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The involvement of anion channels in the mechanism of the acrosome reaction (AR) was investigated. The AR was induced by
Ca** or by addition of the Ca** jonophore A23187. The occurrence of AR was determined by following ihe release of acrosin
from tie cells. In order to investigate the role of anion channels in the AR, several anion-channel inhibitors were tested, mainly
DIDS (4.4'-diisothiocyanostilbene-2,2-disulfonic acid). Other blockers, like SITS (4-uccmmidu-4'-ismhicyanoslilhcnc-Z.Z'-dis'-
ulfonic acid), furosemide, probencid and pyridoxal S-phosphate, were also tested. We found that DIDS binds covalently to sperm
plasma membrane in a time- and concentration-dependent manner. Maximal binding occurs after 2 h with 0.3 mM DIDS. DIDS
and SITS inhibit AR in a concentration-dependent manner. The ICy;, of DIDS and SITS in the presence of A23187 is 0.15 and
0.22 mM, respeciively. Tributyltin chloride (TBTC), an C17 /OH ™ exchanger, partially overcomes DIDS inhibition of the AR.
HCO; is required for a maximal acrosin release and Ca’*-uptake, in the presence or absence of A23187. §i is known that
HCO; activates adenylate cyclase and thercfore, increases the intracelular leve! of cAMP. The inhibition of the AR by DIDS
decrcases from 95 10 50% when (dibutyryl cyclic AMP (dbcAMP) was added, i.c., HCO; is no longer required while clevating
the level of cAMP in an alternative way. Moreover, we show that the stimulatory effect of HCG; on Ca®'-uptake is completely

inhibited hy DIDS, We conclude that DIDS inhibits AR by blocking anion channels, including those that transport HCO; into

the cell.

Introduction

The acrosome reaction is a prerequisite for success-
ful fertilization in mammals, defined as a Ca®*-depen-
dent exocytotic cvent in sperm, in which membrane
fusion takes place between the outer acrosomal mem-
branc and the overlying plasma membranc, thereby
allowing release oi the acrosomal contents [1,2].

The involvement of cAMP in acrosome reaction was
suggested by Hync and Garbers [3] and later on they
showed that bicarbonate is required for the Ca’*-in-
duczd elevations of cCAMP in guineca-pig spermatozoa
[4]. Stengel and Hannune [5] observed the activation of
ram sperm adenylate cyclase by bicarbonate but not by
‘Ca**, ana Garty and Salomon [6] reported that bicar-
bonate directly activated partially purified bull sperm
adenylate cyclase, results which aic consisicit with the

.
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findings of Okamura et al. [7]. Although the role of
bicdi bouate and cyelie nnclentides in the sperm acro-
some reaction has been widely accepted, the regulation
of their mectabolism is not, clearly understood.

The existcnce of a bicarbonate transport system in
porcine spermatozoa was demonstrated by Okamura ct
al. {8]. In a more recent repori. Visconti et al. [9] have
shown that blockers of anion channels inhibit the bi-
carbonate-dependent phorbol ester enhancing effect
on cAMP in hamster spermatozoa, but they did not
find any effect on acrosome reaction. In an earlier
paper, Hyn< [10] demonstrated a requirement of HCO;
in monensin ((Na*/H™ exchangcr) induced acrosome
reaction in guinea-pig sperm, which was inhibited by
iow concentrations of the anion-channei blocker di-
isothincvanatestilbene-2,2 -disulfonic acid (DIDS). This
blocker also prevented the vccurrence acrosome reac-
ticn in starfish spermaiozoa [11]. in porcine epididymal
sperm, DIDS enhanced bicarbonate-induced elevation
in cAMP content and this effect was not obzcrved in
the absence of bicarbonate [12].

In the present report, we were investigating the role
of the anion channel in the mechanism of ejaculated
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bull sperm, acrosome reaction and we suggest an ¢x-
planation for the contradictions found in the literature
concerning the effect of anion-channei blockers on the
intracellular level of cAMP and acrosome reiction
which are described here.

Materials and Methods

Sperm preparation. Frozen bull sperm cells were
thawed at 37°C by taking one frozen capsule (510’
cells) into 0.875 m! of medium comprising of 150 mM
NaCl and 10 mM histidine (pH 7.4). The cells were
washed by three centrifugations at 780 X g, at 25°C for
10 min and were resuspended in TALP medium [13] to
reach a final concentration of 10® cells/ml. The com-
position of TALP is: 94.3 mM NaCl, 4.0 mM KCl, 0.7
mM Na,HPO,, 26 mM NaHCO,, 0.5 mM MgCl,, 12.8
mM glucose, 1.3 mM sodium pyruvate, 7.6 mM sodium
lactate, 3 mg/ml BSA, 10 IU/ml penicilline and 20
mM Hepes (pH 7.4).

