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Inhibition of Anaphylaxis  
in Mice by Pre-treatment  with Cysteine, Lysine 

Ethyl Ester, and Tyrosine Ethyl Ester x 

I m m u n e  hemolys i s ,  a cco rd ing  to  t h e  s tud ies  of BECKER 2, 
p roceeds  b y  a c t i v a t i o n  of t h e  f i rs t  c o m p o n e n t  of comple-  
m e n t  (C ~ 1) to  fo rm a n  es te rase ,  w i t h  a c t i v i t y  d i r ec t ed  
p r i m a r i l y  t o w a r d  p - t o l u e n e  su l fony l  a rg in ine  m e t h y l  es ter .  
Th i s  c o m p o u n d  i n h i b i t s  i m m u n e  hemolys i s ,  a p p a r e n t l y  
b y  i t s  a c t i o n  as a c o m p e t i t i v e  s u b s t r a t e .  CUSHMAN et al. a 
also h a v e  d e m o n s t r a t e d  t h e  i n h i b i t o r y  a c t i o n  of c e r t a i n  
o t h e r  c o m p o u n d s ,  a m o n g  w h i c h  were  cys te ine ,  lys ine  e t h y l  
es ter ,  a n d  t y r o s i n e  e t h y l  es ter .  I n  v iew of i nc rea s ing  
ev idence  for  t h e  p a r t i c i p a t i o n  of c o m p l e m e n t  (C I) as  a 
p r i m a r y  f ac to r  in  h y p e r s e n s i t i v i t y  reac t ions ,  t h i s  explo-  
r a t o r y  s t u d y  on  t h e  effect  of t he se  m a t e r i a l s  o n  sy s t emic  
a n a p h y l a x i s  in  t he  mouse  was  u n d e r t a k e n .  

Methods. Swiss a n d  C F W  mice  (6-8 weeks)  o b t a i n e d  
f rom T h o m a s  Euers ,  A u s t i n  (Texas),  were  employed .  
W h e r e  mice  of b o t h  sexes  were used,  t h e y  were  d i s t r i b u t e d  
as  u n i f o r m l y  as possible.  E a c h  e x p e r i m e n t  was  p e r f o r m e d  
w i t h  a s epa ra t e  lo t  of mice  a n d  was  c o m p l e t e d  w i t h i n  one  
day .  A n t i s e r u m  was  p r e p a r e d  in  3 a d u l t  N e w  Z e a l a n d  
w h i t e  r a b b i t s  b y  3 week ly  s u b c u t a n e o u s  i n j ec t i ons  of 
100 m g  c rys t a l l i ne  egg  a l b u m i n  (CEA) A r m o u r )  in  com-  
p le te  F r e u n d ' s  a d j u v a n t  (Difco), w i t h  e x s a n g u i n a t i o n  a t  
t h e  f o u r t h  week.  The  pooled  a n t i s e r u m  c o n t a i n e d  390 I~g 
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a n t i b o d y  N / m l  b y  t h e  usua l  q u a n t i t a t i v e  p rec ip i t i n  tech-  
n iques .  T h e  fol lowing c o m p o u n d s  were p r e p a r e d  a t  0.1 M 
in  bu f f e red  sa l ine  (0.0054 M N a t H P O  4, 0.0013 M K H 2 P O  4, 
0-135 M NaC1) and ,  e x c e p t  whe re  o the rwise  s t a t ed ,  were 
a d m i n i s t e r e d  b y  i n t r a p e r i t o n e a l  i n j e c t i o n  a t  a dosage  of 
1 ml /20  g b o d y  we igh t  (0-005 M/kg) : L-cyste ine HC1, nL- 
t y r o s i n e  e t h y l  e s t e r  HCI (TEE) ,  L-lysine e t h y l  ester  
d iHCt  (LEE) ,  a n d  p - to luene  su l fony l - z -a rg in ine  m e t h y l  
e s t e r  HC1 (TAZ~IE). All  shock ing  in j ec t i ons  were  g iven  
i n t r a v e n o u s l y  i n to  a t a i l  vein .  R e c t a l  t e m p e r a t u r e s  were 
recorded ,  j u s t  p r io r  to  t h e  shock ing  i n j ec t i on  a n d  30 min  
a f t e rwards ,  us ing  a d i r ec t  r e a d i n g  t h e r m i s t o r  device  (Tele- 
T h e r m o m e t e r ,  Yel low Spr ings  Ins t .  Co.), T h e  r ec t a l  p robe  
was  i n t r o d u c e d  to  2 cm a n d  t h e  m e t e r  a l lowed to  s tabi l ize .  
T h i s  m e t h o d  h a s  b e e n  f o u n d  to  b e  a re l iab le  m e a s u r e  of 
t h e  a n a p h y l a c t i c  r e sponse  in th i s  l a b o r a t o r y  a n d  b y  
others4 .  ' I n  t h i s  s t u d y  a n a p h y l a x i s  h a s  b e e n  a r b i t r a r i l y  
def ined  as r eac t i ons  r e su l t i ng  in a 1°C d rop  30 m i n  a f te r  
t h e  shock ing  in jec t ion ,  or  d e a t h  w i t h i n  30 min .  Th i s  desig- 
n a t i o n  h a s  t h e  a d v a n t a g e  of c o m p l e t e  o b j e c t i v i t y .  Since 
m o s t  a n i m a l s  w h i c h  show a 5°C d rop  w i t h i n  30 mil l  h a v e  
l e t h a l  shocks ,  t h i s  v a l u e  was  ass igned  to  a n i m a l s  dy ing  
w i t h i n  30 ra in  in  c a l cu l a t i n g  m e a n  values .  A d d i t i o n a l  in- 
f o r m a t i o n  c o n c e r n i n g  m e t h o d s  will  be  g iven  below. 

