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Fig. 3. Arg + reversions of G-12 induced by UV on minimal A plate Fig. 4. Reversions of G-12 produced by direct treatment with 0.03 nfi 
with limited broth enrichment, of ethyl methane sulphonate on linfitedly enriched minimal A medium. 

richia coli K-12 s t ra ins  HfrC and  Hf rH ,  wi th  cys te ine  
a u x o t r o p h s  of Klebsiella pneumoniae s t ra ins  2 P A R K  and  
8172, and a me th ion ine  a u x o t r o p h  of K. pneumoniae 
s t ra in  418. S t rong  s y n t r o p h i s m  occurred  be tween  Salm- 
onella p r o t o t r o p h s  and  auxo t rophs ,  including G-12, and  
m e t -  or cys m u t a n t s  of Escher ich ia  and  Klebsiella,  
p robab ly  due  to  H2S p roduc t ion  by  the  Salmonellae ~2. 

Rdsumd. L ' a u t e u r  d6crit  un m u t a n t  a u x o t r o p h e  pour  
t ' a rg inine  chez Salmonella typhimurium. Les p r o t o t r o p h e s  
arg+ son t  indu i t s  pa r  tes r ayons  UV, MnC12 et  m6 thane  
su l fonate  d '6 thyle .  Le f l -propiolactone est  r e • ins  efficace 
pour  l ' i nduc t ion  des arg +. La  t r a n s d u c t i o n  avec  le bact6-  
r iophage  PLT-22 cult iv6 sur  une souche p r o t o t r o p h e  

d o n n e  arg  + ~ une fr6quence de 1/I0 7 bac t6r iophages .  Le 
m u t a n t  a r g -  es t  f6cond ni avec les souches  d'Escherichia 
coli K-12 HfrC et  H f r H  ni avec trois souches  de Klebsiella 
pneumoniae. 
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In  connec t ion  wi th  our  inves t iga t ions  on the  incorpo-  
r a t ion  of CX4-ethionine in to  t he  pancreas ,  surpr is ingly  
high accumula t ion  of r ad ioac t iv i ty  was  obse rved  in the  
foetuses  of p r e g n a n t  mice. 

Various  inves t iga tors  have  r epo r t ed  t h a t  amino  acid 
analogues  have  specific effects  on the  g rowth  of the  foetus  
and  are toxic for i t  2-4. I t  has  been sugges ted  t h a t  th is  
effect  is p r imar i ly  concerned  wi th  p ro te in  syn thes i s  of the  
embryon ic  cell. 

The  admin i s t r a t i on  of e t h i o n i n e - - t h e  e thy l  analogue of 
m e t h i o n i n e - - t o  male  or female ra t s  causes  acu te  pan-  
creat ic  ac inar  necrosis  S,% The p a t h • g e n e s i s  of the  pan-  
creat ic  lesions is a p p a r e n t l y  re la ted  to  in te r fe rence  in 
some phase  of me th ion ine  me tabo l i sm since the  changes  
are p r e v e n t e d  b y  the  s imul taneous  a d m i n i s t r a t i o n  of 
me th ion ine .  

E th ion ine  has  been given to p r e g n a n t  ra t s  in an  a t t e m p t  
to induce  congeni ta l  cys t ic  fibrosis of the  young  pan-  
creas 4. This  a t t e m p t  failed b u t  m a n y  of the  young  were 
born  dead,  had  var ious  congeni ta l  mal format ions ,  or were  
unders ized.  Al though  the  ma te rna l  pancreases  were 
severe ly  d a m a g e d  by  the  e th ion ine  inject ions,  the  foetal  

pancreas  r emained  essent ia l ly  normal  and  the  au tho r s  
therefore  ques t ioned  the  passage  of the  e th ion ine  across  
the  p lacenta .  Agains t  th is  background ,  we should like to  
r epor t  our  obse rva t ions  on the  u p t ak e  and  n a t u r e  of t he  
r ad ioac t iv i ty  observed  in t he  foe tuses  a f te r  ad mi n i s t r a t i o n  
of C~4-ethionine to  p r e g n a n t  mice.  

