doi 10.18699/bgrs2024-11.3-01

DochopamMmuaHbie 0€H3UMUAA30/IbHbIE OJIUTOHYKJIEOTH/IbI
B COCTaBe HecOBepuUIeHHbIX KoMILIekcoB ¢ JTHK:
ruOpuau3aluOHHbIE CBOMCTBA M 3PPEeKTUBHOCTH
yaiauHenus B xoae I[P

Tonbimes B.1*, Mopososa ®@.1 2, Bepmrorun A.%2, Jlom3os Al

L Huemumym xumuuecxoii 6uonozuu u pynoamenmanvroii meduyunv: CO PAH, Hogocubupck, Poccus
2 Hosocubupckuii 2ocyoapcmeennviil ynusepcumem, Hosocubupck, Poccus

* golyshewvictor@gmail.com

KaroueBble cjIoBa: aHAJIOTH HYKIJIIEMHOBBIX KUCJIOT; FI/I6pI/IﬂI/I3aL[I/IOHHLIC CBOfICTBa; (1)H3HKO-XI/IMI/I‘IGCKI/I€
CBOﬁCTBa; OJHOHYKJICOTUIHBIE HECOOTBETCTBUA, HHP, npaix’IMepm; AYTUIEKChI

Momusayus u yenv: C pocToM TpeOOBaHUH K BBICOKOUYBCTBUTEIBHBIM M CTICHU(PHIHBIM
METOAaM MOJIEKYJISIPHOTO OOHAPYKEHHUSI, COBEPIICHCTBOBAINCH METOIBI TUATHOCTHKH,
YTO MNPUBEJIO K IIOCIEAOBATEIBHOMY Da3BUTUIO 3((EKTUBHON TEXHHKH ACTEKIMU
HYKJIGMHOBBIX KHCJIOT — monuMepaszHoil nenHoi peakmwm (IILP). [dms moBeimeHust
CHEIU(PUIHOCTH U YYBCTBUTEIBHOCTH B cocTaBe mpaiimepor st [P ucnonb3yroT
pasnuyHble TUIBI MOAW(UKAIMKA HYKJICOTUAOB OZHMM U3 MEPCIEKTUBHBIX aHAIOTOB
HK ans storo moryt BeIcTymaTh (ocdopaMuaHble a30jbHBIE ONUTOHYKICOTHIBI
(DPAO), MeTo aBTOMAaTHUECKOTO TBepAO(DazHOro GpochuraMuIHOrO CHHTE3a KOTOPBIX
Obu1 BrepBele HemaBHO mpemiokeH B MXbOM CO PAH [1]. VYke HadaTsl
WCCIIEIOBaHNSA WX (U3UKO-XUMHUYECKHX [2] W MONeKyIsIpHO-OHoIorndeckux [3]
cBoiicTB. Llenpio naHHOI pabOTHI SBISIOCH M3yUeHHE (UIMKO-XUMHUECKUX CBOMCTB
komrmiekcoB JTHK ¢ HOBBIM KiaccoM MOAM(HIUPOBAHHBIX MO MEXKHYKICOTHIHOMY
¢dochatHOMY OCTAaTKy JIE€30KCHPHOOHYKIEHHOBBIX KHCIOT — (ochopaMuIHbIX
OCH3MMHIA30JIbHBIX ~ OJIMTOHYKJICOTHIOB, B KOTOPBIX OyIyT IpPHCYTCTBOBAThH
OJTHOHYKJICOTH/IHBIE ~ 3aMEHBI, a TakkKe HccieoBaHue JI(PPEKTHBHOCTH H
cneur(pUIHOCTH YIVTMHEHUS! MOAU(PULIIMPOBAHHBIX LIETIEH, YTO MOCIYKUT 0a3ucoM IJist
UX JaJIbHEHIIEro NPUMEHEHHS.

