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ROLE OF A. THALIANA APURINIC/APYRIMIDINIC
ENDONUCLEASE ARP IN DNA GLYCOSYLASE-INDEPENDENT
NUCLEOTIDE INCISION REPAIR

Abstract. Plants continuously generate reactive oxygen species (ROS) as byproducts of metabolic reactions
that take place in chloroplasts, mitochondria and peroxisomes. Oxidative damage to cellular DNA caused by ROS is
believed to be a major type of endogenous damage to cell. Oxidative DNA base lesions, DNA strand breaks with
non-ligatable dirty ends and apurinic/apyrimidinic (AP) sites are substrates for two overlapping pathways: base exci-
sion repair (BER) and nucleotide incision repair (NIR). It is generally thought that BER, initiated by multiple DNA
glycosylases, is the main pathway for the removal of majority of oxidized bases.In the BER pathway, AP endonuc-
leases cleave DNA at AP sites and 3'-blocking moicties generated by DNA glycosylases, whereas in NIR, the same
AP endonucleases incise DNA 5' to a wide variety of oxidized bases. However, the BER pathway raises theoretical
problems for the efficient repair of oxidative DNA damage because it generates intermediates such as AP sites,
2’-deoxyribose-5’-phosphate and/or blocking 3'-termini groups that must be eliminated by additional steps before
initiating DNA repair synthesis. Processing of DNA damage in the NIR pathway does not generate genotoxic inter-
mediates since it provides the correct ends for DNA synthesis and ligation.

Arabidopsis thaliana contains three genes encoding homologues of major human AP endonuclease 1 (APEI):
Arp, Apell and Ape2. However, it was not known whether the plant AP endonucleases contain the NIR activity.
Here, we report that ARP proteins from Arabidopsis contain NIR activity in addition to their AP endonuclease
function. The steady-state kinetic parameters of reactions indicate that Arabidopsis ARP cleaves oligonucleo-
tide duplexes containing a-anomeric 2'-deoxyadenosine (adA) and 5,6-dihydrouridine (DHU) with efficiencies
(kcat/KM = 134 and 7.3 pM "-min ', respectively) comparable to those of the human counterpart.
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POJIb AHYPHHOBOFI/AHHPHMHI[H}!OBOFI OHAOHYKJIEA3BI
ARP A. THALIANA B HE3ABUCUMOU OT JHK-IJINKO3NJIA3
NHIIN3NOHOU PENAPAIIMN HYKJIEOTHU OB

AmnHoTanms. PacTeHus HENPEPHIBHO TEHEPHPYIOT akTHBHBIEC (hopmbl kucroposa (ADPK) B kauecTse MOOOUHBIX
MPOJYKTOB META0OIMICCKUX PEAKIMH, KOTOPHIE B OTHOCHTEIFHO OOJBIIOM KOJXHUCCTBE CHHTE3HPYIOTCS B MHTO-
XOHIPHX, XJIOPOIIACTAX U MEPOKCUCOMax. Beé 310, B mepByrO ouepeab, AeHCTBYET Ha KieTouHyro JIHK, BeI3biBas




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

e¢ mospexxacHus. OxkcumarusHoe nospexxacHue ocnoBanui JJHK, paspsissr nemn JJHK 1 anypuHOBbIC/anHpHMUTH-
HOBBIC (AIl) caliThI ABILTFOTCH CyOCTpaTOM I ABYX NMEpeceKaromuxcs myter penapaunn JHK: sxcumsnonHas pe-
napanus ocHoBanui (BER) m mHum3nonnas penapauusa Hykiaeotuaos (NIR). M3BectHo, uro BER, mHHIUMpyeMsbIi
JHK ramkozumazaMu SIBISIETCSI OCHOBHBIM MEXAHH3MOM YAAJCHHS OONBIIMHCTBA OKWAATHBHO MOBPEKICHHBIX OC-
HoBaHud. OmHako B BER MexaHm3Mme 00pa3yercsi TeHOTOKCHYICCKHE MPOMEKYTOUHbIE POy KThl Buae All caiiTos,
2’-ne30kcupu0030-5°-(hocdar u 3’ -KOHICBBIX OJIOKHAPYIOMHX TPYIIL, KOTOPHIC Y AATAIOTCA HA MOCICAYOMMX 3TAanaxX
BER. Torma xak, NIR mexanm3M pemapaumn He 3asucut o1 JJHK-rako3mnas, cnemosaTensHo, 00pa3oBaHUE TEHO-
TOKCHYHBIX ITPOMEKYTOUHBIX IIPOAYKTOB He mpoucxoaut. [1pu arom odpaszyemsie paspoissl B JJHK mveroT mpaBuib-
HBIC KOHIIBI I MTOCTICAYIOIICTO CHHTS3A W THTHPOBAHAA. Takag 0COOCHHOCTh TCOPSTHUCCKH JACT MpUBHICTHIO NIR
MexanusMmy penapanuu Hag JJHK rmmxo3unasza 3asucumeiM BER Mexanu3MoMm.

