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S U M M A R Y .  - A c o p p e r  and  z i n c  c o n t a i n i n g  s u p e r o x i d e  d i s m u t a s e  h a s  b e e n  
i s o l a t e d  f r o m  m a r i n e  b a c t e r i a .  P u r i f i c a t i o n  a n d  c h a r a c t e r i s t i c s  of t h i s  
e n z y m e  a r e  d e s c r i b e d  and  the  e v o l u t i o n a r y  i m p l i c a t i o n s  of  the  p r e s e n c e  in  
p r o c a r y o t e s  of t h i s  k ind  of  s u p e r o x i d e  d i s m u t a s e  ( f o r m e r l y  c h a r a c t e r i s t i c  
of  e u c a r y o t e s )  a r e  d i s c u s s e d .  B a c t e r i o c u p r e i n  d i f f e r s  f r o m  e r y t h r o c u p r e i n  
in  t h a t  t he  e n z y m e  c o n t a i n s  one  a t o m  of  c o p p e r  (and no t  two) and  two  a t o m s  
of  z i n c ,  a s  w e l l  a s  in  t he  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m .  

In n u m e r o u s  p u b l i c a t i o n s  b y  F r i d o v i c h  and  h i s  c o l l a b o r a t o r s  

( 1  - 3) i t  h a s  b e e n  p o s t u l a t e d  t h a t  t he  m o l e c u l a r  p r o p e r t i e s  of  s u p e r o x i d e  

d i s m u t a s e  (SOD) h a v e  b e e n  r i g i d l y  p r e s e r v e d  d u r i n g  e v o l u t i o n  of  e u c a r y o t e s  

a n d  t h a t  a l l  e u c a r y o t e s  s h o u l d  c o n t a i n  SOD wi th  p r o p e r t i e s  s i m i l a r  to  b o v i n e  

e r y t h r o c u p r e i n e ,  w h e r e a s  a l l  p r o c a r y o t e s  s h o u l d  c o n t a i n  t h e  d i s t i n c t  m a n g a -  

n e s e  c o n t a i n i n g  e n z y m e  c h a r a c t e r i s t i c  of  E s c h e r i c h i a  c o l i  (4). I n d e e d  such  a 

h y p o t h e s i s  h a s  b e e n  c i t e d  in  d i s c u s s i o n s  (5) on t h e  o r i g i n s  of  o r g a n e l l e s  of  

e u c a r y o t e s  c e l l s ,  p a r t i c u l a r l y  s i n c e  m i t o c h o n d r i a l  SOD in  an  a s  y e t  l i m i t e d  

n u m b e r  of  s p e c i e s  (6) i s  a m a n g a n e s e  e n z y m e  s i m i l a r  to  t h a t  i s o l a t e d  f r o m  

E. coll. 

We have already shown that the major superoxide dismutase from 

the euearyote mushroom Pleurotus olearius is a manganese enzyme (7) con- 

taining two  a t o m s  of  m a n g a n e s e  b u t  w i th  a m o l e c u l a r  w e i g h t  t w i c e  t h a t  of  t he  

e n z y m e  f r o m  E .  c o l i .  T h e  p r o p e r t i e s  of  t h i s  e n z y m e  s u g g e s t e d  t h a t  a t  l e a s t  

in  c e r t a i n  b r a n c h e s  of  a e r o b i c  e v o l u t i o n ,  t h e  SODs  of  c e r t a i n  e u c a r y o t e s  and  

p r o c a r y o t e s  h a v e  a c o m m o n  o r i g i n ,  in  c o n t r a d i c t i o n  to  t h e  h y p o t h e s i s  of  

F r i d o v i c h  and  h i s  c o l l a b o r a t o r s  t h a t  t he  two  c l a s s e s  of  SODs  c o u l d  no t  b e  

d e r i v e d  f r o m  a c o m m o n  a n c e s t r a l  p r o t e i n  b u t  r e f l e c t  r a t h e r  i n d e p e n d e n t  

l i n e s  of  e v o l u t i o n  of  t h e s e  two c l a s s e s  of  c e l l s  a f t e r  p a s s a g e  to  a e r o b i c  l i f e  

