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ABSTRACT

Poly(ADP-ribose) polymerase (PARP) is an element of
the DNA damage surveillance network evolved by
eukaryotic cells to cope with numerous environmental
and endogenous genotoxic agents. PARP has been
found to be involved in vivo in both cell proliferation
and base excision repair of DNA. In this study the
interaction between PARP and the DNA polymerase
o—primase tetramer has been examined. We provide
evidence that in proliferating cells: (i) PARP is physi-
cally associated with the catalytic subunit of the DNA
polymerase o—primase tetramer, an association con-
firmed by confocal microscopy, demonstrating that
both enzymes are co-localized at the nuclear periphery
of HelLa cells; (i) this interaction requires the integrity
of the second zinc finger of PARP and is maximal
during the S and G2/M phases of the cell cycle; (iii)
PARP-deficient cells derived from PARP knock-out
mice exhibited reduced DNA polymerase activity,
compared with the parental cells, a reduction accen-
tuated following exposure to sublethal doses of
methylmethanesulfonate. Altogether, the present re-
sults strongly suggest that PARP participates in a DNA
damage survey mechanism implying its nick-sensor
function as part of the control of replication fork
progression when breaks are present in the template.

INTRODUCTION

arrests the cell cycle and induces a cellular response allowing
DNA repair, ensuring high fidelity of genetic information
transmission (2).

In eukaryotes the highly conserved DNA polymerasgpri-
mase complex is responsible for synthesis of short RNA-DNA
primers essential for the initiation step of DNA replication. It
consists of four distinct subunits: p180 (180 kDa) is the catalytic
subunit. The primase is a heterodimer of 48 kDa endowed with
catalytic activity; p58 (58 kDa) bears a stimulatory function, p68
(68 kDa) has a tethering function between p180 and the primase
(4,5). Conponents of the replication apparatus may act as sensors
of DNA damage to stall replication forks, inducing transcription
of DNA damage-inducible genes (6). A defect in the mammalian
tumour suppressor gep&3 abrogates G1 arrest in response to
ionizing radiatior(7,8) by transaptional activation of genes like
GADD45 and p2YAF1' a cyclin-dependent kinase inhibitor
(9-11). Furthermore, DNAaage sensors may also transduce
the stress signal. ATM, which is mutated in patients with the
heritable disorder ataxia telangectasia (AT), induces signalling
through multiple pathways, thereby coordinating acute phase
stress responses with cell cycle checkpoint control and repair of
ionizing radiation and oxidative dama(fe?,13). Patients har-
bouring mutations ip53 or ATM are cancer prone, implicating
checkpoint controls in the prevention of genetic instability.

In yeast the catalytic subunit of DNA primase is thought to link
the DNA damage response to DNA replication, whilst mutations
in thePRII gene failed to delay bud emergence in response to UV
irradiation in G1(14). Another replication block sensor protein
is DNA polymerase, which is required for the-SM checkpoint.
Interestingly, adjacent to the location of checkpoint-deficient

To maintain DNA integrity in dividing cells specific biochemical mutations DNA polymeras& encompasses a zinc finger
pathways have evolved to accurately coordinate the cell cyatesembling the zinc fingers of PARP involved in binding to
transitions; these checkpoints link completion of one phase gingle-strand break45), siggesting that both proteins recognize

