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After removal  by neuraminidase  of the n-acetyineuraminic  acid from protagon isolated f rom 
bovine bra in  and from the "coarse mitochondrial  fraction" isolated from guinea pig brain,  the 
tetanotoxin previously fixed to them is re leased.  Corre la t ion is observed between the quan- 
t i ty of siallc acid and the quantity of tetanotoxin removed,  and this effect is also dependent 
on the enzyme concentrat ion.  P re l iminary  t rea tment  of protagon with neuraminidase r e -  
duces its ability to fix tetanotoxin. 

A previous investigation [4] showed that t reatment  of a complex of protagon with tetanus toxin, i so-  
lated f rom bra in  t i ssue ,  with neuraminidase leads to the removal  of n-acetyineuraminic  acid (NANA) and 
re lease  of the tetanus toxin. 

In the investigation described below the removal  of tetanus toxin by means of neuraminidase f rom 
the biologically active subcel lular  bra in  s t ruc tures  with which the toxin was f i rs t  fixed in experiments  in 
vi tro was studied, and this effect was compared with that observed during the action of neuraminidase on a 
complex of protagon with tetanus toxin. The degree of fixation of tetanus toxin by protagon t reated p r e -  
viouslywith neuraminidasewas  also studied in another ser ies  of exper iments .  

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

A lyophiiized prepara t ion  of neuraminidase (a fi l trate of Vibrio cholerae manufactured by N. V. 
Phi l ips-Duphar ,  Amste rdam,  The Netherlands) was used.  Protagon was obtained by the method of Wilson 
and Cramer  [14] in M. Sh. P romys l0v ' s  modification. The fract ion of coarse  mitochondria was isolated 
f rom guinea pig brain  by the method of Schneider and Hogeboom [13]o Tetanus toxin was purified by Pi l le-  
m e r ' s  method [12] and labeled with 1131 by the method developed previously  [2, 3]. 

A suspension of protagon (25 mg), homogenized in 0.85% NaC1 solution, o r  a suspensionof  the f r ac -  
tion of coarse  mitochondria isolated f rom guinea pig brain  (10-12 mg protein) in 0.32 M sucrose  solution 
was treated with a solution of labeled tetanotoxin in the proport ion of 1 ~tg to 1 mg protagon or  mitochon- 
drial  protein.  The toxin was incubated with the protagon in physiological saline (total volume 2 ml) for 45 
min at 37~ The toxin with the mitochondria was incubated in Gubler ' s  medium [6] (total volume 3 ml) for 
10 min at 37~ After  incubation the protagon was precipitated and washed three t imes by centrifugation 
for 15 min at 20,000 g and the mitoehondria were centrifuged for 15 min at 13,000 g. 

A solution of neuraminidase in 1 ml 0.1 M Na-phosphate buffer,  pH 5.6, was added in doses of 5-25 mg 
per  sample to the residues of pro tagon- te tanotoxin  and mi toehondr ia - te tanotoxin  residues thus obtained. 
The samples were  incubated for 1.5 h at 37~ and centrifuged for 1 h at 20,000 g. Eight samples were  used 
in each tes t  of the experimental  and control  s e r i e s .  
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T A B L E  1. 
C o m p l e x  

Ac t ion  of  N e u r a m i n i d a s e  on S u b s t r a t e - T e t a n o t o x i n  

Released by I Remained [ 
Fixed enzyme [ fixed NA NA liberated 

by enzyme. 
(m mg/g drysub- 

mg labeled toxin/g dry substrate I stance) 

0 
5 

10 

25 

0 
l0 

20 

0,4=0,014 
0,42---0,014 

0,4-----0,014 

0,4~0,014 

0,51-----0,016 
0,51-----0,016 

0,51m0,016 

Protagon 

0,04-----0,006 
0,092--- 0,003 

P<0,001 
0,15----0,017 

P<0,001 
0,24-----0,014 

P<0,001 

0,34-----0,01 
0,27-----0,01 

P<0,001 
0,22---0,02 
P<0,001 

0,122---0,006 
P<0,001 

Fraction of  coarse mitochondria 

0,082---0,0017 
0,18+0,0042 

P<0,001 
0,42~0,03 

P<0,001 

0,4----0,01 
0,23+--0,021 

P<0,001 
0,1=0,019 
P<0,001 

1,3~0,1 

2,6+0,21 

7,0--+0,46 

3,06-----0,23 

9,2~-0,51 

Note :  To c a l c u l a t e  the d r y  we igh t  of  m i t o e h o n d r i a  t h e i r  p r o t e i n  
con ten t  w a s  t a k e n  a s  65~ [5]. 

T A B L E  2. F i x a t i o n  of  T e t a n o t o x i n  by  P r o t a g o n  P r e t r e a t e d  wi th  
N e u r a m i n i d  use  

Concentra- 
tion of 
neuramini- 
dase (in 
mg/ml) 
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25 

NA NA re- 
moved by 
enzyme 
(inmg/g 
protagon) 

2,7-*-0,27 

7,3~-0,21 

Determination of tetauoto xin by 
radioindicator method 

amount fixed (in 
mg/g protagon) 

0,25=0,01 
0,2• 
P>0,01 

0,14m0,015 
P<0,005 

100 
80 

56 

[Determination of tetano- 
toxin by a biological 

method 
amount 
fixed (in % 
LO~n) 

5789 100 
3948 71,3 

2770 48 

Note:  The  n u m b e r  of  s a m p l e s  w a s  e igh t .  