Two days  before e x p e c t e d  pa r tu r i t ion ,  p r e g n a n t  a lbino 
mice (body we igh t  30 g) were in jec ted  in t r avenous ly  wi th  
1 v C  C~4-DL-ethionine (Research  Specialt ies,  R i chmond ,  
Calif., U.S.A. ,  Spec. act.  1.2 m c / m M ) .  
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Autoradiogram showing distribution of radioactivity in a pregnant mouse 4 h after the intravenous injection of C14-ethionine. The con- 
centration in the foetuses is significantly higher than in any of the maternal tissues, except the liver and pancreas which have a con- 

centration similar to that of the foetuses. 

The mice were killed 5, 15, 30 min,  1, 4, 8, and  24 h a f te r  
in jec t ion  of e th ion ine  and  were sub jec ted  to au toradio-  
g r a p h y  7. The au to rad iograph ic  s tudies  show t h a t  e th ion ine  
rap id ly  p e n e t r a t e s  t he  p lacen ta  of t he  mouse  and  accu- 
mula tes  in the  foe tus  (Figure).  High  up t ake  can also be 
obse rved  in the  m a t e r n a l  pancreas  and  liver. 

1 h af ter  in jec t ion  the  concen t r a t i on  in the  foetus  is of 
the  same m a g n i t u d e  as in the  l iver of the  mothe r ,  bu t  
a f te r  4 h the  concen t r a t ion  in the  foetus  is g rea te r  t h a n  
t h a t  in the  mothe r .  

In  a n o t h e r  series of expe r imen t s ,  t he  foetuses  were  re- 
moved  15 rain and  1, 4, and  24 h a f t e r  admin i s t r a t i on  of 
the  same a m o u n t  of Cl*-ethionine. The foetuses  and  the  
liver and  pancreas  of the  m o t h e r  were homogen ized  
sepa ra te ly  in 10% t r ichloroacet ic  acid (T.C.A.) and  pre-  
pa red  as prev ious ly  descr ibed  s. R a d i o a c t i v i t y  of t h e  
T.C.A. soluble a n d  of t he  T.C.A. p rec ip i t a t ed  and  pur i f ied  
p ro te in  f rac t ion  was  measured  wi th  a Tr i -carb  l iquid 
sc int i l la t ion coun te r  ~. 

Rad ioac t i v i t y  was found  only  in the  T.C.A. soluble 
f rac t ion of t he  foetuses  and  of the  m a t e r n a l  l iver and  
pancreas ,  and  no r ad ioac t iv i ty  could be observed  in t he  
p ro te in  f rac t ion  of t he  foe tus  and  in t he  l iver and  the  
pancreas  of the  mo the r .  The  T.C.A. soluble r ad ioac t iv i ty  
in the  foetuses  var ied  be tween  5 .4-9 .8% of the  in jec ted  
dose. 

The e x p e r i m e n t s  were r epea ted  wi th  Cl*-DL-meth ion ine  
(Amersham,  spec. act .  6.6 m c / m M )  and  the  resul ts  are  
shown  in Table  II .  I n  c o n t r a s t  to  t he  resul ts  ob t a ined  a f t e r  
in jec t ion  of e th ionine ,  a h igh incorpora t ion  was  observed  
in the  p ro te ins  of the  pancreas ,  the  liver, and  the  foetuses.  
For  meth ion ine ,  t he  r ad ioac t iv i ty  in the  p ro te in  f rac t ions  
(with the  excep t ion  of the  15 min  foetuses  sample)  was a t  

least  5-10 t imes  g rea te r  t h a n  in the  T.C.A. soluble frac- 
t ion.  

In  view of earl ier  f indings on the  incorpora t ion  of 
e th ion ine  in to  an imal  t issue 1°, and  in order  to  f ind an  ex- 
p l ana t ion  for t he  tox ic  effect  on t h e  foetuses,  some fu r the r  
e x p e r i m e n t s  were  u n d e r t a k e n  w i t h  h igher  doses  of e th io-  
nine (5 ~tC). In  these  e x p e r i m e n t s  r ad ioac t iv i ty  could be 
observed  in the  p ro te in  f rac t ion b u t  the  main  p a r t  of the  
r ad ioac t iv i ty  was found  a lways in the  T.C.A. soluble 
f rac t ion  (Table I I I ) .  

Tab. I. Specific radioactivity in the T.C.A. (10% trichloroacetic acid) 
soluble fraction and in the protein fraction of foetus and material 
liver and pancreas after the intravenous injection of pregnant mice 

with C14-ethionine. 

