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Advantage of a baculovirus expression system for protein-protein inter-
action studies. Involvement of posttranslational phosphorylation in the
interaction between wt p53 protein and poly(ADP-ribose) polymerase-1
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We recently observed an interaction between poly(ADP-ribose) polymerase-1 (PARP-1) and the
tumor suppressor p53 protein. However, more extensive studies on both proteins, especially
those on characterization of their domains involved in the interaction were difficult due to very
low expression levels of p53 in mammalian cells. Therefore, we generated recombinant proteins
for such studies. To clarify which domains of human PARP-1 and of human wild-type (wt) p53
were involved in this protein-protein interaction, we generated baculoviral constructs encoding
full length or distinct functional domains of both proteins. Full length PARP-1 was simultane-
ously coexpressed in insect cells with full length wt p53 protein or its distinct truncated frag-
ments and vice versa. Reciprocal immunoprecipitation of Sf9 cell lysates revealed that the central
and carboxy-terminal fragments of p53 each were sufficient to confer binding to PARP-1, whereas
the amino-terminal part harbouring the transactivation functional domain was dispensable. On
the other hand, the amino-terminal and central fragments of PARP-1 were both necessary for
complex formation with p53 protein. Since the most important features of p53 protein are regu-
lated by phosphorylation, we addressed the question whether its phosphorylation is essential for
the binding between the two proteins. Baculovirally expressed wt p53 was post-translationally
modified. At least six distinct p53 isomeres were resolved by immunoblotting following two-di-
mensional separation of baculovirally expressed wt p53 protein. Using specific phospho-serine
antibodies, we identified phosphorylation of baculovirally expressed p53 protein at five distinct
sites. To define the role of p53 phosphorylation, pull-down assays using untreated and dephos-
phorylated p53 protein were performed. Dephosphorylated p53 failed to bind PARP-1, indicating
that complex formation between the two proteins was regulated by phosphorylation of p53. The
marked phosphorylation of p53 at Ser392 observed in unstressed cells suggests that the phos-
phorylated carboxy-terminal part of p53 undergoes complex formation with PARP-1 resulting in
masking of the NES and thereby preventing its export.

Keywords: p53 phosphorylation; p53 stability; p53 nuclear export; NES; nucleocytoplasmic shuttling; cell cycle arrest; FACS
analysis; 2D-PAGE; p53 isomers; p53 pull-down assay

The tumor suppressor protein p53 is one of
the key players in cell cycle regulation, DNA dam-
age response and apoptosis (for reviews, see Bar-
gonetti & Manfredi, 2002; Mowat 1998). Addition-
ally, an important role of p53 and its homologues
has been described in organismal development
and recently, p53 has also been brought into con-
text with cellular and organismal ageing (Maier et

al., 2004, Donehower, 2002). Due to this wide range
of fundamental functions a very tight spatial and
temporal regulation of the protein is of paramount
importance. The expression level and activity of
p53 protein is regulated according to the develop-
mental and physiological status of the particular
cell, the protein being maintained at a very low
level and occurring predominantly in its inactive
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form in unstressed cells. The tight regulation of wt
p53 protein is achieved wvia four independent cellu-
lar mechanisms: the expression level of the protein,
its stability, regulation of activity, and also by its
spatial distribution. The expression of the protein is
regulated by specific cofactors of the transcriptional
machinery as a result of various extra- and intracel-
lular stimuli. The required stability of the protein is
achieved by an interplay of degrading and stabiliz-
ing mechanisms which are influenced through cova-
lent modifications of the protein (for a review, see
Appella & Anderson, 2001). The key regulator for
p53 stability is the Mdm2 protein which has an E3
ubiquitin ligase activity and is able to target p53 for
ubiquitin-dependent proteolytic degradation (Haupt
et al. 1997, Kubbutat et al. 1997, Momand et al. 1992).
Additionally, a variety of proteins has been shown
to be involved in the fine tuned regulation of the
tumor suppressor. Among those poly(ADP-ribose)
polymerase-1 (Wesierska-Gadek et al. 1999, 2000)
and JNK kinase (Fuchs et al. 1998) are worth men-
tioning. p53 protein is able to switch between an ac-
tive and a latent form. In its active form the protein
constitutes a homo-tetramer and is able to carry out
its function as a transcription factor. The intracellular
distribution of p53 changes according to the cell cy-
cle stage (Shaulsky et 4l.1990). In normal unstressed
cells p53 is primarily localized to the nucleus during
G, phase and is predominantly cytoplasmic during
G, and S phases (Shaulsky et al. 1990). The intracel-
lular distribution of p53 is consistent with its func-
tion as a check point regulator of the cell cycle.

