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ABSTRACT

Protein kinase C (PKC), the major cell target for tumor-pro-
moting phorbol esters, is central to many signal transduction
pathways. Previously we have demonstrated the presence of PKC
in ram and bovine spermatozoa. However, the relative distri-
bution of various PKC isozymes in the cytosolic and membrane
fractions and their regulation by calcium and phorbol esters
have not been elucidated. Immunocytochemical studies and
Western blotting with antibodies specific for individual isoforms
revealed that at least two PKC isoforms, cPKC, and cPKC.I, are
found in bovine sperm cells. We demonstrate, by Western blot-
ting analysis, that both PKC isozymes were predominantly lo-
calized in the cytosol when subcellular fractionation was carried
out in the presence of EGTA. When cell lysis was carried out in
the presence of Ca2+, most PKC. and PKCI redistributed to the
particulate fraction. Treatment of sperm cells with the biologi-
cally active phorbol ester 12-O-tetradecanoyl phorbol-13-ace-
tate (TPA) resulted in a rapid and extensive translocation of cy-
tosolic PKC, and cytosolic PKCI to the membrane fraction with-
in 1 min. Furthermore, PKC's total activity was measured as a
calcium- and phospholipid-dependent phosphorylation of a
synthetic peptide in the cytosolic and membrane fractions de-
rived from control and TPA-treated spermatozoa. TPA evoked a
decrease in cytosolic PKC activity, accompanied by an increase
in the activity associated with the plasma membrane fraction.
This translocation of PKC enzymes may ensure their binding to
intracellular receptor proteins ("RACKs") and the phosphoryla-
tion of specific substrates, which appears to determine their
physiological function. The presence of RACK in the membrane
fraction of bovine sperm cells was confirmed with use of an
antibody directed against the RACK protein. Previously we dem-
onstrated the involvement of PKC in sperm acrosomal exocyto-
sis, a process induced by signal transduction events. Thus, our
results suggest that the rapid association of PKC, and PKCI with
the sperm plasma membrane, as shown in the present work for
the first time, may be an early event in sperm cell regulation,
leading to acrosomal exocytosis and fertilization.

INTRODUCTION

Protein kinase C (PKC) is a multigene family of serine/
threonine kinases that are central to many signal transduc-
tion pathways [1, 2]. The PKC isozyme family comprises
at least 11 different kinases. They can be divided into three
major groups, namely, classical (cPKCa, 3I, 131II, and y [3]),
novel (nPKC8, E, -q, 0, and }x [4-7]), and atypical (aPKCe
and i [8, 9]).

Classical PKCs and novel PKCs translocate from the
cytosol to membranous sites upon activation with diacyl-
glycerol (DAG) [10]. Nevertheless, a notable difference be-
tween them is their sensitivity to Ca2 +: cPKCs are depen-
dent on Ca2 + for activity [11], whereas the other PKCs are
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not [2]. Phorbol esters such as 12-O-tetradecanoyl phorbol-
13-acetate (TPA) can substitute for DAG in the activation
of PKC [12, 13]. Because of TPA's potency and in vivo
stability, it is able to irreversibly insert PKC into the lipid
bilayer, thereby causing a cumulative and long-term stim-
ulation of the enzyme [14]. Membrane association of PKC
causes proximity with its substrates and may serve to en-
sure preferential and rapid phosphorylation of these sub-
strates.

