C.H. XO[AbIPEBA, A.A KOCOBA, 0.1 JIABPUK

XO[ObIPEBA CeeTtnaHa HukonaesHa —
OOKTOP 6MONOMMYECKUX HayK,

BeAyLLMI COTPYOHUK naboparopum
61o0praHN4ecKom XMMmMm oepMeHToB
MHCcTUTyTa XMMrUyeckom 6monorum

1 oyHOameHTansHon meauumHsl CO PAH
(HoBocubupck). ABTOp 1 coaBTop

150 Hay4HbIX paboT 1 3 NnaTeHToB

KOCOBA AHnactacus AHgpeeBHa —
acnupaHT, MnagLlnii HayYHbIA COTPYOHUK
naéoparopum 6UOOPraHNYECcKOn XMMMUN
depMeHTOoB VIHCTUTYTa XMMUYECKOM
6uonornm u pyHgaMmeHTansHom
mMeauumHel CO PAH (HoBocunbupck)

fo 2019 r. JlaypeaT npemun npesmpeHTa
P® ons nooaepXxkun TanaHTInBON
monopexu (2006—2008 rr.). ABTop

n coasTop 60snee 10 Hay4HbIX paboT

JIABPUK Onbra ViBaHoBHa —

akagemuk PAH, npodeccop, fokTop
XMMUYECKNX HayK, FaBHbIA Hay4HbIV
COTPYAHVIK 1 3aBefytoLas nabopartopuen
6100praHN4ecKom XMmMmMm epMeHToB
MHcTUTyTa XMMmyeckom 6uonorum

1 cbyHoameHTanbHOM MeguuUmHbI

CO PAH (Hosocubupck). Jlaypeat
"ocynapcteBeHHon npemun CCCP (1984),
npemun PAH nm. A.H. Benosepckoro

SaKkniouuTensHasa ctagmsa penapauun OHK
YesioBeKa, B KOTOPOM yyacTByeT hepMeHT
HHK-nvrasa .

PhcyHok T. OnneHbeprepa v [. Moxapa
(YruBepcutet BarwumHrroHa, CeHt-Jlync, CLLUA)
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HAYKA 13 nepBbIx pyk

JHK — 0gHO 13 rrnaBHbIX 60raTcTB XUBOY

KeTKn, obecrieynBaroLee ee 6ecriepedboriHoe
QQYHKLMOHUPOBaHWE. «PeMOHTOM>» MOCTOSIHHO
BO3HUIKaroLymx riospexgeHm monekyn JHK
3aHUMAaroTCS crieymasibHbIe BHYTPUKIIETOYHbIE
cUCTEMbI pernapauynm, B KOTOPbIX «paboTarT»
aHcambm 0cobbix 6eskoB-thepMeHToB. HecmoTps
Ha Takme ycunvsi, B KaXgbivi MOMEHT BPEMEHU

B KJIETKax MMEOTCS1 AECATKU ThICSIY pa3HO06pa3HbIX
nospexgeHnii [JHK. U1 xotsa st kneto4Hovi rubenu
3a4acTyto JOCTaTO4YHO OJHOIO TaKoro rMoBPeXAEeHUs,
OLeHKa cUTyaumm MeHSIeTCS Ha MPOTUBOIMOIOXHYIO,
ecnv peyb UAET O KIIeTKE 3/10Ka4eCTBEHHOM OryXO0JsIn.
B atom crniyqae ycnielHas pabota cuctem pernapaymm
o mucripasrieHno nospexgeHmi JHK, Bbi3BaHHbIX
MPOTVBOPAaKOBOVI Tepanneu, MOXET CBECTU Ha HET
yennusi Bpaden. [10aToMy n3yHeHne MexaHu3mMoB
penapaumm [JHK, B TOM uucre y4acTBYIOLNX B HEV
6esIKoB, UMEET He TOJIbKO (byHAaMeHTasabHoe,

HO 1 60JIbLLIOE MNPaKTUYECKOe 3Ha4YeHNE

[ GIOLTE:TY R[] 2l Ku-aHTureH, penapauus OHK,

OByxuenoye4Hbln paspblie, AP-caT, cumeka 6enok-AHK.

Ku-antigen, DNA repair, double-strand break,
AP site, protein-DNA cross-linking

© C.H. XogeipeBa, A.A. Kocosa, O.U. JlaBpuk, 2024

(2022), npemum nm. K0. A. OBYMHHUKOBA

(2024), kaBanep paHLy3Cckoro opaeHa

Akapgemuyeckmnx nanbm (2016) n opgeHa
Hpyx6bl (2024). ABTOp 1 coaBTOp Honee
500 Hay4HbIX cTaTen, B TOM Yucne

13 MOHOrpaduin 1 y4e6HUKOB,

a Takxke 21 nateHrta

a JIHK — ocHOBHOE XpaHUInIIe reHeTUIecKoi nHhOop-

Ml JKUBBIX OPTAHU3MOB — MTOCTOSTHHO BO3/IEHCTBYIOT

pasHoobpasHbie GaKTOPHI XUMUIECKOH 1 (hH3HIECKON

MIPUPO/IBI, TAKKE KaK CBOOOHbIE PAJMKAJIbI, yIbTpadu-
osieToBoe ndmydenne u T.1. B pegynsrare [IHK nospeskaaercs:
TIPOUCXONT TTOTEPS M OKNCJIEeHNe a30THCTBIX OCHOBAHMI,
cmmBkuy BHyTpH 1erteii JIHK n naske mx paspbiBbl.