As a consequence to unfavourable intra- and
extra-cellular conditions various stimuli induce the
expression, stabilization and activation of p53. Ob-
viously, several types of posttranslational modifica-
tions are involved in the regulation of p53 stability.
Ubiquitination induced by Mdm?2 protein leads to
proteolytic degradation of p53 whereas phosphor-
ylation of specific serine residues renders the protein
resistant to this form of degradation. Depending on
the negative stimuli and their severity p53 protein is
able to induce downstream targets which lead to cell
cycle arrest or, when the damage is too detrimental,
to apoptosis. In the case of cell cycle arrest the cell
is granted the opportunity to repair the damage and
recover. In case the damage turns out to be too se-
vere, the cell will enter a terminal cell cycle arrest.

PARP-1, a protein which directly binds to p53
(Wesierska-Gadek et al.,, 1996) and regulates its sta-
bility (Wesierska-Gadek et al., 1999, 2000a, b) is also
involved in DNA damage response and apoptosis
(D’Amours et al., 1999, Berger 1985, de Murcia &
Menissier-de Murcia, 1994). To gain better insight into
the interaction between the two proteins we mapped
the domains of p53 and PARP-1 that are involved in
the dimerization. The expression of high levels of wt
p53 in mammalian cells would lead to cell cycle arrest

and apoptosis, therefore, we chose the baculovirus
expression system in insect cells. We expressed full
length PARP-1 or p53 and various domains of either
protein in those insect cells and used them to map
the regions involved in heterodimerization (Wesier-
ska-Gadek et al., 2003a). The phosphorylation pattern
of p53 in insect cells is presumably identical to that in
mammalian cells. This allowed us to also investigate
the significance of p53 phosphorylation for its ability
to bind PARP-1 (Wesierska-Gadek et al., 2003b). Us-
ing specific phospho-serine antibodies we were able
to detect different p53 isoforms. Dephosphorylated
p53 was unable to bind PARP-1 whereas the phos-
phorylation of Ser392 of p53 rendered the protein
capable of binding PARP-1. This complex formation
led to the masking of the NES of p53 and, thereby,
prevented its nuclear export. Our data indicate that
PARP-1 is involved in the stabilisation of the tumor
suppressor protein p53.

MATERIAL AND METHODS

Cell lines. Spodoptera frugiperda (Sf9) insect
cells were used for expression of baculovirally en-
coded human p53 and human PARP-1 constructs.

Antibodies. Different anti-p53 antibodies rec-
ognizing distinct epitopes were used._Monoclonal
anti-p53 antibodies recognizing an epitope in the
amino-terminus (DO-1), in the core domain (PAb240)
or at the carboxy-terminus (PAb421) were from On-
cogene Research Products (Cambridge, MA, USA).
The polyclonal anti-p53 antibody CM-1 was ob-
tained from Novocastra (Newcastle-upon-Tyne, UK).
Additionally, monoclonal antibodies to phosphoser-
ine (clone 4A9) were from Alexis Biochemicals Corp.
(San Diego, CA, USA). Polyclonal antibodies against
phospho-Ser15-, phospho-Ser20-, phospho-Ser37-,
phospho-Ser46- and phospho-Ser392-p53 were from
New England Biolabs (Beverly, MA, USA).

Polyclonal antibodies (N-20) specific for the
amino-terminus of PARP-1 (aa 1-20) were from San-
ta Cruz (Santa Cruz, CA, USA). Monoclonal anti-
PARP-1 antibodies (C-2-10) and F-1-2-3 were from
Dr. G. Poirier and F-2 was from Santa Cruz. Addi-
tionally, rabbit polyclonal anti-human PARP-1 anti-
bodies from Boehringer (now Roche, Vienna, Aus-
tria) were used.

Monoclonal =~ X-press antibodies directed
against a 15 amino acid motif present in recom-
binant proteins or against the His-tag sequence were
obtained from Invitrogen Life Technologies (San Di-
ego, CA, USA) and from Roche (Vienna, Austria), re-
spectively. Immune complexes were detected using
appropriate secondary antibodies linked to horserad-
ish peroxidase (HRP) from Amersham International
(Little Chalfont, Buckinghamshire, England) or from
Pierce (Rockford, IL).



