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to  co-amino n i t r i l es  needs  to  be  recons idered .  I t  is wide ly  
bel ieved,  for  example ,  t h a t  ~ -amino  acids  o b t a i n e d  f rom 
severa l  t y p e s  of s i m u l a t i o n  e x p e r i m e n t s  were  fo rmed  b y  
t h e  direct hydro lys i s  of c o r r e s p o n d i n g  ~ -amino  n i t r i l es  x°-lz. 
I n  t he se  a lka l ine  reac t ions ,  a n y  f o r m a t i o n  of c~-amino 
n i t r i l es  would  soon be  fol lowed b y  e l i m i n a t i o n  of h y d r o g e n  
cyanide .  I t  t he re fo re  seems more  l ike ly  to  us  t h a t  in  such  
e x p e r i m e n t s  m o s t  of t h e  ~ -amino  ac ids  were  p r o d u c t s  of 
a lka l ine  hydro lys i s  of t he  p e p t i d e s  f o r m e d  b y  t h e  poly-  
m e r i z a t i o n  of h y d r o g e n  cyan i de  p r e s e n t  e i t h e r  as a s t a r t i n g  
m a t e r i a l  or  a r eac t i on  in t e rmed ia t e3 ,  4. I t  h a s  also b e e n  
p roposed  14-~ t h a t  t he  f o r m a t i o n  of t r ig lyc ine  f rom a m i n o -  
ace ton i t r i l e  (by  h e a t i n g  w i t h  kao l in i t e  a n d  e x t r a c t i n g  
w i t h  wate r )x ,  occu r red  t h r o u g h  a p r io r  c o n d e n s a t i o n  be-  
t w e e n  a m i n e  a n d  n i t r i l e  g roups  y ie ld ing  po lyamid ines .  
Since b l a c k  solids were also a m a j o r  p roduc t ,  i t  a g a i n  
seems more  p r o b a b l e  to  us t h a t  t he  pep t ides  were  fo rmed  
b y  ba se - ca t a lyzed  p o l y m e r i z a t i o n  of h y d r o g e n  c y a n i d e  
fol lowing decompos i t i on  of t he  s t a r t i n g  ma te r i a l .  W e  con-  
clude,  therefore ,  t h a t  in  t h e  r educ ing  a n d  basic  env i ron -  
m e n t  of p r i m i t i v e  E a r t h ,  ~ -amino  n i t r i les  p l a y e d  l i t t l e  or  
no  d i rec t  p a r t  in t h e  sequence  of e v e n t s  l ead ing  to  t he  
preb io log ica l  syn thes i s  of p o l y p e p t i d e s  a n d  p ro te ins .  T h e  
m a i n  role, ins tead ,  was t a k e n  b y  h y d r o g e n  cyan i de  3,4,18. 

Zusammen/assung. N e u t r a l e  oder  a lka l i sche  H y d r o l y s e  
v o n  A m i n o a c e t o n i t r i l  g ib t  m i n d e s t e n s  6 c~-Aminos~uren 
n e b e n  Glycin,  welches  das  einzige P r o d u k t  bei s a u r e r  
t t y d r o l y s e  ist. Die  a n d e r e n  a -Aminos i i u r en  e n t s t e h e n  
d u t c h  die H y d r o l y s e  de r  p e p t i d ~ h n l i c h e n  Po lymere ,  welche  
d u t c h  die P o l y m e r i s i e r u n g  des aus  d e m  A m i n o a c e t o n i t r i l  
geb i lde ten  Cyanwasse r s to f fes  m i t  ba s i s chen  K a t a l y s a t o r e n  
geb i lde t  werden .  I m  Z u s a m m e n h a n g  m i t  de r  c h e m i s c h e n  
E v o l u t i o n s t h e o r i e  weisen diese R e s u t t a t e  d a r a u f  h in ,  dass  
~ -Aminon i t r i l e  n u t  e ine kteine oder  ga r  ke ine  d i r ek t e  Rol le  
in  d e r  Aufe inande r fo tge  de r  le .eakt ionen gesp ie l t  h a b e n ,  
welche  zu r  vo rb io log i schen  S y n t h e s e  y o n  P o l y p e p t i d e n  
u n d  P r o t e i n e n  f f ihr ten.  
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Solid Phase Synthesis and Some Pharmacoogical 

