
ABSTRACT

During apoptosis, the activation of a family of cysteine proteases,
or caspases, results in proteolytic cleavage of numerous substrates.
Antibody probes specific for neoepitopes on protein fragments gen-
erated by caspase cleavage provide a means to monitor caspase ac-
tivity at the level of the individual cell. Poly (ADP-ribose) poly-
merase (PARP), a nuclear enzyme involved in DNA repair, is a
well-known substrate for caspase-3 cleavage during apoptosis. Its
cleavage is considered to be a hallmark of apoptosis. Here, we
demonstrate that an affinity-purified polyclonal antibody to the p85
fragment of PARP is specific for apoptotic cells. Western blots show
that the antibody recognizes the 85-kDa (p85) fragment of PARP but
not full-length PARP. We demonstrate a time course of PARP cleav-
age and DNA fragmentation in situ using the PARP p85 fragment an-
tibody and terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) in Jurkat cells treated with anti-Fas.
Furthermore, our results indicate that the p85 fragment of PARP re-
sulting from caspase cleavage during apoptosis is rapidly localized
outside the condensed chromatin but not in the cytoplasm.

INTRODUCTION

Apoptotic death requires the controlled degradation of the
cell. Proteases play a crucial role in this programmed cell
death or apoptosis. The first protease identified as having a
function in the apoptosis pathway was the Caenorhabditis el-
egans, ced-3 gene product, a cysteine aspartic acid-specific
protease, or caspase (35). There are now numerous known
caspases that are important to apoptosis in most eukaryotic
cells (31). Many target-specific substrates for caspases have
been identified, including the DNA repair enzyme, poly
(ADP-ribose) polymerase (PARP), actin, lamins, fodrin, gel-

solin, the DNase inhibitor, ICAD, cytokeratin, and others
(12,31,34). Antibodies to caspase substrates have been used
extensively for western blotting; however, only recently have
antibodies been developed to specific neoepitopes produced
by caspase cleavage (13,22,29,34). Antibodies to specific
neoepitopes provide markers for specific and early events in
apoptosis. In this study, we focus on the caspase substrate,
PARP, to generate a neoepitope-specific antibody.

PARP is a nuclear DNA-binding protein that detects DNA
strand breaks and functions in base excision repair (32). PARP
is now called PARP-1 because of the recent identification of
other related enzymes (2,5) but will be referred to here as
PARP for simplicity. PARP is activated upon binding to DNA
strand breaks. During apoptosis, PARP is cleaved into 85- and
29-kDa fragments that no longer support the enzymatic DNA
repair function (1). It has been suggested that the small frag-
ment containing the DNA-binding domain of cleaved PARP
may inhibit access by other repair enzymes (28). The other 85-
kDa fragment has been hypothesized to be localized to the nu-
cleoplasm during apoptosis to modulate the activity of other
proteins involved in apoptosis, such as p53 (1,16).

PARP is a well-established substrate for caspase-3 (4,12,
17,30). Caspase-7 is also likely to cleave PARP in vivo (7).
Western blot detection of PARP cleavage has been used exten-
sively as an indicator of apoptosis (6,8–10,23,26,27). PARP is
cleaved between Asp213 and Gly214 in the human sequence
(6), producing two fragments of apparent molecular weights
of 25 and 85 kDa. From sequence data, the fragments are now
designated as 24 and 89 kDa; here, the large fragment is desig-
nated as 85 kDa (p85) to be consistent with past studies.

We have generated a polyclonal antibody (pAb) directed
against a peptide derived from the newly formed N-terminus
of the large fragment of human PARP resulting from caspase-
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3 cleavage. We show its utility as a marker for apoptosis us-
ing a model system of anti-Fas-induced apoptosis in Jurkat
cells (33). We provide a chronology of apoptotic events in this
model system by monitoring DNA fragmentation and PARP
cleavage, both in situ and in vitro, during a time course study.
Finally, we use double labeling to localize the p85 fragment
in cells during apoptosis.

