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The neut ra l iz ing  abili ty of ant i tetanus immunoglobulin (IgG) and i ts  f r agments  - F (ab') 2, 
FAD', Fd, and L - c h a i n s  - - aga ins t  f r e e  and protagon-bound tetanus toxin was invest igated in 
expe r imen t s  in vi t ro .  The IgG was obtained f r o m  the s e r u m  of rabbi t s  immunized  with tex-  
old. With a d e c r e a s e  in the s ize of the molecule  the neut ra l iz ing  power  of the antitoxin 
aga ins t  f ree  toxin was reduced.  Toxin-neutral iz ing power calculated per  act ive cen te r  was 
p rac t i ca l ly  ident ical  in the F(ab')  2 and FaD' f r agmen t s .  The neutra l iz ing power of tgG, 
F(ab')  2, and FaD' agains t  toxin bound on protagon inc reased  with a dec r ea se  in s ize of the 
anti toxin molecu le .  The possible  mechan i sms  of the effects  desc r ibed  a re  examined.  

In connection with the study of the s t ruc tu re  of the act ive center  of antibodies and the functional p r o p -  
e r t i e s  of immunoglobul ins  the p rob lem of immunospeci f ic  act ivi ty of the var ious  subunits and f ragments  of 
the antibody molecule  has a t t r ac t ed  g r e a t  a t tent iont  [7, 11, 16-19] o In this connection the compara t i ve  
study of the toxin-neutral iz ing abil i ty of segments  of the antitoxin molecule  which differ  in s ize is of con- 
s ide rab le  i n t e r e s t  to both theore t i ca l  and p rac t i ca l  immunology.  

This pape r  de sc r ibe s  a study of the toxin-neutral iz ing p rope r t i e s  of the var ious  subunits and f rag-  
ments  of tetanus anti toxin c a r r i e d  out for  this purpose  using a med ium containing f ree  tetanus toxin and 
toxin bound on a t a r g e t  subs t r a t e  (protagon). 

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

The anti toxic s e r u m  was obtained f r o m  rabbi t s  immunized  with purif ied,  adsorbed  tetanus toxoid. 
Immunoglobul in  G (IgG) was isolated f r o m  the anti toxic s e r a  by the method desc r ibed  by Tarkhanova  et  al., 
[11], and the F(ab ' )2 - f ragment  was obtained by digest ion of the IgG with c rys ta l l ine  pepsin (37~ 8 h, pH 
4.1) [21]. The F(ab')2 was purif ied on CM-cel lu lose  in 0.01 M aceta te  buffer ,  pH 5.8 [20]. To obtain FaD' 
f r agmen t s  f r o m  F(ab')2, the l a t t e r  was reduced with 0.01 M cyste in  and alkylated with monoiodoacet ic  acid. 
The Fd- f ragment  and the light chains (L-cha ins )  were  obtained by an or iginal  modif icat ion [11] of F le i sch-  
mann ' s  method [17]. 

Sedimentat ion analys is  of the p repa ra t ions  was c a r r i e d  out in a Spinco Model E u l t racent r i fuge  at 
20~ in 0.01 M phosphate buffer ,  pH 8.6. The speed of centr i fugat ion in a s tandard  cell  was 59,780 r p m .  
The coeff ic ient  of diffusion was found by Al l i son ' s  method [13, 14]. 
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T A B L E  I .  Toxin-Neutral iz ing Activity o f  P repa ra t ions  of Anti teta-  
nus IgG and Its F r a g m e n t s  

Antitoxin preparation 

I~.G 
F (ab% 
Fab' 
Fd 
L-chain 

Molecular weight 

in aqueous in8Murea 
]solutions 

150 000 
100 000 
51 000 
37 400 21 600 
29 000 2O 000 

Toxin-neu- 
tralizin~ 
activity ~ I 
t,u./ i.u./ 
mg mmol~ 

15 2250 
800 

8 40 
3,5 -- 
o,1 

Decrease in activity 
compared with I~G 

per 1 mg per active 
protein center 

I 
Twice. 3 times, 

4.3 times 
150 times 

The toxin-neutral iz ing ac t iv i ty  of the anti toxic IgG and its  f r agments  was de te rmined  by the s tandard  
method of t i t ra t ion  in albino mice .  

