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dev ia t ion  for dup l i ca tes  and  recoveries  by  th is  m e t h o d  in all fluids and  t i ssues  was 1.3, 1.9 and  2.9 % 
(confidence l imi ts  for 96 of ioo analyses)  for Na,  K and  Ca. The  in te rna l  s t a n d a r d  m e t h o d  was  found 
pa r t i cu l a r ly  a d v a n t a g e o u s  for e s t ima t ions  in a. bile con ta in ing  spec imens  (bile, in tes t ina l  juice), 
where  sur face  t en s ion  affected direct  emiss ions ;  b. t i ssue  ashes,  where  iron and  p h o s p h a t e s  depressed 
direct  i n t ens i t y  m e a s u r e m e n t s ;  and  c. ur ines  con ta in ing  h igh protein,  glucose or p h o s p h a t e  concen- 
t ra t ions .  

The  detai led inves t iga t ions  will be publ i shed .  
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A N D  D E G R A D A T I O N  O F  T H I O L  E S T E R S  A N D  E N E D I O L  C O M P O U N D S  

by  
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The  role of thiol  es ters  of coenzyme  A and  of g l u t a th ione  as i n t e rmed ia t e s  in the  ox ida t ive  
m e t a b o l i s m  of a l dehydes  and  ke to  acids  has  been  recen t ly  e luc ida ted  1. The  enzymic  ox ido- reduc t ion  
of n l e thy lg lyoxa l  to lactic acid cons is t s  of 2 s teps  ca ta lyzed  by  g lyoxalase  I and  112. In  the  first 
s tep  a condensa t i on  of g lu t a th ione  wi th  m e t h y l g l y o x a l  gives rise to a thiol  es ter  ( lactyl g lu ta th ione) ,  
wh ich  is hydro lyzed  in t he  second s tep to lactic acid and  g lu ta th ione .  I t  has  now been found  t h a t  
in t he  presence  of g lyoxa lase  I and  g lu ta th ione ,  o the r  ke toa ldehydes  (glyoxal, pheny lg lyoxa l  and  
h y d r o x y p y r u v i c  a ldehyde)  also give rise to t he  cor respond ing  thiol  esters .  These  es ters  all show 
a h igh  l ight  abso rp t ion  in t he  low u l t rav io le t  region and  give a charac te r i s t ic  color reac t ion  wi th  
h y d r o x y l a m i n e  and  ferric chloride s imilar  to t h a t  g iven  by  acyl  p h o s p h a t e s  3. The  fo rma t ion  and  
hyd ro lys i s  of t he  thiol  es ters  was  therefore  followed spec t ropho tomet r i ca l ly  as well as colorimetrical ly.  
A pa r t i a l ly  purif ied p repa ra t ion  of g lyoxalase  I I  ca ta lyzed  the  hydro lys i s  of t he  lactyl- ,  glycolyl-,  
mandely l - ,  and  g lycery l -es te rs  of g lu ta th ione .  I t  also spl i t  ace ty l  g lu t a th ione  slowly b u t  was  ap-  
p a r e n t l y  inac t ive  wi th  ace ty l  th iog lycola te  as subs t r a t e .  The  l a t t e r  c o m p o u n d  as well as ace ty l  
g lu t a th ione  recen t ly  ha ve  been  shown  to be hyd ro lyzed  b y l a r g e  a m o u n t s  of c rys ta l l ine  g lycera ldehyde-  
3 -phospha t e  dehydrogenase  4. A non -enzymi c  a m m o n o l y s i s  of ace ty l  th ioglycola te  to ace tamide  
was  also observed.  

