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Shock Cognate Protein1

Takehito Nihei, Shuji Takahashi, Satoru Sagae, Noriyuki Sato,2 and Kokichi Kikuchi

Departments of Pathology IT.N., S.T.. N.S.. K.K.f and of Obstetrics and Gynecology Â¡T.N..S.S.I. Suppuro Medical College. S. I. W. 17. Chuo-ku, (X>0Sapporo. Japan

ABSTRACT

Both the tumor suppressor gene products, the retinoblastoma sensitiv
ity gene product pRbllO and p53, are found in oligomer complexes with
the oncogene products of the DNA tumor viruses. It has been demon
strated that p53 binds to the A/, 70.000 heat shock protein family. How
ever, the protein association of pRbllO with the A/, 70,000 heat shock
protein family is not yet known. We analyzed the immunoprecipitates
made with TYK-nu human ovarial carcinoma cell lysate and anti-pRbllO
or anti-heat shock protein monoclonal antibodies. In this paper, we dem

onstrate that pRbllO is associated with the A/, 73,000 heat shock cognate
protein, but not with the A/, 72,000 heat shock protein. This selective
protein association was also detected in lici .a cervical carcinoma cells.
Furthermore, the protein complexes of the A/r 73,000 heat shock cognate
protein and pRbllO were dissociated with the presence of ATP, but not
with ADP and the nonhydrolyzable ATP analogue, \ II' -S. This indicates

that the dissociation is dependent on the ATP hydrolysis. These data may
suggest an as yet undefined important role of A/, 73,000 heat shock cog
nate protein in the cell growth control in collaboration with pRbllO.

INTRODUCTION

The retinoblastoma gene protein (pRbllO) binds to several onco
gene products of DNA tumor viruses (1. 2). For example. pRbllO
could be associated with the E7-transforming protein of human pap-
illoma virus 16 through a nine-amino acid segment of E7 (3). This
segment of papilloma virus E7 is homologous to the pRbl 10-binding
domains of the SV40 large T- and adenovirus El A-transforming pro

teins. Very recently, two complementary DNAs that encode to the
retinoblastoma binding proteins (RBP-1 and RBP-2) were separated

from a human lung fibroblast expression library (4). These studies
might explain how pRbl 10 protein association with these transform
ing proteins is important for oncogenesis.

The A/r 70.000 heat shock protein family is found in almost every
cell compartment (5). Among these proteins, 73h.sc1 is constitutively

expressed mainly in the cell nuclei, and the expression of 72hsp is
efficiently induced in the cell cytoplasm by various physicochemical
Stressors. It is also known that M, 75,000 hsp and M, 78,000 grp or Bip
(immunoglobulin heavy chain-binding protein) are identified and
have important cell biological functions in mitochondria and endo-

plasmic rcticulum, respectively (6. 7). The expression of some of these
proteins is also enhanced by the cell transformation induced by the
activated oncogene transfection into some appropriate cells (8). The
expression of certain protooncogenes is also regulated by the Mr
70,000 heat shock protein family (9, 10).

It is known that the p53 tumor suppressor protein can bind to the
72hsp/73hsc, and that the mutant form of p53 is more firmly associ-
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ated (II, 12). Although the cell biological significance of the associ
ation between mutant p53 and heat shock proteins in the oncogenic
process is not yet known, it is suggested that these protein associations
may play an important role in oncogenesis (13).

Thus, it is important to determine whether pRbl 10 could bind to the
heat shock protein. Until now, however, there has been no report
showing the protein association between pRbl 10 and the A/r 70.000
heat shock protein family. In this paper, we analyzed the association
between pRbl 10 and the A/r 70.000 heat shock protein family by using
mAbs reacting against pRbllO and 72hsp/73hsc. The data clearly
indicate that pRbl 10 could bind selectively to 73hsc, but not to 72hsp.
We also showed that the protein complexes of pRbllO and 73hsc
could be dissociated with ATP hydrolysis.

