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AMHJIOlI,ll;ID>IE EEJIKH OEOJI01IKII l\fflKPOOPr AHH3MOB: 
CBOHCTBA, <I>H3HOJIOI'lflIECKMI POJTh,3HA ~HIIE )];JUI 

ME,r.um;mil>I 

KaJ1e6u11a T.C., Kyllaee Jf.C. 
MoCKOBCKBii rocyJ].apcrneHHblH yHBBepcIITeT BM. M.B. JloMOHOCOBa, r. MoCKBa, 

PoccIDI 

TepMHHOM aMHJI0H.D:bl o6hI1IHO Ha3bJBaIOT 6eJIKOBbie arperaTbl, 

xapaKTepH3yro~HeCSI <pHJiaMeHTHOH MOp<poJiomeii, BbIC0KHM co.n:ep)KaHHeM 

p-cnoea H oTHocHTeJibHOH ycTOH'lHBOCTbIO K ,n:eiicTBHIO npoTeaJ H ,n:eHary

pttpyro~HX areHT0B. AMHJIOH,n:Hble <ptt6pHJIJibl HCT0pH1IeCKH CBSl3bIBaJIH C 

naTonortteii B KJiacce .n:ereHepaTHBHhIX 6oJie3Heii. He,n:aBHHe ttccne,n:oBaHHSI 

TT0Ka3aJIH, lff0 y HeK0T0pbIX MHKpoopraHH3M0B aMHJI0H,n:Hbie <ptt6pHJIJibl 

M0ryT BbITT0JIHSITb p0Jib <pynKI..UfOHaJibHbIX M0JieeyJI. I1o.n:o6Hble <pyHKQHO

HaJibHbie aMHJI0H,n:bl 6hIJIH tt,n:eHTH<pHQHpOBaHbl Ha noaepXH0CTH rptt60B H 

6aKTepHH. Eemrn, <popMttpyro~He 3TH <pH6pHJIJibl, He CBSI3aHbl Me)K.D:y co-

6oii 3B0JIIOQH0HH0. B Harneii Jia6opaTOpHH noaepXH0CTHbJe <pyHKQHOHaJib

Hbie aMHJI0H,n:bl 6hIJIH BblSIBJieHbl B .n:po)K)Kax. O,n:HH H3 3THX 6eJIKOB -

rmoKaUTpaHc<pepaJa - Bbl,n:eneH H oxapaKTepmoBaH. 11ccne,n:oBaHhI 

q>H3HKO-XHMH1leCKHe CBOHCTBa tt <pH3HOJIOrH1leCKaSI p0Jib ,n:aHH0ro 6eJIKa. 

IToKaJaHa era cnoco6HocTb o6pa30BhIBaTh <pH6pHJIJibI in vitro u in vivo. 
llpe,n:JIO)KeHa rHTT0Te3a O B03M0)KHbIX nyTSIX B3aHMO,n:eiicTBHSI MHKpo6Horo 

aMHJI0H,n:a c 6eJIKaMH BbICIIIero opraHH3Ma. 

3<I><I>EKTHBHOCTLKOMEHHHPOBAHHOrO,rt;EHCTBIDI 
CBEPXHH3KHX )];03 <I>AKTOPOB XHMH1IECKOH H 

<l>H3~CKOH IIPHPO):(hl B YIIOP.SI,[1;01-IEHHH 
PACCTPOEHHLIX CTOPOH METAEOJIH3MA 

<I>OC<I>O.JIHIJH,lJ;OB KJIET01-IHLIX MEMEP AH IIPH 
rm1orJIHKEMH1-1ECKHXCOCTOIDIIDIXOPrAHH3MA 

Kapaze3a11 K.I'. 
MHCTfilYT MoneeyIDipHonii 6ttonomtt HAH PA, r. EpeaaH, ApMeHIDI 

konstant@mb.sci.am 

PacCTPOHCTBa 3HepreTH1leCKoro 6anaHca opraHH3Ma, 06ycJioBJieH

Hb1e na,n:eHHeM H0pM0rJIHKeMH'leCK0ro cmryca npH pa3JIH1IHbIX 6oJie3HeH-
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HbIX COCTOHHHHX opraHH3Ma, xapaKTepH3YJOTCH IIO,Zl;IQIIOqeHHeM MHOroqHC

JieHHblX KOMIIeHCaTopHbIX MexaHH3MOB. K IIOCJie,!J,HHM rrpHqHCJIHIOTC.ff H 

HHTeHCHBHO BOBJieKaIOw;HeCH peaKQHH .n.erpa.n.aQHH MeM6paHOCBH3aHHbIX 

cpoccpOJIHIIH,!J,OB (<l>JI) - H3BeCTHbIX IlOTeHQHaJibHbIX HCTOqHHKOB 3Hepmtt. 

BbIIIleH3JIO)KeHHOe IIOCJIY)KHJIO OCHOBaHHeM ,!J,JIH IIJiaHHpOBaHHH HaCTOH

w;ero uccne.n.oBaHHH, rrpoBe.n.eHHOro B HarrpaBJieHuu myqeHHH oco6eH

HOCTeii KaqecTBeHHO-KOJIWieCTBeHHblX H3MeHeHHH <l>JI pa3JIHqHblX KaTero

pHH Ha ypOBHe MeM6paH JIHM<pOQHTOB (MJI) H 3pHTpOQHTOB (M3) KpOBH 

6eJibIX KpbIC c 2 - 4 -qacOBOH fHIIOrJIHKeMueii, MO,!J,eJIHpOBaHHOH O,!J,HOKpaT

HbIM BffYTPHBeHHbIM BBe,!J,eHueM HM 1,2 - 2,4 e.n.. HHCYJIHHa MaCCbl TeJia. 

Pe3yJihTaTbl npoBe,!J,eHHbIX HCCJie,!J,OBaHHH npo.n.eMOHCTPHPOBaJIH O,!J,HOTHil

HOCTb HapyllleHHH MeTa60JIH3Ma <l>JI B o6oux o6'beKTax Ha6JIIO,!J,eHHH C 

60JibllleH CTerreHblO HX Bblpa)KeHHOCTH B MJI. rurrornuKeMuqecKHH OKCH

.n.aTHBHblH CTPeCC (OC) xapaKTepmyeTc.ff O~eTJIHBO rrpOHBJIHIOI.IJ;HMC.ff 

yMeHbllleHHeM KOJiuqecTBeHHOro co.n.ep)KaHUH cpoccpaTH,Zl,HJIXOJIHHOB ( <l> X) 
KaK B. MJI, TaK H B M3 rrpu napaJIJieJibHO pa3BHBfilOI.IJ;eMC.ff yBeJIWieHHH 

rrpo.n.yKTOB HX .n.eaQHJIHpOBaHH.ff - JIH30cpoccpaTH,!J,HJIXOJIHHOB H 

He3TepH<pHQHpOBaHHbIX )KHpHbIX KHCJIOT. OTMeqeHHbie paCCTPOHCTBa 

MeTa60JIH3Ma MeM6paHOCBH3aHHbIX <l>JI corrpOBO)K,!J,aIOTC.ff HHTeHCHBHbIM 

BOBJieqeHHeM H3)Kl( B peaKQHH CB060,1J,HOpa,Zl,HKaJibHOro OKHCJieHUH 

(CPO) c o~pa3oBaHueM BbICOKHX KOHQeHTPaQHii . m.n.porrepeKuceii, 

MHOroqucJieHHbIX npoMe*YTOqHbIX rrpO,!J,yKTOB rrepeOKHCJieHHH " 

KOHeqHoro COe,!J,HHeHH.ff - MaJIOHOBOro ,!J,HaJib,!J,erH,!J,a (~). YpoBeHb 

IIOCJie,!J,Hero Ha cpoHe HpKO Bblpa)KeHHOH rurrornuKeMHH OKa3bIBaeTCH 

HCKJIIOqureJibHO BblCOKHM, qeM B OCHOBHOM H o6ycJIOBJieHbl 

MeM6paHOTOKCuqecKHe u MeM6paHOJIHTHqecKue rrpoHBJieHH.ff oc 
rurrornuKeMuqecKoro rrpoucxo)K,!J,eHHH. 

H3bICKaHHe cpaKTopOB aHTHOKCH,!J,aHTHOro .n.eiiCTBHH OCTaHOBHJIO 

Halli BbI6op Ha HH3K03HepreTuqecKOM HHcppaKpacHOM reJIHH-HeOHOBOM 

Jia3epHOM o6nyqeHuu, a TaK*e Ha MOI.IJ;HOM cuHeprucTe 3H.n.oreHHoro 

aJih~a-ToKocpepona - THocynbcpaTe HaTPHH cBepXHH3KOH · KOHQeHTPaQuu 

(10- 2
M). IlpuMeHeHue Ka)K,!J,oro m yKaJaHHbIX .n.eiicrnyrow;ux Haqan, TeM 

6onee nepBoro m HUX, corrpOBO)K,!J,aJIOCb HpKO Bbipa)KeHHOH TeH,!J,eHQHeii K 

ynopH.n.oqeHHIO OTMeqeHHbIX HaMH paCCTPOHCTB MeTa60JIH3Ma <l>JI B 

H3y<IeHHbIX MeM6paHHbIX o6pa30BaHHHX, qTo rrpHB0,!J,HJIO K rrpoHBJieHHIO 

KapTHHbl IlOJIHeiillleH HOpMaJIH3aQHH rrpu HX coqeTaHHOM (KOM6HHH

poBaHHOM) HCilOJib30BaHHH. 
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<l>OTOCHHTE3 H <l>OT03AID;HTA Y WIAHOEAKTEPHH 

KapanemR11 HB. 
HHCTHT)'T 6ttOXHMHH HM. A.H. Eaxa PAH, r. MocKsa, PoccIDI, nkarap@inbi.ras.ru 

<l>oTOCHHTeTHqecKHe opraHH3Mbl C BbICOKOH 3cpcpeKTHBHOCTblO 

HCilOJib3YJOT " ,!J,HCCHIIHpyIOT B TeIIJIO 3HeprHIO B036y)K,!J,eHUH. Te )Ke xnopo

<pHJIJI-6eJIKOBbie KOMIIJieKCbl BOBJieqeHbl B 3TH rrpoQeCCbI; pOJib ,!J,JIHHHOBOJI-' 

HOBblX XJIOpO<pHJIJIOB (~X) 6bma HeHCHa. HccJie,!J,OBaHo npOHCXO)K,!J,eHue 

~x, HX pOJib B MHrpaQHH 3Hepruu " 3axBaTe 3HepruH B036y)K,!J,eHHH, a 

TaK*e B ,!J,HCCHIIaQHH H36blTOqHO rrornow;eHHOH 3HeprHH ,!J,JI.ff TPHMepoB 

cpoTocucTeMhI 1 ( <l>C 1) QHaHo6aKTepuii. Hau6onee ~X, ucrrycKa10w;ue 

rrpu 760 HM (<1>760), o6pa3yIOTC.ff rrpu B3aHMO,!J,eHCTBHH XJIOpO<pHJIJIOB, 

CBH3aHHbIX c pa3JIHqHbIMH MOHOMepaMu B TPHMepe <l>Cl A. platensis. Ilono

CbI ~x B CIIeKTPe Kpyrosoro .n.uxpomMa (77 K) KOMIIJieKCOB <l>C 1 yi<aJbl

BaIOT Ha 3KCHTOHHYJO rrpupo.n.y 3THX xnopoq>HJIJIOB. IlpH CJia6oii HHTeHCHB

HOCTH CBeTa ~x rrepeHOCHT C BblCOKOH 3cpcpeKTHBHOCTblO nornow;eHeyIO 

3HeprHIO K II700, HO 3aMe,!J,JIHIOT ycTaH0BJieHue 3HepreTuqecKOro paBHOBe

CH.ff B aHTeHHe H 3axBaT 3Hepruu II700. Ho rrpu HHTeHCHBHOM OCBew;eHHH 

,ro3X ,!J,HCCHIIHPYJOT H36bITOqHo nornow;eHHYJO 3HeprHIO, MeXaHH3M 

KOTOporo 3aBHCHT OT pe,Zl,OKC-COCTOHHH.ff II700. OKHCJieHHbIH II700 (II700+) 

TYIIIHT <1>760; Kor.n.a KocpatcropbI aKQemopHoii qacTH <l>Cl soccTaHOBJieHhI, 

<1>760 TYIIIHTCH TPHIIJieTOM TT700. HenuHeiiHaH 3aBHCHMOCTb rrepeMeHHoii 

qacTH <1>760 OT COOTHOIIleHHH II700Boc/II700o6w; YKa3bIBaeT Ha o6MeH 

3Heprueii Me)K,!J,y aHTeHHaMH M0HOMepHbIX KOMIIJieKCOB B TPHMepe <l>C 1, 
KOTOpbIH CTHMYJIHPYeT ,!J,HCCHIIaQHIO 3Hepmu. CJie,!J,OBaTeJibHO, ~x <l>C 1 
yqaCTBYJOT He TOJibKO B <pOTOCHHTeTHqecKOM npespaw;eHHH CBeTOBOH 3Hep

rHH, HO H CTHMYJIHPYJOT ,!J,HCCHIIaQHIO m6hnoqHoii 3HepmH. y QHaHo6aK

repuii o6HapY*eHa ,!J,HCCHIIaQUH 3Hepmu KapOTHHOH,!J,aMH, KOTOpbie rrpu 

rrornow;eHHH CHHero CBeTa TYIIlaT cpnyopecQeHQHIO q>HK06HJIHCOM. 

HoBbIH nyTb .n.uccurraQHH 3Hepmu (HecpoTOXHMuqecKoe zyllleHue) 

o6Hapy)KeHO Ha paHHHX 3Tanax MHrpaQHH 3HeprHH B aHTeHHe QHaH0-

6aKTepuii; rrornow;M CHHHH CBeT, KapOTHHOH,!J,bl TYIIlaT cpnyopecQeHQHIO 

. q>HK06HJIHCOM. HccJie,!J,OBaHHe CIIeKTPaJibHbIX xapaKTepHCTHK ,!J,HKOro Tuna 

H MYTaHTOB Synechocystis sp. PCC6803, .n.ecpeKTHBHbIX no PSII, IsiA u 

ApcE, H TeMrrepaTYPHOH 3asucHMOCTH KHHeTHKH zyllleHHH rro3BOJIHJIO 

ycTaHOBHTb, ~o TYIIleHHe rrpOHCXO,!J,HT BCJie,!J,CTBHe B3aHMO,!J,eHCTBH.ff 

KapOTHHOH,!J,a (OCP) C aJIJIO<pHKOQHaHHHOM q>HK06HJIHCOM. 
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IiHOXHMJllIECKHE MEXAillI3Ml>I TPAHCIIOPTA ,l1;IIK B 
MHTOXOHWHH: IIPHJIOJKEHIUI B MOJIEKYJIHPHOH 

IiHO~OnnIHiiHOTEXHO~Onm 
1 KoHcmaHmuHoB 10.M, 1 KyllUH'lemw MB., 1 

HenoMHRUJUX ,l(.B., 
1IlaHbKOB MJJ., 2/(uempuut A. 

1Cn6HpcKnii llHCTlIT)'T qin3nonorun n 6noxIIMnn pacTeHnii CO PAH, r. HpKyTcK, 
PoccIDI, yukon@sifibr.irk.ru 

2HHcTHryT MOJieKyn»:pHoii 6nonorun pacTeHnii H[(HH, r. CTPac6ypr, <l>paHIJ.IDI 

B CBSI3H c He.n.aBHHM o6Hap)')KeHHeM npttpo.n.Horo cpeHOMeHa nepeHo

ca ,nHIC B MlIT0X0H)].pHH 3yKapH0T 3HaqJITeJII,HblH HHTepec B HaCT0Sirn;ee 

BpeMSI npe.n.cTaBJISIIOT KaK HCCJie)].0BaHHSI 6HOXHMHqecKHx MexaHH3M0B 

HMII0pTa ,nHK B MHT0X0H)].pHH, TaK H pa60TI,I, HanpaBJieHHbie Ha pa3pa-

60TKY CHCTeMbl reHeTHqecKOH TPaHccpopMal{HH MHTOXOH)].pHH )].JISI perneHHSI 

K0HKpeTHbIX 3a.n.aq 6HOTeXHOJIOfHH H 6HoMe)].Hl{HHbl. B cnyqae ycnellIH0ro 

pa3BHTHSI 3T0f0 HanpaBJieHHSI HCCJie)].OBaHHH npe)].CTaBJISleTCSI B03M0)KHI,IM 

(1) II0HSITI, K00p)].HHal{HIO pa60TI,I Me)K)].y reHeTHqecKHMH CHCTeMaMH si.n.pa, 

XJI0poIIJiaCT0B tt MlITOXOH)].pHH, SIBJISIIOIIl;ylOCSI Heo6XO)].HMbIM ycJI0BHeM 

H0pMannHoro cHa6)KeHHSI KJieTKH AT<!>, (2) Hccne.n.oBaTn npoqecc1,1 TPaHc

KpHIIl{HH, peIIJIHKal{HH tt peKOM6HHal{HH B paCTHTeJII,HI,IX MlIT0X0H)].pHSIX, 

(3) B03)].eHCTBOBaTb Ha cpyHKl{HIO HJIH peryJISil{HIO MlIT0X0H)].pHaJII,HI,IX 

reH0B H ( 4) ocyrn;eCTBJISITI, 3KCIIpeccHIO TPaHcreH0B B opraHeJIJiaX, B qacT

H0CTH, B 6HoTeXHOJIOflfqecKHX qeJISIX. B )].0KJia)].e .n.eTaJibH0 paCCM0TPeHbl 

0CH0BHnie 6HOXHMHqeCKHe xapaKTepHCTHKH HMII0pTa ,nHK B MHT0X0H)].pHH 

pacTeHHH. B npoqecce HMII0pTa ,nHK B MlIT0X0H)].pHH pacTeHHH yqacTBYJOT 

6eJIOK Hapy)KHOH MlITOX0H)].pHaJII,HOH MeM6paHnl nopHH (VDAC) tt 6eJIOK

nepeHocqHK a.n.eHHHttyKJie0TH)].0B (AHT) B C0CTaBe BttyTPeHHeii: MHT0X0H)].

pHaJII,HOH MeM6paHnI. Ba)KHO no.n.qepKHyTn, ~o TPaHcMeM6paHHnIH nepe

Hoc ,nHK He conpoB0)K)].aeTCSI 0TKpnITHeM MHTOXOH)].pttaJII,HOH nopnl Mera

npoHttl{aeM0CTH. Ilpoqecc aKTHBH0f0 HMII0pTa ,nHK HHTaKTHblMH pacTu

TeJII,HI,JMH MHT0X0H)].pHSIMH )].JISI CBoero npoTeKaHHSI TPe6yeT )].Byxqenoqeq

HOH ,nHK, HO He npoSIBJISleT cnequcpnqHOCTH B 0TH0llleHHH II0CJie)].0BaTeJII,

H0CTH HMIIOpTHpyeMOH ,nHK. HyKJieOTH)].HaSI II0CJie)].0BaTeJibH0CTI, HMIIop

TttpyeMOH M0JieKYJibl He BJIHSleT Ha cTa6HJinHOCTI, ,nHK B MHT0X0H)].

pHaJII,H0M MaTPHKCe. Bnl)].BHHyTa runoTe3a 0 npuqacTH0CTH MeXaHH3Ma 

HMII0pTa ,nHIC B MHT0X0H)].ptttt pacTeHHH K cpeHOMetty roptt30HTaJinHoro 

nepeHoca reH0B 3THX opraHeJIJI. 
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E,lUillMI KO~IIIJ)IH IIPIIHWffiOB B PMHOiiHO~onm 
( <l>yn.n.aMeHTaJibHhle BKJI3}].bl oTeqecTBCHHbIX WKOJI) 

KyiJpRUlOB 10.E. 
MocKOBCKnii rocy)J.apcTBeHHblii yHnBepcnTeT IIM. M.B. JloMoHocoBa, r. MocKBa, 

PoccIIH 

B TeqeHHe BCeii: HCT0pHH pa.n.uo6HOJIOfllll B l{eHTPe BHHMaHHSI 6nIJI H 

0CTaeTCSI «BeqHI,JH)) Bonpoc 06 «3HepreTHqecK0M napa.n.oKce» - 0 MaJIOH 

3aTPaTe 3Hepmu tt0HH3HpYJOrn;ux H3JiyqeHttii: ( c ToqKu 3peHusi TeIIJIOBoii: 

3Hepmu) H HeC0H3MepttMbIM C Heu BI,IC0KHM 6uonomqecKHM 3cpcpeKTOM. 

PaMKH npttBI,JqHoii: TepM0)].HHaMHKH 0Ka3aJIHCI, Y3KHMH )].JISI 061,sicHeHHH 

pa.n.1rn6uonoruqecKnx SIBJieHnii:. OqenKa pa.n.uo6uonomqecKHX npo6neM 

)')Ke C 20-x f0)].0B yrne.n.rnero CT0JieTHSI Haqana cpopMttpOBaTb 0CH0BHnie 

npttHl{llilI,J 6ttOJIOruqecKoro .n.eii:CTBHSI H0HH3Hpyrorn;ux H3JiyqeHHH. 

<l>yH)].aMeHTaJII,HI,IH BKJia)]. B KOJIHqecTBeirnyro pa.n.uo6ttOJIOfHIO BHec 

1-ii: npttHl{HII nona.n.aHnii:, pa3BHTnIH HnKonaeM Bna.n.nMnpoBnqeM 

TttMOcpeeBbIM-PecoBCKHM u ero llIKOJIOH. 3TOT npHHl{HII, KaK H3BeCTH0, 

HCX0)].HT H3 cptt3lfqecKHX CB0HCTB H0HH3ttpyrorn;Hx H3JiyqeHHH - HX 

)].HCKp.eTH0CTH, KBaHT0BaHH0CTH " Bep0SITH0CTH0f0 pacnpe.n.enemrn 

3Hepmu B npocTPaHCTBe. B ocHoBe 2-ro npnHqnna - MHllleHeii: -

3aJI0)KeHo TaK)Ke He Tpe6yrorn;ee .n.oKa3aTeJinCTB yTBep)K.n.eHue o reTe

poreHH0CTH 6noJioruqecKHX CTpyKTYP H HX cpyHKl{HH, a CJie)].0Ba

TeJinH0, HX pa3JilfqHii: B pa.n.uoqyBCTBHTeJibH0CTH. Hapsi.n.y C 6e3ycJIOB

HOH KpttTnqecKoii: CTPYKrypoii:-MnrneHnIO MK 6uonomqecKHe MeM6pa

HnI C HX BbICOKOH cnoco6HOCTI,IO K 0KHCJieHHIO, o6pa30BaHHIO A<I>K, 

l{eIIHbIM peaKl{HSIM JIHII0IIep0KCH)].al{ttll, HeIIpSIM0My .n.eii:CTBHIO H3JiyqeHHH 

TaK)Ke M0)KH0 cqHTaTh KpHTnqecKoii: CTPYKTYPOH - MHllleHhIO. TpeTHii: 

npttHl{HII - 3TO npttHl{HII ycnJieHttSI noBpe)K)].eHnii: CTPYKTYP MHllleHeii:, T.e. 

)].HHaMHKH nyqeBhlX HapyrneHHH, HapaCTaHHSI HX BO BpeMeHu II0CJie 

o6nyqeHHSI. 

OH HCX0)].HT H3 aKCH0MHoro cpaKTa nyqeBoro IIOCJie.n.eii:CTBHSI. Pa3pa-

6oTKa noro npttHl{ttna npttHa)].Jle)KIIT Eopucy HnKoJiaeBttqy TapycoBy, 

HttKOJiaIO MapKOBttqy 3MMatty3JIIO, AJieKcaH)].py MuxaHJIOBttqy KY3HHY " 

HX llIK0JiaM. qeTBepTbIM npttHl{HII0M 3Hepr0}].HHaMHKH H0HH3Hpyrorn;ux 

H3JiyqeHHH M0)KH0 Ha3BaTh npttHl{HII CHCTeMH0ro 0TBeTa KJieTKH " 

opraHtt3Ma Ha o6nyqeHue - 0TBeTa, BKJI10qa10rn;ero MexaHtt3MhI 3arn;ttTn1 u 

penapaquu noBpe)K)].eHHH ,[(HK u 6ttonomqecKux MeM6paH. 
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bOJlbllIOH BKJia,D,. B pa3B1ITHe :noro npHH{lHna B pa,D,H06HOJIOrHH 

BHecnH pa6oTbI Hopaiipa MapTHpocoBHqa CHcaKHHa H ero UIK0JibI. 

l13JIO)KeHHbie H,D,eH Il03B0JIHJIH HaM cqiopMynHpOBaTb e,D,HH)'IO K0Hqen

qmo qeTbipex npHH{lHil0B B pa,D,H06HOJIOrHH. 

IIP0:6JIEMbl II HAIIP ABJIEHIDI COBPEMEIIlIOH 
PA,ZI;II03KOJIOrllll 

1Kyll1JlCVCMeoo6 JO.A., 2Kopo20ouH B.H., 1Poouna B.B. 
111HCTJITYT KJieTOqHoil: 6n:onomn: H rettemqecKoil: IIH)Kettepn:n HAHY, r. KneB, 

YKpanHa, ecoetic@mail.kar.net 
2O6'be)].IIHeHHblH IIHCTIIT)'T H)].epHbIX IICCJie)].0BaHnii, r. ,lfy6Ha, PoCCIIH 

B COBpeMeHHOH pa,D,H03K0JI0rHH M0)KH0 BbI,[l,eJIHTb TPH 0CH0BHbIX 

HanpaBneHHH. 

1. I1ccne.noBaHHe MHrpaqHH H nepepacnpe,D,eneHHH pa.nH0ffYKJIH.L(0B, 

nonaBUIHX B 3K0CHCTeMy. 

2. OqeHKa BJIHHHHH ,[l,03bl OT pa.L(H0HYKJIH.L(0B, nonaBllIHX B 6HOTY 

3K0CHCTeM. 

3. IlpHMeHeHHe 6HoreHHhIX pa.nH0ffYKJIH.L(0B KaK TPaccepoB, 0TPa)KaIOlIJ,HX 

C0CT0HHHe H 3qiqieKTbl Ha 6HOTY pa3JIHqHbIX BH,[1,0B B03.L(eHCTBHH 

(pa.nHa{lHH, TH)KeJibIX MeTaJIJI0B H T • .L(.) 

Pa3BHBaeMaH HaMH TeopHH pa,D,H0eMK0CTH 3K0CHCTeM Il03B0JIHJia 

a.neKBaTH0 0ilHCaTb 3aK0H0MepH0CTH MHrpaqHH H pacnpe.nerreHHH pa.L(H0-

HYKJIH.L(0B .L(JIH pa3HbIX THil0B 3K0CHCTeM B0.L(0eM0B H cyUIH. TeopHH H 

M0.L(eJIH pa.nHoeMK0CTH Il03B0JIHIOT CTP0ro onpe.neJIHTb KplITHqecKHe 

3JieMeHTbI 3K0CHCTeMbI, r,D,e cne.nyeT 0)KH,D,aTh BpeMeHHoro HJIH K0HeqHoro 

,D,enoHHpoBaHHH pa.L(H0ffYKJIH.L(0B. Ha 0CH0Be llIKaJibI .L(030BblX Harpy30K Ha 

3K0CHCTeMbl H HX 3JieMeHTbI y.nanocb oqeHIITb npe.neJibHbie K0H{leffTPa{lHH 

pa.nH0ffYKJIH.L(0B, BbIUie KOT0pbIX M0)KH0 0)KH.L(aTb 3aMeTHoro BJIHHHHH Ha 

CTPYKTYPY, 6HorrorHqecKHe xapaKTepHCTHKH H napaMeTPbI pa.nHoeMK0CTH 

3K0CHCTeM. 3aKOHOMepHOCTH nepepacnpe.nerreHHH pa.nHouyKJIH.L(0B-TPacce

poB B pa3HbIX THnax 3K0CHCTeM, 0ilHCbIBaeMbie M0.L(eJIHMH pa.L(H0eMK0CTH, 

Il03B0JIHJIH Ha 0CH0Be 3K0JI0rHqecKoro H0pMHp0BaHHH onpe.neJIHTb 

npe.neJibH0 .nonyCTHMbie c6pOCbl H BbI6pocbI pa.L(H0ffYKJIH.L(0B B K0HKpeTHbie 

BH.L(bl 3K0CHCTeM. Ilpe.L(JlaraeMbIH MeT0,[I, onpe,D,eJieHHH 3K0JI0rHqecKH 
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o6oCHOBaHHbIX npe,D,eJibH0 ,D,0nyCTHMbIX pa,D,H0ffYKJIH.L(HbIX 3arpH3HeHHH 

3K0CHCTeM H HX K0Mil0HeHT0B M0)KeT CJIY)KHTb TeopeTHqecKOH OCHOBOH 

.L(JIH CHCTeMbl 3K0JI0rHqecKoro H0pMHp0BaHHH c6pocoB H BbI6pocoB pa3HbIX 

Il0JIJIIOTaHT0B B 0KPY*aIOlIJ.YIO cpe.ny. Ilo.nxo,D, Ha 0CH0Be npHMeHeHHH 

6HoreHHbIX TPaccepoB Il03B0JIHeT B paMKaX Te0pHH H MO,D,eneii pa.nHoeM

K0CTH 0,[l,H0BpeMeHH0 oqeHHBaTb npoqeCCbI MHrpaqHH pa.L(H0ffYKJIH.L(0B, 

onpe.neJIHTb .L(030Bbie Harpy3KH Ha 6HOTY 3K0CHCTeM H ycTaHaBJIHBaTb 

qiyH.L(aMeHTaJibHble napaM~bI CKOpOCTeH nepepacnpe.nerreHHH pa.nHouyK

JIH.L(0B H ,D,pyrHX Il0JIJIIOTaHT0B B JII06bIX THnax 3K0CHCTeM. 

OnHpaHCb Ha JI0KaJibHbie M0,D,eJIH H TeopHIO pa,D,H0eMK0CTH 3JieMeH

T0B JiaH.L(UiaqiTa, Mbl pa3pa60TaJIH MeT0,[I, npHMeHeHHH aHaJIIITHqecKOH 

fI1C-TeXHOJIOrHH .L(JIH oqeHKH H nporuo3a nepepacnpe,D,eJieHHH Il0JIJIIOTaH

T0B B peaJibHblX JiaH.L(UiaqiTax. 

BK.JIA,ZJ; AKA)I;EMHKA H.M. CHCAIDIHA B CTAHOBJIEHHE ll 
PA3BHTHE IIArYOillCKOro ,ll;BIDKEHIDI Y11EHLIX 

Jle6eoe6 MA. 
Poccnil:cKnii TiaryoIIIcKnil: K0MIITeT npn Tipe3Il)].ttyMe PAH, r. MocKBa, PoccHH 

MLebedev@pugwash.ru 

AKa.neMHK H.M. CHcaKHH npHHa.L(Jle)KHT K qHcny KpynHettUIHX yqe

HhIX MHpa, CT0HBUIHX y HCT0K0B IlaryoUICKOro ,[l,BH)KeHHSI, 50-JieTHe K0T0-

poro 0TMeqaeTCH B 2007 r. IlaryoUI Il0JI0)KHJI Haqano .L(Hanory Be,D,ylIJ,HX 

yqeHbIX MHpa no BonpocaM 6e3onacHOCTH, pa3opy)KeHHH H HayqHoro 

C0TPY.L(HHqecTBa H YA0CT0eH Ho6eneBCKOH npeMHH MHpa (1995 r.). 

BnepBbie H.M. CHcaKHH npHHHJI yqacTHe B pa6oTe IlaryoUICKoro 

,[l,BH)KeHHH yqeHbIX B HIOHe 1959 r. (:Sa.neHe, ABCTPHH) B 4-ii KOHqiepeH{lHH 

«KOffTPOJlb Ha.L( B00pY*eHHHMH H Me)K.L(yHap0,D,HaH 6e3onaCHOCTb». B1,1czy

IlaH Ha Heii c rnaBHbIM .noKJia,D,oM OT CCCP, OH no.nqepKHBan: «51 JIHqHo 

y6e)K.L(eH, qTo nopa TOp)KeCTBeHHhIX ,D,eKJiapaqHii o6rn.ero xapaKTepa 06 

onacpocrnx H.L(epHOH BOHHbI, 0 Heo6XO.L(HMOCTH C Hett 6opoTbCH H T.n., 

6e3ycJIOBHO, CbirpaBUiaH CB0IO Il0JI0)KHTeJibHyIO p0Jib Ha onpe,ll.eJieHH0M 

HCT0pHqecK0M 3Tane, Y*e MHH0Bana HJIH, BO BCHK0M crryqae, Il0,[l,X0.L(IIT K 

KOHL{)'. OT Hae, yqeHbIX, Hap0.L(bI )K.L(yT ••• K0HKpeTHbIX .neiiCTBHH H npe)K.L(e 

acero YKa3aHHH Tex MeT0.L(0B, npH Il0M0lIJ,H K0T0pbIX M0)KeT 6bITb 
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ocna6neua aTOMHIDI onacuocTb u pacqum,eua ,nopora K oKouqaTeJihHOMY ee 
ycrpaueumo». 3TuM 3asrnneuueM uMeuuo H.M. CucaKRH BO MttoroM 
3aBepurnn ,nucKyccuro Me)K)];y yqeubIMH CCCP u 3ana,na o cpopMax u 
MeTo,nax ,nesneJibHOCTH IIaryorncKoro ABIDKeHmI. Ou oTqeTJIHBO OC03HaBaJI, 
qTO TOJibKO OTKpOBeHHbie AHCKyccuu B npuMeHeHHH co crporoii uayquoii 
noruKoii MOryT ,naTb peanbttb1e pe3yJihTaThI no coKpam,euuro OMY u 
KOffTPOJIIO ua,n BOOpy,KeHIDIMH. 

B AOKJia,ne ua 7-ii IIaryorncKoii Koucpepeuu.uu (CToy, CIIIA, ceu
rn6pb 1961 r.) «Me)K)];yuapo,nuoe corpy,nuuqecTBo B o6nacTu 6uonom
qecKHX uayK» H.M. CucaKRH c,nenan KOHKpeTHhie npeAJIO)Kettmr no 
uayqHOMY corpy,nuuqecTBy B o6naCTH HCCJie,noBaHml cpopM )KH3HH, 3aKOHOB 
BocnpomBo,ncTBa, 6uonomqecKoii penpo,nyKTHBHOCTH MupoBoro oKeaua, 
npupOAhl <pOTOCHHTe3a, M03ra qeJIOBeKa, 6oph6bI co CMepTeJibHbIMH 

6oJie3HSlMH. Ero u,neu HalllJIH BOTIJIOIIJ,euue B ,nesrTeJihHOCTH psr,na 
Me)I(Ayttapo,nub1x uayqnhIX opraumau.uii. 

AKa,neMHK H.M. CucaKRu srBnsrncsr o,nuuM H3 BCeMupuo npmuaHHhIX 
uayquhIX nu,nepoB, uacne,nue KoToporo u B XXI B. npe,ncTaBJisreT 6onhrnoii 
HHTepec He TOJihKO AJISl 6HOXHMHKOB, HO u AJISl HCTOpHKOB u opraumaTopoB 
uayKu. 

IlOKA3ATEJUI CTPYKTYPhl ~ H COCTOfillIDI 
OKHCJUITEJThHO-BOCCTAHOBHTEJThHOro roMEOCTA3A 

KJIETOK KPOBH Y q];JIOBEKA KAK MOJIEKY JUIPHLIE 
MAPKEPhl COCTOfillIDI HECT.AliHJThHOCTH rEHOMA B 

OTMJIEHHLIH IlEPHO,z:t; IlOCJIE OnJIYlIEHIDI 
1MuxaUJ106 B.(f)., 1Mmypu1<. B.K., 2Ce6aHbKae6 A.B., 1Hyzuc B./0., 

1Haoe:J1CuHa HM, 2XBocmyHo6 H.K. 
1fHU: - MHCTHT)'T 6nocpn3HKH <l>MEA, MocKaa, PoccHSl, vmazurik@mail.ru 

2rY Me.n:HIIHHCKHH pa.n:nonornqecKHH HayqHhIH ueHTp PAMH, 06HHHCK, PoccHSl 

HenOCTOSlHCTBO reuoMa uapsr.ny C ero nOCTOSlHCTBOM SlBJISleTCSl 

MexauH3MOM coxpaueuHSl )KH3Hecnoco6uocTu 6uonoruqecKoro Bu,na. Ono 
o6ecnequBaeT a,namau.mo BUAa K H3MeHSllOIIJ,HMCSl ycJIOBHSlM OKp)')KaIOIIJ,eii 
cpe,nbl. MexaHH3M uenocTOSlHCTBa reHOMa peaJIH3YeTCSl SlBJieHIDIMH 

MOJieKynsrpuoro, KJieToquoro u opraumMeuuoro ypoBueii. Ha MOJieKy
nsrpuoM ypoBue ero o6ecnequBaIOT Mo6unhttb1e reueTuqecKue 3JieMeHTbI u 
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srBneuue coMaTHqecKoro MYTareue3a, mMeHSlIOIIJ,He nepBuquyro CTPYK"IYPY 
,ro-IK. Ha KJieToquoM ypoBue - V(D)J-peKOM6uuau.uouuIDI penapau.usr ):(HK, 
npucym,IDI MHOrHM THnaM KJieTOK; MexaHH3M conpsr)KeHHOH c ornu6KaMH 
penapau.uu ueroMonoruquoro Boccoe,nuueuusr KOHU.OB ,ro-IK u, uaKoueu., 
HffAYKll.HSl npou.eccoB, conpOBO)K)J;aIOIIJ,HXCSl HeCTa6HJihHOCTblO reuoMa B 
coMaTuqecKux KJieTKax nocne o6nyqeuHSl. 3Ta pa,nuau.uouuo-uu.nyu.upo
BaHHIDI uecrn6HJibHOCTh reuoMa (PHHC[) nposrBJisreTcsr a6eppau.usrMu 
xpoMOCOM, H3MeHeHHSlMH TIJIOUAHOCTH sr,nep, o6pa30BaHHeM MHKposr,nep, 

reHHblMH MYTaU.HSlMH " aMTIJIH(pHKaU.IDIMH, MHHH- " MHKpocaTeJIJIHTHOH 
uecTa6HJibHOCTblO u TIOHIDKeHHOH cnoco6HOCTblO KJieTOK K poczy Ha 
qarnKax. B TaKOM COCTOSlHHH KJieTKaM CBOHCTBeHHO 66Jiblllee MHoroo6pa-

3He cpeuoTuna, qeM .no o6nyqeuHSl. Enaro,napsr 3TOMY B xo,ne ceJieKD.HH ua 
opraHH3MeHHOM ypoBHe B03HHKaeT B03MO)KHOCTb Bb16opa H3 YKa3aHHOro 
MHO)KeCTBa uau6onee )KH3Hecnoco6HblX KJieTOqffblX 3JieMeHTOB. KpaiiHHM, 

qpe3BbJqaiiuo pe,nKHM " cnyqaiiHblM BapuaHTOM ocym,eCTBJISleMoro BbI6opa 
MO)KeT 6bITb rpauccpopMHpOBaHHM KJieTKa, o6Jia,AaIOIIJ,M 6eccMepTHeM, -
po,nouaqanhHHK onyxonesoro KJioua. TaKHM o6pa3oM, cocTosruue PHHCf 
paccMarpuBaeTCsr KaK TIOTeHU.HaJibHIDI paHHSlSl CTa,AHSl MHOro3Tanuoro 

npou.ecca pa,nuau.uouuoro Kauu.eporeue3a. B cssr3u c 3THM H3hICKauue 
MOJieKYJISlpHbIX MapKepoB 3Toro COCTOSlHHSl SlBJISleTCSl BR*HOH uayquo
npaKTuqecKOH 3a,naqeii. 

l13yqeuue 3TOH 3a_naqu C npuMeueuueM MeTOAOB 6HOXHMHH " 
MOJieKynsrpuoii 6uonoruu B03MO)KHO 6naro,napsr OTHocHTeJibHOii Mttoroqnc
neuuocTu noTOMCTBa o6nyqeHHblX KJieTOK - HOCHTeneii uecTa6HJibHOCTH 
reHOMa. ABTOpaMH coo6m,eHHSl pa3pa6ornua MeTOAHKa xapaKTepHCTHKH 
KJieTOK no KOMTIJieKcy MOJieKyMpHbIX noKa3aTeneii B nepuo,n nposrsneuusr 

COCTOSlHHSl PHHCr AJISl HCTIOJib3OBaHHSl 3THX TIOKa3aTeJieii B KaqecTBe ero 

MoJieKynsrptthIX MapKepoB. Ona ocuoBhIBaeTcsr ua npe,ncrnBJieuuu o PHHCr 

KaK pe3yJihTaTe nocrpa,nuau.uouuoro H3Meueuusr cpyuKu.uouuposauusr 
reuoMa c onpe,neneHHhIMH nepecrpoiiKaMu crpyICTypuoii opraumau.uu 
xpoMaTHHa " OKCUAOpe_nyKTa3HOro CTaryca KJieTOK, nepe,nasaeMblMH B 
TIOTOMCTBe 3TIHreueTuqecKH. XapaKTepHCTHKY 3TOro COCTOSlHHSl npOBOAHJIH 
nyTeM H3MepeHHSl ypOBHSl uaTHBHOCTH ,ro-IK " co,nep)KaHHSl aKTHBHblX cpopM 
KHcnopo,na (A<l>K) B sr,npoco,nep)Kam,ux KJieTKax Kposu. KR)K)];biii m 
TIOKa3aTeJieii H3Mepsrnu B HCXOAHOM COCTOSlHHH " B xo,ne 5-qaCOBOH 
HHKY6au.uu in vitro C BblpR*eHHeM pe3yJihTaTOB B BHAe a6coJIIOTHbIX 
cpe,nuux Benuquu no 5 mMepeuusrM u B % OT ucxo,nuoro. BepucpuKau.uIO 
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C0CT0HHHH PHHCr ocyll!eCTBJIHJIH nyreM 03yqeHUH qacT0T CTa6UJibHbIX " 
HecTa6unbHbIX a6eppaqnii xp0M0C0M (AX) rrocpeACTB0M MeTa<pa3HOro 
aHanH3a nnM<pOQHTOB B eynhzypax, a TalOKe nyreM FISH-aHanH3a c rrpHMo 
MeqeHbIMH rrpo6aMn ,[{HK MH xpoMocoM 2, 4 n 12 n rrepecqeT0M qncna 

a6eppaqnii Ha rroJIHbIH reH0M. Y 17 rraqneHT0B, rrepeHecumx OT 1,7 AO 43,8 

neT Ha3aA 0CTPYJO nyqeByro 6one3Hh (OJIE) OT I AO IV CTerreHn TIDKecTn, 
0QeHnBann KoppenHQH0HHbie CBH3H Me)K,Zzy QUT0reHeTnqecKHMH H 
M0JieeynHpHbIMH H3MeHeHHHMH B KneTKax Kp0BH. 

O6Hap)')KeHO 25 - 30 % II0HIDKeHne C0Aep)KaHHH A<I>K B KneTKaX 
cppaKQHH «06ll!ne nettKOQHTbI» (p<0,005) n «M0H0ttyKneapbI» (p<0,027). 

BbIXOA HecTa6nnhHbIX AX 3aBncen OT BpeMeHn rrocne o6nyqeHnH n 6hIJI 

TeM Bbillie, qeM Kopoqe cpoK OT M0MeHTa o6nyqeHHH, II0HU)KaHCb B 

0TAaneHH0M rrepnoAe rroqTn AO H0pMbI. MoneeynHpHo-6noxnMnqecKHe 
II0Ka3aTenn TaKOH 3aBUCHM0CTH He rrp0HBJIMH. BbIXOA CTa6HJibHbIX AX 
rrpn FISH-aHanH3e 6bIJI BhIC0KHM, He 3aBncen OT BpeMeHn rrocne 

o6nyqeHHH, HO II0JI0)KHTeJibH0 KoppennpoBan c TIDKeCTbIO OJIE y BCex 

rraqneHT0B. Ilpn HCCJieA0BaHUH B OAHU H Te )Ke cp0KH M0JieKynHpH0-
6noxnMnqecKnx n QHToreHeTnqecKnx IIOKa3aTeneii o6Hapy)KeHa 0TPHQa
TeJibHM KoppenHQH0HHM CBH3b Me)K,Zzy CIIOCQ6HOCTblO neii.KOQHTOB K 

II0Mep)KaHnIO CTPYK'fYPhI ~HK B X0Ae nHey6aQnn n qacToToii KneT0K co 
CTa6HnbHblMH a6eppaQUHMH xpoM0C0M (r = -0,54, p = 0,012). OTMeqeHa 
II0JI0)KUTeJibHM K0ppeJIHQHH Me)K,lzy C0Aep)KaHHeM A<I>K B M0H0ttyKneapax 

n % nnMq>OQHTOB c HecTa6unbHbIMH AX, a TalOKe c qacToToii AX TUrra 

QeHTPnqecKnx Koneq n AHQeHTPHK0B B 3THX )Ke KneTKax: r = OT 0,53 AO 
0,64 (p = OT 0,064 AO 0,018). 

BbIHBJieHa TeCHM II0JI0)KHTeJibHM K0ppenHQHH Me)K,lzy C0Aep)KaHneM 
A<I>K B nettKOQUTax B ncxoAH0M cocT0HHnn n cpeAHeii qacToToii AX Tuna 
QeHTPnqecKUX Koneq B JIHM!pOQHTax rrepncpepnqecKOH Kp0BH y rraqneHT0B, 

K0T0pbIX 06cneAOBMH II0BTOpH0 c HHTepBan0M B 1 fOA (r = 0,80; p = 
0,031 ). Pe3yJihTaTbl rrpoBeAeHH0ro C0II0CTaBJieHHH MoneeynHpHblX " QHT0-
reHeTnqeCKHX AaHHhIX y nnq, rrepeHecrnnx B rrpornnoM OJIE n o6cneAo
BaHHhIX qepe3 MH0ro JieT rrocne o6nyqeHnH, CBH)];eTeJibCTBYJOT 0 Ba)l(HblX 
B3aHM0CBH3aHHblX H3MeHeHHHX B C0CT0HHHH reH0Ma H 0KCH)];aHTHoro 

CTazyca HAP0C0Aep)Kall!HX KneT0K Kp0BH B 0TAMeHH0M II0CTPaAHaQU0H
H0M rrepH0Ae, II0ATBep)K)];aIOT HecnyqattHbIH xapaKTep 3THX H3MeHeHUH, 
YKa3bIBaIOT Ha HH<pOpMaTHBHOCTb IIOKa3aTeneii, HCII0Jib30BaHHbIX B 
pa3pa6oTaHHoii MeT0AHKe, B KaqecTBe MoneeynHpHbIX MapKepoB PHHCr. 
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P A,ll;llAIUIOHIThIH PHCK B O:QEHKE OIIACHOCTH AJUI 
3KIDJA)KEH IDIJIOTHPYEMI,IX KOCMWIECKHX AilIIAPATOB 

IlempoeB.M 
fHQ P<l> - HttCTHT)'T Me.D.nKo-6nonorWieCKHX npo6neM PAH, r. MocKBa, PoccIDI 

Pa.n;no6nonornqecKne 3<p<peKTbl, pa3BHBaIOll!HeCH B o6nyqeHHOM 

opraHH3Me, cocTaBJIHIOT o6H3aTeJibHhIH aTPH6YT paAnaqnoHH0ro B03AeiicT
BHH Ha )KHBbie CHCTeMbl. Cyll!eCTBeHHblM <paKTOpOM B 3T0M rrpoqecce 

HBJIHIOTCH HeK0T0pbie 06ll!ne 3aK0H0MepH0CTH, rrpncyll!ne TaKOH q>OpMe 

B03AeHCTBHH Ha o6'beKThI )KHBOH n He)KHBOH rrpnp0AhI. Ilpe)K)];e Bcero, 
B3aHMOAeHCTBHe H3nyqeHHH 3aKn10qaeTCH B CT0xacTnqecK0M rrpoqecce 

rrepeAaqn 3Heprnn n3nyqeHnH 6noo6'beKTY, 3aTeM pa3BHBaIOTCH cnyqattHhie 

rrpoqecchI rroBpe)K)];eHHH CTPYK'fYPHhIX eAHHHQ 6noo6'beKTOB - KneT0K, 
HaqnHM OT CT0XacTnqecKUX <pH3HKO-XHMHqecKHX rrpoqeccoB B B0AHblX 

, cpeAax n K0HqM HapyrneHneM CTPYKTYPhI reHoMa. EnoxnMnqecKne 

~acrreKThI rrpoqeccoB perrapaqnn TalOKe H0CHT CToxacTnqecKnii xapaKTep KaK 

" " rrpoqeCCbl, rrpoTeKaIOll!He Ha yp0BHe KneT0K, CHCTeM CJI0)KH0ro 
~ opraHH3Ma n opraHn3Ma B qenoM. HapyrneHne perynHqnn B opraHH3Me, 
:\-. o6ycnOBJieHHOe orrncaHHbIMH cnyqattHblMH rrpoqeccaMn TalOKe H0CHT 

~ cnyqaH.HblH xapaKTep. 3TO orrpeAeJIHeT BepOHTHOCTHbIH xapaKTep pa3BHTHH 

pa.n;naQH0HH0ro II0pa)KeHUH H C00TBeTCTBYIOll!He rrpoqe.n;ypbl K0JinqeCTBeH

H0f0 Bblpa)KeHHH paAHaQH0HH0f0 pncKa. Ecnn II0HHMaTb II0A paAna

QH0HHbIM pHCK0M 03fa1mquyro K q>OHOBOH Bep0HTH0CTb HapyrneHHH 
3A0p0BbH, BIIJI0Tb AO rn6enn o6nyqeHHOro opraHH3Ma, TO M0)KH0 

II0CTP0HTb BbiqncnUTeJibttyro rrpoqe.z:i;ypy, 0CH0BaHttyro Ha pe3yJihTaTax 
pa.n;no6nonornqecKHX nccneAoBaHnii n aHanH3e 3IIHAeMnonornqecKnx 
AaHHbIX, xapaKTepH3YIOllIHX ecTecTBeHHbie rrpoqeCCbl coxpaHeHHH 
3A0p0BbH H )KH3HH qneH0B paccMaTPHBaeMOH II0IIyJIHQHH. 3ToT rrpnHQHII B 
HaCT0Hll!ee BpeMH HBJIHeTCH 0CH0B0II0JiaraIOll!HM rrpn oqeHKe paAHaQH0H

HOH orracH0CTH MH rpyrrrr HH,!J.HBH,D.yyM0B H MH 0TAeJibHbIX ee rrpeACTa
BHTeneii B ycnoBUHX )KH3HH Ha 3eMne. OAHaKo AJIH K0CMnqecKHX rrpnno

)KeHHH 3T0T II0AX0A TPe6yeT MOAHq>HKaQHn. OcHOBHble rrpnqHHbl 3Toro 
cocT0HT B cne.n.yroll!eM. PaAnaQHH HBAAeTCH HerrpeMeHHhIM aTPn6YTOM 

KOCMnqeCKOH cpeAbI o6HTaHHH, n o6nyqeHne HHAHBH.n.yyMa rrponcxoAHT 
HerrpepbIBH0 B TeqeHne Bcero BpeMeHH rrpoBeAeHHH KOCMnqecKOH MHCCHH. 

Heo6xoAHMOCTb rrpoBeAeHHH aBapniiHo-crracaTeJibHbIX pa6oT rrpn qpe3BbI-

06ie,u1rneuu11f1 IIHCTHTYT 
5.l,LJ;epHI:,IX ll'/lCJie,TJ;OBam1fI 

BI1BJ1HOTEKA 
~·~~---·- -··---•--~~ 



qaHHbIX cmyau.m1x H OTCyrCTBHe B03MO)KHOCTH 3BaKyau.uu nepeBO)J.HT 

B03MO)KHOe HapyrneHue pa60Tocnoco6HocTH no npuquHe B03.D.eifoTBmI 

pa.n.uau.uu B cepbe3HbIH KOMnOHeHT pHCKa. XapaKTep .n.eHTeJibHOCTH H 
HanpH)KeHHH peryJIHTOpHbIX CHCTeM B npou.ecce KOCMHqecKOfO nonera, 

B03MO)KHOCTb B03HHKHOBeHHH B mo6ou MOMeHT noJieTa COJIHeqHbIX npo

TOHHbIX co6bITHH, Bb13blBaIOI.QHX .n.onOJIHHTeJibHOe o6nyqeHHe opraHH3Ma H 

COOTBeTCTByioI.Qee BJIIUIHHe Ha ero cpyHKU.HOHaJibHOe COCTOHHHe, TPe6yIOT 

yqera cu.eHapHH B paMKax KOTOporo npOHCXO)J.HT o6nyqeHHe. M, HaKOHeU., 

pa3H006pa3He B03M0)KHblX 3cp<peKTOB, B03HHKaIOI.QHX B o6nyqeHHOM opra

HH3Me B pa3JIHqHbie nepuo.n.bl B npou.ecce xpoHuqecKoro u ocTPoro 

o6nyqeHHH H npoTeKaIOI.QHX B TeqeHHe BCeH OCTaBrneucH )KH3HH, 06na.n.a10-

I.QHX lllHpOKHM cneKTPOM CTeneHH TH)KeCTH H )1.JIHTeJibHOCTH .n.eiiCTBIUI, 

TPe6yioT cneu.uanbHOH cpopMbI yqera 3TOro <paKTa npu ou.eHKe 

pa.n.uau.uoHHoro pucKa. 
CymecTBeHHbIM CJie)J.CTBHeM H3JIO)KeHHOro HBJIHeTCH Heo6xo.n.u

MOCTb pa3pa60TKH npou.e.n.ypbI pacqeTa <pyHKU.HOHaJia «pa.n.uau.uoHHbIH 

pHCK», o6ne)J.HHHIOI.Qero 3aKOHOMepHOCTH )J.HHaMUKH noJIH U3JiyqeHHH B 

o6nyqaeMOM opraHH3Me, CTOXaCTuqecKue xapaKTepHCTHKU pa.n.uau.uoHHblX 

ycnoBuii B KOCMoce, Beeb cneKTP pa.n.uo6uonornq~cKux nocne.n.cTBHH 

o6nyqeHUH " pa3H006pa3Hble nyru BJIHHHUH nepequcneHHbIX cpaKTopoB Ha 

.n.onOJIHHTeJibttylO K ecTeCTBeHHOH BepOHTHOCTb HapyrneHUH 3)1.0pOBMI UJIH 

ero ru6enu. Oco6eHHOCTb ucnOJib30BaHUH 3TOH BenuquHbl 3aKJIJOqaeTCH B 

TOM, qro HOpMaTUBbl pa.n.uau.uoHHOH 6e3onaCHOCTU TaK)Ke )J.OJI)KHbl 6bITb 

Bbipa)KeHbl B TepMHHax TaKoro <pyHKU.HOHaJia. 
B )J.OKJia.n.e npttBO)J.HTCH HeKOTOpbie nO)J.XO)J.bl K perneHmo 

onHCbIBaeMoii npo6neMbl. 
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O:QEHKA OTMJIEHHLIX IlOCJIE,lJ;CTBim ,lJ;JIIITEJThHOro 
,ll;EHCTBIDI P A)];IIAI];IIlI H )zyYrIIX <I>AKTOPOB 

KOCMH11ECKOro IlOJIETA 

lllarjJupKUH A.B. 
fHQ P<I> - MHcTmyr Me.[{0Ko-6ImnoruqecKHX npo6neM PAH, r. MocKBa, PoccHH 

a_s_shtemberg@rambler.ru 

B MaTepuanax III CucaKHHOBCKHX qreHuH B 2004 r. npe.n.crnBJieHo 

pa.n.uo6uonoruqecKoe o6ocHoBaHue pa.n.uau.uoHHOro pucKa npu ocymecTB

neHHU nHJioTupyeMoro nonera Ha Mapc. obIJIO noKaJaHo, qro cyMMapHbIH 

.n.onoJIHHTeJibHblH pa.n.uau.uoHHblH pucK CMepTHOCTU B TeqeHue )KH3HU KOC

MOHaBTOB nocne 3aBeprneHIUI .D.Byxro)J.OBOro Me)KilJlaHeTHOro KOCMUqec

KOro nonern, ocymecTBJIHeMoro B nepuo.n. MaKCHMYMa conHeqHou aKTHB

HOCTU (CA) 3a 3aI.QHTOH 30 r/cM
2 

aJIIOMHHmI, Momer cocTaBttTb 4,5 ± 0,2 %. 
3To 3HaqeHue cna6o 3aBHCeJio OT B03pacTa KOCMOHaBTa " cymeCTBeHHO, B 

9 - 10 pa3, npeBb1rnano paccqHTaHHbie Ha ocHoBe Mo.n.eneu KaHu.eporeHe3a 

ou;eHKH pHCKa CMepTHOCTH )J.JIH KOCMOHaBTOB B B03pacTax 45 - 55 JieT, 

cBu.n.eTeJibCTBYH o npeBanupyiomeu ponu HeKaHu.eporeHHOH oT.n.aneHHou 

pa.n.uau.uoHHOH naTOnomu. 

B HaCTOHI.Qeu pa6oTe 6y.n.yr paccMOTPeHbI MaTepuanbI 3KcnepuMeH

TaJibHbIX u 3nlf)J.eMuonoruqecKux uccne.n.oBaHHH no xpoHuqecKoMy .n.eucT

BUIO UOHU3ttpyiomux H3JiyqeHHH (MM) If 3JieKrpOMarHHTHbIX noneu 

cBepXBbICOKHX qacTOT (3MII CBq) Ha muBOTHbIX u qenoBeKa. 3Tu 

MaTepttaJibl CBU)J.eTeJibCTBYJOT O cepbe3HbIX MopcponoruqecKHX noBpe)K)J.e

HUHX B 3HaqHTeJibHOM qucne opraHOB H TKaHeii, a TaK)Ke cepbe3HblX 

cpyHKQUOHaJibHblX HapyrneHIUIX B opraHH3Me. OTMeqeHbl .n.ereHepaTUBHbie 

H3MeHeHUH B pH.n.e opraHOB u TKaHeii, KOTOpbie MOrJIU 6bI 6b1Tb KaK B 

pe3yJibTaTe npHMOro noBpe)K)J.aIOI.Qero B03)1.eHCTBIUI pa.n.uau.uu, TaK If 

HapyrneHmi: KpoBoo6pameHIUI B CBH3H C noBpe)K)J.eHHeM 3H)J.OTeJIUaJibHblX 

KJleTOK, HapyrneHUHMU HeHp0-3H)J.OKpUHOH peryJIHI.J.UU If pa3BUTUeM 

cocy.n.ucTbIX HapyrneHuii B 3Tttx opraHax. 

Ey.n.yr paCCMOTPeHbl MaTepHaJibl )J.JIHTeJibHbIX 3nu.n.eMUOJIOruqeCKHX 

Ha6JIIO.D.eHuii nepcoHana, no.n.BeprruomerocH B03.D.eiicTBUIO 11M u 3MII 

CBq, a TaK)Ke pe3ynbTaTbI o6cne.n.oBaHmi: nuu. onacHbIX npocpeccuu, 

no.n.BepraIOI.QUXCH KOMDJieKCHOMY )J.JIHTeJibHOMY B03)1.eHCTBHIO cpmuqeCKHX 

cpaKTOpOB If ncHX03MOQHOHaJibHOro CTPecca. Bo Bcex 3THX HCCJie)J.OBaHmIX 

Ha6JIIO)J.aJIH 6onee paHHHe B03paCTHbie H3MeHeHmi:, CBH3aHHbie C Hapyrne-
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HIDIMH B cucTeMe Kposoo6pameuIDI, yseJiuqeuue qacT0TbI 3a6oJieBauuif 
l.{eUTpaJibHOH uepsuoif, cep.u.equo-cocy.u.ucToif u pH.u.a .u.pyrux cncTeM. Ha 
ocuose 3THX u .u.pyrux MaTepuanoB 6y.u.yT npose.u.eub1 ol.{euKH cTeneuu 
yseJiuqeuHH pHCKa }J.JIH KOCMOHaBT0B npu ocymecTBJieHHH }J.JIUTeJibH0ro 
Me)KilJlaHeTHOrO Il0JieTa K Mapcy " peK0MeH}J.al.{HH O ueo6XO}J.HMOCTH 
yseJinqeuIDI TOJlll\HHbl 3amHTbl MapcuaHCKOro KOpa6JIH. 

IIPOEJIEMl>I OIJ;EHKH «I>YHKIJ;lfOHAJffiHI,IX H3MEHEmm: B 
IJ;EHTPAJffiHOH HEPBHOH CHCTEME, Bbl3BAHHI,IX 
HOHH3HPYIO~HMH H3.JIY1IEHIDIMH B YCJIOBIDIX 

KOCMWIECKOro 110.JIETA 

mmeM6epz A. C. 
rHQ P<I> - HHCTHT)'T Me.nnKo-6uonorHtiecKux npo6neM PAH, r. MocKBa, PoccHH 

a_ s _ shtemberg@rambler.ru 

<l>yHKl.{HOHaJibHaH peaKl.{HH l.{eUTpaJibHOH uepBHOH CHCTeMbl (QHC) 
ua o6nyqeuue B .u.uana3oue JJ.03 .u.o 0,5 3s, K0T0pb1e peanbuo MOryT 6bITb 
IlOJiyqeubI K0CMOHaBTaMH BO BpeMH Il0JieTa, CBO}J.HTCH, maBHblM o6pa30M, K 
ycHJieumo reuepanmosauuoro Bo36y)K}J.eHHH u 3aMeTH0My ocJia6Jieumo 
TOpM03HbIX npol.{eCC0B, IlO-BH}J.HM0MY, B CHJIY OCJia6JieHHH Touyca H 
CHU)KeHnH pa6oTOcnoco6uocTu KopKOBbIX ueifpouoB (B oco6euuocTu npu 
}J.JIHTeJibHOM xpouuqecKoM o6Jiyqeuuu), ~o B l.{eJioM xapaKTepH3YeT 
CHU)Keuue pa6oTOcnoco6uocTu QHC. 3TO no.u.rnep)K}J.aeT B03MO)KHYIO 
onacHOCTb uapyrneHHH pa60Tocnoco6HOCTH K0CMOHaBTOB B pe3yJibTaTe 
pa.u.ual.{H0HH0ro B03)1.eHCTBHH B npol.{ecce }J.aJibHHX }J.JIHTeJibHblX IlOJieTOB. 

B uacToHmee BpeMH UMeeTCH }J.0CTaTOquo npe.u.cTaBHTeJibHbIH 
KOMilJleKc MeTO}J.HK }J.JIH 3KCnepuMeHTaJibHOH 01.{eHKH TaKHX H3Meueuuif ua 
pa3HblX ypoBHHX opraumal.{HH QHC - OT ueifpoXHMuqecKoro }1.0 HHTerpa
THBH0ro (nose.u.euue), qTo Il03B0JIHeT onpe.u.eJIHTb PHJJ. KmoqeBblX MapKepoB 
<pyuKl.{HOHaJibHbIX uapyrneuuif B QHC, K0TOpb1e M0ryT 0Ka3aTbCH cymecT
seuublMH B IlJlaue paccMaTµHBaeMOH npo6JieMbl. 3To 01.{eHKa C00TH0llleHIDI 
aKTHBH0CTH cepoTouuuepruqecKOH u uopa.u.peueprmecKoif ueifpoMe.u.ua
T0pHbIX CHCTeM M03ra (ua ueifpOXHMHqecKOM ypOBHe), 01.{eHKa 3JieKTµO<pH-
3H0JI0ruqeCKHX H3MeHeHHH (KOJIHqecTBeHHblH cneKTµaJibHblH auaJIH3 33r 
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no <I>ypbe ), 01.{eHKa CJI0)KffbIX <popM Il0Be}J.eHHH, M0}J.eJIHPYfOll\HX pa3Jluq
Hble 3JieMeHTbl onepaTOpCKOH }J.eHTeJibH0CTH (ua HHTerpaTHBH0M ypOBHe). 

Heo6XO}J.HMblM 3JieMeHTOM 01.{eHKH cpyHKl.{HOHaJibHbIX H3MeHeHHH B 
QHC HBJIHeTCH scecTOpouuuif yqeT cpaKTopoB, MOJJ.H<pHl.{HpJIOmnx 
pa.u.ual.{HOHHblH 3<p<peKT. Ilo3TOMy M0)KH0 BbI}J.eJIUTb CJieJJ.YIOmHe KmoqeBbie 
TPe6osauIDI K 3<p<peKTHsuoif cucTeMe TaKoif ol.{euKU: 

yqeT HHJJ.HBHJJ.YMbHbIX <pYHKl.{HOHaJibHbIX oco6euuocreif QHC; 
yqeT BJIIDIHHH MO.U.Hq>Hl.{Hpy10mux cpaKTopoB (uepa.u.ual.{HOHHbie 
<paKTOpbI IlOJiern); 
coqeTauue 3KCnepHMeHTaJibHblX (ua )KHBOTHbIX) H KJIHHHK0-
<pH3HOJIOruqecKHX MeT0}J.0B; 

no.u.6op a.u.eKBaTuoro K0MilJleKca MeTo.U.HK, BKmoqruomux 0l.{euKy 
mMeueuuif ua Bcex ypoBHHX opraumal.{HH QHC; 
yqeT xapaKTepHCTHK K0CMHqecKHx mnyqeuuif; 
B0ilp0Cbl 3KCTµail0JIHl.{HH 3KCnepHMeHTaJibHbIX .u.auublX ua qeJioBeKa. 

RADIOBIOLOGICAL RESEARCH AT THE JINR ACCELERATORS 

Krasavin E.A. 
Joint Institute for Nuclear Research, Dubna, Russia 

The Joint Institute for Nuclear Research (JINR) has the different 
accelerators of heavy charged particles for various energies. The 
radiobiological investigations at these machines have been commenced some 
tens years ago. The main task of scientific research at the Laboratory of 
Radiation Biology of JINR is connected with investigations of genetic 
effects of accelerated charged particles with wide spectrum of energies. 
Using accelerated heavy ions with low energy, the following directions of 
research in radiobiology and radiation genetics were performed: study of 
RBE problem in connection with DNA repair processes; investigation of the 
molecular mechanisms of point and structural mutation induction in 
prokaryotic cells and the influence of the repair systems on the mutagenic 
processes after irradiation in a wide range of linear energy transfer (LET); 
study of the SOS-response of bacterial cells by using SOS-chromotest, SOS

lux test and criteria of A-prophage induction in lysogenic bacteria after 
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irradiation by heavy ions; study of the regularities of gene mutation 
inductions in yeast cells under action of ionizing radiation with different 
LET; investigations of the regularities of unstable and stable chromosomal 
aberrations (translocations) in human cells under action of ionizing radiation 
with wide LET range; study of mutagenic (HPRT gene) effects in 
mammalian cells in culture after heavy charged particle irradiation and 
chromosomal instability in HPRT-mutant clones after irradiation; study of 
the cytogenetic effects in mammalian cells irradiated by heavy ions in low 
doses. The radiobiological investigations with hi~h energy are carried out at 
the Nuclotron - the new JINR accelerator. The programme involves the 
most vital tasks of modern radiobiology: study of the regularities and 
mechanisms of stable and unstable chromosome aberration induction in 
human cells; genetic control of check-point regulation in low eukaryotic 
cells; study of the induction and reparation of double-strand and single
strand breaks of DNA after heavy ion irradiation by the comet assay method. 



CeKu;un 

«liHOXHMIUI» 



B.JIIDIHIIE PEHTrEHOBCKOro O:Ji.JiyqEHIDI HA 
AMIDIOKIICJIOTID>IH COCTAB H HA HAKOIIJIEHHE 

CBOBO~OrOIIPOJIHHA 

Azao:J1Ca11RH A.X, Kapane,mm A.M, Azao:J1CaHRH A.A., MapmupocRH MC., 
3axapRH A.A. 

EpeaaHCKHii rocy.n.apcTBeHHbiii yHHBepcHTeT, ApMemrn 

IlpH npopaCTaHIIII ceM.HH qiacOJIII, ITO)],BeprttyrbIX peHTreHOBCKOMY 

o6nyqeHHIO, CO)].ep)KaHIIe CB060)].HbIX aMIIHOKIICJIOT (3a pe)].KIIM IICKJIIO

qeHIIeM) yBeJ11Iq1IBaeTCSI no cpaBHeHIIIO C npopOCTKaMII IIHTaKTHbIX ceM.HH. 

TaK, acnaparlIH yBeJIIIqlIBaeTC.H Ha 42 %, ceplIH - Ha 70 %, MeTIIOHIIH - Ha 

45 %, npOJIIIH - Ha 47 %, pa3BeTBJieHHbie aMIIHOKIICJIOTbl - Ha 6onee qeM 

100 %. O)1.HaKO c .l1.pyroii CTOpOHbl KOJIIIqecTBo aprnHIIHa yMeHbIIIaeTC.H Ha 

16 %, a rnyTaMIIHOBOH KIICJIOTbl - Ha 25 %. Ilpe)],ITOJiaraeTC.H, ~o 

yBeJmqeHIIe npoJrnHa CB.H3aHO C aKTIIBIIpOBaHIIeM nplI PMIIaUIIII npOI._\ecca 

61Ioc1ITe3a npon1IHa II3 aprlIHIIHa II rnyTaMaTa, a Ha6n10)],aeMoe nplI PMIIa

UIIII yBeJ11IqeH1Ie KOJIIIqecTBa 0CTaJibHbIX aMIIHOKIICJIOT - C ycHJieHIIeM 

KaTa60JIII3Ma 6eJIKOB. 

DblJIO TaK*e ITOKa3aHO, qT0 npOIICXO)],IIT onpe)],eJieHHOe yBeJ11IqeH1Ie 

KOJmqecTBa CBo6o)].HbIX aMIIHOKIICJIOT II nplI 06nyqe111I1I .l1.PO)K)KeH Candida 
guilliermondii HP-4, 3a 1ICKJ110qe111IeM JIII31IHa II qieH1InanaH1IHa. Ilo)]. 

BJIII.HHIIeM BIITaMIIHa E npolICXO)],IIT pe3KOe na)],eHIIe CO)].ep)KaHIISI CB060)].

HbIX aMIIHOKIICJIOT B IIHTaKTHbIX KJieTKax. To )Ke caMoe Ha6JIIO)],aeTCSI II nplI 

KOM61IH1IpOBaHHOM B03)1,eHCTBIIII BHTaMIIHOB E II C, 3a IICKJIIOqe111IeM 

BaJIIIHa II MeTIIOHIIHa. HHTepecHo, qTo nplI 06nyqe111I1I .l1.PO)K)KeH BIITaMIIH 

E IlOBbllllaeT, a BIITaMIIHbl E II C ITOHJI)KaIOT CO)].ep)KaHIIe aprlIHIIHa, 

rnyTaMaTa II anaHIIHa. B TO )Ke BpeM.H y 06nyqe11b1x .l1.PO)K)KeH BIITaMIIH E 
IlO~II He BJIIISleT Ha ypoBeHb MeTIIOHIIHa, T1Ip031IHa, cpeHHJiaJiaH1rna, 
JIII31IHa II neiiu1I11a, HO E II C nOHJI)KaJOT ypoBeHb 3TIIX aMIIHOKIICJIOT. He 

IICKJIJOqaeTC.H, qTo IT0)].06HbIH 3q>q>eKT BIITaMIIHOB o6ycJIOBJieH Il0)],aBJie

HIIeM KaTa6oJIII3Ma 6eJIKOB. HeJib3.H IICKJIIQqJITb TaK*e II CTIIMYJIIIpOBaHIIe 

BIITaMIIHaMII IIX paCXO)],OBaHH.H )],JI.SI CIIHTe3a 6eJIKOB. 
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COCTAB )UIAJJ113ATOB roMorEHAT IImEmru; 
II 1IX B.JIIDIBIIE HA POCT ,l(POXOKE:U CANDIDA 

GUILLIERMONDIIHP-4 

A2ao;J1<:a1m11 A.X, lfy6apR11 C.B., TyMa11R11 JI.P., Hu1<.0R11 A.A., 
A11a11R11 JI.I'., Apa1<.e.llR11 MM 

EpeBaHCKIIii rocy,napcTBeHHhiii yHIIBepcIITeT, ApMeHIIH 

OblJIO ycTaHOBJieHO, qTO 3KCTJ)aKT 7-)].HeBHbIX npopOCTKOB nmeHIIQbl 

CTHM)'JIIIpyeT pocT APO)K)Kett, yBemrqIIBaH HX 6ttoMaccy B 2,0 - 2,5 pa:m. 

qT06bI BbIHCHlfTb, qTQ 3a BemecTBa CTlfM)'JIHPYJOT pOCT APO)K)Kett (BbICOKO

MOJieKYJIHpHbie lfJIH HH3KOMOJieKYJIHpHbie ), MbI no)].Beprnw cryneHqaToMy 

)].HaJIH3Y ( 1 qac, 2 qaca, 3 qaca, 4 qaca, 20 qacoB) roMoreHaT npopocTKOB 

nmeHHQbl w npoBeplfJIH BJilfHHlfe 5 BapHaHTOB )].lfaJIH3aTa (AlfaJIH3HOro 

6ycpepa) If HX OCTaTKOB (co)].ep)KaHHe )].lfaJilf3HOro MernoqKa) Ha pocT APO)K

)KeBblX KJieTOK, a TaIOKe Ha CO)].ep)KaHHe B HlfX CB060)].HOro npOJIHHa. 

