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S U M M A R Y  

z. Reduced  thionicot inamide adenine dinucleot ide was inac t iva ted  by exposure 
to visible light. The  dinucleot ide photoproduc t  was a compet i t ive  inhibi tor  of de- 
hydrogenase-ca ta lyzed  oxidat ion of NADH.  

2. The photochemical  react ion appeared  to t ake  place in two consecut ive steps 
resul t ing in the  formation of a single final product .  

3- Amperometr ic  t i t r a t ion  of reduced th ionicot inamide adenine  dinucleotide 
demons t r a t ed  t h a t  the  thiocarbony!  group was not  as readi ly  avai lable for complexa- 
t ion with  silver ions as in I -methyl - I ,4 -d ihydro th ionico t inamide .  

INTROD UCTION 

The inact ivat ion of ''~ * ~'" ~:--L,- by ul traviolet  i r radiat ion 3 was suggested to resul t  from 
rup ture  of the  nucleoside and  nucleotide l inkages as well as from changes  in the  
pyr idinium moiety  of the  molecule 4. The photosens i t iv i ty  of reduced th ionicot inamide 
adenine d_inucleotide has a l ready been repor ted  1, 2 a l though the  coenzymic propert ies 
of the  photoproduc t  were not  thoroughly  inves t igated .  This paper  reports  on the  
examinat ion of the  coenzymic propert ies of the  photoproduct ,  some of its physical  and 
chemical  characterist ics ,  as well as the  photochemical  s teps leading to i ts  formation.  

MATERIALS AND METHODS 
t. oenzymes 

NAD + and its th ionicot inamide analog were purchased  from Pabs t  Laboratories.  
NAD + could not be de tec ted  in the  th ionicot inamide adenine  dinucleotide as examined 
by paper  ch romatography  using ammonium ace ta te  (pH 3.5) - e t h a n o l  (2"5) as the 
solvent  sys tem 5. Polyvinylpyrrol idone was kindly supplied by  Dr. R. RESNICK and 
d e x t r a n  was the  gift of Dr. P. T. MORA. 

Enz ymes  

Crystall ine horse-liver alcohol dehydrogenase  and  beef-heart  lactic dehydro-  
genase were purchased from Boehringer and Soehne. 

" P r e l i m i n a r y  r epo r t s  of t h e  p h o t o s e n s i t i v i t y  of r e d u c e d  t h i o n i c o t i n a m i d e  a d e n i n e  d i n u e l e o t i d e  
h a v e  a p p e a r e d  t. s. 
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Photoproduct of reduced analog 

T h i o n i c o t i n a m i d e  a d e n i n e  d inuc leo t ide  (75 mg) was  d i sso lved  in IOO ml  of 
d is t i l led  w a t e r  a d j u s t e d  to  p H  9-5 w i th  N a O H .  E n z y m i c  r educ t ion  b y  l iver  a lcohol  
d e h y d r o g e n a s e  a n d  e t h a n o l  was  followed s p e c t r o p h o t o m e t r i c a l l y  a t  397-5 m3t. Af te r  
equ i l i b r ium was  reached ,  the  r e d u c e d  a n a l o g  was  d i l u t e d  to  15oo ml  w i t h  w a t e r  a n d  
p l aced  in t h e  sunl igh t .  T h e  progress  of t he  p h o t o c h e m i c a l  r eac t ion  was  fol lowed at  
338.5 m/~. W h e n  the  a b s o r b a n c y  r e a c h e d  i ts  m a x i m u m  va lue ,  the  so lu t ion  was  con- 
c e n t r a t e d  b y  f reeze-dry ing  a n d  t h e  p r o d u c t  was  e x a m i n e d  by  p a p e r  c h r o m a t o g r a p h y .  

Enzymic activity 

T h e  r a t e  of e n z y m e - c a t a l y z e d  reac t ions  was  fo l lowed s p e c t r o p h o t o m e t r i c a l l y  a t  
t h e  longes t  ab so rp t i on  m a x i m u m ;  i.e., 397-5 m/~ for t h e  t h i o n i c o t i n a m i d e  a n a l o g  a n d  
34 ° m/ ,  for N A D H .  T h e  t e m p e r a t u r e  w a s  m a i n t a i n e d  a t  25. 5 i 0.2 ° in a t h e r m o s t a t e d  
cell c o m p a r t m e n t .  E n z y m i c  r educ t i on  of t h e  c o e n z y m e  was  ca r r i ed  ou t  a t  p H  9.2 
us ing  e i t h e r  o . I  M N a a H P O  4 or  o . I  M g l y c i n e - N a O H  buffer. T h e  reverse  r eac t ion  was  
ca r r i ed  o u t  a t  p H  7.z in o . I  M p h o s p h a t e  buffer.  

