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the Ribosomal Protein S3a

Demao Song, Shuji Sakamoto, and Taketoshi Taniguchi*
Laboratory of Molecular Biology, Medical Research Center, Kochi Medical School, Kochi 783-8505, Japan
Receied August 15, 2001; Rsed Manuscript Receéd Naember 7, 2001

ABSTRACT. We screened a human lymphocyte cDNA library using the yeast two-hybrid system and an
automodification domain of PARP as a probe. The DNA sequence of an isolated clone (clone 3-9) was
identical to the partial cDNA sequence of the human ribosomal protein S3a. We confirmed that PARP
interacts with clone 3-9 by performing binding studies using a 6% P fusion protein as bait. We also
demonstrated that native S3a in nuclear extracts of HL-60 cells interacts with the automodification domain
of PARP and that PARP from nuclear extracts is coprecipitated with the-GSr fusion protein.
Furthermore, we demonstrated that Bcl-2 interacts with PARP in association with S3a and that the
interaction of S3a and Bcl-2 with PARP causes a significant decrease in PARP activity. Since Bcl-2
failed to inhibit PARP activity in the absence of S3a, we suggest that Bcl-2 together with S3a prevents
apoptosis probably by inhibiting PARP activity.

Apoptosis is a physiological process that plays important have several functions involved in regulating cell growth
roles in development, homeostasis, and immunological (10), transformation10, 11), and deathX1, 12). Recently,
competence. It is characterized by striking morphological S3a has been implicated in the process of apoptosis.
changes such as membrane blebbing, aggregation of chroApoptosis was induced in certain cell lines by lowering
matin, and nuclear breakdown and terminates with cell constitutively high levels of S3a expression using actino-
fragmentation and internucleosomal DNA fragmentation as mycin D (13) or antisense sequences of the S3a gé#dg (
well as cleavage of poly(ADP-ribose) polymerase (PARP). However, the precise role of S3a in apoptosis is still unclear.
PARP, which is activated by binding to DNA strand breaks, Recently, it has been reported that S3a interacts with Bcl-2
catalyzes the poly(ADP-ribosyl)ation of various nuclear (15). In this study, we demonstrate that Bcl-2 and S3a act
proteins, including itself, using NAD as a substrate?). It cooperatively to inhibit PARP activity. Our results provide
has been suggested that PARP contributes to the onset ofiovel insight in understanding the mechanism of apoptosis.
apoptosis induced by a wide variety of agents, including
alkylating agents, active oxygen species, topoisomerase [IEXPERIMENTAL PROCEDURES
inhibitors, and adriamycin. Apoptosis induced by these agents Preparation of Fusion Proteing GST—3-9 construct was
was blocked by inhibiting PARP activity using PARP prepared by inserting aXhd fragment of the 3-9 cDNA
inhibitors (e.qg., 3—§1minobenzamide and benzamide*)_?(). into the Xhd site of pGEX-4T-2. The pGEX-3-9 plasmid
Recently, a transient burst of poly(ADP-ribosylation of a5 transformed int&scherichia colBL21 competent cells.
nuclear proteins has been detected in the initial stages ofthg jnduction and purification of the fusion protein were as
apoptosis in cells§). These findings imply that PARP  qegcriped in the GST Gene Fusion System manual (Phar-
activity is vital in apoptosis, especially in the early stages. macia Biotech). His-tagged PARP/AMD was constructed and

We screened a human lymphocyte cDNA library using  rified as described previousl9)( The full-length cDNA
the yeast two-hybrid system and an automodification domain ot g¢l-2 was synthesized from total RNA extracted from
of PARP (PARP/AMD) as a probe to find a binding partner HL-60 cells by RT-PCR. The RT-PCR product was Iigated
of PARP Q). We isolated several positive clones, and the 5 the pGEM-T vector (Promega). The full-length Bcl-2
DNA sequence of clone 3-9 was identical to the partial DNA primer sequences were as follows: senseGBTAAC-
sequence of the human ribosomal protein S3a. S3a iSCCCGTTACTTTTCCTCT; and antisense/-BAATTC-
regarded as a multifunctional protein; apart from its function -AGGCATGTTGACTTCAC. The human Bcl-2 cDNA
in protein synthesis as part of the ribosome, it is reported to (amino acids +218), lacking its transmembrane domain,
- g - d Do add o Laborat fwas synthesized by PCR using pGEM-Bcl-2 (full length) as

