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INTRODUCTION

The d y s e n t e r i e s  have  a f f l i c t e d  man f c r  c e n t u r i e s .  They 

a r e  s e v e r e  or mi ld  i n f l a m m a t i o n s  o f  t h e  l o w e r  i n t e s t i n a l  t r a c t ,  

t h a t  a r e  a t  l e a s t  p a r t i a l l y  c h a r a c t e r i z e d  by f r e q u e n t  p a i n f u l  

e v a c u a t i o n s  of  b l o o d y  m u c o p u r u l e n t  s t o o l s .  The o r g a n i s m s  a r e  

p r e s e n t  i n  t h e  i n t e s t i n a l  t r a c t ,  and o c c a s i o n a l l y  i n  t h e  m e s e n t 

e r i c  g l a n d s ,  but  do not  i n v a d e  t h e  u r i n a r y  t r a c t  or t h e  b l oo d  

s t r e a m .

There  a r e  two main t y p e s  o f  d y s e n t e r y  b a c i l l i ;

1*. S h i g e  11a d v s e n t e r i a e  w h i c h  p r o d u c e s  a c i d  i n  g l u c o s e  

and w h i c h  p r o d u c e s  no a c i d  i n  m a n n i t e ,  l a c t o s e ,

and d u l c i t e ,  and d o e s  n o t  form i n d o l e .

2* S h i g e l l a  p a r a d v s e n t e r i a e  ( F l e x n e r ,  H i s s  ( Y ) , S t r o n g ,  

and o t h e r s )  w h i ch  p r o d u c e  a c i d  i n  g l u c o s e  and man

n i t e  and form i n d o l e .

The S h i g a  t y p e  i s  t y p e - s p e c i f i c  i n  t h e  a n t i g e n  c o n t e n t  and 

may be d i f f e r e n t i a t e d  f rom t h e  p a r a d y s e n t e r y  grou p by s p e c i f i c

immune s e r a .  I t  p r o d u c e s  an e x o t o x i n  ( n e u r o t o x i n )  as  w e l l  a s  an

e n d o t o x i n  ( e n t e r o t o x i n ) » The p r e s e n c e  o f  t h e s e  two t o x i n s  h a ve  

been d e t e r m i n e d  by a number o f  i n d e p e n d e n t  i n v e s t i g a t o r s  d u r i n g  

r e c e n t  y e a r s .

In 1 8 98 ,  S h i g a  ( 1 )  d i s c o v e r e d  i n  t h e  s t o o l s  o f  p a t i e n t s ,  

s u f f e r i n g  from d y s e n t e r y  i n  J ap an ,  t h e  m i c r o - o r g a n i s m  w h i c h  b e a r s  

h i s  name.  F o l l o w i n g  S h i g a ' s  work,  d i s c o v e r i e s  by Kruse  i n  Jermany  

and F l e x n e r  in  t h e  P h i l i p p i n e s  f u r t h e r  c o n f i r m e d  S h i g a ' s  T̂ ork



t h a t  b a c t e r i a  c a u s e  d y s e n t e r y .  In  r e c e n t  y e a r s  a number o f  s t r a i n s  

o f  p a r a d y s e n t e r y ,  w i t h  some c u l t u r a l  and a n t i g e n i c  s i m i l a r i t i e s  t o  

t h e  S h i g a  t y p e ,  h a v e  b een  s t u d i e d  but t h e  v i r u l e n c e  o f  t h e s e  r e 

l a t e d  t y p e s  h a s  b een  shown t o  be l e s s  than t h a t  o f  S h i g . d v s e n t e r -  

i a e  and t h e y  do n o t  p ro du ce  n e u r o t o x i n .  Thes e  b a s i c  d i f f e r e n c e s  

w e r e  t h e  main f a c t o r s  f o r  t h e  S h i g a  t y p e  f o r  r e s e a r c h .

The g e n e r a l  i m p r e s s i o n  i s  t h a t  d y s e n t e r y  i n  i t s  s e v e r e s t  

form i s  t o  be found i n  t r o p i c a l  or s e m i t r o p i c a l  c o u n t r i e s ,  and 

w h i l e  i t  i s  t r u e  t h a t  most  o u t b r e a k s  a r e  c a u s e d  u s u a l l y  by t h e  p a r a 

d y s e n t e r y  and r e l a t e d  g r ou p s  t h e r e  a r e  o c c a s i o n a l  s p o r a d i c  o u t 

b r e a k s  o f  S h i g e l l a  d y s e n t e r y  i n  t h e  U n i t e d  S t a t e s .  At  Owosso,  

M i c h i g a n ,  an i n s t a n c e  o f  t h e  o c c u r r e n c e  o f  t h i s  t y p e  i s  b r o u g h t  t o  

our a t t e n t i o n .  The Owosso s t r a i n  o f  S h i g e l l a  d y s e n t e r y  was ob

t a i n e d  t h r o u g h  t h e  c o u r t e s y  o f  t h e  Mi c h i g a n  Dep art men t  o f  H e a l t h .

The t r a n s m i s s i b l e  l y t i c  s u b s t a n c e ,  c a l l e d  b a c t e r i o p h a g e ,  

was d i s c o v e r e d  i n d e p e n d e n t l y  by Twort i n  1915 and by d ' H e r e l l e  i n  

1917 .  d ' H e r e l l e  h as  s t a t e d  t n a t  he f i r s t  o b s e r v e d  t h e  phenomenon,  

in  M e x i c o ,  i n  19C9, w h i l e  w or k i n g  on a b a c t e r i a l  d i s e a s e  o f  l o c u s t s .

The n a t u r e  o f  b a c t e r i o p h a g e  i s  s t i l l  a s u b j e c t  o f  d i s p u t e ,  

but  t h e  p r o d u c t i o n  of  t h i s  s u b s t a n c e  i n  t h e  a b s e n c e  o f  b a c t e r i a l  

c e l l s  by Kru eger  and Ba l dwi n  ( 2 )  w i l l  l e a d ,  no d o u b t ,  t o  f u r t h e r  

c l a r i f i c a t i o n  o f  t h i s  p o i n t .  I t  i s  n ot  t h e  p u r p o s e  o f  t h i s  r e 

s e a r c h  t o  d e l v e  f u r t h e r  i n t o  t h e  n a t u r e  o f  b a c t e r i o p h a g e ,  but  t o  

s t u d y  t h e  a n t i g e n i c  c h a r a c t e r s  d e s i g n a t e d  by Larkum ( 3 )  and l a t e r  

Holm, A n d e r s o n ,  and Leonard as  " S t a p h y l o c o c c u s  B a c t e r i o p h a g e  T o x o i d .  

T h i s  s t u d y  w i l l  e m p h a s i z e  r e s e a r c h  on l y s e d  S h i g .  d v s e n t e r  i a e  c e l l s  

and t h e i r  b a c t e r i a l  p r o d u c t s .



The i n v e s t i g a t i o n s  o f  b a c t e r i o l o g i s t s  who have  s t u d i e d  

t h i s  s u b j e c t  i n d i c a t e  t h a t  b a c t e r i o p h a g e s  h a v e  a n t i g e n i c  s p e c i 

f i c i t i e s .  An ima ls  i n j e c t e d  w i t h  b a c t e r i o p h a g e  f i l t r a t e s  d e v e l o p  

c o r r e s p o n d i n g  a n t i b a c t e r i a l  a n t i b o d i e s .  Larkum ( 3 )  s t a t e s  t h a t  

b a c t e r i o p h a g e  i s  an a n t i g e n  o f  t o x o i d  c h a r a c t e r ,  s i n c e  i t  d o e s  

not  p r o d u c e  h e m o l y s i s  and d e r m o n e c r o s i s , i s  i n n o c u o u s  t o  r a b b i t s ,  

and w i l l  p r o d u c e  a n t i t o x i n  w h i c h  n e u t r a l i z e s  t h e  t o x i c  p r o p e r 

t i e s  o f  s t a p h y l o c o c c u s  t o x i n .  Holm, An de rs o n  and Leonard ( 4 )  

s t a t e  t h a t  s t a p h y l o c o c c u s  b a c t e r i o p h a g e  t o x o i d  c o n t a i n s  b o t h  

e n d o - a nd  e x o t o x i n  p r i n c i p l e s  i n  s o l u t i o n  w h i c h  t h e y  d e s i g n a t e

" A m b o - t o x i d ".

I t  i s  t h e  p u r p o s e  o f  t h i s  r e s e a r c h  t o  d e t e r m i n e  i f  t h e s e  

b a c t e r i o p h a g e  a n t i g e n s  a r e  t o x o i d  or t o x i n  i n  c h a r a c t e r  f o r  

S h i g .  d v s e n t e r i a e  and t o  compare b a c t e r i o p h a g e  and p u r i f i e d  b a c 

t e r i o p h a g e  w i t h  S h i g e l l a  b a c t e r i n ,  e x o t o x i n ,  b a c t e r i o p h a g e - e x o -  

t o x i n ,  e n d o t o x i n  and b a c t e r i o p h a g e - e x o t o x o i d .

The p u r i f i c a t i o n  o f  b a c t e r i o p h a g e  a c c o r d i n g  t o  t h e  p r o

c e d u r e  o f  Kru eger  and Tamada ( 1 1 )  and t h e  s u b s e q u e n t  d i s c o v e r y  

t h a t  S h i g e l l a  b a c t e r i o p h a g e  No.  18 c o n t a i n e d  b o t h  e n d o -  and 

e x o t o x i n s  l e d  t h e  author  t o  a t t e m p t  a s i m i l a r  p r o c e d u r e  f o r  t h e  

p u r i f i c a t i o n  o f  S h i g e l l a  e x o t o x i n .