MATERIALS AND METHODS

Antibody Production and Affinity Purification

The PARP immunogen was a synthetic peptide, gly-val-
asp-glu-val-ala-lys (GVDEVAK), representing the N-termi-
nus of the large C-terminal fragment of human PARP that re-
sults from caspase-3 cleavage. The peptide was modified to
contain a short spacer molecule and a C-terminal cysteine and
coupled to keyhole limpet hemocyanin (KLH) carrier protein.
The antigen complex was injected into rabbits to produce an-
tiserum using standard methods. An affinity purification col-
umn was made by covalently linking the peptide antigen via
the C-terminal cysteine to Sulfolink resin (Pierce Chemical,
Rockford, IL, USA) at 1 mg peptide/mL resin. The antiserum
was then affinity purified on this column. We have designated
the affinity-purified polyclonal antibody as Anti-PARP p85
Fragment pAb (Promega, Madison, WI, USA). It is abbrevi-
ated as anti-PARP p85 pAb.

Cell Culture and Induction of Apoptosis

Apoptosis was induced in two model cell culture systems.
Jurkat cells were treated with an anti-Fas monoclonal Ab
(Clone CH-11; Oncor, Gaithersburg, MD, USA or PanVera,
Madison, WI, USA) and SH-SY5Y cells were induced to un-
dergo apoptosis with the kinase inhibitor, staurosporine (Sig-
ma, St. Louis, MO, USA). Jurkat cells were grown in RPMI-

1640 medium (Sigma) plus 10% fetal bovine serum (Hy-
Clone Laboratories, Logan, UT, USA). Cells were counted,
resuspended in fresh medium to 5 × 105/mL, and treated with
anti-Fas mAb (0.05 µg/mL) for varying times at 37°C. Con-
trol cells were left untreated. After treatment, cells were har-
vested by centrifugation at 250–350× g to pellet cells, washed
in cold PBS, and centrifuged again. Pellets were resuspended
in PBS at 1.5 × 106/mL for microscope slide preparation for
immunocytochemistry or resuspended in lysis buffer for cell
extract preparation.

SH-SY5Y cells (ATCC, Manassas, VA, USA) were grown
in DME/F12 medium (Sigma) and 10% fetal bovine serum
(HyClone Laboratories). Cells were grown in chamber slides
and treated with staurosporine (0.5 µM) or a DMSO (Sigma)
vehicle control for various times. After treatment, slides were
rinsed in PBS and prepared for immunocytochemistry.

Western Blotting

Cell extracts were prepared by resuspending pellets in ly-
sis buffer consisting of 25 mM HEPES, 5 mM MgCl2, 5 mM
EDTA, 5 mM dithiothreitol (DTT), 2 mM PMSF, 10 µg/mL
Pepstatin A, and 10 µg/mL Leupeptin. After four freeze-thaw
cycles, extracts were centrifuged for 20 min, and supernatants
were harvested. Samples (10 µg) were subjected to reducing
SDS-PAGE and transferred to nitrocellulose using standard
methods. After blocking in Tris-buffered saline and 0.05%
Tween 20 (Sigma) (TBST) and 1% BSA, the blots were in-
cubated in the anti-PARP p85 pAb (0.75 µg/mL in TBST and
0.1% BSA). After rinsing, the membranes were incubated in
donkey anti-rabbit alkaline phosphatase-conjugated antibody
(1:5000; Jackson ImmunoResearch Laboratories, West
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Figure 1. The anti-PARP p85 pAb is specific for the 85-kDa caspase-
cleaved PARP fragment. A schematic of the PARP protein shows caspase-3
cleavage and the sequence for the immunogen (A). The DNA-binding do-
main has two zinc fingers and a bipartite nuclear localization signal (NLS)
(6). Caspase-3 cleaves PARP within the NLS after the Asp. The anti-PARP
p85 fragment pAb is directed against a short peptide just C-terminal to the
cleavage site in human PARP. The homologous sequences in mouse, rat, and
bovine are shown.

Figure 2. The anti-PARP p85 pAb is specific for apoptotic cells. Jurkat
cells were either untreated (A and B) or treated with 0.05 µg/mL anti-Fas
mAb for 6 h (C and D). Immunostaining with anti-PARP p85 fragment re-
vealed minimal background staining in the untreated cells (A), whereas many
cells were stained in the treated cells (C). Double labeling illustrated that the
cells with condensed chromatin and apoptotic nuclei were stained with the
anti-PARP p85 pAb (B and D). The double labeling also revealed that the
anti-PARP p85 fragment was segregated from the condensed chromatin (D).
Scale bar = 20 µm.