'eHOM MMPOKO HCMOIB3YEMOTO MOJCIBHOTO opraHu3Ma A. thaliana KOAMPYET TPH MPEATIONATACMBIX TOMO-
JI0TOB TaBHOH yenoBeueckor All-sunonykneasst 1 (APEL): Arp, Apell u Ape2. B HacTOSImMES BPEMS, HE H3BSCTHO
kakag m3 All s3raoHyKiIca3 pacteHuil odomamact NIR akTHBHOCTEIO.

B macrosme#t padore Bmepebic mokazano, uro ARP Oemok cozepkut NIR akTHBHOCTH IONOJHHTEIBHO K
ATI-3HA0HYKIICA3HOH akTUBHOCTH. U3yucHHe kuHeTHUCCKHX mapamMeTpoB ARP mokasama, uto ()epMEHT CIOCOOCH
Hampsimyro, Oe3 yuactmsa JHK ramkosmmas, pemapmpoBaTh T'SHOTOKCHYHBIC ITOBPC/KICHHS OCHOBAHHH, TAKHC
Kak anmb(a-aHOMEpHBIH 2'-AC30KCHANCHO3MH W 5,6-aurmapoypammi ¢ 3ddekrusrocThio (kcat/KM = 134 m
7.3 M '-MHH ', COOTBETCTBEHHO) cpaBHHMOI ¢ APE] uemoBexka.

Kmouennie ciioBa: All-3amonyxieasa, A.thaliana, JHK rmmko3unassl, aktuBHEIC (HOpMBL KHCTOpoaa (ADK).

Beenenne. PacTeHHs HE MOTYT H3MEHATH CBOC MOJIOKCHUE B IPYHTE, M MIOTOMY NIOCTOSIHHO HOJBEP-
TarTCs BO3ACHCTBHIO 3KOJOTHUCCKUX U FCHOTOKCHUYECKHX arcHTOB, B TOM YHUCIC YIbTPAQHOICTOBOMY U
HOHHUBUPVIOIEMY H3Iy4cHU0. Kpome 3Toro, pacTeHHs HEIPEPHIBHO TCHEPHPYET PATHKAIBI KHCIOPOAa
(ADK) B kauecTBe TOOOUHBIX MPOAYKTOB METAOOIMUYCCKUX PEAKIIMH, KOTOPHIC B OTHOCUTEIBHO GONBIIOM
KOJIMUCCTBE CHHTC3UPYIOTCS B MHTOXOHAPHAX, XJIOPOILIACTAX, MEPOKCHCOMAX M Ha IIa3MATHUCCKUX
membOpanax [1]. Beé ato, B iepByro ouepeap, acicryer Ha kietounyio JIHK, Bei3siBas e€ noBpexxacHus.

Hns moazepaHusl LETOCTHOCTH TCHOMAa M OOECICUYCHHS TOYHOCTH NMEPEHOCA TCHETHYCCKOH HWH-
(dhopMaLuH B EPHO] ACICHUS KICTOK, YKUBBIC OPraHU3MBI PA3BHIN HECKOJBKO PA3IHYHBIX CHCTEM pera-
parmii [IHK xotopsie yaamsioT u/miu 00eCICYHBAIOT YCTOMIUBOCTE K moBpeskacHusM JTHK.

