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Momueayus u yenv. JIHK-6enkossle cmomBku (DPC) — pacmpocTpaneHHbIe
nospexxaenus: J|HK, Br3biBaeMble pa3iuuHBIMH BHYTPUKICTOYHBIMH W BHEIITHHUMU
¢daktopamu. Takue TOBpEXACHUS OYECHb TOKCHYHBI, TIOCKOJBKY H3-32 OOJBIIOTO
pasMepa OJOKHPYIOT MPOLIECCH, TPOTEKAIOIINE B XPOMATHHE, U HE CIOCOOHBI YAANSATHCS
KaHOHM4YecknMu cuctemamu penaparuu JJHK [1]. Onvs 13 rmaBHBIX ICTOYHUKOB TAKAX
MOBPEXKICHUI — alypHHOBBIe/anmupuMHUINHOBEIE (AP) caifTel, 0Opa3yromye CIIMBKH C
oenmkamu. llempro paboTHl OBLIO WCCIENOBAaHUE PO (PEPMEHTOB, OCYIIECTBIISIOIINX
npoteccuHr AP-caliToB — amypHHOBOI/anmupUMUAANHOBON 3HA0HYKIeassl 1 (APEL) u
tuposmi-JIHK-pochoauscrepassr 1 (TDP1) — B npenorBpamnienue wiu yaaienue JJHK-
OCTKOBBIX aJJTyKTOB, ()OPMUPYEMBIX B OTCYTCTBUE BOCCTaHABIHMBAIOLIMX AarcHTOB.
Takve agmyKTBl CUMTAIOTCS CYWIIMAATbHBIMH, MOCKOJIBKY MOTYT OOpa30OBBIBATHCS B
KJIETKE ¥ CTa0MIILHBI O€3 IOTIOJHHUTEIBHONH 00pa0OoTKH.

Memoowt u areopummot: B paboTe HCIOIL30BAIH OYHIIICHHBIE PEKOMOMHAHTHBIC OCJIKH,
a TaKXe SKCTPAKThl KIETOK, monydeHHbIXx u3 JuHuid HEK293FT puxoro tuma u
HOKayTHBIX 1o reHam (APE17) uin TDP1 (TDP17). AP-caiit B cocrase JJHK rene-
pupoBanu myteM oopabdotku JJHK-nymnekca, cogeprkaiiero ypamui Win 8-0XoTryaHuH,
cootBerctBytomierd JJHK-rmukosunazoit (UDG umu OGG1). dopmupoBaHue CITUBOK
OEeNKOB C paJuoakTUBHO MedeHHBIMH AP-caiit-cogepxammmvu JIHK-nymnexcamu
aHamu3upoBaiy 1ekTpodope3oM B [IAA rene 6e3 npeaBapUTenbHOM 00padOTKH TPOO
NaBH; ¢ nmocienyromieit paanoasTorpadueii.

Peszynomamer: Panee ObUI0 TTOKa3aHO, YTO OEIKU-YYaCTHHUKH TpOIecca SKCIIM3UOHHON
penaparnmu ocHoBanuii (BER) — JTHK-rimmkoswnaza OGGI1, mnomu(ADP-pu6osa)
nonmumepazsl 1 (PARP1) m 2 (PARP2), a Taxxke Oenok-muiardpopma XRCCLl —
B3aMMOAEHUCTBYIOT C AP-calitom ¢ oOpa3oBanmem ocHoBanus Iludda, mnocne
BOCCTaHOBJIGHHsI KoToporo ¢ miomombo NaBHs dopmupytorcs craOuinbHBIE
KoBaJIeHTHbIe aanykTel [2]. Kpome Toro, Obuto moka3zano, uro PARP1 o0Opasyer
ctabunbHbIA KoBaneHTHBIM koMmIuieke ¢ JIHK, conepxaineri AP-caiir (AP-JIHK), 6e3
BoccranoBieHus NaBHs [3]. Mbl uccnenoBanu, siisiercs Jin 00pa3oBaHue CTaOMITBHON
JAHK-6enkoBo#i cmmBku (DPC) B orcyrctBue NaBHs yHHKambHON 0OCOOEHHOCTHIO
PARP1, wiu npyrue Oenku, B3aumojuehcTByromue ¢ AP-caiitom, Takke CHOCOOHBI
o0pa3oBbIBaTh Takue anAykTel [4]. IlpoBeneHHBIH aHATM3 IMOKa3aj, YTO HE TOJBKO
PARPI, Ho 1 OGG1, PARP2 u XRCC1 o6pasytot cradbunbnsie cuinki ¢ AP-JIHK 6e3
BoccTaHOBIeHMSI NaBHa.

