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Abstract . The calcium indicator dye f luo-3 /AM was
loaded into the ER of isolated cortices of unferti l ized
eggs of the sea urchin Arbacia punctulata . Develop-
ment of the f luorescent signal took from 8 to 40 min
and usual ly required 1 mM ATP The signal decreased
to a minimum level within 30 s after perfusion with

1 FAM InsP3 and increased within 5 min when InsP3 was
replaced with 1 mM ATP . Also, the f luorescence sig-
nal was lowered rapidly by perfusion with 10 p,M

NTRACELLULAR free calcium rises near the sperm entry
point in the eggs of many animals ; a wave of elevated
calcium then proceeds from this region by a release of

calcium from internal stores (Gi lkey et al . , 1978 ; Jaffe,
1983 ; Hafner et al . , 1988) . The calcium wave is crucial in
the activation of the egg (Whitaker and Steinhardt, 1982 ;
Jaffe, 1983) ; for instance, its passage triggers the postferti l -
ization wave of cortical granule fusion (Hamaguchi and Hira-
moto, 1981) .

In the sea urchin egg cortex preparation, the former in-
terior of the egg surface is exposed and amenable to ex-
perimentation (Vacquier, 1975) . This preparation retains
some features of normal calcium regulation . Isolated cor-
tices sequester 'SCa in the presence of ATP, and release
preloaded °SCa in response to inositol 1,4,5 trisphosphate
(InsP3) ' (Oberdorf et al . , 1986 ; Payan et al . , 1986) . How-

ever, an important issue that has not been resolved by the
above isotope studies is the identity of the membrane com-
partments that sequester and release calcium . Several or-
ganel les are present on the sea urchin cortex, including corti -
cal granules (Vacquier, 1975) , pigmented and acidic vesicles
(Sardet, 1984) , and the ER (Sardet, 1984 ; Chandler, 1984) .

Recently, a calsequestrin- l ike protein has been isolated
from sea urchin eggs (Oberdorf et al . , 1988) , and an anti -
body to this protein labels the cortical ER (Henson et al . ,
1989) . In striated muscle, calsequestrin is a low aff inity, high
capacity calcium binding protein ; the presence of a simi lar
calcium binding protein in the ER of sea urchin eggs suggests
that the ER is capable of sequestering calcium, but direct evi -
dence for calcium uptake and release from the ER is lacking .

1 . Abbreviation used in this paper : InsP3, inositol 1,4,5 trisphosphate .
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A23187 or 10 pM ionomycin . These f indings demon-
strate that the cortical ER is a site of ATP-dependent
calcium sequestration and InSP3- induced calcium re-
lease . A l ight- induced wave of calcium release, travel -
ing between 0.7 and 2 .8 pm /s (average speed 1.4 jam /s,
N = 8) , was sometimes observed during time lapse
recordings ; i t may therefore be possible to use the iso-
lated cortex preparation to investigate the postferti l iza-
t ion calcium wave.

We report here that the f luorescent calcium indicator dye,
f luo-3 (Minta et al . , 1989) , when appl ied in its AM ester
form, produces a signal from the cortical ER of cortices pre-
pared from Arbacia punctulata eggs . Once present in the
ER, the dye can be used to determine whether the ER se-
questers or releases calcium .

Materials and Methods

Sea Urchin Eggs
Eggs were obtained from Arbacia punctulata by injection of 0.5 M KCl into
the coelomic cavity . The eggs were dejel l ied by suspension for 1.5 min in
EMC, a divalent cation- free sea water (Detering et al . , 1975 ; NaCl , 29.34
g / l iter, KCI , 0.745 g / l iter, NaHC03, 0.21 g / l iter, EGTA, 9 .51 g / l iter, pH
8 .0) fol lowed by centri fugation and resuspension in sea water. The eggs were
then transferred onto polylysine-coated cover sl ips . After 1 min, the sea wa-
ter was replaced with two or three changes of intracel lular buffer and then
a shearing force was appl ied to the eggs by pasteur pipet.

