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ing  c a p a c i t y  o n  biological  sur faces  due  to  f ixed cha rges  
a n d  t h e i r  poss ible  d i s p l a c e m e n t  acco rd ing  to  t h e i r  a f f in i ty  
is of cons ide rab le  i m p o r t a n c e .  Our  knowledge  of t h e  ion 
b i n d i n g  c a p a c i t y  for  po lye lec t ro ly te  s t r u c t u r e s  is r ecen t  5,s. 
One  h i g h l y  i n t e r e s t i ng  h y p o t h e s i s  for  biological  s t r u c t u r e s  
is t h a t  c a t i ons  f o r m  a mob i l e  m o n o l a y e r  7,s a r o u n d  t h e  
dissociable  g roups  of p o l y m e r  chains .  

T h e  c o n s t a n t s  of Na+  a n d  K + f o u n d  for t h e  cell-wall,  
are  of t h e  o rder  of m a g n i t u d e  for  w e a k  in t e r ac t i on .  I t  
seems  r e a s o n a b l e  to  r ega rd  t he  m o n o v a l e n t  coun t e r i ons  as  
f o rming  a v e r y  h i g h l y  mob i l e  m o n o l a y e r  on  t h e  p o l y m e r  
ske le ta l  sur face  of cell-wall. 

O n  t h e  o t h e r  h a n d  t h e  a s soc ia t ion  c o n s t a n t s  of d i v a l e n t  
a n d  t r i v a l e n t  ca t ions  are  c lear ly  for s t r onge r  in t e rac t ions .  
Th i s  r e su l t  is c o n s i s t e n t  w i t h  t h e  c o n c e p t  of t h e  coun te r -  
ions  closely b o u n d  b y  e l ec t ros ta t i c  in t e rac t ions .  

Riassunto. Sono s t a t e  s t u d i a t e  le c o s t a n t i  a p p a r e n t i  d i  
associazione di  v a r i  ca t ion i  pe r  il cell-wall  i so la to  di 
cellule di  Stapkylococcus aureus. E '  r i s u l t a t o  che  gli ioni  

m o n o v a l e n t i  p r e s e n t a n o  u n a  b a s s a  c o s t a n t e  di  associa-  
zione m e n t r e  gli ioni  b i v a l e n t i  e t r i v a l e n t i  p r e s e n t a n o  
va lo r i  n e t t a m e n t e  super io r i  delle c o s t a n t i  di  associazione.  
Si conc lude  che  m e n t r e  i c a t ion i  m o n o v a l e n t i  sono  lega t i  
d a  debol i  l egami  e le t t ros ta t i c i ,  i c a t i on i  di v a l e n z a  supe-  
r iore  f o r m a n o  con  i g r u p p i  dissociabi l i  l egami  ionici  
s tabi l i .  
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Cell-Like Structures from Simple Molecules under Simulated Primitive Earth Conditions 

Over  2 decades  ago  a g roup  of e x p e r i m e n t s  on  t h e  
or ig in  of life was  p e r f o r m e d  b y  HERRERA us ing  a m m o n i u m  
t h i o c y a n a t e  a n d  f o r m a l d e h y d e  1. Th i s  work  ha s  b e c o m e  
r e l e v a n t  s ince MILLER'S syn thes i s  2 of f o r m a l d e h y d e  in a 
p reb io log ica l  s y s t e m  a n d  HEYNS' ex t ens ion  3 w h i c h  y ie lded 
a m m o n i u m  t h i o c y a n a t e .  

