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a m o u n t s  of amide  groups  t h a t  can  a l te r  the  ne t  charge  of 
t he  p ro t e in  molecule.  

SPERO et  al. 7 h a v e  shown  t h a t  pa r t i a l  d e a m i d a t i o n  
was respons ib le  for t he  mul t ip le  fo rms  of e n t e r o t o x i n  B. 
If  th i s  e x p l a n a t i o n  is app l icab le  to  e n t e r o t o x i n  A, t h e  p I  
8.60 c o m p o n e n t  would  co r respond  to t he  mos t  ful ly  
a m i d a t e d  molecule ;  th i s  would be  c o n v e r t e d  to t he  more  
acid f rac t ions  of t he  t o x i n  b y  deamida t ion .  

The  a p p a r e n t  d i sc repancy  in t i le p I  va lue  found  b y  
CHu et  al. 1 for e n t e r o t o x i n  A (pi-6.8) and  in the  resu l t s  
ob t a ined  in th i s  l a b o r a t o r y  (pI-8.1 m a j o r  peak)  can  be  
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exp la ined  b y  a s suming  t h a t  t h e  more  basic  c o m p o n e n t s  
were n o t  e lu ted  off t h e  CM-cellulose co lumn  used for t he  
pur i f i ca t ion  of e n t e r o t o x i n  A b y  CHO et  al. 1. 

Whi le  t h i s  work  was in progress  SCHANTZ et  al. 8 
r epo r t ed  h e t e r o g e n e i t y  of e n t e r o t o x i n  A f rom S. aureus 
s t r a i n  13N-2909. B y  isoelectr ic  focusing t h e y  sepa ra t ed  
4 c o m p o n e n t s  w i t h  p I  va lues  of 6.64, 7.26, 7.68, an d  8.10 
(at  4 ~ The  c o m p o n e n t  p re sen t  in g rea tes t  c o n c e n t r a t i o n  
focused a t  p H  7.26. 

Rdsumd. L ' e n t 6 r o t o x i n e  A a 6t6 divis6e en  six compo-  
san ts  p a r  focal isa t ion iso61ectrique. Les po in t s  iso61ec- 
t r iques  (pI) v a r i a i e n t  en t re  6.78 et  8.60 ~ 25C; le compo-  
s an t  p r 6 d o m i n a n t  se focal isai t  X u n  p H  de 8.10. Les 
carac t6r i s t iques  immuno log iques  et  le poids  mol6culai re  
des 6 c o m p o s a n t s  fu ren t  ident iques .  
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Effects of Splenectomy on Amphibian Antibody Responses 

I n  mammaIs ,  sp l enec tomy  has  r epea t ed ly  been  shown  
to  i m p a i r  a n t i b o d y  responses  to  va r ious  an t igens ,  pa r t i c -  
u l a r ly  those  i n t r o d u c e d  in to  t he  c i rcu la t ion  1-~. S imi la r  
effects h a v e  been  obse rved  in b i rds  5,6 and  in repti les% 
Conversely,  sp lenec tomized  te leosts  (Lut/anus griseus) 
a n d  sha rks  (Ginglymostoma cirratum a n d  Negaprion 
brevirostris) h a v e  p roduced  an t ibod ie s  in  t i t r e s  c o m p a r a b l e  
w i t h  i n t a c t  an imals ,  i r respec t ive  of t he  rou te  of an t i g en  
a d m i n i s t r a t i o n  s , whi l s t  good a n t i b o d y  p r o d u c t i o n  to  
b o t h  soluble  and  p a r t i c u l a t e  c i rcu la t ing  an t igens  has  been  
d e m o n s t r a t e d  in sp l enec tomized  a m p h i b i a n s  (Xenopus 
laevis) 9. There  is t h u s  some i n d i c a t i o n  t h a t  ex t ra - sp len ic  
si tes p l a y  a more  s ign i f ican t  immuno log i ca l  role in  t h e  
lower v e r t e b r a t e s  t h a n  in the  amnio tes .  I n f o r m a t i o n  oil 
t he  po ik i l o the rmic  species is r e l a t ive ly  sparse  a t  p resen t ,  
however ,  and  re s t r i c t ed  to  a few an t igens .  

