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Citrate in mouse liver after 690 R. �9 - fed 
mice, �9 . . . . .  mice fasted for 24 h before 
killing. 8 livers for each point, standard 
deviations. 

After  whole body  X- i r rad ia t ion  wi th  690 R, the  con ten t  
was decreased somewha t  on cer ta in  days  a f te r  i r rad ia t ion  
in fed mice (see Figure).  However ,  th is  change  depends  
to  a h igh degree on the  i rregular  food in take  af ter  irra- 
diat ion.  To single ou t  the  effect  of i r rad ia t ion  f rom the  
influence of irregular  food intake,  in a second series the  
c i t ra te  con ten t  was measured  in the  liver of mice fas ted 
for 24 h before being killed. A t  the  t ime  of killing, all 
mice were therefore  in the  same nu t r i t iona l  s tate.  

U n d e r  these  c i rcumstances ,  the  con ten t  of c i t ra te  was  
a lmos t  unchanged  for 11 days  af ter  i r radiat ion,  followed 
by  an increase on 12 th-15 th  day  up to the  value of 
normal ly  fed mice (dot ted line in the  Figure).  

Discussion. The results  show t h a t  the  c i t ra te  c o n t e n t  
is scarcely inf luenced in mouse  l iver by  the  i r radia t ion 
and  c i t ra te  synthes is  via the  c i t r a t e syn the t a se  react ion 
seems to  be normal  even af ter  le thal  X - r a y  doses. Changes 
in fed mice depends  main ly  on s t a rva t ion  effects following 
i rradiat ion,  since the  c i t ra te  con ten t  remains  a lmost  
unchanged  in fas ted mice over  a per iod of 11 days  af ter  
the  exposure  (see Figure). Therefore,  ne i ther  the  inhibi t ion 
of phosphof ruc tok inase  nor  the  ac t iva t ion  of acetyl-CoA- 
carboxylase  by  c i t ra te  is considered to be al tered dur ing 
this  per iod af ter  i r radiat ion.  I t  is improbab le  t h a t  on 
the  first  to e leventh  days  af ter  i r radia t ion  any  i r radia t ion 
induced modif ica t ions  of glycolysis or f a t t y  acid synthes is  
are effected by  ci t rate .  However ,  the  e levated c i t ra te  
level in s t a rved  mice on the  12 th-15 th  day  migh t  influ- 

ence s o m e w h a t  the  act ivi t ies  of these 2 enzymes  in vivo. 
I t  is diff icul t  to  decide whe the r  the  ex t r ami tochondr i a l  
acetyl-CoA co n t en t  is inf luenced by  the  change  in the  
level of ci t rate ,  because acetyl-CoA can come f rom 
anaerobic  glycolysis as well as from degrada t ion  of f a t t y  
acids. Hence,  the  changes  in acetyl-CoA c o n t e n t  af ter  
i r radia t ion  1~ are d i f ferent  f rom those  of c i t ra te  11. 

Zusammen/assung. Nach einer Bes t r ah lung  mi t  690 R 
be ruhen  Ver&nderungen des Ci t ra tgehal tes  in der  Leber  
gef i i t te r ter  M~Luse auf unregelm~issiger Nahrungsauf -  
nahme,  w~ihrend in 24 h hunge rnden  M~iusen der  Ci t ra t -  
gehal t  nach  690 R fiber 11 Tage fast  unver&nder t  b le ib t  
und erst  vom 12.-15. Tag nach  der Bes t r ah lnng  ansteigt .  
Die Ergebnisse  werden  d i sku t ie r t  im Hinbl ick  auf Phos-  
phof ruk tok inase  - und  Acetyl -CoA-Carboxylase-Akt i -  
vitAt. 
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Possible Abiotic Origin of Precambrian Microfossils 

Biochemical  and  electron microscope inves t iga t ions  of 
selected p recambr i an  rocks have  shown evidence for the  
exis tence of microfossils bel ieved to be c o n t e m p o r a r y  
wi th  the  rocks l& Rela ted  f indings  have  revealed indi-  
genous amino acids and alkanes in the  samples.  

Over the  pas t  decade it has  been shown t h a t  a large 
var ie ty  of biochemicals  can be formed f rom simple gases 
and  l iquids under  the  act ion of h igh energy sources using 
hypo the t i ca l  p r imi t ive  ea r th  condi t ions  (for reviews see 
referenceS). R ecen t  results  have  also d e m o n s t r a t e d  t h a t  
the  t rans i t ion  f rom simple molecules to  macromolecules  
is of ten accompan ied  by  a separa t ion  of micros t ruc tures  
f rom the  m e d i u m  4-~. These f indings and those  to  be 
p resen ted  here suppor t  the  suggest ion of a possible abiotic  

origin of t he  microfossil  forms found in the  p r ecambr i an  
rocks. 

As a s t a r t ing  mater ia l  for our expe r imen t s  we used 
a m m o n i u m  th iocyana t e  (NH4SCN) which  is a known  
p ro d u c t  of juvenile  volcanic gases 7 and  has  been  p roduced  
under  s imula ted  p r imi t ive  ear th  condi t ions  s. In  previous  
publ ica t ions  we showed t h a t  a small  a m o u n t  of me th ion ine  
is syn thes ized  by  UV-i r rad ia t ion  of NH4SCN 9 and  t h a t  
cell-like s t ruc tures  are p roduced  in t he  presence  of 
fo rma ldehyde  10. In  the  p resen t  co mmu n i ca t i o n  we r epo r t  
evidence d e m o n s t r a t i n g  a resemblance  b e t w een  these  
abiot ical ly  p roduced  microspheres  and  the  microfossils  
on the  basis of (a) morphology,  (b) chemical  compos i t ion  
and  (c) phys ica l  proper t ies .  
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We  i r rad ia ted  aqueous solut ions of NH4 SCN (0.01-2 M) 
wi th  a submerged  P e n - R a y  quar t z  l amp  (Ult raviole t  
P roduc t s  SC-1) for var ious  t imes  up to  315 min. All 
reac t ion  solut ions were f irs t  f i l tered wi th  a 0.22 ~ Milli- 
pore  filter. Af ter  a few minu tes  of i r radiat ion,  the  solu- 
t ions  showed  a whi te  tu rb id i ty .  We placed a drop  of the  
p roduc t s  on a slide and examined  it w i th  t he  l ight  
microscope.  The size var ied up to 10 ~ in d iamete r  and 
was an increasing funct ion  of init ial  r e ac t an t  concen-  
t r a t i on  and  i r radia t ion  t ime.  

