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O0mas xapakTepucTHKA padoThI
AKTYyaJIbHOCTb

N3ydyenrne MOJNEKYISIPHbIX MEXaHM3MOB T'€HETHUECKOM MNpeapacToioKEeHHOCTH K
pa3IMYIHBIM  3200JICBAHMSIM UYEJIOBEKA SIBJSIETCS OJTHOM U3 (PyHIaMeHTaJbHBIX MPoOJieM
TEHETUKH, MOJIEKYJIIDHOM Te€HeTMKM W MeAuimHbl. OJHMM U3 HauboJyiee aKTUBHO
pa3BUBAIOIIMXCS ~ HampaBiIeHWH B 3TOM  00JacTH  SABISETCS  BBIIBICHUE
OJIHOHYKJICOTHAHBIX  TOMUMOPPm3MOB  (SNP—O0THOHYKICOTUIHBIA  MOIUMOPP U3 M,
Single nucleotide polymorphism) kaHmumaTHBIX T'€HOB, ACCOIMHUPOBAHHBIX C KAKHM -
100 HAcJIEICTBEHHBIM 3a00JIEBaHHEM, U YCTAaHOBJICEHHE CBSI3U MEXKAY OIpe/esICHHbIM
BapuantoM rnocnenosarensHocTH JIHK 1 matonorueit. Okazanochk, 4TO KOIUPYIOIIHE
Oenku obmacti reHoma, OHII B KOTOpHIX NPUBOAAT K aMHHOKUCIOTHOM 3aMeHe U
HapylieHno (yHKIMM Oelika, ropa3o 0oJiee W3ydeHbl, YeM peryJsITOpHble 00JsacTH,
SNP B KOTOpBIX MOTYT U3MEHSTH CaThl CBS3BIBAHMS TPAHCKPHUIIIIOHHBIX (DAKTOPOB.
OTO MOXET NPUBOAUTH K alieNb-CHeIMPUIECKONW OSKCIPECCHUM TEHOB, Pa3M4MsiIM B
YyBCTBUTEJILHOCTH K (pakTopaM BHYTpEHHEW W BHEIIHEH Cpelbl, pa3sHOU
IPEeIPACIOI0KEHHOCTh K 3a00JIEBAaHMSAM U YYBCTBUTEJIBHOCTH K TepamMu U T. . B
cBs3u ¢ 3TuM BbiiBIeHHE SNP  peryimsTopHeix paiioHOB T€HOB, B YacTHOCTH,
NPOMOTOPOB, M M3y4YEHHE MOJIEKYISIPHBIX MEXaHM3MOB, TMOCPEACTBOM KOTOpPhIX SNP
CaliTOB CBSI3bIBAaHUs TPAHCKPUIIIUOHHBIX (DaKTOPOB MOTYT OKa3blBaTh BIIMSHHE Ha
(eHOTUITMYEeCKUE TMPU3HAKH, SBISIETCS aKTyaJbHbIM W NEPCIEKTUBHBIM HAIPaBJIECHHUEM.
Panee B cexTope MOJEKYISIPHO-TEHETHMUECKHX  MEXaHM3MOB  Oelok-
HyKJIEMHOBBIX B3ammojeiicTBuii ML{ul" ObuM mosydeHsl 3KCTepUMEHTalbHbIE JaHHbIE
o 3aBucumoct adduuHocT TCH k TATA-GokcaM HEKOTOPBIX T'€HOB JYKapHOT OT
nocienoBarenbHocTet TATA-6okcoB (CaBunkoBa u np., 2007), xotopsle ObuH
NpOaHAIM3UPOBAHBl B Jaboparopun TeopeTmdeckod remetukn HWIuIm CO PAH
[Tonomapenko M.IL. B pesynprate anammza B 2008 r. Obuia pa3paboTaHa MoOJeNb U
ypaBHeHue miomaroBoro cBs3bBanus 1Chb ¢ TATA-6Gokcom (IToHomapenko u mp.,
2008), mo3Bossroniee nporHo3upoBarbk cponctBo TCH/TATA, ocHoBaHHOE Ha aHANIHU3E
nocnegoBarenbHoct  JIHK TATA-GokcoB. 3arem Obuia coOpaHa 3J€KTpOHHas
koJutlekimst  SNP TATA-GokcoB ¢ (praHKMpYIOIIMMHU — TOCJIEA0BATEIHHOCTSIMH,
aCCOIMMPOBAHHBIX  C  HACJIEICTBEHHBIMHM  3a00JIEBaHMSIMU,  KOTOpble  OBUIH
NOATBEP)KACHbl  KJIMHUYECKM M MOJIEKYJISIPHO-OMOJIOTMYECKH, U C TOMOUIBIO
pa3paboTaHHOTO YpaBHEHUs cjeiaHbl MporHo3bl m3MeHeHust cpoactBa TCB/TATA. A
B HallleM CEKTOpe TpOBEJEHa OKCIEPUMEHTANbHAas BEpUPHUKALUS  CIEJaHHBIX
NPOTHO30B. ODKCIEPUMEHTHI TIOKa3ajl BBICOKYIO KOPPEISIIMIO SKCIIEPHUMEHTAb HbIX
pe3yabTaToB ¢ TporHo3amu, ciaenanabiMu In Silico.  Kosddummenr numHeiiHO i

xoppesiimy, r= 0.822 npu o <107 (Savinkova et al., 2013).
[TomydyenHble  pe3yibTarhl MO3BOJWIM HAM NPUCTYNUTh K  PEIICHHUIO
cienymlomei  3a1auM - KOMIBIOTEPHOMY (opMUpOBaHUIO OHOIMOTE KU
HerccneoBaHHbIX SNP TATA-0G0KCOB MPOMOTOPOB I'€HOB UEJIOBEKA, OTOOPAHHBIX W3



JMOCTYMHBIX 0a3 maHHbIx, aHammsy iNnsilico nocienosarensHocTedt JJHK TATA-6okcoB
C TIOMOIIBIO Pa3padOTaHHOTO HAa OCHOBAHWM YPaBHEHUWs TMOMIArOBOTO CBS3bIBAHUS
(ITonomapenko u np., 2008) kommnbrorepHoro uHcTpyMeHTa SNP TATA Comparator
(PacckazoB u gap., 2013), m otbopy Haubonee TMOAXOMSIIUX TPUMEPOB IS
IKCTIEpUMEHTANIbHO W Bepudukanuu N Vitro m in Vivo caenaHHpIx nporHO30B iN Silico
no BmusiHmto SNP Ha cpoactso TCB/TATA.

Heas padoThl 3akmovanach B (popMupoBaHMHM OHMOJIHMOTEKH HEUCCIIEIOBAHHBIX
OJHOHYKJICOTUAHBIX ToIMMOphm3MOB TATA-GOKCOB MPOMOTOPOB T'€HOB JIMITHIAHOTO
MeTaboyi3Ma uyesioBeka M ux adHammse In Silico, in vitro u in Vivo mig BbIABiIE HUA
MOTEHIMATbHO ()YHKIMO HAJTbHO 3HAYUMBIX.

Jlna nocTiwkeHus: 1iesid ObUTM MOCTaBJICHBI CJIEAYIOIIUE 3a/1a4u:
®opmupoBaHue 3ICKTPOHHOM OuOIMoTexkn SNP 1 KOMIBIOTEPHBIN aHATN3
HEAHHOTHPOBAHHBIX OJHOHYKICOTHUAHBIX mosmMopdmmoB TATA-OokcoB
NPOMOTOPOB I'€HOB JIMIIMIHOTO METaboJIM3Ma YeJIOBEKa.

Onpenenenrie  ckopoctet oOpazoBanuss U pacraga komiviekcoB TCB/TATA
AHIECTPATbHBIX M MUHOPHBIX ajieseil ¢ noMmoibio metoga EMSA.

Anamz cpojnctBa TChb k TATA-Ookcam aHUECTpajibHBIX M MUHOPHBIX ajulejieil TeHOB
JMIATHOTO MeTaboJmMa

OnpenesnieHrie B peXMME pPEATbHOTO BPEMEHM KHHETHYECKHX  XapaKTePHCTHK
koMiiekcoB TCB/TATA MeTonamMu OCTaHOBIIEHHOW CTPYH M PE30HAHCHOTO TEPEHOCa
SHEPTHUU.

[TonmyueHne mWIa3MUAHBIX KOHCTPYKIUH C aHIECTPaTbHBIMHM AIUICISIMA M MHUHOPHBIM U,
SNP-conepxammmu TATA-OGokcamu mpomoTopoB reHoB LEP u CYP2A46, u myuenue
WX BIMSHUS Ha dKcmpeccuio peroprepHoro rena LUC.