EXPERIMENTAL

A r e v i e w  o f  t h e  l i t e r a t u i e  i n  r e f e r e n c e  t o  t y p e s  o f  

media r e q u i r e d  f o r  t h e  p r o d u c t i o n  o f  e x o t o x i n  and e n d o t o x i n

i n d i c a t e s  t h a t  s e v e r a l  media  must  be u s e d .  Olifcsky and K l i g l e r

( 7 )  have  c a r r i e d  o ut  e x t e n s i v e  s t u d y  o f  t h e  S h i g e l l a  d y s e n  t e r  i a e  

t o x i n .  They d i f f e r e n t i a t e  q u i t e  d e f i n i t e l y  b et ween  t h e  e x o t o x i n  

and e n d o t o x i n .  T h e i r  e x o t o x i n  was o b t a i n e d  by g r o w i n g  t h e  o r g a n 

i sms  f o r  f i v e  d ays  i n  a l k a l i n e - e g g  b r o t h ,  w h i l e  t h e i r  e n d o t o x i n  

was p r od uced  by i n c u b a t i n g  t h e  o r g a n i s m s  from agar g r o w t h s  i n  

s a l t  s o l u t i o n  f o r  two d a y s .  The f i l t r a t e  from t h e  l a t t e r  med

ium c o n t a i n e d  t h e  e n d o t o x i n .

S u b s e q u e n t  d a t a  w i l l  show t h a t  i t  i s  u n n e c e s s a r y  t o  u s e  

two t y p e s  o f  media f o r  t h e  p r o d u c t i o n  o f  b o t h  t o x i n s  but  in  t h e  

a u t h o r ' s  e x p e r i m e n t s  two t y p e s  o f  media  w er e  u s e d  i n  o r de r  t o  

p r e p a r e  b a c t e r i o p h a g i c  a n t i g e n s  i n  b r o t h  as w e l l  as  e x o t o x i n s  

and e n d o t o x i n s  on n u t r i e n t  a g a r .

C u l t u r e  media  f o r  g r o w t h  o f  t h e  organisms w e r e  n u t r i e n t  

b r o t h  and n u t r i e n t  a g a r .  Each was  a d j u s t e d  t o  pH 7 . 6 .  Media  

f o r  f e r m e n t a t i o n  r e a c t i o n s  were  1 per c e n t  p e p t o n e  w a t e r  c o n 

t a i n i n g  A n d r a d e ' s  i n d i c a t o r  w i t h  0 * 5  per c e n t  e a c h  o f  g l u c o s e ,  

m a n n i t e ,  l a c t o s e ,  and d u l c i t e .  The t e s t  f o r  i n d o l e  was made on 

7 day o l d  c u l t u r e  i n  1 per  c e n t  p e p t o n e  wa ter  i n  w h i c h  one or 

two d r o p s  o f  E h r l i c h ' s  ( 6 )  r e a g e n t  was added;



pr e p a r a t i on  of m e d i a

S t r a i n s  o f  S h i g . d v s e n t e r i a e  r a p i d l y  l o s e  t h e i r  v i a 

b i l i t y  i f  f r e q u e n t  t r a n s p l a n t s  a r e  n ot  made.  a s e m i - s o l i d  

medium u s e d  o nce  a month m a i n t a i n e d  t h e  t o x i c i t y  o f  t h e  o r 

g a n i s m .

The medium was p r ep a r e d  a s  f o l l o w s ;

1.  S e a i - s o l i d  Medium 

W h i t e s  o f  2 e g g s  

Y o l k  o f  1 egg  

200  c c  d i s t i l l e d  w a t e r -

Mix t h e  e g g s  t h o r o u g h l y  w i t h  an e g g  b e a t e r  b e f o r e  add

i n g  t h e  w a t e r .  B o i l  2 m i n u t e s ,  s t i r r i n g  c o n s t a n t l y .  F i l t e r  

f i r s t  t h r o u g h  a w i r e  s t r a i n e r ,  and t h e n  t h r o u g h  c o t t o n .  S t e r i l 

i z e  a t  15 l b s .  p r e s s u r e  f o r  15 m i n u t e s .

To a s t e r i l e  v e a l  i n f u s i o n  agar ( 1 . 5 $  a g a r ,  1% p e p t o n e ,

0 . 5 p  NaCl)  add s t e r i l e  e g g  mix i n  t h e  p r o p o r t i o n  o f  5 cc o f  egg  

m i x t u r e  t o  2 cc  o f  a g a r .  Mix ,  t u b e  under  a s e p t i c  c o n d i t i o n s ,  

and a l l o w  t o  s o l i d i f y .  S t a b  c u l t u r e s  a re  made.

The medium i s  q u i t e  s o f t  but  w i l l  s o l i d i f y  somewhat on

c o o l i n g .

T h i s  t y p e  o f  medium w i l l  not  s u f f i c e  t o  m a i n t a i n  t h e  

v i a b i l i t y  o f  o r g a n i s m s ,  e x c e p t  when t h e  s t r a i n s  are  f r e q u e n t l y  

t r a n s p l a n t e d .  I t  was f ound t h a t  r a p i d  t r a n s f e r s  o f  t e n  or more 

" seed  i n g s "  i n  n u t r i e n t  b r o t h  n e t  o n l y  r e n d e r e d  t h e  o r g a n i s m s



v i a b l e  but  e nh an ced  t h e  p r o d u c t i o n  o f  b o t h  e x o -  and e n d o t o x i n s

2 . N u t r i e n t  Bro th

A. F o r m u l a ;

Ground v e a l ,  f a t  f r e e  ( I n f u s i o n ) 500  gms

P e p t o n e ,  P r o t e o s e ,  B a c t o 15 gms

Sodium c h l o r i d e ,  G.P.

S t e r i l e  2 5 $  d e x t r o s e  s o l u t i o n  

D i s t i l l e d  w a t e r

5 gms

10 c c .

1000 c c .

B. P r o c e d u r e ;

500 gms.  o f  ch o pp e d ,  d e f a t t e d  v e a l  w e r e  p l a c e d  

i n  1 l i t e r  of  d i s t i l l e d  w a t e r  and i n f u s e d  o ver  

n i g h t  i n  t h e  r e f r i g e r a t o r .  I t  was t h e n  b o i l e d  

f o r  an h ou r ,  p a s s e d  t h r o u g h  a p r e s s ,  f i l t e r e d  

t h r o u g h  c h e e s e  c l o t h  and c o t t o n ,  a u t o c l a v e d  

f o r  20 m i n u t e s  a t  15 pounds p r e s s u r e  and c o o l 

ed o v e r  n i g h t  i n  t h e  r e f r i g e r a t o r .  The f a t  

was t h e n  skimmed from t h e  s u r f a c e  and t h e  v o l 

ume was made up t o  1 l i t e r .  The p e p t o n e  and 

s a l t  were  added and t h e  r e a c t i o n  was a d j u s t e d  

t o  pH 7 . 6 .  The media were  h e a t e d  t o  100° C.  

f o r  10 m i n u t e s .  The r e a c t i o n  was r e a d j u s t e d  

t o  pH 7 . 6 .  lOOcc p o r t i o n s  were  p l a c e d  i n  

E r l e n m e y e r  f l a s k s  and s t e r l i z e d  under  p r e s s u r e .  

One c c .  p o r t i o n s  o f  25/a s t e r i l e  d e x t r o s e  s o l u t 

i o n  was added a s e p t i c a l l y  t o  e a c h  f l a s k  p r i o r



t o  u s e .  A l l  f l a s k s  were  i n c u b a t e d  a t  3 5 - 3 6 ° C .

f o r  48  h o u r s  t o  c h e c k  s t e r i l i t y .

3 .  N u t r i e n t  Aga r .

a .  Formul a;

Na Cl  ( G . P . ) 5 gms.

N e o - P e p t o n e  15 gms.

V e a l  I n f u s i o n  ( p r e p a r e d  as  in 2b 500  c c .
but  made d o u b l e  s t r e n g t h )

D i s t i l l e d  w a t e r  500 c c .

Agar 4 0  gms.

b.  The medium-was p re p a r e d  as  in  2 b.

SOURCE OF CULTURES 

S h i g . d v s e n t e r i a e  c u l t u r e s  were  k i n d l y  s u p p l i e d  by a 

number o f  u n i v e r s i t i e s  and b i o l o g i c a l  l a b o r a t o r i e s .  The i d e n 

t i t y  o f  e a c h  c u l t u r e  was c h e c k e d  by f e r m e n t a t i o n  t e s t s  on 

g l u c o s e ,  m a n n i t e ,  l a c t o s e  and d u l c i t e ,  by i n d o l e  p r o d u c t i o n  

i n  Dunham's s o l u t i o n  and by a g g l u t i n a t i o n  t e s t s  w i t h  S h i g . 

d y s e n t e r i a e  a n t i s e r a  o b t a i n e d  from t h e  N a t i o n a l  I n s t i t u t e  o f  

H e a l t h .  The c u l t u r e s  w i t h  t h e i r  b i o c h e m i c a l  r e a c t i o n s  a r e  

l i s t e d  i n  T a b l e  1.
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PREPARATION OF EAOTQa INS

S t r a i n  Mo. 18 was t r a n s f e r r e d  f o u r  or more t i m e s  in
«

d e x t r o s e  n u t r i e n t  b r o t h .  Each t r a n s p l a n t  i n  10 cc  o f  t h e  b r o t h  

i n c l u d e d  f o u r  l o o p f u l s  wh i ch  p e r c e p t i b l y  c l o u d e d  t h e  b r o t h  in  

f o u r  h o u r s  or l e s s ,  t h e n  0 . 1  cc  o f  t h e  l a s t  c u l t u r e  was t r a n s 

f e r r e d  t o  a 100 cc  f l a s k  c o n t a i n i n g  2b cc  o f  n u t r i e n t  b r o t h  wh ich  

t h e n  wa s  i n c u b a t e d  f o r  24 h o u r s .  One c u b i c  c e n t i m e t e r  t r a n s p l a n t  

o f  t h i s  24 hour  b r o t h  c u l t u r e  was made a s e p t i c a l l y  t o  K o l l e  c u l 

t u r e  f l a s k s  c o n t a i n i n g  a l a y e r  of  n u t r i e n t  a g a r .  Even d i s t r i 

b u t i o n  o f  o r g a n i s m s  over  t h e  s u r f a c e  or  t h e  agar  was o b t a i n e d  by 

maxing  a " s p r e a d e r rt t h r o u g h  a p r o c e s s  or s l i g h t l y  c u r v i n g  about  

10 cm. o f  a 40  cm. s t i f f  i r o n  w i r e  and c o v e r i n g  t h e  c u r v e d  a r e a  

w i t h  a t h i n  l a y e r  o f  a b s o r b e n t  c o t t o n  whi ch  was s e c u r e d  w i t h  

c o a r s e  s i l k  t h r e a d .  T h i s  " s p r e a d e r "  was s t e r i l i z e d  i n  a 500 c c

E r l e n m e y e r  f l a s k  a t  15 l b s .  p r e s s u r e  f o r  3 0  m i n u t e s #

The o r g a n i s m s  w e r e  grown 20 h o u r s  on n u t r i e n t  agar  and 

t h e  g r o w t h  was  l o o s e n e d  w i t h  a " s p r e a d e r "  a f t e r  5 to 10 cc  o f  

p h y s i o l o g i c a l  s a l t  s o l u t i o n  had b een  added and a l l o w e d  t o  macer 

a t e  f o r  two h o u r s .

