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D u r i n g  the  c ,mr~e of  a s t u d y  to  d e t e r m i n e  w h e t h e r  T D P  is an in te rmed ia . t e  in tht: 
c o n v e r s i o n  o f  [ * t [ i f h y m i d i n e  to  " I ] ' P  b y  the  xo 5 ooo × g s u p e r n a t a n t  f r a c t i on  f r o m  
r e g e n e r a t i n g  r a t  l iver ,  , m l a b e l e d  T D I "  wa.~ a d d e d  to  t i le r e ac t i on  m i x t u r e  in an  a t t e m p t  
t o  t r a p  a n y  l abe l ed  T D P  fo rm ed .  I t  w a s  obse rved°  h o w e v e r ,  t h a t  t he r e  was  a m a x k e d  
dec r ea se  in t h e  a m t m n t  o f  l abe led  T D P  formtxi  t inder  the.~c condition.~ t h e r e  w a s  
",Llso a c o r r e s p o n d i n g  decrease2 in furr , ,a t i tm o f  lalx~led T M P  which  s u g g e s t e d  t h a t  
T D P  w a s  i n h i b i t i n g  t h y m i d i n e  kina~e ( A ' l i : :  thx-midinc 5 ' - p h o s p h o t r a n s f e r a s e ,  
E C  2.7.x.2x }. T h i s  r e p o r t  will p r e s e n t  e v i d e n c e  t h a t  l ~ t h  T D P  a n d  T T P  e x e r t  a fe.ed- 
b a c k  i n h i b i t i o n  on t h y m i d i n e  k inase  in b o t h  c r u d e  a n d  partially" pur i f ied  e n z y m e  
p r e p a r a t i o n s .  A f t e r  th is  l~)rt iun of  the  w o r k  w a s  c o m p h : t e d  tile a b s t r a c t  o f  [x'ES et al. t 
w a s  p u b l i s h e d  in wh ich  T T P  was  relx~rted to  inh ib i t  t h y m i d i n e  k ina se  in c r u d e  
t o  5 ooo  ~ g s u p e r n a t a n t  f r a c t i o n  f r o m  r e g t , t ~ t . r ; t t i n g  r a t  l iver.  

P a r t i a l  h e p a t e c t o m i e s  were  perf i )ml t~l  b y  the  n~: thtxl  of  HIGGIN.~ AND A.~ II[.'R~;ON z 
on  r a t s  w e i g h i n g  a p p r o x .  25o g. T h e  l ivers  were  r e m o v e d  .,~ h ~.fter thtt tq~erati tm ;rod 
h o m o g e n i z e d  in a s u c r o . ~ v - K C I - T r i s  m e d i u n ,  ~. ll-,c s u p ~ r n a t a n t  f r ac t i on  used  as  
e n z y m e  sou rce  wa,~ o b t a i n e d  b y  c e n t r i f u g i n g  the  h o m o g e n a t e  for 6o m i n  a t  Io5  cKm < g. 
T M P  k inase  a c t i v i t y  was  r e m o v e d  b y  t r e a t m e n t  w i th  ~%ephadex. F o r  t h i s  p u r p o s e .  
I ml  o f  the  Io5  G0o × ,,~ s u p e r n a t a n t  f r ac t i on  was  : tpp]ird to  a I × I5  c m  S e p h a d e x -  
G - 5 o  c o l u m n ,  p r e v i o u s l y  e q u i l i b r a t e d  w i t h  o.t,5 M Tri,~-l-IC! (p i l  8), a n d  e lu t ed  wi th  
th i s  buf fer ,  i - m l  f r a c t i o n s  were  collar:ted. A l m o s t  all the  p r o t e i n  a p p e a r e d  in Frac -  
t i o n s  4 a n d  5 ; n u c l e o t i d e s  were  ctmipletcl~- s e p a r a t e d .  All o p e r a t i o n s  f r o m  homt~geni- 
z a t i o n  t h r o u g h  t i le S, e p h a d e x  t r e a t m e n t  were  c~mduc ted  a t  o 5 °. 

A I m r t i a l l y  p u d l i e d  t h y m i d i n e  kinast ,  w.'L~ p r e p a r e d  f i 'om t h e  0 . 2 - 0 . 2 5  satt t .  
a m m o n i u m  s u l f a t e  p r e c i p i t a t e  f r o m  the  in  5 Dt~) :~ g s u p e r n a t a n t  f r ac t i onL  "f l i t :  
p r e c i p i t a t e  w a s  d l s~ lvL~l  in tilL* s u t : r ~ i e  KCI "l'ris h o m o g e n i z i n g  m e d i u m  a n d  .~tort~t 
f rozen  un t i l  u.~e. 

