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of t he  l y m p h o c y t e s  in  t h e  MLC are  f o u n d  in  t h e  t h i r d  
f ract ion.  Th i s  f r ac t i on  is composed  b y  t h e  r i bosomes  a n d  
t he  cell m e m b r a n e s .  

These  resu l t s  con f i rm  those  of o t h e r  a u t h o r s  w h o  h a v e  
found  t h a t  t r a n s p l a n t a t i o n  a n t i g e n s  are  in  t h e  r i b o s o m a l  
f rac t ion  9. The  a c t i v i t y  of t h e  nuc l ea r  f r a c t i o n  is nu l  in  
our  e x p e r i m e n t s .  I t  is poss ible  t h a t  i t  is due  to  t h e  f ac t  
t h a t  ou r  f r ac t i on  is purer ,  w h i c h  would  exp l a i n  t h e  
dif ference b e t w e e n  ou r  r e su l t s  a n d  those  of o t h e r s  t°. 

The  c h e m i c a l  n a t u r e  of t h e  s u b s t a n c e  r e spons ib l e  for  
the  t r a n s f o r m a t i o n  of t h e  l y m p h o c y t e s  in  t he  MLC is no t  

Antigenic activity of the various lymphocyte fractions 

3.1 A a 
1.6 A b + 
1.9 A b + 
6.5 A b + 
2.7 A b + 

B a 2.5 
Pellet B 600 g + B 2 
PelletB 17,000g + B b 2.2 
Pellet B 105,000 g + B b 2.1 
Supernatant + B b 2.5 

A + Bb: 12.5 
A + Be: 5.6 

d e t e r m i n e d  yet .  I t  is h o w e v e r  un l ike ly  t h a t  t h e  R N A  is 
i n v o l v e d  in  t h i s  k i n d  of reac t ion .  F u r t h e r  w o r k  in th i s  
l ine  is in  progress  n .  

Rdsumd. Les l y m p h o c y t e s  du  s ang  pgr iphgr ique  d ' u n  
su j e t  o n t  dtd f rac t ionnds .  Trois  f r ac t ions  o n t  dtd ob tenues .  
C h a q u e  f r ac t ion  a dtd cul t ivde  avec  les l y m p h o c y t e s  v i v a n t s  
d ' u n  a u t r e  i n d i v i d u  n o n  a p p a r e n t d  au  p remie r .  Le  pou r -  
c e n t a g e  des  cel lules t r a n s f o r m g e s  a gtg gvalud p o u r  c h a q u e  
cu l tu re .  Seule  la  f r a c t i o n  r i b o s o m a l e  d a n s  laquet le  se 
t r o u v e n t  d g a l e m e n t  les m e m b r a n e s  cel lulaires  e s t  ac t ive  
e t  d o n n e  u n  p o u r c e n t a g e  de t r a n s f o r m a t i o n s  c o m p a r a b l e  

celui  o b t e n u  l o r s q u ' o n  m e t  e n  c u l t u r e  d a n s  les mgmes  
cond i t i ons  les l y m p h o c y t e s ,  en t i e r s  e t  tugs  p a r  congdla t ion-  
ddcongdla t ion ,  qu i  o n t  se rv i  p o u r  la  p r g p a r a t i o n  des 
f rac t ions .  
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A and B 2 lymphocyte populations; the fractions from B are tested 
against the living lymphoeytes A. a 4 x 10 ~ cells/culture; b, 2 x 10 e 
cells/culture; c, killed cells. Numbers represent the percentage of 
transformed cells: mean value of 6 experiments. 
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The Inf luence of Bacterial  E n d o t o x i n  on  the For -  
mat ion  of A n t i b o d y - F o r m i n ~  Spleen  Cells  in 

