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A l t h o u g h  c ross - reac t iv i ty  of c h y m o t r y p s i n  and  t r yps i n  to cer ta in  s u b s t r a t e s  is no t  w i t h o u t  
parallel ,  i t  was  no t  an t i c i pa t ed  t h a t  m # g  a m o u n t s  of t r yps in  would  necessar i ly  p roduce  a rap id  
hyd ro lys i s  of C T p N P .  However ,  t he  r a t e  curve  ob ta ined  wi th  t r y p s i n  was  comparab l e  to t h a t  
obse rved  wi th  c h y m o t r y p s i n  a n d  ve loc i ty  was  p ropor t iona l  to t he  t r y p s i n  concen t r a t i on  (Fig. i ,  B). 
The  m a x i m u m  ra te  of  hyd ro lys i s  occurred a t  a b o u t  p H  8. As was  found  for c h y m o t r y p s i n ,  t r yp t i c  
ac t iv i ty  t o w a r d  C T p N P  was  comple te ly  inh ib i ted  by  diiso p ropylphosphorof luor ida te .  

Thus ,  t h e  use  of C T p N P  pe rmi t s  direct  and  rapid  m e a s u r e m e n t s  of reac t ion  ra tes  ut i l izing 
quan t i t i e s  of c h y m o t r y p s i n  as low as 3 m p g / m l  and  a m o u n t s  of t r yps in  as low as 7 m/zg/ml.  

This  work  h a s  been suppo r t ed  in pa r t  by  research  g r an t s  A-727 and  R G  4624 f rom the  Uni ted  
S ta tes  Publ ic  H e a l t h  Service. 
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The dissociation of glutamic dehydrogenase by reduced 
diphosphopyridine nucleotide (DPN H) 

I n  1952, OLSON AND A N F I N S E N  1 showed  t h a t  c rys ta l l ine  g lu t amic  dehydrogenase  exhib i ted  an  
a n o m a l o u s  s e d i m e n t a t i o n  behav io r  in t he  u l t racent r i fuge .  The  a u t h o r s  a t t r i b u t e d  th i s  behav ior  
to  e i ther  d issocia t ion  or unfo ld ing  of t he  e n z y m e  a t  low concen t ra t ions .  I t  h a s  now been shown  
t h a t  d i ssoc ia t ion  of t he  e n z y m e  m a y  be ob ta ined  by  t he  add i t ion  of a s u b s t r a t e  for t he  enzyme ,  
D P N H .  

Crys ta l l ine  g lu t amic  dehyd rogenase  was  p repared  f rom beef l iver by  the  m e t h o d  of STRECKER ~ 
and  recrys ta l l i zed  twice  wi th  s a t u r a t e d  s o d i u m  sul fa te  a t  5 °1. At  p H  7.4 in o.o52]4 p h o s p h a t e  
buffer,  t h e  e n z y m e  show s  a s ingle peak  in t he  u l t racen t r i fuge .  I n  all expe r imen t s ,  t he  Spinco 
Model E ana ly t i c  u l t r acen t r i fuge  was  used*.  T he  pa t t e rn ,  shown  in Fig. ia ,  ha s  a h y p e r s h a r p  
leading  b o u n d a r y ,  and  is s l igh t ly  skewed  on t he  t ra i l ing  edge, s imi la r  to  t h a t  ob ta ined  by  OLSON 
AND ANFINSEN. The  add i t i on  of D P N H  to  th i s  e n z y m e  so lu t ion  causes  t he  single peak  to spl i t  
in to  two  d i s t inc t  peaks  as s h o w n  in Fig. lb .  I n  th i s  pa r t i cu la r  expe r imen t ,  t he  mola r  ra t io  of 
D P N H  to e n z y m e  was  a p p r o x i m a t e l y  200 : I. Inc reas ing  a m o u n t s  of D P N H  decrease  the  a m o u n t  

Fig. I. S e d i m e n t a t i o n  p a t t e r n s  of g l u t ami c  dehydrogenase  in o . o 5 M  p h o s p h a t e  buffer,  p H  7.4 
a t  59,78o r .p .m.  (a) a lone a f t e r  660 sec, (b) in t h e  presence  of I. 3" xo -SM D P N H  af te r  66o sec, 
(c) in t h e  p resence  of 5" I o - 3 M  o-phenan th ro l ine  a f te r  159o sec. The  p ro te in  concen t r a t ion  was  

a p p r o x i m a t e l y  4.5 mg /ml .  S e d i m e n t a t i o n  is f rom left  to r ight .  

* The  a u t h o r  is i n d e b t e d  to  Miss CARMELITA LOWRY for va luab le  technica l  ass is tance .  



