject "Living Organisms' Cloning".

Modern cloning is in vitro copying cells, genes, antibodies as well as
multicellular organisms.

What is the practical use of cloning? Cloning of animals, plants and bacteria
with application of genetic engineering methods is targeted mainly at reproduction
of old but at creation of new organisms with pre-selected characteristics.

Application of the cloning technology opens a revolutionary and unique
possibility to solve various theoretical and applied tasks that biomedicine and
agriculture are currently facing. Development of the accelerated genetic selection
of animals and plants with exceptional performance properties is intended owing
to the cloning technology. Combination of microorganisms cloning along with
transgenesis opens additional possibilities for production of high-value biologically
active proteins which can be used for treatment of various human diseases.

Special attention is given to practical use and legal issues of human cloning.
Due to this work addresses therapeutic and reproductive human cloning.

The conclusion drawn from the data used in the work states that development
of generation methods of a large amount of stem cells for therapeutic cloning will
give a possibility to improve and treat many diseases considered irremediable,
such as diabetes, Parkinson's disease, Alzheimer's disease, diseases affecting
myocardium, liver, kidneys, bones, blood and others. At the same time, the issue
of practicability of human cloning remains unresolved.

In order to assess the information awareness of senior school pupils on cloning
issues an interview was conducted among 64 pupils of School 1306, the obtained
results included the following ones:

1. All participants of the interview have heard about cloning. However pupils
specified different information sources: 57% have heard about cloning from mass
media sources, 24% have obtained information from movies and fantasy and only
19% have learnt about cloning from scientific literature.

2. Positive attitude to cloning of animals, plants and microorganisms was
registered in 67 % of cases, 9% declared their negative attitude to the issue and
24% of respondents abstained from voting.

3. Attitude to human cloning of senior school pupils is different but in majority
of them (48%) experiments in this field provoke great concern. 24% of pupils
spoke in favour of attempts to clone a human being whereas 28% of respondents
gave no answers.

The review of literature devoted to modern cloning and results of the
sociological interview allow making the following conclusions:

1. Success in the cloning sphere opens promising prospects for practical use
of cloning of microorganisms, plants and animals.

2. Methods and techniques of mammals and human beings cloning are not
sufficiently developed yet.

3. The ethical side of the human cloning challenge in our society is not
resolved so far.

4. Senior school pupils have insufficient information on cloning but, in the
majority of cases, their attitude to it is positive. Human cloning provokes negative
reaction of the majority of pupils.

In my opinion, the attitude to cloning in the society must be based on deep
modern scientific knowledge, that is why awareness of scientific information on
this issue must be provided at school.
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Áàêòåðèîðîäîïñèí (BR, bacteriorhodopsin) – ñâåòîçàâèñèìûé ïðîòîííûé
íàñîñ ãàëîôèëüíûõ áàêòåðèé, ïðåäñòàâëÿåò ñîáîé îäèí èç íàèáîëåå
èçó÷åííûõ ìåìáðàííûõ áåëêîâ. BR ñîñòîèò èç àïîáåëêà – áàêòåðèîîïñèíà
(BO, bacterio-opsin), è õðîìîôîðíîé ãðóïïû – ðåòèíàëÿ. Ïèîíåðñêèìè
ðàáîòàìè ïî óñòàíîâëåíèþ ïåðâè÷íîé ñòðóêòóðû áàêòåðèîðîäîïñèíà,
òîïîëîãèè áåëêà â ìåìáðàíå áûëè èññëåäîâàíèÿ ïî ïðîãðàììå "Ðîäîïñèí"
ïîä ðóêîâîäñòâîì Þ.À. Îâ÷èííèêîâà. Óíèêàëüíûå ôîòîõðîìíûå ñâîéñòâà
BR ñîçäàþò âîçìîæíîñòü åãî òåõíè÷åñêîãî ïðèìåíåíèÿ, â ÷àñòíîñòè â
ìîëåêóëÿðíîé îïòîýëåêòðîíèêå, à ñòðóêòóðíûå îñîáåííîñòè ìîëåêóëû –
âûñîêàÿ òåðìî- è õèìè÷åñêàÿ óñòîé÷èâîñòü, ñïîñîáíîñòü ê îáðàòèìîé
äåíàòóðàöèè – äåëàþò äàííûé áåëîê óäîáíîé ìîäåëüþ äëÿ èçó÷åíèÿ
ôîëäèíãà, ñòàáèëüíîñòè è ôóíêöèîíèðîâàíèÿ ìåìáðàííûõ áåëêîâ.

Êëåòêè Escherichia coli ÿâëÿþòñÿ íàèáîëåå ðàñïðîñòðàíåííîé ñèñòåìîé
ãåòåðîëîãè÷åñêîé ýêñïðåññèè BR è åãî ìóòàíòîâ, îäíàêî ýôôåêòèâíîñòü
ïîëó÷åíèÿ BR â âèäå ðåíàòóðèðîâàííîãî ôóíêöèîíàëüíî àêòèâíîãî áåëêà
îñòàåòñÿ íåâûñîêîé. Ïðèâëåêàòåëüíîé ñèñòåìîé ñóïåðýêñïðåññèè BR
ÿâëÿåòñÿ ãèáðèä BO ñ ìàëüòîç-ñâÿçûâàþùèì áåëêîì (MBP, maltose-binding
protein), óðîâåíü áèîñèíòåçà êîòîðîãî ñîñòàâëÿåò 170 ìã/ë êóëüòóðû (Chen,
G.-Q. and Gouaux, J. 1996. Protein  Science 5:456-467). Ìîëåêóëû ÌÂÐ-BÎ
ñïîñîáíû îáðàçîâûâàòü âîäîðàñòâîðèìûå îëèãîìåðû – ò.í. "áåëêîâûå
ìèöåëëû", â êîòîðûõ ãèäðîôîáíûå ïîñëåäîâàòåëüíîñòè BÎ îêðóæåíû
ãèäðîôèëüíûìè ãëîáóëàìè áåëêà ÌÂÐ. Ïðîáëåìà ñîñòîèò â òîì, ÷òî â òàêèõ
ìèöåëëàõ ñàéòñïåöèôè÷åñêîå ðàñùåïëåíèå ñòàíîâèòñÿ íåäîñòóïíûì äëÿ
ïðîòåèíàç, ïîýòîìó ïðîòåîëèç ãèáðèäíîãî áåëêà ïðîâîäèëè â ïðèñóòñòâèè
íåáîëüøèõ êîíöåíòðàöèé äåòåðãåíòà. Íèçêàÿ ýôôåêòèâíîñòü ïðîòåîëèçà
ïðèâåëà ê ñíèæåíèþ âûõîäà öåëåâîãî áåëêà (îêîëî 20 ìã/ë).

Öåëüþ íàøåé ðàáîòû ÿâèëîñü ðàçâèòèå è îïòèìèçàöèÿ ìåòîäà ïîëó÷åíèÿ
ðåêîìáèíàíòíîãî  áàêòåðèîðîäîïñèíà ïóòåì ýêñïðåññèè ýòîãî áåëêà â E. coli
â âèäå ãèáðèäà ñ ÌÂÐ.

Íà îñíîâå âåêòîðà pET28a (ôèðìà Novagen) áûëè ñêîíñòðóèðîâàíû äâå
ïëàçìèäû pMBP-BÎ è pSP-MBP-BÎ, êîäèðóþùèå ãèáðèäû MBP-BÎ è
SP-MBP-BÎ, â êîòîðûõ ïîñëåäîâàòåëüíîñòè ÌÂÐ è áàêòåðèîîïñèíà
ðàçäåëåíû ñàéòîì ðàñùåïëåíèÿ òðîìáèíà. Ãèáðèä SP-MBP-BÎ ñîäåðæàë
äîïîëíèòåëüíî N-êîíöåâîé ñèãíàëüíûé ïåïòèä (SP) äëÿ òðàíñëîêàöèè ÌÂÐ
â ïåðèïëàçìó. Ïîäîáíàÿ êîíñòðóêöèÿ äîëæíà îáåñïå÷èâàòü ýôôåêòèâíîå
âñòðàèâàíèå  BÎ  â öèòîïëàçìàòè÷åñêóþ ìåìáðàíó. Îáà ãèáðèäà ñîäåðæàëè
òàêæå Ñ-êîíöåâîé HisX6 òàã äëÿ àôôèííîé äåòåêöèè è î÷èñòêè.

Îöåíêà ýôôåêòèâíîñòè ýêñïðåññèè è âûäåëåíèÿ BÎ îñíîâûâàëàñü íà
ðåçóëüòàòàõ ñëåäóþùèõ ñòàäèé: 1) êóëüòèâèðîâàíèÿ ãèáðèäîâ â êëåòêàõ E. coli
BL21(DE3); 2)  ñîëþáèëèçàöèè ãèáðèäîâ äåòåðãåíòàìè; 3) ïðîâåäåíèÿ
ìåòàëëîàôôèííîé õðîìàòîãðàôèè; 4) ãèäðîëèçà ãèáðèäíûõ áåëêîâ
òðîìáèíîì; 5) î÷èñòêè öåëåâîãî áåëêà – áàêòåðèîîïñèíà.

Îáå ïëàçìèäû îáåñïå÷èâàëè çíà÷èòåëüíûé óðîâåíü áèîñèíòåçà ãèáðèäîâ
– îêîëî 200  è 220 ìã/ë ÌÂÐ-BÎ è SP-MBP-BÎ, ñîîòâåòñòâåííî. Ãèáðèäû
ïðàêòè÷åñêè ïîëíîñòüþ ýêñòðàãèðîâàëèñü èç íåðàñòâîðèìîé ôðàêöèè êëåòîê
â òàêèõ äåòåðãåíòàõ, êàê ëàóðèëñàðêîçèí – 0.5%, äîäåöèëñóëüôàò íàòðèÿ –
0.5%, è ðåàãåíò CelLytic B (ôèðìà Sigma), êîòîðûå ïðèìåíÿþòñÿ îáû÷íî
ïðè âûäåëåíèè ìåìáðàííûõ áåëêîâ. Íåñêîëüêî íèæå îêàçàëàñü
ýôôåêòèâíîñòü ðàñòâîðåíèÿ ãèáðèäîâ â 1%-íîì Òðèòîíå Õ-100 (ÌÂÐ-BÎ –
îêîëî 80%, SP-MBP-BÎ – îêîëî 40%). Íàèëó÷øàÿ ñîðáöèÿ íà êîëîíêå Ni-NTA
àãàðîçû (ôèðìà Qiagen) äëÿ îáîèõ ãèáðèäîâ ïðîèñõîäèëà â ðàñòâîðå 0.25%
ëàóðèëñàðêîçèíà (äî 50% îò ñóììàðíîãî öåëåâîãî áåëêà â ñëó÷àå ÌÂÐ-BÎ è
áîëåå 70% – SP-MBP-BÎ). Îñíîâíûå ðàçëè÷èÿ ìåæäó ãèáðèäàìè ïðîÿâèëèñü
ïðè èçó÷åíèè ñïåöèôè÷íîñòè ðàñùåïëåíèÿ òðîìáèíîì â ðàçáàâëåííûõ
ðàñòâîðàõ ðàçëè÷íûõ äåòåðãåíòîâ. Â ñëó÷àå ÌÂÐ-BÎ ãèäðîëèç ïðîèñõîäèë
ïðåèìóùåñòâåííî ïî ñàéòó, ðàñïîëîæåííîìó â ïðåäåëàõ ïîñëåäîâàòåëüíîñòè
ÌÂÐ, ÷òî çíà÷èòåëüíî ñíèæàëî êîíå÷íûé âûõîä öåëåâîãî ïðîäóêòà. Ãèäðîëèç
SP-MBP-BÎ ïðîòåêàë ñïåöèôè÷íî è ïðèâîäèë ê êîëè÷åñòâåííîìó âûõîäó
BÎ â ðåàêöèè. Â ýòîì ñëó÷àå áûëà îòðàáîòàíà ïðîöåäóðà îäíîñòàäèéíîé
î÷èñòêè BÎ, âêëþ÷àþùàÿ ðàñùåïëåíèå ãèáðèäà SP-MBP-BÎ òðîìáèíîì íà
êîëîíêå Ni-NTA àãàðîçû.

Òàêèì îáðàçîì, íåñìîòðÿ íà âûñîêèé óðîâåíü ýêñïðåññèè îáîèõ
ãèáðèäîâ, ïîòåðè ïðè ïîñàäêå íà àôôèííóþ êîëîíêó è ïðè ãèäðîëèçå
òðîìáèíîì ãèáðèäà ÌÂÐ-BÎ îïðåäåëèëè ðàçëè÷èÿ â âûõîäå î÷èùåííîãî
BÎ: 25 ìã/ë ïðè ýêñïðåññèè â âèäå ÌÂÐ-BÎ è 42 ìã/ë – SP-MBP-BÎ.
Ñ ïîìîùüþ ýëåêòðîôîðåçà â ÏÀÀÃ è àíàëèòè÷åñêîé ãåëü-ôèëüòðàöèè áûëî
ïîêàçàíî, ÷òî ÷èñòîòà ïðåïàðàòîâ BÎ ñîñòàâëÿëà îêîëî 90% (ïðè âûäåëåíèè
èç ÌÂÐ-BÎ) è áîëåå 95% (â ñëó÷àå SP-MBP-BÎ); â îáîèõ ïðåïàðàòàõ BÎ
ïðèñóòñòâîâàë â âèäå ìîíîìåðà. Îòëè÷èÿ â ýôôåêòèâíîñòè ïðîöåäóð
âûäåëåíèÿ ãèáðèäîâ ñâÿçàíû, âåðîÿòíî, ñ ðàçëè÷íîé ïðîñòðàíñòâåííîé
óêëàäêîé ãèáðèäíûõ ìîëåêóë è òðåáóþò äàëüíåéøåãî èçó÷åíèÿ.

Âûâîäû: 1.  Ñêîíñòðóèðîâàíû äâå ýêñïðåññèîííûå ïëàçìèäû íà îñíîâå
ðÅÒ28à, îáåñïå÷èâàþùèå ñóïåðýêñïðåññèþ â E. coli ãèáðèäîâ
áàêòåðèîîïñèíà ñ ìàëüòîç-ñâÿçûâàþùèì áåëêîì (ÌÂÐ-BÎ è SP-MBP-BÎ).

2. Äëÿ îáîèõ ãèáðèäîâ ðàçðàáîòàíû ïðîöåäóðû âûäåëåíèÿ öåëåâîãî
áåëêà, áàêòåðèîîïñèíà, èç êëåòîê E. coli.

3. Ñîçäàíà îðèãèíàëüíàÿ êîíñòðóêöèÿ ãèáðèäíîãî áåëêà SP-MBP-BÎ,
âêëþ÷àþùàÿ ïîñëåäîâàòåëüíîñòü N-êîíöåâîãî ñèãíàëüíîãî ïåïòèäà, êîòîðàÿ
îáåñïå÷èëà ñóùåñòâåííîå ïîâûøåíèå ýôôåêòèâíîñòè âûäåëåíèÿ
ðåêîìáèíàíòíîãî áàêòåðèîîïñèíà èç êëåòîê E. coli è âûñîêèé âûõîä öåëåâîãî
ïðîäóêòà, áàêòåðèîîïñèíà, – 42 ìã/ë êóëüòóðû.
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Bacteriorhodopsin (BR), a light-driven proton pump from halophilic
bacterium, is one of the most studied membrane proteins. BR consists of an apo-
protein, bacterio-opsin (BO), and a chromophore, retinal. Basic research on the
primary structure of bacteriorhodopsin and topology of the protein in the cellular
membrane was carried out within the program "Rhodopsin" headed by
Yu.A. Ovchinnikov. Unique photochromic properties of BR provide a possibility
of its technical applications, particularly in molecular optoelectronics, and the
structural features of a molecule - high thermal and chemical resistance, ability for
reversible denaturation, make this protein a convenient model for studying folding,
stability and functioning of membrane proteins.

Escherichia coli is the most widespread system for heterologous expression
of BR and its mutants, however, efficiency of production of BR in the form of
renatured functionally active protein remains low. Attractive overexpression system
for BR was developed on the basis of maltose-binding protein (MBP) with the
level of biosynthesis of hybrid MBP-BO up to 170 mg/l of culture (Chen, G.-Q.
and Gouaux, J. 1996. Protein Science 5:456-467). MBP-BO formed water-soluble
oligomers – so-called "protein micelles", in which hydrophobic moiety of hybrid
molecules comprising BO was surrounded by hydrophilic globules of MBP. Specific
cleavage sites became inaccessible for protease in such micelles, and thus,
hydrolysis of a hybrid protein was carried out in the presence of low concentrations
of detergents. Inefficient proteolysis resulted in the decrease of the overall yield
of the target protein (about 20 mg/l).

The aim of our work was to develop and optimize a method for production of
recombinant bacteriorhodopsin  by  expression of this protein in E. coli as a hybrid
with MBP.

On the basis of a vector pET28a (Novagen), we constructed two plasmids,
pMBP-BO and pSP-MBP-BO, encoding hybrid proteins MBP-BO and pSP-MBP-
BO, respectively, in which the sequences of MBP and bacterio-opsin were separated
by a thrombin cleavage site. The hybrid SP-MBP-BO contained an additional N-
terminal signal peptide (SP) for the translocation of MBP in a periplasm. The
design of this hybrid should provide effective insertion of BO into cytoplasmic
membrane. Both hybrids contained C-terminal HisX6 affinity tag.

Efficiency of expression and purification of BO was estimated basing on the
data of the following stages: 1) cultivation of E. coli BL21 (DE3) transformed
with plasmids pMBP-BO and pSP-MBP-BO; 2) solubilization of hybrid proteins
with detergents; 3) metal-affinity chromatography of hybrid proteins; 4) hydrolysis
of hybrids with thrombin; 5) purification of a target protein, BO.

Both plasmids showed a considerable level of biosynthesis of the hybrids –
about 200 and 220 mg/l for the MBP-BO and SP-MBP-BO, respectively. Hybrids
were almost completely extracted from insoluble fraction of the cell with solutions
of such detergents, as 0.5% sodium N-lauroylsarcosine (Sarkosyl), 0.5% sodium
dodecyl sulfate (SDS), and CelLytic B (Sigma  reagent), which are commonly
used for isolation of membrane proteins. Efficiency of dissolving of the hybrids
with 1% Triton X-100  was somewhat lower (about 80% for the MBP-BO, and
about 40% in the case of SP-MBP-BO). For both hybrids, the optimal binding to
a Ni-NTA agarose (Qiagen) was achieved in 0.25% Sarkosyl (up to 50% for MBP-
BO and more than 70% for SP-MBP-BO). The main differences between hybrids
were shown at the stage of thrombin cleavage in the diluted solutions of detergents.
Thrombin cut MBP-BO mainly at the site located within the sequence of the carrier
protein, thus, poor selectivity reduced the yield of a target product. Hydrolysis of
SP-MBP-BO was specific and led to a quantitative yield of BO in the reaction.
For this hybrid, one-stage procedure for purification of BO including thrombin
hydrolysis of  agarose-bound SP-MBP-BO has been worked out.

Thus, despite a high level of expression of both hybrids, low efficiency of
binding of MBP-BO to a Ni-NTA agarose and subsequent non-specific thrombin
hydrolysis of this hybrid resulted in different yields of purified BO: 25 mg/l in the
case of MBP-BO and 42 mg/l in the case of SP-MBP-BO. Using SDS-PAGE and
analytical gel filtration, we showed that purity of BO preparations were
approximately 90% for MBP-BO and more than 95% for SP-MBP-BO. In both
preparations BO was present in the form of a monomer. Difference in efficiency
of purification procedures between MBP-BO and SP-MBP-BO were probably
due to different spatial structure of these hybrid molecules, and thus, require further
study.

Conclusions: 1. On the basis of vector pET28a two plasmids were
constructed, which determined overexpression in E.coli of bacterio-opsin as a
hybrid with maltose-binding protein (ÌÂÐ-BÎ and SP-MBP-BÎ).

2. For both hybrids, ÌÂÐ-BÎ and SP-MBP-BÎ, procedures for effective
isolation and purification of bacterio-opsin from E.coli cells were developed.

3. Constructing of original recombinant protein SP-MBP-BÎ, which included
an N-terminal signal sequence resulted in a significant increase in the efficiency
of isolation of bacterio-opsin from  E. coli cells and provided a high level yield of
bacterio-opsin – 42 mg/l of culture.
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Êàðòîôåëü â Ðîññèè – ýòî îäèí èç âàæíåéøèõ ïðîäóêòîâ ïèòàíèÿ,
ïîòðåáëåíèå êîòîðîãî â ïîñëåäíèå ãîäû ñóùåñòâåííî âîçðîñëî. Óâåëè÷åíèå
ïðîèçâîäñòâà ñåìåííîãî ìàòåðèàëà âîçìîæíî òîëüêî ïðè ñîáëþäåíèè
ãëàâíîãî òðåáîâàíèÿ ôîðìèðóþùåãîñÿ îòå÷åñòâåííîãî ðûíêà – ïîâûøåíèÿ
êà÷åñòâà ñåìÿí. Ïîâûøåííûå òðåáîâàíèÿ ïðåäúÿâëÿþòñÿ ê ýëèòíîìó è,
îñîáåííî, ê èñõîäíîìó ìàòåðèàëó. Îí äîëæåí â ïîëíîé ìåðå ñîîòâåòñòâîâàòü
òðåáîâàíèÿì ãîñóäàðñòâåííûõ ñòàíäàðòîâ äëÿ îçäîðîâëåííîãî ñåìåííîãî
êàðòîôåëÿ. Êàðòîôåëü – êóëüòóðà, âîñïðèèì÷èâàÿ ê âîçáóäèòåëÿì ãðèáêîâûõ,
áàêòåðèàëüíûõ è âèðóñíûõ áîëåçíåé. Âîçáóäèòåëè ïîäàâëÿþùåãî
áîëüøèíñòâà áîëåçíåé ïåðåäàþòñÿ ñ ïîñàäî÷íûì ìàòåðèàëîì. Ïðè âûñàäêå
ìèêðîðàñòåíèé â ãðóíò äëÿ ïîëó÷åíèÿ ìèêðîêëóáíåé âàæíî, ÷òîáû ðàñòåíèå
áûëî õîðîøî ðàçâèòûì, ñ ñèëüíîé êîðíåâîé ñèñòåìîé. Ñëàáîå ðàñòåíèå íå
ñìîæåò ïðîòèâîñòîÿòü áîëåçíÿì è ïîãèáíåò. Ýòî ïðèâîäèò ê óâåëè÷åíèþ
ñåáåñòîèìîñòè ñåìåííîãî ìàòåðèàëà. Äëÿ ðåøåíèÿ ïðîáëåìû â íîâûõ
ýêîíîìè÷åñêèõ óñëîâèÿõ íåîáõîäèìû íîâûå ìåòîäè÷åñêèå è òåõíîëîãè÷åñêèå
ïîäõîäû â âîïðîñàõ âîñïðîèçâîäñòâà îçäîðîâëåííîãî ñåìåííîãî ìàòåðèàëà,
åãî ðàçìíîæåíèÿ â ýëèòíîì ñåìåíîâîäñòâå.

