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Exocytosis in sea urchin eggs can be reconstituted in vitro using the cell ghosts (the isolated cortices). When the isolated cortices were handled in 
the medium primarily composed of non-chaotropic ions, exo~tosis can be induced by a micromolar 1¢v01 of Ca 2", However, when the cortices 
are exposed to chaotropic anions such as el-, it is induced only at higher Ca *+ concentrations of 10 "~ to 10 "" M, due to the chaotropic anionic 
effect, by which a specific protein(s) is dissociated from the cortex. The dissociated protein con be added back to the cortex to restore the original 
Ca ~+ sensitivity [(1984) Dee. Biol. 101. 125--135]. A protein which has the similar ¢ff~t on the isolated cortex was also found in the extract of marine 
brain. This protein was neither calmodulin, a O.protein or a kinase. The data suggest the general regulatory mechanism of the Ca 2. sensitivity 

of exocytosis by a protein factor widely distribnted among cells. 

Exoeytosis; Sea urchin egg; Brain; Calcium; Protein 

1. INTRODUCTION 

C o n i c a l  exocytosis  o f  sea urchin  eggs is strictly regu-  
lated by Ca"", as m a n y  pieces o f  evidence show [1-7]. 
T o  s tudy  its r egu la to ry  mechanism,  the isolated egg 
cortex is used as a simplified sys tem [4,5,8-1 1]. Exocy to -  
sis in the isolated cor tex,  m e m b r a n e  fusion between the 
cortical  granules ( the secretory vesicles) and  the p l a s m a  
m e m b r a n e ,  is induced  by increasing the Ca  2+ concen t ra -  
t ion in a ba th ing  solut ion to a m i e r o m o l a r  level, s imilar  
to  tha t  seen a t  the  C a  "-+ t ransient  at  fert i l ization [5,8-11]. 
N o  o ther  factors,  such as adenine and  guanine  nucleo-  
tides, a re  required [5,8-12]. Therefore ,  this sys tem is 
more  simplified t h a n  other  sys tems such as those  using 
mas t  cells, in which b o t h  guanine nucleotides and Ca=" 
are required as med ia to r s  [13,14]. 

Previously,  I described that  the C a  ~-+ sensitivity o f  
exocytosis  in the isolated cortex shifts f rom 10 -6 to 10 -4 
M by  exposure  o f  the cortex to  chao t rop ioc  anions ,  due 
to dissociat ion o f  a specific prote in(s)  f rom the cortex,  
and  the dissociated protein can  be added  b a c k  to the 
cor tex to restore the original level o f  C a  2+ sensitivity [8]. 
In this report ,  I descr ibe that ~he res tora t ion act ivi ty was 
found  in the tour[no brain,  indicat ing tha t  the similar  
pro te in  is d is t r ibuted a m o n g  cells, and  discuss t ha t  the 
exocytotic system of sea urchin eggs may be dissected 
into the skeletal appara tus ,  which retains  min ima l  re- 
qu i rements  to respond  to C a  -~', plus the ca lc ium sensi- 
t izing fac tor  (CSF),  which is d is t r ibuted a m o n g  cells. 
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2. M A T E R I A L S  AND M E T H O D S  

2.1. Media 
Gly medium: 300 mM slycine, 250 mM potassium glueonat,, 10 mM 

MgCI,, 10 mM EGTA (ethyl slycoi bis(l-arninocthyl cther)-N,N'- 
tetraacetic acid). 10 mM PIPES (piperazine-N,N'-bis{2-©thanesulfoni¢ 
acid)), pH adjusted to 6.7 by KOH. KCImedium: 500 mM KCI, 10 ram 
MgCI:, 10 mM EGTA, 10 mM PIPES, pH adjusted to 6.7 by KOH. 
Media containing chaotropic anions: $09 raM potassium acetate or KI, 
10 mM MgCI.,, 10 mM EGTA, 10 mM PIPES, pH adjmtcd to 6.7 by 
KOH. Ca ̀-+ concentrations were adjmted to micromolar heels in 10 
mM Ca-" buffer using the binding constants for EGTA at pH 6.7, of 
6.10 × I& for Ca 2. and 18.4 for Mg'+ [3]. All media were kept on ice. 