Vol. 52

Phosphorylated wt p53 binds to PARP-1, No. 1114 3

Cloning of p53 and PARP-1. All cDNAs were
cloned into a modified baculovirus recombination
vector (pBlueBacHis2B; Invitrogen Life Technolo-
gies, San Diego, CA, USA). One nucleotide in the
vector was changed as follows: at position 166 a G
was replaced by an A generating a Bg/II restriction
site at position 167 without changing the amino acid
sequence of the His-tag. The resulting vector was
called pBlueBacHis2BGS and all mentioned cDNAs
were cloned into this newly generated BgIII site at
their 5" ends and into the Sall or HindIll restriction
site at their 3’ ends. To generate the appropriate
restriction sites flanking the coding region, PCR re-
actions were performed using appropopriate prim-
ers as previously described (Wesierska-Gadek et al.
2003a). The annealing temperatures of the PCR reac-
tions were 48 to 56°C. Resulting cDNAs were digest-
ed and cloned into pBlueBacHis2BGS. The DNAs
were sequenced in order to verify the correct clon-
ing.

Transfection of insect cells. For transfection
4 pg of the pBlueBacHis2BGS vector containing a
p53 or PARP-1 insert were mixed with 1 ug of the
Bac-N-Blue plasmid, 1 ml insect cell medium (with-
out FCS) and 20 pl insectin liposomes (all from Inv-
itrogen Life Technologies, San Diego, CA). After re-
combination of the two plasmids, polyhedrin, a gene
necessary for the creation of viral particles was re-
constituted as well as a functional lacZ gene. The in-
sectin liposomes facilitated successful transfection of
the Sf9 cells incubated with the transfection mixture.
After approximately 3 days the baculovirus started
to lyse the insect cells and one week after transfec-
tion the supernatant including the newly formed vi-
rus particles was saved for subsequent infection of
Sf9 cells. For selection, serial dilutions of the virus
suspension (e.g. 1000 to 100000 fold) were put into
petri dishes (10 cm diameter) containing 107 loga-
rithmically growing Sf9 cells. After 1 h the medium
was removed and the cells were covered with 6 ml
of low melting agarose containing X-Gal. Starting 3
days later, the petri dishes were inspected for the
appearance of blue plaques, generated by X-Gal me-
tabolized by the protein expressed by the reconsti-
tuted lacZ gene. Blue plaques containing the recom-
binant virus were cut out and put into insect cell
medium to elute the virus particles. This medium
containing the virus was then used for subsequent
infections of Sf9 cells.

Preparation of cell extracts. PBS-washed cells
were lysed in RIPA buffer (50 mM Tris/HCl (pH 7.4),
500 mM NaCl, 1% Nonidet-P40, 0.5% Na-deoxycho-
late, 0.1% SDS, 0.05% NaN,, 1 mM phenylmethylsul-
fonylfluoride (PMSF)) for 20 min at +4°C. For affin-
ity purification of baculovirally expressed proteins,
insect cells were lysed directly in native binding
buffer provided in the X-press purification Kit (Inv-
itrogen Life Technologies; San Diego, CA, USA), and

cell structures were destroyed by repeated freeze/
thaw procedure. The cell suspension was spun off.
Clear supernatant was used for further analysis. The
protein concentration of cell extracts was determined
by the DC assay (Bio-Rad Laboratories, Richmond,
CA) with bovine serum albumin as standard.

Affinity chromatography on Ni-agarose.
Cell lysates prepared in native binding buffer were
loaded on preequilibrated Ni-agarose beads (Pro-
Bond, Invitrogen Life Technologies, San Diego, CA,
USA) and purification of recombinant proteins was
performed according to the manufacturer’s protocol
(Wesierska-Gadek et al. 2003b). Recombinant pro-
teins were eluted from the Ni-beads with the native
elution buffer at pH 4.0 and immediately neutral-
ized.

Pull down assay. To examine the effect of p53
phosphorylation on its binding ability to PARP-1, a
pull down assay was performed (Wesierska-Gadek
et al. 2003b). Full-length His-tagged PARP-1 was im-
mobilized on Ni-beads and then human native p53
lacking the His-tag-sequence was loaded. Before
loading, p53 was incubated with calf intestine phos-
phatase or, alternatively, left untreated. After thor-
ough washing steps, bound p53 was eluted stepwise
and then analyzed by immunoblotting. Sequential
eluates were designated eluate 1, eluate 2 etc.