onset of the following phasgél,3). Moreover, DNA dmage

a similar structure in DNA.
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Poly(ADP-ribose) polymerase is a component of the immedplexes were precipitated by addition of [BQorotein A—Sepha-
ate cellular response to genotoxic stress, playing a critical roletiose beads and washed five times in 20 mM Tris—HCI, pH 8.0,
cell recovery from DNA damaggl6,17). Purified PARP was 100 mM NaCl, 1 mM EDTA, 0.5% NP40 and separated by 10%
shown to suppress vitro replication of SV40 DNA18) andto SDS-PAGE. Proteins were transferred onto nitrocellulose and
inhibit DNA replication by human replicative DNA polymerasesimmunoblotted with appropriate antibodies. Immunoblotting was
a, 0 ande (19). In ontrast, Simbulaet al.demonstrated that ~ performed with an enhanced chemiluminescence detection
vitro PARP stimulated DNA polymerage through a physical system (Amersham). n vitro experiments jug purified DNA
association(20). The same uhors demonstrated that the polymerase&—primase and the indicated domains of PARRy(1
PARP-DNA polymerase association was required in differenti- each) were pre-incubated in 20ldysis buffer for 1 h on ice and
ation-linked DNA replicatior{21,22). immunoprecipitation was performed as described above using the
Accumulating evidence suggests a permanent or temporgoglyclonal anti-PARP antibody or the pre-immune serum as
association of PARP with the replication machinery: (i) PARRontrol.
co-purifies with DNA replication fork§23) and dpoisomerase
I (24,25); (i) in vivo PARP modifies replication factors such asConfocal laser scanning microscopy

RP-A (18) and SV40 Traigen(26); (ii) following exposure to HeLa cell for 24 h | i hed twi
low levels of monofunctional alkylating agents inhibit{@,27) eLa cels were grown for 24 h on glass coverslips, washed twice
or depletion (28,29) of PARP rasts invariably in G2/M with PBS, fixed for 10 min with ice-cold methanol/acetone and

; : ; hed again with PBS. Cells fixed on coverslips were incubated
accumulation, presumably reflecting a failure to complet as ; X T . .
replication, ultimately leading to a mitotic block. Furthermore, ifO" 16 1 with the first antibodies diluted in PBS, 0.1% Tween, 1%

; : : - o o SA. Dilutions were 1/100 for polyclonal anti-PARP antibody
mice lacking PARP proliferating cells are exquisitely sensitive t . :
; : ; d 1/2 for monoclonal anti-DNA polymerase68 (provided
DNA damaging agents compared with wild-type cells, a n . ; .
mesred by () apoptots ol deal of spenetes xposed 21 = WA, E2BS i ranee Ay e tashes vty
N-methyH\-nitrosourea (MNU); (i) necrosis of the epithelial condar antibddies (FITd—con'u ated anti-rabbit 19gG and
cells of the small intestine located within the crypts, causing deaflli y Jug 9

L : ; o it d-conjugated anti-mouse 1gG1 respectively, diluted in
of PARP-deficient mice by 3 days following 8 @yrradiation Xas re ; . :
(28). All these data singly suggest that PARP is a survival factor” BS 1/200). Observations were made with a confocal microscope

i i it ; quipped with an argon/krypton laser and suitable barrier filters
E(l,?;)cl)l\r/]gry?n essential and positive role during DNA damag sica TCS4D, Heidelberg, Germany).

In this work we present evidence that PARP and DNA -
polymerase—primase are physically associated in dividing cellsNA polymerase activity assay
permitting coordination of the initiation of DNA replication with DNA poiymerase activity was tested in ﬁDbuffer Containing
the resolution of replication blocks induced by DNA strandio mm Tris—=HCI, pH 7.5, 5 mM Mg@) 7.5 mM DTT, 5Qug/ml

breaks. BSA, 0.5ug DNase I-activated calf thymus DNA, P81 each
dATP, dCTP and dGTP, ACi [0-32P]dCTP (3000 Ci/mmol;

MATERIALS AND METHODS Dupont NEN). Incorporation of radiolabelled nucleotides was
determined by TCA precipitation. DNA polymeraseprimase

Cell culture inhibition was performed in the presence ofill8JK 132-20 or

HeLa cells were maintained in DMEM 1000 mg/l glucose®" antibody directed against the DNA polymerasé8 kDa
medium (Sigma) supplemented with 7% fetal bovine serurgtPunit

(Eurobio) and 0.5% gentamycin (Sigma). Primary fibroblasts . .