2.2. Isolation of the cortex attd assay of exoeytosis 
Eggs of the sea urchin, ttemtcentrotus pulcherinms, were washed 

with a solution containing 500 mM Natl. l0 mM MgCI~. 10 mM 
EGTA and 10 mM HEPES, pH 6.7, then stacked onto a slass surface 
coated with protamin¢ sulfate [8]. The stacked e ~  were sheared by 
a jet of isolation medium kept on ice. The cortices retained on the 81ass 
surface were used as the isolated cortices. When incubation was neces- 
sary for treatment of the corti~s0 the glass slides with the isolated 
cortices were placed on culture di..hes kept on ice. The assay of exocy- 
tosis was performed as previously described [4,$08,9l. The cortex iso- 
lated with either Gly or KCI medimn was designated as the Gly or KCI 
cortex, respectively. 

2.3. Extraction of protein~ from sea urchin eggs and guinea pig ti~ues 
Sea urchin eggs and guinea pig tissues were homoseaiz~ in an equal 

volume of Gly medium, and centrifuged by 10,000 × g for 20 rain then 
at 100.000 x g for 60 rain. The final supcmatant was used as an extract. 

2.4. Treatment of the guh:ea pig brain by en'.yrnes 
The guinea pig brain extract in 500 #1 of Gly medimn (1.0 mB/ml 

protein) was treated with 20.u$ of trypsin (Sigma, type Ill), DNase.I 
(Siena, tyl~ 1) and RNasc (Worthington) at 20°C for 30 rain. The 
re.action of t~'psin was stopr-'~ by adding 40 #g ofsoyb0an tr'y~in 
inhibitor (STI, Siena. typ~ I-S). As a control, both trypsin and gTI 
were added to the extract. 
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Fig, 1. (Top) The Ca -'+ sensitivity of exocytosis in the cortices isolated 
from various media, The Ca '~ sensitivity of exocytosis decreases de- 
pending on the anion, the degree of which correlates to the ehaotropic 
series, CH.~COO- > CI- > I" [6-8]. The cortices were isolated in a 
medium containing the indicated anion at 500 raM, then exocytosis 
was induced by addition of  Ca 2. buffers of various free Ca -'~ concen- 
trations in Gly medium, (Bottom) Restoration of  the sensitivity of  
exoeytosis in the isolated cortex to a mieromolar level of Ca"* by 
addition of the sea urchin egg extract. The cortex isolated in KCI 
medium (KCI cortex) can be sensitized from 25/aM to 2,5/~M Ca '~ 
by adding the sea urchin egg extract (KCI cortex + extract), while the 
cortex isolated in the medium containing 500 mM KI shows the same 
Ca :~ sensitivity in the presence and absence of extract (KI cortex _+ 
extract), For comparison, the Ca :~ sensitivity of the Gly cortex is also 

