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Alterations in protein phosphorylation, particularly phosphorylation on tyrosine. frequently accompany ceil change and are important agents in 
the cascades initiated by extracellular signals. This paper examines whether the activation of the sea urchin egg at fertilization involves an early 
and rapid phosphotyrosine response. Using an anti-phosphotyrosine antibody and a rapid sampling technique, we find a very early increase in 
the phosphorylation on tyrosine of two proteins of approximately 91 kDa and I38 kDa. A similar phosphorylation occurs after activation of 111e 
eggs by the calcium ionophore, ionomycin, suggesting the stimulation of a Ca’+-sensitive pathway. The timing and Ca” sensitivity suggest a role 

in the primary signal transduction events of fertilization. 

Tyrosinc phosphorylation; Fertilization; Egg; Calcium release 

1. INTRODUCTION 

It is believed that a rapid and transient increase in 
intracellular fi*ee calcium concentration is the signal re- 
sponsible for the ‘awakening’ of sea urchin egg metabo- 
lism after fertilization and subsequent entry into the cell 
cycle [1,2]. Unclear, however, is how the sperm-egg 
interaction triggers this calcium rise. One possibility is 
that the sperm binds to a receptor on the plasma mem- 
brane which in turn activates a phospholipase C via a 
G-protein [3]. This involvc:nent of G-proteins has been 
questioned [4], however, and a second hypothesis is that 
the sperm might transfer or inject an activating sub- 
stance into the egg [4-G]. It is intriguing that some of the 
early responses occurring after fertilization (calcium 
rise, stimulation of a Na/H exchange, polyphosphoino- 
sitide turnover [1,2,7]) are similar to t.hose triggered by 
activation of receptors with tyrosin.: kinase activity in 
somatic cells [8-lo]. If similar changes in tyr.:sine phol;- 
phoryiarion are responsible for the reiease iii Cai occur- 
ring after fertilization, one might expect to detect puch 
alterations before the initiation of this ionic sigr,al, i.e. 
during the ‘latent period’. This critical but as yet poorly- 
characterized interval is the time between the iirst inter- 
action of sperm and egg aud the initiation of the calcium 
rise [4,16]. Detection of any increases in protein tyrosinc 
phosphorylation during this interval is made difficult by 
the impermeab’lity of the unfertilized egg to 32P04. In- 
deed, several authors have rep.:rted no or little de- 

tectable differences in the total phosphoprotein profile 
between unfertilized and fertilized eggs, even with 
prolonged incubation in “P or with loading of eggs with 
3’P by electroporation [l 11. Kinsey and his colleagues 
have attempted to overcome this limitation by using an 
antibody generated against a specific tyrosine-phos- 
phate containing peptide, but the tyrosine-phosphate 
containing proteins detected appeared relatively late 
after insemination, long after the latent period was over 
[12,13]. 

We have re-examined this question using a commer- 
cial monoclonal antibody to phosphotyrosine (PY20) as 
this antibody is commonly used to detect phosphotyro- 
sine changes in growth factor receptors [l]. The data 
that we report in this paper show that the antibody 
PY20 immunoprecipitated in both unfertilized and fer- 
tilized eggs two proteins of approximately 91 and 138 
kDa. As an increase in the phosphorylation on tyrosine 
of both proteins could be detected during the latent 
-__!_J FCI IUU, vie sttggeat that these iwo phosphoproteins 
might play a role in signal transduction following fertil- 
ization of sea urchin eggs. 

2. MATERIALS AND METHODS 

Corresporrderrce address: 13. Ciapa, Laboratoire de Physiologic Cellu- 
laire et Comparce, UnivcrsitB dc Nice-Sophia Antipolis, 06034 Nice, 
France. Fax: (33) (93) 52 9948. 