DIDS binding to sperm. DIDS binding to the cells
was determined by a fluorescent method. Sperm cells
(10*/ral) were incubated in TALP in the presence of
DIDS. At the times indicated, the tubes were removed
and 4 ml of buffer A (110 mM NaCl, 5.0 mM KCl, 1.0
mM MgCl,, 10.0 mM Mops, pH 7.4) containing 1%
BSA and ! mM NalN; were added. The cells weie then
washed five times by centrifugation at 780 X g for 10
min to remove unbound DIDS, with BSA being omit-
ted from the last two washes. The final cell pellet was
resuspended in buffer A to a final concentration of 10%
cells/ml. Fluorescence measurements of the samples
were then made in a Shimadzu RF-5000 recording
spectrofluorophotometer  equipped with a  ther-
mostated stirred cell compartment (39°C). The fluorcs-
cence was measured “with an excitation of' 336 nim and
an emission of 435 nm, and corrected for the zero time
control.

Determination of acrosome reaction. Cells (10¥ /ml)
in TALP buffer containing 95% air 5% CO, were
incubated in sealed tubes and the occurrence of acro-
some reaction was ¢:termined by tollowing the amount
of acrosin rcleased from the cells as described by us
carlier [14].

Calcium uptake. ¥Ca accumulation in the cells was
performed by the filiration technique as described by
us elsewhere [15]. Briefly, sperm cells (10%/ml) were
incubated in TALP containing 2 mM CaCl, and 2 uCi
*CaCl,. At apropriate time intervals, 0.1-ml samples
were removed and immediately vacuum-filtered on
GF/C filters. The cells trapped on the filter were
washed three times with ice-cold solution composed of
150 mM NaCl, 10 mM 'Tris (pH 7.4) and 2 mM EGTA.
The dry filters were counted for B-radioactivity. All
data are expressed as the experimental value corrected
for the zero time control.
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Fig. 1. The kinetics of DIDS binding to sperm cell membranes.
Sperm cells (10% /ml) suspended in TALP were incubated at 39°C in
the presence of 0.3 mM DIDS. At appropriate time intervals, the
tubes were removed and the cells were washed as described in
Materials and Methods, in order to remove the unbound DIDS.
Then, the cells were resuspended in 1.0 mi buffer A and the relative
fluorescence was measured. Background fluorescence of the buffer
and cells, as well as zero time control, were subtracted from the data.
The values are means + $.E. ¢f twe different experiments.

Materials. The Ca* " 1onophore A23187 (Sigma) and
SITS were dissolved in dimethylfuranamide / ethanol
(3:1, v/v) and the final concentration of the solvent in
the experiments never excceded 9.1%. DIDS, SITS
and dibutyryl cyclic AMP were purchased from Sigma,
tributyltin chloride from BDH chemicals and **CaCl,
from New England Nuclear.

Results

DIDS binding to sperm cell plasma membrane

In order to investigate the role of anions and anion
channels in the AR, several anion-channel inhibitors
were tested, primarily DIDS (4,4'-diisothiocyanostil-
bene-2,2"-disulfonic acid), the most potent anion-chan-
nel inhibitor so far examined. It binds covalently to the
plasma membrane but does not penetrate into the cell
[16).

The kinetics of DIDS binding to sperm plasma
membrane was studied (Fig. 1). DIDS is a fluorescent
compound whose fluorescence is enhanced upon bind-
ing. The fluorescence is maximal after 2 h incubation
of 10° cells/ml with 0.3 mM DIDS, indicating that all
binding sites are saturated at this time. The dosc
response curve for DIDS binding is shown in Fig. 2.
Ceils were incubated for 120 min with increasing con-
centcations of DIDS, washed tive times to remove
unbound DIDS and the fluorescence was measured.
‘The binding was sigmoidal with linear binding between
0.05 and 0.2 mM and reached a plateau at 0.3 mM.

Acrosome reaction
The cffect of anion-channel blockers on the acrosome
reaction. The effect of anion-channel blockers on AR
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Fig. 2. Dose response for DIDS binding to sperm cell plasma
membrane. Sperm cells (10®/ml) were suspended in TAL? and
incubated at 39°C for 120 min in the presence of increazing concen-
trations of DIDS. 2 h later the tubes were removed and cells were
wiashed as duscribed in Materials and Methods. Cells were resus-
pended in 2.0 ml buffer A and the fluorescence intensity of the cells
wis measured. The self-fluorescence of the cells and the medium
were substracted from the data, The values are means of a represen-
taiive experiment.

can be seen in Fig. 3. Sperm ceils (10%/ml) were
incubated for 3 h in TALP containing 2.0 mM CaCl,,
2.0 uM Ca’* ionophore A23187 and various concen-
tratiors of DIDS or SITS (4-acetamido-4'-iso-
thiocyanostilbene-2,2'-disuiionic acid). The extent of
the acrosome reaction was monitored by measuring
acrosin release from the cells. Acrosin activity was
measured by following the hydrolysis of benzoyl-
arginine ethyl ester (BAEE). The values were cor-
rected for zero time controls. The IC,, for DIDS and
SITS were 0.15 mM and 0.22 mM, respectively. At 0.3
mM DIDS, we see almost complete inhibition of the in
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Fig. 3. The effect of DIDS and SITS on acrosin release. Sperm cells
(10% /ml) were suspended in TALP and incubated for 3 h at 39°C in
the presence of 2.0 mM CaCl, and 2.0 uM A23187. Increased
concentrations of DIDS and SITS were added from the beginning of
the incubation. Acrosin activity was determined by reacting with
BAEE as described in Materials and Methods. The zero time or
EGTA control was subtracted from the data. Each value represents
the mean + S.E. of duplicates from two different experiments.
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Fig. 4. The effect of ouabain and quercetin on acrosin relcase.