HawuGoJiee onacHbIMU HOBPEKICHUSMU SABJISIIOTCS ABYXI[E-
noyeunbie paspbiBbl. [Tockoabky JIHK npencrasiser coboii
CIIUPaJh, COCTOSIIIYIO U3 IBYX KOMILJIEMEHTAPHBIX I[E€MIOYEK
HYKJIEOTH/IOB, Pa3PbIBbl, BOZHUKAIOIINE B OJHOW W3 IleTeH,
KaK TIPaBUJIO, He TPUBOAT K KATaCTPOPUIECKUM MOCTIE/ICTBH-
SIM JIUIST KJIETKU: BTOPAst TIelb COAEPKUT BCIO HEOOXOAUMYIO
nHGOPMAHIO /IS TIOJTHOTO BOCCTAHOBJICHUS TTOBPEKICHUS.
Ommraxo maske OAWHOYHBIH ABYXIIETIOUEYHDIH Pa3pBIB MOKET
MIPUBECTH K TGN KJIETKH, 8 HEMTPABUJIBHBIN «<PEMOHT» TAKOTO
TTOBPEK/ICHIS — BBI3BATDH MY TAIIUIO NI TIOTEPIO TeHETHYECKOM
nadopmanmu. Korza ke HECKOJBKO TaKUX MOBPEXKACHUN
BO3HMKAET OJIHOBPEMEHHO Ha HEGOJIBIIOM PACCTOSTHUM JPYT
ot ipyra, /IHK B mpsiMoM cMbIciie pa3BaanBaeTCs Ha KYCKIL.

HAYKA 13 nepBbIx pyk 2024 « Ne 3/4(101)
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[ToBpexaeHHoe
a30TNCTOE OCHOBaHKe

AP-caiit

JIBYXLIEN0YEYHbIi
paspbIB

(noTepsHHOE a30TUCTOE OCHOBaHWe)

30JIMPOBAHHOE
MOBPEXOEHWE

Cpegan Bcex
noBpexaeHum
mMornekynbl AHK
Hanbonee onacHbIMU s
KNEeTOK ABMAOTCS ABYXLIENOYEYHbIE
paspbIBbl, @ TAKXe KracTepHbIE NOBPEXAEHMS
13 KombunHauum AP-canToB, OKUCNEHHBIX OCHOBAHUM
1 pas3pbIBOB B Npefenax 1-2 BUTKOB cnvpanu
OHK. MNMopo6Hble noBpexaeHus 06bI4HO BO3HUKAKOT
nog OeCTBMEM MOHUIMPYIOLLIErO U3MyHEeHUS
N NeKapCTBEHHbIX NpenapaToB-pagMoMMMETUKOB

OrnacHbIMU [ JKMU3HK KJIETOK MOTYT OKa3aThCs U JIPY-
rue ospexkaenust JJHK, B Tom ciydae, eciim onu OyayT
PACIIONIOAKEHBI TI0 COCEACTBY. ITO OOYCIOBJIEHO TEM, UTO
poliece penapanuy OOJIbLUIMHCTBA HOBPEKICHUN 0065132~
TEeJIbHO BKJIIOYAET CTAJANIO PA3PhIBA TIEMH.

DopmupoBate TAKUX CTPYIITUPOBAHHBIX (KIACMEPHDLY,)
TIOBPEKACHUHN XapaKTepHO /IS AeHCTBUA HOHU3UPYIOIIETO
N3JIy4YEeHUA — UMEHHO IT0O3TOMY €TI0 IPUMEHATOT JIJId YHUY -
TOKEHUST PAKOBBIX KJIETOK. PasHble BUIbI PAIHOTEPATTUT
Pa3/inygaroTcA 10 CTEEeHU BbI3bIBAEMbIX MU Hapy]_HeHI/Iﬁ
crpykrypst JIHK 1 criekTpam 06pasyionxcst ToBpesk/ie-
HUi, TPU 9TOM HarboJiee UyBCTBUTENbHBIMU K ICHCTBUIO
HMOHUBNPYIOIETO U3JTyYeHNUS SIBJISIOTCS Oy XO0JIEBbIE KJIeT-
KM, KOTOPbIE JETSITCST H0JIee aKTUBHO, Y€M 37I0POBBIE.

OpHako Takas MPOTHUBOPAKOBAs Tepamus AajeKo
He BceT/la oKa3biBaeTcs: ahdekTuBHON, 4TO 3a4acTyIO
00 BSCHSIETCST BBICOKOH aKTHBHOCTBIO KIETOUHBIX OETKOB,
«PEMOHTHPYIOIINX> ABYXIIEIIOYeUHbIE PAa3PhIBHI. 11 B aTOM
cMbIcJie OOJIBIIOI IIPAKTUYECKUN UHTEPEC PEICTABISIOT
METOJIBI, C TIOMOIIILIO KOTOPBIX MOKHO OBLITO ObI CHUKATD
AKTUBHOCTD KJIETOUHBIX «PEMapATUBHBIX MAIIUH» U TAKUM
00pa3oM CIIocOOCTBOBATH YHUUTOKEHUIO KJIETOK 3JI0KAUeCT-
BEHHDIX OTTyXOJIel.

2024 - 3 MepBbIX PyK ¢

- e i

KITACTEPHOE NMOBPEXXIEHVE

Ho nns apdextuBrOro yupasnenust paboToii cucrem
penapavuu («pemonTas JITHK) Heobxoanmo pacrosaraTh
TouHOi mHopMarmeii 060 Bcex OelKax, yIacTBYIONIX
B 3TOM «PEMOHTE», B TOM 4YuCJie 00 X KOJIUYECTBEHHOM
COOTHOIIIEHNN B KJIETKE, a TaKXkKe paboTe <10 COBMECTH-
TEJIbCTBY», T.€. yYaCTUH B [PYTUX KJIETOUHBIX IIPOIlEccax.
ITocnennee kpaiiHe Ba’kHO, MMOCKOJbKY MOXKHO HaHECTHU
HETIOMPABUMBII Bpe/l OPTAHU3MY B I€JIOM, TTOIaBIA KJle-
TOouHbIe cucTembl penaparun JJHK.

BorreckazanHoe B OJTHOM Mepe OTHOCUTCS K «T€POI0»
Harrero pacckasa — Ku-awmuzeny, 6elKy ¢ MHOKECTBOM
TAJIAHTOB U CJIOKHOI CyIbOOiL.

PemoHTnpyem AHK

YTo6bl MOHITH GYHKIHH U poab Ku-aHTurena, s
HavaJla Hy>KHO O3HAaKOMUTBCS C IByMsI OCHOBHBIMU MeXa-
HU3MaMM penaparuiy JByXIlernoyeyHbsix paspoeisoB JHK:
20MOOZUUHOT PEKOMOUHAYUET I HEZOMOLOZUUHBIM COeOU-
HeHueM KOHY06.