The  p re sen t  s t u d y  is des igned  to i n v es t i g a t e  f u r t h e r  the  
i m m u n e  capabi l i t i es  of sp lenec tomized  Xenopus, a n d  to  
e s t ab l i sh  w h e t h e r  t h e i r  ab i l i t y  to  elicit  a response  depends  
on t h e  an t i g en  p resen ted .  A complex  an t igen ,  whole  
h u m a n  se rum (WHS),  has  been  used as a c o n v e n i e n t  
m e a n s  of t e s t i n g  t h e  an ima l s '  ab i l i ty  to  r e s p o n d  to  a 
v a r i e t y  of p ro t e in  an t igens .  

Materials and methods. Xenopus used in these  exper i -  
m e n t s  were all m a t u r e  a d u l t  males  weighing  b e t w een  33 
a n d  65 g. T h e y  were m a i n t a i n e d  in t a p  w a t e r  a t  20 ~ a n d  
fed weekly  on  minced  mea t .  Sp lenec tomies  were pe r fo rmed  
as descr ibed p rev ious ly  9. Sh am-s p l en ec t o mi zed  an i ma l s  
were sub jec ted  to  t h e  same  ope ra t i ve  t r a u m a  as t h e  
sp lenec tomized  group,  b u t  l eav ing  t h e  spleen in tac t .  All  
an ima l s  were i m m u n i z e d  6 days  a f te r  t h e  opera t ion .  

A n t i g en  consis ted  of 10 m g / m l  f reeze-dr ied W H S  
(Hyland ,  California) in  saline,  emuls i f ied  w i t h  a n  equa l  
vo lume  of F r e u n d ' s  comple te  a d j u v a n t  (Difco, Det ro i t ) .  
This  emuls ion  was in jec ted  in to  t h e  dorsa l  l y m p h  sac a t  a 
r a t e  of 5 ~l/g b o d y  weight .  

Toads  were d iv ided  in to  3 groups,  each  cons i s t ing  q~ 
3 sp lenec tomized  a n d  3 s h a m - o p e r a t e d  animals .  Those  of 
groups  I an d  I I  were g iven  a single in j ec t ion  of an t i gen  
an d  ki l led a t  week  4 an d  week  8 r e spec t ive ly ;  g roup  I I I  
was g iven  a second in j ec t ion  a t  week  4 a n d  kil led a t  week  8. 
Blood was col lected f rom t h e  hea r t ,  a l lowed to clot,  a n d  

Double diffusion in agar gel, demonstrating similar antigen per- 
sistence in the sera of intact and splenectomized toads at 4 weeks 
after injection of whole human serum (WHS). Central well, 1:5 
anti-WHS produced in goat; well 1, HGG (1 mg/ml); well 2, HSA 
(1 mg/ml); wells 3 and 4, experimental sera from spleneetomized 
toads; wells 5 and 6, experimental sera from sham-operated toads. 
All 4 experimental sera have a single line of persisting antigen 
which shows identity with HSA (but no identity with HGG). 
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Anti-HGG titres (--log2) of sham-operated versus spleneetomized Xenopus immunized with whole human serum 
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Group I (1~ week 4) Group II  (1~ week 8) Group I I I  (2~ week 8) 

Sham Splenectomized Sham Splenectomized Sham Splenectomized 

Tota l  an t ibody  10, 14, 10 8, 7, 10 8, I1, 10 12, 13, 13 12, 13, 10 7, 12, 8 
M E R a n t i b o d y  - ,  4, - , , - ,  6, 6 7, 8, 6 9, 7, 5 - ,  8 , -  

the serum decomplemellted at 56~ for 30 min. Sple- 
nectomized toads were examined at the time of sacrifice 
for signs of splenic regeneration. Only in one case did 
regeneration occur, and the resultant splenule was small 
(4.6 rag). 

Using the technique of double diffusion in agar gel, 
fresh serunl samples were tested against undiluted and 
1:5 W H S  or ant i -WHS (Hyland, California) produced 
in goats, to demonstrate precipitating antibodies and 
persistence of antigen respectively. Precipitin responses 
were further examined by immunoelectrophoresis as 
previously described ~0. Ant i -HGG antibody titres were 
estimated using a passive haemagglutination technique: 
two-fold serial dilutions of serum were tested against a 
suspension of tanned sheep erythrocytes (SIRBC) coated 
with 0.1% HGGll .  Sera treated with 2-mercaptoethanol 
(0.t M) were incubated for 1 h at 37 ~ before titrating. 

