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I M M U N O G E N I C I T Y  A N D  T H Y M U S - D E P E N D E N C E  OF 

C l o s t r i d i u m  p e r f r i n g e n s  a - T O X O I D  

R.  V.  P e t r o v , *  G.  F .  S h e m a n o v a ,  
E D K a v e r z n e v a ,  V .  L K i s s e l '  

t 

E.  I .  P a n t e l e e v ,  L .  N. D m i t r i e v a ,  
a n d  T .  B.  R u d n e v a  

POLYMERIZED 

UDC 615.372: 576.851.555/.015.4:612.438 

By condensing the a - toxo id  of C los t r id ium perf r ingens  type A with glutaraldehyde a po lymer  
of the ~-toxoid with molecu la r  weight 450,000-600,000 was obtained. Exper iments  on guinea 
pigs showed that  the immunogenic i ty  Of both the monomer  and the po lymer  of the a - toxoid ,  
when used in the adsorbed f o r m  is p rac t i ca l ly  identical.  On immunizat ion with unadsorbed 
antigens the p r i m a r y  r e sponse  to the po lymer  was 3 t imes  g r e a t e r  than the immune response  
to the monomer .  Po lymer iza t ion  of the a - toxo id  did not change its thymus dependence. 

KEY WORDS: ~- toxoid;  po lymer ;  immunogenici ty;  thymus dependence 

A cent ra l  place in the p rob lem of the prevent ion of gas gangrene caused by Clos t r id ium per f r ingens  type 
A is occupied by the development  of methods of obtaining highly immunogenic toxoid p repa ra t ions .  There  a r e  
r epor t s  in the l i t e ra tu re  that the immunogenic p rope r t i e s  of the natural  antigens of aggregat ions  of molecules  
can be enhanced by the i r  covalent-bonding by chemica l  br idges  [4, 8-10]. One method of po lymer iz ing  prote ins  
is by condensing them with glutaraldehyde.  

The object of this invest igat ion was to obtain a po lymer  of the ~-toxoid of C1. per f r ingens  by using 
glutaraldehyde and to study its p roper t i e s .  

EXPERIMENTAL METHOD 

The a- toxoid  was obtained by detoxication of the pr incipal  isocomponent  of the a - tox in  of C1. per f r ingens  
type A s t ra in  BR6K No. 28. The toxin was concentra ted by precipi ta t ion at the i soe lec t r i c  point with inc reased  
ionic s t rength of the cul ture  fluid and fract ionated by the batch method on DEAE-cel lu lose ,  equil ibrated in 
0.005 M KH2PO 4 solution [I]. Under these  conditions the pr inc ipa l  component  of the a - tox in ,  accounting for  
95% of the total  act ivi ty  of the a - tox in  in the cul ture  fluid, p o s s e s s e s  negative adsorpt ion.  The a - tox in  was 
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Fig .  1. F r a c t i o n a t i o n  of p o l y m e r  of CI.  
p e r f r i n g e n s  a - t o x o i d  on c o l u m n  with 
S e p h a r o s e  6B. A b s c i s s a :  a) v o l u m e  of  
f r a c t i o n  (in mg);  b) m o l e c u l a r  weight  of 
p o l y m e r i z e d  p r o t e i n  (in log);  o r d i n a t e ,  
p r o t e i n  con ten t  d e t e r m i n e d  on s p e c t r o -  
p h o t o m e t e r  f r o m  E280 nm;  1) p r o t e i n  c o n -  
t en t ;  2) zone o f  a c t i v i t y  of toxo id .  

d e t e x i c a t e d  by I to ' s  me thod  [7]. The  r e s u l t i n g  toxo id  was f r e e d  f r o m  f o r m a l d e h y d e  by p r e c i p i t a t i o n  at  pH 3 .5 -  
3.8 in m e d i u m  con ta in ing  20% NaCt.  The  toxoid  was p o l y m e r i z e d  in 0.01 M a c e t a t e  bu f fe r ,  pH 8.0,  with a p r o -  
t e in  c o n c e n t r a t i o n  of 10 m g / m l .  To the s o l u t i o n  o f  toxo id  at r o o m  t e m p e r a t u r e  a 2.5% s o l u t i o n  of g l u t a r a l d e h y d e  
was  added  d rop  by d r o p ,  with c o n s t a n t  mix ing ,  un t i l  the  r a t i o  of toxo id  to g l u t a r a l d e h y d e  was  1 : 50. The  p o l y -  
m e r i z a t i o n  r e a c t i o n  took  p l a c e  for  1 h. The  r e s u l t i n g  p o l y m e r  was  c h r o m a t o g r a p h e d  on a co lumn  (60 • 1.9 cm) 
with S e p h a r o s e  6B in 0.01 M a c e t a t e  bu f fe r ,  pH 8.0.  The  c o l u m n  was c a l i b r a t e d  by  m a c r o i m m u n o g l o b u l i n  
( m o l e c u l a r  weight  900,000) and human  s e r u m  a l b u m i n  ( m o l e c u l a r  weight  69,000).  

