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Adenine-1 recombination results 

Serial no. 3 25 40 51 107 153 169 I99 233 249 
of m u t a n t  

3 0 74 t66 132 130 160 265 159 11.7 136 
(1.84) (1.76) (3.29) (3.77) (t.7t) (t.73} (t,89) (I.30) (2.13) (4.31) 

25 0.29 206 15.7 8.8 49.5 32,8 17.4 Comple- 16.2 
(3.dl) (5.29) (It.Or) (6.24) (3.28) (5.98) (6 .52)  mentation (6.22) 

40 0.62 260 327 130 325 316 116 237 
(,1.87) (8.99) (5.78) (8.09) (6.27) (5.51} (6.27) (7.21) 

51 0 6.05 10.4 9.7 2.1 Comple- 6.2 
(7.70) (11.57) (8.52) (t0.84) (10.96) mentation (12.43) 

107 0 13.8 13.2 6.95 Comple- 2.15 
(3.42) (6.90) (8.98) (4 .90)  mentation (8.82) 

153 0 7.65 4.24 85 25.9 
(2.89) (8.77) (13.4d) (8.14) (12.2) 

169 0 5.35 Comple- 22.2 
(3.69) (4.86)  mentation (8,56) 

199 0 Comple- 7.8 
(2 .89)  mentation (6.68) 

233 0 98 
( t.8) (5.60) 

249 0 
(5.68) 

Adn + per  l0  s spores  (weighted  m e a n  values,  based  on 2-5  e s t i m a t e s  per cross). All m u t a n t s  induced by  UV. E x a m p l e :  159 (1.30) = 159 adn  + 
recombinants per 10* viable spores. 1.30 - 10 a viable spores plated. 

add i t iona l  d a t a  ~,xz, a p robab le  order  for t he  t en  UV-  
induced  adenine-1 m u t a n t s  is 40 . . . (233 ,  3 ) . . , (25 ,  107, 
249, 51, i99, i69, 153) where  those  m u t a n t s  in b racke t s  
are  c lus tered  toge ther .  

The  r ecombina t i on  frequencies  ob t a ined  are no t  s t r ic t ly  
addi t ive .  P r o b a b l y  d i lu t ion  and  p la t ing  errors  will have  
af fec ted  the  e s t ima tes  of adn  + r e c o m b i n a n t s  per  106 viable  
ascospores,  and  the re  m a y  be p re sen t  also errors  resul t ing  
f rom the  presence  of low frequencies  of diploid cells in 
t he  haplo id  s t ra ins  which  were crossed 13. In  th is  c o n t e x t  
it  is in te res t ing  to  compare  the  th ree  sets  of d a t a  avai lable  
for some crosses b e t w e e n  adenine-8  m u t a n t s  2,S,9. H O L L I -  

DAY 13 has  recen t ly  p o s t u l a t e d  mechan i sms  by  which  non-  
a d d i t i v i t y  in in t ragenic  r ecombina t i on  f requencies  can  
occur.  

Zusammen/assung.  Zehn der  yon  LEUPOLD isol ier ten 
U V - i n d u z i e r t e n  M u t a n t e n  be im A d e n i n - l - G e n  yon  Schizo- 
saccharomyces pombe s ind in zehn  versch iedenen  Stel len 
im Gen  lokalisiert .  
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1 2 8 Deamino -phenylalantne -arginine - vasopressin: 
A Peptide with Highly  Selective Antidiuretic 

Activity 

Dur ing  the  las t  t en  years,  the  effect  of  s l ight ly  mod i fy -  
ing the  chemica l  s t ruc tu re  of  t he  n e u r o h y p o p h y s i a l  hor-  
mones  on the i r  pr inc ipa l  biological act ivi t ies  has  been  
r a t h e r  ex tens ive ly  inves t iga ted  x,*. 

