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A method of obtaining tetanus hemolysin by gel filtration is described. Its properties are 
studied. 

It has been claimed [2, 4, 7-9, 12] that besides tetanus neurotoxin, another factor concerned in the 
pathogenesis of tetanus is a tetanus hemolysin which, according to data described by these workers, pos- 
sesses hemolytic and local necrotic actions. Other workers [5, 6, II, 13] deny that the hemolysin plays a 
role in this disease. The conflicting nature of the data in the literature is perhaps due to the difficulty of 
isolating the hemolysin in a pure form and of separating it from the neurotoxin. Hardegree [I0] separated 
tetanus neurotoxin and hemolysin by fractionation of the toxin on Sephadex G-100 in columns measuring 
45 • 4 em (ratio of height to diameter II : i). Under these conditions, however, the hemolysin fractieneon- 
tained substantial amounts of neurotoxin as an impurity, possibly because the column was not tall enough. 
In the investigation described below, therefore, an attempt was made to isolate tetanus hemolysin by means 
of columns with a higher height/diameter ratio. 

Filtrates of broth cultures of strains Kolle Nos. 154 and 471 (Copenhagen) of Clostridium tetani, ob- 
tained by cultivation for 7 days on casein-plant nutrient medium, were used. The specific activity was 
2.3 �9 l0 s- 5.6 �9 l0 s MLD for albino mice per milligram total nitrogen, and 1 �9 107- 2 . 107 MLD/mg protein 
nitrogen. The specific activity of the hemolysin was 3-30 hemolytic units/rag total nitrogen. The unit of 
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Fig .  1. S e p a r a t i o n  of t e t a n u s  n e u r o t o x i n  
and h e m o l y s i n  on a Sephadex  G-100 c o l -  
umn m e a s u r i n g  1.400 • 16 ram.  1) E x -  
t i nc t i on  wi th  Lowry  - F o l i n  r e a g e n t ;  2) 
MLD for  a lb ino  m i c e ;  3) h e m o l y t i c  a c -  
t i v i t y  (in c o n v e n t i o n a l  un i t s ) .  A b s c i s s a :  
elution volumes. 

hemolytic activity was taken to be the amount of hemolysin in 
solution which, in the course of 1 h at 20 ~ caused the hemolysis 
of an equal volume of a 0.5% suspension of sheep, s erythrocytes. 

The tetanus toxins were fractionated on columns with 
Sephadex G-100 with a working size of 1400 • 16 mm (height / 
diameter ratio 87.5 : i) and 500 • 22 ram. Isotonic boro-borate 
buffer, pH 7.3, was used for elution. Toxins were applied to 
the columns in a volume of 5 ml. Fractions 6.5 ml in volume 
were collected at a filtration rate of 15-20 ml/h. The content 
of nitrogenous substances in the collected fractions was deter- 
mined from extinction with Lowry - Folin reagent, toxicity 
(MLD) was estimated in albino mice, and hemolytic activity 
was measured. The molecular weight of the proteins eluted in 
the various fractions was calculated from the graduation curve 
obtained for Sephadex G-200 [3] and by Squire, s formula [14]. 
Ultracentrifugation of the fractions, concentrated with gum ar- 
abic, was carried out on a Spinco Model L ultracentrifuge. 

The biological properties of the hemolysin were assayed 
on 4 chinchilla rabbits weighing 2.5-3 kg, which received four 
subcutaneous injections, at intervals of 4 days, each of 1 ml of 
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T A B L E  1. E f f ec t  of H e m o l y s i n  on E r y t h r o c y t e  Count  and 
H e m o g l o b i n  C o n c e n t r a t i o n  in R a b b i t s  

Hemo_globin (in ,j I per mm 3 (in thous.) 
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ExperimentaI 60 I0,5 9,3 9,0 3560 3050 3090 
69 10,7 lO,I 8,6 3770 3410 3t50 

