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HccnenoBanust mpenbIayIux JieT nokasanu, 4ro N-arigodamuasl (NADA)
— pohaMUHAMUIB JIMHHOLENOYEUHBIX XUPHBIX KHUCIOT — SIBISIOTCA
SHJIOTEHHBIMH JINTAHIAMHU BaHWIOMIHOTO M KaHHAOWHOMIHOTO PELENTOPOB,
OKa3bIBAIOT MMMYHOMOAY/IMPYIOILEE, COCYI0PaCIIUPSIOLIEe U IPOTHBOBUPYCHOE
JieiicTBre, THTUOUPYIOT PepMEHTHI Kacka/1a apaxuJOHOBOH KHCIOThL. B ronoBHOM
MO3re MJICKOITUTAIOIINX 00OHAPYKEHBI JO0(paMUHAMHIBI apaXxuI0HOBOH (AA-DA),
onennoBoii (Ol-DA), creapuHoBoii (St-DA) 1 naJlbMUTHHOBOW KUPHBIX KUCIIOT,
a TakXe I0Ka3aHa BO3MOXHOCTh OHMOCHHTE3a M METHUIHUPOBAHUSM
N-apaxugonomnnopamuHa. OHAKO, JOKATH3AIUS U TPOU3BOAUTEILHOCTD CHCTEM
MeTabonu3Ma N-anmigopaMHHOB OCTABAINCH HEYCTAHOBICHHBIMH, U TIOTOMY
OHOJIOrHYeCcKasi 3HAYMMOCTD JJAHHBIX 00 UX CUTHAJILHOM JICWCTBHUHM OblIa BECbMa
OTPaHUYCHHOM.

MpbI BBIIBHHYJIU THIIOTE3Y O TOM, 4TO NyTH MmeTabonuzma NADA u
cBOOOIHOTO AodaMuHa MOTYT OBITh OJU3KUMU, U U3YUYHIIN CTaAUNd OMOCHHTE3a
NADA (KOHBIOTAIUIO C )KUPHOH KHCIIOTOH, OKUCIIEHHE, TeKapOOKCHITUPOBAHUE)
1 OCHOBHBIC IYTH UX NpPEBpAIIEHUH — CynbdaTHpoBaHUE, METHINPOBAHHE,
[IIOKYPOHHMINPOBAHKE, OKHCICHHE — BO (hPAaKIHOHMPOBAHHBIX IOMOTCHATAaX
[IEYCHHU, CIIMHHOTO U TOJIOBHOTO MO3Ta KPBICHI, @ TAKXKE B ITOJHBIX TOMOICHATaX
NPECHOBOMHBIX THAP Hydra attenuata v H. magnipapillata v Ha KynbTypax KJICTOK
rmuoMbl C6 u peoxpomorutombl PC12. HakoruieHue 1eneBbIX MPOIYyKTOB
MOATBEPIKAaIN MeToiaMu Macc-criekTpomerpun EST u MALDI.

[IpumeHeHHe TPUTHII-MEUEHHBIX NPE/IIeCTBEHHUKOB MO3BOJIMIO HAM
neTekTrpoBaTh OnocuHTe3 NADA BO BceX HCCICIOBAHHBIX TKAHSAX, IPUYEM
mporece ObUT JTOKaIM30BaH B MUKPOCOMaX. MBI YCTaHOBHIJIM, YTO HanOoJbIIee
KOJIMYECTBO MPOAYKTA HAOIIOAAIOCH TP UCIIOIBb30BAaHUU KOMOMHALIMH: )KUPHAs
kucnora + tupo3uH. CoA-3(hup KUPHOH KUCIOTHI HE UCIIONB3YCTCS B KAYECTBE
npenmecTBeHHUKA N-anmnnohaMuHOB, a N-aIiIITHPO3NH JOJDKEH ObITh CHavaa
JIeKapOOKCMIIMPOBAH, M TOJIBKO MOTOM OkHcieH 10 AA-DA. Jlns ycnemHoro
OMOCHHTE3a MOJIEKYJ B KJIETOYHBIX KYJIbTypax INpPH HUX HACBHIILECHUH
COOTBETCTBYIONICH XHUPHOW KHCIOTOW HEOOXOAMM BHCHIHMN CHUTHAI:
kansiuMuiH it C6 u KCI s PC12.

W3BecTHO, 4TO, B OTINYHKE OT OOJIBIIMHCTBA aMHIOB )KUPHBIX KUCIIOT, NADA
THAPOJIU3YIOTCS C TPYIOM; ATOT (haKT MOATBEPIKACH B HALINX SKCIIEPUMEHTaX.

[Iponiecc MeTuaMpOBaHUA 1O KAaTEXOJIbHOW IpyIllle OKa3ajcs BeCbMa
3¢ QeKTUBHBIM: crienn(uUecKasi aKTUBHOCTh CUCTEM LIMTO30JIbHOH (ppakuuu B
orHoueHun AA-DA, Ol-DA u N-gokozarexcaeHomigopamuna (DHA-DA) Obu1a
B nuanasone 81-106 nmonb/(MUH*Mr) B niedeHd, U 9-23 nMoins/(MUH*MT) B
HepBHOU cucteme. MerunupoBanue NADA He neTeKTUpoBajloCh B
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MHKPOCOMAITbHOM (hpakiyu, a MeTHIIHpoBaHue St-DA — HU B OTHO# U3 H3YYCHHBIX
CHUCTEM.

Eme oxuH BBICOKONPOM3BOAUTENBHBIN MyTh npeBpameHuii NADA —
cynbdarupoBanne. Peakuust n3ydeHa MeToI0M (GOTOMETPUH C HCIOIB30BAaHUEM
CHUHTE3MpOBaHHOTO cTaHmapra cynbdara AA-DA. Ilpouecc cynbdharupoBaHus
MIPOTEKaeT B IIUTO30JILHON (hpakiyu redeHu (crienuduyeckast aktusHocTh 0.5-1.32
HMOJIb/(MUH*MT)), CIUHHOTO M TOJOBHOrO Mo3ra (10 3.45 HMoub/(MUH*MT))
KPBICHI, a Tak)Ke B TOMOTeHAaTe MPEeCHOBOAHOW Truipsl H.magnipapillata.
B nocrennem cinydae npeBpaiieHuto noasepraiuch toinbko DHA-DA u Ol-DA.
HecMmoTps Ha BHICOKY10 NPOU3BOIMTENBHOCTD, K cHCTEMBI TOJI0BHOTO MO3Ta JUIst
DHA-DA oka3zanach J0CTaTOYHO BBICOKOH — 17.76 MKM, 4uTo aemaer Oonee
BEPOSITHON POJIb CYIb(AaTHPOBAHMS B KaUECTBE 3ALIUTHI CHTHAIBHONW CHCTEMBI OT
Meperpy3ku U K30T€HHBIX almiIopaMHUHOB, a HE KaK CIIOCO0 MHAKTHBALUU
N-anunnohpaMuHOB Ui npepbiBaHus ux curHana. CynbdarupoBanue St-DA
0o0OHapyxeHO He ObL10. EIMHCTBEHHBII yCTaHOBIICHHBIH Iy Th NpeBpalieHuii St-DA
— DmoKyponuaupoBanue. Mcnonb3ys GoTomMeTpuio npoaykra conpsKeHHON
peakuuu, Mbl 3aUKCUPOBAJIN JAaHHBIH NMPOLIECC B TOJOBHOM MO3re, TIe
rokypornaupyrotes St-DA u O1-DA, u B neyenu (OI-DA, AA-DA, DHA-DA).
Crnenuduyeckas akTHBHOCTb CHCTEMBI TOJIOBHOTO MO3Ta HAXOAUTCS B TNANIa30HE
0.14-0.302 umons/(Mua*wmr), a neyeHu — 0.07-0.16 umons/(MuH*MT), 4TO
cpaBHUMO ¢ MeTuiupoBanueM. K mis St-DA B TOJI0BHOM MO3re OKasajiach
JIOCTATOYHO BBICOKOH — 96 MKM.

Oxucnenne NADA Obl1o M3y4eHO BO (ppakuusax Iiaa3MaleMMBbl U
MHUTOXOHJIPUI KPBICHI C HCIIOJNIb30BaHUEM (QoToMeTpHuH. B mepBoM ciryuyae
3a()UKCHPOBAHO OKHMCJICHHE BCEX HEHACHIIEHHBIX DTOGAMHHAMHIOB CO
crneruduueckoit aktuBHOCTHIO 0.75-1.91 HMOnb/(MuE*Mr). B MUTOXOHApHATBEHO
(¢pakuu BOCCTAHOBJIEHHE HCKYCCTBEHHOT'O aKIENTOpa 3JIEKTPOHOB
ctumynupoBaimn Toabko AA-DA 1 DHA-DA. BeposTHBIN TPOIYKT OKHCIEHHS
NADA 110 KaTexoIbHOH TPYIIIe, XMHOH, ObUI CHHTE3UPOBaH HAMU U TIPOSIBUIT ce0st
KaK CHIbHBIHN HykJieoduit. OH JIErko BCTyIIall B peaKLUK IIPUCOSIUHEHNUS C TAKUMH
SH-cozmepkamumMu MOJIEKYJIaMHt, KaK 2-MEpPKAITO3TaHONI U [3-IaKTOmIO0YIIUH, a
TaKOKe C HHCYJIMHOM, ¢ 00pa30BaHNEM a{yKTOB B [IEPBOM CIIydae M OJIMTOMEPOB
B ITOCJIE/IHUX JBYX.

Taxum o6pazom, metabonn3sm NADA nosropsier merabonu3m JodamuHa ¢
HEKOTOPBIMH TKaHE- W MOJEKYJOCHeNU(DHUISCCKHUMH OTIHYHSIMH.
[IpennonoxuTenbHO, ATO MOKET UMETh 3HAUCHHE Ul PErysaluu Nepegadu
cur"ana 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 EST and MALDI mass-spectrometry.

Using tritium-labeled precursors we detected biosynthesis of NADA 1in 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 KCI 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, OIl-DA and
N-docosahexaenoyldopamine (DHA-DA) was in range 8§1-106 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 . magnipapillata homogenate. In the latter case only
DHA-DA and OI-DA were converted. Though its high performance K  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 OIl-DA were glucuronated) and in
liver (OI-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. K 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
[B-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.

HPOAYKLUA INOJTUIIUTOIIHOI'O BEJIKA BUPYCA SALIYPA
B BAKTEPUAX U PACTEHHUSX C HEJIBIO IOJTYYEHUS
MOTEHIUAJIBHOM BAKIIWHBI

Anopuanoea E.IL., Kpemenuyzeckan C.P., bopucoe B.B., dnvoapos M.A.,
@Donumonos A.C.

Hentp "buonnxenepus" PAH, Mocksa
E-mail: andrianovak@rambler.ru
Daxkc: (499) 135-05-71; remn.: (499) 135-12-30

HaunHasi ¢ 1BaalaToro CTOJETHs, )KUBOTHOBOJICTBO MHOTHX CTPaH MHpa
HeceT OoMbIIne yOBITKH OT SIHAEMUYECKIX BCIIBIIIEK sITypa. i1t npodriakTiHkn
sIlypa B HACTOSAIIEE BPEeMs LIMPOKO HCIOJIBb3YIOTCS BaKIMHBI HA OCHOBE
WHAKTHBUPOBAHHOTO BHpyca. K coxaleHHIo, Takue BAaKIHUHBI UMEIOT P
CYIIECTBEHHBIX HEJIOCTATKOB, HaHOOJIee Cepbe3HbIE U3 KOTOPBIX — HEOOXOAUMOCTh
WCTIOJIb30BAHUS CIICIUATBHBIX JTA00PATOPUIl JUIS UX TOJY4YECHHUs], CIOKHOCTh
JIOCTOBEPHOTO JIMArHOCTUYECKOTO PA3IMYMsl BAKIIMHUPOBAHHOTO XHUBOTHOTO OT
3a200JIEBIIETO [TOCIIE UX UCIIOIB30BAHMS U HEAOCTATOUHAs OBICTPOTA MOTYYESHUS
B YCJIOBHSIX BOSHUKHOBEHHS o4ara 3a0osieBaHus. Mbl HccieayeM BOSMOKHOCTD
MPUMEHEHNUS TIPEeNnapaToB PeKOMOMHAHTHBIX OEIKOB, 00pPa30BaHHBIX HAOOPOM
Haubojee UMMYHOTEHHBIX 3IHUTOIOB BUpyca sllypa B COCTaBe OJHOU
MOJUNENTHIHON Ieny. BakuuHanus TakuM¥U NOJUATIUTOINHBIMU OEIKaMH,
coziepyKaIlIMU KOMOMHAIMIO XOPOIIO M3yYeHHBIX B- 1 T-KIeTOUHBIX SMHTONOB
BUPYCA, MOXKET MPHUBOAUTH K YIYYIICHHIO UMMYHHOTO OTBETa y YKHBOTHOTO U
croco0cTBOBaTh Ooee PPEKTUBHON 3alHTe.

B Hamie#t nmaboparopun OblI CKOHCTPYHPOBAH CHHTCTHYCCKUU T'CH,
koaupytomuii pparmentsl cTpykTypHbIX (VP1, VP4) u Hectpykryphbix (2C, 3D)
0eJKoB BHUpyca siulypa Hauboliee IHUPOKO PACHPOCTPAHEHHOTO H30JIATa
O/TaiiBanb/99. Bo u3dexaHnue MOTCHIUAIBHBIX TPOOJIEM CBOpauMBaHuUs Oelka
SMHUTONBI OBUIM pa3faesicHbl "THOKMMHU" TIIHIMH-00TaTHIMU JIMHKEPAMH.
B nocnenoBaTenbHOCTh PEKOMOMHAHTHOTO OenKa OBLIM BKIIOYEHBI
JIOTIOJTHUTEbHBIE ()parMeHTHI, IPEICTABISIONINE COOO0 B OJHOM CIIydae XUTHH-
CBSI3BIBAIOIINI JOMEH, a B IPYTOM — IIECTh AMUHOKHCIIOTHBIX OCTaTKOB TUCTHINHA
JUTSt BO3MOXKHOCTH aGUHHOMN OUMCTKH OeJIka B HATHBHBIX WIIH JICHATYPUPYIOLINX
YCIIOBHSIX, COOTBETCTBEHHO.

[MonmsnuTonHbIi GeTOK OBUT AKCIIPECCUPOBAH B OAKTEPUSAX U PACTCHHSIX.
Jliis mosmyuenust O6enka B GakTepuaibHON CUCTEME SKCIIPECCHUH ObUIH UCTIONB30BaHbI
knetku E.coli mramma Rosetta 2 (DE3), TpanchopmupoBaHHbIe MI1a3MUA0H
pET23, xopupytomieit pekoMOMHAHTHBIH reH. B 3Toi cucteme Geiok ObLI
HKCIPECCUPOBAH C MCIOJIB30BAaHHEM METOJa CaMOMHAYKIMH. B kagecTBe
pacTUTEIbHON CUCTEMBI OBLTH UCTIONB30BaHbI pacTeHust N. benthamiana, rie 6enox
SKCIPECCUPOBAIIM C ITOMOIIBI0 MOJU(PHUINPOBAHHOTO X-BUpyca KapTodess U
arpo0akTepuatbHON MHOKYIAUMH. Belku ObUIM BBIAENEHBI, OUHIICHEl U
IIPOBEPEHBI HA PACTBOPUMOCTH B (PH3HOJIOTMYECKUX YCIIOBHSX.

ITpenapaTbl MOJIUAIHUTONHOIO O€JKa, MOJYYeHHOro B OaKTepusx, ObLIH
WCIIOJIB30BAHBI Ul OJHOKPATHOM MMMYHM3AIlMd MOPCKHX CBHHOK. BbUTO
MIOKa3aHo, YTO Y MIECTH U3 CEMH UIMMYHH3UPOBaHHBIX )KHUBOTHBIX HE PA3BHBAIIChH
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nMpu3Haku 3a00JIeBaHUs MOCIE 3apakeHUsT BUPYCOM smIypa. B chiBopoTke
JKMBOTHBIX TIPUCYTCTBOBAJIN aHTHUTENIA K BUPYCY smrypa ceporurna O, Jerko
BBISIBIIIEMbIC METOIAMH HEMPSIMOTO IMMYHO(DEPMEHTHOTO aHaJIu3a U B PeaKIuu
HEHTpaTU3aIMy MUTOMATHIECKOTO P heKkTa BUpyca. AHTHTENIA CBIBOPOTOK
MMMYHHU3UPOBAHHBIX JKUBOTHBIX MPEUMYIIIECTBEHHO PEarupoBaId C BUPYCHBIM
oenxom VPI.

IMony4yeHHbIe B Hallel padoTe pe3ysbTaThl MO3BOJSIOT MPEAMOIOKUT
MEePCIEKTHBHOCTh pa3pabaTsiBAEMOTO METOMa UMMYHHU3AINH KHUBOTHBIX
MTOJIUAIIATOIHELIM OEJIKOM.

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
FMDYV 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.




KOHCTPYUPOBAHHUE HOBOI'O BEKTOPA JIJISI SKCIIPECCUU
ETA-EGFP TUBPUJHOI'O BEJKA U ETO 3®®EKTHI B
KJIETKAX HeLa

Apeguvesa A.C., Imunka E.M., Canoscnukoe A.M., 3ayenuna O.B.

WHcTuTyT OMOOpraHnvecKkor XMMUHU UM. akajieMukoB M.M. Illemsiknna u
10.A. OpunnnukoBa PAH, Mocksa

E-mail: quality4@rambler.ru

®daxc: (495) 330-66-47; Ten.: (495) 779-23-66

KoHcTpynpoBaHue BEKTOPOB JUIsl 3KCIPECCHH IMTOTOKCHYHBIX OEJIKOB U UX
HaIlpaBlIeHHAas IOCTAaBKa B OIyXOJEBbIC KJICTKU SIBISIOTCS MHOTOOOCIIAIOLIINM
IIOJIX0JIOM B I€HOTepanuu paka. BooOire, mocinenoBaTebHOCTH I'€HOB
BBICOKOA((QEKTHBHBIX IUTOTOKCHYHBIX OEIIKOB, SKCIIPECCHS KOTOPBIX HHAYLIUPYET
KJIIETOYHYIO CMEPTh, ITMPOKO UCHOIB3YIOTCS IPH KOHCTPYHUPOBAHHN BEKTOPOB JUIS
TeHHOH Tepanuu. DK30TOKCHH A u3 Pseudomonas aeruginosa (ETA, exotoxin A)
u nudrepuitneiii Tokcun (DT-A, diphtheria toxin A) sSBISIOTCS MOIIHBIMH
LUTOTOKCUYHBIMHU O€JIKaMH, KOTOPbIE OCTAHABINBAIOT OCJIKOBBIN CHHTE3 ITyTEM
nHaktuBaiuu ¢akropa snonranuu-2 (EF-2, elongation factor-2). Hapsay c
pa3paboTKoii TKaHe-/omyxoJiecrenu(pUIHBIX TPOMOTOPOB ISl aJpECHOU
9KCIIPECCUU T€HOB TOKCHYHBIX OEJIKOB B OITyXOJIEBBIX KJIETKaX HMCIOJIB3YETCS U
JIOKaJIbHAsI TeHHAs TEPATHS IS IPSIMOI TOCTaBKH BEKTOPOB € BHICOKOAKTUBHBIMH
MPOMOTOPaMH, TAKHUMH KaK IUTOMEraloBUPYCHBIH mpomotop (CMYV,
cytomegalovirus promoter), B OIlyXoJieBble TKaHH. JJ0BOJIBHO YacTO OOJIBIIMHCTBO
TKaHECTCIU(PUIHBIX TIPOMOTOPOB SIBISIFOTCS OoJice CIa0BbIMH 110 CPABHEHHIO C
LIMPOKO UCIIOIB3YEMBIMU BUPYCHBIMU IPOMOTOpaMH, TakUMu Kak CMV pauHwmit
nipomotop u SV40 panuuii npomotop. HekoTopsie HEeBUPYCHBIE METO/IbI TEHHOH
JIOCTaBKH, TaKKe Kak MHbeKIuH w1asmuaHoi JJHK, anekrporiopaTuBHast J0CTaBKa,
JIOCTaBKa C MOMOIIBIO JIMTIOCOM M COYETAHHE STHX METONOB, TAKXKE SBIISIOTCS
MOAXOAAIUMH 1 3P HEKTUBHBIMU IS TPAHCHEKIIMH CONMUAHBIX OITyXOJeH.

Mpsr ucnosnp3oBanu pEGFP-N1 BekTop npu KOHCTPYHUPOBAaHHHM HOBOM
miazmMuel (PCMV-ETA-EGFP) s sykaproTHueckol SKCIIPeCCHH yCEISHHOTO
¢dparmenTa sx3otokcuHa A (ETA ¢parmeHT ObUT aMIUTH(DUITMPOBAH C TIa3MHUJIbI
pSW200, mro6e3no npenocrasnennoit Prof. Winfried Wels, Chemotherapeutisches
Forschungsinstitut Georg-Speyer-Haus, Frankfurt, Germany). U3BectHo, uto ETA
UHTHOMpPYET OSITKOBBIM CHHTE3 U, CIICIOBATEIBHO, BBI3BIBACT KICTOUHYIO THOCTb.
I'en ETA Ob11 reHeTHUECKH "CIIUT" € TEHOM 3€JIEHOTO (TyOpecMpyIoIero oeka
(EGFP, enhanced green fluorescent protein), Ipu 3TOM 3KCIIpeccusi THOPUIHOTO
ETA-EGFP rena Obia nmocrasieHa non koHTpoiib CMV npomoropa. D hexTs
skcnpeccuu pCMV-ETA-EGFP onpenensim npu moMomm MeToaa BPEMEHHOM
TpaHCc(hEKIMH KyJIbTYphI KJIeToK yenoBeka HeLa. [Tpu MUKpocKonaeckoM aHam3e
kierku HeLa, Tpancuumposannsie pCM V-ETA-EGFP u korpanchunmnpoBansbie
pCMV-ETA-EGFP u pEGFP-NI1, nposBnsinu HU3KYI0O HHTEHCHBHOCTH
(uryopecueHIMH 110 CPaBHEHHIO C KJIETKaMH, TPaHC()HUIHUPOBAHHBIMH TOJBKO
pEGFP-N1. Pe3ynbrarsl NpOTOYHOI IIUTOMETPHUH COOTBETCTBOBAIM TAKOBBIM,
MOJIYYCHHBIM B pe3yibTaTe (IyopecIeHTHOH MUKPOCKOIHHU, U JaBalu
unpopmarmio o gpyaknusx ETA-EGFP rudpuasoro Oernka.
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AHaN3 KOJINYECTBAa MEPTBBIX KJIETOK (METOIOM HCKIIIOUEHHS TPUITAHOBOTO
CHHETO) TMOJTBEPAMJ BBICOKMI TOKCHYECKUH 3P dekT rubpuHoro Oenka
ETA-EGFP B xuerkax, tpancduuupoBanHeix pCMV-ETA-EGFP u
korpancunupoBanasix pCMV-ETA-EGFP u pEGFP-NI1. Ucnonb3ys
cyoctparnbiii Ac-DEVD-AFC tecrt, mbt 00Hapyxuin, uto ETA-EGFP rubpuanbrit
0eJIOK MHAYIUPOBAJ aMONTOTHYESCKYIO THOENb KISTOK MyTeM aKTHBalUU
Kacmasbl-3.

BakHBIM acIIeKTOM I'€HHOM Tepamuu SBISETCS HccienoBaHue dPQGeKToB
HKCTIPECCUH TOKCHYHBIX OeNKoB B KieTkax. OgHaKo, A 3TOTO TpeOyroTcs
crienHaNbHble METObI sl ONPEICIICHHs] aKTHBHOCTH HOBBIX BEKTOPOB.
OTHOCHUTENEHO IPOCTHIM U OBICTPBIM METOIOM ONPEEICHHS SKCIPECCUH TeHOB,
KOIMPYIONIUX TOKCHYHBIC OCIKH, ABISETCS KOTpaHCHEKIHS CO3TaHHBIX
KoHCTpyKIuii ¢ mouudepaso- uinu GFP (green fluorescent protein)-conepxammumMu
BEKTOpaMH. B 3THUX YCIOBHUAX HPOAYKT IKCIPECCHH TOKCUYHOTO I'eHa
crenupUIecKl HHTHOUPYET SKCIPECCUIO0 pEernopTepHOro rena. Ilpu stom,
CYLIECTBYIOT TaKue KJIETOYHbIe OCIKH, KOTOPBIC SIBISIOTCS OYEHBb
qyBCTBUTENHHBIMU K BHEIIHHM CTUMYJIaM, TAKMM KaK BBEICHUE UY)KEPOIHBIX
AreHTOB. DTH OCIIKH TAKXKE MOTYT CITy)KUTb HHANKATOPAMU ITOCIIEICTBHI BBECHHS
BEKTOPOB B KJIETKU. [10MOOHBIMHU PEAKIIOHHBIMH MapKepaMH MOTYT CIIY>KHTb
HEKOTOpbIE Crel()UUECKUE SAPBIIIKOBbIC OeTKH. [[pr UMMYHOIIUTOXUMHYECKOM
aHaJM3e, CIOb3ys aHTUTEINA IPOTUB OJHOTO U3 MAPKEPHBIX OCIIKOB SIPHIIIKA
A3, nokanu3zanms KOTOpOro MeHseTcs npu o0paboTke kierok Hela MHOrHMu
M3BECTHBIMUA MHIMOUTOPAMU TPAHCIISIIMU, MBI OJYYMIIN JI0Ka3aTeIbCTBO TOTO,
9TO OEIKOBBINH CHHTE3 HHTHOUPYETCs B TPAHC(HUIUPOBAHHBIX KIETKAX i7 Situ.

ETA-EGFP rubpunnbiii 6enox Taxxke ObLT HICHTH(GHUIIMPOBAH B JIM3aTax
TpaHCOUIMPOBAHHBIX KIETOK MeTonoM Western-010Ta mpy IMOMOIIM aHTHUTEIN
nporuB GFP.

Takum 00pa3oM, HallKM pe3yJdbTaThl MOKa3bIBAIOT, 4TO KieTku Hela,
tpancunupoBanabiec pPCMV-ETA-EGFP, cunresupyror ETA-EGFP rubpuanbrit
0eJ10K, KOTOPBIi 3P PEKTUBHO HHIMOUPYET OEIKOBBIN CUHTE3, IIPUBOAIS K MACCOBOM
rubenu KJIETOK MyTeM AalonTo3a 4yepe3 Kacha3a-3-3aBUCHMBIA MyTh.
CKOHCTPYHPOBAHHBIN BEKTOP MOXET OBITh HCIOJIB30BaH IIPU T€HOTEPAIINH paKa,
a TaKXe IOJIe3¢H NPH HCCIECI0BAaHUM TPAHCIALHMOHHBIX HapyIICHUH B
37I0KaYeCTBEHHBIX KJIETKaX uesioBeKa. Takke Mbl peiaraeM HOBBIH MTOAXO s
OTIpeIeNIeHHs] aKTUBHOCTH BEKTOPOB, KOAWPYIOIINX WHIHOUTOPHI OEIKOBOTO
CHHTE3a, OCHOBBIBASICh HA NEepepaclpe]e]eHUN SAPBIIIKOBEIX OEIKOB B
TpaHCUIMPOBAHHBIX KIIETKAX.
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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 pPCMV-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 pPCMV-ETA-EGFP or cotransfected with pPCMV-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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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 pCM V-
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.
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PEI'YJISALIUSA OIIEPOHA rpsB-tsf, KOOAUPYIOIIET'O
PUBOCOMHBIN BEJOK S2 U ®AKTOP DJIOHTAIIMM Ts

Acees JI.B., bonu U.B.

HHcTuTyT OMOOpraHnvecKkor XMMUHU UM. akajieMukoB M.M. Illemsiknna u
10.A. OpunnnamnkoBa PAH, MockBa

E-mail: leroymail@gmail.com

®daxc: (495) 330-65-38; Temn.: (495) 330-63-29

AyTOoTeHHas peryisiuus cuHTe3a puOOocOMHBIX OenkoB (p-0esKoB) —
HEOoOXOIMMOE YCIIOBHE TTOJIeP)KAaHUsI SKBUMOJISIPHOCTH CHHTE3a PUOOCOMHBIX
KOMITOHEHTOB y OakTepuil. MoneKysipHble MEXaHU3MbI ayTOTeHHOTO KOHTPOJIS
M3Y4YEHBl /IS MHOTUX PUOOCOMHBIX OIIEPOHOB, OJAHAKO OINEpPOH rpsB-tsf,
KOAMPYIOIIUI JKU3HEHHO Ba)KHbIE KOMIIOHEHTBI TPAHCISILMOHHOTO arrapara —
p-Oenok S2 u dakTop 3mmoHranuu TS, HUKOT/IA HE MCCIICIOBAJICS M JIake ero
poMOTOp He ObLIT JIoKanu3zoBaH. Llenas paboTsl — n3ydeHue ocoOEeHHOCTEH
peryasiuuu onepoHa rpsB-tsf'y Escherichia coli m poncTBeHHBIX OakTepuil B
CPaBHEHUH C M3BECTHBIMU MOJEIISIMH PETYIISIIAHN JPYTHUX PHOOCOMHBIX OIIEPOHOB.
B paboTe noyueHs! cieayomye IPHHIUITHNAILHO HOBBIE PE3yIIbTaThL.

BrnepBble 10KalM30BaH MPOMOTOP ONEPOHA W I0KAa3aHa €ero

KOHCEPBAaTHBHOCTh B Y-MOJKJIAcCe MpoTeobakTepuil. Jnsg naeHTndukanum
MIPOMOTOpPa KapTHUPOBAHBI 5'-KOHIIBI 7pSB-TPAaHCKPUTITOB METOIOM YATUHEHHS

npaiiMepa Ha cymmapHoii kiaerounoid PHK. OOHapy»keH eAnHCTBEHHBIH CHrHal,
COOTBETCTBYIOUIMH no3unuu -162 (otHOCHTENBbHO A B ctapToBoM Kojone AUG
rpsB-MPHK). Ananu3 mocienoBaTelbHOCTH Mepen JOKAIM30BAHHBIM
TPAHCKPUITIIUOHHBIM CTAPTOM IO3BOJIMI IPEANONIOKUTH, YTO TPAHCKPUIIIUS
onepoHa HampaBusgeTcs enuHCTBeHHBIM npomoTopoM TGTGGTATAAA,
MpUHAIIEKAIUM K peaKomMy kimaccy "ymanuHeHHBIX" -10 mpomMoTopoB, 4TO
MIOATBEPKIEHO MYTAIlIMOHHBIM aHAJIM30M. Y/UIMHEHHBIH -1 0-2/1eMEeHT OT/IeJIeH OT
crapTa TPaHCKPUINIMHU Tak HazbiBaeMbIM auckpumuHatopom GCGCGC,
TUIWYHBIM JUJIS IpoMOTOpOB cTabuibHeix PHK, HerarnuBHo perynupyembix
anapMoHOM ppGpp IIPU AMUHOKHUCIIOTHOM TOJIOIAaHNH, HO PEIKHM /IS IPOMOTOPOB
OenkoBBIX omnepoHOoB. [lonyueHsl qaHHbIe, yTo GC-00TaTHIl AUCKPUMHHATOD
OTBEUAET 3@ HETaTUBHYIO PETYJISILHUIO 7psB-IpoMOTOpa PU YBEIUUEHUN YPOBHS
ppGpp B kieTke. PuoreHeTHYeCKUH aHaIN3 BBISIBAJI BEICOKYIO KOHCEPBATHBHOCTH
CTPOCHHUS IPOMOTOPHOM 00J1acTH onepoHa rpsB-tsf (coueTaHne yIITMHEHHOTO —
10-anemenTa u GC-60raToro TMCKpUMHHATOPA) Y Y-IIPOTE00AKTEPH.

BrepBble nokazaHo, 4T0 p-0enoK S2 CIIy)KHUT HEraTHMBHBIM PEryiIsTopOM
JKCIPECCUH ONepoHa rpsB-tsf Ha TMOCT-TPAHCKPUMIIMOHHOM ypoBHe. OnepoH

rpSB-tsf anipuopy He MOJUUHSETCS KJIACCHYECKON CXeMe ayTOreHHOW peryisiiiui
p-0enKkoB, COracHO KOTOPOM OMH U3 MPOIYKTOB OIIEpPOHA SIBISIETCS HE TOJIBKO
CTPYKTYPHBIM KOMIIOHEHTOM PHOOCOMBI, HANpPsIMYIO B3aMMOACHCTBYIOLINM C
pPHK Ha nepBbIx 3Tanax cOOpKH CyO4YacTHIl, HO U HETaTUBHBIM PETYIISTOPOM,
CHOCOOHBIM MOZABIATH TpaHcsinuio coeid MPHK, eciti ero konmyecTBo B KJleTke
npesbimaeT yposeHb pPHK. Oxnako, S2 He y3naer cBo6onnyio pPHK u
BKJTIOUaeTcs B coctaB 30S cyOuacTuIl Ha 3aBepIIAIOIIEM dTarie COOPKHU, OATOMY
KaK TOTEHIMAJIbHBINA OeJIOK-perpeccop OH alpropy MPEACTaBIII HCKIIOYCHUE
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n3 obmero mpasuia. [ uccieroBaHNs BO3MOKHOCTH ayTOTEHHOTO KOHTPOJIS
HKCHPECCHH OIIEPOHA 71 Vivo CO3AaHbI CIIELMATH3UPOBAHHBIE ITAMMBIL, B KOTOPBIX
CHHTE3 [3-rajakTo3ua3bl ¢ XpOMOCOMHOTO /acZ-TeHa HAIPAaBISIETCs 00IACThIO
nHAIManuu Tpancminuu rpsB-MPHK, Bkirouaromeit 5'-HeTpancianpyeMyro
obmacte (5'-HTO) paznuyHo# UIMHBI (KaK MPUPOIHYIO JIHHOW 162 HT, Tak u
YKOpOYEHHBIE BapHaHTBl), a TaKKe IJa3MHjaa, dKcIpeccupyromas S2 ¢
rpsB-tipomoropa. CuHte3 S2 ¢ mmasMuabl crieuduIecKy MoJaBiIsil SKCIIPECCHIO
rpsB-lacZ-penoprepa, ecnu puHa 5'-HTO He mMenee 120 HT, 4yTO mpsiMO
JnoKa3piBaeT (QYHKIHIO S2 Kak ayTOreHHOro penpeccopa. Ilokazana
KoHcepBaTUBHOCTH ¢onaunra S5'-HTO y pasHeix mnpencraButeneit
Y-TIPOTEOOAKTEPHH: B KOXKIOM CIIydae JBe MPOTHKEHHBIE IITHICUHBIE CTPYKTYPBI
LH u RH paszaenensl ciaboCTpyKTypHpOBaHHOM LIEHTpalibHO# o0nacThio CR.
Bosee Toro, Hexkoropble yuacTku nocienoBatenpHocTn 5'-HTO okaszanuch
YHUBEPCAJIBHO KOHCEPBATUBHBIMH, YTO IMPEANOIAraeT UX BaXKHYIO pOJIb B
perysinun dKcupeccur. OuIoreHeTHYecKue MpencKa3aHus MOATBEPKACHEI
KCrnepuMeHTanbHOo. [lodydyeHHBIE JaHHBIE YKa3bIBAIOT Ha BBICOKYIO
KOHCEPBAaTUBHOCTh MEXaHU3Ma PETYISIUU ONEpoHa rpsB-tsf B HBONIOIUHI
MpoTe00aKTEpHUii.

C nomombto Becrepr- u Ho3epH-0OTTHHTA UCCIECJOBAH MEXaHU3M
peryisiiuu SKCHPECCHH BTOPOTO I'eHa ONEepOoHa, fSf, KOTOPBIH HE HMeeT
COOCTBEHHOTO IIPOMOTOpA U TPAHCKPHOUPYETCS KaK 4acThb OMIUCTPOHHOTO
TpaHckpunTa. [loka3aHo, 4TO MpsMOe MHTHOMPOBaHUE TPAHCIALMHN rpsB-reHa
OenkoM S2 OKa3bIBACT MOJSAPHBIN 3(GEKT Ha TPAHCKPHUIIIIMIO BTOPOTO LUCTPOHA
(v Kak ciencTBHE Ha ypoBeHb cuHTe3a (akropa Ts) B pesynbrare HapylICHHS
TPaHCKPHITIMOHHO-TPAHCIALIIOHHOTO COTIPSDKEHHMS B IIpesiesiax rpsB-reHa.

ITokazaHo, YTO Ul ayTOT€HHOW PETYNSIUU CBOEro onepoHa Oenky S2

TpebyeTcsa NOMOIHUK, p-6edok S1. Oka3anoch, YTO HApyLICHUE ayTOTEHHOIO
KOHTPOJISl TIPOMCXOUT HE TOJBKO B rpsB-MyTaHTax (HapylEHUE PEry/Ialuy B

MYTaHTax M0 TeHY, KOTUPYIOIEMY OelIOK-PErysTop, THIIHYHO AJIsl OIEPOHOB P-
0eJIKOB), HO M B MyTaHTe 110 reHy Oeinka S1 (rpsA::1S10) ¢ HU3KUM ypOBHEM CHHTE3a
YKOPOUEHHOI0 BapuaHTa Oelika. 3aBUCUMOCTb OT ypOBHS CUHTe3a p-0Oeika,
KOJUPYEMOTO B IPYTOM OINEpPOHE, MPEAIoNaraeT, YTo B PETYISALUN MOXKET
Y4acTBOBATh KOMILIEKC p-0esikoB S1-S2. OOpa3oBaHKe TAKOTO KOMILIEKCA JIOKa3aHO
C MOMOIIBI0 UMMYHONPEIMITUTALUH. T.0., BEISBICHO NPUHINIHAIBHOE OTIININE
MeXaHH3Ma ayTOKOHTPOJISI ONEPOHa psB-tsf OT U3BECTHBIX MOJENICH PEryisun
JIPYTHUX ONEPOHOB P-OCIIKOB, I7Ie OCJIKY-perpeccopy He TpeOyeTcs TOMOIIHHUK.

Pabora Beinonnena npu noagepxkke rpantoB PODU 06-04-48353 u 09-04-
01014, ocHOBHBIE pe3yabTaThl olyOnuKoBaHbl: Aseev et al. 2008. RNA 14: 1882-
1894; Acees u ap. 2009. Momn. bron. 43: 111-118.
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REGULATION OF THE rpsB-tsf OPERON ENCODING
RIBOSOMAL PROTEIN S2 AND ELONGATION FACTOR Ts

Aseev L.V., Boni LV,

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 y-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 £. 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 y-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 y-galactosidase from chromosomal lacZ
gene is driven by translation initiation region of the 7psB mRNA bearing 5'-UTR
of differing length (native 162-nt long UTR and its truncated variants), as well as
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the plasmid producing S2 from the psB 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
y-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, zsf, 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 7psB; 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-tsfexpression. 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::1S70 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.
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HOBOE CEMENCTBO MOBWIBHBIX JIEMEHTOB 'EHOMA
YEJOBEKA, OBPA3BOBAHHOE ITPHU 3AXBATE IIEPBOI'O
9K30HA I'EHA MAST2 PETPOTPAHCIIO30HOM SVA

banmoiu O.b., By3oun A.A.
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B pesynbrare neTanbHOrO aHaiau3a CTPYKTYPBl YEJIOBEK-CIEU(PUIHBIX
BCTaBOK PETPOTPAHCIIO30HOB SVA, MbI 00HAPYKUIIN 76 AIIEMEHTOB, 00J1a JAFOIIHX
HEOOBIYHOU CTPYKTYpOi: Ha 5'-KOHIIE OHM HECJIM KOIMH MOCJIE0BaTEIbHOCTH
nepBoro 3k3oHa reHa MAST2, a Ha 3'-KOHIIe — MOCJIEJOBATEIBLHOCTH
perporpancnozoHa SVA. JlnuHbl 00eux 4acTeil 0OHapyKEHHBIX XHMEPHBIX
AJIEMEHTOB CHJIBHO Pa3iuyannck: oT 35 10 383 m.o. 11 5'-KOHIIEBOM YacTh U OT
662 1o 4255 1.0. — s 3'-koHIIcBOM. [l0CTOSHHOM OcTaBaNach TOINBKO TPaHHIIA
MEX/1y JBYMs 4YacTsMH. Takue JByX4acTHbIE DJIEMEHTHl HECIU Ha 3'-KOHIEe
mosin(A)-1ociaeI0BaTeIbHOCTh PA3IMYHON JJIMHBI U ObUIH (pIIAHKHUPOBAHBI
MpsIMBIMH TTOBTOpamu. 5'-KoHIeBasi 1mocieoBaTenbHOCTh, KOMIUIEMEHTapHas
nepBoMy 3K30HY rera MAST2, conepxana B cBoéM coctaBe CpG-0CTpOBOK,
MI03TOMY OOHapyKEHHOE CEMEHCTBO XHMEPHBIX PETPOTPAHCIIO30HOB OBIIO
HazBano Hamu CpG-SVA.

CornacHo mpemiokeHHoMYy Hamu MexaHusMy, CpG-SVA cemelicTBo
00pa3oBaoch MPU PETPOTPAHCIO3UIIMN HPEAKOBOTO 3JIEMEHTA, BO3HHUKIIETO
Omaromapst 5'-TpaHCAYKLIHMH, ocyliecTBIEHHOW 3memenToM SVA. [locne
paszieneHust PeKOBBIX JIMHUH YyeoBeKa 1 muMnanse S VA BCTpOWIICS B IEPBBIT
uHTpoH MAST?2 B ipsiMoii opueHTanuu. B pesynbrare criaiicuara abeppaHTHOR
PHK, momyunBmieiics ¢ mpomotopa MAST2, HO TepMUHATEHO MPOIIECCHPOBAHHOM
10 CUTHAITY IosinaieHuaupoBanus SVA, nepBbiid 5k30H MAST2 oObenuHuUICS CO
CIUIAHUPOBAHHBIM  3'-KOHI€BBIM (pParMeHTOM pPETPOTPAHCIIO30HA.
O6pa3zoBaBumiicst npenkoBblii aeMeHT CpG-SVA B pesynbrate cOOCTBEHHOMN
PETPOTO3HIINH JaJl HA4aJIO BEIIIEYHOMSIHYTOMY CEMEHCTBY.

KaprupoBanue npsiMbIX MOBTOPOB, (PIIaHKMPYIOMIMX BCTABKH 3JIEMEHTOB
CpG-SVA, no3Boiuiio Ham 00Hapy>XUTh 18 cirydaes S'-rpancaykimu u 13 ciryuaes
3'-rpancaykuuu, He otHocsmeics k CpG-SVA renomnuoit IHK. Ilpu stom ms
YeThIPEX HJIEMEHTOB HAOIIOIAIUCh OHOBPEMEHHO U 5'-, U 3'-Tpancaykuuu. Bo
Bcex ueThipex ciydasx sneMeHT CpG-SVA Obun ¢uiankupoBas ¢ 5'-koHIa
TPAaHCAYIMPOBAHHON TOCIEAOBATEILHOCTRIO Alu 9BOTIONHOHHO CTAapOro
cemeiictBa AluSc, a ¢ 3'-kouiia — TpaHCAYIMPOBAHHOW TOCIICA0BATEILHOCTHIO
oxo1o 400 11.0., BKIIIOYAOIIEH APYroi 3BOIIOIMOHHO CTapblii anemMeHT — AluSp.

OOIHOCTD CTPYKTYPBI 3THX YETHIPEX JIOKYCOB CBHIETEILCTBYET 00 MX 00IIeM
MIPOUCXOXACHNUN OT enuHoro npenkosoro smemenTa CpG-SVA, comepikariero
TPaHCAYLMPOBAHHBIE ITOCIIEI0BATEIBLHOCTH C 00EUX CTOPOH.

[Ipusneuenne CpG-ocTpoBKa B COCTAB 3JIEMEHTOB 3TOI0 XMMEPHOTO
CEMEHCTBa, MO-BUINMOMY, OKa3aJ0Ch BBITOJHO C TOYKH 3PEHHS MOBBIIICHUS
YacTOTHI peTpoTpaHcno3unuu. M3BectHo, 9to 11 rena MAST2 xapaktepHa
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BBICOKasI TKaHecCTIenuQpuyueckast SKCIIPECCHs B CEMEHHUKAX, CIIEI0BATETIbHO, MOXKHO
MIPEATIONOKNTD, 4TO NpucyTcTBue CpG-0CTpoOBKa B COCTaBE PETPOTPAHCIIO30HA
00ecreYyuBaeT BBHICOKYIO TKaHECHEU(DUUHYIO TPAHCKPHUIIIIMIO 3JIEMEHTOB
CpG-SVA B ceMeHHHKaX. JTO AOHKHO MMETh BBITOAHBIC MOCIEICTBHS IS
cemeiictBa CpG-SVA ¢ TOUKH 3peHust PUKCAIIMN B TEHOME, BE/Ib JIJISl TOTO, YTOOBI
I10CJIE BCTABKU B TEHOM XO35IMHA IIEPEIaThCsl IOTOMCTBY, PETPOTPAHCIIO30H JIOTKEH
BCTPOUTHCS B KIIETKAX 3apOJIbIIICBON JIMHUU, HAIIPUMED, PACIIOJIIOKEHHBIX B
CeMeHHUKax. JlefCTBUTENbHO, IBOMIOIHMOHHO Mojofoe cemeiictBo CpG-SVA
MOYKHO TIPU3HATh BechMa "yCIIeIIHBIM": BeJIb IOTOMKH OJIHO# 13 Oosee yem 1000
HMMEBIINXCS HA TOT MOMEHT B TeHOMe uentoBeka kormuid SVA (T.e. <0.1%) namum 76
3a()MKCHPOBAHHBIX B T€HOME BCTaBOK, YTO COCTaBISET OKOJIO 9% OT Bcex
M3BeCTHBIX 860 uenoBeKk-crennpUIHbIX BCTAaBOK SVA.

Kpowme Toro, Mbl mokazai, 4To Jyist 00paTHoi TpaHckpuiTasbl L1 XapakrepHo
HEMAaTPUYHOE HaBEIIMBAHUE IUTO3MHA Ha 3'-KOHEI| CHHTE3MPOBAHHOH MEpBOM
mermm k/IHK.
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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.A.

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 1% 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
apoly(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.
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CHUHTE3 U CHEKTPAJIbHBIE CBOMCTBA JUAPWJIITEHOBBIX
AHAJIOI'OB PETHHAJIA

benukos H.E., J/lanmee A.B., 3emyos P.B., JIykun A.1O., /lemuna O.B. %,
bapaueeckuii B.A.**, Kparowkun M.M.***, [llgey B.HU., Xooonos A.A.

MoCKOBCKasi TOCYJapCTBEHHAS aKaIeMHUs TOHKOH XUMHYIECKOH TEXHOIOTHU
uM. M.B. JlomoHocoBa, MockBa

*Wuctutyt Onoxumuueckoit pusuku um. H.M. Dmanyans PAH, Mocksa
**[lentp poroxumuu PAH, Mockaa

***HcTuTyT opranndeckoi xumun um. H.JI. 3emunckoro PAH, Mocksa
E-mail: nbelikov@yandex.ru

®Daxc: (495) 434-82-33; Temn.: (495) 936-88-96

Hawmu 6bu1a pazpaborana u npeioxkena appexkTiuBHas SKCriepuMeHTalIbHAS
npoieaypa nojydeHus 1esneBoro ¢oroxpomuoro nonuenans (V), ananora
(dparMeHTa HaTUBHOTO XpoModopa OakTepuopoJoncuHa — all-E-petnHans u
cojiepIKaIIero BMECTO TPUMETHIIUKIOTEKCEHOBOTO KOJbILla MPUPOJIHOTO
xpomodopa dpparment 1,2-6uc(TueHua)ITeHA.

KitoueBo#t craaueil cuHTe3a SBISLIIOCh olie(pUHUpOBaHUE TI0 XOpHEPY-
DMMOHCY Cs:(bocd)OHaTHLIM pearenTOoM KapOoHMIIbHOTO npeamecTBeHHuKa (I).
[Monyuennsrit npomesxyTounbiii HUTpH (II) ObLT BOCCTAHOBIICH B albJETU/L IPH
noMomu auu3oOyrtunantomMmuHuilt ruapuna npu -80°C. IloBTopeHue
BBIIICTICPEYUCICHHBIX CTaInii oneduHnpoBanust u BocctanoBnenus aist (111, IV)
IIO3BOJIMJIO TIOJIYYUTh 1eseBoil aHasor petuHaist (V) ¢ ooumum Beixogom 12%.
BuoBb 06pazoBannbie C=C-cBs13u nMenu E-koHduryparmio mo qaaasm 'H-SIMP-
criektpoB (J 16.3 I'm). LleneBbie u MpoMEXyTOUHBIE COSTUHEHHS TOYYEHBI B
MpenapaTUBHBIX KOJIMYECTBAX, UX CTPYKTYpHI JOKa3aHbl HAOOpOM (U3HKO-
XMMHYECKUX METO/I0B aHAJIH3a.
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Bbun mpoBeieHs! CeKTpaIbHO-KHHETHYECKUE NCCIIeT0BaHuUs (POTOXPOMHBIX
CBOMCTB IOJTy4eHHbIX coequHenuii [ 1]. TTokazano, 4To Bce coeAnHEeH s POSIBIISIOT
BbIpa)KeHHBIE ()OTOXPOMHBIE CBOICTBA U SIBJISIFOTCS TEPMUYECKU HEOOPATHMBIMHU.
br110 yeTanoBNIEHO, UTO BBEIEHHE B MOJIEKYITY TIOJTMEHOBOH LETH, COMPSIKEHHOMN
¢ IUapUIdTEHOBBIM ()parMeHTOM, IPUBOAUT K OATOXPOMHOMY CIBHUTY CIEKTpa
MOIVIOIIEHHS OTKPBITOM OPMBI IO CpaBHEHHUIO ¢ McXOAHBIM anbaeruioM (I). s
LUKINYECKUX M30MEPOB IOJIOKEHHE MAaKCUMyMa IOIVIOIIEHNs] HE3HAYUTEIBHO
3aBUCUT OT JUIMHBI LENH conpspkeHus. Hanmnydmune KuHeTHYecKHE
XapaKTEepPUCTUKH Ipoluecca QOTOUMKIN3ANUU, a TaKXKe HU3Kas CTEHEHb
¢doroznerpananmu xapakrepHs! 1 Hutpuia (I1).

Jlumepamypa
1. N. Belikov et al. J. Photochem. Photobiol. A: Chemistry 2008. 196. 262-267.
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SYNTHESIS AND SPECTRAL PROPERTIES OF DIARYLETHENE
RETINAL ANALOGS

Belikov N.E., Laptev A.V., Zemtsov R.V., Lukin A.Yu., Demina O.V.*,
Barachevsky V.A.**, Krayushkin M.M.***, Shvets V.I., Khodonov A.A.

M.V. Lomonosov State Academy of Fine Chemical Technology, Moscow
*N.M. Emanuel Institute of Biochemical Physics RAS, Moscow
**Photochemistry Center RAS, Moscow

**#*N.D. Zelinsky Institute of Organic Chemistry RAS, Moscow

E-mail: nbelikov@yandex.ru

Fax: (495) 434-82-33; tel.: (495) 936-88-96

An effective experimental procedure has been developed and proposed for
obtaining the target photochromic polyenal (V), analog of al//-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 C_-phosphonate reagent. Resulting intermediate nitrile
(IT) has been reduced into al(fehyde 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 'H-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.
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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 (IT).

Reference
1. N. Belikov et al. J. Photochem. Photobiol. A: Chemistry 2008. 196. 262-267.
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JIOKAJIM3ALIUA PIP-AKBAIIOPMHOB
B CTEPUH-OBOTAIIEHHBIX JTOMEHAX ITJIA3MAJIEMMbI

benyeun b.B.
WuctutyT dpusuonorun pacrenuit um. K.A. Tumupszesa PAH, Mocksa

DJeKkTpoHHBIH afpec: hausen@yandex.ru
Daxc: (495) 977-80-18; Ten.: (499) 231-83-77

Buosnornueckue MeMOpaHbI cofieprKaT Ka4eCTBEHHO pa3Hble JTunu bl Ho s
BBINOJHEHHST QYHKIMU ruApodoOHOro Oaphepa U cpeabl i OEIKOB Takoe
MHOroo0pasue n30bITO4HO. He BhI3bIBACT COMHEHHS, UTO B MEMOpAHE CYIIECTBYIOT
001acTi, OTINYAIONIUECs IO COCTaBy OT OCTAJIbHOM YacTH MeMOpaHbI M3-3a
ocobeHHOCTEH (QuU3MUECKUX CBOMCTB M Ouonorndeckux ¢yHkunuid. Ha
CeTONHSIIHUN JEeHb HPUHATO CUYHTATh, YTO MEMOpaHBI SBISIOTCS
BBICOKOOPTaHM30BAaHHBIMU CTPYKTYPaMH, 00€CICUMBAIOMIMMHI HEOOXOANMYIO
FeTEePOreHHOCTh JUISI KOMIIAPTMEHTAJIU3AIUN KIETOUYHBIX IMPOIECCOB.
OOHapy KeHHBIE B TJIa3MaJIeMMe KUBOTHBIX, IPUOOB U pacTeHUH CHUHTOIUTIH -
U CTepUH-HACBIIICHHBIC JOMEHBI, "NUMuHbIe padThl", 00IaJal0T MIOTHOM
YIIaKOBKOH KOMIIOHEHTOB M CHEHU(UYECKUM OEIKOBBIM COCTaBOM. MeTox
MOJIYYeHHS] TaKUX JOMEHOB JUIsl aHalli3a OCHOBAH HA UX YCTOWYMBOCTHU K
CONMOONIN3aNY HEMOHHBIMH AeTepreHTaMu. JleTepreHTsl H30upaTenbHO
paspymaoT JUIUI-TUIAIHBIE W JIUIUI-0EIKOBBIE B3aUMOACHCTBUS, a
COXpPAaHAIOLIAsCS JAeTepreHT-ycToiiunBas (paxnus MeMOpaH HCIONb3yeTCs B
nccienoBaHusX. OfHAKO, HEM3BECTHO, HACKOJIBKO TaKHE MEMOPAHBI OTPAXKAIOT
cocrtaB "nmunuaHbIX padToB" in vivo. OHUM U3 XapaKTEPHBIX OCIIKOB JICTEPTeHT-
YCTOWUMBBIX (Qpakiuil miaa3MaleMMbl KIETOK pPAacTeHUH SBISIOTCS
PIP-akBanopuHbl — O€JIKM BOJHBIX KaHAJIOB. B CBA3M ¢ 4eM BCTaeT BONPOC O
creneHu acconnanuu PIP-akBamopwHOB ¢ 3TMHK noMeHaMu. 3ajaqyd JTaHHOMN
paboThl cocTosIM B BhIACIHCHUN "padToB" M3 miazMaleMMbl MOOETOB
STHOJIMPOBAHHBIX MIPOPOCTKOB rOpoxa, KaK JeTepPreHT-yCTONYnBoN (pakunu, u
aHanmze coaepxanus B HuX PIP-akBamopuHOB.

[TnasmaneMMy mosydaiau pas3ieleHHEeM MHUKPOCOMalbHBIX MEeMOpaH B
nByX(ha3HOH MOIMMEpPHOW CHCTEME M 4acTh CONIOOMIM3UPOBAIM HA XOJOAY
1%-ubM TputoHom X-100. lanee ncxoaHbie ¥ COMFOOMITH3UPOBAHHBIE MEMOpPaHbI
pazzensuv Ha ppaknud myTeM (roTanny B 3-X CTYIEHIaTOM I'PaIHEHTE ITIOTHOCTH
OptiPrep. ®pakuuu ¢ maotHocthio 1.09, 1.14 u 1.17 r/cM® otOupanu u
aHanu3upoBasiu. O6orarieHue Gppakiuii KoMnoHeHTamMHu "padToB" OIEHUBAIH 110
OTHOILICHUIO CTePUH/OETIOK, (Ja30BOE COCTOSIHUE JIMITHHOTO OMCIIOS — T10 CIIEKTPpam
reHepaIn30BaHHOH MoIsIpu3anny GuryopeceHINH 30014 Tayp/iaHa, COAEpKaHIe
PIP-akBaniopuHOB — MeToz10oM BectepH-0mot ananusa.

I[MTocne o6paborku memOpan Tputonom X-100 B oTHomeHUH
nerepreHT : 6esnok = 10 : 1 comoOunu3upoBanach OCHOBHAs 4acTh Oeika
rutazmaneMmbl. CoziepikaHue Oelka B JIETKUX J€TepreHT-yCTOHUUBBIX (PpaKIIIX
He npesbimano 10-20%. B KOHTpONBHBIX BapHaHTax Ul IUIa3MalleMMbl ObLIO
XapaKTepHO paBHOMEPHOE paclpeaesieHue 110 OeNKy Bo Bcex ppakimsix. [Tokazano,
YTO JIeTKUe Ppakiir MeMOpaH ObLTH oborarieHbl crepruHamMu. OTHOIICHHE B HUX
crepun/6enok cocranisuio 0.1 u 0.3 Mr crepuHOB/MT O€jKa Uil KOHTPOJIILHON |
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COTFOOMIIN3UPOBAHHOM TU1a3MalIeMM, COOTBETCTBEHHO. BO (pakIusix ¢ BEICOKOM
IUIOTHOCTBIO COOTHOIIIEHHE CTepHH/0eoK He mpeBbimano 0.05 Mr cTepuHOB/MI
0eJKa Kak JUisi COMFOOUITH3UPOBAHHOM, TAK U KOHTPOJIBHOI I1a3ManeMM. AHAIIU3
TEMIIEPaTypHOH 3aBUCUMOCTH CIEKTPOB I'eHEPATH30BAHHON MOJSPH3ALNH
GuryopecieHIy TUIOGUILHOTO 30HAa JayplaHa, BCTPOCHHOTO B BE3HKYJIBI
I1a3MajeMMbl Pa3HOW IIOTHOCTH, IMOKa3al, YTO O0OralieHHble CTepUHAMH
MeMOpaHbl XapaKTepu3yrTcs 0oJiee MIOTHONH yMaKOBKOW B HHUX JIMITUIHBIX
monekyn. UmmyHoznetexiusi PIP-akBamoprHOB BBISIBHIIA MTPEUMYIIECTBEHHOE
pacnpeneneHue 3THX OEIKOB B IETEPreHT-yCTOHYMBEIX MeMOpaHax. OfHaKko, BO
(bpaknusx KOHTPOJIHHOHN IUIa3ManeMMBbl Pa3HON MUIOTHOCTH paclpeelieHue
AKBaIlOPUHOB OBUIO PAaBHOMEPHBIM.

Taxkum 00pa3oM, MOXKHO TIonararb, uto PIP-akBamopuHbl JIHIIb OTYACTH
SIBIISIIOTCSL PE3UJCHTHBIMU O€JIKaMH YIOPSIOYSHHBIX CTEPUH-000TAIIEHHBIX
JIOMEHOB IUIa3MajeMMBbl, a 00paboTka Tputonom X-100 "ctaruBaer" naHHbIC
OCIIKHU B OTH CTPYKTYPHI.
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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 4°C 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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KJIOUEBO ®EPMEHT CTEPOUJIOT'EHE3A JKMBOTHBIX
OYHKIIMOHUPYET B PACTEHUAX, ITOBBIIIASI UMMYHUTET
N YCKOPsSIA IMPOHECCHI POCTA U PA3BUTHSA

bepouuesey U.H., Cnusax C.I.% Kapmensv H.A.**, IlInaxkoeéckuii I.B.***

WuctutyT 0o61eit renernkn uM. H.M.BaBunosa PAH, Mockga, Poccust
*Wucrutyt Onooprannyeckoit xumun HAHB, Munck, benapychb
**MuctutyT reHetuku u nuronorun HAHB, Munck, benapyce

*#*IHCTUTYT OMOOpPraHMYEeCKOM XUMHUH UM. akazeMukoB M. M. Illemsikuna 1
10.A. OpunnnnkoBa PAH, Mocksa, Poccust
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Dakc: (499) 132-89-62; Temn.: (499) 135-53-62

Jlonaroe BpeMsl CUUTANIOCh, YTO CTEPOHMIHBIC TOPMOHAJIBHBIE CHCTEMEI
KUBOTHBIX M PACTEHUU NPUHIMIIHAIBHO pa3iuyHbl. TOIBKO B IOCIeaHEe
JIECSITUIIETUE CTAJIM HAKaIUIMBAThCS JTAHHBIE 00 ONpeAeiEHHON CTPYKTypHOH U
(GYHKIMOHATBHON KOHCEPBAaTUBHOCTH ITyTEH PEryIsIMU CHHTE3a OHOIOTHYeCKU
AKTHBHBIX CTEPOUIHBIX COCTUHEHUH Yy 3THX JIBYX BOKHEHIIMX LAPCTB KHUBOH
MIPUPOJBI. YCTaHOBIEHO, YTO OCHOBHBIE CTaJMU B IIpolieccax OMOCHUHTE3a U
MeTaboIII3Ma CTEPOUTHBIX TOPMOHOB KHBOTHBIX M OPACCHHOCTEPOHUIOB PACTEHHUH
KaTaJIM3UpyOT TUTOXpOMbI P450, B 000ux cuctemax (PYHKIIMOHUPYHOT TaKUE
(bepMeHTHI, KaK CTepoun So-peaykrasa (5aR) U
A’-runpokcucreporaaeruaporenasa/A’-A*-kerocreporausomepasa (33-HSD).

KitroueByro ponb B OHOCHHTE3€ CTEPOUAHBIX TOPMOHOB JKHBOTHBIX HUIPAET
uutoxpom P450, . (side-chain-cleaving), KOTOpBI OKaNH30BaH BO BHYTPEHHEN
MeMOpaHe MUTOXOHJIPUil KJIIETOK CTEPOUIOI€HHBIX TKAaHEW U, C y4acTHUEM JIBYX
JIPYTUX KOMIIOHEHTOB MHUTOXOHIPHAIBHOW 3JIEKTPOH-TPAHCIOPTHOH IeTH,
a/IPCHOZOKCHHA U aIpeHOIOKCHHPEYKTa3bl, KaTaIU3UPyeT PEAKIUIO OTIICIICHHS
OOKOBOH IIENH XOJIECTEPHHA C MPEBpAIlleHHEM €ro B NMPETHEHOJIOH — OOIuit
MIPEIICCTBEHHUK BCEX CTEPOMIHBIX TOPMOHOB JKUBOTHBIX. XOTS MIPUCYTCTBHE
MHTOXOHAPHAIBHBIX IATOXPOMOB Y PAacTEHHH 10 CHX IIOp HE JOKa3aHO, U3BECTHO,
YTO B MHUTOXOHJAPUSX HanepcTsHku Digitalis sp. NPOUCXOTUT IpEBpalleHUe
XOJIeCTEepHHA B IPErHeHOIIOH. boree Toro, HeaBHO B paCTEHUIX 00HAPYKEH P
CTEPOUIHBIX TOPMOHOB JKHBOTHBIX (TIPOTECTEPOH, 17-THIPOKCHIPOreCTEPOH,
16-1eTuIpOKCUIIPOTECTEPOH, aHIAPOCTCHIMOH), a TAaK)KEe TOMOJIOTH OEJIKOB-
penenTopoB, KOHTPOJIIMPYIOLUIUX TPAHCIIOPT XOJIECTEPHHA B MUTOXOHIPHUH KJIETOK
KHUBOTHBIX. CIIeZIOBaTENIbHO, B PACTEHHSIX BOZMOYKHA TpaHC(HOpManust CTEpOUIOB,
0100Hast TAKOBOH Y JKUBOTHBIX.

DTO HATOJKHYJIO HAC HA MBICIb, YTO 3P (HEeKTUBHAS IeTepOOTHYECKas
sxcnpeccust rena CYPIIAI, xonupytomero uutoxpom P450, .. :KUBOTHBIX, B
pacTeHUSX HE TOJIBKO BO3MOXKHA, HO U MOXET MPHUBECTH K CYIIECTBECHHBIM
U3MEHEHUsAM B uX Merabonu3me. J{is TOro 4roObl MPOBEPUTH yKa3aHHOE
MIPEIIOI0KEeHNE, HaMH BIEPBbIE NOJIY4YEeHbI TPAHCTEHHBIE pacTeHUs Tabaka,
a¢dexruBHoO dxcnpeccupytromne K IHK CYP11A41 u3 Kopbl HAAOYEYHUKOB ObIKa
(ITatent PD Ne 2237717 ot 10.10.2004). [leranbHas XapaKTepUCTHKA YETHIPEX
ITOKOJICHUI1 3THX TPAHCT€HHBIX PACTEHHWH MOKa3ajia, YTO OHH 10 CPAaBHEHHUIO C
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PACTEHHSIMHU TUKOTO THIIA NUMEIOT COKPAIICHHBIH IIEPHO/] BETeTaTUBHOTO PA3BUTHS
(paHHEe IIBETEHUE U CO3PEBaHNE CEMSH), YBEITNUCHHYIO OMOMACCY M IOBBILICHHYIO
IIPOIYKTUBHOCTS (KOJIMYECTBO U Ka4eCTBO ceMsiH). Kpome Toro, [1st HOTy4eHHBIX
TPaHCTeHHBIX PACTEHHH XapakTepHa Ooiee BBIpaKCHHAs YCTOHUUBOCTB K Py
IpUOHBIX (PUTONIATOTCHOB.

Habnronaemplii heHOTHUII, MTO-BUAUMOMY, OOBSICHSIETCS CHUHTE30M B
TPAHCTE€HHBIX PACTCHUSAX OMOJIIOTMYECKH aKTUBHBIX CTEPOUIHBIX COCITUHEHUH —
IIPON3BOAHBIX MPETHEHONOHA. JIeHCTBUTENBHO, B OKCTPAKTaX M3 JHCTHEB BCEX
JIMHUHM TPaHCTEHHBIX pacTeHuil ¢ momouipio mMetona [ X-MC (razoBas
xpoMmarorpadust 1 Macc-CHEKTPOMETPHsI) HAMU OOHApy»eH 3TOT IIPOTOPMOH —
MPOAYKT PEaKUWH, KaTalu3upyemMou rereposornaHsiM reHom CYPIIAI.
[Momyyennsle pe3yabpTaTsl O3BOIMIN CAENATh BEIBOJ O TOM, YTO B TPAHCTEHHBIX
pacTeHusIX TabaKa CHHTE3UPYETCS (PyHKIMOHAIBLHO aKTMBHBIN IuToxpom P450, ..

JlanbHEeWIIUM IPOAYKTOM IpEeBpalleHUs! MPETHEHOJIOHA y KHUBOTHBIX
SIBISICTCS TIPOT€CTEPOH, KOTOPHIH OKa3blBaeT TOPMOHAIbHOE NeHCTBHE U Ha
pacTeHMs: B Hay4yHOH JUTEpaType ONMCaHa MHAYKIHUS PAHHETO LBETCHUS
Arabidopsis thaliana sx30reHHbIM TIporecTepoHoM. Kpome Toro, kak oTMeyaioch
BBIIIE, B pacTeHusx obHapyxkeHn pepment 3B-HSD, karanusupyoumuit
IpeBpalieHe NPErHeHOI0HA B IporecTepoH. CpaBHUTENBHBIN aHATIN3 TIOKa3all,
YTO COAEp)KaHUE NMPOTECTEPOHA B JINCTHSAX IMOJyYEHHBIX HAMU TPAHCTEHHBIX
pactenuii Tabaka, B cpegHeM, Ha 49 % mpeBbIIIaeT TaAKOBOE B JIMCTHAX
KOHTPOJIBHBIX pacTeHUH. MBI IpeamonaraeM, 4TO HOBBIIICHUE YPOBHS
[IPOTreCTepOHa B TPAHCT€HHBIX PACTEHUSAX Tabaka 00yCIIOBICHO MPEBpAILICHUEM
[PETHEHOJIOHA B [IPOrecTepoH 1o aeiictrem 3B3-HSD.

ITockoJbKy CTEpOUIHBIC TOPMOHBI PACTCHUH (OpacCHHOCTEPOUIBI) UMEIOT
CTPYKTYPHOE CXOACTBO CO CTEPOHMIHLIMH T'OPMOHAMH JXHBOTHBIX, MOXHO
HPEANOJIONKHUTh, YTO T€TEPOJOTHUHBIA uTOXpoM P450 .. BKIIOUaeTcs B
MeTa0OJIM3M U ITHX COCINMHEHU. J[eCTBUTENBHO, CPABHUTEIBHBIN aHAIH3
IoKa3aJl, YTO B CEMEHAX 4YeTHIpeX HE3aBUCHUMBIX I'€HETHYECKHX JUHUH
TPAHCT€HHBIX pacTeHui conepxkanue 24R-0pacCMHOCTEPOUIOB, B CpelHEM, Ha
40% HUKe, 4eM B CEMEHaX KOHTPOJIbHBIX PACTEHHH. DTO MOXET yKa3bIBaTh Ha
BO3MOXXHOCTb HPAMOTO JeHcTBUs nuroxpoma P450, . Ha GpaccMHOCTEPOMIbL,
MIOCKOJIBKY M3BECTHO, UTO Y Psijia PACTCHUI IIPU METab0IH3Me OPacCHHOCTEPONIOB
HPOUCXOIUT OTHIETLIEHHE 60koBOH 1enu C, -cTeponsIoB.

Taxkum 00pa3zoMm, HaMH BIEPBBIC MPOIEMOHCTPUPOBAHO, YTO OTACIbHEIC
KOMITOHEHTBI CHCTEM OMOCHHTE3a CTEPOUTHBIX TOPMOHOB JKUBOTHBIX M PACTEHHI
COBMECTHMBI JPYT C JIPyrOM U MOTYT padorarh coobma. [IpuMeHEHHBI HaMu
TIOAXO/I SIBJISIETCS YJOOHBIM /ISt IETaIbHOTO M3yUSHUS METa00IM3Ma CTEPOUIHBIX
COCOMHECHUN B PACTEHHIX, OH MOXET OBITH MCIOJIB30BAH JJIs CO3TaHUS
TPAHCTEHHBIX PAaCTEHHH, MHTEPECHBIX C TOYKU 3PEHUS NpPaKTUUYECKOU
OroTeXHOJIOrnU (Kaprodenb, TOMaT, HANepCTsIHKA) — TaKUe PadOThl HAMH YKe
BeqyTcs. Pa3zpaboTaHHas METOJOJOTHS MOXKET OKa3aThCs MOJE3HOH s
0OHapyKEHHUS MUTOXOHIPUATIBHBIX IINTOXPOMOB PAaCTEHUH.

Pabora BeimonHena rnpu punancoBoit nopaepxke BPODOU (rpant Ne BOSP-
210) u PODU (rpant Ne 08-04-90049).
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KEY ENZYME OF ANIMAL STEROIDOGENESIS CAN FUNCTION
IN PLANTS IMPROVING THEIR IMMUNITY AND INCREASING
THE PROCESSES OF GROWTH AND DEVELOPMENT

Berdichevets I.N., Spivak S.G.*, Kartel N.A.**, Shpakovski G.V.***

Vavilov Institute of General Genetics, Moscow, Russia

*Institute of Bioorganic Chemistry, Minsk, Belarus

**Institute of Genetics and Cytology, Minsk, Belarus
***Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow,
Russia

E-mail: i_berdichevets@hotbox.ru

Fax: (499) 132-89-62; tel.: (499) 135-53-62

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 So-reductase (50R) and A’-3fB-hydroxysteroid
dehydrogenase/A’-A*-ketosteroid isomerase (33-HSD) are functioning in both
animals and plants.

Cytochrome P450, . (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 CYP11A41 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 CYP11A41 gene encoding bovine cytochrome
P450_ . (Patent RF 2237717. 2004 Oct. 10).

e 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.
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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 P450. ., was
discovered in the steroid-containing fraction of transgenic plants leaves by Jthe gas
chromatography-mass spectrometry method. Based on these observations, we
concluded that the recombinant cytochrome P450 . 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 38-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
CYP1141 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 33-HSD enzyme.

As plant steroid hormones, brassinosteroids (BR), have similar structure to
the animal steroid hormones, it is reasonable to predict that heterologous
cytochrome P450, . can also part1c1pate in the metabolism of BR. Indeed, the
comparative analysis revealed that level of BR in the seeds of four transgenic hnes
was 40% lower than in control ones. This data can be explained by direct action of
cytochrome P450, . 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 C, -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 Ne BO8P-210) and RFBR
(grant Ne 08-04-90049).
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HOBBII BEJIOK TAIIOHUH B KJETKAX CHO-K1
B3AMMOJIEVCTBYET C GAPDH M JIOKAJIMBYETCS B SIJIPE
KJIETKHN
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Jlunkun B.M., Kocmanan H.A.

WHctuTyT OMoopranndeckoi XuMun uM. akajeMukoB M.M.Illemskuna u
10.A.OBunnnukoBa PAH, Mocksa
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B 2007 roxy B xnetkax muann HL-60 mpomuenonurapHoro ieiiko3a yenoBeka
HaMu ObLIT OOHAPYKEH HOBBIH OEJIOK, B3aUMOJICHCTBYFOIIHH C MOJTUKIOHATBHBIMU
aHTHUTeNaMH K ofHoil u3 opm dakropa nupdepenunposku HLDF. Mbr nanu
sToMy Oenky Ha3Banue ranonuH (haponin, HLDF-alike protein). Onpenenenue
YaCTMYHOW aMHUHOKHCIJIOTHOH IOCIIe0BaTeIbHOCTH TallOHUHA I10Ka3aJi0 €ro
UAEHTUYHOCTD C TUHoTeTHYecKnM OesikoM yenoBeka NP 115701.2, momeméHHbIM
B KOJUIEKIIMIO TeHOB MIleKonuTaroIux HarmonansHoro nHetutyTa 310poBhst CIITA
(NTH Mammalian Gene Collection) ox Homepom noctynia MGC11102. TTo3nuee
Ha OCHOBAHUU IPEAINOIAraeMo CTPYKTYPHONW TOMOJIOTHUH C 9YKapHOTHYECKUM
(haxTOpOM MHUIMAIMK TPAHCIALMK 1A, B HOMEHKJIATYPEe YeJIOBEYECKUX T'€HOB
(HGNC) 6enky NP_115701.2 6puto nmpucBoeno HazBanue elF1AD (Genok,
COJICpIKAIIUIT TOMCH DYKapHOTHUECKOTO (DAKTOpa MHUIIUALIMK TPaHCIAun 1A),
TOr/Ja KaK Ha3BaHHUE TaIllOHUH OBLIO MPHUHATO B Ka4€CTBE aJIbTEPHATHBHOTO.

®axkrop mHunmanuu Tpancuasanuu elF1A, yuyactByromuid B coopke 43S
puOOCOMHOr0 KOMILUIEKCAa Ha MHUIUUpytomeM kogoHe MPHK, — 3To Gernok,
coCTOSINUKA y yenoBeka U3 144 a.o., 75 W3 KOTOPHIX (GOPMHUPYIOT
PHK-cBs3bIBatomuii JoMeH, KOHCEPBAaTUBHBIHN y MPeICTaBUTENCH )KUBOTO MHUpa
OT TIPOKAPHOT M apXei 0 MiIeKomuTaoumx. [10100HbIH TIOMEH MPUCYTCTBYET
Takke B CTPYKType UeJI0BEYECKOTO IallOHMHA U €r0 aHaJOroB M3 JAPYTHX
IIpe/ICTaBUTENeH 3yKaproT. JlaHHbBIE O CBSA3M TallOHUHA C pHOOCOMOM H ITPOLIECCOM
TPaHCIALMN WK 0 Hasimunu y Hero PHK-cBsi3bIBatOIIEH aKTHBHOCTH Ha HACTOSIIIICE
BpeMsi OTCYTCTBYIOT. OTHAaKO, OBLIO MOKA3aHO, YTO B IPONCKEBOM IBYXTUOPHTHOM
cUCTEMe T'allOHUH B3aUMOJICHCTBYET C TpaHCKpUIIIMOHHBIM (pakTopom STAT1.

C uenbio (GyHKIMOHAIBHOTO M3yYeHHs TallOHMHA HaMU ObUIa IOJyYyeHa
JKCIIPECCHS YeJIOBEUECKOT0 rallOHNHA € 6-TH T’UCTHIMHOBBIM N-KOHIIEBBIM TaroM
B 0aKyJIOBHUPYCHOW cHcTeMe, HapaOOTaHBl MOJHUKIOHAIBHEIE aHTHTENIA Ha
PEKOMOMHAHTHBIN OEJIOK U M3y4eHa SKCIIPECCUs HHJIOT€HHOIO rarloHuHA B psijie
KJICTOYHBIX JIMHUH MIleKonuTaromuX. KieTkn SMYHMKa KUTAalCKOro XOMs4Ka
CHO-K1 6butu BEIOpaHBI TS TajIbHEHIIETO HCCieIoBanus Oeika. B TotansHOM
KJIETOYHOM JIn3aTe ObUI IIPOBE/ICH IMOMCK MOTEHIHAIBHBIX TAPTHEPOB rarlOHuHA
METOJIOM COOCaX/ICHUsI ¢ PEKOMOMHAHTHBIM OesikoM. OJHUM M3 BEPOSTHBIX
napTHepoB ranonuHa B kineTtkax CHO-K1 oka3zamace rmunmepanbaeruy
3-pocdarnerunporenaza (GAPDH). DTo B3aumoseiicTBre ObLIO MOATBEPIKACHO
coocaxaenuem ouunieHHoro GAPDH wu3 sputrpouutoB uenoBeka C
PEKOMOMHAHTHBIM TAIIOHUHOM, a TaKoKe IEPEKPECTHOW HMMYHONIPELUITHTAINCH
9HJIOTCHHBIX OCJIKOB U3 JIM3aTOB KJIeTOK KynbTypsl CHO-K1.
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GAPDH - BaxkHelmnii GepMEHT IIMKOJIK3a, OTHAKO B TCUCHHE MTOCIICIHUX
necsaTuiaeTuid OblIo mokazano, yto GAPDH wumeer Oosnbmioir Habop
HEKaHOHMYECKUX (DYHKIIMH, B T.4. OH y4acTBYyeT B peruinkauuu u penapanuu JJHK,
peryasuy TPAaHCKPHUIIIIUH B TpaHCIsIuH, ssaepHoM skcriopre PHK n amonrose.
B knetrke GAPDH cymiectByer B TeTpamepHOi (Gopme U JOKaIu3yercs, B
OCHOBHOM, B IIUTOIUIA3M€, HO NPH IPOBEICHUH AlONTOTHYECKOIO CUTHAJIA HITH
OTBETE Ha cTpecc 00pa3yroTCs AMMEPHbIE 1 MOHOMEPHBIE POPMBI O€lIKa, KOTOpbIE
HaKaruiBaroTcs B siape. [loaTomy mis manmpHeHero n3ydeHus B3anMOCHCTBHS
ranmoanHa 1 GAPDH MbI pemmny BBISICHUTD KJIETOYHYIO JIOKATU3AIHIO TATIOHUHA.

Ha ocuoBe nuuuum CHO-K1 Obl1M BBIBEACHBI CTAOMIbHBIC KJIOHBI,
skcripeccupyoimue GFP u ciautnbiii 6enok GFP-ranonuH, u npoBenéH ux
CpaBHHUTEIbHBIN aHAIN3. MeTo10M KOH(OKATBHON MUKPOCKOIIUH OBLIIO MTOKA3aHO,
yro GFP paBHOMEpHO pacnpenensercs Mex 1y HUTOIIa3MON U SAPOM KIIETKH, B
T0 BpeMs Kak GFP-rarioHnH HakarmBaeTcs B ipe; KpOMe TOr0, CBEPXIKCIIPECCHS
GFP-ranonnHa BbI3bIBAJIa 3aMETHOE 3aMEJICHHE MPOTU(Epaluu KIETOK 10
CPaBHEHHUIO C UCXOJIHOM JINHUEH U KiIeTKaMu, sKcripeccupyommmu GFP.

Jlannasi pabora BBINOJHSETCS NpU nojajaepxke Poccuiickoro ¢gounaa
¢byHnameHTanpHbIx uccienoBanuit (rpant Ne 08-04-01127-a) u mporpaMmsl
[Ipesuanyma Poccuiickoii akanemun Hayk "MomexkynspHas W KIETOUHAs
Ouonorus”.
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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 1. A.
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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 elfla 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-K 1 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
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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 Ne 08-04-01127-a and Presidium of the Russian Academy of
Sciences (Molecular and Cell Biology Program).
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BJIMSAHHUE TEMIIEPATYPbI HA I'EHEPAIIUIO 3/IC B
MHUKPOBHOM BHOTOIIVIMBHOM SJIEMEHTE

Boesoockas O.A., Hzyen B.T., Anghepos C.B.

Tynbckuii rocygapcTBeHHbIH yHHBEpcUTeT, Tyna
DJeKkTpoHHBIH afpec: chem@tsu.tula.ru
®daxc: (4872) 33-13-05; Ten.: (4872) 35-18-40

OpHUM U3 BO3MOXKHBIX ITyTEH PELICHUS CIIOKUBIIUXCS SHEPIeTHUECKUX U
9KOJIOTHIECKUX MPOOJIeM SBISETCS pa3padOTKa aJbTePHATHBHBIX MCTOYHHKOB
AJEKTPUYECKON »HEepTuH — OuoTomuBHEIX 3eMeHToB (BTD). OcHoBHO
po0IeMOi, IPENSTCTBYIOIIEH KOMMEpLUHAIU3aluy U pacipocTpanenuto bT0,
SIBJISICTCS. UX HU3Kasl IPOU3BOANUTEIEHOCTD. BasKHBIM (hakTOpOM, BIMSIONIMM Ha
paboty MukpoOHbIX BTD, siBsieTcst TeMiieparypa. AHaIU3 TUTEPaTYPHBIX JaHHBIX
I0Ka3all, YTO BOIPOCHI TEMIEPATYPHOI 3aBUCUMOCTH PabOTBI MUKPOOHBIX
OHMOTOIJIMBHBIX AJIEMEHTOB OCBELICHBI ClIa00, B CBSA3U C YeM HCCIIEO0BaHHUS 110
W3YUYCHHUIO BIMSHUS TeMIeparypbl Ha paboTy BTD sBIsIOTCS aKTyaabHBIMU.

enbro naHHO# pabOTHl OBLIO MOJy4YEHUE TEPMOJAMHAMUYECKHUX H
KMHETUYECKUX XapaKTEePUCTUK MUKPOOHOTO OMOTOIIIMBHOTO 3JIEMEHTA Ha OCHOBE
Oaxrepuit Gluconobacter oxydans sb.sp. industrius (BKM B-1280) u meauaropa
2,6-nuxnopheHonuHI0(pEeHOTa Ha OCHOBAHUN H3yUYCHUSI BIMSIHUS TEMIIEPATyPBI
Ha reHepaluio IoTeHIHaIa.

Jlns onpeneneHyst TepMOJMHAMUYECKHX [TApaMeTPOB MPoLecca reHepaum
noteHuana (tremneparypaoro kospuiuenta DJ[C, u3MeHEeHUsT CBOOOAHO
sHeprumn ['ub0ca, SHTPOIUH, PHTAIBIINN) U KOHCTAHThI PAaBHOBECHS B MOJIEIH
MukpoOHoro BT3 Ha ocHoBe Oaktepuii Gl. oxydans nu Meanaropa 3JIeKTPOHHOTO
Tpancnopra 2,6-guxyiopdeHonunaopenona, Obla u3yyeHa 3aBUCUMOCTh
reaepupyemoit DJIC ot Temmeparypsl B iuanazone ot 283 o 313 K.

Ota 3aBUCUMOCTb UMEJa BUJ KPUBOI ¢ MakcuMyMoM B obOnactu 104 mMB.
Jlnis onpenenenus Temmneparypaoro kospduuuenra C dE/dT ucnonabp3oBaiu
TaHTEHC yIJIa HAKJIOHA JTHHEWHOTo y4yacTka 3aBucumoctu JJ[C oT Temmeparypsl.
Ucxons u3 temneparypHoro kosddunuenta I3C, OblIM MOTydYEHBI
TepMoaHHaMUYeckue (QyHKUuM (M3MeHeHue cBoOomHOM »Heprumn ['mbbca,
SHTPOIIHSI, SHTANIBIIHS) U KOHCTaHTa paBHOBeCHs Mporiecca reneparmn DJC st
uccienyemoro BTD. Jlng usyuaemoil cucrteMmsl "OakTepuanbHble KIETKH
Gl. oxydans —menuarop 2,6-muxnoppeHonnsodeHon" He ynanoch 0OHapyKHUTh
HaJe)KHBIC INTEPaTyPHBIC JaHHBIE, TOATBEPKIAIOLINE TEPEHOC OAHOTO MITH IBYX
9NIEKTPOHOB MOJIEKYJIaMu Mezanaropa. [1oaToMy 3HaUYCHHMST TEPMOTUHAMHIECKUX
(YHKIHH pacCYUTBHIBAINCH KaK C y4aCTHEM OJIHOTO, TaK U JIBYX JIEKTPOHOB.

JL71st omHOTO BJIeKTpOHA:
AG9=-9,6+0,8 kllnc  AS°=22+6 Jouc/K  AH=-3%1 i/lnc K =50+12
JL71st ABYX 2JIEKTPOHOB:
AGO=-20%2 ke AS°=44x11 [oie/K  AHP=-6£3 ke K =2400£1600
Jlns ompeneneHus KHHETHYECKOW XapaKTePUCTHKN — HEPTUH aKTHBALUH
mpoliecca reHepalyy MoTeHIIMaNla B UCCIIeyeMol Mojie MUKpoOHoro BTD —
OblJIa M3yYeHa 3aBUCUMOCTH BpeMeHH reHepauuu mMakcumanbHoid DC ot

TEMIICPATyPhbI B KIOBETEC. HaHHaﬂ 3aBUCUMOCTDb UMECT BUL anep60m>I.
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YCTaHOBIIEHO, UTO IIPH YBEITMUCHUH TEMIIEPATyPhl 3HAUUTEIEHO COKPAIIAeTCs
BpeMs TeHepaluy MaKCHMaJIbHOTO 3HAUCHMs MOTeHIuana. Mcrmonp3yst MeTox
PaBHBIX BBIXOJIOB, ObLI MOCTpoeH rpaduk B koopaunarax Inl/t (1/RT). Tanrenc
yIJIa HaKJIOHA MPSIMO# COOTBETCTBYET -F . Takum 00pa3oM, pacCUUTaHHAsT SHEPTHs
aKTHBALMK cocTaBuIa 67+4 kJ/Moib. Maremarnueckyio 06paGoTKy pe3y/IbTaTos
IIPOBOJMIIM C TOMOIIBIO KOMIbIOTepHOI mporpammsl SigmaPlot 10. Cnenyer
OTMETHUTb, YTO OIPE/EICHHAs TaKUM 00pa3oM PHEPIusi aKTUBAIMM SBISETCS
3 PEKTUBHOIA, T.c. BKIFOYACT B 05l SHEPIHU aKTUBAIIMU BCEX OTACIBHBIX CTaIU
nporecca: 1 — quddy3us IIOKO3bI K aKTHBHOMY HIEHTPY (hepMeHTa B MeMOpaHe
KJIETKH; 2 — XMMHUYECKas peakLusi — TpaHc(hOopMaLis ITFOKO3BI JI0 ITIFOKOHOJIAKTOHA
ozt ieiicTBreM (epMeHTa MIIOKO30AeTHAPOTeHa3bl; 3 — Iepeada JIeKTPoHa Ha
koakrop PQQ depmeHnTa mroko301eruaporeHassl; 4 — repeiada EKTPOHA OT
koakropa PQQ Ha Meanarop; 5 — TpaHCIIOPT MeMaToOpa OT aKTUBHOTO LIEHTpa
(bepmeHTa 110 ANeKTposa; 6 — nepenaya EKTPOHA OT MEAUATOpa Ha JIEKTPO. U
pereHepanusi MeauaTopa.

Cranust pepMEeHTaTUBHOM TpaHC(HOPMAIMU TIIFOKO3bI 0 MIFOKOHOJIAKTOHA
(2) u craguu nepenaun 31eKTpoHOB (3,4,6) MpOTEKAIOT OBICTPO U HE OKA3bIBAIOT
3aMETHOTO BIIMSHUS Ha OOIIYF0 CKOPOCTB MpoIiecca reHepaluu noreHmana 8 bTD.
BeposiTHee Bcero, TMMATHPYIOIINMU SIBJISIIOTCS CTA/INH, CBsI3aHHbIE ¢ 1uddy3neit
IJTFOKO3BI K aKTHBHOMY IIEHTPY ()epMEHTa U MEIHaTOpa K AIEKTPOAY B pacTBOpE.