Results. P r e l i m i n a r y  t o x i c i t y  s tud ie s  w i t h  t h e  4 com- 
p o u n d s  s h o w e d  T A M E  to  be  too  tox ic  for  f u r t h e r  eva lua -  
t ion.  Leve l s  h i g h e r  t h a n  0.0015 M / k g  u n i f o r m l y  resu l ted  
in d ea t h s ,  whi le  dosages  less t h a n  t h i s  h a d  no  d iscern ib le  
effect  on  mouse  a n a p h y l a x i s .  

Reactions in actively sensitized mice (Table I) .  I n  Exper i -  
m e n t  I C F W  mice  were  i n j e c t e d  w i t h  0-75 m g  C E A  in 
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Table I 
Anaphylactie Reactions in Actively Sensitized Mice 

Pre-Shock 
Treatment 

(IP Injection) 

Exp. 1 ~_ C F W  
None 
Cysteine 60 rain 
Lee 60 ram. 
Saline 60 rain. 

Exp. 2 ~; and ~ Swiss 
None 
Cysteine 60 min 
Saline 60 min 

Exp. 3 ~ Swiss 
None 
Cysteine 60 min 
Cystine 60 min 
Lee 60 rain 
Lysine 60 rain 
Tee 60 min 
Tyrosine 60 rain 

Pre-Shoek 
Temperature 

(°C) 
Mean S. E. 

36-3 :t: 0.3 
35.0 :t: 0-5 
36.9 4- 0-2 
37.8.4- 0.1 

36.4 ~ 0.2 
35.3 4- 0.3 
36.7 ± 0.4 

37.6 :L 0.3 
34.6 4- 0.3 
36.6 + 0.3 
35.4 ~ 0.4 
36.2 :i: 0.1 
34.4 ~ O-3 
35.0 4- 0-3 

Temperature 
30 nfin 

after shock 
Mean* S. E. 

