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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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to  var ious  controls  as descr ibed in a previous  paper2;  i t  
was lacking in agglu t ina t ing  power  t owards  guinea-pig  
RBC and  conta ined  less t han  0.07% of to ta l  prote ins .  
RNA- IC  so ob ta ined  was used in the  following exper i -  
ments .  

Induction o/ antibody /ormation by R N A - I C  in vivo. 
30-day-old Wis ta r  ra t s  were d iv ided into th ree  groups.  The 
animals  of the  first  group were  kep t  as a control .  To the  
animals  of the  second g roup  were  admin i s t e red ,  by  a 
single in t racardiac  inject ion,  2.5 mg /kg  b o d y  we igh t  of 
RNA-IC from ant i  guinea-pig  RBC sera  dissolved in a 
small  volume of sal ine;  these  an imals  were t h e n  sub- 
divided into three  lots and  sacrif iced respec t ive ly  24, 48 
and 72 h af ter  R N A - I C  in jec t ion;  t h y m u s  and  spleen were 
rapidly  removed,  washed  wi th  saline to  r emove  every  
t race of blood, f inely minced  in a steri le  pe t r i  dish,  and  
suspended  in m e d i u m  199 Difco (so t h a t  1 ml  of m e d i u m  
con ta ined  abou t  30 mg  of tissue) in sc rew-cap  tubes ;  a f t e r  
a brief shaking  the  tubes  were left  to  s t a n d  for  10 rain and  
the  s u p e r n a t a n t  fluid w i t h d r a w n  and  used in the  a n t i b o d y  
plaque fo rma t ion  tes t .  The animals  of the  th i rd  group  
were t r ea ted  in the  same way  using R N A - I C  p r e i n c u b a t e d  
wi th  r ibonuclease (50 / ,g  for 0.25 mg  RNA).  

Induction of antibody formation by R N A - I C  in vitro. 
Surviving cul tures  of normal  r a t  t h y m o c i t e s  were  pre-  
pa red  in the  following way :  t h y m u s  of 30-day-old ra t s  
was t r ea t ed  as descr ibed  above  to  ob t a in  a suspens ion  of 
free t hymoc i t e s  con ta in ing  abou t  one mill ion cells per  ml;  
wi th  th is  suspens ion  were p repa red  th ree  groups  of cul ture  
tubes,  each  tube  con ta in ing  1.5 ml of cell suspens ion  and  

10,000 U of penicill in.  The  f irs t  g roup  was  kep t  as a con- 
trol ,  to  the  second group  was added  0.25 mg  per  t u b e  of 
R N A - I C  from an t i  guinea-pig  RBC serum,  and  to the  
tubes  of the  th i rd  group  was  added  the  same a m o u n t  of 
R N A - I C  p r e i n c u b a t e d  at  56°C for 30 min wi th  50 /*g of 
r ibonuclease  (Sigma). Af ter  48 h a t  37°C the  cul ture  
fluids were w i thd rawn ,  cen t r i fuged  a t  20,000 g for 60 min,  
and  used in t h e  sl ide h e m a g g l u t i n a t i o n  t e s t  and  in the  
i mmu n o f l u o re s cen t  t e s t  pe r fo rmed  by  the  usual  me thods* .  

d ntibody plaque/ormation test. T h y m u s  and  spleen cells 
ob ta ined  f rom t h e  ra t s  in jec ted  w i t h  RN A - IC  were sub-  
j ec ted  to the  a n t i b o d y  p laque  fo rma t ion  t e s t  according  to 
t he  t echn ique  of JERNE and  NORDINI~: screw-cap  tubes  
conta in ing  0.75% agar  were immersed  in boil ing wa te r  to 
m e l t  t he  agar  and  t h e n  cooled to  40°C, to  the  agar  were 
added  t h y m u s  and  spleen cells ob ta ined  as descr ibed  
above  (1 mill ion per  ml) and  guinea-pig  RBC (200 mil l ions 
pe r  ml) ; the  mi x t u r e  was s t i r red  and  poured  on to  a sup-  
po r t i ng  1.4% agar  b o t t o m  layer  in a pe t r i  d i sh  so as to  
form a th in ,  semisolid t op  layer ;  a f te r  i ncuba t ion  a t  37°C 
for 1 h th is  layer  was covered wi th  1.5 ml  of c o m p l e m e n t ;  
a fu r the r  incuba t ion  of 1 h revealed  several  clear  p laques  
of hemolysis .  Controls  were m a d e  w i t h  t h y m u s  and  spleen 
cells f rom norma l  ra t s  and  f rom ra t s  in jec ted  wi th  r ibo-  
nuc lease - t r ea t ed  RNA-IC .  A n t i b o d y  p laque  fo rma t ion  
t e s t s  were  made  also wi th  larger  f r agmen t s  of t h y m u s  and  
spleen col lected a f t e r  s epa ra t ion  of the  free cells : the  clear  

lz N. J. JERNE and A. A. NORDIN', Science ldO, 405 (1963). 

