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saccharide moiety on their surface, as do the Sponge colla- 
gen fibers ~t and the spongin 1~. As pointed out by MOS- 
CONA 1, the interactions between the cell surface and the 
extracellular components appear of particular interest in 
the organization of cells into developmental patterns. 

Besides its supposed aggregation properties, this mu- 
copolysaccharide layer could assume a large range of 
functions. I t  is wellknown that  sialic acid or acid mucopoly- 
saccharides carry a high density of negative charges. Such 
an anionic distribution in the immediate vicinity of cells 
can act as an ion exchange system and effect the rates 

of diffusion of charged substances 1~, thus controlling the 
metabolic and electrical n pathways of the cells. Modifica- 
tions of this environment  can cause distortions of cell in- 
teractions as is the case with malignant  and some non- 
malignant  cells is. Therefore, one could expect tha t  the 
properties of the cell coat would not  be the same in motile 
cells such as archeocytes, in t ightly packed cells such as 
choanocytes or in surface pinacocytes, I t  has also been 
suggested that  the mucopolysaccharide cell coat plays an 
active par t  in membranar  aspects of collagen fibrillogene- 
sis 1~, so 
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Fig. 4. Hippospongia communis Lmk. Silver proteinate staining. 
Arrows indicate the cell coat. gl, glycogen. 

Rdsumd. A l'aide de diverses techniques (rouge de ru- 
th6nium, APT, acide p~riodique-TCH-prot6inate d'ar- 
gent), un rev~tement de nature mucopolysaccharidique 
est mis en ~vidence ~ la p6riph6rie des cellules d'Eponges. 
Le r61e et la signification de cette structure sont analys6s. 
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Uptake of Metabolic CO, by the Otoliths of the Chick Embryo 

The ototiths of the chick embryo consist of calcium carbo- 
nate in the form of calcite 1, and of an organic matrix made 
up of a protein of non-collagenous nature and of a com- 
plex mucous substance, the structure of which contains 
various carboxylic and sulphuric radicals s, 8. Earlier studies 
have shown that  when chick embryos are treated immedia- 
tely after the beginning of their morphogenesis, i.e. after 4 
days of incubation, with carbonic anhydrase inhibitors 
(acetazolamide, dichlorophenamide, etoxizolamide, nep- 
tazane) 4, ~, injected into the white of the egg, the forma- 
t ion of the otoliths is inhibited in a large proportion of the 
embryos treated. 

Carbonic anhydrase is demonstrable histochemically in 
the 5-day-old embryo and is confined to the epithelium 
of the endolymphatic sac. Following the administration 
of the above-mentioned inhibitors, the carbonic anhydrase 
is not  detectable e. 

These findings indicate tha t  carbonic anhydrase plays 
an important  part  in the morphogenesis of the otoconia 
of the chick embryo. The morphogenesis of the otoliths 
of the chick embryo appears similar to the formation of 
the shell of the chicken egg t I t  has been demonstrated that  
carbonic anhydrase is present in the oviduct of hens, and 
that  the development of the shell is inhibited when these 
animals are treated with specific inhibitors of carbonic 
anhydrase s, 9. 

The most widely accepted hypotheses concerning the 
deposition of calcium carbonate in the egg shell are those 
of  GUTOWSKA a n d  MIT.CHELLI°: 

Blood Shell gland Lumen 
2HCO~ * 2HCO~--~ H~CO3 + COl---* CO~---~ Egg shell 

~ arbonic anhydrase 

HsO + COs 

and of DIAMANTSTEIN XX in which the shell glands derive 
the carbonate ions from their own metabolic production 
of COs 

Blood Shell gland Lumen 
Metabolic CO8+H20 

C.A. deposited as CaCO 3 Intracenular 

HsCO S 

H+~ H+ + HC0~----~ HC0~ ~H++C0~ 

The latter theory is supported by the presence of 
carbonic anhydrase in the gland cells, with the pH values 
of the venous blood observed during the formation of the 
shell 18,18, and with the fluctuations of bicarbonate in the 
blood during this process. This theory postulates tha t  
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w h e n  t h e  c a r b o n a t e  ion  is f o r m e d  f rom b i c a r b o n a t e ,  a 
p r o t o n  is fo rmed .  