T h e  a b i l i t y  of  t he  e n z y m e  prepara t i (m.~ t~" p h o s p h o r y l a t e  t h y m i d i n e  w a s  mt~am~rt-d 
in the  r e a c t i o n  m i x t u r e  d e s c r i b e d  b y  BOLLt' : t  AXD |~OFTER s. l eeac t ions  were  s t a r t e d  
b y  t l le addi t io l :  ~)f e n z y l n e  p r e p a r a t i o n  to  the  r e a c t i o n  m i x t u r e  wh ich  h a d  bee~t 
p r e i n e u b a t e d  lit 38 °. Con t rn l s  con ta ine ( t  s e r u m  al l )unl in  i n s t e a d  o f  e n z y m e .  At  
s u i t a b l e  i n t e r v a l s  a f t e r  t h e  a d d i t i o n  of  e n z y m e ,  25-,ul aliquot_~ were  r e m o v e d  a n d  
p i p e t t e d  o n t o  numl-~-rod DEAE-ceI Iu!o .~r  p a p e r  di .~s  ( V e h a t m a n  Die thy laminrx~ thy l  
Cel lulose P a p e r  D E  2o), x6 m m  in di- ' tmeter.  T h e  di~c.~ w e r e  i m m e d i a t e l y  d r o p p e d  
i n t o  a b e a k e r  c o n t a i n i n g  z c  m l  o f  o.ot,,a N a;t lmot~iuin f o r m a t e  pe r  disc to  ulute  non- 
p h o s p h o r . v i a l e d  EtH I '_hymidine T h e  dtsc_~ were  w:L,~hed b y  gen t l e  s~virling a n d  deca , ' -  
t a t i o n ,  tw ice  w i t h  o.(x~l N a m m o n i u m  f o r m a t e ,  once  w i t h  w a t e r ,  a n d  once  w i t h  
a b s o l u t e  e t h a n o l .  T h e  (IL~cs were  a i r  d r i ed  a n d  e a c h  wa~,~ p, xced in a s t a n d a r d  2o-ml  
gla:;s counti t~g : ' i l l  a n d  5 mt  nf  to luene  phos ph (w  -~ohtti(m (con ta in ing  4 g ' . 5 " d i p h e n y l -  
o x a z o l e  ant i  o .o5 g z ,4 -b i s -z - (5 -pheny loxaz( , ly l ) -bcnz .ene  pe r  l i ter  o f  tolu,-ae) wt'rt" 
a d d e d .  R a d i o a c t i v i t y  mt :a . su rements  were  m a d e  in a P a c k a r d  T r i - C a r b  a t  t ~ o o  V, 
d i s c r i m i n a t o r  s e t t i n g  ~o too .  T h e  wa.~hing p r o c e d u r e  r e m o v e d  98~,,~, o f  t i le [*Hi- 
t h y m i d i n e  whi le  xoo',~/~, o f  t h e  p h o s p h o r y l a t c d  d e r i v a t i v e s  of  th.vmidi~-e r e m a i n e d  

Abbt'eviilli~ms: T.MtL "l'|)l'. attd "r'F|L thymit!int- 5"-n~¢,no- di-. and tt _,ho.~phi~t¢.~. re.~tH2c- 
tively. 
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adsorbed tc the ion-exchange paper  discs. The count ing efficiency wa~,~ approx. 2%. 
In Fig. I A are prez~entod the effect:~ of the addit ion of T D P  and  T T P  on the 

initial rates o f / o r m a t i o n  of  TMP by the Sephadex- t rea ted enzyme.  This preparat ion 
retained less than 5% of the original TMP kinase act ivi ty .  On a molar  basis. T T P  
was slightly more inhibi tory than  was TDP.  Similar experiments  wi th  TMP resulte4 
in much le~s inhibition, indicat ing tha t  the effects observed with T D P  and  T T P  were 
not due to depho.~phorylation to TMP (i.e., product  inhibition) or t hymid ine  (dilution 
of  ~SH'thymidine). Fur ther  support  for this in terpre ta t ion wa.~ obtained by  u.~e o f  
the part ial ly purified ths 'midine kinase preparat'.'ons obt.ained by ammot,Aum , , , , I¢~  
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Fig .  t. Am Effec t  of  "I 'DP ~nd  T T I  ~ o n  t h e  p h o s p h o r y l a t i o n  o f  t h y m i d i n ~  by  ~ G e p h a d e x - t r 0 a t o d  
x¢: 5 one  ~-~ ~ ~ u p e r n a t & n t  f r i c t i o n  f r o m  x~qgcncratlng r a t  l iver .  Tht ,  c o m p l e t e  r e a c t i o n  n - ~ t t u r o  
c o n t a i n e d  in  & f inal  v o l u m e  o r e . z 5  m l  : so t~moles  Tri,~ HCl  {pH 8). ! .3 ~ rno l e s  3 - p h o s p h o g l y c v r a t e ,  
t.  z~ **moles MgS( )  t. ] . z .~ / ,moles  A1"P. 0. 7 m g  p r o t e i n  o f  S o p h a d e x - t r e a t e d  e n z y m e ;  z.6 m/Jmol tm 
[ * t i ] t h y m k l i n e  (spc: i f ic  a c t i v i t y .  3 .z5  C / m m o l c ) .  z t . 2 5  m H m l e s  t h y m i d i n e  mad a d d i t i o n s  ag 
in t i i ca ted .  B, a n d  C, Effec t  o f  T M P .  "I'DP. a n d  T T P  o n  t h e  p h o ~ p h o r y l a t i o n  o f  t h y m i d i r t e  b y  a 
p a r t i a l l y  pu r i f i ed  t h y e t i d i n e  k i n a s e  p r e p a r a t i o n  o b t a i n e d  b y  a m m o n i u m  s u l f a t e  f r a e t i o n a t l o n .  
C o n d i t i o n s :  ]3. .~,xme as  A e.xcept  t h a t  o. l z7  m g  o f  p a r t i a l l y  pur i f i ed  e n z y m e  p r o t e i n  a n d  
z.~, 3 m/~mules  i t H ' t h )  ttzidille (,speci|ic a c t i v i t y  z.bO C/mmolc}  were  t tdt ied.  C, s a m e  ca  FI e x c e p t  
t h a t  o .ob£ m g  ,Jr p a r t  ial ly p~r i f i cd  e n z y m e  p r o t 0 i n  al~d 5fi.3 m ~ m o l e $  t r t y m i d i n e  wore a d d e d .  