The  l abe l ed  t o x i n  w a s  d e t e r m i n e d  a s  r a d i o a c t i v e  l abe l  wi th  the  U M F - t 5 0 0  i n s t r u m e n t ,  and t h e  p u r i -  
f ied t ox in  w a s  e s t i m a t e d  by  b i o l o g i c a l  t e s t s  on mice  in t he  u s u a l  w a y .  The  s i a l i c  ac id  con ten t  w a s  d e t e r -  
mined  by  G a s u o ' s  method [10] and p r o t e i n  b y  L o w r y ' s  method  [11]. 

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

S i m u l t a n e o u s l y  wi th  the  r e m o v a l  of NANA, b y  the  a c t i o n  of  n e u r a m i n i d a s e  on p r o t a g o n - t e t a n o t o x i n  
c o m p l e x  the p r e v i o u s l y  f ixed t e t a n o t o x i n  i s  a l s o  r e l e a s e d  (Table  1). Wi th  an  i n c r e a s e  in the  q u a n t i t y  of  
added n e u r a m i n i d a s e  the q u a n t i t y  of tox in  r e l e a s e d  a l s o  i n c r e a s e d .  The l a r g e s t  d o s e  of  n e u r a m i n i d a s e  
u s e d  r e m o v e d  7 m g  s i a l i c  ac id  (22,200 nmoles )  f r o m  1 g p r o t a g o n ,  and in t h i s  c a s e  0.24 m g  (4.04 nmo le s )  
of  t e t a n o t o x i n ,  o r  about  70% of  the  t ox in  f ixed on the p r o t a g o n ,  w a s  r e l e a s e d .  Only 0.12 m g  (1.87 nmole)  
t e t a n o t e x i n ,  o r  30% of  the  t o t a l  t o x i n  o r i g i n a l l y  f ixed ,  r e m a i n e d  f ixed wi th  the  r e s i d u e  of  p r o t a g o n .  

By the ac t i on  of  n e u r a m i n i d a s e  on the  c o m p l e x  of t e t a n o t o x i n  wi th  the  f r e s h l y  i s o l a t e d  f r a c t i o n  of  
c o a r s e  m i t o c h o n d r i a ,  the t ox in  a l s o  was  l i b e r a t e d  f r o m  the  c o m p l e x  and NANA r e m o v e d ;  in t h i s  c a s e  a l s o  
the  e f fec t  depended  on the  amount  of  n e u r a m i n i d a s e  added to  t he  c o m p l e x  and an i n c r e a s e  in the  q u a n t i t y  
of  t e t a n o t o x i n  l i b e r a t e d  was  a c c o m p a n i e d  b y  an i n c r e a s e  in the amount  of  NANA r e m o v e d  (Table  1)~ The  
r e m o v a l  o f  9.2 m g  (31,100 n m o l e s )  NANA f r o m  1 g (d ry  weight )  of  the c o a r s e  m i t o c h o n d r i a l  f r a c t i o n  w a s  
a c c o m p a n i e d  by  the  r e l e a s e  of  0.42 m g  (6.3 nmo le s )  t e t a n o t o x i n .  The  r e s i d u e  of t ox in  f ixed on the m i t o -  
c h o n d r i a  was  about  20%. The  fac t  w i l l  be noted tha t  the  r a t i o  b e t w e e n  the  a m o u n t s  of  tox in  and NANA (in 
nmo le s )  r e l e a s e d  f r o m  the  p r o t a g o n - t o x i n  c o m p l e x e s  and f r o m  the  f r a c t i o n  of c o a r s e  m i t o c h o n d r i a  was  of 
the  o r d e r  of about  1 : 5000. 
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In a sepa ra t e  s e r i e s  of exper iments  protagon was p re t r ea t ed  under  the same  conditions with s im i l a r  
doses  of neuramin idase .  The res idue of protagon,  washed to r emove  the l iberated s ia l ic  ac ids ,  was incu-  
bated with labeled and purified tetanotoxin.  Af ter  p r e l i m i n a r y  hydro lys i s  of the protagon with neu ramin i -  
dase  its abil i ty to fix tetanus toxin was reduced (Table 2). For  instance,  1 g protagon,  f rom which 7.3 mg 
NANA had f i rs t  been removed ,  fixed 45% less  tetanus toxin than pro tagon incubated without neuramin idase  
and 70~ less than the original  protagon.  S imi la r  resu l t s  w e r e  obtained in these  expe r imen t s  by the use of 
radioact ive  indicators and biological  methods of de te rmina t ion  of tetanotoxin.  It is evident that unde r the se  
conditions not all the NANA was  r emoved .  T h e r e  is evidence ~o show [7] that  r emova l  of large quanti t ies  
of NANA f rom biological  subs t r a t e s  is observed a f te r  the i r  incubation for  s eve ra l  hours  with neu ramin idases .  

The resu l t s  of these  exper imen t s  are  in ag reement  with those  obtained by Mellanby and van Heyningen 
[8], and they a re  fur ther  evidence that  the bond linking tetanus toxin to gangliosides is effected through 
NANA not only in p r epa ra t i ons  of gangliosides but also in subee l lu la r  organel ies  isolated f rom the brain~ 
The observed abil i ty of neuramin idase  to ca ta lyze  hydro lys i s  of gangliosides in ac t ive ly  functioning o rgan-  
e l les  f rom the bra in ,  contained in the f rac t ion  of coa r s e  mi tochondr ia  used in these exper imen t s  (synapto-  
s o m e s ,  myel in  f ragments ,  and mitochondria) ,  d e s e r v e s  attention.  These  o rgane l l es ,  e spec ia l ly  synapto-  
s o m e s ,  ac t ive ly  fix t e t anospasmin  [1, 9]. 
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