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NAD Wb T Ha DI ™ T Ta 0T b T (MalTa LI T T0a CETITT ) (O T ) () (1
(T T O COCiTa M a M a (OO Ta OCCTT) TOCTONAD-CCT T T T T (I AT T (O] (T (T
b O LTI (LI (I PARPL) ADP-CB CITTITTTA T [Ma Il Ta CT O CITEC I T (b CTa T I Tl (T
(NaD). WO Ma o rmmra ) CTNAD-CITT T T a ] (0 CE T (1 alJal T Ca i b
al ] [T MalMT [TINAD b I I T CE L COI I T T a (O (T T LT Nal TDTONAD I
Nall-[TTITT BT T (NalPT). IHal T ] a NalJ-0 CITCITal TITTa T(NNMT) (0 CIET DT
(ITITTTITINAD- [T e [T T T O CET T T a O T (e (AT LM b T T Na L, T EH
CLTTTETIATT AT I al/b[IMITTINalJPT al UNNMT LT UMb O CET T (T (I Ta T (0 (T
@I T I L

L) OO LT

NAD [T a0 0 CETE COMIT b LI T O Cab LI al) (0T a CMa LTI a D Call ) (T Ha b T
(b b b T I a (T a i a M CCIITEa DT NAD-CCTTT T T O AT CE b O A a1
PARPL) LITTT T OO TIO TabMall CITTTCTNAD. TO Oa @ CEC I IT AT T T NAD CECTT ) T
al [ bIITIIIITIm COTT) (M b Callini bald (T1T] UOIL COMCTII] CECIOTTTTIM alalinr) CalllHalllall
OO CEOINAD O Cab LI al0 COCTIM L fa OC T T Ta Ty OO0 T Ma b CIOCITa [ CTINAD-

(T a (OO0 (0 L (A (LT T () (T all all 10 MMalTImT CTNAD
b IITTImm CET AT O Al T COC A O b a aDD(NaDPT); D]ED]]]D]DEDEDD]DD]
CIOICTITaL ] (T IN-[] D[D]]]]ED]EEEDD(NNMT), LI alJ[ITI(Nall) (E] (T (TN AD,
(I Nall al T Cla [ al 1 B T CENAD-CITIT T T TN a M (Ta i a1 ) COmTa ]
alallall (TONaOPT, OO ald OO TA M CI0 a0 Ma T Nald, COOT0Tall [ Dadla M NAD
(T O LM (T Ta Cla O COTT T (- LTI @ L0 LTI albUIITINNMT allINallPT
(Mall (Labl) (LI NAD OiTalml] TOm Cal D OMa i) ) [Mfa i dfadrmt] (1 NAD
(L (Ha M a I MO T CENNMT CENaOPT B MM CIITa 1 (& (1L

OTHOITITENAD-CITIT T AIT a Ty NAD b I CITTTA L] T N-C O T CITTa T (NNMT);
CHITITa ) ) CETTE T T T A C T Ta ] (NalJPT); (IR [ CECIIT (AT Callitial] CECIIT S NAD
Calllall [T Tall [T DalllHalal] (T CTINAD O Cab O ; CETITET T T Ca T ata Ca i
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NAD [JIab[IM Call (I MOTAMID a0} alda (b0 (0 CAMITITITaC] (&) ]

allnr (1), (1ablImii(2, 3), (b1 (4-7), [TallIilaliii(8, 9), LI IIIMmITII(10), [ITall
COLITCIIT (1)l CO T T AT T(12-14) Callb I a (I Ta (0 (00 CCa C 000 (O (I
(0 O TOCa0b O (ab M D (TaCa (A Ta 0D MNAD (I a (0 [0 0 (00D D a OO
(T O T a4 & T Ca I IT(15-18). 10 al LI} NAD [[1ab (1M1 Calib[11] ML (Tbla
(O A0 Al Tl (19-21). TCIDT I CCLLECTTI0INT ] [(TalNAD [ Clab (I Cal)il) (1111
a LTI (T (T (D a (I T8 Ca (LTI A L (A 0 (11(22-25). H L0 (L) O (0 LT A L
(LIICECTNAD [ (b I, (0 (T a ] (a0 (A LA Db (I D (IO T Al NAD [alliall
(L0 (OO b O (b (I T

