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a n d  v i ra l  p ro t e in s  for t he i r  g lyc ine /a l an ine  r a t io  14. W h e n  
t a k e n  toge ther ,  t he  overa l l  g lyc ine- to -a lan ine  ra t io  of 
c y t o c h r o m e  C (Neurospora), fe r r idoxin  (Clostridium), 
t obacco  mosaic  virus,  r ibonuc lease  (Aspergillus)+ t r y p t o -  
p h a n  s y n t h e s a s e  (E. coli), and  azur in  (Pseudomonas) 
is 1.0. Th i s  r a t io  m a y  be  c o m p a r e d  to t he  r epo r t ed  ra t io  
of 60 for p r e c a m b r i a n  samples .  The  large dif ference 
be tween  c o n t e m p o r a r y  o rgan i sms  a n d  t he  microfossi ls  
c a n n o t  be  exp la ined  b y  a dif ference in amino  acid degra-  
d a t i o n  ra tes .  I t  is of i n t e r e s t  to  no te  t h a t  ou r  s y n t h e t i c  
(abiotic) g lyc ine /a l an ine  r a t io  of 14 (Table) is s ign i f i can t ly  
closer to  t he  fossil ra t io .  

The  molecu la r  m e c h a n i s m  invo lved  in t he  f o r m a t i o n  
of t he  complex  t h i o c y a n a t e  s t ruc tu re s  descr ibed  here  is 
unclear .  However ,  we h a v e  d e m o n s t r a t e d  t h a t  u n d e r  
p laus ib le  p r i m i t i v e  e a r t h  cond i t ions  such f o r m a t i o n  is a 
s p o n t a n e o u s  occurrence.  F u r t h e r m o r e ,  we h a v e  obse rved  
morpho logy ,  chemica l  composi t ion ,  and  s t ab i l i t y  also 
found  in geological  microfossils .  These  resu l t s  sugges t  

t h a t  t he  microfossi ls  m a y  ac tua l ly  be  r e m n a n t s  of cell 
p recursors  or t h a t  t he  ear l iest  ceils possessed a bio- 
c h e m i s t r y  s ign i f i can t ly  d i f fe ren t  f rom t h a t  found  in 
p r e sen t  day  organ isms .  I n  a n y  case, t he  need for more  
careful  e v a l u a t i o n  of t he  s ignif icance of these  micro-  
fossils is c lear ly po in t ed  ou t  15. 

Rdsumd. Les microsphgres  o b t e n u e s  p a r  i r r ad ia t ion  U V  
du t h i o c y a n a t e  d ' a m m o n i u m  son t  compar6es  du  po in t  
de vue  morpho log ique ,  ch imique  et  de cer ta ines  pro- 
pri6t6s phys iques ,  ~ ce r ta ins  microfossi les  p r6cambr iens .  
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Amino acid analysis of irradiated NH4SCN microspheres following 
hydrolysis 

Time of Glycine Alanine Glycine 
irradiation (rain) p,M/mM NH4SCN ~zM/mM NH4SCN alanine 

75 0.14 0 - 
195 3.22 0.23 14 
315 0.38 0.17 2.23 

13 p. H. ABELSON, in Researches in Geochemistry (Ed. P. H. ABELSON; 
John Wiley, New York 1959), p. 79. 

14 R. V. ECK and M. O. DAYttOFF, Atlas o/Protein Sequence and Struc- 
ture (National Biomedical Research Foundation, Silver Springs, 
Md. 1966). 
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A x o - S o m a t i c  S y n a p s e s  in  P r o c e r e b r u m  of  G a s t r o p o d a  

Cent ra l  synapses  of G a s t r o p o d e  molluscs  are genera l ly  
bel ieved to  be of axo-axon ic  t y p e  l& I n  fac t  no axo-  
somat i c  synapses  h a v e  been  found  e lec t ron-microscopi -  
cally in gangl ia  of d i f fe ren t  Gas t ropode  species 3-e. I n  one 
case a synapse- l ike  profi le was  descr ibed in t r o p h o s p o n -  
g ium of cerebra l  gangl ia  of Glossodoris  7. E v e n  if t h i s  
was a n  axo - soma t i c  synapse ,  i t  was a v e r y  u n u s u a l  
p ic tu re  for th i s  t issue, where  synapses  were r epo r t ed  to  
be m a i n l y  axo-axon ic  t y p e L  So i t  is genera l ly  accep ted  
t h a t  in  Gas t ropodes  t he  bodies  of ne rve  cells do no t  
p l ay  a n y  role in  the  synap t i c  t r ansmiss ion ,  since the  s i te  
of i n t e r n e u r o n i c  c o n t a c t s  are res t r i c ted  to  t he  cen t r a l l y  
located  neuropi le .  