MATERIALS AND METHODS

Cell and Antibodies. A human ovarial carcinoma line, TYK-nu. and cer

vical carcinoma line. HeLa. were kindly provided by the Japanese Cancer
Research Resources Bank. Cells were cultured in 10<7rPCS RPM1 1640 me
dium with 29.2 ug/ml of i.-glutamine. Ami-pRbl 10 mAh Mh-Rb-()2P (mouse
IgGl) and anti-human hsp72 mAb C92 (RPN1197) (mouse IgGl) were pur

chased from Pharmingen (San Diego. CA) and Amersham Co. (United King-
domi, respectively. mAb 3a3 (mouse IgGl ) reacting against human hsc73 and
hsp72 was obtained from Affinity Bioreagents.

Cell Lysis. Immunoprecipitation, and Detection of Immunoprecipitated
Molecules in Western Blot. Cells (4 X IO7) in the suhconfluem monolayer

culture were harvested by a rubber policeman, washed twice with ice-cold
PBS. and treated for 30 min at 4Â°Cwith 1 ml of lysis buffer [0.05 MTris-HCI

(pH 8.0):0.5% CHAPS:0.14 MNaCI:l HIMPMSF: I mg/ml of pepstatin:0.059'r

sodium azide:0.2 TIU/ml of aprotinin:5 ITIMEDTA). The cell lysate was ob
tained by centrifuging at 10.000 rpm for IO min. Immune complexes were
made and analyzed in Western blot experiments in the following ways. Ice-cold
isopropanol-treated Affi gel IO (Bio-Rad. Richmond. CA) beads were reacted
wilh goat anti-mouse IgG (H + L) (KPL. Gaitherburg. MD) at 4Â°Covernight

and were then reacted with O.I Methanolamine (pH 8.0). Beads were washed
4 times with 0.1 MTris plus 0.2 MNaCI at pH 8.3. Then, they were reacted with
or without immunoprecipitating mAbs, such as Mh-Rb-02P or 3a3. In the

present experiments, 100 ul of Affigel 10 beads were mixed with 200 \A of
100X diluted Mh-Rb-02P or 3a3 mAb. and the mixture was gently rotated at
4Â°Cfor 2 h. After washing with PBS one time. 1 ml of cell lysate was added,
and it was also rotated gently at 4Â°Covernight. To remove proteins that were

nonspecifically bound to the beads, they were washed 5 times with a buffer
(CHAPS washing buffer) containing 0.1% CHAPS, 0.2 MTris-HCI. and 0.5 M
NaCI at pH 8.0. Seventy-five ul of a SDS sample buffer [final. 3% SDS:5 M
Drr:10<7r glycerol:62.5 msi Tris-HCI (pH 6.8)] were added to the beads
containing the immune complexes, and the mixture was treated at IOOÂ°Cfor 5

min. The supernatants were then run on 89!- SDS-PAGE, and proteins were

Western blotted to the Immobilon membranes (Millipore. Bedford. MA). After
blocking the nonspecific binding of proteins to the membrane with 59J- skim

milk at room temperature for 1 h as previously described (14. 15). mAbs
(Mh-Rb-02P, 3a3, and C92) at appropriate dilutions were reacted at room
temperature for 1 h. Then, the membranes were washed wilh 0.19!- Tween-PBS

and were reacted for 1 h with peroxidase-conjugated goat anti-mouse IgG +

IgM (H + L) diluted at 1:1000. The bands were detected by ECL detection
reagents (RPN2I05. Amersham) according to the manufacturer's instructions.