[TepBbIM CIIOCOGOM «PEMOHTUPYIOTCSI» B OCHOBHOM
JIBYXI[ETIOUEYHbIe PA3PBIBBI, BOSHUKAIOMINE B AKTUBHO JIe-
JISIIeiics KJeTke Ha TeX (ha3ax KJIETOYHOTO IIMKJIA, KOoT/a
B Hell yke cuHTe3upoBanbl konuu MoJekysabl JTHK. 9tu
KOIHUH U UCTIOIb3YIOTCS B KA4eCTBE MATPHUILBI /11 TIOBTOP-
Horo cunTe3a /IHK B Mecte moBpeskienns. ToT mporecc,
OCYIIECTBJSIEMbIN CIIeUaJbHbIM ancambieM GesKOB,
HPOUCXOAUT (€3 MOTePU UM UCKAKEHUS TeHETHYECKOi
undopmammn 6arogapsi HAJIMINIO HETOBPEKIEHHBIX
mosiekyst JIHK, nieHTHaHbIX HCXOAHBIM.

Ha apyrux asax krerognoro nukia permaparmsa JHK
UJeT IyTeM HeTOMOJOTHYHOTO COeNHEHUs KOHI[OB

Benok Ku-aHTureH nrpaet
Ba>KHEWLUYo poSib B penapaumm
OByxuenoye4Hbix paspbisos JHK
no NyT! HErOMOJIOTMYHOrO COEQUHEHNS
koHLoB. OH NpuCyTCTBYET Y BCEX BULOB
XXMBbIX OPraHN3MoB, OT GaKTepui

00 PaCTEHWUI N XMBOTHbIX. Y ayKapuoT
(opraHmamoB ¢ 0hOpPMIIEHHbIM
KIeToYHbIM 9apom) Ku-aHTureH
COCTOUT 13 ABYX NONUNENTUOHbIX
uener unu cyébeanHuL, — Ku80

1 Ku70 (4ncna B Ha3BaHUsAX oTpaxaroT
NX NPUMEPHYIO MOSEKYSISIPHYIO Maccy

B KnnopanstoHax). Cy6beanHuLbI
CBfi3aHbl ApYr C APYroM 1 BMecTe
POPMUPYIOT CTPYKTYPY C OTBEPCTUEM
BHYTPW, HAaNOMMHAIOLLYO «BUCAYUIA»
3aMOK C MaCCUBHbIM TESIOM U TOHKOW
OY>KKOW UNN NAETEHYIO KOP3UHKY

¢ pyuykow. Mo: (Walker et al., 2001)

[PH yYacTuu ancamO6Jis GEJIKOB, «IIEPBYIO CKPHITKY» B KO-
topom u urpaet 6enox Ku-aururen (Davis et al., 2013).
Taxoii Iy Thb periapaliiy MeHee TOYeH, HO, KaK 9TO HU I1apa-
JOKCAJIBHO, IMEHHO OH MPE00JIAIaeT B KJIETKAX BBICIIIX
9YKapPMOTUYECKNX OPTaHU3MOB, K KOTOPBIM OTHOCHTCSI
1 4eJIOBEK.

Ku-aHTuren y4yacTByeT B 11epBOil cTajuu 1polecca pe-
Haparmm: OH «y3HaeT» KOHIbI IBYXIEIIOYE€UHBIX PA3PhIBOB,
cOMIKAET UX M YAEPsKUBAET 10 BOCCTAHOBJIEHUSI HCXOIHOM
crpykrypsl JJTHK. Crpykrypa camoro Ku-anTurena xak
HEJIb3s1 JIyYiile IPUCHOCcObIeHa ISt TAKOU AesITeNbHOCTH:
OHa HAITOMUHAET «BUCSIYNIT» 3aMOK C MACCHBHBIM TEJIOM
1 TOHKOH JY’KKON MJIM IJIETEHYI0 KOP3UHKY C PYUYKOM
(Walker et al., 2001). JTse mosiexy.ibt Ku-anrurena, «Haze-
Thle» Ha KoHITBI Mosteky el /IHK, B3anmmozpeticTBy1oT ApyT
C IPYTOM T0106HO [IBYM TIOJIOBHHKAM MATHUTHOM 3aCTEK-
KU, HAJIE)KHO YleP/KUBaIoLIeil Ha 1ee HUTKY Oyc.

Cnocob cssisbiBanus Ku-aururena ¢ JIHK 1o tuny
«BycuHa Ha HUTKe» 1103BOJISIET O€JIKY GecpersiTCTBEHHO
ckosb3uTh 110 JTHK, uto Heo6xoanmMo mpu hyHKIIMOHUPO-
BaHuu 6eJIKOBOTO KOMILIeKca penapauu. Hanomunaromas
KOP3HMHKY yKJianka cyobeannui; Ku-anTureHa OTKpbIBaeT
OTHOCUTEJIBHO CBOOO/HBIN JOCTYI APYTUX OEJKOB perna-
parnu k /ITHK B 061acTit «pyuKi»; «Teso» e KOP3MHKH
CIyKUT MIaThOPMOH, Ha KOTOPOU MPOUCXOAUT cOOpKa
GEJIKOB perapaiuy BOKPYT OBPEKICHUSL.

YHUBEPCaAbHbI MOAXOA

Omnaxo 3Hauenne Ku-anTurena 1715 oprannsMa 1aJeko
HE OTPAHUYMBAETCS €r0 YYaCTUEM B IIPOIECCE PeTrapariii
[THK. TToaToMy HeyAUBUTETHHO, YTO W OTKPBIBATHU ITOT
6eTOK HECKOJIBKO Pa3 TIPH U3YIEHNN PA3HbIX TPOIECCOB.