The  i m m u n o g e n i c i t y  of the  m o n o m e r  and p o l y m e r  of  C1. p e r f r i n g e n s  toxo id  was s tud ied  in i m m u n i z a t i o n  
e x p e r i m e n t s  with i n b r e d  m i c e  and guinea  p igs .  Guinea  p igs  weigh ing  250-300 g w e r e  i m m u n i z e d  in g r o u p s  of  
8 -10  a n i m a l s  by two subcu t aneous  i n j e c t i o n s ,  a t  an i n t e r v a l  of  35 d a y s ,  of the p r e p a r a t i o n s ,  a d s o r b e d  on a l u m i -  
num h y d r o x i d e ,  in d o s e s  of 10 and 5 f ixa t ion  uni ts  (f.u.) c o n s e c u t i v e l y .  Blood  was t a k e n  on the 30th day a f t e r  
the  f i r s t  i n j e c t i o n  of the  p r e p a r a t i o n  and on the 12th day  a f t e r  the  s econd  in j ec t i on .  When u n a d s o r b e d  an t igens  
w e r e  u s e d ,  the  s e c o n d  i n j e c t i o n  was g iven  a f t e r  30 days .  The an t ibody  l e v e l  was d e t e r m i n e d  by the  tox in  neu -  
t r a l i z a t i o n  t e s t .  Mice  we re  i m m u n i z e d  with 2 f.u. toxo id  s u b c u t a n e o u s l y ,  as  2 i n j e c t i ons  at  an i n t e r v a l  of  30 
d a y s .  Blood was  t aken  on the 20th and 30th days  a f t e r  the  f i r s t  i n j ec t i on  of the  p r e p a r a t i o n  and on the  10th day 
a f t e r  the  s e c o n d  i n j ec t i on .  

The  b lood an t ibody  l eve l  of the  i n b r e d  m i c e  was d e t e r m i n e d  by the  p a s s i v e  h e m a g g l u t i n a t i o n  t e s t  (PHT) 

in b lood  s e r a  f r o m  each  m o u s e  (0 .05-0 .025 ml) hea t ed  to 56~ for  30 rain.  F o r m a l i n i z e d ,  t a nn in i z e d  s h e e p ' s  r e d  
c e l l s ,  s e n s i t i z e d  with h igh ly  p u r i f i e d  C1. p e r f r i n g e n s  toxo id ,  w e r e  u sed  as  the  d i a g n o s t i c  agent .  The f o r m a l i n -  
i z e d  r e d  c e l l s  w e r e  o b t a i n e d  by the me thod  of C s i s m a s  [5], t hey  w e r e  t r e a t e d  with t ann in  for  10 min at  r o o m  
t e m p e r a t u r e ,  and s e n s i t i z e d  fo r  18-20 h at  37~ us ing  a s e n s i t i z i n g  dose  of  5 - 7  f.u. toxo id  to 1 ml  of a 2.5% 
s u s p e n s i o n  of r ed  c e l l s .  The  an t ibody  l i t e r  was e x p r e s s e d  a t - l o g  2 of t he  l a s t  d i lu t ion  of s e r u m  to g ive  a p o s i -  
t i ve  r e a c t i o n .  

The  t h y m u s l d e p e n d e n c e  of the  a n t i g e n s  was s t ud i e d  on t h y m e c t o m i z e d  (CBA x C57BL/6)F~ m i c e .  T h e s e  
a n i m a l s  w e r e  i r r a d i a t e d  with 7 r a y s  in a d o s e  of  850 R and w e r e  g iven  an in j ec t ion  of  s y n g e n e i c  bone m a r r o w  
(B mice ) .  B e f o r e  i m m u n i z a t i o n ,  s o m e  of  t h e s e  B m i c e  a l so  r e c e i v e d  s y n g e n e i e  T c e l l s  (B + T mice ) .  

