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U p t a k e  of  C~4-para-Fluorophenylalanine in  the  
T i s s u e s  of  Mice  

I t  was  r e p o r t e d  r ecen t ly  x t h a t  e t h i o n i n e  showed  a l m o s t  
the  s ame  t i s sue  d i s t r i b u t i o n  p a t t e r n  as t h a t  found  a f t e r  
the  a d m i n i s t r a t i o n  of me th ion ine .  The  m e t h i o n i n e  a n a -  
logue was a c c u m u l a t e d  in  t h e  p a n c r e a s  a n d  l iver  as well  as  
in t h e  t i s sues  of t h e  foetuses.  F u r t h e r m o r e  i t  t u r n e d  o u t  
t h a t  the  a n a l o g u e  ex i s ted  m a i n l y  in t he  TCA soluble  
f rac t ion  a n d  t h a t  on ly  a v e r y  smal l  po r t i on  was incorpo-  
r a t e d  in to  p ro t e in s  even  a f t e r  24 h. C o n t r a r y  to  this ,  i t  was  
found  t h a t  in  t he  case of a n a t u r a l l y  occur r ing  amino  acid,  
me th ion ine ,  t h e  specif ic  r a d i o a c t i v i t y  in  t he  p ro t e in s  of 
the  i n v e s t i g a t e d  o r g a n s  was a t  leas t  10 t imes  h ighe r  t h a n  
in t he  TCA ( t r i c h t o r o a c e t i c  ac id)  so luble  f r ac t ions  even  
a f t e r  1 h.  

Accord ing  to  these  f indings ,  i t  seemed of some in t e r e s t  
to  i n v e s t i g a t e  t he  u p t a k e  a n d  i n c o r p o r a t i o n  in to  p ro t e in  
of a n o t h e r  a m i n o  acid ana logue ,  p - f l u o r o p h e n y l a l a n i n e  
wh ich  is k n o w n  to  be  i n c o r p o r a t e d  in to  a n i m a l  t i ssue  -0,3, 

Two d a y s  before  t h e  expec t ed  pa r t u r i t i on ,  p r e g n a n t  
mice we igh ing  a b o u t  30 g, were i n j ec t ed  w i t h  Cx*-{3)-DL - 
p - f i u o r o p h e n y l a l a n i n e  (Centre  d ' I~ tudes  Nucl6ai res  de  
Saclay,  F rance )  i n t r a v e n o u s l y .  The  specific r a d i o a c t i v i t y  
of t he  s u b s t a n c e  was  3.5 m C / m M .  I t  was  dissolved in 
phys io logica l  sal ine a n d  0.2 ml  of th i s  so lu t ion  c o n t a i n i n g  
0.2 m g  p - f l u o r o p h e n y l a l a n i n e  (3.8 ~tC) was in jec ted  i n t r a -  
venous ly  i n to  each  an imal .  T h e  mice were  sacr i f iced  
15 min,  1, 4, a n d  24 h la ter .  I n  one  series t h e  a n i m a l s  were  
s u b j e c t e d  t o  a u t o r a d i o g r a p h y ,  accord ing  to  a t e c h n i q u e  
descr ibed  ear l ie r  4. I n  a n o t h e r  series, t he  foetuses,  as well  
as t he  p a n c r e a s  a n d  l iver  of t he  mo the r s ,  were r e m o v e d  
and  h o m o g e n i z e d  in 10% TCA a n d  the  r ad ioac t iv i t i e s  in 
the  TCA soluble  a n d  t he  washed  a n d  pur i f ied  p ro t e in  
f rac t ions  were i n v e s t i g a t e d  as p rev ious ly  descr ibed  ~,5 

The  a u t o r a d i o g r a m s  (Figure)  showed  a d i s t r i b u t i o n  
p a t t e r n  wh ich  was  v e r y  s imi la r  to  t h a t  wh ich  is o b t a i n e d  

a f t e r  i n j ec t ion  of n a t u r a l l y  occur r ing  a m i n o  acids ~. T h e  
r a d i o a c t i v i t y  a c c u m u l a t e d  r ap i d l y  in p a n c r e a s  an d  in 
o t h e r  o rgans  wh ich  are  t h e  si te  of a r ap id  p ro t e i n  syn-  
thesis ,  such  as t h e  g a s t r o - i n t e s t i n a l  mucosa ,  l iver,  s a l i va ry  
g l a n d s  a n d  bone  mar row.  

The  ana lys i s  of the  TCA soluble  a n d  the  pur i f ied  p ro t e in  
f r ac t ions  showed  a p a t t e r n  fa i r ly  s imi la r  to  t h a t  o b t a i n e d  
w i t h  n a t u r a l  a m i n o  acids~,S,L T h e  v a r i a t i o n  w i t h  t i m e  of 
specific r a d i o a c t i v i t y  is g iven  in t h e  Table .  T h e  specific 
a c t i v i t y  of t h e  p ro t e i n  f r ac t ion  of t h e  p a n c r e a s  was, a f t e r  
15 rain,  a b o u t  equa l  to  t h a t  of t h e  TCA sohlble  f r ac t ion  
a n d  a f t e r  1 h t h e  r a t io  was a b o u t  10 to 1. 