shown (Gly cortex), 

3. RESULTS AND DISCUSSION 

Exocytosis in the isolated sea urchin egg cortex is 
induced by simply raising the Ca ~-* concentration in a 
bathing solution without guanine or adenine nucleo- 
tides, which are required in some other systems such as 
those using mast cells [13,14] or platelets [15]. The Ca 2+ 
concentration required to induce exocytosis in the iso- 
lated cortex varies depending on ionic components in a 
bathing solution [8]. Indeed, when the cortex was iso- 
lated with Gly medium, the medium mimicking the in- 
tracellular ionic condition, exocytosis was induced at 
1.0-2.5 ~tM Ca '÷, but when it was isolated with KCI 
medium, the simplified medium containing 500 mM 
KC], exocytosis was induced at i0-25 ~M (Fig. I, top). 
The ten-fold shift o f  the Ca ~" sensitivity by KCI was 
attributed to the chaotropic effect of  CI-, since other 
anions such as CH3COO- or I- similarly induced the 
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Fig. 2. Sensitization oFthe cortex isolated in KCI medium (KCI cortex) 
by the extract of  guinea pig brain. The KCI cortex, which responds 
to 25/~M Ca~'L was treated for 1 rain with the extract of guinea pig 
brain in Gly medium, excess proteins were washed off with Gly me- 
dium, then the C a " - E G T A  buffer in Gly medium was added. ]/xocy- 
tosis in the treated cortex was induced at 2,5/aM Ca"" (KCI cortex + 
extract), showing the same level of  Ca =+ sensitivity as the Gly cortex 

(Gly cortex). 

downward shift of  Ca 2~ sensitivity (Fig. 1, top), the 
extent of  which varied according to the potency of  the 
chaotropic anions (I- > CI- > CH~COO-) [16-18]. 

The protein(s), extracted from the cortex by cha- 
otropic anions, can be added back to the cortex to re- 
store the original Ca -'~ sensitivity, showing that a spe- 
cific cytoplasmic protein(s) confers the sensitivity to a 
micromolar level of  Can"- to the cortex [8]. This was also 
confirmed here. The cortex isolated with KCl or 
CHsCOOK restored the original Ca ~'+ sensitivity, when 
incubated with the egg extract (Fig, 1, bottom). How- 
ever, the Ca "-+ sensitivity of  the cortex isolated with KI 
stayed at the same level even in the presence o f  the egg 
extract (Fig. 1, bottom). This is probably due to that I- 
is more chaotropic than CI- and CH3COO- [16-18]. I- 
might have induced dissociation o f  more substances. 

The activity to induce cxocytosis at a micromolar 
level of  Ca -'+ was also found in the extract of  murine 
brain. The tissues o f  guinea pig, brain, pancreas, spleen, 
adrenal, stomach and intestine, were homogenized, and 
the soluble fractions were added to the sea urchin egg 
cortex isolated in KCI medium. Among these tissues, 
the Ca 2~ sensitizing activity was found in the extract 
from the brain (Fig. 2). Titer, dilution-fold to give 50% 
exocytosis at 2.5/aM Ca -'+, of the extract containing 5.2 
mg/ml protein was 8. The brain extract diluted and 
applied to the cortex decreased the restorative activity 
accordingly (Fig. 3, top). The similar activity was also 
found in brain of rat and mouse. The Ca"" concentra- 
tion inducing exocytosis in the cortex treated with the 
appropriately diluted extract of guinea pig brain was 
between those for "".~ v,,~, ,,~,; Gly and ,,.,.., cortices (Fig. 3, 
bottom). When the brain extracts were added to the 
cortex isolated with CH~COOK, the Ca 2÷ sensitivity 
was restored to the level identical to that of the cortex 
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Fig. 3. (Top) The restorative activities of the extracts either of sea 
urchin eggs or guinea pig brain linearly decrease with dilution of the 
extracts. The extracts of sea urchin eggs and guinea pig brain, contain- 
ing protein of 7.3 and 5.2 mg/ml, respectively, were diluted in Gly 
medium, and applied to the KCI cortex. After washing off excess 
proteins, the cortex was exposed to 2.5 pM Ca"* in Oly medium. The 
reactivity of the cortex decreases with the dilution. (Bottom) The Ca"" 
sensitivity of exoeytosis in the isolated cortex shifts when the extract 
of either sea urchin eggs or guinea pig brain was diluted. The extract 
ofeither sea urchin eggs or guinea pig brain was diluted 70- or 20-fold, 
respectively, and applied to the KCI cortex. The Ca -'+ sensitivity in- 

creased to the level between the Gly and KCI cortices. 

isolated with Gly medium. However, in the cortex iso- 
lated with KI, no restoration was observed (not shown). 
These data indicate that the activity in the guinea pig 
brain is similar to that of  the sea urchin egg extract, and 
that CSF is not  unique to sea urchin eggs, but is distrib- 
uted among cells. 

