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Mechanism of the action of 91yoxalase I" 

The  e n z y m e  g lyoxalase  I ca ta lyzes  the  in t ramolecu la r  ox ida t ion- reduc t ion  and  s i m u l t a n e o u s  
thiolester i f icat ion shown  in equa t ion  (I). The  react ion is of considerable  in te res t  because  of its 
formal  r e semblance  to the  Cannizzaro  react ion which gives lactic acid from m e t h y l  g lyoxal  in 
alkali .  I t  is known t h a t  the  la t te r  react ion occurs  w i thou t  exchange  with the  hydrogen  of the  
wate r  in the  m e d i u m  t, and  indeed it has  been conf i rmed in this  l abora tory  t h a t  the  lactic acid 
t h u s  formed in the  presence of T O H  is not  radioact ive.  

For the  g lyoxalase  1 reaction,  RACKER S ha s  proposed a m e c h a n i s m  the  essent ia l  fea ture  of 
which is the  format ion  of an  ene-diol of the  th iohemiace ta l  formed between the  two subs t r a t e s  
(equat ion  I1). It  would be predicted from this  m e c h a n i s m  tha t ,  if the  enzymic  react ion were 
per formed in the  presence of TOH,  the  resul t ing S- lac ty lg lu ta th ione  shoulcl acquire  a t r i t ium 
a tom,  since the  hydrogen  of the  a lpha  carbon of the  lacta te  m u s t  come ei ther  f rom the  m e d i u m  
or from an  a t o m  readi ly exchanged  with the  med ium.  On the o ther  hand,  failure of the  lac ta te  
to become labeled would indicate  the  opera t ion  of a m e c h a n i s m  similar  to t h a t  of the  nonenzymic  
Cannizzaro  reaction.  

To tes t  these  a l te rna t ives ,  yeas t  g lyoxalase  I was prepared  up to the  second hea t  s tep  
accord ing  to RACKER S • I ts  specific ac t iv i ty  was abou t  20% of t h a t  reported for the  crys ta l l ine  
enzyme.  The  prepara t ion  was shown to be free of th ioles terase  ac t iv i ty  upon S- lac ty lg lu ta th ione .  
Methyl  glyoxal ,  a s sayed  according to FRtEOEMANr¢ 3, was prepared  free of lactic acid by pass ing  
the  freshly redistil led mater ia l  t h rough  Dowex-I -Cl - .  G lu ta th ione  was freshly dissolved and  
neut ra l ized  before use. 

The  following m i x t u r e  was incuba ted  a t  3 oo in 2.6 ml of wa te r  con ta in ing  TOH,  g lu t a th ione  
(200/ ,moles) ,  me thy l  glyoxal  (175 pmoles) ,  and  e n z y m e  prepara t ion  (33 mg  protein).  The  pH 
was ad jus t ed  to 6.6 with alkali. The  progress  of the  react ion was followed by observ ing  the  optical  
dens i ty  a t  240 m/* of an  a l iquot  of the  incubat ion  mi x t u r e  di luted in acid. The  react ion proceeded 
wi th  the  fo rmat ion  of I6O pmoles  of l ac ty lg lu ta th ione  (assuming  E M of 3,37 o) in z 5 rain. I t  was 
then  s topped  wi th  t r ichloracet ic  acid, protein was removed  by cent r i fugat ion ,  and  the  s u p e r n a t a n t  
solut ion was ex t rac ted  with e the r  to remove  acid. The  r emain ing  solut ion was neut ra l ized  careful ly  
and  placed on Dowex-l-C1-.  After  ex tens ive  wash ing  of the  resin with water ,  the  l ac ty lg lu ta th ione  
was e luted with o.ot N HCI with a recovery of 85 % as de t e rmined  spectroscopical ly .  Rad ioac t iv i ty  
was de te rmined  in a scint i l lat ion counter ,  and  a smal l  a m o u n t  of radioact iv i ty ,  which did not  
follow the  elut ion curve  of the  thiolester,  was found.  The  m a x i m u m  specific ac t iv i ty  t h a t  could 
be a t t r i bu t ed  to the  th ioles ter  was 4 ° c .p .m. /pmole ,  whereas  t ha t  of the  T O H  in the  incubat ion  
mix tu r e  was 1700 c.p.m./ /~atom. 
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I t  h a s  been sugges ted  t h a t  thiolesterif ication has  the  effect of labilizing hydrogen  at  the  
a lpha  carbon  a t o m  of the  acyl  group*. This  idea was p u t  forth to explain  the  " a c t i v a t i o n "  of 
ace ty l - coenzyme  A for condensa t ion  a t  the  me t hy l  of the  acetyl  group.  Such labil ization m i g h t  
well be accompan ied  by a rapid exchange  of such hydrogens ,  in which case the  resul t  ob ta ined  
above  would be meaningless .  To tes t  th is  possibi l i ty a n o t h e r  procedure  was followed. Af ter  
comple t ion  of the  reaction,  per formed exac t ly  as before, the  solut ion was m a d e  s t rong ly  alkal ine 
by the  addi t ion  of a small  vo lume  of conc. K O H .  The  hydro lys i s  of S- lac ty lg lu ta th ione  is very  
rapid unde r  these  condi t ions  as de t e rmined  by  the  loss of absorp t ion  a t  240 m/ ,  of an  acidified 
al iquot .  Since the  hydro lys i s  is done essent ia l ly  in situ, a n y  rad ioac t iv i ty  in the  lactyl  g roup  is 
" s tab i l i zed"  in the  free lactic acid. This  was then  isolated by ion-exchange  or by ex t rac t ion  
f rom di lu ted  acid solut ion with ether,  and  lyophil izat ion of the  l i th ium salt .  Since the  la t t e r  
m e t h o d  has  been used 6 in the  isolation of a -deutero lac t ic  acid, it  is clear t h a t  the  a posi t ion of 