Hayuynas HoBH3HA

BriepBbie B MUpE MPOBEAECHO KOMIIBIOTEPHO-IKCIIEPHUME HTAIbHOE HCCIIEJOBAHUE,
BKJIIOYAIOIEE KOMIIBIOTEPHOE TMPEJCKA3aHHE M SKCIEPUMEHTAJbHYI BepH(PUKa U0
HCAHHOTHPOBAHHBIX OJHOHYKICOTHIHBIX 3aMeH TATA-OOKCOB MNPOMOTOPOB TEHOB
yesoBeka. KOMIBIOTEpHBIN aHAIW3 JJIs1 TIPOTHO3a 3HAYMMOCTH TIOCJIEI0BATEILHOCTE
OBLT MpOBEJIEH ¢ UcTioJb3oBaHueM paszpaboranHoro B Ullul" CO PAH xommbroTepHO it
cucteMbl SNP_TATA Comparator. DOkcnepuMeHTanbHas Bepudukamus in Vitro ¢
UCTIoJIb30BaHueM Metoaa 3anepxkku JIHK B rene, merona oCTaHOBIEHHOW CTpyH H
(IIyOpECIICHTHOTO PE30HAHCHOTO TepeHoca JHEpruM, W IN ViVO Ha KyJIbType KIETOK
NoKa3aja BBICOKYIO KOppeJsiiio ombIT/mporHo3 (1=0.89).B paboTe BrnepBhie MOy e HbBI
KUHETUYECKHE XapakTepUCTUKU KomiuiekcoB TCBb ¢ 0JMroe30KCHHYKIEOTHIaM U,
uneHTnaHbiIMu TATA-GokcaM ¢ (pIaHKUPYIOIIMMHU HYKJICOTHIAMU aHLECTPATbHBIX U
MUHOPHBIX ajlelied ps/la TE€HOB YEJIOBEKAa, KOTOPhIE IO MPOTHO3aM MOTYT OBITh



aCCOIMMPOBAaHBl  C TIOBBIIICHHBIM  PHCKOM  BO3HHKHOBEHMS  HACJICJCTBEHHBIX
HAPYIICHUN HSHEPreTHIECKOTO MeTadomMa.

OcHOBHBIE MOJI0KeHHs], BBIHOCHMbIE HA 3alIUTY:

OKkcrepuMeHTalbHas BepuduKanus Tnokasana 3(pQeKTUBHOCTh HUCNONb30BaHuss Web
cepeuca SNP_ TATA Comparator i 1npeicKa3aHdss  HOBBIX  IMOTEHIMAJIb HO
¢yHKIMO HATbHO 3HaYMMBIX MyTaimii TATA-6okcoB

Mytammn TATA-6okcoB, mwmenstonme cpoactBo TATA-ces3piBaromero Oenka,
BIMSIOT HA OJKCIPECCHI0 TE€HOB, HAXOMsImuxcs mnon perymsimmeit stux TATA-6okc-
COJZeprKalluX MPOMOTOPOB.

®opmupoBanre KomiviekcoB TATA-cesspiBatomero Oenka ¢ TATA-OokcamMmu B
peKUME peaTbHOTO BPEMEHHM TMPOUCXOJAUT Kak IO TPIMOMY TIyTH, TaK W Yepe3
MPOMEKYTOYHBIE  CTaJiM¥, KOJMYECTBO KOTOPBIX BO3PAaCTacT C yBEIMICHUEM
koHreHTparuu TATA-CcBS3bIBarONIEro Oeika M IJIMHBI OJIMTOHYKJICOTHIOB.

TeopeTudeckasi M MpaKTHYeCKasi 3HAYUMOCTb HCCJIeI0BAHNS

Teopetnueckass ~ 3HaUMMOCTh  PabdOTHI  3aKJIlOYaeTcs B TOM,  4TO
OKCTICPUMEHTATLHO  JIOKa3aHa d3()PEKTUBHOCTh HCIOJB30BaHUS  Pa3pabOTaHHOT O
komrnbroTepHoro metoga SNP TATA Comparator s npeickasaHusi TOTEHIMAIb HO
3HaunMbIX MyTammuid TATA-OOKCOB NpOMOTOPOB TI'e€HOB 4YeJoBeka. TeopeTuyeckoe
3HaueHUE padOThI TAKKE 3aKIIFOYAETCS B TOM, YTO OMNPEJETICH MEXaHW3M pealu3aliui
MyTalMOHHBIX W3MeHeHn TATA-G0KCOB pealbHBIX MPOMOTOPOB T'E€HOB JIAMMIHOTO
MeTabommBMa 4eI0BeKa.

[IpakTrueckass 3HaYUMOCTh  HCCJIEJIOBAaHMM  3aKIIFOYaeTcss B TOM, YTO
MOJTyYEHHbIE JTaHHbIE MOTYT HCIOJIb30BaThCS ISl JOKIMHMYECKON MPOBEPKHA BpadyaMH
kaHaunaTtHeix  SNP-mapkepoB  TATA-O0kcOB B MPEeAMKTUBHO-IIPEBEHTUBHO i
NEPCOHAIM3 UPOBAHHO I MEJIHUIIVHE .

Bkuan aBropa

OcHOBHbIE Pe3yJbTaThl MOJIYyY€Hbl aBTOPOM CAMOCTOSITEIbHO. ABTOP NPUHUM aJl
JMYHOE y4YacTue B IUIAHUPOBAHWH, MPOBEJCHHM U OOCYXIEHHM BCEX DKCIEPHMEHTOB,
N0 pe3ysbTaTaM KOTOPBIX HAIMCAHA JIUCCEpTaLWsl.

buounndopmanivo HHbI aHaI3 HYKJIEOTUTHBIX HOCJIEI0BATENLHOC TE U
npoBoawics coBMmecTHO ¢ K.0.H. M.IL. TloHomapenko. BelpamuBanue XuMU4YECKU
KOMIICTCHTHBIX KIETOK M WX TpaHcopMmamus TPOBOAWIMCH CcOBMEcTHO ¢ H.A.
HpaukoBoi. Omnenka B3ammopeiicTBusi TChb ¢ TATA-Gokcamu ¢ momompbio FRET
npoBogwiack coBmecTHo ¢ K.X.H. H.A. Ky3nenosbiM. IlnasmMupHble KOHCTPYKIIUHU
noyiyueHsl coBMmecTHO ¢ E.b. IllapemoBoit. Pe3ynbTaThl MO BIMSAHUAKO IUIA3MHUJIHBIX
KOHCTPYKIIMH Ha aKTMBHOCTH TeHa Jioimdepasbl B KylbType KIETOK mosydensl E.B.
Kammumnoi.



IMyonukanuu

Marepuan auccepraimu npeiacTtaBieH B 14 pabortax, w3 Hux 10 ctareit u 4 Te3uca.
5 crareii onyOMKOBaHBI B XKypHaIax, uHAckcupyeMbix B Web-of-Science, 9 crareii - B
xypHatax SCOPUS, B PUHI] - 4.

Anpobauusi padoTsbl

Pe3ynbTatel  naHHOM  paboThl ObUIM TpelaCTaBleHbl M OOCYXKIEHbL: Ha
xoupepenmn BGRS «Bioinformatics of Genome Regulation and Structure\Systems
Biology - BGRS\SB-2014» (HoBocuoupck, 2014);Ha 7 cbe3ne Poccuiickoro oo1mecTsa
menuimHcKnXx reHeTukoB (Cankt-IletepOypr, 2015); na xoudepenmmun AMCA -
AKTyasbHbIE TIPOOJIEMbI BBIUHUCIMTENIbHOW M NpHKiIagHoii Marematuku (HoBocuOupck,
2015); ma xondpepenmuu BGRS «Bioinformatics of Genome Regulation and
Structure - BGRS-2016» (HoBocubupck, 2016).

CtpykTypa M 00beM AuCCepPTALNMN

Juccepraimsi COCTOUT W3 BBEIEHUs, 0030pa JIUTEpaTyphl, OIMKCAHUS MaTepualioB
U METOJIOB HCCJECIOBaHMS, pPE3YIbTaTOB W OOCYXKICHHWI, CIMCKAa IMTUPOBAHHO I
JUTEPaTyphl, cojaepxkamiero 243 UCTOYHMKOB (B TOM YHUCJIE HA MHOCTPAHHOM  SI3bIKE
228). O06beM nmucceprarmu coctaBisier 187 crtpammil. Jluccepramms Brmodaer 21
pucyHok, 10 Tabmwny u 4 cXeMbl, 5 TPWIOKEHUH.

