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INTRODUCTION

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

t e s t i n a l  o r i g i n  ( p a r a c o l o n s )  h a s  grown c o n s i d e r a b l y  i n  t h e  

l a s t  d e c a d e .  The m o u n t in g  c o n c e rn  by b a c t e r i o l o g i s t s  i n  t h i s  

f i e l d  h a s  b e en  p ro m p te d  by s e v e r a l  r e a s o n s ;  f o r e m o s t  o f  w h ich  

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

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

n o s t i c  b a c t e r i o l o g y  f i n d  i t  h i g h l y  d e s i r a b l e  t o  know more 

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

c o lo n  b a c i l l i  i s  s t i l l  q u e s t i o n e d  by many b a c t e r i o l o g i s t s .

I n  any  c a s e  t h e  a p p a r e n t  r e l a t i o n s h i p  o f  t h e  p a r a c o l o n  b a c t 

e r i a  t o  t h e  s a l m o n e l l a e ,  s h i g e l l a e ,  a n d  p r o t e u s  makes i t  

i m p o r t a n t  t o  a c c u m u l a t e  more i n f o r m a t i o n  on t h e  s u b j e c t .

A long  w i t h  t h e  i n t e r e s t  i n  t h e  p a r a c o l o n s ,  b e c a u s e  o f  

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

b a c t e r i a l  taxonomy f i n d  t h e s e  o r g a n i s m s  a  f i e l d  f o r  f r u i t f u l  

r e s e a r c h .  A l l  s t u d i e s  h a v e  c l e a r l y  i n d i c a t e d  t h e  r e l a t i o n 

s h i p  o f  t h e  p a r a c o l o n  b a c t e r i a  t o  t h e  n o n - p a t h o g e n i c  c o l i f o r m  

and  t h e  p a t h o g e n i c  Sa lm one1 l a - S h i g e 1l a  g r o u p .  The p a r a c o l o n s  

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

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

t o  t h e  w e l l  d e l i n e a t e d  s a l m o n e l l a e  a n d  s h i g e l l a e .

H i s t o r i c a l . R e f e r e n c e s  t o  t h e  p a r a c o l o n  o r g a n i s m s  h a v e  

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

c e n t u r y .  The o r g a n i s m s  h a v e  b e e n  d e s i g n a t e d  by v a r i o u s  t e r m s
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su c h  a s :  a t y p i c a l  c o l i f o r m s ,  s l o w - l a c t o s e  f e r m e n t i n g  c o l l ,

a b e r r a n t  c o l i f o r m s ,  e t c .  An o rg a n ! s m  i s o l a t e d  f rom  a  c a s e  

o f  g a s t r o - e n t e r i t i s  was d e s i g n a t e d . , a s  a  ,,p a r a c o l l b a c l l l u s ,, 

by  W id a l  and  N o b e c o u r t  (1 8 9 7 )  on t h e  b a s i s  t h a t  t h e  s t r a i n  

f e r m e n t e d  l a c t o s e  s l o w l y .  Kennedy,  Cummings, a n d  Marrow 

(1932)  i n  a  s t u d y  o f  a t y p i c a l  l a c t o s e  f e r m e n t e r s ,  p l a c e d  t h e  

p a r a c o l o n  g ro u p  i n  a  p o s i t i o n  i n t e r m e d i a t e  b e tw e e n  t h e  r a p i d  

l a c t o s e - f e r m e n t i n g  c o l o n  b a c i l l i  a n d  t h e  n o n - l a c t o s e - f e r m e n t 

i n g  p a r a t y p h o i d  l$ ro u p .  O rgan ism s  w h ich  f e r m e n t e d  l a c t o s e  

s lo w ly  o r  a t y p i c a l l y  were  c o n s i d e r e d  p a r a c o l o n  b a c t e r i a  by 

S a n d i f o r d  ( 1 9 3 5 ) .  T o p le y  a nd  W ilson  (1937)  s t a t e d  t h a t  t h e

e n t e r i c -  g r a m - n e g a t i v e  b a c t e r i a  - -which do n o t  f e r m e n t  l a c t o s e

s h o u ld  n o t  be  i n c l u d e d  i n  t h e  p a r a c o l o n  g r o u p .  T h ro u g h o u t  

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

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

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

C l a s s i f i c a t i o n . An a t t e m p t  t o  make t h e  p a r a c o l o n  g ro u p  more 

i n c l u s i v e  was r e p o r t e d  by  S t u a r t ,  W h e e le r ,  R u s t i g i a n  a n d  

Zimmermann ( 1 9 4 3 ) .  T hese  a u t h o r s  g r o u p e d  t h e  p a r a c o l o n  

b a c i l l i  i n t o  ( 1 )  p a r a c o l o n  A e r o b a o t e r . (2 )  p a r a c o l o n  E s c h e r i 

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

a t i o n  w i t h  S t u a r t . a n d  W h ee le r  (1 9 4 4 )  p r o p o s e d  g e n e r i c  s t a t u s  

f o r  t h e  p a r a c o l o n s  a n d  i n  t h e  s i x t h  e d i t i o n  o f  B e r g e y ' s Manual  

o f  D e t e r m i n a t i v e  B a c t e r i o l o g y  ( B r e e d ,  M u r ra y ,  a n d  H i t c h e n s ,  

1948) the .  a e r o g e n i c  p a r a c o l o n s  a r e  l i s t e d  u n d e r  t h r e e  g e n e r a  

i n  A ppend ix  I .  T r i b e  E s c h e r i c h e a e ,

P a r a c o l o b a c t r u m  a e r o g e n o i d e s  s p .  n o v .
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P a r a c o l o b a c t r u m  In t e r m e d iu m  s p . n o v .
P a r a c o l o b a c t r u m  c o l i f o r m e  s p . n o v .

The d e s c r i p t i o n  a s  g i v e n  i n  A p p e n d ix  I . T r i b e  E s c h e r l c h e a e  i s :

Genua A. P a r a c o l o b a c t r u m  Borman. S t u a r t . W h e e le r .
S h o r t  r o d s  c h a r a c t e r i z e d  by c o n s i s t a n t l y  d e l a y e d  f e r m e n 

t a t i o n  o f  l a c t o s e  ( o c c a s i o n a l l y  n e g a t i v e ) .  G lu c o se  i s  f e r 
m ented  w i t h  f o r m a t i o n  o f  v i s i b l e  g a s .  C e r t a i n  fo rm s  a t t a c k  
c a r b o h y d r a t e s  c h a r a c t e r i s t i c a l l y  a t  2 0 ° t o  3 0 °C b u t  n o t  a t  
3 7 ° 0 .  A n t i g e n i c  r e l a t i o n s h i p s  t o  o t h e r  g e n e r a  i n  t h e  f a m i l y  
a r e  common, even  w i t h  r e s p e c t  t o  m a j o r  a n t i g e n s .

The t y p e  s p e c i e s  i s  P a r a c o l o b a c t r u m  a e r o g e n o i d e s  Borman, 
S t u a r t ,  and  W h ee le r .

I .  A c e t y l m e t h y l c a r b i n o l  p r o d u c e d .
1 .  P a r a c o l o b a c t r u m  a e r o g e n o i d e s

I I .  A c e t y l m e t h y l c a r b i n o l  n o t  p r o d u c e d .
A. C i t r i c  a c i d  u t i l i z e d  a s  a s o l e  s o u r c e  o f  c a r b o n .

2 .  Pa r a  c o lo b a  c t  rum i n te r m e d iu m
B. C i t r i c  a c i d  n o t  u t i l i z e d  a s  a  s o l e  s o u r c e  o f  

c a r b o n .
3 .  P a r a c o l o b a c t r u m  c o l l  forme

The g e n e r i c  a nd  s p e c i e s  d e s c r i p t i o n s  f o r  t h e  a n a e r o g e n i c  p a r a -  

e o l o n s  were g i v e n  by Borman e t .  a l .  (1944)  a s  f o l l o w s :

A e r o b i c ,  n o n - s p o r o g e n i c ,  gram n e g a t i v e  r o d s .  G lu c o se  
i s  f e r m e n te d  a n a e r o g e n i c a l l y .  L a c to s e  may o r  may n o t  be  
a t t a c k e d .  S a l i c i n  n o t  f e r m e n t e d .  T h i s  g e n u s  i s  r e s e r v e d  f o r  
f o r m s ,  a p p a r e n t l y  t r a n s i t i o n a l ,  w h ic h  do n o t  conform  t o  t h e  
d e s c r i p t i o n s  o f  o t h e r  g e n e r a  o f  t h e  E n t e r o b a c t e r l a c e a .

T h i s  t y p e  s p e c i e s  i s  P r o s h i g e l l a  d l s o a r  Andrews comb, n o v .
I .  I n d o l e  p ro d u c e d

A. L a c to s e  f e r m e n t e d ,  u s u a l l y  l a t e
1 .  P r o s h i g e l l a  d i s p a r  (Andrews) 

comb,n o v .
B. l a c t o s e  n o t  f e r m e n t e d

2 .  P r o s h i g e l l a  a l k a l e s c e n s  (Andrews) 
comb . n o v .

I I .  I n d o l e  n o t  p r o d u c e d
A. L a c to s e  f e r m e n t e d ,  u s u a l l y  l a t e

3* P r o s h l g e l l  s o n n e l  ( L e v i n e )  comb^ 
n o v .

F o r  t h e  c o n v e n ie n c e  o f  t h e  r e a d e r  t h e  t e r m s  p a r a c o l o n  

and  P a r a c o l o b a c t r u m  w i l l  b e  u se d  i n t e r c h a n g e a b l y  i n  t h i s  r e 

p o r t  when r e f e r r i n g  t o  a e r o g e n l c  t y p e s ;  t h e  t e r m s  a n a e r o g e n i c  

p a r a c o l o n  a n d  P r o s h i g e l l a  w i l l  be u s e d  i n t e r c h a n g e a b l y  when

r e f e r e n c e  i s  made t o  t h o s e  t y p e s  w h ic h  a r e  a n a e r o g e n i c .



P a t h o g e n i c i t y . T h e re  h a v e  "been many o b s e r v a t i o n s  r e l a t i n g  t o  

tfce p a t h o g e n i c i t y  of  some o f  t h e  o r g a n i s m s  i n  t h e  p a r a c o l o n  

g ro u p .  I t  i s  be yond  t h e  sc o p e  o f  t h i s  p a p e r  t o  r e v i e w  a l l  

t h e  work on t h e  s u b j e c t  o f  p a t h o g e n i c i t y ,  h o w e v e r ,  c e r t a i n
I

o f  t h e  more i m p o r t a n t  r e p o r t s  w i l l  be  c i t e d .

Edwards (194-5) r e p o r t e d  on a  p a r a c o l o n  c u l t u r e  i s o l a t e d  

from a n  i n f a n t  s u f f e r i n g  f ro m  a c u t e  c o l i t i s .  P r e v i o u s  t o  

t h i s  N e t e r  (1944)  r e c o v e r e d  p a r a c o l o n  b a c i l l i  f rom  22 p e r  

c e n t  o f  h e a l t h y  i n f a n t s  e x a m in e d .  F i n d i n g  p a r a c o l o n  b a c t e r i a  

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

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

C h r i s t e n s e n  (19 47 )  h a s  r e p o r t e d  on t h e  d i s t r i b u t i o n  o f  P a r a 

c o lo b a c t r u m  o r g a n i s m s  i n  i n d i v i d u a l s  r e s i d i n g  i n  a n  a r e a  i n  

which  e n t e r i c  i n f e c t i o n s  a r e  h i g h l y  e n d e m ic .  He f o u n d  P a r a 

c o lo b a c t r u m  i n  p a t i e n t s  w i t h  g a s t r o e n t e r i t i s  i n  a  r a t i o  o f  

t h r e e  t o  one w i t h  r e s p e c t  t o  n o r m a l  i n d i v i d u a l s .  L a r g e  num bers  

o f  S a l m o n e l l a  a n d  S h ig e 1 1 a  s p e c i e s  w ere  a l s o  o b t a i n e d  f rom  i n 

d i v i d u a l s  showing no s i g n s  o f  e n t e r i c  d i s o r d e r s .  C u l t u r e s  

which  were  p l a c e d  i n  t h e  " A r i z o n a '1 g ro u p  were  r e p o r t e d  on i n  

d e t a i l  by E dw ards ,  W est ,  a n d  B r u n e r  ( 1 9 4 7 a ) .  R e p r e s e n t a t i v e s  

o f  t h i s  g rp u p  were  f i r s t  r e p o r t e d  t o  b e l o n g  i n  t h e  g e n u s  

S a l m o n e l l a . The s t r a i n s  i n  t h e  A r i z o n a  g r o u p  a r e  d e f i n i t e l y  

p a t h o g e n i c  f o r  a n i m a l s  and  p r o b a b l y  a l s o  f o r  man. McNair  S c o t t ,  

C o r i e l l ,  D a v i s ,  a n d  B o l t z e s  (1947)  r e p o r t e d  on a n  o u t b r e a k  o f  

g a s t r o - e n t e r i t i s  a t  a  c h i l d r e n ' s  camp. R e c t a l  swabs r e v e a l e d  

P a r a c o l o b a c t r u m  i n  28 p e r  c e n t  o f  t h e  43 p a t i e n t s  a n d  10 f o o d  * 

h a n d l e r s  t e s t e d .  Edwards  e t .  a l .  (1 9 4 8 )  r e p o r t e d  on a
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s e r o l o g i c a l l y  r e l a t e d  g r o u p  d e s i g n a t e d  t h e  " B e th e s d a "  g r o u p .  

Twenty- two o f  t h e  32 c u l t u r e s  s t u d i e d  were  i s o l a t e d  f ro m  

e i t h e r  p a t i e n t s  o r  fo o d  h a n d l e r s  i n  s m a l l  o u t b r e a k s  o f  

e n t e r i t i s . .

A n a e r o g e n ic  s t r a i n s  have  a l s o  b e e n  i n c r i m i n a t e d  a s  i n 

c i t e r s  o f  e n t e r i c  d i s o r d e r s .  The now famous t y p e  29911 f i r s t  

d e s c r i b e d  by S t u a r t  a n d  R u s t i g i a n  (1 94 3 )  was a l s o  I s o l a t e d  

by  o t h e r  w o r k e r s  ( G a l t o n ,  H e s s ,  a n d  C o l l i n s  1947)  f ro m  a 

p e r s o n  s u f f e r i n g  w i t h  d i a r r h e a .  An o u t b r e a k  o f  d i a r r h e a  

c a u s e d  by f r i c a s s e e d  c h i c k e n  s e r v e d  i n  a n  Army o f f i c e r ' s  mess 

was r e p o r t e d  by P l a s s  ( 1 9 4 7 ) .  T h i r t e e n  o f  t h e  16 p a t i e n t s  

who r e q u i r e d  h o s p i t a l i z a t i o n  were t h e  s o u r c e  o f  o r g a n i s m s  

r e s e m b l i n g  t y p e  29911 .  I t  can  be s e e n  f rom  t h e s e  few c i t a t i o n s  

t h a t  d i a g n o s t i c  b a c t e r i o l o g i s t s  w i l l  be  more a n d  more c o n c e r n e d  

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

B io c h e m i c a l  a n d  A n t i g e n i c  R e l a t i o n s h i p s . The r e l a t i o n s h i p  o f  

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

b e en  s t u d i e d  e x t e n s i v e l y  on t h e  b a s i s  o f  b i o c h e m i c a l  c h a r a c t 

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

l a t i o n s h i p s  w i l l  be  d i s c u s s e d  i n  d e t a i l  l a t e r  b u t  i t  s h o u l d  

be  s t a t e d  now t h a t  t h e  c l a s s i f i c a t i o n  o f  t h e  p a r a c o l o n  b a c t e r i a  

on a  b i o c h e m i c a l  b a s i s  a l o n e  l e a v e s  much t o  be  d e s i r e d  b e c a u s e  

o f  t h e  e x t re m e  v a r i a b i l i t y  a n d  g r a d a t i o n s  o f  r e a c t i o n s .  