Gametes were collected from the sea urchin Slro~lE~lorenrrorusprrr- 
prmrus. Sperm was stored at 4°C and eggs dcjellied by several pas- 
sages through a nylon mesh (90 pm). 5 ml of a 5% suspension were 
dcpo;ited on petri dishes which had been previously covered with 
prc.lantine sulfate (0.5 mg in distilled water) and then rinsed twice with 
sea water. At dilferent times after fcrtilizalion, the supernalant was 
removed by aspiration, and eggs were rinsed 2 time% with ice-cold 
glycine medium (I M glycinc, I mM EGTA, pH goadjusted with Tris 
I M). The eggs were then scraped and lysed in ice-cold cxtraclion 
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buffer (HEPES 50 m\l. NaCI 150 m&l: @gccrol 10%. EDTA IO tnX.1. 
XlgCI, I rnM. Nodincl P-40 IQ) conrammg vnrious phosphalasc and 
prolcasc inhibitors (potassium vanadalc 7 mM. Na2P20: IO mM. 
Trasy!ol 1000 U/ml. bacitracinc 1.4 mM. Icupcpiin I mM, NaF IO 
mX1). The washing procedure lakes about 7 s and Gmcs indicated in 
Ihe figures correspond to the time of scraping in Iysis buffer. The 
cstrac~s wcrc cenwiruged in an Eppcndorl’centrirugc for IO min. nnd 
supcrnalants incubated Tar 4 h a~ 4°C with I ~1 of anli-phospho!yro- 
sine antibody (PYZO; ICN) coupled to agarosc-anti-mouse anlibody 
(Sigma). The immunoprecipitalcs were rinsed following the proccdurc 
described by Whitman CL al. [Xl. twice wiih the csnxlion burl&, then 
\vith 0.5 $1 LiCI. 0.1 M Tris, pH 7.4. and finally \vith IO mM Tris. 100 
mM NaCI, I mM EDTA. Immunoprecipha~cs were rrxiionmcd on 

IO% SDS polyacrylamidc gel [26]. and the phosphotyrosinc-conlein- 
ing proteins reveulcd by Weslern immunoblot using ~hc same anti- 
phosphotyrosine antibody. Bound amibody was dctcclcd by incuba- 
tion with a second antibody linked IO alkaline phosphatnsc (Promcgn). 

The sperm extract was prepared as I’ollows: 500 ,gl oT conccmra~cd 
sperm was rinsed 7 times with the glycinc medium in an Eppendorf 
ccnirirugc at 4°C. The pellet was then trcalcd by the same proccdurc 
described above as used for eggs. 

All immunoprccipi~ates comaincd prorcins of approximately 28 and 
65 kDa, corresponding 10 the primary antibody. 

3. RESULTS 

Our initial results, using PY20 antibody to probe egg 
lysates by a direct Western immunoblot procedure, re- 
vealed a slight phosphotyrosine increase within 2 min 
of fertilization (data not shown). In order to concentrate 
the proteins phosphorylated on tyrosine and to amplify 
the signal, we immunoprecipitated the egg proteins be- 
fore SDS-PAGE and Western blot analysis. We also 
developed a rapid sampling procedure to detect whether 

A B 

these changes in tyrosine phosphorylation took place in 
the first seconds following sperm addition. For this, 
unfertilized eggs were attached to protamine-coated 
petri dishes and at the indicated times following fertili- 
zation, the eggs in the dish were quickly washed and 
lysed by the addition of a lysis buffer. The proteins were 
then immunoprecipitated with the anti-phosphotyro- 
sine antibody. The immunoprecipitates were analysed 
by SDS-PAGE, and the phosphotyrosine content of the 
proteins visua!izcd with Western blot analysis using the 
same anti-phosphotyrosine antibody. 

lmmunoprecipitates from both unfertilized and fertil- 
ized eggs contain several phosphotyrosine-containing 
proteins, detectable by Western immunoblotting (Figs. 
IA and C). Fertilization triggered a rapid and major 
increase in the phosphorylation of two of these proteins 
(molecular weight of approximately 91 and 138 kDa) 
(Fig. 1A). This increase was detectable in the first 15 s 
following sperm addition and the tyrosinc phosphoryla- 
tion content of both proteins further increased during 
the next 2 min. 