The presence and involvement of PKC in the mamma-
lian sperm acrosome reaction and motility has been previ-
ously demonstrated by us [15] and others [16-19]. Immu-
nocytochemical analysis with type-specific PKC antibodies
revealed staining in the postacrosomal region and the apical
region of the bovine sperm head [15]. In human sperm,
PKC, and PKCII were localized in the equatorial segment
[17], and PKC.I and PKC, were present in the principal
piece of the tail [20]. However, the relative distribution of
PKC isoforms in the cytosolic and membrane fractions has
not been elucidated. In this study we demonstrate, by two
different methods, changes in PKC distribution and activity
in bovine spermatozoa as a result of treatment with the
phorbol ester TPA or with Ca2 +. TPA and Ca 2+ evoked a
rapid decrease in cytosolic PKC, and PKCoI, accompanied
by a significant increase in their membrane association. It
is well established that bovine sperm cells are able to un-
dergo acrosomal exocytosis in the presence of Ca 2+ [21],
and other studies have suggested that TPA treatment may
also influence this reaction [15, 20]. Hence, the present re-
sults suggest that the rapid association of PKC, and PKCI
with the plasma membrane may be an early event in sperm
cell regulation, leading to acrosomal exocytosis and fertil-
ization.

MATERIALS AND METHODS

Sperm Preparation

Bovine sperm (Hasherut Breeder Service, Hafetz Haim,
Israel) were collected by an artificial vagina and diluted (1:
1, v:v) in NKM medium containing NaCl (110 mM), KCI
(5 mM), and 3-[N-morpholino]propanesulfonic acid (10
mM), pH 7.4. The cells were washed by three centrifuga-
tions at 780 x g for 10 min, and the final pellets were
resuspended in NKM, with the sperm concentration ad-
justed to 1-3 x 109 cells/mil.

Whole Cell Lysates

Proteins of washed sperm cells (109 cells) were solubi-
lized in SDS-lysis buffer containing 125 mM Tris (pH 7.5),
4% SDS, 1 mM sodium orthovanadate, 1 mM benzamidine,
and 1 mM PMSF added just before use. Cells were lysed
for 10 min at room temperature and centrifuged at 12 930
x g for 5 min at 4°C. The supernatant was supplemented
with 0.05% bromophenol blue, 5% glycerol, and 2%

-mercaptoethanol and boiled for 5 min.
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Subcellular Fractionation for the Cytosolic and
Membrane Fractions

Sperm cells (108 cells/ml) were left untreated or were
treated with 0.1-100 ng/ml TPA for 0.5-5 min. TPA was
added to the medium in dimethylsulfoxide (Me2SO) to give
a final concentration of 0.1% Me2 SO. After each incubation
period, cells were fractionated for cytosolic and membrane
proteins. For protein and enzyme assays, the cells were cen-
trifuged at 4300 x g for 10 min at 4C (Sorvall RC2-B;
Sorvall Inc., Norwalk, CT) and resuspended in 20 mM Tris-
HCI (pH 7.5), 0.25 M sucrose, 2 mM EGTA, t mM EDTA,
1 mM benzamidine, 1 mM Na3VO4, 10% glycerol, 25 tg/ml
leupeptin, 4 pxg/ml aprotinin, and 1 mM PMSF (homogeni-
zation buffer). For lysis in Ca 2+, 3 mM CaC12 was added to
the homogenization buffer instead of EGTA and EDTA. Cell
suspensions were then sonicated (30-sec pulse, power setting
4) with a Vibra cell, Sonics (Sonics & Materials Inc., Dan-
bury, CT) material sonicator. The homogenate was centri-
fuged for 10 min at 10 000 X g for pelleted cell debris. The
resulting supernatant was centrifuged at 100 000 g (60
min, 4°C) for recovery of the cytosolic fraction (supernatant)
and the membrane fraction (pellet). The cytosolic fraction
was concentrated to at least 1/10 of the original volume us-
ing a microconcentrator 30 (Amicon, Lexington, MA). The
membrane fraction was resuspended in the homogenization
buffer supplemented with 0.6% 3-[(3-cholamidopro-
pyl)dimethylammonio]-l-propanesulfonate (CHAPS) [22].
The membrane and cytosolic fractions were kept on ice until
assayed for PKC activity. Protein concentration was deter-
mined by Bradford's method [23] using Bio-Rad (Richmond,
CA) reagents. For immunoblot analysis, the cell lysates were
boiled for 5 min in SDS-PAGE sample buffer two times [24]
and separated on a 7.5% SDS-polyacrylamide gel.