30.9 ± 1.0 
33.2 4- 1.1 
34.8 4- 1.2 
34.6 4- 0-8 

32-1 4- 0.3 
33.8 ± 0.6 
32.0 ± 0.5 

35.2 ± 0.6 
33.6 4- 0-9 
34.8 ± 1.0 
34.8 :~ 0.5 
32.6 4- 1.0 
35,0 4- 0.1 
33.2 -4- 1-4 

Difference Deaths of Means 

- 5 . 4  6 
- 1 . 8  0 
- 2 , 1  0 
--3.2 0 

--4.3 4 
- 1 . 5  0 
- 4 . 7  3 

- 2 - 4  0 
- 1 - 0  1 
- 1 - 8  2 
- 0 " 6  0 
- 3 . 6  4 
+0 .6  0 
- 1 - 8  2 

Shock/ 
t o t a l  

10/1~) 
4/9 
7/9 
4/5 

6/6 
3/6 
5/5 

5/5 
1/5 
2/5 
215 
5/5 
o/5 
2/5 

(%Shock) 

(loo) 
(44) 
(78) 
(8o) 

(100) 
(50) 

(100) 

(loo) 
(20) 
(40) 
(40) 

(lOO) 
(o) 

(40) 

p** 

0"05 
0"50 
0"75 

0.20 

0.10 
0.25 
0.25 

0.025 
0,25 

* Deaths considered as -- 5-0°C Temperature drop, ** Determined from Chi-square values using Yates correction. 
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F reund ' s  a d j u v a n t  a n d  on  t h e  24th d a y  g iven  a shock ing  
in jec t ion of 0.2 m g  C E A  in  0.2 ml.  E x p e r i m e n t s  2 a n d  3 
were s imi la r  e x c e p t  for  t h e  use of Swiss mice.  Cys te ine  
given 1 h before  shock ing  r educed  t h e  i n t e n s i t y  a n d  in-  
cidence of t h e  a n a p h y l a c t i c  shock.  L E E  a p p e a r e d  to  be  
less effective,  whi le  T E E  showed  a s ign i f i can t  i n h i b i t o r y  
effect. I n  m o s t  i n s t a n c e s  t he se  c o m p o u n d s  'a lone h a d  a 
modera te  h y p o t h e r m i c  effect ;  howeve r ,  t h e  degree  of 
h y p o t h e r m i a  wou ld  n o t  seem to  be  of suf f ic ien t  m a g n i t u d e  
to p r e v e n t  a n  e v a l u a t i o n  of t h e  a n a p h y l a c t i e  r eac t ions  
by  t e m p e r a t u r e  depress ion .  T h e  absence  of f a t a l  shock  in 
the  s a l i ne - t r ea t ed  a n i m a l s  in  E x p e r i m e n t  i shou ld  be  
noted.  S t a t i s t i c a l  ana lys i s  of t he  c o m b i n e d  E x p e r i m e n t s  1, 
2, and  3 s h o w e d  cys te ine  t r e a t m e n t  to  be  i n h i b i t o r y  a t  
the  98% level.  

All s u r v i v i n g  a n i m a l s  were  i n j ec t ed  a g a i n  w i t h  t he  
shocking dose of C E A  24 h a f t e r  t h e  in i t i a l  in jec t ion .  B o t h  
p re t r ea ted  a n d  t he  u n t r e a t e d  a n i m a l s  were equa l ly  ref rac-  
tory  to  a n a p h y l a x i s .  A n i m a l s  w h i c h  h a d  b e e n  t r e a t e d  b u t  
not  shocked  24 h p r e v i o u s l y  were  n o t  p r o t e c t e d  f rom 
shock. 

Reactions in mice shoched by soluble antigen-antibody 
complexes (Table 11). I n  E x p e r i m e n t  4 -8  a soluble  a n t i g e n -  
an t i body  c o m p l e x  p r e p a r e d  a t  10 × o p t i m a l  a n t i g e n  con-  
cen t r a t ion  (500 t~g C E A  N / m l  a n t i s e r u m )  was  employed .  
Ant igen a n d  A n t i s e r u m  were  Mlowed to  r eac t  in  buf fe red  
saline a t  37°C for  30 min ,  t h e n  a t  2°C for  48 h before  
cen t r i fuga t ion  a t  2°C. A t  t h i s  a n t i g e n  level  40 ~tg p p t  N 
was formed.  A t o t a l  v o l u m e  of 0.3 ml  of t h e  s u p e r n a t e  
ob ta ined  was  in jec ted .  These  e x p e r i m e n t s  d e m o n s t r a t e d  

