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I t  is ev iden t  t h a t  exposure  to  al ien ma le  u r ine  causes  
t he  fai lure  of p s e u d o p r e g n a n c y  in 89% of females,  wh ich  
is v e r y  close to t he  % of p r e g n a n c y  fa i lure  o b t a i n e d  in 
n e w l y - m a t e d  females  b y  exposure  to  t he  p r o x i m i t y  ~,~ or 
t he  u r ine  a,4 of al ien males.  I n  t he  female  mouse,  even  if 
m a t i n g  does n o t  lead to  p regnancy ,  i t  i nduces  pseudo-  
p regnancy ,  so t h a t  oes t rus  is he ld  in a b e y a n c e  for a b o u t  
2 weeks.  The  fai lure  of m a t i n g  to b r e a k  t he  5-day r h y t h m  
is rare .  Hence  i t  is obv ious  t h a t  t he  p h e r o m o n e s  f rom 
males  cause  t h e  fai lure  of l u t eo t r oph i c  a c t i v i t y  and  s t imu-  
la te  t h e  g o n a d o t r o p h i c  a c t i v i t y  of the  adenohypophys i s ,  
r e su l t ing  in oes t rus  and  o v u l a t i o n  6-s. I n c i d e n t a l l y  th i s  
also p rov ides  a f u r t h e r  exam p l e  of t he  acce le ra t ing  in- 
f luence of t he  male  on  oes t rus  which  ha s  been  descr ibed  
for severa l  species of m a m m a l s ,  inc lud ing  t h e  u n m a t e d  
female  mouse  o. 

Zusammen/assung. M~useweibchen ,  die d u r c h  P a a r u n g  
m i t  v a s e k t o m i e r t e n  M~tnnchen s che i n t r gch t i g  g e m a c h t  
w o r d e n  waren,  w u r d e n  dem  U r i n  von  M/innchei1 eines 
a n d e r e n  S t a m m e s  ausgesetz t .  D a d u r c h  wurde  die Pseudo-  

g r a v i d i t g t  u n t e r b r o c h e n .  Diese B e o b a c h t u n g  gle icht  de r  
U n t e r b r e c h u n g  der  Tr~tcht igkei t  f r isch b e g a t t e t e r  We ib -  
chen  d u r c h  den  U r i n  f remdst~tmmiger  M/ innchen  u n d  
bes tAt ig t  auch  die Besch l eun igung  des E i n t r i t t s  des 
0 s t r u s  d u r c h  die G e g e n w a r t  der  Mgnnchen .  
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Mutual Replaceability of Amide and Ester 
Groups in Biologically Active Peptides and 

Depsipeptides 

As is well  known,  t he  es ter  group no t  on ly  models  the  
amide  group  in i ts spa t i a l  charac te r i s t ics ,  b u t  is qui te  
s imi la r  to  i t  in e lec t ron  dens i ty  d i s t r ibu t ion .  One could 
the re fore  expec t  t h a t  ana logues  of n a t u r a l l y  occurr ing  
biological ly  ac t ive  pep t ides  a n d  deps ipept ides ,  where in  
the  es te r  group is rep laced  by  the  amide  group  and  vice 
versa,  would be v e r y  s imi lar  to  the  or ig ina l  c o m p o u n d s  
in b o t h  s ter ic  s t ruc tu re ,  i.e. topological ly ,  and  t he  elec- 
t ron ic  n a t u r e  of the  f u n c t i o n a l  centres .  Such  t o p o c h e m i -  
cally s imi la r  c o m p o u n d s  shou ld  therefore  possess qui te  
s imi lar  e lec t ronic  and  ster ic  c o m p l e m e n t a r i t y  to  the  same 
recep to r  and,  as a result ,  t he  ana logues  shou ld  also man i -  
fest  h i g h  biological  ac t iv i ty .  These  premises  were t he  
s t a r t i ng  po in t  of our  s tud ies  on  the  s t r u c t u r e  a c t i v i t y  
re la t ions  of pep t ide  and  deps ipep t ide  compounds .  