W e  chose a n  e x p e r i m e n t  4 in  w h i c h  i t  was  c l a imed  t h a t  
s imple  m i x i n g  of 7 m l  37% f o r m a l d e h y d e  a n d  3 g a m -  
m o n i u m  t h i o c y a n a t e  r e su l t ed  in  ' l ife-like forms ' .  After  
m i x i n g  t h e  mate r ia l s ,  t h e  colorless l iqu id  b e c a m e  s l igh t ly  
r ed  in a few sec, a n d  f ina l ly  a go lden  yel low a f t e r  1 h.  
Microscopic  e x a m i n a t i o n  (w i thou t  a cover  glass) r evea led  
a h i g h  d e n s i t y  of spheres  1 -5 /~  in  d i a m e t e r  (F igure  t) .  A 
d rop  of w a t e r  was  app l i ed  so i t  s l igh t ly  o v e r l a p p e d  o n t o  
t h e  d r y i n g  m i x t u r e  (Figure  2). Vigorous  s t r e a m i n g  of t h e  
r e a c t i o n  m i x t u r e  in to  t h e  w a t e r  resu l ted .  The  spheres  
d a r k e n e d  cons ide r ab ly  a n d  s t r u c t u r e s  of a g rea t e r  size 
a n d  complex i ty ,  10-100/~  in  d i a m e t e r  are  seen (Figure  1). 
0 . 1 M  acet ic  acid a n d  0 . 1 M  N a H z P O  4 gave  t h e  s ame  
resu l t s  w h e n  used  as r e h y d r a n t s .  W h e n  t h e  d r y i n g  spheres  
were  r e h y d r a t e d  w i t h  1% so lu t ions  of m e t h y l e n e  blue,  
t r y p a n  b lue  or  P o n c e a u  S, t h e y  c o n c e n t r a t e d  t h e  s ta in .  

I n t e r n a l  f luid r e g u l a t i o n  is one  of t h e  p r i m a r y  p roper -  
t ies  of life. T h e  con t r ac t i l e  vacuo le  is used  b y  some 
un ice l lu la r  o r g a n i s m s  for  th i s  pu rpose  5. In  m a n y  cases we 
obse rved  m o t i o n  of a n  i n t e r n a l  vacuole- l ike  s t r u c t u r e  to-  
w a r d  t h e  b o u n d a r y  a n d  i ts  s u b s e q u e n t  ex t rus ion .  T h e  
b o u n d a r y  t h e n  closed, r e fo rmed ,  a n d  r e s u m e d  i t s  c i r cu la r  
s h a p e  (F igure  3). 

T h e  ye l lowing  l iquid  b e c a m e  p rogress ive ly  less a b u n -  
d a n t  as a t h i n  l aye r  of solid fo rmed  on  i ts  sur face  a n d  
m u c h  solid depos i t ed  a t  t h e  b o t t o m .  L i t t l e  s u p e r n a t a n t  
was  lef t  a f t e r  48 h a t  r oom t e m p e r a t u r e .  

U V - r a d i a t i o n  is a s s u m e d  to  h a v e  b e e n  a n  i m p o r t a n t  
e n e r g y  source  for  chemica l  evo lu t ionS ;  so we cons ide red  
i t s  effect  on  t h e  reac t ion .  W e  used  d i lu te  r e a c t a n t  solu- 
t ions  to  t e s t  for  t h e  c a t a l y t i c  effect  of U V - r a d i a t i o n  o n  
c o n c e n t r a t i o n s  more  l ikely to h a v e  occur red  in a p r i m i t i v e  
e a r t h  e n v i r o n m e n t .  A t yp i ca l  s t a r t i n g  m i x t u r e  cons i s ted  
of e q u i v o l u m e s  of 0.5 M N H , S C N  a n d  1.4 M f o r m a l d e h y d e .  

Samples  were  s u b j e c t e d  t o  da rkness ,  r oom l i gh t  (fluores- 
cent) ,  a n d  U V - r a d i a t i o n  (U l t r av io l e t  P r o d u c t s  SC-1). T h e  
d a r k  r e a c t i o n  a n d  t h e  second  case showed  no  spheres  a f t e r  
24 h whereas  t h e  i r r a d i a t e d  s a m p l e  d i sp l ayed  spheres  a f t e r  
15 min .  

