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Momusayus u yenv. «KIUK-XUMUSD» — MOJOJasi ¥ aKTHBHO pa3BUBAIOIIas 00NacTh
XUMHH, BKIIOYArOmiasi B ceOS BBICOKOA((EKTHUBHBIC, CTEPEO- M PETHOCEICKTHBHBIC
peaxknuu, KOTOpble MOTYT MPOTEKaTh Npu (QU3HONOrnieckux ycioBusax. Hanbompmee
pacrnpocTpaHeHue KITUK-XUMUHU TpUHEecsa peaxius a3u/1-aJIKHHOBOTO
LUKJIONPUCOEIMHEHNS, KaTanu3upyemass noHamu menu(l). DToT kimacc XUMHYECKUX
peakiuii mwpoko ucronbdyercs ansi pyaknunonanuzamun JJHK, PHK n coegmnenuit
HEHYKJICOTHHON MPHUPOJbI, MOANDUIIMPOBAHHBIX ANKUHUILHBIMU rpynmamMu. B sToi
CBSI3M CTOUT BBINENUTH KpaWHE akTyalbHOE MJIS MOJEKYIAPHOH OHONOTHMU KIIHK-
JUTUPOBAHUE — COCTMHEHUE (ParMEHTOB HYKJIEHHOBBIX KHCIOT C IIOMOIIBIO 4-MeTHII-
1,2,3-tpuazonbHoit Tpynmbl (trz-rpymmsl). MexHykIeo3uaHas (rz-cBi3pb MO CBOUM
CBOWCTBAM paJuKaNbHO OTin4aeTcs OT ¢ochaTHOH Tpymibsl — AN NPUMEHEHHS
KOHCTPYKTOB,  IOJYYEHHBIX  KJIMK-TMTHPOBaHHEM, HEOOXOIMMO  HCCIEA0BaTh
0COOEHHOCTH MX MPOLIECCHHIa OeJKaMM, B3aMMOJACHCTBYIOIIUMH C HYKJIEHHOBBIMU
KHCIIOTaMHU.

s HeOonbimoro psima monuMmepas Obuio mokaszano, uro cuHte3 [JHK mo matpure,
cofepxamei trz-csisb, MOXET MPOXOAWUTb, HPU OSTOM HYKJICOTHIHBIX 3aMEH
obHapyxeHo He Obut0. KOppekTHOCTh CHHTe3a Oblia mokasana W B E. coli mpwm
TpaHC(HOPMALIMH TUIa3MUIHON KOHCTPYKIMEH, TMONyYeHHOW KIIMK-TUrHpoBaHuemM [1].
Crnemyer OTMETHTb, 4YTO I[IOKAa3aHHBIE pPe3yJbTaTbl BCTYNAlOT B  HEKOTOPOE
npoTuBopeure co cTpykTypHbeiMu JanHbiMU: JIHK B kommuiekce ¢ JIHK-nonumepasoii B
3HAYUTENILHOW CTENEHH W3JI0MaHa, 4YTO TMpeACTaBiseTcs Oojiee HANpPsHKCHHOU
KoH(opMaIiel B cirydae MeKHYKICO3UIHON TPHa30IbHOM rpymis [2]. B cBs3u ¢ 3TuM
uccnenoBanue axktuBHoctH JIHK-monmmmepas B OTHOIIEHMHM MPOAYKTOB KIJIMK-
JIMTUPOBAHUS BBICTYINAET aKTyalbHOM 3a/1auei.

Memoowt u ancopummur: J{nsi npoBeneHusl uccnenoBanus Obuiv BbiOpaHbl JIHK-
noJyimMepasbl, OTHOCsIHeCst K TpeM cemeiictBam: A (pparment Kienosa Pol | E. coli
(KF)), B (RBpol u Pfu) u X (Pol ). B xauecTBe y1o0HO# MOMIEIN SyKapUOTHYECKUX
monmepas (Pol 6 u Pol €) mmpokoe pacrpocTpanenue Hainia mojuMepasa hara RB69
BBUJY BBICOKOH CTETIEHU UX TOMOJIOTHH.