NAD [T COTO O CT T Ta LT T b LI T T AT A T T al T LTI O Clab LI
ETDII T OO T T al T TaC I T O CIOMI T T CTICIT T TR TACTIT 1) NAD DT T T (Ma [TTIbIT]
(T AT CITT T (Malr T TIT T ONAD bl (Al [ [ il HDD]]](NaD) all1ADP-
DJBD]D(14).TD]DDNAD-LULULI_ULI_I_{LLU_H\HHHI | (LA LI T I ed HH-aD]DD]]-ADP-DlBD]DED]DDQQ 27),
(I mmmﬂmmmmﬂ(z&,ammﬂ T T a T - Co O ) CIO LI T T a I I
ADP-DJBD]D(29), al [ CallMTal I O C T e CocTnma M a T I a Ca CEATT ) T e T CO T
(0 OO LTI T (O LI TIO00 ] (0 (T JaCaMab MMNAD (LTI ] TECITITT) NAD-COT T T T Al
(allalTalla MalTT]MIOICCTal T I CETTa ced D@bD]]D]D, (T L) O (0 CO T o T T 1]
(] CTab T al TTIT(30).

TLOOIMNal T EENAD-CITT T T A [MINAD [T A rabmr b (OO CET T i TRl
(T b Mlal) Matl B MM CTNAD b Mal 1 [ a [ACT CECIITT COJ ) CEITTaOINAD

(T (13, 31). T Cb O Ta T (I OO [MalNAD-CITT T T O T a I fa CI ) (T
(Ibllallm|JalJ [T [T1NAD. TCL D) NAD [ CIITE (0 e CEIEMET I Cal T
MUalTITT T T a I NAD CalBIIral DT Tallt MalilalbHal T T TTar1s CHITIIT(32). THallal
MINAD [T atEE T I a ] J NAD b IITTI CITT M alTalJal] CITa i [al 1l [alll

[0bald[TTTIMNAD [T T Mral b T a T Ha i CMa CET b COCTCTI T T a ) TE AT ETEIL)
(D 0 (T Tab 0 (a0 O & O ) AT Ca ) OO0 CETa 00 (00 COCOT) (Tl b O (1 (a0

CTCTTI E T T O T I A M T NAD b T Na L) D CETTTTIIITIT(NMN) (16) alld
Nall [BLITITI(NR) (2, 6, 17). ACTalli iy MECTCIT T M CECT T a0 T T a (I NAD b I
(T Ma I M O I CTINa ) aC T (F A0 T), D alllINAD [Tl Tal]
(I Ca M b T TIMa CINAD-CET T T TC T a T COCCTTT) (0 Ca i Tal,) CI CTa T Ta i b O CIiT

(3, 33).

O M MO AT T T OAMall [T Na L [T T EOINAD-CCET 0 (e M (a0 MTONAD [alalt]
CalllJal] [(TIITINall a T (0T O CEHTD CETIE TINAD O Ca M a ] T ECa ) [ O CIT T al]
CallllalMalIIT T T TTINal], Vb la T Ha COHIITT T C- OO0 Ca T a ) Cla L0 ) (00 (O T T I (T Na

M0 M0 OO0 NMN - [a@mirl bl Nall  [ILITTIIBCITITALIITA (NalJPT) 0L
LETTI T MM T T IHIB.D]](PRPP) alJ[T+IbMAT A0TalT DaldHall) a (la 00 CET) CIII (T I0T
[INal] blINalJPT [Mal TIITTTIbal] [ITalTTTTa i (I b CITa a I (T Natd, [ bEITE T T