Sequence of photochemical changes 
Solu t ions  of t h e  r e d u c e d  ana log  were i r r a d i a t e d  wi th  a 375-W l a m p  a t  a d i s t ance  

of I f t  f rom the  s amp le  for specif ied t i m e  in t e rva l s .  T h e  s p e c t r u m  was  s c a n n e d  f rom 
5 o o  t o  ~2o m/~ w i th in  IO sec a f te r  t h e  l ight  source  was  t u r n e d  off a n d  aga in  IO min  
a f t e r  t h e  first  scan .  

A rgen2imetric titradions 
T i t r a t i o n  of t h e  a n a l o g  a n d  t h e  p h o t o p r o d u c t  was  ca r r ied  ou t  a m p e r o m e t r i c a l l y  

a n d  s p e c t r o p h o t o m e t r i c a l l y  in o . I  M T r i s - n i t r a t e  buffer  (pH 7-4) by  t h e  m e t h o d  
desc r ibed  in t h e  p rev ious  pape r  6. 

Absorption spectra 
A b s o r p t i o n  spec t r a  were  e x a m i n e d  on a Cary  R e c o r d i n g  S p e c t r o p h o t o m e t e r ,  

Model  x4, h a v i n g  a t h e r m o s t a t e d  cell c o m p a r t m e n t .  

Elearophoresis 
Elec t rophore t i c  rnohi l i ty  was  m e a s u r e d  on Vv'hatman 3 m m  pape r  in 0.05 M 

g l y c i n e - N a O H  buffer  (pH 9.1 or 1o.2), u s ing  a wa te r -coo led  f la t -bed e lec t rophores i s  
a p p a r a t u s .  Spo ts  were  d e t e c t e d  u n d e r  u l t r a v i o l e t  l ight.  

RESULTS 
Absorption spectra 

A compar i son  of t h e  abso rp t i on  s p e c t r a  of 4-37" xo-5 M sGlutions of th ion ico t in -  
a m i d e  a d e n i n e  d inuc leo t ide ,  i ts  e n z y m i c a l l y  r e d u c e d  form, a n d  t h e  p h o t o p r o d u c t  f rom 
t h e  r e d u c e d  ana log  in o . I  M glyc ine  buffer  (pH 9-5) is s h o w n  in Fig. I .  T h e  b r o a d  
a b s o r p t i o n  b a n d  in t h e  29o-30o  m/~ region of t h i o n i c o t i n a m i d e  a d e n i n e  d inuc leo t ide  
a n d  t h e  r e d u c e d  ana log  is a b s e n t  in N A D  + a n d  N A D H  a n d  has  b e e n  shown to  be  
c o n t r i b u t e d  b y  t h e  t h i o n a m i d e  group .  

T h e  abso rp t i on  s p e c t r u m  of t he  d inuc leo t ide  p h o t o p r o d u c t  is v e r y  s imi la r  to  t h a t  
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of the photoproduct  of x-methyl-z,4-dihydrothionicotinamide except for a shift of the  
maximum from 346 to 338.5 m/z in going from the model to the dinucleotide. 

The position of the absorption m a x i m u m  of the dinucleotide photoproduct  varied 
with pH;  thus  at  pH zo.I, ~lmax was 338.5 m/, and at  pH 7.4 it was 325 m/~. 

WAVELENGTH 

F i g .  z. A b s o r p t i o n  s p e c t r u m  o f  t h e  t h i o n i c o t i n a m i d e  a n a l o g  in  o .z  M g l y c i n e  ( p H  9.5)-  C u r v e  z, 
a 4 2 7 "  t~--~ M s o l u t i o n  o f  t h i o n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e ;  C u r v e  2, a 4 .37"  zo-6  i s o l u t i o n  
o f  r e d u c e d  t h i o n i c o t i n a m i d e  a d e n i n e  d i n u c ! e o t i d e  o b t a i n e d  b y  a l c o h o l  d e h y d r o g e n a s e - c a t a l y z e d  

r e d u c t i o n ;  C u r v e  3, s o l u t i o n  f r o m  C u r v e  2 e x p o s e d  t o  a 3 7 5 - W  l a m p  f o r  2o  r a i n .  