A n t i g e n i c  a n a l y s i s  o f  p a r a c o l o n  c u l t u r e s  h a s  p ro v e d  more 

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

a  r e l a t i v e l y  s m a l l  num ber  o f  p a r a c o l o n  t y p e s .

On t h e  b a s i s  o f  a n t i g e n i c  s t r u c t u r e  t h e  p a r a c o l o n s  form



a  g r a d e d  s e r i e s  b e tw e e n  t h e  t r u e  c o l i f o r m s  a n d  t h e  s a l m o n e l l a e  

and  be tw een  t h e  s a l m o n e l l a e  a n d  t h e  s h i g e l l a e .  A c l o s e  r e 

l a t i o n s h i p  t o  t h e  g e n u s  P r o t e u s  i s  a l s o  a p p a r e n t .  A n t i g e n i c  

r e l a t i o n s h i p s  t o  o t h e r  b a c t e r i a  were  r e p o r t e d  by W h e e le r ,  

S t u a r t ,  R u s t i g i a n ,  a n d  Borman (194-3);  Edwards  (194-5); S t u a r t  

an d  Van S t r a t u m  (194-5);  S t u a r t ,  W h e e le r ,  a n d  McGann ( 1 9 4 6 ) ;  

Hinshaw and  McNeil  ( 1 9 4 7 ) ;  a n d  E dw ards ,  W es t ,  and  B r u n e r  

( 1 9 4 7 b ) .

E x c e l l e n t  work on t h e  a n t i g e n i c  c l a s s i f i c a t i o n  o f  t h e  

p a r a c o l o n s  was r e p o r t e d  by Edwards  e t .  a l .  ( 1 9 4 7 a ) ;  S t u a r t ,  

G a l t o n ,  a nd  McGann ( 1 9 4 8 ) ;  a n d  Edwards e t .  a l .  ( 1 9 4 8 ) .  G a l to n  

a n d  S t u a r t  (194 9 )  r e p o r t e d  on t h e  u s e  o f  a  p o o l e d  P .  I n t e r 

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

P u r p o s e  o f  t h e  P r e s e n t  S t u d y . B e ca u se  o f  t h e  r e l a t i o n s h i p  o f
i

t h e  p a r a c o l o n  b a c t e r i a  t o  o t h e r  e n t e r i c  o r g a n i s m s ,  b o t h  f rom  

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

s t r u c t u r e ,  i t  was t h o u g h t  p e r t i n e n t  t o  i n v e s t i g a t e  t h e  m e tab 

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

t r i t i o n a l  r e q u i r e m e n t s .  T h i s  p h a s e  o f  t h e  p ro b le m  i s  I m p o r t a n t  

i f  one c o n s i d e r s  t h e  e v i d e n c e - w h i c h  l e a d s  t o  t h e  g e n e r a l  

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

acco m p a n ie d  by l o s s e s  i n  enzyme s y s te m s  o f  c e r t a i n  m e t a b o l i c  

p r o c e s s e s .  I n  t h e  e n t e r i c  g ro u p  one can  s e e  t h i s  phenomenon 

r o u g h l y  i n  t h e  t r a n s i t i o n  f rom  t h e  t r u e  c o l i f o r m s ,  w h ic h  a r e  

r e l a t i v e l y  n o n - f a s t i d i o u s ,  t o  t h e  s h i g e l l a e ,  many s t r a i n s  o f  

which  r e q u i r e  one o r  more g ro w th  f a c t o r s  ( P o r t e r  1 9 4 6 ) .  The 

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



o r  f e r m e n t  l a c t o s e  a t  a l l ,  i s  s u g g e s t i v e  o f  t h e  l o s s  o r  

i m p a i rm e n t  o f  c e r t a i n  enzyme s y s t e m s .  The a n a e r o g e n i c  p a r a 

c o l o n s  a r e  r e l a t e d  t o  t h e  P r o t e u s  w h ich  p r o d u c e  s m a l l  vo lum es  

o f  g a s  a n d  t o  t h e  S h ig e 1 1 a  t y p e s  w h ich  a r e  d e f i n i t e l y  a n a e r o 

g e n i c .  S a l m o n e l l a  t y p h o s a  which  e x h i b i t s  t h e  g r e a t e s t  p a t h o 

g e n i c i t y  o f  t h e  S a l m o n e l l a  t y p e s  i s  a n a e r o g e n i c .  I t  m ust  be  

k e p t  i n  mind t h a t  t h e  b i o c h e m i c a l  c h a r a c t e r i s t i c s  a n d  n u 

t r i t i o n a l  r e q u i r e m e n t s  u n d e r  d i s c u s s i o n  a r e  t h o s e  o f  t h e  

" w i ld  t y p e "  s t r a i n s .  T r a i n i n g  o r  a d a p t a t i o n  r e s u l t s  i n  a  

c o m p l e x i t y  o f  r e a c t i o n s ,  t h e  p r o b le m  o f  w h ic h  i s  beyond  t h e  

scope  o f  t h i s  p a p e r .

Thus t h e  p r i m a r y  p u r p o s e  o f  t h e  i n v e s t i g a t i o n  t o  be  

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

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

b i o c h e m i c a l  c l a s s i f i c a t i o n  o f  t h e s e  o r g a n i s m s .  I t  was a l s o  

t h e  p u r p o s e  t o  g a t h e r  more i n f o r m a t i o n  t o  s u b s t a n t i a t e  t h e  

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

b a c t e r i a .
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GENERAL MATERIALS AND METHODS

S o u rc e  o f  G u l t u r e a . The c u l t u r e s  u se d  i n  t h e  e x p e r i m e n t s ,  

t o  be  d e s c r i b e d ,  were  o b t a i n e d  f rom  b o t h  a n i m a l  a n d  human 

s o u r c e s .  M iss  Neu o f  t h e  D e p a r tm en t  o f  B a c t e r i o l o g y  a n d  

P u b l i c  H e a l t h  v e r y  g r a c i o u s l y  s u p p l i e d  c u l t u r e s  w h ic h  on 

p r e s u m p t i v e  media  a p p e a r e d  t o  be  p a r a c o l o n  t y p e s .  These  

o r g a n i s m s  were  i s o l a t e d  f ro m  t h e  i n t e r n a l  o r g a n s  a n d  f e c a l  

m a t e r i a l  o f  p i g s  which  were  u se d  i n  a s t u d y  o f  sw ine  e n t e r i t i s .  

The human s t r a i n s  w ere  s u p p l i e d  f rom  t h e  d i a g n o s t i c  l a b o r a t o r y  

o f  t h e  M ic h ig a n  D e p a r tm e n t  o f  H e a l t h  a t  L a n s in g  t h r o u g h  t h e  

c o u r t e s y  o f  D r .  H. E.  Gope. The human s t r a i n s  were  i s o l a t e d  

from f e c a l  s p e c im e n s  w h ich  were s u b m i t t e d  f o r  d i a g n o s i s  o r  

f o r  r o u t i n e  e x a m i n a t i o n s .  The s u b j e c t s  i n c l u d e d  i n m a t e s  o f  

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

c a r r i e r  s u s p e c t s ,  n u r s e s  a n d  new b o m  i n f a n t s .  C u l t u r e s  

were numbered  a n d  a s s i g n e d  a  l e t t e r  "p" f o r  c u l t u r e s  f rom  

p i g s  a n d  "Hu f o r  c u l t u r e s  f rom humans .

A l l  c u l t u r e s  were  t e s t e d  f o r  p u r i t y  by r e p e a t e d  d i l u t i o n  

p l a t i n g s .  A p p r o x i m a t e l y  20 p e r  c e n t  o f  t h e  c u l t u r e s  were  

fo u nd  t o  be P r o t e u s  on t h e  b a s i s  o f  u r e a s e  p r o d u c t i o n  

( C h r i s t e n s e n  1 9 4 6 ) .  S e v e r a l  o f  t h e  c u l t u r e s  were  c o n t a m i n a t e d  

w i t h  t h e  t r u e  c o l i f o r m s .

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

which  h ad  a l r e a d y  b e e n  i n v e s t i g a t e d  i n  o r d e r  t o  h a v e  some 

m easu re  o f  t h e  r e l i a b i l i t y  o f  t h e  t e s t s  u s e d  t o  d e t e r m i n e  t h e



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

m ind ,  Dr. P .  R. Edwards  was c o n t a c t e d  a t  t h e  A g r i c u l t u r a l  

E x p e r im e n t  S t a t i o n ,  L e x i n g t o n ,  K en tucky  a n d  he k i n d l y  s u p p l i e d  

f o u r  r e p r e s e n t a t i v e  s t r a i n s  o f  t h e  A r i z o n a  g r o u p .  T hese  were  

d e s i g n a t e d  w i t h  t h e  l e t t e r  "A" a n d  c o r r e s p o n d  t o  t h e  f o l l o w 

i n g  a n t i g e n i c  d e s c r i p t i o n  s u p p l i e d  by Dr.  E dw ards .

A i -  1 , 4 : 1 , 2 , 5  (CDA 144)
Ao- 7 : 1 , 7 , 8  (CDA X 184)
k t -  5 : 1 3 , 1 4  (G a l  188)

1 , 2 : 1 , 2 , 5  ( A r i z o n a ,  D . G . l )

Commander L. A. B a r n e s  o f  t h e  N a v a l  M e d ic a l  R e s e a r c h  

I n s t i t u t e  a t  B e t h e s d a ,  M a ry lan d  g r a c i o u s l y  s u p p l i e d  two 

s t r a i n s  e a c h  o f  p a r a c o l o n  t y p e  3 2 0 1 1 , p a r a c o l o n  t y p e  100- 5- 1 3 , 

a n d  p a r a c o l o n  t y p e  29911 .  These  were d e s i g n a t e d  a s  Nj^N^;

N2 , N5 ; a n d  N^, N j r e s p e c t i v e l y .

P a r a c o l o n  t y p e  1 0 0 - 5 - 1 3  was i s o l a t e d  f rom s t o o l  s a m p le s  

o f  p a t i e n t s  i n  w ards  o f  a  U .S .  n a v a l  h o s p i t a l  f o l l o w i n g  t h e  

o c c u r r e n c e  o f  many c a s e s  o f  d i a r r h e a  ( B a r n e s  a n d  C h e r ry  1 9 4 6 ) .

A t o t a l  o f  28 c u l t u r e s  were  o b t a i n e d  w i t h  b i o c h e m i c a l  r e a c t i o n s  

t h a t  would p l a c e  them i n  t h e  P .  I n t e r m e d i u m  g r o u p .

C u l t u r e s  were  k e p t  i n  s t o c k  a s  s t a b  c u l t u r e s  i n  sem i

s o l i d  a g a r  ( m o t i l i t y  t e s t  medium, D i f c o )  a n d  r e f r i g e r a t e d .

F r e s h  s t o c k  c u l t u r e s  were  made m o n th l y .  B e f o r e  a n y  e x p e r i m e n t s  

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

t i m e s  on n u t r i e n t  a g a r  s l a n t s .  A l l  I n o c u l a t i o n s  were  done  

f rom  a c t i v e l y  g ro w in g  24 h o u r  c u l t u r e s .

B io c h e m i c a l  C h a r a c t e r i z a t i o n . I n  o r d e r  t o  s e p a r a t e  t h e  

c u l t u r e s  i n t o  b i o c h e m i c a l  t y p e s  many o f  t h e  commonly u s e d
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b i o c h e m i c a l  t e s t s  were  e m p loy ed .  These  I n c l u d e d  t h e  d e t e r 

m i n a t i o n  o f  t h e  IMVIC r e a c t i o n s ,  a c t i o n  on c a r b o h y d r a t e s ,  

u r e a s e  p r o d u c t i o n ,  t a r t r a t e  u t i l i z a t i o n ,  d e t e r m i n a t i o n  o f  

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

e t c .  The t e s t B  were r e p e a t e d  a t  l e a s t  t h r e e  t i m e s  o v e r  a  

p e r i o d  o f  two y e a r s .  No c h a n g e s  were  n o t e d  i n  t h e  b i o c h e m i c a l  

r e a c t i o n s  e x c e p t  f o r  c h a n g e s  i n  t h e  t im e  r e q u i r e d  t o  p r o d u c e  

c e r t a i n  r e a c t i o n s .  When t h e  r e s u l t s  w e re  t a b u l a t e d  t h e  

c u l t u r e s  were  p u t  i n t o  f o u r  g r o u p s :

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

N u t r i t i o n a l  R e q u i r e m e n t s . The n u t r i t i o n a l  r e q u i r e m e n t s '  a s  

e x p r e s s e d  by n o rm a l  g ro w th  i n  p u r i f i e d  m edia  w ere  d e t e r m i n e d  

by s t a r t i n g  w i t h  what  was c o n s i d e r e d  a  c o m p le t e  medium a n d  

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

c o n s t i t u e n t s .  The c o m p le t e  medium c o n s i s t e d  o f  a  m i x t u r e  o f  

i n o r g a n i c  s a l t s ,  w a t e r  s o l u b l e  v i t a m i n s ,  a n d  a  s o u r c e  o f  

amino a c i d s  i n  t h e  form o f  c a s e i n  h y d r o l y s a t e s .  The e l i m i n a t 

i o n  o f  a l l  t h e  v i t a m i n s  o r  a l l  t h e  am ino  a c i d s ,  e t c . ,  s e r v e d  

a s  a  s c r e e n i n g  t e s t  t o  f a c i l i t a t e  t h e  more d e t a i l e d  d e t e r 

m i n a t i o n s  o f  s p e c i f i c  n u t r i t i v e  r e q u i r e m e n t s .
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BIOCHEMICAL CHARACTERISTICS 
OF THE PARACOLON CULTURES

The i d e n t i f i c a t i o n  o f  p a r a c o l o n  b a c i l l i  by t h e  b i o c h e m i c a l  

t e s t s  u s u a l l y  employed  i s  f a r  f rom  b e i n g  a n  e x a c t  p r o c e d u r e .  

Those c h a r a c t e r i s t i c s  w h ic h  p l a c e  t h e  p a r a c o l o n s  a s  i n t e r 

m e d i a t e s  i n  t h e  e n t e r i c  g r o u p  a r e  t h e  same c h a r a c t e r i s t i c s  

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

scheme. On p r e s u m p t i v e  d i f f e r e n t i a l  media i t  i s  d i f f i c u l t  

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

S a l m o n e l l a , S h i s e l l a . o r  P r o t e u s  g e n e r a .  I n  many c a s e s  t h e  

u se  o f  more e x t e n s i v e  b i o c h e m i c a l  t e s t s  h a s  f a i l e d  c l e a r l y  

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

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

o r  n o t  a t  a l l .

The b a s i c  p ro b lem  of  f i n d i n g  some c h a r a c t e r i s t i c  o r  g ro u p  

o f  c h a r a c t e r i s t i c s  which  would  c l e a r l y  i d e n t i f y  a n  o rg a n i s m  

a s  a  p a r a c o l o n  h a s  b e e n  t h e  s u b j e c t  o f  much e x p e r i m e n t a l  work ,

A m u l t i p l e  c a r b o h y d r a t e  medium was p r o p o s e d  by C h i l t o n  an d  

F u l t o n  ( 1 9 4 6 ) ,  The 'm edium  c o n t a i n e d  a d o n i t o l ,  a e s c u l l n ,  

s a l i c i n ,  a n d  s u c r o s e  w i t h  two i n d i c a t o r s ;  b r o m - e r e s o l - p u r p l e  

and  f e r r i c  ammonium c i t r a t e .  The t e s t  f o r  i n d o l e  p r o d u c t i o n  

was a l s o  p e r f o r m e d  on t h e  medium u s i n g  K o v a c ’ s r e a g e n t .  The 

a u t h o r s  t e s t e d  o v e r  250 c u l t u r e s - o f  p a r a c o l o n s  a n d  fou n d  

t h a t  44  p e r  c e n t  o f  t h e  c u l t u r e s  f e r m e n t e d  a t  l e a s t  one  o f  

t h e  s u g a r s  i n  24 h o u r s .  T h i r t y - f i v e  p e r  c e n t  were  i n d o l e  

p o s i t i v e  a nd  f e r m e n t a t i o n  n e g a t i v e .  T h i s  l e f t  21 p e r  c e n t  o f



t h e  c u l t u r e s  which  w ere  n e g a t i v e  i n  b o t h  t e s t s .  T e s t i n g  f o r  

l a c t o s e  f e r m e n t a t i o n  i n  10 p e r  c e n t  l a c t o s e  a g a r  s l a n t s  t h e y  

found  t h a t  22 o f  t h e  55 c u l t u r e s  ( n e g a t i v e  on b o t h  t e s t s )  

f e r m e n te d  t h e  c a r b o h y d r a t e  i n  24 h o u r s .  The a u t h o r s  s t a t e d  

t h a t  P r o t e u s  a n d  Shi  s e l l a  c u l t u r e s  may b e  p o s i  t i v e  on t h e  

m u l t i p l e  c a r b o h y d r a t e  medium d e s i g n a t e d  a s  AASS b r o t h .