M Call T alrartt(34). ThTalMTalmb OO (Tall b HalJATP-CIT T T T T T T T @ (T (Ta CITIITTT
(T [ O Cala ti (I (3S). D OO ) 0 CETTE OO (O T faTal ) Nall falaflllbo DallrTl 1)
(T b O O CIAT T ] TEMTa i [ faa M b O Nall N-OJ ATl TITTaT(NNMT). TED I
(O CEET O 00 (b [ MT(36) Mall L0 [ O T T a i a C0 CET T (Ta T [TINAD
O [Tab . W NaOPT [ AT CICT A (0 OO T O (I fa (I a0 (I Nal bal (D
NAD [TTIT000) NNMT (0 00 Calt) (10 O Clab CIO0) (T CIOE (a0 (0 CET) Nall 0T NAD
CJIab i, HEDJCELL) CITEEINNMT CITT al [ [T Ta ] S-a JMTalblIT]
(TN [Tal Nall OO0 a i HafalTalla [ Cab O O CICTa T CIT(3 7).
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O I CTa ) [Mallr] CENal) 0 CHTEIT T al i (NA) bl MTNall [TallMalll(NADA) T (FIOEIL).
T T O MO Mafall T CIal [TINADA b T P ITEHa T a T Jall (Mala i CETImT

CIIMb [ T TO M M a CONA O CT A CETI T C T ] CETT T (NAMN), (Ha (a1
(IO 0 b 1) NA-CITOm (OB a alll NAPRT. T [ITICIIIAT) [ b
O O NMN alONAMN, - O O AOC I T COT IO NAD alTINAAD, TDCal@ i

bl T INalJ/NA al TTTIIMACTTITaTTI(NMNATL) [Mallalll CITTT A allcrmar i C(38). T T
Calllllall[1a NA [Tall (IECIMal) Mallit [TINAAD bOINAD [TTITall] T MTal M a i T T Ha ]
(T Hal T T A0 Mat i (T ATP. TCCI [T Nal [T b NADA allTTalll [l bl
CCT T A (0 O CXITT T M O O Ca T a ) Ha O O I Na O PT.

Wal T T ra o T Ca O ma T M O NAD b Ca T a L& (T (T Naf) (FOIE)
(LTI (I O ATy 36, 39), alt fma i T Cba T TTTTTIT(40). WL I falia T T
() O Ca I Ca T C e CET T LTI a (0 I CMa  Da O O CTINADA CETETTT T T IA T Ta
M M fa ) MO W ECI OO CCTT T T CENNMT Ca ) Cal ] CE CI (0 (LT alll
LTI Ca Cla O (I a () CE T

TOMOCTITTT LI ) CIOCTT Ca CEE) CI T T T T T T a Cai T ImE I NAD fallllal I 1793
(ITAMT MM all] 7892 [IITAMTII CITTTI L] T @ (TalllaCallim MITamn Mad M talib I all
CTTTII AT ma Ty (AT () (0] CETEIE T CTONa D PT al I NNMT (0 CEEIITEIT ] C1) CFETT (0]
[Ta0 [MallD [alDal] OO0 MO0 Ml baMTE, bTa0 O I 10 COT& - (00 CO T (0
NallPT allINNMT UallalIl Al ba Dalll M Tam M IO b T INAD-CET I () (I a (i
CECTT L) Mall Haa L0 CETTT ) COMT Calla O (T Ta i a O CECTETTTT] CETIAIT ] CTOTII (O CEINNMT
[(IT'NAD- (I CIOT O] COOT L) (O CI T Ca LT (Ta I T INa O, MO T INAD-
COTTTECT T a (] (T I TEra CEm ) CEO EE T T T A ENNMT I CECT fa ) CE T a ]
IO [T NaOPT 0 CECTIT e CHIE a 0000 M ja () 0 (b (fa M Na ), T OO M e (LT
(IETTTT T ] M Na T PT, LTI (T T T CET O] F a Ca EE T CT CF CTT T (T AT Ja LI 1]
NalPT. S ] (1] } CIOCEMT T CIE ) (a I CAE T T COCTT Ja T T Na L PT
IO O NNMT  Oallh) M NADA-CITTTTT T Catllal] Ch OO0 COOTTAT0T ) a [@diral (i [
(LTI & (0 (T CTI ) COo Ca i a ] M O Cla fral Tl