Fig. 1. Multitude of small spheres from a 7 m137% formaldehyde, 3 g 
NH4SCN mixture. The dark vacuolated spheres were formed by 
rehydration of the drying drop. 
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In  order  to see how the  phenomena  var ied  wi th  con- 
cen t ra t ion  of s t a r t ing  const i tuents ,  we used equ ivo lume  
mix tu re s  of  0 . 0 5 M  N H a S C N  wi th  0.5, 1.5, 3.0, 6 . 0 M  
fo rma ldehyde  solut ions and subjec ted  t h e m  to  UV-  
rad ia t ion  (up to  24 h). The  microscopic phenomena  were  
essent ia l ly  the  same in all  cases. 

To  s tudy  the  possibi l i ty  of localizing ca ta ly t ic  a c t i v i t y  
in to  the  spheres, an aqueous  solut ion was prepared con- 
ta in ing  3 ,33M formaldehyde ,  0 . S M  N H ,  SCN, and 0 . 5 M  
ZnCI~. (Previous  resul ts  in t he  pyrocondensa t ion  of amino  
acids to  spheres h a v e  indica ted  t h a t  zinc incorpora t ion  
can lead to  a localized 'ATPase ' - l ike  ac t iv i tyL)  The  
solut ion was i r rad ia ted  b y  a rack  of germicidal  lamps  for 
1.5 h. Af t e r  drying, var ious  am oun t s  of the  resu l tan t  solid 
(compound A) were  added  to 1 ml  a l iquots  of 0 .002M 
A T P  and  s t i r red for 17 h a t  room tempera tu re .  Insoluble  
mater ia l  was r e m o v e d  and analysis  of t he  supe rna t an t  by 
the  m o l y b d a t e  t es t  for free phospha te  s and the  luciferase 
t es t  for A T P  ~ revealed  t h a t  a small  b u t  def ini te  a m o u n t  
of hydrolys is  could be re la ted  to  the  a m o u n t  of compound  
A. Compound  A was fur ther  s tud ied  by  e lementa l  analysis 
and  IR-spec t roscopy  (KBr).  I t  was found to consist  of 
C-32.00%, H-4 .41% and residue (possibly ZnCI2) 10.53%. 
Since fo rma ldehyde  is 36% C and NHaSCN 14% C, 
assuming 10.53% inorganic  residue, i t  m a y  be seen tha t  
c o m p o u n d  A is appa ren t ly  a combina t ion  of both  reagents.  
I t s  I R - s p e c t r u m  revealed  a t  least  2 peaks  no t  found in the  
s ta r t ing  reactants ,  1580 and 1035 c m - L  These m a y  be due 
to  imine  and p r i m a r y  alcohol  groups,  respect ively.  

These  exper iments  h a v e  demons t r a t ed  how simple  com- 
pounds  l ikely to  h a v e  been on the  p r imi t ive  ear th  can 
lead to  t h e  fo rmat ion  of cell-like s t ructures  which could 
h a v e  served as mat r ices  for subsequent  s tages of biogenet ic  
evolut ion .  The  spheres,  capable  of in te rac t ing  wi th  t he  
e n v i r o n m e n t  (since they  absorb dyes, exude  vacoules,  
and incorpora te  smal ler  spheres) are  thus  possible pre- 
cursors to a h igher  level  of organizat ion.  However ,  no 
suggest ion is m a d e  t h a t  these  spherules  are in fac t  'a l ive ' .  
Ra the r ,  these  exper iments  demons t r a t e  one means  where- 
by  a del imited,  localized e n v i r o n m e n t  could have  arisen 
bear ing  a n u m b e r  of the  character is t ics  f rom which a 
b iodynamic  sys tem migh t  evolve.  

