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STUDIES ON THE NUTRITION OF BACTERIUM TULARENSE 

From th e  t im e  t h a t  B a c te r iu m  t u l a r e n s e  was f i r s t  

i s o l a t e d  up  t o  th e  p r e s e n t ,  c l a s s i c a l  d e s c r i p t i o n s  o f  th e  

o rg an ism  have s t a t e d  t h a t  g ro w th  o c c u r r e d  o n ly  on th e  s u r ­

f a c e  o f  s o l i d  m edia . The m edia t h a t  have been  d e s c r i b e d  

u s u a l l y  c o n ta in e d  c h e m ic a l ly  complex m a t e r i a l s  such  a s  

b lo o d  o r  serum . Such m edia  a re  o b v io u s ly  o f  l i m i t e d  v a lu e  

i f  p r e c i s e  c h em ica l  s t u d i e s  a re  to  be d b n d u c te d .

The p u rp o se  o f  my i n v e s t i g a t i o n s  h a s  b een  t o ^ d e f in e  

a s  c o m p le te ly  a s  p o s s i b l e  l i q u i d  m edia  c a p a b le  o f  s u p p o r t i n g  

g row th  o f  B a c te r iu m  t u l a r e n s e *

In  a  p r e v io u s  p u b l i c a t i o n  (1 )  l i q u i d  m edia s u i t a b l e  

f o r  g ro w th  o f  t h e  o rg an ism  were d i s c u s s e d .  C h e m ica l ly  

u n d e f in e d  s u b s ta n c e s  w ere p r e s e n t  i n  th o s e  m ed ia .  

Q u a n t i t a t i v e  m easurement o f  th e  g ro w th  p ro m o tin g  a c t i v i t y  

and r e f in e m e n t  o f  t h e s e  unknown m a t e r i a l s  have made 

n e c e s s a r y  t h e  developm en t o f  s p e c i a l  t e c h n iq u e s *  and 

have d e m o n s tra te d  much u s e f u l  and i n t e r e s t i n g  in f o r m a t io n  

a b o u t  t h e  c h a r a c t e r i s t i c s  o f  l i q u i d  c u l t u r e s  o f  th e  

o rg a n ism .

A l l  im p o r ta n t  l i t e r a t u r e  d e a l in g  w i th  g ro w th  was 

summarized i n  my p r e v io u s  t h e s i s  ( 1 ) .  S in ce  t h a t  t im e  

t h e  f o l lo w in g  s t u d i e s  have b e en  r e p o r t e d .  Berkman (2 )  

i n  1942 r e p o r t e d  th e  g ro w th  o f  s e v e r a l  s t r a i n s  i n  a 

complex h y d ro ly z e d  g e la t i n - a m in o  a c id  medium t o  w hich  

had b een  added th ia m in  o r  c o c a rb o x y la s e .  I n  t h e s e  s t u d i e s  

d e t e r m i n a t i o n  o f  g row th  was made v i s u a l l y  by  e s t i m a t i n g
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t u r b i d i t y  on th e  u a u a l  one p l u s ,  two p l u s ,  t h r e e  p l u s ,  

fo u r  p l u s  b a s i s .  I  have shown t h i s  sy s tem  t o  be 

i n c o n c lu s iv e  and u n r e l i a b l e  ( 1 ) .  Berkman f u r t h e r  s t a t e d

t h a t  g ro w th  was l i g h t ,  t h a t  i t  a p p e a re d  o n ly  a f t e r  fo u r  

vdays o f  i n c u b a t i o n ,  and t h a t  heav y  i n o c u l a  were n e c e s s a ry *  

No s u b c u l t u r e s  were r e p o r t e d .  A l t o g e t h e r ,  th e  e v id e n ce  

p r e s e n t e d  s u g g e s t s  t h a t  o n ly  v e r y  f e e b l e  g row th  c o u ld  have 

o c c u r r e d .  I t  i s  v e r y  d o u b t f u l  i f  c o n t in u e d  s u b c u l t i v a t i o n  

c o u ld  have b een  o b ta in e d  w i th  th e  medium d e s c r ib e d *

I n  1944 S t e in h a u s ,  e t  a l . , (3 )  r e p o r t e d  a  l i q u i d  medium 

w hich  i s  e s s e n t i a l l y  th e  u s u a l  s o l i d  medium w i th o u t  a g a r .  

T h is  medium i s  u n d o u b te d ly  u s e f u l  i n  t h e  work th e s e  a u t h o r s  

a r e  c o n d u c t in g  b u t  h a s  l i t t l e  v a lu e  a s  a  c h e m ic a l ly  d e f in e d ,  

medium.
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S e c t i o n  I

Mate r i a l s  and  Met h o d s ; I n  p e r fo rm in g  p r e v i o u s  g ro w th  

e x p e r im e n ts  (1 )  t h e  v a r i o u s  m edia  were d i s p e n s e d  i n t o  

b u lb  t u b e s  o n to  w hich  s id e  arms 8 cm. i n  l e n g t h  had  been  

s e a l e d .  The b u lb s  w ere a p p ro x im a te ly  38  mm. i n  d ia m e te r  

b u t  a s  much a s  ± 5  mm. v a r i a t i o n  o c c u r r e d .  The t u r b i d i t y  

o f  g ro w in g  c u l t u r e s  was d e te rm in e d  by  t i p p i n g  t h e  medium 

from t h e  b u lb  i n t o  t h e  s i d e  arm and com p arin g  v i s u a l l y  

w i th  t u r b i d i t y  s t a n d a r d s .  T h is  method was a  g r e a t  im­

p rovem en t o v e r  any  p r e v i o u s  one f o r  o b t a i n i n g  a p p ro x im a te  

q u a n t i t a t i v e  d a t a .  N e v e r t h e l e s s ,  su c h  d e t e r m i n a t i o n s  o f  

t u r b i d i t y  were o n ly  a p p ro x im a te  a t  b e s t ,  and i t  became 

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

F o r  t h i s  r e a s o n  a  p h o t o e l e c t r i c  t u r b i d i t y  c o m p a ra to r  was 

o b t a i n e d . *

New p y re x  b u lb  t u b e s  were a d a p te d  t o  f i t  t h i s  m achine  

by i n c r e a s i n g  t h e  l e n g t h  o f  t h e  s i d e  arm t o  16 cm. T u rb id  

s u s p e n s io n s  c o n ta in e d  i n  t h e  s id e  arm s r e f l e c t e d  l i g h t  a t  

a  9 0 °  a n g le  i n t o  a  p h o t o e l e c t r i c  c e l l .  T h i s  m achine was 

d e s c r i b e d  by K re b s ,  e t  a l .  ( 4 ) .

As s t a t e d  p r e v i o u s l y  c o n s id e r a b le  v a r i a t i o n  had

o c c u r r e d  i n  b u lb  d i a m e t e r s .  A lth o u g h  no i d e a l  r a t i o  o f

s u r f a c e  t o  volume o f  m edia  h a s  b een  worked o u t  i t  was

*  I  am v e r y  g r e a t l y  in d e b te d  t o  D r. H a ro ld  J .  K e r s t e n  o f  
t h e  D ep artm en t o f  P h y s i c s ,  U n i v e r s i t y  o f  C i n c i n n a t i  f o r  
t h e  c o n s t r u c t i o n  and m a in ten a n ce  o f  t h i s  m ach in e .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 4 -

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

v e r y  i m p o r t a n t .  F o r t h i s  r e a s o n  t h e  d ia m e te r  o f  t h e  

new b u lb s  was s t a n d a r d i z e d  a t  40 mm. V a r i a t i o n s  g r e a t e r  

theui 1 mm. w ere n o t  p e r m i t t e d .  The s id e  arm s w ere  con­

s t r u c t e d  from  s e l e c t e d  p y rex  t u b in g  h a v in g  an  o u t s i d e  

d i a m e te r  o f  1 0 .5  mm. V a r i a t i o n s  g r e a t e r  t h a n  1 0 .1 2  mm. 

were n o t  p e r m i t t e d .  The b u lb  t u b e % i l l u s t r a t e d  i n  

F i g .  1 have  an  o v e r a l l  h e ig h t  o f  a p p ro x im a te ly  13 cm.

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

b i d i t y  c o m p a ra to r  a r e  i n  te rm s  o f  m ic ro am p eres  ( h e r e ­

a f t e r  r e f e r r e d  t o  a s  M. A . ) .  I n  c h e c k in g  t h e  u n i f o r m i t y  

o f  r e a d i n g s  o b ta in e d  a  v a r i a t i o n  g r e a t e r  t h a n  ±2 M. A, 

f o r  d i f f e r e n t  t u b e s  was n o t  e n c o u n te re d  when t e s t e d  w i th  

an y  g i v e n  s u s p e n s io n .  Such v a r i a t i o n s  d e c r e a s e d  a lm o s t  

t o  t h e  v a n i s h in g  p o i n t  and were r e g a r d e d  as  n e g l i g i b l e  

w i th  t u r b i d  s u s p e n s io n s  w hich  r e a d  50 M. A. o r  l e s s .  T h is  

h a s  b e e n  t h e  w o rk in g  ran g e  w h e rev e r  t h e  m achine  h a s  b een  

u se d  i n  a s s a y  w ork.

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

c o m p a ra to r  i n c r e a s e  w i th  i n c r e a s i n g  t u r b i d i t y .  F o r a l l  

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

u s a g e ,  M. A. r e a d i n g s  a r e  d i r e c t l y  p r o p o r t i o n a l  t o  t u r ­

b i d i t y .  T h is  i s  n o t  s t r i c t l y  t r u e  th r o u g h o u t  t h e  e n t i r e  

ra n g e  o f  t h e  m achine b u t  f o r  r e a d i n g s  b e tw ee n  0 and 50 

p r e s e n t a t i o n  o f  g r a p h i c  and n u m e r ic a l  d a t a  i n  M. A. 

c a u s e s  no im p o r ta n t  l o s s  o f  a c c u r a c y .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



•5 *

I n  t h e  work p r e v i o u s l y  r e p o r t e d  (1 )  c e r t a i n  e s s e n ­

t i a l  m a t e r i a l s  and  ap p ro x im ate  o p t im a l  c o n c e n t r a t i o n s  

had  b een  d e te rm in e d .  The most s i m p l i f i e d  r e l i a b l e  medium 

d e f i n e d  a t  t h a t  t im e  had  th e  f o l lo w in g  co m p o s it io n s  

G e l a t i n  h y d r o ly z a te  1 .5 -  2 .0  p e r  c e n t  — a s  g e l a t i n  

B lood c e l l  e x t r a c t  5 . 0 - 1 0 . 0  p e r  c e n t  —  a s  c e l l s

C y s t in e  0 .0 1  p e r  o e n t

NaCl 1 . 5 -  2 .0  p e r  c e n t  t o t a l

G ly c e r in e  0 . 5  p e r  c e n t

NagHP0 4 *12HgO 0 .0 6 2 5  p e r  c e n t

KH2P04 0 .0 2 5  p e r  c e n t

MgS04 0 .0 0 2 5  p e r  c e n t

I t  had  a l s o  b een  found  t h a t  i n  t h i s  medium t r y p t o ­

p h a n e ,  p im e l ic  a c i d ,  n i c o t i n i c  a c i d ,  p a n to t h e n i c  a c i d ,  

b i o t i n  c o n c e n t r a t e ,  and f e r r o u s  s u l f a t e  were w i th o u t  

e f f e c t  upon  g ro w th . T h is  c o n c lu s io n  h a s  b e en  v e r i f i e d  

r e p e a t e d l y .

A s id e  from t h e  g e l a t i n  h y d r o ly z a te  t h e  o n ly  su b ­

s t a n c e  w hich  rem a in ed  u n d e f in e d  was th e  b lo o d  c e l l  

e x t r a c t .  A c c o rd in g ly ,  t h i s  m a t e r i a l  h a s  r e c e iv e d  t h e  

e m p h as is  o f  t h e  p r e s e n t  i n v e s t i g a t i o n .  B lood c e l l  ex ­

t r a c t  was p r e p a r e d  i n  t h e  fo l lo w in g  m anner; One volume 

o f  p ack ed  unwashed human b lo o d  c e l l s ,  from  w hich  a l l  

b u t  a  s m a l l  p e r c e n ta g e  o f  t h e  plasm&had b e en  removed, 

was d i l u t e d  w i th  9 volum es o f  d i s t i l l e d  w a te r .  The
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r e s u l t a n t  f l u i d  was b ro u g h t  t o  b o i l i n g  w i th  c o n s t a n t  

s t i r r i n g .  I t  was b o i l e d  f o r  5 t o  10 m in u te s  and , w h i le  

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

a c i d  was added t o  low er t h e  pH t o  6 .3 .  A f t e r  c o o l in g  

f o r  2 t o  3 h o u r 8 th e  m a t e r i a l  was p l a c e d  i n  t h e  r e f r i g ­

e r a t o r  o v e r  n i g h t .  By u s e  o f  c h e e s e c l o th  f i l t e r s  t h e  

c o a g u la te d  hem og lob in  was r e a d i l y  rem oved. The f i l t r a t e  

was l i g h t  p in k  i n  c o lo r  and was c o m p le te ly  c l e a r e d  o f  

su spended  m a t e r i a l  b y  p o u r in g  th r o u g h  t h e  f i l t e r  s e v e r a l  

t im e s .  The 1 :1 0  f i l t r a t e  was p l a c e d  i n  a  l a r g e  d i s t i l l i n g  

f l a s k  and c o n c e n t r a t e d  u n d e r  vacuum to  o n e - f i f t i e t h  o f  

i t s  o r i g i n a l  volum e. At t h i s  p o i n t  t h e  c o n c e n t r a t e  

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

w hich  was rem oved by  f i l t r a t i o n  th r o u g h  f i n e  p a p e r .  The 

f i l t r a t e  was c l e a r  and t a n - r e d  i n  c o l o r .

S in c e  m ost work was done w i th  l i q u i d  p r e p a r a t i o n s  o f  

b lo o d  c e l l  e x t r a c t ,  most m easu rem en ts  have b e e n  v o l u m e t r i c .  

A lthou gh  s o l i d s  c o n te n t  o f  much o f  th e  m a t e r i a l  i s  known, 

f o r  th e  sak e  o f  c o n v en ien c e  i n  p r e p a r in g  f r a c t i o n s ,  a d d i ­

t i o n s  t o  b a s i c  m edia  have b e e n  made a c c o rd in g  t o  t h e  

volume o f  p ack ed  c e l l s  r e p r e s e n t e d  by th e  e x t r a c t  o r  

f r a c t i o n .  Thus by  r e f e r r i n g  t o  t h e  method o f  p r e p a r a t i o n  

i t  w i l l  be seen  t h a t  t h e  volume o f  t h e  f i r s t  c ru d e  f i l t r a t e  

can  be assumed to  r e p r e s e n t  o n e - t e n t h  o f  i t s  volume o f  

b lo o d  c e l l s .  I f  t h i s  f i l t r a t e  were c o n c e n t r a t e d  f i f t y  

t i m e s ,  t h e  c o n c e n t r a t e  w ould r e p r e s e n t  f i v e  t im e s  i t s  own
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volume o f  b lo o d  c e l l s ,  o r  1 c c .  o f  c o n c e n t r a t e  w ould e q u a l  

5 c c .  o f  packed  c e l l s .  Most s t o c k  s o l u t i o n s  o f  b lo o d  c e l l  

e x t r a c t  have  b een  c o n c e n t r a t e s  made up  i n  t h i s  f a s h i o n .  

C o n c e n t r a t io n  o f  e x t r a c t s  was n e c e s s a r y  so  t h a t  t h e y  c i  

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

r e a d i l y  made f o r  u se  i n  m ed ia .

C o n c e n t r a te d  e x t r a c t s  were o r i g i n a l l y  s t o r e d  i n  t h e  

r e f r i g e r a t o r  w i th o u t  s t e r i l i z a t i o n .  More r e c e n t l y  t h e y  

have b een  r a p i d l y  f r o z e n  and s t o r e d  i n  a  d r y  i c e  r e f r i g ­

e r a t o r .

The b a s i c  medium had  t h e  c o m p o s i t io n  g iv e n  above 

e x c e p t  t h a t  i t  was made up  w i th o u t  b lo o d  c e l l  e x t r a c t .