Marepuanbl 1 METOAbI

Ot60p HeanHoTupoBaHHBIX SNP TeHOB mMmUAHOTO MeTabojM3Ma 4YesloBeKa
npopoawm w3 0Oaszbl gaHHbix dbSNP NCBI  (http://www.ncbi.nlm.nih.gov/SNP/).
HoctoBeprocts mMeHeHus cpoactBa TCB/TATA mnpu 3amenax B TATA-Gokce
ucciaenyembix  reHoB  mwMmepsan npu nomout  SNP._TATA  Comparator
(http://beehive.bionet.nsc.ru/cgi-bin/mgs/tatascan/start.pl). [TocneoBarebHO CTH
TATA-GokcoB ¢ (hraHKkamu, WCIOJIb30BaHHBIE B HacTosield pabote, Opamu w3 BJ]
Eukaryotic promotor database (http://epd.vital-it.ch).

Breinenenne pexomOmHanTHOTO TATA-CcBsi3BIBatomiero Oejka MPOBOIWIOCH B
Tpu cTaauu 1o metoauke B.F. Pugh (Pugh, 1995).

Cunre3upoBannbiec OJ[H (omrone3zokcunykineotasl) (“BIOSYN”, HoBocuOupck)
JJIsT IBMEpeHuss KUHeTHKU MeTonoM «3aaepkku JIHK B rene» (manee EMSA) metunu
dochopom *°P u wucrnonszoBami st cBsa3biBanus ¢ TCB. KoimdecTBeHHBIN aHam3
panuoaBTorpadoB MPOBOAWINA C MOMOIIBIO KOMIBIOTEpHOH mporpammbl Quantity One
—4.5.0 (Bio-Rad).

Hns anammza  cBs3pBanust TCB/TATA wmetonom FRET Ha crmextpomerpe,
padortaroriem B pexxume Stopped-flow (cBs3biBanve mydanmn Ha 0Oaze MucTHTyTa
XbudM CO PAH JIMMB), wucnome3oBamm OJIH, cuHTE3upoBaHHBIE C
dbnyopecuenraoii mapoit kpacureneir Cy3/Cy5 m TAMRA/FAM Ha 5’-xomiax. s
aHA3a TIOJyYEHHBIX JAHHBIX M MOCTPOCHUSI KUHETHYECKOW MOJIENU B3aMMOACHCTBUS
TCh c¢ naymiexkcamu JIHK, a Takxke [ pacyera KOHCTAHT CKOpPOCTEM BCEX


http://beehive.bionet.nsc.ru/cgi-bin/mgs/tatascan/start.pl

AIIEMEHTApHBIX peakimii ucrnojb3oBam mnporpammy Dynafit (Biokin, USA) (Kuzmic,
1996).

Jlns skciepuMeHTaTbHOTO M3ydeHus BimsiHUs BbISBICHHBIX SNP TATA-GokcoB
Ha oSKcrpeccuio pernoprepHoro reHa LUC ucnonb3oBamM JMHMM KJIETOK 3YKapUOT
HCT116 u MCF7. [lns nomyuenust penoprepHbix KoHcTpykimii TATA-comepxkainue
yyacTku npomotopoB (WT u munopusle amnenu) reHoB Lep u CYP2A6 yenoBeka 6puiu
KJIOHUpoBaHel B OecnpomoTopHbiii BekTop pGL4.10 [luc2] (Promega, CILA). s
KJIOHUpoBaHUs HeoOxonumble ¢parmentsl JIHK Obumn  ammmduuupoBaHbl mpu
nomouu [P ¢ ucnonb3oBanueM mpaiiMepoB, cojepxamux caitel pecTpukiuu Xho I
u Hind III, B xauectBe marpuubl ucnonb3oBamu J[HK knetox uenoBexka HCT-116 wu
MCF-7. AktuBHOCTh mmoIM(epas3bl M3MEPSIH C MOMOIIbIO JBOWHOTO JoIMpepazHOTO
Habopa maus awammsa (Dual-Luciferase, Promega,USA) corjacHo HHCTPYKIIUHU
npomsBoAuresia. becnpomoTopueiii  BekTop pGL4.10 ucrnons3oBaIM B KayecTBE
OTPHIATETHHOTO KOHTPOJIS.

Pe3yabTarbl M 00CyXKICHHE

B pabote ObuI0 mpoBeneHO wucciemoBanue N SiliCO KOP-POMOTOPHBIX PalioOHOB
68 TeHOB MHUIIEBOTO TMoOBeaeHUs denoBeka. st 62 reHoB Obuto oOHapyxkeHo 388 SNP,
st mectd reHoB SNP He Obuio oOHapyxkeno. [mst 296 u3 388 SNP 6buto oneHeHO
HeJ0CTOBepHOe m3MeHeHne cpoactBa TCB K  Kop-poMoTOopaM  OTHOCHTEbHO
pedepercHoro renoma uyesnoBeka (hgl9). Jlns ocrampupix 91 SNP mpornosupyetcs
noctoBepHoe yBemmuenue win ymenblnenne TCh/JIHK-cpoactBa. Haubonee cunmbpHOe
mMeHeane cpoactBa TCB/TATA  mporHo3upoBajioch JJIsl HECKOJBKHX T'CHOB,
Y4aCTBYIOIIMX B JIMIIUIHOM METabOJM3Me, CPelHu KOTOPhIX MAJs JalbHeHeil padoTs
obu 0TOOpanbl uccienyemble Hamu TATA-OOKCHI POMOTOPOB.

OnpenesieHne KUHETHYECKUX U TEPMOJIUHAMHYECKHUX XapPAKTEPUCTHK
koMmILiekcOB TCH-TATA anuecTpajibHbBIX 1 MUHOPHBIX ajljieJied ¢ MOMOIIbI0
metoga EMSA

s ompenencuus KuHetrmaeckux KOHCTaHT (Ka u Kd) B3ammonedicteus TCB ¢
TATA-coaepx)amumu OJIH amuHo# 26 1H, XapakTepU3yIOIIUX CKOPOCTH 00pa3oBaHUA
U pacmazia KOMIUIEKCOB, ucnoyib3oBai meueHole OJIH. Pesynbratel cBsizpiBanuss TCh
¢ O/IH, cooTtBeTcTBYrOmMME «HOpManbHBIM» U SNP-conepxamum Bapuantam TATA-
6okcoB, metoioM EMSA mnpencranenst B Tabimme 1.

Leptin. B Tabmamme 1 mpexacraBieHbl 3HaueHus Ka UM Kd, XapakTep3yromiue
ckopocTu oOpazoBanmsi U pactaga komimiekcoB TCh ¢ TATA-Gokcom B HOpME W mpuU
conepkanri SNP, accOlMMpPOBaHHBIX C OXHUPEHHEM, a TAKKe BPEMEHA MoJjypaciaja
KOMIUICKCOB, XapaKTePM3YIOIIUEe WX NPOYHOCTh, W M3MEHEHHS CBOOOJHOW 3HEPT MU
['u66ca, xapakrepm3yroliue BO3MOJXKHOCTh CIIOHTAaHHOTO TPOTEKaHHWS  PEaKIUH
B3aumoneirictus TCH/OJIH.



Tabauua 1.

Kunemuueckue

xapakmepucmuku

83aUMO0eUCmBuUsl

TCE/ONH

(onpedenenue koncmanm ceszvieanus (ka) u ouccoyuayuu (kd) komnnexcos (TCHIOIH) ons
pegepencuvix eenos (Hg 19) u munopHulx annenetl.

s ka(M-1ct) ka(c?) t1/2 MUH
FeH 5’-3’ HUTb Hopma (Hg 19)/SNP cropoctv cropocth G
[HK, 26 n.o. o06pasoBaHUs pacnaga (kcal/mol)
KOMM/IEKCOB KOMM/IEKCOB
LEP gCTATAAGag | Hg 19 (2.440.6)*103 (1.840.6)*10* |9.7140.9 64.2+12
acTATAAGag |-38G>A, rs200487063 (3.5+0.5)*103 (1.5£0.2)*10* |10.04#1 7719
gCTATAAGtg -30A>T, rs34104384 |(1.1+0.2)*104 (8+1)*104 9.73%1 14.4+4
gcTGTAAGag | -35A>G, rs201381696 | (5.640.8)*103 (1.3#0.2)*10 |9.04+0.9 8.9+1
ABCA9 | aTATACAAat Hg 19 (7+1)*103 (4.6+0.8)*10* |9.7940.8 25.1+7
aTATGCAAat [-37A>G, rs367781716 |(2.9+0.4)*103 (4.940.7)*10* [9.23#1.2 23.617
GCG ttTATATACtc Hg 19 (7+1)*10* (5+1)*10* 11.1-+1 23.145
ttTATACACtc -41T>C, rs183433761 |(3+1)*104 (6+1)*104 10.5+0.9 19.3#4
TPl tcTATATAAg | Hg 19 (2.040.1)*10 5 | (6.8+0.8)*10* [11.5+0.9 16.8+43
tcTATAGAAg -24T>G, rs1800202 (4.6+0.5)*10 3 (4.940.6)*10* [9.4+1.3 23.57+3
CYP2A6 |gTATAAAGg | Hg 19 (3.0£0.3)*10* (7£1)*10 10.4+1 16.543
gTAGAAAGE | -34T>G, rs28399433 | (2.2+0.3)*103 (2.10.5)*10% |9.57+1.1 55+13