Buepsoie Ku-anTturen 6bu1 06HapysKeH y MalUeHTOB
C ayTOUMMYHHBIME 3200J€BAHUAMU (MOJUMUOSUMOM,
CKIIEPO0ePMOTL, CUCTREMHOT KPACHOU GOIMANKOU) KaK Oe-
JIOK-aHTHUTEH, BHI3BIBAIOINE BBIpAOOTKY aHTHTeN. OH GBI
Has3BaH 10 MepBbiM OyKBaM (hamMuinu GOJIbHOTO, y KOTOPOTO
BIepBble ObLIM HaliJIeHbl TaKWe aHTUTeNA. Briocaeacrsuu
anturesna k Ku-antureny Obuin HaiieHbl Uy GOJBHBIX
JPYTUMU Ay TOMMMYHHBIMU 3200JI€BAHUSIMU, B YACTHOCTH,
PEBMAMOUOHBIM APMPUTNOM.

Cuavasa 6bw10 ycraHoBieHo, yto Ku-anruren Haxo-
JUTCSI [IPEUMYIIECTBEHHO B sIIPaxX KJETOK, 3aTeM ObLia
oGHapysKkeHa ero criocobHoCTb B3aumojeiicrsosars ¢ JJHK.
[ToTpe6oBaIOCh elie HECKOJIBKO JIET, YTOOBI YCTAHOBUTD TOT
(axT, 4o 3TOT GEJIOK YYaCTBYET B IIPOLECCE Pelaparium
nByxienodeydsix paspoBoB [ HK. [Toce atoro oTkpuITH:
nHpopmains o poan Ku-aHTureHa B pa3jJimuHbIX KJIETOY-
HBIX IIPOIIECCAX MOCHIIANACH KAK 13 POra U300UIIUSL.

Hy:XHO OTMETHTD, 9TO B HEKOTOPBIX CJIyYasX 3Ta POJIb
HaIpAMYIO OIlpefieideTcsl ero yyacTueM B Ipoliecce
perapanuu J[THK. Peusb uzer 06 yHukaibHoM GU3HoJI0-
TIYECKOM TIpoTiecce, TPOUCXOAIIEM Ha PAaHHUX dTarax
Da3BHUTHsI KJIETOK IMMYHHOM CHCTEMBI i 00€CIIeYBAIOIIEM
OpraHM3My TakK HA3bIBAEMBbIH BPONCOCHHBL KICTNOUNHDLIL
UMMYHUMEN.

[leso B TOM, UTO y4acTOK reHa, KOTOPBIH KogupyeT
BapuabesbHYI0 YacTh aHTUTEN (UM PEIENTOPORB), OTBET-
CTBEHHYIO 32 y3HaBaHWe aHTUTEHA, B IPEATICCTBEHHNKAX
KJIETOK UMMYHHOH CHCTEMBbl COCTOUT U3 HECKOJIbKUX
noBropsionuxcs cermentoB JHK, mpunammexanmx
K TpeM kmaccam — V, D u J. Bo Bpems nuddepentimpoBku
UMMYHHBIX KJIeTOK Garogapst miporieccy V(D)J-pexom-
OGuHaMK 06PasyeTcst TMOMYJIAIKs KIETOK, COAEPKAIINX
pasamunble codetanus V-, D- u J-cermenTos (110 oxHOMYy
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B0O3HUKHOBEHNE [BYXLIENOYEYHOrO
pa3pbiBa

Hayano penapauuu: Ku-aHTureH
Y3HAET [BYXLIEN0YeYHble KOHLbI AHK

Ku-aHTureH conmxaet
JBYXLIENOYEYHbIE KOHLIbI

Hykneasbl «noapesatoT» KoHupbl JHK

[OHK-nonumepasbl 3aHOBO
CUHTE3NPYHOT y4acTku OHK

[HK-nurasa «cwusaet» [AHK

Mpouecc penapaunn («peMoHTa») AByxueno4ve4Hblx paspsisos HK

¢ y4actmeM Ku-aHTureHa npoTekaeT B HECKOSIbKO 3Tanos. CHa4vana
Ku-aHTureH «y3HaeT» KOHLbl pa3opBaHHor monekysbl JHK v conuxaet umx.
Mpu B3anmopencTeum 6enka ¢ monekynon JHK oH «HaHW3bIBaeTcs»

Ha Hee NoJo6HO BYCUHE Ha HUTKY.

3arteM crieumanbHble epMeHTbI «3admiatoT» KoHubl OHK, a apyrue
dpepMeHTbI 3anoSIHAIOT 06pa30BaBLUMECS BpeLLV B HYKNEOTUOHON
nocnenoBaTesibHOCTU U «CLUMBAKOT» ee. Takum 06pa3oM BOCCTaHaBMBaeTCs
ncxopHas LenocTtHocTb Mosekysbl OHK.

B aHcam6nb 6enkoB penapaumm noMmmmo Ku-aHTureHa BXogsT
creumanua3npoBaHHble HyKrneasbl Ansa «nogpesku» KoHuos OJHK,
OHK-nonumepasb! ana pecuHtesa ydactkos AHK, a Takxe OHK-nurasa,
ob6ecne4vBaroLlas BOCCTAHOBMEHME LLENOCTHOCTU caxapodocdaTHOro octosa
OHK. Cam Ku-aHTureH «pab6otaeT» B coctaBe pepmeHTa [JHK-3aBrucumas
NPOTEUHKMHA3a, COEAMHEHHbIN C ee KaTalIMTUYeCKON CybbeauHuLEN

2024 « No 3/4(101) HAYKA 13 nepBbIx pyk

U3 KaxA0ro Kjacca), 4ro obecre-
YHUBaeT CIMTOCOOHOCTH ITUX KJIETOK
pacro3HaBaTh Pa3iINYHbIe AaHTUTEHBI.
d1u cobbiTust, hopMuUpyoIIUe IHep-
BUYHOE pazHooGpasme anturen (pe-
I[ETITOPOB), POUCXOAAT 3a/10JITO J10
TOT0, KAK OPraHM3M <ITO3HAKOMUTCS»
¢ GaKTepUsIMU, BUPYCAMHU U IPYTHMHI
peaJbHBIMM HaToreHaMu. Tak Kax
peKoMOUHAIMS [ToAPasyMeBaeT oOpa-
30BaHNe IBYXIETIOYETHBIX PA3PHIBOB
B JIHK, Ku-anTuren obecreunbaer nx
penapario. CoOTBETCTBEHHO, Hapy-
trerne paboThl TOTO GeTKa TIPUBOUT
K TsKeJTOMY KOMOMHHUPOBAHHOMY
UMMYHO/IC(DUIIUTY.

