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Fractionation of Staphylococcal Enterotoxin A by Isoelectric Focusing 

The isoelectric point of the antigenicalIy distinct 
staphylococcal enterotoxins A and C 2 was determined to 
be 6.8 and 7.0 respectively 1, o,. However, we observed that  
enterotoxin A was eluted from QAE-Sephadex with 
0.033 M ethylene diamine (pH 6.4), conditions under 
which enterotoxin C~ was till adsorbed (manuscript in 
preparation). This behaviour on ion-exchange chrom- 
atography suggested a pI  value for enterotoxin A appreci- 
ably greater than that  for enterotoxin C 2. The isoelectric 
point of enterotoxin A was re-examined in tile present 
study by the method of isoelectric focusing 3. 

Materials  and methods. Purified enterotoxin A was 
subjected to sodium dodecyl sulphate (SDS)-polyacryl- 
amide gel electrophoresis 4 and ultracentrifugation using a 
Spinco Model E. 

The electrofocusing apparatus (LKB 8102/400 ml) 
was used and the operation performed according to the 
instructions given by the manufacturer ~. The absorbance 
of fractions (3.5 ml) at 277 nm was determined using the 
Hitachi model 139 spectrophotometer and 1-cm ceils. 
The pH of the fractions was measured at 25~ with a 
Radiometer PHM 26 meter. When the electrode was 
standardized at the temperature of isoelectric focusing 
the pH of the fractions (at 4 ~ was increased by 0.46 pH 
unit. Fractions containing enterotoxin A were located 
and their titers determined by slide-gel double-diffusion 
tests 6. 

Ampholines were separated from the isoelectric 
focused components by Gel filtration through a column 
(2.5 • 95 cm) of Sephadex G-100. The eluted components 

Fig. 2. Sedimentation patter~l of enterotoxin A in Spinco Model E 
analytical centriIuge at concentration of 10 mg/ml in 0.075 sodium 
phosphate buffer pH 6.5. The picture was taken 96 min after reaching 
full speed of 56,000 rpm, at a bar angle of 60 ~ the temperature 
was 20~ 

Fig. 1. Sodium-dodecyl sulphate polyacrylamide gel electrophoresis 
of purified enterotoxin A. Protein was incubated in 1% SDS, 1% 
fl-ME and 4 M urea. 
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Fig. 3. Isoeleetric focusing of enterotoxin A. Electrofocusing was 
performed at 600V for 72 h with a pH 5-8 ampholyte system. 
Absorbance at 277 nm (O); doubling-dilution titer of toxin, (0); 
pH at 25 ~ ( �9  Insert : Immunodiffusion of isoelectric components 
wells 1,3,5; unfractionated enterotoxin A wells 2,4,6. 

Fig. 4. Isoelectric focusing and immunodiffusion of enterotoxin A. 
Electrofocusing was performed at 600V for 72 h with a pH 7-10 
ampholyte system. Doubling-dilution titer of toxin is plotted 
against the pH. a). Purified enterotoxin A. b) Reference enterotoxin 
A (A530P100). c) Focused components wells 1,3,5; unfraetionated 
enterotoxin A, wells 2,4,6. d) Focused components wells 7,9,11; 
unfraetionated enterotoxin A wells 8,10,12. 
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Fig. 5. Gel chromatography on Sephadex G-100 of enterotoxin A 
components separated by isoelectric focusing. Eleetrofoeused 
fractions with pI values of 6.78, 7.21, 7.60, 8.10, 8.30, and 8.60 were 
each pooled into separate tube and 10 ml of each fraction was 
chromatographed on a 2,5 • cm column on Sephadex G-100 and 
eluted with the equilibrating buffer (0.1 M Ammonium bicarbonate 
pH-8.1). The absorbance of fractions (3 ml) was measured at 277 mn 
and at 354 nm. Absorbance at 277 mn (O); absorbance at 254 nm (0); 
doubling-dilution titer of toxin (x). 

were checked for immunological  ac t iv i ty  by  gel - immuno-  
diffusion 6. 

Results  and discussion. Homogene i ty  of the  purif ied 
en te ro tox in  A prior  to  electrofocusing was shown by  
po lyacry lamide  gel e lectrophoresis  (Figure 1) and by  
u l t racen t r i fuga t ion  (Figure 2). 

Resul ts  of an electrofocusing expe r imen t  in t he  
r eg ion  be tween  p H  5-8 as shown in Figure 3 indica te  tile 
presence of 2 componen t s  w i th  pI  values of 6.78 and  7.21. 
An immunologica l ly  react ive  zone was also found at  the  
ca thode.  W h e n  tile same sample  was electrofocused in 
the  region be tween  p t I  7 and 10, four  componen t s  w i th  
pI  values of 7.60, 8.10, and  8.60 were d is t inguished  
(Figure 4 a). The componen t  p resen t  in greates t  concentra-  
t ion focused at  p H  8.10. All immunologica l ly  react ive  
zone, p r e sumab ly  consis t ing of the  pI  6.78 and 7.21 
componen t s  (Figure 3) was found at  the  anode. The value 
for the  t i t e r  was p ropor t iona l  to the  p ro te in  concentra-  
t ion  and  the  t i t e r  'peaks '  coincided wi th  m a x i m u m  
pro te in  concen t ra t ion  of the  fractions.  

In  gel c h r o m a t o g r a p h y  similar  elut ion volumes (elution 
vo lume/vo id  volume abou t  2.22) were ob ta ined  when  
the  en te ro tox in  A componen t s  separa ted  by  isoelectric 
focusing were e luted f rom Sephadex  G-100. A typica l  
elut ion p a t t e r n  ob ta ined  f rom gel c h r o m a t o g r a p h y  is 
shown ill Figure 5. 

F r o m  the  resul ts  p resen ted  above, it  seems ev ident  
t h a t  en te ro tox in  A is heterogeneous.  I t  is unl ikely t h a t  
th is  he te rogene i ty  could be due to the  p repara t ion  
since analysis  of reference en te ro tox in  A (A530P100) also 
revealed he te rogene i ty  and the  presence of a ma jor  
componen t  wi th  p I -8 .00  (Figure 4b). 

Al though  the  en te ro tox in  A fract ions differ ill charge as 
d e m o n s t r a t e d  by  isoelectric focusing t h e y  are ident ical  by  
serology and  have  appa ren t l y  ident ical  molecular  weights.  
The he te rogene i ty  could be due main ly  to di f ferent  
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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). 

1 D. A. ROWLEY, J. Immun. 64, 289 (1950). 
2 p. A. CAMPBELL and M. F. LA VIA, Proc. Soc. exp. Biol. Med. 724, 

571 (1'967). 
3 T. BEDNARIK and H. CAJTt{AMLOVA, Physiologia bohemoslov. 77, 

369 (1968). 
4 T. BEDNARIK and H. CAJTHAMLOVA, Physiologia bohemoslov. 21, 

317 (1972). 
5 H. R. WOLFE, S. NORTON, E. SPRINGER, IV[. GOODMAN and C. A. 

HERRICK, J. Immun. 64, 179 (1950). 
6 D. I~EILY and P. ABRAMOFF, J. Immun. 702, 1058 (1969). 
7 p. KANAKAMmKA and VR. MUTHUKKARUPPAN, Experientia 28, 
1225 (1972). 

8 F. A. FERREN, J. Flamed. Ass. 54, 434 (1967). 
9 R. J. TURNER, J.  exp. Zool. 183, 35 (1973). 