Øèðîêîå è óñïåøíîå èñïîëüçîâàíèå äëÿ áèîëîãè÷åñêîé çàùèòû
ðàñòåíèé ïðîòèâ ãðèáêîâûõ âîçáóäèòåëåé áîëåçíåé ïîëó÷èëè ãðèáû ðîäà
Trichoderma, âñòðå÷àþùèåñÿ âî âñåõ òèïàõ ïî÷â. Ïðè èññëåäîâàíèè áèîëîãèè
ýòèõ ìèêðîìèöåòîâ, â ïåðâóþ î÷åðåäü, àêöåíòèðóþò âíèìàíèå íà èõ
àíòàãîíèñòè÷åñêîé àêòèâíîñòè â îòíîøåíèè ôèòîïàòîãåííûõ ãðèáîâ. Îäíàêî,
îíè ïðîäóöèðóþò è ôèòîãîðìîíû, êîòîðûå ïîñòóïàþò â ðàñòèòåëüíûé
îðãàíèçì, ïðèâîäÿ ê áîëåå àêòèâíîìó åãî ðàçâèòèþ. Ðàíåå íàìè è äðóãèìè
èññëåäîâàòåëÿìè áûë ïîêàçàí îðãàíîòðîïíûé ýôôåêò ìåòàáîëèòîâ ãðèáîâ
ðîäà Trichoderma íà çëàêîâûõ. Îäíàêî, íå áûëî äàííûõ ïî âëèÿíèþ íà
ìèêðîðàñòåíèÿ áåçâèðóñíîãî êàðòîôåëÿ.

Öåëüþ ðàáîòû ÿâèëîñü èññëåäîâàíèå ñâîéñòâ áèîïðåïàðàòà íà îñíîâå
Trichoderma äëÿ êóëüòèâèðîâàíèÿ ðàñòåíèé ñåìåííîãî áåçâèðóñíîãî
êàðòîôåëÿ.

Äëÿ èññëåäîâàíèÿ âûáðàíî ÷åòûðå ñîðòà êàðòîôåëÿ: Ðîçàðà, Ôåëîêñ,
Íåâñêèé, Ñêàðëåò.

Ïðè îöåíêå íîâûõ ïðåïàðàòîâ âàæíûé ïîêàçàòåëü – îïðåäåëåíèå èõ
ôèòîêîìïåòåíòíîñòè (îòñóòñòâèå ôèòîòîêñè÷íîñòè). Ôèòîòîêñè÷íîñòü
èçîëÿòîâ Trichoderma îöåíåíà ïî âîçäåéñòâèþ êóëüòóðàëüíîé æèäêîñòè
ìèêðîìèöåòîâ íà ìèêðîðàñòåíèÿ áåçâèðóñíîãî ñåìåííîãî êàðòîôåëÿ (ÌÁÑÊ).
Áûëî âûáðàíî ÷åòûðå èñòî÷íèêà óãëåðîäà â ñîñòàâå êàðòîôåëüíî-ãëþêîçíîé
ñðåäû äëÿ êóëüòèâèðîâàíèÿ Trichoderma: ñàõàðîçà, ìàííèò, ãëèöåðèí, ãëþêîçà.

Â ðåçóëüòàòå èññëåäîâàíèé ïîêàçàíî, ÷òî èçó÷åííûå èçîëÿòû íå îáëàäàëè
ôèòîòîêñè÷íîñòüþ, îòìå÷åíû ñîðòîñïåöèôè÷íîñòü è îðãàíîòðîïíîå
äåéñòâèå. Â êà÷åñòâå ñòèìóëÿòîðîâ ðîñòà êàðòîôåëÿ îòîáðàíû òðè øòàììà,
êîòîðûå ñòèìóëèðîâàëè ðîñò êîðíåé è íå ñòèìóëèðîâàëè ðîñò ñòåáëÿ.

Äëÿ âíåñåíèÿ ïðåïàðàòà â ãðóíò íàìè áûëè èññëåäîâàíû
ãåíîòîêñè÷íîñòü è àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü îòîáðàííûõ øòàììîâ
Trichoderma ê ïðåäâàðèòåëüíî âûäåëåííûì èç êëóáíåé ïàòîãåíàì êàðòîôåëÿ
(âîçáóäèòåëè àëüòåðíàðèîçà Alternaria solaïi è ôóçàðèîçà Fusarium spp.).

Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ áûë îòîáðàí øòàìì T. asperellum,
ïðîÿâèâøèé íàèáîëüøóþ àíòàãîíèñòè÷åñêóþ àêòèâíîñòü è ñòèìóëèðîâàíèå
êîðíåâîé çîíû ðàñòåíèé, äëÿ âíåñåíèÿ â ïî÷âó, ãäå âûðàùèâàëñÿ êàðòîôåëü
ñîðòà Ðîçàðà.

Èíòðîäóêöèÿ îòîáðàííîãî øòàììà T.asperellum â òåïëè÷íûé ãðóíò
ïîçâîëèëà ñíèçèòü ÷èñëåííîñòü è ÷àñòîòó âñòðå÷àåìîñòè ïîòåíöèàëüíî
îïàñíûõ ïàòîãåííûõ è òîêñèíîîáðàçóþùèõ ìèêðîîðãàíèçìîâ è ïîâûñèòü
óðîæàéíîñòü ìèêðîêëóáíåé áåçâèðóñíîãî ñåìåííîãî êàðòîôåëÿ ñîðòà Ðîçàðà
íà 11%.
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Potato in Russia is one of the most important foodstuffs. Its consumption
increased in the last years. Augmentation of production of seed material is possible
only under the observance of general requirements of forming domestic market –
increasing of seeds quality. There are the highest requirements for elite, especially,
for input material. It has to satisfy the Government standard requirements for
improved seed potato. Potato is very sensitive for causative agent of fungal, bacterial
and viral diseases. Pathogens of biggest part of diseases are transferred with a
planting material. During microplants transplanting for getting microtubers it's
important to have a plant with good, strong and healthy root system. Weak plant
couldn't resist for diseases and will be lost. It will lead to gain of seed material
prime cost. In new economical conditions for solution of this problem new
methodological and technological approaches are needed to reproduce a healthier
seed material, to multiply it in elite seedage.

Soil fungi from genera of Trichoderma are wide and successfully used in
biological defense of plants against fungal diseases causative agents. The main
attention in investigation of biology of these micromycetes is for their fungal
phytopathogen antagonistic activity. But they produce phytohormones leading for
active plant growth as well. Earlier we and another authors showed organotropic
effect of Trichoderma metabolites on cereals. There still were not data about an
impact on microplants of viralless potato.

The aim of this research was an investigation of properties of biopreparation,
based on Trichoderma, for cultivation of seed viralless potato plants.

We selected four potato sorts: Rosara, Felox, Nevskii, Scarlet.
For merit rating of new preparations their phytocompetence (phytotoxity

lacking) is critical. Phytotoxity was rated by impact of micromycetes cultural liquid
on seed viralless potato microplants (SVPM). We selected four carbon sources for
potato glucose medium for cultivation of Trichoderma: sucrose, mannitol, glycerine,
glucose.

It was shown that isolates didn't have the phytotoxity. There was sort-
specificity and organotropic effect. Three strains were selected as potato growth
stimulators. They stimulated roots growth and didn't stimulate stalks growth.

For purpose of the preparation applying in soil, we investigated gene toxity
and antagonistic activity of selected Trichoderma strains against preliminary
isolated from tuber potato pathogens (Alternaria solani and Fusarium spp.)

According to received results we selected the strain T. asperellum with the
highest antagonistic activity and stimulation of plant root zone.

Its introduction in hothouse soil enabled to reduce the number and frequency
of occurrence of potential dangerous pathogen and toxin producing microorganisms
and also to raise crop yield of microtubers of viralless seed potato Rosara on 11%.
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Òèëÿáàåâ Ê.Ç., Þëäàøåâ À.Ì., Èáðàãèìîâ Á.Ò.
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Ãîññèïîë (Gp) – æ¸ëòûé ïèãìåíò ãëàâíîé ñåëüõîçêóëüòóðû Óçáåêèñòàíà
– õëîï÷àòíèêà, êîìïëåêñíîå èçó÷åíèå êîòîðîãî áûëî íà÷àòî àêàä.
À.Ñ. Ñàäûêîâûì, äîëãîå âðåìÿ ðàññìàòðèâàëñÿ êàê òîêñè÷íûé îòõîä
ìàñëîæèðîâîé ïðîìûøëåííîñòè. Äëÿ óñòðàíåíèÿ òîêñè÷íîñòè Gp ïðîäåëàíà
áîëüøàÿ ðàáîòà ïî ñèíòåçó åãî ñèììåòðè÷íûõ ïðîèçâîäíûõ, â ÷àñòíîñòè, ïî
-CHO ãðóïïàì, ÷òî ïîçâîëèëî ñîçäàòü ðÿä ëåêàðñòâåííûõ ñðåäñòâ ñ
èíòåðôåðîíèíäóöèðóþùèìè, ïðîòèâîâèðóñíûìè è èììóíîòðîïíûìè
ñâîéñòâàìè. Ñâåäåíèÿ î íåñèììåòðè÷íûõ àëüäåãèäíûõ ïðîèçâîäíûõ Gp
íîñÿò îòðûâî÷íûé õàðàêòåð, èõ áèîëîãè÷åñêàÿ àêòèâíîñòü ïðàêòè÷åñêè íå
èçó÷àëàñü, ÷òî è ñòàëî òåìîé íàñòîÿùåãî èññëåäîâàíèÿ.

Ñèíòåçèðîâàíû ìîíîàëüäåãèäíûå ïðîèçâîäíûå Gp ñ àëêèë-, àðèë-,
ãåòåðèëàìèíàìè è áàðáèòóðîâîé êèñëîòîé. Äëÿ ñèíòåçà íåñèììåòðè÷íûõ
ïðîèçâîäíûõ Gp ñ  ëåòó÷èìè àìèíàìè  èñïîëüçîâàí òâ¸ðäîôàçíûé ìåòîä,
îñíîâàííûé íà õåìîñîðáöèè àìèíà êðèñòàëëè÷åñêèì ïîëèìîðôîì Gp - Ð3,
â êàíàëàõ êîòîðîãî -CHO ãðóïïà îäíîé ïîëîâèíû ìîëåêóëû ñïðÿòàíà â
ìàòðèöå êðèñòàëëà, à äðóãàÿ, âûõîäÿùàÿ ê ñòåíêå êàíàëà, – äîñòóïíà äëÿ
ðåàêöèè ñ àìèíîì.  Ñèíòåç íåñèììåòðè÷íûõ ïðîèçâîäíûõ Gp ñ äðóãèìè
àìèíàìè îñóùåñòâëåí ãîìîôàçíûì ìåòîäîì ñ ïðèìåíåíèåì òåõíîëîãèè
âûñîêîãî ðàçáàâëåíèÿ äëÿ ïðåäîòâðàùåíèÿ âñòóïëåíèÿ â ðåàêöèþ  îáåèõ
-CHO ãðóïï Gp.

Gp R = Alk, Ar, Htr R = Et, n-Pr, o-ArMe, o,p-ArMe2

Íà îñíîâå ìîíîàíèëèíîïðîèçâîäíîãî Gp ïî åãî ñâîáîäíîé -CHO ãðóïïå
ñèíòåçèðîâàíû íåñèììåòðè÷íûå äèàìèíîïðîèçâîäíûå Gp. Ñòðîåíèå âñåõ
ñèíòåçèðîâàííûõ ñîåäèíåíèé ïîäòâåðæäåío ÓÔ-, ÈÊ-, ÏÌÐ-ñïåêòðîñêîïèåé
è ÐÑÀ. Óñòàíîâëåíî, ÷òî íåñèììåòðè÷íûå ïðîèçâîäíûå Gp ñ àìèíàìè
(òî÷íåå, èõ çàìåù¸ííàÿ ÷àñòü) íàõîäÿòñÿ, ïðåèìóùåñòâåííî, â åíàìèííîé
òàóòîìåðíîé ôîðìå (A) â ðàñòâîðàõ è òâ¸ðäûõ îáðàçöàõ. Ó ìîíîàëüäåãèäíîãî
ïðîèçâîäíîãî Gp ñ 4-àìèíîàíòèïèðèíîì íàáëþäàåòñÿ èìèí-åíàìèííîå
òàóòîìåðíîå ðàâíîâåñèå (B), ñìåùåíèå êîòîðîãî çàâèñèò îò ðàñòâîðèòåëÿ,
íåçàìåù¸ííàÿ àëüäåãèäíàÿ ÷àñòü ìîëåêóëû ñîõðàíÿåòñÿ â àëüäåãèäíîé ôîðìå,
è òîëüêî â DMSO-d6  íàáëþäàåòñÿ å¸ ïåðåõîä â ëàêòîëüíóþ ôîðìó (C), êàê è
â ñëó÷àå ñ Gp.
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Èññëåäîâàíèå äèíàìèêè ðåàêöèè Gp ñ 4-àìèíîàíòèïèðèíîì â CDCl3
ìåòîäîì ÏÌÐ-ñïåêòðîñêîïèè ïîçâîëèëî ïðåäëîæèòü íîâóþ ñõåìó èõ
âçàèìîäåéñòâèÿ, îñíîâàííóþ íà âèíèëîãèè 4-àìèíîàíòèïèðèíà è
íóêëåîôèëüíîì ïðèñîåäèíåíèè ê íåìó íàôòàëîíêàðáèíîëüíîé òàóòîìåðíîé
ôîðìû Gp ñ ïîñëåäóþùèì ïåðåõîäîì â àìèíàëü è îáðàçîâàíèåì îñíîâàíèÿ
Øèôôà:

Èçó÷åíèå "îñòðîé" òîêñè÷íîñòè, öèòîòîêñè÷íîñòè, àíòèãðèáêîâîé,
àíòèðàäèêàëüíîé è ìåìáðàíîòðîïíîé àêòèâíîñòè Gp è åãî ìîíî- è áèñ-
ìîäèôèêàöèé ïîêàçàëî, ÷òî íåñèììåòðè÷íûå ïðîèçâîäíûå îáëàäàþò
áîëüøåé àêòèâíîñòüþ, ÷åì èõ ñèììåòðè÷íûå àíàëîãè, ÷òî îáóñëîâëåíî
íàëè÷èåì ñâîáîäíîé -CHO-ãðóïïû. Ìîíîàìèíîãîññèïîë, íåòîêñè÷íûé äëÿ
ìûøåé (ËÄ50=1500 ìêã/êã), â êîíöåíòðàöèè 3 ìêã/ìë âûçûâàë ó íèõ ãèáåëü
50% êëåòîê ìåëàíîìû. Íà ñïîñîá åãî ñèíòåçà ïîëó÷åíî ïîëîæèòåëüíîå
ðåøåíèå î âûäà÷å ïàòåíòà ÐÓç.

Èçëîæåííûå â íàñòîÿùåé ðàáîòå ðåçóëüòàòû ïî íåñèììåòðè÷íûì
îñíîâàíèÿì Øèôôà Gp ñîçäàþò ïåðñïåêòèâû äëÿ äàëüíåéøåé ðàáîòû è
íàõîäÿòñÿ íà ñòàäèè âûÿâëåíèÿ òåõ âîçìîæíîñòåé, êîòîðûå îòêðûâàþòñÿ äëÿ
èõ ïðàêòè÷åñêîãî ïðèìåíåíèÿ.
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UNSYMMETRICAL ALDEHYDE DERIVATIVES OF GOSSYPOL:
SYNTHESIS, STRUCTURE AND BIOLOGICAL ACTIVITY
Tilyabaev K.Z., Yuldashev A.M., Ibragimov B.T.
A.S. Sadykov Institute of Bioorganic Chemistry, Tashkent, Uzbekistan
E-mail: tilyabaevzaid@mail.ru
Fax: (99871) 262-70-63, tel.: (99871) 260-37-58

Cotton is the main industrial crop of Uzbekistan and its integrated study started
by academician A.S. Sadykov. Gossypol – a yellow pigment of cotton plant, has
been considered for a long period of time as a toxic residue of cottonseed oil
industry.  In order to reduce its toxicity much work on modification of its structure,
in particular, on synthesis of its symmetrical aldehyde derivatives has been done,
and by using these derivatives as starting materials some effective interferon
inducing, antiviral and immunotropic medicines have been created. There is scanty
information about unsymmetrical aldehyde derivatives of gossypol and in addition
to this fact their biological activity is almost unstudied.  So, it became a target of
our investigation.

Monoaldehyde derivatives of gossypol with alkyl-, aryl-, heterocyclic amines
and barbituric acid have been synthesized. In order to synthesize unsymmetrical
gossypol derivatives with volatile amines solid-phase reaction has been used. This
method is based on chemisorption of amine vapors by P3 gossypol crystalline
polymorph that forms channels where one -CHO group of the molecule is hidden
by the crystal matrix, and another one, coming out of channel wall, is available for
the reaction with amine. Synthesis of unsymmetrical gossypol derivatives with
non-volatile amines has been conducted by using homogeneous reaction with an
application of high dilution technique to prevent both -CHO groups of gossypol
from reacting with amine.

Gossypol R = Alk, Ar, Htr R = Et, n-Pr, o-ArMe, o,p-ArMe2

On base of gossypol mono-aniline derivative by modifying its free -CHO
group unsymmetrical gossypol diaminoderivatives have been synthesized. The
structures of all synthesized compounds have been verified by UV-, IR-, 1H NMR-
spectroscopy and X-ray diffraction method. It has been established that
asymmetrical gossypol aminoderivatives (to put it more precisely, their amino-
substituted parts) exist predominantly as enamine tautomer (A) in solutions and in
solid state (crystals).  For monoaldehyde derivative of gossypol with
4-aminoantipyrine equilibrium between imine and enamine tautomers (B) exists
and its shift is solvent dependent. Non-reacted aldehyde part of the molecule mostly
exists as aldehyde tautomer and only in DMSO-d6 it turns to a lactol form (C),
which is also typical for gossypol itself.
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The investigation of dynamics of reaction between gossypol and
4-aminoantipyrine in CDCl3 by  1H NMR-spectroscopy method allowed us to
suggest a new scheme of their interaction based on vinylogy of 4-aminoantipyrine
and nucleophilic addition of ketone tautomer of gossypol to 4-aminoantipyrine
with the following transition to carbinol and Schiff base formation:

Comparative study of acute toxicity, cytotoxicity, antifungal, antiradical and
membranotropic activities of gossypol and its mono- and bis-aldehyde derivatives
demonstrated, that asymmetrical gossypol derivatives are more active than their
symmetrical analogs, which can be explained by presence of free -CHO group.
Monoaminogossypol, non-toxic for white mice (LD50 = 1500 µg/kg), in
concentration of 3 µg/ml caused death of 50% mice melanoma cells. For the method
of its synthesis we got a positive decision on patent of RUz.

The results on asymmetrical gossypol Schiff bases presented create a good
basis for further exploration and now they are on the stage of revealing opportunities
that lead them to direct practical application.
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ÁÀÇÀ ÄÀÍÍÛÕ ÁÀÊÒÅÐÈÀËÜÍÛÕ ÓÃËÅÂÎÄÎÂ
Òîóêà÷ Ô.Â.
Èíñòèòóò îðãàíè÷åñêîé õèìèè èì. Í.Ä. Çåëèíñêîãî ÐÀÍ, Ìîñêâà
E-mail: tou@server.ioc.ac.ru
Ôàêñ: (499) 135-53-28, òåë.: (499) 137-61-48

Óãëåâîäû ÿâëÿþòñÿ îäíèì èç âàæíåéøèõ êîìïîíåíòîâ êëåòî÷íîé ñòåíêè
áàêòåðèé è îòâå÷àþò çà èììóíîñïåöèôè÷íîñòü øòàììîâ, ïåðåäà÷ó ñèãíàëîâ
è ìåæêëåòî÷íûå âçàèìîäåéñòâèÿ. Â XXI âåêå íàóêà îá óãëåâîäàõ – ãëèêîìèêà
– àêòèâíî ðàçâèâàåòñÿ, ÷òî ñâÿçàíî ñ åå âîçðàñòàþùèì ìåäèöèíñêî-
ïðèêëàäíûì çíà÷åíèåì. Â áèîõèìè÷åñêèõ è èììóíîëîãè÷åñêèõ
èññëåäîâàíèÿõ òðóäíî ïåðåîöåíèòü ðîëü äîñòóïíîñòè èíôîðìàöèè ïî
áàêòåðèàëüíûì óãëåâîäàì äëÿ íàó÷íîãî ñîîáùåñòâà. Òåì íå ìåíåå, â îòëè÷èå
îò äðóãèõ äèñöèïëèí, èçó÷àþùèõ æèâûå ñèñòåìû íà ìîëåêóëÿðíîì óðîâíå,
ãëèêîìèêà ïðàêòè÷åñêè íå èñïîëüçóåò ïðåèìóùåñòâà, ïðåäîñòàâëÿåìûå
èíôîðìàöèîííûìè òåõíîëîãèÿìè. Êîìïüþòåðíûå èíñòðóìåíòû ãëèêîìèêè
è óíèâåðñàëüíûå ñòàíäàðòû îïèñàíèÿ äàííûõ íàõîäÿòñÿ â ïðîöåññå
ñòàíîâëåíèÿ. Ñóùåñòâóþùèå óãëåâîäíûå áàçû äàííûõ ñôîêóñèðîâàíû íà
÷àñòíûõ ñâîéñòâàõ, èñïîëüçóþò íåñîâìåñòèìûå äðóã ñ äðóãîì ôîðìàòû, íå
îáëàäàþò ïîëíûì ïîêðûòèåì è, ïî ðåçóëüòàòàì íàøåãî èññëåäîâàíèÿ, ïîëíû
îøèáîê.

Áàçà äàííûõ áàêòåðèàëüíûõ óãëåâîäîâ (Bacterial Carbohydrate Structure
Database, BCSDB) ñîçäàíà äëÿ âîñïîëíåíèÿ ýòîãî ïðîáåëà ïîñðåäñòâîì
ìîäåðèðóåìîãî êîíòåíòà è êðîññ-ïðîåêòíûõ âçàèìîäåéñòâèé. Îíà íàöåëåíà
íà ïðèâíåñåíèå â ãëèêîìèêó óðîâíÿ âíóòðåííåé èíòåãðàöèè, ñðàâíèìîãî ñ
èìåþùèìñÿ â ãåíîìèêå è ïðîòåîìèêå. BCSDB ðàçðàáàòûâàåòñÿ è îáíîâëÿåòñÿ
ñ 2005 ãîäà è ïðåäîñòàâëÿåò äàííûå ïî óãëåâîäàì áàêòåðèàëüíîãî
ïðîèñõîæäåíèÿ ñ èçâåñòíîé ïåðâè÷íîé ñòðóêòóðîé. Â íàñòîÿùåå âðåìÿ îíà
ÿâëÿåòñÿ åäèíñòâåííûì â ìèðå ñâîáîäíî äîñòóïíûì ðåñóðñîì,
îáúåäèíÿþùèì ïåðâè÷íûå äàííûå ïî óãëåâîäàì âïëîòü äî 2008 ãîäà.
Â äàííîé ðàáîòå ïðåäñòàâëåíà âåðñèÿ 3, áåòà-òåñòèðîâàíèå êîòîðîé íà÷àòî â
àâãóñòå 2009 ãîäà.