As a l l  c u l t u r e s  were made up t o  a  f i n a l  volume o f  5 c c .  

t h e  s t o c k  medium was made up d o u b le  s t r e n g t h  —  f o r  

e a c h  tu b e  2 . 5  c c .  were u s e d .

I n  c o n d u c t in g  a n  e x p e r im e n t  th e  e x t r a c t  o r  f r a c t i o n  

was d i l u t e d  a p p r o p r i a t e l y  and added  t o  b a s i c  medium i n  

i n c r e a s i n g  q u a n t i t i e s .  A f t e r  a l l  a d d i t i o n s  h a d  b e e n  made 

a l l  m ed ia  were a d j u s t e d  t o  pH 6 .9 .  The t o t a l  volume f o r  

e a c h  tu b e  was made up  to  5 c c .  w i t h  d i s t i l l e d  w a t e r .  The 

m edia  were s t e r i l i z e d  a t  10 l b s .  f o r  10 m in u te s .

T ubes were i n o c u l a t e d  w i th  0 ,1  c c .  o f  a  s u s p e n s io n  o f  

b a c t e r i a  w hich  h ad  been  c e n t r i f u g e d  from a  24 h o u r  l i q u i d  

c u l t u r e  and washed w i th  s a l i n e .

M. A. r e a d i n g s  and pH d e t e r m i n a t i o n s  were made a t  

24 h o u r s ,  48 h o u r s ,  and 72 h o u r s .  I n  t h e  e a r l y  p a r t  o f
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t h e  work th e  pH v a lu e s  o f  c u l t u r e s  were d e te rm in e d  by  

add ing  a l o o p f u l  o f  c u l t u r e  t o  a  drop o f  i n d i c a t o r  on a  

s p o t  p l a t e .  A p la t in u m  lo o p  was u s e d ;  th e  i n d i c a t o r s  

were brom thym ol b lu e ,  brom c r e s o l  p u r p l e ,  and brom 

e r e s o l  g r e e n .  A ltho ugh  t h e  g e n e r a l  t r e n d  o f  such d a t a  

was v a l i d  c e r t a i n  e r r o r s  were i n h e r e n t  i n  t h i s  m ethod. 

I t  w i l l  be shown t h a t  t h e  u se  o f  u n b u f f e r e d  l i q u i d  

m edia became n e c e s s a r y .  W ith  such  m edia t h e  pH o f  th e  

m ix tu re  which r e s u l t e d  from a d d in g  a  l o o p f u l  o f  c u l t u r e  

t o  a  drop  o f  i n d i c a t o r  te n d e d  t o  be t h e  pH o f  th e  

i n d i c a t o r  r a t h e r  t h a n  th e  pH o f  th e  c u l t u r e .  T hus, 

c u l t u r e s  w i th  pH v a l u e s  e i t h e r  g r e a t e r  o r  l e s s  t h a n  t h e  

pH o f  t h e  i n d i c a t o r  gave r e a d i n g s  t h a t  were d i s t o r t e d  

to w a rd  th e  pH o f  th e  i n d i c a t o r .  To a v o id  th e s e  e r r o r s  

a s  n e a r l y  a s  p o s s i b l e  a  new t e c h n iq u e  was worked o u t .  

Sm all p i p e t t e s  were c o n s t r u c t e d  from  s o f t  g l a s s  tu b in g  

w i th  an  i n s i d e  d ia m e te r  o f  3 mm. A 200 mm. l e n g t h  o f  

tu b in g  was s e a l e d  a t  one en d , and a  h o le  a p p ro x im a te ly  

5 mm. in  d ia m e te r  was blown i n  t h e  s id e  J u s t  a t  th e  

s e a l e d  end o f  th e  t u b e .  By im m ersing  t h i s  p o r t i o n  o f  

th e  p i p e t t e  i n t o  any l i q u i d  a  sm a l l  sample c o u ld  be 

w ith d raw n . The amount o f  sample co u ld  be v a r i e d  a t  

w i l l  by v a r y in g  th e  a n g le  a t  w hich  t h e  tu b e  was h e ld .  

These p i p e t t e s  were s t e r i l i z e d  i n  l a r g e  t e s t  t u b e s ,  and 

a t  any d e s i r e d  t im e  th e  pH o f  a  c u l t u r e  c o u ld  be d e t e r ­

mined by w ith d raw in g  a p p ro x im a te ly  0 .0 5  c c .  o f  medium.
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By u s in g  a  c a p i l l a r y  d ro p p e r  a  sm a ll  drop o f  a d i l u t e  

s o l u t i o n  o f  an a p p r o p r i a t e  s u l f o n p h t h a l e i n  dye was 

added th ro u g h  th e  s id e  h o le  i n t o  th e  sample o f  medium. 

M ixing was e f f e c t e d  by ro c k in g  th e  f l u i d  up and down in  

t h e  p i p e t t e .  By com paring w i th  s t a n d a r d  b u f f e r s  mixed 

w i th  th e  same dye i n  th e  same way pH v a lu e s  co u ld  be 

d e te rm in e d  w hich  a g re e d  w i th  e l e c t r o m e t r i c  d e t e r m i n a t i o n s  

t o  ± 0 .1  u n i t .  The d i f f e r e n c e s  e n c o u n te re d  in  v a r io u s  

c u l t u r e s  were o f  such  m agn itude  t h a t  t h i s  d e g re e  of 

a c c u ra c y  was s u f f i c i e n t .

Many p r e l i m i n a r y  e x p e r im e n ts  were co n d u c ted  to  

d e te rm in e  o p t im a l  g row th  c o n d i t i o n s .  I t  h a s  been 

known f o r  s e v e r a l  y e a r s  t h a t  a e r a t i o n  g r e a t l y  a c c e l ­

e r a t e s  g ro w th .  Many d i f f e r e n t  m ethods o f  a e r a t i o n  

were t r i e d  i n  an  a t t e m p t  to  u t i l i z e  t h i s  S t im u la to r y  

e f f e c t .  The v a r i o u s  schem es w hich have b e en  t r i e d  

can  be b r i e f l y  summarized a s  f o l lo w s :  C u l tu r e s  were

a e r a t e d  s lo w ly  w i th  c o a rse  b u b b le s ;  r a p i d l y  w i th  f i n e  

b u b b le s ;  a i r  was blown on to p  o f  c u l t u r e s  so t h a t  no 

b u b b l in g  o c c u r r e d ;  oxygen and o x y g e n -c a rb o n  d io x id e  

m ix tu re s  were u se d  i n s t e a d  o f  a i r ;  a tm o sp h e re s  o f  v a r y ­

ing c o n c e n t r a t i o n s  o f  oxygen were p la c e d  o v e r  c u l t u r e s  

and th e  tu b e s  were s e a l e d ,  and c u l t u r e s  were shaken  con­

t i n u o u s l y  w i th  and w i th o u t  a e r a t i o n .  In  p r a c t i c a l l y  

a l l  such  e x p e r im e n ts  many c u l t u r e s  showed phenomenal 

g row th  in  v e ry  s h o r t  p e r i o d s  o f  t im e .  No s t i m u l a t i o n

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-1 0 -

o f  g ro w th  in  b a s i c  medium r e s u l t e d  from any a e r a t i o n  o r  

s h a k in g  p r o c e d u r e .

However, t h e s e  p ro c e d u r e s  were o f  no r e a l  v a lu e  

i n  a s s a y  work b e ca u se  t h e  r e s u l t s  a s  d e te rm in e d  by th e  

p h o t o e l e c t r i c  t u r b i d i t y  c o m p a ra to r  were v e ry  e r r a t i c .

High r e a d i n g s  were o f t e n  o b ta in e d  a f t e r  24 h o u r s .

F u r t h e r  i n c u b a t io n  o f t e n  r e s u l t e d  i n  s t i l l  h ig h e r  r e a d ­

in g s  f o r  some c u l t u r e s  and much lo w e r  r e a d i n g s  f o r  

o t h e r  c u l t u r e s .  D u p l i c a te  and t r i p l i c a t e  t u b e s  were 

p r a c t i c a l l y  n e v e r  i n  a g re e m e n t ,  d i f f e r e n c e s  b e in g  v e r y  

g r e a t  in  some c a s e s .  Such r e s u l t s  were o f  no s t a t i s t i c a l  

v a lu e  w h a te v e r .  C o n tin u o u s  s h a k in g  and a e r a t i o n  

t e c h n iq u e s  were abandoned  f o r  a s s a y  work in  w hich  t u r ­

b i d i t y  was m easured  by t h e  p h o t o e l e c t r i c  t u r b i d i t y  

c o m p a ra to r .
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E x p er im en t  1

D uring  t h e  c o u rs e  o f  t h e  i n v e s t i g a t i o n  s e v e r a l  l o t s  

o f  c o n c e n t r a t e d  b lo o d  c e l l  e x t r a c t  were made. T hese  

were t e s t e d  f o r  a c t i v i t y  by  com bin ing  a l i q u o t s  w i th  b a s i c  

medium a c c o r d in g  to  t h e  m ethod o u t l i n e d .  The q u a n t i t i e s  

u s e d ,  and th e  g ro w th  p ro m o tin g  e f f e c t  o f  b lo o d  c e l l  ex­

t r a c t  L ot No. 6 ,  a re  shown i n  T a b le  1 and i l l u s t r a t e d  

g r a p h i c a l l y  i n  F ig .  2 .  T h is  l o t  was one o f  th e  f i r s t  

h i g h l y  p o t e n t  e x t r a c t s  t o  be  made. Even t h e  s m a l l e s t  

amount u se d  had  a  p ronounced  g ro w th  p ro m o tin g  e f f e c t .  

R e a d in g s  g ra p h e d  a g a i n s t  i n c r e a s i n g  c o n c e n t r a t i o n s  

showed i n c r e a s i n g  t u r b i d i t y  w i th  a  v e r y  r e g u l a r  c u rv e  

up t o  5 p e r  c e n t .  Beyond t h i s  amount th e  p o i n t s  were 

n o t  q u i t e  so r e g u l a r  b u t  t h e  t r e n d  was s t i l l  upw ard .

A l l  c u l t u r e s  were a d j u s t e d  t o  pH 6 .9  p r i o r  t o  

i n o c u l a t i o n .  T e rm in a l  pH v a l u e s  g rap h e d  a g a i n s t  con­

c e n t r a t i o n  gave a  cu rve  v e r y  s i m i l a r  t o  t h a t  f o r  M. A. 

r e a d i n g s .  S t r o n g l y  a c i d  end  p o i n t s  were r e a c h e d  by t h e  

c u l t u r e s  c o n t a i n i n g  a low c o n c e n t r a t i o n  o f  e x t r a c t ,  

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

s i v e l y  h i g h e r  pH v a l u e s .  C o n c e n t r a t i o n s  o v e r  5 p e r  

c e n t  r e s u l t e d  in  a p p r o x im a te ly  n e u t r a l  pH v a l u e s .  No 

c u l t u r e  had  a  pH g r e a t e r  t h a n  7 . 1 .  D a i ly  pH d e te r m in a ­

t i o n s  d e m o n s t r a te d  c l e a r l y  t h a t  th o se  c u l t u r e s  t h a t  

t e r m i n a l l y  were s t r o n g l y  a c i d  had  shown, day  by d a y ,  a  

p r o g r e s s i v e  d ro p  i n  pH; t h e  lo w e r  th e  c o n c e n t r a t i o n  o f
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Table I

The e f f e c t  o f  i n c r e a s in g  c o n c e n t r a t i o n s  
o f  b lo o d  c e l l  e x t r a c t  upon g row th  and pH

P e r  c e n t  o f  
b lo o d  c e l l  

e x t r a c t
M. A. a t  
72 h o u r s

pH a t  72 
h o u rs

0 5 6 .0

1 23 6 .0

2 32 6 .0

3 36 6 .2

4 39 6 .4

5 41 6 .6

6 40 6 .7

7 40 6 .7

8 43 6 .7

9 46 6 .8

10 47 6 .8

1 2 .5 46 7 .0

15 49 7 .1

1 7 .5 52 7 .1

20 49 7 .1

D e te r m in a t io n s  o f  pH made by th e  u se  o f  brom 
thym ol b l u e ,  v a lu e s  l e s s  th a n  6 .0  n o t  o b t a i n ­

a b le  by t h i s  method.
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e x t r a c t ,  t h e  more r a p i d  was t h e  pH d ro p .  The i n i t i a l  r e a c ­

t i o n s  o f  a l l  c u l t u r e s  were 6 .9 .  The c u l t u r e s  w i t h  t e r m in a l  

pH v a lu e s  o f  7 ,1  had become o n ly  s l i g h t l y  b a s i c  and w i th ­

o u t  f i r s t  becom ing a c i d .  T h ree  c u l t u r e s  had t e r m i n a l  pH 

v a lu e s  o f  6 , 7 ,  two c u l t u r e s  had t e r m in a l  pH v a lu e s  o f  6 .8  

and one c u l t u r e  had a  t e r m i n a l  pH v a lu e  o f  7 .Q . These 

c u l t u r e s  changed  from t h e i r  i n i t i a l  r e a c t i o n s  o n ly  v e r y  

s l i g h t l y  d u r in g  th e  e n t i r e  co u rse  o f  t h e  e x p e r im e n t .

V a lu e s  o f  l e s s  t h a n  6 . 0  a r e  n o t  r e c o r d e d  as t h e s e  d e te r m in a ­

t i o n s  w ere made u s in g  o n ly  brom thym ol b l u e .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 1 5 -

E x p e r im e n t  2

I t  was known from  e x p e r i e n c e  t h a t  i f  a  c o n c e n t r a t e d  

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

o c c u r r e d .  I f  such  a  h e a t e d  s o l u t i o n  were c l e a r e d  by 

c e n t r i f u g a t i o n  and t h e n  a u to c la v e d  f u r t h e r  p r e c i p i t a t i o n  

r e s u l t e d .  No n o t i c e a b l e  p r e c i p i t a t i o n  o c c u r r e d  when th e  

d i l u t e d  e x t r a c t  was com bined i n  m edia  and s t e r i l i z e d .

To d e te rm in e  th e  e f f e c t  o f  su c h  t r e a tm e n t  upon  

a c t i v i t y  o f  t h e  c o n c e n t r a t e  t h e  fo l lo w in g  e x p e r im e n t  was 

c o n d u c te d .  A s m a l l  amount o f  c o n c e n t r a t e d  e x t r a c t  was 

a d j u s t e d  t o  pH 6 .9 .  The l i q u i d  was b ro u g h t  q u i c k l y  t o  

b o i l i n g  and th e n  r a p i d l y  c o o le d  u n d e r  ru n n in g  w a t e r .

