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R e a c t i o n s  o f  D P N  + a n d  p y r u v a t e  

A number  of carbonyl  adducts  of D P N  have  been obta ined bx BUR]-OX AND 

KAPLANL However  these authors  have failed to show format ion of any adduct  when 

using pyruva te .  An oxidized adduct  of p y r u v a t e  and DPN + has been obta ined by 

LEE et al.K Owing to the possible impor tance  of p y r u v a t e - D P N  + adducts  as models 

for the s tudy  of the mechanism of act ion of lac ta te  dehydrogenases  (EC I.I .  1.27), we 

have  under taken  the s tudy  repor ted  in this note. The new findings repor ted  are: 

format ion of two adducts  (one oxidized and one reduced) of py ruva t e  and DPN +, and 

format ion of D P N H  by incubat ion of py ruva te  and D P N  + at modera te ly  alkaline 

pH's .  These compounds have  been separa ted  on DEAE-cel lulose.  Exper imen t s  

designed to elucidate  the mechanisnl  of the react ion between DPN + and py ruva t e  

are also reported.  
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Fig. i. Elution pattern of the products of the reaction between DPN + and pyruvate front I)EAE- 
cellulose. DPN+: 2.o. IO -a M, II-14C]pyruvate: 2.o. lo a M in oA M sodium carbonate-bicarbo- 
nate buffer (pH m.2o). Elution with ammonium carbonate bicarbonate buffer (pH ~o.2o), 
o.oo15-o.o 7 M. ~ - - ~ ,  absorbance at 26o mH; ( (7), absorbance at 34 ° m#; A--A, absorbance 
at 420 m u; × ×, radioactivity. 

Fig. I shows the chronmtographic  separat ion over  a DEAE-ce l lu lose  column of 

the products  of the react ion between 2.o- IO -a M D P N  + and 2.o- lO _3 M [I-14Cpyru - 
va te  in o.I M sodium ca rbona te -b i ca rbona te  buffer (pH lO.2O) at 2z ° for 24-28 h. 
The  column was e luted with a l inear concent ra t ion  gradient  of a m m o n i u m  carbonate  

b icarbonate  buffer (pH lO.20) between o.o015 and o.o7 M. 
The most  impor t an t  characteris t ics  of the chromatographic  fract ions are shown 
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T A B L E  I 

P R O P E R T I E S  OF T H E  C H R O M A T O G R A P H I C  F R A C T I O N S  OF T H E  P R O D U C T S  OF T H E  R E A C T I O N  B E T W E E N  

[I-14C]PYRUVATE AND D P N  + 

E n z y m i c  ox ida t ion  carr ied ou t  wi th  p y r u v a t e  and  ca ta ly t ic  a m o u n t s  of  lac ta te  dehydrogenase .  
Chemica l  ox ida t ion  carr ied ou t  wi th  phenaz ine  me thosu l f a t e .  P y r u v a t e / c o e n z y m e :  mola r  ratio.  
Rad ioac t iv i t y  prec ip i ta ted :  prec ip i ta t ion  wi th  2 ,4-d in i t rophenylhydraz ine .  

A B C D E F 

~,max, (m/*} 259 259 
.... 2 {m/~) 

E n z y m i c  ox ida t ion  (%) 
Chemical  ox ida t ion  (%) 

~,max 1, p H  7.0 (mp) 
~max 2, p H  7.0 (m/~) 

~max 1, I M HCI (mp) 
;tmax 2, I M HC1 (m/z) 

Cyanide  reac t ion  (%) < o . i  85 

P y r u v a t e / c o e n z y m e  

Rad ioac t iv i t y  prec ip i ta ted  (%) 85 

H o l m a n  reac t ion  ioo ioo 

259 259 259 258 
338 42o 34 ° 

80 3 3 

73 6 6o 

259 259 258 
338 37 ° 34 ° 

259 259 258 
363 290 

< o . i  < i o  60 < i o  

0.8 I .o 

2 15 

I IOO 8 8 

in Table I. The fractions are indicated with letters, according to their order of elution 
from the column. 

