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v e n t  prote in  crossl inking can give in format ion  on the  
na tu re  of the  l inks in te rven ing  in the  fo rmat ion  of the  
fer t i l iza t ion membrane .  W e  shall  examine  here  the  effects  
of some inhibi tors  of col lagen and e las t in  crossl inking on 
the  dif ferenciat ion of the  fer t i l iza t ion membrane .  I n  a 
p recedent  paper  3 we have  examined  the  in v i t ro  ac t ion  of 
glycine ester, an  inh ib i to r  of f ibr in  po lymer iza t ion .  Gly-  
cine e thy l  ester,  a t  h igh  concent ra t ion ,  p r e v e n t e d  the  
hardening  of the  m e m b r a n e  in t he  eggs of Strongylo- 
centrotus purpuratus. The  m e m b r a n e  did no t  s tabi l ize  and 
was dissolved by  a su l fhydryl  reagent ,  the  mercap toe tha -  
nol. We  have s tudied o ther  substances  m u c h  more  ac t ive  
t h a n  glycine e thy l  ester,  such as penici l lamine,  isoniazid, 
benzhydrazide ,  benzylhydraz ine .  The  effects  of semicar-  
bazide  were  also studied.  

All  of these  exper iments  were m a d e  wi th  t he  eggs of the  
sea urchin  Paracentrotus lividus. The  unfer t i l ized eggs 
were incuba ted  for 5 min  in t he  solut ion of chemica ls  in 
sea water .  The  fer t i l iza t ion took  place in the  solut ion.  DL- 
penici l lamine,  isoniazid (isonicotinic acid hydrazide) ,  
benzy lhydraz ine  d ihydrochlor ide ,  benzhydraz ide  and se- 
micarbaz ide  hydrochlor ide  were  dissolved in sea wa te r  
and,  if  necessary,  t he  p H  was ad jus ted  to  8.2, correspond-  
ing to  t he  p H  of normal  sea water .  

The  cont ro l  eggs deve loped  a fer t i l iza t ion  m e m b r a n e  
which was dissolved by  mercap toe thano l  (30~/o) only  
dur ing the  iew min  fol lowing its format ion.  Af te r  th is  
point ,  the  m e m b r a n e  was no longer  dissolved by  mercap-  
toe thanol .  

The  eggs t rea ted  in the  presence of penic i l lamine  
(1 × 10-2M, 2 × 10-SM and 1 × 10-3M) produced  a mem-  
brane  as qu ick ly  and as high as in the  cont ro l  eggs. The  
membranes  appeared  th inner  in t he  t r ea ted  eggs observed  
wi th  l ight  microscope and in dark  field. The  membranes  
were dissolved by  mercap toe thano l  f rom the i r  fo rmat ion  
unt i l  several  hours  later.  In  a h igh  percen tage  of eggs, the  
fer t i l iza t ion membranes  dissolved af ter  a few hours  of con- 
t ac t  wi th  penici l lamine.  

W i t h  isoniazid (1 × 10-ZM and 2 × 10-3M) fer t i l iza t ion  
membranes  were p roduced  regularly.  T h e y  were th inne r  
t h a n  normal  membranes .  T h e y  were dissolved by  mercap-  
toe thano l  unt i l  several  hours  af ter  the i r  format ion .  W i t h  
(1 × 10-3M) only 50% of the  m e m b r a n e  can be dissolved 
by  mercap toe thano l  several  hours  a f te r  the i r  format ion.  
The  membranes  ex tended  considerably  wi thou t  dissolving.  
In  cont ras t  to  the  eggs t rea ted  by  penici l lamine,  no 
spontaneous  dissolut ion of the  m e m b r a n e s  was observed 
wi th  isoniazid. 

S imi lar  results  were ob ta ined  wi th  benzy lhydraz ine  and 
benzhydraz ide  (1 × 10-ZM, 2 × 10-3M and 1 × 10-SM). Se- 
micarbaz ide  hydrochlor ide  is ac t ive  a t  h igher  concentra-  
tions. The  fo rmat ion  of the  fer t i l iza t ion m e m b r a n e  is eli- 
ci ted a t  the  concen t ra t ion  (5 × 10~-M and 2 × 10-~M). The  
th in  m e m b r a n e s  ob ta ined  were dissolved by  mercap to-  
e thano l  un t i l  several  hours  af ter  the i r  fo rmat ion .  

