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The action of thienylalanine on protein and ribonucleic-acid 
synthesis in liver slices 

While s tudying the relationship of ribonucleic-acid (RNA) metabol ism to protein  synthesis  in 
the  liver, we have made some observat ions which indicate tha t  the action of fl-(2-thienyl)-1)L- 
alanine on mammal i an  cellular metabol ism cannot  be adequately  explained by the hypothesis  
t ha t  it interferes wi th  utilization of phenylalanine during protein synthesisk 

Tissue slices were prepared from the pooled livers of several male rats  and 4o0 mg samples 
were suspended in 4 ml Krebs-Ringer  bicarbonate solution in flasks. In to  different flasks were 
pu t  either labelled amino acids (i pc 2-IaC-glycine or in some exper iments  2/~c 3SS-methionine/ 
flask), z~P-orthophosphate (25/~c/flask) or in a few exper iments  8-14C-adenine (2/,c/flask). 
Where  required, DL-thienylalanine and L-phenylalanine were added to the medium to give a final 
concentrat ion of 7 raM. After gassing with 95 % O2-5  % CO2, the flasks were incubated at  37 ° 
under  aseptic conditions. The reactions were te rminated  by  adding o.5 vol 3 ° % trichloroacetic 
acid. For  counting of 14C or 35S in protein, the precipitate was washed twice with 5 % trichloro- 
acetic acid followed by lipid extract ion 2 and performic-acid t r ea tmen t  to remove labelled amino 
acids not  bound in peptide linkage 3. The dried protein  specimens were counted at infinite thickness. 
Flasks containing *~P were assayed for the specific activity of RNA 4. In  the case of flasks con- 
taining 14C-adenine, adenylic acid was prepared f rom the tissue RNA by ionophoresis 4, eluted 
and counted;  after  determining the P content  of the eluate, the specific act ivi ty of RNA adenine 
was  computed.  Control flasks in which the tissue was inactivated with trichloroacetic acid at 
the s ta r t  of incubat ion showed negligible uptake  of all isotopes. 

Our  first series of exper iments  demonst ra ted  an inhibitory action of thienylalanine on uptake  
of isotopes into RNA as well as protein. All flasks were incubated for 3 h and, in a typical experi- 
ment ,  those containing the inhibitor  showed a reduction of uptake  into protein of 63% for 
z4C-glycine and 69 % for 33S-methionine, compared with a reduction of incorporation into RNA 
of 72 % and 67 % respectively for ~2p and l 'C-adenine. 

In  the second series of experiments,  incorporat ion of t4C-glycine into protein and 8ep into 
RNA were examined after  incubat ion periods of i, 2 and 3 h (Table I). Inclusion of thienylalanine 

TABLE I 

I N H I B I T O R Y  A C T I O N  O F  T H I E N Y L A L A N I N E  O N  I N C O R P O R A T I O N  O F  L A B E L L E D  P R E C U R S O R S  B Y  T I l E  

P R O T E I N  A N D  RNA O F  L I V E R  S L I C E S ,  A N D  R E V E R S A L  O F  I N H I B I T I O N  B Y  P H E N Y L A L A N I N E *  

Labelled precursor Time o/incubation uptake by 
(h) untreated slices 

Uptake in presence o] thienylalaninc 

Alone + phenylalaninc + phenylalanine 
simultaneously alter • h 

14C-glycine [ I IO 7 84 72 - -  
into protein** ~ 2 220 92 138 - -  

3 405 76 I9o 77 

I 132 96 I26 - -  
32p into RNA*** 2 200 89 186 - -  

3 299 89 156 l°3  

* The data  are the means  of two replications of the experiment.  
*~ The uptake  of 14C-glycine into protein  is given in counts/min/planchet. 

*** The uptake  of 82p by  R N A  is given in coun t s /min / Ioo  jug P. 

in the medium had only a slight inhibi tory effect on incorporat ion of labelled precursors  into 
protein and RNA during the first hour  of incubation,  bu t  thereaf ter  fur ther  up take  was completely 
inhibited. This suggests either tha t  thienylalanine takes some considerable t ime to a t ta in  an 
inhibi tory concentrat ion wi th in  the cell, or  else t ha t  the t rue inhibitor  is a metaboli te  of thienyl- 
alanine. I n  this experiment,  the effect of adding phenylalanine to flasks containing thienylalanine 
was also examined. When  phenylManine was added at  the s ta r t  of incubation,  there was  part ial  
reversal of the  inhibi tory action of thienylalanine. However,  when it was added after  i h of 
incubation,  t ha t  is, when inhibit ion was already complete, there was no reversal of the action 
of the inhibitor. This suggests  tha t  phenylalanine acts competi t ively by  prevent ing  penetra t ion 
of thienylalanine into the cell. Once the antagonis t  has entered, phenylManine can no longer 
reverse its action on protein and RNA synthesis,  p resumably  because the mode of action of 
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t h i eny la l an ine  on cellular  m e t a b o l i s m  does no t  involve  in t racel lu lar  compe t i t i on  wi th  pheny l -  
a lanine .  