Intracel lular Buffer
A modi f ication of buffer X (a buffer based on the composit ion of squid axo-
plasm [Brady et al . , 19841) was used to simulate the internal condit ions of
the sea urchin eggs . The composit ion of the modi f ied buffer is : 350 MM
potassium aspartate, 130 mM taurine, 170 mM betaine, 20 mM Hepes,
3 MM MgC12, 10 mM EGTA, 3 mM CaC12, pH 7.2 . This buffer preserves
the network pattern of the cortical ER .

Reagents
Fluo-3 /AM (f luo-3 pentaacetoxymethyl ester) was obtained from Molecu-
lar Probes (Eugene, OR) . It was kept as a 1 mM stock in DMSO . ATP
(dipotassium salt) and A23187 were obtained from Sigma Chemical Co .
(St . Louis, MO) . InsP3 and ionomycin were obtained from Calbiochem-
Behring Corp. (San Diego, CA) . ATP was stored as a stock solution of 100
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mM at pH 6. 5 , InsP3 was stored as a 200 and 10014M stock so l ut i on i n i n -
tracel l u l ar buf fer , and A23187 and i onomyci n were stored as a 1 mM stock
i n ethano l .

Load i ng Protoco l
Cort i ces were exposed to 5 or 10 , uM f l uo - 3 / AM, 1 mM ATP i n i ntracel l u l ar
buf fer for 8 to 40 mi n at room temperature . The cover s l i ps were then
washed wi th i ntracel l u l ar buf fer and mounted on a s i l i con rubber chambei " : '

There was cons i derab l e var i at i on i n l oad i ng f l uo - 3 . Var i ab i l i ty was not
seen among cort i ces prepared f rom eggs of the same an i mal , nor among the
cort i ces on each cover s l i p . There was some var i at i on among an i mal s that
had been co l l ected together , and there was s i gn i f i cant var i at i on among
d i f ferent co l l ect i ons . One man i festat i on was i n the ATP dependence for the
devel opment of the s i gnal . In about two th i rds of the co l l ect i ons , devel op -
ment of the s i gnal was dependent on the presence of ATP In some cases
though , devel opment of a f l uorescent s i gnal d i d not requ i re ATP, and i n
other cases , a s i gnal d i d not devel op even af ter i ncubat i on i n ATP for 45 - 60
mi n . In the f i rst case, cal ci um may al ready be present i n rel at i vel y h i gh con -
centrat i ons and i n the second case, perhaps the enzyme respons i b l e for
cl eav i ng f l uo - 3 AM i s l ess act i ve or absent . Another form of var i ab i l i ty was
i n the t i me requ i red to l oad f l uo - 3 ; th i s ranged f rom 8 to 40 mi n.

Fl uo - 3 l oaded ER membranes of ten became ves i cu l ated wi th t i me (see
Fi g . 6) . I t i s not known what i s the cause of th i s.

Mi croscopy , Vi deo Record i ng , andAnal ys i s
A Zei ss ICM 35 i nverted mi croscope was used . For convent i onal f l uores -
cence, a 100 W mercury arc l amp was used to prov i de i l l umi nat i on . A Zei ss
p l anapo 63 x NA 1 . 4 l ens or a N i kon p l anapo 100 x NA 1 . 4 l ens was used .
Photographs were taken wi th Kodak TMAX 3200 devel oped for 13 mi n i n
TMAX devel oper . Exposure t i mes were usual l y 8 s .

For v i deo observat i ons , a 100 W hal ogen l amp connected to a vo l tage
stab i l i zed power supp l y was used . An el ectron i cal l y contro l l ed shutter
(Un i b l i tz model 100 - 2B shutter dr i ve contro l ; Vi ncent Assoc . , Rochester ,
NY, mod i f i ed by At l antex and Z i el er , Inc. , Avon , MA) was used to reduce
exposure to i l l umi nat i on . The eye p i ece of the mi croscope was rep l aced
wi th a DAGE ser i es 66 SIT camera mounted on an adapter tube . The b l ack
l evel and gai n contro l s of the camera were set to manual contro l . An Image
1 / AT i mage process i ng system (Un i versal Imag i ng , Med i a, PA) i nstal l ed i n

a Del l system 310 personal computer was used for i mage process i ng ; th i s
system al so contro l l ed the shutter , a Panason i c 2028F opt i cal memory d i sk
recorder and t i me l apse sequenci ng . For anal ys i s of recorded i mages , the
v i deo s i gnal was sent through a FOR - A FA- 210 d i g i tal t i me base corrector
before bei ng sent to the Image VAT i mage processor . For the t i me l apse se-
quences , a 4 or 8 f rame average was used . For the exper i ment shown i n Fi g .
6 , a 16 f rame average was used .