t h e  v a r i a b i l i t y  of r e sponse  in d i f f e ren t  g roups  of mice  (e.g. 
c o m p a r e  cys t e ine  a t  60 ra in  in  E x p e r i m e n t  4 a n d  6). 
Howeve r ,  cys te ine ,  L E E ,  a n d  T E E  were  p r o t e c t i v e  in 
m o s t  i n s t a n c e s  w h e n  a d m i n i s t e r e d  60 m i n  p r io r  to  shock-  
ing. L E E  p r o d u c e d  t h e  l eas t  h y p o t h e r m i a  of t h e  3 com-  
pounds ,  whi le  T E E  g a v e  t h e  g r e a t e s t  t e m p e r a t u r e  re-  
duc t ions .  T E E  was  t h e  m o s t  p o t e n t  c o m p o u n d  in  modi -  
fy ing  t h e  a n a p h y l a c t i c  response .  I n  these ,  as in  t h e  p rev i -  
ous ex p e r i men t s ,  s u r v i v i n g  a n i m a l s  c h a l l e n g e d  24 h a f t e r  
t h e  in i t i a l  i n j ec t ion  were  r e f r a c t o r y  to  a n a p h y l a x i s .  T h i s  
could  n o t  be  r e l a t ed  to  pe r s i s t ence  of t h e  d r u g  effect.  

Reactions in passively sensitized mice (Table I I I ) .  All 
a n i m a l s  in  E x p e r i m e n t  9 were  s h o ck ed  pass ive ly  b y  t h e  
i n t r a v e n o u s  in j ec t ion  of 0.15 m g  C E A  in 0.2 ml  w i t h i n  
1 m i n  a f t e r  the  i n t r a v e n o u s  i n j e c t i o n  of 0.5 m l  of a 1 : 5  
d i lu t ion  of a n t i s e r u m  (39 txg a n t i b o d y  N). T y p i c a l  specif ic  
a n a p h y l a c t i c  r eac t ions  are  r egu la r ly  p r o d u c e d  in mice  b y  
t h i s  p rocedure  s . A l t h o u g h  s t a t i s t i c a l  s ign i f icance  c a n n o t  
be  ass igned to t h e  f indings  in t h i s  sma l l  sample ,  r e su l t s  
w i t h  cys te ine  a n d  L E E  a t  60 ra in  sugges t  a p r o t e c t i v e  
effect.  

Discussion. A smal l  measu re  of u n c e r t a i n t y  in e v a l u a t -  
ing a n a p h y l a x i s  b y  b o d y  t e m p e r a t u r e  m e a s u r e m e n t s  h a s  
b e e n  i n t r o d u c e d  in to  these  s tud ies  b y  a h y p o t h e r m i c  re-  
sponse  seen in some groups  of an i ma l s  a f t e r  p r e t r e a t m e n t  
w i t h  t h e  c o m p o u n d s  u n d e r  s t u d y  a n d  before  t h e  s h o c k i n g  
dose was given.  No s igni f ican t  co r re l a t ion  was  found  to  

a K. L. BURDON, Fed. Proc. 5, '245 (1946). 

Table I f  
Anaphylaetic Reactions in Mice Using Soluble Antigen-Antibody Complex 

Pre-Shock 
Treatment 

(IP Injection) 

Exp. d ~ and ~ Swiss 
None 
Cysteine 60 min 
Lee 60 min 
Tee 60 rnin 
Saline 60 rain 

Exp. 5 ~ and ~- Swiss 
None 
Cysteine 30 min 
Cysteine 40 rain***. . . 
Cysteine 60 rnin 
Lee 60 rain . . . . .  
Lee (0.05 M) 60 rain 
Saline 60 min 

Exp. 6 (~ Swiss 
None 
Cysteine 15 rain 
Cysteine 30 rain 
Cysteine 60 min 
Cysteine 150 min 
Cysteine 180 rain 

Exp. 7 (~ and ~ .Swiss 
None 
Tee 30 rain 
Tee 60 min 

Exp. 8 (~ Swiss 
None 
Tee (0.1 M) 60 min 
Tee (0.2 M) 60 rain 
Saline 60 min 

Pre-Shock 
temperature 

(°C) 
Mean S. "R.. 