* To whom correspondence should be addressed: Laboratory of 3 template. The primers for the Bcl-2 cDNA (amino acids
e B e e e o e et 1-218) were as follows: Sensé; GGGAAATTCATATG-

Fax: 81-88-880-2431. E-mail: taniguch@pop.med.Kochi-ms.ac.jp. GCGCACGCTGGGAGA; and antisense; GCCTCGAG-

) e 555 PARHIATS. Ssomodebioy o 3 SRS, CorcTCAGASACAGCCAGGA, The PCR products ere
Is:"cl)\/ImSaF,p;g%eeéylmethanesulfonyl lflulcj)ride; DTT, dithiothreitol; PVDF Ilgated_lnto FheEC(RI_th sites of the pGEX-4T-2 vector
membrane, polyvinylidene difluoride membrane; GST, glutathione after digestion of the PCR product witecoRl and Xhd.
Stransferase. The resultant plasmid, pGEX-Bcl-2 (amino acids218),
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was transformed int&. coli BL21 competent cells. pGEX-
Bcl-2 (amino acids +218) fusion proteins were prepared
as described above.

Cleavage of the GS¥3-9 Fusion Protein by Thrombin.
One milliliter of GST-3-9 fusion proteins (1.0 mg/mL)
purified on a glutathione Sepharose 4B affinity column was
dialyzed against 1000 volumes of buffer HN [20 mM Hepes
(pH 8.0) and 150 mM NaCl] at 4C overnight. After CaGl
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Finally, the bands were visualized using the ECL system
according to the manufacturer’s instructions (Amersham).
Pull-Down Assays. (1) Pull-Down Assays of S3a with the
His—PARP Fusion ProteirNuclear extracts (300g) of HL-
60 cells were desalted with a Sephadex G-50 spin column
equilibrated with TBBN. Pretreated nuclear extracts (3G
were mixed with (lane 2) or without (lane 1) Hi®ARP/
AMD (30 ug). The samples were rotated @ h at 4°C. A

had been added to a final concentration of 2 mM, the solution 50% slurry of N#*—NTA resin (30uL) was added to the

was mixed with 1Qug of thrombin (Sigma) and incubated
on ice for 5 h. Then, 5QL of a 50% slurry of glutathione
Sepharose 4B beads and«b of benzimidine-Sepharose
equilibrated with buffer HN were added and incubated with
gentle agitation at £C for 30 min. The suspension was

tubes and rotated for 30 min at°€. After centrifugation,
the beads were rinsed five times with ice-cold TBBN. The
proteins bound to the HisPARP fusion protein or the resin
were eluted by suspending the beads in bBD®f modified
buffer C [1 M KCI, 1.5 mM MgC}, 20 mM Hepes-KOH

centrifuged to sediment the matrix. The supernatant contain-(pH 7.4), 20% glycerol, 0.2 mM EDTA, 0.5 mM DTT, and

ing the purified 3-9 cDNA product was stored -a80 °C
for further experiments.

Preparation of Antibodies against the Hi®ARP Fusion
Protein and the 3-9 cDNA Producintibodies against the
His—PARP fusion protein or the 3-9 cDNA product were
prepared using the HisPARP or GSTF3-9 fusion protein

1 mM PMSF] and rotated for 30 min at°€. The mixtures
were centrifuged, and the proteins in the supernatant were
precipitated with 10% TCA. These samples were subjected
to SDS-PAGE and electrotransferred onto a PVDF mem-
brane. Immunological detection was performed according to
the method of Domingo and Marca9). After being blocked

as an antigen. The antisera were purified by ammonium in 5% skim milk and TBS [0.15 M NaCl and 20 mM Tris-
sulfate precipitation and chromatography over a protein G HCI (pH 7.6)] at 4 °C overnight, the membrane was

column (Pharmacia). The purified IgG against the GST
3-9 fusion protein was mixed with free GST protein and
incubated at 4°C for 30 min with end-over-end mixing.