In l ater exper i ments , a KS 1381 mi crochannel p l ate i ntens i f i er (Vi deo -
scope Internat i onal , Ltd . , Wash i ngton DC) coup l ed to a Hamamatsu
C- 2400 - 07 nuv i con v i deo camera was used i n p l ace of the SIT camera .
Us i ng neutral dens i ty f i l ters , the reg i on of l i near response to l i ght was deter -
mi ned for g i ven i nstrument sett i ngs ; dur i ng exper i ments , the l i ght source
i ntens i ty was ad j usted so as to produce f l uorescent s i gnal s wi th i n th i s l i near
range . The i mage processor was used to quant i tate the changes i n f l uores -
cence due to per fus i on of InsP3 and i onomyci n . Images were co l l ected dur -
i ng the per fus i on exper i ment and stored on the hard d i sk of the computer .
Af terwards , two rectangu l ar areas were sel ected , one on the cortex and the
other of f of the cortex to serve as a background . For each t i me po i nt , the
average br i ghtness of the background area was subtracted f rom that of the
cortex to g i ve a measure of the f l uo - 3 f l uorescence f rom the ER .

Photographs of the mon i tor were taken on 35 mm f i l m and were pr i nted
under i dent i cal cond i t i ons .

Per fus i on
Cort i ces were prepared on l arge 24 x 60 mm cover s l i ps . Two paral l el wal l s
of h i gh vacuum grease (Dow Corn i ng Corp. , Mi d l and , MI ) were l ai d down
al ong the l ong d i mens i on of the cover s l i p and a 22 x 22 mm cover s l i p
was p l aced on top to form a chamber wi th two open ends on the s i des . Buf fer
to be per fused was put onto one s i de of th i s chamber and then drawn through
rap i d l y by us i ng f i l ter paper tr i ang l es app l i ed to the other s i de of the
chamber .
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Fi gure 1. Fl uorescent s i gnal f rom a cortex i ncubated i n 10 / AM f l uo -
3 / AM and 1 mM ATP for 20 mi n . The ret i cu l ar network i s the ER ,
i nd i cat i ng that f l uo - 3 / AM has been cl eaved by esterases i n the ER
and that cal ci um concentrat i ons i n these cond i t i ons are suf f i ci ent l y
h i gh to produce a s i gnal f rom f l uo - 3 . The cortex was i l l umi nated
by a mercury arc l amp and photographed on 35 mm f i l m . Bar ,
10 JAM .

Resu l ts

Fl uo - 3 Fl uorescence i n the Cort i cal ER
Cort i ces prepared f rom unfert i l i zed eggs of the sea urch i n
Arbaci a punctu l ata were l oaded i n 5 - 10 aM f l uo - 3 / AM i n
an i ntracel l u l ar buf fer wi th 1 mM ATP Usual l y , af ter l oad -
i ng for 20 mi n , a ret i cu l ar pattern was cl ear l y v i s i b l e by eye

Fi gure 2. Fl uorescent s i gnal f rom a cortex i n the same cond i t i ons
as i n Fi g . 1 . The cortex was i l l umi nated by a mercury arc l amp and
v i ewed by a SIT camera, wi th f rame averag i ng by an i mage proces -
sor . Bar , 10 pm .
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Fi gure 3. Per fus i on wi th 10 j M cal ci um i onophore A23187 . The
cortex was l oaded wi th f l uo - 3 / AM and i l l umi nated wi th a hal ogen
l amp. The f l uorescence was i maged by a SIT camera wi th f rame
averag i ng by an i mage processor . Images were obtai ned every 7. 4 s.
(a) The f rame taken j ust before beg i nn i ng per fus i on . (b) The f rame
taken 52 s af ter beg i nn i ng per fus i on ; the f l uorescence s i gnal has
been reduced to background l evel s . Most of the reduct i on i n f l uo -
rescence occurred by 30 s. Bar , 10 um .