Properties of the dinucleotide photoproduct 
E!~trophoresis- The mobil i ty of the dinucleotide photoproduct  was measured 

on Wha tman  3mm paper in o.o5 M glycine buffer (pH 9.1 and Io.2). I ts  mobil i ty  was 
compared with the thionicotinamide adenine dinucleotide, with its reduced form and 
with NADH.  The dinucleotide photoproduct  t ravel led the  same distance toward the 
anode as the reduced nucleotides and twice as far as the oxidized analog. It  is concluded 
tha t  under the pH conditions of the electrophoresis, the dinucleotide photoproduct  had 
a net  charge of m 2. 

Enzymic activity" The participation of the dinucleotide photoproduct  in enzyme- 
catalyzed oxidations and reductions was examined spectrophotometrical ly at  338.5 m/~. 
Horse-liver alcohol dehydrogenase and beef-heart lactic dehydrogenase were used with 
their appropriate substrates in this study. There were no changes in the absorbancy at  
338.5 m/~ under  oxidizing or reducing conditions where the uni l luminated samples 
of the analog were very active. 

Although the dinucleotide photoproduct  did not  part icipate directly in the 
enzymic reactions, its abili ty to bind to the enzyme was determined by its efficiency 

Biochim. Biophys. Acta. 69 (x963) 9--z7 
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as an  inhibi tor .  The  a s sumpt ion  was  m a d e  t h a t  the  molecu la r  weight  of the  photo-  
p roduc t  h a d  no t  changed  signif icant ly from t h e  un i l l umina t ed  analog.  

The  enzyme-ca t a lyzed  reduc t ion  of N A D  + was no t  inh ib i t ed  by  the  d inucleot ide  
p h o t o p r o d u c t  u n d e r  condi t ions  in which N A D H  decreased  the  ra te  by  32 %. However ,  
the  p h o t o p r o d u c t  was  found to be a ve ry  efficient inh ib i tor  of t h e  enzymic  oxida t ion  
of N A D H .  A compar i son  of r educed  th ion ico t inamide  aden ine  d inucleot ide  a n d  its 
p h o t o p r o d u c t  as inhibi tors  of lactic dehyd rogenase - ca t a lyzed  ox ida t ion  of N A D H  is 
shown in Table  I. The  p h o t o p r o d u c t  was  nea r ly  40 % more  effective t h a n  the  un- 
i l l umina t ed  reduced  ana log  in inh ib i t ing  t h e  oxidat ion.  

T A B L E  I 

INHIBITION OF N A D H  OXIDATION BY REDUCb:D THIOFIICOTINAMIDE 
ADENINE DINUCLEOTIDE AND THE DINUCLEOTIDE PHOTOPRODUCT 

T h e  r e a c t i o n  m i x t u r e  c o n s i s t e d  o f  0 .28  m l  o f  a x.86- To - s  M s o l u t i o n  o f  N A D H ,  i n c u b a t e d  w i t h  
o . I  4 m l  o r  0 .28  m l  o f  a 1.25- xo - s  M s o l u t i o n  of  r e d u c e d  t h i o n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e  
( E x p t .  2) o r  t h e  s a m e  v o l u m e  o f  a 1.44" xo - s  M s o l u t i o n  o f  t h e  d i n u c l e o t i d e  p h o t o p r o d u c t  
( E x p t .  3) a n d  0 .005  m l  o f  a s t o c k  s o l u t i o n  o f  b e e f - h e a r t  l a c t i c  d e h y d r o g e n a s e ,  T h e  v o l u m e  w a s  
b r o u g h t  t o  3 .o  m l  w i t h  o.x M p h o s p h a t e  b u f f e r  ( p H  7.2) a n d  t h e  m i x t u r e  w a s  i n c u b a t e d  a t  37 ° fo r  
5 m i n  p r i o r  t o  t h e  a d d i t i o n  o f  o .z  m l  o f  t o  -2 M p y r u v a t e .  P h o s p h a t e  b u f f e r ,  o.x m l ,  i n s t e a d  of  
p y r u v a t e ,  w a s  a d d e d  t o  t h e  b l a n k  w h i c h  c o n t a i n e d  a l l  o f  t h e  r e a c t a n t s .  T h e  a b s o r b a n c y  a t  34 ° rot ,  

w a s  f o l l o w e d  ¢ v e r y  I5  ~ec fo r  4 r a i n .  