(MEFs) were isolated from 13.5 day embryos from homozygous@r western blotting analysis

mutantPARP?~and wild-typePARP*/* mice as described (28). Radiolabelled proteins were produced usingitheitro TNT
MEFs were maintained in DMEM 4500 mg/l glucose mediuniysate coupled Transcription—Translation System (Promega) with
supplemented with 10% fetal bovine serum and 0.5% gentamyg ,Cj L-[35S]methionine (1175 Ci/mmol; Dupont NENDne

cin. The cells were grown at 3¢ with 5% CQ. microgram of purified DNA polymerase-primase complex was
separated by 8% SDS—PAGE and transferred to nitrocellulose
Immunoprecipitation experiments membrane. After renaturation for 16 h &C4in 10 ml buffer

. . containing 10 mM Tris—HCI, pH 7.4, 5 mM 2-mercaptoethanol,
HeLa cells (5 10°) were washed twice with phosphate-buﬁeremz% Trigtlon, 0.5% milk pgwder and 0.25% gglatine the
saline (PBS) and lysed on ice in 1 ml lysis buffer (20 MMyomphrane was incubated in 1 ml renaturation buffer containing

Tris-HCI, pH 8.0, 120 mM NaCl, 0.5% NP40, 0.2 MM 5., vagiolabelled polypeptide. The membrane was then washed
phenylmethanesulfonyl fluoride and p/ml each leupeptin, ice in 10 mM Tris—HCI, pH 8.0, 150 mM NaCl, 0.05% Tween
pepstatin and aprotinin). Solubilized cell lysates (@9frotein), ;g autoradiographed. ' ' '

precleared for 16 h with 1%l protein A—Sepharose beads
(Pharmacia Biotech), were incubated for 2 h°& avith either
monoclonal antibodies [anti-DNA polymeragseprimase anti-
bodies SJK-132-2(B0), povided by M.Smulson, Georgetown Exponentially growing HelLa cells were maintained for 24 h in
University School of Medicine, Washington, and SJK-237-7Inedium containing Jug/ml aphidicolin (Sigma). Cells were
(30), povided by J.Hurwitz, Sloan-Kettering Cancer Centerreleased from the cell cycle block by washing three times with
New York; anti-galactosidase clone GAL13, Sigma], a poly-PBS and adding fresh complete medium. At various times after
clonal anti-PARP antibody or a pre-immune serum. Immunocomelease from the aphidicolin block samples were harvested for

Cell synchronization
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immunoprecipitation and flow cytometry analysis using an Epics

Ellte (Coulter), A I Immunoprecipitation with : l
‘._‘.’p
S phase analysis after G1 block release '?.,-? LF
. . . . . o8 s g Pl
Mouse embryonic fibroblasts were synchronized in GO in & & & §F

DMEM containing 0.1% fetal bovine serum for 96 h. Cells were ‘h
harvested, treated or mock-treated with fBDMMS for 30 min ;
at 37C and released into fresh complete medium. Twenty four

hours later cells were pulse labelled withud 5-bromodeoxy- Western blot : monoclonal anti-PARP
uridine (BrdU) for 1 h and the percentage of cells in S phase was

monitored as describgd6). —

RESULTS ! : : )

Activity blot : **F NAD

PARP interacts with DNA polymeraseo—primase

m

Previous studieg20) have shown that PARP is physically
associatedn vitro with DNA polymerasea. To assess the
existence of this association in living cells HeLa whole cell
extracts were immunoprecipitated using two different monoclonal
antibodies raised against the DNA polymerasegrimase
180 kDa subunit30) and the immune complex wabfected to
SDS-PAGE. Figure 1A shows that PARP (116 kDa), whose
activity was detected by activity bl(®81), was immnoprecipi-
tated with a polyclonal anti-PARP antibody (lane 1) and was also
specifically co-immunoprecipitated with DNA polymerase
o—primase using anti-DNA polymerasantibodies (lanes 2 and

3) but not with an anf8-galactosidase antibody as a negative
control (lane 4).

