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SUMMARY 

The e n z y m a t i c  e x t r a c t  p t e p a r e d  f r o m  48h. r e g e n e r a -  
t i n g  r a t  l i v e r  s t a b i l i z e d  w i t h  d i e t a r y  L - t ryp tophan  
p o s s e s s e s  t h e  enhanced  t h y m i d i n e  and t h y m i d y l a t e  k i -  
naae a c t i v i t y .  The o p t i m a l  c o n d i t i o n 8  f o r  t h e  phoa- 
p h o r y l a t i o n  o f  t h y m i d i n e  in vitro were f o u n d  and the 
p O 8 8 i b i Z i t y  f o r  t h e  p r e p a r a t i v e  use6  was c o n s i d e r e d .  
The amount of newly  formed t h y m i d i n e  5'-monophosphate 
and S ' - t r i p h o s p h a t e  ddpends  on t h e  l e v e l  o f  a d e n o s i n e  
5 ' - t r i p h o s p h a t e  i n  t h e  r e a c t i o n  m i x t u r e ,  on t h e  tem- 
p e r g t u r e  o f  i n c u b a t i o n  and on  t h e  c o n c e n t r a t i o n  
~ g '  - i o n s .  

o f  

INTRODUCTION 

Among amino a c i d s  t r y p t o p h a n  h a s  a s p e c i a l  r o l e  on account  

of i t s  e f f e c t  on t h e  s y n t h e s i s  of  p r o t e i n s  and n u c l e i c  a c i d s  

I ts  s t a b i l i z i n g  e f f e c t  on t h e  a c t i v i t y  o f  a number of 
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amino a c i d  m e t a b o l i z i n g  enzymes i s  w e l l  known ( 3 * 4 ) ,  and i t  

seems t h a t  t h i s  e f f e c t  is of more  g e n e r a l  ~ a 1 i d i t . y ' ~ ) .  While 

s t u d y i n g  t h e  l i v e r  r e g e n e r a t i o n  ( 6 y 7 )  w e  have observed t h a t  

t h e  d i e t a r y  a d m i n i s t r a t i o n  o f  t r y p t o p h a n  d u r i n g  t h e  a p p r o p r i -  

a t e  s t a g e s  o f  r e g e n e r a t i o n  r e s u l t s  i n  t h e  enhanced a c t i v i t y  

o f  thymidine a d  t h y m i d y l a t e  k i n a s e  i n  t h e  c e l l - f r e e  l i v e r  

e x t r a c t .  A t  t h e  same time t r y p t o p h a n  r e t a r d e d  t h e  d e c r e a s e  

o f  bo th  enzymatic  a c t i v i t i e s  t h a t  occur red  d u r i n g  t h e  l a t e r  

phases  o f  r e g e n e r a t i o n  . (8 

I n  t h i s  paper  we r e p o r t  on some p r o p e r t i e s  o f  t h e  enzyma- 

t i c  sys tem s t a b i l i z e d  w i t h  t r y p t o p h a n  which c a t a l y s e s  t h e  

t r a n s f o r m a t i o n  o f  thymidine t o  c o r r e s p o n d i n g  5'-phosphates 

i n  t h e  l i v e r .  There  is an i n d i c a t i o n  t h a t  under s u i t a b l e  con- 

d i t i o n s  o f  i n c u b a t i o n  t h i s  sys tem may be a p p l i e d  f o r  t h e  pre- 

p a r a t i v e  s y n t h e s i s  o f  r a d i o a c t i v e  thymidine 5 -phosphates  i n  

ana logy  t o  t h e  s y n t h e s i s  o f  c e r t a i n  n u c l e o s i d e  5'-phosphates 

a s  h a s  been d e s c r i b e d  i n  p r e v i o u s  papers  o f  t h i s  s e r i e s  (9,101. 

M A T E R I A L S  

Thymidine-2-14C (44 mCi/mmole) was a product  of  t h e  I n s t i -  

t u t e  for Research,  P r o d u c t i o n  and Uses o f  R a d i o i s o t o p e s  i n  

Prague. Adenosine 5 '- t r i p h o s p h a t e  (disodium, t r i h y d r a t e ) ,  

and thymidine 5 '- t r i p h o s p h a t e  (disodium, h e x a h y d r a t e )  were 

p r o d u c t s  o f  Calb ochem, Luzerne. L-Tryptophan was purchased 

f r o m  Loba-Chemie Wien. F o r  t h e  exper iments  female W i s t a r  

r a t s  (175-180 g )  k e p t  under  s t a n d a r d  c o n d i t i o n s  were used. 
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METHODS 

P r e p a r a t i o n  of c e l l - f r e e  l i v e r  e x t r a c t .  