Table I. Number of hemolytic plaques per plate in the antibody plaque formation test with thymus and spleen cells from (i) control rats, 
(if) rats injected with RNA-IC from anti guinea-pig RBC serum and (iii) rats injected with ribonuelease treated RNA-IC 

h after Control rats Rats injected with RNA-IC Rats injected with ribo- 
injection (injected with saline) nuelease-treated RNA-IC 

Thymus Spleen Thymus Spleen Thymus Spleen 

24 0 1 37 ~ 6 3 0 
48 1 0 25 * 17 • 1 1 
72 0 2 8 42 ~ 0 1 

Highly significant (P < 0,01). These data represent the average of three experiments rounded to nearest number. 

Left: hemolytic area around a small frag- 
ment of thymus from rat injected with 
RNA-IC of anti guinea-pig RBC serum. 
Right: no hemolysis around a small frag- 
ment of thymus from rat injected with 
ribonuelease-treated RNA-IC. 
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Table II, Titers of anti-guinea-pig RBC antibodies in culture fluids of (i) normal rat thymoeites, (ii) thymocites treated with RNA-1C from 
anti guinea-pig serum and (iii) thymocites treated with RNA-IC preineubated with ribonuelease 

Titers Slide hemagglutination test  lmmunofluoreseence test 

Thymocites Thymocites Thymocites Thymocites Thymocites  Thymocites 
alone + RNA-IC + ribonuctease- alone + RNA-IC + ribonuclease- 

treated RNA-IC treated RNA-IC 

1:2 
1:4 
1:8 
1:16 
1:32 

+ + + +  - -  _ + + + +  
+ + + +  - -  _ + + + +  
+ + +  - -  _ + + + +  
t - -  - -  + + +  

p l aques  of hemolys i s  in  th i s  case were v e r y  large  a n d  
ev iden t .  

Results. T h y m u s  a n d  sp leen  cells of r a t s  in j ec ted  w i t h  
R N A - I C  f rom a n t i  gu inea-p ig  R B C  serum,  showed  severa l  
h e m o l y t i c  p l aques  in t h e  a n t i b o d y  p l a q u e  f o r m a t i o n  t e s t  
in  c o m p a r i s o n  w i t h  t h e  s a m e  cells  f rom n o r m a l  r a t s  or  
f rom r a t s  in j ec ted  w i t h  r i b o n u c l e a s e - t r e a t e d  RNA-IC .  The  
n u m b e r  of h e m o l y t i c  p l aques  was  g r ea t e r  in  t h e  t h y m u s  
t h a n  in  t h e  spleen of t h e  a n i m a l s  sacr i f iced 24 h a f t e r  
R N A - I C  in jec t ion ,  a b o u t  t h e  s ame  in t he  a n i m a l s  sacr i -  
ficed 48 h a f t e r  in jec t ion ,  a n d  g r ea t e r  in t he  spleen t h a n  in 
t h e  t h y m u s  of t h e  an i m a l s  sacr i f iced 72 h a f t e r w a r d s  
(Table  I). S imi l a r  resu l t s  were o b t a i n e d  w i t h  smal l  t h y m u s  
a n d  spleen f r a g m e n t s  (Figure  1). T he  cu l tu re  f luid of r a t  
t hymoc i t e s ,  wh ich  h a d  been  in c o n t a c t  for 48 h w i t h  
R N A - I C  f rom a n t i  gu inea -p ig  R B C  serum,  h a d  agg lu t i -  
n a t i n g  power  t o w a r d s  t he  s a m e  R B C  a t  a d i lu t ion  of 1 : 12, 
a n d  t h e  i m m u n o f l u o r e s c e n t  t e s t  g a v e  pos i t i ve  resu l t s  t i l l  a 
d i l u t i on  of  1 : 25. Cu l tu re  f luids  of n o r m a l  t h y m o c i t e s  or  of 
t h y m o c i t e s  w h i c h  h a d  been  for  48 h in  c o n t a c t  w i t h  r ibo-  
nuc l ea se - t r e a t ed  R N A - I C  gave  a lways  n e g a t i v e  r e su l t s  
(Table  I I ) .  