Acrosii preparations were achieved as described in the legend to

Fig. 3. Bars represeat the meusns+ S.E. of duplicaies from at least
. two different experiments.

AR. which is in good correlation with the saturation of
DIDS binding shown in Fig. 2. The concentrations of
the anion-channel blockers used here, although higher
than those used with erythrocyte ghosts [17] were simi-
lar to thosc used with other cells, including spermato-
zoa [8,11].

In order to obtain more information concerning
anion channels, we used other blockers, which are: (1),
Furosemide, a Na, K-Cl cotransport inhibitor [18]; (2),
probencid, an organic anion transport inhibitor [19]
and (3), pyridoxa!l 5-phosphate, an anioric probe for
protein amino groups [20], whicli does not bind cova-
lently in our assay. None of these coinpounds inhibit
the acrosome reaction when 0.4 mM furosemide, 1.0
mM probencid and 0.3 mM pyridoxal 5 phosphate were
used {(data not shown).

The effect of ATPuse inhibitors on tite acrosome reac-
tion. It has been shown that DIDS inhibits ATPases in
several celi types [21-23]. We thus raised the question
whether DIDS inhibits the AR via inhibition of AT-
Pase activity. Therefore, the sensitivity of the AR to
other ATPase inhibitors, ouabain and quercetin, was
tested. Cells were incubated for 3 h in TALP contain-
ing ouabain or quercetin. As is shown in Fig. 4, these
ATPase inhibitors did not affect the rate of acrosin
release. Quercetin even increased it slightly (10%).
Moreover, 0.2 mM DIDS had the same effect (70%
inhibition of AR) with or without the ATPasc in-
hibitors, a result which supports the idea that the
ATPase inhibitors are not competing for the DIDS
binding sites on the cells.

Our next step was to determine which anions are
involved in the AR and what is their mechanism of

-action.

The effect of bicarbonate on the acrosome reaction.
Fig. 5 shows the importance of bicarbonate ions ior the
occurrence of the AR. HCO; increased the rate of
acrosin release by 100%. The inhibition of AR b
DIDS was greater when HCC; was not added (95%)
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Fig. 5. The effect of DIDS, HCO; and A23187 on acrosin iclease.

Acrosin preparations were ackieved as described in the fegend to

Fig. 3. Sperm cells (10% /ml) were incubated in the presence or in the

absence of 0.2 mM DIDS, 26.0 mM HCO; or 2 uM A23187. Tubes

that contained bicarbuaate were incubated under 95% air /5% CO,

and closed with a stopper. Bars represent the means + S.E. of dupli-
cates trom at least three different experiments,

than in the presence of the anion (73%), indicating
that bicarbonate and DIDS might compete for the
same binding sites in the cells. tn absence of the Ca’*
ionophore, the stimulatory effect of HCO; on thic rate
of acrosin release is smaller (60%), but the inhibition
of the AR by DIDS remained basically the same (86
and 89%) whether HCO; was added or not. We can
also see that the enhanced effect of HCO; on AR,
induced by A23187, is very high (1060%) in the pres-
ence of DIDS. In absence of A23187, a very small
stimulatory cffect of HCO; is seen in the presence of
DIDS.

The effect of tribayltin chloride (TBTC) on the acro-
some reaction. One of the prerequisites tor the occur-
rence of the AR is the alkalinization of the cytosoi
[10.24]. HCO; is known to alkalize the cell interior by
becoming protonated, and this might be one of the
mechanisms by which HCO; stimulates AR. Since
bicarbonate transport is blocked by DIDS [8), alkaliza-
tion of the cytosol artificially would partially bypass the
inhibitory effect of DIDS on the AR.

In order to alkalize the .yiusol, an artificial
C1"/OH ™ exchanger, tritutyltin chloride (TBTC) was
used and ‘ts effect on AR is shown in Fig. 6.

TBTC caused a 3-fold stimulation in acrosin release,
but this effect is evidently unrclated to the Ca* stimu-
lation of AR, since it can be seen in the presence of
EGTA. The stimulatory effect of TBTC was found only
in absence of A23187 (Fig. 6), but not in its presence
(Fig. 7.