Immunoblot Analysis

For immunoblotting, proteins of equivalent cell amounts
were separated on 7.5% SDS-polyacrylamide gels and then
electrophoretically transferred to nitrocellulose membranes
(200 mAmp; 1 h), using a buffer composed of 25 mM Tris
(pH 8.2), 192 mM glycine, and 20% methanol. For Western
blotting, nitrocellulose membranes were blocked with 5%
BSA in TRIS-buffered saline, pH 7.6, containing 0.1%
Tween 20 (TBST), for 30 min at room temperature. The
various PKC isoforms and the RACK protein were immu-
nodetected using the following antibodies: rabbit polyclonal
anti-PKC,, anti-PKCI, anti-PKCII, anti-PKC,, anti-PKCE,
and anti-PKC, (Santa Cruz Biotechnology, Santa Cruz, CA)
diluted 1:3000, and mouse monoclonal anti-RACK (Trans-
duction Laboratories, Lexington, KY) diluted 1:400. The
membranes were incubated overnight at 4°C in the appro-
priate primary antibody. Next, the membranes were washed
three times with TBST and incubated for 1 h at room tem-
perature with specific horseradish peroxidase (HRP)-linked
secondary antibody (Jackson Laboratories, West Grove,
PA) diluted 1:5000 in TBST. The membranes were washed
three times with TBST and visualized by enhanced che-
miluminescence (Amersham, Little Chalfont, UK). Speci-
ficity of the PKC antibodies was determined by preabsorb-
ing the antibodies with 10 jig of their peptide antigens for
1 h before incubating the antibodies with the membrane.
Quantitation of the Western blots was performed using a
laser densitometer.

PKC Activity Assay

PKC activity was measured in the cytosolic and mem-
brane fractions using a commercially available assay
(Amersham), which is based on methodology described by
Hannun et al. [25]. Cytosolic and membrane fractions (20-
50 ,ug of protein) were incubated in 50 mM Tris-HCI (pH
7.5) containing 300 mM synthetic peptide substrate, 4 mM
CaC12, 2.6 mol% phosphatidylserine (PS), 8 ig/ml TPA,
10 mM dithiothreitol, 15 mM magnesium acetate, 50 pM
ATP, and 0.05% (w:v) sodium azide. [y- 32 P]ATP (Amer-
sham) was added to a final concentration of 10 Ci/ml.
Reactions were terminated after 15 min at 25C by addition
of acidic stop solution, 125-,l aliquots were pipetted onto
binding papers and washed twice with 5% (v:v) acetic acid,
and the 32p incorporated was measured in a Liquid Scintil-
lation Analyser, (Packard 1600 TR, Packard Inst. Co.,
Downers Grove, IL). Phosphorylation of the synthetic pep-
tide was calculated as picomoles of phosphate transferred
per minute; Ca2 +- and phospholipid-independent activity
(basal, unstimulated PKC activity) was measured in the
presence of 4 mM EGTA instead of activators (PS, TPA,
Ca2+).

Immunocytochemistry

Sperm (106 cells) were spread on glass coverslips and
then fixed and permeabilized with cold methanol (30 sec).
Nonspecific reactive sites were blocked with 10% nonim-
mune goat serum for 10 min at room temperature. The cells
were incubated for 2 h at room temperature with the ap-
propriate primary PKC isoform-specific antibody diluted 1:
10 in TBS. Between antibody incubations, the cells were
washed three times (5 min) in TBS. Primary antibodies
were detected by a biotin-conjugated donkey anti-rabbit
IgG antibody (10 min), followed by an extravidin-HRP en-
zyme conjugate and by the aminoethyl carbazole chromo-
gen. Cells were counterstained with hematoxylin, and
mounting was performed with aqueous mounting solution,
GVA-mount (Zymed, San Francisco, CA). The cells were
then examined with an Olympus photomicroscope (Vanox
AHBT3; Olympus Corporation, Lake Success, NY) and
photographed using Kodak 100 ASA film (Eastman Kodak,
Rochester, NY) and a x40 objective. Nonspecific staining,
determined by incubation without primary antibody or in
the presence of antigenic peptide (10 jLg), was negligible
(results not shown).

