
Biochimica et Biophysica Acta, 980 (1989) 109-116 109 
Eisner 

BBA 74348 

Egg jelly triggers a calcium influx which inactivates 
and is inhibited by calmodulin an~tagonists ;.in the sea urchin sperm 
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Sea urddn sperm must undergo the acrosome reaction to fertilize eggs. The natural inducer of tiffs reaction is the most 
external coat of the egg, named 'jelly'. The ionic com~zsition of the extracelhilar and intracellular media and the 
permeability properties of the sperm phsma membrane are fundamental in this reaction. As Ca z ÷ is required for the 
aca'osome reacthm to occm', its h~trace[hilar concentration ([CaZ+]i) was measured with fara-2, in 10 mM C_a z+, egg 
jelly induced the acrosome reaction and an increase in ]Ca z + ]i that lasted for several minutes. However, at 0.5 or 2 mM 
Ca z÷, it became evident that the CaZ+-influx pathway activated by jelly opened only for a few seconds; tiffs prevented 
both the lull increase in [Ca2+[i and the acroseme reaction even alter the concentration of Ca 2+ was raised to 10 mM. 
In the presence of jeh'y, the lime this permeability pathway remained open was inversely related to the extracelinlar 
concentration of C.a 2+ ([Ca2+|e). Using Bisoxonol (a penneant fluorescent membrane potential probe), it was found that 
the jelly-induced depolarbafion depended on [CaZ+le and was proportional to the increase in [CaZ+]i . Since ICa'+h 
t o d d  alfect the jelly-induced Ca z+ influx through cahnodulin, two of its antagonists, trifltmperazine and W-7, were 
tested. Both comptmadk blocked the acrosome reaction by inhibiting the jelly.induced increase in [CaZ+]i. W-5 at the 
same eaneentralion had no effect. The results suggest that one of the jdly-acfivated CaZ+-inllux pathways, probably a 
dh~nnel, is the target e l  the ¢almndulin antagonisls. 

Intrnduetion 

In many species the acrosome reaction (AR) is a 
requisite for sperm to fertilize the egg. In sea urchin 
sperm the AR is characterized by the exc~:ytosis of the 
acrosomal vesicle and the extension of an actin-contain- 
ing filament, the acrosomal tubule [1]. This reaction is 
induced by the egg jelly (the most external coat of the 
egg), and is modulated by the composition of the ionic 
media and ion movements across the sperm plasma 
membrane. When jelly is added to sperm, there is an 
influx of Ca 2* and Na ÷ and an efflux of K + and H + 
[2,3]. These ionic movements lead to an increase in both 

Abbreviations: [Ca 2÷ l* and lCa 2+ I,, intracellular and extsacennlar 
[ Ca2÷ l: W-7 and W-5, N-(6-am/noh~ylFS-chloro-l-naphthalenesul- 
fonarnide and its chlorine-deficient analog; DMSO, dimethylsulfo- 
ride; TFP. trifluoperafine; TEA*, tetraethylammonium; pH i, in- 
tracdlular pH; ASW, artificial sea watetx. Hqms. 4-{2-hydroxyethylF 
t-piperazineethanesulfonic acid: AlL acrosome reaction. 

Correspondence: A. Darszon. Departamento de Bioquimiea, Centro 
de Investigac[on y de Esmd/os Avenzados. A.P. 14-740, M6xico D.F.. 
07000 M6xico. 

internal pH (pH0  [4] and [Ca2+]i [51, and to a 30 mV 
depolarization [4]. All these changes as well as the AR 
are inhibited by Ca2+-channel antagonists such as D- 
600, verapamil and dihydropyridines [6,7], and by K +- 
channel blockers, i.e., TEA + [2]. 

Among the ions in sea water, Ca 2 + plays a central 
role in sperm physiology. For instance, egg jelly is 
unable to induce the sperm AR in the absence of Ca 2+ 
[8]. All other modifications of the ionic conditions, i,e., 
absence of Na +, high [K+]¢ or low pile, can be over- 
come by ammonia [9] or ionophores like nigericin [2]. It 
has been shown that transiently permeant fluorescent 
Ca 2+ indicators [10] can be used to study variations of 
[Ca2+]i in the sea urchin sperm [11]. 