The  normal  fer t i l iza t ion m e m b r a n e  is d issolved by  
mercap toe thano l  dur ing  the  shor t  s tage  of assembly.  This  
resul t  suggested t h a t  t h e  fo rma t ion  of S-S bonds  inter-  
vene  in this  phase of t he  d i f ferencia t ion  of t he  membrane .  
The  resis tance of the  m e m b r a n e  to  the  dissolving ac t ion  of 
m e rcap toe thano l  dur ing  the  ha rden ing  s tage  appears  to  be 

due to the  fo rmat ion  of new bonds. These new bonds 
should be responsible  of the  hardening  of the  membrane .  
The  fo rmat ion  of these  new bonds can be p reven ted  by  
penici l lamine,  isoniazid and o ther  reagents  s tudied  here. 
In  consequence the  fer t i l iza t ion m e m b r a n e  preserved  i ts  
sensibi l i ty  to  the  dissolving act ion of mercap toe thanol .  

The  effects of these  chemicals  on collagen and  elast in 
crossl inking have  suggested the  role of a ldehydes  der ived 
f rom the ox ida t ion  of lysine side chain in the  in termolecu-  
lar  crosslinking. Var ious  mechan i sms  h a v e  been proposed : 
t he  aldol condensat ion  of the  &semi  a ldehydes  der ived  
f rom hydroxy lys ine  and lysine 4,5, t he  fo rmat ion  of  a 
Schiff  base be tween  an a ldehyde  der ived  f rom the  oxida-  
t ion of lysine side chain  and the  e-NH~ of a lysine resi- 
due4, ~, 7. Pen ic i l l amineS  iproniazide L semicarbaz ide  ~o 
h a v e  been shown to  a l te r  t he  s tab i l i ty  of col lagen fibres, 
p robab ly  by  decreasing in te rmolecu la r  bonding.  The  in- 
h ib i t ion  of crossl inking by  penic i l tamine  should invo lve  a 
revers ible  in te rac t ion  w i t h  the  a ldehydes  p resen t  in t ro-  
pocol lagen s Isoniazid,  semicarbaz ide  and  o ther  hydraz ides  
can  reac t  w i th  aldehydes.  A n u m b e r  of these  chemica ls  in- 
h ib i ted  amino  oxidases n.  The  r edu t t ion  of lys ine  oxida-  
t ion  in these  condi t ions  should decrease t he  in te rmolecu la r  
crosslinking. 

On  the  basis of t he  effects  of the  chemicals  s tudied  on 
the  s tab i l i ty  of col lagen and elast in  on the  one hand,  and  
on the  fer t i l iza t ion m e m b r a n e  on t h e  o the r  hand,  i t  
appears  t h a t  some s imilar  crossl inking m a y  be  invo lved  
in the  s tabi l iza t ion of t he  fer t i l iza t ion m e m b r a n e  in the  
sea urchin  egg. 

Rdsumd. La s tabi l iza t ion de la m e m b r a n e  de f6conda- 
t ion de l '0euf de l 'Ours in  Paracentrotus lividus est  inhib~e 
par  la p6nicil lamine, l ' isoniazide,  les hydraz ines  benzyl ique  
et  benzo~que et  la semicarbazide.  Les effets  de ces subs- 
tances  sont  interpr6t~s sur  la base de leur  ac t ion  inhibi-  
t r ice sur la fo rmat ion  de certaLnes liaisons t ransversa les  
intermoMculaires.  Ces l iaisons pou r r a i en t  impl iquer ,  
c o m m e  chez le collag~ne et  l '~last ine,  des groupes ald6- 
hydes  associ~s ent re  eux par  condensa t ion  de t y p e  aldol  
ou avec  de gronpes amin6s avec  fo rmat ion  de base de 
Schiff.  
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Electron Microscopy of a Mucopolysaccharide Cell Coat in Sponges  

D e v e l o p m e n t a l  b io logy has  been g rea t ly  inf luenced by  
the  resul ts  which  h a v e  arisen f rom the  s t udy  of cel lular  ag- 
gregat ion  in SpongesL Analys is  of th is  p h e n o m e n o n  has  
led in i t i a l ly  to  t he  conclusion t h a t  t he  chemis t ry  of t he  