PROCEDURE FOR SEPARATION OF Ea QIQa IN 
FROM ORGa MlGMS

1.  S u s p e n s i o n s  o f  S h i g e l l a  o r g a n i s m s  w er e  n e a t e d  a t  

6 0 c c f o r  1 hour  and c h e c k e d  f o r  s t e r i l i t y .

2 .  S u p e r n a t a n t  f l u i d  was s e p a r a t e d  from t h e  s u s p e n s i o n  

by r a p i d  c e n t r i f u g a t i o n .  The s u p e r n a t a n t  f l u i d  w h i c h  c o n t a i n s  

t h e  e x o t c x i n  was f i l t e r e d  t h r o u g h  a P a s t e u r - C h a m b e r  l a n d  L3.



c a n d l e  and c h e c x e d  f o r  s t e r i l i t y .

3 .  M. L. D. o f  t h e  e x o t o x i n  was d e t e r m i n e d  by i n t r a 

v e n o u s  i n j e c t i o n  i n  t h e  m a r g i n a l  v e i n  o f  t h e  ear  o f  a r a b b i t .

4 .  The p r e c i p i t a t e d  c e l l s  w e r e  r e t a i n e d  f o r  f u t u r e  p re
p a r a t i o n  o f  e n d o t o x i n .

PREPARATION OF ENDOTOXIN

B o i v i n  and Me s ro be an u ( 3 )  ( i n  c o l l a b o r a t i o n  w i t h  C g l a l b )  

h a v e  shown t h a t  by t h e  t r i c h l o r a c e t i c  a c i d  t e c h n i q u e ,  a t h e r 

m o s t a b l e  s u b s t a n c e  can be e x t r a c t e d  from S h i g .  d v s e n t e r i a e  

b a c t e r i a l  b o d i e s  o f  S form whi ch ,  when i n j e c t e d  i n t o  s u s c e p t i b l e  

a n i m a l s  i n  l e t h a l  a mo unt s ,  p r o d u c e s  d i a r r h e a  f o l l o w e d  by d e a t h  

i n  24 t o  4 8  h o u r s .  T h i s  s u b s t a n c e  d o e s  n o t  p r o d u c e  t h e  c h a r 

a c t e r i s t i c  p a r a l y s i s  o f  t h e  e x o t o x i n .

The a u t h o r ' s  t e c h n i q u e ,  wh i ch  was a m o d i f i c a t i o n  o f  t h e  

method o f  B o i v i n  and Me s ro b ea n u,  was c a r r i e d  o u t  as  f o l l o w s ;

The c e l l s  w e r e  d i g e s t e d  w i t h  0 . 5 ^  t r y p s i n  and 0 .5;o  

NagGOg f o r  s i x t y  h o u r s  and t h e n  t h e  t r y p s i n  was r e p l e n i s h e d ,  

but  no more s o d i u m  c a r b o n a t e  was a d d e d ,  and d i g e s t i o n  was c o n -  

t i n u § d  f o r  an a d d i t i o n a l  s i x t y  h o u r s .  T r i c h l o r a c e t i c  a c i d  was  

added u n t i l  t h e  c e l l s  g a v e  a pH o f  3 . 5  and t h e  m i x t u r e  was a l l o w 

ed t o  s t a n d  t h r e e  h o u r s ,  t h e n  n e u t r a l i s e d  w i t h  N / 1 NaOH. The 

m i x t u r e  was now c e n t r i f u g e d .  The s u p e r n a t a n t  l i q u i d  was d i a l y z e d  

by means o f  a c e l l o p h a n e  s a c  a g a i n s t  d i s t i l l e d  w a t e r  f o r  36 h o u r s  

w i t h  a c h a n g e  o f  d i s t i l l e d  w a t e r  e v e r y  12 h o u r s .  The m a t e r i a l  

i n  t h e  d i a l y s i s - s a c  c o n t a i n e d  t h e  e n d o t o x i n .  The d i a l y s a t e  was



f i l t e r e d  t h r o u g h  a P a s t e u r - C h a m b e r  land L.3  c a n d l e  and grad  

u a t e d  amounts  w e r e  i n j e c t e d  i n t r a v e n o u s l y  i n t o  r a b b i t s  t o  

d e t e r m i n e  t h e  minimum l e t h a l  d o s e .



p r e p a r a t i o n  of  s h i g e l l a  b a c t s e i n

The same p r o c e d u r e  f o r  p r e p a r a t i o n  o f  e x o t o x i n  was  

u s e d  f o r  S h i g e l l a  b a c t e r i n .  The b a c t e r a l  c e l l s  and b a c t e r i a l  

e x u d a t e s  were  l e f t  i n t a c t  a f t e r  h e a t i n g  and g r a d u a t e d  amounts  

w e r e  i n j e c t e d  i n t r a v e n o u s l y  i n t o  r a b b i t s  t o  d e t e r m i n e  t h e  min

imum l e t h a l  d o s e .

p r e p a r a t i o n  of BAGTERIOPHaGE

The p r e l i m i n a r y  work f or  t h e  d i f f e r e n t  a n t i g e n s  began  

w i t h  t h e  a d a p t a t i o n  o f  b a c t e r i o p h a g e  t© S h i g e l l a  No.  8 .

The f i n a l  c o m p a r i s o n  was made w i t h  s t r a i n  N o . 18 b a c t e r i o p h a g e  

t h a t  had a minimum l e t h a l  d o s e  o f  4 c c  f o r  a r a b b i t  w e i g h i n g  2 

k i l o g r a m s  i n j e c t e d  i n t r a v e n o u s l y .  T h i s  b a c t e r i o p h a g e  a l s o  p ro 

duced p a r a l y s i s  and d i a r r h e a  in  r a b b i t s  i n j e c t e d  s u b c u t a n e o u s l y . 

D e a t h  o c c u r r e d  when l a r g e r  d o s e s  were  g i v e n .

S h i g e l l a  d v s e n t e r i a e  was t r a n s p l a n t e d  a t  l e a s t  f o u r  

s u c c e s s i v e  t i m e s  and a d d i t i o n a l  t r a n s p l a n t s  were  u s e d  when f our  

t r a n s f e r  l o o p s  o f  o r g a n i s m s  i n  l Ccc  did not  p r o d u c e  d e f i n i t e  

c l o u d i n g  i n  f o u r  h o u r s  or l e s s  i n c u b a t i o n .  B a c t e r i o p h a g e  was  

o b t a i n e d  f r om  f r e s h  u n t r e a t e d  s e w a g e .  The s e w a g e  was f i l t e r e d  

t h r o u g h  c o t t o n ,  f o l l o w e d  by f i l t r a t i o n  t h r o u g h  f i l t e r  paper  

c o a t e d  w i t h  f u l l e r ' s  e a r t h  and f i n a l l y  by u l t r a f i l t r a t i o n  t o  

r e n d e r  i t  b a c t e r i a  f r e e .  A f t e r  s u f f i c i e n t  r a p i d  t r a n s f e r s  t h e  

a c t i v i t y  of  t h e  b a c t e r i o p h a g e  was d e t e r m i n e d  by t h e  methods



recommended by d ' H e r e l l e  ( 8 )  as  p r e l i m i n a r y  t e s t s  and by 

K r u e g e r  ( 9 )  f o r  t h e  f i n a l  t e s t s .  A f t e r  t h e  b a c t e r i o p h a g e  had 

r e a c h e d  a " f i x e d "  s t a g e  t h e  s u c c e e d i n g  f i l t r a t e s  w e r e  r e s e r v e d  

f o r  f u t u r e  a n i m a l  i n o c u l a t i o n s .

A n o t h e r  s o u r c e  o f  b a c t e r i o p h a g e  was t h a t  o b t a i n e d  from 

Mallmann ( 5 ) .  The b a c t e r i o p h a g e  r e a d i l y  l y s e d  S h i g e l l a  s t r a i n  

18 and a f t e r  10 t r a n s f e r s ,  t h e  t i t r e  o b t a i n e d  was 10“ ©. T h i s

l y s i n g  t i t r e  c h e c k e d  a g a i n  a f t e r  50 t r a n s f e r s  were  made was 10 - 9  

S u b s e q u e n t  c h e c k s  f o r  100 t r a n s f e r s  and 150 t r a n s f e r s  g a v e  no

i n c r e a s e  i n  t h e  t i t r e .  The l a r g e  number o f  t r a n s f e r s  g a v e  an 

a b u n d a n t  s u p p l y  o f  b a c t e r i o p h a g e  s o  t h a t  a c h e c k  c o u l d  be made 

as  to  t h e  r e l a t i v e  t o x i c i t y  o f  t h e  l y s e d  b a c t e r i a l  p r o d u c t s .