i n the f l uorescence mi croscope us i ng i l l umi nat i on f rom a
mercury arc l amp. The f l uorescence was br i ght enough that
an i mage cou l d be photographed by h i gh speed f i l m (Fi g . 1) .
The ret i cu l ar pattern on the cort i ces i s i dent i cal to the cort i -
cal ER as l ocal i zed by an ant i body to cal sequestr i n (Henson
et al . , 1989) and by a f l uorescent dye stai n i ng procedure
(Terasaki et al . , 1988) . The f l uo - 3 f l uorescence pattern i nd i -

cates that esterase act i v i ty that can cl eave f l uo - 3 / AM i s pres -
ent i n the ER of these eggs . Other speci es of sea urch i n
(Strongy l ocentrotus purpuratus , Strongy l ocentrotus droe-
bach i ens i s , Lytech i nus p i ctus , and Arbaci a l i xu l a) d i d not
show speci f i c stai n i ng of the network pattern wi th f l uo -
3 / AM .

Prev i ous work wi th ^SCa demonstrated that sea urch i n
cort i ces sequester cal ci um i n s i mi l ar cond i t i ons (Oberdor f
et al . , 1986 ; Payan et al . , 1986) . I t seems very l i kel y that

Terasaki and Sardet Ca Uptake and Rel ease by the ER

Fi gure 4. Per fus i on wi th 1 wM InsP3 . Images were obtai ned every
3. 8 s dur i ng th i s sequence . (A) The f rame taken j ust before beg i n -
n i ng per fus i on . (b) The f rame taken 23 s af ter per fus i on began ; the
f l uorescence s i gnal has been reduced s i gn i f i cant l y , i nd i cat i ng that
InsP 3 has caused cal ci um rel ease f rom the ER . Bar , 10 l m .

the ATP- dependent f l uo - 3 f l uorescence i s due to cal ci um
pump i ng i nto the ER .

The cal ci um i onophores A23187 and i onomyci n (both 10
FM) rap i d l y abo l i shed the f l uo - 3 f l uorescence s i gnal f rom
the ER (wi th i n 1 mi n) . InsP3 (1 p , M) al so caused the
f l uorescence to decrease rap i d l y , though not as comp l etel y
as d i d the i onophores . When cort i ces were washed f ree of
InsP3 and i ncubated i n ATP (1 mM) , the f l uorescence
returned to a br i ght l evel . Th i s i nd i cates that cal ci um was
pumped back i nto the ER .

Fi gure S . Quant i tat i ve mea-
surements of f l uo - 3 f l uores -
cence dur i ng per fus i on wi th
InsP 3 . A l arge rectangu l ar
area cover i ng most of the area
of the cortex of Fi g . 4 was ana-
l yzed by an i mage processor .
The average br i ghtness f rom
an area outs i de of the cortex
was subtracted f rom the aver

age br i ghtness on the cortex to g i ve a measure of f l uo - 3 f l uores -
cence f rom the ER . Per fus i on wi th InsP3 causes a s i gn i f i cant de-
crease i n f l uorescence ; i onomyci n causes an add i t i onal smal l de-
crease i n f l uorescence .
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Fl uorescence Imag i ng by Low Li ght Level
Vi deo Mi croscopy
A SIT camera coup l ed wi th an i mage processor was used
to i mage the f l uorescence . A cl ear i mage of the network
cou l d be obtai ned by f rame averag i ng the i mage of a cortex
(Fi g . 2) . For per fus i on exper i ments , l i ght l evel s and ex -
posure t i me were reduced to a mi n i mum i n order to l ower
the rate of b l each i ng and photodynami c damage. In so do i ng ,
the i mage qual i ty was sacr i f i ced so that the network pattern
was barel y d i scern i b l e ; otherwi se the f l uorescence b l eached
too rap i d l y for the fo l l owi ng stud i es . Per fus i on of the i ono -
phore A23187 caused a l arge decrease i n f l uorescence ; most
of the decrease occurred wi th i n 30 s and was comp l ete by
50 s (Fi g . 3) . Due to the per fus i on method used , the response
t i me to i onophore may be s i gn i f i cant l y faster .