These  f indings indica te  t h a t  t he  inh ib i to ry  effects of  t h i eny la l an ine  m a y  be of a r a t h e r  genera l  
a n d  non-specif ic  charac te r ,  and  we accord ingly  s tud ied  i ts  ac t ion  on  an  i n d e p e n d e n t  syn the t i c  
s y s t e m  no t  invo lv ing  pheny la l an ine ,  n a m e l y  t he  fo rma t ion  of p - aminoh ippu r i c  acid f rom p -amino -  
benzoic acid and  glycine.  T he  l iver slices were used  in t he  propor t ion  of IOO m g  wet  we igh t  to  
4 ml  K r e b s - R i n g e r  b i ca rbona te  m e d i u m  con ta in ing  o.ooi  M p-aminobenzo ic  acid and  o.oi M 
glycine (COHEN AND McGILVEEY~). T he  concen t r a t i ons  of t h i eny la l an ine  and  pheny la l an ine  added  
to t he  m e d i u m  were t hose  used  previous ly .  F o r m a t i o n  of p - aminoh ippu r i c  acid was  m e a s u r e d  
by  t he  m e t h o d  of COHEN AND McGILVERY 5, 
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Fig. I. The  inh ib i to ry  ac t ion  of t h i eny la l an ine  on p - a m i n o h i p p u r i c  acid syn the s i s  by  liver slices 
a n d  t he  reversa l  of inh ib i t ion  b y  pheny la l an ine .  The  d a t a  are  t he  m e a n s  of five repl icat ions.  
• • u n t r e a t e d  slices; 0 0 t h i eny la l an ine  a lone;  × - - -  × t h i eny la l an ine  wi th  pheny l -  

a lan ine  a d d e d  s i m u l t a n e o u s l y ;  + th i eny la l an ine  wi th  pheny l a l an ine  added  af te r  i h.  

Fig. I shows  t h a t  t he  p a t t e r n  of ac t ion  of t h i eny la l an ine  on th i s  s y n t h e t i c  reac t ion  is s t r ic t ly  
s imi la r  to  i ts  effect on  i sotope incorpora t ion  in to  p ro te in  and  RNA.  Less  p - aminoh ippu r i c  acid 
is fo rmed  in t h e  presence  of th ieny la lan ine ,  and  th i s  effect can  be pa r t l y  reversed  by  add ing  
p h e n y l a l a n i n e  to  t he  m e d i u m  a t  t he  s t a r t  of incuba t ion ,  b u t  no t  w h e n  added  I h a f te r  i ncuba t ion  
h a s  begun .  I n  t he se  e x p e r i m e n t s  i t  was  also es tab l i shed  t ha t ,  unl ike  pheny la l an ine ,  L-a-alanine 
in 7 m M  concen t r a t i on  does no t  reverse  t h e  inhib i t ion  (da ta  no t  recorded in Fig. i) .  

The  f indings  wi th  p - a m i n o h i p p u r i c  acid syn t he s i s  can  be a d e q u a t e l y  accoun t ed  for by  t he  
e x p l a n a t i o n  a l r eady  offered for t h e  isotopic da ta ,  n a m e l y  t h a t  compe t i t ion  be tween  th i eny la l an ine  
a n d  p h e n y l a l a n i n e  is l imi ted  to  t he  cell sur face  and  t ha t ,  once t he  inhib i tor  ha s  p e n e t r a t e d  t h e  
cell, i t  exe r t s  a more  genera l  tox ic  act ion.  The  inh ib i to ry  ac t ion  of t h i eny la l an ine  on R N A  syn the s i s  
as  well as on  p ro t e in  syn t he s i s  is t h u s  likely to  be pa r t  of a genera l  effect on  syn the t i c  processes  
and  does no t  necessar i ly  m e a n  t h a t  t he re  is a direct  re la t ionship  be tween  t he  ra tes  of fo rma t ion  
of p ro t e in  and  R N A .  

These  conclus ions  app l y  to e x p e r i m e n t s  carr ied ou t  u n d e r  our  condi t ions  and  do no t  exc lude  
t he  poss ib i l i ty  of a more  specific ac t ion  of t h i eny la l an ine  on p ro te in  syn thes i s ,  p e r h a p s  a t  m u c h  
lower concen t r a t i ons  of t he  inhib i tor  (c/. RABINOVITZ, OLSEN AND GREENBERGB).  

W e  are i ndeb ted  to t he  Medical  Resea rch  Council  for g r an t s  for scientific ass i s tance  and  
ma te r i a l s  to  one of us  (H. N:M.).  

H. N. MUNRO 
Department o/Biochemistry, The University, Glasgow (Scotland) C . M .  CLARK 
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