B a c t e r i o p h a g e  w i t h  a f i n a l  t i t r e  o f  1 0 - 8 .  was i s o l a t e d  

from u n a l t e r e d  s e w a g e .  B a c t e r i o p h a g e  t h a t  was s i x  months  o ld  

p r o d u c e d  d e a t h  w i t h  s l i g h t l y  l a r g e r  d o s e s  than w i t h  t h e  f r e s h l y  

p r e p a r e d  b a c t e r i o p h a g e .

PREPARATION OF BACTERIOPHAGE-EXOTQXIN

B a c t e r i o p h a g e - e x o t o x i n  was p r e p a r e d  by a d d i n g  b a c t e r i o 

phage  and e x o t o x i n  i n  p r o p o r t i o n  t o  t h e i r  minimum l e t h a l  d o s e .  

The M . u . D .  o f  t h e  b a c t e r i o p h a g e - e x o t o x i n  was t h e n  d e t e r m i n e d .

PREPARATION OF BaCTEKIQPHAGE-EAOTOXOID

B a c t e r i o p h a g e - e x o t o x o i d  was p r e p a r e d  as  f o l l o w s :

0 . 4  per  c e n t  f o r m a l i n  ( U . t f . P . )  was added t o  t h e  f l a s k s  o 

b a c t e r i o p h a g e - e x o t o x i n .  CM.a . B . - 4 c c )



The m i x t u r e  was i n c u b a t e d  f o r  f o u r  weeks  a t  4 0 ° 0 .

I t  was t h e n  c h e c x e d  f o r  t o x i c i t y .

The same q u a n t i t y  was u s e d  f o r  i m m u n i z a t i o n  a s  was  

u se d i n  b a c t e r i o p h a g e - t o x i n  i m m u n i z a t i o n s .

PREPARATION OF PURIFIED BACTERIOPHAGE

( a )  Tne P r o c e d u r e  f o r  t h e  P u r i f i c a t i o n  o f  ^gar

The p r e p a r a t i o n  o f  r e l a t i v e l y  pure b a c t e r i o p h a g e  has  

b e e n  p r e s e n t e d  oy Kr ue ge r  and Tamada ( 1 1 ) .  To c a r r y  out  t h e  

p u r i f i c a t i o n  p r o c e s s ,  p u r i f i e d  ag ar  was u s e d  as  a s u b s t r a t e .  In 

o r d e r  t o  u s e  a ga r  t h e  a u t h o r  has  m o d i f i e d  t h e  p r o c e d u r e  recom

mended by D o m i n i k i e w i c z  ( 1 2 ) .  Two hundred and f i f t y  t o  t h r e e  

hundred grams o f  ag ar  i n  a powder form was  d i s s o l v e d  i n  t h r e e  t o  

f o u r  l i t e r s  o f  h o t  w a t e r  k e p t  a t  a t e m p e r a t u r e  j u s t  b e l o w  t h e  

b o i l i n g  p o i n t  i n  a d o u b l e  b o i l e r .  The m e l t e d  agar  was poured  

i n  a t h i n  s t r e a m  i n t o  e i g h t  or more l i t e r s  o f  95 per c e n t  a l c o 

h o l ,  w h i c h  had b e e n  s l i g h t l y  a c i d i f i e d  w i t h  a c e t i c  a c i d  w h i l e  t h e  

f l u i d  was c o n t i n u a l l y  s t i r r e d  by means o f  a g l a s s  r o d .  The agar  

p r e c i p i t a t e d  a t  o n c e  from t h e  s o l u t i o n  i n  t h e  form o f  a spongy^

w h i t e  s e d i m e n t .  A f t e r  t h e  f l u i d  had b een  v i g o r o u s l y  s h a ke n  and 

t h e  s e d i m e n t  had s e t t l e d  to  t h e  b o t t o m ,  t h e  a l c o h o l  was d e c a n t e d ,  

and t h e  agar  s e d i m e n t  was poured on a p i e c e  o f  f i n e - m e s h e d  l i n e n ,  

w h i c h  was s t r e t c h e d  over  a b a t t e r y  j a r  o f  t e n  l i t e r s  c a p a c i t y .

The p r e c i p i t a t e d  aga r  was washed i n  95% a l c o h o l  t o  remove a l l  

t r a c e s  o f  a c e t i c  a c i d .  I t  was d r i e d  i n  an oven  f o r  two h o u r s  a t  

6 0 ° C .  The a g ar  was s t o r e d  i n  g l a s s  c o n t a i n e r s .



The r e m o v a l  o f  t r a c e s  o f  a c e t i c  a c i d  so t h a t  t h e  agar

was n e u t r a l  was a p r ob l e m t h a t  had t o  he s o l v e d .  I t  was found  

t h a t  t h e  p a r t i c l e s  o f  a g a r  r e t a i n e d  c o n s i d e r a b l e  a c i d  e v e n  a f t e r

e x c e s s i v e  w a s h i n g s  w i t h  n e u t r a l  a l c o h o l  as  recommended by Dom-

i n i k i e w i c z  ( 1 2 ) .  The p r e c i p i t a t e d  a g a r  was a l t e r n a t e l y  immersed  

and f i r m l y  p r e s s e d  out  t h r o u g h  a l i n e n  c l o t h  f o u r  t i m e s ,  e a c h ,  

i n  t e n  2 5 0 c c  q u a n t i t i e s  o f  95 per c e n t  a l c o h o l .  T h i s  p r o c e s s  

g a v e  a n e u t r a l  a g a r .

( b )  P r e p a r a t i o n  o f  R e l a t i v e l y  Pure  B a c t e r i o p h a g e  

The p r e p a r a t i o n  o f  r e l a t i v e l y  pure  b a c t e r i o p h a g e  s u s 

p e n s i o n  was c a r r i e d  o u t  w i t h  s l i g h t  m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  

recommended by Krueger  and Tamafia ( 1 1 ) .

I t  i s  a w e l l - k n o w n  f a c t  t h a t  t h e  l y t i c  a g e n t ,  b a c t e r i o 

phage ,  i s  commonly a s s o c i a t e d  w i t h  c o l l o i d a l  s u b s t a n c e s  o f  t h e  

c u l t u r e  medium u s e d  f o r  i t s  p r e p a r a t i o n .  T h i s  p o i n t  has  b ee n  

e m p h a s i z e d  by B r o n f e n b r e n n e r  ( 13) ,  and i t  a p p e a r s  q u i t e  o b v i o u s  

t h a t  t h e s e  n o n - s p e c i f i c  p r o t e i n  s u b s t a n c e s  may p r o v e  q u i t e  d e l e 

t e r i o u s .  Andrews ,  B u l l o c h ,  D r e y e r ,  F e l d e s ,  Ledingham,  and Wol f  

( 1 4 )  s t a t e ;

" S i n c e  t h e  h o r s e  i s  a h i g h l y  s u s c e p t i b l e  a n i m a l ,  a 
s t a r t  must be made w i t h  v e r y  s m a l l  d o s e s .  The a c t u a l  
q u a n t i t y  o f  t h e  t o x i n  t o  be i n j e c t e d  w i l l  depend on 
i t s  s t r e n g t h .  The s t r o n g e r  t h e  t o x i n  t h e  b e t t e r ,  s i n c e  
t h e  volume i n j e c t e d  w i l l  be t h e  s m a l l e r .  Aftej .  e v e r y  
i n j e c t i o n ,  a c a r e f u l  w a t c h  must  be k e p t  on t h e  a n i m a l .
The i n t e n s i t y  o f  t h e  l o c a l  r e a c t i o n  e v i d e n c e d  by i n f i l 
t r a t i o n  a t  t h e  s i t e  o f  i n j e c t i o n ,  t h e  t e m p e r a t u r e ,  a p p e 
t i t e ,  and g e n e r a l  c o n d i t i o n  o f  t h e  a n i m a l  are  t o  be no t ed  
and r e c o r d e d .  Among t he  i l l - e f f e c t s  t h a t  may f o l l o w  
t o x i n  i n j e c t i o n s ,  t h e  'most s e v e r e  a r e  p a r a l y s i s  and d e a t h  
o f  t h e  h o r s e  w i t h  f a t t y  d e g e n e r a t i o n  o f  t h e  h e a r t  and 
d e g e n e r a t i v e  c h a n g e s  i n  t h e  k i d n e y .  A c h r o n i c  malady  
s o m e t i m e s  s u p e r v e n e s  i n  t h e  a n i m a l s  w h i c h  h ave  u n d e r g o n e  
f o r  some y e a r s  c o n t i n u o u s  c o u r s e s  o f  a n t i t o x i n - p r o d u c t i o n .