Bort Tak, ncrmonn3ys ogHy U TY Ke
«MallIHy », MyZIpasi IPUpo/ia pelaer,
Ka3aJioch Obl, COBCEM He CBSI3AHHbBIE
3a/1aun.

PaboTHUK
MO COBMECTUTEAbCTBY

[TomMuMO eATETBHOCTH, HETTOCPET-
CTBEHHO CB43aHHOU ¢ pernapaiueit
nByxienoyeynbix paspoisoB JHK,
Ku-anTturen Takxe y4acTByeT B KJIe-
TOYHBIX MpoTleccax, TaKk MW WHadye
CBSI3aHHBIX C TIOJIJICPXKAHIEM CTPYK-
typsr THK.

Hampumep, cHmzKeHme ero Konde-
CTBa B KJIETKE OTPUIIATEIHHO BIUSIET
Ha TIPOIIECC penukauyuu, T.e. CHHTE3
nouepueit moxexyanl [JTHK; aTor
6eJIOK TaKkKe CIOCOOCTBYET YKIAAKe
XpOMaTuHA B S/Ipe B BUJIE TIETEJb.
WNuTepecHo, 94To XOTSA B 3TUX IABYX
cJydasix He MPOUCXOJUT JIBYXIIEIo-
yeunbix pa3peiBoB [IHK, ograko nms
HUX XapaKTepPHO JIETKOe <IIJTaBJICHIIE»
(obpazoBaHue HECITAPEHHBIX y4YacT-
KOB) TBOWHOH CHUPAJIH.

Ku-anTuren ygactByer u B oziziep-
JKAHUU 11eJI0CTHOCTHU meloMep — KOH-
TIEBBIX YYACTKOB XPOMOCOM, UMETOTITUX
0CO6YIO0 CTPYKTYPY U3 TIOBTOPSTIOTINX-
csl TIOCJIeIOBATEIbHOCTEN W 3allK-
MIEHHBIX CIIENUAIbHBIMU OeNKaMU.
C omHOIT CTOPOHBI, TEITOMEPHI TIPe-
NOTBPANIAIOT «y3HABAHUE»> KOHIIOB
XPOMOCOMBI KaK ABYXIIETIOYETHOTO
Pa3pbIBa, TTOJIEKATIETO PeapaIni.

C apyroii CTOPOHBI, B HOPMAJIBHBIX KJIETKAX IIPU KaXKI0M
JleJIeHUN TeJIOMEPbI YKOPAYMBaIOTCs. B 9TOM cMbic/ie OHI
CJTysKaT CBOCOGPA3HBIME YacaMu, OTMEPSIsT BPEMst JKU3HH,
ormyterHoe Kiaetke. OMHAKO B PAKOBBIX KJIETKAX JIJIMHA
TEJIOMEP OCTAETCSI OCTOSIHHOM, 1 9TH KJIETKU He yTpauu-
BAOT CIIOCOOHOCTB K JICIEHHUIO.

I[IpuBesennbie NIpuMepbl TEMOHCTPUPYIOT POJb
Ku-anrurena B coxpanenuu 1 peajn3aium reHeTuaeckon
nHMOPMAIIMH, HO 3TUM CIIOCOOHOCTH YAUBUTENbHOTO
Geika He McUepIbIBaoTCst. Tak, COBEPIIEHHO HEOKUAAHHO
0OHAPYKIITOCH, YTO Ku-aHTHTEH MOKET TIPHCYTCTBOBATD
He TOJIbKO B S7Ipe, HO U B IUTOTLIa3Me KJIETKH, I/le OH
bynxkunonupyer unesasucumo ot JJHK.

Kak uzBectno, Ku-anrturen coctout us IByX OT/IeJIbHBIX
cybbennnui. Haxozsmasicst B iuToriazme cyobeImHnIa
Ku70 yuactByer B oTBeTe KJIETKM Ha TOKCUYECKUE BO3-
JIeNCTBYSI, TOUHEE — B PEryJISIIIIY anonmo3d, TeHeTHIeCKH
3aMPOrPaMMUPOBAHHON CMEPTHU KJIETKH, HACTYyTAIoTIel
B CJIyYae ee TOBPEK/IeHNUSI.

JletictBoBaTh B 3TOM carydae Ku70 moxeT nBosiko. C of-
HOIi CTOPOHBI, OH MOSKET CBSI3bIBATD ITUTOIIA3MATHYECKITH
Gestok Bax, KOTOPBIil y4acTByeT B MUTOXOHAPUAILHOM
anonToTnyeckoM 1myTu. «CIIyCKOBBIM KPIOUKOM» JIJIsT
3aITyCcKa IpoIecca CAaMOYHIUTOXKEHIS KJIETKU B TAaHHOM
caydae siBJisietcst mepeMertenvie Bax B mumoxonopuu (xie-
ToYHbIe dHeprocTanimm), u Ku70, 61okupys aToT 60K,
MIPEZI0TBPAIIAeT aroITo3.

C apyroii croponsr, Ku70 criocoben yaansts ¢ Bax mpu-
COETMHEHHBIE K HEMY MOJIEKYJTBI YOUKBUMUHA, HEGOIBITIOTO
KJIETOUHOTO GeJiKa, CIIYsKaIero st 6eJTKOBOH MOJIEKYJTbI
cBOeoOpasHoil «MeTKol cmepTu». Takum o6pasom, Ku70
MPOJIJISIET JKU3HB «IIPUTOBOPEHHOIT» MOJIeKyJibl Bax, crio-
coBCTBYSI 3aIyCKY allonTO3a.

HysKHO 3aMeTUTh, YTO MHOTUE PAKOBbIE KJIETKH 00-
JAIAl0T CTOCOOHOCTHIO «YCKOMB3aTh» OT BBITIOJTHEHUS
POrpaMMbl CAMOYHUYTOKEHUS, YTO TOBOPUT O HEOOXO-
JVIMOCTH yJIeJISITh IPUCTAIbHOE BHUMAHUE eI TeTbHOCTH
Ku-anrurena B o1yXoJieBbIX KJI€TKaX.