Memoovl u ancopummul: Ha mepBoM Imare HCCICIOBAHUN HCIIONH30BATH METO/T
TEPMUYECKON ACHATYpAllMM C ONTHYECKOM PETHCTpalUedl CUIHajla B CTAaHJIAPTHBIX
yenosusx (1 M NaCl, 10 mM (CHz)2AsO2Na, pH 7.2) u B yciioBusix, MpuOIHKEHHBIM K
yesousiM TTLP (100 MM NaCl, 5 MM MgClz, pH 7.2), B 00bIIHHCTBE SKCIEPUMEHTOB
WCIIONIb30BAIM CYMMAapHYIO KOHIIEHTpanuio onuronykieotugoB 10 MxM. Jlns atoro
ucnonb3oBasu cuekrpodoromerp Agilent Cary 3500 ¢ 8-MHuCEKIMOHHBIM AepKaTeIeM
¢ IlenbThe smeMEHTOM JUId TeMIEpPaTypHOro KOHTpois. s aHamu3a CTPYKTYpHI
MO/JIEJIHBIX HATUBHBIX U MOJU(HUIIMPOBAHHBIX KOMIUIEKCOB OBUIM 3alMCaHbl CIIEKTPHI
kpyroBoro auxpousma (KJ[) Ha cmexrpomonsipumerpe Jasco J-600. Jlns u3yueHus
cyocrparneix cBoiictB PAO//JHK kommuiekcoB mpu mpoueccupoBannun ux JHK-
3apucuMoii JIHK-nonumepasoit ucronb3oBain tepmorukiep Eppendorf Mastercycle
Classic co ciemyromieii mporeaypoi JIsl OJHOTO IUKJIA: COCTOSIIETO U3 ABYX CTAJIHMN:
omxkura — 95 °C — 2 munytsl, 30 °C — 1 munyTa 1 snonranuu npu 37 °C B Te4eHUU
7 MUHYT. OIeKTpOQOPETHUECKUH aHaiu3 NPOAYKTOB mpou3Bogwid B 15 %
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nenatypupymomeM [TAAI'. CkanupoBanue reieit nposogwiu Ha VersaDoc VH 4000
(Bio-Rad, Hercules, CA, USA) ucnions3yto kanan aist FAM.

Peszynomamer: B paMkax TaHHOTO MCCIEAOBAaHUS OBLIH M3yYeHBI (PU3NKO-XUMHUIECKIE
CBOIICTBA TPHHAALIATH3BEHHBIX OJIUTO/I€30KCHPHUOOHYKICOTHIOB, CO/IeprKaIIie OaHy N-
OCH3MMHUIA30JIbHYI0  MOAM(UKAaUI0 B KOHIEBOH WM MPEIKOHLEBON
MEXHYKICOTUIHOH (ocdaTHO Tpymie ¢ 3'- KoHIa, (POPMUPYIOLTNX KOMIUIEKCHI ¢ 22-
3serHbIME J{HK nensimu. @opmupyeMbie MU KOMIUIEKCHI OBUTH KOMITJIEMEHTAPHBIMHU
WK CoAep Kajl MUCMAaT4 BO BTOPOM IOJIOKEHHHU C 3'- KOHIA KOPOTKOW LenH. beuio
MOKAa3aHo, YTO MpoLecc 00pa30BaHUs TAKMX KOMILIEKCOB MOXKET OBITh OITMCAH B PaMKax
MPHOIKEHUS MOJIENTN ABYX COCTOSTHUN. BBenenne 6eH3nMIIa30IbHON MOTUpUKAITIT
3HAYUTENLHO CHUYKAET TEPMHUUECKYIO CTAOMIBHOCTh TAKUX KOMIUIEKCOB B CTAHIAPTHBIX
ycaoBusix (1M NaCl), Ho B yclnoBUsIX, ONMHU3KHUX K PU3HOJIOTHIECKUM TAaKOTO CHIKEHHUS
nmpakThdecku He HabmomaeTcs. BBemenme N-OeH3MMHIA30JbHON MOTUGUKAINK B
nepBbId (pocdaTHBIN OCTATOK MPUBOJUT K MEHBIIEH JAeCTaOMIN3allii AYTUIEKCOB, YeEM
ee BBe/IEHUE BO 2 MOJIOKEHUE OT 3'-KOHIIa KOPOTKOM LEMH.

