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SUMMARY 

The activity of the transaminase for valine, leucine and isoleucine with a-keto- 
glutarate (EC 2.6.1.6) in rat  liver decreased gradually during development from the 
fetal period and reached the adult level within IO days after birth. The activities for 
these amino acids were equal during the fetal period, but, after birth, only activity 
for leucine appeared and increased. I t  was shown by  DEAE-cellulose column chro- 
matography that  in fetal liver only the transaminase which is active for all three 
amino acids was present, while in the neonatal period an additional enzyme, which 
is only active for leucine, appeared and gradually increased in activity. 

This leucine-specific transaminase also increased in regenerating liver 6 h after 
partial hepatectomy. I t  remained high for another 6 h and then decreased to the normal 
level. The activity of the enzyme which is active for all these branched-chain amino 
acids did not change significantly during liver regeneration. 

INTRODUCTION 

I t  was shown that  branched-chain amino acids (valine, leucine and isoleucine) 
are transaminated by  a specific enzyme (EC 2.6.1.6) in hog heart 1-~. Subsequently we 
reported that  in rat  liver there are two transaminases for these amino acids, one 
(Enzyme I) is active for all three amino acids, and the other (Enzyme II) is specific 
for leucine 4. I t  was also reported that  the activity of Enzyme I I  in liver was elevated 
markedly under various gluconeogenic conditions and that  this induction of enzyme 
activity was due to de novo synthesis of enzyme 5,~. 

There is significantly elevated protein metabolism in rapidly growing tissues 
such as developing or regenerating liver, and various transaminases respond to this 
condition v-n. Therefore, it is very interesting to see how the two transaminases for 
branched-chain amino acids vary under these conditions. 

The present paper reports that  in fetal rat  liver only Enzyme I, which is active 
for all three amino acids, was observed, while after birth as this enzyme activity 
decreased, Enzyme I I  appeared and increased in activity with development. In 
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regenerating liver the leucine-specific enzyme (Enzyme II) was induced markedly,  
reached maximal activity 6 h after partial hepatectomy and then decreased to the 
normal activity after 24 h. The activity of Enzyme I remained constant during liver 
regeneration. A preliminary report of this work has been published TM. 

METHODS 

Treatment of experimental animals 
Fetal age was calculated from the time after mating of Wistar strain rats, and 

fetal and neonatal livers of litter mates were pooled according to age. Male, Wistar- 
strain rats, weighing about 15o g, were partially hepatectomized and maintained on a 
laboratory chow according to the method of HIGGINS AND ANDERSON 13. Approximately 
two-thirds of the liver was removed, and this liver was used in the control experiment. 
When adrenalectomy was combined with partial hepatectomy, both adrenals were 
removed 4 days before partial hepatectomy. 

Preparation of enzyme solution, DEAE-cdlulose column chromatography and enzyme 
assay 

The liver was homogenized in 0.25 M sucrose solution, centrifuged and the 
supernatant  was used for measuring enzyme activity. For DEAE-cellulose column 
chromatography, the enzyme solution was dialyzed against 5 mM phosphate buffer 
(pH 7.8) containing 5 mM 2-mercaptoethanol and IO #M pyridoxal phosphate. The 
dialyzed enzyme was applied on a DEAE-cellulose column (1. 5 cm × 15 cm). Enzyme 
was eluted with a linear concentration gradient of phosphate buffer from 5 mM to 
0.3 M. Fractions of IO ml were collected. 

Enzyme activity was measured by  a modification of the method of FRIEDEMANN 
AND HAUGEN 1. The details of the methods of enzyme preparation, column chromatog- 
raphy and enzyme assay were reported previously*. Enzyme activity was expressed 
as m#moles of keto acid formed per mg protein per IO min. The pat tern of fluctuation 
of enzyme activity was not much different whether the specific activity was expressed 
per mg protein or per g wet weight. In chromatographic work, enzyme activity was 
expressed as change of absorbance at 440 m/~. For the activity of Enzyme II,  a cor- 
rection was made to express maximal activity as reported before 4. 