A d iphosphopyr id ine  nuc leo t ide  l inked e n z y m e  is p r e sen t  in y e a s t  wh ich  ca ta lyzes  the  ox ida t ion  
of lac tyl  and  glycolyl  g lu t a th ione  2. Since these  thiol  es ters  are  p r e s u m e d  to be in equi l ibr ium wi th  
the i r  enediol forms,  t he  poss ib i l i ty  t h a t  t h e y  m a y  ac t  as subs t r a t e s  for e n z y m e s  wh ich  oxidize some  
enediol c o m p o u n d s  was  inves t iga ted .  I t  was  found however  t h a t  ne i the r  ascorbic acid oxidase  nor  
peroxidase  ca ta lyzed  t he  ox ida t ion  of lac ty l  g l u t a t h i one  nor  did the  y e a s t  e n z y m e  which  oxidizes 
the  thiol  es ters  h a v e  a n y  effect on ascorbic  acid or d i hyd roxyma le i c  acid. 

I n  the  course  of t hese  inves t iga t ions  m e t h o d s  were developed to follow the  ox ida t ion  of enediol  
c o m p o u n d s  spec t ropho tomet r i ca l ly .  A t  t he  appropr i a t e  w a v e l e n g t h s  t he  enediols  absorb  l ight  v e r y  
s t r ong ly  while  t he  ox ida t ion  p roduc t s  do not .  T h u s  t he  ox ida t ion  of aseorbic  acid b y  ascorbic acid 
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oxidase* was followed at  265 m/~. Conditions of the test  and relationship between enzyme concen- 
t ra t ion and changes in optical densi ty are recorded in Table I. As can be seen, propor t ional i ty  is 
sat isfactory for an assay method,  and in fact the tu rnover  number  calculated from initial velocities 
is more than  three times the value obtained by  the manometr ic  test. The purified oxidase has also 
been used for the spectrophotometr ic  determinat ion of ascorbic acid, by  subt rac t ing  the small 
residual absorpt ion at  265 m/z after oxidase action, from the initial absorpt ion.  

T A B L E  I 

S P E C T R O P H O T O M E T R I C  A S S A Y  O F  A S C O R B I C  A C I D  O X I D A S E  

.Enzyme added Log I° (265 m#) 
micrograms of protein 1 

for first minute 

0.060 0.320 - 
0.045 0.260 
0.030 o.18o 
o.o15 o.o9o 

Disappearance of dihydroxymaleic acid was measured at  290 m~ in the presence of peroxidase  
from horse radish or cabbage and I micromole of hydrogen peroxide. The tests were carried out  in 
a final volume of 3 ml and o.I M KH2PO 4. Propor t ional i ty  between enzyme concentrat ion and  
density changes was less sat isfactory than  in the case of ascorbic acid oxidase. Relatively lower 
activity values were obtained with increasing e n z y m e  concentrat ion and corrections had to be 
applied. An enzyme sys tem was found in extracts  of cabbage which catalyzes the oxidat ion of 
dihydroxymaleic acid wi thout  addition of hydrogen peroxide. After fract ionation with a m m o n i u m  
sulfate and dialysis, the enzymic act ivi ty was lost. Addition of a heat  stable factor obtained f rom 
cabbage fully restored enzymic act ivi ty to the dialyzed preparat ion.  

In to  quar tz  cells (I cm light path)  of a Beckman spec t rophotometer  the following solut ions 
were pipetted : 2.8 ml of c i t ra te-phosphate  buffer pI-I 5.6 (containing 0.025 M citric acid and 0.05 M 
Na2HPO4); o.I ml of a solution containing 0.05% ascorbic acid and i % neutralized. Versene:  
0.05 ml of 1% bovine serum a lbumen and o.05 ml of the ascorbic acid oxidase solution. All dilutions 
of the enzyme were made in o.oi M phospha te  buffer p H  7.4 containing o.I  % bovine serum albumen.  
Densi ty  readings were made at  265 In#. 
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* A highly purified preparat ion of ascorbic acid oxidase (IOOO U/mg) was kindly supplied by  
Dr  C. R. DAWSON. 

THE PRODUCTS OF THE ACTION OF THROMBIN ON FIBRINOGEN 
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Analyses for N-terminal  residues by  the fluorodinitrobenzene (FDNB) method 1 show t h a t  the 
end-groups of bovine fibrinogen are tyrosine and glutamic acid, while the fibrin derived f rom it 
after  clotting wi th  a small am oun t  of purified th rombin  has tyrosine and glycine N-terminal  groups .  


