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Exper imen t s  with purif ied tetanus toxin labeled with I TM showed that  the toxin is fixed by the 
"unpurified mi tochondr ia l"  f rac t ion  of the guinea pig b ra in ,  which includes mi tochondr ia ,  
synap tosomes ,  and myel in  f r agmen t s .  The abili ty to fix labeled toxin is concent ra ted  in the 
synap tosomes ,  is l e s s  s t rong  in the myel in  f ragment ,  and weaker  st i l l  in the mi tochondr ia .  
Labeled  toxin, if neut ra l ized  by antitoxin, is a lso fixed by these cel l  s t r uc tu r e s  although to 
a r a t h e r  l e s s e r  degree .  If toxin and antitoxin a re  added s imul taneous ly  to the f rac t ion  of 
coa r s e  mitochondria ,  no s ignif icant  d e c r e a s e  in fixation of the toxin by the synap tosomes  
and myel in  f r agmen t s  is obse rved .  The r e su l t s  conf i rm the previous  hypothesis  that  the 
t e t anospasmin  molecule  contains d i f ferent  cen te r s  r espons ib le  for  fixation with nerve  t i ssue  
and with antitoxin. 

P rev ious  invest igat ions [1, 2] have shown that  I13i-labeled tetanus toxin, neut ra l ized  with antitoxin, is 
fixed by pro tagon to the s a m e  degree  as  act ive  te tanus toxin. The complex of gangl ios ides  with c e r e b r o -  
sides f r o m  which pro tagon is fo rmed ,  and which is r espons ib le  for  the fixation of toxin by protagon,  is a 
component  pa r t  of the cell  o rgane l l e s  of nerve  t i s sue .  

It was the re fo re  decided to study the fixation of labeled tetanus toxin by subce l lu la r  f rac t ions  of the 
b r a in  a f t e r  its neut ra l iza t ion  by antitoxin.  

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

Subcellular  b r a in  s t r u c t u r e s  ( synaptosomes ,  myel in  f r agmen t s ,  mitochondria)  and the "unpurified 
mi tochondr ia l"  f rac t ion  were  isola ted by the method of Gray and Whit taker  [3]. A 10% guinea pig b ra in  
homogenate  in 0.32 M suc rose  was obtained with the aid of a Te f lone lec t romechan ica l  homogenizer .  Each 
sample  contained 100 mg prote in  of the homogenate  or  f r o m  9 to 14 nag prote in  of "unpurified mi tochondr ia . "  

Tetanus toxin (TT), pur i f ied by the method of P i l l e m e r  e t  al .  [11] and obtained f rom dry toxin of the 
c o m m e r c i a l  s t r a i n  No. 228 of the Leningrad Insti tute of Vaccines and Sera, was used.  The I131-1abeled toxin 
was p r epa red  f r o m  the TT by the method desc r ibed  e a r l i e r  [3, 4]. The biological  act ivi ty  and specif ic  
rad ioac t iv i ty  of the TT-I  TM cor responded  to that  desc r ibed  previous ly  [2], namely  62,500 LD~ and 400,000 
c o u n t s / r a i n / r a g  protein .  

F resh ly  p repa red  TT-I  TM was added to the b ra in  homogenate  a t  the ra te  of 1 pg to 1 mg protein of the 
homogenate  (100 gg to homogenate  f r o m  1 g brain) ,  and to the f rac t ion  of unpurif ied mi tochondr ia  at the ra te  
of 1 pg TT-I  TM to 1 mg pro te in  of the f ract ion.  The a n t i t o x i n - p u r i f i e d  D iage rm-3  IEM tetanus a n t i s e r u m - -  
was diluted in 0.32 M suc rose  and added s imul taneous ly  with the toxin in doses  of 10 ,100 ,  and 1,000 i.u~ 
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TABLE 1. Effect  of Tetanus Antitoxin on Fixation of TT-I  TM by Sub-  
ce l lu la r  S t ruc tures  when Added to Bra in  Homogenate  

]Protein 
Experimental." eonditions Iimg~nS~ fanti" 