Along t h e  same l i n e s  Schaub (1 94 8 )  s t u d i e d  56 s t r a i n s  o f  

p a r a c o l o n  b a c i l l i .  U s in g  AASS b r o t h ,  33 p e r  c e n t  o f  t h e  c u l 

t u r e s  gave a  p o s i t i v e  r e a c t i o n .  T wenty-one  p e r  c e n t  o f  t h e  

c u l t u r e s  f e r m e n t e d  l a c t o s e  i n  24 h o u r s  on t h e  10 p e r  c e n t  

l a c t o s e  a g a r .  However,  t h e  a u t h o r  s t a t e d  t h a t  20 s t r a i n s  o f  

n o n - l a c t o s e - f e r m e n t i n g  gram n e g a t i v e  b a c i l l i  g a v e  an  a c i d  

r e a c t i o n  on t h i s  medium. Schaub t h e n  p ro p o s e d  a  scheme f o r  

d i f f e r e n t i a t i n g  p a r a c o l o n  b a c i l l i  f rom  S a l m o n e l l a . S h i s e l l a . 

and  o t h e r  gram n e g a t i v e  b a c i l l i  which  were n o t  t r u e  c o l i f o r m s .  

T h i s  scheme was b a s e d  on w h e t h e r  t h e  c u l t u r e s  were  i n h i b i t e d  

on S . S .  a g a r  ( D i f c o )  o r  on a  s i m p l i f i e d  d e s o x y c h o l a t e - c i t r a t e -  

t h i o s u l f a t e  medium. Schaub a l s o  t e s t e d  h e r  c u l t u r e s  i n  t h e  

u r e a  medium o f  C h r i s t e n s e n  ( 1 9 4 6 ) .  T w e n ty - n in e  p e r  c e n t  o f  

t h e  c u l t u r e s  were u r e a s e  p o s i t i v e .

The o n l y  c h a r a c t e r i s t i c s  w h ich  h a v e  d e f i n i t e  v a l u e  f o r  

g r o u p i n g  o f  t h e  p a r a c o l o n s  a r e  t h e  IMVIC r e a c t i o n s .  On t h i s  

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

a s  p r o p o s e d  by Borman, S t u a r t ,  and  W hee le r  ( 1 9 4 4 ) .

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

c h e m ic a l  t e s t s  were a p p l i e d  t o  t h e  p a r a c o l o n  c u l t u r e s  a l o n g



w i t h  some o f  t h e  d i f f e r e n t i a l  t e s t s  c i t e d  above

E x p e r i m e n t a l  Methods

A f t e r  p u r i f y i n g  t h e  c u l t u r e s  t h e y  were  s u b j e c t e d  t o  t h e  

b i o c h e m i c a l  t e s t s .  A l l  i n o c u l a t i o n s  were  made f rom  24  h o u r  

n u t r i e n t  a g a r  s l a n t  c u l t u r e s  w h ich  h a d  p r e v i o u s l y  b e en  t r a n s 

f e r r e d  d a i l y  a t  l e a s t  t h r e e  t i m e s .

IMVTQ R e a c t i o n . I n d o l  p r o d u c t i o n  was d e t e r m i n e d  w i t h  b o t h  

K o v a c ' s  a n d  P r i n g s h e i m ’ s r e a g e n t s  u s i n g  48 h o u r  c u l t u r e s  i n  

p e p to n e  b r o t h .  The m e t h y l  r e d  t e s t  a n d  t h e  t e s t  f o r  p r o d u c t 

i o n  o f  a c e t y l - m e t h y l - c a r b i n o l  ( V . P . )  w ere  made on c u l t u r e s  

g ro w in g  i n  M .R .-V .P .  b r o t h  ( D i f c o ) .  The i n d i c a t o r  f o r  t h e  

V .P .  t e s t  was a l p h a  n a p t h o l  a n d  p o t a s s i u m  h y d r o x i d e .  C i t r a t e  

u t i l i z a t i o n  was d e t e r m i n e d  on K o s e r ' s  c i t r a t e  b r o t h  a n d  

Simmon's  c i t r a t e  a g a r .

Hydrogen S u l f i d e  a n d  U re a s e  P r o d u c t i o n . The p r o d u c t i o n  o f  

h y d ro g e n  s u l f i d e  was d e t e r m i n e d  by t h e  u s e  o f  T . S . I .  a g a r  

( B a l t i m o r e  B i o l o g i c a l  l a b o r a t o r y ) ,  p e p t o n e  b r o t h  w i t h  l e a d  

a c e t a t e  p a p e r  s t r i p s ,  an d  SIM medium ( D i f c o ) .  The l a t t e r  

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

m o t i l i t y .  U rease  p r o d u c t i o n  was d e t e c t e d  by t h e  m e th o d s  o f  

S t u a r t ,  Van S t r a t u m ,  and  R u s t i g i a n  (1 94 1 )  ( u r e a  b r o t h ,  D i f c o )  

an d  C h r i s t e n s e n  (1 94 6 )  ( u r e a a g a r ,  D i f c o ) .

T a r t r a t e  u t i l i z a t i o n  was t e s t e d  on p h e n o l  r e d  t a r t r a t e  

a g a r  ( D i f c o ) .

F e r m e n t a t i o n  o f  C a r b o h y d r a t e s . The c a r b o h y d r a t e s  a n d  r e l a t e d
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s u b s t a n c e s  u s e d  f o r  f e r m e n t a t i o n  s t u d i e s  were  a s  f o l l o w s :  D-

g l u c o s e ,  l a c t o s e ,  m a l t o s e ,  D - m a n n i t o l ,  L - a r a b i n o s e ,  t r e h a l o s e ,  

D - g a l a c t o s e ,  s u c r o s e ,  D - x y l o s e ,  s a l i c i n ,  d u l c i t o l ,  r a f f i n o s e ,  

a d o n i t o l ,  r h am n o se ,  D - s o r b i t o l ,  a n d  i n o s i t o l .  The c a r b o h y d r a t e s  

were  d i s s o l v e d  i n  p u r p l e  b r o t h  b a s e  ( D i f c o )  i n  c o n c e n t r a t i o n s  

o f  0 . 5  o r  1 . 0  p e r  c e n t .  S t e r i l i z a t i o n  o f  t h e  c a r b o h y d r a t e  

media  was c a r r i e d  o u t  i n  a n  a u t o c l a v e  f o r  10 m i n u t e s  a t  121°C. 

The 10 m in u te  p e r i o d  was a d e q u a t e  f o r  s t e r i l i z a t i o n  a s  t h e  

t u b e s  were  p l a c e d  i n  t e s t  t u b e  r a c k s .  The r e l a t i v e l y  s h o r t  

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

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

o b s e r v e d  d a i l y  a n d  a l l  n e g a t i v e  t u b e s  were  k e p t  f o r  a t  l e a s t  

30 d a y s .

l a c t o s e  F e r m e n t a t i o n . S i n c e  t h e  d e m o n s t r a t i o n  o f  l a c t o s e  

a c t i v i t y  i s  o f  g r e a t  i m p o r t a n c e  i n  t h e  c h a r a c t e r i z a t i o n  o f  

p a r a c o l o n  b a c i l l i ,  more e m p h a s i s  was p l a c e d  on t h e  r e a c t i o n  

o f  t h e  c u l t u r e s  i n  l a c t o s e  c o n t a i n i n g  media  t h a n  i n  t h e  m edia  

c o n t a i n i n g  t h e  O t h e r  c a r b o h y d r a t e s .  A long  w i t h  i n o c u l a t i n g  

t h e  c u l t u r e s  i n t o  1 p e r  c e n t  l a c t o s e  b r o t h  t h e  c u l t u r e s  were  

a l s o  i n o c u l a t e d  i n t o  5 p e r  c e n t  l a c t o s e  b r o t h  a n d  on 10 p e r  

c e n t  l a c t o s e  a g a r  s l a n t s  ( p u r p l e  a g a r  b a s e ,  D i f c o ) .

H e r sh e y  and  B r o n f e n b r e n n e r  ( 1 9 3 6 ) ,  w o r k in g  w i t h  s lo w -  

l a c t o s e -  f e r m e n t i n g  b a c i l l i ,  showed t h a t  t h e i r  c u l t u r e s  grew 

more r a p i d l y  i n  media c o n t a i n i n g  h i g h e r  c o n c e n t r a t i o n s  o f  

l a c t o s e .  Darby and  Mallmann (1939)  d e m o n s t r a t e d  t h a t  B a c t o -  

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

p e p to n e  when b o t h  were compared  i n  g ro w th  c u r v e  e x p e r i m e n t s .
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A c c o r d i n g l y ,  a l o n g  w i t h  t h e  o t h e r  m ed ia  c o n t a i n i n g  l a c t o s e ,  

a  medium was u s e d  w h ich  c o n t a i n e d  t h e  same i n g r e d i e n t s  a s  

p u r p l e  b r o t h  b a s e  ( D i f c o )  e x c e p t  t h a t  B a c t o - t r y p t o s e  was u se d  

i n  a  c o n c e n t r a t i o n  o f  2 p e r  c e n t  i n s t e a d  o f  p r o t e o s e  p e p to n e  

N o .3 .  The c o n c e n t r a t i o n  o f  l a c t o s e  i n  t h i s  medium was 1 p e r  

c e n t .

A l l  t h e  media  c o n t a i n i n g  l a c t o s e  were  s e e d e d  a t  t h e  same 

t im e  and  i n c u b a t e d  a t  37°C. O b s e r v a t i o n s  were  made d a i l y  a n d  

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

b reakd o w n .  A l l  t u b e s  showing no  r e a c t i o n  were  k e p t  f o r  a t  

l e a s t  30 d a y s  a n d  s t o p p e r e d  t o  p r e v e n t  e v a p o r a t i o n .

G e l a t i n e  L i q u e f a c t i o n .  I n h i b i t i o n  on S . S .  A g a r ,  a nd  R e a c t i o n  

oh AASS B r o t h . The a b i l i t y  o f  t h e  c u l t u r e s  t o  l i q u i f y  g e l 

a t i n e  was s t u d i e d  b o t h  i n  g e l a t i n e  s t a b  t u b e s  a n d  by s t r e a k 

i n g  t h e  c u l t u r e s  on n u t r i e n t  a g a r  p l a t e s  c o n t a i n i n g  0 . 4  p e r  

c e n t  g e l a t i n e  (Manual o f  Methods f o r  P u r e  C u l t u r e  S tu d y  o f  

B a c t e r i a ,  1 9 4 7 ) .

A l l  c u l t u r e s  were  a l s o  i n o c u l a t e d  i n t o  AASS b r o t h  a n d  

d i l u t e  s u s p e n s i o n s  o f  t h e  c u l t u r e s  were  s t r e a k e d  on S . S .  a g a r  

p l a t e s .

E x p e r i m e n t a l  R e s u l t s

Based on IMVIG r e a c t i o n s  a n d  w h e t h e r  o r  n o t  g a s  was 

formed d u r i n g  t h e  f e r m e n t a t i o n  o f  g l u c o s e ,  t h e  c u l t u r e s  were 

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

g a s  i n  g l u c o s e  b r o t h )  were p l a c e d  i n  t h r e e  s p e c i e s - P .  c o l l -  

f o r m e , P .  i n t e r m e d i u m , a n d  P.  a e r o g e n o i d e s . Those c u l t u r e s
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which  p ro d u c e d  a t  b e s t  o n l y  a  b u b b l e  o f  g a s  i n  g l u c o s e  b r o t h  

were c o n s i d e r e d  a n a e r o g e n i c  p a r a c o l o n s .  The c o m p le t e  b i o 

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

T a b l e s  1 - 4 .

G rou p in g  o f  P a r a c o l o n  C u l t u r e s  W i t h i n  t h e  S io e c le s . Any 

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

s p e c i e s  i n  w h ich  t h e y  were  p l a c e d  a s  a  r e s u l t  o f  t h e  IMVIG 

r e a c t i o n  must  b e  p u r e l y  a r b i t r a r y .  T hus ,  v a r i o u s  a u t h o r s  

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

c h a r a c t e r i s t i c  o r  g ro u p  o f  c h a r a c t e r i s t i c s  w h ich  t h e y  c o n s i d e r  

i m p o r t a n t .  F o r  e x a m p le ,  s u c r o s e  p o s i t i v e  s t r a i n s  c o u l d  be  

g r o u p e d  t o g e t h e r  a s  d i s t i n c t  f rom  s u c r o s e  n e g a t i v e  s t r a i n s .

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

was t o  compare n u t r i t i o n a l  r e q u i r e m e n t s  w i t h  b iochem ica l  r e 

a c t i o n s .  On t h i s  b a s i s  t h e  o n ly  a c c e p t a b l e  g r o u p i n g  i s  t h a t  

o f  co m b in in g  a l l  c u l t u r e s  showing  t h e  same b i o c h e m i c a l  r e 

a c t i o n s  i n t o  t h e  same g r o u p .  A l t h o u g h  t h i s  would  n e c e s s a r i l y  

make f o r  a l a r g e  num ber  o f  g r o u p s ,  and  f o r  some g r o u p s  w h ich  

a r e  o n l y  r e p r e s e n t e d  by one c u l t u r e ,  i t  i s  j u s t i f i e d  f o r  t h e  

above  m e n t io n e d  r e a s o n .  I n  T a b l e s  1 - 4  t h e  common c h a r a c t e r 

i s t i c s  o f  t h e  f o u r  p a r a c o l o n  t y p e s  ( P .  a e r o g e n o i d e s . P .  i n t e r 

medium, P. c o l l  f o r m e , a n d  a n a e r o g e n i c  p a r a c o l o n s )  a r e  l i s t e d  

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

r e a c t i o n s  i n  t h e  b i o c h e m i c a l  t e s t s  which  w ere  v a r i a b l e  w i t h i n  

t h e  s p e c i e s .  G e l a t i n e  l i q u i f a c t i o n  was n o t  i n c l u d e d  i n  

T a b l e s  1 -4  a s  t h e r e  was marked v a r i a t i o n s  i n  t h e  r e s u l t s  o f  

t h e  two m ethods  o f  d e t e r m i n i n g  t h i s  p r o p e r t y .  T h i s  w i l l  be



T a b l e  1

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

Common c h a r a c t e r i s t i c s :  A l l  c u l t u r e s  were  i n d o l e  a nd  m e th y l
r e d  p o s i t i v e ,  V .P .  n e g a t i v e ;  u t i l i z e d  t a r t r a t e  a n d  d i d  n o t  
u t i l i z e  c i t r a t e ;  d i d  n o t  p r o d u c e  u r e a s e  o r  h y d r o g e n  s u l f i d e ;  
f e r m e n te d  g l u c o s e ,  m a l t o s e , m a n n i t o l ,  a r a b i n o s e ,  t r e h a l o s e ,  
and  g a l a c t o s e ;  d i d  n o t  f e r m e n t  r a f f i n o s e ,  a d o n i t o l ,  a n d  
i n o s i t o l .