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

c e n t r i f u g a t i o n  an  a l i q u o t  o f  t h e  l i q u i d  was t a k e n  f o r  

a s s a y .  The r e m a in d e r  was a u to c la v e d  a t  10 l b s .  f o r  

10  m in u te s .  A f t e r  c o o l in g  t h e  p r e c i p i t a t e  was removed 

a s  b e f o r e .  The two l i q u i d  sp ec im en s  were s e p a r a t e l y  

com bined w i th  b a s i c  medium i n  i n c r e a s i n g  am ounts . A 

c o n t r o l  w i th  u n t r e a t e d  e x t r a c t  was a l s o  made. The 

r e s u l t s ,  shown i n  T ab le  2 and F i g .  3, d e m o n s t r a te d  t h a t  

w h e rea s  b o i l i n g  had  no e f f e c t ,  a u to c l a v i n g  s e r i o u s l y  

im p a i re d  th e  a c t i v i t y  o f  t h e  e x t r a c t .  A lso ,  th e  pH 

s t a b i l i z i n g  e f f e c t  o f  th e  e x t r a c t  was l a r g e l y  d e s t r o y e d  

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

The d e f i n i t e  r e l a t i o n s h i p  of c o n c e n t r a t i o n  o f  e x t r a c t  

t o  pH d rop  w hich  was d e s c r i b e d  in  t h e  p r e v io u s  e x p e r im e n t
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Table 2

The e f f e c t  o f  b o i l i n g  and a u to c la v in g  upon th e  g row th  
p ro m o tin g  a c t i v i t y  and pH s t a b i l i z i n g  c a p a c i ty  o f  

c o n c e n t r a t e d  e x t r a c t

T rea tm en t
o f

e x t r a c t

P e r  c e n t  
o f  

e x t r a c t
pH a t  

24 h o u r s
pH a t  

48 h o u rs
pH a t  

72 h o u r s
M. A. a t  
72 h o u rs

U n t r e a te d 1 6 .3 6 .0 6 .0 * 21

2 6 .5 6 .1 6 .0 32

3 6 .6 6 .3 6 .0 36

4 6 .8 6 .4 6 .2 40

5 6 .8 6 .6 6 .4 45

B o i le d 1 6 .4 6 .0 6 .0 * 22

2 6 .6 6 .1 6 ,0 34

3 6. 7 6 .3 6 .1 37

4 6 .8 6 .4 6 .3 42

5 6 .9 6 .6 6 .4 46

A u to c lav ed 1 6 .1 6 .0 * 6 .0 * 7

• 2 6 .1 6 .0 6 .0 11

3 6 .1 6 .0 6 .0 13

4 6 .2 6 .0 6 .0 15

5 6 .3 6 .0 6 .0 16

*  pH v a lu e s  d e te rm in e d  by use  o f  brom thymol b l u e ,  low er 
v a lu e s  n o t  o b t a i n a b l e  by t h i s  m ethod.
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was a g a in  o b se rv ed  f o r  t h e  u n t r e a t e d  and th e  b o i l e d  

e x t r a c t s .  T h is  r e l a t i o n s h i p  su g g e s te d  t h a t  m a in te n a n c e  

o f  n e u t r a l i t y  m ight be due t o  a  d i r e c t  b u f f e r i n g  a c t i o n  

o f  th e  p r o t e i n a c e o u s  e x t r a c t .  On t h i s  b a s i s  t h e  p r e ­

c i p i t a t i o n  and rem oval o f  p r o t e i n s  from  t h e  a u to c la v e d  

p r o d u c t  may have b een  so  g r e a t  a s  t o  l e a v e  no e f f e c t i v e  

b u f f e r i n g  pow er. Thus l i m i t a t i o n  o f  g ro w th  may have 

been  due t o  a r a p i d l y  i n c r e a s i n g  h y d ro g en  io n  c o n c e n t r a ­

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

These d a t a ,  and  th e  s i m i l a r i t y  o f  th e  cu rv e  f o r  

M. A. r e a d i n g s  and t h e  c u ry e  o f  t e r m in a l  pH v a lu e s  

shown in  F i g .  2 , made n e c e s s a r y  a  c o n s i d e r a t i o n  o f  t h e  

e f f e c t  o f  pH upon g ro w th .
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E x p erim en t 3

I t  i s  e v id e n t  from  t h e  f o r e g o in g  d a t a  t h a t  th e  

q u a n t i t y  o f  p h o sp h a te  s a l t s  p r e s e n t  i n  th e  b a s i c  medium 

was i n s u f f i c i e n t  t o  s t a b i l i z e  th e  pH o f  g ro w in g  c u l t u r e s .  

The t o t a l  q u a n t i t y  o f  p h o sp h a te  s a l t s  h i t h e r t o  p r e s e n t  

in  th e  b a s i c  medium was 0 .0 0 2 6  M. A c c o r d in g ly ,  i n c r e a s ­

in g  c o n c e n t r a t i o n s  were added i n  t h e  r a t i o  o f  3 m o les  o f  

NagHP04  t o  1 mole o f  KH2PO4 .

I t  was n e c e s s a r y  t o  add t h e  b u f f e r s  a s  s t e r i l e  

s o l u t i o n s  t o  a v o id  f o r m a t io n  o f  a  v o lu m in o u s  p r e c i p i t a t e  

d u r in g  a u to c l a v i n g .  I n c u b a t io n  a t  3 7 0 C. a l s o  c a u se d  

t h e  f o r m a t io n  o f  p r e c i p i t a t e  i f  t h e  t o t a l  c o n c e n t r a t i o n  

exceed ed  0 .0 3  M.

U sing  t o t a l  c o n c e n t r a t i o n s  o f  0 .0 1  21., 0 .0 2  M ., 

and 0 .0 3  M. i n  t h e  r a t i o  g i v e n ,  th e  e f f e c t  o f  i n c r e a s e d  

b u f f e r  was d e te r m in e d .  F o r  t h i s  p u rp o se  t h e  b o i l e d  

e x t r a c t  and th e  a u to c la v e d  e x t r a c t  d i s c u s s e d  i n  E x p e r i ­

ment 2 w ere  u s e d .  I f  l o s s  o f  p r o t e i n a c e o u s  b u f f e r i n g  

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

a c t i v i t y  o f  th e  a u to c la v e d  e x t r a c t ,  t h e n  m a in te n a n c e  o f  

n e u t r a l i t y  by some o th e r  a g e n t  sh o u ld  r e s t o r e  t h i s  

a c t i v i t y .

These two e x t r a c t s  were s e p a r a t e l y  com bined w i th  

b a s i c  medium in  i n c r e a s i n g  c o n c e n t r a t i o n s ,  and t h e  

p h o sp h a te  b u f f e r s  were added a c c o rd in g  t o  t h e  method 

o u t l i n e d .  The q u a n t i t i e s  u s e d ,  and  t h e  p e r t i n e n t
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r e  s u i t s ,  a re  shown i n  T a b le  3 and F ig .  4 .

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

B o th  e x t r a c t s  showed g r e a t e s t  g ro w th  i n  t h e  a b sen c e  o f  

b u f f e r .  I n  b o th  c a s e s  b e t t e r  g ro w th  was o b ta in e d  in  t h e  

O.Ol M. c u l t u r e s  t h a n  i n  t h e  0 .0 2  M. c u l t u r e s ,  and t h e s e  

in  t u r n  showed more g row th  th a n  t h e  0 .0 3  M. c u l t u r e s .

The pH was m a in ta in e d  a t  a  h i g h e r  l e v e l  f o r  a  

l o n g e r  p e r i o d  o f  t im e  i n  th o s e  c u l t u r e s  t h a t  c o n ta in e d  

b u f f e r s .  Where 0 .0 1  M. b u f f e r  was u se d  w i th  th e  a u t o ­

c la v e d  e x t r a c t  t h e r e  was a  s u b s t a n t i a l  d i f f e r e n c e  i n  pH 

t o  t h a t  o f  th e  same e x t r a c t  w i th o u t  b u f f e r .  At 48 h o u r s  

t h e  pH i n  th e  fo rm er was 6 .7  th r o u g h o u t ,  w h e reas  t h e  pH 

i n  t h e  l a t t e r  was 6 .0  o r  l e s s .  Growth i n  th e  b u f f e r  con­

t a i n i n g  m edia w as, ho w ever ,  s u b s t a n t i a l l y  l e s s .  The 

l a c k  o f  g row th  p ro m o tin g  a b i l i t y  o f  th e  a u to c la v e d  

p ro d u c t  c o u ld  n o t  b e ,  t h e r e f o r e ,  e n t i r e l y  a  m a t t e r  o f  

f a l l i n g  pH.

I t  had been  d e te rm in e d  t h a t  no p r e c i p i t a t i o n  o c c u r r e d  

when p h o sp h a te  b u f f e r s  were added t o  c a s e i n  h y d r o l y z a te  

m ed ia . F o r  t h i s  r e a s o n  th e  above e x p e r im e n t  was r e p e a t e d  

i n  c a s e i n  h y d r o ly z a te  b a s i c  m edia. The r e s u l t s  were i n  

com ple te  ag reem en t w i th  th o s e  g iv e n  h e re  f o r  g e l a t i n  

h y d r o ly z a te  m ed ia .

Sodium c a rb o n a te  was made up i n  s to c k  s o l u t i o n ,  

n e u t r a l i z e d  to  pH 7 . 0 ,  and s t e r i l i z e d  by f i l t e r i n g  t h r o u g h  

s i n t e r e d  g l a s s .  T h is  s o l u t i o n  was added a s e p t i c a l l y  t o
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Table 3

The e f f e c t  o f  v a ry in g  c o n c e n t r a t i o n s  
o f  ph o sp h a te  b u f f e r s  upon g row th  and pH

P er c e n t  o f C o n c e n t r a t io n pH a t pH a t M. A. a t
b o i l e d o f 48 72 72
e x t r a c t b u f f e r h o u rs h o u r s h o u rs

1 0 .0 0  M 6 .0 6 .0 20
2 n 6 .2 6 .0 37
3 ii 6 .4 6 .0 40
4 ii 6 .6 6 .1 41
5 N 6 .7 6 .3 42

1 0 .0 1  M 6 .7 6 .5 13
2 ii 6 .7 6 .4 23
3 ii 6 .7 6 .4 30
4 H 6 .7 6 .4 33
5 M 6 .7 6 .4 36

1 0 .0 2  M 6 .9 6 . 6 8
2 n 6 .9 6 .5 16
3 ii 6 .9 6 .5 22
4 n 6 .9 6 .5 26
5 ii 6 .9 6 .5 28

1 0 .0 3  M 7 .0 7 .0 5
2 it 7 .0 6 .8 15
3 M 7 .0 6 .7 19
4 II 7 .0 6 .6 27
5 II 7 .0 6 .8 27

P e r  c e n t  o f C o n c e n t r a t io n pH a t pH a t M. A. a t
a u to c la v e d o f 48 72 72

e x t r a c t b u f f e r h o u rs h o u rs h o u rs

1 0 .0 0  M 6 .0 6 .0 7
2 H 6 .0 6 .0 12
3 II 6 .0 6 .0 15
4 II 6 .0 6 .0 19
5 II 6 .0 6 .0 21

1 0 .0 1  M 6 .7 6 .2 5
2 ti 6 .7 6 .2 8
3 n 6 .7 6 .2 10
4 n 6 .7 6 .2 12
5 ii 6 .7 6 .2 13

1 0 .0 2  M 6 .9 6 .8 2
2 n 6 .9 6 .8 2
3 n 6 .9 6.6 5
4 H 6 .9 6 .6 9
5 II 6 .9 6. 5 10

1 0 .0 3  M 7 .0 7 .0 2
2 ii 7 .0 7 .0 2
3 ii 7 .0 7 .0 2
4 n 7 .0 7 .0 3
5 it 7 .0 6 .8 5
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s t e r i l e  m edia  c o n ta in i n g  t h e  same e x t r a c t s  and made up i n  

t h e  same manner a s  g iv e n  above . E s s e n t i a l l y  t h e  same 

r e s u l t  was o b t a i n e d .  The b e s t  g ro w th  was o b t a i n e d  i n  

m edia c o n t a i n i n g  no c a r b o n a t e .  Growth was a p p ro x im a te ly  

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

A c e ta te  b u f f e r s  were a l s o  found  t o  be s i m i l a r l y  

i n h i b i t o r y .  Sodium g l y c i n a t e , a l th o u g h  n o t  i n h i b i t o r y ,  

h ad  no s t a b i l i z i n g  e f f e c t  upon th e  pH. I n c r e a s i n g  th e  

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

b a s i c  medium a l s o  had  no s t a b i l i z i n g  e f f e c t  on t h e  pH.

Basic media used in all the experiments that follow 
did not contain phosphate salts.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-1 8 -

E xperim en t 4

The d a t a  a c c u m u la te d  up  t o  t h i s  t im e  c l e a r l y  showed 

t h a t  t h e  i n i t i a l  pH c o u ld  be m a in ta in e d  by u s in g  b lo o d  

c e l l  e x t r a c t  i n  s u f f i c i e n t  q u a n t i t y .  S ince none o f  th e  

o r d i n a r i l y  u se d  b u f f e r s  was s u i t a b l e  f o r  u se  w i th  t h i s  

o rg a n ism  an e x p e r im e n t  was d e s ig n e d  t o  d e te rm in e  t h e  

o p t im a l  pH f o r  g row th  i n  th e  f o l lo w in g  m anner.

A s e r i e s  o f  m ed ia  was made up h a v in g  pH v a lu e s  from

5 .0  t o  7 .8  i n  s t e p s  o f  0 . 4 .  Each o f  t h e s e  m edia  con­

t a i n e d  10 p e r  c e n t  b lo o d  c e l l  e x t r a c t  Lot No. 6 t o  

s t a b i l i z e  th e  pH. The r e s u l t s  o b t a i n e d  were w h o l ly  un­

e x p e c te d .  The pH v a l u e s  o f  t h e  5 .8 ,  6 . 2 ,  and 6 .6  c u l ­

t u r e s  r o s e  s t e a d i l y  t o  6 . 9 - 7 . 0  i n  48 h o u r s .  On t h e  o t h e r  

hand  th e  pH v a lu e s  o f  t h e  7 .4  and 7 .8  c u l t u r e s  d ro p p ed  

t o  6 . 9 - 7 , 0  d u r in g  t h e  same p e r i o d .  A l l  c u l t u r e s  w i th  

an  i n i t i a l  pH be tw een  5 .8  and  7 . 0 ,  i n c l u s i v e ,  grew ab o u t  

e q u a l l y  w e l l .  C u l tu r e s  w i th  an  i n i t i a l  pH o f  7 .4  o r  

o v e r  grew more s lo w ly ,  and t h e  t e r m in a l  M. A. r e a d i n g s  

were somewhat l e s s  t h a n  t h e  5 . 8 - 7 . 0  g ro u p .  Growth i n  

t h e  7 .8  c u l t u r e s  was l e s s  t h a n  t h a t  o f  t h e  7 .4  c u l t u r e s .  

C u l tu r e s  w i th  a  pH o f  5 .4  o r  be low  showed no g ro w th .

These d a t a  a re  p r e s e n t e d  in  T ab le  4 and F ig .  5.

I t  i s  e v id e n t  from  t h e  f o r e g o in g  t h a t  th e  pH o f  

g row ing  c u l t u r e s  c o u ld  be s t a b i l i z e d  by  a  s u i t a b l e  

q u a n t i t y  o f  b lo o d  c e l l  e x t r a c t  o n ly  a t  n e u t r a l i t y .

Growing c u l t u r e s  h a v in g  i n i t i a l  pH v a lu e s  e i t h e r  be low
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T able 4

Growth and pH ch an g es  i n  c u l t u r e s  h a v in g  v a r io u s  
I n i t i a l  pH v a lu e s  and an  abundance o f  b lo o d  c e l l  e x t r a c t

pH a t  M. A. a t  pH a t  M. A. a t  pH a t  M. A. a t  
i n i t i a l  24 24 48 48 72 72

pH h o u rs  h o u r s  h o u rs  h o u r s  h o u rs  h o u r s

5 .0 4 .8 1 4 .8 2 4 .8 2
5 .0 4 .8 1 4 .8 2 4 .8 2

5 .4 5 .3 1 5 .3 2 5 .4 2
5 .4 5 .3 1 5 .3 2 5 .4 2

5 .8 5.9 10 6 .9 27 7 .0 37
5 .8 5 .9 10 6 .9 28 7 .0 37

6 .2 6 .2 10 7 .0 26 6 .8 36
6 .2 6 .4 10 7 .0 27 7 .0 38

6 .6 6 .9 8 6 .9 27 7 .0 38
6 .6 6 .9 8 6 .9 27 7 .0 38

7 .0 7 .0 8 6 .9 26 6 .8 40
7 .0 7 .0 8 6 .9 26 6 .8 39

7 .4 7 .4 5 6 .9 18 6 .8 33
7 .4 7 .4 5 6 .9 19 6 .8 37

7 .8 7 .8 3 6 .9 10 6 .9 25
7 .8 7 .8 3 6 .9 10 6 .9 24

I n i t i a l  pH v a lu e s  were d e te rm in e d  by th e  use  o f  an  e l e c t r i c  
p o t e n t i o m e te r .  Brom thym ol b lu e ,  brom c r e s o l  p u r p l e , a n d  
brom c r e s o l  g r e e n  were u se d  f o r  su b seq u e n t  d e t e r m i n a t i o n s .
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o r  above 7 .0  r a p i d l y  became n e u t r a l .  N e u t r a l i z a t i o n  o f  

a c id  m edia can  be a c c o u n te d  f o r  o n ly  by  t h e  p o s t u l a t i o n  

o f  b a s e  p r o d u c t i o n .  The o p t im a l  pH can n o t  be s t a t e d  

from  t h e  above d a t a .  I t  i s  p r o b a b le  t h a t  a lm o s t  any pH 

from  5 .8  t o  7 .0  w ould be s u i t a b l e .  I t  i s  e v id e n t  t h a t  

v a l u e s  above 7 .4  a r e  n o t  d e s i r a b l e .
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E xperim en t 5

I t  was shown t h a t  a c i d  media were r a p i d l y  n e u t r a l i z e d  

by  grow ing c u l t u r e s  c o n ta in i n g  an  e x c e s s  o f  b lo o d  c e l l  

e x t r a c t .  T h is  c o n s t i t u t e d  i n d i s p u t a b l e  e v id e n c e  o f  b a se  

p r o d u c t io n  by t h e  grow ing  c u l t u r e s .  As i t  h a d  b e e n  found 

r e p e a t e d l y  t h a t  c u l t u r e s  c o n ta in i n g  m inim al q u a n t i t i e s  o f  

e x t r a c t  became r a p i d l y  a c i d ,  i t  a p p e a re d  p r o b a b le  t h a t  

m a in ten a n ce  o f  n e u t r a l i t y  i n  c u l t u r e s  t h a t  c o n ta in e d  ample 

q u a n t i t i e s  o f  e x t r a c t  was due t o  base  p r o d u c t i o n  r a t h e r  

t h a n  t o  d i r e c t  b u f f e r  a c t i o n  o f  th e  p r o t e i n s  o f  b lo o d  

c e l l  e x t r a c t , and t h a t  b a se  p r o d u c t i o n  o c c u re d  i n  an  

o b s e r v a b le  q u a n t i t y  o n ly  i n  th e  p r e s e n c e  o f  an a d e q u a te  

s u p p ly  o f  e x t r a c t .