W3 npeACcTaBIEHHBIX PE3yJIbTaTOB MOXHO YBUIETh, 4TO0 SNP (myramms) -38G>A
B Kop-mpomotope TeHa LEP mpuBoaur k yBemmueHMIo CKOpOCTH 0OOpazoBaHUA
kommiekcoB TCB/TATA na 50%, OHIT -30A>T mpuBoauT K yBEIMYEHHIO CKOPOCTHU
00pa3oBaHmsi KOMIUICKCOB MouTH B 5 pa3, a SNP -35A>G — k yBemmuenuro B 24 pasa.
CkopocTh pacmana KOMIUIGKCOB g myTramu -38G>A moBeicwiace Ha 20%, mmis -
30A>T ymenpmmnach B 4.4 paza, a anst -35A>G noseicunack B 14 pa3. AdduHHOCTD
(Kp) TCb x OIH ¢ SNP -38G>A yBemmumiace Ha 50%, ¢ SNP -30A>T (Puc.l) -
yBemuumiach npumepHo Ha 12%, a g SNP -35A>G adbdunHOoCcTs CcHMBMIach B 2.8
paza (s WT Ko =80 nM, a nis 3amensl -35A>G = 230 nM). [Ipu 3ToM MUHMMAITL HO €
BpeMsl TOJY)XM3HU KOMIUIEKCOB, 8.9 mmuH, Habmopanock namsi SNP -35A>G, uto
BBI3BAHO YBEJMYCHHEM CKOPOCTH HMX pacmiaia B 14 pa3 OTHOCUTEIILHO HOPMBI U OUYCHb
HI3KO#M a(pUHHOCTHIO.

Kak BumHo m3 Tabmmier 1, camoe 00JbIoe yBEIMIEHHE CKOPOCTH 00pa3oBaHUS
u pactiana xkomiuiekcoB TCB/TATA HaGmomaetcst st mytampu -35A>G (B 24 paza u
14 pa3, COOTBETCTBEHHO), BHOCSIIETO M3MEHEHHE B TocienoBareibHocTh TATA-O60kca
U 3aMCHSIONIETO CaMblii KOHcepBaTuBHBIN «A» Ha «G» (Caron et al., 1991). Dro
NPUBOJUT K TAJCHUIO apUHHOCTH TPAKTUUECKH 10 HecTelmpmaeckoro ypoBHs (230
nM) ¥ YMEHBIICHHMIO BpPEMEHU JKM3HM KOMIUIEKCOB Oojiee ueM 7 pa3, 4TO IO
JUTEepaTypHBIM accoImmpyeTcs ¢ COIyTCTBYIOIIIE I
runepronueit (Caron et al., 1991). Cinenyer oTMETUTh, YTO TAKUEC HU3KUE 3HAYEHHS
appuaHoctu TCB/TATA wmbl HaOmonamu u panee (Savinkova et al., 2013): SNP -
29A>G TATA-Gokca mpomoTopa reHa [-rao0uWHA TPUBOIWI K ele OOoJbIIeMy

JaHHbIM OXKMPCHHUCM u

cHwkeHntio 3HadeHuss Kp - go 390 nM, 4TO accoimmpoBaiioch € KIMHUYECKHU

JIOKa3aHHOM TPOMEKYTOUHOM [-TamacceMueil.




Puc. 1. Hzmepenue kunemuueckux napamempos gzaumooeticmsusi TCh ¢ SNP-codepacawyum
TATA-60xcom ecena LEP uenosexa. A. 3agucumocms cxopocmu peaxyuu o00pa308aHus
komniexcos TBP/TATA om konyenmpayuu
O/H LEP ¢ mymayuen -30A>T. Uzomepmovl (A) césa3vieanus nocmpoenvl HA OCHOBAHUU
anexkmpocghopecpamm (B), npu konyenmpayusx OJH LEP ¢ SNP-30A>T 10, 20, 40 u 60 uM.
A B
LEP SNP -30A/T ODN = atcgggccgcTATAAGTggggcggsc
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ABCAY9: DOKkcnepuMeHTalbHbIE OLCHKM W3MEHECHUS KHHETMYECKHUX XapaKTEPHCTHK
ces3pBannsi TCBb ¢ mpomotopoM pedepencHoro um muHopHOoro ameneir rena ABCA9
npeacTaBieHsl B Tabimime 1, B KOTOpOW TOKa3aHO, YTO CKOPOCTh OOpa3oBaHWs, Ka,
koMimiekca TCh ¢ MuHopHbiM BapwanToM TATA-Ookca cHmwkaeTcs B 2,4 pasa, Torjaa
Kak CKOpPOCTb €ro pacmaia, Kkd, ompenensiomias BpeMms MNOMyXu3HH (ti2) 3TOTO
KOMIUIEKCA, M3MEHSIETCS] He3HAUMTEIbHO: € 25 MHUH B HOpMeE (pedepeHCHBIN ajuielb) 10
23,6 MUH U1 MUHOPHOTO aiviensa. B cBowo ouepenib, I3MEHEHHE CBOOOJIHON HEPruu
['u66ca (-AG), KOTOpoe XapakTepu3yeT BO3MOMXKHOCTh CIIOHTAHHOTO TMPOTEKAHUs
peakimu  B3ammojeiicTBus TCb ¢ remom ABCA9 denoBeka, yMEHBIIAETCS IS
MHUHODHOTO ajUiesii M CBUIETEJbCTBYET O AecTabwmmsauuu komiuiekca TCh ¢ atum
NPOMOTOPOM BCJEACTBUE yXyIlIeHus nociienoBareabHocTH TATA-Ookca W CHWDKE HUS
CPOJICTBA MEXAY HUMMU.

GCG: Bmusnne SNP rs183433761 (3ameHa -41T>C) rema GCG Ha B3aumMojeicTBUe
TCb c¢ TATA-Ookcamu, NPUBOIUT K HM3MEHEHMIO apPUHHOCTH B3aUMOJICHCTBUS
TCB/TATA u mpouCXOIUT 3TO uYepe3 M3MEHEHHWE CKOpPOCTeH 0Opa3oBaHWsl WM pacmajia
koMiuiekcoB TCB/TATA. OkcrnepuMeHTalbHO M3MEpPEHHAass CKOPOCTh 00pa3oBaHUS
KOMIUIEKCA MagaeT B 2,3 pa3za, a CKOPOCTh pacliajla KOMIUIEKCa Bo3pacTtaeT B 1,2 pasa.
[Tomyuyaetcsi, uyto kommiekchl TCB/TATA ¢ MuHOpHBIM —amieneM 00pa3yrOTCs
MEJJICHHEe M pPa3BaMBAIOTCA ObICTpee, YeM C HOpMalibHbIM amieneM. M3 3toro
3aKJIFOYEHUS BIIOJIHE OXWUIAEMO, YTO BPEMs )KM3HHM KOMIUIEKCOB JIOJDKHO YMEHBIUIUTHC S,
YTO W TMPEJCTaBIEHO W3 SKCIEPUMEHTAIbHO TMOJYYEHHbIX 3HAYEHHH — BpeMs
nomyxmHu koMmimiekcoB TCB/TATA mnpu 3amene -41T>C rena GCG ymensinaetcsi B
1,2 paza, B abComOTHOM 3HaueHUU € 23 10 19 muHyT.

TPI: SNP -24T>G B TATA-60kce rena TPl (Watanabe etal., 1996), npuBoaur x 43-

KpaTHOMY yMeHbleHno ckopoctu accomaimu TCB/TATA 1 HeG0NbIIOMY CHIDKE HUIO



(1a 30%) cxkopoctu nuccommanuu. Ilepuos mosypacnana KOMIUIEKCOB Bo3pacTaet B 1,4
paza. Korga TATA-Gokc He M3MEHEH, MEpuoJ ToJypacmaaa COCTaBiieT 17 MUHYT, a
npu Hammuuu SNP B TATA-Ookce mepuwoj moJiypacmaga cocTaBisieT 23 MuH. JTta
MyTalmsi IpUBOJIUT K yMeHbIneHmo -AG Ha 2,1 kkan/moib. CyliecTByOT AeUIMTHbIE
no TPl momn, wmeromue wegoctarok MPHK, y Hux aktuBHOCTH (epmeHTa B
SpUTpOLUTAaX M Apyrux Kinetkax 2-10% oT HOpMBbI; NAIMEHThl UMENN HEBPOJOTHYECKHE
U MBIIICYHbIE PACCTPOMCTBA U IeMOJIMTHYECKYIO aHemuto. HaOmopamucs u npyrue
HOCHTEIIN ajuienei, YMEPEHHOE
aktuBHOCTH TPI B ecTecTBeHHBIX ycaoBmsX, Ha 26-50% (Watanabe et al., 1996). beuto

TeTePO3HI O THBIX KOTOpBIE HMEJH CHIDKE HHE
nokazaHo, 4yto myramus -24T>G (oueHb peKO BCTPEHaeTCs, €ro pacrpoCTPaHE HHOCTh
coctaBmsier Menee 1%) (Patikoglou et al, 1999), u 5T0 mpuBOAWT K CaMbIM
3HauUUTeNbHBIM, CBs3aHHbIM ¢ SNP, pacctpoiictBam - 43-KkpaTHO€ CHKEHHE CKOPOCTHU
TCB/TATA
PacCMOTPEHHOM TPYIMbI T€HOB.