Ho 1 Ha 3TOM Bce CIopIpU3bI HAlIero Gejika He 3aKaHu -
BatoTcs. Okaszanocs, uto Ku-anTuren MoxxeT IpUCyTCTBO-
BaTh U HA BHEIITHE OBEPXHOCTH KJIETKH, IJe OH CBSI3bIBA-
€TCsI € ee IIUTOTIA3MATHYECKOI MeMOPaHON. YIUBUTEIBHO,
HO TaM OH HUCIIOJIHSIET POJIb <«IISITOIH KOJIOHHBI», TOMOTast
HEKOTOPBIM GaKTEpUsiM W BUPYCAM MTPOHUKATD B KIETKY
(Martinez et al., 2005, Munakata et al., 2005).

Kpome Toro, Ku-auturen orBeuaer 3a «IIpuaulaHues
KJIETOK /IPYT K JIPYTY U MEANCKACMOUHOMY MAMPUKCY, COBO-
KYIHOCTH BHEKJETOUHBIX OEJIKOB, MOJAIEPKUBAOIIEH
crpykTypy Guosornyeckoii Tkanu (Muller et al., 2005).
Ku-anruren, pacnosiokeHHbII Ha BHEIIHEH CTOPOHE MEM-
OGpaHbl, y4aCTBYET TakKe B MUTPAIMU KJIETOK, TOMOrast
crienuaJbHoON npomease (pepMeHTy, pazpymiaoiemy
GeNTKIT) «TIPOTPBI3ATD> JIJIST KJIETKH Ty Th, YACTHYHO Pa3py-
1mas MeskkIeTounbiil matpuke (Muller et al., 2005). 1 ot

r

3TOT «TaTaHT» Ku-aHTureHa MoKeT COCTYKUTD HETOOPYIO
cyk0y OpraHN3My B CIIyUae OHK03a60I€BaHNS, CITOCOOCT-
BYSI PACIIPOCTPAHEHUIO METACTA30B.

Bce xopowo B mepy

YuurbiBast Bce pasnoobpasue dynkiuii Ku-anrurena,
MOYKHO YTBEP3KAATh, YTO U TIOBBIIIEHHOE, Y TOHNKEHHOE CO-
JiepsKaHue 9Toro Gesika MoKeT ObITh 3HAUNMBIM (haKTOPOM,
BJIMSIONTAM Ha (DYHKITMOHMPOBAHNE PAKOBBIX KIETOK.

Hampumep, KIeTKH 0OJHOTO W3 BUOB OITyX0JIel — MHO-
AHCECMBEHHOU MUCTIOMBL, BMECTO HOPMATBHOH CYOheIMHUTIBI
Ku80 cozmepskat B BBICOKOI KOHI[EHTPATTIH YKOPOYEHHBIH
BapuanT — Ku80v. Takoii mosmmnerntuz crrocobeH HopMaib-
HO B3aMMOJIeiiCTBOBATh co BTOPOoii cyGobeannuneii (Ku70),
a 00pa3oBaBIIHMIACS IUMED — C IBYXIIEIIOYEYHPIMU KOHI[AMH
JIHK. Oxnako takas <ymepbuas» ¢opma Ku-anTurena
HEe MOJKET CBA3BIBATH KATAJIUTHUECKYIO CyObeIuHUILY
JIHK-3aBuCHMOI TPOTEMHKUHABBI, YTO TPUBOAUT K OJIOKHU-
POBaHWIO HAYATLHBIX CTA/IITH perapariii By XIIeMOYeTHBIX
paspsiBoB JIHK.

Hamporus, B kJIeTKax APYyTOi OITyXoau — B-kaemouroi
XPOHUUECKOT TUMPOUOHOT NetiKeMul, COfepKaHue HOP-
MasibHOM (hopmbl Ku-aHTHreHa MOBBIIIEHO, YTO TPUBOJIAT
K ycunenuio mnpoteccoB penaparuu JJHK. B pesymnsrate
YCTONYMBOCTD 3TUX PAKOBBIX KIETOK K MOHU3UPYIOIIEMY
U3JIyIEHUIO U IPYTUM FeHOTOKCUYECKUM areHTaM Io-
BBINTAETCS, ¥ TIPOTUBOOTIYX0JIEBAsT TEPANUS CTAHOBUTCS
HeahHeKTUBHOT.

ITH npuMepbl yOEAUTENbHO MOKAa3bIBAIOT HEOOXO-
MUMOCTB TOYHOTO ompefesenus cratyca Ku-anturena
B KJeTKax. /[ 3TOTO Ha CEeromHs UMeeTCS HECKOIbKO
MOJIXO/IOB.

Kak n3BecTHO, 17151 ONIpeieIeHUS YPOBHS 9KCHpeccull, T. €.
mpeo6pasoBaHusT HACIEICTBEHHON MHMOPMAITIH KaKOTO-
60 reHa B GyHKIMOHAIbHBIH poaykT — PHK nim 6e10k,
B KJIMHUYECKOU MIPAKTUKE U HAYYHbIX JJAO0OPATOPUSX Yalile
BCETO UCTIOJIB3YIOT noauMepasnyio uennyio peaxyuro (111IP)
B peasibHoM BpeMenu. Ee ujiest 3aKiroyaercst B BbIeJICHUN
n3 kaetok matprnanoii PHK, B koTopoii «3anmcana» wHCT-
PYKIIMS TI0 CHHTE3y KOHKpeTHOoro 6enka. IlocmenHion
3aTeM MCIIOJb3YIOT B KAUeCTBE MaTPUIBI [JIsT «0OPaTHOTO»
CUHTE3a COOTBETCTBYIONIEeH TocaenoBatenbroct JHK.
[MonyuuBuryiocs atum cirocobom JIHK MoskHO 3aTeM MHO-
TOKPATHO KOIIUPOBATh.