Abou t  10 min  af ter  the  rad ia t ion  had  ceased (and a 
h e a v y  whi te  suspension was obtained) ,  t he  microspheres  
began  to  form aggregates  of larger spheres  and chains.  
Af ter  s t and ing  for 2 h, the  size of the  aggregates  con t inued  
to increase (up to  200 ~) and  fibril lar aggregates  were 
observed  (Figure 1). Af te r  100 h, near ly  all the  micro- 
spheres  had  fo rmed  large aggregates .  H igher  concent ra-  
t ions  and  aging increased the  aggregat ing  tendencies .  
Our observa t ions  are similar  to those  repor ted  by  o ther  
workers  inves t iga t ing  the  behav ior  of po lypep t ides  pre- 
c ip i t a ted  f rom solut ion 11. In  order  to see how the  micro- 
spheres  would behave  in t he  presence  of adenosinet r i -  
p h o s p h a t e  (ATP), which  has been syn thes ized  abioti-  
cally 1~, we added  microsphere  suspensions  to 0 .001M 
A T P  solutions.  The aggregat ion  proceeded more  rap id ly  
and  the re  was more  surface con tac t  be tween  the  micro- 
spheres  forming  the  aggregates  t h a n  previously.  Figure  2 a 
and  c show electron micrographs  of these  aggregates.  

The resemblance  of t h e  microsphere  aggregates  to  
p r e c a m b r i a n  microfossils  is shown in Figure 2. The 
in ter ior  s t ruc tu re  and d imens ions  appear  to be similar.  
Since all r e ac t an t  solutions were steri l ized by  f i l t rat ion,  
i r rad ia ted  wi th  UV-light ,  and  kep t  in closed tubes,  and 

since these  forms  appeared  consis tent ly ,  the  possibi l i ty  
of non-specif ic  c o n t a m i n a t i o n  is effect ively ruled out.  

Since our mic ros t ruc tu res  resembled  microfossils we 
nex t  inves t iga ted  the i r  s tabi l i ty .  In  t e s t s  for solubili ty,  
the  micro3pheres  were found  to  be insoluble in water ,  
di lute HCI, di lute  KOH,  methanol ,  propanol ,  and benzene.  
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Fig. 1. Aggregates of microspheres in the form of a large sphere 
and chain. 

Fig. 2. Morphological similarity between the microsphere aggregates 
(a, c) and the precambrian microfossils (b, d). The microfossil photo- 
graphs are from 2. 
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We placed a drop  of the  p roduc t  suspension on a micro- 
scope slide and allowed it to dry.  Then  wa te r  was added  
to the  dr ied matr ix .  The microspheres  appeared  to be 
unaf fec ted  by this  process  which was carried out  several  
t imes  on the  same drop. We also placed a drop of micro- 
sphere suspension on a slide placed in an oven at  100 ~ 
for 1 h, and  r e h y d r a t e d  it a f te rwards .  Ano the r  drop  was 
held a t  20~ for t h. In  bo th  cases, the  microspheres  
appeared  to be unaf fec ted  wi th  regard to  gross mor-  
phology.  

I t  seems t h a t  under  co mmo n  na tura l  condit ions,  the  
microspheres  ma in t a in  the i r  in tegr i ty  and  thus  could 
easily have  become fossilized. Their  s tab i l i ty  wi th  respec t  
to h~at  and  dry ing  shows t h a t  the i r  survival  would be 
qui te  plausible.  

Studies  have  been repor ted  concerning the  biochemical  
composi t ion  of anc ien t  rocks which  con ta in  microfossils. 
To consider  the  possible  re la t ion of th is  to  our  own 
invest igat ion,  we placed 0.264 miVI NH4SCN in 5 ml H30 
i r radia ted  wi th  a P e n R a y  lamp for various t imes  under  
a n i t rogen a tmosphe re  in an ice wa te r  ba th .  The p roduc t  
was hydro lyzed  in 6 N  HC1 under  n i t rogen  for 20 h a t  
105~ Then it was evapora ted ,  dissolved in H30 , and  
AgNO 3 was added  unt i l  no fu r the r  p rec ip i ta te  appeared.  
The s u p e r n a t a n t  was collected and  d i lu te  HC1 was added  
unti l  no more  p rec ip i ta te  was formed.  The final super-  
n a t a n t  was collected, evapo ra t ed  to  dryness ,  and analyzed 
on a Technicon Amino  Acid Analyzer  (Table). These 
resul ts  may  be compared  to those of SCHOPF et  al. ~ who 
considered the  amino  acid compos i t ion  of s e l ec t ed  pre-  
cambr i an  rocks. 

ABELSON 13 has found t h a t  glycine and a lanine have  
comparab le  degrada t ion  rates.  W i t h  th is  in mind,  we 
considered the  amino  acid co n t en t  of several  bacter ia l  
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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 
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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 
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