Grove, PA, USA). The blots were developed with 5-bromo-4-
chloro-3-indoyl phosphate/nitroblue tetrazolium (Western
Blue; Promega).

Immunocytochemistry

Anti-Fas mAb-treated and control Jurkat cells (1.5 × 106

cells/mL) were added to poly-L-lysine (Sigma)-coated slides
(Cel-Line Associates, Portsmouth, NH, USA). The cells were
not allowed to dry before fixing in either 10% buffered for-
malin or 4% paraformaldehyde for 25–30 min at room tem-
perature. The adherent control and staurosporine-treated SH-
SY5Y cells were fixed in the same manner. The cells were
permeabilized with 0.2% Triton X-100 (Sigma), incubated
in blocking solution (5% horse serum in PBS/0.1% Tween
20), followed by incubation in the anti-PARP p85 pAb (2.5
µg/mL). For double labeling, an anti-βIII tubulin mAb (1
µg/mL; Promega) was added with the anti-PARP p85 pAb.
After rinsing several times in PBS, the slides were incubated
in donkey anti-rabbit Cy3-conjugated antibody (1:500) for
the anti-PARP p85 pAb or in donkey anti-mouse FITC-conju-
gated antibody (1:500) for the anti-βIII tubulin mAb (both
from Jackson ImmunoResearch Laboratories). The slides
were mounted in Vectashield Mounting Medium plus DAPI
(Vector Laboratories, Burlingame, CA, USA). Photographs
were taken with a SPOT® II (Diagnostic Instruments, Sterling
Heights, MI, USA) digital camera.

TUNEL

Slides were prepared and fixed as above. For end labeling
DNA fragments, the Apoptosis Detection System, Fluores-
cein (Promega), was used according to the manufacturer’s
protocol. For double labeling with TUNEL and anti-PARP
p85 fragment pAb, the slides were rinsed in PBS after
TUNEL and then treated as above for immunocytochemistry.

RESULTS AND DISCUSSION

Anti-PARP p85 pAb Specifically Immunostains
Apoptotic Jurkat Cells

To generate an antibody that is specific for cleaved PARP
and does not recognize intact PARP, a short sequence on the
C-terminal side of the caspase-3 cleavage site was used as an
immunogen (Figure 1). We have previously shown by west-
ern blot that the anti-PARP p85 fragment pAb is specific for
the caspase-cleaved fragment of human and bovine PARP but
does not recognize full-length human or bovine PARP (Fig-
ure 3, bottom) (21). The specificity of the antibody suggested
that it would be a useful immunocytochemical marker for
apoptosis. The specificity for human and bovine PARP, de-
spite two amino acid changes in the immunogen sequence
(Figure 1), suggested that the antibody would be a useful tool
for monitoring apoptosis in several model organisms.

We used anti-Fas-induced apoptosis in human Jurkat cells
as the model system to test the antibody as an in situ marker
of apoptosis. Jurkat cells were treated with the anti-Fas mAb
for 6 h or were left untreated as a control. Many of the anti-Fas
mAb-treated cells were strongly labeled with the anti-PARP
p85 fragment pAb (Figure 2C), whereas the untreated cells

had virtually no background staining (Figure 2A). DAPI stain-
ing revealed condensed chromatin and apoptotic bodies in the
anti-Fas-treated cells, indicating the morphology of apoptosis
(Figure 2, B and D). Interestingly, the anti-PARP p85 staining
was segregated from the DAPI-labeled condensed chromatin
within most apoptotic cells (Figure 2, C and D). Recently, the
antibody also has been used to label cleaved PARP in rabbit
(19), mouse (25), and human tissue (11).