Groups of  r a t s  i n c l u d i n g  4 an imals  were p a r t i a l l y  (66%) 

hepatec tomized  a c c o r d i n g  t o  Higgins  and Anderson''') under  

e t h e r  n a r c o s i s .  T h e r e a f t e r ,  t h e  an imals  were f e d  ad l i b i t u m ,  

and 24 h f o l l o w i n g  t h e  hepatectomy t h e y  were i n t u b a t e d  under  

e t h e r  a n e s t h e s i a  w i t h  t h e  s o l u t i o n  o f  L t r y p t o p h a n  (100 mg 

p e r  100 g) d i s s o l v e d  i n  m i l d l y  a l k a l i n e  p h y s i o l o g i c  s a l i n e  

(maximal volume 5 ml). A f t e r  24 h t h e  an imals  were k i l l e d  

by d e c a p i t a t i o n ,  and t h e  e x c i s e d  l i v e r s  were homogenized un- 

d e r  c o o l i n g  i n  3 volumes o f  ice-co ld  0.025 M T r i s - H C 1  b u f f e r  

(pH 7.5) w i t h  5 x 

g l a s s  Pot te r -Elvehjem homogenizer w i t h  t i g h t - f i t t i n g  T e f l o n  

p e s t l e  d r i v e n  by a m o t o r .  The homogenate was spun  down 

(10 000 g, 20 min, 2OC), and t h e  d e f a t t e d  s u p e r n a t a n t  f r a c t i o n  

was k e p t  p r i o r  t o  u s e  i n  a w a t e r  b a t h  a t  t h e  tempera ture  o f  

i c e  a s  a s o u r c e  of  thymidine and t h y m i d y k t e  k i n a s e .  By 

f r e e z i n g  t h e  p r e p a r a t i o n  t o  -2OOC t h e  a c t i v i t y  o f  enzymes de- 

c r e a s e s  10-20%. However, the sample may be s t o r e d  a t  t h i s  tem- 

p e r a t u r e  f o r  2 weeks o r  l o n g e r  w i t h o u t  any f u r t h e r  loss  o f  

t h e  a c t i v i t y .  

Mg2+-ions and 2.5 x 10-2M K C 1  i n  a 

Condi t ions  of i n c u b a t i o n  and s e p a r a t i o n  o f  t h e  newly formed 

thymidine 5'-phosphates. 

The s t a t i o n a r y  i n c u b a t i o n  was c a r r i e d  out  u s u a l l y  a t  4OoC 

i n  0.04Y T r i s - H C 1  b u f f e r  (pH 7.5) i n  a t o t a l  v o h m e  of 0.5 

ml. The r e a c t i o n  mixture  c o n t a i n e d  thymidine-2-14C ( u s u a l l y  
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5 x 10 '5M),  adenos ine  5 - t r i p h o s p h a t e  w i t h  Yg2+-ions and 0.1 

m l  o f  l i v e r  c e l l - f r e e  e x t r a c t .  A l i q u o t s  of t h e  r e a c t i o n  mix- 

t u r e  were s e p a r a t e d  by chromatogaphy w i t h o u t  d e p r o t e i n i z a t i o n  

u s i n g  t h e  'Whatman paper  KO. 1 w i t h  cor responding  s t a n d a r d s  i n  

a s o l v e n t  sys tem composed o f  i s o b u t y r i c  a c i d  - ammonium hydro- 

x i d e  - w a t e r  (66:1,5:33) .  R a d i o a c t i v e  zones were c u t  ou t  and 

assayed  w i t h  a Packard Liquid Scintillation Spectrometer. 

R E S U L T S  

The enhancement o f  thymidine and thymidyla te  k i n a s e s  a t  

e a r l y  s t a g e s  o f  l i v e r  r e g e n e r a t i o n  is a s s o c i a t e d  a t  l a t e r  

p e r i o d s  w i t h  t h e  d e c r e a s e  o f  t h e  a c t i v i t y  o f  bo th  enzymes(8911) 

Table  1 i n d i c a t e s  t h a t  t h e  p e r i o d  o f  decreased  a c t i v i t y  i s  

r e t a r d e d  by t h e  d i e t a r y  a p p l i c a t i o n  o f  L t r y p t o p h a n  a t  24 h 

o f  r e g e n e r a t i o n ,  and t h a t  t h e  amount o f  newly formed thymidi- 

ne 5 -phosphates  i s  i n c r e a s e d  i n  comparison t o  t h e  c o n t r o l s  

approximately twofold.  T h i s  phenomenon i s  d e s c r i b e d  more i n  
d e t a i l  e lsewhere (6,7). 