P a p e r  c h r o m a t o g r a p h y  was  p e r f o r m e d  a f t e r  ac id  
hyd ro lys i s  of t h e  pur i f ied  p ro t e i n  f r ac t ion  a n d  t h e  rad io-  
a c t i v i t y  on  t h e  c h r o m a t o g r a m s  was  d e t e r m i n e d  b y  m e a n s  
of a u t o r a d i o g r a p h y .  T h e  r a d i o a c t i v i t y  was  r ecove red  
m a i n l y  in t h e  spo ts  c o r r e s p o n d i n g  to p - f l uo ropheny t -  
a lan ine .  

J u d g i n g  f rom o u r  resu l t s  o b t a i n e d  b y  r a d i o a c t i v i t y  
ana lys i s  w i t h  C14-1abelled c o m p o u n d s ,  p - f l u o ro p h en y l -  
a l an i n e  b e h a v e s  v e r y  m u c h  like a n a t u r a l  a m i n o  ac id  b o t h  
r e g a r d i n g  t h e  cell u p t a k e  a n d  t h e  i n c o r p o r a t i o n  in t i ssue  
p ro te ins .  I n  t he se  r e spec t s  i t  differs  c o n s i d e r a b l y  f rom 
e th ion ine ,  wh ich  is i n c o r p o r a t e d  to a m u c h  lower  degree  
in to  pro te ins .  

The re  is a t heo re t i ca l  r isk t h a t  t h e  va lues  o b t a i n e d  
ref lect  t h e  u p t a k e  a n d  i n c o r p o r a t i o n  of a p r o d u c t  succes- 
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Brain Liver Pancreas 

Salivary gland Heart Foetuses 

Autoradiogram showing distribution of radioactivity in a pregnant mouse 4 h after intravenous injection of C~4-para-fluorophenylalanine. 
Note a high concentration in the liver, the pancreas and the salivary glands of the mother and in the foetuses. 



44 Br~ves communications - Kurze Mitteilungen EXPERIXNTIA XVIII/1 

Specific radioactivity in the TCA soluble and in the protein fraction of foetus, maternal liver and pancreas after intravenous injection of 
C14-para-fluorophenylalanine in pregnant mice 

Mouse Time after administration of 
C14-para-fluorophen ylalanine 

TCA soluble radioactivity. Cpm/mg dry weight Protein bound radioactivity. Cpm/mg protein 
foetus maternal liver maternal pancreas foetus maternal liver maternal pancreas 

1 15min 18~6 2800 3256 750 2366 3427 
2 1 h 1163 920 890 982 2325 8310 
3 4 h 507 560 332 2630 2794 8426 
4 24 h 51 160 279 2176 2124 2366 

s ive ly  de f luo r ida t ed  in  t h e  body ,  b u t  ear l ie r  f indings2,  s 
i nd i ca t e  t h a t  de f l uo r id a t i on  of p - f l u o r o p h e n y l a l a n i n e  
occurs  on ly  to a v e r y  low e x t e n t .  The  g rea t  d i f ference in  
p - f l u o r o p h c n y l a l a n i n e  a n d  e t h i o n i n e  w h i c h  ha s  a p p e a r e d  
does n o t  seem to  be  e x p l a i n a b l e  b y  t h e  d i f ferences  in  
r e l a t i o n  b e t w e e n  t he  i n j ec t ed  doses of t h e  a n a l o g u e s  a n d  
t h e  b o d y  pool  of  c o r r e s p o n d i n g  free n a t u r a l  a m i n o  acid.  
T h e  m o s t  p r o b a b l e  e x p l a n a t i o n  seems  to  b e  t h e  degree  of 
d i s c r i m i n a t i o n  of t h e  a n t i m e t a b o l i t e  d u r i n g  t h e  c o m p e -  
t i t i o n  w i t h  t he  c o r r e s p o n d i n g  n a t u r a l  a m i n o  acid.  p - f luoro-  
p h e n y l a l a n i n e  seems to  r e semble  i t s  c o r r e s p o n d i n g  n a t u r a l  
a m i n o  acid more  t h a n  does e t h i o n i n e  in  i t s  t e n d e n c y  to  
b e c o m e  i n c o r p o r a t e d  i n to  pro te ins ,  w h i c h  m a y  poss ib ly  
be  e x p l a i n e d  b y  s t e r e o s t r u c t u r a l  r e l a t ionsh ipsL  

Zusammen/assung. TrAcht igen  Miiusen w u r d e  2 Tage  
v o r  d e m  E n d e  de r  S c h w a n g e r s c h a f t  3-Cx4-para-Fluor - 
p h e n y l a l a n i n ,  e i n e  d e m  P h e n y I a l a n i n i n  ana loge  A m i n o -  
sAure, i .e. in j iz ier t .  Die  V e r t e i l u n g  de r  S u b s t a n z  im Orga-  
n i s m u s  u n d  ih r  E i n b a u  in  die P r o t e i n e  wurde  g le ichzei t ig  
a u t o r a d i o g r a p h i s c h  u n d  c h e m i s c h  u n t e r s u c h t .  

