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schl iessende H y d r i e r u n g  m i t  P d - M o h r  in M e t h a n o l /  
E i sess ig /Wasser  (6: 1 : 1) l iefer te  H - A r g - S e r - V a l - G l n - O t B u .  
Ace ta t .  N a c h  P r o t o n i e r u n g  de r  f re ien  G u a n i d i n o g r u p p e  
m i t  e inem & q u i v a l e n t  HC1 l iefer te  eine s tufenweise  Kon-  
d e n s a t i o n  y o n  D i p e p t i d e i n h e i t e n  u n d  nach io lgende  Hy-  
d rogeno lysen  B r a d y k i n i n - S e r - V a l - G l n - O t B u .  HC1, das  
m i t  Cbo-Lys (BOC)-OH ( D C CI / N - H ydr oxys ucc i n imid )  
z u m  T r i d e c a p e p t i d - D e r i v a t  u n d  n a c h  H y d r i e r u n g  m i t  
BOC-Met -Azid  z u m  D i - B O C - M e t - L y s - B r a d y k i n i n - S e r -  
V a l - G l n - O t B u  verl~ingert  wurde  : Met0, sa, Lysl,  02, Argo,is, 
Prod, a4, Glyl,0s, Phel,9~, Seri,~s, Vale,00, Glu~,03; [~]~)~ = 
- -129,5  ~ (c = 0,5, H~O). N a c h  E n t f e r n u n g  der  Schu tz -  
g r u p p e n  m i t  95%ige r  Trifluoressigs~iure u n t e r  N~ u n d  
R e i n i g u n g  d u t c h  p rXpara t i ve  E l e k t r o p h o r e s e  bei  p H  2 

wurde  e inhei t l iches  P K F L  (Ic) i sol ier t ;  A u s b e u t e  60%.  
Met0,sv Lysv0~, Arg1,ss, Pro2,gs, Glyl,0S, Phevgs,  Serl,63, 
Valv0 ~, Glu~,00; [aJ~a = - -93  ~ ( 6 =  0,5, H~O). T e r t . - B u t y l ,  
e s t e r - A b s p a l t u n g  v o n  13 radyk in in -Se r -Va l -Gln -OtBn  m i t  
Trifluoressigs~ture u n d  iYberf i ihrung in das  A z e t a t  l iefer te  
freies B r a d y k i n i n - S e r - V a l - G l n - O H  (IIIc)  : Argl,s5 , Pros,10, 
Gly0,91, Phe l ,~ ,  Serl, aT, Valv00, Gluo,9o; [~]~ = - -89 ,5  ~ 
(c = 0,5, H~O). 

Von  den  s y n t h e t i s i e r t e n  V e r b i n d u n g e n  Ia -c ,  I I a ,  
I I I b ,  c u n d  I V b  w u r d e n  d i r e k t  u n d  n a c h  I n k u b a t i o n  mi t  
Tryps in ,  C ro t a lu s - adaman teus -Gi f t ,  Pank rea s -Ka l l i k r e in ,  
C a r b o x y p e p t i d a s e  A die Ak t iv i t / i t s / i qu iva len te  (Y B r a d y -  
k i n i n / m g  Pep t id )  a m  Meer schwe inchen i l eum b e s t i m m t ,  
vgl. s) 16. 

Peptid Trypsin Crotalus- Pankreas- CPA Meer- 
adamanteus- Kallikrein schweinchen- 
Gift ileum 

(direkt) 

Natfiflich I 350 300 80 90 2 
Ia 160 80 60 
Ib -~ 175 -~ -~ 3 
Ic 400 175 100 100 3 
IIa -~ 40 -~ -~ 3 
i I Ib  -~ 500 -~ -~ 1,5 
IIIc 500 500 500 600 0,5 
IVb -~ 450 -~ -~ 0,4 

nicht getestet. 