The s y n t h e s i s  of  thymidine 5 '-phosphates f r o m  thymidine 

depends on t h e  l e v e l  o f  adenos ine  5 ' - t r i p h o s p h a t e  (ATP) i n  t h e  

r e a c t i o n  mixture .  A t  lower  c o n c e n t r a t i o n s  o f  ATP t h e  s y n t h e s i s  

o f  thymidine 5 '-monophosphate occurs  p r e v a l e n t l y ;  a t  h i g h e r  

l e v e l s  of  ATP t h e  r e a c t i o n  c o n d i t i o n s  a r e  more f a v o u r a b l e  f o r  

t h e  f o r m a t i o n  of thymidine 5 ' - t r iphosphate  (F ig .  1). I n  c e r -  

t a i n  c a s e s  t h e  h i g h  c o n c e n t r a t i o n  of ATP may be s u b s t i t u t e d  w i t h  

t h e  ATP-regenerat ing sys tem i n  ana logy  t o  t h e  procedure  f o r  

u r i d i n e  5'-phosphates synthesis '") .  S imul taneous ly  w i t h  thy- 

midine 5'-mono- and - t r i p h o s p h a t e  a s m a l l  amount o f  thymidine 

5 ' -dihposphate  is formed t o g e t h e r  w i t h  a n  u n i d e n t i f i e d  sub- 

s t a n c e  c h a r a c t e r i z e d  a s  TRP-X. 
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Fig. I ,  Synthesis of thymidine-Z-"C 5'-phosphates 
in relation to the concentratjon of ATP in reaction 
mixture. Incubation of 5 x 10 5M thymidine-2-I4C 
vas for 20 min. at 37.C in O . O 4 f $  Tris-HC1 buffer 
(pH 7.5). Equimolar ATP and Mg2 -ions were used. 

The time c o u r s e  o f  thymidine p h o s p h o r y l a t i o n  i n  t h e  presence  

of  a n  u n p u r i f i e d  l i v e r  e x t r a c t ,  and t h e  f o r m a t i o n  o f  t h e  re- 

s p e c t i v e  5'-mOnO- and - t r i p h o s p h a t e s  i s  shown i n  F i g .  2. The 

s y n t h e s i s  o f  thymidine 5 ' - t r iphosphate  i s  u s u a l l y  maximal a t  

30 - 60 min and a t  L a t e r  p e r i o d s  i t  d e c r e a s e s ,  w h i l e  t h e  syn- 

t h e s i s  o f  thymidine 5 *-monophosphate under  a p p r o p r i a t e  condi- 

t i o n s  i n c r e a s e s  d u r i n g  150  min o f  i n c u b a t i o n  w i t h  80% y i e l d .  . 
Thymidine k i n a s e  and mainly thymidyla te  k i n a s e  a r e  v e r y  

s e n s i t i v e  towards h i g h e r  tempera ture  and a r e  e a s i l y  i n a c t i v a t e d  

( ? j 8 ) .  The s t a b i l i z i n g  e f f e c t  of  thymidine and thymidine 5'-mo- 

nophosphate on t h e  a c t i v i t y  o f  bo th  enzymes is w e l l  
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Pig. 2. The f o r m a t i o n  o f  thymidine-2-14C 5'-monophosphate and 

5 ' - t r iphosphate  i n  t h e  presence  of  enzyme f r a c t i o n  s t a b i l i z e d  

w i t h  t ryp tophan .  

I n c u b a t i o n  was done a t  40°C a s  d e s c r i b e d  i n  Fig. 1. ATP, 

2.5 x 10-%I and Mg2+-ions, 1.25 x 10-3!6. 

Fig. 3. E f f e c t  of pH on t h e  l e v e l  o f  newly formed thymiCine-2- 

-14C 5 '-phosphates 

I n c u b a t i o n  was f o r  1 5  min a t  3 7 O C  a s  d e s c r i b e d  i n  Fig.  1 

i n  0.041 T r i s - H C 1  b u f f e r .  

Fig. 4 .  

-14C 5'-monophosphete and 5 ' - t r iphosphate .  