Homogenate + TT-I~], I 
Homogenate + TT-F ~" + 

10 Lu. antitoxin 1,25 
P 

Homogenate + TT-I TM + 
100 i.u. antitoxin 12,5 

P 

Synaptosomes 

M .~ m % 

1,58• 100 

1'33+0'150,23 84 I 

1,21~0,16 76 
0,11 

Myelin 
f~agments 
M+m 

1,16-*-0,13 
0,97"0,12 

0,35 
0,98~0,t2 

0,35 

Mimchondria 

% M + m  % 

100 0,74~0,04 100 

8310,75~0,030,5 102 

840,64-'- 0,03 85 
0,09 

t 

Note.  Here  and in Table 2, fixed toxin (TT-1131} shown in p g / m g  p r o -  
tein of the f rac t ions .  The number  of s amp le s  was 9. 

(1.25, 12.5, and 125 mg prote in ,  respect ively} or  sample  of homogenate  and 10 and 100 i.u. pe r  sample  of 
the "unpurified mi tochondr ia l"  f rac t ion.  In control  expe r imen t s  D i a g e r m - 3  IEM ant id iphther ia  ho r se  s e r u m  
was used in doses  of 1.25 and 12.5 mg  prote in ,  r e spec t ive ly .  

Incubation of the homogenate  with TT-I  TM and anti toxin was c a r r i e d  out in 0.32 M suc rose ,  while the 
f rac t ion  of "unpurified mi tochondr ia"  was incubated with the toxin and s e r u m  in isotonic med ium [6] con- 
taining 0.007 M phosphate buffer ,  pH 7.4, 0.2 M MgSO 4, 0.2 M Versene  r eagen t  (EDTA), 0.02 M ATP,  0.2 M 
sodium pyruvate ,  and 0.32 M s uc ros e  solution for  10 rain a t  37~ The mix ture  was then cooled to 0~ and 
the f rac t ions  o f  mi tochondr ia ,  synap tosomes ,  and myel in  f r agmen t s  were  then s e p a r a t e d  by different ia l  cen-  
t r i fugat ion in a densi ty  gradient .  The speci f ic  rad ioac t iv i ty  was de te rmined  with a type SBT-13 counter  and 
no ise - f ree  UMF-1500 appara tus .  Pro te in  was de te rmined  by L o w r y ' s  method [7]. 

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

The r e su l t s  of the expe r imen t s  to study the ef fec t  of anti toxin on fixation of labeled toxin by subcel l -  
u l a r  s t r u c t u r e s  in b r a in  homogenate  a r e  given in Table 1~ Ability to fix TT was mos t  marked  in synap to -  
s o m e s ,  l ess  so in the myel in  f r agmen t s ,  and the l eas t  quantity of toxin was fixed by the mi tochondr ia .  This 
rule  is in a g r e e m e n t  with the r e s u l t s  obtained by es t ima t ion  of the fixed toxin biological ly  [8]. 

On neut ra l iza t ion  of the TT with anti toxin the quantity of toxin fixed by the subcel lu lar  b r a in  f rac t ions  
was reduced  (Table 1}. This d e c r e a s e ,  however ,  was compara t i ve ly  sma l l  and was not s t a t i s t i ca l ly  signifi-  
cant.  If the dose of antitoxin added was in known excess  over  that neutra l iz ing the toxin in the medium 
(100 i.u.), f ixation of the toxin by the synap te somes  was reduced  by 24%, and by  the myel in  f r agmen t s  and 
mi tochondr ia l  f rac t ion  by 15%. 

In the next  expe r imen t s  the ef fec t  of anti toxin on fixation by the f rac t ion  of "unpurified mi tochondr ia , "  
consis t ing of synap t o s om es ,  myel in  f r agmen t s ,  and mi toehondr ia ,  was invest igated.  The r e su l t s  of these 
e x p e r i m e n t s  (Table 2) showed that  the d i f ferences  obse rved  in fixation of the toxin by synap tosomes ,  myel in  
f r agmen t s ,  and mi tochondr ia  we re  s i m i l a r  to those d i scovered  in the previous  s e r i e s  of expe r imen t s  in 
which toxin was added to the whole homogenate .  

