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SUMMARY. The rates of synthesis were determined for the major phospho- 
fructokinase isozyme in rat liver and the fas[growing, poorly differentiated 
hepatoma 3924-A. Its rate of synthesis, which was measured as rate of in- 
corporation of leucine, was approximately 2.3-fold greater in the hepatoma 
compared to the normal liver. Using the double labeling technique, which has 
been demonstrated to estimate degradation ~aAte constants, Glass and Doyle, 
I. Biol. Chem., 247, 5234 (1972), the H/~=C ratios for this isozyme in the 
liver and hepatoma were nearly the same, which implied that the degradative 
process for this isozyme is similar for both tissues. These results indicate for 
this isozyme that it has attained a steady state level in the hepatoma 3924-A 
different from the liver, which is described by a 2-3 fold increase in its rate 
of synthesis and degradation. 

Earlier work has demonstrated the presence of phosphofructokinase (E. C. 

2.7.1.11) isozymes in normal rat liver (I). The major hepatic phosphofructo- 

kinase isozyme (L2) was purified to homogeneity and its kinetic, physical, and 

biological properties were examined (1,2). Activity measurements and immuno- 

titration of supernatant fluids and purified L 2 demonstrated that it was elevated 

2- to 3-fold in hepatoma 3924-A (3). This increased amount of L 2 in hepatoma 

3924-A is representive of a different steady state level which was attained and 

perhaps maintained as a consequence of a change which affected its rate of 

synthesis and/or degradation. The contribution of synthesis and degradation 

in controlling enzyme levels has been previously discussed (4,5). 
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METHODS 

Rats were maintained as previously described (2,3). Livers and tumors were 

excised rapidly, homogenized in phosphate buffered saline containing 15 mM 

L-leucine, and centrifuged as described (2). The antiserum specific for L 2 was 

taken from rabbits immunized as previously described (I). The incorporation of 

L 3HI leucine (specific activity CilmM. New England Nuclear. 

Boston, Mass.) into L 2 and supernate from liver and tumor was performed using 

previously described methods (2). The methods used for the double labeling 

experiment have also been described for the liver (2) and these techniques were 

also used in the hepatoma experiments. 

RESULTS AND DISCUSSION 

The incorporation of leucine into L 2 and 100,000 x g supernatant protein is 

shown in Table I. Considering the total supernatant radioactivity, it is 

apparent that the amounts of labeled leucine maintained in hepatoma 3924-A and 

liver are statistically identical. Since it has been demonstrated that there is a 

decreased blood flow in transplanted hepatomas relative to normal liver (6), it 

is likely that this hepatoma has a greater concentrating capacity than normal 

liver. Baril and Potter have shown for several hepatomas a diversity of amino 

acid concentrating abilities (7). 

Considering the CCI3GOOH acid soluble radioactivity, it is evident that 

similar levels of labeled leucine are present in the liver and hepatoma 3924-A; 

however, this does not indicate the actual leucine pool sizes or the concen- 

tration of labeled leucine relative to total leucine pool. Since this hepatoma 

appears to concentrate leucine, it seems unlikely that its leucine pool size is 

less than in the liver. If leucine pool sizes are nearly the same or greater in 

hepatoma 3924-A, the dilution of the labeled leucine into the total leucine pool 

would be the same or greater. Thus, it is highly probable that L 2 synthesis is 

elevated at least 2-fold in the hepatoma when leucine pool sizes are the same. 

If leucine pool sizes are larger in the hepatoma then one would expect more 

dilution of labeled leucine in the hepatoma, and, consequently, the L 2 

synthetic rate in hepatoma 3924-A would be even greater relative to liver. 

It has been demonstrated that the ratio of initial leucine incorporation 

(3H leu) relative to leucine incorporation (14C) after a set period of time (3 

days in this case) can be used to estimate degradation rate constants (8). 

These 3H/14C ratios for L 2 and supernatant protein in liver and hepatoma 
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Table I 

I n c o r p o r a t i o n  of  L - L e u c t n e  t n t o L  2 and  S u p e r n a t a n t  P ro t e in  

of  L tver  and  H e p a t o m a  3924-A a 

Tissue 

Supernatant 
Total supernatant protein Soluble L2 
radioactivity incorporation ra dioa ctivtty tncorporation 

(DPM/mg pro te in )  (DPM/mg pro te in )  (DPM/mg pro te in )  (DPM/mg pro te in )  

