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Absence of N A D H : N A D  + oxidoreductase activity in mitochondrial 

NAD(P) transhydrogenase 

NAD(P) transhydrogenase (NADPH:NAD ÷ oxidoreductase, EC 1.6.1.1, also 
known as TD-transhydrogenase) was first found in animal tissues by KAPLAN,  

COLOWICK AND N E U F E L D  1. Preparations of this enzyme always contain various 
amounts of NADH:NAD+ oxidoreductase (also known as DD-transhydrogenase} 
activityl,Z. 

It  was assumed that a single lipoprotein was responsible for both activities 3. 
However, the present communication shows that  by treatment with a detergent, 
followed by gel filtration, fractions could be obtained containing the two activities 
separately. 

Rat  liver mitochondria (about 260 mg protein) prepared by WEINBACH'S 4 
method were treated with 7 ml of an ice-cold o.o16 M solution of Triton X-IOO 
(0.05 M potassium phosphate, pH 7.4, o.ooi M EDTA) for I h, and centrifuged for 
2 h at 38000 × g. In the clear supernatant both activities were assayed with oxidized 
3-acetylpyridine-adenine dinucleotide (APAD ÷) as hydrogen acceptor 5. The specific 
activities were found to be 0.040 and o.19o /~mole/min per mg protein for the 
NADPH:APAD + and NADH:APAD + oxidoreductase reactions, respectively*. The 
supernatant was chromatographed on a Sephadex G-ioo column, which was eluted 

Abbrev ia t ions :  A P A D  + and  A P A D H ,  oxidized and  reduced  forms of 3 - a c e t y l p y r i d i n e -  
aden ine  dinucleot ide .  

* Mi tochondr ia  d i s in tegra ted  in an  ana logous  m a n n e r  wi th  o.oi  6 M dig i tonin  5 showed  specific 
ac t iv i t ies  of o.084 and  o.159, respect ively .  
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with  0.05 M po tass ium phospha te  (pH 7.0, 0.002 M EDTA).  Fig. I shows the  sepa- 
r a t i o n  of the  two act ivi t ies .  The recoveries were lO 7 °//o and 89 % for the N A D P H :  
A P A D  + and N A D H : A P A D  + oxidoreduc tase  act ivi t ies ,  respect ively .  

The fract ions conta in ing  the separa ted  enzymes were pooled and the  dependence  
of the  ac t iv i t ies  on p H  and subs t r a t e  concent ra t ion  were measured  in order  to charac-  
ter ize bo th  enzymes.  

F rom a L i n e w e a v e r - B u r k  plot  a Km value  for the  reac t ion  

N A D P H  + A P A D  ~ ~ N A D P  ~ + A P A D H  (I) 

of 1. 7. Io  .4 M for N A D P H  was found in presence of a cons tan t  concent ra t ion  of 
2" lO -4 M A P A D  + under  the  condi t ions  descr ibed in ref. 5. This value is of the  same 
order  as the  var ious  d a t a  found in the  l i t e ra ture  for NAD(P)  t r anshydrogenases  from 
different  sources.L 7-9. 

The Km for the  reac t ion  

N A D H  + A P A D  + ~" N A D  ~ A P A D H  (2) 

was found to be 1. 4. lO .5 M for N A D H  (APAD + concent ra t ion ,  2" IO 4 M). I t  agrees 
fa i r ly  well wi th  the  only value  given in the  l i t e ra tu re  v, viz. for the  leucocyte  enzyme 
(Kin  = 5" IO-5  M). 

The  p H  o p t i m a  for Reac t ions  1 and 2 were de t e rmined  in 1 M po tass ium phos- 
pha t e  buffers. Fo r  N A D P H : A P A D ~ -  oxidoreductase ,  ma x ima l  ac t iv i ty  was found at  
p H  5.9-6.3, which is nea r ly  ident ica l  wi th  values for N A D H : N A D  + oxidoreduc tase  
found b y  o ther  authorsl,V, lo in p repara t ions  from ra t  hear t ,  beef hear t  and  leucocytes.  
The p H  range for m a x i m u m  ac t iv i t y  of the  N A D H  : A P A D -  oxidoreduc tase  is 5.3-5.8. 

25 30 35 40 45 
Tube NO. 

Fig. i. Gel f i l t ra t ion  of 5 ml  mi tochondr i a l  e x t r a c t  (12. 4 ing p ro te in  per  ml) on a Sephadex  G- ioo  
co lumn (57 cm × 3.5 cm, 0.9 ml  e lua te  per  min, 5-ml fractions).  Assay  of N A D P H : A P A D  + and  
N A D H  : A P A D  + ox idoreduc tases  accord ing  to STEIN', KAPLAN AND CIOTTI 5. Specific ac t iv i t i e s  are 
g iven  in  #moles / r ag  p ro te in ,  min.  Pro te in  was de t e rmined  according to  LOWRY et al# in the  e lua te  
and  by  Kje ldah l ' s  m e t h o d  in the  o ther  samples .  O - - O ,  N A D P H : A P A D +  ox idoreduc tase ;  
O - -  O,  N A D H  : A P A D  + oxidoreduc tase .  
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SILBER, H U E N N E K E N S  AND GABRIO 7 report a pH value of 5.8 for leucocytes, 
HUMPHREY 1° 6.3 for rat  heart. 

These results show that  NAD(P) transhydrogenase is solubilized from liver 
mitochondria free of NADH:APAD + oxidoreductase activity by treatment with a 
nonionic detergent. Concerning the nature of the NADH:APAD + oxidoreductase 
activity which is eluted in the second peak, it seems reasonable to assume that  it is 
due to lipoamide dehydrogenase (NADH:lipoamide oxidoreductase, EC 1.6.4.3) 11 
which also catalyzes Reaction 2 by a mechanism proposed by MASSEY AND VEEGER 1~. 
Our findings (see also ref. 13) do not support the view of PESCH AND PETERSON ~ who 
suggested the existence of a single lipoprotein, which carries both activities but  looses 
the NAD(P) transhydrogenase activity by change of protein conformation when 
lecithin is split off. 
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