fract ionation (Fig. I B and C). With  t h e ~  enzyme preparat ions  T T P  was slightly 
more effective Ihan T D P  in inhibi t ing the format ion of  TMP. Wizen the thymid ine  
c~ncentrat i0n was increa~ed, higher concentrat ions  of  T D P  and T T P  were required 
for inhibition (Fig. x C). This is suggestive of compet i t ive  inhibition. 

I t  can be calculated from these d a t a  tha t  the inhibit ion o b ~ r v e d  a~s a result o f  
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the  addi t ion  of  e i ther  T D P  or T T P  was grea ter  than the di lu tkm o, ~ [aH! thymidine  
which would ha,~e occurred if  these compounds  had been comple te ly  dephosphor-  
y la ted .  On the o ther  hand.  the inhibi t ion observed as a result of  the addi t ion of 
T M P  was genera l ly  less than t ha t  which could be explained by complete  convcr.d-,a 
to  thymidine .  Therefore ,  the inhibit ion o b ~ r v e d  with TMP m a y  in par t  be a rt:sult 
o f  ~ H ] t h y m i d i n e  dilution. 

The  grea te r  inh ib i tory  effects of  T D P  with compara t ive ly  fre.4~ liver extract.,, 
(Fig. x A) as compared  to a p repara t ion  which had been stored frozen for a week 
(Fig. • R) ..~.ay he. e,~pt~;,,~,l t:~, the  inactiv:~tion of  T D P  k i n a ~  on ~t;~rage. The  
extr,2me labil i ty o f . T D P  kinase * makes  it appear  unl ikely tha t  T D P  inhibits  in the  
pa r t i a l ly  purif ied e n z y m e  prepara t ions  b e c a u ~  of  its conversion to  TTP .  Thus  i{ 
appea r s  tha t  bo th  T D P  and  FTP inhibit  thymid ine  kina_~e; T T P  is the  more po ten t  
inhibi tor .  

No inhibi t ion of  thymid ine  kina~: was ,%served when the nuclei, side tr iphos- 
pha t e s  of  deoxyadenos ine ,  deoxycyt id ine ,  deox.vgu:.n,~ine, cyt idine,  guanosine and 
ur idine were added to  the  react ion mix tu re  at  concentrat ion, ;  Io-fold grea ter  than 
t ha t  concen t ra t ion  o f  T T P  which inhibited the pho.~phorylation nf t hymid ine  more 
than  90%.  Thus  the o b ~ r v e d  inhibit ion by  T D P  and T I ' P  appea_rs to be specific for 
these nucleotides.  
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arid Drs. J .  R, FI.ORINI, P. H. BELL, and Ig. I .  ['IORECKER for helpfifl di.~eus~ions. 

BioLhemistr.3, Research Department, 
Biochemical Re~earch Section. 
Lederle Laboratories Division. 

A merlcan Cyana~. id Corn?a,9'. 
Pearl River, N . Y .  (U..q.A.) 

T. R. BREtTMA.~ 

i D.  H ,  Iv~:s ,  P .  A.  MORSE. JR .  a n t )  V. R I ' o x r E r t .  t.'¢derarw,~ P r x . .  ~ t  ( t q b z )  383.  
• G .  M.  I | IGGIN5  AND R. .$1 .  ANDI-:~sO.~, .4r6h.  ?aO~l . .  12 I t 9 3 q  tSo .  
t F+ J .  BOLLt3M At~O V. [{. P~T ' rER,  ] .  I~ioL Chem..  - '33 I t0581  .17 yL 
I S, M. WEISSMAN.  i~. M. S. ~VlKt.LII-: A.~'D J .  PAUL, HfiJchtm Bwph.v$÷ Ac(a.  45 ( [ 930 )  t o t .  
| F .  J .  I]01-L.GId AND V. R .  POT~'t-:R. Cancer  Research. t 9  11959} 50 I -  

Received  J u l y  xzth, I06z. 
BiR th .n_  B . )p l t y s . . . Io ta .  67  (=9"3 )  ~53 135 