BbrnCHlfJIOCb, qTO If )].lfaJIH3aTbl npopOCTKOB nmeHHQbl If lfX OCTaTKlf HMe

IOT CTHMYJIHpy10mee BJilfHHlfe Ha pocT APO)IOKeBbIX KJieTOK, npwqeM 

TepMHqecKaH o6pa60TKa He CHlf)KaeT CTHMYJIHpy10mero BJilfHHlfH )].lfaJilf-

3aTHOro OCTaTKa. B TO )Ke BpeMH KOJIIfqecTBO HaKOOlfBIIIerocH CB060)].HOro 

npOJIHHa CHlf)KaeTCH HapH)].y c yBeJIIfqeHHeM 6ttoMaCCbl APO)K)Kett, TaK KaK 

npOJilfH CJIY)KlfT OOKa3aTeJieM pocTa KJieTOK, ~o MO)KHO o6'bHCHlfTb ero 

BKJIIOqeHHeM B COCTaB 6eJIKOBbIX MOJieKyJI. 

C n0Momb10 ra3oBoi"i xpoMaTOrpacpww MbI BbIHBHJIH CTJ)YK'I)'pb1 

KpHCTaJibHbIX <pa3 noJiyqeHHbIX )].lfaJIH3aTOB (nonyqeHHbIX no cryneH

qaTOM)' )].lfaJIH3Y), KOTOpbie B CBOett )l(lf)].KOll cpa3e CO)].ep)l(aT npOJilfH. 

0Ka3aJIOCb, ~o OHH co)].ep)l(aT 1- npomrnaMHH, N-MeTlfJinpoJIHH, 6YTHJieH-

3<pHp, npwqeM N-MeTHJIOpOJilfH (rnrpHHOBaH KlfCJIOTa) HBJIHeTCH npo)].yKTOM 

pacmeUJieHHH TaKHX aJIKaJIOlf)].OB, KaK rwrpHH, KYKCrHrpHH If HlfKOTlfH. 
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P ~OlllIO-XIIMWIECKIIE IIPEBPAl~EHIDI 
KYMAPIIHOB B BO)UIO-OPr AHWIECKIIX CIICTEMAX 

1 A11mpono6a H.I'., 1 <l>e11u11 A.A., 2 Pe6u11a A.A., 1 Xaut6a E.B. 
1PoCCIIUCKIIll XHMIIKO-TeXHOJIOrlf'IeCKIIll YHIIBepCIITeT HM. ,n:.11. MeH.D:eJieeBa, 

r. MocKBa, PoccIIH, antropovai@inbox.ru 
211HCTIITYT q>II3lf'IecKoii XHMIIII II :meKrpOXHMIIII HM. A.H. <l>pYMKIIHa PAH, 

r. MocKBa, PoccIIH, revina@mail333.com 

KyMapttHbI KaK npe)].CTaBHTeJIH coe)].HHeHHtt noJIH<peHOJibHOtt 

npttpO)].bl npHBJieKaIOT BHHMaHHe B KaqecTBe aHTHOKCH)].aHTOB If pa)].HO

npoTeKTOpOB. HccJie)].OBaHHe OOBe)].eHHH KyMapHHOB B o6paTHO-MIIQeJI

JIHpHblX ClfCTeMax HMeeT lfHTepec, TaK KaK o6paTHO-MHQeJIJIHpHaH ClfCTeMa 

HBJIHeTCH aHaJIOroM 6HOJIOflfqecKOll KJieTKH. 

B pa6oTe 6bIJia npe)].OpHHHTa OOObITKa lJ3yqeHHH OOBe)].eHHH MOJieKyJI 

KyMapHHOB B o6paTHO-MHQeJIJIHpHbIX ClfCTeMax. ,lvrn lf3yqeHHH OOBe)].eHHH 

KyMapHHOB B opraHlf30BaHHbIX cpe)].aX lfCOOJib30BaJilf ClfCTeMbl 

H20/IIAB/H3oOKTaH. B KaqecTBe IIAB wcnoJib30BaJIH AOT (6wc(2-3THJI

reKclfJI) cyJib<pOCYKQHHaT HaTJ)HH), KyMapHHOB - 8-HlfTP0303CKYJieTlfH, 4-
MeTlfJI3CKYJieTlfH. li3BeCTHO, ~o MOJieKyJibI AOT, BBe)].eHHbie B pacTBopw

TeJib, cpopMttpyIOT MaJieHbKlfe OOJilf)].lfCOepcHbie arperaTbl, lfJilf MHQeJIJibl. 

KoHQeHTJ)aQlfH AOT, Heo6xo)].HMa» )].JIH 3THX arperaToB, ecTb BeJIIfqlfHa OT 

10-
1 

)].O 10·
3 

M. Bo)].a pacnonaraeTcH BffYTPH o6paTHbIX MHQeJIJI. 

HccJie)].OBaHHH npOBO)].lfJilfCb cneICTpOq>OTOMeTJ)IfqecKlf Ha C<I>-2000 

B YJibTJ)acpttoJieTOBOtt lf Blf)].HMOtt o6Jiacrnx cne~a. 06nyqeHwe pacTBopoB 

npoBO)].lfJIH Ha H30TonHoi"i ycrnHOBKe PXM-y-20 ( 
0
co) )].030tt 0,5 filp. 

CneICTpO<pOTOMeTJ)IfqecKH o6Hapy)l(eHO, qTQ C pOCTOM K03<pq>lf

QlfeHTa COJII06lfJIH3aQlflf Ha6JIIO)].aeTCH lf3MeHeHHe lfHTeHClfBHOCTH 

OCHOBHbIX UOJIOC nornomeHHH. 3HaqeHlf51 onTHqecKOll IlJIOTHOCTlf 

MHQeJIJIHpHOll ClfCTeMbl C 8-HlfTJ)0303CKYJieTlfHOM yBeJIIfqlfBaIOTCH npH 

yBeJIIfqeHlflf K03<p<plfQlfeHTa como6lfJIH3aQHlf, a )].JIH 4-MeTlfJI3CKYJieTHHa 

npoHCXO)].lfT Oa)].eHHe onTHqecKOll IlJIOTHOCTlf. 

XapaKTep If OOBe)].eHHe cneICTpOB nornomeHHH KyMapHHOB pa3JIIfqeH, 

CJie)].OB,aTeJibHO, CTJ)yKl)'pa KYMapttHa BJilfHeT Ha ero CBOllCTBa. 

Pa)].HaQHOHHO-XlfMifqecKHH BbIXO)]. pa3JIO)l(eHlf51 KyMapHHOB B o6paTHO

MlfQeJIJIHpHbIX ClfCTeMax BbIIIIe, qeM B COHpTOBbIX paCTBopax. 
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IIOJillCAXAPH,ZJ;bl H liAKTEPHAQHHbl 
KHCJIOMOJIOqJIOro IIPO,ll;YKTA "HAPIIHE" 

Apym1011R11 A.JI., Map1<ocR11 JI. C. 
"HapeK" HayqHO-IICCJie.a.oaaTeJihCKIIii IIHCTIITYT, r. EpeBaH, ApMeHIDI 

Lmark@sci.am 

B HaCT0HIIJ,ee BpeMH KHCJIOMOJIOqffbIH Jieqe6Ho-mmrreJibHhIH np0JzyKT 

"Hap1rne" Harnen urnpoKoe npuMeHemie B Me,D,m.urne. "HapuHe" 

npoH3B0JJ.IITCH H3 M0JI0Ka c noM0IIJ,hIO MOJioqHoKHcJioii 6mcrepuu Lactobacillus 
acidofilus ll-IMllA 9602 (317 /402). "HapuHe" o6Jia,D,aer neqe6HhIMH 

caoiiCTBaMH urnpoKoro cneKipa. Y cneurno npuMeHHercH npu neqeHHu 

,D,ttc6mcrepuo3oa, HH<peKQHOHHhIX 3a6oneBaHHH )Ke.rry,D,oqHo-KHIIIequoro 

-rpaKTa (caJihMOHeJIJie3a u ~p.), mHeKonoruqecKHX 3a6oneaaHuii, aocnanHTeJib

HhIX npou.eccoa u ,D,pyrux 3a6oneaaHHii. Jleqe6Hbie caoiicTBa "HapuHe" 

o6ycJIOBJieHbl ero aHTIIMHKpo6HOH aKTHBH0CTblO. O,D,HaKO )],0 HaCTOHIIJ,ero 

BpeMeHH He BblHCHeH0, KaKHMH coe,D,HHeHHHMH, CHHTe3ttpyeMbIMH npu 

6po,KeHHH M0JI0Ka YKa'.3aHHhlM IIITaMM0M, o6ycJIOBJieHa aHTIIMHKp06HaH 

aKTHBH0CTb u neqe6Hh1e caoiiCTBa "HapHHe". OrMeruM, 'ITO CHHTe3upyercH 

3HaqHTeJibH0e KQJiuqeCTB0 Il0JIHCaxapH)].a H, B03MO)Kff0, 6mcrepHOll.HffOB. 

Ilpupo,D,a u caoiiCTBa ux JJ.0 cux nop He ITTyqeHhI. 

U.eJiblO HaCTOHIIJ,HX HCCJie,D,OBaHHH 6bmo ITTyqeHue C0CTaBa, C'fP)'KIYpbl 

"aHTIIMHKp06HOH aI<THBH0CTH Il0JIHCaxapH)].a" 6aKTepHOU.UHOB, C0,D,ep,Ka

IIJ,HXCH B KHCJI0M0JI0qHQM np0JJ.YKTe "HapuHe". Pa3pa60TilHbl Me'f0)],bl Bbl)],eJie

HHH H3 CbIB0pOTKH "HapuHe" Il0JIHCaxapH)].a u 6aKTepHOll.H)].HOH <ppaKU.UH c 

npuMeHeHHeM pa3!IuqHbIX cnoco6oa oc8)1()],eHHH: a,D,cop6u.uoHHaH u reJib

xpoMarorpa<pHH H JJ.p. BbIHBJieHbI c-rpyicrypHb1e oco6eHHOCTH nonttcaxapH)].a c 

noM0IIJ,hIO 5IMP, HPLC, TOHKOCJIOHHOH xpoMarorpa<puu u .D.pyrux Mero,D,0B. 

IloKa3aHO, qTQ ITTyqeHHhIH Il0JIHcaxapH)]. M0)KH0 OTHeCTH K Il0JIHCaxapH)].aM 

THila rJIIOKaH0B. Bbl)].eJieHhI TilK)Ke <ppaKQHH 6aKTepHOll.HffOB IlOJIHilellTH)],HOH 

npupo,D,bl. J,fayqeHhI XHMHKO-<pH3uqecKHe " aHTIIMHKpo6Hbie CBOHCTBa 

Il0JIHCaxapH)].0B " 6mcrepHOU.UHOB. IlonyqeHHble pe3yJibTilThl opttrHHaJibHbl " 

cyrn,ecTBeHH0 Il0il0JIHHIOT Hanrn 3HaHHH 0 6uonoruqecKOH aI<THBH0CTH " 

neqe6HbIX CBOHCTBax KHCJI0M0JI0qHoro np0JJ.YKTil "HapHHe". 
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HCCJIE,z:t;OBAHHE H3MEHEHIDI TOJIIIJ;HHI,I JIHIIH)];IIOro 
liHCJIOH IIOCJIE YJII,TPA<I>HOJIETOBOH P~ 

Eaoa.Jlflll r.r., Ceopa,am JI.A. 
EpeBaHCKIIii rocy.n:apcTBeHHhiii yHIIBepcIITeT, r. EpeBaH, ApMeHID! 

hbadal@www.physdep.r.am, hbadal@www.email.ysu.am 

KaK H3BeCTH0, )],JIH <popMttpoBaHHH JIHilH)],H0ro 6ttCJIOH Ba,KHeiiIIIyIO 

p0Jib urpaeT 6aJiaHC 3JieK'fl)0CTaTHqecKHX H BaH,D,epBaaJibC0BbIX CHJI. J1106oe 

HapymeHHe yKa3aHHoro paBH0BecuH CHJI JJ.0Jl)Kff0 npuaecTH K H3MeHeHHIO 

C'fPYKTYPbl 6ttCJIOH - ero T0JIIIJ,HHbl tt IlJI0TH0CTH. J,faaeCTHO TaIOKe, 'ITO 

B03,D,eiicTBue Ha JIHilHJJ.HbIH 6ucnoii ynb-rpa<puoneroaoro mnyqeHHH 

npHB0)],HT K H0HH3aU.HH nompHbIX rpynn aM<pH<pHJibHblX M0JieKyJI HJIH 

nepeKHCH0M)' 0KHCJieHHIO yrneB0,D,0p0,D,HbIX XB0CT0B. l13MeHeHHe 3apH,D,a 

Il0JIHpHblX rpynn CTaH0BHTCH npuqHHOH H3MeHeHHH 3JieK'fl)0CTaTUqecKHX 

CHJI, a 0KHCJIHTeJibHbie npou.ecCbl BJIHHIOT Ha BeJIHquuy BaH,D,epBaaJibC0BbIX 

CHJI. Hoaoe paBHoaecue 3THX CHJI npttB0JJ.HT K <popMupoBaHmo CTPYKTYPbI 

6ucJioH c .D.PYrHMH napaMe-rpaMu. 

HaMH 6hm paccMo-rpeH aonpoc BJIHHHHH ynh-rpa<puoneroaoro H3JIY

qeHHH Ha CTPYKTYPY 6ttcJIOH B cucTeMe JieU.HTHH-B0,D,a MeTOJJ.0M MHHHMH-

3au.uu cao6o,D,Hoii 3Heprnu u peHTreH0CTPYKTYPH0ro aHaJIH3a. ,lv!H cucTeM 

JieU.HTHH-B0,D,a nonyqeH0 Bblpa,KeHHe CB060,D,HOH 3HeprHH, KY.D.a Il0MHM0 

3JieK'fl)0CTaTuqeCKHX H BaH,D,epBaaJibC0BbIX CHJI BX0)],HT Il0BepXH0CTHaH 

3HeprHH H 3ffTPOilHHHbIH qneH, KOTOpbIH Bbipa,KeH qepe3 cao6o.D.HbIH 

o6'beM, npHXO)],HIIJ,HHCH Ha 0)].Hy M0Jieeyny B 6HCJIOe. TaKHM o6pa30M: 

F = E,A +EBB+ En -KTln VJ. (1) 

HcnOJib3YH M0,D,eJib IlJIOCKOH pemeTKH, noJiyqaeM 3aBHCHM0CTb K8)1()].oro 

qneHa a (1) OT napaMe-rpoB 6HCJIOH, MHHHMH3ttpyH no IlJI0TH0CTH p, T0JI-

IIJ,HHe L H qttc.rry Moneeyn N B 6ucnoe, H pemaH cttcTeMy ypaBHeHHii, nony

qaeM 3aBHCHM0CTb L OT napaMe-rpa CTeneHH H0HH3aU.HH H 0KHCJieHHH. 

IlonyqeHHble ,D,aHHbie Il0Ka3bIBaIOT, 'ITO BJIHHHHe YJib'rpa<pHOJiera npHB0)],HT 

K yaenuqeHHIO T0JIIIJ,HHbl 6HCJIOH, T.e. K Ha6yxaHHIO CHCTeMbl. 

3~TeM MeTO)],0M peHTreH,D,tt<ppaKQHOHHOrO aHaJIH3a, HCil0Jlb3YH 

.D.ByxnapaMe-rpuqecKyio <popM)'.rry JlY3aTHH 

d=lo+(K+ 2µ)Ce 
Sule CJ, 

Il0JiyqaeM 3aBHCHM0CTb K03<p<puu.ueHTa Ha6yxaHHH K OT BpeMeHH 
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B03AeHCTBIDI ynb-rpa~HOJieTOBOfO H3JI)'11eHIDI. 3KcnepHMeHT8JlbHO 

AOKa3aHO, 'ITO B03AeHCTBHe YJib-rpa~HOJieTOBOro mnyqeHmI npHBOAHT K 

Ha6yxaHHIO 6HCJIOH B CHCTeMe JieQHTHH-B0Aa. 

MOJIEKY .IDIPHl>IE IIA TOMEXAHB3MLI P A3BHTIDI 
HMMYHHOrO OTBETA IIPH HIDEMWIECKOM IDICYJThTE 

EoRd:JICRH A.C., MaHyKRH JI.A., Apa,awm A.A., Au6Cl3RH B.A. 
MHCTIIT)'T MOJieKyIDipH0ii 6Hononrn HAH PA, EpeBaH, ApMeHHH 

annams@mb.sci.am 

Oc-rpbIH mueMuqecKHH HHCYJibT (MM), HHAYQHpyeMbIH -rpoM6030M 

HJIH 3M60JIHeH, xapaKTepmyeTCH BHe3anHOH OCTaHOBKOH KpOBoo6pamemrn 

B TOM yqacTKe M03ra, rAe pacnonmKeHa 3aKynopeHHaH apTepttH. 3To 

npHBOAHT K npeKpameHmo cHafoKeHIDI AaHHOro yqacTKa M03ra Kttcnopo

AOM H 3anycKaeT mneMuqecKHH KacKaA peaKQHH, npHBOMmHX K ru6enu 

HettpoHoB, HH~apKTY M03ra H noTepe HettponornqecKHx ~YHKQHH opraHm

Ma. 1111 HBJIHeTCH OAHHM H3 Hatt6onee pacnpoc-rpaHeHHbIX 3a6oneBaHHH 

cpeAH JIHQ B3pOCJIOro B03pacrn H B CBH3H C yBeJiuqeHHeM 

npOAOJDKHTeJibHOCTH )KH3HH H CTapeHHH HaceneHHH B COBpeMeHHOM 

HffAYCTJ)HaJibHOM MHpe nOCTeneHHO CTaHOBHTCH Bee 6onee HacymHOH 

npo6neMOH 3ApaBOOxpaHeHIDI H 3KOHOMHKH. BbIHCHeHHe MOJieKynHpHbIX 

MexaHH3MOB, OTBeTCTBeHHbIX 3a pa3BHTHe MM, KpaHHe Ba)KHO rorn 
pa3pa6oTKH 3~~eKTHBHbIX MeTOAOB neqeHHH MM, 'ITO ceroAHH OTCYTCT

ByeT. 3KcnepttMeHTbl Ha )KHBOTHbIX CBHAeTeJibCTBYJOT, qTo QeHTJ)aJibffYJO 

pOJib B pa3BHTHH MM HrpaIOT BOCnaJIHTeJibHbie npoQeCCbl Ha HettpOHaJibHOM 

u CHCTeMHOM ypoBHHX. OAHaKO HeAOCTaTOK AaHHbIX no HCCJieAOBamuo MM 
y qeJioBeKa JIHMHTHpyeT nporpecc B AaHHOH o6naCTH. B HaCTOHmeM 

coo6meHHH o6o6meHbl pe3yJibTaTbl HaIIIHX 5-JieTHHX HCCJieAOBaHHH no 

BblHCHeHHIO MOJieKyJIHpHblX naTOMeXaHH3MOB BOBJieqeHHH OCHOBHbIX KOM

noHeHTOB HMMYHHOfO OTBeTa opraHH3Ma ( CHCTeMbl KOMilJieMeHTa, CeTH 

QHTOKHHOB H HMMYHHblX KOMilJieKCOB) B pa3BHTHe MM y qeJIOBeKa. ObIJI 

npoBeAeH aHaJIH3 o6pa3QOB KpOBH 120 60JibHbIX MM H 80 3AOpOBbIX 

A06pOBOJibQeB npH HCnOJib30BaHHH reMOJIHTHqecKHX H HMMYHO-XHMHqec

KHX npoQeAyp, MC-TIAr -3neK-rpo~ope3a, BecTepH-6norn H 11<I>A. Ilony

qeHHbie AaHHbie CBHAeTeJibCTBYJOT, 'ITO H KJiaccuqecKHH, H aJibTepHaTHB-

30 

HbIH fiYTH aKTHBaQHH KOMilJieMeHTa BOBJieqeHbI B naToreHe3 noCTHIIIeMH

qecKoro HMMYHHOro OTBeTa y qeJIOBeKa. HaMH TaK)Ke o6HapY*eHbI BbICO

KHe ypoBHH QHTOKHHOB (11.rr-1!3, 11.rr-6, MX<I>-1 u <I>HO-a) H HaJIHqHe naTO

reHHbIX HMMYHHbIX KOMilJieKCOB B KpOBH 60JibHbIX MM. Ha OCHOBaHHH 

nonyqeHHbIX AaHHbIX CAeJiaH BbIBOA O TOM, 'ITO npHMeHeHHe HMMYHO

MOAYJIHTOpOB, B03AeHCTBYJOmHx Ha HMMYHHblH OTBeT Ha MHO)KeCTBeHHbIX 

ypoBHHX, MO)KeT HBJIHTbCH 3~~eKTHBHOH c-rpaTernett TepanHH MM. 

TEMIILI 3BOJIIOIJ;HOHHLIX H3MEHEHHH H 
HACLIIIJ;EHHOCTL rY AHHHOM H IJ;HT03HHOM 

3K30HOB H HHTPOHOB rEHOB 
AJIKoroJIL,zi:ErMPOrEHA3 KJIACCA 3 MLIIIIH H 

qEJIOBEKA 

Eym6Wl06CKUU A.B., EapK06CKUU E.B., Eym6Wl06CKUU B. 3. 
EenopyccKHii rocy,napcTBeHHI,Iii Me.D.HUHHCKHii YHHBepCHTeT, r. MHHCK, 

EenopyccHH, alexbutv@rambler.ru 

QeJib HCCJieAOBaHHH: ycrnHOBHTb HaCbimeHHOCTb ryaHHHOM H QHT0-

3HH0M (rQ-HaCbimeHHOCTb), a TaK*e CKOp0CTH 3BOJIIOQHH 3K30HOB H HHT

pOHOB reHOB aJIKOfOJibAerHAporeHa3 KJiacca 3 (A,l(f3) MbllIIH u qeJIOBeKa. 

IlpoaHaJIH3HpoBaHbI B3HThie Ha cepBepe www.ensembl.org nocneAoBa

TeJibHOCTH reHOB A,l(f3 MbIIIIH (ENSMUSE00000l 76694) H qenoBeKa 

(ENSG00000197894). rQ-Hacb1meHHOCTh onpeAeJieHa npu Hcnonb3oBaHHH 

naKera nporpaMM MEGA. Bb1paBHHBaHHe nocneAoBaTeJibHOCTeH coorneTCT

BYJOmHX 3K30HOB H HHTJ>OHOB npoBeAeHo no nporpaMMaM Clustal W. 3Bon10-

QHOHHbie MC'TilHQHH H CKOpOCTH MOJieeyJIHpHOH 3BOJIIOQHH BbJqHcJieHbl no 

MeTOAaM M. KHMypbI. IlonyqeHHb1e PeJYJibTilThI 06pa60TI1HbI CTaTHCTHqeCKH. 

CpeAHee COAep)KaHHe ryaHHHa H QHT03HHa B 3K30Hax reHa AW3 
qeJIOBeKa COCTaBJIHeT 45,8±3,35 %, qTQ AOCTOBepHo (p<0,05) BbIIIIe TaK0BO

ro B HHTJ)OHax (38,1±1,43 %). YcTaHOBJieHO, 'ITO B AaHHOM reHe 6onee rQ

Hacb1meHHbie 3K30Hbl qepeAyioTCH C MeHee rQ-HaCbimeHHbIMH HHTJ)OHaMH. 

TaKoe -c-rpoeHHe reHa AW3 qenoBeKa 3a cqeT B0A0POAHbIX cBH3eH o6ecne

qHBaeT qepeA0BaHHe 6onee TepM0AHHaMHqecKH CTa6HJibHblX yqacTKOB 

M0JieKyJibl .[(HK (cOOTBeTCTBYJOmHX 3K30HaM) H MeHee CTa6HJibHbIX 

(COOTBeTCTByiomux HHTJ)OHaM). CpeAHHH CK0p0CTb 3B0JIIOQHH MH 3K30H0B 
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retta AW KJiacca 3 tJeJioBeKa u MbillIH cocTaBJIHeT 0,51±0,050, a ,wrn HHTJ)O

HOB - 3,49±0,355 3aMeH Ha ttyKJieOTH.D:HbIH caiiT B fO)J, (pa3JIHlJHSI ,lJ,OCTO

BepHbl, p<0,001). Me)K)J,)' cKopocrnMu 3BOJIIOU.HH 3K30HOB u HHTJ)OHOB AW 
KJiacca 3 " MX HaCbII.IJ.eHHOCTblO ryaHHHOM " U.HT03HHOM cyI.IJ.eCTByeT 

)J,OCTOBepttasi: (p<0,05) OTJ)HU.aTeJibHM KOppeJIHU.HOHHaSI CBSl3b cpe)J,HeH 

CHJibl (r = -0,46±0,229). TaKHM o6pa30M, 66JiblllaSI rI],-HaCbII.IJ.eHHOCTb 

3K30HOB myqaeMoro retta AW tJeJIOBeKa (no cpaBHeHHIO c HHTJ)OHaMu) B 

npou.ecce 3BOJIIOU.HH coxpaHSieTCH 6Jiaro,l],apsi: MaJIOH CKOpOCTH MX 

3BOJIIOU.HH, lJTO o6ecnetJHBaeT MX 66JiblllyIO 3aI.IJ.HTY OT MYTareHOB. 

HOHOOEMEHHAH A,ll;COPEI(IDI KAK OCHOBA 
<I>OTOCHHTETWIECKOro YCBOEHIDI Yr JIEPOM H 

3JIEMEHTOB MHHEPA.JlhHOro IIIITAHIDI PACTEHIIH 

I'anoHemw B.lf., llJa.Ma.Jlb H.B., KoHowm E. (/)_ 
11HCTHTYT pa,!1,tto6ttonomH HAH Eenapyctt, r. foMenh, EenopyccHH 

irb@mail.gomel.by 

KaK H3BeCTHO, Jia6opaTopHeH !pOTOCHHTe3a B paCTHTeJII,HOM opraHH3-

Me SIBJIHeTCSI XJioponJiaCT, npe)J,CTaBJISIIOI.IJ.HH co6oii (H.M. CucaKHH u )J,p.) 

«)J,eno qiepMeHToB». ,npyroii )KH3HeHHO Ba)KHbIH npou.ecc y pacTettuii -

KOpHeBoe ycBoettue MaKpo- " MHKp03JieMeHTOB. O)],HH H3 nYTeii npOHHKH0-

BeHHSI B Tall.Hbl )KHBOfO opraHH3Ma - BblSIBJieHHe KOppeJIHU.HH Me)K)J,y 

pa3JIHlJHbIMH <pyHKU.HHMH ero )KH3He,l],eSITeJibHOCTH. 

B HCCJie)J,OBaHHSIX oco6eHHOCTeii nocryIIJieHUH u HaKonneHHH pa)J,HO

H)'KJIH)J,OB y pa3HbIX BH)J,OB pacTeHHH (B.H. ranoHeHKO u )J,p., 1990-2006) 

Y,lJ,aJIOCb o6ttap~HTb o6paTttyIO KoppeJIHU.HIO Me)K)J,y KOHU.eHTJ)au.ueii 

u.e3usi:-137 B notJBe (y,lJ,eJihHOH aKTHBHOCThIO, YA) u ,lJ,Oneii HaKoIIJiettusi: ero 

B <pHTOMacce - no KpHTepuIO K03!p!pHU.HeHTOB HaKOIIJieHHSI KH, npe)J,CTaB

JISIIOI.IJ.HX co6oii ornolllettue Y A<pT EKIKr K Y AntJ EKIKr, Kornpasi: Ha 

nonynorapH<pMHtJeCKOM rpa<pHKe annpOKCHMHpyercsi: npHMOH. PacctJHTaHbl 

lJHCJieHHbie COOTHOllleHHH Me)K)J,y 3THMH BeJIHlJHHaMH, KOTOpbie Bblpa)KaIOT

CH ypaBHeHHeM nepBoro nopH)J,Ka. AHaJIOfHlJHaSI 3aBHCHMOCTb BblSIBJieHa H 

)J,JISI CTJ)OHU.HSI-90, a TaK)Ke (1953-1955) )J,JISI norJIOI.IJ.eHHH qiocqiopa-32 

<pHTOIIJiaHKTOHOM pb160BO)J,HbIX npy)J,OB. 

Cne,lJ,yeT n0,lJ,tJepKffYTb CXO)J,CTBO KpHBbIX o6paTHOH 3aBHCHMOCTH 

K03<p<pHU.HeHTOB HaKonneHHSI 3THX 3JieMeHTOB pacTeHHSIMH OT KOHU.eHT-
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paIJ.HH MX B cpe,l],e o6HTaHHH B HallIHX HCCJie)J,OBaHHHX C B03pacTaHHeM 

nOKa3aTeJieii aKTHBHOCTH HOH006MeHHbIX npou.eccoB npu yBeJIHlJeHHH 

HaKOIIJieHHH pa3JIHlJHbIMH cop6eHTaMH HO HOB MeTaJIJIOB Cs+, sr2+ u )J,pyrux 

no Mepe pa36aBJieHHH ux KOHU.eHTJ)au.uu B npe,lJ,enax 10·
3 
- 10-

6 Min B 

uccJie)J,OBaHHHX C.M. MetJKOBCKOfO c COTJ)., 1963-2003). 

C )J,pyroii CTOpOHbI, BbISIBJieHa (B.H. ranoHeHKO, 1953-1955) o6paT

HaSI KOppeJIHU.HH Me)K)J,y aCCHMHJIHU.HOHHblMH lJHCJiaMH (lg A q) " 
KOHU.eHTJ)au.ueii XJIOpO<pHJIJia B <pHTOIIJiaHKTOHe" B JIHCTbSIX )J,peBeCHbIX 

pacTeHHH. PacctJHTaHbl COOTBeTCTBYIOI.IJ.He ypaBHeHHH TaK)Ke OTJ)a)KalOI.IJ.He 

peaKU.HH nepBoro nopH,lJ,Ka. 

O6ttap~eHHOe CXO)J,CTBO npHBe)J,eHHbIX Bblllle 3aBHCHMOCTeii 

no3B0JISieT npe)J,nOJIO)KHTb, lJTO B OCHOBe o6eux )KH3HeHHO Ba)KHbIX <pyHK

U.HH pacTHTeJibHOf0 opraHH3Ma - !pOTOCHHTe3a H MHHepaJibHOfO nHTaHHH -

Jie)KaT npou.ecCbl HOH006MeHHOH a,l],cop6u.uu Pa3JIHlJHblX KaTHOHOB " 

aHHOHOB, BKJIIOlJaSI yrnepo)J,. 

OCOEEHHOCTH ~oro H Yr JIEBO,ll;I:IOro OEMEHA y 
,ll;ETEH qy}(QTKH 

I'ooo6blX T.B., I'ooo6blX B.B. 
POCCHHCKruI tJaCTb Me)K,!l,yHapo,!1,H0ro HayqH0-HCCJie,!J,0BaTeJihCK0f0 u.ettTpa 

«ApKTHKa» ,D;BO PAH, r. Mara,!J,aH, PoccHH, tgog@mail.ru 

Hccne)J,OBaHHSI npoBO)J,HJIH y ,l],eTeii " no)J,pOCTKOB ( B B03pacTe 7-17 

JieT) )J,06poBOJibU.eB B 3aBHCHMOCTH OT rpynn Hacenettusi:: 1 rpynna - ,l],eTH 

MHrpaHTOB, 2 rpynna - ,l],eTH a6opureHOB (505 tJeJIOBeK). AttaJIHTHlJeCKOe 

onpe)J,eJieHHe 06I.IJ.ero XOJieCTepuHa, xonecTepuHa JIHnonpoTeH.D:OB BbICOKOH 

IIJIOTHOCTH (XJIBIT), xonecTepuHa nunonpoTeH)J,OB HH3KOH IIJIOTHOCTH 

(XJII1HII), TJ)Hrnuu.epimoB (Tr), rnIOK03bI (r), JiaKTarn (JI), nupyBaTa (IT), 
KaJibU.HH (Ca) u qiocqiopa (F) BbIIIOJIHSIJIOCb B na6opampuu 6uonorutJeCKOH 

H HeopraHutJeCKOH XHMHH OT)J,eJia 3KOJIOfHtJeCKOH 3H)J,0KpHHOJIOfHH HHCTH

Tyra qimuonoruu npupo,lJ,HbIX a,l],amau.uii YpO PAH r. ApxattrenbcKa. 

BbrnBJieHbl pa3JIHlJHSI nOKa3aTeneii JIHnH)J,HOfO " yrneBO)J,HOfO 

06MeHOB B 3aBHCHMOCTH OT B03pacTa, nona " rpynn HaceneHHH. 

HapyllleHHH HalJHHaIOTCSI C 7-JieTHero B03pacTa, Hau6onee Bblpa)KeHHbie 

H3MeHeHUH npOHCXO)J,HT B nepHO)J, noJIOBOfO C03peBaHHH, B OCHOBHOM y 

)J,eBotJeK, 3HatJHTeJibHO 3aBHCSIT OT rpynn HaceneHHH. BbISIBJieHO CHH)Kettue 
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aKTHBH0CTH npou;ecca :nepmpnKau;uu xonecTepuHa,. yp0BH.SI xonecTepuHa 
nunonpoTen.n.oB BbICOKou nnoTH0CTH u yBenuqeHue co.n.ep)KaHH.SI xonecTe
puHa nunonpoTeH,ll,0B HH3KOH DJI0TH0CTH, Hau6onee Bbipa)KeHH0e y .n.eB0-
qeK B B03paCTHOH rpynne 10-14 neT, CBH,ll,eTeJibCTB)'IOiu;ee 0 HapyrneHUH 
aHTUaTeporeHHOH 3aiu;UTbI opraHH3Ma. BbI.SIBJieHO Hanp.Sl)KeHue yrneB0,ll,H0-
ro o6MeHa, np0.SIBJI.SIIOiu;eec.si: YBenuqeHHeM ypOBHeH rJIIOK03bI BO BCex 
B03paCTHbIX nepuo.n.ax y MaJII,qUK0B " .n.eBoqeK 1 rpynnbI, JiaKTaTa y 
.n.eBoqeK 1 rpynnbl 10-14 JleT u y MaJII,qUK0B 15-18 JleT T0)Ke 1 rpynnbI. 
0TH0CHTeJibH0 BTOpou rpynnbI. H MHrpaHTbI, u a6opureHbI UMeIOT Bbipa
)KeHHbie H3MeHeHH.SI MHHepaJibH0ro o6MeHa Beiu;eCTB, 0,ll,HaK0 y a6opureHOB 
K no.n.pocTK0B0My B03paczy npoucxo.n.HT KoppeKu;n.si: Hapyrnenuu, y 
MHrpaHT0B .n.aHHbIX npO.SIBJieHUH He np0HCX0,ll,HT. 

MEXAHH3M TEITJIOBOH ~HATYPAIUIH H ArPEr A1UIH 
MHTOXOH,ZJ;pHAJILHOH ACITAPTATAMHHOTPAHC<l>EPA3bl 

1I'o;1y6 RB., 1Map1<.oc11H KA., 2lllollyx MB., 2KacWl06U'I RB., 
1KnewueHoe C.10., 1J/eew41<.uu/(.H., 3Caco JI., 4MypaHoe KO., 

40cmpoec1<.uu MA., 1KypzaHo6 E.H. 
111HCTJITYT 6HOXHMHH HM. A.H. Eaxa PAH, MocKBa, PoccH.SI,n-golub@nm.ru 

2EenapycKHii rocy,napcTBeHHbIH yHHBepcHTeT, MHHCK, Eenapych 
3University of Rome "La Sapienza", Rome, Italy 

411HCTHTYT 6HOXHMH1IecKoii q>mHKH HM. H.M. 3Many:3m1 P AH, MocKBa, PoccH.SI 

TennoBa.si: .n.eHazypau;u.si: u arperau;u.si: MHToxoH.n.pnanbHOH acnapTarn
MHHOTPaHccpepa31,1 (AAT; 10 MM Na-cpoccpaT, pH 7,5) myqeHbI MeT0,ll,aMn 
.n.ucpcpepeHu;uanbHOH cKaHnpy10iu;eu Kanopn-MeTP"" (.D:CK) u 
,ll,HHaMuqecKoro Jia3epHoro CBeT0pacce.SIHH.SI. 3aBUCUMOCTb U36bITQqHOH 
TennoeMK0CTH AA T OT TeMnepazyp1,1 xapaKTepmyeTc.si: MaKCHMYM0M npu 
72,4 °C u M0)KeT 6MTb omicaHa cxeMou, B KOTopou npou;ecc .n.eHazypau;uu 
paccMaTPHBaeTc.si: KaK Heo6paTHMa.SI peaKu;H.SI nepBoro nop.si:.n.Ka. 
HHaKTnBau;u.si: AAT npoTeKaeT no 3KCD0HeHu;uanbH0My JaKotty. J,i3 .n.aHHbIX 
,n:cK U H3 TeMnepazypHOH 3aBHCUM0CTH K0HCTaHTbI CK0p0CTH UHaKTUBau;uu 
onpe.n.eneHbI napaMeTPbI ypaBHeHu.si: AppeHuyca. PacqeThI noKaJbIBaIOT, qT0 
npu TeMnepazype 57,5 °C K0HCTaHTa UHaKTUBau;uu (ki) B 9,5 pa3 
npeBbirnaeT K0HCTaHTY cKopocTu .n.eHazypau;uu (kd), paccqurnHttyIO m 
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.n.aHHbIX ,n:CK. OnmrneHne k/kd yMeHblliaeTC.SI c pocT0M TeMnepazyp1,1 u 
CTaH0BHTC.SI paBHbIM e.n.uHuu;e npu 77 °C. IIoKaJaHO, qTQ a-KpHCTaJIJIHH, 
6eJIOK, 06na.n.a10iu;uu rnanepoHo-no.n.o6HOH aKTUBH0CThlO, CHU)KaeT TepM0-
cTa6HJibH0CTb AA T u ycKop.si:eT TepM0UHaKTUBau;HIO cpepMeHTa. 3Kcnepu
MeHTaJibH0 6Mno noKaJaHo no.n.aBJieHue TennoBoH arperau;uu AAT B 
npHCYTCTBHH a-KpHCTaJIJIHHa. 3aiu;UTHbIH 3cpq>eKT a-KpHCTaJIJIUHa o6ycnoB
neH yMeHbllieHneM pa3Mepa crnpT0BbIX arperaToB u nepexo.n.oM arperau;uu 
U3 pe)KUMa, npu K0T0p0M CK0p0CTb arperau;uu JIHMHTHpyeTC.SI .n.ucpcpy3ueu 
(diffusion-limited cluster-cluster aggregation), B pe)KHM, npu K0TopoM 
Bep0.SITH0CTb cnunaHH.SI npu coy.n.apeHUU CTaH0BHTC.SI MeHbllie e,ll,UHHU:bI 
(reaction-limited cluster-cluster aggregation). 

CHHTE3 liEJIKA B ITOKOHID;HXCH PEKAJILJUITP AHTHLIX 
CEMEHAX KOHCKOro KAIDTAHA 

1I'yMWle6c1<.aJ1. HA., 2A3ap1<.06U'I MH. 
1HncTffTYT 6n:oxHMHH HM. A.H. Eaxa PAH, r. MocKBa, PoccH.SI 

2HncTHTYT q>H3HOJIOrHH paCTeHHii HM. K.A. THMHpH3eBa PAH, r. MocKBa, PoccH.SI 

BnepBbie oxapaKTepmoBaHa in vivo 6enoK-cuHTe3upy10iu;a.si: cnoco6-
H0CTb oceBbIX opraH0B H ceM.Sl,ll,OJieH 3ap0JJ.bIIIIa peKaJibU:HTPaHTHbIX ceM.SIH 
B nepuo.n. rny6oKoro noKo.si: u npu paHHeM npopacTaHuu B ycnoBn.si:x 
CTPaTHlpUKau;uu. 

y CTaH0BJieH0, qTo 0CH0BHM Macca 6eJIKOB, CHHTe3npyeMbIX H30JIH
poBaHHbIMH 0C.SIMH, cocpe,ll,0T0qeHa B U:HT030Jie H OTH0CUTC.SI K cppaKu;HH 
TepMona6HJibHbIX 6eJIKOB. qUCJIO " THU CUHTe3upyeMbIX H30JIHp0BaHHbIMH 
0CHMU nonunenTH,ll,0B oqeHb MaJI0 H3MeH.SIIOTC.SI Ha np0T.Sl)KeHUH BCeu CTPa
THq>HKau;uu ,ll,0 Haqana BH,ll,HM0ro npopaCTaHH.SI. 3To M0)KeT 03HaqaTb, qTQ B 
nepuo.n. D0K0.SI H nocTeneHH0ro BbIX0,l],a H3 Hero B QC.SIX peKaJibU:HTPaHTHblX 
CeM.SIH K0HCK0ro KallITaHa 3KCnpeccupyeTC.SI DOCTO.SIHHbIH Ha6op reH0B, 
MPHK K0T0pbIX 61,mu CHHTe3HpoBaHbI npu pa3BHTHH CeMHH " coxpaH.SIIOT
C.SI B n~puo.n. D0K0.SI. H3MeHeHH.SI B 3KCnpeccuu reH0B Ha yp0BHe CUHTe3a 
6enKa Mbl Ha6n10.n.anu T0JibK0 npu npoKJieBbIBaHUU " npopacTaHHH ceM.SIH. 

EenoK-CHHTe3npyioiu;a.si: cnoco6HOCTh o6Hap~eHa HaMU He T0JibK0 B 
3ap0,ll,billieBblX QC.SIX KallITaHa, HO H B KJieTKax 3anaca10iu;eu napeHXUMbI 
CeM.Sl)],OJieu. <l>parMeHTbI ceM.Sl,ll,OJieH, HHey6upoBaHHbie B npHCYTCTBHU 
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MeqeHOH aMHH0KHCJI0TbI, CHHTe3Hp)'IOT CXO}].HbIH C 0CHMH Ha6op noJIHnen

THJ].0B. IlOKa3aHO, qTo OCH H ceMH}].0JIH, H30JIHp0BaHHbie H3 n0K0HinHXCH H 

CTPaTHCPHI.J.HpyeMbIX ceMHH, cnoco6Hbl nornomaTb MeqeH)'IO aMHH0KHCJI0ry 

H BKmoqaTb ee B 6eJIKH He TOJibK0 npH 28 °C, HO H npH 5 °C, T.e. npH 

TeMneparype CTPaTmpHKatum. CneKTP CHHTe3HpyeMbIX npH 3T0M nonHnen

THJJ.0B 0Ka3aJICH oqeHb CX0J].HbIM. lfa 3TOro CJieJJ.YeT, qTo BO BpeMH J].JIHTeJib

HOH CTPaTHQ)HKaQHH B KJieTKax ceMHH M0)KeT npoHCX0J].HTb HOBoo6pa-

30BaHHe 6eJIKOB. 

IIonyqeHHbie pe3yJibTaTbl r0B0pHT 0 TOM, qTo KJieTKH oceH. H 

ceMH}].OJieH B 3peJibIX noKOHinHXCH ceMeHax K0HCK0ro KalIITaHa o6JiaJ].aIOT 

K0MneTeHTHbIM annapaT0M TPaHCJIHI.J.HH H cnoco6Hbl o6ecneqHTb CHHTe3 

6eJIKa Ha npOTH)KeHHH BCero nepH0}].a XOJIO}].HOH CTPaTHQ)HKaQHH. CHHTe3 

6eJIKa, KOTOpbIH cnoco6Hbl ocymecTBHTb H30JIHp0BaHHbie OCH, He 3aBHCHT 

OT TPaHCKpHnQHH H MaJI0 MeHHeTCH K0JIHqecTBeHH0 H KaqecTBeHH0 B X0J].e 

CTPaTHQ)HKaQHH }].0 Haqana npopacTaHHH. QqeBHJ].HO, Hecnoco6HOCTb 

noK0HinHXCH ceMHH npopacTaTb He Bbl3BaHa J].eqJeKTOM B TPaHCJIHQHOHHOH 

CHCTeMe, HO M0)KeT 6bITb CBH3aHa C 0TCYTCTBHeM 3KCnpeCCHH onpeJ].eJieH

HbIX reH0B, K0JJ.HPYIOinHX 6eJIKH, He06XOJ].HMbie }].JIH npopacTaHHH, HJIH )Ke c 

3KcnpeccHpoBaHHeM reHoB, HHrtt6HpyiomHX npopacrnHHe. 

OIIPE,IJ;EJIEHHE YCTOWIHBOCTH K OKIICJIHTEJILHOMY 
CTPECCY ,IJ;HKOro H MYTAHTHhlX IDTAMMOB 3EJIEHOH 
BO,IJ;OPOCJIH CHLAMYDOMONAS REINHARDTII IIYTEM BX 

JiHOXHMH11ECKOH XAP AKTEPHCTHKII 

Ep11,oxuHa O.B., lfaHKoea C., JOpuHa Hll.. 
11HCTHTYT 6HOXHMHH HM. A.H. Eaxa PAH; r. MocKBa, PoccHH, NYurina@inbi.ras.ru 

Y CTOH.qHBOCTh pacTeHHH K He6JiaronpHHTHbIM qJaKTopaM Cpe}].bl 

CBH3aHa C 3Q)Q)eKTHBHOCTblO CHCTeM penapaQHH H aHTHOKCHJ].aHTHOH 

3amHTOH KJieTKH (KapOTHHOHJ].bI, cynep0KCH}].}].HCMYTa3a, acKop6aTnepoKCH

}].a3a, KaTaJia3a H JJ.p.). Y MH0rHX BHJ].0B opraHH3M0B 6bIJIH o6Hap~eHbI 

C00TBeTCTB)'IOmHe reHbL J,fayqaeTCH 3Kcnpecc1rn reH0B, 0TBeTCTBeHHbIX 3a 

n0BbilIIeHnyIO penapaQHIO J].BOHHbIX pa3pbIB0B ,[(HK B ycJI0BHHX 0KHCJIH

TeJibH0fO CTPecca, H reH0B, 0TBeqa10mHX 3a aHTH0KCHJ].aHTnyIO 3amHTY 

KJieTKH. HHTepec K 3THM HCCJieJ].0BaHHHM B03pacTaeT B CBH3H C TeM, qro 
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qeJI0BeK, )KHB0THble H pacTeHHH )KHBYT B ycJI0BHHX affTP0noreHH0ro rpY3a, 

B pe3yJibTaTe qero HaKaDJIHBaIOTCH H3MeHeHHH B reH0Me, K0TOpbie 

Heo6XOJ].HM0 nporn03Hp0BaTb. B 3TOH CBH3H 6oJiblIIOe 3HaqeHHe npHo6pe

TaeT Bonpoc 0 BbIHCHeHHH MeXaHH3M0B, yqacTB)'IOinHX B Q)OpMHpOBaHHH 

ycTOHqHB0CTH c/x pacTeHHH n BOJJ.OpOCJieH. (KaK M0}].eJibHbIX o6neKTOB) K 

a8TponoreHH0MY oKHCJIHTeJibH0MY CTPeccy. IJ;eJibIO HacToHmei1 pa6oTbI 

HBHJiaCb cpaBHHTeJibHM 6HOXHMHqecKM xapaKTepHCTHKa KJieT0K J].HK0ro 

mna n MYTaHT0B Chlamydomonas reinhardtii, ycroi1qHBbIX K 0KHCJIH

TeJibH0MY CTPeccy, nonyqeHHbIX B QeUTpaJibHOH Jia6oparopHH o6mei1 

3K0JI0rHH EonrapcKOH AKaJ].eMHH HayK. IIpoBe;:i.eHa 6HOXHMHqecKM xapaK

TepHCTHKa 8 MYTaHT0B: onpe;:i.eneHbI nHrMeHTHbIH C0CTaB, Kap0THH0HJ].bl n 

nOJIHneDTHJ].HbIH C0CTaB THJiaK0H}].HbIX MeM6paH. IlOKa3aHo, qTo y 

MYTaHTHhIX rnTaMM0B AK9-9 H H3 coJJ.ep)KaHHe XJIOpOQJHJIJIOB (a+b) H 

Kap0THH0HJ].0B npHMepHo B }].Ba pa3a BbilIIe, qeM y KJieT0K J].HK0ro THna. 

OrnorneHHe XJIOPOQJHJIJIOB alb 6bmo BbilIIe Ha 15 % y MYTaHT0B AK9-9 H 

H3, qeM y KJieT0K }].HK0ro THna, B TO BpeMH KaK no 0TH0lIIeHHIO XJI0po

Q)HJIIDKapoTHHOHJ].bl OTJIHqHH_ Me)KJJ.Y MYTaHTaMH H KJieTKaMH }].HK0fO THna 

He o6Hapy)KeHo. IIpH cpaBHeHHH n0JIHneDTH}].H0ro C0CTaBa THJiaKOH}].HbIX 

MeM6paH MYTaHT0B H KJieT0K }].HK0ro THna y IIITaMMa H3 6bIJIH o6Hapy

)KeHbl 0TJIHqHH B C0J].ep)KaHHH 6eJIKOB CBeTOC06Hpa10mero K0MDJieKca 

Q)OTOCHCTeMbl II, qTo, B03M0)KH0, CBH3aH0 C nOBbilIIeHHOH ycToH.qHBOCTblO 

H3-MYTaHTa K 0KHCJIHTeJibH0MY CTPeccy no cpaBHeHHIO c K0HTP0JieM. 

HB.JIIDOTCH JIB ct>PArMEHTLI JiEJIKOB IIPHPO)J;Ill,IMH 
PErY JIHTOPHhIMH OJIHrOIIEIITH,IJ;AMH ? 

3aMJlmHUH A.A. 
11HcTttryT 6HOXHMHH HM. A.H.Eaxa PAH, MocKBa, PoccHH, aaz@inbi.ras.ru; 

Universidad Tecnica Federico Santa Maria, Centro de Biotecnologia, Valparaiso, 

Chile, alexander.zamyatnin@usm.cl 

)KuBbie opraHif3MbI C0J].ep)KaT 3HaqHTeJibH0e KOJIHqeCTB0 BemecTB, 

COCTaBJieHHbIX H3 aMHH0KHCJI0THbIX 0CTaTK0B. Hx 0TJIHqaeT orp0MH0e 

Pa3Hoo6pa3He no qlfCJIY 3THX 0CTaTK0B - OT HeCK0JibKHX }].eCHTK0B ( 0JIHro

nernH}].bI) }].0 }].eCHTK0B TbJCj{q (noJIHneDTHJ].bI HJIH 6eJIKH). oeJIKH-qJepMeH

TbI, B qaCTH0CTH, KaTaJIH3HpyioT pacmenJieHHe neOTHJ].HbIX CBH3eH caMHX 
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6enKOB. B pe3ynhTaTe 3TOfO npouecca o6pa3yIOTC}l OJ].Ha HJIH HeCKOITbKO 

c-rpyicryp pa3nHqHoro pa3Mepa, o6na,n.aIOlll.He pa3H006pa3HbIMH <pyHKUHO-:

HaJibHbIMH CBOHCTBaMH. OrpOMHOe KOnHqecTBo nccne)].OBaHHH 6hIJIO npoBe

J].eHo C uenbIO onpeJ].enHTh, KaKoii MHHHMaJibHbIH <pparMeHT aMHHOKHCITOT

HOH nocne)].OBaTenbHOCTH OTBeTCTBeHeH 3a npOHMeHHe <pyHKUHOHaJibHOfO 

CBOHCTBa uenoii MoneKynhI n 6hIJIO BbrnCHeHo, qTo nx <pyHKUHOHaJibHbie 

CBOHCTBa npOHBJIHIOT BeCbMa He6onhIIIHe <pparMeHTbl. HanpHMep, TOH )Ke 

OilHOHJ].HOH <pYHKUHeii 3HJJ.Op<pHHOB, COJJ.ep)I(allJ.HX y pa3HbIX opraHH3MOB. 

OKORO 30 aMHHOKHCITOTHbIX OCTaTKOB, o6naJ].aIOT " nx N-KOHUeBble 

<pparMeHThI, COJJ.ep)I(allJ.He Bcero 5 OCTaTKOB (3HKe<paJIHHbI). An}! 3THX 

<pparMeHTOB 6hIJIH HaHJ].eHbl n nx co6crneHHbie npeJ].IIIeCTBeHHHKH. 

O)].HaKO npnpOJJ.Hbie <pparMeHTbl 6enKOB MOryT o6naJ].aTb He TOITbKO 

<pyHKUHHMH uenoii MOJieKynhI, HO " HHbIMH <pyHKUHOHaJibHbIMH CBOHCTBa

MH. TaK, HanpnMep, TaK*e N-KOHUeBOH <pparMeHT (13 aMHHOKHCITOTHbIX 

OCTaTKOB) aJ].peHOKOpTHKOTJ)OilHOfO ropMOHa, COCTOHlll.ero o6bJqHo H3 39 

OCTaTKOB, o6na,n.aeT <pyHKUHeii MenaHOUHTOCTHMynttpyIOlll.ero ropMOHa. 

I10JJ.06Hble J].aHHbie 6bIJIH nonyqeHbl " B pe3ynhTaTe HCKYCCTBeHHOfO 

npoTeonma xopOIIIO myqeHHblX IlHllJ.eBbIX 6enKOB )I(HBOTHbIX " pacTeHHH. 

IlpnMepoM HBITHIOTCH <pparMeHTbI 6enKa MOITOKa. naKTo<peppnHa HnH 6enKa 

MHCa reMorno6HHa. 3TH onHronernH)].bl B KOHUeHTJ)aUHHX MeHee qeM 10-
5 

M npOHBITHIOT aHTHMHKp06HyIO aKTHBHOCTb. 

IlpoBe)].eHHbIH HaMH KOMilbIOTepHbIH aHanm IlOKa3aJI, qTo aMHHOKHC~ 

nOTHbie nocneJ].OBaTenbHOCTH MHOfHX <pparMeHTOB PHJJ.a 6enKOB npeJJ.CTaB

ITHIOT co6oii qaCTH nocne)].OBaTenhHOCTeii H3BeCTHbIX perynHTOpHbIX onnro

nenTH)].0B H, cneJJ.OBaTenhHO, o6pa3yHcb B opraHmMe B pe3ynhTaTe ecTecT

BeHHoro npoTeOnH3a, OHM MOryT BbIIlOITHHTb perynHTOpHbJe <pyHKUHH. 

OC06EIIllOCTH BHOBL CHHTE3HPOBAHHbIX IlPEilAP ATOB 
KYMAPHHOBoro P.H,Ll;A KAK COE)WIIEHHU C .HPKO 

BLIP A'.IKEHHLIMH CBOHCTBAMH AHTHOKC~THOro 
,Il;EHCTBIDI 

Kapa2e3RH K.I'., Kapa6aU1.R11 Jl.B., KmapRH A.B. 
MHCTHT)'T MoneKyIDipHoii 6uonoruu HAH PA, r. EpeaaH, ApMeHII}l 

Hccne)].OBaHHH nocne)].HHX neT CBHJ].eTeJibCTByIOT O Ba)I(HOH ponH 

coeJ].nHeHnii KYMapuHoBoro pHJJ.a B nHm6npoBaHHH peaKunii He<pepMeHTa~ 
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THBHOfO nepeOKHCneHH}l ITHilHJJ.OB B KJieTOqHbIX MeM6paHax, a TaK*e B 

HeiiTJ)anmaUHH cynepoKCH)].HOro aHHOH-paJ].HKana, rHnoxnopHOH KHCJIOTbl, 

rHJJ.pOKCHnbHbIX " nepOKCH)].HblX pa,n.HKaJIOB, npu OTCYTCTBHH CKOITbKO

HH6yJJ.b 3aMeTHbIX TOKClfqecKHX npOHBneHHH. IlpoBe)].eHHe aHaJIOfHH 

Me)KJJ.y <pH3HKO-XHMHqecKHMH CBOHCTBaMH KyMapirnoB " paCTHTeITbHbIX 

cpeHOITOB Il03BOITHeT y6e)].HTbC}l He TOITbKO B HX HpKO Bblpa)I(eHHOM 

npoTHBOBOCilaJIHTenhHOM, HO H aHTHP8JJ.HKaJibHOM J].eHCTBHH. BbIIIIeH3nO

)I(eHHOe B036y)K)].aeT oco6hIH HHTepec K npoBeJ].eHHIO cneuHaJibHbIX HCcne

J].OBaHHH B HanpaBneHHH myqeHlf}l oco6eHHOCTeii MeTa6onHqecKOH aKTHB

HOCTH pa3nlfqHblX J].epnBaTOB KyMapHHOB, OKa3bIBaIOlll.HX HHm6HpyIOllJ.ee 

J].eHCTBHe Ha ITHilOKCHfeHa3HblH H UHKJIOKCHfeHa3HblH flYTH npeBpalll.eHlf}l 

apaxHJJ.OHOBOH KHCITOTbl, HMeIOllJ.HX npHMOe OTHOIIIeHne K CHCTeMaM, 

yqacTByIOllJ.HM B <popMnpoBaHHH pa3JIHqHbIX <pyHKUHOHaJibHbIX, 3KC-rpe

MaJibHbIX COCTOHHHH opraHH3Ma, conpoBO)K)].aIOllJ.HXCH BblXOJ].OM MeTa6onH

TOB BOCnaneHlf}l B TIOBpe)K)].eHHbIX TKaH}lX " COOTBeTCTByIOllJ.HMH CJ].BHraMH 

B CHCTeMe reMOKoarynHUHH. 

Oco6oro BHHMaHHH 3aCny)I(HBaIOT npenapaTbl N'-( aJinHnTHOypeH)].0 )-

3-Kap6aMOHn KyMapnHa, N'-(Mop<ponnnTHOypeHJJ.O )-3-Kap6aMOHn KYMapH

Ha, N'-(O-<pTOp)-6emnn-N'- (3-Kap6aMonn) nnnepa3HJJ. KyMapuHa n 6-
Hn-rpnoannnnaMHJJ.-3-Kap6oKctteyMapnHa TIO)]. KOJJ.OBbIMH o603HaqeHHHMH 

flll-16, flll-17, fill-IO n flll-84 cooTBeTCTBeHHO. 

Ilo HaIIIHM )].aHHblM, Han6onee Bblpa)I(eHHbIM aHTHKoarynHHTHbIM 

JJ.eiicTBneM o6naJ].aeT npenapaT flll-17, KaK 3TO nOKa3aHo B Ta6n. 1, " 
oco6eHHO ero CBepxHmKM JJ.03a - 0, 1 Mn 1 %-ro pacTBopa, comae Ho 

)].aHHbIM, OTJ)a)I(eHHblM B Ta6n 2. Pe3ynhTaTbl npoBeJ].eHHbIX nccne)].OBaHnii 

y6e)K)].aIOT B HCKJIIOqnTenbHO m6npaTenbHOM HHm6npyIOllJ.eM )].eHCTBHH 

npenapaTa flll-17 Ha TJ)OM6onnacTnqecKyIO aKTHBHOCTb <pyHKUHOHHpyIO

lll.eii TKaHn, HaH6onee aKTnBnpy10lll.y10cH B ycnoBHHX naTonornn npu 

BOBneqeHHH B 3TOT npouecc npOJJ.YKTOB nepeOKHCneHH}l ITHilHJ].0B. 

BbrnBneHne aHTHKoarynHHTHblX CBOHCTB npenapaTOB KYMapHHOBOfO PHJJ.a 

KaK COeJ].HHeHHH aHTHp8)].HKaJibHOfO J].eHCTBlf}l npe)].CTaMHeT He TOITbKO 

CYllJ.eCTBeHHblH aKa,n.eMuqecKHii HHTepec, HO HMeeT TaK)I(e Ba)I(HOe 

npnKJia)].HOe 3HaqeHne B KJIHHHKe reMOKoarynHUHOHHbIX HapyIIIeHHH npn 

pa3nHqHbIX 6one3HeHHbIX COCTO}!Hlf}IX opraHmMa. 
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Ta6mn~a 1. ,[(uHaMUKa H3MeHeHilll TJ)OM6onJiacTuqeCKOH aKTHBHOCTU (B CeK 

npOTJ)OM6UHOBOro BpeMettu) neqeHoqHOH TKaHU 6eJihIX KpbIC B KOHTJ)OJie 

(K), qepe3 10 "30 MHH IlOCJie BttyrpHBeHHOro BBeJ].eHUH HM 0,5 " 1,0 MJI 

1 % pacrnopa npenapaTOB rIII-17, rIII-16, rIII-10 u rIII-84 
TTpena 0.5 MJI l.0MJJ 

K 
-paThl 10 MIIH % 30MIIH % l0MIIH % 30MIIH % pll3HII-

pll3HII- pll3HII- pll3HII- l.lhl 
l.lLIOTK UhlOTK l.lhlOTK OTK 

TTII-17 37.0±0.79 ft5.0±0.70 1 +21.6 55.0±0.71 l +48.6 53.0±0.81 1 +43.2 53.0±0.831 +43.0 

rW-16 37.0±0.71 ~4.5±0.83 1 +20.2 45.5±0.891 +23.0 ~5.5±0.81 1 +23.0 47.0±0.871 +27.6 

rw-10 39.0±069 ftl.5±0.61 3 + 6.4 45.0±0.43 1 +15.4 ~7.0±0.71 1 +20.5 45.0±0.531 +15.4 

fW-84 38.0±0.85 ft3.6±0.892 +14.7 53.0±0.761 +39.5 ~7.o+0.741 +23.7 48.0±0.77 1 +26.3 

IlpUMetJamm: n=60; x-p<0.001; 1-p<0.0l; ·-p<0.01; "- p>0.5 

Ta6JIHI~a 2. ,[(uHaMUKa H3MeHeHUH TJ)OM60nJiacTuqecKOH aKTUBHOCTH neqe

HoqHOH TKaHH (B CeK npOTJ)OM6UHOBOro BpeMeHu) 6eJiblX KpbIC cnycrn 10, 
30 u 60 MHH IlOCJie BttyrpHBeHHOro BBe)].eHUH 0,1, 0,2, 0,3, 0,4 u 0,5 MJI 

1 %-ro pacrnopa npenapaTa rIII-17 
% % % % 

0.1 MJJ I Pa:JHH- 0.2 MJJ pa'.3HH· 0.3 MJJ pa3HH· 0.5 MJJ pa.3HH· 

[lhlOTK [lhlOTK Ubl OT K [lhlOTK 

+69.9 59.0±0.79 +64.3 7.0±0.81 +5.3 4.8±0.75 3.1 

+55.3 3.9±0.77 +47.7 1.7±0.76 +7.4 6.9±0.73 +I.I 

+45.4 fi8.9±0.73 1 +35.5 37.3±0.75 +3,3 39,4±0.73' +9.1 ~5.3±0.75' 2.2 

% % % % % 
0.1 MJJ I Pa:JHH- 0.2 MJJ pa:JHH· 0.3 MJJ pa:iHH- 0.4 MJJ pa:JHH· 0.5 MJJ pa:JHH 

llbl OT K UbIOTK UbIK [lhlOTK [lhlOTK 

+69.9 9.0±0.79 +5.3 4.8±0.75 3.1 

+55.3 3.9±0.77 +7.4 6.9±0.73 +I.I 

+45.4 8.9±0.73 +9.1 5.3±0.75 2.2 

IlpUMe'lamm: n= 120; 
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OCOEEIIllOCTII HAPYfflEHIIH MOJIEKY .IDIPHO
EIIOJIOrJiqECKIIX MEXAHII3MOB META1iOJIII3MA 

<I>OC<I>O.JIIIIIlI,lJ;OB B MEMEPAHAX JIIIM<l>OQIITOB EEJILIX 
KPl>IC IIPII OTP ABJIEHIDIX MIIKOTOKCIIHOM 

3EAP AJIEHOHOM 

Kapaze3RH MK 
HHCTJITYT MoJieK)'MpHoii 6nononm HAH PA, r. EpeBaH, ApMeHHH 

Ilo)].qepKttyrbIH HHTepec H 03a)].aqeHHOCTb, npOHBJrneMbie B 

HaCTOHI.I~ee BpeMH K IlOCJie)].CTBilllM MaCCOBblX numeBblX OTJ)aBJieHUH, 

npeJJ.CTaBJIHIOT He TOJlbKO cymecTBeHHblH HayqHo-npaKTuqecKUH HHTepec, 

HO " BbICTYOaIOT B pOJIU ct,aKTOpa nepBOCTeneHHOH rocyJJ.apcTBeHHOH " 

o6opoHHOH 3HalJ:UMOCTU B CBeTe COBpeMeHHbIX 3a)].aq, Kaca10muxcJ1 

HeOTJIO)KHOCTH MeponpUHTHH B IlJiaHe aHTu6uoreppopH3Ma. C OTMeqeHHOH 

TOqKU 3peHilll 3aCJiy)KHBaeT BCeo6mero BHUMaHUH Heo6XO)].HMOCTb 

6e30TJiaraTeJihHOfO aKTUBHpOBaHUH HCCJie)].OBaHUH B HanpaBJieHUU 

BhrnBJieHHH Hepacno3HaHHhIX no cett J].eHb MOJieeynHpHo-6uoJioruqecKUX u 

6HOXHMUqecKux MexaHH3MOB naToreHe3a numeBbIX OTJ)aBJieHUH pa3JIUq

Horo npoucxo)K)].eHilll, B TOM qucJie OTJ)aBJieHUH rpu6HbIMH H)].aMU, HO

CHinHMU Hepe)].KO MaCCOBbIH xapaKTep. 

BbIIIIeH3JIO)KeHHOe IlOCJiy)KHJIO OCHOBaHHeM )].JIH npoBe)].eHUH 

cneQUaJibHbIX npe)].MeTHblX HCCJie)].OBaHUH B HanpaBJieHUU H3yqeHUH 

oco6eHHOCTeH naTo6uoxuMuqecKux u naToreHeTHqecKux HapyIIIeHuH 

MeTa60JIH3Ma ct,occt,oJIUOH)].OB (<I>n) B MeM6paHax JIHMct,OQHTOB (MJI) npu 

OTJ)aBJieHUHX MHKOTOKCUHOM 3eapaneHOHOM (M3) - H)].OM MHKpOCKOOU

qecKux rpu6oB po)].a <I>y3apuyM. 

HccJie)].OBaHUH npOBO)].HJIUCb Ha MJI 100 6ecnopO)].HbIX 6eJibIX KpbIC

caMQOB, 00)].BeprttyrbIX J].eHCTBHIO M3 npu 0)].HOKpaTHOM ero BffYTPUBeH

HOM BBeJJ.eHuu B o6JiacTb BeH03HOro pacIIIupeHHH (Angulus venosus), 
06pa3yeMoro Ha MecTe CJIHHHHH OOJJ.KJIIOquqHoii u BepXHeii nonoii BeH 

6eJibIX KpbIC, ct,uKcupoBaHHbIX KpecTOo6pa3HO Ha CTaHKax )].JIH MeJIKUX 
)KUBOTHbIX. 

CornacHo nonyqeHHhIM pe3yJihTaTaM OTJ)aBJieHHH M3 xapaKTepu-

3YIOTCH HpKo Bbipa)KeHHOH KapTHHOH paCCTJ)OHCTB B CTaryce ct,HJiorette

TuqecKu 3anporpaMMHpOBaHHOfO IlOCTOHHCTBa <I>JI-<I>JI COOTHOIIIeHUH, 

conpOBO)K)].aIOmettcH O)].HOBpeMeHHO pa3BHBaIOmHMCH aKTUBHpOBaHHeM 

nponeccoB CB060)].HOpaJ].HKaJibHOro OKHCJieHUH (CPO) He:nepuct,unupoBaH-
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HblX :arnpttblX KHCJIOT (H3)KI(). OrMeqeHHble C.ll,BHm xapaKTepH3YJOTCH 

HHTeHCHBHO c0Beprna10rn,11Mcx .ll,eau11n11poBatt11eM cpoccpaTH.ll.HJIXOJIHHOB 

(<l>X), o6pa.30BaHHeM MaCCHpoBaHHblX KOHQettTpaQHH nmo<l>X (JI<l>X) H 

H3)KI( non11ett0Boro px.ll,a, aKTHBHO BOBJieKaiorn,HXcx B peaKQtttt CPO. 

O6pa.3yIOrn,HeCH npH 3TOM BblCOKHe ypomm npO.ll.YKTOB nepeOKHCJieHHH 

H3)KI( B BH.ll,e rH.ll,ponepeKHCeii, MOHO-, .ll,H- 11 TpHeHOBblX KOH'bIOraTOB, 

coe.ll,HHettHii THna IJJ11cpcpa, a TaIOKe Kotte,rnoro npo.lJ.YKTa CPO JIHITH.ll.OB -

MaJIOHOBOro .ll,HaJib.ll,erH.ll,a, cJiy)KaT cepbe3HblM naToreHeTHqecKHM 

KOMITJieKCOM, yqacTByIOrn,HM B .ll,eCTPYKTYPH3aQHH MJI KaK pe3yJihTaT 

MeM6paHOTOKCHqecKoro, MeM6paHOJIHTHqecKoro .ll,eHCTBHH YKa.3aHHblX 

coe.ll,HHettHii. flp11Mettett11e Ha 3TOM cpott cBepxnmKHX KOHQeHTPau11ii 

( 10-12M) THocynh<paTa ttaTPHH (TCH) H MO.ll.H<pHUHpoBattttoro B MttcTHryTe 

MoneKynxpttoii 611onom11 HAH PA KaJibQHeBoro npeu11n11TaTa .ll.PO)K)KeBoii 

HH3KOMoneKynxpttoii .ll.Bycn11panbttoii PHK npoHBHJIO xpKo Bbip~eHHbie 

BpeMH3aBHCHMble C.ll,BHfH B CTOpotty HOpManmaQHH OITHCaHHblX 

ttapyrnettHii. 

Cornactto nonyqettHhIM pe3yJihTaTaM, tta116onee oTqeTJIHBaH KapTHHa 

ynopH.ll,oqeHHH paCCTPOeHHblX CTOpOH MeTa60JIH3Ma <l>JI B MJI 6eJiblX KpbIC 

B ycJIOBHHX HHTOKCHKaQHH M3 npoHBJIHeTCH cnyCTH He 6onee 2-x qacOB 

nocne MO.ll,eJIHpOBaHHH KapTHHbl OTPaBJieHHH. B OTMeqeHHOe BpeMH, 

cornactto ttarnHM tta6JIIO.ll.eHHHM, He ycneBaIOT npoHBHThCH CTPYKTYPHO

cpyttKQHOHaJihHbie H MeTa6on11qecK11e paccTPoiicTBa B MJI, 3<p<peKTHBHO 

HHBen11pyeMhie TCH, qTo ITO.lJ.TBep)K.ll,aeTcx TaIOKe npoBe.ll,eHHhIM ttaMH 

3JieKTPOHHO-MHKpOCKOITHqecKHM KOttTpOJieM. 

KOMIIOHEHTHl>IH COCTAB 3«1>HPHl>IX MACEJI 
MOP«l>OTIIIIOB ARTEMIS/A LERCHEANA <l>JIOPhl 

IOrO-BOCTOKA POCCIIII 
1KuputJeHKO E.E., 2Op!loea 10.B., 3KypWI06 ,l(.B. 

1fnaBHhiil 6oTaHH'!eCKHil ca,n HM. H.B.QHQHHa PAH, MocKBa, Pocclll, vkir@list.ru 
2Bonrorpa,ncKHil ne,narorlI'leCKHil YHHBepcHTeT, r. Bonrorpa,n, Pocclll 

311HCTHT)'T opraHII'!ecKoil XHMHH HM. H.B. 3eJIHHCK0ro PAH, r. MocKaa, Pocclll 

floJibIHh Jlepxa (Artemisia lercheana Web. ex Stechm.) rn11p0Ko 

pacnpocTPattetta tta TeppHTOpHH IOro-BocToKa P<I> H conpe.ll,eJibHhIX CTPaH. 

B Bonrorpa.ll,cKoii o6nacTH oHa npompacTaeT B .ll,epttoBHHH0-3JiaKoBoii H . 
l 
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nyCTblHHOH CTenxx. B <pHTOQeH03aX nycTblHHOH CTenH qacTO HBJIHeTCH 

.ll,OMHHaHTHblM BH.ll,OM. fIOJiblHb Jlepxa npe.ll,CTaBJieHa .ll.BYMH MOpcponom

qeCKH OTJIHqaIOil],HMHCH cpopMaMH - f. erecta H f. nutans, KOTOpbie COBMeCT

HO npoH3pacTaIOT KaK Ha CBeTJIO-KalIITaHOBblX, TaK H Ha Mettee ITJIO.ll,0-

po.ll,HblX 6ypb1X ( C BblCOKHM CO.ll,ep)KaHHeM Mena) noqBax. flpe.ll,bl.lJ.Ylli,HMH 

HCCJie.ll,OBaHHHMH ITOKa.3aHO, ~o 3<pHpHble Macna ITOJiblHH Jlepxa o6na.ll,aIOT 

aHTH6aKTepHaJibHOH H npOTHBOaJIJiepr11qecKOH aKTHBHOCTHMH. 