However ,  such  o r gan i za t i on  is no t  a genera l  ru le :  we 
were able  to  d e m o n s t r a t e  in t he  p r o c e r e b r u m  of t h e  
P u l m o n a t e s  Helix a n d  Limax a b u n d a n t  s t r u c t u r e s  t h a t  
were t yp ica l  axo- somat i c  synapses  so far  as t h e i r  mor -  
pho logy  is concerned .  

P r o c e r e b r a  of Helix pomatia a n d  of Limax cinema-niger 
were f ixed in 1.5 % OsO 4 buf fe red  w i t h  collidine, e m b e d d e d  
in D u r c u p a n  ACM, cu t  on t he  L K B  U l t r o t o m  I I I .  Sec- 
t ions  were c o n t r a s t e d  w i t h  lead c i t r a t e  and  e x a m i n e d  in 
t he  Tesla  B S  413A e lec t ron  microscope.  

L i g h t  microscopic  s tudies  h a v e  shown t h a t  t he  pro-  
c e r e b r u m  differs  in m a n y  respects  f rom typ ica l  Gas t ro-  
pode  gangl ia :  i ts  neuropi le  ha s  r a t h e r  a l a t e r a l  t h a n  
cen t r a l  pos i t ion  a n d  t he  cel lular  mass  consis ts  of v e r y  
smal l  (up to  10 [x in d iamete r )  uni form,  dense ly  packed  
neu rones  1. The  submicroscopic  o rgan iza t i on  of procere-  

bru in ,  a comple te  desc r ip t ion  of wh ich  we give elsewhere, 
is also pecul ia r  in  some respects .  Axo-somat i c  synapses  
are one of these  u n u s u a l  features .  

I n  b o t h  Helix a n d  Limax, t h e  p r e s y n a p t i c  end ings  in 
the  cel lular  mass  of t he  p r o c e r e b r u m  are of 2 types .  The  
f i rs t  t y p e  (Figure  1) con ta ins  dense-core  vesicles of a b o u t  
800-1200 ~ in d iamete r ,  while  t he  second t y p e  (Figure 2) 
con ta ins  c lus ters  of e m p t y  vesicles w i t h  a d i a m e t e r  of 
5-800 ~:  The  f ibres  g iv ing  or igin to t he  f i rs t  t y p e  endings,  
are usua l ly  t h i cke r  t h a n  those  of t he  second type,  t h o u g h  
in some o the r  respec ts  the re  are  s imi lar i t ies  be tween  
t h e m .  B o t h  t ypes  are var icose  f ibres cons i s t ing  of t h i n  
s egmen t s  a n d  e x p a n s i o n s  w i th  m i t o c h o n d r i a  a n d  synap t i c  
vesicles. Var icose  expans ions  of b o t h  types  are of ten 
con t ac t ed  w i t h  more  t h a n  1 ne rve  cell, some t imes  w i th  
3-5 cells. W i d e n i n g  of synap t i c  cleft  t yp ica l  for mollusc 

1 T. H.  BULLOCK a n d  G. A. HORRIDGE, Structure and Function in 
the Nervous Systems of Invertebrates (F reeman ,  San  Franc i sco  a n d  
L o n d o n  1965), vol .  2. 