incubated with the antibody against the 3-9 cDNA product
for 2 h in GENT solution [0.15 M NaCl, 5 mM EDTA (pH
8.0), 50 mM Tris-HCI (pH 7.6), 0.25% gelatin, and 0.05%

Then, a 50% slurry of glutathioreSepharose 4B beads (100 Triton X-100] and then with a horseradish peroxidase-labeled
uL) was added to the mixture and incubated for 30 min at 4 secondary antibody against rabbit IgG (Zymed Laboratories,
°C to remove GST-specific antibodies from solution. The Inc., San Francisco, CA). The 3-9 cDNA product and its

suspension was centrifuged to sediment the matrix. The derivatives blotted onto the membrane were visualized using
supernatant containing the antibody against the 3-9 cDNA an enhanced chemiluminescence detection (ECL) system

product was stored at80 °C for further experiments.
Purification of Nuclear Extracts from HL-60 Celluclear

(Amersham).
(2) Pull-Down Assays of PARP with the GS3-9 Fusion

extracts were prepared according to the procedure of DignamProtein Nuclear extracts (20@g) of HL-60 cells were

et al. (16). HL-60 cells (1x 1CP cells/mL) were cultured in

desalted with a Sephadex G-50 spin column equilibrated with

RPMI 1640 supplemented with 10% fetal calf serum. Cells TBBN. Either the GSF3-9 fusion protein (15g) or the
were harvested and washed twice with PBS and then pelleted GST protein (15:g) was added to pretreated nuclear extracts
These cells were then suspended in 5 volumes of buffer A of HL-60 cells (200ug). The tubes were rotatedrf@ h at

[10 mM Hepes (pH 7.9), 1.5 mM Mggl0.5 mM PMSF,
and 0.5 mM DTT] and incubated on ice for 10 min.

4 °C. A 50% slurry of glutathione Sepharose 4B beads (20

uL) was added to the tubes and incubated for 30 min at 4

Afterward, the cells were spun down, resuspended in 4 °C in the same way. After centrifugation, the beads were

volumes of buffer A, and homogenized with a Dounce

rinsed five times with ice-cold TBBN. The proteins bound

homogenizer equipped with a B-type pestle. Homogenatesto the GSTF3-9 fusion protein or the GST protein alone

were centrifuged at 1600 rpm for 10 min to precipitate the
nuclei. The crude nuclear pellets were rinsed twice with
buffer A, then resuspended in 4 volumes of buffer C [0.42
M NaCl, 1.5 mM MgC}, 20 mM Hepes (pH 7.4), 25%
glycerol, 0.2 mM EDTA, 0.5 mM DTT, and 1 mM PMSF],
and rotated on a tube rotator at°@ for 1 h. Chromatins
were sedimented by centrifugation at 100 000 rpm ah@ 4

were eluted as described above and analyzed using the
antibody against the HisPARP fusion protein.

(3) Pull-Down Assays of Bcl-2 and the 3-9 cDNA Product
with the His=PARP Fusion ProteinPull-down assays of
products translated in vitro were performed as previously
describedZ0) with some modifications. In vitro transcription
and translation were performed with pGEM-Bcl-2 (full

for 20 min. The supernatant was employed as nuclear extractdength) as a template using the TNT-coupled reticulocyte

and stored at-80 °C for further analysis. Protein concentra-
tions were determined by the Bradford methdd)(
Far-Western Blot Analysis:ar-Western blot analysis was
performed as previously described) (vith some modifica-
tions. The GST3-9 fusion protein and GST protein were
subjected to SDSPAGE and then electrotransferred onto a
PVDF membrane. After being soaked in 5% skim milk and
TBBN [20 mM Tris-HCI (pH 7.5), 50 mM NacCl, 10 mM
MgCl,, and 0.1% NP-40] fol h at 25°C, the membrane
was incubated fo2 h with peroxidase-labeled His-tagged
PARS/AMD (18) in 0.1% skim milk and TBBN at £C.

lysate system (Promega) aff$-labeled Met (ICN) accord-
ing to the manufacturer’s instructions. Either the 3-9 cDNA
product (15:g) alone or the 3-9 cDNA product (1) and

the His—-PARP protein (15«g) were added t8°S-labeled
Bcl-2. After incubation at 4C for 1 h with gentle agitation,

a 50% slurry of Ni*—NTA resin (15uL) was added to the
protein mixtures and further incubated at room temperature
for 1 h. After removal of the supernatant, the beads were
rinsed five times with the binding buffer. Proteins associated
with the His—PARP fusion protein and the 3-9 cDNA
product were solubilized with SDS sample buffer and
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subjected to SDSPAGE. Fluorography of the gel was
performed using the method described by Chamberkiih (
The recovery of theé®S-labeled Bcl-2 precipitated by the
pull-down assay was analyzed densitometrically by Kodak
Digital Science 1D.