The observed increase in tyrosine phosphorylation 
occurs in egg and not the sperm. Western blot analysis 
of immunoprecipitatcs obtained from sperm extracts 
did not reveal ony phosphotyrosine-containing protein 
(Fig. IA), nor were there any when sperm was first 
activated with jelly coat to induce the acrosome reaction 
(Fig. I B). The anti-phosphotyrosine antibody was spe- 
cific. Extracts of eggs obtained before or 2 
fertilization were immunoprecipitated with 
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Fig. I. Western immunobloi or anti-phosphotyrosinc immunoprccipi~alcs from sggs and sperm. (A) Changes or the phosphoiyrosinc conieni of 
sperm and of egg proteins at various lime poinls ufi’lur Tcrlilizaiion. All immunoprccipii;llcs wcrc prepared as described in Marcrials and Methods. 
(B) Wcsrcrn blot of anti-phosphctyrosinc immunoprccipitetcs rrom spcrtn-activated (ACT) or not activiticd (NA) by jelly coat. Jelly coal was 
prepared as in [27]. Activated sperm WHS rinsed by ccnlrirugalion with the glycinc medium und ircalcd as dcscribcd in Materials and Methods. 
(C) Wcslern blot of anti-phosphotyrosinc immunoprccipitatcs obiuincd rrom unferiilizcd eggs (UNF) or eggs cxiraclcd 2 min alicr Tel tilizalion 
(FERT), and trca\ed in the prcscncc (+) or lhc nbscncc (-) or phcnylphosphatc. San@cs wcrc prcparcd as described in Mn~crials and Melhods 
cxccpl thal the immunoprccipi~a~cs murked -1. were incubaicd in the prcscncc orSO mM phcnylphosphaic. Lanes noted AD \vcrc run as control 
immunoprccipi~a~cs (anli-phospholyrosinc coupled LO second antibody-agarosc), which wcrc trcaicd by lhc same proccdurc bul in the nbscncc 01 
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Fig. 2. Time course of!yrosinc phosphorylalion oTtheY I kDa (01 and 
138 kDa (2) akcr krilhzaiion. The rclalivc phosphotyrosinc cement 
or 1hc IWO protins was dclcrmincd bg dcnsiiomciric scanning of six 
Wcsrcrn immunoblots obtained. as dcscribcd in hlalcrials and 
Methods. rronl diffcrcni ba1cbcs 01’ cges. Rcsul1s arc expressed !I SE 
and rclalive to 1ha1 obiaincd for unkr1ikxcd eggs which wdsarbilrarily 
1akcn as 1.0. One dashed curve (FME) indicaics ihe iimc course oT 
fcr1iliza1ion mcmbranc clcva1ion in an egg populalion. The 1wo o1hcr 
dashed curves give ~hc pcrccntagc of lkr~ilizaiion cnvclopcs in 1hc 
prcscncc 01’0.5 mM KCI or 0.7 mM uranyl acc~alc. as described in 1hc 

1CSl. 

body in the presence of 50 mM p!lcnylphosphate which 
competes with the phosphotyrosinc for the antibody 
[ 151. Fig. 1C shows that the Western blot of these immu- 
noprecipitates gave no signal. Identical results were ob- 
tained by using 1 mM phosphotyrosine instead of phen- 
ylphosphate (not shown). 

To compare the results from different experiments, 
we did densitometric scanning of six different Western 
blots obtained from six different batches of eggs. The 
results. depicted in Fig. 2. show that the increase in the 
phosphotyrosine content of both the 91 kDn and 138 
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Fig. 3. Comparison ollyrosinc phosphorylalion lriggcrcd by krtilizd- 
tion or XlivilliOn wi1h ionomycin. Imniunoprecipiia~cs wcrc from 
unkrlilizcd eggs (UNF). 20 s and ?. min aricr l’crliliza~ion (FERT) or 
aclivalion by 7 PM ionomycin (ION). and prepared as dcscribcd in 
Malcrials and Methods. Each cxpcrimcnlul condition shows rcsulis 

I’roni two scparaic baIchcs of eggs. 
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Fig. 4. Time course orlyrosine phosphorylarion oTthe kDa (0) and 
I38 kDa (C) slier aclivalion by 7 PM ionomycin. Dcnsitomc1ric scan- 
ning orlhc Wcsicrn blols was pcrlbrmcd as described in Fig. 2 legend. 

kDa proteins triggered by fertilization attains a plateau 
in 2 min. Most importantly. much of the increase has 
occurred in the first I5 s following sperm addition. 

Fig. 2 shows that the increase in protein phosphoty- 
rosine by 15 s after insemination occurs during the ‘la- 
tent period’. We determined the latent Feriod in Sfron- 
g~~locetrtr’onrsprr~puralrrs by adding, at 5-s intervals after 
sperm addition, KCI-rich sea water or uranyl ions, 
which respectively act at the beginning or at the end of 
the latent period [16], and measuring the percentage of 
activated eggs (Fig. 2). We found the latent period in S. 
purppurutus eggs was 15 s. In these egg populations. fcr- 
tilization envelopes begin to elevate 30-35 s after sperm 
addition, and are fully elevated 40 s later [17] (Fig. 2). 
The kinetics of the Ca”’ rise in this species have not been 
directly determined. but the L~mdlirnrs picrus egg ex- 
hibits similar temporal characteristics, with a latent 
period of 12-22 s and with the Ca” rise initiated at the 
end of the latent period [4.18]. The Ca’+ rise most prob- 
ably initiates at a similar time (12-22 s) in the S. pur- 
purarus zygote. This is also consistent with direct com- 
parisons of the calcium rise with the elevation of the 
fertilization envelope in C/ypcasfcr japowiclrs eggs. Here 
the Ca” rise begins 10 s before fertilization envelope 
elevation [19]; if one uses this criterion. the Ca” rise in 
S. pwpurarus would then begin at 20-25 s after fertiliza- 
tion. 