3a.ll.aqeii ttarnero 11ccne.ll,0BaHHH HBHJIOCh onpe.ll,enettHe pecypcttoro 

noTeHQHaJia ITOJiblHH Jlepxa KaK npO.lJ.YQettTa <pH3HOJIOr11qeCKH aKTHBHblX 

coe.ll,HHeHHH, B qaCTHOCTH 3<pHpHblX Macen. 

MeTO.ll,OM xpoMaTO-Macc-cneKTPOM~HH 6hIJI myqeH KOMilOHeHT

HblH cocTaB 3<pHpttbIX Macen cpopM erecta H nutans Artemisia /ercheana, 
npompacTaBlllHX Ha CBeTJIOKalllTaHOBblX noqBax H Menax B QeHTPaJibHOH 

3otte Bonrorpa.ll,cKoii o6nacTH. 

. Co.ll,ep)KattHe cyMMbl 3<pHpHblX Macen B B03.lJ.YlllHO-cyxoii 6110Macce 

Il0.ll,3eMHOH qaCTH paCTeHHH BapbHpOBaJIO B npe.ll,enax 0, 13 -1,43 %. <l>opMa 

erecta OTJIHqanacb 6onee BblCOKHM CO.ll,ep)KaHHeM cyMMbl 3<pHpHblX Macen 

no cpaBHeHHIO c cpopMoii nutans. M.ll,ettTH<pHQHpoBaHO 14 HH.ll,HBH.lJ.YaJibHblX 

KOMITOHeHTOB. OcHOBHblMH o6rn,HMH .ll,JIH .ll.Byx cpopM ITOJiblHH Jlepxa KOMITO

tteHTaMH 3<pHpHblX Macen (%) HBJIHJIHCb KaM<popa (18,5 - 30,0), 6optteOJI 

(16, 5-21, 5) tt 7, 8 - UHHeOJI (3 - 24). Ha116onee Bblp~eHHble pa.3JIHqHH y 

.ll.Byx MOp<pOTHITOB npOHBHJIHCb no 3THM K0MITOHeHTaM. BbrnBJieHa 3HaqH

TeJibHaH 3aBHCHMOCTb COOTHOllleHHH KOMITOHeHTOB 3<pHpHblX Macen OT 

3.ll,acp11qecKHX <paKTopoB H YCJIOBHH ro.ll,a B MeCTax npompaCTaHHH. 

CoBOKYITHOCTb nonyqetttthIX .ll,aHHhIX no3BOJIHeT paccMaTPHBaTb A. 
lercheana KaK nepcneKTHBHhiii pecypcttbIH BH.lJ.. 

IICCJIE)J;OBAHIIE MO,ll;EJILHl>IX lilIOJIOnNECKIIX 
MEMliPAH METO,[J;OM PACCEHHIDI HEHTPOHOB 

Kuce!le6 MA. 
O6'be,ll_HHeHHblli HHCTHT)'T .11,nepHbIX HCCJie,noBaHHil, r. ~6Ha, PoCCWI 

kiselev@jinr.ru 

Tonrn,11tta 611onomqecKoii MeM6pattbI xapaKTepmyeTcH Ben11q11ttoii 

50 A. PaccexttHe tteiiTPottoB c .ll.JIHHaMH BOJIH B HHTepBane 1 - 10 A, TaK)Ke 
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KaK u paccesrnmi: )KeCTKHX peHTreHOBCKHX .rryqeii c MHHoii BOJIHbI 1 - 2 A, 
SIBJISIIOTC.sl Han6onee 3cpcpeKTHBHbIMH MeTOJJ:aMH HCCJie;::i:oBaHU.sI HaHOCTPYK

TYPbI MOJJ:eJibHbIX H 6uonoruqecKHX MeM6paH. B03MO)KHOCTb KOffTPac

THpOBaHH.sI HeiiTPOHHoro paccesi:Hu.si 3aMell{eHneM H2O Ha D 2O .sIBJI.sieTc.si 

ero npHHI.(HilHaJibHbIM npenMyll{eCTBOM, Il03BOJI.sIIOU{HM, HanpHMep, JierKo 

pernaTh cpa30By10 npo6neMY B ;::i:ucppaKQHOHHbIX 3KcnepnMeHTax. B ;::i:oKJia;::i:e 

npe;::i:cTaBJieHbl pe3yJibTaTbl HCCJie;::i:oBaHH.sI JJ:Byx THilOB MOJJ:eJibHbIX 

MeM6paH: cpoccpOJIHilHJJ:OB, IIIHpOKO HCilOJib3yeMbIX npu HCCJie;::i:oBaHHH 

CBOHCTB KJieTOqHbIX MeM6paH u MOJJ:eJibHbIX MeM6paH JIHilHJJ:HOH MaTPHQbI 

BepxHero cno.si KO)KH Stratum Corneum (SC). 

MeTo;::i:oM ManoyrnoBoro paccesi:Hu.si HeiiTPOHOB uccne;::i:oBaHa CTPYK

zypa OJJ:HOCJIOHHbIX Be3HKYJI JJ:HMHpHCTOUJI<poccpaTUJJ:HJIXOJIHHa (~<I>X) B 

TPex cpa3ax: Lw, Pw u La. IloKa3aHo, ~o CTPYKTYPa nunn;::i:Horo 6ucno.si 

(TOJIU{HHa 6ucJIO.sI, IlJIOU{aJJ:b IlOBepXHOCTH ~<I>X, KOJiuqecTBo MOJieKyJI 

D2O B 6ucJioe Ha MOJieKyny .lJ:M<I>X) 3aBHCHT OT pa;::i:uyca KpHBU3Hbl 

6ucno.si. .lJ:n.si Be3HKYJI, npHroTOBJieHHbIX 3KCTPY3Heii qepe3 nopbI c 

;::i:uaM~OM 500 A, ycrnHOBJieHa 3aBHCHMOCTb ux cpopMbI OT cpa3oBoro 

COCTOSIHU.sl 6HCJIO.sl. <I>opMa 6JIU3Ka K ccpepuqeCKOH ( COOTHOIIIeHHe noJiyoceii 

3JIJIHilCa E = 1, 1) B La -cpa3e H cyll{eCTBeHHO ornuqaeTC.sI OT ccpepuqecKOH B 

Lil- u Pw -cpa3ax, npeBpall{MCh B 3JIJinmuqecKyro c E = 1,6. 

MeTOJJ:OM JJ:HcppaKQHH HeHTPOHOB uccne;::i:oBaHa CTPYKzypa u CBOHCT

Ba MYJihTHCJIOHHOH qeTbipexKOMnoHeHTHOH MeM6paHhI QepaMHJJ: 6 /xone

cTepHH / IlaJibMHTUJIOBa.sI KHCJIOTal cyJih<paT XOJieCTepHHa (Mo;::i:eJibHa.si CHC

TeMa nunu;::i:Hoii MaTPHQbI SC). BnepBbie uccne;::i:oBaHa CTPYKTYPa MOJJ:eJib

HOH MeM6paHhI SC c pa3perneHHeM 5,5 A, ~o no3BOJIHJIO onpe;::i:eJIHTb 

TOJIU{Htty MeM6paHbI 45,5 A, TOJIU{Htty ee ru;::i:pocpo6Hoii qacTn 31,2 A, 
IlOJIO)KeHne XOJieCTepnHa B 6ucnoe, a TaK)Ke TOJIU{Htty Me)KMeM6paHHOrO 

npocTPaHcTBa 1 A, KOTopoe OKa3aJIOCb qpe3BbJqaifHo MaJibIM. 

IlpeAJIO)KeHHOe .sIBJieHne chain-flip nepeXOJJ:OB B KOH<pOpMaQHH 

MOJieKyJI QepaMHJJ:OB o6'b.sICH.sieT nonyqeHHbie HaMH u ony6JIHKOBaHHbie B 

JIUTepazype 3KCnepHMeHTaJibHbie pe3yJibTaTbl, nonyqeHHbie Ha MOJJ:eJibHbIX 

u HaTHBHbIX JIHilHJJ:HhIX MeM6paHax Stratum Corneum. 
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H3yqEHIIE H3MEHEHHH nEJIKOBLIX IIPOWl{'.TOB rEHHOH 
3KCIIPECCHH B KY.JlbTHBHPYEMLIX MIIOnJIACTAX 
qEJIOBEKA IIPH MHOrEHHOH ,ll;Il<l><l>EPEHIUIPOBKE 
1 MaKapoB A.A., 1KoBaJleB Jl.H., 1KoBaJleBa MA., 1JlucUlfKWl K.B., 

1Epe;ituHaJl.C., 2Toponbl2UH H.10., 1IlluutKUH C.C. 
11.fHCTIIT)'T 6HOXIIMHH IIM. A.H. Eaxa PAH, r. MocKBa, PoccIDI, amkrv@mail.ru 

2
Hl111 6HoMe.nm.J.HHcKoii XHMHH PAMH, r. MocKBa, PoccIDI 

Ba)KHOCTh pereHepaQHH H runepTPO<pHH CKeJieTHOH MYCKynazypbI 

KaK cpU3HOJIOruqecKUX npoQeCCOB, HHTeHCHBHOCTb npoTeKaHH.sl KOTOpblX 

onpe;::i:en.sieT B03MO)KHOCTb qeJIOBeKa ocyI.QeCTBJI.sITb CBOIO ;::i:e.siTeJibHOCTb B 

3KCTPeMaJibHbIX ycJIOBU.sIX, onpe;::i:eJI.sieT Heo6xo;::i:nMOCTb myqeHU.sI MOJieey

JI.sipHblX MexaHH3MOB MHOreHHOH ;::i:ucpcpepeHQHpOBKH. IlocKOJibKY npOTeKa

HHe 3THX npoQeccoB in vivo CB.sI3aHo c nponucpepaQneii, ;::i:HcpcpepeH

QHpOBKOH H CJIH.sIHHeM caTeJIJIUTHbIX KJieTOK CKeJieTHOH MycKynazypbl, B 

KaqecTBe o6'beKTa 3KCnepnMeHTaJibHOH MOJJ:eJIH MSI H3yqeHu.si 6bIJIH 

BbI6paHbl BbIBe;::i:eHHbie U3 HUX KYJibTHBHpyeMbie KJieTKH - MH06JiaCTbI, 
cnoco6Hbie K nponHcpepaQHn H ;::i:ucpcpepeHQnpoBKe in vitro. 

CKeJieTHO-MbIIIIeqHbie MH06JiaCTbI qeJIOBeKa KYJibTUBHpOBaJIHCb B 

pocToBoii cpe;::i:e ( cpe;::i:a F-12 c ;::i:o6aBJieHneM reHTaMHQHHa, nupyBaTa 

HaTPU.sI H 12 % 3M6pHOHaJibHOH TeJI.si%eH CbIBOpOTKH) JJ:O JJ:OCTH)KeHu.si 

MOHOCJIOSI. 3aTeM npoBOJJ:UJIOCb HHJJ:YQHpOBaHne MHOreHHOH JJ:Hq>cpepeHQH

pOBKH HHey6upoBaHHeM B ;::i:ucpcpepeHQHpoBoqHoii cpe;::i:e ( co;::i:ep)Kall{eii 2 % 
JIOIIIaJJ:HHOH CbIBOpOTKH) . .lJ:nsi: aHaJIU3a. U3MeHeHHSI npocpunsi: 6eJIKOBOH 

3KcnpeCCHH 6bIJIH HCilOJib30BaHbl npoTeOMHbie TeXHOJIOrHH (JJ:ByMepHblH 

3JieKTPocpope3 no O'<I>appeJIJiy c OKparnnBaHneM KyMaccu R-250 H a30THO

KHCJibIM cepe6poM, u;::i:eHTHq>HKaQU.sI 6eJIKOBbIX cppaKQHH MeTOJJ:OM MALDI

TOF Macc-cneKTPOM~uu c ucnoJib30BaHneM naKeTa nporpaMM Mascot u 

6a3bl ;::i:aHHbIX NCBI). 3TO Il03BOJIUJIO BbISIBHTb 6onee 300 6eJIKOBbIX cppaK

QHH u HJJ:eHTHq>HQHpoBaTb 40 6eJIKOB, IlOTeHQHaJibHO BOBJieqeHHblX B npo

TeKaHue MHoreHHOH ;::i:ucpcpepeHQHpOBKH, B TOM qn:cne 3 paHee He OilHCaH

HbIX npoeyKTa 6eJIKOBOH 3KcnpeccHu: 6eJIOK, co;::i:ep)Kall{HH aMHHOKHC

JIOTHbie OCTaTKH 93-403 6e3bIM.sIHHOro 6eJIKa GI:16552261; rHilOTeTHqec

KHtt 6enoK LOC154872, Gl:66912170; 6enoK, co;::i:ep)KaI.Quii cpeppHTHHOBhIH 

JJ:OMeH C MOJieeynsi:pHOH Maccoii 450 K.lJ:a H H303JieKTPuqecKOH TQqKOH 4, 72. 

TaKHM o6pa30M, 3TH 6eJIKH MOryT paccMaTPHBaTbC.sI KaK IlOTeH

QHaJibHbie yqaCTHHKH npoQecca MnoreHHOH ;::i:ucpcpepeHQHpOBKH y qeJIOBeKa. 
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0 XAP AKTEPHLIX OCOliEHHOCTHX <l>OC<l>O.JilIIIlI)J;IIOro 
KOMIIOHEHTA IIPOTEO.JIIIIIH)];OB H3 P A3HLIX OPr AHOB 

KPLICLI 

MaHyKRH K.I'., KupaKOCRH JI.I'., JleeoHRH KJI., Ka3apmm T.H., 
CmenaHRH A.A. 

11HCTifIYT 6HOXHMIUI HM. r.x. Eymmma HAH PA, r. EpeBaH, ApMeHIUI, 
galoyan@sci.am 

B xo.ne HCCJie.[(OBaHHH, HanpaBJieHHhIX Ha BbU1BJiem:1e xapaKTepHblX 

oco6eHHOCTeii 6eJIKOBbIX H JIHilM.[(HhlX K0Mil0HeHT0B IIIHp0K0 pacnp0CTPa

HeHHbIX rM.[(pocpo6HbIX HHTerpaJibHbIX MeM6paHHbIX 6eJIKOB-npoTeOJIHilH

.[(0B (TIJI) H3 pamHqHhIX TKaHeii, H3YqaJIH KaqecTBeHHhIH C0CTaB H K0JIH

qecTBeHH0e co.nep)KaHHe cpoccponunM.[(oB (<I>JI), MeHee npoqHo cml3aHHhIX 

(MTIC} H 6onee npoqHo cmI3aHHhIX (ETIC) c TIJI-6eJIKaMH (TIJIE) H3 pa3HhIX 

opraH0B KpbIChl. JlHilH.[(hl, CBH3aHHbie C TIJIE, HrpaIOT, Bep0HTH0, Ba)KuyIO 

p0Jih B coxpaHeHHH KOHq>OpMaQHOHHOH QeJI0CTH0CTH 3THX MeM6paHHhlX 

6eJIKOB H HX cpyHKQHH. Co.nep)KaHHe TIJIE cocTaBJIAA0 5,45 Mr/r BJia)KHOH 

MaCCbl B roJI0BH0M M03re, 4,35 Mr/r B cep.nQe, 2,08 Mr/r B neqeHH, 2,70 Mr/r 

B K0pK0B0M H 2, 18 Mr/r B M03f0B0M CJI0e noqeK. HapH.ny C HeKOT0pbIM 

CX0.[(CTB0M 6bIJIH BhIHBJieHbl C0BeprneHH0 onpe.neJieHHhle pa3JIHqHH B <I>JI

C0CTaBe MTIC H, oco6eHHO, ETIC c TIJIE JIHilH.[(HhIX cppaKQHH pa3HhIX opra

H0B. MTIC C TIJIE JIHTIM.[(Hhle cppaKQHH co.nep)KaJIH B 0CH0BH0M HelfTPaJih

Hbie <I>JI H, rnaBHhIM o6pa3oM, cpoccpam.nHJixOJIHH H cpoccpam)].HJI-3TattoJia

MHH, K0T0phie B cyMMe cocTaBJIHJIH 62,6 - 81,6 % Bcex MTIC <I>JI pa3HhIX 

opraHoB. B MTIC-cppaKQHHX M03ra u, oco6eHHO, noqeK 0TH0CHTeJihH0 

BhICOKOH 6hma TaK)Ke K0HQeffTPaQHH ccpttHroMHeJIHHa. B ETIC c TIJIE 

JIHilH.[(HhIX cppaKQHHX npeo6Jia.[(aJIH KHCJibie <I>JI, C0CTaBJIHBllIHe 71,9 - 86,3 
% Bcex ETIC <I>JI. IlJI Ka)K.[(oro H3 H3yqeHHhIX opraHoB xapaKTepH30BaJIHCh 

npeo6na.na-HHeM coBeprneHH0 onpe.neneHHhIX ETIC KHCJihIX <I>JI. B 
r0JI0BH0M M03re 3T0 6hIJIH cpoccpaTM.[(HJICepHH, COCTaBJIHBllIHH 41,3 % Bcex 

ETIC <I>JI H .nu-cpoccpam.nunrnHQepHH - 30,6 %, B neqeHH - cpoccpam- · 

.[(HJIHH03HT - 27,5 % H .nucpoccpam.[(HJirJIHQepHH - 19,5 %. B M03r0B0M 

CJI0e noqeK npeo6Jia.[(aJIH .[(Ba KHCJihIX <I>JI: cpocq>aTH.[(HJIHH03HT H cpoccpaTH

.[(HJICepHH, cocTaBJIHBllIHe 37,0 % H 34,5 % Bcex ETIC <I>JI cooTBeTCTBettHo, 

a B K0pK0B0M CJI0e - .[(Hq>occpaTM.[(HJirJIHQepHH, COCTaBJIHBllIHH 45,8 %. 
IlpoBe.[(eHHbie HCCJie.[(0BaHHH BhlHBHJIH HHTepeCHhie oco6ettHOCTH <I>JI

K0Mil0HeHT0B IlJI H3 pa3Hb!X opraH0B. Ottu Il0.[(TBep.[(HJIH npe.nnoJI0)KeHHe, 
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qT0 HapHey C HeK0T0pblM CXO.[(CTB0M, HMeIOTCH C0BeprneHH0 onpe.[(eJieHHhie 

pamuqHH He T0JihK0 B 6eJIKOBOM, HO tt JIHilM.[(H0M ( oco6eHHO <I>JI) C0CTaBe 

I1J1 H3 pa3JIHqHhlX TKaHeii B 3aBHCHM0CTH OT JI0KaJIH3aQHH H B03MO)KHOH 

cpyHKQHH IlJI B HX KJieTOqHhIX MeM6paHax. 

CIIEIJ;ll<l>HKA H3MEHEHIDI HHTEHCHBBOCTH TEqEHIDI 
IIPOD;ECCOB IIEPEKHCBOro OKHCJIEHIDI .JIIIIIH)];OB B 

PA3~IX JiHOJIOr~ECKHX CHCTEMAX OPr ABH3MA 
IIPH 3KCIIEPHMEBTAJil,BOM D;HPP03E IIEqEHH 

MapcapRH A.C., Oecemm Jl.M, Ea0QJlJlH P.E., CUMoHRH A.A. 
11HCTHTyT EHOXHMHH HM. r.x. Eymmma HAH PA, r. EpeBaH, ApMeHHH, 

l4 l278@mail.ru 

1136bITOqHoe HaK0TIJieHHe npo.nyKT0B nepeKHCH0ro 0KHCJieHHH 

JIHilM.[(0B (TIOJI) M0)KeT CJlY*HTh npHqHHOH HeKp03a KJieT0K, HapyrneHHH 

q>H3HKO-XHMHqecKHX CBOHCTB HX MeM6paH, o6pa30BaHHH B HHX H0HHhIX 

KaHaJI0B. C OTMeqeHHOH T0qKH 3peHHH oco6oro BHHMaHHH 3aCJiy)KHBaeT 

H3yqeHHe HHTeHCHBH0CTH npoQecca TIOJI B Kp0BH, M03re H neqeHH KpbIC 

npu CCl4-HH.[(YQHpOBaHHOM QHppo3e H Koppumpy10mero .neiiCTBHH aHTH-

0KCH.[(aHTHbIX q>aKTopoB - a-TOKOq>epona ( a-T<I>) H THOCYJihq>aTa HaTPmI 

(TCH) Ha 3TH npoQeCChI. 

Pe3yJihTaTbl H3yqeHHH HHTeHCHBH0CTH npoQeCC0B TIOJI B Kp0BH, 

Mo3re H neqeHH 6eJihIX KphIC npH CCl4-Hu.nyQHpoBaHH0M QHppo3e neqeHH 

(QII) no3B0JIHIOT 3aKJIJOqHTh, qrn ycHJieHHe npoQeccoB TIOJI B ycnoBHHX 

3KcnepHMeHTaJibH0ro QII HBJIHeTCH pe3yJihTaT0M .necTa6HJIH3aQHH 

MeM6paHHoro 6HCJIOH 3THX 6HOJIOfHqecKHX CHCTeM B CT0pouy npeBa

JIHp0BaHHH B HHX npoQeCC0B KaTa60JIH3Ma cpoccpoJIHilH.[(OB. C o6pa3oBa

HHeM CB060.[(Hh!X PMHKaJI0B, TaKHx KaK CCh" H er, H CBH3aHo Il0Bpe)K

.na10mee .neiicTBHe CCl4. B 0TBeT Ha .neiicTBHe CCl4 Ha pa3JIHqHhIX ypoBHHX 

6HoJiomqecKHX CHCTeM opraHH3Ma cpopMHpyIOTCH np0.[(yKTbl TIOJI, 

o6ecneq~BM QenHoii xapaKTep peaKQHH TIOJI. 11HTeHCHq>HKaQHH 

npoQeCC0B TIOJI B HCCJie.[(0BaHHhIX 6HOJiomqecKHX TKaHHX npH QII - 3T0 

pe3yJihTaT aKTHBHp0BaHHH peaKQHH .neaQHJIHp0BaHHH <I>Jl-rJIHQepM.[(0B. 

Co.nep)KaHHe MaJI0H0B0ro .[(HaJib.[(erM.[(a B KOffTPOJibHOH rpynne )KHB0THhlX 

COCTaBHJI0 5,5, 7,0 H 6,32 HMOJib/Mr 6eJIKa B Kp0BH, M03re H neqeHH 
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cooTBeTCTBeHHO, a npH CCl4-HH.D.)'QHpoBaHHOM QHppo3e - 9,24, 8,21 H 

15,85 HMOJII,/Mr 6enKa. Hat16onee BblpIDKeHHOe aKTHBHpOBaHHe HHTeHCHB

HOCTH TeqeHmI npoQeccoB IlOJI perHCTPHPYeTCH B neqeHoqHoii TKaHH, TaK 

KaK B nepB)'IO oqepe,D.b npH Qll nopIDKaeTCH neqeHb. IlpH BHYTPH

"6p10IIIHHHOM BBe,D.eHHH a-T<l> H TCH Ha6JIIO.D.aJIOCb HHm6HpoBaHHe 

peaKQHH IlOJI. IlpH BBe,D.eHHH a-T<l> HHm6HpoBaHHe npoQecca IlOJI 

BbipIDKeHO 6onee HHTeHCHBHO. 

Mo:amo npe,D.OOJIO)KHTb, qTo npHMeHeHHe npenapaTOB aHTHOKCH,D.aHT-

HOfO ,D.eiicTBHH - a-T<l> H TCH, OKa3bIBaeT npoTeKTopHoe ,D.eiicTBHe, 

HOpMaJIH3YH KOJIHqeCTBO nepeKHceu B HCCJieeyeMblX 6HOJIOrHqecKHX 

CHCTeMaX npH 3KCnepHMeHTaJibHOM Qll. 

MEXAHH3M IIOMBJIEHIDI ArPEr ~ 6EJIKOB 
a-KPHCTAJIJIHHOM 

MapKOCRH K.A., KypwHoB E.lf. 
11HCTJITYf 6ttoXHMHH HM. A.H. Eaxa PAH, r. MocKaa, Poccm1, markossian@inbi.ras.ru, 

boris@kurganov.com 

KHHeTHKa TeDJIOBOH arperaQHH 6eJIKOB (f3-KpHCTaJIJIHHa m xpycTa

JIHKa rnaJa TeJieHKa, rnHQepanb,D.erH,D.-3-qioc<paT,D.erH,D.poreHaJbI H3 cKene-r

HbIX MblllIQ KpOJIHKa H MHTOXOH,D.pHaJibHOH acnapTaTaMHHOTpaHC<pepa3bl H3 

cep,D.Qa CBHHbH) myqeHa C HCil0Jlb30BaHHeM MeTO,D.a ,D.HHaMJ-IqecKoro 

CBeTOpacceHHHH, Il03BOJIHIOI.Qero OQeHHTb pa3Mep 6eJIKOBblX arperaTOB. 

KOHTPOJib 3a CTa,D.HeH pa3BOpaqHBaHHH 6eJIKOBblX MOJieKyJI npH HarpeBaHHH 

npoBO.D.HJIH MeTO,D.OM .D.H<p<pepeHQHaJibHOH cKaHHpy101.Qeii KanopHMeTPHH H 

nyTeM onpe,D.eJieHHH CTeneHH HHaKTHBaQHH qiepMeHTOB. , Ha OCHOBaHHH 

,D.aHHbIX no KHHeTHKe arperaQHH npe,D.JIO)KeH HOBblH MeXaHH3M arperaQHH 

6eJIKOB, HaqaJibHOH CTa,D.HeH KOToporo HBJIHeTCH CTa,D.HH o6pa30BaHHH 

CTapTOBbIX arperaTOB (nepBHqHbIX KJiacTepoB). Ilpe,D.JIO)KeH MeTO.D. 

onpe,D.eJieHHH pa3Mepa CTapTOBbIX arperaTOB, OCHOBaHHbIH Ha IlOCTPOeHHH 

3aBHCHMOCTH HHTeHCHBHOCTH CBeTOpacceHHHH OT fH,D.pO,D.HHaMHqecKoro 

pa,D.eyca 6eJIKOBbIX arperaTOB. [H,D.pO.D.HHaMHqecKHH . pa,D.eyc CTapTOBblX 

arperaTOB OCTaeTCH npaKTJ-IqecKH IlOCTOHHHbIM npH H3MeHeHHH 

TeMnepazypbI H npH BapbHpoBaHHH KOHQeffTPaQHH 6eJIKa. BTOpOH 3Tail 

arperaQHH, CJIHilaHHe CTapTOBbIX arperaT0B, npoTeKaeT B KHHeTHqecKOM 
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pe)KHMe, npH K0T0pOM CKOpOCTb arperaQHH onpe,D.eJIHeTCH .D.H<p<py3HeH 

(diffusion-limited cluster-cluster aggregation). B 3T0M pe)KHMe arperaQHH 

Ka)K.ll.Oe coy,D.apeHHe npHBO,ll.HT K cmmaHHIO B3aHMO,D.eHCTB)'IOI.QHX qacTHQ. 

IloKa3aHO, ~o no,D.aBJieHHe TeDJIOBOH arperaQHH 6eJIKOB B npu

CyTCTBHH a-KpHCTaJIJIHHa CBH3aH0 C yMeHbUieHHeM pa3Mepa CTaPTOBbIX 

arperaTOB, C yBeJiuqeHHeM ,D.JIHTeJibHOCTH JiaTeHTH0fO nepuo,D.a, Ha 

nporn)KeHHH KOToporo npOHCX0,ll.HT o6pa30BaHHe CTapTOBbIX arperaT0B, H 

nepexo,D.0M npoQecca arperaQHH B KHHeTHqeCKHH pe)KHM, npH K0TOpOM 

BepoHTHOCTb CJIHilaHHH qacTHQ CTaHOBHTCH MeHbUie e,D.HHHQbl (reaction

limited cluster-cluster aggregation). 

Ha 0CH0BaHHH aHaJIH3a 3aBHCHMOCTH fH,D.pO,D.HHaMHqecKoro pa,D.eyca 

oT BpeMeHH, nonyqeHHOH ,D.JIH TeDJioBoii arperaQHH .D.PO)K)KeBoii anKorOJib

.D.erH,D.poreHa3bI 1, c,D.eJiaHo 3aKJIIOqeHue o TOM, ~o 6naro,D.apH Hanuqmo 

BHyTPHM0JieKYJIHpHoro IIIanepoHa qiepMeHT cnoco6eH qaCTHqHo no,D.aBJIHTb 

co6cTBeHttyIO arperaQHIO. 

3K30IIOJIHCAXAPHm>I~OTOTPO~HblX6AKTEP.IIH 

MapKoCRH JI.C., IlapoHRH A.X, OwHeCRH P.C. 
11ucTHTYT MHKpo6nonomn: HAH PA, r. A6omrn, ApMeum1, Lmark@sci.am 

MHKpoopraHH3Mbl HBJIHIOTCH npoeyQeHTaMH pa3Hoo6pa3HbIX 0JIHro

n: Il0JIHCaxapH,D.0B. OHH IIIHpOKO HCilOJib3)'IOTCH B Me,D.HQHHe. Caxapa, 

CO,D.ep)KaI.QHe CTa6HJibHblH H30T0Il yrnepo,D.a (13C) ycneUIH0 HCil0Jib3YIOTCH 

B .D.HarnocTHKe 3a6oneBaHHH )Keny.D.oqHO-KHIIIeqHoro TPaKTa. Ilo,D.aB

JIHIOI.Qee 6oJibllIHHCTBO OJIHro- u IlOJIHCaxapH,D.OB, a TaIOKe npHp0,D.HblX 

coe,D.HHeHHH, C0,D.ep)KaI.QHX CTa6HJibHblH H30TOil yrnepo,D.a, CHHTe3upyIOTCH 

MHKpoopraHH3MaMH. <l>oTOTPO<pHbie MHKpoopraHH3Mbl npe,D.CTaBJIHIOT 

60JibllIOH HHTepec ,D.JIH nonyqeHHH pa3JIHqHblX 6nonomqecKH aKTHBHbIX 

coe,D.HHeHHH: BHTaMHHOB, opraHuqecKHX KHCJIOT, Kap0THHOH,ll.OB, qiepMeH

TOB H .D.pymx. O,D.HaKO 6HOCHHTe3 H CBOHCTBa IlOJIHcaxapH,D.OB q>OTOTPO<p

HbIX 6aKTepuu myqeHbI BeCbMa cna6o. 

IJ;eJiblO HaCT0HI.QHX HCCJie,D.OBamIH 6bIJIO myqeHHe CHHTe3a IlOJIH

caxapH,D.OB q>OTOTP04JHblMH 6aKTepHHMH C HCil0Jib30BaHHeM aQeTaTa B 

KaqecTBe e,D.HHCTBeHH0ro HCTOqHHKa yrnepo,D.a H HX CBOHCTB. DblJIH BbI,D.e

JieHbl <pOTOTP04JHbie HecepHbie nypnypHbie 6aKTepuu (Rhodobacter 
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sphaeroides), cnoco6Hbie npo.rcyu,upoBaTh 3K30IIonucaxapH.D.bI npu pocTe Ha 

CBezy. H3y<IaJIH MOpcponoruqecKHe H 4)H3HOJIOfHqecKHe CBOHCTBa 

BbI)J.eJieHHbIX IIITaMM0B. B qacTH0CTH II0Ka3aHo, ~o YKa3aHHbie IIITaMMbl 

npu KYJibTHBHp0BaHHH ua cpe.n.ax, co.n.ep)Kalll,HX .n.pyrue HCToquHKH 

yrnepo.n.a: nupyBaT,JiaKTaT,ManaT,cyKIJ,unaT,rJI10Ko3a,ManbT03a,caxapo3a 

" rnuu,epHH, TIOKa3bIBaIOT HHTeHCHBHbIH pocT " B p».n.e cnyqaeB 

IIpO.IcyU.HPYJOT TaK)Ke IIOJIHcaxapu.n.. H3yqeHa )J.HHaMHKa CHHTe3a 

nonucaxapu.n.a. Pa3pa60TaH MeTO.D. BbI.D.eneuu» qucTbIX npenapaTOB 

IIOJIHCaxapu.n.a c IIpHMeHeHHeM pa3JIHqffbIX cnoco6oB OCa)K)J.eHHH u reJib

xpoMaTorpacpuu u .n.p. ll3yqeub1 cpH3uqecKue, xuMuqecKHe H CTPYKTYPHhie 

oco6euuocTH BbI.D.enennhIX nonucaxapH.D.OB c npm,1eueuueM RMP, 

CIIeKTP0CKOIIHH, CBeTOpacceHHHH " .n.pyrux MeTO)J.OB. IlpoBe)J.eHHble 

BIIepBbie HCCJie)J.OBaHHH IIOKa3aJIH, qTo u3yqeuuble IIOJIHcaxapH.D.bI 

HBJIHIOTCH rereporeHHbIMH IIOJIHMepaMH C ue60JibllIOH MOJieKyn»pHOH 

Maccoii. HcnoJib30Banue au,emTa B KaqecTBe e.n.uncTBeHnoro ucToquuKa 

yrnepo.n.a 4)0TOTP04JHbIMH 6aKTepHHMH C03)].aeT peaJibHYJO B03MO)KHOCTb 

)J.JIH pa3pa6oTKH 6uoTeXHOJIOfHH np0H3BO)].CTBa 13C-yrneBO)J.OB, a TaK)Ke 

.n.pyrux coe.n.uueuuii, cuHTe3upyeMbIX 6aKTepueii. 

N0-3ABHCIIMl>IE MEXAHH3MLI BJIIDIHIDI rPlffiKOBOH H 
CTA~HJIOKOKKOBOHHH~EKIJ)ffl 

MoececRH HO., Ail'lyO:JICRH HX, MoececRH O.A., A1wnRH H.C., 
I'eeoHORH K.A., KwwanRaH P.I'. 

HHCTHTYT 6ttoxHMHB BM. r.x. Eymmrna HAH, r. EpeBaH, ApMeHHH 
alchujyan@yahoo.com 

Y 6oJibHbIX c Bbipa)KeHHOH HMMyHHOH ue.n.ocTaToqHOCTblO BbI)J.eJieHbl 

anTu6uoTHKpe3ucreHTHaH HHBa3HBHM L-cpopMa Staphylococcus aureus " 
arpeccuBna» cpopMa rpu6Ka Candida albicans. BHyTPu6pIOIIIHHHM 

O)J.HOpa30BaH HHbeKIJ,HH CMeCH BbIIIIeyKa3aHHbIX MHKpoopraHH3MOB 

MOJIO)J.bIM caMIJ,aM KpbIC Bbl3bIBaeT qepe3 5 )].HeH 3aMeTHbie C)J.BHfH B ypoBHe 

OKHCJIOB a30Ta OA (NO, No2·· NO3-, N2O4, N2O3) " CBH3aHHbIX 

HHTP030COe)J.HHeHHH (HC) (HffTP030THOJibl H HHTP03aMHHbI) H MX L

apmHHH3aBHCHMOH npo.n.yKU.HH B HMMYHOKOMIIeTeHTHbIX KJieTKax (HKK) 
THMyca H KpOBH IIO cpaBHeHHIO C KOHTPOJibHbIMH )KHBOTHbIMH. y 
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uucpttu,ttpoBauublx KpbIC ypoBeHb OA H HC 3HaqHTeJibHO CHH)KaJICH Bo Bcex 

HKK KpOBH H eIIJ,e 6oJibIIIe B HeifTPocpHJiax H Monou,HTax THMyca. B 

JIHMqlOIJ,HTax THMyCa HHqlHU.HpOBaHHbIX KpbIC ua6n10.n.anacb IIOJIHOCTblO 

npoTHBonono)KHaH KapTHHa - B uux Kouu.eHTPaU.HH OA H HC B03pacTana 

6onee qeM B 5 pa3 no cpaBHeHHIO c HOpMaJibHbIMH JIHMqlOIJ,HTaMH THMyca. 

C.n.Bttm B ypoBue OA H HC KoppenttpoBanH c ux 3n.n.oreuttoii npo.rcyKu,tteii 

HKK KpOBH H THMyca KpbIC. BbrnBJieHHoe uapyIIIeHHe NO-3aBHCHMbIX 

MeXaHH3MOB HMMyHHOfO OTBeTa X03HHHa MO)KeT HBJIHTbCH 0)1.HOH H3 

npHqHff BttpyneHTHOCTH rptt6KOBOH tt CTaqlHJIOKOKKOBOH HHqleKIJ,HH, Ha 

cpoue KOTOpoii BepOHTHOCTb pa3BHTHH HMMyHHOH He)J.OCTaToqH0CTH 

TIOBbilllaeTCH, a B cnyqae OIIIIOpTyHHCTHqecKOH HHqleKIJ,HH MO)KeT eIIJ,e 

60Jibllle OCJIO)KHHTb COCTOHHHe 60JibHOfO. 

METAEO.JIWIECKHH IlYTI, L-APrHHHH - NOB IIATOrEHE3E 
IIEPHO,!UNECKOH NOJIE3HH 

MoececRH HO., Ail'lyO:JICRH HX, MoececRH O.A., 3J16aKRH I'.B., 
Kapa2i!JRH K.I'. 

HHCTHryT 6BOXHMIIII HM. r.x. EyHHnrna HAH PA, r. EpeBaH, ApMeHIUI 
javjavdanuc@yahoo.com 

B cpopMeHHbIX 3JieMeHTax (<I>3) Kp0BH nau,tteHTOB C nepHO)J.HqecKOH 

6one3Hbl0 (Iffi) o6Hapy)KeHbl 3aMeTHbie OTKJIOHeHHH B ypoBHe OKCH)J.a a30Ta 

(NO) " ero MeTa60JIHTOB, KOppenHpYJOill,He co C)J.BHfaMH B L-apmHHH-

3aBHCHMOH npo.rcyKU.HH NO 3THMH KJieTKaMH nptt ux .n.onroBpeMeuuoii 

HHKy6au,HH (20 q). B TIJia3Me KpOBH nau,HeHT0B c Iffi na.n.aeT co.n.ep)KaHHe L

aprHHHHa, U.HTPYJIJIHHa H NO H ero MeTa6onttTOB, ~o oco6eHHO Bbipa)KeHo 

B npHCTyTIHbIH neptto.n., Kor.n.a ypoBeHb L-aprHHHHa B TIJia3Me CHH)KaeTCH 

.n.o 1,78 - 4,44 MKMOJib/JI (y 3.D.OpOBbIX,- 10,7 - 58,3 MKMOJib/JI), KOHU,effTPa

ll,HH NOH ero MeTa6onttTOB na.n.aeT .n.o 1,9 - 7,5 MKMOJib/JI TaK )Ke, KaK H 

co.n.ep)Kautte U.HTPYJIJIHna, KOTopoe CHH)KaJIOCb .n.o 0,46 - 2,08 MKMOJib/JI 

{npoTHB _16,2 - 69,4 MKMOJib/JI tt 13,9 - 15,8 MKMOJib/JI COOTBeTCTBeHHO )J.JIH 

3)1.0pOBblX JIHIJ,). O.n.noBpeMeHHO B KpOBH 60JibHbIX Iffi TIOBbIIIIaeTCH co.n.ep

)KaHHe XOJieCTepttHa (6,7 - 7,5 MMOJib/JI npornB 3,1 - 5,7 MMOJib/JI y 3.D.Opo

BbIX JIIO)J.eii) tt fJIIOK03bl (130 - 141 Mr/100 MJI npOTHB 80 - 120 Mr/100 MJI 

Y 3.D.OpOBbIX JIIO)J.eii), ~o OTqaCTH CBH3auo C HapyllleHHeM npou,eccoB 
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reuepuposaullil NO. runonpo,zzyKUIDI NO conposo)KJJ.aeTc.si: ycuneuueM 
arperau;uu " a;::i:re3UU TPOM60I.J;UTOB " JieHKOUUTOB " npo;::i:yKUUU cso6o;::i:HblX 
pa;::i:uKaJIOB, qTo xapaKTepuo MH naToreueTuqecKux npou;eccos, pa3BUBaIO
muxc.si: npu TIE. 3uaquTeJihHbie c;::i:suru B aKTUBHOCTU NOS <1>3 6oJihHbIX 
I1E s OCTPOH <pa3e, KOTOpbie OTPIDKaIOTC.ll Ha yposue cy6cTPaTa u MeTa6o
JIUTOB peaKu;uu NOS B TIJia3Me Kposu, csu;::i:trreJihCTBYIOT o sosneqeuuocTu 
Mtrra6onuqecKoro nyTU L-apruuuu - NO B naTOreue3 I1E u OTKpbIBaeT 
B03MO)KHOCTU noucKa HOBhIX sapuaHTOB Tepanuu 3Toro 3a6onesaullil. 

HOBblE ,LJ;AHHblE O CTAiiHJlbHOCTH BHPHOHOB X-BHPYCA 
KAPTO<l>EJUI H Ero IiEJIKA 01i0.JI01IKH 

HeMblX MA., l{o6po6 E.H 
MocKOBCKuii rocyJJ.apcTBeHHhiii yttuBepcmeT UM. M.B. JloMoHocoBa, r. MocKBa, 

PoccIDI, nemykh@belozersky.msu.ru 

rpynna noTeKcsupycos (u, npe)KJJ.e scero, X-supyc KapTo<pen.si: -
XBK) npe;::i:cTaBJI.lleT co6oii o;::i:uy m uau6onee myqeHHbIX rpynn cnupanb
HbIX BupycoB pacTeuuii. O;::i:uaKO ;::i:IDKe )J,Jl.ll HUX 0TCYTCTByIOT ;::i:aHHbie 
peuTreuocTPYKIYPHOro auanma co CKOJibKo-uu6yAb npueMJieMbIM pa3pe
rneuueM. B ,1J,auuoii: pa6ore MbI myqanu <pmuKo-xuMuqecKue xapaKTepuc
TUKU u cTa6UJibHOCTb «cso6o;::i:uoro» 6enKa o6onoqKu (EO) XBK u 

u;eJibHbIX supuouos XBK. 
O6uapy)KeHO, ~o npu KOMHaTHOH TeMneparype «CB060J:J:Hbie» 

cy61,e;::i:uuuu;b1 EO XBK o6naJJ.aIOT ueKoii q>uKcuposauuoii TPeTuquoii 
CTPYKIYPOH, HO 3Ta CTPYKIYPa .si:BJI.si:trrc.si: Kpaiiue uecrn6unhttoii u 
pa3pyrnae-rc.si: ~e npH 35 °C. Tpe-ruqua.si: CTPYKIYPa EO XBK pa3pyrnanacb 
TaK)Ke BeCbMa HH3KHMU KOHI.J;effTPaUIDIMU ;::i:eTepreHT0B - ;::i:o;::i:eu;uncyJib<paTa 
HaTPIDI (,[{CH) unu UeTUJITPHMeTunaMMOttuii:6poMu;::i:a (U:T AE), npH 3T0M 
BTopuqua.si: CTPYKIYPa MOJieKyn EO XBK ue mMeu.si:nacb. BenuqHHhI 
KottcTaHT ce;::i:HMeHTau;Hu (KC) J:J:JI.ll uaTuBuoro u nporptrrbIX npenapaTOB EO 
0Ka3aJIUCb o)J,uttaKOBbIMU. Ilpu 3TOM senuquua KC Jl:JI.ll npenapaTOB EO B 
cpe;::i:e c )J,trrepreHTaMH OKa3aJiacb ueMuoro Bbillle. 

«Ilnasneuue» EO XBK B cocTaBe supuouos npoucxo;::i:uno no 
)J,aHHblM scex UCTIOJib30BaHHblX MeTO;::i:0B npu TeMneparype 0KOJIO 60 °C. 
TaKUM o6pa30M, BKJIJOqeuue B COCTaB BHpHOHOB npUBO)J,UT K CUJibHOH 
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crn6unmau;uu CTPYKlYPhI EO. ,[{CH " U:TAE pa3pyrnanu qacTUI.(bI 3Toro 
supyca npu KOHI.J;effTPaI.J;lUIX CY.ll\eCTBeHH0 6onee BbICOKHX, qeM Te, 
KOTOpb1e BbI3bIBaIOT pa3pyrneuue TPemquoii CTPYKrypbI cso6o;::i:uoro EO. 
IloKa3atto, ~o npenapaTbI cso6o;::i:uoro EO XBK xapaKTepmyIOTC.si: 
;::i:uxpouqecKuM nornomeuueM B o6nacTu 200-250 HM npuMepuo B ;::i:sa pa3a 
6onee BbICOKHM, qeM npenapaTbl u;eJibHblX BUpHOHOB, u HHblM nOJI0)KeHueM 
,r\0nOJIHUTeJibHOro OTPUUaTeJibHOro MaKCHMyMa. 

Coqe-rauue na6UJibHOH TPeTHquoii " cTa6unbHOH BTopuquoii 
CTPYKlYP MO)KeT .si:BJI.llTbC.ll CTPYKrypHbIM ocuosauHeM ;::i:n.si: ue;::i:asuo 
o6uap~euuoii cnoco6uoCTu cy6ne;::i:uuuQ EO XBK uaxo;::i:UThC.ll B cocrnse 
BUpUOHOB B ;::i:syx QJYHKUUOHaJibHblX COCTO.llHIDIX - TI0KO.sIIUeMC.ll, Kor;::i:a 
supuou XBK ue cnoco6eu K TPaucn.si:Quu, " aKTUBHposauuoM, Kor;::i:a nocne 
B3aUMOJ:J:eHCTBU.ll C BHpyc-cneQU<pHqecKUM HeBUpHOHHbIM 25K-6eJIKOM OH 
npuo6ptrraeT cnoco6uocTb K TPattcn.si:u;Hu in vitro " in vivo no MexaumMy 
KOTPaHCJI.llI.J;UOHHOH pa360pKH. 

HCCJIE,IJ;OBAHHE ,LJ;Ecf>EH3HHOB IlillEIIHIU>I TRITICUM 
KIHARAE DOROF. ET MIGUSCH 

10ouHtJ06a T.H., 2E20po6 f+A., 1Kopocmw1e6a T.B., 1Ko3ll06CKaR I'.B., 
I IlyXOllbCKUU B.A. 

111HcTuryT o6meii reHeTuKu UM. H.M. BaBUJIOBa PAH, r. MocKBa, PoccIDI 
odintsova2005@rambler.ru 

211HCTUTyT 6uoopraHIBieCKOH XUMUU UM. aKa}].eMUK0B M.M. llleM»:KUHa H 
IO.A. 0B'IHHHHKoBa PAH, MocKBa, PoccIDI 

,[{e<peH3UHbl .llBJI.lllOTC.ll QUCTeuu-6oraTbIMH aHTUMUKpo6HbIMU nemu
,r\aMu, KOT0pbie o6uap~eHbl KaK s )KHBOTHOM, TaK " s paCTUTeJibHOM 
QapcTBe. Oun o6na}].aIOT aum<pyuraJibHOH, aum6aKTepUaJibHOH H HHCeKTu
QUJ:J:Hoii aKTHBHOCT.llMU. IloucK HOBbIX BbICOKOaKTHBHblX )J,e<peH3UHOB 
npe,IJ,cTaBJI.lleT 6oJibllIOH uHTepec M.ll co3,IJ,attu.si: TPattcreHHbIX pacTettuii, 
ycToiiquBbl?( K naToreHHbIM MUKpoopraHU3MaM, a TaK)Ke Jl:JI.ll pa3pa60TKH 
H0BbIX JieKapCTBeHHblX npenapaTOB B KaqecTBe aJibTepttaTUBbl TPaJ:J:UI..J.H-
0HHO UCil0Jib3yeMbIM aHTU6UOTUKaM. U:enb HaCTO.lllUeH pa60Tbl C0CTO.llJia B 
H3yqeuuH ,1J,e<pett3UHOB ceM.si:H nrneuuu;bl Triticum kiharae, o6naJJ.aIOmeii 
BbICOKOH ycToiiqnBOCTblO K OCHOBHbIM naToreHaM nrneHHI.J;bl. ~.ll BbIJ:J:eJie-
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HIDI .ll.ecpeH3HHOB H3 :noro BH.ll.a 6bIJI pa3pa6oTaH OpHrHHaJibHblH MeTO.ll., 

BKJIIOqaIOI.QHH KHCJIOTH)'IO 3KCTPaKQHIO ceMHH H pa3JIHqHI,Ie THnbl BblCOK0-

3cpcpeKTHBHOH )K}f,l{KOCTHOH xpoMaTOrpacpHH (acpcpHHH)'IO, reJII>-npoHHKaIO

m:yIO H o6pam:eHHO-cpa30B)'lO) B coqeTamm c Macc-cneKTPOM~Heii. 

BbI.ll.eJieHHble neUTHJ:{bl ceKBeHHpOBaJIH nyreM aBTOMaTHqecKOH .ll.erpa.ll.a

QHH no 3.ll.Matty. B pe3yJII>TaTe H3 ceM.srn mueHHQI>I T. kiharae Dorof. et 

Migusch. 6bIJIO enepBble BbIJ:{eJieHO H ceKBeHHpoBaHO 13 .ll.ecpeH3HHOB, KOTO

pbie no roMOJIOrHH N-KOHQeBblX nocJieJ:{OBaTeJibHOCTeii 6I>IJIH nO.ll.Pa3.ll.eJie~ 

Hbl Ha 3 rpynnI>r. rpynna I BKJIIOqaJia 8 HOBblX .ll.ecpeH3HHOB, Ha3BaHHblX D

.ll.ecpeH3HHaMH, KOTOpble o6Jia.z:(aJIH BI>ICOKOtt roMoJiorHeii nepeHqHoii CTPYK~ 

rypI>I • .Eonee eapHa6eJibHbIMH KaK no MHHe, TaK H no aMHHOKHCJIOTHOH 

nocJieJ:{OBaTeJibHOCTH 0Ka3aJIHCb C-KOHQeBbie cpparMeHTbl MOJieKYJI. rpyn

na II COCTOHJia H3 3 neUTH.ll.OB, .ll.Ba H3 KOTOpbIX 6bIJIH paHee o6Hap)')KeHbl B 

ceMeHax TBep.ll.Ott mneHHQI>I. B rpynne III OKa3aJIHCb 2 HOBblX nemHJ:{a, 

roMOJIOrHqHI,IX OMera-rOp.ll.OTHOHHHaM (.ll.ecpeH3HHaM) jlqMeHH. ITonyqeH

Hbie pe3yJII>TaTbl CBHJ:{eTeJibCTB)'lOT O BbICOKOM BffYTPHBH.ll.OBOM noJIHMOp

<pH3Me J:{e<peH3HHOB mueHHQbl, qTO no eceii BH.ll.HMOCTH o6ycJIOBJieHo 

Heo6XO.ll.HMOCTblO npOTHBOCTOHTb umpOKOMY Kpyry <pHTOnaTOreHOB. 

~HTII<I>HKAI.UfflEEJIKOBHYKJIEOH)].OBXJIOPOilJIACTOB 
ARABIDOPSIS THAL/ANA METO)J;OM MACC-CilEKTPOMETPIDI 

011ec1<uHa JO.II., Ee11KUHa r.r., JOpuHa H.II. 
MHcnnyr 6HOXHMHH HM. A.H. Eaxa PAH, r. MocKsa, PoccHH aoleskin@rambler.ru 

X.rmponJiaCTbl - nonyaBTOHOMHble opraHeJIJibl paCTHTeJII>HbIX KJieTOK 

- co.ll.ep:m:aT KOMnaKTHble CTPYKTYPI>I, Ha3I>IBaeMI>Ie ttyKJieOMaMH. Ilo.D.o6Ho 

6aKTepHaJibHbIM ttyKJieoHJ:{aM H H,ll,epHOH )UIK, B COCTaB ttyKJieOHJ:{0B 

xnoponJiaCTOB BXO,ll,HT 6eJIKH H PHK. .6eJIKH ttyKJieOHJ:{0B yqaCTB)'lOT B 

peryJIHQHH 3KCnpeCCHH reHOMa xnoponJiaCTOB H KOMnaKTH3aQHH )UIK. 
MHorHe m HHX 6H- HJIH noJIHcpyHKQHOHaJibHbl. 0,ll,HaKo TOqffI,IH 6eJIKOBbIH 

COCTaB ttyKJieOH.ll.OB .ll.0 CHX nop He H3BeCTeH. 

MM ocym:ecTBHJIH qacTHqHblii npoTeOMHI>Iii aHaJIH3 ttyKJieOH.ll.OB 

xnoponJiaCTOB Arabidopsis thaliana MeTO.ll.OM Macc-cneKTPOM~HH Jia3ep~ 

HOH J:{ecop6QHH-HOHH3aQHH C HCnOJib30BaHHeM BCnoMoraTeJibHOH MaTPHQbl 

(MALDI-TOF). M.ll.eHTH<pHKaQHIO 6eJIKOB no Ha6opaM 3HaqeHHH Mace 
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nenTH.ll.OB nocJie TPHnCHHOJIH3a npOBO.ll.HJIH C HCnOJib30BaHHeM nporpaMMbl 

Mascot ("Matrix Science", CIIIA), cpaBHHBM nonyqeHHble pe3yJII>TaTI>I 

l\taCc-cneKTPOM~HqeCKOro auanma neUTH.ll.HbIX cpparMeHTOB C HH<pOpMa

uneii, HMeiom:eiic.sI e 6a3e J:{aHHbIX no aMHHOKHCJIOTHbIM nocJieJ:{OBaTeJib

HOCTHM, ITOHCK BeJIH cpe.ll.H 3eJieHbIX paCTeHHH (Viridiplantae). 
HcnoJII>30BaJIH 6a3I>I J:{aHHI>IX HaQHOHaJII>Horo QeHTPa 6HOTexHoJiorHqecKoii 

nH<pOpMaQHH CIIIA (http:/ncbi.nlm.nih.gov). 

IlonyqeHHble J:{aHHbie nOKa3aJIH, ~o cpe.ll.H 6eJIKOB ttyKJieOHJ:{OB ecTb 

6eJIKH, cxo,ll,HI>Ie c rncTOHaMH H3 n H4, f3--rn10Ko3H.ll.a30tt H npe,ll,UiecTBeH

HHKOM THOrJIIOK03H.ll.a3bl. Bo3MO:>I<:HO, ~o 3TH 6eJIKH ttyKJieOH,ll,OB BblilOJI

HHIOT KOMnaKTH3YIOIQYIO n cpepMeHTaTHBH)'IO cpyHKQHH, KaK H o6Hap)')KeH

HM paHee B COCTaBe ttyKJieOH,ll,OB cyJII><pHT-peJlYKTa3a, yqacTB)'lOI.QM B 

ynaKoBKe xnoponJiaCTHoro ttyKJieoH,ll,a. MHorne 6eJIKH H3 6a3I>I .ll.aHHbIX, 

o6uapy:m:HBIIIHe CXO,ll,CTBO C 6eJIKaMH ttyKJieOH.ll.OB, o6o3HaqeHbl KaK rHnoTe

THqecKHe, B03MO:>I<:Hble, no,ll,06Hble H HeH3BeCTHble. 

BJIIDIHIIE PETPOrP A,ZOILIX CHrHAJIOB HA 3KCilPECCIDO 
H,ZJ;EPlll,IX rEHOB CTPECCOBOro EEJIKA IlJIACTH,ll; Elip H 

rEHOB EEJIKOB <l>OTOCHHTE3A Lltcbl, RbcS 

OcuneHK06a O.B., JOpuHa Hll. 
MHCTHT)'T 6HOXHMHH HM. A.H.Eaxa, PAH, r. MocKBa, PoccID1 

NYurina@inbi.ras.ru 

HccJie,ll,OBaJIH pOJib peTPorpa.z:(HblX (nJiaCTH,ll,HbIX) CHrHaJIOB B 

peryJIHQHH 3KCnpeCCHH H.ll.epHbIX reHOB 6eJIKOB IlJiaCTH,ll, - reHa HH3KOMO

JieKyJIHpHoro 6eJIKa CBeTOBoro CTPecca ELIP, a TaK:m:e reHOB 6eJIKOB cpoTo

cnuTe3a Lhcb 1 H RhcS. B onI>ITax HcnoJib30BaJIH pacreHIDI, o6pa6oTaHHI>Ie 

Hopcpnypa30HOM, ~o npHBO.ll.HJIO K HHrn6HpOBaHHIO 6HOCHHTe3a KapOTHHO

H,ll,OB H cpoTO.ll.eCTPYKQHH xnoponnacTOB. Ilpn 3TOM 6I>mo o6Hap)')KeHo, ~o 

XJioponJiaCTbl npHHHMaIOT uenocpe.ll.CTBeHHOe yqaCTHe B peryJIHQHH 

3KcnpeccmJ H.ll.epHoro reHa xnoponJiaCTHOro 6enKa ceeTosoro CTPecca Elip. 
qT06bl BblHBHTb KoppeJIHQHIO Me)K)ly ypoBHeM 3KCnpecCHH reua 6eJIKa 

CBeTOeoro CTPecca Elip H CO.ll.ep:m:aHHeM T~anHpponos - npe.ll.nonaraeMI>IX 

CHrttaJibHbIX MOJieKYJI, 6HOCHHTe3 KOTOpbIX JIOKaJIH30BaH y BblCIIIHX pacTe

HHtt B XJIOponJiaCTax, HCnOJib30BaJIH 2,2'-.ll.HnHpH,ll,HJI. BnepBble 6bIJIO 

55 



nOKa3aHO, qTO B perymu.vm rpaHCKpunu;1m reHa Elip y siqMem1 yqaCTBYIOT 

npoMe)K)"foqHbie npOJJYKThI 6uocuttre3a TerpanupponoB - Mg-npoTonop

qmpuH IX u Mg-npornnopqmputt IX-Me, KOTOpbie no)].aBJISIIOT 3Kcnpeccu10 

J].aHHOfO reHa (Ha~ 50 %), qTO n03BOJIS!eT fOBOpUTb O HeraTUBHOH perynsi

u;uu TerpanupponaMu 3Kcnpeccuu Elip. Arrsi Toro qT06b1 BbrnCHUTb, MO)KeT 

JIU pe)].OKC-COCTOSIHUe 3JieKrpOH-rpaHcnopTHOH u;enu XJIOponnacTOB 

BblcrynaTb B ponu nnacTUJJ.Horo curnana npu 3Kcnpeccuu retta Elip, 
ucnoJib30BaJIU 3-(3', 4'- )].UXJiop<peHUJI)- 1,1' -JJ.UMeTUJIMoqeButty (DCMU). 

3ToT cneu;u<puqecKuii uttru6UTop 6noKupyeT rpattcnopT 3JieKrpOHOB OT 

<l>CII K nyny nnacTOXUHOHOB (PQ), qTO npeJJ.OTBpaI.IJ;aeT BOCCTaHOBJiettue 

nocne)].Hero " npuBO)].UT K HaKonneHUIO nyna OKUCJieHHOfO PQ. IloKa3aHO, 

qro pe)].OKC-COCTOSIHUe 3JieKrpOH-rpattcnopTHOH u;enu <pOTOCUHTe3a yqacT

BYeT B perynsiu;uu 3Kcnpeccuu SIJJ.epttoro retta xnoponnacTttoro 6enKa 

CBeTOBOfO crpecca Elip. l13MeHeHue pe)].OKC-COCTOSIHUSI xnoponnacTOB, 

BbI3BaHHoe o6pa6oTKOtt npopocTK0B siqMettsi DCMU, npuB0JJ.UT K CHU)Ke- · 

HUIO rpattcKpunu;uu retta Elip (Ha~ 80 %). TaKUM o6pa3oM, B perynsiu;uu 

3Kcnpeccuu retta xnoponnacTttoro 6enKa cBeToBoro crpecca Elip y siqMeHsi 

yqacrny10T no Kpaiitteii Mepe )].Ba KJiacca nnacTUJJ.HbIX curnanoB: Terpa

nuppoJibI " pe)].0KC-COCT0$1HUe nyna nnaCTOXUH0H0B. 

IIHI'HliHPOBAIIllE JIHilA3 HII3KOMOJIEKY JUIPHl>IM 
XHT03AHOM 

OcmaHuHa E. C. 
IJ;eHTp «EttoHH)KeHeprurn P AH, katrine _ kzn@mail.ru 

Hapyrnettue JIUnH)].H0fO MeTa6oJIU3Ma B opraHU3Me qeJI0BeKa M0)KeT 

npuBeCTU K r0neprpurnuu;ep0HeMUH u runepxonucTepotteMuH, K0TOpb1e 

o6ycnaBJIUBaIOT pa3BUTHe TaKHX 3a6oneBaHHtt, KaK apTepuocKJiep03, r0no

TeH3HSI, )].Ua6er H JJ.P, 3TO onpe)].eJIUJIO UHTepec K myqeHUIO M0JieKynsip

H0f0 MeXaHU3Ma )].eHCTBUSI JIUn0JIUTUqecKUX <pepMeHTOB U noucey 

coe)].UHeHHH, BJIUSIIOI.IJ;UX Ha nunU)].HbIH o6MeH. HaMU uccne)].0BaH XUT03aH 

KaK noTeHLJ;UaJibHblH HHrU6UTop JIUna:3. Mbl npe)].n0JI0)KHJIU, qTo UHru6u

poBaHue 6yJJ.eT npouCX0)].UTb 3a cqer U0HHOf0 B3aHMO)].ettCTBUSI Me)KJJY 

n0JI0)KHTeJibH0 3apIDKeHHblM XUT03aH0M H OCTaTK0M )].UKap60HOBOH KHCJIO

Tbl B aKTUBH0M u;ettrpe JIUn0JIUTHqecKUX <pepMeHTOB. 

56 

HaMU 6bIJIU nonyqeHbl HU3KOMOJieeynsipHbIH XUT03aH co CB060)].Hbl

MH aMUH0rpynnaMH H HU3KOMOJieeynsipHblH N-cyKQUHHJI XUT03aH. B 
Kaqecrne M0)].eJibHbIX 6hmH B3SITbI 2 nHna3bI - n0na3a 03 Candida rugosa c 

MOJI.MaCCOH 30 KDa H paCTUTeJibHaSI JIUna3a H3 pOCTK0B nrneHHIJ;bl C 

MOJI.Maccoii 42 KDa. Hatt)].eHbI KHHeTuqecKHe KOHCTaHTbI ruJJ.ponma nuna-

3aMu napatturpo<peHUJI nanhMHTaTa, ucnoJib3yeMoro B Kaqecrne cy6crpara. 

Km COCTaBUJIH 0,61·10-
3 

M H 5· 10-
3 

M )].JIH JIHna3bl H3 Candida rugosa " )].JIH 

nuna3bI 03 nrneHHIJ;bI cooTBeTCTBeHHO. Ki XUT03aH0M JIHna3bI H3 Candida 
rugosa cocraBUJia l,5· 10-

3 
M. Ki XUT03aHoM nuna3bI H3 mneHHIJ;bI paBHa 

l,0· 10-
3 

M. TaKHM o6pa3oM, noKa3aHo, qro XUT03aH )].ettcTBUTeJibHO uttrH-

6upyer JIHna3bl KaK paCTUTeJibHOf0, TaK u MHKpo6ttoro npoucxo)K)].eHUH, 

0)].HaK0 HMeeT HeBbICOKHe Ki nopHJJ.Ka 10-
3 

M, conoCTaBUMbie C HeK0TOpbI

MU UHfU6UTopaMH, nonyqeHHbIMU XUMuqecKHM nyreM (6uc-2-0KCO aMH)]. 

TJ)Uau;UJifJIHIJ;epon UMeeT Ki = 3.10-3 M, a rpH<pTOpMeTUJI KeTOH - Ki = 

l,8· 10-
3 

M). C u;enbIO Bbrncttettu.si: npupOJJ.bI B3aHMOJJ.eiicTBHH XUT03aHa c 

nunOJIUTHqecKHMU <pepMeHTaMH Mbl HCCJie)].OBaJIH 3aBHCHMOCTb HHrH6upo

BaHUH JIUnOJIUTUqecKOH aKTUBHOCTH OT UOHHOH CUJibl paCTBOpa. BenuquHa 

aJib<pa, HattJ].eHHaSI no yrny HaKJioHa np.si:MOH 3aBHCUMOCTU KOHCTaHT UHfH-

60poBaHUH XUT03aHa OT HOHHOH CUJlbl paCTBOpa, Orpa)KaeT KOJiuqecTBO 

u;ettrpoB 3JieKrpOCTaTuqecKOfO B3aUMO)].eHCTBUH. B ttarneM cnyqae K03<p

<pUIJ;HeHT aJib<pa Mettee e)].HHUIJ;bl, qro fOBOpUT O He6oJibllIOM BKJia)].e 

3JieKrpOCTaTUKH BO B3aUMO)].eHCTBUe XUT03aHa C JIHml3aMH. CnpaBe)].JIH

B0CTb 3TOfO BblBO)].a Mbl peIIIUJIH nO)].TBep)].UTb, B3SIB B KaqeCTBe HHru6u

T0pa nonuaHHOH - HH3KOMOJieKyn.si:pHblH N-cyKLJ;HHUJI XUT03aH. KoHCTaHTbl 

HHru6upoBaHUH N-cyKIJ;HHUJI XUT03aHa npaKTuqecKH paBHbl KOHCTaHTaM 

HHrn6upoBaHHH XUT03aHa co CB060)].HbIMH aMUHOrpyimaMH. 

<l>OT03MIICCIDI METAHA HA3EMHhIMH PACTEHIDIMII 
IlPOTEKAET no CB0:60,l{HOP A,1UIKAJII>HOMY MEXAHII3MY 

I 

1 Ocmpoeepxoea A.A., 1 EpMa1<.oe B.H, 1 <PeHUH A.A., 2 lllapnambzu B.A. 
1
Pocc0iicKHH XHMHK0-TeXH0JI0riftleCKHH yHHBepcHTeT HM. ,l{.11. MeH,D.eneeBa 

11.HcrnryT 600XHMiftleCKoii <pH3HKH HM. H.M. 3Matty:msi PAH, r. MocKBa, PoccHH 
vashar@sky.chph.ras.ru 

B CTaTbe F. Keppler et al. [Nature, HHBapb 2006] noKa3atto, qro 

Ha3eMHbie pacTeHHH ()KHBbie U onaBIIIUe JIUCTbH) Bbl)].eJIHIOT MeTaH. B 3aBH-
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CUMOCTU OT KOHU.eHTJ)au.uu 3eJieHhlX HaCIDKJJ:eHUll 3TOT UCT0qHuK Il0CTaB

rn1eT B aTMoccpepy 10 - 30 % o6mero K0JiuqecTBa Bhl.!:{ernnomerocH Ha 
3eMJie MeTaHa ( OTBeTCTBeHHoro, KaK u CO2, 3a napHUKOBhiii 3cpcpeKT), 
3MUCCHSI CRt JIUCTbSIMU 3aBUCHT OT C0AepiKaHUSI B HUX neKTUHa U AeiiCTBHSI 

C0JIHeqHoro CBeTa, npoTeKeT B qlH3UOJIOruqecKHX YCJI0BUSIX (B npUCYT
CTBUU 02) u He CBSI3aHa C AeSITeJibH0CTblO MHKpoopraHU3M0B; MeXQ1lU3M 
3Muccuu CH4 pacmemmMu aemopa.M 11eno11Rme11. . 

HaIIIUMU uccJieAOBaHUHMU MexaHH3M0B AeCTPYKU.UH nonncaxapUA0B 
npu Y<I>- (+ cpoTOCeHCU6HJIH3aTOp) u y-B03AettCTBUU Ha HUX 6bIJIO AO

Ka3aH0 o6pa30BaHue CB060AHhIX PaAUKaJI0B, B TOM qucne PaAUKaJI0B 
OTPhIBa OH OT C6, ·C5; C4 u ·CH3. flocne.n.osaTeJihHocTb ux noSIBJieHUSI B 
u.enmon03e: ·C6 [(3-7). 10-

9 c]➔ ·CS [(5-8).10-8 c]➔·CH3( 2: 10-7 c)]: CH3 
BcrynaeT B peaKu.uu paAUKaJihHOro 3aMemeHuSI ·CH3 + HR =CRt+·R (c i 
Bbl.!:{eJieHueM 3Hepruu ~ 0,5 3B). YcnoBuH no cpoToAeCTPYKU.UU u.enJIIOJI03hI 

B npUCYTCTBUU COJieii iKeJie3a ( cpoTOceHCU6HJIH3aTOp) Bil0JIHe aAeKBaTH0 
MOAenupyIOT npouCX0AHIIJ.ee B JIUCTe Ha3eMH0fO pacTeHHSI, COAepiKamero 

u.eJIJIIOJI03Y, KpaXMaJI, neKTHHbl, U0Hbl MeTaJIJIOB nepeMeHHOii BaJieHTH0CTH. 

MeTOAOM XapTPu-<I>oKa B nporpaMMe . GAMESS Ha npuMepe 

coeAUHeHHSI, MOAenupy10mero MOH0MepttyIO eAHHUIJ.Y u.eJIJIIOJI03bl (npom

BOAH0e P-MeTHJI-fJIIOK03UAa, M), npoaHanmuposaHhI HanpaBJieHm1 MHoro
CTaAUttHhIX npespameHuii paAHKaJia ·C6 Ao·CH3[+Ml(C4=C5)] u 3aTeM -

MeTaHa, paccquTaHhI 3Hepruu paAUKaJI0B u M0JieKyn (Ta6nuu.a). YcTaHOB

JieHo, ~o AJIH o6pa3oBaHHSI ·CH1 Heo6xoAHMO nocT0SIHHoe Y<I>- (+ cpoTo

ceHcH6HJiu3aTop) HJIH y-B03AeiicTBue Ha o6pa3eu. (06nyqeHue B CTau.no
HapHoM pe)KUMe, «DOA nyqoM» ). 