Ydenble IpUAyMaI U PeaTu30BaId HECKOJIBKO XUTPO-
YMHBIX BAPUAHTOB TaKoro «pa3Muoskenust» HK, ograko
JIasKe CaMblil U30IPEHHbII CIIOCO0 TO3BOJISIET JIUIITh CYIUTh
0 HAJTMYUW U OTCYTCTBUW MCKOMOM TOCJIE€0BATENBHO-
ctu JIHK (a ciemoBatesibHO, 1 COOTBETCTBYIOIIETO OeI-
Ka) B aHanusupyeMoM Matepuasue. OLeHUTb KOJIUYECTBO
AKTUBHOTO OeJIKa B KJIETKE TAKUM CIIOCOOOM 0CTaTOUHO
3aTpyaHuTeNbHO. Kpome Toro, ¢ momortsio TTIIP neBos-
MOKHO YCTAHOBUTD (DAKT HATUYMS YKOPOUEHHON (OPMBI
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Ku80v, Tak kak oHa IepBOHAYAIBLHO CUHTE3UPYETCS IO TON
se Marpuiie PHK, uto u o6bIunasi, 1 JIIb 3aTeM OT Hee
OTIIEIISIETCS «JIUMIHNAN» (DparMeHT.

ITommmo ITILP anst onpenenenns ypoBHs OEIKOB MIMPO-
KO TIPUMEHSIIOTCSI PA3HOBUIHOCTH UMMYHODEPMEHMIH020
ananu3a, KOTOPLI OCHOBAH Ha MCIOTb30BAHUH AHTUTE,
crnennUIeCcK! B3aNMOECHCTBYIOMINX C ONpPeIeeHHbIM
YYacTKOM ItesieBoro Gesika. st aToro TpeGyiorest iBa Buja
AHTUTEJL: NePEUUHbIE T 6MOPUYHDLE.

JL71s1 Tosty 9eH s TePBUYHBIX aHTUTe I HCIOIb3YIOTCS J1a-
6opaTopHbIe JKUBOTHbIE (Yallle BCEIO KPOJIUKH MJIH MBIIIIH ),
KOTOPBIE 1 HAPAbATHIBAIOT HA BBEACHHDIN M 4y KEPOIHbIIL
6esok coorBercTByiomue antutenaa. C MCIOMb30BANIEM
JPYTOTO BU/1a SKNBOTHBIX TIOJTy4atOT BTOPUYHBIE AaHTUTEJA,
3a/1aua KOTOPBIX — y3HAaBaTh epBuyHble. K TaknM BTOpHY-
HBIM aHTHTeJIaM TIPUCOETNHSIOT (hepMEHT, KOTOPBII CIIOCO-
GeH pacIIerisiTh OTPe/IeJIeHHbIN CyOCTPAT ¢ BbleJIeHHeM
JIIOMHUHECIIUPYIOIIETO MTPOIYKTA.

[Tpu mMMyHOGMEPMEHTHOM aHAIN3E «B TPOOUPKE» MPO-
UCXOJIUT LENOYKa B3aUMO/IEHCTBHIT «11e1eBOit 60K — rep-
BUYHOE AaHTUTEJIO — BTOPUYHOE aHTUTEJIO». PesyisraTom
ee CIIY’KUT JIOMUHECIIEHITHS, 0 HAJIMINIO KOTOPOH 1 Jie-
TEKTUPYETCst OEJIOK.

[Tockoapky anTHUTETA B3AaUMOIEHCTBYIOT € OTHIM KOH-
KPETHBIM YYacTKOM OeJiKa, TaKoil MeTO/ MO3BOJISIET Pas-
JIMYUTH pasHble 1o 1une cyobeanauinl Ku80. [lyist atoro
HY>KHO UCIOJIb30BATh JIBA BY/IA TIEPBUYHLIX AHTUTEJ, OTUH
13 KOTOPBIX OY/IET CBSI3BIBATHCS € YYACTKOM, HMETOIIIMCSI
B 060MX BapuaHTaxX IMOJUIENTU/AA, & APYroil — TOIBKO
B IIOJTHOPA3MEPHOM.
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MMmmyHObepMeHTHas

JeTekuusa 6e5kKoB ocHoBaHa

Ha MCMoJIb30BaHNM CneunUYHbIX
aHtuTen. Mpu 3TOM NepBrYHOE
AHTUTENO CneumgUnYecKku
B3aMMOOENCTBYET C onpenefieHHbIM
Yy4aCTKOM LiefneBoro 6eska,

a BTOPUYHOE aHTUTENO
CBSI3bIBAETCS YXKE C ONPefeneHHbIM
Yy4acCTKOM MEPBUYHOrO aHTUTeNa.

K BTOpMYHOMY aHTUTENY
npucoennHeH MepMeHT (YaLle
BCEro nepokcuagasa xpeHa

UNn wenoyHas dpoccparasa),
KOTOpPbIV NPV B3auMogencTemm
aHTUTEN pacLUennseT cneynanbHbInA
cybeTpat ¢ o6pa3oBaHNEM
NOMUHECLMPYHOLLLENO MPOoayKTa.

M0 ypOBHIO NIOMUHECLIEHLIMN MOXHO
OETEKTUPOBATb LienieBon 6eoK

Ha pabouem mecte

Bce BbineynomMsiHyTbie METO/bI TO3BOJISIIOT JIE€TEKTH-
posarb Ku-anruren su6o xocsento (B ciaydae I11[P),
6O B OTPBIBE OT €ro KJIETOUHBIX (hyHKIMiA. [ToaTomy
B JabopaTopun GHOOPTAaHUYECKON XUMUU (HEPMEHTOB
WucTrtyTa XUMIYECKOH OHOIOTHN 1 (hDyHAaMEHTATbHON
meaunuasl CO PAH (Hosocubupck) 6bL1 paspaboTan
NPUHIMIUAIBHO WHOH crocob merexiu Ku-aHTurena
PSAMO Ha ero «pabouem Mecte» — Ha mosiexysie JJHK (Tlina
et al., 2010).