E f f e c t  o f  t empera ture  on t h e  s y n t h e s i s  o f  thymidine-2- 

I n c u b a t i o n  was f o r  15 min a s  d e s c r i b e d  i n  F i g .  1 and 2 .  
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Fig. 5. Effect of Mg2+-ions on the synthesis of 
th~midine-2-'~C S'-monophosphate and 5'- triphos- 
phate. Incubation was for 15 min. at 4 g D C  atthe 
constant concentration of ATP 2.5 x 10 314. Con- 
ditions of incubation are described in Fig. 1 .  

however, i t  is n o t  convenient  f o r  t h e  p r e p a r a t i v e  s y n t h e s i s  o f  

r a d i o a c t i v e  thymidine 5 '- phosphates  w i t h  h i g h  s p e c i f i c  a c t i v i -  

ty .  The i n a c t i v a t i o n  o f  thymidyla te  k i n a s e  depends on pH of  t h e  

r e a c t i o n  mixture ;  pH 7,2-7,E is o p t i m a l ,  a l t h o u g h  t h e  s y n t h e s i s  

o f  thymidine 5 ' - t r i p h o s p h a t e  i s  m o s t  e f f i c i e n t  a t  m i l d l y  a lka-  

l i n e  range  (Fig.  3 ) .  

Considerable  s e n s i t i v i t y  o f  thymidyla te  k i n a s e  towards h e a t  

i s  obvious a l s o  from F i g .  4 which i n d i c a t e s  t h e  amount of new- 

l y  formed thymidine 5*-monophosphate and S ' - t r iphosphate  i n  r e -  

l a t i o n  t o  t h e  i n c u b a t i o n  tempera ture .  Thymidine k i n a s e  i s  more 
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s t a b l e  enzyme s i n c e  t h e  l e v e l  o f  thymidine 5 ‘-monophosphate in- 

c r e a s e s  wi th  i n c r e a s i n g  tempera ture  up t o  5OoC. The tempera ture  

optimum f o r  thymidine 5 * - t r i p h o s p h a t e  under  t h e  c o n d i t i o n s  of  

a 15-min i n c u b a t i o n  p e r i o d  i s  40-42OC. 

Although t h e  s y n t h e s i s  of  thymidine  5 *-phosphates was s t u -  

d i e d  i n  t h e  presence  o f  a n  u n p u r i f i e d  e x t r a c t ,  it seemed de- 

s i r a b l e  t o  f o l l o w  t h e  i n f l u e n c e  of Yg2+-ions on t h e  r a t e  of 

t h e i r  format ion .  The c o n c e n t r a t i o n  o f  @‘+-ions a t  0.5 - 1.0 x 

10-3Y s t i m u l a t e s  e s p e c i a l l y  t h e  s y n t h e s i s  of thymidine 5‘-tri- 

phosphate .  On i n c r e a s i n g  t h e  c o n c e n t r a t i o n  of Idg2+-ions f u r t h e r  

t o  5.0 x 10-% (F ig .  51, t h e  a c t i v i t y  o f  thymidine k i n a s e  i s  

lower ,  and consequent ly  t h e  t r a n s f o r m a t i o n  of thymidine is de- 

c r e a s e d .  

DISCUSSION 

The a c t i v i t y  o f  thymidine and t h y m i d y l a t e  k i n a s e  i n  t h e  

a d u l t  mammalian l i v e r  i s  low, and i t  i n c r e a s e s  d u r i n g  t h e  in-  

f i l t r a t i o n  w i t h  leukemic c e l l s “ )  o r  f o l l o w i n g  p a r t i a l  hepa- 

tectomy(15) .  The enhanced a c t i v i t y  o f  bo th  enzymes i s  g e n e r a l -  

l y  p r e s e n t  i n  r a p i d l y  p r o l i t e r a t i n g  t i s s u e s ,  such a s  regene-  

r a t i n g  liver(8,13915), d i f f e r e n t  tumours (14316) and embryonic 

t i s s u e ( 1 7 ) .  The m o s t  p r a c t i c a l  p rocedure  seems t o  be t o  prepa- 

re t h e  c e l l - f r e e  e x t r a c t  f rom r e g e n e r a t i n g  r a t  l i v e r .  

It h a s  been e s t a b l i s h e d  t h a t  f o l l o w i n g  p a r t i a l  h e p a t e c t o q y  

thymidine k i n a s e  enhancement i n  t h e  l i v e r  is observed p r i o r  

t o  t h a t  of  t h y m i d y l a t e  kinase(8’18). A t  48-60 h o f  r e g e n e r a t i o n  

t h e  a c t i v i t y  of  b o t h  enzymes s h a r p l y  d e c r e a s e s  and a t  120-140 h. 

i t  does n o t  d i f f e r  f r o m  t h e  a c t i v i t y  o f  t h e  i n t a c t  l i v e r .  Die- 

t a r y  a d m i n i s t r a t i o n  of G t r y p t o p h a n  a t  24 h o f  l i v e r  regenera-  
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t i o n  r e s u l t s  i n  t h e  enhanced a c t i v i t y  o f  bo th  enzymes, and 

f u r t h e r m o r e  i t  p r e v e n t s  t h e  l e v e l l i n g  o f f  of t h e i r  a c t i v i t y  a t  

l a t e r  t i m e s ( 6 J 7 ) .  Thus t h e  an imals  may be k i l l e d  a t  any time 

between 12-24 h f o l l o w i n g  L- t ryptophan  a d m i n i s t r a t i o n  when 

t h e  a c t i v i t y  o f  thymidine and t h y m i d y l a t e  k i n a s e  i s  maximal. 