R, MoneKyna M ·OH ·C6 ·CS C4 ·CH3 Ml 

3ttepTIUl (-E), h 751,6306 74,3637 677,1582 677,1783 677,1751 39,0770 638,0141 

IleKTUHbl BKJIIQqaIQT 0CTaTKU L-paMH03hl, npH Y<I>-B03AeiiCTBUU Ha 

HUX (+ uoHhl MeTaJIJI0B nepeMeHHoii saneHTHOCTH) paAUKaJihI ·C5 u ·C4 
MOfYT B03HUKaTh y)Ke B nepsuqH0M aKTe (pa3pbIB CBSI3eii H-C5 u H-C4), 

~o o6oSICHSleT "neKTUH03aBHCHMOCTb" 3MHCCUH CRt JIUCThSIMU. 
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POJTh METAEOJIHTOB CTEPOH,ll;ID>IX rOPMOHOB B 
KOMIIJIEKCAX C AIIOJIHIIOIIPOTEHHOM A-I B IIPO:QECCAX 

PErEHEPAI.Uffl 

Jla11u11 JI.E., I'UMaymou11oea O.H. 
rY HMM 6HOXIIMIIII CO PAMH, Hoaoc116IIpCK, PoccllSI, gimolga@soramn.ru 

B nyqKOBOH 30He K0pbI HaAnoqeqHHK0B CUHTe3upyIOTCSI aKTHBHhie 
fJilOKOK0pTUK0H,!J.bl (KopTH30JI, K0pTU30H H K0pTUKOCTepoH), yqacTBy10mue 

B peryJIHU.HU yrneB0AHOro u iKUp0B0fO o6MeHa. MeTa60JIHTbl fJilOKOK0pTu

K0H,!J.0B - T~arUAp0c0eAHHeHHSI - cquTaJIUCb 6uonoruqeCKU HeaKTHBHbI

MU. HccJieAOBaHHSI, npoBeAeHHbie HaMu, Il0Ka3aJIU, ~o AaHHbie MeTa6onu
Tbl npUHUMaIOT yqacTHe B ycHJieHUU 3KCnpeccuu MH0fHX reHOB. MexaHH3M 

HX yqaCTHSI UMeeT CJI0)KttylO npup0JJ.Y U CBSl3aH C npou.eccaMu BffYTPU
KJieToqHoii pereHepau.uu. B ceTqaToii 30He KOpbI Ha,!J.IlOqeqHUK0B CHHTe3H

pyeTCSI rpynna CTep0H,!J.HblX ropMOHOB, 0TH0CSIIIJ.HXCSI K aHAporeHaM. B Hee 

BX0ASIT 3IlHaHAp0CTepoH, AerH,!J.p03IlHaH,!J.p0CTepoH (,[(3A) u AerHApo-
3IlHaHApOCTepoH-CYJibcpaT (,[(3AC). QqeHb BaiKHblM MeTa60JIUTOM 3IlH

aHAP0CTepoHa, B paBHOii CTeneHH, KaK u TeCT0CTepoHa, SIBJISleTCSI 

aHAp0CTepoH. POJib 3TUX ropM0H0B B opraHH3Me AO K0HU.a He SICHa. 
I-fasecTHO, ~o ,[(3A u ,[(3AC o6naAaIOT pHAOM BaiKHhIX 6uonoruqecKux 

3cpcpeKTOB: aHTUOHKOreHHhIM, aHTH,!J.Ha6eTuqecKUM, aHTUaTeporeHHbIM, 

HMMYH0CTUMYJIHPYIQIIJ;UM u T.A. HaIIIu AaHHhie YKa3bIBaIOT Ha yqacTne 
,[(3A u ,[(3AC B yseJiuqeHUU CKOpOCTU CHHTe3a UMMyHorno6yJIUHOB 
JIUMqlOU.HTaMH ceJie3eHKU KpbIC. OblJIO TaKiKe Il0Ka3aHO yqacTHe 3TUX rop

M0H0B B ycHJieHHU 6uoCHHTe3a ,[(HK B renaT0U.UTax. OAHaKo M0Jieey
JISlpHbie MexaHH3Mbl 3T0fO 3cpcpeKTa AO CMX nap HeH3BeCTHbl. IlpUHU.H
IlUaJibHO Ba)l(HbIM HBJIHeTCSI To, qTQ aUApocTepoH, ,[(3A, ,[(3AC u TeTPa

rHAp0K0pTH30JI (TrK) C0Aep)KaT B0CCTaH0BJieHttyIO .14, 3-KeTOrpynny B A
K0JibU,e, qTo Il03B0JISieT o6oeAUHUTb 3TH ropMOHbl B 0AHy rpynny C o6muM 

MeXaHU3MOM AeiiCTBHSI. K HacTm1meMY BpeMeHu HaMH ycTaHOBJieHO, ~o 
anonunonporeuH A-I (AnoA-I) B KOMnJieKcax c TrK, AC u ,[(3AC 

CTUMYJiupyeT 6HOCUHTe3 6eJIKa B KJieTKax neqeHH. IlOKa3aHo, ~o KOMil

JieKc cTep9UA-AnoA-I (rAe CTepoUA - TrK, AC, ,[(3A, ,[(3AC) npu CBH3hI

BaHun c U30JIHpoBaHHOii HaTHBHoii ,[(HK mMeHSieT ee BTopuqtty10 CTPYK
Typy, 06pa3y51 OAHOHHTeBhie yqacTKH B6JIH3U caiiToB CBSl3bIBaHHSI. JTOT 

npou,ecc 6bm noAp06Ho myqeH. IloKa3aHo, ~o BHOBh o6pa3oBaHHhie OAHO
HHTeBbie yqacTKH cnoco6Hbl K00nepaTHBHO B3aUMOAettCTBOBaTb C PHK-

59 



IlOJIHMepa30H. A TaIOKe 6bma IlOKa3aHa caiiT-cneu;mfmqHOCTb B3aHMOAeHCT

BHH KOMDJieKca cTepoM-AnoA-I (TrK, ,[(3AC) c HaTHBHOH ,[(HK. ITocne

AOBaTeJibHOCTH BHAa CC(GCC)n OKa3aJIHCb Hatt6onee npeAnoqTHTeJib

HbIMH yqaCTKaMH npoqttoro CBH3bIBaHHH 3THX KOMDJieKCOB B COCTaBe 

HaTHBHOH ,[(HK. 

B.JIIDIHHE AMHHOKHCJIOT HA EHOCHHTE3 
KAPOTHHOH)J;OB RHODOPSEUDOMONAS PALUSTRIS, 

IDTAMM ,ll;-6 

IlapOHRH A.X, MapKOCRH JI.C. 
MHCTHTYT MHKp06ttononrn: HAH PA, r. EpesaH, ApMeHIDI,jilavyan_l@yahoo.com 

B nocJieAHHe rOAbI KapOTHHOHAHbie nHrMeHTbl Bbl3bIBaIOT y MeAHKOB 

oco6bIH HHTepec B CBH3H C HX BbICOKOH aHTHOKCMaHTHOH aKTHBHOCTbIO, 

DHOJIOrHqecKaH aKTHBHOCTb KapOTHHOHAOB 06'bHCHHeTC.H HX cnoco6HOCTbIO 

B3aHMOAeHCTBOBaTb C aKTHBHbIMH cpopMaMH KHCJIOpOAa HJIH )Ke B03HHKaIO

IIJ.HMH B npou;ecce CB060AHOpaAHKaJibHbIX peaKI.J;HH coeAHHeHHHMH. JlHKO

IlHH B BHAe pa3JIHqHbIX cpopM HCUOJib3yIOT KaK PaAHODpOTeKTOpHoe 

cpeACTBO, aHTHKaHI..i;eporeHHbIH npenapaT. l1cnOJib30BaHHe B KaqeCTBe 

npOAYI.J;eHTOB KapOTHHOHAHbIX nHrMeHTOB cpOTOTPOcpHbIX 6aKTepHH 003B0-

. JIHT nonyqaTb npenapaT 6onee AemeBbIM cnoco6oM, TaK KaK HX MO)KHO 

BbipaIIJ.HBaTb Ha OTXOAaX pa3JIHqHbIX npoH3BOACTB. 

Rhodopseudomonas palustris, IlIT. ,[(-6, BbIAeneHHbIH HaMH m MHHe

panbHbIX HCTOqHHKOB )vi<epMyKa, COAep)KHT KapOTHHOHAbI HOpMaJibHOH 

cnttpHJIJIOKCaHTHHOBOH cepHH. OcHOBHbIMH KapOTHHOMaMH .HBJI.HIOTCH 

JIHKOUHH, cnttpHJIJIOKCaTHH H POAODHH. ITocJieAHHe ABa nHrMeHTa HBJIHIOT

CH npOH3BOAHblMH JIHKOilHHa. 

B HailIHX 3KCnepHMeHTaX 6blJ10 HCCJleAOBaHo BJlH.HHHe aMHHOKHCJlOT 

Ha poCT H KapOTHHoreHe3 myqaeMOH KYJJbTYPbl. Y CTaHOBJleHO, ~o AHHa

MHKa HaKODJieHH.H 6ttoMaCCbl H H3MeHeHH.H COCTaBa KapOTHHOMOB B 

npou;ecce BbipaIIJ.HBaHH.H KYJJbTYPbl C pa3HblMH aMHHOKHCJlOTaMH AOCTa

TOqHo pa3JIHqHaH. TaK, nptt KYJJbTHBttpoBaHHH KJJeTOK KYJ1brypb1 c aprHHH

HOM, JIH3HHOM BblXOA 6HOMaCCbl COCTaBJI.HeT 1,8 r/n cyxoro Bern.ecTBa, a 

o6rn.ee KOJIHqecTBO KapOTHHOHAOB He npeBbIIllaeT 1,2 Mr/r cyxoii MaCCbl 

KJleTOK, rAe cnHpHJIJIOKCaHTHH COCTaBJ1HeT 90 %, JIHKODHH - 4,8 %, a 

POAODHH - 4, 1 %. 113 ABaAu;aTH HCilOJ1b30BaHHbIX HCTOqHHKOB a30Ta 3cpcpeK-
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THBHblMH OKa3aJIHCb acnaparHHOBaH, rnyTaMHHOBaH KHCJIOTbI, neiiu;HH H 

anaHHH. C HX HCDOJ1b30BaHHeM HaKODJieHHe 6ttoMaCCbl COCTaBJ1HeT B 

cpeAHeM 1,35 r/n, a cyMMapHoe COAep)KaHHe KapOTHHOMOB - 3,5 Mr/r, rAe 

Ha AOJIIO cnHpHJIJJOKCaHTHHa npHXOAHTCH 80 %, JIHKODHH COCTaBJIHeT 

9,8 %, a pOAODHH - 9, 1 %. 
ITpoBeAeHHbie HCCJleAOBaHH.H AaIOT OCH_OBaHHe CAeJiaTb BbIBOA, ~o C 

HCil0J1b30BaHHeM pa3JIHqHblX aMHHOKHCJlOT MO)KHO HanpaBJieHHO yBeJIH

qHTb HaKODJieHHe Toro HJIH HHoro KapOTHHOHAa y HecepHbIX nypnypHbIX 

6aKTepHH. 

POJII, EEJIKOBOro HHrHEHTOPA IIOJIHr AJIAKTYPOHA31,I B 
PACTEHHH 

IlpotJeHKO MA., £y3a HJI., EyJiaHtJeea E. A., Kopa6J1eea HII. 
MHCTffTYT 6ttoXHMHH HM. A.H. Eaxa PAH, r. MocKBa, PoccIDI 

protsenko@ inbi.ras.ru 

EeJJKOBbIH HHm6HTOp IlOJ1HraJiaKrypOHa3bl (6l1ITr; polygalacturo

nase-inhibiting protein, PGIP) BbIHBJieH B pacTHTeJibHbIX TKaH.HX no ero 

AeHCTBHIO Ha IlOJ1HraJiaKrypOHa3Y (IIr; IlOJlH-[ 1,4-a.-D-ranaKrypOHM] 

rJJHKaHOrHAPOJia3a; K<I> 3 .2.1.15) - cpepMeHT, CeKpeTttpyeMblH cjJHTonaTO

reHHbIMH rptt6aMH tt HBJ1HIOIIJ.HHCH OAHHM m OCHOBHbIX naToreHHbIX cpaK

TOpOB. El1ITr cqHTaeTC.H Ba)l(HbIM KOMUOHeHTOM CHCTeMbl 3aIIJ.HTHbIX peaK

I.J;HH pacTeHH.H. OH OTHOCHTC.H K rpynne 6eJIKOB, COAep)KaIIJ.HX IlOBTOpHOCTH, 

o6orarn.eHHbie JieHI.J;HHOM (leucine-reach repeats - LRR), B KOTOpyIO BXOMT 

TaIOKe MHOrHe 6enKH, yqaCTByIOIIJ.He BO B3aHMOAeHCTBHH MOJieKYJI B )KHBOM 

opraHH3Me, B TOM qJfcJle CB.H3aHHOM C naTOreHHbIMH B03AeHCTBH.HMH 

(pathogenesis-related proteins -PR proteins). 

El1ITr JIOKaJIH3yeTC.H B anoDJiaCTe, rAe OH HaXOAHTC.H B pacTBOpe HJIH 

CBH3aH C AeMeTHJIHpoBaHHbIMH yqaCTKaMH roMoranaKrypOHaHa B COCTaBe 

KJleToqHoii CTeHKH. foMoranaKTYPoHaHOBbIH 3nHTon MOJJeKYJibI neKTHHa 

IlpHCYTCTByeT B MeCTax aAre3HH H pa3AeJieHH.H KJleTOK B TKaHHX pacTeHHH -

B pacryrn.HX aneKcax, B TKaH.HX cpopMttpy10rn.HXc.H DJIOAOB, a TKaH.HX 

necTHKa H nhmbU.eBbIX TPY6Kax. ITocKOJlbKY El1ITr cnoco6eH CBH3bIBaTbCH 

C AeMeTHJIHpoBaHHbIMH yqacTKaMH fOMOraJiaKrypOHaHa, JIOrHqHo npeA

IlOJIO)KHTb, ~o OH ttrpaeT Ba)l(HyIO pOJlb B cpopMHpOBaHHH KJieTOqHoH 

CTeHKH DYTeM coeAHHeHH.H MOJleKYJI neKTHHa. fIO-BMHMOMY, neKTHH 
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RBJUieTCR npttpOAHhIM ;mraHAOM MR BHIIr, CBR3bIBruICb C KOTOpbIM OH 

BblITOJIHHeT em:e He ou;eHemzyIO <PYHKU:HIO HapRAY c TaKHMH 6eJIKaMH 

KJieT011HblX CTeHOK, KaK 3KCTeHCHHbl H JieKTHHbl. 

IlpttCYTCTBYR B KJieTO'IHOH cTeHKe, BHIIr MO:lKeT npenRTCTBOBaTb 

AeiicTBHIO rrr namreHoB. KttHeTHKa HHm6ttpy10m:ero AeiicTBHR BHIIr Ha 

ct:>epMeHT BapbttpyeT B OTHOllieHHH KOHKYPeHU:HH 3a cy6cTPaT. 3TO AaeT 

OCHOBaHHe COMHeBaThCR B TOM, 11TO eAHHCTBeHHOH MHllieHblO HHrH6ITTopa 

AeHCTBITTeJibHO RBJIReTCR rrr naToreHOB. Heo6XOAHMO ITOJIY'IHTb AOITOJIHH~ 

TeJihHhie AaHHbie, 11T06hI ou;eHHTb B03MO:lKHOCTH H cnoco6bI HCITOJib30BaHHH 

ero MR ITOBbillieHHH ycTOH'IHBOCTH pacTeHHH K B03AeHCTBHIO naToreHHblX 

opraHH3MOB tt Apymx He6naronpHHTHblX cl>aKTopoB. 

OKHCJilITEJThHI,IH: CTPECC -B03MOJKHI,IH: PErY.IDITOP 
A)];EH03Hll)J;E3AMIDIA3I,I 2 

CapKucoBa E.I'., AHopeacJm H.A., Apym,omm I'.A., Aupane,mm P.Jl. 
MHCTH'I)'T 6HOXHMHH HMeHH r.x. EyHHrnHa HAH, EpeBaH, ApMeHHH 

biochem@ipia.sci.am 

A.r{eH03HHAe3aMHHa3a (ADA, EC 3.5.4.4) KarnnmttpyeT Ae3aMHHH

poBaHHe (.[(e30KCH) MeH03HHa B (Ae30KCH)HH03HH H B )KlfBbIX opraHmMax 

npeACTaBJieHa .[(BYMR paJJIH11HhIMH moct:>opMaMH - ADAl (34-41 kDa) H 

ADA2 (110 kDa). J,faocl>opMa ADA2 HMeeTcR B ChIBOpOTKe KpOBH 11enoBeKa 

H OTJitt11aeTCR OT ADAl KHHeTtt11ecKHMH H HMMYHOXHMH11ecKHMH cBoiicTBa

MH. AKTHBHOCTh ADA2 B 3Ha11ttTeJihHOH cTeneHH B03pacrneT nptt CHJihHhIX 

HHcl>eKu:HOHHbIX 3a6oJieBaHHRX, 11TO YKa3bIBaeT Ha B03MO:lKHOe yqacTHe 

ct:>epMeHTa B HMMYHHOM OTBeTe opraHH3Ma Ha pa3JIH11Hhle naToreHbl. 

Cneu:ttcl>tt11ecKYJO ponh 3TOro cl>epMeHTa B opraHmMe em:e npeACTOHT 

BhIHCHITTh. IlocneAHHe ttccneAoBaHHH BhIHBHJIH npttHaA,Jie:lKHOCTh ADA2 K 

HOBOMY ceMeHCTBY ct:>aKTOpOB poem, o6HapY:lKeHHblX BO MHOrlfX opraHH3-

Max. OAHaKO MOJieKyJIRpHbie CBOHCTBa H peryJIRU:HH 3Toro ct:>epMeHTa B 

opraHH3Me H3)'11eHbl HeAOCTaTO'IHO. Ba:lKHbIM 6ttoJiortt11eCKHM co6bITHeM 

npH BOCITaJIHTeJibHbIX npou:eccax, conpoBO)l{AaIOI.U:HX B03pacTaHHe aKTHB

HOCTH ADA2 nptt HeKOTOpbIX 3a6oJieBaHHHX, RBJIHeTCH BhI6poc KJieTKaMlf 

aKTHBHhIX cl>opM 1mcnop0Aa (ROS), TOKCH11HhIX coeAHHeHHH, HCITOJih3ye

MhIX ct:>arOU:HTaMH MH 6opb6bI c naToreHHbIMH MHKpoopraHH3MaMH. MHO-
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me KJieT011Hhie 6eJIKH, KaK TO: ct:>aKTOpbI TPaHcKpHITU:HH, peu:enTOpbl H ct:>ep

MeHTbI, qyBCTBHTeJihHhI K HHM. TaK, HanpttMep, B03AeiicTBHe ROS npttBO

AlfT K aKTHBaU:HH 5'-HyKJieOTHAa3hI, BCJieACTBHe 11ero yBeJIH'IHBaeTCR KOH

u:eHTPaU:HH aAeH03HHa, 1ITO HBJIHeTCR Ba:lKHbIM MaITTHBHbIM MexaHH3MOM 

nptt OKHCJIHTeJibHOM CTPecce. B 3TOH CBR3H ADA2 HHTepeceH KaK cl>epMeHT, 

ocym:ecTBJIHIOI.U:HH KOHTPOJih 3a KOHU:eHTPau:tteif MeHo3HHa B 3THX ycno

BlfRX. MbI npeAnonaraeM, 11TO ROS, npOAYU:ttpyeMbie KJieTKaMH B m6b1TKe 

npH BOCnaJiemm, MOfYT 6hITb peaJibHbIMH ct:>aKTopaJ\.m, B03,[(eHCTBYJOI.U:HMH 

Ha aKTHBHOCTh ADA2. HlfTPo-npyccITT HaTPHH, H2O2 H NaNO2, ttcnoJib30-

BaHHhie HaMH B 3KCnepttMeHTaX B Ka'leCTBe HCTO'IHHKOB ROS KaK Ha 011H

m:eHHOM ct:>epMeHTe, TaK H Ha MOHOQITTax KpOBH 11eJIOBeKa H HHcl>HU:H

poBaHHbIX MbillieH, H3Ha11aJibHO o6JiaAaBllilfX HeKOTOpoii aKTHBHOCTblO 

ADA2, BhI3BaJIH ee cym:eCTBeHHoe yBeJitt11eHtte. <I>aKT aKTHBaU:HH ADA2 3a 

KOpOTKOe BpeMH HHKy6aQHH KJieTOK C peareHTaMH 03Ha11aeT, 11TO paAHKaJibl 

KHCJIOpO.[(a HenocpeACTBeHHO OTBeTCTBeHHbl 3a 3TOT 3cl>cl>eKT H MOfYT 

paccMaTPHBaThCH KaK B03MO:lKHhIH peryJIHTop aKTHBHocm ADA2. 

B03PACTHO-IIOJIOBI,IE OCOEEHHOCTH CO~P)KAHIDJ 
KOPTH30JIA B PA3.JIHqHI,IX CTPYKTYP AX M03r A KPMC 

CaUlK06 B.A., Ce!lb6epo6a H.E., EpMaKoBa H.B. 
I1HCTHTYT aoJpacTHoil. cpm110nonm PAO, r. MocKBa, PoccHH, sashkov@mail.ru 

CoBpeMeHHbie AaHHbie JIITTeparypbI CBH,[(eTeJibCTBYJOT, 11TO CTepo

HAHhie ropMOHbl B M03re MOfYT HBJIHTbCH ct:>aKTopaMH C03peBaHHH HeHpOHOB 

H OTAeJibHhIX CTPYKTYP M03ra. IlpH 3TOM cneu:ttcl>tt11ecKoe BJIHHHHe 

rJIIOKOKOPTHKOHAOB Ha HepBHYJO TKaHb 3aKJII011aeTCH B onpeAeJieHHH 

npou:ecCOB pa3BITTHH HepBHbIX KJieTOK H CHHaTTTH'leCKOH IlJiaCTH'IHOCTH 

(Kloet de E.R., Reul J.M.H.M., Sutanto W., 1990). O.[(HaKo 3Ta o6nacTh 

HCCJieAOBaHHH OCTaeTCH MaJIO H3)'11eHHOH H TPe6yeTCH AeTaJibHOe 

BblHCHeHHe ypOBHH rJIIOKOKOpIBKOlfAOB B M03re B npou:ecce pa3BlfTHH 

opraHmMa, 11TO Il03BOJIITT BbillBITTb, Ha KaKOM 3TaITe OHH 06ecne11HBaIOT 

3penocTb HeiipoHOB H OTAeJibHhIX CTPYKTYP M03ra. 

C )'11eTOM 3TOro HaMH 6hma H3y11eHa AHHaMHKa KOpTH30Jia B 

fHITOTaJiaMYce, rHITilOKaMne, MHHAaJIHHe, IlOHCHOH H3BlfJIHHe H JI06HOH 

Kope y caMU:OB H caMOK KpbIC B B03pacTe 1, 3, 6 H 24 MeCHU:eB. YpoBeHh 
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KOpTH30Jia onpe.n.emIJIClI B roMoreHaTe TKaHH C TTOMOinblO HMMYHO

qiepMeHTHOro aHaml3a. IloJiyqeHHbie ,D,aHHbie 6hJJIH o6pa6oTaHbl Ha 

KOMTTblOTepe C HCTTOJih30BaHHeM CTaH,D,apTHOro naKeTa CTaTHCTuqecKOH 

o6pa60TKH ,D,aHHbIX " nporpaMMbl «EuocTaTHCTHKa». 

IloJiyqeHHbie pe3yJihTaTbl TTOKa3aJIH, qTO y caMI.J;OB KpbIC co.n.ep)KaHHe 

KOprH30Jia B runoTaJiaMyce, runnoKaMne, MHH,ll,aJIHHe, TTOHCHOH H3BHJIHHe H 

JI06HOH KOpe CHH)KaeTClI OT npeny6epTaTa (1 MecHu;) K ny6epTazy (3 
Mec,:iu;a), npO,ll,OJI)KaeT CHH)KaTbClI y B3pOCJihlX )KHBOTHbIX (6 MeCHI.J;eB) " 

3HaqHTeJihHO TTOBhilllaeTClI y CTapbIX (24 MecHu;a). y caMOK KpbIC BhllIBJieH 

,ll,OCTOBepHO 6oJiee BhICOKHH ypoBeHb KOpTH30Jia BO Bcex H3)'11eHHhlX 

B03pacTHhIX rpynnax H crpyKzypax M03ra no cpaBHeHHIO c caMu;aMu. Ilpu 

3TOM B rHTTOTaJiaMYCe HaH6onee BbICOKOe co.n.ep)KaHue KOpTH30Jia 

BbllIBJieHO, KaK " y caMI.J;OB, B B03pacTe 1 " 24 MeC.HI.J;eB, a B rHnnoKaMne, 

MHH,ll,aJIHHe, TTOHCHOH H3BHJIHHe " JI06HOH Kope - B B03pacTe 3 " 24 
MeCHI.J;eB )KH3HH. 1-fayqeHue IlOJIOBhIX oco6eHHOCTell ,ll,HHaMHKH KOpTH30Jia B 

TeqeHue 3CrpaJibHOro I.J;HKJia y caMOK Kpb!C Il03BOJIHJIO BbllIBHTh 

noBhillleHue ero ypoBHH B npo3crpyce u CHH)KeHue B MeTrocrpyce. 

IlpoBe,D,eHHbie HCCJie,D,OBaHHH YKa3b!BaIOT Ha Ba)KttylO poJih 

rJIIOKOKOPTHKOH,ll,0B B M03re B npou;ecce pa3BHTHlI opraHH3Ma. TaK, 

BblCOKHll ypoBeHh KOpTH30Jia B M03re y Kpb!C B B03pacTe 1 " 3 MeCJII.J;eB 

MO)KeT CBH,D,eTeJihCTBOBaTb O ero yqacTHH B C03peBaHHH HettpOHOB H 

OT,D,eJihHhIX CTPYKTYP M03ra, a noBhillleHHe ero co.n.ep)KaHHH y cTapbIX KphIC 

J1BJIJ1eTCJ1 MapKepoM Mo3rOBoro crapeHHJI (Kloet de E.R., Reul J.M.H.M., 

Sutanto W., 1990). 

1,or ATbIH IIPOJIIDIOM MHOrOIIEIITH,ll; (PRP-1) 
CTIIMY JIIIPYET METrEMOr JI061IH

BOCCTAHABJIIIBAIOIIJ,YIO II IIOHIDKAET NADPH-
3ABIICIIMYIO CYIIEPOKCH,ll;-IIPOWWJPYIOIIJ,YIO 

AKTIIBHOCTI, HOBhIX II30«1lOPM IUITOXPOMA bsss B 
MEM6P AHAX 3PIITOIUITOB, TIIMYCE, KOCTHOM M03rE II 

CEJIE3EHKE 

CUMOHRH I'.M, CUMOHRH P.M, Ea6wm MA., I'ClllORH A.A., CUMOHRH MA. 

MexaHH3MhI B03,D,ettcTBHH 6oraTOro npoJIHHOM noJiunemH,D,a (EIIII-

1, B ,ll,03e 10 MKr no TP" pa3a B TeqeHue 10 ,D,Hell BttyrpH6pIOI1IHHHO) Ha 
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coCTOJIHHe MeTaJIJIOnpOTeHHOB Kpb!C npOOKCH,D,aHTHOll aKTHBHOCTH CBJl3aHbl 

c yMeHbllleHUeM NADPH-3aBHCHMOll cynepOKCH,D,-npo.n.yu;upyroineu H 

yBeJiuqettueM MeTreMorno6uH (MeTHb)-BOCCTaHaBJIHBaroineu aKTHBHOCTeu 

HOBhlX H304JOpM I.J;HTOXpOMa b55glII H3 MeM6paH 3pHTOI.J;HTOB " q>paKI.J;Hll 

u;HTOXpOMa b55g H3 MeM6paH KJieTOK TKaHett, BOBJieqeHHhIX B HMMYHHylO 

3aIUHTY (KOCTHhill M03r, ceJie3eHKa, THMYC). Ilpe.n.noJiaraercJ1, qro 3TH 

3clJq>eKThl EIIII-1 CBJl3aHbl C yJiaBJIHBaHHeM (HellrpaJIH3al.Ufett) HO'-pa.n.H

KaJIOB H B03MO)KHhIM npucoe.n.utteuueM EIIII-1 K MOJieKyJie u;HToxpoMa b 558 
KaK peu;emopa EIIII-1 (B cocTaBe MOJieeyJihI u;HToxpoMa b 558 HMeeTcJI 

6oraThlll npOJIHHOM nemH,D,). 

TaKHM o6pa3oM, MeTHb-BoccTanaBJIHBa10ina,:i aKTuBHOCTh xapaKTep

Ha He TOJihKO u;HToxpoMy bsss 3pHrpou;HTapnhIX MeM6pau, no u u;HToxpoMy 

b558 MeM6pau KJieToK oprauoB HMMYHHOH cucreMhI. Ilpe.n.noJiaraeTcJ1, qTo 

3THM nyreM 3pHrpOI.J;HTbl MOryT 6bITb BOBJieqeHbl B HMMYHHYJO 3ainttzy 

opraHH3Ma uap51.n.y C peryJiupoBaHHeM KHCJIOpO,ll,HOrO roMeOCTa3a " 
reMO,ll,HHaMHKH. 

IICCJIE,ll;OBAHIIE POJIII rHIIOTAJIAMO
HEHPOrHIIO«lllI3APHhIX rOPMOHOB B PErY JIHU;ID1 

META60JIII3MA KJIIO"llEBI,IX «l>EPMEHTOB 
rEMOKOArYJIHU;IDI 

CpanuoHRH P.M, IlapoHRH 3.X, I'ClllORH A.A. 
11HCTIIT)'T EHOXHMHH HM. r.x. EyHHrnHa HAH PA, r. EpeBaH, ApMeHHlI 

h2moska@rambler.ru 

MccJie,D,oBaHHe .n.eiicTBHJI rnnoTanaMHqecKoro Kap.n.HoaKTHBnoro 

6eJioK- ueuporopMon "C "(EHC) KOMnJieKca (CpannonJ1H P.M., 1986 r.) u 
o6oraineuuoro npommoM nemH,D,a (IIII) (ranoHH A.A.,1997 r.) Ha arpera-

1.\HOHttyIO cnoco6uocTh rpoM60I.J;HTOB B IlJia3Me KpOBH qeJIOBeKa Bbl,ll,BHHyJIO 

KaK O,ll,Hy H3 npHHI.J;HTTHaJibHbIX 3a,D,aq - myqeHHe MOJieeyJI51pHbIX Mexa

HH3MOB H HX poJIH B MeTa6oJIH3Me KOMilJieKca (MapKepa o6inero 

KoaryJIJII.UfOHHOro nyTH Xa c ero HHrH6HTopoM, aHTHrpOM6HHOM III (AT 

III) in vitro ;KcnepHMeHTax c noMOinhIO SDS - IIAAr 3JieKrpoq>ope3a). 

IloJ1)'11eHHhie ,D,aHHhie CBH,D,eTeJibCTBOBaJIH O 6Hq>a3HOM 3q>q>eKTe rrrr 
Ha o6pa3oBaHue KOMnJieKca X3-AT III. TaK, BhICOKue Kouu;eHrpau;HH (8 
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MKr) IIII npHB0MT K TPaHc4>opMal.\HH Xatt B Xap. HmKHe )Ke K0HIJ;eHTPau;HH 

( 4 MKr) IIII HHrn6HpOBaJIH )'Ka:JaHHblH npou;ecc TPaHc<t>opMaIJ;HH. B 0TJIH

tJIIe OT IlII HCD0Jlh3YeMbie aHaJI0rIItJHbie }].03hl EHC He CTHMYJIHp0BaJIH 

TPaHc4>opMau;mo a- II J3- 4>opM B K0MDJieKce Xa - AT III II TOpM03HJIH 

o6pa3oBaHHe MO,n.H4>Hu;HpoBaHHoii 4>opMb1 A TllIM. XapaKTepHbIH 34>4>eKT 

MH EHC npoHBHJICH B ,n.eiicTBHH Ha rn,n.ponHTHtJecKyio HJIH 

npoTe0JIHTHtJeCK)'IO aKTHBH0CTH Xa Ha Xa - AT Ill K0MDJieKc, HJIII aYT0JIH-. 

THtJeCK)'IO RKTHBH0CTh Xa Ha ypoBeHh Xay HeBblJICHeHHbIM B HaCTOJII.IJ;ee 

BpeM.11 MexaHH3M0M. KpoMe Toro, EHC T0pM03HJI rn,n.poJIH3 Xa - AT Ill 
K0MDJieKca, 06pa3yeMoro H3 cBo6o,n.Horo Xa H AT IlIM. 

MO)KHO npe.n.noJI0)KHTh H3 BbIIIIeCKa3aHH0ro 34>4>eKTHBHOe yqacTHe 

EHC H IIII B MoJieKYJIHpHbIX MexaHH3Max reM0Koaryn.11u;HH Ha ypoBHe, 

CBH3bIBaIOI.IJ;eM o6e CHCTeMbI (BHYTPeHHHH H BHeIIIHHH MexaHH3MbI), 

061,e,n.HHHIOI.IJ;Hec.11 Ha CTa.D.HH o6pa3oBaHHH X / Xa. 

HHTErP AD;IDI PE)J;OKC-ClffHAJil,Hl>IX IlYTEH KJIETKH B 
E)J;HHYIOCETL:CHI'HAJII,HAHPOJII, 

<I>OTOBOCCTAHOBJIEHIDI KHCJIOPO)J;A B XJIOPOIIJIACTAX 

Cmpu:J1CH.I'. 
MocKOBCKnii. rocy.n.apcTBeHHhlii yttnaepcIITeT HM. M.B. JloMottocoaa, MocKaa, 

PoccID1, irina.strizh@mail.ru 

Mo.n.enHpOBaHHe peryJIHT0pHblX KJieT0lJHhlX CeTeii H H3YtJeHHe 

CHrHaJihHhlX DYTeH JIBJIJleTCJI HeoTheMJieMhIM H peIIIalOI.IJ;HM IIIaroM K 

Il0HHMaHHIO <l>YHKIJ;HOHHpOBaHHJI KJieTKH H opraHH3Ma B _u;eJI0M. )KH3Hh B 

aTMoc4>epe KHCJiopo.n.a Bbitty)K.D.aeT KJleTKH D0CT0JIHH0 6aJiaHCHpOBaTh 

Me)K}].y HCD0Jlb30BaHHeM 02 B KatJeCTBe HCT0lJHHKa 3HeprHH H ero yqaCTHeM 

B D0Bpe)K}].eHHH KJieTOK. MexaHH3M H <t>mHOJIOrH11ecKoe 3HatJeHHe 

B0CCTaH0BJieHHJI KHCJiopo,n.a B xnopoDJiacTax B ycJI0BHJIX 0CBeI.IJ;eHHH 

(peaKIJ;HH Menepa) H3YtJaJIHCh Ha nporn)KeHHH nocne,n.Hux 55 JieT B 

MH0rDlJHCJieHHhlX na6opaTopHHX, H cpe,n.H nepBbIX HCCJie,n.oBaHHH B 3TOH 

o6nacTH p.11.n. pa6oT 6hm BbID0JIHeH aKa,n.eMHK0M H.M. CucaKHHOM H 

K0JIJieraMH B ero na6opaTOpHH. HecMOTPH Ha }].0JiryIO HCT0pHIO npo6JieMbl, 

.n.o CHX nop cyI.IJ;eCTBYeT p.11.n. npOTHBOpetJHH H Hepa3peII1eHHbIX B0npocoB. 

Cero,n.HH npHHHT0 ClJHTaTh, lJT0 <t>oTOBOCCTaHOBJieHHe KHCJI0po,n.a B 
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3JieKTPOH-TPaHcnopTHoii u;enH (3TI..U xnopoDJiaCT0B cocTaBJIHeT oKono 

10% OT CK0p0CTH 061.IJ;ero DOTO Ka 3JieKTP0H0B B 3TU: B C3 paCTeHHJIX, lJTO 

D03B0JIHJI0 MH0rHM aBT0paM yc0MHHTbCJI B 3Ha1IHM0CTH 3Toro npou;ecca. 

O,n.HaK0 1IT06hI np0HCHHTh ero poJib, Heo6xo,n.HMO Il0MHHTb, lJTO 

4>0TOBOCCTaH0BJieHHe KHCJiopo.n.a npHB0}].HT K o6pa30BaHHIO aKTHBHhIX 

4>opM KHCJI0po.n.a (A<l>K) H H3MeHeHHJIM B HeK0T0pbIX aHTH0KCH}].aHTHhIX 

CHCTeMax, TaKUX KaK, B qaCTH0CTH, CHCTeMbl acKop6aT-rJIYTaTHOHa H 

nepoKCHpe,n.0KCHH0B, K0T0pble, B CB0IO 011epe,n.b, npHB0}].JIT K H3MeHeHHIO 

pe,n.0KC-C0CT0JIHHJI Bceii KJieTKH. He,n.aBHO nony11eHHhie B pa3JIHlJHbIX 

na6opaTOpHHx ,n.aHHbie 06 HHHIJ;Hau;uH nep0KCH}].0M Bo,n.opo.n.a, HaK0DJieH

HblM B xnopoDJiacTax B ycnoBHHX CTPecca, u;enoro cneKTPa 0TBeT0B 

pacTeHHH KaK Ha reHeTHtJeCK0M, TaK H Ha <l>YHKIJ;HOHaJibHOM yp0BHHX, 

D03B0JIJIIOT npe,n.n0JI0)KHTh, lJT0 <t>oTOBOCCTaHOBJieHHe KHCJI0po.n.a B 3TU: 

urpaeT BR)KH)'IO p0Jih B BocnpHHTHH CTPecca H nepe,n.aqu pe,n.0KC-CHrttaJia. B 
HaCTOJII.IJ;eii pa6oTe c,n.eJiaHa D0ilbITKa HHTerpupoBaTh 0T}].eJihHhie peaKIJ;HH, 

UHHIJ;HHpyeMbie H CBJl3aHHbie C peaKu;ueii Menepa, B 061.IJ;yIO CeTh. O,n.HaKO 

no-npe)KHeMy 0}].HHM H3 0CH0BHbIX npenHTCTBHH B Mo,n.eJIHpoBaHHH DYTeH 

nepe,n.atJH CHrHaJia H MeTa60JIH1IeCKHX OYTeii JIBJIJleTCJI 0TCYTCTBHe D0JIH0-

ro 3HaHHJI KapTHHbl np0HCX0,wll.IJ;UX B KJleTKe npeBpaI.IJ;eHHH, }].JI.II }].0CTH)Ke

HHJI K0Toporo Heo6xo,n.HMO HCD0Jib30BaTh Bee npeHMYI.IJ;eCTBa KJiaCCHtJec

KOH 6uoXHMHH B C0tJeTaHHH C C0BpeMeHHblMH MOJieKyn.11pH0-6HOJIOru11ec

KHMH H 6HOHH4>opMaIJ;HOHHbIMH TeXH0JI0rHHMH. 

BJIIDIHIIE KOrEPEHTHOro 3.JIEKTPOMArHHTHOro 
H3JIYqEHIDJ MHJIJIHMETPOBOro )J;HAIIA30HA HA 

IIJIOTHOCTLPACTBOPOB)J;HK 

TaoeBoCRH A.A., KaHapRH I'. JI., KwzaHmapRH B. II., Ea6(1J{.H 10. C. 
EpeaattcKnii rocy.n.apcTBeHHbitt yHHBepcIITeT, r. EpeaaH, ApMeHIDI, usbaba@ysu.am 

MHJIJIHM~OBbie 3JieKTP0MarHHTHbie B0JIHbl HeTeDJIOBOH HHTeHCHB

H0CTH ycneIIIH0 npHMeHJIIOTCJI B KJIHHHtJeCKOll Me}].HIJ;HHe H B 6HOJIOrHH, 

HeCM0TPH Ha TO lJT0 MexaHH3Mbl HX B03}].eHCTBHJI Ha 6uonorH11eCKHe 

061>eKTbl noKa eI.IJ;e He C0BCeM Il0HJITHbl. B HaCT0HI.IJ;ee BpeMJI BCe 60JibIIIee 

Il0}].TBep)K}].eHHe nonyqaeT K0HIJ;enu;HH, YTBep)K}].alOI.IJ;RH, lJT0 HeTeDJI0Boe 

BJIHJIHHe MHJIJIHM~0BhIX 3JieKTP0MarHHTHbIX B0JIH Ha 6HOCHCTeMhl o6y

CJI0BJieHo BJIHJIHHeM Ha B0.n.y. 
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M3BeCTHO, qTO MHJIJIHMe'I])OBhie 3JiercrpoMarHHTHbie BOJIHbI HeTeruro

BOH HHTeHCHBHOCTH BJIIDIIOT Ha CBOHCTBa BO,IJ.HbIX paCTBOpOB BCJie,IJ.CTBHe 

H3MeHeHm1 crpylCT)'pHpoBaHHOCTH BOJJ.hI BOKpyr pacTBopeHHhIX Be~ecTB. 

Eonee Toro, 6bIJIO o6Hapy)l(eHo, qro npH o6nyqeHHH paCTBOpOB MHJIJIH

Me'I])OBblMH 3JiercrpoMarHHTHblMH BOJIHaMH npOHCXO,WIT <pyHKU,HOHaJibHhie 

H3MeHeHIDI 6HOJIOrHqecKHX o6oeKTOB. 

ll,eJiblO .n:aHHOH pa6on,I .llBJI.llJIOCb HCCJie,IJ.OBaHHe IlJIOTHOCTH .n:eHCHTO

MerpuqecKHM MeTO,IJ.OM u cnercrpo<pOTOMerpuqecKHM - TepMOCTa6HJibHOCTH 

BO,IJ.HbIX paCTBOpOB ~. o6nyqeHHbIX HH3K03HepreTuqeCKHMH MHJIJIHMeT

pOBbIMH 3JiercrpoMarHHTHbIMH KOrepeHTHblMH BOJIHaMH C qacTOTaMH 64,5 

ffu, H 50,3 ffu,, COBila,IJ.aIOll{HMH C pe30HaHCHbIMH qacTOTaMH KOJie6aHHH 

MOJieKYJI.llpHbIX <ppaKU,HH crpylCT)'pbI BO,IJ.bl, u c qacTOTOH 48,3 rru.. 

IlOKa3aHO, qTo C yBeJiuqeHHeM BpeMeHH o6nyqeHIDI pe30HaHCHbIMH 

qacTOTaMH OTO (Heo6nyqeHHa.sI) .n:o 120 MHH TepMOCTa6HJibHOCTb ~ u 

ruIOTHOCTb ee paCTBOpOB yBeJIHqHBalOTC.ll npu6JIH3HTeJibHO Ha 1 °C u 10
4 

r/cM3 COOTBeTCTBeHHO. IlpH o6nyqeHHH )Ke Hepe30HaHCHOH qaCTOTOH 48,3 

rn.~ yBeJiuqeHHe TepMOCTa6HJibHOCTH ~ u IlJIOTHOCTH ee pacTBopoB 

HaxO,IJ..llTC.ll B npe.n:enax norpeIIIHOCTH 3KCnepHMeHTa. IIpe.n:nonaraeTC.ll, qTO 

no.n: .n:eiicTBHeM HH3K03HepreTuqecKoro H3JiyqeHH.sI MHJIJIHMerpoBoro .n:ua

naJoHa npOHCXO,IJ.HT .n:eru.n:paTaU,H.ll ~ H npHCYTCTBYIO~HX B pacTBope 

HOHOB Na+. 

MOJIEKY .IDIPHO-)UIHAMH11ECKOE II3YlJEHHE 
KOH<I>OPMAIUIOHHl,IX II CTPYKTYPHLIX CBO:UCTB liEJIKA 

PO,l:t;OIICIIH B TEMHO-A,l:t;AIITIIPOBAHHOM COCTOHHIIII 
1XoJ1Mypooo6 XT., 1

•
2cJJeJZboMaH T.E., 1.20cmpo6cKuu MA. 

1O6ne,[I.HHeHHblH HHCTHTYT 11.z:i.epHbIX HCCJie,[I.0BaHHH, r. ,lzy6ua, PoccHH 
mirzo@jinr.ru 

2HucTHryT 6uoxHMWiecKoi1 4)H3HKH P AH, r. MocKBa, PoccHH 

MeTO,IJ.OM KOMilbIOTepHoro MO,IJ.eJIHpOBaHIDI npoBe.n:eHo cpaBHHTeJih

HOe uccne.n:oBaHHe MOJieKYJI.sipHoii JJ.HHaMHKH po.n:oncHHa, co.n:ep)l(a~ero 

xp0Mo<popuy10 rpynny (11-1,JUC peTHHaJib), Jf CB06o.n:Horo OilCHHa. MoJieKY

JI.llpHa.sI ,IJ.HHaMHKa npocJie)l(eHa BO BpeMeHHOM HHTepBane, paBHOM 3000 
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I 

nHKOCeKyH.n:; npH 3TOM nonyqeHo H npoaHaJIH3HpoBaHo 3. 106 ,IJ.HCKpeTHbIX 

KOH<pOpMaU,HOHHblX COCTO.llHHH po.n:onCHHa H OilCHHa. IIpo.n:eMoHcrpH

poBaHO, qro «BcrpauBaHue» xpoMo<popHoii rpynnhI B xpoMo<popHhlii u,e"TP 

0ilCHHa OKa3bIBaeT cy~ecTBeHHOe BJIIDIHJfe Ha 6Jitt)l(aHIIIee 6eJIKOBOe 

oKpY*eHue xpoMo<popa, Ha KOH<pOpMaIJ,HOHHOe COCTO.llHHe U,HTOilJia3MaTH

qecKoro ,IJ.OMeHa " npaKTHqecKH He OKa3bIBaeT BJIH.llHIDI Ha KOH<pOpMa

UHOHHOe COCTO.llHJfe BHYTPHJJ.HCKOBoro ,IJ.OMeHa. Ha OCHOBaHHH pe3yJihTaTOB 

Mo.n:enupoBaHIDI o6c)')K)J.aeTc,i: B03MO)l(ffhlii B"YTPHMOJieKYJI.sipHhiii Mexa

HH3M noMep)l(aHIDI po.n:oncuHa KaK G-6enoK cB.sI3hIBa10~ero peu,emopa B 

ueaKTHBHOM COCTO.llHHH, T.e. <pyHKU,IDI xpoMo<popa KaK 3<p<peKTHBHOrO 

nuraH,1J.a-aHTaroHttcTa. 

liEJIOK IIJIA3Ml,I KPOBII KPLIC, CBH3bIBAIO~IIH 
A,l:t;EH031IH,l:t;E3AMIIHA3Y 

I11apORH c.r., AHmOHRH A.A., MapoaHRH C.C. 
HHCTHryT 6HOXHMHH HM. r.x. EyH.sITHHa HAH, r. EpeBaH, ApMeHHH 

biochem@ipia.sci.am 

AJJ.eH03HHJJ.e3aMHHa3a (AM, 3.5.4.4), KJIIOqeBoii <pepMeHT nypuHo

Boro MeTa6onmMa, KaTaJIH3ttpyer .n;eJaMuHupoBaHue a.n:eH03HHa H 2'

,Ae3oKcua.n:eH03HHa B HH03HH H 2'-.n:e30KCHH03HH COOTBeTCTBeHHO. <l>epMeHT 

IIIHpOKO pacnpocrpaHeH B TKaH.six )l(HBOTHbIX " yqacTByeT B pa3BHTHH " 

cpyHKU,HOHttpoBaHHH JIHM<pOHJJ.HhIX KJieTOK. AM cneu,u<puqHo CB.ll3hIBaerc,i: 

c ,AttnemH)J.HJI neilTH,IJ.aJoii IV (DPPIV, 3.4.14.5) qeJioBeKa, KpynHoro 

poramro CKOTa, KpOJIHKa ( c KOHCTaHToii ,IJ.HCCOU,Hau,uu 3 - 20 nM B 

3aBHCHMOCTH OT BHJJ.a), HO He rpb13Yff0B. O,AHHM Jf3 B03MO)l(HbIX 3HaqeHHH 

accou,Hau,uu 6eJIKOB cqHTaeTC.sI npe.n:oTBpa~eHHe HHrtt6ttpoBaHtt.sI nponu

cpepau,uu T-KJieTOK BHeKJieroqHhIM a.n:eH03HHOM H, oco6eHHO, 6onee 

TOKCHqHbIM 2'-.n:e30KCtta.n:eH03HHOM. B HaCTO.sI~ee BpeM.sI HeT .n:aHHbIX 0 

CBll3hIBaHHH AM c KaKttM-JIH6o .n:pymM 6eJIKOM. 

B ruiaJMe KpOBH KpbIC Mbl o6HapY*HJIH 6eJIOK c MOJieKYJI.llpHOH 

Maccoii 50 K,l(, KOTophiii cnoco6eH CB.sI3hIBaTb AM. IlpH reJib-<pHJihTPau.uu 

IDlaJMbI Ha Ce<pa.n:eKce G-200 aKTHBHOCTh AM npo.sIBJI.sIJiacb B 6eJIKOBoii 

cppaKIJ,uu, COOTBeTCTBYJOll{eii MOJieKYJI.sipHOH Macce 80 K,l(. AKTHBHOCTb 

OTcyrcTBoBana B 6eJIKOBhIX <ppaKIJ,u.sIX, cooTBeTCTBYJO~HX KOMrureKcy AM 
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u DPPN (280 K):O u cBo6oAHOM)' A,[(A (30 K):O. Ilocne.Izy10mrui: xpoMa
TOrpacl>n11 6enKa 80 kDa rrpnB0AHJia K IIHK)' rrpu 50 ~ c rrpeHe6pe)KnMoii 
aKTUBH0CTblO A,[(A " IIHKy CB060.[{HOH A,[(A. ,[(JI,i: IIp0BepKH o6paTUMOCTU 
,[{UCC0l.{Ual.{UU AByx 6eJIKOB 6eJIOK 50 ~ HHKy6upoBaJIH B rrpHCYTCTBUU 
H3JIHIIIK0B A,[(A HJ nerKHX KpyrrHoro poraToro CK0Ta B reqeHne 1 qaca rrpu 
37 °C. Ilpu reJib-cl>HJibTPaQHH HHKy6al.{UOHHoii CMecu Ha G-200 Hap,i:ey c 
cl>paKI.Ufeii A,[(A (30 KJO BMeCT0 6eJIKa 50 ~ 3JIIOHp0BaJICH 6eJIOK c 
60JibIIIeii M0JieKyJIHpHOH Maccoii, o6Jia,[{aIOmuii y,ll;eJibHOH aKTUBHOCTblO. 
A,[(A Ha ,[{Ba rropH,ll;Ka BbIIIIe aKTUBH0CTH HCX0,[{H0ro 6eJIKa 50 ~- KpoMe 
3Toro, B rrpHCYTCTBHH 3T0ro 6eJIKa Mbl Ha6JIIO,[{aJIU aKTUBaQUIO HH3K0-
MOJieKyJIHpHOH A,[(A: era HaJinque B K0HU:eHTPau:uu 0,5 µM rrpUB0,[{HJI0 K 
yBenuqeHHIO aKTHBH0CTH A,[(A m nerKHX KpyrrHoro poraToro CK0Ta rroqTu 
Ha 50 %. AKTHBHPYIOmnii 3cpcl>eKT :SCA rrpu TaKoii )Ke K0HU:eHTPau:uu 6bm 
MeHee 10 % - BeJiuqnHa, K0Topa,i: BII0JIHe M0)KeT 6bITb o6'bHCHeHa o6bJqHoii 
CTa6HJIH3al.{UeH cl>epMeHTa Ja cqeT yBeJiuqeHUH BH3K0CTH pacTBopa B 
rrpucyrcTBnn :SCA. 

<l>H3HOJIOru~1ecKoe 3HaqeHne HeUJBeCTH0ro A,[(A-CBH3bIBaIOmero 
6enKa B KpoBn KpbIC, B KOTopoii DPPIV He CBHJbIBaeT A,[(A, uccneeyeTcH. 

IlEPE~ 11A CHTTIAJIOB OT XJIOPOIIJIACTOB K H,WY Y 
BLICIDHX PACTEIDm: H BO~OPOCJIEH 

JOpuHa H.II., OouHlfOBa MC. 
11HCTHTYT 6ttoXIIMIIII BM. A.H. Eaxa P AH, r. MocKBa, Poccm1 

nyurina@inbi.ras.ru 

XnopoIIJiaCTbI C0,ll;ep)KaT 0K0JI0 3500 paJJinqHbIX 6eJIKOB, T0JibKO He-
60JiblllWI qaCTb KOTOpbIX K0,ll;Hpyerc,i: IIJiaCTH,[{HbIM reH0M0M. DOJiblllUHCTBO 
6eJIKOB IIJiaCTH,[{ K0Anpyerc,i: HAP0M. Koop,ll;nHau:u,i: 3Kcrrpeccuu reHoB 
xnopoIIJiaCTHbIX 6eJIKOB, K0,ll;HpyeMbIX ABYMH KJieToqHbIMH reH0MaMu, 
,[{0CTUraeTCH rryreM o6MeHa HHcl>opMau:ueii Me)K.[{y HHMH, B KOT0p0M 
yqacTByIOT crreu:ncl>nqecKue perynnopHbie curnanb1, ueymue KaK OT HApa K 
IIJiaCTU,[{aM, TaK " OT IIJiaCTH,[{ K HApy. B CBH3U C 3THM 60JibIIIOe 3HaqeHne 
rrpuo6peTalOT HCCJJe,[{0BaHUH M0JieKynHpHblX MexaHU3M0B peryn,i:u:uu 
cl>oTOCHHTeJa, rJiaBHblM o6pa30M, IIJiaCTH,[{HblX CHfHaJI0B, «JarrycKa10mux» 
CHHTe3 K0,ll;HpyeMbIX H,ll;pOM IIJiaCTH,[{HblX 6eJIKOB, Heo6XO,[{UMblX MH 
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<l>YHKU:HOHHpOBaHUH 3THX opraHeJIJI. C II0M0mbIO HHrn6nTOpHoro aHaJIHJa, 
BbipamnBaHHH pacTeHUH B rrpHCYTCTBHH B03M0)KffblX rrepe,ll;aTqUK0B 
cnrHana, a TaK)Ke rrpu uccne,[{OBaHnn MyraHToB o6Hap~eHbl IIHTb 
B03M0)KHblX rryreii rrepe,ll;aqu CUfHaJia OT xnopoIIJiaCT0B K HAPY· O.[{HH H3 
HUX rrpn,ll;aeT peIIIa10mee JHaqeHne B rrepeAaqe cnrHana peAOKc-paBHO
Becu10, C03,[{aBaeMOM)' <pOTOCHHTeTUqecKOH 3JieKrpOH-TPaHCIIOpTHOH 
u:errh10; BTopoii - cunreJy 6enKa B IIJiaCTH,[{ax; TPeTHH rrpe,ll;rronaraeT yqac
Tne B rrepe,ll;aqe cnrHana nHTepMe,[{naToB 6uocnHTeJa TerparrupponoB; qer
BepTbIH - CUHrJieTHOM)' KHCJI0poey " IIHTblH - rrepeKUCH BO,ll;0pO,ll;a, reHepu
pyeMOH xnopoIIJiacTaMn. BepoHTHo, B KJieTKe cymecTBYeT K0MrraKTHrui: 
Me)KopraHeJIJibHaH perymnopHrui: CeTb, C II0MombIO KOTOpoii ,[{0CTUraeTCH 
K00p,ll;HHH-p0BaHHa» 3KCIIpeccu,i: H,ll;epHbIX H IIJiaCTH,[{HbIX reH0B. 

POSSIBLE MECHANISM OF YAWNING AND ITS 
INFECTIVENESS 

Ispirian KA., Jspiryan R.K 
Yerevan Physics Institute, Yerevan, Armenia, karo@mail.yerphi.am 

For long time it was conventionally accepted that yawning is a process 
providing fresh portion of oxygen to weary brain. However, some 
experiments using 0 2 and CO2 have shown that there is no relation between 
yawning and breathing. Other experiments have confirmed the fact that 
yawning precedes periods of activity or when brain prepares to change gears. 
Recent observations with ultrasonic scans of fetus allow one to assert that 
yawning is necessary for the development of lung of unborn babies but have 
no purposes for adults, i.e., it is a redundant phenomenon which is widely 
spread among animals and fishes. Everybody knows the contagiousne~s of 
yawning. However, some experiments using video of mouth, eyes, etc., did 
not permit one to determine what part of a yawning face is responsible for 
contagiousness. It can be infected not only by pictures, talking, but also 
excited by irritations in the subthalamus region near the III ventriculus. 
Though the time and frequency of yawning depends on various factors, such 
as tiredness, sleepiness, etc., nevertheless, it is evident that there is a 
common process, which takes place in brain resulting in the known 
consequences. In spite of the fact that many properties and accompanying 
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processes of yawning are well known, the central mechanism of the yawning 
process at the molecular level is not studied. In this work, taking into 
account the well-known properties of yawning, we propose a hypothetical 
mechanism for yawning connected with cosmic ray radiation and 
experiments that can prove or decline the proposed mechanism. 

THE MECHANOCHEMICAL BIOSENSOR 
1Gevorkian S.G., 2Gevorgyan D.S., 3Simonian A.L. 

'Yerevan Physics Institute, Yerevan, Armenia 
2Yerevan State Medical University, Yerevan, Armenia 

3 Auburne University, USA 

Interaction with substrate leads to conformational changes in the 
ferment structure. The structure changes even if the ferment is in the solid 
phase (crystal, amorphous film). Such conformational changes bring to 
alterations in visco-elastic properties of the ferment and form the elastic 
force. In this work we investigate the possibility of using this force for 
making mechanochemical biosensor on the base of the ferment bounded 
with collagen microfibrils. 

We used Morozov's micromethod for measuring visco-elastic proper
ties of collagen microfibrils. The method is based on the analysis of the 
resonance vibration frequency characteristics of console fixed samples. This 
method allows measuring Young's modulus (E) and damping logarithmic 
decrement ( 0) for samples with thickness 1 µm and length 100 µm in 
frequency range 0.1-100 kHz. For measuring of hydration isotherms of 
microsamples with mass less then 0.01 mg we used the method 
[S.G. Gevorkian, V.N. Morozov, Biophisika, 1983, vol. 28]. 

We measured E and 0 of rat's leg tendon microfibrils. We also 
measured the dependency of E and 0 on disturbance frequency during 
different conditions of hydration. The E and 0 of fibrils were measured in 
conditions of bounding with different ferments - glucose-oxidaze and 
organophosphate hydrolase (OPH). Also was measured the influence of 
hydrocortisone and prednisolonum on mechanical properties of the fibrils to 
compare it to properties of collagen-ferment complex. We also measured 
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isotherms of collagen's hydration before and after its bounding with 
miscellaneous agents. 

It was shown that the dependence of collagen microfibril mechanical 
properties on frequency has a complex nonmonotonic character, which 
allows choosing the required frequency range when making 
mechanochemical biosensor. Bounding collagen fibrils with ferment 
decreases the Young's modulus. It is checked for the events of bounding 
with glucose-oxidaze and OPH. It was shown that mechanical properties of 
the collagen-ferment system are changing during the interaction with 
substrate. These changes are specific and depend on substrate concentration. 

NUCLEAR CHEMISTRY MEETS ENZYMOLOGY: PROBING THE 
ENZYME ACTIVE CENTRES USING 57Co EMISSION MOSSBAUER 

SPECTROSCOPY 
1Ka;,,,nev A.A., 2Perfiliev Yu.D., 2Ku/ikov L.A., 1Antonyuk L.P., 

3Kuzmann E., 3Vertes A. 
'Institute of Biochemistry and Physiology of Plants and Microorganisms RAS, 

Saratov, Russia, aakamnev@ibppm.sgu.ru 
2M.V. Lomonosov Moscow State University, Moscow, Russia 

3EGtvGs Lorand University, Budapest, Hungary 

The 57Co isotope (half-life period 9 months) is one of the radionucli
des most widely used in the extremely sensitive and informative technique of 
emission Mossbauer spectroscopy (EMS). Owing to the necessity of using 
the 57Co radionuclide in the samples under study, EMS has so far remained 
practically beyond the scope of biochemical studies. Nevertheless, cobalt (II) 
is known to be essential for many enzymes; moreover, it has been reported 
as a possible substitute for other "spectroscopically silent" cations (e.g., Zn), 
acting as a probe of the cation-binding sites. 

Our earlier studies on glutamine synthetase (GS), a key enzyme of 
nitrogen metabolism, isolated from Azospiri/lum brasi/ense, showed that 
Co (II) is one of its main activating cations, together with manganese (II) 
and magnesium (II). While the bacterial GS has two different cation-binding 
sites at each of its 12 active centres per GS molecule, it has not yet been 
clear whether these sites can be occupied by different cations (which refers 
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to heterobinuclear "two-metal-ion catalysis"). We showed the possibility to 
introduce the 57Co (II) nuclide in the GS active centres under the conditions 
when the enzyme activity is retained. Thus, GS could be used as a test for 
applying EMS to probe the structural organization and properties of the 
enzyme active centres. 

Our EMS data have shown for the first time that this nuclear che
mistry technique is sensitive (i) to differences in the coordination of Co (II) 
cations at different cation-binding sites in the enzyme active centres, (ii) to· 
the effects of competitive binding of different activating cations and (iii) to 
fine structural changes induced by covalent modifications of the enzyme 
molecule related to its activity. The results obtained are highly promising for 
studying the molecular mechanisms of enzyme-substrate biospecific 
interactions using the unique possibilities of EMS. 

REDOX REGULATION OF THE ESCHERICHIA COL/MEMBRANE 
VESICLES ATP ASE ACTMTY AND SH-GROUPS 

1Kirakosyan G., 2Vassilian A., 1Trchounian A. 
1Department of Biophysics and 2Department of Ecology and Nature Protection, 

Biological Faculty of the Yerevan State University, Yerevan, Armenia 
Trchounian@ysu.am 

The Ir-FoF1-ATPase as many transport proteins and membrane
associated enzymes is known to contain thiol-groups in the form of cysteine 
residues. These groups could be accessible for oxidizers and reducers or 
affected by oxidation-reduction potential determined by a ratio of these 
reagents, and the oxidation-reduction states of SH-groups can modulate the 
activity of transport systems and enzymes. 

In Escherichia coli, the number of accessible SH-groups in membrane 
vesicles from cells grown in fermentative conditions is increased 
significantly by ATP or by formate suggesting an interaction between F0 F1, 
potassium uptake system and hydrogenase 4 (Hyd-4) or hydrogenase 3 
(Hyd-3), components of different forms of formate hydrogenlyase. This 
interaction would lead to formation of a protein-protein complex within 
which the energy could be transferred via a dithiol-disulfide interchange. If 
so, oxidizers like ferry cyanide, Cu2

+ or reducers like DL-dithiotheitol can 
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affect such a dithiol-disulfide interchange, and therefore change interaction 
between membrane proteins. 

The increase in the number of SH-groups in ~ 1.6-fold by Cu2
+ was 

determined independently on K+, and the suppression of the increased level 
of SH-groups by ATP is shown for Cu2+ in the ·rresence of K+. Moreover, 
the increase in the number of SH-groups by Cu + is absent as well as the 
inhibition in ATP-dependent increasing SH-groups number by Cu2

+ lacked 
when vesicles were treated with N-ethylmaleimide, specific thiol-reagent. 
Such an effect is not observed with Zn2

+. The increased level of SH-groups 
is observed in hycE or hyjR. mutants whereas the ATP-dependent increase in 
the number of these groups is determined in hycE but not in hyjR. mutants. 
Both changes in SH-groups number disappear in the alp or hyc mutants 
deleted for the F0 F1-ATPase or Hyd-3, correspondingly. 

A direct effect of Cu2
+ on the F0 F1-ATPase is suggested to lead to the 

breaks in disulfides within a protein-protein complex of this ATPase with 
potassium uptake system or Hyd-4. In addition, some conformational change 
in F0 F1 by Cu2

+ could lead to modulation of its activity. 
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M3BeCTHO, lffO mITHI,IH COCTaB B xone BblTTOJIHeHIUI CBOHX 

npocl>eccHOHaJII,HI,IX o6.si:3aHHOCTeii IlO)];BepraeTC.SI B03J];eUCTBHIO MHOrHX 

noTeHl:-UfaJII,HO onaCHbIX ctiaicropoB. B Haweii pa6oTe MI,I nonbITaJIHCI, 

Ol.leHHTI, aJ];anTHBHI,Ie cnoco6HOCTH opraHH3Ma JleT1IHKOB C nOMOIQI,IO p.si:na 

MeTO)];HK: nOCTaHOBKH O)];HOH H3 cxeM aJ];anTHBHOro OTBeTa Ha JIHM$OJ.lHTax 

nepH$epH11eCKOH KpOBH, yqeTa aHOMaJIHH .si:npa B 6yKKaJII,HOM 3nHTeJIHH H 

Jia3epHOH KoppeJI.SIJ.lHOHHOH cneKTPOCKOnHH 6HOJIOrH1leCKHX )KH)];KOCTeii. 

OblJIO BbIJ];eJieHO TPH rpynn1,1 B 3aBHCHMOCTH OT 11aCOB HaJieTa: KOffTPOJibHa.SI 

(A), rpynna c HaJieTOM no 1000 (Ii) H cB1,1we 1000 (B) 11acOB. CxeMa 

a}].anTHBHOro OTBeTa BKJII01laJia HaHeCeHHe aJ];anTHPYJOIQeii )];O3bl (0,05 rp) 

y - 06Jl)'1leHH.SI B CTa)];HH GO H noBpe)K)];aIOIQeii )];O3bl (0,5 rp) Ha CTa)];HH G2. 
AnanTHBHbIH OTBeT Ha6monanc.si:: B KOffTPOJlbHOH rpynne, y 6oJibIIIHHCTBa B 

rpynne b H He Ha6JIIO}].aJIC.SI B rpynne B. Bo3HHKHOBeHHe a)];anTHBHOro 

OTBeTa He 3aBHCeJIO OT BO3pacTa o6cJie}].OBaHHI,IX (OT 19 }].O 48 JieT). flpH 

O1.leHKe 11aCTOTI,I BCTPe11aeMOCTH aHOMaJIHH .Sl}].pa B 6yKKaJII,HOM 3nHTeJIHH 

Ha6JIIOJ];aeTC.SI }].ByKpaTHOe yBeJIH1leHHe KJleTOK C nHKHO3OM y JleT1IHKOB no 

cpaBHeHHIO C rpynnoii A, 3Ha1!HTeJibHOe BO3pacTaHHe KJleTOK C KapHo

peKCHCOM H CHH)KeHHe KJleTOK C KapHOJIH3HCOM. C yBeJIH1leHHeM 11acOB 

HaJieTa npOl.leHT KJieTOK C KapHopeKCHCOM na)];aeT, a C KapHOJIH3HCOM 

BO3pacTaeT. flpH aHaJIH3e JIK-cneKTPOB, KOTop1,1e OTPa)KaIOT BKJia}]. B 

CBeTopacce.SIHHe qacTHl.l pa3HOro pa3Mepa, MO)KHO OTMeTHTh o6IQee 

B03paCTaHHe BKJiana 11aCTHl.l pa3MepoM 37,34 - 223,03 HM y JleT1IHKOB no 

cpaBHeHHIO c rpynnoii A, B 6oJibIIIeii CTeneHH OHO Bblpa)KeHo B rpynne Ii. 
KpoMe Toro, Ha6JIIO}].aeTC.SI CHH)KeHHe BKJia)];a 11aCTHl.l pa3MepoM 8,42 -
11,34 HM H ,BO3paCTaHHe 11aCTHJ.l pa3MepoM 15,28 - 27,72 HM B cneKTPax 

JleT1IHKOB rpynn1,1 B no cpaBHeHHIO C rpynnoii Ii. XapaKTep C}].BHrOB 

OTJIH1IaeTC.SI OT pacnpe}].eJieHH.SI 11aCTHl.l B CblBOpOTKe KpOBH pa60THHKOB 

ll}].epHoro npOH3BOJ];CTBa, 3a$HKCHpOBaHHOro HaMH paHee MeTOJ];OM JIKC. B 

o6oHX CJIY1la.SIX Ha6JIIO}].aeMbie 3$$eKTbl .SIBJI.SIIOTC.SI pe3yJibTaTOM MHOro-
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cpaKTOpHblX B03)].eHCTBHH. HapHJJ.Y C o6rn;HMH 3aK0H0MepH0CTHMH H3MeHe

HHH B CbIB0p0T0qHoM " KJieT0qH0M roMe0CTa3e HaMH 06Hap)')Kem,1 

OT)].eJibHbie np0HBJieHffjl IlOBbillleHHOH HH)].HBHJzyaJibHOH qyBCTBHTeJib

H0CTH. Mo:m:Ho nonaraTb, ~o JJ.aJibHeiilllee u3yqeHue oco6eHHOCTeH 

KJieT0qHbIX peaKl..{HH u MeTa6onuqecKHX C)].BHf0B TIO)]. )].eHCTBHeM cpaKTOpOB 

Il0JieTa "· npe)K)].e Bcero, pa)].HaQHH Il03B0JIHT Bbipa6oTaTb KpHTeputt 

HH)].HBHJJ.)'aJibHOH qyBCTBHTeJibH0CTH K HMM. 

MOJIEKY .IDIPHO-~OrEHETlfllECKAH IIPEHATAJThlLUI 
. ,ll;IIAI'HOCTIIKA 

AearomA. 
EpeeaHcKnfi rocynapcTBCHHhIH ymrnepcmeT, r. Epeaatt, ApMemrn 

B CTJJYKTYPe Hacne)].CTBeHHOH naTonomu oco6oe MeCTo 3aHHMaIOT 

xpoM0C0MHbie 6one3HH, BCTJ)eqa10rn:uecg B cpe)].HeM y 1 H3 150 H0B0po:m:

J].eHHbIX (Jorde et al., 1999). XpoMOCOMHbie aH0MaJIHH B03HHKaIOT B raMe

ToreHe3e u B npoQecce paHHero JJ.po6neHffjl B 3ur0Te, npuB0JJ.Hmero K M0-

3aHQH3My • .6onee 55 % 3Hf0T HMeIOT xpoM0C0MHbie aH0MaJIHH (3aneTaeB, 

KynelllOB C coaBT., 1994). ToqHbIH )].HarH03 xpoMOCOMHOH 6one3HH CTa

BHTCH T0JibKO Ha 0CH0Be QHT0reHeTHqecKHX MeT0)].0B HCCJie)].0BaHffjl. Hapg

JJ.Y C MeT0)].aMH JJ.H<pcpepeHQHaJibHOfO 0KpaIIIHBaHHH xpoM0C0M (G-, R-, C-, 
Q-foH)].HHr) )].JIH BmyanmaQHH QeUTp0MepHbIX paHOHOB " YHHKaJibHbIX 

xpOMOCOMCileQH<pHqecKHX nocJie)].OBaTeJibHOCTeH ,n;HK npuMeHHeTCH K0M-

6uHaQHH QHT0reHeTHqeCKHX u M0JieKyJIHpH0-QHT0reHeTHqecKHX MeT0)].0B. 

,n;aHHaH TeXH0JI0fffjl Il03B0JIHeT onpe)].eJIHTb CJI0)KHbie cnyqau xpoM0C0M

HOH naT0JI0rHH, Il0CK0JibKY HX )].HarH0CTHKa HaX0)].HTCH 3a npe)].eJiaMH 

pa3peIIIruorn;eii cnoco6HOCTH KJiaccuqecKHX MeT0JJ.0B QHToreHeTHqecKoro 

HCCJie)].oBaHffjl. 3To KacaeTCH 3TH0JI0fHH MapKepHblX xp0M0C0M, CTJJYKTY

pbl u MHKp0CTJJYKTYPbI xpoM0C0MHbIX aHoManuii, OTJJ.eJibHbIX cpopM 

Xp0M0C0MH0f0 M03aHQH3Ma H JJ.p. ,n;a:m:e npu npoBe)].eHHH BblCOKOpa3pe

lllaIOIIJ;ero foHJJ.HHra, K0r)].a Ha xpoM0C0Me M0)KH0 HacqHTaTb 6onee 800 
nonoc, BbIHBJIHeMaH MHHHMaJibHaH xp0M0C0MHaH aH0MaJIHH C0CTaBJIHeT 

~ 2000-3000 K6. l1o)].o6Hoe pa3peIIIeHue HeJJ.ocTaTOqHo MH HJJ.eHTH<pHKa

QHH MHKp0CTJ)YK'fYPHblX xp0M0C0MHbIX aHOMaJIHH, HBJIHIOIIJ;HXCH np11qu

HOH PHJJ.a HaCJie)].CTBeHHbIX CHH)].p0M0B. Mx BbIHBJieHHe B03M0)KH0 T0JibK0 C 

npHMeHeHHeM M0JieKyJIHpHo-reHeTnqeCKHX MeT0)].0B. 
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CoBpeMeHHblM BblC0K0T0qHblM MeT0)].0M HCCJie)].0BaHHH, KOTOpblH 

Il03B0JIHeT BblHBJIHTb yqaCTKH xp0M0C0M pa3MepoM 0,5 K6, HBJIHeTCH 

cpmoopecQeHTHaH in situ m6pHJJ.H3aQHH (FISH - fluorescence in situ hybri

dization). O)].HOBpeMeHHO c BbIC0KHM pa3peIIIeHHeM npeuMyrn;ecTB0M 

MeT0JJ.a FISH HBJIHeTcH TO, qTo He T})e6yeTcH 6oJiblllOro Kon11qecTBa 6uo

noruqecKoro MaTepuana 11 M0:m:Ho aHanmupoBaTh xpoM0C0MbI Ha Bcex 

CTa)].HHX KJieT0qHoro QHKJia, B TOM qucJie "B HHTepcpa3e. YKa3aHHble npeu

Myrn:ecTBa J].eJiaIOT MeT0JJ. FISH oco6eHHO QeHHbIM B npeHaTaJibHOH 

)].HarH0CTHKe: 3HaqHTeJibH0 CHH:m:aeTCH pncK ocno:m:HeHHH 6epeMeHHOCTH 

nocne npoBe)].eHffjl C00TBeTCTBytOIIJ;HX HHBa3HBHblX npoQeJJ.yp " C0Kpa

rn;aeTCH cpoK QHTOreHeTuqeCKOH )].HarH0CTHKH (2 - 3 )].HH BMeCTO 2 - 3 
He)].eJib npu KYJibTHBHpOBaHHH), qT0 oco6eHHO Ba:m:H0 )].JIH CB0eBpeMeHH0fO 

npHHHTHH pellleHHH 0 coxpaHeHHH 6epeMeHHOCTH. l1o3TOMY qpe3BbJqaiiHO 

aKfYaJibHOH HBJIHeTCH npo6neMa ycoBepllleHCTB0BaHHH MeT0)].0B xpoM0-

C0MH0f0 aHaJIH3a C0BpeMeHHblMH BblC0K0ToqHblMH M0JieKyJIHpH0-QHT0re

HeTuqecKHMH TeXH0JI0fHHMH. HaMH 6bIJia npuMeHeHa <pJIIOopecQeHTHaH in 
situ ru6pHJJ.H3aQffjl B npeHaTaJibHOH QHT0reHeTHKe Ha HeKyJibTHBHpyeMblX 

KJieTKaX aMHHOTuqecKOH )KH)].K0CTH " B0pCHH xopuoHa y IlHTH naQHeHT0K C 

0THrorn:eHHblM HaCJie)].CTBeHHbIM aHaMHe30M. 

IJ;eJiblO HaCTOHrn;eii pa60Thl HBJIHJI0Cb HCCJie)].0BaHHe HHTep<pa3HblX 

HJJ.ep c npnMeHeHneM MoneKynHpH0-QHToreHeTuqecKoro MeT0JJ.a FISH. 