G l u m i t o c i n  (4 -Ser -8-Gln-Oxytoc in)  was  f i r s t  i so la ted  
f rom Raia clavata z a n d  l a t e r  iden t i f i ed  in  3 a d d i t i o n a l  
e l a smobranchs ,  R. batis, R. [ullonica a n d  R. naevus 3. U n t i l  
v e r y  r e c e n t l y  t h e  p roposed  s t r u c t u r e  h a d  no t  been  con-  
f i rmed  b y  l a b o r a t o r y  s y n t h e s i s  4. As p a r t  of a c o n t i n u i n g  
i n v e s t i g a t i o n  on  t he  p h y l o g e n y  of t h e  n e u r o h y p o p h y s e a l  
h o r m o n e s  t h e  syn thes i s  of 4 -Se r -8 -Gln -Oxy toc in  was  
u n d e r t a k e n  us ing  the  a d a p t a t i o n  of t he  MERRIFI:ELD solid 
phase  m e t h o d  s w h i c h  h a s  r ecen t l y  b e e n  app l ied  t o w a r d  
t he  syn thes i s  of o x y t o c i n  e. T he  s y n t h e t i c  p r o d u c t  ha s  
b e e n  pha rmaco log i ca l l y  e v a l u a t e d  b y  m e t h o d s  p rev ious ly  
desc r ibed  7 a n d  t he  r e su l t s  o b t a i n e d  are  p r e s e n t e d  in t he  
Table .  

T h e  requ i red  p r o t e c t e d  n o n a p e p t i d e  amide  i n t e r m e d i a t e  
was  syn thes i zed  in a s tepwise  m a n n e r  b e g i n n i n g  w i t h  5.0 g 
of t - b u t y l o x y c a r b o n y l g l y c y l  res in  c o n t a i n i n g  0.985 m m o l e  
of g lycine  acco rd ing  to  t he  genera l  p rocedu re  of MERRI- 
FIELD 8, us ing  t he  modi f i ca t ions  p rev ious ly  descr ibed  s 
w i t h  one  a d d i t i o n a l  p r ecau t ion ,  i.e. t h e  t r i f luoroace t ic  acid,  
d i m e t h y l f o r m a m i d e  a n d  t r i e t h y l a m i n e  used in  t h e  syn-  
thes i s  were  all  f r ac t iona l ly  redis t i l ted  before  use. 8 cycles 
of dep ro tec t ion ,  n e u t r a l i z a t i o n  a n d  coup l ing  were  ca r r i ed  
o u t  w i t h  a p p r o p r i a t e  Doe-amino  acids  9 p r o d u c i n g  t h e  
p r o t e c t e d  n o n a p e p t i d e  es ter i f ied to  t h e  resin.  B o c - a m i n o  
ac ids  w i t h  p ro t ec t ed  side cha ins  were  S-Bzl-Cys,  O-Bz l -Se r  
a n d  O-Bzl -Tyr .  T h e  f ina l  cys te ine  res idue  was  a d d e d  as  
t h e  N - C a r b o b e n z o x y - S - B e n z y l  (N-Z-S-Bzl )  de r iva t ive .  
All coup l ing  reac t ions  to  fo rm p e p t i d e  b o n d s  were medi -  
a t e d  b y  d i cyc lohexy lca rbod i imide  10 in m e t h y l e n e  ch lor ide  
e x c e p t  those  i n v o l v i n g  t he  c a r b o x y l  g roups  of A s n  a n d  
Gln,  wh ich  were  a l lowed to  r e a c t  in  d i m e t h y l f o r m a m i d e  
(DMF) as t h e i r  n i t r o p h e n y l  es ters  11. 

Fo l lowing  t he  coup l ing  of t h e  f ina l  residue,  the  d r ied  
res in  weighed  6.057 g. T h e  we igh t  increase  of 1.057 g 
r ep re sen t s  t h e  i n c o r p o r a t i o n  of 0.81 m m o l e  of p r o t e c t e d  
n o n a p e p t i d e  in t h e  resin.  Th i s  is 82 .2% of t he  a m o u n t  
expec ted ,  ba sed  on  t he  or ig ina l  g lycine  c o n t e n t  of 0.985 

