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Purification of tetanus toxin by multi-membrane electroclecantation 

I t  is desirable tha t  a toxoid, to be used for prophylaxis  against  h u m a n  and animal  diseases, 
should be as tmre as possible. Effective purification will reduce the incidence of reactions a t t r ibutable  
to impurit ies in the toxoids and will minimize the n u m b e r  of undesirable antigens which may  be 
present  in relatively cruder  preparat ions ,  and which may  affect the antigenic response evoked in 
their  recipients. 

The toxin produced by CI. te lani  may  be considerably purified by means  of mul t i -membrane  
eiectrodecantat ion (M.M.E.D.) I. The method has a number  of advantages  such as the mild conditions 
to which the toxin is exposed (relatively low tempera tu re ;  p H ' s  near  neutra l i ty ;  absence of denatur ing 
solvents), the high yield, the rapidi ty  of the process and the relative simplicity of the appara tus .  

In a typical exper iment  C/. te tani  (G.S. 761) was grown in a cellophane bag, such as was used 
by POLSOX AND STERNE in the prepara t ion  of C,l. bo tu l inus  toxin ~, using a Hog ' s  Stomach-Veal 
infusion medium a. There was no very marked  improvemen t  in the quan t i t y  of toxin produced as 
cont ras ted  to t ha t  obtained with growth  in the medium itself. However,  the cellophane bag technique 
had the advantage  tha t  the only macro-molecular  material  present  was produced by the Cl. le tani  
and none was derived from the medium. Fi l t rates  containing i o 5 or more M.L.D. (for 2o g mice) 
per ml were obtained. 

In  the prel iminary investigation, which is reported here, the toxin was purified by the removal  
of those const i tuents  wi th  electrophoretic mobil i ty at  the iso-electric point  of the toxin (pH 5.i) 4. 
The cont inuous  flow, 3-cell model of M.M.E.D. appa ra tus  was used for this purpose.  I t  was operated 
in the horizontal  posit ion since paper  electrophoresis of the crude toxin showed tha t  there were 
both  positively- and negatively-charged const i tuents  at pH 5.1- 

Three litres of the crude toxin-containing filtrate were dialysed against  an acetate buffer 
(pH -- 5.1 : ionic s t rength  = o.o5) , containing Mg +~ , for 48 hours,  the buffer having been renewed 
at the end of 24 hours.  A considerable port ion of the pigmented material, present  in the original 
filtrate, diffused into the dialysate. The toxin was passed th rough  the appa ra tus  at approximate ly  
lOO ml/h  wi th  a voltage gradient  of approximate ly  4 volts/cm. The current  was reversed twice during 
the exper iment  in order to minimize any  accumulat ion of acid or alkali in either electrode com- 
pa r tment .  The p H  was shown to have remained cons tan t  th roughout .  

All the p igmented material  migrated and collected at  the b o t t o m  of the cells with the electro- 
phoretically mobile contaminants .  The ex ten t  of the purification was est imated both  by paper  
electrophoresis and the measurement  of toxicity, expressed as M.I , .D. /mg of protein nitrogen. 

Paper  electrophoresis was carried out  in veronal  buffer at  p H  8.6 and ionic s t rength  o.o 5. 
The e lec t rophoretogram showed a s ta t ionary  band, 2 double bands  moving  towards  the anode and 
a single band  moving towards  the cathode. By cut t ing up  the paper  strip, eluting and determining 
the toxicity, it was  found tha t  the act ivi ty was associated with the slower componen t  of the slower 
double band.  This is in accordance wi th  the electrophoretic mobility, since it had the same speed 
as the /~-globulin of a h u m a n  se rum under  the same exper imenta l  conditions. The paper  electro- 
phore togram of the  purified toxin showed only the single toxin-containing band  wi th  a continuous,  
light, diffuse s tain between it and the point  of applicat ion on the paper.  However,  free electrophoresis 
indicated the presence of a non-charged componen t  (the very low protein concentrat ion prevented 
effective analysis by  free electrophoresis, even using the Scale Method). 