Aus  den  A u t o r a d i o g r a m m e n  geh t  he rvo r ,  dass  para- 
F l u o r p h e n y l a l a n i n  im O r g a n i s m u s  wie e ine n o r m a l e  
Aminost~ure ve r t e i l t  wird.  Die c h e m i s c h e n  U n t e r s u c h u n -  
gen zeigen, dass  e in  grosse t  Tell  der  S u b s t a n z  in die P ro -  
t e ine  e i n g e b a u t  wird.  

W i r  schl iessen  da raus ,  dass  s ich  para-Fluorphenylalanin 
i m  S tof fwechse l  gleieh ode r  s eh r  Xhnlich verhXl t  x~de die 
phys io log i sch  v o r k o m m e n d e  AminostLure P h e n y l a l a n i n .  
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Action of Sodium pyruvate  upon Nucleated a n d  

Enucleated Fragments  of the Parasitic Ciliate 
O p a l i n a  r a n a r u m  

S o d i u m  p y r u v a t e  ha s  a r e m a r k a b l e  cy to ly s ing  effect  
u p o n  e n u c l e a t e d  f r a g m e n t s  of Amoeba proteus, in  con t r a -  
d i s t i nc t i on  to  n u c l e a t e d  f r a g m e n t s L  As we o b t a i n e d  
s imi la r  resu l t s  w i t h  Stentor coeruleus ~, i t  was  des i rab le  for  
us  t o  p e r f o r m  a c o r r e s p o n d i n g  i n v e s t i g a t i o n  w i t h  t h e  
pa ras i t i c  Ci l ia te  Opalina ranarum to  e s t ab l i sh  w h e t h e r  we 
are  poss ib ly  c o n c e r n e d  w i t h  a p h e n o m e n o n  of more  genera l  
i m p o r t a n c e .  F o r  t h i s  pu r pos e  t h e  spec imens  i m m e d i a t e l y  
a f t e r  r e m o v a l  f rom t h e  i n t e s t i n e  of t h e  frog Rana esculenta 
were  c u t  i n to  n u c l e a t e d  a n d  e n u c l e a t e d  f r a g m e n t s  w i t h  a 
glass needle.  As in  Amoeba 1 a n d  Stentor 2 whole  cells of 
Opalina as well  as n u c l e a t e d  f r a g m e n t s  were found  to  
t o l e r a t e  c o n c e n t r a t i o n s  of s o d i u m  p y r u v a t e  of u p  to  
2.5 × 10 -8 m M / m l  for  24 h w i t h o u t  app rec i ab l e  changes  in 
m o v e m e n t  or  morpho logy .  W i t h i n  t he  f i rs t  10 h exposu re  
to  t h i s  c o n c e n t r a t i o n  a b o u t  90% of t h e  e n u c l e a t e d  f rag-  
m e n t s  were cy to lysed .  T h e  s y n t h e s i s  of r ibonuc le ic  acid 
a n d  p r o t e i n  is d e p e n d e n t  o n  t h e  nuc leus  a n d  c o n s e q u e n t l y  
t h e  inc reased  t o x i c i t y  of t h e  s o d i u m  p y r u v a t e  t o  t h e  
e n u c l e a t e d  h a l v e s  m i g h t  re f lec t  a n  i n t r a c e t l u l a r  inc rease  in  
lac t ic  acid,  caused  b y  a c h a n g e  in  t h e  r e d u c t i o n  of t h e  
d i p h o s p h o p y r i d i n e  nuc leo t ide  d i p h o s p h o p y r i d i n e  r a t i o  as  
a resu l t  of insuf f ic ien t  c o n s u m p t i o n  of chemica l  b o u n d  

e n e r g y  3,4. BRACHET d e m o n s t r a t e d  a s imi l a r  inc rease  in  
s e n s i t i v i t y  of the  e n u c t e a t e d  f r a g m e n t s  t o w a r d s  n a t u r a l  
p recu r so r s  of nucle ic  acid a n d  p r o t e i n s  5. As t h e  r e su l t s  
o b t a i n e d  in  t h e  p a r a s i t e  Opatina c o r r e s p o n d  v e r y  well  with '  
t h e  f ind ings  o b t a i n e d  in  Amoeba x, Stentor ~, a n d  Acetabu- 
laria s, t h e  cy to lys ing  a c t i o n  of s o d i u m  p y r u v a t e  shou ld  
p r o b a b l y  be  cons idered  to  be  of more  genera l  i m p o r t a n c e .  

Zusammen/assung. N a t r i u m - P y r u v a t  Zeigt e ine  cy to l i -  
s i e rende  VVirkung au f  enuk le i e r t e  F r a g m e n t e  de r  s c h m a -  
r o t z e n d e n  Ci l ia te  Opalina ranarum. 
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