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Momusayus u yens: CTaOUIBHOCTh TEHETHYECKOH MH(pOPMALMU B KHBOH KIETKE —
KIII0Y K €e HOpMalbHOMY (YHKIHMOHUpPOBaHWIO. Ha cerogHAmHuUN JeHb HE ocTaeTcs
coMHeHu#, yto mnoBpexnacHusa JHK wurpamT kiatodeByr0 pojib B BO3HUKHOBEHHHU
pa3IMUHBIX 3a00JEeBaHHWNA, B TOM 4HCJE OHKonormueckux. IIporecc skcum3moHHON
penaparuu ocHoanuii (BER) BriItogaer neiictBue MHOKECTBA (PEPMEHTOB M OTBEYACT
3a ynanenue u3 JJHK orpomnoro umcna moBpexaeHuii. Heo6xonuMo oTMETHTH, 9TO
YMEHBIIEHHE OOILEro ypoBHS PENapalMOHHONW aKTUBHOCTH Y YEJIOBEKa MOXKET OBITH
BBI3BAHO NPUPOJHBIMH OJHOHYKICOTHAHBIMU monuMopdusmamu (SNPs) B renax
¢depmentoB penapanuu JHK. [eiictButensro, SNPs mmpoko pacmpocTpaHeHBl B
TIOTTYJISAIIAY JIFOJIEH, @ B3auMOCBs3b MeKAy SNP 1 aTHOIOTHEH HEKOTOPHIX 3a00IeBaHU
YelloBeKa OCTaeTcsi OTKPBITOM o0nacTteio uccienoBanuii. [lpu >TOM oamH U3
aKTyaJIbHBIX BOIIPOCOB 3aKitouaeTcss B BbIicCHeHMu poisu SNPS B mpeapacmo-
JIOKEHHOCTH K Pa3BUTHIO OHKOJIOTHUECKMX WU HEHpOAEreHepaTHBHBIX 3a00JI€BaHUIL.
Crnenyer Tarke orMeTuth, uTo SNP-acconmmmpoBaHHBIE 3aMEHBI aMHUHOKHCIOTHBIX
OCTaTKOB (JEpPMEHTOB perapanydyd MOTYT HIPUBOJUTH KaK K MoTepe (YHKIHUOHAIBHBIX
CBOICTB OTIIENBHBIX ()EPMEHTOB, TaK M K HAPYIIEHUIO OEIOK-0eITKOBOW KOOPAMHAIIUI
YYaCTHUKOB Ipolecca penapaunu. Llenapro 1aHHOH paboTh! SBISIICS CUCTEMAaTHUECKUH
aHalu3 TPUPOJHBIX TOIUMOPPHBIX BapHaHTOB psijga (EPMEHTOB IKCIU3HOHHON
penapaiuu ocHoanuii JIHK uenoseka, a umenno JJHK-riuko3unaz SMUG1 u MBD4,
AP-snnonykneasst APE1 u IHK-monnmepassr f.