BeiBonsI:

BrepBrie m3yueHno BausHHE TemiepaTypsl Ha reHepamnuio JJC B
OMOTOIUIMBHOM 3JIEMEHTE Ha ocHOBe kieTok Gl.oxydans m menuartopa
2,6-nuxsiopdenonuaodenona. [Ipu nossimennn remneparypst ot 293 o 308 K
Habmronanocs Bo3pactanue JJIC renepupyemoii 5T na 10%, mpu 313 K — pesroe
nazgenue DJIC, cBs3aHHOE, TIO-BUIMMOMY, C HHAKTHBALIUCH ()epMEHTA.

[TonyyeHbl JaHHBIE [0 TEPMOJWHAMHYECKUM (DYyHKUIHAM (M3MEHEHHE
cBoOO/IHOM 3Hepruu ['mOOca, SHTPOIHS, IHTANBINS), KOHCTAHTEC PABHOBECHS U
SHEpPruM aKTUBanuu nporecca renepanuu DJ{C mis uccnenyemoit monemu bT0.

Pabora Bbmonnena B pamkax OIIIT "Hayunble u Hay4HO-II€arOrH4ecKue
Kaapbl nHHOBaoHHOH Poccun” (2009-2013 rr), rockonTpakt Ne 02.740.11.0296.

35



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 GI. 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 GI. 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:

AG9=-9,6+0,8 klforc  AS°=22+6 Jlnc/K  AHP=-3+1 k/[oc K =50+12
For two electron transfer:

AGO=-20%2 k/lne  ASO=44£11 [lnc/K AHO=-6%3 klinc K =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.
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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 In1/t (1/RT) has been plot. Slope of the graph corresponds
to-£ . 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
Ne 02.740.11.0296.
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HOBBIi MEXAHU3M AKTUBALIUU TPAHCKPHUIIIUU TIPHA
InoMOIIM CYNEPKOMIIVIEKCA BTFLy, OFBEJUHAIOIEI'O
KOAKTHUBATOPBI TFIID 1 BRAHMA

Bopoovesa H.E., Illuonoeckuii I0.B., I'eopeueea C.I.

WuctutyT 6Uonoruu rena, Mocksa
E-mail: nvorobyova@gmail.com
®daxc: (499) 135-41-05; Ten.: (499) 135-97-31

DU3MOJIOTHYECKOE COCTOSHUE KIJIETKH ONpeaesseTcs] BHEIIHUMH U
BHYTPCHHUMH CUTHAJIaMH. B OOJBIIMHCTBE CiTy4aeB KOHEYHOM TOYKOM ICHCTBUS
9TUX CHUTHAJOB SBISCTCS M3MEHEHHE YPOBHS TpaHCKpunuuu reHa. s
MoAAepKaHUsS aKTUBUPOBAHHOW TpaHCKpHIIUM TpeOyeTcs Bo3aeicTBHE
pPa3IUYHBIX KOAKTHBATOPHBIX KOMILIEKCOB, KOTOPbIE NMPUBJIEKAIOTCS I'€H-
cnenuduueckuMu akTuBatopamMu. OIHONW M3 OCHOBHBIX 33/1a4 KOAKTHBAaTOPOB
SIBJISIETCS pEMOJIeNTMpOBaHye U Mo duKarys xpomarruHa. Jljisi MHOXKeCTBa I'eHOB,
tpanckpubupyemeix PHK-nonumepaszoit 11, Takyro QyHKIHIO BBIIOIHSIET
XPOMaTHUH PEMOACTHPYIOIIUi KomIieke Brahma. J[pyrum BakHBIM CBOWCTBOM
KOaKTHBATOPOB SIBISETCS NMPHUBJIEUECHHE HA MPOMOTOP O0mHX (HaKTOpOB
tpanckpunuuu (GTFs), kotopbie GopMUPYIOT IPEMHUIIMATOPHBINA KOMITIEKC. Jlist
6onbinuHcTBa reHoB PHK-monmimepasst 11 TakuM KoakTHBATOpPOM SIBIISIETCST 00N
¢axrop tpanckpumiu TFIID.

[Ipouecc npuBiIeYeHUs] KOAKTUBATOPHBIX KOMIUIEKCOB HAa TIPOMOTOP 10 CUX
IIOp OCTaeTCs He /10 KOHIAa M3yueHHbIM. CaMoii MOMyIspHON SBISETCS MOJIEIh
I10CJIE10BATENILHOTO MPUBJICYEHHS] KOAKTUBATOPOB IIPU HHUIMALIUH TPAHCKPUIILIUH
rexa. OHa NOATBEP)KAACTCSI TAHHBIME O TOM, YTO OOBIYHO ITPUBJICUICHUE XPOMATHH
PEMOZIEHPYIOIINX KOMIUIEKCOB MPEAIIECTBYET IMOSBICHUIO 00X (haKTOPOB
TPAHCKPUIIUU Ha npomotope. [lo apyroit Mojenu B mpolecce akTHBALUU
TPAHCKPUILMU KOAKTUBATOPHI NMPUBIEKAIOT COBMECTHO B COCTaBE yXkKe
MIPEABAPUTENIFHO C(HOPMUPOBABIIMXCS CYIIEPKOMILIEKCOB.

B nacrosieii paboTte oxapakrepu3oBaH HOBBIH cynepkomiuieke BTFly
(Brahma and TFIID in one assembly) [1-2]. OH BKItouaeT B ce0st KOAKTHBATOPHBIC
komiiekesl TFIID u Brahma, coenunenubie npu nomoinu Oenka SAYP.
OObenvHEeHNE JTaHHBIX KOAKTHBATOPOB B CTAOMJIBHBIA CYNEPKOMILIEKC
CBHJIETEIBCTBYET B I0Jb3y COBMECTHOTO HMPUBICUCHUS UX MPU AKTHBALUU
TPAHCKPUIILIHH.

B manHo#1 paboTe OBLT JIOKAIN30BaH aKTUBATOPHBIN qoMeH Oenka SAYP, nm
OKa3aJjcsi SBOJIOLHMOHHO KOHCEpBATHBHBIM goMeH SAY. OOHapykeHO, YTo
CIOCOOHOCTh HAaHHOTO JOMEHA aKTHBHPOBATh TPAHCKPHUIIUIO 3aBUCUT OT
KJIETOUHOro ypoBHs KoMnoHeHToB KoMiulekcoB TFIID u Brahma. C nomomisio
Pa3IMYHBIX METOMOB IOKa3aHO, 4TO JoMeH SAY B3aMMOJECHCTBYET C 3THUMHU
KOaKTHUBAaTOPHBIMH KOMIUIEKcaMu. Kpome Toro, B cocTaBe 3TUX KOMIUIEKCOB ObLIN
ompezeneHsl HernocpeacTsennbie naptaepbl SAYP. Okazanoce, uro SAY gomen
B3aUMOJICHCTBYET OfHOBpeMeHHO ¢ cyObenununeil TAFS xomminexkca TFIID u
BAP170 xommonenToM KomIuiekca Brahma, oObenuHss 3TH KOAKTUBAaTOPHBIC
KOMIIIICKCHI B e/iHbIN cynepkomiuieke BTFly.
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Cynepkomruieke BTFly 3a cuet cBOMX KOMITOHEHTOB CIIOCOOCH 00ECTICUHBATh
BBITIOJTHEHHE JIBYX KITFOYEBBIX 3TAIIOB IIOATOTOBKH IPOMOTOPa IS YOPMUPOBAHHS
MPEUHUIIHATOPHOTO KOMILJIEKCa, a 3HAYUT U MOCIEAYIOIeH aKTUBAIUU
TPaHCKPHIIINH.

OcHoBoOM 7151 JOPMHUPOBAHUS CYTIEPKOMILIEKCa CITy)KUT SAY JOMEH Oerka
SAYP. Ou sBisieTcsi BRICOKOKOHCEPBAaTUBHOH 001aCThIO Oeika 1 BXOJIUT B COCTAB
Bcex roMonioroB SAYP y pa3nuuHbIX OpraHU3MOB, B TOM YHCIE M Y YEIOBEKa.
MOXKHO MPENNONIOKUT, YTO NMPEACTABICHHBIH MEXaHW3M (yHKIIMOHUPOBAHHUS
koaktuBatopa SAYP Oyzier xapakrepeH u JUisi TOMOJIOTOB 3TOTO Oelika.

Jlumepamypa

[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 11 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.
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Bgenenue. ['anekTusbl — 3-ragaKTo3uICBI3bIBAIONINAC OCIKH, 00bEIHHCHHBIC
B OJIHY T'PYINIy IO FOMOJIOTMHM aMHHOKHCIOTHOM MOCIEN0BaTEIbHOCTH
YIJICBOJCBA3BIBAIOIIETO caifTa. IHTepec K HCCIeJOBAHUIO IaleKTHHOB BbI3BaH TEM,
YTO 3THU OCJKHM BOBJIEYEHbl B MHOTOYMCIICHHBIE NPOLECCHI, CBA3AHHbBIE C
KHU3HEJCATEIILHOCTBIO KIIETKH. B 3aBUCHMMOCTH OT CTPYKTYPHOW OpraHU3aluu
raJIeKTUHBI MJIEKOITUTAIOUINX Pa3AEsIOT Ha TP TPYIIIBL IPOTO-, XUMEPHBIN 1
TaH/IeMHBII TUIIBL. M3y4aeMble HAMU rajleKTHHBI — FaJIeKTHHBI TAHJJEMHOTO THIIA
(-4, -6, -8, -9), comepxaT aABa rOMOJOTHYHBIX, HO HEHJAECHTUYHBIX IO
aMHHOKHCIIOTHOH TOCIIEIOBATEIBHOCTH yIIeBOACBs3bIBatoIuX qomeHa (Y CJI),
COEIMHEHHBIX KOPOTKUM NEeNTUAHBIM JHHKEepoM. C MOBBIIIEHHOHN dKCIpeccueit
rajekTuHa-4 Ipu pake >KelIylKa U MOJIOYHOH XKelle3bl, a TalleKTHHA-§ MpHU
KapLUHOME JIETKOTO M MPOCTATHI CBA3aHO PAaCIpPOCTPaHEHNE METAacTas 1 II0X0H
IIPOTHO3 3a00JICBAHUS; TAJICKTUH-9, SBISACH XEMOATTPAKTAHTOM, ITPUBIIEKAET
703uHOGUIBI B ouar BocnajseHus. Haubonee monHas XxapaKTepUCTHKA
crenu(UUHOCTH TaJeKTHHOB Oblla MOJy4YeHa TBepJo(a3sHBIMH METOIAMH,
METOJaMH IUIa3MOHHOT'O pPE30HAaHCa, MOJsApHU3anuu (IYyOpeCHeHIUN U
¢bponranbHoOl adduHHON Xpomarorpaduu. OCHOBHBIM BBIBOJIOM HPOBEICHHBIX
HCCIICIOBAHM ABJISICTCS TO, YTO TaJeKTUHbI y3HaoT pparment Galf1-4GlcNAc
i GalP1-3GleNAc.

Oco0BIil HHTEpEeC MPEACTABISET MCCICJOBAHNE TaJEKTHHOB B COCTABE
KJIETOYHOH MeMOpaHbl. B 3TOl CBsA3M OcTaeTcs HEBBISICHEHHBIM, HACKOJIBKO
aJIeKBaTHO OTPAXKAIOT IIEPEYHCIICHHBIE BBIILIE TECT-CUCTEMbI PEaSIbHYIO CUTYAIIHIO,
TO €CTb, KOT/Ia FaJISKTUH HAXOJUTCSI HA IIOBEPXHOCTH KJIeTKH. OTCYTCTBHE JaHHbBIX
0 crien(pUIHOCTH TANIEKTHHOB Ha KJICTKE MBI OOBSICHSIEM OTCYTCTBHEM YIOOHOH
SKCIEPUMEHTAILHOW Mozenu. ['aleKTHHBI He UMEIOT CUTHAIbHON N-KOHIIEBOM
MI0CJIEI0BATEILHOCTH; TIOTIBITKH CO3aTh CTOMKHE TPAHC(EKTaHTHI TAIEKTHHOB B
OOJIBIIMHCTBE CIy4aeB ObUIM HEYJadHBI: T'aJICKTUHBI HE CEKPETHPOBAINCH U3
KJIIETKH M3-3a HECIIOCOOHOCTH B3aMMOJICHCTBOBATH C OeJIKaMU-TPaHCIIOPTEPaMH
UM M3-32 OTCYTCTBHSI CHUTHAJIbHON N-KOHIIEBOW IOCIIEJOBATEIBHOCTH B
CHUHTE3UPYEMOM OEJIKe.

Llenp Hamiel paboThl — U3YUUTH CIIEIU(DUIHOCTD TaH/IEMHBIX FAJICKTHHOB B
cocTaBe KJIIETOYHOH MeMOpaHbl. [ ajieKTHHBI Harpy>kajiu Ha KiIeTkH Raji (Kkotopble
CaMU HE IKCNPECCUPYIOT TaJIEKTUHBI) U UCCIEI0BAM UX B3aUMOJAEHCTBUE C
MOJTMAKPWIAMUIHBIME (DITyopeciienH-MeUeHHBIME IHKOoKoHBIoratamu (Glyc-
PAA-fluo) muropyopumerpueii. JlaHHast KJieTouHast MOJIEIb [T03BOJIMIIA BBISIBUTD:
1) nauGonee aduHHBIC JUTAH]BI TAJEKTUHOB TaHJIEMHOIO THIIA; 2) BKJIAJ
nuHKepoB, N- u C-YC/I B yIIeBOHYO ClICHU(PHYHOCTD; 3) OIPEICITUTh, C KAKUMHU
HMMEHHO TJINKaHAMU CBSI3bIBAIOTCS FAJIEKTHHBI HA IIOBEPXHOCTH KIIETKH.
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Pesynbrartel. Yenesoonas cneyuguurnocms. CrienudUIHOCTh TaIEKTHHOB
M3ydasach ¢ MOMOIIIBI0 Habopa rrkokoHbroraToB Glyc-PA A-fluo, conepxarmx
tepmunanbhbie pparmentsl Galf1-4GlcNAc (LN) win GalB1-3GalNAc; kpome
TOT0, OBUTO HMCCIIETO0BAHO B3aMMOACHCTBHE TaJEKTHHOB C CyIb(aTnpOBaHHBIMH
oJrocaxapuaamMu ¢ ocrarkamu cyibdara npu O-3 u O-6 ranaxrossl u (i) O-6
N-aneTunnIoKo3aMruHa.

LN cnabo cBsi3piBaeTCs € rajeKTMHaMHU, OJHAKO C yBEJIWYECHHEM
JIAKTO3aMHHOBBIX 3B€HBEB B OJIUTOCAXAPUIHOMN 1IN CBA3BIBAHKE YBEININBACTCSL.
Tak, LN3'LN, r.e. Galp1-4GlcNAcP1-3GalB1-4GIlcNAc u LN, te. Galpl-
4GlcNAcBl 3GaIBl -4GlcNAcB1-3GalB1-4GIlcNAc cBs3bIBarOTCS ¢ raneKTHHAMHI
-4, -8,—u -9 B 7 pa3 cuipHee. Tax e, Kak U JUIsl TaJIEKTHHOB JAPYTUX THIIOB, JUIS
CBSI3BIBAHMS IPHHIMIIHAIBGHO, B KAKOM MOJIOYKECHUH HaXOIHUTCS TepMI/IHanLHLIﬁ
LN-¢parMeHT 110 OTHOIIEHHIO K JIAKTO3aMHUHOBOMY KOPY, @ HMEHHO, I'aJIEKTHHbI-
4, -8 u -9 caswsiBanuck ¢ LN3'(GIcNAc6')LN, HO He ¢ ero u3oMepom
LN6' (GIcNAC3)LN. Aranakroanasor (LN),3',6'LN He cBA3bIBAIICS € ralIEKTUHAMY
BoBce. [IpHHIMITATBHBIM PA3IHINEM TaIeKTHHOB TAHAEMHOTO THIIA OT JIPYTHX
raJICKTUHOB SIBJSICTCsI BhICOKast apuHHOCTD K HUM qucaxapuna T, t.e. Galf1-
3GalNAcf, a raxxke cynbdparos 3'OSulet u 60SulLN B KeTouHol crcTeMe.
JNucaxapun TF, T.e. Galf1-3GalNAco, He IpOSBISET CPOACTBA K TAICKTHHAM
TaH/IEMHOT'0 THIIa, HO BBEJICHHE CyIb(aTHOH rpynibl B onoxkenue C-3 ocrarka
Gal (3'OSuTF) Ha 1Ba Opsi/IKa YBEITMYMBACT CBA3bIBAHNUE C TaJICKTUHOM-8 1 -9. B
TBepaodazHoi cHucTeMe OBIJIO MMOKa3aHO, YTO 3a CBA3BIBAHUE C
cynb(GaTUPOBAHHBIMU JIUTaHJAaMU U cuaio3unamu orsedaer C-YCJI, a c
onuronakrozaMuHamMu - N-YCJI rajextnHoB. ['aleKTHHBI TaHIEMHOTO THIIA
CIOCOOHBI y3HABATh OJIMTOCAXapy/Ibl, PYKO3HIMPOBAHHBIC M TEPMUHUPOBAHHBIE
ocrarkamu Gal uin GalNAc , npuyem tpucaxapun H (tur 2), T.e. Fucol -2Galf1-
4GlcNAcB, nposiBisier HanGobIIYIO0 ahOUHHOCTD K TaJICKTUHAM, Ha JIBA [IOPSIIKA
npepbimaronyo LN, u T

Hccneoosanue yafzeeodnhzx yenetl, ¢ KOMOPLIMU CEA3BIBAIOMCA 2ANIEKIMUHbBL
Ha nosepxHocmu Kaiemku. I aneKTHH-8 Harpy>KaJld Ha KIETKH, IPEIBAPUTEIEHO
00paboTaHHBIE TIMKO3UAAa3aMH, OTLICTUISIONMMH LENH, TEPMUHUPOBAHHbIE
ocrarkamMmu NeuSAco u GalB. JecuanupoBanue ¢ NOCIEAYIOLIUM
[-meranakTo3miIMpoOBaHUEM [IPUBOJIIIO K YMEHBIIICHUEO CBA3bIBAHNUS FAICKTHHA-8
¢ KIeTKaMHu. Kpome Toro, CBSI3bIBaHHE TaJIeKTHHA ¢ KJIETKaMHU IaJajo Hocie
00pabOoTKH KJIETOK MHIMOUTOpOM OHOCHHTE3a N-IIMKO3WJIMPOBAHHBIX IIETEH.
[MomyyeHHble pe3yabsTaTsl CBHACTENLCTBYIOT O TOM, YTO TaJIEKTHHBI TAHAEMHOTO
THIIA [JIs1 3asIKOPUBAHUSI HA KJIIETKE UCTIONB3Y 0T 3-ranakTo3uTePMUHIPOBAHHbIC
N-IJIMKaHbl, KOTOPbIE MOTYT conepxarb octarokNeuSAco-3Galf.

Bosneuennocmo eanekmunog 6 yuc-ezaumooeiicmeue. Ha npumepe
rajJexTuHa-8 OBlIO MOKa3aHo, YTO JECHAaJIUpPOBAHHE C IMOCIEAYIONIUM
[-meranakro3uaIMpoOBaHUEM KIICTOK, HATPYKCHHBIX TAICKTUHOM, IPUBOAUT K
YBEIMYEHHIO CBS3bIBaHUS LN-TIpOOBI ¢ IEKTHHOM; T.€. TaJISKTUHBI TaHIEMHOTO
THIIA MOT'YT MACKUPOBATHCSI HA KJICTKAX [3-TajlaKTO3MIaMU, TEPMUHUPOBAHHBIMU
ocrarkoM Neu5Aco-3Galf}; MackupoBKa IPENsSTCTBYET UX B3aMMOIEHCTBUIO C
JIUTaHIaMHU COCEIHHX KJIETOK ¥ 00eCIIeYnBACT PETYISILHIO YIIICBOACBA3BIBAIOIICH
AKTUBHOCTY TaJIeKTHHA.

BuiBosbL Tﬁﬁ, 3'0SuLe’, 60SulLN, H (Tun 2) siBnsitoTcst caMbIMi aUHHBIME
JIUTaHAAMH ISl TAJIEKTUHOB TaHAEMHOTO THUIIA; TaJeKTHHBI TAHAEMHOTO THIA
MOTYT MACKMPOBATHCS Ha KIIETKE 3-raakTo3u/1-TePMUHIPOBAHHBIME TIIHKAHAMH.
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Introduction. Galectins are [3-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 C-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 GalB1-4GlcNAc or Galf31-3GlcNAc. 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-CRDs 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 Galp1-4GlcNAc (LN) or Galf1-
3GalNAc residues; besides interaction of galectins with ligands sulfated on the
position O-3 or O-6 of Gal residue or O-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. Galp1-
4GlcNAcP1-3Galp1-4GlcNAc) and LN, (i.e. GalB1-4GlcNAcP1-3GalP1-
4GIecNAcP1-3GalB1-4GIecNAc) bound to gafectins—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'(GIcNAc3")LN bound to galectins-
4,-8 and -9. Agalacto analog (LN),3',6'LN did not bind to galectins at all. The
pr1nc1pal difference of tandem- type galectlns from the others is high affinity of
disaccharide T, (i.e. Galf1-3GalNAcf) and sulfated saccharides 3'OSuLe* and
60SuLN to gafectms in cellular system. Disaccharide TF (i.e. GalB1-3GalNAca)
did not bind to tandem-type galectins, but introduction of sulfated group into C-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 Galo- or GalNAco-terminated
glycans; trisaccharide H (type 2), i.e. Fucal-2Galp1-4GIcNAcf was the most
potent ligand of tandem type galectins being two orders of magnitude more affine
than LN, and T,

Study of ggzcans that utilize galectins for the anchoring on cell surface.

Galectin-8 was loaded on cells pre-incubated with glycosidases removing
NeuSAco and Galf} terminal residues from cell glycans. Desialylation following
B-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 -galactoside-terminated N-glycans, which can contain
NeuSAco-3Galf fragment.

Involvement of galectins in cis-interaction. Desialylation following
[-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
[B-galactosides containing Neu5Aco-3Galf residue; masking prevents less specific
interaction with other cells glycans and provides regulation of carbohydrate-binding
activity of galectins.

Conclusions: 1) Saccharides Ty, 3'OSuLe, 60SuLN, H (type 2) are the most
potent ligands of tandem-type galectms 4, -8 and -9. 2) Tandem- -type galectins
can be masked on cell surface by 3- galactos1de terminated glycans.
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AJIBIITEAMEPOBCKOI'O THUIIA W EE TEPAIIUW

T'epacumos H.KO., I'onowanoe A.H., Bypraxosa E.b.

WuctutyT 6noxumuueckoit pusnku PAH, Mocksa
E-mail: groshotan@gmail.com
Temn.: (495) 939-71-81

B perynsiiiuu MHOTHX KJIETOYHBIX CHCTEM Y4YacTBYIOT MEMOpaHBI.
OyHKIMOHUPOBAHNE MEMOPAH U BO3JICHCTBHE Ha HUX BHEITHUX (haKTOPOB, TAKUX
KaK MaToJOTus MJIHM OMOJOTHYEeCKH aKTHBHBIE BEIIECTBA, MPHUBOAUT K
reHepaIn30BaHHBIM CTPYKTYPHBIM IIEPEX0/IaM, 3aTParuBalOINM KaK JTHIHIHYO,
Tak 1 OenkoByto (aspl. [IpearnockuIkoil TakKuX Mepexoa0B SBIACTCS U3MEHEHHE
TeKy4ecTH MeMOpaH. B pesynbrare mpoucXomuT M3MEHEHUE JTHIHI-OEIKOBBIX
B3aMMOACHCTBUM, aKTUBHOCTH, CNEHU(GUIHOCTH M YyBCTBUTEIBHOCTH
MeMOpaHHBIX OEJKOB K PEery/SITOPHBIM (hakTopaM. MHOTHE U3 9THX MEPEeX00B
CONPOBOKIAIOTCS I3MEHEHUSIMH [TAPAMETPOB IEPOKCHIHOTO OKUCIICHHS JTUITHIOB
(TTOJT) knerounbix MemOpaH. Takum 00pa3oM, CTPYKTypa JIMITUIHOTO OUCIIOS
UrpaeT BaXHYIO POJIb B MeTaboIu3Me KJIeTKH. [109TOMY IeNbI0 HAIIero
HCCIIeOBaHUsl ObLIO W3YYCHHE U3MEHEHUN CTPYKTYPHBIX XapaKTePUCTHUK
OHOJIOrMYEeCKUX MEMOpaH B HOpPME, TIPH NTATOJIOTHH U BO3/ICHCTBIH OHOJIOTHYECKU
AKTHBHBIX BEIIECTB. B kauecTBe mokasaresneii cTpyKTypHOTO COCTOSIHUSI MeMOpaH
U3YYaJHCh BSI3KOCTHBIC CBOWMCTBA, CONEpPIKAaHUE MaJOHOBOTO THAJIbACTHIA, KaK
MIOKa3aTessl YPOBHS MEPEKUCHOTO OKHCICHUS JHUIHIOB, a TAKKe TeMOJIHU3
SPUTPOLUTOB.

Ha nepBoM sTame nccienoBalich U3MEHEHHS TeKydyecTu MeMOpaH,
BBIJICICHHBIX M3 MO3Ta, a Tak)Ke U3MEeHEHHs TeKydecTd u mapamerpoB [1OJT
SPUTPOLIMTOB MBIIIICH C MTATONIOTHEH, MOfeHpyoLei Oone3Hb Aunbireiimepa (bA),
OCHOBAaHHOM Ha OyJIbOIKTOMUHU (yHaJIeHUE OOOHSTEIBHBIX TYKOBHUIT). Monens BA
paspabotana B nadoparopun bookosoit H.B. 8 UBK PAH. B xone paboTs! Obutn
BBISIBJICHB! CTAJWHHBIC M3MEHEHUS TEKYy4eCTH MEMOpaH, BBIJCICHHBIX H3
nepenHero mMosra. Ha msaTeiif Mecsi mocie OylbOIKTOMHUM HACTYIaeT MEPHOJ
KOMIIEHCAIUU. Y CTapbiX XMBOTHBIX HAOMIOZAaeTCsi CUMOATHOE YBEIHUYCHHE
BpAIIaTeIbHON MOABMKHOCTH JIMIUAHOTO U OEIKOBOTO 30HJOB OTHOCHUTEIHHO
HOPMBI, KaK B MEKPOCOMaX, TaK U B CYOMHTOXOHPUAIILHOHN (hpakinu MeMOpaH,
9TO TOBOPUT O JajbHEHIIeM pa3BUTHU MaTOJNOTHU. [IoMydYeHHbIe pe3yabTaThl
KOPPETUPYIOTCS C JaHHBIMH IPYTHX Ja00patopuii 00 M3MEHEHHUSIX KOTHUTHBHBIX
(GyHKIMH, conepkaHus B-aMHUIIOH/a, aKTHBHOCTH alleTHIIXOJIMHICTEPasbl U T.1.
ITonoOHbIC cTanuiiHbIC U3MECHCHHS HAOIIONAUCh U B CTPYKType MeMOpaH
3puTpouuToB. CTPYKTYpHOE COCTOSHHE MeMOpaH 3PHUTPOIUTOB XOPOIIO
COOTHOCHUTCSI CO CTPYKTYpOil MeMOpaH, BbIIeIeHHbIX U3 Mo3ra. CenoBareibHo,
COCTOSIHIE MEMOpPaH SPUTPOLUTOB OTpakaeT o0Iee COCTOSHUE OpraHu3Ma.

ITo maHHBIM, MTOJYYSHHBIM B JKCHEPUMEHTaX ¢ MoAenbio BA, crenano
MPEANONIOKEHNEe, YTO MOJO0OHbIE U3MEHEHHS CTPYKTYPbl MeMOpaH MOTYT
MIPOUCXOANTH M TpH pa3BUTHH BA y denoBeka. B cBsi3u ¢ 3TUM HaMu H3ydeHO
CTPYKTYpHOE COCTOSIHUE MeMOpaH 3puTpouuToB 10 ManueHToB pa3Horo moja u
BO3pacTa C pa3jIu4yHOM cTemneHblo TskecTH BA. YcraHOBIEHO, YTO y BCeX
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narueHToB ¢ bA MoBbIlIeHa TeKy4uecTh 00enx o0nacTeit MeMOpaH SPUTPOLIUTOB,
T.€. HapyIIeHbI CBsA3H B cucteMe peryisiiuu [10J] kierounsix MemOpaH. B padore
BypnakoBoii E.b. npeanoxena meMOpaHHas MOJENb NaMsITH, B KOTOPOH
OIIPEeNEISIONIMM (DAaKTOPOM SBIISIETCS CTPYKTYypHOE cocTosiHne MeMOpaH. C ydeToMm
9TOH MOZIEIN MOKHO OOBSCHUTH HapyILICHHs NMaMATH, CBSI3aHHBIE C PA3BUTHEM
BA. BcnenctBue MoBbIIICHHON Ta0MIBHOCTH MEMOpaH (~ B 2 pa3a BbIIIE HOPMBbI)
MIPOMCXOAMUT HACTOJIBKO OBICTpPasi CMEHA UX KHJIKOKPUCTAIUIMYECKON CTPYKTYPBHI,
YTO NPUBOJUT K HAPYIIEHUAM HE TOJIBKO JIOITOBPEMEHHOM, HO ¥ KPAaTKOBPEMEHHOH
namsita. Kpome toro, namenena u ckopocts [10JI. Hamu mokazano, uto He y Bcex
narueHToB ¢ BA npoucxoaut naTencudukanus npoueccon I1OJI, kak cuuranocsh
panee. Ilo mokazarensm [1OJI Beimeneno Tpu rpymnmbl ManueHTOB. Y HEpBOM
rpymnmsl noBsiieH ypoBeHb [1OJI. Ona xapakrepu3yeTcsi BRICOKMM TeMOJIH30M 1
conepxanueM MJIA kak 110, Tak W HOcCjie MHKyOanuu, npudyeM HaOmomaeTcs
IOBBIILICHNE YPOBHs reMoiu3a u konmdecta MJIA. ¥V BTopoii u TpeTbeii rpymnn
npoucxoauT yruerenne npoueccos [1OJI. Bropas rpynma xapakrepusyercs
HU3KUM T'€MOJIM30M U OTCYTCTBHEM IpUpOCTa NpH WHKyOauuu. COOTHOLICHUE
MJIA/IIT" 6bLIO 3HAYUTENBHO BBIIIE SIMHUILBL. Y TPEThEeH rPyIbl HAOIIOIAeTCs
BBICOKMI MEXaHUYECKUII FeMOJIN3 U CHIKCHUE YPOBHS T€MOJIN3a U COJICPKAHUS
MJIA 3a BpeMmsi HHKyOaIiu. Bo3MOKHO, 3TH TPYIIIBI HAXOAATCS HA Pa3IMYHBIX
craausix pa3sutus bA.

OrnpeeneHHbIH HHTEpEC MPEACTaBISIIO COMOCTABICHUE PE3yJIbTaToB
BO3JCHCTBUS Ha TEKydecTh MeMOpaH mpenapatoB aumeboH u NT-1505,
cunre3upoBaHHbIX B UIDAB PAH Bauypunsiv C.O. 1 IpeiioKeHHBIX JUIS TEparum
BA, co cTpyKTypHBIM cocTosiHHEM MeMOpaH npu pa3Butuu BA. IlomydeHHble
JTaHHBIE MTOKA3aJIM, YTO MPAKTUIECKH NPU Bcex Temmeparypax ot 283 mo 317 K
o0a mpemnapara yBeJIHYMBAIOT TEKYUYECTh KaK JIUIUIAHOM, TaKk U OeIKOBOW (pasbl
CHHAIITOCOMAJIbHBIX MeMOpaH. JlaspHeliiee yBeIMueHHe TeKy4yeCTH MeMOpaH pHu
BA MoOXeT NpuBECTH K Pa3pylLICHUIO KJIETOK, MOATOMY CIEAYyeT HMpPOSABIATH
OCTOPOKHOCTbH IPU MPUMEHEHNH 3THX TIPENapaToB IIpu Tepanuu. BosmoxHo, ipu
COBMECTHOM HCIIOJIb30BAHUU JIAaHHBIX IpenapaToB C BeLIeCTBaMHU,
YBEJIMYMBAIOIINMHI MUKPOBSI3KOCTh MEMOPaH, MO’KHO MOBBICUTH 3 (EKTUBHOCTh
JICYCHUSI.

ITo pesynsraram Hamreil paOOTHI CeJIaH BBIBOZA O TOM, YTO HApyIICHUS B
CTPYKType MEMOpaH UTPatoT BaKHYIO POJIb IIPU PA3BUTHH NATOJIOTUI. YUNUTHIBAs
9TH M3MEHEHHUS MOXXHO IIIyOXe MOHSTh, KaK MPOTEKAeT MPOLECC Pa3BUTHUS
[1aTOJIOTMHU Ha KJIETOYHOM YPOBHE, OLICHUTb COCTOSIHUE 3/10POBbs MAIIUEHTOB, a
TaKXe MOBBICUTh 3()(PEKTUBHOCTh TEPAIIHH.
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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,
B-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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JKuBast KJ1eTKa — OTKpBITask CHCTEMA, KOTOpasi CBOOOJHO 0OMEHHBAETCS C OKPY KaIOLIEeH
cpenoil mMartepuell, sHeprueil u mHPopManueii. MeMOpaHHBIC OCIKH SABIAIOTCS
MOCPEIHUKAMHU B 3TOM 0OMeHe. [109ToMy UX H3ydeHne — CTPYKTypHOE U (hyHKIIHOHAILHOE
— OYCHb BAXHO JUIS NOHMMAHHS KICTOYHOH OMOIOTMH HAa MOJIEKYIIPHOM ypOBHE.
PenentopHble NPOTEMHKMHA3HI 3aHUMAIOT LEHTPAIBHOE MECTO B KJIIOYEBBIX IIPOLECCAX
KHU3HEACATESILHOCTH KICTKH. JAMCOYHKIMM 3THX PELeNTOPOB HPUBOAAT KO MHOTMM
00JIe3HSIM, HAIIPUMED, KAHIIEPOTeHEe3y, OCTEONOPO3Y, THIIEPTOHUH, ANa0eTy, HApYIICHUSIM
nMMyHHUTeTa U mpounM. CoBpeMeHHbIe (hapMaleBTHUCCKUE Iperaparsl yXe COmepiKar
KOMITOHEHTBI, BO3EHCTBYIOIINE HA PEIEITOPHBIE IIPOTEMHKHHA3HBIE CUCTEMBI, OJHAKO,
JIeTaJIbHBIE MEXaHU3MbI (DYHKIIMOHUPOBAHHUSI HTHX PELIENITOPOB €11IE /10 KOHLIA HE U3BECTHBI.
D10 00yCII0BIEHO, MPEXKIE BCETO, 3HAYUTENILHBIMU TPYAHOCTSMH, BOSHUKAIOIIUMHU TIPU
HOJIy4YEHUH MEMOPAHHBIX OEJIKOB BBICOKOTO KAueCTBA B KOJIMYECTBE, HOCTATOUHOM JUIS
CTPYKTYPHBIX HCclieioBaHMi. B HacTosiieit paboTe B Ka4ecTBE OCHOBHBIX OOBEKTOB
HCCIIEIOBAHUS BEIOPAHBI TPEACTABUTENN TPEX CEMEHCTB PELENTOPHBIX TUPO3MHKHHA3,
KOTOpBI€ IIMPOKO PACIPOCTPAHEHBI B PA3IMYHBIX TKAHAX UEIOBEUECKOIO OPraHU3Ma:
peuenTopsl snuaepmansHoro ¢akropa pocra (ErbB1-ErbB4), peuenrtopsr 3¢puHos
(EphAl, EphA2) u peuenrop ¢axropa pocta ¢prbpodiactos B Hopme (FGFR3) u naronorun
(c roueunsiMu MyTanusmu G380R u A391E). ['omo- u rerepoauMepusanus AaHHBIX
PELENTOPHBIX TUPO3UHKIHA3 M MX MyTaHTHBIX (popM 0 TpaHcMeMbpanHoMy (TM) nomeny
HEIMOCPEICTBEHHO CBSI3aHbI C OHKOTEHHBIMH NPOLECCAMH, & TAKXKE C PA3JUYHBIMU
HapyLIEHUsMH CTPOEHHUS CKeJeTa uenoBeka. B nanHolt pabore pazpaborana npocras u
YHHUBEpCalbHas TEXHOJIOTHUA noxydeHuss TM (parMeHTOB PEleNTOPHBIX THPO3UHKHHA3
JUISL MX U3YYEHUSI METOZIOM sIIEPHOIO0 MarHUTHOro pedonanca (IMP); ux BcrpauBanus B
JIUITH/IHBIE/IeTEPTeHTHBIC MHUIIE/UIBI M OMLENIbl U aHAJIM3a KayecTBa IOJIyYEHHBIX
KOMILIEKCOB IPH TOMOLIH AMHAMHYECKOI0 CBETOpAcCesiHusl, Kpyrosoro guxpousma (K/1-)
u SIMP-cniekrpockonuu.

JI1st BBICOKOYPOBHEBO# OaKTepHanbHOW KCIIPECCHU CHHTEeTHYecKue rersl TM
YYaCTKOB BBIOPaHHBIX PELIEITOPHBIX THPO3UHKHUHA3 SKCIIPECCUPOBAIIN B COCTaBE rHOpHa
¢ THOpeNOKCHHOM A E.coli. HykieoTHHyI0 IOCIIe0BaTeNbHOCTh KaXJ0ro MenTuaa
coOupany U3 XMMUYECKH CHHTE3MPOBAHHbBIX OJIMTOHYKJICOTHJIOB U MOJACOCAMHSIIN K 3°-
KOHILy I'€Ha THOPEIOKCHHA A MpH MOMOIIY nonumepasHoil nennoi peakuun (I1LP). Ha
CTBIKE [IByX I'€HOB BBOJHJIM HYKJICOTHIHBIE IOCIEN0BATENILHOCTH, KOAUPYIOLIME HIECTh
TMCTUAMHOB, CAWT y3HABAaHH JIETKOH LIENN DHTEPOKMHA3BI YEIOBEKa, a TAKXKe ruoKue
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nuHkepsl. Ha N-xoHie tuopenokcuna A mpeaycmarpuBaiun H-tar, ycTpassionui
TOKCHYHOCTb I'MOPHJIHOTO O€JIKa MO OTHOLICHHIO K KJIETKe-XO3sMHY. TOroBble reHbl
KJIOHUPOBAJIH B dKcnpeccnoHHbli BekTop pGEMEX-1 o TpaHCKPUIIIHOHHbIHA KOHTPOJIb
T7 npomortopa. KynpTuBupoBaHue peKOMOMHAHTHBIX MITAMMOB HPOBOJAUIN Ha
MHHHMAaJIbHOH coJieBoit cpesie M9. Ipy HeoOX0AMMOCTH BBEICH ST H30TOITHBIX METOK *N-
mwm *C- ucroms3osamu “NH,Cl i *C-rimioko3y B KaqecTBe eIMHCTBEHHBIX HCTOYHHKOB
a30Ta WIN YIJIEpO/ia, COOTBETCTBEHHO.

[TpoToxo: BbIIETEHHS HENTHI0B BKIIOUAI CIISAYIOLINE TOCIIE0BATeIbHBIE CTaIHHU:
MeTasutoxenarnyto apduaayro xpomarorpaduio (MXAX), ruaponns rubpuHoro o6enka
IIpY MOMOIIM PHTEPOIENTHAA3bl YeIoBeKa, MoBTOpHYI0 MXAX u HOHOOOMEHHYIO
xpomarorpaduio. Bee craguu ouncrku nposoauiu B npucyrersun 1% Tpurtona X-100.
Jliist npoBesieHyst CTPYKTYPHBIX HUCCIIEIOBAHUH HEOOXOIMMO yaajeHHue AeTepreHra, Juls
gero nentuasl BMecte ¢ Tputonom X-100 ocaxmanu u3 pacTBOpa HMpH MOMOIIA
TPUXJIOPYKCYCHO KHCIIOTHI, @ 3aT€M 0CAZ0K TPEXKPATHO IIPOMBIBAII alleTOHOM. VITOroBbIi
BBIXO/I IIETITH/IOB, & TAKXKE UX H30TOMHO-Me4eHHbIX *N- 1 *N-/*C-1pon3BOAHBIX COCTABHI,
B CpeIHEM, OKOJIO 7 MI/I KyIbTypbl. VIEHTHYHOCTh BCEX OUYMIICHHBIX OCIKOB
COOTBETCTBYIOIIMM I€JIEBBIM IENTHIaM IMOJATBEPXKACHA NPU IOMOIIM Macc-
CIIEKTPOMETPHUECKOro aHanusa u SIMP-cnekTpockonuu.

O4HIEeHHbIE MENTH/bl BCTPAUBAIN B MULEUIBI U OMLEIUIBI M3 PA3JIMYHBIX
JICTEPreHTOB U JIUMUIOB U OXapaKTEPU30BaIN METOAMH JHAMUYECKOTO CBETOPACCESHNS,
K- u SIMP-cniekrpockonuu. [y menTuaoB ObII0 BEIOPAHO ONTHMAIBHOE OKPYKEHHE
(mMunesbl nopenmipocdoxonuna (JDX) niu Ouierisl AMMupUCcTONIhOChaTHIMIXONTNHA
(AMDX)/ murexcanomndocarunuixonuna (JIDX), monynupyromee MeMOpaHy, B
KOTOPOM OHH HAXOIMJIUCh B COCTaBE JUMEPOB M MPUHUMAIIN IPEHUMYIIECTBEHHO ajb(ha-
crnupasbHyo KoHpopmarmio. Hamuune kpocc-nukoB oTo Beex mmuuuoB B PN-HSQC-
crnektpe SIMP, a Takke OTHOCHTENTLHO HEOOIIbILIAsI HIMPUHA JINHUH MOATBEPIKIAI0T BBICOKOE
KauecTBO IOJIyuYe€HHBIX 00pa3loB, a TAKKe BO3MOKHOCTb IOJYYEHHs CTPYKTYpPHO-
JIUHaMHYeCKOi HH(POPMAIIMU O TOMO- M TeTePOIMMEPHBIX KoMmIuiekcax TM menTuioB Beex
TPeX CEeMEWCTB PELENTOPHBIX THPO3MHKHHA3 METOJIOM I'eTepOsIePHOIl CIIEKTPOCKONUH
SIMP BBICOKOTO paspemeHusl.

Pazpaborannas crparerns 6aKTeprualbHOTO HOTYyYSHHUS IEITHIOB U MX BCTPAUBAHUS
B MeMOpaHONOJ00HOE OKPY)KEHHE MO3BOJIMIIA MOJYUYUTh MEPBbIE B MHPE CTPYKTYpBI
BBICOKOT0 paspenieHnst TM JOMEHOB peLienTOPHBIX IIPOTEHHKNHA3 B IUMEPHOM COCTOSIHUU
(Bocharov et al, 2008, J.Biol.Chem., 6950-6956; Bocharov et al, 2008, J.Biol.Chem., 29385-
29395). Hacrosmas paboTa MO3BOJISIET HE TOJBKO MOJYYUTH JACTAIbHYIO
MIPOCTPAHCTBEHHYI0 MH(OPMALUIO O CTPYKTYPHO HE OXapaKTEePU30BAHHBIX JUMEPHBIX
KOMIIJIEKCAX, HO M MICCIIEI0BATh MEKMOJIEKYIISIPHbIE O€JI0K-0EIKOBbIE 1 OCOK-JINITH/HbIE
B3aMMOJICHCTBUSA B MeMOpaHe, 3HAYUTENIBHO YIYUIIUTh TEOPETUYECKHUE MOAXOMIBI JUIs
NpeICKa3aHus U MOJICMPOBaHUs (DYHKIMOHAIBHOH accoluannyi 1 KOH(GOPMalMOHHBIX
nepectpoek TM IOMEHOB Apyrux MeMOpaHHBIX OCJIKOB. DTO UpE3BBIYAHHO Ba)KHO JUIA
pemeHns GyHAaMEHTAJIBHOI 3a/1a4i TOHUMaHHS Ha MOJICKYJISIPHOM YPOBHE MEXaHH3MOB
(byHKIMOHMPOBaHUST MEMOPaHHBIX OCJIKOB M CO3/1aHMsI HOBBIX OMOJOIMYECKH aKTHBHBIX
BEILECTB C 33/IaHHBIMHM CBOMCTBAMHU JUIl OMOTEXHOJIOTMYECKUX M (hapMaKoIOrH4eCcKux
nesei. SIpKUM MpUMEepoM TaKHUX areHTOB MOTYT SIBISTHCS JICKAPCTBEHHBIEC IpEraparhl
HOBOTO IIOKOJICHHS, OCHOBaHHBIC HA CHHTETHYECKHX IMENTH/IAX, KOTOPhIE CHEHU(PUICCKN
B3auMoaeHcTBYIOT ¢ TM pomMeHaMHu pelenTOPHBIX THUPO3UHKHUHA3 U PETYIUPYIOT
OMOIOTHYECKYI0 (PYHKIMIO PEIENTOPOB, Ul BO3JICHCTBHSA, HAIPUMEpP, Ha IPOLECCHI
nposuQepaniy 1 Iepeadl MUTOTCHHBIX CUTHAJIOB B OITYXOJIEBBIX KIIETKAX.
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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 pPGEMEX-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
"*N- or "N/BC-labeled protein samples minimal medium containing "NH,CI or
SNH,CI/[U-"3C]glucose was taken.
exa-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 '*N-
and N/BC- derivatives was about 7 mg/1. 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
SN-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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Membpannsie 6enku (MB) cocraBnsitor Gosiee yeTBEpTH BeeX OEIKOB,
KOJIMPYEMbIX TeHOMOM 4estoBeka. OHH MPEICTABIISIOT COOO0M CYIECTBEHHYIO YacTh
Onmonmornyeckoil MeMOpaHbBl M YYacTBYIOT BO MHOTHX IIpoIeccax
KHU3HEAEATEILHOCTU Ki1eTKU. iMeHHO Mb O0TBeTCTBEHHBI 3a Ilepejady CUTHAJIOB,
IIPOU3BO/ICTBO U IPe00pa30BaHKeE SHEPTUH, PACIIO3HABAHUE U TPAHCIIOPT BEIIECTB
yepe3 mMemOpany. Juchynkuun MB Hepeako jiexxaT B OCHOBE Pa3iHYHBIX
3a0oneBanuii. B HacTosmmee BpeMs aeicTBHe mpuOIM3UTENEHO 50% JexapcTB
HarpasjieHo UMeHHO Ha Mb. 3HaHue npocTpaHcTBEHHOU CTpYKTYpbl MB, a Taroke
MEXaHU3MOB UX (DYyHKIIMOHHUPOBAHHS CIIOCOOCTBOBANIO ObI OoJice TITyOOKOMY
MOHUMAHHIO OMOJIOTHYECKUX IPOIECCOB U 3aJ0KUIO OBl OCHOBY I
palMOHANBHOTO JM3aiiHa JIEKapCTBEHHBIX mpenaparoB. Cpeln OrpoMHOrO
Ppa3Ho00pa3ust JaHHBIX O IPOCTPAHCTBEHHON CTPYKTYPE BOAOPACTBOPHUMBIX OEJIKOB
B Protein Data Bank nannsie o Mb coctaBnsror tumib 1% ot 0011ero KonmdecTsa.
[Tono0OHas cuTyanus, IFIaBHBIM 00pa3oM, CBsI3aHa € OTCYTCTBHEM 3(D(DEKTHBHBIX
TexHosoruii nonyuenuss Mb. Eciau Ha ceronHsmHui 1eHb peKOMOMHAHTHBIC
BOJIOPACTBOPUMBIC OCIIKH MOYKHO CHHTE3UPOBATH B JIFOOBIX KOJHUYECTBaX U 0€3
0COOBIX CIIOKHOCTEH, TO HapabOTKa KaXKJ0r0 HOBOTO (PYHKIIMOHATBHO-aKTHUBHOTO
MB B konuuecTBax, JOCTATOYHBIX IS (PU3UKO-XMUMHUUYECKUX METOJOB
HCCIIeIOBAHMS, SIBJISICTCS] 3HAUMMBIM COOBITHEM JIJIsl CTPYKTYPHBIX OHOJIOTOB.

benku cemeiictea KCNE, nnunaa kotopsix Bapsupyercs ot 103 1o 177 a.o.,
OTHOCSTCS K Kilaccy HeOonbmmx MB, comepammx oauH TpaHCcMeMOpaHHbBIH
cermeHT. OHU B3aUMOJICHCTBYIOT € ((-CyObeIMHULIAMH [TOTCHIIHAJ 3aBUCHMBIX
KaJIMEBBIX KaHAJIOB X ()OPMHUPYIOT C HUMH CTAOIIbHBIE KOMIUIEKCHL. DTO IPHBOIUT
K M3MCHEHHUIO TaKHX CBOICTB KaHAJOB, KaK MPOBOIUMOCTbH, CEIEKTHBHOCTD,
MOTEHIMAJbl aKTHUBAIMH, ICAKTUBALUK U WHAKTHBAIMU, YYBCTBUTEIBHOCTD K
JIEKapCTBEHHBIM IIpernaparam u Jp. Pa3paboTaHHbIe HAMU MPOTOKOJBI IS
nmony4ennss Mb u ux mzoronuno-medeHHbIX (N-, C-) mpou3BogHBIX OBUIH
ycneurHo anpo6uposansl Ha Oenkax cemeirictBa KCNE (KCNEI, dKCNEI —
ykopouennslid BapuanT KCNE1, KCNE3). ITogoOpaHo cTabuiibHOE OKpYKEHHE,
UMUTHpYIOIIee OMONOrHYEeCKyl0 MeMOpaHy, MPUTOAHOE ISl MPOBEICHUS
CTPYKTYPHO-(GYHKIIHOHAIBHBIX HCCISIOBAHHH.
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J1n1s1 TOCTH KEHNUS! BRICOKOTO YPOBHSI AKCIIPECCHHU KaXKJI0TO U3 TeHOB IETIEBBIX
OenkoB coOpaHbl pasnnuHbie kKOHCTpYKIMH. B ciyyae KCNE1 ucnonszoBana
npsiMasi cucrema skcripeccuu. Jna ounctku Genka Ha 3'-xoHue rena KCNEI1
IpeIycMOTpeHa HYKJICOTHAHAS MOCIEeI0BATEIbHOCTh, KOAUPYIONIas MecTh
ructuinHOB (ructuauHoBbIi Tar). B cnmyyae dKCNEI u KCNE3 npumenena
rubpuaHas CUCTEeMa dKCIpeccHuu. B kadecTBe Oeika mapTHepa BeIOpaH
THopenokcuH E.coli. TubpuaHble KOHCTPYKIIMU COJCPKATU HYKICOTHIHBIC
MIOCJICOBATEIHHOCTH, KOAUPYIOIINE CIIEAYIONINE IEMEHTHI: THOPEIOKCHH,
TUCTHAMHOBBIM Tar, CalT pacUICTNICHUs] BBICOKOCTICIIM(PHUHON MPOTECHHA3HI
(suTepoxuHasbl B ciyuyae dKCNEL u tpom6una B ciyuae KCNE3) u rubkue
nuHKepbl. CoOpaHHbIE T'eHbI KITOHUPOBAHbI B 9KcIpeccHOHHBIH BekTop pGEMEX-1
noj; KoHTpoib T7 mpomotopa. [Ipornecc KyabTHBUPOBaHHS PEKOMOWHAHTHBIX
mrammoB (BL21(DE3)pLysS) ontumuzuposan st "Ooraroid" u "6exanoil" cpen
(TB u M9, cootBetctBenHo). [Iponecc ouncrkn dKCNE1 n KCNE3 Bxutouan
CJICYIOIINE OCHOBHBIC CTaJUK: MeTayuioxenarHas apduuHas xpomarorpadust
(MXAX), runponu3 rubpugHoro 6einka, nosropHas MXAX u 10MogHUTEIbHAS
xpomarorpadus (nonoooMennasi — B ciydae dKCNE1; runpodobuas — B ciryuae
KCNE3). Ounctka KCNE1 mpoBenena ¢ ucmnoab3zoBanneM MXAX u
ruapodobHoii xpomarorpaduu. st MONy4eHHST YUCTOTO CyXOoTro odOpasia
(bpakiuu, comepKaniue OUYUIICHHBINA OENOK, BHICYIICHBI MOJ BaKyyMoM. Jliist
MPOBEJCHUSI CTPYKTYPHBIX HCCIICIOBAHUN HEOOXOMHUMO MOJIYYUTh MPABUIBLHO
CJIOKEHHBIHN OesloK. B kadecTBe cpel, IMUTHPYIOMNX MeMOpaHHOE OKPYKEHHE,
WCIIOJIB30BaHbl PAa3JIMYHbIC NETEPTeHTH W Junuabl. OnTUMaibHas cpena
oTpejielieHa Ha OCHOBAaHUU JaHHBIX KJI-CIEKTPOCKOMUU, TUHAMUYECKOTO
CcBeTOpaccestHus 1 mpeaBapuTenbHbix AMP-okcniepumentos. [lokazano, 9to st
BCEX BBIOPAHHBIX O00BEKTOB CMECh JCTEPTEHTOB H0ACIMIPOCHOXOTnH/
JIay pUITUMETHIAMUHOKCH] (B COOTHOIIEHHH 9: 1) HauTydImm o0pa3oM OIXOIHUT
JUTSL TATBHEHIITNX UCCIIeIOBaHUT: 00pa3yroTcsi HeOObIIMe MUICIUIBI (paanyc
~2,5 HM), oOpa3ser] MOHOAMCIICPCHBIM, a OCNIOK, MPEUMYIIECTBEHHO, B ajbda-
CHHpaibHOil KOH)OPMAIMH, YTO COOTBETCTBYET PACUETHBIM JTaHHBIM. TakuM
00pa3oM, MOJyUYEHHBIC PE3YJbTaThl OTKPHIBAIOT JOPOTY ISl AaJIbHEHUIINX
CTPYKTYPHO-(QYHKIIOHAIBHBIX HCCICIOBAHHH.
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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 o-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
(KCNEI, dKCNEI-truncated KCNE1, KCNE3) and isotope labeled (**N-, 1*C-)
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
KCNEI1 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 (IKCNE1: enterokinase; KCNE3: thrombin), flexible
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linkers. The constructed genes were cloned into expression vector pPGEMEX-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 dKCNEI 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 "N-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.
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HUCCIEJOBAHUE SJIEKTPOOINTHYECKHUX INNAPAMETPOB
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W3ydeHue amantanuu MUKpOOOB K JIEHCTBUIO aHTUOMOTHKOB SIBISETCS
BaXXHOM MEIUKO-OMOJIOTHMYECKOW MPOOIEeMOi, MOCKOIBKY MOSBICHHUE
PE3UCTEHTHBIX (OPM MHUKPOOPraHU3MOB IMPUBOJUT K CHHIKEHUIO HX
TepaneBTHYEeCKUX CBOMCTB. B pesynbrare Bo3aeiicTBHS aHTHOMOTHKOB Ha
MHUKPOOHBIE KIETKH MOTYT HMPOHCXOANUTH W3MEHEHHsI MOP(OIOTHH KICTOK,
JIECTPYKIHS KIICTOYHOH MeMOpaHbl, N3MEHEHH S IUTOILIa3MaTHIe CKO MeMOpPaHEI
U MOCTEIYIOUMe HapyIIeHUs: OMOXUMHYECKUX MPOIECCOB B ATUX KJIETOUHBIX
CTPYKTypax. DTO, B CBOIO O4Ye€peab, MOXET NPHUBOJUTH K U3MEHECHUIO
anekTpodusndeckux (3P) cBOMCTB MUKPOOHBIX KJIETOK M, COOTBETCTBEHHO, K
n3MeHeHuo aekTpoontudeckux (90) XapaKTepUCTHK KIETOYHBIX CYCIEH3HH,
PETUCTPUPYEMBIX B HKCIEPUMEHTAX C HCIIOJb30BAHUEM 3JIEKTPOOPUEHTALUU
KJIETOK B DJIEKTPUUYCCKOM Ioiie. [Io HUM MOXHO clenaTh MpeaBapHTeIbHbIC
3aKJIFOYEHUS] O HAJIMYUH (WM OTCYTCTBHH) YCTOHYMBOCTH K JAHHOMY aHTHOHOTHKY
Y HCCIIE/lyeMbIX KIIETOK. [IpoBe/ieHa OL[eHKa BIUSHUS B-lTaKTaMHBIX AHTHOHOTHKOB
Ha 3JIEKTPOONTHYECKHE CBOMCTBA KJICTOUYHOH cycrnieH3un E. coli. 3ydanuch
91eKTpo(hHU3NIECKHE CBOMCTBA MUKPOOHBIX KJIETOK UYBCTBUTEIBHBIX H
PE3UCTEHTHBIX IWITAMMOB K aMIULUWUJIMHY, a TaKXe MH3MEHEHHE
AJIEKTPOOINITUYECKUX MapaMeTpOB KJIETOYHOH CYCHEH3MH NpHU TpaHCheKIuu
AMIHUOWIINH-9yBCTBUTEILHOTO MITaMMa B aHTHOMOTHKO-PE3UCTEHTHBIN
aMIHUIMIUIMH-YCTOWYUBONW  (aroBoil  miasmujgoii. l3mMeHeHus B
ANIEKTPOONTUYECKUX CBOMCTBAX CYCIIEH3U I KJIETOK ITPU JEHCTBUM aMITMLIMIUIHHA
3HAYUTETHHO OTIIMIAIOTCS JUIS YyBCTBUTEIBHBIX M PE3UCTEHTHBIX IITaMMOB E. coli.
[TokazaHo, YTO 3JICKTPOONTHUYCCKUE CBOMCTBA MHUKPOOHBIX CYCIICH3UI MpH
JCUCTBUH [3-TAKTAMHBIX AaHTUOHMOTHKOB Y YYBCTBUTEIBHBIX M PE3UCTEHTHBIX
LITAMMOB KOPPEIUPYIOTCS ¢ HAJIWYHEM IUIa3MHJ YCTOMYMBOCTH K JaHHBIM
antubuoTukaM. M3menenus B OC cycrneH3uil KJIETOK, YYBCTBUTEIbHBIX K
aHTHOMOTHKAM IITAMMOB, HHKYOMPOBAHHBIX C Pa3JIMYHBIMU KOHLIEHTPALUSMU
QHTUOMOTHKOB, IMEJI MECTO TOJIBKO Ha IIEPBBIX IISITH YaCTOTaX OPHEHTHUPYIOLIETO
anekTpudeckoro mos (10-1000 I'iy). [TokazaHo, 4T0 MaKCMMaIbHOE H3MCHEHUE
BEJIMYMHBI 3JIEKTPOONTHYECKOTO CHUTHAJa MPOUCXOAHUT NPU KOHLEHTPALHUU
amnuuinHa 50 Mkr/mut. [IpoBeneHbl KOHTPOJIbHBIE SKCIIEPUMEHTHI ITyTEM
CTaHJAPTHOTO BBICEBA HA IJIOTHBIC ITUTATEIbHBIC CPEIbI.

Takum oOpazom, m3MeHenns: OC cycrieH3uid py ICHCTBUH aMITUIMIUTNHA
MOYKHO UCIIONIb30BaTh B KAUECTBE T€CTA YCTOMYUBOCTH K JIaHHOMY aHTHOHOTHKY
y HccieayeMbIX KieTok. [Ipeanonaraercs BO3MOKHOCTh MCIOJIB30BAHUS
IIEKTPOPU3UICCKUX METOMOB JJISI M3yUCHUS] MEXaHU3Ma BO3AEHCTBHS
AQHTUOMOTHKOB Ha OaKTepHalbHbIE KICTKH.
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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 B-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 ug/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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YB-1 — s1o Genox ¢ Mm 36 k/la, B3aumoneiictyromuii ¢ JIHK nu PHK u
YYaCTBYIOLHMH B PETYJIAILIMU TPAHCKPHUIIIIUN U TPAHCISLUU. belok cocTonT U3 Tpex
nomeHoB: N-konneBoro Ala/Pro-6oraroro noMena, JoMeHa X0JIOOBOTO IIOKA U
C-xkoHneBoro gomeHa. YB-1 cmocoOeH onuromepu3oBaTrhes, a TaKXkKe
B3aMMOJICHCTBOBATh C MHOKECTBOM MOJIEKYJIIPHBIX napTHepoB. Hecmorps Ha
yuactue YB-1 Bo MHOrHX KJIETOYHBIX MpoOIEeccax, ero CTPyKTypHBIE U
aCCOIMaTHBHBIC CBOIMCTBA B PACTBOPE U3yUYECHBI HEJIOCTATOYHO.

B aroii paboTte MBI pecTaBisieM pe3ylbTaThl ucciaeqoBaHuid oenka YB-1
Ha Pa3JIMYHBIX CTPYKTYPHBIX YPOBHSX, BKJIIOUas BTOPUUHYIO CTPYKTYpYy
(mpoTOHHBIN MarHUTHBIA pe3oHaHc, [IMP, u kpyroBoit AUXpou3M B JajbHEN
yIbTpadHONIeTOBON 00JaCTH), KOMIAKTHOCTH (MaJIOyIJIOBOE PEHTTEHOBCKOE
paccesiaue, MPP), sxectkocTh TpetiuHoii cTpyKTypbl ([IMP 1 nuddepenimansHas
CKaHMPYOILAsi MUKPOKAJIOPUMETPH), & TAKKE MEKMOJICKYJIIPHYIO aCCOLIHAIIUIO
(ITIMP, MPP u skckiro3nonHas xpomarorpadus). Hamu nokasano, 4to BTopuyHast
cTpyktypa YB-1, B ocHOBHOM, nipesictasieHa polyPro(11)-mogo0HbMu crinpansivu.
Janasie MPP roBopsiT o Tom, uTo Monekynsl YB-1 HaxomsTcs B cocTaBe
PacTBOPHUMBIX aCCOLMATOB U JIOBOJILHO KOMIIAKTHBI, HO HE MI00YsapHbL. CortacHo
naaHbIM [IMP 1 muddepennmansHOl CKaHUPYIOIIEH MUKPOKaJIOPUMETPHH JIUIIb
HeOoJIbIIas 4YacTh OCIKOBOW MOJICKYJIBl MJIOTHO yHakoBaHa. JTa 4acTh
IIpeTepreBaeT KOoepaTuBHbII Mepexo/] KaK P MOBBIIIECHUU TEMIIEPaTypbl, TaK
1 1pu ee noHwkeHuu. [To-suaumomy, acconnanus 6enkaYB-1 ouens tuHaMudHa
1 3aBHCHT OT KOHIIGHTpauuu Oesika, HOHHON CHIIBI M BenmuuHbl pH pacTBopa,
MpUYEM 3a acconuanuio orBeyaet C-KOHIEBOH JoMeH. Mojielb CTPYKTyphI Oelka
YB-1 MOXHO IpeACTaBUTH B BHUJE IUIOTHO YIMAKOBAHHOIO JJOMEHA XOJIOJOBOTO
I0KA, K KOTOPOMY IPUMBIKAIOT HEIJIOTHO yrakoBaHHbIE N- 1 C-KOHLICBBIE JJOMEHBI
co ctpyktypoii polyPro(Il)-nmono6Hoit cimpan.

Agropsl 6maronapus! npodeccopy K. Kuxape n npodeccopy K. Kumype 3a
romMo1ib B cOope u uuTeprnperanuu ganHsrx MPP.

Pabora monnepxkana rpantamu 1o nporpamme PAH "MonekynspHas u
kieroyHast Guonorus" u o [IporpaMme moaIep»KK HAYyYHBIX IIKOJI.
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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 ("H-NMR and far UV-CD), compactness (small
angle X-ray scattering), rigidity of its tertiary structure ("H-NMR and differential
scanning calorimetry), as well as intermolecular association (‘"H-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 B-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 '"H-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(I)-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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Bupyc DOnmreiina-bapp (BOB) mmpoko pacnpocTpaHeH B YeIOBEYECKON
MOMyYJISIIUH, UM HHGUIUPOBaHO Ooiee deM 90% HaceneHHs Mupa. YOeanTensHO
JloKka3aHa cBsi3b BOB ¢ psiioM OHKONIOrHuecKrx 3a0051eBaHHI YEIIOBEKA U, B TICPBYIO
ouepens, ¢ tuMmdomoit bepkura u HeaudhepeHIHPOBaHHBIM PAKOM HOCOTJIOTKH.
W3BecTHO, 4TO KIIOYEBYIO poJib B mnartoreHe3e BOb-accouummpoBaHHBIX
3a00JIeBaHUI UTPaeT OHKOTeH 3Toro BuUpyca — LMPI. IIpomykToM 3TOro reHa
SIBJISIETCS. OZIHOMMEHHBIN MHTETpajbHBIH MEMOpPAHHBINH OEIOK C MOJEKYISIpHOU
maccoit 63 k/la, cocTosmuii 3 386 aMHHOKUCIIOTHBIX OCTaTKOB. B ero cocras
BXOJIIT IIECTh TPAHCMEMOPAHHBIX JOMEHOB U [JBA IUTOIIa3MaTHUECKHIX: KOPOTKHH
N-tepmunaneubiii 1 ATUHHBINA C-TepMuHaNbHBIN goMeHBl. C-TepMuHaIbHBIN
nuroruiazmMarnueckuii jomen LMP1 conep xut Be TpaHCaKTUBUPYIOLUX 00JIacTH
(CTAR1 u CTAR2), xoTOophle OTBETCTBEHHBI 32 aKTHBAIIMIO IEJOT0 KacKajaa
CUTHAJILHBIX MyTeH KIIETKH, B niepByto ouepens NF-kB, PI3K-Akt, SAPK/JNK u
p38. YuukanpHol ocobenHocTbio LMP1 siBnsieTcs ero sipko BhIpaXXKEHHBIN
noauMopdusm. Paznuunsie Bapuantel BOB, umeromue cnenuduyueckue
MyTaluoHHbIe TepecTpoiiku B LMP1, nepcuctupyror B reorpadpuuecku
OrpaHMYEHHBIX peruoHax. YacTo ¢ HaJIMYMEM ONpEIEICHHbIX MyTaluil B
nocaenoBarebHOCTH LMP1 ¢BA3BIBAIOT yBEIHMYEHUE arpECCUBHOCTH OTAEIBHBIX
€ro BapHMaHTOB U KakK CIEICTBUE yBenmueHHe ypoBHs BDb-acconmnnpoBaHHBIX
3a0oJieBaHU Kak, HarpuMep, HeauddepeHIIMPOBAHHOTO paka HOCOTIIOTKH B
crpanax KOro-Boctounoit Azuu. B cBsi3u ¢ 3TUM Lenbio Hamiel paboThl CTallo
W3y4YCHHE BIMSHUS psiJla 4acTo BCTpedaromuxcs myranuid 6enka LMP1 Ha ero
(GyHKIMOHATIBHBIC CBOHCTBA. BRIOpaHHBIMU MyTalMsIMU CTAJIM 3aMEHA IIMIMHA
Ha cepuH B 212 monoxenun (G212S), cepuHa Ha TPEOHHUH B 366 MONOKCHUU
(S366T) u Tpeonnna Ha ananut B 350 mostoxenun (T350A), a Takxke X codeTaHUS
(G212S/T350A, G212S/S366T, G212S/T350A/S366T, Triple).

Panee moka3aHo, 4To 3T MyTallMy NMPUBOIAT K HAPYLICHUIO JIBYX CaiTOB
yOuKBUTHH-TIpoTeocoManbHOl cuctemsl (3-TrCP/HOS), nokanu30BaHHBIX B
CTAR-nomenax 6enxa LMP1, uto ycunuBaeT TpancOpMUPYOLIYIO aKTHBHOCTh
LMPI in vitro. B Hamem ncciaenoBaHUM yIaloCh BBISIBUTH, YTO TOJNBKO MPH
HaJIMYMM JIBOMHBIX U TPOMHOM MyTauui, NPUBOISIINX K HAPYIICHUIO 000MX
HOS-moruBoB B CTAR1 u CTAR2 o6nactsix LMP1, npoucxonut yBenudenue
aKTHBAIMU TPaHCKpUIIIHOHHOTO (hakTopa NF-kB. OGHapyKeHO, YTO SKCIIPECCHSI
HCCIeNyeMbIX MyTaHTHBIX BapuaHToB LMP1 mpuBoguT x akTuBammu
nporenHkuHasbl-B (PKB-Akt). Kpome Toro, ycraHosieHo, 4To Hccieayemble
MYTalM{ HE BIUAIOT Ha yPOBEHb aKTHBAL[MK TPAHCKPUIILIMOHHOTO (hakTopa AP-1.
Hcnonb3ys MeToANKY MPUKU3HEHHOW OKPACKH aKTHHOBBIX CTPYKTYP KJICTKH, MbI
He oOHapyxwin BausHus MmyTtauuii B HOS-moruBax monexynst LMP1 Ha
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M3MEHEHUS! aKTUHOBBIX (DMJIAMEHTOB M MAaKCHIUIMHA B TPpaHC()OPMHPOBAHHBIX
KJIeTKaxX. AHann3 BHYTpUKIIETOUHOH reHeparyii NO BBISIBUII CHUKEHUE YPOBHS
NO B ¢ubpodnacrax Rat-1, tpancayunpoBanssix Bapuantamu LMP1-Cao u
LMP1-Triple, uTo MOXeT crOCOOCTBOBATh BBKUBAEMOCTH U yCHUJICHHUIO
TYMOPOTEHHBIX CBOMCTB TpaHC()OPMHPOBAHHBIX MMM KJIETOK. [lokazano, 4to
cunre3 NO B KIIETKaX, SKCIPECCUPYIOIIUX Pa3JInYHbIe MYTaHTHbIE BapUAHThI
LMP1, npoucxonut 3a cuet akrusaruu iNOS.

Jlanee, yunTbIBast MOyueHHbBIE HAMH PE3YJIBTAThl, & TAKKE [TOJIHOE OTCYTCTBUE
nHpOpMALIMM O NITAMMOBBIX pa3nu4usx BapuantoB LMP1 BDB,
nepcucTupyomux B Poccun, HHTEpEC NMPEACTaBISIIO BBISBUTH YacCTOTY
BCTPEYAEMOCTH JIAHHBIX MYTaIlMii B POCCHUCKOI momyssiiud BOB y 00nbHBIX
BDB-accomuupoBanHbIME TUM(OTPOTH(EPATUBHBIME MATOJIOTHSIMHU, a TaKKe
MpOBECTH (PYyHKIIMOHAIBLHBII aHa U3 BBIABICHHBIX BapuantoB LMP1. C stoit
LIEJIbI0 MBI TIPOBEJIM CeKBEeHHpoBaHUe BapuaHToB LMP1, usonupoBaHHbBIX U3
TKaHeH poccuiickux OonbHBIX BOB-acconmupoBaHHbIME 3200JICBAHUSMHU:
HHPEKUUOHHBIM MOHOHYKIeo30M (M), numpomoii Xomxkuna (JIX) u
HexopKknHCeKkuMH JiuMpomamu (HXJT). Ha ocHoBaHuM (MIIOreHETHYECKOTO
aHaIM3a MONyYEeHHBIX TIOTHOPa3MepHBIX nocienosatensHocteit LMP1 ymamocs
BBIABUTH NpeobiaagaHne MOHO(QUICTHUYECKONH T'PYINBI, OTHOCAIIEHCS K
HuU3KoauBepreHTHoMy mTamMmmy LMP1-B95.8b (6onee 51%). BapuauTsi,
OTHOCAIIMECS K JIOMUHHPYIOIIEH TpyIe, XapakTepH30BaIUCh MUHUMAIbHBIM
Ha0OPOM MYTALH, TIPH 9TOM U3 TPEX HCCICAYEMBIX HAMU My TaIliii OOHapyKeHa
Tosibko 3ameHa S366T. BriepBbie BHINONHEHHBIH (DyHKIMOHAIBHBIN aHAIN3
HU3KOAMBEPreHTHBIX BapuanToB LMP1 moxasan cxoacTBO OHOJIOTHYECKUX
CBOICTB, HECMOTPSI Ha HX PA3INYHOE KIMHUUECKOE IPOMCXOXKACHHUE: OT OOIBHBIX
snokauectBeHHbIME (JIX, HJIX) u nobpokadyectBennbiMu (M) maTonorusMu.
BbIsiBIICH HEBBICOKHI YPOBEHb aKTUBALIMHU TPAHCKPHUITIIMOHHOTO (hakTtopa NF-kB
HCCIIeyeMbIMH BapHaHTAaMU B SMOPHOHAJBHBEIX KJIETKAaX MOYKH YeJIOBEKa
HEK293. AkTuBanuio TpaHCKPUITIIMOHHOTO (akropa AP-1 Ham 0OHApYXUTh HE
yAai10ch. AHaiIU3 MOp(OIOruy MOTyYeHHBIX KJIETOUHBIX JIMHUN Rat-1, mocTosHHO
SKCIPECCUPYIOMIUX HU3KOAUBEpreHTHble BapuanTel LMP1 poccuiickoro
MIPOMCXOXKCHHUS, TIOKa3aJl UX CIIOCOOHOCTh K MHTHOWPOBAHMIO KOHTAKTHOTO
TOPMOXKEHUS ¥ (POPMUPOBAHMIO KOJIOHHUH IPH pocTe Oe3 moanoxkku. Kpome Toro,
Bce uccinenyemsle Bapuantel LMP1 B knerkax Rat-1 BbI3bIBaIM aKTUBALMIO
uuaynnoensHoit NO-cunTassl (iNOS), NpUBOAAIIYIO K HPOAYKIMH B KICTKAX
okwucH a3ota (NO), ypoBeHb HAKOIIJICHHUS KOTOPO# 0Ka3aJicst He3HAYUTEIIBHO HUKE
TaKOBOTO, BBI3BAHHOI'O IPOTOTUITHBIM BapraHToM LMP1-B95.8. Takum o6pazom,
MBI BBISIBWIH, YTO coueTanue Tpex Mmyraiuii B 6enxke LMP1 (G212S/T350A/S366T)
UTPAET KJIFOYEBYIO POJIb B MOAYJISIIMU CUTHAJIbHON aKTUBHOCTH KJIETKH, IIPH 3TOM
HE BIHUsS HA CTPYKTYypHbIE KOMIIOHEHTHI €€ HUTOCKieTa. [IpoBeneHHbII
CTPYKTYpHO-(YHKLIMOHAIBHBIN aHanu3 BapuantoB LMP1 ot poccuiickux O0IbHBIX
MO3BOJIMJI HAM BBISIBUTH MYTalllH, peodnaaatonme B Bapuanrax LMP1 BOB,
nepcuctupytomux B Poccun. Ml momaraem, 94T0 OTCYTCTBHE B POCCHICKUX
Bapuantax LMP1 3amen B G212S u T350A siBisieTcst onpeaessonm GakTropom
B TIOHIKCHUH CUTHAJILHOI aKTMBHOCTH IIPU MX SKCIIPECCUH B KIICTKAX.

Pabota noxnepxana rpanom PODIU Ne 07-04-00604-a.
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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. LMPI oncogene 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 u CTAR2) which play an
important role in activation of cascade of cell signal pathways, primarily NF-kB,
PI3K-Akt, SAPK/INK, 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), and its combinations (G212S/T350A, G212S/S366T,
G212S/T350A/S366T, Triple).

Mutations affect two sites of ubiquitin-proteosomal systems (-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-kB 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 u 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 lymphomae
(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-kB 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/T350A/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 T350A 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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Hear wuccaegoBanmusi. Ilocime onpexeneHuss HYKICOTHAHOU
MIOCIIEI0BATENEHOCTH TEHOMOB Psila OpPraHU3MOB, OfHON M3 IVIaBHBIX 3a1ad B
[IOCTI€HOMHYIO 3pY CTaJI0 U3yUYEHHE MEXaHU3MOB PETYJISAIUU SKCIIPECCHH TeHOB.
[TocnenHue naHHbIE YKa3bIBAIOT HA TO, YTO TPAHCKPUOUPYIOTCS HE TOJIBKO TEHBI,
HO ¥ HEKOIMPYIOIIHE ITOCIEeI0BATEILHOCTH TeHOMa. Besi COBOKYITHOCTB T€HOB 1
TPaHCKPHOUPYEMBIX 00IacTeil FeHOMa MHOTOKJIETOUHBIX OPTaHU3MOB CBSI3aHA B
CIIOKHEHIIYIO PEerylupyeMylo CeTh, ONPEACIsIOMYI0 CYIleCTBOBAHUE
MHOTOYHUCIICHHBIX THIIOB CIIEHHAIU3UPOBAHHBIX KIIETOK. BakHeiyto poib B
CYIIECTBOBAaHUU DTOH PEryaupyemMoil ceTH MTpaloT pa3iIHYHbIE KJIacChl
(YHKIMOHAJIBHBIX 3JEMEHTOB I'eHOMa (IIPOMOTOPBI, SHXaHCEPHI, CaillieHCephl,
uHcynaropbl, MAR/SAR-anemenTs! 1 11p.). K coxxanenuo, Ha CerofHsAIHuN 1eHb
KapTUPOBAHKE BCEX PETYISTOPHBIX IEMEHTOB HA YPOBHE IIEJION0 TEHOMA C yYETOM
BCEBO3MOYKHBIX TUITOB KJIIETOK MHOTOKJICTOUHBIX OPTAHM3MOB BBIXOJIHUT 38 PEACIIBI
HAIIUX BO3MOXKHOCTEH. AJIBTEpPHATUBOM JIAHHOTO POJIa UCCIICAOBAHUSAM CIIYKUT
TIOJTHBIA YHKIMOHATBHBIN aHATIM3 OTACIBHBIX TPOTSDKEHHBIX CETMEHTOB FeHOMa
C TOCNenyomeld HHTerpanueil MoNIydeHHbIX JaHHBIX M CO3MaHUEM ITOTHOM
T€HOMHOM KapThl PETyJIATOPHBIX HIIEMEHTOB.

B nanHoif paboTe HaMHU NPEIJIOKEH IKCIEPHUMEHTAJIbHBIN ITOIX0,
MI03BOJISIOIINH NICHTH()UINPOBATH TOTEHIMAIBHBIE YHXAHCEPHI B IIPOTSHKCHHBIX
¢dparmenTax reroma. C moMomnp0 JAHHOTO METOAa ObUT IPOBEACH AaHAIN3 yJacTKa
JIEBSITHA/ILATOW XPOMOCOMBI 4yesloBeka uHO# 1x10° m.o., pacmnoaokeHHOTO
mexay rednamu FXYD5 u COX7A1.

AKTHUBHOCTh MHOTHX JHXAHCEPOB in Vivo MOXET PerylnpoBaThCs
HHCYJISTOPHBIMH IIOCJIEA0BATEIbHOCTIMHU, OOJaJalOMUMI YHXAHCEp-
OioKupyOmEed aKTUBHOCTBIO. [l03TOMY, 1JI8 MHOJHOTO MOHMMAaHUS
GYHKIMOHMPOBAHUS DHXAHCEPOB HEOOXOAMMO HMMETh MPEACTABICHHE O
pacrojoKeHUU B FeHOME MHCYIATOpoB. C moMomIpio panee pa3paboTaHHOTO B
Hauie#l saboparopuu Merona [1], OCHOBaHHOTO Ha MO3UTHUBHO-HETaTUBHOM
CEJIEKLUH WHCYISATOPHBIX MOCIEIOBATEILHOCTEH, OBUIM BBISBICHBI B JIOKyCE
FXYD5-COX7A1 noBBIe MOCIENOBATEIBHOCTH, MPOSIBISIIONINE CBOMCTBA
HHCYJISITOPOB.

MaTtepuaasl U MeTOAbI. J[s CeNEeKUHU YHXaHCEPOB HAMHU OBbLI
MOJIU(UIUPOBAH CAMOMHAKTUBUPYIOLIHICS peTpoBUpPYCHBIN BekTop pQCXIX
IyTeM 3aMEeHbl 00JIacTH, colepikalieldl nmpomoTop nuTomeraigosupyca u IRES-
[IOCIIe/I0BAaTEIbHOCTh, Ha T'eH HeoMHuLnH(pochoTpancdepassl 11 o KoHTposIeM
MHHHMAJIBHOTO IIPOMOTOpA IIUTOMeTanoBupyca. [Iporenypa cenexunu ocHOBaHa
Ha CIOCOOHOCTH PHXAHCEPOB aKTHMBHPOBATh MUHHMAJBHBIH MPOMOTOp I'eHa
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CEJIEKTHBHOTO Mapkepa. dparMeHThl OMOIMOTEKH MCCIIEAYeMOT0 JIOKyca ObUTH
KJIOHUPOBaHbI B MOJM(UIIMPOBAHHBIH PeTPOBUPYCHBIH BekTOp. [TomydyeHn Habop
PETPOBHUPYCHBIX YacTHUIl, KOTOPHIM MH(puUIUpoBanu kieTku jguHuu Hela.
B pesynbrare cenexunu ObIIM OTOOpaHBl HEOMHLHH-YCTOHYMBBIC KICTKH,
coJieprKalliie KOHCTPYKIIMM C IOTEHIUaIbHBIMU dHXaHcepaMu. PparMeHThbl
OoubnuoTexu, aMuinuuupoBanHble ¢ reHoMHol JIHK HeoMHIIMH-yCTORYNBBIX
KJ1IeTOK ¢ romotpro [11P, Oblr KJIOHMPOBAHBI U CEKBEHUPOBAHBI.

Jli cenekuuy MOTEHIMAIbHBIX MHCYJIATOPOB HAMU HCIIOJIB30BAH METO[,
OCHOBAaHHBIH Ha MO3UTHBHO-HETaTUBHON CEJIEKIMHU U CIIOCOOHOCTH HHCYIISTOPOB
3alUIIaTh PENOPTEPHBIH I'eH OT BO3JIEHCTBUS HHXaHCEpa, MPEIJIOKCHHBIH B
pa6ore [1].

Pesyabrarsl. UneHTuduimpoBato 15 moTeHIMaIbHBIX JHXaHCEPOB B JIOKYCE
FXYD5-COX7A41 xpomocoMbl 19 yenoBeka. DHXaHCepHas aKTUBHOCTH 13
00OHapyKEHHBIX IT0CIIEA0BATEILHOCTEH ObLIA ITOATBEPIKACHA C IIOMOIIBIO CUCTEMBbI
JIBOWHOW JIFOIU(pEpa3sHOH ACTEKIIMU B HKCICPUMEHTAX MO0 TPAH3WCHTHBIM
tpaHcdeknusm kiaetok HeLa. Merogom casura snextpodopeTuyeckoi
nogsmwxkHocTH JIHK-06enkoBbix komriekcoB (EMSA) nokasana criocoOHOCTb
00HapyKEHHBIX (ParMEHTOB B3aUMOJICHCTBOBATH C OCITKAMU SIZIEPHOTO SKCTPAKTA
n3 kinetox HeLa.

C nmomourpio paHee pa3pabOTaHHOrO B Halleil jJabopatopuu MeTona,
OCHOBAaHHOI'0 Ha IO3UTHBHO-HETAaTHMBHON CEJIEKLUHU HHCYISATOPHBIX
I0CIIE/I0BATEILHOCTEH, BBIABIEHO AECATHh HOBBIX IIOCIIEI0BATEIbHOCTEH B JIOKYCE
FXYD5-COX7A1 xpomocoMbl 19 uyenoBeka, MpOSBISIOMMX CBOWCTBA
UHCYJISATOPOB.

3akiouenne. TakuM 00pa3oM, MPEATIOKEH HOBBIA HKCIICPUMEHTAIIBHBIM
TIOZIXOA IJIS IPSIMOTO 0TOOpa, MACHTU()UKALINH U KapTUPOBAHUSI TOTEHIIHATBEHBIX
SHXAHCEPOB BHYTPH JJIMHHBIX I€HOMHBIX IOCIeq0oBaTeIbHOCTEH. MeTox
TI03BOJISIET OAHOBPEMEHHO HaXOAUTh ¥ KJIOHMPOBATh OOJIBIIOE YHCIIO SHXAHCEPHBIX
JIICMEHTOB.

Bbua cocTaBieHa reHOMHas KapTa pacrojoKeHNs: 00HAPY KEHHBIX B padoTe
HOTEHUHUANbHBIX PEryIsTOPHBIX 3JIEMEHTOB B JoKyce FXYD5-COX7A41
xpomocoMmbl 19 denoBeka. OOHapyKCHHbBIC MOTEHIIMAIbHBIC YHXAHCEPHI
pacIonararoTcsi MPEeUMYIIECTBEHHO ¢ 5'-CTOPOH OT T€HOB JINOO B MHTPOHAX.
B3aumHoe pacnonioxeHre 00HapyKEHHBIX HHCYJIATOPOB M FEHOB COIIIACYeTCs C
TUIOTE301, COTJIACHO KOTOPOH MHCYISATOPHI moapasaensaior renomuayto JJHK na
HE3aBHUCHMO PEryIHpyEeMbI€ NETICBbIC JOMEHBI.

Jlumepamypa
[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-COX7A1I 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 (NVPT1]) 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-COX7A41
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



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-COX7A41 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 FXYDS5 and COX7A 1. 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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PacnonoxeHHble B X-XpOMOCOME TaHAEMHBIE KJIACTEPhl CEMEHHUK-
crieu(UIHBIX TeHOB Stellate KOHTpONMUPYIOT criepmaTtorene3 y Drosophila
melanogaster. Tensl Stellate xonupyroT OOK, TOMOJIOTUYHBIH PETYISATOPHOM
B-cyobenuuuie nporennkunaszsl CK2 (CK2[3), u He 3KCIPecCHpyIOTCS y CaMIIOB
JIKOTO TUa. B 0TCyTCTBHE Y-XPOMOCOMBI UITH CIIETIIICHHOTO C Hel JTokyca Su(Ste)
(Supressor of Stellate) npoucxomut nepenpeccust TeHOB Stellate, npuBoAIIAs K
HAKOIUICHHIO B CEMEHHUKAX UIVIO- MU 3BE3I0MOA00HBIX OCIKOBBIX KPHCTAILIOB,
a Tarke K HAPYLICHUIO Cerperanud XpoOMOCOM B Mel03€ M K YaCTHYHON JTHOO
nonHoit crepuibHocTH (Livak, 1984; Bozzetti et al., 1995). B HopMme skernpeccust
reHoB Stellate mopasnena npu nomomnu koporkux PHK, obecneunBaembix
AQHTHCMBICIIOBOW TPaHCKPHUIILKEH BBICOKOTOMOJIOTHYHOTO JIOKyca Su(Ste), 1o
Mexanusmy pi-PHK-caiinencunra (Aravin et al., 2001; Vagin et al., 2006).
MexaHu3M NaTtoreHe3a, BhI3bIBAEMOTO THIIEpIKCIpeccuet Stellate, no cux mop
HE BBISICHEH.

YToObl MOHATH MPUYMHBI HAOMIOMAEMBIX aHOMAJUI CliepMaTOreHe3a MpH
rHIepaIKcnpeccu Stellate, Mbl TIOTYYHITH BRICOKOCTICIIM(HYHBIC aHTHTENA K OCIKY
Stellate 1 n3y4HIH €ro CyOKICTOYHYHO JIOKAIHU3AIUIO METOaMH OMOXMUYECKOTO
(bpakIMOHUPOBAHUS K UMMYHOOKPAIIIMBAHKSI LIEJBIX CEMEHHUKOB. MBI OKa3aJIH,
YTO, IOMHMO paHee U3BECTHOTO HaKOIUIeH!s Oeika Stellate B kpucTamnuecKoi
(dopme, IPENMyYIIECTBEHHO B IUTOIIIa3Me, OH TaKKe IIPUCYTCTBYET B PACTBOPHMOIT
(opMe HCKITIOYUTETBHO B HYKJICOTIIa3Me CIIEPMATOIUTOB. DKCIIEPHUMEHTHI I10 KO-
MMMYHONPEIUITUTAIMY BBISIBUIN, YTO PACTBOPHMBINA simepHbIil Stellate
B3aMMOJICHCTBYET C KatanuTudeckon oi-cyobennnuieit CK2 (CK2a) in vivo. Mt
TaKoKe TOKa3aly, 4To Aepenpeccus Stellate B ceMeHHUKaX NPHBOIUT K MOTYIISLIMSIM
B (oCHOPUITUPOBAHUH SISPHBIX OCIKOB 110 OCTATKaM CEPUHA.