Sponge cell  surface m u s t  be  responsible  for t he  exp lana-  
t ion  of th is  mechanism,  and  subsequen t ly  t h a t  mucopoty-  
saccharides,  no rma l ly  p resen t  a t  t he  cell  surface, appear  to  
d o m i n a t e  this  aspect  of Sponge cell  behav iour  1-8. 
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W i t h  c y t o c h e m i c a l  m e t h o d s  now a v a i l a b l e  in  e lec t ron  
microscopy ,  t h i s  b iochemica l  ev idence  is g iven  s t r o n g  
morpho log i ca l  suppor t .  Thus ,  in  severa l  Sponges,  LUFT'S 
r u t h e n i u m  red  m e t h o d  4 r evea l s  a n  e l ec t ron  dense  layer ,  
200 /k  th ick ,  closely a s soc ia t ed  w i t h  t h e  ou t e r  leaf le t  of t h e  
p l a s m a  m e m b r a n e  in  a l l  cell  t y p e s  (Figures  1 a n d  2). Ac- 
co rd ing  to  LUFT s, t h i s  depos i t  co r r e sponds  spec i f ica l ly  to  
a n  ac id  m u c o p o l y s a c c h a r i d e - r i c h  m a t r i x .  Howeve r ,  t h e  
poo r  p e n e t r a t i o n  of t h e  s t a i n  m a k e s  t h i s  r eac t i on  useful  
o n l y  for  Sponges  w i t h  a l i g h t  m e s e n c h y m e  (e.g. Haliclona), 
whereas  s t a i n i n g  b y  p h o s p h o t u n g s t i c  ac id  a t  low p H  on  
u l t r a - t h i n  sec t ions  of m a t e r i a l  f ixed in  g l u t a r a l d e h y d e  
a n d  e m b e d d e d  in  glycol  m e t h a c r y l a t e  s, 7 p r o v i d e s  re l iab le  
ev idence  of a n  e x t r a n e o u s  cell coat ,  even  in Sponges  w i t h  
la rge  a m o u n t s  of mesoglea  (e.g. Chondrilla, Tethya, Hip- 
pospongia). T h e  s t a i ned  ou t l i ne  of t h e  p i n o c y t o t i c  vesicles  
is t h e n  p a r t i c u l a r l y  obv ious  (F igure  3). A l t h o u g h  phos-  

p h o t u n g s t i c  acid in  s t rong ly  acidic  so lu t ions  is cons ide red  
as a n  e l ec t ron  s t a i n  for co mp l ex  c a r b o h y d r a t e s  s, i ts  h i s to-  
chemica l  spec i f ic i ty  is st i l l  in  q u e s t i o n L  Therefore ,  t h e  
a l d e h y d e  groups,  a p p e a r i n g  in p o l y s a c c h a r i d e  cha ins  
fo l lowing per iodic  acid ox ida t ion ,  h a v e  b e e n  d e t e c t e d  b y  
t h i o c a r b o h y d r a z i d e  r evea led  b y  t h e  a d d i t i o n  of s i lver  pro-  
t e i n a t e  ~° T h i s  r eac t i on  s t a in s  t h e  cell coa t  h e a v i l y  a n d  
f u r t h e r m o r e  m a k e s  v i s ib le  o t h e r  po ly saccha r ide  s t ruc tu res ,  
s u c h  as  g lycogen  (F igure  4). 

T h e  t e c h n i c a l  p rocedure s  e m p l o y e d  do  n o t  p e r m i t  us  to  
see t h e  u n i t  pa r t i c l e s  t h a t  p r e d o m i n a n t l y  compr i se  t h e  sur-  
face c o m p o n e n t  i n v o l v e d  in  cell  aggrega t ion ,  a t  l eas t  u s ing  
h i g h - s p e e d  c e n t r i f u g a t i o n  as  a m e t h o d  of i so la t ion  1, n 

Howeve r ,  w i t h  r u t h e n i u m  red  s ta in ing ,  t h e  m a c r o p h a g e  
cell coa t  of t h e  m o u s e  shows  a mosa ic  a p p e a r a n c e  a*. I n  t h e  
l igh t  of t h e  a b o v e  resul ts ,  t h e  o u t e r  m a t e r i a l  of t h e  p l a s m a  
m e m b r a n e  m u s t  c o n t a i n  acidic  g roups  a n d  co mp l ex  car-  

/ ", j •  

Fig. 1. Haliclona elegans Bow. Ruthenium red staining. Arrows indi- 
cate the cell coat. n, nucleus. 

Fig. 3. Chondrilla nucula O.S. PTA staining, n, nucleus; g, cell gra- 
nules; p, pinocytotic vesicles; arrows, cell coat. 

• , , 0.1  

Fig. 2. Haliclona elegans Bow. Ruthenium red staining, a) Note the 
cell coat (arrows) and the plasma membrane appearing below as a 
lighter line. b) Note the dense ruthenium red deposit between 2 adja- 
cent cells C1 and C2. 

b o h y d r a t e s  On  t h e  bas i s  of chemica l  ana lys i s  in  Spon-  
ges ~, 13, t h e  l a t t e r  m a y  be  g lycopro te ins ,  a n d  i t  would  t h u s  
be  r ea sonab le  to  t h i n k  t h a t  t h e y  ca r ry  acidic g roups  in t h e  
fo rm of sialic acid res idues.  Af te r  s ia l idase  t r e a t m e n t ,  
s t a i n i n g  b y  r u t h e n i u m  red  decreases  b u t  is n o t  c o m p l e t e l y  
r e m o v e d  ( u n p u b l i s h e d  obse rva t ions ) .  Hence,  g lycopro te ins  
a n d  ac id  m u c o p o l y s a c c h a r i d e s  m a y  b o t h  exis t .  W e  can  
the re fo re  a s c e r t a i n  t h a t  Sponge  cells possess  a m u e o p o l y -  
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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  