L ive r  (6) 7168 + 811 2443 +_ 264 4724 +__ 480 9 . 8  +_ 1 .0  

Hepa  toma 
3924-A (5) 6423 + 7 8 2  1 5 5 8 +  192 4 8 6 5 + 4 9 8  21 .7  + 2 . 3  

a M e a n s +  s t a n d a r d  d e v i a t i o n s  a r e  g i v e n ,  and  the  number  in p a r e n t h e s i s  i n d i c a t e s  the  
number  of r a t s  u s e d .  The u n i t s  a r e  r e p o r t e d  in DPM pe r  mg of s u p e r n a t a ~ t  p r o t e i n .  
Norma l  and  tumor  b e a r i n g  r a t s  w e r e  i n j e c t e d  ( i . p . )  w i th  75 [zCi of E 4 , S - ° H ]  l e u c i n e  in 
0 .3  ml of p h o s p h a t e  bu f f e r ed  s a l i n e .  The i n c o r p o r a t i o n  of l e u c t n e  in to  p r o t e i n  w a s  d e t e r -  
m i n e d  by  p r e c i p i t a t i o n  w i th  CC13COOH and  w a s h i n g  on to  g l a s s  f i l t e r  d i s c s ,  and  i n c o r -  
p o r a t i o n  of  l e u c i n e  in to  L 9 w a s  d e t e r m i n e d  by  [ m m u n o p r e c i p t t a t i o n  of L 2 ( see  r e f .  2 for  
more  c o m p l e t e  de sc r tp t i o rT  of m e t h o d s ) .  The s o l u b l e  r a d i o a c t i v i t y  is  the  d i f f e r e n c e  
between the total supernatant radioactivity and supernatant protein incorporation. 

3924-A a r e  shown  in Tab le  I I .  C o n s i d e r i n g  the  r a t i o s  for s u p e r n a t a n t  p r o t e i n ,  

i t  a p p e a r s  t h a t  the  s o l u b l e  p r o t e i n  i s  l e s s  s t a b l e  in l i v e r .  H o w e v e r ,  s i n c e  the  

h e p a t o m a  3924-A e x p r e s s e s  p r o t e i n  no t  p r e s e n t  in the  l i v e r  (or v i c e  v e r s a )  a s  

w e l l  a s  m a i n t a i n s  d i f f e r e n t  l e v e l s  of  m u t u a l  p r o t e i n s  a c l e a r  i n t e r p r e t a t i o n  i s  

no t  p o s s i b l e  w i th  a mix tu re  of  p r o t e i n s .  A c l e a r e r  i n t e r p r e t a t i o n  s h o u l d  be  

p o s s i b l e  w i th  i n d i v i d u a l  p r o t e i n s  s u c h  a s  L 2.  Such  a c o m p a r i s o n  of the  

3 H / t 4 c  r a t i o s  for  L 2 from l i v e r  and  h e p a t o m a  3924-A i n d i c a t e s  t h e y  a r e  

s t a t i s t i c a l l y  i d e n t i c a l  w h i c h  t e m p t s  one  to s p e c u l a t e  t h a t  the  d e g r a d a t i v e  

m e c h a n i s m  for L 2 is  q u i t e  s i m i l a r  in bo th  t i s s u e s .  Al though  d e g r a d a t i v e  r a t e  

c o n s t a n t s  may  be i d e n t i c a l ,  i t  i s  l i k e l y  t ha t  the  r a t e  of  d e g r a d a t i o n  of L 2 i s  

i n c r e a s e d  the  s a m e  m a g n i t u d e  a s  the  s y n t h e t i c  r a t e  in o rde r  to m a i n t a i n  

s t e a d y  s t a t e  c o n d i t i o n s .  U s i n g  the  r a t e  e q u a t i o n  t h a t  the  r a t e  of e n z y m e  

d e g r a d a t i o n  is  the  p r o d u c t  of the  r a t e  c o n s t a n t  t i m e s  the  s t e a d y  l e v e l  of the  

e n z y m e  ( 4 , 5 ) ,  i t  i s  e a s i l y  s e e n  t h a t  if the  d e g r a d a t i o n  r a t e  c o n s t a n t s  a r e  

i d e n t i c a l  for  l i v e r  a n d  h e p a t o m a  L 2 then  the  r a t i o  of  d e g r a d a t i o n  r a t e s  e q u a l s  

the  r a t i o  of the  s t e a d y  s t a t e  l e v e l s  of L 2 in l i v e r  a n d  h e p a t o m a  3924 -A .  Pr ior  
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work has demonstrated that the levels of L 2 in hepatoma and liver are 10.2 

and 3.9 untts/g tissue, respectively (3). Thus, it can be calculated that the 

steady state level of L 2 in hepatoma 3924-A is 2.6-fold greater than In liver 

and logically the rate of L 2 degradation should be 2.6-fold greater in hepatoma 

3924-A relative to normal liver. Comparatively, there seems to be good 

agreement between the increased rates of L 2 synthesis (2.2) and increased 

degradation (2.6) in hepatoma 3924-A compared to normal liver; and the 

closeness of the two numbers seem to support their validity. 

These data describe the new steady state for L 2 in hepatoma 3924-A as a 

2-3 fold increase in its rate of synthesis and degradation. It is not unreason- 

able to speculate that at some point in the early history of the hepatoma or 

hyperplastic liver an increase in genic expression occurred, which created an 

imbalance in steady state conditions for L 2 such that the rate of L 2 synthesis 

was favored. Further, the new steady state conditions for L 2 were 

established when the new level of this isozyme reached a level which was 

increased relatively the same amount as the new rate of synthesis. 
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