101 12,I 12,0 10,7 4650 4100 3960 
I38 11,3 9,6 9,8 3610 2950 2750 

Mean 11,I5 I0,25 9,52 3897 3370 3233 
Control 1 ]0,6 10,4 10,2 3820 3940 3860 

2 11,7 12,0 11,8 4540 4320 4260 
3 II,3 9,6 [0,4 4110 4020 4210 
4 11,4 10,9 II,5 3260 3510 3630 

Mean 11,25 10,72 10,9~ 3940 3920 3990 

a so lu t i on  of t e t a n u s  h e m o l y s i n  wi th  an  a c t i v i t y  of 2 c o n v e n t i o n a l  un i t s .  Th i s  p r e p a r a t i o n  c o n t a i n e d  not  l e s s  
than  1 MLD of n e u r o t o x i n  for  a lb ino  m i c e  in 1 ml .  The c o n t r o l  g r o u p  of fou r  r a b b i t s  r e c e i v e d  s u b c u t a n e o u s  
i n j e c t i o n s  of p h y s i o l o g i c a l  s a l i n e .  Blood a n a l y s e s  fo r  the  h e m o g l o b i n  c o n c e n t r a t i o n  and e r y t h r o c y t e  count  
w e r e  m a d e  b e f o r e  the  f i r s t  i n j e c t i o n  of h e m o l y s i n  and 3 d a y s  a f t e r  the  2nd and 4th i n j e c t i o n s .  

D u r i n g  f r a c t i o n a t i o n  of the  t e t a n u s  t ox in s  on c o l u m n s  wi th  Sephadex  G-100,  two p e a k s  w e r e  ob t a ined  
wi th  L o w r y  - F o l i n  r e a g e n t .  The  f i r s t  peak  c o r r e s p o n d e d  to p r o t e i n s  wi th  m o l e c u l a r  w e i g h t  h i g h e r  than  
100,000, and the  second ,  which  w a s  many  t i m e s  l a r g e r  than  the  f i r s t ,  w a s  f o r m e d  by c o m p o u n d s  of low m o -  
l e c u l a r  we igh t  (Fig.  1). N e a r l y  a l l  the  tox ic  a c t i v i t y  w a s  a s s o c i a t e d  wi th  the  p r o t e i n s  of the  f i r s t  peak ,  
whi l e  h e m o l y t i c  a c t i v i t y  w a s  a s s o c i a t e d  with c o m p o u n d s  e lu t ed  b e t w e e n  the f i r s t  peak  of h i g h - m o l e c u l a r -  
we igh t  p r o t e i n s  and the  s econd  peak  of l o w - m o l e c u l a r - w e i g h t  c o m p o u n d s .  

The f r a c t i o n s  wi th  g r e a t e s t  h e m o l y t i c  a c t i v i t y  c o n t a i n e d  10-15 h e m o l y t i c  un i t s  p e r  ml  and t h e i r  t o x -  
i c i t y  was  3 -5  MLD for  a lb ino  m i c e  p e r  ml .  The  s p e c i f i c  a c t i v i t y  r e a c h e d  5000-8000 h e m o l y t i c  un i t s / r ag  n i -  
t r o g e n ,  i . e . ,  i t  w a s  m o r e  than  2000 t i m e s  h i g h e r  than  tha t  of the  o r i g i n a l  n a t i v e  p r e p a r a t i o n .  

Subcu taneous  i n j e c t i o n  of t e t a n u s  h e m o l y s i n  into r a b b i t s  in a dose  of 2 h e m o l y t i c  uni t s  did  not  p r o d u c e  
m a n i f e s t a t i o n s  of t e t a n u s .  N e i t h e r  n e c r o s i s  n o r  i n d u r a t i o n  d e v e l o p e d  a t  the  s i t e  of i n j e c t i on .  Meanwhi l e ,  
c h a n g e s  w e r e  found in the  h e m o g l o b i n  c o n c e n t r a t i o n  in the  b lood and in the  e r y t h r o c y t e  count  (Table  1). 

A f t e r  i n j e c t i o n  of t e t a n u s  h e m o l y s i n  in to  r a b b i t s  the  h e m o g l o b i n  c o n c e n t r a t i o n  in the  b lood  and the  
e r y t h r o c y t e  count  fe l l  (Table  1), and t h i s  e f f ec t  was  m o r e  m a r k e d  a f t e r  the  4th i n j e c t i o n  o f  h e m o l y c i n .  The  
h e m o g l o b i n  c o n c e n t r a t i o n  w a s  r e d u c e d  on the  a v e r a g e  by  1.6% (1.4-2.1)  and the  e r y t h r o c y t e  count  by 660,000 
(470,000-860,000) .  Th i s  d e c r e a s e  c o m p a r e d  wi th  the  c o n t r o l  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  [1]. 

