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T h e  O x y g e n  R e q u i r e m e n t  of  an  N A D H  D e h y d r o g e n a s e  f r o m  Sepia officinalis 

During  the  course of r ecen t  work  a imed a t  t he  ident i f i -  
ca t ion  of t he  N A D H  and  N A D P H  dehydrogenases  of t he  
opt ic- lobes  of Sepia o[[icinalis i,~ i t  was  no t iced  t h a t  one 
of these  cnzymes ,  a d icumaro l - sens i t ive  NADH-fe r r i -  
cyan ide  reductase ,  capable  also of oxidase  ac t iv i ty ,  lost  
i ts  d iaphorase  ac t iv i ty  w h e n  assayed  u n d e r  anaerobic  
condi t ions .  

The  e n z y m e  was  par t i a l ly  pur i f icd  ~ and  r ep re sen t ed  the  
f rac t ion  sa l ted  ou t  a t  25% sa tu r a t i on  of a m m o n i u m  sul- 
pha te .  I t s  ac t iv i ty  was  measu red  spec t ropho tome t r i ca l l y  
a t  420 n m  in cuve t t e s  of 3 ml  con ta in ing  10-4M N A D H  
(5 × 10-423,~ r po t a s s ium ferr icyanide,  10-~M GSH,  
3 × 10-SM E D T A ,  and  0 . 0 5 M  po ta s s ium p h o s p h a t e  
buffer  p H  7.3). 

The ac t iv i ty  was also comple te ly  inh ib i t ed  by  pre-  
t r e a t m e n t  of t h e  e n z y m e  wi th  oxygen- f ree  argon or 
n i t rogen  for 5 rain, b u t  could be fully res to red  b y  bubb l ing  
oxygen  (5 min) in t he  i nac t iva t ed  enzyme  solution.  

Cycles of inac t iva t ion  and  reac t iva t ion  could be re- 
pea t ed  more  t h a n  once, t h u s  ind ica t ing  the  revers ible  
na tu r e  of th is  effect.  The  inabi l i ty  of t he  oxygen  dissolved 
in the  assay  m ix tu r e  to  reverse  the  inac t iva t ion  b r o u g h t  
a b o u t  b y  n i t rogen  (or argon) was t raced  to  an inhib i t ion  
b y  fer r icyanide  which  p roduced  a comple te  loss of ac t iv i ty  
w h e n  i ncuba t ed  w i t h  t h e  ac t ive  enzyme  a t  t h e  same con- 
cen t r a t i on  used  in the  assay  (Table I). Fe r r i cyan ide  pre-  
ven t ed  also the  recovery  of ac t iv i ty  b r o u g h t  abou t  by  
oxygen  (Table II). On the  o the r  hand ,  NAD,  N A D H ,  
N A D P  and  N A D P H  were w i t h o u t  apprec iab le  effect  on 
all these  react ions .  Similarly,  2 ,6 -d ich lorophenol indo-  
phenol ,  wh ich  was  an  act ive  e lec t ron  a c c e p t e r  for t he  
enzyme,  was  also w i t h o u t  effect  on these  react ions .  W h e n  
added  t oge the r  w i th  ferr icyanide,  N A D H  did no t  p r e v e n t  
i ts  i nh ib i to ry  effect .  

R e d u c e d  g lu t a th ione  and  cys te ine  a d d e d  to  t he  e n z y m e  
solut ion before  bubb l ing  n i t rogen  p r e v e n t e d  the  loss of 
ac t iv i ty  b r o u g h t  abou t  b y  th is  t r e a t m e n t  (Table I), and  
in addi t ion ,  were  also able to r eac t iva te  the  N , - i nac t i va t ed  
e n z y m e  (Table i i ) .  Oxidized g lu ta th ione ,  on the  o the r  
hand ,  did no t  p r e v e n t  n i t rogen  i nac t i va t i on  (Table I), was  
unable  to  p roduce  any  r eac t iva t ion  by  itself, and  com- 
p le te ly  inh ib i t ed  oxygen- r eac t iva t i on  (Table II) .  Similar  
e x p e r i m e n t s  could no t  be carr ied  ou t  mean ingfu l ly  w i t h  
cys t ine  since th i s  c o m p o u n d  s t rong ly  inh ib i t ed  the  ac t ive  
e n z y m e  (Table I). FeCI~ par t i a l ly  p r e v e n t e d  n i t rogen  in- 
ac t iva t ion  (Table I) and  even  p roduced  some reac t iva t ion  

Table I. Effect of several compounds on the N 2 inactivation of the 
NADH dehydrogenase. Rates expressed in/~mole]min 

