
~I() SHORT COMM IJ.~ ICAT|O.~S 

,~t: x z o 3 6  
Brain N A D H - t e t r a ~ z o | i u m  reduct~s~ activity~ 
l ipoamide dehydrogenzse and activating lipids 

D u r i n g  t h e  p a s t  s e v e r a l  y e a r s  a n u m b e r  o f  e n z y m e s  c a t a l y z i n g  t h e  o x i d a t i o n  of  
n i c o t i n a m i d e  nuc i eo t i de s  h a v e  b e e n  iden t i f i ed  in b r a i n  t :'. I n  t he  cou r se  ..ff t h e s e  
i n v e s t i g a t i o n s  t e t r a a z o l i u m  sa l t s  a n d  J a n u s  G r e e n  B were  t e s t ed  as e l e c t r o n  accep-  
te rs .  T h e s e  c o m p t m n d s  h a v e  b e e n  w i d e l y  used ,  e spec i a l l y  b y  c y t o c h e m i s t s ,  t o  d e t e r -  
m ine  t h e  i n t r ace l l u l a r  l oca t i on  o f  n i c o t i n a m i d e  nuc leo t ide -Linked  o x i d a t i v e  e n z y m e s .  
In  us ing  these  d y e s  it  was  a s s u m e d  t h a t  t h e y  w e r e  r e d u c e d  b y  c o m p o n e n t s  of  t b e  
e l e c t r o n - t r a n s f e r  cha in  i~ mi t~x :h tmdr ia  or  microsom. ,~e-s .  

W i t h  b r a i n  h o m o g e n a t e s ,  a c t i v e  a c c e p t e r s  for  N A D H  ~:nd I N A D P H  o x i d a t i o n  
were  f i m n d  to  inc lude  t e t r aazo] iup~  v io le t ,  t e t r a a z o l i u m  blue,  n e o t e t r a a z o l i u m  
chlor ide ,  t r i p h e n y l t e t r a a z o l i u m  chlor ide ,  2-p-iodophenyl-3-p-nitrnphenyt-5-phet~yl- 
t e t r a a z o l i u m  ch lo r ide  ar, d J a n u s  G r e e n  B. N A D H  wa~s ox id i zed  m o r e  r a p i d l y  t h a n  
N A D I ' H .  I n  a t t e m p t i n g  tn  .~olubilize the  e n z y m e  o r  e n z y m e s  c a t a l y z i n g  t h e s e  
reaction.~, e x t r a c t s  o f  a c e t o n e - d r i e d  b r a i n  w e r e  m a d e  w h i c h  r e d u c e d  I N T  a n d  J a n u s  
Green  l] w i th  N A D H  a n d  m u c h  m o r e  s lowly  w i t h  N A I ) P H .  T h e  o~her  t e t r a a z o l i u m  
c o m p o u n d s  s h o w e d  t i t t le  or  no  ae t ix , i ty  w i t h  'this sohtb le  e x t r a c t .  E x p e r i m e n t s  
a i m e d  a t  f inding o p t i m a l  c o n d i t i o n s  for  r e t e n t i o n  o f  e n z ~ n i c  ac t i xd ty  d u r i n g  s t o r a g e  
r e v e a l e d  cc, n s ide r ah l e  s t i m u l a t i o n  o f  N A I ) H - 4 N T  r e d u c t a . ~  a c t i v i t y  b y  M e p h y t o n ,  
a c o m m e r c i a l  susl~.nsion o f  V i t a m i n  K i a n d  lec i th in  (Tab le  I.  Lin,~ x). P a r t  o f  thi~ 
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NAI')H-I NT reductase activity wa_~ measured spc~ctrophotometrical~y ~t 500 rnt~ a t  ~8--3o*, in a 
total volunx~" ~t 3.0 ml. containing 0.o 5 M t~ota~ium phosphat~ buffer (pl{ 8~), 3 ,o - lo - t  M 
N A t-~!| and 053 mg;ml of 1NT; lecithin. 0.33 rag/m1; Mcphyton equivalent to 0. 4 mg Vitamin K= 

attd o.o8 rag tff lecithin. 

, k (  t ~ t o n ~ - ~ ' ~ ' ~ w d e r  e x t t ~ c t  

Brain N AI)(t ~) H o,xidorcductase 
I )EA E-ce l lu lose  t :h ta te  

m . .  