CYP2A6: B reme CYP2A6 mpu 3amene -34T>G rs28399433 mamaroT CKOpOCTH U

accommaruu  kommiekca TCB/TATA (B 13,6 pa3a), u auccommarnuu ero (B 3,5 pa3).

accoImauu W HauOoJIblliee CHIDKCHHE CpPOJACTBAa Cpelu Bcel

VYmenbirenne ckopoctr accommaru TCB/TATA ¢ 30 go 2,2 M1c! nokaseiBaer, 4TO
KOMIUICKCHI 00pasyroTcsi MeIJICHHEE, HO JIOJIbIIIE HE PacraaaroTcs.

Tabnuya 2. Jxcnepumenmanvhas epugurayus npoeHosupyemvix in silico 3nauenutl
cpoocmsa (Kp) TCE/O/[H u eénuanue na neeo neannomuposannvix SNP.

MpoazHo3 AKcnepumeHm
hg19 5’-3’ Hume [HK, 26 n.o. Annens (WT, rs) -In[Kp] 6 Ko, nM | -In[Ko] é
LEP atcgggccgc TATAAGaggggeggge | WT 19.43 80120 16.34
atcgggccacTATAAGaggggeggee | -38G>A, rs200487063 (19.85 (0.42 4010 17.03 |[0.69
atcgggccgcTATAAGLggggcgggc -30A>T, rs34104384 19.70 |0.27 7020 16.47 |0.13
atcgggccgcTGTAAGaggggeggege | -35A>G, rs201381696 (18.22 (-1.21 230£10 15.29 |-1.05
ABCA9 |gctcagaaaTATACAAataattgcaa |WT 19.66 70420 16.47
gctcagaaaTATGCAAataattgcaa | -37A>G, rs367781716 (18.73 |_g93 |170%30 15.59 |[-0.88
GCG cactgctttTATATACtctccagete WT 20.89 812 18.64
cactgctttTATACACtctccagcetc -41T>C, rs183433761 (20.28 |-0.61 18+4 17.83 |-0.81
CYP2A6 | tttcaggcagTATAAAGgcaaaccac | WT 20.03 25+4 17.5
tttcaggcagTAGAAAGgcaaaccac | -34T>G, rs28399433 | 18.53 |-1.5 100430 | 16.12 |-1.38
TPI cgcggcgctc TATATAAgtgggcagt WT 20.11 340.3 19.62
cgcggegctcTATAGAAgtgggcagt -24T>G, rs1800202 19.08 (-1.03 2144 17.68 |[-1.94
B Tabmume 2 mnpuBeneHsl KoimuecTBeHHble TporHO3bl (In Kp) cponctsa

TCB/TATA aHuecTpanbHBIX ajesiell W BEIMYMHA HX W3MEHEHWH (0) OTHOCHTENhHO
pedepeHcHoro amwtens. B Tabmuie Takoke MPHBEICHBI AKCIICPUMEHTAILHO TOJIy4e HHbBIS
3Hauenns cpojictBa TCh/TATA wu ero m3menenuii (0). Kak MOYKHO BHAETH MX TaOJIMIIBI,
Ha0JII0JTaeTCS JIOCTAaTOYHO BBICOKOE COOTBETCTBHE MPOTHO30B M JKCICPUMEHTAh HBIX



JaHHBIX ~ (CpaBHMBaTh O TPOorHO3 u dkcnepument). Kosddumenr nmHeiHO it
koppemsiimy, 1= 0.89.

Msr onpenemaumi in Silico Bce neanHoTupoBanubsle SNP mpomortopa rena LEP
YyeJioBeKa, MOJydyeHHble B pe3yibTare BhIMosHeHMsT mpoekta «1000 Genomes project»
(Colonna et al., 2014). IMouck npoBoawics B paiione ot [-20 go -70] ot craprta
TPaHCKPUIILIMK, TJ/I€ pacroJiaraloTcsi BCe JKCIepuMeHTanbHO onpenaeneHHble TATA-
O6okcel. Mb1 oOHapyxunu SNP-mapkep nedwmmra nemruHa, 1s201381696, koTopsiit
OBUT KIIMHMYECKH CBSI3aH C MHAYLMPOBAHHBIM JIHETOH OXKMpEeHHWeM U crearo3om (Zhang
etal., 2015), u aBa npennoaaraeMbix SNP, rs200487063 u rs34104384, s u30bITKa
JIETTHHA, KOTOpPbIE KOPPEIUPYIOT C MHIYIMPOBAHHOM OUPEHUEM THIEPTOHUEH, YTO
obuto ompeneneHo parce (Tumer et al., 2007; Beltowski, 2008). DkcriepumMeHTanb HO
MBI nokazany, 4to cpoAcTBO (Kp) TCh k npomoTopy pedepeHcHoro rena paBHsioch 80
HM. B ciyuae amnens -35G (rs201381696), cpoactBo 6110 Hipke mouTtd B 3 paza, Kp
= 230 sM. Ono HamexHo (Z = 17, a <10-7) yka3piBaeT Ha Ae(uIMT JENTUHA Yy
Hocureneit 3toro SNP. Bemmumna cpoactea TChb B ciywae amneneir -38A
(rs200487063) u -30T (rs34104384), 6buta Beime Ha 50% u 11 %, cooTBeTcTBeHHO. B
NOCJIE/THEM Cllydae pa3HUI[d HAXOJHTCS Ha TPAaHHMIE JOCTOBEPHOCTH.

OKCNIEpUMEHTATIbHO ~ OXapaKTepU30BaH HE AacCOLMMPOBAHHBIM C KakuM-JH0O
HapylieHueM  370poBbs uenoBeka SNP  rs367781716, —37T>C, mnpomotopa K
ATPTCPHATUBHOMY CTapTy TPAHCKPUMIUHU B mo3urmu chrl7:66985252 (MuHyc-1ieTh)
rera ABCAY9, koTopblii ObUT AeTekTUpoBaH dkcnepumentansao (Piehleret al., 2002), 1o
He ObLT 10 CUX TIop JToKyMeHTHpoBaH B Oase manubix GENECODE v.19 (Harrow et al.,
2012). ITony4eHnsiii ¢ momoinsio Web-cepBuca MpOrHO3 OTHOCHUTEIILHOTO HM3MEHE HHSI
B 2,4 pa3za Kaxyuieicsi paBHOBECHOW KOHCTaHThl auccommanuu, Kp, xommiekca TChb ¢
muHopHbIM aresieM —37C mpomoTtopa reHa ABCA9 mpusenen B Tabn. 2. [lanHbie
HE3aBMCHUMBIX OIBITOB IN Vitro m in vivo (Pugh, 2000; Stewart, Stargell, 2001; Mogno et
al., 2010) yka3pBatOT Ha TO, YTO TakoMy cHikeHmo cpoactea TCB/TATA
COOTBETCTBYET HEIOCTATOUHOCTh y Hocurenst awens —37C, npoaykra ABCA9 - TpaHc-
noprepa ATP-cesi3piBatomieii kaccetsl A9. B cBoro ouepens, atot in Silico mporuo3s
pHCKa  HEJOCTATOYHOCTHM  JKCIPECCHH  TPaHCIoOpTepa, TPEITI0JI0KUTE JTb HO
YYacTBYIOIIETO B JIMIMIHOM TroMeocTade, B ciydae awiensi —37C mo3BoJsieT
npeanoyoxuth rs367781716 B kauectBe kauauaarHoro SNP-mapkepa 11 Hapylie HUi
JIAIIAIHOTO OOMeHa.