Apoptotic Events Monitored in Anti-Fas mAb-Treated
Jurkat Cells Using Anti-PARP p85 pAb, DAPI,
and TUNEL

Co-localization of anti-PARP p85 immunostaining and
TUNEL was used to confirm that the anti-PARP p85 pAb is
specific for apoptotic cells (Figure 3). However, DNA frag-
mentation is a late-stage nuclear event. Caspase activation
precedes DNA fragmentation, so we expected to detect
cleaved PARP with the anti-PARP p85 pAb before we detect-
ed TUNEL-positive cells. To determine the relationship be-
tween TUNEL and anti-PARP p85 immunoreactivity, we per-
formed a time course of anti-Fas mAb treatment of Jurkat
cells and then monitored for apoptosis with both TUNEL and
anti-PARP p85 pAb (Figure 3). Treatment times of 30 min,
1.5 h, 3 h, and 6 h were assessed. There was no TUNEL stain-
ing above background at 30 min (Figure 3B) and very few
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Figure 3. A time course of anti-Fas treatment of Jurkat cells. Top, double
labeling with TUNEL and anti-PARP p85 fragment pAb. Jurkat cells were
treated with anti-Fas for the times noted. Each row shows the same field of
cells at the noted time point. Each column shows a different staining method
as noted. For each time point, the DAPI staining shows the number of nuclei
in each field. Scale bar = 20 µm. Bottom, western blot of cleaved PARP.
Jurkat cells were either untreated (U) or treated with anti-Fas (T) for the
times noted. Lysates were made, and 10 µg protein were loaded per lane.
Caspase-3-cleaved purified bovine PARP (CbP) was used as a positive con-
trol. In extracts of untreated cells or after 0.5 h of treatment, there was no
band migrating with the cleaved PARP. After 1.5 h of treatment, there was a
band corresponding to the cleaved PARP. This band was also present in ex-
tracts from cells treated for 3, 6, or 9 h. There is an unidentified, approxi-
mately 60-kDa band observed in all extracts.



cells at 1.5 h of anti-Fas mAb treatment (Figure 3E). At 3 h of
anti-Fas mAb treatment, there were clearly TUNEL-positive
cells above background (Figure 3J). The number of cells that
were TUNEL positive increased at 6 h of treatment (Figure
3N) and appeared to reach a maximum at 9 h (not shown).
The anti-PARP p85 labeling followed a similar pattern, but
more cells were stained at the earlier time points. Cleaved
PARP was not detected after 30 min of anti-Fas treatment, but
there was significant staining over background at 1.5 h of
treatment (Figure 3G). A majority of these cells were not
TUNEL positive (Figure 3F). The number of stained cells
reached a maximum at 6 h (Figure 3O). Double labeling re-
vealed that, by 6 h of anti-Fas mAb treatment, virtually all of
the anti-PARP p85-labeled cells also were TUNEL positive
(Figure 3P). These results confirmed that the anti-PARP p85
pAb could detect apoptotic cells before DNA fragmentation
and TUNEL. In addition, it can be used in conjunction with
TUNEL to confirm apoptosis at later stages of apoptosis.

Extracts were made for western analysis from the same
populations of cells treated with the anti-Fas mAb for various
times above. The western blot revealed that, after 30 min of
anti-Fas treatment, there was no detectable PARP cleavage in
10 µg extract. At 1.5 h of treatment, there was a strong band
of anti-PARP labeling at 85 kDa in the treated extracts but not
in the untreated (Figure 3, bottom, arrow). This corresponds
to the first time point when cleaved PARP was detected in the
immunocytochemistry time course (Figure 3). The western
blot results revealed strong bands in the treated cell extracts
for the rest of the time course, while there were no bands at 85
kDa in the untreated extracts. The cleaved bovine PARP
(CbP) was used as a positive control (Figure 3, bottom, ar-
row). An unknown 60-kDa band is present in all the extracts;
however, its epitope may be present only under denaturing
conditions because it did not interfere with immunocyto-
chemical staining (Figures 2 and 3). We have previously
shown that caspase activity, monitored with the Ac-DEVD-
pNA substrate, closely corresponded to the immunocyto-
chemistry results. There was no detectable caspase activity af-
ter 30 min of anti-Fas treatment, but then it increased
significantly until 6 h and leveled off (18).

