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Reduction of viologen dyes and a non-haem iron protein by N A D H  in 
particles from Azotobacter vinelandii 

I t  has been shown that  small particles prepared from Azotobacter vinelandii, 
catalyse the reduction of benzyl viologen when NADH is the hydrogen donor 1. This 
reaction is insensitive to inhibitors that  uncouple oxidative phosphorylation, except 
2,4-dinitrophenol, but the action of 2,4-dinitrophenol was found to be that  of an 
electron acceptor and not an uncoupler ~. The enzymic reduction of the more electro- 
negative dye, methyl viologen by NADH was barely detectable by spectroscopic 
methods. In the present paper a more sensitive procedure is described to follow this 
reaction in the particles, by coupling the reduced methyl viologen formed, to the 
enzymic reduction of nitrate to nitrite. This was achieved by incorporating a purified 
nitrate reductase enzyme from the denitrifying bacterium, Micrococcus denitrificans 
in the reaction mixture. With this method the reduction by NADH of methyl viologen 
or of a non-haem iron protein preparation from A. ~'inelandii is now demonstrated. 
I t  is also shown that  the viologen or the non-haem iron reducing enzyme is specific 
for NADH and that  NADPH and dihydrolipoate act as indirect hydrogen donors 
for the reaction via a transhydrogenase enzyme. 

Nitrate reductase 
This enzyme from M. denitrificans is associated with particles 2. A purified 

nitrate reductase was prepared from these particles by extracting them with deoxy- 
cholate and separating the enzyme on a DEAE-cellulose column a. The purified enzyme 
utilizes either reduced benzyl viologen or reduced methyl viologen as a hydrogen 
donor but NADH and NADPH are ineffective. 

Non-haem iron protein 
This was prepared (50 °/'o pure, 7 mg protein/ml) from A. vinetandii by the 

method described by SHETHNA, WILSON AND BEINERT 4. 
The preparation of small particles (P6) from Azotobacter, collected between 

IOOOOO and 144000 ~'~ g, has been described 1. 

Enzyme assay 
Reduction of benzyl viologen was followed anaerobically at 61o m/z, in cuvettes 

fitted with Thunberg at tachments as described previously ~. 

Specificity of NADH for the reduction of the viologen dyes 
I t  was previously reported 1 that  when NADPH was used in place of NADH, 

there was a delay of about 3 min before benzyl viologen reduction commenced. This 
lag period was abolished after preincubating NADPH and NAD + for 15 rain with 
the Azotobacter particles (P6), prior to adding benzyl viologen from the side arm. 
An active NADPH:NAD + transhydrogenase (EC 1.6.I.I) was found in the particles; 
thus using the lactate dehydrogenase method to determine NADH formed in the 
transhydrogenase reaction the following result was obtained: 0.24/~mole NADH 
formed/2o min per mg protein. I t  was also established that  NADH produced by the 
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transhydrogenase enzyme was preferentially oxidised by the NADH-speciflc lactate 
dehydrogenase enzyme and under these conditions the reduction of benzyl viologen 
did not take place. 

Equivalent quantities of dihydrolipoic acid (E 0' at pH 7 = --o.32 V) did not 
replace NADH as the hydrogen donor in the reaction. When 2/~moles of NAD+ were 
added along with dihydrolipoate, however, the benzyl viologen was reduced. This 
latter reaction was completely inhibited by lO .3 M arsenite. These results indicate 
that  dihydrolipoic dehydrogenase (EC 1.6.4.3) was also present in the particles. This 
was confirmed in an independent assay in which the reduction of NAD + was followed 
at 34 ° m~ in the presence of added dihydrolipoate. Thus o.14/xmole of NADH were 
formed/mg protein (P6) per IO min. 