Fractions A, B and C were represented essentially by nicotinamide (derived 
from the splitting of DPN at the nicotinamide-ribose bond), unreacted DPN + and 
adenosine diphosphate ribose (also derived from the splitting of DPN at the nicotin- 
amide-ribose bond), respectively. These fractions were obtained with DPN + alone as 
well as with DPN+ plus pyruvate.  In the experiments with DPN + plus pyluvate,  
Fraction B also contained some unreacted pyruvate.  

The following fractions (D, E and F) were obtained only when pyruvate  was 
present together with DPN +. Fraction D was represented by material having ab- 
sorption peaks at the same wavelengths (259 and 338 m#) as D P N H  with molar 
extinction coefficients similar to those of DPNH. About 80% of the absorbance at 
340 m/~ was quenched upon addition of pyruvate  plus catalytic amounts of lactate 
dehydrogenase. The disappearance of the absorbance peak at 340 m# in I.O M HC1 
was as expected with DPNH. The reaction with cyanide was essentially negative. 
When the reaction was carried out in tri t iated water, nonexchangeable tri t ium was 
present in this fraction. I t  seems, therefore, that  the bulk of the material present in 
this fraction was DPNH. The mechanism of formation of D P N H  from DPN+ and 
pyruvate at alkaline pH is under investigation. A mechanism for the non-enzymatic 
formation of D P N H  from dithionite and DPN + in water has been postulated by 
YARMOLINSKI AND COLOWICK ~. 

Fraction E was composed of material having peaks of absorption at 259 and 
420 m/z. The peak at 420 m/~ disappeared, and a new peak appeared at 370 or 363 m/~ 
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at  p H  7.0 or in I .o M HCI, respect ively .  These spec t ra l  charac ter i s t ics  are very  s imilar  
to those descr ibed by  BURTON, SANPIETRO AND KAPLAN 4 for the  carbonyl  adduc t s  of 
DPN in the  oxidized s ta te .  The  mate r ia l  of F rac t ion  E was not  oxidized enzymat ica l l3  
(with p y r u v a t e  and l ac ta te  dehydrogenase)  or chemical ly  (with phenazine metho-  
sulfate).  This  f ract ion also con ta ined  a peak  of r ad ioa c t i v i t y  which coincided with the  
absorbance  peaks.  I t  was ca lcula ted  t ha t  the  molar  ra t io  be tween the radioactiw~ 
mater ia l  and  the  259 420 m/, absorb ing  mate r i a l  was about  0.8. Tl:e r ad ioac t i v i t y  
was not  p rec ip i t a t ed  with 2 ,4 -d in i t rophenylhydraz ine ,  and  the Holman  react ion (for 
the  de t e rmina t ion  of amides) was essent ia l ly  negat ive.  F rom all these da ta  it seems 
t ha t  F rac t ion  E was composed  essent ia l ly  of an adduc t  of py ruva t c  and DPN in the 
oxidized s ta te .  The facts  t ha t  the  r a d i o a c t i v i t y  of this  fract ion was not  p rec ip i t a ted  
with 2 ,4 -d in i t rophenylhydraz ine  and t ha t  the  Hohnan  react ion was essent ia l ly  nega 
rive suggest  a cycl izat ion be tween the  carbonvl  group of the  subs t ra te  and  the amide  
group of the  coenzyme.  Our d a t a  do not  give any  indica t ion  as to  the  site of add i t ion  
of p y r u v a t e  to the pyr id ine  r ing of the  coenzyme. However ,  by  analog 3 with the  
react ions of o ther  carbonvl  COlnpounds which seem to add  at  posi t ion 4 of the t)yridine 
r ing of the  coenzyme,  we favor this  posi t ion over  posi t ion 2. 