MeTton ocHOBaH Ha criocobHocTH Ku-aHTurena B3aumMo-
netictBoBaTh ¢ AP-catimamu, 1.e. ygactkamu JIHK, e
OBLIN TIOTEPSTHBI A30THCThIE OCHOBAHUS. JTH «IIPOGETbI»
B «tekcre» JTHK siBistioTest ogrumu us Haubosiee pacipo-
CTPaHEHHBIX ee TOBpexkaeHni. Ku-anturen MoKeT CBsi-
spiBaThes ¢ JIHK, comeprkarieit AP-caiiTbl, peoxpansist
atu yyactku ot pacuierienus (Ilina et al., 2008). Eciu
e Ha HeGOIpIIOM paccTosaun oT AP-caliToB HaxoxnTes
NBYXIIETTOUEYHBIN pa3pbiB, To Ku-anTuren paciemniser
WX, TEM CAMbIM YYaCTBYS B «3aUUCTKE» KOHIIOB Pa3pbiBa
M MOAITOTOBKE €10 K «peMonTy» (Roberts et al., 2010).

PaszpaGoraHHbIii HOBOCHOUPCKUMHU MCCIEA0BATESIMU
MeToj onpezeserus Ku-aHTurena mpepycMaTpuBaeT uc-
nosnpzoanue JIHK-30mm1a, conepskantero AP-caiit u cna6-
JKEHHOTO PAINOAKTHUBHON MU (JIyOPECIIEHTHOW METKOI.
CasizbiBasich ¢ Takoii /IHK, Ku-anturen o6pasyer ¢ Heli He-
CTabMIBHBIT KOBAJIEHTHBII KoMILTekc. [Tocte crenmanpHoit
06paboTku Takoro Komrurekca Ku-aHTuren Heo6paTumo
«cimmBaetcst» ¢ JJHK, kotopas B 1aHHOM cirydyae urpaet
poJIb «<dTUKeTKU». biraromaps metke Ha JIHK-30171€ MOKHO

MeTKa

06pasoBaHue 06paTMoro
Komnnekca 6enok-HK

HA/Ie’KHO W C BBICOKON YyBCTBUTEIBHOCTBIO PETUCTPHPOBATH MTOTYUNBITHECS
MIPOYKTHI U JIasKe OTIPEIENSATh NX KOJTUIECTBO.

I'maBHOE TIPEMMYIIIECTBO HTOTO MOAX0/IA COCTOUT B TOM, YTO C €TI0 TIOMOIIBIO
OTIPENIENITIOTCST Bee akTUBHBIE (hopmbl Ku-aHTHTEHA, CTOCOOHBIE CBS3BIBATHCS
¢ THK, B TOM umcie v ero yKOpoUeHHbIH BapuaHT. K ToMy ke HOBBIIT MeTO/I ITpo-
1€ 1 JIeTIeBJIe IO CPABHEHUIO ¢ OOBIYHBIM UMMYHO(MEPMEHTHBIM aHATN30M.

U-aHTUTEH SIBJISIETCS KJTIOUEBBIM OETKOM JIIsT 00eCTIeueH s aKTHBHOCTH

CHCTEMBI peTiapaliuy Byxienodednsx paspoios J|HK, kotoprle B 3naun-

TeTHHBIX KOJTMIECTBAX BO3HUKAIOT IIPH PAAMOTEPATIH OITyX0JIeH: B 9TOM

CMBICJIE eTO YPOBEHb MOKHO PACCMATPUBATh KAK BaXKHBIN TIPOTHOCTUYE-
ckuil haxTop 1pu onpesnenenny 3hHOEKTUBHOCTU U 11€1€C000PA3HOCTH 9TOTO
MeTO/Ia TeIeHNUS.

Hosbrit Meton perekinu Ku-aHTurena, mpeiosKeHHbIH HOBOCUOUPCKUMIE
UCCJIEIOBATEISIMY, TT03BOJISIET OLIEHUTh YPOBEHb aKTHUBHOIO OEJIKAa B PAKOBBIX
KJIETKAX U MOJKET ObITh UCIOJIb30BAH B IIPOTHOCTUYECKUX [eJISAX HAPSILY C IIIH-
POKO HCIIOJIb3YyeMBIM B HacTositee BpeMst Mmetomom [TT[P.

PaGora 110 uzydenuio coiicts Ku-anrurena mpogoJKaeTcst, U CBsi3aHa OHa
C M3YUEHNEM CTTOCOOHOCTH 3TOTO OesTka B3aMMOIECTBOBATD YIKe HE ¢ OINHOU-
HBIMH, a CO CJIOKHBIMU KJacTepHbiMu noBpeskaenusmu (Kosova et al., 2014).
Ectb Hagex/a, 4To B HeaIeKoM GY/Iy1ieM Mbl CMOKEM HE TOJIBKO Y3HATH MHOTO
HOBOTO 0 (DYHKITHSIX 3TOTO YAUBUTETBHOTO OEJTKa, HO U HCTIOIb30BaTh 9TO 3HAHME
B TIPUKJTAHBIX TIEJISX.

Pabora BbinosnHeHa nipy nogaepxke POOU (npoekt Ne 13-04-01426)
n nporpammbl PAH «MonekynspHas v kneToyHas 6UMonorns»
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B ocHoBe pa3paboTaHHOro

B MUXBDOM CO PAH meTopa
aeTtekumm Ku-aHtureHa

NEXUT CMOCOBHOCTb 3TOr0

6enka B3aMmoaencTeoBaTh

¢ OHK, cogepxalien AP-cant
(noTepsiHHOE a3oTucToe
ocHoBaHue). Takon OHK-30HA
TaKXe COOEPXUT paanoaKTUBHYIO
U ONYOPECLIEHTHYIO METKY.
Benok o6pasyet ¢ OHK
HeCTabWIbHbIN KOBaNEHTHbIN
KOMMJEKC, ONOCPEefOBaHHbIN
o6pasoBaHmMeM OCcHoBaHus LLndda
Mexay nepBUYHOM aMUHOTpynMnomn
6enka n AP-cantom. 3TOT KOMMEKe
MOXHO BOCCTAHOBUTb 60PrMapuaom
HaTpusi, B pesynbraTe Yero
o6pasdyeTcsa HeobpaTumas «CLUMBKa»
6enok-AHK. MeTtka Ha [JHK-30He
NO3BONSET OETEKTUPOBATL LIENIEBOW
6enok Ku-aHTureH
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