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OAHOBPEMEHHOE BCTPAUBAHUE MOJIUPUITNPOBAHHDBIX
IMPON3BOJAHBIX dU 1 dC B PACTYILIIYIO LEIIb JHK
B PEAKIIVU VJIIMHEHUSA IIPAVIMEPA U II1IP
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M3zyyena cydcrparHast 3(h(peKTUBHOCTH MOANGUIIMPOBAHHEIX IIPOU3BOIHBIX 2'-ne3oKcuypunnH (mod-dUTP)
u 2'-ne3oKcuuTuanH-5"-tpudocdaroB (mod-dCTP) npu ux oqfHOBpeMEHHOM BBEACHUU B PEAKIIMU YT -
HeHwus npaiimepa (PEX) u ITLP ¢ monHoit 3aMeHoii mpupoaHbixX Ae3okcutnMuanHa (dT) u mezokcnuuTm-
nuHa (dC). ITpuMeHeHbI MoMMepa3bl C OTCYTCTBYIOIIEH 3'-5" 3K30HYKIea3HOi akTUBHOCTBIO: Taq u Vent
(exo-), a TakxKe npupoaHbie u ckoHcTpyrupoBaHHbie JIHK-matpunsr. [Toxydens pparmenter JIHK, Mmoom-
(uimpoBaHHbIE OMHOBPEMEHHO ABYMSI TUTIAMU HYKJIEOTUIOB KaK C aHAJIOTMYHBIMU, TaK U C PA3JIMYHBIMU
byHKIIMOHATBLHBIMU TpyImmaMu. McciiemoBaHusl BasKHBI IUTST TTOJYYeHMST allTaMEPOB C PaCIIMPEHHBIMU

CBOMCTBaMMU.

Knroueswie cnosa: moouguyuposanmsie Hykaeomuodst, moouguuuposarnuvie IHK, peakyus yoarunenus npaiimepa,
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BBEAEHUE

Anramepsl — PHK- wm JTHK -ommronykneorunasi,
CITOCOOHBIE MTPOSIBIISATHE a(PHMHHOE CPOACTBO K OMOMO-
JiekynaM. BeeaeHue Moaudukaiimii B antaMmepsbl 1Mo3-
BOJISIET UBMEHUTh MX (PU3UKO-XMMUUECKHE CBOMCTBA
M YBEJIMYUTH CPOICTBO K MX MUIIEHSIM [1, 2]; Hanbonee
IIMPOKO TMPUMEHSIOTCS (pepMEHTATUBHBIE METOIBI C
HMCIIONIB30BaHNEM MOTU(UIIMPOBAHHBIX TpHPocdaToB
JIe30KCUHYKJIe03110B. OMHOBpEMEHHOE BCTpauBaHUE
HYKJICOTUIOB C pa3INYHBIMU MOIU(PUKALIUSIMU B OJ1-
Hy pactyiiyto tenb JJHK cnoco6Ho n3aMeHuTh cBoii-
CTBa I10JIy4yaeMbIX MOAUMDUILIMPOBAHHBIX alITAMEPOB,
anrta3umoB u JIHK-3o110B [3]. B HacTostieit pabote
MIPpOaHAIM3UPOBAHBI 0COOEHHOCTH OTHOBPEMEHHOTO
BcTpauBaHus B pactyiyto 1enb JIHK moauduiimpo-
BaHHBbIX dUTP 1 dCTP kak ¢ aHaJIOTMYHBIMU, TaK U C
Pa3IMIHBIMUA (DYHKIIMOHATBHBIMUA MOIN(UKAIIUSIMU.

PE3VJIBTATBI 1 OBCYXIEHHUE

HccnemoBanmu cyOcTpaTHBIE CBOiicTBa Momudu-
LIUPOBAHHBIX aHAJIOIOB I€30KCUHYKJIE03U10B (mod-
dUTP 1 mod-dCTP), cTpyKTypbl KOTOPBIX TpUBEIC-

Coxkpaienust: mod-dUTP — MoauduumrpoBaHHblii 2'-1e30K-
cuypunnH-5'-tpudocdar; mod-dCTP — MomudbuLmpoBaH-
HBI 2'-1e30KCUIMTUINH-S5'-Tprudocdar.