KiroueBoii dpepment BER, pacmerusiromuii AP-cafitel, — APE1. Pacmennenue AP-
caifta Taxke MoXxeT KaranusupoBaTb TDP1, xots u ¢ MeHb1Iel 3¢ pekTuBHOCTBIO, YeM
APE1 [5]. MsI mokazanm, uro ruapoinn3 AP-caiita ¢ momompio APE] mpegotspariaet
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obpazoBanne DPC, torma kak TDP1 cmocoben pacmemsate DPC, ynansas u3
koBasileHTHOTO KoMmIutekca ¢ JJHK nexoropsie 6enku, B uactHoctu OGG1 u PARP2. B
T0 e BpeMsi TDP1 we cnocoben pacmerisate DPC, 06pa3oBaHHbBIE BBICOKOMOJIEKYIISIP-
HEIMU Oenkamu, B ToM umcie PARPI, a takke XRCCI1, KOTOpbIii HEe3HAYUTEIHLHO
MpEeBBIIIAET 110 MONeKyIsipHOoi Macce TDP1, Ho uMeeT HermoOYIApHYIO CTPYKTYPY. MBI
npenmonaraeM, 4ro TDP1 ymamser Oenxu, mnpucoemmHennbie kK JHK myTtem
KOBaJICHTHOH cIuBKH € 3'-ocho-0,B-HEeHACHIIIEHHBIM aJbACTHI0M, 00pa3yOInUMCs B
pesynbTaTe pacineruieHus AP-caiita mon nefictBuem AP-nmuasnoii aktuBHOocTH OGG1L
WK apyrux OeNKoB, IO TOMY K€ MEXaHU3MY, UTO U ApYyrue agaykTsl ¢ 3'-pocdarHoit
rpymmsl JJHK [5].

Mpu1 takxe uccnenosanu sinusiaie APE1 u TDP1 na ahdextuBHOCTS 00pazoBanust DPC
B oKcTpakTax kietok APE17 unun TDP17~. Hamm nanHbie MOKa3bIBAIOT, YTO HOKAYT
reHa, kogupytomero APE1, mpuBoaut k noBeiennto ypoBHs cimBok PARP1-JIHK B
KJICTOYHOM DKCTpakTe, Torma kak aedurut TDP1 mano Bnuser Ha obpazoBanne DPC.
Buisoowi: Takum 00pazoM, Mbl TipogeMoHCcTpupoBaiin, uto APE] urpaer pemiaroryro
poiib B mpenoTBpaineHuu obOpasoBanus DPC B KIETOYHBIX 3KCTpakTax. Hamporus,
TDP1 ynansier HexoTopble OenkoBbie amurykTsl ¢ JJHK, ncmoms3ys TOT ke MeXaHH3M,
4TO W AJs yAalleHus OpYruX rpyni, cBszaHHbIX ¢ 3'-pocdarom JJHK, HO He cniocoben
MpeoTBpaliaTh UX 00pa3oBaHHE HM3-32 HU3KOH APQeKTHBHOCTH paciieruieHus AP-
caiita no cpaBHeHuto ¢ APE]. Ilockonbky aktuBHOCTE APE1 ocTaercs BbICOKOH B
knetkax TDP17, ypoeau DPC B 5KCTpakTax M3 MyTaHTHBIX KJIETOK M KJIETOK JIUKOTO
THIA OBLIM OYEHb TIOX0XKHU M HIKE, YeEM B OKCTpakTe Kietok APE17,
Qunancuposanue. VccnenoBanne mnoanepxkaHo PoccuiickuM HaydHBIM — (OHIOM
(Ne 21-64-00017).
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Motivation and Aim: DNA-protein crosslinks (DPC) are common DNA lesions induced
by various external and endogenous agents. Such lesions are highly toxic due to the bulk,
resulting in virtual blocking of chromatin-based processes and their inability to be
repaired by canonical repair pathways [1]. Apurinic/apyrimidinic sites (AP sites) and
proteins interacting with them are one of the main sources of DPC. The aim of the work
was to investigate the role of AP site processing enzymes, apurinic/apyrimidinic
endonuclease 1 (APEL) and tyrosyl-DNA phosphodiesterase 1 (TDP1), in preventing or
removing DNA-protein adducts formed in the absence of reducing agents. Such DNA-
protein crosslinks can arise in cells where there are no additional reducing agents.