Such s tud ies  have  revea led  t h a t  the  suppress ion  of t he  
phenol ic  OH-group  1,3-12 in pos i t ion  2 as well as the  re- 
mova l  of t he  amino  group  1,*a-1~ in pos i t ion  1 leads to 

highly  ac t ive  c o m p o u n d s  w i t h  in te res t ing  pha rmaco -  
logical profiles.  Some of these  c o m p o u n d s  possess  qual i t ies  
which  - f rom t h e  t h e r a p e u t i c  po in t  of v iew - confer  ad-  
van tages  ove r  t he  na tu ra l ly  occurr ing  neu rohypophys i a l  
hormones .  

We there fore  inves t iga ted  the  inf luence of b o t h  these  
modi f i ca t ions  t o g e t h e r  on h u m a n  an t id iure t ic  h o r m o n e  b y  
syn thes iz ing  and  biologically t e s t ing  deamino t -pheny l  - 
alanine2-arginineS-vasopressin.  

Methyl  L-phenyla lan ina te  was r eac ted  wi th  2, 4, 5-tri- 
ch lo rpheny l  N-benzy loxyca rbony l -L-pheny la l an ina t e  to 
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y i e l d  m e t h y l  N - b e n z y l o x y c a r b o n y l - L - p h e n y l a l a n y l - L -  
p h e n y l a l a n i n a t e .  A f t e r  r e m o v a l  o f  t h e  b e n z y l o x y c a r b o n y l  
g r o u p  w i t h  h y d r o g e n  b r o m i d e  in  a c e t i c  ac id ,  t h i s  d i p e p t i d e  
w a s  c o n d e n s e d  w i t h  2, 4, 5 - t r i c h l o r p h e n y l  S - b e n z y l - $ -  
m e r c a p t o p r o p i o n a t e  t o  g i v e  m e t h y l  S - b e n z y l - f l - m e r c a p t o -  
p r o p i o n y l - L - p h e n y l a l a n y l - L - p h e n y l a l a n i n a t e .  T h i s  w a s  
c o n v e r t e d  v i a  t h e  h y d r a z i d e  t o  t h e  c o r r e s p o n d i n g  az ide ,  
w h i c h  w a s  r e a c t e d  w i t h  L - g l u t a m i n y l - L - a s p a r a g i n y l - S -  
b e n z y l - L - c y s t e i n y l - L - p r o l y l - G - t o s y l - L - a r g i n y l - g l y c i n a m i d e  
t o  g i v e  S - b e n z y l - f l - m e r c a p t o p r o p i o n y l - L - p h e n y l a l a n y l - L -  
p h e n y l a l a n y l -  L-  g l u t a m i n y l  - L - a s p a r a g i n y l -  S - b e n z y l -  L-  
c y s t e i n y l - L - p r o l y l -  G - t o s y l -  L- a r g i n y l - g l y c i n a m i d e  ( m .p .  
224 ° ; [~x]~ = --  38 ° in  d i m e t h y l f o r m a m i d e .  C a l c u l a t e d  
for  CsvHs,O13N14S 3 • i H 2 0 :  C 57 .2 ;  H 6 .2 ;  O 15 .9 ;  N 
13.8;  S 6 . 8 % .  F o u n d :  C 57 .1 ;  H 6 .0 ;  O 16.0;  N 13.7;  
S 6 . 9 % ) .  R e m o v a l  o f  t h e  p r o t e c t i n g  g r o u p s  b y  t r e a t m e n t  
w i t h  s o d i u m  i n  l i q u i d  a m m o n i a ,  f o l l o w e d  b y  o x i d a t i o n  
w i t h  h y d r o g e n  p e r o x i d e  a n d  c o u n t e r - c u r r e n t  d i s t r i b u t i o n  
( K  = 0.45) i n  t h e  s y s t e m  s e c - b u t a n o l / w a t e r / a c e t i c  a c id  
(120: 160:  1) y i e l d e d  d e a m i n o l - p h e n y l a l a n i n e 2 - a r g i n i n e  8- 
v a s o p r e s s i n  a c e t a t e ,  w h i c h  w a s  p r o v e d  to  b e  p u r e  b y  
v a r i o u s  c h r o m a t o g r a p h i c  a n d  e l e c t r o p h o r e t i c  m e t h o d s  
a n d  g a v e  t h e  c o r r e c t  a m i n o  a c i d  c o m p o s i t i o n  o n  h y d r o l -  
y s i s .  ([cc]~ = --  100 ° i n  0 . 1 N  a c e t i c  ac id .  C a l c u l a t e d  fo r  
C46H04OnNa,  S e .  1 C H ~ C O O H . 2 H 2 0 :  C 50 .2 ;  H 6 .3 ;  
O 20 .9 ;  N 17 .1 ;  S 5 . 6 % .  F o u n d :  C 50.6;  H 6 .4 ;  O 20 .8 ;  
N 16.7;  S 5 . 7 % . )  