The fo l lowing p r o p e r t i e s  of h e m o l y s i n  w e r e  s tud i ed :  the  e f f ec t  of pH, t e m p e r a t u r e ,  and c e r t a i n  c h e m -  
i c a l s  on i t s  a c t i v i t y .  H e m o l y s i n  e x h i b i t e d  s p e c i f i c  a c t i v i t y  wi th in  the  pH r a n g e  3 . 0 - 9 0 . ,  wi th  an o p t i m u m  a t  
pH 5.0. R a i s i n g  the  t e m p e r a t u r e  f r o m  10 to 20 ~ i n c r e a s e d  the  r a t e  of the  h e m o l y t i c  r e a c t i o n  by t h r e e  t i m e s ,  
and  the  t e m p e r a t u r e  c o e f f i c i e n t s  for  i n c r e a s e s  of t e m p e r a t u r e  f r o m  20 to 30 and f r o m  30 to 40 ~ w e r e  2.2 

and 1.9, r e s p e c t i v e l y .  

Hea t ing  a t  60 ~ d e s t r o y e d  the  t e t a n u s  h e m o l y s i n  in l e s s  than  30 rain,  and a t  50 ~ in l e s s  than  1 h, wh i l e  
a f t e r  hea t ing  a t  40 ~ fo r  2 h about  90% of the  a c t i v i t y  was  l o s t .  

Sodium c i t r a t e  and  o x a l a t e  in c o n c e n t r a t i o n s  up to 0.05%, c a l c i u m  c h l o r i d e  in c o n c e n t r a t i o n s  up to  
0.05%, c a l c i u m  c h l o r i d e  in c o n c e n t r a t i o n s  up to 0.1%, and 8 - h y d r o x y q u i n o l i n e  in c o n c e n t r a t i o n s  up to 
2.5 �9 10 -3 M had no e f fec t  on the  a c t i v i t y  of t e t a n u s  h e m o l y s i n .  C y s t e i n e  in a c o n c e n t r a t i o n  of 0.033% d e -  
p r e s s e d  i t s  a c t i v i t y  by  57.5%, and m e r c u r i c  c h l o r i d e  in c o n c e n t r a t i o n s  of 2 �9 10 -4 M and 2 �9 10 -3 M d e -  
p r e s s e d  i t  by  88.5% and 100%, r e s p e c t i v e l y .  Iodine  in d i l u t i o n s  of 1 : 900 and 1 : 450 d e p r e s s e d  a c t i v i t y  of 
the  h e m o l y s i n  by  51.3 and 100%, r e s p e c t i v e l y ,  and g l u c o s e  in c o n c e n t r a t i o n s  of 1 and  5% by 20 and 30%, 
r e s p e c t i v e l y .  

590 



Calculation of the rnolecLdar weight of the tetanus toxins from the rates of their elution from Sepha- 
dex gel [3, 14] gave values of 140,000 for the neurotoxin and 55,000-60,000 for the hemolysin. The sedi- 
mentation constants were 7.58 S and 3.22 S, respectively. 

These results demonstrate that it is possible to obtain by gel filtration a tetanus hemolysin in a rel- 
atively pure form, suitable for the study of its properties~ 

LITERATURE CITED 

1. V.S. Asatiani, in: New Methods of Biochemical Photometry [in Russian], Moscow (1965), p. 495. 
2. W. van Heyningen, in: H. Neurath and K. Bailey, The Proteins [Russian translation), Vol. 3, Part I, 

Moscow (1958), p. 639. 
3. V.K. Golshmid and I. M. Mikhailova, Zh. Mikrobiol., No. I, 46 (1967). 
4. R. Dubos, Biochemical Factors in Microbial Diseases [Russian translation], Moscow (1957). 
5. I.N. Morgunov, Bacterial Toxins and Toxoids [in Russian], Kiev (1959). 
6. E.S. Shain, Zh. Mikrobiol., No. 9, 8 (1948). 
7. D.H. Buller and C. C. Vaughan, Milit. Med., 128, 867 (1963). 
8. A.S. Chakrabarty and S. Banerjee, Amer. J. Med. Sci., 250, 69 (1965). 
9. H. Farcas and I. J. Kligler, Proc. Soc. Exp. Biol. (New York), 48, 717 (1941). 

10. M.C. Hardegree, Proc. Soc. Exp. Biol. (New York), 11___99, 405 (1965). 
ii. J.C. Kerrin, Brit. J. Exp. Path., Ii, 153 (1930). 
12. D.R. Laurence and R. A. Webster, Clin. Pharmacol. Ther., 4, 38 (1963). 
13. E. Lemetayer, C. R. Soc. Biol. (Paris), 123, 742 (1936). 
14. P.O. Squire, Arch. Biochem., 10__7, 471 (1964). 

591 