RESULTS 

Devdopmental change 
When transaminase activity was measured with valine or isoleucine as amino 

donor, the activity in fetal rat  liver was fairly high, but  it decreased gradually during 
development and reached the adult level I week after birth (Fig. I). However, it was 
noticed that  when leucine was used as substrate the activity was similar to that  with 
valine or isoleucine as substrate in the fetal liver, but  that  unlike the latter it remained 
constant after birth. 

I t  was reported that  in adult rat  liver there are two transaminases for branched- 
chain amino acids, and tha t  Enzyme I is almost equally active for all three amino 
acids, whereas Enzyme I I  is specific for leucine*. Therefore, in crude enzyme prepa- 
rations the activity for valine or isoleucine represents that  of Enzyme I while the 
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difference between this and the activity for leucine represents that  of Enzyme n .  
Thus, the results in Fig. I suggest that  during the fetal period only Enzyme I is active 
while after birth Enzyme II, which is specific for leucine, may be induced. Indeed, it 
was shown that  on DEAE-cellulose column chromatography fetal liver contained 
only one active fraction which was eluted by  0.02 M phosphate buffer and trans- 
aminated all three amino acids, while in neonatal liver an additional fraction, which 
was eluted by  o.18 M buffer and was specific for leucine, appeared and increased to 
the adult level (Fig. 2). 

Antiserum against hog heart transaminase, which is active for all branched-chain 
amino acids and hence is the same type as Enzyme I of rat  liver 4, could inhibit over 
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Fig. i. Ac t iv i ty  change  of t r a n s a m i n a s e s  for b r anched -cha in  amino  acids in r a t  l iver du r ing  
deve lopment .  ©, ac t iv i ty  for leucine;  0 ,  ac t iv i ty  for va l ine  or isoleucine. 

Fig. 2. DEAE-ce l lu lose  co l umn  c h r o m a t o g r a p h y  of  t r a n s a m i n a s e s  for b r anched -cha in  amino  
acids in fetal,  neona ta l  and  adu l t  r a t  livers. A, fetal  liver (about  2 days  before birth) ; B, neona ta l  
liver (3 days  af ter  bir th) .  C, adu l t  l iver;  G,  ac t iv i ty  for leucine; O, ac t iv i ty  for val ine;  A ,  ac t iv i ty  
for isoleucine. 

7 ° % of the activity of fetal liver. This indicates clearly that  Enzyme I in fetal liver is 
the same type of enzyme as that  found in various other tissues, as discussed in the 
previous paper 4. 

This change of activity during development was not observed in kidney or heart. 
In these tissues, activity ratios for all three amino acids were about one and remained 
constant through the developmental period. 

Regenerating liver 
In regenerating liver the activity for leucine rapidly increased and reached a 

maximum about 6 h after partial hepatectomy. I t  remained high for another 6 h and 
then decreased to the normal level (Fig. 3). The control sample of liver, which was 
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removed during partial hepatectomy at zero time, showed somewhat lower act ivi ty 
than that  of normal liver. The reason for this lowered activity is unknown but may  be 
due to the ether anaesthesia used during hepatectomy. The increase of activity after 
partial hepatectomy of adrenalectomized rats was about one third of that  of non- 
adrenalectomized rats. I t  is interesting that  the activities for valine and isoleucine 
were not induced significantly during regeneration of liver. This finding also suggested 
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Fig. 3. Ac t i v i t y  change  of t r a n s a m i n a s e  for b r a n c h e d - c h a i n  amino  acids in r egenera t ing  ra t  liver. 
E a c h  po in t  r ep resen t s  t he  m e a n  of  a t  least  5 exper imen t s .  O,  ac t iv i ty  for leucine;  O, ac t iv i ty  for 
va l ine  or isoleucine. 

Fig. 4. DEAE-ce l lu lose  c o l u m n  c h r o m a t o g r a p h y  of  t r a n s a m i n a s e s  for b r a n c h e d - c h a i n  amino  
acids  in r egene ra t ing  r a t  liver. Solid line r ep resen t s  ac t iv i ty  for leucine in r egenera t ing  liver 
(8 h af ter  par t ia l  hepa t ec t omy)  and  b roken  line t h a t  for n o r m a l  liver. 

that  the activity of Enzyme I I  might be induced. This was examined by  DEAE-  
cellulose column chromatography and it was found that  Enzyme I I  increased re- 
markably  but  Enzyme I was unchanged (Fig. 4). 