Conversely, HeLa whole cell extracts were immunoprecipi-
tated with a polyclonal anti-PARP antibody and the immune
complex was assayed for DNA polymerase activity using DNase
l-activated DNA as a substrate (Fig. 1B). As expected, DNA
polymerase activity was co-immunoprecipitated with PARP. Thisrigure 1. PARP interacts with DNA polymerase-primase. &) HelLa cell
activity could be neutralized by 50% by adding anti-DNA extracts were subjected to immunoprecipitation with anti-PARP (lane 1) or two
polymerasen antibodies directed against either the 180 (SJkdifferent anti-DNA polymerase—primase antibodies (SJK-132-20, lane 2;
132-20) or 68 kDa subunits of DNA polymerast the reaction cgrlft_rchISZIané %n?nfﬁ]ﬁgoamaacm'dase antinody was sec as a negative

g et . . precipitates were then analysed by immunoblotting
mixture. The same level of inhibition was obtained Whenusing an anti-PARP antibody (top). Immunoprecipitates were also analysed by
aphidicolin was added (&/ml) to the reaction mixture (data not activity blot (bottom). B) HeLa cell extracts were incubated with anti-PARP
shown). In control experiments DNA polymerase activity was not®: _Dv_tOt), pre-immune sergrr:() olrD v'\\l/i;houtlantibody as ci_or_ltrolo an th_ke; i
associated either with the pre-immune serum or with proteiffy *eP7e e HEE HeeCYeC . 132_2£;y;2§ra:rii_zgé"%) e
A-Sepharose beads. Furthermore, both enzymes were co-ImmMuN@ymerase—primase antibodies were added to the reaction mixtures to inhibit
precipitated by specific antibodies to either PARP or DNADNA polymerasex activity.
polymerasea (data not shown) from lysates of insect cells
co-infected with recombinant baculovirus expressing both the
p180 large subunit of DNA polymeras€32,33) and PARP (34).

To exclude the possibility that this association could occur vianly, in keeping with its potential role in base excision repair
tightly bound DNA fragments rather than by specific protein{BER) (17).
protein interactions the immune complex was assayed for DNA
polymerase activity in the absence or presence of DNag\Rp and DNA polymerasen—primase are co-localized
l-activated DNA as substrate. We found that DNase |-activatgf| the Hel a cell nucleus
DNA was absolutely required for DNA polymerase activity,
suggesting that no DNA co-purified with the PARP/DNAPARP/DNA polymerasax intranuclear localization was esti-
polymerasea—primase complex and consequently that themated from optical sections obtained using a confocal laser
interaction occurred via direct protein—protein contacts (data netanning microscope. Figure 2 shows typical PARP and DNA
shown). polymerase patterns of doubly stained nuclei observed in

A possible interaction between PARP and other replicatioproliferating HeLa cells. Panels A and B show confocal images
and/or repair enzymes was further investigated by immunopre@f DNA polymerase—primase and PARP labelling respectively
pitation using antibodies against replication factor A (RPA) andiithin the same nucleus. Co-localization (yellow) is observed at
DNA polymerases3, & ande. Under the same experimental the nuclear periphery and in nucleoli; both patterns overlapped
conditions PARP was found associated with DNA polymeBase within the limits of the procedure. Altogether, these results
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Anti DNA polymerase o Anti PARP merge

Figure 2.Confocal analysis of PARP and DNA polymerasiouble staining in HeLa celld Rhodamine-labelled DNA polymeraséred); B) fluorescein-labelled
PARP (green);§) merged image (regions of overlap are in yellow).