Äâå êëþ÷åâûå îñîáåííîñòè ïðîåêòà, îòëè÷àþùèå åãî îò êîíêóðåíòîâ –
ýòî ïîëíîòà ïîêðûòèÿ è äîñòîâåðíîñòü äàííûõ. Áàçà äàííûõ BCSDB
ñîäåðæèò ñòðóêòóðíóþ, òàêñîíîìè÷åñêóþ, áèáëèîãðàôè÷åñêóþ, îòíåñåííóþ
ßÌÐ-ñïåêòðîñêîïè÷åñêóþ è ïðî÷óþ (ìåòîäû óñòàíîâëåíèÿ ñòðóêòóðû,
äàííûå ïî êîíôîðìàöèè, áèîõèìèè, ãåíåòèêå, áèîëîãè÷åñêîé àêòèâíîñòè è
ò.ä.) èíôîðìàöèþ äëÿ ~10000 áàêòåðèàëüíûõ óãëåâîäîâ è ãëèêîêîíüþãàòîâ,
âêëþ÷àÿ ãëèêîëèïèäû è ãëèêîïðîòåèíû. Ýòîò óðîâåíü ïîêðûòèÿ ïðèìåðíî
ñîîòâåòñòâóåò âñåì ñòðóêòóðàì â ïðåäåëàõ êëàññà, îïóáëèêîâàííûì äî 2009
ãîäà, ò.å. ïîêðûòèå ïî áàêòåðèàëüíûì óãëåâîäàì ïðàêòè÷åñêè ÿâëÿåòñÿ
ïîëíûì. Ýòî çíà÷èò, ÷òî äàæå îòðèöàòåëüíûé ðåçóëüòàò ïîèñêà â áàçå äàííûõ
îñòàåòñÿ çíà÷èìîé íàó÷íîé èíôîðìàöèåé.

Èñòî÷íèêàìè äàííûõ äëÿ BCSDB ÿâëÿþòñÿ: Carbbank (áàçà äàííûõ,
ïðåêðàòèâøàÿ ñóùåñòâîâàíèå â 1996 ã.), ïîëóàâòîìàòè÷åñêîå àííîòèðîâàíèå
è ðó÷íàÿ îáðàáîòêà ðåôåðèðóåìîé íàó÷íîé ëèòåðàòóðû, à òàêæå îïûò
êîëëåêòèâà â ãëèêîìèêå (äîïîëíåíèå ïóáëèêàöèé è èñïðàâëåíèå îøèáîê â
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íèõ). Ïåðåä ïîìåùåíèåì äàííûõ â BCSDB îíè âñåñòîðîííå ïðîâåðÿþòñÿ è
êîððåêòèðóþòñÿ, ÷òî äåëàåò BCSDB åäèíñòâåííûì â ãëèêîèíôîðìàòèêå
ïðîåêòîì ñ ìîäåðèðóåìûì êîíòåíòîì.

Èíòåãðàöèÿ ñ äðóãèìè ïðîåêòàìè ãëèêîìèêè ïîçâîëÿåò èñïîëüçîâàòü
âòîðè÷íûå äàííûå, ðàñøèðÿåò ïîêðûòèå çà ïðåäåëû ïðîêàðèîòîâ è
îáåñïå÷èâàåò ñêâîçíîé äîñòóï ê ñåðâèñàì äðóãèõ áàç äàííûõ. Â ÷àñòíîñòè,
íàëàæåíî àâòîìàòè÷åñêîå âçàèìîäåéñòâèå ñ ïðîåêòàìè "GlycomeDB"
(ïîääåðæèâàåòñÿ Íåìåöêèì öåíòðîì èññëåäîâàíèÿ ðàêà, DKFZ), "PubMed"
(ïîääåðæèâàåòñÿ Íàöèîíàëüíûì öåíòðîì èíôîðìàöèè ïî áèîòåõíîëîãèè,
NCBI), "Taxonomy" (òàêæå NCBI), "BIOPSEL" (ïðåäñêàçàíèå
ñïåêòðîâ 13C ßÌÐ äëÿ ïðîèçâîëüíîé óãëåâîäíîé ñòðóêòóðû íà îñíîâå äàííûõ
èç BCSDB è òåîðåòè÷åñêèõ âû÷èñëåíèé; ïîääåðæèâàåòñÿ àâòîðîì).
Ñïåöèàëüíî äëÿ BCSDB áûëè ðàçðàáîòàíû è âíåäðåíû íà óðîâíå ñòàíäàðòîâ
îäíîçíà÷íûé, íî â òî æå âðåìÿ ÷èòàåìûé ÿçûê îïèñàíèÿ óãëåâîäíûõ ñòðóêòóð
è èíñòðóìåíòû êîíâåðòèðîâàíèÿ ìåæäó íèì è äðóãèìè ÿçûêàìè ãëèêîìèêè.

BCSDB è åå ñåðâèñû-íàäñòðîéêè äîñòóïíû äëÿ ñâîáîäíîãî
èñïîëüçîâàíèÿ è ìîäåðèðóåìîãî ïîïîëíåíèÿ íà web-ñàéòå http://
www.glyco.ac.ru/bcsdb3/. Èíòåðôåéñ BCSDB âêëþ÷àåò èíòåðíåò-äîñòóïíóþ
ïîëüçîâàòåëüñêóþ ÷àñòü, àäìèíèñòðàòèâíóþ ÷àñòü è ïðîãðàììíûå ñðåäñòâà
(API) äëÿ àâòîìàòè÷åñêîãî îáìåíà äàííûìè ñ äðóãèìè ïðîåêòàìè ãëèêîìèêè.
Ïîëüçîâàòåëè ìîãóò â óäîáíîé ôîðìå äåëàòü ïîèñêîâûå çàïðîñû (â òîì ÷èñëå
ñ íå÷åòêîé ëîãèêîé), ñîäåðæàùèå ôðàãìåíòû õèìè÷åñêîé ñòðóêòóðû,
áèáëèîãðàôèþ, òàêñîíîìèþ, ôðàãìåíòû ñïåêòðîâ ßÌÐ.

Ðàçðàáîòêà BCSDB è ñîïóòñòâóþùèõ ñåðâèñîâ èíèöèèðîâàíà â ðàìêàõ
ïðîåêòà Ìåæäóíàðîäíîãî íàó÷íî-òåõíè÷åñêîãî öåíòðà (ãðàíò 1197p),
ïîääåðæàíà Ðîññèéñêèì ôîíäîì ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ãðàíò 05-
07-90099), Êîìèññèåé ïî ãðàíòàì ïðè ïðåçèäåíòå ÐÔ (ãðàíò MK-1700.2005.4)
è Íåìåöêèì öåíòðîì èññëåäîâàíèÿ ðàêà (ñòèïåíäèÿ). Ïðåäûäóùèå âåðñèè
BCSDB è ñâÿçàííûå èññëåäîâàíèÿ áûëè îïóáëèêîâàíû â NAR database issue
(Nucleic Acid Research – Database Issue, 2007, v.35, pp. D280-D286), BMC
Structural Biology (BMC Structural Biology, 2008, v.8(1), p. 35) è ïðåäñòàâëåíû
íà ìíîãèõ ìåæäóíàðîäíûõ ñèìïîçèóìàõ. Òåêóùàÿ âåðñèÿ BCSDB âïåðâûå
ïðåäñòàâëåíà íà äàííîé êîíôåðåíöèè.

BACTERIAL CARBOHYDRATE STRUCTURE DATABASE
Toukach F.V.
N.D. Zelinsky Institute of Organic Chemistry RAS, Moscow
E-mail: tou@server.ioc.ac.ru
Fax: (499) 135-53-28; tel.: (499) 137-61-48

Carbohydrates are one of the major constituents of the bacterial cell wall and
are important for immunological properties of microorganisms, signal transduction
and cell-cell recognition. The role of the provision of data on bacterial carbohydrates
to the scientific community in biomedical and immunological research can hardly
be overestimated. However, in contrast to other disciplines studying molecular
basis of life, glycomics is lacking information-technology-based advantages.
Universal integration standards and computer-assisted tools in glycomics are still
in the making. Existing carbohydrate databases are focused on particular properties,
utilize proprietary formats, do not provide complete coverage and, accordingly to
our dedicated study, are full of errors.

Bacterial Carbohydrate Structure Database (BCSDB) aims at closing this
gap its by curated content and cross-database integration, thus bringing of glycomics
to the same level of integrity as exists in genomics and proteomics. BCSDB has
been continuously developed and updated since 2005 to provide the data on
bacterial carbohydrates with known primary structure. Currently it is the only free
database with primary data on carbohydrate structures published up to 2009. Now
we present version 3, the result of the database architecture rearrangement done
in 2009.

Two key features of this project are coverage and data consistency. The
database contains structural, taxonomical, bibliographical, assigned NMR
spectroscopic and other (elucidation methods, conformational, biochemical, and
genetic data etc.) information on ~10000 bacterial carbohydrates and
glycoconjugates, including glycoproteins and glycolipids. The coverage approaches
nearly all structures published within this class before 2009. This means that even
negative answer to the search request to BCSDB still remains a valuable scientific
information.

The sources of data were "CarbBank" (manually curated carbohydrate
database ceased in 1996), manual and semi-automated processing of publications.
All data have been checked for consistency by experts in carbohydrate biochemistry
prior to the upload and corrected when necessary, which makes BCSDB the only
glycoinformatic project with fully-moderated content.

The BCSDB interface includes the web-based user part, administrator part
and programming gateways for automated data interchange with other databases.
Users can search the database using fragments of structure, bibliography,
taxonomical annotations, fragments of NMR spectra, common structural motifs.
The integration with other projects in glycomics ("GlycomeDB", meta-database
from Deutsches Krebbsforschungszentrum, "PubMed", bibliographical database
from National Center for Biotechnology Information (NCBI), "Taxonomy",
Taxonomical database from NCBI) has been achieved on the level of programming
interface. The unambiguous but nevertheless human-readable carbohydrate
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structure description language has been developed for this project and translation
tools to and from other known glycan representations are provided.

BCSDB is available on the Internet for free usage and validated user data
submission (http://www.glyco.ac.ru/bcsdb3/).

This work was supported by the CTR Program of the US Department of
Defense (ISTC Partner), Russian Foundation for Basic Research, Russian
Federation President grant program, Deutsches Krebbsforschungszentrum
Gaestwissenshaft program, and Foundation for Russian Science support.

Previous versions of BCSDB and related studies were reported in NAR
database issue (Nucleic Acid Research –- Database Issue, 2007, v.35, pp. D280-
D286), BMC Structural Biology (BMC Structural Biology, 2008, v.8(1), p. 35)
and on many international symposia. Current version of BCSDB has not been yet
reported elsewhere.
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Â  ÊËÅÒÊÅ ÏÐÈ ÀÊÒÈÂÀÖÈÈ ÒÈÐÎÇÈÍÊÈÍÀÇÍÛÕ
ÐÅÖÅÏÒÎÐÎÂ
Òþðèí-Êóçüìèí Ï.À., Ñàôðîíîâà Í.Ì.*, Âîðîòíèêîâ À.Â.,
Áåëîóñîâ Â.Â.*
Ôàêóëüòåò ôóíäàìåíòàëüíîé ìåäèöèíû ÌÃÓ èì. Ì.Â. Ëîìîíîñîâà,
Ìîñêâà
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Ïåðåêèñü âîäîðîäà ñèíòåçèðóåòñÿ â êëåòêàõ ïðè ñòèìóëÿöèè
òèðîçèíêèíàçíûõ ðåöåïòîðîâ ðîñòîâûõ ôàêòîðîâ, ê êîòîðûì îòíîñÿòñÿ
ðåöåïòîðû ýïèäåðìàëüíîãî (EGFR) è òðîìáîöèòàðíîãî (PDGFR) ôàêòîðîâ
ðîñòà, ôàêòîðà ðîñòà ñîñóäèñòîãî ýíäîòåëèÿ (VEGFR) è íåêîòîðûõ äðóãèõ.
Îñíîâíûì èñòî÷íèêîì Í2Î2 ïðè ïðîõîæäåíèè ñèãíàëà îò òèðîçèíêèíàçíûõ
ðåöåïòîðîâ ÿâëÿþòñÿ ÍÀÄÔÍ-îêñèäàçû. Í2Î2 âûñòóïàåò â êà÷åñòâå
âòîðè÷íîãî ìåññåíäæåðà. Îí èíàêòèâèðóåò ðÿä òèðîçèíôîñôàòàç,
ëèìèòèðóþùèõ àêòèâàöèþ òèðîçèíêèíàçíûõ ðåöåïòîðîâ, ÌÀÐ-êèíàçíîãî
è PI3-êèíàçíîãî ñèãíàëüíûõ êàñêàäîâ. Èíàêòèâàöèÿ òèðîçèíôîñôàòàç
óäëèíÿåò ñèãíàëüíûå ýôôåêòû ðîñòîâûõ ôàêòîðîâ è âûçûâàåò
ïðîäîëæèòåëüíûå áèîëîãè÷åñêèå îòâåòû, ñâÿçàííûå ñ íàïðàâëåííîé
ìèãðàöèåé, ïðîëèôåðàöèåé è äèôôåðåíöèðîâêîé êëåòîê.

Ìåõàíèçì äåéñòâèÿ Í2Î2 íà òèðîçèíôîñôàòàçû íå äî êîíöà ÿñåí.
Èçâåñòíî, ÷òî â êëåòêå ñîäåðæàòñÿ ñèëüíûå àíòèîêñèäàíòíûå ñèñòåìû,
ðàçðóøàþùèå Í2Î2. Òàê, ïåðîêñèðåäîêñèí 2 (Prx2) âçàèìîäåéñòâóåò ñ Í2Î2
ñ êîíñòàíòîé ñêîðîñòè 2õ107 M–1ñ–1, â òî âðåìÿ êàê äëÿ êëþ÷åâîé
òèðîçèíôîñôàòàçû PTP-1Â êîíñòàíòà ñêîðîñòè ðåàêöèè âçàèìîäåéñòâèÿ ñ
Í2Î2 ñîñòàâëÿåò 20 M–1ñ–1, à êîíöåíòðàöèÿ â êëåòêå Prx2 ïðåâûøàåò
êîíöåíòðàöèþ PTP-1Â íà äâà ïîðÿäêà. Òàêèì îáðàçîì, ñîãëàñíî
êèíåòè÷åñêèì ðàñ÷åòàì, Í2Î2 â êëåòêå íå äîëæíà âçàèìîäåéñòâîâàòü ñ
PTP-1Â. Òåì íå ìåíåå, PTP-1Â îêèñëÿåòñÿ ïðè ôèçèîëîãè÷åñêîé ñòèìóëÿöèè
ðåöåïòîðíûõ òèðîçèíêèíàç.

Ìû ïðåäïîëàãàåì, ÷òî îäíèì èç âîçìîæíûõ ìåõàíèçìîâ âçàèìîäåéñòâèÿ
Í2Î2 ñ PTP-1Â ÿâëÿåòñÿ ëîêàëüíîå ïîâûøåíèå êîíöåíòðàöèè Í2Î2 âáëèçè
ñóáñòðàòà. Prx2 â ýòîé îáëàñòè êëåòêè îêèñëÿåòñÿ è, òàê êàê åãî
âîññòàíîâëåíèå òèîðåäîêñèíîì ïðîèñõîäèò ñðàâíèòåëüíî ìåäëåííî, èçáûòîê
Í2Î2 âçàèìîäåéñòâóåò ñ PTP-1Â.

Öåëüþ íàøåé ðàáîòû áûëî èçó÷åíèå âíóòðèêëåòî÷íîé ëîêàëèçàöèè è
äèôôóçèè Í2Î2, ñèíòåçèðóåìîé ÍÀÄÔÍ-îêñèäàçîé ïðè ñòèìóëÿöèè
òèðîçèíêèíàçíûõ ðåöåïòîðîâ PDGFR â ôèáðîáëàñòàõ ëèíèé 3Ò3 è EGFR â
ýïèòåëèàëüíûõ êëåòêàõ ëèíèè HeLà.

Ìû èçãîòîâèëè íàáîð âàðèàíòîâ áèîñåíñîðà HyPer ñ ðàçëè÷íîé
âíóòðèêëåòî÷íîé ëîêàëèçàöèåé. Ãåíåòè÷åñêè êîäèðóåìûé áèîñåíñîð HyPer
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îáëàäàåò âûñîêîé ÷óâñòâèòåëüíîñòüþ è ñïåöèôè÷íîñòüþ ê Í2Î2, èçìåíÿÿ
ñïåêòð âîçáóæäåíèÿ ôëóîðåñöåíöèè ïðè âçàèìîäåéñòâèè ñ ïîñëåäíåé.
Ïîëó÷åííûå âàðèàíòû áèîñåíñîðà ìû ýêñïðåññèðîâàëè â êëåòêàõ ëèíèé HeLa
è 3T3 è íàáëþäàëè çà èçìåíåíèåì ñïåêòðàëüíûõ õàðàêòåðèñòèê áèîñåíñîðà
â ðåæèìå ðåàëüíîãî âðåìåíè ïðè ïîìîùè ôëóîðåñöåíòíîé ìèêðîñêîïèè.
Ïî èçìåíåíèþ ñîîòíîøåíèÿ ïèêîâ âîçáóæäåíèÿ ôëóîðåñöåíöèè áèîñåíñîðà
ìû ðåãèñòðèðîâàëè èçìåíåíèÿ óðîâíÿ Í2Î2 â ðàçëè÷íûõ êîìïàðòìåíòàõ
êëåòêè ïðè ñòèìóëÿöèè ôàêòîðàìè ðîñòà.

Áûëî îáíàðóæåíî, ÷òî ïðè ñòèìóëÿöèè ýïèòåëèàëüíûõ êëåòîê EGF Í2Î2
ñèíòåçèðóåòñÿ ÍÀÄÔÍ-îêñèäàçîé, êîòîðàÿ ðàñïîëîæåíà â ýíäîñîìî-
ïîäîáíûõ ñòðóêòóðàõ, ñîäåðæàùèõ êëàòðèí è èíòåðíàëèçîâàííûé EGFR.
Îêîëî ïëàçìàòè÷åñêîé ìåìáðàíû óðîâåíü Í2Î2 ïðàêòè÷åñêè íå ìåíÿåòñÿ,
÷òî ñâèäåòåëüñòâóåò î òîì, ÷òî Í2Î2 â êëåòêå âûäåëÿåòñÿ ëîêàëüíî è íå
ðàñïðîñòðàíÿåòñÿ ïî âñåé öèòîïëàçìå. Íàïðîòèâ, â ôèáðîáëàñòàõ ïîñëå èõ
ñòèìóëÿöèè PDGF Í2Î2 ñèíòåçèðóåòñÿ, â îñíîâíîì, âáëèçè ïëàçìàòè÷åñêîé
ìåìáðàíû. Â îáîèõ ñëó÷àÿõ êîíöåíòðàöèÿ Í2Î2 ïîâûøàåòñÿ òàêæå íà
ìåìáðàíå ýíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà. Ïðè èíãèáèðîâàíèè ÍÀÄÔÍ-
îêñèäàç àïîöèíèíîì âûäåëåíèÿ Í2Î2 íå ïðîèñõîäèò.

Òàêèì îáðàçîì, ïîëó÷åííûå íàìè äàííûå ïîçâîëÿþò óòâåðæäàòü, ÷òî
ïðè ñòèìóëÿöèè ðåöåïòîðíûõ òèðîçèíêèíàç ðîñòîâûìè ôàêòîðàìè Í2Î2
ïðîäóöèðóåòñÿ è äåéñòâóåò ëîêàëüíî â îòäåëüíûõ êîìïàðòìåíòàõ êëåòêè.
Äèôôóçèÿ Í2Î2  ìåæäó êîìïàðòìåíòàìè êëåòêè îãðàíè÷åíà.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÃÊ ¹ 02.512.11.2216.

INTRACELLULAR HYDROGEN PEROXIDE LOCALIZATION
FOLLOWING ACTIVATION OF TYROSINE KINASE RECEPTORS
Tyurin-Kuzmin P.A., Safronova N.M.*, Vorotnikov A.V., Belousov V.V.*
Fundamental Medicine Faculty, Lomonosov  Moscow State University, Moscow
*Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: tyurinkuzmin.p@gmail.com
Fax: (495) 932-99-04; tel.: (495) 932-99-04

Hydrogen peroxide (Í2Î2) is generated in response to activation of tyrosine
kinase receptors such as epidermal growth factor receptor (EGFR) and platelet-
derived growth factor receptor (PDGFR) by EGF and PDGF, respectively. In this
case Í2Î2 acts as a second messenger and inactivates tyrosine phosphatases.
However, cells contain powerful antioxidant systems that degrade Í2Î2.
Peroxiredoxin 2 (Prx2) interacts with Í2Î2 with rate constant 2x107 M–1s–1, whereas
for the rate constant of the key tyrosine phosphatase PTP-1Â is 20 M–1s–1. In
addition, the intracellular concentration of Prx2 is two orders of magnitude higher
than that of PTP-1Â. However, despite the oxidation of PTP-1Â by H2O2 seems to
be kinetically unfavorable, it appears to occur in cells upon physiological
stimulation of tyrosine kinase receptors. We hypothesize that prolonged local
increases of Í2Î2 levels in the vicinity to the substrate are responsible for PTP-1Â
regulation by Í2Î2. Prx2 becomes oxidized in this part of the cell, but fails to
recover due to its slow reduction by thioredoxin. As a consequence, the excess
Í2Î2 effectively interacts with and inhibits PTP-1Â.

In our work we aimed to reveal compartmentalized localization of Í2Î2 in
cells and demonstrate the role of NADPH oxidase in its production during
stimulation of PDGFR in 3T3 fibroblasts and EGFR in HeLà epithelial cells. We
produced a panel of HyPer-derived biosensors containing different signals for
intracellular localization. HyPer is a genetically encoded biosensor that has high
sensitivity and specificity to Í2Î2. Its excitation spectrum changes upon interaction
with Í2Î2. We expressed the biosensor variants in HeLa and 3T3 cell lines and
monitored spectral parameters of biosensors using the lifetime fluorescence
microscopy. The ratio changes in biosensor excitation maxima were determined
and levels of Í2Î2 in various cell compartments were visualized during receptor
stimulations.

We found that upon EGF stimulation of epithelial cells, Í2Î2 is produced in
small endosome-like intracellular compartments containing clatrin and internalized
EGFR. Near the plasma membrane the Í2Î2 levels were not virtually changed.
Therefore cell produces Í2Î2 locally, which does not spread to other cell
compartments. In contrast, 3T3 fibroblasts generate Í2Î2 in the region of the plasma
membrane upon stimulation with PDGF. Both types of cells reveal clear signs of
Í2Î2 generation at the endoplasmic reticulum membrane. The inhibition of NADPH
oxidase by apocynin blocks Í2Î2 production in both the EFG-stimulated HeLa
cells and PDGF-treated 3T3 fibroblasts.