Here it is shown, with the use of fura-2 [10], that a 
pathway for Ca 2+ uptake activated by egg jelly is only 
transiently opened, and that its closing depends on 
[Ca2+]~. The explanation of this may be the effect of 
[Ca2+]c on [Ca2+]i. It was also found, in agreement 
with previous results [12], that the uptake of Ca 2+ 
causes a nisoldipine-sensitive depolarization as moni- 
tored with the potential-sensitive dye Bisoxonol [13]. 

Sea urchin sperm contains high amounts of 
calmodulin [14] and its role during the AR is unknown. 
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However, it has been reported that anticalmodulin 
agents like TFP and W-7 [15,16] block the AR, and that 
TI=P also inhibited the AR-related 45Ca2+ uptake [15]. 
Therefore, these two calmodulin antagonists were 

stud/ed in order to explore the possible relation flint 
may exist between the uptake of Ca 2+, [Ca~+]~, and the 
AR by resolving Ca 2+ influx in the time-range of sec- 
odds. It was found that TFP and W-7, but not W-5 (a 
10-thnes less potent chlorine-deficient W-7 analog) in- 
h/blted the AR by d/rectly blocking the Ca 2+ influx 
induced by jelly. 

Mmerhls and Methods 

Gametez. egg jelly components and reagents 
Strongylocentrotus purpuralus sea urchins were ob- 

tained from Pacific Bio~Marine Laboratories (Venice, 
CA). Spawning was induced by intracoelom/e injection 
of 0.5 M KCL Sperm were collected from the gonopores 
with a Pasteur pipette and stored undiluted on ice until 
used. 

The egg jelly was obhfined at tow pH as in Ref. 7, 
and the fucose-rich glycoconjugata that induces the AR, 
which we call factor, was purified from the jelly accord- 
ing to Ref. 15. The fncose content of both jelly and 
factor were quamitated as in ReL 7. The presence of 
speract in the jelly and factor preparations was checked 
by measuring their capacity to increase sperm respira- 
tion at pH 6.6 [17]; according to this test, egg jelly, hut 
not the factor, contained speract (M. Gonzfilez- 
Martinez, personal communication). The AR was 
determined by phase-contrast microscopy of an aliquot 
of sperm, obtained from the recording suspension, fixed 
with 12% formaldehyde as described previously [12]. 

Fura-2/AM was purchased from Molecular Probes 
(Eugene, OR) and W-7 and W-5 from Sigma (St. Louis, 
MO). Bisoxonol, ionomycin and trifluoperazine were 
gifts from Scrgio Grinstein, Nancy Carrasco and Jaime 
Mass, respectively. The rest of the reagents employed 
were of the highest quality available commercially. 

Loading of fura-2 into sperm cells 
The loading procedure was carried out as in Ref. 11, 

with small modifications. Briefly, fresh sperm were di- 
luted 1 : 10 in ASW at pH 7.0, containing 1 mM Ca :+, 
and 8-10/~M of fura-2/AM. The suspension was kept 
on ice for 24 h to hydrolyze the ester. In these condi- 
tions fura-2 reached an internal concentration of about 
0.6 raM. 

Membrane potential measurements 
Membrane potential changes were recorded with Bi- 

soxonol as follows: 0.2 pM of Bisoxonol in DMSO 
(ll.3~ final concentration) was added to sperm incubated 
on ice as in the tura-2 loading procedure, but without 
fura-2/AM, The sperm were left to equilibrate with the 

probe for 2 rain. After this time the recording was 
started. 

Recor~ng arm analysis of the fluorescent signals 
ARe; the loading period, 20 /d of the suspension 

were added to a cound cuvette with 3.0 ml of ASW that 
contained 486 mM NaCL 10 mM KCL 2.4 mM 
NaHCO3, 10 mM CaCI 2, 56 mM MgCi 2, 0.1 ram 
EDTA and 10 nLM Hepes (pH 8.0). The round cuvette 
was continuously stirred with a magnet and the temper- 
ature was kept at 15°C by means of a circulating bath. 
The fluorescence emission was recorded at 490 run for 
fura-2 (excitation 340 rim) and 580 nm for Bisoxonol 
(excitation 540 rim) with a Perkin-Elmer LS-3 spectro- 
fluofimeter connected to a chart recorder. Autofluores- 
cence of sperm incubated with jelly was nat significanL 
Also, loaded cells excited at the isosbestic wavelength, 
357 rim, showed no detectable change in fluorescence 
despite the fact that jelly triggered the AR (data not 
shown). 