R e c e n t  i n v e s t i g a t i o n s  b y  CAMPBELL a n d  SPEEG 14 t e n d  
to  c o n f i r m  t h e  c o n c e p t  t h a t  t h i s  p r o t o n  is n e u t r a l i z e d  
acco rd ing  t o  t h e  fo l lowing r e a c t i o n :  

NHs+H+ ~ NH,+ 

Thus ,  t h e  role of N H  3 in t h e  biological  depos i t i on  of CaCO s 
(bo th  in  mol luscs  a n d  in  t h e  f o r m a t i o n  of t h e  shel l  of 
av ians )  c an  be  s u m m e d  u p  in  t h e  fo l lowing r e a c t i o n :  

NH a + HCO~ + Ca 2~ r- CaCOs + N H i  v 

Material and methods. I n  a n  a t t e m p t  to  ver i fy  w h e t h e r  
t h e  h y p o t h e s i s  a d v a n c e d  for  t h e  f o r m a t i o n  of t he  egg 
shel l  m i g h t  also be  v a l i d  for  t h e  f o r m a t i o n  of t h e  o to l i ths ,  
a n d  in  o rde r  to  e luc ida t e  t h e  o r ig in  of t h e  CO~- ion  d u r i n g  
t h i s  process,  c h i c k  e m b r y o s  h a v e  b e e n  t r e a t e d  w i t h  
NaHCx4Os or  w i t h  Ca4H~Cx4OCI~OOH ( p y r u v a t e  un i -  
f o r m l y  labe l led  in  t h e  ca rbon) .  

W e  k n o w  t h a t  p y r u v i c  ac id  is c o m p l e t e l y  ox id ized  
acco rd ing  to  t h e  r e a c t i o n :  

CH 3 COCOOH + 50---~ 3CO s + 2H~O 

w i t h  t h e  f o r m a t i o n  of 3 CO z molecules  ( the  f i rs t  one  
p r o d u c e d  in i t i a l ly  in  t h e  f o r m a t i o n  of a c t y l  COA, a n d  t he  
o t h e r  two  d u r i n g  t h e  va r i ous  r eac t i ons  of t h e  K r e b s  cycle) 15 

The  NaHC140 s a n d  t h e  CI~HsC~OCx~OOH were  ino- 
cu l a t ed  in  doses  of 25 t~C in to  e m b r y o s  of 7 a n d  of 11 days '  
i n c u b a t i o n  ( the  s tage  of d e v e l o p m e n t  d u r i n g  w h i c h  t he  
m o r p h o g e n e s i s  of t h e  o tocon i a  t a k e s  place) .  T h e  e m b r y o s  
were  t h e n  f ixed  in  alcohol ,  2, 4, 6 a n d  24 h a f t e r  t h e  injec-  
t ions .  

Before  t h e  a u t o r a d i o g r a m s  were  made ,  some  sect ions ,  
of m a t e r i a l  f r o m  a n i m a l s  t r e a t e d  w i t h  p y r u v a t e  a n d  f rom 
a n i m a l s  t r e a t e d  w i t h  b i c a r b o n a t e ,  were  s u b j e c t e d  to  slow 
deca lc i f i ca t ion  w i t h  phys io log ica l  so lu t ion  a t  p H  6.7 a t  
37°C for  17 h la. 

Differences of the uptake of C 14 into otoliths of embryos treated with 
NaHCa403 or with CX*HsCX*OCt4OOH on the l l t h  day of incubation, 
and sacrificed 6 h after the injection 

~ S.E. S.D. 

CaiHaC14OCtiOOH 69.900 :L 2.426 15.343 
NaHC14Os 4.175 ± 0.441 2.791 

t, 26.652; P < 0,001. ~, ar i thmetical  mean of the  grains 
present  in every otoli th;  s.c., s tandard  error; S.D., Standard 
deviation. 

A u t o r a d i o g r a m s  were t h e n  p r e p a r e d  us ing  t he  N T B - 3  
emu l s ion  of KODAKXL T h e  exposu re  t i m e s  va r i ed  f rom 
20 t o  40 days .  

Results. I n  t h e  T a b l e  we h a v e  l i s ted  t h e  r e su l t s  of  one  
of a n u m b e r  of e x p e r i m e n t s ,  al l  of w h i c h  h a v e  g iven  
iden t i ca l  r e su l t s  (in each  e x p e r i m e n t ,  t h e  g ra ins  a s soc ia t ed  
w i t h  e a c h  i n d i v i d u a l  o t o l i t h  were  coun ted .  100 o to l i t h s  
were  e x a m i n e d  pe r  embryo) .  

