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If one does believe in stratification one 
should accept that with the onset of stag
nation the 02-H2S interface will inevit
ably rise to the base of the euphotic zone 
(where it will participate in the plankton 
dynamics of the basin) unless one of 
several external influences disrupts the 
system7

• Much more convincing evidence 
is required if Irwin seeks to replace a 
model which has the weight of Quater
nary-Recent modern analogues behind it. 
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Calcium activation of 
the cortical 
reaction in sea urchin eggs 

USING sea urchin (Echinus esculentus) 
eggs broken by shock discharge, or iso
lated egg cortices, Baker and Whitaker l 

found that about 1 j.l.M Ca was sufficient to 
activate exocytosis of half the cortical 
vesicles. They represent this figure as an 
order of magnitude lower than the figure 
we reported2 (between 9 and 18 j.l.M) 
using Lytechinus pictus sea urchin isolated 
cortices. 

However, there is no discrepancy 
between our results. We measured the 
level of calcium required for nearly 
complete (>95%) exocytosis, and we 
have recently obtained a more precise 
estimate of 12 j.l.M, determined by break
ing the eggs open in the test solutions. 
From Baker and Whitaker's Fig. 2, they 
observe 95% exocytosis at a Ca concen
tration of 6 j.l.M (pCa = 5.2). Moreover, 
Baker and Whitaker derive an apparent 
stability constant' from a Ca-EGTA 
binding constant4 (p K) of 11. However, in 
physiological media a lower binding 
constant is appropriate5

• We assumed a 
pK of 10.7 in our calculations for our 
HEPES-buffered solutions, as this value 
was reported6 for similar phosphate
buffered solutions. This difference in 
binding constant accounts for the twofold 
difference remaining between our cal
culated Ca threshold for the cortical re
action and that offered by Baker and 
Whitaker. 

The problem of selecting the appro
priate binding constant for EGT A is a 
general one in studies of the role of cal
cium. We recently attempted to estimate 
the primary Ca-£GTA binding constant 
ourselves, using calcium-specific elec
trodes filled with Ca-DOPP mixed with 
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DOPP-n7. We could only obtain accurate 
measurements of calcium when the 
apparent binding constant of EGT A for 
Ca was reduced in PIPES-buffered low 
pH (6.5) and the monovalent cation 
concentration was kept to 0.13 M. We 
measured an apparent binding constant, 
pK' = 5.3, corresponding to a primary Ca
EGTA binding constant of pK= 10.6. 
Since high pH8 and high ionic strength9 

are both reported to reduce the primary 
Ca-EGTA binding constant (but see ref. 
10), it seems that even our estimate for the 
Ca threshold of the cortical reaction 
(12 j.l.M) is too low. 

Baker and Whitaker also suggest that 
A TP is needed to maintain the cortical 
intracellular Ca store. We found that 
sperm, the Ca-transporting membrane 
ionophore A23187, and the partheno
genetic agent urea all release Ca from the 
same store!!. Quantitative estimates of 
the amount of Ca released2,!2 compared to 
the cortical reaction threshold, suggest 
that the store is released into a small frac
tion of the cytoplasm at the cortex. As the 
store is replenished and can be discharged 
again about 45 min after release (when the 
cortical vesicles are gone), it is unlikely to 
be associated with the cortical vesicles 
themselves. The calcium store may reside 
in a subsurface endoplasmic reticulum, 
but this has not yet been observed in the 
appropriate cortical region. The calcium 
may be bound directly to the membrane 
instead. 

We thank Sherwin Lee for help with the 
Ca-sensitive electrodes. 