The r e p o r t e d  d a t a  may be used f o r  p r e p a r a t i v e  purposes  

w i t h  c e r t a i n  m o d i f i c a t i o n s .  It  is more convenient  t o  apply  

t h e  ATP r e g e n e r a t i n g  system, and i t  is n e c e s s a r y  t o  add t h e  

opt imal  amount o f  t h e  enzyme t o  a g i v e n  volume o f  r e a c t i o n  

mixture .  H i g h e r . t e m p e r a t u r e  and lower  l e v e l s  of ATP l e a d  t o  

t h e  enhancement of t h e  s y n t h e s i s  o f  thymidine 5'-monophosphate. 

The c o n d i t i o n s  f o r  t h e  p r e p a r a t i v e  s y n t h e s i s  o f  thymidine 

5 -phosphates  i n  h i g h  y i e l d  u s i n g  t h e  d e s c r i b e d  enzyme system 

i n  combinat ion w i t h  t h e  e x t r a c t  f r o m  leukemic mouse c e l l s  a r e  

a t  p r e s e n t  under i n v e s t i g a t i o n .  

R E F E R E N C E S  

1. Wunner, W.A., B e l l ,  J. and Munro, H.N. - Biochem. J., 

- 101 : 417 (1966) .  

2 .  S i d r a n s k y ,  H.,  Sarma, D e S e R . ,  Bongiorno, M. and Verney, E. - 
J. B i o l .  Chem., a : 1123 (1968). 

3. Schimke, R.T., Swesey, E.W. and B e r l i n ,  C.M. - J. B i o l .  

Chem., 240 : 322 (1965). 

4 .  F ihek ,  A . ,  Wilkinson ,  D. and P i t o t ,  H.C. - Adv. Enzyme 

R e g u l a t i o n ,  i n  p r e s s .  

5 .  Veseljr, J. and EihBk, A .  - Col l .  Czech. Chem. Commun., 

12 : 1892 (1970) .  

6.  FihBk, A . ,  S e i f e r t o v B ,  M. and Veseljr, J. - C o l l .  Czech. 

Chem. Commun., i n  p r e s s .  



36 J. F i l i p ,  K .  Hyba, 2. Nejedly, J .  Creger, J .  Veaely and A. C i h a k  

7. G r e g e r ,  J., Fili’ppovich, I., VeselQ, J. and EihBk, A. - 
Acta Biochim. Polon., i n  p r e s s .  

8. H i a t t ,  H.H. and B o j a r s k i ,  T.B. - Cold S p r i n g  Harbor  Symp. 

Quant. B i o l . ,  & : 367 (1961). 

9. NejedlQ, Z., Ekl, J., HybS, K. and F i l i p ,  J. - J. Lab. 

Comp., 3 : 320 (1969) .  

10. N e j e d l y ,  2 . .  Hruskova, S.. H y b s ,  K., F i l i p ,  J., C i h a k ,  A. 
and V e s e l y ,  J. - J. Lab. Comp., L : 6 9 / 1 9 7 1 .  

11. Higgins ,  M. and Anderson, R.M. -Arch .  Pa thol . ,  2 : 186 

(1931). 

12 .  l a g a s a n i k ,  B., V i s c h e r ,  E., Doniger ,  R., E lson ,  D. and 

Chargaf f ,  E. - J. B i o l .  Chem., 186 : 37 (1950). 

13. EihBk, A .  and V e s e l j ,  J. - C o l l .  Czech. Chem. Commun., 

14 : 910 (1969) .  

14. K i e l l e y ,  R.K. - J. B i o l .  Chem., a : 4204 (1970). 

1 5 .  Bollum, F.J. and P o t t e r ,  V.R. - Cancer Res., Q : 561 

(1959) .  

16 .  Weissman, S.M., S m e l l i e ,  R.M. and P a u l ,  J.  - Biochim. 

Biophys. Acta ,  Q : 101 (1960) .  

17. H i a t t ,  H.H. and B o j a r s k i ,  T.B. - Biochim. Biophys, Res. 

Commun., 2 : 35 (1960) .  

18. VanLancker, J.L. - Fed. Proc. ,  a : 1439 (1970). 