RESULTS

Expression of PKC, and PKCI in Bovine
Spermatozoa and Antibody Specificity

To confirm the presence of PKC isozymes in bovine
sperm cells, SDS-extracted cells were subjected to Western
immunoblot analysis with isozyme-specific antipeptide an-
tibodies. We detected high levels of PKC, and PKC.I (Fig.
1), while other PKC isoforms, 3II, 8, , and , were not
detectable (data not shown). The antibodies directed against
PKC, and PKC.I specifically recognized a single protein of
approximately 80 kDa. The specificity of these antibodies
was demonstrated by their preabsorption with the specific
peptide antigens, which completely prevented immunode-
tection of the 80-kDa protein band.

Immunocytochemical Studies of PKC, and PKCI

The PKC isozyme-specific antibodies were used to ex-
amine the cellular localization of PKC, and PKCI through
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FIG. 1. Expression of bovine sperm PKC, and PKCI. Protein immuno-
blots showing PKC, and PKCI in bovine sperm. Total protein was extract-
ed with SDS-lysis buffer, separated on SDS-PAGE, transferred to nitrocel-
lulose, and immunoblotted with PKC-specific polyclonal antibodies in the
absence (-) or presence (+) of a specific antigenic peptide (pep), as de-
scribed in Materials and Methods. Molecular weights of prestained high-
range marker proteins are indicated (x 10-3). The blot shown is represen-
tative of three separate experiments.

immunocytochemical studies (Fig. 2). Intense staining of
the postacrosomal region was observed with the PKC.-spe-
cific antibody (Fig. 2, left). Staining was also observed
along the tail. In contrast, labeling with the PKC.I-specific
antibody revealed prominent staining only in the acrosomal
region (Fig. 2, right). Preabsorption of the PKC isozyme-
specific antibodies with the immunizing peptides abrogated
immunostaining in both cases (data not shown).

Subcellular Distribution of PKC, and PKCI in
Response to Ca2 +

In order to determine the subcellular distribution of
PKC, and PKCI and their sensitivity to Ca2 +-dependent
membrane association, bovine sperm cells were fraction-
ated in buffers containing either EGTA or Ca2+. The cy-
tosolic and the membrane fractions were analyzed for the
amount of immunoreactive PKC, and PKCI. We found that
when extraction was performed in the presence of EGTA,
most of PKC, (77%) resided in the cytosol, and a minor
fraction (23%) was membrane bound (Fig. 3). On the other
hand, subcellular fractionation in the presence of Ca2+ re-
vealed that most of the PKC, (60%) was located in the
membrane fraction, with a smaller amount (40%) in the
cytosolic fraction (Fig. 3).

The subcellular localization of PKCI was also depen-
dent on the presence of Ca 2+ in the fractionation buffer, in
the same manner as with PKC, (Fig. 3). These results dem-
onstrate that the subcellular distribution of PKC, as well as
of PKC.I is sensitive to Ca2+. This is consistent with the

FIG. 3. Subcellular distribution of PKC, and PKC3I in response to Ca2+.
Protein immunoblots showing the levels of PKC, and PKCI in subcellular
fractions of the cells. Cell extracts were partitioned into cytosol (Cy) and
membrane (M) fractions, using either EGTA- or Ca2+-containing buffers,
as described in Materials and Methods. Cytosol and membrane samples,
for both extraction conditions, were analyzed on the same gel; immu-
nodetections are depicted separately for the sake of presentation. The
immunoreactive bands for PKC, (-80 kDa) and PKCI (-82 kDa) were
visualized as described in Materials and Methods.

fact that the cPKCs are dependent on Ca2 +, obviously due
to their Ca 2+-binding domain.