Intracellular [Ca 2+] was determined as in Ref. 18 
using 3 pM ionomycin (0.1~ ethanol) to attain the 
maximum fluorescence and 15 mM MnCI 2 to quench 
fura-2. All our [Ca2~]i is ind/eated as the fraction of 
fura-2 bound to Ca -'~-, namely f ,  due mainly to the fact 
that the precise inuacellular conditions are unknown, 
~ d  m ¢ORgoqRe'fio~ ~ e  K d of ihe fluorophore in the .sea 
urchin sperm is also unknown [11]. This fraction, f ,  and 
the [Ca2+]i are related by: [Ca2+]i =Ka ( f / 1 - f ) ,  
where f = ( F  - Fmi~)/(Fmax - Fmt~) and F = 
fluorescence. 

As pointed out in Refs. 19 and 20, the influx of Ca 2÷ 
at a given thne is related to the concentration of the 
Ca2+-ind/cator complex if: (a) the concentration of the 
indicator is higher than [Ca2*]~: Ca) the internal buffer- 
ing capacity is negligible compared to that of the indica. 
tor; (c) there are no internal stores of Ca z+ activated by 
the agonist and (d) the efflux is not decreased directly 
by the agonist. If (a) and (b) are true then the fraction 
of Ca2+-indicator complex, f ,  is proportional to the 
total [Ca2+]. Under these circumstances, the influx of 
Ca 2+ through the sperm plasma membrane induced by 
the agonist can be defined as A flAt,  where A f = f a - f i  
and fa=fdue to agonist (i.e., the egg jelly) at the time 
of the peak (5-10 s), and f~ = f  at rest. Although (a) 
and (b) are best accomplished with quin2, it has been 
shown that the high amounts of this indicator that are 
deeded damp the increase in [C.a2+]i [20,21]. Having 
considered this, fura-2 was chosen to resolve the kinet- 
ics of changes in [Ca2+]i induced by egg jelly. The 
condition, (c), is met in sea urchin sperm, since the 
increase in [Ca2+]~ due to jelly is totally dependent on 
external Ca 2+ (see below). It was assumed that (d) was 
acceptable due to the fact that there is no evidence 
suggesting that the egg jelly triggers a fast decrease 
(within 8 s) of Ca 2+ efflux. On the other hand, it has 



been shown that jelly induces an important increase of 
Ca” influx [Z]. Taken together, these considerations 
indicate that fura- could be used to follow the changes 
in the CaZ’ influx at the plasma membrane of sea 
urchin sperm. 

The Bisoxonol signals were analyzed using the fol- 
lowing equation: r = (F- Q/F, where F, is the fluo- 
rescznce value at rest and F its new value [12]. 

Ali the curves were fitted using a statistics program 
in which the correlation coefficients were obtained as 
indicated by Spiegel [22]: .r = i(1 - (X(y -y,,)*/Z(y 
-i)*))‘.‘, where y = the value experimentally obtained, 
y_, = the value of y obt&cd from the fitted curve and 
9 = the average of y. All the ‘r’ values were larger than 
0.98. The curves were drawn by hand, using the parame- 
ters obtained from the statistics program. 

Results 

Effectsof eggjellyand [Ca’*Jr on [Ca”], 
In agreement with previous results [5], egg jelly trig- 

gered 93.4% f 5.4% (n = 10) of the AR and induced a 
19.2 k 7.5 (n = 12) fo!d increase in [Ca’*],. This latter 
change peaked at around 8 s; thereafter, a small relaxa- 
tion occurred (see Fig. la). All [Ca2*li values were 
taken at the peak. The increase in :Ca”], induced by 
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Fig. 1. Effect of egg jelly on [Ca” ], at different ex~racellular ]Ca’* ]. 
Sperm cells (abom 2.10’) were resuspended in ASW 2 min before the 
recordings were stitaned. The [Ca”],was 0.5 mM for (a) and (b) and 
2 mM for(c). All the additions mere made through a hole at the top of 
the cell companment wich a microsyringe. The calibration is shown ac 
nbe righr side of rh: recbrdings as Ihe fraction of &‘-bound fura-2 
(f. see Materials and Melhods). The records are representative of at 

least five different batches of sea urchin sperm 

Fig. 2. Egg jelly dose-response curves for changes in [Ca” ], and 
AR. Ca” influx(e) and the AR (A) values were obtained a~ 8 s and 1 
min. respecrively. after the egg jelly addilion. The dialyzed egg jelly 
added was less than 2% of rhe total volume. The cuve was fined with 
Ihe average of IWO experimems. on the basis of the experimenlal 

points shown. 