#ABTOp st cBs3u: (ten.: +7 (495) 135-98-00; dakc: +7 (495)
135-14-05; 371. moura: lapa@biochip.ru).

HBI Ha puc. 1. [IpoBoauiv peakiinio yIJIMHEHWS TTpaii-
mepa (PEX) u I11IP npu onHOBpeMeHHOM BBele-
Hur mod-dUTP u mod-dCTP B peakiimoHHYI0 CMeCh
¢ TIoJIHBIM 3aMeleHrueM TIpupoaHbeix dTTP u dCTP.
Coszpasanu rmapel dU + dC ¢ aHaJIOTMIHBIMUA U € pa3-
JIMYHBIMU MomuduKanusIMu. B kadyecTBe MaTpuil 1j1st
PEX u IILHP npuMeHsIM CUHTETUYECKUE OJTUTOHYK-
aeotuabl U 6aktepruanbHyo JIHK, cooTBeTcTBEHHO.
Hcnonp3oBamu JJHK -tiommmepassr Taq 1 Vent (exo-).
CuHTeTUYeCKUEe MaTpULIbl COIEPKaIM YJaCTKM JIJIsl
rocJjie1oBaTeIbHOro BKoueHus 1, 2, 3 u 4 mogudu-
LPOBAaHHBIX HYKJICOTUIOB.

B PEX c cuHteTnyeckumu marpunamu Tag-mo-
JIMMepas3a BOCIIPMHUMAJIA MOIU(DUIIMPOBAHHBIE TIPO-
n3BogHbie dU, HO mokasaja ciadylo cyOoCTpaTHYIO
coBMecTuMOCThb ¢ mod-dC. BeIxombl ITpoayKTa OKOJIO
30% ynanoch IOJyYUTh I IS 5-TIPONUHWI-TIPO-
n3BogHoro. Beenenue B peakuuio dCTP ¢ MaccuBHBIM
3aMecTuTesieM (MHOO0d) MPUBOAWIO K IMOJYYCHUIO He-
MOJIHOPa3MEPHBIX ITPOAYKTOB JINOO MOJTHOMY UX OTCYT-
ctBuo. B mapax monudunmpoBanHbix dU + dC Beixon
peakuMu 3aBHUCE] OT OoJjiee “CIIOXKHOTO” IJIST MOJIM-
Mepas3bl cyOcTpaTa B mape, a MMEHHO MOOU(MDUIIMPO-
BanHoro dC, u He nipesbiai 10%. s moguduim-
poBaHHbIX dU ymanoch ITOJIy4UTh ITOJTHOPa3MepHbIE
npoayKThl 11t dU-i u dU-p ¢ BeIxomom okouo 30%.

IMomumepasa Vent (exo-) mokasaja CIIOCOOHOCTb
BCTpamBaTh CyOCTpAT C TeTEPOLMKINIECKON MOIU-
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Puc. 1. MoguduunposanHsie Tpudocdarsl Ae30KkcuypuarMHa (ciesa) u aesokcumruauia (cnpasa). dU-i u dC-i — mpous-
BOIHBIE, COIEpKallre Ha MMPUMUIMHOBBIX OCHOBaHMSIX (hparMeHThl 3-MHIOMPONTMOoHOBOi kuciotsl, dU-p u dC-p — nipo-
WU3BOJHBIE, COAEPXKALME HA MUPUMUIMHOBBIX OCHOBAHUSX S-TIPONMHUII.

(a) PEX (6) PCR

Marpuna M2UC Taq

dU-i + dC

d dU-p +dC
Ladder d7+dC dT +dC-i

dT +dC-p

dU-i +dC-i
dU=p +dC-p

dU-i +dC-p Tt e
dU-p +dC-i gL HdC

dT +dC-i

dU-p +dC
dT +dC-p

dU-i +dC-i
dU-p +dC-p

dU-i +dC-p

Ladder dT +dC dU-p +dC-i

-

-_—

Marpuiia M2CU

dU-i +dC
Ladder  d7T +dC

Vent(exo-)