Protagon was obtained f r o m  bovine b ra in  by a slightly modified method of Wilson and C r a m e r  [25]. 
The protagon,  suspended in physiological  sal ine (50 mg to 1 ml ) ,was  t r ea t ed  with tetanus toxin (1 mg), the 
mix ture  was kept  for  45 rain a t  37~ in da rknes s ,  and the f ree  toxin was then careful ly  r emoved  by washing 
and centr i fugat ion 3-4 t i m es ,  for  10 rain each t ime,  at  6,000 r p m  and a t  4~ Different  quanti t ies of ant i -  
toxin (IgG and its f ragments )  were  added to the washed p r o t a g o n - t e x i n  complex;  the mix ture  was kept  a t  
37~ for 90 rain, and a f t e r  washing (by centr i fugat ion as desc r ibed  above) the res idue  was suspended in 
physiological  sa l ine ,  i ts  pH checked,  and injected into mice for t i t ra t ion of i ts  toxici ty by the s tandard  
method (the method of working with protagon was a lso  descr ibed  previous ly  [5]). 

E X P E R I M E N T A L  R E S U L T S  

When inves t iga ted  in the u l t r acen t r i fuge  in aqueous solutions the sedimenta t ion  constants  of IgG, of 
the F(ab')2- ,  F e b ' - ,  and Fd- f ragments ,  and of the light chains were  7S, 5S, 3.5S, 2.86S, and 2~ r e s p e c -  
t ively (Table 1). Table 1 also gives  the molecu la r  weights of these p repara t ions  calcula ted f r o m  the sedi-  
menta t ion  constants  and the coeff icients  of fo rward  diffusion de te rmined  in 8 M u rea  [23]. Compar i son  of 
the molecu la r  weights of the Fd- f ragment  and of the light chain, found by de te rmina t ions  in urea ,  with the 
values  obtained by invest igat ion of the s a m e  prepara t ions  in aqueous solutions shows that  in aqueous solu- 
tions 86% of the Fd- f ragment  of the anti toxin is in the d imer  fo rm,  while 72% in the light chains is p r e sen t  
as  the d imer .  

The antigenic c h a r a c t e r i s t i c s  of the var ious  p repa ra t ions  and the i r  behav io r  on immunoe l ec t ropho -  
r e s i s  were  as desc r ibed  p rev ious ly  [11]. 

The toxin-neutral iz ing abil i ty of the ant i tetanus IgG and its f r agments  re la t ive  to the f ree  toxin is 
shown in Table 1. In the i r  speci f ic  ac t iv i ty  (calculated pe r  unit weight and per  act ive  center)  the F(ab')  2- 
and F a b ' - f r a g m e n t s  p o s s e s s e d  only one-third to one-half  of the neutra l iz ing abil i ty of IgG. Since in the 
p repa ra t ion  of the F(ab')  2- and F a b ' - f r a g m e n t s  no injury takes place t o t h e  ac t ive  c e n t e r s  of the antibodies 
[22], the obse rved  d e c r e a s e  in toxin-neutral iz ing act ivi ty  of the F(ab')  2- and Feb ' - f r a g m e n t s  compared  with 
the or ig inal  IgG cannot be  a s c r i b e d  to any signif icant  dec r ea se  in the affinity of these f r agmen t s  for the 
ant igenic de te rminan t s  of the toxin. 