Based on the toxicity, expressed as the num ber  of M.L.D. (for mice) per mill igram of protein 
nitrogen (precipitated by  trichloracetic acid), there was approximate ly  an 8-fold purification by  a 
single run  th rough  the M.M.E.D. appa ra tus  (see Table I). 

T A B L E  I 

P U R I F I C A T I O N  O F  T O X I N  

Toxicity mgN /ml Toxicity * 
Substance M.L.E./ml M.L.D./mgN 

Original t o x i n  8 . 1 0 4  0 . 0 0 3 5  2 .  3 • i o  ~ 

Purified toxin 7' i o 4 0.o0037 1.9. IO8 

* The high toxici ty figures per mill igram of protein  ni trogen may  be due to incomplete precipi- 
ta t ion ~. However,  they  serve as a comparison to demons t ra te  the extent  of the purification. 

The toxici ty of the  solution before and after M.M.E.D. was vir tual ly  the same, allowing for 
dilution by  the buffer originally present  in tile appara tus .  The proteins,  which concentra ted in the 
b o t t o m  of the  three cells, contained progressively less toxin,  vary ing  f rom one-third to one-eighth 
of t h a t  present  in the original solution. 
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I t  has  also been possible  to d e m o n s t r a t e  t h a t  the  crude T A B I , E  [I 
t ox in  (even from di lu te  solut ions)  m a y  be q u a n t i t a t i v e l y  recovered  
in a smal le r  vo lume  in the  M.M.E.D. appa ra tus ,  opera ted  a t  a p H  CONCENTRATION OF TOXIN 

removed  from the  iso-electr ic  po in t  of the  t ox in  (e.g. p H  7.o). Using 
a s ingle  s epa ra t ion  cell (capaci ty5oo ml) as a ba tch  process, o .'%~bstancc Toxicity 95 /o " M.L.I). ml 
or more  of the  t ox in  has  been concen t r a t ed  in 5 ° ml  a t  the  b o t t o m  
of the  cell w i th in  4 hours  wi th  a po ten t i a l  g r a d i e n t  of approx i -  
m a t e l y  4 vol t s /cm.  The  final concen t ra t ion  in the  top  of the  cell Or ig ina l  2. io  4 
was  o n e - h u n d r e d t h  of t h a t  p resen t  o r ig ina l ly  (see Table  11). Bot tom f rac t ion  2. ~ o ~ 

F u r t h e r  work  us ing the  M.M.E.D. to  pur i fy  t e t a n u s  tox in  Top f rac t ion  2. lo z 
from bo th  the  G.S. 76I and  the  " H a r v a r d "  s t ra ins  of CI. tetani 
(the l a t t e r  p roduc ing  s ign i f ican t ly  more t ox in  under  the  condi t ions  
of these  experinaents)  is in progress.  The effect of t i le  pur i f icat ion Oll such proper t ies  as f locculation,  
an t igen ic i ty ,  etc. wil l  also be inves t iga ted .  

The a u t h o r  wishes to  t h a n k  Dr. POLSON for his ass i s tance  and  Professor  VAN DEN END~; for 
his  in t e res t  in  th is  work.  
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Conversion of o-xylose to D-xylulose phosphate by extracts of 
Pseudomonas hydrophila* 

P h o s p h o r y l a t i o n  s tudies ,  in which D-xylose was  the  pen tose  suppl ied,  have  been repor ted  wit t l  
cell-free ex f r ac t s  of Pseudomonas  hydrophila 1, Lactobacillus pe~losus 2 and Aerobacter cloacae "~. The 
p r o d u c t  of p h o s p h o r y l a t i o n  was  first  descr ibed only as an ac id-s tab le  pen tose  phospha tO .  Later ,  
us ing L. pentosus, f,AMPEN 4 ident i f ied I ) - r ibose-5-phosphate  as the  chief p roduc t  of th is  sys tem,  
s t a t ing ,  however ,  t h a t  r /-xylose or I)-xyhllose phospha t e s  could not  be detected.  Recen t  work  has  
shown t h a t  the  cell-free e x t r a c t s  used in phos pho r y l a t i on  s tudies  of P. hydrophila and L. penlosus 
con ta ined  not  only  a k inase  bu t  also a specific xylose  isomeraseS,S, 7. I t ,  therefore,  became uncer ta in  
whe the r  D-xylose or D-xylulose was  the  ac tua l  s u b s t r a t e  in the  phosphory la t ion .  