Summary.  H - M e t - L y s - b r a d y k i n i n - S e r - V a I - G l n - O H  a n d  
H - M e t - L y s - b r a d y k i n i n -  Ser -Val -Gln-Val -OH,  sequences  of 
b o v i n e  s e rum k i n i n o g e n  h a v e  been  s y n t h e t i z e d  b y  d i f fe ren t  
approaches .  The  n a t u r a l  a n d  s y n t h e t i c  pep t ides  were  
t e s t ed  for t h e i r  k in in  l i be ra t i ng  po tency .  
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Sol id Phase  Synthes i s  and S o m e  P h a r m a c o l o g i c a l  Propert ies  of 8 - G l u t a m i n e - O x y t o c i n :  a Poss ib le  
Intermediate  in the Evo lut ion  of the N e u r o h y p o p h y s i a l  H o r m o n e s  ~ 

I t  h a s  been  sugges ted  t h a t  8 -g tu t amine -oxy toc in  could 
be  a n  i n t e r m e d i a t e  in  t h e  evo lu t ion  of t h e  n e u r o h y p o -  
phys ia l  h o r m o n e s  2. T he  isola t ion  a n d  c h a r a c t e r i z a t i o n  
of a n  8 -g lu t amine  s u b s t i t u t e d  ana log  of oxytoc in ,  
g lumi toc in  (4-Ser-8-Gln-oxytocin) ,  f rom t he  e lasmo- 
b r a n c h s  Raia clavata a, R. batis, R. /ullonica a n d  R. naevus ~ 
gave  f u r t h e r  s u p p o r t  to  th i s  hypo thes i s .  Thus  i t  h a d  been  
sugges ted  t h a t  a n  un i den t i f i ed  oxy toe ic  pr inciple ,  de- 
s igna t ed  as E O P  1 ( e l a smobranch  oxytoc in- l ike  pr inc ip le  
1) 5 w h i c h  ha s  r ecen t l y  b e e n  shown  no t  to  be  g lumi toc in  6 
m i g h t  in  f ac t  be  8 - g l u t a m i n e - o x y t o c i n L  To d e t e r m i n e  
w h e t h e r  or  n o t  t h i s  m i g h t  b e  t h e  case, t h e  syn thes i s  of 
8 - g l u t a m i n e - o x y t o c i n  was car r ied  ou t  b y  t he  MERRIFIELD 
solid phase  m e t h o d  s as appl ied  to  t h e  syn thes i s  of oxy-  
toc in  ~ a n d  g l u m i t o c i n  1~ T he  s y n t h e t i c  p r o d u c t  ha s  been  
p h a r m a c o l o g i c a l l y  e v a l u a t e d  bY m e t h o d s  p rev ious ly  
descr ibed  s ,~.  The  resu l t s  o b t a i n e d  t o g e t h e r  w i t h  t h e  
co r r e spond ing  d a t a  for  E O P  1 are p r e sen t ed  in  t h e  
Table ,  

The  requ i red  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  i n t e r m e d i a t e  
was  s y n t h e t i z e d  in  a s tepwise  m a n n e r  b e g i n n i n g  w i t h  
3.0 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  0.591 
m m o l e  of glycine accord ing  to  t he  genera l  p rocedure  of 
IV~ERRIFIELD 12, us ing  t h e  mod i f i ca t i on  p rev ious ly  de- 
sc r ibed  9,10. 8 cycles of depro tec t ion ,  n e u t r a l i z a t i o n  and  
coupl ing  were ca r r ied  ou t  w i t h  a p p r o p r i a t e  B o c - a m i n o  
acids la 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 he  resin.  B o c - a m i n o  acids  w i t h  p r o t e c t e d  side cha ins  
were S-Bzl-Cys, a n d  O-]3zl-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 m e d i a t e d  b y  d i cyc lohexy lca rbod i imide  14 in 
m e t h y l e n e  chIoride excep t  those  i n v o l v i n g  t h e  c a r b o x y l  
groups  of Asn  a n d  Gln,  w h i c h  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 l le i r  n i t r o p h e n y l  es ters  is. 
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Pharmacological activities �9 and activity ratios b with standard errors 
of 8-Gln-Oxytocin and EOP 1 

8-Glutamine- EOP 1 
oxytocin 

Rat uterus (RUsMg) 58 
(no Mg in bath) 
Rat uterus (RUcMg} 122 
(0.5 mM Mg in bath) 
RUcMgJRUsMg = RMg 2.1 =t= 0.05 1.8 3 
Rat vasopressor (RVP) 34 
RVP/RUsMg = Rvp 0.58 ~ 0.02 < 0.02 
Rat antidiuretic (RAD) 5.9 
RAD/RUsMg) = RAD 0.10 =t= 0.02 0.007 
Isolated bullfrog bladder 1270 
water permeability (FB) 
FB/RUsMg = R F B  22 ~ 3 2.4M.2 
Rabbit milk-ejecting (ME) 256 
ME/RUsMg = RME 4.4 :~: 0.2 1.5 ~: 0.05 

Expressed in units/mg, b Biological assays were carried out and 
activity ratios were calculated as described in ~. ~ See ~-v. 