The inhibition of the AR by DIDS was parually
recovered in the presence of TBTC. Fig. 6 shows that
50 uM TBTC diminishes the inhibitory effect of DIDS
from 90 to 72%. TBTC failed to recover the inhibition
by DIDS when A23187 was present (Fig. 7).

nmol BAEE min 10 cells

cantrol 0.2mM DIDS SOuM TBTC SOpM TBSC 2! pM TBTC S50:M TBYC
«1.0mM ECTA +0.2mM DIBS «0.2mWM 0I0S

Fig. 6. The effect of TBTC on acrosin relcase in the absence of
A23187. Acrosin preparations were achieved as described i the
legend to Fig. 3. All tsbes contained 2.0 mM CaCl, witk the
exception of the tube which contained 1.0 mM EGTA. Bars .pre-
sent the means of duplicates from three different experiments.

The effect of dibutyryl cyclic AMP on acrosome reac-
tion. Garbers and Kopf [25] have documented that
cAMP plays an important rolc in the occurrence of
capacitation and/or AR. The permeant cAMP ana-
logue, dibutyryl cyclic AMP (dbcAMP) induces ihe AR
in mammals [26). HCO; is known to stimulate adeny-
late cyclase [7]. Therefore, an alternative explanation
to the role of HCO; in AR concerns its known stimu-
{atory effect on adenylate cyclase, which catalyzes the
production of cAMP in speri cells [27]). The inhibition
of HCO; -transport by DIDS would reduce the intra-
cellular level of cAMP, but this should be reversed by
introducing exogenous dbcAMP to the cells.

Fig. 8 shows the eficecis of 1 and 2 mM dbcAMP on
the AR in the presence and in the absence of HCOj; .
When HCO; was added, 1 mM and 2 mM dbcAMP
stimulate the AR by a factor 1.25 and 1.65, respec-
tively. The cffect of dbcAMP on the AR was much
greater when HCO; was not added to the medium,
Here, 1.0 mM and 2.0 mM dbcAMP stimulates the AR
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control 50yM TBTC 50um TBTC
+0.2mM DIDS
Fig. 7. The effect of TBTC on acrosin release in the presence of
A23187. Acrosin preparations were achieved as described in the
legend to Fig. 3. All tubes contained 2.6 mM CaCi, and 2 uM
A23187. Bars represent the means + S.E. of duplicates from two (**)

or three (***) experiments.
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Fig. 8. The effect of dbcAMP on acrosin release. Acrosin prepara-

tions were achieved as described in the legend to Fig. 3, except that

A23187 was not added. All tubes contained 2.0 mM CaCl, except

that which contained 1.0 mM FEGTA. Bars represent the means + S.E.
of duplicates from three different experiments.

by 2.01 and 2.25 times, respectively. It is interesting to
notc that dbcAMP can induce acrosin exocytosis in
absence of extracellular Ca®* (in the presence of 1.0
mM EGTA).

The addition of db¢cAMP also partially overcomes
the inhibitory effect of DIDS on the AR and this
recovery was greater when HCO; was not added to
the medium (Fig. 9). In the presence of external HCO; ,
0.2 mM DIDS inhibits the rate of acrosin release by
87%, while the addition of dbcAMP decrcased this
inhibition to 18% only. When HCO; was not added,
DIDS inhibited the¢ AR by 83%, while dbcAMP com-
pletely climinated this inhibition and we sce even stim-
ulation compared to the control. By comparing the
results in Figs. 8 and 9, we can sec that dbcAMP
cannot completely reverse the inhibition of DIDS. In
the presence of 2.0 mM dbcAMP, (0.2 mM DIDS
causes 57 and 48% inhibition of the AR, in the pres-
ence or absence of HCOj; , respectively.
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Fig. 9. The effect of dbcAMP on the Inhibition of DIDS on acrosin

release. Sperm cells (10% /ml) were incubated in the presence of 2.0

mM CaCl, with or without 0.2 mM DIDS and 2.0 mM dbcAMP.

Bars represent means + S.E. of duplicates from at least three differ-
ent experiments.
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Fig. 10. The effect of HCO; and A23187 on Ca®* uptake into
sperm cells. Sperm cells (10%/ml) were suspended in TALP and
incubated at 39°C in the presence or in the absence of 26 mM
HCO; and 2.0 uM A23187. The reaction was started by the addi-
tion of 2.0 mM CaCl, containing 2.0 uCi ¥*CaCl,. The uptake of
Ca®' into the cells was determined as described under Material and
Methods. Each point represents the means + S.E. of duplicates from
at feast two experiments, The symbels are: 0, control; €. with
A23187 @. with HCO, : O, with A23187 and HCO, .
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Fig. 11. The effect of DIDS on Ca® *-uptike by the cells. Sperm cells

