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Molybdenum associated with N A D H  dehydrogenase in Complex I 

In  1962 , HATEFI et al. x reported in the E S R  spectrum of Complex I, reduced 
with N A D H  and then shaken with air, two unidentified signals (c and d in Fig. 2 of 
ref. I), in addition to a free-radical signal and the g = 1.94 signal now known to be 
due to an i ron-sulphur  protein. KAWAKITA AND OGURA 2 showed tha t  on incubation 
of Complex I + I I I  with N A D H  at o °, the intensi ty of the g = 1.94 signal decreases 
with time and signals at g = 1.98 and g = 1.95 appear. 

Very recently, D. V. DERVARTANIAN AND Pt. BRAMLETT (personal communi-  
cation) showed tha t  N A D H  dehydrogenase isolated from iron-deficient Azotobacter  

v i n e l a n d i i  contains molybdenum tha t  is responsible for an asymmetr ic  ESR signal 
at  g = 1.95 under reducing conditions. This paper provides evidence for the fact, 
ment ioned at a recent symposium 3, tha t  the signals at g = 1.98 and g = 1.95 observed 
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Fig. I. Effect  of i ncuba t ion  of Complex  I (made accord ing  to ref. i) w i th  N A D H  a t  22 ° on E S R  
spec t ra .  Complex  I (37 mg/ml)  suspended  in o.66 M sucrose,  5 ° mM Tris-HC1 (pH 8.o), and  I mM 
h i s t i d ine  was n l ixed  wi th  N A D H  (6.2 mM) in an  E S R  c u v e t t e  and  i m m e d i a t e l y  frozen in l iquid  
n i t rogen .  Af te r  the  s p e c t r u m  had  been t a k e n  the  c u v e t t e  was i ncuba t ed  in a w a t e r  b a t h  a t  22 °. 
At  different  t i m e  in t e rva l s  (in minutes)  as shown in the  figure, E S R  spec t ra  were recorded wi th  
a Var i an  E-3 a p p a r a t u s  a f te r  rap id  freezing of t i le  sample .  Condi t ions :  t empe ra t u r e ,  - -193° ;  
m o d u l a t i o n  ampl i tude ,  6. 3 gauss ;  power, 63 m\V. 
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b y  HATEFI el al. t a n d  KAWAKITA AND OGURA ') in  r e d u c e d  C o m p l e x  1 a n d  C o m p l e x  

I -:  I I I ,  r e s p e c t i v e l y ,  a re  also d u e  to  m o l y b d e n u m .  

lqg.  I shows  t h e  E S R  s p e c t r a l  c h a n g e s  on  i n c u b a t i n g  Con lp l ex  I w i t h  N A D H .  

I t  c an  be seen  t h a t  a s igna l  a t  g ~ 1.97, w i t h  t w o  c o m p o n e n t s  a t  g = 2.00 a n d  a b o u t  

g --- 1.95, a p p e a r s  whi l e  a t  t h e  s a m e  t i m e  t h e  i n t e n s i t y  of t h e  g = 1.94 s ignal  is h a l v e d  

( lqg.  2). T h e  i n t e n s i t y  of i t s  g 2.Ol c o m p o n e n t  dec l ines  b y  a b o u t  80 ° 0. T h e  p r e s e n c e  

of r o t e n o n e  (5 n m o l e s / m g  p r o t e i n )  ha s  no  effect.  T h e s e  E S R  spec t r a l  c h a n g e s  were  

c o r r e l a t e d  w i t h  a sn la l l  i nc r ea se  in a b s o r b a n c e  m e a s u r e d  w i t h  t h e  w a v e l e n g t h  p a i r  

460 51o n m ,  b u t  9 ° °o of t h e  i n i t i a l  dec l ine  in a b s o r b a n c e  on  a d d i n g  N A D H  was  s t i l l  

p r e s e n t  a f t e r  6 m i n .  S ince  excess  N A D H  was  used,  t h e  s p e c t r a l  c h a n g e s  c a n n o t  be  

d u e  to  p a r t i a l  r e o x i d a t i o n  as HATEFI el al. 1 s u g g e s t e d  (see also ref. 2). 