Mouse Time after T,C.A. soluble Protein bound 
No. administration radioactivity radioactivity 

of C 14- Cpm/mg dry weight Cpm/mg protein 
ethionine foetus liver pan- foetus liver pan- 

creas creas 

1 15min 78 58 697 0 0 0 
2 1 h 154 30 281 0 0 0 
3 4 h 290 120 322 0 0 0 
4 24 h 76 56 274 0 0 0 

7 S. ULLBERG, Acta radiol. Suppl. 118 (1954). 
8 E. HANSSON, Acta physiol, scand. Suppl. 161 (1950). 
9 M. VAUGHAN, D. STEINBERG, and J. LOGAN, Science 126, 446 

(1957). 
lo L. LEVINE and H. TAEV•R, J. biol. Chem. 19Z, 835 (1951). 
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P a p e r  c h r o m a t o g r a p h y  was pe r fo rmed  af te r  hydro lys i s  n 
of foetal  p ro te ins  f rom the  e th ion ine - in jec ted  an imals  and  
the  r ad ioac t iv i ty  was d e t e r m i n e d  on the  c h r o m a t o g r a m s  
by  means  of au to rad iog raphy .  The r ad ioac t iv i ty  was  
de t ec t ed  ma in ly  in the  spots  co r respond ing  to  e th ion ine  
and  e th ion ine  sulphoxide .  

Tab. II. Specific radioactivity in the T.C.A. (10% trichloroacetic 
acid) soluble fraction and in the protein fraction of foetus and mater- 
nal liver and pancreas after the intravenous injection of pregnant 

mice with C14-methionine 

Mouse Time after T.C.A. soluble Protein bound 
No. administration radioactivity radioactivity 

of C 14- Cpm/mg tissue Cpm/mg protein 
methionine dry weight 

foetus liver pan- foetus liver pan- 
creas creas 

5 15mitl 27 31 311 40 215 780 
6 1 h 32 22 66 165 187 519 
7 4 h 26 23 24 329 19l 215 
8 24 h 55 13 32 144 141 ll4 

Tab. III. Specific radioactivity in the T.C.A. (10 ~o trichloroacetic 
acid) soluble fraction and in the protein fraction of foetus after the 

intravenous injection of pregnant mice with cla-ethionine. 

Mouse Time after T.C.A. soluble Protein bound 
No. administration radioactivity radioactivity 

of C14-ethionine Cpm/mg tissue Cpm/mg protein 
dry weight 

9 15min 109 8 
10 15min 1983 69 
11 1 h 579 20 
12 1 h 3045 60 
13 4 h 643 20 
14 4 h 994 59 
15 24 h 4148 34 
16 24 h 1163 74 

These s tudies  indica te  t h a t  e th ion ine  m a y  freely pass 
the  p lacen ta  barr ier  of the  mouse  and  accumula t e  in the  
foetus.  A ve ry  small  p a r t  of the  rad ioac t ive  e th ion ine  is 
i ncorpora ted  in to  the  foetal  prote ins .  F r o m  this  has been 
assumed t h a t  an a b n o r m a l  p ro te in  is fo rmed in which  the  
na tu ra l ly  occurr ing  amino  acid has  been  replaced by  the  
analogue.  Such a r ep l acemen t  m a y  in p a r t  expla in  the  
toxic  effect  of e th ion ine  on the  foetus.  Most  of the  radio-  
ac t iv i ty ,  however ,  is found in the  non-p ro te in  fract ion,  
and  earl ier  obse rva t ions  1. have  shown t h a t  e th ion ine  can 
furnish e thy l  radicals  for syn thes i s  of choline and  thus  
p roduce  t r i e thy lcho l ine  which  has  p roved  to  have  a 
g rowth - inh ib i t i ng  effect  on ra ts .  The p re sen t  obse rva t ions  
therefore  s u p p o r t  the  concep t  t h a t  e th ion ine  m a y  exe r t  its 
effect  on the  o rgan i sm in o t h e r  ways  in add i t ion  to the  
fo rma t ion  of a b n o r m a l  prote ins .  