Memoowr u ancopummei: C wucnons3oBanueM 060a3el  ganasix  dbSNP  NCBI
(http://www.ncbi.nlm.nih.gov/SNP/) 66110 ycranoBiieHo, uto B rerax JJHK-rnnko3unas
SMUG1 u MBD4, AP-sunonykieasst APE1 u JIHK-mommumepass! § 3apeructpupoBaHbl
thicstan SNPS. MeromamMu 6noMH(QOPMAIIMOHHOTO aHalM3a TO0Ka3aHo, YTO HEKOTOPHIE
W3 HUX MOTYT OKa3blBaTh BIHsSHHE Ha J(PQPEKTHUBHOCTh ACUCTBHUS (EPMEHTOB.
[TpoBeieHO MOJIEKYJISIPHOE MOJICIIMPOBAHKE Psifia BEIOPaHHBIX MYTAHTHBIX BApHAHTOB
(epMEeHTOB IS OLIEHKH BO3MOXKHOT'O BIIMSIHUSI 3aMEH aMHHOKHCIJIOTHBIX OCTAaTKOB Ha
KaTAINTHYECKYI0 aKTHBHOCTh W  CIIOCOOHOCTH ()OpPMHpOBATH OENOK-OEIKOBbIC
KoMmIiekchl.  Jlns  BepuuWKanuM — TOJNYYEHHBIX  pe3yJbTaTOB  IPOBEICH
SKCHEPUMEHTANIbHBIN aHauu3 (EPMEHTATUBHBIX CBOMCTB psAda PEKOMOMHAHTHBIX
BapHUAHTOB, KOTOPBIH BBISIBUJI CYLIECTBEHHOE BIUSHUE OTOOPAaHHBIX IPUPOAHBIX 3aMEH
KaK Ha KaTaJTUTHYECKYI0 aKTUBHOCTH (PEPMEHTOB, TaK M Ha UX KOOPIMHAIUIO C IPYTHMHU
YYaCTHUKaMH IIpoliecca pernapanuy.

Pesynomamui: B HacToAmMi MOMEHT CyHIECTBYeT OOJbIIOE  KOJIMYECTBO
OnonH(MOpMATUYECKUX  IOJIXOJIOB,  IO3BOJISIFOIMUX  MpPEJCKa3bIBaTh  BIHSIHUE
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onHonykneoTuaHbIX (SNP) 3amen Ha ¢ynkumto Oenka. Hamu Obl1 mpoBeZieH aHau3
n3BecTHIX noauMmopdusmos JJHK-rmuko3mwnaz SMUGI u MBD4, AP-s3nnonykIieassr
APE1 u IHK-mmonimMepa3sl 3 ueaoBeKa ¢ IebI0 BRISBICHUS TOTUMOP(HBIX BAPUAHTOB,
CHOCOOHBIX OKa3bIBaTh IOBPEXKAAIOIIEE BO3AEHCTBIE Ha (DYHKIMOHUPOBAHUE JAaHHBIX
¢depmentoB. MHpopMaius 00 M3BECTHBIX OJHOHYKJICOTHIHBIX MOJUMOppU3Max Oblia
noydena u3 6a3bl qanHpix NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp). Oco6oe
BHMMaHHe OBLIO ynIeJeHo monmuMopdusmam, KoTopsie (1) mpuBoamIM K CMEHe Kilacca
AMHUHOKHUCIIOTHOT'O OCTaTKa, (2) aMHHOKHCIOTHBIE OCTATKU Paclolaraiuch B QyHKIHO-
HAJIPHO Ba)KHBIX y4yacTKaxX OesikoBoii riio0yibl u/viu (3) nanaeie SNP BecTpeuanuch B
OIYXOJISIX. DTH KPUTEPHUHU MO3BOIWIN 0TOOpaTh psii SNP-acconmupoBaHHBIX 3aMEH B
4eThIpex epMeHTax AJs UX JallbHEeHIIero ananmsa.

AHanu3 BIUAHUS TPUPOIHBIX MOJIUMOPPHU3MOB Ha pepMeHTaTHBHYIO akTUBHOCTH APE1
(R221C, N222H, R237A, G241R, M270T, R274Q, P311S) u IHK-rnuko3mia3 SMUG1
(G90C, P240H, N244S u N248Y) u MBD4 (S470L, G507S, R512W u H557D) noka3au,
4TO, ecnu A HekoTopblx BapuantoB JIHK-rmmkosuias oOHapyeHa MpakTHYECKH
nonHas noreps (¢epmeHTaTuBHON aktuBHOCTH (SMUG1 G90C u P240H, MBDA4cat
S470L, G507S u R512W), To B cmydae APE1, mo-BuanMomy, akTHBHOCTH (pepMeHTa He
MOXET OBITh HIDKE TIOPOTOBOTO 3HAYEHUS, HEOOXOIMMOTO MJisi MOJJAEpIKaHUs
MHUHHMAJIBHOTO YPOBHS PENapalliOHHON aKTHBHOCTH, OCTATOYHOTO IS BEDKHUBAHMUS
opranusma. Takoe pasnnuue B pe3yjbTaTax MOXKET OBITh CBS3aHO C TEM, YTO B CIydae
JHK-rnuko3una3 ux cydctpaTHas cneuu(pUUHOCTh MOKET AYOJIUPOBATHCS IPYTUMH
(dbepMeHTaMH 3TOTO KJlacca, B TO BpeMs Kak cHkeHue aktuBHocTd APE1 mpuBoaut k
KpaiiHe HEraTUBHBIM [UIsl OPTaHU3Ma MOCIEACTBUSM.