EXPERIMENTAL R E S U L T S  

The polymer of CI. perfringens a-toxoid, obtained by condensation of the monomer with molecular weight 
50,000, was fractionated on a column with Sepharose 6B. The results are given in Fig. i. 

During preparation of the antigen polymer (Fig. I) a process of selective polymerization took place: 
Proteins withmoleeular weight 450,000-600,000 possessed the properties of the a-toxoid. Impurities accom- 
panying the o~-toxoid were polymerized into products with molecular weight I00,000-450,000. The resulting 
polymer of the cx-toxoid gave one precipitation zone in agar with hyperimmune antiperfringens serum. The 
yiel0 of the polymer was about 90% and the specific activity up to 300 f.u./mg protein nitrogen. A similar 
phenomenon of selective polymerization also was observed during aggregation of the phospholipase C (a-toxin) 
of C I. perfringens, but the yield of toxoid under these circumstances did not exceed 30%. 
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TABLE i. I m m u n o g e n i c i t y  of Monomer and Polymer of CI. 

perfringens ~-Toxoid for Guinea Pigs 

t 
Antigen Dose, f.u. rimary response, i. u./ml ~ec~ response, 

.u. knl 

Monomer: 
adsorbed 

unadsorbed 

Polymer: 
adsorbed 

unadsorbed 

10+5 

10+5 

20+10 

10+5 

10+5 

20@10 

I 
3,02 

(1,91-4,3D* 
0,37 

(0,26.0,54) 
0,48 

(0,35--0,66) 

2,51 
( 1,82 -- 3,47) 

0,44 
(0,30--0,63) 

1,32 
(1,00-- 1,74) 

8,32 
(5,0i- 13,8) 

7,41 
(3,89+14,13) 

9,12 
(5,75-- 14,45) 

11,22 
(8,0b- 15,70) 

4,37 
(2,88--6,61) 

10,96 
(5,50-21,88) 

*Conf idence  i n t e r v a l s  at  95% level  of p robab i l i t y .  

TABLE 2. Thymus  Dependence  of M onome r  and P o l y m e r  of C1. p e r f r i n g e n s  a - T o x o i d  
in E x p e r i m e n t s  on Mice 

Antigen 

Monomer of 
o -toxoid 

Polymer of 
a -toxoid 

Polymer of phospholipase C 

Mice 

Intact 
B mice 
B + T mice 
Intact 
B mice 
B + T mice 
Intact 
B mice 
B + T mice 

Titer of antibodies in -log 2 units (M • m) 
20th day 

6,0.++0,94 
0 

5,5_0,60 
5,7i-0,75 

0 
4,2__0,01 
6,9+0,57 

0 
6,0+0,57 

30th day 

7,94-0,89 
0 

7,3+0,45 
7,4+0,57 

0 
6,5• 
7,7+0,50 

0 
5,9~0,71 

The r e s u l t s  of the s tudy of the i m m u n o g e n i e  p r o p e r t i e s  of the m o n o m e r  and p o l y m e r  of C1. p e r f r i n g e n s  
(~-toxoid for guinea  pigs a r e  g iven in Tab l e  1. They show that a f t e r  i n j ec t i on  of the adso rbed  an t igens ,  no di f -  
f e r e n c e  be tween  t h e m  as r e g a r d s  i m m u n o g e n i e i t y  could be detected.  

Af te r  a s ing le  i n j ec t i on  of double doses  of the unadso rbed  p r e p a r a t i o n  a th ree fo ld  i n c r e a s e  in i m m u n o -  
gen ic i ty  was found du r ing  the p r i m a r y  r e s p o n s e  to the p o l y m e r :  0.48 i . u . / m l  for  the m o n o m e r  and 1.32 i . u . / m l  
for  the p o l y m e r .  Dur ing  the s e c o n d a r y  r e s p o n s e  the d i f f e rence  be tween  the i m m u n e  r e s p o n s e  to i n j e c t i on  of 
the m o n o m e r  and p o l y m e r  v i r t u a l l y  d i sappea red  (9.12 and 10.96 i . u . / m l  r e s p e c t i v e l y ) .  

The r e s u l t s  of a s tudy of the t h y m u s - d e p e n d e n c e  of the t e s t  an t igens  in  e x p e r i m e n t s  on mice  a r e  g iven in 
Tab le  2. 