CornacHoO HAIIUM UMMYHOXHMHYECKHM M MacC-CIEKTPOMETPHYECKHM
JIaHHBIM, ¥ PAacTBOpUMAsl, U KpHUCTajuIndeckas Gpopmbl 3HI0reHHOTrO Stellate
TPUMETHIIMPOBAHbI 10 ocTarKy Jm3nHa K92. UutepecHo, uto StellateK92me3
cre(UUeCcKr Y3HACTCS aHTUTENIAMU K TPUMETHIIMPOBAHHOMY OCTaTKy JIN3HUHA
K9 rucrona H3 (H3K9me3), 94T0 cBHAETENBCTBYET O CTPYKTYPHONH MUMHUKPHUHI
SMUTEHETUUYECKOU MoaubUKAHT H3K9me3. BripaBHUBaHUE
nocnenoarensHocteil Stellate u apyrux cyobemunun CK2P, B ToMm umcie u
npeanonaraemoro npeamecrsennnka Stellate, BCK 2tes (Kalmykova et al., 1997),
BBISIBUJIO, YTO MOTHB IS METHJIHPOBAHHS 110 OCTATKy JIM3MHA BO3HHK U
9BOJIIOIIMOHHO 3aKpenuics Toibko B Stellate. MBI mokaszanu, 4TO y MyX,
reTepO3UIOTHBIX MO0 MyTallMK B reHe ructoumeruinTpancdepassl ASETDBI1, o
He Su(Var)3-9, BciieacTBHE KOJOMUHAHTHOCTH ajijielici, HaOmromaeTcs
BOCIIPOM3BOIUMOE CHIDKeHNe MeTrirpoBanus Stellate. M3ectro, uro dASETDB1
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MIPUCYTCTBYET KaK B si/Ipe, Tak U B utoruiazme (Yoon et al., 2008), uto coracyercst
C HAalIMMHU JAaHHBIMH 0O METIJIMPOBAHUIO Kak sJIEepHOH, Tak H
LUTOIIa3MaTH4Yeckoi momysauuii Stellate.

OnureHernyeckast Moaudukanms H3K9me3 yznaercs 6enxom HP 1, Hecyium
XPOMOJOMEH U OTBETCTBEHHBIM 3a (POPMHUPOBAHUE YIACTKOB TPAHCKPHILIMOHHO
penpeccupoBanHoro rerepoxpomaruna (Fishle et al., 2005; Kouzarides, 2007).
MBI NpeAnoNoXuIId, YTO TPUMETUIUpOBaHHbIN Stellate Takxke crocodeH
npuiekarb k cebe HP1 mim gpyrue XxpomoJIoMeH-coaepiKamue OeinKu.
AHanu3upyst pe3ynbTaTbl XUMHYECKOTO KPOCC-IMHKHHTA LENbIX SAEp, MBI
JIETEKTHPOBAJIN KOBAJICHTHO CIINTHIN KoMILieke ¢ M okoito 65 k/{a, conepxaruit
kak Stellate, Tax u HP1, HO oTCyTCTBYIOIIMI B CEMEHHHMKAX MyX JHKOTO THIIA.
[MTonydyenHsle HaMH IpeaBapUTENbHBIE JaHHBIE IO XPOMAaTHH-
uMmyHorpeuunuranuu cemeHHUKoB (X-ChIP) nmokaszamu oGoramenne HP1 B
IIPULIEHTPOMEPHOM IreTepOXpOMaTHHE NpH Jiepenpeccuu Stellate, 10 cpaBHEHUIO
C CeMEHHHMKaMHU MYX OUKOTO THma. PopMupOBaHHE TeTEpOXpPOMATHHA B
MPUIEHTPOMEPHBIX pailoHaX HEOOXOAMMO JJis KOPPEKTHOro oOpa3oBaHUS
KMHETOXOpa U MOCIIENYIONIeH Cerperaii XpoMOCOM MIPU KIIETOYHOM JEJICHUHI
(Kellum and Alberts, 1995; Ekwall et al., 1996; Pidoux and Allshire, 2005). Kak
HEJ0CTaTOYHOCTh, Tak H rurnepskcnpeccust HP1 mpuBogsT x HapymeHusM B
KOMITAKTH3alUH MPHUIEHTPOMEPHOTIO I'eTepOXpPOMATHHA U AHOMAJIUAM B
LEHTPOMEPHOI1 Kore3uu u cerperanuu xpomocoM (Inoue et al., 2008).

Hamm pe3ynbraThl MO3BOJISIOT NMPEIVIOKUTH MOJETb ITaTOreHETHUECKOTO
neifictBus Stellate B cemennukax D. melanogaster. HP1 B HopMe sBIseTcs
MuieHbto Gochopunuposanus, ocymecrsiasieMoro CK2, kotopoe BaxHO i
CBsI3BIBaHMS YacTu sjepHoro myna HP1 ¢ retepoxpomMaTnHOBEIME JIOKyCcaMu, B
ToM uncie ¢ npuneHTpomepHbIM (Eissenberg et al., 1994; Zhao et al., 1999 and
2001; Shimada et al., 2009). MsI monaraem, uto Stellate B ssgpax criepMaTonuToB
BBITOJIHACT (QDYHKIHIO peryasTopHoil B-cyosenununsr CK2, spdexkruBno
npusiekas HP 1 mpu nomorm TpuMeTHIIIM3HHOBOI METKHU K TeTePOTETPAMEPHOMY
rxommiexkcy CK2 u crnocoberByst runepdocdopunuposanuto HP1. NM36sTok
¢dochopunuposannoro HP1, B cBor0 o4epe/b, BbI3BIBACT THIIEPKOHACHCAIIUIO
MPULEHTPOMEPHOTO TeTEePOXPOMATHHA, YTO MOXKET CIYXHTbh NPUUYNHOU
MEHOTHYECKNX HAPYIICHHI U HEKOPPEKTHOTO criepmarorenesa y D. melanogaster
npu nepenpeccuu Stellate.

B Gmkaiimem Oy rytiiem 1u1st HOATBEP>KICHUS HAIIe MO MBI IITAHUPYEM
W3y4YHTh BIUSHUE Aeperpeccun Stellate na yposeHb Gpochopumposanust HP1, a
TaKXe MPOCJIECAUTh H3MEHEHHE TPAHCKPUIIIUM YHUKAJIbHBIX TCHOB,
PacCIOJIOKEHHBIX B IPUIIEHTPOMEPHOM XpOMaTHHE.

Jlumepamypa
1. Egorova K.S., Olenkina O.N., Kibanov M.V, et al. (2009). J. Mol. Biol., 389, 895-906.
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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 B-subunit of the protein kinase CK2
(CK2p) 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 o-subunit of CK2
(CK20) 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 CK2f3 subunits, including
the supposed predecessor of Stellate, BCK2tes (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 dSSETDB1 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

71



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 CK2a and HP1, functions as a regulatory 3-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
1. Egorova K.S., Olenkina O.N., Kibanov M.V,, et al. (2009). J. Mol. Biol., 389, 895-906.
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XemonurtorpodHsle TepMmoanunoduiabHbie 6akrepun pona Sulfobacillus —
YHHUBEpCaJIbHAs TPyINIa OPTaHU3MOB, CIIOCOOHBIX B a9POOHBIX YCIOBHSAX K
oxucnennto Fe(Il), BoccTaHOBICHHBIX COCTUHEHNUI CepBl, CYIIb()HIHBIX MUHEPAJTIOB
1 OPraHMYeCKHX BEILECTB, B YCIIOBUSIX THIIOKCHH — K OKHCIICHUIO CEPYCOIEPIKaIX
U OpraHu4YecKux cyOcTpaToB c compsikeHueM BocctaHoBieHus Fe(Ill).
Pa3znooOpa3ue TUMOB MeTadOMM3Ma U YCTOHYHUBOCTh K IKCTPEMAIbHBIM
BO3/ICHCTBUSAM TO3BOJISIOT Cynb(oOanuiaM 3aHUMaTh KOJIOTMYECKHE HUIIY,
Ppa3IMyaroIrecst COCTaBOM/COOTHOLIEHHEM CYOCTPATOB U (PU3UKO-XUMHUYECKIMU
XapaKTepPUCTUKAMH, a TAKXKe C YCIEXOM HCIIOIb30BATHCSl B OMOTE€OTEXHOIOTHI
METaJIIOB.

[TokazaHo, 4TO OIHOM M3 CTPATETUH BBKUBAHUS YMEPEHHO TEPMOQUIBLHBIX
1 TEPMOTOJEPAHTHBIX IITAMMOB CYIb(OOANMILT B SKCTPEMAIbHBIX YCIOBHUIX
SIBIISIETCSI U3MEHEHHUE (DM3HNOIOTHYESCKOTO COCTOSIHHS OPIaHU3MOB — IIPHOOpETeHUE
crpeccoycroitunBoctu. IlocnenHee conpoBokaaeTcss HE TOIBKO U3MEHEHUEM
IIPOLIECCOB IHEPTreTUUYECKOTO U KOHCTPYKTHBHOTO MeTa0OIM3MOB (BpEMEHHU
TeHEPalUH, KJICTOYHOTO YPOXKasi, CIIEKTPa/aKTHBHOCTH KapOOKCHIINPYIOIIIX
(epMEHTOB, MEPEKITIOUYCHUS (TOPMOXKECHHUS) TyTeH LEHTPAILHOTO MEeTaboIn3Ma
yriepoaa, GpyHKIIMOHUPOBAHUS JIOTIOJIHUTEIBHBIX AJIEKTPOHHOTPAHCIOPTHBIX
ueneit (OTLL) (Kypasnesa, 2009; Konnparsepa u ap., 2009)), HO 1 ©3MEHEHUEM
Mop(doreHeTHUECKUX MPOTPaMM ¢ 00pa3oBaHHEM Pa3TMYHBIX KIETOYHBIX
Mopdorunos. [us S. thermotolerans, S. thermosulfidooxidans, S. sibiricus
YCTaHOBJICHBI (DAaKTOPBI, BIMAIONINE HA MEPEKIIOYEHUE YKa3aHHBIX MPOTPaAMM:
9KCTPEMaIbHO BhICOKHE KOHIeHTpauuu H', SO 42’, CO,, 3armenaynBanne KuIKOU
(a3l MyNIbIbl, HEONTHMAIbHBIE POCTOBBIE TEMIEPATYpPHl, TUMUTHPOBAHHE
KJIETOYHBIX Mpoleccos Hepocratkom O,, KoHuenTpanuei myna AT®, pakropos
pocrTa.

Jns Gakrepuii pona Sulfobacillus moka3zaHa BbICOKasl TUIACTHYHOCTh MX
MeTabonM3Ma, HalpaBleHHAs Ha NMPUOOPETeHHE YCTOHUYMBOCTH K CTPECCOBBIM
Bo3zeiictBusM. Ha npumepe S. thermotolerans Krl 6b1u10 1poieMOHCTPUPOBAHO,
9TO TaKoH (hakTop, Kak Temneparypa, O;au3Kast K peeIbHON I POCTa, BBI3BIBAI
YBEJIMUCHNE BPEMEHH I'eHepaliuy B HECKOJIBKO pa3 M yTpaTy OHOTO U3 TpeX My Tel
karaboyiM3ma yTIIeBOJAOB — OKUCIUTENIBHOrO mneHtozodocdarnoro. OgHako
KU3HEICSTETEHOCTD U OKHCIUTENBHAS CIOCOOHOCTD CYITb(OOAIINIII COXPAHSITHCD,
YTO 00€CIIeYNBAIOCh EPMEHTHBIMU CHCTEMAaMH JIBYX JIPYTHX MyTel — DOMOIeHa-
Meiieproda-ITapnaca u SuTHepa-/lynopoBa. OnTuManbHbIH MUKCOTPOGHBIHI THIT
MUTaHUsA Y Cyab(odanuul obecrneunBaeT MaKCUMaIbHbIi ypoBeHs mmyia AT® B
KJIeTKaX M BBDKHBAaHUE OaKTepHil MPU MHOTOKpATHBIX IepeceBax, TOTAa Kak
JUMHUTHUPOBAHUE TPOIIECCOB HU3KUM YpoBHeM Iyna AT® nmpu HEONTHMAIbHBIX
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JIUTOABTO- U OPraHOTETEPOTPOPHOM THIAX NMHUTAHUSI KOPpPEIUpyeTcs ¢
IIPEeKpaIIeHueM POCTa BETEeTAaTUBHBIX KICTOK OaKTepHi Mociie HECKOIBKUX
naccaxeid. [lannpie o cunTeze AT®, HHTHOUTOPHOTO aHAIKM3a U ONPEAEICHUS
CKOPOCTH JIBIXaHHUS KJIETOK CyIb(OOALMUI CBUACTEIBCTBYIOT O TOM, YTO IPU
OKHCIHUTENBHOM (ocHOpUINPOBAHUN HUCTOYHUKOM DHEPTHH U JTOHOPOM
951exTpoHOoB s DTL] MOryT CiayXKHUTh OpraHMYecKHe U HeOpraHU4ecKHe
BEILIECTBA, a TAK)KE UX CMECH B 3aBUCHMOCTH OT TaKUX (paKTOpPOB, KaK JJOCTYITHOCTh
cy6crpara, pH, xonuenrpauus O, B cpene u ap. B aspobnbix YCIOBHSAX MPH
okuciennn kiaerkamu Fe(Il) TOKA3aHO (YHKIIMOHUPOBaHHE pa3BeTBHeHHOPI OTL.
OpHuM 13 (PaKTOPOB, BIMUSAIOUINX HA COCTAB IEPEHOCYUKOB TPAHCIIOPTHOI 1ienHy,
ABMIACTCA KOHIEHTpawis O, B cpefie, KOTopast MOCTENCHHO CHIKACTCS C POCTOM
KJIETOYHOH MOMYJISIIHH. B YCIIOBHSIX JIUMUTHPOBAHUS POCTA IO KHUCIOPOLY
GaKTepuu MOTYT IIEPEXOUTh Ha OpoxkeHue. [Ipy 3HaYNTETbHOM JIMMUTHPOBAHUT
KIIETOYHBIX IPOLECCOB HepocTarkoM O, (YCIoBUs IUIIOKCHH) CYIb()OoOauuibl
MIePEKIIIOYAIOTCSl HAa UCIIOIB30BaHNE aJIbTEPHATHBHOTO KUCIOPOLY aKIENTOpa
anexTponos — Fe(III).

BaxHy10 posib B IproOpETEHUH KIIETKaMH YCTOWYHBOCTH K AKCTPEMaIbHBIM
YCIOBHSM Cpelsl UrpaeT (GOpMUPOBAHHE HOBBIX MOP(HOTHUIIOB. YMCHBILICHHUE
Pa3MepoB MaJIOYKOBUIHBIX KIETOK, XapaKTEPHBIX AJISI OAKTEPHUH, 10 MEIKHIX HIIH
KOKKOBH/THBIX HaOJI0/1aJIM TP NepeKitoueHnn MeTabonmn3ma ¢ okucienus Fe(I)
Ha okucieHue S° WM CyIb(QUIHBIX MHHEPAIOB MNPH IJIUTECIHHOM
KyJIBTUBUPOBAHUH, P pH BBIIIE ONITHMAJBHBIX, IPU BEICOKUX TEMIIEpaTypax u
konuentpamusax CO,. Ilepekmouenne ManorpO(bHoro THna Meraboim3Ma Ha
JIUTOABTOTPOQHBIN BEJIO BHAUAIE K T1aJICHUIO CKOPOCTH POCTa, KIIETOYHOTO YpOoXKasi,
conepxkanust AT®, yMeHbIIEHUIO pa3MepOB KIIETOK, B KOHIIE POCTA - K TIOSIBIICHHIO
HaHOOAKTepHii, ynLTpaMHKpo6ar<Tepm71 (COBMGCTHLIC naunasie ¢ Cy3unoit H.E.,
Hynoit B.1.). Beicokue konuentpanuu H* (pH 1.2), Zn** (0.5-0.8 M)
MHIyIUPOBAIN 00pa30BaHNE HUTEBUAHBIX MU JUTMHHBIX TOHKHUX KIIETOK, IIETI0YEK
u3 HuX. Mousl Sb u As, BbIlIenaunBacMble U3 CyJIb(QHIHBIX Py, a TakKe
JIUMHUTHPOBAHHUE 10 KUCIOPOAY CIIY>KHIJIM TOJTYKOM JIJISL 3aIlyCKa MEXaHH3MOB
CIOPYJISIIUU WJIM TOCTEINEHHOr0 NMpPEeBpalleHUs] BEreTaTUBHBIX KJIETOK B
pedpakTepHbIe (OXMHOYHBIE WIIH LETIOYKH), KaK TPABHJIO, COXPAHSAIONIHE CBS3E C
BEreTaTMBHBIMH. YMeHbienue O, B sxkuakol pasze 11%-HOH mynbnsl npu
OKHUCJICHUU B a3pOoIn(hTHOM pe>r<14Me KOHLIEHTpAaTa CyIb(QHUIHBIX MUHEPAJIOB
HesknaHHHCKOTO MECTOPOXKICHHUS COMPOBOXKIATIOCH HOPMUPOBAHUEM CIIOKHBIX
KJIETOYHBIX KOMIIIEKCOB, 00BEANHEHHBIX €ANHBIM MOJICAXapHIHBIM MaTPUKCOM.

IMoka3anHas nabuibHOCTH HyTeidl MeTabonusma cyiab(obaluiL,
HHAYLHpYyeMas pa3IMYHbIMU (aKTOpaMHU, MOXET ObITh HCIIOJIb30BaHA B
OMOTHIPOMETAILTYPTUUECKUX TEXHOIOTHSIX M3BICUEHHUS 30J10Ta U3 CYIb(OUIHBIX
pya. Homyuennsle nanHbie 0 MopdoreHe3e CyabPoOaMLII CIy)aT OCHOBON
KOHTPOJISI IPOLIECCOB OMOOKUCIICHHUS 30JI0TOCOEPIKAIINX CYIbGUIHBIX Py IPU
OLICHKE (PU3HOIOTNYECKOTO COCTOSHHS MUKPOOHOM HOMYIALIMN  KOPPEKTUPOBKU
TEXHOJIOTMYECKUX PEKMMOB B OIITUMAILHOM HAIlPaBJICHUH C LIEJIBIO BO3BpaTa K
AKTHBHOMY HCXOZTHOMY (DEHOTHITY TTOY/ISIINH.
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Chemolithotrophic thermoacidophilic bacteria of the genus Sulfobacillus form
auniversal 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(II) 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*, SO,*, CO, concentrations, pulp liquid phase alkalization, non-optimal growth
temperatures fimitation of cellular processes by O, deﬁc1ency, 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, O, 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 O,
concentration, decreasing gradually with cell population growth. Under conditions
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of growth limitation by oxygen bacteria can convert to fermentation. At considerable
limitation of cell processes by shortage of O, (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
Fe*" oxidation to S° or sulfide mineral oxidation during prolonged cultivation, as
well as at pH values higher than optimal ones, high temperatures and CO,
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 Zn* 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 O, limitation, stimulated sporulation mechanism starting or gradual
cell conversion into refractive cells, usually retaining connection with vegetative
ones. O, 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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I'manyponosas xucnora (I'K) siBisieTcss BOXHBIM IPUPOIHBIM 3aIIUTHBIM U
OHMOJIOTHYECKH aKTHBHBIM BELIECTBOM. JTO OJIMH U3 OCHOBHBIX KOMIIOHEHTOB
MEXKJIETOYHOTO BELIECTBA JEPMBI, BO MHOTOM OINPEICISIONINH CTPYKTYPY,
cBOMcTBa U (DYHKIIMOHMPOBAHUE KOXKHOTO MOKpoBa. DU3HKO-XMMHUYECKUE U
6uonornueckue cBoiictBa 'K 11o3BOISIOT HCIIONB30BATH €€ B PAa3IMYHBIX 00JIACTIX
MEIUIUHEI, HAIPUMEP XUPYPTHHU, IepMaTOIOTUH, 0(QTAIEMOJIIOTHH a TakXkKe B
KOCMETOJIOTHH U KocMeTHueckoi xupypruu. s ycnemnoro npumenenns ['K B
MEJIULHUHCKUX U KOCMETHYECKUX LEJSAX BEChbMa CYIIECTBEHHBIM SIBISETCS
pa3paboTka pa3IMYHBIX CIOCO00B MOIU(UKALNKN €€ MAaKpPOCTPYKTYpPHI, B
JaCTHOCTH, OpTaHM3alUsi CIIMBKH MaKpOMOJIEKyl. XHUMHUYECKH
MonuduuuposBannas 'K B opranusme nojsepraercs jerpajaliy ¢ MEHbIIEH
CKOPOCTBIO, a cuiuThie MoJieKyabl 'K 00pa3yloT mioTHble THIApOTENH,
MOJIJICPKUBAIOIINE 3a1aHHbBII 00beM 1 Gopmy. B To jxe BpeMsi OHU COXPaHSIOT
OHOCOBMECTHMOCTh TIPUPOIHOM IMaTypOHOBON KUCIOTHI. Takue OHOTOIMMEpbI
MOTYT OBITh UCIIOJIb30BaHbI B INTACTHYECKOM XUPYPIHHU JUIS MSATKOTO YBEITNYESHUS
TKaHEH, B XUPypPTruM B KaUeCTBE CPEIbl JUTS IPOBENCHHUS OPTATbMOIOTHYECKUX
omneparuif. OH1 MOTYT CITY>KUTH 3aMEHHUTENIEM CHHOBHAIIBHOM KHJIKOCTH CyCTaBOB,
Cpenoil U1 COXpaHEeHUs! U TPAHCIIOPTUPOBKH KJICTOK. [IJICHKH, H3rOTOBJIEHHBIE
Ha UX OCHOBE, MOTYT OBITh MCIOJIb30BaHbl B XHUPYPIHH B Ka4eCTBE PAHEBBIX U
IIPOTUBOCIIACUHBIX MOKPHITHH. [IpakTHyecKkoMy NMPUMEHEHHIO MEPEKPECTHO-
ciuTeiX ruaporenei 'K mpenmecTByioT ncciaenoBaHus MO MOTYyYECHUIO
OHOMAaTEepHAaJIOB C 33/IaHHBIMH TIOTPEOUTEIHCKUMHU CBOWCTBAMH.

B paboTe ucciaenoBaHbl TpU croco0a XMMHUUYECKOH MOAH(PHUKAIUH
THATyPOHOBOI KHCJIOTHI C IEJbI0 MOMYYEeHHs MOIEePEeYHO-CIINTOTO MOJINMeEpa,
CIOCOOHOT0 00pa30BBIBATh IJIOTHBIE THAPOTENIN: XUMHYECKash MOAU(DUKAIISL
JNUTAJIPA3UAOM C TOCIENYIOIed MepeKpecTHONW CIIMBKON; MEepeKpecTHOe
CIIMBaHUE TUBMHUICYIb(GOHOM; dTepudukanus. [IpoBeaeHsl ncciepoBanus
PEOJIOTUYECKUX CBOUCTB M OMOJOTHMYECKOW yCTOWYMBOCTU MOJIYYEHHBIX
ouononmmepoB. Mcxonnas 'K, ucrionp3oBannas 11t MOgu(UKAIMHY, BbIIEICHA 1
ounniena Ha 6aze OO0 HIIIT "Tynbckas unayctpust JITA" us rpeGHeit Kyp.

Tuopazuo-mooupuyuposannsiii cuanyponam Hampus, cUlUmblil
oumemuncydepumudamom. XuMuueckas MOJU(DUKALMS IPOXOJIHJIA B IBE CTa HH.
Ha nepBoM sTane Mcrnosiab30oBaiu KapOOAMMMHUI-OMOCPEIOBAHHYIO PEAKIHIO
B3aUMOJICHCTBUS KapOOKCcHIbHBIX rpynn 'K ¢ aurnapasugom aauiniuHOBOR
KHUCIIOTHL. Peakuusi npoTekaeT B BOJHON cpelie B MATKHUX YCIOBUSAX (KOMHaTHAast
temneparypa, pH 4,75), 4To 103BOJIsIET yMEHBIIUTD JICrPalalivio IPUPOIAHOTO
nonuMepa. AIWNMHOBBIN TUTHAPa3H]] HCIIOIb30BATH KakK OM(YHKIMOHAIBHBINH
peareHT B peaknHsIX HYKJICO(HIBHOIO 3aMEIleHHS IS IOCIEeAYIOUEero
[IpOBeJCHUS NonepeyHoi ciuuBKU. CTerneHb KOHBEPCHH KapOOKCHIIbHBIX TPYIIT
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oneHuBanu ¢ ucmnonsiosanueMm 'H-SIMP B pactsope D,0. Konpepcus
KapOOKCHIBHBIX T'PYII B aMHUJHBIE IMPOU3BOAHBIE cocTaBuia 8§0%, B
n30ypenakapOOHUIIBHBIE Tpon3BoHbIE — 12%. Ha Bropoii ctanuu Mogupukanum
WCTIONB30BAIN AUMETIIICYOEepUMHIAT, Kak OM(pYyHKINOHAIBHBIA CIINBAIOMINI
areHT. [Ipn ompeneneHHBIX yCIOBHAX XMMUYECKOH MOAN(DUKANH YIAI0Ch
MOJIyYUTh LIE€JE€BOM NepeKpecTHO-cUThIN nonnmep 'K, koTopelil HepacTBOpUM
B OPraHMYECKUX PACTBOPHUTEIISX, @ B BOJHBIX Cpeiax HabyxaeT, 00pasys THIIpOoreIu.

Tuanyponam nampus, moouguyuposantlii OUGUHUICYTbHOHOM.

Mopudukanus 'K nuBuHHICYIBQOHOM sBIsieTCsl Hanboliee MPOCTON B
TEXHOJIOTMYECKOM IUIaHEe U SKOHOMHYECKH BBITOHA /ISl IPOU3BOJICTBA. Peakuus
OCHOBaHA Ha MEPEKPECTHOM CBSI3BIBAHUU TUBUHIICYIH(POHOM CBOOOMHBIX
ruapokctbHbIX rpynn 'K B menounoit cpene. B xone nccnenoBannii n3y4eHo
BIIMSIHUE MOJIBHOTO COOTHOIICHHS PEareHTOB Ha KOA(PQGUIUEHT HaOyXaHHs
MEePEKPECTHO-CUIUTOrO OuomnoarnMepa. ONTUMHU3UPOBAHBI YCIOBUS IIPOBEICHHS
PEaKINH, TTO3BOJISIONINE ITOIYIUTh THAPOTEITH € 33JaHHBIMH IOTPEOUTETHCKUMHA
cBOMcTBaMU.

"Buympennue 3pupol”’ cuanyponama nampus.

Cunres "BHyTpeHHUX" 3¢gupoB 'K — mepcrnexkTuBHOE HanpaBieHUE
XUMHYECKOH MoIu(uKauy, MO3BOJIIONIEE TTOIYIUTh IPOM3BOJHEIC, B KOTOPBIX
OTCYTCTBYIOT JOTIOJIHUTEIbHO BBEICHHBIE B CTPYKTYPY "CBSA3BIBAIOLINE MOCTHUKH'",
SIBIIIOLIMECS TP TOMAaJaHUKU B OPraHU3M CBOEOOpasHbIM (aKTOPOM pHUCKa
MOSIBJICHUS aJUIEPTMUYECKUX M APYTUX HEraTUBHBIX peakIuil opraHusMa.
Xumnueckyto monuduxaruio 'K npoBonuiu B HEBOIHOI cperie 1moj| AeCTBHEM
YETBEPTUYHBIX COJIEH — NMPOMU3BOJIHBIX NUpUIHHA (peakTUB MyKasMbl).
[Mony4ennsie 0Opa3ipl MoauduipoBanHoii ['K B Bozie orpaHnueHHO HaOyXauu,
00pa3yst Ipo3padHbIe THIPOTEIH.

OO0pa31pl IepeKpeCTHO-CIIUTON MHaTypOHOBOH KUCIIOTHI, [TOTyYEHHbIC BCEMH
TpeMsi crocobaMu, oOxapakTepu3oBaiu ¢ wucnoib3oBanueM MK- u
SAMP-cnextpockonuu. [lonydeHsl 3HaUeHUS] AUHAMHYECKON BSI3KOCTH U
k03 PunreHTOB HaOyXaHus B BOAEC M M30TOHHYECKOM Oy(epHOM pacTBOpe.
HccnenoBana ycTOWYMBOCTD MOTY4YEHHBIX 00pa3ioB MmoaudumposanHoii ['K k
JIEWCTBHUIO Jerpagupyromero GpepMeHTa — TeCTUKYIISIPHON THaIypOHUAA3EI, 110
cpaBHenuw ¢ npuponnoi I'K. Bce oOpasibl moka3anu MOBBIIICHHYIO
YCTOWYMBOCTBD K JICUCTBHIO ()epMEHTA.

Ha ocHOBaHHH NPOBEICHHBIX HCCICAOBAaHWH BHIOpaHBI Ba o0Opasna
moaudunmposanHoii I'K, mposieistoiiye HeoOX0MMbIC PEOTIOTHUECKIE CBONCTBA
JUISL CO3JaHMsl MHBEKLMOHHBIX npenapaToB Ha 6aze OOO HIIII "Tynbckas
unpycrpus JIT".
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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
"HNMR in D,O 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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Hpyaluronic 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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Bgenenue. {enbto pabote! ObU10 co31aHME CHIEIU(UUESCKH CBA3BIBAIOIIUXCS
C OIYXOJIEBBIMH KJIETKAaMU (IIyOPECLIEHTHBIX KOHCTPYKIUH, NPUMEHUMBIX IS
paHHE# AUAarHOCTHKU OHKOJIOTUYECKUX 3a00JICBAHUIA.

[TonmynpoBOTHUKOBBIE HAHOKPUCTAIIBI WK "KBaHTOBbIe Touku" (QD) —
¢dryopodopsl, o01anaroye HEKOTOPIMU HHTEPECHBIMH (PH3UKO-XUMUYECKUMHU
CBOMCTBAMH U NEPCIIEKTUBHBIEC JJISI UCIIONB30BAHUS B METOIAX MOJIEKYJIIPHON
JMAarHOCTHKU. JI MX HampaBIeHHON AOCTABKH K ONPEICICHHBIM MHIICHIM
YCIICIHIHO MCIOJIB3YIOT aHTHUTENIA.

IHosnyuenue ¢uryopeclieHTHBIX KOMILIEKCOB HANPABJIECHHOI0 1CCTBHUS.
Jnst cBsizpiBanus QD ¢ aHTHTenaMu Obljla UCTONB30BaHA CHCTEMa MOAYJICH
GapHaza-Oapcrap, onucaHHas HaMmu panee [1]. bapnasa u 6apcrap — HeOobIINE
6enku GaxrepuansHoro npoucxokaenus (12 and 10 x/la), o6iagaromye BBICOKUM
cpoactBom Apyr k apyry (K ~10"'* M). Konsioraius ogHoOTo U3 3THX OEJIKOB C
QD, a gpyroro — ¢ pa3iIM4YHBIMH AHTHUTEJIaMU IO3BOJSET CO34aBaTh
(iryopeciieHTHbIE KOMILIEKCHI C pa3Hoi crnenupuyHOCThI0. B 3TOM KOHTEKCTE,
MOIyJb OapHa3a-0apcrap aHAJIOTHUEH CTPENTAaBUINH-OMOTHHOBOM cucteme [2].

CrenuuIHOCTb ICHCTBHS TAKUX KOMIIIEKCOB ObIIa TPOJIEMOHCTPUPOBAHA
Ha [IpUMepe KJIETOK, TUIIEPIKCIIPECCUPYIOIINX HA CBOEH IIOBEPXHOCTH OHKOMapKep
HER2/neu. B kauecTBe HampaBisSONOIeT0 areHTa OBUI HCIOJL30BaH
peKOMOMHAHTHBIN Oelok, cocrosiuuii u3 antTu-HER2/neu munun-anturena 4D5
scFv u 6apHasbl. Panee Hamu ObIJIO MOKa3aHO, YTO TAKHUE MOJICKYJIbI 3 (PEKTUBHO
cBs3bIBatoTCs ¢ BHemHUM JoMmeHoM HER2/neu [1,3,4]. KBaHTOBBIE TOYKH C
MaKCUMYMOM (IIyopecleHInN B ONkHEeH HH(PpaKpacHOW 00JacTH CreKTpa
(Invitrogen) ObUIM KOHBIOTHPOBaHBI ¢ OapcTapoM ¢ ucnonb3oBanuem EDC B
KauecTBe CIIMBAIOIEro peareHTa. bbuto nokasano, 4to 6apcrap 1 HAHOKPUCTAILIB
COXpaHUIH CBOU (PU3HMKO-XMMHYECKHE CBOWCTBA M AKTUBHOCTH I1OCIE
KoHbIoranuu. IlomydyeHHbIe KOHBIOTaThl 00Pa30BBIBAIM CaMOCOOHPAIOLIHECs
KOMILJIEKCHI ¢ peKoMOUHaHTHBIM OenikoM 4D5scFv-6apnasa.

Busyanuzanust in vitro. Ilorydennsle GpiayopecleHTHbIE KOHCTpYKIMU [4D5
scFv-6apnasa-6apcrap-QD] 3 peKTHBHO OKpalIMBalid MOBEPXHOCTh KIETOK
KapIUHOMBI MOJIOYHOH kemne3bl yenoBeka SKBR-3, runepskcnpeccupyromumx
peuentop HER2/neu. [Tocine mHKyOanuu 3THX K€ KJIETOK C KOHBIOTaTaMu
QD-06apcrap xapakTepHOE CBEUYEHHE Ha IIOBEPXHOCTH KIIETOK OBUIO Ha ypOBHE
IIyMa WJIM OTCYTCTBOBasO. TONBKO HEOONBIION CHUTHAN WIM €r0 OTCYyTCTBHE,
CBHJICTEIILCTBYIOIINE O CHEUU(PUUHOCTH EHCTBUS MONIYYECHHOH CHUCTEMBI,
Habmonanuck nocie nakyoauuu HER2/neu-orpunarensubix kietok CHO ¢
HAarpaBJICHHBIMHU KoMmIuiekcamu [4D5 scFv-6apuasa-0apcrap-QD].
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Busyanuzauus in vive. [{ns nccnenoBanusi BO3SMOXKHOCTH BHU3YaJIN3alluu
OITyXOJIeH ¢ IIOMOIIBIO TOTYYCHHBIX HAIPaBICHHBIX KOMIUIEKCOB B OpPTraHU3Me
in vivo OBUTH UCTIONb30BaHb IMMYHOIC()DUIIMTHBIE MBIIIY JIMHAH NU/NU. MBI C
MOZETBHOH OIyXOJIbI0 MOJOYHOH KEJIe3bl YesIoBeKa OBbUIM IMOYyUYCHBI IOCIIe
MoAKoKHOW nMmIutaHTanuu kiaetok SKBR-3. KoMruiekcsl KBaHTOBBIX TOYEK C
antutenami (0.14 amons B 100 Mkt PBS) BBoamim B XxBocToBY10 BeHy. Oco0sm
KOHTPOJIBHON I'PYMNIbl BBOJWJIM KBAaHTOBBIE TOYKU O3 aHTUTENA B TOIl ke
KOHLEHTpauu. [t mosrydeHus: NpHKU3HEHHOTO M300pakeHHs )KUBOTHBIX
HCTIONIb30BAJIM YCTAHOBKY sl uryopectieHTHO#H nuddy3noHHO# ToMorpadumu,
pazpaborannyto B MacturyTe npukianHoi pusuku PAH (1. H. Hosropox). Uepes
TPU Yaca MOCJIe MHBEKINH KOHBIOraTOB KBAHTOBBIX TOYEK C AHTUTEIAMH
HaOoaaICs 3HAYUTENBHBIN (DIyOpeCICHTHBIH CUTHAN B pailOHE OMyXOJH.
Pe3synbrarhl (yopeclieHTHOH MHUKPOCKOIUHU OITyXOJICBOW TKaHH post mortem
MOATBEPMIIH, YTO STOT CUI'HaJ OOYCIIOBIEH HAKOIUICHHMEM KBAaHTOBBIX TOUYCK B
OIIyXOJIEBBIX KJIeTKaX. HeHampaBieHHbIC KBaHTOBBIE TOUKH TAKXKe YaCTHYHO
aKKyMY/IMPOBAJIMCh B OITYXOJIH 3a cueT Tak Ha3biBaeMoro EPR a¢dexra (Enhanced
Permeability and Retention effect), ognako HaOnrogaemelii B 3TOM ciy4yae
(ITyOpeCIICHTHBII CUTHAT OBLT 3aMETHO HHIKE.

3akiarouenue. Co3nansl (IIyopecleHTHbIE KOMIUIEKCHl HAIPaBICHHOTO
JICHCTBUS HA OCHOBE KBAHTOBBIX TOYEK M IPOTHBOOITYXOJIEBBIX MUHH-aHTUTEN U
MO0Ka3aHO UX A(PPEKTHUBHOE UCIOIB30BAHUE JJISI BU3YAIN3ALUN OITYXOJEBBIX
KIIETOK, dKcTpeccupyronmx onkomapkep HER2/neu, kak in vitro, Tak ¥ 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 (K ~10"'* 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-4DS5 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 uM and a volume of 100 pl. 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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B Hacrositiee Bpems IS paHHEH JAHATHOCTUKH HNEPBUYHON OIyXOJH U €€
MeTacTa3s, a Tak’ke MOHHTOPHHIA TPOBOJUMOHN TEPAINH IIHPOKO HUCIIONB3YeTCs
ompeaeeHNue ONYXOJEBBIX MapKepOB B CHIBOPOTKE KpoBHU. M meanbHbIH
OHKOMapKep J0JDKEeH 00J1a1aTh BEICOKOH CIIeU(UYHOCTBIO U YYBCTBUTEIILHOCTHIO
B OTHOIICHHH OIPEAEICHHOTO BUA OITyXOJIH, OJHAKO OOJIBIINHCTBO U3BECTHBIX
OIYXOJIEBBIX MAapKepOB HE OTBEYAET ITUM KpHuTepusiM. OJHOBpEMEHHOE
olnpeaesieHne HECKOJIbKMX OHKOMapKepoB HOBHIIIAEeT 3(Gp(PEKTUBHOCTH
CKPUHUHIOBOTO aHali3a M YBEJIUYMBACT BO3MOXKHOCTH AU hepeHInanbHONn
JIUArHOCTHKY 3a00JieBaHMN. BONBIIMHCTBO MMMYHOXMMHYECKHUX METOHOB
TI03BOJISIET BBUIBIIATH COZIEPIKaHUE TOJBKO OIHOTO MapKepa B OAHOM KIMHHIECKOM
o0pasiie, T03TOMY B HACTOSILIEE BPeMst OOJIbIIIME HaIEXK/ bl B 00JIaCTH AUArHOCTUKHI
paka CBS3BIBAIOT C HCIOJIB30BAaHHEM MYIBTHIIJICKCHBIX CHCTEM, TaKHX Kak
Mukpountsl. B MHcTHTYTE MONeKysipHOit Ononorun um. B.A. Durensrapara PAH
pa3paboTaHbl OMOIOTHYECKHE MUKPOYHIIBI HA OCHOBE TPEXMEPHBIX THIPOTeIIeH.
Buouun npeacrapiseT co00i MaTpHIly peryJsipHO PACTIONIOKEHHBIX Ha IOIOKKE
noTycheprIeCKHX IeNeBBIX IEMEHTOB. TeXHOIOT s M3TOTOBJICHHS THAPOTeIEBBIX
OMOYMIIOB OCHOBaHA Ha MOIMMEPH3ALHOHHON MMMOOWIN3aLUH MOJIEKYIISPHBIX
30HJI0B B X071¢ (POPMUPOBAHMS T'€JIEBBIX TYEEK MUKPOUHUIIA U TIO3BOJISIET CO3/1aBaTh
OHOUMIIBL, COZIEPIKAIINE MOJICKYIISIPHBIC 30H/1bI pas3iinuHoii mpupos! (JIHK, PHK,
OCIIKH, OJIMTOCAXAPH/IBI).

Ha ocHoBe co3naHHON TeXHOJIOrHU ObLT pa3paboTaH METO/I, TO3BOJISIOIIHA
IIPOBOJIUTH OTHOBPEMEHHOE KOJIMUECTBEHHOE OIPE/IEICHHE JAEBSITH OHKOMApKEPOB
B CHIBOPOTKE KPOBM YeJIOBEKAa HAa OMOJOTMYECKOM MHUKpoduIie: anbda-
deronporenHa, XOPUOHUYECKOI0 TOHAJOTPOIMHA YEJIOBEKa, PAaKOBOTO
SMOpPHUOHAIIBHOTO aHTUTEHA, PaKoBBIX aHTHreHoB 125, 15-3, 19-9, npocrara-
cnenuPUUecKoro aHTHUIreHa B oOmieit U cBoOOAHOH dopmax, HelpoH-
crienM(pUUECKoit FHOIA3BI.

B kauecTBe MeTona aHanm3a ObUT BHIOpaH "COHIBUY'"-UMMYHOAHAIU3 C
(iryopecuieHTHOH peructpanueii curaina. B kadyecTBe MpOsIBISIONIEH CUCTEMBI
WCTIOJIB30BAM CMECh MOHOKJIOHAJIBHBIX aHTUTET IPOTHB AEBATH MapKepOB,
KOHBIOTUPOBAHHBIX C (IyopeclieHTHBIM Kpacutenem Cy-5.

[Ipu npoBeneHnu "coHABHY"-UMMYHOAHAJIN3a aHTUICH, HAXOIAIINICS B
nucciaeayeMoM o0pasie, CBSA3BIBACTCS CO CIEUU(PUICCKUMHI aHTHTEIAMH,
MMMOOMIIM30BaHHBIMH B siuciikax OMOUHIIA, TOCIe Yero 00pa3oBaBIIMIACS in situ
OMHAPHBIN KOMILIEKC B3aUMOJCHUCTBYET C MPOSBILIIONIMME aHTUTe aMu. [Tocie
OTMBIBKM OHMOYHIIA MPOU3BOAAT PETUCTPAIMIO (IYOPECHEHTHBIX CUTHAJIOB.
VHTEeHCHUBHOCTH (IYOPECHEHTHBIX CHUIHAJOB OT TeNEeBBIX SUEeK C
COOTBETCTBYIOIINMH UMMOOWIIN30BAaHHBIMU aHTHTEIAMHU HPOIOPIUOHATbHA
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KOHIIEHTPALMM OHKOMapkepa B oOpasme. /sl KOJIMIEeCTBEHHOTO ONpPEAEIeHHs
KOHIIEHTPAL[MH OHKOMapKepPOB METOI0OM UMMYHOQHAIN3a Ha OHOYHIIE TTOTYIaroT
rpaduKy 3aBUCUMOCTH (IIYOPECUEHTHBIX CUTHAJIOB TEJIEBBIX 3JIEMEHTOB,
coleprKamux HMMOOHWIM30BAaHHBIE aHTHTENA, OT KOHLEHTpPAaIUU
COOTBETCTBYHOIIECTO aHTUI€HA B KAJIMOPOBOYHO# Ipo0Oe (KaInOpOBOYHYHO KPUBYO),
10 KOTOPOH 3aT€M PaCCUMUTHIBAIOT HEM3BECTHYIO KOHLEHTPAIMIO aHAJINTA B
oOpasue. Pe3ynprarhl aHain3a perucTpUPYIOT U OOCYUTHIBAIOT C MMOMOIIBIO
YHHUBEPCAIbHOTO allapaTHO-NPOrpaMMHOI0 KOMIIJIEKCa IJIsi aHalnu3a
n300paxeHuit 6nounIos, pazpadoranHoro B UMb PAH.

Jlns pa3paOoTKM MeToja aHayiu3a JEBATH OHKOMAapKepoB Ha OMOYHIIE
HEoOXOIMMO OBLITO JUIS Ka’KIOTO U3 aHTHI'€HOB BBIOPATH Taphl MOHOKJIOHATBEHBIX
AQHTHUTEN, HE NAIOMNX HeCHeUH(UICCKUX MEPEKPECTHBIX B3aUMOACHCTBUI;
1of00parhk cOCTaBbl OJIOKUPYIOUIUX U HHKYOAIIMOHHBIX PACTBOPOB; OIPEIEIIUTh
ONTHMAJIbHbIE KOHLIEHTPALINH [ IMMOOWIIN30BAHHBIX H ITPOSIBIIIOIINX aHTUTE,;
BEIOpATh BpeMsl M TEMIIEpaTypy MHKyOaluu; BHIOPATh IMapaMeTphl KOHTPOJISL
KauecTBa IoixydaeMbix OmounnoB. Hamu Taxxe Obln pazpaboTaH Habop
KaJMOPOBOYHBIX NPOO Ha OCHOBE CHIBOPOTOK 3J0POBBIX JTOHOPOB U
cTabum3upyroNmx 100aBok. Kaxaas n3 kamOpoBOUHBIX IPOO CONCPIKUT JICBATH
AHaJM3UPYEMbIX OHKOMapKEpOB B M3BECTHBIX KOHLEHTpanusax. KoHumeHTpammn
BCEX OHKOMapKEePOB B KAJIMOPOBOYHBIX MPOOAX BEpUPUIIPOBAHBI HE3ABUCUMbIM
MeTtogoM UMMyHodepMmenTHoro aHanuza (MIDA). Paspaboranusiii Habop
KannOpOBOYHBIX P00 TTO3BOJISIET MOJYYaTh B XOJI€ OJTHOTO KCIIEPUMEHTA AEBSITH
KaJMOPOBOYHBIX KPHUBBIX JUIS OAHOBPEMEHHOTO KOJTMYECTBEHHOTO OIIPEACICHUS
Ka)XJIOTO U3 aHAIM3UPYEMBIX OHKOMAapKEePOB.

Brina mpoBeneHa oreHka aHATUTHIECKUX U IMarHOCTUYECKUX XapaKTePUCTHK
pa3pabOTaHHOTO METOAA M MOKa3aHO, YTO OMOYMIIBI MTO3BOJISIOT NPOBOJAUTH
OIpe/ie]IeHne OHKOMAapKepoB B JIMara3oHe, He0OXOAUMOM Il KIIMHHYECKOTO
aHaJM3a; IPU 3TOM CIEU(PUIHOCT, BOCIIPOM3BOANMOCTD U UyBCTBUTEIHLHOCTD
METO/a YAOBJIETBOPSIIOT TPEOOBAHMSM, PEIBSBISIEMBIM K TpaAUIInOHHEIM DA -
CUCTEMaM.

[IpoBeneno rectupoBaHue pa3pabOTaHHOIO METOJa C MCIOJIb30BaHUEM
CBIBOPOTOK KPOBU OOJBHBIX OHKOJIOTMYECKHMH 3a00JEBaHUSIMU U 310POBBIX
JIOHOPOB M MOKa3aHO, YTO PE3yJIbTaThl OJHOBPEMEHHOTO KOJINYECTBEHHOTO
OIIpe/IeNICHUs JICBATH OHKOMapKEPOB B 00pa3liax CbIBOPOTOK KPOBH HAa OMOUHUIIAX
XOpOIIIO KOPPEIHPYIOTCs ¢ pesynsraramu komMmepueckux UDA Tect-cuctem. B
HacTosiIiee BpeMs pazpadareiBaeTcsi HAOOp peareHToB Ul OJHOBPEMEHHOTO
KOJIMYECTBEHHOI'O OIIPEACICHUS JeBATH OHKOMAapKEPOB B CHIBOPOTKE KPOBH
yenoBeka OM-(9)-BMMOYMII, skciepuMeHTaNbHAS HKCIUTYaTallsi KOTOPOTO
IIPOBOAMTCS COTPYAHUKAMH yupeskeHus "LieHTpanbHas KIMHIIecKast O0JIbHUIA
¢ nonukInHUKON" Yripasnenus nenamu [Ipesunenra PO.
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Testing 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: o-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.
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HOBBI AHTUBAKTEPHUAJIBHBIII XUPYPITMYECKHUN LIIOBHBIN
MATEPHAJI

Kabewes b.0O., bonyesuu /I.H., I'ypeee C.A., Bacunvkos A.FO.*
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Llens Hamero MCCieIOBAaHUS — MOMyYEHHE HOBOT'O aHTHOAKTEPUATHHOTO
XHUPYPrUUECKOro MOBHOTO MaTepuana. B kauecTBe 0CHOBBI HCIONIb30BaHbI KPYyIEHHBIE
KaIlpOHOBbIE HUTU 3 METPUUYECKOIO pa3Mepa. B kauecTBe yHUBEpCalbHOTO
aHTHOAKTEepHUaTbHOTO KOMIIOHEHTA BBIOpaHbl HaHOUACTHLBI cepedpa. CycreH3us
HAHOYACTUII cepedpa MoydeHa IIyTeM COBMECTHOH KOH/ICHCAlUH TapoB cepedpa 1
M30MPOIAHONA HA CTEHKAX CTEKIAHHOTO PEaKTOpa, OXJIaXKAaeMOro *KUAKUM a30TOM.
Pacmpenenenue pasMepoB 4acTHIl cepedpa HOCHT OMMOJAIBHBIN XapakTep U
xapakTepusyercs cpegHuM pasmepoM 4 u 30 HM. /I8 HaHeCeHHS HAa HUTHU
HCTIOIB30BANN J[BA BH/A PACTBOPOB HAHOYACTHI cepebpa: 1) pacTBOp HAHOYACTHII B
H30MPOITHIOBOM CIIUPTE; 2) paCTBOP HAHOUACTHI] B CMECH U30TPOIMIOBOTO CIIUPTA C
MOJMBUHIIIAPOIAAOHOM. [TOKPBITHSI HAHOCHIH "PacTBOPHBIM" METOOM, M30BITOK
OpraHo30Js yAaJsuli, a HUTH CYIIWIN B TedeHue yaca npu temmnepatype 80...100°C.
[IpoBeneHo ucciaeq0BaHUE MEXaHUYECKHUX, FEMOIUTHYECKUX M TOKCHUECKHUX CBOICTB
KarpOHOBBIX HUTEH C MOKPBITUAMU U3 HAHOYACTHILL cepedpa. OnpeenieHne MpoYHOCTH
HUTEH P pacTsHKEHHUH, B TOM YHCIIE C y3JIaMH, B CyXOM U BIa)KHOM COCTOSIHUSIX JIO U
roce Mo (HKaIMi HAHOYACTHLIAMU cepedpa, TPOBOMIN Ha aBTOMATH3HPOBAHHOM
ucneitarensHoM crenge ComTen 94C , nmpenHa3Ha4ueHHOM AJS BBICOKOTOYHOIO
OTpeaeNeHHs] MEXaHNUECKUX XapaKTePUCTUK MOTUMEPHBIX MaTepuangoB MpH
crarnyeckoM Harpyxenuu mo 'OCT 396-84. Ilpu npoBeneHnn GpUKINOHHBIX
UCTIBITAHUH PETUCTPUPOBAIIH yCHIIHE, HEOOXOAUMOE /IS IPOTSATUBAHNUS IIOBHON HUTH
110 MOKpPOIl MJIM CyXOH 3aMIIEBOH MOBEPXHOCTH 00paslia BBIJCIAHHON KOXKH Kak
NMHTATOpPy OMOTKAHH.

JInst ucciaenoBaHUs TEMOJUTUYECKUX CBOMCTB MCIOJB30BAIN METOAMUKY
OIIPEIENICHHS TEMOJIMTHYECKOTO JeHCTBHS IIOJMMEPHBIX MaTepHAIIOB in Vitro. [IpuHImI
METO/[a — OTIPE/IeIEHNE TeMOTUTUUECKOTO IeHCTBHS BBITSHKEK U3 MOAU(DUIIMPOBAHHBIX
Huteid mo 100% remonusy. [lnd onpeneneHuss TOKCHYECKUX CBOMCTB MPUMEHSIN
METOIHKY ONPEENeH s TOKCHIECKOTO ISHCTBHS BBITSHKEK U3 MAaTePUAIOB Ha MOJIOBBIX
KJIETKaX KPYITHOTO POTaToro CKOTa. [IpUHITUIT METOANKY — B BU3yaIbHOM HaOIIONEHUI
JIBUTaTebHOI aKTUBHOCTH CIIEPMAaTO30HMJ0B ObIKA, MOABEPTIIMXCS BO3JEHCTBUIO
BOJIHBIX 9KCTPAKTOB MOAH(UINPOBAHHBIX HUTEH.

MexanuuecKkue CBOMCTBA HUTEH C NOKPBITHAMHM OTHOCUTEJIBHO HMCXOJHBIX
N3MEHMIINCE. Y KalpOHOBBIX HUTEH C TIOKPBITHEM H3 HAaHOYACTHII cepedpa pa3phIBHAS
MIPOYHOCTH BBIPOCIIA, @ AKECTKOCTh CHU3UIACK. B citydae ¢ ncrons3oBaHueM pacTBopa
C MOJMBHHIIIUPOINIOHOM OTMEUCHO M3MEHEHNE (PUKIMOHHBIX CBOHWCTB. B Xome
HCCIIE0BAHNS TEMOTUTHIECKIX CBOUCTB 0KA3aI0Ch, YTO HCCIIELYeMBbIi HAMM IIOBHBII
Marepya, MoAU(GUIPOBAHHBIH HAHOYACTHIIAMH cepeOpa, He NMEET IFeMOIUTHIECKOTO
neiictBus. M3ydyenue TOKCMYECKOTO JECHCTBUS BBITSKEK M3 JIAHHOIO LIOBHOTIO
MaTrepHaa Ha MOJOBEIX KJIETKAaX KPYIMHOTO POraTtoro CKOTa II0Ka3auo, YTO BpPeMs
MO/IBUSKHOCTH CTIIEPMATO30HI0B B OMBITHBIX NMPo0Oax G0IbIIIE, YeM B KOHTPONBHBIX.

Takum 00pa3om, MBI MOXKEM KOHCTAaTUPOBATh, YTO HCCIIEAYEMbIH HaMU IOBHEIH
Marepuan o0IagaeT yI0BIeTBOPUTENIbHBIMH MEXaHUUECKUMH, TEMOTUTHIECKUMU H
TOKCHYECKUMH CBOHCTBAMH. 89
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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°C. 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.
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B Hacrosilee BpeMs HMEET MECTO XKECTKOE OIpaHUYEHHUE NOTPEOHOCTH
YeloBeKa B BOJHBIX pecypcax. MacitaOHble 00beMbl IOTPEOICHUS! BOIBI JUIS
YOBIETBOPEHUS! OBITOBBIX HYXJ, IPUMEHEHHE BOJBI B TEXHOJIOIMYECKUX
Iporieccax MPUBOIAT K HCTOLICHUIO BOIHBIX 3aI1aCOB U OCTPOH HEOOXOAUMOCTH
MIPOU3BOIUTH PEreHEPANNIO HCIOIb30BAHHBIX 00bEMOB BOABI. [l OLlEHKH
CTETEeHH 3arpsi3HEHHOCTH/YUCTOTHI BOJIBI B HACTOSINEES BPEMSI MPUMEHSETCS
napamerp, onpeneneHusld kak "uHaexkc BIIK". CymecTByromuii MmeTos
omnpenenenus BITK ocHoBaH Ha TecTax, IPOJOIHKUTEIBHOCTH KOTOPBIX COCTABIISIET
5, 10 wmm 20 cyTok. B crity 3HaUNTETHHOM TPOIOIKUTENEHOCTH POy PBI METO/T
HE SIBJIIETCS aJleKBATHBIM B COBPEMEHHBIX YCIOBUAX JKH3HH, IOCKOJBKY
IIPEACTABISET Pe3yJIbTaThl aHAIM3a CO 3HAYMTEIBHON 3a/ePKKOH (MUHUMYM 5
CYTOK OT MOMEHTa MOCTYIUIeHUsI po0skI). [To yka3aHHO# MpUYKMHE BO3HHKAIOT
HKOJIOTHYECKH OIIACHbIE CUTYallUH, MPU KOTOPBIX OCTAIOTCS HE3aMEUEHHBIMU
MOCTYIJICHUE Ha BOJOOYHMCTHBIE COOPYKEHUS aBApUITHO 3arps3HEHHBIX BOJ HIIH
Ha000POT, HEIOOYHCTKA HX B TIporiecce pereHepanun. CeroiHs BCce BOAOOUNCTHEIE
coopysxeHust PO ncronb3yroT A1l HOBCEAHEBHOTO PYTHHHOTO aHAIN3a CTOYHBIX
BOJ yriomsiHyThIi MeTox BIIK..

B nanHOM npoexTe npeziiaraetcs paspadborka npudopa, npeHa3HaueHHOTO
st akcnpecc-oneHkn umHAekca BIIK. B ocHoBy mpubopa molsiokeHa
aBTOMATHU3UPOBAHHAs MHOTOKaHalbHasi OMOCEHCOpHAs YyCTaHOBKa
aMIIepOMETPUYECKOTO TUITA, MHTEIPUPOBAHHAS C IIEPCOHAIBEHBIM KOMITBIOTEPOM.
JlaTuuKkaMu SBJISIOTCS KUCJIOPOAHBIE DJIEKTPOABI ¢ HUMMOOHMIN30BaHHBIMH
KJIETKAaMH MHKPOOPTaHU3MOB. B pa®oTe OBIIM MCIONB30BAHBI IPOXKIKEBBIC
mramMmbl Candida maltosa BKM-Y-2359, C. blankii BKM Y-2675 u
Debaryomyces hansenii BKM Y-2482. Illtammbl noxyueHsl Bo Beepoccuiickoit
KOJUIEKIIUH MHUKPOOPTaHn3MoB MHCTHTyTa OMOXMMHH W (U3HOIOTUHU
mukpooprannsmos PAH B . [Tynuso.

B xone BhimosiHEHHsST pabOTHl ONpeAesIeHbl KHHETHYECKUE IapaMeTphl
(ymenbHast CKOPOCTh pOCTa KJIETOYHOH KYJBTYpBI, IpeaeibHasi MaKCUMalIbHas
yAenbHas CKOPOCTh POCTa, KOHCTAHTA, XapaKTePHU3YIOIIasi CPOICTBO cyOcTpara K
KJIETKaM KYJIBTYPBI) POCTa KYJIBTYPbI IPOMOKEBBIX ITAMMOB. YCTaHOBJICHO, YTO Y
npoxokei D. hansenii CpOJCTBO K POCTOBBIM CYOCTparaM BbIIIIE, YEM Y OCTAJIbHBIX
TIPOYKIKEH.

C HCI01p30BaHUEM MOJICIIBHON CUCTEMBI Ha OCHOBE IJIIOKO30-IVTy TaMaTHOM
CMeCH OINpe/esieHbl aHAIUTHYECKUE U METPOJIOTHYECKHE XapaKTePUCTUKHU
OroceHcopa Ha OCHOBE HCIIONB3YEMBbIX IPOKKEBBIX IITAMMOB. [10 GONIBIIMHCTBY
napaMeTpoB (OIepaloHHas U J0JTOBPEMEHHAs CTaOMIBHOCTH, CyOCTpaTHas
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cnenuPUYHOCTh, MMHUPOKUH paboumii JAMana3o0H KOHIEHTpPAaIUM,
qyBCTBUTEIBHOCT) HAWIyUYIINE 3HAUCHUS MOKa3al OMOCEHCOp Ha OCHOBE
npoxokeit D. hansenii.

W3ydeHo BausHHE HeraTHBHBIX (akTopoB (pH, moHas cuia, coennHeHUs
TSDKETBIX METAJUIOB) Ha OKHCIUTENBHYI0 aKTHBHOCThH MMMOOMIN30BaHHBIX
JIpOOKEH B OMOpacIo3HaoeM 31eMeHTe OnoceHcopa. BeIsBiieHO, 4TO TpOXOKU
C. maltosa He MEHSIOT aKTUBHOCTH B fiuana3oHe pH (6-7), ay npoxoxeit D. hansenii
u C. blankii HaGnromaeTcst SKCTpEeMaNbHBIH XapakTep 3aBUCUMOCTH B oOnact pH 7.
VBennueHne MOHHOM CHIIBI PacTBOpa NMPAKTHUECKH HE M3MEHSET aKTUBHOCTHU
npoxokeit D. hansenii w C. blankii, HO ”HTUOUPYET IBIXATEIbHYIO aKTUBHOCTh
C. maltosa. Tlokazano, 4to npucyTcTBue B cpeae nonos Ni**u Cr,0.* B nanazone
koHteHTparuii 0-6x104 Moms/IM> He OKa3bIBAET CYNMIECTBEHHOTO BIMSHUS Ha
okHcIuTeNnbHYy0 cnocoOHocts Ha C. maltosa w D. hansenii, a C. blankii
MO/IBEPraeTcsi HeraTUBHOMY BO3/ICHCTBHIO COSANHEHHH TSHKENBIX METAIIOB.

[IpoBeneno cpaBaurensHoe onpeaeneHue BIIK cTOYHBIX BOI OYMCTHBIX
COOPYKEHUU CTaHAapTHBIM METOJOM M C MPUMEHEHHEM pa3padoTaHHBIX
OroceHcopoB. BriepBble MOKa3aHO, YTO HCIIOJIB30BAHUE JAPONOKEBBIX KIETOK
D. hansenii kak 0CHOBBI PELIEITOPHOT'O YJIEMEHTa OMOCEHCopa JUIs ONIPEIeIICHUS
BIIK cTOKOB OYHCTHBIX COOpPYKEHHH MO3BOJSET MONydaTh JAHHBIE C BHICOKOM
KOppessueil K CTaHAapTHOMY METOJY, ITPU 3TOM OIIHOKa coCTaBHIa He Ooree
7% (cTannmapTHeIid MeTon — He Oomnee 13%).

Bpewms aHanm3a ¢ HCIOIb30BaHUEM JaHHOTO 000PYIOBaHMS HE IIPEBBIIACT
10 mMuH. Hns U3MEepeHUs HE TpedyeTcs MPUBICYCHHUS
BBICOKOCITCI[HATHU3UPOBAHHOTO MepcoHana. CieayeT OTMETUTh TaKKe
BO3MOXXHOCTbH ITOBBINICHHSI YPOBHS aBTOMAaTH3allUH MPOU3BOACTBA IMPHU
WCIIONIb30BAHNY TaHHOH ammaparypsl. [[puMeHerrne HOBOI METOAMKH HE TOIBKO
HE MPHUBEJIET K CHIKEHHUIO, HO U MTOBBICUT TaKHE MapaMeTPhl aHaIM3a KaK TOYHOCTh
1 9yBCTBHUTEIBHOCTb.

AHaJIN3aTOPBI HOBOTO IIOKOJICHUS MOTYT OBITh HCIIOIB30BAHBI ISl OCHAILICHHS
MPOMBIIUICHHBIX MPEANPUITHA U CHCTEM BOIOOYUCTKU PD, 1S MCTIONB30BAHNUS
CTaHIMSAMHU CaAaHUTAPHO-IMUAEMHUOJIOTHYSCKOTO KOHTPOJIsI, cinyxbamu MYC,
MunlIprponst, 5K0TOTHIECKIMH CTPYKTypaMH.
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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 demand." 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 Ni*"
and Cr,0_* ions in medium in range of concentration 0-6x10~* 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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Kamvinuna A.B., Meosunckan H.U.*, Anexcanoposa U.I0.*,
ILlanzynoe B.C., Bonkosa T./1., Kopoes /1.0., Camoxun A.H.*,
Hecmepoea U.B.*, Illlenyxuna U.B., Kpokxosa E.B., Ilemnun B.H.,
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OpHUMH 13 MPU3HAKOB pazBuTHs Oone3nu Aunbnreiimepa (BA) sBistorcs
dbopMupoBaHWEe AMHIOUIHBIX OJISIICK, @ TAKXKE CHHM)KEHHE KOJIHUYICCTBA
aleTWIXONMHOBBIX penentopoB (AXP) anpda7-tuna B Mo3ry nauueHtoB. [lo
OJIHOI1 U3 rurnore3 pa3BuTHi bA naTtoreHHsIi nenTu 6eTa-aMUIOU T CBSI3bIBACTCS
¢ anbda7-tunnom AXP Ha MOBEPXHOCTH HEHPOHOB Mo3ra. Takoil KOMIUIEKC
IIPOHMKACT BHY TP HEHPOHOB, MPUBO/IS K JIM3UCY KJICTKU M (GOPMUPOBAHUIO HA €€
MecTe aMUIOouJHON Onsimiku. CoBpeMeHHas Tepanus BA HOCUT nHIIb
CUMITOMATHYECKUI XapakTep. B MequimHe moka OoTCyTCTBYET mpemapar,
CIOCOOHBIN MOJHOCTHIO M3JIeYnBaTh BA. B CBsI3H ¢ TUM upe3BbIYaliHO aKTyaslbHa
pa3paboTKa HOBBIX MO/IXO/IOB K TEPAIMU 3TOTO TSHKENIOro 3a00JIeBaHuUsI.

MBI npeaIoKIIM TPUHIUIIMAIBHO HOBBIM MOAXOJ s JiedeHus BA,
OCHOBaHHBIH Ha BEIPAOOTKE aHTUTE!, HAITPABICHHBIX K alib(a7-cyoneauuuie AXP,
KOTOPBIE, CBS3BIBASICH C PELIEITOPOM, TIPEIISTCTBOBAIN OBl €r0 B3aHMOACHCTBHIO
¢ OeTa-aMUJIOUJIOM U TaKMM 00pa3oM MpeaoXpaHsuiM HeHpoH oT rubenu. B
KauecTBE JKUBOTHOM Mozenu BA Ovlan mcmons30BaHbl MbIH auHAH NMRI,
KOTOPBIM IPOBOAMIIN ONEPALMIO OYIB0IKTOMHH, WIH YAAJIEHHS OOOHATEIEHBIX
nyxoBull. ITocae Takoil onepauuu Oynb03kroMupoBaHHble (BD) skxuBoTHBEIE
pa3BuBaIOT Ipu3HaKu BA, XxapakTepHble 11 4eJI0BeUECKOi ()OPMBL, 2 IMEHHO, Y
TaKUX MBIIIEH HaOMIOAAeTCs YXYIILCHHE TPOCTPAHCTBEHHOM TaMsTH B BOIHOM
nabupunte Moppuca, yBeianueHHe ypoBHs OeTa-amuiionsa U GopMHUpOBaHHE
AMMJIOM/THBIX OJISIILIEK B MO3TY, @ TAKKE TUITO(YHKIMS XOJIUHIPTUYECKOH CHCTEMBI.
Jns uHayKIuu cnenudruueckux K anbpa7-cyObeAMHUIIC aHTUTEN OBLIH
HCIIONB30BaHbI YETHIPE HEKOHBIOTUPOBAHHBIX (hparMenTa anbha7-cyObe IMHUIIBL.
B kauectBe koHTpOJst ObLT B3AT GparmenT 171-199 Genka OMP1 u3 Neisseria
meningitides. IMMyHOT€HHBIMH Ha JaHHOH JIMHUU MbIIIEH OKa3aJIMCh TOIBKO J1Ba
(bparmenTa anb(a7-cyobeqMHUIIBI ToceoBarenbHOCTH 1-23 1 173-193, a Takke
KoHTpoJbHBIHN rrentuy 171-199. Ciocobnocts Gparmenta 173-193 crumynupoBarh
HMMYHHBIA OTBeT Oblna BbIlIe, yeM ¢parmenta 1-23. MccinenoBaHue
TEpPareBTUYSCKOTO ACHCTBHS MMMYHH3ALIH HMMYHOAKTHBHBIMU IenTraamMu b
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MBIIICH [TOKA3aJI0, YTO BOCCTAHOBJICHHUE TAMSATH HAaOMIOAAI0Ch TOIBKO Y MBIIICH,
HMMYHH3HPOBaHHBIX (parmMeHToM 173-193. UMmmyHn3anust nentugom 173-193
CHIXKAJIa ypoBeHb OeTa-amuiiouza B Mo3ry bD wmbimeid 1o 11 HI/r TkaHu no
CpPaBHEHHIO C HSUMMYHH3HUPOBAHHBIMH b1 JKHBOTHBIMH, Y KOTOPBIX yPOBEHB OeTa-
aMHJIONIa B MO3Ty cocTapisieT 38 Hr/T. bbuio nokasano, yto bD Mbiielt HMer0T
TIOHIDKEHHBIH ypoBeHb anbda7-Tuna AXP B kope mo3ra (9.8+1,0 ¢pmons/Mr Genka)
[0 CpaBHEHHUIO CO 310poBbIMH MblmaMu (14.7+1.9 ¢mons/Mr Oenka).
Nmmynnsanus pparmentom 173-193 npuBopuniia K BOCCTaHOBICHUIO ypoBHSI AXP
1o HopMbl (15.1+1.5 ¢mons/mMr Genka). [Tentun 173-193 ctumynuposan
BBIPAa0OTKY aHTHUTEN], KOTOphle y bBD Mbllmeld npoHUKanu yepes
remarosHIedammueckuii 6apbep. [TaccuBHass UMMYHH3aLUS CBIBOPOTKOW KPOBH
MBIIIeH, IMMYHH3UPOBAaHHBIX menTuaoM 173-193, comeprkamieit antutena K
JTaHHOMY (pparMeHTy, NpeoTBpaliaa CHIKeHHe 00ydaemMoctu b Mbeit. Takum
00pa3omM, MOKa3aHO, YTO UMEHHO aHTHTeNa K anbpa7-cyObenunune AXP
OKa3bIBAIOT TEpaneBTUUECKOE JeHCTBHE HA COCTOSHME NMaMITH MbILICH C
JKCIEepUMEHTalbHO HHAYHUpoBaHHOW (Qopmoil BA. IlonydyeHnHbie HaMu
Ppe3yNbTaThl IEMOHCTPUPYIOT NPUHINIHAIBHYI0 BO3MOXKHOCT MCIIOJIb30BAHUS
¢dparmenta 173-193 nnst npodunakTuky u eucHus bA.
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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. 97



KOJIOHU3AILIUS PACTEHUA TOMATA ACCOLIMATUBHBIMU
MHUKPOOPIAHN3MAMHU

Kapnoesa JI.C., Yenypnosa M.A., 3axapuenxo H.C.*, My3zagapos E.H.,
bypvanoe A.U.*

Tynbckuii rocynapcTBEHHBIN YHUBEPCUTET, Tyna

*@unuan MHcTUTyTa GHOOPraHMYEeCKOH XUMHUHU UM. aKaJIeMHKOB
M.M. lllemskuna u FO.A. OunnnukoBa PAH, [Tymmno

E-mail: chepurnovama@rambler.ru

Vcnonb30BaHle XUMHYSCKUX CPEJCTB 3aIUTHl PACTEHHH OT OOJe3HEei
HaHOCHT 3HAYUTEIbHBIA yIIepO OKpYKaloIlel cpelie M 3J0POBbIO JOACH.
AJBTEPHATHBHBIM, SKOJIOTHYECKU 0€30MaCHBIM MHUKPOOUOIIOTHIECKUM METOJIOM
3alUThl KYJIbTYPHBIX PACTCHUH OT (PUTOMATOTCHOB SBJISIETCS KOJOHU3ALHUS
pacTeHHH MOJE3HBIMH MUKpoopranusmMaMu. OTIenbHbEIE MPEACTABUTENIHN
MUKPOOHBIX arpoOMONEH030B, CYLIECTBYIOIIHE B TECHOW B3aMMOCBS3H C
pacTeHUSIMH, CTUMYIHPYIOT UX POCT U Pa3BUTHE, & TAKXKe MOBBIMIAIOT
YCTOHYUBOCTh PACTCHHUN K Pa3IMYHBIM OMOTHYECKHM U aO0MOTHYECKHM
CTPeCcCOBBIM (haKTOpaM BHELIHEH Cpe/ibl 3a CUET CHHTE3a Pa3IHYHBIX META00IHTOB.
B HacTosIiee BpeMst pu300aKTepru, CII0COOCTBYIOIIIE POCTY PACTEHUIA, IPUHSTO
o6o3nauate kak PGPR (Plant Growth-Promoting Rhizobacteria).
[MToTeHMaNBEHBIME OOBEKTaMH arpoOMOTEXHOIOTHH SIBISIOTCS OAaKTEpHH poja
Pseudomonas, nomuHupylomue B puzocdepe pacTeHUl U BBI3BIBAIOIINE
BBIIIENepeUHCIeHHbIe d(D(DEKTh. ACCOIMAIMSI PACTEHUE-MUKPOOPTaHU3M
SIBJISIETCS. B3aMMOBBITOJIHON CBS3BIO, T.K. C OJHOW CTOPOHBI, MHKPOOPTaHU3MBI
CHHTE3UPYIOT HEOOXOAMMBIC ISl PACTCHHUS COCAUHCHUS (PUTOTOPMOHBI,
AQHTHOMOTHKH) ¥ CIIOCOOCTBYIOT MOOMITH3AIIMH ITUTATETbHBIX AIEMEHTOB U3 MTOYBBI
(bocdopa, xenesa, azora), a ¢ APYyroid CTOPOHBI, paCTEHUS CHAOXKAIOT
MHUKPOOPTaHU3MbI HICTOUHHKAaMH a30Ta, SHEPTUH U IPYyTHMH BEIIECTBAMH.

enbro Hamei paboThl ObUIO HccHeaOBaHUE 3P deKTa KOJOHU3AIUN
pactenuii Tomara copra "Kocmoc" Oakrepusimu Pseudomonas aureofaciens
BS1393 (ux BamsiHHE HA POCT W pa3BUTHE PACTEHUH, HA aJaNTAII0 B CHCTEME
in vivo ¥ 3allUTHBIC CBOICTBA PACTCHUH OT (PUTOMATOTCHOB).

KonoHM3a1KI0 CTePUIBHBIX PACTEHUH TOMAaTa, BBIPALICHHBIX in Vitro,
MPOBOJIUIIH OJTHOKPATHBIM OTPBICKUBAHUEM CyCIIeH3UeH OakTepuii P. aureofaciens
BS1393 ¢ turpom kimerok 103-10°. TectupoBanue pacTeHH Ha yCTAHOBJICHHE
acCOIMATHUBHON CBA3M ¢ OaKkTepHsSIMH IMOKa3allo, 4YTO COJEpIKaHHE
MHUKPOOPTaHU3MOB BO BCEX MOCIEAYIONIMX MacCakaX MUKPOPA3MHOKECHUS B
PACTUTENBHBIX IKCIUIAHTAX CTAaOMIBHO COXpaHsuoch. [Ipn 3TOM KonmmdecTBO
Oakrepuii P. aureofaciens B NHCTBAX B MEPBOM NACCAKE MUKPOPA3MHOKEHHUS
cocTaBisIo 1-3 THIC. KOMOHUEOOPA3yIOIUX eNUHUIl Ha 1 cM?, a B KOpHSIX —
10-20 Thic./cM?%, 9TO YKa3bIBAET HA PHU30CHEPHYIO CICHUPUIHOCTD [ITAMMA.

N3BectHO, 4To mTamM P. aureofaciens BS1393 cuntesupyer
(eHa3MHKApOOHOBYIO KUCIIOTY, 00JIaAalONIyI0 aHTHOMOTHYECKUMH CBOMCTBAMHU
U TONABISIIONIYI0 POCT GUTOMATOreHHOW MHUKpOQIOphI. s MpOBEpKU
YCTOHYMBOCTH KOJIOHM3MPOBAHHBIX PACTCHUH K (PMTOIATOTeHAM HCIIOIb30BAIH
Oakrepuu Buna Erwinia carotovora B15 u muxpomuiersl Buaa Sclerotinia
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sclerotiorum. MHUKPOOPTaHU3MBI HCIIONB30BATN KaK A MHOUIHPOBAHUS
OTZENBHBIX JINCTHEB, TAK U HEJbIX PacTeHUH. JINCThs MHKyOMPOBAIM B JaIlIKax
[lerpu Ha BiaxxHOU (HHUIBTPOBANILHOM Oymare ripu Temneparype 22-24°C. CreneHb
TOBPEXICHHS PACTUTENBHBIX TKaHEeH oleHuBaiu udepe3 1-14 cyTok mocie
3apaxkenus E. carotovora n uepes 1-30 cytok — S. sclerotiorum. B 000ux BapuanTax
OITBITA YK€ B IEPBBIC THU IKCIICPHUMEHTA Ha HEKOJIOHM3UPOBAHHBIX JIUCThSIX OBLITH
3aMETHBI CUMIITOMBI MOpaXKeHUs GuTonaroreHamu (paspyiueHne Me3opuia
JIUCTa, AajibHeilllee 3arHUBaHME TKaHEW Npu 3apaxeHuu E. carotovora n
00pa30BaHNE TEMHBIX HEKPOTHUECKUX TISATCH MPU 3apakeHuu S. sclerotiorum).
KonoHn3npoBaHHbBIE JINCTBS OCTABAIUCH O€3 IPU3HAKOB OBPEXK/ICHHS B TEYCHUE
BCETO OMbITAa. AHAJIOTWYHAS CHTyals HaOMIONANach MPH 3apakeHNH IEJbIX
pactennii. KomonnsupoBaHHbBIE pacTeHHUS MPOSBISIIN YCTOHYINBOCTD K TATOTEHAM
B TEYCHHUE BCEr0 BPEMEHHU IKCIIEPUMEHTa, B TO BpPEeMs KaK KOHTPOJIbHBIE —
MIOJTHOCTBIO CTHUJIH.

ITpn mepecanke KONMOHU3MPOBAHHBIX PACTEHUH U3 KyJIBTYPHI in Vitro B
3aKPBITBI TPYHT TETUIHIBI HAMH OBUTH OTMEYEHBI UX OBICTpast IPHIKUBAEMOCTD B
kopHeBoii 30H€ (100 % ykopeHeHue, KOHTPOoIIb — 64%), aKTUBHBIN POCT U pa3BUTHE
pacteHuit (BbicoTa pacTteHHid B 1,5 pa3a BbIllIe KOHTPOIBHBIX), OoJice paHHEE
o0Opa3oBaHue 3aBsizeil (Ha 4 CYTOK 1O CPaBHEHHUIO C KOHTPOJIEM) U CO3PEBAHUC
TUTOJIOB, BBICOKAs YPOXKAMHOCTD, @ TAKKE JIyUIlas YCTOMYUBOCTD K MOPAKEHUIO
MOYBCHHBIMH (PUTOTIATOTCHAMH.

KonmoHm3amnust pacTeHHH TOMAaToOB MOJE3HBIMH MHUKPOOPTaHH3MaMH B
YCIIOBUSIX OTCYTCTBHSI KOHKYPEHIIMH ITOCIIETHUX C HeXKeTIaTeIbHOM MUKpodiopoit
MMO3BOJIMJIA TOJYYUTh JIOCTATOYHO MPONYKTUBHYIO acCOLMAIMIO pacTeHHe-
MHKPOOPTAHHU3M I UX KyJIbTUBHUPOBAHHS B IPUPOIHBIX YCIOBHSIX.
Vcrionp30BaHUE TaKUX acCOLMALMH SBISCTCS HMEPCIEKTHBHBIM KOIOTHYECKH
0e30MacHBIM METOJIOM BBIPALIMBAHUS KYJIbTYPHBIX PACTEHHI, B TOM YHCIE
YCTOHYMBBIX K (PUTOMATOreHaM.
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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 10°-10°. 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 1% passage of
microgeneration was equal to 1000-3000 of colony forming unit for 1 cm? and
10000-20000 of colony forming unit for 1 cm? 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 B15
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
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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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UCCJEJOBAHUE MEXXPOMOCOMHBIX B3AMMOJIEMCTBUI
MPA TPAHC-AEVCTBYIOIIEM D®®EKTE MOJIOXEHUA VY
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DKcnpeccHst TeHOB KOHTPOJIHMPYETCSl HA MHOTMX YPOBHSIX peallu3aluu
reHeTH4YecKoi nHdopmanny, 1 Bce OONbIIe JaHHBIX CBUAETEIBCTBYIOT O TOM, UTO
apXUTEKTypa siipa U CTPYKTypa I€HOMa, B LIE€JIOM, OKa3bIBAalOT 3HAYUTEIbHOE
BIIMSIHUE Ha 3TOT mpouecc. Drosophila melanogaster npencrasisier co0oi
YIOOHBIH MOJEIBHBII OOBEKT JUIs UCCIIEIOBAHUS TIOOOHBIX siBiIeHU. OTHUM U3
HanOoJee N3yIeHHBIX IPUMEPOB HHAKTUBALIMH I'€Ha B PE3YJIbTaTe B3aNMOICHCTBHS
yAAJIeHHBIX o0JacTeil reHoMa SIBISIETCSI MyTanus brown"" D. melanogaster,
KOTOpas BbI3BaHAa MHCEpLHEH OJ0Ka rerepoxpoMaTHHa B KOJHUPYIOIIYIO
MIOCJIEI0BATEIFHOCTE T€Ha brown Ha IUCTAJLHOM KOHIIE BTOPOH XPOMOCOMBI.
B rereposurorax bwP/bw* naHHBIN GIOK TeTepOXpOMAaTHHA TMPUBOIHUT K
MIEPEMEIICHHUIO aJlJIelisl AUKOTO THIa reHa brown (bw*) B reTepoXpOoMaTHHOBBII
KOMIIAPTMEHT $/Ipa ¥ BBIKJIIOUCHHUIO TeHA.

Jlpyroii mogo0HbIl MpUMEp TpaHC-B3aUMOJICHCTBYSI yIaJeHHBIX 00IacTei
reHoma ObUI HEJJaBHO OOHapy’KeH B Halleil JabopaTopuu: XpOMOCOMHAs
nepecTpoiika A4 BbI3BIBAET TPAaHC-UHAKTHBALUIO PENOPTEPHBIX KOHCTPYKLUIA,
PacCIONIOKCHHBIX Ha HOPMaJlbHOM XpoMocome, B JIHHUSAX D. melanogaster,
TeTEPO3UTOTHBRIX MO mepecTpoiike. [laHHas XpoMocOMHas MepecTpoiika
npeacTaBisieT co0oi HHBEpCcHIO (hparMeHTa JICBOTO I1JIe4a BTOPO XpPOMOCOMBI, B
pe3yipTare KOTOPOH y4acTOK dyXpoMaTHHA pa3MepoM B MMJUIMOH Map
HYKJICOTHJIOB OKa3bIBAETCSl OKPYKEHHBIM OlOKaMH rerepoxpomarusa. Llems
HacTosimieil paboThl 3aKJI0YAeTCs B MCCIEJIOBAHUM MOJIEKYJISPHBIX OCHOB
HaOmonaemMoro 3¢ exra TpaHC-MHAKTHBALMH.

C nmomombio (GIayopecieHTHOH in sifu THOPUAN3ALNY Ha MOITUTEHHBIX
XpOMOCOMax M3 CIIOHHBIX Jejie3 JUHUM D. melanogaster, TOMO3UTOTHON MO
unsepcu, 1 Metoza [P 6bu10 onpeiesieHo MonokeHne YyXpoMaTHueCKON TOUKH
paspeiBa (TP) naBepcuu Ha koHIle TeHa Mcm (). C IOMOIIBIO PECTPUKIIMOHHOTO
aHanu3a U rudpuamzanuu o CaysepHy obnacth Obuta cyxeHa 10 200 map
HYKJICOTHJIOB. B HacTosiee BpeMs ¢ Ucnonb3oBaHueM Mmerona ooparnoii I[P
BeJeTcsl paboTa Mo ONpPEEeNICHUIO MOCIIE0BATeIbHOCTEeH reTepoXpoMaTnHa,
MpueKaAMUX K dyxpoMmarndecko TP, mis mydmmero moHUMaHHS PUPOBI
HaOmonaemMoro 3((hexra TpaHC-MHAKTHBALMH.

KaprtupoBarpe syxpomaruueckyro TP Obulo BaKHO W IS TOTO, YTOOBI
npaBwIbHO BBIOpaTh monoxenue JJHK-mpoObl st u3ydeHus H3MEHCHUN B
IIPOCTPAHCTBEHHOM PACIIOJIOKEHUH MEPECTPOCHHOTO (hparMeHTa XpOMOCOMBI B
SJIpe: y4acTOK MOCAJKH 30H/1a JIOJDKEH 00s13aTenbHo pacronararses 10 TP u B To
JKe BpeMsl JOCTaTOYHO OJM3KO K HEH, 4TO MO3BOJIUT JETEKTHPOBATh MajehIine
HU3MEHEHUs B apxuTeKType aapa. [loxxox st onpeaeneHus IpoCTPaHCTBEHHOTO
pacIojoXKeHHUsT HHBEPTUPOBAHHOIO ()parMeHTa XpOMOCOMBI BHYTPH slpa
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3aKJI0YAJICS B THOPHIN3AIMN HMarnHAIBHBIX TUCKOB D. melanogaster ¢ nByMs
mpoOaMy K TpaHULaM MHBEPCHHU, CKAaHUPOBAHUS MO 00BbEMY sIIep ¢ MOMOIIBIO
KOH(OKaIbHOH MHKPOCKONMM U 00paboTKe JaHHBIX NPU IMTOMOIIHU
CNEeUATU3UPOBAHHOIO MPOrPAMMHOI0 00€CIeUYeHHs, TO3BOISIOIETO
BOCCTAHABIMBATh TPEXMEPHOE M300pakeHHe M MPOMU3BOAHUTH U3MEpEeHHUe
a0COJIIOTHBIX PACCTOSTHUI MEXJy ydacTKaMu rudpuausanuu 30H710B. [Ipu
CKaHMPOBAaHWHU T'OTOBBIX IIPENAapaToB C MOMOIIBI0 KOH(OKAIBHOTO MUKPOCKOIA
OBLT KICIOJIL30BaH HECTAHIAPTHBINA METO ""CIIEKTPAIbHOTO Pa3/Ie/ICHHUsI CHTHAIIOB",
TaK Kak OOBIYHBINA "MHOTOKAHAJBHBINH" PEKUM HE MO3BOJISUT TOOUTHCS MOJHOTO
paszieNnieHust CIIEKTPOB SMUCCUH (IIyOPOXPOMOB.

B pesynbrare yranoch 0OHapyKHUTh, YTO B sAPAX IMarMHAIBHBIX AUCKOB H3
JIMHUH, TOMO3MIOTHON II0 MHBEPCHUH, HAOIIOAACTCS YMEHBUICHHE PACCTOSHUS
MEXJly CHUTHAJaMHU 10 CPAaBHEHHUIO C KOHTposeM (JIMHHS 0e3 MHBEPCHH).
[TonydeHHBIE NaHHBIE TOBOPAT O NEpPEMEIICHUH palloOHAa MHBEPCHUH B
reTepOXPOMATHHOBBIN KOMIIAPTMEHT SApa.

B mHacrtosmee BpeMs HNpoOBOAUTCA paboTa Mo THOpPUAMZALUU H
HMMYHOOKpAIIMBaHUIO UMaruHaJIbHBIX JUCKOB JUHHUH D. melanogaster,
reTepO3UrOTHRIX MO MHBEpcUH. Kpome TOro, IraHupyeTcsi OJHOBPEMEHHO
nposectu JJHK- u PHK-rubpunusanuiwo, 41006l MCCICIOBATh BIUSIHUC
IepeMeIleHUs] B T€TePOXPOMATUHOBBIH KOMIAPTMEHT spa Ha 3KCIPECCHIO
penoprepubix renoB. Konmnyectso PHK Oyner Takke o1eHHBATHCS C TTOMOILBIO
oOparHoit Tpanckpunuuu u [P B peaqbHOM BpeMeHH.

TeopeTnuecku mnepeMelieHUEe HHBEPTHUPOBAHHOTO (parMeHTa B
reTepOXpPOMaTHHOBBIN KOMITAPTMEHT s/Ipa IOJPKHO CONPOBOXKIATHCS MOSBICHUEM
B COCTaBE XpOMAaTHHA COOTBETCTBYIOIIUX OCIKOB, Hampumep, oenka HP1, u
XapaKTePHBIX MOAM(PHKAIMI TMCTOHOB, TAKMX KaK THCTOH H3, IMMeTHIMPOBaHHBII
no nusuHy 9 (H3K9me?2). Ananu3 OeiakoBOro cocraBa paiioHa MHBEPCHHU
MIPOBOJMIIN C MOMOIIBI0 HMMYHOIIPEIUIUTAINN XpoMaTnHa. MccnenoBanu
pacrpenenenue 6enka HP1 u rucrona H3, nuMeTHiimpoBaHHOTO JIMOO 110 JIM3UHY
9 (H3K9me2), mu6o o nusuny 4 (H3K4me?2), Ha HOpMaIbHOM 1 IEpeCTPOSHHOM
xpomocomax. Monudukanus H3K9me2 u 6enok HP1 xapakrepHbsl ans
reTepoxpomMarita, Torga kak mogudpukanus H3K4me2 — ans "akruBHoro"
xpomatnHa. COrIacHO MOJMyYEeHHBIM JaHHBIM, 3HAYMMBbIC H3MECHEHUS B CTOPOHY
oboramieHus HabmogaTes Tojbko mis O6enka HP1, B To Bpems xak st
paccmarpuBaeMbiX MoguduKaluii ructoHa H3 cyliecTBeHHBIX pa3iuyuii HE
BBISIBIICHO.

[TokazaHHOE HamMy NIepeMellieHHUE paiiloHa MHBEPCUH B FeTEPOXPOMATHHOBBIH
KOMIIAPTMEHT siApa B ciy4ae JMHUU D. melanogaster, reTepO3ZUTrOTHBIX MO
MHBEPCHH, MOKET PEalN30BLIBATHCS TOJIBKO B pe3yibrare 00pa3oBaHUS
XPOMOCOMHOI NETJH; CIEACTBUEM 3TOr0, IO-BUAUMOMY, U SBISETCS TpPaHC-
WHAKTUBALIMS TEHOB PEIIOPTEPOB.
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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 brown”""" 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 bw”/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 Mcm 10 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 unaftected 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 %Lél‘orophore emission spectra.