Results. Antigen persistence. In all 6 Xenopus (sple- 
nectomized and sham-operated) examined at 4 weeks after 
immunization (group I), a single line of persisting antigen 
could be detected, which showed identity with human 
albumin (HSA, Figure). No other components of human 
serum remained in the circulation in this way. At 8 weeks 
after immunization (group II), the albumin component 
also had been cleared, all 6 animals of this group being 
negative for persisting antigen. In the group which had 
received a second injection of antigen (group III),  
results were again similar between splenectomized and 
sham-operated toads: 2 out of 3 splenectomized animals 
versus i out of 3 controls showed persisting albumin. 

Antibody production. In toads examined 4 weeks after 
primary injection of antigen, neither splenectomized nor 
sham-operated animals showed precipitating antibodies. 
By week 8, however, both were showing precipitins to a 
number of human serum components. In the primary 
series (group II), immulloelectrophoretic analysis showed 
a similar intensity and spectrum of response in sple- 
nectomized and control toads, the most readily detectable 
antibodies being those directed against human serum 
components with slow electrophoretie mobility, just on 
the anode side of the origin (see MANNING and TURNER1~ 
Splenectomized animals given a secondary injection 
(group III)  showed precipitins of similar r ange  and 
intensity to those in group II  animals, but a wider spectrum 
of response was seen in 2 of the 3 control toads of this 
secondary series. 
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BEDNARIK and CAJTHAMLOVA ~ have shown that  in 
rabbits immunized with heterologous serum proteins, the 
antibody response most impaired in the splenectomized 
animal is that  directed against the immunoglobulin 
fraction. In the present experiments, splenectomized 
Xenopus immunized with whole human serum showed 
slightly poorer anti-human immunoglobulin (HGG) titres 
in 2 of the 3 groups examined, but  in the remaining 
group (group II), titres were somewhat higher than 
sham-operated controls (Table). Comparison of total  anti- 
HGG titres with titres of mercaptoethanol-resistant 
(MER) antibody showed a significant proportion of 
antibody in all groups (and particularly in those examined 
at 4 weeks) to be of the mercaptoethanol-sensitive (MES) 
type. This MES antibody in Xenopus appears to belong to 
the same immunoglobulin class (IgM) as the 19S anti- 
bodies of mammals 1~. Its presence in splenectomized 
Xenopus contrasts with the findings of PIERCX 18 and 
BOREK et al.~% where spleenless mammals failed to 
elicit antibody of the 19S type. 

Discussion. The present work has shown removal of the 
spleen in the amphibian to have had comparatively 
little effect on its ability to respond to circulating 
antigens, either in terms of antigen clearance or antibody 
production. Since Xenopus fail to respond consistently to 
protein antigens administered in saline 1~ all injections 
were made using adjuvant,  and the latter may have 
stimulated the involvement of primitive lymphoid tissues 
present in organs such as the kidney and liver. Previous 
studies on this species using particulate antigens (SRBC) - 
which do elicit a response in the absence of adjuvant  - 
have also shown comparable titres in intact and splenec- 
tomized animals 9 but only to high doses of antigen, and 
recent work from this laboratory has demonstrated an 
inferior response to low doses of SRBC following sple- 
nectomylK Similarly with threshold doses of protein 
antigen (in adjuvant), splenectomized toads are unable to 
respond as well as intact controls 15. Extra-splenic sites in 
the amphibian are thus competent to respond to both 
soluble and particulate antigens in the circulation, but 
lack the efficiency of the spleen in dealing with small 
amounts. 

Rdsumd. La liquidation des antig6nes et la production 
des pr6cipitines et des macroglobulines ~ la suite de 
l ' injection de s6rum humain complet (m4lang6 ~ de 
l 'adjuvant  de Freund) ont 6t6 semblables chez les 
Xenopus laevis intacts et ceux qui avaient subi une 
splgnectomie. Les r6sultats sugg6rent qu'au stade 
amphibie, les zones extra-spl6niques jouent un r61e 
important darts les r~actions aux antig~nes en circulation. 
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