POJTh HH3K03HEPrETlfllECKOro JIA3EPHOro OJi.JiyqEIIlUI 
B OliECIIEqEmm HO PM Or .JIHKEMlfllECKOrO CTATYCA 

y liEJThlX KPLIC C MO,ll;EJilIPOBAHHOH rmior .JIHKEMIIEH 

EooRH O.K. 
JiHCTffTYT MOJie1<ympuoii 6ttoJIOrHH HAH PA, Epeeau, ApMeHHH 

konstant@mb.sci.am 

f Hil0fJIHKeMffjl y H0B0p0)K)].eHHbIX HBJIHeTCH 0)].HHM H3 TJ)eB0)KHbIX 

curHaJI0B, • 0TJ)HQaTeJibH0 0TJ)a:m:aIOIIJ;HMCH Ha <pH3HOJIOrHqecKOM o6nuKe 

pa3BHBa10rn:erocH opraHH3Ma. HMeIOrn;agcg Ha cero)].HH HayqHaH HH<popMa

Qffjf He coo6rn:aeT npHHQHTIHaJibH0 H0BbIX CBe)].eHnii 06 oco6eHHocrnx 

MoneKynHpHo-611onoruqecKHX u 6uoxnMnqecKux MexaHH3M0B naToreHe3a 
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3TOro 6oJie3HeHHoro COCTOHHHH opraHH3Ma H peanbHhlX nOAXOAax no MX 

ynopHAoqeHHIO H HOpManH3aQHH. CornaCHO pe3yJibTaTaM HaIIIHX pattee 

npoBeAeHHblX HCCJieAOBaHHH rHnOrJIHKeMHqecKHe COCTOHHHH xapaKTepH-

3YJOTCH 3HaqHTeJibHbIM aKTHBHpOBaHHeM HHTeHCHBH0CTH TeqeHHH npoQec

COB CB060AHOPMHKMbHoro OKHCJieHHH (CPO) JIHnHAOB, ~o HBJIHeTCH 

o6oeKTHBHblM AOKa3aTeJibCTBOM nOAKnJOqeHHH npH 3TOM KOMneHcaTopHbIX 

MexaHH3MOB B KaqeCTBe noTeHQHMbHblX HCTOqHHKOB 3HeprHH, KaKOBbIMH 

npeACTaBJIHIOTCH JIHnHAbl H, B qaCTHOCTH, cpoccpOJIHnHAbI (<DJI). 11ccJieAOBa

HHH npoBeAeHbl Ha 60 6enbIX KpbICax-caMQaX, nOABeprttyTblX o6ecKpOB

JIHBaHHIO qepe3 KpOBonycKaHHe B KOJIHqecTBe 5 MJI, qeM H AOCTHranacb 

npH6JIIDKeHHaH KapTHHa MOAeJIHpOBaHHOH 3KCnepHMeHTanbHOH rHnOrJIH

KeMHH, KOttTpOJIHpyeMOH onpeAeJieHHeM rJIHKeMHqecKoii KpHBOH Ha npOTH

)KeHHH 24 q c MOMeHTa q_JHKCaQHH rHilOrJIHKeMHqec.coro cpeHOMeHa. OnH

caHHbie HapyrneHHH conpOBO)K)].MHCb OAHOBpeMeHHO pa3BHBaBIIIHMCH Ha 

3TOM q_JOHe HapyrneHHeM KaqecTBeHHO-KOJIHqecTBeHHOro COCTaBa Bcex 

KaTeropHii <J)JI B MeM6paHax 3pHTpOQHTOB (M3), renaTOQHTOB (MI'), 

KapAHOMHOQHTOB (KM), a TaK*e npoeyKTOB nepeOKHCJieHHH JIHilHAOB. 

Bbipa)KeHHOCTb OTMeqeHHblX OTKnOHeHHH HaH6onee OTqeTJIHBO npOHBJIH

JiaCb B nocJieAHHe cpOKH Ha6JIIOAeHHH, qTo CBHAeTeJibCTBOBMO O rny6HHe 

pa3BHBaBIIIHXCH MeTa6oJiffqeCKHX HapyrneHHii <DJI. Oco6b1ii HHTepec npeA

CTaBJIHeT pe3KOe yMeHbIIIeHHe COAep)KaHHH cpoccpaTHAHnXOJIHHOB (<DX), 
conpoBO)K)].aIOI.QeecH OAHOBpeMeHHO pa3BHBaIOI.QHMCH B03pacTaHHeM JIH30-

cpoccpaTHAHnXOJIHHOB (JI<DX). 3roT npoQecc xapaKTepmyeTcH napanneJibHO 

COBeprnaIOI.QHMCH BblXOAOM BbICOKHX KOHQeHTpaQHH He3TepH<pHQHpOBaH

HblX *HPHbIX KHCJIOT (H3)KK) nom1eHOBoro pHAa KaK pe3yJibTaT AeaQH

JIHpyroI.Qero AeiICTBHH BblCOKOaKTHBHpOBaHHOH cpoccpOJIHna3bl A2 

(<J)Jia3aA2) Ha <DX H HHTeHCHBHOro BOMeqeHHH OCB060)K)].aIOI.QHXCH npH 

3TOM H3)KK B peaKQHH CPO. IlonyqeHHbie pe3yJibTaTbI nocJIY*MnH oc1-10-

BaIIHeM K BbIABIDKeHHIO JioruqecKH o60CHOBaHHOH apryMeHTaQHH 0 

MeM6paHOTOKCuqecKOM, MeM6paHOJIHTHqecKOM AettCTBHH BpeAOHOCHOH 

TPHMhl, npeACTaBJieHHOH JI<DX, H3)KK H MM B M3, Mr, MK. OAHO

KpaTHOe e)KeAHeBHOe HCnOJib30BaHHe HH3K03HepreTHqecKoro HHcppa

KpacHoro reJIHtt-HeOHOBOro Jia3epHoro o6nyqeHHH CBepXHH3KOH HHTeH

CHBHOCTH B TeqeHHe 5 AHeii cnoco6cTBOBMO, c OAHOH CTOpOHbl, npOHB

JieHHIO HpKO Bblpa)Ke}IHOH TeffAeHQHH K ycTaHOBJieHHIO HOpMOrJIHKeMH

qecKOll KpHBOH, C Apyroii - HHrH6HpoBaHHIO nepeK.Hceo6pa30BaTeJibHOro 

npoQecca " MaKCHMMbHOMY npH6JIH)KeHHIO HapyrneHHOro cpoHa <DJI-<DJI 

82 

COOTHOIIIeHHH K q_JHnOreHeTHqecKH CTa6HnH3HpOBaHHOMY B HOpMe CTary

cy. HeiiTPMH3HpYJOI.Qee AeiicTBue myqeHHoro cpmHqecKoro cpaKTopa Ha 

CPO JIHIIffAOB conpoBo)K)].aeTcH KaK pa3pyrneHHeM Y*e o6pa3oBaBIIIHXCH 

nepeK.Hceii JIHnHAOB, TaK " 6JIOKHpOBaHHeM aKTHBHoro BOBJieqeHHH HOBbIX 

nopQuii H3)KK B peaKIJ.HH nepeKHceo6pa3oBaHHH. IlonyqeHHbie pe3yJibTa

TbI npoJIHBaIOT CBeT Ha AMbHettrnHe nOAXOAbI no o6CTOHTeJibHOMY 

H3yqeHHIO cpaKTopoB, OTBeTCTBCHHbIX 3a o6ecneqeHHe HOpMOrJIHKeMHqec

KOro cpoHa, ~o oco6eHHO Ba)KHO MH q_JH3HOJIOrHH pacryI.Qero opraHH3Ma. 

H3MEHEHHE AKTIIBHOCTH CYIIEPOKCII,l(I(HCMYTA3bl 
KAK IIOKA3ATEJTh 3<1><1>EKTHBHOCTH JIE'IEHIDI 

AJIJIEPrH'IECKHX ,l);EPMAT030B HA <l>OHE 
JIA3EPOTEP AlIHH 

BepeMeuttuK A.II., EymBWlOBcKuu B.3. 
EenopyccKHH rocy,napcTBeHHbltt Me,nHil,HHCKHH YHHBepcHTeT, r. MttHCK, 

EenopyccHH 

IloHCK HOBbIX MeTOAOB JieqeHHH aJIJieprHqecKHX ACpMaT030B 

ocTaeTCH aKTYMbHoii npo6JieMoii AepMaTOJI0rHH. B narnreHe3e aJIJiepro

AepMaT030B HCMMOBa)KHYJO p0Jib urpaIOT naTOJI0rHqecKHe npoQeCCbl, 

o6ycJIOBJieHHhlC rHnepOKCHAaQHeii npH nepeKHCH0M OKHCJieHHH JIHnHA0B 

(IIOJI). IloBpe)K)].eHHe MeM6paHHbIX CTPYKTYP KneTKH npH npoQeccax IIOJI 

rrpeAOTBpaI.QaeTCH CHCTeMoii aHTHnepeKHcHoii 3aI.QHTbI (AII3), cocTOHI.Qeii 

H3 AByx IIOACHCTeM - HecpepMeHTaTHBHOH H cpepMeHTaTHBHOll. OAHHM H3 

rnaBHblX KOMIIOHeHTOB cpepMeHTaTHBHOrO 3BeHa CHCTeMbl AI13 KneT0K 

HBJIHeTCH cyrrepoKCHAAHCMYTa3a (CO,[(). 

QeJiblO HCCJieA0BaHHH HBHn0Cb myqeHHe aKTHBH0CTH CO,[( y 

6oJibHblX aJIJieproACPl\taT03aMH Ha cpotte Jia3CpOTepanHH, a TaK)Ke npH 

3KCrrepHMCHTMbHOM aJIJieprnqecKOM K0HTaKTH0M AepMaTHTe (AK,[() KaK 

II0Ka3aTeJib 3cpcpeKTHBHOCTH rrp0BOAHMoro JieqeHHH. 

Ha6,JJIOAMOCb 58 naQHCHTOB, HMCIOI.QHX anJieprnqecK.He ACpMaT03bI: 

aTorrHqecKHii AepMaTHT (A,[() - 30 qeJioBeK, 3K3eMa - 28 qeJioBeK. BceM 

6oJibHbIM 6bIJIO Ha3Haqetto TPMHQHOHHoe JieqeHHe. KpoMe TPMHQHOHHoro 

JieqeHHH 60JibHblM np0BOAHnaCb TPaHCKYTaHHaH Jia3epoTepanHH KpaCHbIM 

CBeT0M reJIHii-He0HOB0ro Jia3epa. ,lvrn OQeHKH 3q_Jq_JCKTHBHOCTH npoBOAHMOH 
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repamm KpoMe o6rn;HX KJIUHH'leCKHX aHaJIU30B UCCJie)];OBaJIU aKTUBHOCTb 

CQ)]; MeTOAOM KoCTIOKa B.A. (1990) B reMOJIU3aTilX 3plITpOI..{IITOB. 

Mo.zi;eJib 3KCnepuMeHTaJibHOro AK)]; BocnpOH3BOAUJiaCb no MeTOAU

Ke 3aJIKaH Il.M. (1965). )];ml JieqeHllil AK)]; TilIOKe ucnOJib30BaJIU Jia3epoTe

panmo. y CTilHOBJieHo, ~o y 60JibHbIX aJIJiepro.zi;epMaT03aMH aKTHBHOCTb 

co.n; COCTaBUJia 5,19±0,30 elJ!Mr Hb (P<0,01), a npu 3KCnepuMeHTaJibHOM 

AK)]; - 6,7±0,42 ellfr.ir Hb (P<0,01). Jla3eporepanID1 HOpMWIH30BaJia ypo
aeHh CQ)]; y 3KCnepuMeHTaJibHbIX )KUBOTHbIX (8,04±0,52 elJ!Mr Hb) U y· 

60JibHblX aJIJiepro.zi;epMaT03aMU (7, 18±0,61 elJ!Mr Hb ), npu6JIU)Krul aKTHB

HOCTb cpepMeHTa K KOttTpOJihHbIM Qucl>paM. BepoHTHO, Jia3epHoe umyqeHue 

aKTUBupye-r q,epMeHTbl aHTUOKCU)];aHTHOH CUCTeMbl, qTo cnoco6cTBYeT 

CTa6UJIU3aQUU MeM6paH KJieTOK. B pe3yJibTaTe C03)];aIOTCH ycJIOBUH AJIH 

ycUJieHu.11 nponucpepaQuu u pereHepaQuu TKaHeu u ynyqmae-rc.11 cocToHHue 

60JibHbIX. 

CPABHHTEJil,HLIH AHAJill3 BJIIUIHIDI <l>AKTOPOB 
KOCMlf1IECKOro IlOJIETA HA IlPO:QECCbl 

'.HCH3HE~HTEJII,HOCTH MHKPOOPr AHH3MOB 
IlPH KP ATKOBPEMEHHLIX KOCMIBIECKHX IlOJIETAX 

Boeu1<oea T.A., Ta6a1<oe B.10. 
rocy,napcTBeHHI>IH uayqHO-HCCJie,noBaTeJibCKUH HHCTHTyT reHeTHKH H ceJieKQHH 
npoMLmmeHHLIX MHKpoopraHITTMOB, r. MocKBa, PoccHH, voeikova@genetika.ru 

ffayqeHue KOMIIJieKCHOro BJillilHUH cpaKTopoB KOCMU1IeCKOro noJieTil 

Ha pocT, .zi;ucpcpepeHQHaQHIO, aHTU6HOTUK006pa30BaHue, ypoBeHb MYTa-
6UJibHOCTU, xapaKTep nepe.zi;aqu u cTI16UJihHOCTb reHe-ruqecKoro MaTepuaJia 

y MHKpoopraHU3MOB npoB0)];UJIU B 3KCne.zi;UQUHX 1996-2005 rr. Ha CTaHQllilX 

"Mup" u "<l>oTon-M2". ,ll;JIHTeJihHOCTb none-roa cocTaBJIHJia 6 - 16 CYTOK. 

B KaqecTBe 061,eKTOB 6hIJIH ucnOJib30BaHbl lllTaMMbl 6aQHJIJI " 

CTPeIITOMHQeTOB u lllTaMM KHmeqHou naJioqKU, Y CTPeIIT0MHQeTOB 

noKa3ano H3MeHenue Mopcporene3a u CHU)KeHue ypoBHH 3KCnpeccuu reHOB 

6uocuHTe3a aHTu6uoTHKOB. OTMeqeHo yaenuqeHue ypoBHH cnopoo6pa3oaa

Hllil y HeKOTOpbIX lllTaMMOB CTPeIITOMUQeTOB u 6onee paBHOMepnrui: 

.zi;ucpcpepeHQUaQllil MUQeJillil. B na6opaTOpHbIX ycJIOBllilX y CTPeIITOMUQeTOB 

npo.zi;eMOHCTPHPOBaHbl U3MeHeHUH B pa3BUTUU MUQeJIUH npu rny6UHHOM 
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KYJibTUBUpoBaHUU. y lllTaMMa KHmeqHOH naJioqKu OTMeqeHO yaenuqeHUe 

ypoBHH Bbl)KUBaeMOCTU " HaKOIIJieHllil 6uoMaCCbl. O.zi;naKO Bee 3TH 

U3MeHeHUH HOCUJIU cpu3UOJIOruqecKUH xapaKTep, U npu KYJibTUBHpoBaHUU 

lllTaMMOB B na6opaTOpHbIX ycJIOBHHX 3TH n0Ka3aTeJIU BOCCTaHaBJIUBaJIUCb. 

B 0THOllleHHU 6aQUJIJI AOCTOBepHbIX OTJiuquu no MOpcponoruqecKUM, 

cpmuonoro-6uoxnMuqecKHM u reHe-ruqecKHM npmHaKaM 'He BbIHBJieHo. He 

OTMeqeHO nOBbillleHllil ypoBHH MYTa6UJibHOCTU y CTPeIITOMUQeTOB u 

6aQUJIJI. 

YcTaHOBJieHO, ~o <l>KIT nOBbilllaIOT 3cpcpeKTUBHOCTb KOH'bIOraTUB

HOro nepenoca IIJia3MHA H3 KJieTOK KUmeqHOH naJioqKu B CTPenTOMUQeTbl. 

IloKa3aHO, ~o CTa6UJibHOCTb Hacne.zi;oBaHHH " ypoBeHb 3KCnpeccuu 

p.11.zi;a reHOB MYJibTUKOnHHHOH IIJia3MU)];bl pIJ702 a lllTaMMe Streptomyces 
lividans OCTaIOTCH noCTOHHHbIMU npu 3KCnOHHpoBaHUU Ha «<l>OTOHe-M2». 

Ilpu 3KCnOHHpOBaHUU cnop lllTilMMa CTPeIITOMUQeTa B ycJIOBllilX 

OTKpbITOro KOCMOCa B TeqeHue 6 MeCHQeB nOKa3aHO 3HaqmeJibHOe 

CHU)KeHHe Bbl)KUBaeMOCTU U pe3KOe H3MeHeHue TilKUX cpH3HOJIOruqecKHX 

npH3HaKOB, KaK MopcporeHe3, AHcpcpepeHQUaQUH, 6uocuHTe3 BTOpuqHbIX 

MeTa60JIHTOB " .zi;p. 3Tu U3MeHeHHH UMeJIU MYTaQUOHHbIH xapaKTep " 

HaCJie)];OBaJIUCb B pMe noKOJieHHH. 

IlOJIHCHCTEMHAH O:QEHKA <l>YIIK:QHOHAJil,HblX 
XAPAKTEPHCTHK 3,Lt;OPOBbH JIETHOro COCTABA BBC 

Kapw11oe MIO., Ila111<oea HE., E:J1Coea O.A., KoMapoe A.B. 
fY HMM o6meii naTOJionm u naT04JH3HOJiomu P AMH, r. MocKaa, PoccHH 

mkarganov@mtu-net.ru 

Ilpoae.zi;eH cpaBHHTeJibHbIH aHaJIH3 noKa3aTeneu cep.zi;eqHo-cocy

.zi;ucToii, )];blXaTeJibHOH " ncuxoMOTOpHOH CUCTeM ocpuQepoB BBC ( ((JleT

quKU», n = 8, cpe.zi;Huii B03pacT 33,01±2,71 ro.zi;a) u npanoprn;uKoB <l>C.6, %H 

AOJI)KHOCTHbie o6H3aHHOCTU He CBH3aHbl C nOJieTaMU ( «KOttTpOJib», n = 34, 

cpe.zi;HUH B03pacT 27,59±0,83 JieT). OQeHUBaJIU: aMIIJIUl)'AHO-BpeMeHHbie 

noKa3aTenu cep.zi;eqHoro KOMIIJieKca, aapua6eJihHOCTb cep.zi;eqHoro pmMa ( c 

ucnOJib3OBaHUeM CTaTUCTUqecKHX, reoM~uqecKHX U cneKTPaJibHbIX 
noKa3aTeneu), nepucpepuqecKoe cucTonuqecKoe u .zi;uacTonuqecKoe A)]; u HX 

Bapua6eJibHOCTb, nOKa3aTeJIH reMOAHHaMUKU, a TaIOKe BeJiuquey qyBCTBH-
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TeJibH0CTH 6apopecpneKca. B KaqecTBe <PYHKUHOHaJibHOH npo6bI npHMeIDIJIH 

MeTOA K0ttTp0JIHpyeMoro ,AbIXaHmI. y HCnb1zyeMbIX p8.3HbIX rpynn He 

Ha6mo,AaeTCSI p8.3JIHqHif no aMDJIHzyAH0-BpeMeHHbIX xapaKTepHCTHKaM 

cepAeqHoro K0MDJieKca H no noKa.JaTeJI.SIM cep,AeqHoif npomB0AHTeJib

H0CTH, qacTOTe cep,AeqHbIX COKpameHHH H no 60JiblliHHCTBY nOKa.JaTeJieH 

cep,Aequoro pHTMa. BMeCTe c TeM y HCnb1zyeMbIX rpynnbl ((JleTqHKH» o6Ha

p)'iKeHa TeH,AeHI..\HSI K nOBbIWeHHIO 3HaqeHHH CTPeCC-HHAeKca no 

P.M. EaeBCKOMY. CneKTPaJibHbIH aHaJIH3 aapHa6eJibHOCTH A,n: no3B0JIHJI 

YBHAeTb yaenHqeHHe OTHocHTeJibHOH MomHocTH AHana.JoHa VLF y ocpHue

poa BBC, qTo 06b1qHo CBSI3bIBaIOT c aKTHaauHeif peryJIRTOpHbIX npoueccoa 

Ha Me)KCHCTeMH0M yp0BHe. 3HaqeHHSI BeJIHqHHbl qyBCTBHTeJibH0CTH 6apo

pecpJieKCa 0K8.3aJIHCb A0CT0BepH0 CHH)KeHbl y HCnb1zyeMbIX rpynnbl 

«ne~HKH». IlpH BbID0JIHeHHH cpyHKUHOHaJibHOH npo6b1 B cneKTPe aapna-

6eJibHOCTH ,AHaCT0JIHqecKoro nepHcpepnqecKoro A,[( Bbl.SIBJieH0 6onee Bbipa

)KeHH0e B03paCTaHHe OTHOCHTeJibHOH M0mH0CTH ,AHana.J0Ha LF H BeJIHqH

Hbl qyBCTBHTeJibH0CTH apTepHaJibH0fO 6apopecpneKca y B0eHH0CJI)'iKamHX 

BBC, ~o M0)KeT 0TPa)KaTb 6onee Bbipa)KeHttyIO aKTHBaUHIO CHMnaTHqec

KHX BJIHSIHHH Ha T0ttyC nepHcpepHqecKHX C0CYA0B. ,[(JIHTeJibHOCTb UHKJia 

,ABH)KeHH.SI y HCnb1zyeMbIX rpynnbl ((JleTqHKH» A0CT0BepH0 BbIWe, qeM B 

KOHTPOJibHOH rpynne. OmH6Ka ceHcopHoH KoppeKUHH cpneKcopoa y HCnbI

zyeMbIX rpynnbl ((JleTqHKH» HH)Ke, qeM B KOttTpOJibHOH rpynne, p8.3JIHqml 

Me)l(Ay rpynnaMH no n0Ka.JaTeJIIO ceHcopHOH OWH6KH 3KCTeH3opoB ypoBHSI 

CTaTHCTHqecKOH A0CT0BepH0CTH He A0CTHraIOT, X0T.SI H HanpaBJieHbl B TY )Ke 

cmpotty. 

IlEPCIIEKTIIBLI IIPHMEHEHIDI TP AHCKP AIIHAJILHOH 
3.T.{EKTPOCTHMY ~ 3A~IITHl,IX CTPYKTYP M03r A 

B KOCMIWECKOH ME,ll;II[(HHE 

Jle6eoee B.ll. 
QeHTp lpaHCKpaHHa.JlhHOil: :meKTJ)OCTHMYJI.SIUHH 11HCTITTYTa qJH3HOJIOrHH 

HM. 11.Il.IlaBJIOBa PAH, C.-IleTep6ypr, PoccH.S1,lebedev@infran.ru 

HaMH p8.3pa6ornH MeT0A ceneKTHBHOH HeHHBa.JHBHOH TPaHcKpa-: 

HHaJibHOH 3JieKTPOCTHMYJI.SIUHH 3amHTHbIX (3HAOP<PHHeprnqecKHX) CTPYK

TYP M03ra (T3C-Tepanm1). CeneKTHBHOCTb B03AeHCTBH.SI aepHcpHUHpoBaHa 

C noMombIO ..HMP-TOMOrpacpHH, HMMYHOUHTOXHMHqecKoro (3KCnpeccm1 
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C-FOS) H MeTa60JIHqecKoro (aympa,Auorpacpm1 c D-oKCHrJIIOK03oif) KapTH

poaamrn. OrnHMaJibHbIH pe)KHM 3JieKTPOB03AeHCTBml Bb16paH Ha ocnoaa

HHH urnpoKoro CKpHHHHra Ha 3KCnepHMeHTaJibHO-naTOJIOrHqecKHx MO,Ae

JISIX C HCnOJib30BaHHeM KOJIHqecTBeHHbIX MeTOAOB. IlpH 3TOM Bbl.SIBJieHbl 

KB8.3Hpe30HaHCHbie CBOHCTBa 3amHTHbIX MexaHH3MOB M03ra, H HX aKTHBa

UH.SI no,ATBep)l(AeHa C noMombIO pa,AH0HMMYH0XHMffqeCKoro onpe,AeJieHHSI 

P-3HAopcpmm, a TaK)Ke HcnoJib30BaHH.SI era aHTaroHHCT0B H aroHHCT0B. 

Pe3yJibTaTbI pa6oTbI 3apernCTPHP0BaHbI B KaqeCTBe ttayqHoro 0TKpbITH.SI 

(Mi 237, 2003 r., npHopHTeT 1996 r.). 
KrrHHHqecKoe npHMeHeHHe MeT0,Aa a p8.3HblX o6JiaCT.SIX Me,AHUHHbl c 

HcnoJib30BaHueM p8.3pa6oTaHHbIX HaMu annapaT0B «TPAHCAMP», Haqame 

a 1983 r., n0K8.3aJI0 era BbIC0KYIO 3cpcpeKTHBHOCTb (npeMH.SI IlpaBHTeJibCTBa 

P<l> B o6nacTH HayKH H TeXHHKH, 2004 r.). HaKonJieHHbIH onbIT ,AeJiaeT 

nepcneKTHBHbIM npHMeHeHue T3C-TepanHH B KOCMHqecKOH MeAHUHHe. 

IloKa.JaH aHTHCTPeccopHbIH 3cpcpeKT T3C-TepanHH (neqeHHe peaK

THBHbIX COCTO.SIHHH y 3aJI0)KHHK0B B oy,AeHHOBCKe, p0,ACTBeHHHK0B M0p.SI

K0B ATIJI «KypcK» H Ap.). T3C-TepanH.SI n0BbIWaeT a,AarnauH0HHbie pe3ep

Bbl opraHH3Ma ( cnacaTeJIH, BblCOKOKBaJIHqJHUHpOBaHHbie B0eHH0CJI)'iKamHe 

H ,Ap.). 3KcnepuMeHTaJibHO H KJIHHHqecKH A0Ka.JaH Bblpa)KeHHblH o6e36o

JIHBaIOmuu 3cpcpeKT T3C-TepanHH, He 3aBHc.S1mHif OT JI0KanmauHH u 3THo

nornH 6oJIH. Ilpo,AOJI)KHTeJibHOMY aHaJibreTHqecK0MY 3cpcpeKzy cnoco6cT

BYeT npoTHB0BocnanHTeJibH0e ,AeifcTBue T3C-TepanHH. Y cTaH0BJieH HM

MYHOCTHMYJIHPYIOmHif 3cpcpeKT, npo.S1BJIS110mHifc.S1, HanpHMep, B HaqaJibHbIX 

CTa,AlfSIX BHPYCHbIX 3a6oJieBaHHH (pa60Tbl C MHCTHzyTOM rpHnna p AMH). 

IToKa.JaHo cTa6HJimupy10mee BJimlHHe T3C-TepanHH Ha MexaHH3MbI pery

JISIUHH apTepHaJibH0r0 ,AaBJieHH.SI. Ha M0,AeJI.SIX MHKporpaBHTaUHH (pa60Tbl C 

HMEil H MrY) ycTaH0BJietto cymecTBeHHoe yMeHbmeHue opmcTaTH

qecKoif peaKUHH, ~o MO)KeT HMeTb 3HaqeHHe B ycJIOBH.SIX nepexo,Aa OT 

HeBeC0M0CTH K B03,AeHCTBHIO 3eMH0ro npHTIDKeHml. TaKHM o6p8.30M, anna

paTbI AA.SI T3C-TepanuH M0ryT .SIBHTbC.SI 3cpcpeKTHBHblM Jieqe6HbIM H npo

q>HJiaKTuqeCKHM HHCTPYMeHT0M npH pa6oTe 3aMKttyT0ro K0JIJieKTHBa B 

YCJI0BIUIX MHTeJibHOH HeBeC0M0CTH H npH 0TCYTCTBHH cneUHaJIH3Hpo

BaHHOH MeAHUHHCKoif noMomH. 
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3<l><l>EKTHBHOCTLAHTHOKCII)v\Hmoro~EHCTBIDI 
KOMJimmPOBAHHOro IIPHMEHEHIDI IN VITRO 
CBEPXHH3KIIX ~03 <l>AKTOPOB XHMINECKOH 

H <l>H3111IECKOH IIPIIPO~I HA CLIBOPOTKY KPOBH 
HOBOPO)K,ll;EHHLIX C rIDIOKCifllECKHM KPH30M 

MellKJlMRH A.B. 
HHCTHT)'T MOJieKyn»pHoii 6nonomn HAH PA, r. EpeaaH, ApMeHIDI 

konstant@mb.sci.am 

, f HIIOKCHqecKoe COCTOHHHe y HOBOpO)K):{eHHbIX xapaKTepH3yeTC51 

orqeTJIHBO np051BJl5IIOIQHMC51 B CbIBOpOTKe KpOBH (CK) HapyrneHHeM 

qmnoreHeTHqecKH CTa6HJIH3HpOBaHHOrO IlOCTOHHCTBa cpoc<pOJIHTTH)].-q>0ccpo~ 

JIHTTH,IJ;HbIX (<l>JI-<l>JI) COOTHOlIIeHHH, a TaIOKe CHJlbHO BbipIDKeHHblM aKTHBH-; 

poBaHHeM HHTeHCHBHOCTH TeqeHHH npoQeCCOB CB060,n:Hopa,n;HKaJibHOro 

OKHCJieHHH (CPO) JIHTTH,IJ;OB a pa3JIHqHbIX 6HOJIOrttqeCKHX CHCTeMax opra

HH3Ma, conpOBO)K):{aIOIQHMCH BblXO,IJ;OM KOHeqHoro npo,n:yKTa B BH,n;e 

MaJIOHOBOro ,IJ;HaJib,IJ;erH,n;a (M,[(A). 
11CXOM H3 pe3yJibTaTOB paHee npoae,n:eHHbIX HCCJie,IJ;OBaHHU B 11HCTH

'I)"fe MoneKyJIHpHou 6HonorHH HAH PA no,n: pyKoao.n;cTBOM aKa,n;eMHKa 

K.r. Kapare3HHa, B Kpyr HaCTOHIQHX HCCJie,n:oBaHHU Mbl BKJIIQqJIJIH H3yqe

HHe oco6eHHOCTeH ,n:euCTBHH CBepXMaJibIX A03 <paKTopoB XHMHqecKOU H 

cpH3HqecKOH npHpO,n:bI B BH,ll.e rnocynhcpam HaTPHH (TCH), KaJibQHeaoro 

npeQHnHTaTa ,n:po)IOKeBou HH3KOMOJieKynHpHou ,n:aycnHpaJibHOu PHK (Ca
2
+

.ll.C-PHK), BnepBbie MO,ll.HqJHQHpOBaHHOro B 11HCTH1Yfe MOJieKyJIHpHOU 6HO

JI0rHH HAH PA, a TaIOKe HH3K03HeprernqecKoro HH<ppaKpacHoro reJIHM

HeoHoBoro Jia3epHoro o6nyqeHH51 caepXHH3KOU HHTeHCHBH0CTH. 11,r:{eH npo

Be,l].eHHbIX HCCJie,n:oBaHHM OCHOBbIBaJiaCb Ha pa3BHBaeMOU B HaCTO.HI.Qee Bpe

MH K0HQeilQHH npocp. EypnaKOBOM E.E. 06 HCKJIIQqHTeJibHO BbICOKOM 

TepaneBTHqecKOU 3cp<peKTHBHOCTH ,ll.eiicTBHH cpaKTopoB XHMHqecKOU H 

qJHJHqecKOH npHpO,ll.bl, B TOM qHCJie H <pH3HOJIOrHqecKH aKTHBHblX 

coe,ll.HHeHHH, a TaIOKe JieKapCTBeHHbIX npenapaTOB, HCil0Jib3yeMblX B 

CBepXHH3KHX K0HQeffTPaQH51X. 

B no,n:o6HOU IlOCTaHOBKe BOnpoca peanH3aQHH 3a,n;aq no HaCT0HI.QeM)' 

HCCJie,n:oaaHHIO CTPOHJiaCb Ha 0ilbITax in vitro C HCil0Jlb30BaHHeM MeTo.n:a 

HHKy6aQHH npo6 CK, nonyqeHHbIX OT HOBOpO)K):{eHHblX c BblpIDKeHHblM 

mnoKcHqecKHM CHH.ll.POM0M B cpe,n:e TPHC HCL 6ycpepa (npH T-37 ° C, pH 

- 7,4) a TeqeHHe 30 MHH. 113 4-x napanJieJibH0 HHKy6HpOBaHHbIX npo6 CK 
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nepBa.8 ( <pHKCHpOBaHHblU KOHTPOJib) np0H3B0,ll.HJiaCb JIHlIIb B npHCYTCTBHH 

1 MJI CK, BT0pa.H - c .ll.06aaneHHeM K cpe,ll.e 1 MJI 10·12M TCH, TPeThH - 1 MJI 

Ca
2
+-,ll.c-PHK mu :;Ke K0HQeUTpaQHH, qeTaepTaH - npH o6nyqeHHH 5 MJI 

HHKy6aQHOHHOU cpe,ll.bl c 1 MJI CK. 

CornaCHO nonyqettHbIM pe3yJibTaTaM B <pHKCHpOBaHHOM K0HTP0Jie He 

o6HapymHBaJIHCb CTaTHCTttqeCKH ,IJ;0CTOBepHbie 0TKJI0HeHHH a ypoBHe M,[(A 
OT TaK0B0ro 6e3 HHKy6aQHH. Bo BCex Il0CJie,ll.ylOIQHX BapttaHTaX 3KCnepH

MeHTa npocJieiKHBaJiaCb orqeTJIHB0 BbipIDKeHHa.8 TeH,l].eHQH51 K ynopH,ll.0qe

HHIO Il0BbilIIeHH0r0 ypOBHH M,[(A, npO,ll.OJiiKaBlIIero, O,l].HaKo, npeBaJIHpo

BaTb Ha,n: ero ypoBHeM y npaKTHqecKH 3,ll.Op0BbIX H0Bopo)K):{eHHbIX. KapTHHa 

noJrneurneu H0pMaJIH3aQHH K0JIHqecTBeHHOro C0,ll.epiKaHHH M,[(A B CK 

H0B0p0)K):{eHHbIX C rHil0KCHqecKHM CHH,ll.pOM0M K0HCTaTHpOBaJiaCb JIHlIIb 

nocne KOM6HHHpoaaHttoro coqemHHoro HCilOJib30BaHHH acex TPeX Hcnonb-

30BaHHbIX HaMH aKTHBHbIX Haqan. ITonyqeHHbie ,ll.aHHbie CBH,ll.eTeJibCTBYIOT 

0 He06XO,ll.HMOCTH 6e30TJiaraTeJibHOro ,n:o- H KJIHHHqecKoro HCilblTaHHH 

pe3yJihTaT0B npoae,n:eHHbIX HaMH 3KCnepHMeHTaJibHblX HCCJie,n:oBaHHU Ha 

npe,n:MeT no,n:rnep)K):{eHH51 opHrHHaJibHOCTH MeT0,n:a KOM6HHHpOBaHHOU 

aHTH0KCH,n;aHTOTepanHH B KJIHHHKe rHnOKCHU H0BOpO)K):{eHHbIX, 0CJI0iKHeH

HblX npe,ll.eJibH0 BbIC0KHM aKTHBHpoBaHHeM npoQeCC0B nepeKHceo6pa3o

BaHH51. 

IJ)ITOrEHETJfqECKHE HAPYIDEHIDI B JilIM<l>OIJ)ITAX 
KPOBH KOCMOHABTOB IIOCJIE MHOrOKPATHLIX 

KOCMJlllECKIIX IIOJIETOB 
2CHuzupeBa I'.Il., 1 <PeoopeHKO E. C., 2 EozoMmoBa A.H., 2 HoBUlfKG.R H.H. 

1fHQ P<l> HHCTHTYT Me)UIKo-6ttonorttqecKnx npo6neM PAH 
2
<l>eAepanLHoe rocyAapcTBeHHoe yqpe)l(JJ;ettne "PoccttiicKttii HayqHL1ii ueHTp 

peHTreHopa.l(HOJIOrHH POC3Apaaa" 

QirroreHeTHqeCKHe HCCJie,n:oBaHH51 JIHMqJOQHTOB nepHcpepHqecKOU 

KpOBH IlOKa3biBaIOT, qro cpaKTHqecKH y BCex K0CMOHaBTOB IlOCJie 

MHTeJibHbIX K0CMHqeCKHX IlOJieTOB (KIT) H B 60JiblIIHHCTBe cnyqaeB IlOCJie 

KpaTK0BpeMeHHbIX noJieT0B B pe3yJibTaTe B03,n:eucTBHH HH3KHX yp0BHeu 

lCOCMHqecKoro H3JiyqeHH51 npoHCX0AHT CTaTHCTHqecKH 3HaqHM0e 

YBeJIHqeHHe qacT0Tbl xp0MOCOMHbIX a6eppaQHH. 
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B HaCTO}II.lJ,eM coo6ll{eHHH npe)l.CTaBneHbl pe3ynbTaTbl H3yqeHHH 

lJaCTOTbl a6eppa@ii xpOMOCOM HeCTa6HJibHOfO THna a nHM<pOI . .\HTaX KpOBH .. 
l 

KOCMOHaBTOB, KOTOpbie Henocpe)l.CTBeHHO npHHHMaJIH ytJaCTHe B I 

KOCMtttJecKHX 3Kcne)l.HlJ,HHX Ha op6ttTaJibHOii CTaHlJ,HH "Mttp" H MKC. ! 
AHaJIH3 pe3ynbTaTOB npoBe)l.eHHbIX uccne)l.OBaHHH nOKa3aJI, lJTO 

,l{ononeTHbIH cnOHTaHHblH ypoBeHb xpoMOCOMHbIX a6eppau,Hii, a HMeHHO 

,l{HU,eHrpHKOB tt lJ,eHrpHlJeCKHX KOnelJ,, y o6cne.l{OBaHHbIX KOCMOHaBTOB 

xapaKTepmyeTCH ,l{OCTaTOlJHO HH3KHMH BenHlJHHaMH - 0,06 Ha 100 KJieTOK. 

Ilocne 1-ro Kil tJaCTOTa ,l{HlJ,eHrpHKOB H lJ,eHrpHtJeCKHX Koneu, 3HalJHTenbHO 

npeBbllllaeT ,l{OnoneTHblH ypoBeHb (npHMepHO a 6 pa3). qaCTOTa xpoMOCOM'.'. 

HbIX a6eppalJ,HH HapacTaeT c yaentttJeHHeM ,wmTenbHOCTH Kil H, HeCMOTPH 

Ha ee CHIDKeHHe B Me)KJJOneTHOM nepHO,l{e, nocne KIDK)J,OfO OtJepe.l{HOfO 

nonera tJaCTOTa xpoMOCOMHbIX a6eppalJ,HH OCTaBaJiaCb CTa6HJibHO BblCOKOH, 

npeBbllliaH ,l{OnoneTHblH ypoBeHb. y CTaHOBneHO TaIOKe BnHHHHe npO,l{On

)KHTenbHOCTH BHeKopa6enbHOH )l.eHTenbHOCTH (pa6oTa a OTKpbITOM 

KOCMOCe) Ha lJaCTOTY xpoMOCOMHblX a6eppalJ,HH, lJTO, no-BH,l{HMOMY, 

CBH3aHO C nOBbillieHHblM ypOBHeM pa)l.HalJ,HOHHOfO B03)l.eHCTBHH. 

,[(ttHaMHKa H3MeHeHHH lJaCTOTbl xpoMOCOMHbIX a6eppalJ,HH y 

KOCMOHaBTOB, yqacTBOBaBIDHX B HeCKOnbKHX noneTax, KaK npaBHJIO, HOCHT 

HH,l{HBH.l{yaJibHbIH xapaKTep. 3To MO)KeT 6bITb CBH3aHO, C O,l{HOH CTOpOHbl, C 

pa3HbIMH ,l{030BbIMH HarpY3KaMH, a C .ll.pyroii CTOpOHbl, onpe.l{enHeTC}I 

HH,l{HBH.l{yaJibHbIMH oco6eHHOCT}IMH KOCMOHaBTOB, a nepayIO OtJepe.ll.b, ux 

HH,l{HBHJ.\YaJibHOH pa.l{HOtJYBCTBHTenbHOCTbIO. 

IlonyqeHHbie pe3ynhTaTbl CBH,l{eTenbCTBYIOT O TOM, lJTO MaJibie ,l{03bl 

KOCMHlJeCKOfO mnytJeHHH OKa3bIBaIOT cyll{eCTBeHHOe BnH}IHHe Ha ypoBeHb 

xpoMOCOMHbIX a6eppalJ,HH a nHM(pOlJ,HTaX KpOBH KOCMOHaBTOB, yaenHlJHBM 

npH 3TOM pHCK pa3BHTH}I He6naronpHHTHbIX nocne,l{CTBHH o6nytJeHHH. 
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OCOliEIIlIOCTH ,l(EHCTBIDI MAJThIX ,l(03 113.JIYqEIIllH, 
MO,l(EJIIIPYIOID:HX P A,ll;HAIJ;IIOIIlIOE IIOJIE B YCJIOBIDIX 

AB~OHHLIX II KOCMINECKIIX IIOJIETOB, BA Ml>IIDAX 
IN VIVO 

1 Copo«uHa C. C., 13aui-tT<.UHa C.H., 1 Po3aHoea O.M, 1 AxMaoueea A.X, 
1Anmu«aeea I'.<P., 1CMupHoea E.H, 1PoMaH'-leHT<.O C.H, 1Baxpyme6a O.A., 

2Ilellewxo B.H, 3Ewza«uH B.E. 
1I1HCTIIT)'T TeopeTWiecKoii H 3KcnepBMeHTaJibHOH 6H04)H3HKH PAH, r. Ilym0Ho, 

Pocclll, rozanova@mail.ru 
2fHQ P<l> I1HCTBTYT 4)H3HKH BblCOKHX 3Heprnii, r. IlpOTBHHO, PoCCIDI 

3<l>H3HKO-TeXHWieCKHii neHTP <l>MAH BM. II.H.Jle6e.neaa, r. IlpoTBHHO, Poccilll 

QenbIO HaCTOHll{ero HCCne,l{OBaHH}I }IBn}leTCH H3yqeHHe ,l{eHCTBH}I 

MaJibIX .ll.03 HJJiyqeHttii, MO.l{eJIHPYIOlllHX KOMnoHeHTHbIH H cneKrpaJibHbIH 

COCTaB PMHRlJ,HOHHbIX noneii, cpopMHPYIOlllHXC}I B ycnoBHHX aBHRU,HOHHbIX 

H KOCMHlJeCKHX noneTOB, B KJieTKax KOCTHOro M03ra Mbimeii in vivo C 

IlOMOll{blO MHKpO}l.l{epHoro TeCTa: ,l{030BOH 3RBHCHMOCTH, a,l{anTHBHOfO 

OTBeTa H reHeTHlJeCKOH HeCTa6HJibHOCTH B F 1 noKoneHHH. 

B 3KcnepttMemax ucnonb30BaJIHCb caMlJ,bI Mhimeii nHHHH SHK. 
XpoHHlJeCKOe o6nyqeHHe npOBO,l{HJIOCb B none H3nyqeHHH 3a BepxHeii 

6eTOHHOH 3Rll{HTOH CepnyxoBCKOfO ycKOpHTen}I npOTOHOB C 3Heprneii 

70 f3B (Y-70 M<l>B3, r. IlpoTBHHo), KOTopoe xopomo MO,l{enupyer KOMno

HeHTHbIH H cneKrpaJibHblH COCTaB BblCOK03HepreTHlJeCKOfO pa,l{HalJ,HOHHOfO 

nonH, cpopMHpyeMoro B aTMoccpepe Ha BbICOTe 10-30 KM. ,[(JIH MO,l{enttpo

BRHHH KOCMHlJeCKOfO H3JiyqeHHH B HRIDHX 3KCnepHMeHTax HCnOnb30BaJIOCb 

BTOPHlJHOe H3JiyqeHHe OT npoTOHOB C 3Hepn-1eii 70 r 3B H nH-Me30HOB, 

reHepHpyeMbIX Ha Y-70 M<l>B3. 

B pe3ynhTaTe npoBe,l{eHHbIX 3KcnepttMeHTOB 6bIJIO nOKa3RHO, lJTO 

XpOHHlJeCKOe o6nyqeHHe MbIIDeii B ,l{03ax 10 - 40 cf p mnyqeHHeM, 

MO,l{enHpYIQlllHM pa,l{HRlJ,HOHHOe none B ycnOBHHX aBHalJ,HOHHbIX noneTOB, 

IlpHBO,l{HT K poczy @TOfeHeTHlJeCKOfO noape)K,l{eHHH H He HH.l{yll,HpyeT 

pa,!J,HaU,HOHHbIH a,l{RilTHBHbIH OTBeT, B OTnHtJHe OT aHaJIOfHlJHbIX ,IJ,03 

XpOHHlJeCKOfO raMMa-HJJiyqeHHH npH TOH )Ke MOI.l.{HOCTH. y nOTOMKOB Fl, 
nonyqeHHbIX

0 

OT o6nyqeHHbIX CRMU,OB, reHeTWieCKaH HeCTa6HJibHOCTb npo

HBn}lnacb B nOBbillieHHH PMHOtJYBCTBHTenbHOCTH H OTCYTCTBHH R,l{RilTHB

Horo OTBeTR. MaJibie ,l{03bl BTOpHlJHOfO H3JiyqeHHH OT npOTOHOB C 3Heprtteii 

70 r 3B TaIOKe 6bIJIH He cnoco6Hbl HH.lJ.YI.\HpOBRTb pa,l1,HRU,HOHHbIH 
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aJJ,aIITHBHbIH OTBeT. IlonyqeHHbie JJ,aHHbie M0JYf 61,rr1, ucnon1,3osaHbI Ma I 
oqeHKH paJJ.Hal..{H0HHbIX pucK0B npu JJ.0JirospeMeHHbIX asuaquoHHbIX "I 
IlHJIOTHpyeMblX K0CMHqecKHX Il0JieTax, a TaIOKe MH pa3pa60TKH 

~ I 
reopeTHqecKHX 0CH0B aJJ,anTal..{H0HH0H MeJJ,Hl..{HHI,I. i 

PA3BHTIIE nIIIEPIIPOJIAKTHHEMIDI HA Cl>OBE IIPHEMA 
KOM6HIIHPOBAHBI,IX OP AJThllblX KOBTP ~IlTHBOB 

Y iKEH~ C K.JIIIIIWIECKH BLIP AiKEHHOH 
rHIIEPAHWOrEHIIEH 

T10pu11a E.3., HeKpacoBa M<P., llomepReBa O.H . 
Hosocn6HpCKHH rocy,napCTBeHHLiii Me,nmi;HHCKHii yHHBepcHTeT, r. Hoaocn6npcK, 1 

Poccua, Kunitsyn@ngs.ru l 

I-fa 60 MJIH )l('.eHIIlHH, npHHHMaIOIIlHX KOM6HHHpOBaHHbie opaJibHbi) 
K0mpaqemHBbl (KOK), y 10 % )l('.eHIIlHH pa3BHBaIOTCH no6oqHI,Ie 3cl>cl>eK
TbI: ysenuqeHHe MaCCI,I TeJia, MaCT0JJ,eHHH, 0JIHro-, JI.MC- H aMeHopeH. Bi 
HeK0T0pbIX cnyqaHX 3T0 npHB0Jl,HT K cepbe3HI,IM HapyrneHHHM 
penpOJJ.YKTHBHOH CHCTeMI,I H )l('.eHCK0MY 6ecnJIOJl,HIO. QeJII, HCCJieJJ,OBaHUH:i 
Il0Ka3aTh 3aBHCHM0CTI, Il0BI,JilleHHH npoJiaKTHHa B IlJia3Me Kp0BH H 
CBH3aHHblX C HHM OCJIO)l('.HeHHH OT THna HCil0JII,3yeMoro K0HTpaqemusa "· 
Hanuqug y )l('.eHIIlHHbl KJIHHHqecKH JJ.OCTosepHoii runepaHJJ,poreHHH. I 

MarepHaJibI H MeT0JJ.bI. MccJieJJ.OBaJIH TP" rpynnM: I - K0HTP0JibHM 
(15 qenoseK), )l('.eHIIlHHbI 6e3 HapyrneHHii osapuan1,Ho-MeHCTPYaJibHoro

1 

l..{HKJia; II rpynna - )l('.eHIIlHHbI, npHHHMasrnue KOK (60 qenoseK); III -: 
I 

)l('.eHIIlHHbI c na6oparnpHo-sepucl>uquposaHHOH mnepaHJJ.poreHueii, npuHH-
MaBrnHe KOK (20 qenoseK). )Keml..{HHbI rpynn II H III 06cneJJ,osanuc1,: 
Il0BT0pHO qepe3 10-12 MeCHl..{eB. YposeHI, npoJiaKTHHa, rrr, T4 o6m, T3ceo~,' 
JJ,emJJ.p03nHaHJJ,pocrepoHa cyn1,cl>aTa ()];3AC), TecrocTepoHa 17a, rHJJ.po
KCHnporecrepoHa onpeJJ,eJIHJIH HMMYffOcl>JIIOopecqeHTHbIM MeT0Jl,0M. 

Co6cTBeHHbie pe3yn1,TaTu1. YposeHb nponaKTHHa JJ.0CTosepuo 
ysenHqusancH npH MHTeJibH0M npueMe KOK u coxpaHHJICH B Teqeuue 
HeCK0JII,KHX MeCHl..{eB nocJie MX 0TMeHbl. runepnpoJiaKTHHeMHH, cnp0B0l..{H· 
posaHHM npueM0M KOK, 61,ma npuquHoii sneps1,1e B03HHKrneii aMeHopen. 
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)KeHIIlHHbl, HCX0Jl,H0 HMeBrnHe runepaHJJ,p0reHHIO, pearHp0BaJIH Ha npueM 
KOK 6onee BbIC0KHMH 3HaqeHHHMH rHnepnponaKTHHeMHH, speMH pa3BH
THH KOTopoii 3HaqureJibH0 MeHbille. YposeHI, npoJiaKTHHa 3aBHCeJI OT XH
MHqecKOH npup0JJ.bI nporecTHHosoro K0MnoHeHTa KOK. Y )l('.eHIIlHH c ru
nepaHJJ.poreHueii Ha6moJJ,anoc1, yruereHue ceKpequu ITf u CHH)l('.eHue 
T4 oGm· B1,1coKHH yposeu1, ,[{3AC Koppenuposan c pa3BHTHeM pauHeii mnep
nponaKTHHeMHH Ha npueMe KOK. 

Bl>IBOJJ.bI. Qenecoo6pa3HO JJ.0 perneHHH sonpoca o Ha3HaqeHHH KOK 
onpeJJ,eJIHTI, y )l('.eHIIlHH ypoBeHb nponaKTHHa B JIIOTeHHOBOH cl>a3e l..{HKJia 
(~061,1 cl>HKCHpOBaTI, ero MaKCHMaJibH0e 3HaqeHHe) H C0JJ,ep)l('.aHHe aHJJ,po
reH0B. O6Hap~eHHe BbIC0KHX ypoBHeH npoJiaKTHHa u ,[{3AC HBJIHeTCH 
JJ.0CT0BepHblM npmHaK0M Jl,H3peryJIHl..{HH runOTaJiaMo-runocl>mapHOH 
cucTeMbI c npeo6naJJ,aHueM nponaKTHH·CTHMYJIHPYIOIIlHX BJIHHHHH. 

SOME CORRELATIONS BETWEEN OXIDATIVE STRESS AND 
GROWTH FACTORS RELEASE IN THE MODEL OF 

ALZHEIMER'S DISEASE 

Aghajanov Ml, Yenkoyan KB. 
Yerevan State Medical University, Yerevan, Armenia, agajanov@freenet.am 

There are a lot of controversial data concerning the priority of 
pathogenetic events in Alzheimer's disease. But it is clear that neuronal 
oxidative damage and deficiency of growth factors are of some main culprits 
that play role in neuodegeneration in general and particularly in AD. That's 
why our study was focused on finding some parallels between these two 
processes and on finding new biological agent that will be able to regulate 
them. As a bioregulator we choose the complex of proteoglycans of 
embryonal genesis (PEG) by L. Mkrtchyan. 

Materials and methods. The experimental model of AD was created in 
rats by intracerebroventricular injection (i.c.v.) of aggregated AP 25 - 35 
solution (3 µg) into each cerebral lateral ventricle at a rate of 1 µI/min. Fifty 
young adult male rats 230 - 290 g were divided into 4 groups: the control 
group consisted of vehicle treated animals; the 1st experimental group was 
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i.c.v. injected by aggregated AP; the 2nd experimental group was 
subcutaneously (sc) injected by PEG (lmg/200 g) only; the 3rd experimental 
group was sc administered by PEG 7 days before AP injection and on the 
25 th day after it Supernatants obtained from rat brain ( cerebral cortex, 
hippocampus, hypothalamus) and thymus underwent ELISA for IGF-1 and 
NGF determination, as well as spectrophotometrical detection of malonic 
dialdehyde (MDA) level. The concentration of protein was measured by ' 
Lowry. The statistic calculation of the results was done by the method of 
Student's variation statistics. 

Results. The results of ELISA demonstrated that after injection of AP 
25 - 35 the level of NGF decreased in the cerebral cortex, hypothalamus, 
and increased in the hippocampus. The level of IGF dramatically increased 
in all mentioned structures and mainly in hypothalamus. At the same 
condition MDA in that structures was high. The sc preliminary injection of 
PEG decreased MDA in cerebral cortex, hippocampus, hypothalamus, but 
not in thymus, where it was higher than in amyloidal animals. Concentration 
of growth factors was coming up to control parameters. 

In summary, our findings show that neuronal death in AD may be a 
result of some pathogenetic events, including oxidative injury and 
impairment in growth factors metabolism. The regulation of that both 
processes can be of importance for neuronal survival in Alzheimer's 
pathology. 

COMET ASSAY STUDY OF DNA DOUBLE-STRAND BREAKS 
INDUCED BY ACUTE IRRADIATION IN BLOOD LYMPHOCYTES 

OF COSMONAUTS AND PILOTS EX VIVO 
1 Vorobyova N. Yu., 1 Osipov A.N., 1 Serebryaniy A.M, 2Tsetlin V. V., 

1 Pel evina I.I. 
1N.N. Semenov Institute of Chemistry Physics RAS, Moscow, Russia 

nuv.rad@mail.ru 
2Institute for Biomedical Problems RAS, Moscow, Russia 

The aim of our work was to determine the individual sensitivity of 
pilots and cosmonauts to the additional exposure to gamma-radiation and 
ability to adaptation and forming on this basis hazard groups. In total, 7 
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cosmonauts, 16 pilots and 7 control people were examined. For investigation 
the peripheral blood of control people, pilots and cosmonauts was taken. 
Irradiation of isolated lymphocytes was made at 4 ·c on «Luch» gamma-rays 
devise at a dose rate 25 cGy/min. Total absorbed dose was 1 Gy. For the 
estimation of the DNA fragmentation and DNA double-strand breaks a 
neutral version of comet assay was used. The results of investigation showed 
that there are statistically significant differences between the pilots group 
and the control group. We can mark the close means of initial DNA damage 
and the close reactions on additional irradiation in control group. Opposite, 
in pilots a high degree of individual differences initially and after irradiation 
is marked (from the resistance to increased radiation sensitivity). After 
irradiation a statistically significant increasing of DNA damage is pointed at 
3 pilots, moreover, 2 have the increased level of chromatin relaxation 
degree. It was also shown that the initial level of DNA damage statistically 
varies in the group of cosmonauts. After irradiation a high resistance 
(possibly adaptive response) to irradiation is pointed at 3 cosmonauts and a 
high level of chromatin radiodamaging - at 1 cosmonaut. It is supposed that 
the level of primary radiation-induced DNA damage depends on the 
chromatin condensation level. In general, the initial DNA damage and 
sensitivity to additional irradiation in the group of pilots is higher then in 
control group, in cosmonauts the level of primary DNA damage is higher 
than in control group and radiodamaging is lower than in pilots and control 
groups. Thus, among the pilots and cosmonauts there are people with a basis 
high DNA damage and high sensitivity to additional exposure (irradiation at 
the dose of 1 Gy). On the basis of our investigations it's possible to make a 
conclusion that the action of flight terms leads to chromatin structural 
changes and increase of DNA damage and makes prerequisites for genome 
instability development. Pilots and cosmonauts with a high initial DNA 
damage and high radiosensitivity are the hazard group. 
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ANTI-RADIATION VACCINE: IMMUNE-PROPHYLAXIS OF THE 
ACUTE TOXIC RADIATION SYNDROME OF CREW MEMBERS 

WITH LONG SPACE FLIGHT 
1PopovD., 2MalievV., 3JonesJ., 4CaseyR 

1 Advanced Medical Technologies & Systems, Canada 
2Vladicaucasian Scientific Center of RAS, Vladicaucas, Russia 

3NASA-Johnson Space Center, USA 
4Universities Space Research Association, USA 

Protecting crew from ionizing radiation is a key life sciences problem 
for long-duration space missions. The three major sources/types of radiation 
in space - galactic cosmic rays, trapped belt radiation, and solar particle 
events - carry varying degrees of hazard to the crew, however, radiation 
exposure ultimately induces acute and long-term biological effects. 

High doses of space radiation can lead to the development of toxicity 
associated with the acute · radiation syndrome (ARS) that could have 
significant mission impact, and even render the crew incapable of 
performing flight duties. Creating modern high efficient technologies of 
radiation protection should be considered as an important target in space i 

radiobiology, immunology, biochemistry and pharmacology. 
Two major mechanisms of cellular organelle and molecular 

destruction as a result of the radiation impact had been demonstrated: ' 
1) direct damage produced by the incident radiation on the target molecules 

1 

and 2) radiolysis of water and subsequent radiation-induced free radicals and 
reactive oxygen species (ROS), which produce chemical bond breakage, 
molecular substitutions and damage to biological molecules and membranes. 
Using free-radical scavengers and antioxidants to neutralize the damaging 
activity of ROS is effective in reducing the impact of small to moderate 
radiation doses. But in a case of high doses of radiation, antioxidants may be 
an important part of more complex strategy of prophylaxis and therapy. 

With high doses of radiation, direct damage of biological molecules 
and modification of chemical bonds and chemical inner molecular species is 
the main pathological process among those individuals who develop acute 
radiation syndromes (ARS). Which of two types of radiation-induced 
cellular lethality that ultimately develops, apoptosis vs. necrosis, depends on 
the spectrum of inddent radiation, dose, dose rate, and functional conditions 
of impacted cells. 
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Immune prophylactics with the administration of an experimental anti
radiation vaccine may provide an additional method of prevention or 
prophylaxis against clinical ARS. 

Administration of the experimental anti-radiation serum (ARS) and 
using the blood dialysis methods (JPS - Immune Plasma Sorption) to assist 
in the clearance of radiation-specific toxins, may enhance the strategy for 
mitigation of the biological effects leading to ARS, and should be evaluated 
for use on exploration-class space missions. 

NEUTRON SHIELDING THICKNESS AND DEPOSITED DOSE 
CALCULATIONS FOR A 0.45 - 0.5 GeV/u CARBON BEAM 

INTERACTING WITH A PMMA TARGET 

Pronskikh V.S. 
Joint Institute for Nuclear Research, Dubna, Russia, Vitali.Pronskikh@jinr.ru 

The problem of performing the calculations of the concrete wall 
shielding necessary for the safe personnel operation has emerged during the 
realization of the project Med-Nuclotron, devoted to the studies of the 
possibility of the future creation of a biomedical facility for oncology 
therapy and biomedical (including space) physics and chemistry research at 
the light ion beams of the JINR Laboratory of High Energies accelerator 
complex. 

Calculations have been carried out based on the RQMD model of 
nucleus-nucleus interactions with the use of the Monte-Carlo method. More 
than 107 of primary events have been generated, with 0.45 - 0.48 GeV/u 
carbon ions as projectiles. The target for which the calculations have been 
made represented a cube 40 x 40 cm in sizes, made of the chemical 
compound polymethylmethacrylat (PMMA), whose composition is similar 
to that of the human bones. 

Using the neutron spectra simulated effective dose rates at different 
depths of a concrete wall were estimated. Employing the calculations, 
necessary shielding thickness has been determined, as well as the allowable 
working time of the personnel in the radiation field. It has been shown that a 
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dose of 20 mSv could be acquired during approximately a year of operation, 
provided that the personnel is shielded with a concrete wall approximately 
4 m in thickness, which wall itself is located at the distance of 3 .5 - 4 m 
from the target under irradiation to the left of it and parallel to the beam. 

Gamma-ray background generated in both the target and the wall can 
contribute to the total dose up to 30%, while the exact number should be 
calculated and discussed later. Shapes of the Bragg curve formed by the 
carbon-ion projectiles in the tissue-like media as a function of the detector, 
cross-section size and thickness, influence of _energy and shape disorders of 
the ion beam, as well as contribution of the nuclear fragments, were 
qualitatively estimated. 

The calculations showed that in order to achieve the necessary for 
medical purposes precision in the local dose estimation one should put in the 
calculations exact sizes and physics-chemical parameters of the exposed 
object and its materials, while the theoretical models of the nucleus-nucleus 
interactions and secondary particle transport seem to be generally adequate 
to the problem. 
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CHHXPOTPOHILUlPA,lUIOEHO~Onm 
1A6aKRH f+M, 2Kapaze3RHA.C. 

1EpeBaHCKHil 4>mH11eCKHil HHCTHTYT, r. EpeBaH, ApMeHIDI 
2EpeBaecKuil Me.nu_~HHCKHil yHHBepcmeT, r. EpeBaH, ApMemrn 

B II0CJieAHee BpeMH B JIHTeparype II0HBHJI0Cb MH0ro pa6oT, 

CBH3aHHbIX C rrpuMeHeHUeM CHHXpOTp0HH0ro mnyqeuuH (CH) B 6uonornu 

II MeAHQHHe. OAHOH H3 3MatJ 6uonoruu HBJIHeTCH myqeuHe MexaHH3M0B 

q>yHKQHOHHpOBaHHH 6HOCHCTeM, AHHaMHtJeCKHX u KHHeTHtJeCKHX acrreKT0B 

6HonorntJecKHX HBneuuii. C 3TOH T0tJKH 3peuHH CH HBJIHeTCH yuHKaJibHbIM 

llHCTPYMeHT0M. OAHaKO PMH06UOJIOrHtJeCKHe HCCJieA0BaHHH corrp0B0)K,l:{a

lOTC.!I: CHJibHblM II0Bpe)l{J];ruomuM AeikTBHeM CH. B pa60Te (BHpTQ A. H 

RHr r., 1972) 6bmo ycTaH0BJietto, tJTO rrpH peHTreuoCTJJYKTYPH0M auanme 

tia ycKopHTene CilHAP ycmiitJHBOCTb 6eJIKOBbIX KpHCTaJIJI0B K rroBpe)K

Aa10meMY AeiicTBHIO CH JaBHcena OT BpeMeHH c1>eMKH. B HCCJieAoBaHHHX 

(Ba3HHa A.A., 1976) 6bIJIO II0KaJaHo II0Bpe)l{J];ruomee AeHCTBHe M0H0Xpo

MaTUtJeCK0ro CH Ha MbIIIIetJHbIX B0JI0KHax, rAe o6pa3eQ rrpH peHTreuo

CTPYKTYPH0M auanme AeHaTypHp0BaJICH rrpH o6nytJeHHH. 3TH AaHHbie H 
Il0.!l:BJieHHe H0B0ro HCT0tJHHKa PMHaQHH o6H3bIBaIOT PMH06HOJIOfOB 

Bcecmpouue 3aHuMaTbCH myqeuHeM xapaKTepa CH. 

B Aauuoii pa6oTe rrpeACTaBJieH ue6onbIIIOii o63op, rrpeAHaJHatJeHHbIH 

,wrn rrp0HCHeHHH ueK0T0pbIX 0CH0BHbIX B0IIp0C0B, CBH3aHHbIX C rrpHMe

HeHHeM CH B PMH06HonornH. 

llll)I,YKil;IDI AIIOIIT03A B MY)KCKHX r AMETAX KPLIC 
110~ ~EHCTBHEM HOHH3HPYIO~EH P~:Qml 

1AHopeuttemw C.B., 1
•
2Ba1nJ1utJ06/(.B., 1K!len1<0 A.B., 1AHopeutteHoT< K.C. 

1Ha)"IHI,Iil u.emp pa.nuaI.J.HOHHoil Me.D:HU.HHI,I AMH YKpaHHhI, KueB, YKpauHa 
svandreychenko@mail.ru 

2Hau.uoHaJihHruI Me,nHl.(HHCKruI aKa,neMIDI nocne,nHilJIOMH0ro o6pa30BaHIDI 
HM. IT.JI. lllynttKa, ~HeB, YKpaHHa, scotch44@zeos.net 

H3yqeuHe paJJIHtJHbIX acrreKT0B PMHaQHouuoro CHHApoMa B 

cnepMaTo3oHAax rrpeACTaBJIHeT HHTepec AJIH rny6oKoro rrouuMauHH Mexa

HH3M0B, Jie)KamHX B 0CH0Be B3aHMOAeiicTBHH PMHaQU0HHO II0Bpe)K,l:{eHHbIX 

M)')KCKHX raMeT c HHQeKJieTKoii. B 3Toii CBH3H ocuoBttoii 3aAatJeii 
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npoBe,D,eHHbIX HCCJie,D,OBaHHH 6hIJIO ycTaHOBJieHue TeH,D,eHIJ;HH pa3BHTIDI 

anomo3a B cnepMaT030H,D,ax no,D, ,D,eHCTBHeM uoHH3npyroIIJ;eii pa,D,uau.uu. 

Mccne,D,OBaHllil npOBO,D,HJIH Ha cnepMaT030H,D,ax HHTaKTHblX 

6ecnopo,D,HbIX 6eJibIX KpbIC. M3BJieqeHHbie 3UH,D,H,D,HMHCbl UOMeIIJ;aJIH B 

q>H3HOJIOruqeCKHH paCTBOf u o6nyqanu Ha ycTaHOBKe «Mccne,D,OBaTeJib» c 

ucroqHUKOM o6nyqeHHH 
6 

Co (MOIIJ;HOCTh ,D,03bl 0,02 rp/c). ,ll;uana30H ,D,03 

06nyqeHID1 cocTaBJIHJI 1-100 rp. BhIHBJieHue anomuqecKux cnepMaTo3on-. 

,D,OB npoBO,D,HJIH MeTO,D,OM npoToqHOH U.HTOMeTpHH C HCUOJib30BaHUeM 

aHHeKCHHa V " nponH,D,llil HO,D,H,D,a. 

Pe3yJibTaTbl HCCJie,D,OBaHHH UOKa3aJIH, qTo KOJIHqecTBO )KUBbIX 

cnepMaT030H,D,OB B KOHTPOJibHOH rpynne COCTaBJIHJIO 94,16 %, B TO BpeMH 

KaK B o6nyqeHHbIX rpynrrax ux qucno cymecTBeHHO CHU)KaJIOCb. Ilpou.eHT 

MepTBbIX KJieTOK a KOHTPOJibHOH rpynne ,D,OCTHran 0,79 %. 0,D,HaKO 

nocne.IJ,ymIIJ;ee ,D,eHCTBHe raMMa-pa,D,uau.uu Ha cnepMaT030H,D,bI npnBO,D,HJIO K 

nocreneHHOMY Bo3pacTaHHIO 3Toro napaMeTpa. TaK, )')Ke npu ,D,o3e 32 rp • 

6hmo 3aperHCTPHPOBaHO 1,62 % MepTBbIX KJieTOK, a npu ,D,03e B 80 rp HX . 

qucno ,D,OCTHrJIO 6,24 %. 
Ilpu ,D,03e 32 rp Ha6nro,D,anocb yBenuqeHue KonuqecTBa cnepMa

T030H,D,OB, HaxO,D,HI.1.J;HXCH Ha paHHeU CTa,D,HH anOUT03a, TOr,D,a KaK npu ,D,03e B 

8 rp OTMeqeHo IIOHBJieHue MaKCHMaJibHOro KOJinqecTBa KJieTOK Ha 003,D,HeU 

CTa,D,HH anom03a. 

IlpoBe,D,eHue HaCTOHIIJ;HX HCCJie,D,OBaHHH cnoco6cTBOBaJIO nonyqeHHIO 

Ba)KHOU HHq>OpMau.uu O ,D,HHaMUKe pa3BHTHH anonT03a B cnepMaT030H,D,ax 

)KUBOTHbIX 00,D, ,D,eHCTBHeM pa3IIuqHbIX ,D,03 HOHH3HpyroIIJ;eu pa,D,uau.uu. 

OIIPE~~EHHEPA,ZJ;HOIIPOTEKTOPHI,IXCBOHCTB 
fl>EHO.JILHLIX BE~ECTB no OTHOIDEHHIO K ,lO>O)IQKAM 

SACCHAROMYCES CEREVISIAE 
1A11opueecKaa/+B., 1Ypycoea JI.M, 2KoUJeeea K.E., 2<1>e_11u11 A.A. 

1 rY BHHH mmoaapeHHoii, 6e3aJIKOfOJibHOil: u BHHo.nenh11ecKoil: 
npoMbIIIIJieHttocrn PACXH, r. MocKBa, PoccHH, labcognac@mail.ru 

2 PXTY HM. ,l(.11. MeH.neneeaa, r. MocKaa, PoccHH 

QeJiblO pa60Tbl HBJIHJIOCb HCCJie,D,oBaHue pa,D,uonpoTeKTopHbIX 

CBOHCTB KBepu.eTuHa, raJIJIOBOH KHCJIOTbl, eyMapuHa u 4-rH,D,pOKCHeyMa-
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p1rna. B KaqecTBe TeCT-061,eKTa ucnoJib30Banu ,D,pO)K)KH Sacch. cerevisiae B 

3KCUOHeHU.HaJibHOH <pa3e pocTa. Pa,D,uonpoTeKTOpbI npuMeHHJIH B KOHU.eHT

paU.llilX 0,003 - 0,07 MrlcM
3
• 06nyqeHue cycneH3HH ,D,pO)K)KeU npOBO,D,HJIH 

y-nyqaMn 
6
°Co Ha ycTaHOBKe PXM-y-20 (PXTY HM. ,ll;.M. MeH,D,eneeBa). 

,ll;JIH HCCJie,D,OBaHHH 6bIJia BbI6paHa ,D,03a HOHH3Hpyro1IJ;ero mnyqeHllil 

50 Kpa,D,. )Ku3Hecnoco6HocTb ,D,po)K)Keu onpe,D,eJIIDIH no qucny KOJIOHHe

o6pa3}'lOIIJ;HX e,D,HHHU. (KOE) npu BbICeBe COOTBeTCTBYIOIIJ;HX pa3Be,D,eHHU 

KJieTOqHbIX cycneH3uii Ha cycnoBoii arap. 

Ilpe,D,BapUTeJibHO onpe,D,eJIHJIH BJIHHHHe <peHOJlbHbIX coe,D,HHeHHU Ha 

)KU3Hecnoco6HOCTb ,D,pO)K)KeU. IlOKa3aH HHm6upyIOIIJ;HH 3<p<peKT <peHOJib

HblX coe,D,HHeHHU: Ha 40 % - c KBepU.eTHHOM (0,015-0,07 MrlcM3), 25 % -
c ranJIOBOH KHCJIOTOH (0,03-0,07 MrlcM3), 60 % - c eyMapHHOM (0,003-

0,07 MrlcM
3

) u Ha 70 % - c 4-rH,D,pOKCHKyMapHHOM (0,003-0,015 MrlcM
3
). 

lf3yqeHh1 pa,D,nonpoTeKTopHbie (BtteceHue BeIIJ;ecTB nepe,D, o6nyqe

ttneM) u peaKTuBupyromue (Bttecettne BeIIJ;ecTB nocne o6nyqeHllil) <pyHKlJ.HH 

<peHOJibHbIX coe,D,UHeHHH. IlOKa3aHO, ~o pa,D,uonpOTeKTOpHaH aKTHBHOCTb 

HCCJie,D,OBaHHbIX coe,D,HHeHHH npOHBJIHeTCH npu KOHU.eHTPaU.HHX, Bbl3bIBaIO

IIJ;HX HaH60JibIIIee HHm6upoBaHue poem KJieTOK. PeaKTHBupyIOIIJ;HM ,D,eHCT

BHeM o6na,D,aIOT KBepu.eTHH (qucno )KU3Hecnoco6HbIX KJieTOK Ha 30 % 
60JibIIIe B OUbITax C BHeCeHHeM KBepu.eTUHa nocne o6nyqeHHH) " 4-m,D,po

KCHKyMapHH. rannOBaH KHCJIOTa " KyMapHH peaKTHBnpyroIIJ;ee ,D,eHCTBHe 

He npoHBHJIH. 