T h e  n u m b e r  of g ra ins  p r e s e n t  ove r  e v e r y  o t o l i t h  in- 
c reased  in  co r r e spondence  w i t h  t h e  p r o l o n g a t i o n  of t i m e  
i n t e r v a l  b e t w e e n  t h e  i so tope  i n j ec t i on  a n d  t h e  sacr i f ice  
of t h e  embryo .  T h e  s tud ies  of t he  m a t e r i a l  t r e a t e d  in t h e  
m a n n e r  desc r ibed  a b o v e  h a v e  revea led  a s l igh t  a n d  selec- 
t i ve  u p t a k e  of C 14 b y  o to l i t h s  of e m b r y o s  t r e a t e d  w i t h  
labe l led  b i c a r b o n a t e .  I n  decalc i f ied ma te r i a l ,  t h i s  u p t a k e  
was  o n l y  s l igh t ly  d iscernible ,  d e m o n s t r a t i n g  t h e  u t i l i -  
z a t ion  of C1*O~ - in  ca lc i f ica t ion .  A g r ea t e r  u p t a k e  of C 1. 
was  f o u n d  in t h e  o t o c o n i a  of e m b r y o s  t r e a t e d  w i t h  p y r u -  
va t e .  H o w e v e r ,  t h i s  u p t a k e  in p r e v i o u s l y  decalc i f ied  
m a t e r i a l  was  o n l y  a b o u t  1 / 6 0 t h  of t h a t  f o u n d  in  non -  
deca lc i f ied  ma te r i a l .  Th i s  c an  b e  e x p l a i n e d  if we p o s t u l a t e  
t h a t  t h e  g r e a t e r  p o r t i o n  of t h e  C 1* de r i ved  f rom the  p y r u -  
v a t e  is u t i l i zed  in t h e  f o r m a t i o n  of t h e  CO~-, a n d  a sma l l e r  
p o r t i o n  is i n c o r p o r a t e d  in to  t h e  organic  m a t r i x  of t h e  
o toconia .  

Discussion and conclusion. These  f ind ings  i nd i ca t e  t h a t  
t h e  CO~ - of t h e  ca lc ium c a r b o n a t e  of t he  o to l i t h s  o r ig ina tes  
f rom b lood  b i c a r b o n a t e  a n d  m e t a b o l i c  CO v The  p ropor -  
t i o n a l l y  l a rger  u t i l i z a t i on  of p y r u v a t e  (14 t i m e s  g rea t e r  
t h a n  b i c a r b o n a t e )  i nd ica t e s  t h e  m e t a b o l i c  source  as t h e  
m o s t  i m p o r t a n t  ana logous  t o  t h e  f o r m a t i o n  of t h e  ske l e ton  
of cora ls  xs 

F u r t h e r m o r e ,  t h e  f ind ings  c o r r o b o r a t e  t he  h y p o t h e s i s  
of  DIAMANTSTEm which ,  accord ing ly ,  m a y  also b e  used  to  
e x p l a i n  t h e  m e c h a n i s m  of depos i t i on  of c a l c ium c a r b o n a t e  
in  t h e  o to l i t h s  of t h e  c h i c k e n  e m b r y o .  T h i s  h y p o t h e s i s  is 
also in a g r e e m e n t  w i t h  t h e  p resence  of ca rbon ic  a n h y d r a s e  
in t h e  m e m b r a n o u s  l a b y r i n t h  1' a n d  w i t h  t h e  resu l t s  of 
e x p e r i m e n t s  ca r r i ed  o u t  w i t h  i n h i b i t o r s  of ca rbon ic  a n h y -  
drase.  

Riassunto. Viene  c o n d o t t o  uno  s tud io  su l la  u t i l i zzaz ione  
del l '  NaHC14Os e CI*HsCI*OCx*OOH nel  processo di calci-  
f icaz ione  degl i  o to l i t i  d e l l ' e m b r i o n e  di  pollo,  I r i s u l t a t i  
del le  i ndag in i  c o n d o t t e  h a n n o  messo  in e v i d e n z a  la p r e v a -  
l en t e  u t i l i zzaz ione  de l la  CO,  m e t a b o l i c a  in  t a l e  processo.  
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