(2, 3). 
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We h a v e  a l s o  s h o w n  t h a t  t he  m a j o r  SOD in c e r t a i n  m a r i n e  b a c t e -  

r i a  ( P h o t o b a c t e r i u m  l e i o ~ n a t h i  and  P h o t o b a c t e r i u m  s e p i a  a n d  a b o u t  20 o t h e r  

s t r a i n s  of  s y m b i o t i c  a n d  f r e e  l i v i n g  b i o l u m i n e s c e n t  s p e c i e s )  i s  in  f a c t  an  

i r o n  c o n t a i n i n g  e n z y m e  a n d  t h a t  two i m m u n o c h e m i c a t l y  d i s t i n c t  k i n d s  of  

i r o n  e n z y m e s  e x i s t  (8). We  now,  b y  t h e  i s o l a t i o n  of  a c o p p e r  and  z i n c  c o n -  

t a i n i n g  SOD, b a c t e r i o c u p r e i n ,  f r o m  b a c t e r i a ,  ( P h o t o b a c t e r i u m  l e i o g n a t h i )  

p r e s e n t  e v i d e n c e  s u g g e s t i n g  t h a t  t h e  o r i g i n a l  h y p o t h e s i s  of  F r i d o v i c h  of  f u n c -  

t i o n a l  c o n v e r g e n c e  f r o m  p o l y p h y l e t i c  o r i g i n s ,  m u s t  b e  a b a n d o n e d  a n d  t h a t  in  

f a c t  w i th  r e s p e c t  to  SOD a c t i v i t i e s  t h e r e  m a y  w e l l  h a v e  b e e n  a m o n o p h y l e t i c  

e v o l u t i o n a r y  p r o c e s s  f r o m  p r o c a r y o t e  to  e u c a r y o t e ,  w h i c h  b e g a n  a t  t he  m o -  

m e n t  of  t r a n s i t i o n  f r o m  a n a e r o b i c  to  a e r o b i c  l i f e  c o n d i t i o n s .  

M E T H O D S  

A s s a y  of  enz~rma t i c  a c t i v i t y .  T h e  a c t i v i t y  of  s u p e r o x i d e  d i s m u t a s e  w a s  

m e a s u r e d  b y  i n h i b i t i o n  of  t he  c h e m i l u m i n e s c e n t  r e a c t i o n  p r o d u c e d  in  t he  

s y s t e m  : o x y g e n  - h y p o x a n t h i n e  - x a n t h i n e  o x i d a s e  - l u m i n o l .  S u p e r o x i d e  

d i s m u t a s e  in  c o m p e t i t i o n  wi th  l u m i n o l  f o r  s u p e r o x i d e  a n i o n s  g e n e r a t e d  b y  

the  x a n t h i n e  o x i d a s e  s y s t e m  d e c r e a s e s  l i g h t  e m i s s i o n  (8, 9). 

P h o t o b a c t e r i u m  le iogna tah i  w e r e  g r o w n  a s  d e s c r i b e d  e l s e w h e r e  (8). 

R E S U L T S  

P u r i f i c a t i o n  of  b a c t e r i o c u p r e i n  f r o m  P h o t o b a c t e r i u m  l e i o ~ n a t h i .  B a c t e r i a  

(2 k i l o ,  we t  we igh t )  w e r e  l y s e d  b y  s t i r r i n g  in  c o l d  d i s t i l l e d  w a t e r  (8 l i t r e s )  

f o r  3 h o u r s  a t  4 ~ and  t h e n  c e n t r i f u g e d  a t  16 300 g f o r  10 r a i n  a t  4 ~ . T h e  

r e s i d u e s  w e r e  d i s p e r s e d  ( W a r i n g  b l e n d o r )  in  9 1 of  w a t e r  and  l e f t  a t  4 ~ 

o v e r n i g h t ,  t h e n  c e n t r i f u g e d  a s  b e f o r e .  To  t h e  c l e a r  c o m b i n e d  s u p e r n a t a n t s  

w a s  a d d e d  KC1 to a f i n a l  c o n c e n t r a t i o n  o f  0 . 1  M ( f ina l  pH 6 .5 )  a n d  t h e  

s o l u t i o n  w a s  t h e n  h e a t e d  a t  58 ~ C f o r  3 r a i n  b y  c i r c u l a t i o n  t h r o u g h  a c o i l  

a t  t h i s  t e m p e r a t u r e .  T h e  r e s u l t a n t  s u s p e n s i o n  o f  p r o t e i n s  w a s  c o o l e d  to  