1

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 (H3K9me?2) or lysine
4 (H3K4me2), on the rearranged and normal chromosomes. H3K9me?2 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.
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BHYTpUMOIEKYISIpPHBIE CBS3U BBIMOIHIIOT BaKHble (QYHKIHH I10
MO/ PKAHHUIO HAaTUBHON KOH(OpPMaIny OeIIKOB KJIEHKOBHHBI, OTHAKO MEXaHH3M
UX ydactus B (GOPMHPOBAHUH M M3MCHEHUHU €€ PEOIOTHYECKHX CBOICTB B
pe3ylbTaTe BIaro-TerjaoBoi 00pabOTKM 3epHa MIICHUIb! Y30eKucTaHa U3y4eH
HenocTaTtoyHo. Cpeny BHYTPUMOJIEKYISIPHBIX CBS3CH B KJICHKOBHHE INIICHHIIBI
HanboJIee N3yueHbI KOBAJICHTHBIC AUCYIIb(UIHBIC CBSI3U, 00pa3yIOIIMECs 3a CUET
OCTaTKOB IIMCTEHHA M UTPAIONIHE BAKHYIO POJIb B ONPEICICHHH CTPYKTYPhI U
(YHKIMOHATIBHBIX CBOWCTB KJICHKOBHHBI. JIaHHBIE CBSI3U SIBISIOTCS OCHOBHOM
MHUIICHBIO OONBIIMHCTBA OKHCIHTEIbHO-BOCCTAHOBHUTEIBHBIX PEaKIIHii,
MPOTEKAIOIINX BO BPEMsI CO3PEBAHUSI 3epHA, XPAHESHUSI, IOMOJIA, TIPUTOTOBIICHNUS
TECTa U BBINEYKU. B TO jke BpeMsi, KOBaJICHTHAsI CTPYKTYpa KICHKOBUHHON CETH
MOAJIEP)KUBACTCS 32 CYET HEKOBAJCHTHBIX CBSI3EH: BOJOPOAHBIX, HOHHBIX H
rupodoOHBIX. DTOT KIaCC XMMHUYECKHX CBsI3¢i 00JamaeT ropasio MEHbIIeH
SHEprueil, 4eM KOBaJIEHTHbIC CBSI3U, HO OYEHb Ba)KEH B 00ECIIEUEHHUHN arperauum
0€JIKOB KJIEHKOBHHBI M CTAOMIIN3ALUK CTPYKTYPBI TECTa.

[enbro Hateit paboThl OBLIO MMOKA3aTh BIMSHHUE PA3IMYHON TEMIIEPATyphI
IpoLecca NpH BIaro-TeruioBoi 00paboTKe 3epHa MIIEHUIb! Ha OSJIKU KIICHKOBUHBI
BO B3aMMOCBS3U €€ PEOJIOTHYECKHX CBOUCTB, COJEpP)KaHUS CBOOOIHBIX
CyNbGTUIPUITBEHBIX TPYIII, TUCYTb(OUIHBIX, THIPOPOOHBIX U BOIOPOTHBIX CBS3CH.

UccnenoBanne mpoBoaman Ha miieHuie copra Kpormika, BeIpameHHoi B
IPUPOJHO-KIMMATUYECKUX yCIOBUAX Y30ekucrana, ypoxas 2006 u 2008 rr.
Bnaro-remioByto 00paboTKy MpOBOIUIN B MHTEepBaje Temmepatyp ot 40 no 80°C.
OTME4YEeHO, 4TO yBEIMYCHUE TeMIIepaTypbl 00pabOTKH MIICHUIBI CIIOCOOCTBYET
VKpEIJICHUI0 KICHKOBHHBI M CHHJKEHHIO €€ THIApaTalHOHHON
(BomomornotutensHON) criocooHocTu. [Tokazanus npudopa NJIK-1 n3mensmch
or 110 ex. (IIT rpynmna kadectBa) B ucxoaHo kieikosune a0 90 en. (II rpynmna
KauecTBa) ripu temneparype 70°C.

Meronamu 0o0pameHHO-(Ga30BOH M IKCKIIO3MOHHON Xpomarorpaduu
YCTaHOBJIEHO, YTO ITPOBEACHHE MPOIIECCa BIAr0-TEIIOBOH 00paOOTKH BEI3BIBAET
YMEHBIIEHNE SKCTPAKTHBHOCTH U M3MEHEHHE COOTHOIIECHHS BBICOKO- H
HU3KOMOJIEKYISPHBIX OEIKOBBIX KOMIOHEHTOB. IIpH 3TOM MOBBILICHUE
Temreparypbl 00padoTku Beiie 60°C Bo BCex Cilydasix, 3a UCKIIIOUeHHEM (paKiun
[JIIOTEHHHOB, TPUBOAMIO K YMEHBIICHHUIO COJIEPIKAHUS BHICOKOMOJIEKYIISIPHBIX
KOMIIOHEHTOB C OJTHOBPEMEHHbBIM YBEITMICHAEM KOJINYECTBA HU3KOMOJIECKYIISIPHBIX.
I'mrorennnoBas ¢paxuus Obuia Oosee MOJBEPKEHA BO3/ICHCTBUIO BBICOKUX
Temreparyp u obnaaasna OoJbIei CITOCOOHOCTBIO K arperalf, MpOUCXOASIICH,
B OCHOBHOM, 3a CUET KOMIIOHEHTa C MOJeKyIsipHOH maccoit 113,42 x/la.

106

[TomyyenHble JaHHBIE XOPOLIO COINIACYIOTCS ¢ Pe3yAbTaTaMy 110 UCCIIEA0BAHHIO
MHKPOCTPYKTYPBI OSITKOBBIX (pakuuii KISHKOBHHBI IPH MPOBEICHUH IIpoLiecca
BJIaro-TEIUI0BOi 00paboTKu.

[Tpu momoIM CKaHUPYIOIIEH 3JEKTPOHHON MUKPOCKOITHH OBLIIO OTMEYEHO
HCUE3HOBEHHE MEMOPaHOTIOI00HOH OEITKOBOM CETH MCXOTHOM KIICHKOBHHBI U €€
YIUIOTHEHHE ¢ 00pa30BaHUEM POBHOII IU1aTONON00HOM oBepxHOCTH 11pH 60°C ¢
MOCJIEAYIOMIUM pa3pylIeHHEeM U 00pa3oBaHUEM OEIKOBOW CETH C KPYIHBIMH
siYeKaMK ¢ MHOTOYHCIICHHBIMU pa3pbiBamu cTeHOK ripu 80°C. Takske HaOmonanu
M3MEHEHWUSI, IPOUCXOASIINE C IIMAJMHOBOM M IIIOTCHUHOBOW (pakuusmu. [1pu
3TOM Oosblire chepruuecKue YacTulbl naauHa B popme okTasnpos npu 60°C
CTAaHOBWJIMCH MEJIKMMH YaCTHIIAMH HenpaBMIbHOH Gopmel ipu 80°C, a poBHast
maronono0Has cTpykrypa rmoreHuHa npu 50-60°C n3MeHs1ach B TOPUCTYIO U
HeoHopoaHyto npu 80°C.

W3yyeHa 3aBUCUMOCTb PEOJOTNYECKUX CBOMCTB KJICHKOBUHBI MIICHUIBI U
ee (pakIuii OT HATMYUS CBOOOTHBIX CYIbMTUAPHIBHBIX TPYIIIT U JUCYTb(OUIHBIX
CBsI3€il, a TaKke MX COOTHOMICHHS NPH PAa3IUYHBIX PEKUMaxX BIAaro-TEILIOBOH
o6paboTku. ITokazaHo, 4TO yKpeIUIeHHE KICWKOBHUHBI IPU HMOBBIIICHUHU
TeMIEepaTypbl CONMPOBOXKAACTCS YMEHBIIEHHEM KOJIUYECTBAa CBOOOIHBIX
CYNb(OTHAPUILHBIX TPYIIIT U YBETHUSHHUEM KOJIHYECTBA PEOTOTHUECKHU-aKTHBHBIX
JUCYIb(QUIHBIX CBA3EH, YTO MPOCIICKUBACTCS KaK B CAaMOM KJICHKOBHHE, TaK U B
ee OeNIKOBBIX (paKIHIX. YBEIUYCHHE KOJIMYECTBA PEOJIOTHYECKU-aKTUBHBIX
nucynb(GUAHBIX CBA3EH NMPH YBEIMYCHHHM TEMIIEPATyphl BIAro-TerIoBOH
00pabOTKH BO3MOXKHO CBA3aHO C YaCTHUYHOW JeHATypaunueid OelKOBBIX
KOMIIOHEHTOB KJICHKOBHHBI M, KaK ObLIO IOKa3aHO, UX pacllelIeHHeM Ha
KOMIIOHEHTBI C OoJiee HU3KOW MOJICKYJISIPHOW Macco, AUCYIb(QHIHBIC CBSI3U B
KOTOPBIX TOPa3fo Jierde MOAMAIOTCS aHAIH3y. YBEJIHUYCHHE TEeMIIepaTyphl
00pabOTKH MIIEHUIIBI BO BCEX CITydYasiX MPUBOAMIO K YBEIHUSHNUIO COOTHOLICHUS
SS/SH-rpym.

Metonom UK-criekTpockonny ycTaHOBIEHO, UTO MTOBBIIICHNE TEMITEPATY PBI
00paboTku Bbiie 60°C BBI3bIBACT YBEIMUCHUE OTHOCHTEIBHONH MHTEHCUBHOCTH
T10JI0C TOTJIOLIECHUS], OTBETCTBEHHBIX 32 BOJIOPOIHBIE CBS3H.

TaxuM 00pa3oMm, YCTAaHOBICHO, YTO NPH NMPOBEACHUH IIPOLECCa BIIaro-
TENJI0BOH 00pPabOTKM TPOUCXOAAT 3HAYUTEIbHBIE H3MEHEHHS BO
BHYTPHUMOJIEKYJISIPHBIX CBS35X OCIKOBBIX MOJIEKYJ KICHKOBHUHBI, IIPUBOJISIINE K
CYILECTBEHHBIM H3MEHEHHSIM €€ PEOIOTHIECKHUX CBOMCTB, @ MIMEHHO - aCCOLMALIIN
(arperarn) U TUCCONMAIIMN €€ OCHOBHBIX OCIKOBBIX (DpaKIMii 32 CUET PeaKIHii
THOJI-IUCYIbPHUIHOTO OOMEHa, YCUJICHHUSI IPOYHOCTH BOJOPOJHBIX CBSI3€H U
YMEHbIIEHUs THIPOGOOHOCTH.
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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 80°C.

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 70°C.

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
60°C 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 xDa. 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 40-80°C 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 60°C with the subsequent destruction,
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and formation of the protein network with large cells with their numerous breaks
at the 80°C. 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 60°C into fine particles of the wrong
form at the 80°C, and equal sheetlike structure of glutenin at the 50-60°C changed
in porous and non-uniform at the 80°C.

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 60°C 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.
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NOUCK HOBBIX MUIIIEHEN PHK-UHTEP®EPEHIIMM IIYTEM
AHAJIM3A MTPO®UJIEN SKCNPECCUU T'EHOB

B TEPMHUHAJIBHBIX TKAHSX JAPO30®NJI, MYTAHTHBIX
IO T'EHY SPN-E

Kopoym A.IL, Jlaspoe C.A., ['6030es B.A.

WuctutyT MonekynsapHoii renetnku PAH, Mocksa
E-mail: alincha@yandex.ru
Dakc: (499) 196-00-12, Ten.: (499) 196-81-73

3HauWTeNbHAd YAaCTh JYKAPUOTHYECKMX TEHOMOB IIpeJCTaBleHa
MoBTOpsIFOIIUMHECS nocienoaresnbHocTiME JJHK, B TOM unciie MOOHIBHBIMU
anemMenTamMu. V30bITOYHas SKCIIPECCUs TAKUX AJIEMEHTOB ITPUBOIUT K MyTaLlUsIM
1 XPOMOCOMHBIM I1€PECTPOIKaM, IOATOMY KJI€TKa KOHTPOJIUPYET €€ C TOMOIIBI0
CIieaIbHBIX MeXaHU3MOB. [logaBieHne SKCpeccuu TeHOMHBIX MOBTOPOB B
3apoAbIIeBON IMHUU Drosophila melanogaster TpOUCXOMUT MPU YUACTHH
KopoTKHX HHTepdepupyromux PHK, cBI3aHHBIX ¢ TOBTOpaMHU — TaK Ha3bIBAEMBIX
rasiPHK (or repeat-associated short interfering RNA). Mexanuswm caiineHcuHra,
onocpenoBanHoro rasiPHK, oriinuaercst T MeXaHU3MOB TTOJIABICHHUS SKCIIPECCUH
nipu yaactuu microPHK u siPHK. rasiPHK mnnnee, yem siPHK u microPHK, u
B3aUMOJICHCTBYIOT C IpyruMu Oesikamu Argonaute — 6enkamu rojcemeiictsa Piwi.
Perynsinms sxeripeccnu pu yuactiu rasiPHK noka3zana juis MHOKeCTBa MHIIICHEH,
HO BCE OHH IPEACTABISIOT COOO Pa3IMyYHbBIC THITBI TOBTOPOB. 3a1€HCTBOBAH JI
STOT MEXaHU3M WJIM €r0 KOMIIOHEHTBI B PETYJISIUU KaKUX-JIMOO YHUKAJIbHBIX
KJIETOYHBIX TE€HOB, Ha CETOMHSIIHNN IeHb He M3BeCTHO. brorenes rasiPHK moxka
U3y4eH ci1abo, HO €CTh JaHHBIC O TOM, YTO Y JPO30(HIIBI POAYKTHI TCHOB Spn-E
W armi UTParoT B HEM BOKHYIO pOJib. MyTaIllK B 3THX T€HAX IIPUBOJIAT K PE3KOMY
BO3PAaCTAHHUIO KOJUYECTBA TPAHCKPHUIITOB MOOMIIBHBIX 3JIEMEHTOB B KJICTKAX
3apOJIBIIICBON JTUHUH APO30QHUIIBI U UCUYC3HOBEHUIO COOTBETCTBYIOIIUX MM
rasiPHK. Myxu, roMO3UTroTHBIC TI0O MyTalluu B spn-E, CTEPUIIbHBI, y HUX
HaOITIOIA0TCS] MHOYKECTBEHHBIE HapyIIEHHS TaMETOreHe3a, B TOM YHCIIe MUTPALIHY,
TIOJISIPU3AIIMY OOIUTA M PEOPTaHU3AINH ITUTOCKEIIETA IIUCTHI.

Wnentudukanus HoBbix naptHepoB SPN-E 1o B3aumoneiicTBusIM MOKeT
MIPOSICHUTD CBSA3b MEXKAY JBYMS H3BECTHBIMH (YHKLUHSIMHU 3TOro Oeika —
MOJABICHUEM JKCIPECCUU I'EHOMHBIX MMOBTOPOB B 3apOJIBIIICBON JIMHUU H
ydacTueM B rametoreHe3e. OTHUM U3 BO3MOKHBIX TIOJIXO/IOB [UTsl HIICHTU(HUKAIIN
HOBBIX B3aMMOCHCTBUI KOMIOHEHTOB cucteMbl rasiPHK-onmocpemoBanHoro
CalJICHCHHTA SIBJISICTCS] aHAIM3 MPO(UIICH IKCIIPECCUN T€HOB B TEPMHUHAIBHBIX
TKaHSIX JPO30(QHiI, HECYIMX MyTallUM B T€HAX, HCOOXOAUMBIX JJISl 3TOTO THIIA
caitnencunra. Jljis 3TOro HaMu OBUIM MCIIOJB30BaHBI TPACHKPUITOMHBIC
MHUKpPOYUIBL. BbUla ONTHMHU3HPOBaHA METOIMKA aMILTU(UKAIUU U HEIPSIMOTO
MeueHus: PHK U3 sSsMUHUKOB MyX, Tak 4TO COOTHOILIEHHE YPOBHEH HKCIIPECCUU
TeHOB y MyX, TOMO- H T€TEPO3UTOTHBIX 10 MyTallUH, IPAKTUIECKH HE MCHSETCS B
xone amrutndukanuu PHK mis rubpuansanuu ee ¢ MukpodntiaMu. Mbl mpoBeiu
sKkcnipeccuonHblil ananu3 PHK u3 ssMYHUKOB MyX, FOMO- M T€T€PO3UTOTHBIX I10
MyTanuu B spn-E. AHanu3 pe3yiapTaToOB BBISIBUJ CYLIECTBEHHBIC PAa3IAYUs B
KOJIMYECTBE TPAHCKPUITOB Psiia TEHOB MEXKAY TOMO- M TeTEPO3UTOTaMH IO
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MyTaluu. ['eHbl, KCIpeccust KOTOPBIX YBEIMUUBAETCS B FePMUHAIIBHBIX TKaHAX
FOMO3UIOT MO CPaBHEHUIO C FeTePO3UTIOTaAMU MO MYyTallMH, BO3MOKHO,
IoJIBepraroTcs nojxasieHuto npu ydactuu rasiPHK. YBenuuenue skcnpeccun
HEKOTOPBIX T'€HOB B SIMUYHMKAX FOMO3UIOT 10 MyTallUd MOXKET OTpakaThb HE
HCCIIe/IOBaHHbIC paHee akTuBHpyomue cBoiictBa SPN-E mnn xe kakue-mudo
OII0CpeI0BaHHbIE B3aUMOACHCTBHS. HeKOTOpbIe N3 T€HOB, SKCIPECCHS KOTOPBIX
MeHsieTCs Ipu MyTaiuu spn-E, ydactBytor B meradonuzme PHK B stmunmKax
JIpO30(UITBL.

Bepudukanus BBISABICHHBIX Pa3Induil B 3KCIPECCHH TCHOB MPOBOAMIACH
MmetozoM KoimrdectBeHHOUH OT-TTLP n moaTBepuiia HamMyue 3HAYMMBIX Pa3IH4ni
B YPOBHE 3KCIIPECCHHU psJia FeHOB. B nanbHeliem npezanonaraeTcs IpoBecTH
HCCIIeIOBAHUS IPYTUX MyTalui, Hapymatomux rasiPHK-omocpenoBaHHbrit
caitnieHcuHr. B ciydae coBnasenust 0OHapy KeHHbBIX T€HOB-MUIICHEH /ISl Pa3HBIX
MYyTalMi MOKHO IPE/IIOJIOKNTb, YTO BEPOSTHA PEryisus npu yyactuu rasiPHK.
Taxoke TumaHupyeTcst n3ydeHne Bo3MokHOH ponn kopotkux PHK B perymsmumn
9KCIPECCHUU UACHTH(UIIMPOBAHHBIX T€HOB.
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SEARCH FOR NEW TARGETS OF RNA INTERFERENCE BY
EXPRESSION PROFILING OF GERMINAL TISSUES OF
DROSOPHILA SPN-E MUTANTS

Korbut A.P, Lavrov S.A., Gvozdev V.A.

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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MNPOTUBOOITIYXOJIEBBIE JIMITIOCOMBI C JUITITMHEPUJIHBIMU
KOHBIOTATAMU METOTPEKCATA U MEJI®AJIAHA:
W3YYEHUE CTABUJIBHOCTH U B3AUMOJENCTBUAN

C KOMIIOHEHTAMH KPOBH

Kysneuoea H.P., Kanowvioa A.I., boeun H.B., Cespun IIlI.*, /lecnuno /.%,
Ipangpuc K.*, Boooeozosa E.JI.

WHctuTyT OMoOpraHndeckoll XUMUU UM. akajieMukoB M.M. Illemsikuna u
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Hanopa3smepHbIe CHCTEMBI TOCTaBKH JIEKapCTB, B TOM YHCIIE JIUTIOCOMBI —
9TO MHOTOOOEIAIOIIUH ITOIX0/1 K JICUCHHUIO OHKOJIOTMYECKHUX M BOCHAIUTEIbHBIX
3a0oneBaHui. DPPEKTUBHOCTH TEpAIMU B JAHHOM CIIy4yae MOBBIIIAETCS 3a CUET
YMEHBLIEHHS 001Ie TOKCHYHOCTH MPENapaToB U YBEIHICHHS UX HAKOIUICHUS B
oyarax naroyioruu (naccugnwviii mpancnopnt). OJIHAKO, TEXHOJIOTUYHBIE METObI
BKJIIOYEHHS B COCTAB JIMIIOCOM BOIOPACTBOPHMBIX JIEKAPCTB pa3paboTaHbl JIHUIIb
JUISL OTPAHUYEHHOTO KpyTa MpernapaTroB, UMEIOINX aMOUGHIbHYI0 KaTHOHHYTO
WM aHUOHHYIO CTPYKTypy Moiieky:n [1]. Crioco0 momydeHusl JIeKapCTBEHHBIX
JIUIIOCOM CYIIECTBEHHO YIPOIIAETCs, €CIIM BKIIIOYaTh B HUX IIperaparbl B BUJIE
A0 UIBHBIX TPOJIEKAPCTB (PACLIEIUIIEMBIX BHY TPUKICTOYHBIME (DepMEHTaMH
¢ BBICBOOOXKJICHHEM HCXOAHOTO arcHTa) [2]. Bosee Toro, u3BecTHO, 4YTO
JUIOQUIIBHBIE POJIEKAPCTBA 00IAAI0T YIYUIICHHON (hapMakOKMHETHKOU. [list
JIOCTHKCHUS AKMUBHO20 MPAHCNOPMA TUTIOCOMBI MOTYT OBITh OCHAIICHBI
YIJICBOOHBIMH JIMTAHIAMH CEMEHCTBA cHaWI JIBIOHC, KOTOPBIE ClIeMUpUIHBI K
CEeJIeKTUHAM — YTJIEBOACBS3BIBAIOMINM TJIMKONPOTEHHAM, ITOBBIIICHHO
IKCIIPECCUPYIOIIUMCS Ha MIOBEPXHOCTH KJICTOK SHJOTENHs, aKTHBUPOBAHHOTO B
ouarax BOCIAJICHUS H HeOBacKysipru3annu [2, 3].

Hamu uccnemoBana (GHU3UKO-XHMHYECKas CTAOMIBHOCTH JIUIOCOM,
Harpy>KeHHBIX 1,2-THO0ICOMITITHLIEPUIHBIMU CIOKHOI(DUPHBIMU ITPOU3BOIHBIMU
LIMPOKO NMPHUMEHSEMBIX B KIMHHKE IpenapaToB METOTpekcara W MendanaHa
(MTX-DG u Mlph-DG, cooTBeTcTBeHHO). JINITOCOMBI MOJYYald METOIOM
9KCTPY3UH 4yepe3 MeMOpaHHbIe GUIbTpbl ¢ Topamu 100 HM U3 cMecH SHYHBII
¢docharummxonun (PC) — pocharumununosut (PI) u3 nekapckux apoxokeit —
MTX-DG/MlIph-DG, 8:1:1 (mo:n.). Ilo naHHBIM TUHAMHUYECKOTO Ja3epHOTO
CBETOpACCEesHUS, DJIEKTPOHHONH MHUKDPOCKONHH, Telb-Xxpomatorpaduu,
CIEeKTPO(GOTOMETPUHN U DJIEMEHTHOro aHaju3a Ha ¢ocdop, mpoiexkapcTsa
1osHOCThIO (10 Mo, %) BCTpanBatOTCs B JIMITUHBIH OMCI0H MOHOJIAMEIUISPHBIX
nunocoMm cpenHero pasmepa, meree 100 am [4]. Hamu Takke ycTaHOBIEHO, YTO
MTX-DG u MlIph-DG B nunocoMaiabHBIX (GOpMax YCTOWYHBBI K
MIPEXKJICBPEMEHHOMY I'MIPOJIN3Y BHEKJIETOYHBIMH 3CTEPa3aMu KPOBH UEJIOBEKA: C
nomotpio BOXKX-ananu3a nokaszaHo, 4To Tpu WHKYOAILUH JIMIIOCOM B ILIa3Me
in vitro ipu 37°C BIIIOTH 110 24 4 pacieryieHusI IPOJIeKapCTB HE IPOUCXOAUT [5].

Jlunocomansubie npenapatsl MTX-DG u Mlph-DG npennasHaueHs! aist
CHCTEMHOTO BBE/ICHUS, TI0TOMY UCCIIEIOBAHUSI UX TEMOCOBMECTHMOCTH SIBIISIFOTCS
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obOs3aTenpHBIMU. Hamu mpoBeneHa cepust UCHBITAHUM JMIIOCOM in Vitro,
BKJIFIOYAIOIIAsl CIIEAYIONINE SKCIIEPUMEHTBI: TECThl Ha TEMOJIN3; UCCIIETOBAHMS
MOpP(]OJIOTuH, pacupesesieHus 0 pa3MepaM U KOJIMYECTBY SPUTPOLUTOB U
TPOMOOLIMTOB; aHAIN3 CTENEHH AKTUBALUHM CHCTEMBI KOMIIJIEMEHTA, a TAaKXKe
Kackaza Koarymsuu. VceiaenoBanu Takoke MpenapaThl JIEKapCTBEHHBIX JIMITOCOM
C YINICBOAHBIMY JIMTAaHAMHU ceMeiicTBa cuasni JIblonc (A10IeorIIIIUIepHTHbIE
[T -conepxkaiue konbtoratsl SiaLe?/SiaLe*-PEG-DG, 2 mon %). Tectsl Ha
T€MOCOBMECTHMOCTh IIPOBOAMIN B COOTBETCTBHUU C PEKOMEHAAIUSIMU
MesxaynapoaHoii opraanzanuu o crangaptusanun [SO (10993-4).

JIunocomsl, HarpyxenHsle MIph-DG, kax ¢ yriIeBOAHBIMH JIMTaHAMH, TaK
n 0e3 HHUX, HE NMPOSBHIN 3HAYUTEIBHON PEaKTUBHOCTH IO OTHOLICHHIO K
KOMITOHEHTaM KpPOBHM HU B OTHOM U3 TecToB. B ommmume ot Hux, MTX-DG B
JIUIIOCOMAJIBHOM (hOopMe 3aMe IS KOaryJsUio ¥ BbI3bIBAJI aKTUBALIUIO CUCTEMbI
KOMIJIEMEHTa, IPUYEeM B KOHIIEHTpPallMOHHO-3aBUcHUMOW ¢(opme. Ha
TeMOPEaKTUBHOCTB JIMTIOCOM HE BIUSUIN CTPYKTYpa YIJICBOAHOTO JIMT'aH 1A, & TAKKE
Hajauuue uiau orcyrctBue PI, BBIMONHAIOMIETO POJb MOBEPXHOCTHO-
cTabmInM3upyouero pakropa B COCTaBe JUIIOCOM. YTHETEHHE KOarylsHOHHOM!
AKTHBHOCTH W aKTHUBALHsS CHUCTEMBI KOMIIJIEMEHTA, BEPOSTHO, CBS3aHBI C
ajgcopOuuell Ha OTPHUIIATENIBHO 3apsiKeHHOW noBepxHocTH MTX-nmunocom
OENIKOBBIX KOMIIOHEHTOB, BOBJIEYEHHBIX BO B3aMMOCBS3aHHYIO CETh KacKaJloB
CHCTEM aKTUBALMH KOArYJISIMN 1 KOMIUIEMEHTa. BasKHO, 4TO BIMSIHUE Ha CHCTEMBI
KOAryJsSIHMHM M KOMIIEMEHTa 3HAUUTENIBHO YMEHBINAJIOCH NPU MOHWKCHUU
Harpysku gunocoM MTX-DG or 10 go 2.5 mox. %.

[IpoBenenHast cepysi TECTOB Ha TeMOCOBMECTUMOCTB SIBJISIETCSI CKDUHUHIOBOM
U TpeIHa3HaueHa ISl UCKIIOUYEHHs aO0COTIOTHO HENPHUEMIIEMBIX IIperaparos.
Hamm manHBIe CBHICTEILCTBYIOT B MOJB3Y OTHOCHTEIBHOW TOJIEPAHTHOCTH
JIUIIOCOMAJIBHOIM CUCTEMBI 110 OTHOLICHUIO K KOMIIOHEHTaM KPOBHU, HECMOTPS Ha
HEKOTOpBIC HEXelaTelabHbIe dPPEKThI, 00YCIOBICHHBIC MPUPOAOH CAMOTO
HUCXOIHOTO JekapcTBa. JlanpHelmue ucciaeqoBaHus Npopuist O0elKoB,
CBSI3bIBAEMBIX JIMIIOCOMAMHU, MO3BOJSAT BBISIBUTH MPUPOJY OOHAPYXKEHHOU
akTUBHOCTH MTX-IHIOCOM M ONTUMHU3UPOBATH MPErapar.

Pa6ota BeinonueHa npu nopaepxke POOU (mpoekr 06-04-49432) u FEBS
Collaborative Experimental Scholarships for Central & Eastern Europe.
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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/MIph-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 MIph-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 MIph-DG cither equipped with glycoconjugate vectors
(diglyceride-PEG conjugates of SiaLe*/SiaL.e¥, 2 mol %) or not, were studied. In
vitro hemocompatibility tests of the liposomal formulations were performed
according to ISO standards (10993-4).
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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 Sial.e®) 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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Heap uccaenoanusi. OgHUM 13 HanOoIee MEPCIEKTUBHBIX MOIXOMOB K
JICYCHUIO OHKOJIOTHUECKHUX 3a00JICBaHUI SBISETCS UCIOIb30BAHUE CTPATETUH
CYHMIIMIAIbHON IeHOTepamnuy, KOTopas OCHOBBIBA€TCS Ha M30HMpaTeNbHON
HKCIPECCHHU T'€HOB TEPANeBTHIECKOI0 BMEIIATEILCTBA B OITYyXOJEBBIX KIETKAX.
I'pyma reHOB CyHIMAANTBEHOTO BO3ACHCTBHS CIIOCOOHA IPEBPAIATh HETOKCHIHOE
JUTS 9eI0BEeKa COSTUHEHNE B MOTSHIMAIBHBIN IUTOCTATHK, BHI3BIBASI TEM CaMbIM
rubenb pakoBBIX KIETOK. [JIaBHBIM OrpaHHMYEHHEM B HMCHOJb30BAHUU
CYHLHUIATBHON TeHOTEPAITHH SBISIETCS] OTCYTCTBHE TeHHO-NHKEHEPHBIX BEKTOPOB
HEBHUPYCHOTO MPOHMCXOXKACHUS, KOTOPbIE MOIJIN Obl 00ECIeYnuTh BBICOKYIO
3 PEKTUBHOCTh TOCTaBKH, a TAKXKe OTCYTCTBHE CHEHH(DUIECKONH IKCIpeccHn
CYHIUIANBHBIX TEHOB B PAKOBBIX KiIeTKaX. OJHUM M3 BO3ZMOXKHBIX BApHAHTOB
peuIeHus JaHHOH MpoOIeMBI SIBISCTCSl CO3MAHNE TEPAIEBTHUYECKUX CHCTEM, B
KOTOPBIX HCIOJIb30BATUCH ObI T€HBI CYUIIMAAIBHOTO BO3ICHCTBHUSI IO/l KOHTPOJIEM
OITyXOJIb- ¥ TKaHECTICIN(IYHBIX PETYISATOPHBIX 7eMeHTOB. Llens ncenemxoBanms
- co3/1aHue 1 aHaH3 Y(HHEKTHBHOCTH TeHHO-MH)KEHEPHBIX KOHCTPYKIHH, HECYIIIX
CYHMIMIATIbHBIA TeH THOPHUIHONW JAPOMNIKEBON LUTO3MHAE3aMIHA3BI/YPAIIHIT
¢bochopudosunTpanchepasst (yCD/yUPRT) o1 KOHTPOJIEM KOHCTUTYTUBHOT'O U
OITyXOJIbCHEM(DUIECKOTO IPOMOTOPOB.

MarepuaJjibl 1 MeToAbl. DparMeHTHI TeHOB IUTO3MH Ie3aMUHa3bl (YCD) u
ypauuin gochopudosuntpancdepassl (YUPRT) Oblmn aMImuGUIUPOBaHbl Ha
marputie reHomHo# JIHK mramma Saccharomyces cerevisiae arg4 v KITOHUpOBaHbI
B BekTop pGL3-Basic Vector ("Promega") Takum oOpa3oM, 4ToObl 00a reHa
HaXOJIMJIUCh B OAHOU pamke cuuThiBaHus. [ubpuansiii ren yCD/yUPRT
KIJIOHHPOBAJIHN T10]] KOHTPOJIEM JIByX MPOMOTOPOB: KOHCTHTYTHBHOTO IIPOMOTOPA
CMV u onyxonecnenuduyeckoro npomoropa rena BIRCS (Baculoviral Inhibitor
of Apoptosis Repeat-Containing Type 5). PyHKIHOHAIbHYIO aKTUBHOCTH
CO3/IaHHBIX JKCIPECCHOHHBIX KOHCTPYKIIMH aHAJU3UPOBAIH METOZAMHU
TpaHcdekimu kietok 1 Western blot aHasnm3a ¢ aHTUTENIaMH K IIMTO3KH/IC3aMIHA3E.
Jlns moBBIIIEHNST aKTUBHOCTH NpomoTopa reHa B/RCS5 mcmonp3oBanu
MoaudunupoBanuyto cucremy Cre-LoxP. KonndecTBEeHHYIO OIEHKY
HUTOTOKCHYECKOTO 3 (PeKTa CO3JaHHBIX IKCIPECCUOHHBIX KOHCTPYKIUN
npoBoawiu npu nomomu MMT Tecta kinerok nuuuit HEK293 u Calul,
MPeIBAPUTEIBHO TPAHCPHUIIPOBAHHBIX TEHHO-HHKEHEPHBIMH KOHCTPYKIIHSIME U
rocinenyromied 00paboTKOH KIeTOK 5-GTOPIUTOZHHOM.
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Pe3yabrarhl. Bpumn co3maHbl SKCIPECCHOHHBIE KOHCTPYKIMU HAa OCHOBE
Bektopa pGL3-Basic Vector ("Promega"), Hecyuiue ruOpuIHBIN TeH
LUTO3MHIE3aMUHA3bI-ypanm pochopudo3uinrpancdepassl O KOHTPOIEM JIBYX
npomoropoB: CMV u pSurv4. beuia npogemMoHcTpupoBaHa 3((EKTUBHOCTD
MOJIyYeHHBIX IKCIIPECCHOHHBIX KOHCTPYKLIHH B ()TOPLUTO3NH-3aBUCHMON
CYNpEeCcCUu KIETOYHOro pocta Ha mozaenu kietok ymHuii HEK293 u Calul.
[TokazaHo, 4yto ¢ nmomousio Cre-LoxP-cucTeMbl MOKHO CyLIECTBEHHO YCHIIUTD
AKTUBHOCTH PAKOBOCHEIH(UIHOTO MPOMOTOPA M, KaK CIEIACTBUE, MOBBICHTH
ONYXOJIbHANPABICHHYI0  IUTOTOKCHYHOCTH  KHJJIEPHOTO  areHTa
LUTO3UHAe3aMUHa3bl/ypanui docdopudoszunrpancdepassl. [Tlogodpanst
ONITHMAJIbHBIE YCIOBHS JUIS HCIIOJIb30BAHMS JaHHOH TePareBTHIECKOI CHCTEMBI
(xoHEEeHTpanus 5-GTOpHUTO3MHA, BpeMs MHKYyOAllMH C MPOJIEKapCTBOM,
COOTHOIICHUE KWJIEPHOTO U aKTUBALIMOHHOTO BEKTOPOB).

3akawuenue. [losydyeHHbIE HaHHBIE O KOJIMYECTBEHHOH OIIEHKE
LUTOTOKCHYECKOTO d(p(deKTa CO3MaHHBIX TeHHO-MHKCHEPHBIX KOHCTPYKIMH
YKa3bIBaIOT HA BBICOKUI TePANIeBTUUECKUH MOTEHIINAI JAHHBIX SKCIIPECCHOHHBIX
KOHCTPYKLUI B 3KCIIEpUMEHTaX in vitro. Co3iaHHas B paMKaX SKCIIEPUMEHTAIBHON
paboTHl TeHHO-WH)KEHEPHAsl CHCTEMa MOXET JIeYb B OCHOBY IEPCIEKTHBHBIX
TapreTHBIX JIEKAPCTBEHHBIX NMPOTHBOPAKOBBIX NpemaparoB. PaspaboTanHas
TEpaneBTUYECKasi CHCTEMA B JalIbHEHIIIEM MOJKET OBITh HCITbITAHA HA PA3TMYHbBIX
KyJIbTypax paKoBbIX KJIETOK M Ha IKCIIEPHMEHTAIbHbIX KUBOTHBIX.

Pabora BeImonHeHa B pamkax denepanpHoii mporpammbl 2007-2012
(TocynapcrBennsiii kouTpakr 02.522.11.2005).
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STUDY OF THE INFLUENCE OF GENE-ENGINEERED
CONSTRUCTS, CARRIING GENE OF SUICIDAL ACTION UNDER
THE CONTROL OF TUMOR SPECIFIC PROMOTER IN THE
HUMAN CANCER CELL LINES

Koozmin D. V., Mityaev M. V., Vinogradova T.V., Kopantsev E.P.,, Sverdlov E.D.

Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: denisk@list.ru
Fax: (495) 330-65-38; tel.: (495) 330-69-92

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
BIRCS (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 BIRCS5 promoter activity we used modified
Cre-loxP system. We transfected HEK293 and Calul 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
BIRCS promoters. We demonstrated the efficiency of generated vectors in 5-FC-
depended suppression of cell growth on HEK293 and Calul 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 Xkiller
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). 119



COJIOBUWIM3AIIMA U PE@OJIIUHIT G-BEJIOK
COIIPAXK'HHBIX PEINEINTOPOB

Kyzomuuée ILK., Yynun B.B.*, Ilempoeckas JLE.*, Apcenves A.C.*

MockoBckuii pusnko-rexuuueckuit tHCTUTYT (I"ocymapcTBeHHbII
yuuBepcurtet), lonronpyaasit MO

*WHcTUTyT OMOOpraHudeckol XuMuu uM. akagemMukos M.M. Illemsikuna u
10.A. Opunnnukoa PAH, Mocksa

E-mail: pavel. kuzmichev@gmail.com
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G-Benoxk-conpsikéuunie peuentopsl (GPCRs) npeacTaBistoT coboi
cemeiicTBo nopsiika 800 TpaHcMeMOpaHHBIX OenkoB. Bee monekynsr GPCRs
COCTOAT W3 OJHOH MOJMNENTUIAHON LEenH, coaepkaeld 7 TpaHcMeMOpaHHBIX
anbda-crimpanbHbix yuyacTkoB. GPCRs yuacTByIOT B nepenade CUTHAJIOB 4epe3
KJIETOUYHYIO MeMOpaHy M PeryaupyloT MHOTHE (HHU3MOIOTHYSCKH Ba)KHBIC
nponeccel. Penentopsl cemelictBa GPCR sBiftOTCS MUIIEHAMH JUIsI MHOTHUX
JICKapCTBEHHBIX ITpenaparoB. /11 HOHUMaHUs MEXaHH3MOB (DYHKIIMOHUPOBAHUS
KJIETKH ¥ CO3/IaHMsl HOBBIX JIEKAPCTBEHHBIX IIPENapaToB HEOOXOOMMO 3HAHHE
npoctpancTBeHHoU cTpykTypbl GPCRs. B cBs13u ¢ 9T1M, B mocnegHee aecsaTuieTne
MPOBOJAMIINCH UHTEHCUBHBIE UCCIEIOBAaHUA MO pa3paboTKe METOAO0JIOTHH
noxyuenuss GPCRs u ompenenenus ux mpoCcTpaHCTBEHHOW CTPYKTyphl. B
pesynbpTare, HEIaBHO METOAAMH PEHTTEHOCTPYKTYPHOH KpucTauiaorpadun
oIpeJieieHa MPOCTPAHCTBEHHAs CTPYKTypa ABYX IpEICTaBUTENEH cemelicTBa
GPCRs. Heo0x01uMo 0TMETHTD, YTO JaHHBIH TOX0/1 [TO3BOJISIET MOITYYUTb JIHIIb
CTaTHYECKYI0 CTPYKTYPY PELENTOpOB B KpHUCTA/UIE, 2 HE B MEMOpaHHOM
OKpYKeHUH. B mpuHImIe, 3ta npobiieMa MOXeT ObITh peliieHa MmetogaMu SIMP
CIEKTPOCKOIHNH, KOTOPBIE O3BOJISIOT ONPEICIIUTD HE TOIBKO [IPOCTPAHCTBEHHYIO
CTPYKTYpY, HO U AMHAMHKY OCJIKOBBIX MOJEKYN B cpelax, MOJCIUPYIONUINX
MeMOpaHHOe OKpykeHHe. HeoOXoauMbIM ycioBrueM mpoBeieHus: Takux SIMP
9KCIIEPUMEHTOB SBJISICTCS BO3MOXXHOCTH IMOJYYEHUS H30TOITHO-MEUYEHHBIX
PeLenTOpOB B MUJUITUTPAMMOBBIX KOJIMUECTBAX, U COMFOOMIN3ALUS UX B cpeliax,
HMHUTHPYIOLIIUX OKPYXKCHHE OHMOJIOrHYECKUX MeMOpaH, 00eCIeUHBAIONINX
¢donmuHr Genka. beuta paspaborana rexHonorus noiayueHus uesnoro psga GPCRs,
BKJIIOYAsl M30TOIMHO-MEUYEHHBIC, ITyTEeM IKCIPECCHH PELENTOPOB B OAaKTEPUIX
E.coli. K coxanennio, Bce MOJIy4eHHbIE PEIENTOPEI 00Pa30BBIBATIM OJUTOMEPEL.
B TO e BpeMs M3BECTHO, YTO PEUeNTOphl (YHKIHOHAIBHO aKTHBHBI B
MOHOMEPHOHU MJIH AUMEPHOH (opmax.

Leunbto naHHOI paboTHI SIBMIIACH pa3pab0TKa TEXHOIOTUH COIIOOMIN3AIIH
u pedonauara GPCRs B popMe MOHOMEpa B cOCTaBE MHIICIUT U3 JICTEPIEHTOB,
HMUTHPYIOIINX CBO¥McTBa MeMOpaHbl. OTpaboTKa yCIIOBUIl COTIOOMIN3AIUN
[IPOBOAMJIACH HA IpHUMepe OoJHOro u3 npencrasuresneil cemeiictBa GPCRs,
B-2-aapenepruueckoro peuenropa (B2AR).

[-2-AR perenTop nosyyany SKCIpecCHei B TebLa BKIKOUCHHS B GaKTEpHAX
E.coli, contoOmin3upoBaiu B JIaypUICAPKO3UHE M BBIACISIN C MOMOIIBIO
MeTanoxenaTtHod xpomarorpaduu. JaHHble Tenb-anekTpodopesa u
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JIMHAMHYECKOTO CBETOPACCESHUSI CBHICTEIBLCTBOBAIN O TOM, UTO PELENTOpP B
MHUILEIUIAX JIay PUICAPKO3MHA HAXOHIICS B OJIMTOMEPHOH opme.

O0pa3oBaHUe OIMTOMEPOB PELETITOPOM 00YCIOBICHO MEKMOICKYIIIPHBIMH
ruapoHoOHBIME B3aUMOJICHCTBUSMU M 00pPA30BAHMEM MEKMOJICKYISIPHBIX
nucynbGuaHbIX cBsizeld. [{s paspymieHus ruapodoOHBIX B3aUMOJCHCTBUI
HCIIOJIb30BAJICS M30BITOK PA3IMYHBIX JICTEPIEHTOB U MX CMeceil, POBOIUIaCh
JUTHTeIbHAst 00paboTKa YABTPa3ByKoM. J{uCyb(GuIHbIE CBA3H BOCCTAHABIMBAJIHCH
pa3IUYHBIMU areHTaMH, U3 KOTOPBIX Hambosiee 3P (PEKTHUBHBIM OKa3ajics
ruapOoQOOHBIH TPUMETHIIOBBIN dpup Tpuc(2-kapookcuatun)pochuna. OnHaxko,
MOJYyYUTh PELENTOPbl B MOHOMEpHOU (hopMme He ymainoch. BeposTHo,
JUCYIb(QUIHBIC CBSI3U B THAPO(GOOHBIX TPAHCMEMOPAHHBIX 00JIACTAX MOJICKYJIbI
0enka MaJogOCTYIHBI AT BOCCTAHOBHUTENCH. B cBs3M ¢ 3TUM OBUIM cIeTaHbI
3aMeHbl "(DYHKIMOHAJIBHO HE3HAYMMBIX'" OCTAaTKOB LIUCTEMHA U3 MEMOPaHHBIX
JIOMEHOB OeJika Ha CTPYKTYPHO aHAaJOTMYHBIE OCTATKHM BaJMHA M CEpUHA, HE
BCTyHAOLIMe B 00pa3oBaHNEe MEXMOJCKYJIIPHBIX KOBAJCHTHBIX cBsizeil. s
JIAHHO# MyTaHTHO# (opMbl 3-2-AR HaMu ObLITH HCCIIEIOBAHBI PA3IUYHBIC METOIBI
CONMIOOMIIN3AINY B PA3IMYHBIX IETEPreHTaX U UX CMECSX, MOJ00paHbl yCIOBHS
BOCCTAHOBJICHUS AUCYNIb(UAHBIX CBsi3eil. B nTore Obul pa3paboTaH MpPOTOKOIN
CONIIOOMIN3AIY, OCHOBAHHBIM Ha BCTPaMBAaHUU B MHIEJJIBI IIOJTHOCTBIO
pa3BEPHYTON B pacTBOpE MypaBbHUHOW KHUCIOTHI OEIKOBOI TiIo0ylnbl ¢
MpeIBAPUTEIBHO PA3OMKHYTBIMU TUCYITB(OUITHBIME CBSI3SIMH, YIAICHHEM OCTaTKOB
MYypaBBbUHOW KHCIOTHI JIMOPHUIN3ALUECH U peruaparanueii oopasua. /laHHbie
anekTpodopesa U AMHAMUUECKOTO CBETOPACCESHUS CBHETELCTBYIOT O TOM, YTO
COMIOOMIN3UPOBAHHAs B MUIEIUIAX M0 HALIEMy MPOTOKOIY MyTaHTHas (opma
penenropa 3-2-AR HaxomuTCs IPEUMYIIECTBEHHO B BHIE MOHOMEDA, a JIAHHbIE
CHEKTPOCKOIMH KPYTOBOTO AMXPOM3Ma MOKA3bIBAIOT, YTO OEIOK-PEIENnTop
chopMHpOBaT HEOOXOIUMBIC JIEMEHTBI BTOPUYIHOHN CTPYKTYypbl. B kadecTBe
JIETepPreHToB Hanbosee 3K THBHBIMHU OKa3aIHCh CTPYKTYPHO OJIM3KHE aHATIOTH
JUIHI0B noaenuipocdoxXonuH, tetpagaenuiadochoxoyuH,
rexkcaaenuiIpochoxoiarH, 1-MUPUCTOMII-2-THPOKCH-sA-TuLEepo-3-[pocdo-rac-
(1-rmuuepun)] u uX cMecd. MHULEIUIBI CO BCTPOCHHBIM PELENTOPOM HUMEIOT
OTHOCHUTEJbHO HEOONbIION pa3Mep, CTAOMIBHBI BO BPEMEHH U MOTYT
HCIIONIB30BATHCS JIJISl POBECHUS CTPYKTYPHBIX HCcieqoBanuii merogamu SIMP
BBICOKOT'O Pa3peIleHusL.

PazpaboTaHHas TEXHOJOTHS YCIEHIHO HCIOIb30Bajach TaKKe MAJS
comtobunuzamnuu npyroro npexacrasuresnss GPCRs — MenaHOKOPTHHOBOTO
peuentopa MC2R.
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E-mail: pavel. kuzmichev@gmail.com
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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,
-2-adrenergic receptor (B2AR).

[-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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bonds formation. For this mutation form B2AR 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
B2AR 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).
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TPEXMEPHBIE XUTUHOBBIE MATPHUIIbI U3 MOPCKHUX I'YBOK U
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Haunnas ¢ 1823 roga, pa3nuyHble aBTOPHI MOKa3ald MPUCYTCTBUE XUTHHA BO
BCEX BUJIaX 0eCIO3BOHOYHEIX. OIHAKO, ITOT OHOIIONUMED BPSI JIH ACCOLUHPYETCS C
Mopckumu ryokamu (Porifera) — nmepBsIMI H3BECTHBIME IPEICTABUTESIMHU IApCTBA
*HUBOTHBIX (Metazoa). Hami HenaBHue nccnenoBanus ryook Verongula gigantea [1]
MoKa3any HalW4yhe XUTHHA B CKEJIETHBIX CTPYKTYypax M CBUAETEIbCTBYIOT O
(yHIaMEHTAITEHON POJTH XUTHHA B SBOJTIOIINH CAMOTO PAHHETO IIPEICTABUTENIS [IapCTBa
’KUBOTHBIX M UX CKelleToB. OCHOBBIBAsICH HAa 3TOM HAOMIOAEHHUHN, MBI PACIIUPHIIN HAIIH
HCCIIEI0OBAHUS, Kacalomuecss uAeHTHGUKAIMY XUTUHA B APYyTuX ryOKax Kiacca
Beponrun. Buyrpennue ckenertsl Try6ok Aplysina aerophoba, A. cavernicola,
A. gerardogreeni, A. fulva, A. cauliformis n lanthella basta [2], coOpaHHBIX B
Pa3IUYHBIX PErMoHaX MHpa, OBUIM H3y4YeHBI C MCIIOJNB30BAaHHUEM IEJIOTO psija
aHanuTHIeckux MetonoB (MK-cniekrpomerpust, Paman-ciekrpomerpust, TBeprodasHas
SIMP-crieKTpoCKomnus, OKpanIBaHue celeKTHBHBIM peareHToM Calcofluor White n
XMTUHA3HBIH TecT). BriepBrie ObUIO TMOKa3aHO, YTO XUTHH SABISETCS OCHOBHBIM
KOMITOHEHTOM B CKEJIETHBIX CTPYKTypax 3THX MOPCKHX TyOOK. XHTHH B MOPCKHX
ry0OKax IpecTaBisieT co00i 0coObIH HHTEPEC, MOCKOIBKY ero IIPUCYTCTBHE B CKEJICTE
MIOATBEPIKIaeT CYIIECTBOBAHUE ATOTO Ba)KHOTO OMOIOIMMEpA Ha HECKOJIBKO COTEH
MHJITHOHOB JIET PaHEe, YeM OH TTOSBHIICS B CKEIETaX YWIEHUCTOHOTHX. AHATUTUIECKHE
HCCIIeI0BAHMS [TOKA3aJIH, YTO TyOOUHBII XUTHH ONIiKe K anb(ha-XUTHHY, 9eM K OeTa-
XUTHHY, TIPUCYTCTBYIONEMY B JPYyrux Oecro3BoHOYHBIX. Hanodubpumispuas
OpraHu3aLys, TPeXMepHas CTPYKTypa, O0IbIIIas BHyTPEHHS EMKOCTh TAKHX MaTPHUI]
SABJIAIOTCS TEMHU OINpPENCIHSIOIMMU CBOWCTBAMM, M3-3a KOTOPBIX TAaKOil HOBBIN
OGromaTeprall 13 MOPCKUX I'yOOK Oy/eT MIUPOKO HCHOIB30BAThCS B OMOTEXHOJIOTHU.
Hampumep, celfuac IpoBOJSTCS SKCIIEPUMEHTEI 110 YaCTHYHOMY J€alleTHINPOBAHUIO
stux Marpuil. Ilomydenune cBoGoanbix NH,-rpynn Ha MOBEPXHOCTH TPEXMEPHOM
CTPYKTYPBI CKeJIeTa HO3BOJINT IMMOOMITI30BaTh pa3IMIHbIe (QyHKIIMOHATEHBIE OCJIKI
WIN JpYyTHe MOJe3HbIe MaKPOMOJICKYNEl B IIEJISIX MONyYeHHs, TaK Ha3bIBaeMBIX,
ounodadpuk. Hanpumep, nMMoOMIN30BaHHBIE (PEPMEHTHI MOTYT OBITh HCIIOJIB30BAHbI
JUTS TIPOBE/ICHNUST BRICOKOCETIEKTUBHBIX PEAKIM, KOTOPbIE HE MOTYT OBITh BBITIOTHEHBI
XMMHYECKUM ITyTeM. Takue Cirydan XapaKTepHBI Ul (apMaleBTUKH, TpeOyromeit
BBICOKOH CEIEeKTUBHOCTU M MHHHUMAJIbHOTO BMENIATEIbCTBA MOCTOPOHHUX
XUMUUYECKHUX peareHToB. KpoMe Toro, XHTHHOBbIE MATPHIIBI MOTYT ObITh HCIIONB30BAHbI
B KauecTBe COPOCHTOB JUTS yAJICHUSI TSHKEITBIX METAJLIOB MM B KadecTBe ad(PUHHBIX
COpOEHTOB JIJIsl OYMCTKY PEKOMOMHAHTHBIX OenkoB [3].
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THREE-DIMENTIONAL CHITINOUS MATRICES FROM MARINE
SPONGES AND THEIR FUTURE APPLICATIONS FOR
BIOTECHNOLOGY
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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 lanthella 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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CHHTETHYECKHUE NCCIIEN0BAHMS B 00IaCTH MOJTYIEHHSI HOBBIX ITPOU3BOAHBIX
(hOTOXPOMHBIX COSTUHEHHUH, SBJISIOTCS BECbMa aKTyaJIbHBIMHU B HACTOSIIIEE BPEMSI.
JlanHas pabora mocBsmieHa pa3paboTKe METOJ0B IMOJIYYECHHS MOJHEHOBBIX
IIPOMU3BOIHBIX (DOTOXPOMHBIX COSIUMHEHHH psijia CIIUPOIUPAHOB, COACPIKAIINX
HenpeaenbHbIH (parMeHT B MSATOM MOJOXEHUH HHIOJIUHOBOTO (parMeHTra
MOJIEKYJIBI.

OnpoGoBaHHas HAMHU paHee YHUBEPCaJIbHAs SKCIIEPUMEHTAIbHAS [TPOLIeypa
HapaIllMBaHUs MOJHEHOBOM IIETTH MOJICKYJIbl peTHHOUIOB [1-3] ObUIa ycrenHo
NpUMEHEHa B 3TOM HCCJIEJOBAaHUHU IJs CHHTE3a HOBBIX IPOU3BOJHBIX
CIHMPOIHPAHOB.

0 3
(EtO)zP\)\/CN /\)\/ DIBAH /\)\/
R NN . CHO —&

@ NaH, THF (4),90% (5), 45%

Y] (€)])
(EtO)zP\)\/CN /\)\/\)\/CN DIBAH /\)\/\/I\/CHO
—_— RN —_— RN

NaH, THF (6),85% (7). 40%

KitoueBoii craaueil cuHTe3a SBISIIOCH oJie(pUHUpPOBaHNE 1O XOpHEPY-
Ommoncy C-pochoHaTHbIM peareHToM KapOOHMIILHOTO MPEIIIECTBEHHUKA (2).
HonyquHLIe IIPOMEKYTOYHBIE HUTPHIIBI OBLITN BOCCTAHOBIICHBI B aJTbICTHIBI npu
nomomu DIBAH mpu -90°C. [ToBTOpeHUEe BBIMIETIEPEIUCICHHBIX CTaguN
oJIe()MHUPOBAHUS U BOCCTAHOBICHHUS ISt (5,6) MO3BOIMIO MOMYYHTH 1IETIEBOM
aHastor peruHals (7) ¢ ooumm BbixonoM 14%. BHOBE 0OpazoBanHble C=C-CBsi31
nmenu E-xkorduryparuo mo aaaasM 'H-SIMP-criektpos (J 16.3 T'my). Lenesbie u
IIPOMEKYTOUYHBIE COCTUHEHHUS NOIYyYEHBl B MPENapaTHBHBIX KOJIMYECTBAX, UX
CTPYKTYpPBI JOKa3aHbl HAOOPOM (PU3UKO-XUMHYECKUX METOZIOB aHAIU3a.
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Bruio mpoBeneHo ucciaeaoBaHue (bOToxpOMHoro nosejeHuss Habopa
CHHTE3UPOBAHHBIX COeTUHEHNH (2,4-7) B OISIPHOM PAcTBOPHUTEINE — 3TAHOJE U
MaJIOTIOJSIPHOM — TOJyoje. BrIgBiaeHa 3aBUCHMOCTH 3()GEeKTHBHOCTH
(oTozerpaayy MOJIMEHOBBIX CITUPOITUPAHOB OT IPUPO/ILI PACTBOPHUTEIIS.

Hamu 6bu10 0OHapykeHO cHuKeHHE 3(P(HEKTHUBHOCTH (HOTOXPOMHBIX
MpEBpAlICHUH U CKOPOCTH TEMHOBOW IHUKIM3AIUU (POTOMHAYLHPOBAHHOM
MepoLraHuHOBOU (opMbl (B) py yBenn4eHnu JUTMHBI TOJIMEHOBOTO 3aMECTHTENS
C OJJTHOBPEMEHHBIM HOBBIIICHUEM YCTOWYMBOCTH (DOTOXPOMHBIX CIIMPOIMPAHOB
K (oTOAErpagaliiy B 9TAHOJIE, TI0 CPABHEHHIO C TOIYOJIOM. DTO SBJICHAE MOKHO
00BSCHUTH cTabniIM3anue GOTOMHAYIUPOBAHHBIX MEPOILIMAHUHOBBIX (HOPM
MOJIEKYJ BCJIEACTBHE O00Opa30BaHMUS BOJOPOJHBIX CBA3EH MEXIYy HUMHU U
MOJICKYJTaMH PAacCTBOPHUTEINA. B omIn4mMe OT CHEKTPaJbHBIX XapaKTEPHCTUK
CIIUPOMHUPAHOBON (OPMBI MOJIOKCHIE MaKCUMYMOB IOJIOC MOTJIOIIECHUS U
MOHOMEPHOH, U arperupoBaHHON (POTOMHIYLIIUPOBAHHBIX (HOPM (HOTOXPOMHBIX
petuHanel ciabo 3aBUCHUT OT IPUPOJIBI U JUTMHBI TIOJIMEHOBBIX 3aMECTHTEIICH. ITO
MOYXHO OOBSICHUTH T€M, YTO CONPSDKEHHE MEXAY IOIMEHOBOH IETOYKoN M
MEpPOLUAaHUHOBOH (POPMOIi CrIMponupaHa NPAaKTUYECKH OTCYTCTBYET.
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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 Sth 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.

CHO

(Eto)zg\)\, /\)\/ DIBAH /\)\,
RYg — ~ . rANY L pANASCHO —

2 NaH, THF 4),90% (5), 45%
(EtO)zP\)\, /\)\/\/k, _DIBAH_ ,\)\/\/l\’
—_— FYYTYYTYYY T R Y YN
NaH, THF (6), 85% (7, 40%

The key stage of the synthesis was Horner-Emmons olefination procedure of
carbonyl precursor (2) with C -phosphonate reagent. Resulting intermediate nitriles
were reduced into aldehydes using DIBAH at -90°C. 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
"H-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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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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HukoTHHOBBIN alleTHIIXOIMHOBBIH perenTop (HAXP) npezcrasiseT co0oii
JIMTAHJJ03aBUCUMBIH MOHHBIH KaHaJl, BCTPOCHHBIH B MOCTCHHANTUYECKYIO
MeMOpaHy HeHpOHOB. B 3aBUCMOCTH OT JIOKaJIN3alUH PA3IMYal0T HeHPOHAIbHbIE
u Mbiieyrbie HAXP. C aucyHKIMeH 3STUX pelenTopoB CBsI3aHbl MHOTHE OOJIC3HU
LEHTpalbHOU U mnepudepudeckoil HepBHOU cucTeMbl. OTHUMH U3 IIHUPOKO
U3y4YeHHBIX HTHTHOUTOPOB HAXP ABJISIOTCS O-HEHPOTOKCHUHBI si/1a 3MEH, KOTOPbIE
MpEACTaBISIOT c000¥ HeOonbIne OCNKU, UMEIIHE "TpeXIeTeNbHY "
B-CTPYyKTYypHYIO OpraHU3aliio, CTAOUIN3UPOBAHHYIO 4-5 NUCYIbGUIHBIMH
cBsa3AMU. CO CTPYKTYPHOH TOYKHM 3pEeHHUs, Ol-HEHPOTOKCHHBI MOYKHO YCIOBHO
pa3ienauTh Ha TPU OOJIBIIMX Kilacca: KOPOTKHE Ol-HeWpoTOoKcHHBI (60-62 a.o.,
4 nucynb(UIHBIC CBS3H), JUTMHHBIC O-HEHPOTOKCHHBI (66-75 a.0., TOTIOIHUTEIbHAS
nucynbQuHas CBA3b PACIONOKEHA B IEHTPAIbHON netie) U "HeoObruHbIe"
HEHpOTOKCHHBI (62-68 a.0., TOMOIHUTEIbHAS AUCYIIbGUIHAS CBA3b PACIIOIOKEHA
B 1epBoi, N-KoHIIEBOM, neTiie). Heckonbko JeT Ha3aq ObUIO OTKPBITO HOBOE
ceMelCcTBO YHI0TeHHBIX HelipomoaynsaTopoB HAXP, Lynx. [locnenoBarensHocTr
9TUX OEJIKOB BBHICOKO TOMOJIOTMYHBI MOCIEA0BATEIBHOCTIM "HEOOBIYHBIX"
HEHPOTOKCUHOB siia 3Meil. OHaKO, B OTIIMYHE OT CI-HEHPOTOKCHMHOB OCJIKH
ceMeiicTBa Lynx He ONOKHPYIOT, a HA00OpOT aKTUBHPYIOT kaHan HAXP B
MIPUCYTCTBUU aroHUCTOB. /Ipyrue cTpyKTYpHO-(QYHKIHMOHAIbHBIE JaHHBIE O
MIPEICTaBUTEIAX ATOrO CeMelCcTBa HEHPOMOJYJIATOPOB HA JAHHBIH MOMEHT
OTCYTCTBYIOT.

OpHuM U3 00BbEKTOB TAHHOTO UCCIIeIOBAaHUS sIBIIsieTcs ""cialOblii" TOKCHH U3
sina koOpel Naja kaouthia (WTX), sk3oreHHbl nHru6utop HAXP. WTX,
OTHOCSIIIUUCS K ceMeHCcTBY "HEOOBIYHBIX" TOKCHHOB, 00JagacT HU3KOM
TOKCHYHOCTBIO in Vivo 1 ciiaboi ahpuHHOCTBI0 K HAXP 110 CpaBHEHHUIO C JUTHHHBIMU
U KOPOTKHUMH Ol-HEHPOTOKCMHAMHM, XOTSI B UTOTE BBI3BIBACT NMPAKTHYECKHU
HeoOparumoe OJI0KMPOBAHUE KaK MBIIIEYHBIX PELENTOPOB, TAK M HEHPOHAIBHBIX
HAXP 07 tuna. Bropeim o0bexTOM nccnenoBaHus siBaseTcs: O0emok Lynx1
YeJ0oBeKa, YHAOTeHHbIH akTuBaTop HAXP. ['oMosOoruss aMMHOKUCIOTHOM
nocnenosarenbHocTH OenkoB Lynx1 u WTX cocrasnser ~30%.

B nanHo# pabote BriepBbie ObLTH pa3paboTaHbl OaKTEPUATIBHBIC CHCTEMBI
nponykuur WTX u Lynx1 B Buzie Tenen BkiaroueHus E. coli. Beuin onpo6oBaHbl
pa3nHuyYHBIE METOJABl PEHATypalud U HPOBEJEH CKPUHUHI YCIOBUN s
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ONTUMU3AIIMKA BBIXOJA pEHATypanuu. PekoMOMHAaHTHBIC OCIKH OBLIH
OXapaKkTepH30BaHBl C MOMOINBIO Macc-crmektpomerpun, K/ u SAMP
crekTpockonuy. beum nomydensr "N-medennsle ananorn WTX u Lynx1, uro
MTO3BOJIMJIO UCCIIEIOBATh CTPYKTYpPY M AMHAMUKY 3THUX OesikoB meropamu SIMP
CHEKTPOCKOIUH. bbIIO MokazaHo, uto 00a Oenka 00ananT KOHGOPMAIHOHHOH
reTeporeHHocThI0. Tak, Monexyna WTX mpucyTcTByeT B BOZHOM pacTBOPE B BUJIE
JIBYX OCHOBHBIX KOH(pOpPMaUHH, OTIMYAIOLMUXCS YUC-MpaAHC-U30MEpHUEH
nenTuaHou cBsizu Arg32-Pro33, oOMeH Mexay 3TUMU KOH(DOpMAIUAMHE
MIPOUCXOJIUT C XapakTepHbIMH BpemeHamu Oosiee 100 mc. HabGnromaembie B
MoJekyne Lynx1 oOMeHHbIe IpoLecchl CBA3aHbl ¢ TUHAMHUYECKUMH NEPEX0aaMu
METIEBBIX YIACTKOB U3 -CTPYKTYPHOU KOH(DOPMAIIMH B HECTPYKTYPHPOBAHHOE
COCTOSTHME M TIPOTEKAIOT C XapaKTePHBIMU BpeMeHaMHu B auama3zone 1-50 mc.
Meronamu SIMP cniekrpockonuu BriepBbIe OblIa ONpeiesieHa IPOCTPaHCTBEHHAs
CTPYKTypa JJIsi OCHOBHOT'O (CTPYKTYpHUPOBAHHOIO) cOCTOsiHUs Oenka Lynx1 B
BOIHOM pacTBope. [lomydeHHas CTPYyKTypa COAEPIKUT TOKCHHOIOTOOHBIN
"TpexneraeBoil" MOTHB, cTAOMIN3UPOBAHHBINA JByMsI aHTHIAPAJIICIbHBIMU
B-nmucramu. Ilepsslii B-muct 0Opa3oBaH AByMs [-TsSKaMU U BKIFOYACT B ceOst
ocrarkd N-KOHIIEBOU meTin Oelika, a BTOPOM B-IHCT MMEET B CBOEM COCTAaBE
yeTpipe PB-TsKa, 00pa3oBaHHbIE (parMEeHTaMu BCeX Tpex merens Oenka Lynxl.
[NoyueHHbIE TaHHBIE SBIISIOTCS EPBBIM SKCIIEPUMEHTAIBHBIM HOJITBEPKICHUEM
MIPEATIONIOKEHHS O CXOKECTH MPOCTPAHCTBEHHON CTPYKTYpPbI OCIIKOB ceMeiicTBa
Lynx n O-HEHPOTOKCHHOB 3MEH.

Hannuue s dexruBubix cucrem OakrepuanabHoii npoxykund WTX u Lynx1
IT03BOJIMJIO TAK)KE MPOBECTH (YHKLUMOHAJIbHBIC UCCIECJOBAHUS ITUX OCJIKOB.
MetonaMu caiT-HaIpaBICHHOTO MyTarcHe3a ObLIM MOJy4YeHbl 11 MyTaHTHBIX
dopm WTX: C6S/C11S, P7A, P33A, PTA/P33A, W36A, R31A, R32A, R31A/
R32A, R31E/R32A, R31A/R32E u Q30-W36/REARGT. AHain3 akTUBHOCTH
MOJTyYEeHHBIX MyTaHTOB B OTHOIIEHNH HAXP MpIIeqHOro n 07 HeWPOHAIHHOTO
THUIIOB BIIEPBBIC BBISIBUIL, 4TO: 1) HAJTMYKE TOTIOTHUTEIBHON AUCYIIbMHIHOM CBA3U
B NEpBOi metyie cHUkKaeT cpoacTBo WTX k 000oMM THIAM peLenTtopa;
2) koHpopMmanmoHHas rereporeHHocTh WTX He OKa3blBaeT 3HAYUTEIBHOTO
BJIMSIHUSI HA aKTHBHOCTh TOKCHHA; 3) octaTok Trp36, HaXOASIIMICS Ha KOHIIE
LIEHTPaJIbHOH NEeTJIN TOKCHHA, Ba7KEH TOJBKO /ISl B3AaUMOJCHCTBHSI C MBIILICYHBIM
HAXP; 4) Hanu4ue 3apsHKEHHBIX OCTATKOB Arg B LIEHTPAJIbHOM IETiIe TOKCHHA
WUTpaeT KPUTHIECKYIO posib npu B3ammozaeicTBuu ¢ HAXP o7 tuma. Takum
00pa3oM, B X0OJI€ NCCIIEA0BAaHNS OBUIN BBISIBIICHBI JETCPMUHAHTHI, OTBETCTBEHHBIC
3a cesieKTUBHOCTH B3aumozenctBust WTX ¢ pasnuunbivu Tuniamu HAXP. Briepsoie
ObUI0 OXapakTepu3oBaHo B3anmozeiicteue Lynx1 ¢ HAXP Mpliie4HOro 1 0U7 TUIIOB.
Bb1n onpeiesieHbl KOHCTAHTHI CBSI3bIBAHMS, M OBLIIO OOHAPYIKEHO, YTO B OTIIMUHE
or WTX B3aumopeiictBue Lynx1 ¢ peuentopom HOCUT 0OpaTHMBIN Xapakrep,
YTO BO3MOXKHO M 00YCIIaBIMBaeT ero 0coOyro poib MOAYJIsITOpa akTUBHOCTH HAXP.
Brnepsrie 6pu10 MOKa3aHo, uTo Lynx1 KOHKypHpYyeT 3a CalThl CBS3BIBAHUS C
HEHPOTOKCHMHAMM 3MEH, YTO BO3MOXKHO yKa3bIBAET HA YACTUYHOE IIEPEKPbIBAHUE
CallTOB CBS3bIBAHMS 3TUX JIMTAH/IOB HAa TIOBEPXHOCTHU peLenTopa.
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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. o-Neurotoxins from snake venoms, the most studied inhibitors of
nAChRs, are small proteins with characteristic "three-finger" B-structural fold
stabilized by 4-5 disulfide bonds. Structurally, oi-neurotoxins can be subdivided
onto three big classes: short-chain o-neurotoxins (60-62 amino acid residues, 4
disulfide bonds), long-chain o-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 o-
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 a-neurotoxins. In spite of it, WTX irreversibly
blocks both muscle type and neuronal o7 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. "N-labeled analogs of Lynx 1 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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transitions of loop regions from B-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 (f3-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
B-sheets. The first 3-sheet involves two 3-strands and is formed by residues from
N-terminal loop of the protein. The second [3-sheet involves four B-strands formed
by the fragments of all three loops of Lynx 1. Obtained data experimentally prove
the hypothesis about similarity between spatial structure of Lynx proteins and
snake o-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 1 Q30-W36/REARGT. The analysis of the activity of these mutants against
muscle type and neuronal o7 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
a7 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 o7 type nAChRs was characterized and
binding affinity constants were measured. It was shown, that in contrast to WTX,
the interaction of Lynx 1 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.
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ONPEAEJEHME BO3MOXHOCTH MCHOJIB30OBAHUA
HUPKYJIUPYIOIIUX mPHK JJISI IIPEHATAJIBHOM
JUATHOCTHKHN CHHIAPOMA JAYHA

Manyiinosa E.I., Mapkosa K.I.*, Illunoea H.B.*, 3onomyxuna T.B.*%,
Hocuxkog B.B., Cepéeun FO.A.

TlocynapctBennstit nayunsiii ieHTp PO "TocHUU renernka", Mocksa
*TocynapcTBeHHOE yupexxJeHne MeanKo-reHeTHUECKUI HayYHBIN LIEHTP
PAMH, Mocksa

E-mail: txt_katya@mail.ru

Dakc: (495) 315-05-01; Temn.: (495) 315-02-65

Benenue. brarogaps ycremHomMy pa3BUTHIO IUTOTCHETHKH, OMOXUMHUH 1
MOJICKYJIIPHOM OMOJIOTHU OKa3aJl0oCh BO3MOKHBIM BBISBIISITH XPOMOCOMHBIE U
T€HHBIE MyTalll{ Y YeJI0BEKa HE TOJIBKO B IOCTHATAILHOM HEPUO/IE, HO M Ha Pa3HBIX
CpoKax IpeHaTaJIbHOI'0 Pa3BUTHA. B mociexHue ToAbl MHTECHCHBHO
pa3pabaThIBalOTCSl HEMHBA3UBHBIC METOJIBI JIOPOJOBON IMArHOCTUKH Pa3IMaHON
HacecTBeHHOH nartonorud. Cunapom JlayHa siBisieTcst caMoi pacpoCTpaHEHHOH
XPOMOCOMHOM MTaToIOTHEH.

Hean padorsl. PazpaboTka HEMHBA3UBHOTO U JJOCTYITHOTO TCHETHUECKOTO
TECTA, MO3BOJISIONIETO JOCTOBEPHO OMPEAEIATH CHHAPOM JlayHa (JacTHIHYIO HIIH
MIOJIHYI0 TPUCOMHMIO 10 Xpomocome 21) y mioga B mepBOM — Hadaje BTOPOTO
TpuMecTpa OepemenHocTH (10 10-15 Henens).

O0beKT Hcciiel0BaHNs U MeTO/Ibl. [ eHeTHYeCKUM MaTepUaoM SBIISIOTCS
HUPKYIUPYIOMHE B Mia3Me KpoBu Mmarepu moiexkynsl MPHK tpéx renos,
TPAHCKPUOMPYEMBIX C XPOMOCOMBI 21, 3KCIpecchst KOTOPBIX crenupuyHa JUis
KJIETOK IUIAIeHTHl U 3MOpHoHa. [l nmpoBeneHus aHanu3sa ucnonssyercst PHK,
BBIZICTICHHAS M3 IIJIa3Mbl KPOBH OEPEMEHHBIX JKSHILHH, U3 KOTOPOH C IIOMOIIBI0
[P ¢ obparnoii Tpanckpunimeir (OT-TILP) aMmiuduIMpoBaIn y4acTKu
BBIOpDAHHBIX I'€HOB. 3aTEM MPOBOJUTCS KOJUYCCTBCHHBIA aHANIM3 alljeicit
MOJIUMOP(HBIX MAPKEPOB, JISKAIINX BHYTPU aMIUTN(HLIUPOBAHHBIX ()PArMEHTOB,
Ha aBTOMAaTHYECKOM CEKBEHATOpE C HMCIIOJIb30BaHUEM PEAKIUU YUIMHEHHS
npaiiMepoB. COOTHOILICHHSI KOHIICHTPALIUH aJliesel JOMKHO ObITh paBHO 1:1 B
Hopme 1 1:2 wnm 2:1 y HOCUTENe TPHUCOMHUIA.

PesyabTaTsl. [IpoBeneHbl npegBapuUTelbHBIE AKCIEPUMEHTHI 110
uccnenosanuio coxpannoctu PHK B nenbHON kpoBu u miazMe. COXpaHHOCTh
onpenensun nmyrem cnenuduynoit amrunpukannu ¢ OT-TTHP ¢parmenToB Tpéx
reHoB: TeHoB "nmomarnHero xo3sictBa" ACTB u B2M, a takxe crnenupuyHOro
st TotaneHTsl rena PLAC4, ¢ momyKONMWYeCTBEHHBIM aHAlTU30M PE3yIbTaToB.
DKCIIEpPUMEHTBI II0Ka3aJIu BHICOKYIO COXpaHHOCTh LupKyaupytomeid PHK B miasme
nipu +4°C u -70°C u B xpoBu 1pu +4°C B TeyeHue 24 4acoB (CHIKEHUE YPOBHS
currana He 6onee 20%). Taxke Ha OCHOBaHMH PKCIEPHMEHTAIBHBIX JaHHBIX
BBIOpaH METOX BBIACICHHUS U3 IJIa3Mbl, 00eCTeUnBAIOMMN HanOOIbIICE
konnyectBo 1 kauecTBO PHK. AHanus 06a3 JaHHBIX M IUTEPATyPHBIX HCTOUHHKOB
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IIOMOT BBIABUTH 3 reHa U 7 MOJUMOP(QHBIX MAapKEPOB, MOAXOMSIIIUX JJIS
npoBeneHus nccienosanus. [IpoBeneHa skcrepuMeHTanbHas IpoBepKa BeexX 7
OIMMOPGHBIX MapKepoB. B 4acTHOCTH, TeHOTUIIHPOBaHKE JAHHBIX MAPKEPOB B
rpynne u3 50 ueloBeK HOATBEPAUIO MX BBICOKYIO I'€TE€PO3UTOTHOCTD,
npesblnIaontyo 30%, 1 OTCyTCTBHE HEpaBHOBECHSI 110 cLeIeHHI0. C IOMOMIBI0
OT-IILP ycremHo npoBeaeHa aMiin@uKkays GparMeHToB, QIaHKHUPYIOMINX 6
u3 7 nmonumopdHbeix Mapkepos, u3 PHK, monydeHHO# M3 miia3mbl KpOBU
OepEeMEHHBIX JKCHIIMH CPETHETO M JUTUTEIILHOTO CPOKOB XpaHeHus (1-6 Mecsiies).
BeiBonbl. [lonTBepkaeHa BO3MOXXHOCTh aMIUTM(UKAIIUK TTOJIMMOPQHBIX
MmapkepoB u3 PHK mnanentapHoro npoucxoxzaeHus. OnpeneneHsl yCI0BUsL
XpaHeHuss 00pa3noB IUIa3Mbl KPOBH, COOTBETCTBYIOIIHE BO3MOXKHOCTIM
MEIUIMHCKUX IeHTpoB. CocTaBieHa MaHedb U3 6 TMOJIUMOP(HHBIX MapKepoB,
KOTOPBIE ObLIM YCIEIIHO aMIITU(GHLIUPOBAHBI U3 00PA3LOB ILIa3Mbl KPOBH.
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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 mMRNA 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 4ACTB 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 +4°C and -70°C and in blood at +4°C 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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WucTuTyT OMOOpraHnveckor XMMUHU UM. akajieMukoB M.M. IllemsiknHa u
10.A. OpunnnukoBa PAH, Mocksa
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Pacrurensubie LTP (aunun-tpancnoprupytomue Oenku) — HeOOIbIINE
OCHOBHbIE O€JIKH, 00JaJarolie CIIOCOOHOCTRIO TPAHCIIOPTHPOBATH MOJICKYJIBI
JUIUI0B Mexay OmomeMOpanamu in vitro. LTP oTHOCUTENbHO CTaOUIIBHBI,
YCTOWYMBBI K TETJIOBOW U XUMUYECKOH JIEHATYPAIHH, a TAKKE ()ePMEHTATUBHOMY
pacmennenuto. LTP pacTtenuil B COOTBETCTBUH C MOJNEKYISIPHOW Maccoi
nofipasienstoTest Ha jia nozkiacca: LTP1 (okomno 9 k/la) u LTP2 (okoro 7 k/a).
JlaHHBIE O€NKM colepiKaT BOCEMb KOHCEPBATHBHBIX OCTATKOB IIUCTEHHA,
00pasyrouux yeTbipe Tucyab(uanbie cBs3u. s IpoCcTpaHCTBEHHOM CTPYKTYPbI
LTP xapakrepHo Haiuuue rugipooOHOI BaJAWHBI, 0OPA30BAaHHONW TPEeMSs HITH
YeThIPbMS Ol-CIIUPAIISIMH U JITMHHBIM C-KOHIIEBBIM ()parMeHTOM.

LTP y4acTBy!OT B TaKMX OMOJIOI'MYECKUX IPOIIECCax B PACTCHUSIX, KAK CHHTE3
KyTHHa, SMOPHOTEHE3 1 aJaTallsl K CTPECCOBBIM (DaKTOpaM OKpY>KaroIIeH Cpebl.
[peanonaraercs, uro LTP, nogasnstomme poct 6akrepuii U rpuOOB, SBISIOTCS
BaXXHBIM 3JIEMEHTOM 3alllUTHON CHCTEMBbI pacTeHHH. MHOTHE HpeacTaBUTEIN
noakiacca LTP1 — cunbHbIe anseprensl, OTBETCTBEHHBIE 32 Pa3BUTHE UMMYHHBIX
peaximii Ha JaTeKc, MbLIbIY U PACTUTENbHBIE TUILEBbIE TPOTYKTHI.

Wzyuyenue LTP pactenuii, o6aagaronmx aHTUMUKPOOHON aKTHBHOCTBIO U
CBOWCTBAMH aJUICPI€HOB, MPECTABIISET HHTEPEC B CBA3U C BOBMOXHOCTBIO MX
MIPAKTHIECKOTO MPUMEHEHUSI KaK B 00IaCTH CEIBCKOTO XO3IHCTBA TS CO3MAHNUS
YCTOHYMBBIX TPAHCTEHHBIX PACTEHHH, TaK U B 00JIACTH MEIHILIFHBI IS pa3pabOTKH
HOBBIX IIPENapaToOB JUArHOCTUYECKOTO U TEPAeBTHUECKOTO IPUMEHEHHSI.

B xone npenmectsyromieii paboTh OBUIN BBIAETECHBI YeTHIPE HOBBIX JIMITH/I-
TPaHCIIOPTUPYIOMIMX OeJIka U3 MPOPAILICHHBIX CeMSH YeUeBHULBI Lens culinaris
(Lc-LTP2,4,7,8) [E.W.®unkuna, C.B.bamanaun, M.B.CepeOpskoBsa,
H.A.Tloranenko, A.A.Taraes, T.B.OBunHHHKOBa. BhIfeeHre U mepBUYHAS
CTPYKTypa HOBBIX JINIIUA-TPAHCIIOPTUPYIOIINX OCIKOB U3 MPOPALICHHBIX CEMSH
yeueBUlbl (Lens culinaris). buoxumus, 2007, 1.72, Ned, ¢.533-543]. beutn
YCTAHOBJICHBI UX IOJIHBIE AMUHOKHCIIOTHBIE ITOCIIEI0BATEIBHOCTH M CTPYKTYPBI
k/IHK. BbineneHHbie OCIKN MPOSIBISIOT aHTUOAKTEPHAIbHYI0 aKTHUBHOCTb, B
YaCTHOCTH, TOJABIISIOT pocT (urtonarorena Agrobacterium tumefaciens. J{ns
MIPOBEJCHUS JTAIIBHEHIIIMX CTPYKTYPHO-(DYHKIMOHAIBHBIX M NPEAKIMHUYECKUX
HCCIe0BAaHNN HaMH OBLIM pa3pabOTaHbl CUCTEMBI JJIs T€TEePOJIOTHYECKOH
skcnpeccuu Le-LTP2 B E. coli. B kadecTBe pOAUTEIBCKOTO IITaMMa
ucnonp3oBaicsa mramm E. coli BL-21(DE3), skcnpeccupytomuit T7 PHK-
nonuMepasy npu uHAykuud UIITI mnm nakro3o0l, MO3BOIAIOLIMN ¢ BBICOKOR
3 PEKTUBHOCTHIO CHHTE3HPOBATH 11eIEBOM OEJIOK 1oj1 KOoHTposieM T7 mpoMoTopa.
N-KoHIIeBO# OKTaruCTUIUHOBBIA y4yacTOK 00ecreunBal BO3MOXHOCTh
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METaJIOXEIATHONH OYUCTKH peKkoMOMHaHTHOTO Oenka. OAMH W3 IBYX
pa3paboTaHHBIX BapUAaHTOB KOHCTPYKLNH peaycMarpuBai nmomydenue Le-LTP2
B (hopme rudpuaHOro 6enka ¢ Moau(GUIUPOBAHHBIM THOPEIOKCHHOM A. JlaHHast
crucTeMa mokasajia 0osee BBICOKMH BBIXOJ I€JIEBOr0 MPOAYKTa M Oblia
WCIIOb30BaHa JUIsl BRIJETICHHS OeiKa.

Knerku mramma BL-21(DE3)/pET-His8-TrxL-Lc-LTP2 kysnsTiBHpOBaiu B
OoraToil murareiabHOW cpeie. ONTUMHU3ALKA COCTaBa MUTATENIbLHON Cpejibl,
TeMIepaTypel M APYrHX YCIOBHH DKCIPECCHUM IO3BOJMIJIA TOCTUYb
YIOBIETBOPUTENLHOTO Bhixozia LTP-conepxariero rudpuaHoro oenka. Kierounsrit
0CaJ0K, COACPXKAIMN MPOAYKTHI AKCIPECCHH, JIM3UPOBAIU C IOMOLIBIO
yabTpasByka. [1oTydeHHBIH B pe3ynbraTe HIeHTPH(YTHPOBAHMS OCBETICHHBIH JIN3aT
MOJIBEPralii METAJUIOXEJIATHOW XpoMaTorpaduu, SIOUpPYsi THOPUIHBIA OEIOK
rpaaveHToM umuaasona. [ noiydeHus 3pesnoro Oenka Obluia HCIOIb30BAaHA
peaxuus pacuieruienust ruopuHoro 6enka His§-TrxL-Lc-LTP2 6pomuuanom no
HCKYCCTBEHHO BBEICHHOMY OCTaTKy METHOHHUHA.

Jli1s pazeneHus cMecH, MOoJy4eHHOH B pe3yNbTaTe peakluy ¢ OpOMIIAaHOM,
U B KayecTBe (PMHANBHON CTaUM OYMCTKH PEKOMOMHAHTHOTO Oeyika OblLia
ucnonpzoBaHa OD-BOXKX. s ounctku Le-LTP2 Obina BeiOpana cucrema
pacTBopuTeneil aneToHUTpHI-Boxa ¢ nodasnerueM 0,1% TOY. Pasnenenue
[IPOBOJIMIIN B JINHEHHOM I'paJIMCHTE KOHLEHTPALUK aleToHuTpuia ot 5 10 80%
3a 60 munyT. Bpems ynepxxuBanus pekomOunatHoro Lc-LTP2 B ycnoBusix
3a1aHHOT'0 I'PaJJUEHTa COOTBETCTBOBAJIO 3HAUCHUIO, TIOJTyYU€HHOMY IS IPUPOIHOTO
Oenka. MonekynsipHas Macca IOJy4YeHHOro Oeska, onpenejeHHas METOI0M
MALDI-TOF macc-cnekTpoMeTpHH, 0OKa3ajach PaBHOM MOJIEKYJISIPHOI macce
npuponHoro Le-LTP2 (9282,7 [a).

Wnentnunocts pekoMOuHanTHOTO Le-LTP2 npuponHoMy Oenky Obliia Takke
MOATBEPXK/JCHA TECTUPOBAHMEM AHTUMHKPOOHOH aKTMBHOCTH METOIOM
JIByKpPAaTHBIX CEPUHHBIX pa3BeIeHUH B )KUAKOM muTarenbHOH cpene. [lomyaennsrit
pexomOuHaHTHBIN Le-LTP2 o0nanan aHTHOAaKTEepHaibHON aKTHBHOCTBIO M C TOR
xe 3(QEeKTUBHOCTBIO, YTO U MPHUPOJHBIN OEJIOK, MMOJABISAI POCT NOYBEHHOMH
¢uronaToreHHoM OakTepuu A. tumefaciens, BbI3bIBAIOIIEH OIyXOJIN Y PACTCHUH.
OuniieHHbId pekoMOMHaHTHBIH Lc-LTP2 obmagan takxke mpoTHBOrPHOKOBO#
AKTHBHOCTBIO H HHTHOMPOBAI POCT (PUTONATOTCHHBIX TPUOOB Aspergillus niger u
Neurospora crassa, SBISIONNXCS TPUUUHON pa3BUTHS Y PACTEHUH YepHOH U
KpacHOM THUIIH.