I n  o r d e r  to  d e f i n e  t h e  p h a r m a c o l o g i c a l  p ro f i l e  o f  a n e w  
s y n t h e t i c  p e p t i d e  o f  t h e  n e u r o h y p o p h y s i a l  t y p e ,  a b a t t e r y  
o f  f i v e  t e s t s  is  r o u t i n e l y  u s e d  in  o u r  l a b o r a t o r i e s :  T h e  
p r e s s o r  a n d  t h e  a n t i d i u r e t i c  p o t e n c i e s  a r e  a s s a y e d  in  r a t s  : 
t h e  f o r m e r  o n  t h e  b l o o d  p r e s s u r e  o f  a n i m a l s  in  u r e t h a n e  
a n a e s t h e s i a  a f t e r  p r e t r e a t m e n t  w i t h  a n  a d r e n e r g i c  b l o c k -  
i n g  a g e n t  2°,m, t h e  l a t t e r  o n  t h e  h i g h  l eve l  d i u r e s i s  i n d u c e d  
b y  w a t e r  l o a d  a n d  a l c o h o l  a d m i n i s t r a t i o n  ~'-e4. T h e  so-  
c a l l e d  o x y t o c i n - l i k e  a c t i v i t i e s  a r e  a s s a y e d  o n  i s o l a t e d  
u t e r i  o f  o e s t r o u s  r a t s 2 n  o n  t h e  a r t e r i a l  b l o o d  p r e s s u r e  of  
r o o s t e r s  a n a e s t h e t i z e d  w i t h  p h e n o b a r b i t o n e  s o d i u m  ~,~7 
a n d  o n  t h e  m a m m a r y  g l a n d  o f  l a c t a t i n g  r a b b i t s  in  u r e -  
t h a n e  anaes thes i a~s ,2% D e a m i n o ~ - p h e n y l a l a n i n e ~ - a r g i  - 
n i n e S - v a s o p r e s s i n  w a s  s u b m i t t e d  t o  t w o  a d d i t i o n a l  a s s a y s ,  
d e s i g n e d  t o  a s s e s s  t h e  e f f e c t  o n  s m o o t h  m u s c l e ,  n a m e l y  
t h e  p r e s s o r  e f f e c t  o n  t h e  b l o o d  p r e s s u r e  o f  s p i n a l  e a t s  a n d  
t h e  s t i m u l a t i n g  e f f e c t  o n  m o t i l i t y  o f  t h e  r a b b i t  i l e u m  in  
v i t r o  ~. Al l  a c t i v i t i e s  w e r e  d e t e r m i n e d  b y  c o m p a r i s o n  w i t h  
a r e f e r e n c e  s t a n d a r d :  t h e  T h i r d  I n t e r n a t i o n a l  S t a n d a r d  
for  O x y t o c i c ,  V a s o p r e s s o r  a n d  A n t i d i u r e t i c  S u b s t a n c e s  ~°. 