indicate thatn vivothe two proteins are in close vicinity and arethe 180 kDa catalytic subunit of DNA polymeraseprimase

both preferentially present in the nuclear envelope. bound to the full-length PARP as well as the 46 kDa DBD,
whereas the 40 kDa C-terminal catalytic domain did not interact
The DNA binding domain of PARP interacts with the under these conditions. Interestingly, the two mutated forms of

the 46 kDa DBD failed to interact with the 180 kDa catalytic
subunit of DNA polymerase—primase, strongly suggesting that
The interacting domains between PARP and DNA polymeradgtegrity of the second zinc finger, at least, is required. From this
a—primase were mapped using two independent approach&&r western blot experiment we also concluded that the interac-
First, equimolar amounts of purified homogeneous human DNAON is not mediated by DNA.

polymerasei—primase and full-length PARP or PARP functional

domains (29 kDa DBD or 40 kDa catalytic domain; Fig. 3A) werd?ARP/DNA polymerasea—primase interaction occurs
pre-incubatedh vitro on ice. Then an anti-PARP antibody or thein a cell cycle-dependent manner

pre-immune .S?t“:m was added to éhef reaéfi&n mi>|<ture and the ot whether PARP/DNA polymeraseprimase association

lm{m_moixempr: ates _W?:r_e ass??l)s/e DN(X | po yme":.set is cell cycle regulated HeLa cells were blocked by aphidicolin at
activity. As shown in Figure 3B, polymerase actvity y,o 1/5 poundary of the cell cycle; following release cell cycle
co-immunoprecipitated with full-length PARP as well as with the, . ecion was determined by flow cytometric analysis (Fig.
29 k_Da DBD, but not with the 40 kDa catalytic domain or th 4A). p180 and PARP were present throughout the cell cycle (Fig.
pr_?_-wgmtune.serurrr:. ther th ation also EHSEG, | 4B and C respectively). Cell lysates from different stages of the

0 determine whether this association also eXISW/0, IN & .|| cvcle were immunoprecipitated with the anti-DNA polymer-

second approach HelLa (H29-11) cells constitutively expressi ea—primase antibody SJK 132-20. The immune complex was

the human PARP 29 kDa domain as well as the parental cell Iiri}‘ﬁmunoblotted with both monoclonal antibody directed against
(HPECV) were used (16). The proteins werenidfied by the 180 kDa subunit of DNA polymerase—yprimase aﬁd

\(lzvlesgterlr;.bllpt %rg;llyﬁis usingh montocI%n?I atr;ti—PAIf?P l"l"?tibOdé{nti—PARP antibody (Fig. 4D and E respectively). Although DNA
H2o 1(1 ; Fig. 3C). ﬁ]ne S OV:? ISYﬂtl gngDemD%Dce 'gel olymerase a—primase was efficiently immunoprecipitated
~L1 Expréssing the recombinan a anad a roughout the cell cycle, PARP was found associated with DNA

containing full-length endogenous PARP. Both proteins wer olvmerase—orimase onlv during the S and G2 phases of the cell
immunoprecipitated with anti-PARP antibody (lane 3) and WitI‘Eyc)I/e, and nofduring Gl);)hase.g P

SJK 237-71 (lane 2), but not with a non-specific ngialactosi-
dase antibody (lane 1). PARP was immunoprecipitated with SJE

catalytic subunit of DNA polymerasea—primase

NA polymerase activity is reduced in cell lysates from

237-71in HelLacells, as already reported in Figure 1A. Thus bo WRP-deficient cells derived from PARP knock-out mice

in vitro andin vivo PARP contacts DNA polymeraseprimase

through its 29 kDa DBD. In crude lysates obtained from thdo evaluate the functional significance of the PARP/DNA

parental line HpECV no protein migrating at a molecular weighpolymerasax—primase interaction total DNA polymerase activ-

of 29 kDa was co-immunoprecipitated (Fig. 3C lane 5). ity in cellular lysates from embryonic fibroblasts derived from
To assess the integrity of the PARP zinc fingers in thigither wild-typePARP* or PARP knock-out micePARP7-)

interaction 35S-radiolabelled PARP functional domains werewas measured in the presence of nicked DNA. The same amount

synthesizeth vitro and used in Far western blot analysis. Purifiedf the large subunit p180 of DNA polymeraseprimase was

human DNA polymerase—primase tetramer was separated bypresent in both extracts. As shown in Figure 5, DNA polymerase