B pamkax raHHOH paboThI ObLTa cO3JaHa TeHHO-MHKCHEPHAst KOHCTPYKIIHS
i skenpeccuu Le-LTP2 B E. coli B cocraBe rubpunHoro Oenka, v Mojay4eH
LITAMM-TIPOYLIEHT, TIO3BOJISOIMI SKCIPECCHUPOBATD JIIH-TPAHCIIOPTUPYOIINHA
0€JIOK YeUeBHIIBI C BEIXOJIOM HEe MeHee 1,5 MI/JI Ky IbTyphI B IlepecueTe Ha YUCThIN
Lc-LTP2. Pa3zpaboranHas METOIMKA BBIACICHUS PEKOMOMHAHTHOrO Oenka
no3possieT nonyyars Le-LTP2, uaeHTHYHbIH OPUPOSHOMY O MOJIEKYISPHOU
Macce, aMHHOKHCIIOTHOH MTOCIIEI0BATEIbHOCTH M aHTUMUKPOOHOM aKTHBHOCTH.
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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
a-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 L¢c-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
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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 Le-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 4. 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/1) 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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Hcnonp3oBaHue pakoBO-CleUU(UYHBIX IPOMOTOPOB B TE€HHO-
TEpaneBTUYECKUX CHCTEMaX, HApPaBICHHBIX HA JICYEHHUE OHKOJIOTHYECKUX
3a0o0seBaHUi, UMeeT 00MbLIYIO0 HepcreKTUBY. C HX MOMOIIBIO MOKHO JOOUThCS
9KCIPECCHU TPAHCTEHA HCKITFOYUTEINBHO B OITYyXOJIEBBIX KileTKax. OIHaKO H3BECTHO,
9TO CHJIAa IPOMOTOPOB, CIIEIM(IUECKN aKTHBHBIX B PAKOBBIX KJIETKAX, 3a49aCTYIO
HEJO0CTATOYHO BBICOKA IS NPOSBICHHS HEOOXOANMOTO TEpareBTHIECKOrO
s¢dekra. BenencTsue 3Toro BO3HUKAET HEOOXOIAUMOCTb Pa3pabOTKU CHUCTEM,
MO3BOJIAIOUIMX YCHJIMBATh aKTUBHOCTh TaKUX IPOMOTOpPOB. Panee Hamu ObLIO
MI0KA3aHO, YTO YPOBEHb SKCIIPECCHN TPAHCTEHA, HAXOILIETOCs MO KOHTPOJIEM
PpaKoBO-CIIEU(PUIHOTO ITPOMOTOpa reHa cypsuBuHa (B/RCS) yenoBeka, MOKHO
yBeauuuTh npu ucnonabzoBanuu Tat-TAR-cuctemsr HIV-1. benok tat
cnenuduyeckn cBsa3piBaeTcs ¢ BupycHod MPHK B paiione TAR-
nocnenoBarensHocT S5'LTR HIV-1 um akTuBupyeT TpaHCKPUNLIHUIO
ITOIKOHTPOJIBHBIX T€HOB. Eciin mOMeCTUTh I'eH tat 1moJ KOHTPOJb PAaKOBO-
crnenu(pUIHOr0 MPOMOTOpPa, TO MOXKHO 3(PPEKTHBHO YBEIUYUTh YPOBECHB
HKCIPECCHH TPAHCTEHA TOJIBKO B OITYXOJIEBBIX KJICTKAX, IPH ATOM B HOPMaIbHON
TKaHU YPOBEHbB €T0 KCIPECCUH Oy1eT MUHUMAJIbHBIM UIIH OTCYTCTBOBATh COBCEM.

B kadecTBe reHa TepaneBTHYECKOTO BO3JCHCTBUS MBI HCIIOIb30BAIH I'CH
TUMHIMHKUHA3bI BUpYCa POCTOro repreca (tk-HSV). DT1ot GpepMeHT npeBpaiiaet
HYKJICO3UJHBIE aHAJOTH, TaKMe KaK TaHUHWKIOBUP M ALHUKIOBHUDP, B
MoHo(dochopunupoBanHyo HopMy, KOTOPYIO 3aT€M HIOICHHbIE KIETOYHBIE
KHMHAa3bI TPe00pasyroT B TOKCHUHYIO TpudochaTHyro GopMy, KOHKYPHPYIOIIYIO C
HOpMaJIbHBIMH HyKJcoTuHaMu mnpu perutukanuu JJHK. Takum oGpasowm,
sKcmpeccuss resa tk-HSV B kieTkax MIIEKONUTAIOMIUX JeNaeT HX
YYBCTBHUTEJIbHBIMH K FAHIIUKIIOBHUPY, YTO IPUBOAMT K ocTaHOBKe cuHTe3a JIHK u
K THOETIH KJIETKH.

UtoObl pacIIMPUTH CIIEKTP OITyXOJIEH, 11 KOTOPBIX BO3MOXHO 3(h(EeKTUBHOE
HCIIOJIb30BaHKEe Pa3pabOTaHHOW CHUCTEMBI, Mbl HCCIICAOBAIN MOTEHIUAN JIBYX
IIPOMOTOPOB, 00JIAJAFOIINX HIHPOKOI OIYX0JIEBOM CHIEIU(UUHOCTHEO (TPOMOTOP
reHa CypBHBHHA 4esioBeka (pSurv) U rHOpHIHBIA TPOMOTOP T'eHa OOpaTHO
TpaHCKpHUIITa3bl yeioBeka u nurtomeraigosupyca (phTERT-CMV)) B Tat-TAR-
cHUCTEME.

B pabore Obuti rcnosnb3oBanbl pparmentsl S'LTR Bupyca HIV-1, onun n3
kotopbix — ALTRep — cozmeprxall BUPYyCHBIH HXaHCEp W MPOMOTOP; paiioH R,
Hecymuii TAR-anement; US 001acTh U HyKJICOTHIHYIO [10CIEI0BATEILHOCTD
nocne US o0nacTu 10 CTapTOBOTO KOJIOHA TIEPBOTO I'eHa BUPYCa, a BTOPOH - €ro
YKOpOUCHHBIH BapraHT 0e3 sHxancepa (ALTRp).
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PazpaboTanHas cucTeMa COCTOUT M3 BEKTOPHBIX KOHCTPYKIHMH, OIHA M3
KOTOPBIX HECET TeH fat TMOJ KOHTPOJEM PaKOBO-CIICIH(UYHOTO MPOMOTOpa, a
BTOpasi — T'eH TAMUAMHKUHA3BI BUPyca MPOCTOro repreca 1oy kourpoiaeMm ALTRep
unn ALTRp. Tenwr tat u th-HSV, a takxxe ALTRep, Obutn KJIOHHpPOBaHBI B
KOHCTPYKIUH, TIPH DTOM T€H faf HaXOIWJICS TMOJ KOHTPOJEM PSUrv Hiu
phTERT-CMV, aren thk-HSV —nion konTposnem ALTRep. [l cpaBHEHUS 1 OLICHKU
3G ¢pekTUBHOCTH paKoBO-CHENUPUUHBIX TPOMOTOPOB OBLIM MOJYYEHBI
KOHCTPYKIIUH, B KOTOPBIX I'eH tk-HSV Haxomuiics moj ynpasieHueM oo pSurv,
1160 phTERT-CMV, 1160 1101 KOHTPOJIEM CHIIBHOTO HeCHIeM(UIHOTO IPOMOTOpPA
nuromeranosupyca (pCMV/E). DddexruBnocts padorsl Tat-TAR cucremst Obu1a
MI0Ka3aHa MPU TPAH3UCHTHON TPAHCQEKLIUH PAKOBBIX JMHUH KIETOK YeJIOBEeKa
Calu-1 1 HT1080 ¢ nmoceay oM IMMYHOOIOTTHHIOM KJICTOYHBIX SKCTPAKTOB
c anturenamu k tk-HSV. Hccnenyemsiii 6enox tk-HSV npakrtuuecku He
JICTEKTHPOBAJICSL, €CJIU €TI0 I'eH HAXOUJICA 11071 KOHTPOJIEM PaKOBO-CIELUPUIHOTO
npomotopa nin ALTRep u, HarmpoTuB, CHHTE3UPOBAJICSI HA OYE€Hb BEICOKOM YPOBHE,
ecnu reH tk-HSV naxomwiics noj KoHTposieMm OunapHo# cucremsl Tat-TAR u
pCMV/E.

MBplI oKa3aiu, 4To B KJIETKaX, HeCyIuX reH thk-HSV nox koutponem Tat-TAR-
CHCTEMBI M PAKOBO-CIEUPHYHOTO IPOMOTOPA, TPOUCXOAUT POCHOPHUINPOBAHUE
TaHIUKIOBHUPA, B KOJIMYECTBE, JOCTATOYHOM s UX dQdexruBHoil rudenu. [Tpu
9TOM 3(h(PEKTUBHOCTH pa3padOTaHHOM CUCTEMBI COMTOCTaBUMA C () (HEKTHBHOCTHIO
MIPOMOTOPA IMTOMETraJIOBUPYCa U CYIIECTBCHHO Bl 3)(HEKTUBHOCTH PabOThI
pakoBo-crielupUYHBIX TPOMOTOPOB. O1HAKO MbI TaKke 00HapyxuiH, uto ALTRep
00iaaeT BBICOKOH 0a3aJIbHOM aKTMBHOCTBIO, B PE3yJbTare KOTOPOW TMOHYT
KJICTKH, HECYILUE I0J] ero KOHTposieM reH tk-HSV. Hamu Obuin uccie0BaHbl
CIOCOOBI MOHIKEHUS TaKoH Hecmenu(uIecKoil akTHBHOCTH U IOKa3aHO, YTO
yKkopoueHHbIi BapuaHT (ALTRp) nmeer cymiecTBeHHBIE NPEeUMYIIECTBA IS
HCIIOIb30BaHMs B Pa3pabaThIBaeMOi CHCTEME.

Taxum 06pazom, MBI TOKa3aiy, 9to ¢ momomrsio Tat-TAR-cuctemsr Bupyca
HMMYHOAE(HIIUTA YEIOBEKAa MOXKHO B CTO M 0ojee pa3 yCHIMTh aKTUBHOCTH
pakoBo-creM(PUIHBIX IPOMOTOPOB U TEM CaMbIM MOBBICUTH OIYXOJb-
HaIpaBJIeHHYO UTOTOKCHYHOCTD KWJIIEPHOTO areHTa — TAMUIMHKHHA3BI BUPYyCa
IIPOCTOTrO Tepreca.

142
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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 (B/RCS). 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
(BIRCS) 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 (ALTRep) has viral
enhancer and promoter; R region with TAR-element; U5 region and nucleotide
sequence downstream US region up to start-codon of viral first gene, and the second
one — its partly deleted non-enhancer version (ALTRp).

The developed system consists of vector constructions, the first one has fat
gene under cancer-specific promoter control and the second was tk-HSV gene
under control of ALTRep or ALTRp.

Tat and thk-HSV genes, LTR HIV-1 fragment (ALTRep) were cloned in gene
expression constructions. 7at gene was controlled by pSurv or phTERT-CMV and
tk-HSV gene —by ALTRep. 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
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of cancer-specific promoter or ALTRep and vice versa it was synthesized at very
high level when tk-HSV gene was regulated by binary Tat-TAR-system or pPCMV/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 ALTRep has high
basal activity that results in death of cells transfected by tk-HSV under ALTRep
control. The ways of decreasing such a non-specific activity were investigated and
it was shown that short ALTRp 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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MemOpaHHbIe OEIKHM MPENCTaBIAIOT OONBIION HHTEpeC I OMOJIOTHH U
MEIULHUHBI, OMHAKO MX HPOCTPAHCTBEHHBIE CTPYKTYpPHI Cl1ab0 H3ydYEHBHI.
PeHTreHoCTpyKTYpHBIN aHAJIN3 UCHIBITHIBAET IPOOIEMBI C UX KPUCTAJUIU3AIMEH,
B TO Bpemst Kak SIMP-criekTpockonust He MOXKET UMETB JIENIO ¢ KOMIIJIEKCAMH TaKoi
OOJIBIION MOJICKYJISIPHOW Macchl U Mayioi moABmKHOCTH. C yu€ToM TOrO, 4TO
MeMOpaHHBIE OENKH SBIAIOTCS HauOojee MOMYISIPHBIMU MHUIICHSMH IS
JIEKapCTBEHHBIX NpEnapaTroB, Mbl MOXXEM 3aKJIIOYUTh, YTO HPUHIMIIBI,
OTpeeNAIoIne OpraHu3annio, cOOpKy U (YHKUUIO KaHAJOB M PELENTOpOB,
HEOOXOIMMO HCCIIEI0BAT.

[Tockonbky Gonblias 4acTb MEMOPAHHBIX OEJIKOB COCTOUT U3 HECKOJIBKUX
TpaHCMEMOPAHHbIX CIIMpaJICHi, JUTd H3y4eHHS IEPEUNCIICHHbIX TPUHIMIIOB HAMHU
ObUT BEIOpaH HanboJIee MPOCTOM U HEOOBIIONW OOBEKT U3 Kilacca MEMOpPaHHBIX
0EJIKOB — IMMED OL-CITHPANICH. DTH KOMILIEKCH HIMEIOT HEOOMBIIYIO MOJIEKYISIPHYIO
Maccy ¥ BBICOKYIO HOABHMYKHOCTb, OJHAKO IPU 3TOM OHHM SIBJISIOTCS XOPOILIEH
MOJIETIBIO JTISI UCCIIEAOBAHUS CITUPANTb-CITUPATBHBIX B3anMozeicTBuil. st pacuéra
UX MPOCTPAHCTBEHHBIX CTPYKTYp OBUI pa3palboTaH CIELHaNbHBII MPOTOKOMI C
npumenenueM C-¢uibrpoBanubix criektpoB NOESY uist meTekrupoBaHust
MEXMOJIEKYJISPHBIX B3aUMOJCHCTBHM, 0CO00H MpoLeaypsl KaIHOPOBKU Kpocc-
IIMKOB B OTPAaHMYEHHS Ha PACCTOSHMS, & TAKOKe HEOAHO3HAYHBIX OTPaHNYCHHH Ha
paccTOsTHUSI ISl MPABHIBHONW MHTEpIpeTanuu JaHHBIX S0, momydeHHBIX U3
CIIEKTPOB C CHUJBHBIM MEPEKPHITHEM M Pa3JIUYHBIMH JUHAMHYECKUMU
XapaKTepPUCTUKAMH CUTHAJIOB.

ITpu oMoy 3TOro NpoTOKOJIa OBUTH PACCYUTAHBI CTPYKTYPBI HECKOIBKUX
nuMepoB TpaHcMeMOpaHHbIX (TM) cerMeHTOB CHUTHAJIBHBIX KHHA3 ceMeicTBa
ErbB: ErbB2, ErbB4, ErbB1/ErbB2. [Tentup! uccieoBaiuch B pacTBOpe OHUIIEIIT
— CMeCH TUMHUPHCTOWII- U TUTeKCaHOMI(HOCHaTHAMIXOIHMHOB B COOTHOLIEHNH 1:4.
Kaxk cunraercs, B yCIIOBHSAX HKCIEPHUMEHTA JIMIUABI 00pa3yloT arperarbl
JNHUCKOUIANBbHOW (pOopMBI, IpeacTaBisonue u3 ceds aaeKkBaTHYIO cpeny,
MMUTHUPYIONIYIO MEMOpaHHOE OKpYKeHHe. Bce momydeHHbIe CTPYKTYPhI SIBISIIOTCS
IIPaBO3aKPyYCHHBIMHU JUMEpPaMHU (i-CIIUpaell B MapauleIbHON OpHUEHTAINH,
npuuéM yrosl MEXKAy CHUpalsIMU A BCeX 00BbEKTOB cocTasiswia oT 40 no 50
rpaaycoB. TM-cerMeHThl B3aUMOJICHCTBYIOT Yepe3 pa3juyHble BapUAHThI
rmukoGoprHOBEIX G3G MOTHBOB M MEXKMOJICKYJISIPHBIC BOJOPOJHBIC CBSI3H,
00pa3oBbIBacMble OOKOBBIMH LICIISIMH OCTAaTKOB CEPUHOB U TPEOHHHOB. Bo Bcex
Tpex ciy4asx Ha MHTep(elice B3aUMOJCHCTBUS HaXOJUICS OTHOCHTEIIBHO
MOJIAPHBIA pernoH nmoBepxHoctd TM cnupanu. DxcnepuMeHTsl ¢ ErbB4
MI0Ka3aJli, YTO CIUPAJIb-CIHPAIbHbIE KOHTAKTHl MOTYT BBI3BIBATh HEOOJBIINE
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W3MEHEHHs BO BTOPUYHOI CTPYKType TPaHCMEMOPAHHBIX yYaCTKOB, B YACTHOCTH,
B PacCTOSIHUN JJOHOP-AaKLETTOP JUIsl CHUPATBLHBIX BOJOPOAHBIX CBS3CH.

V3MepeHHbIe ITMHAMUYECKUE XapaKTePUCTUKU HCCISIOBAHHBIX 0OBEKTOB
TIOKa3aJIH, YTO BCE OHU COCTOSIT M3 TPAHCMEMOPAHHOH CITPAIIH, KOTOPAsi IBUTaeTCst
B JKECTKOM KOMIUIEKCe ¢ numumaaMu obmieit maceol 30-40 x/la, ¥ MOABUIKHBIX
KOHIIEBBIX Y4acTKOB. BO BCeX ciTydasx B CTAOMIIBHYIO CIIUPAITb BXOJUT HECKOIBKO
3apspKeHHBIX ocTaTkoB. B ciywae rerepogumepa ErbB1/ErbB2 crimpans ErbB1
oKazaliach JeCTabMIM3UPOBaHHON Ha N-KOHIIE, a TAKkKe Obll1a Kopode Ha | BUTOK,
YTO, CKOpEE BCET0, TOBOPUT O paznnyHoi opueHTanun ErbBl u ErbB2 mno
OTHOLICHHUIO K HOPMaJIU TIOBEPXHOCTH OUIIEILIBL.

TM nomen ErbB2 mpu romo- u rerepoaumepusanuu ¢ ErbBl
B3aMMOACHCTBOBAI CO BTOPOH CHUPAJBIO IO OJHOMY M TOMY )K€ Y4acTKy
MOBEPXHOCTH, YTO MOATBEPIKIACT MPEIOKSHHYIO PaHEee /ISl aKTUBALIMH THPO3UH-
KMHA3HBIX PELENTOPOB MOJENb "CHEMICHHOro BpameHus ", Tak Kak HaJudue
BTOPOH MOJSAPHON 00JacTH HEOOXOANMO HE ISl TeTEPOIUMEPH3ALUH, a IS
MEePEKITIOYCHHS MEXK/y aKTHBHOM U HeakTHBHON (hopmamu. COIMIACHO MOJEIH,
BCE [1OJIy4€HHBIE CTPYKTYPbI COOTBETCTBYIOT CBSI3aHHOM, aKTHBHOM KOH(pOpMaLIUKi
penenTopa, 4To CBHIETEIBCTBYET O TOM, YTO BHYTPHUKICTOUYHBIC TOMEHEI
B3aMOJICHCTBYIOT B OTCYTCTBHE JINTAHAA, a aKTHBALUS PELENTOPa IPUBOIUT K
M3MEHECHHUIO B3aMMHON OPUCHTALMM KUHA3HBIX JOMEHOB U Tepejaye CUrHaja.
COOTBETCTBUE IOJYYEHHBIX CTPYKTYp aKTHUBHOH (GopMe penentopos
MIOATBEPIKAACTCSI N3BECTHBIMU JUISI TOMOJIOTOB MYTALIMSIMH, BBI3BIBAIOIIMH PaK
y kpbic. OnHoOl U3 Takux MyTtaumii sBisiercs 3amena Val®’Glu. Pesymnbrarst
MOJIEIMPOBaHHMS IIOKA3bIBAIOT, YTO OI00HAS 3aMEeHa CTAOMIIN3HPYET MOy YEHHYTO
crpyktypy ErbB2 3a cyer oOpa3oBaHHs JOMOIHUTEIBHBIX MEKMOJICKYIISIPHBIX
BOJIOPOJIHBIX CBsI3ei B paiioHe nHTep(eiica TuMepHr3anu.

DT0 Hccie0BaHue, BMECTE C OMOXMMUYECKUMH JTAHHBIMH, TOITBEPANIIO,
9T0 MeMOpaHHBIE JOMEHBI MOTYT MIPaTh BaXXHYIO POJIb B ()YHKIMOHHPOBAHHU
MeMOpPaHHBIX OEIIKOB, M IPEAOCTABIIIO AOTIOTHHUTEIBEHBIE CBUICTEIIBCTBA B ITOJIB3Y
MexaHu3Ma "CIHEIJIECHHOTO BpalleHus ", MPea0KESHHOTO AN aKTHBALUU
peuentopos cemeiictsa ErbB. Bonee Toro, npocTpaHcTBEeHHBIE CTPYKTY Pl MOTYT
00BsiIcCHUTD 3 (eKThl psiia MyTanuid B TpaHcMeMOpaHHOH criupanun  ErbB2,
KOTOpBIE, KaK [0JIArafoT, CBS3aHbI C Pa3BUTHEM paka. JlapHelme necaeaoBaHus
B JIaHHOM 00JAacTH MOTYT MO3BOJIUTH CO3/aTh JICKAPCTBA, HAIICJICHHbIC HE Ha
BHEKJICTOUHBIH, @ HA TPAHCMEMOPaHHBIN JIOMEH C BEICOKOH CIIEHU(PHIHOCTBIO.
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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 *C-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 a
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.
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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 Val**Glu. 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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Bakrepuansnas PHK-nomumepasa (PHKII) — 1o cioxHast MonekyssipHast
MalllMHa, KOTopasi CHOCOOHA KaTaJu3UpOBaTh HECKOJIBKO PA3JIMUHBIX PEaKLUii:
MPUCOSIUHEHNE HYKJICOTHIOB, MUPO(hochOopoin3, S3HI0- U SK30HYKICOITUTHIESCKOS
pacweruienue PHK. OTu peakiuu oCymiecTBISIOTCS B pe3ysbTaTe CI0XKHBIX
KOH(OPMAIMOHHBIX MIEPECTPOEK B aKTHMBHOM LeHTpe ¢epMmenTa. HemaBHue
CTPYKTYPHBIE 1 OHOXUMHYECKHE UCCIICIOBAHNS TOKA3aJIH, YTO B IPUCOCANHEHUN
HYKJICOTHIOB B XOJ[¢ Karaju3a TIaBHYIO POJb MIPAOT JBa dieMeHTa [3’-
cyobpenununsl PHKIT: G-netns u F-cnupans. CBA3bIBaHNE HYKJIEOTHAA
uHyuupyer "cBopaunBanue” G-neTiu u oopa3oBaHue "3aKkpbITON" KOH(POpPMaLUK
aKTHBHOTO IIEHTpa, 00ecreynBaroieil MpaBuIbHYI0 OPHEHTALUIO HYKJIEOTH A,
KOTOPBIH HarpsMyio KoHTaktupyet ¢ G-nemieit u F-cnupansro. Tpancioxarus
PHKII no marpune AHK, koTopast mporcXoauT nocie BKIIOYEHHs HyKIEOTH A,
TaKXe COIPOBOXKIACTCS CTPYKTYPHBIMU M3MeHeHusMu G-nemin U F-crimpanu.
Opnaxo, IeTanbHbIe MEXaHU3MBI CTPYKTYPHBIX nepectpoek G-netinu, F-crimpann
u Apyrux snementoB aktuBHOro nentpa PHKII Ha pasHbIX craausx KaTtaiusa
OCTAaIOTCsl HEU3BECTHBI.

PHKII repModmitbHBIX OaKTEpHit XapaKTePH3YOTCs CHUKECHHOM CKOPOCTBIO
KaTanu3a (IpU YMEPEHHBIX M HU3KUX TemIrieparypax) 1o cpasHeHuto ¢ PHKII
Me30(mIbHBIX OakTepuii. B uactHocTH, MBI OKa3anu, yro PHKIT repmodmiibHOI
Gaxrepuu Thermus aquaticus 00J1aaeT Topas3io MEHBIICH CKOPOCTHIO KaTalln3a,
yem PHKII ¢unorenernyeckn 6mu3koit Mme3oduinbHO# Oaktepun Deinococcus
radiodurans (npu 37°C). Takum o0pa3oM, cpaBHeHUE Me30(PUIBHBIX U
tepmoduiibHbIXx PHKIT MoXkeT ObITh HCIONB30BAHO JISI TIOUCKA CTPYKTYPHBIX
anemenToB PHKII, yuactByromumx B katanuse. Llenpro qanHON paOoThl ObLT TOUCK
cTpykrypHbIX anemenToB PHKII, obecnieunBarommx pa3indus B KaTaInTHYE CKUX
covictBax PHKII 70 aquaticus v D. radiodurans.

CpaBuenne mocnenosarenbHocteid 3tux PHKII mo3Bonuno BBISIBUTH
aMHHOKHCJIOTHBIE 3aMEHbI B HECKOJIBKUX HJIEMEHTaX aKTUBHOTO LIEHTPa, KOTOPbIE
MorH OBl BIUSATH HA CKOpOCTh Karanusa. B wactnoctu, PHKII D. radiodurans
conepxut 4 3amensl B G-rietiie, 1 3ameny B F-cimpanu u 8 3amen B F-metne —
yJacTke, MpuMbIKaromeM K N-koHIy F-crmupanu u B3amMOAEHCTBYIONIEM CO
"cBepHyTOil" G-metiiell B 3aKpbhITONH KOH(OpMaIUy akTHUBHOTO LEeHTpa. Poib
F-metnn B karanu3e paHee He McclieJoBaIach. YToObl yCTaHOBUTB POJIb 3THX 3aMEH,
MBI Toy4rin Heckonbko BapuanToB PHKII 77 aquaticus, B KOTOpBIX OTIENbHEBIE
paiionsl Oenika ObUIM 3aMEHEHBI Ha coOoTBeTcTBytomue sneMeHTsl PHKII
D. radiodurans: (1) PHKII ¢ 3amenoii G-netiu (G-Dra), (2) PHKII ¢ 3amenoit
F-nersm u F-criupanu (F-Dra), (3) Bapuantst PHKII ¢ ToueuHbIME 3aMeHaMHU B
F-nerne u F-cnupanu, (4) PHKII ¢ genenuei nentpanbHoit yactu F-netinu
(AF-loop).
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Crkopoctu karanuza PHKII T. aquaticus w D. radiodurans n MyTaHTHBIX
BapuantoB PHKII 7. aquaticus Ol W3MEPEHBI C UCIOJIb30BAHUEM
HCKYCCTBEHHBIX AJIOHTAlMOHHBIX KOMIUIEKCOB, MO3BOJISIONIMX aHAJIH3UPOBAThH
MIPUCOEINHEHNE OAHOTO HykJIeoTuaa. bruto mokaszano, uro mpu 20°C ckopocTh
npucoenunenus nykneoruna PHKII 77 aquaticus B 320 pa3 MeHbIiIe, 4eM CKOPOCTD
D. radiodurans RNAP. Cxopocts karanusza mozanunoid PHKII G-Dra ne
ornnuanack oT ckopoctu karanuza PHKII 7. aquaticus, a ckopocTs Karanusa
mo3anynoit PHKII F-Dra Obina Gosbiie B 40 pa3. Toueunsie 3aMeHbI B F-mietie
TakKe MPUBOAMIM K YBEJIMUYEHHIO CKOPOCTH KaTaju3a B HECKOJIbKO pa3.
HawnbGonbmmii 3¢ ekt Ha CKopocTh Karain3a OkasblBajia Jeselys F-neru, koropas
npuBoania k nagernto ckopoctu cuareza PHK PHKII 7 aquaticus B 70 pas.

J151s1 Toro 4T00BI YCTAaHOBHTB, KaKyI0 POJib UTpaeT F-meTis B karanuse, MbI
HCCIIEIOBANIN BIMSHUE aHTHOMOTHKA crpentonuauruHa (Stl) Ha cunres PHK
pasnmuuneiMu PHKITIL. Stl cs3biBaetcs B cepenune F-crimpanyu u npensrcTByer
cBopaurBaHnto G-TIETIH B X0/I¢ KaTasn3a. belio ycTaHOBIICHO, uTo Stl 3HaUNTENTHHO
cHmxkaet ckopocTb cuHte3a PHKII 70 aquaticus u PHKII F-Dra, Ho He BusieT Ha
ckopocts PHKII AF-loop. IlpiumeuarenbHo, 4TO B IPUCYTCTBUU aHTUOMOTHKA BCE
nccienyemble pepMeHTH UIMEIOT TPUMEPHO OJHHAKOBYIO CKOPOCTD, CPABHUMYIO
€O CKOPOCTHIO (pepMeHTa ¢ aenenneit F-netnu B orcyrerue Stl. Takum o6paszom,
Stl, BeposTHO, OKa3bIBaeT Ha IPUCOCAMHEHHUE HYKJICOTH A TOT e dPPEKT, 4TO U
nenerus F-nemm. DTo 1mo3BOISIeT MPEAIIoNoKUTh, yTo F-niemis cnocoOcTByeT
NpaBUIBHOMY CBOpauynBaHWI0 G-NETAM W CTAOUIU3UPYET 3aKPHITYIO
KOH(OPMAIMIO aKTUBHOTO LIEHTPA B XOJI€ KaTaJln3a.

Panee Obuto nokaszano, uto G-newist oOecrne4rBaeT BbICOKYIO TOUYHOCTh
cunte3a PHK 3a cuer ctumynsinun OBICTPOTO BKIIOYECHUS MPABUIBHBIX
HYKJICOTHIOB [0 CPABHEHHMIO C HETIPABHIILHBIMU CyOCTpaTaMu. MBI IOKa3aJId, 4TO
nenenus F-nietnu rakxke HapyaeT 3 GeKTUBHYIO JUCKPUMHUHALIUIO CyOCTpaToB.
Takum oOpazom, mo-BuauMomy, F-rietsist u G-eTisi COBMECTHO BIIHSIIOT Ha
nuckpumuHanmio cyocrparos PHKII.

B ornnune or peaknuu cunteza PHK myTtanun B F-netne He oka3biBanu
3HaunTeNbHOTO 3 dexra Ha ckopocTs pacuervienus PHK 6akrepuansHoit PHKII.
Beino yeranosneno, uto PHKII 7. aquaticus, D. radiodurans uw PHKII ¢ nenenmeit
F-metiim nmeror opmuakoByio ckopocts pacmeruienns PHK. CrnemoBarensho,
F-netns, no-Buaumomy, He ydacTByeT B peakiuu pacuierienust PHK.

Takum oOpa3om, B naHHOH pabGore MBI Mmokazanu, uto F-meTins,
pacrionoxeHHas B odnactu aktuHoro neHrpa PHKII, urpaer BaxHyro ponb B
npouecce karanusa 6axrepuanbHoil PHKII. F-netns HemocpencTBeHHO
B3aumozeicTByer ¢ G-nerieil B 3aKpbITOi KOH(QOPMALMK aKTHUBHOTO LIEHTPpa U
AJIIOCTEPUUYECKH CIIOCOOCTBYET IIPUCOSANHEHHUIO HYKJIEOTHOB. 3aMeHbI B F-rieTie
MOTYT CITy>KUTh MEXaHU3MOM aJalTUBHOH peryIsiiuu ckopocter karanuzay PHKIIT
Me30(UIBHBIX U TEPMODUILHBIX OAKTEPH.
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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 (§° 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 37°C. 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 7. 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 (AF-loop).

The rates of catalysis by the wild-type T. aquaticus and D. radiodurans RNAPs
and mutant variants of I aquaticus RNAP were measured using artificially
assembled elongation complexes, which allow to analyze single nucleotide addition.
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At 20°C, the observed rate of single nucleotide addition by 7. 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 7. 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 7.
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 7. 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 7. aquaticus RNAP and F-Dra RNAP. In contrast, AF 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 AF-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
AF-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 AF-loop RNAP and by the mosaic 7. 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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KBaHTOBBIE TOYKHM SIBASIOTCS NEPCIECKTHBHBIM MaTepHaIoOM s
OMOMEIMIIMHCKUX HCCIEIOBAaHUN Oarofapsi UX yHHKAJIbHBIM CBOMCTBaM:
yCTOWUMBOCTU K (HOTOOOECIBEUNBAHHIO, BRBICOKOMY KBAHTOBOMY BBIXOIY,
HINPOKOMY CHEKTpPY HOIJIOMICHUS U Y3KOMY — MHccHU. KpoMe Toro, KBaHTOBBIE
TOYKH MOTYT OBITh KOHBIOTHMPOBAHBI ¢ OMOJIOTMYECKUMH MOJEKYJIAaMH, Y4TO
MO3BOJISIET MX HCIOJNB30BaTh JUISl CO3/AHUSI CHCTEM HAIPaBICHHON TOCTaBKH,
BU3YaITU3al{H TPAHCMEMOPAHHOTO ¥ BHYTPUKIIETOYHOTO TPAHCIIOPTA BEIIECTB.
[ToaTOMy 1edBI0 NaHHOH Pa0OTHI SABISIOCH MCCIEIOBAHUE MOTIOLMICHUS,
BHYTPHUKJICTOYHOTO MEPEIBIKCHIS U BBIICICHNS KBAHTOBBIX TOYEK OIHUM U3
TUTNOB KJIETOK KPOBH — HEUTPODMIBHBIMEU TpaHyIOIHUTaMH. BriepBbie ObLIO
MPOBEIECHO UCCIICIOBAHNE B3aNMOICHCTBIS HEUTPO(DHIOB C KBAHTOBBIMH TOUKAMU
METOAAMHU CKaHUPYIOUIEH Ja3epHON U CKaHUPYIOIIEeH 30HI0BONH MUKPOCKOIINHU B
peXuMe pealbHOTO BpeMEHH U 3a(UKCHPOBAHBI MPOLECCHl (Haronurosa,
BHYTPUKICTOUYHOTO TPEICHHTa, arperalui U KCKPELUN KBAHTOBBIX TOUYCK
HEUTPODUIBHBIMU I'PAaHYJIONHUTAMH, @ TAKKe BBIABICH 3((GEKT MOAABICHUSI
KBaHTOBBIMH TOYKAMH PECIUPATOPHON aKTUBHOCTH (DaroIuToB.

HeliTpodubHbIE IPaHYIIOMUTHI BBIISISUTH H3 KPOBHU 3I0POBBIX IOHOPOB Ha
JIBOWHOM rpajueHTe ¢pukoiuia-yporpapuna. Ksanrtoseie Toukn CdSe/ZnS,
MOKPBITEIE MepKanToykcycHoi kuciorot (MVYK), momyuenst B UBX PAH n
WCIIOJIb30BaHbl B HAYAIbHOW KOHLIEHTpauuu 2 mr/mi. KBaHTOBBIE TOYKU
CdSe/CdS, noxpeiteie MYK, nonyuens! Taxke B UBX PAH u ncnonb30BaHbl B
HavyasbHOH KoHueHTpanuu 0, 06 mr/mi. KBantoeie Toukn CdSe/ZnS, nokpeIThie
nosmaTrwieHmrkoneM (I1910) npousBoncTea Eugene, USA, nucnonb30BaHbl B
HavyaJIbHOHU KoHUeHTpauun 40 HM.

KBaHTOBBIC TOUKH MOMIOMIAIOTCS HEHTPODYUIEHBIME TPAHYIOIUTAMH. JTO
MOTJIONICHUE Peallu3yeTcsl TPAAUIMOHHBIM ISl MOTUMOP(GHO-SIASPHBIX
neikorutoB (IIMAJI) mytem — daronuro3oM. 3a peanusanuio MexaHH3Ma
(arorUTapHOTO 3aXBaTa CBUICTEIBCTBYIOT 1Ba (pakTa. Bo-nepBhix, HEHTPODUIIBI
aKTHBHO (OpMHUPYIOT TiceBaononnu (GpeHoMeH oOpa3oBaHHs MCEBIOTOIUI
3a()UKCHPOBAH KaK METOIOM CKaHUPYIOLIEH Ja3epHO, TaKk U CKaHUPYIOLIEH
30HJIOBOl MHKPOCKOMHH). BO-BTOPBIX, METOIOM KOH(OKAIBHONH MHUKPOCKOIIHU
YCTaHOBIICHO, YTO Yepe3 HECKOJIBKO MUHYT ITOCIIE 100aBICHUSI K HEHTPODHITEHBIM
IPAHYJIONUTAM KBAaHTOBBIX TOYEK MPAKTUYECKH BCE OHU OKa3bIBAIOTCS BHYTPU
(aroinu3ocoManbHBIX TPaHyll. DTOT (GakT ObLI yCTaHOBJIEH Oarogapst OKpacke
JIM30TPEKEPOM: 3€JICHOE CBEUCHHE MapKepa JIM30COM IPAKTHYECKU MOTHOCTHIO
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HAKJIaIbIBAJIOCh Ha KPAacCHBIH (DIyOpeCHeHTHBIH CHTHAJI KBAHTOBBIX TOYEK
(cymMMapHBIii CHTHAJI 5KEJITOTO IIBETA).

JlanpHEeWMi My Th KBAHTOBBIX TOYEK BHYTPHU KIJIETKH, 110 BCEH BUIMMOCTH,
Ipe/IoIaraeT BBIX0] KBAHTOBBIX TOYEK U3 (aronn3ocom. KocBeHHBIM ITPU3HAKOM
BBIXO/1a KBAaHTOBBIX TOUYEK M3 (haroan30CoM sBISCTCS CHIDKCHNE PECTIPATOPHON
aKTMBHOCTH KJIETKH uepe3 70 MUH HHKyOaIuu ¢ KBAHTOBBIMHU TOYKaMu. B paboTtax
Nel A. u coasr. (2006) moka3aHo, YTO KBaHTOBBIE TOYKH, KaK U APyrue
HaHOMAaTepualbl, HHAYLHUPYIOT 00pa3oBaHHE B KJIETKaX aKTUBHBIX (HOpM
kucnopona (ADPK). Ho »ToT mporecc BO3MOXKEH TOJIBKO B TOM CIydae, €CiH
KBAaHTOBbIE TOYKU OyayT oOHapy>KeHbl B 00beMe LUTOIIAa3Mbl. TOKCHYECKHUI
s ekt oopazyembix ADK MOKET MPOSBIATHCS NMPU OKHCICHUH (DEPMEHTOB,
KaTaJIN3UPYIOLUINX PEaKUH T'eKCO30MOHOGOC(ATHOrO MYHTAa — OCHOBHOTO
ucrounrka HAJI®H, /v nenocpencreenno HAJI®H-okeunasel. Mctomenne
(epMEHTAaTUBHOTO pe3epBa KIETKH PETUCTPUPYETCs HAMHU 110 CHHIKEHHIO YHCia
rpaHy’ audopMasaHa Kak B CIOHTAHHOM, Tak U B ctumyarpoBanHoM HCT-tecre.
[ToxaBneHue peciupaTopHO aKTUBHOCTH (DaroIUTOB SBIISETCS J10303aBUCHMBIM.
B yacTHOCTH, IPU HCIIOJIB30BAaHUU HAUMEHBIIEH KOHLIEHTPAIIMH KBAHTOBBIX TOUEK
—0,003 mr/m1 — mpoucxoauino naruouposanue conranHoro HCT-tecra Ha 19%,
a ctumynupoBaHHoro Ha 11%, Torna kak mpu BO3AEHCTBUM MaKCHUMaJIbHOM
koHeHTpauun — 0,06 Mr/mi nokasarenu criontannoro HCT-Tecra cHukanuch
Ha 47%, a ctuMynupoBaHHOro — Ha 50%.

BHyTpHUKI€TOUHBIN TPEHCHHT KBAHTOBBIX TOUYEK MOT IMETh Pa3HbIA XapakTep.
JIi1s moaBIisoIIero OONIBIIMHCTBA HEHTPO(UIIOB OTMEUEHO BHYTPHKIIETOUHOE
JIIBU)KEHHE KBAHTOBBIX TouekK. OHO HMMeENO pa3HbId XapakTep: 4acTh
HEUTPOPUITBHBEIX IPAHYIOIUTOB SKCKPETHPOBAIIH arperaThl KBAHTOBBIX TOUEK, IS
npyrux [IMSIJT 3apeructpupoBad 0OMEH KBaHTOBBIMH TOYKAaMHU, HEKOTOPHIC
KJIETKH TOKPBIBAJIMCH CBEPXY KBAHTOBBIMU TOYKAMM Ha OJHOM H3 IIOJIIOCOB.
MHorue KJIeTKH Tociie THOenu OB OKPYKEHBI OPEOSIOM U3 KBAHTOBBIX TOUEK.
l'opa3no MeHbIIee KOJIMUYECTBO KIETOK XapaKTepHU30BaJlOCh OTCYTCTBHUEM
LUTOIJIa3MaTUYECKOTO IEPEMEIIECHUI KBAHTOBBIX TOYEK: B 3TOM Ciydae
HAHOYACTHIIbI aKKyMYJIHPOBAIMCH B OJHOM U3 KOMITAPTMEHTOB KJIETOK (HO BCerza
BHE S71pa).

TakuMm 00pa3oM, B HPEICTABICHHOW padoTe HOKa3aHa MEPCIEKTUBHOCTD
HCTIOJIb30BaHUS KBAHTOBBIX TOYEK JUUISI MICCIIEAOBAHMUS MIPOIIECCOB IOMIONICHNUS,
BHYTPUKJIETOYHOTO TPAHCIIOPTA U IKCKpeluu KieTok. OJHaKo JaHHBIA THI
HAHOYACTHI] HE SIBISETCSI ONOMHEPTHBIM, TIOCKOJIBKY ITPH ITOIVIONIEHUN KBAaHTOBBIX
TOYEK CHIKAETCs 3PPEKTUBHOCTH PECIIUPATOPHOTO B3phIBA.
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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
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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
NADPH, 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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ITpHOHBI MJICKONHUTAIOMUX — 0COOBIH KIIACC MH(PEKIMOHHBIX areHTOB,
BBI3BIBAIOIINX HEU3JICUUMbIC 3a00JICBaHMS LECHTPATbHONH HEPBHON CHCTEMBI Y
monei (oonesus Kpeiitdensaa -Sko6a, kypy, cuanpom ['epcrmana-1lITpayccnepa-
[leitakepa) U KUBOTHBIX (ryOuaras sHIedasonarus — "KOpoBbe OCIICHCTBO").
B oTaM4Me OT BCEX M3BECTHBIX MTATOTCHOB, IPHOHBI HE COIEPIKAT TEHOMA, a UX
MH(QEKIMOHHOCTh CBsi3aHa ¢ OelkoM, HaszbiBacMbIM PrP. Dror Genok MoxkeT
CYILECTBOBATH B aIbTEPHATHBHBIX KOH(POPMALIMOHHBIX (popMax — HHOEKINOHHON
(pubpmsiproii, PrP%) u Heunpexumonnot (MonomepHoi, PrP¢), mpuuem
nHdekronHas hopMa cnocoOHa KaTaTM3UPOBaTh MPEBpaNICHHEe HOPMalIbHON
(GopMBI B MHPEKIIMOHHYIO MOCPEACTBOM OEIO0K-OCIKOBBIX B3aUMOJICHCTBHIA.
Co3zanue CUCTEMBI IETEKINH, MO3BOJISIONEH crenupuIecKn pa3iandaTh
GUOPUILTAPHYIO 1 MOHOMEPHYIO (DOPMBI OelTKa, SBISETCS aKTYalbHOW 3a/1a4ei,
pelneHne KOTOpol MO3BOJIUT pa3paboTaTh METOABI IKCIPECC-ANAarHOCTUKU H
PO HUIAKTHKN TPUOHHBIX 3200JICBAHHIA.

VY npoxokeit Saccharomyces cerevisiae, B OTIIMYUE OT MJICKOIMUTAIOMINX,
CIOCOOHOCTH OEJIKOB MEPEXOINUTH B TPUOHHOE COCTOSIHUE HE BBI3BIBACT TSDKEIIBIX
HelpoziereHepaTuBHbIX 3a00seBanmii. OHON U3 Hanboee YI0OHBIX CHCTEM JIJISt
M3y4YeHUS IPOIIecca MPUOHN3ALNHN OCIIKOB SBIISIETCS HEXPOMOCOMHO HACIIEAyeMbIH
reHeTHYecKuil nterepMuHanT [PSIY] npoxokeil S. cerevisiae, ube BOSHUKHOBEHUE
1 HaclleIOBAaHHE CBA3aHO C MEPEXOJOM B IPUOHHOE COCTOsHHE (aKkTopa
TepMUHANHUU TpaHCAsInuu Sup35, KOTOPHIH MOXXET CYIIeCTBOBATH B
aNBTEPHATHBHBIX COCTOSHUAX — B BUJIE (PYHKIIMOHAIBHO-aKTUBHBIX MOHOMEPOB
u B pubpusipHoi (mpruonHoi) popme. benok Sup35 cocTouT U3 Tpex TIOMEHOB:
C-KOHIIEBOH JOMEH OTBEYaeT 3a (pyHKIHIO Oelka B TEPMUHALIMU TPAHCIISLIUH,
N-KoHIIEBO# OMeH HeoOXxoauM sl HacienoBanus [PSI'], a poiab cpenuHHOTO
M-0MeHa 10 KOHIIa He BhIICHEHA. B KauecTBe MOJIEKYIIbI-MUIICHN ObLT MOTyYeH
pexoMOuHaHTHBIH Sup35NM B MOHOMEpHO# U GUOPHILIAPHOI hopMax.

U3BecTHO, uTo Meton SELEX (Systematic Evolution of Ligands by
Exponential enrichment) mo3Bosisier HaX0UTh GParMeHThb! HYKJIEHHOBBIX KUCIIOT
(anTamepsl), obnanaronye CrnoCOOHOCTHIO CEIU(PUUYECKH CBSI3BIBATHCS C
OCJIKOBOWM MHUIIEHBIO C BHICOKHMH MOKa3aTeJsIMU cpojacTBa. Hamu ObLIO
npoBeneHo 9 mocienoBaTeNbHBIX CTaauil 0TOOpa anmTaMepoB, CIIOCOOHBIX
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crnenuduuecku cBI3bIBaThCA ¢ GubOpumasipuo popmoit Sup35NM u He
B3aUMOJICHCTBYIOIINX ¢ MOHOMEPHBIM OeikoM. Ilociie AeBATOro LuKiIa JOJsI
OJIMTOHYKJICOTHIOB, CIIEIU(UYECKU CBSI3BIBAIOLINXCS ¢ PUOPHIIIAMH, TOCTHITIA
40%. Ilomy4yeHHBIe anTaMepbl B ABYXLEHNOYEYHOH (hopMe KIOHUPOBAIU U
CEKBEHHMPOBAJH, aHAIN3 HYKJICOTHIHBIX IIOCIEJOBATEIHLHOCTEH MOKa3all
MPUCYTCTBHUE JOBOJBHO MPOTSHKEHHBIX TOMOJOTHYHBIX y4acTKOB (mo 24
HYKJI€0TH10B). OTOOpaHHBIE anTaMephbl C BBHICOKOI CTEIIEHbIO TOMOJIOTHU B
BapuabenbHbIX yuacTkax (S1-S10) CHHTE3UpOBAIH XUMUYECKH, TOMeNast OMOTHH
Ha S5'-xonen JIHK. U3yuenue >3pPpeKTHBHOCTH B3aUMOJCHCTBHUS anTamep-
(GubpunIa MoKasano, YTO KOHCTAHTHI Aucconuanuu (K,) KOMILIEKCOB
antamep-¢puodpmwusapablii Sup35SNM  Haxomstes B nuanazone 0,1-1,0 MkM u
CPaBHHMBI C BEIMYMHAMH, XapaKTEePHU3YIOINMH B3anMOJeHcTBHE OEIKOB ¢
anTutenamu. OLeHKa crienn(pUYHOCTH CBA3bIBAHUS CHHTE3UPOBAHHBIX allTaMEPOB
nipu oMot UPA-nogodHoN MeToauK OOHapyKuia, 4yTo cs3biBanue JJHK-
anTaMepoB ¢ mosuMepHoi Gopmoit Sup35SNM npoucxomut B 5-10 pa3 Gonee
3¢ dexTuBHO, UeM ¢ MOHOMEpaMH 3Toro Oenka. B Xone mpenBapuTenbHBIX
HCCIe0BaHi 0TOOpaHHbIE anTaMepbl 00HAPYKHIIHM CIIOCOOHOCTH CrieHU(pUIecKr
CBSI3BIBATHCS KaK C JIPOJKKEBBIMH NIPHOHAMH, TaK U ¢ 00pa3maMu MPHOHOB
YKMBOTHOTO ITPOHUCXOXKICHUS, YTO MOKET CTATh OCHOBOM JUISI CO3AHUS CHCTEMBI
JIUarHOCTHKH ¥ JICUCHHS IPHOHHBIX 3a001€BaHHH.

Pa6ota 6buta momeprxkana rpantamu [ISTC 2750, CRDF 2859 u PODU Ne08-
04-0062; Ne 07-04-91105.
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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 PrP5¢ refers to the misfolded form of PrP¢, and is
responsible for the formation of amyloid plaques that lead to neurodegeneration.
The PrP5 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 PrP
can catalyze conversion of the normal cellular form PrP¢ 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 (K,) was estimated for
aptamer-fibrillar Sup35NM complexes. The K, values obtained for the other
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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 ISTC 2750, CRDF 2859 and
RFFI Ne08-04-0062; Ne 07-04-91105.
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B kieTkax 3yKapuOT IIUTOXPOM C BBIIOIHSCT B IVIaBHBIC (YHKLHH: BO-
MEePBBIX, HAXOIACh HA MUTOXOHJIPHAILHONH MeMOpaHe, y4acTByeT B IepeHoce
9NIEKTPOHOB MO JIBIXaTeIbHOMN LIEMH, OAICPIKUBASI KUZHECATSIBHOCTD KIIETKH,
U, BO-BTOPBIX, SBISETCS BAKHBIM MEIUATOPOM alONTOTHYECKOTO KacKana,
MIPUBOJAIIETO K KJIETOUHOW rudenn. Panee OBIIIO yCTaHOBIEHO, YTO MBIIIN
JIMIICHHBIE IIUTOXPOMA ¢, THOHYT Ha PaHHUX CTaIUIX YMOPHOTeHEe3a, B IEPBYIO
o4epe/ib, H3-3a HECIIOCOOHOCTH KIIETOK K OKUCIUTEIEHOMY (HOC(HOPHIMPOBAHUIO.
CTpyKTypHO-(DyHKIIOHAIBHBIE NCCIECAOBAHMS MTO3BOJIMIN OIPEACIUTD, KaKue
aMHHOKHCIOTHBIE OCTAaTKH B MOJIEKYJIE LIUTOXPOMa ¢ BaXXHBI ISl TIPO-
arnonTOTHYECKOH (DyHKIUH Oenka. Ype3BbIdaiiHO BaKHBIM OKA3aJICsl JIM3KH B 72
MIOJIOKEHNH, TIPUYEM €ro 3aMeHa Ha aJaHWH NPHUBOJWIA K IOBBIIICHHOH
YCTOWYHBOCTH 3MOpHOHAIBHBIX GuOpodmacToB (MDD) k TakuMm BHAaM
KJICTOYHOTO CTpecca Kak JAeHCTBUE YIBTPa(hHOICTOBOIO OOIyYeHHS MITH 00paboTKa
craypocriopuHoM. OCHOBBIBAsICh Ha Pe3yJbTaTax dKCIEPHUMEHTOB in Vitro ¢
Pa3IMYHBIMU MyTaHTHBIMU (pOPMaMH INTOXPOMA ¢, TIepe]] HaMH ObLIa [OCTaBICHA
3aj1aya 1o MOJYYSHUI0 MYTAHTHBIX MBIIICH, B KOTOPBIX B T€H COMATHYECKOTO
UTOXpOMA ¢ OblIa ObI BHECEHA MyTAllUs, TIPUBOSAIIAS K 3aMEHE JIM3MHA B 72
nosoxxennu Ha tpuntodan (K72W). Oxuaanoch, 4To y TaKAX MbIMICH MpH
HOPMaJIBHOH (DyHKIIMHU IepeHOca SICKTPOHOB OyfeT ApaMaTHYeCKH 3aMeIIcH
aIoITO3, OCYIIECTBIICMBII Yepe3 MHTOXOH/PHH, YTO JOKHO OBLIO IIPOSBHTHCS
BO MHOTHX TKaHfX, IZI¢ TOMEOCTa3 MONJIEPKUBACTCS OaTaHCOM MEXKAY
nponudepanneii u KJIeToYHOU rubesbro. Takne MU ObLITH CKOHCTPYHPOBAHBI C
MOMOIIBIO TEXHOJOTHU TEHETHYSCKOr0 HOKayTa, M U3 HHUX, a TakkKe W3
KOHTPOJIBHBIX MBIIIEH, ObLIM HONIydeHbI IepBUUHbIE KyIbTypbl MO®. B nameit
pabore OBUTH TONyYCHBI TEPBbIC ()CHOTUITMYECKHE PE3yJIbTaThl KaK Ha CaMHUX
MBIIIAX, TAK U IIPH U3yueHUH cBoiicTB MO ®D. Bompeky 0XkuIaHUsIM, OCHOBAHHBIM
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Ha JaHHBIX JIATEPATy b, 0Ka3aJI0Ch, YTO KaK TeTEPO3UTOTHBIE, TAK 1 TOMO3UTOTHEIE
MbIH ¢ myTanueit K72W crnocoOHbI 1ocTUraTh 3pesioro Bo3pacta U JaBaTh
noroMcTBOo. OJHAKO NpPU CKPEIMBAHUM TOMO3MIOTHBIX MBIIIEH C
TeTePO3UTOTHBIMU HAOIIOAIOCh OTKJIIOHEHHE OT OXKHMIAeMOTO PaCIIeIUICHUS
noromctia (1:1) B monb3y rerepo3urot. [Ipu ananmse BeiOopku u3 100 mbliei
9Ta pasHuua jgocturaiga 33%, 4To yKa3bIBaJO HA CHWKEHHYIO BBIKMBAEMOCTh
TrOMO3UTOTHBIX Mbliei. Kpome toro, 11% poxIeHHBIX TOMO3UTOTHBIX MbIIIEH
XapaKTepHU30BAINCh paHHEH MMOCTHATAIBLHOH JIeTaabHOCTBIO, a 33% morudanm,
He 10cTUTrHYB Bo3pacTa B 70 aueil. M3 aTux Mpimei 10% npossiisiiy npuzHaku
kaxekcun, 10% wmakporedanuu, a ocraBmmecs 13% morudanu 6e3 BUIMMBIX
MIaTOJIOTHYECKUX OTKJIOHEHHH. B mocTHAaTaIb-HOM OHTOTCHE3€ MOXKHO BBIICIUTH
J1Ba IIEPHOJIA BEIPAKEHHOW CMEPTHOCTH MYTaHTHBIX MBIIIEH (B IIEPBYIO OUEpEIb,
CaMIIOB) — HECKOJIBKO TIEPBBIX AHEH rocie poxaeHus u 3-4 nenens. K momenty
JIOCTHYKEHHS TIOJIOBOTO CO3PEBAHMSI COOTHOLIEHUE CaMKH/CaMIIbl COOTBETCTBYET
2,15, npu 3TOM 3HAYMMBIX OTIIMYMN B CHOTHITAX CAMIIOB U CAMOK OOHApPYKEHO
He 6bu10. [TprMepHO MoJI0BUHA BKUBAIOIINX TOMO3UTOTHBIX MBIIICH HEOTIIMYMMA
10 BHEITHUM MOP(]OJIOrHYECKUM MapaMeTpaM OT MbIIIeH JUKOro Tuma, Oolee
TOTO, HECKOJILKO TOMO3UTOTHBIX MBIIIEH y>Ke JOCTHUIVIN Bo3pacTta B 1,5 roma, 9to
CBHETEILCTBYET B II0JIB3Y IIOPOTOBOTO S eKTa HEM3BECTHOI ITOKa IPUPOJIBI IPH
IIPOSIBIICHUH JaHHOM MyTaluu. B Xoze nccieoBaHns aHaTOMUM FOJIOBHOTO MO3ra
TOMO3UTOTHBIX MYTaHTHBIX MbIIIEH 0€3 BUAUMBIX (PEHOTHITHYECKUX OTKIOHEHUH
HalJeHO, YTO BCE XapaKTEPHBIC CTPYKTYypHl UMEIOT HOPMAJbHOE CTPOCHHE U
JIOKAJT3ALHIO0, XOTSI [TOKa HEJTb3st UCKIIFOUYUTB 00J1e€ TOHKUX OTKIIOHCHUH OT HOPMBI.
C npyroii CTOPOHBI, ITPU I'MCTOJIOTHYECKOM aHAJIM3€ MBIIIEH ¢ Makpouedanuei
OBUIO TOKa3aHO aHOMAJIbHOE YBEJINYEHHE JKEIYIOYKOB MO3Ta, UTO SIBISCTCS
XapaKTepHBIM MpHU3HAKOM Tuapouedannu. B pesynasrare aHaroMuueckne
CTPYKTYpBl MO3ra UMEJIU H3MEHEHHbIe (OPMBI U ObUIM CMEIIEHBI JPYyT
OTHOCHUTEIBHO Apyra. DKCHEPUMEHTHI in vitro mokazanu, 4yto MDD u3
TOMO3UTOTHBIX MBIIIEH HEOTIMYHUMBI 110 BHEIIHUM MOP(OJIOTHUECKUM
rapamerpaM OT KJIETOK JUKOTrO THIIA U 3KCIPECCUPYIOT TOJBKO COMaTHYECKYIO
nzopopmy nuroxpoma ¢ (6€3 KOMIEHCATOPHOH aKTHBALMHU 3KCIIPECCHU
TeCTHKYJIsipHOU (hopMmbl). Kak 1 03KH/1aJ10Ch, BHECCHUE MYTAIIMU HE TIOBIUSIIO HA
JIOKaJIM3aIMIO IUTOXPOMA ¢ B KJIETKE U HE HApYIIHIIO GyHKIHNIO IbIXanust. OgHako
IpH JCUCTBUM MHIYKTOPOB aIlONTO3a, TAKMX KaK AMETHH M CTaypOCIOpHH,
TOMO3HUTOTHBIE KJIETKH B [IATOTOKCHIECKOM TECTE OBIIN 3HAUUTEIBHO YCTOWINBEES
KOHTPOJIBHBIX. BMecTe ¢ TeM, KONMMYeCTBEHbIe PA3IHYMs OKA3aJIUCh HE CTOJIb
JpaMaTU4HBIMH, KaK IpeJICcKa3bIBalIM JaHHbIE JUuTeparypbl. Kak u oxuaanocs,
IIPY AaKTUBALMK BHEITHETO (HEMUTOXOHJPUAIILHOT0) allONTOTHYECKOTO KacKaia ¢
nomoltipio (akropa Hekposa onyxonei (PHO) kneTkn nmorubanu cXOAHBIM
00pa3oM BHE 3aBUCUMOCTHU OT I'€HOTHIIA.

Taxum 006pa3om, HAMU BIIEPBbIE CO3/1aHbI U OXAPAKTEPU30BaHbl MyTAHTHbIC
MBIH ¢ 3aMeHoi K72W, yacTh KOTOPBIX IMEET SIBHbIE aHATOMUYECKHE AaHOMAJINH,
a pyras - BHEIIIHE HOpMaJIbHa U OyJIeT CIIY)KUTb EHHOH MOZIEIIBIO JUIs OyyIIero
U3YYEHUS] MHOTHX (DPM3HOJIOTHYECKUX ITPOLIECCOB, B YaCTHOCTH, cTapeHus. Kpome
TOT0, HAMH CO3/1aHa KiieTouHast Mozeib MO®d, kotopast yKe BbIsiBUIIa HHTEPECHBIC
OTIMYMSI OT HOPMBI M KOTOpas MO3BOJUT HMCCIEAOBATH POJIb MYTaHTHOTO
LUTOXPOMA ¢ B (PU3UOJIOTHH KIIETKH, B YACTHOCTH IIPH allONTOTHYECKUX KacKaiax,
3aIlyCKaeMbIX Pa3IMYHbIMU areHTaMH.
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Cytochrome ¢ 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 ¢
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 ¢, we decided to create mice with mutation in somatic
cytochrome ¢ 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
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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. /n vitro experiments revealed that MEFs
from homozygous mice and wild type mice showed no difference in morphology.
Cell cultures expressed only mutant somatic cytochrome ¢ 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
ofthem 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 ¢ in cell physiology, particularly in
regulating apoptotic pathways that are activated in response to various agents.
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Cucrema pectpukimu-monudukanuu Eco29kl (CPM Eco29kl) noxanusoBaHa
Ha asmuae pECO29 B npupoanom mrtamme E. coli 29k. CPM Eco29kI coctout
U3 JIByX IOCJIEAO0BATEIbHO PACIOJIOKEHHBIX TeHOB. [lepBriii ren (eco29kIR)
KOJUPYET OSHIOHYKJIea3y peCTpPUKIHHU, BTOpoi reH (eco29kIM) -
MeTuaATpanchepasy. DKCIPeccHst 3TUX IBYX I'€HOB JOJDKHA HAXOIHUTHCS IOJ
KECTKUM KOHTPOJIEM, YTOOBI HE JOIYCTHTh THMAPOIUTHYECKOE paclIeIUICHHE
xozsiickoit JIHK no ee momudukanmm merunrpancdepaszoit. B To sxe Bpems, Jloruka
renetnyeckoro ycrpoiictea CPM Eco29kl, na nepBblil B3DIAL, Mpeaoiaraet
HapaOOTKy SHIOHYKJICa3bl paHblle MeTHITpaHcdepasbl. B nanHON padore Mbl
obHapyxuiu, 4o CPM Eco29K] nmeeT HECKOIBKO PEryIATOPHBIX JIEMEHTOB,
koTtopsle no3BoustioT miaasMune pECO29 spdexTuBHO ycTaHaBIUBaThCA U
MOJICPIKUBATHCSL B XO3AWCKON OakTepuasbHoW KieTke. C JByX MPOMOTOPOB,
(bopMupyOLIUX TPOMOTOPHBIH perioH (ResP) rena eco29kIR v pacnonokeHHbIX
repesi TeHOM SHIOHYKIIeassl eco29kIR, TpaHCKPHOUPYIOTCS 1BE OMIIMCTPOHHbIC
MPHK. Kpome Toro, y rena meruinrpancdepasbl eco29kIM oOHapyxeH
COOCTBEHHBIH POMOTOP, PACTIONOKCHHBIN BHYTPH I'eHa YHI0HYKIIea3bl eco29kIR.
Tpaucmsiiust 3toit MPHK mo3Bosisier cuHTE3UpoBaThcsl MeTWITpaHChepa3e Ha
paHHeil craguu yctaHoBieHus riasmMuasl pECO29 B HOBO# OakTepuaibHON
kierke. Taxoke Mbl OOHAPY KU JIBA TPOMOTOPA, TPAHCKPUOUPYIOIIUX B 00paTHOM
HampaBJIeHUN (AHTUCEHC-TIPOMOTOPHI) U PACIIOIOKEHHBIX BHYTPU CTPYKTYPHOMN
yacTh reHa eco29kIR. AKTUBHOCTb HTHX IPOMOTOPOB MIPUBOJUT K 3HAYUTEIILHOMY
YMEHBIICHHUIO CHHTE3a 3HJOHYKIIea3bl ¢ OunmrctponHoit MPHK, takke naBas
IIPEHMYIIECTBO BO BPEMEHH JUIS HapaOOTKu MeTHATpaHcdepassl. [Ipucyrcreue
AQHTHCEHC-TIPOMOTOPOB B TPAHCIIALIMOHHBIX CIUTHBIX O€JIKaX ¢ PeropTepHbIM
reHoM lacZ nipuBoguT K ~10-KparHOMY IaJICHUIO CHHTE3a [(3-rajakTo3uaashbl ¢
MpOMOTOpHOTO perroHa ResP. Cxoxkuid pe3ysnbrar ObLT MOJTYYCH, KOT/A OBLIT
HCIIOJIB30BAH TPAHCIISMOHHBIN CIUTHBINA OEJIOK C TOUSYHBIMHU MyTalUsIMH B -10
007acTH aHTHUCEHC-IIPOMOTOPOB. C MOMOIIBIO METOJA YAJIUHEHU Ipaiimepa
yIal0Ch BBIACHUTD, 9TO MajieHHE CHHTE3a [-raJakTo3uIa3bl MPOUCXOIHUT
napaensHo ¢ magenueM yposHs MPHK, TpanckpuOupyromumxcst ¢ mpoMOTOPHOTO
peruona ResP B mpucyTcTBUM aHTHCEHC-TIPOMOTOPOB.

Ji1s ToKazaTesbeTBa TMIIOTE3bl, YTO TPAHCKPUIITHI C aHTHCEHC-IIPOMOTOPOB
BBI3BIBAIOT MMAJICHUE YPOBHS JKCIpeccuu dHI0HYKIea3sl Eco29KI.R, kieTkw,
HeCyIlHe TpaHCHSUMOHHBIH ciauTHbId Oenok ResP-AS::lacZ, Obuin
MIPOTpaHC(HOPMHUPOBAHBl COBMECTHMO IIa3MUJI0H, KOTOpas MpoaylupoBaa
aHTHCEHC-TPAHCKPHUIITHI, HO HE MpoayuupoBana ounucrponnyro MPHK. B
MPUCYTCTBAH COBMECTHMO IIa3MHUIbI TIPOYKIIHSE B-TaakTo311a36l 3HAYUTEILHO
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CHIKanach, paBHO Kak u konmuectBo MPHK, xoroprie cuaTEe3npoBamuch ¢
npomoTtopHoro pernona ResP. Takum o6pa3oM, aHTHCEHC-TPAHCKPUITH MOTYT
JICHCTBOBATE N trans.

Hamm pe3ynbTaThl MOKa3bIBaloT, YTO KOOPANHHPOBAHHAS SKCIPECCHSI TCHOB
CPM Eco29kI nocturaercs 3a CUer:

1) yBenuueHus cuHte3a MmeTmwiaTpaHcdepassl Eco29kl.M 3a cuer
JIOTIOJTHUTENILHOTO TPOMOTOPA, KOTOPBIH HaXOAUTCS B CTPYKTYPHOI YacTH reHa
9HJIOHYKIIea3bl eco29kIR;

2) yMeHbIICHHS CUHTE3a SHIOHYKiIea3bl Eco29KI.R, cBsi3aHHOTO C
AKTHUBHOCTHIO AHTHUCEHC-IIPOMOTOPOB, KOTOPBIE TAKXKE PACIIOJI0XKECHBI B
CTPYKTYpHOI yacTu reHa sHaoHyKieasbl eco29kIR. PHK, nponyuupyrormascs ¢
STHX MPOMOTOPOB, YMEHBIIACT YPOBCHb CHHTE3a 3HJ0HYyKiIea3bl Eco29KI.R,
HUHTUOUpYs TpaHCIsIuio rena eco29kIR, nubo BbI3biBas nerpaganuio MPHK.
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Eco29KI restriction-modification system is localized on the pECO29 plasmid
of E. coli strain 29k. Restriction-modification system Eco29klI 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 namve 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 /acZ reporter gene, led to
~10-fold decrease in B-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 3-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::1acZ 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 B-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 Eco2 9kl 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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YHUOULIUPOBAHHASA TEXHOJIOI'USA CO3JAHUSA COPBEHTOB
N CEHCOPOB HA OCHOBE YINIEPOAHBIX HAHOTPYBOK JIsA
OPAKITMOHUPOBAHUSA N AHAJIN3A HYKJEHWHOBBIX
KHCJIOT

Hukumuna U.U., Bynamog 3.P., bonoaps O.B., A6oynnun T.HU.

Kazanckuii rocynapcTBeHHBIN yHUBEpCUTET UM. B.1. YibsiHoBa-JIenuHa,
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E-mail: nikitinairi@gmail.com

Temn. (843) 231-52-52

Ananu3 HykienHoBbIX kuciaot (HK) ciayuT ocHOBOW MOJEKyIspHOM
JIUaTHOCTUKHU 3a00JI€BaHUI YeI0BEKa, MACHTH(GHUKALNYN JINIHOCTH, a TAKXKe
MOHHUTOPHHIa FTeHOTOKCHYECKHX BelecTB U Marepuaiios. C apyroii croponsl, HK
SIBJISIFOTCSL TIEPCIIEKTHBHBIMU JIEKAPCTBEHHBIMU areHTaMH, IPUMEHIEMBIMH IS
TEHHOM Teparuy HIMPOKOT0 KpyTra 3a00JICBaHM 1 IOy YCHNS BAKIIMH. AKTyaIbHOM
npobnemoii B ananuze HK u rernoii repanuu ocraercs co3nanue 3h(HeKTHBHBIX
METOJIOB BBIJICJICHUS], TOCIENYIONel OYUCTKU U uccienoBanus cocraBa HK.
BaxHbIMH XapaKTepUCTHKAMH ATHUX METOIOB JOJKHBI SBIATHCS BBICOKAS
CENIEKTHBHOCTh, HU3KHE TPYAOEMKOCTh n cebecrommocTth. Hamm paspaborana
TexHoyorus BeiaeneHus / Toukoi ounctku JJHK, a taxxe skcnpecc-aHanuza ee
cTpykTypsl u onpenenenus JJHK-nmoBpexaatomumx Gpaxropos.

B oCHOBE TEXHOJOTHH JISKUT HCIONB30BAHUE YIIICPOIHBIX HAHOTPYOOK
(YHT) — rpadurtoBoro HaHomaTepuala, 001agaronero yHUKalbHbBIMHU
CTPYKTYPHBIMH U (pHU3UKO-XMMHUEeCKUMHU cBoiicTBaMu [1]. Kommepueckuit
npenapat YHT moxBepranu craHmapTHOMY XMUMHUYECKOMY OKHCJICHHIO B
COYETAHUH C YABTPa3ByKOBBIM AUCTIEprupoBaHueM. JlaHHas poleypa MO3BOJIAET
ounctuTh YHT oT npuMeceii 1 MOIyYuTh CTaOUIBbHYIO BOAHYO cycnensuto YHT,
CoZIeprKallluX TOBEPXHOCTHO-aKTUBHbIE KUCIOPOICOIEPAKAIIUE TPYTIIIBI.

Oxucnennsle YHT ucnonp3oBanu B KadecTBE aKTMBHOTO KOMIIOHEHTA
ANEKTPOXUMHYECKUX CEHCOPOB (AJIEKTPOJIOB), Kak ornucaHo panee [2,3]. [TokazaHo,
yro Onarozmapst karaautudeckomy 3gdexry YHT 3HaAUMTENbHO yBEIUYHUBAIOT
YYBCTBUTEJILHOCTH MPSIMOTO OMpeaeacHus: Onomoiekyi, B Tom uucie JJHK u ee
KOMIIOHEHTOB, Ha 3JeKTposax, MmoaupunrpoBanueix YHT. Ha satux snexrponax
JIHK MHTEeHCHBHO OKHCIIseTCs IpU MoTeHIuane okoino +1 B, npuueM curnan
OKHMCIJICHUS CHIIBHO 3aBHCHT OT CTpyKTypHOTOo coctostHus JJHK. D10 mo3Bommio
pa3paboTaTbh HHHOPMATHUBHBIE CEHCOPHI ISl KOMITIEKCHOTO aHaIM3a MPOIECCOB
nospexxaenus JJHK, Britouas ee qeHaTyparo, 1erypuHH3aIHI0, OKUCIUTEIIBLHYTO
MoOIM(UKAIMIO, a TAKXKE PaCILEIICHUE.

B yacTHOCTH, HAMH TIOKa3aHO, 4To B pe3yibrare pparmentaimn JJHK curnan
OKHUCJICHUS yBEJIWYUBACTCS MPOMOPLUOHAIBHO cTerneHu nospexaeHus JTHK
BCIeACTBUE ynyulieHus ee agcop6buuu Ha YHT. Pa3paGoranHblil ceHCOp
XapaKTepU3yeTcsl IKCIIPECCHOCThIO U BBICOKOM CEIEKTUBHOCTBIO, 10CTATOUHOM
JUISL OTIpeNIeNIeHUsI B ChIBOpOTKe KpoBu aktuBHOCTH JIHK-rumgpomusyromux
(hepMEHTOB — MapKEPOB ayTOMMMYHHBIX M OHKOJIOTHYECKUX 3a00JICBAHUIA.

YyBCTBUTEILHOCTh CEHCOPOB K CTPYKTYypHBIM eexram JITHK oObsicHsieTcst
CHJIbHOU ajicopOrumeit a30THCThIX OCHOBaHUi Ha noepxHoctH YHT [4]. Drto
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IIOKa3bIBAET BO3MOXHOCTb MCIIONb30BaHMs npurorosieHHbix YHT B kauectBe
copOeHTOoB 1151 BhIEieHus U ppakimonuposanust JIHK. Hamu usyuena agcopOumst
rtazmunoi JJHK pEGFPN2 B pasubix koHpopManusx Ha noBepxuoctd YHT ¢
MIOMOIIBIO HIEKTpodopesa B rese U JMHAMUIECKOTO PACCEHBAHUS CBETA.

Harusnyto (cynepckpyuennyro) JJHK nepeBoauiu B THHEHHYIO 1 4aCTHYHO
JICHATypUPOBAHHYIO (POPMBI ITyTEM PACILEIUICHHS PECTPUKTA3aMU 1 IIPOTPEBaHMS,
cootBercTBeHHO. JJHK connky6uposanu ¢ YHT B pa3ubix OydepHbIX pacTBOpax
C IOCTIEAYIOLINM yAAJICHHEM COPOeHTa HEHTPU(PYTHPOBAHHEM. YCTAHOBJIEHO, UTO
B OTCYTCTBHC HOHOB JIByXBaJIcHTHbIX MeTaJuioB Y HT u30uparenbHo ancopOoupyoT
nuHelinyo u aeHatypupoBanHyio ¢opmbel JHK u He cBs3biBaroTcs ¢
cynepckpyueHHoi Gopmoii. B mpucyrcrBuu nono Mg u Mn (I1) YHT obOparimo
cBsi3bIBatOT cynepckpyuennyto JIHK BerencTue xenarnpoBanusi. PazpaboraHHbIi
meton aacopoumu JITHK ¢ nomomnisio YHT ommnyaercs BbICOKOH 3G QEKTHBHOCTHIO
U MOXXET OBITh MCIIOJIB30BAH JUIS BBIJCICHUS M OYMCTKH CYNEPCKPYy4YEHHOM
miasmuanon JIHK (TepaneBTiueckoro areHra) oT OMOJOrHYECKH HEAKTHBHBIX
[IpUMeceil HYKJICHHOBBIX KHUCJIOT. DTO MPEACTABISCT UHTEPEC JUIS MOTYUYCHUS
BBICOKOAKTHBHBIX U Oe3omacHbIX npenaparoB razmuaHod JHK mast rennoit
Tepanuy 1 BaKLIMHALINH.

IIpennoxeHHass TEXHOJOrHsA MO3BOJISIET CO3/4aBaTh HAa OCHOBE
MoaupunupoBanubix YHT ceHcopsl U cCOPOEHTHI, KOTOPbIE, HAPALy C BBICOKOM
3¢ PEKTUBHOCTHIO, XapaKTEPU3YIOTCSl HU3KOH Ce0ECTOMMOCTBIO U BO3MOXKHOCTBIO
KoMMepruanu3aun. B gactHocTH, paspaborannsie meToas! onpenenenus JJHK-
noBpexaaomux GakTopos (3asBKU Ha nonyyeHue narenta PO Ne 2008132249,
Ne 2008137068) apmanTupyemsbl Ui MPOBEACHUS aHAIN3A C UCIIOJIb30BAaHUEM
HEJOPOrUX OJHOPA30BbIX AJIEKTPOJIOB, U3TOTABIMBAEMbIX MO TEXHOJOTHHU
TpadapeTHoii neyaty. PazpaboTaHHbIe COPOCHTHI SIBJISIFOTCSI TOTOBBIM MPOIYKTOM,
KOTOpPBI MOXeET OBITh MCHONB30BaH s QpakuuonupoBanuss HK u
nononHuTeNnsHON ouncTky mazmuaHon JIHK (3asBka Ha momydenue marenra PO
Ne 2008140011).

Jlumepamypa

1. A. Merkoci, M. Pumera, X. Llopis, et al. Trends Anal. Chem. 2005. 24. P. 826-838.

2. TU. Aonynnun, U.W. Hukutuna, [1.I. MmyxameroBa, u 1p. XKypx. ananum. xumuu.
2007. 62(6). C.667-671.

3. T.H. A6nymmun, .M. Hukutuna, O.B. Bounaps, u np. Poc. nanomexnonocuu. 2007.
2(7-8). C.156-160.

4. TU. A6gynnun, U.W. Hukutuna, O.B. bounaps. Onexkmpoxumus. 2008. 44(11).
C.1346-1350.

169
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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
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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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AypenuH — KaTHOHHBIH aHTUMUKPOOHBIH entun ¢ Mm 4,3 k/la, BblieIeHHbII
u3 me3zornen cuudouaHoi Menyswsl Aurelia aurita u coctosmui U3 40
AMHHOKHUCIIOTHBIX OcTaTKoB. lllecTh OCTAaTKOB IIMCTEHMHA B COCTABE MOJIEKYIIBI
00pa3yroT TpH BHYTPHUMOJIEKYIISIPHBIE UCYIIb(UIHBIC CBSA3U. AypeianH o0iaiaeT
AHTUMUKPOOHON aKTHUBHOCTHIO B OTHOIIEHHH I'PAMIIOIOXKHUTEIbHBIX H
IPaMOTPHLATENBHBIX OaKTepuid. B pamkax paboThI O HCCIETOBAHHIO CTPYKTYPBI
1 OMOJIOTHYECKUX CBOMCTB aypennHa Obuia co3naHa HoBas d(pdekTrBHas cuctema
IIOJTy4€HHS €r0 PeKOMOMHAHTHOI'O aHAJIOTa, UASHTHYHOTO IPUPOIHOMY ITEITHLY.

DKcnpeccrst aHTUMUKPOOHBIX ENTHAOB B KJIETKaX YyBCTBUTEIBHBIX K HUM
MHKPOOPTaHN3MOB TpeOyeT BpeMEHHOW HEeHTpaan3aluu TOKCHYHOCTHU
CHHTE3UpyeMoro npojaykra. [lonmydeHHas HaMH IUTa3MUAHAS KOHCTPYKIIHS
pET-His8-TrxL-Aur obecrieunBaeT BHICOKHH YPOBEHBb 3KCIPECCHH aypelinHa B
E. coli 3a cueT BKIIIOYEHUS €70 AaMHHOKHCIOTHOH MOCIJIEIOBATEILBHOCTH B COCTAB
rubpupHoro O6ejgka Ha OCHOBE MOAM(MHUIIMPOBAHHOTO THOPEJOKCHUHA A.
HeobOxonuMocTh UCHIONB30BaHMs Oelika-HOCHTENsE 00YyCIIOBJIEHA HE TOJBKO
TOKCHYHOCTBIO 3PEJOT0 aypeiuHa s OaKTepUaJbHOW KIETKH, HO H
BO3MOXKHOCTBIO €T0 JIeTpajallii B I'eTEPOJOTHYHON cucTeMe. THOpenoKCHH
CIoco0eH HaKaIlIMBaThCs B BBICOKOW KOHLEHTpalMu B LuToruiasme E. coli B
pacTBOpuMOH (opMe M MHUPOKO MPUMEHSAETCS AN CBEPXIKCHPECCHH
OMOJOTMUECKH aKTUBHBIX MOJUIIENTHIOB — B IIEPBYIO OYePEb, Ul SKCIIPECCHU
MOJIUTICTITHAOB, 00OTAIIEHHBIX OCTaTKaMH IIMCTEUHA, MOJlyYeHHE KOTOPbIX B
HATUBHOH (hopMe IpeacTaBIsieT co00i BO MHOTUX CIIy4asiX TPYIHOPA3PEIINMYIO
3amaqy. MexIy mocienoBaTeaIbHOCTIMH OelTKa-HOCUTEIIS M aypeiinHa OblT BBEJICH
METHOHWHOBBIHN K010H ATG, 4TO MMO3BOJIMIIO C TOMOIIBIO PEAKIINH PACIICTIICHHSI
ruOpuaHOro Oenka OPOMIIMAHOM B KHUCIIOH Cpejie MOIyYUTh PEeKOMOWHAHTHBIN
NEeNTHA, HICHTUYHBIA TprpoaHoMy. i peJoTBpaleHust hparMeHTanny oeska-
HOCHTEIISl IPU 00paboTKe OPOMIIMAHOM BHYTPECHHUN OCTATOK METHOHHHA B €TO
CTPYKTYype ObUI 3aMeHeH ocTaTkoM JeiHa (M37L) ¢ moMolipio HarpaBIeHHOTO
MyTareHesa. [lociaenoBareabHOCTh, KOAUPYIONIAs aypesinH, Oblia Mojdy4yeHa
METOJIOM aMIUTM(UKAIINU COOTBETCTBYOIIEero yuactka kK IHK mpenpoaypenuna ¢
ucnonszoBanueM [11P-npaiiMepoB, odecriednBaromnX 3aMeHy PeIKUX KOJIOHOB
KOZIOHAMU, NPEANIOYTUTENILHBIMU JUIsL dKcripeccun B E. coli. [lns obecnieueHust
BO3MOKHOCTH METaJUIOXEJIaTHOW OYMCTKH THOPHUIHOTO Oellka B €r0 CTPYKTYpY
ObUT BBEJIcH N-KOHIIEBOH (pparMeHT W3 BOCBMU OCTATKOB TMCTHMHA. Pa3zmep
IU1a3MU/Ibl cocTaBmil 5876 11.0., pasmMep Koaupyemoro ruopuHoro oenka — 163
amuHOKHCIOTHBIX octarka (17,8 x/la). Koncrpykuus pET-His8-TrxL-Aur
NpeAiHa3Ha4YeHa Juist akcnpeccun B E. coli ¢ yuactuem PHK-nonnmepassl dara
T7. Dxcnpeccust MpoTeKaeT 1oja KOHTpojeMm npomoropa T7lac; B kauecTBe
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HHIYKTOpa MOIYT ObITh Hcnoiab3oBanbl MIITL  (usomponui-f-D-
THOTAJIAKTOIIMPAHO3K) MK JIakTo3a. OTKPBITAS pAMKa CIUTHIBAHHS 3aBEPIIACTCS
cron-konoHom TAA, a TpaHckpuOupyemas o0jgacTb OrpaHUYMBACTCS
TepMUHATOPOM TpaHckpunuuu (para T7. [nasmuna HeceT reH [-iakramasbl,
NPHIAIOIIHI KIIETKE YCTOWYMBOCTD K B-TaKTaAMHBIM aHTHOMOTHKAM.

PaspaboranHas cxeMa OYUCTKH PEKOMOMHAHTHOIO aypesidHa BKIIIOYaeT
creyromme cTaanu: ahhUHHYI0 METAIOKENATHYI0 XpOMAaTOrpaduio rHOpUaHOTO
Oernka, IMaJIN3 ITI0aTa MPOTHB PAacTBOPA YKCYCHOM KUCIIOTHI, paciieruieHue Oerka
OpOMIIMaHOM IO OCTAaTKy METHOHHMHA, PACIIONIO0KEHHOMY MEXIy OelKoM-
HOCHTENIEM M ILIEJEeBbIM MENTHUIIOM, OTJACNeHHE OeNKa-HOCUTENs C MOMOIIBIO
IIOBTOPHOIN METaJUIOXETaTHOH OYMCTKHM W (DUHAIBHYIO OYHCTKY aypeinHa C
noMoIis obpameHHo-pazoBoii BOXKX B rpaaumeHte KOHICHTpALUHU
alleTOHUTPHIA. [OMOT€HHOCTh MONYYSHHBIX MPENapaTtoB M UX HACHTHYHOCTH
NeNTUAY MPUPOIHOTO MPOUCXOKICHHUS KOHTPOIUPOBAIH C MOMOIIBIO
anekrpodopesa B nonuakpunamuaaom rejie ¥ MALDI-TOF macc-criekrpoMeTpun.

AHanu3 pe3ysbTaToB, MOMYYCHHBIX B SKCIIEPUMEHTAX C UCIIONb30BAHUEM JIBYX
TUNOB MHAYKIMH, NOKa3ajd, 4yTo npuMmenenune WUIITI B kayecTBe MHIYKTOpA
obecrieunBaeT GOJBLIYI0 TOMOTEHHOCTh, HO MEHBLINE A0COIIOTHBIE BBIXOBI
MIOJIy4aeMoT0 MEeNTHIA, YeM IPHU HCHOIB30BAHUM JIAKTO3bIl. [Ipu MHIYKIHMK
JIAKTO30H M3 OJIHOTO JIUTPA KYJABTYPbI ObLTO0 oNy4eHo 10,8 Mr 1eneBoro nentua,
a npu uaaykuuu [PTG — 3.4 mr.

AHTUMUKpPOOHAsT aKTUBHOCTh PEKOMOWHAHTHOIO aypesinHa Oblia
yCTaHOBIICHA METOAOM paauaibHON Aud(y3ur MEnTUaa B arapo3HOM reie B
OTHOIICHUHU TECT-KYIBTYP IPaMIIONIOKUTENbHbBIX OakTepuit: Bacillus megaterium,
wraMmm VKM41; Staphylococcus aureus, mramm 209P; Micrococcus luteus,
mramm 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-f-
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 f3-lactamase gene providing resistance to 3-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).

174

AMP-UCCJIEJOBAHUE M30JIMPOBAHHOI'O BOJIBT-
CEHCOPHOI'O JOMEHA K*-KAHAJIA KvAP B MUIIEJIJIAX
JETEPITEHTOB. OT JMHAMHUKHN K BO3MOXHBIM MOJAEJISIM
MOTEHIIUAJI-3ABUCAMON AKTHUBAIIUA

Ilapamonos A.C., Illenkapes 3.0., /Tokmanosa E.H., Illunzaposa JI.H.,
Apcenves A.C.

WHctuTyT OM0OpraHnyeckoi XUMHUU UM. akajieMukoB M.M. Illemsikuna u
10.A. OpunnnukoBa PAH, Mocksa
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Dakc: (495) 335-50-33; Temn.: (495) 330-74-83

[ToTeHnnan-3aBuCUMbIe KalUeBble KaHAJIbl UTPAIOT KIIOUEBYIO POJb BO
MHOTHX IIpoleccax, He0OXOJUMBIX ISl CYIIECTBOBAHUS MHOTOKJIETOYHBIX
OpraHu3MOB. AKTHUBAI[MEH TUX KaHAJOB YIPAaBISIOT CIIELHAIbHbBIE BOJIBT-
CEHCOPHbIE JIOMEHBI, COCTOSIIIUE U3 YeThIpEeX TpaHcMeMOpaHHbIX (TM) criupaseit
(S1-S4) u ucnbITHIBaOIIME 3HAYNUTEIBHBIC KOHPOPMAIIMOHHBIC MIEPECTPOHKH B
oTBeT Ha M3MeHeHue TM anekTpuyeckoro rnoreHnuana. B Hacrosmee Bpems
JIETaJld 3TOTO MEXaHW3Ma SIBJIAIOTCS IpeaMeToM auckyccuil. [IpeacraBnennas
paboTa mocBsIIeHa U3YYSHUIO M30JIMPOBAHHOIO BOJBT-CEHCOPHOTO JOMEHA
npororunuyeckoro kanueBoro kaHana KvAP (BCIA-KvAP) u3 tepmoduibHOi
apxebakrepun Aeropirum pernix metopamu SIMP-cieKTpOCKOIUH BBICOKOTO
pa3penieHusI.

B xo1e oucka onTUManbHOW MEeMOpaHOMOIeUupyoiiel cpes st SIMP-
uccnenoanuii BCII-KVAP Obu1 npoBeieH cpaBHUTENbHBIN aHamu3 2D "H-SN-
KOPPEISIIMOHHBIX CIEKTPOB JOMEHA B MHIEIUIAX M OWIeIax AETEPreHTOB C
Pa3IMYHBIMU CBOMCTBaMH. BBIIO MOKa3aHO, YTO MPOCTPAHCTBEHHAS! CTPYKTYpa
BCI-KVAP B iBHTTEp-HOHHBIX, HEUTPAIBHBIX U cllabokaTHOHHBIX cpenax (DPC,
DMPC/DHPC, LDAO) 3Ha4uTeNBHO OTIIMYAETCS OT CTPYKTYPBI, HA0II01aeMOii B
okpyxeHun aHuoHHbIX muiemn (SDS, LMPC, LMPG). Onnako naHHbIC
CIIEKTPOCKOIIMH KPYTOBOTO AMXPOM3Ma YKa3bIBaJH Ha TO, YTO BO BCEX
MIPOTECTHPOBAHHBIX CpeJaX JOMEH MMEET CXOXKYI0 BTOPHUHYIO CTPYKTYpYy
(comeprxanue crimpaneit ~60%).

Jliis BBIOOpa MEMOpPaHOMOJIEITUPYIOIICH CPE/Ibl, COXPAHSIONICH HATHBHYIO
crpykrypy BC-KVAP, Obi1 mpuMeHEeH HOBBIA IOJXOJ, OCHOBAaHHBIH Ha
HCIIOIb30BAaHNUH CHIEIMATIBHOH ""Cpeibl CpaBHEHHA' - JIUITH 1-0EIKOBBIX HAHOINCKOB
(JIBH). JIBH npexacraBnstoT coboii HaHOpa3MmepHbie (10x4 HM) yuacTku
OuCIOlHOI MeMOpaHbl, CTAOMIM3UPOBaHHbIE AUMepoM (parmenrta 44-243
anosimnonporenHa A-1 yenoseka (MSP). JIBH siBnsitoTest npuHIMIMAIBHO HOBOH
MeMOpaHOMOAENUPYIOMW e cpexoil AIsl MOJEKYIIPHO-OMOIOTHIECKUX
HCCIICIOBAHUI M CIIOCOOHBI COXPAHSATh MHOTHE MEMOpaHHbIC OCJIKM B HATHBHOM
¢ynxrmonansHoM coctosiui [ 1]. Kommnexkest BC/I-KvAP/JIBH Obuin nomnyyeHsl
Ha OCHOBE aHMOHHBIX M LBUTTEp-HOHHBIX Junuaos (DMPC u DMPG). Bsuio
MIOKA3aHO, YTO KAXKIBIH KOMIUIEKC UMEEeT IuaMeTp ~9.5 HM U BKJIIOYaeT B celds
onny monekyny BCI-KvAP, nse monexynst MSP u oxono 100 nunumos.
IMonyyennsie B coctaBe JIBH 2D 'H-'"N-TROSY cnekrpbl 1oMeHa ObLIH OIH3KU
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K CIIEKTpaM, HaOJIIOaeMBIM B [IBUTTEP-HOHHBIX IETEPreHTaX, 4TO yKa3bIBAJIO HA
coxpanenue HaTUBHOU cTpyKTypsl BC/I-KVAP B okpyKeHnu 3THX 1€TEpreHToB.