(10* /mD) were suspended in TALP and incubated for 15 min at 39°C

under increased concentrations of DIDS, in the presence or in the

absence of 20 mM NaHCO,. Ca®'-uptake was determined as de-

scribed in the legend to Fig. 10. Each poimt represents the means +
S.E. of duplicates from at least two different experiments.
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Fig. 12. The effect of DIDS on calcium uptake by the cells. Sperm

ceils (10%/ml) were incubated for 30 min in TALP (£26 mM

HCO; ) at 39°C in the uresence or in the absence of 2.0 uM A23187

and 0.2 mM DIDS. Calcium uptake was determined as described in

the legend to Fig. 10. Bars represent the meuns + S.E. of duplicites
from three different experiments.
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Calcium uptake study. One of the principal events
preceding the occurrence of the AR is a significant
accumulation of Ca?* in the cells [28]. If Ca®* is
supplied to the incubation medium, a rapid uptake of
this cation is observed. HCO; is already known to
increase Ca’ *-uptake in the presence of external phos-
phate [29]. Thus, if DIDS blocks HCO; -transport into
the cells, it would also inhibit Ca®*-uptake. In view of
these observations Ca®*-transport into the cells was
measured under various conditions.

The kinetics of Ca?*-uptake by the cells are shown
in Fig. 10. The Ca** ionophore, A23187, increased the
rate of Ca®*-uptake considerably (170%), but only in
the presence of added HCO3 . The major influence of
A23187 is scen at 30 min, while a plateau is reached.
HCO; is shown to incrcase the rate of Ca® *-uptake by
176% cven for long periods of incubation (90 min).
When HCO3 was not addced to the incubation medium,
the rate of Ca’*-uptake was 90% inhibited by A23187
(Fig. 12).

Fig. 11 shows the cffect of DIDS on Ca®*-uptake in
the presence and in the absence of added HCOj.
Bicarbonate increases by 22% the rate of Ca>*-uptake.
0.1 mM DIDS causes 25% inhibition of the rate of
Ca’*-uptake when HCO; was added and only 5%
when HCO; was not added. At higher concentrations
of DIDS Ca®*-uptake is inhibited whether HCO; was
added or not. The effect of DIDS which is more
pronounced in the presence of bicarbonate, indicates
again the importance of HCO; for Ca®*-transport.

The effect of DIDS on Ca®*-uptake in the presence
of A23187 is shown in Fig. 12. Under these conditions,
0.3 mM DIDS caused 74 and 50% inhibition of Ca®*-
uptake in the presence or absence of HCO; | respec-
tively.

Discussion

Anion-channel inhibitors, mainly DIDS, were tested
in order to investigate the involvement of anion chan-
nels in the mechanism of the AR. The DIDS molecule
carrics two isothiocyano groups, each of which is capa-
ble of rcacting with a lysine residue, thereby cross-lin-
king twe adjacent segments of the peptide chain [30).
As reported here (Fig. 3), 0.3 mM DIDS almost com-
pletely inhibited the AR. SITS, which is also a known
anion-channel blocker, inhibited the rate of acrosin
release at a similar concentration, suggesting that both
DIDS and SITS bind to the same sites. The apparently
high concentrations of tic inhibitors used here are
simiilar to those used in other studies with sperm cells,
although Hyne [10] obtained 100% inhibition of
guinea-pig AR by 25.0 uM DIDS, but the firal sperm
concentration was much lower, (2-5)- 10° cells/ml,
i.c.. 100-times fewer cells than we used in this work.
On the other hand, Nishyama et al. [11] have shown

.

that AR in starfish sperm is inhibited with concentra-
tions of DIDS and SITS in the range of 0.1-1.0 mM.
conditions as we used here.

After a 2-h exposure of the cells to 0.3 mM DIDS,
all of the DIDS binding siies are occupied (Fig. 1) and
the AR is completely inhibited (Fig. 3). When 10°
cells/ml were incubated for 2 h with increasing con-
centrations of DIDS (Fig. 2), the plateau was reached
at 0.3 mM, indicating again that at this concentration
and after 2 h of incubation all binding sites are satu-
rated. o

In order to test whether DIDS inhibits AR via its
inhibitory effect on plasma membranc ATPases, we
show herc that both ouabain and quercetin (ATPase
inhibitors) did not affect the rate of the acrosin reicase
and that they also did not interfere with the inhibitory
cffect of DIDS (Fig. 4). From previous work in our
{aboratory we know that ouabain and quercetin inhibit
ATPases under the conditions used here [15). There-
fore, we conclude that the inhibition of the AR by
DIDS is not duc to its possible inhibitory cffect on
plasma mcmbrane ATPascs. Conscquently, the proba-
ble mechanism of action of DIDS is in blocking anion
channels that :.re essential for the cccurrence of the
AR.

We show here that transport of HCO; into the cells
is important for the occurrence of the AR. It is shown
that DIDS inhibits the transport of HCO; into sperm
cells [8]. The stimulatory effect of HCO; on the AR s
significant in the presence or absence of A23187, there
is a 2.0- and l.6-fold incrcase in the rate of acrosin
releasc in the presence or absence of A23187, respec-
tively. However, we found a very large stimulation of
Ca’*-uptake by A23187 only in the presence of HCO;
(Fig. 10). A possible explanation for this difference,
could be the requirement of HCO; for the action of
the ionophore itself.