T h e  a c t i v i t i e s  o f  d e a m i n o ~ - p h e n y l a l a n i n e ~ - a r g i n i n e  s- 
v a s o p r e s s i n ,  a s  d e t e r m i n e d  i n  t h e  a b o v e - m e n t i o n e d  t e s t s ,  

a r e  s u m m a r i z e d  in  t h e  T a b l e ,  w h i c h  a l so  i n d i c a t e s  t h e  
c o r r e s p o n d i n g  p o t e n c i e s  of  d e a m i n o ~ - a r g i n i n e S - v a s o p r e s  - 
s in ,  p h e n y l a l a n i n e - ° - a r g i n i n e S - v a s o p r e s s i n  a n d  a r g i n i n e -  
v a s o p r e s s i n  for  p u r p o s e s  o f  c o m p a r i s o n .  
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Pharmacological activities in international units per mg 

Compound Oxytocin-likeactivities 

Rat  Chicken 
uterus blood 
(in vitro) pressure 

Vasopressin-like activities 

Rabbit  Rat  Spinal Rabbit 
m a m m a r y  blood cat intestinal 
gland pressure blood motility 

(B) pressure (in vitro) 

Rat  
an ti- 
diuresis 
(A) 

Selectivity 
of the 
antidiuretic 
effect 
(A/B) 

DeaminoLPhe L 
ArgS-vasopressin 

Deaminol-Arg s- 
vasoprcssin 

Phel-Arg 8- 
vasopressin 

Arginine- 
vasopressin 

0.30 t 0.09 less than l, 
biphasic 

27 4- 4 150 4- 4 

N 0 . 2  < 1 

--~ 20 --~ 60 

,~-,3.8 29-4- 7 3 0 . 8 ± 1 . 6  12.54-2.7 8004-170 

80-4-30 3704-20  - - 13004-200 

3 4 - 0 . 4  1224-13  - - ,~350  

,--'70 ~ 4 0 0  - - ,-.-,400 

27.5 : 1 

3.5:1 

2.9:1 

1:1 
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The  a n t i d i u r e t i c  a c t i v i t y  of d e a m i n o l - p h e n y l a l a n i n e  2- 
a rg in ineS-vasopress in  is q u a l i t a t i v e l y  (pheno typ ica l ly )  
s imi la r  to  t h a t  of a rg in ine -vasopress in .  I t  differs  f rom 
t h a t  of Iys ine-vasopress in  in  t h a t  i t  se ts  in  more  g r a d u a l l y  
a n d  dies  a w a y  more  s lowly (see, for example ,  ~),  The  
dose- response  cu rves  of  a rg in ine -vasopres s in  a n d  de-  
amino l -pheny la l an ine2-a rg in ineS-vasopres s in  r u n  paral le l ,  
so t h a t  t he  h igher  a c t i v i t y  f o u n d  for d e a m i n o l - p h e n y l  - 
a lan ine2-arg in ineS-vasopress in  m a y  be  cons idered  to  be  
genera l ly  va l i d  a n d  n o t  mere ly  conf ined  to  a p a r t i c u l a r  
dose  range.  T h e  se lec t iv i ty  of t he  a n t i d i u r e t i c  ef fec t  of 
deamino l -pheny la lan ine~-a rg in ineS-vasopress in ,  if con-  
t r a s t e d  w i t h  i t s  v a s o c o n s t r i c t o r  ac t iv i ty ,  is, however ,  27.5 
t imes  h i g h e r  t h a n  t h a t  of a rg in ine-vasopress in .  T h e  
r e l a t ive ly  w e a k  effect  on  v a s c u l a r  s m o o t h  muscle  is no t  
r e s t r i c t ed  to one  species, as t he  same  low pressor  a c t i v i t y  
was  found  b o t h  in sp ina l  ca t s  a n d  in ra ts .  N o r  is th i s  low 
a c t i v i t y  on  s m o o t h  muscle  conf ined  to  v a s c u l a r  s m o o t h  
muscle  : i t s  con t r ac t i l e  ac t ion  on  i n t e s t i n a l  s m o o t h  muscle ,  
as e v i d e n t  f rom r a b b i t  i l eum assays,  is weake r  still. 