The f i r s t  s i g n  i s  an e n f e e b l e m e n t  o f  t h e  a n t i 
t o x i n - p r o d u c i n g  power .  The a n i m a l  s o on  becomes  i l l  
and e v e n t u a l l y  d i e s  w i t h  a m y l o i d  d e g e n e r a t i o n  o f  
t h e  s p l e e n  and l i v e r ,  and w i t h  h e p a t i c  and p e r i t o n 
e a l  h e m o r r h a g e s . ' 1

Muir ( 1 5 )  made a s i m i l a r  s t a t e m e n t  but  i t  a p p l i e s  more t o  

to  t h e  r e s u l t s  o f  a b s o r p t i o n  o f  t o x i n s  i n  t h e  body,  w h i c h  h a ve  

b e e n  e l a b o r a t e d  f o l l o w i n g  b a c t e r i a l  i n f e c t i o n .  The s t a t e m e n t  

i s  as  f o l l o w s ;

"Tox i ns  a r e  a b s o r b e d  from t h e  s i t e  o f  b a c t e r i a l  
g r o w t h  and. a r e  c a r r i e d  by t h e  b l o o d  s t r e a m  t h r o u g h o u t  
t h e  body# He n ce  t h e r e  i s  o f t e n  s e e n  i n  i n f e c t i o n s  a 
g e n e r a l  t o x i c  a c t i o n ,  t h e  i n j u r y  b e i n g  more d i f f u s e  
but  l e s s  s e v e r e .  V a r i o u s  r e t r o g r e s s i v e  c h a n g e s  a r e  
t h u s  p r o du ce d  i n  v a r i o u s  o r g a n s  —  c l o u d y  s w e l l i n g ,  
f a t t y  d e g e n e r a t i o n ,  s o m e t i m e s  f o c i  o f  a c t u a l  n e c r o s i s .
T h e s e  a r e  most  marked i n  h i g h l y  s p e c i a l i z e d  c e l l s ,  and 
i n  o r g a n s  c o n c e r n e d  i n  t h e  e x c r e t i o n  o f  t o x i n s ,  e s p e c 
i a l l y  t h e  k i d n e y s  and l i v e r . " '

The a p p a r a t u s  and m a t e r i a l s  f o r  p u r i f i c a t i o n  o f  b a c t e r i o 

p h a g e  a r e  e x p l a i n e d  i n  t h e  a c c om p an y in g  d i a g r a m .  C o n v e n i e n t  

d i m e n s i o n s  f o r  t h e  t u b e  a r e  15 cm. by 5 cm. w i t h  a t o t a l  v ol ume  

o f  a p p r o x i m a t e l y  295 c c .  A p y r e x  g l a s s  c y l i n d e r  was u s e d  w i t h

2 o n e - h o l e  s t o p p e r s .  The c y l i n d e r  and s t o p p e r s  were  s t e r i l i z e d  

w i t h  70% a l c o h o l  w h i c h  was l a t e r  removed w i t h  s t e r i l e  s a l i n e  

s o l u t i o n ,  s i n c e  t h e  p y r e x  g l a s s  o c c a s i o n a l l y  woul d b r e a k  w i t h

a u t o c l a v i n g .

The b r i d g e s  w e r e  i n v e r t e d  and f i l l e d  w i t h  s t e r i l e  p u r i f i e d

3 per  c e n t  agar  c o n t a i n i n g  2 per c e n t  NaCl# by a t t a c h i n g  t o  t h e  

d i s t a l  end o f  e a c h  t u b e  a p i e c e  o f  s o f t  r ub ber  t u b i n g  w h i c h  was 

c l o s e d  w i t h  a Moh r' s  t u b i n g  c l a m p .  When t h e  ag ar  was  h ard en e d  

t h e  l o w e r  b r i d g e  and s t o p p e r  were  i n s e r t e d  i n t o  t h e  p y r e x  c y l i n 

d e r  and s u c c e s s i v e  l a y e r s  o f  3 ,  2 ,  1,  and O.b per  c e n t  agar  c o n 

t a i n i n g  0 . 2  per  cent,  NaCl were  p i p e t t e d  i n t o  t h e  g l a s s  c y l i n d e r ,



but e a c h  l a y e r  was f i r s t  a l l o w e d  t o  c o n g e a l  i n  t h e  r e f r i g e r a 

t o r  b e f o r e  a d d i n g  t h e  s u c c e e d i n g  l a y e r .  The l a y e r s  w e r e  e q u a l l y  

d i v i d e d  s o  t h a t  t h e  t o t a l  s p a c e  o c c u p i e d  was e q u i v a l e n t  t o  

a p p r o x i m a t e l y  o n e - h a l f  t h e  l e n g t h  o f  t h e  c y l i n d e r  minus  t h e  

s p a c e  w h i ch  was o c c u p i e d  by t h e  r u b b e r  s t o p p e r  i n s e r t s .  A f t e r  

t h e  a g ar  was c o n g e a l e d  a s u f f i c i e n t  q u a n t i t y  c f  b a c t e r i o p h a g e  

s u s p e n s i o n  was l a y e r e d  o v er  i t  t o  a l l o w  a s p a c e  o f  1 t o  2 cm. 

b e t w e e n  i t s  upper  s u r f a c e  and t h e  r u b b e r  s t o p p e r  when t h e  l a t 

t e r  was p l a c e d  i n  p o s i t i o n .

A c u r r e n t  o f  100 t o  125 v o l t s  and from 5 to  10 m i l l i a m -  

p e r e s  was s u p p l i e d  by c o n n e c t i n g  i n  s e r i e s  f o u r - 4 5  v o l t s  r a d i o  

"B" b a t t e r i e s  to w h i c h  was a t t a c h e d  d i r e c t  c u r r e n t  v o l t m e t e r  

and m i l l i a m m e t e r  o f  s u f f i c i e n t  c a l i b r a t i o n s  and a r h e o s t a t  

w i t h  a maximum c a p a c i t y  o f  0 . 1 0  amps,  and a p p r o x i m a t e l y  2 7 , 0 0 0  

ohms r e s i s t a n c e .  The c u r r e n t  was p a s s e d  t h r o u g h  t h e  a p p a r a t u s  

f o r  20 t o  24 h o u r s  and t h e  c o p p e r  c h l o r i d e  and s o di u m c h l o r i d e

s o l u t i o n s  i n  w h i c h  t h e  e l e c t r o d e s  w e r e  immersed were  changed  

o n c e  d u r i n g  t h a t  p e r i o d .  The e l e c t r o d e s  o f  s i l v e r  and c o p p er

r e s p e c t i v e l y ,  we re  was hed  t h o r o u g h l y  a t  t h e  same t i m e  t h e  s o l 

u t i o n s  w er e  c h a n g e d .  B a c t e r i o p h a g e  was changed once  d u r i n g  

t h e  p r o c e d u r e .

The 0 . 5  per  c e n t  agar  was s l i c e d  i n t o  s e c t i o n s  w i t h  a 

s t e r i l e  s p a t u l a  as  i t  was f o r c e d  from t h e  c y l i n d e r  and r e c e i v e d  

i n  a s t e r i l e  P e t r i  d i s h  and was m a c e r a t e d  f o r  12 t o  15 ho urs  i n  

p h y s i o l o g i c a l  s a l i n e  f o r  f u t u r e  p u r i f i c a t i o n .  The r e m a i n i n g  

l a y e r s  of  agar w e r e  t r e a t e d  i n  t h e  same manner and were  found  

t o  g i v e  a n e g a t i v e  r e a c t i o n  w i t h  H o p k i n s - C o l e  ( 1 6 )  r e a g e n t .



The p h a g e  c o n c e n t r a t i o n  g a v e  a r a n g e  b e t we e n  10““® t o  10“ ^ ,

w h i c h  was i n  marked c o n t r a s t  t o  K r u e g e r  and Tamada ( 1 1 ) ,  who

r e p o r t  c o m p l e t e l y  l y s e d  s u s c e p t i b l e  b a c t e r i a  a t  a d i l u t i o n  o f  

— 1610 . The " l a y e r "  method has  t h e  a d v a n t a g e s  o f  r e m o v i n g  a

g r e a t e r  amount  o f  t h e  c o l l o i d a l  a g g r e g a t e s ,  and t h e  r e t e n t i o n  

o f  t h e  uDper l a y e r  o f  p a r t i a l l y  p u r i f i e d  b a c t e r i o p h a g e  w h i c h  

may be u s e d  f o r  f u t u r e  p u r i f i c a t i o n .



F i g .  1.  A ^ p r s t u p  f o r  n r e p f r p t i o n  o f  r e l a t i v e l y  o u r e  
be c t e r i c u b a g e .k, b e c t e r i o o h  a g e  s u s o e n n i  on .  B, g e l s  o f  3 p e r  c e n t  
2 o e r  c e n t ,  1 o e r c e n t  end  0 . 5  p e r  c e n t  n u r l f i e d  a ^ r  end 
0 . 2  ;oer c e n t  c . p .  NeCl  i n  d i s t i l l e d  w a t e r .  C end D, g l a s s  
b r i d g e s  c o n t a i n i n g  3 . 0  p e r  c e n t  o u r e  e g e r  g e l  w i t h  0.2.  
n e r  c e n t  c . o .  NeCl .  E,  e o r c e l e i n  cun  w i t h  c r y s t a l s  of  
CuCl2  e t  b o t t o m .  ' V e t e r  t o  l e v e l  o f  d o t t e d  l i n e .  N e g a t i v e  
D o l e  ( c n p o e r )  o f  D. C. c i r c u i t  d i n s  i n t o  c r y s t a l s .  F,  n o r -  
c e l e i n  cup  w i t h  c r y s t r a l s  o f  NeCl  e t  b o t t o m .  ‘V e t e r  t o  
l e v e l  o f  d o t t e d  l i n e .  S i l v e r  f o i l  a t t e n d e d  t o  o o s i t l v e  
o o l e  o f  D. C. c i r c u i t  d i n e  i n t o  c r y s t a l s .

A d a n t e d  f r o m  K r u e g e r ,  J .  G-en. P h y s i o l .  , lro l .  13.



RREPalUilON OF PURIFIED EXQTOAlN

The p u r i f i c a t i o n  o f  S h i g e l l a  b a c t e r i o p h a g e  by e l e c t r o 

p h o r e s i s  made p o s s i b l e  t h e  r e t e n t i o n  i n  p a r t  o f  t h e  e n d o -  and 

e x o t o x i n .  T h i s  p r o c e d u r e  o f f e r e d  an o p p o r t u n i t y  f o r  t h e  r e 

moval  o f  e x t r a n e o u s  m a t e r i a l s  from t o x i n .