ROBERT S. ZUCKER 
Department of Physiology-Anatomy 

RICHARD A. STEINHARDT 
Department of Zoology, 
University of California, 
Berkeley, California 94720 

1. Baker, P. F. & Whitaker, M. J, Narure 276, 515-517 
(1978). 

2. Steinhardt, R., Zucker, R. & Schatten. G. Devi BioI. 58, 
185-196 (1977). 

3. Portzehl, H., Caldwell, P. C. & Ruegg, J. C. Biochim, 
biophys. Acta 79,581-591 (1964). 

4. Sillen, L. G. & Martel, A. E. Stability Constants of Metal 
Ion Complexes, 697 (The Chemical Society, London, 
1964). 

5. Blinks, J. R., Prendergast, F. G. & Allen. D. G. Pharmac. 
Rev, 28, 1-93 (1976). 

6. Ogawa, Y. 1. Biochem. 64, 255-257 (1968). 
7. Ruzicka. J., Hansen. E. H. & Tjell. 1. C. Analyt. Chim. 

Acta 67,154-178 (1973). 
8. Kim, Y. S. & Padilla, G, M, Analyt. Biochem. 89, 521-528 

(1978). 
9. Dipolo, R. eral. 1. gen. Physiol. 67, 433--467 (1976). 

10. Godt, R. E. I, Ren. Physiol. 63,722-739 (1974). 
11. Zucker, R. S., Steinhardt, R. A. & Winkler, M. M. Devl 

Bioi. 65, 285-295 (1978). 
12. Zucker, R. S. & Steinhardt, R. A. Biochim. biophys. Acta 

541,459--466 (1978). 

BAKER AND WHITAKER REPLY-We 

are delighted that Zucker and Steinhardt 
find no serious disagreement between 
their results and ours. 

It is unfortunate that one cannot be sure 
of the value of the free calcium concen
tration in physiological solutions buffered 
with EGT A to within half an order of 
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magnitude. As Steinhardt et al. pointed 
oue the most one can do is to specify total 
calcium, magnesium and EGTA concen
tration so that, should reliable affinity 
constants become available, the free cal
cium data may be recalculated. Although 
monovalent cation concentrations were 
not identical, a rather direct comparison 
of the results obtained on British and 
American urchins is possible because the 
calcium buffers used in our experiments2 

were made up in the same proportions of 
calcium, magnesium and EGT A as those 
specified in the study of the cortices of 
Lytechinus, 

Much of the apparent discrepancy 
stems from Zucker and Steinhardt's 
somewhat peculiar definition of 
'threshold' for cortical granule release as 
the calcium concentration giving release 
of 95% of the granules, Although the 
release of individual granules is an all-or
none process, our observations suggest 
that in a population of granules the rate of 
discharge is a smooth function of calcium 
concentration. Physiologically, it is likely 
that the abrupt onset of the cortical reac
tion can be attributed to the release of 
large amounts of calcium from a store3

• In 
the presence of 5 mM A TP, a calcium test 
solution2 which according to Steinhardt et 
at. 1 contains 1 j.l.M free calcium, initiates a 
cortical response which spreads as we 
have described and has discharged all the 
cortical granules within 2 min. At higher 
calcium concentrations the rate of dis
charge of the granules (expressed as a 
percentage of the total number) increases. 
A calcium activation curve obtained by 
scoring the proportion of granules 
remaining at 30 s has a similar half point to 
the data (Fig. 2a of ref. 2) for eggs sub
jected to high voltage discharge in sol
utions of different calcium concentration. 
Again, using the constant of Steinhardt et 
at. 1 the half activation point is about 
3 j.l.M, although its position will depend on 
the time after addition of calcium at which 
the reaction is assessed. At its fastest, the 
discharge of cortical granules over the 
whole cortical fragment takes about half a 
minute. This is not dissimilar to the rate in 
viv0 4

• Without information as to the time 
of observation, the half point of activation 
in the cortices of Lytechinus cannot 
strictly be estimated, but might at its 
lowest be 6 j.l.M. At worst, as it is not clear 
whether concentrations of calcium less 
than 12 j.l.M cause any granule discharge 
in Lytechinus, there remains an order of 
magnitude difference between the two 
species in the lowest calcium concen
tration which has been demonstrated to 
produce a cortical response, 

Although this difference in the affinity 
of the cortical reaction for calcium in the 
eggs of the British and American urchins 
may well have its explanation in species 
differences, or the uncertainties in free 
calcium concentration, our observations 
as to the critical importance of A TP 
in maintaining the properties of the 
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