Final 
Expt. Additions to yeaction mixture concentration AA/min Inhibition 
No. ( x to"  31) (%) 

x N o n e  1.69 0 .302  o 
( N A D H )  

2 R e d u c e d  t h i o n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e  0 .57  0 . 2 6 7  I2 
x. 14 o. x88 38 

3 D i n u c l e o t i d e  p h o t o p r o d u c t  o .65  o. [ 73 43 
1.3I  0 .o~  7 7i 

The  inh ib i to r  p roper t i es  of the  p h o t o p r o d u c t  were fu r the r  s tud ied  by  va ry ing  
the  concen t ra t ions  of N A D H  and  the  p h o t o p r o d u c t  in compe t i t ion  exper imen t s .  
A plot  of I /v  versus the  d inucleot ide  p h o t o p r o d u c t  concen t ra t ion ,  I ,  is shown in 
Fig. 2. The  inhibi t ion  was  found  to be of the  compe t i t i ve  t y p e  ~ wi th  a K~ of 1.4" xo-SM. 

Rat_e o f  b!eac!dng "" ~ ~" "" a,,~ j vrrna~zon o f  the dinucleotide photoprodua 

Effect o / p H :  T h e  range  of p H  in which the  pho tochemica l  reac t ion  could be 
carr ied  ou t  was  l imi ted  by  the  s tab i l i ty  of t h e  reduced  analog.  Due  to  acid decompo-  
si t ion of t he  reduced  th ion ico t inamide ,  the  ra te  of decrease  in a b s o r b a n c y  a t  397-5 m/~ 
fol lowed be tween  p H  6.1 and  Io.5. The ra te  was  no t  d e p e n d e n t  upon  p H  within  
e x p e r i m e n t a l  e r ror  ( +  5 %)- 

Effe~g o f  concentration: The ra te  of b leach ing  was  g rea te r  the  more  d i lu te  the  
solut ion p r e s u m a b l y  because  the  inc iden t  l ight  was  more  effect ively absorbed  by  the  
d i lu te  solut ion.  I l l umina t ion  of c o n c e n t r a t e d  solut ions  of t h e  r educed  th ion ico t inamide  
ana log  resu l ted  in t h e  format ion  of a p roduc t  wi th  a long abso rp t ion  ta i l  e x t e n d i n g  
to  530 m/~. Since the  composi t ion  of the  resu l t ing  solut ion was  no t  known,  the  di- 
nuc leot ide  p h o t o p r o d u c t  used  dur ing  the  course of these  inves t iga t ions  was  p r epa red  
f rom di lu te  solut ions.  
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Egect of other additions" The rate  of bleaching was unaffected by  addit ions of 
potassium iodide, dich!orophenol indophenol  and  varying concentrat ions  of poly- 
vinylpyrrol idone and  dext ran .  
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Fig. 2. A plot of i/v versus the final concentration of dinucleotide photoproduct, L The final 
concentration of N ADH is given opposite the appropriate curve. Velocity is expressed as mlzmoles 

of NADH oxidized in 3 min. 

Mechanism of photobroduct formation 

In  an a t t e m p t  to de termine  the  sequence of events  in the  photochemical  reaction,  
continuous spectra  of solutions of reduced th ionicot inamide adenine dinucleotide 
were recorded from 5oo to 220 m/z af ter  brief periods of exposure to a 375-XV lamp.  
The recordings are shown in the  upper  and  lower port ions of Fig. 3. The change in 
absorpt ion propert ies  as a funct ion of t ime m a y  be followed mos t  easily by  decreasing 
absorbancy  a t  397-5 m/~. In the upper  port ion of Fig. 3, i l luminat ion was for o, xo and  
25 sec, respectively.  Longer  periods of i l luminat ion were required for significant 
changes in the spectra  as shown in the  lower port ion of the figure where t imes  of 
i ,  2, 3, 4, 6 and  Io  rain respect ively,  were measured .  The format ion of a single 
product  is suggested by  the isosbestic point  a t  313 nap. 