R e a c t i o n

Q) H
CO o

Number o f  o o K q h  a -h
Q> (1) C3

rH
O

W to 0) •H -P
O o m o •rH

-P u o •H O
o o H rH rH

q S cti 2
p CO f*! co P

C u l t u r e s  o 5 hi h  h  § 'S
Group I n  Group p  co xj co p  p  co

A 5  1 + 4 4 - 4 4 4

B 2 4 - 4 4 - 4 4

C 2 4 - 4 - 4  4 4

D 2 4  — — — — 4 —

E 2 4  - - - - -  -

F 1 4  — — — — 4

G 1 4 -  -  -  -  -

H 1 4 - 4 - -  +

I 1 + + - -  - 4

J  1  + + - - _ _

K 1 - - 4 4  + 4 4

L 1 - - - - - -  4
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T a b le  2

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

Common c h a r a c t e r i s t i c s :  A l l  c u l t u r e s  were m o t i l e ;  m e t h y l
r e d  p o s i t i v e ;  V .P .  n e g a t i v e ;  u t i l i z e d  t a r t r a t e  a n d  c i t r a t e ;  
f e r m e n te d  g l u c o s e ,  l a c t o s e ,  m a n n i t o l ,  m a l t o s e , s o r b i t o l ,  
a r a b i n o s e ,  rh am no se ,  t r e h a l o s e ,  a n d  g a l a c t o s e ;  d i d  n o t  f e r 
ment a d o n l t o l  o r  i n o s i t o l .

R e a c t i o n

Group

Number o f  
C u l t u r e s  
I n  Group

CO
CM

m U
re

as
e 0)

H
O

& Su
cr

os
e

X
yl

os
e

1

S
al

ic
in

rH
O

-P
•H
O

H

R
af

fi
no

se

A 6 - + 4 - 4 4 - -

B 5 + - - - 4 - - -

C 3 + ♦ - 4 4 - 4 -

D 3 4 - - - 4 4 - -

E 2 + - - - 4 - 4 -

F 2 ♦ - - 4 4 - 4 -

G 2 + 4 - - 4 - 4 -

H 2 + - - - 4 4 4 -

I 2 - - 4 - 4 4 - -

J 1 4 4 4 - 4 4 4 -

K 1 4 - - - - - 4 -

L 1 - 4 4 4 4 - 4 4
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T a b l e  3

B i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  P. a e r o g e n o i d e s  c u l t u r e s  u se d
i n  n u t r i t i o n  e x p e r i m e n t s .

Common c h a r a c t e r i s t i c s :  A l l  c u l t u r e s  were V .P .  n e g a t i v e  a n d
i n d o l e  p o s i t i v e ;  u t i l i z e d  c i t r a t e ,  were  m o t i l e ;  f e r m e n t e d  
g l u c o s e ,  m a n n i t o l ,  m a l t o s e ,  x y l o s e ,  a r a b i n o s e ,  r h a m n o s e ,  
g a l a c t o s e  and  t r e h a l o s e ;  d i d  n o t  f e r m e n t  i n o s i t o l ;  ' ,
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T a b le  4

B i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  a n a e r o g e n i c  p a r a c o l o n  c u l t u r e s
u se d  i n  n u t r i t i o n  e x p e r i m e n t s .

Common c h a r a c t e r i s t i c s :  A l l  c u l t u r e s  were  m e th y l  r e d  p o s i 
t i v e ,  V .P ,  n e g a t i v e ,  a n d  m o t i l e ;  u t i l i z e d  c i t r a t e  a n d  t a r 
t r a t e ;  f e r m e n te d  g l u c o s e ,  s u c r o s e ,  a n d  a d o n i t o l ;  d i d  n o t  
p r o d u c e  u r e a s e  o r  h y d r o g e n  s u l f i d e ;  d i d  n o t  f e r m e n t  l a c t o s e ,  
m a n n i t o l ,  m a l t o s e ,  x y l o s e ,  s a l i c i n ,  d u l c i t o l ,  r a f f i n o s e ,  
a r a b i n o s e ,  rham n o se ,  s o r b i t o l ,  t r e h a l o s e ,  o r  i n o s i t o l .

Number o f
Group C u l t u r e s  i n  Group I n d o l e  P r o d u c t i o n

A 7 -

B 2 +

d i s c u s s e d  more f u l l y  l a t e r .

Hydrogen S u l f i d e  P r o d u c t i o n . I t  c an  be  s e e n  t h a t  t h e  h y d r o g e n  

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

a s  P .  I n t e r m e d i u m . Only two c u l t u r e s  i n  a l l  t h e  o t h e r  g ro u p s  

p ro d u c e d  h y d r o g e n  s u l f i d e  i n  s u f f i c i e n t  q u a n t i t i e s  t o  be  d e 

t e c t e d  by t h e  m ethods  u s e d .  The u s e  o f  l e a d  a c e t a t e  p a p e r  

p r o v e d  t o  b e  th e  m ost  s e n s i t i v e  t e s t .  Some c u l t u r e s  were  

se e m in g ly  n e g a t i v e  on t r i p l e - s u g a r - i r o n  a g a r  and  on SIM medium 

b u t  p o s i t i v e  when t h e  l e a d  a c e t a t e  p a p e r  s t r i p s  were  u s e d .

U re a s e  P r o d u c t i o n . A l l  c u l t u r e s  were  n e g a t i v e  when t e s t e d  on 

u r e a  b r o t h  ( D i f c o ) ;  23 c u l t u r e s  were  u r e a s e  p o s i t i v e  on u r e a



a g a r  ( D i f c o ) .  T h ese  u r e a s e  p o s i t i v e  s t r a i n s  were i n  t h e  P .  

a e r o g e n o i d e s  and P .  i n t e r m e d i u m  g r o u p . -- A l l  P .  c o l l f o r m e  a n d  

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

ment w i t h  C h r i s t e n s e n ' s  (1 9 4 6 )  f i n d i n g s .  The u r e a s e  p o s i t i v e  

s t r a i n s  r e q u i r e d  l o n g e r  t h a n  48 h o u r s  t o  change  t h e  r e a c t i o n  

o f  the  t e s t  medium.

C a r b o h y d r a t e  F e r m e n t a t i o n . I t  c an  be s e e n  t h a t  t h e  a e r o g e n i c  

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

h y d r a t e s .  A l l  t h e  c u l t u r e s  a t t a c k e d  g l u c o s e ,  m a n n i t o l , m a l 

t o s e ,  a r a b i n o s e ,  g a l a c t o s e ,  a n d  t r e h a l o s e  r a p i d l y ;  a c i d  and  

l a r g e  v o lu m es  o f  g a s  u s u a l l y  were  p r o d u c e d  i n  24  h o u r s .  

Rhamnose was f e r m e n te d  r a p i d l y  by a l l  t h e  P .  a e r o g e n o i d e s  and  

P .  in te rm e d iu m  c u l t u r e s .  The o t h e r  c a r b o h y d r a t e s  were  f e r 

mented more s l o w l y ;  f i r s t  s i g n s  o f  a c i d i t y  u s u a l l y  a p p e a r e d  

i n  4 -12  d a y s  w i th  some r e a c t i o n s  t a k i n g  a s  l o n g  a s  28 d a y s .  

The a n a e r o g e n i c  s t r a i n s  f e r m e n te d  o n ly  g l u c o s e ,  s u c r o s e ,  a n d  

a d o n i t o l .

F e r m e n t a t i o n  o f  l a c t o s e . I n  T a b le  5 a r e  p r e s e n t e d  t h e  d a t a  

g a t h e r e d  i n  th e  e x p e r i m e n t  on l a c t o s e  c o n t a i n i n g  m e d ia .  I t  

can  be s e e n  t h a t  t h e  u s e  o f  10 p e r  c e n t  l a c t o s e  a g a r  s l a n t s  

i s  o f  v a l u e  i n  d e t e c t i n g  l a c t o s e  b reakdow n r a p i d l y .  Over 70 

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

t o  change^ t h e  c o l o r  o f  t h e  i n d i c a t o r  i n  24 h o u r s .  However,  

t h e r e  was a n  o b s e r v a t i o n  w h ic h  s h o u l d  be  r e c o r d e d .  When 

known n o n - l a c t o s e - f e r m e n t i n g  c u l t u r e s  were  i n o c u l a t e d  i n t o  

10 p e r  c e n t  l a c t o s e  a g a r ,  one c o u ld  o b s e r v e  i n  some c a s e s  a
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T a b l e  5

A c o m p a r i s o n  o f  l a c t o s e  c o n t a i n i n g  m ed ia  f o r  d e t e c t i n g  l a c t o s e
f e r m e n t a t i o n  o f  p a r a c o l o n  b a c i l l i .

Medium

Number o f  
c u l t u r e s  
p o s i t i v e  
on medium

Number o f  
c u l t u r e s  
n e g a t i v e  
on medium

A v e rag e
num ber  o f  d a y s  
t o  p r o d u c e  
p o s i t i v e  r e a c t i o n

1 p e r  c e n t
l a c t o s e
b r o t h

51 26 1 0 .7

1 p e r  c e n t  
l a c t o s e -  
t r y p t o s e  
b r o t h

48 31 7 . 6

5 p e r  c e n t
l a c t o s e
b r o t h

62 17 3 . 6

10 p e r  c e n t
l a c t o s e
a g a r

65 14 1 . 3

c o l o r  c h an ge  i n  t h e  b u t t  o f  t h e  medium w h ic h  a p p e a r e d  t o  be  

c a u s e d  by r e d u c t i o n  o f  t h e  i n d i c a t o r  ( b r o m - c r e s o l  p u r p l e )  an d  

w h ich  was o f  a  t r a n s i e n t  n a t u r e .  The l o s s  o f  c o l o r  was 

e v i d e n t  a f t e r  24 h o u r s  i n c u b a t i o n  a n d  u s u a l l y  i n  48 h o u r s  t h e  

c o l o r  had  b e en  r e s t o r e d .  T h i s  i s  i n  c o n t r a s t  t o  t h e  c o l o r  

change  d u e  t o  t h e l o w e r i n g  o f  t h e  pH o f  t h e  medium a s  a  r e s u l t  

o f  a c i d  f o r m a t i o n .  T h i s  phenomenon m ig h t  a c c o u n t  f o r  t h e  

o b s e r v a t i o n  o f  Schaub (1 9 4 8 )  t h a t  n o n - l a c t o s e - f e r m e n t i n g  

o r g a n i s m s  p r o d u c e d  a n  a c i d  r e a c t i o n  i n  t h e  medium.
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The u s e  o f  t r y p t o s e  ( D i f c o )  a s  a  s o u r c e  o f  amino n i t r o g e n  

r a t h e r  t h a n  p r o t e o s e - p e p t o n e  No. 3 ( D i f c o )  a p p r e c i a b l y  s h o r t 

e n s  t h e  a v e r a g e  t im e  n e c e s s a r y  f o r  t h e  f i r s t  s i g n s  o f  c a r b o h y 

d r a t e  b reak d o w n .  T h i s  was p r o b a b l y  d u e  t o  t h e  s h o r t e n i n g  o f  

t h e  l a g  p h a s e  o f  t h e  c u l t u r e s  a s  r e p o r t e d  by Darby a n d  

Ma.llnw.nn (1939)  i n  t h e  c a s e  o f  E. c o l i . A long  w i t h  t h i s  ob

s e r v a t i o n  t h e r e  was e v i d e n c e  t h a t  t h e  amino n i t r o g e n  s o u r c e  

i n  some way i n f l u e n c e d  t h e  c a r b o h y d r a t e  b reak d o w n .  Twenty-  

t h r e e  c u l t u r e s  w h ich  were  p o s i t i v e  on t h e  t r y p t o s e - l a c t o s e  

medium p r o d u c e d  a c i d  and  r e l a t i v e l y  l a r g e  vo lum es  o f  g a s  f rom  

t h e  c a r b o h y d r a t e  b reakdow n  i n  c o n t r a s t  t o  t h e  p r o t e o s e - p e p 

t o n e -  l a c t o s e  medium i n  w h ic h  t h e  same c u l t u r e s  p r o d u c e d  o n ly  

a c i d  o r  a t  t h e  m ost  a s m a l l  b u b b l e  o f  g a s .  The chem ica l  

c o m p o s i t i o n  o f  t h e s e  two amino n i t r o g e n  s o u r c e s  d i f f e r s  e s 

s e n t i a l l y  i n  t h e  c o n c e n t r a t i o n s  o f  p r i m a r y ,  s e c o n d a r y ,  a nd  

t o t a l , p r o t e o s e  n i t r o g e n  ( D i f c o  Manual  1 9 4 6 ) .  B a c t o - t r y p t o s e  

c o n t a i n s  a  h i g h e r  p e r c e n t a g e  o f  f r e e  amino n i t r o g e n  a s  i t  i s  

a  more c o m p l e t e l y  h y d r o l y z e d  p r o t e i n  t h a n  p r o t e o s e - p e p t o n e  

No. 3 .  The s t i m u l a t i o n  o f  b a c t e r i a l  g ro w th  m ig h t  very  w e l l  

be  due  t o  t h e  p r e s e n c e  o f  g r e a t e r  c o n c e n t r a t i o n  o f  f r e e  amino 

a c i d s ;  how ever  t h e  e x p l a n t a t i o n  f o r  t h e  o b s e r v e d  d i f f e r e n c e  

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

AASS B r o t h  a n d  I n h i b i t i o n  on S . S .  A g a r . The r e s u l t s  o b t a i n e d  

i n  t h e  p r e s e n t  i n v e s t i g a t i o n  i n  t h e  u s e  o f  AASS b r o t h  d i d  n o t  

f a v o r a b l y  i m p r e s s  t h i s  a u t h o r  a s  t o  t h e  v a l u e  o f  t h i s  medium 

f o r  t h e  d e t e c t i o n  o f  p a r a c o l o n  b a c i l l i .  I n  many i n s t a n c e s  i t  

was d i f f i c u l t  t o  a s c e r t a i n  i f  a e s c u l i n  h a d  b e en  f e r m e n t e d  i n  

t h e  c a s e s  where  t h e  c u l t u r e s  d i d  n o t  f e r m e n t  any  o f  t h e  o t h e r
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c a r b o h y d r a t e s .  T here  were  a l s o  i n s t a n c e s  where  t h e  f e r m e n t a 

t i o n  o f  s u c r o s e ,  s a l i c l n ,  o r  a d o n i t o l  c o u l d  be  d e m o n s t r a t e d  

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

i n  t h e  m u l t i p l e  c a r b o h y d r a t e  medium.

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

c o lo n  b a c i l l i  y i e l d e d  su c h  v a r i a b l e  r e s u l t s  a s  t o  e x c l u d e  t h i s  

method f rom  t h o s e  h a v i n g  s i g n i f i c a n t  v a l u e  f o r  d i f f e r e n t i a t i n g  

p a r a c o l o n  b a c i l l i  p a r t i c u l a r l y  a s  i n h i b i t i o n  o r  n o n - i n h i b i t i o n  

on S .S .  a g a r  c o u ld  be d e m o n s t r a t e d  f rom  t h e  same c u l t u r e  by  ■ 

v a r y i n g  t h e  d i l u t i o n  o f  t h e  c e l l  s u s p e n s i o n  u se d  i n  s t r e a k i n g  

t h e  a g a r  medium.

G e l a t i n e  L i q u e f a c t i o n . N i n e t e e n  o f  t h e  c u l t u r e s  showed e v i 

d e n c e  o f  g e l a t i n e  l i q u e f y i n g  po w ers  i n  g e l a t i n e  s t a b  t u b e s .

T h i s  c h a r a c t e r i s t i c  c o u l d  n o t  be  d e m o n s t r a t e d  w i t h  t h e  g e l a 

t i n e  p l a t e  t e c h n i q u e  ev en  when t h e  c u l t u r e s  were I n c u b a t e d  

f o r  a s  l o n g  a s  15 d a y s .  The g e l a t i n e  l i q u e f y i n g  s t r a i n s  f e l l  

p r e d o m i n a t e l y  i n  t h e  P .  i n t e r m e d i u m  a nd  P .  a e r o a e n o l d e s  g r o u p s .

i
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NUTRITIONAL REQUIREMENTS OF PARACOLON CULTURES

No s p e c i f i c  r e f e r e n c e s  r e l a t i n g  t o  t h e  n u t r i t i o n a l  r e 

q u i r e m e n t s  o f  p a r a c o l o n  b a c i l l i  h a v e  b e e n  fo u n d  by  t h e  

a u t h o r .  However,  t h e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  r e l a t e d  

o r g a n i s m s  ( E s c h e r i c h i a - A e r o b a c t o r  g r o u p ,  S a l m o n e l l a . S h i g e l l a , 

and  P r o t e u s ) h a v e  b e e n  s t u d i e d  i n  g r e a t  d e t a i l .  I t  i s  b e yo n d  

t h e  s c o p e '  o f  t h i s  r e p o r t  t o  r e v i e w  t h e  work done  on t h e  n u 

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

t h e  f i e l d  t h e  r e a d e r  i s  r e f e r r e d  t o  e x c e l l e n t  r e v i e w s  by 

K n ig h t  (1936)  a n d  P e t e r s o n  a n d  P e t e r s o n  ( 1 9 4 5 ) ,  a n d  t o  t h e  

v e r y  a d e q u a t e  c h a p t e r  on b a c t e r i a l  n u t r i t i o n  i n  t h e  book  by 

P o r t e r  ( 1 9 4 6 ) .