432 PRELIMINARY NOTES VOL. 27 (1958) 

of enzyme in the fast  peak wi th  a corresponding increase in the concentrat ion of the  slow moving 
component .  The spl i t t ing of the  enzyme with  D P N H  m a y  be completely reversed upon removal  
of the  D P N H  by dialysis. In  addit ion to the influence of D P N H  concentrat ion,  the  p H  of the 
solution appears  to affect the  ex ten t  of dissociation in the  presence of D P N H ,  al though the  
amoun t  of dissociation of enzyme alone does not  appear  to be influenced by  these same p H  
changes. No spl i t t ing of the enzyme is obtained by  using p-chloromercuribenzoate or a-keto- 
glutarate,  another  subs t ra te  of the enzyme. 

In  view of the  fact tha t  Zn has been repor ted as a const i tuent  of glutamic dehydrogenase 3 
and of the apparen t  involvement  of Zn in some enzymes which use D P N H  as subs t ra te  4, o- 
phenanthrol ine  was  added to the enzyme. The sedimentat ion diagram which resulted is shown 
in Fig. ic. This  enzyme has  a sedimentat ion cons tant  of slightly greater  than  half of the  original 
material  and as m a y  be seen, the pa t t e rn  is symmetr ica l  as contras ted to Fig, ia. The concen- 
t r a t ion  of the o-phenanthrol ine used completely inhibited the  enzymic reaction. 

OLSON AND ANFINSEN have repor ted a molecular weight,  f rom sedimentat ion and diffusion 
studies, for the enzyme of one million. Determina t ions  of the molecular weight  of o-phenanthroline- 
t rea ted  enzyme were made by  the method of BALDWIN 5. These determinat ions  indicated t ha t  
the protein  m a y  exist  as a polymer  of four enzyme subunits .  The t e t r amer  m a y  be split either 
into dimers or monomers  depending on the concentrat ion of either o-phenanthrol ine or DPNH.  
As a resul t  of splitting, the diffusion cons tan t  increases and the axial rat io decreases. The spli t t ing 
caused by  o-phenanthroline,  a po ten t  Zn binding reagent,  is evidence for the role of Zn as an  
i m p o r t a n t  component  in the binding of the subuni ts .  That  bo th  o-phenanthroline and D P N H  
cause dissociation of the enzyme may  indicate the impor tance  of Zn in the binding of DPNH.  

So far as is known, glutamic dehydrogenase is the only enzyme which is affected in such 
a way  by one of its subs t ra tes .  The enzyme phosphorylase  may  also be dissociated into monomers ,  
but  only in the presence of p-chloromercuribenzoate e. In  this case, the involvement  of sulfhydryl  
groups is indicated in the  combinat ion  of the four phosphorylase  subuni ts .  

Such a change in the molecular size and shape of glutamic dehydrogenase by  a subs t ra te  
for the enzyme offers a method  by which fur ther  studies of the mechanism of the reaction may  
be made. Such invest igat ions of the molecular and kinetic propert ies  of the enzyme are under  
way  in this  laboratory.  
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Addendum (added in proof, December  I I th ,  1957) 
The degree of spli t t ing of the enzyme by D P N H ,  bu t  not  by o-phenanthroline,  has been found 

to be dependent  on the specific activity of the  enzyme. 

A study of the synthesis of catalase in liver of tumor-bearing 
mice by means of radioactive iron 

I t  is well known t h a t  the  liver catalase act ivi ty is sharply  lowered in tumor-bear ing  animals.  I t  has 
not  yet  been ascertained, however,  whe ther  this  decrease is due to an  actual  decrease in the enzyme 
concentra t ion or to the  presence of some inhibi tor  which interferes in its determinat ion 1, According 
to PRICE AND GREENFIELD 2, less catalase m a y  be prepared  f rom livers of tumor-bear ing  ra t s  t han  
f rom the  heal thy control  animals.  However,  their  technique,  a l though accurate,  is a prepara t ive  
one, and therefore involves the  possibility of losses; fur thermore,  it clearly cannot  distinguish 
between the catalase already present  at  the  m o m e n t  of t u m o r  implanta t ion  and t h a t  formed there- 
after.  I n  an a t t emp t  to give an answer  to this  problem, we studied by  means  of radioactive iron the 
synthesis  of liver catalase after  t u m o r  implanta t ion.  

Male albino mice of an inbred strain (ALAL) were implanted wi th  S.i8o and divided into two 
groups. Respectively 5 and io days after  the implantat ion,  the tumor-bear ing  mice and the 