The  f i rs t  ob jec t  of these  s tud ies  was t he  deps ipep t ide  
an t ib io t i c  v a l i n o m y c i n  (I, Tab le  I). Ana logues  of th i s  
an t ib io t i c  ( I I - I V )  in wh ich  one  of t h e  h y d r o x y  acid 
res idues  was replaced  b y  an  amino  acid of the  same t y p e  
and  conf igu ra t ion  were found  to possess a biological  
ac t iv i ty ,  in  a n u m b e r  of cases equa l  to  or exceeding  the  
a c t i v i t y  of t he  n a t u r a l  compound .  

On t he  o the r  hand ,  we replaced  the  amide  groups  b y  
es ter  groups  in the  biological ly  ac t ive  pep t ides  g lu ta-  
th ione ,  o p h t h a l m i c  acid and  b r a d y k i n i n  1-s. The  r e s u l t a n t  
deps ipep t ide  analogues ,  n a m e l y  Glyc3-glu ta th ione ,  Glyc a- 
o p h t h a l m i c  acid, Glyc4-bradykin in ,  G lyc6 -b radyk in in  a n d  
Glyc4,~-bradykinin,  p a r t l y  or who l ly  r e t a i n  t h e  a c t i v i t y  
of t h e i r  n a t u r a l  coun te rpa r t s .  I n  pa r t i cu la r ,  w i t h  respec t  
to  t he  g lyoxalase  sys t em (glyoxalase I) Glyca-g lu ta th ione  
exh ib i t s  75% of the  ac t i v i t y  of g lu t a th ione ,  while, w i th  
respec t  to  the  f o r m a l d e h y d e / N A D - o x i d o r e d u c t i o n  sys- 
t em,  i ts  a c t i v i t y  equals  t h a t  of g lu t a th ione .  At  t he  same 
t ime  o p h t h a l m i c  acid in the  g lyoxalase  s y s t e m  depresses  

the  ac t i v i t y  of g l u t a t h i o n e  b y  60% and  Glyca -oph tha lmic  
acid b y  35%. Moreover ,  o p h t h a l m i c  acid does no t  depress  
t he  a c t i v i t y  of g l u t a t h i o n e  in t he  f o r m a l d e h y d e / N A D -  
ox ido reduc t ion  sys tem,  whereas  i t s  deps ipep t ide  ana logue  
does so to the  e x t e n t  of 300/0 . D a t a  on  t h e  biological  ac- 
t i v i t y  of the  deps ipep t ide  ana logues  of b r a d y k i n i n  are 
s u m m a r i z e d  in Tab le  I I I .  

Table I 

No, Colnpound ~ 

(I) L( D-Val-L-Lac-L- Vat-D- Hylv)a-J (Valinolnycin) 

(II) LD-Val-L-AIa-L-Val-D-HyIv-(D-Val-L-Lac-L-Val-D-Hylv)~ 

(III) LD-Val-L-Lac-L-Val-D-VaI-(D-Val-L-Lac-L-Val-D-HyIv)2-J 

(IV) [-D-Val-L-Val-L-Val-D-HyIv-(D-Val-L-Lac-L-Val-Ig-Hylv)2-J 

The synthesis of compounds (II IV) will be described ill another 
paper. 
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tide Symposium, Oxford 1962 (Pergamon Press, Oxford 1963), 
p. 189. 
L. A. SHCnUKI~A, A. L. ZHUZE, E. P. SEMKtN, and S. N. KRAS- 
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Table II 

]~XPERIENTIA XXlI[8 

Compound Minimal growth inhibiting concentration (7/ml) 

Staph. Staph. Sarcina B. 
aureus 209 P aureus UV-3 lutea micoides 

B. 
subtilis 

E. Micob. Can& Sacch. Sclerot. 
coli phlei albicans cereviseae libert. 

(I) > 50 0.8 1.5 > 50 > 50 
(II) 4.5 1 2 > 50 ~- 50 
(III) > 25 1 1.5 > 25 > 50 
(IV) > 50 0.7 1.5 > 50 > 50 

50 0.3 0.8 0.8 0.8 
50 0.4 4.5 4 2 
25 1 3 3 3 
50 0.4 12 a 12 a 2 

a Depression. 

