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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 
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Fig. 1. First derivative of electron spin resonance absorption spectrum 
from eatalase (pH = 6.9). 
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pe rox idase  s - r e p r e s e n t  p u r e  h igh - sp in  complexes  ss. I n  
c o n t r a s t  to  this ,  c a t a l a se  c y a n i d e  shows  a t yp i ca l  low-sp in  
s p e c t r u m  w i t h  t h e  g- fac tors  gx = 2.78, g~ --=- 2.15, g3 ~ 1.60 
(F igure  2). T h e  m a g n e t i c  t i t r a t i o n  of t h e  ca ta l a se  w i t h  
p o t a s s i u m  cyan ide  m a d e  b y  THEORELL a n d  AGm~R ~ showed  
t h a t  on ly  3/4 of t h e  ca t a l a se  i ron  was  cyan-sens i t ive ,  whi le  
t h e  l a s t  1/4, t i le  n o n - h e m  iron,  was  n o t  a f fec ted  b y  
cyan ide .  Accord ingly ,  t h e  E S R  s p e c t r u m  of t i le  c a t a l a se  
c y a n i d e  shows  t h a t  t he  t o t a l  p o r p h y r i n - b o u n d  i ron e n t e r s  
a b i n d i n g  w i t h  cyan ide .  T h e  i ron  w h i c h  is n o t  p o r p h y r i n -  
b o u n d ,  h a v i n g  a g-va lue  of 4.2, does  n o t  r e a c t  w i t h  
cyan ide ,  t h a t  is t h e  a b s o r p t i o n  a t  g = 4.2 does n o t  c h a n g e  
u p o n  r e a c t i o n  of e a t a l a se  w i t h  p o t a s s i u m  cyanide .  T h e  
E S R  s p e c t r u m  of  ea t a l a se  azide  ind ica tes  t h a t  t h i s  com-  
p o u n d  m u s t  b e  a m i x e d  c o m p l e x  of t h e  h igh - sp in  a n d  
low-sp in  fo rm s imi la r ly  as  m e t h e m o g t o b i n  a n d  some  
m e t h e m o g l o b i n  c o m p o u n d s  ~, t h e  pe rox idase  c y a n i d  s a n d  
t h e  c y t o c h r o m e  c p e r o x y d a s e  1~. 

T h e  g-va lues  of c a t a l a se  az ide  a re  g± ~ 6.5 a n d  for 
gz = 2.66, g~ = 2.6, g~ = 1.7. 

S ince  t h e  m e a s u r e m e n t  of t h e  m a g n e t i c  suscep t ib i l i t y  
for  t h e  ca t a l a se  az ide  com pl ex  gave  a h i g h  vMue a t  20 °C 
w h i c h  co r r e sponds  to  5 u n p a i r e d  e lec t rons  x, i t  m u s t  be  
a s s u m e d  t h a t  a t  low t e m p e r a t u r e  t h e  low-spin  p r o p o r t i o n  
increases  as was  also o b s e r v e d  for  methemoglob inXL 

I f  ca t a l a se  azide  is a l lowed to  r eac t  w i t h  h y d r o g e n  
pe rox ide  or b a r i u m  pe rox ide  w i t h o u t  o x y g e n  a n d  is t h e n  
f rozen  i m m e d i a t e l y  a f t e r  t h e  reac t ion ,  t h e n  t he  E S R  
m e a s u r e m e n t  of t h i s  f rozen  so lu t ion  gives a s p e c t r u m  in 
w h i c h  t he  a b s o r p t i o n  a t  g ~ 6 is s t r ong ly  r educed  com-  
p a r e d  w i t h  t he  ca t a l a se  azide  spec t rum.  A t  t h e  s a m e  t i m e  
a n  i n t e n s i v e  n a r r o w  s ignal  occurs  a t  g = 2. Th i s  s igna l  

t t t t 
g-&.Z g~-2.78 A-2.15 #S=1.60 

Fig. 2. First derivative of electron spin resonance absorption spectrum 
from catalase cyanide. 

c an  be  a t t r i b u t e d  e i t he r  to  a free r ad ica l  or  to  ferro-  
ca t a l a se -n i t r i e  ox ide  w h i c h  is f o u n d  b y  FOULKES a n d  
LEMBERG 2° a n d  b y  NICHOLLS 21 as  a p r o d u c t  of t h e  re- 
ac t ion  f rom ca t a l a se  azide  w i t h  h y d r o g e n  peroxide .  Fe r ro -  
ca t a l a se -n i t r i c  oxide  will g ive a n a r r o w  E S R  s igna l  of t he  
same  w i d t h s  as a free r ad ica l  l ike h e m o g l o b i n - n i t r i c  
oxide  22. 