jelly was dose-dependent. Fig. 2 illustrates the relation 
between egg jelly, [Ca”], and the AR. The increase in 
[Cazcli due to jelly was adjusted by an equilateral 
hyperbola with a K, = 1.92 nmol of fucose/ml and a 
maximum Ca2+ influx of 0.685 (fraction of Ca”-bound 
fura- (f ); see ‘Methods’). The dependence of the AR 
on the concentration of jelly was adjusted to a curve 
characteristic of positive cooperativity with a Hill coef- 
ficient of 1.75 and an EC,, of 5.8 nmol of fucose/ml. 

In sperm suspended in 0.5 mM [Ca’+],. jelly did not 
change [Ca”], and there was no AR (Fig. lb). How- 
ever, in the presence of jelly. the addition of 10 mM 
CaCl, increased [Ca2’li and induced the AR. Under 
these conditions, it was possible to separate the addition 
of jelly from Ca’+ uptake. In contrast. when [Ca”], 
was 2 mM (Fig. Ic), the addition of jelly produced a 
small increase in [Cazi], and no AR. Under these 
conditions. an increase of [Ca”lc to 10 mM brought 
about a 70% inhibition of Cal+ uptake and induced 
only a low percentage of the AR. It is interesting to 
note from Fig. la that the addition of 10 mM CaCl, 
before adding egg jelly produced a small increase in 
[Ca”],, but no AR. 

At 0.5 mM [Ca”],, the increase in [Ca”li depended 
on the time between the addition of egg jelly and an 
increase in [Ca”], to 10 mM. The increase in [Ca”li 
was inhibited with a I,,, of 67 s (Fig. 3). Thus, the level 
of [Ca”],. not only affects the AR and Ca” uptake. 
but also the time the jelly-induced Ca2+ pathway re- 
mains open. The dependence on [Ca”], was also 
observed when the purified factor was used to induce an 
increase in [Ca”], and the AR (Fig. 4). 
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Fig_ 3. Inactivation of the egg-jelly-induced Ca:" entry mechanism. 
Egg jelly was added to sperm ceils resaspended in ASW (0.5 mM 
Ca-'*) and thereafter, CaLl: was added at different times. The 
ordinate shows the value of f (at a g.iven time) as the pcrcen,'age of 
the f value at time zero. that is. when [Ca:" ] was l0 mM before the. 
egg jdly addition. The curve was fitted with a h/2 of 67 s. the i'~et 
shows a scheme of how the variables were measured {i::ti_q~- 
i = Ca -'+ influx). Values slmwn in parenthes¢~ are the imrcentag~ of 

AR. The data are from one representative experiment of three. 

[Ca" +], and membrane potential 
It  is known that  the A R  is accompanied by a mem- 

brane  potent ial  depolarizat ion [4,23]. Recently. diS- 
C3(5). a posi t ive fluorescent potential-sensit ive dye, was 
used to es t imate  the changes in sperm plasma mem- 

brane  potent ial  that  occur dur ing  the AR. h was found 

that  the jel ly- induced depolarizat ion was inhibi ted by 
nisoldipine, a Ca2+-channel blocker [12]. Here, this 
f inding was confirmed using Bisoxonol (data  not  shown), 
a negatively charged fluorescent potent ial  indicator  [13]. 
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Fig. 4. Effect of the purified-egg idly factor on (Ca 2+ ], at different 
extraeellular [Ca z ~ ]. [Ca z * ]~ was 10 mM for (a). 0.5 mM for (b) and 
2 mM for (c). The conditions are the same as those in F;.g. 1. except 

that the AR was induced by factor (see Materials and Methods). 
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Fig. 5. ~ role of extracellular Ca"* in the AR-ass,~ated depo!a..i- 
zafion. Plasma tnembran¢ potential was monitored with Bisoxonol. 

ceils ,~-ere [eR to equilibrate with the probe 2 win before the 
recording ~2.s started_ The traces are from one experiment representa- 

tive of three. Values in parentheses are the percentages of AR. 