[Ipu ompenenernn akTHBHOCTH MyTaHTHBIX BapuanToB POLP B TpancdepasHoit
peaKkuu yCTaHOBJIECHO, YTO BCE HCCliefoBaHHble MyTaHTHbIe (opmbl (L19P, G66R,
G118V, R149I1, E154A, G189D, M236T, R2541, G274R, G290C, R333W) obnananu
0oee MeIIIEHHON CITOCOOHOCTHIO 3anoHTh 1 HT Opermm B JIHK, gem dpepmenT nuxoro
tuna. Crnemnyer OTMETHTh, 4TO IJIsl MyTaHTHBIX (opM, Hecymux 3ameHbl G274R u
R333W, He ynanock 3aperucTpupoBaTh HAKOIICHHUE MPOIYKTa PEaKIIUH, YTO yKa3bIBaeT
Ha 3HAYUTEJIbHYIO CTENeHb WHAKTHBALMHM (EPMEHTOB, NPU BO3HHKHOBEHHUH 3aMEH
aMUHOKHCIIOTHBIX OCTaTKOB B mosiockeHnn G274 u R333.

3¢ heKTHBHOCT KOOPMHUPOBAHHBIX B3aumMoeiicTBuii Mexay APE1 u gepmenTamu,
BBITIOJTHAIOIUME CBOM (GyHKImU Kak 10 (JJHK-rmukosmnaser: OGG1, UNG2, AAG),
tak u mocie APE1 (POLP) B mpomecce BER, a Taxke ¢ OenkoBbIME (hakTOpamu
(XRCC1 u PCNA) 6bua onpeesnieHa 1o criocoOHOCTH 0esikoB-3)(HheKTOPOB OKa3bIBAThH
BIMsSHUE Ha akTHBHOCT, APE] aukoro Tuma u psj ee NMPUPOAHBIX HMOIHMOPQPHBIX
BapuaHToB. [lokazaHo, 4YTO aMWHOKHCIOTHbIe octatku Arg221 u Arg237,
pacronararomyecsi Ha IOBEPXHOCTH OEJIKOBOW TIJIOOYNbI, Ba)KHBI AJISI PEryJISLUH
aktuBHOCTH APEl npyrumm OenxamMu penapandoHHOTO KOMIUIEKCAa, HO TPH 3TOM
OKa3bIBAIOT pasznuyHoe BinusHUe Ha aktuBHOCTH APEl. Torma kak Asn222, mo-
BUAMMOMY, NPHHHUMAeT AaKTHBHOE Yy4yacTHe B KOHTAaKTax HE CO BCEMH
MPOTEeCTUPOBaHHBIMU Oenkamu. Tak, Hanmpumep, 6enku-3gdextoper OGGL, UNG2 u
AAG mpakThdeckdn HE BEOYT K HW3MEHEHWIO akTuBHOCTH 3Toro SNP-papuaHnTta.
Buecenne amunokucnotseix 3ameH B JJHK-cBs3piBaromuii nentp APE]1 npuBogut k
HapyIIEHUI0 KOOPJAMHUPOBAHHBIX B3aMMOJICHCTBHIA ¢ npyruMu ydactHukamu BER. B
MOJIB3y ATOTO BBIBOJA CBUJIETENBCTBYET (akt, uro 06a SNP Bapuanta APE1, M270T u
R274Q, HauMmeHee YyBCTBUTENBHBI K CTHUMYJSIHUM MPOTECTHPOBAHHBIMHU O€lKaMu-
s¢pdexTopaMu 1O CpaBHEHUIO € ApyruMu noiauMopdHbiMU Bapuantamu APE]L.
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[osiBNeHrE AOTIOMHUTEIHHOTO MOJIOKUTEIBHOTO 3apsiia B OEIKOBO ri1o0yse B ciydae
3ameHbl G241R mpuBogut k cHmxkeHuio 3¢dekra crumymauun. Ha Bapuant P311S
HanOopmuil crumynupyromuid 3gdext okazpBaioT AAG 1 PCNA. Kpome Toro, mist
nukoro tumna ypanui-JIHK-rmukosmwias SMUG1 1 MBD4%, a Takke uX mOJIMMOP(HBIX
BaprantoB SMUG1 N248Y u MBD4% H557D moka3zan ctumymupyrommii 3G ekt
KaTaJUTHYeCKH HeaKTHUBHOH (popmbl AP-sumonykieazst APE1 D210N.