Subcellular Distribution of PKC, and PKCI in
Response to TPA

Previous reports have demonstrated that TPA modulates
PKC subcellular distribution from a predominately cyto-
solic location to a membrane-associated site during stimu-
lation [26]. To study the effect of TPA-induced activation
of PKC, and PKCI, experiments were performed on un-
treated and TPA-treated sperm cells. PKC, and PKCI were
present in abundant amounts in the cytosolic fractions of
untreated cells, while in TPA-treated cells, PKC isozymes
were translocated to the membrane fraction (Fig. 4).

We observed that the increase in membrane-associated
PKCs, as well as their decrease in the cytosol, was TPA
concentration dependent. For example, 100 ng/ml TPA
caused a 2- to 3-fold increase in membrane-associated
PKC, and PKC.I over the control value (as estimated by
densitometric scanning) within 5 min (Fig. 4). Furthermore,
the translocation was time dependent; a rapid and extensive
increase in membrane-bound PKC, could be seen during
the first 5 min of incubation (Fig. 5). Densitometric analysis
revealed that at 5 min, the membrane-bound PKCa in-
creased from 17% to 64% in comparison to values obtained
in basal conditions. Further incubation with TPA (up to 20
min) had no significant effect on the amount of membrane-
associated PKCa. Similar results were obtained for PKCoI
(data not shown).

FIG. 2. Immunocytochemical localization
of PKC isoforms in sperm cells. Bovine
sperm cells were fixed and stained, as de-
scribed in Materials and Methods, with the
corresponding isoform-specific antibodies.
Left) Immunostaining with anti-PKC, anti-
body; staining can be observed in the post-
acrosomal region. Right) Immunostaining
with anti-PKC.I antibody; staining can be
observed in the acrosomal region.
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FIG. 5. Time course of TPA-induced PKC, translocation. Sperm cells
were incubated with 100 ng/ml TPA for 0.5, 1, or 5 min. Cells were
homogenized and fractionated into cytosol and membrane fractions as
described in Materials and Methods. Immunodetection was as described
in the legend to Figure 1.

FIG. 4. Subcellular distribution of PKC, and PKC5I in response to TPA;
protein immunoblots of PKC, (A) and PKCI (B). Sperm cells were ho-
mogenized and fractionated into cytosol (Cy) and membrane (M) fractions
as described in Materials and Methods. The two fractions were obtained
from untreated sperm cells (-) or cells treated with 0.1, 1, 10, or 100
ng/ml TPA for 5 min. PKC isozymes in these fractions were immunode-
tected as described in the legend to Figure 1.

Effect of TPA on PKC Activity

In order to ascertain that the translocation of PKC, and
PKCI to the membrane fraction in response to TPA was
accompanied by an increase in membrane PKC activity, an
independent assay was employed. We measured calcium-
and phospholipid-dependent phosphorylation in the cyto-
solic and membrane fractions derived from untreated and
TPA (100 ng/ml)-treated sperm cells (Fig. 6). It was found
that the PKC activity was predominately cytosolic in un-
treated cells, while in cells treated with TPA, both an in-
crease in the membrane activity and a decrease in cytosolic
activity were observed. These data indicate that transloca-
tion of PKC to the membrane fraction by TPA is indeed
accompanied by an increase in membrane PKC activity.
Although a 3-fold increase in PKC in the membrane frac-
tion was observed when the extraction was performed in
the presence of either Ca 2+ or TPA, the amount of PKC
activity lost from the cytosolic fraction was not quantita-
tively recovered in the membrane fraction. TPA(-) mem-
branes displayed 15% of the detected PKC activity, where-
as the TPA(+) membranes displayed 40% of the detected
PKC activity. It may be that membrane-bound PKC did not
effectively phosphorylate the exogenous synthetic substrate
peptide because of competition by endogenous proteins.