In l ater exper i ments , quant i tat i ve data on the f l uorescence
changes af ter per fus i on wi th 1 AM InSP3 were obtai ned
(Fi g . 4) . The average br i ghtness of a l arge area on the cortex
was drast i cal l y reduced by - 30 s af ter the beg i nn i ng of the
per fus i on (Fi g. 5) . Agai n , due to the per fus i on method used ,
the response to InsP3 may be s i gn i f i cant l y faster than
recorded here. Ionomyci n caused a smal l add i t i onal decrease
i n f l uorescence . Both InSP3 and the i onophores seemed to
cause a un i form f l uorescence decrease on the cortex . When
i mages were obtai ned every few seconds , there was l i tt l e i n -
crease i n f l uorescence i n cond i t i ons wh i ch cal ci um seques -
trat i on was shown ear l i er to occur. Perhaps cal ci um seques -
trat i on i s h i gh l y sens i t i ve to photodynami c damage. Cal ci um
resequestrat i on af ter InSP3 - i nduced rel ease was demonstrat -
ed by reduci ng the number of i mages taken to three : af ter
l oad i ng of f l uo - 3 , 1 mi n af ter per fus i on of InsP, and 5 mi n
af ter per fus i on of ATP (Fi g . 6) .

Spontaneous Propagated Decreases
i n Fl uo - 3 Fl uorescence
The f l uo - 3 s i gnal f rom the cort i ces was stab l e enough to re-
cord many i mages per cortex ( i n these exper i ments , 50 - 85
i mages were taken) . Somet i mes , dur i ng the course of i mag -
i ng a cortex , a wave of cal ci um rel ease occurred , i n the
absence of ATP (Fi g . 7; f rames taken every 6 . 3 s) . Th i s
phenomenon beg i ns wi th a smal l ci rcu l ar reg i on of d i mi n -
i shed f l uorescence, wh i ch expands i n succeed i ng f rames .
Ten i nstances of th i s type of rel ease were observed on three
separate days . On these days , an approx i matel y equal num-
ber of cort i ces d i d not exh i b i t waves wi th i n the 5 - 10 mi n that
they cou l d be observed before becomi ng b l eached . On four
other days , the waves cou l d not be observed on any cortex
i n sp i te of observat i ons of several cort i ces on each day . The
cause of th i s var i at i on i s not known . Of the ei ght i nstances
that cou l d be cl ear l y measured , the vel oci t i es ranged be-
tween 0. 7 and 2 . 8 p , m / s wi th an average of 1 . 4 Am / s . The av -
erage i s three to four t i mes s l ower than the post fert i l i zat i on
wave i n i ntact ech i noderm eggs , wh i ch travel s at t i 5 Am / s
(E i sen et al . , 1984 ; Hafner et al . , 1988 ; Hamaguch i and
Hamaguch i , 1990 ; G i l l ot et al . , 1990) . In two i nstances , the
wave d i d not travel over the who l e cortex but i nstead stopped
at a d i st i nct boundary wi th i n the per i phery of the cortex . In
two other i nstances , the wave spread to a boundary i n the
cortex and travel ed around that boundary to the rest of the
cortex . In several i nstances , short segments of ER tubu l es re-
mai ned br i ght l y stai ned af ter the rel ease was comp l ete . The