NADH-viologen reductase coupled to nitrate reductase from M. denitrificaus 
The reduction of the more electronegative dye, methyl viologen was followed 

by coupling it to a nitrate reductase from M. denitrificaus. The following mixture, 
in a final volume of 2 ml in Thunberg tubes incubated anaerobically at 3 °0 for 15 min 
contained in/~moles: phosphate buffer (pH 7.5), 50; methyl viologen, I ; NADH, 2; 
KNOB, I ;  nitrate reductase from M. denitrificans (o.I mg protein) and in the side 
arm, the Azotobacter particles, P6 (0.5 mg protein). Nitrite was assayed as described 
previously ~. When benzyl viologen was used instead of methyl viologen, a fourth of 
the Azotobacter particles was enough to produce an equivalent amount of nitrite. 
The reaction was extremely sensitive to p-chloromercuribenzoate, since 2.1o -5 M 
inhibited the reaction completely with either viologen. At these concentrations p- 
chloromercuribenzoate had no effect on the nitrate reductase enzyme. The inhibition 
was completely reversed by adding glutathione or cysteine hydrochloride each at 
Io -~ M. 

The 2,4-dinitrophenol effect 
2,4-Dinitrophenol at io -4 M inhibited nitrite production in the coupled reaction. 

This was due to the chemical oxidation of reduced benzyl viologen or reduced methyl  
viologen, formed in the reaction, by 2,4-dinitrophenol. The 2,4-dinitrophenol effect 
was overcome by generating NADH with ethanol and alcohol dehydrogenase, so that  
adequate reducing power was available for the reduction of both 2,4-dinitrophenol 
and nitrate (Table I). When reduced benzyl viologen was produced by a chemical 
reduction of the dye with H 2 gas in the presence of palladised asbestos in a special 
dual Thunberg tube fitted with a sinter 5,6, it reduced 2,4-dinitrophenol non-enzymi- 
cally, to 2-amino-4-nitrophenol identified by spectrophotometric and by thin-layer 
chromatography of the authentic pure compound. 

The reduction of a non-haem iron protein by NADH in Azotobacter particles 
The results in Table I I  show that  a non-haem iron protein preparation from 

Azotobacter 5 could replace benzyl viologen or methyl  viologen as an electron carrier 
for the reduction of nitrate in the coupled system. The rate of the reaction was 
however much slower than that  with either viologen. Addition of higher concentrations 
of the non-haem iron protein preparation inhibited the reaction but this effect was 
overcome by generating NADH with the alcohol dehydrogenase method. 

This reaction appears to have a function similar to the flavoprotein enzyme 
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T A B L E  1 

T H E  R E V E R S A L  O F  T H E  2 , 4 - D I N I T R O P H E N O L  I N H I B I T I O N  O F  1 - N ~ , & - D H - B E N Z Y L  V I O L O G E N  A N D  - M E T H Y L  

VlOLOGEN REDUCTASE FROM AZOTOBACTER BY GENt~RATING N A D H  WITH ALCOHOL DEHYDROOENASE 

The  reac t ion  m i x t u r e  in a final vol. of 2 ml  in T h u n b e r g  tubes  conta in ing,  in /zmoles: p h o s p h a t e  
buffer  (pH 7.5), 5o; benzyl  viologen or m e t h y l  viologen, I; e thanol ,  5o; alcohol dehydrogenase  
(IO tLg protein) ;  KNOa,  i ;  2 ,4-dini t rophenol  , o.2; n i t ra te  reduc tase  f rom Micrococcus, o.I m g  
prote in ;  and  in the  side a rm  N A D  +, i and  Azotobac te r  part icles  (1'6) o. 4 and  o. i  nlg prote in  
wi th  m e t h y l  viologen and  benzyl  viologen, respect ively.  The  tubes  were evacua t ed  and  the  react ion 
s t a r t ed  by  t ipp ing  in the  con ten t s  of the  side arm.  Separa te  t ubes  were incuba ted  a t  3 °o for 
each t ime  in terval  as indicated.  2 ,4-Dini t rophenol  was omi t t ed  froni the  control  tube.  Ni t r i te  
was de te rmined  as described in the  text .  

Incubation time 
(rain) 

re#moles nitrite per mg protein 
A zotobacter particles ( P6) 

Electron carrier Benzyl viologen Methyl viologen 

15 (wi thout  2 ,4-dini t rophenol  ) 
15 (with 2 ,4-dini t rophenol  ) 
3 ° (with 2 ,4-dini t rophenol  ) 
45 (with 2,4-dini t rophenol)  
9o (with 2,4-dinitrophenol)  

4480 864 
800 o 

136o 60 
2040 320 
6040 980 

T A B L E  II 

R E D U C T I O N  O F  A N O N - H A E M  I R O N  P R O T E I N  B Y  N A D H  VVITH A Z O T O B A C T E R  P A R T I C L E S  C O U P L E D  