Identification of Intracellular Receptor Proteins for
Activated PKC (RACK)

A group of proteins collectively termed RACKs have
been identified as proteins that bind PKC in the particulate
fraction [27]. By sequence homology, RACKI appears to
belong to a superfamily that includes the 3 subunit of G
proteins [28]. To determine whether RACK1 is also present
in bovine sperm cells, the particulate and cytosolic fractions
of fractionated sperm were treated with a RACKI-specific
antipeptide antibody. It can be observed that only in the
membrane fraction did the antibody recognize a single band
of the expected apparent mass (-36 kDa) (Fig. 7). These
results demonstrate, for the first time, that membranes of
bovine sperm cells also express receptors for activated ki-
nase C.

DISCUSSION

PKC is a well-characterized example of a cellular kinase
that is translocated in response to stimulation (reviewed by
Mochly-Rosen [29]). We have analyzed the Ca2+-sensitive
subcellular distribution as well as the phorbol ester-induced
translocation of PKC isozymes in bovine sperm cells. These
cells appeared to express only two classical Ca 2+-dependent
isozymes, PKC, and PKC0I, in significant amounts (Figs.
1 and 2). In bovine sperm homogenized in the presence of
the Ca2+ chelator EGTA, PKC and PKCI were enriched
in the cytosolic fraction. Homogenization in the presence
of millimolar Ca2 + revealed a quantitative decrease of the
two isozymes in the cytosol and an increase in the partic-
ulate fraction (Fig. 3). These data may suggest an important
role for intraspermatozoal free Ca2+ concentration in reg-
ulating PKC translocation to the plasma membrane. It is

la0
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TPA +
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FIG. 6. PKC activity in cytosolic and membrane extracts of sperm cells.
TPA-dependent translocation of PKC total activity to the membrane frac-
tion. Sperm cells were incubated in the presence or absence of 100 ng/ml
TPA for 5 min. Cells were homogenized and fractionated as described in
Materials and Methods. Total PKC activity was assayed in the cytosolic
(Cy) and membrane (M) fractions. The complete reaction system con-
tained TPA, phosphatidylserine, Ca2+ or EGTA, and a peptide as a sub-
strate. The values reflect total PKC activity minus basal PKC activity mea-
sured in the presence of EGTA and the absence of TPA, PS, and Ca2+.
Data are presented as mean SD from a representative experiment as-
sayed in triplicate and repeated three times.
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FIG. 7. Identification of RACK proteins. Protein immunoblots showing
the level of RACK in subcellular fractions. Bovine sperm membrane frac-
tion (M) and cytosolic fraction (Cy) were prepared as described in Ma-
terials and Methods. RACK was detected using anti-RACK antibody. The
antibody reacted with a -36-kDa protein that corresponds to RACK. For
positive control we used a partially purified extract of RACK from mouse
NIH-3T3 fibroblasts (P.C.).

widely recognized that this translocation is a necessary step
in PKC activation [10]. Previously it has been reported that
the cellular localization of the cPKC isozymes in other cell
types, such as rat fibroblasts, is also dependent on the Ca 2+

content in the homogenization buffer [30]. This property of
the cPKC is probably attributable to the presence of a Ca2 * -

binding domain in the C2 region of these enzymes. We also
demonstrate the translocation of cytosolic PKC, and PKCI
to the plasma membrane as a result of TPA treatment (Fig.
4). The decrease in cytosolic PKC, and PKCI, and the
increase in the amount of PKC, and PKCI associated with
the membrane fraction, were dependent on time and on the
TPA concentration (Figs. 4 and 5). Moreover, the present
results indicate that TPA treatment evoked a marked re-
duction in the calcium- and phospholipid-dependent phos-
phorylation of cytosolic PKC activity, together with an in-
crease in membrane PKC activity (Fig. 6). These results
indicate, for the first time, that TPA triggered a new com-
partmentalization for PKC in spermatozoa. This was as-
sessed by two independent methods: Western immunoblot
analysis employing PKC isozyme-specific antibodies, and
measurement of PKC's total activity. Our data correlate
with findings from similar investigations concerning other
cell types [26, 31, 32]. For example, treatment of fibroblasts
with TPA resulted in the translocation of different PKC
isozymes from the cytosol to distinct subcellular structures,
including the membrane fraction [30, 33].