4 ~ and  c l a r i f i e d  b y  c e n t r i f u g a t i o n  a t  16 300 g f o r  5 m i n  a t  4 ~ T h e  s u p e r -  

n a t a n t  w a s  c o n c e n t r a t e d  to  6 1 b y  u l t r a f i l t r a t i o n  u s i n g  a f i b e r  f i l t e r  H I D P 1 0  

and  t h e n  b r o u g h t  to  25 % s a t u r a t i o n  wi th  a m m o n i u m  s u l p h a t e  b y  d i a l y s i s  

a g a i n s t  2 1 o f  s a t u r a t e d  a m m o n i u m  s u l p h a t e .  P r e c i p i t a t e d  m a t e r i a l  w a s  

r e m o v e d  b y  c e n t r i f u g a t i o n  and  d i s c a r d e d .  T h e  a c t i v e  f r a c t i o n  of  s u p e r o x i d e  

d i s m u t a s e  w a s  p r e c i p i t a t e d  f r o m  t h e  s u p e r n a t a n t  b y  a d d i t i o n  o f  a m m o n i u m  
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s u l p h a t e  to  75 % s a t u r a t i o n  a n d  t h i s  p r e c i p i t a t e  w a s  d i s s o l v e d  in  5 x 10 -2  M 

g l y c i n e  b u f f e r  pH 8. 6 c o n t a i n i n g  5 x 10 -2  M NaC1, and  d i a l y s e d  o v e r n i g h t  

a g a i n s t  t h e  s a m e  b u f f e r .  T h e  s o l u t i o n  (1 l i t r e )  w a s  t h e n  a p p l i e d  to  a c o l u m n  
-2  

o f  D ] ~ A E - S e p h a d e x  A - 5 0  ( 5 . 4  x 54 cm)  e q u i l i b r a t e d  w i th  5 x 10 M g l y c i n e ,  

5 x 10 -2 M NaC1, pH 8. 6. P r o t e i n  w a s  e l u t e d  f r o m  the  c o l u m n  wi th  a l i n e a r  

g r a d i e n t  of  5 x 10 -2  M g l y c i n e ,  5 x 10 -2  M N a C 1  to  3 x 10 -1 M g l y c i n e ,  

5 x 10 -1 M NaC1,  pH 8 . 6 .  T h e  f i r s t  a c t i v e  f r a c t i o n  of  s u p e r o x i d e  d i s m u t a s e  

( 5 . 7  g, 1 0 . 9  x 106 u n i t s )  w a s  n o t  r e t a i n e d  b y  t h e  c o l u m n  and  a p p e a r e d  in  

t he  v o l u m e  o b t a i n e d  on w a s h i n g  w i th  5 x 10 -2 M g l y c i n e ,  5 x 10 -2  M NaC1 

pH 8 . 6 .  T h e  s e c o n d  s u p e r o x i d e  d i s m u t a s e  w a s  e l u t e d  a t  2 . 0  x 10 -1  g l y c i n e  

3 . 5  x 10 -1 NaC1, pH 8. 6 and  w a s  the  n o n - h a e m a t i n i c  f e r r o p r o t e i n  d e s c r i b e d  

e l s e w h e r e  (8): 

F r a c t i o n s  c o n t a i n i n g  the  f i r s t  s u p e r o x i d e  d i s m u t a s e  a c t i v i t y  

w e r e  d i a l y s e d  a g a i n s t  5 x 1 0 - 4 M  p h o s p h a t e  b u f f e r ,  pH 7 . 4 ,  f i l t e r e d  t h r o u g h  

a c o l u m n  of  D E A E - c e l l u l o s e  ( 3 . 3  x 40 c m s )  in  t he  s a m e  b u f f e r ,  a n d  t h e n  

a d s o r b e d  on to  a c o l u m n  of  c a r b o x y m e t h y l  c e l l u l o s e  (CM - 52, 3. 5 x 32 cm) .  