Enzyme Actiity Assay.Nuclear extracts of HL-60 cells

were fractionated on a Sephadex 200 PC3.2/3.0 column using

the SMART system [50 mM Tris-HCI (pH 8.0), 0.2 mM
EDTA, and 0.5 M KCI] (Pharmacia), thereby eliminating
S3a and Bcl-2 from the PARP fractions. PARP-enriched
fractions were dialyzed against PBS thoroughly and then
mixed with either the 3-9 cDNA product or the GSBcl-2
fusion protein alone or in combination and rotated &C4
for 30 min. The standard reaction mixture in a total volume
of 0.1 mL contained 100 mM Tris-HCI (pH 8.0), 10 mM
MgCl,, 1 mM [FH]NAD (26.6 dpm/pmol), 10ug of calf
thymus DNA and calf thymus histone, and PARP or the
above mixtures. The reaction was carried out at@5or

10 min and terminated by adding 2 mL of 10% trichloro-
acetic acid and 1% NR,O;. Trichloroacetic acid insoluble
materials with incorporated radioactivity were collected on
a glass filter and washed three times with 5 mL of 5%

trichloroacetic acid and quantitated with a spectrophotometer

(Packard, model 2500TR) in 5 mL of a scintillation fluid
containing 0.5% 2,5-diphenylozazole and 0.03% 1,4-bis[2-
(2-methyl-5-phenyloxazolyl)]benzene in a toluene solvent.

RESULTS

Identification of Clone 3-9 cDNA as the cDNA of Ribo-
somal Protein S3alo search for a binding partner of PARP,
we screened a human lymphocyte cDNA library using the
yeast two-hybrid system and an automodification domain of
PARP (PARP/AMD) as the bait9]. We isolated several
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Ficure 1: Interaction of the 3-9 cDNA product and the automodi-
fication domain of PARP in vitro. (A) The affinity-purified GST

3-9 protein and GST alone were subjected to SPBGE and
stained with CBB. (B) Proteins on the SDS gel were transferred
onto a PVDF membrane, reacted with peroxidase-labeled His-tagged
PARP/AMD, and visualized using the ECL system: (iof GST—

3-9 (lane 1), 10Qug of GST-3-9 (lane 2), 20Qug of GST-3-9

(lane 3), and 20@g of GST (lane 4). The positions of the molecular
size standards (in kilodaltons) are indicated.

nuclei of HL-60 cells and interacts with PARP, we prepared
nuclear extracts of HL-60 cells. Nuclear extracts (3@f)

of HL-60 cells were treated with a Sephadex G-50 spin
column for desalting. Pretreated nuclear extracts (300
were mixed with or without His PARP/AMD (30ug) and
precipitated with Ni*—NTA resin. Proteins interacting with
His—PARP/AMD or the resin were eluted wiitl M KCI.
Eluted proteins were analyzed immunologically using an
antibody against the 3-9 cDNA product (Figure 2A), as
described in Experimental Procedures. A 32 kDa band was

cDNA clones and determined their DNA sequences. One of visualized in the eluted fraction associated with-HFARP/

the cDNAs, 3-9, was identical to that of the human ribosomal
protein S3a (S3a, GenBank accession no. D28373) The
3-9 cDNA is missing nucleotides—128 from the 5 end of
the S3a gene (data not shown).

Interaction of the 3-9 cDNA Product and PARP/AMD in

AMD (Figure 2A, lane 2). This result indicates that S3a exists
in the nuclei of HL-60 cells and interacts with Hi®ARP/
AMD.