T h e  m u t u a l  r e p l a c e a b i l i t y  o f  a m i d e  a n d  e s t e r  g r o u p s  in  
b i o l o g i c a l l y  a c t i v e  p e p t i d e s  a n d  d e p s i p e p t i d e s  is e s p e c i a l l y  
s t r i k i n g  e in  e n a n t i o - e n n i a t i n  B ,  t h e  a n t i p o d e  of  e n n i a t i n  
B.  F r o m  a f o r m a l  p o i n t  of  v i ew,  o n e  s h o u l d  n o t  e x p e c t  
a c t i v i t y  o n  t h e  p a r t  o f  t h i s  a n t i p o d e ,  j u s t  a s  t h e r e  is n o  
b a s i s  t o  e x p e c t  i t  in  t h e  a n t i p o d e s  of  o x y t o c i n  7, b r a d y -  
k i n i n  s o r  a n g i o t e n s i n  9. H o w e v e r ,  o w i n g  to  t h e  p e c u l i a r  
c i r c u m s t a n c e  t h a t  e n a n t i o - e n n i a t i n  B d i f f e r s  f r o m  en -  
n i a t i n  B o n l y  b y  h a v i n g  t h e  N - m e t h y l a m i d e  g r o u p s  re -  
p l a c e d  b y  e s t e r  g r o u p s  a n d  v i ce  v e r s a ,  t h e s e  t w o  t o p o -  
c h e m i c a l l y  s i m i l a r  m o l e c u l e s  c o u l d  t h e r e f o r e  h a v e  c lo se ly  
a p p r o a c h i n g  a c t i v i t i e s .  I n d e e d ,  e n a n t i o - e n n i a t i n  B t u r n e d  
o u t  to  be  o f  i d e n t i c a l  a c t i v i t y  w i t h  e n n i a t i n  B o v e r  t h e  
e n t i r e  r a n g e  o f  t h e  a n t i m i c r o b i a l  s p e c t r u m  6. 

D i s c o v e r y  of  t h e  e x c h a n g e a b i l i t y  o f  a m i d e  a n d  e s t e r  
g r o u p s  h a s  o p e n e d  t h e  w a y  fo r  a r a t i o n a l  a p p r o a c h  to  
s y n t h e s i s  o f  n a t u r a l  p e p t i d e  a n d  d e p s i p e p t i d e  a n a l o g u e s  
t h a t  a r e  of  t h e o r e t i c a l  a n d  a p p l i e d  i n t e r e s t .  O n  t h e  o n e  
h a n d ,  s u c h  a n a l o g u e s ,  r e t a i n i n g  t h e  t o p o c h e m i c a l  spec i -  
f i c i t i e s  o f  t h e  n a t u r a l  c o m p o u n d ,  m a y  g r e a t l y  f a c i l i t a t e  
n o t  o n l y  e l u c i d a t i o n  of  t h e  c o n f o r m a t i o n a l  s t a t e s  o f  p e p -  
t i d e  a n d  p r o t e i n  s y s t e m s ,  b u t  of  t h e  m o d e  of  t h e i r  i n t e r -  
a c t i o n  w i t h  t h e  c o r r e s p o n d i n g  r e c e p t o r  in  t e r m s  of  t h e  
fo rces  (d ipo le -d ipo le  i n t e r a c t i o n ,  h y d r o p h o b i c  a n d  h y d r o -  
p h y l i c  i n t e r a c t i o n s ,  h y d r o g e n  b o n d i n g  etc . )  a c t i n g  in  a 
g i v e n  b i o c h e m i c a l  p r o c e s s .  O n  t h e  o t h e r  h a n d ,  i t  is we l l  
k n o w n  t h a t  t h e  m a i n  o b s t a c l e  to  t h e  p r a c t i c a l  u s e  of  
c e r t a i n  p o l y p e p t i d e s  ( h y p e r t e n s i n ,  b r a d y k i n i n  etc . )  is  
t h e i r  t oo  b r i e f  p e r i o d  of  a c t i o n ,  d u e  t o  r a p i d  i n a c t i v a t i o n  
b y  t h e  c o r r e s p o n d i n g  p r o t e o l y t i c  e n z y m e s  o f  t h e  o r g a n i s m .  
I n  s u c h  cases ,  r e p l a c e m e n t  o f  t h e  a m i d e  g r o u p s  t h a t  u n d e r -  
go  e n z y m a t i c  a t t a c k ,  o r  a r e  s i t u a t e d  in  d i r e c t  p r o x i m i t y  
to  t h e  f i s s i o n a b l e  c e n t r e ,  b y  e s t e r  g r o u p s  m a y  l e a d  t o  