37"2 4- 0'3 
34.8 4- 0'3 
36-4 4- 0'3 
35-7 4- 0-3 
36"5 4- 0'4 

37-0 ± 0.2 
36"4 4- 0"3 
36'8 4- 0"3 
34'4 4- 0-2 
37.6 4- 0-5 
38"2 4- 0"2 
37"4 4- 0"6 

37.4 4- 0.2 
36.7 4- 0.1 
35.7 ± 0.5 
36.4 ± 0.2 
37.0 -4- 0.2 
37.0 ± 0.3 

36.5 4- 0.3 
33.1 4- 0.3 
35.0 4- 0.3 

37.2 4- 0-2 
35.6 4- 0.4 
33-8 4- 0-2 
37'8 4- 0'2 

Temperature 
80 min 

after shock 
Mean* S. E. 

33'5 4- 0.5 
34.6 4- 0-6 
36.4 -4- 0-4 
35-8 4- 0-4 
33.2 4- 0.7 

33-6 4- 0.5 
35"0 + 0.3 
35.5 4- 0.8 
35.4 4- 0.5 
36.8 4- 0.3 
36.2 4- 0.5 
33'2 4- 1.5 

35.0 4- 0.7 
34.3 4- 0.3 
32.7 4- 0.6 
34.7 4- 0.5 
35.6 4- 0.5 
35.7 i 0.4 

32.9 4- 0.4 
33.1 4- 0.4 
34.2 4- 0.7 

33.6 4- 0"5 
33.7 4- 0.6 
33-2 4- 0.6 
34"8 4- 0"9 

Difference Deaths 
of Means 

- 3 . 7  2 
- 0 - 2  1 

0 0 
+0.1 0 
- 3 . 3  1 

- 3 . 4  0 

- 1 ' 4  0 

- 1 . 3  0 
+1 .0  0 
- 0 . 8  0 
- 2 . 0  0 
- 4 . 2  0 

- 2 . 4  1 

- 2 . 4  1 

- 3 . 0  3 
- 1 . 7  2 
- 1 . 4  0 

- 1 . 3  0 

-3 "6  3 
0 1 

-0 "8  0 

- 3 . 6  2 
- 1 . 9  2 

- 0 . 6  3 

- 3"0  4 

Shock/ 
total 

10111 
6/14 
3/10 
3/14 

12/15 

6/6 
3/4 
3/6 
0/5 
3/5 
5/5 
4/4 

8/lO 
13115 

5/7 
9/16 
7/14 
5/7 

10/10 
s/21 
4/9 

18119 
9/14 
4/19 
8/10 

(% Shock) P** 

(91) 
(43) 
(30) 
(21) 
(80) 

(100) 
(75) 
(50) 

(0) 
(6o) 

(100) 
(100) 

(80) 
(87) 
(71) 
(56) 
(50) 
(71) 

(lOO) 
(38) 
(44) 

(95) 
(64) 
(21) 
(80) 

0.10 
0-025 
0-005 
0.50 

0.70 
0.20 
0-01 
0.80 

0.50 
0.98 
0.50 
0.30 
0.98 

0.005 
0.05 

0"10 
0.001 
0.70 

* Deaths considered as -- 5-0°C temperature drop. ** Determined from Chi-square values using Yates correction. 
*** Cystcine injected intravenously. 



54 Br~ves communications -- Brevi comunicazioni [ExPERIENTIA VoL.XVI/2] 

Table I I I  
Anaphylaxis in Passively Sensitized Mice 

Pre-Shock 
Treatment 

(IP Injection) 

Exp. 9 ~) and ~. Mice 
None 
Cysteine 30 rain.  
Cysteine 60 rain.  
Cysteine 120 min .  

Pre-Shock 
Temperature 

(°c) 
Mean S. E. 

Tempeiature 
30 min 

after shock 
Mean* S. E. 

Tee 
Tee 
Tee 
Lee 
Lee 
Lee 
Saline 
Saline 
Saline 

30 min .  
60 rain. 

120 r a in  
30 min 
60 min.  

120 min.  