In conclusion, our results demonstrate that stimulation of tyrosine kinase
receptors results in production of Í2Î2 that acts locally in cellular cytoplasmic
compartment. Í2Î2 diffusion between different cell compartments is limited.

Supported by the grant ¹ 02.512.11.2216 from the Federal Agency for
Science and Innovation.
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Staphylococcus aureus ÿâëÿåòñÿ íàèáîëåå ÷àñòûì âèíîâíèêîì ïèùåâûõ
îòðàâëåíèé. Ýíòåðîòîêñèíû – âåùåñòâà, êîòîðûå âûðàáàòûâàþòñÿ S. aureus
âî âðåìÿ èõ æèçíåäåÿòåëüíîñòè. Äëÿ ñàìèõ S. aureus ýòè òîêñèíû ÿâëÿþòñÿ
ïðîìåæóòî÷íûìè ïðîäóêòàìè îáìåíà âåùåñòâ èëè âåùåñòâàìè, ñ ïîìîùüþ
êîòîðûõ îíè áîðþòñÿ çà ñóùåñòâîâàíèå ñ äðóãèìè áàêòåðèÿìè. Äëÿ ÷åëîâåêà
ýíòåðîòîêñèíû – ýòî ñèëüíåéøèå ÿäû. Èçâåñòíî íåñêîëüêî òèïîâ
ñòàôèëîêîêêîâûõ ýíòåðîòîêñèíîâ, â òîì ÷èñëå SEA, SEB, SEC1, SED, SEE,
SEG, SEI. Îñíîâíàÿ òðóäíîñòü èõ èäåíòèôèêàöèè ñâÿçàíà ñî çíà÷èòåëüíîé
àíòèãåííîé ñõîæåñòüþ äàííîé ãðóïïû ðîäñòâåííûõ òîêñèíîâ. Äëÿ
èäåíòèôèêàöèè è àíàëèçà ïàòîãåííûõ îðãàíèçìîâ S. aureus è ýíòåðîòîêñèíîâ,
êîòîðûå îíè âûðàáàòûâàþò, èñïîëüçóþòñÿ ðàçëè÷íûå ëàáîðàòîðíûå ìåòîäû,
âêëþ÷àþùèå òåñòû íà æèâîòíûõ, ìèêðîáèîëîãè÷åñêèå ìåòîäû, àíàëèç ÄÍÊ
ñ èñïîëüçîâàíèåì ÏÖÐ, èììóíîëîãè÷åñêèå ìåòîäû: ðàäèîèììóíîëîãè÷åñêèé,
èììóíîôëóîðåñöåíòíûé è èììóíîôåðìåíòíûé àíàëèçû. Ê íåäîñòàòêàì
áîëüøèíñòâà òðàäèöèîííûõ èììóíîëîãè÷åñêèõ ìåòîäîâ îòíîñèòñÿ
íåâîçìîæíîñòü îäíîâðåìåííî òåñòèðîâàòü îáðàçåö íà íàëè÷èå íåñêîëüêèõ
áèîëîãè÷åñêè àêòèâíûõ ñîåäèíåíèé. Ýòà ïðîáëåìà ðåøàåòñÿ ñ ïîìîùüþ
áèîëîãè÷åñêèõ ìèêðî÷èïîâ, êîòîðûå ïîçâîëÿþò ïðîâîäèòü
ìíîãîïàðàìåòðè÷åñêèé àíàëèç îáðàçöà.

Öåëüþ íàøèõ èññëåäîâàíèé ÿâëÿëîñü ñîçäàíèå ìèêðî÷èïà, ñ ïîìîùüþ
êîòîðîãî ìîæíî îïðåäåëÿòü êîíöåíòðàöèè ñåìè òèïîâ ýíòåðîòîêñèíîâ
ñòàôèëîêîêêà â îáðàçöå. Òåõíîëîãèÿ ãèäðîãåëåâûõ ìèêðî÷èïîâ áûëà
ðàçðàáîòàíà â ÈÌÁ ÐÀÍ ïîä ðóêîâîäñòâîì àêàäåìèêà À.Ä. Ìèðçàáåêîâà è
ñîâåðøåíñòâóåòñÿ ïî íàñòîÿùåå âðåìÿ. Áåëêîâûé ãèäðîãåëåâûé ìèêðî÷èï
ïðåäñòàâëÿåò ñîáîé ìàòðèöó èíäèâèäóàëüíûõ ãåëåâûõ ÿ÷ååê íà ïîâåðõíîñòè
ïîäëîæêè (ñòåêëà, ïëàñòèêà èëè ìåòàëëà), ñîäåðæàùèõ ðàçëè÷íûå êîâàëåíòíî
èììîáèëèçîâàííûå â îáúåìå ÿ÷åéêè çîíäû (àíòèòåëà, àíòèãåíû).

Äëÿ ïðîâåäåíèÿ îäíîâðåìåííîãî àíàëèçà ñåìè òèïîâ ñòàôèëîêîêêîâûõ
ýíòåðîòîêñèíîâ (SEA, SEB, SEC1, SED, SEE, SEG, SEI) áûë âûáðàí ìåòîä
äâóõñòàäèéíîãî "ñýíäâè÷"-èììóíîàíàëèçà ñ ôëóîðåñöåíòíîé ðåãèñòðàöèåé
ñèãíàëà. Ñîçäàí ìèêðî÷èï ñ èììîáèëèçîâàííûìè ìîíîêëîíàëüíûìè
àíòèòåëàìè ïðîòèâ âñåõ èññëåäóåìûõ ýíòåðîòîêñèíîâ è ðàçðàáîòàí ïðîòîêîë
ïðîâåäåíèÿ àíàëèçà. Àíàëèç ïðîâîäèëè â äâå ñòàäèè: èíêóáàöèÿ ñìåñè
ýíòåðîòîêñèíîâ ñ áèîòèíèëèðîâàííûìè àíòèòåëàìè ïðîòèâ ýòèõ
ýíòåðîòîêñèíîâ è ïðîÿâêà áèî÷èïîâ ôëóîðåñöåíòíî ìå÷åííûì (Ñó5)
ñòðåïòàâèäèíîì. Ðåãèñòðàöèþ ðåçóëüòàòîâ àíàëèçà ïðîâîäèëè íà àíàëèçàòîðå
áèî÷èïîâ ñ èñïîëüçîâàíèåì ôèëüòðîâ 650/670 íì (âîçáóæäåíèå/ðåãèñòðàöèÿ)
è îáðàáàòûâàëè ñ ïîìîùüþ ïðîãðàììíîãî îáåñïå÷åíèÿ ImaGelResearch,
ðàçðàáîòàííîãî â ÈÌÁ ÐÀÍ.

Íà ïåðâîì ýòàïå íåîáõîäèìî áûëî âûáðàòü ðàáî÷èå ïàðû àíòèòåë äëÿ
êàæäîãî ýíòåðîòîêñèíà. Ñîòðóäíèêàìè ëàáîðàòîðèè èììóíîõèìèè ÔÈÁÕ
ÐÀÍ (ãðóïïîé Ô.À.Áðîâêî) áûëè ïîëó÷åíû ïàíåëè àíòèòåë ïðîòèâ êàæäîãî
èç ñåìè ýíòåðîòîêñèíîâ. Íà ìèêðî÷èïàõ áûë ïðîâåäåí ñêðèíèíã
ïðåäîñòàâëåííûõ íàì ïàíåëåé àíòèòåë è âûáðàíû ïàðû àíòèòåë äëÿ êàæäîãî
ýíòåðîòîêñèíà, îáåñïå÷èâàþùèå âûñîêóþ äèñêðèìèíàöèþ (îòíîøåíèå
ìàêñèìàëüíîãî ñèãíàëà ê ôîíîâîìó ñèãíàëó) è íå äàþùèå íåñïåöèôè÷åñêèõ
ïåðåêðåñòíûõ âçàèìîäåéñòâèé ñ äðóãèìè ýíòåðîòîêñèíàìè è àíòèòåëàìè ê
íèì. Òàêæå áûëè ïîäîáðàíû îïòèìàëüíûå êîíöåíòðàöèè äëÿ âñåõ
èììîáèëèçîâàííûõ è ïðîÿâëÿþùèõ àíòèòåë.

Äàëåå áûëè èçãîòîâëåíû ìèêðî÷èïû ñ âûáðàííûìè àíòèòåëàìè ïðîòèâ
ñåìè ýíòåðîòîêñèíîâ, è äëÿ êàæäîãî ýíòåðîòîêñèíà ïîëó÷åíû ãðàôèêè
çàâèñèìîñòè èíòåíñèâíîñòè ôëóîðåñöåíòíîãî ñèãíàëà îò êîíöåíòðàöèè
äàííîãî àíòèãåíà â ñìåñè (êàëèáðîâî÷íûå êðèâûå). Ëèíåéíûé äèàïàçîí
êàëèáðîâî÷íûõ êðèâûõ äëÿ âñåõ ýíòåðîòîêñèíîâ ñîñòàâèë îò 0 äî 200 íã/ìë.
Îöåíêà ÷óâñòâèòåëüíîñòè ðàçðàáîòàííîãî ìåòîäà ïîêàçàëà, ÷òî àíàëèç íà
áèî÷èïàõ ïîçâîëÿåò ñòàòèñòè÷åñêè äîñòîâåðíî îïðåäåëÿòü êîíöåíòðàöèè
ýíòåðîòîêñèíîâ â  ñìåñè â äèàïàçîíå îò 0,1 íã/ìë (äëÿ SEE) äî 3 íã/ìë (äëÿ
SEB).

Íà ñëåäóþùåì ýòàïå íàìè áûëî ïðîâåäåíî òåñòèðîâàíèå ðàçðàáîòàííîãî
ìåòîäà íà îáðàçöàõ áèîëîãè÷åñêèõ æèäêîñòåé è ïèùåâûõ ïðîäóêòîâ. Ñìåñü
ñåìè ýíòåðîòîêñèíîâ äîáàâëÿëè â ðàçëè÷íûõ êîíöåíòðàöèÿõ â ñûâîðîòêó
êðîâè è ìîëîêî è ïîëó÷àëè êàëèáðîâî÷íûå êðèâûå. Â ðåçóëüòàòå áûëà
ïîêàçàíà âîçìîæíîñòü îäíîâðåìåííîãî êîëè÷åñòâåííîãî îïðåäåëåíèÿ
äàííîãî íàáîðà ýíòåðîòîêñèíîâ â ðàçëè÷íûõ ñðåäàõ.
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SIMULTANEOUS IMMUNOASSAY OF STAPHYLOCOCCAL
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Staphylococcus aureus bacteria are the most frequent cause of food poisoning.
Enterotoxins are substances produced by S. aureus during their growth and activity.
These toxins are intermediate products of S. aureus metabolism that help the
bacteria to struggle for the existence with other bacteria. The toxins are extremely
poisonous for human organisms. Several types of staphylococcal enterotoxins (SEs)
are known including SEA, SEB, SEC1, SED, SEE, SEG, SEI. The difficulty of
identification of toxins within the group of these related toxins is explained by
their close antigenic similarity. For the identification and assay of S. aureus
pathogenic organisms and their enterotoxins, different laboratory methods are used
including tests on animals, microbiological methods, PCR-based DNA assay, and
immunological methods: radioimmunoassay, immunofluorescence, and
enzymeimmunoassay. The drawback of the majority of traditional methods is that
they do not allow carrying out simultaneous test for the presence of several
biologically active compounds in a sample. This problem can be solved using
biological microchips that can be used to analyse a sample for many parameters.

The aim of our research was to develop microchips that allow simultaneous
measuring of concentrations of seven types of enterotoxins in a sample. The
hydrogel microchips technology has been developed in the Engelhardt Institute of
Molecular Biology of the RAS (EIMB RAS) under the direction of
A.D. Mirzabekov and at the present time the technology continues to improve.
Protein hydrogel microchip is a matrix of individual gel elements fixed on the
surface of a support (glass, plastic or metal). These elements contain different
probes (antigens, antibodies) covalently immobilized within the whole volume of
the microchip gel element.

For the simultaneous assay of seven types of SEs (SEA, SEB, SEC1, SED,
SEE, SEG, SEI), "sandwich-type"-immunoassay with fluorescent registration has
been chosen. Microchip with immobilized monoclonal antibodies to all enterotoxins
under study has been developed and the protocol of the assay has been elaborated.
The assay involves two steps: application of a mixture of enterotoxins and
biotinylated antibodies against these enterotoxins on biochips and, after incubation,
development of biochips by Cy5-labeled streptavidin. Results of the assay were
recorded using a fluorescent Biochip Analyzer with 650/670 nm excitation/emission
filters and processed using special ImaGelResearch software developed in EIMB
RAS.

Firstly it was necessary to choose pairs of antibodies against each enterotoxin
for the sandwich assay. The panels of antibodies against each SE have been
developed in the laboratory of immunochemistry (Shemyakin-Ovchinnikov Institute
of Bioorganic Chemistry RAS) headed by F.A. Brovko. Screening of these antibody
panels using hydrogel microchips has been carried out. Secondly, the antibody
pairs that demonstrated high discrimination ratio (the ratio of the maximum signal

to the background signal) and did not show non-specific cross-reactions with other
SEs and antibodies have been selected. Optimal concentrations for all immobilized
and developing antibodies have been also chosen.

Microchips with the selected antibodies against seven enterotoxins were
manufactured and used for the sandwich assay. Plots of fluorescence intensity
versus concentration of toxin in the mixture (calibration plots) were obtained for
each enterotoxin. The linear range of calibration plots was from 0 to 200 ng/ml.
Analytical sensitivity of the method has been estimated. The biochip-based method
allows statistically accurate measuring of low concentrations of enterotoxins in a
mixture: from 0.1 ng/ml for SEE to 3 ng/ml for SEB.

Next, testing of the method using biologic fluids and food samples has been
carried out. The mixture of seven SEs was added in several concentrations to
blood serum and milk and the calibration plots were obtained. As a result, it was
shown that the biochip-based immunoassay method permits simultaneous
quantitative determination of the set of seven enterotoxins in different media.
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Ãàíãëèîçèäû èíãèáèðóþò IL-2-çàâèñèìóþ ïðîëèôåðàöèþ Ò-ëèìôîöèòîâ,
òåì ñàìûì ïîäàâëÿÿ îäíó èëè íåñêîëüêî ñòàäèé ïðîâåäåíèÿ ñèãíàëà îò
öèòîêèíà. Èçâåñòíî, ÷òî îäèí èç îñíîâíûõ ìåõàíèçìîâ èíãèáèðîâàíèÿ
ïðîëèôåðàöèè Ò-ëèìôîöèòîâ, èíäóöèðîâàííîé IL-2, – ýòî ïðÿìîå
âçàèìîäåéñòâèå ìåæäó ãàíãëèîçèäîì è öèòîêèíîì, ïðèâîäÿùåå ê ïåðåõâàòó
ìîëåêóëû IL-2 ãàíãëèîçèäîì. Îäíàêî, ïî-âèäèìîìó, ãàíãëèîçèäû îáðàçóþò
êîìïëåêñû òàêæå è ñ ðåöåïòîðîì ê IL-2 (IL-2R); ôîðìèðîâàíèå òàêèõ
êîìïëåêñîâ ìîæåò áëîêèðîâàòü ïðîõîæäåíèå ñèãíàëà ïî IL-2-çàâèñèìîìó ïóòè.
Íåñìîòðÿ íà îãðîìíûé èíòåðåñ èññëåäîâàòåëåé ê ýòîìó âîïðîñó, åãî
áèîëîãè÷åñêèå è ñòðóêòóðíûå àñïåêòû èçó÷åíû íåäîñòàòî÷íî.

Â äàííîé ðàáîòå áûëà èñïîëüçîâàíà IL-2-çàâèñèìàÿ öèòîòîêñè÷åñêàÿ
ìûøèíàÿ Ò-êëåòî÷íàÿ ëèíèÿ CTLL-2. Äëÿ èññëåäîâàíèÿ ìåõàíèçìîâ
âçàèìîäåéñòâèÿ ãàíãëèîçèäîâ ñ IL-2R áûëè èñïîëüçîâàíû äâà ïîäõîäà:
îêðàøèâàíèå ðàçëè÷íûõ ñóáúåäèíèö IL-2R ñ ïîñëåäóþùèì öèòîìåòðè÷åñêèì
àíàëèçîì, à òàêæå ôîòîàôôèííîå ìå÷åíèå æèâûõ êëåòîê çîíäîì 125I-Dcp-GM1
ñ ïîñëåäóþùèì àíàëèçîì ïðîäóêòîâ ñøèâêè ïîñëå èõ èììóíîïðåöèïèòàöèè ñ
àíòèòåëàìè ê α-, β- è γ-ñóáúåäèíèöàì IL-2R.

Áûëî ïîêàçàíî, ÷òî îáðàáîòêà êëåòîê ãàíãëèîçèäàìè (GM1, GM2) ïðèâîäèò
ê ðåçêîìó óìåíüøåíèþ èíòåíñèâíîñòè ôëóîðåñöåíöèè êëåòîê, îêðàøåííûõ
àíòèòåëàìè ê IL-2Rα-ñóáúåäèíèöå. Òàê, äîëÿ îêðàøåííûõ êëåòîê óìåíüøàåòñÿ
íà 30% ïîñëå ïðåäâàðèòåëüíîé îáðàáîòêè èõ GM1, è íà 10% – ïîñëå èõ
èíêóáàöèè ñ GM2. Ìå÷åíèå îáðàáîòàííûõ ãàíãëèîçèäàìè êëåòîê àíòèòåëàìè
ê ñóáúåäèíèöå IL-2Rβ ïðèâîäèò ëèøü ê íåçíà÷èòåëüíîìó èçìåíåíèþ
èíòåíñèâíîñòè ôëóîðåñöåíöèè: äëÿ GM1 – íà 3% è äëÿ GM2 – íà 6%.

×òîáû îïðåäåëèòü õàðàêòåð ìàñêèðîâàíèÿ IL-2R, âûçûâàåìîãî
ãàíãëèîçèäîì GM1, áûëî ïðîâåäåíî ôîòîàôôèííîå ìå÷åíèå.
Ôîòîàêòèâèðóåìàÿ ãðóïïà çîíäà 125I-Dcp-GM1, íåñóùàÿ ãðóïïó 125I-Dcp íà êîíöå
àöèëüíîé öåïè, áëèçêà ïî ñâîéñòâàì ê ïðèðîäíîìó ãàíãëèîçèäó. Ïðè òàêîì
ðàñïîëîæåíèè ôîòîôîðà ñøèâêà çîíäà ñ ñóáúåäèíèöàìè ðåöåïòîðà âîçìîæíà
ëèøü â òîì ñëó÷àå, êîãäà ãàíãëèîçèä âñòðàèâàåòñÿ â ïëàçìàòè÷åñêóþ ìåìáðàíó.
Äåòåêöèþ ïðîäóêòîâ ïðèøèâêè ïîñëå ëèçèñà êëåòîê ñ ïîñëåäóþùåé
èììóíîïðåöèïèòàöèåé ñ àíòèòåëàìè ê ñîîòâåòñòâóþùèì ñóáúåäèíèöàì IL-2R
è  SDS-PAÀG-ýëåêòðîôîðåçà ïðîâîäèëè àâòîðàäèîãðàôè÷åñêè.
Àâòîðàäèîãðàììà âûÿâèëà ïîëîñó ëèøü β-ñóáúåäèíèöû IL-2R.

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî ýêçîãåííî
äîáàâëåííûé GM1 ìîæåò âçàèìîäåéñòâîâàòü ñ α- è β-ñóáúåäèíèöàìè IL-2R
ðàçëè÷íûì îáðàçîì. Åñëè âçàèìîäåéñòâèå IL-2Rβ-ñóáúåäèíèöû ñ GM1
âîçìîæíî ëèøü ïðè âñòðàèâàíèè ãàíãëèîçèäà â ïëàçìàòè÷åñêóþ ìåìáðàíó, òî
α-ñóáúåäèíèöà ðåöåïòîðà âçàèìîäåéñòâóåò òîëüêî ñ íåâñòðîèâøèìñÿ
ãàíãëèîçèäîì.

INTERACTION OF EXOGENOUS GANGLIOSIDES WITH IL-2R
SUBUNITS
Kholodenko R.V., Vodovozova E.L., Kholodenko I.V., Molotkovskaya I.M.
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: khol@mail.ru
Fax: (495) 330-40-11; tel.: (495) 330-40-11

Gangliosides were shown to inhibit the IL-2-dependent proliferation of T-cells,
implying that gangliosides interfere with one or more of the IL-2-driven events. It
is known that one of important mechanisms of the inhibition is the direct interaction
between ganglioside and the cytokine and, as a result, the capture of IL-2 molecule
by ganglioside. But gangliosides apparently can also form complexes with IL-2R;
such complexes influence on the signal transduction through IL-2R. This effect of
gangliosides may lead to the failure of this pathway. Despite the large interest in
the subject, biological and structural aspects of this problem are poorly understood.
In this study we propose possible mechanisms determining interactions between
exogenous gangliosides and IL-2R subunits.

The work was carried out using IL-2-dependent cytotoxic T-cell mouse line
CTLL-2. Two different approaches for study on mechanisms of exogenous
gangliosides' interaction with IL-2R were applied: antibody staining of IL-2R
subunits followed by flow cytometry analysis, and photoaffinity labeling of living
cells with 125I-Dcp-GM1 followed by analysis of the cross-linking products after
immunoprecipitation with antibodies to IL-2R α-, β- and γ-subunits.

It has been shown that the fluorescence intensity of the antibody-labeled IL-2R
α-subunit decreases sharply after treatment of cells with gangliosides. The
fluorescent labeled cell fraction decreases by 30% after cells incubation with
ganglioside GM1, and by 10% after incubation with GM2. Labeling of the cells
with antibodies to the IL-2R β-subunit results in a less significant fluorescence
decrease after cells incubation either with GM1 (3%) or with GM2 (6%).

To determine the mode of the ganglioside GM1 masking influence,
photoaffinity cross-linking has been used. Photoactivable probe 125I-Dcp-GM1
with 125I-Dcp group at the end of long acyl chain is rather similar to the natural
ganglioside. In case of such photophore localization, cross-linking with receptor
subunits occurs only if ganglioside probe incorporates into plasma membrane.
Electrophoresis following immunoprecipitation with appropriate antibodies resulted
in appearance of the radioactive band only for β-subunit of IL-2R, but not for
IL-2R α-subunit.