A l i n e a r  g r a d i e n t  of  p h o s p h a t e  (750 m l  e a c h  of  5 x 10 -4  a n d  10 -1 M) pH 7 . 0  w a s  

a p p l i e d .  S u p e r o x i d e  d i s m u t a s e  ( 0 . 2 3 g ,  6 . 7  x 106 u n i t s )  w a s  e l u t e d  a t  a 

p h o s p h a t e  c o n c e n t r a t i o n  o f  2 . 6  x 10 -2 M. T h e  p u r i f i e d  d i s m u t a s e  w a s  c o n c e n -  

t r a t e d  and  s t o r e d  a s  a p r e c i p i t a t e  in  s a t u r a t e d  a m m o n i u m  s u l p h a t e  s o l u t i o n ,  

o r  m a i n t a i n e d  f r o z e n  a t  - 20 ~ 

M o l e c u l a r  we igh t .  M e a s u r e m e n t s  of  s e d i m e n t a t i o n  v e l o c i t y  w e r e  m a d e  wi th  

a B e c k m a n  Sp inco  m o d e l  L 2 - 65 B u l t r a c e n t r i f u g e  a c c o r d i n g  to  t h e  m e t h o d  

of  M a r t i n  a n d  A m e s  (10) wi th  a l i n e a r  5 to  20 % (W/V)  s u c r o s e  g r a d i e n t .  A n  

SW 65 K r o t o r  w a s  u s e d  and  c e n t r i f u g a t i o n  w a s  f o r  17 h o u r s  a t  45 000 r p m  

a t  3 ~ wi th  s u i t a b l e  m a r k e r s .  T h e  s e d i m e n t a t i o n  c o e f f i c i e n t  f o r  s u p e r o x i d e  

d i s m u t a s e  w a s  2 . 7  u s i n g  a s  r e f e r e n c e s  t h e  f o l l o w i n g  p r o t e i n s  : y e a s t  a l c o h o l  

d e h y d r o g e n a s e  (7 .4 ) ,  h o r s e  l i v e r  a l c o h o l  d e h y d r o g e n a s e  (4. 82),  a n d  c y t o -  

c h r o m e  C (1 .45 ) .  T h e  m o l e c u l a r  w e i g h t  of  n a t i v e  d i s m t ~ a s e  w a s  c a l c u l a t e d  

to  b e  33, 070.  

A c r T l a m i d e  ~el  e l e c t r o p h o r e s i s .  A t  t h e  f i n a l  s t a g e  of  p u r i f i c a t i o n  t h e  d i s -  

m u t a s e  g a v e  a s i n g l e  b a n d  of  p r o t e i n  (and a c t i v i t y )  on g e l  e l e c t r o p h o r e s i s  

c a r r i e d  ou t  a c c o r d i n g  to  t h e  p r o c e d u r e  of  D a v i s  (11). ] ~ l e c t r o p h o r e s i s  w a s  

p e r f o r m e d  in  7. 5 % a c r y l a m i d e  g e l  w i th  T r i s - g l y c i n e  b u f f e r ,  pH 8 . 5  and  
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a c o n s t a n t  c u r r e n t  of 4 mA p e r  gel .  The  p r o t e i n  was  s t a i n e d  u s i n g  C o o m a s -  

s ie  b lue  in 7 To a c e t i c  a c i d  and d e s t a i n e d  with 7 To a c e t i c  ac id .  

Sodium dodecy l  su lpha t e  (SDS) - p o l y a c r y l a m i d e  gel  e l e c t r o p h o -  

r e s i s  was  p e r f o r m e d  a c c o r d i n g  to W e b e r  and O s b o r n  (12). The s a m p l e s  

w e r e  i ncuba t ed  a t  37 ~ fo r  2 h o u r s  in 10 -2 M p h o s p h a t e  bu f f e r ,  pH 7 .0 ,  1 To 

in SDS, and 1 To ~ - m e r c a p t o e t h a n o l ,  in the p r e s e n c e  of 8 M u r e a  ; 10 To 

a c r y l a m i d e  so lu t i ons  w e r e  u s e d  fo r  the p r e p a r a t i o n  of the  g e l s  and e l e c t r o -  

p h o r e s i s  was  c a r r i e d  out  fo r  2 h r s  a t  a c o n s t a n t  c u r r e n t  of 16 mA p e r  gel .  