Some g e n e r a l  s t a t e m e n t s  s h o u l d  b e  made c o n c e r n i n g  t h e  

r e q u i r e m e n t s  o f  t h e  e n t e r i c  gram n e g a t i v e  b a c i l l i  so t h a t  a  

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

can be o b t a i n e d .  I n  g e n e r a l ,  w i l d  t y p e s  o f  t h e  E s c h e r i c h i a -  

A e r o b a c t e r  g ro u p  can  be m a i n t a i n e d  i n  a medium c o n s i s t i n g  o f  

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

o f  n i t r o g e n .  V i t a m i n s  a n d  s p e c i f i c  am ino  a c i d s  a r e  n o t  r e 

q u i r e d ,  h o w e v e r ,  m u t a n t s  o f  E. c o l l  h a v e  b e e n  o b t a i n e d  w h ich  

h a v e  v e r y  s p e c i f i c  amino a c i d  r e q u i r e m e n t s .  Some s t r a i n s  o f  

s p e c i e s  i n  t h e  g e n e r a  P r o t e u s . S a l m o n e l l a a n d  Shi  g e l  l a  can  

a l s o  grow i n  a  s im p le  medium where  t h e  s o l e  s o u r c e s  o f  

n i t r o g e n  a r e  ammonium s a l t s .  These  a r e  r e f e r r e d  t o  a s  non

e x a c t i n g  s t r a i n s .  B o th  n o n - e x a c t i n g  a n d  e x a c t i n g  s t r a i n s  o f



S. t y p h o s a  hav e  b e en  r e p o r t e d .  The e x a c t i n g  s t r a i n s  r e q u i r e  

one o r  more amino a c i d s ;  t r y p t o p h a n e  i s  u s u a l l y  t h e  one  e s 

s e n t i a l  amino a c i d .  V i t a m in  r e q u i r e m e n t s  o f  S. t y p h o s a  have  

n o t  b een  r e p o r t e d .  The g e n u s  P r o t e u s  c o n t a i n s  s p e c i e s  w h ich  

h a v e  r e q u i r e m e n t s  s i m i l a r  t o  t h o s e  o f  t h e  n o n - e x a c t i n g  s t r a i n s  

o f  S. t y p h o s a  a n d  i n  a d d i t i o n  some s p e c i e s  r e q u i r e  n i c o t i n i c  

a c i d  o r  one o f  s e v e r a l  p y r i m i d i n e  compounds ( P e l c z a r  a n d  

P o r t e r  ( 1 9 4 0 ) .

I n  a  s t u d y  o f  t h e  n u t r i t i o n a l  r e q u i re m e n ts  o f  S .  ty p h o  s a . 

S a l m o n e l l a  p u l l o r u m . a n d  S a I m o n e l l a  pa H i n a r u m , J o h n s o n  and  

R e t t g e r  (1942)  r e p o r t e d  t h a t  a l l  s t r a i n s  o f  S. s a l l i n a r u m  

t e s t e d  r e q u i r e d  t h i a m i n e ,  two s t r a i n s  o f  S. p u l l o r u m  r e q u i r e d  

n i c o t i n i c  a c i d  o r  i t s  a m i d e ,  and  S. t y p h o s a . a s  h a s  b e e n  

p r e v i o u s l y  s t a t e d ,  r e q u i r e d  t r y p t o p h a n e .

C u l t u r e s  o f  S h i g e l l a  a s  a r u l e  a r e  q u i t e  f a s t i d i o u s ;  

t h e y  r e q u i r e  amino a c i d s  a n d  n i a c i n .  N o n - e x a c t i n g  s t r a i n s  

h a v e  b een  r e p o r t e d .

Thus i n  t h e  e n t e r i c  g ro u p  a r e  fou n d  b o t h  e x a c t i n g  and  

n o n - e x a c t i n g  s t r a i n s ;  h o w e v e r ,  t h e  t r e n d  to w a rd  com plex  

g ro w th  r e q u i r e m e n t s  p r o c e e d s  r o u g h l y  f rom  t h e  E s c h e r i o h i a -  

A e r o b a c t e r  g ro u p  t o  t h e  S a I m o n e l l a  and  P r o t e u s  a n d  t h e n  t o  

t h e  S h i g e l l a .  At t h e  same t im e  t h e  b i o c h e m i c a l  a c t i v i t i e s  

o f  t h e  e n t e r i c  g ro u p  d e c r e a s e s  i n  t h e  same manner  f rom t h e  

w i d e ly  d i v e r s i f i e d  pow ers  o f  f e r m e n t a t i o n  o f  t h e  t r u e  c o n 

fo rm s t o  t h e  S h ig e 1 1 a  whose l i m i t e d  f e r m e n t a t i o n  o f  c a r b o 

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

'The i n t e r m e d i a t e  s t a t u s  o f  t h e  p a r a c o l o n  b a c i l l i  w i t h



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

would l e a d  one t o  b e l i e v e  t h a t  one would f i n d  i n  t h e  p a r a 

c o lo n  b a c i l l i  a s i m i l a r  p i c t u r e  w i t h  r e s p e c t  t o  n u t r i t i o n a l  

r e q u i r e m e n t s .  I t  m ig h t  be  e x p e c t e d  t h a t  t h o s e  p a r a c o l o n  

c u l t u r e s  w h ic h  e x h i b i t  marked b i o c h e m i c a l  a c t i v i t i e s ,  i . e .  

c o l i f a r m - l i k e ,  would h a v e  l e s s  com plex  g ro w th  r e q u i r e m e n t s  

t h a n  t h o s e  p a r a c o l o n s  w h ich  e x h i b i t  l i m i t e d  b i o c h e m i c a l  a c 

t i v i t i e s ,  i . e .  S h i g e l l a - l i k e .  The n u t r i t i o n a l  r e q u i r e m e n t s  

o f  t h e  p a r a c o l o n  c u l t u r e s  were s t u d i e d  w i t h  t h e  o b j e c t  o f  

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

G e n e r a l  E x p e r i m e n t a l  Methods

The i n v e s t i g a t i o n  o f  t h e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  t h e  

p a r a c o l o n  c u l t u r e s  was c o n d u c te d  s i m i l a r l y  t o  p r e v i o u s  work 

o f  t h i s  n a t u r e .  A medium was d e s i g n e d  on w h ic h  i t  was 

a n t i c i p a t e d  t h a t  t h e  p a r a c o l o n  c u l t u r e s  would grow a s  l u x u r i 

a n t l y  a s  t h e y  do on o r d i n a r y  n u t r i e n t  media  c o n t a i n i n g  p e p 

t o n e ,  s a l t s ,  b e e f  e x t r a c t ,  a n d  a s o u r c e  o f  c a r b o n .

T e s t  Medium. The i n o r g a n i c  s a l t s  were  a d d ed  i n  c o n c e n t r a t 

i o n s  a s  u s e d  by P e l c z a r  a n d  P o r t e r  (1 9 4 3 )  i n  t h e i r  s t u d y  o f  

t h e  n u t r i t i o n  o f  P r o t e u s  m o r g a n i . The s o u r c e  o f  amino 

n i t r o g e n  was a co m m erc ia l  ’’v i t a m i n  f r e e "  e n z y m a t i c  c a s e i n  

h y d r o l y s a t e  ( N u t r i t i o n a l  B i o c h e m i c a l s  C o r p o r a t i o n ) .  G lu c o se  

was u se d  a s  a  s o u r c e  o f  c a r b o n  and  t h e  p u r i n e  a nd  p y r i m i d i n e  

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

medium. Seven o f  t h e  "B complex"  v i t a m i n s  were  a d d e d  t o
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s u p p ly  a ny  n e c e s s a r y  g ro w th  f a c t o r s .  The c o m p o s i t i o n  o f  

t e s t  medium No. 1 u s e d  f o r  t h e  " s c r e e n i n g ” s u r v e y  o f  n u t r i t 

i o n a l  r e q u i r e m e n t s  i s  p r e s e n t e d  I n  T a h le  6 .

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

a l l  s o l u t i o n s .  A l l  g l a s s w a r e  w h ich  c o u ld  be  b r u s h e d  was washed  

w i t h  a  s y n t h e t i c  d e t e r g e n t  and  a d e q u a t e l y  r i n s e d  i n  d i s t i l l e d  

w a t e r .  A l l  v o l u m e t r i c  g l a s s w a r e  was c l e a n e d  w i t h  c h ro m ic  

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

n a r y  e x p e r i m e n t s  were c a r r i e d  o u t  by  d i s p e n s i n g  t h e  m edia  i n  

10 m l .  am oun ts  i n  " p y r e x "  t e s t  t u b e s  ( 18x 150  mm.) w h ic h  w ere  

c o v e r e d  w i t h  a luminum c a p s .  The media  were  s t e r i l i z e d  a t  121°0  

f o r  15 m i n u t e s .  T h i s  t r e a t m e n t  r e s u l t i n g  i n  a  s l i g h t  b rown

i n g  o f  t h e  m e d ia .

G ro s s  N u t r i t i o n a l  R e q u i r e m e n t s

By e l i m i n a t i n g  g e n e r a l  c o n s t i t u e n t s  o f  t h e  t e s t  medium 

No. 1 a  p e r s p e c t i v e  o f  t h e  g r o s s  n u t r i t i o n a l  r e q u i r e m e n t s  was 

a c h i e v e d .  The t e s t  medium a n d  t h e  f o l l o w i n g  v a r i a t i o n s  were  

u se d  i n  t h e  " s c r e e n i n g "  e x p e r i m e n t s :

1) T e s t  medium No. 1 (TM N o . l )  m inus  p u r i n e - p y r i m i d i n e  
b a s e s .

2) TM N o . l  m inus  v i t a m i n s .
3) TM N o . l  m inus  c a s e i n  h y d r o l y s a t e .
4) TM N o . l  m inus  v i t a m i n s  a n d  c a s e i n  h y d r o l y s a t e .
5) TM N o . l  m inus  v i t a m i n s  a n d  p u r i n e - p y r i m i d i n e  b a s e s .
6 ) TM N o . l  m inus  c a s e i n  h y d r o l y s a t e  a n d  p u r i n e - p y r i m i d i n e  

b a s e s .
7) TM N o . l  m inus  v i t a m i n s ,  c a s e i n  h y d r o l y s a t e  a n d  

p u r i n e - p y r i m i d i n e '  b a s e s .

In o c u lu m . F o r  t h e  p r e l i m i n a r y  e x p e r i m e n t s  on t h e  g r o s s  n u 

t r i t i o n a l  r e q u i r e m e n t s ,  t h e  t u b e s  o f  media  were  i n o c u l a t e d  w i t h



T a b l e  6

The c o m p o s i t i o n  o f  t e s t  medium No. 1 u s e d  i n  t h e  p r e l i m i n a r y
e x p e r i m e n t s  on t h e  g r o s s  n u t r i t i o n a l  r e q u i r e m e n t s .

5 p e r  c e n t  v i t a m i n - f r e e  e n z y m a t i c
c a s e i n  h y d r o l y s a t e 2 0 .0 0 ml

NH4CI 1 .0 0 gm

(NH4 ) 2S04 1 .0 0 gm

NaCl 1 .0 0 gm

k h 2p o 4 1 .0 0 gm

k 2hpo4 1 .0 0 gm

MgS04 .7H20 .1 0 gm

Glue 0 se  ( Anhyd. ) 1 0 .0 0 gm

A den ine  s u l f a t e .0 1 gm

Guanine  h y d r o c h l o r i d e .0 1 gm

U r a c i l .0 1 gm

T hiam ine  h y d r o c h l o r i d e 1 .0 0 mg

P y r i d o x i n e  h y d r o c h l o r i d e .5 0 mg

Oalc ium  p a n t o t h e n a t e .5 0  - mg

p - a m in o b e n z o ic  a c i d .5 0 mg

N i c o t i n i c  a c i d 1 .0 0 mg

R i b o f l a v i n . VJ1 0 mg

F o l i c  a c i d .0 1 mg

B i o t i n  ( f r e e  a c i d ) .0 0 2 5 mg

D i s t i l l e d  w a t e r 1 0 0 0 . ml

pH a d j u s t e d  t o  6 . 8 - 7 . 0
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.1  m l .  o f  a  s a l i n e  s u s p e n s i o n  o f  t h e  c u l t u r e s  made by emul

s i f y i n g  a s m a l l  amount  o f  t h e  g ro w th  f ro m  a 2 4  h o u r  n u t r i e n t  

a g a r  s l a n t  c u l t u r e  i n  10 m l .  o f  .8 5  p e r  c e n t  s a l i n e  s o l u t i o n .  

The t u b e s  were  t h e n  i n c u b a t e d  a t  37°^  a n d  o b s e r v e d  a t  24 

h o u r  i n t e r v a l s .  At t h e  f i r s t  a p p e a r a n c e  o f  v i s i b l e  t u r b i d i t y  

one l o o p f u l  o f  t h e  g ro w in g  c u l t u r e  was t r a n s f e r r e d  t o  a n o t h e r  

t u b e  o f  t h e  same medium. T h i s  p r o c e d u r e  was r e p e a t e d  once  

more f o r  a  t o t a l  o f  t h r e e  s e r i a l  t r a n s f e r s  i n t o  e a c h  medium.

D e f i n i t i o n  o f  Normal G row th . F o r  a l l  p r a c t i c a l  p u r p o s e s  t h e  

p a r a c o l o n  b a c i l l i  can  be m a i n t a i n e d  i n d e f i n i t e l y  on o r d i n a r y  

n u t r i e n t  media ( p e p t o n e  b r o t h ,  n u t r i e n t  a g a r ,  e t c . ) .  A l l  b u t  

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

i n d e f i n i t e l y  by s e r i a l  t r a n s f e r s  i n t o  t e s t  medium No. 1 . 

L u x u r i a n t  g row th  was a c h i e v e d  i n  e a c h  t r a n s f e r  i n  24 h o u r s  

e x c e p t  f o r  t h o s e  c u l t u r e s  w h ich  were s l i g h t l y  i n h i b i t e d  by 

t h e  p u r i n e - p y r i m i d i n e  b a s e s .  Thus ,  f o r  t h e  p u r p o s e  o f  t h i s  

work ,  "n o rm a l  g ro w th "  was d e f i n e d  a s  m o d e r a te  t o  h e a v y  g ro w th  

i n  24 h o u r s  which  may be m a i n t a i n e d  i n d e f i n i t e l y  by s e r i a l  

t r a n s f e r s  i n t o  t h e  same medium. S in c e  by some p r e l i m i n a r y  

e x p e r i m e n t s  i t  was d e t e r m i n e d  t h a t  a medium which  s u p p o r t e d  

g ro w th  f o r  t h r e e  t r a n s f e r s  would s u p p o r t  g ro w th  i n d e f i n i t e l y ,  

t h e  l a t e r  e x p e r i m e n t s  were n o t  c a r r i e d  p a s t  t h e  t h r e e  t r a n s 

f e r  s t a g e .

R e s u l t s  o f  t h e  E x p e r im e n t s  on G-ross N u t r i t i o n a l  R e q u i r e m e n t s . 