A t t e m p t s  to  iden t i fy  the  p r o d u c t  of the  p h o s p h o r y l a t i o n  have  now revea led  the  presence of 
a t  l eas t  four ac id -s tab le  p h o s p h a t e  esters.  This  c o m m u n i c a t i o n  describes the  ident i f ica t ion  of the  
first es ter  formed in the  sequence of reac t ions  now known  to t a k e  place. 

The enzyme  p r e p a r a t i o n  used was  a fresh sonic e x t r a c t  of P.  hydrophila 7. Nucleopro te in  was 
r emoved  wi th  MnCI2 s and  nucleic acids and  o ther  ex t r aneous  p ro te in  wi th  p r o t a m i n e  su lpha te  9.n). 
This procedure  was  used to p r e v e n t  the  possible fo rma t ion  of pentose  phospha t e  bv  enzymic  
hydro lys i s  of nucleic  acids  or of nucleoprote in .  After  cen t r i fuga t ion  (~4,ooo r.p.m.), t i le  s u p e r n a t a n t  
so lu t ion  was d ia lyzed  a ga in s t  w e a k  p h o s p h a t e  and  t h e n  aga i n s t  weak  b i ca rbona t e  buffers (pH 7.4 7-5) 
for a t o t a l  of 48 h. The r e su l t ing  p roduc t  was  used for all  e x p e r i m e n t a l  work.  

P h o s p h o r y l a t i o n  e x p e r i m e n t s  were car r ied  out  in an a tmosphe re  of N 2 CO 2 in 15 \Varburg  
vessels  (27 ° C), each con t a in ing  o.o2 3~/ N a H C O  a, o .oi  3// MgC12, o.o26 2~I ATP, 1.8 ml enzyme  
p r e p a r a t i o n  and  o.o18 3 i  D-xylose. Condi t ions  chosen were such t h a t  no free sugars  r ema ined  a t  
the  t e r m i n a t i o n  of the  expe r imen t s ,  as j udged  by  pape r  c h r o m a t o g r a p h y  of the  products .  1)hos - 
p h o r y l a t i o n  ra tes  were measu red  by  the  me thod  of COLOWICK AND KALCKAR 11. Af ter  90 minutes ,  
the  con ten t s  of al l  vessels  were combined  (48 ml), 0.6 ml  glacia l  acet ic  acid was added  and the  solut ion 
was  a l lowed to  pass  s lowly (1 1. 5 ml /min)  t h r o u g h  a large co lumn of I R i 2 o  (H +) ion exchange  
resin fol lowed b y  severa l  wash ings  wi th  deionized water .  P ro t e in  f locculated ou t  a t  the  top of the  
column.  The effluent (pH a b o u t  2.8) was col lected a t  o 4 ° C concen t r a t ed  in vacuo a t  3 °0 C 12 to  a 
volume of 5 ° ml, and  t r e a t e d  wi th  b a r i u m  hydrox ide .  Af ter  r emova l  of the  adenosine  phospha te s  
a t  p H  8.2, the  p H  was q u i c k l y  b r o u g h t  to  6.8. [ ;our vo lumes  of e thano l  were then  added  to  p r ec i p i t a t e  
the  b a r i u m  sa l ts  of the  sugar  phosphates .  The p r e c ip i t a t e  was  t h o r o u g h l y  washed  and dried. 

* I ssued  as N.R.C. No. 3483 . 