Immunoprecipitation. Immunoprecipita-
tion was performed as previously described in de-
tail (Wesierska-Gadek et al., 1996a). Equal protein
amounts of each cell lysate (150 pg protein) were
used for incubation with the anti-p53 antibody CM-
1 and for incubation with anti-PARP-1 antibodies in
a final volume of 100 pl. Immune complexes were
then purified by affinity chromatography on pre-
washed Gamma-Bind Sepharose beads (40 ul) (Phar-
macia, Uppsala, Sweden) and eluted sequentially 3
times with SDS sample buffer. Sequential eluates
were designated eluate 1, eluate 2 etc. Each eluate
was then divided and loaded on two gels. One gel
was used for immunoblotting with anti-p53 antibod-
ies and the second for incubation with anti-PARP-1
antibodies.

Electrophoretic separation of proteins. Pro-
teins were separated by 1D-PAGE on 10 or 15%
SDS-gels as described by Laemmli (1970) or by 2D-
PAGE according to O’Farrell (1975) with some mod-
ifications (Wesierska-Gadek et al., 2003b). In the lysis
buffer and gel mixture NP-40 was replaced with
3-[(3-cholamidopropyl)dimethyl-ammonio]-1-pro-
panesulfonate (Bio-Rad, Richmond, CA). To achieve
good resolution of proteins within the pH range 4-8
of isoelectrofocusing (IEF) gels, carrier ampholytes
with broad (3.5-10) and narrow (4-8) pH ranges
(BDH, Poole, England) were mixed at a ratio of 1:4.
For calibration, BSA and two isoforms of carbonic
anhydrase were used as markers. In the second di-
mension, samples were run on 10% SDS slab gels.



4 G. Schmid and others, Paper in Press

2005

After electrophoretic separation proteins were de-
tected by silver staining of gels, or they were elec-
trophoretically transferred onto a polyvinylidene
difluoride membrane (PVDF) (Amersham Interna-
tional, Little Chalfont, Buckinghamshire, UK).

Immunoblotting. Proteins resolved by 1D- or
2D-PAGE and transferred onto a PVDF membrane
were then stained with Ponceau S, saturated and
incubated with specific primary antibodies diluted
to a final concentration of 1:2000. The immune com-
plexes were detected with appropriate peroxidase-
conjugated secondary antibodies and the enhanced
chemiluminescence detection reagent ECL+ (Am-
ersham International, Little Chalfont, Buckingham-
shire, UK).

RESULTS

Baculovirally expressed recombinant p53 protein is
phosphorylated

We cloned human wt p53 and poly(ADP-ri-
bose) polymerase 1 (PARP-1) into a baculovirus as
full length proteins as well as their truncated frag-
ments encompassing functional domains. Cellular
p53 is a phosphoprotein and the phosphorylation
regulates its main features: stability and activity.
To prove the modification status of human wt p53
protein expressed in Sf9 insect cells we used two
independent approaches. In the first approach, cell
lysates separated by 2D-PAGE were analyzed by
immunoblotting. As shown in Fig. 1, incubation
with monoclonal anti-p53 antibodies visualized only
a series of protein spots at approximately 55 kD in-
dicating that the reactive antigen consists of several
isoforms differing in their charge. However, these
results did not provide information on the type and
sites of the posttranslational modifications.

IEF

SDS

acidic basic

Figure 1. Baculovirally expressed human wt p53 consists
of several isoforms.

Sf9 cell lysate was resolved by 2D-PAGE, then proteins
were transferred onto PVDF membrane and incubated
with monoclonal anti-p53 antibody PAb421.

In the second approach, we examined site-
specific phosphorylation of the human recombinant
protein using phospho-specific anti-p53 antibodies.
To exclude the possibility that the His-tag sequence
might affect the type and extent of p53 modification,
we loaded two different p53 recombinants: tagged
and untagged p53 protein and tested it with dif-
ferent phospho-specific antibodies. To prove equal
protein loading the blots were then sequentially in-
cubated with DO-1 antibodies recognizing p53 irre-
spective of its modification status.

Immunoblotting using phospho-specific anti-
bodies revealed that p53 protein expressed in insect
cells was phosphorylated at multiple sites (Fig. 2).
Strong phosphorylation of serine in positions 15, 20,
46 and 392 was detected. Serine at position 37 was
only weakly modified. The strongest modification
was detected at Ser392 (Fig. 2). To achieve a satisfy-
ing resolution of the reactive band, we had to use
an approximately five-fold lower concentration of
the anti-P-Serine 392 antibody (Fig. 2). The His-tag
sequence at the NH,-terminus of p53 protein had no
detectable effect on its phosphorylation status.