dU-p +dC
dT +dC-i dT+dCp

dU-i +dC-i dU-i +dC-p
dU-p + dC-, J-p +dC- ol
dU-p +dC-p dU-p +dC-i dU-i + dC

dU-p +dC dU-i +dC-i dU-i
Ladder  dT+dC P

dT +dC-i dT+dCp dU-p +dC

Puc. 2. (a) PEX ¢ npuMeHeHeM MOJEIbHbIX MAaTPUYHBIX ouroHyKieotunoB M2UC u M2CU (mivHa 49 Hr). Ha npumepe
Vent (exo-) JIHK-mmomumepassl. Ladder — mapkep minH nponyktoB GeneRuler 50bp; napsl ncroib3oBaHHbIX ANTP ykazaHbl
HaJl COOTBETCTBYIOIIMMU JIyHKamu Tejisi. CBepxy Kaxkmaoil (poperpaMMbl yKa3aHa MCITOJIb30BaHHAsi CHHTETUYECKasi MaTpulia.
PaznuyHasi noaABYXKHOCTb MPOAYKTOB B refie, Mo-BUAMMOMY, OOYCJIOBJIEHAa CTPYKTYPHBIMU paznuuusiMu Moaudukauuit. [Tpu
BbIOPAHHOM BPEMEHHOM WHTEpBaJle 3JIOHTAllMU TpaiiMepa HaOII0IaeTcsi HAJTMYMe MOJIHOPa3MEPHbIX MPOAYKTOB PeaKlUM.
(6) TILP c mpumenenuem 6akrepuanbHoit JIHK-matpuiisr. CBepxy Kaxmoit hoperpaMMbl yKazaHa UCITOIb30BaHHAS TTOJTMME-
pasa. OkpauBaHue OPOMUCTBIM STUIVEM.

dukanmeit (mHH0a). B mapax ¢ pa3nuYHBIMU MOO-

B cnyuae I11IP ucronb3oBaiu Te XK€ KOMOMHALIU
PUKAIIMIMHA BBIXOII, OIIPEACIISIIICI HamOoJiee CIIOX-

MoondpupoBaHHLIX TpHdocdaToB. B kauecTBe MaT-

HBIM CyOCTpaToM, Kak M B ciaydae Tag-mommMepaskl.
OnHako, B cirydae Vent (€x0-) BO BCeX BapraHTaxX KOM-
OMHAIINIT yIaJIoCh TTOJyYaTh MOJTHOPpa3MepHBIEC ITPO-
nykThl. Pesynsrar mpoBenenuss PEX ¢ Vent (exo-) mo-
JIMMepa30ii TIpeCcTaBIIeH Ha puC. 2a.
BUOOPTAHUYECKAA XUMUA
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2020

PpULIBI MCITOIb30BaIM (pparMeHT reHa rpoB Mycobac-
terium tuberculosis nimHoi 126 n.o. [4]. Ha puc. 26
nokas3aH pe3yibrat [T P xak mist nHauBUIyaIbHOTO
MIpUMEHEHUS pa3HOMMEHHBIX HyKJIeoTruaoB (mod-dU
win mod-dC), Tak ¥ OjIsi COBMECTHOIO BBEICHUSI
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(mod-dU + mod-dC) B pa3nuuHbIX KOMOMHAIIMSX.
W3 snekrpodoperpamMm BUTHO, 4YTO Taq-nojmMmepasa
CITOCOOHA BCTpanBaTh HEKOTOPbIE MOIU(DUILIMPOBAH-
Hele dU, Ho MomuduumpoBanHbie dC 0Ka3bIBaIOTCS
IJIs1 Hee 0oJjiee CIOXHBIM CyOCTpaTOM, YTO XOPOIIO
KOppeIupyeT Kak C ITOJyYeHHBIMU paHee JaHHBbIMU
[5], Tak u ¢ pe3yabratamu PEX HacTos1iero uccie-
JOBaHUSI.