I t  was soon e v i d e n t  t h a t  t e s t  medium No. 1 s a t i s f i e d  t h e  r e 

q u i r e m e n t s  o f  t h e  a e r o g e n i c  s t r a i n s  o f  t h e  p a r a c o l o n  b a c i l l i
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b u t  i t  d i d  n o t  s u p p o r t  t h e  g ro w th  o f  t h e  a n a e r o g a n i c  s t r a i n s  

on c o n t i n u e d  s u b c u l t u r e s ,  ‘̂ he n i n e  a n a e r o g e n i c  s t r a i n s  were  

s e t  a s i d e  f o r  t h e  t im e  b e i n g  a f t e r  d e t e r m i n i n g  t h a t  t h e  

a d d i t i o n  o f  s m a l l  a m o un ts  o f  y e a s t  e x t r a c t  t o  t e s t  medium 

No. 1 s u p p l i e d  t h e  f a c t o r s  n e c e s s a r y  f o r  n o r m a l  g r o w t h .  I t  

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

o m i s s i o n  o f  a d e n i n e ,  g u a n i n e ,  and  u r a c i l  f rom  t h e  c o m p le te  

medium had  no e f f e c t  on t h e  c a p a c i t y  o f  t h e  medium t o  m a i n t a i n  

n o r m a l  g ro w th .  T here  was some e v i d e n c e  o f  i n c r e a s e d  g r o w th  

r e s p o n s e  when th e  p u r i n e s  and  p y r i m i d i n e s  were  o m i t t e d  f rom 

t h e  medium w h ich  was s u g g e s t i v e  o f  a  t o x i c  e f f e c t  o f  e i t h e r  

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

compounds.

I n  T a b l e s  7 -9  a r e  p r e s e n t e d  t h e  d a t a  r e l a t i n g  t o  t h e  

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

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

t e s t  medium u s e d  was t h e  same a s  r e p o r t e d  i n  T a b le  6 w i t h  

t h e  e x c e p t i o n  t h a t :a d e n i n e , g u a n i n e ,  a n d  u r a c i l  were  o m i t t e d .  

I t  can  be  s e e n  from T a b le  7 t h a t  t h e  c u l t u r e s  c l a s s i f i e d  a s  

£• c o l i f o r m e  were  g e n e r a l l y  n o n - e x a c t i n g ; ;  17 o u t  o f  20 s t r a i n s  

t e s t e d  e x h i b i t e d  n o r m a l  g r o w th  i n  a medium c o n s i s t i n g  o f  

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

r e q u i r e d  e i t h e r  t h e  a d d i t i o n  o f  t h e  v i t a m i n  m i x t u r e  or c a s e i n  

h y d r o l y s a t e .  They c o u ld  n o t  be  m a i n t a i n e d  on t h e  s a l t s -  

g l u c o s e  medium.

I n  t h e  P. i n t e r m e d i u m  group  ( T a b l e  8 ) o n ly  9 o u t  o f  30

c u l t u r e s  t e s t e d  c o u ld  be  m a i n t a i n e d  i n  t h e  s a l t s - g l u c o s e  

medium. The o t h e r s  e x h i b i t e d  a p p a r e n t  r e q u i r e m e n t s  f o r



T a b le  7

G ro s s  n u t r i t i o n a l  r e q u i r e m e n t s  o f  P .  c o l i f o r m e  c u l t u r e s .
(Grouped  a s  shown i n  T a b le  1)

R a t i o  o f  t h e  number  o f  c u l t u r e s  i n  g r o u p s  e x h i b i t 
i n g  n o r m a l  g row th*  i n  medium t o  number  o f  c u l t u r e s  
i n  g ro u p  t e s t e d ,

Medi urn

T e s t  TM N o .2  minus
Medium** TM N o , 2 TM N o ,2 v i t a m i n s

N o ,2 m inus  m inus  c a s e i n  a n d  c a s e i n
Group (TM N o .2 )  v i t a m i n s  h y d r o l y s a t e  h y d r o l y s a t e

A 5/5 5/5 5/5 5/5

B 2 /2 2 /2 2 /2 2 /2

C 2 /2 2 /2 2 /2 2 /2

D 2 /2 2 /2 2 /2 2 /2

E 2 /2 2 /2 2 /2 0 /2

F 1 /1 1 /1 1 /1 1 /1

G 1 /1 1 /1 1 /1 1 /1

H 1 /1 1 /1 1 /1 1 /1

I 1 /1 1 /1 1 /1 1 /1

J 1 /1 1 /1 1 /1 1 /1

K l / l 1 /1 1 /1 1 /1

L 1 /1 0 /1 1 /1 0 /1

T o t a l s 2 0 /2 0 1 9 /2 0 2 0 /2 0 1 7 /2 0

* Normal g ro w th  a s  d e f i n e d  i n  t e x t .

** C o m p o s i t ion  o f  medium same a s  shown i n  T a b le  6 e x c e p t  
t h a t  a d e n i n e ,  g u a n i n e ,  a n d  u r a c i l  were o m i t t e d .



T a b le  8

G ro s s  n u t r i t i o n a l  r e q u i r e m e n t s  o f  P .  i n t e r m e d i u m  c u l t u r e s .
(Grouped  a s  shown i n  T a b le  3 )

R a t i o  o f  t h e  num ber  o f  c u l t u r e s  i n  g r o u p s  e x h i b i t 
i n g  n o r m a l  g ro w th *  i n  medium t o  number  o f  c u l t u r e s  
i n  g ro u p  t e s t e d .

Medium

Group

T e s t  
Medium** 

No.2  
(TM N o.2)

TM N o .2  
m inus  

v i t a m i n s

TM No.2  
m inus  c a s e i n  
h y d r o l y s a t e

TM N o .2  minus 
v i t a m i n s  

a n d  c a s e i n  
h y d r o l y s a t e

A 6 /6 6 /6 6 /6 6 /6

B 5 / 5 4 / 5 4 / 5 0 / 5

C 3 / 3 3 / 3 1 / 3 0 / 3

D 3 / 3 3 / 3 0 / 3 0 / 3

E 2 /2 2 /2 0 /2 0 /2

F 2 /2 2 /2 0 /2 0 /2

G 2 /2 2 /2 0 /2 0 /2

H 2 /2 2 /2 0 /2 0 /2

I 2 /2 2 /2 2 /2 2 /2

J 1 /1 1 /1 0 /1 0 /1

K 1 /1 1 /1 0 /1 0 /1

L 1 /1 1 /1 1 /1 1 /1

T o t a l s 3 0 / 3 0 2 9 /3 0 1 4 /3 0 9 / 3 0

* Normal  g ro w th  a s  d e f i n e d  i n  t e x t .

** C o m p o s i t io n  o f  medium same a s  shown i n  T a b l e  6 e x c e p t  
t h a t  a d e n i n e ,  g u a n i n e ,  a n d  u r a c i l  were o m i t t e d .

33



T a b le  9

G ross  n u t r i t i o n a l  r e q u i r e m e n t s  o f  P .  a e r o g e n o l d e s  c u l t u r e s .
(G rouped  a s  shown i n  T a b le  3)

R a t i o  o f  t h e  number  o f  c u l t u r e s  i n  g r o u p s  e x h i b i t 
i n g  n o r m a l  g row th*  i n  medium t o  number  o f  c u l t u r e s  
i n  g ro u p  t e s t e d .

Medium

roup

T e s t  
Medium** 

No.2  
(TM No.2)

TM N o .2  
m inus  

v i t a m i n s

TM No.2  
m inus  c a s e i n  
h y d r o l y s a t e

TM N o.2  m inus  
v i t a m i n s  

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

A 4 / 4 4 / 4 4 / 4 4 / 4

B 2 /2 2 /2 2 /2 2 /2

C 1 / 1 1 / 1 1 /1 1 / 1

D 1 / 1 1 / 1 1 / 1 1 / 1

E 1 / 1 1 / 1 0 / 1 0 / 1

F 1 / 1 1 / 1 0 / 1 0 / 1

G 1 / 1 1 / 1 0 / 1 0 / 1

H 1 / 1 1 / 1 0 / 1 0 / 1

I 1 / 1 1 / 1 0 / 1 0 / 1

J 1 / 1 1 / 1 0 / 1 0 / 1

K 1 / 1 1 / 1 0 / 1 0 / 1

L 1 / 1 1 / 1 0 / 1 0 / 1

M 1 / 1 1 / 1 0 / 1 0 / 1

N 1 / 1 1 / 1 0 / 1 0 / 1

> t a l s 1 8 /1 8 1 8 /1 8 8 /1 8 8 /1 8

* Normal  g ro w th  a s  d e f i n e d  i n  t e x t .

** C o m p o s i t io n  o f  medium same a s  shown i n  T a b le  6 e x c e p t  
t h a t  a d e n i n e ,  g u a n i n e ,  a n d  u r a c i l  were  o m i t t e d .
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v i t a m i n s ,  c a s e i n  h y d r o l y s a t e ,  o r  "both v i t a m i n s  a n d  c a s e i n  

h y d r o l y s a t e .  Four  c u l t u r e s  i n  t h i s  g ro up  (Al t  A2 , A^, H93) 

c o u ld  be m a i n t a i n e d  i n  a  medium c o n s i s t i n g  o f  i n o r g a n i c  s a l t s ,  

g l u c o s e ,  a n d  t h e  a d d i t i o n  o f  e i t h e r  t h e  v i t a m i n  m i x t u r e  o r  

c a s e i n  h y d r o l y s a t e .  C u l t u r e ,  A4  r e q u i r e d  t h e  v i t a m i n  m i x t u r e  

w h e t h e r  o r  n o t  c a s e i n  h y d r o l y s a t e  was i n c l u d e d  i n  t h e  medium.

From T a b le  9 i t  c an  b e  s e e n  t h a t  t h e r e  a r e  no a p p a r e n t  

v i t a m i n  r e q u i r e m e n t s  i n  t h e  p .  a e r o g e n o l d e s  g r o u p .  O u t s i d e  

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

c u l t u r e s  i n  t h a t  g ro u p  r e q u i r e  a n  amino s o u r c e - o f  n i t r o g e n  

a s  s u p p l i e d  by c a s e i n  h y d r o l y s a t e .

S p e c i f i c  N u t r i t i o n a l  R e q u i r e m e n t s

V i ta m in  R e q u i r e m e n t s . The d a t a  o b t a i n e d  i n  t h e  s tu d y  o f  t h e  

g r o s s  n u t r i t i o n a l  r e q u i r e m e n t s  a n d  i n  o t h e r  p r e l i m i n a r y  ex

p e r i m e n t s  i n d i c a t e d  t h a t  o n ly  two o f  t h e  e x a c t i n g  s t r a i n s  

e x h i b i t e d  d e f i n i t e  v i t a m i n  r e q u i r e m e n t s .  S e v e r a l  e x p e r i m e n t s  

r e v e a l e d  t h a t  r i b o f l a v i n ,  t h i a m i n ,  b i o t i n ,  a n d  f o l i c  a c i d  

were n o t  e s s e n t i a l  f o r  n o r m a l  g ro w th  o f  t h e  two c u l t u r e s  

P.  i n t e r m e d iu m  A4  a n d  P. o o l i f o r m e  H100. N i c o t i n i c  a c i d  was 

d e f i n i t e l y  r e q u i r e d  by t h e s e  c u l t u r e s  a s  shown i n  T a b le  10 

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

c o n c e r n i n g  v i t a m i n  r e q u i r e m e n t s .  The d a t a  i n  T a b le  10 were  

o b t a i n e d  u s i n g  a b a s a l  medium c o n t a i n i n g  i n o r g a n i c  s a l t s ,  

g l u c o s e ,  a c i d  h y d r o l y z e d  c a s e i n ,  p y r i d o x i n e ,  P . A . B . ,  p a n t o 

t h e n a t e ,  a n d  n i c o t i n i c  a c i d  i n  t h e  same c o n c e n t r a t i o n s  a s  u sed  

i n  a l l  p r e v i o u s  e x p e r i m e n t s .  V a r i a t i o n s  on t h e  b a s a l  medium



T a b le  10

The e f f e c t  o f  t h e  o m is s i o n  o f  v i t a m i n s  on t h e  a c i d  p r o d u c t i o n  
o f  t h r e e  p a r a c o l o n  c u l t u r e s .

Ml. o f  .01N NaOH u s e d  t o  t i t r a t e  
a c i d  p r o d u c e d * *

C u l t u r e A4 H100 H86

Hours  o f  i n c u b a t i o n 24 72 24 72 24 72

B a s a l  medium* m inus :

None 1 2 . 7 1 1 . 7 1 4 .0 1 0 . 7 1 2 .2 1 3 . 7

N i c o t i n i c  a c i d 3 . 2 4 . 0 3 . 5 3 . 2 1 2 . 7 1 2 .2

P y r i d o x i n e 1 2 .2 1 0 . 7 1 3 .0 1 1 .7 1 2 .7 1 0 .7

P a n t o t h e n a t e 1 3 .0 1 1 .2 1 3 .5 1 0 . 7 1 3 .7 1 1 . 7

P .A .B . 1 3 . 7 1 1 .2 1 3 .2 1 1 .2 1 3 .2 1 1 . 7

A l l 2 . 3 2 .2 3 . 7 3 . 2 1 2 .7 1 0 .7

* B a s a l  medium c o n s i s t e d  o f  s a l t s ,  g l u c o s e ,  a c i d  h y d r o l y z e d  
c a s e i n ,  n i c o t i n i c  a c i d ,  p y r i d o x i n e ,  p a n t o t h e n a t e ,  a n d  P .A .B .

** Amount o f  NaOH shown a b o v e  i s  t o t a l  u se d  i n  t i t r a t i n g  
minus amount n e e d e d  t o  t i t r a t e  a n  u n i n o c u l a t e d  t u b e  o f  
medium.
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i n c l u d e d  t h e  o m is s i o n  o f  s i n g l e  v i t a m i n s  a n d  t h e  o m i s s i o n  o f  

a l l  t h e  v i t a m i n s .  F o u r  t u b e s  o f  e a c h  medium were  p r e p a r e d  

f o r  e a c h  c u l t u r e  and  i n o c u l a t e d  w i t h  a  d r o p  o f  a  washed c e l l  

s u s p e n s i o n  made from a 24 h o u r  n u t r i e n t  a g a r  s l a n t  c u l t u r e .

The in o c u lu m  was a p p r o x i m a t e l y  5x10^ c e l l s  p e r  10 m l.  o f  

medium. The a c i d  p r o d u c e d  a f t e r  24 a n d  72 h o u r s  i n c u b a t i o n  

a t  37°G was t i t r a t e d  i n  d u p l i c a t e  t u b e s  w i t h  . 0 1  N NaOH.

P .  i n t e r m e d iu m  H86 was i n c l u d e d  i n  t h i s  e x p e r i m e n t  i n  o r d e r  

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

c u l t u r e  which  d i d  n o t  r e q u i r e  t h e  v i t a m i n  m i x t u r e  s u p p le m e n t .

I t  can be seen  f rom t h e  d a t a  t h a t  o n ly  t h e  o m i s s i o n  o f  

n i c o t i n i c  a c i d  had  a n y  e f f e c t  on t h e  r e s p o n s e  o f  c u l t u r e  A^ 

a n d  H100. C u l t u r e  H86  was n o t  s t i m u l a t e d  by t h e  v i t a m i n s  n o r  

i n h i b i t e d  by  ..the l a c k  o f  a ny  o r  a l l  t h e  v i t a m i n s .  C u l t u r e s  

H100 a nd  c o u ld  be  m a i n t a i n e d  by 24 h o u r  s e r i a l  t r a n s f e r s  

i n  a  medium c o n s i s t i n g  o f  s a l t s ,  g l u c o s e ,  a nd  n i c o t i n i c  a c i d  

i n  c o n c e n t r a t i o n s  a s  low a s  .0 2  m ic ro g ram s  p e r  ml.  o f  medium. 

An amino n i t r o g e n  s o u r c e ,  th o u g h  s t i m u l a t o r y ,  was n o t  r e -  

qu i  r e d .

U s in g  c u l t u r e  H100, a n  e x p e r i m e n t  was d e s i g n e d  t o  o b t a i n  

i n f o r m a t i o n  a s  t o  t h e  optimum c o n c e n t r a t i o n  o f  n i c o t i n i c  a c i d .  