OtHecenne curHanos SIMP atomoB ocHoBHOM menu s “H-C-"N-
meuenHoro ananora BCJI-KvAP B ememannbix mutesiax DPC/LDAO (2:1) 6bu10
BBITIOJTHEHO ¢ HcTionb3oBanneM MeTofioB TROSY. Bropuynas u mpocTpancTBeHHast
crpykrypsl BCII-KVAP Obutn oxapakrepru3oBaHbl HA OCHOBaHMM JTaHHBIX SIMP
(BTOpUYHBIE XHUMHUUecKHe caABUTH, KOHTakThl NOE, noctynmHocts HY mpotoHOB
pactBopuTenio). CpaBHEHHE TOIYYCHHBIX JaHHBIX C paHee OIyOIMKOBAaHHBIMH
pe3yiabTaTaMu PeHTTreHOCTpyKTypHoro ananuza [2] u DOIIP [3] mo3Bonumo
MIPEATONIOKNTH, YTO HaOJfo1aeMasi B MUIIEIUIaX LIBUTTEP-HOHHBIX JIETEPTEHTOB
npoctpancTBeHHas ctpykrypa BCJ-KVAP cooTBeTcTByeT akTHBHpPOBaHHOM
KOH(OPMALUH BOJIBT-CEHCOPHOTO JTOMEHa, HaOI0gaeMol B MOJTHOPAa3MEPHOM
KaHasie B orcyTcTBue TM noreHnuana.

Junamuka ocHoBHoW nenu BCI-KVAP Obiia ucciienoBaHa, MCIONB3Ys
nmannsie SIMP-penakcaruu simep '“N. Beuto mokasano, uto N- u C-KOHIIEBBIE
(parMeHTHI foMeHa (BKIIodas criupanb S45), a Takke nenieBblie yyactku S1-S2
n S2-S3 coBepuialoT OBICTPBIE ABMIKEHHUS C XapaKTEPHBIMH BpeMEHaMHU B
Jluarna3oHe nc-He. B To jxe BpeMs 1ieHTpasibHbIe PErHOHbI BCEX CUpajiel JoMeHa
B palioHe MEXCITIPAILHBIX KOHTAKTOB HCIIBITHIBAIOT ME/TICHHBIE ()TYKTyalliOHHbIE
JIBIJKEHHS B MKC-MC JJania3oHe. JTH pe3yJIbTaThl IO3BOJISIOT MPEAIOIO0KHUTh, YTO
npu u3MeHeHnn TM noreHnmana "xectkas" (CTaOMiIbHAs B IIC-HC JHANa30HE)
cniMpaibHas mmuibka S4-S3b nepemenaercs Kak eIHbINA CTPYKTYPHBIH SJIEMEHT
oTHOcuTeNbHO criupaineit S1 u S2. IIpu 3TOM NPOUCXOIAT 3HAYUTEIbHBIC
KOH(pOPMAaIMOHHbIE U3MEHEHHS B "'MOJBIKHOM" 31ieMeHTe S23 1 B IIapHUPHOM
pernone Ha cThike crimpaneir S4 u S45. [lomydeHHble JaHHBIE MO3BOJSIIOT
KPUTHUYECKU NEPECMOTPETh COBPEMEHHBIE MOJIEIN MOTEHINAI-3aBUCUMOM
akTuBanuu K*-xanasos.
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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.0., 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 'H,'SN-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 'H,'>N-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,'*C,"*N-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 HY protons). The comparison of obtained data with published results
of X-ray [2] and EPR [3] investigations leads to proposal that observed VSD-
KvVAP 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 '*N-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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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.
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OnyopecueHTHbIe O0enku, romonord mupoko uzsectHoro GFP (Green
Fluorescent Protein, 3enenslii ayopecueHTHBIH 0eloK), NMpencTaBIsioT
3HAUUTEJIBHBIN MPAKTUYCCKUN U (PyHIAMEHTAJILHBIN HHTEPEC JJIsl COBPEMEHHOM
MOJIEKYJISIDHOM W KJIETOYHOW OWOJOruu, a Takxe i OMOXUMHHU U
Ourooprannyeckoil xumuu. OCHOBHAsl Macca Hay4HbIX HCCIIE/IOBaHUI HallpaBJIeHa
Ha UX NPUMEHEHHE M Ha CO3JaHHe HOBBIX T€HETHYECKH KOAMPYEMBIX 30HIIOB.
W3yuyeHne MexaHW3MOB 00pa30BaHus XpOMO(OPOB B ITHX OEJIKax HMEET 0c0boe
3HaU€HHE, TaK KaK OTKPHIBAET BO3SMOXKHOCTH JUUIsl HAIIPABJICHHOTO M3MEHEHUS
CIIEKTPAJIbHBIX CBOMCTB Oe€lika IyTeM MHAYKLIHHU WM 3alpera oOpa3oBaHUS
xpomodopa TOro WM MHOTO THHA. B mocienHee BpeMsl yCHJINS YYEHBIX
HaIpaBJeHbl HA MOMUCK M CO3JlaHue (IIyOpEeCLEHTHBIX OEIKOB, 001aalomMX
3HAUUTEIBbHBIM 0aTOXpOMHBIM ciBUroM 1o cpaBHeHuto ¢ GFP. [IpopsiB B 3T0M
obmacTu mpousoineln B 1999 r, koraa 6butn KiioHHpOoBaHbl HOBble GFP-110100HBIC
0€JK1 13 KOPAUIOBBIX MOJIUIOB. YacTh U3 HUX OKa3aiach CIOCOOHON K SMUCCHU
B KpacHOH obnactu criektpa. Kpacusie ¢uryopecuentnsie 6enku (RFP — Red
Fluorescent Protein) npeacTaBistoT 3HAYNTEIbHBIN HHTEPEC, TIOCKOJIBKY OHHU, BO-
MEepBHIX, PAcCIIUPSIOT CIEKTPaJIbHBIA JAMANa30H, MEepEeKPbIBACMBIN
(bayopecueHTHBIMH O€JIKaMHU, YTO MO3BOJSAET OJHOBPEMEHHO BBOJIHTH
Ppa3HOLBETHBIE (TyOPECIIEHTHBIE METKH B PA3IMYHbIE OCIKHU-MUILIEHH. BO-BTOPBIX,
B omtruue ot GFP, mpu pabote ¢ kpacHbIME (ITyOpECIIEHTHBIMU OeITKaMH BKJIa]]
aBTO(TyOpECICHINH KICTKH MUHUMaJIeH. B-TpeThix, TKaH! )KMBOTHBIX Hanboee
MIpO3pavHbl B JaJbHEKpacHOM U MH(ppakpacHOM auanazoHax (650-900 Hm),
o3TOMY OCIIKH, 00JIQIA0IINE SMUCCHEH B 3TON OOJNACTH CIICKTpPa, MO3BOJISIOT
M3y9aTh MPOIECCH B paMKax LEJIOT0 OPraHu3Ma.

JlanHast paboTa MocBsleHa MU3YYCHHIO MOCTTPAHCISLUOHHBIX peakuit
o6pazoBanusg xpomopopa Bo (IyopecUEHTHBIX Oejkax, o0ianariux
3HAYUTENbHBIM OATOXPOMHBIM CABHTOM B CIIEKTpaxX IOMJIOIEHUS H
¢nyopecuennuu. Ilpu momomm mMacc-ceKTpOMETPUHU, TaHJIEMHOW Macc-
cnexkrpomerpuu u IMP uccienoBanuii ObUI0 MOKa3aHO, 4TO XPOMO(DOPHI OEIKOB
u3 Goniopora tenuidens (gtCP) u Condylactis gigantea (cgCP) conepxkar B
KayecTBe 0aTOXPOMHOM MOAM(DHKAINY ALMIMMUHHYIO TPYIILY, PAaCIINPSIONLYI0
n-cuctemy GFP-xpomodopa, nu umeror xpomodop, mogo0HbIH KpacHOMY
dbnyopecuenTHoMy Oenky DsRed. AnuianMuH — peakIiMOHHOCIIOCOOHAs IPyIINa,
KOTOpasi, BCTYIasl B JOMOJIHUTENBHBIC MOCTTPAHCISIINOHHbBIE PEAKIIUU, MOKET
OBITH JIOTOJHUTEIbHBIM UCTOYHUKOM CIEKTpaJIbHOW BapuabenbHocTH. Ha
npumepe cgCP ObUIO MMOKa3aHO, YTO B MATKHX M XKECTKUX JCHATYpPUPYIOLIUX
YCIIOBHSX BO3MOXKHBEI ImpucoequHeHue Boabl kK C=N CBA3M anMIUMHUHA U
MOCIIEAYIOMHI €ro pachal B pe3ysIbTaTe MOJHOTO THApoiu3a. IIpu 3ToM BBIXOX
NPOJAYKTa B MOCJEAHEH CTaJuM B 3HAYUTEIBHON CTENEHU 3aBUCHUT OT
KaTaJINTHIECKOTO JISHCTBHUS IEPBOTO XpOMOGOpoOpa3yIomero ocrarka.
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K HacTosimieMy BpeMEHH yCTaHOBJIEHO, YTO MPH HEOONBIIOM KOJIHIECTBE
3aMeH B OKPYXEHHH Xpomo(popa Bce XpPOMOOEIKH IPEBPAIIAalOTCs BO
(IryopecleHTHbIE, YTO CBSA3aHO ¢ KOH()OPMAIIMOHHBIMU H3MEHEHUSIMH XpoModopa
(yuc-mparnc-uzomepusanus). Cpeu HIX 0000 CTOUT BBIJCITUTH XPOMOOECIIOK 13
Anemonia sulcata (asCP), B KOTOpOM TIOZ ICHCTBHEM CBETa MOXKET MPOTEKATh
oOparumas uzoMepu3arus XxpoModopa. ITa 0COOEHHOCTB JISKUT B OCHOBE PaOOTHI
pazxkuraromierocs dyopecuentHoro 6eika (KFP —Kindling Fluorescent Protein),
cosnanHoro Ha ocHoBe asCP. Ctpykrypa xpomodopa asCP otingaercs ot apyrux
RFP 1 xpomo6enkoB. Hamu ObL10 MOKa3aHo, 4To B X0JIe chHTEe3a Xpomodopa asCP
THPOJIU3 ALMIIMMHUHA IPOUCXOUT aBTOKATAIUTHYECKU BHYTPU CBEPHYTOTO OeJKa.
B pesynbrare peakuun 00pasyeTcsi KeT0-3aMeCTHTENb, PACIIUPSIIOMINI TT-CHCTEMY
GFP-xpomodopa.

[Tpu u3ydenun crpykrypsl xpomodopa RFP us Zoanthus sp.2 (z2FP574)
ObUIO OOHApYKEHO, 4To cuHTe3 ammwiuMuHa B GFP-mono6GHbIX Oenkax MoxeT
IpOTEKaTh MO aIbTEPHATHBHOMY MeXaHU3MYy. BbuTo mokaszaHo, 4TO Ha
IIPOMEKYTOYHOH CTauu co3peBaHusi XxpoModopa oOpa3yeTcs cHavyasia 3eieHast
¢dopma, comepxamas xpomopop GFP-tuna, xotopast B pesyinbrare peaxiuii
OKHCJICHHUS U AeKapOOKCHIMPOBAaHUS INpeBpamaeTcs B KpacHyro. s
HCCIIeI0BaHUS IPOTEKAIOINX PEaKIUi HaM YAaI0Ch 3aMEUTUTh IPOLIECC CHHTE3a
KpacHoro xpomodopa u "noimars" NpoMexxyTOUHYIO 3elleHyt0 (GopMy Oelka.
JlMHaMuKa 3e1eHO-KpacHOH KOHBEpCUH ObLIa M3yUdeHa IPH MOMOIIH Pa3IHYHbIX
OMOXMMHYECKHNX METOJOB U Macc-crekTpoMeTpuu. OOHapyKeHHOE TOBEACHHE
z2FP574 xapakrepHo Uit (QIyopecleHTHBIX TaliMepoB - OENIKOB, CIIOCOOHBIX
MeHSTh 1BeT (uryopecueHunu co BpeMeHeM. OHaKo LBETOBOE IPEBPALICHUE
z2FP574 otnrrgaercst OT APyTUX N3BECTHBIX TAIMEPOB HE TOIBKO 10 CTPYKTYPHBIM
XapaKTepUCTUKaM, HO U KHHETHIECKH. B 4acTHOCTH, B APYTUX (IyOpeCeHTHBIX
Taiimepax 3ejeHast (popMa sIBJIAIACh KOHEUHON U HE CIIOCOOHOM K KOHBEPCUH B
kpachyto. [Ipu sTom, HabmOgaeMoe M3MEHEHHE [BeTa IIPOXOINUT B HUX 3a CUET
6e3bI3iyuaresbHoro nepeHoca sHepruu (FRET) BHyTpu TeTpamepa Oenka u 3a
c4éT MeHbIIeH cCKopocTH 00pa3zoBanus "KpacHoro" xpomogopa. z2FP574, ¢ atoit
TOYKH 3PEHUSL, SABJISCTCS UCTHHHBIM (DIIyOPECLEHTHBIM TaliMEPOM M MOXKET OBbITh
HCTIONB30BaH ISl CO3IaHMsI MOHOMEPHOTO 30HA.

Takum o0pa3om, oOpa3oBaHue XpoModopa B KpacHbIX (IIyOpECIICHTHBIX
OesKax KOHTPOJIMPYETCsl, IIIaBHBIM 00pa30M, ITOCTTPAHCISILIMOHHBIMU PEAKIIHAMU
00pa3oBaHuUs AMIMMKHA ¥ €TO BO3MO)KHOTO TTOCIIEIYIOIIETO PACIIECTIICHHSI.

PaGota BeimosiHeHa npu (pUHAHCOBOM mojziepxkke Poccuiickoro ¢ponma
¢dyHnamenTanbHbix uccnenoBanuii (Ne 09-04-00212), a takxe Poccuiickoro
(enepanbHOro areHTcTBa 10 Hayke 1 nHHOBauusAM (MK-1094.2009.4).
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PROTEINS FROM ANTHOZOA CORALS

Pakhomov A.A., Martynoy V.I.

Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: alpah@mail.ru

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 m-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 H,O 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
nt-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
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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 zZ2FP574 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 Furster/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 zZ2FP574
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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10.A. OBunnnukoBa PAH, MockBa
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Mocksa
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®daxc: (495) 335-28-88; Temn.: (495) 335-28-88

B nacrosimee Bpems 171 M3MEPEHHsT CKOPOCTH TeHEepalui CyNepoKCHIa B
MUTOXOH/IPHUAIBHBIX ITPErapaTax HauOoJee YacTo UCTIONb3Y 0T alleTHIIMPOBAHHBIN
uToXpoM ¢ (AcC). AlleTUIHPOBaHKE IN3WHOBBIX OCTAaTKOB ITTOXPOMA ¢ CHIYKAET
CKOPOCTH €r0 BOCCTAHOBJICHHSI MUTOXOHJIPUAJIEHBIMH PEIYKTa3aMH U CKOPOCTH
€ro OKUCIICHHSI IUTOXPOM C-OKCHIa30M, IPU 3TOM CIIOCOOHOCTD LIUTOXPOMA C K
BOCCTaHOBIJICHHUIO CYTIEPOKCHIOM coxpansercs. Onnako nmpumenenne AcC nmeet
PsLI CYILIECTBEHHBIX HEZIOCTATKOB. BO-11epBbIX, TPU aLleTHIIMPOBAHUH LIUTOXPOMA ¢
YKCYCHBIM aHTHJPUIOM 00pa3yeTcs JI0CTaTOYHO I'eTepOreHHast CMECh MOJIEKYI
LUTOXPOMA ¢ C Pa3IMYHBIM YHCIOM MOANGHINPOBAHHBIX JIM3HHOBBIX OCTATKOB.
Bo-BTOpBIX, TIPH allETHIIUPOBAHNH CHIDKACTCS OOIIMH TIOMOXKHUTEIBHBIN 3apsi
LUTOXpPOMa ¢, YTO BEIET K CHIKEHHIO CPOJICTBA K CyINEpOKCUAY. B-TpeThux,
MIPUCYTCTBUE B CPeJe M3MEPEHMs BBHICOKMX KOHIIEHTpauui GochaToB miu
XJIOPUAOB Kalus, BHOCHMBIX IS yMEHBUICHHS HeCHEeIU(HIECKOTO
B3aumozencTBus AcC ¢ KOMITOHEHTaMH JIbIXaTeIbHOM LIEMH, BBI3bIBAET YACTHYHOE
pa3o0IIeHHe IbIXaTeIbHOM LETTH, YTO HCKayKaeT KapTHHY I'eHepalii CyIepOKCH/IA.

B nacrosmeit pabote momydeH psi MyTaHTHBIX BapHaHTOB LUTOXpOMA C
JIOUIAJIA C 3aMEHAMHU NTOJI0KUTEIbHO-3aPAKEHHBIX TU3MHOBBIX aMUHOKHCIIOTHBIX
ocrarkoB (K8, K13, K27, K72, K79, K86, K87), okpyaromux reMoByo IIelb,
KOTOpBIE MIPAalOT BaXHYIO POJIb B (JOPMUPOBAHMM PEAKIIMOHHOCIIOCOOHBIX
KOMIIJIEKCOB LIUTOXPOMA ¢ C OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHBIMY MTAPTHEPAMHU:
YOUXHMHOJ: IUTOXPOM c-penykrazoii (kommuiekcom I1I) 1 muroxpom c-okcuaa3oin
(xomrutexkcom V). Koskernpeccrio MyTaHTHBIX T€HOB IIUTOXPOMA € U T'eHa TeM-
JIMTa3bl, HAXOJASIMIUXCS B cocTaBe miasMunuoro sekropa pB(PCYCS),
OCyIIECTBISUIN B KieTkax E.coli IM-109. PekoMOMHAHTHBIC OCIKH OYHMIIATIH C
IIOMOIIIbI0 KATHOHOOOMEHHOM, aICOPOIIMOHHON U Telb-PUIbTPAIIHOHHON
xpomarorpaduu. CrnocoOHOCTh NOJYYEHHBIX MYTAHTHBIX OEJIKOB
B3aMMOZICHCTBOBATH € OelIKaMH-NIapTHEpaMH U3Yydald B CUCTEME MHUTOILIACTOB
MIEYEHH KPBICHI, JIMIICHHBIX HUTOXpOMa c. V3MepsiM CyKIMHAT: IUTOXPOM C-
PEAYKTa3HYI0 U IUTOXPOM C-OKCHUJIa3HYI0 aKTHUBHOCTH MHTOIUIACTOB B
IIPUCYTCTBUU MOTYUEHHBIX MyTaHTHBIX BAPHAHTOB, IUTOXPOMA ¢ JUKOTO THUIIA U
AcC. KonmnuecTBeHHOE M3MEPEHHE TeHEPalUH CYNEepOKCHIa C TMOMOIIBIO
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MOJIyYeHHBIX MYTAHTHBIX BapuaHTOB U AcC mpoBOAMIN B Ipemaparax
cyomuToXOHApHaNbHBIX yacTul] (CMY) cepia Obika. Mi3amepsiu o01me CyKIuHaT:
LUTOXPOM cC-peayKra3Hble akTuBHOCTH CMY B OTCYTCTBHE M B IPHCYTCTBUU
cynepokcugaucmytassl (COM). CO/l-ayBcTBUTEIBHBIE aKTHBHOCTH (CKOPOCTH
reHepanuy cynepokcuaa) noinydanu BerautanneM COJl-HeUyBCTBHTENBHBIX
AaKTHBHOCTEH M3 OOLIMX aKTMBHOCTEH.

Ha nepBom 3tare paboThI C IOMOIIbIO MyTaHTHBIX BADHAHTOB LIMTOXPOMA C,
Hecylux eaquHuuHbIe 1 aBoiiHble 3aMeHbl (K8E, K13E, K27E, E69K/K72E, K79E,
K86E/K87E, K86 W/K87C), mokazaHo, uTo KoHCepBaTHBHbIC ocTaTku K86 1 K87
BaXHBI 11 GOPMUPOBAHUS KOMIUIEKCa YOUXHMHOJ: LUTOXPOM C-penyKrasa/
LOUTOXPOM ¢ U KOMIUIEKCA IIUTOXPOM C/IIUTOXPOM C-OKCHa3a IPUMEPHO B
OIMHAKOBOW CTETICHU U, MMO-BHIUMOMY, SIBISIFOTCSA "OCHOBOW" YHHBEPCAIHHOTO
caiiTa B3aMMOJEHCTBUS LIUTOXpOMa ¢ C OCJIKOBBIMU PEOKC-IIAPTHEPAMH.
JIu3uHOBBIE OCTAaTKM LUTOXpOMa ¢ B MOJOXeHHsAX 8§, 27, 72 BHoOcCHT
MPEUMYIIEeCTBEHHBIN BKJIa I B ()OPMUPOBAHHE PEAKIIMOHHOCIIOCOOHOTO KOMILIEKCa
¢ yOMXHUHOII: IUTOXPOM C-PEAYKTa30H AbIXaTeIbHOM 1IETTH, 8 TU3MHOBBIE OCTATKH
B noJioxkeHus1x 13, 79 — ¢ UTOXpOM c-OKCHIA30M.

Ha BTOpOoM 3Tame padoThl NOJMydeHbl MyTaHTHBIC BAPHAHTHI IUTOXPOMA C
nomay, Hecymue yetsipe (K27E/K86E/K87E/E90K, E69K/K72E/KS86E/K87E),
mectb (K27E/E69K/K72E/K86E/K87E/E90K, K8E/E62K/E69K/K72E/K86E/
K87E) u Bocemb (KSE/K27E/E62K/E69K/K72E/K86E/K87E/E90K) 3amen. I1pu
KOHCTPYMPOBAaHHHM MYTAHTHBIX BAPHAHTOB LIUTOXPOMA ¢ yYHTHIBAJlach
HEOOXOJIMMOCTh COXpPaHEHMSI CYMMAapHOI'O 3apsijia MOJIEKYJIbI, ITOCKOJbKY
CHM)KEHHE CYMMapHOIO MOJOXKHUTEIBHOIO 3apsija MOXET CHUXKATh CKOPOCTb
peakiuy Oeska ¢ OTPULATEIbHO 3apsHKCHHBIM aHHOHOM CYNEPOKCHI-paanKaa.
J1n1s1 KoMIIeHcanuy N30BITOYHBIX OTPULATENBHBIX 3aPSI/IOB B II0CIIEI0BATEILHOCTH
MYTaHTHBIX BApUAHTOB LIMTOXpOMa ¢ ObUIH BBeJeHbI 3aMeHbl E/K B nonoxeHusx
62, 69 u 90.

Tpu U3 MOMYYEHHBIX MYTaHTHBIX BapHaHTOB IIMTOXPOMa ¢, COICpIKAIIUe
LIECTh ¥ BOCEMb aMUHOKHCIIOTHBIX 3aMEH, 00J1a/1aJIi CYLIECTBEHHO CHHXKEHHOM,
[0 CPAaBHEHHUIO C AlETUIMPOBAHHBIM IIUTOXPOMOM C, PEAKTUBHOCTBIO IO
otHomeHuio kK komruiekcam Il u IV neixarensHOHN 1enu, coXpaHss MPU ATOM
BBICOKYIO CKOPOCTH CHEHU(UIECKOTO OKHCICHHS cynepokcuna. TOUHOCTh
H3MEpEeHUsi CKOPOCTH reHepaluy cyrnepokenia komruiekcom I B CMY cepaia Obika
C IOMOIIIBbI0 MYTAHTHBIX BAPHAHTOB LIUTOXPOMa ¢ JIOMIAH B cpere ¢ pocdarom B
2 pasa, a B cpene 0e3 docdara B 4 paza NpeBOCXOAUT TOYHOCTh U3MEPEHHS C
[IOMOUIbIO ALETHIMPOBAHHOI'O LIUTOXpPOMA C. B CBSA3M C 3TUM IOJy4YEeHHbIE
MYTaHTHbIE BapUaHTbhI LIUTOXPOMA ¢ TPEICTABISAIOT COOOWH OCHOBY JUIS HOBOM
3G PEKTUBHON TECT-CHCTEMBI KOINYECTBEHHOTO ONPEICICHUS CylepoKCHIa B
MHUTOXOHJIPUAJIbHBIX ITperaparax.

184

DESIGN OF QUANTITATIVE MEASUREMENT SUPEROXIDE
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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 ¢ decreases the rate of his reduction from mitochondrial
reductases and the rate of his oxidation by cytocrome ¢ oxidase. Acetylated
cytochrome ¢ remains ability to oxidize superoxide. Application of acetylated
cytochrome ¢ has a number of essential disadvantages. Firstly, under acetylation
of cytochrome c by acetic anhydride rather a heterogeneous mixture of cytochrome ¢
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 ¢ mutant variants
with substitutions in amino acid residues (K8, K13, K27, K72, K79, K86, K87)
surrounding the heme crevice which are important for the interaction of protein
with its respiratory chain partners: ubiquinol: cytochrome ¢ reductase (complex
IIT) and cytochrome ¢ oxidase (complex IV). Coexpression of horse cytochrome ¢
genes and heme-ligase gene was carried out in plasmid vector pPBP(CYCS) in
E.coli IM-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 ¢ with single
and double substitutions (K8E, K13E, K27E, E69K/K72E, K79E, K86E/K87E,
K86W/K87C) we have shown, that conservative residues K86 and K87 are
important to complex ubiquinol: cytochrome ¢ reductase/cytochrome ¢ and complex
cytochrome c/cytochrome ¢ oxidase formation. Lysine residues 8, 27, 72 are
important to complex ubiquinol: cytochrome ¢ reductase/cytochrome ¢ formation.
Lysine residues 13, 79 are important to complex cytochrome c/cytochrome ¢ oxidase
formation.

In the second stage of work we obtained mutant variants of cytochrome ¢
which had forth (K27E/K86E/K87E/E90K, E69K/K72E/K86E/K87E), six (K27E/
E69K/K72E/K86E/K87E/E90K, K8E/E62K/E69K/K72E/K86E/K87E) and eight
(K8E/K27E/E62K/E69K/K72E/K86E/K87E/E90K) substitutions.
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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 ¢ 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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[Tepokcun Bogopoaa Kak ogHa M3 aKTUBHBIX GopM kuciopona (ADK)
BBITIOJTHSIET CUTHAJIBHYIO U CyOCTPaTHYIO POJIb B PACTEHHSX, YIacTBYs B paboTe
YCTBHILL, aIUKaJIbHOM POCTE KOPHEBBIX BOJIOCKOB M IBUIBIIEBBIX TPYOOK, CHHTE3E
KJIETOYHOH CTeHKH, (POPMUPOBAHUH (PUTOMMMYHUTETA, KIIETOYHON CMEPTH, OTBETE
Ha M3MeHsonmecs (GakTopsl cpeabl U Apyrux. OgHaKo, SBISAACH TOKCUYHBIMHU
monekynamu, ADK crmocoOGHBI MOBpPEKIaTh KIETOYHBIE CTPYKTYPHI ITOCPEACTBOM
IIPOrPECCUPYIOILET0 OKUCIUTENBHOTO cTpecca. Kaknm o0pa3om ocyIiecTBisieTcst
Gananc copepkanus ADPK B pacreHusx, 10 koHIa He sicHO. OueBHIHO, YTO IS
MoJIJIepKaHusl onpeesieHHOro ypoBHs ADK B kiieTke He0OX0qMMa TIaTelIbHAS
cucreMa peryaanud. [lomaraior, uto B paboTe 3TOH CHCTEMBI Y apaOHaoncuca
Y4acTBYIOT NPOAYKTHI HpuMepHO 150 reHos.

OpHuM K3 OENKOB, KaTadu3upyroiunx oopasoBanne ADK B amomacre,
sasietcss HAJIOH-okcuaasza miazManeMMbl pacTUTEIbHBIX KIETOK. ['eHbI
HAJI®H-okcunas pacrenuii rboh (respiratory burst oxidase homolog) umeror
TOMOJIOTHIO C KaTaJIUTHYeCKOH cyObeannunei gp9lphox okcuaassl (parouuton
MJICKOMTUTAIOIINX U MICHTH(QUIIMPOBAHBI Ui puca, apadujorncuca, Tabaka,
kaprodens u np. [TokazaHo, 4To "OKHUCIUTEIbHBINH B3pbIB" Kak OTBET Ha
IIOBPEKAEHHUE NaToreHaMu (0MoTH4ecKuii crpecc) GOpMUPYETCs IIPH AKTUBALIUT
OenkoB 3Toro cemeiicta. Kakum oOpasom mposiBisiercst aktuBHocTh HA JIOH-
OKCHJIa3 TUIa3MaJIeMMBI ITpU A0MOTHYECKOM CTpecce (TeMIeparypa, 3acojIeHue,
3acyxa), OCTaeTcsi He SICHBIM. Llenbio MPOBENEHHOT0 HCCIEA0BAHUS CTAIH
¢yukumonanbHas uaeHtTuurkanus HAJIOH-okcuagaspl miazmMaleMMbl
IIPOPOCTKOB KYKYpPYy3bl 1 BBISICHEHHE €€ POJIM IPU MOHMKECHUU TeMIIepaTypbl
BBIpAIBAHUSL.

OOBEKTOM HCCie10BaHus ObLIH S-TH THEBHBIE STHOIMPOBAHHBIC IIPOPOCTKH
KYKYpY3bl, BRIpallleHHbIC TP Temrieparype 25°C (KOHTPOIIb) U BbIICPKaHHBIC IPH
6°C B TeueHue cyTok (ombIT). CozeprkaHue epoKCH/Ia BOIOPO/Ia B TKAHAX MOOETOB
U KOpHEH ompenensin crneKTpohOTOMETPHUUECKHA B PEaKLUU C XJIOPUCTHIM
TuTaHoM. [Ina3manemMmy nosyyanu paszieneHueM MUKpPOCOMaIbHBIX MEMOpaH B
nByx(a3Hoi monumepHoit cucteme. CynepoKCHI-IIPOIYIUPYIOIIY0 aKTHBHOCTh
ruazmaneMMsl B ipucy et HAJIOH onenuBainu criekTpoOoTOMETPHUYECKH 110
BoccraHoBienntio XTT no ¢popmasana. benku nimasmaneMmsl, criocoOHbIE
TeHEePUPOBATH CYTIEPOKCH T, HACHTH(OUIUPOBAIIH T10 ONIPEIETICHHIIO MOJIEKYISIPHON
MAaccChl II0JIOC TOCTe HATHBHOTO JJIEKTPOodope3a, KOTOphle OKPAIINBAINChH
(dbopMazaHOM Kak MPOJYKTOM BOCCTAHOBJICHHS HUTPOCHHETO TETPA30Jus B
HAJI®H-okcunaznoii peakuuu. [pucyrcreue HAJIOH-okcuna3sl B iasmaneMme
MIOATBEPIK AN MeToIoM BectepH 00T aHanm3a ¢ UCIIONB30BAaHUEM aHTHTET K
KaTanuTriecko cyorenuuuie gp91phox darounTos.
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Bbu10 00HapyXeHO, 4TO B MEPBbIC YaChI MOCIE NEpeHoca pacTenuit ¢ 25°C
Ha 6°C B KOPHAX M MoOErax MPOUCXOIMJI CKadoK coneprxkanus H O, B Tkanax
npumepHo B 1.5 pasa. Boszpacranue yposns H,O, HOCHIO TpaH3MTOPHBIH
XapakTep, U OH BO3BpAIllAJIC K 3HAYEHUSM, XapaKTEPHBIM JUIsl KOHTPOJIBHBIX
pactenuii. CornacHo pesyibTataM KuHeTHaeckoro anannsa, HA JIOH-okcnnaznas
aKTHUBHOCTD IJIa3MajJeMMBbl KJIETOK 100OEeToB M KOpHEeW coctaisia 53.4 u
27.0 amMone opmazana / Mr Oeslka*MHH, COOTBETCTBEHHO, XapaKTepH30Balach
ci1aboBeIpakeHHEIM onTuMyMoM npu pH 7-8 n no 70% monaBusiach B
MPUCYTCTBUU MHTUOUTOpaA (IIaBUH-COACPKAIMX OKCHAA3 — INUPEHHUICH
nononnyma (EC, <10 mxM). ITocsie nepBbix yacos mpu 6°C HAJIOH-okcuiazHas
AKTHBHOCTD IIa3MajieMMBbI IT00eTOB OblTa HIbKe KOHTpoIrs Ha 50-60%. B kopHsx
CHI)KEHHE aKTUBHOCTH OBIIO HE3HAUUTENbHBIM — MeHee 15%. Benkn
IJ1a3MajeMMbl KJIETOK MOOEroB, CrioCOOHbIE MPOAYIUPOBATH CYNEPOKCH B
npucyrctBun HAJI®H, umenn monekynspusie maccsl 50, 70 u 105 x/la; B
iazmanemme kopHerd — 50 u 70 k1a. Tonbko 6enku ¢ maccoit 50 u 105 x/la 6butH
qyBCTBUTENbHB K nHruobutopy HAJI®H-okcunas qudeHuies HOQOHUYMY U
BBISIBJSUTUCH ¢ aHTHTeNaMu K gp91phox. 3nauenue 105 x/la, momyyeHHOE HaMmu,
cooTBeTcTByeT MaccaMm wu3BecTHbIX HAJIOH-okxcupmas mmazmazeMMBbl
pactutenbHbIX KieTok. [lomoca 50 x/la, ckopee Bcero, sBISETCS MPOIYKTOM
[IPOTEOJIM3a 3TOTO OEeIKa.

[TonydeHHble B paboTe pe3ynbTaThl JalOT OCHOBAHUE CYUTATh, YTO
(dbopMHupOBaHUE TPAH3UTOPHBIX U3MEHEHHUH COepKaHuUs EPOKCHAA BOJOPOAa B
TKaHSX MPOPOCTKOB KYKYpY3bl IIPU CHIJKCHUH TEMIIEPaTyphl BbIPAIIMBAHUS HE
siBisieTcst pe3ynbraroM aktuBanun HAJIOH-okcuaass! miasmManeMmbl.
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ACTIVITY OF PLASMA MEMBRANE NADPH-OXIDASE FROM
ETIOLATED MAIZE SEEDLINGS UNDER LOWERING OF GROWTH
TEMPERATURE

Piotrovsky M.S.

Timiryazev Institute of Plant Physiology RAS, Moscow
E-mail: agro-ministr@yandex.ru

Fax: (495) 977-80-18, tel.: (499) 231-83-77

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 25°C for 5 days and transferred in the last day to
the 6°C 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 H,O, content in shoots and roots during
the first hours after transfer of seedlings from 25°C to 6°C. After that H,O, 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
proteinmin for shoot and root cells, correspondingly, with slightly marked pH optimum at
7-8 and high sensitivity (EC, < 10 uM) 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. 189



MNPOCTPAHCTBEHHASA CTPYKTYPA JIAJIBHEKPACHOI'O
®JIYOPECHEHTHOI'O BUOMAPKEPA MKATE JIEITTA B OCHOBY
CO3JJAHUSA HOBOI'O rEHHO-UH>KXEHEPHOI'O BAPHUAHTA C
NOBBIEHHON SIPKOCTBIO

Ilnemnesa H.B., Il]epoo /l., Mep3nak E.M., Yyoaxoe /I.M., Ilnemnee B.3.

HucTuTyT 6MOOpraHnueckoit XuMun UM. akagemukos M.M. lllemsxuna u
10.A. OpunnnaukoBa PAH, MockBa

E-mail: nadand@mail.ru

Ten.: (495) 330-75-10

3erneHbli (IIyOpeCIeHTHBIH 60K H IPyTHe POICTBEHHBIE (IyOpeCeHTHBIC OEeIKI
HAllLIM MIMPOKOE MPUMEHEHHE B KJICTOYHOH OMOJOruM M OHOMEJMIMHE B KauecTBE
9 (GEeKTUBHBIX HEMHBA3UBHBIX MHCTPYMEHTOB AJIs BH3yaldH3allid ¥ MOHUTOPHHTA
BHYTPEHHHUX MPOIECCOB B KJIETKAX MU EJIbIX OpraHn3Max. MoHOMepHsIe (yopeclicHTHbIE
OeInKH ¢ SMECCHe QIIyopecieHIMH B KpacHoit (A3M > 570HM) 1 0COOEHHO B JATbHEKPACHON
(Aom > 610uM) 06IacTSIX CIEKTpa MPEACTABISAIOT O0COOBIH MPAKTUYECKUH HHTEPEC.
MeTo0M PEHTIeHOCTPYKTYpPHOTO aHaJIN3a BBICOKOI'O pa3pelleHus JeTalbHO H3yueHa
HPOCTPAHCTBEHHAs OpraHU3allus I'eHHO-MHKEHEPHOI0 MOHOMepHoro BapuaHta mKate,
HOJIy9CHHOTO M3 IPEAIICCTBEHHHUKA JUKOTO THIIA, JUMEPHOro (IyOpecleHTHOTO OelKa
eqFP578 (mopckoit anemon Entacmaea quadricolor). Cpenu MOHOMEpPHBIX
(uryopecueHTHBIX OenkoB BapuaHT mKate SBIseTCS caMBIM SIPKHM JalbHEKPACHBIM
(AoM=635HM) GHOMAPKEPOM € SIPKO BHIPAKEHHOM pH-3aBUCHMOCTBIO (IIyOpECIICHIINH.
Maxkcumym smuccun mKate npu pH ~8 nocrenenno najaer 10 Hyis npu ymensienuu pH
10 ~3. MckimountensHO BbICOKHE (oTodu3ndeckne cBoiictBa mKate BBIIBHHYIIN €ro B
ps1 HauboJIee IePCIIEKTUBHBIX OMOMapKePOB JJIsI MOHUTOPHHIa MHIHBUyalIbHBIX OSIIKOB
B JKMBBIX OPTaHM3MaXx, a TAK)Ke [JIs TEXHOIOT Ui MHOTOLBETHOIO MEYEHHs U PE30HAHCHOTO
nepenoca 3aepruu ¢iyopecueruy (FRET). MeTonoM peHTTeHOCTPYKTYPHOTO aHAIIH3a
Ha aTOMHOM ypPOBHE YCTAHOBIIE€HBI IPOCTPAaHCTBEHHBIE CTPYKTyphl mKate mpu 4-x
pasnuunbix 3HaueHusix pH — pH 2.0 (paspemenne 1.8E), pH 4.2 (1.75E), pH 7.0 u pH 9.0
(2.6E). KoopiHaThI aTOMOB YETBIPEX HOBBIX KPUCTAIUIMYECKHX CTPYKTYP JEHOHUPOBAHBI
B MeXyHapOIHbII CTPYKTYpHBIN OaHK OerkoB ¢ kogamu noctyrna PDB ID: 3BX9, 3BXA,
3BXB, 3BXC, COOTBETCTBEHHO. YCTaHOBIEHO, 4To pH-3aBHCHMOCTB (iIyopecieHIn
SBIISIETCS CIIEICTBUEM O0PATHMOM yuc-mparc- W30MepU3aIuy (pEeHONBHOTO KOJIbIIa OCTAaTKa
Ty64 xpomodop-obpasyromeit mocienoBarensHoctd Met63-Tyr64-Gly65. B
HedIyopecleHTHOM (TeMHOBOM) coctosiHuu ipu pH 2.0 XxpomModop B KpHCTATUTHUECKOM
cTpykrype mKate Haxogurcs B mpanc-u3oMepHoil dpopme. Crabo (uryopecreHTHOE
cocrosiaue npu pH 4.2 xapaktepu3yercsi pABHOBECHEM MPAHC- U Yuc-n30MEepHBIX (HopM
xpomodopa. 1, HakoHew, XpoModop, OTBEHAIOMUN HanboIee CHIbHON (IryopeceHIN
Oenka npu pH 7 1 9, peanusyercs B yuc-popme. AHAIIU3 POCTPAHCTBEHHON CTPYKTYPBI
BBLABUII OCTaTOK Serl58, KoTOpBI cTaOUIH3UPYET 3a CUET BOLOPOTHOU CBS3U
HedIyopecleHTHOe mparc-cocTosiHue xpomodopa. IMocienyrommii qu3aiiH Ha OCHOBE
caliTHAIIPaBIEHHOTO MyTarcHe3a ¢ 3aMeHoi Serl58Ala mo3Bomm 1ecTabUIIM3HPOBaTh 3TO
COCTOSIHME, YTO MPHUBEIO K YIYUHNICHHIO APKOCTH (IyopeclieHIIUd HOBOIO
CKOHCTpyupoBaHHoro Bapuanta, mKate Ser158Ala, mouru Basoe. Ilomyuennsiii HOBBII
BapUAaHT JIEMOHCTPUPYET TAK)Ke IOBBIILICHHYI0O CKOPOCTb CO3peBaHMs Xxpomodopa.
HckmountensHo BeICOKHE GoTodu3nueckie cBoiicTBa HOBOro Bapuanta mKate SI1S8A
JIENAlOT €ro BHE KOHKYPEHIIUH CPEJIH IPYyTHX GHoMapKepoB Julsl MedeHus 6enkoB. Ha ocHoBe
aHAIIM3a KPUCTAIUIMIECKUX CTPYKTYD BBLABIICHBI KIIIOYEBBIC OCTATKH, HAHOO0IEE BEPOATHO
OTBETCTBEHHBIE 32 MOHOMEpHOE cocTosiHue mKate B pacTBope.
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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 (Aem > 570nm), and especially far-
red (Aem > 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 (Aem=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 E), pH 4.2 (1.75E), pH 7.0 and
pH 9.0 (2.6 E) 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 Serl158Ala, 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.

191
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JJIs1 BUOAHAJIN3A
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AKTyanbHOCTh TEMbI Pa0OThI ONMPEACIIAETCS MTOCTOSHHO BO3PACTAIONINMHU
MOTPEOHOCTSIMH B YHCTHIX KOHIIGHTPHPOBAHHBIX IIperapaTax OHOIOIMMEPOB, B
JaCTHOCTH, HYKJICHHOBBIX KHCIOTaX, JJIS OMOTEXHOJOTHMH M KIMHUYECKOH
JTMarHOCTHKU.

JIns BeIIENCHHS] HYKJICHHOBBIX KHCIOT M3 Pa3UYHBIX HCTOUHHKOB
IIPUMEHSIOT MHOXXECTBO MaTepHaIoB U MeToauk. Hanbomnee nepcrieKTHBHEIMU B
9TOM OTHOIICHUH SIBJISIOTCS] KOMITO3HIIMOHHBIE COPOSHTBI, MOTU(UIIMPOBAHHBIC
HAaHOCIOSAMHU (YHKIHOHAIU3UPOBAHHBIX MMOJUMEPOB, B YaCTHOCTH,
dTopconepKaIMMHU TOJIMMEPAaMH M TTOJHaHWIMHAMHE. VICHonb30BaHHE 3THX
MOJIMMEPOB B KaUeCTBE MOAN(PHKATOPOB COPOCHTOB 00CCIICUNBACT UX YHUKAIBHBIC
bU3UKO-XUMHYECKHEe U COpONMOHHBIE KayecTBa, HHU3KHH YPOBEHB
HecnenupuIecKkoil copOLUNN, BEICOKYIO CEICKTHBHOCTH NPHU pa3lelIeHUU
OUOTONIMMEPOB, a TaK)Ke KOMIUIEKC 0COOBIX CBOMCTB, 00CCIICUHBAIOIINX, B
4aCTHOCTH, 3(G(PEKTUBHOE pa3jielieHHe U OYUCTKY ONHM3KHUX MO CBOWCTBaM
o6romakpomonekya. OIHAKO CIOKHOCTD MOMYYSHHUS TAaKMX MaTepUaliOB JiellaeT
AKTYaJIbHBIM MOUCK TEXHOJOTHYHBIX M 3()(EKTHBHBIX CIIOCOOOB MOIYUICHUS
¢dTopronuMep- U MOJTHAHIIMH-COAEPKAINX COPOCHTOB IS pa3leeHHs
ouononuMepoB. Llenpio HacTosIIeH pabOTHl ABIsIETCS pa3paboTKa HOBBIX
cnoco0oB cuHTEe3a PTOPHOIUMEpP- U MOJTHAHHIHMH-MOIU(DUIIUPOBAHHBIX
KpeMHE3eMOB, OIeHKa (QH3UKO-XMMHUICCKUX U COPOIMOHHBIX CBOHCTB
MOJTyYEHHBIX MaTePUAJIOB B YCIOBHSX BbiieNeHus U ourcTku JJHK 13 MoaenbHbIX
cMeceil U M3aToB OaKTepUAbHBIX, PACTHTEIBHBIX KIETOK U KPOBH, pa3paboTka
3 )EKTUBHBIX METOAMK UX IPUMEHEHHS, B YACTHOCTH, BEICTICHHS HYKJICHHOBBIX
KHCJIOT U3 PAa3JIMYHBIX HCTOYHHMKOB B OJHY CTaJHIO, a TaK)Ke CpaBHEHHE
3 HEKTUBHOCTH MPUMEHEHHS MOJYYCHHBIX COPOCHTOB M KOMMEPYECKHX
marepuanos juist Boiaenenust JJTHK. B xoze paOoThI ostyueHsI TpH THITA COPOCHTOB,
MOJIU(UIMPOBAHHBIX, COOTBETCTBEHHO, (TOPUPOBAHHBIM MONHIPHUPOM,
MOMUTETPAGTOPITHICHOM, U MaTepHal, MOCIEI0BATEIbHO MOTU(DUIIMPOBAHHBIH
(bTOPOIIIACTOM M TOTHAHUINHOM.

B mepBom ciydae nosmMepHyto a3y IMMOOMIN30BAIN B PE3yibTaTe T.H.
kacTuHra. [Ipu 3TOM HaHeceHHOe (DTOPIMOIMMEPHOE MOKPHITHE BIIEPBBIC
XUMHYECKH MOJU(PHUIIMPOBATH HYKIeo3uIoM. [TonydeHHbIH MaTepuais ObLI
OXapaKTePH30BaH; COBMECTHBIC HCCIIEIOBAHMS C KOJUIEraMy U3 KoMnanuu Proligo
GmbH noareepauiu 3 HEKTUBHOCTD €10 MPUMEHEHHS B KAUECTBE HOCUTEIIS IS
TBep10(ha3HOTO CHHTE3a OJIUTOHYKICOTHIOB.

Bo BTOopoM citydae (TOPIOIUMEPHOE MOKPHITHE BIEPBBIC MOTYUIHIH
Ppa3paboTaHHBIM HAMH METOJIOM T.H. 030H-HHULIMUPOBAHHOH nonmmepusarmu. [Ipn
9TOM aKTHUBHBIC LIEHTPbI, MHULIUUPYIOIINE NOIUMepu3aluio GropMoHomepa,
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(GOpMHUPYIOTCS Ha MOBEPXHOCTH KPEMHE3eMa B PE3yibTaTe MpeABAPUTEILHON
00paboTKH 030HOM. BBUIM Mccre0BaHBI CBOMCTBA MOJYYEHHOTO cOpOEHTA.
[lokazaHo, 9YTO OH OTIIMYAETCS BBICOKOM XMMHUYECKOM CTOMKOCTBIO M BBICOKOM
CEJICKTHBHOCTBIO TIPH pa3/ielIcCHUN HYKJICHHOBBIX KHCJIOT U O€NKoB, a Takke JTHK
or PHK.

B TperbeM citydae BriepBbI€ B pe3yJbTaTe peasin3alii KOMIUIEKCHOTO ITOX0/1a
K MOAM(UKAIMHU TTOBEPXHOCTH KpEeMHe3eMa Ha THAPOPOOHON XMMUYECKH CTOUKOI
Marpuie GopMUpOBaIOCh THApOopUIbHOE copOuroHHo-akTupHOoe [TAHU
MOKpbITHE. TakuM 00pa3oM, ObLT IOTyUeH HAHOTOMIIMHHBIA OM(YHKIIMOHATBHBII
MTOJIMMEPHBIN CIIOMH, TII€ COYETaHUE CBOWCTB IOJMMEPCOEPIKAIIEro HOCUTEIS U
CENIeKTUBHBIX COPOIIMOHHBIX CBOMCTB MOJHMAHHIMHOBOTO MOKPBITHS TTO3BOJIIIIO
CO3/7IaTh HOBBIM THUIT OMOCOPOCHTA, KOTOPHIi, HE YCTynas B COPOIMOHHBIX
CBOMCTBAx paHee noxy4eHHbIM (propronumep- u ITAHU-conepskanmm copoeHTam
U KOMMEpUYECKHM 00paslaM, OTIMYAeTCs MPH 3TOM HOBBIMU CBOHCTBaMH, B
JaCTHOCTH, CBOMCTBOM DPAa3JeNIATh OJHO- M JABYXIIETIOYCUHBIC HYKICHHOBBIC
KHCJIOTBI, & TAK)KE ITO3BOJISIET B OJIHY CTAJIMIO IIOJIy4aTh CTAOMIIbHbIEC IPH XpPaHEHUT
npenapartsl JJHK, Henocpenctesenno npurogusie 1iist nposeaenus [11P-ananusa.

IMonyueHnHble cCOpOCHTHI MCIONb30Banu st BeigencHus JHK wus
OaKTepHaIbHbIX JIN3aTOB, SKCTPAKTOB PACTHTEIEHOM TKAaHH, a TAKOKE KITMHUYECKUX
00pa3noB TKaHel yenoBeka (YporeHUTa bHbIe Ma3KH1).

Taxoke B X0z1€ padbOThI ObLIT pa3padoTaH METO/ ITOTY4EHHSI HAHOTOJIIIUHHOTO
CJI0S1 aHWJIMHCO/IEPIKALIIET0 COTIOJIMMepa Ha MMOBEPXHOCTH KPEMHHUEBBIX TUIACTHH
JUIst Macc-criektpomeTpun (narentHas 3asBka EP09165091.1). CoBmecTHbIC
uccienoBanus ¢ komnanued Royal Philips B xone manHON pabGoThl mokaszaiu
BO3MOKHOCTH pa3feieHus OCIKOB M MENTHIOB B 3aBUCHMOCTH OT 3HAYEHHS UX
M302JIEKTPUIECKON TOUKHM Ha MOTYIEHHOM MOIOKKE C TATbHEHIITIM ITPOBECHUEM
Macc-CIeKTPOMETpHUU Oe3 BBEJICHHS JOMOJIHUTEILHOTO ONTHYECKH aKTUBHOIO
BemecTBa (Marpunsl). CiaeqyeT OTMETHTb, YTO IONYyYEHHBIC Macc-CHEKTPHI
XapaKTePH30BAINCh OTCYTCTBHEM LIyMa B HU3KOYaCTOTHOW 0OIAacTH, OOBIYHO
HaOJII01aeMOT0 [P UCHIOJIB30BAHUY TPAJIUIIMOHHBIX METO/I0B IPOOOIIOATOTOBKH
U aHaJIM3a ¢ 100aBICHUEM MaTPHIIBI.
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DEVELOPMENT OF A NEW POLYMER CONTAINING CARRIER
FOR BIOANALYSES
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E-mail: profan@list.ru
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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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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.
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KiroueBbIM KOMIIOHEHTOM arpoOu3Heca HeM3MEHHO siBisieTcs 3 hexTrBHOE
KOpPMONPOHU3BOJACTBO,  oOecreuunBaromee cOajlaHCHUPOBAaHHBIE U
BBICOKOKa4€CTBEHHbIE KOpMa IIPH MUHUMAJIBHBIX 3aTpaTax Ha MX IPOU3BOJICTBO.
W3zBecTtHO, uTo MOpsiaka 90% Bcex MPOU3BOAUMBIX KOPMOB COCTABIISIOT KOpMa
JUTSL ITHLIEBOJICTBA, CBMHOBOJICTBA M KPYIHOIo poraroro ckora. Kauectso u
CTOMMOCTD ’KHUBOTHOBOIYECKOH MPOMYKIMH 3aBUCST OT KauecTBa M CTOMMOCTHU
kopMOB. C pa3BUTHEM OHOTEXHOJOTUH B KOPMOIIPON3BOACTBE VISl YIydIICHHS
ITUILEBON [IEHHOCTH KOPMa UCTIONB3YIOT epMeHThl. OHU MO3BOJIAIOT U3bATH U3
KOPMOB HenuiieBble (pakTopbl (HUTATHI) U pa3pyLIUTh TPYIHOTHIPOIN3YEMbIe
KOMIIOHEHTBI 3epHa (TIEHTO3aHbl, OeTa-TITIOKaHBbI).

OpHuM 13 Hanbosee u3yyaeMbIX I'pHOOB B HACTOSIIEE BPEMS SIBIISIETCS POJI
Trichoderma. IlpuauHOIN 3TOr0 MHTEpeca sBISETCS OoJbLIash MpaKTUYeCcKas
3HaYUMOCTh pofa. Bumsl Trichoderma sSBIAIOTCS MPOLYLIEHTAMH (EPMEHTOB
(mesutiona3s, XUTHHA3, TIEKTHHA3, KCHIIaHa3 | Jp.), HCTIOIb3YEMBIX B LIEIUTIONIO3HO-
OyMa)XHOM ¥ HUIIEBOI MPOMBIIIJICHHOCTH, B TPOM3BOJICTBE MOIOIINX CPE/ICTB, B
MIOJTyYESHUH CITUPTA U KOPMOBBIX 100aBOK.

Ienbro maHHOM pabOTHI SBHUIICS CKPUHHMHT TpUOOB poxpa Trichoderma c
BBICOKOM KCHJIaHa3HOI aKTHBHOCTBIO.

MoHOCIIOpOBBIE KyJIBTYpPBl I'PUOOB MOJIYYalld METOIOM, MPEAJIOKESHHBIM
A.H. JluxaueBemM [ 1]. 1515 KynbTHUBHPOBAaHUS TPHOOB NCTIOIH30BAIIH IPUPOTHYTO
HKCIIEPUMEHTAIBHYIO CPEeIly — SKCTPAKT PrKaHBIX MEHTO3aHOB (%): MEHTO3aHbI —
0.2, 6enok — 0.5; (NH,),SO, — 0.5. Kynsryps! Beipammsami B 150 mi konbax,
coaeprkaiux 50 mit cpenpl B TedeHue 36-192 yacoB Ha 1ab0paTOPHBIX Kadakax
C MHTCHCUBHOCTHIO KauaHus 200 00./MuH npu Temmeparype 28°C. ITpoOsr amst
omnpeseneHus (pepMeHTATUBHON aKTUBHOCTH OTOMpaiy Kaxable 24 yaca. Kietku
OTAEISIIN HEHTPH(PYTUPOBaHHEM.

OnpeneneHne KCUIIaHa3HOH aKTHBHOCTH IPOBOUIIH 110 MeTouke Kimig [2],
nuana3oHa pa3MepoB HCCIEAYEMbIX KCHIIaHA3 — METOJ0M MeMOpaHHOU
¢bunsTpanuy. s craTucTrdeckoi 00paboTKH JAHHBIX HCIOJIB30BAIIH [IPOrPaMMy
Excel. Jlnst cpaBHEHMSI PUMEHSUIN MHTEPBAJILHBIC OIICHKH. YPOBEHb 3HAYUMOCTH
p <0,05[3].

B pesynbrate mcciaenoBaHMi HalJeH IITaMM C BBICOKOW aKTUBHOCTBIO
cuHTe3a KcuiaHa3 — Ha 70% BbIlIe aKTUBHOCTH CTaHJAPTHO HCIOJIB3YEMOIo
mramma. OTMeYeHa BBICOKAasi CTA0MIBHOCTE (DEPMEHTA B CMOJECIUPOBAHHBIX
YCIOBUAX KHUIIEYHOTO TPaKTa MOHOTACTPHYHBIX XUBOTHBIX — 3a 5 4acoB
coxpansiercst 60% MCXOHOM aKTUBHOCTH M MOBBIIIEHHAS CHOCOOHOCTH KCHIIaHa3bI
CHIDKATb BSI3KOCTB PacTBOpPa HEKPaXMAaJIHCTHIX MoNucaxapuaos. JlaboparopHsie
WCCIIeJOBaHMs MOKA3aJIM, YTO HCIIOJIb30BaHUE IOMYYSHHOTO HaMH (epMeHTa
yiy4lIaeT nepeBapuBaeMocTb kopMa Ha 40% 10 CpaBHEHHIO CO CTaHIAPTHBIM
IperapaTom.
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KynprypanpHass JXHIAKOCTH C HCCIeIyeMbIM (epMeHTOM Oblia
MOCJIeA0BaTEeIbHO MPONYyIeHa Yepe3 MeMOpaHbl ¢ AMAMEeTpaMH Iop,
cootBerctBytomMu Mwm 100, 50, 15, 5 x/la. Jlannble aHanu3a Gppakuuii puisTpara
Ha HaJIM4YWE aKTUBHOCTH KCHJIAHA3 MOKa3aJH, YTO MOJEKyJIspHas Macca
uccnenyemoro pepmenra Haxoaurcs B auanazone ot 50 go 100 k/1a.

Takum 006pazoM, MOXKHO ITPEIIOJIOKHUTH, YTO UCIIOIB30BAaHUE ITPEIIaraeéMoro
(depMeHTa KcHiaHa3bl HA OCHOBE OOHApYKEHHOTO HaMM mTaMma Oyner
CIOCOOCTBOBATH CHIDKEHHIO Ce0EeCTOMMOCTH KHBOTHOBOJUECKON MPOAYKINH B
pe3ynbrare yBenuueHus 3PPEKTUBHOCTH KOpMa (TIPHPOCT MAacChl )KHBOTHBIX) U
CHIDKEHHUSI CTOMMOCTH CaMOT'0 KOpMa 3a CYET MCIOJIb30BaHus 0ojiee JIeeBoro
3€PHOBOTO CBIPBSI.

Pabora BBIIONHEHA MTPY MOAAEPIKKE IpaHTa (OHIA COACHCTBUS Pa3BUTHIO
MallbIX (OpM MPEANPUATHH B HAyYHO-TEXHHUYECKOW cdepe Mo mporpamme
"V4aCTHUK MOJIOJIEKHOTO HAYYHO-HHHOBalMOHHOTO KOHKypca" ("Y.M.H.M.K.").
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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; (NH,),SO, — 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
28°C. 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 Kunig [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 p < 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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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"
("PY.S.IL.C.").
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C 11e11BI0 IOHCKA IPU3HAKOB, ONPECISIONINX HHIMBUIYaIbHYIO CIIOPTHBHYIO
YCIIEHIHOCTD, 1417 ciopTCMEHOB — pe/IcTaBUTENEH OMUMIMHCKUX COOpHBIX PD
— ObuTH 0OcCie0BaHbl MO 3 (GU3HOIOTHUYECKUM, 74 Onoxummuueckum, 11
HMMYHOJIOTHUYECKUM M 12 reHeTH4YeCcKUM MokazaTteysMm. s moucka
B3aMMOCBS3aHHBIX IPU3HAKOB OBLI pa3pabOTaH aJTOPUTM BBISBICHUS
B3aMMOCBSI3U MEXK/y Ka4YeCTBEHHBIMU U KOJIMYECTBEHHBIMH MPHU3HAKAMHU.

AHanu3 nosyyeHHOH 0a3bl JaHHBIX C MCIIOJIb30BAHUEM pa3pabOTaHHOIO
MaTeMaTHYEeCKOTOo arapara BEISIBIJI PsIT HOBBIX B3aHMOCBSI3eH TeHETHYECKHUX U
(eHOTUITHYECKUX MPHU3HAKOB. Tak, 0OHapy>KeHa B3aUMOCBSA3b MEXy YPOBHEM
CBIBOPOTOYHOTO OcTeoKanbluHa U noaumopusmom C341T rena nryratnon-S-
tpancdepaszsl P1 (GSTP1); ypoBHSIMH TeMOTJI00MHA W KOPTHU30Ja U
nosuMopdumMom A4889G (BapuanT m2) rena nutoxpoma P4501 A1 (CYP1A1);
aKTHBHOCTBIO aJlaHMHAMHMHOTpaHc(epassl u noaumoppusmom A(-9)V rena
cynepokeuaaucmytassl (Mn-SOD); ypoBHEM TECTOCTEpOHA U MOTUMOPHUIMOM
+9/-9 rena penenitopa 6paankuamHa I Tuna (BDKRB2); ypoBHEM TecTocTepoHa
U JICJICMOHHBIM BapUaHTOM T'eHa DIyTaTHoH S-tpaHcdepassl Teta-1 (GSTT1)
u zip.

Jlna Gosbliei yacTu BBISABICHHBIX B3aMMOCBS3€H MpEUIoKeHa cxemMa UX
BO3MOXKHOH peann3anuy Ha OHOXMMHYECKOM YPOBHE.

PaGora noanepxana rpantoM PochHayku Ne02.522.12.2001 u rpantom
EBpoxomuccuu FP6 #037212 (DIAGNOSIS).
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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: C341T 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 Ne02.522.12.2001 and
FP6 DIAGNOSIS project #037212.
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I'EHHAA W KIIETOYHASA TEPAIIUA BOKOBOI'O
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Beenenue. boxoBoii amuorpopuueckuii ckiepos (BAC) npuHauiexuT K
rpyIie HeWpoJereHepaTUBHBIX 3a00JEBAHMN C MPOTrPECCUpPYOIIeH THOeNbO
JIBUTATEJIbHBIX HEHPOHOB TOJIOBHOI'O M CIIMHHOTO Mo3ra. B HacTosee Bpems He
cymecTByeT 3QdekTuBHbIX MeTonoB sedeHuss BAC. Ilognepxanue Xu3HU
HEHPOHOB, BCTYNHUBIINX B MaTOJOTHYECKHH MPOIECC, U BOCCTAHOBICHHUE
YTPauCHHBIX MEKKJIECTOUHBIX CBSI3eH B HEPBHOM TKaHU MOTYT CYIIECTBEHHO
ITOBBICUTH KQUECTBO U MPOJOJDKUTEIBHOCTD KHU3HU OONBHBIX. [lepcrieKTHBHBIMU
METOaMHU JIedeHus1 OONbHBIX, cTpafaommx BAC, cuntalorcs reHHas M KJIeTOUHAs
tepanud. [Ipyn reHHON Tepamuu MPOBOAUTCS KOPPEKIHS SKCIPECCHH T'€HOB,
OTBETCTBEHHBIX 3a pa3BUTHE 3a0o0JeBaHUs, HJIM JOCTaBKa TEHOB,
JKCIIPEeCCUPYIONUX HelpoTpopuyeckue (HakTopsl. JpyruM nepcreKTHBHBIM
HaIpaBJIeHUEM B TepalluU HEHPOAECTEHEPATHBHBIX 3a00JIEBaHUH SBIACTCS
TPaHCIUIAHTAINS CTBOJIOBBIX M/MIIM MPOT€HETOPHBIX KIETOK. TepaneBTHIecKui
3¢ EKT IpH KICTOYHOH TepaIuy TOCTUTACTCs CEKpeLnel TpaHCIUIaHTUPYEMBIMH
KJIeTKaMH (JaKTOPOB, TTIOAEPKUBAIOLINX BEDKHBAEMOCTb HEPBHBIX KIICTOK, a TAKXKE
nudGepeHInPOBKOIl CTBOJIOBBIX M MPOTCHETOPHBIX KJIETOK B HEWpaJbHOM
HanpasieHud. OqHako Hanboliee TEPCIEKTUBHBIM HAINPABICHUEM CUYHUTACTCS
KOMOMHUpOBaHHAsl TeHHas M KieTouyHas Tepanus. [Ipu qaHHOM moaxoxae
COBMEIIAIOTCS] CBOIMCTBA CTBOJIOBBIX KJIETOK M IKCIIPECCHsT PEKOMOWHAHTHBIX
TEPaNeBTHUCCKUX HEHPOTPOPHUECKIX (PAKTOPOB.

Heas. B nanHoii paboTte paccMaTpyUBarOTCsl TeHHBIE M KIIETOYHBIE ITOJIXO/IbI
st neaenust BAC na monenu tpancreHHBIX G93A wmprmiei. ['enHo-kIeTouHas
Tepamnus OCHOBaHA Ha TPAHCIUIAHTALIMM MOHOHYKJIEAPHBIX KJIETOK KPOBH
IIyHOBUHBI, TpaHC(EIMPOBAHHBIX I'eHAMU HEWPaJIbHOW MOJEKYJbl aAre3uu
(LICAM) wn cocynuctoro sHiorenuanbHoro ¢gaxropa pocrta (VEGF). T'ennas
Tepanusi OCHOBaHA Ha MPSMO# aNIUTMKaluK KopoTKoi uHTepdepupyromeit PHK
(siRNA) Ha neHTpaJIbHBIH y4acTOK Iepepe3aHHOTO CEeAaJHIIHOr0 HepBa
TPAHCT€HHBIX MBIIICH.

Matepuaasl u MeToabl. Tpancrenusie Meimu B6SJL-TG(SODI1-
G93A)dl1Gur/] (nanee G93A mbim) Obitr noyudeHsl u3 Jackson Laboratory
(Bar Harbor, USA). G93A mbim 3kcnpeccupytor ren Cu?*/Zn* -cymnepokcun-
nmucmyTtasbl (hSOD1) yenoBeka, KOTOPBIH BBI3BIBAET OIHY U3 CEMEHHBIX (opM
BAC. I'enst L1CAM w VEGF 6butn TP ammmuduiupoBaHbl 1 KJIOHUPOBAHBI B
9KCIIPECCUOHHBIN TUIa3MuIHbIH BekTop pcDNA3.1. MoHOHYKIIeapHbIe KIETKH
KpOBHU IYNOBUHBI YEJIOBEKA MOJydYald LEHTPUPYTUPOBAHUEM B I'paJUCHTE
IUIOTHOCTH (DMKOIIa M TPAHCHEMPOBAIH ¢ IIOMOIIBIO dIeKTpornoparopa Gene
Pulser Xcell Total System (BioRad). ['eHeTHueckn MoanUIIMPOBaHHBIC KIETKH
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HHBEIUPOBAIHM B peTpoopOuTanbHoe npoctpaHcTBo G93A wmbimeit. Yepes
2 Henenu, 2 1 3 Mecsla MOSCHUYHBIN OT/IeJI CIIMHHOTO MO3Ta MBIIIEH BBIAEISIN
JUIE IMMYHOTHCTOXUMHYECKOTO UCCIIEIOBAHUS.

J1i1s reHHO# Tepanuu Ha ocHoBe MexaHn3MoB PHK-unTepdepennnn G93A
MBIIIIAM TI€pepe3ain JICBbIi CEAANHUIHBIN HEPB B CpeAHel TpeTH Oelnpa W Ha
LIEHTPAJIbHBIA OTPE30K HEepBa HAJCBAJIU CHIMKOHOBYIO TPYOKY, COZEpIKAILyIO
pactBop siRNA. B pa6ote npumensiin siRNA, komruiementapuyto k MPHK rena
hSOD1, a Taxxe koHTposbHbIC SIRNA. Yepes 24 yaca nociie onepanny ypoBeHb
skcnpeccun MPHK B mosicHIYHOM OT/eNie CIMHHOTO MO3Ta MBIIIEH OMpeaessiin
¢ nomoinsto TP B peansrnom Bpemenu (ITL[P-PB).

Pesyabrarsl u 00cy:xaenue. B xone IMMyHOTHCTOXMMHYECKOTO aHAJH3a
TKaHeH MOSICHHYHOTO OT/AENA CIIMHHOTO MO3Ta MBIIICH MBI OOHAPYKHMIH, YTO
TpaHCIJIAHTUPOBAHHbBIE TEHETUYECKH MOAU(DUIIMPOBAHHBIE MOHOHYKJICAPHBIC
KJIETKH KPOBH ITyTIOBHHBI YeJIOBEKAa MUTPUPOBAIIM B 30HBI HEMpOEreHepauy u
nuddepeHIUPOBAIUCH B HIOTEINATBHBIC KICTKH ¢ 00pa30BaHWEM HOBBIX
KpOBEHOCHBIX cocynoB. M3BectHo, utro VEGF sBnseTcs aHrHOTEHHBIM U
HEHPONPOTEKTOPHBIM (DaKTOPOM, B TO BpeMs Kak 3KCIpeccHs HelpaabHOU
Modekyibl aare3nn L1CAM criocoOCTByeT MOBBIIICHAIO TPOIIM3Ma TeHETHUECKU
MOIUGUIMPOBAHHBIX KJIETOK K HEPBHOI TKaHU. [lomydeHHBIC pe3yiIbTaThl
IIO3BOJISIOT IPEIIOIOKHUTh, YTO OPMUPOBAHHE HOBBIX KDOBEHOCHBIX COCYJIOB B
30HE HeHpoiereHepalny MOBBIIIACT BBDKUBAEMOCTh MOTOHEHPOHOB 1 yKa3bIBAaET
Ha [1e7IeCO00Pa3HOCTh MOCIIELYIOIIET0 Pa3BUTHS HCCICIOBAHNH JaHHOTO ITOIX0/a
B Tepamuu HelpojercHepaTUBHBIX 3aboneBanuii. Anmiukanus hSODI1-
cneunuuHoi siRNA Ha celayMIIHBIA HEPB MPUBOJAMIIA K CHIDKCHHUIO YPOBHS
MPHK hSOD1 B nosicHn4HOM OTIeNe CIIMHHOTO Mo3ra Ha 48% B cpaBHEHHH C
KOHTpanarepaiibHoil ctoponoit (P = 0,032). Hamu BriepBbie ObLIO MTOKA3aHO, YTO
hSOD1-cnenuduunas siRNA, anmimunupoBaHHas Ha CEIaTUIIHBINA HEpPB,
peTporpagHO TPAHCHOPTHUPYETCS] B COMHHON MO3T U cHMXaeT ypoBeHb MPHK
MyTaHTHOTO rena ASODI.

Takum oOpasom, B gaHHOW paboTe MoKa3aHO, YTO KOMOMHHpPOBaHHas
HEBHUPYCHAsi TEHHO-KJIETO4YHas Tepanus u anmimkanus siRNA moryt ObiTh
3G PEKTUBHBI JUIs JICUCHHS OOKOBOTO aMHOTPO(UUECKOTO CKIIepO3a.
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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 G93 A 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 (G93 A substitution) of human copper/
zinc superoxide dismutase-1 (hSOD1), which is responsible for one of the familial
forms of ALS. Genes LI1CAM 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 ASOD] as well as different control siRNAs. Twenty-four hours
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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 L1ICAM 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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I'en lim3 npo3oduibl, KOAUPYOUMI TpaHCKpUIIIMOHHBIN (akTop PHK
nonuMepassl 1l, urpaeT KiIOYEBYIO pONb B PETYISIINU Pa3BUTHS HEHPOHOB.
MyTaruu roMosoroB JaHHOTo reHa, LHX3/4, y yenoBeka puBOJST K HApyLICHUAM
CEKpeLHY TOPMOHA TUIT0dH3a, KAPIUKOBOCTH, HAPYIIEHUSIM padoThl Mo3ra. Panee
OBLIO TOKA3aHO, YTO /im3 SBISETCS TeHOM-KaHINIaTOM, yIacTBYIOIINM B KOHTPOJIE
npopoikutenbHocTH ku3Hu (IDK) nposodpunsr (Pomunna, ITactokosa, 2007).
Lenpto naHHOI paboOTHI SBIISIETCS UCCIIEOBAaHUE MOJICKYISIPHBIX MEXaHU3MOB,
JISKAIIUX B OCHOBE y4acTust reHa /im3 B kontpoue [TK. MoxHO npenonoxKuTs,
9TO ONpEeACICHHBIH YpPOBEHb AaKTHBHOCTH TIe€HAa B OHTOTE€HE3e U
TKaHECHEM(PUYHOCTh €ro AKCIPECCHH, HApUMeEp, B HEPBHOHM TKaHU, MOTYT
omnpeenaTh ero ausHue Ha [1DK. 3amaua qaHHO# paboThI 3aKITH0YAIach B U3YUCHUH
BIIMSIHUSI MOJICKYJISIPHOM CTPYKTYpBI PEryJIsiTOpHON oOnacTu reHa /im3 Ha ero
TPAHCKPHUIIIUIO U aHAJIU3€ B3aUMOCBSI3M YPOBHs ero skcupeccuu u I1K
JIpO30(UITBL.

Lim3 y nposodunsl obpasyer nBe MPHK: [/im3-RB wu lim3-RA.
ODyHKIMOHAIILHOE 3HAYCHUE ISl pa3BUTHS HEHPOHOB ObLIO MOKa3aHo Jyis [im3-RA
(Thor etal., 1999). B cBsi3u ¢ 3Tim lim3-RA Ob11 BBIOpaH HAMU JIJIsl UCCIIEIOBAHUS
poiu skcripeccun reHa /im3 B kontposie [DK. Mexanusm o0pa3oBaHUsI 3TOTO
TPAHCKPHIITA ¥ CTPOCHHE PETYIIITOPHON 00IaCTH paHee OIMCaHbl He ObIIH. AHAIH3
(NNPP, v.2.2) nokasain HaJIu4ue JAByX IPOMOTOPHBIX SJIEMEHTOB, PACIIOIOKECHHBIX
Ha paccTostHuU ~500 I1.H. BBIIIE 3asBJICHHOIO B 0a3e JaHHBIX Hayana /im3-RA.
Ho3zepH-61oT ananu3 co crietiuuuHbIM K /inm3-RA 30H710M NMOKa3all HATMYHE IBYX
TPAHCKPUIITOB BMECTO OJTHOTO: MaYKOPHBII TPAaHCKPHIIT coBnasa ¢ /im3-RA (2,5
T.ILH.), @ BTOPO# (2,3 T.I.H.) npex/ie He OblJI aHHOTHUPOBAH M ObLI Ha3BaH HAMU
lim3-RC. Hannuune voBoit MPHK 6bu10 monreepikaeHo S'RACE, 1o3BonuBIInM
BBISIBUTB, 4T0 00¢ MPHK HMeI0T MHOXECTBEHHBIE CTAPTHI TPAHCKPHIIINH, & TAKXKE
YTOYHUTD Ha 6 HyKJICOTUAOB cTapT A [im3-RA.

AHanu3 npoMoTopHbIX obnacreit /im3-RA u lim3-RC nan BO3MOXHOCTH
OTIPEAETUTh HECKONBKO THIIUYHBIX PETYISTOPHBIX JIEMEHTOB TPAHCKPUIIIMU
(Drosophila Core Promoter Database, DCPD). Tax, mist /im3-RA Obun HaiijneH
KOHCEHCYCHBIH MHUIIMATOP, KOHCEHCYCHBIH Downstream core promoter element
(DPE), a Taroke motiB CAATAA, XapaKTepHBIii Vs TEHOB, YKCIIPECCHUS KOTOPBIX
MIPUXOANTCS HAa SMOPHOHAIBHYIO CTAAHIO, a (QYHKIHS CBA3aHA C Pa3BUTHEM
HeiiponoB. st [im3-RC He OblI0 0OHAPYKEHO KJIACCHYECKUX MPOMOTOPHBIX
AJIEMEHTOB, OJJHAKO B MOJOXeHUH -24-(-18) oT ero crapra Obuia HalifcHa
nocnenoarenbHocTh CAAAAT, criocoOHast komrieHcupoBarth otcyTcTBrue TATA-
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6okca. Takum 00pa3zoM, MOKa3aHO, YTO CTPYKTypa MPOMOTOPHOI 00JIacTH reHa
[im3 Tunu4Ha UIS TKaHeCTeHNH(GHUUHBIX PEryISITOPHBIX I'€HOB, HMMEIOMINX
paccesHHbIM CTapT TPAHCKPHUITLHH.

Jlanee, mis n3ydeHus] BIUSHUS MOJIEKYISIPHOW CTPYKTYPBI PETYISITOPHON
obnactu rena /im3 Ha ypoBeHb ero TpaHckpunuuu u [1DK aposzodunsr Mbl
ucnonb3oBaiy S0 JIMHUNA MyX, COAEPIKAILMX MHIUBUIYaIbHYIO BTOPYIO XPOMOCOMY
u3 npuponHoi nomynsinuu Raleigh B 0IHOPOAHOM I'eéHETHYECKOM OKPYKEHUH
(u3orennas nuHus Samarkand). JTuauu gocroBepHo pasnuvarorces o [1XK (22-62
nHeit, P<0,0001) (De Luca M., 2003). [ns kaxnoit u3 50 amneneit lim3 Obuin
omnpenenensl nocienosareabHocTh pparmenta JJHK B 2092 1.H., oxBaTbIBaromas
0o0OHapyKEHHYIO HAMH PETyISITOPHYIO 001acTh, IIEPBBIN K30H U YacTh IIEPBOTO
untpoHa lim3-RA u lim3-RC. Beero 0bu10 HaiieHo 89 noauMopdHbIX JIOKYCOB-
MapKepoOB, HEPABHOMEPHO pacHpe/ejeHHbIX 10 JJIUHE HUCCIEeTOBAHHOTO
¢parmenra. Haubonee BapuabOenbHBIM OKazajcsi AUCTAIbHBIN palloH
perynstoproit obnactu (1t = 0.01170) u unrpon (w = 0.01443); menee
BapuabebHBIM — IPOKCUMAJIBHBIH paiioH perynstopHoii oonactu (= 0.00114);
HanMeHee BapuadenbHbIM — 9K30H (T = 0.00114). Ponb orGopa B nojepx anuu
HHU3KOTO YPOBHS NMOJUMOP(HU3MA B dK30HE MOATBEPKICHA CTATHCTHYCCKUM
ananu3oM aaHHbiX (Tajima, 1989). Mbl npoaHanu3upoOBai CBA3b MEXKIY
00HapyXEHHBIM HaMHU TOJUMOPPU3IMOM pPEryiasiTOpHOH obOmnactu /im3 u
n3meHunBocThi0 DK npo3oduiel. 18Tk U3 HalileHHBIX MOIMMOPQHBIX CalHTOB
OKa3aJIuch H0CTOBepHO cBsizaHbl ¢ 1K mposodunbl. Tpu u3 HUX oOpazoBaiu
rarioTun, 1octoBepHo cBsizanubiii ¢ [DK (P=0,0005).

MBI IPEATIOIOKUIIHN, YTO 3aMEHBI B PETYIIITOPHOI 00J1aCTH MOTYT IPUBOAUTD
K MI3MEHEHHUIO YPOBHS TPAHCKPUIIINY TeHa H, CIIEI0BATENILHO, K m3MeHeHnto [DK
1po30¢uibL. J{i1s XapakTeprCTHKK yPOBHS TpaHcKpuriimu /im3 ripu momorrm OT-
[LIP B peansHOM BpemeHu Oblio u3mepeno koiaudectBo MPHK /im3-RA B 16
JIMHUSIX C PA3IMYHBIMU BapHaHTaMHU HallIGHHOTO TAIIOTHUIIA.

OueHka ypoBHS dKCIIPECCHUHU ITOKa3aja, 4TO BApUAHTHI TaIIOTHUIIA,
xapakrepusymomuecs MakcumainbHoil [DK, oOycnoBnuBatoT cpequuii, BUIUMO,
ONTHUMAaJIbHBIH YPOBEHb 3KCIpeccuu reHa /im3 u ¢ Oonpuieil yacToToi
IIPE/ICTABIICHBI B OMY/ISILUH. JINHUH, B KOTOPBIX 9KCIPECCUS JOCTOBEPHO BBILIE
WM HIDKE ONITHUMYMa, uMeloT MenbInyto DK n coneprxar BapHaHThI rarioTuna,
penko BeTpevarouuecs B nomyssinuu. OOHapyKeHHOE paclpeieieHue yPOBHS
HKCHPECCHH T10 TAILIOTHIIAM OBIIIO OAMHAKOBBIM JIISI BCEX MCCIIE0BAHHBIX TKAHEH,
rae HaOnronaercs skcmnpeccus /im3: 3MOPHUOHOB, TOJOB, CEMEHHUKOB.
KomrnbloTepHbIil aHAIU3 MOKa3aj, YTO MapKephl TalIOTHIIA [TONAAAI0T B CAalUThI
CBSI3bIBaHMS OCIIKOB, 1BA U3 KOTOPBIX YYaCTBYIOT B Pa3BUTHH HEHPOHOB, a OJIMH —
B PEMOJIEINPOBAHUU XPOMATHHA.

Takum o0pa3zoM, HaMHu NOKa3zaHa (YHKIMOHAJbHAas CBSA3b MEXAY
MOJIMMOP(PU3MOM PEryJIsiTOPHOI 00JacCTH T'€Ha, ONpEAeIsIONero pa3BuTHe
HEPBHOW CUCTEMBI, U ITPOJAOIDKUTEIEHOCTEIO KHU3HH.
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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 /im3
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 /im3 regulatory region molecular structure on
its expression and to analyze association between gene expression level and
Drosophila lifespan.

Lim3 produces two mRNAs: /im3-RB and lim3-RA. Lim3-RA was shown to
have functional meaning for Drosophila neuron development (Thor et al., 1999).
As aresult, we chose /im3-RA to study /im3 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 /im3-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 /im3-RA (2,5 kb) and the second (2,3 kb) which had not been
previously annotated was named /im3-RC. S'RACE analysis confirmed the presence
of additional new mRNA, /im3-RC, and revealed /im3-RA and lim3-RC to have
multiple transcription start sites. 5'RACE also allowed to define /im3-RA TSS to
be 6 nucleotides upstream with regard to the earlier annotated start site.

The computer analysis of promoter regions of /im3-RA4 and lim3-RC 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 /im3-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 /im3-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.
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To study the influence of /im3 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 Lucacetal., 2003). A DNA fragment of 2092 bp including 5'-regulatory region,
the first exon and intron of /im3-RA and lim3-RC 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 (1 =0.01170) and intron (= 0.01443) were the most variable; the proximal
S'-regulatory region adjacent to the gene was considerably less variable
(m=0.00114); and the lowest level of variability was found in exon (t=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 /im3 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 /im3 expression
alterations and, consequently, in Drosophila longevity changes. To evaluate
expression level of /im3, we used Real Time RT-PCR to determine major /im3-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 /im3 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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AHTHUTENIa, KOHBIOTHPOBAHHBIE C HAHOYACTHIIAMH, B MEPBYIO OYEpPElb C
HaHoYacTHaMu KosutonaHoro 3omota (HK3), mmpoko mprumeHstoTcst B kadecTBe
CPE/ICTB BU3yaJIM3aLluH U IOCTABKH, KaTaJIN3aTOPOB, B AHAJIUTHYECKUX CUCTEMAX,
a Tak)Ke B TEpaleBTUYECKHX IeNsiX. B 3aBUCUMOCTH OT BbIOOpa YCIOBHI
HMMOOWIN3AIMH JUISL OJIHUX M T€X )K€ PEareHTOB MOTYT OBITh IOJY4YEHbI
KOHBIOTaThI, CYIIECTBEHHO OTIINYAoIecs 1o cBoiictBaMm. [loaToMy 3aBuCHUMOCTh
(YHKLIMOHAIBHBIX CBOMCTB KOHBIOTaTa (IIPEX/IE BCETO - CIIOCOOHOCTH CBSI3bIBATHCS
C @aHTUTEHOM) OT €ro CTPYKTYpBl IpPEACTaBIsAeT 3HAYUTEIbHBIH MHTEpEC.
NmmoOunu3anus antuten Ha noBepxHoctd HK3 mpuBomuT k 00pazoBaHHIO
MOJIMBAJICHTHBIX CTPYKTYP ¢ aQPUHHOCTHIO (PAaBHOBECHOM KOHCTAHTON PEaKIIUK
C aHTUICHOM), OTJIMYaromelcss or ah(GUHHOCTH COOTBETCTBYIONIMX aHTHUTEI.
AHann3 3aBUCHUMOCTH MEXAY CTPYKTypoil koubioraroB anturen ¢ HK3 u mx
adGUHHOCTBIO, Ha CETOAHAIIHNIN IeHb MPAKTUUECKH HE OXapaKTePH30BAHHOM,
COCTaBJISLI 33124y IPOBEAECHHOTO UCCIICAO0BAHNS.

B3anmozeiicTBre MOIMBATICHTHBIX KOHBIOTATOB AHTUTEI CO CTPYKTYpaMH,
HECYIIMMH Ha CBOEH IOBEPXHOCTH OOJBIIOE YHCIIO MICHTHYHBIX AaHTUTCHHBIX
JIeTepPMUHAHT, sBIAeTCAd HauboJjiee MOKa3aTeJIbHbIM IOJIUBAJEHTHBIM
B3auMoJieicTBHEM. B 3TOM cilyyae BO3MOXHO OLICHUTHh (DyHKIIMOHAJbHBIC
CBOWCTBA MOJIMBAJICHTHOTO KOHBIOTaTa KaK IeJI0CTHOM YacTHIIbL. B Harei padore
B KaueCTBE MOJIMBAJIEHTHOTO aHTHI€Ha OBLT MCIOJIB30BAH BUPYC IIAPKH CIIHBBI
(BILIC). BIIC umeer HUTEBHAHYIO (GOPMY YaCTHIL U COCTOUT U3 Oosee uem 2000
Konuil Oenka oOonouku (MoJsekynsipHas Macca 36,4 k/la), MOKpBIBAIOIINX
eauHCTBeHHYI0 Mostekyny PHK.

Jlyist pa®oThI OBIJIO MOJYYEHO JiBa MOHOKJIOHANBHBIX aHTuTea (ATl, AT2)
npotuB BIIC. Bapeupys COOTHOIIEHHE 30JI0TOXJIOPUCTOBOJOPOIHON KUCIOTHI U
LUTpara, ObUIO0 CHHTE3UPOBaHO IsATh NpernapatoB HK3 co cpennum auamerpom
yactun 6,4, 12,6, 23,4, 33,4 u 52 HM, IO TaHHBIM SJIEKTPOHHOW MHUKPOCKOITHH.
HK3 pasnoro pa3mepa ObuM BEIOPAHBI C LEIBIO MOMYYUTh KOHBIOTATHI C pa3HOM
IJIOMIA/BI0 TIOCATKU JUIS aHTHUTEI, a, CIel0BaTeIbHO, KOHBIOTAThl Pa3HOM
BaJICHTHOCTH. JlaHHBIE peareHThl 00eCIEeYMIN BO3MOXHOCTh CHHTE3a JECSITH
KOHBIOraToB, Hecymux oT 3 10 200 MoneKysn aHTUTEN Ha IMOBEPXHOCTH OIHOM
HK3. Jns kaxxa0ro KoHbrorara ObUIM ONTHMU3UPOBAHBI YCJIOBUS KOHBIOTALIUH:
pH ¥ KOHIIeHTpanys aHTHTEN 11 IMMOOMIN3AINH.

PaBHOBecHBIE KOHCTAHTBl JAMCCOLMALMUM M KHHETHKA pPEAKIUU
B3aMMOJCHCTBHS OBUIM M3MEPEHBI C TIOMOILBIO IOBEPXHOCTHOTO ILIa3MOHHOTO
pe3onaHca, ucnoin3yss BIAcore X. Ha mosepxnocts CM3 unna KOBaJ€eHTHO
MMMOOMIN30BaH crieludrIecKue anTuTena. Jlanee nocie1oBaTeIbHO BBOIHICST
BUPYC B IOCTOSIHHON KOHIIEHTPALUH U AaHTUTEJIA WK UX KOHBIOTAThl B PA3INYHBIX
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KOHIEeHTpanusxX. [locie craauii acconManyy U TUCCOLMANN PEreHepUpOBaIn
MIOBEPXHOCTB JI0 IEPBOTO CJIOS aHTUTEI. J{JI1 MOHOKIIOHAJIBHBIX aHTUTEJI IIOJTYYCHBI
OrM3KUe 3HaUeHUsI paBHOBECHBIX KOHCTAHT (Kn): 1,46%10° M (Atl)u 1,73*10° M
(AT12). Takxe ObLTH OTIpeIC/ICHBI pABHOBECHBIC KOHCTAHTHI [isl KOoHbtoratoB HK3
¢ coorBeTcTByommMME antutenamu: 1,69*10° M (Arl-HK36,4), 2,94*10° M
(Ar1-HK312,6), 5,4*10"" M (At1-HK323,4), 5,24*10"" M (Ar1-HK333,4),
7,02*10"* M (At1-HK352), 2,39*%10° M (A12-HK36,4), 4,42*10"'° M (A12-
HK312,6), 9,9*%10"" M (AT12-HK323,4), 7,09*10'"" M (AT12-HK333,4),
2,62*10"" M (A12-HK352).