These results demonstrate that exogenous ganglioside GM1 can interact with
α- and β- subunits of IL-2R in different modes. Interaction of IL-2R β-subunit
with ganglioside GM1 requires incorporation of the ganglioside into plasma
membrane, but α-subunit of IL2R interacts with ganglioside, non-incorporated
into membrane, but rather absorbed on its surface.
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Ââåäåíèå. Îáùèì íåäîñòàòêîì áîëüøèíñòâà ñèñòåì äëÿ
êóëüòèâèðîâàíèÿ êëåòîê in vitro ÿâëÿåòñÿ îòñóòñòâèå ìèêðîîêðóæåíèÿ, êîòîðîå
ôîðìèðóåòñÿ ñîâîêóïíîñòüþ òàêèõ ôàêòîðîâ, êàê íàëè÷èå ìåæêëåòî÷íûõ
êîíòàêòîâ, âíåêëåòî÷íîãî ìàòðèêñà è ñåêðåòèðóåìûõ ôàêòîðîâ. Îñîáûé
èíòåðåñ ïðåäñòàâëÿåò ñîáîé âçàèìîäåéñòâèå ðàêîâûõ êëåòîê ñî ñâîèì
ìèêðîîêðóæåíèåì è ñ ðåãèîíàëüíûìè ñòâîëîâûìè êëåòêàìè îðãàíèçìà.
Ñïåöèôèêà ìèêðîîêðóæåíèÿ ðàêîâîé êëåòêè ìîæåò âëèÿòü íà åå
ôèçèîëîãè÷åñêèé ñòàòóñ è ÷óâñòâèòåëüíîñòü ê òåðàïèè. Ðàçðàáîòêà ñèñòåì
in vitro, ïîçâîëÿþùèõ áîëåå òî÷íî ìîäåëèðîâàòü íèøè, â êîòîðûõ íàõîäÿòñÿ
ðàêîâûå êëåòêè, ÿâëÿåòñÿ àêòóàëüíîé ïðîáëåìîé, ïîçâîëÿþùåé ïîâûñèòü
ýôôåêòèâíîñòü äîêëèíè÷åñêèõ èññëåäîâàíèé ïî ðàçðàáîòêå è òåñòèðîâàíèþ
íîâûõ ôàðìàêîëîãè÷åñêèõ ïðîòèâîðàêîâûõ ïðåïàðàòîâ. Íå ìåíåå âàæíûì
ÿâëÿåòñÿ èçó÷åíèå âçàèìîäåéñòâèÿ ðàêîâûõ êëåòîê ñ ðåãèîíàëüíûìè
ñòâîëîâûìè êëåòêàìè îðãàíèçìà. Ñóùåñòâóþùàÿ ãèïîòåçà ðàêîâûõ
ñòâîëîâûõ êëåòîê îáúÿñíÿåò âîçíèêíîâåíèå, óñòîé÷èâîñòü è ðåöèäèâ
íåêîòîðûõ âèäîâ îíêîëîãè÷åñêèõ çàáîëåâàíèé ïðè òðàäèöèîííûõ âèäàõ
õèìèî- è ðàäèîòåðàïèè. Ó÷åíûå ïðåäïîëàãàþò, ÷òî ñóùåñòâóåò îïðåäåëåííàÿ
ïîïóëÿöèÿ ðàêîâûõ êëåòîê, êîòîðàÿ îáëàäàåò ñâîéñòâàìè, ïðèñóùèìè
ñòâîëîâûì êëåòêàì. Îáëàäàÿ ïîâûøåííîé ðåçèñòåíòíîñòüþ, äàííàÿ
êëåòî÷íàÿ ïîïóëÿöèÿ ÿâëÿåòñÿ èñòî÷íèêîì íîâûõ ðàêîâûõ êëåòîê, êîòîðûå
ïîÿâëÿþòñÿ ïîñëå ïðåêðàùåíèÿ ëå÷åáíîãî êóðñà. Ñàìî âîçíèêíîâåíèå
îíêîëîãè÷åñêèõ ïàòîëîãèé òàêæå âîçìîæíî ñâÿçàíî ñ ðàêîâûì
ïåðåðîæäåíèåì åäèíè÷íîé ñîìàòè÷åñêîé ñòâîëîâîé êëåòêè, êîòîðàÿ â
ðåçóëüòàòå íåêîíòðîëèðóåìîãî äåëåíèÿ ïðèâîäèò ê ðàçâèòèþ çàáîëåâàíèÿ.
Èçâåñòíî, ÷òî ñòâîëîâûå êëåòêè ñïîñîáíû âçàèìîäåéñòâîâàòü ñî ñâîèì
ìèêðîîêðóæåíèåì, âëèÿÿ íà ñòàòóñ äèôôåðåíöèðîâêè îêðóæàþùèõ êëåòîê
è âûçûâàÿ èõ ðåïðîãðàììèðîâàíèå. Â äàííîì êîíòåêñòå èññëåäîâàíèå
âçàèìîäåéñòâèÿ ñòâîëîâûõ è ðàêîâûõ êëåòîê ïðåäñòàâëÿåò èíòåðåñ äëÿ
ïîíèìàíèÿ ïðîöåññîâ âçàèìîäåéñòâèÿ ýòèõ äâóõ êëåòî÷íûõ ïîïóëÿöèé.

Öåëü ðàáîòû. Èçó÷èòü âçàèìîäåéñòâèå ìåçåíõèìàëüíûõ ñòâîëîâûõ
êëåòîê (ÌÑÊ) è êëåòîê íåéðîáëàñòîìû SH-SY5Y ÷åëîâåêà ïðè êî-
êóëüòèâèðîâàíèè íà ðàçëè÷íûõ áèîëîãè÷åñêèõ ñóáñòðàòàõ, à òàêæå
îïðåäåëèòü âëèÿíèå êî-êóëüòèâèðîâàíèÿ íà îòäåëüíûå êëåòî÷íûå ïîïóëÿöèè
ïðè íåáëàãîïðèÿòíûõ âîçäåéñòâèÿõ îêðóæàþùåé ñðåäû.

Ìàòåðèàëû è ìåòîäû. Êóëüòóðà ÌÑÊ áûëà ïîëó÷åíà ìåòîäîì
ýêñïëàíòàöèè èç çà÷àòêîâ çóáîâ ìóäðîñòè ÷åëîâåêà. Àíàëèç ÌÑÊ ïðîâåäåí ñ
ïîìîùüþ ïðîòî÷íîé öèòîôëóîðîìåòðèè è ÎÒ-ÏÖÐ  â ðåàëüíîì âðåìåíè.
Êî-êóëüòèâèðîâàíèå ÌÑÊ îñóùåñòâëåíî ñ êóëüòóðîé êëåòîê íåéðîáëàñòîìû
SH-SY5Y ÷åëîâåêà. Êàæäûé òèï êëåòîê áûë ïîìå÷åí in vitro
ôëóîðåñöåíòíûìè êðàñèòåëÿìè: çåëåíûì PKH67 (Ñèãìà) äëÿ ÌÑÊ è êðàñíûì
PKH26 (Ñèãìà) äëÿ SH-SY5Y. Ïëàñòèêîâóþ ïîâåðõíîñòü äëÿ êóëüòóðû êëåòîê
ìîäèôèöèðîâàëè íàíåñåíèåì ïîëè-L-ëèçèíà, ìàòðèãåëÿ, ôèáðîíåêòèíà,
æåëàòèíà èëè êîëëàãåíà. Êî-êóëüòóðû ïîäâåðãàëè âîçäåéñòâèþ
ïðîòèâîðàêîâûõ ïðåïàðàòîâ äîêñèðóáèöèíà è öèñ-ïëàòèíû, à òàêæå
îêèñëèòåëüíîìó ñòðåññó (ïåðîêñèä âîäîðîäà).

Ðåçóëüòàòû. Êóëüòóðà êëåòîê èç çà÷àòêîâ òðåòüèõ ìîëÿðîâ ÷åëîâåêà
èìåëà ôåíîòèï, õàðàêòåðíûé äëÿ ÌÑÊ (CD29+, CD73+, CD90+, CD105+,
ÑD14-, CD34-, CD44-, CD45-, CD133-, CD166-). Êî-êóëüòèâèðîâàíèå ÌÑÊ è
SH-SY5Y ïðèâîäèëî ê ñïîíòàííîé ñàìîîðãàíèçàöèè êëåòîê: "îñòðîâêè"
ðàêîâûõ êëåòîê, îêðóæåííûå "ïðîòîêàìè" ôèáðîáëàñòî-ïîäîáíûõ ÌÑÊ.
Äàííûé òèï îðãàíèçàöèè áûë îòìå÷åí ïðè êî-êóëüòèâèðîâàíèè êëåòîê íà
ïîëè-L-ëèçèíå, ôèáðîíåêòèíå, æåëàòèíå, êîëëàãåíå è íåìîäèôèöèðîâàííîì
êóëüòóðàëüíîì ïëàñòèêå. Ïðè êî-êóëüòèâèðîâàíèè îáíàðóæåíû êëåòêè,
îêðàøåííûå çåëåíûìè è êðàñíûìè ôëóîðåñöåíòíûìè ìåòêàìè, ÷òî
ñâèäåòåëüñòâóåò î ñëèÿíèè ñòâîëîâûõ è ðàêîâûõ êëåòîê ñ îáðàçîâàíèåì
ãèáðèäíûõ êëåòîê. Ïðè êóëüòèâèðîâàíèè íà ïîâåðõíîñòè, ïîêðûòîé ñëîåì
ìàòðèãåëÿ, íàáëþäàëîñü ôîðìèðîâàíèå ïëîòíîãî ñãóñòêà ÌÑÊ, îêðóæåííîãî
"îðåîëîì" êëåòîê SH-SY5Y (òèï ðàñïðåäåëåíèÿ "ëåòàþùàÿ òàðåëêà"). Êî-
êóëüòèâèðîâàíèå êëåòîê ïðèâåëî ê ïîâûøåíèþ æèçíåñïîñîáíîñòè ñòâîëîâûõ
êëåòîê â 2 ðàçà ïî ñðàâíåíèþ ñ ÷èñòîé êóëüòóðîé ÌÑÊ ïðè óñëîâèÿõ
îêèñëèòåëüíîãî ñòðåññà â ïðèñóòñòâèè ïåðåêèñè âîäîðîäà.

Âûâîäû. Âïåðâûå ïîëó÷åíû äàííûå ïî ñàìîîðãàíèçàöèè ñòâîëîâûõ è
ðàêîâûõ êëåòîê ÷åëîâåêà ïðè êî-êóëüòèâèðîâàíèè íà ðàçëè÷íûõ
áèîëîãè÷åñêèõ ñóáñòðàòàõ. Ïîäîáíàÿ ñïîñîáíîñòü ê ñàìîîðãàíèçàöèè ìîæåò
áûòü èñïîëüçîâàíà â îáëàñòè òêàíåâîé èíæåíåðèè è áèîòåõíîëîãèè.
Ðàçðàáîòàíà ýôôåêòèâíàÿ ñèñòåìà in vitro äëÿ èññëåäîâàíèÿ èíäèâèäóàëüíûõ
êëåòî÷íûõ ïîïóëÿöèé ïðè êî-êóëüòèâèðîâàíèè íà îñíîâå äèôôåðåíöèàëüíîãî
in vitro ìå÷åíèÿ ôëóîðåñöåíòíûìè êðàñèòåëÿìè. Äàííàÿ ñèñòåìà ïîçâîëÿåò
èçó÷àòü ïîâåäåíèå îòäåëüíûõ êëåòî÷íûõ ïîïóëÿöèé ïðè èññëåäîâàíèè
ìåæêëåòî÷íûõ âçàèìîäåéñòâèé ìåæäó ñòâîëîâûìè è ðàêîâûìè êëåòêàìè.
Äàëüíåéøàÿ ðàáîòà ïîçâîëèò ñîçäàòü ïðèíöèïèàëüíî íîâóþ ñèñòåìó in vitro
äëÿ äîêëèíè÷åñêîãî ñêðèíèíãà ïðîòèâîðàêîâûõ ïðåïàðàòîâ è èññëåäîâàòü
ðîëü ñëèÿíèÿ ðàêîâûõ è ñòâîëîâûõ êëåòîê â ïàòîãåíåçå îíêîëîãè÷åñêèõ
çàáîëåâàíèé.
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Introduction. The common drawback of almost every in vitro cell culture
system is the absence of appropriate microenvironment, which is formed by such
factors as cell-cell contacts, extracellular matrix and soluble factors. Interaction
of cancer cells with their microenvironment and regional stem cells is of particular
interest. Specifics of cancer cell microenvironment can influence physiological
status of cells and their susceptibility to anticancer therapies. Development of
in vitro systems which allow more accurate modeling of cellular niche can increase
efficiency of preclinical assays for screening anticancer drugs. It is also important
to study interactions between cancer cells and regional stem cells. There is a cancer
stem cell hypothesis which explains occurrence, resistance and recurrence of
cancers after traditional chemo- and radiation therapies. It is thought that there is
a defined population of cancer cells with stem cells properties. This population
possesses increased resistance to traditional therapy and serves as a new source of
cancer cells, which reoccur after anticancer treatments. An origin of cancer disease
could also be related to oncogenic transformation of a single somatic stem cell. It
is known that stem cells are able to interact with their microenvironment, influence
differentiation status of neighboring cells and cause their reprogramming. This is
why it is important to study interactions of cancer and stem cells.

Aim. The purpose of this work was: to study interactions between
mesenchymal stem cells (MSC) and neuroblastoma SH-SY5Y cells during co-
cultures on different coated surfaces; to determine the effect of co-culture of cancer
and stem cells  on each cellular population under various stress conditions.

Materials and methods. MSC line was derived by explantation cell growth
from human third molar tooth germs. MSC analysis was carried out by flow
cytometry and Real-Time PCR. MSC were co-cultured with human neuroblastoma
SH-SY5Y cells. Cell were labeled in vitro by fluorescent dies: green PKH67
(Sigma) for MSC and red PKH26 (Sigma) for SH-SY5Y. Plastic cell culture
surfaces were coated by poly-L-lysine, Matrigel, fibronectin, gelatin or collagen.
Co-cultures were exposed to anti-cancer drugs doxorubicin and cis-platin and to
oxidative stress (hydrogen peroxide).

Results. MSC from human wisdom tooth germs had following surface antigen
profile: CD29+, CD73+, CD90+, CD105+, ÑD14-, CD34-, CD44-, CD45-,
CD133-, CD166-. MSC and SH-SY5Y co-culture lead to spontaneous cells self
organization: channel-like organization of MSCs and island-like of SH-SY5Y on
poly-L-lysine, fibronectin, gelatin, collagen and untreated cell culture plastic.
Detection of cells labeled by both green and red fluorescent dies demonstrated

rare fusion events between cancer and stem cells. Another type of organization
was observed on Matrigel covered surface: space saucer-like structure with flat
layer of SH-SY5Y cells surrounding a bulge of MSCs. Co-cultured stem cells had
two times higher viability under oxidative stress conditions compared to pure MSC
cell culture.

Discussion. We demonstrated for the first time self organization of cancer
and stem cells during co-culture on various coated surfaces. These properties can
be used in different fields of tissue engineering and biotechnology. We developed
an efficient in vitro system for studying individual cell populations during co-
culture using differential live fluorescent labeling. Further research will focus on
developing novel systems for pre-clinical screening of anti-cancer compounds
and on investigation of cell fusion events between cancer and stem cells in
pathogenesis of oncologic disorders.
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Ðàçëè÷íûå íàðóøåíèÿ ôåðòèëüíîñòè, çàòðàãèâàþùèå ïðèáëèçèòåëüíî
15% ñóïðóæåñêèõ ïàð âî âñåì ìèðå, ñâÿçàíû, â îñíîâíîì, ñ íàðóøåíèåì
ãàìåòîãåíåçà. Íåäàâíèå ðàáîòû ïîêàçàëè âîçìîæíîñòü ïîëó÷åíèÿ ïîëîâûõ
êëåòîê èç ýìáðèîíàëüíûõ ñòâîëîâûõ êëåòîê (ÝÑÊ) ìûøè. Àíàëîãè÷íûå
èññëåäîâàíèÿ ïðîâîäèëèñü è ñ ÷åëîâå÷åñêèìè ñòâîëîâûìè êëåòêàìè. Â õîäå
ýòèõ ðàáîò áûëè ëèáî ñïîíòàííî, ëèáî ñ ïîìîùüþ îáîãàùåíèÿ ñðåäû
ñïåöèôè÷åñêèìè ôàêòîðàìè ïîëó÷åíû îîöèòî-ïîäîáíûå ñòðóêòóðû. Äëÿ
íàïðàâëåííîé äèôôåðåíöèðîâêè ÝÑÊ â ïîëîâûå êëåòêè íåîáõîäèìî
ïîíèìàíèå ïðîöåññîâ, ïðîòåêàþùèõ íà ðàçëè÷íûõ ñòàäèÿõ îáðàçîâàíèÿ
ãàìåò. Ê íèì ìîæíî îòíåñòè: âëèÿíèå ðàçëè÷íûõ ôàêòîðîâ è ãîðìîíîâ íà
ïðîöåññ äèôôåðåíöèðîâêè, âêëþ÷åíèå íà ðàçëè÷íûõ ýòàïàõ îïðåäåëåííûõ
ãåíîâ, îòâåòñòâåííûõ çà ìèãðàöèþ, äåëåíèå è ñîçðåâàíèå êëåòîê. Êðîìå òîãî,
åñëè ãîâîðèòü î äàëüíåéøåé âîçìîæíîñòè èñïîëüçîâàíèÿ ïîëó÷åííûõ ãàìåò
èç ÷åëîâå÷åñêèõ ÝÑÊ â êà÷åñòâå àëüòåðíàòèâíîãî ñïîñîáà ëå÷åíèÿ ðàçëè÷íûõ
âèäîâ áåñïëîäèÿ, íåîáõîäèìà ðàçðàáîòêà ìåòîäîâ êóëüòèâèðîâàíèÿ ÝÑÊ â
îòñóòñòâèå êîìïîíåíòîâ æèâîòíîãî ïðîèñõîæäåíèÿ. Â ñâÿçè ñ ýòèì öåëüþ
íàñòîÿùåé ðàáîòû áûëî èññëåäîâàíèå äèíàìèêè ýêñïðåññèè ìàðêåðîâ
ïåðâè÷íûõ ïîëîâûõ êëåòîê â ÝÑÊ ÷åëîâåêà ïðè èõ êóëüòèâèðîâàíèè â ñðåäå,
îáîãàùåííîé ôàêòîðàìè äèôôåðåíöèðîâêè, â óñëîâèÿõ îòñóòñòâèÿ ôèäåðíûõ
êëåòîê è ñûâîðîòêè.

Ýìáðèîíàëüíûå êëåòêè ÷åëîâåêà 49-îé ëèíèè êóëüòèâèðîâàëèñü íà
ñòàíäàðòíîé ñðåäå äëÿ ýìáðèîíàëüíûõ ñòâîëîâûõ êëåòîê ñ äîáàâëåíèåì
ìîðôîãåíåòè÷åñêîãî áåëêà 4 (BMP4), ýïèäåðìàëüíîãî ôàêòîðà ðîñòà (EGF),
ðåòèíîåâîé êèñëîòû, ôîëëèêóëîñòèìóëèðóþùåãî è ëþòåèíåçèðóþùåãî
ãîðìîíîâ. Êóëüòèâèðîâàíèå êëåòîê ïðîâîäèëîñü â òå÷åíèå ÷åòûðåõ íåäåëü.
Äëÿ èäåíòèôèêàöèè ïðîõîæäåíèÿ êëåòêàìè ñòàäèé äèôôåðåíöèðîâêè êàæäûå
3 äíÿ îñóùåñòâëÿëñÿ çàáîð êëåòîê äëÿ ïðîâåäåíèÿ îáðàòíîé òðàíñêðèïöèè è
ÏÖÐ äëÿ àíàëèçà ýêñïðåññèè ñëåäóþùèõ ìàðêåðîâ: Oct4, ifitm3, DPPA3,
DDX4, ZP3.

Êóëüòèâèðîâàíèå êëåòîê â ñðåäå, ñîäåðæàùåé BMP4, ïðèâîäèëî ê
äèôôåðåíöèðîâêå êîëîíèé ÝÑÊ. Îöåíèâàëàñü ìîðôîëîãèÿ êîëîíèé ìåòîäîì
ïðîñòîé ôàçîâî-êîíòðàñòíîé ìèêðîñêîïèè. Áûëà îáíàðóæåíà ïëîòíîñòíî-
çàâèñèìàÿ ñïîñîáíîñòü êîëîíèé ê äèôôåðåíöèðîâêå. Äèôôåðåíöèðîâêà
êóëüòóðû â ëàã-ôàçå ïðîèñõîäèëà ïî âñåé êîëîíèè, à ïðè ïðàêòè÷åñêè
ìîíîñëîéíîì ñîñòîÿíèè – òîëüêî ïî ïåðèôåðèè.

Â õîäå èññëåäîâàíèÿ ýêñïðåññèè ãåíîâ, îòâå÷àþùèõ çà äèôôåðåíöèðîâêó
ïåðâè÷íûõ ïîëîâûõ êëåòîê, ïóòåì ïðîâåäåíèÿ îáðàòíîé òðàíñêðèïöèè è ÏÖÐ
áûëà ïðîñëåæåíà äèíàìèêà ïîÿâëåíèÿ èíòåðåñóþùèõ ãåíîâ â çàâèñèìîñòè
îò âðåìåíè êóëüòèâèðîâàíèÿ ÝÑÊ ÷åëîâåêà íà îáîãàùåííîé ñðåäå. Àíàëèç
ïîêàçàë, ÷òî OCT4, ÿâëÿþùèéñÿ ìàðêåðîì ïëþðèïîòåíòíîñòè, ñòàáèëüíî
ýêñïðåññèðóåòñÿ äî òðåòüåé íåäåëè êóëüòèâèðîâàíèÿ, è çàòåì ïîñòåïåííî
èñ÷åçàåò ê êîíöó ñðîêà ïðîâåäåíèÿ ýêñïåðèìåíòà. Ãåí stella (DPPA3)
èíòåíñèâíî íà÷èíàë ýêñïðåññèðîâàòüñÿ ñî âòîðîé íåäåëè êóëüòèâèðîâàíèÿ,
è ïîñòåïåííî óðîâåíü ýêñïðåññèè ñíèæàëñÿ ê òðåòüåé íåäåëå. Ýòî ìîæåò
ñâèäåòåëüñòâîâàòü î òîì, ÷òî êëåòêè â ýòè ñðîêè íà÷èíàëè äèôôåðåíöèðîâêó
â ïåðâè÷íûå ïîëîâûå êëåòêè, ò.ê. äàííûé ãåí îòâåòñòâåíåí çà ïðîöåññ
âñòóïëåíèÿ ÝÑÊ íà ïóòü îáðàçîâàíèÿ ãàìåò. Fragillis (IFITM3) ñòàáèëüíî
ïðèñóòñòâóåò âî âñåõ êëåòêàõ â õîäå äèôôåðåíöèðîâêè. Äàííûé ìàðêåð
ýêñïðåññèðóåòñÿ íà ðàííèõ ñòàäèÿõ îáðàçîâàíèÿ ÏÏÊ, íî, êðîìå òîãî, îí
òàêæå ïðèñóòñòâóåò âî ìíîãèõ òêàíÿõ âçðîñëîãî îðãàíèçìà, ÷òî ïîçâîëÿåò
ïðåäïîëîæèòü, ÷òî â õîäå äëèòåëüíîãî êóëüòèâèðîâàíèÿ ÝÑÊ ÷åëîâåêà ñ
BMP4 êëåòêè, íàõîäÿùèåñÿ â íåñòàáèëüíîé ñòàäèè äèôôåðåíöèðîâêè, ìîãóò
íà÷àòü äèôôåðåíöèðîâàòüñÿ ïî äðóãîìó ïóòè. Ýòî ïîäòâåðæäàþò è äàííûå
ïî ýêñïðåññèè ãåíîâ-ìàðêåðîâ áîëåå ïîçäíåé ñòàäèè äèôôåðåíöèðîâêè ÏÏÊ,
òàêèõ êàê DDX4 è ZP3: â õîäå ýêñïåðèìåíòà ýêñïðåññèÿ ýòèõ ãåíîâ íå
íàáëþäàëàñü.
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EXPRESSION OF PRIMORDIAL GERM CELL'S MARKERS IN
HUMAN EMBRYONIC STEM CELLS, WHICH WERE
CULTIVATED IN MEDIUM SUPPLEMENTED WITH FACTORS OF
DIFFERENTIATION IN CONDITIOUS WITHOUT FEEDER LAYER
AND SERUM
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Different abnormalities of fertility, affecting  approximately 15% of married
couples all over the world, are associated with disfunctions of gametogenesis.
Recent studies showed the possibility of obtaining primordial germ cells from
mouse embryonic stem cells. Also similar investigations were made with human
ESCs. In these studies, germ cells were generated via spontaneous EB formation,
and EB formation with recombinant human bone morphogenetic proteins (BMPs).
It is necessary to understand all processes, which occur in different stages of
gametogenesis  for making direct differentiation of ESC into PGC. It can be the
influence of different factors and hormones, switching on specific genes, which
are responsible for migration, fission or maturation of cells. In terms of this the
aim of our study was to observe the dynamics of expression of PGC's markers in
human ESC which were cultivated in medium supplemented with differentiation
factors in feeder-free and serum-free conditions.

