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Exper imen t s  using Ii31-1abeled purif ied tetanus toxin and protagon isola ted f rom bovine 
b ra in  showed that protagon binds  tetanus toxins s trongly in the p resence  of antitoxin (puri- 
fied pro teolyzed  horse  s e rum ,  b rand  "Diage rm-3"  IEM) on incubation in physiological  sa- 
l ine.  Toxin p re l imina r i ly  neutra l ized with antitoxin is bound by protagon to the same 
degree .  I t  is concluded that,  be s ides  the toxophore group,  the toxin molecule  contains 
another  two different  functional groups,  one respons ib le  for  binding of the toxin by the 
gangl ios ides  of the bra in ,  the other  for  linking with antitoxin. 

P rev ious  invest igat ions [3, 4] showed that  tetanus toxin, bound with protagon,  can be neutra l ized by 
antitoxin and that  in the course  of such neutra l izat ion the toxin is  not separa ted  f rom the protagon.  Since 
the protagon can be r ega rded  as the unpurif ied phys icochemica l  r e cep to r  of the toxin in the b ra in  sub- 
stance [6, 7], this  p rob lem is of cons iderable  theore t ica l  and p rac t i ca l  impor tance .  

The object  of the p r e s en t  invest igat ion was to study protagon binding of toxin p re l imina r i ly  neut ra-  
l ized by antitoxin or  neut ra l ized  with antitoxin actually during the binding p r o c e s s .  

E X P E R I M E N T A L  M E T H O D  

Protagon was i so la ted  by a slightly modif ied method of Tier fe ld  and Klenk, descr ibed  previous ly  [4]. 
Tetanus toxin (TT), obtained f r o m  dry toxin of the production s t ra in  No. 228 of the Leningrad Institute of 
Vaccines  and Sera,  pur i f ied by P i l l e m e r ' s  method [5], was used.  I13l-labeled toxin was  p r e p a r e d  f rom the 
TT by the method desc r ibed  previous ly  [1, 2]. The act ivi ty of the toxin, de te rmined  by biological  t e s t s  in 
albino mice ,  was  62,500 LDs0/rag prote in  and the specif ic  radioact iv i ty  averaged  356,600 pulses~rain~rag 
protein .  The rad ioac t iv i ty  of the T T - I  TM and its complexes  with protagon was de te rmined  with end-window 
type counters  SI-2B of the B-1 appara tus  and SBT-13 of the UMF-1500 appara tus ,  housed in lead for p r o -  
tection.  The densi ty of the res idue  on the s ta in less  s teel  t a rge t s  did not exceed 2 m g / c m  2. 

The suspension of protagon in physiological  saline (12.5 rag/roD was obtained with a Teflon e l e c t r o -  
mechan ica l  homogen ize r  (2000 r p m ,  2 rain). The f resh ly  p r e p a r e d  TT--I  TM was added to the suspension in 
the propor t ions  of 1 and 2 pg /mg  protagon (50 and 100 pg toxin to 50 mg protagon) in 005 ml  of 0.85% NaC1 
solution. Antitoxin (purified pro teo lyzed  horse  s e rum,  brand  "Diagerm-3  ") was diluted with 0.85% NaC1 
solution and added in a dose of 100 i.u. pe r  sample  in a volume of 0.5 ml.  The total  volume of the incuba- 
tion med ium was 5 ml.  P r e l im ina ry  neutra l iza t ion of the T T - I  i3I (50 and 100 pg) was c a r r i e d  out by in- 
cubating the toxin with an exces s  of antitoxin (100 i.u.) in 1 ml physiological  saline for 1 h at 37~ 

Incubation of the TT--1131 or  neut ra l ized  TT--I TM with the protagon suspension continued for 45 rain at 
37~ af te r  which the mix tu re  was rapidly  cooled to 0 ~ and centr i fuged at 2~ (10,000 g, 10 rain). The 
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TABLE 1. Effect  of Antitoxin on Binding of Different  Doses of Toxin by Protagon 

Toxin/protagon 

1 gg/ l  mg 

2 pg/1 mg 

Exper imen t  

Protagon + TT--1131 (control) 
Protagon + TT--1131 + antitoxin 

Protagon + TT--I TM Pre l im i na r i l y  
neu t ra l ized  with anti toxin 

Protagon + TT--I TM (control) 

Protagon + TT-I TM antitoxin 
Protagon + TT--I TM preliminarily 

neutralized with antitoxin 

M• 

16.8 • 1.7 

12.3 • 1.3 

13.5 • 1.9 

20.9 • 2.3 

14.8 • 1.0 

Number of 
expe r ime  nts 

Relative specific activity 

16 .I • 0.8 

change ( re la t ive  to 
control ,  in percent)  

i00 
72 

80 

100 
71 

77 

P 

0.10 

0.26 

0.04 

0.08 

TABLE 2. Effect of Antitoxin on Protagon Binding of Labe led  Toxin (ex 

Expe r imen t s  

50 mg protagon +50 g TT--1131 (control) . . . 
50 mg protagon +50 g TT--1131 +ant i toxin o . �9 
50 mg pro tagon+50 g TT-1131 p r e l i m i n a r i l y  

neu t ra l ized  with anti toxin . . . . . . . . . . .  