Tables I and II summarize the data concerning the
cffects of HCO,, A23187 and DIDS on AR. We
calculated from the tables that the effect of HCO;
alone on acrosin release (191 nmol BAEE /min per 10*
cells) plus the ecffect of A23187 alone (264 nmol
BAEE /min per 10¥ cells) is 455 nmol BAEE /min per
10% cells, while in the presence of both together the

TABLE |

The offect of HCO . on the acrosome reaction

nmol BAEE /min per 10% cells

A23187 A23187  -A23187 -A23187
+ DIDS +DIDS
+HCO; 1198 338 500 54
-HCO; 573 29 309 44
4 HCO; 625 309 191 10
C¢ Inhibition by DTNS - 51 95




TABLE I

The effect of A23187 on the acrosvive reaction

nmol BAEE /min per 10% cells
+HCO, +HCO; -HCO; -HCO;

+DIDS + DIDS
+A2318 1198 33 573 29
- A23187 500 54 309 44
A A23187 698 284 o4 =15
% Inhibition by DIDS - 594 - 100

effect was 661.5 nmol BAEE/min per 10® cells (see
Fig. 7). Thus, the effect of HCO; and A23187 on AR
are not additive but synergistic, indicating that
HCOj potentiates the ceffect of A23187 in AR. This is
consistent with the observation that HCO; has a stim-
ulatory cffect on the efficiency of the ionophore on
Ca* *-uptake (Fig. 12).

In the presence of A23187, 0.2 mM DIDS causes
51% inhibition of the enhanced effect of HCOy on
acrosin release and 95% inhibition when A23187 was
absent. Thus, A23187 can partially overcome the inhi-
bition of the HCO; effect caused by DIDS. In addi-
tion, the 100% inhibition by DIDS of the A23187
effect on acrosin release (Table II) is partially over-
come by HCO; (59.4% inhibition only). These data
suggest that HCOjy is involved in the mechanism by
which DIDS izhibits the AR and that DIDS has other
mechanisms of inhibition besides blocking HCOj -
transport. HCO; failed to overcome this inhibition
when A23187 wus not added. This can be explained by
the fact that HCOj; can enhance the ionophore activ-
ity as an exchanger of Ca™' for two H”, even in the
presence of DIDS. In absence of A23187, the natural
Ca**/2 H' cxchange through the membranc is very
low, thercfore, no effect of HCO; can be scei.

These results are in agreement with Lee et al. [31],
who showed the nccessity of HCO; for successful
fertilization of mouse cggs and that HCO; is also
required for A23187 induction of the AR. On the other
hand, Ratacharyya and Yanagimachi [32] reported that
guinca-pig eggs are fertilizable in the absence of HCO3
at a much lower efficiency than in its presence. Yoshi-
matsu and Yanaginmachi [33] also showed that HCO; is
required for the induction of the AR in hamster sper-
matozoa «nd that Cl~ appears to be needed for the
zona-indrced AR As an anion-channel blocker, C1DS
inhibits C!"-transport across the membranc and this
uught be one of the mechanisms by which DIDS in-
hibits the AR.

Tributyltin chloride (TBTC) has been shown to have
several effects including mediation of CI7/OH™ cx-
change, inhibition of Na*/K ~-ATPase and Ca**-trans-
locating ATPase, uncoupling of oxidative phosphoryla-
tion and enhanced ion movements [35]. TBTC en-
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hanced AR by 170% (Fig. 6). The acrosin release that
is independent of extracellular Ca®* (in the presence
of EGTA) was activated by TBTC (Fig. 6) as well.

TBTC acts as a CI”/OH"™ ionophore. and under
the incubation conditions (pH, 7.6; pH, 6.8) will alka-
linize the interior of the cell, a prerequisite for the
induction of the AR. It is possible that TBTC also
stimulates AR by inhibiting Ca’>*-ATPase vhich nor-
mally drives Ca?* out of the cell, similar to quercetin
(the effect of quercetin is much smaller than that of
TBTC, probably because it does nof alkalize the cy-
tosol) (see Fig. 4). :

TBTC was shown to partially reverse the inhibition
of AR by DIDS (Fig 6), suggesting that DIDS inhibits
the alkalinization of the cytosoi, and/or prevents Cl-
transpori across the membrane. Since TBTC does not
affect HCOj -transport, it cannot completely recover
the inhibition of AR caused by DIDS. However, TBTC
and dbcAMP together did completely recover the inhi-

bition of DIDS on the AR (not shown).