.'~'A LJIt oxidized ( ~mm.2e~t,~gtt?mll 

N o  aJ..d÷tio~l + t,..¢.gfkti~ .I. m~p~wf'on 

o.t)! (~ O.O0b o.067 
o . o ( ~  , , .483 25.~ 
o.oi 2 0.035 o.035 

s t i m u l a t i o n  was  f o u n d  to  be  due  t o  t h e  r e d u c t i o n  o f  V i t a m i n  Kt .  c a t a l y z e d  b y  the  
d i c u m a r o l - s e n s i t i v e  N A D ( I ' } H  ox~doredue t a se s "  (ref, 2-5)  pre,sent  in t he  e x t r a c t .  
fo l lowed  b y  t h e  n o n - e n z y m i c  r e d u c t i o n  o f  I N T  b y  t h e  r e d u c e d  ~ a p h t h o q u i n o n e .  
Th i s  was  ver i f ied  b y  e x p e r i m e n t s  ~ ' i t h  pur i f i ed  b r a i n  e n z y m e  4 (specific a c t i v i t y  
~88/zmo]es  NADH/min[mg pro te in )  a~td v i t a m i n  K v N e v e r t h e ~ , s .  s t i m u l a t i o n  w i t h  
b o t h  t h e  ace tone - tx~wder  e x t r a c t  a n d  w i t h  pu r i f i ed  e n z y m e  w a s  a lso  t ~ b t ~ n e d  w i t h  
lec i th in  a lone  in t he  a b s e n c e  o f  a q u i n o n e  ca r r i e r  {Table  I .  L ine  2~. 

A b b r e v i a t i o n :  INT,  2 - p - i o d o p h e u y i - 3 - p - n i t r o p h c n y l - 5 - p h e n y t t e t r a a z o ] i u m  chloride.  
" Tht~c  e n z y m e s  h a v e  b ~ n  r~ferr~d to  as d i a p h o r a ~  in prev ious  ]>uldications ;n order to  

ma in ta in  ki~torical c o n t i n u i t y  wi th  t he  original  observat ions  o f  ADLER el ~1.'. T h e y  are li~ted ~.~ 
rnenadione rcductase  (EC 1.6.5,2 ] hy  t he  E n z y m e  Corrtmimion. 
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T o  o b t a i n  an  N A D l l  . l N T  r edoc t a~e  a c t i v i t y  t'rr.e ¢)f t h t :  brai t ,  N A D ( P ) I [  
o x i d o r e d u c t a s e s ,  the  ~ t u e t o n e - p t ; ~ v ( i e r  e x t r ; i ~ : t  W:L. t ' ract i(mat ,~t  wi th  a m m o n i u m  
su l f a t e  a n d  t h e n  c h r o m a t o g r a p b e c i  t)n a [ ) l -AE-¢ei luh)~e co lumn .  : \n  e l ua t e  d e v o i d  
of  the  l a t t e r  acti:,~.tv as  d e t e r m i n e d  wi th  ::-enadi.)n,: . . . . .  ..... ~,-,'ep+ . . . .  . . . . . . . . .  . . . _  :;till .~tim,Jlated 
b y  lec i th in  b u t  d id  no t  M,ow a n y  a d d i t i o n a l  effect ,ff .Mephyton (Tab le  I, l.in,~ 3!- 

In  a d d i t i o n  to  l~:cithin, ~ t imu la t io~  of  thi'+ part ; .a! ly purtfie<i enr.yn=ic a c t i v i t y  
w~,~ o b t a i n e d  wi th  lipLd fractior.:;  f r ,  m ~  ox b ra in  prel~ar~(l b y  t r , - a t m e n t  w i t h  chb , ro-  
f o r m - - m e t h a n o l  =°, folk)wed b y  l)~,+.~,gc throtxgh a sili(:i<: acid c o l u m n  *L. Active. t rac-  
t ions  inc luded  the  t o t a l  l ipid e x t r a c t ,  a~ well as ~)n(. o , n t a i n i n g  chief ly  neu t r a l  lipi,.[~ 
a n d  lex:ithin, a n d  ( m e  c o n t a i n i n g  chi+.llv c+.++rt+q)r<+>:.,id,+..++,r-+ S t imula t io t ,  was  als*) f>t)tainert 

w i t h  d e t e r g e n t s  s~]ch a.~ T r i t o n  X - ~  a n d  I ' w e e n  _,,~ and  8o. 
W i t h  th is  f rac t inn ,  o t h e r  a c t i v e  acc~.ptor~ inc luded  z ,h -d ich lo r , )ph-no l indo-  

pheno l ,  KaVe(CN)n, m e t h y l e n e  bh~e, .]anu% Gr~,en B a n d  l ipoamide .  I n a c t i v e  accep -  
to r s  i nc luded  oxv~,  n ,  b~-nzoquinoncs,  naphth,~quin~+ne~, c v t o c h r o m e  c a n d  c o e n z y m e  
Q~0. S t i m u l a t i o n  w i th  T r i t o n  X - z o o  wa.~ o,~lv ~,t?.tain~d wi th  I N T  (Tab le  I l l .  