Verification of generated p53 recombinant proteins
by specific antibodies

The identity of the generated human p53 re-
combinant proteins was verified by immunoblotting
using specific antibodies. Full length and distinct
truncated p53 proteins were separated on duplicate
blots and incubated with antibodies recognizing dif-
ferent epitopes localized within distinct functional
domains. As shown in Fig. 3A the monoclonal anti-
body DO-1 recognized solely full length p53 protein
as well as its NH,-terminal fragment aa 1-101 and
failed to react with other fragments. PAb421 reacted
with full length p53 and its COOH-terminal parts aa
102-393 and aa 292-393, but did not react with the
NH,-terminal fragment or the core domain. Finally,
PADb240 recognized the truncated protein encom-
passing the core domain aa 102-292. The results of
the immunoblotting experiments based on the size
of the reactive p53 band and the reactivity with de-
fined monoclonal antibodies confirmed the identity
of the generated p53 truncated proteins.

The NH,-terminal domain of p53 is dispensable for
binding to PARP-1

The complex formation between p53 and
PARP-1 was described previously by us and other
groups. However, no information was available
about which domain(s) of p53 protein is involved in
the binding to PARP-1. We addressed this issue and
co-expressed full length PARP-1 with different p53
truncated proteins in insect cells. Then reciprocal
immunoprecipitation experiments were performed
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Figure 2. Detection of site-specific phosphorylation of human wt p53 protein expressed in insect cells.

Sf9 cells expressing His-tagged and untagged human wt p53 protein were lysed and analyzed by immunoblotting using
phospho-specific anti-p53 antibodies and then they were incubated with monoclonal anti-53 DO-1 antibodies to detect

total p53 protein.

using anti-p53 and anti-PARP-1 antibodies. Inter-
estingly, the NH,-terminal fragment of p53 failed
to bind to PARP-1 (Fig. 3). No p53-specific signal
could be detected after precipitation of the samples
containing PARP-1 and the aa 1-102 p53 fragment
with anti-PARP-1 antibodies (Fig. 3B). The mono-
clonal anti-p53 DO-1 antibody which reacts with an
epitope within the NH,-terminal part of p53 protein
recognized only full length p53 coprecipitated by
anti-PARP-1 polyclonal antibody (Fig. 3B). Control
experiments (input) revealed that, as expected, the
aa 1-102 p53 fragment was present in the cell lysate.
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Figure 3. The amino-terminus of p53 is dispensable for
binding with PARP-1.

A. Cell lysates obtained from Sf9 cells infected with bacu-
lovirus encoding full length p53 and its distinc functional
domains were separated on 15% SDS gels and analyzed by
immunoblotting (WB) using different monoclonal anti-p53
antibodies (DO-1, PAb 240 and PAb421). B. Cell lysates
obtained from Sf9 cells infected with baculovirus encoding
full length PARP-1 in combination with full length p53 or
its truncated proteins were precipitated (IP) using polyclo-
nal anti-PARP-1 antibodies (Boe). The immune complexes
were analyzed by immunoblotting (WB) using distinct
anti-p53 antibodies.

Phosphorylation of p53 protein is essential for its
binding to PARP-1

In the next step we assessed the role of p53
phosphorylation for complex formation with PARP-
1. We immobilized His-tagged PARP-1 on Ni-col-
umns and performed a pull down assay by loading
untagged p53 protein. We compared the binding of
control (untreated) and dephosphorylated p53 pro-
tein. Control p53 was bound to the immobilized
PARP-1 and was eluted stepwise. Residual p53 mol-
ecules were released during the third and fourth
elution (Fig. 4, eluate 3 and 4). However, after phos-
phatase treatment no p53 was bound to the column
and for this reason no p53 was eluted. A p53 signal
was detected solely in the flow-through fraction (not
shown).

DISCUSSION

Due to its central role in the regulation of the
cell cycle and in the decision to induce apoptosis or
cell cycle arrest in damaged cells, the tumor sup-
pressor protein p53 has been the target of many in-
vestigations during the last two decades.

Pull down assay

dephosph. p53 control p53

PAIPLIPL N ST SO
FFF S FFF
¥ Y ¥ AV P ¥

anti-p53 Ab
LA B

DO-7 " <—p53

Figure 4. Dephosphorylation of p53 abolishes its bind-
ing to PARP-1.