The f o l lo w in g  e x p e r im e n t  was p e rfo rm ed  t o  o b t a i n  

a d d i t i o n a l  in f o r m a t io n  on t h i s  m a t t e r .

A s e r i e s  o f  c u l t u r e s  c o n ta in i n g  q u a n t i t i e s  o f  ex­

t r a c t  from 1 t o  5 p e r  c e n t  was s e t  up i n  th e  u s u a l  

m anner. T hese were in c u b a te d  f o r  72 h o u r s .  At t h e  end 

o f  t h i s  t im e  M. A. r e a d i n g s ,  pH v a l u e s ,  and t i t r a t a b l e  

a c i d i t y  v a lu e s  were d e te r m in e d .  I t  was found  t h a t  th e  

c u l t u r e s  c o n ta in i n g  1 p e r  c e n t  e x t r a c t  had th e  l o w e s t  

M. A. r e a d i n g s ,  th e  lo w e s t  pH v a l u e s ,  and th e  h i g h e s t  

t i t r a t a b l e  a c i d i t y  v a l u e s .  The 2 , 3 ,  4 ,  and 5 p e r  c e n t  

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

M. A. r e a d i n g s ,  i n c r e a s i n g  pH v a l u e s ,  and d e c r e a s i n g

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 2 1 -

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

n o te d  be tw een  th e  curve  o f  M. A. r e a d in g s  and t h e  cu rve  

o f  pH v a lu e s  was a g a in  o b s e rv e d .  T i t r a t a b l e  a c i d i t y  

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

c u rv e .  Thus i t  i s  s e e n  t h a t  th e  t i t r a t a b l e  a c i d i t y  was 

ro u g h ly  i n v e r s e l y  p r o p o r t i o n a l  t o  pH, and d i r e c t l y  p r o ­

p o r t i o n a l  t o  h y d ro g en  io n  c o n c e n t r a t i o n .

The c u l t u r e s  which c o n ta in e d  5 p e r  c e n t  e x t r a c t  

p e r m i t t e d  a  d rop  i n  pH from 6 .9  t o  6 .3  i n  72 h o u r s .

0 .2 5  c c .  o f  0 .011  N NaOH was r e q u i r e d  t o  r e s t o r e  t h e  pH 

t o  6 .9 .  The c u l t u r e s  t h a t  c o n ta in e d  1 p e r  c e n t  e x t r a c t  

p e r m i t t e d  a  drop  i n  pH from 6 .9  t o  5 .1  d u r in g  th e  same 

p e r i o d .  2 .0  c c .  o f  0 .011  N NaOH were r e q u i r e d  t o  r e s t o r e  

th e  pH t o  6 .9 .  I f  d i r e c t  b u f f e r  a c t i o n  o f  th e  p r o t e i n s  

o f  th e  e x t r a c t  were th e  o n ly  b a s i s  f o r  r e s i s t i n g  pH 

ch an g e , t h e n  r e g a r d l e s s  o f  t h e  b u f f e r  sy s te m , th e  5 p e r  

c e n t  c u l t u r e  sh o u ld  have p roduced  a s  much, i f  n o t  m ore, 

t i t r a t a b l e  a c id  t h a n  th e  1 p e r  c e n t  c u l t u r e .  From th e  

f i g u r e s  g iv e n  i t  i s  e v id e n t  t h a t  t h i s  was n o t  t h e  c a s e ;  

th e  1 p e r  c e n t  c u l t u r e  p rodu ced  e i g h t  t im e s  a s  much 

t i t r a t a b l e  a c id  a s  th e  5 p e r  c e n t  c u l t u r e .  T hese  d a t a  . 

a re  p r e s e n t e d  i n  T ab le  5 and F ig .  6.

Thus i t  became e v id e n t  t h a t  t h e  te n d e n c y  o f  c u l t u r e s  

c o n ta in in g  ample e x t r a c t  t o  re m a in  n e u t r a l  was n o t  due 

t o  d i r e c t  b u f f e r  a c t i o n  o f  th e  p r o t e i n s  o f  th e  e x t r a c t  

b u t  r a t h e r  t o  th e  p ro d u c t io n  o f  a l k a l i n e  m a t e r i a l ( s )  

d u r in g  g ro w th .
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T able 5

The e f f e c t  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  b lo o d  c e l l  
e x t r a c t  upon g ro w th ,  pH, and t i t r a t a b l e  a c i d i t y

P e r  c e n t  
e x t r a c t

M. A. a t  
72 

h o u r s

pH a t  
72 

h o u r s

T i t r a t a b l e  
a c i d i t y *  a t  

72 h o u r s

1 21 5 .1 2 .0 0

2 31 5 .5 1 .5 0

3 34 5 .8 0 .7 5

4 39 6 .1 0 .5 0

5 40 6 .3 0 .2 5

*  c c .  o f  0 .0 1 1  N NaOH r e q u i r e d  t o  t i t r a t e  t o  6.9.
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E x p er im en t  6

T hese  e x p e r im e n ts  c o n firm ed  th e  p r o d u c t i o n  o f  a l k a ­

l i n e  m a t e r i a l ( s )  by g row ing  c u l t u r e s .  However, i n  one 

e x p e r im e n t  i t  was shown t h a t  i n i t i a l l y  a l k a l i n e  m edia 

r e a d i l y  became n e u t r a l .  I t  a p p ea re d  p r o b a b le  t h a t  

c a r b o h y d r a te  m e tab o lism  w i th  a c id  f o r m a t io n  p r e v e n te d  

h i g h l y  b a s i c  c u l t u r e s .

C u l tu r e s  were s e t  up  w hich  c o n ta in e d  5 p e r  c e n t  

b lo o d  c e l l  e x t r a c t  b u t  no c a r b o h y d r a te .  C o n t ro l  c u l ­

t u r e s  c o n ta in i n g  g l y c e r o l  were made. A d d i t io n a l  con­

t r o l s  c o n t a i n i n g  c a r b o h y d r a te  b u t  no b lo o d  c e l l  e x t r a c t  

were s e t  u p .  The b a c t e r i a  u se d  f o r  i n o c u l a  w ere washed

t h r e e  t im e s  w i th  s a l i n e  t o  remove a s  n e a r l y  a s  p o s s i b l e

a l l  c a r b o h y d r a t e .  A l l  m edia  were a d j u s t e d  t o  6 .9  p r i o r  

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

The pH o f  t h e  c a rb o h y d r a te  d e f i c i e n t  c u l t u r e s  r o s e  

t o  7 .8  i n  48 h o u r s .  The pH o f  th e  m edia c o n t a i n i n g  

c a rb o h y d r a te  w i th  o r  w i th o u t  e x t r a c t  d ro pped  t o  6 .4  

d u r in g  th e  same p e r i o d .  Growth in  t h e  c a rb o h y d ra te  

d e f i c i e n t  medium was much l e s s  t h a n  t h a t  o b t a in e d  in  t h e  

com ple te  medium b u t  was s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  

w hich  o c c u r r e d  i n  t h e  medium l a c k in g  i n  e x t r a c t .  T hese

d a t a  a re  found  in  T a b le  6.

I t  was t h u s  s e e n  t h a t  i n  c u l t u r e s  c a p a b le  o f  p r o ­

d u c in g  b a s e ,d e c i d e d l y  a l k a l i n e  r e a c t i o n s  were o b t a in e d  

i n  t h e  a b sen ce  o f  c a r b o h y d r a t e ,  and t h a t  to  m a i n t a i n  t h e
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T able 6

The e f f e c t  o f  g l y c e r o l  upon g row th  and pH

Media c o n ta in i n g : pH a t M. A. a t
B. C. Ex. G ly c . 48 72

h o u r s h o u r s

5 p e r  c e n t  0 p e r  c e n t 7 .8 6
5 0 7 .8 6

5 0 .5 6 .4 37
5 0 .5 6 .4 38

0 0 .5 6 .4 1
0 0 .5 6 .4 1
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r e a c t i o n  n e a r  n e u t r a l i t y  c a r b o h y d ra te  f e r m e n ta t i o n  was 

n e c e s s a r y .

From th e  d a t a  so f a r  p r e s e n t e d  i t  i s  e v id e n t  t h a t ,  

g i v e n  t h e  p ro p e r  c i r c u m s ta n c e s ,  a c i d  and b ase  were 

p ro d u ce d  s im u l t a n e o u s ly  i n  g row ing  c u l t u r e s  o f  B a c te r iu m  

t u l a r e n s e . In  th e  p r e s e n c e  o f  a s u i t a b l e  q u a n t i t y  o f 

e x t r a c t  e s s e n t i a l l y  n e u t r a l  r e a c t i o n s  r e s u l t e d .  R e s u l t s  

somewhat s i m i l a r  t o  t h i s  were o b t a i n e d  by  A yers  and  Rupp 

(5 )  f o r  t h r e e  num bered b u t  unnamed c u l t u r e s  o f  th e  

'■ a lk a l i  fo rm ing  g ro u p " .  N e u t r a l  t o  s l i g h t l y  a l k a l i n e  

r e a c t i o n s  were o b t a in e d  in  c u l t u r e s  w hich  c o n ta in e d  

sodium c i t r a t e  and d e x t r o s e .  The p re s e n c e  o f  d e x t r o s e  

a lo n e  r e s u l t e d  i n  s t r o n g l y  a c i d  r e a c t i o n s .  Sodium 

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

O x id a t io n  o f  th e  sodium c i t r a t e  t o  a l k a l i n e  c a r b o n a t e s  

was s t a t e d  a s  th e  r e a s o n  f o r  i t s  a l k a l i n e  e f f e c t s .

I sh ik a w a  (6 )  s t a t e d  t h a t  B. am m oniagenes, B. a e r o g e n e s ,

B. morgan i , B. p r o t e u s  vu l g a r i s ,  and S ta ph y lo c o e c u s  

a u re u s  decomposed u r e a  i n  c u l t u r e s .  The p re s e n c e  o f  

f e rm e n ta b le  c a rb o h y d ra te  a c c e l e r a t e d  th e  p r o d u c t io n  o f  

ammonia from u r e a  by th e s e  o rg a n ism s  and t h u s  m a in ta in e d  

a l k a l i n e  r e a c t i o n s  i n  th e  p re s e n c e  o f  f e rm e n ta b le  c a rb o ­

h y d r a t e s .  A shworth (7 )  h a s  d e s c r i b e d  ammonia p r o d u c t i o n  

from  u r e a  by th e  above m en tioned  o rg an ism s  in  th e  p r e s e n c e  

o f  m a n n i te .  O r c u t t  (8 )  s t a t e d  in  an  a b s t r a c t  t h a t  "some 

members o f  t h e  gen u s  B a c i l l u s  c a r r y  on a m m o n if ic a t io n
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c o n c u r r e n t  w i th  a c i d  p r o d u c t i o n  w hich  t e n d s  t o  keep th e  

pH n e a r  n e u t r a l i t y " .  He gave no d a t a .

From t h e  d a t a  p r e s e n t e d  i t  becomes c l e a r  why f e r ­

m e n ta t io n  s t u d i e s  o f  B a c te r iu m  t u l a r e n s e have b e en  

d i f f i c u l t  t o  a p p r a i s e .  I t  may be p o in te d  o u t  t h a t  

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

a re  o b ta in e d  r e a d i l y  from v e r y  f e e b l y  grow ing  c u l t u r e s ,  

dep en d in g  on th e  c o n s t i t u e n t s  o f  th e  m ed ia ,  w hereas  

abund an t g row th  may be o b ta in e d  w i th  no p e r c e p t i b l e  

change in  pH. S in c e  no a c c u r a t e  method i s  a v a i l a b l e  f o r  

d e te r m in in g  q u a n t i t y  o f  g ro w th  on a  s l a n t ,  and s i n c e  i t  

i s  known t h a t  g ro w th  i s  r e a d i l y  s u p p o r te d  on s o l i d  media 

w i th o u t  added  c a r b o h y d r a t e ,  i t  becomes a p p a r e n t  t h a t  no 

c r i t e r i a  a re  known by  w hich  c a rb o h y d r a te  u t i l i z a t i o n  

can  be d e te rm in e d  when complex s o l i d  m edia  a r e  em ployed.

I t  h a s  b een  d e m o n s t r a te d  t h a t  t h e  te n d e n c y  f o r  

c u l t u r e s  t o  re m a in  n e u t r a l  i s  n o t  due t o  d i r e c t  b u f f e r  

a c t i o n  o f  b lo o d  c e l l  e x t r a c t .  I t  h a s  f u r t h e r  been  

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

h i b i t o r y .  I t  i s  e v id e n t  t h a t  t h e  p r o d u c t i o n  o f  b a se  i s  

dependen t upon  some m a t e r i a l ( s )  p r e s e n t  i n  b lo o d  c e l l  

e x t r a c t .  D a ta  p r e s e n t e d  i n  E x p erim en t 2 d e m o n s t r a te d  

t h a t  th e  g ro w th  p ro m o tin g  a c t i v i t y  of th e  e x t r a c t  was 

g r e a t l y  d e c r e a s e d  by a p ro c e d u re  w hich a l s o  d im in is h e d  

o r  d e s t r o y e d  th e  a l k a l i n i z i n g  f a c t o r .  I t  m ig h t w e l l  be 

t h a t  t h e  a l k a l i n i z i n g  f a c t o r  i s  an  i n t r i n s i c  p a r t  o f  a
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complete medium and t h a t  m etabo lic  base p ro duc tio n  i s  an 

in e v i t a b le  end p roduct in  such media. Regarding t h i s  as 

a d i s t i n c t  p o s s i b i l i t y  the  work on f r a c t io n a t i o n  of blood 

c e l l  e x t r a c t  was resumed.
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S e c tio n  II

A lthough  u s e f u l  d a t a  had been  o b ta in e d  w i th  methods 

g iv e n  in  t h e  p r e c e d in g  s e c t i o n  i t  soon became e v id e n t  

t h a t  u n ifo rm  a s s a y  c u rv e s  were n o t  a lw ays o b t a i n a b l e .