These results suggest thaL a t  least in part ,  the depolari-  
zat ion is caused by the uotake  of  Ca  z+. To test this, 

Bisoxonol was used to s tudy the eff~t, of [Ca2+]¢ on the 
je l ly- induced depolarization.  

At  0.5 mM [Ca2÷]¢, the jel ly triggered a significant 
depolarizat ion,  but  only  aRer  the addi t ion of 10 mM 
CaC12 (Fig. 5b). At  2 mM [Ca2+]~, the je l ly  induced a 
small  depolar izat ion;  a ~ubsequent increase i n  [Ca2+]e 

tO 10 m M  produced a relatively small  depolar izat ion 
and no A R  (Fig. 5c). The reduced depolarizat ion induced 
in the la t ter  case by  the addi t ion of  8 mM C a C l :  was in 
accordance ~ i t h  the small  increase in [Ca2+]i detected 
under  these condi t ions  (see Fig. lc) .  

Effect o f  calrnedu~in antagonists on both the AR and the 
increase in [Ca 2 ÷], induced by egg jelly 

As shown in Fig. 3, the inhibi t ion of Ca  2.  influx is 

associated wi th  a small  increase in  [Ca2*]i, which did 
not  tr igger the AR. Thus, i t  was investigated whether  
ca lmodul in  x~,as invoh, ed in the process. The anti-  
ca lmoduhn  agents,  T F P  and  W-7, inhibi ted both  the 
jel ly- induced ('a z-~ uptake and  the AlL  W-5 at  a con- 
centra t ion equivalent  to that  of W-7 exhibited only  a 

modest  effect (Fig. 6a). W-7 (60/~M) increased [Ca~+]i 
at  rest from ]" =: 0.098 4- 0.005 (n = 3) to  0.292 4- 0.075 
(n = 3), while '0,'-5 (50 p M )  increased [Ca2*]i only to 
0.111 _+ 0.026 (n =: 3). Fig. 6b shows the effect of W-7 
and W-5 on  [Ca2~]~ after addi t ion of egg jelly. W-7 

blocked C a " '  up take  with an  IC~0 (29.2 p M )  similar  to 

that  required for A R  inhibi t ion (32 t~M); W-5 had no 
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Fig. 6. Inhibition of tim egg-jelly-induced Ca 2+ influx and AR by calmodulin antagonists. [Ca 2* li was recorded in sperm cells resuspeaded in 
ASW with different calmodulin antagonists and A f, due to the addition of the egg jelly determined. Panels (a) and (b) show the inhibitory effect of 
tim naphthalem'sulfonamides on both AR and Ca 2+ influx. The lCso values were 32 and 29.2 /zM, respectively. Panels (c) and (d) show the 
inhibitory effect of h"ifll~az.i,2c On both AR and Ca 2÷ influx. The lCs0 values were 0.5"/and 0.67 i t i ,  respectively. All the drugs were dissolved 
in DMSO and tim vo!am¢ addad v,'~s never mort: than 0.3~ of the total volume. The points shown are the average of thr¢¢ experiments ± S.D. Only 

the averages were used for fitting. 

effect. The IC~0 values obtained are in close agreement 
to the values reported for inhibition of calmodulin 
action [24]. This observation and the fact that the effect 
is specific for W-7 were highly suggestive that calmodu- 
iin was involved in the egg-jelly-induced Ca2+ uptake. 

TFP inhibited AR with an ICon of 0.57/~M (Fig. 6c). 
However, TFP at 3 FM (the higher concentration tested) 
did not alter [Ca2+]i significandy at the resting state; 
[Caz+]i changed only -0.021 _+ 0.069 (n = 3) units of f. 
As shown in Fig. 6d, TFP inhibited Ca 2÷ uptake with 
an ICs0 of 0.67/~M. The main difference between the 
two dose-response curves is that TFP completely 
inhibited the AR when there was still 30% of Ca 2+ 
uptake. The ICso values obtained are at least one order 
of magnitude lower than those required to directly 
affect ¢almodulin aedon [25]. The data obtained with 
TFP seemed to indicate that it modifies a calmodulin- 
independent lncchzni~m. Since TFP showed a much 
greater potency than W-7, its effect was further char- 
acterized. Fig. 7 shows that TFP inhibited the AR only 
when it blocked Ca 2+ uptake. When TFP was added 
before the jelly, the same inhibition of both Ca 2+ up- 
lMce and the AR was obtained. On the other hand, 