F rac t ion  F was composed of mate r ia l  having absorp t ion  peaks  at 258 and 
34o nv*. In I M HC1, the peak at  34o m u d i sappeared  and a new peak appea red  at  
29o m/t. These spectra l  charac ter i s t ics  are very  s imilar  to those described by  BURXOX 
ANI) KAPLAN a for reduced adduct  of d ihydrox iace tone  and DPN.  A subs tan t i a l  pa r t  
of the  ma te r i a l  in this  f ract ion was oxidized chemical ly .  Analogous to findings with 
F rac t ion  E, the  peak of r ad ioac t i v i t y  present  in F rac t ion  F coincided witl~ the  ab- 
sorbance peaks ;  the  molar  ra t io  rad ioac t ive  m a t e r i a l : c o e n z y m e  was about  t.o, and  
only small  amoun t s  of r ad ioac t i v i t y  were p rec ip i t a t ed  with 2 ,4 -d in i t ropheny lhydra -  
zinc. The Hohnan  react ion was essent ia l ly  negat ive  in this  fract ion,  too. I t  seems tha t  
all these d a t a  suggest  t ha t  the  mate r ia l  of this  f ract ion is an adduc t  of p y r u v a t e  and 
DPN in the  reduced s ta te .  I t  also seems reasonable  to pos tu la te  for this  adduc t  a 
cycl izat ion between the ca rbonyl  group of p y r u v a t e  and the  amido  group of the  
coenzyme on the basis of the  lack of p rec ip i ta t ion  of rad ioac t ive  ma te r i a l  with 2,4- 
d in i t ropheny lhydraz ine  and the nega t iv i t y  of the  Hohnan  reaction.  

Coenzyme analogs were also tes ted  for thei r  ab i l i t y  to react  with py ruva te .  
When  desamino-DPN was used, the  p roduc ts  were:  reduced coenzyme,  an oxidized 
and a reduced adduct ,  as with DPN.  On the o ther  hand,  when 3-aee ty lpyr id ine  -DPN 
was used, only  very  smal l  amoun t s  of reduced coenzyme and oxidized adduc t  were 
formed,  while no fo rmat ion  of reduced  adduc t  was detec ted .  This  seems to be con- 
s is tent  with the  poss ib i l i ty  of a cvcl izat ion between the ca rbonyl  group of p y r u v a t e  
and the amido  group of the  coenzyme,  insofar  as no amido  group is present  in the  
molecule of 3 - a c e t y l p y r i d i n e - D P N .  

In order  to ob ta in  more informat ion  on the  lnechanism of format ion of the  
p roduc ts  of the  react ion be tween D P N  + and  p y r u v a t e  at  a lkal ine pH,  the  effect of 
several  buffers on the veloci ty  of the  appea rance  of the  absorbance  at  34 ° m#  and 
42o m# was tes ted.  These exper iments  c lear ly  show tha t  the  format ion  of the  produc ts  
of the  react ion is ca t a lyzed  by  anions. Ammonia ,  ca rbona te  and h y d r o x y l  ions ea ta lyze  
the  format ion  of adduc t s  with ra te  cons tan t s  of 4 .3 '  ,o  a M 1.rain 1 5-4" Io-a M 1. 

rain ~ and 52 M ~" rain ~, respect ively.  When  p y r u v a t e  was incuba ted  in ca rbona te -  
b ica rbona te  buffer (pH 9- Io ) ,  in t r i t i a t ed  water ,  the  isotope was found in py ruva te .  I t is 
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possible, therefore, that  the formation of products in the reaction of DPN + and 
pyruvate involves the enolization of pyruvate. The rate of isotope incorporation was 
catalyzed by anions, similar to the formation of products of the reactions between 
pyruvate and DPN +. Experiments designed to elucidate the possible implication of 
these findings from the enzymological point of view are under way. At any rate, it 
seems rather significant that  DPNH is a product of the reaction between DPN+ and 
pyruvate. To the best of our knowledge, this is the first time that DPNH has been 
obtained in a non-enzymatic reaction between oxidized coenzyme and oxidized sub- 
strate. 
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