T A  [ M . E  I [  
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X V [ T I i  V A R I O U S  A ( C E t = T O R : >  

C o n t L i t i o ~ , s  a s  t L c , ~ r i b c d  in  T a t , I t  t .  ~ n d  i n  p r e v i o u s  p a | ' - r r s  =~ f o r  i N T ,  z . 6 - d i c h l o r o p h c n u l i n d o -  
p h e n o l  a n d  m e t h v l , : n e  b l u c  A c t i v i t y  w ~ t h  Ja,tu~ ( ; r y e s  l~ ~tt~<l l i p o a m i d ~ :  wa.,+ m e a s u r e d  ~ i )~rc t ro -  
p h o t o m ~ - t r i t : a ~ l l y  a t  3 4 0  m!~ .  T h e  c o n c e n t r a t i o n s  or" J , ' - . nus  G r c v ~  !J a n t i  n L - h p o a m i d e  w e r e  3 • t o - ~  .'X.l 
;Lnd  R + i o  i M .  r t ' s l ~ ' c t i w , ' l y  o , ,~} o f  a t IO d i h * t i t ~ n  o f  " Y r i t o n  X - l o o  tv,'L<; u s e ( t  p ~ r  3 m l  t e .*a l  

'¢ O |  1.111').(:. 

Dt ' .V  H , , ,r :d+:.~I ( pmol+:imw'.emO 

IN+L" 'J 3'" ~ 6~, 
g ,¢)- Di~:hlor<,[~ht.rlol,rldf)phrnoi ~ ~ L ~ j ~ ) i t 

| ' o t - ~ s s i u m  t'~-rrit- v annd~-  , ) .  5 ~ * ) r ( '  

J a n u . ~  G r e e n  Is t z~~ ~ zo  
M e t h y | e n e  B l u e  o .i<~ o :cJ 
[ . i ] ) o ; l ~ ' r , i , l , +  ." i~ ,  : ~ o  

• C o n c e n t r a t t ,  d b y  , a H r a t i t t r a t i o t , .  

B e c a u s e  o f  the  h igh  a c t i v i t y  of  tile a c e t o n e - p o w d e r  exLrac t  w i t h  lipoamid~., t he  
so lu t i on  W;LS t r e a t e d  b y  the  ~ame  pr~>cvdure a.~ t h a t  used b y  MA~EY for the  l ipo-  
a m i d e  dehydrogena .~"  (EC t.(L4.3) o f  hea r t  az, i . e .  p r e c i p i t a t i o n  b y  5ot~, ; tmm. .mium 
s u l f a t e  fo l lowed b y  p a s s a g e  t h r o u g h  a c a l c ium p h . ~ p h a t e  ge l -ce l lu Iose  c o l u m n .  " f w .  
a c t i v e  f r a c t i o n s  were  o b t a i n e d .  F r a c t i o n  A wag no t  a d s o r b e d  b y  the  c o l u n m  a n d  
w a s  not  a c t i v e  w i t h  l ipoanfi t ie  b u t  d id  c a t a l y z e  the  r educ t ion  of  ! N T  b y  N A D H .  
F r a c t i o n  C. l ike h e a r t  l i p o a m i d e  dehydroget~azt- ,  wa.~ a d s o r b e d  b y  the  gel and  el~ate(l 
w i t h  4 %  ammtw, . ium su l fa t e  a n d  w;cs a c t i ve  wi th  lilx~ami,le. As  s h o w n  in "fable l I f  
t h e  a c t i v i t y  o f  b o t h  f r ac t i ons  wi th  I N T  as  a c c c p t o r  was  s t i m u l a t e d  b y  T r i t o n  X - t o o .  
F r a c t i o n  C w a s  i n h i b i t e d  b y  E D T A  ,vhiuh al.~J inhibi t~ h e a r t  l i p o a m i d e  dehydrogeme~e .  
T o  con f i rm  tl ,e r e a c t i v i t y  o f  I N T  a n d  d e t e r g e n t s  wi th  lipoarn~de d e h y d r o g e n a s c ,  a 
s a m p l e  o f  p u r e  h e a r t  l i p o a m i d e  dehydr~,gena>~v was  t e s t e d  a n d  f o u n d  to b e h a v e  l ike 
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C o n d i t i o n s  w e r e  a s  in  p r e v i o u s  t a b l e s .  ~ m M  E D T A .  

DPPlH o~id*:*d ( ~ d t s t , a i n / ~ J  

C omp~m e.~ I • L I/~amld~" 
/-'.~aedttm ,4 # tac¢ica* C': 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I N T  a h m , :  o.t..t 5 o_o6 4 <L t S~ 
1 N T  -.- Tri to - .  o . 3 8 o  2 5 z o  0+56.5 
I N I" - -  "l'.~itor~ i .  E I.YI'A o . 3 8 o  o . 3 2 5  o. t z o  
| . i l )oi : t l~i : i t :  O.¢m 5 2 . 9 5 0  ] . 0 3 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Irraction C (r;tble l I1), and catldvzcd the reduction of  both INT and Janus Green B. 
These results dtmon-trate  that a large part of  the N A D H - I N T  reductase 

activity it~ e , s i ly  ~)lc~ble ;orm in brain is due to lipoamide dehydrngenase. The 
~light activity of brain NAD(P)H oxidoreductase with INT as acceptor is enhanced 
by Iipid~ and detergents. The basis o f  the major activity with IN'I which remains in 
the residual braitl suspension as weU as the activity in Fraction A remains to be 
exph~red. 
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