When A23187 was present (Fig. 9), TBTC failed 1o
activate the AR or to recover the inhibition of DIDS,
possibly because the ionophore itself alkalized the cell
interior by exchanging external Ca®* for internal H*.
with no niced for TBTC activation.

dbcAMP, an analog of cAMP, induces the AR in
mammalian spermatozoa [26]. In the present work,
dbcAMP induced AR cither in the presence or ab-
sence of bicarbonate (Fig. 8). The effect of dbcAMP, in
relation to the control, is higher without added HCOj ,
since HCO7 itself activates adenylate cyclase that cat-
alyzes the production of cAMP as was shown in porcine
[7] and bull [6] spermatozoa. Indeed, in the presence of
dbcAMP. the rate of acrosin release attained the same
levels cither in the presence or absence of added
HCO; .

dbcAMP can induce AR slightly in the absence of
added Ca** (in the presence of EGTA) (Fig. 8), sug-
gesting that one of the possible mechanisms of action
of Ca®* is to stimulate adenylate cyclase activity. Al-
though dbcAMP can recover only 40% of the inhibi-
tion of AR caused by DIDS, there is a significant
enhancement (600%) in the AR under these condi-
tions. In the absence of DIDS. dbcAMP enhanced the
AR by 1.6-2.0-fold (Fig. 8) while in its presence there
is about 7.0-fold increase in the AR by dbcAMF (Fig.
0). indicating that this recovery is highly significant.

According to Tajima and Okamura [12], DIDS, in
the presence of HCO T . increnses the cAMP content in
porcine sperm celis by Glocking the exit of endogenous
HCO; , which, in turn, stimulates the production of
cAMP by adenylate cyclase. In the present work, we
argue that DIDS inhibits AR by inhibiting HCO; -
transport into the cell. This difference can be ex-
plained by the fact that they measured the cAMP
content only after a very short time (1 min), but after 3
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h of incubation as we did here, HCO; would leave the
cell as CO, and the inhibition of HCOj -entry by
DIDS will reduce the intracellular levels of cAMP.
Furthermore, they also showed that DIDS inhibited
adenylate cyclase activity in membrane fractions or in
sperm homogenate, suggesting that DIDS might di-
rectly inhibit the membrane-bound adenylate cyclase
activity in intact cells and will cause reduction in intra-
cellular level of cAMP after longer period of incuba-
tion.

In order to determine whether HCO3 is a coun-
teranion for Ca®*-transport, we measured the influ-
ence of the anion on Ca?*-uptake into the cells. Maxi-
mal uptake was scen while both HCO; and A23187
were present (Fig. 10). But HCO; also activates Ca**-
uptake in the absence of the Ca** ionophore (32%). In
the absence of the ionophore, bicarbonate scems to
stimulate Ca>*-uptake through a phosphate-dependent
carricr on the plasma ‘membrane [29] or due to a
stimulatory effect of HCO; on mitochondrial Ca®*-up-
take. Such a stimulatory effect of HCO; on rat-liver
mitochondrial calcium uptake is well documented [34].

In the presence of HCO; and A23187, Ca** accu-
mulates in non-mitochondrial compartments of the cell,
since no inhibition of Ca*‘-uptake by the uncoupler
FCCP was found under these conditions [14]. DIDS
inhibited Ca’ *-uptake both in the presence or absence
of HCO; . Nevertheless, while 0.1 mM DIDS inhibi:ed
Ca’*-uptake in the presence of bicarbonate by 25%.
this same DIDS concentration inhibited Ca® -uptake
in the absence of the anion only by 5%

Geierally, DIDS inhibits Ca® *-uptake strongly when
HCO; is present. In fact, the stimulatory cffect of
HCO; on Ca®*-uptake is compictely inhibited by Di1DS
(Fig. 12). DIDS causcs only 75%% inhibition, cven at the
highest concentrations used (1.0 mM) (Fig. 11) suggest-
ing that there s a Ca*-transport activity which is not
sensitive to DIDS. The fact that DIDS inhibits Ca®*-
uptake in the absence of HCO; indicates that the
Ca®* transporter, which is HCO; independent, is in-
hibited by DIDS as well. It is possible that this Ca2*-
transport mechanism depends upon other DIDS-sens i-
tive countcranions transport or that the Ca®* trans-
porter itsclf is inhibited directly by DIDS.

According to Fig. 1, after 15 min 55% of the DIDS
binding sites were occupied when 0.3 mM DIDS was
used. This is in agreement with the results which show
that 0.3 mM DIDS inhibits Ca’*-uptake after 1S min
of incubation by 55%.

We conclude that DIDS inhibits the AR by iulibii-
ing HCO; and Ca**-transport. Although DIDS par-
tially blocks their transport, the sum of these effects
and the probable nonspecific effect of the inhibitor
would inhibit the AR to a high extent. Bicarbonate
induces the AR by stimulating Ca’*-transport into the
cells, by alkalizing the cytosol and by stimuiating

adenylate cyclase activity. TBTC partially recovered
the inhibition of the AR by DIDS, due to its ability to
alkalize the cytosol and/or by enhancing Cl -trans-
port. The recovery by TBTC is relatively low, because
no stimuiation of adenylate cyclase or Ca’*-uptake
occurs. The inhibition of AR by DIDS is largely over-
come by adding dbcAMP to the incubation medium,
indicating that the intracellular level of cAMP is re-
duced due to the inhibition of HCOj; -entry caused by
DIDS. The recovery by dhcAMP is not complete due
to the fact that the inhibition of Ca*-uptake by DIDS
is not recovered by adding dbcAMP to the incubation
medium,

Acknowledgement
This work was supported by a grant from the Health
Sciences and Cancer Rescarch Foundation of the Bar-

lan University.