Human ESC of 49-th line were cultivated on basic medium for ESC
supplemented with bone morphogenic protein 4 (BMP4), epidermal growth factor
(EGF), retinoic acid, follicle-stimulating hormone, and  luteinizing  hormone. Cells
were cultivated for four weeks. To identificate how cells pass stages of
differentiation, cell sampling was made every three days for RT-PCR analysis of
PGC's markers expression such as, ifitm3, DPPA3, vasa, GDF9 and ZP3.

Cell cultivation in medium supplemented with BMP4 and other factors lead
to differentiation of ESC's colonies. Morphology of colonies was observed by
phase-contrast microscopy. Density-depended ability for differentiation of colonies
was detected. In log-phase of growth cell's differentiation took place all over the
colony, while in monolayer differentiation was observed only in outlying districts.

During the analysis of gene expression by RT-PCR the of PGC's markers was
shown the time-depending dynamics of their expression in human ESC which
were cultivated in supplemented medium. Oct4 is marker of pluripotencity and it
is constant expressed till the third week of cultivation and then slowly decrease
and disappear at the end of the experiment. Stella (DPPA3) began to express from
second week of cultivation and expression decreased in the third week. This data
suggested that in that time  cells began to differentiate into primordial germ cells.
Fragillis (IFITM3) was constant expressed during all experiment. This marker is
expressed in early stages of differentiation of primordial germ cells, but it is also
exists in different tissues of adults. It suggests that during long term of cultivation
human embryonic stem cells can begin to differentiate into another ways. This
hypotheses can be proved by the fact that genes of late stages of differentiation
into primordial germ cells (DDX4, ZP3) don't expressed during experiment.
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Ïåðâè÷íûå àôôåðåíòíûå íåéðîíû ñïèííîìîçãîâûõ ãàíãëèåâ ïåðåäàþò
ñåíñîðíóþ èíôîðìàöèþ ñ ïåðèôåðèè â ñïèííîé ìîçã. Äàííûå íåéðîíû
ÿâëÿþòñÿ ëîæíîóíèïîëÿðíûìè, ò.å. îò íèõ îòõîäèò îäèí îòðîñòîê, êîòîðûé
ðàçäåëÿåòñÿ íà äåíäðèò, ïåðåäàþùèé íåðâíûå èìïóëüñû ñ ïåðèôåðèè ê òåëó
êëåòêè, è àêñîí, ïî êîòîðîìó îíè ïîñòóïàþò äàëåå â ñïèííîé ìîçã. Àãîíèñòû
íèêîòèíîâûõ àöåòèëõîëèíîâûõ ðåöåïòîðîâ (íÀÕÐ) ñïîñîáíû êàê âîçáóæäàòü
ïåðèôåðè÷åñêèå ÷óâñòâèòåëüíûå íåðâíûå âîëîêíà, òàê è îêàçûâàòü
îáåçáîëèâàþùåå äåéñòâèå. Âåðîÿòíîé ïðè÷èíîé ñòîëü ðàçíûõ ýôôåêòîâ
õîëèíåðãè÷åñêèõ àãîíèñòîâ ÿâëÿåòñÿ ñòèìóëÿöèÿ èìè ðàçëè÷íûõ ïîäòèïîâ
íÀÕÐ, ðàñïîëîæåííûõ íà íåéðîíàõ ñïèííîìîçãîâûõ ãàíãëèåâ. Ïî äàííûì
ðàäèîëèãàíäíîãî àíàëèçà, èììóíîãèñòîõèìèè è ýëåêòðîôèçèîëîãèè íåéðîíû
ñïèííîìîçãîâûõ ãàíãëèåâ, õàðàêòåðèçóþùèåñÿ îïðåäåëåííîé ôóíêöèåé â
îðãàíèçìå,  ýêñïðåññèðóþò äåòåðìèíèðîâàííûé íàáîð íÀÕÐ. Â äàííûõ
ãàíãëèÿõ íàéäåíû ìÐÍÊ âñåõ íåéðîíàëüíûõ ñóáúåäèíèö íÀÕÐ. Íåéðîíû
ñïèííîìîçãîâûõ ãàíãëèåâ íå ÿâëÿþòñÿ îäíîðîäíîé ïîïóëÿöèåé. Îíè
ðàçëè÷àþòñÿ ðàçìåðàìè, âíóòðèêëåòî÷íîé ñòðóêòóðîé, ñïåêòðîì
ýêñïðåññèðóåìûõ áåëêîâ, ñîäåðæàíèåì ïåïòèäîâ, ýëåêòðîôèçèîëîãè÷åñêèìè
è äðóãèìè ñâîéñòâàìè. Ñóùåñòâóåò êîððåëÿöèÿ ìåæäó íåêîòîðûìè
õàðàêòåðèñòèêàìè íåéðîíîâ è âûïîëíÿåìîé èìè ôóíêöèåé.  Òàê, íåéðîíû
ìàëîãî ðàçìåðà ñ òîíêèìè àêñîíàìè ïåðåäàþò èíôîðìàöèþ î áîëåâûõ è
òåìïåðàòóðíûõ îùóùåíèÿõ, òîãäà êàê íåéðîíû ñ áîëüøèì  äèàìåòðîì òåë è
àêñîíîâ ó÷àñòâóþò â ïåðåäà÷å ìåõàíîðåöåïòèâíîé èíôîðìàöèè. Â íàøåé
ðàáîòå ìû èññëåäîâàëè, êàêèå ïîäòèïû íåéðîíîâ ñïèííîìîçãîâûõ ãàíãëèåâ
ýêñïðåññèðóþò α7 íÀÕÐ.

Èììóíîãèñòîõèìèÿ ÿâëÿåòñÿ íàèáîëåå ðàñïðîñòðàíåííûì ìåòîäîì
èññëåäîâàíèÿ ëîêàëèçàöèè ðàçëè÷íûõ ñóáúåäèíèö íÀÕÐ. Îäíàêî, íåäàâíèå
èññëåäîâàíèÿ íà òêàíÿõ íîêàóòíûõ ìûøåé äîêàçàëè, ÷òî áîëüøîå ÷èñëî
àíòèòåë îêàçàëîñü íåïðèìåíèìî äëÿ ýòîé öåëè èç-çà íàëè÷èÿ
íåñïåöèôè÷åñêîãî îêðàøèâàíèÿ; â ñâÿçè ñ ýòèì, âñå áîëüøå âíèìàíèÿ
óäåëÿåòñÿ èñïîëüçîâàíèþ èõ â êà÷åñòâå ñåëåêòèâíûõ ìàðêåðîâ
íåéðîòîêñèíîâ.
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Primary afferent neurons of dorsal root ganglia (DRG) transmit sensory
information from the periphery to the spinal cord. These neurons are of the
pseudounipolar type, meaning they have one process dividing into the dendrite
conducting nerve impulses from periphery toward the cell body and the axon
conducting them away from the cell body to the spinal cord. Nicotinic acetylcholine
receptors (nAChRs) agonists excite peripheral sensory nerve fibers, but also induce
analgesic effects.  Such different effects of cholinergic agonists could depend on
the expression of different nAChR subtypes located on DRG neurons. On the
basis of binding assays, immunohistochemistry and electrophysiological studies it
appears that DRG neurons possessing different functions express a distinct set of
nAChRs, and mRNA of all neuronal nAChR subunits has been detected in DRG.
DRG neurons are a diverse population. They differ in cell size, ultrastructure,
spectrum of expressing proteins, peptide content, electrophysiological and other
properties. Some characteristics of DRG neurons correlate with their functions.
For example, small neurons with thin axons convey information about pain and
temperature, whereas large neurons with thick axons convey mechanoreceptive
information. In our study we explored which functional subtypes of DRG neurons
expressed α7 nAChRs.

Immunohistochemistry has been the most popular tool for investigation of
nAChR subunit distribution. However, recent studies with nAChR subunit knockout
mice demonstrated that a large panel of antibodies is unsuitable due to unspecific
staining. Thus, it is getting more popular to use neurotoxins as selective markers.

The developed protocol allows specific histochemical detection of α7 nAChRs
in DRG utilizing Alexa Fluor 488-conjugated α-bungarotoxin (Alexa-αBgt). We
applied α-cobratoxin to control the specificity of Alexa-αBgt binding and
α-neurotoxin II to prevent the possible reaction of α-bungarotoxin to muscle-type
receptors. The efficiency of the method was tested utilizing α7 nAChR-transfected
cells, membranes from Torpedo electric organ, tongue and DRG sections from
wild-type and α7 nAChR knockout mouse.

The spatial resolution is higher for the developed method than for applied
earlier autoradiography. It allowed to discriminate between the labeling of neuron
plasmatic membrane and granular perinuclear labeling, that possibly corresponded
to the endoplasmatic reticulum.

Ðàçðàáîòàííàÿ íàìè ìåòîäèêà ïîçâîëÿåò ïðèìåíÿòü Alexa Fluor 488-
ìå÷åííûé α-áóíãàðîòîêñèí äëÿ ñïåöèôè÷åñêîãî ãèñòîõèìè÷åñêîãî
îêðàøèâàíèÿ α7 íÀÕÐ â ñïèííîìîçãîâûõ ãàíãëèÿõ. Äëÿ êîíòðîëÿ çà
ñïåöèôè÷íîñòüþ âçàèìîäåéñòâèÿ è ïðåäîòâðàùåíèÿ âîçìîæíîãî ñâÿçûâàíèÿ
α-áóíãàðîòîêñèíà ñ ðåöåïòîðàìè ìûøå÷íîãî òèïà íàìè áûëè èñïîëüçîâàíû
α-êîáðàòîêñèí è α-íåéðîòîêñèí II, ñîîòâåòñòâåííî. Ýôôåêòèâíîñòü ìåòîäà
áûëà ïðîòåñòèðîâàíà íà α7-òðàíñôèöèðîâàííûõ êëåòêàõ, ìåìáðàíàõ
ýëåêòðè÷åñêîãî îðãàíà ñêàòà Torpedo, à òàêæå ñðåçàõ ÿçûêà è ñïèííîìîçãîâûõ
ãàíãëèåâ íîðìàëüíûõ è íîêàóòíûõ ïî ãåíó α7-ñóáúåäèíèöû ìûøåé.

Äàííûé ìåòîä îáëàäàåò áîëüøèì ðàçðåøåíèåì ïî ñðàâíåíèþ ñ ðàíåå
ïðèìåíÿâøåéñÿ äëÿ ïîäîáíûõ èññëåäîâàíèé àóòîðàäèîãðàôèåé, ÷òî
ïîçâîëèëî ðàçëè÷èòü îêðàøèâàíèå ïëàçìàòè÷åñêîé ìåìáðàíû íåéðîíîâ è
ëîêàëèçîâàííîå âîêðóã ÿäðà îêðàøèâàíèå, ñêîðåå âñåãî ñâÿçàííîå ñ
ðåöåïòîðàìè â ýíäîïëàçìàòè÷åñêîì ðåòèêóëóìå. Èíîãäà ðÿäîì ñ
îêðàøåííûìè òåëàìè íåéðîíîâ ìîæíî áûëî çàìåòèòü ñïåöèôè÷íî ìå÷åííûå
α-áóíãàðîòîêñèíîì ñòðóêòóðû, íàïîìèíàþùèå äóãè. Äàííîå îêðàøèâàíèå
ìîãëî ñîîòâåòñòâîâàòü ñàòòåëèòíûì êëåòêàì (ãëèÿì), ïëîòíî îêðóæàþùèì
âñþ ïîâåðõíîñòü íåéðîíà. Îäíàêî ýêñïåðèìåíòû ïî äâîéíîìó ìå÷åíèþ
öèòîïëàçìû íåéðîíîâ è α7 íÀÕÐ íå ïîäòâåðäèëè ýòîãî. Ðàçðàáîòàííàÿ
ìåòîäèêà áûëà ïðèìåíåíà äëÿ èññëåäîâàíèÿ ðàñïðåäåëåíèÿ α7 íÀÕÐ íà
íåéðîíàõ ñïèííîìîçãîâûõ ãàíãëèåâ ãðóäíîãî è ïîÿñíè÷íîãî îòäåëîâ
âçðîñëûõ êðûñ. Äëÿ âûÿñíåíèÿ, êàêîâà ôóíêöèîíàëüíàÿ ðîëü íåéðîíîâ,
ýêñïðåññèðóþùèõ α7 íÀÕÐ, ìû, âî-ïåðâûõ, èçìåðèëè ñðåäíèé äèàìåòð èõ
òåë è ñðàâíèëè ïîëó÷åííîå ðàñïðåäåëåíèå ïî ðàçìåðàì ñ òàêîâûì äëÿ âñåõ
íåéðîíîâ â ãàíãëèè, âî-âòîðûõ, ïðîâåëè äâîéíîå îêðàøèâàíèå ñðåçîâ
ñïèííîìîçãîâûõ ãàíãëèåâ Alexa Fluor 488-ìå÷åííûì α-áóíãàðîòîêñèíîì è
àíòèòåëàìè ê ãèñòîõèìè÷åñêèì ìàðêåðàì ïîäòèïîâ íåéðîíîâ.

Â ñîâîêóïíîñòè ïîëó÷åííûå ðåçóëüòàòû äàþò îñíîâàíèå ïîëàãàòü, ÷òî
ñðåäè íåéðîíîâ ñïèííîìîçãîâûõ ãàíãëèåâ âñåõ ôóíêöèîíàëüíûõ ïîäòèïîâ
âñòðå÷àþòñÿ êëåòêè, ýêñïðåññèðóþùèå α7 íÀÕÐ. Ïðè ýòîì ïîçèòèâíîå
ìå÷åíèå Alexa Fluor 488-ìå÷åííûì α-áóíãàðîòîêñèíîì íàáëþäàëîñü, â
ñðåäíåì, äëÿ 3,68% íåéðîíîâ ñïèííîìîçãîâûõ ãàíãëèåâ, îäíàêî ñðåäè
íåéðîíîâ áîëüøîãî äèàìåòðà ìå÷åíûå êëåòêè ñîñòàâëÿëè áîëåå çàìåòíóþ
÷àñòü – 10-12%, ÷òî ñîãëàñîâûâàëîñü ñ äàííûìè äâîéíîãî îêðàøèâàíèÿ.
Òàêèì îáðàçîì, àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ñâèäåòåëüñòâóåò î âîçìîæíîì
ó÷àñòèè α7 íÀÕÐ â ìåõàíîðåöåïöèè.



266 267

Sometimes we could find Alexa-αBgt labeled structures like arcs near the
stained body of neuron. It could be associated with labeled satellite cells (glial
cells) tightly surrounding neuron. However, further experiments demonstrated that
Alexa-αBgt binding colocalised with labeled cytoplasm of neurons for all the
investigated sections and we were not able to distinguish any additional stained
structures.

The method was applied to investigate the cell distribution of α7 nAChRs in
thoracic and lumbar DRG of adult rats. To reveal the function of DRG neurons
expressing α7 nAChRs at the first step we compared distribution histograms of
mean cell diameters of Alexa-αBgt labeled neurons and a total population of DRG
neurons. At the second step we characterized Alexa-αBgt-binding neurons by
doudle-labeling experiments with antibodies to the histochemical markers of DRG
neurons subtypes.

In total the results demonstrated that there are some cells expressing α7
nAChRs among DRG neurons of all the functional subtypes. The average
percentage of Alexa-αBgt labeled cells among total neurons in DRG was 3,68%.
However, the α7 nAChRs positive cells were found more often among neurons
with large diameter cell body (10-12%) and it agreed with data of double-labeling
experiments. Thus, data analysis indicates the possible role of α7 nAChRs in
mechanoreception.
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Ìåìáðàíîàññîöèèðîâàííûå è ìåìáðàíîàêòèâíûå áåëêè è ïåïòèäû (ÌÁ)
èãðàþò áîëüøóþ ðîëü â âûïîëíåíèè ðàçíîîáðàçíûõ áèîëîãè÷åñêèõ ôóíêöèé
êàê â îòäåëüíîé æèâîé êëåòêå, òàê è â öåëûõ îðãàíèçìàõ è èõ ñîîáùåñòâàõ.
Ýòè ìîëåêóëû îòâåòñòâåííû çà ýíåðãåòè÷åñêèå ïðîöåññû â êëåòêå,
ìåæêëåòî÷íóþ ðåöåïöèþ è êîììóíèêàöèþ, à òàêæå çà ðàáîòó íåðâíîé,
ýíäîêðèííîé è èììóííîé ñèñòåì âûñøèõ æèâîòíûõ. Íåñìîòðÿ íà îãðîìíóþ
âàæíîñòü, â íàñòîÿùåå âðåìÿ ìåõàíèçìû ðàáîòû ìíîãèõ ÌÁ îñòàþòñÿ ïëîõî
èçó÷åííûìè. Îñíîâíûå òðóäíîñòè â ôóíêöèîíàëüíûõ è ñòðóêòóðíûõ
èññëåäîâàíèÿõ ÌÁ ñâÿçàíû ñ òåì, ÷òî ýòè áèîìîëåêóëû îáëàäàþò ïðèðîäíîé
ïðîñòðàíñòâåííîé ñòðóêòóðîé òîëüêî â ïðèñóòñòâèè áèîëîãè÷åñêîé
ìåìáðàíû èëè ïîäõîäÿùåé ìåìáðàíîìîäåëèðóþùåé ñðåäû (ìåìáðàííîãî
ìèìåòèêà). Òðàäèöèîííî èñïîëüçóåìûå ìåìáðàíîìîäåëèðóþùèå ñðåäû
(îðãàíè÷åñêèå ðàñòâîðèòåëè ñ íèçêîé ïîëÿðíîñòüþ, ìèöåëëû äåòåðãåíòîâ è
íåáîëüøèå ñôåðè÷åñêèå ëèïèä/äåòåðãåíòíûå áèöåëëû) îáëàäàþò ðÿäîì
ñóùåñòâåííûõ íåäîñòàòêîâ è âî ìíîãèõ ñëó÷àÿõ íå ñïîñîáíû ïîëíîöåííî
ìîäåëèðîâàòü ìåìáðàííîå îêðóæåíèå áèîìîëåêóëû. Ñ äðóãîé ñòîðîíû,
ñèñòåìû, ñîäåðæàùèå áèñëîéíûå ìåìáðàíû (ëèïîñîìû, áèöåëëû), èìåþò
î÷åíü áîëüøèå ðàçìåðû è íå ìîãóò áûòü èñïîëüçîâàíû äëÿ ñòðóêòóðíûõ
èññëåäîâàíèé íàïðÿìóþ.

Â íàñòîÿùåé ðàáîòå áûëà èçó÷åíà âîçìîæíîñòü ïðèìåíåíèÿ íîâîé
ìåìáðàíîìîäåëèðóþùåé ñðåäû – ëèïèä-áåëêîâûõ íàíîäèñêîâ (ËÁÍ), äëÿ
ñòàáèëèçàöèè â ðàñòâîðå, ðåíàòóðàöèè è ñòðóêòóðíûõ èññëåäîâàíèé ÌÁ
ìåòîäàìè ßÌÐ ñïåêòðîñêîïèè. ËÁÍ ïðåäñòàâëÿþò ñîáîé äèñêîîáðàçíûå
÷àñòèöû äèàìåòðîì 10 íì è òîëùèíîé 4 íì [1]. Êàæäàÿ èç ýòèõ ÷àñòèö èìååò
â ñâîåì ñîñòàâå ðåãèîí áèñëîéíîé ìåìáðàíû (~150 ëèïèäîâ),
ñòàáèëèçèðîâàííûé äèìåðîì àïîëèïîïðîòåèíà À1 ÷åëîâåêà (àïîÀ1).
Ôðàãìåíò ëèïèäíîé ìåìáðàíû â ñîñòàâå íàíîäèñêà ñîõðàíÿåò ìíîãèå
áèîôèçè÷åñêèå ñâîéñòâà íàñòîÿùèõ áèñëîéíûõ ñèñòåì, ÷òî îáóñëàâëèâàåò
ëó÷øèå ìåìáðàíîìîäåëèðóþùèå õàðàêòåðèñòèêè ËÁÍ ïî ñðàâíåíèþ ñ
êëàññè÷åñêèìè ìåìáðàííûìè ìèìåòèêàìè.