MeTO,D,, HCUOJib3yeMbIH HaMH npu onpe,D,eJieHHH 3all.J;HTHbIX CBOHCTB 

<peHOJibHbIX BeIIJ;eCTB B OTHOIIIeHHH ,D,pO)K)KeH, U03BOJIHeT HCUOJlb30BaTb ero 

B KaqeCTBe MO,D,eJibHOH TeCT-CHCTeMbl MH onpe,D,eJieHllil aKTHBHOCTH 

KOMIIJieKCHbIX coe,D,uHeHuii <pettOJihHbIX BemecTB Butta. 

MEXAHH3MbIMYTAil)IOHHOrOMB~EHIDI 
Y O,LUIO:QEIIO"lffi'IHLIX PHK BHPYCOB 

EapKoecKuu E.B., XpycmaJ1i!6 B.B. 
EenopyccKnil: rocy.napcTBeHHhIH Me,nm.J;lIHCKHH yttnaepcIITeT, r. MuttcK, 

EenopyccHH, barkovsky@hotmail.ru 

CornacHo nocne,D,HHM pa6oTaM H. CyeoKH cyIIJ;eCTB}'lOT ,D,Ba ocHOB

HbIX MexaHH3Ma, Jie)Kall.J;HX B OCHOBe MYTaU.HOHHOfO ,D,aBJieHHH. IlepBblU H3 
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HUX - ,!J.e3aMHHHp0BaHHe U.HT03HHa (HJIH MeTHJIU.HT03HHa), npHB0,!J.Rrn;ee K 
3aMeHe U.HT03HHa (C) Ha ypau.HJI (U) (HJIH Ha THMHH), qTQ npHB0,!J.HT K 
CHIDKeHHIO B pR.u.y noKoJieHHH o6rn;ero co.u.ep)KaHHH ryaHHHa (G) H 
U.HT03HHa (G+C) B reH0Max. Bmpou MexaHH3M - 3aMeHa a.u.eHHHa (A) Ha 
U.HT03HH npH noMorn;H TPex reHoB-MYTampoB, 6Jiaro.u.apR qeMY B pR.u.y 
noKoJieHHH G+C noBbIIIIaeTcR. 

MaTepHaJibI: coBoKynH0CTH K0.D.HPYIOII.J;HX yqacTK0B (CKY) 84 
reH0M0B o.u.Hou.enoqeqHbIX PHK BHpycoB c OTPHU.aTeJibHOH u.enbIO (PHK
BHpycoB) H 82 reH0Ma 0,!J.H0U.enoqeqHbIX PHK BHpycoB c TIOJIO)KHTeJibHOU 
u.enbIO (PHK+ BHpycoB). K03cpcpHU.HeHTbI KoppeJIRIJ.HH (R) Me)K,!J.Y G+C H 
co.u.ep)KaHHeM ttyKJie0TH.D.0B B TPeTbHX noJI0)KeHHHX K0.D.0H0B MR PHK + 
BHpycoB: R 3U = -0,81; R 3C = +0,90; R 3A = -0,49; R 3G = +0,30; MR 
PHK-BHpycoB: R 3U = -0,73; R 3C = +0,86; R 3A = -0,78; R 3G = +0,80. 

CJia6b1e 3aBHCHM0CTH Me)K,!J.y co.u.ep)KaHHeM A H G B TPeTbHX 
noJI0)KeHHRX K0.D.0H0B H G+C reH0M0B PHK + BHpycoB CBH,!J.eTeJibCTBYIOT o 
TOM, qTo 3aMeHbI A Ha G H G Ha A He BbI3bIBaIOTCR aKTHBHbIMH npou.ec
caMH MyTaU.H0HH0ro .u.aBJieHHH. Y PHK + BHpycoB TPaHCJIRU.HH npoHCX0.D.HT 
Henocpe.u.cTBeHH0 c u.enoqKH PHK BHpHoHa, B TO BpeMR KaK y PHK 
BHpycoB It" KJieTKe .u.ocTPaHBaeTcR K0MTIJieMeHTapHaR u.enoqKa PHK, · c 
KOTOpou H np0HCXO,!J.HT TPaHCJIRIJ.HH. 3HaR :no, MO)KHO npe.u.noJI0)KHTb, ~o 
3aMeHbI A Ha G H G Ha A y PHK BHpycoB RBJIRIOTCR «0TPa)KeHHeM» 3aMeH 
U Ha C H C Ha U, npomoIIIe.D.IIIHX B KOMTIJieMeHTapHoii u.enH. Ilo HaIIIeM)' 
MHeHHIO, B 3T0M npHqHHa CHJibHbIX 3aBHCHMOCTeii Me)K,ll.y co.u.ep)KaHHeM A 
H G B TPeTbHX noJI0)KeHHHX K0.D.0H0B H G+C reH0M0B PHK BHpycoB. 

3aMeHbl A Ha C M0fyT npoHCX0,!J.HTb T0JibK0 B .D.Byxu.enoqeqHoM 
C0CT0RHHH. HecMOTPR Ha HeB03M0)KH0CTb 3T0ro npou.ecca y 0,!J.H0U.enoqeq~ 
HbIX PHK+ BHpycoB G+C B 7 CKY .u.aHHbIX BHpycoB npeBbIIIIaeT 0,55 npH 
3HaqeHHHX 3C OT 0,3 ,!J.0 0,48. 3ToT cpaKT 3aCTaBJIReT npmHaTb cyrn;ecTB0-
BaHHe HeKoero aKTHBH0f0 npou.ecca, o6paTHOfO ,!J.e3aMHHHp0BaHHIO, K0TO
pbIH H npHBeJI K noBbIIIIeHHIO G+C H 3C y rpynnbI PHK + BHpycoB. CHJib
Hbie 3aBHCHM0CTH Me)K,!J.y co.u.ep)KaHHeM U H C B TPeTbHX TI0JI0)KeHHHX 
K0,!J.0H0B H G+C y o6eHX rpynn 0,!J.H0U.enoqeqHbIX PHK BHpycoB TI0,!J.TBep)K
.u.aIOT TOT cpaKT, ~o ,!J.e3aMHHHp0BaHHe U.HT03HHa - aKTHBHbIU npou.ecc. 
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IlO,[(XO,l(J,I K MATEMATlflIECKOMY MO~JIHPOBAHHIO 
~OBAllllOrOMYTAIUIOHHOrOilPOJU:CCA 

Y NAKTEPlffl ESCHERICHIA COLI 

Ee11oe O.B., IllaxMamoe B.C. 
O6ne.a,nHeHHblll HHCTHT)'T »:.a,epHbIX HCCJie,!l,0BaHnii, r. Jzy6ea, POCCHH 

PaccMaTPIIBaIOTCR C0BpeMeHHbie npe,ll.CTaBJieHHH 06 opraHH3aU.HH 
cHcTeMbI SOS-penapau.uu y 6aKTepuu Escherichia coli. IlpoBe.u.eH aHaJIH3 
MeXaHH3Ma c)>opMHpOBaHHH reHHbIX MYTaU.HH, HH.D.YU.Hp0BaHHbIX meyqe
HHRMH C pa3HbIMH cpH3HqeCKHMH xapaKTepHCTUKaMH " ~-TPOTIHblMH 
XHMUqeCKHMH areHTaMH. IloKa3aHO, ~o KJIIOqeBbIM 3BeH0M B c)>opMupo
BaHHH HH.u.yU.Hp0BaHHbIX reHHblX MYTaU.HH RBJIReTCR K0MTIJieKC c)>epMeHTOB, 
ocyrn;eCTBJIRIOII.J;HX CHHTe3 ~ Ha MaTPHU.e C TI0Bpe)K,!J.eHHbIMH 0CH0Ba
HHHMH (TLS). PaccMOTPeH npttHU.HTIHaJibH0 HOBbIH MeT0.D. aHaJIH3a 3Kcnpec
cHu reHoB SOS-cucTeMbI KJieT0K Escherichia coli, c noM0II.J;bIO K0Toporo 
B03M0)KH0 ToqHoe onpe.u.eJieHue xapaKTepa HH,!J.YKU.HH pR.u.a SOS-reHoB B 
0T,!J.eJibHbIX KJieTKax. 3KcnepuMeHTaJibHbie ,!J.aHHbie, noJiyqeHHbie Ha 0CH0Be 
npHMeHeHHH ,!J.aHH0fO MeT0,!J.a, CBH,!J.eTeJibCTBYIOT 0 KOJie6aTeJibHOM xapaK
Tepe 0TKJIHKa SOS-cucTeMbI Ha YJibTPacJ>uoJieTOBoe o6nyqeHue. Ha ocHoBe 
aHaJIU3a 3KCnepuMeHTaJibHblX ,!J.aHHbIX MR OTHOCUTeJibHOU K0HU.eHTPaU.HH 
6eJIKa LexA paccqHTaHbl 0TH0CUTeJibHbie K0HU.eHTPau.uu O,!J.HOHHTeBOU 
.[{HK, aKTHBHoii u HeaKTHBHoii KOHcpopMaU.HH 6eJIKa RecA, .u.uHaMHKa 
cuHTe3a 6eJIKOB UmuD u UmuD' npu YJibTPacJ>uoJieTOBOM o6JiyqeHuu. 
TTpoaHaJIH3HpOBaHbi npou.eccbl, CBR3aHHbie C cpopMupoBaHUeM 6eJIKOBOfO 
K0MTIJieKca SOS-cucTeMbI - ,wIK-noJiuMepa3bI V (UmuD'2C), ocyrn;ecT
BJIRIOrn;ero TLS MexaHH3M. IlpeMO)KeH no.u.xo.u. K MaTeMaTuqecK0MY onuca
HHIO u.effTPaJibH0ro 3BeHa B HH,!J.yU.Hp0BaHH0M MYTaU.H0HH0M npou.ecce 
KJieToqHoro SOS-oTBeTa, B xo.u.e KOToporo npoucxo.u.uT o6pa3oBaHue 
6eJIKOBbIX K0MTIJieKcoB UmuD'2C, UmuDD'C, UmuD2C. O6cy)K,!J.eHbI TiyTH 
peaJIU3aU.HH npeMO)KeH,H0f0 MaTeMan1qecKoro no.u.xo.u.a H B03M0)KH0CTH 
~aJibHeUIIIHX TeopeTuqecKUX H 3KCnepuMeHTaJibHbIX HCCJie,!J.OBaHHU . 
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HCCJIE)J:OBAHHE POCTA BLI)J;EJIEHHI,IX H3 30111,1 
OT1-IY)K,[(EHIUI 'IA3C KOJIOHHH rPHEOB rro,zi: )J;EHCTBHEM 

IIEPEKHCHBO~OPO)J;A 
1 EeJ103epcKaR T.A., 2 HeaHoea A.E., 3 AcllaHuou K.E., 3 /.fb12aHoe MA., 

4KapneHKO 10.B. 
111:ecnnyr 6HOXHMHH HM. A.H. Eaxa PAH, r. MocKBa, Poccrn1, tab@inbi.ras.ru 

2MocKoBcKHii rocy.QapC'IBeHlll,IH ymmepcmer HM. M.B. Jl0Moeoco13a, r. MocKBa, PoccIB1 
311:ecnrryr TeopeTH'IeCKOH H 3KCnepHMeHTa.JII,HOii 6HO!pII3HKH PAH, r. TiyW.HHO, 

POCCIDI 
411:ecTHTYf MHKp06HonornH H BHpyconornH HAH YKpaHHLI, r. KHeB, YKpaHea 

lllTaMMbl Mlfl~eJIUaJII,HI,IX rpu6oB, BbI}].eJieHHbie H3 30Hbl OT'I)')K,IJ.eHm1 

tJA3C, coxpawmu cnoco6HocTb K pocry npu 10·3 -10·2 M H 2O2 - Ha 

nopH,Zl.OK BbIIIIe TeX, KOTOpbie Bbl3bIBaJIU oeTaHOBKY pocTa rpu6oB U3 30H C 

qJOHOBbIM ypOBHeM pa.n.uoaKTUBHOeTU. BbIHBJieHo TPU Tuna poeTOBbIX peaK

QUH rpu6oB Ha .n.eueTBUe nepeKUeu BO,Zl.Opo.n.a: 1) cm6HJibHbIH xapaKTep 
poem (10·9 - 10-4M) u nocne.n.yioll{ee CHIDKeHUe eKopocTU YAJIUHeHUH rmp 

npu KOHQeffTPaQuu 10·3 
M H 2O2; 2) noeTeneHHoe 3aMeMeHue poem npB 

Bo3paemHuu KOHQeffTPaQuu H 2O2 B cpe.n.e; 3) yeKopeHue poem npu 10·
7 

-
1 o· M H2O2. rpufib1, Bbl}].eJieHHbie U3 30H C qJOHOBbIM ypOBHeM pa.n.uoaK

TUBHOfO 3arpH3HeHUH, o6na.n.arru BCeMU TPeMH TunaMU peaKQHH. B TO BpeM.R 

KaK rpu6bl U3 qepH06bIJibeKOH 30Hbl - TOJibKO }].BYMH nepBbIMU. TaKHM 

o6pa3oM, .n.eueTBue nepeKueu so.n.opo.n.a Ha poeT rpu6Horo MUQeJIH.R 

onpe.n.enHJioc1, BH}].OM rpu6a, 3asueeno OT ypoBHH pa.n.uoaKTUBHOro 3arpH3-
HeHHH UCXO}].HOro Meeroo6uTaHUH IIITaMMa u OT npupO,Zl.bl co.n.ep)Kall{ero 

MUQeJIUH nurMeHTa. MeTO}].OM MareMaTuqecKoro MO}].eJiupoBaHUH 6bIJia 
ueeJie}].OBaHa }].UHaMUKa pa3BHTUH KOJIOHUH MUKpoeKonuqeeKUX rpu6oB Ha 
BJia)KHOM cy6eTPaTe B yeJIOBUHX JIOKaJlbHOfO rpa.n.ueHTa' H2O2, B03HUKalO
Il{ero s npUCYTCTBUU ueTOqHuKa pa.n.uaQUOHHOro H3JiyqeHUH. B pa6oTe 
uenOJib30BaHbl }].Ba IIITaMMa MUQeJIUaJII,HI,IX rpu6oB, npUHQUnUaJII,HO 

pa3nuqa10Il{ueeH no THnaM poeTOBbIX peaKQUH Ha npueYTCTBue H 2O2: A -
noene.n.osaTeJibHOe yMeHbIIIeHue CKOpOeTU poem ruq> BDJIOTI, }].O OCTaHOBKlf 

poem npu Bo3paemHuu co.n.ep)KaHHH H 2O2 oT 10·9 
.n.o 10·2 M; :6 -

yseJiuqeHue CKOpOeTU poem rmp npu MaJlbIX KOHQeffTPaQUHX H2O2 (10·5 -
10-6 M) e noeJie.n.yIOil.{UM yMeHbIIIeHUeM CKopoeTU poem u oemHOBKOH npli 
10·2 M. IToKa3atto, ~o s npoQecee pa3BUTHH KOJIOHuu npouexo.n.MT 
mMeHeHue paccTOHHUH OT pacqeTHoro reoMeTpUqeeKoro QeHTPa KOJIOHHli 
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p.o ucToqHuKa u3nyqeHUH. O6Hap~eHHOe HaMu nepeMell{eHue reoMeTpu
qeeKoro QeffTPa rpu6HOH KOJIOHUU B CTOpouy HJIU OT ueToqHuKa U3nyqeHUH 
onpe.n.eJIHeTeH UH}].UBU)].yaJlbHOH peaKQueu IIITaMMa Ha JIOKaJII,HbIH 
rpa.n.ueHT H2O2 B eo.n.ep)Kall{eM snary ey6eTPare. 

MO)J:EJII:, Y4ETA BK.JIAM BTOPWIHI:,IX 'IACTHIJ; B 0:63 
IIOHH3HPYIOW:HX H3JIY4EHHH 

Ee!loyco6 A.B., lJep11Re6 A.II. 
MrY HM. M.B. JloMoeocoBa, r. MocKBa, Poccrn1, BelousAlex@rambler.ru 

ITpoxo)K,IJ.eHue uoHmupyIOil.{HX qaeTuQ qepe3 6uonoruqeeKue epe.n.1,1 

conpOBO)K}].aeTCH noHBJieHUeM 60JibIIIOro qucna BTOpuqHI,IX qaeTUQ -

:meKTPOHOB, q>OTOHOB, npoTOHOB, HeHTPOHOB, H.n.ep oT.n.aqu u T • .n.. OHu 
B03HUKaIOT B pe3yJibTaTe B3aUMO}].eHeTBHH KaK nepBuqHoro U3JlyqeHUH, TaK 

u BTOpuqHoro C aTOMaMU u aTOMHblMU H,Zl.paMu. MexaHU3Mbl o6pa30BaHUH 
BTOpuqHI,IX qaeTUQ pa3nuqa10TCH KaK }].JIH pa3HbIX THnOB UOHU3UpYJOil.{UX 
u3nyqeHUH, TaK U }].JIH pa3JIUqHI,IX 3Hepruu. BTopuqHI,Ie qaeTUQI,I BJIUHIOT 

ea npoeTPaHCTBeHHYJO q>OPMY paenpe.n.eneHHH .n.031,1 u U3MeHHIOT 
0TH0eUTeJibttyIO 6uonoruqeeKYJO 3q>q>eKTUBHOeTb UOHH3upyIOil.{HX 
H3JiyqeHUH. POJII, H,Zl.epHbIX peaKQUH B 60JiblIIUHeTBe enyqaeB He 

yqHTbrnaeTeH U3-3a ux He6oJibIIIOro BKJia.n.a B o6Il{ee 3HaqeHue .n.031,1, 

nepe.n.aBaeMou sell{eeTBy. O.n.~aKo B onpe.n.eneHHblX UHTepsarrax 3Hepmu 
(esoux }].JIH Ka)K}].Oro Tuna mnyqeHUH) 0Ka3bIBaeTeH 3aMeTHbIM BKJia}]. B 

3q>q>eKTUBHYJO }].03Y, noeKOJibK)' 3HaqeHUH 0:63 BTOpuqHI,IX qaeTUQ 

( n, p, H 2
, He2

, He4
) 3HaquTeJibHO BbIIIIe e.n.uHUQbI. 

B npe}].JlaraeMou Mo.n.enu 3HeprHH, nepe.n.aHHM Bell{eeTBY, npe.n.eTaB
JIHeTCH B BH}].e cyMMbl .n.syx KOMnoHeHT: Henocpe,Zl.CTBeHHO nepsuqHI,IMU 
qaCTUQaMu, BTOpuqHI,IMU q>OTOHaMU U 3JieKTPOHaMu, a TaK)Ke npo.n.yKTaMU 
.11.n.epH1,1x peaKQuu. ITpe.n.nonaraeTeH, ~o B pe3yJibTaTe H.n.epHou peaKQuu 

Bee H,Zl.pa HaxOMTeH B OCHOBHbIX eoeTOHHUHX. yqUTbIBaeTCH 3aBUCUMOeTb 
0:63 BTOpuqHI,IX qaeTUQ (npOTOHOB, He"TPOHOB, aJibq>a-qacTUQ) OT ux 
3Hepruu. 

B paMKax MO}].eJIU nonyqeHa 3HepreTuqeeKaH 3aBUCUMOeTb 0:63 
npo.n.yKToB q>oroH.n.epHbIX peaKQUH nptt npoxo)K}].eHuu qepe3 6uonoruqec-
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KHe cpe,ll,bl TOpM03HblX qJOTOHOB. BKJHl)], !pOTO.ll,ll,epHblX peaKI.J;HH B cpe,ll,Hee 

3HaqeHHe )],03bl MeH.lleTC.ll OT 4 % )],0 1 % B HHTepBane :mepmu T0pM03HblX 

!pOTOHOB 20-50 M3B. IlonyqeHa 3HepreTHqecKa.si: 3aBHCHM0CTb 0:63 
Dp0,ll,YKTOB !pOTO.ll,ll,epHblX peaKQHH, MaKCHMaJibH0e 3HaqeHHe KOTOpou 

cocTaBJI.lleT ~ 7,5 H B HHTepBane 3Hepruu 20-50 M3B cna6o MeH.si:eTc.si: B 

Dpe,ll,eJiaX 5,0 - 5,5. PaccqHTaHHa.ll B paMKaX )],aHHOH M0)],eJIH 3HepreTHqec

Ka.ll 3aBHCHM0CTb OE3 TOpM03HblX !pOTOHOB HMeeT cpopMy, D0BT0p.llIOm)'IO 

oqepTaHH.ll rHraHTCK0r0 )],HD0JibH0r0 pe30HaHca Ha nerKHX .!1,ll,pax. MaKCH

MaJibH0e 3HaqeHHe )],0CTHraeTC.ll DpH 3HeprHH ~ 30 M3B " C0CTaBJI.lleT 

~ 1,04. IlonyqeHa 3aBHCHM0CTb 3KBHBaJieHTHOH )],03bl OT rny6HHbl Dpo

HHKH0Bemrn T0pM03HblX !pOTOHOB B Belll,eCTB0. yqeT BKJia)],a !pOTO.ll,ll,epHblX 

peaKQHH DpHB0)],HT K H3MeHeHHIO 3HaqeHH.ll HHTerpaJibHOH )],03bl Ha ~ 3 %. 

lllI,lO'KIUffl KPYTIIThIX IIEPECTPOEK HJIII IIOJIHOH IIOTEPH 
XPOMOCOM 110,l( ,l(EHCTBHEM HOHH3HPYIOW:EH 

P~ Y ,l(POXOKEH SACCHAROMYCES CEREVISIAE 
1 EoJ10111<u11a HB., 1

'
2 KoJ1moecm HA. 

1Me)K.uyttapo.UHhIH yttHBepcHTeT npIIJ)O.ZlhI, o6m.ecrna u qenoBeKa ",lfy6tta", 

r. ,lfy6Ha, Poccll.ll 
2O6be,1lIIHeHHbIH HHCTHTYT .si:.uepHbIX HCCJie,!lOBaHHH, r. ,lzy6Ha, Poccll.ll 

,ll;po:>IOKH Saccharomyces cerevisiae CJI)')KaT y)].o6Hou M0)],eJibIO ,roi.si: 

aHanma 3aKoHoMepHOCTeu HH)].YKI.J;HH MyraQHH pa3JIHqHoii MOJieKyn.si:pHou 

Dpttp0,ll,bl DO)], )],eHCTBHeM r-mnyqeHH.ll H T.ll)KeJibIX H0H0B •. B )],aHHOH pa6o-:re 

H3yqanu 3aK0H0MepH0CTH B03HHKH0BeHH.ll KPYDHbIX DepeCTp0eK reH0Ma, B 

TOM qHcJie peKOM6HHaI.J;HIO H yTpary xpoM0C0M. MoHH3HpYJOlll,a.ll pa,ll,HaQH.ll 

Bbl3bIBaeT )].BYHHTeBbie pa3pb1Bbl (,ll;HP) ,ARK. Y ,ll,pO:>IOKeu 3a ycTpaHeHHe 

,l1;HP ,ll;HK OTBeqaeT rnaBHbIM o6pa30M peKOM6HHaQHOHHa.ll peDapau;H.si: H, 

TaKHM o6pa3oM, peDapau;HH ,ll;HP ,ARK accou;Huposatta c K0HBepcueu HJIH 

Kp0CCHHrosepoM. HeBOCCTaHOBJieHHbie D0Bpe)K)],eHH.ll ,ll;HK Moryr Bbl3bl

BaTb yTpary xpoM0C0Mbl. 

XpoMOCOMHblH Ha6op 3YDJIOH)],HOH KJieTKH ,ll,pO:>IOKeH )],0B0JibH0 

ycTouqHB. y ,ll,pO:>IOKeH qaCT0Ta D0TepH 0)],HOH H3 16 xpoM0C0M Dp0HCX0)],HT 

DpH6JIH3HTeJibHO 0)],HH pa3 Ha CT0 TblC.llq KJieToqHblX )],eJieHHH. ,ll;po:>IOKeBbie 
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I(JleTKH T0JiepaHTHbl K HaJIHqHIO JIHIIIHHX xpoM0C0M. 3To D03B0JI.lleT 

H3)'1iaTb CTa6HJibHOCTb xp0M0C0M KaK y 3YDJI0H)],HbIX, TaK H y aH3YDJI0H)],

HblX KJieT0K. ,lvl.si: TeCTHp0BaHH.ll yTpaTbl xp0M0C0M HCD0Jib30BaJIH reHeTH

qeCKHH TecT (xpoMocoMa VII) HJIH KaqecTBeHHhIH TecT, HCDOJib3YIOlll,HH 

ocna6JieHHe DHrMeHTaQHH y a)],eHHH3aBHCHMblX )],HC0MHK0B (xpoMOCOMbl 

IV H XIV). B )].attttou pa6oTe ou;ettHBaJIH KaK cDoHTaHHbie co6hITIDI yTpaTbI 

xpoM0C0M HJIH peKOM6HHaQHH DpH MHT0THqecK0M )],eJieHHH KJieTOK, TaK tt 

HH)].yQHp0BaHHbie MyraQH0HHbie co6bITH.ll DO)], )],eHCTBHeM HOHH3ttpyIOlll,eH 

pa,ll,HaQHH. 

llH,lt;YKI.J;WI ,l(BYHHTEBLIX PA3PLIBOB ,lJ,HK B JIIIM<l>O~TAX 
qEJIOBEKA IIPH ,l(EHCTBHH YCKOPEHHI,IX TH'.IKEJILIX 

HOHOB PA3.JIII1IHLIX 3HEPrHH 

EopeuKo A.B., lfaycoe B. H, Mo;JfCaeea A.B., Pae11atJKa H., TttyH'lUK C.H., 
Tpo11oe B.A., Kpacaeu11 E.A. 

O6be,1lHHeHHbIH HHCTHTYT .11.uepHbIX HCCJie,!l0BaHHH, r. ,lzy6Ha, PoCCH.ll 

,[(syHHTeBhie pa3pb1Bbl (,[(P) ,ARK 0TH0C.!ITC.ll K Hau6onee T.ll)KeJibIM 

nospe)K)].eHIDIM reH0Ma, .!IBJI.!IIOTC.ll M0JieKyJI.si:pHbIM cy6cTpaTOM cpopMHpo

BaHH.ll pa3JIHqHoro BH)],a CTpYKrypHhIX Myranuu rettos, a6eppaQHH xpoMo

coM, yqacTBYIOT B HHHu;ttaQHH KJieToqttou TpattccpopMau;HH. XapaKTep 

nospe)K)],eHHH ,ARK, o6pa3YIOlll,HXC.ll Dptt )],ettcTBHH T.ll)KeJibIX 3ap.ll)KeHHhIX 

qacTHQ, cylll,eCTBeHH0 0TJIHqaeTC.ll OT TaK0BblX DpH o6nyqeHHH -y-KBaHTaMH. 

YcKopeHHhie TJI)KeJibie H0Hbl, B 0TJIHqHe OT -y-KBaHT0B, HH)].yQHPYIOT B ,ARK 
noBpe)K)].eHHH DpeHMYlll,ecTBeHH0 KJiacTepttoro THDa (Michalik, 1992, 
Chatterje and Holley, 1993). Knacrepttbie Dospe)K)].ettH.si: Dpe,ll,CTasm1IOT 

co6ou KOM6ttttaQHIO 0)],H0M0MeHTH0 B03HHKaIOlll,HX HapyIIIeHHH yqacTKa 

ro-n<, C o6pa30BaHHeM 0)],H0HHTeBbIX pa3pb1B0B, MO)],H!pHKaQHeH 0CH0Ba

HHH, MO)],H!pHKau;ueu caxapa. Co6bITH.ll TaKoro po,ll,a .!IBJI.!IIOTC.ll pe3yJibTaT0M 

JI0KaJibH0ro Bbl)],eJieHH.ll 6oJibIIIOro K0JIHqecTBa 3HepmH DpH Dp0X0)K)],eHHH 

T.ll)KeJIOH 3ap.ll)KeHHOH qaCTHQbl qepe3 HHTb ,ARK. 3a)],aqeu HaCT0.lllll,ero 

HCCJie)],0BaHH.ll .llBJI.llJI0Cb myqettHe C HCD0Jib30BaHHeM MeT0)],a )U{K-KOMeT 

HH)J.yKQHH H peDapaQHH )].BYHHTeBbIX pa3pb1B0B ,ll;HK B KJieTKax DepHcpe

puqecKOH Kp0BH qeJI0BeKa DpH r-o6nyqeHHH H )],eHCTBHH ycKopeHHbIX 

H0H0B Pa3JIHl{HbIX 3Hepmu: yrnepo,ll,a C 3Hepmeu 480 M3B/ttyKJIOH 
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(JIII3 = 10,6 10B/MKM) u mrrm1 c 3Hepmeu 40 M3B/uyKJioH (JIII3 == 
20 10B/MKM). 

B 3KCnepuMeHTax C ycKopeHHblMH H0HaMU yrnepo,n:a BbUIBJieH0, qfQ 

npu r-06.nyqeHuu u ,n:eucTBHH uoHoB yrnepo,n:a c yBenuqeHueM ,n:031,1 

06.nyqeHmI BbIX0A w ro-n< JIUHeHHO B03pacTaeT. qaCTOTa o6pa30BaHmI w 
ro-n< npu 06nyqeHHH uoHaMu yrnepo,n:a ,n:ocToBepHo He 0TnuqaeTCH OT 

Bb1xo,n:a, Ha6mo.z:taeMoro npu r-06.nyqeHuu. K1rneruKH penapaQuu )];P ,[(HK 
npu r-06.nyqeHUH " ,n:ettCTBHH H0H0B yrnepo.z:ta B pa3HblX .[{03ax CX0.D:Hbl 
Me)K.[{)' co6ou. PenapaQmI w ro-n< np0TeKaeT no 3KCnOHeHQHaJibHOH 

KHHeTUKe " 3HaqHTeJibHaH . qaCTb pa3pb1B0B nocne 06.nyqeHHH KJieT0K 

r-KBaHTaMH B0CCTaHaBJIHBaeTCH cnycTH 4-6 q, Ilpu ,n:eHCTBHH ycKopeHHbIX 

H0H0B yrnepo,n:a penapaQHH w ro-n< B 06.nyqeHHbIX KJieTKax ocy
mecTBJIHeTCH TaIOKe 3<p<peKTHBHO. EuonomqeCKaH 3<p<peKTHBHOCTh H0H0B 
JIHTHH no cpaBHeHmo C H0HaMH yrnepo.n:a 6onee BbIC0KaH. Ko3<p<pHQHeHT 

OTHOCHTeJibHOH 6uonomqecKoii 3<p<peKTHBHOCTH no KpuTepmo HHAYKQHH 

,l(P ro-n< C0CTaBJIHeT 1,6. 
I-fayqeH0 MOAH<pHQHpy10mee BJllUIHHe HHm6HTOpOB peilJIHKaTHBH0ro 

" penapaTHBH0f0 CUHTe3a ro-n< - apa6HH03H.[{QHT03HHa (ApalQ H 

0KCHM0qeBHHbl (OM) Ha KHHeTHKY HH.z:tYKQHH " penapaQHH w )];HK npu r-
06.nyqeHHH. IloKaJaHO, qT0 6JIOKHpOBaHue penapaTUBH0fO CHHTe3a )];HK 
npHB0J:J:HT K B03pacTaHHIO BblX0,n:a ,l(P B nocrpa,n:uaQUOHHblH nepuo,n:. 

O6c)')K.[{alOTCH MeXaHH3Mbl <pOpMupoBaHmI w ro-n< 3H3UMaTuqeCKOH 

npupo,n:bl npu 6JIOKHpOBaHHH penapaTHBH0ro CHHTe3a )];HK " nepcneKTUBbl 
ucn0Jib30BaHmI TaKoro po.z:ta MOAH!pHKaTopoB .[{JIH BbUICHeHHH xapaKTepa 

noBpe)K.[{eHUH )];HK npu .z:teHCTBHH ycKopeHHblX TH)KeJibIX U0H0B. 

~OrEHETWIECKIIEH3MEHEHIDIBKJIETKAX3IIIITEJIIDI 
POrOBHII)>I MLIIDEH, OliJIY11EHHLIX HEHTPOHAMH 

Hr AMMA-.JIYllAMH 

Bopo:J1Ctf06a C.B., </JeoopeHKo E.C., IllarjJupKuH A.B. 
rHQ P<l> MHcTH'fYT Me,!UiKo-6uonoruqecKHX npo6neM PAH, r. MocKBa, PoccHH 

PeJyJibTaTbI uccne,n:oBaHuii 6uonomqecKHX 3<p<peKTOB nocne 

o.z:tHoKpaTHoro 06nyqeHm1 noKaJanu, qro HeiirpoHbI c 3Hepmeu 1,5 M3B 
BbI3bIBaJIH noBpe)K.[{eHmI xpoMocoMH0ro annapaTa, aHanoruqHbie Hapywe· 
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HlUIM, B03HHKaIOll{HM npH B03,n:ettCTBHH 3JieKrp0MafHHTH0f0 H3JlyqeHmI. 

O,n:HaK0 0TH0CHTeJibH0e co,n:ep)KaHue 0T.D:eJibHblX <popM Xp0M0C0MHbIX 
noJI0M0K nocne B03,n:ettCTBlUI 6bICTPblX HettrpOHOB npuB0J:J:HJI0 K o6pa30-
BaHHIO 60JibWero qucna a6eppauTHbIX MHT030B, qeM npu B03,n:eiicTBHH 

raMMa-nyqeu B a,n:eKBaTHbIX .[{03aX. qaCTOTa HX 3aBHCeJia OT .D:03bl, BH.[{a 
m.nyqeHmi: u nepuo,n:a, npowe,n:wero nocne 06.nyqeHHH. 3aBHCHMOCTb 

npoHBJieHUH 3<p<peKTa OT J:J:03bl HettrpOHOB (12,5-50 crp) xapaKTepH30-
aanacb npOCTOH 3KCnoHeHTOH, qfQ CBH,n:eTeJibCTBYeT 06 0,n:Hoy,n:apH0M 

MeXaHHJMe pa3BHBalOll{HXCH HapyweHHH. Ilpu 6onee BblC0KMX ,n:o3ax 

(1,0-2,0 rp) 3aBHCHM0CTb ,n:03a - 3<p<peKT npHo6peraer 6onee CJIO)KHblH 
xapaKTep, qro, Il0-BH.[{HM0My, YKaJbIBaeT Ha HaJIHque 3HaquTeJibHOH 

reTeporeHH0CTH B pa,n:HoqyBCTBHTeJibH0CTH KJieT0K 6aJaJibHOro CJI0H 
3IlHTeJIHH por0BHQbl. 

Ko3<p<pHQHeHTbI OE3, Bb1qucneHHb1e Ha ocHoBaHHH conocTaBJieHHH 

paBH03<p<peKTHBHbIX .[{03, Bbl3bIBaIOmMX o6pa30BaHHe a6eppaHTHblX MHT0-
30B qepe3 24 u 72 qaca nocne o6nyqeHlUI, cocraBJIHJIH 7,4+0,l u 7,2+0,2. 

BoJ,n:eiicTBue HeiirpoHOB npuBo,n:uT K npeuMymecTBeHH0MY 
o6pa30BaHHIO Hau6onee TH)KeJiblX <popM xpOMOCOMHblX IlOJIOMOK {MOCTOB C 
<pparMeHTaMH), OTHOCHTeJibHOe u a6coJIIOTHOe co,n:ep)KaHue KOTOpbIX B 2-3 
pa3a 60Jibllle, qeM nocne B03,l\eHCTBlUI raMMa-HJJiyqeHHH B 3KBHBaJieHTHblX 

,n:oJax. Ha rpeTbH cyrKu nocne 06.nyqeHlUI HettrpoHaMu BbUIBJieHo 6onbwee 
qucno <pparMeHTOB, OTHOCHTeJibHOe u a6COJIIOTHOe co,n:ep)KaHHe KOTOpbIX B 
3-4 pa3a npeBh1waer ux KonuqecTB0 nocne raMMa-06.nyqeHlUI. 

Ilocne o6nyqeHlUI HeiirpoHaMu, B OTJiuque OT ,n:eiicTBlUI raMMa
HJnyqeHHH, J:J:0CTOBepHbIX pa3JIUquu B 3<p<peKTax npu OAHOKpaTHOM H 
cppaKQHOHHpOBaHHOM B03,n:eiiCTBHH He BblHBJieHO. 3To YKaJbIBaeT Ha TO, 

qro npu BOJ,n:eiicTBHH HettrpoHoB npoQeCCbl nocrnyqeBoii penapaQuu 
noBpe)K.[{eHuii npoTeKaIOT B KpaiiHe JaMeMeHHOM TeMne. 

TaKuM o6paJoM, nocne o6nyqeHlUI HeiirpoHaMu OTMeqanacb 6onee 
BhIC0KaH qacT0Ta o6pa30BaHlUI a6eppaHTHI,IX MHT030B B KJieTKax 3IlHTeJIHH 

porOBHQbl, B pe3yJibTaTe qero K03<p<pHQHeHTbl OE3 6b1crpbIX HeHrpOHOB 
qepe3 24 u 72 qaca 0Ka3aJIHCb A0B0JlbH0 BbIC0KHl\fH: 7,4 + 0,1 u 7,2 + 0,2 
C00TBeTCTBeHHO. 
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MOJIEKY .JUIPHO-rEHETJillECKIIH IIO~O,rt; 
,rt;IDI HCCJIE,rt;OBAHIDI rEHOMHOH HECTAJiHJThHOCTH 

P A,rt;HAD;IIOHHO-HH,rt;YIJ;IIPOBAHHI,IX HPRT-MYT AHTHLIX 
CYliKJIOHOBKJIETOKKHTAHCKOrOXOMlNKA 

I'anueHKO 0.10., I'oBopyn P./(., KouuiaHb H.B., Kotw1aHb H.A.,10pKo6 A.M 
O6'be,mrneHHblll llHCTH1)"f 11,n:epHLIX llCCJie,n:oBaHttii:, r. ,[(y6Ha, PoccHH 

pertsevaolya@mail.ru 

BbUIBJIHeMaJI reH0MHa.si: u xpoM0C0MHa.sI HeCTa6HJibHOCTb y 0T,AaJieH

HblX noT0MK0B 06.rryqeHHbIX KJieT0K np1rnneKaIOT BHHMam1e uccne,AoBa-ie

nen B CBH3H co Bee 6onee oqesll,AHOH p0JiblO xpoM0C0MHblX aHOMaJIHH B 

naToreHe3e p.si:,Aa onyxoneBbIX 3a6oneBaHttii qenoBeKa, 3arparttBaIOI.QHX 

0T,AeJibHble reHbl. PaHee QHT0reHeTttqecKHM aHaJIH30M 6bma BbUIBJieHa B0C

npoH3B0,AHMa.sI HecTa6HJibHOCTb xpoM0C0M y 0T,AaJieHHblX n0T0MK0B KJieTOK 

KHTaiicKoro xoM.si:qKa, MYTaHTHbIX no noeycy HPRT (KomnaHb H.B., 2002, 

KpacaBHH E.A. u .AP,, 2004 ). OHa Ha6n10,Aanacb KaK y pa,AuauuoHH0-

HHeyU.ttpoBaHHbIX MYTaHTHbIX cy6KJIOHOB, TaK u nptt cnoHTaHH0M MYTa

reHe3e. B uen.si:x u3yqemrn npupo,AbI reHOMHOH HecTa6HJibHOCTH npe,Anona

raerc.si: npoBeCTH MOJieKyn.si:pHbIH aHaJIH3 HPRT-MyraHTHbIX cy6KJIOHOB, 

HtteyU.ttpoBaHHblX HJ.rryqeHHHMH pa3H0ro KaqeCTBa. ,[vrn pemeHHH ,AaHHOH 

3a,Aaqu npe,AnonaraeTCH HCn0Jib30BaTb MeT0.AHKY Ha 0CH0Be IIQP-aHaJIH3a. 

AMUJIH<pttKaQH.sI 0,AH0BpeMeHH0 Bcex ,AeBHTH 3K30H0B HPRT-reHa KHTaiic

Koro X0M.sJ:qKa y)Ke ocyI.QeCTBJI.sIJiaCb paHee B MYJibTHUJieKCHOH IIQP, 

H3BeCTHbl pa3Mep reHa H nocJie,A0BaTeJibH0CTb ttyKJie0TH,A0B. O,AHHM H3 

3TanoB IIQP-aHaJIH3a 6y,AeT 0UTHMH3aUHH npoue.Aypbl BbI,AeJieHHH H Ha

K0UJieHH.sI ,[{HK, co,Aep)KaI.Qeii HPRT-reH, H3 KJieTOK uccneeyeMLIX o6pa3-

U.0B nyreM 6blcrpoii H MHrKOH npou.eeypbl 3KCrpaKUHH. y C0BepmeHCTB0-

BaHHa.sI MeT0,AttKa IIQP n03B0JIHT npoB0.AHTb aHaJIH3 HPRT-reHa, BKJIJOqa.si:: 

M0HHTopuHr ero pa3Mepa no cpparMeHTaM .AJIH pemcrpauuu KpynHbIX ,Aene

u.un; npoBe,AeHtte pecrpttKUH0HH0ro aHaJIH3a MH onpe,AeJieHHH He6onbmHX 

,AeJieUHH H rpaHCBepcuii; <pHHrepnpttHTHHr, n03BOJIHlOI.QHH onpe,AeJIHTb 

cTeneHb co6crneHHOH Bapua6eJibHOCTH HPRT-reHa u no_rryqHTb xapaKTe

pttCTHKH reHOMHOH HeCTa6HJibHOCTH B 3aBHCHM0CTH OT ,A03bl pa,AuauuoH

H0ro B03,AeiicrnHH; KapTupoBaHtte noBpe)K,AeHHH reHa y MYTaHT0B. Cono

cTaBJieHue ,AaHHbIX lIQP H QHT0reHeTuqecKoro aHaJIH3a no3B0JIHT nony

qffTb 6onee noJIH0e npe,ACTaBJieHHe 0 npupo,Ae reHOMHOH HecTa6ttJibHOCTH 
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M)'TilHT0B. ,[J;eTaJibHOe H3y<IeHtte M0Jieeyn.si:pHblX co6bITHH, HHHUHHPYJOI.QHX 

reH0MttylO HeCTa6HJibHOCTb B nocJie.A)'IOI.QHX reHepaQH.sIX MYTaHTHblX KJie

T0K, n0CJIY)KHT 3Tan0M ,AJIH ycTaH0BJieHH.sI npup0,Abl reHOMHOH HeCTa-

6HJibHOCTH KJieT0K H ee MexaHH3M0B. 

rEHETJillECKHE 3cf>cf>EKTLI B IIOIIY.IDII(IDIX PACTEB1ffl, 
HACEJIIDOW:HX P A,rt;HOAKTHBHO 3ArP113HEHHLIE 

TEPPHTOPHH 

I'epacbKUH C.A., /(uKape6 B.I'., Yoa.no6a A.A., /(uKape6a H.C. 
BH1111 ceJibCKOX03HHCTBeHH0H pa,n:tt0JI0rllll ll arp0)K0JI0rllll, r. O6HllHCK, PoccttH 

stgeraskin@gmail.com 

Ba)l(HblM npo6eJIOM B HaillHX 3HaHHHX HBJIHeTCH 0TCYTCTBHe ,AaHHblX 

0 3aK0H0MepH0CTHX cpopMHpOBaHHH 6ttoJiomqeCKHX 3<p<peKTOB xpoHuqec

Koro HH3K0HHTeHCHBH0ro o6nyqeHHH B nonyJIHUH.sIX pacTeHHH H )KlfB0T

HbIX, HaCeJIHIOI.QHX pa,Att0aKTHBH0 3arpH3HeHHbJe reppHTopuu. OueHKa 6uo

JI0rttqecKHX 3<p<peKTOB B 3THX ycJI0BHHX 0CJI0)KHHeTCH TeM, qT0 Ha BttyTPH

nonyJIHUH0HHYIO H3MeHqHB0CTb HCCJieeyeMblX nOKa3aTeJieii H · MH0ro

ypoBHeBbie npoueccbl pa,AH0a,AarnaQHH HaKJia,AbIBaeTCH ,AeHCTBHe n0JIJIIO

TaHT0B Hepa,AttaUHOHHOH npttp0,Abl, a TaK)Ke Hett36e)KHaH B noJieBblX 

HCCJie,AoBaHH.sIX npocrpaHCTBeHHa.sI H BpeMeHHa.sI H3MeHqHB0CTb 3K0JI0rH

qecKHX ycJIOBHH. Ilo.rryqeHHbie B HCCJie,A0BaHH.sIX Ha npttp0,AHblX nonyn.si:

l.{HHX pe3yJibTaTbl HBJIHIOTCH . 3MnttpuqecKOH OCHOBOH ,AJIH pa3pa60TKH 

<pyH,AaMeHTaJibHbIX HayqHblX napa,AttrM 6ttoJioruqecKoro ,AeHCTBHH HH3KHX 

)].03 H MOI.QHOCTeii, a TaK)Ke 3aKOHOMepHOCTeii H MexaHH3M0B 3B0JIIOUHH 

6uoccpepbl B ycJI0BH.sIX TeXH0reHe3a. Jia6opaToptt.si: 3K0T0KCHK0JI0ruu pacre

HHH BHMMCXP A3 B TeqeHue MHorux neT npoB0.AHT noJieBbie uccne,Aosa

HHH Ha pa3HbIX BH,AaX ,AHKHX H ceJibCKOX03HHCTBeHHbIX. pacTeHHH B 30-KM 

30He tJA3C u 3arp.si:3HeHHbIX s pe3yJibTaTe 3Toii aBapuu paiioHax Ep.si:HcKoii 

06JiaCTH, B paiioHe pa3MeI.QeHH.sI xpaHHJIHI.Q pa,AH0aKTHBHblX 0TX0,A0B H Ha 

CeMHnaJiaTI!HCKOM n0JIHroHe. Ilo.rryqeHHbie B 3THX HCCJie,A0BaHHHX pe3yJib

TaTbI CBH,AeTeJibCTB)'IOT 0 n0BbiilleHH0M ypoBHe MyrareHe3a H yBenuqeHHH 

reHeTHqeCKOH H3MeHqHB0CTH B nonyJIHUHHX pacTeHHH, HaCeJIHIOI.QHX 

3arp.si:3HeHHbie pa,AH0ttyKJIH,AaMH TeppHToptttt. AHaJIH3 BpeMeHHOH ,AHHa

MHKH pe3yJibTaT0B n0Ka3aJI, qro TeXH0reHH0e 3arp.si:3HeHtte cnoco6Ho 
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H3MCID1Tb npucymue HHTaICTHI,IM nonymn.~mlM 3aK0H0MepH0CTlf 

caM0pa3BHTml. 3Tu npouecChl HMCIOT reHeTH11CCKYJO npupo.zzy, CJIC.IJ;0Ba
TCJlbH0, u.n;eHTHq>UKaumi: H3MCHCHHH Ha reHeTH'ICCK0M yp0BHe no3B0JIHer 

npoJIHTb CBeT Ha 6onee CJI0)KHbie npouecCbI, 0TBeTCTBCHHbie 3a cpopMupo. 

BaHue OTBeTHOH peaKUHH Ha crpecc Ha BblCIIIHX yp0BIDIX 6uonoru11eCKoij 

opraHU3aUHH. PaccMOTµCHbl CJIC.IJ;CTBml H3 nonyqeHHbIX pe3yJibTaT0B ,lUij[ 

opraHH3auuu cucreMbI 6uonoru11ecKoro M0HHTopuHra attTponoreHHoro 

3arpH3HCHml, a TaK)Ke pa3pa60TKH HayqHhIX 0CH0B pa,n;uauuoHHOH 3amHTbi 

0Kp~a10meii cpe,n;hI. 

MLIIDEBH)Ull,IE I'PLI3YHl>I H3 30HLI BYPCa: 
AAAflTHBHLIH OTBET? 

I'puwpKuHa E.E., IlaumuHa H.A. 
HHCTHT)'T 3Konoruu pacTeHttii: tt )KHB0THhIX YpO PAH, r. EKaTeptttt6ypr, PoccHH 

grigorkina@ipae.uran.ru 

Tipo6neMa a,n;arnauuu MCJIKHX MJICK0nUTa10mux K pa,n;uoaKTHBHO 

3arpR3HCHHOH cpe,n;e 0CTaeTCR O.IJ;HOH H3 ,n;ucKyccuoHHbIX B COBpeMeHHOH 

pa,n;1m6uonornu " pa,n;H03K0JI0rHH. O,n;HHM H3 npORBJICHHH ,n;eiiCTBHR MaJibIX 

}];03 pa,n;uauuu RBJIReTCR HH.n;yKUml a,n;aIITllBH0ro 0TBeTa (AO), cymecT

B0BaHue K0T0poro He Bbl3bIBaeT COMHCHllll, HCCM0TµH Ha HC0.IJ;H03Ha11H0CTb 

rpaKT0BKH cpeHOMeHa. ABTOpbI HaCT0Rmero coo6meHmi: aHaJill3ttpyIOT oco-

6eHHOCTH npoRBJieHttH raMMa-nH,n;yunpoaaHHoro AO y rph13YH0B - Manoii 

necHoii MhIIIItt (Apodemus (SJ uralensis)~ 06UTa10meii B 3nuueUTpe 

BocT011Ho-YpanbcKoro pa,n;uoaKTttBHoro cne,n;a (BYPC, qena6uHcKaR o6n.) 
90 2 . 2 

(IIJlOTHOCTh 3arpR3HeHHH no Sr - 18,5 MEKIKM - 500 Kn/KM) n conpe-

,n;eJihHOii TeppUTopuu (7 ,4 KEKIM
2 

- 0,2 Ktt!KM
2
). )KnBOTHbIX H3 npttp0AHbIX 

nonyJrnuuii o6nyqann a,n;arnupYJOmeii ,n;o3oii - 20 crp, 3aTeM 11epe3 4 11aca 

- noape)K}];a10meii ,n;o3oii 2,0 rp (3an11KttHa n ,n;p., 1998, 2003; Chankova et 

al., 2005). KpHTepuii AO - 11aCT0Ta Bcrpe11aeM0CTH MHKp0R,n;ep B nonuxpo

MaTOq>HJibHbIX 3pHTp0UHTax (IIX3) K0CTH0ro M03ra )KUB0THbIX, 3a6HTbIX 

11epe3 7 cyTOK. CnoHTaHHaH 11aCT0Ta MHKpoa,n;ep A0CT0BepH0 pa3Jill11aeTCR y 
JICCHblX MbIIIIeii C UMnaKTH0ro ll K0UTp0JibH0ro y11aCTK0B (5,3 ± 0,69 % fl 

1,8±0,30 %, p<0,001). Y 3BepbK0B c BYPCa o6Hap~eHhl MH0)KCCTBCHHbie 

MllKp0H,n;pa, a TaK)Ke MllKp0R.n;pa B au,n;e 3anRTbIX. CpaBHllTCJibHblll aHaJill'.3 
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,n:aHHblX a.n;AHTHBH0ro 3cpcpeKTa o6nyqeHmi: n0Ka3aJI ,n;ByKpaTH0e YBCJIH'le

HHC OT cnoHTaHHoro 11HCJia MHKp0R,n;ep y «11HCTbIX» )KUB0THbIX H HCK0Topoe 

MX CHU)KCHHe y «rpR3HbIX». 11HTepnpeTaUHH pe3yJibTaT0B CJI0)KHa " Heo,n;

H03Ha11Ha - cneuucpu11eCKaH KOHcpurypaumi: (npOTH)KCHHaH H Y3KaH) 30Hbl 

3arpR3HCHml (rpuropKHHa, OneHeB, 2004) " BbIC0KaH n0,IJ;BU)KH0CTb JICCHbIX 
MbIIIIeii npHB0MT K nocT0RHH0MY npHT0KY reHeTH11CCK0ro MaTepuana C 

conpe,n;eJibHbIX TeppuTOpuii 3a C11CT MHrpauuu, ypoBeHb KOTOpoii y )KUB0T

HblX B pa,n;uauuoHH0M 6uoueH03e npe,n;CT0HT oueHUTb rryTCM npuMeHeHUH 

BHTaJibH0ro MapKepa KOCTHOH TKaHH (TerpaUHKJIUHa). O6cy)K}];aIOTCR: Mexa

HH3M pa3BHTHH «He3aBepIIIeHHOH» nonyJIRUHOHHo-reHeTH11CCKOH pa,n;uo

a.n:anTauuu B 11pe,n;e noKoJieHuii, crparerua a,n;arnauuu rph13YH0B no,n;BH)K

HhIX BUA0B, reopeTH11CCKHe 0CH0BaHmi: 3KCrpan0JIHUHH ,n;aHHbIX, nony11eH

HblX Ha )KUB0THbIX H3 npupo,n;HhIX nonynxuuii, Ha JIIO,n;eii, np0)KHBaIOmux B 

30HaX pa,n;uoaKTHBH0ro He6narononyquR, B K0HTCKCTe HX MC.IJ;HK0-

COUHaJibHOH 3Ha11HM0CTH. 

liEJIKOBLIE <l>P AKu;mI WO)IQKEH IlPH 3KCTPEMAJThHLIX 
COCTOIDIIDIX (rOJIOMffilE H PEHTrEHOBCKOE 

06.JIYlIEHHE) 

/(aBmRH MA., HaBacapORH JI.A., MapymRH C.B. 
EpeaattcKttii: rocy.D.apcTBeHHhIH yttuaepcHTeT, r. EpeaaH, ApMeHHH 

biochem@ysu.am 

B nocne,n;Hue ro,n;hl oco6oe BHHMaHue o6pamaeTCR Ha 6uocuHTe3 

onpe,n;eJieHHblX 6eJIKOB, urpaiomux, 011CBUAH0, 3amHTHYJO p0Jib npu pa3-
JIH11HbIX 3KCTµCMaJibHbIX C0CT0HHmlX B CBH3H C B03pacTaIOmuM B03.IJ;CHCT

BUeM Ha opraHU3MhI, B TOM 11HCJie - 11CJI0BCKa, pa3JIH11HblX TCXH0reHHbIX 

cpaKTopOB (HOHH3Hpy10mee o6nyqeHtte, BbIC0KUe " HH3KUe TeMneparyphI, 

He,n;ocTaT011H0e nHTaHue H np. ), CBR3aHHbIX C pacIIIupeHUeM pa6oT no 0CB0-

CHUIO K0CM0Ca, npHMCHCHHCM B 6bITY " Hay11HblX HCCJie,n;oBaHHHX annapa

Typbl (COT0Bbie TenecpOHbl, TCJICBH30pbl H ,n;p.), npttMeHeHtteM ll30T0n0B B 

MCAHUHHe H HayqHbIX HCCJIC.IJ;0BaHmi:x H np. y cnex pa3pa60TKH cnoco6oB 

3amHTbl OT Bpe,n;Horo B03.IJ;CHCTBml cpaKTopoB 3KCTµCMaJibHbIX COCTOHHHH 

Il0JIH0CTblO 3aBHCHT OT CTeneHU H3yqeHmi: H3MCHCHHH, Bbl3BaHHbIX 3THMH 

cpaKTopaMH Ha M0JieKynRpH0M ypoBHe. B CBR3H C 3THM npe,n;CTaBJIHeT 
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60JibllI)'IO mcryaJihHOCTb myqemie yKa:3aHHbIX 3all\HTHbIX ( CTJ)eccopHbIX) 

6eJIKOB, 6HOCHHTe3 KOTOpbIX HHJzyQHpOBaH DOA BJimIHHeM paJJiuqHblX 

cl>aKTopoB. MMeiomuec» B 3TOM HanpaBJieHHH AaHHhie CKJIOHHIOT Hae K 

BbIBOey 06 o6mHOCTH YKa3aHHbIX 6eJIKOB BHe 3aBHCHMOCTH OT npuquH, 

Bbl3blBaIOmHX HX HHeyKQHIO. 

HaMH 6hIJIH HCCJieAOBaHbl 6eJIKOBbie cl>paKQHH npu B03AeHCTBHH Ha 

APO)IQKH poAa Candida 3KCTJ)eMaJihHhIX cl>aKTopoB, KaKOBhIMH HBJIHIOTCH 

rOJIOAaHue, TepMOIIIOK, 3TaHOJIOBbIH CTJ)eCC H peHTreHOBCKOe o6nyqeHue: 

TioKa3aHO, qro npu TeOJIOBOM CTJ)ecce y AHKOro IIITaMMa APO)IQKeH 

BblHBJIHIOTCH 8 3JieKTJ)ocl>opeTuqeCKHX 6eJIKOBbIX DOAcl>paKQHH, a y TepMO

TOJiepaHTHOro IIITaMMa - 2 6eJIKOBbie DOAcl>paKQHH c MOJieKyJIHpHbIMH 

MaccaMH 74 u 79 K)];. TiocJieAHHe 2 DOAcl>paKQHH, oqeBHAHO, HBJIHIOTCH 

6eJIKaMH TepMOIIIOKa. Te )Ke DOAcl>paKQHH npOHBJIHIOTCH H npu 3TaHOJIOBOM 

CTJ)ecce APO)IQl(eii. 

BJIIDIHHE 3MH Iffiq HA PEIIPO)J;YKTHBHYIO «l>YHKIUflO 
MLIIDEfi .Jilllillfi C57 /BI6 u Balb 

Jfcaeea H.M, Cy66omuHa T.H., TepetuKuua O.B., JltuuH A.A. 
rYTI HI111 HOBhIX Me.ll.HUHHCKHX Texttonomii, r. Tyna, PoccHH 

B DOHCKax OTBeTa Ha Bonpoc, KaKOB B03MO)KHbIH MexaHH3M 

B03AeHCTBHH I{Bq-DOJieii Ha opraHH3M, 6hma pa3pa60TaHa H npeAJIO)KeHa 

cneeyioma» cepu» AOJirocpoqHoro 3KcnepuMeHTa: B03AeiicTBHe 3MM I(Bq 

Ha MbIIIIeH JIHHHH C57 /Bl6 u pattAOM6peAHbIX MbIIIIeii B POAHTeJibCKOM 

IlOKOJieHHH (P) c napaMeTpaMH 3MM I(Bq H nonyqeHue DOTOMCTBa AO 

AeCHTH DOKOJieHHH (F 1-F 10). Or K~Oro DOKOJieHHH MbIIIIeii, 3aAeHCTBO

BaHHbIX B 3KCnepHMeHTe, 6hIJIO DOJl)'1IeHO no 4 DOMeTa COOTBeTCTBeHHO. 

TiapaMeTphI 3MM I(Bq: f = 37 ffQ, P<O,l MBTlcM
2
; t = 30 MHH, n (KOJIH

qecTBo ceaHCOB) = 32, t;" = 16 qacoB. B XOAe 3KCnepHMeHTa ycTaHOBJieHO, 

qro B 3, 4 H 5 noKoJieHHHX MhIIIIeii JIHHHH C57/Bl6 Ha6JIIOAaIOTCH HBHbie 

OTKJIOHeHHH, a HMeHHO: B p»Ae ceMeii BOo6me He YAaJIOCb DOJl)"IHTb 3, 4 

noKoJieHHH. XoTH y MhIIIIeii JIHHHH Balb HeT TaKux HBHhIX «BhmaAeHuii» 

DOTOMCTBa B 3, 4, 5 DOKOJieHHHX, HO TaK)Ke HBHO 3aMeTHbl «CKaqKH» 

KOJIHqecTBa oco6eii B IlOTOMCTBe no cpaBHeHHIO c KOHTJ)OJlbHOH rpynnoii. 
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,lvrn MbIIIIeii KOHTJ)OJlbHblX rpynn JIHHHH C57/Bl6 H paHAOM6peAHbIX 

MhIIIIeii (Balb) OTHOIIIeHue KonuqecTBa AeTeHbIIIIeii B noKoJieHHHX P - F6 

.wrn K~Oro H3 DOMeTOB K o6meMy KOJiuqecTBY AeTeHbIIIIeii B AaHHOM 

noMeTe eCTb BeJiuquHa, 6JIH3KM no 3HaqeHHIO K "30JIOTOMy" qucny 0,618. 

OTHOIIIeHue qucna oco6eii B TJ)eTbeM u B qernepTOM noMeTax K o6meMy 

qucny B AaHHOM noKoJieHHu (M» K~oro H3 noKoJieHuii P - FIO) TaK)Ke 

6JIH3KO K "30JIOTOMy" qucny 0,618. 

,lvrn JIHHHH C57/Bl6, KOTOpM IlOABepraJiaCb B03AeHCTBHIO 3MM 

J(Bq, npaBHJIO "30JIOTOro ceqeHHH" He BbIIlOJIHHeTCH, qro oco6eHHO 

xapaKTepHo MH 3, 4 H 5 noKoneuuu. ,[vi» JIHHHH Balb ornoIIIeHue qucna 

oco6eii B TJ)eTbeM u B qeTBepTOM IlOMeTax K o6meMy qucny B AaHHOM 

noKoJieHHH MH K~oro H3 noKoJieHHH P - FlO oCTaerc» 6JIH3KHM K 

"30JIOTOMy" qucny 0,618, a OTHOIIIeHHe KOJIHqecTBa AeTeHbIIIIeii B DOKOJie

HHHX p - F6 MH K~oro H3 DOMeTOB K o6meMy KOJIHqeCTBY AeTeHbIIIIeii 

OTJIHqHo OT 0,618. TaKHM o6pa30M, DOKa3aHO, qTo "30JIOTOe ceqeHHe" 

CBH3aHO C HOpMaJibHbIM COCTOHHHeM opraHH3Ma, BCHKHe )Ke OTKJIOHeHHH OT 

3TOH HOpMbl npHBOAHT K HapyIIIeHHIO npaBHJia "30JIOTOro ceqeHHH". 

,lf;IIAIBOCTIIKA CKPLITLIX IlOBPE~EBHfi 
1iHOJIOrH11ECKIIX MEMEP AH B PE3Y JILT ATE B03,ll;EHCTBIDI 

«I>H3HKO-XHMWIECKIIX «I>AKTOPOB (HOim3HPYIO~EE 
H3JIYqEimE,JIEI0PCTBEHHLIEIIPEilAPAThij 

Ko3Jloea E.K., l/epHbltu A.M, l/ep11Ree A.II. 
MOCKOBCKWI Me.ll.HUHHCKWI aKa.n.eMHH HM. 11.M. CeqeHOBa, 

q>HJttqeCKHii cpaKyJihTeT MrY HM. M.B. JloMottocoBa, r. MocKBa, PoccHH 

. waterlake@mail.ru 

,[vi» 3cl>cl>eKTOB B03AeHCTBHH HOHH3Hpyiomux HJJiyqeHHH Ha 6uo

JioruqecKue o6'beKTbI xapaKTepHO DOHBJieHue CKpbITbIX DOBpe)l(AeHHH. 

TaKHe DOBpe)l(AeHHH MOryT Ha nporn)KeHHH MHTeJibHOro BpeMeHH He 

o6uap~HBaTb ce6H H3MeHeHHeM cl>YHKQHOHaJibHOfO COCTOHHHH 6uonoru

lfeCKHX o6'heKTOB pa3HOH CTeneHH CJIO)KHOCTH. ,[vi» BbIHBJieHHH CKpbITbIX 

PaAuaQHOHHbIX noBpe)l(AeHuii HCDOJih3YIQT AODOJIHHTeJibHhie B03AeiicTBHH, 

B pe3yJibTare KOTOpbIX TaKHe IlOBpe)l(AeHHH CTaHOBHTCH HBHbIMH. 
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B .o;aHHOH pa60Te npHBO,AHTCH pe3yJibTaTbI 3KCnepnMeHTaJibHOro 

HCCJie,AOBaHHH, a TaIOKe TeoperuqecKoe o60CHOBaHne B03MO:>KHOCTH .AHa

fHOCTHKH CKpbITbIX noape)KJ];eHHH MeM6paH 3pUTpOI..UITOB, B03HHKaIOIIJ,HX B 

pe3yJILTaTe B03.o;eiicTBHH HOHH3HpyIDIIJ,HX mnyqeHHH H cpapMXHMnpenapa

TOB. Mero.A OCHOBaH Ha 3JieKrponopaQHH MeM6paH KaJin6poBaHHbIM 

HMnyJibCHbIM 3JieKrpnqeCKHM noJieM nocne B03,AeHCTBHH Ha KJleTK!i 

<pH3HKO-XHMUqecKHX cpaKTopoB. B 3KCnepnMeHTaX myqanu B03,AeHCTBHe "Y· 
mnyqeHUH B MaJibIX ,A03ax (2-10 crp) " nyqKa 3JieKrpOHOB B 60JibWUX 

J];03ax (.AO 10000 rp), JieKapcTBeHHblX npenapaTOB (aHeCTeTHKOB, KpOBe3a

MeHHTeJieii) Ha MeM6paHbl. B KaqecTBe OCHOBHOfO o6neKTa HCCJie,AOBaHID[ 

6bIJIH BbI6paHbl MeM6paHbl 3pUTpOQHTOB qeJIOBeKa, no.o;BepraawnecJ[ 

Heo6paTHMOMY 3JieKrpnqecKOMY npo6010. ,[(eTeKTHPYJOIIJ,HM cpaKTopoM 6b1JI 

HH,AyQHpyeMbIH YKa3aHHbIMH cpmnqecKHMH B03,AeHCTBHHMH reMOJIH3 3pHT

pOQHTOB, B OCHOBe KOTOporo Jie:>KHT HapyweHne 6apbepHOH QJYHKQHH 

MeM6paHbl. 3cpcpeKT B03,AeHCTBHH OQeHHBaJIH no KOHCTaHTe CKOpOCTH 

yMeHbWeHUH qucna 3pUTpOQHTOB B cycneH3HH B pe3yJibTaTe reMOJIH3a. B 
KaqeCTBe HCToqHnKa HMnyJibCHOfO 3JieKrpnqeCKOf0 noJIH ncnoJib30BaJIH 

KJIHHUqecKHH .o;ecpu6pHJIAATOp, n03BOJIHIOIIJ,HH C03,AaBaTb Hanp}l)KeHHOCTb 

nOJIH B cycneH3HH 1100 B/cM, MHTeJibHOCTb HMnyJibCa 6 MC. TaKHe 

napaMeTpbl HMnyJibCa n03BOJI}IJIH C03,AaBaTb HaBe,AeHHblH rpaHCMeM6paH

HblH noTeHQHaJI BbIWe KpHTnqecKoro Hanp}l)KeHHH npo6oH. IlocJie,AyIOIIJ,all 

3JieKrponopaQHH MeM6paH no3BOJIHJia o6HapY:>KHTb " KOJinqecTBeHHO OQe

HHTb CKpbITbie noBpe:>K.AeHUH MeM6paH Y:>Ke qepe3 HeCKOJlbKO MHttyT nocne 

B03,AeHCTBHH Q)H3HKO-XHMUqecKHX Q)aKTOpOB. 

B03):(EHCTBHE IIY1IKA YCKOPEHHLIX 3JIEKTPOHOB 
HA MEMJiPAIILI 3PHTPO~TOB 

Ko1J10Ba E.K., l/epHfleB A.II., EmnHTOK Y.A., AlleKceeea II.IO., Ko1J106 A.fl. 
MocKOBCKHii rocy.napcTBeHHhlii YHHBepcIITeT HM. M.B. JloMoHocona, r. MocKBa, 

Poccllil, fomina200 l@rambler.ru 

B pa6ore npnBe,AeHbl pe3yJibTaTbl 3KcnepnMeHTaJibHOfO " TeopeTll· 

qecKOfO HCCJie,AOBaHHH B03.AeHCTBHH nyqKa ycKopeHHbIX 3JieKrpOHOB aa 

COCTOHHHe MeM6paH 3purpOQHTOB. Pa6oTa 6bma BbIIlOJIHeHa Ha pa3pe3HOM 

MHKporpoHe, pa3pa6oTaHHOM B HMlUl<I> HM. ,[(.B. CKo6eJibQLIHa. Ha eye· 
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neH3HIO 3purp0QHTOB B03.AeiiCTBOBaJIH nyqKOM ycKopeHHbIX 3JieKrpOHOB: 

::meprHH 3JieKrpOHOB 40 M3B, cpeAHHH TOK 0,7 - 1 MA, speMH o6nyqeHn,s:;:,:.:'~-

2 - 7-MnHyr. ,[(Jrn nccJieAoBaHnH pe3yJILTaTOB B03AeiicTBHH ucnoJib30BaJICH 

cnoco6 AHarHOCTHKn cKpbITbIX nospe:>K.AeHnii MeM6paH 3pnrpoQnTos, 

OCHOBaHHblH Ha B03.AeHCTBHH Ha HUX KaJIH6posaHHoro HMnyJibCHOfO 

3JieKrpnqecKoro nonH. Ilocne o6nyqeHHH cycneH3HH He Ha6n10.o;anocb oT

nuqug omuqecKOH IlJIOTHOCTH HCCJieJ];yeMoii cycneH3HH OT KOHrpOJibHOH B 

TeqeHne 40 MHH. 0.AHaKO MeTOA nocJieAyIOIIJ,eii 3JieKrponopaQHH n03B0-

JIHJI BbrnBHTb CKpbITbie noape)KJ];eHUH B MeM6paHax 3purpoQHTOB Y:>Ke qepe3 

3 - 5 MHH nocne B03AeHCTBHH " KOJrnqecTBeHHO HX OQeHHTb. bblJIO npose

J];eHO 46 OnbITOB npu pacqeTHbIX A03aX 2 - 10 ~p. B nepBbie 40 MHH 

nocne B03.AeiiCTBHH KOHCTaHTa CKOpOCTH yMeHbWeHUH qucna 3pHrpOQHTOB 

nocne KOM6ImupoaaHHoro B03AeiicTBHH Pe+E 6Lma 6onLwe, qeM cyMMa 

KOHCTaHT cKopocTeii nocne B03AeiicTBHH nyqKa 3JieKrpOHOB Pe u nMnyJILC-

Horo 3JieKrpuqecKoro noJIH PE no OTAeJibHOCTu: Pe+E > Pe +PE. Bo acex 

OilbITax Ha6JIIOAaJiaCb HeaMHTHBHOCTb KOHCTaHT CKOpocTeii reMOJIH3a 

3pUTpOQHTOB. 

B pa6oTe npeACTaBJieHo aHaJIHTuqecKoe uccneAOBaHne npocrpaHCT

BeHHoro pacnpeAeJieHHH HHTeHCHBHOCTH 6uonoruqecKoro 3cpcpeKTa no 

Mepe pacnpocrpaHeHUH nyqKa ycKopeHHhlX 3JieKrpOHOB .AO nOJIHOfO HX 

TTOfJIOIIJ,eHUH B cycneH3HH. PacqeTbl npoBOAHJIHCb C IlOMOIIJ,blO KOMnbIO

TepHOH nporpaMMbI EGS (Electron Gamma Solution). ELmn nonyqettbI 

KpHBbie pacnpeAeJieHUH nornoIIJ,eHHOH J];03bl B 3aBHCHMOCTH OT rny6HHbl 

npoHHKHOBeHHH nyqKa 3JieKrpOHOB B cycneH3HH AAA pa3JIHqHbIX 3Hepruii 

nyqKa. PaccqnTaH cneKrp cpn10eHca nyqKa. PacqerbI noKa3aJIH, qTo AJIH 

3Heprnu 3JieKrpOHOB 40 M3B MaKCHMYM 3apHAa 3a cqeT 3aMeAJieHHbIX 

3JieKrpOHOB 6yAeT HaXOAHTbCH Ha paccTOHHHH 15,9 CM OT Haqana ABH:>Ke

HHH 3JieKrpOHOB B cycneH3HH. B TO speMH KaK MaKCHMYM nornoIIJ,eHHOH 

A03bl HaxO,AHTCH Ha paCCTOHHHH 6,3 CM. ,[(aHHble 3cp<peKTbl Moryr nOBJIHHTb 

Ha Kpnsy10 pacnpeAeJieHHH 6uonoruqecKoro 3cpcpeKTa no Mepe pacnpocrpa
HeHHH nyqKa 3JieKrpOHOB. 
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PO.JTh PEMO,l(EJIIIPOBAHIDI II XIIMlfllECKIIX 
MO,l(H<l>HKAD;l[U XPOMATimA B PE311CTEHTHOCTII 

KJIETOK K ,L(EHCTBHIO IIOHH3HPYIOmEfi P ~ 

KollmoBG.H H.A. 
O61>e,zurnemn.1ii IIHCTH1YT H,ll,epm,1x IICCJie,ll,OBaHIIH, r. }fy6Ha, Pocc1111 

M3BeCTHO, 'ITO J].OCTaBKa -rpaHCKpnm.J,HOHHbIX qimcropoB K npOMO

TOpaM qacTO -rpe6ye-r MOJJ.HqJHKaI.J,UU CTJ)YKTYPhl xpoMaTHHa, KOTOprui: 

ocyII.J,eCTBJUleTC.SI JJ.BYM.SI OCHOBHbIMU KJiaccaMH MYJ1bTH6eJ1KOBbIX KOMUJieK

COB. K nepBbIM OTHOC.SITC.SI rHCTOHaI.J,eTUJITJ)aHcqiepa3bl (HAT), TaKHe KaK 

Gcn5p B SAGA-KoMUJieKce, a1.1,eTUJiupyroII.J,ue rucTOHhI uyKJieocoM. Ko 

BTOpbIM OTHOC.SITC.SI AT<l>a3hI, TaKUe KaK Swi2p B SWI/SNF-KoMUJieKce, 

KOTOpb1e o6ecnequBmoT :meprmo JJ.JI.SI peMoJJ.eJ1upoBaHU.S1 uyKJieocoM. B 

HeKOTOpbIX npOMOTOpax 3TH J].Ba KOMUJieKca J].eikTByIOT COBMeCTHO, HO ux 

qiyHKI.J,HOHaJibHa.SI CB.Sl3b He H3yqeHa. MO)KHOJipeJJ.nOJIO)KHTb, 'ITO nOJ].06HblH 

npo1.1,ecc peMOJ].eJIHpOBaHU.SI uyKJieOCOM OCyII.J,eCTBJI.SleTC.SI He TOJlbKO B 

npo1.1,ecce -rpaHcKpnn1.1,uu, HO u B npo1.1,ecce penapa1.1,uu. 