B a c t e r i o c u p r e i n  gave two b a n d s  with Rf  v a l u e s  of 0 .75  and 0 .79  a s  c o m p a -  

r e d  with t h o s e  ob t a ined  fo r  y e a s t  a l coho l  d e h y d r o g e n a s e  0 .41 ,  m y o g i o b i n  

0 .72 ,  l y s o z y m e  0 . 8 3  and c y t o c h r o m e  c 0 .91 .  The  n a t i v e  e n z y m e  t h e r e f o r e  

c o n s i s t s  of two d i f f e r e n t  subun i t s  of m o l e c u l a r  weight  17, 000 and ]5, 500. 

I s o e } e c t r i c  point .  The  i s o e l e c t r i c  poin t  was  d e t e r m i n e d  on a LKB 8101 e l e c -  

t r o f o c u s i n g  co lumn with A m p h o l i n e  (pH 7 to 9) in a s u c r o s e  g r a d i e n t .  B a c t e -  

r i o c u p r e i n  showed an i s o e l e c t r i c  po in t  of 8 .25 .  

O p t i m u m  of pH. The pH d e p e n d a n c e  of d i s m u t a s e  a c t i v i t y  d e t e r m i n e d  e i t h e r  

with xan th ine  o x i d a s e / h y p o x a n t h i n e  and l u m i n o l ,  o r  by  inh ib i t i on  of r e d u c t i o n  

of c y t o c h r o m e  c (14) showed a m a x i m u m  at  pH 9. 

S t ab i l i t y  of s u p e r o x i d e  d i s m u t a s e  a c t i v i t y .  B a c t e r i o c u p r e i n  showed h igh  

t h e r m a l  s t a b i l i t y  ; no c h a n g e s  in e n z y m a t i c  a c t i v i t y  w e r e  found a f t e r  i n c u -  

ba t ion  fo r  60 m i n a t  20 ~ , 30% 40 ~ o r  50 ~ C a t p H  7.8 .  I ncuba t ion  fo r  120 ra in  

a t  60 ~ c a u s e d  a 58 To d e c r e a s e  in the a c t i v i t y  w h e r e a s  the  e n z y m e  was  c o m -  

p l e t e l y  i n a c t i v a t e d  a f t e r  90 m i n  a t  70 ~ C (Fig .  1). The  s t a b i l i t y  of d i s m u t a s e  

a c t i v i t y  a s  a funct ion  of pH was  d e t e r m i n e d  a f t e r  a 30 ra in  p r e i n c u b a t i o n  a t  

20 ~ in b u f f e r s  r a n g i n g  f r o m  pH 4 to 11. A c t i v i t y  was  then s tud ied  by the 

s t a n d a r d  t e s t  a t  pH 9 .0 .  B a c t e r i o c u p r e i n  was  c o m p l e t e l y  s t a b l e  b e t w e e n  

pH 5 and 11 but  a t  pH 4 .0  l o s t  65 To of the o r i g i n a l  a c t i v i t y .  

M e t a l  d e t e r m i n a t i o n s .  Q u a n t i t a t i v e  e s t i m a t i o n s  of c o p p e r ,  z inc  and i r o n  

w e r e  m a d e  b y  a t o m i c  a b s o r p t i o n  a n a l y s i s  u s i n g  an I n s t r u m e n t a t i o n  L a b o r a -  

t o r i e s  IL  253 S p e c t r o m e t e r .  One a t o m  of c o p p e r  (1.02)  and two a t o m s  of 

z inc  (2.5)  p e r  m o l e c u l e  of s u p e r o x i d e  d i s m u t a s e  w e r e  found. N e i t h e r  m a n -  

g a n e s e  o r  i r o n  could  be d e t e c t e d .  C a l c u l a t i o n s  w e r e  b a s e d  on p r o t e i n  c o n c e n -  

t r a t i o n s  d e t e r m i n e d  by  IV[. G o l b e r g  ( Ins t i tu t  P a s t e u r ,  P a r i s )  by  the  m e t h o d  

of f r i n g e s  u s i n g  the i n t e r f e r e n c e  o p t i c s  of a Spinco Mode l  E u l t r a c e n t r i f u g e .  