U s in g  a  s a l t s  and  g l u c o s e  b a s a l  medium, two s e t s  o f  t u b e s  were 

p r e p a r e d  c o n t a i n i n g  i n c r e a s i n g  am oun ts  o f  n i c o t i n i c  a c i d .

The t u b e s  o f  media were  i n o c u l a t e d  a s  d e s c r i b e d  i n  t h e  p r e v 

i o u s  e x p e r i m e n t  a n d  t i t r a t e d  i n  t r i p l i c a t e  a f t e r  24 a n d  72 

h o u r s  i n c u b a t i o n  a t  3 7 ° 0 .  The r e s p o n s e  o f  c u l t u r e  H100 t o  

i n c r e a s i n g  am ounts  o f  n i c o t i n i c - a c i d  i s  shown i n  F i g .  1. I t
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can  be se en  t h a t  t h e  p e a k  i n  amount  o f  a c i d  p r o d u c t i o n  i s  

r e a c h e d  w i t h  a c o n c e n t r a t i o n  o f  .0 2  m ic ro g ram s  o f  n i c o t i n i c  

a c i d  p e r  ml.  o f  medium i n  t h e  24 h o u r  t i t r a t i o n  and  a con

c e n t r a t i o n  o f  .0 1  m ic ro g ram  o f  n i c o t i n i c  a c i d  p e r  m l .  o f  

medium i n  t h e  72 h o u r  t i t r a t i o n .

Along  w i t h  t h e  two c u l t u r e s  e x h i b i t i n g  a d e f i n i t e  v i t a m i n  

r e q u i r e m e n t ,  t h e r e  were  s e v e r a l  c u l t u r e s  t h a t  c o u ld  be  main

t a i n e d  i n  a  medium c o n s i s t i n g  o f  s a l t s ,  g l u c o s e ,  and  n i c o t i n i c  

a c i d .  Tlie n i c o t i n i c  a c i d  c o u ld  be  r e p l a c e d  by t h e  amino  

n i t r o g e n  s o u r c e s  w h ich  f o r  a l l  p r a c t i c a l  p u r p o s e s  were  f r e e  

o f  v i t a m i n s .  .For e x am p le ,  c u l t u r e s  A^, A-j_, H46, H77, a n d  H86 

e x h i b i t e d  t h e  same g r o w th  r e s p o n s e  on e i t h e r  a medium composed 

o f  s a l t s ,  g l u c o s e ,  and  n i c o t i n i c  a c i d  o r  one composed o f  

s a l t s ,  g l u c o s e ,  a n d  d l - t r y p t o p h a n e .

N i t r o g e n  S o u rc e  R e q u i r e m e n t s . Those a e r o g e n i c  c u l t u r e s , w h i c h  

r e q u i r e d  c a s e i n  h y d r o l y s a t e  f o r  n o r m a l  g row th , .w ere  s t u d i e d  i n  

more d e t a i l  w i t h  r e s p e c t  t o  o t h e r  s o u r c e s  o f  amino n i t r o g e n ,  

s i n c e  i t  seemed d e f i n i t e  t h a t  a n  i n o r g a n i c  s o u r c e  o f  n i t r o g e n  

was u n s u i t a b l e  f o r  t h e  n o r m a l  g ro w th  o f  t h e s e  e x a c t i n g  s t r a i n s .  

U s in g  a b a s a l  medium o f  t h e  i n o r g a n i c  s a l t s  a n d  g l u c o s e  t h e  

f o l l o w i n g  amino n i t r o g e n  s o u r c e s  were  a d d ed  t o  s e p a r a t e  

b a t c h e s  o f  t h e  b a s a l  medium.

1) A c id  h y d r o l y z e d  c a s e i n - v i t a m i n - f r e e  c asam ino  a c i d s ,  
( D i f c o ) .  ( C o n c e n t r a t i o n  i n  m ed iu m -0 .1  p e r  c e n t . )

2) P e r o x i d e  t r e a t e d  p e p t o n e * -Lyman. M o s e le y ,  Wood,and 
H a le  (1946)  r e p o r t e d  t h a t  t h e  t r e a t m e n t  o f  p e p t o n e

* K in d ly  s u p p l i e d  by Mr. W.S. B o n ie c e  o f  t h e  D e p a r tm en t  o f  
B a c t e r i o l o g y ,  M ich ig a n  S t a t e  C o l l e g e .
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w i t h  h y d ro g e n  p e r o x i d e  r e s u l t e d  i n  a  d e s t r u c t i o n  o f  
m e t h i o n i n e ,  c y s t i n e ,  t r y p t o p h a n e ,  a n d  t y r o s i n e .  
( C o n c e n t r a t i o n  i n  m ed iu m -0 .1  p e r  c e n t . )

3)  S i m u l a t e d  c a s e i n  h y d r o l y s a t e - composed o f  18 amino 
a c i d s  i n  c o n c e n t r a t i o n s  c o m p a rab le  t o  t h o s e  found  
i n  c a s e i n .  W i l l i a m s  ( 1 9 4 2 ) ,  B lock  and  B o l l i n g  
( 1 9 4 5 ) .  (See  T a b le  1 1 . )

4) d l - t r y p t o p h a n e  ( u s e d  i n  c o n c e n t r a t i o n  same a s  i n  
t h e  s i m u l a t e d  c a s e i n  h y d r o l y s a t e . )

The media  were  i n o c u l a t e d  i n  a  manner  s i m i l a r  t o  t h a t  d e s c r i b e d  

e a r l i e r  a nd  when p o s s i b l e  t h e  c u l t u r e s  were c a r r i e d  i n  t h e  

media f o r  a t  l e a s t  t h r e e  t r a n s f e r s .  The r e s u l t s  o f  t h i s  ex

p e r i m e n t  a r e  t a b u l a t e d  i n  T a b le  1 2 .  The d a t a  f o r  e n z y m a t i c  

c a s e i n  h y d r o l y s a t e  medium were  t h o s e  o b t a i n e d  i n  t h e  p r e l i m i 

n a r y  e x p e r i m e n t s .

I t  can b e  seen  f rom  T a b le  12 t h a t  t h e  o n ly  amino n i t r o g e n  

s o u r c e  a d e q u a t e  f o r  a l l  t h e  c u l t u r e s  t e s t e d  was t h e  m i x t u r e  

o f  18 amino a c i d s  ( s i m u l a t e d  c a s e i n  h y d r o l y s a t e ) .  The two 

c a s e i n  h y d r o l y s a t e s  ( a c i d  and  e n z y m a t i c )  were  a d e q u a t e  f o r  

a l l  b u t  one c u l t u r e .  The p e p to n e  which  had  been  t r e a t e d  w i t h  

h y d ro g e n  p e r o x i d e  was a d e q u a t e  f o r  o n ly  seven  o f  t h e  33 

c u l t u r e s  t e s t e d .  N i n e t e e n  o f  t h e  c u l t u r e s  c o u ld  be m ain 

t a i n e d  i n  a  medium c o n t a i n i n g  p e r o x i d e  t r e a t e d  p e p t o n e  b u t  

t h e  g ro w th  i n  e a c h  t r a n s f e r  was g r e a t l y  d e l a y e d .  The amino 

n i t r o g e n  r e q u i r e m e n t  o f  t h r e e  c u l t u r e s  (H46, H48, a n d  H57) 

was s a t i s f i e d  w i t h  J u s t  one amino a c i d - t r y p t o p h a n e .  N ine  

c u l t u r e s  i n  t h e  P.  I n t e r m e d iu m  g ro u p  c o u ld  be m a i n t a i n e d  i n  

a  medium c o n t a i n i n g  o n l y  t r y p t o p h a n e  a s  a s o u r c e  o f  amino 

n i t r o g e n  b u t  h e r e  a g a i n  g ro w th  i n  e a c h  t r a n s f e r  was d e l a y e d  

when compared t o  t h e  r e s p o n s e  i n  a  more c o m p le te  medium.

I n  o r d e r  t o  d e t e r m i n e  which  o f  t h e  amino a c i d s ,  d e f i c i e n t
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T a b le  11

C o m p o s i t io n  o f  t h e  s i m u l a t e d  c a s e i n  h y d r o l y s a t e .

Grams p e r  l i t e r  
Amino a c i d  o f  medium

D L - t r y p t o p h a n e  0 .0 4 0

L - c y s t i n e  0 . 0 0 4

L - g l u t a m i c  a c i d  0 . 2 1 8

D L - l y s i n e  ( m o n o h y d r o c h l o r id e )  0 . 1 5 0

L - p r o l i n e  0 .0 8 0

D L - v a l i n e  0 .1 5 8

D L - a s p a r t i c  a c i d  0 . 1 4 4

D L - l e u c in e  0 . 1 9 4

L - a r g i n i n e  ( m o n o h y d r o c h l o r id e )  0 .0 5 2

D L -a lpha  a l a n i n e  0 . 1 1 2

g l y c i n e  0 . 0 0 4

L - h i s t i d i n e  ( m o n o h y d r o c h l o r id e )  0 .0 3 0

D L - s e r i n e  0 .1 1 6

L - h y d r o x y p r o l i n e  0 .0 2 0

D L - t h r e o n i n e  0 .0 7 8

L - t y r o s i n e  O.O65

D L -m e th io n in e  0 .0 6 2

D L - p h e n y l a l a n i n e  0 . 1 0 0



T a b l e  12

The g ro w th  o f  p a r a c o l o n  c u l t u r e s  on a  s a l t s - g l u c o s e  medium 
w i t h  v a r i e d  s o u r c e s  o f  amino n i t r o g e n . *

P . c o l l f o r m e  P . I n t e r m e d iu m  P . a e r o g e n o l d e s  
Amino N i t r o g e n  (3 c u l t u r e s )  (20  c u l t u r e s )  (LQ c u l t u r e s )  

S o u rc e

E n zym at ic
c a s e i n
h y d r o l y s a t e

♦ ( 3)** ♦ (19) 
♦a( l )

♦ d o )

A cid  c a s e i n  
h y d r o l y s a t e

+ (' 2 ) 
i  ( 1 )

+ (19) 
♦d( 1)

+ ( 9)
♦a(  i )

P e r o x i d e -
t r e a t e d
p e p to n e

♦ ( 3) ♦ ( 3) 
♦ a ( i3 )  
i  ( i )  
-  ( i )

♦ ( i )  
+d( 6)
-  ( 3)

S i m u l a t e d  
c a s e i n  
h y d r o l y s a t e

d l - t r y p t o p h a n e

♦ ( 3)

♦ ( 2 ) 
-  ( 1)

+ ( 20)

♦ ( 1 ) 
♦d( 9) 
+ ( 9)
-  ( 1 )

♦ ( 10)

1  ( 5) 
-  ( 5)

* ♦ I n d i c a t e s  n o r m a l  g ro w th  a s  d e f i n e d  i n  t e x t .  +d i n d i 
c a t e s  d e l a y e d  r e s p o n s e  on one o r  more t r a n s f e r s .  + i n d i 
c a t e s  c u l t u r e  c o u ld  n o t  be  m a i n t a i n e d  i n  t r a n s f e r s .
-  i n d i c a t e s  no g ro w th  f rom f i r s t  i n o c u l a t i o n .

** f i g u r e  i n  b r a c k e t  shows number o f  c u l t u r e s  e x h i b i t i n g  
i n d i c a t e d  r e s p o n s e  i n  medium.
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i n  p e r o x i d e  t r e a t e d  p e p t o n e ,  a r e  r e q u i r e d  f o r  n o r m a l  g ro w th  

o f  some o f  t h e  c u l t u r e s ,  a s e r i e s  o f  e x p e r i m e n t s  was c o n d u c te d  

u s i n g  a  b a s a l  medium composed o f  s a l t s ,  g l u c o s e ,  p e r o x i d e -  

t r e a t e d  p e p t o n e ,  t r y p t o p h a n e ,  cy s t ine ,  m e t h i o n i n e ,  a n d  t r y o s i n e .  

By e l i m i n a t i n g  one o r  more o f  t h e  amino a c i d s ,  n i n e  v a r i 

a t i o n s  o f  t h e  b a s a l  medium were  u s e d  and  s e e d e d  a s  p r e v i o u s l y  

d e s c r i b e d  i n  t h e  v i t a m i n  e x p e r i m e n t s .  A c id  p r o d u c t i o n ,  i n  

d u p l i c a t e  t u b e s  o f  e a c h  medium, f o r  e a c h  c u l t u r e  was d e t e r 

mined a f t e r  24 and  72 h o u r s  i n c u b a t i o n .  The r e s u l t s  o f  a 

t y p i c a l  e x p e r i m e n t  a r e  shown i n  T a b l e  13.  The r e s u l t s  

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

m e t h i o n i n e .  As lo n g  a s  one o f  t h e  two amino a c i d s  was p r e 

s e n t  t h e  medium was n u t r i t i o n a l l y  a d e q u a t e .  The e l i m i n a t i o n  

o f  t r y p t o p h a n e  o r  t y r o s i n e  s i n g l y  o r  i n  c o m b i n a t i o n s  had  no  

e f f e c t  on t h e  r e s p o n s e  o f  t h e  c u l t u r e s  t e s t e d .  C u l t u r e s  H55 

and  H66 would n o t  grow a t  a l l  when t h e  medium was d e f i c i e n t  

i n  c y s t i n e  a n d  m e t h i o n i n e .  C u l t u r e  H l l  would  grow i n  t h e  

d e f i c i e n t  medium, h o w e v e r ,  g ro w th  was d e l a y e d  and  t h e  

c u l t u r e  c o u ld  n o t  b e  m a i n t a i n e d  by s e r i a l  t r a n s f e r s  i n  t h e  

medium.

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

t h e  medium c o n t a i n i n g  t h e  18 amino a c i d s .  I t  was o b s e r v e d  

t h a t  t h i s  medium would  s u p p o r t  m o d e ra te  g ro w th  on c o n t i n u e d  

s u b c u l t u r e  b u t  a g a i n  i t  was o n ly  by t h e  a d d i t i o n  o f  y e a s t  

e x t r a c t  t h a t  l u x u r i a n t  g ro w th  c o u ld  be  a c h i e v e d .
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T a b le  13

The e f f e c t  o f  t h e  o m is s i o n  o f  am ino  a c i d s  on t h e  a c i d  p r o d u c 
t i o n  o f  t h r e e  p a r a c o l o n  c u l t u r e s .

Ml. o f  . 01N NaOH u se d  t o  t i t r a t e  
a c i d  p ro d u c e d * *

C u l t u r e H l l H55 H66

Hours  o f  i n c u b a t i o n 24 72 24 72 24 72

B a s a l  medium* m in us :

None 1 0 .0 9 . 8 9 . 0 9 . 0 9 . 5 8 . 5

T r y p to p h a n e 9 . 5 9 . 5 8 . 5 8 . 8 9 . 5 7 . 5

C y s t i n e 9 . 0 1 0 .0 7 . 5 8 . 8 8 . 5 8 . 5

T y r o s i n e 9 . 5 1 0 . 0 7 . 5 9 . 0 8 . 5 8 . 0

M e t h io n i n e 1 0 . 0 1 1 .0 9 . 0 9 . 0 7 . 0 8 . 0

C y s t i n e  a n d  
M e t h io n i n e 0 .5 9 . 5 0 . 0 0 . 0 0 . 0 0 . 0

T r y p to p h a n e  a n d  
T y r o s i n e 9 . 5 8 . 5 9 . 8 7 . 3 7 .3 8 . 5

C y s t i n e ,  T y r o s i n e ,  
and  M e th io n in e 0 . 3 1 0 .5 0 . 0 0 . 0 0 . 0 0 . 0

T r y p to p h a n e ,  T y r o s i n e ,  
a n d  M e th io n in e 9 . 8 9 . 5 8 . 0 7 . 0 8 . 0 8 . 5

A l l 0 .0 1 0 .5 0 . 3 0 . 0 0 . 0 0 .0

* B a s a l  medium c o n s i s t e d  o f  s a l t s ,  g l u c o s e ,  p e r o x i d e  t r e a t e d  
p e p t o n e ,  t r y p t o p h a n e ,  c y s t i n e ,  t y r o s i n e ,  and  m e t h i o n i n e .