Mice I m m u n i z e d  wi th  Sheep  Red Blood Cells  

I n  1956 JOHNSON, GAINES a n d  LANDY 1 r e p o r t e d  t h a t  
pur i f ied  l i popo lysaccha r ide  p r e p a r a t i o n s  f rom severa l  
g r a m - n e g a t i v e  bac t e r i a l  species are ab le  to  e n h a n c e  an t i -  
body  p r o d u c t i o n  to  p r o t e i n  a n t i g e n s  in r abb i t s .  Th i s  was  
r epea t ed ly  conf i rmed  b y  o t h e r  a u t h o r s  *. On t h e  o t h e r  
hand ,  t h e  s ame  l i popo lysaccha r ide  p r e p a r a t i o n s  were  
found  to  be  r e l a t i ve ly  inef fec t ive  in  gu inea-p igs  a n d  mice  i. 
~'inally, i t  h a s  b e e n  r e p o r t e d  t h a t  n e i t h e r  b a c t e r i a l  endo -  
toxins  no r  comple t e  F r e u n d ' s  a d j u v a n t s  i nduce  a d j u v a n t  
effects w i t h  p o l y s a c c h a r i d e  a n t i g e n s  s. T h a t  th i s  c a n n o t  
be cons idered  as a genera l  p r inc ip le  was  s h o w n  r ecen t ly  4 
for w h e n  a n  acce le ra ted  a n d  p r o l o n g a t e d  m u l t i p l i c a t i o n  
of a n t i b o d y - f o r m i n g  sp leen  cells b y  Bordetella pertussis  
in  mice  i m m u n i z e d  w i t h  sheep  red  b lood  cells (SRBC)  
Was found .  Th i s  p r o m p t e d  t h e  a u t h o r s  to  explore  w h e t h e r  
.Purified b a c t e r i a l  po lysaccha r ides  m i g h t  also be  ab le  to  
increase t he  n u m b e r  of a n t i b o d y - f o r m i n g  spleen cells to  
St~BC in mice  u n d e r  d i f f e ren t  e x p e r i m e n t a l  condi t ions .  
Por  the  q u a n t i t a t i v e  d e t e r m i n a t i o n  of p l a q u e - f o r m i n g  
Spleen cells, t h e  a g a r  t e c h n i q u e  as  desc r ibed  b y  JERNE 
et  al.s,e was  e m p l o y e d  4. As c o m p l e m e n t  gu inea -p ig  s e r u m  
Was used d i lu t ed  1 : 3 (v/v)  w i t h  phys io log ica l  sal ine.  F o r  
he e x p e r i m e n t s  ma le  a lb ino  mice  of t h e  i n b r e d  s t r a i n  
M R I / H a n .  were  used, 
I n  a p r e l i m i n a r y  f i rs t  i n v e s t i g a t i o n  60 mice  were  

d iv ided  in 4 groups .  T h e  15 mice  of g roup  I were  im-  
munized  b y  a n  i.p. i n j ec t i on  of  4 x 10 s S R B C  whi le  t h e  
15 mice  of g roup  I I  s i m u l t a n e o u s l y  w i t h  t h e  S R B C  
received a n  i.v. i n j e c t i o n  of 50 #g  of a commerc i a l l y  