SDS-PAGE, transferred to nitrocellulose membrane and, aftactivity was reduced by 50% iRPARP’~ cellular lysates

renaturation of the proteins, hybridized. As shown in Figure 3Dgompared with lysates obtained from pareaRP’* cells,
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Figure 3. The DNA binding domain of PARP interacts with the catalytic subunit of DNA polymergsemase. &) Modular organization of the human PARP
molecule. B) Purified DNA polymerase—primase was incubated with PARP (116 kDa) or the purified domains of PARP (29 and 40 kDa). Immunoprecipitation
was then performed with anti-PARP and the precipitates were assayed for DNA polyamactsigy at O and 30 min. Immunoprecipitation with the pre-immune
serum was performed as a negative cont@)lH29-11 cell lysates were immunoprecipitated with an Rugtidactosidase antibody as a negative control (lane 1),
anti-DNA polymerase—primase antibody SJK 237-71 (lane 2) or anti-PARP antibody as positive control (lane 3). Aliqueis 629011 crude lysate were loaded

as controls (lane 4). HpECYV cell lysates were immunoprecipitated with anti-DNA polyneesaissase SJK 237-71 (lane 5). Proteins were then analysed by
immunoblotting with anti-PARP. IgG(H), immunoglobulin G heavy chain; IgG(L), immunoglobulin G light cBaiRa¢ western blotting analysis. Purified DNA
polymerasen—primase was separated by SDS—PAGE, transferred to nitrocellulose membrane and hybridi&&iradiblabelled full-length PARP (lane 1),
wild-type 46 kDa domain (lane 2), the double point mutant C21G C125G (lane 3), the single point mutant R138I (19) (flené@kDatcatalytic domain (lane 5).

suggesting that PARP may stimulate the active replicativiesh medium some cells were exposed to MMS, whereas other
complexin vivo. cells were left untreated; 24 h later they were all pulse labelled
with BrdU (Fig. 6). When untreated only 28%RARP~ cells
The rate of ongoing S phase is retarded in had ent(_ared S phase compared with 40% of the parental cells,
PARP-deficient cells following DNA damage suggesting that they have been delayed in the cell _cycle.
Following exposure to a sublethal dose of MMS, progression of
The involvement of PARP in progression of the replication forlPARP’* MEFs into S phase was not affected, however, cells
following DNA damage was monitored by the ability of cells tolacking PARP showed reduced progression through S phase,
progress into S phase after exposure to sublethal doses of MM8ice only 21% of cells had entered the S phase. Therefore,
MEFs derived fronPARP/+ andPARP’~ mice were synchron- PARP~ cells have a reduced capacity to replicate their genome
ized by serum starvation. Immediately following release intainder DNA damage conditions.
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Figure 4. Cell cycle-dependent interaction of PARP with DNA polymeraserimase. Aphidicolin-arrested HelLa cells were released into fresh medium. Timed
samples were monitored for progression through the cell cycle by flow cytometric arfg)y3ieg amounts of p180 DNA polymeraséB) and PARP C) were
assessed in lysates. The same samples were immunoprecipitated with anti-p180 and DNA paly{Demse PARP ) were revealed by immunoblotting. IP,
immunoprecipitation; WB, western blotting.
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Figure 5. Cell lysates from PARP-deficient cells display a reduced DNA

polymerase activityn vitro. DNA polymerase activity was assessed at 0 and Figure 6. S phase analysis of synchronizedRP/+ and PARP— mouse

15 min on clear lysates from wild-typ@RP*) and mutantfARP"-) mouse embryonic fibroblasts. Cells were synchronized in G1 by serum starvation and
embryonic fibroblasts as described under Materials and Methods. Datasamples for FACS analysis were taken 24 h following block release with or
represent one of three independent experiments. Results represent theithout 150uM MMS addition. The percentage of cells in S phase was
average/mean value and standard deviation of three independent experimentsnonitored by BrdU pulse labelling.