Fo l lowing  t he  coupl ing  of t he  f ina l  residue,  t h e  res in  
was r e m o v e d  f rom th e  syn thes i s  vessel, w a s h e d  a n d  dr ied  
in vacuo.  A m m o n o l y t i c  c leavage  of t he  p ro t ec t ed  non-  
apep t ide  res in  (2.0 g) was  car r ied  o u t  as p rev ious ly  
descr ibed  9 to  give t he  p r o t e c t e d  I lonapep t ide  amide  Z-Cys 
(Bzl)-Tyr  (13zl)-Ile-Gln-Asn-Cys (Bzl) -Pro-Gln-Gly(NH2)  as 
a wh i t e  a m o r p h o u s  powder ,  we igh t  250 rag;  m p  256 
to 258~ [e]~)~-33.5 ~ (c, 1, d i m e t h y l f o r m a m i d e ) .  Anal .  
calcd, for C71015Nl~HsgS2: C, 59.70; H, 6.24; N, 12.75. 
F o u n d :  C, 59.53; H,  6.43; N, 12.65. T h e  yield of t he  
p r o t e c t e d  n o n a p e p t i d e  amide  based  on  t he  a m o u n t  of 
glycine or ig ina l ly  ester if ied to  t he  res in  was 5 0 ~ .  A m i n o  
acid ana lys i s  16 gave :  Asp, 1.00; Glu, 2.00; Pro.  1.00; 
Gly, 1.00; Ile, 0.94; Tyr ,  0.81; Bzl-Cys, 2.1; NHa, 4.0. 
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 per-  
fo rmed  w i t h  sod ium and  l iquid  a m m o n i a  t7 fol lowing t he  
generaI  p rocedure  used in t h e  syn thes i s  of d e a m i n o  
oxy toc in  ~s. A glass t u b e  c o n t a i n i n g  f resh  sod ium was 
d ipped  i n t e r m i t t e n t l y  in to  a so lu t ion  of t he  p r o t e c t e d  
n o n a p e p t i d e  (100g)  in  a n h y d r o u s  re f lux ing  l iquid  
a m m o n i a  (300 ml). T he  f ina l  l i gh t  b lue  color was  dis- 
cha rged  a f te r  15 sec b y  t he  add i t i on  of 3 drops  of d ry  
glacial  acet ic  acid. The  re su l t ing  d i th io l  was  oxidized a t  
p H  6.5 w i t h  an  aqueous  so lu t ion  of 0 . 0 1 1 M  p o t a s s i u m  
fe r r icyan ide  ts (5 ml) a n d  the  so lu t ion  was  lyophi l ized.  The  
8-Gln-oxytoc in  was pur i f ied  b y  gel f i l t r a t ion  ~ as follows: 
t h e  lyophi l i za te  was  dissolved in 3 ml  of 50~o acet ic  acid 
and  appl ied  • a S e p h a d e x  G-15 (40-120 ~) c o l u m n  
( 1 . 2 •  wh ich  was p re -equ i l ib ra t ed  w i t h  50% 
acet ic  acid. The  co lumn  was e lu ted  w i t h  t he  same  so lven t  
a t  a f low r a t e  of 10 m l / h  a n d  2 ml  f rac t ions  were col lected 
b y  a n  a u t o m a t i c  f r ac t ion  collector.  T he  pep t ide  mate r ia 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 he  Fo l in -Lowry  m e t h o d  ~~ emerged  f rom t he  co lumn  
as 2 peaks  clear ly s epa ra t ed  f rom inorganic  salts.  The  
second peak,  wh ich  c o n t a i n e d  t he  m a j o r i t y  of t h e  pep t ide  
m a t e r i a l  was  loca ted  b e t w e e n  f rac t ions  30-36 w i t h  t h e  
m a x i m u m  color va lue  a t  f r ac t ion  33, whereas  t he  chlor ide  
was de t ec t ed  b e t w e e n  f rac t ions  60-70.  T he  f rac t ions  
co r re spond ing  to  t he  m a j o r  pep t ide  p e a k  were pooled,  
d i lu ted  w i t h  twice  t he  vo lume  of w a t e r  and  t h e  r e su l t ing  
so lu t ion  was lyophiHzed. The  lyophi l ized,  desa l ted  
m a t e r i a l  was  dissolved in 2 ml  of 0 . 2 N  acet ic  acid a n d  
sub jec ted  to  gel f i l t r a t ion  on  a S e p h a d e x  G-15 (40-120 ~x) 
co lumn  (1.2 b y  110 cm) t h a t  h a d  b e e n  p re -equ i l i b ra t ed  
w i t h  0 . 2 N  acet ic  acid. T he  co lumn  was e lu ted  w i t h  