The  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  u s i n g  a C a r y  14 i s  g iven  in fig. 2. A 
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TABLE I 

Effect of oxygen on superoxide dismutase activities 

Total  uni ts  
B a c t e r i o c u p r e i n  
F e r r o  SOD 

Rat io  uni ts  of 
F e r r o  SOD/cupro  
SOD 

Unit s 

Air I Oxygen 

28 220 
12 920 
15 300 

1. 18 

102 480 
28 880 
73 600 

2.55 

Ratio of units 
O2/air 

3. 63 
2.23 
4.81 

solution of 1 mg bacteriocuprein/ml has an absorption of 0. 651 at 280 nm 

and 0. 434 at 260 nm. The spectra of human and of bovine erythrocuprein 

are also shown for comparison. Solutions at 1 mg/ml of these enzymes 

show an absorption of 0.58 at 265 nm (human) and 0.3 at 258 nm (bovine). 

In the visible region bacteriocuprein has )~ max at 690 nm (670 - 710 nm) 

with ~ max approx. 100 in accord with a single atom of copper per mole- 

cule of enzyme. (We thank Dr. R.C. Bray for this determination). 

Effect of partial pressure of oxygen. Samples (5 gm wet weight) of Photo- 

bacterium leiognathi were grown in liquid media (8) with either air  or pure 

oxygen. Each was then dispersed in water (20 ml) and sonicated for i rain 

and then centrifuged. The debris was resuspended in 20 ml of 5 x 10 -4 M 

phosphate pH 7.4 and resonicated for 2 rain and again centrifuged. The 

combined supernatants were adjusted to 0. 1 M KC1, heated at 55 ~ for 3 rain 

then cooled and centrifuged. Fractionation with ammonium sulphate (33 - 

B0 % saturation cut) by dialysis against appropriate quantities of saturated 

ammonium sulphate gave crude superoxide dismutase which was separated 

into bacteriocuprein and the ferroprotein SOD on a small column of DEAE- 

sephadex A-50 using a gradient of 5 x 10 -2 M glycine 5 x 10 -2 M NaCI pH 8. 6 

to 0.3 M glycine 0.5 M NaCI pH 8.6 (Table I). 

DISCUSSION 

The significance of a bacterial copper and zinc containing SOD 
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Thermal  stability ofbacter iocupre in .  Solution of 782~g protein/  
rn l in  5 x  10 -3 Mphosphate ,  pH 7.8. 

Ultraviolet  absorption spectra  of bacter iocupre in  ( ), of 
bovine ery throcupre in  ( - - - ) ,  and of human ery throcupre in  ( - - - - )  
in 5 x 10 -3 M phosphate pH 7.4. 

with respec t  to evolutionary hypotheses of eucaryote  cells  has been discus-  

sed above. Of perhaps equal significance is the absence of a mangano-enzyme 

in these bacteria - no:trace could be detected in Photobacterium leiognathi, 

though this does not exclude the possible presence of a mangano SOD in other 

marine bacteria. 

The effect of increased partial pressure of oxygen (approximate- 

ly 5 fold) is interesting in that preferentia/ synthesis of the ferro enzyme 

is observed though some stimulation of bacteriocuprein also occurs (Table I). 

This is in contrast with ]~scherichia coli which a/so contains a ferro super- 

oxide dismutase (different from that of Photobacterium leio~nathi) with a 

second enzyme containing manganese. In this case the iron enzyme (although 

periplasmic) apparently does not vary in response to changes in p 0 2 during 
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Fig.  3 
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C h r o m a t o g r a p h y  of b a c t e r i o c u p r e i n  on D E A E - c e l l u l o s e  us ing  a 
phosphate  (pH 7.4) g rad ien t  be tween 5 x 10-4 and 0. 1 M. P ro te in ,  
in m g / m l  - o - o - ,  SOD ac t iv i ty  ( u n i t s / m l ) - ~ - J -  , zinc ( /~g /ml )  
- 6 - ~ -  and copper  (]Ltg/ml) -A-A-. 

g rowth  w h e r e a s  the level  of the mangano  e n z y m e  is  m a r k e d l y  dependent  

and shows a s t r ong  i n c r e a s e  with i n c r e a s e  in p O 2 (15, 16). 