** Amount o f  NaOH shown a b o v e  i s  t o t a l  u se d  i n  t i t r a t i n g  
m inus  amount n e e d e d  t o  t i t r a t e  a n  u n i n o c u l a t e d  t u b e  o f  
medium.
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DISCUSSION

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

t o  l i g h t  some v e r y  i n t e r e s t i n g  r e l a t i o n s h i p s  b e tw ee n  t h e  t a x 

onomic g r o u p i n g  o f  p a r a c o l o n  c u l t u r e s  on t h e  b a s e s  o f  b i o 

c h e m ic a l  c h a r a c t e r i s t i c s  a n d  t h e i r  g r o u p i n g  on t h e  b a s i s  o f  

n u t r i t i o n a l  r e q u i r e m e n t s .  The c u l t u r e s  s t u d i e d  c o u ld  be 

c o n v e n i e n t l y  g ro u p ed  i n t o  one o f  f o u r  main  t y p e s  on t h e  b a s i s  

o f  t h e i r  IMVIC r e a c t i o n  a n d  w h e t h e r  o r  n o t  t h e y  f e r m e n t e d  

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

f u r t h e r  a t t e m p t  t o  s e p a r a t e  p a r a c o l o n  c u l t u r e s ,  t h a t  i s ,  

s e p a r a t i o n  i n t o  g r o u p s  w i t h i n  t h e  s p e c i e s ,  can  o n ly  be  a  

p u r e l y  a r b i t r a r y  p r o c e d u r e .  The a u t h o r  h a s  d i v i d e d  t h e  

s p e c i e s  i n t o  g r o u p s  o f  c u l t u r e s  e x h i b i t i n g  t h e  same b iochem 

i c a l  c h a r a c t e r i s t i c s .  As h a s  b e e n  s t a t e d  p r e v i o u s l y ,  t h i s  

a p p r o a c h  p r o d u c e d  many g r o u p s  w i t h i n  t h e  s p e c i e s  and  some 

g ro u p s  w h ich  were  o n ly  r e p r e s e n t e d  by  one c u l t u r e .  The 

h o m o g en ie ty  o f  t h e s e  b i o c h e m i c a l  g r o u p s  i s  c a r r i e d  o v e r  .with 

r e s p e c t  t o  t h e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  t h e  c u l t u r e s  i n  t h e  

g r o u p .  A s t u d y  o f  t h e  d a t a  o b t a i n e d  f rom t h e  e x p e r i m e n t s  on 

t h e  g r o s s  n u t r i t i o n a l  r e q u i r e m e n t s  r e v e a l s  t h a t  i n  o n ly  two 

i n s t a n c e s  d i d  c u l t u r e s  i n  t h e  same b i o c h e m i c a l  g ro up  e x h i b i t  

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

To a l a r g e  e x t e n t  t h e  h o m o g e n ie ty  o f  n u t r i t i o n a l  r e q u i r e 

ments  i s  s t i l l  a p p a r e n t  when r e l a t e d  t o  t h e  l a r g e r  tax on o m ic  

g r o u p i n g .  Thus i n  t h e  P.  c o l l  forme s p e c i e s  85 p e r  c e n t  o f  

t h e  c u l t u r e s  t e s t e d  had  t h e  same g r o s s  n u t r i t i o n a l  r e q u i r e m e n t



I n  t h e  P .  In te rm e d iu m  s p e c i e s  t h e r e  were  t h r e e  n u t r i t i o n a l  

g ro u p s  r e p r e s e n t e d  by 30 , 1 7 , a n d  50 p e r  c e n t  o f  t h e  c u l t u r e s  

t e s t e d .  Two n u t r i t i o n a l  g r o u p s  i n  t h e  P.  a e r o g e n o l d e s  s p e c i e s  

a c c o u n t e d  f o r  44 and  56 p e r  c e n t  o f  t h e  c u l t u r e s  i n  t h e  

s p e c i e s .  The a n a e r o g e n i c  c u l t u r e s  were homogenous i n  t h a t  

none o f  th e  c u l t u r e s  c o u l d  be m a i n t a i n e d  i n  t e s t  medium No. 1 .  

an d  t h a t  y e a s t  e x t r a c t  s u p p l i e d  t h e  n e c e s s a r y  g r o w th  f a c t o r s .

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

and g r o s s  n u t r i t i o n a l  r e q u i r e m e n t s  can be  o b t a i n e d  f rom  t h e  

d a t a  summarized i n  T a b le  1 4 .

When t h e  34  n o n - e x a c t i n g  c u l t u r e s  ( n o rm a l  g ro w th  on i n 

o r g a n i c  s a l t s  and  g l u c o s e )  were  a n a l y z e d  w i t h  r e s p e c t  t o  t h e i r  

r e a c t i o n s  on t h e  b i o c h e m i c a l  t e s t s  i t  was fo un d  t h a t  t h e  o n ly  

common b i o c h e m i c a l  c h a r a c t e r i s t i c  o f  t h e s e  c u l t u r e s  was t h a t  

t h e y  d i d  n o t  p r o d u c e  h y d ro g e n  s u l f i d e .  O th e r  common b i o 

c h e m ic a l  c h a r a c t e r i s t i c s  were  a l s o  common t o  a l l  t h e  a e r o g e n i c  

c u l t u r e s  and  t h u s  had  no a p p a r e n t  s i g n i f i c a n c e .  Hydrogen  

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

n i t r o g e n  r e q u i r i n g  c u l t u r e s .

The two n i c o t i n i c  a c i d - r e q u i r i n g  c u l t u r e s  were  i n  

d i f f e r e n t  s p e c i e s ,  h o w e v e r ,  t h e y  were  a l i k e  i n  17 o u t  o f  22 

o f  t h e  b i o c h e m i c a l  r e a c t i o n s .  I t  was r a t h e r  s u r p r i s i n g  

t h a t  o n ly  two c u l t u r e s  p r o v e d  t o  have  d e f i n i t e  v i t a m i n  r e 

q u i r e m e n t s .  The c u l t u r e s  which  had a n  a p p a r e n t  r e q u i r e m e n t  

f o r  e i t h e r  t h e  v i t a m i n  m i x t u r e  o r  a n  amino n i t r o g e n  s o u r c e  

a r e  o f  i n t e r e s t  a s  t h i s  o b s e r v e d  phenomenon seems t o  be  a

c a s e  o f  a  n i c o t i n i c  a c i d - t r y p t o p h a n e  r e l a t i o n s h i p .  I t  h a s  

been  shown by B e a d l e ,  M i t c h e l l ,  and  Nyc (1947)  t h a t  k y n u r e n i n e
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T a b le  14

A summary o f  t h e  r e l a t i o n s h i p  b e tw e e n  g r o u p i n g  o f  p a r a c o l o n  
b a c i l l i  by  b i o c h e m i c a l  c h a r a c t e r i s t i c s  and  t h e i r  

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

Number o f c u l t u r e s r e q u i r i n g :

I n o r g a n i c  
n i t r o g e n

Amino
n i t r o g e n

A c c e s s o r y
g ro w th
f a c t o r s

P . c o l i f o r m e  
(20  c u l t u r e s ) 17 2 1*#

P . i n t e r m e d i u m  
(30  c u l t u r e s ) ^ 9 20* 1#*

P .a e r o p ; e n o id e s  
T lS  c u l t u r e s ) 8 10

a n a e r o g e n i c  
p a r a c o l o n s  
(9  c u l t u r e s )

9 ^ *>c vf

T o t a l s 34 41 11

* F o u r  c u l t u r e s  i n  t h i s  g ro u p  c o u ld  do w i t h o u t  amino n i t r o g e n  
i f  s u p p l i e d  w i t h  t h e  v i t a m i n  su p p le m e n t  a n d  v i c e  v e r s a .

** N i c o t i n i c  a c i d .

Y e a s t  e x t r a c t .
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I s  an  i n t e r m e d i a t e  i n  t h e  f o r m a t i o n  o f  n i c o t i n i c  a c i d ,  p r e c e d 

i n g  t h e  o x y p y r i d i n e  c a r b o x y l i c  a c i d s .  S in c e  one o f  t h e  

n o rm a l  p r o d u c t s  o f  t r y p t o p h a n e  m e ta b o l i s m  i s  k y n u r e n i n e , t h e r e  

i s  t h e  p o s s i b i l i t y  t h a t  t h e  p a r a c o l o n  c u l t u r e s  i n  q u e s t i o n  

r e q u i r e  e i t h e r  p re f o r m e d  n i c o t i n i c  a c i d  o r  t h a t  t h e y  can 

s y n t h e s i z e  n i c o t i n i c  a c i d  f rom  k y n u r e n i n e  i f  t h e y  a r e  s u p p l i e d  

w i t h  t r y p t o p h a n e  ( K o s e r ,  1 9 4 8 ) ,

I t  h a s  b e en  shown t h a t  a n  a d e q u a t e  s o u r c e  o f  amino 

n i t r o g e n  f o r  t h e  a e r o g e n i c  p a r a c o l o n s  v a r i e s  f rom j u s t  one 

amino a c i d  ( t r y p t o p h a n e )  f o r  some c u l t u r e s  t o  a  m i x t u r e  o f  

amino a c i d s  f o r  t h e  o t h e r  c u l t u r e s .  E x c e l l e n t  g ro w th  i s  

a c h i e v e d  i n  a  medium c o n t a i n i n g  18 amino a c i d s ;  i n  some c a s e s  

t h i s  medium s u p p o r t s  g ro w th  b e t t e r  t h a n  d o e s  a  medium c o n t a i n 

i n g  a  h y d r o l y s a t e  o f  c a s e i n .  T h is  i s  t o  be  e x p e c t e d  a s  t h e  

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

t r y p t o p h a n e  a n d  c y s t i n e .  H y d r o l y s i s  o f  p r o t e i n s  by enzymes 

h a s  a s  i t s  main d i s a d v a n t a g e  t h e  f a c t  t h a t  o f t e n  t h e  hy

d r o l y s i s  i s  n o t  c o m p le te  and  t h e  am ino  a c i d s  o f  t h e  p r o t e i n  

m a t e r i a l  a r e  n o t  a s  r e a d i l y  a v a i l a b l e  a s  i n  a  m ix t u r e  o f  

amino a c i d s .

On t h e  b a s i s  o f  n u t r i t i o n a l  r e q u i r e m e n t s  t h e  p a r a c o l o n  

b a c i l l i  s t u d i e d ,  which  were  c l a s s i f i e d  a s  P .  i n t e r m e d i u m .

P. a e r o g e n o i d e s . and  a n a e r o g e n i c  p a r a c o l o n s  seem t o  be  more 

c l o s e l y  r e l a t e d  t o  t h e  S a l m o n e l l a ,  S h i g e l l a , a n d  P r o t e u s  

g e n e ra  t h a n  do t h o s e  c u l t u r e s  which  w ere  c l a s s i f i e d  a s  P. 

c o l l  f o r m e . I n  t h i s  c o n n e c t i o n  i t  i s  I n t e r e s t i n g  t o  n o t e  

t h a t  a l l  e v i d e n c e  o f  p a t h o g e n i c i t y  o f  p a r a c o l o n  c u l t u r e s
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c o n c e r n s  t h o s e  c u l t u r e s  w h ic h  c o u ld  be  c l a s s i f i e d  a s  P .  

I n t e r m e d i u m . P. a e r o g e n o i d e s . a n d  a n a e r o g e n i c  p a r a c o l o n s .  

C u l t u r e s  i n  t h e  P. c o l l  fo rm e s p e c i e s , f o r  t h e  most  p a r t ,  can  

s y n t h e s i z e  amino a c i d s  a n d  g r o w th  f a c t o r s  a n d  t h u s  would 

be  l e s s  d e p e n d e n t  on t h e i r  h o s t  f o r  e s s e n t i a l  n u t r i e n t s .  

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

t o  t h e i r  p a t h o g e n i c i t y  i s  a  s u b j e c t  on w h ic h  much work h a s  

b e en  d o n e .  The work r e p o r t e d  h e r e  o f f e r s  a t  l e a s t  a  

s u g g e s t i o n  t h a t  s u c h  r e l a t i o n s h i p s  do  e x i s t .
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CONCLUSIONS

1.  The c l a s s i f i c a t i o n  o f  p a r a c o l o n  b a c i l l i  on t h e  b a s i s  

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

a s  i t s  main d i s a d v a n t a g e  t h e  ex t re m e  v a r i a b i l i t y  o f  r e a c t i o n s  

e n c o u n t e r e d .  Fo r  t h e  most  p a r t ,  p a r a c o l o n  c u l t u r e s  can  be 

g ro u p ed  on t h e  b a s i s  o f  IMVIC r e a c t i o n  and  t h e  f e r m e n t a t i o n  

o f  g l u c o s e .  W i th in  t h e  s p e c i e s  g r o u p i n g  (P .  c o l i f o r m e , P. 

I n t e r m e d i u m , a n d  P .  a e r o g e n o i d e s . ) can be fou n d  many t y p e s  

w hich  d i f f e r  i n  r e a c t i o n  on one o r  more o f  t h e  b i o c h e m i c a l  

t e s t s .

2. The d e l a y e d  f e r m e n t a t i o n  o f  l a c t o s e ,  wh ich  i s  

c o n s i d e r e d  a v e r y  i m p o r t a n t  c h a r a c t e r i s t i c  o f  t h e  p a r a c o l o n  

b a c i l l i ,  i s  i n  i t s e l f  a  v a r i a b l e  c h a r a c t e r i s t i c .  l a c t o s e  

f e r m e n t a t i o n  c a n  be  slow o r  r a p i d  a c c o r d i n g  t o  t h e  medium 

employed f o r  t e s t i n g  t h i s  c h a r a c t e r i s t i c .  The u s e  o f  a g a r  

s l a n t s  c o n t a i n i n g  l a c t o s e  i n  a c o n c e n t r a t i o n  o f  10 p e r  c e n t  

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

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

3 .  The i n t e r m e d i a t e  n a t u r e  o f  t h e  p a r a c o l o n  b a c i l l i  

was a p p a r e n t  a l s o  i n  t h e i r  n u t r i t i o n a l  r e q u i r e m e n t s .  B oth  

e x a c t i n g  and n o n - e x a c t i n g  s t r a i n s  were e n c o u n t e r e d .

4 .  The P. c o l l ' fo rm e  c u l t u r e s  were more c lo & e ly  r e l a t e d  

t o  t h e  E s c h e r i c h l a - A e r o b a c t o r  g rou p  on t h e  b a s i s  o f  n u t r i t 

i o n a l  r e q u i r e m e n t s .  R e q u i r e m e n t s  o f  t h e  P. I n t e r m e d i u m . P.  

a e r o g e n o i d e s . and  a n a e r o g e n i c  p a r a c o l o n s  were s i m i l a r  t o  t h e

50



P r o t e u s . S a l m o n e l l a . and  S h i g e l l a  g e n e r a .

5 .  Growth f a c t o r  r e q u i r e m e n t s  i n  t h e  a e r o g e n i c  p a r a 

c o lo n s  a r e  l i m i t e d  t o  n i c o t i n i c  a c i d .  Amino a c i d  r e q u i r e m e n t s  

can be  s a t i s f i e d  i n  some c u l t u r e s  w i t h  j u s t  one amino a c i d -  

t r y p t o p h a n e .  C y s t i n e  o r  m e t h i o n i n e  i s  r e q u i r e d  by s e v e r a l  

c u l t u r e s .  O th e r  c u l t u r e s  r e q u i r e  a  m i x t u r e  o f  amino a c i d s  a s  

s u p p l i e d  by a  s i m u l a t e d  c a s e i n  h y d r o l y s a t e  (18  amino a c i d s )

o r  by a c i d  o r  e n z y m a t ic  h y d r o l y s a t e s  o f  c a s e i n .

6 .  A n a e r o g e n ic  p a r a c o l o n s  grow p o o r l y  i n  t h e  s y n t h e t i c  

media employed.  The a d d i t i o n  o f  y e a s t  e x t r a c t  r e s u l t e d  i n  

l u x u r i a n t  g ro w th .
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