The Journal of Cel l Bi o l ogy , Vo l ume 115 , 1991

Fi gure 6. Cal ci um sequestrat i on af ter InsP3 - i nduced cal ci um re-
l ease. A cortex was i maged three t i mes dur i ng th i s exper i ment : (a)
af ter the ER was l oaded wi th f l uo - 3 / AM ; (b) 1 mi n af ter per fus i on
wi th 1 AM InsP3 ; and (c) 5 mi n af ter subsequent per fus i on wi th
1 mM ATP, showi ng resequestrat i on of cal ci um i nto the ER . The
ER appears to be most l y ves i cu l ated , but i n other exper i ments the
ER was cont i nuous af ter rel oad i ng . The average br i ghtness of a
l arge rectangu l ar area on the cortex and of a smal l er area outs i de
the cortex was determi ned us i ng an i mage processor . The average
br i ghtness of the cortex f l uorescence mi nus background was 3. 45
(a) , 2 . 58 (b) , and 3 . 23 (c) .
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Figure 7. A spontaneous wave in the f luorescence signal from the cortical preparation . The f luo-3 loaded cortex was imaged as in Figs .
3 and 4, with images taken every 6.3 s . (a) 12th image of the sequence showing a uni formly labeled cortex . (b-e) Consecutive images
(13-16) of the sequence showing a local diminution in the f luorescence signal near the top of the cortex that progressively spreads throughout
the cortex in the succeeding frames . Bar, 10 I ,m .
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cort i cal ER has occas i onal breaks i n the network wh i ch form
r i f ts of d i scont i nu i ty (see Fi gs . 1 and 2) ; the i nd i rect path
somet i mes taken by the wave suggests that the cal ci um re-
l ease occurs on l y al ong cont i nuous membrane compart -
ments.

Af ter observ i ng a wave on a part i cu l ar cortex , the cort i ces
on the rest of the cover s l i p st i l l had br i ght s i gnal s f rom thei r
ER . Al so , waves typ i cal l y occurred af ter 2 - 4 mi n of obser -
vat i on . Th i s suggests that the waves are tr i ggered by the
ef fects of accumu l ated exposure to i l l umi nat i on . When ob -
served by transmi tted l i ght , the cort i cal granu l es were st i l l
present af ter passage of a wave . S i nce the buf fer contai ns 10
mM EGTA, cal ci um rel eased f rom the ER probab l y be-
comes bound to EGTA before i t can tr i gger cort i cal granu l e
fus i on .

D i scuss i on
The i dent i ty of membrane organel l e(s) that are the cal ci um
stores has been a sub j ect of controversy . Mi crosomal f rac-
t i ons sequester and rel ease cal ci um ; for i nstance, InsP3 i n -
duces cal ci um rel ease f rom mi crosomal f ract i ons of sea ur -
ch i n eggs (Cl apper and Lee, 1985) . I t i s very d i f f i cu l t
though , to show that mi crosome preparat i ons contai n on l y
ER membranes . An ant i body to rabb i t fast twi tch skel etal
muscl e cal sequestr i n l abel s ves i cu l ar compartments i n HL-
60 cel l s and neutroph i l s that do not appear to be part of the
ER (Vo l pe et al . , 1988 ; Hash i moto et al . , 1989) . These
workers i so l ated a membrane f ract i on that d i d not contai n
some ER markers but wh i ch rel eased cal ci um i n response to
InsP 3 , l ead i ng to the proposal of a new organel l e, the "cal -
ci osome" (Vo l pe et al . , 1988) . Recent work prov i des strong
ev i dence that the ER i s the InsP3 - sens i t i ve cal ci um store .
An ant i body to the InsP3 receptor of cerebel l ar t i ssue l abel s
stacks of ER ci sternae, l abel s l ess strong l y parts of the rough
ER , and apparent l y does not l abel other organel l es i n Pur -
ki n j e cel l s of the cerebel l um (Satoh et al . , 1990 ; Otsu et al . ,
1990) . However , not al l of the receptors i n the ER recog -
n i zed by the ant i body are necessar i l y act i ve ; they may be
l ess act i ve because of phosphory l at i on (Suppatapone et al . ,
1988) or i nteract i on wi th al l oster i c regu l ators (Ferr i s et al . ,
1990) . In add i t i on , the InsP3 receptor i s presumab l y synthe-
s i zed and assemb l ed i n the ER , so some of the receptors may
not be funct i onal yet .