B nHacrosmee Bpems MexaHH3MBI periapaiyy Takux nospexacHui JJHK sBrgercs o0bekTom HHTEH-
CHUBHBIX HCCICAOBAHUH Y OaKTCPHI, APONIKEH U KICTOK MICKOTUTAOIIUX [2], MATOTIOHATHEIMHU U MPaK-
THYCCKH HE HM3YUCHHBIMH OCTAIOTCA 3TH NPOONEMBI B PACTCHHAX, NpeHeOperas mpu 5TOM OCOOBIM
CTaTyCcOM PacTEHHUM CPEIU KUBBIX CYIIECTB U UX CENbCKOXO3IMCTBEHHON LIEHHOCTHIO.

Oxcunatusnoe nospexkacHue JIHK, BeizBannoe aktuBHbiME (opMmavu kucinopoaa (ADPK) cuuraert-
€S OCHOBHBIM THIIOM JHIOTCHHBIX KICTOYHBIX MOBPEKICHHH, U B HACTOSIICE BPEMs OMMCAHO CBBIIIC
100 paszubix Tunos moaudukaruii ocuoanuii JJHK u ero caxapodocharroro ocrosa [1, 2]. Kpome 3toro
B pesyabptare araku ADK aesoxcupnbo3 u ux ocrarkos B cocrase JJHK moryt mpusectu k renepaimn
OTHOLICTIOUCYHBIX PA3PBIBOB € 3 -OIOKHUPYIOIINME IPYIIAMH. JITH 3’ -ONOKUPYIOIIUE TPYIIIBI BKIOYAIOT
3’-docdar, 3’-pochormukoanpaerua, u 3 -pochormukonar. 5 -kouen uenu JHK oObiunO comepxut
5’-ocdar, vo mocae Bozaetricteus ADK, oOpasoBaHHBIC HE JTHTHPYEMBIC KOHLBI MOTYT COICPIKAThH
5°-OH u npomsBoaneie 5’-docdoae3okcupndos3, Takue Kak 2-ae3okcupnboHonaktoH [3]. OpHoit w3
Haubonee pacmpoctpaneHHol dopm nospexkacaus JIHK spnsercs moTeps 4acT OCHOBAHUN OT WHTAKT-
Horo caxapogocarroro octosa. [lokazano, uro Sonee yeMm 10,000 mypHHOB M MUPUMHIUHOB HCUE3AIOT
KaKIbIH JEHb B OOBIYHOM KJIETKE YEIOBEKA.

Oxucnurenpaoe nospexacHue ocHosanuil JIHK, paspeise nemn JIHK ¢ HeaurupyeMeiMu KoHIaMu
U anypuHoBbic/amupruMuInHOBEIE (All) caliTel sBASIOTCS CyOCTpaToM AN ABYX MEPECEKAIOIIMXCS MYyTeH
pemapapu JIHK: sxcrmsunonnoii penapaunu ocuosanuii (BER) v MHIM3MOHHON penapanuy HYK/ICO-
tuaos (NIR) [4, 5].

HzsectHo, uro BER, mHummmuposansasiti Heckoapkuvu JIHK-rmuko3umazamu SBISCTCA OCHOBHBIM
MEXaHU3MOM YAAJICHUS OOJIBIIMHCTBA OKCHAATUBHO MOBPEKACHHBIX ocHOBaHmi [6, 7]. Peanuzaumus BER
Tpedyer mocaemoBarenpHOro AckictBus AByx (epmenros: JHK-rnmukoszumaz u All-sHponykieas, s
TouHoro Beipesanms, nospexacHHoro JIHK. Kpome storo B BER mexannmave obpasyeTcs mpomexy-
Tounble npoxaykTel B Buac All-caiitos, 2°-ae30kcnpntdo30-5°-dochaToB U 3 -KOHUEBHIX OIOKHPYIOIINX
IPYNI, KOTOPHIC AOJUKHBI OBITh VAANCHBI HA MOCICAVIOIIUX 3Tamax MEpe] HavyaaoM pPEerapaThBHOTO
cunreza JIHK, uto craBuTh mepea HaMH BOMPOC OTHOCHTENBHO dddexTuBHOCTH penapamvu mo BER
MEXaHHU3MY .







