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Immunofluorescence micrographs of hydra after incubation with 
antiserum against SP. The immunoreactivity is mainly present in 
the ectodermis (e) (A, B and D), in some gastrodermal (g) cells (B, 
C) and absent from the mesoglea (arrow) (A, B and D). Bars 
represent 10 ~tm. 

hydra head activator (HHA) 9, a small peptide extracted 
f rom hydra which shares several common properties with 
SP. Both are peptides of  comparable  mol. wt 9't~ are present 
in nerve cells 3'9, in nerve vesicles of  comparable  size 9A1 and 
are able to stimulate head and tentacle regeneration in 
hydra ~,~2. Fur ther  experiments are in progress in order  to 
decide i f  H H A  and SP are the same molecule  or not. 
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Summary. During development ,  the egg a lbumen of  calcified land snail eggs becomes more and more acid, correlated 
directly with a constant rise in the calcium concentration of  this albumen. It is suggested that the developing embryo 
releases some acid metaboli te  and the subsequent change in a lbumen pH aids in embryonic absorption of  the CaCO 3 
(calcite) egg shell, used for making the embryonic  body shell or skeleton (CaCO 3 in the form of  aragonite). 

Recent  studies have made it clear that pulmonate  land snail land have also been found to resorb egg shell calcium 
embryos utilize egg shell calcium because not enough during development ,  as in the prosobranch Pomacea 3 and 
calcium is provided in the egg contents, i.e. egg a lbumen 1'1. the soleoliferan Veronicella 4. While  calcium metabol ism of  
Some other groups of  gastropods which lay their eggs on the reproducing an!real has been examined 5 no informat ion 
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Fig. 1. pH of the egg albumen of Strophocheilus oblongus as a 
function of embryonic size. Snails hatch in 60 days at room 
temperature, and 2-cm-long eggs hatch out 2-cm-long (maximum 
shell diameter) snails. (Conversion of the size measurements to a 
logarithmic scale results in a straight line graph.) 
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Fig. 2. Calcium concentration (mM) of egg albumen as a function 
of albumen pH. The x-axis has been oriented so that pH decreases 
from left to right, i.e. increases in acidity from left to right. Each 
point is the average of triplicate determinations; SDs are too small 
to be shown (r= 0.85, t < 0.01). 

is yet available on what kinds of  changes occur in develop- 
ing eggs, explaining how the egg shell is resorbed, For  this 
study, the rather large eggs of the giant South American 
land snail Strophocheilus oblongus (Gastropoda Pulmona- 
ta; Mollusca) were investigated during their development. 
Materials and methods. Eggs laid by adult snails were kept 
in moist soil; approximate hatching time at room tempera- 
ture was 60 days. When eggs were ready for examination, a 
3-mm diameter hole was cut through the shell, and the 
entire tip of  a combination glass pH microelectrode was 
inserted at least 5 mm into the egg contents and readings 
were taken in triplicate. The entire egg was then cracked 
into two pieces, the albumen collected in a small test tube 
and the pH checked again within 60 sec. For  calcium 
analysis, 10-gl samples of  albumen were taken with glass 
capillary tubing, Each 10-gl sample was diluted with 1,17% 
La20 3 in 5% (v/v) HC1 in plastic tubes, and analyzed for 
total calcium with a Perkin Elmer 272 atomic absorption 
spectrophotometer operating at 422.7 nm. Lanthanum is 
used to prevent interference by other elements. 
Results and discussion. The relationship between embryonic 
size (maximum diameter of  embryonic shell) and albumen 
pH is given in figure 1. At initial egg deposition, the 
albumen is slightly alkaline, being near pH 8.0. From this 
point on, the pH rapidly drops throughout development 
reaching 6.6 by the time of  hatching. 
Figure 2 illustrates the relationship between pH and cal- 
cium concentration (total calcium) of  the egg albumen 
during development. There is a strong correlation ( r=  0.85) 
between pH and calcium content of the albumen fluid. The 
calcium concentration changes from an initial 6 mM to 
about 17 mM or slightly higher by the time of  hatching, 
when the pH is 6.6. 
In the hen's egg, the pH of  the egg white falls during 
incubation from an initial 9.0 to 7.0 by day 156. Oviducal 
egg albumen (egg white) has a pH of  6.7, but becomes 9.0 
in the newly laid egg; this high alkalinity is presumed to be 
the result of  CO 2 loss. The pH of  yolk in a developing hen's 
egg starts at an initial 4.5 and rises during development 
until it reaches about 7.0 by the 15th day 6. 
The chick, like the embryonic snail, dissolves some of  the 
egg shell in order to form its calcified skeleton during 
development. The total calcium contained in the hen's egg 
albumen changes from 3.1 mg to 3.5 mg from days 4-16, 
while the total calcium contained in the yolk sac changes 
from 16.8 to 30.9 mg from days 4-207. Because the amount 
of albumen of  each egg decreases during development, the 

above calcium values represent a significant increase in the 
calcium concentration (per ml albumen), as with the gastro- 
pod egg. 
Thinning of  Strophocheilus" egg shell is readily noticed by 
the end of  incubation as the eggs become more translucent 
and extremely brittle, just like avian eggs. Even more 
striking is the similarity between the 2 types of  eggs in that 
the egg shell membrane of both avian and snail egg is 
firmly embedded in the calcite shell initially, but lifts off 
and separates toward the end of  incubation. 
Almost nothing is known about the metabolism of snail 
embryos with respect to calcium mobilization or pH regula- 
tion. The data presented here is consistent with the hypo- 
thesis that the growing embryo releases an acidic metabo- 
lite into the albumen fluid, causing egg shell dissolution. 
Whether this agent is CO2, converted to carbonic acid, or 
something else is not known presently. It is possible that a 
large embryonic organ called the podocyst, which enve- 
lopes the inside of  the egg shell surface, is responsible for 
dissolution and uptake of  calcium from the shell, via the 
albumen. This organ is much like the avian chorio-allantoic 
membrane in appearance, and may actually function like 
the chorio-allantois in promoting active uptake of egg shell 
calcium; it is already known to be pinocytotic in function 8. 
Another possibility is that the podocyst is not involved in 
calcium uptake, but that as the embryo ingests albumen 
through its mouth, it receives enough calcium by absorp- 
tion through the gut wall. The 3rd possibility is that once 
the acidity of the albumen fluid increases the latter's 
calcium concentration, the embryonic shell gland 
(=  mantle) takes up this vital cation directly from albumen 
to form the body shell. Research is now in progress to 
answer this question and to see just how closely similar is 
embryonic transport of calcium from the egg shells of birds 
and certain molluscs. 
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