Effect of ATP, ADP, and ATPyS on the Protein Dissociation of pRbllO
and 73hsc. In order to assess whether the protein complexes between pRbl 10
and 73hsc could dissociate by the ATP-dependent manner, we utilized not only
ATP but also ADP and the nonhydrolyzable ATP analogue. ATPyS (Boeh-

ringer). Affigel 10 beads ( 100 |j|) containing the immunoprecipitates made with

1702

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/7/1702/2453523/cr0530071702.pdf by guest on 19 M

ay 2023



pRb AND 73HSC

mAb Mh-Rb-02P and TYK-nu cell lysate. as mentioned above, were washed

5 times with a CHAPS washing buffer. An approximate 400 |al of 15 rtiM
Tris-HCl (pH 7.4): 140 HIMNaCI:5 rriMKC1:3 imi MgCkl rmi PMSF buffer

containing various concentrations of ATP, ADP, and ATPyS were added to an
approximate 100-ul pellet of Aftigel 10 beads containing the immune com
plexes. The mixture was gently rotated at 4Â°Ctor 30 min and centrifugea.

Seventy-five ul of an SDS sample buffer were added to the beads, and the
mixture was treated at 100Â°Cfor 5 min and analy/ed by the Western blot

technique as described above.

RESULTS

Detection of Immunoprecipitated Molecules by Anti-hsp and
Anti-pRbllO mAbs. To determine whether pRbllO could associate
with proteins of the Afr 70,000 heat shock protein family, the immu-
noprecipitates made with anti-pRbllO mAb (Mh-Rb-02P) and
TYK-nu cell CHAPS lysate were run on SDS-PAGE and Western

blotted to the Immobilon membrane. Then, mAbs reacting against the
Mr 70,000 heat shock protein family were reacted. As shown in Fig.
1, anti-pRbllO mAb could form immune complexes with pRbllO

having an approximate molecular weight of 110.000 (Lane I. arrow),
3a3 mAb that reacts with 73hsc and 72hsp also reacted with a protein
(Lane 4, arrow) having the same electrophoretic mobility as the
3a3-defined antigen (Lane 5) on SDS-PAGE, although the intensity of
a band was not so strong as compared with that of anti-pRbl 10 mAb

and immune complexes made with this mAb (Lane I). In contrast, it
appears that anti-hsp72 C92 mAb did not react with these immune

complexes (Lane 7, arrow), and this reactivity was not detected even
if membranes were exposed to longer times (data not shown). These
data indicate that pRbl 10 could bind to 73hsc but not to 72hsp. The
lower band at an approximate molecular weight of 50.000 in Lane 4
is supposed to be the heavy chains of anti-pRbl 10 mAb Mh-Rb-02P,

since a longer exposure for the film development showed similar
bands in Lanes I and 7 (data not shown).

To confirm that pRbllO shows molecular association with 73hsc.
we reciprocally assessed the immune complexes made with 3a3 mAb
and TYK-nu cell lysate. As shown in Fig. 2, 3a3 mAb could make

immune complexes with proteins of approximate molecular weights
of 72,000 to 73,000, mainly 73hsc protein (Lane I ). Then we assessed
the reactivity of these immune complexes with anti-pRbllO mAb
Mh-Rb-02P. It appeared that these immune complexes reacted with
anti-pRbllO mAb (Lane 4, arrow). The lower thick Mr -50.000
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Fig. 1. Detection of immunoprecipitates made with anti-pRbllO Mh-Rb-02P and the
TYK-nu cell lysate by anti-73hsc/72hsp and anti-72hsp mAbs. The immunoprecipitates
made with (Limes I. 4, and 7) or without (Lanes 3. 6. and V) anti-pRbl 10 and TYK-nu
cell lysate were run on 8% SDS-PAGE. Western blotted, and reacted with anti-pRbllO
mAb Mh-Rb-02P (Lanes I to 3). anti-73hsc/72hsp mAb 3a3 (Lane 4 to 6). and anti-hsp72

mAb C92 (Lanes 7 to 9). Lanes 2, 5, and 8 are the positive controls for mAbs; namely,
the mixture of 50 pi of the TYK-nu cell lysate alone and 50 (Jl of SDS sample buffer was
run on SDS-PAGE. Western blotted, and reacted with each mAb.