The p r o c e d u r e  was a p p l i e d  t o  t h e  p u r i f i c a t i o n  o f  e x o 

t o x i n .  The e x o t o x i n  u s e d  f o r  t h e  p u r i f i c a t i o n  had an k . L . D .  

o f  0 . 0 5  c c  f o r  a 2 . 0  K g . r a b b i t . When 10 cc of  t h e  same e x o 

t o x i n  p u r i f i e d  was i n j e c t e d  i n t o  a r a b b i t  i n t r a v e n o u s l y ,  no 

p e r c e p t i b l e  r e a c t i o n  o c c u r r e d .  When t h e  b a c t e r i o p h a g e  f i l t r 

a t e  o f  t h e  t o p  l a y e r  o f  ag ar  ( 0 . 5  per c e n t ) ,  w h i c h  was r e 

j e c t e d  i n  t h e  p u r i f i c a t i o n  o f  b a c t e r i o p h a g e ,  was i n j e c t e d  i n  

5 cc  q u a n t i t i e s ,  c h a r a c t e r i s t i c  p a r a l y s i s  was f o l l o w e d  by 

d e a t h .  S i n c e  t h e  0 . 5  per  c e n t  l a y e r  o f  agar  g a v e  a weak  

p o s i t i v e  r e a c t i o n  w i t h  t h e  H o p k i n s - G o l e  t e s t ,  t h i s  f r a c t i o n  

was r e p u r i f i e d  by pa s . s i ng  t h r o u g h  a n o t h e r  0 . 5  per c e n t  l a y e r .  

T h i s  p r o d u c e d  an e x o t o x i n  w i t h  a n e g a t i v e  H o p k i n s - G o l e  r e 

a c t i o n  and o n l y  a s l i g h t  l o s s  i n  t o x i c i t y .

I t  i s  d i f f i c u l t  t o  u n d e r s t a n d  why b a c t e r i o p h a g e  s h o u l d  

r e t a i n  some of  i t s  t o x i c i t y  when p u r i f i e d  by e l e c t r o p h o r e s i s  

w h i l e  e x o t o x i n  under  i d e n t i c a l  methods  o f  p u r i f i c a t i o n  s h o u l d  

l o s e  i t s  t o x i c i t y .  T h i s  may be due ,  h o w e v e r ,  to v a r i a b i l i t y  

i n  t h e  a g a r  s u b s t r a t e  but  c h e c k s  cn t h i s  p o i n t  f a i l e d  tc  dem

o n s t r a t e  t h i s  as  t h e  c a u s e .

The major  p o r t i o n  o f  t h e  e x p e r i m e n t a l  worx was c o n d u c t 

ed w i t h  ( S h i g e l l a  " 0 ") ,  s t r a i n  No.  18 ,  w h i c h  i s  one o f  t h e  f i v e  

c u l t u r e s  r e c e i v e d  from t h e  I m p e r i a l  U n i v e r s i t y ,  J ap an ,  i n



J a n u a r y ,  1 9 3 7 .  T h i s  c u l t u r e  was d e m o n s t r a t e d  to  be t h e  most  

v i r u l e n t ..

Of t h e  19 s t r a i n s  t e s t e d ,  s t r a i n s  Nos .  8 (No.  2 0 2 - L e d e r l e ,  

13 ( S h i g a  Mo or e ) ,  15 ,  16 ,  17,  18 and 19 g a v e  to  r a b b i t s  p r o 

nounced r e a c t i o n  i n t r a d e r m a l l y . S t r a i n s  15,  16,  17,  18 and 19,

w h i c h  were  t h e  c u l t u r e s  o b t a i n e d  from t h e  I m p e r i a l  U n i v e r s i t y ,  

were  a s  a g r o u p  t he  most  t o x i c .  Of t h e s e  f i v e  s t r a i n s ,  s t r a i n  

18 was much more t o x i c  t h a n  t h e  o t h e r  f o u r .  By i n t r a v e n o u s  i n 

o c u l a t i o n  t h e  same r e l a t i o n s h i p  as  i n d i c a t e d  by i n t r a d e r m a l

t e s t s  was  o b t a i n e d .

S t r a i n  No.  20 g a v e  c u l t u r a l ,  a g g l u t i n a t i n g ,  and t o x i n  

c h a r a c t e r i s t i c s  l i k e  S t r a i n  18 .

S h i g e l l a  c u l t u r e  No.  8 was u s e d  i n  t h e  p r e l i m i n a r y  t e s t s  

f o r  a n t i g e n i c  s t u d y  o f  b a c t e r i o p h a g e .  At  f i r s t  i n j e c t i o n s  w i t h  

t h e  s p e c i f i c  b a c t e r i o p h a g e  were made d a i l y .

The i n j e c t i o n s  w e r e  made b ot h  s u b c u t a n e o u s l y  and i n t r a 

v e n o u s l y  on a l b i n o  r a b b i t s .

S h i g e l l a  B a c t e r i o p h a g e  I n j e c t i o n s ;

The a g g l u t i n a t i n g  t i t r e  of  normal  s e r a  o f  a l l  r a b b i t s

u s e d  f o r  i n j e c t i o n s  was l e s s  t h a n  1 t o  5 .

The f o l l o w i n g  a n i m a l s  r e c e i v e d  l Occ  o f  b a c t e r i o p h a g e ,

1Q^9 a s  i n d i c a t e d ,  p r e p a r e d  from S h i g .  d v s e n t e r i a e  No.  8 and,  

l a t e r ,  f o l l o w e d  w i t h  S h i g e l l a  No.  18 b a c t e r i o p h a g e  f o r  compar

a t i v e  a n t i g e n i c  v a l u e :
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T a b l e s  I I I  a and b show t h e  d at a  o b t a i n e d  in d e t e r m i n 

i n g  t h e  minimum l e t h a l  d o s e  o f  e x o t o x i n .  The minimum l e t h a l  

d o s e  f o r  r a b b i t s  w e i g h i n g  2 . 0  Kg.  was found t o  be  0 . 5  c c .

T a b l e s  IV and V show t h e  d a t a  o b t a i n e d  i n  d e t e r m i n i n g  

t h e  minimum l e t h a l  d o s e  o f  e x o t o x i n ,  when normal  s e r a  o f  r a b 

b i t s  Nos .  3  0  and 3  r e s p e c t i v e l y  we r e  added t o  d i l u t i o n s  o f  

e x o t o x i n  and i n c u b a t e d  a t  37°C f o r  two h o u rs  p r i o r  t o  i n j e c t 

i o n .  The minimum l e t h a l  d o s e s  w e r e  found t o  be t h e  same

as  t h a t  o b t a i n e d  f o r  t h e  e x o t o x i n  a l o n e .

T a b l e s  VI and VII  p r e s e n t  t h e  d a t a  f o r  d e t e r m i n i n g

t h e  minimum l e t h a l  d o s e  o f  normal  p o o l e d  s e r a  o f  r a b b i t s

®2» 5 a» ^7» anc* s 8  an(  ̂ r a b b i t s  9 ,  10,  11 and 12 .  ‘i t  i s  p r o 

c e d u r e  was c a r r i e d  out  i n  t h e  same manner as  f o r  r a b b i t s  i n  

T a b l e s  IV and V. The minimum l e t h a l  d o s e s  w e r e  f o u n d ,  a l s o ,  

t o  be  t h e  same a s  f o r  e x o t o x i n  a l o n e .

T he s e  d e m o n s t r a t e  t h a t  t h e  normal  s e r a  o f  t h e  r a b b i t s

u s e d  f o r  t h e  p r e p a r a t i o n  o f  immune s e r a  were  f r e e  from any
i n t e r f e r i n g  a n t i b o d i e s  at  t h e  s t a r t  o f  t h e  e x p e r i m e n t .

The r a b b i t s  were d i v i d e d  i n t o  two g r o u p s ,  one group  

r e c e i v i n g  i n j e c t i o n s  s u b c u t a n e o u s l y  and t h e  o t h e r  i n t r a v e n 

o u s l y .  R a b b i t s  3 g ,  5 a> and Sq were  i n j e c t e d  s u b c u t a n e o u s l y  

and r a b b i t s  9 ,  10,  11 and 12 i n t r a v e n o u s l y .  A l l  o f  t he  a n i 

m a l s  were  i n j e c t e d  d a i l y  f o r  7 d ays  and then  w e e k l y  f o r  10 

weeks  *

One w e e k  a f t e r  t h e  f i n a l  i n j e c t i o n s ,  e a c h  r a b b i t  was  

b l e d  from t h e  h e a r t  i n t o  c l e a n  s t e r i l e  t e s t  t u b e s .  In order  

t o  g e t  a l a r g e  p r o p o r t i o n  o f  c l e a r  s e r a ,  t h e  t e s t  t u b e s  "’e r e



e xa m in ed  f o r  i n t e r n a l  r o u g h n e s s  and t u b e s  were  d i s c a r d e d  t h a t  

d i d  n o t  show an e v e n ,  smooth  s u r f a c e .  A p p r o x i m a t e l y  5 c c  was  

p l a c e d  i n  e a c h  t u b e ,  p l u g s  were i n s e r t e d  and t u b e s  s l a n t e d  so  

t h a t  t h e  b l o o d  came w i t h i n  one or two c e n t i m e t e r s  o f  t h e  c o t 

t on  p l u g s .  A f t e r  t h e  b l o o d  c o a g u l a t e d ,  i t s  s u r f a c e  was f r e e d  

f rom t h e  t e s t  t u b e  w i t h  t r a n s f e r  n e e d l e s ,  t h e n  p l a c e d  i n  r e 

f r i g e r a t o r  o v e r  n i g h t ,  when s e r a  was drawn o f f  and p l a c e d  in  

s t e r i l e  t u b e s  w h i c h  w e r e  s e a l e d  and k e p t  i n  r e f r i g e r a t o r  

u n t i l  u s e d .

The e x o t o x i n  was p r e v i o u s l y  d e t e r m i n e d  t o  h a v e  a 

M.L-D.  o f  0 . 5  c c  f o r  r a b b i t s  w i t n  an a v e r a g e  w e i g n t  o f  2 . 0  

K i l o g r a m s  (Tabl<@ I I  a ana b . )  T a o i c  VI II  p r e s e n t s  t h e  

a n t i b o d y  t i t r e  f o r  r a b b i t s  N o s .  S g ,  5a , 8 7  and Sgimmunized  

s u b c u t a n e o u s l y  a g a i n s t  S h i g e l l a  b a c t e r i o p h a g e  No.  8 .