B npo1.1,ecce penapa1.1,uu JJ.BYHHTeBbIX pa3pbIBOB (~) ~. H 

3anycKa checkpoint-KOHTJ)OJI.SI npoucxOJ]..SIT peMoJJ.eJ1npoBaHue u MOJJ.HqJHKa-

1.1,un uyKJieOC0M. O]].HaKo MeXaHH3M " yqacTHUKU 3THX npo1.1,ecc0B MaJIO 

H3yqeHbl. M3BeCTHO, qTQ K noBpe)KJ].eHU.SIM ~ cne1.1,uqiuqecKH J].OCTaB

JI.SllOTC.SI qiepMeHTaTHBHbie KOMUJieKChI, HanpuMep, HAT-NutA4 u HDAC

Sir2p, ocyII.J,eCTBJI.SIIOII.J,Ue XHMnqecKue MOJJ.UqJUKaI.J,UU rHCTOHOB. 

MmepecHo, 'ITO HapyrneHne HA T-aKTUBHOCTH HMeeT MeHhIIIHH 3qiqieKT B 

OTHOIIIeHUU -rpaHCKpHnI.J,HU" PaJJ.HOqyBCTBHTeJlhHOCTH no cpaBHeHUIO C 

HapyrneHHeM CTJ'YKTYPHhIX KOMnoHeHTOB. IloJ1yqeHbI J].aHHhie o B03MO)K

HOM yqacTUH B 3THX npo1.1,eccax npoTeHHKHHa3hI CDC28, rucToHaI.J,eTHJI

TPaHcqiepa3Horo KOMUJieKca SAGA (c-rpyKzypHhIH 3JleMeHT Hfilp) u 

.SIJJ.pbIIIIKOBOro 6eJ1Ka Netl p - peryJl.si:TOpa JIOKaJIH3aI.J,UH J].eaI.J,eTUJia3bl Sir2p. 
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COIIOCTABJIEHHE oEmEfi II rEHETIJlIECKOH 
P A,l(HO'IYBCTBIITE.JThHOCTII Ml>IillEH PA3HI,IX .JIJI11HH 

Ma.MUHQ B.II. 
I1HCTIITYT JK0Jiom11 pacTe1rnii 11 )KIIBOTHhIX YpO PAH, Marnina@ipae.uran.ru 

Oco6oe MecTo B paJJ.1106uonoruqecKux uccJ1eJ].0BaHU.S1X 3aHnMaeT 

aonpoc o Hanuquu napanJ1eJ1H3Ma Me)KJ].y o6II.J,eii qyBcTBUTeJlbHOCThIO 

opraHH3Ma K paJJ.HaI.J,UU U qyBCTBUTeJlbHOCTblO .SIJJ.epHoro annapaTa nOJIOBbIX 

KJieTOK. ,ll;aHHhie O COOTHOIIIeHUU o6II.J,eH H reHeTuqecKOH pa]].uoqyBCTBU

TeJlbHOCTH )KHBOTHbIX BeCbMa HeMHoroqncJleHHbl H B 3HaqnTeJlhHOH Mepe 

npoTHBOpeqHBbl. B 60JlbIIIUHCTBe HCCJleJ].OBaHHH co6cTBeHHbie 3KCnepu

MeHTaJibHbie J].aHHbie O reHeTuqecKOH paJJ.UOqyBCTBUTeJlbHOCTU conocTaB

JI.SIIOTC.SI c nOKa3aTeJI.SIMU o6II.J,eH paJJ.HOqyBCTBUTeJlbHOCTH, npuBeJ].eHHbIMU B 

JIUTepazype. TaKoe conOCTaBJleHue, KaK npaBUJIO, He .SIBJI.SleTC.SI J].OCTaToquo 

c-rporuM, nocKOJlhKY BeJ1nquub1 JI,[(50 - KpHTepu.si: o6II.J,ett paJJ.noqyBCTBH

TeJlhHOCTH - KOJ1e6J1IOTC.SI ]].JI.SI OJ].HOro u Toro )Ke BHJ].a )KHBOTHbIX B 

,ll,0BOJlbHO IIIHpOKHX npeJ].eJlaX H 3aBHC.SIT, B qaCTHOCTH, OT YCJIOBHH 

nyqeBOro B03,ll,eHCTBU.SI. B J].aHHOM HCCJle,ll,OBaHHH cpaBHHBaJiaCh o6II.J,a.si: H 

reHeTnqecKa.si: paJJ.noqyBCTBHTeJlbHOCTh JJ.Byx JIHHHH MhIIIIett - BALB/c u 

CBA. )];JI.si: Mh1rnen J1nuuu BALB/c JI,ll;5o cocTaBUJia 6,0 rp, JJ.J1.S1 CBA -

8,0 rp. B KaqecTBe nOKa3aTeJI.SI reue-ruqecKOH PaJJ.HOqyBCTBUTeJlhHOCTH 

JIHHHH HCnOJlh30BaJiaCb qacTOTa J].OMHHaHTHbIX JleTaJibHbIX MYTaI.J,HH, HH,ll,y-

1.1,HpOBaHHbIX o6nyqeHHeM B ,ll,03e 6,0 fp Ha CTa,ll,HH 3peJlhIX cnepMaT0-

30HJ].OB. Pe3yJlhTaTbl HCCJleJ].OBaHH.SI nOKa3aJIH, qTo qacTOTa ,ll,OMHHaHTHblX 

JleTaJiett, npHBOJ]..SIII.l,HX K rn6eJIH 3M6pHOHOB nocJle HMnJlaHTaI.J,HH, y JIHHHH 

BALB/c 60J1ee qeM B JJ.Ba pa3a npeBhirnaeT aHanoruquyro BeJ1uquuy, 

noJ1yqeHuyro JJ.JI.SI JIHHHH CBA. CHH)KeHne UJIOJJ.OBHTOCTH y caMOK MhIIIIett 

JIHHHH BALB/c, no cpaBHeHHIO c CBA, no-BHJJ.HMOMY, 06ycJ10BJ1eHo CHH

*eHneM oUJIOJJ.OTBop.si:10II.J,ett cnoco6HocTH cnepMaT030HJJ.OB. AHanH3 cnep

MorpaMMhI nOKa3aJI BbICOKHH npo1.1,eHT aHOMaJibHbIX rOJIOBOK cnepMa

T030HJ].OB. IlocTHMnJlaHTaI.J,UOHHa.SI ru6eJlh 3M6pHOHOB YKa3hIBaeT Ha reHe

THqecKHH 3qJqJeKT B03]].eHCTBYIOII.J,ero qiaKTopa. ,ll;o HaCTO.SIII.J,ero BpeMeHH He 

cyII.J,eCTByeT, OKOHqaTeJlbHOrO MHeHU.SI no IlOBOJJ.Y Toro, KaKHe THnbl 

XpOMOCOMHbIX a6eppa1.1,HH UJIH, B03MO)KH0, reHHbIX MYTaI.J,HH Bbl3hlBaIOT 

.QOMHHaHTHyIO JleTaJib. CJ1eJJ.YeT TaK*e yqecTb, 'ITO HaJiuqne JJ.eqieKTHbIX 

cnepMaT030HJ].0B He BCerJ].a Bbl3hIBaeT rn6eJlb 3HrOTbl UJIH 3M6pHOHOB H3-3a 

0TCYTCTBH.SI OUJIOJ].OTBOpeHU.SI. B pa6oTe OTMeqaeTC.SI Han60J1ee Bblpa)KeHHa.SI 
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reue-mqecKrui: PMU011)'BCTBMTeJibHOCTh y MhIIIIeii nuuuu BALB/c. Ilo.ny. 
qeHHbie pe3yJihTaTbl II03BOJIHIOT rosopUTb O HaJiuquu KoppeJIHI..{UU Me)K,lcy 
o6meii " retteTuqecKOH pa,z:i:uoqyBCTBMTeJibHOCTbIO u3yqeHHblX JIUHUit 
MbIIIIeii (r = 0,899). 

CPABHHTEJThlLUI O~HKA 3Cl>Cl>EKTOB PEil.JIIIKAlI;HH ~ 
HEE CHHTE3A 'IEPE3 ,ll;JIHTEJThHOE BPEMH IlOCJIE 

,z:t;EHCTBIDI YcI>-OJi.JiyqEHIDI H MHKOTOKCHHA 
3EAP AJIEHOHA B KJIETOqJIJ,IX JllIIIIDIX 3YKAPHOT 

Ma11yKR11 K.JJ., Kapa2e3RH MK, Cap1<.ucR11 H.K, Kapa2e3RH KI'. 
HHCTHT)'T M0Jie1<ymqmon 6nonornn HAH, r. EpeBaH, ApMeHna 

3arpH3HeHUH OKp}')KaIOmeii cpe,D;bl, OTPUQaTeJibHO B03,D;eiicTByiomtte 
Ha mn<: c ttapyIIIeHUeM reHeTuqecKOH CTa6UJibHOCTU KJieTKU, MOryr 
rrpuBeCTU K pa3BHTUIO 3JIOKaqecTBeHHbIX HOBoo6pa30BaHUH, Hacne,z:i:cTBeH
HbIX 3a6onesattnii, rrpe)K)];eBpeMeHHOMY CTapeHHIO n rrp. BhIIIIeU3JIO)KeH
HOMY rrpn,z:i:aeTCH oco6oe 3Haqettue B ycJIOBHHX IIOCTOHHHOH U3MeHqUBOCTH 
OKpY)KaIOmeii cpe,D;hl, B qacTHOCTU <po Ha U3JiyqeHUH,. KaqeCTBeHHbIX " 
KOJiuqecTBeHHbIX xapaKTepUCTUK MYTareHOB XUMJfqecKOH u 6uonoruqecKOH 
rrpupO,D;bl. 

B HaCToameM HCCJie,D;OBaHUU rrpose,z:i:eHo cpaBHUTeJibHOe H3yqeHue B 

KYJibrypax KJieTOK Heiipo6naCTOB (N-2a) H <pn6po6JiaCTOB (L929) pellJIHKa
TUBHOro CUHTe3a mn<:, IIOBpe)K)];eHHOH Y<l>-nyqaMH (254 HM), OCHOBHOH 
JleTaJibHOH MUIIIeHblO KOTOpbIX HBJIHIOTCH rrupHMUAUHOBbie ,D;UMepbI (II,lO, " 
MUKOTOKCUHOM 3eapaneHOHOM (3H), HH<pOpMal.{HH IIO ,z:i:eiiCTBUIO KOTOporo 
<pparMeHTapHa " rrpoTUBOpequsa. B pa6ore UCIIOJib30BaHbl MeTO,D;bl 
ce,z:i:uMeHTaQHH B menoqHoM rpa,z:i:ueHre caxapo3bI n OQeHKH cnHTe3a ,[{HK 
IIO BKJIIOqeHHIO 3H-TUMUAUHa B KJieTKU, npe,z:i:BapHTeJibHO MeqeHbie 14C
THMUAUHOM. 

CornacHo nonyqeHHbIM .z:i;aHHbIM B KJieTKax N-2a u L 929 ,z:i:eiicTBHe 
Y<l>-nyqeif (5 u 10 ~M2

) u 3H (1,65 u 3,3 x 10-o M) conpoBO)K)];aeTCi 
,D;0303aBHCHMbIM OT mn<-TPOIIHOro <paKTopa no,z:i:aBJieHUeM pellJIUKaTHB· 
HOro CUHTe3a (PC) mn<:, C pa3JIUqHoii CKOpOCTbIO nocne.z:i:yiomero BOCCTa· 
HOBJieHUH. KrreTKH N-2a npu 3TOM OKa3aJIUCb 6onee 11)'BCTBMTeJibHbIMH no 
KpMTepHIO PC mn<:, KHHeTHKa BOCCTaHOBJieHHH KOTOporo, KaK U3BeCTH0, 

122 

KOppenupyeT C 3<p<peKTUBHOCTbIO MeXaHU3MOB penapal.{UU m-rn:. CornacHO 
pe3YJihTaTaM HaIIIux pattHee npose,z:i:eHHbIX uccne,z:i:oBaHuii B o6eux KJieToq
HbIX JIUHUHX npaKTnqecKII OTPUQaeTCH <pyHKI..{HOHUpOBaHne MexaHU3Ma 
3PII,l1;. Ilo JIMTeparypHbIM .z:i;aHHhIM, B KJieTKax MJieKonMTaiomnx c Hey,z:i:a
neHHbIMH II,[( qepe3 MMTeJibHoe speMa rrocne o6nyqeHua npoucxo.z:i;MT 
6ecrrpenucTBeHHbIH CUHTe3 (EC) ,[(HK. HaMU ycTaHOBJieHO OTCYTCTBUe y 
KJieTOK N-2a (B OTJinque OT <pn6po6naCTOB 429) cnoco6HOCTU K EC mn< 
nocne ,z:i:eiicTBua KaK Y<l>-nyqeii, TaK u 3H, ~o MO)KeT 6hITb npuquuoii 
3aMeMeHHoro npo,z:i:Blf)KeHua KJieTOK rro QUKJIY B <paJe G 1. Bo3MO)KHO, 
KJieTKU N-2a He crroco6Hbl Y3HaBaTb u OTBeqaTb Ha curHaJibl OT IIOBpe)K
,z:i:eHHOH mn<:, Ha KOTOpb1e KJieTKU L 929 OTBeqaIOT B G 1 Ha ypoBHe peryna-
1.{UH rrepexo,z:i:a B <paJy S. He ucKJiioqeHa npn 3TOM B03MO)KHOCTb npe.z:i:MYTa
QHOHHbIX (noTeHI..{HaJibHO KaHQeporeHHbIX) U3MeHeHUH ,[(HK B Bbl)KUBIIIUX 
KJieTKax ueiipo6nacTOB B xo,z:i:e ee pellJIUKaQnn Ha nospe)K)];eHHOH MaTPnQe. 

HCCJIE,z:t;OBAHHE BO,z:t;OPACTBOPHMLIX Cl>P AKII;lffl JiEJIKOB 
,rt;PO)IQKEH ,z:t;O H IlOCJIE PEHITEHOBCKOro OJiJIY'IEHIDI 

Mapynum C.B., A«onRH A.A., HaeacapORH JI.A., l(aewm MA. 
EpeBaHcKnii rocy.napcTBeHHhiii yHnBepcIITeT, r. EpeBaH, ApMeHna 

marsed@ysu.am 

QeJibIO HaCToameii pa6oTbl HBJIHJIOCb BbI,D;eJieHne Bo,z:i:opaCTBOpUMbIX 
6enKOB U3 ,z:i:po)IOl(ett C. guil/iermondii HII-4, no,z:i:seprffYThIX peHTre
HOBCKOMY o6nyqeuuIO u nOCTPa.n:ual.{UOHHOH penapal.{UU, u cpaBHMTeJibHOe 
uccne,z:i:osauue ux 3JieKTPo<popeTuqecKnx napaMeTpOB. 

IloKaJaHo, ~o B 3JieKTPo<poperpaMMe Heo6nyqeHHbIX ,z:i:po)IOl(ett 
cymecTBYIOT 4 OCHOBHbie 3JieKTPO<pOpeTnqecKue 6eJIKOBbie <ppaKI..{HU. B 
o6nyqeHHOM BapnaHTe s OCHOBHOM coxpattaIOTCH 6eJIKOBbie <ppaKI..{UU, 
xapaKTepHbie MH ueo6nyqeHHhIX ,z:i:po)IOKeBhIX KJieToK. B nocTPa.z:i:ua
QUOHHbIH rrepuo,z:i: UHKY6al.{UU o6nyqeHHbIX ,z:i:po)IOl(ett, KOr,z:i:a npoucxo,z:i:HT 
penapaQUOHHbie npoQecchI nospe)K)];eHHOH mn<:, B 3JieKTPo<poperpaMMe 
o6HapymnJ.JaIOTCH qeTKo BbipameHHbie 8 6eJIKOBbIX <ppaKQUH, 4 m KOTOpbIX 
no 3JieKTPO<popeTuqecKOH nO,D;BU)KHOCTU COBna,I(aIOT C <ppaKQUHMU, xapaK
TepHbIMU MH o6nyqeHHbIX u Heo6nyqeHHblX ,z:i:po)IOl(ett, a OCTaJibHbie 
<ppaKI..{UU - HOBOCUHTe3upoBaHHbie 6eJIKU. ,[via scex o6Hapy)KeHHbIX HaMU 
<ppaKQUH ua6JIIO,z:i:aeTca U3MeHeHue KOJIHqecTBa 6enKa npu nocTPa.n:ua-
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uuoHHoii umcy6auuu. Cne}].oBaTeJibHo, B npouecce penapauuu APO)IOKCBbIX 

KJieTOK CTHM)'JIHpyeTcH 6nOCHHTC3 onpe}],eJieHHblX 6eJIKOBbIX cl>paKQHH " 

0}],HOBpeMeHHO HH}].yUHPYeTCH 6uocnHTe3 HOBbIX 6eJIKOB (no Bceii BepOHT

HOCTH, npoTeKTOpHblX 6eJIKOB ), KOTOpbie npu 3KCTPCMaJibHbIX COCTOHHHHX 

KJieTOK BbIDOJIHHIOT onpe}].eJieHHbie BIDKHbie 3alllHTHbie 6HOXHMUqecKne 

<l>YHKQHH. 

BbIHBJICHbl TaIOKe H3MCHCHHH aKTHBHOCTH cl>epMeHTOB, }],C3aMHHH

PYIOillHX eyKJieOTH}].bI u ttyKJie03H}].bI nocne peHTreHoBcKoro o6nyqeHHH u 

penapauuu. 

MEXAHII3MLIHEHPOIIPOTEKTOPHOrO~EHCTBIDI 
IIPOH3BO,ll;IILIX ~YXATOMHI,IX <I>EHOJIOB IIPH 

rHIIOKCJil:IECKOM IIOBPE)K)J;EHHH ACTPOIJ.IITOB IN VITRO 

Me3eH H.H., </Jeoy110B A.C., KBa'leBa 3.E., maobipo O.H. 
6enopyccKIIii rocy.napcTBeHHbiit Mel).III-UfHCKIIii YHIIBepcIITeT, r. MIIHCK, 

6enopyccIDI 

QeJiblO }],aHHOro HCCJIC}],OBaHHH HBHJIOCb myqeHne B03MO)K}lblX 

MexaHH3MOB npOTCKTOpHOro }],CHCTBHH npOH3BO}],HbIX }].ByxaTOMHbIX cl>eHO

JIOB Ha acrpOQHThI, KYJibTHBHpyeMbie B ycJIOBHHX rHDOKCHH. 

lfayqeHo BJIHHHHe 5 npon3BO}].HbIX nupoKaTeXHHa Ha ITOJI B 

roMoreHaTe M03ra KpbIC H OT06paHbl 2 Hau6onee 3cl>cl>eKTHBHbIX aHTHOKCH

}],aHTa. ,[(aJibHCHIIIaH OQCHKa 6uonornqecKOH aKTHBHOCTH OT06paHHblX 

COC}],HHCHHH npoBO}],HJiaCb B nepBnqHOH KYJibi:ype acrpOQHTOB M03ra HOBO

po)KJJ.eHHbIX KpbIC, HaxO}],HBIIIHXCH B ycJIOBHHX runoKCHH •. IlOKa3aHO, lffO 

npucyreTBHe myqaeMbIX aHTHOKCH}],aHTOB B cpe}].e pocTa HeiipornHaJibHblX 

KJieTOK B ycJIOBHHX runoKCHH npe}].OTBpalllaeT OTCK KJieTOK, yrHeTCHHe MX 

pocTa " }],CJICHHH. YnbrpacrpyKi:ypa 3THX KJieTOK npn6JIIDKaeTCH K 

KOffTPOJlbHbIM: MHTOXOH}].pHH acrpOQHTOB OCTaIOTCH B xopoIIIeii coxpaH

HOCTH, QHCTepHbl lll3P He pacIIInpeHbl, H}].pa CO}].ep:m:aT }],CKOH}],CHCH

poBaHHbIH xpoMaTHH, npH 3TOM CHIDKaeTCH ypoBCHb M,[(A. B 3HaqHTeJib

HOH CTeneHH YMCHbIIIaIOTCH rHDOKCHHHAYQHpoBaHHbie H3MCHCHHH crpyKi:y

pbI KJieTOqHbIX MeM6paH: CHIDKaIOTCH H3MCHCHHH cl>H3HKO-XHMHqecKHX 

napaMerpOB KaK JIHDH}],HOro 6HCJIOH, TaK u aeyn»pHbIX JIHDH}],OB u 6eJIOK

JIHDH}],HbIX B3aHMO}],CHCTBHH. 
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Ha OCHOBaHHH npe}].CTaBJieHHbIX }],aHHbIX MO)KHO npe}].DOJIO)KHTh, lffO 

1nyqaeMbie aHTHOKCH}],aHThl aKKYM)'JIHpyIOTCH B KJieTOqHbIX MeM6paHax 

acrpoQHTOB, CHIDKaIOT ypoBeHb npo}].yKTOB ITOJI H cnoco6cTByIOT 

ope}].OTBpallleHHIO o6ycJIOBJICHHbIX rHDOKCHeii CTPYKTOpHo-cl>yHKQHO

ffaJibHblX HapyIIIeHHH B 3THX KJieTKax. 

CPABHHTEJThHLIHAHAJIH3'1ACTOTbIHECTAliHJThlThIX 
H CTAliHJThHLIX XPOMOCOMHLIX AliEPPAIJ.IIH 

Y IIOWOCTKOB, IIPOiKIIBAIOIIJ.HX HA 3ArPJl3HEHHLIX 
p ~o~ TEPPHTOPIDIX KAJIY)KCKOH OnJIACTH 

IIOCJIE ABAPHH HA 'IA3C 

MuxaUJ106a I'. </J. 
rY MeAHUHHCKHii paAHonornqecKIIii HayqHh1ii ueHTp PAMH, r. 06HHHCK, PoccIDI 

sevankaev@mrrc.obninsk.ru 

H3BCCTHO, lffO }],eTCKHH opraHH3M Han6onee qyBCTBHTCJICH K 

pa}],HaQHOHHOM)' B03}],CHCTBHIO, D03TOM)' }],eTH COCTaBJIHIOT KpHTnqecKyIO 

rpynny HaceneHHH, nocrpa}].aBIIIero B HaH60JibIIIeii cTeneHH B pe3yJibTaTe 

qepH06bIJibCKOH aBapnH. IlpOBO}],HJIOCb QHToreHeTHqecKoe o6cJie}],OBaHHe 

2-x rpynn 00,[{pOCTKOB, npo:m:HBaIOillHX Ha 3arpH3HCHHbIX PaAHOttyKJIH}],aMH 

TeppHTopHHX Kany:m:cKOH o6JiaCTH nocne aBapHH Ha lJA3C, c napaJIJICJib

HbIM aHaJIH30M HCCTa6HJibHbIX H CTa6HJibHbIX (MeTO}],OM FISH) a6eppaQHH 

xpoMOCOM. B 1-IO rpynny BXOAHJI 21 DO}].pOCTOK, 6blBIIIHH Ha MOMCHT aaa

pHH B B03pacTe I - 8 JieT (Ha MOMCHT o6CJie}],OBaHHH - 13 - 19 JieT), BO 2-IO 

- }],eTH, o6JiyqHBIIIHCCH BO BpeMH aaapHH BffYTPttyTP06HO (Ha MOMCHT 

o6cne}].OBaHHH B B03pacTe 16 - 17 JieT). obIJIO nonyqeHo, qTo B I-ii rpynne 

qacTOTa }],HQCffTPHKOB H rpaHCJIOKaQHH COCTaBJIHJia COOTBeTCTBCHHO 

0,04±0,02 u 0,22±0,02, BO 2-ii - 0,09±0,01 u 0,26±0,01. TeoperuqeCKH 

O)KH}],aeMaH qacTOTa }],HQCHrpHKOB H rpaHCJIOKaQHH, H3-3a 0}],HHaKOBoro 

MexaHH3Ma o6pa30BaHHH, npH pa}],HaQHOHHOM B03}],CHCTBHH JJ,OJI)KHa 

COCTaBJIHTb • 1: I, OJJ,HaKO B o6cJieJJ,OBaHHbIX rpynnax qacTOTa J],HQCHTPHKOB 

6bma B 3 - 5 pa3 HIDKe, qeM rpaHcJioKaQHii. IlpmeM B rpynne ,[{eTeii, 

o6nyqHBIIIHXCH BffYTPttyTP06HO, qacTOTa H }],HQCffTPHKOB, H rpaHCJIOKaQHH 

6bma BbIIIIe, qeM B rpynne JJ,eTeii, o6JiyqHBIIIHXCH DOCTHaTaJibHO. 
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qHeJIO JIHI_\ - HOeHTeJieii ,AHI_\eHTJ)HKOB H T{)atteJIOKaQHH B 1-ii rpynne 

eoeTaBmlJIO eOOTBe'fCTBeHHO 14 % H 43 %, BO 2-ii - 25 % H 64 %, T. e. 8 

o6enx rpynnax tJHeJIO HOeHTeJieii T{)aHeJIOKaQHH 60Jihllle IlOlJTH B 3 p113a, 

tJeM tJHeJIO HOeHTeJieii AHQeHTJ)HKOB. O,AHaKO B rpynne ,AeTeii, o6nyqua. 

UIHXe.s: BHY'fPHY'fP06tto, tJHeJIO HOeHTeJieii KaK AHQeHTJ)HKOB, TaK H T{)aHc. 

JIOKaQHH 6oJibllle B 1,5 pa:3a, qeM B rpynne ,AeTeii, 06nyqHBllIHXCJ1 

IlOCTHaTaJihHO. 

TaKHM o6pa:30M, ,AeTH, o6JiyqHBIIIHee.s: B nepHOA BttyTPHY'fP06ttorci 

pa:3BHTHH, 6onee qyBeTBHTeJihHhl K B03,AeiieTBHIO HOHH3HPYIOI.Qero mnyqe

HHH, tJeM AeTH, o6nytJHBIIIHee.s: noeTHaTaJihHO. 

BJIIDIHHE r AMMA-Oli~HIDI B MA.JThIX ,[(03AX HA 
IIPO,lJ;O.JDIGITE.JThHOCTb JKB3HH Y MYTAHTOB ,[(P030<1>11.JII,I 
IIO PACII03HABAHHIO H PEIIAP~ IIOBPE'.JK,[(EIDm ,lJ;HK 

MocKaJieB A.A., IllllOCHUHa E.H 
I1HCTHT)'T 6uonoruu KoMtt H~ YpO PAH, r. ChIKThIBKap, Poccllil 

amosaklev@list.ru 

IlOKa:3aHO, lJTO npo,Ao.IDKHTeJihHOeTb )KH3HH JIHHHH AP030<l>HJibl 

Canton-S AHKoro THna yBeJIHtJHBae-rc.s: noene y-o6nytJeHHH B MaJioii ,A03e. 

BhrnBJieHO yMeHhllleHHe npo,Ao.IDKHTeJibHOeTH )KH3HH y MYTaHTOB 

Drosophila melanogaster no . paeno3HaBaHHIO H penapaQHH noBpe)l(AeHHH 

~ (MYTaHThl no reHaM mei-9 n mei-41) noeJie ,AeiieTBHH o6Jiyqemui. 

O6ttapY*eHO, lJTO y MYTaHTOB JIHHHH mei-41 eaMQhl )KHBYT ,AOJibllle eaM0K, 

B OTJIH11He OT oeTaJihHhIX JIHHHH. KpoMe Toro, npo,AOJI)KHTeJibHOeTb )KH3HH 

y HHX BhIIIIe, 11eM y eaMQOB JIHHHH AHKoro THna. CaMKH mei-41 )KHByT 

MeHbIIIe eaMOK JIHHHH AHKOro THna. CaMKH-reTep03HrOThl JIHHHH y1 mei-9'1 
/(l)ESHS261mei-4J05/FM7c HMeIOT tteo6hitJHO BhieOKYIO npo,AOJI)KHTeJib· 

HOeTb )KH3HH (B 1,5 pa:3a BhIIIIe KOHTJ)OJihHOH rpynnhI). 3To MO)KeT 6bITb 

eB.s:3aHo e O,AHOBpeMeHHhIM npHeYTeTBHeM reHOB mei-9 H mei-41 JIH60 C 

HaJIHtJHeM peQeeeHBHoii JieTaJIH ESHS261
• 
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lIH,[(YKWffl XPOMOCOMHLIX AJiEPPAII;Iffl B JIHM<l>On;HTAX 
qEJIOBEKA IIPH ,lJ;EHCTBIIH MA.JThlX ,[(03 HOHH3HPYIO~EH 
P A,lJ;HAIJ;IIH H B03MOlKHLIE MOJIEKY JUIPHLIE MEXAHH3Mbl 

KJIETO"lJHOro OTBETA 

HacoHoaa E.A., IIIMaKoBa HJI., KoMoea 0.B., MellbHUKoaa JI.A., 
<Paoeeaa T.A. 

O6oe.[{HHeHHbIH HHCTHT)'T H,nepHbIX HCCJie,[{OBaHHH, r. oUy6Ha, PocCIDI 

B eBH3H e pa:3BHTHeM aTOMHOH HH,AyeT{)HH, HHTeHeH<l>HKaQHeii 

KOeMHtJeeKHX HeeJie,AOBaHHH lf IIIHpOKHM HenOJih30BaHHeM pa,AHOJI0rHtJee

KlfX MeT0,A0B B Me,AHQHHe Bee 6onee OtJeBH,AHOH eTaH0BHTe.s: npo6JieMa 

lJeTKOro Il0HHMaHHH KJieT0lJH0ro OTBeTa Ha B03,AeiieTBHe MaJihIMH ,A03aMH 

HOHH3HPYIOI.Qeii pa,AHaQHH. IJ,eJiblO HaeTOHI.Qeii pa60Thl HBHJI0eb mytJeHHe 

xp0M0e0MHhlX HapyIIIeHHH, HH,AyQHpOBaHHhIX MaJihIMH ,A03aMH y-nyqeii 
6
°Co lf yeKopeHHhIX H0H0B yrnepo,Aa 

12
C B JIHM!pOQHTaX nepH<pepHtJeeKOH 

Kp0BH pa:3JIH11HhIX ,A0H0p0B. 1-'honHpoBaHHbie JIHM<l>OQHThl 6bIJIH o6nyqeHbl 

B ,A03aX 1 - 100 erp, eTHMYJIHpOBaHhl cf> r A lf qepe3 48 qaeOB HeeJie,A0BaHbl 

Ha HaJIH11He xpoMoe0MHhIX a6eppaQHH MeTa<l>a:3HhIM MeT0,A0M. 

ll,HToretteTHtJeeKHH aHaJIH3 o6nyqeHHhIX JIHM<l>OQHTOB BhIHBHJI 

KOMilJieKeHhIH HeJIHHeHHhIH xapaKTep ,A030BOH 3aBHeHM0eTH qaeTOThl 

xpoM0e0MHhIX a6eppaQHH, HffAYQHpoBaHHhIX KaK pe,AKO HOHH3HPYIOI.QHM, 

TaK H IlJIOTHO HOHH3HPYIOI.QHM mnyqeHHHMH. HaHBbieIIIaH pa,AHOtJYBeTBH

TeJihH0eTb Ha e,AHHHQY ,A03hl HMeJia MeeTO B ,AHaila:30He OtJeHb HH3KHX ,A03 

(mnepqyBeTBHTeJihHOeTh, rq) e IllfKOM B o6naeTH 5 - 7 erp. IlpH yBeJIHtJe

Hlflf ,A03hl AO 10 - 15 erp Ha6JIIO,AaJIOeh eyI.QeeTBeHH0e eHlf)KettHe BhIXO,Aa 

xpOMOe0MHhlX a6eppaQHH, TaK lJTO 3aBHeHM0eTb HX qaeTOThl OT ,A03hl 

npHo6peTaJia o6paTHhIH xapaKTep. IlpH ,A03ax BhIIIIe 50 erp KpHBhie ,A03a-

3<l><l>eKT ,AeMOHeT{)HpOBaJIH JIHHeHHhIH xapaKTep. XpoMaTlfAHhIH THO a6ep

paQHH npeBaJIHp0BaJI B 061.QeM BhIXO,Ae a6eppaQHH B o6naeTH Hlf3KHX ,A03 lf 

npaKTHtJeeKH QeJIHK0M o6yeJIOBJIHBaJI IllfK xq. 

Cornaetto KJiaeeHtJeeKoii reopHH <l>opMHpoBaHHH a6eppaQHii B He 

eTHMYJIHpoBaHHhIX JIHM<l>OQHTax xpoMaTlfAHbie a6eppaQHH He HffAYQH

PYIOTeH HOHH3HPYIOI.Qeii pa,AHaQHeii. O.AHaKo OHM THilHtJHhI MH enoHTaH

HhIX xpoMoeOMHhIX HapyIIIeHHH, KOT0pbie o6yeJIOBJieHbl rnaBHhlM o6pa:30M 

3H,AoreHHO-reHepHpyeMhIMH aKTHBHhIMH <pOpMaMH KHenopo,Aa (Acf>K). 3a

eJlY*HBaeT BHHMaHHH TOT <paKT, lJTO HeKJIIOlJHTeJihHO xpoMaTH,AHhIH THO 

a6eppaQHii BhIHBJIHeTeH B 6aiieTaH,AepHbIX KJieTKax lf reHeTH11eeKH Heern-
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6HJibHblX D0T0MKax o6nyqeHHbIX KJieT0K. KpoMe Toro, ,WUI HUX xapaKTepeH 

nepMaHeHTHbIH OKHCJIHTeJibHblH CTPeCC, KOTOpblH M0)KeT cyll\eCTB0BaTb Ha 

np0T.ll)KeHHH MH0rHX reHepaQHH. 3Tu AaHHbie, a TaK)Ke nonyqeHHbIH HaMu 

BbICOKHH BbIX0A xpoMaTMHbIX a6eppaQHH B o6JiaCTH f'lI Il03B0JI.llIOT npeA

D0JI0)KUTb Hanuque HeKoero 0611\ero MexaHH3Ma, Jie)Kall\ero B ocHoBe Bcex 

cpeHOMeHOB, xapaKTepHbIX M.ll HH3KHX A03 o6nyqeHH.ll. B KaqecTBe OAH0ro 

m Hau6onee Bep0.llTHbIX npeTeHAeHT0B Ha :ny p0Jib paccMaTPHBaeTC.ll o6Ha

p)')KeHHblH HeAaBH0 npoQecc paAHaQHOHHO-CTHMYJIHpOBaHHOH aMDJIHq>HKa

QHH 3HA0reHH0-reHepupyeMbIX A<I>K. B pa6oTe TaK)Ke o6c)')KAaeTC.ll B03-

M0)KHa.ll p0Jib QHT0npoTeKT0pHbIX curHaJibHbIX KaCKaA0B, noTeHQHpyeMbIX 

A<I>K, B CHU)KeHHH paAH0qyBCTBHTeJibH0CTH npu A03ax, npeBbIIIIaIOil\HX 

AHaDa30H f'll. 

ME,[UIQHHCKHE ACilEKTbl IiHOTEPPOPA: 
'-IYBCTBHTEJThHOCTb OJi.JIYqEHHI,IX )KIIBQTHblX 

K HH <I> EKIJ;lffl 
1HecmepeHKO B.C., 2MeUfepRKOBa H.C., 1JltJeHKO E.M, @yoa20e P.C.I 

1rY Me.nHUHHCKHii pa.nuonorlfllecKHii HayqHb1ii ueHTp PAMH, r. O6HHHCK, Poccll.ll 

nestor@mrrc.obninsk.ru 
2HMM3M HM. H.<l>. faManeu PAMH, r. MocKBa, Poccll.ll 

CHU)KeHHe HMMYff OJioruqecKOH peaKTUBH0CTH opraHU3Ma nocne 

B03AeHCTBH.ll H0HH3HpyIOil\HX mnyqeHHH M0)KeT Il0TeHQHp0BaTb Il0Bpem

AaIOil\He 3q>q>eKTbl TaKoro BMa opymH.ll MaCC0B0ro nopameHH.ll, KaK 

6HonorHqecKoe. JlernocTh Hapa6oTKu u pacnpocTPaHeHH.ll, oTcpoqeHH0e 

Haqano 3a6oJieBaHH.ll, TPYAH0CTb AHarH0CTHKH AeJiaIOT BD0JIHe peaJibHbIM 

HCD0Jib30BaHHe MHKpoopraHH3M0B B KaqecTBe 6HOJioruqecKoro Op)')KH.ll. 

11cnoJib30BaHHe )KHBOH BaKQHHbl Il0CJie paAHaQH0HH0ro nopameHH.ll M0)KeT 

npHB0AHTb K AHCCeMHHaQHH HHq>eKQHH B BaKQHHHp0BaHH0M opraHH3Me. 

QeJibIO HCCJieAOBaHHH .llBHJI0Cb myqeHue BJIH.llHH.ll 0611\ero raMMa

o6nyqeHH.ll B HeJieTaJihHhIX A03ax Ha TeqeHue BaKQHHaJibHoro npoQecca y 
6eJiblX 6ecnopOAHblX MbIIIIeil. B 0ilblTaX HCD0Jib30BaJIH 3TaJIOHHbIH BaKQHH

HbIH IIITaMM N2 15 H11113r F. tularensis, o6JiaAaIOil\HH BbIC0KHM ypoBHeM 

«OCTaTOqHOH BHpyneHTH0CTH» M.ll 3THX )KUB0THbIX. 30 MbIIIIeil o6nyqaJIH B 

A03e 1 rp, 30 MbIIIIeil - B A03e 4 rp " 30 CJI)')KHJIH K0ffTP0JieM (Heo6ny

qeHHbie )KUB0THbie ). qepe3 5 CYT0K nocJie o6nyqeHH.ll 6eJibIX MbIIIIeil BaK-

128 

uirnupoBaJIH D0AK0)KH0 CJieAyIOil\HMH A03aMu: 3,2· 1 o1, 3,2· 102 
" 3,2· 103 

rynxpeMHHHhIX KJieT0K (no 10 · )KHB0THhIX Ha K~yIO A03Y BO Bcex TPex 

rpynnax). OnbITbl D0BT0peHbl 3 pa3a. Pe3yJibTaTbl Ha6JIIOAeHH.ll 3a )KUB0T

HblMH B TeqeHUe 20 CYT0K D0CJie BaKQHHaQHH CBMeTeJibCTByIOT 06 YT.ll)Ke

]leHHH BaKQHHaJibH0ro npoQecca y MbIIIIett, o6nyqeHHbIX B A03e 4 rp, ~o 

BbipamaJI0Cb B 60JibIIIeM K0JiuqecTBe noru6IIIHX MbIIIIeil " C0Kpall\eHHH 

cp0K0B HX )KU3HH. BJIH.llHUe HHq>eKQHH Ha K0JiuqecTB0 noru6IIIHX MbIIIIeil 

nocne 0611\ero 06nyqeHu.s1 B A03e 1 rp 6bmo MeHee 3aMeTHhIM u 3aBHceno 

OT A03bl HMMYHH3aQHH - K0JiuqecTBa )KUBbIX zynxpeMHHHbIX KJieT0K, BBe

,l),eHHbIX D0AK0)KH0. IlonyqeHHbJe AaHHbie CBMeTeJibCTByIOT 0 T0KcuqecKHX 

3cpcpeKTax BaKQHHaQuu, npoBeAeHHOH B nepBy10 HeAeJIIO nocne nyqeBoro 

nopameHH.ll. B cJieAYIOil\ett cepuu onhIT0B myqanu BJIH.llHHe BaKQHHaQuu 

(ee BHpyneHTHOCTH) Ha ru6eJib MbIIIIeil npu BBeAeHHH zynxpeMHHHbIX 

KJieT0K qepe3 26 CYT0K nocne 0611\ero raMMa-06nyqeHu.s1 B A03e 4 rp. 

Mb1IIIett BaKQHHHp0BaJIH D0AK0)KH0 cJieAYIOil\HMH A03aMu: 1,5-101
, 1,5-102

, 

1,5 • 103, 1,5 • 104 
zyn.s1peMHHHbIX KJieT0K BaKQHHH0ro IIITaMMa ( 10 )KUB0THbIX 

B K~OH rpynne ). OnbITbl D0BT0peHbl 3 pa3a. KOffTPOJieM CJI)')KHJIH 

Heo6nyqeHHbie MblllIH, BaKQHHHp0BaHHbie B Tex )Ke A03aX. BbUIBJieHO 

0TCYTCTBHe cyll\eCTBeHHblX pa3JIUquil B yp0BHe OCTaTOqH0H 

BupyneHTH0CTH (LDso) u cpoKax ru6eJIH Me~ o6nyqeHHbIMH HMMYHH-

3Hp0BaHHbIMH Ha 26 CYTKH " K0ffTP0JlbHbIMH - Heo6nyqeHHbIMH MbIIIIaMU. 

IlonyqeHHbie AaHHbie CBHAeTeJibCTByIOT 06 ornr0il\eHHH BaKQH

HaJibH0ro npoQecca F. tularensis B HaqaJibHhIH nepuoA pa3BHTH.ll nyqeBoro 

nopameHH.ll u HeA0CT0BepHbIX pa3nuqu.s1x c Heo6nyqeHHbIMH MbIIIIaMH B 

nepH0A B0CCTaH0BJieHH.ll HMMYHOJIOruqecKOH pe3HCTeHTH0CTH opraHU3Ma. 

POJTh «BYSTANDER EFFECT» B PA3BHTHH KJIETOl.JHOro 
OTKJIHKA HA B03)J;EHCTBHE HH3KOHHTEHCHBHOro 

HOHH3HPYIOmEro H3.JIY11EHIDI 

Ocunoe A.H. 
MHCTHTYf o6meil. reHeTHKH HM. H.M. BaaHJioaa PAH, r. MocKBa, Poccll.ll 

andreyan.osipov@mail.ru 

B HaCT0.llll\ee BpeM.ll cpeAH HayqHOH 0611\eCTBeHHOCTH BeAYTC.ll 

aKTHBHbie Ae6aThI 0 B03M0)KHbIX MexaHH3Max 6HOJioruqecKoro AeHCTBH.ll 
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HH3KOHHTeHCHBHOro HOHH3HP)'IOil\ero H3JI)'11eHIDI (1111). AHaJIH3 cyll\ec1-

B)'IOII\HX Ha TeKYII\HH MOMeHT 3KcnepHMeHTaJibHblX )J.aHHblX O 6HOJIOrH'iec

KHX 3cpcpeKTax HH3KOHHTeHCHBHoro 1111 n03BOmieT npe)J.nOJIO)KHTb TPex.. 

CTa)J,HHHbIH MeXaHH3M KJieTO'iHOro OTKJIHKa Ha )J.JIHTeJibHOe B03)).eHCTBHe 

1111 HH3KOH HHTeHCHBHOCTH, pa3BHBaIOil\erocg no Mepe yBeJIH'ieHIDI BpeMe

HH (JJ.03b1) 06JI)'11eHID1: 

1-H CTa)J,IDI - HaKOUJieHHe noBpe)K)J,eHHH ,[{HK (JJ.BYHHTeBbie 

pa3pb1Bbl ,[{HK, KJiaCTepHbie noBpe)K)J.eHIDI, CIIIHBKH ,[{HK-6eJIOK H ,[(HK.' 
,[{HK) B HeaKTHBHOM xpoMaTHHe; 

2-H CTa)J,HH - aKTHBHbIH OTKJIHK KJieTOK Ha noBpe)K)J.eHue H, Kai( 

CJie)J.CTBHe, yBeJIH'ieHHe KOJIH'iecTBa pa3pbIBOB ,[{HK, o6ycJIOBJieHHblX a1<

THBH3a[U{eii TPaHcKpHill.(HH, penapaQHH ,[{HK, rnnepnpOJJ.YKQHeii aKTHBHblX 

cpopM KHcnopoJJ.a H HHJJ.YKQHeii anorno3a. EanaHc Me)KJJ.Y peanH3aQueii 

noBpe)K)J.eHHH H HX 3JIHMHHaQHeu; 

3-H CTa)J,HH - )J.OnOJIHHTeJibHOe o6pa30BaHHe noBpe)K)J,eHHH ~ 
CB060)J.HbIMH PaJJ.HKaJiaMH, BCJie)J,CTBHe KOHcpopMaQHOHHbIX H3MeHeHHH 

xpoMaTHHa H c6og 3all\HTHbIX CHCTeM KJieTOK, npHBO)J.HT K yBeJIH'ieHHIO 

qacTOTbl QHTOreHeTH'ieCKHX HapyIIIeHHU. 

Ilpe)J.nonaraeTCH, 'ITO yBeJIH'ieHue KOJiuqecTBa TPYJJ.HO- u Hepena

pHpyeMbIX noape)K)J,eHHH ,[{HK B MHHOpHOH nonyJIHQHH PaJJ.HOqyBCTBH

TeJibHblX KJieTOK CJIY)KHT TPHrrepoM )J.JIH KaCKa)J.a pa3JIH'iHbIX MeTa6o

JIH'ieCKHX npoQeccoB BO BCeM nyne KJieTOK no THny «bystander effect». B 
«bystander»-KJieTKax OTMe'iaeTCH 3cpcpeKT mnepnpOJJ.YKQHH CB060)J.HbIX 

paJJ.HKaJIOB HapHJJ.Y C aKTHBH3aQueu 3KcnpeCCHH Pa3JIH'iHblX reHOB. J,faaecT

HO, 'ITO CB060)J.Hble PaJJ.HKaJibl BbICrynaIOT B Ka'ieCTBe CHrHaJibHbIX 

MOJieKYJI, perynHp)'IOII\HX xapaKTep OTKJIHKa KJieTKH (nponucpepaQHH, 

JJ.HcpcpepeHQHaQIDI, anonTo3) Ha CTPecc-B03JJ.encTBue. YBeJIH'ieHue qucna 

aKTHBHO 3KCnpeccupyeMbIX reHOB HapHJJ.Y C 06II\HM yBeJIH'ieHHeM 

KOJIH'ieCTBa CB060)J.HblX PaJJ.HKaJIOB C03)J.aeT npe)J,nOCblJIKH )J.JIH yaeJIH'ieHUH 

KOJIH'ieCTBa «BTOpH'iHblX}) noBpe)K)J.eHHU ,[{HK. 
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PEIIPO,)zyKTIIBHAH <l>YHKIJ;IIH CAMOK KPl>IC BHCTAP, 
Q]i.JiyqEHHI,IX O)UIOKP ATHO B HECTEPHJIII3YIO~EH )];03E 

B IlEPHO,z:t; BHYTPIIYTP06HOro PA3BHTIDI lIJIII B 
IlOJIOB03PEJIOM B03PACTE 

llWlbl2a I'. <P., Hwamo6a RIO., Ifu6uco6a 0. <P., H6a1106 B.K. 
rY Me,D,HUHHCKHH pa,D,ttonoraqecKHH tta)"IHbIH ueHTP PAMH, r. 06ttttHCK, PoccIDI 

B HCCJie)J.OBaHHHX 290 caMOK KpbIC BucTap, 6onee 1000 UJIO)J.OB u 60-

nee 1000 KpbICHT HX noTOMCTBa nepaoro nOKOJieHHH H3yqeHa penpOJJ.YK

THBHM cpyHKQHH CaMOK, nO)J,BeprnyTbIX O)J.HOKpaTHOMY 06Il\eMY raMMa-06-

nyqeHHIO 
6
°Co B HeCTep1mH3yIOil\eU )J.03e 1 fp (MOII\HOCTb )J.03bl 0,03 fp/c) 

Ha 10-e CYT HX BHYTPHYTP06Horo pa3BHTHH (nepHO)J. 3aKJia)J,KH penpoJJ.yK

THBHOH CHCTeMbI) HJIH B noJIOB03peJIOM (3 - 4 Mee.) B03pacTe. EepeMeH

HOCTb y noJIOB03peJibIX caMOK Hacrynana B nepBbie CYTKH, qepe3 4 - 11 

HJIH 30 - 40 CYT nocne paJJ.uaQHOHHoro B03JJ.eHcTBHH. KoHrpoJieM CJIY)KHJIH 

HHTaKTHbie, He06JI)'11eHHble )KHBOTHbie. PenpOJJ.YKTHBH)'IO cpyHKQHIO caMOK 

OQeHHBaJIH no 20 nOKa3aTeJIHM, xapaKTepH3YIOII\HM Te'ieHHe 6epe

MeHHOCTH, pOJJ.OB, aHTeHaTaJibHOe (Ha 20-e CYT 6epeMeHHOCTH) u nocT

HaTaJibHOe pa3BHTHe noTOMCTBa B Te'ieHHe 1 Mee. 

y caMOK Bcex nO)J.OnbITHblX rpynn 6epeMeHHOCTb H pOJJ.bl npoTeKaJIH 

6e3 oco6eHHOCTeu. BffYTPHYTP06HM m6eJib UJIOJJ.OB 6bma JIHIIIb 

)J.OCTOBepHO BbIIIIe y caMOK, 6epeMeHHOCTb y KOTOpbIX uaczynana qepe3 4-

11 CYT nocne o6JI)'11eHIDI, OJJ.HaKo 3TO OTPa3HJIOCb JIHIIIb TeHJJ.eHQueu K 

CHH)KeHHIO 06Il\ero 'iHCJia )KHBbIX 19-CYTO'iHblX UJIO)J.OB H )J.OCTOBepHOMY 

yBeJIH'ieHHIO 3a 3TOT C'ieT MaCCbl HX TeJia. Cepbe3Hble HapyIIIeHIDI tta6JIIO

)J.aJIHCb y nOTOMCTBa B nepHO)J. ero nocTHaTaJibHOro pa3BHTHH. TaK, y 

KpbICHT, po)K)J.eHHblX caMKaMH, 06JI)'11eHHbIMH BffYTPffYTP06Ho, nO'iTH B 4 

pa3a yaeJIH'iHJiaCb ru6eJib B Te'ieHHe 30 CYT HeOHaTaJibHOU )KH3HH, 'iTO 

npuBeJIO K pe3KOMY COKpall\eHHIO (c 8,0±0,5 oco6eu B KOHTPOJie JJ.O 5,1±0,6 

KpbICHT B nO)J,OnbITHOH rpynne) 'iHCJia )KffBbIX nOTOMKOB B noMeTe. y 
caMOK, o6nyqeHHblX B noJIOB03peJIOM B03pacTe, )J.OCTOBepHO CHH)KeHo 

'iHCJIO )KHBblX HOBopo)K)J.eHHbIX KpblCfl a noMeTax, eCJIH 6epeMeHHOCTh 

ttaczynana· B nepBbie CYTKH HJIH qepe3 30 CYT nocne paJJ.HaQiiOHHOro 

B03)).eHCTBIDI (npH HaczynneHHH 6epeMeHHOCTH qepe3 4 - 11 CYT nocne 

o6JI)'11eHIDI CaMOK 3TOT nOKa3aTeJib HMeeT HpKO Bbipa)KeHttyIO TeH)J,eHQHIO K 

CHH)KeHHIO no cpaBHeHHIO c KOffTPOJieM). qHCJIO )KHBblX 30-CYTO'iHblX 
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KpbICHT B noMeTax noJIOB03peJibIX caMOK AOCTOBepuo HIDKe B rpynnax, rAe 

6epeMeHHOCTb uaczynana B nepBbie 11 cyT nocne o6Jl)"leHIDI. 

,l1;eJiaeTCH BbIBOA O TOM, lffO nOTOMCTBO caMOK, o6nyqeHHbIX aHTeHa

TaJibHO B nepHOA 3aKJiaAKH penpOAYKTHBHOH CHCTeMbl, HJIH noTOMCTBO 

noJIOB03peJiblX caMOK, 6epeMeHHOCTb y KOTOpbIX uaczynana B nepBbie 11 
CYT nocne paAttau.nouuoro B03AeiicTBIDI, uenonuou.euuo B nocTHaTaJibHOM 

OHTOreue3e, H :na uenoJIHOU.eHHOCTb 6onee BblpIDKeHa y nOTOMCTBa 

aHTeHaTaJibHO o6Jl)"leHHblX )KllBOTHbIX. 

MOJIEKY JUIPHO-rEHETlfllECKHE 3tl>tl>EKTl>I 
B JIHMtl>OJ.WTAX KPOBH IIlIJIOTOB II KOCMOHABTOB: 

PE3YJII,TATI:,I HCCJIE,[(OBAHIDI OT,[(EJII,HI:,IX 
KH,ll,IIBII,[(YYMOB 

1 flelleBuHa H.H., 2 AHmOUjUHa MM, 3 EoHoapeHKO B.A., 1 Bopo6be6a H./0., 
3 BopoHK06 10.H., 1 I'omnu6 B.Jl., 1 KyopRuwBa O.B., 1 OcunoB A.H., 

2PR6tJeHKO H.H., 4Cepe6pRHblU A.M, 3 ~emnuH B.B. 
1 MucTHT)'T XHMil'IecKoii <l>mttKH HM. H.H. CeMeuoaa P AH, r. MocKBa, PoccHH 

2rY Me.nttIUIHCKHH pa,nHonorll'IeCKHH uayquhlii u.eHTp PAMH, r. O6HHHCK, PoccHH 
3rH.Q P<l> MHCTIIT)'T Me,ll.HK0-6HOJIOfll'IeCKHX npo6JieM PAH, r. MocKBa, PoccHH 

4MucTIIT)'T 6ttoXHMil'IeCKOH <l>mttKH HM. H.M. 3MaeyJJIH PAH, r. MocKBa, PoccHH 

B nocJieAHHe rOAbl 6bmo OTKpbITO MHOro HeMHIIIeHHbIX 3cpcpeKTOB, 

xapaKTepHblX AJIH 06ny11eHHH B MaJibIX A03aX. 3TH 3cpcpeKTbl BKJIIO'laIOT 

uecTa6HJibHOCTb reuoMa, bystander effect, aAaITTHBHbIH OTBeT (AO), 

3KCnpeccHIO cneu.ncpn11eCKHX reHOB H AP, Oun MOl)'T H3MeHHTb BepoHT

HOCTb pHCKa OT noJieTOB H3-3a B03AeHCTBIDI paAHaU.HH KaK' OAHOro H3 cpaK

TOpOB, BJIIDIIOll.J.HX Ha nHJIOTOB H KOCMOHaBTOB. Mbl HCnOJib30BaJIH ueKO

TOpbie 6HOJIOrtt11ecKHe MapKepbl, KOTOpbie MOl)'T CJIY)KHTb paHHHMH noKa-

3aTeJIHMH 6yAYll.J.HX 3a6oneaaunii. Ha JIHMqJOU.HTaX KpOBH 6bIJIH nccne

AOBaHbI noBpe)l(AeHHH ,nHK (MeTOA ,nHK KOMeT), a6eppaU.HH xpoMOCOM 

(uecTa6HJibHbie) (AX), paAHOlJYBCTBHTeJibHOCTb (Pq) n aAaITTHBHbIH OTBeT. 

IloJl)"leHHble pe3yJibTaTbl nOKa3bIBaIOT, 11TO CTeneHb noBpe)l(AeHHOCTH ,l1;HK 
H BblXOA AX XpOMOCOM MOl)'T rDBOpHTb O COCTOHHHH JIHMqJOU.HTOB KpOBH y 

Ka)KAOrO HHAHBHAYYMa. IloKa3aHo, 11TO y nHJIOTOB H KOCMOHaBTOB 

HCXOAHOe noBpe)l(AeHHe ,nHK KJieTOK H pq (B cpeAHeM) nOBbIIIIeHbl no 
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cpaBHeHHIO c KOUTpOJibHbIMH AOHOpaMH; ua6JIIOAaeTCH BbICOKaH HHAHBH

,nyaJibHaH Baptta6eJibHOCTb a CTeneHH noBpe)l(AeHHOCTH ,nHK tt pq_ qaCTOTa 

JIHMqJOU.HTOB C AX H 06ll.J.ee 11HCJ10 a6eppau.ttii nocne AOnOJIHHTeJibHOro 

o6Jl)"leHIDI y nHJIOTOB BbIIIIe, 11eM B KOUTpOJlbHOH nonyJIHU.HH. qaCTOTa AO 

CHIDKeHa tt onpeAeJIHeTCH B 14 % y nHJIOTOB no cpaBHeHHIO c 69 % B 

KOUTpOJie. CpeAH KOCMOHaBTOB ua6JIIDAaeTcH AO HJIH TeUAeHU.HH K ero 

q>OpMttpoBaHHIO. Mbl MO)KeM CAeJiaTb 3aKJII011eHtte, 11TO B Te11eutte 1- 10 JleT 

nocne noneTOB MO)KHO onpeAeJIHTb noBpe)l(AeHHH ,n;HK, H3MeHeHHH pq H 

cnoco6uocTH K aAanTaU.HH. MO)KHO nonaraTh, 11TO nHJIOTbl tt KOCMOHaBTbl c 

IlOBbIIIIeHHOU pq npeACTaBJIHIOT co6oii rpynny pttCKa. McnOJib30BaHHbie 

6nonortt11eCKHe MapKepbl MOl)'T npttMeHHTbCH MB onpeAeJieHIDI OTKJIO

HeHHH B opraHH3Me OTAeJibHbIX HHAHBHAYYMOB, KOTOpbie HBJIHlOTCH nOKa3a

TeJIHMH pttcKa pa3HblX 3a6oneBaHHH, BKJll011aH 3JIOKa11eCTBeHHble onyxontt. 

MHTOTJIIIECKMI AKTHBHOCTI:, 31IlITEJIIDI B KPHIITAX 
TO~EH KHillKH KAK KPHTEPHH OIJ;EHKH 

3tl>tl>EKTHBHOCTH 3A~HTI:,I OT HOHH3HPYIO~Ero 
H3.JIY1IEHIDI 

flonoB C.C., BopoHlf06a 3.A. 
rocy,napcrneHHaH Me,ll.HU.HHCKaH aKa,neMHH, r. Bopotte)K, POCCHH 

OAHHM H3 cpaKTopoB noJieTa, 6e3yCJIOBHO, BJIHHIOll.J.HM Ha 

cpyHKl.J.HOHHpoBaHHe KaK u.enor:o opraHH3Ma, TaK H ero OTAeJibHbIX CHCTeM, 

HBJIHeTCH HOHH3ttpyIOll.J.ee H3Jl)"leHtte. B pa6ornx pMa aBTOpOB nOKa3aHO, 

11TO OAHHM H3 AOCTOBepHblX KpHTeptteB ou.eHKH 3cpcpeKTa B03AeHCTBIDI 

HOHH3HPYIDll.l.ero H3Jl)"leHHH HBJIHeTCH MHTOTH'leCKaH aKTHBHOCTh 3nHTeJIIDI 

KHIIIe'IHHKa. 

3KcnepttMeHT BbIIlOJIHeH Ha 6eJibIX 6ecnopOAHbIX KpbICax-caMu.ax. 

IlepBym rpynny COCTaBHJIH HHTaKTHbie )KllBOTHbie. KpblC 2 tt 3 rpynn 

noABeprantt OAHOKpaTHOMY pa3AeJibHOMY B03AeiicTBHIO o6ll.J.ero HOHH3H

PYIDll.l.ero 06Jl)"leHIDI B A03e 0,5 H 10 rp, 4 H 7 rpynn - B03AeUCTBHIO 

HOpMo6apwiecKoro KHCJIOPOAa H rnnoKCH'leCKOH ra30BOH CMeCH, 5, 6, 8 H 9 
rpynn - KOM6HHHpOBaHHOMY B03AeHCTBHlO YKa3aHHbIX cpaKTopoB. 3a6op 

MaTepttana AJIH HCCJieAOBaHIDI TOll.J.eii KHIIIKH npOH3BOAHJIH cnyCTH 1, 7 tt 5 
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qacoB nocne OK0Hqamu1 B03,D.eHCTBIUI H 06pa6aT1,IBaJIH C IlOMO~blQ 

o6~erHCTOJIOrHqecKHX MeTO,D.HK. 

Mccne,n.oBatttte MaTepttana noKa3ano, 'ITO qepe3 1, 7 qaca nocne p113. 

,n.eJibHOro B03,D.eHCTBIUI o6~ero HOHH3Hpyro~ero 06.rryqeHIDI B ,D.03e 10 rp If 

rHilOKCHqecKOH ra30BOH CMeCH MHTOTHqecKIUI aKTHBHOCTb ,D.OCTOBepHO CHlf

:>KaJiaCb. KoM6HHHpOBaHHOe npHMeHeHHe HX TaK:>Ke Bbl3blBaJIO yrHeTeH11e 

MHTO~eCKOH aKTHBHOCTH. 3cpcpeKTbI HOpMo6apttqeCKoro KHCJIOpo,n.a, 

HanpOTHB, Bblpa:>KaJIHCb B cy~ecTBeHHOM ycHJieHHH MHTOTHqecKoij 

aKTHBHOCTH 3IlHTeJIIDI KpHilT qepe3 1, 7 qaca, H TOJibKO ero KOM6HHatilUI C 

061.UHM HOHH3HP)'IOIUHM 06.rryqeHHeM B ,D.03e 10 rp TOpM03HJIO MHTO

THqecKHe npol..{eCCbl, HO B MeHbIIIeii CTeneHH, qeM npH pa3,D.eJibHOM 803-

.n.eiiCTBHH o6mero HOHH3ttpyromero 06.rryqettm1 B ,n.03e 10 rp KaK qepe3 1,7, 
TaK H qepe3 5 qacoB. qepe3 5 qacoB nocne B03,n.eiicTBm1 cpaKTopoB MHTo

THqecKrui: aKTHBHOCTb npH B03,D.eHCTBHH o6mero HOHH3Hpy10mero o6ny

qeHIUI B ,D.03e 10 rp CHH:>KaJiaCb, a npH B03,D.eHCTBHH rHilOKCHqecKOH ra3o

BOH CMeCH - YCHJIHBaJiaCb. IlpH KOM6HHal..{HH cpaKTopoB npOHCXO,D.HJIO CHH· 

:>KeHHe MHTOTHqecKOH aKTHBHOCTH B MeHbIIIeii CTeneHH, qeM npH pa3-

,n.eJibHOM npttMeHeHHH o6mero HOHH3Hpyromero 06.rryqeHHH B ,D.03e 10 rp. 

TaKHM o6pa30M, 3cpcpeKTbI HOHH3Hpyromero mnyqeHHH, rHilOKCH

qecKOH ra30BOH CMeCH H HOpMo6apttqecKoro KHCJiopo.n.a 3aBHCHT He TOJibKO 

OT HX KOM6HHal..{HH, HO H OT BpeMeHHOro HHTepBana nocne B03,D.eHCTBHR. 

IlpHqeM C ero yBeJIHqeHHeM yrneTaIOIUHH 3cpcpeKT rHilOKCHqecKOH ra30BOH 

CMeCH Ha MHTOTHqeCKYIO aKTHBHOCTb CMeHHeTCH aKTHBHP)'IOIUHM. 

MY JlbTIIAliEPP AHTHl,IE KJIETKH H XPOMOCOMHI,IE 
AJiEPPAD;Hll B JIHM<I>O:QHTAX IIEPH<I>EPlfqECKOH KPOBH 

JiOJlbHLIX JIHM<I>OrPAHYJIEMAT030M 

PR611e111w H.H., HacoHoea B.A., <Pece111w 3.B., KoHopauwea T.B., 
AHmoUJUHa MM, lla6JloB B.A., PR6UKUHa H.B. 

rY Me.llHQHHCKHii pa.n.HonomqecKnii Hayqm.1ii Qemp PAMH, r. 06HHHCK, PoccIDI 

IlpH l..{HTOreHeTUqecKOM attanme JIHMqJOl..{HTOB nepucpepuqecKOH KpO

BH B pH.n.e cnyqaeB o6ttapy:>KHBaIOTCH MeTacpa3bl, co.n.ep)I<a~ue 60JibIIIOe 

qHCJIO CTPYKTYPHbIX xpoMOCOMHbIX IlOBpe,K,D.eHHH (MYJibTHa6eppaHTHbie 
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KJieTKH, HJIH MA-KJieTKH). MA-KJieTKH tta6n10.n.a10TCH KaK nptt o6cne,n.oBa

HHH JIHI..{, no,n.BepraBIIIHXCH B03,D.eHCTBHIO HOHH3Hp)'IOIUHX H3JlyqeHHH, TaK H 

JIHU, He no,n.BepraBIIIHXCH ,n.eiiCTBHIO KJiaCTOreHHbIX cpaKTopoB. HaIIIH 

Hccne,n.oBaHHH noKa3aJIH, qTQ MA-KJieTKH o6Hapy)KHBaIOTCH B 75-85% 
KYJibl)'p JIHMqJOl..{HTOB 60JibHblX JIHMcporpattyJieMaT030M nocne npoBe,n.eHHH 

HM XHMHO- " nyqeBOH TepanHH. y nepnuqHbIX 60JibHblX JIHMcporpattyJieMa

T030M .n.o npoBe,D.eHIUI XHMHOTepaneBTHqeCKHX B03,D.eHCTBHH TOJibKO y 

o,n.Horo m 30 6oJibHbIX o6Hapy:>KeHa MA-KJieTKa. AHanH3 a6eppal..{HH xpo

MOCOM B ,D.HilJIOH,D.HbIX H IlOJIHilJIOH,D.HbIX MeTacpa3aX Il0Ka3aJI, qTo MA

KJieTKH MOryT o6pa30BbIBaTbCH KaK in vivo, TaK " in vitro H MOryT 

ocymecTBJIHTb 2-3 payH,D.a penJIHKal..{HH ~K. IloKa3aHO, qTQ B nepBOM in 
vitro MHT03e MA-KJieTKH npe,n.cTaBJieHbl ,D.HilJIOH,D.HblMH MeTacpa3aMH, 

co.n.ep)KaIUHMH 4 H 6onee o6MeHHbIX a6eppal..{HH xpoMocoMHOro THna. MA

KJieTKH, HaXO.D.HIUHeCH BO BTOpOM H TPeTbeM in vitro MHT03aX, npe,n.cTaB

JieHbl IlOJIHilJIOH,D.HblMH MeTacpa3aMH, HecyIUHMH 6onee 8 o6MeHHbIX a6ep

pal..{HH. He 6bIJIO Haii,n.eHO KOppeJIHl..{HH Me:>K,D.y qHCJIOM o6pa30BaBIIIHXCH 

MA-KJieTOK H qHCJIOM a6eppal..{HH xpoMOCOM B HeMyJibTHa6eppaHTHbIX 

,D.HilJIOH,D.HbIX noBpe:>K,D.eHHblX MeTacpa3aX. IlpoBe,n.eHHblH aHaJIH3 Il0Ka3aJI, 

'ITO o6pa30BaHHe MA-KJieTOK HBJIHeTCH cne,n.CTBHeM MOJieKyn.11pHbIX npo

ueccoB, OTJIHqHblX OT Tex, KOTOpbie HH,D.yUHP)'IOT o6pa30BaHHe HeMyJibTH

a6eppaHTHbIX MeTacpa3 co CTPYKl)'pHbIMH a6eppal..{H.IIMH xpOMOCOM. Ilpe.n.

nonaraeTC.11, qTo MeXaHH3MOM cpopMHpOBaHHH MA-KJieTOK .IIBJIHeTCH npo

uecc He3aBepIIIeHHoro anonTo3a. 06cy:>K,D.aeTcH ponb MA-KJieTOK H CTPYK

rypHbIX a6eppal..{HH xpoMOCOM B IlO.IIBJieHHH BTOpblX paKOB y 60JibHbIX 

JIHMcporpattyJieMaT030M, HaXO,D..ll~HXC.11 B CTa,D.HH ,D.JIHTeJibHOH peMHCCHH. 

YCTOHIIHBOCTL rEHOTHJmqECKOH ,IJ;ETEPMHHAII;IIH 
KHHETHKH 90Sr 

Cmapu11eHKO B.H. 
11HCTHTYT 3KOJIOrHH pacTeHHtt H )KHBOTHhIX YpO PAH, r. EKaTepHH6ypr, PoccH.11 

starichenko@ipae.uran.ru 

MeTO,D.OM ceMeHHOro attanma Ha Y3KOCilel..{HaJIH3HpoBaHHOM B 

3KOJIOrHqecKOM IlJiaHe BH,D.e - cnenyIIIOHKe o6bIKHOBeHHOM - H3 3IlHl..{eHTPa 

BYPCa (nnornocTb 3arp.113HeHH.11 
90Sr 37 M6KIM

2
) H B na6opaTOpHOM 
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3KCnepHMeHTe Ha HH6pe,AHblX MbIIIIax 6hma BbUIBJieHa reHOTHnHqecKrur 

,AeTepMHHaIIHR (B8YifcHCeMeHHaR KoppeJIRIIHR) MeTa60JIH3Ma OCTeOTPOil

HbIX nonmoTaHT0B -
0
sr H CTa6HnbHOrO q>TOpa (CTapHqeHKO, 2005, 2006; 

CTapHqeHKO, KIIIHRCeB, 2003, 2004). IlpH 3T0M MR KHHeTHqecKHX H 

MOpq>onomqecKHX xapaKTepHCTHK BeJIHqHHa K03q>q>HIIHeHTOB KoppeJIRIIHH 

0Ka:1anacb 6nH3KOH. 

Cne.A)'IOI.QHM 3TanoM pa60Tbl RBHnOCb HCCJie,AOBaHHe CTeneHH 

ycToiiqHBOCTH BffYTPHCeMeHHOH KOppeJIRIIHH KHHeTHKH OCTeOTPODHOro 

TOKCHKaHTa (Ha npHMepe 
90Sr) DO.A BJIIDIHHeM 3K30reHHbIX B03,AeHCTBHH. 

H:cnOJib30BaH 00.AXO.A, aHanomqHbIH 6JIH3HeIIOBOMY MeTO,Ay HCCJie,AOBaHIDI. 

y qenoBeKa, KOr,Aa rpynnhI 3KCnepHMeHTanbHbIX )KHBOTHbIX 6bIJIH 

cq>opMHpoBaHbI H3 qacTeii 0.AHHX H Tex )Ke ceMeii. OKa3anoch, qT0 3KCTPe

ManbHhie B03,AeHCTBIDI B nepHO.A IlOCTHaTanbHOro OHTOreHe3a pe3KO · 

yrHeTaIOT pocT )KHBOTHbIX, H3MeHRIOT COOTHOIIIeHHe npo11eccoB pocTa H 

pe3op6IIHH KOCTHOH TKaHH, ,AecTa6HnH3HpYJOT ropMOHanhHbIH q>OH 

opraHH3Ma, HO npH 3TOM Mano H3MeHRIOT K03q>lpHIIHeHT BffYTPHCeMeHHOH 

KoppenRIIHH KaK MaCC0BbIX, TaK u MeTa6onuqecKHX xapaKTepHCTHK 

cKeneTa. 

IlonyqeHHbie ,AaHHbie CBH,AeTeJibCTBYJOT O · 3HaqHTeJibHOH reHOTH

nHqecKOH KOMilOHeHTe H3MeHqHBOCTH MeTa60JIH3Ma OCTeOTPODHblX TOKCH

qecKHX BeI.QeCTB B CKeJieTe Il03BOHoqHbIX, KOTOpaR no CBOeH Bblpa)KeH

H0CTH conocTaBHMa c reHeTHqecKOH o6ycnoBJieHHOCTbIO pa3BHTIDI Mopq>o

nomqeCKHX xapaKTepHCTHK opraHH3Ma. Ko3q>lpHIIHeHT BffYTPHCeMeHHOH 

K0ppeJIRIIHH .AJIR BCex H3yqeHHbIX napaM~0B C0CTaBJIReT 0,4-0,6 (p :$; 

0,0001), npH 3T0M ero BeJIHqHHa OCTaeTCR npaKTuqecKH HeH3MeHHOH DO.A 

B03,AeHCTBHeM Ha )KHBOTHbIX pa3HOHanpaBJieHHblX 3K30reHHblX q>aKTopoB. 