CpaBHeHHe 3HaUeHUH, IPEACTABICHHBIX BBIIIE, II03BOJISET CJIEJIAaTh BHIBOJ O
TOM, 4TO a)(PMHHOCTH KOHBIOTATOB U3MEHSETCSI B COOTBETCTBHH C Pa3MEpPOM
KOJUIOWTHOTO HOCHTEJNS (T.€. B COOTBETCTBHH C BAJEHTHOCTHIO KOHBIOTATA).
AddunnocTs peakuuu B3aumozerictsus BILIC ¢ anturenamu Huke apduaaocTH
B3aumoyeiicteus BIIC ¢ COOTBETCTBYIOIMMH aHTHTEIAMHU B KOHBIOTaTax OT
onHoro (koubtorarsl ¢ HK3 ¢ muamerpom 6,4 HM) 10 TpeX HOPSIKOB (KOHBIOTATHI
¢ HK3 ¢ auamerpom 52 HM). C poCTOM BaJICHTHOCTH KOHBIOIaTa KOJIMYECTBO
TOYEK CBS3bIBAHUS BHYTPH KOMILUIEKCA YBeIM4YUBaeTcsa. Takum oOpasoM, st
konbtoraroB HK3 Oonbiiero pasmepa KHHETHUECKasi KOHCTAHTa JMCCOLUAIINT
YMEHBLIAeTCsl, @ KHHETHIECKasi KOHCTAHTa acCOIMAalny yBelInunBaeTcs. Kpome
TOro, C YBEJIHMYECHHUEM pa3MepoOB KOHBIOrara MnoBblmaercs apuHHOCTH
B3aUMOJICHCTBUSL.

Taxum 00pa3zoM, yBeIWYEHHE IUIOMAAN HOCHUTENIS M, COOTBETCTBEHHO,
cootHomenus antureno/HK3 no3Bossier CMHTE3UpoBaTh KOHBIOTAThl aHTUTEI,
obyajaroniue 3HaYuTeNbHO Oonbiiei adhuHHOCTRIO U, Oiaronaps 3Tomy,
HanboJee NePCIeKTUBHbIE U1 OM0aHATUTHYECKOTO HCIIOIb30BAHMSL.

Pa6Gora moanepxkana Ilporpammoii Ilpesunumyma PAH "OcHoBBI
(yH/IaMEeHTaIbHBIX UCCIICA0BAHNI HAHOTEXHOJIOTHI 1 HAHOMaTepUasoB".
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CORRELATION BETWEEN COMPOSITION OF MULTIVALENT
CONJUGATES OF ANTIBODIES WITH COLLOIDAL GOLD
NANOPARTICLES AND THEIR AFFINITY

Safenkova L.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 (Abl 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 pH 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 CM3 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® M for Abl and 1.73*10% M
for Ab2. Kd for the conjugates were 1.69*10° M (Ab1-GNP6.4), 2.94*10° M
(Ab1-GNP12.6), 5.4*%10"" M (Ab1-GNP23.4), 5.24*10""" M (Ab1-GNP33.4),
7.02*%10> M (Ab1-GNP52), 2.39*%10° M (Ab2-GNP6.4), 4.42*10"° M (Ab2-
GNP12.6), 9.9*%10""" M (Ab2-GNP23.4), 7.09*10"" M (Ab2-GNP33.4),
2.62*10"" M (Ab2-GNP52).
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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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NOJYYEHUE MOHOKJIOHAJIBHBIX AHTUTEJ K
JUOTEPUMHOMY TOKCHHY C HEJBIO CO3JAHUSA
BBICOKOYYBCTBUTEJIbBHBIX TECT-CUCTEM

Cumonosa M.A., Illowmuna H.C., Banakuna T.U.

WuctuTyT OMOOpraHmdeckoil xumuu uM. akagemMukoB M.M. Illemskuna n
10.A. OunnnukoBa PAH, Mocksa
E-mail: valyakina@ibch.ru
Temn.: (495) 335-35-22

JudTepuitHplii TOKCHH, TPOIYyIUPYEMBIH KIETKaMH IAaTOTCHHBIX OakTepuil
Corynebacteriun dipftheriae, siBNsieTCs TIaBHBIM HNATOJOTHYECKUM (PaKTOPOM
g Tepun — 3a00J1eBaHNs, KOTOPOE MPEACTABILIET CePhE3HYIO IPOOIEMY IS 310POBbS
HaceJIeHNs] BO MHOTHX PETHOHAaxX Mupa. 3ajadeil HacTosieil paboThl SBHIOCH
MOJTy4YeHUEe MOHOKJIOHANBHBIX aHTUTeN (MA) x nudrepuitnomy tokcuny (AT),
CHOCOOHBIX C BBICOKOH YYBCTBUTEIBHOCTHIO (TIpees AETEKIUH HIXKe 2 HI/MII)
onpenenats [T B INIaHIIETHOM COHIABHY-BAPHAHTE MMMYHO(DEPMEHTHOTO aHAIN3a
(UDA) u B popmare OMOTOrMYECKOTO MUKPOUHIA. [ MOPHIOMBI, MPOLyLUPYIOLIHEe
MA x [T, Obutn momay4eHsl CIMSHUEM KIeToK Muenaomsl SP2/0 u nuMdonuron
TIOJIKOJIEHHBIX TMMdaTHdeckuX y3110B Mblmelt BALB/c, nmvynmusnpoBanusix AT (I'Y
HUW mukpobuonoruu u srmaemuonorun uM. H.@. 'amanen) nmm kornsroratom [T ¢
nonuctTupoabHsiMu Mukpocpepamu (AT-IIM). B pesynbrare rubpuauzanuu
TUMQOIUTOB MBIIIeH, MMyHH3HpoBaHHBIX J[T, Obu10 momydeno 13 cTaOMmIBHBIX
MIPOAYIUPYIOMUX MOHOKJIOHAJIBHBIE aHTUTENA KJIOHOB TMOPHIOM, H B pe3ylbTare
rudpuan3atuy TUM(OIMUTOB Mblel, IMMYyHHU3UpoBaHHBIX JT-IIM — 9 kmoHOB.
Mertonom Becrepn-610T anannza OblJI10 MoKazaHo, 4T0 MA, TIOy4eHHbIE B Pe3ysibTare
CIHUSIHHUS KJIETOK MHEJIOMBI M JTUMQOUNTOB MbIMIeH, HMMyHH3upoBaHHBIX [T,
CBSI3BIBAINCH TPEUMYIIECTBEHHO ¢ B-pparmentom, Torna kak MA, mony4yeHHbIe B
pe3ybTaTe CIUSHUS KJIETOK MHETOMBI U TUM(OILUTOB MBIIIEH, IMMYHH3UPOBAaHHBIX
JAT-IIC, cBsA3BIBANNCH NCKIIOUUTENBHO ¢ A-(parMeHTOM TokcuHa. M3 manenn
norydeHHEIX MA otOupainy naps! jurst conaBud-sapranta MDA, koTopbie mo3Bossun
nerextupoBath T B KoHIEHTparuu Huke 2 Hr/Mia. CIHIBHY-aHANU3 TPOBOIHIHN,
HCTIONB3Ys MOTyYEHHBIE B Pe3yIbTaTe 000MX BApUaHTOB UMMYyHHU3a1u MA B KadecTBe
KaK CBSI3BIBAIOIINX, TAaK M JAETEKTHPYIOMNX aHTHTeN. beum otobpansl 5 map MA,
npexnen aerekuuu AT mng xotopsix coctaBun He 6onee 1,3 ur/mi. IlpucyrctBue B
npobax ¢ qudTepHitHBIM TOKCHHOM OHMOJIOTHYECKOTO MaTepHraia (CMBIBOB HOCOITIOTKU
3I0pOBOrO 4Y€JIOBEKA) HE CHUXKAJIO YyBCTBUTEIBHOCTb OIpPEIEICHUs TOKCHHA B
counBrd-MDA. Jlns anturern, oOpasyromux napsl B coHABHI-MDA ¢ TpeOyeMbim
MpeaenoM AETEeKIMH, ObIIN ONpeAeIeHbl TUIBI TAKEIBIX IeNed U KOHCTaHThI
apdurnoCcTH. Bee anTHTEeNa OTHOCHINCH K Kiaccy I1gG, nomkmaccam IgGl, IgG2a,
IgG2b u IgG3. Benuunubl koHCTaHT BapbupoBaiu oT 0,013x10° no 14x10° M.
Boustcaunocs, uto mapsl as getekiun AT B conaBuda-MMDA 00pazoBbIBaINCh Kak
MEX/ly aHTUTENaMu, TIOJy4YeHHBIMU B pe3ynsrare uMMyHn3anuu Meimeit [T, Tak u
JAT-IIC. B ¢popmare Mukpoduna oToOpaHHBIE Maphl MOJTBEPAHIN BBICOKYIO
yyBcTBUTENBbHOCTD Aetekuuu [ T. Ipenen nerexuuu T nms mydinei napsl cocTaBUil
1,6 ur/ma. Ilpu ucnonp3oBaHuu 3THUX map B (opmaTe MUKpouHIa ObUla MOKa3aHa
BO3MOJKHOCTb OJHOBpPEMEHHOro omnpeneneHus JT u BocbMU Apyrux TOKCHUHOB, a
HMMEHHO PUIIMHA, JETaJbHOTO (haKTopa CHOMPES3BEHHOTO TOKCHHA, IPOTEKTHBHOTO
aHTHTI€Ha CUOMPES3BEHHOTO TOKCHHA, XOJIIEPHOTO TOKCHHA U TOKCHHOB CTa(HITOKOKKOB
SeB, SeA, Sel u SeG. 214

OBTAINING OF MONOCLONAL ANTIBODIES TO DIPHTHERIA
TOXIN FOR PRODUSING OF HIGH SENSITIVE ASSAYS

Simonova M.A., Shoshina N.S., Valyakina T.1.

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 [gG1, IgG2a,
IgG2b, and 1gG3 subclasses. The affinity constants values were varied from
0.013x10° to 14x10° M™". 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, Sel u SeG.
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HOBBIA METO/I AHAJIU3A SKIPECCUU I'EHOB
BHYTPUKJIETOYHBIX ITATOI'EHOB YEJIOBEKA U
ZKNBOTHBIX U ETO NPUMEHEHHWE JJIs1 U3YUEHUSA
TPAHCKPUIITOMA M. TUBERCULOSIS IN VIVO

Ckeopuoe T.A., Henamoes /1. B., Anm A.C.*, Ancuxuna T.)1., Ceéeponos E./].

WHctuTyT OMOOpraHn4eckoi XMMuu uM. akajeMukoB M.M. Illemsikuna u
10.A. OpunnnukoBa PAH, Mocksa

*T'Y IleHTpanbHbli HayYHO-UCCIIE0BATENILCKUI MHCTUTYT TyOepKyne3a PAMH
E-mail: timofey.skvortsov@gmail.com

Dakc: (495) 330-65-38; Temn.: (495) 330-65-47

Heanb uccnenopanusi. MisMeHeHus B 9KCpeccuu, BOZHUKAOIIME B OTBET HA
3aIIUTHYIO PEAKIIMIO OPraHH3Ma-X035UHA, SABISIOTCS HEOOXOAMMBIM YCIIOBUEM IS
BBDKUBAHHUSA M (YHKIMOHHPOBAHMS MAaTOTCHHBIX OakTEepui. AHAIU3 HTUX
M3MEHEHUH BaykKeH IS TOHMMAaHUS [TaTOreHe3a HHPEKIMOHHOT0 3a00IeBaHus U
BBIPA0OTKH MOAXOI0B K 3(PEKTUBHOMY JieueHHI0. M3yueHne crienuduyueckoi
9KCIIPECCUH TEHOB BO30yAnTENeH B HHPUIIUPOBAHHOM XO35IMHE 3aTPYAHEHO U3-3a
CIIO)KHOCTEH, CBA3aHHBIX ¢ BblieieHHeM OakrtepuanbHoit PHK, n mpobGiembl
oraenenus 6akrepuansHoit PHK ot rpomaaroro n36sitka PHK xo3stiHa. Lenbio
HCCIIEIOBaHUS CTasla pa3paboTKa YHHBEPCAJIBHOIO METOJa aHalu3a MpoQUIsL
TPAHCKPUIILUN BHYTPUKIETOYHBIX MUKPOOPTaHU3MOB U NMPUMEHEHHUE €ro IS
W3y4YEHHS TMHAMHKH [TOJTHOT€HOMHOH dKcnpeccuu M. tuberculosis B Xone pa3BUTHS
MH(EKIIMOHHOTO Mpoliecca B PE3UCTEHTHOW U BOCIIPHUMYHMBOH K 3a00JI€BaHHIO
JIMHUSIX MBIIIEH.

MarepuaJibl 1 MeTO/IbI. B paboTe ObLIH UCTIONB30BaHbI MBIIIH JIUHUH B6,
ycToitunBbie k uHpekuuu M. tuberculosis, v nuaun 1/St, 9yBCTBUTEIBHBIC K
nHpexuun. Cymmapnas PHK nerkux mpimeid o0enx auHui Oblla BbIICICHA Yepe3
4 u 6 Henestb ¢ MOMEHTA 3apaxkeHus Oaxkrepusimu M. tuberculosis muramma H37Rv.
[lanee Obl1a IpoBeACHA COBMECTHAS NCHATYPALlUs M peHATypaunus U30bITKa
GakrepuanbHoit reHoMHO# JIHK ¢ cuHTe3upoBanHo# Ha Marpuiie cymmapHoii PHK
k/IHK, B pe3ysnbrare Obuta BbljeneHa (paxius, odoramieHHas OaKTepHaaIbHOMI
k/JIHK. JIns psia reHoB ¢ momolnkio koiudecTBeHHOW TP Obutn cpaBHEHBI
YPOBHH TPaHCKPHIIIIUK B 00pa3iie cymmaproii k/IHK u ppakumu GakrepuanbHOM
k/IHK. 3arem Obl10 mpOBEIEHO TOTAJIBHOE CEKBEHUPOBAHHME MOJYUCHHBIX
00pa3nos, naHHbIe 00paboTaHbl OMOMH(OPMATHYECKU U CTATUCTUYECKH.

Pe3yabrarbl. BO3MOXHOCTh MPUMEHEHUST pa3pabOTaHHOW METOTUKH JUIS
KaueCTBEHHOH M KOJIMUECTBEHHOH OLICHKH SKCIIPECCHU TeHOB ObLIa ITOTBEPIKICHA
¢ nomoupio [TIP. B pe3ysnbrare ananus3a JaHHBIX ObUIM MONYYEHBI CBEJCHUS O
Ka4eCTBEHHBIX M KOJHYECTBEHHBIX OTIMYMAX B MPOPIIIAX TPAaHCKPHUIILIHU
OaKkTepuil U3 PE3UCTCHTHON M BOCIPHUUMYHMBON K MH(QEKIUH JIMHUH MBIIICH.
OTMedeHb! pa3nuyuus B NpOQUIISIX SKCIIPECCHUH TeHOB psina (pyHKIMOHAIBHBIX
KaTeropuii, B 4aCTHOCTH, KaT€rOPHH I'eHOB BUPYJICHTHOCTH, SHEPreTHUECKOIO
oOMeHa U psijia IPYTHUX.

3akawuyenue. Pazpaboran 3QeKTUBHBIH U yHUBEpPCAJIbHBIH METOI,
MO3BOJIAIOMUI HM3ydaTh NPOQUIM TPAHCKPUIIHUHU BHYTPUKIETOYHBIX
napasuTudecknx Oakxtepuid. [loka3zana BbICOKass YyBCTBUTEIBHOCTH H
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cnenuuaHoCcTh MeToz1a. Habop TpaHCKPHIITOB, MOTYUCHHBIN JaHHBIM CIIOCOOO0M,
COXpaHsIeT KaK KauyeCTBCHHBIC, TAK U KOJIMYECTBEHHBIC XapaKTEPUCTUKH
TPaHCKpHUNTOMAa OaKTepUU U3 MHOUIHMPOBAHHBIX TKAaHEH, U MOXET OBITH
WCTIONB30BaH ISl H3YUYEHHs SKCIIPECCHH TeHOB IIATOTEHOB i1 Vivo. AHAIU3 3TUX
MIOCJICOBATEILHOCTEH, TPAHCKPUOMPYIOIIMXCS B YCIOBHUSIX peaTbHON HHDEKINH,
MO3BOJIUT B IAJIbHEHIIIEM MPEIIOKUTD PaHEe HEN3BECTHBIC MUIIICHH JIIS CO3IAHMs
HOBBIX JICKAPCTB U MOHUTOPUHIA HH(EKIIHI.

PaGora BwinonHeHa npu (uuaHcoBoii nojuepxkke PODU (rpant 08-04-
01053), [TporpaMMbl mOAIEPKKH BeTyIIUX HaydHBIX MIK0N Poccun (mpoext HILI
2395.2008.4) u IIporpamMmbl 1O MOJIEKYJSAPHOW U KIETOYHOH OUOIOTHH
[Ipe3uamyma PAH.
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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 aresult 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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OCOBEHHOCTH INOJIYYEHUSA ®EPMEHTHBIX ITPEIIAPATOB,
NMMOBUWIN30BAHHBIX HA MAT'HUTHBIX HOCHUTEJISIX

Conoamosa JI.C., baouu 0O.0., IIpocexos A.IO.

I'OY BIIO KemepoBcknii TEXHOIOTUYECKUI HHCTUTYT MHUIIEBOM
npombInieHHoCcTH, KemepoBo

E-mail: soldatovals@rambler.ru

Dakc: (3842) 74-42-32, Ten.: (3842) 73-50-98

OfHUM M3 IPUOPUTETHHIX HANPABICHHH COBPEMEHHOH OMOTEXHOJIOIMH
SIBJISETCS U3yueHre GpepMEeHTOB U (hepMEHTHBIX chcTeM. DepMeHTHI B KadecTBe
OMOJIOTHYECKUX KaTalu3aTOPOB MPUMEHSIOTCS B PAa3IMUYHBIX OTPACIIX
MIPOMBILIUICHHOCTH: MHUILEBOM, TEKCTUIBHON, (hapMalleBTHYEeCKON, KOKEeBEHHOM,
B CEJIbCKOM XO34HCTBE U MenunuHe. [JoBceMecTHOe HCI0Ib30BaHNue YH3UMOB B
OHOTEXHOIOTHH JI0 MOCIEIHETO BPEMEHH CIIEPKUBATIOCH BCIISICTBUE Psiia PHINH.
B cBs3u ¢ 3TMM akTyanbHOW NpoOieMoi SBIAETCS NMPOMAJICHUE U YBEIUYCHUE
KaTaJIMTHYEeCKON aKTUBHOCTH (DEpPMEHTOB.

OpHuM 13 HanboJIee TIePCIICKTUBHBIX HAIIPABJICHUI HCCIIEI0BAHMUIT HA Ty TH
peleHusT yKa3aHHBIX NIPoOIeM SBISETCS MOJyUYeHHE TeTepOTeHHBIX
OHOKaTaNIn3aToOpOB, 2 IMEHHO UCIIOJIb30BAHHE UMMOOHUIM30BAHHBIX ()EPMEHTOB,
UMEIOLINX PSA OUYEBUIHBIX MPEUMYILECTB IEPea PacTBOPHUMBIMU dH3MMaMHU:
BO3MOXHOCTh OTHAEJIEHHSI OMOKaTalu3aTopa OT PEaKIMOHHOH Cpesl,
HENPEPBIBHOCTD MPOBEACHUS TEXHOJIOTHYECKOrO IMpOolecca ¢ HarpaBlIeHHBIM
perylupoBaHUEM CKOPOCTH M BBIXO/IAa PEAKLUH, LIeJICHAIIPABICHHOE H3MEHEHHE
CBOWCTB (hepMmeHTa.

B mHacTosmee BpeMsi JOCTUTHYTHI 3HAYUTEJBbHBIC YCIIEXH B 00IacTH
pa3paboOTKH TEXHOJOTHH MMMOOMIN30BAHHBIX ()EPMEHTHBIX MpENapaTos.
HW3BectHO O01BIIOE Pa3HOOOpa3ne OPraHMIEeCKUX M HEOPraHMIECKUX HOCUTENeH
U croco00B MMMOOMIN3AIUK OMOMOJIEKYN Ha TBepaoi matpuie. OaHaKo
IIpeAIaraeMbIM CIIoco0aM UMMOOWIIN3AIMK OUOJIOTNYEeCKUX BEIIESCTB MPHUCYIIT
HEJIOCTaTKH, INIAaBHBIM 00pa30M, CBSI3aHHBIE C UCIIOJIb30BAHMEM JIOPOTOCTOSIINX
peareHToB M MHOTOCTAJMIHBIX IPOLECCOB. B CB3M ¢ 3TUM LEIbIO HACTOSIIEH
paboThl sBisLIack pa3dpaboTka 3 (PEKTUBHON HETPYILOEMKOW TEXHOJIOTHUU
UMMOOMIM3aUK OMOMOJIEKY)I Ha MHEPTHOM HOCHTEJE JIS IOCIEAYIOLIETo
WCTIOIB30BaHMS B PA3IMUHBIX 001aCTAX OMOTEXHOIOT .

OOBEKTOM HCCIEJAOBAHUI SBISJICA MPOTCONUTHYCCKUNA (PepMEeHT
O-XMMOTPHIICHH, B KaUeCTBE MaTepHaa /Uil UMMOOHIN3AIMU ObUTH BHIOPAHBI
Hanovactuupl Maraetura Fe O,. BpiOOp MHEPTHOrO HOCHUTEN O0YCIOBIEH
MPOSIBICHHEM Yy MAarHUTHBIX HAaHOOOBEKTOB YHHKAIbHBIX (PU3NUECKUX U
XMMHYECKUX CBOHCTB, a TAK)KE X BHICOKOPA3BUTOM aKTHBHOW MOBEPXHOCTBIO U
BBICOKOH COpOLIMOHHOI eMKOCTBI0. briarogaps cBouM pasmepam, COocTaBUMbIM
C pa3MepoM KJICTOK 1 OMOMOJIEKYJI, HAHOYACTHIIBI CIIO COOHBI B3aMMOICHCTBOBATh
¢ OM000OBEKTaMHU, YTO MTO3BOJISIET PA3HOOOPA3HUTh UX MTPAKTHUECKOE PUMEHEHHE.
HaHouacTuubl, 00iajaronie MATHUTHBIMH CBOHCTBaMH, MPEACTABISIOT
3HAYUTEJIbHBIA HHTEpEeC Il OMOTEXHOJIOTHUHU, YTO CBS3aHO C BO3MO)KHOCTBIO
YIpaBJIEeHUs HMH IPH BO3ICHCTBUN BHEIIHETO MArHUTHOTO MOJIS.
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J1n1s onmy4eHust HaHOYACTHI] MarHeTUTa UCTIONb30BaIcsl MeTox Maccapra —
B3anMozelcTBre pacTBopoB ximopuaoB xkene3a (II) u (III) B coorHomennu 1:2 ¢
nobapienuem pactsopa NH,OH ¢ mocineyromum oTiesieHueM o0pasyomuxcst
vactuil Fe,0, ¢ MOMOIIBI0 MArHUTHOTO CETapaTopa.

C 1e7p10 IMMOOMITH3ALINHN HCClleyeMOoro (hepMeHTa Ha YaCTHIIBI MAarHETUTA
B paboTe OBUTH HUCIIONB30BaHbI JiBa CII0CO0a: CTAHIAPTHBII KapOOIMUMUIHBIN U
ancopOumoHHbIid. KomuuecTBO MMMOOMIN30BAaHHOTO O€JKa OLIEHUBAJIOCH IO
Mmertony J[1oma, 0CHOBAaHHOMY Ha U3MEPEHNH TEIIONPOBOJHOCTH MOJIEKYIISIPHOTO
azora, oOpasylomierocs Mocie CXKUTaHHUS aHAIN3UPYEeMOTo oOpasma mpu
temmeparype okoio 1000°C B atMocdepe KUCIOpOJa M MOCIEAYIOIETo
BOCCTaHOBJICHHS BCEX 00pa3ylONIMXCSl OKCHJIOB a3oTa. [Iporeonmuruyeckas
AKTUBHOCTh HAaTHBHOTO M MMMOOMIN30BaHHOTO ()EPMEHTOB OLIEHUBAJIACH B
cootBercTBUH ¢ TpeboBanusimu [OCT 20264.2-74.

CpaBHUTENbHAs XapaKTepPUCTHKAa (U3HMYECKOTO (aICOPOIMOHHOTO) U
XHMHYECKOTO (KapOOJMUMUTHOTO0) CIIOCOO0B MMMOOHITM3AIIHH O(-X IMOTPUTICHHA
Ha MHEPTHOHN MaTpHIIe U3 MAarHUTHOTO HAHOKOMITO3UTHOTO MaTepHasa nokasana,
YTO M3 JIByX PaCCMOTPEHHBIX CIOCOOOB aKTHBAIMM MOBEPXHOCTH HAHOYACTHUI]
Haunbosee 3P PeKTrBHA KapOOTUMMHUIHAS METOAMKA. JJaHHBIH CITOCO0 MO3BOJISET
KOBAJICHTHO IPUCOEAUHATh K HAaHOYACTHLIAM MarHetuTa 10 95% wuzydaemoro
(depmeHTa, B TO BpeMs Kak JUIs aJCOpOIMOHHOrO crocoda 3TOT IOoKas3aTellb
coctaBisiet 50%. OnTUMaIbHBIMU YCIOBHAMHU (yHKIIMOHHUPOBAHHUS ITOTY4YSHHOTO
MIepBBIM CIIOCOOOM TIpernapara sBISIOTCS IUPOKUit Anana3oH pH n remmeparyp.
JlaHHbIe, MOTYYSHHBIE TPU U3YYSHUH CTAOMIBHOCTH MCCIESIYeMBIX MPEernapaToB
BO BPEMEHHM, TAK)KE CBUJCTEIBCTBYIOT O MOJY4YEHHHM Haubojiee aKTUBHBIX U
YCTOHYMBBIX IMMOOHIN30BaHHBIX IPENIapaToB ¢ MPUMEHEHNEM KapOOoIMUMUIHOH
METOJUKH TI0 CPABHCHUIO C aJICOPOIIMOHHON. YCTAHOBIJICHO, YTO MCCIICTYyCMbIi
MMMOOMIM30BaHHBIN (DEPMEHT MOCIIe MATHKPATHOTO UCIIONB30BaHUS B KAYECTBE
KaTajiu3aropa coxpaHsaeT 79% u 23% nporeoauTHYECcKON aKTUBHOCTH,
COOTBETCTBEHHO, B KapOOAMMMHIHOM U aJcOpOLMOHHOM MeETOJax
MMMOOUIU3AMHU, UYTO SIBISETCS JMOMOJHHUTEIBHBIM CBHUIETEIbCTBOM
5(G(PEKTUBHOCTH KOBAJEHTHOTO B3aMMOICHCTBHS XHUMOTPHUIICHHA C
HAHOKOMITO3UTHBIM MaTepHaJIOM.

[peanaraemslii crioco® KOBaJCHTHOH MMMOOMIH3AINH (KapOOHUMUTHBIH )
XUMOTPHIICHHA Ha MArHUTHOM HAHOKOMITO3UTHOM MaTepHalie, KpOMe OUeBUIHBIX
MIPEUMYIIECTB Mepesa NMPEeANIeCTBEHHIUKaMH (BBICOKAs BEIMYMHA YAEIbHOU
AKTHBHOCTH MMMOOMIM30BaHHOTO (DepMEHTHOTO IIpenapara, IINPOKH THana3oH
pH u TemnepaTyp (QpyHKIMOHUPOBAHHUS, BHICOKAs CKOPOCTh (hepMEHTATHBHOTO
npouecca, cTabMIbHOCTh MPU XPaHEHHWH, BO3MOXHOCTh MHOTOKPATHOTO
HCIIOJIb30BaHMs 03 TOTEPH KaTaTUTHYCCKOM aKTUBHOCTH ), OTJIMYACTCS TIPOCTOTOM
HCTIOJIb3yEeMBIX METOAMK U JIOCTYITHOCTBHIO PEareHTOB.
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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 o-chymotrypsin, as a material for
immobilization have been chosen nanoparticles Fe O,. 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
NH,OH with the subsequent branch of formed particles Fe O, 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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1000°C 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 ci-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 Fe,O, 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 pH 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 pH 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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BBenenne. Cpen MyJIbTUIIOTEHTHBIX ME3E€HXHMAaJIbHBIX CTPOMAaJIbHBIX
KJIETOK B3POCJIOrO OpraHu3Ma CTpoMasibHbie KiIeTKH kupoBoit TkaHu (CKXKT)
CUUTAIOTCS OJHUMHU M3 CaMbIX NEPCIEKTHBHBIX JUI1 NIPUMEHEHHS B KICTOYHOMH
Tepanuy. bputo mokasaHo, 4To OHU 00J1a1aI0T CIIOCOOHOCTHIO CTUMYJIMPOBATh POCT
KPOBEHOCHBIX COCYJZIOB, B TOM YHCJIE ITyTEM CEKPEIUH aHTMOTE€HHBIX (aKTOpOB
pocra. OnHako pa3iauyHbe (HAKTOPHI, BKIIOYAs BO3PACT MAILEHTOB, MOTYT
OKa3bIBaTh BIMSIHUE HA UX (PYHKIMOHAIbHBIE CBOMCTBA. [I03TOMY 11eTIbI0 HalIeH
paboThl OBLIO OLEHUTH BIUSHUE BO3PACTHOTO (hakTopa Ha nponudeparnuio,
YKH3HECITOCOOHOCTh U aHTHOTeHHYH0 akTHBHOCTH CKOKT.

Marepnasi 1 MeToabl. CKIKT ObuiH BBIIIEIICHBI U3 )KUPOBOW TKAHU MBITIICH
nmuann BalB/c, Bo3pact xuBoTHBIX cocTasisut 2 mecsna (CKXKTmon, n=9) wim
18 mecse (CKXKTcrap, n=9). Knetku KynbTuBUpoBaiu g0 2 naccaxa. 3ateM B
TeyeHue 48 dacoB MX BeIpamiuBaiu B yciaoBusax 1% (rumoxcus) mim 20%
(HOpMOKcus1) copepkaHus Kuciopoaa. [Iponudepannio KIETOK OLEHHUBAIH C
riomoribro kommepueckoro MTT Tecra (Invitrogen). Iyiuny Tenomep onpeaesnsiiin
C MOMOINBIO MOJMMEPAa3HON IMEeNHOW peakmuu B pealbHOM BPEMEHH.
KuzHecnocoOHOCTh KJIETOK OIEHHBAJHM C IOMOIIBIO INPOTOYHOHU
IUTO(GIYOpOMETPUU N0 CBS3bIBAHMIO AaHHEKCHUHA-V U HAKONJIECHUIO
7-aMMHOAKTHHOMUIIMHA D. AHanu3 n3MEHEHUs SKCIIPECCUU TeHOB MPOBOAMIN
METOZOM MOJTUMEPA3HON [IEMHON peakii B pealbHOM BPeMEHH. AHTHOTEHHYTO
AKTHBHOCTH CyMMAapHbIX IIPOJYKTOB CEKPELUH KJICTOK OLIEHUBAIIN MO BIUSHHUIO
kouauironupoBanHoi cpenasl (KC) Ha oOpa3zoBaHuE KaHIISPONOI00HBIX
cTpykryp sunorenuansabivu kietkamu (HUVEC) Ha marpurene in vitro.

Pesyabrarsl. CKXKT cTapbix KHBOTHBIX 001aJalOT B 2 pa3a MEHbUIMM
nponu(pepaTuBHBIM MOTEHIHAJIOM MO CPAaBHEHHUIO C KIETKAMH MOJIOJBIX
JKMBOTHBIX. JIJTMHA TeTIoMep Y KIJIETOK CTapbhIX )KHUBOTHBIX ObIIa B 3 pa3a MEHbIIE
o cpaBHeHnto ¢ CKOKT mononsix meimieit. bonee toro, B momymsanun CKXKT
CTapbIX )KUBOTHBIX J0JIsI KJIETOK, HAXO/SIIIMXCS HA Pa3HbIX CTaIUAX aronTo3a obuia
B 3 pa3a 0oJIbLIE 1T0 CPABHEHHUIO € KJIETKAaMU MOJIOIBIX KUBOTHBIX. ComepkaHue
MPHK ¢axkropa pocta suporenus cocynoB (VEGF), mnarnenrapHoro ¢axropa
pocta (PIGF) 6s10 cratuctuuecku 3nauumo 6onbire B CKOXXTmon, B To Bpemst
Kak ypoBeHb Qaxropa pocta renarountoB (HGF) 6su1 Beime B CKXKTcrap.
['mmoxcns npuBoania k BeipaBHuBaHMIO conepkanmst MPHK HGF 8 CKOKTmon
CKXTctap. Dkcnpeccusi aHTHAHTHOTEHHBIX (AKTOPOB SHIAOCTATHHA U
TPOMOOCHOH/IMHA 3HaYUMO HE OTIMYajach B KJIETKaX OT JKUBOTHBIX Pa3HOIO
BO3pacTa U B CXOKEH CTENEHM CHUXKAJACh B IHIOKCHYECKUX YCIOBHUSIX.
Habmromanochk CTaTUCTHYECKH 3HAYMMOE MOBBINICHHE (AKTOPOB CHUCTEMBI
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YPOKHHA3bI (YPOKHHA3a, PELENTOP K YPOKHUHA3€E, METAITIONPOTEHHA3bI 2 U 9 THTIOB,
MHTUOUTOp akTHBaTtopa miasmuHorena-1) B8 CKXKTcrap mo cpaBHEHHIO ¢
CKXXTwmon Kak B HOpPMOKCHUYECKHUX, TAK U B THIIOKCHYECKHX ycioBusX. CyMMapHas
JUTMHA KalMJUIIPOTIONO0OHBIX CTPYKTYp, o0pazoBanHbix HUVEC Ha marpurese B
npucytcrBun KC ot CKIKTMos1, Obliia CTaTHCTHUECKU 3HAUUMO OOJIBIIIE, YEM OT
CKXXTcrap, 4to cBUAETEILCTBYET O 00JIE€ BEIPAXKEHHON CEKPEIIMU aHTMOTEHHBIX
(akTOpOB KJIETKAMU MOJIOABIX JKUBOTHBIX. B KileTKaX, KyJbTHBUPOBAHHBIX B
YCIIOBHSIX THIIOKCHH, CIIOCOOHOCTH CTUMYJIUPOBATh 00pa30BaHUE TAKUX CTPYKTYP
MIOBBIIIANACH B PABHOM CTEIECHH.

Takum 00pa3om, IpU CTapEeHUH MPOUCXOIUT MOIAaBIICHHE IPOIN(EepaTHBHOM
AKTUBHOCTH H KU3HECTIOCOOHOCTH CTPOMAIBHBIX KJIETOK JKHPOBOH TKaHH, a TAKKe
MIPOIYKIUHU aHTHOTEHHBIX (HAKTOPOB 3TUMH KJIeTKaMu. OIHAKO CTUMYIISLNS
QHTMOTEHHOTO ITOTEHIMANIa KIETOK MOJ JEeHCTBHEM I'MIIOKCHU HE 3aBUCUT OT
BO3pacTa, 4TO YKa3blBaeT Ha TO, YTO KYJIbTUBHUPOBAHHE KIETOK Iepe]
TPaHCIIAHTALMEH B YCIOBHAX ITOHIKEHHOTO COIEPKaHUS KHCIOPOIAa MOXKET
MOBBIMIATE 3P PEKTUBHOCTD KJICTOYHOH TepaIuy.
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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 PIGF 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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DHporeHHsle perpoBupychl (OPB) 1 poacTBeHHBIE MM ITOCIIEI0BATEILHOCTH
bopmupytoT okoo 8% reHoMa uenoBeka. Takke U3BECTHO, YTO OHH SIBIISIOTCS
IIOCTOSIHHBIM KOMIIOHEHTOM TpPaHCKpHIITOMa uyenoBeka. Hampumep, okoso 50%
yesoBek-criennpuyHbix OPB 0611a1at0T MpOMOTOPHOM aKTUBHOCTBIO B PA3ITMYHBIX
TKaHax. OCHOBHOH perynsTopHbIi moTennnai OPB cocpenoToueH B uX JIMHHBIX
koHIeBbIX noBropax (LTR, ot anri. long terminal repeats). Kaxxapiii LTR conepxut
IIPOMOTOP, IHXAHCEpP M CUTHAJ MOJHAJCHUIUPOBAHUSA, HEOOXOJUMBIE IS
TPAHCKPHUIIIMK COOCTBEHHBIX IocienoBarenbHocteii OPB, HO oHM TaKke MOTyT
OKa3blBaTh BIUSHUE W HA DKCIPECCHUIO I'€HOB Xo3siuHa. Iy uccienoBaHUs
SHXaHCEpHOH akTUBHOCTH DPB ObLIO BHIOpaHO IIECTH JIOKYCOB, B KOTOPBIX
JUTMHHBIE KOHIIEBBIE MOBTOPHI 4elloBeK-crenupuynpix OPB Haxoaumucey Ha
paccrostauu oT 1,6 10 4,5 THICSY MTap HYKJICOTHIOB OT TOUEK Havasa TPAaHCKPUTIIAN
M3BECTHBIX (PYHKIMOHAJIBHBIX I'€HOB UYesoBeKa. [y KaxJIoro Jokyca ObIIO
CO3/1aHO M0 JBa THUIMA F€HHO-WH)XEHEPHBIX KOHCTPYKLHH, BKIIOYAIOMINX
PenopTepHbIi I'eH JronuQepasbl CBETIITYKA 0] TPAHCKPHUITIIMOHHBIM KOHTPOJIEM
HCCIIEAYEMBIX TIOCTIeI0BaTeNbHOCTE!. [1epBhIif THIT KOHCTPYKIINI B TIOTOKEHUHN
IpoMoTopa coxepxkail GparmMeHTsl reHoma mMexay LTR u Toukoii Hayana
TPaHCKPHUIIIUY HCCIIETyeMOoro reHa. Bropoii Tun nononautensHo Briroyan LTR.
[Momy4yeHHBIMU KOHCTPYKIMSIMU OBUIH IPOBEICHBI TPAaH3WEHTHBIE TpaHCheKIHu
YeThIpeX KIETOUHBIX JIMHUI desioBeka. [locie Tpanchekunn n3Mepsuii ypoBeHb
aKTUBHOCTH Jitoln(epasbl B KICTOYHBIX JIM3aTaX. Takum o0pa3oM, B ONbBITE
CPaBHHUBAJICS YPOBEHb IKCIPECCHU PEIOPTEPHOTrO I'eHa NMPH TpaHCHEKIHU
KOHCTPYKIHSMH, cofepxamumMu 1 He copepkammmu LTR. J{nst perynsaropHbix
obnacreir renoB PRODH (proline dehydrogenase 1), SOCS4 (suppressor of
cytokine signaling 4) u KIAA1919 (sodium-dependent glucose transporter 1) B
npucytctBud LTR OblI0 OTMEUEHO 3HAUMTENBHOE MOBBIIICHHE 3KCIPECCUU
PETOPTEPHOTO reHa B JIMHUH KJIETOK TePaTOKapLUHOMBI YeJIOBEKa. DTO O3HAYAET,
YTO I 9TUX JIOKycOoB LTR mposBisiOT 3HXaHCEPHYIO aKTUBHOCTb M MOTYT
OKa3bIBaTh BJIMSIHHE Ha HKCIPECCHIO COCEAHMX reHOB. s mpoBepku 3Toi
THIIOTE3bI OBLT H3MEPEH YPOBEHb SKCIIPECCHHU BBILICYIIOMSHYTHIX TCHOB B TEX XKe
CaMBIX KJIETOYHBIX JUHUAX. Koppensuus Mexay YpOBHSMH JKCIPECCHU
penoprepHoro reHa u "suporeHHoi" kormuu coceqHero ¢ LTR rena O6bu1a orMedeHa
TONBKO Ui reHa PRODH: Habmonanach MOBBIIICHHAS KCIIPECCUS B JTHHUU
TEPaTOKapIIMHOMBI 1 OTHOCUTEIBHO HU3KAs — B OCTAJIbHBIX KJIETOYHBIX JTMHUSIX.
HecoBnanenue pe3ynbTaTtoB 0 TPAHCKPUIILNH i1 Vitro U in vivo Ul OCTAIIbHBIX
TEHOB MOXET OBITH CBSI3aHO C BKJIAJAOM METHIMPOBAHUS B YHXAHCEPHYIO
aktuBHOCTH LTR. B Hacrosmee BpeMs 3Ta TWIOTe3a MpOBEPSIETCS B HaMIeH
naboparopuu.
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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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COBPEMEHHOE KJIOHMPOBAHHUE KHUBBIX OPTAHHU3MOB H
BUO3THUKA

Cyxanoga 10.A.

I'mmuasusa Nel306, Mocka

E-mail: administration@sch1306.ru

®daxc: (495) 932-99-58; Temn.: (495) 932-99-58

B pabote naH aHaIn3 HAYYHO-TEXHOJIOTHYECKHUX, MEUIIUHCKUX M STHYECKUX
po0OJsieM KIOHMPOBAaHMS, CYOPMYIUPOBAHBI 1€ U 3a/1a4l KIOHHUPOBAHUS.
[TpuBeneHBI pe3yIbTaThl COLUOJIIOTHYECKOTO OIIPOCa yUAIINXCs CTApIINX KJIACCOB
o Teme "KJIoHMpOBaHME KUBBIX OPraHU3MOB'".

CoBpeMeHHOE KJIOHUPOBaHKE — 3TO KOIIMPOBAHUE KIIETOK, TEHOB, aHTHUTEIT, &
TAKKe MHOTOKJIETOYHBIX OPIaHU3MOB B JIAOOPATOPHBIX yCIOBUSX.

Kakosa ke nmpaktuueckast mosp3a kioHupoBanust? KioHupoBanne >KUBOTHBIX,
pacTeHuii 1 0aKTepuii C IPUMEHEHNEM METOI0B TeHHON HHKEHEPUH IIPe/IoiaracT
HE CTOJIbKO BOCIIPOM3BE/ICHHE CTapBIX, CKOJIBKO CO3/IaHHE HOBBIX OPraHU3MOB,
o0alaronIyX 3apanee 3aJaHHBIMU CBOHCTBAMH.

Vcnonb30BaHue TEXHOIOTUH KIIOHUPOBAHUS OTKPHIBAET HEOBIBAIIYIO paHee,
YHHUKaJIbHYIO BO3MOKHOCTh PEILICHUS PA3JIMYHbBIX TEOPETHYECKUX U ITPUKIIATHBIX
3aJlayu, CTOSIIUX Tepe OMOMEAMIIMHON U CEeIbCKUM X03siiicTBOM. Biaromapst
TEXHOJIOTHH KJIOHUPOBAHUS IMPEAIOJAraeTcs IOSBICHHE YCKOPEHHOH
FEHETHYECKOH CeJeKLUHHU )XUBOTHBIX U PACTEHHH C MCKIIOYUTEIbHBIMHU
IIPOM3BOACTBEHHBIMH ITOKa3aTeasiMu. KiIoHMpoBaHHME MHUKPOOPTaHM3MOB B
COYETAaHHH C TPAHCTEHE30M OTKPBIBACT IOIOJHHUTEIBHBIE BO3MOKHOCTH LIS
IIPOMU3BO/ICTBA LIEHHBIX OMOJIOTMYECKH aKTUBHBIX OSITKOB JUIs JICYEHHS PA3TMIHBIX
3a00JIeBaHNH YeJI0BeKa.

B pabore otaenpHO oOcykaaeTcs mpobiema 1eaecoo0pa3sHOCTH U
IIPaBOMEPHOCTH KJIOHHUPOBAHHUS YeJOBeKa. B CBSI3M ¢ 3THM paccMOTPEHBI
TEPaNeBTUUECKOE U PETIPOYKTUBHOE KIIOHUPOBAHHUE YEIOBEKA.

Jlenmaercst BEIBOJ O TOM, YTO pa3pabOTKa METOJOB IOJYUYEHHs OOJIBIIOTO
KOJTMYECTBA CTBOJIOBBIX KIETOK IIPH TEPANEBTUYECKOM KJIOHHPOBAHHMU TacT
BO3MOXXHOCTb KOPPEKTHPOBATh U JICYUTh MHOTHE JI0 CHX IIOp HEH3JICUHMBbIC
3a0osieBaHus, Takue Kak nuabet, 6onesns [TapkuHcoHa, Oone3Hs Anblreiimepa,
0oNe3HN MUOKap/a, IoYeK, IeYeHH, 3a00IeBaHust KOCTei, KpoBH U apyrue. B to
K€ BpeMsi BOIIPOC IeTIECO00Pa3HOCTH PENPOyKTHBHOTO KIIOHUPOBAHHUS YEJIOBEKa
OCTaeTCs B HACTOSIIEE BPEMS OTKPBITHIM.

Jas Toro dTOOBI BBIICHHTBH, HACKOJIBKO MNPOMH(GOPMHUPOBAHEI
CTapIIEKIACCHUKY TT0 BOIPOCaM KIIOHHPOBAHUS, OBLT POBEICH ONpoc cpean 64
yuamumxcs mkoibl Nel1306. [TomyyeHs cieyoniye pe3ynsraThl:

1) 0 KJIOHMPOBAHMU CJIBIIIAIIN BCE YYaCTHUKU orpoca. [Ipu aTom yyamuecs
YKa3bIBaIN pa3Hble HCTOYHUKH HH(popManuu: 57% y3HaiIu 0 KJIOHUPOBAHUH U3
cpenctB maccoBod uHdopmanuu, 24% — u3 GuIbMOB U (PAHTACTUKH U TOJIBKO
19% — u3 HayuHOIl JIUTEPaATYPBI;

2) K KJIOHHUPOBAHHUIO XHUBOTHBIX, PACTCHHH M MHUKPOOPTaHH3MOB
OOJIBIIIMHCTBO OTHOCSTCS MOJOKHUTEIbHO — 67%, orpunarenbio — 9%,
BO3/IepXKAIUCh — 24% ydammxcs;
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3) K KJIOHHPOBAHUIO YEJIOBEKAa YUCHUKH OTHOCSITCS IO-Pa3HOMY, HO
00JIBIIMHCTBO (48%) C OlTaceHNeM OTHOCHUTCS K IIPOBEICHUIO TaKUX OIBITOB. 32
BO3MOXHOCTb IONBITKH KJIOHUPOBAHUSA 4YEJOBEKa BbICKa3zalnch 24%,
BO3/IepKaIUCh 28% ydaruxcs.

B pesynbrare ananm3a JIUTEPaTyphl, NOCBIIMIEHHON COBPEMEHHOMY
KJIOHUPOBAHUIO, U MPOBEAEHHOIO COLIMOJIOIMYECKOTO ONPOCa MOXHO CJIENaTh
CJICAYIOIINE BHIBOIbI:

1) ycriexu B 0011aCTH KJIOHUPOBAHHS OTKPBIBAIOT IIMPOKUE MEPCHEKTHBBI IS
MIPAKTHIECKOTO NPUMEHEHHUS KIIOHHPOBAHHBIX MHUKPOOPTaHU3MOB, PACTECHUI 1
YKUBOTHBIX;

2) METOIMIECKH U TEXHUIECKH KIIOHUPOBAHHME MIICKOIUTAIOIINX 1 YEJIOBEKA
Ha CeTONHALIHUN JIeHb pa3padoTaHO HeIOCTATOYHO;

3) aTHyeckas ctopoHa npoOJeMbl KIIOHUPOBaHUS YEJIOBEKA B HalleM
oO1iecTBe elie He pelieHa;

4) IWKOMBHUKH cN1ab0 MH(POPMHUPOBAHBI 110 BOIPOCY KIOHHPOBAaHMS, HO, B
OCHOBHOM, UX OTHOIIEHHE K HeMy HO3UTHUBHOE. K KIIOHHPOBaHHIO YelIOBeKa
NoAaBJIsiiolee OOJbIIMHCTBO YYAIIUXCS OTHOCATCST OTPHULIATEIBHO.

CunTan, 4TO OTHOUIEHHE K KJIOHHPOBAHHWIO B OOIIECTBE IOJIKHO
0a3nupoBaTHCS HA TIIYOOKHX COBPEMEHHBIX HAayYHBIX 3HAHUSX, IOITOMY OCHOBBI
Hay4YHOI MH(pOPMALIMH 110 TaHHOM ITPpoOJIeMe JIOJIKHBI 3aKJIa [bIBaThCS y YeJIOBEKa
yIKe B LIKOJIE.
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MODERN CLONING OF LIVING ORGANISMS AND BIOETHICS
Suhanova Yu.A.
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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:
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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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PABBUTHUE NNOAXOJA K INOJYYEHUIO PEKOMBUHAHTHOI'O
BAKTEPHOPOJOIICUHA B E. COLI HA OCHOBE I'IBPHJA
C MAJIBTO3-CBA3bIBAIOIIIUM BEJIKOM

Taceeii A.U., Hexpacosa O.B.

WHCcTUTyT OMOOpraHnvecKor XMMUHU UM. akajieMukoB M.M. Illemsiknna u
10.A. OpunnnukoBa PAH, Mocksa

E-mail: genchem@mx.ibch.ru
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Bakrepuopononcus (BR, bacteriorhodopsin) — cBeTo3aBUCHMBII TPOTOHHBIH
Hacoc rajJouIbHBIX OaKTepHid, MpeACTaBIsICT cO00 onMH M3 Hauboiee
H3y4YeHHBIX MeMOpaHHBIX OenkoB. BR coctout n3 anobenka — GakrepuoorncuHa
(BO, bacterio-opsin), 1 XxpoMo(dOpHOH TpyIIbl — peTuHaNIA. [InoHepCcKUMHU
paboTaMH 1O yCTAaHOBJICHHUIO NEPBUYHON CTPYKTYPHl OaKTEpHOPOIOICHHA,
TOIOJIOTHH Oelika B MeMOpaHe ObLTH HCCIIeI0OBaHus 110 nporpamme "Pororcun"
oz, pyxoBoyicTBoM FO.A. OBYMHHMKOBA. YHHUKaJIbHBIE (DOTOXPOMHBIE CBOMCTBA
BR c031a10T BO3MOXXHOCTb €r0 TEXHHYECKOrO NPUMEHEHHUS, B YACTHOCTHU B
MOJIEKYJISIPHOH OITORIEKTPOHUKE, & CTPYKTYpHBIE OCOOCHHOCTH MOJIEKYJIBI —
BBICOKAsl TEPMO- M XMMHUYECKasi YCTOWYMBOCTb, CIIOCOOHOCTh K 00OpaTuMoit
JIeHaTypaluy — JeNaroT JaHHBIH OeloK yZoOHOH MOIENbIo I U3y4YeHUS
(donnunra, crabMIBHOCTH U (PYHKIIMOHUPOBAHUSI MEMOpPaHHBIX OCJIKOB.

Knerku Escherichia coli sBnstoTcs Hanbosee pacrpoCcTpaHEHHOH CUCTEMON
rereposioruueckoii sxcripeccun BR u ero myranrtos, ogHako 3¢dekTuBHOCTH
nomy4yenust BR B Buze peHatypupoBaHHOTO (pyHKIIMOHAIFHO aKTUBHOTO Oenka
ocraeTcst HeBbIcoKo#. [IpuBrnexarenpHON cucTemoil cymepakcrnpeccun BR
sBsiercst Tuopu BO ¢ manbTo3-cesa3piBaronmM 6enkom (MBP, maltose-binding
protein), ypoBeHb OMOCHHTE3a KoToporo coctasiser 170 mr/in kynbryps (Chen,
G.-Q. and Gouaux, J. 1996. Protein Science 5:456-467). Monexynst MBP-BO
CIIoCcOoOHBI 00pa30BBIBATh BOJOPACTBOPHUMBIC OJHTOMEphI — T.H. "OEIKOBBIC
MHULEIUIBI", B KOTOPBIX rUApodoOHbIe mocienoBaTenbHocTd BO oKpykeHbI
ruapoguiIbHEIMU T100ynamu 6enrka MBP. TIpoGiiemMa cOCTOUT B TOM, YTO B TAKHX
MHLEIUIaX caiTcrenuduueckoe paciienyieHue CTaHOBUTCS HEAOCTYITHBIM JUIS
MIPOTEUHA3, TOITOMY IPOTEOJIU3 THOPUIHOTO OeJIKa MPOBOIMIN B IIPUCYTCTBUH
HEeOONBIINX KOHIEHTpanuii nereprenra. Huskas spdekTuBHOCTh IpoTeosu3a
MpUBEJIa K CHIKCHHUIO BBIXO/Ia 11e1eBOT0 Oerka (okoio 20 mr/i).

Lenbto Hamel paOoTHI IBUIIOCH PA3BUTHE U ONTUMHU3ALINS METOIA 0Ty YESHHS
PEKOMOMHAHTHOTO OaKTEpHOPOAOIICHHA ITyTEM 3KCIPECCHH 3Toro Oenka B E. coli
B BUjiec rudpuaa ¢ MBP.

Ha ocHoBe BekTopa pET28a (hupma Novagen) ObLii CKOHCTPYHUPOBAHBI JBC
iasmunsl pMBP-BO u pSP-MBP-BO, koaupyromue rudpunst MBP-BO u
SP-MBP-BO, B kortopbix nocienosareibHocty MBP u Oakrepuoorncuna
paszieneHsl caiitom pacieruieHus TpomOuHa. [ubpun SP-MBP-BO coneprxan
JIOTIONHUTENbHO N-KOHIIeBOM curHanbHbIi nentu (SP) s rpancnokaruun MBP
B niepuruiazmy. [logo0Has KOHCTpYKIus AoJDKHA obecriednBaTh 3(h(HEeKTHBHOE
BcTpauBanne BO B nuroruiazmatuueckyto MemoOpany. O6a rudpua comepxani
takxke C-konueBoit HisX6 Tar s ahGuHHOM ACTEKIIMN U OYUCTKH.
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Orenka 3 PEKTHBHOCTH dKCIIPEecCHH | BbiAeIeHUs BO ocHOBBIBaJIach Ha
pe3yJbTaTax CIeIYOIINX cTauid: 1) KyIbTHBUPOBaHHs THOPUJIOB B KileTKax E. coli
BL21(DE3); 2) comobmin3zanuun ruOpuaoB JIeTepreHTaMu; 3) MpOBEACHHS
MeTaimoaduuHOit Xpomarorpaduu; 4) rHAPOIN3a THOPUIHBIX OCIKOB
TPOMOUHOM; 5) OUHCTKH IIETIEBOTO Oelika — OaKTepHOOIICHHA.

O06e ma3mu bl 00ecreYnBaId 3HAYUTEIILHBIA YPOBEHb OMOCHHTE3a THOPU/IOB
— oxouio 200 u 220 mr/n MBP-BO u SP-MBP-BO, cootBercTBeHHO. [MOpuaBI
MPaKTHYECKH ITOITHOCTHIO 9KCTPArkpoOBaINCh U3 HEPACTBOPUMON (DPaKIINHN KIICTOK
B TaKHX JIETEPreHTax, KaK Jaypuiacapko3u — 0.5%, noxenmncynbdar HaTpus —
0.5%, u pearenr CelLytic B (¢pupma Sigma), KOTOpble IPUMEHSIOTCS OOBIYHO
IpH BBIACICHUH MeMOpaHHBIX OenkoB. Heckonbpko HHKe OKa3zanach
s¢dexTrBHOCTH pacTBopeHns rudbpuaos B 1%-1wom Tpurone X-100 (MBP-BO —
oxo110 80%, SP-MBP-BO — okono 40%). Hanyuinas copouust Ha kosonke Ni-NTA
arapossl (pupma Qiagen) st o6oux rudbpuIoB npoucxoamia B pacteope 0.25%
naypuicapkosusa (1o 50% ot cymmapHoro nesesoro 6enka B cimydae MBP-BO
6oinee 70% — SP-MBP-BO). OcHoBHbIE pazindus MeXly THOPHIaMU IIPOSIBUINCH
[pU U3YYEHUH CIEUU(PUYHOCTH PACIICIJICHUS TPOMOMHOM B pa30aBlIeHHBIX
pacTBopax paznuyUHBIX neTeprenToB. B ciyaae MBP-BO runponms nponcxomnn
MPEUMYILECTBEHHO 10 CalTy, PaCIOI0KEHHOMY B IIpe/ieiax MO CIeI0BaTeIbHOCTH
MBP, uT0 3HaYUTENBEHO CHUKAJIO KOHEUHBIN BBIXO LIEJIEBOT0 TPpoayKTa. [ naponms
SP-MBP-BO nporekan cneun(uyHO U MPUBOJUI K KOJHMYECTBEHHOMY BBIXOLY
BO B peaxiuun. B aTom cityuae Obuta oTpaboTaHa Mpoleaypa OJXHOCTaAURHOM
ounctku BO, Brirouatomas pacuieruienue rudpuna SP-MBP-BO tpomGunoM Ha
kosioHke Ni-NTA arapo3sl.

Takum 00pa3oM, HECMOTPS Ha BBICOKHI YPOBEHB JKCIpPECCHH 000UX
rUOpHUA0B, MOTEPU MPHU Mocaake Ha apUHHYIO KOJIOHKY W MPH THIPOJIH3E
TpomOunom rudpuna MBP-BO onpenenuiau pasiuuusi B BBIXOJAE OYUILEHHOTO
BO: 25 mr/n npu skcnpeccun B Buae MBP-BO u 42 mr/n — SP-MBP-BO.
C nomoripto anekrpodopesa B [TAAT n aHATUTHYECKOH Telb-(PUIBTPALH ObLIO
[I0Ka3aHo, 4TO YucTOTa Npenaparos BO cocrasisina okoiao 90% (mpu BeIACICHUN
u3 MBP-BO) u 6onee 95% (B cnyyae SP-MBP-BO); B 06oux npenaparax BO
IIPUCYTCTBOBaN B BHJAE MOoHOMepa. Ominuust B 3 (HEKTUBHOCTH IPOLETYD
BBIJICJICHHS] THOPUIOB CBSI3aHBI, BEPOSTHO, C PA3IMYHON MPOCTPAHCTBEHHON
YKJIQJAKOW THOPUIHBIX MOJIEKYJI U TPEOYIOT AalIbHEHIIEro U3yYeHHs.

BoiBoasbi: 1. CKoHCTpYyHpPOBaHBI BE SKCIPECCHOHHBIE IIa3MHIbI HA OCHOBE
pET28a, obecneunBarmue cynepIakcnpeccuto B E. coli rubpumon
0GaKTeprooIICHHA C MabTO3-cBsi3bIBatonM Oenkom (MBP-BO u SP-MBP-BO).

2. s oboux rudpuaoB pa3paboTaHbl NPOLEAYPHI BBIICICHUS 11€IEBOTO
Oenka, 0aKTepHOOIICHHA, U3 KIETOK E. coli.

3. Co3nana opuruHajgbHasi KOHCTPYKLuUs TuOpuHoro 6enka SP-MBP-BO,
BKJIFOYAIOIIAs TIOCIIEJ0BATEILHOCTH N-KOHLIEBOI'O CUTHAJIBHOTO MENTH 1A, KOTOpast
obecrneyunsia CymecTBEHHOE MOBbIMEHNE 3()(PEKTUBHOCTH BBIACICHUS
PEKOMOMHAHTHOTO OAaKTEPUOOIICHHA U3 KIETOK E. coli ¥ BBICOKHIA BBIXOJI IIEJICBOTO
IPOAYKTa, OAKTEPUOOINCHHA, — 42 MI/JI KyJIbTypbL.
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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/I 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/1).

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.
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Both plasmids showed a considerable level of biosynthesis of the hybrids —
about 200 and 220 mg/1 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/1 in the
case of MBP-BO and 42 mg/1 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 (MBP-BO and SP-MBP-BO).

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

3. Constructing of original recombinant protein SP-MBP-BO, which included
an N-terminal signal sequence resulted in a significant increase in the efficiency
ofisolation of bacterio-opsin from E. coli cells and provided a high level yield of
bacterio-opsin — 42 mg/1 of culture.
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Kaprodens B Poccuu — 3T0 OAMH U3 BaKHEHIIMX MPOAYKTOB MHUTAHWUSI,
noTpebIeHne KOTOPOTO B TOCIIEAHUE OB CYIIIECTBEHHO BO3POCIIO. YBEIHUCHHE
IIPOM3BOJICTBA CEMEHHOI'0 MaTepuasa BO3MOKHO TOJBKO IPU COONIONCHHUH
[JIaBHOTO TPpeOOBaHUs (HOPMHUPYIOIIETOCS OTEUECTBEHHOTO PhIHKA — TOBBIIICHHS
KauecTBa ceMsiH. [IOBBIIICHHbIE TPEOOBAHUS MPEABIBISIOTCS K JJIUTHOMY H,
0C00EHHO, K ICXOHOMY MaTtepuairy. OH I0IKeH B OJTHOM Mepe COOTBETCTBOBATh
TpeOOBaHHUSAM TOCYIAPCTBEHHBIX CTAHAAPTOB Ul O3IOPOBICHHOIO CEMEHHOTO
kaprodenst. Kaprodenb — KyapTypa, BOCHPHUMYHBAS K BO30YIUTENSIM IPHOKOBBIX,
OaKTepUaIbHBIX U BHUPYCHBIX OoJsie3Hel. Bo30yauTenu moaaBisioniero
OonpIIMHCTBA O0JI€3HEH MepearoTes ¢ Hocal09HbBIM MaTepuaioM. [1pu Beicanke
MUKPOPACTEHUI B TPYHT JUIs1 IOy YSHHUSI MUKPOKITYOHEH BaKHO, YTOOBI pacTeHHE
OBLIO XOPOIIIO PAa3BUTHIM, C CHIIBHOM KOpHEBOM cuctemoii. Ciaboe pacTeHue He
CMOJKET NPOTUBOCTOATH OONIE3HAM M NOTHOHET. DTO MPHUBOANT K YBEIHYCHHIO
ce0ecTOMMOCTH CEMEHHOTO Marepuaina. J{Jsi pelieHus mpodaeMbl B HOBBIX
HKOHOMHUYECKHX YCIOBHSX HEOOXOANMBI HOBBIE METOIMIECKHE U TEXHOIOTHUESCKIE
TIO/IXO/BI B BOIIPOCAX BOCHPOU3BOCTBA 03I0POBICHHOTIO CEMEHHOTO MaTepHaia,
€ro pa3sMHOXKCHUSI B SJIMTHOM CEMEHOBOJICTBE.

[IIupokoe U yCHEeIHOe UCIOIb30BaHUE ISl OMOJIOTHYECKON 3allUThI
pacTteHuid IPOTHB TPUOKOBBIX BO3OyIHUTENCH OOJe3HEH MONYUYHIN TPUOBbI pojia
Trichoderma, BcTpeyaroruecs BO BCeX TUTAX 1mo4s. [Ipu uccieoBanuy OMOIorum
TUX MHKPOMHIIETOB, B IEPBYIO OYepeb, aKIEHTUPYIOT BHUMAaHHE Ha HX
AHTArOHUCTUYECKOM aKTHBHOCTH B OTHOIIICHUH (DUTOMATOreHHBIX TprudoB. OHaKO,
OHHM IIPOAYUHPYIOT B (PUTOTOPMOHBI, KOTOPBIC MOCTYIAIOT B PACTHTEIBHBIN
OpraHu3M, IPUBOIS K OoJiee aKTHBHOMY €TO pa3BUTHIO. PaHee HaMM M ApyTUMU
HCCIIeIoBaTesIMU ObUI ITOKa3aH OPraHOTPOIHBINA AP PEeKT MeTadoIUTOB rpubOB
pona Trichoderma Ha 31akoBbIX. OJHAKO, HE OBUIO JaHHBIX TIO BIHMSHHUIO Ha
MHKpPOPACTEHHsI OC3BUPYCHOTO KapTOdes.

Lenbio paboThI IBUIOCH MCCIESIOBAHIE CBOMCTB OHOMpenapara Ha OCHOBE
Trichoderma nist KynbTUBHPOBAHUS PacTEHUIl CEMEHHOTO OE3BHUPYCHOTO
Kaprodes.

Jlns uccnenoBanus BEIOpaHO YeThIpe copra Kaprodens: Posapa, denokc,
Hesckuii, Ckapier.

ITpu oreHKe HOBBIX MPENAPATOB BAKHBIM MTOKA3aTeNIb — ONPEIEeNICHUE UX
(UTOKOMIIETCHTHOCTH (OTCYTCTBHE (UTOTOKCHYHOCTH). DUTOTOKCHUHOCTh
n30sstoB Trichoderma oleHeHa MO BO3ICHCTBHIO KYJIbTYPaJbHOU KUIKOCTH
MHUKPOMHMIIETOB Ha MUKpOpacTeHus 0e3BupycHoro cemenHoro kaprodeis (MBCK).
Bb110 BEIOpaHO YeThIpEe HCTOYHUKA YIVIEPO/Ia B COCTaBE KapTO(EIbHO-TIIIOKO3HON
Cpebl 1151 KyAbTuBUpoBanus Trichoderma: caxapo3a, MaHHUT, IIULIEPHH, TTIOKO3a.
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B pesysbrare nccnenoBaHuii OKa3aHO, YTO H3YUSHHbIE H30JATHI He 00Ia1auy
(UTOTOKCHYHOCTHIO, OTMEUEHBl COPTOCHEIU(PUIHOCTh U OPTAHOTPOIIHOE
nieficTBre. B kauecTBe CTUMYIIATOPOB pOcTa KapTodelist 0TOOpaHbI TPU HITaMMa,
KOTOPBIE CTUMYIHPOBAJIN POCT KOPHEH U HE CTUMYIHPOBAJIN POCT CTEOIS.

Jlns BHeceHHsI Ipemapara B TPYHT HaMH OBIIM HMCCIEJOBAaHEI
FeHOTOKCHYHOCTh M aHTArOHUCTHYECKasi aKTUBHOCTh OTOOPAHHBIX MITAMMOB
Trichoderma k mpenBapuTENbHO BBIISICHHBIM U3 KITYOHEH aToreHaM KapToderst
(Bo3OyauTenu ansTepHapuosa Alternaria solani u dysapuosa Fusarium spp.).

Ha ocHOBaHMM MONYyYCHHBIX JaHHBIX ObUT 0TOOpaH mramm 7. asperellum,
MPOSIBUBIINHA HAWOOJIBIIYIO0 AHTATOHUCTHYECKYIO aKTUBHOCTD U CTHMYITUPOBAHHE
KOPHEBOM 30HBI PACTEHHMH, Il BHECEHUSI B IIOUBY, TII€ BBIPAILMBAIICS KapTodesb
coprta Pozapa.

Wutpoaykius orobpaHHoro mramma 1.asperellum B TEIIUYHBI TPYyHT
MO3BOJINJIA CHU3HUTh YHUCIEHHOCTh M YACTOTY BCTPEUAEMOCTH MOTEHIHUAIBHO
OTIACHBIX ITATOTEHHBIX U TOKCHHOOOPA3yIOUIMX MUKPOOPTaHU3MOB U ITOBBICHTH
YPOXKAWHOCTh MUKPOKITYOHEH O€3BUPYCHOTO CeMEHHOT0 KapToders copta Posapa
Ha 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 (4/ternaria solani and Fusarium spp.)

According to received results we selected the strain 7. 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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Toccumnon (Gp) — KENTHINH MUTMEHT IIABHOU CEIbXO3KYIBTYphl Y30eKucTaHa
— XJIOMYaTHHKA, KOMIUIEKCHOE M3Y4YEHHE KOTOPOro OBLIO HAYaTo akKan.
A.C. CaipIKOBBIM, JIOJITO€ BpEMs pacCcMaTpHUBAJICA KaK TOKCHYHBIH OTXOJ
MacJIOKUPOBOW POMBIIILIEHHOCTH. 71t ycTpaHeHust TokcmyHocTH Gp rpojiesiana
OoupIast paboTa 1o CHHTE3Y €T0 CHMMETPHYHBIX ITPOU3BOAHBIX, B YACTHOCTH, MO
-CHO rpynmam, 4TO MO3BOJIIIO CO3AaTh PSJ JIEKAPCTBEHHBIX CPEACTB C
HHTEep(HEPOHUHAYIHUPYIOLUIMMHU, POTHBOBUPYCHBIMU ¥ UMMYHOTPOIHBIMH
cBoiictBamMH. CBEICHUS O HECUMMETPHUYHBIX allbJACTHIHBIX MPOU3BOIHBIX Gp
HOCST OTPBIBOYHBIN XapakTep, UX OMOJIOTHYeCKasi aKTHBHOCTh MIPAKTHIECKU HE
M3y4allach, YTO U CTAJIO TEMOH HACTOSIIEr0 UCCIICJOBAHMS.

CHHTEe3MpOBaHbl MOHOAJbAETHIHbIE TPOU3BOAHbIE G C alKWiI-, apui-,
reTepuiaMHHAMK U 0apOUTYpOBOM KHCIOTOH. /7l CMHTE3a HECUMMETPUYHBIX
npon3BoaHBIX Gp ¢ JICTYYMMH aMHHAMH HCIOJIB30BaH TBEPIOGDA3HBIH METO,
OCHOBAHHBII Ha XeMOCOPOLIMHU aMHHa KpUCTauTyecKuM nonumopdom Gp - P3,
B kKaHamax kotoporo -CHO rpymnma ogHO¥ MOJOBHHBI MOJIEKYINBI CIpATaHA B
MaTpuIle KpUCTaJlIa, a Ipyras, BEIXOAAIIAS K CTEHKE KaHasla, — JOCTYIHA JUIs
peakuuu ¢ aMuHOM. CHHTE3 HECMMMETPUYHBIX NMPOU3BOAHBIX Gp ¢ OpyruMu
aMUHAMU OCYIIECTBJIEH roMo(a3HbIM METOZOM C IPUMEHEHUEM TEXHOJIOTUH
BBICOKOTO Pa30aBJICHUS Ul NIPEAOTBPAIICHUS BCTYIUICHHS B PEaKLIHUIO O0EHX
-CHO rpynm Gp.

OScn on on 1= RINSc - o on n?®
5 |
H i o N Z H
Gp R = Alk, Ar, Htr R = Et, n-Pr, 0-ArMe, o,p-ArMe,

Ha ocnoBe MoHoanunmmHonpousBoaHoro Gp no ero ceo6oanoi -CHO rpymme
CHHTE3MPOBaHbl HECUMMETPHYHBIE qruaMuHonpou3Boxubie Gp. CTpoeHue Becex
CHHTE3WMPOBAHHBIX coeuHeHuH moareepkaeHo YO-, K-, [IMP-criektpockonneit
u PCA. YcraHoBneHo, 4TO HECUMMETPUYHBIE MPOU3BOAHBIE Gp ¢ aMUHAMU
(TouHee, UX 3aMelIEHHAS YacTh) HAXOMATCS, IPEUMYIIECTBEHHO, B €HAMUHHOMN
TayToMepHOit popme (A) B pacTBopax 1 TBEPABIX 00pasiax. ¥ MOHOAIBCTHIHOTO
npousBogHOro Gp ¢ 4-aMHHOAHTUIIMPHHOM HAOIIONAETCSl IMUH-EHaMHHHOE
TayToMepHoe paBHOBecHe (B), cMeleHre KOTOPOro 3aBUCHT OT PACTBOPHTEIL,
He3aMeIIEHHAs aJIbCTUIHAS YaCTh MOJIEKYIIBI COXPaHSIETCs B JIbACTUIHON opme,
1 TosbKo B DMSO-d, Habmonaercs e€ nepexon B 1akTosbHyt0 Gopmy (C), Kak u
B ciayuae ¢ Gp.

239



N \
o P
~ NN
Nj/_l— J—v[
O HC cH,  Clig Nen Ho o uc?”

© (B)

Hccnenosanne nnnamuku peakuuu Gp ¢ 4-amunoantunpunom B CDCI,
metogoMm [IMP-cnekTpockomuy mMO3BOJIUIO MPEIIOKNUTH HOBYIO CXEMY X
B3aUMOJICHCTBYSA, OCHOBAaHHYIO0 Ha BUHUJIOTUHM 4-aMHUHOAQHTUNHPUHA U
HYKJIEO(QHIBHOM IPUCOETMHEHUU K HeMY HadTaJIOHKapOMHOJIBLHOM Tay TOMEPHOI
¢dopmbl Gp ¢ TOCIETYIOIIM IIEPEX0A0M B aMHHAIIb U 00pa30BaHHEM OCHOBAHUS
Hudda:

W3yuenue "ocTpoil" TOKCHYHOCTH, HIUTOTOKCUYHOCTH, aHTUTPUOKOBOI,
AHTHPaIUKAILHOW U MEeMOpPaHOTPOIHOW akTUBHOCTH Gp M ero MOHO- U Ouc-
MonupuKanui MoKa3ajlo, YTO HECUMMETPUYHbIE MPOU3BOIAHBIC 00IaAaioT
0oJIbIICH aKTUBHOCTBIO, YEM HUX CHMMETPUYHbIE aHAJOTH, YTO OOYCIOBIEHO
HanmuueM cBo6oHol -CHO-rpynel. MOHOAMHHOTOCCHITON, HETOKCHYHBIH JUIs
mbied (JIJI,;=1500 MKI/KT), B KOHIEHTPALKH 3 MKI/MJI BBI3bIBAJI y HUX THOEIIb

50% K1eToK MenaHoMsl. Ha croco6 ero cuntesa MOJTyYEHO MOJOXKUTEIbHOE
pelieHue o Belaue nateHra Pys.

VznoxeHHBIe B HACTOALIEH paboTe Pe3ysbTaThl M0 HECUMMETPUYHBIM
ocHoBauusM [lugda Gp co3naroT nepcrneKTHBb s JAajbHENIIeH padoThl U
HaXOJATCS Ha CTa/INH BBISBICHUS T€X BO3MOXKHOCTEH, KOTOPBIE OTKPBIBAIOTCS IS
UX TIPAKTUYECKOTO IPUMEHEHHUS.
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UNSYMMETRICAL ALDEHYDE DERIVATIVES OF GOSSYPOL:
SYNTHESIS, STRUCTURE AND BIOLOGICAL ACTIVITY
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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.

O*CH oH on 1c?°
Gossypol R =Alk, Ar, Htr R = Et, n-Pr, 0-ArMe, o,p-ArMe,

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-, '"H 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-d, 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 CDCI, by 'H 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:
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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 (LD, = 1500 pg/kg), in
concentration of 3 ug/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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VIeBOABI ABISAIOTCS OHUM U3 BKHEHIINX KOMIIOHEHTOB KJIETOYHON CTCHKH
OaxTepuii 1 OTBEYAIOT 32 MMMYHOCIIEIIM()UYHOCTH IITAMMOB, IIepe/a4y CUTHAJIOB
U MEXKKIJIETOYHbIe B3aumoericTeus. B XXI Beke Hayka 00 yriieBo/iax — NIMKOMUKA
— aKTHBHO Pa3BUBAETCS, UYTO CBSA3aHO C €€ BO3PACTAIOLIMM MEIHUIHUHCKO-
NPUKJIAJHBIM 3HaueHHEM. B OMOXMMHUUYECKMX U MMMYHOJIOTHYECKHX
HCCJIEI0BAHUSAX TPYAHO MEPEOLECHUTh POJIb JOCTYIHOCTH MH(POPMALUHU 110
GakTepraabHBIM YITIEBOAAM IS HAYIHOTO coodmecTBa. TeMm He MeHee, B OTIInHe
OT JPYTUX JUCUUILIIMH, U3YYaIOLINX )KUBBIE CHCTEMbI Ha MOJICKYJIIPHOM YpPOBHE,
IJIMKOMHKA MPAaKTUYECKH HE UCIOJIB3YeT NPEUMYIIECTBa, PEJI0CTaBIsIeMble
nH()OPMAIMOHHBIMHU TEXHOJIOTHSIMHU. KOMIBIOTEpHBIC HHCTPYMEHTHI ITTMKOMHKH
1 yHUBEpCAJbHBIE CTAaHAAPTHl ONMHCAHUS JAHHBIX HaXOIATCS B Ipoliecce
craHoBiieHHs. CyIIECTBYIONIIE YIIEBOJHbIE 0a3bl JaHHBIX C(OKYCHPOBaHbI Ha
YaCTHBIX CBOMCTBAX, UCIOJIB3YIOT HECOBMECTHMBIE APYT € IpyroM (Gopmarsl, He
0011a1a10T OJTHBIM HOKPBITHEM U, IO pe3yJIbTaTaM HalIero NCCIIeIOBAHMS, TOTHBI
OIMOOK.

Baza nannbix 6akTepuanbHbIX yrieBonos (Bacterial Carbohydrate Structure
Database, BCSDB) co3nana Jijisi BOCIIOIHEHHS 3TOTO Mpobdesa MmocpecTBOM
MOJIEPUPYEMOT0 KOHTEHTA ¥ KPOCC-TIPOEKTHBIX B3anMoieHcTBI. OHa HarleneHa
Ha NPUBHECEHHE B NIMKOMUKY YPOBHS BHYTPEHHEH MHTErpallii, CPaBHUMOTO C
HMEIOIIUMCS B TeHOMUKe U ipoteomuke. BCSDB paspabarbiBactcst 1 OOHOBIISICTCS
¢ 2005 roga u mpeaocTaBISEeT JaHHBIC MO YIIIEBOJaM OaKTEepHaIbHOTO
IIPOMCXOXKJICHNS C U3BECTHOM NIEPBUYHOM CTPYKTypoil. B HacTosiee Bpems oHa
SIBJISIETCSl €AMHCTBEHHBIM B MHpPE CBOOOJHO JOCTYIHBIM PECypcoM,
00BEIMHSIOIINM TIEPBUYHBIC JAHHBIC MO yIiieBojaMm BILIOTh 10 2008 roja.
B nanHo# paboTe npencTapicHa Bepcus 3, 6eTa-TeCTUPOBAHUE KOTOPOH HA4YaTo B
asrycre 2009 rona.

/JBe Kimro4eBbIe 0COOCHHOCTH MTPOEKTA, OTIIMYAOIINE €T0 OT KOHKYPEHTOB —
9TO MOJHOTA MOKPBITHS U JOCTOBEPHOCTH MaHHBIX. baza manusix BCSDB
COZICPXKHT CTPYKTYPHYIO, TAKCOHOMHYECKYI0, OMOIHOrpauuecKyo, OTHECEHHY IO
SIMP-crieKTpOCKONTMYECKYI0 M MPOYYyI0 (METOJbI YCTAaHOBJICHUS CTPYKTYPHI,
JTaHHBIE TI0 KOH(OPMaIy, ONOXUMUH, TCHETHUKE, OMOJIOTNUECKOH aKTHBHOCTH H
T.71.) uHpopmanuio it ~10000 GakrepuanbHBIX YITIEBOIOB U INIUKOKOHBIOTATOB,
BKJIIOYAs! IJIMKOJIMITU/IbI ¥ IMKOIPOTEHHBL. JTOT YPOBEHb MOKPHITUS IPUMEPHO
COOTBETCTBYET BCEM CTPYKTypaMm B Ipejieiax Kiacca, ormyonuKkoBanHbIM 10 2009
roza, T.e. MOKPBITHE 10 OAKTEpHAIbHBIM YIVIEBOJAM NMPAKTUYECKH SBISECTCS
IIOJIHBIM. DTO 3HAYUT, YTO JIaKe OTPHULIATENIbHBII pe3yJIbTaT IOMCKa B 0a3e JJaHHbIX
OCTaeTcst 3HaYMMOM Hay4HOU MH(pOpMaLnei.

Hcrounukamu nanubix s BCSDB senstorcs: Carbbank (6a3a naHHBIX,
IIpeKpaTHBIIas cyniecTBoBaHue B 1996 1), moiayaBroMaTnuecKkoe aHHOTHPOBAHUE
u pyuHas oOpaborka pedepupyeMoil HaydHOH JUTEPATYphl, a TAKKE OIBIT
KOJIJIGKTHBA B TJIMKOMHKE (JOTIOJTHEHHE MyOIMKAMi 1 CIpaBiIeHIE OMIHOOK B
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uux). [lepen momemernem nanusix B BCSDB onM BcecTopoHHE TPOBEPSIOTCS 1
KoppekTupytoTcs, uto aenaet BCSDB eAnHCTBEHHBIM B TIIMKOWH(OpPMATHKE
IIPOEKTOM C MOJIEPUPYEMBIM KOHTEHTOM.

WnTterpanus ¢ qpyruMu NpoOeKTaMH IIMKOMHKH MO3BOJISET UCIIOIb30BaTh
BTOPUYHBIC JIaHHBIE, PACIIUPSACT MOKPBITHE 3a Mpeiesbl NPOKapuOTOB U
obecrieunBaeT CKBO3HOMW JIOCTYII K cepBHCaM Ipyrux 0a3 naHHbIX. B wactHOCTH,
HaJlaXeHO aBTOMaTH4YecKoe B3aumojeicTBue ¢ npoekramu "GlycomeDB"
(momneprkuBaeTcst Hemerkum nieHTpom uccinenopanus paka, DKFZ), "PubMed"
(momnepskuBaercss HamoHaabHBIM LEHTPOM MHGOPMALUH 110 OHOTEXHOJIOTHH,
NCBI), "Taxonomy" (takxxe NCBI), "BIOPSEL" (upenckazanue
criektpoB *C SIMP i1 pOU3BOIBHOMN YITIEBOMHOM CTPYKTYPBI HA OCHOBE JaHHBIX
n3 BCSDB u TeopeTHyecKuX BBIYUCICHUI; MOAACPKUBACTCS aBTOPOM).
CrienmanbsHo 1i1st BCSDB 6bu1n pa3zpaboTtaHbl ¥ BHEAPEHBI HA YPOBHE CTaH/IApTOB
OJTHO3HAYHBIH, HO B TO JK€ BPEMS UUTAEMBbIH S3bIK OITMCAHMUS YIJIEBOIHBIX CTPYKTYDP
1 MTHCTPYMEHTBI KOHBEPTUPOBAHUS MEKLY HUM U APYTUMHU SA3bIKAMH [NIMKOMUKH.

BCSDB u ee cepBUCBI-HaJACTPONUKU TOCTYMIHBI A CBOOOJHOTO
HCIOJb30BAaHUS M MOJAEPHUPYEMOro MOIMOJHEHUs Ha web-caiite http://
www.glyco.ac.ru/besdb3/. Uarepdeiic BCSDB BrittouaeT HHTEPHET-I0CTYTHY O
I10JIb30BATENIbCKYI0 YaCTh, a/IMUHUCTPATUBHYIO YacTh U IPOrPaMMHBIE CPEACTBa
(API) nnst aBTOMaTHUECKOTO 0OMEHA JAHHBIMH C JIPYTHMMH IIPOSKTaMH IIMKOMUKH.
[Tonb3oBaTenu MOryT B yioOHO#H hopme aernaTh MOMCKOBBIE 3alPOCH (B TOM YHCIIe
C HEUYETKOH JIOTHKOIM), comepxaiine GparMeHThl XUMUYECKOH CTPYKTYpHI,
6ubmuorpaduio, TAKCOHOMUIO, pparMeHTs! criekTpos SIMP.

Pazpaborka BCSDB 1 conmyTcTBYIOMNX CEPBUCOB HHUIIMUPOBAHA B paMKax
npoekTa MeXIyHapoIHOTO Hay4YHO-TEXHHYecKoro meHTpa (rpant 1197p),
nopaepkana Poccuiickum GoHIoM GyHIaMEHTAIBHBIX HccienoBanui (rpant 05-
07-90099), Komuccueii o rpantam ripu npesugente PO (rpant MK-1700.2005.4)
n HemenknmM 1eHTpoM HccienoBanus paka (ctunenaus). [Ipeasiaymye Bepcun
BCSDB u cBsizanHbIe UccieioBanus Obutn omyonukoBansl B 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) u npeicTaBieHsl
Ha MHOTHX MEXIYHAapOIHBIX cuMIiozuyMax. Tekymas Bepcus BCSDB BnepBrie
IIPEe/ICTaBICHA Ha JaHHOW KOH(EpEeHINH.
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BACTERIAL CARBOHYDRATE STRUCTURE DATABASE
Toukach EV.

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/besdb3/).

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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MN3YYEHUE JIOKAJIM3AIIMU INEPEKUCU BOJOPOJA
B KJIETKE TP AKTUBAIIMN TUPO3MHKMWHA3HBIX
PEHEIITOPOB

Twopun-Kyzomun I1.A., Caghpponosa H.M.*, Bopomnuroe A.B.,
benoycoe B.B.*

QakynbreT pyHnamenTanbHol Meauuuabl MIY um. M.B. JlomoHOCOBa,
Mocksa

*WHcTuTyT OMOOpraHudeckol XuMuu uM. akageMuko M.M. Illemskuna u
10.A. OBunnnukoBa PAH, MockBa

E-mail: tyurinkuzmin.p@gmail.com

Dakc: (495) 932-99-04; Temn.: (495) 932-99-04

Ilepexkuck BomOpONa CUHTE3UPYETCA B KJIETKAaX NPU CTUMYIALUU
THPO3MHKHHA3HBIX PEIENTOPOB POCTOBBIX (DAaKTOPOB, K KOTOPBIM OTHOCSTCS
peuenTopsl snuaepmaibHoro (EGFR) u rpombonurtapuoro (PDGFR) dakropos
pocra, paktopa pocra cocyaucroro suaorenus (VEGFR) u HekoTOpBIX Ipyrux.
OcHoBHbIM HcTouHKKOM H, O, py NpOX0yk1eHHK CUTHATA OT THPO3UHKUHA3HBIX
pELEnTOPOB SABJSIIOTCA ﬁAH@H okcunasel. H,O, BbICTynaeT B KauecTBe
BTOpHUYHOTrO0 MecceHxkepa. OH I/IHaKTI/IBI/IpyeT p;m Tuposundocdaras,
JUMHUTHPYIONINX aKTHBALMIO THPO3MHKUHA3HEIX perenTtopoB, MAP-kuHa3zHoro
n PI3-kMHA3HOTO CUTHANIBHBIX KackaloB. MHakTuBanus tupo3uHdpocdaras
YAJIUHSACT CHTrHalbHbIe 3(P(EKThI POCTOBBIX (PAKTOPOB M BBI3BIBAET
MPOIOKUTENbHBIE OMONOTHYECKNE OTBETHI, CBSI3aHHBIE C HAIPaBICHHON
MUTpanuei, nponmbepauneﬁ u U depeHIHPOBKON KIICTOK.

Mexanusm neiicteus H O, na tuposundocdarasbl He 10 KOHIA SCEH.
W3BecTHO, 4TO B KIETKE coz[epmaTCﬂ CUJIbHBIE aHTHOKCHJIAHTHbBIE CHUCTEMBI,
paspymaroriue H,0,. Tax, nepokcupenokcun 2 (Prx2) saumonericteyer ¢ H,O
¢ KOHCTaHTOH CKOpOCTI/I 2x107 M-'c”!, B TO Bpems Kak s KII0YeBOil
tuposurpocdarazer PTP-1B koHCTaHTa CKOPOCTH PEaKIUK B3aUMOJICHCTBUS C
H,O, cocraBnser 20 M'c™!, a xoHmeHTpanus B kieTke Prx2 mpesprmaet
KOHI_ICHTpaLII/I}O PTP-1B na aBa mopsaka. Takum o6pa30M COIJIaCHO
KuHeTuyecKkuM pacdyeraM, H O, B KiI€TKe HE NOKHA B3aUMOJEHCTBOBATH C
PTP-1B. Tem ne menee, PTP- 1B okucnseres 1pu PU3HOIIOTHYECKON CTUMYJISILIAA
PELENTOPHBIX THPO3UHKHHA3.

MBelI IpeAronaraeM, 4To OTHUM M3 BO3MOKHBIX MEXaHH3MOB B3aUMO/ICHCTBHS
H,O, ¢ PTP-1B sBnsercs jokanbHoe nosblienre konuentpauuu H,O, BOnusu
cy6CTpaTa Prx2 B 3TOH 00JIaCTH KJIETKU OKHCISETCS H, Tak Kak ero
BOCCTAaHOBJIEHHE THOPEIOKCHHOM IIPOUCXOAUT CPABHUTEIIHLHO MEUICHHO, H30BITOK
H,0, B3aumoielicteyer ¢ PTP-1B.

I_[em,}o Hamielt paboThl ObLIO HM3yUEHHUE BHYTPHUKICTOUHOM JOKATH3AIHUI 1
muppysun H,O,, cunresupyemoin HAJI®H-okcnnazoi IPH _CTUMYJIAIIH
TUpO3UHKKMHA3HBIX perentopoB PDGFR B pubpobnacrax munuit 3T3 u EGFR B
SMUTENNANIBHBIX KiIeTKax JiuHun Hela.