Msbl  skcnepuMeHTanbHO — oxapaktepmsoBamu  SNP  rs183433761, —-41T>C,
NPOMOTOPa K aIbTePHATUBHOMY CTapTy TpPaHCKpUMIIMK B mo3ummu chr2:162152278
reHa GCG. Ilonyuennslii B pe3yabrare BbloHeHus: npoekTta «1000 Genomes project»
nosmMopdmsM  ObUT oxapakTeprzoBaH iNn Silico ¢ momoipio Toro k¢ Web-cepBuca, u
nokazaja Ha yMeseleHue cpoictsa (0 = -0.61) mexxny TCh u TATA-Gokcom mpu ero
Hamuud. OTHOCUTEIbHOE  M3MEHEHHME  KaXKyHIEHCs  PaBHOBECHOW  KOHCTAHTHI
nuccormanuu Kp (Kb Bo3pocia ¢ 8 1o 18 kM) kommiekca TCB ¢ MUHOpHBIM  ajuiesie M



—41C mpomotopa reHa GCG B 2,25 paza — Takke CBHIACTEIBCTBYET O CHIDKCHUH
cpojactBa (0 = -0.81). Takoe M3MEHEHHE TPE/TIONIOKUTEIILHO MOKET BHECTH BKJIAJ B
CHIDKCHHE DKCIPECCHH TIIOKaroHa W, Kak CJIEJICTBUE, - MPUBECTH K HEPETYIUPYyEMOMY
¥ HE TIOCTOSIHHOMY YPOBHIO KOHIICHTPAIIMH TJIFOKO3bI B KPOBU.

Myrammst  -34T>G 1528399433 B TATA-Gokce rena CYP2A6 w3 cucTeMbl
mroxpoma P450, mpuBena k cymiectBenHomy cHikeHmto cpojactBa TCB/TATA B 4
paza, 4To ObUIO BEChMa OXKMIAEMO UCXOJs U3 MPOTHO30B (6= -1.5). 8= -1.38 yka3zpiBaeT
Ha CYIIECTBEHHOE YXYJIICHHE CpOJCTBA. Tak Kak psSAOM C HcClieyeMOd 3aMeHOW -
34T>G pacnonoxeHa yxe ormcanHas Mytaims (-48 T>QG), npuBoasinas K CHIDKE HUIO
cponctea TCB/TATA B 4.7 paza, To MOXHO TIpeAroJiaraTb, 4TO UCCleayeMasi 3aMeHa -
34T>G Oynmer Take BHOCUTH BKIan B paspymieHue TATA-OGokca rena rmaBHOU
HUKOTUHOKCHIa3bl U aCCOLMHPOBATHCS C TMOBBIIEHHBIM PUCKOM BO3HUKHOBEHUS
BOCTIAJIMTENIL HBIX 3a00JICBaHUN U paka JIETKHUX.

3amena -24T>G rs1800202 Brene TP| npuBoAWT K CHIDKEHHIO CPOJICTBA B 7 pa3
(Ko Bospocma ¢ 3 go 21 HM), mpu mnporHosupyemoMm o = -1.03 mpoTuB
AKCTIEpuMEeHTaTbHOTO O =-1.94. Tak kak dhepmeHT Tpro3odocharuzoMmepasa OTHOCUTCS
K «T€HaM JIOMAIIHETO XO3SMCTBA» W YYaCTBYET B IVIUKOJUTHICCKOM IYTH, TO JIOTUYHO
OXHUIaTh, YTO HapyuleHHe MeTabommMa Tpuo3odocdaroB MOXKET TPUBECTH K
M3OBITOUHON TMpoyKiMKu MeTabonuToB riukosimza. Hapymenus B TATA-OGokce rena
Tpruo3odocdarmomepazbl TpUBOAIT K cHwKeHMO ypoBHi MPHK wu mosBienuto
HekoTopeix Oosesnert (Watanabe et al., 1996).

Anammupys nporHosupyembie in Silico 3Hauenms cpoxactea, Kp, TCB/OJIH
(Tabn. 2) wum Kbp, TmModydeHHbIE OSKCTIEPUMEHTANbHO, MOYHO BHAETh, UTO
IKCTIEpUMEHTAIbHAsT OTeHKa BesmduHbl Kp coBmana ¢ mporHo3om in Silico B mpexenax
TOYHOCTH HCTIOJIb3YEMBIX pPAacUYETOB M M3MEPEHMIl: O, XapakTepu3yrollas H3MEeHeHHUe
sHaueHuss —INKp xommiekcoB TCH ¢ pedepeHCHBIM ¥ MHUHOPHBIM aUICISIMH, paBHA
3HQUUMBIM BEJMYMHAM IO TPOTHO3Y U B pe3ylbTare »OSKCIEPUMEHTAIbHON Be-
pudpukanuu. OTO O3HAYaeT, 4TO C MCIOJB30BAaHHEM JBYX TecT-cucteMm, in Silico u in
Vitro, OBUIO YCTaHOBJEHO, YTO HEAHHOTHPOBAaHHBIE paHee paccMmarpuBacMbie SNP
JOCTOBEpHO HapymaoT cBsi3biBanre TCBH ¢ mpomoTopamy TeHOB 4esoOBEKa HA OJHOM
U3 TIEPBBIX ATAIlOB MHMIIMAIIMU TpaHCKpuIiuu 3Tux reHoB (Ponomarenko et al., 2013a,
b). Tlostomy wuccienyembie SNP mpemnarairorcs B KayecTBE TOTEHIMAJb HbIX
KaHIUIATHBIX MapKepOB IS OTCJIC)KMBAHWS HAPYIICHUH JHIMIHOTO OOMeHa. JTo
SBJIIETCST TIPOTHO30M JIaHHOW paboThl, KOTOPBIA MOXET OBITh BEepUMUIIMPOBAH TIO
OMOMEIMIMHCKUM CTaHIapTaM U MPOTOKOJIaM.

OnpejelieHne B pexxuMe peajibHOr0 BpeMeHH KHHEeTHYeCKUX
xapakTepucTuk KomiiekcoB TCh ¢ TATA-coaepxammMu 0JIMTOHYKJICOTHAAMM,
MeTO/JaMHU O0CTaHOBJIeHHOI cTpyn u FRET

Ucnonwiys pexkomObuHantHeiii TCh yenoBeka u uyopeclieHTHO MEUEHHbIE 10 5 -
koHaMm FRET-mapoit ¢myopodopoB Cy3/Cy5-nymiekcel, unentmansie TATA-OGoxkcy
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npomoTopa rena tpuozodocdarmomepassl (TPI) 3mopoBoro uenoseka u TATA-6okcey,
conepxkameMy SNP -24T>G, METOJIOM «OCTAaHOBJICHHOW CTPyW» B PEKUME PEabHOT O
BPEMEHH HCCJIEJIOBaH MeXaHm3M Tporiecca oOpaszoBanmsi kominiekca TCB/TATA.
BriepBrie nokazano, uto oOpazoBanue komiuiekcoB TCh ¢ HopmanbaeiMm TATA-Gokcom
npoucxoautr B 5.5 paza ObicTpee, a auccolmanusi B 31 pa3 mMensieHHee, 4eM B Cliydae
TATA-60xkca, conepxamiero SNP. U3 nomyueHnbix pesynbratoB cieayet, 4to TCh mpu
oOpa3oBaHMM KOMIUIEKCa OJHOBpeMeHHO cBsizbiBaeT u mrudaet JIHK (Arkova et al.,
2014).

Kunetuka ces3bBanus JIHK-nymiexkcoB ¢ TCh B pexume peallbHOTO BPEMEHH,
Npe/ICTaBlieHHas: Ha puc. 2 U 3, CBUAETENILCTBYET O TOM, UTO 0Opa3oBaHHe KOMIUIEKCa
TCB/TATA npuBoaur Kk pocTy wuHTeHCMBHOCTH (Quryopecnenmuun  CyS. Pocrt
uareHcuBHOCTH FRET-curnana oOycnosnen mrudbanuvem JIHK-nymiekca B komimiekce
¢ TCb, 3a cuet yero mpoucxoaut cOmpkenne octatkoB ¢iayopodopo Cy3 u Cys.
Anamm3  kmHeTHdecKuX KpuBbIX JIHK-gymiekcoB mokaszan, uTo m3rubaHue AyIUieKca,
conepxaniero TATA-GOKC AMKOTO THIA, TPOUCXOJIHWT TIPH MEHBIIHMX KOHICHTPAIHS X
TCB, uem B ciyuae ayuiens «G» TATA-6okca (puc. 2 u 3). Ha ocHOBaHMM TMOJTy4€ HHBI X
JIaHHBIX HAMU TPEJJIOKEH KMHETHUEeCKHM MexaHm3M cBsizbiBaHus TChb ¢ HOpMaibHBIM
TATA-60okcom teHa TPl u ¢ TATA-GokcomM, coaepKaluM MYTAaIMIO, OTMCHIBAEMBIH
onHoctanmiiHO it cxemoii: TCB + TATA <=> TCB/TATA.