To further confirm the binding between native PARP and
the 3-9 cDNA product, we performed pull-down assays with

Vitro. To demonstrate the interaction between PARP and thethe GST-3-9 fusion protein. Either the GS13-9 fusion

3-9 cDNA product in vitro, we constructed a plasmid
encoding the GS¥3-9 fusion protein by ligating th&hd
fragment of clone 3-9 into th¥hd site of the pGEX-4T-2
vector. The affinity-purified GS¥3-9 fusion protein was
analyzed by far-Western blot analysis with a peroxidase-
labeled His-tagged PARP/AMD protein as a probe. The

protein (15u9) or GST (15ug) was mixed with nuclear
extracts (20Qug) of HL-60 cells and precipitated with the
glutathione affinity resin. Proteins interacting with the GST
3-9 fusion protein or GST were eluted Wit M KCI. Eluted
proteins were analyzed immunologically using an antibody
against the His PARP protein, as described in Experimental

fusion protein migrated with an apparent molecular mass of Procedures. A 120 kDa band was visualized in the eluted

56 kDa (Figure 1A, lane 1), which coincides with the size
deduced from the cDNA sequence. Proteins from a gel
identical to that shown in Figure 1A were transferred onto a

PVDF membrane and subsequently incubated with peroxi-

dase-labeled His-tagged PARP/AMD. The bands corre-
sponding to the GS¥3-9 fusion protein were visualized
using the ECL system (Figure 1B, lanes3). In contrast,

fraction associated with the GSB-9 fusion protein but not
in that with GST alone (Figure 2B). This result suggests that
the 3-9 cDNA product interacted with native PARP in
nuclear extracts.

Interaction of PARP with Bcl-2 Is Mediated by the 3-9
cDNA Product, Forming a Heterotrimer Complex of PARP,
the 3-9 cDNA Product, and Bcl-& has been reported that

no band was detected at the expected position of GST. ABcl-2 interacts with S3al). Thus, we examined whether

dose-dependent interaction between the %P fusion

PARP was able to form a heterotrimer complex together with

protein and PARP/AMD was demonstrated. These results S3a and Bcl-2. Thé®S-labeled Bcl-2 protein, which was

indicate that PARP/AMD interacts directly with the 3-9
cDNA product in vitro and that the GST domain does not
mediate binding (Figure 1B, lane 4).

Interaction of Natie S3a and PARP in Nuclear Extracts
of HL-60 Cells.To investigate whether S3a exists in the

produced in an in vitro translation system, was incubated
with the 3-9 cDNA product and His-tagged PARP/AMD or
His-tagged PARP/AMD alone and precipitated witi? Nt
NTA resin. Proteins interacting with His-tagged PARP/AMD
were subjected to SDSPAGE and visualized by autoradi-
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FiIGURE 2: Interaction of S3a and PARP in nuclear extracts of HL-

60 cells. (A) Pull-down assays of S3a with the HRARP protein.

Nuclear extracts (30@g) of HL-60 cells in binding buffer were

incubated with (lane 2) or without (lane 1) HI®ARP/AMD (30 1 2 3

ug) and precipitated with Rf—NTA resin. The proteins which Ficure 3: Interaction of PARP and Bcl-2 is mediated by the 3-9
interacted with the HisPARP protein or the resin were eluted with ¢cDNA product. The3sS-labeled Bcl-2 produced by the in vitro

1 M KCI and analyzed immunologically with the antibody against translation system was incubated with either the 3-9 cDNA product
the 3-9 cDNA product as described in Experimental Procedures alone (lane 2) or the 3-9 cDNA product and His-tagged PARP/
(B) Pull-down assays of PARP with the GSB8-9 fusion protein. AMD (lane 3) and then precipitated with Ni—NTA affinity resin.

GST (15ug) or the GST3-9 fusion protein (1mg) was incubated The precipitates were eluted using an SDS sample buffer and
with nuclear extracts (20Qg) of HL-60 cells in binding buffer subjected to SDSPAGE. Then, 10% input of th&S-labeled Bcl-2

and precipitated by the glutathione affinity resin. The proteins which (lane 1) was loaded as a positive control. Densitometric analyses
interacted with the GS¥3-9 fusion protein (lane 2) or GST alone  of the corresponding band in lanes 1 and 3 indicate that the quantity
(lane 1) were eluted wit1 M KCI and analyzed immunologically  of 35S-labeled Bcl-2 precipitated by both His-tagged PARP and the
with an antibody against the Hif?ARP protein as described in  3-9 ¢cDNA product was 4.1% of the total Bcl-Zhe positions of
Experimental Procedures. The positions of the molecular size the molecular size standards (in kilodaltons) are indicated.
standards (in kilodaltons) are indicated.