T a b l e  IX p r e s e n t s  t h e  a n t i b o d y  t i t r e  f o r  r a b b i t s  Nos .  9 ,  10,

11 and 12 immunized i n t r a v e n o u s l y  a g a i n s t  S h i g e l l a  b a c t e r i o p h a g e  

No.  8 . T a b l e  X p r e s e n t s  t h e  a n t i b o d y  t i t r e  f o r  r a b b i t s  Nos .

£ 2 > 5 a> S 7  and S3  immunized s u b c u t a n e o u s l y  a g a i n s t  S h i g e l l a  b a c t 

e r i o p h a g e  No.  18 and T a b l e  XI p r e s e n t s  t h e  a n t i b o d y  t i t r e  f o r  

r a b b i t s  N o s .  9 ,  1 0 ,  11 and 12 immunized i n t r a v e n o u s l y  a g a i n s t  

S h i g e l l a  b a c t e r i o p h a g e  No.  18.

T a b l e  X I I  shows  t h e  dat a  f o r  i n t r a v e n o u s  i n j e c t i o n s  of

s t r a i n  N o .  1 8 .  Each an ima l  was i n j e c t e d  w e e k l y  f o r  e i g h t  w e e k s .  

One week a f t e r  f i n a l  i n j e c t i o n  e a c h  a n i m a l  was bled and t h e  

a g g l u t i n a t i o n  t i t r e  d e t e r m i n e d .

The normal  a g g l u t i n a t i o n  t i t r e  f o r  a l l  a n i m a l s  used  was

l e s s  t h a n  1 to  5 .



The immunizing dose used for each ant igen was o n e -h a l f  

the minimum l e t h a l  dose .  Rabbits LR 1, 2 and 3 were treated  

with ex o to x in ;  LR 4,  5 and 6 with endotox in ,  LR 7, 8 and 9 

with b a c t e r i n ,  LR 11, 12 and 13 with exot ox in -ba cter iop hag e;

LR 14, 15 and 16 with p u r i f i e d  bacteriophage;  LR 17, 18 and 19 

with  bacteriophage,  LR 20, 21 and 22 wi th  bacteriophage exotox

o id .  Nos. LR 10 and 23 were c o n t r o l s .

The a g g l u t i n a t i o n  t i t r e s  for the r e s p e c t i v e  a n t i 

gens were as fo l lo w s;

Exotoxin l e s s  than 1 to 5 

Endotoxin ranged from 1-3000 to 1-5000  

Bacter in  ranged from 1-1600 to 1-2000 

Exotoxin-bacteriophage  from 1-20 to 1-25 

P u r i f i e d  bacteriophage from 1-50 to 1-60  

Bacteriophage 1 to 50 

Bactericphage-exotox id  1 to 60 

In order to have s u f f i c i e n t  exo-endotoxin to carry 

out the t e s t s  for eva l ua t io n  of antibody production o f  Shig.  

d y s e n t e r i a e , var ious  batches of  the exo-endotoxin were pooled so 

that  a constant  M.L.D. could be obtained.  Since the range of  

t o x i c i t y  of  the s e v e r a l  batches was 0 .05 to 0 . 2  cc ,  the d i f f e r 

ent  batches  were mixed in such proport ions  that  the M.L.D. of the

f i n a l  mixture was 0 .1  cc .

The method for determination of proportion of the bat

ches i s  i l l u s t r a t e d  as fo l lows:



( 1) 1 20; 
.05

( 2 ) 1 
0 . 1

1 0 ; 1
0.2

5

S o lu t io n ;

0 .05 20 1 part

10

0.2 5 10 2 parts

The r a t i o  of 0 .05  M.L.D. tc .2 M.L.D. i s  1 part to 2 p a r t s ,  

or for every cubic cent imeter  of  0 .05  M.L.D., two cubic cen

t i m e te r s  of  0 . 2  M.L.D. should be used.

For care of operat ion and c l ea r  comparative r e s u l t s ,  animals  

of approximately the same age and weight  were used. This 

made i t  p o s s i b l e  tc g i v e  each animal e x a c t l y  the same dosage.



DETERMINATION OF M . L . D .  OF EXOTOXIN FROM STRAIN 1 8 .

TABLE I I I  a

Rabbit Weight Sal ine Exotoxi  n Result

1 2 .08 0 .4 cc 0 . 6 c c d .29 hr .

2 2 .06 0 .5 c c 0 . 5cc d.56 hr.

3 2 .08 0.  6cc 0 .4c c S l i g h t  Par
a l y s i s

DETERMINATION OF M.L.D. OF EXOTOXIN FROM STRAIN 18.

TABLE III  b RECKECK OF I I I  a

Rabbit Weight S a l i n e Exctoxin Result

4 2 .0 0 0 .4cc 0. 6cc d.39 hr.

5

i

CMoCM 0 .5 cc 0 . 5cc d .72 hr.

6 2 . 0 1 Q.tocc Q.4cc Para lys i  s



DETERMINATION OF M
OF

TABLE IV

.L.D. OF
1 RABBIT

EXOTOXIN 
NO. SO.

MIXED WITH NORMAL SERUM

Rabbit Weight Serum Sal ine Exotoxin R e su l t s

1 2*02 l c c 0 .4 cc 0*6cc d .38 hr

2 2*00 lcc 0* 5cc 0. 5cc d .60 hr

3 2 . 01 l c c 0* 6cc 0 . 4cc Paralys i i

DETERMINATION OF M.L.D. OF EXOTQXIN MIXED WITH NORMAL 
SERUM OF RABBIT NO. S.

TABLE V

Rabbit Weight Serum Sa l ine  Exotoxin Resul t s

1 2*00 l c c  0 . 4 c c  Q.6cc d*40 hrs

2 1*99 l c c  0 . 5 c c  0*5cc d*59 hrs

3 1 .98 l c c  0 .6 cc  Q.4cc Lived



DETERMINATION OF M. L . D .  OF EXOTOXIN MIXED WITH POOLED
NORMAL SERUM OF RABBITS S 2 ,  5 a ,  S 7 , and S 8

TABLE VI

Rabbi t Weight Pooled Sera Sal in e Exotoxin Result s

1 2 .03 loc 0 .4 cc 0 . 6cc d.39 hr.

2 2 .0 2 lcc 0 . 5cc 0 . 5cc d*79 hr.

3 2.04 l c c 0 . 6cc 0 . 4 c c S l i g h t
P a ra ly s i s

DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH POOLED 
NORMAL SERUM OF RABBITS 9,  10, 11 and 12

TABLE VII

Rabbit Weight Pooled Sera S a l in e Exotoxi n Result s

1 2 .0 1  l c c  0 . 4 cc 0.  6cc d.52 h r .

2 2 . 0 1  l c c  0 . 5cc 0 . 5 c c d.92 hr.

3 2.00 l c c 0 . 6 c c  0 .4cc  Lived



DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH SERA FROM 
RABBITS S 2 , 5a, 37 and 38 IMMUNIZED SUBCUTANEOUSLY WITH

SHI GA- BA C TER 10 PHA GE NO. 8

TABLE VIII

Rabbit Weight Pooled Sera Sal ine Exotcxin Resul t s

1 2*08 lc c 0 . 4cc 0 . 6 cc d .48 hr
2 1*96 lc c 0 .4 c c 0 . 6 cc d * 4 6  hr
3 2 * 1 0 l cc 0 .5c c 0#5cc d.69 hr
4 1*93 lcc 0*5cc 0 * 5cc d*70 hr
5 2*06 lc c 0 . 6 cc 0*4cc Survived
6 2 * 0 0 l c c G. 6 cc 0*4cc Survived

DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH SERA FROM 
RABBITS 9,  10, 11 and 12 IMMUNIZED INTRAVENOUSLY WITH

SHIGA-BACTERIOPHAGE NO. 8

TABLE IX

Rabbit Weight Pooled Sera Sal ine Exctoxin Resu I t s

1 2 .04 lcc 0 .4cc 0 . 6 cc d ♦ 56 hr
2 2 .0 8 lcc 0 .4 cc 0 . 6 cc d * 50 hr

3 2 . 0 1 l cc 0 .5 cc 0*5cc d .84 hr
4 2 . 0 0 l cc 0*5cc 0 . 5 c c d • 74 hr,
5  2*03 l c c  Q.6 cc 0 . 4 c c  Survived
5  ____ 1  »9 9_________ lc c __________ 0.  6 cc________ Q.4cc____Survived



DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH SERA 
FROM RABBITS S2, 5a,  S7 and S8 SUBCUTANEOUSLY 

WITH SHIGA-BACTERIOPHAGE NO.18

TABLE X

Rabbit Weight Pooled Sera Sal ine Exotoxin Result s

1 1.99 lcc 0 . 4 c c 0 .6cc d .74 hr
2 2*02 lcc Q.4cc 0*6cc d•79 hr
3 2.04 lcc 0 . 5 c c 0 .5 cc Survived
4 2*01 lc c 0 .5 cc 0 . 5 c c Survived
5 2*00 lcc 0 . 6cc 0 .4cc Survived
6 1 .98 lc c 0 . 6cc 0 .4cc Survived

DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH SERA 
FROM RABBITS 9,  10, 11 and 12 IMMUNIZED INTRAVENOUSLY 

WITH SHIGA-BACTERIOPHAGE NO.18

TABLE XI

Rabbit Weight Pooled Sera Sa l i n e Exotoxin Resul t s

1 2 .03 lc c 0 .4 cc 0 • 6cc d • 83 hr
2 1 .9b lcc 0 .4 cc 0 . 6cc d .83 hr,
3 2 . 0 2 lcc 0 .5 c c 0 .5c c Survived
4 2 .00 lcc 0*5cc 0 .5c c Survived
5 2 .03 lc c 0 .6cc 0 .4 c c Survived
6 1.99 lcc 0.  6cc 0 . 4 c c Survived
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To determine the comparative value  of the a n t i 

bodies  produced n e u t r a l i z a t i o n  t o x i c i t y  t e s t s  were made: 