As Table 2 shows, the monomer of CI. perfringens c~-toxoid is a thymus-dependent antigen, for in the 

absence of T cells, no antibody production took place in the B mice in response to immunization with the toxoid. 

Injection of syngeneic T cells along with the toxoid monomer into B mice led to partial recovery of their ability 

to give an immune response (the group of B + T mice). Similar results also were obtained by immunization of 

mice with polymers obtained from the toxoid or phospholipase C. Polymerization of ~-toxoid by condensation 

with glutaraldehyde did not change the thymus dependence of the antigen. 

The investigation showed that during a single injection of unadsorbed monomer and polymer of Cl_. 

perfringens (~-toxoid into guinea pigs the immunogenicity of the polymer was 3 times higher than that of the 

monomer. Under the same conditions the immunogenicity of the adsorbed antigens was virtually equal. The 
effect of the higher immunogenicity of the unadsorbed polymer was evidently attributable to the longer duration 
of circulation of the aggregated molecule in the body. The ability to increase the immunogenicity of the toxoid 

threefold as a result of its polymerization may be interesting from the standpoint of obtaining a substance for 

use in the preparation of homologous human plasma. 

In the process of polymerization of the (~-toxoid no change took place in its thymus dependence. It is 

impossible at present to give an unequivocal interpretation of these results. The writers know of another 
example of a change in the thymus dependence of a natural antigen (flagellin) during its polymerization. Poly- 
merization of the antigen under these circumstances took place spontaneously, without the use of "cross-linking ~ 
agents [2, 3, 6, II]. However, the possibility cannot be ruled out that not all natural antigens change their 
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thymus dependence during polymerization.  Possibly  the molecular  weight of the polymer  obtained in the 
present  experiments is too low to change the thymus dependence of the antigen. The methods of polymerizat ion 
used in this investigation did not allow stable polymers  of the toxoid with higher molecular  weight to be obtained. 
It is also possible that in order  to change the thymus dependence of C1. perfr ingens toxoid other "cross- l inking"  
agents must be used ra ther  than glutaraldehyde. 
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P R E P A R A T I O N  OF A M O U S E  A N T I S E R U M  A G A I N S T  I S O L O G O U S  

A G G R E G A T E D  I M M U N O G L O B U L I N S  AND T H E  S T U D Y  OF I T S  A C T I O N  

ON R O S E T T E - F O R M I N G  C E L L S  

L.  N.  C h e r n o u s o v a ,  A. Y a .  K u l ' b e r g ,  
S. A.  S i m o n y a n ,  B. L.  Y u r i n ,  
V.  V.  K h o r o b r y k h ,  a n d  D. R.  K a u l e n  

UDC 615.373.3 : 612.112.94 

A method of obtaining ant i serum against isologous aggregated mouse immunoglobulins (MAAS) 
is described.  This s e rum blocks the antigen-binding receptors  of immune rose t te - forming  
cells in vitro.  MAAS was injected into mice immunized with sheep 's  red cells.  By compar i -  
son with immunized mice receiving normal  isologous serum,  rose t t e - fo rming  B cells were 
absent at the peak of the p r ima ry  response in the spleen of the mice receiving MAAS. The 
number of antibody-forming cells was not reduced under the influence of MAAS. 

KEY WORDS: rose t t e - fo rming  cells;  aggregated immunoglobulins; B cel ls ;  p r ima ry  immune 
response  

Data indicating that during the p r im a ry  immune response changes take place in the supramolecular  
organizat ion of the receptors  of B lymphoeytes were obtained previously.  This effect was manifested in the 
fact that receptors  of rose t t e - fo rming  B ceils (RFC) during the f irst  days af ter  immunization of mice with 
sheep 's  red cells could be blocked by means of rabbit an t i serum against aggregated mouse immunoglobulins 
(RAAS). Subsequently the RFC were insensit ive to the action of RAAS, which likewise did not affect the spon- 
taneous RFC present  in the spleen of the mice before immunization [1]. These resul ts ,  pointing to the appear-  
ance of new antigenic determinants in the antibody-like receptors  of the immune B lymphocytes,  showed that, in 
principle,  it is possible to use antibodies against aggregated immunoglobulins in order  to block these immune 
B lymphocytes in vivo in the ear ly  stages of the immune response,  so that an overal l  a s sessment  could be made 
of the functional role of the immune RFC in various forms of immune response.  
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pp. 698-700, December ,  1977. Original ar t ic le  submitted May 10, 1977. 
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