Omnpenenenne BusHUA OenkoB-3gdekTopoB (APE1, AAG, MBD4, NEIL1, NTHLI,
OGG1 u TDG) Ha HaKkoIUIeHHe MpoayKTa TpaHcdepasHoii peakuuu POLP BeisiBHIIO, 4TO
nobasnenue ¢epmenta APE1 B peaknuto MO0 IMOJHOCTBIO WHTHOMPOBANIO, JTUOO
samemsuio (WT POLB, G66R, R149]1) HakoruieHHe MPOyKTa JUIs BCEX UCCIEOBAHHBIX
BapuanToB POLB. Kpome toro, mist BapuantoB POL, oGnagaroniix HU3KOW KOHCTaH-
Toii monmuMepuzauuu (Hampumep, L19P, G118V, G189D), Obuo 3adukcupoBaHO
oOpa3oBaHne NPOAYKTOB 3K30HYKIeazHoi aktuBHocTH APE1l. JIHK-rimko3mmazser
AAG, NEIL1 u NTHL1 cHmxanu akTHBHOCTh HCCIIeZI0BaHHBIX BapuaHToB POL Gostee
uem Ha 20 %. [IpucyrctBue B peakiuu GpepmertoB MBD4% u TDG npaktudecku He
BJIMSJIO HA HAKOIUICHWE TMPOJAYKTa peakuuu oTAenbHbIX BapuanToB POLP, Torma kak
nobasnenne ¢epmenta OGGl mpuBOAMIO K HEOONBIIOMY CHHKCHHIO HAKOTUICHUS
MPOAYKTa PEakluHd, OJHAKO HE WHTHOMpPOBAIO aKTUBHOCTH BapuaHToB POLP mo
cpaBHeHHIO ¢ hepmenTom APEL.

Bvi16oovi: 3a BpeMsi BBINONHEHHS IPOCKTa NMPOBEACH SKCIEPUMEHTAIbHBIA aHaIN3
26 mpuponneix BapumantoB SMUGI1, MBD4, APE1 u POLP, koTopblii BBISBUI
CYLIECTBEHHOE BIIMSHHE Psijia MPUPOAHBIX 3aMEH KaK Ha KaTaJTUTUYECKYIO aKTHBHOCTh
(epMeHTOB, TaK U HAa UX KOOPIUHALMIO C IPYTHMMH YYaCTHUKAaMH MIPOLIEcca peraparii.
[Tony4eHHbIE JaHHBIE TOATBEPIKIAIOT CBSI3b HEKOTOPBIX MPUPOIHBIX TOIUMOPPU3MOB
C OOmMM MOHMKEHHWEM pEMapalvoOHHOW AaKTUBHOCTH M, TakuM 0O0pa3oM, MOTYT
BBICTYIIaTh ~OCHOBOW JJISI  CO3JaHUS MapKepHOW TaHenu MOJIMMOPPHU3MOB,
aCCOLMUPOBAHHBIX ¢ HakoIwieHueM myTtauuid B JIHK.