I t  is also n o t e w o r t h y  t h a t ,  whe reas  a rg in ine -vasopres s in  
possesses cons iderab le  u t e ro ton ic ,  a v i a n  dep res so r  a n d  
mi lk -e j ec t ing  potencies ,  deamino l -pheny la l an ine~-a rg i -  
n ineS-vasopress in  shows h a r d l y  a n y  oxy toc in - l ike  ac- 
t iv i t ies .  I t s  oxy toc in - l ike  effect  o n  the  ch i cken  b lood 
pressure  is a t y p i c a l  a n d  indeed  in  t h i s  t e s t  i t  an t agon izes  
o x y t o c i n  to a c e r t a i n  ex t en t .  To o b t a i n  50% inh ib i t ion ,  i t  
is neces sa ry  to  i n j e c t  20 to 60 t imes  more  d e a m i n o  t- 
pheny la lan ine~-a rg in ineS-vasopress in  t h a n  oxy toc in .  

T h e  h i g h  degree  of se l ec t iv i ty  of t h e  a n t i d i u r e t i c  ac t ion  
of  deamino~-phenyla lan ine~-arg in ineS-vasopress in  com-  
p a r e d  w i t h  i t s  v a s o c o n s t r i c t o r  effect  could  h a r d l y  h a v e  
b e e n  p r e d i c t e d :  A l t h o u g h  t h e  omiss ion  of  t h e  pheno l i c  
g r o u p  was  k n o w n  to  inc rease  t he  se l ec t iv i ty  of t he  a n t i -  
d iu re t i c  effect  of a rg in ine -vasopress in ,  th i s  mod i f i ca t i on  

ha s  been  obse rved  to  h a v e  t he  oppos i te  effect,  i.e. t o  
increase  t he  se l ec t iv i ty  of t he  p ressor  a c t i v i t y  in  t he  case 
of lys ine-vasopress in ,  lys ine-vaso toc in ,  a rg in ine -vaso toc in ,  
o rn i th ineS-vasopress in  a n d  o rn i th ineS-oxy toc in .  Suppres -  
s ion of t h e  t e r m i n a l  a m i n o  g r o u p  e n h a n c e s  a n t i d i u r e t i c  
se l ec t iv i ty  in  t h e  case of a rg in ine -vasopress in ,  lys ine-  
vasopress in ,  o rn i t h ine -va sop re s s in ,  o r n i t h i n e - o x y t o c i n ,  
oxy toc in ,  pheny la l an ine2 -o rn i th ine -vasop rc s s in ,  p h e n y l -  
a l an ine~-o rn i th ine -oxy toc in  a n d  pheny la l an ine~-oxy toc in ,  
a lbe i t  to  a lesser e x t e n t  t h a n  in t he  case  of  deamino~-  
phenyla lan ine~-arg in ineS-vasopress in .  I t  s eems  the re fo re  
t h a t  t he  n a t u r e  of t he  sh i f t  in p h a r m a c o l o g i c a l  prof i le  
b r o u g h t  a b o u t  b y  a r e l a t ive ly  m i n o r  chemica l  modi f i ca -  
t ion  d e p e n d s  n o t  on ly  on  t he  a l t e r a t i o n  i tself  b u t  also o n  
t he  genera l  s t r u c t u r e  of t h e  molecule.  I t  is also e v i d e n t  
f rom these  r e su l t s  t h a t  ou r  p r e s e n t  knowledge  c o n c e r n i n g  
t he  r ecep to r  s i tes  i n v o l v e d  in the  a n t i d i u r e t i c  a n d  pressor  
ac t iv i t i es  of t he  n e u r o h y p o p h y s i a l  h o r m o n e s  is sti l l  r a t h e r  
i ncomple t e  a n d  t h a t  p red ic t ions  on  s t r u c t u r e / a c t i v i t y  
r e l a t ionsh ips  c an  on ly  be m a d e  w i t h i n  n a r r o w  l imits .  