Compound Control N~ treatment 

None 0.37 0.00 
GSH 0.45 0.37 
GSSG 0.45 0.00 
Cysteine 0.52 0.52 
Cystine 0.00 0.00 
Ferricyanide 0.00 0.00 
o-Phenanthroline 0.00 0.00 
FeCI 2 0.30 0.19 

The effect of each compound (3 × 10-aM) on the enzyme activity 
was measured by incubating it with the enzyme solution in 0.05 M 
potassium phosphate buffer pH 7.3. After 5 rain 0.1 ml of the solution 
was withdrawn and added to 2.9 ml of the complete reaction mix- 
ture. The effect on the reaction of nitrogen inactivation was measured 
by adding the individual compounds at the same concentration to 
the enzyme solution before bubbling nitrogen for 5 min. 

of t he  n i t r o g en - t r ea t ed  en zy me  (Table II) .  This  observa-  
t ion was  in accord  w i t h  t he  inh ib i to ry  effect  of o -phenan-  
thro l ine  on the  ac t ive  e n z y m e  (Table I). The  s t i m u l a t o r y  
effect  of GSSG on the  enzyme  ac t iv i ty  when  a d d e d  to  the  
reac t ion  mi x t u r e  1 m a y  no t  be a t  va r iance  wi th  t he  effects  
observed  upon  incuba t ion  w i t h  the  en zy me  dur ing  n i t rogen  
t r e a t m e n t  and  the  enzyme  dur ing  n i t rogen  t r e a t m e n t  and  
oxygen  reac t iva t ion .  

I t  should  be n o t e d  t h a t  in all t he  e x p e r i m e n t s  descr ibed,  
the  ac t iv i ty  of t he  enzyme  was  assayed in p resence  of 
s a t u r a t i n g  concen t r a t ions  of G S H  and  mo reo v e r  t h a t  t h e  
ac t i va t i ng  effect  of G S H  a n d  G S S G  was  found  to  be 
revers ible  upon  di lut ion.  

These  d a t a  ind ica te  t h a t  an in t e rac t ion  of oxygen  wi th  
t he  en zy me  is necessary  for i ts  ac t iv i ty  and  t akes  place 
p r e s u m a b l y  w i t h  a group  in i ts  reduced  s ta te ,  as shown 
by  the  c o n t r a s t i n g  effects  of reduced  and  oxid ized  com-  
pounds ;  the  effect  of ferrous ion and  the  inh ib i t ion  by  
o -phenan th ro l ine  m a y  sugges t  the  i n v o l v e m e n t  of a metal .  
Such a possibi l i ty ,  however ,  requi res  fu r the r  e x p e r i m e n t a -  
t ion 3. 

Table If. Effect of several compounds on the N2-inactivated NADH 
dehydrogenase and on the 0 2 reactivation of the inactive enzyme. 
Rates expressed in/zmote/nfin 

Compound N2-inactivated enzyme 0 2 treatment 

None 0.00 0.30 
GSH 0.30 0.27 
GSSG 0.00 0.00 
Cysteine 0.30 0.30 
Cystine 0.00 0.00 
Ferricyanide 0.00 0.00 
o-Phenanthroline 0.00 0.00 
FeCI 2 0.12 0.30 

The effect of each compound oil the reactivation by oxygen was 
measured by adding it to the solution of N2-inactivated enzyme 
before bubbling 0 2 for 5 nfin. The compound was considered to have 
produced a reactivation under similar conditions but without 
bubbling oxygen. Control experiments carried out by again bubbling 
nitrogen after addition of the compound ensured that the effect was 
not due to traces of oxygen introduced with the compound. 

Riassunto. L ' e n z i m a  dicumarolo-sensibi le  pur i f ica to  da  
lobi ot t ic i  di Sepia of[icinalis, una  N A D H - d e i d r o g e n a s i ,  
con notevote  a t t ivi tA ossidasica,  ~ s t a t e  saggia to  in con-  
dizioni anaerobiche.  La p resenza  dell 'ossigeno,  come delle 
sos tanze  f iducent i ,  in par t ico lare  dei g rupp i  SH,  ~ essen- 
ziale per  l ' a t t i v i t~  de l l ' enz ima  che  p r i v a t e  di ques t i  fat-  
tor i  si i n a t t i v a  fac i lmente ,  m e n t r e  con la r ip r i s t inaz ione  
delle condizioni  o t t imal i  (ossigeno e sos tanze  r iducen t i  
incubate) ,  si pu6 r is tabi l i re  in gran  p a r t e  l ' a t t i v i t~  enzi- 
mat ica .  
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