Tal [T [(TTala TalTHOT T T T NaOPT al TINNMT [albITa CITETT T
[Tabll [T alll (L) CETTA T NAD-CITTE T allllll] O CTat oy oy LI (o
(TTMblallr)

HINERNIN

OETT T T T T ) CE T T ] e CE O O = e e e e ey £
(T ] COT T

TOOCTTIE CO I O a T a ) CE T T CIO T O b CH CLO (O [ T O CC T CO Ml TTINall

all [(Tb[IMa] (Nal'PT, NADA allINNMT, FIILI 1), OO COETTT T a CET CIIE T ata o C1 ]
COCII T COOm O CO (T (O LT 0 AD 00 [0 FOTIT2a, ballllld, ML) all] (a1
(IO MalMI CITITTTNADA al D (T MHa CEH MW MO Db AT I rab I T NaOPT. ID T A L) O (1T
([alla [IITINADA, alll @I (LI NaOPT [T 000 NNMT. NADA all] NalJPT, (1] 0]
[T (0 M OIE (0 (0 (0 0 (IO TNAD [alla 0 Calllall) (11 a [Ta (T CIIIB LI (1 ba (1.

CLLITM T OO T (O Ma T Ha i) all CalD Talnralb I [(MballlllTa (40) all]I0
Dl I IITb @ I1(36).

NNMT [0 (00 CaCa CI C0 C 0 OO F CL (0 (000 CO ) O Ca LI E T T
al 'L a (F [IL1112b). W OO (I ab [ (T a0 1T (0 OO COC L CENNMT (L
(1 (a1 (B @D (LAl (L0, 1), TCMITIMI, NA (allbO O & M [ ML (0 ClaCTal Ll
balIl1& (41), bLOIMD MIIT] (0 O Cal) (0 (0 O O NNMT (a0 D0 00 O 00 O Ca T al
NCal a0 I CE T L ) OO0 Ch I Ha CELLC) TR T [ TNADA alT/NNMT. I(]
COCITOIN () (70 (00 [0 (8 (0 (a0 COOI0 0 (000 NaDOPT a0 00 O (0 Call) MIONNMT alll
Sal 11110, alTlal]) (T &M b T OO0 Ma it O ab A MO (b O (L (1]
[0 OO00 [ CalbI 0 000 0 MDa D OMa ) TO0 CHmib LD (0000 O 00 b 00 OO0 (Ta i
(FII10S2). TOMCII6 I (M OO (0000 O 00 000 Ob M0 CE 0 (ORI b Ta 0 COMImIH GC
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[TTTITTY(42) b (T 0 (OO (0 a OO b T (0 M0 a M CO (0 00 O OO0 O [0 b )
T abIT T (000 O DL allllTa } b Al 00 [0 CHMOI T 00 000 O O O 10
OallDalll) MCIITTTTTTNNMT, DT I=Na ), TOCTTHIT O A A CAT) T a ey O Ca cra ) (T
MO CIH OO EETI I NalPT LENADA, CICHIINNMT OalJCEIminT] W ati ) C fa C i e
(T (O CE (0 00 (1) Caldball) ald (T (T allld (Ta i alt] T CITB CIITT al TTA] 0 b
(@l T 1) [Tl

100 aCT T (10 (00 (T CTCIT CIOTB I (00 (0 Nall [allal ] (TTTT [(TINADA alT]Na[PT, (1]
al Al O CE T C T COTC D COCT T ) LA T I N AD-CTT [T a1 [Ta JTOCLIT
OO T CIC I I (1 Tab BF} a [ T (I [al] I TINAD- (1 (IO T (T
[TTTT7(T(36), (I IPARP1-3, PARP4, PARP6/S, PARP7/9-15, PARP16, (T (@1 11al11) ADPR-
(TTTalTT) [T T*ADP-[TB[[TTTAl TITTal T alT] SRNA-CTTTTT T T (T (0 I (Ta ]
(T OO I T T T MMala M T a0 b O T T M Tab ST, TCO IO bW T O COF T T2b T
alTTalT] [TTIbIT] CTNAD-CTTTTTTTT (TR (000 O @0 (0T (0000 [0 (AT Ciac (T a (Tl
(TG LTI T TabmS2). W I I LTI (T COTall@ al TIL O T T T Ta, (0 JalJal TTal [T
(0 (I Ca ] OO (1 EEET S 1) CVEC T O ) CECT I O AT Ca ) o alrfalt) O Crd Mald LT
(a [ (T () (00 a L (I Ta LI ) COT T A (O 1 (1 I CH Cy ] AT fa O (L) alllll PARP[
(43).