F o r r e a s o n s  w hich  were n o t  a p p a re n t  a t  t h a t  t im e  t u r ­

b i d i t y  r e a d in g s  g rap h e d  a g a i n s t  c o n c e n t r a t i o n s  o f  t h e  

v a r io u s  e x t r a c t s  f r e q u e n t l y  gave a c t i v i t y  c u rv e s  w hich 

were v e ry  i r r e g u l a r .  Even w i th  t h e  same l o t  o f  e x t r a c t  

u n ifo rm  r e s u l t s  were n o t  a lw ays o b t a i n a b l e  from  one 

e x p e r im e n t  t o  t h e  n e x t .  The s u p p ly  o f  one l o t  o f  ex ­

t r a c t  was n o t  i n e x h a u s t i b l e , and o t h e r  l o t s  had t o  be 

p r e p a r e d .  A lth oug h  th e  m ethod o f  p r e p a r a t i o n  w hich 

was o u t l i n e d  was f o l lo w e d  e x a c t l y  th e  a c t i v i t y  c u rv e s  

o b t a in e d  v a r i e d  c o n s id e r a b ly  from l o t  t o  l o t .  I t  i s  

r e c o g n iz e d  t h a t  n u m e r ic a l  d a t a  from  e x p e r im e n ts  s e t  

up a t  d i f f e r e n t  t im e s  a re  n o t  s t r i c t l y  com parab le  b u t ,  

t o  be u s e f u l ,  a c t i v i t y  c u rv e s  s h o u ld  show th e  same 

g e n e r a l  shape . The f o l lo w in g  e x p e r im e n ts  a re  r e c o r d e d  

t o  d e m o n s tra te  t h e  g r e a t  v a r i a b i l i t y  t h a t  was e n c o u n te re d .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-27

E x p er im e n ts  7 ,  8 ,  and 9 

Of s e v e r a l  l o t s  o f  e x t r a c t  th e  p e r t i n e n t  d a t a  on 

t h r e e  a re  p r e s e n t e d  as  r e p r e s e n t a t i v e  o f  t h e  g e n e r a l  

s i t u a t i o n .  These e x t r a c t s  were made and a s s a y e d  a t  

d i f f e r e n t  t im e s .  H ence , t h e  d a ta  p r e s e n t e d  a re  n o t  to  

he r e g a r d e d  a s  p a r t s  o f  a  s i n g l e  e x p e r im e n t .  An a s s a y  

c u rv e  was g iv e n  on  e x t r a c t  Lot No. 6 . F o r  co m p ariso n  

a  l a t e r  t r i a l  w i th  t h i s  l o t  i s  i n c l u d e d .  A ssay  c u rv e s  

f o r  Lot Nos. 7 and 8 a re  a l s o  p r e s e n t e d .  T hese  ex­

t r a c t s  were p r e p a r e d  a c c o rd in g  t o  t h e  p ro c e d u re  g iv e n  

f o r  No. 6 . I t  s h o u ld  he p o i n te d  o u t  t h a t  d i f f e r e n c e s  

i n  b e h a v io r  o f  an  e x t r a c t  i n  a  l a t e r  a s s a y  c o u ld  n o t  

he due t o  s p o i l a g e  s in c e  t h e s e  p r e p a r a t i o n s  were 

p r e s e r v e d  e i t h e r  by f r e e z i n g  i n  t h e  d r y  i c e  r e f r i g ­

e r a t o r  o r  i n  th e  f r e e z i n g  u n i t  o f  a  m e c h a n ic a l  

r e f r i g e r a t o r .  A l i q u o t s  o f  e ac h  l o t  were combined 

w i th  b a s i c  medium i n  amounts s u f f i c i e n t  t o  g iv e  f i n a l  

c o n c e n t r a t i o n s  a s  l i s t e d  i n  T a b le  7. T u r b i d i t y  

r e a d i n g s  were t a k e n  a t  48 and 72 h o u r s .  pH v a l u e s  

were d e te rm in e d  a t  72 h o u r s .  These d a t a  a re  r e c o r d e d  

in  T a b le  7 and F i g .  7,

A ccord ing  t o  t h e  t u r b i d i t y  v a l u e s  maximum o r  

n e a r l y  maximum a c t i v i t y  was o b ta in e d  a t  2 p e r  c e n t  con­

c e n t r a t i o n  o f  each  e x t r a c t .  The c u rv e  f o r  No. 6 i s  

l e s s  r e g u l a r  t h a n  t h a t  shown i n  F i g .  2 f o r  t h i s  e x t r a c t .  

In  th e  fo rm er d e te r m in a t io n  c o n s id e r a b le  i n c r e a s e  i n
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Table 7

A c t iv i ty  curves ob ta ined  w ith  th re e  d i f f e r e n t  
e x t r a c t s  a s  determ ined t u r b id i m e t r i c a l l y

E x tra c t E x tra c t E x tra c t
Per cent No. 6 No. 7 No. 8
B. C. Ex. M. A. pH M. A. pH M. A. pH

0 2 2 1

1 24 5 .0 30 5.3 30 5.1
30 5.3 31 5.3

2 32 5.4 32 6.7 35 6 .7
31 6 .7 35 6 .6

3 32 6 .0 27 7 .0 31 6.9
26 7.0 29 7 .0

4 33 6 .2 21 7 .2 30 7 .2
22 7 .2 30 7 .2

5 35 6 .4 20 7 .2 28 7 .2
20 7 .2 30 7 .2

7 .5 28 7 .2
27 7 .2

10 24 7 .2
24 7 .2

Results obtained, at the end of 72 hours’
incubation
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t u r b i d i t y  accom panied i n c r e a s e  i n  c o n c e n t r a t i o n  i n  a 

u n i fo rm  p a t t e r n  up t o  5 p e r  c e n t ,  w hereas  i n  th e  l a t t e r  

d e t e r m i n a t i o n  n e a r l y  maximum a c t i v i t y  was o b ta in e d  a t  

a  c o n c e n t r a t i o n  o f  2 p e r  c e n t ,  and  f u r t h e r  i n c r e a s e  

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

For th e  c u l t u r e s  w hich c o n ta in e d  e x t r a c t  No. 7 

th e  r e a d i n g s  showed maximum t u r b i d i t y  a t  2 p e r  c e n t .  

I n c r e a s i n g  c o n c e n t r a t i o n s  o f  th e  e x t r a c t  beyond t h i s  

amount r e s u l t e d  i n  a p r o g r e s s i v e  d e c l i n e  in  t u r b i d i t y .  

The a c t i v i t y  cu rv e  o f  e x t r a c t  No. 8 was v e r y  s i m i l a r  to  

t h a t  f o r  No. 7 e x c e p t  t h a t  in  a d d i t i o n  to  th e  u s u a l  

c o n c e n t r a t i o n s ,  m edia  c o n ta in in g  7 . 5  and  10 p e r  c e n t ,  

r e s p e c t i v e l y ,  o f  e x t r a c t  were made. The t u r b i d i t y  o f  

th e  7 .5  p e r  c e n t  c u l t u r e  was l e s s  t h a n  t h a t  o f  th e  

5 p e r  c e n t  c u l t u r e  and t h e  t u r b i d i t y  o f  t h e  10 p e r  

c e n t  c u l t u r e  was l e s s  t h a n  t h a t  o f  th e  7 .5  p e r  c e n t  

c u l t u r e .  S e v e ra l  o t h e r  e x t r a c t s  were a s s a y e d  and 

th e  r e s u l t s  were s i m i l a r  t o  th o s e  a l r e a d y  d e s c r i b e d .

The t e r m in a l  pH v a lu e s  o f  th e  v a r i o u s  c u l t u r e s  

showed th e  u s u a l  t r e n d  f o r  e a c h  e x t r a c t .  Low pH 

v a lu e s  were r e a c h e d  by th e  c u l t u r e s  c o n ta in in g  sm a ll  

am ounts. C u l tu r e s  c o n ta in in g  i n c r e a s i n g  c o n c e n t r a t i o n s  

showed i n c r e a s i n g  pH v a lu e s .  E x t r a c t s  6 . and 7 were 

v e ry  s i m i l a r  i n  t h i s  r e s p e c t .  C u l tu r e s  c o n ta in in g  

5 p e r  c e n t  o f  t h e s e  e x t r a c t s  re a c h e d  a  pH o f  6 .4 .
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C u l tu r e s  c o n ta in in g  5 p e r  c e n t  o f  No. 8 showed pH v a lu e s  

o f  7 .2 . No. 8 was e v i d e n t l y  a more a l k a l i n i z i n g  e x t r a c t  

t h a n  e i t h e r  No. 6 o r  No. 7.

W ith no o th e r  method o f  m easurement a v a i l a b l e ,  and 

w i th  no r e a s o n  t o  d o u b t t h a t  t u r b i d i t y  v a l u e s  r e p r e s e n t e d  

g ro w th ,  i t  was n e c e s s a r y  t o  e x p l a i n  th e  a c t i v i t y  c u rv e s  

t h a t  were o b ta in e d .  I t  was assumed t h a t  2 p e r  c e n t  o f  

e x t r a c t  was a l l  t h a t  was n e c e s s a r y  f o r  maximum g ro w th .  

In d e e d ,  t h e  c u rv e s  t h a t  showed d e c r e a s in g  t u r b i d i t y  

w i th  i n c r e a s i n g  c o n c e n t r a t i o n s  a lm o s t  w a r r a n te d  t h e  

a s su m p t io n  t h a t  some m a t e r i a l ( s )  a c t e d  a s  i n h i b i t o r s  

when p r e s e n t  i n  s u f f i c i e n t  c o n c e n t r a t i o n .  T h e r e f o r e ,  

t h e  c o n c e n t r a t i o n s  o f  e x t r a c t s  u se d  i n  b a s i c  m edia  

f o r  a s s a y  work were v a r i e d  e m p i r i c a l l y  t o  o b t a i n  more 

u n i fo rm  a c t i v i t y  c u r v e s .  I n s t e a d  o f  u s in g  1 t o  5 p e r  

c e n t ,  i n c l u s i v e ,  t h e  c o n c e n t r a t i o n s  were changed  t o  

0 . 5  t o  2 .5  p e r  c e n t ,  i n c l u s i v e ,  i n  i n t e r v a l s  o f  0 . 5  

p e r  c e n t .  I n  t h i s  manner t h e  p ro b lem  o f  p u r i f i c a t i o n  

o f  b lo o d  c e l l  e x t r a c t  was resum ed .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-3 0 -

E x p er im en t  10 

The e f f e c t  o f  f r a c t i o n a t i o n  o f  b lo o d  c e l l  e x t r a c t  

w i th  m ethano l was i n v e s t i g a t e d  a s  f o l lo w s :  To 1 volume

o f  c o n c e n t r a t e d  aqu eo us  e x t r a c t  9 vo lum es o f  m ethano l 

were ad d ed . A f t e r  co m p le te  m ix in g  th e  m a t e r i a l  was 

p l a c e d  in  t h e  r e f r i g e r a t o r  o v e r  n i g h t .  The m ix tu re  

was t h e n  c e n t r i f u g e d  and th e  s u p e r n a t a n t  was d e c a n te d .  

The p r e c i p i t a t e  was su sp e n d e d  i n  th e  o r i g i n a l  volume 

o f  w a te r  and f i l t e r e d  to  remove i n s o l u b l e  m a t e r i a l .

The f i l t r a t e  was l i g h t  t a n - y e l l o w  i n  c o l o r .  I t  was 

d e s ig n a t e d  f r a c t i o n  A.

The m ethano l s u p e r n a t a n t  was f i l t e r e d ,  p l a c e d  i n  

a  vacuum s t i l l ,  and c a r e f u l l y  c o n c e n t r a t e d  t o  d r y n e s s  

w i th o u t  t h e  u s e  o f  e x c e s s i v e  h e a t .  The r e s i d u e  was 

t a k e n  up i n  th e  o r i g i n a l  volume o f  w a te r  and  f i l t e r e d .

A sm a ll  amount o f  i n s o l u b l e  m a t e r i a l  was removed and 

t h e  f i l t r a t e  was t a n - r e d  i n  c o l o r .  T h is  f i l t r a t e  was 

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

S ince  b o th  f r a c t i o n s  had  been  r e s t o r e d  t o  t h e  

o r i g i n a l  volume t h e y  were t e s t e d  i n d i v i d u a l l y  and i n  

c o m b in a t io n  i n  t h e  same c o n c e n t r a t i o n  a s  t h e  o r i g i n a l  

e x t r a c t .  The c o n c e n t r a t i o n s  u s e d ,  and t h e  r e s u l t s  

o b t a i n e d ,  a re  shown i n  T a b le  8 and F ig .  8.

I t  was found  t h a t  b o th  f r a c t i o n s  were n e c e s s a r y  t o  

o b t a i n  t h e  com ple te  a c t i v i t y  o f  t h e  u n f r a c t i o n a t e d  

e x t r a c t .  F r a c t i o n  A was found  to  have a lm o s t  no g ro w th
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T able 8

The e f f e c t  o f  f r a c t i o n a t i o n  w i th  m eth y l 
a lc o h o l  upon t h e  g row th  p ro m o tin g  a c t i v i t y  

and pH s t a b i l i z i n g  power o f  b lo o d  c e l l
e x t r a c t

U n f r a c t i o n a t e d  M. A. a t  pH a t
e x t r a c t  48 72

h o u rs  h o u r s

0 . 5  p e r  c e n t  13 6 .0
1.0  20 6.0
1 .5  24 6 .4
2 .0  28 6 .8
2 .5  30 7 . 0

F r a c t i o n  B

0 . 5  p e r  c e n t  14 6 . 0
1 . 0  14 6 .1
1 .5  15  6 .8
2 .0  17 7 .0
2 .5  19 7 .1

F r a c t i o n  A

0 . 5  p e r  c e n t  3 6 .0
1 . 0  4 6 .0
1 .5  5 6 .0
2 . 0  6 6 . 0
2 .5  5 6 .0

F r a c t i o n  A p lu s  
F r a c t i o n  B

0 . 5  p e r  c e n t  13 6 .0
1 .0  19 6 .0
1 . 5  23 6 .4
2 .0  25 6 .8
2 .5  28 7 .0
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Alcohol so lu b le  p lus 
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20 Alcohol soluble 
extract
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•Water isoiuble 
' e x tra c t  .
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promo t i n g  a c t i v i t y  when u s e d  a lo n e .  F r a c t i o n  B a lo n e  

had  ab o u t  t w o - t h i r d s  o f  t h e  g ro w th  p ro m o tin g  power o f  

t h e  u n f r a c t i o n a t e d  e x t r a c t .  From th e  a c t i v i t y  cu rv e  

o f  f r a c t i o n  B i t  i s  a p p a r e n t  t h a t  r e g a r d l e s s  o f  th e  

q u a n t i t y  used  th e  t o t a l  a c t i v i t y  o f  t h e  u n f r a c t i o n a t e d  

e x t r a c t  c o u ld  n o t  be o b t a i n e d .  When b o th  f r a c t i o n s  

were u se d  t o g e t h e r  g ro w th  was i d e n t i c a l  w i th  t h a t  

o b t a in e d  w i th  t h e  whole e x t r a c t .  F r a c t i o n  B con­

t a i n e d  a l l  o f  th e  a l k a l l n i z i n g  f a c t o r  whilfe f r a c t i o n  

A had  no s t a b i l i z i n g  e f f e c t  on pH. A t o t a l  w e ig h t l o s s  

o f  6 .5  p e r  c e n t  was a c c o m p lish e d  by th e  above p r o c e d u r e .  

The c o n c e n t r a te d  u n f r a c t i o n a t e d  e x t r a c t  c o n ta in e d  8 .3 2  

p e r  c e n t  s o l i d s ,  f r a c t i o n  B, 6 .6 6  p e r  c e n t  s o l i d s ,  and 

f r a c t i o n  A, 1 .1 2  p e r  c e n t  s o l i d s .

I t  was found  t h a t  t h e  a c t i v e  m a t e r i a l  o f  f r a c t i o n  

B c o u ld  be q u a n t i t a t i v e l y  p r e c i p i t a t e d  from aqueous 

s o l u t i o n  by a c e to n e  and d io x a n e .  I f  d i s s o l v e d  i n  90 p e r  

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

and e th y le n e  d i c h l o r i d e .  Such p r e c i p i t a t i o n s  were 

accom panied by no im p o r ta n t  w e ig h t  l o s s ,  and no d i v i s i o n  

o f  a c t i v i t y  was a c c o m p l ish e d .  The p r e c i p i t a t e s  were 

n e v e r  c r y s t a l l i n e  b u t  were v i s c o u s  and gummy. S in c e  no 

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

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

r e p o r t e d  i n  d e t a i l .

Many a t t e m p ts  have been  made t o  c r y s t a l l i z e  a c t i v e  

m a t e r i a l  from m eth an o l and  w a te r  s o l u t i o n s  o f  f r a c t i o n  B.
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The p ro c e d u r e s  u se d  may be l i s t e d  a s  f o l lo w s :  Concen­

t r a t e d  s o l u t i o n s  i n  m e th a n o l ,  and m e th an o l s o l u t i o n s  t o  

w hich  were added  v a r y in g  am ounts o f  e t h e r ,  a c e t o n e ,  

d io xane  o r  e th y le n e  d i c h l o r i d e ,  were a l lo w e d  t o  s ta n d  

f o r  many days a t  room t e m p e r a t u r e ,  i n  t h e  r e f r i g e r a t o r ,  

and in  t h e  d ry  i c e  r e f r i g e r a t o r .  T hese  p r o c e d u r e s  were 

v a r i e d  by making such  s o l u t i o n s  a c i d  o r  a l k a l i n e  in  

v a r y in g  d e g r e e s .  S o l u t i o n s  o f  th e  f r a c t i o n  were t r e a t e d  

w i th  ammonium s u l f a t e  i n  v a r y in g  c o n c e n t r a t i o n s .  The 

a c t i v e  m a t e r i a l  was a d s o rb e d  c h ro m a to g r a p h ic a l ly  on 

v a r i o u s  a lum ina  a d s o r b e n t s  and on v e g e t a b l e  c h a r c o a l .