Âîçìîæíîñòü ïðèìåíåíèÿ ËÁÍ äëÿ ðåíàòóðàöèè ðåêîìáèíàíòíûõ ÌÁ,
ïîëó÷åííûõ â ðåçóëüòàòå ãåòåðîëîãè÷åñêîé ýêñïðåññèè â áàêòåðèàëüíûõ
êëåòêàõ, áûëà èññëåäîâàíà íà ïðèìåðå áàêòåðèàëüíîãî K+-êàíàëà KcsA
(Streptomyces lividans) è ôîòîàêòèâèðóåìîãî ïðîòîííîãî íàñîñà ãàëîáàêòåðèé,
– áàêòåðèîðîäîïñèíà (BR). KcsA, èìåþùèé íàòèâíóþ òåòðàìåðíóþ
îðãàíèçàöèþ, âûäåëåííûé â ìÿãêèõ óñëîâèÿõ èç ìåìáðàí E. coli, áûë
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äåíàòóðèðîâàí äî ìîíîìåðíîé ôîðìû ïóòåì îñàæäåíèÿ ñ ïîìîùüþ
òðèõëîðóêñóñíîé êèñëîòû è ïîñëåäóþùåãî ðàñòâîðåíèÿ â æåñòêîì äåòåðãåíòå
(SDS). Äåíàòóðèðîâàííûé âàðèàíò BR áûë ïîëó÷åí â ðåçóëüòàòå ðàñòâîðåíèÿ
òåëåö âêëþ÷åíèÿ E. coli â SDS. Äåíàòóðèðîâàííûå âàðèàíòû îáîèõ áåëêîâ
ñìåøèâàëè ñ àïîÀ1 è ëèïèäàìè ðàçëè÷íîãî ñîñòàâà. Çàòåì èç ýòîé ñìåñè
óäàëÿëè SDS ñ ïîìîùüþ ñïåöèôè÷åñêîãî ñîðáåíòà, â ðåçóëüòàòå ÷åãî
ïðîèñõîäèëî ñàìîîáðàçîâàíèå íàíîäèñêîâ ñ îäíîâðåìåííûì âêëþ÷åíèåì
èññëåäóåìûõ áåëêîâ â ìåìáðàíû ËÁÍ. Ïðè ýòîì â ñëó÷àå KcsA íàáëþäàëîñü
ôîðìèðîâàíèå òåòðàìåðîâ áåëêà, à â ñëó÷àå BR ïðè äîáàâëåíèè êîôàêòîðà
òðàíñ-ðåòèíàëÿ îïðåäåëÿëîñü ïîÿâëåíèå õàðàêòåðíîãî ïèêà ïîãëîùåíèÿ íà
äëèíå âîëíû 550 íì, ñâèäåòåëüñòâóþùåå îá àêòèâíîé ôîðìå BR. Òàêèì
îáðàçîì, âïåðâûå áûëà ïîêàçàíà ïðèìåíèìîñòü íàíîäèñêîâ äëÿ ðåíàòóðàöèè
ðåêîìáèíàíòíûõ áåëêîâ.

Âîçìîæíîñòü ñòðóêòóðíûõ èññëåäîâàíèé ÌÁ, âñòðîåííûõ â ìåìáðàíû
ËÁÍ, ìåòîäàìè ñïåêòðîñêîïèè ßÌÐ âûñîêîãî ðàçðåøåíèÿ âïåðâûå áûëà
èçó÷åíà íà ïðèìåðå KcsA, âîëüò-ñåíñîðíîãî äîìåíà ïîòåíöèàëçàâèñèìîãî
K+-êàíàëà KvAP (VSD, Aeropyrum pernix) è àíòèáèîòèêà àíòèàìåáèíà I (Ààì-I,
Emericellopsis minima). 15N-Ìå÷åííûå àíàëîãè ýòèõ ìîëåêóë áûëè âñòðîåíû
â ìåìáðàíû ËÁÍ ðàçëè÷íîãî ñîñòàâà. Ôîðìèðîâàíèå ñòàáèëüíûõ êîìïëåêñîâ,
äåìîíñòðèðóþùèõ èçîòðîïíîå âðàùåíèå â ðàñòâîðå, áûëî ïîäòâåðæäåíî
ìåòîäàìè ãåëü-ôèëüòðàöèè è 31P-ßÌÐ ñïåêòðîñêîïèè. Äëÿ KcsA â ñîñòàâå
ËÁÍ íà îñíîâå DMPC, äëÿ VSD â ñîñòàâå ËÁÍ íà îñíîâå DMPC è DMPG, à
òàêæå äëÿ Ààì-I â ñîñòàâå ËÁÍ íà îñíîâå DOPG, DLPC, DMPC, POPC áûëè
èçìåðåíû 2D 1H-15N êîððåëÿöèîííûå ñïåêòðû è ïðîâåäåíî ñðàâíåíèå ñî
ñïåêòðàìè â êëàññè÷åñêèõ ìåìáðàíîìîäåëèðóþùèõ ñðåäàõ. ßÌÐ ñïåêòðû
ÌÁ, ïîëó÷åííûå â ËÁÍ, íåñìîòðÿ íà çíà÷èòåëüíî áîëüøóþ øèðèíó 1HN

ëèíèé, èìåëè äîñòàòî÷íîå êà÷åñòâî äëÿ ïðîâåäåíèÿ ñòðóêòóðíûõ
èññëåäîâàíèé. Â êà÷åñòâå ïðèìåðîâ ñòðóêòóðíîé èíôîðìàöèè, êîòîðàÿ ìîæåò
áûòü ïîëó÷åíà äëÿ ÌÁ â ñîñòàâå ËÁÍ, ìåòîäîì ñïèíîâîãî çîíäà áûëà
îïðåäåëåíà òîïîëîãèÿ âçàèìîäåéñòâèÿ Ààì-I ñ ìåìáðàíàìè ËÁÍ ðàçëè÷íîãî
ñîñòàâà, à òàêæå ïîëó÷åí ñïåêòð 3D 15N-NOESY, ïîçâîëÿþùèé èçìåðÿòü
ðàññòîÿíèÿ ìåæäó ïðîòîíàìè â ìîëåêóëå ïåïòèäà.

Ïîëó÷åííûå äàííûå óêàçûâàþò íà ïðèìåíèìîñòü íàíîäèñêîâ äëÿ
ñòàáèëèçàöèè â ðàñòâîðå, ðåíàòóðàöèè è ñòðóêòóðíûõ èññëåäîâàíèé ÌÁ
ìåòîäàìè ßÌÐ ñïåêòðîñêîïèè. Âîçìîæíîñòü ôîðìèðîâàíèÿ íàíîäèñêîâ
ðàçëè÷íîãî ëèïèäíîãî ñîñòàâà îòêðûâàåò øèðîêèå ïåðñïåêòèâû äëÿ
èññëåäîâàíèÿ ìåìáðàííûõ áåëêîâ â ïðàêòè÷åñêè ïðèðîäíîì îêðóæåíèè.
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Membrane-associated and membrane-active proteins and peptides (MPs) play
key roles in many biological processes essential for living cells, whole organisms
and their communities. These molecules are responsible for cell energetics,
reception of intercellular signals, as well as for functioning of nervous, endocrine
and immune systems of higher animals. Presently, in spite of large interest in this
field, the molecular mechanisms of MPs functioning are not very well established.
The presence of biological membrane or suitable membrane mimicking medium
(membrane mimetic) is required to formation and stabilization of MPs native spatial
structure, thus causing main difficulties in their functional and structural
investigations. The commonly used membrane mimetics (organic solvents with
low polarity, detergent micelles and small lipid/detergent bicelles) display some
serious shortcomings and in many cases do not able to adequately represent
membrane environment. On the other hand, the real bilayered systems (in form of
vesicles or bicelles) are too large to be used directly in structural studies.

The present work is devoted to possible applications of a new membrane
mimicking medium – Lipid-Protein Nanodiscs (LPNs) [1]. Each LPN particle
represents a fragment of lipid bilayer (~150 lipid molecules) wrapped around by
dimer of human apolipoprotein A1 (apoA1). These particles have discoid shape
with characteristic dimensions of 10x4 nm. The membrane fragment of LPN particle
preserves many biophysical properties of real bilayered systems, and as a result
the nanodiscs display better membrane mimicking characteristics as compared to
traditional media. In the course of presented work the applicability of LPNs for
stabilization in solution, refolding and structural NMR investigations of MPs were
investigated.

The bacterial K+-channel KcsA (Streptomyces lividans) and light-driven pump
of halobacteria, – Bacteriorhodopsin (BR), were used to test the ability of LPNs
to promote refolding of recombinant MPs obtained via heterologous expression
in bacterial cells. KcsA in native tetrameric form was extracted from E. coli
membranes in mild conditions. After that the protein was denatured to monomeric
state via treatment of trichloroacetic acid and subsequent resolubilization in harsh
detergent (SDS). The denatured variant of BR was obtained upon solubilization
of E. coli inclusion bodies in SDS. The both proteins in denatured state were
mixed with apoA1 and with lipids of various compositions. After that SDS was
removed from the mixtures by special sorbent and nanodiscs with encapsulated
MPs were spontaneously formed. In the case of KcsA this process led to formation
of protein tetramers. The characteristic absorption at 550 nm was observed for
LPN/BR samples upon addition of cofactor (trans-retinal), indicating the presence
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of native BR conformation. Thus the present work gives the first successful example
of nanodiscs application for refolding of recombinant proteins.

The 15N-labeled analogues of KcsA, voltage sensing domain of K+-channel
KvAP (VSD, Aeropyrum pernix) and membrane-active antibiotic peptide
antiamoebin I (Aam-I, Emericellopsis minima) were used to investigate for the
first time the possibility of NMR structural studies for MPs encapsulated in
nanodiscs membranes. These MPs were embedded in LPNs of different lipid
composition. Formation of stable complexes undergoing isotropic motion in
solution was confirmed by size-exclusion chromatography and 31P-NMR
spectroscopy. The 2D 1H-15N-correlation spectra were recorded for KcsA in the
complex with LPNs containing DMPC, for VSD in LPNs containing DMPC and
DMPG, and for Aam-I in LPNs based on DOPG, DLPC, DMPC, and POPC. The
spectra recorded were compared with those in detergent-containing micelles and
small bicelles commonly used in high-resolution NMR spectroscopy. In spite of
significantly increased 1HN line-width the spectra recorded in LPNs environment
still provide quality sufficient for structural investigations. In order to give an
example of structural information that can be gained in LPNs environment the
topology of Aam-I in the bilayers of nanodiscs with different lipid composition
was determined by using the lipid-soluble relaxation probe technique. In addition
the 3D 15N-NOESY spectrum of Aam-I/LPN complex was measured, indicating
the possibility to measure the interproton distances in the MP associated with
nanodiscs.

Obtained data indicate the applicability of LPNs for stabilization in solution,
refolding and structural NMR investigations of membrane proteins and membrane-
active peptides. The phospholipid composition of LPNs can be easily varied, that
opens wide perspectives for investigation of membrane proteins in quasi-native
environment.
Reference
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Ñìûñëîâûå òðàíñêðèïòû ðåòðîòðàíñïîçîíîâ, ò.å. òå, êîòîðûå ñëóæàò
ìàòðèöåé äëÿ òðàíñëÿöèè è òðàíñïîçèöèè, ÿâëÿþòñÿ ìèøåíüþ îñîáîãî ïóòè
ÐÍÊ-èíòåðôåðåíöèè (ÐÍÊè), ðàáîòàþùåãî â ãåðìèíàëüíûõ òêàíÿõ è
ñâÿçàííîãî ñ êîðîòêèìè ÐÍÊ êëàññà Piwi interacting ÐÍÊ (piÐÍÊ), èìåþùèìè
ðàçìåð 25-29 íò. è âçàèìîäåéñòâóþùèìè ñ îñîáûìè áåëêàìè ñåìåéñòâà
Àðãîíàâò, îòíîñÿùèìèñÿ ê ïîäñåìåéñòâó Piwi. Êëþ÷åâóþ ðîëü â ýòîì
ïðîöåññå èãðàþò àíòèñìûñëîâûå piÐÍÊ, êîòîðûå ïî ïðèíöèïó
êîìïëåìåíòàðíîñòè óçíàþò êîäèðóþùèå òðàíñêðèïòû ðåòðîòðàíñïîçîíîâ,
ïîä÷åðêèâàÿ âàæíîñòü àíòèñìûñëîâûõ òðàíñêðèïòîâ â ðåãóëÿöèè ýêñïðåññèè
ìîáèëüíûõ ýëåìåíòîâ. Îäíàêî ïðîèñõîæäåíèå, áèîãåíåç è ôóíêöèè
àíòèñìûñëîâûõ òðàíñêðèïòîâ ðåòðîòðàíñïîçîíîâ ìàëî èçó÷åíû. Ðàíåå ó
äðîçîôèëû äâóíàïðàâëåííàÿ òðàíñêðèïöèÿ áûëà ïîêàçàíà òîëüêî äëÿ TART
è F-ýëåìåíòîâ. Öåëü èññëåäîâàíèÿ: îõàðàêòåðèçîâàòü àíòèñìûñëîâûå
òðàíñêðèïòû ìîáèëüíîãî ýëåìåíòà HeT-A, îñíîâíîãî êîìïîíåíòà òåëîìåð
Drosophila melanogaster; ïðîàíàëèçèðîâàòü ïîâåäåíèå HeT-A-ñïåöèôè÷åñêèõ
piÐÍÊ îáåèõ ïîëÿðíîñòåé íà ôîíå ìóòàöèé ãåíîâ piÐÍÊ-ïóòè: piwi è
aubergine, êîäèðóþùèõ áåëêè ñåìåéñòâà Àðãîíàâò, à òàêæå ãåíà spn-E,
êîäèðóþùåãî ÐÍÊ-õåëèêàçó; ñðàâíèòü ïîâåäåíèå ñìûñëîâûõ è
àíòèñìûñëîâûõ òðàíñêðèïòîâ äëÿ ðàçíûõ ìîáèëüíûõ ýëåìåíòîâ íà ôîíå
ìóòàöèé ãåíîâ piÐÍÊ-ïóòè.

Ìû ïîêàçàëè, ÷òî ìîáèëüíûé ýëåìåíò HeT-A òðàíñêðèáèðóåòñÿ ïî îáåèì
öåïÿì, è àíòèñìûñëîâàÿ òðàíñêðèïöèÿ HeT-A ðåãóëèðóåòñÿ â ÿè÷íèêàõ
ïðîìîòîðîì, ðàñïîëîæåííûì â 3'-íåòðàíñëèðóåìîé îáëàñòè. Èíòåðåñíîé
îñîáåííîñòüþ àíòèñìûñëîâûõ íåêîäèðóþùèõ òðàíñêðèïòîâ òåëîìåðíîãî
ðåòðîýëåìåíòà îêàçàëîñü íàëè÷èå ìíîæåñòâà èíòðîíîâ è áîëüøîãî
êîëè÷åñòâà âàðèàíòîâ àëüòåðíàòèâíîãî ñïëàéñèíãà. HeT-A-ñïåöèôè÷åñêèå
piÐÍÊ îáåèõ ïîëÿðíîñòåé îïðåäåëÿþòñÿ â ÿè÷íèêàõ äðîçîôèëû è èñ÷åçàþò
íà ôîíå ìóòàöèé â ãåíàõ piÐÍÊ-ïóòè. Ýòè äàííûå óêàçûâàþò íà òî, ÷òî è
ñìûñëîâûå, è àíòèñìûñëîâûå òðàíñêðèïòû ìîãóò áûòü ìèøåíüþ piÐÍÊ. Ìû
ïîêàçàëè, ÷òî àíòèñìûñëîâàÿ òðàíñêðèïöèÿ ðåãóëèðóåòñÿ piÐÍÊ, ò.ê. ìóòàöèè
â ãåíàõ piÐÍÊ-ïóòè ïðèâîäÿò ê íàêîïëåíèþ àíòèñìûñëîâûõ òðàíñêðèïòîâ
TART, HeT-A è I-ýëåìåíòà â ÿäðàõ ïèòàþùèõ êëåòîê. Ñîâìåñòíîå îêðàøèâàíèå
ÐÍÊ è ÄÍÊ ðåòðîòðàíñïîçîíîâ ïîêàçàëî, ÷òî òðàíñêðèïòû îáåèõ
ïîëÿðíîñòåé íàêàïëèâàþòñÿ íà ôîíå ìóòàöèè spn-E âáëèçè ñâîèõ ãåíîìíûõ
ëîêóñîâ.  Òàêæå óäàëîñü âûÿâèòü êàê ñìûñëîâûå, òàê è àíòèñìûñëîâûå piÐÍÊ
â ÿäåðíîé ôðàêöèè ÿè÷íèêîâ. Òàêèì îáðàçîì, ìû îáíàðóæèëè, ÷òî piÐÍÊ-
ñàéëåíñèíã ðàáîòàåò â ÿäðå, ÷òî ðàíåå íå áûëî ïîêàçàíî äëÿ äðîçîôèëû.
Ïîëóêîëè÷åñòâåííûé ÎÒ-ÏÖÐ àíàëèç ÐÍÊ, âûäåëåííîé èç ÿäåðíîé è
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öèòîïëàçìàòè÷åñêîé ôðàêöèé ãåòåðî- è ãîìîçèãîò spn-E, ïîêàçàë, ÷òî
ñìûñëîâûå è àíòèñìûñëîâûå òðàíñêðèïòû ïî-ðàçíîìó îòâå÷àþò íà ýòó
ìóòàöèþ. Òàê, ñìûñëîâûå òðàíñêðèïòû HeT-A è TART íàêàïëèâàþòñÿ è â
ÿäðàõ, è â öèòîïëàçìå, ïðè÷åì â öèòîïëàçìå áîëüøå; à àíòèñìûñëîâûå
òðàíñêðèïòû íàêàïëèâàþòñÿ òîëüêî â ÿäðàõ, íî ïðè ýòîì  â öèòîïëàçìå èõ
êîëè÷åñòâî íå ìåíÿåòñÿ. Ìîæíî ïðåäïîëîæèòü, ÷òî â öèòîïëàçìå
àíòèñìûñëîâûå òðàíñêðèïòû ïîäâåðãàþòñÿ äîïîëíèòåëüíîé ðåïðåññèè ïðè
ïîìîùè äðóãèõ ìåõàíèçìîâ ÐÍÊ-ñàéëåíñèíãà. Ýòè ðåçóëüòàòû õîðîøî
êîððåëèðóþòñÿ ñ êàðòèíîé, íàáëþäàåìîé ïðè in situ îêðàøèâàíèè
òðàíñêðèïòîâ TART, HeT-A è I-ýëåìåíòà. Íàøè äàííûå ïîêàçûâàþò, ÷òî
àíòèñìûñëîâûå íåêîäèðóþùèå òðàíñêðèïòû – âàæíàÿ ÷àñòü ñèñòåìû
ïîäàâëåíèÿ àêòèâíîñòè ìîáèëüíûõ ýëåìåíòîâ. ßâëÿÿñü èñòî÷íèêîì piÐÍÊ,
óçíàþùèõ êîäèðóþùèå òðàíñêðèïòû, àíòèñìûñëîâûå òðàíñêðèïòû ñàìè
ÿâëÿþòñÿ ìèøåíüþ piÐÍÊ-ñàéëåíñèíãà, ôîðìèðóÿ ïåòëþ îáðàòíîé ñâÿçè.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ãðàíòîâ ÐÔÔÈ (06-04-
48493) è Ïðîãðàììû ÐÀÍ ïî ìîëåêóëÿðíîé è êëåòî÷íîé áèîëîãèè.

piRNAs CONTROL ANTISENSE EXPRESSION OF DROSOPHILA
RETROELEMENTS
Shpiz S.G., Peskova E.Yu., Kalmykova A.I.
Institute of Molecular Genetics RAS, Moscow
E-mail: sergey@rnai.ru
Fax: (499) 196-02-21; tel.: (499) 196-00-00

Sense transcripts of retroelements, which serve as a template for transpositions,
were shown to be the targets of germ line pathway  associated with so  called Piwi-
interacting RNAs (piRNAs), associated with Argonaute proteins from the Piwi
subfamily. Antisense piRNAs plays a key role in this mechanism, highlighting the
importance of antisense expression in retrotransposon silencing. However,
biogenesis of antisense RNAs is poorly understood. Previously, TART and
F-elements bidirectional transcription was reported. We show that HeT-A is also
bidirectionally transcribed, and the HeT-A antisense transcription in ovaries is
regulated by a promoter localized within its 3'-untranslated region. A remarkable
features of non-coding telomeric retroelement antisense transcripts is the presence
of multiple introns and poly(A) tails. Retrotransposon-specific piRNAs of both
polarities are present in the same tissue. Sense and antisense HeT-A piRNAs were
shown to be unstable in the ovaries of the piRNA mutants. These data indicate that
long retroelement transcripts of both directions may be considered as natural targets
of the piRNA pathway. We have shown here that expression of natural antisense
transcripts of retroelements is regulated by the RNA silencing machinery. This
regulation occurs in the nucleus since the disruption of the piRNA pathway leads
to an accumulation of TART, HeT-A and I-element transcripts in germ cell nuclei.
All together, these facts suggest piRNA-mediated interplay of sense and antisense
transcripts in the cell.

This work was supported by the RAS Program for molecular and cell biology
and grant from the Russian Foundation for Basic Researches (06-04-48493).
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ÒÅÐÌÎÄÈÍÀÌÈ×ÅÑÊÈÅ ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ È
ÑÒÐÓÊÒÓÐÍÛÅ ÈÇÌÅÍÅÍÈß ÃËÞÊÎÇÎÎÊÑÈÄÀÇÛ ÈÇ
ASPERGILLUS NIGER
ßãîëüíèê Å.Ë.
Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Òóëà
E-mail: apelsinka8511@rambler.ru

Áèîõèìè÷åñêèå è êèíåòè÷åñêèå ñâîéñòâà ãëþêîçîîêñèäàçû (ÃËÎ)
äîñòàòî÷íî õîðîøî èçó÷åíû, òîãäà êàê èíôîðìàöèÿ î ñòðóêòóðíîé
îðãàíèçàöèè è äèíàìèêå êîíôîðìàöèîííûõ èçìåíåíèé ôåðìåíòà ïîä
âëèÿíèåì ðàçëè÷íûõ ôàêòîðîâ, â òîì ÷èñëå ñóáñòðàòà, ïðåäñòàâëåíà íåïîëíî.
Ýòè èññëåäîâàíèÿ âàæíû ïðè ïîèñêå ïóòåé óâåëè÷åíèÿ ñòàáèëüíîñòè è
÷óâñòâèòåëüíîñòè ôåðìåíòîâ, ïðèìåíÿåìûõ â áèîñåíñîðíûõ ñèñòåìàõ. Â
íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé ñòðóêòóðíûõ èçìåíåíèé ÃËÎ, ïîëó÷åííûõ
ìèêðîêàëîðèìåòðè÷åñêèì è ñïåêòðàëüíûì ìåòîäàìè, ïðè äåéñòâèè ñóáñòðàòà
D-ãëþêîçû è íåêîòîðûõ ðàñòèòåëüíûõ ïîëèôåíîëîâ, â ÷àñòíîñòè
ôëàâîíîèäîâ êâåðöåòèíà è äèãèäðîêâåðöåòèíà. Ïîêàçàíî, ÷òî ïëàâëåíèå ÃËÎ
õàðàêòåðèçóåòñÿ ïèêîì òåïëîâîãî ïåðåõîäà íåáîëüøîé àñèììåòðè÷íîñòè ñ
ÒÌ = 73,8°Ñ, ïîëóøèðèíîé 3,3°Ñ è ýíòàëüïèåé 106 êÄæ/Ê*Ì. Â ïðèñóòñòâèè
ñóáñòðàòà âûøå îïðåäåëåííîé êîíöåíòðàöèè (áîëåå 1 ìÌ)
òåðìîäèíàìè÷åñêèå ïàðàìåòðû ôåðìåíòà èçìåíÿþòñÿ çíà÷èòåëüíî, â
÷àñòíîñòè, òåìïåðàòóðà ìàêñèìóìà è ýíòàëüïèÿ ïåðåõîäà óâåëè÷èâàþòñÿ äî
83,7°Ñ è 127,3 êÄæ/Ê*Ì, ñîîòâåòñòâåííî. Ïðèñóòñòâèå ôëàâîíîèäîâ
ïðèâîäèò ê íåçíà÷èòåëüíîìó ñäâèãó ìàêñèìóìà òåìïåðàòóðû ïåðåõîäà â
ñòîðîíó åå óâåëè÷åíèÿ. Ñïåêòðàëüíûå èçìåðåíèÿ ïîêàçàëè, ÷òî
èíòåíñèâíîñòü òðèïòîôàíîâîé ôëóîðåñöåíöèè ÃËÎ óâåëè÷èâàåòñÿ ïðè
äîáàâëåíèè â ñðåäó èíêóáàöèè D-ãëþêîçû, à ïî FAD – íàîáîðîò, ñíèæàåòñÿ.