CoBna,AeHHe BeJIHqHHbl K03lplpHIIHeHTOB BffYTPHCeMeHHOH KoppeJIRIIHH, 

nonyqeHHbIX B 3KCnepHMeHTax C HCilOJlb30BaHHeM 11enOCTHbIX CeMeH H B 

3KCnepHMeHTe C pa3,AeJieHHeM ceMeH, HHTepnpeTHpOBaHO KaK BbICOKM 

CTeneHh ycToiiqHBOCTH reHOTHnHqecKOH ,AeTepMHHaIIHH paccMaTPHBaeMblX 

IlOKa3aTeneii, B TOM qflCJie o6MeHHbIX xapaKTepHCTHK 0CTe0TP0ilHblX 

BeI.QeCTB. 

136 

~ ,ll;EJIE:QHOHHLIX MYTAHTOB IIO,ll; ,ll;EHCTBHEM 
Y<l>-CBETA II HOHH3HPYIO~ErO H3.JIYqEHIDI Y ,[(PO'.JIOKEH 

SACCHAROMYCES CEREVISIAE 
1CmenaHo6aA.H., 2

'
3lllnpUHlf06aA., 3Jllfe6U'l E.B., 1Ky3Helf06 C.A., 

l,3AllmaucKUU MB., 1
•
3Ko;1mo6afl H.A. 

1Me)KJJ.yuapoJJ.Hbitt ymrnepcttTeT npttp0JJ.hI, o6mecTBa H qenoaeKa ")zy6ua", 
r. )zy6ua, PoccIDI 

211HCTHTYT q>lIJHOJIOrHH )KlIB0THhIX CAH, r. Kornm1e, CnoaaKIDI 
3O61,e,nHHeHHbIH lIHCTlITYT ».nepHblX lICCJie,noBaHHH, r. )zy6ua, PoCCIDI 

.ll:pO)K)KH Saccharomyces cerevisiae, O.AHOKJieTOqHhIH opraHH3M 

HH3IIIHX 3yKapH0T, CJIY)KHT Y.A06HOH M0,AeJiblO MR aHanH3a 3aK0H0MepH0C

TeH MYTareHe3a. B .AaHHOH pa6oTe MR H3yqeHHR 3aKOHOMepHocTeii MYTa

IIH0HHhIX npo11ecc0B DO.A ,AeHCTBHeM Y<l>-cBeTa, y-H3JiyqeHHR H TR)KeJihlX 

H0H0B (7Li - 17 K3BIMKM, 
11

B - 45 K3BIMKM, 
2
°Ne - 121 K3BIMKM) 

HCil0Jlb30BanH MeT0.AHKY TeCTHp0BaHHR ,AeJieIIHH (nopR,AKa HeCK0JlbKHX 

TblcRq nap ocHoBaHHH) Ha ocHoBe DJia3MH.AHOH CHCTeMhI YCpL2. 

TIO.A ,AeHCTBHeM Y<l>-CBeTa B ,AHaila30He .A03 .AO 201,6 /J,)K/M
2 

BbI)KHBaeM0CTb H3MeHRJiaCb OT 100 .AO 0,00178 %. IlpH o6nyqeHHH TR)Ke

JlbIMH H0HaMH H y-o6nyqeHHeM B ,[IHaila30He ,[103 OT O ,[10 100 rp Bbl)KH

BaeM0CTb C0CTaBJIRJia OT 100 ,[10 30 %. 3q>tpeKTHBHOCTb HH.z:IYKIIHH .z:1ene11H-

0HHbIX MYTaHT0B 00,[I ,[leHCTBHeM Y<l>-cBeTa, y-H3nyqeHHR H o6nyqeHHR 

TR)KeJibIMH H0HaMH npaKTHqecKH 0,[IHHaK0Ba. 3aBHCHMOCTb qacT0Tbl 

Hff.AYKIIHH .z:1ene11H0HHbIX MYTaHT0B OT ,[103bl ofinyqeHHR 00,[I ,[leHCTBHeM 

Y<l>-cBeTa onHCbIBaeTcR nttµeiiHO-KBa,ApaTHqHoii q>yHKIIHeii, npH y
o6nyqeHHH H o6nyqeHHH TR)KeJiblMH H0HaMH - JIHHeHHOH. 

Pa:1Mep HH,AyIIHpoBaHHOH B nna3MH.[le .z:1ene11HH onpe.z:1en»nH c 

noM0I.QbIO reHeTuqecKoro H 3JieKTPotpopeTHqecKoro aHanH3a. reHeTHqec

KHH aHanH3 .z:1ene1IH0HHhlX MYTaHT0B Il0Ka3an, qTQ B HCXO,[IHOH nonyJIRIIHH 

KJieT0K nepe.z:1 ofinyqeHHeM 60JibIIIYIO qacTb .z:1ene11HH {OKOJIO 70 %) C0CTaB

JIRJIH .z:1ene11HH c HaHMeHbIIIHM TeCTHpyeMbIM pa3MepoM. C yBeJIHqeHHeM 

,[103bl ,[I0JIR MYTaHT0B C 6onee nporn)KeHHbIMH .z:1ene11HRMH B03pacTana. 

feHeTHqecKHH aHanH3 .z:1ene11H0HHbIX MYTaHT0B ,[I0il0JIHeH 3JieKTPOlpOpeTH

qecKHM aHaJIH30M pa3Mepa .z:1ene11HH. 3neKTPotpoperpaMMbl aHanH3Hp0BanH 

c noM0I.QbIO KOMDbIOTepHoii nporpaMMbI Gelanalyzer, no3B0JIRIOI.Qeii 

onpe.z:1enRTb pa3Mep q>parMeHTa H K0JIHqecTB0 ,n:HK. 
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,umIAMJ1KA MOP<I>O<I>II31IOJIOnJqECKJIX II3MEHEHIIH 
IlOCJIE IlPOJIOHrlIPOBAHHOro r AMMA-0:6.JIY'IEHIDI 

B .MIIKPOCOCYMX liPLDKEHKII KPLIC 

T01wpe6 0./0., lfeKaJIUHa C.H., lOJ1CaK06 B.B., me2Jl06a Jl.H., 
Jf Ko6Jle6a H.J+ 

rY Me.D.HIUIHCKHH pa.D.HOJI0rlflleCKHH HayqHhIH uelITp PAMH, r. O6HHHCK, PoccHJI 

H3BeeTHO, <rro yx<e B nepBbie eynrn noene 06.fl)"leHHH )KHBOTHhIX a 
epe.uHeJieTaJibHblX JJ.03ax Ha6mo)J.aIOTeH eepbe3Hble HapyrneHHH reMOJJ.HHa

MHKH, KOTOpbie, noereneHHO HapaeTaH K 5 - 7 eYTKaM, MOfYT eTaTb Heo6pa

THMbIMH. Manb1e JJ.03hI uoHu3upyiomeii pa.uuauuu He BhI3bIBaIOT eneumlm

qeeKHX PMHal.\HOHHhIX 3a6oneBaHuii, a, eKopee, noTeHUHPYJOT pa3BHTHe 

pHJJ.a 6one3Heii. 3a roJJ.hI, nporne.urnue noene aBapuu Ha qepHo6bmheKoii 

AC, yBeJiuqHJioeh KonuqeeTBo mo.ueii, no.uBepra10muxex .ueiieTBHIO pa.uua

uuu B MaJibIX JJ.03ax. ,[(uenaHeepHoe Ha6mo.ueHue 3a KaTeropueii nuu, npu

HHMaBrnux yqaeTHe B JIHKBHJJ.auuu noene.ueTBHH aBapuu Ha ~3C u B 7 5 % 
enyqaeB IlO.fl)"IHBllIHX o6nyqeHue B )J.03e OT 5 JJ.O 25 er p, BbIHBHJIO yBeJiuqe. 

HHe qaeTOTbl eep.ueqHo-eoey.uueTbIX 3a6oJieBaHHH. B :noii eBH3H npe.ueTaB

JIHJIO HHTepee BhrneHHTb, KaKyID pOJib MO)KeT urpaTb HapyrneHue MHKpO

UHPKYAAUHH, KOTOpM, KaK H3BeeTHO, o6eenequBaeT .uoeTaBKY KHenopo.ua, 

nHTaTeJihHblX BemeeTB, BblBOJJ.HT npOJJ.YKTbl. MeTa60JIH3Ma " HBJIHeTeH Hau-

6onee qyBCTBHTeJibHOH K PMHaUHH qaeTbIO eoey.uueroii eueTeMbl. 

H3yqeHO eoeTOHHHe MHKpOUHPKYJIHUHH B 6pbl)KeHKe Kpble B paHHHe 

u OT)J.aJieHHble epOKH noene npOJIOHrHpOBaHHOro raMMa-o6nyqeHUH B HeJie

TaJihHbIX JJ.03aX. HeeJie)J.OBaHHH BhIIlOJIHeHbl Ha 150 Kpbieax-eaMuax JIHHHH 

Wister e HaqaJibHbIM BeeoM 140-160 r, paenpe.ueneHHbIX Ha JI.Be rpynnhI -

JIO)KHO 06.fl)"leHHbie H OilhITHbie. IlpoBe)J.eHO 4 eepHH 3KenepHMeHTOB. 120 

Kpbie HenpepbIBHO 06.fl)"laJIH Ha yeTaHOBKe "3KenepuMeHT" Ha paeeTOHHHH 

3 MeTpOB oT TPex tteToqHuKOB 
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Cs. MomHoeTb nornomeHHoii JJ.03hI B 

npHMOM nyqKe - 5,32 Mfp/qae. CyMMapHM )J.03a HenpepbIBHOfO o6nyqeHHH 

B reqeHHe 20 eYT eoeTaBHJia 2,5 r p npH HaKoITJieHHoii e)KeJJ.HeBHoii .u03e 

0,125 fp. 40 Kphie HeeJie)J.OBaJIH qepe3 1 eYT, 30 )KHBOTHbIX - qepe3 10 1 

eYTOK, 20 Kpble - qepe3 6 Mee. H 10 Kpble - qepe3 J ro.u noene OKOHqaHHH 

06.fl)"leHHH. Heene.uoBaHHH BhIITOJIHeHbI no.u HeM6YTaJIOBhIM HapKo3oM. Ilo 
6enoii JIHHHH )KHBOTa BeKpbIBaJIH 6pIOllIHYJO IlOJIOCTh, BblBO)J.HJIH enenyw 

KHllIKY Hap~. IleTJIH TOHKOfO KHrneqHHKa YKJIMblBaJIH Ha eneUHaJibHO 
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H3rOTOBJieHHbIH eTOJIHK e noeTOHHHOH TeMnepazypoii 36,5 °CH npOBO)J.HJIH 

6HOMHKpOCKOilHIO Ha MHKpOCKOne MEH-6. Bee HCCJie)J.OBaHHH )J.OKyMeHTH

poBaHhl c IlOMOmhIO umppoBOH q>OTOKaMepbl Nikon Coolpix 4500. 

JfaMepeHHe )J.HaMeTpOB KpOBeHOCHhIX cocy.uoB npOH3B0)J.HJIH C IlOMOmhIO 

CHCTeMhl KOMilbIOTepHoro aHaJIH3a MHKpOCKOnHqecKHX mo6p~eHHH 

"IMST AR". ,[(nx eTaTHCTHqecKoii o6pa6oTKu no.fl)"leHHhIX .uaHHhIX 

HCilOJib30BaJIH t-KpHTepHii CTbIO)J.eHTa. 

Ha nepBble CYTKH noene OKOHqaHHH o6nyqeHHH B 80 % cnyqaeB 

KpOBOTOK B cocy.uax 6pbI)KeHKH 6hm 3aMe)J.JieH. y OT)J.eJibHbIX KpbIC 

o6Hapyx<eHbl reMopparHH B BH)J.e MaH)KeTOK BOKpyr " B BH)J.e IlHTeH OKOJIO 

BettyJI, B MeJIKHX KpOBeHOCHhIX cocy.uax ua6JIIO)J.aJIHeb ena)J.)K u 

CTa3Hpoaauue. BmyaJihHO KOJIHqecTBo q>yHKUHOHHpy10mttx KanHJIJIHpOB 

6hIJIO CHH)KeHO. ,[(HaMeTPbI MHKpococy.uoB cymecTBeHHO He H3MeHHJIHeb, 

0)1.HaKO onpe.ueJIHJiaCb TeH)J.eHUHH K yBeJIHqeHHIO aeeynxpuo-apTepHO

JIHpHoro H IlOCT-npeKaITHJIJIHpHoro COOTHOIIleHuii. qepe3 10 CYT IlOCJie 

IlO.fl)"leHHH )J.03bl 2,5 f p napaMeTPhI COCTOHHHH MHKpOUHpKyJIHUHH 6bIJIH 

npaKTuqeeKH TaKHMH )Ke, KaK H qepe3 1 eYT nocne 06.fl)"leHux. B 

OT)J.aJieHHhie cpoKH nocne 06.fl)"leHHH HHTeHCHBHOCTh KpOBOTOKa no 

cpaBHeHHIO e KOffTPOJibHblMH )KHBOTHbIMH Toro )Ke B03pacTa 6bIJia CHH

)KeHa, KOJIHqecTBO <pyHKUHOHHpy10mux KaITHJIJIHpOB yMeHbllieHo, a y 

OT)J.eJibHbIX )KHBOTHbIX BhIHBJieHhl reMopparuqecKue npoHBJieHHH. TaKHM 

o6pa30M, IlO.fl)"leHHhie pe3yJihTaTbl CBH)J.eTeJibeTBYIOT O TOM, qTO 

npoJIOHrHpoBaHHOe o6nyqeHue )KHBOTHblX B HeJieTaJibHbIX JJ.03ax MO)KeT 

npHBOJJ.HTb K <pyHKUHOHaJibHbIM H CTPYKl)'PHbIM H3MeHeHHHM, npoHBJIHIO

mHMCH KaK B paHHHe, TaK H B c;n.uaneHHbie cpOKH. Pe3yJihTaTbl cornacyioTCH 

C .uaHHhIMH .upyrHX aBTOpOB, KOTOpbie myqanu COCTOHHHe COCYJJ.OB nocne 

06.fl)"leHHH B MaJibIX )J.03ax HHblMH MeTO)J.aMH H Ha .upyrux opraHax. 
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METIIJIHHTP030MO"IIEBHHA CHALLENGE-MYTArEH B 
O:QEHKE AKTHBHOCTH KOPPEKD;HOHHOii PEIIAPAIJ;IIH )J;HK 

(MMR): CBH3b C HEKOTOPbIMH B~MH PAKA 
1 TpoH06 B.A., 1 Kpa.MapeHKO lf.lf., 1 Ko3Jl06a A.I(., 2 Kpaca6UH E.A. 

1HX<l> PAH, MocKBa, PoccIDI, tronov@center.chph.ras.ru 
2061>e,1urneHHblll lIHCTIIT)'T H,nepHblX ttccne.noBaHHii, r. )zy6Ha, PoccIDI 

ToTaJibHWI penapaQHOHHWI cnoco6HocTb - urnpoKo pacnpocTPaHeH

HbIH <peHOTHnHqecKHH MapKep npe,D,pacnOJIO)KeHHOCTH K pa.I<)'. OQeHKa 

3TOro IlOKa3aTem1 npe,D,IlOJiaraeT HCilOJib30BaHHe B KJieToqHoH CHCTeMe in 
vitro challenge-MyrareHa, ~o no3BOJIHeT npoHBHTb naTeHTttyIO reHeTH

qecK)'IO HecTa6HJibHOCTb u penapaTHBttyIO He,D,OCTaToqHOCTb B TeCTHpye

MblX KJieTKax. Tpa,D,HQHOHHO B TaKHX HCCJie,D,OBaHHHX HCilOJib3YIOTCH )],Ba 

IlOKa3aTeJIH - OQeHKa MyrareHHOH qyBCTBHTeJibHOCTH (xpoMOCOMHbie a6ep

paQHH) H reHOTOKCHqecKHH 3<p<peKT (MeTO,D, ,wll(-KOMeT). ThITb MexaHH3-

MOB penapaQHH .wn< BHOCHT CBOH BKJia,D, B TOTaJibttyIO penapaTHBttyIO cno

co6HOCTb KJieTKH: npHMaH <pepMeHTaTHBHlUI HHaKTHBaQHH noBpe)K)],eHHH, 

3KCQH3HOHHWI penapaQHH ttyKJieOTH)],OB, 3KCQH3HOHHaH penapaQHH OCHOBa

HHH, KOppeKQHOHHaH penapaQHH (MMR) " penapaQHH .D.BYHHTeBbIX pa3pbl

BOB (W). EoJibllllUI rpynna OHKonamnomu CBH3aHa c ,D,eq>HQHTOM MMR: 

KOJiopeKTaJibHbIH paK, mHeKOJIOmqeCKHH paK (paK 3H)],OM~HH H HHqHH

KOB) " HeKOTOpbie ,D,pyme. ,[vrn HHX IlOHH)KeHHbIH ypoBeHb aKTHBHOCTH 

MMR MO)KeT 6bITb He TOJibKO 6HOMOJieKyJIHpHbIM MapKepoM 3a6oneBaHHH, 

HO " nporHOCTHqecKHM IlOKa3aTeJieM XHMHOTepanHH. Mbl pa3pa60TaJIH 

MeTO.D.HKY oQeHKH <pyHKQHOHaJibHOH aKTHBHOCTH MMR B KJieTKax. Mem,D, 

OCHOBaH Ha onpe,D,eJieHHH KOJIHqecTBa BTOpHqHbIX .D.BYHHTeBbIX pa3pbIBOB 

,wn< B KJieTKax, nynbc-o6pa6ornHHbIX challenge-MyrareHoM MeTHJIHHTP0-

30MoqeBHHou. MyrareH MeTHJIHpyeT OCHOBaHHH B ,wn<. BmpHqHbie pa3-

pb1Bbl o6pa3yIOTCH B pe3yJibTaTe npoQeCCHHra MeTHJIHpOBaHHOro 0CHOBa

HHH O6-meG npH <pyHKQHOHHpoBaHHH aKTHBHOH KoppeKQHOHHOH penapa

QHH B nocTPeOJIHKaTHBHbIH nepuo,D,. TaKHM 06pa:10M, BTopuqHbie .D.BYHHTe

Bbie pa3pb1Bbl Il03BOJIHIOT KOJIHqecTBeHHO npe,D,cTaBHTb aKTHBHOCTb MMR B 

KJieTKe H, B KOHeqHoM cqeTe, OQeHHTb CBH3b Me)K)].y aKTHBHOCTblO MMR B 

JIHM<pOQHTax " pHCKOM pa3BHTHH 3a6oneBaHHH. 3-ro npe,D,CTaBJieHHe 6bmo 

npoBepeHO Ha MMR-,D,e<pHQHTHbIX KOJIOpeKTaJibHblX onyxoneBblX KJieTKax 

qenoBeKa " JIHM<pOQHTaX 3,D,Op0BbIX )],0HOp0B " 60JibHbIX rHHeKOJIOrH

qecKHM paKOM. 
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~iiCTBHE HOHH3HPYIO~Ero H3JlYlfEHHH 
HA HEKOTOPbIE 3HEPrETH"IIECKHE IIPOIJ;ECCbl 

B KAP,11),JOMHOIJ;IITAX 

Xa11ampRH I'.lf., I'acnapRH A.I'., I'e6opKRH I'.A. 
lfHCTIIT)'T 6noxHMtttt HM. r. EyHaTHHa HAH, r. EpeBaH, ApMeHIDI 

B HaCTOHIQee BpeMH YCTaHOBJieH <paKT ,D,eJIOKaJIH3aQHH MeM6paHHbIX 

nepuqiepuqecKHx 6enKoB nocne pa,D,HaQHOHHoro o6nyqeHHH. MHTOXOH.D.

puanbHbIH H30<pepMeHT KpeaTHHKHHa3a (MKCl>K) He TOJibKO OTXO)],HT OT 

BttyTpeHHeu MHTOXOH,D,pHaJibHOH MeM6paHbl nocne o6nyqeHHH, HO u qac

THqHo TepHeT CBOIO <pyHKQHOHaJibH)'IO aKTHBHOCTb. 11MeHHO MKCl>K yqacT

BYeT B npoQecce nepeHoca <pocqiopttoro ocTaTKa OT ATcI> K KpeaTHtty. B 

CBH3H C BblllleH3JIO)KeHHbIM npe,D,CTaBJIHeT onpe,D,eJieHHbIH HHTepec 

u3yqeHHe CTeneHH B03,D,eUCTBHH pa,D,HaQHOHHOro H3.JiyqeHHH Ha nepeHOC 

q>OC<pOpHoro OCTaTKa B Kap,D,HOMH0QHTax " BeJiuqHHbl Henocpe,D,CTBeHHOro 

BJIHHHHH Ha pa6ory monuposaHHoro nep<pY3HpyeMoro cep,D,Qa. 

3KcnepHMeHTbl np0BO)],HJIHCb Ha 6ecnopo,D,HbIX 6eJibIX KpbICax

caMQax JIHHHH Bncrnp BeCOM 200-250 r. )KuBOTHbIX o6nyqanu TOTaJibHO, 

0)],HOKpaTHO, B paBHOMepHOM none raMMa-mnyqeHHH 6°Co Ha ycTaHOBKe 

«rYE3» B ,D,03e 6,2 rp npH MOIQHOCTH ,D,03bl 06.rryqeHHH 0,9 rp/MHH. Bee 

3KCnepHMeHTbI npOBO,D,HJIHCb Ha BTOpoii ,D,eHb nocne 06.rryqeHHH. 

Ha MO,D,eJIH H30JIHpOBaHHOro nep<pY3HpyeMoro cep,D,Qa MeTO)],OM 

nepeHoca HaCbIIQeHHH 
31P-.HMP onpe,D,eJIHJIH TIOTOKH qiocqiopa OT qiocqio

KpeaTHHa H ATcI>, KOHCTaffTY CKopocTH KcI>K-peaKQHH H co,D,ep)KaHHe 

<pOC<pOKpeaTHHa B Kap,D,HOMHOQHTaX B HOpMe u nocne raMMa-o6nyqeHHH. B 

cxeMy 3KCnepHMeHTa BKJIIOqanu 25-MHttyrHYIO TOTaJibttyIO Hlllel\mqecKyIO 

Harpy3K)'. IlpH TaKOH Harpy3Ke He npOHCXO)],HT pa3BHTHH Heo6paTHMbIX 

npoQeccos nospe)K)].eHHH MHoKap,D,a, H nocne penep<py3HH cep,D,Qe nerKo 

BOCCTaHaBJIHBaeT CBOIO pa6ory, TeM caMbIM npe,D,OCTaBJIHH B03MO)KHOCTb 

BblHBJieHHH )],OCTOBepHbIX Pa3JIHquu Me)K)].y HOpMOH u o6nyqeHHeM. 

EbIJIO Il0Ka3aHo, ~o nocne TOTaJibHOrO 06.rryqeHHH CO,D,ep)KaHHe 

<pOC<pOKpeaTHHa B MHOKap,D,e yMeHblllaeTCH npHMepHO Ha 25 %, KOHCTaHTa 

cKopocTH KwK-peaKQHH- iia 18 %, a nepeHoc <pocqiopa OT qioc<poKpeaTHHa 

u ATcI> - Ha 40 %. O,D,HOBpeMeHHO np0HCXO)],HT CHH)KeHHe sepOHTHOCTH 

BOCCTaHOBJieHHH pa6oTbI cep,D,Qa npH penep<py3HH. Ha6JIIO,D,aIOTCH H3MeHe

HHH BpeMeHH HacryOJieHHH IlOCTHllleMHqecKOH KOHTPaKrypbI. 
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IlonyqeHHbie pe3yJibTilTbl Il0K83bIBaIOT creneHb H rny6Htty H3MeHe

HHH KapAH0MH0IJ;HT0B )')Ke Ha BT0pbie CYTKH nocne o6nyqeHIDI. 

liHO<l>H3111IECKOE MO~JmPOBAHIIE IIEPBWIHI,IX 
IIOBPE~HIIH ,ll;HK H XPOMATIDIA, ~OBAHHLIX 

113.JIYl-lEimEM C PA3JillllHOH JIII3 
1Xeocmynoe H.K., 2CaJ1bHU1WB H.B., 3CypaKUtuna JI.A., 2Anopeee C.I'.. 

1rY Me.11.mJHHCKHH paJiuonorI111ecKuii ttayqHhIH uemp PAMH, r. 06ttttHCK, PoccID! 
726727@mrrc.obninsk.ru 

2 MttcnnyT 6uoxHMI111ecK00 q>tt3HKH PAH, r. MocKsa, PoccIDI 
3 06'be)IHHeHHhlH HHCTHT)'T H)IepHbIX uccne)IOBaHHH, r. )zy6Ha, POCCIDI 

~eJib HCCJieA0BaHIDI 3aKmoqanacb B M0AeJIHposamrn nepsHqHbIX 

nospe)K,Ll,eHHH M0JieKYJibl ~ H xpoMaTHHa .[(JUI oa;eHKH HX p0JIH B 

npoa;ecce qiopMHposaHHH Ha6moAaeMLIX in vitro OAHttoqHbIX (OP) u 
ABOHHbIX (W) p83pbIB0B ~ s 3aBHCHM0CTH OT JIII3. MoAeJIHposaHtte 

npou3B0AHJI0Cb c yqeToM cToxacTuqecKou CTPYK1YPLI TPeKa H q>H3HKO· 
xuMuqecKou CTMHH npoeyKToB paAuonma B0AI,J s pacTBope. CTPyKTypHa»: 
opraHU3aa;IDI MUIIIeHH-M0JieKYJibl ~ 6bma npeACTaBJieHa JIUHeHHOH 

qiopMou B BHAe ABOHHOH cnupanu H3 KoaKCHaJibHbIX a;HJIHHApos c BHeIII
HHM H BttyTPeHHHM AHaM~0M 2,3 H 1,0 HM C00TBeTCTBeHH0 "3JieMeHT0M 

qiu6pHJIJibl xpoMaTHHa, COCTaBJieHHOH H3 nocJieA0BaTeJibH0CTH ttyKJie0C0M 
s BHAe qiu6pHJIJIHpHOH cynepcnupanH MaCCOH. 5 K63, orpaHuqeHHOH 

a;HJIHHAP0M BbICOTOH 40 HM " AHaM~0M 32 HM. MoAeJib o6p830BaHHH 
p83pLrna ~ sKmoqana cneAYJOia;He napaM~LI: noporosax 3Heprux, 
A0CTaToqHaH MH o6p830BaHIDI OP npu npHM0M AeHCTBHH, MHHa AH<pq>Y-

3HH CB060AHbIX PMHKaJI0B s6JIH3H ~ " sep0HTH0CTb o6p830BaHUH OP 

npu B3aUMOAeHCTBHH OH C ~-
O6p83oBaHHe OP" w ~ M0AenupoBaJI0Cb npH B03AeHCTBHH.p83-

JIHqHblX TIDKeJibIX HO HOB C JIII3 B IIIHp0K0M AHan830He 10 - 104 K3B/MKM, 
IloK83aHO, qT0 npH HH3KHX 3HaqeHIDIX JIII3 OCHOBHOH BKJIM B O)KHAaeMblli 

BbIX0A OPIW nuHeHHOH ~ u xpoMaTuHa BH0CHT MexaHH3M KocseHHoro 
AeHCTBIDI PMHaa;HH. C poCT0M JIII3 npesanupyeT MexaHU3M npHM0f0 
AeHCTBIDI. yqeT 3JIHMHHaIJ;HH nepsuqHbIX HOHH3aa;Hu H cso60AHbIX PMHKa
JI0B 3a cqeT B3aUMOAeHCTBllil C fHCT0H0BbIMH 6enKaMU xpoMaTHHa CHU)KaeT 
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BbIX0A OP u W npm.IepHo s.11.soe. O6Hapy)KeHo YA0BJieTBopuTeJILHoe 
K0JIUqecTBeHH0e cornacue pe3yJibTaT0B M0AeJIHp0BaHUH C Ha6JIIOAaeMbIMH 
in vitro BbIX0AaMU OP u ,nP s sv 40 ~- O6cy)K,Ll,aeTCH pOJib KOCBeHHOro 
.11.enCTBHH npu oa;eHKe 6uonoruqecKOH 3q>q>eKTHBHOCTH AeifoTBllil 

paAuaa;uu. 

~-MO~EJIIIPOBAHIIE liEJIKA RECA: BJIIDIHIIE 
AMimOKHCJIOTHI,IX (MYT AIJ)IOHHl,IX) 3AME~EHIIH 
B liETA-JIHCTOBbIX IIET.JUIX H CAHTAX CB.R3bIBAHIDI, 

IIPHBOM~HX K HHrllliHPOBAHIDO B3AHMO~HCTBH.R 
C ,ll;HK 

XollMypoooe X T., CeJ1beau11 P.A., EopeuKo A.B., Kpacaeu11 E.A. 
06'be)IHHeHHbIH HHCTHT)'T H)IepHbIX uccne)IOBaHHH, r. )zy6Ha, PoccIDI 

mirzo@jinr.ru 

B AaHHOH pa6oTe HaMH 6LIJIH BbID0JIHeHbl f0M0JioruqHbie u 
1 MOJieKYJIHpHO-AHHaMHqecKHe (Mm MOAenuposaHIDI 6enKa RecA c a;eJiblO 

myqeHllil BJIIDIHIDI aMHH0KHCJI0THbIX MYTaQHOHHbIX 3aMeia;eHHH B 6ern-
i JIHCT0BbIX u HHru6upyroia;HX no 0THOIIIeHHIO K ~ caHTaX 6enKa. RecA-

6eJIOK npeACTaBJIHeT co6ou 0AHH H3 B8)KHblX qiepMeHTOB, yqacTByIOia;HX B 

MexaHH3Max sos penapaa;uu " BOCCTaHOBJieHHH CTPYK1YPLI ,[(HK npu 
pa3JluqHLIX nospe)K,Ll,eHHHX ~- MoHoMepttaH CTPYK1YPa 6enKa RecA 
C0Aep)KHT B CBOeM a;eHTP~bHOM AOMeHe ABa CBH3bIBaIOia;HX no 

0TH0IIIeHHIO K ~ caum: 0AHH MH CBH3bIBaHllil OAHOHUTeBOH ,[(HK 

(ssDNA), Apyrou - MH AByxHHTesou ~ (dsDNA); npu 3TOM 3TH cauTLI 
CBH3bIBaHHH ~ BKJIIOqaIOT B ce6H TilK)Ke ABe HeynopHAOqeHHbie neTJIH 

(LI & L2). KaK noK83LIBaIOT 3KcnepuMeHTbI, YK83aHHbie neTnu npe.11.cTits

JIHIOT co6ou cyia;ecTBeHH0 B8)KHLie CTPYK1YPHLie 3JieMeHTbI - MYTaa;uu s 
3THX HeynopHA0qeHHbIX o6nacrnx MOfYT npuBeCTH K HHru6uposaHHIO 
caHTa CBH3bIBaHHH ~ (HanpuMep, ToqeqHLie MYTaa;uu MOfYT 6bITb s L2: 
Gly204, Glu207 H Gly211; s LI: Gly160, Gly157 u Arg169). B AaHHOH 
pa6oTe HaMu npoB0AHTCH OQeHKa BJIHHHIDI MYTaa;uoHHoro 3aMeia;eHHH 

Gly204Ser Ha AHHaMuqecKUe u CTPYK1YPHLie csoucTsa RecA. OcHOBbI
BaHCb Ha f0M0JIOfUqHOM MOAenuposaHHH, Mbl npeACK83aJIH HeU3BeCTHbie 
KOHq>OpMaa;uu BbIIIIeyK83aHHbIX HeynopHAoqeHHblX neTeJib L 1 & L2, 3aTeM 
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nposeJm M,[J;-Bb1qucnemrn: HM u.enoii soccTaHOBJieHHoii CTJ)yicrypoii RecA-
6enKa. CpasHeHIDI ,nuHaMuqecK.HX u CTJJYKTYPHbIX csoiicTB 6enKoB ,nuKoro 
(HaTHBHOro) " MYTaHTHOro THITa HaMH npOBO,AHJIHCb npu o,nuHaKOBblX 
ycJIOBIDIX MO,nenupoBaHIDI .no 2-HC KOHQ)OpMaU.HOHHOrO COCTORHHR. 

MOJIEKY JUIPHO-)J;IIHAMH1IECKOE MO,IJ;EJIHPOBAHHE 
P A,ll;IIOqyBCTBHTEJThllblX MYT AHTHbIX AJIJIEJIE:U 

I(HKJIHH3ABHCHMLIXIIPOTEHHKHHA3 

XoJ1JWypoooB X T., KpemoB ,11.A., KOJ1m0Bcm HA. 
06oe,zorneHHblll llHCTIITYT HJJ.epHbIX llCCJieJ].OBaHllll, r. )fy6tta, Poccll.ll 

mirzo@jinr.ru 

B HaCTORI.Qeii pa60Te npose,neHO urnpoKOMaCIIITa6Hoe MOJieKYJIRp

HO-,AHHaMnqecKoe (M.Z:O MO,nenupoBaHHe U.HKJIHH3aBHCHMbIX npoTeHH
KHHa3 (CDK) c KOMITJieKCOM AT<I>. IlporenHKHHa3a CDC28 ,npo:>IOKeii 

Saccharomyces cerevisiae cny:>KHT npusneKaTeJibHOii Mo,neJibIO MR 
uccne,noBaHIDI MexaHH3MOB perym1u.uu KHHa3, aicryanbHOCTb H3yqeHIDI 

KOTOpbIX o6ycnosJieHa u.eHTJ)aJibHOii poJibIO npoTeHHKHHa3 CDK B 
peryJIRU.HH KJieroqHoro U.HKJia u BbICOKoii qacToToii HapyrneHIDI CDK HJIH 

,neperyJIRU.HH HHrn6HTopos CDK npu 3JIOKaqecrneHHOM nepepo)KJ].eHHH 

KJieTOK MJieKonuTa10mux. ArrR aHanma CTJJYKTYPHbIX mMeHeHuii, K 
KOTOpbIM npuso,nHT 3aMeHa CDC28-G20S, ucnoJib30BaJIH KpHcTaJI

nuqecKyIO CTJJYKTYPY KHHa3bI qenoseKa CDK2. Ilo ,naHHbIM M,[J;
MO,nenuposaHHH CTJ)yicrypa HeMyTaHTHoro H MyTaHTHoro, BKJIJ0qa10mero 

3aMetty G l 6S-CDK2, cooTBeTCTBYJOmy:IO ,npo:>IOKesoii. G20S-CDC28, 

KOMITJieKCOB CDK2 3aMeTHO OTJIHqaIOTCR ,npyr OT ,npyra, npuqeM pa3JIHqHR 

CTJJYKTYPHbIX KOHQ)OpMau.nii HaH60Jiee RpKO npmrnmIIOTCH HMeHHO B TeX 
yqacTKax (HanpuMep, G- u T-nernu), KOTOpb1e urpaIOT KJIJOqesYJO poJib ,nJIH 

Q1YHKU.HOHHpOBaHHH KHHa3bl. . 
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BJIIDIHIIE XPQIDfqECKoro OJi.JiyqEHIDI MAJThIMH 
,ll;03AMH P ~ HA AKTHBHOCTb MOliHJibHblX 

3JIEMEHTOB Y DROSOPHILA 1lfELANOGASTER 

lllanotu11UKOB MB. 
11HCTHTYT 611onorn11 Kot.m HQ YpO PAH, r. CbIKThIBKap, PoccHH 

mshaposhnikov@mail.ru 

11H,nyu.uposaHHaH HecTa6HJibHOCTb HBJIHeTCR O,AHHM H3 KJleTOqHbIX 

3<p<peKTOB Ha ,neiiCTBHe MaJibIX ,Z\03 pa,ri;uau.uu. O,nHaKO reHeTuqecKHe 

MeXaHH3Mbl, Jie)Kamue B OCHOBe 3TOro npou.ecca, eme ITJIOXO HCCJie,noBaHbl. 
Bo3MO,KHO, qTo OCHOBHbIM HCToqHHKOM HH,nyu.uposaHHOH reHeTuqecKoii 

HecTa6HJibHOCTH HBJIHeTCH aKTHBaU.IDI M06HJibHbIX reHeTuqecKHX 3JieMeH

TOB (Mr3). Mr3 COCTaBJIHIOT 3HaqHTeJibHYJO qacTb <ppaKU.HH reHOMHOH 

)];HK y pa3JIHqHblX opraHH3MOB, OT pacTeHHH .no )KHBOTHbIX, " HMeIOT 

cnoco6HOCTb ysenuqusaTb yposeHb TJ)aHCIT03HU.HH B OTBeT Ha He6Jia
ronpIDITHOe B03,neiiCTBHe. 3To Be,neT K reHeTuqecKOH HeCTa6HJibHOCTH, 

KOTopaH MO,KeT npOHBJIHTbCH B yseJiuqeHHH ypoBHH MYTau.uii "xpoMO
COMHOH Hecrn6HJibHOCTH. Y Drosophila melanogaster aKTusau.un HeKoTo

pbIX ceMeHCTB Mr3 Be,neT K ITOHBJieHHIO CHH,npoMa ru6pu,nHoro ,nucreHe3a. 
,[J;aHHbIH CHH,npOM BKJIJOqaeT KOMITJieKC reHeTuqecK.HX HeHOpMaJibHOCTeii, 

BKJIIOqag roHa,rJ;HYJO aTJ)OQ)HIO (r,[J;-cTepHJibHOCTb)" ITOBbillleHHblH yposeHb 

MyTa6HJibHOCTH B FI onpe,neneHHbIX Me,KJIHHeiiHbIX cKpemusaHuii, Kor,na 

P- u hobo-caMU.bI cKpemusaIOTCR c M- HJIH E-caMKaMu cooTBeTCTBeHHO. 

IlpOHBJieHHe 3THX qepT 3aBHCHT OT aKTHBHOCTH Mr3, "HCCJie,noBaHHe 
rn6pu,nHoro ,nucreHe3a y IT0TOMKOB OT o6nyqeHHblX po,nHTeJieii MO)KeT 

BbUJ:BHTb H3MeHeHHe aKTHBHOCTH Mr3 B OTBeT Ha ,neiiCTBHe pa,ri;uau.uu. 
JIHHHH Drosophila melanogaster P (GB-39 u Harwich) u hobo 

(23.5MRF/CyL4) no,nsepranu xpoHuqecKOMY o6nyqeHHIO B ,no3e 0.17 crp/q 

B TeqeHHe O,AHOro ITOKOJieHHH. IlornomeHHaH ,no3a COCTaBHJia 60 crp. Ann 

IT0CTaHOBKH ,nucreHHbIX CKpemusaHHH HCITOJlb30BaJIH o6nyqeHHbIX P- " 
hobo-caMU.OB u E- HJIH M-caMoK. B cucTeMe P-M rn6pu,nHoro ,nucreHe3a 

aHaJIH3HpOBaJIH ypoBeHb r,[J;-cTepHJibHOCTH u MyTa6HJibHOCTH JIOKyca 

singed-weak. B cucTeMe hobo -r,[J;-cTepHJibHOCTb u Mo6HJimau.u10 hobo (c 

penOPTepHblM reHOM mini-white). TaK*e ou.eHHBaJIH yposeHb Htt,nyKU.HH 

peu.eccnBHbIX MYTau.uii y P- H hobo-nuHuii. 
B cucTeMe P-M rn6pu,nHoro ,nucreHe3a o6nyqeHue npuseno K 

yseJiuqeHHIO ypoBHR r)];-cTepHJibHOCTH, O,AHaKO MyTa6HJibHOCTb JIOKYCa snw 
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CHIDKaJiac1,. B hobo-cucTeMe ru6pH)J.Horo AHCreHe3a o6JI)"leHue npuBeJio K 

yBenWieHmo ypoBIUI r,[(-cTepHJibHOCTH, a qacTOTa TPaHcno3HU.ttii hobo He 

mMeHHJiac1,. YpoBeHb MYTa6HJibHOCTH y P-JIHHHH nocne o6JI)"leHIDI 

3HaqHTeJibH0 CHH3HJICR, a y hobo - yBenuquJicR B 2 pa3a. 

IlonyqeHHhie pe3yn1,TaT1,1 npeJJ,nonaraIOT, ~o MaJibie A03bI paJJ,uauuu 

BJIHHIOT Ha MexaHtt3MbI TPaHcno3HUHH P- u hobo-3JieMeHTOB y Drosophila 
melanogaster. 

rHCTOXIIMIDI W:E.JIO'IHOH <l>OC<I>ATA3:bl TKAHEH 
C PA3.JIH'IHOH CTEIIEHLIO ONHOB.JIEIDUI IlPH 

B03)I;EHCTBHH HOHH3HPYIOW:Ero H3J(yqEIDUI B MA.Jll,IX 
)1;03AX 

lllecmaKo6a E.H, BopOHlf06a 3.A., Cmocape6a O.A. 
BopoHe)KcKa» rocy.a;apcTBeHHaH Me.a:ttU.IIHCKaH aKa.a;eMIIH IIM. H.H.Eyp.a;eHKo, 

r. BopoHe)K, PoccIIH, voroncova_zoyaaf@mail.ru 

JIAepHbie ycTaH0BKll CTaJIH BCe qaIIJ.e HCil0Jib30BaTbCH B pa3JIHqHI,IX 

OTPaCJIRX JJ,eRTeJibH0CTH qeJI0BeKa, ~o He HCKJIJOqaeT B03M0)KH0CTb A0il0JI

HHTeJibH0ro o6JI)"leHHH nepcoHaJia u HaceneHHR H0HH3HpyIOIIJ.HM H3JI)"le

HtteM (HM). 
AKTHBHOCTh IIJ.enoqHoii cpoccpaTa3bI (Il\<l>) ucqepqeHHoii KaeMKH 

T0iIKoro KHUieqHuKa (TK) u 3ffA0TeJIHR KanHJin»pos 11.J.HT0BH)J.Hoii )KeJie31,1 

(IJOK) HaxOJJ,HTCR B 3aBHCHM0CTH OT cpyHKU.HOHaJibHOro C0CT0RHHR opraH0B 

H M0)KeT cyIIJ.eCTBeHH0 H3MeHRTbCH npu B03JJ,eHCTBHRX pa3JIHqHI,IX naTOJI0-

ruqecKHX cpaKTOpOB. 

CreneHb aKTHBH0CTH Il\<l> Ha ypoBHe MopcponorWieCKoro 3KBHBa

JieHTa OTPa)KaeT aKTHBH0CTb TPaHcnoPTa B KanHJIJIHp-TupoH)J.Hoii cucTeMe 

IJOK u xapaKTepmyeT HHTeHCHBH0CTb ropMoHoo6pa3oBaHHH. B TK -
scaCblBaHue np0JJ,yKTOB nepeBapHBaHUR. 

B 3KcnepttMeHTe Ha 6en1,1x 6ecnopoAHhIX Kp1,1cax-caMu.ax, nocne 

0)1,H0Kparnoro B03)1,eHCTBHR HM B A03ax 10, 20, 50 " 100 p C M0IIJ.H0CThlO 

B03)1,eUCTBHH 50 p/q, myqeHa aKTHBH0CTh Il\<l> 3H}J,0TeJIHH KailHJIJIHp0B 

MHKpou.ttpK)'JIHTOpHoro pycna 110K u ucqepqeHHOH KaeMKH TK. 110K u TK 
H3BJieKaJIH cnycTH 6 MeCHU.eB nocne B03JJ,eHCTBHR HM. 
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Il\<l> BblHBJIHJIH MeT0A0M 0)1,H0BpeMeHH0ro a30C0qeTaHJUI. C 3TOH 

u.eJiblO H3 3aM0p0)KeHHbIX o6pa3U.OB Ha KpH0CTaTe H3roTOBJIRJIH cpe3bl 

TOJIIIJ.HHOH 10 - 12 MKM. ,[(.ITH H)J,eHTH<pHKaU.HH aKTHBH0CTH Il\<l> ux HHK)'6H

p0BaJIH B cpeAe, coJJ,ep)KaIIJ.eii a.-Haq>THJI cpoccpaT (cy6cTPaT AJIH Il\<l>). 
CTeneHb aKTHBH0CTH Il\<l> onpeJJ,eJIHJIH Ha Ka)K}J,OM MHKponpenapaTe C 

ucnon1,3osaHHeM MopcpoMeTPuqecKoii nporpaMMbI ImageJ. ,[(ocToBep

H0CTb pe3yn1,TaT0B ou.eHHBaJIH no CTbIOJJ,effTY. 

Pe3yJibTaTbl HCCJie}J,0BaHHH Il0Ka3aJIH, ~o qepe3 6 MeCHU.eB nocne 

B03)1,eHCTBHR HM B MaJlbIX A03aX aKTHBH0CTb Il\<l> MHKpou.upKyJIHTOpHoro 

pycna 110K u ucqepqeHHoii KaeMKH TK Hax0AHTCH B o6paTHOH 3aBHCH

M0CTH OT }J,031,1 o6nyqeHHH, qTo CBH)J.eTeJibCTByeT 0 BbICOK0H paJJ,H0-

qyBCTBHTeJibH0CTH 3THX opraH0B. 

IIHfMEHTHPOBAHHLIE ~MOP<l>HLIE liA3~0MHIJ;ETbl -
IlEPCilEKTHBHLIHOlinEKT,ziJIHPA)I;IIONHO.JIOrlflIECKHX 

HCC.JIE)I;OBAHHH 

10pK06A.M 
O6ne,!l;IIHeHHhlll lfHCTlfT)'T H.a;epHhIX lfCCJie.a;oBaHIIH, r. )zy6Ha, PoccIIH 

yurkov-andrey@yandex.ru 

IlurMeHTbI KapoTHHOHAHOH npup0AhI UittpoKo pacnpocTPaHeHbI y 

pa3JIHqHI,IX opraHH3M0B: pacTeHHH, )KHB0THblX H MHKpoopraHH3M0B. OHM 

qacT0 BbIIl0JilUIIOT cpyHKU.HIO. «raUieHUR» CB060JJ,HblX paJJ,HKaJI0B, HBJIRRCb 

CHJII,HbIMH aHTH0KCH)J,aHTaMH, a y HeK0T0pbIX 6aKTepuii Kap0THH0H)J.bl 

yqacTByIOT B <pOTOCHHTe3e. Hatt60JibUiee ou.eHeHH0e BHA0B0e pa3H0-

o6pa3tte 3yKaptt0THqecKHX opraHH3M0B npHHaJJ,Jie)KHT npeACTaBHTeJIRM 

u.apcTBa rpu6oB (1,5 MJIH BH)J.OB), cpeJJ,H K0T0pbIX, K npttMepy, B rpynne 

AHMOpq>HblX 6a3H)J.HOMHU.eTOB H3BeCTHbl u 0TKpbIBaIOTCR np0JJ,yU.eHTbl 

H0BblX Kap0THH0H)J.HbIX coeJJ,HHeHHH. 

IlurMeHTbl, CHHTe3upyeMbie B H0pMe AHMOpq>HblMH 6a3H)J.HOMHU.e

TaMH, HCil0Jib3yIOTCR B pa3JIHqHI,IX o6nacrnx: ceJibCKOe X03RHCTBO (aKBa

K)'Jibrypa, · oKpacKa )KeJITK0B RHU.), MeAHU.HHa (neqeHue paKa, aTepo

cKJiepo3a, nocneACTBHH o6nyqeHHR). Bo3pacTaeT HHTepec K KapoTHH0-

H)J.HbIM nurMeHTaM B nepcneKTHBHbIX HaH0TeXH0JioruqecKHX pa3pa6oTKax 

(6naroJJ,apR cnoco6HocTu K ornuqecKoii moMepmau.uu, mBeCTHOH KaK 
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«MoneeymipHblH ,ll,BHraTenblKOMilblOTep»). ,[l;HMOpq>Hble 6a3H,ll,HOMHl.\eTbI 
perym1pHO BbI,D,emIIOTC.SI H3 pa3H006pa3HbIX npHpO,D,HblX MeCT006HTaHHH, B 
TOM qHcne H 3KCTpeManbHblX ( C HCTOI.QeHHblM 030HOBbIM cnoeM, KHCITbIX 
HcTOqHHKOB). O,D,HaKO MeXaHH3M ycTOiiqHBOCTH K pa3Hoo6pa3HbIM cpaKTo
paM cpe,D,bl H ero CB.Sl3b co cnoco6HOCTblO npOH3B0,ll,HTb IlHrMeHTbl H3yqeHbI 
cna6o. ,[l;HMOpq>Hble 6a3H,D,HOMHl.\eTbl .SIBIT.SIIOTC.SI He TOITbKO OTnHqHblM 
o6neKTOM q>OT06Honornn KaK npo,D,yqeHTbI cpoTOnpoTeKTopoB, MHKOCilO
pHHOB H KapOTHHOH,ll,OB, HO H o6'beKTOM ,D,n.SI MOHHTOpHHroBblX pa,D,H0-
3KOnorHqecKHX HCCne,D,OBaHHM Ha pa3Hoo6pa3Hble aHTponoreHHble areHTbl. 

IlOMHMO CKa3aHHOro Bblllle ,ll,HMOpq>Hble 6a3H,D,HOMHl.\eTbl npe,D,CTaB
IT.SIIOT HeocnopHMOe y,D,o6CTBO ,D,n.SI 3KcnepHMeHTanbHOM pa60TbI: B O,ll,HO
KneTOqHOM CTa,D,HH o6na,D,aIOT IIIHpOKHM cneKTpOM YTHnH3HpyeMblX 
cy6cTpaTOB; q>H3HOnornqecKHe npoqecCbl y HHX npOTeKaIOT KaK y BbICIIIHX 
opraHH3MOB (nerKa.SI 3KCTpanOIT.Sll\H.SI Ha MneKOilHTalOI.QHX H qenoBeKa); 
OTpa6oTaHbI MeTO,ll,HKH npose,D,eHH.SI reHeTHqecKoro aHanma, aKTHBHO 
Be,D,YTC.SI npoeKThI no onpe,D,eneHmo nonHoii nocne,D,osarenbHOCTH , HX 
reHoMOB (HanpHMep, AFTOL). 

Bee 3TO ,D,enaeT 3TY rpynny MHKpoopraHH3MOB nepcneKTHBHbIM 
o6neKTOM pa,D,H06HonornqecKHX Hccne,D,oBaHHM 6y,D,yI.Qero. 

INSULIN ACTION ON CHROMATIN OLIGONUCLEOSOMAL 
FRAGMENTATION IN ISOLATED THYMOCYTE NUCLEI 

Artsruni LG., Matinyan K.S., Melnikova-Sharova MA., Sargsyan E.G., 
Gevorgyan E.S. 

Yerevan State University, Yerevan, Armenia 
gana@ysu.am 

It is known that insulin and insulin-like growth factors are essential 
for normal growth and development of many cell cultures. In different cell 
lines insulin can protect cells from apoptosis, but little is known about its 
antiapoptotic activity. Coming from crucial role of nuclear disassembly in 
apoptosis in present work our aim was to investigate whether insulin can 
modify the process of apoptotic DNA cleavage in rat thymocyte nuclei. 

Recently we have shown that isolated rat thymocyte nuclei develop 
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characteristic apoptotic DNA cleavage in time. It was shown that insulin 
delays internucleosomal DNA cleavage in autodigesting thymocyte nuclei 
and markedly decreases its intensity. 

A proposal can be derived that insulin exerts its activity via 
suppression of metabolic pathways controlling internucleosomal DNA 
fragmentation in thymocyte nuclei in apoptosis. 

INTERNUCLEOSOMAL DNA FRAGMENTATION IN 
AUTODIGESTING THYMOCYTE NUCLEI 

Atanesyan L.A., Artsruni LG., Matinyan K.S., Sargsyan E.G., 
Gevorgyan E.S. 

Yerevan State University, Yerevan, Armenia lilitatanesyan@yahoo.com 

Several endonucleases are responsible for cleavage of nucleosomal 
spacer regions in terminal stages of apoptosis. Multiple apoptotic signals 
trigger characteristic DNA breakdown in nuclei of dying cells downstream 
cytoplasmic events. Taking into account the biological significance of DNA 
cleavage in development of autoimmune diseases, cellular transformation 
and successful phagocytic clearance capacity in pathologies, it seems 
reasonable that understanding the regulation of intranuclear processes 
leading to DNA cleavage is of great interest. 

In the present study, we attempt to determine whether thymocytes 
nuclei possess any mechanism of internucleosomal DNA fragmentation 
independently of cytoplasmic pathways, triggered by different apoptotic 
signals. For this purpose, isolated rat thymocyte nuclei were subjected to 
incubation in isotonic media. The DNA fragmentation was assessed after 
evaluation of densytograms taken from negatives of gel photographs. 

According to our data, internucleosomal DNA fragmentation is 
developed in 12-hour incubation in isolated nuclei and proceeds for 48 h. 
Internucleosomal DNA fragmentation in isolated thymocyte nuclei was 
suppressed· by benzamide (BAM) and activated by NAD+, which suppose 
poly(ADP-ribose )polymerase-I (PARP-1) involvement in nuclear system 
responsible for internucleosomal DNA fragmentation. 
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THE INVESTIGATION OF BINDING BETWEEN THE 
MITOXANTRONE AND AMETATRONE ANTI-TUMOR 

COMPOUNDS AND DNA, IRRADIATED BY ELECTROMAGNETIC 
MILLIMETER WAVES 

Babayan Yu.S., Tadevosyan A.A., Kanaryan G.L., Kazaryan RS., 
Markaryan A.Sh., Orbelyan S.Dz. 

Yerevan State University, Yerevan, Armenia, usbaba@ysu.am 

The water molecules form the different spatial structures in the water
salt solutions. The resonance frequencies of these structures belong to the 
millimeter region of the electromagnetic waves. 

In the present article, the thermodynamic parameters of binding 
between intercalating mitoxantrone (MX) and ametatron (AM) compounds 
and DNA are investigated. These DNA and ligand containing solutions have 
been preliminary irradiated by the coherent electromagnetic waves with non
thermal intensity. 

The DNA containing water solutions prepared for the spectro-
photometric titration have been irradiated during the 60 and 90 min. The 
titration curves have been obtained using · the SPECORD MYO 
spectrophotometrer at the 20°C. The DNA containing water solutions has 
been irradiated using the resonance (64.5 and 50.3 GHz) and non-resonance 
( 48.3 GHz) for water frequencies. The microwave emanation has been 
realized using the generators G4-141 and G4-142. The generated power flaw 
density in the experimental sample is about 50 mW/cm3

• 

Experiments showed that solution absorbance depends on binding 
between MX and AM and irradiated or non-irradiated DNA exhibits the 
same behavior. Thus, the MX and AM compounds interact.with DNA by the 
same intercalating way independent of microwave irradiation. The binding 
constants K for the MX and AM have been calculated on the basis of 
spectrophotometric titration spectra. Using the values of the binding 
constants K the binding thermodynamics parameters can be estimated. Our 
calculations show that MX and AM .compounds form more stable complexes 
with DNA in presence of resonance irradiation (64.5 and 50.3 GHz). In this 
case, the complex formation is accompanied by the more significant change 
of entropy. The non-resonance irradiation ( 48.3 GHz) gives much less 
change of DNA-ligand comlex stability. 
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Thus, DNA irradiation by the water resonance microwaves gives some 
change in the DNA structure, which stabilizes DNA complexes with 
intercalating anti-tumor compounds. 

THE IN VITRO MICRONUCLEI AND FISH TECHNIQUES 
APPLICATION ON HUMAN FIBROBLASTS AND PERIPHERAL 

BLOOD LYMPHOCYTES AFTER X-RAYS IRRADIATION 

Durgaryan A.A. 
Yerevan State University, Yerevan, Armenia, a.dourgarian@mail.ru 

Ionizing radiation causes very efficient damage in the genetic material 
of living cells. The main target of ionizing radiation is DNA, where it 
induced different types of damages: single-strand breaks, double-strand 
breaks, chromosome aberrations, etc. Several cytogenetics techniques can be 
used for investigation of the effects of ionizing radiation in the cell systems. 

The micronucleus assay is frequently used for purposes of biological 
dosimetry or as a test for genetic toxicology. Micronuclei (MNi) are formed 
from chromosomal fragments or lagging chromosomes at an anaphase which 
are not included in the nuclei of daughter cells. We compared frequencies of 
MNi between control and irradiated cells in human normal fibroblasts. 
Confluent fibroblasts (AG1522D) were irradiated with 0.2 and 6 Gy of 
X-rays. After 72 h of cultivation, cells were stained with DAPI dye and the 
percentages of mononucleated, binucleated, trinucleated and tetranucleated 
cells were scored. MNi frequencies were scored only in binucleated cells . 
The frequencies of MNi were higher after 72 h both in the control and 

. irradiated cells. The frequencies of MNi were higher in irradiated cells than 
in control cells. 

To visualise certain aberration-types like translocations or insertions, 
which are not visible in Giemsa-stained slides in the irradiated samples of 
human perypheral blood lymphocytes, fluorescence in situ hybridization 
(FISH) technique was applied. 

Chromosomes slides of human lymphocytes irradiated with O and 
2 Gy of X-rays were painted with whole chromosome probe for chromo
some 2. All chromosome aberrations involving the painted chromosome 2 
were scored. The number of aberrations was scored in I 00 metaphase 
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images of control and irradiated samples, captured using an Olympus 
fluorescent microscope and ISIS software (MetaSystems, Germany). 

In control sample only one translocation was found (total aberration 
frequency = 1.04/100 mitosis). In the irradiated sample we found 5 trans
locations, 7 dicentrics, 1 centric ring, 3 acentric fragments accompanied by 
truncated chromosomes and 1 complex aberration. Although the difference 
in the level of chromosome aberration between control and irradiated 
samples is clear, almost 30% of total aberration in irradiated cells would be 
not visible in Giemsa stained slides. 

Therefore, we could see the influence of ionizing radiation on the cells 
using different cytogenetic assays. We observed a higher level of micro
nuclei in irradiated samples compared with control samples, and a higher 
level of symmetrical and asymmetrical chromosomal aberrations in 
irradiated samples following one-color FISH assay. 

THE MICRODOSIMETRIC CONSIDERATION OF RBE OF LOW
ENERGY PROTON ON V79 CELLS 

1Khvostwwv I.K, 2Nikjoo H., 3Uehara S., 4
Hoshi M, 

4
Endo S. 

1Medical Radiological Research Centre, Obninsk, Russia, 726727@mrrc.obninsk.ru 
2Center for Advanced Space Studies, NASA Johnson Space Center, Houston, USA 

3School of Health Sciences, Kyushu University, Japan 
4Research Institute for Radiation Biology and Medicine, Hiroshima University, 
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The intrinsic reasons of expected increasing of the relative biological 
efficiency (RBE) of protons in the energy range of a Bragg peak is still the 
matter of scientific discussion. Therein a theoretical consideration of 
observed cellular endpoints, microscopic energy deposition and calculated 
yields of initial DNA damage is the most efficient way to the better 
understanding of specific properties of such irradiation. The goal of this 
study was to find out a reasonable interpretation of cellular V79 data on 
inactivation and mutation induction obtained for the estimation of RBE and 
quality factor of low-energy protons. It was focused on theoretical evaluation 
of the event/dose averaged energy deposition in subcellular volumes and 
induction of initial DNA damage as a function of an incident energy of 
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protons ranged from 0.01 to 10 MeV using stochastic track simulation code 
LEPHIST and mechanistic DNA model. 

The specific peculiarity of proton tracks with incident energies around 
Bragg peak is their significant space curvature slowing down nearby or 
inside the nuclear of exposed cells. This factor results in broadening the 
radial dose distribution and, hence, significant increasing the fraction of 
small-event sizes in the spectra of imparted energy. The RBE estimated as a 
function of initial proton energy based on dose averaged linear energy in 
subcellular volumes of different sizes showed good agreement with 
experimental data when target size was 0.1 - 0.3 µm that is about the domain 
of chromatin fiber. The yield of DNA damage in form of SSB, DSB and 
complex DSB per dose was calculated as a function of incident energy of 
protons. The shape of calculated functions was compared with LET 
dependence and experimental data on survival and mutation frequencies 
observed in V79 cells by different research groups. 

QUANTITATIVE MODEL OF DNA DSB REPAIR AFTER HIGH 
LET IRRADIATION 

Salnikov 1 V., Eide/man Yu.A., Andreev S.G. 
Institute of Biochemical Physics, Moscow, Russia, andreev _sg@mail.ru 

One of the quantitative methods used in DNA repair study is a 
measurement of the size-distribution of DNA fragments at different times 
following cell irradiation by pulse-field gel electrophoresis. The aim of the 
present study was to evaluate the relationship between the size-distributions 
of DNA fragments observed by PFGE and the parameters of double-strand 
break (DSB) repair. The biophysical model of DNA DSB clusters repair was 
proposed. Size-distributions of radiation-induced DNA fragments and the 
rejoining kinetics of fragments were calculated. In order to explain fast and 
slow DSB repair observed in experiments, a hypothesis was examined that 
rejoining kinetics is determined by DSB position within chromosomes 
(gene-rich or gene-poor regions). This hypothesis was supported by 
comparing the simulation and experimental data for the total number of 
DNA fragments in the range 5 - 5700 kbp obtained by fragment analysis for 
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fragment size-distributions at different repair times and for the rejoining of 
DNA fragments for different size-intervals. 

MEMBRANOUS MECHANISMS OF BIOLOGICAL EFFECTS OF 
LOW-INTENSITY COHERENT ELECTROMAGNETIC 

IRRADIATION WIIB EXTREMELY IDGH FREQUENCY 

Tadevosyan H, Trchounian A. 
Yerevan State University, Yerevan, Annenia, Trchounian@ysu.am 

Electromagnetic irradiation (EMI) of extremely high frequency with 
low intensity and non-thermal action is of interest at least in two aspects, the 
first of which is in that bacteria and other cells in general may communicate 
with each other by EMI and the second one is regarding with using in 
therapy and development of telecommunication technology. 

The "noisy" and coherent EMI of extremely high frequency can have 
bactericide effects. In addition, indirect effects of EMI on bacteria suggest a 
role of noticeable changes in water properties in bactericide effects. 

The coherent EMI of extremely high frequenc1- (51.8 and 53 GHz) 
with low intensity (flux capacity of 0.06 mW/sm) (generator G4-141 
assembled in the Institute of Radiophysics and Electronics of the National 
Academy of Sciences of Armenia, Ashtarak City) and duration of up to 1 h 
is shown to cause marked changes in Ir conductance of the membrane 
(decrease in~ 1.7-fold), energy-dependent Ir and K+ transport through the 
membrane (increase in~ 1.4-fold), including via Ir-F0F1-ATPase, by whole 
cells of Escherichia coli K12, wild-type, grown in anaerobic conditions upon 
fermentation of glucose. Membrane potential values ( ~ -145 m V) have no 
changes. The production ofH2 by whole cells becomes less (blocking in~ 8-
fold). The decrease in total and N,N'-dicyclohexylcarbodiimide (DCCD)
inhibited A TPase activity of membrane vesicles after irradiation of bacteria 
is determined. Moreover, bacterial cell sensitivity to reagents like DCCD is 
also decreased. Note, the coherent EMI of the frequencies of 51.8 and 
53 GHz among of 45 to 53 GHz have the most strong bactericide effects. 

These results can confirm input of membranous changes in bacterial 
action of low intensity EMI of extremely high frequency, when F0F1 is 

154 

playing a key role. Information interaction with membrane proteins like F
0
F

1 
leading to conformational changes in the proteins should be not ruled out. 

The effects of this EMI are of significance to understand 
distinguishing role of bacteria in biosphere nowadays leading to changed 
metabolic pathways and, for instance, to antibiotics resistance. It is also 
important to use EMI for product protection from bacteria. 

INVESTIGATION OF INDIVIDUAL RADIOSENSITIVITY OF 
HUMAN PERIPHERAL BLOOD LYMPHOCYTES TO IDGH LET 

RADIATION 

1 
Zaytceva E.M, 1

•
2 Deperas-Kaminska M 

1
Joint Institute for Nuclear Research, Dubna, Russia 

2
Swietokrzyska Academy, Institute of Biology, Kieke, Poland 

The frequency of dicentrics + centric rings in the first post-irradiation 
metaphases and PCC excess fragments of human peripheral blood 
lymphocytes of three donors has been studied. The whole blood samples 
were irradiated with 1 Gy of 2°Ne-ions performed at U400M Cyclotron of 
Joint Institute for Nuclear Research. At the position of the sample the beam 
energy was 52 MeV/n and LET ~ 170 keV/µm. Samples were exposed at 
room temperature in 0.5 ml sterile containers. 

Immediately after irradiation, whole blood cultures were set up by 
adding 0.5 ml of blood to 4.5 ml of complete medium (80% RPM! 1640 + 
20% FCS). The PHA was used for stimulation to growth. The BrdU was 
added 5 h after the set-up. Cultures were incubated at 37°C for 50, 60 and 70 
h. Calyculin-A for premature chromosome condensation (PCC) was added to 
part of cultures incubated for 50 h. Cells were harvested according to a 
standard procedure. 

Our results suggested inter-donor variability of sensitivity to high LET 
radiation. The experiment hints that the aberration yield rises in first post
irradiation metaphase with culture time. The observation suggested the 
necessity of using of several sampling times to quantify high LET induced 
chromosomal damage in metaphase cells. 
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(4 ro,na Ha pbIHKe nmpopMaI.UIOHHbIX ycnyr) c HIOIDI 2006 ro,na BblXOAHT no,n 
HOBbIM Ha3BaHHeM - «Ee3onacHOCTb OKpy)KaIOmeii cpe,nhI». 

)KypHaJI H3,naeTCH Ha ,nayx H3bIKax (pyccKOM H aHrJIHHCKOM). B 3KCnepTHblll COBeT 
H3AaHHH BXOMT BHAHbie poCCHHCKHe H 3apy6e)KHble pat(H03KOJIOfH. B Kaqecrne 
aarnpoa K COTPYAHll'leCTBY npHBJieKaIOTCH H3BeCTHbie yqeHble H npaKTHKH acero 
MHpa. 

l(e.rib :.KypuaJJa: c,neJiaTh pbIHOK o6pameHHH c pa,nnoaKTHBHbIMH OTXO,naMH KaK 
MO)KHO 6onee OTKpblThIM, np03paqHI,JM H npHBJieKaTeJibHbIM MH acex 3aHHTepeco
aaHHbIX CTOpOH. 

3a,na'IH m,naum1: 
KOMilJieKcHoe H acecrnpoHHee ocaemenHe aonpocoa pa,nHaQHOHHoii 
6e3onaCHOCTH H o6pameHHH C pa,nHoaKTHBHblMH OTXO,naMH (PAO); 
IlOHCK HaH6onee 3<p<peKTHBHbIX perneHHii B 3TOH c<pepe; 
CTaTb 6H3Hec-HHCTPYMeHTOM MH Tu1c11q yqacTHHKOB pbIHKa o6pameHHH c PAO 

l(eJJeBaH ay,nnTopuH: PYKOBOAHTeJIH H cneI.UiaJIHCThl npe,nnpHHTHH aTOMHOH 
OTPaCJIH n opraHH3aQHii, pa6omromnx a c<pepe o6ecneqeHHH pa,nHaQHOHHoii 
6e3onacHOCTH n o6pameHHH c PAO, a TaK)Ke npe,ncmanTeJIH rocCTPYKTYP pa3Jill'I
Horo ypOBIDI. 

OcuoenaH TeMaTHKa :.KYPHaJJa aKJiroqaeT: 
Me)Keyuapo,nHb1e u HaQIIOHaJihHbie no,nxo,n1,I K o6ecneqeHmo pa,nnaQHOHHoii 
6e3onaCHOCTH HaceneHHH H o6pameHHIO C pa,nHOaKTHBHbIMH OTXO,naMH 

HayqHbie, npaBOBbie, 3KOHOMll'leCKHe H COQHaJibHbie acneKThl npo6JieM 
pa,nIIaQIIOHHOH H 11,nepHoii 6e3onaCHOCTII II nyrn HX perneHHH; 6H3Hec 
npoeKTuI, KOHTPaKTbl, tpHpMbl 
nepcneKTIIBHbie TexHonornII o6pameHHH c PAO II ORT 
BbIB0A H3 3KCilJiyaTaQHH 11,nepHbIX 3HepreTll'leCKHX ycTaHOB0K 
6e3onacHOCTh A3C 
ynpaaneHHe 3HaHHHMH H HX coxpaHeHue 
Kyn1,rypa 6e3onacHOCTH 

O6mHe cee,nenuH: 
<l>opMaT -A-4, nOJIHOQBeTHM neqaTb 
O61,eM - ,no 98 IlOJIOC 
Tttpa)K - 2000 3K3. 
IlepHOAll'IH0CTb - qeTbipe HOMepa B ro.n 

PacnpocTpaueuue: 
- no no,nnucKe - B MemeyHapo,nHbIX H pOCCHHCKHX opraHH3aI.UIHX, a TaIOKe Ha 
npe.nnpHHTHHX 11,nepH0ro T0ilJIHBHOfO I.UIKJia H pa6om10mnx B c<pepe PMH03KOJI0-
fHH, nepepa60TKH pa,nuoaKTHBHbIX OTXOAOB H o6ecneqenHH pa,nuaQH0HHOH 
6e3onacHOCTH, HayqHo-uccne,noaaTeJihCKHX HHCTHryTaX H HayqHo-np0H3B0ACTBeH
HblX 061,e,nHHeHHHX; 
- npHM0II paCCblJJK0II - B OTPaCJieBbIX yqpe)K,neHHHX IlpaBHTeJibCTBa Poccnu, 
opraHax HCnOJIHHTeJibHOH BJiacrn MocKBbI, rocy,napcTBeHHOii ,lzyMe P<l>, MocKOBC
KOH ropo,ncKoii ,lzyMe, a TaK)Ke 3apy6e)KHbIX KOMnaHHHX, 3aHHMaromnxc» o6pame
HHeM c PAO H ORT: ANDRA (<l>paHQHH), DOE (ClllA), DBE (<l>Pr), SKB 
(lllaeQHH), ENRESA (11cnaHHH), NAGRA (lllaeiiQapHH), COVRA (Hn,nepnaHJU,1) 
Nirex Sheffield Laboratory (BenuKo6pmaHHH), Me)KeyHapo,nHoM aremcrne no 
aTOMH0ii 3Hepruu (MAr AT3). 

)KypHaJI «Ee3onaCHOCTb OKpy)KaIOmeii cpe,nLI» yqacrnyeT B npotpHJibHblX 
BblCTaBKax, KOHtpepeHQHHX, ceMHHapax. 

3HaqmeJibHOe BHHMaHIIe )KypHaJI y,neJIHeT HHtpOpMaI.UIH O ,ne»TeJibHOCTH 
OT,neJibHbIX npe,nnpHHTHii H opraHH3aQHii, HM npe,nocTaBJIHIOTCH 3HaquTeJibHble 
peKJiaMHbie IlJioma,nu. 

B nepcneKTHBe Harne H3AaHHe IlJiaHnpyeT paCIIIHpHTb Kpyr BOnpOCOB, 
CBH3aHHbIX C MeHe,n)KMeHTOM, 3KOHOMll'leCKHMH MexaHH3MaMH, ,neiicrnyromHMH B 
c<pepe pa,nH03K0JIOfHH. Ha CT}?aHHQax iK)'l)HaJia 6y,neT ,neiiCTB0BaTb Kny6 qacTHbIX 
HHBeCTOp0B B c<pepe o6pameHHH C pa,nuoaKTHBHbIMH 0TXOAaMH. M1,1. paccKa)KeM 0 
pa3Jill'IHbIX HHBeCTHQH0HHbIX npoeKTaX a c<pepe o6pameHHH c PAO, tpHpMax
IIHBeCTOpax, COQHaJibHbIX rpamax H 6narornopHTeJibHblX !pOH,naX, BKJia,n1,rna10mnx 
cpe,ncrna a o6pameHne c PAO. 

I10,nnucaT1,c11 Ha «Ee3onacHOCTb OKpy)Karomeii cpe,nLI» Bbl MO)KeTe qepe3 
pe,naKQHIO C JII06oro HOMepa Ha JII06oe KOJill'leCTBO 3K3eMilJIHpOB. Cae)KUe H0Mepa 
6y.nyT BbICbIJiaTbCH BaM 3aKa3HbIMH 6aH,nepOJIHMH. CTOHMOCTb no,nnHCKH Ha 2007 
ro.n (4 HOMepa)- 3200 py6neii, aKJIIOqa» H,[(C 10%, Ha nonyro,nue - 1600 py6neii, 
BKJIIOqaH H,[(C 10%. 

IlonyqHTh H0Mep iK)'l)HaJia H naKeT peKJiaMHbIX npe,nJIO)KeHHii M0)KH0 B 
pe,naKQHH iK)'pHaJia no a,npecy: MocKaa, 117393, yn. ApxnTeKTopa Bnacoaa, 45-a, 

Tapacoaa JiapHca EareHLeaHa, ,nnpeKTop no pa3BHTHIO 000 «ATOMHbie ca»3u», 
ren./<paKc ( 495) 128-09-59. 




