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Preliminary Notes 

P,~ z o o 3 3  

A n e w  N A D ~ - d e p e n d e n t  s p e c t r a l  species o f  I ; . p o a m i d e  d e h y d r o g e r m s e  

Prev ious  w o r k  t,'~ has  shown tha t  upon  add i t ion  to l ipoamJde dehydrogena.se  ( N A I ) H :  
[ ipoamide  ox ido t educ t a se .  EC L6.4.3) of  N A D H  ¢~r reduced  l ipoamide  the  flavin 
a b s o r p t i o n  is decreased  by  a b o u t  :/a in the 45o-m!t  region, while a t  the  same t ime a 
b a n d  in the  region of  50o -7o0  n ~  is formed.  Thi-, was  a t t r i b u t e d  to the  tran,~fer o f  
2 e lec t rons  f rom tiae d o n o r  to the  e n z y m e  leading to reduc t ion  of  the  t lavin a n d  a 
S - S  br idge  wi th  fo rma t ion  of  a flavin semklu inone  and a S radical ,  I t  wa_s shown  
t h a t  the  b a n d  a t  500-700  mix belongs to  a ca t a ly t i ca l ly  ac t ive  i n t e rmed ia t e  o f  the  
overa l l  react ion.  SEARL.q AND ~ANADI ~.~ have  po.~tulated t h a t  this i n t e rmed ia t e  is a 
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Fig.  t.  The  e f fec t  o f  t h e  a d d i t i o n  of  d i f fe ren t  a m o u n t s  of  N A D -  to t he  NAD}S-produced  semi-  
q u i n o n e  o f  l i~x~mide  dehydrogena.~e .  r ~  e x p e r i m e n t  w ~  ¢_arricd o u t  in a v o l u m e  of  3 rnl in  
o,o5 M p h o s p h a t e  buf fe r  (pH 7.~). z m.%| ~ D T A  u n d e r  ~nac rob ic  c o n d i t i o n s .  T h e  ~-p~c~'-~ were  
r e c o r d e d  on  a Ca ry  Mode l -z4  R e c o r d i n g  S p ~ . c t r o p b o t o m c t e r  I mi~ a f t e r  tnLxing %~th a s c a : n i r . g  
s p e e d  ~ f  5 mlAlsec a ~ g  a t  750 m,~. T h e  re fe rence  cc]l ~ o n ~ d  ~a t ~ r .  T h e  ~ b s o ~ n c y  is 
c o r r o c t e d  fo r  d i l u t i on  caused  b y  the  variov.~ add i t i ons .  T h e  H A D  + used  w~L.~ neu t ra l i zed .  O- - -Q ,  
o, x o 4 ~ m o [ e  ox id i zed  e;xzyme; × . . .  × ,  s e m i q u i n o n e  prc.~ueed b y  o . 3 ~ m o l e  Y A D H ;  ~ 7 - - ~ ,  
z p~mo1~ N A D  ~" a d d e d  to  sen~iquinone;  A - - ~ ,  z.5 p~molcs ~ A D *  a d d e d  to  semiquLnone;  n ~ [ - ' ] ,  

zop.-nol~s IqAD + a d d e d  to semiq~baone .  
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charge-*.ransfer complex,  but it has been shown that the experimental basis for their 
a rgument  is not  valid-L The react ion scheme proposed  b y  SEARLS AND ~ANADI[ aI~J 
differed from tha t  p roposed  b y  us in m a n y  respects ;  e.g., they  propo~cl  tha t  the  
in te rmedia te  is fo rmed  b y  N A D H  via  the  ful ly  reduced fla~in, whereas  we bel ieve 
t h a t  t he  .~ :miqu inone  is f o r m e d  v ia  a N A D + - d e p e n d e n t  i n t e r m e d i a t e  ~. M o r e  r e c e n t  
w o r k S g  h a s  f a v o u r e d  o u r  i n t e r p r e t a t i o n  r a t h e r  t h a n  t h a t  o f  .~EARLS AND ~ANADI. 

