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Short Communications and Preliminary Notes 

T H E  SPECTROPHOTOMETRIC MEASUREMENT OF ENZYMICALLY 

PRODUCED OXALOACETIC ACID 

by 

F. C. G R E E N W O O D  AND A. L. G R E E N B A U M  

Department o/Biochemistry, University College, London (England) 

Recent publications 1,2 of methods for measuring the oxaloacetic acid produced enzymical ly 
by the glutamic-aspart ic t ransaminat ion  reaction have used spectrophotometric measurements  of 
the change in optical density of the entire reaction mixture  a t  280 m,u. These procedures are designed 
for the measurement  of the kinetics of a purified enzyme sys tem and the amount  of protein added 
is so small as to permit  ultraviolet spectrophotometry without  its removal. 

For an  enzyme assay procedure the use of whole homogenates is desirable, bu t  in this case 
the direct spectrophotometric measurement  is not  possible as the amoun t  of homogenate  required 
to produce a measurable quan t i ty  of oxaloacetate contains too much protein for spect rophotometry  
without  its prior removal. Methods are available for assaying t ransaminase  activi ty in whole homo- 
genatesS, 4 and these depend on the measurement  of the CO~ or pyruva te  resulting from the catalytic 
decarboxylation of the oxaloacetate produced. Neither method is entirely satisfactory owing to the 
high blanks 3, lack of sensit ivity 3, 4 and working losses in the extraction 4. The new method described 
here incorporates the  use of whole tissue homogenates  and the manifold adva.ntages of spectro- 
photometry,  

The removal of interfering protein was 
additional function of stopping the enzyme 
action and providing a strongly acid medium 
in which oxaloacetic acid is stable 5. At  this  
low pH the U.V. absorption of oxaloacetic 
acid is minimal  and the sensit ivi ty of meas- 
urement  correspondingly low. However, the  
absorption increases progressively with the 
rise in pH and in alkaline solutions the s ta-  
bility is also increased. I t  is, therefore, de- 
sirable tha t  measurements  of enzymically 
produced oxaloacetate should be conducted 
at  pH values well above 7, and in this work 
a pH of 9.2 has  been found to be satisfactory. 
To prevent  the  spontaneous decomposition of 
oxaloacetic acid a rapid change from strongly 
acid to alkaline pH was effected by the addi- 
tion of the calculated quan t i ty  of NaOH to 
the acid supernatant .  When, as a fur ther  
precaution, borate buffer pH 9.2 was added 
to this mixture  a fur ther  increment in ab- 
sorption was found. Tha t  this was a specific 
effect of borate and not of pH was demon-  
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Fig. z .  Changes in optical density of a solution of 
oxaloacetate after the  addition of borate. Open 
circles: o.2 /~mols oxaloacetate/ml at  pH 9.2. 
Black dots: 0.2 #mols  oxaloacetate/ml at  pH 9.2, 

o.5 M borate added at  t ime o. 

s t rated by the addition of borate to a solution of oxaloacetate already at  pH 9.2 (see Fig. i). 
The additional absorption suggested complex formation between the borate and oxaloacetate. 

Complexes between borate and cis-diol structures have been described 6. The enol form of oxaloacetate 
would provide such a cis-diol configuration, and there are suggestions ~ t ha t  the  increase in absorption 
of oxaloacetic acid with increasing pFI can be ascribed to an increase in the  enol form. I t  would 
appear, therefore, t ha t  in our experiments complex formation is occurring between the borate and  
the enol form of oxaloacetic acid. Fur ther  experiments (to be published elsewhere) indicate tha t  the  
carbonyl group and the adjacent  carboxyl group are both involved in the  complex• 

The new method reported here makes use of the conditions described by CAMMARATA AND 
COHEN z for their purified enzyme system. We have used the same concentration of subst ra te  and 
periods of pre-incubation as given by these authors  except tha t  our homogenates  required no pyridoxal 
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p h o s p h a t e  s u p p l e m e n t a t i o n  and  t h a t  ins t ead  of t he  con t inuous  m e a s u r e m e n t  of oxa loace ta te  pro- 
duc t ion  we have  i ncuba t ed  t h e  e n z y m e  p lus  subs t r a t e  for a finite period of IO minu te s .  