Ananus metonoM I1LIP B pexxume peaabHOro Bpe-
MEHU T0Ka3bIBAET, YTO MPOU3BOJIHbIE C MEHEE O0b-
eMHBIMM (YHKUUOHaIbHbIMU Tpyrnnamu (dU-p u
dC-p) 1eMOHCTPUPYIOT BBEICOKYIO CKOPOCTh HAKOII-
JICHUS TIPOAYKTa, B TO BpeMs Kak MmaccuBHbIe (dU-i n
dC-i) neMOHCTpUPYIOT JUOO IIOJIOTYI0 KPUBYIO Ha-
KOILUICHUSI CUTHAJIa, IMOO 3aIep>KKY MOPOTOBOIO 1IUK-
Ja (C,) B 3aBUCUMOCTHU OT UCII0JIb30BaHHOI KOMOU-
Hanuu dU + dC. ITockonbky B [T P BpemeHHBIE MH-
TepBaJibl JIOHTallMu MpaiiMepoB ropas/io MEHbIIIE,
yeM B PEX, mHrubupyioiiee BnusiHue MOIUQGUIIAPO-
BaHHBIX TTPOU3BOAHbBIX MPOSBIISIIOCH CUJIbHEE. YBe-
JIMYEHVE BPEMEHM 3JIOHTAllUM TPaiiMEPOB MOXET
MPUBECTU K OOJIBIIIMM BBIXOJIaM 11€JIEBOTO MPOAYKTA.

HaubGonee cioxxHbIM cydocTpaToM ist Vent (exo-)
okazancsg dC-i (mpmomn). IIpu wmHOMBUIYATbHOM
MMPUMEHEHUU JIJISI HETO YIaeTCsl TOMYyUYNUTh MOJTHOPAa3-
MEpHBIN MpoaykT. Ho B koMOuHamm ¢ Moguduim-
poBaHHBIMU AU BUIHO GOJIBIIOE KOJIMYECTBO HEMOJI-
HOpa3MepPHbIX MPOAYKTOB.

Mi1C

IMomamepasa Vent (exo-) IIpyuMeHMMa 711 IPOBEIE-
HUSI OOJHOBPEMEHHOIO BCTPauMBaHMSI Pa3HOMMEHHBIX
MOIUMUITMPOBAHHBIX TPU(OCcGHATOB B PACTYIILYIO LIETTh
JHK MmeTonom PEX npu ncnoiab3oBaHUM MaTPULL, CO-
JIepxXKallrx mocjiegoBaTeJbHO OT 1 10 4 TTOBTOPOB
BCTpauBaHUS MOAU(DULIMPOBAHHBIX ITPOU3BOIHBIX.
IToka3zaHa BO3MOXHOCTh NPUMEHEHMS ITOJIMMEpPa3bl
Vent (exo-) B IIIIP n1sg omHOBpEMEHHOIO MOIApHOIO
BBEACHUS Pa3HOMMEHHBIX MOIU(PUIIMPOBAHHBIX TPU-
docdaros aezokcuHykieo3nnoB (mod-dU + mod-dC)
C pa3InYHBIMU MoauduKauusIMu. DPPeKTUBHOCTH
aMIUIMpUKaU 3aBUCUT OT IPUPOALI BBEICHHBIX
Moau(UKaIIA.

BKCINEPUMEHTAJIbHAA YACTb

Mooduguuuposarnnvie ananoeu
mpugocghamoes 0e30K CUHYKAe03Ud06

Coemunenus dU-i u dC-i cunre3upoBadsl B UMb
PAH, coeqnnaenns dU-p u dC-p nmponsBeneHs! Trilink
Biotechnologies (CIIIA). CTpyKTypbl COeOWHEHUIA
MpUBEACHBI HA puUc. 1.

I HK-mampuybt

B pa6ote mcronmp3oBaH pparMeHT reHa rpoB M. tu-
berculosis [4] nnsa ITLP u cuntetnyeckue JJHK-mat-
pusl 1ist PEX mmHoit 49 HT, mocienoBaTeIbHOCTU
KOTOPBIX IPUBEICHBI HUXKE,

5'-CTGGGGCTCTGGGCTCTGGCTCTGCT-GGCTACCAGTATGGAGCTGACAG-3'

MI1U 5'-CTAAAACTCTAAACTCTAACTCTACT-GGCTACCAGTATGGAGCTGACAG-3'
M2CU 5'-CTAGAGCTCTGAGCTCTAGCTCTGCT-GGCTACCAGTATGGAGCTGACAG-3'
M2UC 5'-CTGAGACTCTAGACTCTGACTCTACT-GGCTACCAGTATGGAGCTGACAG-3'

IMony>xupHbIM IIPUMTOM OTMEYEHBI HYKJIEOTUIbI,
KOMILJIEeMEHTapHbIe ucciaenyeMbiM. KypcrBoM Bbljie-
JIEH npaiiMepHbIii y4acTOK.