W e  n o w  wish  to  r e p o r t  t h e  s p e c t r a l  d e m o n s t r a t i o n  o f  t h e  e x i s t e n c e  o f  a N A D  +- 
d e p e n d e n t  spec ies  o f  l i p o a m i d e  d e h y d r o g e n a s e .  Fig .  x s h o w s  t h a t  u p o n  the  r e d u c t i o n  
o f  t he  o x i d i z e d  e n z y m e  b y  a b o u t  3 m o l e s  N A D H  p e r  m o l e  e n z y m e  f l av in  in  t h e  
p r e s e n c e  o f  a n  exc es s  o f  N A D  + t h e  m a x i m u m  is a t  453 m/x c o m p a r e d  w i t h  445 m/~ 
o b t a i n e d  in t h e  ah.~ence o f  a d d e d  N A D - .  In  t h e  5 o o - 7 5 o - m / t  r eg ion  t h e  s h o u l d e r  a t  
a b o u t  530 m/~ o f  t h e  . ,~emiquinone o b t a i n e d  in t h e  a b s e n c e  o f  a d d e d  N A D  + is re -  
p l a c e d  h y  a b r o a d  b a n d  w i t h  a m a x i m u m  a t  a b o u t  565 m/~, a n d  w i t h  a g r e a t e r  ab -  
s o r p t i o n  t h a n  t h e  s c n f i q u i n ( m e  a b o v e  a b o u t  560  m ~  (Fig.  x}. T h i s  g r e a t e r  a b s o r p t i o n  
is n o t  d u e  t o  t h e  c h a r g e - t r a n s f e r  c o m p l e x ,  w h i c h  d e v e l o p s  w h e n  t h e  e n z y m e  b e c o m e s  
f ' l l l y  r e d u c e d  in t h e  p r e s e n c e  o f  N A D  + ,and w h i c h  h a s  i t s  m a x i m u m  a b s o r p t i o n  a t  
720 m p  (rtd~. 2, 7 a n d  8). T h e  increa_~ed ahr, o r p t i o n  a t  a b o u t  4 0 0 - 4 2 0  m ~  in  t h e  
s e m l q u i n o n e  c o m p a r e d  w i th  t h e  o x i d i z e d  e n z y m e  is les.~ in t h e  p r e s e n c e  o f  N A I ) + .  
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lqg .  2. T h e  e f f ec t  of  t h e  a d d i t i o n  o f  d i f f e r e n t  a m o u n t s  o f  N A D H  t o  P i l ~ e m i d e  d e h y d r o g e n a s e  i ~  
the p r ~ ; l c ~  o f  ~ pmol~,  HAD*. Conditions were the ~tL'~e as described in Fig .  t. 0 " " 0 ,  o.lo4 p m o l t  
oxidized enzyme; l~--l, addition of o.z pmole NADH; /x--~, addition of o.Opmole NADI=I; 
~?--~.Y. ~dttion of t #Jrnole NADII; f-l--~, addition of aprnotcs NADH; ×--×. a control 

experiment in which the enzyme was reduced v#ithout added NAD ÷ by ~ l~rnoles NADH. 
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Upon the addit ion of  increa.~ing amounts  of NAI)H to the  enzyme in the pre- 
sence of excess NAD*, the  NAD+-dependm.* intermediate  with m a x i m u m  at  565 in# 
is corn, erred into the semiquin ,ne ,  with a shoulder ;tt 53 ° mp  (Fig. z). On tt.e o ther  
hand.  the addi t ion of increasing amounts  of NAD-  to  the NADH-reduced  enz~wne 
(semiquinone) leads to the  converMon of  the semiquinone into the 565-m/~ inter-  
media te  (Fig. x). Thus  it is clear tha t  the new in termedia te  is in rever~ible equili- 
b r ium with the previously described semiquinone. 

The  na tu re  of  the new spectral  species must remain at  the momen t  purely con- 
jectural .  The  character is t ic  absorpt ion appears  to bc caused specifically by NAD- .  
Expe r imen t s  similar to those of  Fig. x but  using N A D P H  as reduc tan t  gave the  
normal  semiquinone spec t rum:  the fur ther  addit ion of  NADP ~ led only" to par t ia l  
reoxida t ion  wi thout  any  new spectral  hands appearing. Similar results were also 
ob ta ined  with reduced and oxickized n ico t inamide -hypoxan th ine  dinuc]eotide 
(deamino-NAD).  

Pre l iminary  stopped-i low exper iments  carr ied out in ,~ollaborati0n with Profes- 
sor Q. H. GIRSoN show t ha t  the  rate of  formation of  the  new absorbing species is 
ex t r eme ly  rapid:  its prod ' tc t ion  is complete  within the 3-msec dead t ime of  the  
appara tus .  Titus the  new species may  welt l~  ;t catalyrtically impor t an t  in termedia te ,  
.cossibly identical with States  IV or VI of our  previously pos tu la ted  reaction mecha- 
nksm a. Pre l iminary  e lectron-spin-re~mance exper iments  in col laborat ion with DT. 
n.  bEINERT alld Dr. N. M. ATHERTON have shown that  the reduced enzyme in the 
presence of  NAD ~ girL-s a free-radical signal. However ,  the t ime course of  develop- 
m e n t  o f  the radical signal is ve~ ,  much slower titan the product ion of  the 565-m/z 
in te rmedia te .  This work wilI be repor ted  in det:til later. 

We wish to t hank  Professor Q. H. Gtnso.~, Dr. H. BEINERT and  Dr. N . M .  
ATHERTON for their  kind cooperat ion,  Profi~sor E. C. SLATIZR for his interest  in thi.~ 
work,  and Mr. H. O. Hol.q.'aA.,," and Miss T. A31BROSlI:~ for exper t  technical  assistance. 

The  Cary I~c, cordiug Spectrophf*tc*meter used was purchased from a gr:mt 
made  available by  tim Rockefeller Founda t ion  to Professor SLAT~:--R. 
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