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Effect of bivalent metal  ions on the spectrum of 
the interaction product of glutathione and f luoropyruvate 

Fluo ropy ruva t e  inhibits the  respirat ion of mitochondrial  preparationsZ, ~ p robab ly  
because of its reaction with thiot compounds  -~,*. The products  of this in teract ion have 
the general formula RCHaSCH~.CO.COOH and show welt defined absorp t ion  peaks  
in the  ul t raviolet .  Those der ived from a or  fl aminothiols  (cysteine, etc.) show peaks  
be tween  295 and 3oo m/L (Type I I  spec t rmn) ;  o ther  thiols lacking the free amino 
group (glutathione,  etc.) show a much weaker  peak be tween  265 and 275 m/z (Type I 
spect rum) z. A conversion of Type  I spec t rum to T y p e  II  takes  place in cone. bora te  
solution:'. As bora te  is known to  combine  with the  enol form of certain a -ke to  acids 6 
(shifting the ke to -eno l  equil ibr ium in favour  of the  enol), i ts effect on the s p e c t r u m  
of Type  I has been t en ta t ive ly  a t t r i bu ted  to  the  enolization of the  a -carbonyl  wi th  
the format ion of a conjuga ted  double  bond  (RCH~SCH:C(OH)COOH) .  Sir~ce some 
bivalent  metal  ions like Zn ++ and Cd ++ are known to enhance  the enolization of 
py ruva t e  7 and acetylacetpneS, it was though t  interesting to  compare  thei r  effect 
and that  of bor~te on the c o m p o u n d  be tween  gluta thione and t tuoropyruva te .  
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Fig .  t. E f f ec t  of Z n  ~ a n d  bcJrate on  t h e  a b s o r p t i c m  s p e c t r u m  c~f t h e  g l u t a t h i o n e - f l u o r o p y r u v a t e  
c o m p o u n d ,  T h e  l a t t e r  was  p r e p a r e d  b y  a d d i n g  0.2 m l  o,[  3 I  f l u o r o p y r u v a t e  t o  u io  -4 M s o l u t i o n  
of r e d u c e d  glutathione, in  o.I ~ I  t r i s  ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  o r  0. 5 31 b o r a t e  b u f f e r  of  
p H  8. T h e  r e a c t i o n  r n a x t u r e  w a s  i n c u b a t e d  a t  37"  for  t5  ra in  a n d  coo led  t o  r o o m  t e m p e r a t u r e ,  
Z,,  in i r i s  ( h y d r o x y m e t h y I ) ~ n ~ i n o r n e t h a n e  b u f f e r ;  A~, in t r i s  ( h y d r o x y m e t h y l ] a m i n o m e t h a n e  b u f f e r  

~- i th  2. ]u  -a 3 /  Z n S O  4 a d d e d  5 ra in  b e f o r e  t h~  m e a s u r e m e n t s ;  0 ,  in  b o r a t e  buf fe r .  
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Off addi t ion of Zn ++ to this corapotmd the absorbance in the ultraviolet  increased 
immedia te ly ;  the m a x i m u m  effect wa~ reached when the ratio of Zn ++ concentrat ion 
to tha t  of the g lu t a th ioneq tuo rpy ruva t e  compound was to to x. The spectrum of the 
zinc enotate,  which is p~csumab!y formed, is compared with the spectrum of the 
borate complex in Fig. i. I t  can be seen t h a t  the bathochromic and  nyperchromic 
shift  occurring is larger in the case of the metal  enoIate. Among tile various bivalent 
ions tested,  Zn ++ and  N1 ++ were the most  effective (Table I). The effect of Zn ++ on 
the  spec t rum was reversed by substances which form stable complexes with this ion. 
The chelating agents  c thylendiaminete t raacc t ic  acid, histidine, adenosine tri- or di- 
phosphate  were effective when employed in a 5- to to-fold excess relat ive to the 
concentra t ion of the Zn ++. Adenosine monophosphate  and inorganic or thophosphate  
are ineffective even when added  in a too-fold excess. 
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M e t a l s  ion~  w e r e  a d d e d  t o  t h e  c o r n p o u n d  in a c , m c e n t r : t t i o n  ~,f 3 . 6 " I o  -I 31. [ Z n  ~ p v , , d u c e d  ~ t  
t h i s  e ~ n c e n t r a t i , n  a p p r . x i m a t e l y  h a l f  o f  t h e  m a x i m u m  a b s t ~ r b a n e y  c h a n g e  a t t a i n a b l e . )  
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* l ) i f f e r e n c e  iti t h e  a b s o r b a n c e  h e R ,  re a n d  a f t e r  a d d i t i o n  tff t h e  m e t a l  i on .  

In contras t  to the g lu t a th ione - f l . o ropy ruva t e  compound the spec t rum of the 
compound  with  cysteine showed no immedia te  change- upon the addi t ion of Zn ++ or  
o ther  bivalent  ions. These ions, however, accelerated the rate of decay of the absorb- 
ance a t  300 m/~, which is otherwise relat ively slow ~. 
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