In the present work, PKC, was localized in the head,
mainly to the postacrosomal region, and along the tail,
whereas PKCOI was prominently localized in the acrosomal
region (Fig. 2). The fact that the PKC isozymes are differ-
entially located may suggest that different subspecies of
PKC may be involved in modulating acrosomal exocytosis
or sperm motility. Indeed, PKC, localization along the tail
of bovine sperm may indicate its involvement in sperm
motility. Conversely, in the studies reported by Rotem et
al. [16, 17] and by Kalina et al. [34], PKC, and PKCII
were localized in the equatorial segment of human sperm
cells, and staining for PKC.I and PKC, was observed in
the principal piece of the flagellum, suggesting their in-
volvement in human sperm motility. Moreover, the local-
ization of PKCaI in the acrosomal region of bovine sperm

may suggest a possible role for this isozyme in the acro-
somal exocytosis.

Prior to fertilization, mammalian spermatozoa must go
through a species-dependent period of time during which
they undergo a series of changes collectively referred to as
"capacitation" [21]. After binding to the egg zona pellu-
cida, sperm cells undergo the acrosome reaction, an exo-
cytotic event that allows the cell to penetrate the zona pel-
lucida and to fuse with the oocyte plasma membrane [21].
Recently, we have described the involvement of PKC in
the bovine sperm acrosome reaction [15]. We found that
only in capacitated bovine sperm was TPA able to stimulate
acrosomal exocytosis, while preexposure to a very low con-
centration of the PKC inhibitor staurosporine [35] blocked
TPA-triggered exocytosis [15]. However, the functional sig-
nificance of TPA-dependent PKC, translocation is not yet
clear, since it occurred in uncapacitated (Figs. 3-5) as well
as in capacitated sperm cells (data not shown). Neverthe-
less, it may be suggested that translocation of both PKC
isozymes from the cytosol to the plasma membrane upon
activation by Ca 2+ or by TPA presumably brings the acti-
vated enzymes into proximity with their specific substrates.
A group of membrane PKC-binding proteins, collectively
termed RACKs (receptors for activated C-kinase), have
been identified [27, 36]. RACKs of 30-36 kDa were puri-
fied from the cell particulate fraction of rat heart and brain
[27]. Recently, Ron et al. [28] cloned RACK1, a gene en-
coding for a 36-kDa homologue of the 3 subunit of G pro-
teins. RACK1 is neither a PKC substrate nor an inhibitor.
Rather, it increases PKC phosphorylation of substrates pre-
sumably by stabilizing the active form of PKC [28]. Our
studies are the first to demonstrate that bovine sperm cells
express RACK in the membrane fraction (Fig. 7). It is like-
ly that these proteins provide anchorage sites for the PKC
isozymes close to their physiological substrates. Thus, it is
possible that this translocation may determine PKC, and
PKCoI physiological functions, and it may ensure rapid
phosphorylation of specific substrates. In mouse epididymal
sperm, PKC, was located in the acrosomal region, close to
three of its specific substrates [37]. Furthermore, in human
sperm, PKC was colocalized with various cytoskeletal and
other structural elements such as myosin, vimentin, and ac-
tin. The codistribution of PKC with the elements mentioned
above suggests that these proteins are potential substrates
for human sperm PKC [34]. Thus it seems that PKC-de-
pendent phosphorylation plays a role in sperm cell function.
However, further investigations are necessary to determine
and identify specific proteins phosphorylated by PKC, and
to establish the role they may have in acrosome reaction
and subsequent fertilization.
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