Tal TN OO0 T MalNADA MO CEMb (A M) b LTI LI T T I [TTal Tl
CETT () T O T T (T OCO I ra i a ] ML) A0 Ma O 0 Caf i b I NalOPT
allINNMT [TIIEITOO M a CETTTT Tab M0 CITETTa T CEINAD-CETT T T AT a ] T O Cb (T Ta
(ITTTC) CITTTITS Joall [I0) CICCI COETTr] (Hal] (IrTmallit) NAD-[CTT] LITT almTy b
T T TalT b Ha I Ta T CHT T T CH b A M(Na L) CIa T (T NAD b TITTI SITTTINNMT
(M I Na D) M I MINAD, M T CIE O] A O CEET CECb LI I LT TTINAD
INRREN

OO T T IO 0 0 L0 000 O CEC CEE A (0 ) CE [ o -

L O e ]

T O i al falrTd a J OO T (I DV CETTT ] a al [T IO ) (e 0 Cra
bl IO O T NAD O Clab CII CE CE CEE O T T ) Wb (e (1T al) (I CEET
[TINAD [1[1db[ T balll]) 1] alll BOCTTa (T CIE COEI I (I CIm Cala (0

(Al (TOMOTT T Tal T MallITa(Tal T TabIS3).

G 1 (0] Ca [0 (0 (D a M a CET TS CE 0 CEC T OO0 O O OO0 0T (10
TAO O TITIIT (MMHa DO 1) b O (Tab O al OTIE O Ca i (00 db CI0 (a0 0D [a 0T
(IO T a oy ) MCTTETTL) CET T I @ty COICTETITT CITCI Cald (I O ETOCTTa i o) e Cali

(T O] CTIT al [ MO ald COMa Mo () WEI T O s ) O O [0 (b (a1
a [T Ja () CET O COT OB (T a0 CTa O T M b O (T CTa ) O Cab O (T Ha oo i
MBI [CTNaldPT bONAD (34). Flllalll] [0 O T Ha i OO Ma D ci T i a o) CECTEE I T
CHITII T b LT TINAD- LT (0 (Tal T a ClaCHTTIH (T T INAD b AT T

F ML) O al T (o EEE I a [T Vb I T (I (T COIT ) (0 () CE LTI T LT INa O PT altd
NNMT all] I a0 CE b EINAD- LTI ) CETTT L) W CalliTalin) (all] [allNAD
(T M TalTINAD CETT CHIT AT b O A Cla T INAD b I Ta NaOPT [0 I CI T
(Tab[TTTTICTINNMT (FITTTI3 A allIB). DD I CE T T T b O INa b PT (£0.01/0), D0
(40 [T LT TTNa O PT I Ca iy 0 I SO T ) [ a I TINAD (T TR (T
(AT T O (0 () (T T T(44). NAD CETTTTTA M T fa b DI T TTa 0 O/ CITT T T NalOPT
MO F MTTTIS3 A alliB). DI A A 0 (0T CHTT T INa O PT, NMNAT [ Ca i CE CIT T
COCTOM CE T O IIm(F IETS3 A [10B) .