The amount of DNA polymerase-primase (p180) in the tested samples was

revealed by western blot analysis as shown in the insert.

occur when replication is blocked by unrepaired lesions increased
(16,28,35) and cells underwemoptosis(16,28). These redts
were tentatively interpreted in the context of a DNA survey
DISCUSSION mechanism implicating the nick-sensor function of PARP as part
of the control of replication fork progression when breaks are
We have shown previously that in proliferating cells in whichpresent in the template.
PARP was inhibited by overproduction of a dominant negative In this work we provide evidence that PARP contacts the
mutant or in PARP-deficient cells sublethal doses of alkylatingeplication machinery, boih vitro andin viva (i) PARP and the
agents led to G2/M accumulation, whilst the parental cells weil@NA polymerasea—primase tetramer co-immunoprecipitate
able to progress continuously through the cell cycle. Under theasing antibodies specific for either PARP or DNA polymetase
DNA damaging conditions sister chromatid exchanges whicand PARP is also immunoprecipitated by an anti-DNA polymerase
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stream of the dama@48). Moreover, the presence of PARP atthe

o XRCC1
repa pathway | DNATSIS break would ensure rapid recruitment of DNA repair enzymes
(Ma:_;so_n et aL,_submitted for pub_licatio_n) to restore DNA
/7\‘ continuity, in a time window compatible with normal completion
f of the cell cycle. As a consequence of persistence of unreplicated
PARP Cell cycle delay llife-and-deathl sequences containing lesions the cell cycle may be delayed in
L_J°'a"es' pelance G2/M, leading to apoptosi§l6,28). This rplication-linked

associated with: (i) factors and enzymes involved in BER, like
DNA polymerase3 and XRCC1 (Massont al, submitted for
publication), which are specifically involved in the major
pathway of BER (36,37); (ii) the DNAp#cation apparatu&0;
Figure 7.Model for the implication of PARP in the coordination of cell division  thjs work). Following treatment with sublethal doses of DNA
with the base excision repair pathway. The interaction of PARP with XRCC1 damaging agents loss of PARP (and hence PARP activity)

(Massonet al, submitted for publication) promotes the recruitment of BER . . . .
factors and enzymes to the vicinity of DNA strand breaks, thus contributinginCréases the cytotoxicity of the DNA damaging agent by

kinetically to the efficiency of the overall repair reaction, in a time window considerably delaying the time course of rejoining of DNA
compatible with cell cycle progression. A delayed or prolonged cell cycle arrestoreaks, as detected PARP'— mouse embryonic fibroblasts

due to the persistence of unrepaired/unreplicated DNA influences thél’ruccoet al, submitted for publication).These findings suggest

DNA polymerase o (p180)

\; + repair pathway prevents cells from entering mitosis unless their
genome has been repaired. To fulfil this function PARP is

life-and-death balance. Cells challenged with sublethal doses of genotoxin : . - g -
activate the DNA repair network and survive. When apoptosis is the selecte - e}Eher the ChECprIr.]t meChamsmS are not sufflc_lent n
option, in the case of saturating levels of damage, ICE family proteases cleaveARP”~ Cells or that coordinated stimulation of DNA repair and

and inactivate PARP as well as a number of other DNA repair/cell survivalDNA replication proteins by PARP is required for efficient repair
factors, leading to irreversible commitment of the cell to a death program (40) of damaged DNA.
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