Here, we present d i rect ev i dence that the sea urch i n egg
cort i cal ER i s a s i te of ATP- dependent cal ci um sequestrat i on
and InsP3 - i nduced cal ci um rel ease . An i nterconnected net -
work of ER ad j acent to the sea urch i n egg p l asma membrane
has been observed by EM, i mmunof l uorescence and dye
stai n i ng methods (Sardet , 1984 ; Chand l er , 1984 ; Henson et
al . , 1989 ; Terasaki et al . , 1991 ; Terasaki and Jaf fe, 1991) ;
we have used the cal ci um i nd i cator dye f l uo - 3 to detect cal -
ci um uptake and rel ease f rom these membranes . Fl uo - 3 i s
usual l y i ntroduced i nto the cytoso l of who l e cel l s as the AM
ester , wh i ch permeates the p l asma membrane (Mi nta et al . ,
1989) . Cytoso l i c esterases then cl eave the th i oester bond ,
generat i ng a charged product that becomes trapped and con -
centrated i n the cytoso l . Very probab l y , the ER of Arbaci a
punctu l ata eggs contai ns an esterase capab l e of cl eav i ng
f l uo - 3 / AM, enab l i ng f l uo - 3 to accumu l ate i n the ER i n th i s
open preparat i on . S i nce f l uo - 3 d i d not generate a s i gnal f rom
the other organel l es on the cortex , our data cannot be used
to i nvest i gate cal ci um regu l at i on by the other organel l es .
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Devel opment of the f l uo - 3 s i gnal f rom the ER usual l y re-
qu i red 8 - 40 mi n i ncubat i on i n the presence of ATP Most of
the s i gnal was el i mi nated wi th i n 30 s af ter the beg i nn i ng of
per fus i on of A23187 . The s i gnal al so decreased wi th i n 30 s
af ter per fus i on of InsP3 . Th i s i s cons i stent wi th prev i ous
observat i ons of the rel ease of prel oaded °SCa i nduced by
InsP3 (Oberdor f et al . , 1986 ; Payan et al . , 1986) . The InsP3 -
i nduced decrease i n f l uo - 3 s i gnal recovered over a per i od of
5 mi n when InsP3 was rep l aced wi th ATP These f l uores -
cence changes demonstrate that the cort i cal ER i s a s i te of
ATP- dependent cal ci um sequestrat i on and InsP3 - i nduced
cal ci um rel ease . S i nce the cort i cal ER i s RER (Sardet , 1984 ;
Terasaki , M . , unpub l i shed resu l ts) , the resu l ts i nd i cate that
th i s part of the egg ER i s capab l e of support i ng protei n syn -
thes i s as wel l as cal ci um sequestrat i on and rel ease.

Al though f l uo - 3 can be used to detect cal ci um rel ease and
uptake i nto the ER , devel opment of a dye wi th l ower af f i n i ty
for cal ci um mi ght be more des i rab l e for i nvest i gat i ons of
cal ci um regu l at i on by the ER . Fl uo - 3 has a much greater
af f i n i ty for cal ci um than the cal sequestr i n - l i ke protei n i n the
ER (Kd = - 1 mM ; B. Kami ner , unpub l i shed resu l ts) , so
depend i ng on the actual concentrat i ons of f l uo - 3 , total cal -
ci um, cal sequestr i n - l i ke protei n , and other cal ci um b i nd i ng
protei ns , f l uo - 3 may s i gn i f i cant l y al ter the normal bal ance of
f ree and bound cal ci um i n the ER .

We al so observed an apparent l y propagated rel ease of cal -
ci um f rom the ER ; the vel oci ty was three to four t i mes
s l ower than that of the post fert i l i zat i on Ca wave i n sea ur -
ch i ns . S i nce other cort i ces on the cover s l i p were st i l l l a-
bel ed , the cal ci um rel ease i s very probab l y due to i l l umi na-
t i on by l i ght . Our i nterpretat i on i s that f ree rad i cal s
produced by photodynami c processes tr i gger cal ci um re-
l ease i n one area, af ter wh i ch cal ci um rel ease i s propagated
through the ent i re network . I f the waves we have observed
are i ndeed rel ated to the wave i n the i ntact egg , then the i so -
l ated cortex possesses al l of the components requ i red for

propagated rel ease of cal ci um . S i nce many cytoso l i c compo -
nents have been washed away dur i ng preparat i on of the cor -
t i ces , the ER and p l asma membrane, or the ER by i tsel f may
be suf f i ci ent for propagat i on of the cal ci um wave . S i nce the
wave somet i mes stopped or travel ed around d i st i nct bound -
ar i es on the cortex , propagated cal ci um rel ease may on l y oc-
cur al ong cont i nuous membranes . Further i nvest i gat i on re-
qu i res a means for exper i mental l y i n i t i at i ng th i s phenomenon .
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