ava i l ab le  e n d o t o x i n  f rom Serrat ia marcescens (Difco). T h e  
i m m u n i z a t i o n  schedu le  of t h e  a n i m a l s  of g roup  I I I  was  
t h e  same,  b u t  each  m o u s e  was  g i v e n  a n  i.v. i n j ec t i on  of 
100 p g  of e n d o t o x i n  f rom S. marcescens. Fina l ly ,  t h e  15 
mice  of g roup  I V  rece ived  -only a n  i.v. i n j e c t i o n  of 100 pg  
of e n d o t o x i n  f rom S. marcescens. T h r e e  mice  o u t  of e ach  
group,  respec t ive ly ,  were  sacr i f iced  a t  va r ious  i n t e r v a l s  
a f t e r  i m m u n i z a t i o n  a n d  t h e i r  sp leens  r e m o v e d  asep t ic -  
ally.  The  resu l t s  p r e s e n t e d  in T a b l e  I show t h a t  e n d o t o x i n  
effects  a n  acce le ra ted  f o r m a t i o n  of p l a q u e - f o r m i n g  sp leen  
cells. B u t  t h e  n u m b e r  of c o m p e t e n t  cells was  n o t  in-  
creased.  O n  t h e  o t h e r  h a n d ,  t h e  s h a r p  decrease  of p l aque -  
f o r m i n g  sp leen  cells b e t w e e n  t h e  7 th  a n d  14 th  d a y  a f t e r  
i m m u n i z a t i o n  was de layed  in t h e  e n d o t o x i n - t r e a t e d  mice.  
F u r t h e r m o r e ,  i t  c an  b e  seen in  Tab le  I, too,  t h a t  a n  endo-  
t o x i n  dose of 100/~g effected on ly  a m i n u t e  p ro l i f e ra t ion  
of h e m o l y s i n - f o r m i n g  sp leen  cells. I n  o rde r  to  i n v e s t i g a t e  
t h e  a d j u v a n t  effect  of pur i f ied  I ipopo lysacchar ide  f rom 
S. marcescens ove r  a longer  per iod  of t i m e  a n d  b y  use  of 
g r ea t e r  n u m b e r s  of mice,  a second e x p e r i m e n t  was  u n d e r -  
t aken .  A col lec t ive  g roup  of 100 ma le  N M R I - m i c e  was  
d iv ided  i n to  2 groups.  T h e  an ima l s  of g roup  I rece ived  
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o n l y  a n  i .p.  i n j e c t i o n  o f  4 × 108 S R B C ,  w h i l e  t h e  50 m i c e  
o f  g r o u p  I I  i m m u n i z e d  in  t h e  s a m e  m a n n e r  s i m u l t a n e o u s l y  
w e r e  g i v e n  a n  i .v .  i n j e c t i o n  o f  50 # g  e n d o t o x i n  f r o m  S.  
marcescens. S i x  m i c e  o u t  of  b o t h  g r o u p s ,  r e s p e c t i v e l y ,  
w e r e  s a c r i f i c e d  a t  v a r i o u s  i n t e r v a l s  a f t e r  i m m u n i z a t i o n  
a n d  t h e  a s e p t i c a l l y  r e m o v e d  s p l e e n s  i n v e s t i g a t e d .  T h e  

Table I. Effect of endotoxin from S. marcescens on the formation of 
plaque-forming spleen cells in mice immunized by SRBC 

Interval No. of mice in the Average No. of plaque-forufing 
after groups • cells/10 ~ spleen cells in the 
imm uniza- groups 
tion 

I II III IV I II III IV 

2 days 3 3 3 3 49.6 130 139.5 8.2 
3 days 3 3 3 3 1659.7 1883.2 1075.4 15.2 
7 days 3 3 3 3 640.3 698.4 671.8 3.2 

14 days 3 3 3 3 76.2 436.7 325 3.1 

• Immunizat ion schedule: group I: 4 x 10 s SRBC i.p.; group II:  
4 x 10 s SRBC i.p. + 50txg endotoxin i.v.; group III :  4 x 10 B SRBC 
i.p. + 100/tg endotoxin i.v.; group IV: 100/~g endotoxin i.v. 

Table II. The st imulat ing effect of endotoxin from S. marcescens on 
the formation of antibody-forming spleen cells in mice immunized 

by SRBC 

Interval after No, of mice in the Average No. of plaque- 
immunization groups:" forming cells/106 spleen 

cells in the groups : 

I II  I II 

2 days 6 6 52 285 
4 days 6 6 1964 1655 
7 days 6 6 207 200 

14 days 6 6 130 308.8 
21 days 6 6 73.1 130.9 
30 days 6 6 19.6 34.4 
38 days 6 6 23.7 19.9 

Immunizat ion schedule: group I: 4 x 10 s SRBC i.p.; group II :  
4 x 108 SRBC i.p. + 50/2g endotoxin i.v. 