If the increase in tyrosine phosphorylation occurring 
during the latent period is part of the pathway leading 
to the release of intracellular free calcium, one would 
expect that increasing cytosolic calcium directly, as with 
a calcium ionophore, would bypass this event. How- 
ever, when we compared phosphotyrosinc formation at 
fertilization with that induced by activation with 7 ,uM 
ionomycin, increased phosphorylation on tyrosine of 
the two proteins was seen by 20 s after ionophore addi- 
tion and was similar to that measured after fertilizaiion 
(Fig. 3). This suggests that the tyrosine phosphorylation 
can be induced by calcium. After compilation of results 
from different Western blots analysed by dcnsitomctric 
scanning, we found that the phosphorylarion content of 

169 



Volume 293, number 1,2,3 FEBS 

the two proteins, measured 15 s after activation, was 
similar with activation by ionomycin or by sperm (Fig. 
4). However, the subsequent phosphorylation measured 
after one minute was greater with fertilization (Fig. 2). 

4. DISCUSSION 

We report in this paper that a very rapid increase in 
the phosphorylation of two egg proteins occurs after 
fertilization. The most important finding is that this 
increase takes place during the latent period. It is then 
possible that this event might play a role it: signal trans- 
duction following fertilization. 

A major question concerns the identity of these 91 
and 138 kDa phosphotyrosine-containing proteins. 
Phosphorylation of tyrosine can be part of amplifica- 
tion cascades and in some cases the amplification can 
involve the subsequent activation of polyphosphoinosi- 
tide hydrolysis, with a resultant increase in cytosolic 
calcium [10,20,21]. Receptors with tyrosine kinase activ- 
ity can be linked to phospholipase C and PI kinase 
activity in other cell types [20,21], and it is intriguing 
that these two enzymes are also activated after sea ur- 
chin fertilization [2,7,22]. The phosphotyrosine changes 
seen so early after sea urchin fertilization then could be 
a major component of an amplification system tied to 
polyphosphoinositide metabolism or the other signaling 
systems hypothesized to be involved in egg activation 
[3,40]. In analogy to growth factor action, such as seen 
with platelet-derived growth factor, the increased tyro- 
sine activity seen after fertilization could result from 
occupation of a sperm receptor [3] or could result from 
transfer of an activating factor from the speti into the 
egg cytoplasm [4-61. We observed a stimulation of 
phosphorylation by ionomycin, which indicates that 
Ca” by itself can induce tyrosine phosphorylation. 
These results also suggest an autocatalytic or positive 
feedback role for the tyrosine phosphorylation. 

A pH increase is also induced by fertilization or cal- 
cium ionophore but this increase is probably not in- 
volved in the phosphotyrosine change that we report 
here, since the pH increase does not begin until 45-60 
s after insemination, when the described phosphoty- 
rosine change is almost complete. There is, however, a 
later phosphotyrosinc change related to this pH in- 
crease; Jiang et al. [ 12,131 have described a pH-depend- 
ent alteration in phosphotyrosine on a 350 kDa egg 
protein which begins several minutes after fertilization. 
These data then point to post-fertilization sequences of 
pCa- and pH-dependent tyrosine kinase and/or phos- 
phatase activities. If sperm induces a local calcium in- 
crease, whether by injection of calcium [23], IP, [24] or 
as a consequence of a primary sperm-mediated tyrosine 

LETTERS December 199 1 

phosphorylation, this calcium increase could then auto- 
catalytically produce more tyrosine phosphorylation. A 
sperm-mediated phosphorylation, in combination with 
a calcium-mediated tyrosine phosphorylation, might in- 
deed explain how the local sperm-egg interaction can 
be amplified into the propagated and global calcium 
increase which characterizes fertilization. 
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