Peaxuyus yorunenus npatimepa (PEX)

PeakumonHast cMech conepkasa npupoaHbie dATP
n dGTP B xkonueHTpauuu 0.2 MM KaXXaoro, a Takxke
pa3nuuHbie codeTaHust TpUdocdaToB Ie30KCUHYK-
JIEO3UIOB, yKa3aHHbIe Ha puc. 2; 1.5 U Taqg- 6o 0.5 U
Vent (exo-) JIHK-monumepasbl (peaklinoHHbIN Oydhep
COOTBETCTBOBAJI MPUMEHEHHOI NoIMepase); Tpaii-
mep it PEX; onHy 3 cuHTeTMyeckux mMarpuil. Peak-
o npoBogwn Ha JIHK-ammmdpukarope MiniCy-
cler (MJ Research, CIIIA) mo ciemyroleii ImporpamM-
Mme: 5 MuH ripu 95°C; ganee 30 ¢ mpu 65°C 1 40 MUHYT
npu 72°C.

BUOOPTAHUYECKAA XUMUA

ITloaumepasnas yenunas peaxyus (I1L[P)

PeakuunonHast cmecsh mist TP 6b11a aHanoruyHa
npumeHeHHoit 1 PEX. B kadyecTBe MaTapulibl UC-
noJiL3oBaI (pparMeHT reHa rpoB M. Tuberculosis n
COOTBETCTBYIOIIME IIpaiiMephl. TeMIlepaTypHO-Bpe-
MmeHHOM npodmib TP cocrostn u3 npegBapuTeiib-
Hoii neHaTtypanuu ripu 95°C B TeueHue 3 MUH, 32 KO-
topoit ciaenosai 31 nuxit: 95°C B Teuenue 30 ¢, 65°C
B TeueHue 30 ¢, 72°C B teueHue 40 ¢ u gajee 3aBep-
Hraromiass uHKyo6auwus npu 72°C B TedeHUe 5 MUH.

II1IP 6 pexcume peanrvHoeo epemeHu

st BU3yanusaluMu Tipoliecca B peaKIIMOHHYIO
cMech nobasistin Kpacuteab EvaGreen (Biotium,
Poccust). AMnnndukanuio IIpoBOoIuIn Ha IIpudope
1Q5 (Bio-Rad, CIIIA).
Ne 5
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Onpedenerue svixo0a npodykmoe amnauguxkayuu

IMonyayennsie [T P-niponykTsl pazaensiv B 4% ara-
po3HoM rejie. OKpalllBaHUEe MTPOBOAUIN OPOMUAOM
atuaus. KoanuecTBo nNpoayKra olleHUBaJIU MO ONTH-
YECKOM TIOTHOCTU COOTBETCTBYIOLIMX IOJIOC B O-
POXXKax TeJfisi C UCIOoJIb30BaHUEM MporpammMbl Image]
(NIH, CIIIA).
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Simultaneous Incorporation of Modified dU and dC Derivatives
in the Growing DNA Chain Using PEX and PCR

A. V. Chudinov*, V. E. Shershov*, A. S. Pavlov*,
0. S. Volkova*, V. E. Kuznetsova*, A. S. Zasedatelev*, and S. A. Lapa*-#
#Phone: +7 (495) 135-98-00; fax: +7 (495) 135-14-05; e-mail: lapa@biochip.ru
*Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, ul. Vavilova 32, Moscow, 119991 Russia

The substrate efficiency of modified derivatives of 2'-deoxyuridine-(mod-dUTP) and 2'-deoxycytidine-5'-
triphosphates (mod-dCTP) was studied in the regime of simultaneous incorporation using the primer elongation
reaction (PEX) and PCR with complete replacement of natural deoxytimidine (dT) and deoxycytidine (dC). Poly-
merases with missing 3'-5' exonuclease activity were used: Taq and Vent (exo-), as well as natural and con-
structed DNA templates. DNA fragments modified simultaneously by two types of nucleotides with similar
and different functional groups were obtained. Research is important for obtaining aptamers with extended

properties.

Keywords: modified nucleotides, modified DNA, primer extension reaction, PCR, aptamers
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