DISCUSSION 

In  rapidly growing tissues, such as fetal or regenerating liver, protein metabolism 
is greatly accelerated and the concentration of amino acids in the tissue is controlled 
in relation to rapid protein biosynthesis. Thus, intensification of amino acid concen- 
tration in these tissues has been reportedl4, is. This suggests at least that  a change of 
the pr imary reaction of amino acid metabolism, namely transamination, should be 
involved. Indeed a number of transaminases have been reported to fluctuate in act ivi ty 
during growth 7-n. 

I t  was found in previous work that  rat  liver contained two transaminases for 
branched-chain amino acids; Enzyme I for all three amino acids, and Enzyme I I  for 
leucine only 4. I t  is this Enzyme I I  which is responsible for this induction under various 
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conditionsS, 6 and, as shown in this report, during cellproliferation. I t  is noteworthy that  
during development the activities of the two enzymes showed a reciprocal relationship. 
RICHTER classified fluctuation of enzyme activities into three types 16, and according 
to his classification Enzyme I may be concerned with growth and Enzyme I I  with cell 
maturation. This reciprocal change of closely related enzymes (isozymes) during 
development is not known with other transaminases, but some glycolytic enzymes 
have shown similar relationships 17-2°. Among these enzymes special attention should 
be paid to the relation between hexokinase (EC 2.7.1.1) and glucokinase (EC 2.7.I.2), 
because we noticed a very similar relationship between Enzyme I and II .  Thus hexo- 
kinase and Enzyme I are widely distributed in various tissues, have low substrate 
specificity, a low Km for their substrates and are non-inducible, while glucokinase and 
Enzyme I I  are localized only in the liver, have high substrate specificity, a high Km 
for substrate and are inducible by hormones 4. In the present work we also found a 
close resemblance between these enzymes in their change during development 2°. 
During the fetal period only Enzyme I like hexokinase was observed, while after birth 
Enzyme I I  like glucokinase also appeared. 

I t  should be pointed out that  transaminase activity is induced before initiation 
of cell proliferation and this was also shown in regenerating liver 7, ascites tumor 21 
and bacteria 22. We did not study the relation between cell number and enzyme activity, 
but a number of works indicate that  mitosis starts between 2 4 and 30 h after partial 
hepatectomy 23. Increased activity of Enzyme I I  was seen for 6 to 12 h after the 
operation, indicating that  this enzyme is also induced before cell division. I t  may be 
important  for the activity of a transaminase of non-essential amino acids to be induced 
in order to increase supply of these amino acids for rapid protein synthesis, but it is 
difficult to see the significance of increase in an essential amino acid enzyme like that  
in the present work. The enzyme may  have a special role in resynthesis of leucine in 
liver from a-ketoisocaproate which is supplied from other tissues. The reason why 
there is a specific transaminase for leucine in liver is unknown, but  leucine is an efficient 
precursor for cholesterogenesis and there is a considerably higher requirement for 
leucine than for other essential amino acids during growth24, ~5. These results suggest 
that  leucine or one of its metabolites may play a specific role in cell growth. 

The mechanism of enzyme regulation during development is still very uncertain, 
but a number of reports indicate participation of hormones 26-~s. Thus rapid induction 
of enzyme after birth may  be related, in part  at least, to glucocorticoid secretion. The 
present finding that  adrenalectomy reduCed induction of Enzyme I I  in regenerating 
liver supports the involvement of the adrenal hormone. The previous report from this 
laboratory indicated that  glucocorticoid induced Enzyme I I  markedly in adult rat  
liver~, 6. However, as shown in this work, adrenalectomy did not cause complete inhi- 
bition of induction in regenerating liver, or in developing liver ~6. An additional factor(s) 
may  be involved in enzyme regulation during growth. In this connection it is interesting 
that  glucagon has more effect on fetal liver than adult liver 27. 
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