OneHka crnocoOHOCTH BhIOpaHHBIX monuMmepa3 cuHtesupoBath JHK mo marpuue,
coneprkarieit trz-ces3p, Obli1a IPOBEICHA C HCIIOJIb30BAHNEM JIBYX TUIIOB KOHCTPYKIIUH
JUI MOZAETHMPOBAaHUS MPOXOKACHUS H3ydaeMoil momudukanuu caxapodochaTHOro
0CTOBa B JIBYX pexuMax. B paMmkax mepBoro mcciieaoBajiach CIIOCOOHOCTD MOJIMMEpa3
CBA3BIBATH CyOCTpAT € TPHA30IBHOU rpynmon u nHumupoBaTs cuares JJHK, BTopoit xe
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PEXUM penpe3eHTHPOBAI JJIOHTAlMIO CHHTE3a MO0 MOIUGHUIMPOBAHHON MaTpuIle.
Kunerndeckne mapaMeTphl peaklWd BKIIOYCHUS HYKJICOTHUIOB ObUTH ONpE/ACIeHBl B
YCIOBHSX CTAIMOHAPHON KHHETHKH.

Pesynomamur. Tlomumepasst KF u RB69pol criocoOHbI BeCTH CHHTE3 B OTHOILICHUH
cozepkammx trz-cesizb CyoCTpaToB, 0JJHaKO ObLIO 0OHapykeHo, uro KF B HekoTopoit
CTENeHN OJIOKMPYETCs TPHA30JIbHOM IPYNION HEe TOJNBKO HA CTaJUH MHUIMAINHU, HO U
1OCJIe BKJIIOUEHHMS TIEPBOTO HyKiIeoTHaa. B cBoro odepens 3G GEeKTHBHOCTH CHHTE3a
BbIcOKOMponeccuBHold RB69pol okaszanace 3HaumtenbHO Bbime. [lonmmepasnas
akTUBHOCTh PfU, oTHocsmiedics k ToMmy jxe cemelicTBy, uto u RB69pol, mocre
BKJIIOUCHUSI TEPBOTO 3a HCCIEeIyeMOH MoanduKamuell HYKICOTHAA ITOJHOCTBHIO
onokupoBanace. JIHK momummepaza [ mocrpamBama mpaiiMep C OYEeHb HH3KOH
3¢ PEKTUBHOCTHIO, YTO TaKXKe CBUAETEILCTBYET O mogaBienuu cunreza JHK trz-
CBSI3BIO.

Bbeio mokaszaHo, WTO TpHasoibHas Tpymma B cocTaBe caxapodocarHoro ocrosa
CTUMYJIUPYET CKIOHHOCTH MOJUMEpa3 K omuOkaMm. 3a trz-cBsi3pio B UCIOIB30BAHHON
KOHCTPYKIIUH CJIEIYET 5-METHIIUTO3UH, KoMiuieMenTapHbiii AGMP, kak U OOBIYHBIH
uto3uH. OHAKO BCe MCCIEOBaHHBIC ToNMMepasbl, kpome Pol B, ¢ comocraBumoit
3¢ (EeKTUBHOCTRIO BKJIIOUANM W JApyrue Hykineotuabl. Tak, KF okazancs cnocobeH
BCTpauBaTh B pactyuyto nenb AAMP u dTMP, RB69pol, kpome xoppekTroro dGMP,
urkopropuposaia AAMP. Pfu, B cBoto ouepens, Brimodana tonbko AAMP. HecmoTpst
Ha HU3K03(dexTrBHBIN cunTe3, POl B meMoHcTpupoBaia HanboJsee BRICOKYI TOYHOCTh
cpe/u BHIOpaHHBIX MMOJIMMEpa3 U BKIIIOYaIa TOJIbKO KOPPeKTHBIN HykiaeoTua (AGMP).
Kunernueckue mapamerpsl peakiuii BkiaroueHust AAMP 1 dGMP nmonumepazamu KF u
RB69 Takxe Obpmm ompegeneHbl. C  HCIIONB30BaHUEM COOTHOIIEHUH KOHCTAHT
cnenu(UIHOCTH  (EPMEHTATUBHONW pEAaKIUH C KOPPEKTHBIM M  HEKOPPEKTHBIM
HYKJICOTHIOM OBLITO MToKa3aHo, 4ro RB69pol He Tombko 3 dexTrBHEE TPOBOANUT CHHTES
10 MaTpHIIe, CoJepXKaIleii trz-cBs3b, HO U IEMOHCTPUPYET 00JIee BEICOKYIO TOYHOCTh B
cpaBaenuu ¢ KF.