I t  is also wor th  no t ing  t h a t  our  expe r imen t s  represen t  
on ly  one of several  means  by  which  the  t rans i t ion  f rom 
molecules  to  s t ruc tures  could h a v e  been fulfilled. Coacer-  
va tes  and cell-like s t ruc tures  h a v e  a l r eady  been  shown 
to  form f rom pa ra fo rma ldehyde  10, py rocondensa t ion  pro-  
duc ts  of amino  acids n, nucleosides 12, prote ins  is, and  
nucleic acids ~4. P re l imina ry  results  indicate  t h a t  a com- 
b ina t ion  of amino  acids, th iocyanate ,  and U V  can also 
produce  microspheres  xz. These exper iments  d e m o n s t r a t e  
t h a t  g iven any  one of a large va r i e ty  of possible p r imord ia l  
condit ions,  t he  p roduc t ion  of protocel ls  seems to h a v e  
been  a l ikely e v e n t  15. 
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Fig. 2. Rehydrant drop placed 
so that it overlaps the drying 
mixture. 

Fig. 3. Consecutive stages in dynamic interactions of the spheres. (1-3) A vacuole forcing the sphere to enlarge. It is exuded and the 
sphere returns to its circular shape. (4-6) Mass at lower right being incorporated into the sphere. Time duration is about 30 sec. 
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Rdsumd. Le su l focyana te  d ' a m m o n i u m  e t  l ' a ld6hyde  
formique,  form6s p r o b a b l e m e n t  au cours de l '6volut ion  
g6ochimique,  fourn i ssen t  les s t ruc tu re s  r e s s e m b l a n t  ~ des 
cellules. La  fo rma t ion  des ces s t ruc tures ,  sous des condi-  
t ions  var iab les  de concen t ra t ion ,  est  ca ta lys6e p a r  les 
i r r ada t ions  UV. Ces formes  protocel lu ta i res  expu l sen t  leurs 
c o n t e n u s  vacuola i res  e t  a b s o r b e n t  des mati&res colorantes .  
La  t r ans i t i on  de l '6volu t ion  g6ochimique a n x  protoceI lules  

semble  gtre une 6tape admiss ib le  selon le r6sul ta t  de  nos  
exp6riences.  
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Electron Spin Resonance Studies of Catalase and 

A magne t i c  s t u d y  of t he  ca ta lase  and  some of the  
ca ta lase  c o m p o u n d s  has  been  m a d e  b y  THEORELL et  al. 1-3. 
Accord ing  to  these  inves t iga t ions ,  t h e  i ron of catalase,  of 
ca ta lase  azide c o m p o u n d  and  of ca ta lase  f luoride is in 
ionic bond .  Only the  ca ta lase -cyan ide  c o m p o u n d  is a 
cova len t  complex ;  however ,  in t he  case of l iver  ca ta lase  
only  3 heroin  i rons  en t e r  th is  cova len t  bond ,  while t he  
fou r th  i ron a t o m  remains  in an ionic bond .  Compared  
wi th  m e a s u r e m e n t  of magne t i c  suscept ibi l i ty ,  e lec t ron  
spin  r e sonance  (ESR)  m e a s u r e m e n t s  p e r m i t  a closer in- 
s igh t  in to  t he  e lec t ron  s t ruc tu re  of h e m o p r o t e i d s  4-1~. 

This  r e p o r t  p r e s e n t s  t he  resul ts  of E S R  s tud ies  of 
bov ine  l iver  catalase.  The  p r e p a r a t i o n  of c rys ta l l ine  
ca ta lase  was  m a d e  according  to  t h e  m e t h o d  descr ibed  b y  
SCHNUCI~EL 13 wi th  s u b s e q u e n t  pur i f ica t ion  b y  gel f i l t ra-  
t ion  on S e p h a d e x  G 100 a t  p H  6.9. Fo r  E S R  measure -  
meri ts  1-2 × 10 -4 va la r  ca ta lase  solut ions  were  used.  
The  m e a s u r e m e n t s  were  carr ied  ou t  a t  a t e m p e r a t u r e  of 
77 °Kelvin .  