addition, of TFP after the initiation of Ca 2+ influx 
showed no inhibition of the subsequent Ca 2. uptake 
and the AR. These experiments indicate that in sea 
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Fig. 7. Addition sequence dependence of the inhibitory effect of  
triflanperazine. The artifact due to the intrinsic fluorescence of  TFP 
was subtracted. TFP was added 10 s befor¢ (a)0 or after (b) egg jelly. 
Values in parentheses am the percentages of  AR. The recordings arc 

representative: of at least three experiments. 
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1.66 gM of TFP for 5. 10 and 20 mM C a : ' .  respectively. "fhe values 
in parentheses are the percentages o[ AR for each point. "i'he data are 

from one exI~rimem representative of three. 

urchin sperm, the main target of TFP, and probably of 
W-7, is the entry pathway of Ca :~ and not calmodulin. 

Antagonism between catmodulin inhibitors and [Ca: ~] 
It is possible to distinguish a calmodulin antagonist 

from a Ca-'+-charmel antagon/st by measuring their 
effect at increased [Ca 2 * ]=. Increments of [Ca 2 * ]e would 
not alter or enhance the effect of a calmodulin antagonist 
[26]. but it would decrease the potency of a Ca-'*-chan- 
nel antagonist [27]. Fig. 8 shows that the potency of 
TFP to inhibit the jelly-reduced AR and the uptake of 
Ca"* decreased as [Ca-" k increased. Although less 
evident, this was also true for W-7 (data not s h o ~ ) ,  in 
the presence of W-7 and at high [Ca-'*]~, sperm were 
unable to keep their [Ca-'*]i at the resting level. This 
might be due to the inhibition by W-7 of the Ca -'÷- 
ATPase present in the sea urchin sperm plasma mem- 
brane [281. TFP did not produce this effect since its 
concentration was not high enough to inhibit calmodu- 
fin. 

Discussion 

In sea urchin sperm, Ca :* plays a key role in the 
response of the cell to egg factors. Fluorescent Ca 2+ 
chelators are now being used to measure the influx of 
Ca-'* through the plasma membrane of cells [19,20]. 
Their use has the advantage of allowing a continuous 
recording of [Ca2÷], with a time resolution of seconds 
or less. Th/s is particularly important in ceils as small as 
sperm, where standard electrophysiological measure- 
meats are quite difficult [29]. In the sea urchin sperm, 
the AR occurs within about 15 s [30]: therefore, these 

ind/cators allow the recording of the changes in Ca 2+ 
influx that take place before the reaction is over. 

An interesting observation is that sperm in 0.5 mM 
[Ca-'~]= did not change their [Ca2÷], when jelly was 
added, even though the Ca z+ gradient was around 5000. 
Two possibilities could explain this finding. One is that 
the Ca-"" influx pathway opened by jelly was unable to 
move Ca -'~ at this low [Ca2÷]¢. as has been shown for 
the dihydropyrJdine-sensifive Ca 2÷ channel [31]. A sec- 
ond possibility is that the jelly did not bind to its 
receptor, since it has been reported that the binding of 
factor depends on [Ca"+]~ [321. Reported data from 
gef. 33 a~d the r~ul ts  presented here (Fig. 3) do not 
support this latter possibility. 

In contrast, when [Ca2 ÷]~ was 2 raM, the jelly induced 
a small increase in [Ca-'+[, without inducing the AlL 
Adding 8 ram CaCI,  to sea water. 30 s later, did not 
induce the AlL nor an increase in [Ca'-+], to the level 
found when the AR was triggered. These results would 
be consistent ~ i th  a mechanism in which the Ca -'÷ 
pathway opened by jelly is r~a la ted  by the levels of 
[Ca'-*]v At present, the inhibition mechanism of the 
increase in [Ca-'+]= is not known, it could be an in- 
activation of Ca 2÷ channels due to voltage a n d / o r  
[Ca2~], [34], or through another mechanism. As men- 
tioned before, speract can induce a transient increase in 
[Ca~'~L and could be somehow related to the inhibition. 
Since the effects of both egg jelly and factor (free of 
speract) were similarly modified by [CaZ+]~, it is very 
likely that the inhibition of the increase in [Ca2+]i w ~  
not affected by speract. 