Bvigoowvr: Takum 00pa3oM, BO3MOXKHOCTh TNPUMEHEHHS KJIHMK-TUTHPOBAHUS B
MOJIEKYJISIPHO-OMOJIOTHYECKUX IIENISX BBI3BIBACT ONPE/CIICHHBIE COMHEHHUS, TaK Kak
UCIIONIb30BAaHHWE ATOW TEXHOJIOTHMH B COOpKE T€HOB MOXET NPHUBECTH K OIIHOKaM
noJjimMepas, a B SKCIiepuMeHTax in Vivo mpoBOIUPOBATh BO3HUKHOBEHHUE MYTAIIUi.
Qunancuposanue: ViccnenoBanue noiep>xaHo rpantom Poceuniickoro Haygnoro gonga
Ne 21-74-10104.
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Motivation and Aim: “Click chemistry” is a young and rapidly developing field of
chemistry that includes highly efficient, stereo- and regioselective reactions that can
occur under physiological conditions. The most widespread reaction of click chemistry
is the azide-alkyne cycloaddition catalyzed by copper(l) ions. This class of chemical
reactions is widely used for the functionalization of DNA, RNA, and non-nucleotide
compounds modified with alkyne groups. In this context, the connection of nucleic acid
fragments using the 4-methyl-1,2,3-triazole group (trz-group), called click-ligation, is
the highly relevant for molecular biology and should be highlighted. The inter-
nucleoside trz-bond significantly differs in properties from the phosphate group — to
apply constructs obtained by click ligation it is necessary to investigate the peculiarities
of their processing by proteins interacting with nucleic acids.

For a small set of polymerases, it has been shown that DNA synthesis on a template
containing a trz-bond can proceed without nucleotide substitutions. The correctness of
synthesis was demonstrated in E. coli during transformation with a plasmid construct
obtained by click-ligation [1]. It should be noted that these results somewhat contradict
structural data: DNA in complex with DNA polymerase is significantly bent, which
seems to be a more strained conformation in the case of the inter-nucleoside triazole
group [2]. Therefore, studying the activity of DNA polymerases towards click ligation
products emerges as a relevant task.

Methods and Algorithms: For the study, DNA polymerases belonging to three families
were selected: A (Klenow fragment of E. coli Pol | (KF)), B (RBpol and Pfu) and X
(Pol B). As a convenient model of eukaryotic polymerases (Pol 6 and Pol ¢), the
polymerase of phage RB69 has gained wide popularity due to high degree of their
homology.

The ability of the selected polymerases to synthesize DNA on a template containing a
trz-bond was evaluated using two types of constructs to simulate the passage of the
studied sugar-phosphate backbone modification in two modes. The first mode examined
the polymerases' ability to bind substrate with a triazole group and initiate DNA
synthesis, while the second mode represented elongation of synthesis on the modified
template. Kinetic parameters of nucleotide incorporation reaction were determined under
conditions of steady-state kinetics.

Results: Polymerases KF and RB69pol are capable of synthesizing substrates containing
trz-bonds, but it has been observed that KF is partially blocked by the triazole group not
only during initiation but also after the inclusion of the first nucleotide. In contrast, the
synthesis efficiency of the highly processive RB69pol was significantly higher. The
polymerase activity of Pfu, belonging to the same family as RB69pol, was completely
blocked after the inclusion of the first modified nucleotide studied. DNA polymerase 3
extended the primer with very low efficiency, indicating suppression of DNA synthesis
by the trz-bond.

It has been shown that the triazole group in the sugar-phosphate backbone stimulates
polymerases to make errors. Following the trz-bond in the used construct there is 5-
methylcytosine complementary to dGMP, similar to the usual cytosine. However, all
polymerases examined, except for Pol B, which showed comparable efficiency, also
included other nucleotides. For example, KF was able to incorporate dAMP and dTMP
into the growing chain, RB69pol incorporated dAMP in addition to the correct dGMP.
Pfu, on the other hand, only included dAMP. Despite low-efficiency synthesis, Pol
demonstrated the highest accuracy among the selected polymerases and included only
the correct nucleotide (AGMP).
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Kinetic parameters of inclusion reactions of dAMP and dGMP by KF and RB69
polymerases were also determined. Using specificity constants for the enzymatic
reaction with the correct and incorrect nucleotide, it was shown that RB69pol not only
conducts synthesis more efficiently on a template containing trz-bonds but also
demonstrates higher accuracy compared to KF.

Conclusion: Thus, the feasibility of using click ligation for molecular biological
purposes raises some doubts, as the use of this technology in gene assembly may lead to
polymerase errors and, in in vivo experiments, provoke the occurrence of mutations.
Funding: The study is supported by Russian Science Foundation (grant No. 21-74-
10104).
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