T O  A N I T R A T E  R E D U C T A S E  E N Z Y M E  F R O M  M I C R O C O C C U S  

The  comple te  reac t ion  mi x t u r e  in a final vol. of 2 ml in T h u n b e r g  tubes  conta ined  in / ,moles:  
p h o s p h a t e  buffer  (pH 7.5), 5o; KNOa,  I;  n i t ra te  r educ tase  f rom Micrococeus (o.i mg  protein);  
a n o n - h a e m  iron pro te in  p repara t ion  4 (7 m g  prote in/ml) ,  as indica ted;  Azotobac te r  par t ic les  
(o.i mg  protein) and  in the  side arm,  N A D H ,  2 and  benzyl  viologen or me thy l  viologen i, as  
indicated.  The  t ubes  were evacua t ed  and  the  react ion s t a r t ed  by t ipp ing  in the  con ten t s  of tile 
side arm.  Nit r i te  formed af ter  30 rain incuba t ion  a t  3 °0 was de t e rmined  as described in the  text .  

A d d i t i o n s  to the basal reaction mixture NO 2 produced 
(mumoles) 

Non-haem iron protein (ml) Viologen dyes 

0 0 

0 . 2  - -  0 . 2  

0.2 (omit  n i t r a t e  reductase)  o 
0.4 7.0 
0.6 - -  5.0 
1 . 0  - 0 

1.o (with N A D H - g e n e r a t i n g  sys tem)*  9.7 
o benzyl  viologen 76.0 
o n le thyl  viologen 25.1 

* N A D H - g e n e r a t i n g  s y s t e m ;  e thanol  5 ° #moles  and  alcohol dehydrogenase  (IO j,g protein).  

c r y s t a l l i s e d  f r o m  g r e e n  p l a n t s  b y  SHIN, TAGAWA AND ARNON 8. T h e  p l a n t  e n z y m e  

c a t a l y s e s  t h e  r e v e r s i b l e  r e d u c t i o n  of  f e r r e d o x i n  (E  0' a t  p H  7 = 0 .42  V) w h e n  

N A D P H  is t h e  h y d r o g e n  d o n o r ,  w h e r e a s  t h e  A z o t o b a c t e r  p a r t i c l e s  (P6)  u t i l i z e  N A D H  

o n l y .  

I t  is  of  i n t e r e s t  t h a t  a n o n - h a e m  i r o n  p r o t e i n  f r o m  A z o t o b a c t e r  i s  a l so  r e d u c e d  

b y  N A D H  in  t h e s e  p a r t i c l e s .  T h e  o b s e r v a t i o n  t h a t  t h i s  r e a c t i o n  w a s  i n h i b i t e d  a t  h i g h  

Biochim. Biophys. Acta, I3I  (I967) 2o4-2o 7 



SHORT COMMUNICATIONS 207 

concentrations of non-haem iron and that  this effect was removed when adequate 
NADH was generated suggests that  the iron protein acts as an electron carrier in 
the coupled nitrate reductase system. By using electron spin resonance technique, 
NICHOLAS et al. s have shown that  a non-haem iron protein in Azotobacter particles 
was markedly reduced by dithionite. These particles also catalyse H a evolution and 
N 2 fixation provided an ATP-generating system and dithionite are addedg, 1°. 
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Oxidative phosphorylation in the metabolism of sarcosine and formaldehyde 

I t  had been shown previously that  the N-methyl  groups of both sarcosine and 
dimethylglycine are metabolized to "active formaldehyde" in phosphate-washed 
mitochondria 1-3. In these preparations, the "active formaldehyde" does not undergo 
further oxidation but  is converted either to ordinary formaldehyde or to the/3-carbon 
of serine. Subsequent studies, described below, have demonstrated that  the metabo- 
lism of sarcosine in sucrose-washed mitochondria results in oxidative phosphorylation 
and also that  the oxidation of the methyl group under these conditions proceeds 
beyond the level of "active formaldehyde" to formate and carbon dioxide. 

With mitochondria washed 3 times with 0.25 M sucrose and then incubated 
with o.oi M phosphate in sucrose, as described in Table I, the methyl group is oxidized 
beyond the level of formaldehyde to formate and carbon dioxide, and serine is a 
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