When BisoxonoL a potential-sensitive dye, was used 
under these conditions, a correlation was found between 
the magnitude of depolarization and the amount of 
Ca :+ uptake. These observations support previous find- 
ings [12], which pointed out that Ca 2÷ uptake is re- 
sponsible for an important fraction of the jelly-induced 
depolarization observed during the AR. 

ElectrophysiologJcal recordings [35.36] and 4SCa "-~-- 
uptake measurements [37] indicate that voltage-depen- 
dent Ca TM channels can be blocked by calmodulin 
antagonists. Furthermore, these Ca 2* channels are in- 
activated by an increase in [Ca-'*]i [34,35]. In the sea 
urchin sperm there is only pharmacological evidence for 
the participation of Ca 2 + channels in the jelly-induced 
Ca TM uptake [6,7]. Sea urchin sperm contain high 
amounts of ca!modulin [14], and it was found that TFP 
[15] and W-7 [16] inhibited the AIL Since the inhibition 
occurred at concentration at  which calmodulin action is 
inhibited by these compounds, the overall findings in- 
dicated that this protein could be involved in the AR. 

In the light of this information it seemed important 
to determine whether, in lack "calmodulin antagonists' 
block the sperm AR by inhibiting ealmodulin or by 
modifying other processes, This report shows that both 
TFP and W-7 block the egg-jelly-induced Ca "-+ uptake 
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in S. purpuratus sea urt;hin sperm. The  an tagonis t s  
probably act directly upon the jelly-triggered Ca "-+ up- 
take pathway, since their inhibition could be overcome 
by increasing extracellular Ca 2 +. 

TFP and W-7 did not affect the AR after Ca"* 
uptake had been sinned. In addition, TFP failed to 
blocl: Ca z* influx after it was activated in contrast with 
the effect of Ca 2* antagonists in other systems [20,38]. 
This finding could be explained considering that the sea 
urchin sperm has two pathways for Ca 2÷ uptake that 
are activated sequentially. On dais assumption, the in(- 
tim opening of the TFP-scnsitive Ca ::+ influx pathway is 
followed by its rapid inactivation after jelly addition. 
The second Ca z÷ pathway is insensitive to TFP and 
remains open for minutes. The possibility that there arc 
two Ca'  + uptake pathways could explain why verapamil 
a n d  D-600,  which  block the  A R  a n d  45Ca2÷ up take  

induced by jelly, fail to inhibit these processes a few 
seconds after the addition of idly [2]. This suggests that 
there is a link between the two Ca "-+ influx mechanisms. 

A possible rr=echanism for the secondary Ca "-+ influx 
that occurs after the addition of jelly could be through 
the reversal of Na*/Ca 2÷ exchanger [391. Recently, it 
has been suggested that this takes place in speract-in- 
duced Ca 2+ uptake in sea urchin sperm [11]. Neverthe- 
less, it is possible that the secondary Ca "-+ influx path- 
way could involve a Ca 2+ channel that is activated by 
an increase in [Ca2+]i as suggested in neutrophils [401 
(but see ReL 41), or by pH i. Another, less likely. 
possibi l i ty  ts tha t  there  is on ly  one  Ca- '*  channel ,  which  

is n o  longer  sensitive to  the  b lockers  a f t e r  its ac t iva t ion  

142]. 
The egg-jelly-induced Ca 2+ pathway of sea urchin 

sperm does not increase [Ca'+]~ when [Ca2+L is 0.5 
mM. but it inactivates by a mechanism that appears to 
be sensitive to [Ca2+]i and is blocked by TFP, W-7 and 
dihydropyridines. These characteristics correspond to 
those  descr ibed for  :,omc C a " *  channe l s  [31,34]. Nev-  
ertheless, to  establ ish whe the r  this p a t h w a y  is indeed a 
C a  2+ channel ,  it  will b e  necessa D' to  demonstra*.:  elec- 

trophysiologically the presence of these channels in the 
plasma membrane of this cell. Recently. it has been 
possible to incorporate isolated plasma membranes from 
speml of this species into planar bilayers and to record 
s ingle-channel  act ivi ty.  These  channels  can  c o n d u c t  

C a  -'+ a n d  are  b locked  b y  C o  2 . .  C d  2+ a n d  La  3+ [43]. It 

r emains  to  be  seen if this channe l  co r responds  to a n  
egg-jel ly-regulated channel .  
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