Exo-endotoxin was added to the various  a n t i s e r a  

and incubated at  37° C. for two hours for combination  

before i n j e c t i o n s  were made*

Table XIII g i v e s ,  a l t e r n a t i n g ,  a comparison of  

exo-endotox in  with and without normal serum. The f o l l o w 

ing t a b l e s  g ive  the comparative va lu es  for antibody pro

duc t ion  in a lb ine  r a b b i t s  a f t e r  in travenous  i n j e c t i o n s  of  

ex ot o x in -e nd o t o x in  wi th immune bodies  of(XIV) S h i g e l l a  Bact  

e r i n , eXV)Ex o t o x i n , (XVI) B a c te r io p h a g e - e x o t o x in , (XVI)Puri  

f i e d  Bacteriophage,  (XVIII) Endotoxin,  (XIX) Bacteriophage  

(XX) B ac te r io p h a g e -e x o to x o id *
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DISCUSSIOW

This study was i n s t i g a t e d  primari ly by the f a c t  that  

Larkum had demonstrated that  a s taphylococcus  bacteriophage,  

although i t  was not t o x i c ,  would s t im u la te  in the rabbit  

the production of a n t i t o x i n .  Inasmuch as the i n j e c t i o n  of  

S h i g e l l a  bacter in  i n to  an animal causes  marked t o x i c  e f f e c t ,  

i t  was hoped that  S h i g e l l a  bacteriophage would be non-tox ic  

and s t i l l  capable of  s t im u la t in g  the production of a n t i t o x i n .  

Such an immunizing agent  would be of cons id erao le  value  in 

the c o n t r o l  of dysen tery .

A bacteriophage was prepared for Shig .  d.ysenteriae  

s t r a i n  8* This mater ia l  was in je c t e d  in to  rabbi t s  d a i l y  for  

7 days and weekly f o r  12 weeks (Table* I I ) .  The bacteriophage  

was i n j e c t e d  in lOcc doses through the e n t i r e  period.  The 

animals showed l i t t l e  or no tox ic  e f f e c t  from the i n j e c t i o n s .  

The bacteriophage a n t i s e r a  were t e s t e d  aga ins t  a known exotoxi  

(Table VIII  and IX), and were found to contain no a n t i t o x i n .

A second bacteriophage was prepared from S h i g . d.ysenteriae  

s t r a i n  18. This bacteriophage in c o n t r a s t  to the f i r s t  prepar 

a t io n  showed marked t o x i c  e f f e c t .  The material  had a M.L.D. 

of 4cc for a 2 Kg. r a b b i t .



determined . Accordingly b a c t e r i n s ,  endotoxins  and exo tox ins  

were prepared.  These an t igens  were t e s t e d  on rabbits  in the 

same manner (Table X II ) .

The approximate va lu es  of each ant igen in p r o t e c t i v e

u n i t s  are presented in TablesXIV, XV, XVIII and XIX. The

r e l a t i v e  values  were as fol lows:

Bacter in  .......................................... 2

Exotoxin .........................................  1

Endotoxin .....................................  1

Bacter iophage .................................. 2

To obtain the tox icog e nic  e f f e c t  of  the endotoxin con

ta ined  in the bacteriophage and the exotoxin prepared from 

c u l t u r e  f i l t r a t e s ,  mixtures of  the two were prepared. The 

i n j e c t i o n  dose of  t h i s  mixture was l imi ted  due to the toxic  

nature of  both subs tances .  The preparation of  the a n t i 

sera  i s  shown in Table XII.

To reduce the t o x i c i t y  of  the above mixture,  a bacter-  

iophage-exotoxoid  mixture was prepared as pr ev io us ly  o u t l i ne d .  

Ant isera  for t h i s  material  was prepared as shown in Table XII.

These a n t i s e r a  were then t e s t e d  aga ins t  exo-endotoxin to 

determine t h e i r  r e l a t i v e  p r o t e c t i v e  va lues .  The r e s u l t s  are 

presented in Tables XVI and XX. The r e l a t i v e  va lues  of these  

mixtures were as fo l low s;

Bacter iophage-exotoxin  . . .  .2

Bacteriophage-exotoxo id  . . .5



In the preparat ion of t h i s  bacteriophage,  the S h i g e l l a  

c u l t u r e  was al lowed to  develop 8 hours before the addi t ion  

of th e  bacter iophage.  Later t e s t s  showed that  when the  

c u l t u r e  was allowed to develop for 24 hours prior to the  

in tr o d u c t io n  of the bacteriophage,  a very tox ic  f i l t r a t e  

was obtained .  In a l l  in s t a nc es ,  the f i l t r a t e s  from s t r a i n  

18 showed marked t o x i c  e f f e c t s .  To e l imin ate  the t o x ic  

e f f e c t  of  f resh "green" bacteriophage,  the f i l t r a t e s  were 

aged in the r e f r i g e r a t o r  for periods as long as 18 months 

without  any mater ia l  diminution of t o x i c i t y .  Exotoxin pre

pared from t h i s  same s t r a i n  of Shig.  dys enter iae  re ta ined  

i t s  t o x i c i t y  for 18 months in a s i m i l a r  manner.

The data i n d i c a t e  that the production of bacteriophage  

with  t o x i c  p ro p er t ie s  i s  dependent upon the tox ic  pr op er t i e s  

of the S h i g . d y s e n te r ia e  s t r a i n  used.  S h i g . d ys en ter ia e  

s t r a i n  8, which f a i l e d  to show t o x i c  e f f e c t s ,  f a i l e d  to show 

t o x i c o g e n i c  p r o p e r t i e s .  On the other hand, a to x ic  s t r a i n  

( s t r a i n  13) ,  when l y s e d ,  produced a t o x i c  bacteriophage which 

had marked t o x i c o g e n i c  p r o p e r t i e s .  I t  would appear from 

t h e s e  data that  the tox icoge nic  p ro p er t ie s  of  S h i g e l l a  bact

er iophage  were dependent upon the tox in  content  of the f i l 

t r a t e  .

To a rr iv e  at an eva luat ion  of  the tox icog e nic  value  

of bacteriophage prepared from s t r a i n  18, tox i cog en ic  values  

of b a c t e r i n s ,  endotox ins  and exotox ins  of th i s  s t r a i n  were



I t  w i l l  be observed from these  data that  the b a c te r i o -  

p h ag e -e xot ox o id , al though in je c t e d  in the same amounts as 

the  bac ter io pha ge- exo to x in ,  produced considerably more pro

t e c t i v e  u n i t s .  Not only was the bacteriophage-exotoxoid  

more a n t i g e n i c  in the s t imula t ion  of a n t i t o x i n ,  but i t s  

i n j e c t i o n  was attended with considerably  l e s s  t o x i c  e f f e c t  

during the course of  immunization. The i n j e c t i o n  of the  

e q u i v a l e n t  of 2 M.L.D, doses of bacter iophage-exotox in  in 

the form of  the bacter iophage-exotoxoid  f a i l e d  to show any 

t o x i c  e f f e c t s .

Due to the f a c t  that  bacteriophage contains  considerable  

extranenous mater ia l  from the broth and the lysed b a c t e r i a l  

c e l l s ,  i t  was thought advisable  to pur ify  the bacteriophage  

to be sure that  these  products and compounds might not in 

t e r f e r e  with the a n t i g e n i c  p r o p e r t ie s  of  the bacteriophage.  

According ly ,  p u r i f i e d  bacteriophage was prepared. This mat

e r i a l  was i n j e c t e d  into ra bb i t s  as indicated  in Table XII.

The antiserum was t e s t ed  aga in s t  exo-endotox in .  The r e s u l t s  

are presented in Table XVII. The r e l a t i v e  p r o t e c t i v e  value  

was the same as t ha t  obtained with the unpurif ied material  

i n d i c a t i n g  th at  the p u r i f i c a t i o n  did not change the an t igenic  

v a l u e »

The a g g l u t i n o g e n i c  and toxicogenic prop ert ie s  of the var

ious immunizing agents  did not p a r a l l e l  each other.  For



example, in Table XII the endotoxin showed an a g g lu t i n a t io n  

t i t r e  o f  1 to 5000 and a a n t i t o x i n  t i t r e  (Table XVIII) of 1, 

whereas the bacter iophage-exotoxo id  (Table XII)  showed an 

a g g l u t i n a t i o n  t i t r e  of 1 to 60 and an anti tox in  t i t r e  of  

5 (Table XX).



S U M M A R Y

The to x i c o g e n i c  value of  bacteriophage appeared to be 

dependent upon the t o x ic o g e n ic  value of the Shig.  dysenter-  

iae  s t r a i n  used in the preparation of the bacteriophage.

There appeared tc  be no evidence that  bacteriophage  

in i t s e l f  had t o x i c o g e n i c  p r o p e r t i e s .

Bacteriophage appeared to be of value as an agent for  

the l i b e r a t i o n  of endotoxin and p o s s i b l y  exotoxin through 

the  a b i l i t y  to l y s e  the b a c t e r i a l  c e l l s .

The aging of bacteriophage f i l t r a t e s  did not decrease  

i t s  t o x i c  p r o p e r t i e s .

The a g g lu t i n o g e n ic  propert ies  of  the bacteriophage,  

e x o t o x i n s ,  endotox ins ,  and bacter ins  do not p a r a l l e l  the 

to x i c o g e n i c  p r o p e r t i e s .

A toxoid preparat ion of bacter iophage-exotox in was 

found to be the bes t  means of producing a n t i t o x i n .

The to x i c o g e n i c  value  of p ur i f i e d  bacteriophage was 

the same as the unpuri f i ed  bacteriophage.

The procedure ou t l i ned  in t h i s  research for the pre

para t ion  of b a c t e r iophage-exotoxoid appears to o f f e r  a 

p r a c t i c a l  means for immunization a ga in s t  Sh_ig. dysenter iae  

t o x i n .
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