I t  was r e c o v e r a b l e  from  th e  a lu m in a  a d s o r b e n t s  b u t  n o t  

from  th e  c h a r c o a l .  To d a te  no a c t i v e  c r y s t a l l i n e  

m a t e r i a l  h a s  been  o b t a i n e d  by any p r o c e d u r e .
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S in c e  t h e  a c t i v e  m a t e r i a l  o f  f r a c t i o n  B co u ld  

n o t  be c r y s t a l l i z e d  by  any o f  t h e  m ethods employed i t  

was s u b j e c t e d  t o  h y d r o l y s i s .  A sam ple o f  t h i s  f r a c t i o n  

was m ixed w i th  s u f f i c i e n t  c o n c e n t r a t e d  h y d r o c h l o r i c  

a c i d  t o  e q u a l  5 p e r  c e n t .  The m ix tu r e  was b o i l e d  i n  

a  r e f l u x  s t i l l  f o r  12 h o u r s .  Most o f  th e  h y d r o c h l o r i c  

a c i d  was t h e n  removed by r e p e a t e d  vacuum d i s t i l l a t i o n .  

The r e s i d u e  was made up to  th e  o r i g i n a l  volume i n  

w a te r  and f i l t e r e d .  The h y d r o ly z e d  f r a c t i o n  was t e s t e d  

f o r  a c t i v i t y  i n  t h e  p r e s e n c e  and i n  t h e  a b sen c e  o f  

f r a c t i o n  A. F o r  co m p a r iso n  c u l t u r e s  c o n ta in i n g  un ­

h y d ro ly z e d  f r a c t i o n  B were s e t  up i n  th e  same m anner. 

The c o m b in a t io n s  u s e d ,  and t h e  r e s u l t s  o b t a i n e d ,  a re  

shown i n  T ab le  9 and F i g .  9 .

F o r c o n v en ien c e  i n  d i s c u s s i o n  t h e  f o l lo w in g  

sym bols w i l l  be u se d :

B c u l t u r e s  — c u l t u r e s  c o n t a i n i n g  f r a c t i o n  B 

b u t  n o t  f r a c t i o n  A.

A-B c u l t u r e s  — c u l t u r e s  c o n ta in i n g  b o th  f r a c t i o n  

A and f r a c t i o n  B.

HB c u l t u r e s  — c u l t u r e s  c o n ta in i n g  h y d r o ly z e d  

f r a c t i o n  B b u t  n o t  f r a c t i o n  A.

HB-A c u l t u r e s  - -  c u l t u r e s  c o n ta in i n g  h y d ro ly z e d  

f r a c t i o n  B and f r a c t i o n  A.
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Table 9

E ffe c t  of h y d ro ly s is  o f  th e  a lcoho l so lub le  
f r a c t io n  upon growth and pH

Tube
No. Per oent of f r a c t io n

M. A. a t  
48 

hours

M. A. a t  
72 

hours

pH a t  
72 

hours

1 0 .5 B 14 13 6 .0
2 1 .0 ii 14 17 6.1
3 1 .5 » 15 17 6 .8
4 2.0 it 17 18 7.0
5 2.5 n 19 18 7.1

6 0 .5 A-B 15 16 6 .0
7 1 .0 ii 18 20 6 .0
8 1 .5 n 23 25 6 .4
9 2.0 u 25 30 6.4

10 2.5 n 27 30 6.9

11 0 .5 HB 5 7 6.0
12 1 .0 ii 7 12 6 .0
13 1 .5 ii 10 21 6 .0
14 2 .0 M 12 27 6 .0
15 2 .5 II 16 34 6 .0

16 0 .5 HB-A 6 8 6.0
17 1 .0 it 8 17 6 .0
18 1 .5 it 10 26 6 .0
19 2 .0 ii 15 30 6 .0
20 2 .5 n 20 31 6 .0
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The a l k a l i n i z l n g  f a c t o r  was e i t h e r  d e s t r o y e d  o r  

v e r y  g r e a t l y  d im in is h e d  by  h y d r o l y s i s .  The pH v a l u e s  

o f  t h e  HB and t h e  HB-A c u l t u r e s  were l e s s  t h a n  6 .0  i n  

a l l  c o n c e n t r a t i o n s  a t  t h e  end o f  72 h o u r s ,  w h e rea s  th e  

pH v a l u e s  o f  t h e  B o r  A-B c u l t u r e s  showed th e  t y p i c a l  

p i c t u r e  o f  i n c r e a s i n g  pH v a lu e s  w i th  i n c r e a s in g  con­

c e n t r a t i o n .

A f t e r  t h e  f i r s t  48 h o u rs  t h e  g row th  o b t a in e d  i n  t h e  

HB and th e  HB-A c u l t u r e s ,  a s  d e te rm in e d  by U. A. r e a d ­

i n g s ,  was much i n f e r i o r  t o  t h a t  o b t a i n e d  in  t h e  B o r  

A-B c u l t u r e s .  T h is  was e s p e c i a l l y  t r u e  i n  th e  lo w e r  

c o n c e n t r a t i o n s .  At 72 h o u r s  t h e  M. A. r e a d i n g s  o f  th e  

HB and HB-A c u l t u r e s  h a d  g r e a t l y  i n c r e a s e d ,  w h e rea s  t h e  

r e a d i n g s  f o r  t h e  B and A-B c u l t u r e s  had  i n c r e a s e d  o n ly  

s l i g h t l y .  I n  c o n c e n t r a t i o n s  o v e r  1 p e r  c e n t  t h e  

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

t h o s e  o f  th e  B c u l t u r e s .  L i t t l e  d i f f e r e n c e  e x i s t e d  

i n  t h e  r e a d in g s  o f  t h e  HB, t h e  HB-A, and th e  A-B 

c u l t u r e s  i n  th e  h i g h e r  c o n c e n t r a t i o n s .  At a concen ­

t r a t i o n  o f  2 .5  p e r  c e n t  o f  th e  r e s p e c t i v e  f r a c t i o n s  

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

A-B c u l t u r e s .  S in ce  t h e  HB f r a c t i o n  was d e r iv e d  from  

t h e  B f r a c t i o n ,  and s in c e  a  c o m b in a t io n  o f  B and A 

f r a c t i o n s  were shown t o  be n e c e s s a r y  f o r  maximum 

a c t i v i t y ,  t h e  h ig h  M. A. r e a d i n g s  o f  th e  HB c u l t u r e s  

c r e a t e d  a  p e r p l e x in g  s i t u a t i o n .
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How e v e r  , i f  c u l t u r e s  c o n ta in i n g  e q u i v a l e n t  concen­

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

com pared , t h e  B and A-B c u l t u r e s  a p p e a re d  much more 

t u r b i d  t h a n  th e  HB and  HB-A c u l t u r e s .

I t  became e v i d e n t ,  t h e r e f o r e ,  t h a t  p h o t o e l e c t r i c  

m easurem ent o f  t u r b i d i t y  w i th  a  r e f l e c t i n g  in s t r u m e n t  

d i d  n o t  g iv e  s u f f i c i e n t  i n f o r m a t io n  ab o u t c u l t u r e s  

u n d e r  c e r t a i n  c o n d i t i o n s  o f  g ro w th .

J u s t  p r i o r  to  th e  c o m p le t io n  o f  t h i s  e x p e r im e n t  an  

a l t e r n a t i v e  method o f  m ea su r in g  g ro w th ,  o r  p e rh a p s  more 

p r o p e r l y ,  o f  a p p r a i s i n g  m ed ia ,  had  b e e n  d e v i s e d .  T h is  

m ethod c o n s i s t e d  o f  d e te r m in in g  th e  a c t u a l  packed  

volume o f  b a c t e r i a  i n  any  l i q u i d  medium. By w e ig h in g  

m ercu ry  th e  t o t a l  v o lu m es ,  and th e  volum es o f  t h e  

c a l i b r a t e d  s te m s ,  were d e te rm in e d  f o r  s e v e r a l  Van A l le n  

h e m a to c r i t  t u b e s .  From t h e s e  d a t a  i t  was p o s s ib l e  t o  

c a l c u l a t e  a  f a c t o r  f o r  e ac h  tu b e  a s  f o l lo w s ;  What 

p e r  c e n t  o f  th e  t o t a l  volume i s  th e  volume o f  t h e  stem ? 

L e t  Vs e q u a l  t h e  volume o f  t h e  stem  and  V-̂  e q u a l  t o t a l  

vo lum e, t h e n

Vs x 100
  -------  r  stem volume p e r  c e n t .

Vt

Now s in c e  th e  stem  i s  d i v id e d  i n t o  100 s c a l e  d i v i s i o n s ,

V3
=: volume o f  1 s c a l e  d i v i s i o n  o f  c a l i b r a t e d

stem
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and

Vt
= volume p e r  c e n t  o f  1 s c a l e  d i v i s i o n  o f  

c a l i b r a t e d  stem

and

= f a c t o r

To m easure th e  volume o f  c e l l s  i n  an y  s u s p e n s io n  o f  

o rg an ism s  a tu b e  was c o m p le te ly  f i l l e d .  The tu b e  was 

s e a l e d  and c e n t r i f u g e d .  A f t e r  maximum p a c k in g  was 

o b ta in e d  t h e  h e ig h t  o f  th e  column o f  p ack ed  c e l l s  was 

r e a d  o f f  th e  c a l i b r a t e d  s tem . By m u l t i p ly i n g  w i th  th e  

a p p r o p r i a t e  f a c t o r  f o r  e a c h  t u b e ,  any r e a d i n g  co u ld  be 

c o n v e r te d  d i r e c t l y  t o  c e l l  volume p e r  c e n t .  Owing t o  

an  o b j e c t i o n a b l e  f e a t u r e  i n  th e  d e s ig n  o f  c o m m e rc ia l ly  

a v a i l a b l e  Van A l le n  h e m a to c r i t  tu b e s  i t  was n e c e s s a r y  

t o  c e n t r i f u g e  f i r s t  i n  a  h o r i z o n t a l  and th e n  in  an 

a n g le  c e n t r i f u g e .  The speed  o f  c e n t r i f u g a t i o n  was 

4 ,0 0 0  r . p .m .  and th e  t im e  was 20 m in u te s  f o r  each  

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

to  g e t  th e  b a c t e r i a  i n t o  t h e  s tem s and t h e  a n g le  

c e n t r i f u g a t i o n  was n e c e s s a r y  t o  pack  th e  b a c t e r i a .

The n a tu r e  o f  t h e  o b j e c t i o n a b l e  d e s i g n ,  and th e  

m ethods u s e d  i n  overcom ing  t h e  n e c e s s i t y  f o r  two 

c e n t r i f u g a t i o n s ,  w i l l  be g iv e n  in  a n o th e r  p l a c e .

In  E xp erim en t 11 , c e l l  volume p e r c e n t a g e s  were
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d e te rm in e d  f o r  tu b e s  8 and 9 from t h e  A-B g ro u p ,  and 

tu b e s  18 and 19 from  th e  HB-A g ro u p . Note t h a t  t u b e s  

8 and 18 had M. A. r e a d in g s  o f  25 and 26 , r e s p e c t i v e l y ,  

and t h a t  tu b e s  9 and 19 each  had an  M. A. r e a d in g  o f  

30 . C e l l  volume p e r c e n ta g e s  were found  t o  be :

Tube No. 8 0 .2 8 3  p e r  c e n t  A-B c u l t u r e

18 0 .0 9 8  HB-A

9 0 .2 9 6  A-B

19 0 .1 1 0  HB-A

I t  i s  e v id e n t  t h a t  w i th  t h e  same M. A. r e a d in g s  

t h e  A-B c u l t u r e s  had c e l l  volume p e r c e n ta g e s  a p p ro x im a te ly  

t h r e e  t im e s  a s  g r e a t  a s  th o s e  o f  t h e  HB-A c u l t u r e s .

These d a t a  a g r e e d  w i th  v i s u a l  o b s e r v a t i o n s  o f  t u r b i d i t y  

on t h e s e  c u l t u r e s .  When f i r s t  d e v i s e d ,  and w h ile  s t i l l  

in  th e  e x p e r im e n ta l  s t a g e ,  th e  number o f  c e l l  volume 

tu b e s  and th e  number o f  s p r i n g  s e a l i n g  c l i p s  were v e ry  

l i m i t e d .  F o r t h i s  r e a s o n  c e l l  volume p e rc e n ta g e s  

were n o t  d e te rm in e d  f o r  a l l  th e  c u l t u r e s  o f  t h i s  

e x p e r im e n t .

The s i g n i f i c a n c e  o f  t h i s  d i s c r e p a n c y  be tw een  M. A. 

r e a d i n g s  and c e l l  volume became th e  b a s i s  f o r  much 

s p e c u l a t i o n .  A s m a l l e r  c e l l  volume might have been  

i n t e r p r e t e d  t o  mean few er o rg a n ism s  o r  a  s m a l l e r  amount 

o f  b a c t e r i a l  p ro to p la s m  b u t  no d e f i n i t e  c o n c lu s io n s  

c o u ld  be drawn. Samples o f  t h e  v a r i o u s  c u l t u r e s  were 

o b se rv ed  in  d a rk  f i e l d  p r e p a r a t i o n s  by F o shay . He
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r e p o r t e d  t h a t  no s i g n i f i c a n t  d i f f e r e n c e  in  numbers o f  

o rganism s p e r  f i e l d  cou ld  be o b se rv ed  but t h a t  a 

predom inance o f  l a r g e  g lo b u la r  forms e x i s t e d  i n  th e  

A-B c u l t u r e s ,  whereas a predom inance o f  s m a l l ,  com­

p a c t ,  s o l i d - a p p e a r in g  o rgan ism s e x i s t e d  in  th e  HB-A 

c u l t u r e s .  Thus i t  c o u ld  n o t  be assumed t h a t  th e  

s m a l le r ,  d e n se r  o rg an ism s  d id  n o t  c o n ta in  even  more 

b a c t e r i a l  p r o t e i n  p e r  o rgan ism  th a n  th e  l a r g e r  l e s s  

dense g lo b u la r  fo rm s. On th e  o th e r  hand, a  h ig h  

t u r b i d i t y  r e a d in g  must i n d i c a t e  e i t h e r  a  l a r g e  

number o f o rgan ism s o r  an in c r e a s e  in  th e  r e f l e c t i v e  

p r o p e r t i e s  o f  a  r e l a t i v e l y  s m a l le r  number o f  o rg an ism s .

I f  a  medium produced  a l a r g e  number o f  sm a ll  compact 

o rg an ism s, c o u ld  i t  be assumed to  be a  b e t t e r  medium 

th a n  a n o th e r  which produced a r e l a t i v e l y  s m a l le r  

number o f  "plump” o rgan ism s i f  th e  t o t a l  r e f l e c t i v e  

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

th e  same? I n  such  a s i t u a t i o n  would a  d e te r m in a t io n  

o f  a c tu a l  numbers o f  o rg an ism ^  e i t h e r  v i a b l e  o r  non- 

v i a b l e ,  be o f  any a s s i s t a n c e  in  a p p ra i s in g  media?