Beuto mokazaHO, YTO CTPYKTypa KOMIUIEKCOB HATHBHBIX M MOAW(DUIMPOBAHHBIX
KOMIUIEKCOB 0€3 MHCMaT4eld MPaKTHYECKH COBIAAAI0T W COOTBETCTBYIOT B-dopme
neoruoit cnupanmu  JJHK. Hanwune OJHOHYKJICOTHAHBIX HECOOTBETCTBHM U
MOIU(HUKAIUHA HE TMPHBOAUT K 3aMETHOMY HapyIICHHIO CHHPaTbHOH (QopMBbl
KOMILIEKCA.

Ha cnexyromem stame Oblia mccienoBaHa CKOPOCTh M 3(()EKTHBHOCTH AIIOHTAITUH
TpuHaauaTu3BeHHBIX PAO npaiiMepoB B koMmIuiekce ¢ 22-38eHHon JJHK-MaTpuneit kax
UL CHCTEeM C MHCMaT4aMd, TaK W KOMIDIEMEHTAapHBIX KOMIUIEKCOB IIPH
npoueccupoBanuu ux JJHK-3aBucumoit JJHK-nonumepaszoil. brina u3yueHa kuHeTuka
VAJIMHEHUs paiiMepa Ha OCHOBAaHHMHW YerO BHIOpPaHBI ONTHMAIbHBIC YCIIOBHS aHAJIH3a.
Ananu3z npoaykrtoB yanuaenuss ®AO-npaiimepoB Taq JHK-monmmepas3oi mo3Bomimi
OTIpEAIeNINTh BaYKHBIE IS AeicTBHA (epMeHTa monokeHuss DA-Tpymm B mpaiimepe
3aMeIISIONIME WM TPEMATCTBYIOIIME YJIMHEHUIO onuromepa. B dyacTHoOCTH,
MOaU(UKALIUS IEPBOTO MEXKHYKICOTHIHOTO (hocaTHOro ocraTka ¢ 3'-KOHIIA paiiMepa
MPUBOJIMIIA K 3aMETHOMY CHIDKEHHUIO 3(h(DEKTHBHOCTH €T0 y/UTMHEHUS, B TO BpEMsI KaK
Moaudukanus BTOporo Qochara B MEHbIIEH CTENEHH HWHTUOMpOBAJA IPOIECC
AIIOHTAIIMH KaK JUIS KOMILIEMEHTAPHBIX KOMITIEKCOB, TaK 1 KOMILJIEKCOB C MUCMATYEM.
Buvisoowi: Takum 00pa3om, M3ydeHBl (PU3UKO-XUMHUECKHE U CyOCTpaTHBIE CBOICTBa
O®AO/JJHK  komriekcoB  (Kak  HMMEROIIAX B TIPEJKOHIIEBOM  IOJIOXKEHHUH
OJTHOHYKJICOTH/IHBIE HECOOTBETCTBHS, TaK M KOMIUIEMEHTapHBIE CHCTEMBI) IIpH
nporneccupoBanuu ux JIHK-3apucumoii JJHK-nmomumepasoii. Ilokazano, 94To Hamu4me
O0eH3MMHIA30JIbHOI docopamMuHO MOmM(UKANINKA B TIEPBOM MEKHYKICOTHIHOM
¢docharHOoM ocTatke OT 3'-KOHIIA TMPAKTUYECKH MOJHOCTHIO WHTHOHMPYET MpoIlecc
SJIOHTAIMU B CUCTEMaX C OJIHOHYKJICOTHHBIMH HECOOTBETCTBHUSIMH.

