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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 
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co r r e spond ing  cont ro ls  of t h e  s a m e  age and  sex  were in jec ted  i n t r a v e n o u s l y  wi th  FeC18, con ta in ing  
2. 5 # g  Fe labeled wi th  59Fe, specific ac t iv i ty  2o0 /~c/mg, in o.I m l  of  physiological  saline.  Af te r  
4 days ,  t he  an ima l s  were killed b y  decapi ta t ion ,  t he  l ivers washed  in dist i l led water ,  b lo t t ed  be tween  
shee t s  of filter pape r  a n d  weighed.  The  we igh t  of  t he  t u m o r s  was  also recorded.  A por t ion  (zoo rag) 
of t h e  l iver was  used  for ca t a l a se -ac t iv i ty  m e a s u r e m e n t s ;  t he  res t  was  homogen ized  wi th  q u a r t z  
s and  and  r e s u s p e n d e d  in 3 t i m e s  i ts  we igh t  of physiological  saline. The  suspens ion  was  cen t r i fuged  
a t  13,ooo g for IO rain. The  s u p e r n a t a n t  was  s h a k e n  wi th  an  equa l  v o l u m e  of n -bu tano l ,  a n d  cen-  
t r i fuged  aga in  a t  2o,ooo g for io  rain. T he  a q u e o u s  phase  was  dia lyzed for 12 h in t he  cold aga ins t  
dist i l led wate r ,  cen t r i fuged  to  r e m o v e  a smal l  whi te  precipi ta te ,  a n d  t h e n  lyophilized.  This  ex t rac -  
t ion  p rocedure  was  also appl ied  to  n o r m a l  m o u s e  liver h o m o g e n a t e s ,  a f te r  add i t ion  of 59Fe in vitro. 
V e r y  li t t le or  no r ad ioac t iv i ty  was  p r e sen t  in t h e  ex t r ac t ed  pro te ins ;  t he  possible  in ter ference  of 
ferr i t in  was  t h u s  exc luded  (c/. ref.3). The  lyophil ized p ro te ins  were d issolved in e n o u g h  bora te  buffer  
a t  p H  8.6 (/~ o.o6) to give a 4% solu t ion  a n d  the i r  r ad ioac t iv i ty  de t e rmined  in a l iquid sc int i l la t ion 
coun te r .  The  so lu t ion  was  t h e n  s u b m i t t e d  to  pape r  e lect rophoresis ;  15/,1, co r respond ing  to o.6 m g  
lyophi l ized prote ins ,  were used  for each str ip.  E lec t rophores i s  was  r u n  wi th  bo ra t e  buffer  a t  p H  
8.6, # o.o6, wi th  5 V/cm,  for 8 h. Cata lase  wa~ revealed  on t h e  s t r ips  by  sp r ay ing  t h e m  wi th  o . s N  
H~O~, and ,  a f t e r  20 min ,  wi th  2 % TiC1 s. A whi te  spo t  on a yellow b a c k g r o u n d  appea r s  a t  t he  si te  
where  ca ta lase  is located.  

Rad ioac t iv i ty ,  as revealed  by  direct  coun t i ng  on t he  m o s t  ac t ive  s t r ips  a n d  by  au to rad iog-  
r a p h y ,  was  located  only  a t  t h e  s a m e  si te  as  ca ta lase  ac t iv i ty ,  and  cor responded  to t he  mobi l i ty  of 
c rys ta l l ine  ca ta lase  4. 

T A B L E  I 

ENZYMIC ACTIVITY AND INCORPORATION OF $gFe IN LIVER CATALASE OF 
TUMOR-BEARING MICE 

Ca ta la se  ac t iv i ty  was  m e a s u r e d  b y  t h e  m e t h o d  of VON EULER AND JOSEPHSON 5 on an  a m o u n t  of 
e x t r a c t  co r respond ing  to  I m g  liver (fresh weight) .  R a d i o a c t i v i t y  c o u n t s  were m a d e  as  descr ibed 

in t he  t ex t .  The  va lues  g iven  are  m e a n s  -¢- s t a n d a r d  errors  of t he  means .  

Controls 5-day tumors xo-day tumors 

No. of mice 22 9 12 
W e i g h t  of t u m o r s  (g) - -  0.68 ± o.09 2.95 -¢- 0.38 
Cata lase  ac t iv i ty  (k 0 × lO 4) 113o i 51 935 ± 51 7 lo  ! 25 
SgFe incorpora t ion  5o4 ± 33 727 ~z 81 48 ± 12 

( c o u n t s / m i n / m g  lyophil ized protein)  

Tab le  I shows  t h a t  in an i ma l s  in jec ted  5 days  a f te r  t he  i m p l a n t a t i o n  and  bear ing  smal l  
t u m o r s ,  t h e  incorpora t ion  of 59Fe ( c o u n t s / m i n / m g  lyophil ized protein)  was  s o m e w h a t  g rea te r  t h a n  
in t he  controls .  The  ca ta lase  ac t iv i ty ,  on t h e  o the r  hand ,  a l r eady  showed a decrease.  I n  a n i m a l s  
in jec ted  la ter  and  bear ing  larger  t u m o r s ,  a ve ry  s t r ik ing  decrease  of rad ioac t iv i ty ,  m u c h  g rea t e r  
t h a n  t h e  decrease  of t he  ca ta lase  ac t iv i ty ,  was  observed.  T he  deta i led  resul ts ,  no t  g iven  in Table  I, 
s howed  t h a t  t he  decrease  of t he  r ad ioac t iv i ty  was  g rea te s t  in an ima l s  bea r ing  t h e  b igges t  t u m o r s .  

I t  seems ,  therefore ,  t h a t  t h e  ac t ion  of t u m o r s  on l iver ca ta lase  is a complex  one and  resu l t s  
f r om an  i m p a i r m e n t  of t h e  ba lance  be tween  syn t he s i s  and  des t ruc t ion  of t h e  enzyme,  as an t i c ipa t ed  
b y  THEORELL and  coworkers  s. F r o m  a compar i son  be tween  rad ioac t iv i ty  and  ca t a l a se -ac t iv i ty  
m e a s u r e m e n t s ,  it  appea r s  t h a t  t he re  is a t  t he  beg inn ing  an  increased des t ruc t ion ,  w i t h o u t  a l t e ra t ion  
or  pe rhaps  wi th  a s l ight  increase  of t h e  syn t he s i s ;  subsequen t ly ,  t he  syn the s i s  is s h a r p l y  affected 
a n d  t he  r a t e  of de s t ruc t i on  lowered. A p p a r e n t l y  the re  is no need to  a s s u m e  t h e  presence  of an  
inh ib i to r  wh ich  in ter feres  in t h e  ac t iv i ty  m e a s u r e m e n t s .  A comple te  a c c o u n t  of t h i s  work  will 
a p p e a r  elsewhere.  
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