S CITTIMITT ) CEEI I Cla T CI A fa O CIITT T COINNMT Crab M O T D@ o mal M TINAD
(T CIOT O AT (R T3 A), @ (] A (I I (a Lo Ma M T TITTTA M CTNAD (FOTTT3B).
T I M NAD (A M fal b O (I (I Talll b a CIOETH CCTTITINT (TNaDPT, CCITH allld
(T T Ta T NAD  CECT I (0 (Ca it [ (10 FOTIT3 A alliB). TOET] (I 1Tall a
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(I CTACTIT] (0 CTOINNMT (00 (1) 0 ba I CT ) CT T O CIOE ) O T Cal o] (o I ilal T
alllrm I Tartm (\ [T al I Al CECT. TOMm O T O MaOm ] I CA O b O CT T fa M () [0
bal T T CI I Calal] (T T NalOPT al TINAD-[T T I T CLCT O (T T al IS 1 (SD]JI]]) ML
NAD-I T MO T aMO B M b O M I T TI NaL, TOCL) MM I T TINNMT (Tab il
NAD [TTTIT OO (I b M CLTAT ) CITTTITNal] (I (0 I (FHH |H\S3D). A @ROOINH a
(I (ITh A Ma MM T NalJPT (MO all T al T I T NAD alllll]a
(O] CETTTT A ) () al CETTTTIE) (O CEy a0 (0] CEEI0T) CIOOE T TINNMT. TE CEEE) [Ma ey (i
(& G (0 (O Na O (1B (00 (OO 0B 0 O (M T IMNAD (T CH (T, 0 Ca 0 0 O
(MTOMONAD [T (0 [Tl A DG bO (0 (0 P TS3E alTJF (TIN5 (T Nall [Ma
CITITT) O T TNNMT, O 0 MO T Ta T bONNMT al T IO T, (Tal T Im M0 (T NAD
[T NalJPT CalJl T OO TEC) MO M Imal T O NNMT CETHCT DO 0T al MEmalm T INAD
(OO0 DI (00 CO 0 (0 CIONAD (LT M BTN AD (L8 M (L (0 O (10
(T O LTI L TINNMT [T INAD LTI a[aD]](FD]]]]DS?)C aD]D).

KT Cafall I T INa O PT O EHE ELCT I (I (T fT T al (T (34) al) O Oa OO O
balTITATTTTI[TI(45), M EMMOrariia O MO (A (M a CIIT (T Nal . W DI (@ T O
(LTI T T T Na L PT alIiln(H ) CONAD (0al D M ma i al TINAD CETTET I (e I

MTabIITHITINNMT, a Callali (M (b A al I CENaldPT (IENal] 0 CT T (0 Cal ] CEr
(I CIITO T Oralt) all NAD LTI al Tl NAD CETT CHITE) (0] (FOT3C altliD). 10 T
(I CONNMT, OO NAD O (00 0 allld NAD alllll] LI alll o
M Talli T a i [T NalPT (FIITITI3E alllF).

R[TJallabll] NAD [T M Ja 0] CETTI CIIT (0T Ja (o COT) CET T Tab (T a T b O CE T T ] fa ()
Ma [T COTTTNNMT. O L C M I T Mal T3 b M (T 1d[MabMNAD [Tl
al [ [T (O (0 (0 M ab T T EEINNMT. 10 MO CITT T T CENNMT, CEOCTTL) NAD CEET I
(@ [T Ja [T (T 1A (0T e (MHa [0 CO T T OO T (A (1) T O Cb (A i T e [
NNMT [T NAD [T atmatfa i CETE T da lC CEE Ty (I fa i

G T Mala MO T I NaOPT falb T I T T ba [TTTIa T T C(45) CICCITNNMT IHEET

L) O OO OO T T e Ta T LTI b ONNMT MICCTTTIT T T a CIT T Ja M T Na D PT.
TOFMTTBG al H DO [T Calinr T e Cla al I a [I'NallPT,
(0 [ O Cab T CONNMT. TEITIIIT ) a (1) a (I (O f 00 [T C1 [ all I (10
NADA [ITNall all]@alab[ [T O fallTIi] (T bal ITTal NalJPT, Marlll [T TTINAD [T CITT
(I (0 A CTAO T CEINNMT L A CETCTTTIT T [ M a i [ (F O3 G). HEO L) T0I T a i 10
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(MITTTTT NNMT. U CEC] CETal i CIECTL) () COIETy EET CIOTTTET a fIT T ] 17 NalJPT [T Nal
([T b MU A LTIAM LI (T T Ta 1] DD) CET T Cal T [(Ta M NAD CETITE CITTE (0T T al TINAD
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