Properties of 4 - S e r - 8 - G l n - O x y t o c i n  ( G l u m i t o c i n )  i 

m m o l e  of t h e  es ter i f ied  res in .  A m m o n o l y t i c  c l eavage  of 
t h e  p r o t e c t e d  n o n a p e p t i d e  res in  (2.9 g) was  ca r r i ed  o u t  as 
p r e v i o u s l y  desc r ibed  8 to  g ive  t h e  p r o t e c t e d  n o n a p e p t i d e  
a m i d e  Z-Cys(Bzl ) -Tyr  (Bzl ) - I le -Ser (Bzl ) -Asn-Cys(Bzl ) -Pro-  
Gln-Gly(NH2)  as a w h i t e  a m o r p h o u s  powder ,  w e i g h t  
464 rag;  m.p.  243.5-245 °, [ceil) 2.s - 2 9 . 0  ° (c, I, d i m e t h y l -  
fo rmamide ) .  Anal .  calcd,  for CTeH92Nl~Ol~S~: C, 61.77;  
H,  6.27; ix]', 11.37. F o u n d :  C, 61.97; H,  6.20; ~ ,  11.28. 

T h e  yie ld  of t he  p r o t e c t e d  n o n a p e p t i d e  a m i d e  f rom the  
c l eavage  was 82% of t he  a m o u n t  expec t ed  based  on  t h e  
increase  in we igh t  of t h e  resin.  T h e  overa l l  y ie ld  b a s e d  on  
t he  a m o u n t  of g lyc ine  or ig ina l ly  es ter i f ied  to  t he  res in  

x This work was supported in part by a grant from the Medical 
Research Council of Canada, Banting Research Foundation, Na- 
tional Science Foundation Grant No. GB 4932X and a General 
Research Support Grant from the National institutes of Health. 
1¢.. ACHER, J. CltAUVET, M. T. CItAUVET and D. CREP¥, Biochim. 
biophys. Acta 107, 393 (1965). 

s R. ACHER, Angew. Chem. 5, 798 (1966). 
While this work was in progress a report on the synthesis of 
glumitocin by classical methods of peptide synthesis was published : 
E. KLIECER, Experientia 15, 13 (1968). 

b R. B. MERRIFIELD, J. Am. chem. Soc. 85, 2149 (1963); Science 150, 
178 (1965). 

s M. MANNING, J. Am. chem. Soc. 90, 1348 (1968). 
7 W. H. SAWYER, Gen. eomp. Endocr. 5, 427 (1965}. - W. H. SAWYER, 

The Pituitary Gland (Eds. G. HARRIS and B. DONOVAN; Butter- 
worths, London 1966), Vol. 3, p. 288. 

s R. B. lXIER~IFmLD, Biochemistry 3, 1385 (1954). -G .  R. MARSIIALL 
and R. B. MERRXFIELD, Biochemistry 4, 2394 (1965). 

9 The abbreviations used for amino acids and protecting groups are 
those recommended by the IUPAC-IUB Commission on Bio- 
chemical Nomenclature, J. biol. Chem. 241, 2491 (1965); Bio- 
chemistry 5, 1445, 2485 (1966). 

10 j .  C. SHEEnAN and G. P. HEss, J. Am. chem. Soc. 77, 1067 (1955). 
11 M. BODANSZKY and V. DU VmNEAOO, J. Am. chem. Soc. 81, 5688 

(1959). 