Zusammen/assung. Triichtige Miiuse w u r d e n  zwei Tage 
vor  dem e r w a r t e t e n  Wer fen  mi t  d e m  A n t i m e t a b o l i t  des 
Meth ionins  14C-DL-Aethionin in t r aven6s  behande l t .  Auf- 
n a h m e  und E i n b a u  des An t ime tabo l i t s  wurden  gleich- 
zeitig au to rad iog raph i sch  und  chemisch  un t e r such t .  Die 
P l a z e n t a s c h r a n k e  is t  ftir Ae th ion in  durchli issig;  die 
Rad ioak t iv i t i i t  fand  sich in den  Fo e t e n  angehiiuf t ,  dabe i  
war  aber  nur  ein ganz ger inger  Tell des Ae th ion ins  in den 
Eiweissk6rper  derse lben  e ingebaut .  Der  E i n b a u  des 
Aeth ion ins  in den  Organen  (Leber  und  Pankreas )  der  
Mu t t e r  war  ebenfal ls  ~iusserst gering. 

Aus den  Ergebn i ssen  wird  der  Mechan i smus  der  toxi-  
schen W i r k u n g  des Ae th ion ins  erkliirt .  
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Mechanism of the Serotonin Depressor Response 
Following BAS-Phenol  Administration in the Dog 

The n u m b e r  of se ro ton in  (5 -hyd roxy t ryp t amine )  an tag-  
onis ts  which  have  been  t e s t ed  in b o t h  isolated t issues and  
in t ac t  an imals  is legion, b u t  only  a select  few have  been 
shown  to  be act ive  aga ins t  t he  ca rd iovascu la r  effects  of 
serotonin .  The benzyl  analog of serotonin ,  1-benzyl-2- 
m e t h y l - 5 - m e t h o x y t r y p t a m i n e  or BAS,  is one of the  more  
p o t e n t  an t agon i s t s  and  it has  been  found  to be effect ive  
a g a i n s t  the  pressor  act ion of se ro ton in  in the  dog 1. An 
even more  powerful  sero tonin  an t agon i s t  has  been  syn-  
thes ized  f rom B A S  by  cleavage of t he  m e t h y l  e the r  to  
form 1 - b e n z y l - 2 - m e t h y l - 5 - h y d r o x y t r y p t a m i n e  or BAS-  
phenol*.  In  anes the t i zed  dogs, i n t r avenous  in jec t ion  of 
BAS-pheno l  blocks the  pressor  response  to se ro ton in  
se lect ively  while the  pressor  act ion of t r y p t a m i n e  r ema ins  
unaffec ted ,  or m a y  even be p o t e n t i a t e d  3. Poss ib ly  as a 
resul t  of b lockade  of the  pressor  c o m p o n e n t  of se ro ton in  
act ion,  a u g m e n t a t i o n  of the  depressor  phase  in its ac t iv i ty  
occurs.  The  following s tudies  were u n d e r t a k e n  to inves t i -  
ga te  the  m e c h a n i s m  of the  depressor  response  to se ro ton in  
which  is u n m a s k e d  b y  the  admin i s t r a t i on  of BAS-pheno l  
in the  anes the t i zed  dog. 

E x p e r i m e n t s  were pe r fo rmed  on 14 mongre l  dogs  of 
b o t h  sexes, weighing f rom 8 to 18 kg. The  dogs were an-  
es the t ized  wi th  sod ium p e n t o b a r b i t a l  4, 30 mg/kg,  ad-  
minis te red  in t ravenous ly .  Ar ter ia l  b lood pressure  was 
recorded wi th  a me r c u r y  m a n o m e t e r  f rom a femora l  
ar tery .  Drug in jec t ions  were  m a d e  in to  the  cannu la t ed  
ipsi la teral  femora l  vein.  The agonis t  drugs  and  corre-  
spond ing  doses used were se ro ton in  c rea t in ine  sulfate,  
10-120 tzg/kg, t r y p t a m i n e  hydroch lor ide ,  125-500 tzg/kg, 
h i s t a m i n e  phospha t e ,  3-5 [zg/kg, and  ace ty lchol ine  bro-  
mide,  5-10 tzg/kg. The an t agon i s t  drugs  used were  
1-benzyl -  2- m e t h y l -  5 - h y d r o x y t r y p t a m i n e  hydroch lo r ide  
(BAS-phenol)  6, 2.5 mg/kg,  and  d i p h e n h y d r a m i n e  h y d r o -  
chlor ide s, 5 mg/kg.  Doses for the  agonis t  d rugs  are  ex- 
pressed in t e r m s  of the  base while those  for the  an t agon i s t s  
are in t e rms  of the  salt .  
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