30% (Figure 4B). When PARP-enriched fractions were
ography (Figure 3). Thé&’S-labeled Bcl-2 was not precipi-  mixed with the 3-9 cDNA product (20 ng) and increasing
tated with the His-PARP fusion protein alone (Figure 3, amounts (10, 20, and 40 ng) of the GSBcl-2 protein
lane 2), but it was precipitated in a reaction mixture (amino acids +218), PARP activity was inhibited depending
containing both the HisPARP fusion protein and the 3-9  on the amount of the GSTBcl-2 protein (Figure 4C)These
cDNA product (Figure 3, lane 3). Densitometric analyses of results indicate that Bcl-2 in association with the 3-9 cDNA
the corresponding band in lanes 1 and 3 indicate that 4.1%product plays an important role in inhibiting PARP activity.
of in vitro-translatedS-labeled Bcl-2 was precipitated with
both the His-PARP fusion protein and the 3-9 cDNA DISCUSSION
product These results suggest that S3a might act as a bridge  pARp has been implicated in apoptosis because inhibition
protein for the interaction between PARP and Bcl-2. of PARP activity with 3-aminobenzamide and benzamide

Inhibition of PARP Actiity by Bcl-2 in Association with  blocks apoptosis3—6). Moreover, we have demonstrated
the 3-9 cDNA ProductTo determine the effect of Bcl-2 on  that 3-aminobenzamide blocks etoposide-induced apoptosis
PARP activity, we examined PARP activity in the presence in THP-1 cells or actinomycin D-induced apoptosis in HL-
of either the 3-9 cDNA product alone, the Bcl-2 protein 60 cells (data not shown). In addition, Simbulan-Rosenthal
alone, or a combination of these two proteins (Figure 4). et al. have reported that a transient burst of poly(ADP-
Nuclear extracts of HL-60 cells were fractionated on a ribosyl)ation of nuclear proteins occurs in the early stages
Sephadex 200 PC3.2/3.0 column (Pharmacia). Under theof apoptosis and that inhibition of PARP activity at this time
high-salt conditions, S3a and Bcl-2 were separated from theby expression of antisense RNA expression blocks various
PARP fractions. S3a was not detected in PARP-enrichedbiochemical and morphological changes associated with
factions analyzed immunologically using the antibody against apoptosis &, 23). Wang et al. produced PARP-knocked out
the 3-9 cDNA product (data not shown). The GST moiety mice, which display no phenotypic abnormaliti€sl), and
of the GSTF-3-9 fusion protein was removed by thrombin PARP (—/—) cells apoptosized normally in response to
digestion. PARP was inhibited by 30% in the presence of treatment with anti-Fas2g). Smulson and his group,
the 3-9 cDNA product. In addition, PARP activity was however, demonstrated that exposure to anti-Fas and cyclo-
further decreased in the presence of both the 3-9 cDNA heximide induced marked internucleosomal DNA fragmenta-
product and the GSTBcl-2 fusion protein (amino acids tionin PARP (+/+) fibroblasts and PARP/—) cells stably
1—-218) by 69%. PARP activity was unaffected by the GST  transfected with a plasmid expressing wild-type PARP,
Bcl-2 protein (amino acids-2218) or GST alone (Figure  whereas no apoptotic DNA ladders were evident in PARP
4A). Even though the amounts of the 3-9 cDNA product (—/—) cells @), which were originally produced by Wang
were increased, PARP activity did not decrease more thanet al. £5). Taken together with our findings that PARP
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Ficure 4: Effects of Bcl-2 and the 3-9 cDNA product on PARP activity. (A) Inhibition of PARP activity by Bcl-2 in association with the
3-9 cDNA product. PARP-enriched fractions of nuclear extracts from HL-60 cells were mixed with the 3-9 cDNA product (20 ng), GST
Bcl-2 fusion protein (20 ng), or both. PARP activity was examined as described in Experimental Procedures. (B) Inhibition of PARP
activity with varying amounts of the 3-9 cDNA product. PARP-enriched fractions were incubated with varying amounts of the 3-9 cDNA
product (7, 14, or 28 ng), and the PARP activity was examined. (C) Inhibition of PARP activity with the varying amounts of Bcl-2 in
association with the 3-9 cDNA product. PARP-enriched fractions were mixed with the 3-9 cDNA product (20 ng) and varying amounts of
the GSTF-Bcl-2 fusion protein (10, 20, or 40 ng), and the PARP activity was examifiee bars represent standard errors of the mean
calculated from results derived from three different experiments.