T h e  g = 1.97 s igna l  is m u c h  less t e m p e r a t u r e  d e p e n d e n t  t h a n  t h e  g = 1.94 

s igna l ,  so t h a t  a b o v e  - 1 2 o  ° s p e c t r a  of t h e  g = 1.97 s igna l  c an  be  n l e a s u r e d  w i t h o u t  

i n t e r f e r e n c e  of t h e  i r o n - s u l p h u r  p r o t e i n  s ignal .  T h i s  is s h o w n  in Fig.  3. T h e  g - -  1.97 

s igna l  h a s  c o m p o n e n t s  a t  g = 2.00 (peak)  a n d  g = 1.95 ( t rough) .  T h e s e  g va lues  as  

well  as t h e  r e l a t i v e  t e m p e r a t u r e  i n d e p e n d e n c e  of t h e  s igna l  i n t e n s i t i e s  are  c h a r a c -  

t e r i s t i c  for  m o l y b d e n u m  (refs. 4 a n d  5), 
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Fig. 2. Time course of spectral changes shown in Fig. t. The peak height of the g = 2.oi top, 
the top minus t rough of the g = 1.97 signal and the trough depth of the g = 1.94 signal are 
plotted against the incubation time. Because the g = 1.95 (trough) component of the g = 1.97 
signal interferes with the top but  not with the trough of the g -- 1.94 signal, the trough depth 
of the lat ter  signal was taken as a measure of the g -- 1.94 signal intensity. 

Fig. 3. ESR spectrum of the g = 1.97 signal, measured at --115 °. Complex I was incubated 
with NADIt  as in Fig. I for 1I rain at  22 °. Conditions of measuring ESR spectrum were the 
same as in Fig. i except for the temperature,  and the gain tha t  was 5 times larger. At --193 ° 
the g -- 1.97 signal showed saturat ion above 8 mW. At - - I I 5  °, however, no saturat ion was 
observed even at 16o m\V. 
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Tile amount of nlolybdenum visible in the ESR spectrum, determined by com- 
parison of tile signal intensity, by double integration, with that of a Cu(II)-EDTA 
standard, was o.23 nmole Mo per mg protein. Taking into account that in xanthine 
oxidase 4 and aldehyde oxidase 5 maximally 2o-25 % of tile Mo present is visible in 
the ESR spectrum, it is likely that at least i nmole of Mo is present per mg protein, 
i.e. about I mole No per mole FMN. A preliminary analysis of molybdenum by atomic 
absorption shows the presence of about I nmole of Mo per mg of Complex I. 

From Fig. I it can be seen that the trough of the g = 1.94 signal remaining at 
the end of the incubation is narrower than tile original signal. In fact, other studies 
revealed that the g = 1.94 signal seen in the first trace of Fig. I is composed of two 
ahnost identical signals but with different contributions of tile g = 2.Ol component. 
It  is evident from Fig. 2 that the decrease of the g = 1.94 signal and the appearance 
of the g = 1.97 signal are synchronous. The time course of these phenomena appears, 
however, far too slow to be important for the enzymic activities of Complex I. 

We wish to thank Dr. B. F. Van Gelder and Mrs. M. F. J. Blokzijl-Homan for 
their assistance in interpreting the ESR spectra. 

Laboratory of Biochemistry, 
B.C.P. Jansen Institute*, 
University of Amsterdam, 
Amsterdam (The Netherlands) 

S. P . J .  ALBRACHT 
E. C. SLATER 

I Y. HATEFI, A. G. HAAVIK AND D. E. GRIFFITHS, J. Biol. Chem., 237 (I962) 1676. 
2 M. KAWAKITA AND Y. OGURA, J. Biochem. (Tokyo), 66 (1969) 203. 
3 E. C. SLATER, in E. C. SLATER, S. PAPA, C. S. Ross I  AND ]~. QUAGLIARIELLO, Energy Trans- 

duction in Respiration and Photosynthesis, Pugnochiuso,  I taly,  197 o, in the press. 
4 G. PALMER, R. C. BRAY AND H. BEINERT, J. Biol. Chem., 239 (1964) 2657. 
5 K.V.  RAJAGOPALAN, P. HANDLER, G. PALMER AND H. BEINERT, J. Biol. Chem., 243 (1968) 3784 . 

Received October ist, 197o 

* Postal  address:  Plantage Muidergraeht I2, Amste rdam,  The Netherlands.  

Biochim. Biophys. Acta, 223 (197 o) 457-459 