In order to follow the absorbancy  changes at  several  wavelengths  as a function 
of period of i l luminat ion more effectively, the absorbancy at  397-5, 34 ° and 295 m/~ 
are p lo t ted  graphical ly  in Fig. 4- The biphasic react ion is quite evident :  within the 
first minute  of i l luminat ion the absorbancy  at  295 and  259 m F  increased while the 
397.5-m/~ band  decreased more than  5o % (upper port ion of Fig. 3). Af te r  the first 
minu te  of i l luminat ion,  the  absorbancy  at  338.5 m #  s ta r ted  to increase while there  was 
a s imul taneous  decrease a t  295 m F  (lower port ion of Fig. 3)- 

If  the 295-m/~ band  is indeed indicative of the  presence of the th iocarbonyl  group 
as had  been suggested 6, there should be a difference in the avai labi l i ty  of the sulfur 
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A r g e n t i m e t r i c  t i t r a t i o n  of r e d u c e d  t h i o n i c o t i n a m i d e  a d e n i n e  d inuc leo t ide ,  
however ,  r e su l t ed  in an  u n u s u a l  t i t r a t i o n  cu rve  as  shown  in Fig.  5- i n i t i a l l y  i t  ap-  
p e a r e d  t h a t  t h e  r e d u c e d  ana log  was  n o t  c o m b i n i n g  wi th  t h e  s i lver  ion. T h e  s lope of 
t h e  curve  g r a d u a l l y  decreased ,  however ,  a n d  a f t e r  t h e  a d d i t i o n  of z.45 /zmoles of 
s i lver  n i t r a t e  t he r e  was  a s u d d e n  increase  in cu r r en t .  

• ~ i  1 , i , , i ~ # , , , L 

,I N 
---........._._._,, 

o , , . , . , . . . ~ :  , , , , 40 GO 80 IO0 ~ G ~0 ~ m 
TIME IN SECONDS MINUTES 

Fig .  4- G r a p h i c a l  r e p r e s e n t a t i o n  of  a b s o r b a n c y  c h a n g e s  a t  397.5 ,  34 ° a n d  295 mlL as  a f u n c t i o n  of 
p e r i o d  of  exposure -  t o  l igh t .  

' I ~ I ' I " ' I  [ ' I ' I ' I ~ "  1 r I ' I * I i 

s L  . - .  ,~toucco c o A ~  / i  

I 

• H IMINUTi[ tLLUM[NATIO~ .//Ik~/ 

I , I L t "  

i 
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/.LMOLE$ AqNO 3 

Fig .  5- A r g e n t i m e t r i c  t i t r a t i o n  of  r e d u c e d  t h i o n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e  a n d  t h e  p r o d u c t s  
o b t a i n e d  o n  [ a n d  z 5 r a in  i l l u m i n a t i o n  f o l l o w e d  a m p e r o m e t r i c a l l y ,  i / , m o l e  o t  r e d u c e d  c o e n z y m e  
a n a l o g  in T r i s - n i t r a t e  b u f f e r  ( p H  7.4) t i t r a t c d  w i t h  zo-*  N s i l ve r  n i t r a t e .  I l l u m i n a t i o n  w a s  w i t h  

a 375-~,V l a m p  a t  a d i s t a n c e  of z ft .  

x rain i l l umina t i on  of t h e  r e d u c e d  ana log ,  co r r e spond ing  to t h e  m a x i m u m  ab-  
s o r b a n c y  a t  295 m/~, e l i m i n a t e d  t h e  res i s t ance  to  s i lver- ion b i n d i n g  f o u n d  w i t h  t h e  un-  
i l l u m i n a t e d  ma te r i a l ,  a n d  t h e  equ iva lence  po in t  was  a t  x.o8 pmoles .  T h e  d inuc leo t ide  
p h o t o p r o d u c t ,  o b t a i n e d  by  i l l umina t ion  of t h e  r e d u c e d  a n a l o g  for I5  min ,  d id  no t  
c o m p l e x  wi th  s i lver  ion a t  all. 

E l e m e n t a l  ana lys i s  of t h e  d inuc leo t ide  p h o t o p r o d u c t  showed  t h e  s a m e  compo-  

Biochim. Biophys.  ,4eta, 69 (1963) 9 - 1 7  
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sition of sulfur as was present  in thionicot inamide adenine dinucleotide. Therefore,  
a l though sulfur is still present ,  it is not  available for complexing with the meta l  ion. 
Complexat ion of the th iocarbonyl  of the  reduced analog with silver n i t ra te  was also 
examined  spect rophotometr ica l ly  by  following the decrease at  325 m/~ in T r i s -  
n i t ra te  buffer (pH 7-4)- The absorpt ion m a x i m u m  of the  silver complex with the 
reduced analog was 325 m/¢. The equivalence point  in the t i t ra t ion  was at I .O8/ ,moles  
of silver n i t ra te .  