activity was inhibited~90% by Bcl-2 in association with  ever, Bcl-2 does not protect cells from DNA damage elicited
S3a (Figure 4C), the apoptotic pathway is not always by DNA-damaging drugs( 38, 39). DNA damage is known
coincident in different cell types and apoptotic inducers, and to activate PARP40), but in the cells overexpressing Bcl-
PARP activity participates in the apoptotic cascade at least2, PARP activity does not increase during apoptosis (
in certain cell typesPARP was also suggested to be involved Therefore, the results shown in Figure 4 suggest that Bcl-2
in the later stages of apoptosis. Caspase-3, an aspartatefunctions to inhibit apoptosis by blocking PARP activity in
specific cysteine protease, is activated in the later stages ofan S3a-dependent manner. This function of Bcl-2 is different
apoptosis and is responsible for the cleavage of PARP intofrom the previous belief that Bcl-2 governed the mitochon-
89 and 24 kDa fragments, thereby playing a role in the dria-dependent apoptosis pathway by restraining the release
execution of the apoptotic prograrg€d). The functions of of cytochromec (the intrinsic pathway)41, 42). Thus, our
the two degraded fragments of PARP in apoptosis have beerfindings may provide a novel insight into understanding how
extensively studied27, 28); however, the precise role of Bcl-2 inhibits apoptosis.
PARP in the process of apoptosis is still unclear.

S3a is a multifunctional protein involved in apoptos28,( REFERENCES
30). Naora et al. have reported that a decrease in the level . .
of S3a expression occurs in the early stages of apoptosis 1'$§fféé<" and Hayaishi, O. (198Bynu. Re. Biochem. 54
(13, 14, 31). We have also detected decreased levels of the 2 de Murc.ia G., and Menissier, d. M. J. (1994gnds Biochem
S3a protein in the early stages of etoposide-induced apoptosis  s¢j. 19 172-176. T '
in HL-60 cells (data not shown). These observations, taken 3 itz G., Auer, B., and Kaina, B. (1994)utat. Res. 308

together with data provided by Simbular-Rosenthal e3J. ( 127-133.
suggest that the reduction in S3a protein levels seems to 4. Schraufstatter, I. U., Hyslop, P. A., Hinshaw, D. B., Spragg,
coincide with the burst of poly(ADP-ribosyl)ation of nuclear R. G., Sklar, L. A, and Cochrane, C. G. (198&)pc. Natl.

proteins during apoptosis. In this study, we have demon- ~ Acad. Sci. U.S.A. §31908-4912.

strated that S3a associates with PARP in vitro and partially 5 Liu, L. F. (1989)Annu. Re. Biochem. 58351-375.

inhibits PARP activity. Thus, our results, together with the ~ 6. Kuo, M. L., Shen, S. C., Yang, C. H., Chuang, S. E., Cheng,
findings described above, suggest that a decrease in S3a A. Lj’ and Huang, T. S. (1998))ncogene 1’72225_,22,34'
protein levels in the early stages of apoptosis contributes to /- J@nizawa, A., Kubota, M., Hashimoto, H., Shimizu, T,

o L . Takimoto, T., Kitoh, T., Aki , Y., and Mikawa, H. (1989
a burst of PARP activity, resulting in a commitment to cell Eip'.mé)eﬂ Res. '1%5237_2‘%?ma and Mikawa, H. (1989)

death. , , 8. Simbulan-Rosenthal, C., Rosenthal, D. S., lyer, S., Boulares,
Recently, Hu et al. have shown that S3a interacts with A. H., and Smulson, M. E. (1998) Biol. Chem. 27313703~
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