0 .2N  acet ic  acid a t  a flow ra te  of 10 m l / h  a n d  2 ml  
f rac t ions  were  collected.  A p lo t  of Fo l i n -Lowry  color 
va lues  of t he  f rac t ions  showed  a single 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  43. T h e  f rac t ions  corre- 
spond ing  to  th i s  p e a k  were pooled a n d  lyophi l ized to give 
a wh i t e  powder ;  we igh t  38 rag, [~]~2.~ ~ (C, 0.5, 1 N  
acet ic  acid). Anal .  calcd, for  C42013N~aHH63S~: C, 49.36; I-I, 
6.17; N, 17 .83 .Found:  C, 49.24; H, 6.21; N, 17.68. A m i n o  
Acid Ana lys i s  gave :  Asp.  1.00; P ro  1.05; Gly, 0.94; Cys, 
1.89; Ile, 0.97; T y r  0.92; NH~, 4.18. 

E x a m i n a t i o n  of a l iquo ts  (100 ~zg) b y  t h i n - l a y e r  ch roma-  
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 he  so lven t  
sys t em bu t ano l - ace t i c  ac id -wate r  (4:1 : 5) ~ us ing  nin-  
h y d r i n  and  p l a t i n u m  r eagen t  22 for de t ec t ion  revea led  
on ly  one c o m p o n e n t  w i t h  a n  Rf  of 0.24 ill b o t h  ins tances .  
Likewise on ly  one c o m p o n e n t  in  t he  d i rec t ion  of t he  
ca thode  was obse rved  w h e n  p a p e r  e lec t rophores is  of a 
f u r t h e r  a l i quo t  (100 vg) in  2 py r id ine  ace t a t e  buffers  of 
p H  3.5 a n d  6.5 was car r ied  ou t  us ing  t h e  same  de tec t ing  
reagents .  The  overa l l  yield of pu re  p r o d u c t  was  26.8% 
based  on  t he  in i t ia l  glycine i nco rpo ra t i on  on  t he  resin.  

The  pha rmaco log ica l  p roper t i e s  of s y n t h e t i c  8- 
g l u t a m i n e - o x y t o c i n  (Table) c lear ly  d i f fe ren t i a te  i t  f rom 
E O P  1. Th i s  is m o s t  ev iden t  b y  a compar i son  of t h e i r  
ac t iv i t i es  on  t he  bul l f rog b l a d d e r  and  on  r a t  vasopresso r  
and  an t id iu re t i c  assays.  I t  c an  be  concluded,  therefore ,  
t h a t  E O P 1  is n o t  8 -g lu tamine -oxy toc in .  However ,  t h i s  
does no t  ru le  ou t  t he  poss ib i l i ty  t h a t  8 -g lu taming-  
oxy toc in  does occur  na tu ra l ly .  I t  m a y  v e r y  well  b e  p r e sen t  
in  a h i t h e r t o  u n e x a m i n e d  ve r t eb r a t e .  Should  th i s  indeed  
be  t he  case, t h e  knowledge  of i ts  pha rmaco log ica l  p rop-  
erties, as ou t l ined  in t he  p r e s e n t  c o m m u n i c a t i o n ,  shou ld  
lead to  i ts  r ap id  de t ec t ion  a n d  c h a r a c t e r i z a t i o n  w h e n  t he  
a p p r o p r i a t e  t i ssue  ex t r ac t s  become  avai lable .  

Zusammenfassung. Die e rs tmal ige  Syn these  des Pep t i d -  
h o r m o n s  8 - G l u t a m i n - O x y t o c i n  wi rd  beschr ieben .  Das  
s y n t h e t i s c h e  P e p t i d  is t  m i t  e inem a n d e r e n  P e p t i d  des 
Dornha i e s  yon  n o e h  ungek l~ r t e r  S t r u k t u r  n i c h t  ident isch .  
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