Number  of 
expe r imen t s  

Yield of 
washed 
protagon 

mg % 

24.9 50 
30.6 61 

31.5 63 

~eriments of series II) 

Relat ive specific activity 

M •  

51.4 • 4 ~ 
28.3 • 3.7 

28.9 • 3.5 

change (in 
percen t  of 
control)  

100 

55 

56 

P 

0.004 

0.004 

re s idue  was washed three  t i m e s  by r e s u s p e a s i o n  in 4.4 ml 0.85% NaC1 solution and centr i fugat ion for  10 
rain at  10,000 g under  the same condit ions.  

The degree  of binding of the TT--1131 was ca lcu la ted  as  the r e l a t i ve  spec i f ic  r ad ioac t iv i ty  in the ex- 
pe r imen t  of s e r i e s  I, as a percentage  of the r ad ioac t iv i ty  of the o r ig ina l  protagon,  and in the expe r imen t s  
of s e r i e s  II as  a percentage  of the r ad ioac t iv i ty  of the washed-off  protagon.  In the l a t t e r  case ,  l o s s e s  of 
protagon during washing off were  e s t ima ted  g r a v i m e t r i c a l l y .  

E X P E R I M E N T A L  RESULTS 

The results of the experiments of series I, in which the effect of antitoxin on protagon binding of 2 
doses of labeled toxin was studied, are given in Table 1. They show, first, that only about 20% of the 
added dose of labeled toxin was found in the washed protagon. The remaining toxin was evidently lost while 
the protagon was washed off; it probably also escaped together with the very tiny particles of protagon 
which, as special experiments showed, were not sedimented even by prolonged centrifugation. These ex- 
periments also showed that binding of TT--I TM increased only very slightly with an increase in the toxin: 
protagon ratio from 1:1000 to 2 :I000. 

The chief result of these experiments was the discovery that toxin is bound by protagon in the pres- 
ence of an exces s  of ant i te tanus se rum,  and a lso  that toxin a l r eady  neu t ra l i zed  by anti toxin is  bound by 
protagon.  Neut ra l i zed  te tanus toxin was fixed by protagon to the extent  of only 20-23% l e s s  than the active 
toxin. Somewhat s lower  binding of toxin by protagon (28-29% l e s s  than in the control) was obse rved  in the 
case of s imul taneous  neut ra l iza t ion  by anti toxin.  

In these  e x p e r i m e n t s  no allowance was made for loss  of protagon incubated with the toxin during s u b -  
sequent centr i fugat ion and washing.  These l o s s e s  could have d i f fered  in d i f ferent  e xpe r i m e n t s .  Accord-  
ingly,  the expe r imen t s  of s e r i e s  II were  c a r r i e d  out to study the effect  of anti toxin on protagon binding of 
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TT--I TM, in which the yield of protagon after washing was determined and binding of the toxin was calcu- 
lated per milligram sedimented protagon (Table 2). 

The results of these experiments showed that in the control (without antitoxin) only 50% of the prota- 

gon was sedimented from the suspension after washing four times. This sedimented protagon contained 
51.4% of all the labeled toxin incubated. The comparison shows that all the active toxin was bound with 
protagon during incubation under these conditions. The experiments also showed that antitoxin (or proteins 
of antitetanus serum) increased the aggregation of the particles of the protagon suspension, with the result 
that the protagon yield on eentrifugation rose from 50 to 61-63%. 

The results of all these investigations indicate that toxin, neutralized by antitetanus serum, is bound 
by protagon. The intensity of binding is of the same order as the fixation of active toxin. Consequently, 
the affinity of toxin for the gangliosides of the brain [6-8] is changed only slightly by neutralization of the 
toxin with antitoxin. It can be concluded from these results that the centers in the toxin molecule responsi- 
ble for its fixation with the gangliosides of the brain and for its binding with antitoxin are not the same. 
Allowing for the fact that toxoid, which is deprived of its toxicity, is also bound by protagon [7], it can 
further be concluded that the toxin molecule contains at least three functional groups: a toxophore group, 

an antigenic group, and a group responsible for fixation of the toxin by the receptor in the brain substance. 

1~ 

2. 
3. 
4. 

5. 

6o 
7o 
8. 

LITERATURE CITED 

O. A. Kirilenko, So M. Minervin, and A. Ya. Rozanov, Zh. Mikrobiol., No. 9, 123 (1964). 
O. A. Kirilenko, S. M. Minervin, and A. Ya. Rozanov, Zh. Mikrobiolo, No. i0, 105 (1965). 
G. N. Kryzhanovskii and L. P. Alekseev, Zh. Mikrobiol~ No. I, 74 (1969). 
G. No Kryzhanovskii, L. P. Alekseev, and A. Ya. Rozanov, Byullo }~ksperim~ Biol. i Med., No. 9, 63 
(1970)o 

L. Pillemer, D. B. Grossberg, and Ro G. Wittler, Jo Immunol., 54__, 213 (1946), 
W. E. van Heyningen, J. Gen. Microbiol., 20__, 291 (1959). 
W. E. van Heyningen, J. Geno Mierobiol., 20_.._, 301 (1959). 
W. E~ van Heyningen, J. Gen. Microbiol., 20__, 310 (1959). 

1183 