F u r th e r ,  t h e  a l k a l i n i z i n g  f a c t o r  was g r e a t l y  

d im in ish ed  o r  d e s tro y e d  by h y d r o ly s i s .  High t u r b i d i t y  

r e a d in g s  i n  a c id  c u l t u r e s  were one of th e  c h a r a c t e r i s t i c s  

o f th e  i r r e g u l a r  r e s u l t s  observed  in  Experim en ts  7 ,  8 ,  

and 9 . The c u l t u r e s  c o n ta in in g  h y d ro ly z ed  ( a l b e i t  

n e u t r a l i z e d )  b lood  c e l l  e x t r a c t  became r a p i d l y  and
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s t r o n g l y  a c i d .  These c u l t u r e s  showed w hat m ig h t  be 

r e f e r r e d  t o ,  f o r  l a c k  o f  a  b e t t e r  te rm ,  "ab n o rm a lly "  

h ig h  t u r b i d i t y  v a l u e s .  I f  t h e s e  t u r b i d i t y  v a lu e s  

were '’ab no rm al"  t h e n  t h e  q u e s t i o n  a r o s e ,  Were t h e  

i r r e g u l a r i t i e s  o b se rv e d  i n  E x p e r im e n ts  7 ,  8 , and 9 

due to  t h i s  t y p e  o f  " a b n o r m a l i ty " ?  To p h r a s e  t h e  

q u e s t i o n  d i f f e r e n t l y ,  Do c u l t u r e s  w hich become a c i d  

g iv e  r i s e  t o  a  ty p e  o f  o rg a n ism  t h a t  i s  c a p a b le  o f  

r e f l e c t i n g  more t h a n  t h e  u s u a l  amount o f  l i g h t ,  

t h u s  r e s u l t i n g  i n  " a b n o rm a lly "  h ig h  t u r b i d i t y  v a lu e s ?  

I f  s o ,  t h e n  t h e  whole m a t t e r  o f  a p p r a i s i n g  m edia  

w i th  t u r b i d i m e t r i c  m ethods would be b ro u g h t  i n t o  

q u e s t i o n .  O b v io u s ly ,  t h i s  was a  m a t t e r  o f  p r im a r y  

im p o r ta n c e .  The r e s o l u t i o n  o f  t h e s e  p ro b lem s  

became th e  o b j e c t  o f  t h e  e x p e r im e n ts  t h a t  f o l lo w .
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E x p er im en t  12

To open an  i n v e s t i g a t i o n  o f  t h e  u s e f u l n e s s  o f  

t u r b i d i m e t r i c  m ethods f o r  a p p r a i s i n g  m edia an 

e x p e r im e n t  was d e s ig n e d  t o  d e te rm in e  w hat, i f  a n y ,  

d i f f e r e n c e s  e x i s t e d  b e tw een  t h e  a c t i v i t y  c u rv e s  

o b ta in e d  by t u r b i d i m e t r i c  m easu rem en ts  and th e  

a c t i v i t y  c u rv e s  o b ta in e d  b y  c e l l  volume d e te r m in a ­

t i o n s  i n  an o r d i n a r y  a s s a y  o f  u n h y d ro ly ze d  e x t r a c t .

B lood c e l l  e x t r a c t  L o t No. 9 was added t o  

sam ples  o f  b a s i c  medium i n  c o n c e n t r a t i o n s  from  1 t o  

5 p e r  c e n t .  I t  was e x p e c te d  t h a t  c u l t u r e s  from 

t h e s e  m edia would show an  i r r e g u l a r  t u r b i d i t y  

cu rv e  a s  d e s c r i b e d  i n  E x p e r im e n ts  7 ,  8 , and 9 . I f  

t h e  v a lu e s  o b ta in e d  by  c e l l  volume d e t e r m i n a t i o n s  

sh o u ld  r e s u l t  i n  a  s i m i l a r  cu rve  t h e n  t h e  i r r e g u ­

l a r i t i e s  would have t o  be r e g a r d e d  a s  r e p r e s e n t i n g  

a c t u a l  d i f f e r e n c e s  i n  amount o f  b a c t e r i a l  s u b s ta n c e  

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

t h e  c h o ic e  o f  a  method f o r  a p p r a i s i n g  m edia c o u ld  be 

r e g a r d e d  a s  an  u n d e c id e d  m a t t e r ,  s u b j e c t  t o  f u r t h e r  

i n v e s t i g a t i o n .

The c u l t u r e s  were s e t  up  i n  125 c c .  E rlenm eyer 

f l a s k s  i n s t e a d  o f  th e  b u lb  t u b e s  p r e v i o u s l y  u s e d .

The t o t a l  volume o f  e a c h  c u l t u r e  was 5 c c .  The 

c u l t u r e s  were i n o c u l a t e d  w i th  0 .1  c c .  o f  a su s ­

p e n s io n  o f  o rg an ism s  from a  24 hour l i q u i d  c u l t u r e .
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The o rg an ism s had  been  washed t h r e e  t im e s  and r e s u s ­

pended t o  volume w i th  s a l i n e .

At th e  end o f  60 h o u rs  tf. A. r e a d i n g s ,  c e l l  volume 

p e r c e n t a g e s ,  and pH v a lu e s  were d e te rm in e d .  The 

r e s u l t s  a r e  g iv e n  i n  T ab le  10 and F ig .  10.

The a l k a l i n i z i n g  e f f e c t  o f  i n c r e a s in g  am ounts o f  

b lo o d  c e l l  e x t r a c t  was a g a in  a p p a r e n t .  The pH v a lu e s  

o f  t h e  1 p e r  c e n t  c u l t u r e s  a v e ra g e d  5 .1 .  The pH 

v a l u e s  o f  t h e  2 p e r  c e n t  c u l t u r e s  were 6 .9 .  A l l  

c u l t u r e s  c o n ta in in g  more th a n  2 p e r  c e n t  o f  t h e  ex ­

t r a c t  had pH v a lu e s  o f  7 .2  o r  o v e r .

The a c t i v i t y  c u rv e s  o b t a in e d  by  th e  two m ethods 

were s t r i k i n g l y  d i s s i m i l a r .  H igh t u r b i d i t y  was 

o b ta in e d  in  th e  1 p e r  c e n t  c u l t u r e .  Maximum t u r b i d i t y  

was o b ta in e d  in  t h e  2 p e r  c e n t  c u l t u r e .  The 3 ,  4 ,  and 

5 p e r  c e n t  c u l t u r e s  showed l e s s  t u r b i d i t y  t h a n  t h e

2 p e r  c e n t  c u l t u r e .  The cu rv e  was i r r e g u l a r .  On th e

o t h e r  h a n d , th e  1 p e r  c e n t  c u l t u r e s  showed an a v e ra g e  

c e l l  volume p e r  c e n t  o f  0 .1 9 6 .  The 2 p e r  c e n t  c u l t u r e s  

showed an av erage  c e l l  volume pe r  c e n t  o f  0 .3 8 2 .  The

3 p e r  c e n t  c u l t u r e s  showed an  a v e ra g e  c e l l  volume o f

0 .4 6  and so on . Each s u c c e s s iv e  in c r e a s e  i n  concen­

t r a t i o n  o f  e x t r a c t  r e s u l t e d  in  an  i n c r e a s e  i n  c e l l  

volume p e r  c e n t .

C e l l  volume p e r c e n ta g e  v a lu e s  g ra p h e d  a g a i n s t  th e  

lo g a r i th m s  o f  t h e  c o n c e n t r a t i o n s  o f  e x t r a c t  r e s u l t e d  in
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Table 10

COmparypsn o f  r e s u l t s  o b ta in e d  on c u l tu re s  measured: 
(1 ) t u r b ld i m e t r i c a l l y  ( 2 ) by d e te rm in a tio n  of packed

c e l l  volume

F la sk  Per cent T u rb id i ty  C ell  volume
No. 5. C. Ex. in  M. A, per cent

1 43 0.198
2 1 43 0.194

3 48 0.384
4 2 50 0.379

5 40 0.456
6 3 44 0.466

7 39 0.538
8 4 40 0. 556

9 43 0.607
10 5 42 0.593

5 .0
0.196 5 .2

6.9
0 .382  e .g

0 .460

0.547

0.600

7 .2
7 .3

7 .3
7 .4

7 .4
7 .4

R e su l ts  ob ta ined  a t  th e  end o f  60 h o u rs '  in cub a tion
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a  s t r a i g h t  l i n e .  W ith in  t h e  l i m i t s  o f  t h e  ex p er im en t  

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

d e c r e a s in g  in c re m e n ts  a s  th e  c o n c e n t r a t i o n  o f  t h e  

e x t r a c t  was i n c r e a s e d .

I t  was co nc lud ed  t h a t  t u r b i d i t y  m easurem ents  

co u ld  n o t  be r e g a r d e d  a s  n e c e s s a r i l y  r e p r e s e n t a t i v e  

o f  b a c t e r i a l  s u b s ta n c e  p r e s e n t  i n  th e  c u l t u r e s .  The 

c h o ic e  o f  a method o f  m easurem ent was an  open q u e s ­

t i o n  and s u b j e c t  t o  f u r t h e r  w ork , b u t  from  th e  

s t a n d p o in t  o f  a q u a n t i t a t i v e  i n t e r p r e t a t i o n  i t  c o u ld  

r e a s o n a b ly  be e x p e c te d  t h a t  c e l l  volume d e te rm in a ­

t i o n s  would have g r e a t e r  u t i l i t y  t h a n  t u r b i d i t y  

r e a d i n g s .
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E xperim ent 13

A d i s c r e p a n c y  o f  m ajor p r o p o r t i o n s  had  b een  shown 

t o  e x i s t  be tw een  t u r b i d i t y  r e a d i n g s  and c e l l  volume 

p e r c e n ta g e  v a lu e s  i n  v a r i o u s  c u l t u r e s .  I n  t h i s  e x p e r i ­

ment th e  two m ethods were a g a in  u se d  i n  t h e  same 

manner a s  i n  E xperim ent 12. At t h e  same t im e  m ic ro -  

K je ld a h l  d e t e r m in a t io n s  o f  b a c t e r i a l  n i t r o g e n  were 

made a s  a  s ta n d a rd  o f  r e f e r e n c e  a g a i n s t  w hich  t h e  

two m ethods co u ld  be compared. The g e n e r a l  p ro c e d u re  

was a d u p l i c a t i o n  o f  th e  p re v io u s  e x p e r im e n t  e x c e p t  

t h a t  th e  f i n a l  volume o f  eac h  medium was 10  c c . , and 

250 c c .  E rlenm eyer f l a s k s  were u se d  a s  c u l t u r e  

v e s s e l s .

At t h e  end o f  60 h o u rs  M. A. r e a d i n g s ,  c e l l  

volume p e r c e n t a g e s ,  and b a c t e r i a l  n i t r o g e n  d e te rm in a ­

t i o n s  were made.

For th e  n i t r o g e n  d e te r m in a t io n s  5 c c .  o f  eac h  

c u l t u r e  were p la c e d  i n  s e p a r a t e  15 c c .  c o n ic a l  

c e n t r i f u g e  tu b e s  and sed iraen ted  in  an a n g le  c e n t r i ­

fu g e .  The m edia were poured  o f f  and th e  b a c t e r i a  

were washed t h r e e  t im e s  w i th  s a l i n e .  A f t e r  t h e  

l a s t  s e d im e n ta t io n  th e  pack ed  b a c t e r i a  were q u a n t i ­

t a t i v e l y  t r a n s f e r r e d  to  m ic ro -K J e ld a h l  f l a s k s .  

D ig e s t io n ,  d i s t i l l a t i o n ,  and t i t r a t i o n  o f  t h e  s p e c i ­

mens were a c c o rd in g  t o  t h e  u s u a l  t e c h n i q u e s .

The r e s u l t s  a re  g iv e n  i n  T ab le  11 and F i g .  11.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 11

Growth o f  c u l t u r e s  a s  d e te rm in e d  by t h r e e  d i f f e r e n t  
m ethods: t u r b i d i t y ,  volume o f  c e l l s ,  b a c t e r i a l

n i t r o g e n

F la s k P e r  c e n t T u r b i d i t y C e l l  volume Mgm. o f T e rm in a l
No. 5 .  C. Ex. i n  M. A. p e r  c e n t n i t r o g e n pH

1 «i 35 0 .1 7 2 0 .1 8 8 5 .3
2 1 34 0 .1 8 7 0 .1 8 2 5 .2

3 o 41 0 .3 1 3 0 .2 8 8 7 .0
4 2 40 0 .3 0 6 0 .2 7 7 7 .0

5 39 0 .3 6 8 0 .3 1 6 7 .4
6 O 42 0 .3 8 2 0 .3 1 9 7 .4

7 A 37 0 .4 1 0 0 .3 3 6 7 .6
8 4 40 0 .4 2 6 0 .3 3 6 7 .6

9 40 0 .4 5 8 0 .3 5 0 7 .6
1 0 5 39 0 .4 7 2 0 .3 4 2 7 .6

R e s u l t s  o b t a in e d  a t  th e  end o f  60 h o u r s '  i n c u b a t i o n
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The same d i s c r e p a n c y  be tw een  t u r b i d i t y  r e a d i n g s  and 

c e l l  volume p e r c e n t a g e s  was e v i d e n t ,  and th e  g e n e r a l  

fo rm s o f  th e  r e s p e c t i v e  c u rv e s  were th e  same in  

t h i s  ex p e r im en t  a s  t h e y  were i n  E xperim ent 12 . C e l l  

volume p e r c e n t a g e s  and  b a c t e r i a l  n i t r o g e n  v a lu e s  

gave s i m i l a r  b u t  n o t  i d e n t i c a l  c u r v e s .  W ith in  t h e  

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

b lo o d  c e l l  e x t r a c t  i n c r e a s e d  b a c t e r i a l  n i t r o g e n  and 

c e l l  volume p e r c e n t a g e s .  The c u rv e s  f o r  b a c t e r i a l  

n i t r o g e n  and c e l l  volume p e r c e n t a g e s  were u n ifo rm .  

Maximum t u r b i d i t y  was o b t a in e d  i n  t h e  2 p e r  c en t  

c u l t u r e .  F u r th e r  i n c r e a s e  i n  e x t r a c t  d i d  n o t  in ­

c r e a s e  t h e  r e a d i n g s .  The t u r b i d i t y  cu rv e  was 

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

i t  was co n c lu d ed  t h a t  c e l l  volume p e r c e n ta g e  v a lu e s  

more n e a r l y  r e p r e s e n t e d  b a c t e r i a l  n i t r o g e n  v a lu e s  

t h a n  d id  t u r b i d i t y  r e a d i n g s .  Assuming t h a t  b a c t e r i a l  

n i t r o g e n  was an  a c c u r a t e  i n d i c a t o r  o f  th e  q u a l i t y  o f  

a medium, i t  fo l lo w e d  t h a t  c e l l  volume d e te r m i n a t i o n s  

were o f  g r e a t e r  v a lu e  f o r  t h i s  p u rp o se  t h a n  t u r b i d i t y  

r e a d in g s  o b ta in e d  w i th  a r e f l e c t i n g  t u r b i d i t y  com­

p a r a t o r .

The a l k a l i n i z i n g  e f f e c t  o f  i n c r e a s i n g  amounts o f  

b lo o d  c e l l  e x t r a c t  was a p p a r e n t  i n  t h i s  e x p e r im e n t .  The 

pH v a l u e s  o f  th e  1 p e r  c e n t  c u l t u r e s  a v e ra g e d  5 .3 .  The
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pH v a lu e s  of t h e  2 p e r  c e n t  c u l t u r e s  were 7 .0 .  A l l  

c u l t u r e s  c o n ta in in g  more t h a n  2 p e r  c e n t  o f  th e  

e x t r a c t  had  pH v a lu e s  o f  7 .4  o r  o v e r .