Áûëî âïåðâûå ïîêàçàíî, ÷òî â áèîñåíñîðíûõ SPE-ýëåêòðîäàõ ñ
èììîáèëèçîâàííîé íà èõ ïîâåðõíîñòè áåðëèíñêîé ëàçóðüþ, ãëþêîçîîêñèäàçà
â êîìáèíàöèè ñ ðàçëè÷íûìè ôëàâîíîèäàìè îáëàäàåò áîëüøåé ñòàáèëüíîñòüþ
è âðåìåíåì æèçíè ïðè èõ èñïîëüçîâàíèè, ÷òî î÷åíü âàæíî äëÿ ïðîâåäåíèÿ
àíàëèòè÷åñêèõ ðàáîò.

THERMODYNAMIC CHARACTERISTICS AND STRUCTURAL
CHANGES OF GLUCOSE OXIDASE FROM ASFERGILUS NIGER
Yagolnik E.A.
Tula State University, Tula
E-mail: apelsinka8511@rambler.ru

Although biochemical and kinetic properties of Glucose Oxidase (GOX) are,
on the whole, studied adequately, the information on the structure and dynamics
of conformational changes of the enzyme under the influence of various factors,
including a substrate, is poorly represented. These studies are crucial in the search
for ways of enhancing stability and sensitivity of enzymes used in biosensor systems.

The present work offers the results of experimental studies of structural
changes of GOX which have been obtained with employment of microcalorimetric
and spectral methods under the action of D-glucose and some plant polyphenols,
in particular flavonoids of quercetin and dihydroquercetin.

It has been shown that melting of GOX is characterized by a peak of thermal
transition with a small asymmetry where TM = 73,8oC, half-width, 3,3oC and
enthalpy, 106 kJ/K*M. In the presence of the substrate, the concentration of which
is higher than a predetermined one (more than 1 mM), thermodynamic parameters
of the enzyme vary greatly, especially, the maximum temperature and enthalpy of
the transition increase up to 83,7oÑ and 127,3 kJ/K*M, respectively. The presence
of flavonoids leads to a slight shift of the maximum temperature of the transition
towards its increase.

Spectral measurements show that the intensity of tryptophan fluorescence of
GOX increases when D-glucose is added into incubation medium and decreases
with FAD. For the first time it has been shown that in biosensor SPE-electrodes
with immobilized on their surface Prussian blue, GOX in combination with various
flavonoids demonstrates higher stability and longer life time period during its use,
what is very important for realization of analytical works.
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ÎÑÎÁÅÍÍÎÑÒÈ ÃÈÄÐÎÊÑÈËÈÐÎÂÀÍÈß ÑÒÅÐÎÈÄÎÂ
ÏËÅÑÍÅÂÛÌ ÃÐÈÁÎÌ CURVULARIA LUNATA ÂÊÏÌ F-981
ßäåðåö Â.Â.
Öåíòð "Áèîèíæåíåðèÿ" ÐÀÍ, Ìîñêâà
E-mail: verayaderetz@yandex.ru
Òåë.: (499) 135-30-49

Ïðîáëåìà ñèíòåçà ãèäðîêñèëñîäåðæàùèõ ñòåðîèäîâ ÷ðåçâû÷àéíî
àêòóàëüíà â ñâÿçè ñ øèðîêèì ñïåêòðîì èõ áèîëîãè÷åñêîé àêòèâíîñòè. Â ðÿäå
íîâåéøèõ èññëåäîâàíèé ñîîáùàëîñü î íàëè÷èè ó 7-ãèäðîêñèñòåðîèäîâ
ïðîòèâîðàêîâîé, ðàäèîïðîòåêòîðíîé, èììóíîñòèìóëèðóþùåé è íîîòðîïíîé
àêòèâíîñòåé. Îäíàêî, ýôôåêòèâíûé ñïîñîá  ïîëó÷åíèÿ
7-ãèäðîêñèïðîèçâîäíûõ ñòåðîèäîâ, íåîáõîäèìûé äëÿ ñîçäàíèÿ öåëîãî ðÿäà
íîâûõ ëåêàðñòâåííûõ ïðåïàðàòîâ, â íàñòîÿùåå âðåìÿ îòñóòñòâóåò.
Â ëèòåðàòóðíûõ èñòî÷íèêàõ èìåþòñÿ äàííûå î ñïîñîáíîñòè ê îáðàçîâàíèþ
7-ãèäðîêñèïðîèçâîäíûõ â íåáîëüøîì êîëè÷åñòâå ó àêòèíîáàêòåðèé è
ïëåñíåâûõ ãðèáîâ.

Â äàííîé ðàáîòå íàëè÷èå 7-ãèäðîêñèëàçíîé àêòèâíîñòè îïðåäåëÿëè ó 8
øòàììîâ ïëåñíåâûõ ãðèáîâ ðîäîâ Absidia, Bipolaris, Cuninghamella,
Curvularia, Rhizopus ñ èçâåñòíîé ñïîñîáíîñòüþ ê 11α- è 11β-
ãèäðîêñèëèðîâàíèþ. Âûáîð ýòèõ ìèêðîîðãàíèçìîâ áûë îáóñëîâëåí àíàëèçîì
ìîäåëè ôåðìåíò-ñóáñòðàòíîãî âçàèìîäåéñòâèÿ, ïðåäëîæåííîé äëÿ 5α-Í-
ñòåðîèäîâ ãðóïïîé ó÷åíûõ Îêñôîðäñêîãî óíèâåðñèòåòà ïîä ðóêîâîäñòâîì
ïðîô. Å. Äæîíñà.

Ñîãëàñíî ýòîé ìîäåëè, äëÿ íàïðàâëåííîãî ãèäðîêñèëèðîâàíèÿ
ñòåðîèäíîé ìîëåêóëû íåîáõîäèìî ïðèñóòñòâèå â íåé íå ìåíåå äâóõ
êèñëîðîäñîäåðæàùèõ çàìåñòèòåëåé. Ïðåäïîëàãàåòñÿ ñóùåñòâîâàíèå íà
ïîâåðõíîñòè ôåðìåíòíîé ãëîáóëû òðåõ ñàéòîâ, èìåþùèõ òðèàíãóëÿðíóþ
ëîêàëèçàöèþ è âûïîëíÿþùèõ ôóíêöèè ñâÿçûâàíèÿ ñ ôåðìåíòîì è
ãèäðîêñèëèðîâàíèÿ. Òåîðåòè÷åñêè âîçìîæíû 4 îðèåíòàöèè ìîëåêóëû
ñòåðîèäà ïî îòíîøåíèþ ê ôåðìåíòó, èç êîòîðûõ íàèáîëåå ïðåäïî÷òèòåëüíû
íîðìàëüíàÿ è àëüòåðíàòèâíàÿ îðèåíòàöèè. Ïðè ðàññìîòðåíèè
ïðîñòðàíñòâåííîé ñòðóêòóðû ìîëåêóë òåñòîñòåðîíà (I) è
äåãèäðîýïèàíäðîñòåðîíà (II) âèäíî, ÷òî ïðè ñâÿçûâàíèè ôåðìåíòà è ñòåðîèäà
ïî Ñ(3) è Ñ(17) àëüòåðíàòèâîé 11-ãèäðîêñèëèðîâàíèþ ÿâëÿåòñÿ
7-ãèäðîêñèëèðîâàíèå.

Â êà÷åñòâå ñóáñòðàòà äëÿ íà÷àëüíîé îöåíêè ïðåäïîëàãàåìîé
7-ãèäðîêñèëàçíîé àêòèâíîñòè âûøåóêàçàííûõ ãðèáîâ èñïîëüçîâàëè ∆5-3β-
ãèäðîêñèñòåðîèä – II. Ðåçóëüòàòû åãî òðàíñôîðìàöèè íå ïðîòèâîðå÷èëè
âûøåïðèâåäåííîé ãèïîòåçå – âñå èçó÷àåìûå êóëüòóðû îñóùåñòâëÿëè
7α-ãèäðîêñèëèðîâàíèå II, íî ñ ðàçíîé èíòåíñèâíîñòüþ. Øòàìì C. lunata
ÂÊÏÌ F-981, îòëè÷àþùèéñÿ âûñîêîé 11β-ãèäðîêñèëàçíîé àêòèâíîñòüþ â
îòíîøåíèè ∆4-ïðåãíàíîâ, ïðîÿâèë ìàêñèìàëüíóþ 7α-ãèäðîêñèëàçíóþ
àêòèâíîñòü â îòíîøåíèè II è åãî àöåòàòà (ÀII) è áûë èñïîëüçîâàí â
òðàíñôîðìàöèè øåñòíàäöàòè ∆4-3-êåòî- è ∆5-3β-ãèäðîêñèñòåðîèäîâ ðÿäà
àíäðîñòàíà è ïðåãíàíà. Ñ ïîìîùüþ îòìûòîãî îò ïèòàòåëüíîé ñðåäû è

ñóñïåíäèðîâàííîãî â ôîñôàòíîì áóôåðå ìèöåëèÿ ýòîãî ãðèáà ïîëó÷åíû c
êîëè÷åñòâåííûì âûõîäîì 7α-ãèäðîêñèïðîèçâîäíûå àíäðîñòåíîâ II è ÀII ïðè
íàãðóçêå äî 10 ã/ë, è ñ âûõîäîì 35-70% ïðè íàãðóçêå 2-5 ã/ë – 7α-ãèäðîêñè-
ïðîèçâîäíûå àíäðîñò-5-åí-3β,17β-äèîëà è ñòåðîèäîâ ðÿäà ïðåãíàíà.
Ó íåêîòîðûõ ïðåãí-5-åíîâ 7α-ãèäðîêñèëèðîâàíèå ñîïðîâîæäàëîñü 11β-
ãèäðîêñèëèðîâàíèåì.

Ïðè òðàíñôîðìàöèè ∆4-3-êåòîñòåðîèäîâ íà íàïðàâëåíèå ââîäèìûõ
ãèäðîêñèãðóïï îêàçûâàëè âëèÿíèå ïðèðîäà êèñëîðîäñîäåðæàùèõ
çàìåñòèòåëåé ïðè Ñ(17), ëèáî Ñ(20) è âåëè÷èíà çàìåñòèòåëÿ ïðè Ñ(17). Òàê,
I (17β-îë-3-îí) ïðè íàãðóçêå 4 ã/ë ãèäðîêñèëèðîâàëñÿ â 11β-ãèäðîêñè-I ñ
âûõîäîì 75%, òîãäà êàê îñíîâíûìè ïðîäóêòàìè òðàíñôîðìàöèè ∆4-3,17-
äèêåòîàíäðîñòåíîâ (àíäðîñòåíäèîíà (III), àíäðîñòàäèåíäèîíà è 9α-III) áûëè
14α-ãèäðîêñè-ïðîèçâîäíûå. Ïî-âèäèìîìó, ñâÿçûâàíèå ôåðìåíòà ñ
ìîëåêóëàìè ýòèõ ñòåðîèäîâ ïðîèñõîäèëî â íîðìàëüíîé ïåðåâåðíóòîé
îðèåíòàöèè, ïðè êîòîðîé 11β-ïîëîæåíèå áûëî ýêðàíèðîâàíî àíãóëÿðíûìè
ãðóïïàìè, è ãèäðîêñèëèðîâàíèå ïðîèñõîäèëî ïî ñèììåòðè÷íîìó åìó 14α-
ïîëîæåíèþ.

Îñíîâíûìè ïðîäóêòàìè òðàíñôîðìàöèè èçó÷àåìûõ ∆4-3-êåòîïðåãíàíîâ
áûëè 11β-ãèäðîêñèïðîèçâîäíûå, à â êà÷åñòâå ïîáî÷íûõ ñîåäèíåíèé
âûäåëåíû 7α- èëè 14α-ãèäðîêñèïðîèçâîäíûå. Ìèöåëèé C. lunata ïðîÿâèë
âûñîêóþ ãèäðîêñèëàçíóþ àêòèâíîñòü ïî îòíîøåíèþ ê ∆4-3-êåòîñòåðîèäàì
– III è êîðòåêñîëîíó, òðàíñôîðìàöèÿ êîòîðûõ áûëà âûïîëíåíà ïðè íàãðóçêàõ
6.0 ã/ë è 20 ã/ë, ñîîòâåòñòâåííî, ñ âûõîäîì î÷èùåííûõ ïðîäóêòîâ 50% 14α-
ãèäðîêñè-III è 55% ãèäðîêîðòèçîíà.

Òàêèì îáðàçîì, ìîäåëü ãèäðîêñèëèðîâàíèÿ, ðàçðàáîòàííàÿ íà 5αÍ-
àíäðîñòàíàõ, ìîæåò áûòü ïðèìåíåíà è äëÿ äåãèäðîñòåðîèäîâ êàê
àíäðîñòàíîâîãî, òàê è ïðåãíàíîâîãî ðÿäà. Îíà òàêæå ïîçâîëÿåò â ïîèñêå
íóæíîãî øòàììà ñîêðàòèòü äî ìèíèìóìà êîëè÷åñòâî èññëåäóåìûõ êóëüòóð,
êîòîðîå èíîãäà èñ÷èñëÿåòñÿ íåñêîëüêèìè ñîòíÿìè.
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FEATURES OF STEROID HYDROXYLATION BY CURVULARIA
LUNATA VCPM F-981
Yaderetz V.V.
Center "Bioengineering" RAS, Moscow
E-mail: verayaderetz@yandex.ru
Tel.: (499) 135-30-49

The problem of synthesis of hydroxylcontaining steroids is extremely actual
because of a wide spectrum of their biological activity. It was informed in a number
of the newest researches that 7-hydroxysteroids have anticancer, radioprotective,
immunomodulating and nootropic activities. However the effective method of
obtaining of 7-hydroxylated derivatives necessary for development of a whole
number of new drugs is absent in present. There are data about ability to form 7-
hydroxylated derivatives in a small amount by actinobacteria and fungi. In this
work the presence of 7-hydroxy activity was identified at eight strains of genus
Absidia, Bipolaris, Cuninghamella, Curvularia, Rhizopus with known ability to
11α- and 11β-hydroxylation. The choice of these microorganisms has been caused
by the analysis of the model of enzyme-substance interaction which was offered
for 5α-Í-steroids by group of scientists under the direction of prof. E.R.H. Jones
from Oxford University.

According to this model, it is necessary the presence at least two oxygen
substituents for directed hydroxylation of steroid molecule. The existence on a
surface of fermental globule of three sites having threeangular localisation and
carrying out function of binding with enzyme and function of hydroxylation is
proposed. Theoretically four orientations of steroid molecule relative to enzyme
are possible and normal and alternative orientations of a molecule are most
preferable. By consideration of spatial structure of molecules of testosterone (I)
and dehydroepiandrosterone (II) it is visible that at enzyme and steroid linkage on
Ñ(3) è Ñ(17) alternative 11-hydroxylation is 7-hydroxylation.

For an initial estimation assumed 7-hydroxylase activity of fungi mentioned
above ∆5-3β-hydroxysteroide – II was used. Results of its transformation did not
contradict to the hypothesis of prof. E.R.H. Jones and all studied cultures carried
out 7α-hydroxylation of II but with different intensity. Having a high 11β-
hydroxylase activity towards ∆4-pregnanes strain C. lunata VCPM F-981 showed
maximum of 7α-hydroxylase activity to II and its acetate (ÀII) and it was used for
transformation of sixteen ∆4-3-keto- and ∆5-3β-hydroxysteroids of androstane and
pregnane series. Using  washed from a nutrient medium and slurring in the
phosphatic buffer mycelium of this mold it were obtained 7α-hydroxylated
androstens II è ÀII at the loading 10 g/l with quantitative yield  and 7α-
hydroxylated derivatives of androst-5-en-3β,17β-diol and steroids of pregnane
series with yield 35-70% from 2-5 g/l. 7α-Hydroxylation of some pregn-5-ens
was accompanied by 11β-hydroxylation.

At transformation ∆4-3-ketosteroides the nature of oxygen substituents at
C(17) or C(20) and size of the substituents at C(17) effected on a direction entered
hydroxyl group. So, I (17β-ol-3-one) at the loading 4 g/l was hydroxylated to
11β-hydroxy-I with the yield 75%. Whereas the main products of transformation

of ∆4-3,17-diketoandrostene (androstenedione (III), androstadiendione and 9α-III)
were 14α-hydroxy-derivatives. Apparently, binding of enzyme and molecules of
these steroids occurred at the normal capsized orientation at which 11β-position
was shielded by angular groups and hydroxylation occurred at symmetric to it
14α-position.

The main transformation products of studied ∆4-3-ketopregnanes were 11β-
hydroxylated derivatives and as by-product were 7α- or 14β-hydroxylated
derivatives. The mycelium of C. lunata strain showed high hydroxylase activity
towards ∆4-3-ketosteroids – III and cortexolone which transformation were made
at the loadings 6.0 g/l and 20 g/l respectively with yield of purified products 50%
14α-hydroxy-III and 55% hydrocortisone.

Thus, the model of hydroxylation developed on 5αH-androstanes can be
applied for dehydrosteroids of androstane and pregnane series. In searching of
necessary strain it allows to reduce to a minimum quantity of investigated cultures
which is sometimes estimated in several hundreds.
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ÑÈÍÒÅÇ È ÑÂÎÉÑÒÂÀ ÌÎÄÅËÜÍÛÕ ÕÐÎÌÎÔÎÐÎÂ
ÔËÓÎÐÅÑÖÅÍÒÍÛÕ ÁÅËÊÎÂ
ßìïîëüñêèé È.Â.
Èíñòèòóò áèîîðãàíè÷åñêîé õèìèè èì. àêàäåìèêîâ Ì.Ì. Øåìÿêèíà è
Þ.À. Îâ÷èííèêîâà ÐÀÍ, Ìîñêâà
E-mail: imp@evrogen.ru
Òåë.: (495) 429-80-20

Áåëêè ñåìåéñòâà çåëåíîãî ôëóîðåñöåíòíîãî áåëêà GFP øèðîêî èçâåñòíû
áëàãîäàðÿ óíèêàëüíîìó ìåõàíèçìó ôîðìèðîâàíèÿ õðîìîôîðíîé ãðóïïû, à
òàêæå âîçìîæíîñòè èõ èñïîëüçîâàíèÿ â êà÷åñòâå ãåíåòè÷åñêè êîäèðóåìûõ
ôëóîðåñöåíòíûõ ìåòîê äëÿ ïðèæèçíåííîé âèçóàëèçàöèè ïðîöåññîâ
æèçíåäåÿòåëüíîñòè îòäåëüíûõ êëåòîê è öåëûõ îðãàíèçìîâ.

Íàìè áûëè ñèíòåçèðîâàíû õðîìîôîðû GFP-ïîäîáíûõ áåëêîâ,
îòíîñÿùèåñÿ ê ðàçëè÷íûì ñòðóêòóðíûì òèïàì: õðîìîôîð ïóðïóðíîãî
õðîìîáåëêà asFP595 (1), êðàñíîãî ôîòîêîíâåðòèðóåìîãî áåëêà Kaede (2) è
æåëòîãî ôëóîðåñöåíòíîãî áåëêà zFP538 (3).

Òàêæå áûë ñèíòåçèðîâàí ðÿä ñòðóêòóðíûõ àíàëîãîâ õðîìîôîðà Kaede ñ
öåëüþ èçó÷èòü âçàèìîñâÿçü: ñòðóêòóðà – ñïåêòðàëüíûå ñâîéñòâà â äàííîì
ðÿäó. Áûëî îáíàðóæåíî, ÷òî õðîìîôîð òèïà Kaede, ñîäåðæàùèé îñòàòîê
àñïàðàãèíà, îáëàäàåò íàèáîëåå äëèííîâîëíîâûìè ìàêñèìóìàìè ïîãëîùåíèÿ
è ôëóîðåñöåíöèè.

Ñèíòåç ìîäåëüíûõ ñîåäèíåíèé ïîçâîëèë óñòàíîâèòü ñòðîåíèå
õðîìîôîðîâ â áåëêàõ, èçó÷èòü ñïåêòðàëüíûå õàðàêòåðèñòèêè ïðèðîäíûõ è
íåïðèðîäíûõ èìèäàçîëîíîâ, ìîäåëèðîâàòü âëèÿíèå áåëêîâîãî îêðóæåíèÿ.
Â ïåðñïåêòèâå ìîäåëüíûå ñîåäèíåíèÿ ìîãóò áûòü èñïîëüçîâàíû ïðè èçó÷åíèè
ìåõàíèçìîâ ñîçðåâàíèÿ è ôóíêöèîíèðîâàíèÿ õðîìîôîðîâ, à òàêæå ñ öåëüþ
ñîçäàíèÿ íîâûõ ôëóîðåñöåíòíûõ êðàñèòåëåé ñ óíèêàëüíûìè ñâîéñòâàìè.
Ëèòåðàòóðà
1. Yampolsky, I.V., Remington, S.J., Martynov, V.I., et al. (2005) Biochemistry, 44,

P.5788-5793.
2. Yampolsky, I.V., Kislukhin, A.A., Amatov, T.T., et al. (2008) Bioorganic Chemistry, 36,

P.96-104.
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SYNTHESIS AND PROPERTIES OF THE MODEL
CHROMOPHORES OF FLUORESCENT PROTEINS
Yampolsky I.V.
Shemiakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: imp@evrogen.ru
Tel.: (495) 429 80 20

The proteins of the Green Fluorescent Protein (GFP) family are widely known
due to the unique mechanism of chromophore formation. They are extensively
used as genetically encoded fluorescent tags for in vivo imaging in cells and entire
organisms.

We synthesized chromophores of GFP-like proteins belonging to different
structural types: the chromophore of the purple chromoprotein asFP595 (1), red
photoconvertible protein Kaede (2) and yellow fluorescent protein zFP538 (3).

We have also synthesized several structural analogs of the Kaede chromophore
to study the structure – spectral properties relationship within this range of
compounds. We found that a Kaede-like chromophore containing asparagine
residue possesses the most red-shifted absorption and fluorescence maxima.

Synthesis of model compounds allowed to establish chromophore structures
within native proteins, to study spectral characteristics of natural and non-natural
chromophores and to model the protein shell effect on spectral properties. Our
future studies will focus on using model compounds to study mechanisms of
chromophore maturation and functioning, and on creating novel fluorescent dyes
with unique properties.
References
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