References

Yanagimachi, R. (1981) in Fertilization and embryonic develop-
ment in vitro, (Mastroianni, L. and Biggers, 1.P.. eds). pp. 82-182,
Plenum Press, New York.

Russell, L., Peterson, R. and Freund, M. (1979} ), Exp. Zool. 208,

41-50,

Hyne, RV, and Garbers, D.L. (1979) Proc. Natl. Acad. Sci. USA

76, 5699-5703.

Garbers, P.L., Tubb, DJ. and Hyne, RV, (1982) J. Biol. Chem.

257, RURN-NUNS,

Steagel, DL and Hanoune, 1. (1984) Ann. N.Y. Acad. Sci. 438,

I8- 20,

6 Garty, N.B. and Salomon, Y. (1987) FEBS Lett, 218, 148-152.

7 Okamura. N., Tajima, Y., Socjima, A., Masuda, H. and Sugita, Y.
(1985) 1. Biol. Chem. 260, 9699-9705.

8 Okamura, N., Tajima. Y. and Sugita, Y. (1988) Biochem. Biophys.
Res. Commun. 157, 12801287,

9 Visconti, P.E., Muschietti. J.P . Flawia, M.M.-and Tezon, 1.G.
(1990) Biochim. Biophys. Acta 1034, 231-230,

10 Hyne, R.V. (1984) Biol. Reprod. 31, 312-323,

11 Nishiyama, L., Sasaki, H., Matsui, T. and Hoshi, M. (1985) Dev.
Growth Differ. 27, 461-468.

12 Tajima, Y. and Okamura, N. (1990) Biochim. Biophys. Acta 1.4,
326-332.

13 Graham, J.K., Foote, R.H. and Parrish, 1.J. €1986) Binl. Reprod.
35, 413424,

14 Ben-Av, P.. Rubinstein, S. and Breitbart, H. (1988) Biochim.
Biophys. Acta 939, 214-222,

IS Breitbart, H., Rubinstein, S, and Nass-Arden. L. (1985) J. Biol.

Chem. 260, 11548-11553.

Cabantchik. Z.1., Knauf, P.A. and Rothstein, A. (1978) Biochim.

Biophys. Acta 515, 239-302.

17 Cabantchik, Z.1.. Knauf, P.A. and Rothstein. A. (1974) . Membr.
Biol. 15, 207-226.

18 O'Grady, S.M.. Palfrey, H.C. and Field. M. (1987) Am. J. Physiol.
253, C177-C192.

19 Matais, R. and Cousin, J.J.. (1978) in Cell Membrane Receptor
for Drugs and Hormones: A Multidisciplinary Approach (Straub,
R.W. and Bolis, L., eds.) pp. 219-225, Raven Press, New York.

20 Cabantchik, Z.I.. Balshin, M.. Breuer, W. and Rothstein, A.

(1975) J. Biol. Chem. 250, 5130-4136.

[ 2%

i

=

I

=

-
k=~



21 Niggli. V., Siegel, E. and Carafoli, E. (1982) FEBS Lett. 138,
164-166.

22 Kimura, S.. Robinson. B.C. and Klaus-Friecdman, N. (1988)
Biochem. Biophys. Res. Comnun. 151, 396-401.

23 Vega, F.V., Cabero, J.L. and Mardh, S. (1988) Acta Physiol.
Scand. 134, 543-547.

24 Working, P.K. and Meizel, S. (1983) J. Exp. Zool. 227, 97-107.

25 Garbers, D.L. and Kopf, (1980) Adv. Cycl. Nucleotide Res. 13,
251-306.

26 Delonge, CJ., Mack, S.R. and Zaneveld, LJ.D. (1989) Ganiete
Res. 23, 387-397.

27 Okamura, N. and Sugita, Y. (1983) J. Biol. Chem. 258, 13056~
13062.

73
28 Yanagimachi, R. and Usui, N. {1974) Exp. Cell Res. 89. 161-174.
29 Breitbart, H.., Wchbie. R.S. and Lardy. H.A. (1990) Biochim.
Biopiys. Acta 1027, 72-78.
30 Jennings, M.L. and Passow, 1. (1979) Biochim. Biopnhys. Acta
554, 498-519.
31 Lee. M.A. and Storey, B.T. (1986) Biol. Reprod. 34, 349-356.
32 Bhattacharyya, A. and Yanagimachi, R. (1988} Gamete Res. 19,
123-129.
33 Yoshimatsu, N. and Yanagimachi, R. (1988) Dev. Growth Differ.
651-659.
34 Elder, J.L. and Lehninger, A.L. (1973) Biochemistry 12, 976-432.
35 Scllwyn (1976) Adv. Chem. 157, 204-226.