Conclusions. The  presence  in t he  s e r u m  of i m m u n i z e d  
an ima l s  of a R N A  car r ie r  of t he  a n t i b o d y  t e m p l a t e  
capab le  of e l ic i t ing a r ap id  a n t i b o d y  response  in v ivo  a n d  
in v i t ro  is conf i rmed .  The  p o i n t  of ac t ion  of th i s  R N A - I C  
is found  in the  l y m p h o i d  cells b o t h  in v ivo  a n d  in v i t ro .  
I n  the  a n i m a l s  in j ec ted  in v i v o  w i th  RNA- IC ,  specific 
a n t i b o d i e s  a p p e a r  r a p i d l y  in the  t h y m u s  a n d  r a p i d l y  dis-  
a p p e a r :  t h e  decrease  of  a n t i b o d y  p r o d u c t i o n  in t h e  t h y m u s  
co r r e sponds  to  a n  increase  in t h e  spleen.  

Riassunto. Nel siero di  an ima l i  i m m u n i z z a t i  6 p resen te  
u n  R N A  depos i t a r io  del  model lo  an t i co rpa l e  che& capace  
di  i n d u r r e  la fo rmaz ione  di a n t i c o r p i  in cellule l infoidi  nor-  
ma l l  in  v ivo  ed in v i t ro ,  s ia  di or igine  t imica  che  splenica .  
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S t u d i e s  o n  t h e  A c t i o n  o f  s o m e  E n z y m e s  o n  t h e  

C y s t  W a l l  o f  I s o l a t e d  M e t a c e r k a r i a e  1 f r o m  t h e  

L i v e r  F l u k e ,  Fasciola hepatica L .  2 

The  wal l  of t he  cys t  of Fasciola hepatica cons is t s  of an  
o u t e r  s t r o n g l y  eos inophi l ic  a n d  a n  i n n e r  weak ly  eos ino-  
phi l ic  l ayer  s. R e c e n t  s tud ies  4-* h a v e  revea led  t h a t  b o t h  
l ayers  a re  s u b d i v i d e d  i n to  t w o  s t r a t a .  T h u s  t h e  o u t e r  
l aye r  of  t h e  wal l  cons i s t s  of  a s p o n g y  p r o t e i n a c e o u s  a n d  
a n  i nne r  more  f ib rous  p r e d o m i n a n t l y  m u c o p o l y s a c c h a -  
r id ic  layer .  T h e  i n n e r  l aye r  of t h e  cys t  wal l  aga in  c o n t a i n s  
a n  o u t e r  m a i n l y  mucopo l y s accha r i d i c  l aye r  a n d  a n  i n n e r  
f ib rous  p r o t e i n a c e o u s  l aye r  poss ib ly  covered  b y  lipids.  
The  occur rence  of phenol ic  s u b s t a n c e s  l a t h e  cys t  wal l  h a s  
also been  p o i n t e d  o u t L  A t  e x c y s t m e n t  t he  y o u n g  f luke 
emerges  t h r o u g h  a n  o p e n i n g  in  t he  inne r  layer .  Th i s  ex-  
c y s t m e n t  is i n d u c e d  in v i t ro  b y  some  a d d e d  p r o t e o l y t i c  
e n z y m e s  b u t  also b y  e x t e r n a l  s y s t e m s  devo id  of  e n z y m e s  ~. 

As  some e n z y m e s  a c t  fa i r ly  specif ical ly  on  t h e i r  sub-  
s t ra tes ,  a series of e n z y m e s  of d i f fe ren t  o r ig in  a n d  w i t h  
d i f f e ren t  s u b s t r a t e  speci f ic i ty  were chosen  in t h e  follow- 
ing a n a l y t i c a l  s t u d y  of t h e  cys t  wall.  T he  effect  of t h e  

enzymic  ac t ion  was  s tud ied  w i t h  l ight  a n d  e lec t ron  
microscopy .  

Me tace rka r i ae  were o b t a i n e d  accord ing  to a m e t h o d  b y  
BORAY 8. T e n  of t h e m  were i n c u b a t e d  a t  38°C in smal l  
c h a m b e r s  c o n t a i n i n g  0.2 ml  of 0 . 1 M  p h o s p h a t e  buffer ,  
p H  7.0 or  0.01 M HCI, p H  2.0, t o g e t h e r  w i t h  0.2 m g  of the  
a c t i v e  e n z y m e s  l i s ted  in the  Table .  O t h e r s  were i n c u b a t e d  
w i t h o u t  a d d i t i o n  of  e n z y m e s  a n d  r ep re sen t ed  t he  con-  
trois.  Af te r  3 h of i n c u b a t i o n  t he  m e t a c e r k a r i a e  were  
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