Methods and Algorithms: Purified recombinant proteins, as well as extracts of cells
obtained from wild-type HEK293FT and APE1 or TDP1 knockout lines (APE1 " or
TDP17) were used. The AP site in DNA was generated by treating a DNA duplex
containing uracil or 8-oxoguanine with the appropriate DNA glycosylase (UDG or
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OGG1). The formation of protein crosslinks with radioactively labeled AP site-
containing DNA duplexes was analyzed by electrophoresis in a PAA gel without
treatment of the samples with NaBH., followed by autoradiography.

Results: It was previously shown that proteins involved in the base excision repair (BER)
process — DNA glycosylase OGG1, poly(ADP-ribose) polymerases 1 (PARP1) and 2
(PARP2), as well as the scaffold protein XRCCL1 — interact with the AP site with the
formation of a Schiff base, after reduction of which with NaBH4 stable covalent adducts
are formed [2]. In addition, PARP1 has been shown to form a stable covalent complex
with DNA containing an AP site (AP-DNA) without NaBH. reduction [3]. We
investigated whether the formation of a stable DNA-protein crosslinks (DPC) in the
absence of NaBHjs is a unique feature of PARP1 or whether other AP site-interacting
proteins are also capable to form such adducts [4]. The analysis showed that not only
PARP1, but also OGG1, PARP2 and XRCC1 form stable crosslinks with AP-DNA
without NaBH4 reduction.

The key BER enzyme that cleaves AP sites is APEL. AP site cleavage can also be
catalyzed by TDP1, although with less efficiency than APEL [5]. We have shown that
hydrolysis of the AP site by APEL prevents the formation of DPC, while TDP1 is able
to resolve DPC, removing some proteins, in particular OGG1 and PARP2, from the
covalent complex with DNA. At the same time, TDP1 is not able to cleave DPCs formed
by high molecular weight proteins, including PARP1, as well as XRCC1, which
slightly exceeds the molecular weight of TDP1, but has a non-globular structure. We
propose that TDP1 removes proteins attached to DNA by covalent crosslinking with a
3'-phospho-a,B-unsaturated aldehyde resulting from AP site cleavage by the AP lyase
activity of OGGL1 or other proteins by the same mechanism as other adducts with the
3'-phosphate group of DNA [5].

We also examined the effect of APE1 and TDP1 on the efficiency of DPC formation in
extracts of APE1~ or TDP1 ' cells. Our data show that knockout of the gene encoding
APEL1 leads to increased level of PARP1-DNA crosslinks in the cell extract, whereas
TDP1 deficiency has little effect on DPC formation.

Conclusion: In summary, we demonstrated that APE1 plays a critical role in preventing
DPC formation in cell extracts. In contrast, TDP1 resolves some protein adducts with
DNA using the same mechanism as for the removal of other groups bound to the DNA
3’-phosphate, but is unable to prevent their formation due to low AP site cleavage
efficiency compared to APE1. Because APE1 activity remains high in TDP17 cells,
DPC levels in extracts from mutant and wild-type cells were very similar and lower than
in extract from APE1 7" cells.
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