Zusammen/assung. Deamino1-Pheny la l an in2 -Arg in in  s- 
Vasopress in ,  dessen  S y n t h e s e  u n d  p h a r m a k o l o g i s c h e  
H a u p t e i g e n s c h a f t e n  besch r i eben  werden ,  z e i chne t  s ich 
d u r c h  eine h o h e  a n t i d i u r e t i s c h e  W i r k u n g  aus.  Dieser  Ef -  
f ek t  i s t  d e m j e n i g e n  des  m e n s c h l i c h e n  a n t i d i u r e t i s c h e n  
H o r m o n s  q u a l i t a t i v  ~hnl ich ,  j edoch  wesen t l i ch  se lek t iver .  
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Induction of Antibody Response in Lymphoid 
Cells in vivo and in vitro by R N A - I m m u n o -  

Carrier from Immune  Serum 

I n  p rev ious  pape r s  t he  p resence  of a R N A  ca r r i e r  of the  
a n t i b o d y  t e m p l a t e  in  sera  of i m m u n i z e d  r a b b i t s  (RNA-  
i m m u n o - c a r r i e r  or RNA - I C )  was  r e p o r t e d :  t h i s  R N A - I C  
e x t r a c t e d  f rom t h e  s e r u m  of i m m u n i z e d  a n i m a l s  is ab le  to  
el ici t  in  n o r m a l  a n i m a l s  a precocious  a n t i b o d y  response  to  
t h e  s ame  an t i gens  used for  i m m u n i z i n g  t h e  a n i m a l  source  
of  R N A - I C  1-s. 

Since i t  is k n o w n  t h a t  t he  second  p h a s e  of t h e  a n t i b o d y  
p r o d u c t i o n  occurs  in  t i le l y m p h o i d  t i ssues  *, we t e s t ed ,  in  
t h e  p r e s e n t  inves t iga t ions ,  t h e  inf luence  of  R N A - I C  f rom 
t h e  s e r u m  of r a b b i t s  i m m u n i z e d  w i t h  gu inea -p ig  R B C  on  
l y m p h o i d  ceils in  v ivo  a n d  in v i t ro .  I n  c o n s i d e r a t i o n  of t he  
i m p o r t a n c e  of  t he  t h y m u s  in t h e  i m m u n e  processes  we 
t e s t e d  also t h e  ac t ion  of the  R N A - I C  on t h y m i c  cells: in 
fac t  t he  p r o b l e m s  conce rn ing  t h e  t h y m u s  are  severa l  a n d  
v e r y  i n t e r e s t i n g  because ,  a l t h o u g h  i t  is c o m m o n l y  as- 
s u m e d  t h a t  t h i s  o rgan  is of g r e a t  i m p o r t a n c e  for t h e  nor-  
ma l  d e v e l o p m e n t  of t he  l y m p h a t i c  t i ssue  a n d  for  i nduc ing  
t he  f o r m a t i o n  of immuno-competent cells, i t  is s t i l l  d o u b t -  
ful w h e t h e r  t he  t h y m o c i t e s  are  able ,  b y  themse lves ,  to  
p roduce  an t ibod ie s  ~-1°. 

Production o/ t~NA-IC. Selected r a b b i t s  we igh ing  
a b o u t  2 kg, fed on a s t a n d a r d  diet ,  were i m m u n i z e d  b y  6 -8  
i n t r a v e n o u s  in jec t ions  of gu inea-p ig  R B C  a t  4 -6  d a y  in-  
t e rva l s  ( the ave rage  a n t i b o d y  t i t e r  o b t a i n e d  was  1 : 3200). 
The  R N A - I C  f rom the  i m m u n e  sera  was e x t r a c t e d  b y  t h e  
p h e n o l  m e t h o d  descr ibed  b y  CI~ARGAFF 11 a n d  s u b j e c t e d  
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