Antitoxin, if  added to the "unpurified mi tochondr ia , "  reduced the fixation of labeled toxin. Under 
these c i r c u m s t a n c e s ,  however ,  the re  was  a s m a l l e r  dec r ea se  in the fixation of neut ra l ized  tetanus toxin by 
the organe l les  com pa red  with the f i r s t  s e r i e s  of expe r imen t s .  For  ins tance ,  depending on the dose of ant i -  
toxin used,  the synap tosomes  fixed 99-90% of the neut ra l ized  toxin compared  with the act ive toxin. It  is im-  
por tan t  to emphas ize  that d iphther ia  a n t i s e r u m ,  which is a par t i a l ly  pro teolyzed  hor se  globulin purif ied in 
the same  way, had a s i m i l a r  effect  on the fixation of tetanus toxin. The m e m b r a n e s  of the cor responding  
cell  o rgane l les  can evidently fix neut ra l ized  and act ive  tetanus toxin equally well .  

P r e s u m a b l y  the d i f fe rences  in the affinity of o rgane l les  of the ne rve  cell  for  tetanus toxin depend on 
the i r  content  of gangl ios ides ,  the r e c e p t o r s  of tetanus toxin in b ra in  subs tance  [9, 13, 14]. The subce l lu la r  
f rac t ions  a r e  known to contain d i f ferent  quanti t ies of gangl ios ides  (mitochondria  0.10 nmole ,  synap tosomes  
0.30 nmole ,  myel in  f r agmen t  0.10 nmole N-ANA per  g r a m  f resh  tissue} [12]. These s ame  f rac t ions  fix TT 
dif ferent ly ,  and as the r e s u l t s  of these  and previous  invest igat ions  [10] show, the synap tosomes  have the 
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TABLE 2. Effect of Tetanus Antitoxin on Fixation of TT-I TM by Sub- 
cel lular  Structures  on Its Addition to the "Unpurified Mitochondrial" 
Fract ion (MF) 

Experimental conditions ~ o~  

MF + TT-I lal 
M.F + TT-I lat + 10 i.u. 

antitoxin 
P 

MF + TT-II31 + 100 i.ll. 
anfftoxin P 

MF + TT-1131 + diphtheria 
antiserum . . . . . . . . .  

p 

MF + TT-I lal + diphtheria 
a n t i s e r u m . . . . . . . . . .  

1,25 

12,5 

1,25 

12,5 

Synaptosomes Myelin frag- Mitochondria 
merits 

M• I% M• I% 

1,04• 

1,03-----0,07 
0,96 

0,94• 
0,09 

1,01--0,07 
0,7 

0,9620,04 
0,15 

~=m ] % 

0,74-+-0,07 10( 

0,61--+0,05 82 
0,15 

0,63+0,05 84 
0,2 

0,62+---0,05 
0,17 

0,7-+-0,03 

0,59+0.04 
0,06 

0.59---0,05 
0,09 

0,59~0,06 
0,15 

0,56-+0,07 
0,11 

10o 

85 

85 

85 

80 

g rea tes t  toxin-fixing abili ty.  In this connection it is worth noting that gangliosides are  a component mainly 
of the synaptic membranes  [15]. However, other  factors  with a possible influence on the toxin-fixing p rop -  
e r t i es  of bra in  s t ruc tu res  must  not be forgotten. These other factors  include the relat ionship between 
gangliosides and ce reb ros ides ,  and also between gangliosides and proteins in the complex [15]. Presumably  
under natural conditions the conformational  state of the membranes  fixing the toxin plays an important  role 
in determining the toxin-fixing power of nervous s t ruc tu res .  

The facts descr ibed  above conf i rm the previous hypothesis [2] regarding  the presence of different 
active centers  in the te tanospasmin molecule which a re  responsible  for fixation with the substrate  (the r e -  
ceptor  in nervous s t ructures)  and for binding with antitoxin. Presumably  these centers  are  not only func- 
tionally but also spatially independent. 
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