The CSF in the brain extract was a protein(s), since 
the activity was inactivated by trypsin, not by nucleoti- 
dases (Table I). However, CSF was not ealmodulin, 
since the activity in the brain extract was heat-labile 
(100°C0 1 rain), contrary to the property ofealmodulin 
[19]. CSF was neither a G-protein nor a kinase, since 
there were no immediate requirements of  guanine or 
adenine nueleotides for induction of exocytosis in the 
isolated cortex. Moreover, the protein was active even 
after extensive dialysis to Gly medium or after partial 

purification by chromatography (not shown), excluding 
possible effects of  contaminated nuclcotides. 

These data indicate that the cortex, from which CSF 
has been dissociated, undergoes exocytosis even if its 
Ca -'+ sensitivity is not physiological, and that the physi- 
ological Ca "-+ sensitivity of exocytosis in the isolated 
cortex is restored by CSF. Therefore, the sea urchin egg 
may consist of  the basic machinery ofexocytosis which 
exerts exocytosis in response to a sub-millimolar level 
of  Ca:L To this machinery, CSF may be added to re- 
store the physiological Ca:* sensitivity. In other words, 
considered that exocytosis is a catalytic reaction of 
membrane fusion, the molecules responsible for the re. 
action at a sub.millimolar level might basically associ- 
ate with the cortex, and CSF increases the Ca 2+ sensitiv- 
ity, for example, by increasing the accessibility o f  Ca "-+ 
to these molecules. The data that CSF activity is found 
in guinea pig brain suggest that this aspect is applicable 
to other systems. 

Recently, it was found that the isolated cortex retains 
a portion of  the endoplasmic reticulum, from which 
Ca-'* may be released at fertilization as the Ca -~÷ tran- 
sient [20-22]. This structure is well preserved when the 
cortex is isolated with media similar to Gly medium, 
whereas it is disrupted when exposed to media contain- 
ing high concentrations of chloride [22]. Because of its 
behavior in the chloride-containing media, it is interest- 
ing to consider its role in the Ca "-+ regulation of  e x o ~ -  
tests. There might be some relation between this struc- 
ture and CSF. 

The isolated cortex of sea urchin eggs is unique in 
such a way that it can be isolated as a well-organized 
structure for exocytosis, which primarily consists of  the 
cortical granules, the plasma membrane and the vitellin 
membrane. The cortical granules and the plasma mem- 
brane, between which membrane fusion occurs, am 
tightly associated via an amine-sensitive mechanism 
[23], so that the cortex is frozen at the step immediately 
before membrane fusion just waiting for the Ca ~'÷ signal 
to proceed to the next step. Therefore, the studies on the 
regulatory mechanism of  exocytosis in sea urchin eggs 
can be concentrated into the machinery responsible for 

Table l 

Inactivation of the Ca:* sensitizing activity in the guinea pig brain 
extract by trypsin 

~',~zyme ExogTtosis ~ 

None 62 
Trypsin 0 
Trypsin + STI 56 
DNase 59 
RNase 51 

"The cortex isolated wi~h KCi m~ium, originally not rcacdve to 2.5 
/,tM Ca:*. was incubated with the enzyme-treated extracts, and cz- 
oeytosis was indued by 2.5/.tM Ca"*. The activity was expres~'d by 
the percentages of exoc~osis. 
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the Ca  "-+ induction o f  exocytosis.  Since C S F  may  be 
involved in the intracellular  Ca-'* sensit ization,  studies 
on identification o f  C S F  and its interact ion with the 
isolated cortex should help elucidate the general  molec-  
ular mechan i sm o f  the Ca :"  regulat ion o f  exoeytosis .  
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