Table III. The st imulating effect of endotoxin from S. marcescens on 
low numbers  of pre-existing antibody-forming splecn ceils 

Interval No. of mice in the Average No. of plaque-form- 
after im- groups:~ ing cells/lO 6 spleens cells in 
munization the groups : 

I II IlK I Ii  1II 

r e s u l t s  p r e s e n t e d  in  T a b l e  I I  s h o w  s i m i l a r l y  t o  t h o s e  
s u m m a r i z e d  i n  T a b l e  I t h a t  t h e  p r o l i f e r a t i o n  of  p l a q u e -  
f o r m i n g  s p l e e n  cel ls  w a s  a c c e l e r a t e d  in  t h e  e n d o t o x i n -  
t r e a t e d  mice ,  b u t  n o  i n c r e a s e  in  t h e  n u m b e r  o f  c o m p e t e n t  
s p l e e n  cel ls  c o u l d  be  n o t e d .  O n  t h e  o t h e r  h a n d ,  a d e l a y e d  
d e c r e a s e  o f  p l a q u e - f o r m i n g  cel ls  b e t w e e n  t h e  i n t e r v a l  
f r o m  t h e  7 t h  a n d  3 0 t h  d a y  a f t e r  i m m u n i z a t i o n  i n  e n d o -  
t o x i n - t r e a t e d  m i c e  w a s  n o t e d .  T h e s e  f i n d i n g s  a r e  n o t  in  
c o m p l e t e  a g r e e m e n t  w i t h  t h o s e  f r o m  FREEDMAN, NAKANO 
a n d  BRAUN~, w h o  r e p o r t e d  t h a t  h e m o l y s i n - f o r m i n g  cel ls  
i n c r e a s e  f o l l o w i n g  e n d o t o x i n  i n j e c t i o n .  

I t  h a s  b e e n  r e p o r t e d ,  too ,  t h a t  e n d o t o x i n s  c a n  i n c r e a s e  
p r e - e x i s t i n g  l ow  l eve l s  of  spec i f i c  a n t i b o d i e s .  T h i s  e f f e c t  
is  s a id  t o  b e  d e m o n s t r a t e d  if e n d o t o x i n  is i n j e c t e d  w i t h o u t  
a n t i g e n  s-10. T h u s  a t h i r d  e x p e r i m e n t  w a s  p e r f o r m e d  u s i n g  
100 m a l e  N M R I - m i c e  i m m u n i z e d  b y  a n  i .p.  i n j e c t i o n  o f  
4 x  10 s S R B C .  19 a n d  31 d a y s  a f t e r  i m m u n i z a t i o n ,  
r e s p e c t i v e l y ,  4 m i c e  w e r e  s a c r i f i c e d  a n d  f r o m  t h e i r  re-  
m o v e d  s p l e e n s  t h e  n u m b e r s  o f  h e m o l y s i n - p r o d u c i n g  cel ls  
d e t e r m i n e d  u s i n g  3 p l a t e s  p e r  s p l e e n .  T h e  a v e r a g e  
n u m b e r s  of  p l a q u e - f o r m i n g  s p l e e n  cel ls  f o u n d  a t  t h e  1 9 t h  
a n d  31s t  d a y  a f t e r  i m m u n i z a t i o n  w e r e  46 ,4  a n d  14. A t  
t h e  31s t  d a y  a f t e r  t h e  i n i t i a l  i m m u n i z a t i o n ,  t h e  m i c e  w e r e  
d i v i d e d  in  3 g r o u p s .  W h i l e  t h e  m i c e  of  g r o u p  I r e c e i v e d  
n o  s e c o n d  a n t i g e n  i n j e c t i o n ,  t h e  a n i m a l s  o f  g r o u p  I I  
w e r e  g i v e n  a n  i .p.  b o o s t e r  i n j e c t i o n  (4 × 10 s S R B C ) . T h e  
m i c e  of  g r o u p  I I I  w e r e  i .v .  i n j e c t e d  w i t h  5 0 / , g  e n d o t o x i n  
f r o m  S. marcescens w i t h o u t  a n t i g e n .  A t  v a r i o u s  i n t e r v a l s  
a f t e r  t h i s  t r e a t m e n t ,  m i c e  o u t  of  e a c h  g r o u p  w e r e  s ac r i -  
f i ced  a n d  f r o m  t h e i r  r e m o v e d  s p l e e n s  t h e  n u m b e r s  o f  
h e m o l y s i n - p r o d u c i n g  s p l e e n  cel ls  p e r  m i l l i o n  p l a t e d  s p l e e n  
cel ls  d e t e r m i n e d .  T h e  r e s u l t s  of  t h i s  e x p e r i m e n t  - s u m -  
m a r i z e d  in  T a b l e  I I I -  s h o w ,  i n d e e d ,  t h a t  b a c t e r i a l  e n d o -  
t o x i n  c a n  e f f ec t  a s h o r t - t e r m  a n d  m o d e r a t e  p r o l i f e r a t i o n  
o f  p r e - e x i s t i n g  low n u m b e r s  o f  a n t i b o d y - f o r m i n g  s p l e e n  
cells .  F u r t h e r  e x p e r i m e n t s  i n d i c a t e  s u c h  e f f e c t s  c a n  be  
a s  wel l  p r o d u c e d  b y  i .p .  i n j e c t i o n  of  p e r t u s s i s  o r g a n i s m s  
a s  b y  i .p .  i n j e c t e d  i n c o m p l e t e  a n d  c o m p l e t e  F r e u n d ' s  
a d j u v a n t  n .  