* Suppor ted  by  a g r a n t  (No. A-912) from the  Nat ional  I n s t i t u t e  of Ar thr i t i s  and  Metabolic 
Diseases ,  Nat ional  In s t i t u t e s  of Heal th .  
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lactic acid is stable thr tmghtmt the manipulati~,n. In both cases, the lactic acid isolated was f()und 
to c()ntam less thau 4",, of the specitic activttv ()f the water. These results contra-indicate the 
mechanism of the ene-di,)l intermediate (ll) as well as the Ira)position tha t  the alpha-hydrogen of 
this ester is chemically labile ' ,  at least under the c(mditions ()f these experiments.  

.~ince pyridme uucleotide-coupk~d ,)xidation reduct ion reactions are known to occur I)v 
direct "hydrMe shift ''e, it is of interest to I'xanlille tile (lll(,stion of their involvement in the present 
reaction. Tim following evidence would sccm to weigh against this: (1) the preparat ion ,H the 
partially purified enzyme has a 2,~o mH: -bo m!~ ratio of 1.55: (2) the small am(rout of material 
lost by t rea tment  o f t l m e n z v m o  with charcoa lof  with l )owex- l -aceta te l ikewise  h a s a  high ratit); 
(3) neither of these t rea tments  of the enzvlne callsed any diminution of the gl)u)xalase actavil\-. 

"['he present data indicate therefore that  a hydride shift occurs in the oxidat ion-reduct ion 
reaction catalyzed I)v gly¢)xalase I. In this respect the C/lzvmic react iol l  is ana logous  t(' (~1() 
alkalinc-catalx'zcd t'annizzar¢) reacti()n in which methyl  gly()xal is c(mverted t() lactic acicl. 

The au thor  is grateful for the expert  assistance t)I Mr. I'~.I)WARI) ()'(. ONNF.I.L ill this work. 

:\ftex" this paper had h(.en sul)xnitted t() the journal,  the au thor  h'arned of the prior publication 
t).v IgR.,\NZEN 7 of a s tudy ill which lactate fi)rme(I from methyl  glyoxal in l)a() by an acetone 
powder of yeast extract  was fotmd t(, be free ()f deutermm. \Ve have thus confirmed this result 
and interpreted it in like mamwr.  

Departmen! o[ l~iochemistry, Yale ('niverstty Nckooi o[ Medici)w, 
New ttave)z, C,mn. (l:.N..-l.) 
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* In an exper iment  in which transacetylase from 1"2. coil was used to catalyse the coenzyme A- 
dependent  arsenolysis of acetyl-phosphate  in TOH, the acetate formed was wi thout  radioactivity.  
From this it may  be concluded tha t  the u-hydrogens in acetyl-coenzyme A are also stable t o  

spon taneous  exchange at neutral  pH. 

Instability of ketopentose-5-phosphates 
in buffer solutions of varyin 9 pH* 

The  interconversion of glucose-6-phosphate and ribose-5-phosphate in living cells require.s the 
presence in the cell of a mixture  of r ibose-5-phosphate and its two ketopentose-5-phosphate  
isomers. ('olt~:N 1 reported in 1(153 tha t  r ibulose-5-phosphate is destroyed m tris bufter of pH 8. 3 
or higher. As the stability of the ketopentose-5-phosphates,  which can be assumed to be, if 
only in small concentration, permanent ly  present in the cells, should be of importance for the 
cell economy, we investigated the effect of incubation of the two ketopentose-5-phosphates in 
various buffers of more physiological nature  in the range between pH 5.3 and 9.5 and compared 
it with t ha t  in tris buffer. The results are presented in the table. The exper iments  were carried 
out  with prepara t ions  of ribulose- and xyhdose-5-phosphate,  both of which were free of any 
significant contaminat ion with the other  ketopentose-5-phosphate.  In addition, a series of experi- 
ments  was carried out  on an equilibrium mixture  of rilxase- and the two ketopentose-5-phosphates  
obtained by incubation uf r ibose-5-phosphate in a hemolysate  for io min at 33 :;, coagulation 
of proteins at xoo °, and separat ion of the esters from the coagulum by dialysis. The solutions 
were incubate.d for a },2, h at 33 °, and the reaction was then s topped by adding trichloroacetic acid 
to a concentrat ion of z of,. The disappearance of ketopentose was measured by comparing its 

" This  s tudy was supported by the Life Insurance Medical Research Fund.  
\Ve are greatly indebted to I)r. 13. I.. HORECKFR for preparat ions  of ribulose- and xyluh)se- 

5-phosphate.  