F ree  rad ica l s  h a v e  also b e e n  obse rved  in t h e  r e a c t i o n  
of h y d r o g e n  pe rox ide  w i t h  o t h e r  hemoproteids*,X2,2L T h i s  
f ind ing  is of i n t e r e s t  because  THEORELL a n d  EHRENBERa s 
h a v e  f o u n d  t h a t  t h e  az ide  ca t a l a se -H~O, -complex  in 
n i t r o g e n  or  CO a t m o s p h e r e  is a d i a m a g n e t i c  c o m p l e x  
f rom w h i c h  t h e y  conc lude  t h a t  a ferro  c o m p l e x  ha s  
fo rmed .  However ,  t h e  p resence  of a f ree  r ad i ca l  or  ferro-  
c a t a l a se -n i t r i c  ox ide  b y  t h e  r e a c t i o n  of h y d r o g e n  pe rox ide  
w i t h  ca tMase  az ide  i nd i ca t e s  t h a t  a c o m p l e t e  d i a m a g n e t -  
i sm c a n n o t  b e  possible .  I s  i t  poss ib le  t h a t  both, a free, 
r ad i ca l  o n  t h e  p r o t e i n  a n d  f e r roca t a l a se -n i t r i c  oxide,  are  
p r e s e n t  in  t h e  c o m p o u n d  f o r m e d  o n  t h e  a d d i t i o n  of 
c a t a l a se  az ide  w i t h  h y d r o g e n  pe rox ide  in  n i t rogen .  

E S R  s tud ie s  of t h e  r e a c t i o n  of c y t o c h r o m e  c pe rox idase  
w i t h  e t h y l  h y d r o p e r o x i d e ,  in  w h i c h  t h e  E S R  a b s o r p t i o n  
of t h e  p o r p h y r i n - b o u n d  i ron  d i s a p p e a r s  w i t h  s i m u l t a n e o u s  
f o r m a t i o n  of a free r ad i ca l  ~ ,  sugges t  t h a t  t h e  p r e s e n t  
ideas  a b o u t  t h e  process  of azide  ca t a l a se  h y d r o g e n  per-  
oxide  r eac t i on  requ i re  f u r t h e r  i nves t iga t ions .  

Zusammen/assung. R i n d e r l e b e r k a t a l a s e  u n d  einige 
K a t a l a s e k o m p l e x e  w u r d e n  bei  e iner  T e m p e r a t u r  yon  
77 °Ke lv in  m i t  de r  M e t h o d e  de r  E l e k t r o n e n s p i n r e s o n a n z  
u n t e r s u c h t .  Aus  den  E l e k t r o n e n s p i n r e s o n a n z s p e k t r e n  i s t  
zu e n t n e h m e n ,  ob  es sich be i  der  K a t a l a s e v e r b i n d u n g  u m  
e inen  Gros s - sp in -Komplex ,  u m  e inen  IZ le in - sp in -Komplex  
oder  u m  eine Misch fo rm be ide r  K o m p l e x a r t e n  h a n d e l t .  
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Striatal Bradykinesia Alleviated by Intracaudate 

I n  f o r m e r  e x p e r i m e n t s  i t  was  s h o w n  1 t h a t  p ro longed  
chemica l  s t i m u l a t i o n  of t he  c a u d a t e  nuc leus  in  ca t s  b y  
i n j ec t i on  of a l u m i n a  c r e a m  in to  th i s  gang l ion  induces  f i r s t  
a b r a d y k i n e s i a  a n d  l a t e r  a nea r ly  c o m p l e t e  a m n e s i a  a n d  
a c a t a ton i a - l i ke  cond i t ion .  T h e  chemica l  s t i m u l a t i o n  of 
t h e  c a u d a t e  nuc leus  s eemed  useful  for  a s t u d y  of t h e  effect  
of L-dopa,  w h i c h  is c o n v e r t e d  in to  d o p a m i n e  in t h e  t issues,  
u p o n  th i s  gangl ion.  Such  a s t u d y  seemed  of i n t e r e s t  in 
v iew of t h e  f ind ings  t h a t  t he  d o p a m i n e  c o n t e n t  of t he  
c a u d a t e  nuc leus  is low in  P a r k i n s o n ' s  disease 2, a n d  t h a t  
t h e r a p e u t i c  a d m i n i s t r a t i o n  of L-dopa is ab le  to  rel ieve 

Injection of L-Dopa 

some s y m p t o m s  of t h i s  disease,  p a r t i c u l a r l y  t h e  ak ines ia ,  
a t  l eas t  t e m p o r a r i l y .  

Experimental. Since i t  t a k e s  severa l  d a y s  u n t i l  t h e  
effect  of t he  a l u m i n a  c r e a m  in jec t ions  becomes  obvious ,  
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