2 L. TAUC, in Physiology o/ Molluscs (Academic  Press,  New York  
and L o n d o n  1966), vol.  2. 

3 H.  M. GERSCHENFELD, Z. Zellforsch. mikrosk .  Ana t .  60, 258 (1963). 
4 j .  ROSENBLUTti, Z. Zellforsch.  mik rosk .  A n a t .  60, 213 (1963). 
5 D. A. SAKHAROV, V. L. BOROVYAGIN a n d  I. Zs.-NAGY, Z. Zell- 

forseh,  mikrosk .  A n a t .  68, 660 (1965). 
6 R. E.  COGGESHALL, J .  Neurophys io l .  30, 1263 (1967). 
7 G. NICAISE, M. PAVANS DE CECCATTY a n d  C. BALEYDIER, Z. Zell- 

forsch,  mikrosk .  A n a t .  88, 470 (1968). 
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Fig. 1. Axo-solnatic contact of the first type in procerebrum of Helix Fig. 2. Axo-somatie synapse of the second type in procerebrum of 
pomalia. Ax, axon, S, soma, DCV, dense-core vesicles. Limax cinerea-niger. Ax, axon, S, soma, Sv, synaptie vesicles. 

synapses  can be seen, and an invagina t ion  of the  pre- 
synapt ic  ending  similar  to those  descr ibed in axo-somat ic  
synapses  of the  Pe lecypode  molluscs8 as well. 

Axo-somat ic  synapses  are much  more  a b u n d a n t  in 
Limax t h a n  in Helix procerebrum.  The whole  surface of 
a neurone  is some t imes  covered wi th  p r e synap t i c  endings.  
Such pic tures  resemble  the  ve r t eb ra t e  nervous  t issue and  
are s t r ik ingly di f ferent  f rom the  wel l -known pic ture  of 
Gas t ropode  ganglia. In  b o t h  species the  dens i ty  of inter-  
neuronal  con tac t s  is max ima l  in the  deepes t  layers of 
cells and progress ively  d iminishes  in the  more  superficial  
pa r t s  of cellular mass.  

Dense-core  vesicles are known  to be connec ted  wi th  
neu ro t r ansmi t t e r s  of monoamine  nature .  We applied the  
sensi t ive and specific f luorescent  h is tochemica l  m e t h o d  
for reveal ing cellular monoamines  to the  Helix pro-  
cerebrum.  A simplif ied h is tochemica l  p rocedure  based on 
f ixa t ion  of t issue in an aqueous  fo rma ldehyde  solution, 
was used 9. I t  was shown t h a t  fine varicose fibres wi th  
green f luorescence were s i tua ted  be tween  non-f luorescing 
nerve  cells in the  in ternal  th i rd  of the  procerebra l  cellular 
mass.  Such fibres can be seen in the  neuropile  as well, 
bu t  generally the  fibre m a t t e r  of the  p roce reb rum is 
ve ry  poor  in monoamine -con ta in ing  fibres as compared  
wi th  the  s t rongly  fluorescing neuropile  of me tace reb rum.  
Thus,  h i s tochemica l  f indings are in accordance wi th  
electron microscopic da ta  and  d e m o n s t r a t e  the  possible  
monoaminerg ic  na tu re  of axo-somat ic  synapses  of the  
f i rs t  type.  Nei ther  h i s tochemica l  nor e lectron microscopic 
inves t iga t ions  gave evidence in favour  of the  presence 

of monoamine -con ta in ing  per ikarya  in p rocerebrum.  
Thus fibres of the  first  t ype  are bel ieved to  be or ig ina ted  
somewhere  outs ide  the  procerebrum.  

The second type  of axo-somat ic  synapses  is comparab le  
morphologica l ly  to the  cholinergic synapses  of ver te -  
brates ,  bu t  in th is  respect  we have  had  no physiological  
evidence as ye t ;  thus  a t  p resen t  it  is diff icul t  to  specula te  
on the  origin of these  fibres. In  the  p roce reb rum nerve  
endings  of similar morpho logy  also form axo-axonic  
synapses .  

Zusammenfassung. Es wurde  gezeigt, dass  im Procere-  
bruin  der  Gas t ropoden  axosomat i sche  Synapsen  von 2 
T y p e n  vo rkommen .  Diese Befunde sind ungew6hnl ich,  
da axosomat i sche  Synapsen  in anderen  Teilen des Zen- 
t r a l n e rv en s y s t ems  n ich t  exist ieren.  
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