660 Speeialia EXPERIENTIA 2417 

was 67 .5%.  A m i n o  acid ana lys i s  12 g a v e :  Asp,  1.00; Ser, 
0.80; Glu, 1.00; Pro,  1.00; Gly, 1.00; Ile, 0.94; Tyr ,  0.81; 
Bzl-Cys,  2.1; Cys, 0.05; NH3, 3.2. D e b e n z y l a t i o n  of t h e  
p r o t e c t e d  n o n a p e p t i d e  was  p e r f o r m e d  w i t h  sod ium a n d  
l iquid  a m m o n i a  b y  t h e  m e t h o d  of SIFFERD a n d  DU 
VmNEAUD ls as used  in t h e  or ig ina l  s y n t h e s i s  of o x y t o c i n  14. 
The  r e su l t i ng  d i th io l  was  ox id ized  a t  p H  6 w i t h  a n  aqueous  
so lu t ion  of 0 . 0 1 1 M  p o t a s s i u m  fe r r i cyan ide  ~ (15 ml) a n d  
t he  so lu t ion  was lyophi l ized .  T he  g l u m i t o c i n  was  pur i f i ed  
b y  gel f i l t r a t i on  16,x7 as fol lows:  t h e  lyoph i l i za te  was  dis- 
so lved  in 3 m l  of 50% ace t ic  ac id  a n d  app l i ed  to  a 
S e p h a d e x  G - I 5  (40-120 /z) c o l u m n  (1.2 × 110 cm) w h i c h  
was  p r e - e q u i l i b r a t e d  w i t h  50% ace t ic  acid xs. T h e  c o l u m n  
was  e lu ted  w i t h  t h e  same  s o l ven t  a t  a f low r a t e  of 10 m l / h  
a n d  85 f r ac t i ons  of 2 m l  e a c h  were  col lec ted  b y  a n  au to -  
m a t i c  f r ac t i on  col lector .  T h e  p e p t i d e  ma te r i a l ,  as m e a s u r e d  
b y  b o t h  U V - a b s o r p t i o n  a t  280 n m  a n d  b y  t h e  FOLIN- 
LOWRY m e t h o d  ~9, e m e r g e d  f rom t he  c o l u m n  as 2 p e a k s  
c lea r ly  s e p a r a t e d  f rom ino rgan i c  sal ts .  T h e  second  peak ,  
w h i c h  c o n t a i n e d  t h e  m a j o r i t y  of t h e  p e p t i d e  ma te r i a l ,  was  
loca t ed  b e t w e e n  f r ac t i ons  33-41 w i t h  t he  m a x i m u m  color  
v a l u e  a t  f r ac t ion  37, wh e r ea s  t h e  ch lor ide  ion  was  d e t e c t e d  
b e t w e e n  f r ac t i ons  60-75.  T h e  f r ac t i ons  c o r r e s p o n d i n g  to  
t h e  m a j o r  p e p t i d e  p e a k  were  pooled,  d i l u t ed  w i t h  twice  
t h e  v o l u m e  of w a t e r  a n d  t h e  r e su l t i ng  so lu t ion  was  
lyophi l ized .  T h e  lyophi l ized,  desa l t ed  m a t e r i a l  was  dis- 
so lved  in  2 m l  of 0 . 2 N  ace t ic  acid a n d  s u b j e c t e d  to  gel 
f i l t r a t i on  on  a S e p h a d e x  G-15 (40-120 #) c o l u m n  (1.2 b y  
110 cm) t h a t  h a d  been  p r e - e q u i l i b r a t e d  w i t h  0 . 2 N  ace t ic  
acid.  T h e  c o l u m n  was e lu ted  w i t h  0 . 2 N  ace t ic  acid a t  a 
f low r a t e  of 10 ml ]h  a n d  90 f r ac t ions  of 2 ml  e a c h  were  
col lected.  A p lo t  of FOLIN-LowRv color va lues  of t h e  
f r ac t i ons  showed  a s ingle s y m m e t r i c a l  p e a k  w i t h  a 
m a x i m u m  a t  f r ac t ion  57. T h e  f r ac t ions  c o r r e s p o n d i n g  to  
th i s  p e a k  were pooled  a n d  lyophf l ized to  give a w h i t e  
powde r ;  we igh t  50 m g  (50 .5%);  [~]~2.0 _ 4.0 ° (C, 0.5, 
1 N  ace t ic  acid).  Anal .  calcd,  for  Ca0H60Ni~O~zS, (981): 
C, 48.97;  H,  6.16; N, 17.13. F o u n d :  C, 48.81;  H,  6.25; 

Pharmacological activities • and activity ratios b with standard errors 
of 4-Ser-8-Gln-Oxytocin and EOP IIe 

4-Ser-8-Gln- EOP II 
Oxytociu 

9.8 18 

29 

3.0 :t: 0.1 2.6 ::1:0.2 

0.35 

0.036 4- 0.003 

0.41 

0.04 ~ 0.006 

7.7 

Rat uterus (RUsMg) 
(no Mg in bath) 

Rat uterus (RUcMg) 
(0.5 mM Mg in bath) 

RUcMg/RUsMg = RMg 

Rat vasopressor (RVP) 

RVP/RUsMg = RVp 

Rat antidiuretic (RAD) 

RAD]RUsMg ~ RAD 

Isolated bull frog bladder 
water permeability (FB) 

FB/RUsMg = RFB 

Rabbit milk-ejecting (ME) 

ME[RUsMg = RME 

< 0.02 

0.04 ~ 0.004 

0.8 -1- 0.1 < 0.45 

53 

5.4 ::t= 0.3 6.9 ~ 0.8 

Expressed in units/mg, b Biological assays were carried out and 
activity ratios were calculated as described in L * See L 

N, 16.84. A m i n o  acid ana lys i s  gave :  Asp, 1.00; Ser, 0.83; 
Glu, 0.97; Pro,  0.95; Gig,  0.88; Cys, 1.96; Ile, 0.89; Tyr ,  
0.83; N H  3, 3.1. 