l o n g e r - a c t i n g  s u b s t a n c e s ,  n o t  so  p r o n e  t o  u n d e r g o  p r o t e o -  
lys i s .  T h e  r e s u l t s  we  h a v e  o b t a i n e d  l a t e l y  c o n f i r m  t h i s  
a s s u m p t i o n .  I n d e e d ,  i t  t u r n e d  o u t  t h a t  t h e  d e p s i p e p t i d e  
a n a l o g u e  of  G l y e - b r a d y k i n i n  1~ w h e r e i n  a n  L - p h e n y l -  
a l a n i n e  r e s i d u e  is  r e p l a c e d  b y  t h e  c o r r e s p o n d i n g  h y d r o x y  
ac id  ( P h L a c S - G l y 6 - b r a d y k i n i n ) ,  n o t  o n l y  l o w e r s  t h e  
b l o o d  p r e s s u r e  i n  r a t s  to  a g r e a t e r  e x t e n t  t h a n  t h e  h o r -  
m o n e  i t se l f  ( T a b l e  I I I )  b u t  h a s  a m o r e  p r o l o n g e d  ef fec t .  
T h i s  is  in  a c c o r d  w i t h  t h e  d a t a  o n  t h e  r e l a t i v e  r a t e  of  
h u m a n  b lood  s e r u m  c a r b o x y p e p t i d a s e  N i n d u c e d  s p l i t t i n g  
o f  b r a d y k i n i n  a n d  P h L a c S - G l y S - b r a d y k i n i n .  I t  is  to  be  
n o t e d  t h a t  in  t h i s  case  t h e  a m i d e - e s t e r  e x c h a n g e  in  t h e  
b r a d y k i n i n  m o l e c u l e  d id  n o t  i n v o l v e  t h e  a m i d e  g r o u p  
t h a t  w a s  t h e  f i r s t  to  s u c c u m b  to  t h e  a c t i o n  o f  t h e  p r o t e o -  
ly r ic  e n z y m e s  ( P h e - A r g ) ,  b u t  t h e  n e i g h b o u r i n g  a m i d e  
g r o u p  ( P r o - P h e ) ,  a n d  n e v e r t h e l e s s  t h e  e f f ec t  p r o v e d  to  
be  q u i t e  m a r k e d .  P r o b a b l y  s t i l l  m o r e  d r a m a t i c  r e s u l t s  
w o u l d  fo l low o n  r e p l a c e m e n t  o f  t h e  a m i d e  g r o u p  d i r e c t l y  
u n d e r g o i n g  e n z y m a t i c  a t t a c k ;  a n d  t h i s  is  t o  be  t h e  s u b j e c t  
of  a f o r t h c o m i n g  i n v e s t i g a t i o n  13. 

BbIB0dlbl. HCXO~I H3 TOHOXHMHqeCKHX Ilpeilll0CblJl0K, llO- 
Ka3aHa BO3M0~ZHOCTb B3aHMH01";I 3aMeHbl aMH]IHblX H CJI0>I<H0- 
3qbHpHbIX CBJ:I3e~ B 6H0.rlOFHqeCKH aKTHBHbIX neIITH,/~ax H 
~encHnenTH~ax. 
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Table III 

Compound Threshold doses 

Isolated Increase in Decrease in 
rat uterus rabbit skin rat blood 
contraction capillary pressure 
(g/ml) permeability (g/kg) 

(g/ml) 

13radykinin 1 �9 10 - n  1 �9 10 -9 4 �9 10 -7 
Glyc4-bradykinin 2 �9 10 6 1.5 �9 10 -5 0.55 �9 10 -3 
Glyce-bradykinin 5 �9 10- 11 3.5 �9 10 -9 3.4 �9 10 e 
Glye4,S-bradykinin 3.2 �9 10 -5 2.5 �9 10 -5 2 �9 10 -3 
PhLaeS-Gly e- 2 �9 10 -11 2.5 �9 10 -s  1 �9 10 -~ 
bradykinin a 

a The synthesis of this compound will be described in another paper. 
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