Mps1 u3rotoBmi Habop BapuaHToB OuoceHcopa HyPer ¢ pasmuunoii
BHYTPHKIIETOYHOM Jlokanu3auuei. [ enernyecku koaupyemsblii nocencop HyPer
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o0naiaeT BBEICOKOM 4yBCTBHTEIBHOCTBIO H cneuncquHocmo k H,0,, usmenss
CHEKTP BO30YKICHUS (IyOpecleHINH MPH B3aUMOACHCTBUH C IOCIETHEH.
[TonmyyeHHple BapraHTBl OMOCEHCOPa MBI KCIIPECCUPOBAIH B KileTkax JinHnit HeLa
u 3T3 u HaOIrOA)IN 32 M3MEHEHUEM CIIEKTPAJIbHBIX XapaKTePUCTHK OHOCEHCopa
B PEXUME PEaJbHOrO BPEMEHH IIPU MOMOIIN (IIyopeclieHTHOH MHUKPOCKOIHH.
[To n3MeHeHHI0 COOTHOIIEHHS TUKOB BO30Y X 1eHHs (TyopeclieHIIH OHoceHcopa
MBI PETHCTPUPOBAIH M3MeHeHHUst ypoBHsS H,O, B pasin4HbIX KOMIAPTMEHTAX
KJIETKH NP CTUMYJISIIHMU (hPaKTOPaMH pOCTa.

Bb110 00HApYKEHO, UTO IPH CTHMYJIALIH SITUTEHATBHBIX KICTOK EGFH,0,
cunresupyercsi HAJIOH-okcuaazoi, KoTopast pacnoyiokeHa B 3H£[OCOM0-
MOAO0OHBIX CTPYKTypax, COAEPHKAIINX KIATPHH 1 nnTepHanm3oBanHeiii EGFR.
Oxoio myazMaTu4eckoi MeMOpanbl yposenb H,O, npakTnyecku He MeHseTcs,
4TO CBUJETENBCTBYET O ToM, uto H O, B KIIeTke Bmz[enﬂeTcsI JIOKaJIbHO U HE
pacrpocTpaHseTcs 1o Bcei uHTonna3Me Hampotus, B pubpobnacrax mocie ux
crumyssuu PDGF H,O, cuntesupyercs, B OCHOBHOM, BOJIM3H I1a3MaTHY€ECKOM
MeMOpanbl. B 060HX cnyqaﬂx koHIeHTpanus H,O, nopelmaercs Takxke Ha
MeMOpaHe SHI0IIIa3MaTHYECKOTO PETHKYIyMa. HpI/I I/IHFI/IGI/IpOBaHI/II/I HAJIOH-
OKCHJIa3 anonuHuHOM Beiiesenus H,O, He mpoucxonurt.

Takum 00pa3zoM, MOTyICHHBIE Havu JTaHHBIE TTO3BOJIAIOT YTBEPKAATh, YTO
NpH CTUMYJISIMM PELENTOPHBIX THPO3MHKNHA3 POCTOBBIMU (hakTopamu H,O,
npoayunpyerca W JEHCTBYET JIOKAJbHO B OT/AEJIBHBIX KOMIIAPTMEHTAX KIETK.
Hudpdysusa H)O, Mexy KOMIapTMEHTaMH KJIETKH OIDaHHYEHA.

Pabora noz[z[epxcaHa rpantoM 'K Ne 02.512.11.2216.
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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 (H,0,) is generated in response to activation of tyrosine
kinase receptors such as epldermal growth factor receptor (EGFR) and platelet-
derived growth factor receptor (PDGFR) by EGF and PDGF, respectively. In this
case H,0, acts as a second messenger and inactivates tyrosine phosphatases.
However cells contain powerful antioxidant systems that degrade H,O,.
Perox1redox1n 2 (Prx2) interacts with H,0, with rate constant 2x10'M's™! Whereas
for the rate constant of the key tyrosine phosphatase PTP-1B is 20 M's . In
addition, the intracellular concentration of Prx2 is two orders of magnitude h1gher
than that of PTP-1B. However, despite the oxidation of PTP-1B by H,O, seems to
be kinetically unfavorable, it appears to occur in cells upon phys1ologlcal
stimulation of tyrosine kinase receptors. We hypothesize that prolonged local
increases of H,0, levels in the vicinity to the substrate are responsible for PTP-1B
regulation by O 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
H,0, effectively interacts with and inhibits PTP-1B.

’In our work we aimed to reveal compartmentalized localization of H,0, in
cells and demonstrate the role of NADPH oxidase in its production cfurlng
stimulation of PDGFR in 3T3 fibroblasts and EGFR in HeLa epithelial cells. We
produced a panel of HyPer-derived biosensors containing different signals for
intracellular localization. HyPer is a genctically encoded biosensor that has high
sensitivity and specificity to H,O,. Its excitation spectrum changes upon interaction
with H O,. 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 H,0, in various cell compartments were visualized during receptor
stimulations.

We found that upon EGF stimulation of epithelial cells, H,0, is produced in
small endosome-like intracellular compartments containing clatrin and internalized
EGFR. Near the plasma membrane the H,0, levels were not virtually changed.
Therefore cell produces H O, locally, which does not spread to other cell
compartments. In contrast, 373 fibroblasts generate H O, in the region of the plasma
membrane upon stimulation with PDGF. Both types S of cells reveal clear signs of
H,0, generation at the endoplasmlc reticulum membrane. The inhibition of NADPH
oxidase by apocynin blocks H,O, production in both the EFG-stimulated HeLa
cells and PDGF-treated 3T3 ﬁl%rozblasts

In conclusion, our results demonstrate that stimulation of tyrosine kinase
receptors results in production of H,O, that acts locally in cellular cytoplasmic
compartment. H O, diffusion between different cell compartments is limited.

Supported i)y the grant Ne 02.512.11.2216 from the Federal Agency for
Science and Innovation. 249



O/THOBPEMEHHbIII UMMYHOAHAJIU3 CEMM THIIOB
CTAOUJIOKOKKOBBIX S9HTEPOTOKCHHOB HA
BUOJOI'HYECKOM MHUKPOYHIIE

Deiizxanosa I.Y., Qununnosa M.A., Pyouna A.1O.

WuctuTyT MonekyisipHoit 6uosnoruu um. B.A. Durensrapara PAH, Mocksa
E-mail: gouzele@gmail.com
Dakc: (499) 135-14-05; Temn.: (499) 135-99-80

Staphylococcus aureus siBnseTcst HanOoJIee YaCTHIM BUHOBHUKOM IHIIEBBIX
OTpaBJICHUI. DHTEPOTOKCHUHBI — BEILIECTBA, KOTOPBIC BhIPAOATHIBAKOTCS S. aureus
BO BpeMs UX )KU3HEAEATEINLHOCTH. st caMux S. aureus TH TOKCHHBI SBISIOTCS
IIPOMEKYTOYHBIMH ITPOLyKTaMH OOMEHa BEIIECTB WM BEIIECTBAMH, C IIOMOIILIO
KOTOPBIX OHU OOPIOTCS 32 CyLIECTBOBAaHUE C APYTUMU OakTepusaMu. J{jis uenopeka
SHTEPOTOKCHUHBI — 3TO CHJIbHeHmue sabl. M3BeCTHO HECKOJBKO THIIOB
cTa(MIOKOKKOBBIX DHTEPOTOKCUHOB, B ToM uucie SEA, SEB, SECI1, SED, SEE,
SEG, SEI. OcHOBHasl TPY/JHOCTh UX WIEHTU(HUKAINHU CBSI3aHA CO 3HAYUTEILHON
AHTUTEHHOHN CXOXXECTHIO MAaHHOU TPYNIBI POACTBEHHBIX TOKCHHOB. J[mst
nIeHTA(GHKALIN 1 QHAJIN3a ITATOTCHHBIX OPTaHU3MOB S. qureus 1 SHTEPOTOKCHHOB,
KOTOpBIE OHU BBIPA0ATHIBAIOT, UCIIONIB3YIOTCS PA3JIMYHbIE Ta00PaTOPHbBIE METOIHI,
BKJTFOUYAFOIIME TECThI HA JKUBOTHBIX, MUKPOOHOJIOrHYEeCKHEe MeToIbl, aHami3 JJTHK
c ucnionp3oBanreM [ 1P, mmMyHONIOrHYIecKre METOMIBI: PaJHOMMMYHOJIOTHIECKUH,
UMMYHO(IYOPECLUEHTHbIH 1 UMMyHO(EpMEHTHbII aHanu3bl. K HegocTraTkam
OOJIBIIMHCTBA TPAJMIIMOHHBIX UMMYHOJOTHYECKHX METOJIOB OTHOCHUTCS
HEBO3MOXXHOCTh OJTHOBPEMEHHO TECTHPOBATH 00pa3ell Ha HAJIMYHe HECKOIBKUX
OMOJIOTNYECKHN aKTHBHBIX COSIMHEHHH. JTa mpobieMa pemaeTcs ¢ MOMOIIBI0
OMOJIOTHYECKUX MHUKPOYHUIIOB, KOTOpbIE IIO3BOJSIOT HPOBOAUTH
MHOTOIIapaMeTpUIeCKUi aHaIu3 oopasua.

Llenpro HAIIMX MCCIICIOBAHUH SBISTIOCH CO3aHUE MUKPOYHIIA, C TOMOIIBIO
KOTOPOTO MOYKHO OIpENessiTh KOHIIEHTPAMH CEMHU TUIIOB YHTEPOTOKCHHOB
craduiiokokka B oOpasue. TeXHOJIOTHS THAPOTENeBbIX MUKPOYMIIOB Oblia
paspaborana B8 UMb PAH non pykoBozacTBom akanemuka A.Jl. MupsabekoBa u
COBEPIICHCTBYETCS IO HACTOSIIEe BpeMsl. belkoBbIii THAPOreNeBhIli MUKPOYHUIT
IIpe/ICTaBIsIeT COOON MaTPUILy MHAMBU/IYaJIbHBIX FeJIEBbIX SUEEK Ha HOBEPXHOCTH
TIOJUIOKKH (CTEKITa, TTACTHKA FITH METAJIIA), COIEPIKAINX Pa3INnIHbIe KOBAJICHTHO
MMMOOMIIM30BaHHBIC B 00bEME SUCHKH 30H/IbI (AHTUTEIIA, AHTUTCHBI ).

Jli1s mpoBeieHns OHOBPEMEHHOTO aHAJIN3a CEMH TUIIOB CTA()UIIOKOKKOBBIX
sHTepoToKcHHOB (SEA, SEB, SEC1, SED, SEE, SEG, SEI) 611 BEIOpaH MeTOJ
JIBYXCTaIMIHOTO ""COH/IBUY"-UMMYHOAHAaIH3a ¢ QIIyOpeCIeHTHON perucTpaimei
curnana. Co3gaH MUKPOYUI ¢ UMMOOMIJIM30BAHHBIMU MOHOKJIOHAJIbHBIMU
AQHTUTEIaMU IIPOTUB BCEX UCCIIETyeMbIX SHTEPOTOKCHHOB U pa3padOTaH MPOTOKOI
IIPOBECHUS aHATM3a. AHAIN3 MPOBOAWIN B JBE CTaJUH: MHKyOauus cMecu
SHTEPOTOKCHHOB ¢ OMOTHHHIMPOBAHHBIMU aHTHUTEIAMH HPOTUB ITHUX
SHTEPOTOKCHHOB U IMpOsiBKa OMouuIoB ¢uyopeciueHTHo MedeHHbIM (CyS5)
CTpenTaBUANHOM. Perucrparyio pe3yasraTtoB aHalIi3a MPOBOAMIN HA aHAIIN3aTOpe
OHOYMIIOB C MCTIONIb30BaHUEM GHIBTPOB 650/670 HM (B030YyKICHHE/PETUCTPALIHS )
u o0pabarbIBajy C IMOMOILBIO IporpaMMHOro obecneuenust ImaGelResearch,
paspaborannoro B UMb PAH.

250

Ha nepBom 3tare HeoOXoauMo ObLIO BEIOpaTh pabovre mapbl aHTUTEI JUIS
KaxJ10ro sHTepoTokcuHa. CorpyaHukamu jtaboparopurt ummyHoxumun OUBX
PAH (rpymnmoit ®@.A.bpoBKo) ObUTH OTYyYEHBI TAHETH aHTUTEN IIPOTHB KAXI0TO
13 CeMH JHTEpOTOKCHMHOB. Ha Mukpounmax ObBIT MpOBEIEH CKPHHUHT
IIPEJOCTABICHHBIX HaM ITaHeJIeH aHTHTEI M BBIOPaHbI Tapbl aHTUTEI IS KaXKI0TO
SHTEPOTOKCHHA, 00ECIEUNBAIOLINE BBICOKYIO AMCKPUMHUHAIUIO (OTHOILICHUE
MaKCHMaJIbHOTO CUTHaJa K (JOHOBOMY CHUTHAITY) U HE AAIOIINE HECIEU(PUYESCKUX
MIePEKPECTHBIX B3aNMOJCHCTBUI ¢ IPYTHMH SHTEPOTOKCHHAMH M aHTUTEIAMH K
HuM. Taxxe OblIM 1Mom00paHBl ONTHMAJIbHbIE KOHLEHTPAILMU JJIs BCEX
MMMOOMIIM30BAHHBIX M IIPOSIBIISIONINX AHTUTEI.

Jlanee ObIIM N3TOTOBJICHBI MUKPOUIHIIBI C BRIOPAHHBIMU aHTHTEIAMH TPOTHUB
CEeMH SHTEPOTOKCHHOB, M ISl KQKIOT0 HTEPOTOKCHHA TOMY4YeHbI rpaduku
3aBUCHUMOCTH MHTEHCUBHOCTU (DIYOPECIEHTHOIO CHUTHAJa OT KOHLEHTPaLUU
JIAHHOTO aHTUI'eHA B cMecH (KaJuOpoBOYHbIE KpUBbIC). JIMHEHHBINH auana3oH
KaJMOPOBOUYHBIX KPHBBIX ISl BCEX SHTEPOTOKCHHOB cocTaBmi oT 0 10 200 Hr/mut.
O1eHKa 4yBCTBUTEIBHOCTH Pa3padOTaHHOIO METOJa 110Ka3aja, YTO aHajIu3 Ha
OMOYMIax MO3BOJSET CTATUCTHYECKH JIOCTOBEPHO ONPEACIATh KOHIEHTPALUU
SHTEPOTOKCHMHOB B cMecH B nuanazone ot 0,1 ur/mi (st SEE) no 3 Hr/ma (amst
SEB).

Ha cnenyromiem sTane HaMu ObUIO POBEJICHO TECTUPOBAHUE Pa3pabdOTaHHOTO
MeTo/1a Ha 00pa3uax OMOIIOrHYeCKUX KUJIKOCTEH U MUILEBBIX TPOyKTOB. CMeCch
CeMH YHTEPOTOKCHHOB JOOABIISUTM B PA3IMYHBIX KOHIEHTPALUSX B CHIBOPOTKY
KPOBHM M MOJIOKO M TOJy4alu KajauOpoBouHbIe KpuBble. B pesynbrare Oblia
[0Ka3aHa BO3MOXHOCTh OJIHOBPEMEHHOI'O KOJIMYECTBEHHOI'O OIPEICICHUS
JTAHHOTO Habopa YHTEPOTOKCHHOB B PA3TIMYHBIX CPEIAX.
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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, SECI, 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
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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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Tanrmnosupl nHruoupyrot IL-2-3aBucumyto nponudepanuto T-mumdoruTos,
TEM CaMbIM I0JaBJIsAsl OJHY WM HECKOJIbKO CTaJMi NPOBEJIEHUS CUTHANa OT
HUTOKKMHA. M3BECTHO, 4TO OAMH M3 OCHOBHBIX MEXaHM3MOB MHI'MOMPOBaHUS
nponudepanun T-nmumdonuToB, naaynuposannoi IL-2, — sto mpsmoe
B3aUMOJIEHICTBHE MEXTy TaHIIMO3UAOM M IIUTOKMHOM, IIPUBOJSINEE K IIePEXBaTy
Mostekyibl IL-2 ranrmosugoM. OnHako, MO-BUIMMOMY, FaHIIMO3UIIBI 00pa3yroT
KOMILJIEKChI Takxke u ¢ peuentopom k IL-2 (IL-2R); ¢opmupoBaHHe Takux
KOMITJIEKCOB MOXET OJIOKMPOBATh IPOXOXKIeHNE CUrHaia 1o IL-2-3aBucuMomy myTn.
HecMoTpst Ha OorpoMHBIM MHTEpecC HMcClenoBaTeNnell K 3TOMY BOIPOCY, €Tro
OMOJIOrMYECKUE U CTPYKTYPHBIE aCIIEKThI H3YUCHbI HEJJOCTATOUHO.

B nannoit pabote Obuta mcnonb3oBaHa [L-2-3aBucUMAasi UTOTOKCHYECKAS
mbimuHas T-kinerounas nuaus CTLL-2. i mcciaenoBaHusT MEXaHU3MOB
B3aMMOJEHCTBHS TaHruo3uaoB ¢ IL-2R Obutn mcronb30BaHbl JiBa MOAX0AA:
OKpaIINBaHUE pa3InIHbIX cyOseauHuI IL-2R ¢ mocnenyommum nuToMeTpuae cKkum
aHAIM30M, a Taroke poroadHrHHOE MEUEHHE KUBBIX KIETOK 30HI0M 'PI-Dep-GM 1
C IOCJIENYIOLIMM aHaJIU30M IPOIYKTOB CIIMBKH ITOCTIE UX UMMYHONPELUTTUTALINH C
AHTHUTENAMH K O-, 3- 1 Y-cyOobenununnam [L-2R.

Br110 mokazano, uto 06padoTka kinetok ranmmosugamu (GM1, GM2) npuBogut
K PE3KOMY YMEHbIIEHHIO HHTEHCUBHOCTH (DI1yOpecHEeHIMH KIETOK, OKPAIeHHbIX
antutenamu k [IL-2Ra-cyobenunmne. Tak, 105151 OKpaeHHBIX KIETOK YMEHBIIASTCSI
Ha 30% mnocne npeasaputenbHoil 00padoTkun ux GMI, un Ha 10% — mocne ux
naky6anu ¢ GM2. Medyenne 06pab0TaHHBIX TAHNINO3UAAMH KIETOK aHTUTEIAMHI
K cyOobeaunune IL-2RB npuBOAMT JUIIb K HE3HAYMTEIHLHOMY M3MEHEHHIO
uHTeHcuBHOCTH Quryopecuenunu: it GM1 —Ha 3% u juit GM2 — Ha 6%.

UTtoO6bI ompenenuTs xapaktep mackupoBanus IL-2R, Be3siBaemMoro
raurnuo3ugom GMI1, Owuto mnpoBeneHo ¢otoadppuHHOE MedeHHE.
doroakTuBupyemas rpyria 3061a '>1-Dep-GM 1, Heceyias rpymiy '5I-Dep Ha KoHIie
aIMIBHON Iieny, ONHM3Ka MO CBOMCTBAM K HMpUPOAHOMY ranrmmosumdy. IIpu takom
pacronoxenun Gorodopa CIIMBKa 30HIa ¢ CyObeJUHULIAMHU PELETITOpa BOZMOXKHA
JIMLIb B TOM CJIy4ae, KOI1a TaHIIMO3K] BECTPAaUBAETCs B II71a3MaTHUECKY 0 MeMOpaHy.
JleTexnuio NpoAyKTOB NMPHUIIUBKH MOCHIE JIU3UCA KJIETOK C MOCIEeAYIomei
MMMYHONIPEIUINTANNEH C aHTUTEIAMH K COOTBETCTBYIOIINM cyOobeauuunam IL-2R
u SDS-PAAG-snektpodopeza NpoBOAUIH aBTOpaauorpaguuecku.
ABTOpaorpamMma BhISIBUIIA OJIOCY JIKIIb B-cyOneanuuisl [L-2R.

[Tonyuennsle pe3yiabTaThl CBHAETEIBCTBYIOT O TOM, YTO 3K30T€HHO
nobasiennbii GM1 MoxeT B3auMoneHcTBOBaTh ¢ O~ U P-cyOobemumuiamu 1L-2R
pasnuaHbiM 0Opasom. Ecnu B3aumoneiicteue IL-2RB-cybbenunnms ¢ GM1
BO3MOJKHO JIMIIb TP BCTPAaUBAHUY TAHIIMO3H/IA B INTa3MaTHUECKYI0 MEMOpaHy, TO
Ol-cyObeAMHUIIa PELEeNTOpa B3aNMOJEHCTBYET TOJIBKO C HEBCTPOUBIINMCS
TaHIJIMO3UI0M.
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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 '*I-Dep-GM1 followed by analysis of the cross-linking products after
immunoprecipitation with antibodies to IL-2R -, B- and y-subunits.

It has been shown that the fluorescence intensity of the antibody-labeled IL-2R
a-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 (3-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 '*I-Dcp-GM1
with '»[-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 $-subunit of IL-2R, but not for
IL-2R o-subunit.

These results demonstrate that exogenous ganglioside GM1 can interact with
o~ and - subunits of IL-2R in different modes. Interaction of IL-2R 3-subunit
with ganglioside GM1 requires incorporation of the ganglioside into plasma
membrane, but o-subunit of IL2R interacts with ganglioside, non-incorporated
into membrane, but rather absorbed on its surface.
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BBenenue. OOmuUM HeZOCTATKOM OOJBIIMHCTBA CHCTEM A
KYJIETHBHPOBAHHSI KJIETOK i1 Vitro SBIISIETCS OTCYTCTBHE MHUKPOOKPYIKEHHSI, KOTOPOE
(bopMHpYeTCsl COBOKYITHOCTBIO TaKUX (DAKTOPOB, KaK HATMUYHE MEKKICTOUHBIX
KOHTAKTOB, BHEKJICTOYHOTO MAaTPHKCa M CEKPETHUPYeMbIX (akTopoB. OcoObIi
MHTEpeC MPEICTaBIseT COOOH B3aMMOJCHCTBHE PAKOBBIX KIETOK CO CBOUM
MHUKPOOKPYKEHHEM U C PETHOHAIBHBIMU CTBOJOBBIMH KJICTKAMH OPraHU3Ma.
Crnennduka MHUKPOOKPYKEHHUS PAKOBON KJIETKH MOXXET BIUITH Ha €€
(GU3HOTIOTHYECKHHI CTAaTyC M IyBCTBUTEIBLHOCTE K Tepanuu. Pa3paboTka cucteMm
in vitro, MO3BOJISIIOIINX 0OJIEe TOUHO MOJICTUPOBATh HUIIIU, B KOTOPBIX HAXOSTCS
PaKOBBIC KJICTKH, SBISCTCS aKTyaJbHOW MPOOJIEMOi, MO3BOJISIONICH TOBBICHTH
3G PEKTUBHOCTD JOKIMHIYECKUX UCCIICI0BAHUIA 110 pa3pabOTKe U TECTUPOBAHUIO
HOBBIX (DapMaKOIOrHYeCKUX MPOTHBOPAKOBBIX MpenapaToB. He MeHee BayKHBIM
SIBIIIETCS M3yYCHUE B3aUMOJCHCTBUS PAKOBBIX KJIETOK C PErHOHAIbHBIMH
CTBOJIOBBIMH KJIETKaMHU opranuiMa. CyIlecTByIOIIas THIOTe3a PaKOBBIX
CTBOJIOBBIX KJICTOK OOBSCHSET BOZHUKHOBEHHE, YCTOMUYMBOCTH M PELUIUB
HEKOTOPBIX BHUJIOB OHKOJIOTHYECKHX 3a00JeBaHHN NPHU TPaJUIHOHHBIX BHIAX
XHAMHO- ! paIOTePANHH. Y YeHbIE MPENONAaraoT, 4TO CyIIeCTBYET ONpEAeIICHHAs
MOMYJISIUS PAKOBBIX KJIETOK, KOTOopas o0nagaeT CBOWCTBAMH, MPUCYLIINMHU
CTBOJIOBBIM KiieTkaM. OO6nanas NOBBINICHHOW PE3UCTEHTHOCTHIO, JaHHAs
KJIETOYHASI TTOMYJISIHS SIBISIETCS UCTOUHUKOM HOBBIX PAKOBBIX KIIETOK, KOTOPBIE
MOSIBIISIFOTCS TTOCIIE MpeKpameHus JedeOHoro kypca. CaMo BOSHHKHOBEHHE
OHKOJIOTHUYECKHUX MaTOJIOTHH TakKe BO3MOXHO CBSI3aHO C PaKOBBIM
MepepoXKICHHEM SIUHHYHOW COMAaTHYECKOW CTBOJNIOBOW KIIETKH, KOTOpas B
pe3yabTaTe HEKOHTPOIUPYEMOTO AEIEeHHS MPUBOJHUT K PA3BUTHIO 3a00JI€BaHUS.
W3BecTHO, YTO CTBOJIOBBIE KIETKH CHOCOOHBI B3aMMOJCHCTBOBAThE CO CBOMM
MHUKPOOKPYKEHUEM, BIHUSISI HA CTaTyc AUP(EepeHIUPOBKU OKPYIKAIOIINX KIETOK
M BBI3BIBasl UX PENpoOrpaMMHUpOBaHHME. B TaHHOM KOHTEKCTE HCCIEIOBAHHE
B3aUMOJEHCTBHS CTBOJIOBBIX W PAKOBBHIX KJIETOK NMPEACTABISIECT HHTEPEC IS
MOHUMAaHUS TIPOIIECCOB B3aUMOJICHCTBHSI ITHX JBYX KICTOUHBIX MTOMYIISIIUIA.

Leab pa6orbl. V3y4uTh B3aMMOCHCTBIE ME3CHXMMAIIBHBIX CTBOJIOBBIX
kinetok (MCK) u knerok Heiipobmactombl SH-SYSY uenoBeka npu ko-
KyJIbTHBUPOBAHUY Ha PAa3IUYHBIX OMOJOTMYECKHX CyOcCTpaTax, a Takke
OIIPENICNIUTh BIUSIHUE KO-KYJIBTHBUPOBAHUS Ha OTETbHBIC KJICTOYHBIC MOIYIISILIIN
TIpy HeOIArOMPUATHBIX BO3ACHCTBUSIX OKPYIKAIOIICH Cpe/Ibl.
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Marepuaasbl u MeToabl. Kyiaprypa MCK Oblna mosydeHa METOAOM
SKCIIJTAHTAILIMH U3 3a9aTKOB 3y00B MypocTH uenoBeka. AHann3z MCK npoBezieH ¢
roMouipio nporoyHoi rurodryopomerpunt 1 OT-IILP B peanbHOM BpeMeHH.
Ko-kynsruBupoBanne MCK ocymiecTBieHo ¢ KyIbTypoit KI€TOK HeHpoOIacTOMBI
SH-SYSY wuenoseka. Kaxaplii Tunm kiaeTok ObI NOMEYEH in Vitro
¢yopecuenTHbIMU KpacuTessmu: 3esieHbiM PKH67 (Curma) st MCK u kpacHbIM
PKH26 (Curma) st SH-SYSY. ITi1acTHKOBYIO IIOBEPXHOCTb JUIsl KYJIBTYPBI KIIETOK
MOIUPUIIMPOBATH HAHECCHUEM NoJH-L-nmu3nHa, marpurens, GuOpOHEKTHHA,
KeJaTHHa WIM KojmareHa. Ko-KynbTypbl moABeprain BO3ACHCTBHIO
[IPOTUBOPAKOBBIX MpENapaToB JOKCUPYOULIMHA U LUC-IJIATUHBI, a TaKkKe
OKHCJIUTENFHOMY CTpeccy (TIepOKCH]] BOZOPOA).

Pe3yabrarbl. KynsTypa KI€TOK M3 3a4aTKOB TPETHUX MOJISIPOB YeJIOBEKa
umena ¢enorurn, xapakrepusiii s MCK (CD29+, CD73+, CD90+, CD105+,
CD14-,CD34-, CD44-,CD45-,CD133-, CD166-). Ko-xynsrusuposanre MCK u
SH-SYS5Y npuBogmio Kk CIOHTAaHHOW camMOOpraHW3aluu KIETOK: "ocTpoBKu"
PaKOBBIX KJIETOK, OKpYXeHHbIe "mpoTokamu" ¢pudpodmacro-nogodusix MCK.
JlaHHBIH THI OpraHU3aluy ObUI OTMEYEH MPH KO-KYJBTHBHPOBAHMU KIIETOK Ha
nosu-L-nn3une, GuOpOHEKTHHE, KeIaTHHE, KOJUIareHe i HeMOAU(DUITMPOBAHHOM
KyJIbTYpPaJILHOM IUTacTHKE. [IpM KO-KyJIBTHBHPOBAaHWU OOHAPYKEHBI KIECTKH,
OKpAILICHHBIC 3€JCHBIMU M KPAaCHBIMHU ()IyOpPECIEHTHBIMH METKaMH, YTO
CBUJICTEJILCTBYET O CIMSHUM CTBOJIOBBIX M PAaKOBBIX KJIETOK C 00pa3oBaHUEM
THOPUIHBIX KJIeToK. [Ipy KyIbTHBUPOBAaHUH Ha IOBEPXHOCTH, OKPBITOH CloeM
Marpurens, Habmonanochk hopmuposanue moTHoro crycrka MCK, okpyskeHHOro
"opeostom" kierok SH-SYSY (tun pacnpenenenus "neratomas tapenka'). Ko-
KyJIETHBIPOBAHHE KJICTOK IIPUBEIIO K TIOBBIICHHUIO YKU3HECTIOCOOHOCTH CTBOJIOBBIX
KJIETOK B 2 pasza 1o cpaBHEHHUIO ¢ yucToil Kymbsrypoir MCK mpu ycmoBusx
OKHCIIMTEJILHOTO CTpecca B IPUCYTCTBUU IIEPEKUCH BOJIOPOJIA.

BriBoabl. Brieprie omydeHb! JaHHBIE I10 CAMOOPTaHH3ALMH CTBOJIOBBIX H
PaKOBBIX KJIETOK YeJIOBEKa IPH KO-KYyJIbTUBHUPOBAHUHU Ha Pa3IMIHBIX
Oouonornyeckux cyocrparax. [TonodHas ciocOOHOCTh K CaMOOPraHU3ALIUH MOXKET
OBITH HCIIOJB30BaHA B 00JACTH TKAHEBOW MHKEHEPUH U OMOTEXHOJOTHH.
Paspabotana > dekTHBHAS CHCTEMA 71 Vifro ISl NCCIIEN0BaHMUS HHINBHU Y aTbHBIX
KJIETOYHBIX OMYIISIINH IPH KO-KYIETUBUPOBAHHUH Ha OCHOBE T (D (HepeHIINATEHOTO
in vitro Medenus GIyopeclieHTHBIMU KpacuTelsiMH. JlaHHas cucrema ro3BoJisieT
n3ydyaTh MOBEICHHE OTIENBHBIX KJIETOUHBIX IOMYJSLHMH NMPH HCCIEAOBAaHUU
MEKKJICTOYHBIX B3aHMMOJCHCTBHI MEKTy CTBOJIOBBIMU W PAKOBBIMH KIIETKAMH.
JlanpHeiinmas paboTa Mo3BOJIUT CO3/1aTh IPUHIMITHAILHO HOBYIO CUCTEMY i1l Vitro
JUIS TIOKJIMHUYECKOTO CKPHMHUHIA MPOTUBOPAKOBBIX MIPENapaToB M UCCIEI0BaTh
POJIb CIUSTHUS PAKOBBIX U CTBOJIOBBIX KJIETOK B NMATOI'€HE3€ OHKOJIOTMYECKHX
3a0oseBaHUi.
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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-SYS5Y 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-SYSY cells. Cell were labeled in vitro by fluorescent dies: green PKH67
(Sigma) for MSC and red PKH26 (Sigma) for SH-SYSY. 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+, CD14-, CD34-, CD44-, CD45-,
CD133-, CD166-. MSC and SH-SYS5Y co-culture lead to spontancous 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
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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-SYSY 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.

259



HUCCIIEJOBAHUE JUHAMMHMKHU SKCIIPECCUMU I'EHOB
HNEPBUYHBIX ITOJIOBBIX KJIETOK B YEJIOBEYECKHX
9MBPHUOHAJIBHBIX CTBOJIOBBIX KJIETKAX,
KYJIbTUBUPYEMBIX B CPEJE C ®PAKTOPAMU
JUOOEPEHIIMPOBKU B BECOUJIJAEPHBIX M
BECCBIBOPOTOYHBIX YCJIOBUSAX

Lleuna IO.U., Epemees A.B.

KpacHosipckuii IeHTp penpoayKTUBHOM MeaniuHbl, KpacHospck
E-mail: sheinl@mail.ru
®akc/ren.: (391) 264-08-95

Paznuunble HapymeHust GepTHILHOCTH, 3aTparuBaroIie IPHOIH3UTEIBHO
15% cynpyxeckux map BO BCEM MHpPE, CB3aHbl, B OCHOBHOM, C HapyIICHUEM
rameToreHesa. HenaBuue paboThl OKa3aiad BO3MOXKHOCTD MOJTYUEHHS MTOJTOBBIX
KJIETOK M3 SMOPHOHAIBHBIX CTBOJOBBIX KiIEeTOK (DCK) Mblm. AHamoruyHbie
HCCIIE0BAHMS TIPOBOAMIINCE U C YEIOBEUYSCKIMH CTBOJIOBBIMHU KJIeTKaMu. B xoxe
3TUX paboT ObLIM MO0 CHOHTAHHO, JIMOO C MOMOIIBI0 OOOTaIleHus! Cpebl
crnenu(uyeckuMu (PaKTOpaMu TOJIyYeHBI OOIMTO-TIO00HBIE CTPYKTYpHI. Jlist
HamnpaBieHHOU auddepenunpoBku DCK B mosioBbie KIETKH HEOOXOAHUMO
[TIOHMMaHME IMPOIECCOB, NPOTEKAIOMINX HA Pa3IMYHBIX CTaJUAX 0Opa30BaHUS
rameT. K HUM MOXHO OTHECTH: BIMSIHHE Pa3JIMYHBIX (PAaKTOPOB M TOPMOHOB Ha
npouecc UG HEpeHINPOBKY, BKIIOUCHUE Ha Pa3IMYHbIX TAIaxX OMpeIeIeHHbBIX
T'€HOB, OTBETCTBEHHBIX 32 MUTPALIHIO, ICJICHHE U CO3pEBaHMe KIIETOK. Kpome Toro,
€CJIM TOBOPUTB O JIAJIbHEHIIIeH BOSMOKHOCTH HCIIOIb30BAHUS ITOJTyYEHHBIX [AMET
n3 yenoBedecknx DCK B kadecTBe anbTepHATUBHOTO CITOCO0a JISUCHHS Pa3TNIHBIX
BUIOB Oecruionus, HeoOxoauMa paspadoTka MeTosoB KynbTuBupoBanus JCK B
OTCYTCTBHE KOMIIOHEHTOB XKMBOTHOTO ITPOMCXOK/CHUS. B CBS3M C 3TUM LIEJIbIO
HacTosAlel paboThl OBLIIO MCCIIEAOBAHUE JMHAMUKH SKCIPECCHH MapKepOB
MIEPBUYHBIX NOJOBBIX Ki1eToK B DCK uenoBexa npy nx KyJIsTHBUPOBAHUY B CpEE,
oborareHHOH GakTopamu TUPHEPEHITMPOBKH, B YCIOBHUSIX OTCYTCTBHS (DHICPHBIX
KJIETOK U CHIBOPOTKH.

DMOpHUOHAIbHBIC KJICTKH uesioBeka 49-0i JIMHUU KYIBTHBHPOBAIUCH HA
CTaHAAPTHOM cpexe A SMOPHOHAIBHBIX CTBOJOBBIX KJIETOK C J00aBICHHUEM
MopdoreHeTnueckoro Oenka 4 (BMP4), siunepmansroro ¢akropa pocra (EGF),
PETHHOEBOI KUCIOTHI, (DOJUTHKYIIOCTUMYIUPYIOLIETO U JIIOTCHHE3UPYIOIIEro
TOPMOHOB. KynbTHBHpPOBaHKE KIETOK IPOBOIMIOCH B TEUCHUE YETHIPEX HEIETb.
JIis uaeHTHUKANK POXOKICHUS KIIETKAMU cTa i T depeHIMpOBKH KaXKIble
3 HS OCYILECTBIISIICS 32a00p KIICTOK JJIst IPOBEJICHNS] 00pAaTHOW TPAHCKPHUIILIUY 1
[LIP nnst ananm3a skcnpeccun cieayroimux Mapkepon: Oct4, ifitm3, DPPA3,
DDX4, ZP3.

KynbruBnpoBaHue KIeTOK B cpene, counepkameir BMP4, npusoguio k
muddepenumpoke kononuit OCK. Onenunsanaack MOphOIOTUs KOJOHUI METOIOM
MPOCTOH (ha30BO-KOHTPACTHON MHKPOCKONHUH. bbliia 0OHapyKeHa MIOTHOCTHO-
3aBHCHMas CIIOCOOHOCTH KOJIOHMH K audpdepenuuposke. Juddepennuponka
KYJIBTYpBI B Jlar-pa3ze MpoMCXOJuiIa 10 BCEW KOJOHHMHM, a IPU MPAKTUYCCKU
MOHOCJIOHHOM COCTOSTHHH — TOJIBKO IO Neprdepu.
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B xoze rccienoBans SKCIPECCHU I'eHOB, OTBEYAOIINX 32 (D HepeHIIPOBKY
TICPBUYHBIX MOJIOBBIX KIIETOK, ITyTEeM MPOBECHHS 00paTHOM TpaHcKpuriun u [TL[P
ObLIa IPOCIIeKEHA TUHAMUKA TOSBICHHUS HHTEPECYIOLIMX I'E€HOB B 3aBHCUMOCTH
ot BpeMeHH KysbTrBHpoBanus DCK venoBeka Ha oboraiieHHO# cpere. AHanu3
nokasai, uro OCT4, sBisOUMACS MapKEpPOM TUTFOPUIIOTCHTHOCTH, CTAOUIBHO
9KCIIPECCUPYETCS 10 TPEThEW HeJeNH KyJIbTUBHPOBAHMS, M 3aT€M IOCTECIICHHO
ucyesaeT K KOHIy Cpoka INpoBeaeHHs skcriepumenTa. [en stella (DPPA3)
WHTEHCUBHO HAUYMHAJI 9KCIIPECCUPOBATHCS CO BTOPOH HEAEN KyIbTUBHPOBAHYS,
U TIOCTETIEHHO YPOBEHBb JKCIIPECCHU CHIDKAJICS K TpeThel Hemene. DTO MOKET
CBUJICTEIHCTBOBATH O TOM, YTO KJIETKU B 3TU CPOKH HAYUHAIU NP PEPEHIIUPOBKY
B NIEPBHYHBIC MOJIOBHIC KJIETKH, T.K. JaHHBIH I'€H OTBETCTBEHEH 3a Ipolecc
BeryruieHus DCK Ha nyTh o0paszoBanus ramert. Fragillis (IFITM3) crabuibho
IIPUCYTCTBYET BO BCEX KJIETKax B Xoze nuddepeHuupoBku. JlaHHBIH Mapkep
JKCIpeccupyercsi Ha paHHuX craauax oOpaszosanus [1I1K, Ho, kpome TOTO, OH
TaKOKe IMPHCYTCTBYET BO MHOTMX TKAHSIX B3POCIOTO OPTaHMW3Ma, YTO MO3BOJISET
IIPEATONIOKUTh, YTO B XOJE JUIMTENbHOro KyiasruBupoBanus JCK yenoBeka c
BMP4 xiteTku, Haxos1pecs B HecTaOMIbHON cTauu AndhepeHPOBKU, MOTYT
HavaTh Au(epeHInpoBaThCs M0 APYroMY IIyTH. DTO MOATBEPKAAIOT U JaHHbIE
IO YKCIIPECCHUH TEHOB-MapKepoB OoJiee ro3Hel craanu quddepeniposku TI1K,
takux kak DDX4 u ZP3: B X0/l 3KCIIEPUMEHTa KCIPECCUsl ITUX I'CHOB HE
HaOo1a1ach.
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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

Sheina J.1I., Eremeev A.V.

Krasnoyarsk Center of Reproductive Medicine, Krasnoyarsk
E-mail: Sheinl@mail.ru
Fax/tel.: (391) 264-08-95

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. Ste/la (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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[epBuunsbie adepeHTHBIC HEHPOHBI CTUHHOMO3TOBBIX TaHIVIMEB [IEPEIAloT
CEHCOPHYI0 MH(POPMAIUIO C epupepud B CIIMHHOW MO3I. JlaHHbIe HEHpPOHbI
SIBJISIFOTCS JIOXKHOYHUTIOJIAPHBIMY, T.€. OT HUX OTXOJIUT OJJMH OTPOCTOK, KOTOPBII
pasaensieTcs Ha JCHAPUT, IepeJaloni HepBHbIE UMITYIbCHI C IEPUPEPHH K TEITy
KJIETKHU, ¥ aKCOH, I10 KOTOPOMY OHHM ITOCTYIAIOT 1ajIee B CIIMHHOM MO3T. ATOHUCTBI
HUKOTHHOBBIX al[CTHIIXOJIMHOBBIX perientopoB (HAXP) criocoOHbI Kak B30y 1aTh
nepudpepuieckie TyBCTBUTEIbHEIC HEPBHBIC BOJOKHA, TaK M OKa3bIBATh
obe3bonuBatomiee aeiicTBue. BeposTHON NMpUYMHON CTONBL pasHBIX YPQEeKTOB
XOJIMHEPTHUECKUX arOHUCTOB SIBIISICTCS CTUMYIISIIMA UMH PA3IMYHbBIX TIOATHIIOB
HAXP, pacnionoxeHHBIX Ha HEWPOHAX CIIMHHOMO3TOBBIX TaHIIHEB. [0 JaHHBIM
PaaMONUraHAHOTO aHAIN3a, IMMYHOTUCTOXHMHH U 2NEKTPODH3HOIOT UM HEHPOHEI
CIIMHHOMO3T'OBBIX TaHIVIMEB, XapaKTePH3YIOIUeCs ONpeeeHHON (yHKIMEH B
OpraHM3Me, SKCIPECCUPYIOT NETCPMUHUPOBaHHBIH HaObop HAXP. B maHHBIX
ranrmsx Hainensl MPHK Becex HeifponanbHbix cyObeauani; HAXP. HelipoHst
CIIMHHOMO3TOBBIX TaHTJINEB HE SBJISAIOTCS OJHOPOJHON monynsuueid. OHU
pasiuyalTcs pa3MepaMM, BHYTPHKICTOYHOH CTPYKTYpO#, CIEKTPOM
HKCHPECCHPYEMBIX OCIIKOB, COACPIKAHUEM NENTHIOB, JIIEKTPOPHU3UOIOT HUECKUMU
n apyrumu cBoictBaMu. CyliecTByeT KOPPENSLUS MEXKAY HEKOTOPBIMHU
XapaKTEePUCTHKAMH HEHPOHOB U BBINIOJIHSAEMOH UMHU QyHKIMEH. Tak, HeHPOHbI
MaJIoro pa3Mepa ¢ TOHKHMH aKCOHaMH IepefaroT HHGOPMauuio o O0JEBBIX U
TEMIICpaTyPHBIX OLIYIICHHUX, TOTAA KaK HEHPOHBI C OOJNBIINM THAMETPOM Tel 1
AKCOHOB Y4acTBYIOT B Ilepejiaye MeXaHOpeUenTUBHON nHpopManuu. B Hameit
paboTe Mbl HCCIIeI0BAJIN, KAKUE TIOJTHITBI HEHPOHOB CIIMHHOMO3TOBBIX FAHIJIMEB
skcupeccupyiot o7 HAXP.

VIMMYHOTHCTOXMMHS SIBJISIETCSI HanOoJIee PaclpOCTPAHEHHBIM METOJIOM
HCCIIeI0BAaHMS JIOKATIM3AaLUH pa3auyHbIX cyobenuuul HAXP. Onnako, HejaBHUE
WCCIIEIOBaHMS Ha TKAaHAX HOKAyTHBIX MBIIICH MOKa3alH, 9TO OOJBIIOE YHCIIO
aHTUTEN 0Ka3ajJoCh HENPUMEHHMMO JUIS JTOH LEeIM H3-3a HaJIU4us
Hecrneuu(pUIecKoro OKpalluBaHUs; B CBA3M C 3THM, BCe OOJIbLIIE BHUMaHHS
yAENAETCS HCHOJb30BAHHUIO MX B KAayeCTBE CEJEKTHBHBIX MapKepoOB
HEHPOTOKCHHOB.
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PaspaboranHas HaMH MeTOAMKa MO3BoJsieT npuMeHsTh Alexa Fluor 488-
MEUYEHHBIH O-OyHrapOTOKCHH [JIsl CHELHU(GUIECKOI0 THCTOXUMHYECKOTO
okpamuBaHus 07 HAXP B CIMHHOMO3roBbIX raHmIMAX. [[ias KOHTpoud 3a
CEM(UIHOCTHIO B3aUMOAEHCTBHIS M IPEIOTBPALLIEHNS BO3MOKHOTO CBSI3BIBAHMS
0-OyHrapOTOKCHHA € PEIIENTOPAMH MBIIICYHOTO THUIIa HAMH OBUIN HCIIOIB30BAHBI
0-K0OpaToKCcHH U O-HelpoTokcHH 11, cooTBeTcTBEHHO. DPPEKTUBHOCTH METOIA
ObliIa IPOTECTUPOBaHA Ha O7-TpaHCHUUMPOBAHHBIX KIIETKax, MeMOpaHax
AIIEKTPHIECKOT0 oprana ckara Jorpedo, a TakKe cpesax s13bIKa M CIIMHHOMO3TOBBIX
TaHIIIIEeB HOPMAJIBHBIX ¥ HOKAYTHBIX 110 TeHY O.7-CyObeANHHIIBI MBIILIEH.

JlanHblil MeTo 00saaeT OOJIBLIMM pa3pelleHHeM M0 CPAaBHEHUIO C paHee
MpUMECHSBILCHCS U MOAOOHBIX HCCIEeI0BaHUi ayTopanuorpaduei, 4to
TIO3BOJIMIIO PA3INYUTh OKpPAIIMBAHKE TUIa3MAaTHUECKOH MeMOpaHbl HEHPOHOB U
JIOKQJIN30BAaHHOE BOKPYT sJipa OKpallMBaHUE, CKOPEee BCEro CBA3aHHOE C
peuenTtopamMu B IHAOMIA3MATHYECKOM peTHKylayMme. MHOrma psaom ¢
OKpAIICHHBIMH TeJIaMHI HEHPOHOB MOYKHO OBLITO 3aMETHUTH CTICHU(PUIHO MEUCHHBIE
0-OyHrapOTOKCHHOM CTPYKTYpBbI, HAOMHHAIOIIKE 1yru. JlaHHOe OKpaliBaHue
MOIJIO COOTBETCTBOBATh CATTEIUTHBIM KJIETKaM (INIUSM), TNIOTHO OKPYKAIOIIUM
BCIO TIOBEPXHOCTh HelpoHa. OIHAKO SKCIIEPUMEHTHI 10 ABOWHOMY MEUESHHIO
LUTOIUIa3Mbl HeHpoHOB 1 0.7 HAXP He moarBepauiu 3toro. PazpaboranHas
MeTo/MKa Oblila TIPUMEHEHa Ul UcclieioBanus pacnpenenenus o7 HAXP Ha
HeWpoHaX CHHHHOMO3IOBBIX I'aHIJIMEB I'PYJHOTO U MOSCHUYHOI'O OTIEIIOB
B3pOCIBIX KpbIc. {1 BEUSICHEHHMSI, KakoBa (DYHKIMOHAJIbHAS POJIb HEHPOHOB,
skcnpeccupyromux 0.7 HAXP, Mbl, BO-IIEpBBIX, U3MEPUIN CPEIHUN IUAMETP UX
TEJI U CPAaBHUIIU TOJTYYEHHOE pacIpeielieHHe 10 pa3MepaM C TaKOBBIM JIIs BCEX
HEHPOHOB B T'aHMIINU, BO-BTOPBIX, IPOBEIN JBOMHOE OKpALIMBAHHE CPE30B
CIIMHHOMO3TOBBIX TaHneB Alexa Fluor 488-MeueHHBIM O-OyHIapOTOKCHHOM U
AQHTHUTEJIAMH K THCTOXUMHYECKUM MapKepam MOATUIIOB HEHPOHOB.

B coBoxynHOCTH NOJTyueHHBIE PE3yNIbTaThl IAal0T OCHOBAHHUE MOJIAraTh, YTO
cpeny HeHPOHOB CIIMHHOMO3TOBBIX TaHIVINEB BCeX (DYHKIMOHAIBHBIX MOITHIIOB
BCTpPEUAIOTCSl KJIETKH, dKcnpeccupyromue o7 HAXP. [Ipu sToM nosutusHOe
meuenue Alexa Fluor 488-meueHHBIM ((-OyHrapOTOKCMHOM HaOI101a10Ch, B
cpenneM, st 3,68% HEHPOHOB CIIMHHOMO3TOBBIX T'aHIVIMEB, OJHAKO CPEIU
HEWpPOHOB OOJBIIOrO AMaMEeTpa MEUEHBIE KIETKH COCTAaBILUIM OOJiee 3aMETHYIO
yacth — 10-12%, 4TO CcOmIacoBBIBAJIOCH C JAHHBIMHU JIBOMHOIO OKpAIIMBAHUS.
Taxum 00pa3oM, aHAITM3 OIYYEHHBIX PE3YIbTATOB CBHACTEILCTBYET O BO3BMOKHOM
yuactuu 0.7 HAXP B MexaHopenenuuu.
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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 o7 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 7 nAChRs
in DRG utilizing Alexa Fluor 488-conjugated a-bungarotoxin (Alexa-otBgt). We
applied o-cobratoxin to control the specificity of Alexa-oBgt binding and
a-neurotoxin IT to prevent the possible reaction of ai-bungarotoxin to muscle-type
receptors. The efficiency of the method was tested utilizing o7 nAChR-transfected
cells, membranes from 7orpedo electric organ, tongue and DRG sections from
wild-type and o7 nAChR knockout mouse.

The spatial resolution is higher for the developed method than for applied
carlier autoradiography. It allowed to discriminate between the labeling of neuron
plasmatic membrane and granular perinuclear labeling, that possibly corresponded
to the endoplasmatic reticulum.
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Sometimes we could find Alexa-oBgt 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-oBgt 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 7 nAChRs in
thoracic and lumbar DRG of adult rats. To reveal the function of DRG neurons
expressing o7 nAChRs at the first step we compared distribution histograms of
mean cell diameters of Alexa-aBgt labeled neurons and a total population of DRG
neurons. At the second step we characterized Alexa-oBgt-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 o7
nAChRs among DRG neurons of all the functional subtypes. The average
percentage of Alexa-a:Bgt labeled cells among total neurons in DRG was 3,68%.
However, the oc7 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 o7 nAChRs in
mechanoreception.
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MeMOpaHoaccOMUPOBaHHbBIC U MeMOpaHOaKTUBHBIC Oenku 1 nienTu b1 (MB)
UTPAIOT OOJBIIYIO POJTh B BBINIOIHEHHH Pa3HOOOPa3HBIX OHOIOrHYECKUX (QYHKIINH
KaK B OTJEJIbHOM )KUBOW KJIETKE, TAaK U B IIEJIbIX OPraHU3Max U MX co00IIecTBax.
DTH MOJIEKYJIBI OTBETCTBEHHBI 32 YHEPreTUYECKHE MPOIECCHl B KIETKE,
MEKXKJIETOUHYIO PELENIIMI0O U KOMMYHHKAIMIO, a Talke 3a paboTy HEPBHOM,
SHJIOKPUHHON 1 UMMYHHOH CHCTEM BBICIIUX )KUBOTHBIX. HeCMOTpsi Ha OrpOMHY1O
Ba)XKHOCTB, B HACTOALIEE BpeMsi MeXaHU3MbI paboTel MHOrHX Mb ocrtatores mioxo
n3ydeHHBIMH. OCHOBHBIE TPYAHOCTH B (PyHKUMOHAIBHBIX U CTPYKTYPHBIX
uccnenoBaHusax Mb CBsI3aHBI ¢ TEM, UTO 3TH OMOMOJICKYITBI 00JIaIaK0T TPUPOTHOM
MPOCTPAHCTBEHHON CTPYKTYPOW TOJIBKO B NMPUCYTCTBUHM OMOJIOTHYECKOU
MeMOpaHbl WM TOAXO/SIIEH MEMOPaHOMOICIUPYIOIIEH cpeibl (MEMOPaHHOTO
MHUMeTHKa). TpaguIrOHHO MCHONb3yeMble MEMOPaHOMOACIHPYIOIINE CPEIbI
(opraHn4eckue pacTBOPUTEIH C HU3KOU MOISIPHOCTHIO, MUIIEIUIBI JIETEPIEHTOB U
HeOonpme cepruuecKkue JIUMHU/IeTepreHTHbIe OULEeNIbl) 00IaAaloT PsAIoM
CYIIECTBEHHBIX HEIOCTAaTKOB M BO MHOTHX CIIy4asX HE CIIOCOOHBI MOJHOLIEHHO
MOZIETHPOBaTh MeMOpaHHOE OKpyXeHHe OMomMousieKynbl. C Ipyrofl CTOpOHBI,
CUCTEMBI, CozieprKallie OUCIIoiHbIe MeMOpaHbl (JIMITOCOMBI, OUIIEIUIBI), UMEIOT
O4YeHb OONBIINE Pa3Mephl U HE MOTYT OBITH MCIOJIB30BAHBI JUISI CTPYKTYPHBIX
HCCIIEIOBAaHUH HATIPSIMYTO.

B nacrosmieil pabote Obljia M3yuyeHa BO3MOXXHOCTh IMPUMEHEHHUS HOBOM
MeMOpaHoMozenupyomeil cpeabl — aunua-oenkoBbix HaHonuckoB (JIBH), mis
cTaOMIIM3alliu B PACTBOPE, PCHATYPALMH M CTPYKTYPHBIX HccienoBanuii Mb
Metonamu SIMP cniexrpockonuu. JIBH npencrasnstor coboii nuckooOpasHbie
yacTuubl 1uaMeTpoM 10 HM u TonmmuHOM 4 HM [ 1]. Kaxkias u3 3TuX 4acTui umeer
B CBOCM COCTaBe pEruoH OuciaoiHoW MeMmOpanbl (~150 nunumos),
cTaOMIM3UPOBaHHBIA TUMepoM anonunonporenHa Al demoBeka (amoAl).
®parMeHT JIUNHUIHON MeMOpaHbl B COCTaBE HAHOAMCKA COXPAHSIET MHOTHE
OroHU3MUECKUE CBOMCTBA HACTOSIIMX OUCIOWHBIX CUCTEM, YTO 00yCIIaBIMBACT
nydnime meMOpaHomoaenupyromue xapakrepuctuku JIBH no cpaBHeHHIO €©
KJIACCHYECKUMHU MEMOpPaHHBIMUA MUMETHKAMH.

Bosmoxknocts npumenenus JIBH nis penarypaunu pekoMOuHaHTHBIX MB,
MIOTyYSHHBIX B PE3yJbTaTe TeTePOIOrNYeCcKOil SKCIPecCuH B OaKTepHalbHBIX
KJIETKaX, Obljia McclieoBaHa Ha npuMepe OakrepuanbHoro K'-kanama KcsA
(Streptomyces lividans) n poToaKTHBHPYEMOr0 POTOHHOTO HAcOCa TaJIo0AKTEepHii,
— Oaxrepuopogoncuna (BR). KcsA, uMernmuil HATUBHYIO TETpaMEpHYIO
OpraHU3al{I0, BBIJCICHHBI B MSATKHUX YCIOBHIX M3 MeMOpaH E. coli, OblI
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JIEHAaTYpUPOBAH O MOHOMEPHOI (HOPMBI MyTeM OCaXXACHHS C ITOMOIILIO
TPUXJIOPYKCYCHOM KUCIIOTHI X TIOCIIE/YIOILIETO PACTBOPEHUSI B )KECTKOM JE€TEPreHTe
(SDS). lenarypupoBanHslii BapuanT BR ObU1 osTy4eH B pe3ysisrare pacTBOPEHHS
tenen BKiodeHus E. coli B SDS. JleHaTypupoBaHHBIC BAPHAHTHI 000MX OCIIKOB
CcMemuBaiy ¢ anmoAl U JTUMHUIaMHU pa3IMYHOTO COCTaBa. 3aTeM M3 dTOW CMECH
ynansau SDS ¢ nmomomibio crienuduueckoro copOeHTa, B pe3ysibrare 4ero
IIPOMCXOAMIIO CaMOOOpa30BaHUE HAHOANCKOB C OJIHOBPEMEHHBIM BKIIFOUEHHUEM
uccneayembix 6enkos B MemOpansl JIBH. [Tpu atom B citydae KcsA nHabmonanoch
(dbopmupoBaHue TeTpaMepoB Oelka, a B ciaydae BR npu nobaenenuu kodakropa
TpaHC-PETUHAJIS ONPEAEIATIOCH MOSBICHNE XapaKTEPHOTO MHKA MOIIOICHUS Ha
JUTMHE BOJMHBI 550 HM, CBHIETENbCTBYOIICe 00 akTBHOM Gopme BR. Takum
00pa3oM, BriepBbIe OblIa MOKa3aHa IPIMEHUMOCTh HAaHOANCKOB IS PEHATYPALIN
PEKOMOMHAHTHBIX OCJIKOB.

Bo03MOXXHOCTB CTPYKTYPHBIX HccieoBanuii Mb, BCTpoeHHBIX B MeMOpaHbI
JIBH, metomamu criekTpockonuu SIMP BbICOKOTO pa3pelieHus BIIEpBbIC ObLia
n3ydyeHa Ha npumepe KcsA, BOJIBT-CEHCOPHOTO JI0MEHa MOTEHIHAI3aBHCUMOrO
K*-xanana KvAP (VSD, Aeropyrum pernix) u antubnoruka antuamebuna I (Aam-1,
Emericellopsis minima). "N-MedeHHbIe aHAIOTH 3TUX MOJICKYJI OBIITH BCTPOCHBI
B MeMOpanbl JIBH pazinunoro cocraBa. @opMupoBaHUE CTAOMITBHBIX KOMILIEKCOB,
JIEMOHCTPHUPYIOIINX W30TPOIHOE BpAILlEHHE B PACTBOpPE, OBLIO MOATBEPKIECHO
MeTonamu rejb-Quibrpanun u *'P-SIMP crniekrpockonuu. st KesA B coctaBe
JIBH na ocanoBe DMPC, miist VSD B cocrtase JIBH na ochoBe DMPC u DMPG;, a
Takxe 11 Aam-1 B coctase JIBH Ha ocioBe DOPG, DLPC, DMPC, POPC 6bl1n
n3mepensl 2D "H-"N koppersinoHHbIe CIEKTPBl U MPOBEICHO CPaBHEHHE CO
CIIEKTpaMH B KIIACCHYECKHX MeMOpaHOMoenupyommx cpenax. IMP crekrpbl
MB, nonydennsie B JIBH, HecMOTpst Ha 3HaUMTENBHO GonbIryfo mmpuHy 'HY
JUHUM, UMEIU JOCTAaTOYHOE KayeCTBO JJIS NPOBEACHUS CTPYKTYPHBIX
uccreaoBaHui. B kauecTBe MpUMEpOB CTPYKTYPHON HHPOPMALIUH, KOTOPAS MOXKET
ObITh moNyueHa s Mb B cocrase JIBH, meroqoM crimHOBOTrO 30HAa OblLia
orpeziesieHa ToIoJorus B3aumoseicTeus Aam-1 ¢ memOpanamu JIBH pasznudnoro
cocraBa, a Tarke mnoiaydeH crekrp 3D "N-NOESY, no3Boisiomui u3Mepsth
paccTosHUA MEX/ly IIPOTOHAMHU B MOJIEKYJIE TENTHA.

[TonydyeHHbIe NaHHBIE YKa3bIBAIOT HAa NPUMEHHUMOCTb HAaHOJWCKOB JJIs
cTabuiIn3aluy B pacTBOpE, peHATypalldl U CTPYKTYPHBIX HccienoBanuii Mb
Metonamu SIMP crniekrpockonuu. Bo3MOXHOCTh ()OPMUPOBAHMS HAHOIMCKOB
Pa3IMYHOrO JUIUIHOTO COCTaBa OTKPBIBACT IIMPOKHUE MEPCHEKTUBBI IS
HCCIIeI0BaHU MEMOPAHHBIX OEJIKOB B IPAKTUYECKH IIPUPOJHOM OKPY>KEHHUH.

Jlumepamypa
1. Nath A., Atkins W.M., Sligar S.G. (2007) Biochemistry 46:2059-2069.
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LIPID-PROTEIN NANODISCS - VERSATILE MEDIUM FOR
STABILIZATION, REFOLDING AND STRUCTURAL
INVESTIGATIONS OF MEMBRANE PROTEINS AND
MEMBRANE-ACTIVE PEPTIDES

Shenkarev Z.0.

Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow
E-mail: zh@nmr.ru
Fax: (495) 335-50-33; tel.: (495) 330-74-83

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 Al (apoAl). 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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ofnative BR conformation. Thus the present work gives the first successful example
of nanodiscs application for refolding of recombinant proteins.

The '“N-labeled analogues of KcsA, voltage sensing domain of K*-channel
KvAP (VSD, Aeropyrum pernix) and membrane-active antibiotic peptide
antiamoebin [ (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 *'P-NMR
spectroscopy. The 2D '"H-"SN-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 'H" 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 N-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
1. Nath A., Atkins W.M., Sligar S.G. (2007) Biochemistry 46:2059-2069.
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AHTUCMBICJIIOBASI TPAHCKPHUIIISI PETPOTPAHCIIO30HOB
DROSOPHILA MELANOGASTER HAXOJIUTCSA MO KOHTPOJIEM
piPHK

IlInus C.I., Ileckoea E.IO., Kaamvikoea A.U.

Wncturyt monexynsapHoit reaetukn PAH, Mocksa
E-mail: sergey@rnai.ru
®daxc: (499) 196-02-21; Ten.: (499) 196-00-00

CMBICIIOBBIE TPAHCKPHUIITHI PETPOTPAHCIIO30HOB, T.€. TE€, KOTOPBIE CIIYKaT
MaTpHIeH U1 TPaHCISIUE U TPAHCTIO3UIIHH, SBIISIOTCSI MUIICHBIO 0CO00T0 Iy TH
PHK-unTepdpepenun (PHKn), paboraromniero B repMUHAIBHBIX TKAHIX U
cBsizanHoro ¢ kKoporkumu PHK kmacca Piwi interacting PHK (piPHK), nmerommumu
pasmep 25-29 HT. ¥ B3aUMOJACHCTBYIOIIMMHU C OCOOBIMH OelKaMu cemeiicTBa
AproHaBT, OTHOCAIIMMHECS K moacemeiicTBy Piwi. KirodeByro ponbs B 3TOM
npouecce urparoT aHTucmeicaoBbie piPHK, xoTopeie mo mpunnumy
KOMIUIEMEHTapHOCTH Y3HAIOT KOIUPYIOIIHE TPAaHCKPUIITHI PETPOTPAHCIIO30HOB,
MOIYE€PKUBAast B&YKHOCTb @HTUCMBICIIOBBIX TPAHCKPHIITOB B PETYJISILIUM HKCIIPECCUU
MOOHUJIBHBIX A1eMeHTOB. OJHAKO MPOMCXOKICHHUE, OMOTCHE3 U (PYHKIIHH
AQHTHCMBICJIOBBIX TPAHCKPHIITOB PETPOTPAHCIIO30HOB Majlo M3ydeHbl. Panee y
Jipo30(MITEl AByHATIpABICHHAS TPAHCKPHUIIIHS ObliIa IOKa3aHa TONbKO it TART
n F-snementoB. llens nccnenoBaHus: oXapaKTepu3oBaTh aHTUCMBICIOBBIE
TPAHCKPUIITHI MOOMIIBHOTO 3ieMeHTa Hel-A, OCHOBHOTO KOMIIOHEHTa TeJIOMep
Drosophila melanogaster; npoanaiu3upoBarh nosezenne Hel-A-ciennpuyecknux
piPHK o6eux nonspHocteit Ha ¢poHe mytaumii reHoB piPHK-nytu: piwi n
aubergine, xonupyoumx OelKu cemeiicTBa ApProHaBT, a Takxke reHa spn-kE,
kogupytomero PHK-xenmkasy; cpaBHUTH NOBEJIEHHUE CMBICIOBBIX U
AQHTHUCMBICIIOBBIX TPAHCKPHUITOB ISl Pa3HBIX MOOWMIBHBIX 2IEMEHTOB Ha (oHe
MmyTaiuii renoB piPHK-myTn.

MBplI mokazanu, 4To MOOMIIBHBIH 31eMeHT HeT-A TpaHCKpHOHpPYeTCs 10 00euM
LensM, ¥ aHTHCMBICIIOBasi TpaHCKpUNuui Hel-A perynupyercs B SMYHHUKAX
IIPOMOTOPOM, PACIIOJIOKEHHBIM B 3'-HeTpaHCIupyemoit obiactu. MHTepecHO#
0COOCHHOCTBIO QHTHCMBICIOBBIX HEKOANPYIOMNX TPAHCKPHUIITOB TEIOMEPHOTO
peTposiieMeHTa 0Ka3aJloCh HAJU4YME MHOXKECTBAa MHTPOHOB M OOIBIIOTO
KOJIMYECTBA BAPUAHTOB aJBTEPHATHBHOTO Criiaiicunra. Hel-A-cnennpuyueckue
piPHK 06enx noisipHOCTEN ONpEeNesoTCs B SMYHUKAX IPO30(HIIbI K HCUE3AF0T
Ha (oHe MyTauuil B renax piPHK-nytu. OTu naHHbIe yKa3bplBalOT Ha TO, YTO U
CMBICJIOBBIE, U aHTHCMBICIIOBBIE TPAHCKPUITHI MOT'YT ObITh MUIIEHBIO piPHK. MbI
MOKa3aJIi, YTO aHTHCMBICIIOBAsi TpaHCcKpuriys perynmupyercs piPHK, T.x. mytanmu
B renax piPHK-myTu npuBogsT K HAKOIUIEHHIO aHTHCMBICIIOBBIX TPAHCKPUIITOB
TART, HeT-A v I->nemeHTa B sijpax MUTAOIINX KJIeTOK. COBMECTHOE OKpalliBaHE
PHK u JJHK perpoTpaHCn030HOB MOKa3aji0, 4TO TPAHCKPHUIITHI 00CUX
MOJISIPHOCTEN HAKAIIMBAIOTCS Ha (OHE MyTaLUH spn-E BOIU3H CBOMX TEHOMHBIX
JoKycoB. Takske ynanoch BBIIBUTB KaK CMBICIIOBBIE, TAK U aHTHCMBbICT0BBIE piPHK
B AJIepHOIl Ppakiuu SUUHUKOB. TakuM 00pazoM, Mbl 0OHapyxuim, yto piPHK-
cailliecHCHHT paboTaeT B SJpe, YTO paHee He ObUIO MOKA3aHO JUIS JAPO30(HIIBI.
[MonykonuuectBenusiii OT-IILP ananu3 PHK, BeineneHHOM U3 sjepHO U
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LUTOIIA3MAaTHYECKON (DpakiMii TeTepo- U TOMO3ZHUTOT spn-E, MoKasal, uTo
CMBICJIOBBIE M @HTHCMBICJIOBBIE TPAHCKPHUIITHI 110-PA3HOMY OTBEYAIOT Ha 3Ty
myTtanuo. Tak, cMbiciioBble TpaHCKpUNThl Hel-A u TART HakamjiuBaloTCs U B
sapax, ¥ B IUTOIUIa3Me, NIPUYEM B IUTOIMIAa3Me OOJbILIE; a aHTHCMBICIOBEIC
TPAHCKPUIITHI HAKATUIMBAIOTCS TOJIBKO B si7ipaX, HO IIPH 3TOM B IIUTOIIIAa3Me UX
KOJIMYECTBO HE MeHseTcsA. MOXKHO HNPEANONIOKUTh, YTO B LUTOIIa3Me
AQHTHCMBICIIOBBIE TPAHCKPUIITHI TIOJIBEPT-alOTCS IOTIOTHUTENIBHOM penpeccuu npu
nomomu apyrux mexanusmoB PHK-caiimencunra. DTu pe3yapTaTsl XOpOIIO
KOPPEJNHUPYIOTCS ¢ KapTHHOM, HaOiomaeMoil mpu in situ OKpallnBaHUU
TpaHckpunToB TART, HeT-A u I-anemenTta. Hamm naHHbIE OKA3bIBAIOT, YTO
AQHTHCMBICIIOBbIE HEKOAMPYIOUINE TPAHCKPUIITHI — BaKHAs 4acTb CHUCTEMBI
TOJIABJICHUS aKTUBHOCTH MOOMJIBHBIX AJIEMEHTOB. SIByIsisich uctouHrkoM piPHK,
Y3HAIOIIUX KOAUPYIOIINE TPAHCKPUITHI, aHTHCMBICIIOBBIC TPAHCKPUITHI CaAMU
sBIstoTCs: MutieHbto piPHK-caiinencunra, popmupys netiro oOpaTHOI CBS3H.

Pabota BeImonHeHa pu prHAHCOBOI Monaepkke rpantoB PODU (06-04-
48493) u IIporpammel PAH 1o MosiekyssipHO# 1 KJIETOYHON OHOJIOTHH.
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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-4 is also
bidirectionally transcribed, and the Hel-4 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 He7-4 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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TEPMOJUHAMMYECKHE XAPAKTEPUCTUKH M
CTPYKTYPHBIE U3MEHEHUWA INIIOKO300OKCHUIA3BI U3
ASPERGILLUS NIGER

Hzonvnux E.JL

Tynbckuii rocynapcTBEHHBIN YHUBEpCUTET, Tyna
E-mail: apelsinka8511@rambler.ru

Buoxumudeckue u KMHETHUECKUE CBOMCTBA Toko3ookcuaasbl (IJ10)
JIOCTATOYHO XOpPOLIO M3YyYEHBI, TOTAA KaKk MH(OpManus o CTPYKTypHOH
OpraHM3allly M AMHAMUKE KOH(OOPMAIHMOHHBIX M3MEHEHHH (hepMeHTa MoJ
BIIMSTHUEM Pa3JIMYHBIX (PaKTOPOB, B TOM YHCiIe CyOCTpaTa, Ipe/icTaBlIeHa HEMOHO.
DTHU UCCIIeI0BaHUS BAXKHBI MIPU MOMCKE MyTEH yBEINYEHUS CTAOUIBHOCTH U
qyBCTBUTEJIILHOCTH (DEPMEHTOB, IPHUMEHIEMbIX B OMOCEHCOPHBIX cHCTeMaX. B
HacTosimed paboTe MpeACTaBIEHBl PE3yIbTAaThl HKCHEPHMEHTAIbHBIX
uccienoBaHui  CTpyKTypHbIX  u3MeHeHuidl IJIO, mnonydeHHBIX
MHUKPOKAJIOPUMETPUYECKUM U CIIEKTPATIbHBIM METOIAMH, ITPHU ISHCTBUU cyOcTpara
D-rnioko3sl U HEKOTOPBIX PACTUTENBHBIX IMOJH(PEHOIOB, B YaCTHOCTH
(y1aBOHOMIOB KBEpLIETHHA U TUTrHpoKBepreTHHa. [Tokasano, uto ruraBnenue [J10
XapaKTepU3yeTcs MMKOM TEIUIOBOTO Mepexosia HeOOoIbIIOH aCHMMETPUYHOCTH C
T,,=73,8°C, nonymmpunoi 3,3°C n suransnueit 106 kx/K*M. B ipucyrcrun
cybcTpara BbIlle ONpelneleHHOW KoHueHTpanuu (Gomee 1 MM)
TepMOJMHAMUYECKHE NapaMeTpbl (epMeHTa U3MEHSAIOTCS 3HAYUTENIbHO, B
YaCTHOCTH, TEMIIEpaTypa MaKCUMyMa U SHTAJIbIIN MIEPEX0/Ia YBEITUUUBAIOTCS /10
83,7°C u 127,3 x/Ix/K*M, coorBercTBeHHO. [IpucyTcTBHE (hIaBOHOHIOB
MIPUBOJUT K HE3HAYUTEIHHOMY CABHMI'Y MakCHMyMa TeMIIEpaTyphl IEpexoaa B
cTopoHy ee yBenudeHus. CHeKTpalibHble M3MEpPEHHS IO0Ka3ajau, 4TO
WHTEHCUBHOCTh TpunTodanoBoi diyopecueniuu [JIO yBenuuuBaercs npu
nobaBiieHNH B cpefy HHKyOaruu D-imoko3sel, a o FAD — Ha000poT, CHIKaeTcs.

Brio BnepBble moka3zaHo, 4To B OuocencopHslx SPE-snekTponax c
MMMOOWITI30BaHHOM Ha UX IIOBEPXHOCTH OCPIIMHCKOH J1a3yphI0, IIIOKO300KCHIa3a
B KOMOHMHAIINH C Pa3JINYHBIMHU (pJIABOHOUIAMHU 00J1a1aeT OOJIbIIeH CTaOUITBHOCTHIO
1 BPEMEHEM JKU3HHM IIPU UX HCIIOJIb30BAaHUHU, YTO OUYEHb BaYKHO JUISl TIPOBE/ICHHS
AQHAJIUTHUYECKHX PadoT.
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THERMODYNAMIC CHARACTERISTICS AND STRUCTURAL
CHANGES OF GLUCOSE OXIDASE FROM ASFERGILUS NIGER

Yagolnik E.A.
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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 T,, = 73,8°C, half-width, 3,3°C 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 83,7°C 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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OCOBEHHOCTHU T'HJPOKCHJIMPOBAHUS CTEPOUJIOB
IVIECHEBBIM I'PUBOM CURVULARIA LUNATA BKIIM F-981

Hoepeuy B.B.
Hentp "buonmxenepus" PAH, Mocksa

E-mail: verayaderetz@yandex.ru
Temn.: (499) 135-30-49

[IpoGnema cuHTE3a TUAPOKCUIICOJECPIKALINX CTEPOUIOB YPE3BBIYAITHO
aKTyaJIbHa B CBSI3H C IMPOKUM CHIEKTPOM UX OHOJIOTMYECKON aKTUBHOCTH. B psine
HOBEHIIINX HMCCIEIOBaHUI COOOIIANIOCh O HAJTMYUHU Y 7-THIPOKCUCTEPOHIOB
IIPOTUBOPAKOBOH, PaJHONPOTEKTOPHON, UMMYHOCTUMYJIHPYIOILECH U HOOTPOITHOM
aktuBHocTeil. OpnHako, »A(ddexTuBHbId crnocob MOJy4YeHUs
7-TUIIPOKCUIIPOU3BOIHBIX CTEPOUIOB, HEOOXOIMMBIH JUTS CO3MAHMS LIEJIOTO psiia
HOBBIX JEKapCTBEHHBIX NpENapaTroB, B HACTOAIIEC BPEeMs OTCYTCTBYeT.
B nuTeparypHbBIX HCTOYHMKAX HMEIOTCS JIJAHHBIE O CIIOCOOHOCTH K 00pa30BaHUIO
7-rUpOKCUIIPOU3BOIHBIX B HEOOJIBIIOM KOJUYECTBE Y aKTHHOOAKTEpUil u
IJIECHEBBIX TPUOOB.

B nanHoii pabore Hanmuume 7-ruipoKCHIa3HON aKTUBHOCTH ONPENEIsIN Y 8
IITAMMOB IUUIECHEBBIX TpUOOB ponoB Absidia, Bipolaris, Cuninghamella,
Curvularia, Rhizopus ¢ u3BecTHOW cmnocoOHocThIO K lla- u 11[B-
THPOKCHIINPOBAHUIO. BEIOOP ATHX MUKPOOPTaHM3MOB ObLIT 00YCIIOBIICH aHATH30M
MoJenu (epMeHT-CyOCTPaTHOrO B3aMMOJICHCTBUS, MPeUIOKeHHOH i So-H-
CTEPOHIOB IPyMIoN ydeHbIX OKCHOPACKOTO YHUBEPCUTETA MOA PYKOBOACTBOM
npod. E. [lxoHca.

CornacHo 3TOW MOJeNH, JUIsI HAaPaBICHHOTO THIAPOKCHINPOBAHUS
CTEpOUHON MOJEKYJIbl HE0OX0AMMO NPUCYTCTBHE B HEW HE MEHee JIBYX
KHCIIOpoJicoaepKamux 3amectureneil. Ilpeanonaraercs cyuiecTBoBaHUE Ha
MIOBEPXHOCTH (hePMEHTHOI IOOYIBI TpeX CalTOB, HMEIOMINX TPHAHTYISIPHYIO
JIOKQJIU3alHMI0 ¥ BBIIOJHAIOMMUX (YHKIMHU CBA3BIBAHUA ¢ (PEPMEHTOM U
TUAPOKCUIUPOBaHUs. TeopeTHUecku BO3MOXKHBI 4 OPUEHTALIMH MOJEKYJIbI
CTEpOHA [0 OTHOILIECHHUIO K ()EPMEHTY, H3 KOTOPBIX HanOoJIee MPeIIOUTHTEIbHBI
HOpMallbHasi M aJbTepHAaTHBHAs OpHEHTanuu. I[Ipu paccMOTpeHHU
NPOCTPAHCTBEHHOW CTPYKTYpBH Moyekyn Tecrtocrepona (I) wu
neruaposnuanpoctepona (I1) BUIHO, 4TO MpH CBsI3bIBAHUN (PEPMEHTA U CTEPOU/IA
nmo C(3) u C(17) anbrepHaTuBod 11-THAPOKCUIUPOBAHUIO SIBISECTCS
7-TUAPOKCHIIMPOBAHHE.

B kauecTBe cyOcTpara Ui HayalbHOM OILEHKHM MpeJnojiaracMoi
7-TMAPOKCHIAa3HOM aKTHBHOCTH BBIIICYKa3aHHBIX IPUOOB Hcnoab3oBany A-3[-
runpokcucrepoun — II. Pesynbrarel ero TpaHchopManuu He IPOTUBOPEUHIIH
BBILICTIPUBEACHHON TMIIOTE3€ — BCE M3Y4YaeMble KYJIbTYpPbl OCYIIECTBISIN
7o-runpokcunupoBanue I, HO ¢ pa3Ho#t nHTeHCHBHOCTHIO. [lITamm C. lunata
BKIIM F-981, ormuuaronuiicst BEICOKOH 11B-runpokcuia3Hoil akTHBHOCTBIO B
OTHOIICHUH A*-TIPETHAHOB, MPOSIBUJI MAKCHUMAJbHYIO 70-THIPOKCHIIA3HYIO
akTUBHOCTh B oTHomeHuu Il m ero amerara (AIl) u ObuT MCHONB30BaH B
Tpanchopmanun mectHaauatd A*-3-xketo- u A’-3[-TUIPOKCHCTEPOUIOB psiaa
aHapocTtaHa ¥ nperHaHa. C MOMOIIBIO OTMBITOTO OT HMUTATEIbHON Cpelbl U
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CYCHEHIMPOBAHHOTO B (pocdaTHOM Oyepe MHUIIETHS 3TOTO rprUda MOTYUYCHBI C
KOJIMYECTBEHHBIM BBIXO/IOM 7O-THApOKcUIIpon3BoanbIe anapocteHoB Il u All mpu
Harpy3ke 710 10 1/1, u ¢ BerxozoM 35-70% nipu Harpyske 2-5 r/i1 — 70-rujpoKcu-
NPOU3BOAHBIE aHAPOCT-5-eH-3[3,173-a10a U CTEepOUIOB psija MperHaHa.
V HEKOTOPBIX MPErH-5-€HOB 70-THIPOKCHIMPOBAHUE COMPOBOXKAANOCH 11[3-
THIPOKCUIINPOBAHUEM.

ITpu Tpanchopmaruu A*-3-KeTOCTEPOUIOB HA HAIPABICHHE BBOIUMBIX
TUAPOKCUTPYII OKa3bIBaJIM BIUSHUE MPHUPOIA KHCIOPOACOAEPIKAIMX
3amectureneit npu C(17), oo C(20) u Benmuuna 3amecturens npu C(17). Taxk,
I (17B-on-3-o0n) npu Harpyske 4 1/ rugpokcuuposaics B 113-rugpokcun-1 ¢
BBIXOZIOM 75%, TOrna Kak OCHOBHBIMH HPOLyKTamu TpaHchopmarmu A*-3,17-
nukeroanapocteHoB (anapocrenanona (1), anapocranuenmnona u 9o-111) 6pun
l4o-runpoxcu-npousBoyubie. [1o-BUAUMOMY, CBS3bIBaHHE (EpMEHTa C
MOJIEKYJIaMH ATHX CTEPOHUJ0B IPOUCXOJUIO B HOPMaJbHOI NEpeBEpHYTOH
OpHEHTALMH, TIPU KOTOpoii 11B-nonokenne ObIIO SKPAaHUPOBAHO aHTYJISPHBIMU
rpyInaMy, ¥ THIPOKCHINPOBAHNE TIPOUCXOIUIIO 110 CHMMETPUYHOMY eMy 140t-
TIOJIOKEHUIO.

OCHOBHBIMH MPOAYKTAMHU TPaHCHOPMAITHK H3ydaeMbIx A*-3-KeTOIPErHaHOB
ObutH 11B-ruapOKCUIIPOM3BOIHBIE, @ B KAUYECTBE MOOOYHBIX COECIMHEHUN
BBIJICTICHBI 70- Wik 140-ruapokcunpousBoanbie. Munenuii C. [unata nposiBuin
BBICOKYIO THIPOKCHIIA3HYIO aKTUBHOCTB 110 OTHOIIEHHUIO K A*-3-keTocTeponaam
— III u KopTeKCcooHY, TpaHc(HOpPMAIHsI KOTOPBIX ObLIa BBITIOJIHEHA IIPU HArpy3Kax
6.0 /71 1 20 1/11, COOTBETCTBEHHO, C BBIXOJJOM OYHMIICHHBIX TIPOAYKTOB 50% 1401-
runpokcu-IIT u 55% ruapoxopru3oHa.

Taxum 00pa3zoM, MoOJETb THAPOKCHINPOBaHUs, pa3paboTranHas Ha SoH-
AQHJIpPOCTAHAaX, MOXET OBITH MPUMEHEHA W IS ACTHAPOCTEPOUIOB KaK
aH/IPOCTAaHOBOT'0, TaK M MperHaHoBoro psjaa. OHa Taxke MO3BOJSET B MOUCKE
HY’KHOTO IITaMMa COKPATUTh 10 MUHUMYMa KOJIMYECTBO UCCIIEYyeMbIX KYJIBTYD,
KOTOPOE MHOT/Ia HCUUCIISIETCS HECKOJIBKUMH COTHSIMHU.
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FEATURES OF STEROID HYDROXYLATION BY CURVULARIA
LUNATA VCPM F-981

Yaderetz VY.

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
110~ and 11B-hydroxylation. The choice of these microorganisms has been caused
by the analysis of the model of enzyme-substance interaction which was offered
for 5o.-H-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 (IT) it is visible that at enzyme and steroid linkage on
C(3) u C(17) alternative 11-hydroxylation is 7-hydroxylation.

For an initial estimation assumed 7-hydroxylase activity of fungi mentioned
above A’-3f-hydroxysteroide — I was used. Results of its transformation did not
contradict to the hypothesis of prof. E.R.H. Jones and all studied cultures carried
out 7a-hydroxylation of II but with different intensity. Having a high 11pB-
hydroxylase activity towards A*-pregnanes strain C. lunata VCPM F-981 showed
maximum of 7o-hydroxylase activity to I and its acetate (AII) and it was used for
transformation of sixteen A*-3-keto- and A>-33-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 7a-hydroxylated
androstens II u AII at the loading 10 g/l with quantitative yield and 7o.-
hydroxylated derivatives of androst-5-en-33,17f3-diol and steroids of pregnane
series with yield 35-70% from 2-5 g/l. 7a-Hydroxylation of some pregn-5-ens
was accompanied by 113-hydroxylation.

At transformation A*-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 (178-0l-3-one) at the loading 4 g/l was hydroxylated to
11B-hydroxy-I with the yield 75%. Whereas the main products of transformation
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of A*-3,17-diketoandrostene (androstenedione (III), androstadiendione and 9o:-T1T)
were 14o-hydroxy-derivatives. Apparently, binding of enzyme and molecules of
these steroids occurred at the normal capsized orientation at which 11[3-position
was shielded by angular groups and hydroxylation occurred at symmetric to it
14o-position.

The main transformation products of studied A*-3-ketopregnanes were 11§3-
hydroxylated derivatives and as by-product were 70- or 14fB-hydroxylated
derivatives. The mycelium of C. /unata strain showed high hydroxylase activity
towards A*-3-ketosteroids — I1I and cortexolone which transformation were made
at the loadings 6.0 g/l and 20 g/l respectively with yield of purified products 50%
140-hydroxy-III and 55% hydrocortisone.

Thus, the model of hydroxylation developed on SoH-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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CHUHTE3 U CBOMCTBA MOJEJbHBIX XPOMO®OPOB
®JIYOPECHHEHTHBIX BEJIKOB

HAmnonvckuii U.B.

WHcTuTyT OMOOpraHnvecKor XMMUHU UM. akajieMukoB M.M. IllemsiknHa
10.A. OpunnnamnkoBa PAH, MockBa

E-mail: imp@evrogen.ru

Ten.: (495) 429-80-20

Bernku cemeiicTa 3enenoro quryopectentHoro 6enka GFP mUpoKo n3BECTHBI
Onarosapsi yHUKaJIbHOMY MEXaHU3My (GOpPMUPOBAaHHUS XPOMOGOPHOI TPyIIIbL, a
TaKKe BOBMOKHOCTH MX MCIOJIB30BAaHUS B KAY€CTBE TEHETHUESCKU KOTUPYEMBIX
(bITYyOpEeCHEeHTHBIX METOK IJIsl MPHKU3HEHHON BH3yalHM3aliU MPOLECCOB
KHU3HEJIEATETbHOCTH OT/ICTBHBIX KIIETOK M IIEJIBIX OPraHH3MOB.

Hamu 6butn cunTe3upoBanbl xpomodopsl GFP-nmogo6HbIX OenkoB,
OTHOCSIIUECS K Pa3IMYHBIM CTPYKTYPHBIM THUIAM: XpOMO(Op MyprIypHOro
xpomobenka asFP595 (1), kpacuoro ¢orokonseptupyemoro oOenka Kaede (2) u
xentoro ¢gayopecueHTHoro 6enka zFP538 (3).

OH OH

OH
X N\ //O SN . N N \>/<N3
7 N>/\ 4 N>/\\"<\:T N

) \ o \ NH o \

asFP595 Kaede zFP538

Taxoke ObIIT CHHTE3MPOBAH psiJi CTPYKTYPHBIX aHAJIOroB Xxpomodopa Kaede ¢
LIEJIBI0 U3YUYUTh B3aHMMOCBSI3b: CTPYKTYpa — CIIEKTpaJIbHbIe CBOHCTBA B JaHHOM
psny. Beuto oOHapyxkeHo, uto xpomodop tuna Kaede, comepxamumii ocraTrok
acrlaparvia, oonagaeT Hanoosee JUIMHHOBOJIHOBBIMH MaKCHMYMAaMH TTOTJIOLICHHS
1 (ITyOpEeCICHINH.

CHuHTEe3 MOJEIBHBIX COCIMHEHUH MO3BOJIMJ YCTAHOBHUTH CTPOCHHUE
XpoMOdopoB B OelIKax, N3YyIUTh CHEKTPAIbHBIC XapAaKTePUCTUKH TPUPOIHBIX U
HETPUPOAHBIX UMHJIA30JI0HOB, MOJICIIMPOBATH BIUSHUE OSIIKOBOTO OKPYKECHUSI.
B nepcrniektrBe MOZIEIBHbIE COSJMHEHUSI MOTYT OBITh HCIIOIb30BaHbI IIPH N3Y4YECHUT
MEXaHH3MOB CO3PEBaHMS M (HYHKIIHOHUPOBAHHS XPOMOGOPOB, a TAKKE C IETbI0
CO3JIaHMsI HOBBIX (PIIyOPECLIEHTHBIX KpacuTesel ¢ YHUKaIbHBIMU CBOWCTBAMH.
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SYNTHESIS AND PROPERTIES OF THE MODEL
CHROMOPHORES OF FLUORESCENT PROTEINS

Yampolsky LV,

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).
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asFP595 Kaede zFP538

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.
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