KoncTtantel ckopocTteid npsmMoil 1 oOpaTHOM peakimu npejcrtaBieHbl B Tabmuie
3. Bumso, uto oOpazoBamme kommiekcoB TChb ¢ TATA-Gokcom auKOro THUMa
nporcxoaur B 5.5 paza owictpee (1.1x108 M-1c 1), uem ¢ ammenem G (0.2x10%M -1¢1), a
muccormanust kommiekcoB TCB/TATA — B 31 pa3 meanennee (2.8x1023 ¢!y nukoro
tamla u 8.9x1072¢c! B ciyuae amrens «G»). Heo6xoamMo OTMETHTH, YTO MOA0OHOE
pa3muue B KOHCTaHTaX CKOpPOCTH oOpa3oBanusi U pacriaga komiviekca TCB/TATA
NPUBOAUT K OTJIMUMIO 3HAUCHMH PABHOBECHBIX KOHCTAHT nauccoimanud B 150 pa3

(2.7x10° M B Hopme 1 0.4x10° M npu Hammuuy MyTammun). Pasiuaue B 3HAYEHHSIX

[TBP], MkM [TBP], MmkM
0.40

0.35

MHTeHcuBHOCTL chnyopecueHumn, B

MHTeHcuBHOCTL chnyopecueHummn, B

Bpems, c Bpems, ¢

Puc. 2. Kuneruka cBs3pIBaHUs 1 U3TMOaHUA Puc. 3. Kuneruka cBsS3pIBaHUs U N3THOaHUA

JAHK-ynekca, ©A€HTUYHOTO JHK-nynnekca, ©aA€HTUYHOTO
nocnenoarenbHOCTH TATA-Ookca rena TPl mocnenoBarensHOCTH comepskammero SNP
JTUKOTO THIIA TATA-60kca mpomoropa rera TPI
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paBHOBECHBIX KOHCTaHT auccommanuu (Kp) Mexny HopmanbHeiM 1 SNP-comepkammum
TATA-6okcoMm roBopur 0 pe3koM cHmkeHuu adduaHocTn TCH K oJMroHykiaeoTumgam
¢ mMeHeHHbIM TATA-GokcoM.

[Tonmy4yeHHble AaHHBIE CBHACTEILCTBYIOT O TOM, UYTO BO3HHKIIAs B pe3yibTaTe
3amenbl B TATA-Goxce G/C-mapa pemaet ctpykrypy JHK Gonee xectkoi, yTo
3arpynnser cBs3piBaHue TATA-Ookca ¢ TChb u oOpasoBanue (HyHKIMOHAILHOTO
KOMIUICKCA, MMEIOIIETr0 ONTUMaIbHYH0 KoH(popmarumo. M3 atoro ciemyet, uto in Vivo
reH Tpuozodocharmzomepaszbl, conepxkammii 3ameny -24T>G B TATA-Gokce,
TPaHCKpUOHMpYeTCs U 3KcmpeccupyeTcsi MeHee A(PQEeKTUBHO. OTU  Pe3yibTaThl
noaTBepskacHsl Kamppaecku (\Watanabe et al., 1996).

CpaBHEeHHE TMOJyYCHHBIX HamMH W omyOsmkoBaHHBIX nanHbix (\Watanabe et al.,
1996; Humphries et al., 1999) noka3biBaet, 4to ymeHnpienue B 150 pa3 cpoactsa TCh
Kk SNP-conepxamemy TATA-Gokcy mpomotopa TPl mpHBOAWT K MOBBIIICHUIO pHCKa
pa3BuTHS psfa 3a00JI€BaHM, CBS3aHHBIX C HEJOCTAaTKOM TpHO30(hochaTu3zoMepassbl.
Hecmotpst Ha T0, uTo cponctBo TCh k SNP-conepxamemy TATA-Ookcy mpomoTopa
reHa TPl camwkeno B 150 pa3, aktuBHOCTh TPI B apuTpoITax OJHHX MAlMEHTOB TafaeT
10 3—10% ot Hopmbr (Chang et al., 1993), a y HEKOTOPBIX T'€TEPO3UIOTHBIX HOCHTEJIC I
aToro noJimMopduoTo ayutesnst Habmoaaetcss ymepenHoe (26—50% ot HOpMBI) CHIDKE HHE
aktmBHocTH TPI (Watanabe etal., 1996).

Crnenyer OTMETHUTh, YTO BIEPBBIE IIyT€M pETHCTPAllMd B PEXUME PEaTbHOTO
Bpemenn B3aumojeiictBus TCh uenoBeka ¢ ¢myopecuentno MeueHHpiMu Cy3 u CyS
TATA-conepxamumu  aymwiekcaMu mokazaHo, 4T1o TCB ObicTpo cBs3bIBaeT U
onHoBpemenno mrudaet JIHK TATA-Gokca rena TPI.

Tabnuya 3. Onpedenenue 8 pedxcume pearbHO20 BpeMEeHU KUHEMUYECKUX XAPAKMepucmuK
komniexcos TCH/TATA npomomopa cena TPl memooamu FRET u ocmanosenennou cmpyu.

Koncranra TATA-60kc, anaean T TATA-00kc, anaeanr G
OHII -24T>G OHII-24T>G

ka, M™*c* (1.1£0.1)*10° (0.2£0.1)*10°

kg c* (2.8£0.1)*10° (8.9£1.2)*10

[lomyueHHble Hamu pe3yJabTaThl HA pPEAbHBIX MPOMOTOPAX T'€HOB YEJIOBEKA C
nosHOpa3MepHbiM  TCh ymyumumm npexactaBiende o B3ammojaeiictBun TCB/TATA,
KJIIOYEBOM B MHHMIIMALMM M PETYJSIMU TPAaHCKPUMIIUM U CUHTE3a OENKOB B KIETKaX
AYKapHOT.

Hns  Oosiee ToHKOro HaOmoneHust pasmumii B cTpykrype JHK npum
B3ammojieiicteii ¢ TCb B pekuMe pealbHOTO BpPEMEHM MBI HUCTIONB30BAM  Tapy
bayopopopoB TAMRA/FAM ¢ Oosiee BBICOKMM KBAaHTOBBIM  BBIXOJOM W,
COOTBETCTBEHHO, YYBCTBHUTEILHOCThIO aeTekimy, yeM y Cy3/CyS5.

Hamu BmepBeie B pekuMe peaabHOTO BpeMEHH (B TEpBbIE MWUIHCEKY HIbI
B3aMMOJICHCTBUS) ompeaesieHsl KoHpopmammonHbie Tniepexonsl TATA-comepxkamux
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JHK-nynnekcoB, WIEHTHMYHBIX AHIECTPAJbHbIM W MHUHOPHBIM QUICJISIM  Pealib HbIX
renoB LEP u TPl uenoBeka, mpu o6pazoBanun koMmimiekcoB ¢ TCB. Ilomydennbie
JIaHHBIE CBHWIETEIHCTBYIOT O TOM, YTO ()OPMHUPOBaHHE CHEIMPUIECKOTO KOMIUIEKCa
TCB/TATA mnpoucxoaur uyepe3 oOpa3oBaHHE NPOMEXKYTOUHBIX KOMIUIEKCOoB. [Ipu
noBeieHny KoHreHTpauu TCB u JmHBL yIIEKCOB HAOJIIOMAETCS yBEJIMUYEHUE
reTeporeHHocTd KoHpopmaimmoHHbIX mepexonoB JIHK («Brud6 — wucxomHoe
coctostHue»). Ha puc. 4 mpencraBneHa cxema B3aumojaeictBus TChb ¢ JIHK-
NyIUIEKCaMH, TPEJJIOKEHHAsT HAa OCHOBAHMU IOJYYEHHBIX PE3YJIbTATOB.

Pucynok 4. Cxema 63aumooeiicmsua TCh ¢ JJHK-0ynnexcamu, cooepacawumu TATA-
anemenm (E — TCh; S — O[H, uoenmuunviii TATA-60kcy 6 nHopme u npu noaumopgusme)
(Arkova et al., 2016).