The  E S R  s p e c t r u m  of ca ta lase  (Figure 1) is an  axial-  
s y m m e t r i c a l  s p e c t r u m  w i t h  t h e  g-factors  g3_ m 6.3 and  
g, ~ 1.92 as found  wi th  t h e  isolated p ros the t i c  g roup  of 
hemoglobin ,  t he  chlor  heroin 1,. The add i t iona l ly  occurr ing  
abso rp t ion  a t  g = 4.2 is due  to  an  i ron t h a t  is no t  bound  
to  p o r p h y r i n  - s imilar  to  w h a t  EHRENBERG 7 found  in 
ESIZ m e a s u r e m e n t s  of myoglobin ,  MORITA a n d  MASON s 
in pe roxydase ,  YONETANI, SCHLEYER and  EHRENBERG 12 
in t he  c y t o c h r o m e  c pe roxydase  and  BEINERT and  SANBS l~ 
in t he  D P N H  c y t o c h r o m e  c reductase .  The  i ron w i t h  an 
abso rp t ion  a t  g = 4.2 is to  be conceived as a c o n t a m i n a -  
t ion  of t he  ca ta lase ;  i t  can  be pa r t i a l ly  s epa ra t ed  f rom 
the  ca ta lase  p ro te in  by  the  gel f i l t ra t ion  pur i f ica t ion,  t h a t  
is t he  s t r e n g t h  of a b s o r p t i o n  a t  g = 4.2 decreases  a f te r  the  
gel f i l t ra t ion  w i t h o u t  a l te r ing  t h e  res t  of t h e  spec t rum.  

The  abso rp t i on  peak  a t  g, ~ 1.92 is compar i t i ve ly  h igh  
for  t h e  axial  s y m m e t r y  of t he  I~SR s p e c t r u m  c o m p a r e d  
w i t h  t h e  abso rp t i on  of g-vert ical .  I t  can  the re fo re  be  as- 
s u m e d  t h a t  like o the r  hemopro te ids ,  m y e t o p e r o x y d a s e  ~ 
a n d  p l a n t  pe rox idases  s, t he re  are still  o t h e r  p a r a m a g n e t i c  
ca t ions ,  p re fe rab ly  copper ,  wh ich  con ta in  ca ta lase  p repa -  
r a t i ons  and  increase t he  abso rp t i on  a t  g = 2. 

In  t h e  r e p e a t e d  p r e p a r a t i o n  of t he  ca ta lase  we a lways  
ob ta ined ,  w i t h i n  t he  abso rp t ion  b a n d  of g ~ 6.3, an  
add i t iona l  peak  which  has  been  re t a ined  also in t h e  ionic 
complexes  of ca ta lase .  Such peaks  a t  g ~ 5.3 h a v e  also 
been  obse rved  by  EHRENBERG 7 wi th  t he  alkal ine form of 
myog lob in  and  wi th  myeloperoxidase ,  and  b y  MORITA 
and  MASON s wi th  perox idases  of horse - rad i sh  a n d  of 
J a p a n e s e  radish.  The  peak  a t  g m 5.3 has no t  been in ter -  
p r e t e d  b y  t h e  au tho r s ;  we are  incl ined to  a s sume  t h a t  
th is  peak  in t h e  ca ta lase  sugges ts  e i ther  2 d i f fe ren t  pos-  
sibili t ies of b ind ing  of t he  p ros the t i c  g roup  to  t he  p ro t e in  
or t h a t  the re  is no longer  an axial  s y m m e t r y  of t he  

some  of the Catalase Compounds  

molecule as supposed  by  WATARI et  al. 16'17 for t h e  ferri-  
hemoglob in  Mos,~^. 

In  E S R  m e a s u r e m e n t  ca ta lase  f luoride behaves  ve ry  
s imilar ly  to  t he  catalase.  So t h e  2 c o m p o u n d s  - like 
m e t h e m o g l o b i n  f luoride s and  the  f luoride c o m p o u n d  of 

I I  - r "  l 
gz~3 17o~2 g,~ lS~ 

Fig. 1. First derivative of electron spin resonance absorption spectrum 
from eatalase (pH = 6.9). 
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