Qunancuposanue. ViccrnenoBanue MpoBeleHO B paMKaxX TOCyIapCTBEHHOTO 3aJaHUs
Ne 121031300041-4, myTarenes, O4YMCTKa U aHAIN3 CBOWCTB MOJMMOP(HBIX BAPUAHTOB
POLp Beimosnens! B pamkax npoexta PHD Ne 21-74-10103.

Natural polymorphisms of DNA base excision repair
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Motivation and Aim: The stability of genetic information in a living cell is the key to its
normal functioning. Today, there is no doubt that DNA damage plays a key role in the
occurrence of various diseases, including cancer. The process of base excision repair
(BER) involves the action of many enzymes and is responsible for removing a huge
number of lesions from DNA. It should be noted that a decrease in the overall level of
repair activity in humans can be caused by natural single nucleotide polymorphisms
(SNPs) in the genes of DNA repair enzymes. Indeed, SNPs are widely distributed in the
human population, and the relationship between SNPs and the etiology of several human
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diseases remains an open area of research. At the same time, one of the pressing issues
is to clarify the role of SNPs in the predisposition to the development of cancer and
neurodegenerative diseases. It should also be noted that SNP-associated substitutions of
amino acid residues of repair enzymes can lead to both the loss of functional properties
of individual enzymes and disruption of protein-protein coordination of participants in
the repair process. The purpose of this work was a systematic analysis of natural
polymorphic variants of a number of human DNA base excision repair enzymes, namely
DNA glycosylases SMUG1 and MBD4, AP endonuclease APE1 and DNA
polymerase f.

Methods and Algorithms: Using the NCBI dbSNP database (http://www.ncbi.
nlm.nih.gov/SNP/), it was found that thousands of SNPs were registered in the genes of
DNA glycosylases SMUG1 and MBD4, AP endonuclease APE1 and DNA polymerase
B. Bioinformation analysis methods have shown that some of them can affect the
efficiency of enzymes. Molecular modeling of a number of selected mutant variants of
enzymes was carried out to assess the possible effect of substitutions of amino acid
residues on catalytic activity and the ability to form protein-protein complexes. To verify
the results obtained, an experimental analysis of the enzymatic properties of a number
of recombinant variants was carried out, which revealed a significant influence of
selected natural substitutions both on the catalytic activity of enzymes and on their
coordination with other participants in the repair process.

Results: Currently, there are a large number of bioinformatics approaches that make it
possible to predict the effect of single nucleotide (SNP) substitutions on protein function.
We analyzed known polymorphisms of DNA glycosylases SMUG1 and MBD4, AP
endonuclease APE1 and human DNA polymerase § in order to identify polymorphic
variants that can have a damaging effect on the functioning of these enzymes.
Information on known single nucleotide polymorphisms was obtained from the NCBI
dbSNP database (http://www.ncbhi.nlm.nih.gov/snp). Particular attention was paid to
polymorphisms that (1) led to a change in the class of amino acid residue, (2) were
located in functionally important regions of the protein globule, and (3) were found in
tumors. These criteria made it possible to select a number of SNP-associated
substitutions in these enzymes for further analysis.

Analysis of the influence of natural polymorphisms on the enzymatic activity of APE1
(R221C, N222H, R237A, G241R, M270T, R274Q, P311S) and DNA glycosylases
SMUG1 (G90C, P240H, N244S and N248Y) and MBD4 (S470L, G507S, R512W and
H557D) showed that, if for some variants of DNA glycosylases an almost complete loss
of enzymatic activity was detected (SMUG1 G90C and P240H, MBD4cat S470L,
G507S and R512W), then in the case of APE1, apparently, the enzyme activity cannot
be below the threshold value required to maintain the minimum level of repair activity
sufficient for the survival of the organism. This difference in results may be due to the
fact that in the case of DNA glycosylases, their substrate specificity can be duplicated
by other enzymes of this class, while a decrease in APEL activity leads to extremely
negative consequences for the body.