Zusammen/assung.  E s  w i r d  b e r i c h t e t ,  d a s s  d ie  s i m u l t a n e  
i .v .  I n j e k t i o n  y o n  Serratia marcescens-Endotoxin m i t  i .p.  
v e r a b f o l g t e n  S c h a f b l u t e r y t h r o c y t e n  be i  w e i s s e n  M i i u s e n  
zu  e i n e r  b e s c h l e u n i g t e n  B i l d u n g  h ~ t m o l y s i n b i l d e n d e r  
Mi lzze l l en  und zu  e i n e m  v e r z 6 g e r t e m  A b f a l l  d i e s e r  k o m -  
p e t e n t e n  Ze l l en  z w i s c h e n  d e m  7. u n d  30. T a g e  n a c h  d e r  
Immunis i e rung  f f ih r t .  E i n e  e c h t e  Vermehrung  p l a q t l e -  
b i l d e n d e r  Mi l zze l l en  w u r d e  j e d o c h  n i c h t  g e f u n d e n .  W e i -  
t e r h i n  l iess  s i ch  ze igen ,  d a s s  d ie  a l l e i n ige  i .v .  I n j e k t i o n  
v o n  b a k t e r i e l l e m  L i p o p o l y s a c c h a r i d  e ine  m / i s s i g e  P r o -  
l i f e r a t i o n  v o n  in  g e r i n g e r  Z a h l  v o r h a n d e n e n  a n t i k 6 r p e r -  
b i l d e n d e n  Mi l zze l l en  b e w i r k t .  
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1 day 4 4 4 6 5,9 8.5 
2 days 6 7 7 14.7 153.6 33.5 
4 days 6 7 7 12.4 1803.8 41.8 
7 days 4 7 7 14.2 148.8 21.3 

10 clays 4 4 4 8.4 85.6 27 

• At first all animals were immunized by an i.p. injection of 4 x 108 
SRBC. 31 days later the mice of group II were injected with a 
second antigen dose of 4 x 108 SRBC while the mice of group III 
received an i.v. injection of 50/~g endotoxin from S. marcescens. The 
udce of group 1 were not  treated at day 31. 
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