+ K k, :
— [T, _-'. fw TATA-6okc
TATA-Gokc k TATA-Goxe k
R

E+S i Mep 1 b “ - Creuuduueckmit komnnekc E*S,
komnnexc E*S,

11

Ly Y “ TATA-Gokc

Cneunduueckuin TpoiiHoi komnnekc E*SeE|

i

H becKkMit TpoiNOR EeSeE,

Bausnue SNP TATA-60okcoB LEP u CYP2A6 na aktuBaocts LUC

V3ydenne BIWSHES aHIECTpabHBIX M MUHOPHBIX ayuieseit reHoB LEP u CYP2AG6,
Ha TpaHcKkpunmo penoprepHoro rera LUC, nokasano (Puc. 5), 9yTo ;momuHectie HIUs
kak 11 LEP -35A>G, Tak u mima CYP2A6 -34T>G 3HauuMo HIDKE, YeM
momuHecueHms st WT (IMKoro) mpoMoTopa, OTKyJa MOJKHO CIejaTh BBIBOM, YTO
HaTMYMe Takux mnoiduMopdmsmoB  yxyamaeT cBs3bBanne TCB/TATA wu cHwkaeT
nocienywomyo oskcrnpeccuto reHa LUC. Tlommmoppmm  38G>A  rs200487063
«ynyumaet» TATA-Ooke, yBeimuuBas cpoictBo TCH k HeMy, 4TO BEJET K YCHIIE HUIO
skcpeccun  peroprepHoro reHa LUC. JlanHoe 3akimioueHwe  COBMAjaeT ¢
npeackasanHbiM  IN Silico addexkrom, a Takke € IKCMEPUMEHTAILHO TOJYYESHHBIM U
nagaeiMu MetonamMu EMSA u FRET.
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PGL4 10 LEP -35A>G LEP-38G>A CYP2A6 -34T>G

Pucynok 5. Kynemypaneno-knemounas eepuguxayusi Hekomopwvix mapkephsvix SNP
2eno6 LEP (-354>G rs201381696 u -38G>A rs200487063) u CYP2A6 (-34T>G rs28399433)
Ha knemouHvlx aunusx uyenogexka MCF-7 u HCT-116, mpancgeyuposannvix pGLA.10
sekmopom, cooepacawum penopmepuwiii 2en LUC (pGL4.10 — xoumponv ons WT 6 6ude
scmaexku  becnpomomopnoco eekmopa PGL4.10; WT- TATA-60xc oOuxoeo muna,
KOHMPOIbHBLI 0711 ocmanivhblx, mymaumuwix TATA-60kco8).

3akir0oueHue

[IpoBeneHHOE ucCcClieJOBaHUWE TO3BOJIIET TOBOPUTH O BO3MOXKHOCTHU 3 (HEKTUBHOTO
UCTIONIb30BaHus  paspaboranHoro  Web-cepsuca  SNP_TATA_Comparator s
BBISIBJICHUSI U TOKJIMHUYECKOW mpoBepku KaHaunaTHeIXx SNP-mapkepoB TATA-GokcoB
B NPEJAUKTUBHO-TIPEBEHTUBHO M NEPCOHAIM3 UPOBAHHO W MEJIHIIVHE.

Kak mnokazanma skcrnepumeHTanbHas BepudUKalUs C HUCHOIb30BAaHUEM pa3iidyHBIX
METOJI0B, Tpe/cka3anHbie 1N Silico ¢ ucrmonmb3oBanmeM paspabortanHoro Web cepuca
SNP_TATA_Comparator, SNP TATA-60kcOB JIEHCTBUTEIIEHO o0nagaroT
NOTCHIMATIOM  ()YHKIMOHAJIBLHOW 3HAYUMOCTH. OKCIEPHUMEHTHI 0 OTpeJelie HUIO
st  SNP Ha  cpoactBo TCB/TATA, mpoBencHHblE B PaBHOBECHBIX U
HEPAaBHOBECHBIX YCIOBHSAX M B PEXKUME pPEATbHOIO BPEMEHH C HCTIOJIb30BaHHEM
METOJ0B oOcTaHOBIeHHOW cTpyn W FRET, mnoka3piBaioT XOpoinyro KOppEssiuio C
nporHo3amu in Silico. Pe3ynbrarhl, NMOJydeHHbIE B PEKHME pPEalbHOTO BPEMCHH,
nokazany, uyto B3aumoeiicteue TCh ¢ TATA-conepxkamumu OJIH 3aBucHT OT JIMHBI
u xkoHueHrparu OJ[H, 1 MOXXET NIPOUCXOAUTh KakK MO MPSIMOMY, TaK M Pa3BETBICHHOMY
nytd. Kak nokasamy SKCIEpUMEHTHI IN VIVO Ha KyJIbType KICTOK aieHOKAPIHO MBI
KUILIEYHUKA W MOJIOYHOM KeJe3bl, BIUSAHIE BBISBICHHBIX OJHOHYKICOTHUIHBIX 3aMEH Ha
skcmpeccuto  peropreproro reHa LUC crartucThdeckd 3HAUYMMO —KOPpEIHMpyeT ¢
BiusiHueM Ha cpoactBo TCH/TATA.
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BriBoanl

1. IIpoBeneHHOE SKCIEPUMEHTAIbHOE HCCIeA0BaHUE MOKa3aio 3()(PEKTHUBHOCTh
ucroJib3oBanus  pazpadoranHoro B MIul™ Web cepBuca SNP-TATA-Comparator s
Npe/ICKa3aHusl HOBBIX MOTEHIMATHHO (YHKIMOHAILHO 3HAuMMbIXx Mytarmii TATA-
OOKCOB MPOMOTOPOB T'€HOB YEJIOBEKA.

2. DKkcriepuMeHTalbHOe M3yueHue cBsa3biBaHusg TATA-cBs3pBatoliero Oenka ¢
oJmroHykieotunaMmu, wuiaeHTndHbIMU TATA-OGokcam pedepeHCHBIX ¥ MHHO PHBIX
ajulened  psna TeHOB JIMOMAHOTO  MeTaboju3Ma ToKa3ajo, YTO MHHUMAaIbHOE
yBeluueHue cpojacTtBa, Ha 14%, okaspiBaeT myrtammsi -30A>T (rs34104384) TATA-
Oookca mpomortopa reHa LEP, wMakcumampHoe, B 2 pasza, Myrtaims -38G>A
(rs200487063) TATA-Ookca 3TOoTO TeHa. MakcuMalbHOE YMEHBIIIEHHE CpOJCTBA B 7
pa3  okazpBaeT wmyramms  -24T>G (rs1800202) TATA-6okca rena TPI.
DKCTepUMEHTaNbHBIE JIaHHBIE KOPPENHPYIOT C MPOTHO3aMH, CAEJAHHBIMHU C MOMOIIBIO
pazpaboTtantoro Web cepsuca (r =0.89).

3. 3meHenne HaciecTBEHHOW wuHDOpMmaruu B pesyibTare Mmyrtammii B TATA-
OOoKce peanm3yeTcsl yepe3 U3MEHEHHE CKOpOCTe 00pa3oBaHMs M paclaja KOMIUIEKCOB
TATA-cBsi3piBatoiero Oeinka ¢ TATA-6okcamu. CKOpocTH 00pa3oBaHUsS W3MEHSIIOTC S
or 0.2 nmo 14 pa3. Myramma -35A>G (rs201381696) mpomortopa rena LEP,
Hapymarmomias rnoclegoBareqbHOCTh TATA-O0kca, NPHUBOAUT K MaKCUMaIbHOMY
YBEJIMUCHUIO CKOPOCTHU paciiafia KOMIUIEKCOB - B 7 pas.

4. BydyeHne B pexuMe pEalbHOTO BpeMeHH oOpazoBanusi komiuiekcoB TATA-
cBs3piBaroniero Oenka ¢ medeHHeiMu FRET-mapoit ¢umyopodopo TAMRA u FAM
OJIMTOHyKJIeOTUAaM U, wiaeHTHIHbIMU TATA-OGokcam mpoMOTOpoB pedepeHCHBIX TE€HOB
LEP u TPl u ux MUHOpHBIM aJieNaM, TOKa3ajio, YTO 00pa3oBaHHe KOMIUIEKCOB MOXKET
NPOUCXOJUTh KaKk MO TpsIMOMYy TIyTH, Tak M TIO pPa3BETBICHHOMY, uepe3
NPOMEXKYTOUHbIE CTaAuM, BEpPOSITHOCTh BO3HUKHOBEHHUsS KOTOPBIX BO3PacTaeT C
YBEJIMUCHUEM JUIMHBI OJIMTOHYKJICOTHIOB U KoHUEHTpammu TATA-cBs3bIBaOIIETO
Oeka.

5. Ha xymerype kinetok 4yenoBeka HCTI116 mnokazana koppensiiys BIIWsS HUS
(r=0.89) myrammii TATA-GokcoB Ha cponctBo TATA-cBs3bBatomero oOesika k TATA-
Ookcam W Ha 3kcmpeccuro perioprepHoro reHa LUC OTHOCUTEIBHO «IMKOTO THUIIA
(WT): wmyramus  -38G>A  (rs200487063) TATA-6Gokca mnpomotopa reHa LEP,
NOBBIIIAIONIAS. CPOACTBO B 2 pa3a, B quHuMM Kietok HCTI16 noBblmana skcmnpeccuro
peopreproro rena LUC B 1.5 - 1.8 paza, myrammst -35A>G (rs201381596),
CHIDKAIOIIasi CPOJICTBO B 3 pa3a, CHIDKaja SKCIPECCHI0 B cpelHeM B 2.5 - 3 paza;
mytarusa -34T>G (rs28399433) TATA-Gokca mpomoTtopa rena CYP2A6, cHwkaromias
CpOJICTBO B 4 paza, Takke B 4 paza CHWwKajla sKcrpeccuro penioprepHoro rena LUC.
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