When determining the activity of mutant POLJ variants in the transferase reaction, it
was found that all the studied mutant forms (L19P, G66R, G118V, R149l, E154A,
G189D, M236T, R2541, G274R, G290C, R333W) had a slower ability to fill 1 nt gaps
in DNA, than the wild type enzyme. It should be noted that for mutant forms carrying
the G274R and R333W substitutions, it was not possible to register the accumulation of
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the reaction product, which indicates a significant degree of enzyme inactivation when
substitutions of amino acid residues occur at positions G274 and R333.

The efficiency of coordinated interactions between APE1 and enzymes that perform
their functions both upstream (DNA glycosylases: OGGl, UNG2, AAG) and
downstream of APE1 (POLP) in the BER process, as well as with protein factors
(XRCC1 and PCNA) was determined by the ability effector proteins influence the
activity of wild-type APE1 and a number of its natural polymorphic variants. It has been
shown that amino acid residues Arg221 and Arg237, located on the surface of the protein
globule, are important for the regulation of APEL activity by other proteins of the repair
complex, but at the same time have different effects on APEL activity. While Asn222
apparently does not actively participate in contacts with all proteins tested, for example,
the effector proteins OGG1, UNG2, and AAG lead to virtually no changes in the activity
of this SNP variant. Introduction of amino acid substitutions into the DNA-binding
center of APE1 leads to disruption of coordinated interactions with other BER
participants. This conclusion is supported by the fact that both APE1 SNP variants
M270T and R274Q are least sensitive to stimulation by the tested effector proteins
compared to other APE1 polymorphic variants. The appearance of an additional positive
charge in the protein globule in the case of G241R substitution leads to a decrease in the
stimulation effect. AAG and PCNA have the greatest stimulating effect on the P311S
variant. In addition, for the wild type uracil DNA glycosylases SMUG1 and MBD4cat,
as well as their polymorphic variants SMUG1 N248Y and MBD4cat H557D, the
stimulating effect of the catalytically inactive form of the AP endonuclease APE1
D210N was shown.

Determination of the influence of effector proteins (APE1l, AAG, MBD4, NEIL1,
NTHL1, OGG1 and TDG) on the accumulation of the product of the POL transferase
reaction revealed that the addition of the APE1 enzyme to the reaction either completely
inhibited or slowed down (WT POLP, G66R, R149I) the accumulation of the product
for all POLp variants studied. In addition, for POLJ variants with a low polymerization
constant (for example, L19P, G118V, G189D), the formation of products of APE1
exonuclease activity was recorded. DNA glycosylases AAG, NEIL1 and NTHL1
reduced the activity of the studied POLJ variants by more than 20 %. The presence of
the MBD4 cat and TDG enzymes in the reaction had virtually no effect on the
accumulation of the reaction product of individual POLJ variants, while the addition of
the OGGL1 enzyme led to a slight decrease in the accumulation of the reaction product,
but did not inhibit the activity of the POLf variants compared to the APE1 enzyme.
Conclusions: During the implementation of the project, an experimental analysis of
26 natural variants of SMUG1, MBD4, APE1 and POLP was carried out, which revealed
a significant effect of a number of natural substitutions both on the catalytic activity of
the enzymes and on their coordination with other participants in the repair process. The
data obtained confirm the connection of some natural polymorphisms with a general
decrease in repair activity and, thus, can serve as the basis for creating a marker panel of
polymorphisms associated with the accumulation of mutations in DNA.
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Education project No. 121031300041-4; the part of the work involving mutagenesis,
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Russian Science Foundation, grant No. 21-74-10103.
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