36-4 4- 0-2 
35.0 i 0.2 
35,0 :t= 0.6 
35.0 + 0-5 

30 min.  
60 rain.  

120 min.  

34"0 ± 0'6 
36"4 4- 0.5 
37,2 4- 0.2 
36'0 4- 0-3 
36-2 4- 0-5 
36"0 4- 0-3 

33"8 4- 
33-2 :I= 
33-6 :t= 
34-2 4- 

36.5 4- 0.4 
36.7 4- 0-2 
37.0 4- 0.3 

0-8 
0.6 
1.2 
0-7 

32.0 4- 0-7 
35-4 :t: 0-8 
34.0 4- 0.3 
33.6 4- 0.8 
36.5 ± 0.4 
33.8 4- 0.7 
34.9 q- 0.7 
32.4 4- 0-6 
34.7 4- 0-9 

Difference 
of Means 

- 2 " 6  
- 1 " 8  
- 1 .4  
- 0 - 8  
- 2 - 0  
- 1 - 0  
- 3"2 
- 2-4 
+ 0 " 3  
- 2 ' 2  
- 1 . 6  
- 4 " 3  
- 2 " 3  

Deaths Shock] 
total (% Shock) 

4/5 (8o) 
3/4 (75) 
1/5 (20) 
2/5 (40) 
4/5 (80) 
3/5 (60) 
515 0oo) 
3/5 (60) 
o15 (o) 
4/5 (80) 
4/5 (80) 
5/5 (lOO) 
4/5 (80) 

p** 

0-50 
0-25 
0.70 

0 .10  

* Deaths considered as -- 5.0°C temperature drop. ** Determined fl'om Chi-square values using Yates correction. 

exis t ,  however ,  b e t w e e n  p r e s h o c k  t e m p e r a t u r e  a n d  sus- 
c ep t i b i l i t y  to  a n a p h y l a x i s .  I t  was  no ted ,  f u r t h e r m o r e ,  t h a t  
t h e  u sua l  c l inical  i nd i ca t i ons  of a n a p h y l a x i s  in  mice  (e.g. 
l e t h a r g y  a n d  para lys is )  were  a b s e n t  e x c e p t  in  those  an i -  
ma l s  showing  a dep res s ion  of b o d y  t e m p e r a t u r e  fol lowing 
i n j ec t i on  of t h e  shock ing  ma te r i a l .  

A de f in i t i ve  e x p l a n a t i o n  of t h e  m o d i f y i n g  ef fec t  of  
t he se  d rugs  c a n n o t  now be  offered  for l ack  of d i r e c t  proof.  
I t  is poss ib le  t h a t  t h e i r  a c t i o n  m a y  be  c o n c e r n e d  w i t h  t h e i r  
c a p a c i t y  t o  i n h i b i t  C q ,  w h i c h  is a c t i v a t e d  b y  a n t i g e n -  
a n t i b o d y  complexes  2. I t  is t e m p t i n g  to  specu l a t e  t h a t  t h e  
shocked  a n i m a l s  m a y  h a v e  b e e n  r e f r a c t o r y  to  f u r t h e r  
a t t e m p t s  to  p roduce  a n  a n a p h y l a c t i c  r e sponse  w i t h i n  24 h 
in  p a r t  because  of  d e p l e t i o n  of C x 1. 
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Rdsumd 

L ' i n j e c t i o n  i n t r a p 6 r i t o n 6 a l e  chez  la souris  de  cyst6ine ,  
t y r o s i n e - 6 t h y l e s t e r  ou lys ine-6 thy l -es te r ,  1 h a v a n t  la  
p r o d u c t i o n  du  choc  a n a p h y l a c t i q u e  d i m i n u e  d ' u n e  Iaqon 
s ign i f ica t ive  la  sens ib i l i t6  des  a n i m a u x  ~t la  r6ac t ion .  I1 
es t  poss ible  que  ce la  soft  d h  ~ une  m o d i f i c a t i o n  de  l ' e f fe t  
d u  p r e m i e r  compos4  ac t i f  du  c o m p l 6 m e n t .  