94 kDa-

67

43
Fig. 2. Detection of immunoprecipitates made with anti-73hsc/72hsp mAb 3a3 and the

TYK-nu cell lysate by anti-pRhllO mAb. The immunoprecipitates made with (Lanes I
and 4) or without (Lanes 3 and 6) anti-73hsc/72hsp mAb 3a3 and TYK-nu cell lysute were
run on 8% SDS-PAGE. Western blotted, and reacted with anti-73hsc/72hsp mAb 3a3
(Lanes 1 to j) and anti-pRbl 10 mAb Mh-Rb-02P ILanes 4 to 6). Lanes 2 and 5 are the
positive controls for mAbs against the TYK-nu cell lysate alone, as illustrated in Fig. 1.

1 23 456 789
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Fig. 3. Detection of immunoprecipitates made with anti-pRbllO und the HeLa cell
lysate by anti-73hsc and anti-72hsp mAbs. The experimental design is the same as in Fig.
1.

bands (Lanes 1 and 4) are compatible with the IgG heavy chains of
3a3 mAb. These reciprocal data support the above observation that
pRbllO could form the protein complex with 73hsc.

We also determined whether pRbl 10 could bind to the M, 70,000
hsp.family in a cervical carcinoma line. HeLa. As shown in Fig. 3. the
protein complexes of pRbl 10 with 73hsc (Lane 4), but not with 72hsp
(Lane 7). were clearly demonstrated. The almost similar complex
formation between pRbllO and 73hsc was also seen in the Epstein-
Barr virus-transformed human B-cell line Daudi (data not shown).

These data suggest that the protein association between pRbllO and
73hsc is not limited to a TYK-nu ovarial carcinoma line, but that this

association may be seen in many tumor cells.
Dissociation of pRbllO-73hsc Protein Complexes by ATP. We

studied the effect of mononucleotide addition on the protein dissoci
ation of pRbl 10 and 73hsc complexes. The immune complexes made
with mAb Mh-Rb-02P and TYK-nu cell lysate were treated in the

presence of various concentrations of ATP and then they analyzed the
dissociation of 73hsc from pRbllO-73hsc protein complexes. As

shown in Fig. 4. ATP addition resulted in the dissociation of 73hsc
from the complexes in a dose-dependent manner (Lanes 4 to 6).
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Fig. 4. Dissociation of pRbl K)-73hsc protein complexes by ATP. The immunoprecip-
itates (Lane 2I made with anti-pRbl 10 mAb Mh-Rb-02P and the TYKnu cell lysate were

treated in the presence of 0 (Lane 3), 0.1 (Lane 4}, 10 (Lane Si, and 1000 UM(Lane 6)
ATP. 10 u-w(Lane 7) ADP, and 10 UM(Lane Si ATPyS in TBS buffer. The samples were
run on 89c SDS-PAGE, Western blotted, and reacted with anti-73hsc/72hsp mAb 3a3.
Lime I is the positive control for mAb 3a3 against the TYK-nu cell lysate alone.

94 kDa -

67

Fig. 5. Detection of pRbl 10 after ATP release of 73hsc. The immunoprecipitates made
with (Lane /) or without (Lane 3i anti-pRbllO mAb and TYKnu cell lysate were treated
in the presence of 1000 UMATP as illustrated in Fig. 4. The samples were run on 8%
SDS-PAGE. Western blotted, and reacted with anti-pRblld mAb. Lane 2 is the positive
control of mAb against the TYKnu cell lysate alone.

However, ADP and nonhydrolyzable ATPyS did not efficiently dis
sociate 73hsc from the complexes (Lanes 7 and 8, respectively). To
ensure that pRbl 10-73hsc protein complexes are specifically dissoci
ated with ATP and not by the anti-pRbllO/pRbl 10 interaction, the
same sample as used in Lane 6 of Fig. 4 was run on SDS-PAGE. The
protein blot was detected by anti-pRbllO mAb. As shown in Fig. 5,

pRbllO was still present after ATP release of 73hsc. These data
indicate that the protein dissociation of pRbl 10 and 73hsc is induced
by ATP hydrolysis.