The u l t r av io l e t  ab so rp t i on  s p e c t r u m  of b a c t e r i o c u p r e i n  is  quite 

d i f fe ren t  f r o m  that of bovine e r y t h r o c u p r e i n  (~ max 258 nm) which conta ins  

no t ryptophane .  Some s i m i l a r i t y  with the abso rp t i on  s p e c t r u m  of human 

e r y t h r o c u p r e i n  can be seen. The p r e s e n c e  of both copper  and zinc (and the 

1 : 2 r a t i o  of the two me ta l s )  in b a c t e r i o c u p r e i n  is  c l e a r l y  shown in Fig.  3 

in which it can be seen that  both m e t a l s  fol low the ac t iv i ty  of the enzyme .  

Other  m e t a l s  (such as  iron) p r e s e n t  only in t r a c e s ,  showed no c o r r e l a t i o n  
-5 

with e n z y m e  act iv i ty .  Incubat ion of b a c t e r i o c u p r e i n  with 10 M copper  

sulphate  overn igh t  at  4 ~ C followed by d ia lys i s ,  had no ef fec t  on the speci f ic  

ac t iv i ty  of the enzyme .  It  is  t h e r e f o r e  unl ikely  that  a labi le  copper  a tom 

was  " los t"  f r o m  the e n z y m e  dur ing  pur i f ica t ion .  

A n u m b e r  of d i f f e r e n c e s  can be seen be tween b a c t e r i o c u p r e i n  

and e r y t h r o c u p r e i n  (bovine or  human),  a p a r t  f r o m  the n u m b e r  of a t o m s  of 
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c o p p e r  p e r  m o l e c u l e .  Thus  the spec i f i c  a c t i v i t y  of  the b a c t e r i a l  e n z y m e  i s  

c o n s i d e r a b l y  l e s s  than  tha t  of bov ine  e r y t h r o c u p r e i n  ( a p p r o x i m a t e l y  half)  

in a c c o r d  with the p r e s e n c e  of a s ingle  c o p p e r  c e n t r e .  W h e r e a s  i den t i ca l  

sub uni t s  a r e  p r e s e n t  in the m a m m a l i a n  e n z y m e s ,  b a c t e r i o c u p r e i n  h a s  two 

d i f f e r en t  sub uni ts .  In addi t ion,  the b a c t e r i a l  s u p e r o x i d e  d i s m u t a s e  i s  a 

m u c h  m o r e  b a s i c  p r o t e i n  with an i s o e l e c t r i c  point  8 .25  c o m p a r e d  with 4. 95 

fo r  bov ine  (17) and 4. 6 fo r  h u m a n  e r y t h r o c u p r e i n  (18), and i s  r e a d i l y  s e p a r a -  

ted f r o m  the e r y t h r o c u p r e i n s  by e l e c t r o p h o r e s i s  on a c r y l a m i d e  ge l s  ( r e l a -  

t ive  Rfs, 0. 13 for bacteriocuprein, 0.25 for bovine erythrocuprein and 

0.36 for the human enzyme). No immunological cross reactions could be 

detected among the three superoxide dismutases, despite the very close 

similarity of molecular weights and the presence of copper and zinc in all 

cases. The thermal and pH stability of bacteriocuprein is striking, and in 

this respect resembles the two erythrocupreins. Finally, the inhibitory 

effect of cyanide is similar to that reported (19) for human erythrocuprein 

(50 % inhibition at I. 6 x 10 -5 M KCN with 2 x 10 .6 M enzyme) and is 25 % 

at 10 -6 M KCN, 50 %at 2.2 x 10 -6 M and 75 %at 4.8 x 10 -6 M KCN for 

i0 -II 2 x M bacteriocuprein at pH 9. 

The presence of a single copper site implies alternate reduc -~ 

tion and oxidation of the metal in the mechanism of dismutation and zinc 

is presumably present for structural stability. Bacteriocuprein has been 

crystallized by dialysis against ammonium sulphate solutions. 
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