Qunancuposanue’ Vccnenopanne nouepkano rpanrom PH® Ne 23-74-01116.
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Motivation and Aim: With the growing requirements for highly sensitive and specific
methods of molecular detection, diagnostic methods have been improved, which led to
the consistent development of an effective technique of nucleic acid detection —
polymerase chain reaction (PCR). In order to increase specificity and sensitivity, various
types of modifications of nucleotide derivatives are used as primers for PCR. One of the
promising analogs of NA for this purpose can be phosphoramide azole oligonucleotides
(PAO), the method of automated solid-phase phosphitamide synthesis of which was
recently proposed for the first time in ICBFM SB RAS [1]. Studies on their
physicochemical [2] and molecular biological [3] properties have already been initiated.
The aim of this work was to study the physicochemical properties of DNA complexes
with a new class of deoxyribonucleic acids — phosphoramide benzimidazole
oligonucleotides modified on the inter-nucleotide phosphate residue, in which single-
nucleotide substitutions will be present, as well as to study the efficiency and specificity
of the modified chains elongation, which will serve as a basis for their further
application.

Methods and Algorithms: In the first step of the research we used the method of thermal
denaturation with optical signal registration under standard conditions (1 M NacCl,
10 mM (CHa).AsO:Na, pH 7.2) and under conditions close to PCR conditions (100 mM
NaCl, 5 mM MgCl;, 10 mM (CH3)>AsO2Na, pH 7.2); in most experiments we used the
total oligonucleotide concentration of 10 uM. For this purpose, an Agilent Cary 3500
spectrophotometer with an 8-section Peltier element for temperature control was used.
To analyze the structure of model complexes of native and modified complexes, circular
dichroism (CD) spectra were recorded on a Jasco 600 spectropolarimeter. To study the
substrate properties of FAO/DNA complexes during their processing by DNA-
dependent DNA polymerase, an Eppendorf Mastercycle Classic thermocycler was used
with the following procedure for one cycle: consisting of two stages: annealing at 95 °C
for 2 minutes, 30 °C for 1 minute and elongation at 37 °C for 7 minutes. Electrophoretic
analysis of the products was performed in denaturing 15 % PAGE. Gels were scanned
on a VersaDoc VH 4000 (Bio-Rad, Hercules, CA, USA) using the FAM channel.
Results: This study investigated the physicochemical properties of complexes of
thirteen-stranded oligodeoxyribonucleotides containing a single N-benzimidazole
modification in the terminal or preterminal phosphate group at the 3'-end with 22-
stranded DNA strands. The complexes formed by them were complementary or
contained mismatches in the second position from the 3'-end of the short chain. It was
shown that the process of formation of such complexes can be described within the
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approximation of the two-state model. The introduction of benzimidazole modification
significantly reduces the thermal stability of such complexes under standard conditions
(1M NaCl), but under conditions close to physiological conditions such reduction is
practically not observed. The introduction of N-benzimidazole modification into the first
phosphate residue leads to less destabilization than introduction into position 2 from the
3'-end of the short chain.

It was shown that the structure of the complexes of native and modified complexes
without mismatches practically coincide and correspond to the B-form of the DNA
double helix. The presence of single-nucleotide mismatches and modifications both 5'
and 3' away from it does not lead to a noticeable disruption of the helical shape of the
complex.

At the next stage, the rate and efficiency of elongation of thirteen-stranded FAO primers
in complex with 22-stranded DNA primers were investigated for both the systems with
mismatches and complementary complexes when they were processed by DNA-
dependent DNA polymerase. The kinetics of primer elongation was studied and optimal
conditions of analysis were chosen. The analysis of PAO-primer elongation products by
Taq DNA polymerase allowed us to determine the positions of PA-groups in the primer
that are important for the enzyme action and slow down or prevent oligomer elongation.
In particular, modification of the first internucotide phosphate residue at the 3'-end of
the primer led to a marked decrease in its elongation efficiency, while modification of
the second phosphate inhibited the elongation process to a lesser extent for both
complementary complexes and complexes with mismatch.

Conclusion: Thus, we have studied the physicochemical and substrate properties of
PAO/DNA complexes (both those with single-nucleotide mismatches in the preterminal
position and complementary systems) when they are processed by DNA-dependent
DNA polymerase. It was shown that the presence of a benzimidazole phosphoramide
modification in the first inter-nucleotide phosphate residue from 3' almost completely
inhibits the elongation process in systems with single-nucleotide mismatches.

Funding: The study is supported by the Russian Science Foundation. (No. 23-74-01116).
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