E x a m i n a t i o n  of a l iquo t s  (100/~g) b y  t h i n  l ayer  c h r o m a -  
t o g r a p h y  on  silica gel H a n d  b y  p a p e r  c h r o m a t o g r a p h y  
(ascending)  on  W h a t m a n  No. 1 p a p e r  in  t h e  so lven t  
s y s t e m  b u t a n o l - a c e t i c  ac id -wa te r  (4 : 1 : 5) 20 us ing  n in -  
h y d r i n  a n d  p l a t i n u m  reagen t -n  for d e t e c t i o n  revea led  on ly  
one  c o m p o n e n t  w i t h  a n  RI  of 0.16 in  b o t h  ins t ances .  
Likewise  on ly  one  c o m p o n e n t  in  t h e  d i r ec t ion  of t h e  
c a t h o d e  was  o b s e r v e d  w h e n  p a p e r  e lec t rophores i s  of a 
f u r t h e r  a l i quo t  (100 pg) in  2 p y r i d i n e  a c e t a t e  buf fe r s  of 
p H  3.5 a n d  6.5 was ca r r ied  o u t  us ing  t h e  s ame  d e t e c t i n g  
reagen t s .  T h e  overa l l  yield of p u r e  p r o d u c t  was  34% b a s e d  
on  t he  in i t i a l  g lycine  i n c o r p o r a t i o n  o n  t h e  resin.  

S y n t h e t i c  4 -Se r -8 -Gln -Oxy toc in  h a s  specific a c t i v i t y  on  
t h e  i so la ted  r a t  u t e r u s  (in t h e  absence  of Mg ++) c o m p a r -  
ab le  to  t h a t  p r ev ious ly  r e p o r t e d  for  n a t u r a l *  a n d  syn-  
the t i c*  g lumi toc in .  P o t e n t i a t i o n  oI r a t  u t e r u s  a c t i v i t y  b y  
a d d i n g  0.5 m M  Mg ++ to  t he  b a t h ,  however ,  was  o n l y  
a b o u t  three- fo ld .  Th i s  is in  m a r k e d  c o n t r a s t  to  t h e  t en -  
fold Mg ++ p o t e n t i a t i o n  r e p o r t e d  b y  ACH~R et  al.  ~ a n d  
CHAUVET e t  a l . ~  for  g l u m i t o c i n  i so la ted  f rom R. clavata 
a n d  R. barfs. The  r eason  for  t h i s  d i s c r e p a n c y  is n o t  clear.  
T h e  a c t i v e  p r inc ip le  ( E O P  I I )  i so la ted  f r o m  R. ocellata 
p i tu i t a r i e s  23 h a d  a Mg ++ p o t e n t i a t i o n  r a t i o  of 2.6. Al- 
t h o u g h  i t  c o n t a i n e d  t h e  s ame  a m i n o  acid  res idues  as  
g lumi toc in  ~3 t h e  d i f f e ren t  Mg ++ p o t e n t i a t i o n  ra t ios  sug- 
ges ted  a d i f ference  in a m i n o  ac id  sequence .  E x a m i n a t i o n  
of t he  a c t i v i t y  r a t ios  for  s y n t h e t i c  4 -Se r -8 -Gln -Oxy toc in  
a n d  t h e  R. ocellata pr inc ip le  (Table)  o b t a i n e d  p rev ious ly  
b y  t he  same  m e t h o d s  sugges ts  t h a t  t h e y  may ,  a f t e r  all, 
be  ident ica l .  D i rec t  compa r i sons  b y  s i m u l t a n e o u s  a s says  
are  needed  to se t t le  th i s  ques t ion .  

Zusammen]assung. E i n e  n e u e  S y n t h e s e  des P e p t i d -  
h o r m o n s  G l u m i t o c i n  wi rd  beschr i eben ,  in  de r  die Tri iger-  
m e t h o d e  y o n  MERRIFIELD b e n u t z t  wird.  E in ige  p h a r m a -  
kologische D a t e n  d6s H o r m o n s  w e r d e n  mi tge te i l t .  
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