Caspase-Cleaved PARP p85 Fragment Does Not
Co-Localize with DAPI or a Cytoplasmic Marker

Currently, there is considerable interest in monitoring the
localization of PARP and its cleaved fragments because of re-
cent suggestions that PARP may have functions in addition to
its DNA repair role (1,3,15,16). Before the development of
this specific anti-PARP p85 antibody, it had been difficult to
determine what happens to the PARP fragments once they are
cleaved. The DEVD caspase recognition site for cleaving
PARP occurs in the nuclear localization signal of PARP (6,
24). It has been suggested that the 24-kDa PARP fragment
containing the DNA binding domain remains bound irre-
versibly to DNA fragments (28), but it was not clear what
happened to the C-terminal p85 fragment.

One study reported that PARP was initially distributed in
both the nucleus and the cytoplasm in SH-SY5Y neuroblas-
toma cells, but after staurosporine treatment, the staining be-
came associated with condensed chromatin (20). This is in
contrast to our studies with Jurkat cells. The cells double la-
beled with either DAPI/anti-PARP p85 (Figure 2) or TUNEL/
anti-PARP p85 (Figure 3) revealed that the p85 PARP frag-

ment generally was not co-localized with the condensed chro-
matin. However, it was difficult to tell whether the staining
was perinucleolar or cytoplasmic because the cytoplasm in
Jurkat cells is minimal. We further characterized the localiza-
tion of the cleaved PARP p85 fragment using the SH-SY5Y
human neuroblastoma cells, the same cells used in the earlier
study (20). SH-SY5Y human neuroblastoma cells were treat-
ed with staurosporine to induce apoptosis. Untreated controls
and staurosporine-treated cells were then double labeled with
anti-PARP p85 pAb and an anti-βIII tubulin mAb (Figure 4).
Anti-βIII tubulin specifically labels neuronal cytoplasm.
Staurosporine-treated SH-SY5Y cells were strongly labeled
with the anti-PARP p85 pAb (Figure 4A). We found that at
the earliest apoptotic stages, when there were no associated
morphological markers, the anti-PARP p85 staining was dis-
tributed evenly in the nucleus. However, quite rapidly, as soon
as the chromatin began condensing at the nuclear periphery,
the staining was isolated from the DAPI-positive condensed
chromatin (Figure 4, A and B). However, double labeling
with the anti-βIII tubulin mAb showed that this anti-PARP
p85 staining was not cytoplasmic (Figure 4D). At very late
stages of apoptosis, the βIII tubulin marker was not visible, so
the localization could not be determined. These results indi-
cated that the p85 fragment became rapidly dissociated from
the condensed chromatin but was retained in the nucleus at
least as long as the cytoplasm was morphologically distinct.
Our results are consistent with recent reports in HeLa cells (1)
and HL-60 cells (14).

Using an antibody specific to the caspase-cleaved PARP
p85 fragment, we have been able to monitor its localization
during apoptosis. Our results in both anti-Fas-treated Jurkat
cells and staurosporine-treated human neuroblastoma cells
support the recent hypothesis by Alvarez-Gonzalez et al. (1)
that this fragment is rapidly translocated from nucleoli during
apoptosis and may function specifically in the nucleoplasm to
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Figure 4. Localization of the PARP p85 fragment in staurosporine-treat-
ed SH-SY5Y cells. An example of SH-SY5Y cells treated with 0.5 µM stau-
rosporine cells for 1 h is shown with anti-PARP p85 pAb staining (A), DAPI
staining (B), and anti-βIII tubulin staining (C). The arrowhead points to an
anti-PARP p85-positive cell (A) with condensed chromatin (B). The anti-
PARP p85 staining is distinct from the condensed chromatin (A and B) but is
not in the cytoplasm, as shown with the anti-βIII tubulin staining (C). The
triple labeling (D) illustrates the lack of correspondence among the DAPI-
stained condensed chromatin, the anti-PARP p85 staining, and the cytoplas-
mic anti-βIII tubulin staining.



modulate protein-protein interactions. An antibody specific
for the caspase-cleaved fragment of PARP can be used to
monitor apoptosis and address questions regarding the role of
PARP in apoptosis.
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