In the d iscuss ion  of this fact  i t  mus t  be  r e m e m b e r e d  that  the anti toxin evidently contains no ant ibodies  
aga ins t  the actual  toxophore  group of the toxin, for  in o r d e r  to obtain the antitoxin, toxoid was used as the 
antigen, and because  of chemica l  modif icat ion texoid does not pos se s s  a toxophore group.  In addition, as  
the r e s u l t  of a compara t i ve  invest igat ion of anti toxins obtained by immunizat ion  of hens with tetanus toxin 
and toxoid shows, the toxophore group i t se l f  does not contain antigenic de te rminan t s  [8]. In the light of this 
fact  i t  is evident that  neut ra l iza t ion  of the toxophore group, which takes  place a f t e r  in terac t ion  between the 
anti toxin and ant igenic de te rminan ts  located outside the toxophore group of the toxin, takes  place through 
sc reen ing  of the toxophore group  or  through a change in the conformat ion  of the toxin molecule  so that  i ts  
texophore  group loses  i ts  ac t iv i ty .  In both ca se s  not only a specif ic  an t ide te rminan t  but  a lso  o ther  regions  
of the anti toxin molecule  par t ic ipa te  in these  p r o c e s s e s .  This can explain the dec r ea se  in toxin-neutra l iz-  
ing act ivi ty  a s soc ia t ed  with a d e c r e a s e  in s ize of the anti toxin molecule .  
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Fig. I. Neutralizing abilfty of an- 
titetanus IgG and its F(ab92- and 
Fab'-fragments relative to tetanus 
toxin bound on protagon. Abscissa, 
amount of antitoxin [IgG, F(ab')2, 
and Fab' ] added to protagon-texin 
complex (in i.u.); ordinate, toxicity 
of residue after treatment of pro- 
tagon--texin complex with antitoxin 
(in MLD). I) 7S (IgG); 2) 5S [F(ab')2]; 
3) 3.5S (Fab'). 

of  d i m e r s  and  i t  i s  n o t  a l w a y s  p o s s i b l e  to 
d i t i o n s  fo r  i n t e r a c t i o n  w i th  the  a n t i g e n .  

It is interesting to note that, calculated per active center, 
the neutralizing ability of F(ab') 2 was practically the same as 
that of the Fab'-fragment. Since, unlike Fab', the bivalent F(ab') 2 
fragment can produce aggregation of the toxin molecules, their 
identical toxin-neutralizing activity could mean that the aggrega- 
tion of the toxin by means of antitoxin does not play an essential 
role in the screening of the texophore group~ 

The decrease in the texin-neutralizing activity- of the Fd- 
fragment could be due both to destruction of blocking of some of 
the active centers during the isolation of this part of the antibody 
molecule, and to the lesser degree of affinity of the Fd-fragment 
for the determinant groups of the antigen. Meanwhile compari- 
son of the toxin-neutralizing activity of the Fd-fragment of the 
antitoxin and its light chains, with virtually no ability to neutral- 
ize toxin, is further confirmation that it is the Fd-fragment of the 
heavy chain of the antibody which plays the principal role in the 
formation of the active center [9-11, 19]. The toxin-neutralizing 
activity of the Fd-fragment and the light chain was calculated 
only per unit weight, for as was pointed out above many fragments 
of IgG and the light chains exist in aqueous solutions in the form 
decide how many active centers are accessible under these con- 

Appreciable differences were found when the texin-neutralizing activity of antitetanus IgG and its 
fragments was tested against free toxin and against toxin fixed on its target substrate (protagon). Prota- 
gon specifically binds tetanus toxin [18, 24] and it can be regarded as the unpurified physicochemical re- 
ceptor of tetanus toxin in the spinal cord. It will be clear from Fig. l, which gives the results of this ex- 
periment, that the effectiveness of the antitoxin increases from IgG to the Fab'-fragment. 

This result can be explained by differences in the accessibili .ty of toxin fixed on protagon for native 
antitoxin and its fragments. Earlier investigations [5] showed that neutralization of protagon-bound toxin 
by antitoxin takes place in situ and does not involve detachment from the protagon. Presumably the water- 
insoluble protagon forms a complex micellary structure in the "crypts" of which the toxin is fixed. Pene- 
tration of native antitoxin into these crypts is difficult, whereas a fragment of the molecule with only one- 
third of its initial size can penetrate into the internal regions of the micelles and neutralize the toxin fixed 
there. It is evident from the carve shown that a certain quantity of toxin fixed on protagon is neutralized 
equally easily both by native antitoxin and by its fragments. This part of the toxin is evidently fixed on the 
surface of the protagon mic elles, and the sterie factor does not play a significant role in its neutralization. 

The results of experiments with tetanus toxin fixed on protagon confirm the view [2, 4] that toxin 
bound in vivo can be neutralized, even if only partially, by antitoxin, and they strengthen the opinions ex- 
pressed earlier [2-4, 6] that it would be desirable to test ~e therapeutic effect of an antitoxin with a 
smaller molecular size under appropriate conditions. 
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