DISCUSSION 

Incorporat ion of th ionicot inamide into the coenzyme molecule did not  el iminate ,:he 
photosensi t iv i ty  of the  reduced compound.  As a m a t t e r  of fact, the  presence of ti:e 
dinucleotide reduces the  number  of photoproducts  obta ined on illuminatio~i of the 
d ihydrothionicot inamide so t h a t  on ly  a single dinucleotide photoproduct  could be 
detec ted .  

While the  absorpt ion spec t rum of the  photoproduc t  did not  change under  con- 
dit ions in which NAD+ would be reduced and  N A D H  would be oxidized, it was found 
to  be an effective inhibitor of the  lactic dehydrogenase-ea ta lyzed  oxidation of N A D H .  
The compet i t ive  na ture  of the  inhibition might  suggest some s t ructura l  similarities 
between the  dinucleotide photoproduct  and  N A D H .  While the electrophoretic 
mobi l i ty  of the photoproduc t  supports  the s imilar i ty  with N A D H  as far as net  charge 
is concerned,  there  is no conclusive evidence for the s t ructure  of the photoproduct .  

The thione function of x-methyl - i ,4 -d ihydroth ionicot inamide  had been repor ted  6 
to  complex 2 / ,moles  of silver n i t ra te  per ,umole of sulfur as followed amperometr ica l ly .  
A high value for the  equivalence point  in argent imetr ic  t i t ra t ion of the  oxidized and 
reduced coenzyme analog was also obsei~.ed. However .  the  most  ou ts tanding  feature 
of the  t i t ra t ion  nf r~ct,,r~d thioni~*;n~--~A~ adenine dinucleotide with silver n i t ra te  
was the  apparen t  absence of a binding site unt i l  a 5 ° % excess was added.  The sug- 
gestion t h a t  the thione m a y  be involved in bonding to the adenine moie ty  1 could 
explain the  results  of the amperometr ic  t i t ra t ion.  In addition to other  s t ruc tura l  
changes,  i l luminat ion of the  reduced analog for I rain removes the  resistance to 
complex formation with silver. Cont inued i l luminat ion comple te ly  removed the silver- 
binding site p resumably  due to changes in the na ture  of the group in which the sulfur 
a t o m  is now located.  

I t  had  been suggested t ha t  the  photochemical  reaction occurs v ia  a free-radical 
form 6 which was p rompted  by  the generalization t ha t  thiones exist to a small  ex tent  
as free radicals. The absence of the  dependence of rate  of bleaching on pH,  a l though 
the  s t u d y  was made  within a l imited pH range, fur ther  suggests the free-radical na ture  
of the  reaction.  The photochemical  reaction appeared  to occur in two consecutive 
steps.  In  the  first, the  259- and 295-m/~ bands  increase and the sulfur is readily 
t i t r a tab le  with  silver ion. The product  of the first reaction then  part ic ipates  in an- 
o ther  react ion in which the 9-95-m/~ absorbancy  slowly decreases and a new absorption 
b a n d  appears  a t  338.5 m/, .  There is also removal  of the silver-ion binding site during 
the  course of the  second s tep  of the reaction.  

The  absorpt ion of visible light by reduced thionicot inamide adenine dinucleotide 
a n d  the  photosens i t iv i ty  of this molecule p rompt  caution in the use of the  analog 
in rout ine  s tudies  with  dehydrogenases.  The isolation of an inhibitor  of dehydrogenases  

Biochim. Biophys. Acta, 69 (t963) 9-x7 
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formed from N A D H  which  also appea r s  to be  a r educed  pyr id ine  nuc leo t ide  w i th  
abso rp t ion  m a x i m a  a t  34o and  260 m/ ,  has  been  r e p o r t e d  r ecen t ly  by  KAPLAN et al. 8;9. 
However ,  t h e  absorp t ion  p roper t i es  of t h e  p h o t o p r o d u c t  differs f rom t h e  N A D H  
inh ib i to r  ob ta ined  from frozen solu t ions  of t he  r e d u c e d  coenzs~ne a t  ac id  and  a lka l ine  
pH.  
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