6 SUMMER FELLOW. Allergy Foundation of America, 1957-1958. 

I n t r a c e l l u l a r  P e p t i d e s  o f  E s c h e r i c h i a  c o l i  

One of t he  ways  w h i c h  could  c o n t r i b u t e  to  t he  e luc ida-  
t i on  of t h e  m e c h a n i s m  of p r o t e i n  syn thes i s  cons i s t s  in  
f i nd ing  i n t e r m e d i a t e  p r o d u c t s  of p e p t i d e  n a t u r e .  A l t h -  
o u g h  free p e p t i d e s  h a v e  b e e n  d e t e c t e d  in v a r i o u s  or- 
gan i sms ,  t h e i r  r e l a t i o n s h i p  to  p r o t e i n  s y n t h e s i s  h a s  n o t  

b e e n  d e m o n s t r a t e d  conc lus ive ly  ~-s. G r a m - n e g a t i v e  bac-  
t e r i a  c o n t a i n  m u c h  less i n t r a c e l l u l a r  free n i n h y d r i n -  
pos i t ive  s u b s t a n c e s  t h a n  G r a m - p o s i t i v e  ones,  a n d  g lu ta -  
t h i o n e  is t h e  o n l y  s u b s t a n c e  of pep t i d i c  c h a r a c t e r  wh ich  
h a s  de f in i t e ly  b e e n  d e t e c t e d  so far% F u r t h e r ,  n o n - i d en t i -  
fied n i n h y d r i n - p o s i t i v e  s u b s t a n c e s  were  desc r ibed  f rom 
E. coli cells ~ a n d  f rom t h e  n u t r i e n t  m e d i u m  r e m a i n i n g  
a f t e r  t h e  g r o w t h  of these  b a c t e r i a l  Recen t ly ,  t w o  pu re  
d i p e p t i d e s  were  found  a n d  iden t i f i ed  w h i c h  a c c u m u l a t e  
in  E. coli cells p a r t i c u l a r l y  d u r i n g  g r o w t h  in  t h e  p resence  
of c h l o r a m p h e n i c o l  s. 

I n  f u r t h e r  work ,  o t h e r  n i n h y d r i n - p o s i t i v e  s u b s t a n c e s  
f rom E. coil B e x t r a c t  p r e p a r e d  in  cold w i t h  5 %  t r i ch lo r -  
ace t i c  acid were  i nves t i ga t ed .  Th i s  e x t r a c t  of b a c t e r i a  
f rom 20 1 of s y n t h e t i c  m e d i u m  w as  t r e a t e d  w i t h  e t h y l  
e t h e r  to  r e m o v e  t r i ch lo roace t i c  acid,  f reeze-dr ied  a n d  oxi- 
d ized  w i t h  p e r f o r m i c  ac id  9, so t h a t  g l u t a t h i o n e  a n d  pos- 
s ib ly  o t h e r  c y s t e i n e - c o n t a i n i n g  p e p t i d e s  were  p r e s e n t  in 
a s ingle  ox id ized  form,  A f t e r  de - sa l t i ng  on  Dowex-50  in 
t h e  h y d r o g e n  form,  a m i n o  ac ids  a n d  pcp t idc s  were  e lu ted  
w i t h  a m m o n i a ,  v o l u m e  r ed u ced  b y  e v a p o r a t i o n  a n d  chro-  
m a t o g r a p h y  ca r r ied  o u t  in  a m i x t u r e  of b u t a n o l - a c e t i c  
acid.  I n  t h i s  w a y  free a m i n o  acids  were  s e p a r a t e d  f rom 
o t h e r  n i n h y d r i r l - p o s i t i v e  s u b s t a n c e s  w h i c h  r e m a i n e d  a t  
t h e  s t a r t  of t h e  c h r o m a t o g r a m .  

A f t e r  e lu t ion ,  s u b s t a n c e s  f rom t h e  c h r o m a t o g r a m  s t a r t  
were  s e p a r a t e d  b y  h i g h - v o l t a g e  p a p e r  e lec t rophores i s  ill 
a p y r i d i n e - a c e t a t e  bu f f e r  a t  p H  5.6 (2.5 h,  29 V/cm)  x°. 
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