Control native and dephosphorylated untagged p53
samples were loaded on Ni-beads on which His-tagged
PARP-1 has been immobilized. The beads were washed
thoroughly with wash buffer and then they were eluted
stepwise at low pH. Immediately after elution, samples
were neutralized and analyzed by immunoblotting after
separation on 10% SDS gel.
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Figure 5. A model depicting the interaction between p53 and PARP-1.

Distinct protein domains of p53 protein and PARP-1 are schematically shown. NLS — nuclear localization signal NES
— nuclear export signal. Hatching indicates the domains involved in complex formation.

Unfortunately, attempts to overexpress wt
p53 in mammalian cells or in yeast have not been
very successful because of its detrimental effect on
cell growth and viability. Overexpressed wt p53
protein activates within a short time a number of
target genes resulting in the induction of cell cycle
arrest and massive apoptosis. Since PARP-1 is one
of the key proteins regulating the stability and ac-
tivity of p53 it was of high interest to explore the
domains of both proteins responsible for the com-
plex formation. However, investigation of the in-
teraction between wt p53 and PARP-1 in mamma-
lian cells was difficult because during p53-induced
apoptosis PARP-1 is one of the major targets of the
activated apoptosome. Therefore, we decided to use
the baculovirus expression system in insect cells to
express the recombinant protein for two reasons.
First, baculovirally expressed recombinant proteins
exhibit a phosphorylation pattern resembling that
in mammalian cells. Additionally, also other types
of posttranslational modifications (e.g. glycosylation
and myristoylation) that influence the properties of
a protein are similar in insect and mammalian cells
(O'Reilly et al.,, 1994). In contrast, a bacterial expres-
sion system cannot provide a properly modified
protein. The central role of phosphorylation of p53
protein in its regulation has been illustrated in many
studies. Secondly, according to the features of the
baculovirus expressions system, the transcription of
p53 downstream genes is not activated in insect cells
and therefore the cells do not undergo apoptosis and
grow exponentially until the virally induced lysis.

As we could show in earlier studies (Wes-
ierska-Gadek et al., 2003a, b), the central and the
carboxy-terminal domain of p53 are necessary and
sufficient to enable the protein to bind to PARP-1.
In turn, the amino-terminal and central domains of
PARP-1 are crucial for the ability of the protein to
engage in heterodimerization with p53. In our ex-
periments we employed specific phosphoserine an-
tibodies against p53 phosphoprotein to explore the
phosphorylation sites relevant to the dimerization

properties of the protein. The inability of dephos-
phorylated p53 to bind PARP-1 made it evident that
this posttranslational modification is a prerequisite
to the complex formation of p53. The serine that
turned out to be of fundamental importance for the
dimerization of p53 is located at position 392 at the
extreme carboxy-terminus of the protein.

Most importantly, the nuclear export signal
of p53 is located in this region (Stommel et al., 1999)
and the phosphorylation of the protein at this site,
which confers the abiltiy to dimerize with PARP-1,
renders p53 resistant to nuclear export (Wesierska-
Gadek et al., 2000a). Therefore, the protein cannot be
degraded via the ubiquitin dependent pathway and
its presence in the nucleus allows it to exert its func-
tion as a transcription factor. The results we gained
in our studies clearly support this explanation. The
biological significance of this regulation is also sup-
ported by the notion that in many cancer cells the ac-
tivity of p53 is abrogated by exclusion of the protein
from the nucleus. In cells in which PARP-1 is inacti-
vated, the p53 level is decreased and the expression
of p53-dependent genes is also affected (Wesierska-
Gadek et al., 1999). In contrast, overexpression of
PARP-1 leads to stabilization of the p53 protein and,
at the cellular level, this leads to a stronger up-regu-
lation of p53 targets (Wesierska-Gadek et al., 2000b,
2001). As a consequence, cells which are in G, phase
of the cell cycle exhibit a pronounced delay in their
re-entry into the cell cycle which leads to downregu-
lated cell growth.

Our present study shows the basis of the
regulation of the dimerization of p53 protein and
PARP-1 and maps the domains and phosphorylation
sites most important for this interaction. It is evident
that PARP-1 plays a fundamental role in the stabil-
ity, activity and localization of p53. Since it is clear
that posttranslational modifications other than phos-
phorylation are also of central importance for p53
activity and stability it remains an important goal to
elucidate the role of those modifications in upcom-
ing investigations.
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