The  reac t ion  was  carr ied ou t  in IO ml  cen t r i fuge  t ubes  a t  37 ° C. Buffered ho lnogena te  (0.05 
to o.15 ml  of a i : I O  in o .oi  M p h o s p h a t e  buffer,  p H  7-4) was  p re - incuba ted  for 20 m i n u t e s  and  
a s p a r t a t e  t h e n  added.  Af ter  a fu r the r  IO m i n u t e s  a- 
k e t o g l u t a r a t e  was  added  and  t he  e n z y m e  reac t iona l low-  
ed to proceed for exac t ly  io  minu te s .  The  react ion was  
s topped  b y  t he  addi t ion  of 0. 5 ml  3 ° % (w/v) t r ichlor-  
acetic acid and  the  t u b e s  cooled. Af te r  cen t r i fuga t ion  
the  s u p e r n a t a n t  was  decan ted  into t u b e s  g r a d u a t e d  a t  
io ml  and  p rev ious ly  cha rged  wi th  i .o Inl of N N a O H .  
2.0 inl of o.5 M bora te  buffer,  p H  9.2, were added  and  
t he  vo lume  m a d e  up  to Io ml.  T he  opt ical  dens i t y  of 
th i s  solut ion was  t h e n  m e a s u r e d  a t  28o m/~. F u r t h e r  
tubes ,  a t  each  e n z y m e  level, con t a in ing  all t h e  r e a c t a n t s  
were s u b m i t t e d  to  t he  s ame  procedure  excep t  t h a t  t he  
t r ichloracet ic  acid was  added  i m m e d i a t e l y  pr ior  to t he  
a -ke tog lu ta r ic  acid, and  these  served as b lanks .  T h e  
oxa loace ta te  concen t r a t ion  was  de t e rmi ned  by  reference 
to a s t a n d a r d  curve  cons t ruc t ed  b y  m e a s u r i n g  t h e  
optical  dens i t y  of different  a m o u n t s  of oxa loace ta te  
t r ea ted  in t he  s a m e  way.  

Us ing  t h e  m e t h o d  descr ibed here  t he  e n z y m e  a s s a y  
is l inear  over  a r ange  of 5-15 m g  of t i ssue  (fresh weight) .  
The  sens i t i v i ty  of t he  e s t i ma t i on  m a y  be seen' f rom 
Fig. 2 in wh ich  t he  opt ical  dens i t y  of oxaloacet ic  acid 
so lu t ions  t r ea ted  as  above  is expressed  as a func t ion  
of t h e  concen t ra t ion .  For  compar i son ,  a s imilar  curve,  
ca lcu la ted  f rom the  d a t a  of NISONOFF, HENRY AND 
BARNES ~ is included.  

Er rors  due  to t he  decarboxy la t ion ,  b o t h  spon-  
t aneous  and  ca ta lysed ,  of t he  oxaloacet ic  acid p roduced  
enzyln ica l ly  are negligible, s ince we h a v e  ca lcu la ted  
f rom the  d a t a  of NISONOFF, HENRY AND BARNES 2 t h a t  
th is  could no t  exceed 2.5 % of t he  to ta l  oxa loace ta te  
produced .  
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Fig. 2. Rela t ion  be tween  oxaloacet ic  acid 
concentrat ion and optical  densi ty .  Curve 
A rep resen t s  t h e  re la t ionship  ob ta ined  
using the  method  described above.  Curve  
B is a s imi lar  curve  calculated from the  
d a t a  of NISONOFF, HENRY AND BARNES 2. 
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DISSIMILATION OF DL-ALANINE-I-14C BY RAT BRAIN HOMOGENATES* 

by  

F E L I X  F R I E D B E R G  AND L A W R E N C E  M. M A R S H A L L  

Department o] Biochemistry, Howard University Medical School, Washington I, D.C. (U.S,A .) 

W e  would  like to repor t  data  which  indicate that  the  brain can dissimilate amino  acids other  
t h a n  g lu t amic  acid to  an appreciable  extent .  Adul t  rats  of Spray  Dol i  Strain weighing  around x 5o-2oo  
g r a m s  were used. After sacrificing these  animals  b y  decapitat ion,  the  entire brain (I .5 g) was  iln- 

* Aided  b y  a g r a n t  f rom t he  N a t i o n a l  F o u n d a t i o n  for In fan t i l e  Para lys i s .  