DISCUSSION

In the past 5 years, it has been shown that the M, 70,000 heat shock
protein family could be implicated in important cell biological roles
(16). It acts as "the intracellular detergent" for denatured proteins that

were formed by various physicochemical Stressors, thereby making

these denatured proteins into "renatured" ones. In addition, the MT

70.000 heat shock protein family physiologically can transport, as
molecular chaperones, peptides and immature proteins to the cell
organdÃes and help to confer proper functions on proteins with correct
subunit organization and mature three dimensional structures (5 to 7,
17, 18).

It is also known that the Mr 70,000 hsp protein family could bind to
a tumor suppressor gene product, p53. This protein association is
frequently identified between 72hsp/73hsc and mutant p53 (11, 12).
However, the cell biological significance of 72hsp/73hsc-p53 associ

ation in oncogenesis has not yet been clarified. Nevertheless, it is clear
that 72hsp/73hsc-p53 association may influence cell growth, since

enhanced p53 expression is parallel with enhanced 72hsp/73hsc ex
pression (18).

Thus, it is important to study the association of proteins between
72hsp/73hsc and another tumor suppressor gene product. pRbl 10. By
using the immune complexes made with mAbs reacting against
pRbl 10 and 72hsp/73hsc proteins, we assessed whether pRbl 10 could
bind to these heat shock proteins in a TYK-nu human ovarial cell line.

This cell line obviously showed a certain amount of expression in
cellular pRbllO as detected by Western blot experiments in anti-
pRbl 10 mAb Mh-Rb-02P. Our data of the immune complex analysis

indicate that pRbl 10 could associate with 73hsc, but not with 72hsp.
Furthermore, the protein dissociation of pRbllO and 73hsc was de
pendent on the presence of ATP, indicating that this dissociation is
induced by ATP hydrolysis. To our knowledge, this is the first obser
vation of the protein interaction between pRbl 10 and the M, 70.000
heat shock protein family.

Our present data showed that only a part of total cellular 73hsc
seems to bind to pRbllO. since the immune complexes made with
anti-pRbl 10 mAb and CHAPS cell lysate showed only a weak reac
tion to anti-73hsc mAb in the Western blot experiment (Fig. 1). This

was also true for pRbl 10; a part of the total pRbl 10 associates with
73hsc (Fig. 2). Furthermore, there was no clear difference for the
Western blot data among CHAPS and Nonidet P-40 lysate of cells

(data not shown). These observations are not surprising, since our
preliminary data indicate that 73hsc could also preferentially bind to
mutant p53 and to many other nascent or immature cellular protein
molecules in TYK-nu cells (data not shown). It has been demonstrated

that the pRbl 10 could bind certain cellular proteins. For example, the
complementary DNAs were recently isolated which encoded for cell
ular proteins (RBP-1 and RBP-2) that bind to the pRbllO (4). Ac

cordingly, the protein association between pRbllO and 73hsc in the
cells is of a certain physiological phenomenon, but limited in amounts.

Currently, the cell biological significance of pRbl 10-73hsc associ

ation in cell growth and oncogenesis is not known. Perhaps, the
pRbllO plays an important role in regulating the cell cycle, thereby
constraining cellular proliferation (19. 20). This protein also appears
to inhibit the transcription of genes involved in growth control (21).
Furthermore, Kim et al. (22) demonstrated that pRbl 10 may regulate
transforming growth factor ÃŸgene expression. The facts that both
pRbllO and 73hsc are amply found in the cell nuclei and that these
proteins can associate with one another strongly suggest that binding
of 73hsc to pRbl 10 may influence the important function of pRbl 10
as a regulator of cell proliferation.
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