A ra n g e  o f  pH v a lu e s  from s t r o n g l y  a c i d  r e a c t i o n s  

t o  m o d e ra te ly  and som etim es m ark ed ly  b a s i c  r e a c t i o n s ,  

a s s o c i a t e d  w i th  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  e x t r a c t ,  

h a s  b een  a v e ry  c o n s t a n t  f i n d i n g .  W ith  c u l t u r e s  o f  

an  o rgan ism  known t o  be h i g h l y  p leo m o rp h ic  th e  

e f f e c t  o f  w id e ly  v a r y in g  h yd rog en  io n  c o n c e n t r a t i o n  

upon th e  o p t i c a l  p r o p e r t i e s  o f  th e  o rg an ism s  can n o t  

be assumed to  be n e g l i g i b l e .  A ltho ugh  n o t  p ro v e n  

i n  any  d e g re e  i t  a p p e a re d  r e a s o n a b le  t o  s p e c u l a t e  

t h a t  v a r i o u s  form s w i th  v a r y in g  o p t i c a l  p r o p e r t i e s  

were p ro d u ced  by c u l t u r e s  g row ing  a t  d i f f e r e n t  

r e a c t i o n s .  In  t h i s  manner th e  h ig h  t u r b i d i t y  

v a lu e s  e n c o u n te re d  i n  t h e  1 and 2 p e r  c e n t  c u l t u r e s  

have been  a cc o u n te d  f o r .  I n  a lm o s t  a l l  c a s e s  th e  

1 and 2 p e r  c e n t  c u l t u r e s  showed s l i g h t l y  t o  s t r o n g l y  

a c id  r e a c t i o n s .  .The low er t u r b i d i t y  v a lu e s  in  

c u l t u r e s  c o n ta in in g  more t h a n  2 p e r  c e n t  e x t r a c t  

were a lm ost a lw ays a s s o c i a t e d  w i th  r e l a t i v e l y  more 

b a s i c  r e a c t i o n s .  T hu s , t h e  c u l t u r e s  c o n ta in i n g  

h ig h e r  h yd ro gen  io n  c o n c e n t r a t i o n s  may t e n d  t o  

o f f s e t  a c t u a l  d i f f e r e n c e s  i n  g row th  by  p ro d u c in g  

o rg an ism s  w hich  a re  more h i g h l y  r e f l e c t i v e  th a n  

th o s e  o rg an ism s p ro d u ce d  by more b a s i c  c u l t u r e s .
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I t  may b e ,  how ever, t h a t  pH i s  o n ly  an  a s s o c i a t e d  

phenomenon, and n o t  d i r e c t l y  r e s p o n s i b l e  f o r  t h e  

d i s c r e p a n c i e s  o b s e rv e d .  I t  a p p e a rs  p ro b a b le  t h a t  

o t h e r  unknown f a c t o r s  may i n f lu e n c e  th e  g row th  and 

t h e  form  o f  th e  o rg a n is m s  becau se  t h e  p e c u l i a r i t i e s  

i n  t u r b i d i t y  v a l u e s ,  t h e  "abnorm al h i g h s , "  a r e  

o b se rv e d  w h e th er  t h e  pH ra n g e  e n c o u n te re d  i s  5 .2  t o  

6 .4  o r  5 .0  t o  7 . 6 .  S a t i s f a c t o r y  e x p l a n a t i o n  o f  t h e  

o b se rv e d  f a c t s  can n o t be made a t  t h i s  t im e .  F u r t h e r  

work w i l l  be n e c e s s a r y .

As h a s  been  s t a t e d ,  c o m m e rc ia l ly  a v a i l a b l e  Van 

A l le n  t u b e s  were i n c o r r e c t l y  d e s ig n e d  f o r  b a c t e r i a l  

c e l l  volume d e t e r m i n a t i o n s .  The lo w e r  p o r t i o n  o f  

t h e  b u lb  was n o t  t a p e r e d  g r a d u a l l y  and e v e n ly  t o  

t h e  d ia m e te r  o f  th e  s te m , b u t  th e  j u n c t u r e  was 

a b r u p t .  I t  was n e c e s s a r y  t o  u se  an a n g le  c e n t r i ­

fu g e  t o  o b t a i n  p a c k in g  o f  t h e  o r g a n is m s .  A tu b e  

w i th  an  u n ta p e r e d  b u l b ,  h e ld  a t  an a n g l e ,  p r e s e n t e d  

a  cu rv ed  p o c k e t  o r  le d g e  on w hich  t h e  o rg an ism s  

c o l l e c t e d .  To d e l i v e r  th e  o rg a n is m s  i n t o  t h e  

stem  r e q u i r e d  h o r i z o n t a l  c e n t r i f u g a t i o n .  T h is  

p ro c e d u re  was t im e  consum ing and g e n e r a l l y  un­

s a t i s f a c t o r y .

For t h i s  r e a s o n  c e l l  volume t u b e s  were con­

s t r u c t e d  by t h e  a u th o r .  These tu b e s  were hand 

b low n from  s e l e c t e d  p y rex  c a p i l l a r y  t u b in g .  They
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were c o n s t r u c t e d  w i th  g r a d u a l  u n ifo rm  t a p e r s  i n  th e  

lo w er  p a r t  o f  th e  b u l b s .  W ith  t h e s e  new t u b e s  no 

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

b a c t e r i a  were d e l i v e r e d  i n t o  t h e  s tem s and were 

packed  by  a s i n g l e  c e n t r i f u g a t i o n  i n  t h e  a n g le  

c e n t r i f u g e  ( S o r v a l l  — ty p e  G ). The t u b e s  were 

num bered , and th e  t o t a l  volume and th e  volume o f  

th e  stem  were d e te rm in e d  f o r  each  t u b e .  The volumes 

o f  t h e  s tem s were d e te rm in e d  w i th  a  m ic ro m e te r  

b u r e t t e  ( 9 ) .  The vo lum es o f  th e  b u l b s  were d e t e r ­

m ined by d i r e c t  m easu rem en ts  w i th  a  m i c r o b u r e t t e .  

From t h e s e  d a t a  a  f a c t o r  was c a l c u l a t e d  f o r  e ac h  

tu b e  a s  was d e s c r i b e d  p r e v i o u s l y .

F o r  th e  sake  o f  c o m p le te n e s s  i t  i s  a l s o  

m en tio n ed  t h a t  t h e  u s e  o f  c o m m e rc ia l ly  a v a i l a b l e  

s p r i n g  c l i p s  was abandoned . S a t i s f a c t o r y  s e a l i n g  

was n o t  o b t a i n e d  i n  t h e  m a j o r i t y  o f  c a s e s  w i th  such  

c l i p s .  A g l a s s  j a c k e t  t o  f i t  a ro u n d  th e  s tem  o f  t h e  

c e l l  volume tu b e  was d e v i s e d .  I t  was h e l d  i n  p la c e  

by  means o f  a  r u b b e r  h a l t e r  s t r e t c h e d  o v e r  t h e  

b u lb .  A sm a ll  r u b b e r  pad  o f  th e  d ia m e te r  o f  th e  

lum en was p la c e d  i n  t h e  bo ttom  o f  t h e  j a c k e t  t o  a c t  

a s  a  s e a l  and a c u s h io n  f o r  t h e  c e l l  volume tu b e .  

W ith  t h i s  d e v ic e  co m p le te  s e a l i n g  was o b t a i n e d  in  

p r a c t i c a l l y  a l l  c a s e s .  The g la s s w a r e  d e s c r i b e d  i s  

i l l u s t r a t e d  i n  F ig .  12 .
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I t  was s t a t e d  t h a t  c o n t in u o u s  s h a k in g  and a e r a t i o n  

te c h n iq u e s  p rodu ced  c u l t u r e s  which grew v e ry  r a p i d l y  

b u t  t h a t  t h e  t u r b i d i t y  r e a d i n g s  o b t a i n a b l e  were o f  no 

s t a t i s t i c a l  v a lu e  b e c a u se  o f  th e  g r e a t  v a r i a b i l i t y  

w hich  was e n c o u n te re d .  I t  had been d e te rm in e d  t h a t  

c e l l  volume d e t e r m i n a t i o n  were more r e p r e s e n t a t i v e  o f  

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

o r d i n a r y  un shaken  c u l t u r e s .  I t  ap p ea re d  p ro b a b le  

t h a t  t h i s  m igh t a l s o  be t r u e  f o r  shaken  c u l t u r e s .

To s e p a r a t e  sam ples  o f  b a s i c  medium i n c r e a s i n g  

amounts o f  b lo o d  c e l l  e x t r a c t  were added  to  g iv e  con­

c e n t r a t i o n s  o f  2 ,  4 ,  6 , 8 , and 10 p e r  c e n t .  These 

m edia  were p r e p a r e d  in  d u p l i c a t e .  They were 

i n o c u la t e d  in  t h e  u s u a l  way b u t  were c o n t in u o u s ly  

sh ak en  d u r in g  i n c u b a t i o n .  At th e  end o f  24 h o u rs  

c e l l  volume p e r c e n ta g e s  and t u r b i d i t y  r e a d in g s  were 

d e te rm in e d .  The r e s u l t s  a re  p r e s e n t e d  in  T ab le  12 

and F ig .  13.

Maximum t u r b i d i t y  r e a d in g s  were o b ta in e d  w i th  

th e  c u l t u r e s  c o n ta in in g  4 p e r  c e n t  e x t r a c t .  F u r t h e r  

in c r e a s e  in  c o n c e n t r a t i o n  d id  n o t  r e s u l t  i n  i n c r e a s e d  

t u r b i d i t y  r e a d i n g s .  The d u p l i c a t e s  o f  th e  6 p e r  c e n t  

c u l t u r e s  and t h e  d u p l i c a t e s  o f  th e  10  p e r  c e n t  c u l t u r e s  

were n o t  i n  a g reem en t.  Lack o f  ag reem ent be tw een  

d u p l i c a t e s  h a s  b een  found  to  be t y p i c a l  f o r  t u r b i d i t y
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Table 12

E f f e c t  o f  sh a k in g  on g ro w th  o f  c u l t u r e s  a s  m easured  
( 1 )  t u r b i d i m e t r l c a l l y  (2 )  by d e t e r m i n a t i o n  o f  

packed  c e l l  volume

F la s k
No.

P e r  c e n t  
B. C. Ex.

T u r b i d i t y  
in  M. A.

C e l l  volume 
p e r  c e n t

Average 
c e l l  volume

1
2 2

33
33

0 .2 1 6
0 .2 1 9 0 .2 1 8

3
4 4

107
105

0 .4 1 0
0 .3 9 2 0 .4 0 1

5
6 6 102

88
0 . 520 
0 .5 1 4 0 .5 1 7

7
8 8

99
103

0 .5 7 8  
0 .  573 0 . 576

9
10 10

87
103

0 .591
0 .5 9 3 0 .5 9 2

R e s u l t s  d e te rm in e d  a t  t h e  end o f  24 h o u r s '  i n c u b a t i o n
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r e a d i n g s  on shaken  c u l t u r e s .  The g e n e r a l  i r r e g u l a r i t y  

o f  t h e  cu rve  i s  s i m i l a r  t o  t h a t  o b s e rv e d  in  u n sh ak en  

c u l t u r e s  p r e v i o u s l y  d e s c r i b e d .

C e l l  volume p e rc e n ta g e  v a lu e s  were fo u n d  to  

in c r e a s e  a s  t h e  c o n c e n t r a t i o n  o f  e x t r a c t  was i n c r e a s e d  

th r o u g h o u t  t h e  l i m i t s  o f  t h e  e x p e r im e n t .  The c u rv e  

o b t a in e d  was u n i fo rm .  D e te r m in a t io n s  on d u p l i c a t e  

c u l t u r e s  showed c lo s e  a g re e m e n t.  I t  was c o n c lu d e d  

t h a t  c u l t u r e s  c o u ld  be sh a k e n ,  and t h a t  s t a t i s t i c a l l y  

i n t e r p r e t a b l e  r e s u l t s  c o u ld  be o b ta in e d  i n  24 h o u rs  

by  th e  c e l l  volume t e c h n iq u e .
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I t  was d e te rm in e d  p r e v i o u s l y  t h a t  t u r b i d i m e t r i c  

v a l u e s  o b ta in e d  w i th  a r e f l e c t i n g  t u r b i d i t y  co m p ara to r  

cou ld  n o t  be q u a n t i t a t i v e l y  i n t e r p r e t e d  in  a l l  c a s e s .

I t  became e s s e n t i a l ,  t h e r e f o r e ,  t o  i n v e s t i g a t e  a 

l i g h t  t r a n s m i s s i o n  i n s t r u m e n t .  F o r t h i s  p u rp o se  an 

E velyn  c o lo r im e te r  was u s e d .

C u l tu r e s  were s e t  up w i th  i n c r e a s in g  c o n c e n t r a ­

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

I n  g e n e r a l ,  t h e  c o n s t r u c t i o n  o f  t h i s  ex p e r im e n t  was a 

r e p e t i t i o n  o f  t h e  fo rm er o nes  w i th  th e  f o l lo w in g  

im p o r ta n t  e x c e p t io n s :  (1 )  A new and more s t i m u l a t o r y

b lo o d  c e l l  e x t r a c t  s o l u t i o n  was u s e d ,  t h e  c o n c e n t r a t i o n  

o f  which was m easured  i n  m i l l ig r a m s  p e r  c e n t  r a t h e r  

t h a n  i n  p e rc e n ta g e  o f  packed  c e l l s .  ( 2 )  C u l tu r e s  

w ere in c u b a te d  f o r  24 h o u r s  o n ly ,  and were shaken  

c o n t in u o u s ly .  (3 )  The c o n c e n t r a t i o n  o f  g e l a t i n  

h y d r o ly z a te  in  th e  b a s i c  medium was in c r e a s e d  to  

300 m i l l ig r a m s  p e r  c e n t  o f  n i t r o g e n .  C u l tu r e s  were 

s e t  up i n  d u p l i c a t e  and i n o c u l a t e d  w i th  washed 

b a c t e r i a  a s  b e f o r e .

At th e  end o f  24 h o u rs  r e a d i n g s  were made w i th  

th e  E velyn  c o lo r i m e t e r ,  and w i th  t h e  r e f l e c t i n g  t u r ­

b i d i t y  co m p ara to r .  C e l l  volume p e rc e n ta g e  v a lu e s  were 

a l s o  d e te rm in e d .
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The c o lo r  e f f e c t  o f  u n in o c u la t e d  m edia  was found  

t o  be n e g l i g i b l e  by t e s t i n g  a  s e r i e s  o f  b l a n k s  h a v in g  

r e s p e c t i v e  c o m p o s i t io n s  i d e n t i c a l  t o  th e  m edia o f  t h e  

c u l t u r e s .

The r e s u l t s ,  shown i n  T ab le  13 and F i g .  14, 

d e m o n s tra te d  t h a t  c e l l  volume p e rc e n ta g e  v a lu e s  i n ­

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

c e l l  e x t r a c t  was i n c r e a s e d  th ro u g h o u t  t h e  e n t i r e  

ran g e  o f  th e  e x p e r im e n t .  From F ig .  15 i t  i s  s e e n  

t h a t  t h e  c u rv e  form ed by p l o t t i n g  t h e s e  v a l u e s  i s  

l o g a r i t h m i c .

W ith t r a n s m i t t e d  l i g h t  t h e  r e a d i n g s  w ere in v e r s e  

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

i n  th e  c u l t u r e s  t h a t  c o n ta in e d  100 m i l l ig r a m s  p e r  

c e n t  o f  b lo o d  c e l l  e x t r a c t .  A l l  c u l t u r e s  w hich  had  

g r e a t e r  c o n c e n t r a t i o n s  o f  b lo o d  c e l l  e x t r a c t  d id  

n o t  show g r e a t e r  t u r b i d i t y  a s  m easu red  by t h i s  m ethod. 

W hile  th e  r e a d i n g s  were b e in g  t a k e n  i t  was s u g g e s te d  

t h a t  th e  i d e a l  o r  e f f e c t i v e  w o rk in g  ra n g e  o f  t h e  

in s t ru m e n t  had been  e x c e e d e d .  F o r  t h i s  r e a s o n  t h e  

above c u l t u r e s  were d i l u t e d  1 : 6  w i th  b la n k  m ed ia ,  

and r e a d in g s  were t a k e n  on th e  d i l u t e d  sp e c im e n s .

The curve  o b ta in e d  by p l o t t i n g  th e  r e a d i n g s  o f  th e  

d i l u t e d  c u l t u r e s  w a 3  i d e n t i c a l  i n  form  t o  t h a t  o f  

t h e  u n d i l u t e d  c u l t u r e s .  The u s e  o f  v a r i o u s  f i l t e r s
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T able 13

Growth o f  c u l t u r e s  a s  d e te rm in e d  by volum es o f  c e l l s  
and  t u r b i d i t y :  (1 )  by r e f l e c t e d  l i g h t  (2 )  by

t r a n s m i t t e d  l i g h t

Mgm. p e r  c e n t  
5 .  C. Ex.

C e l l  volume 
( a v e r a g e ) *

M. A. 
S e r i e s  1

M. A.
S e r i e s  2

C o lo r im e te r  
r e a d i n g s  
( a v e r a g e )

0 1 .3 5 3 90

50 35 95 83 25

100 6 4 .4 135 133 17

150 7 8 .7 118 123 18

200 89 115 118 19

250 96 124 113 18

300 101 116 113 18

*  These v a lu e s  e q u a l  c e l l  volume p e r c e n t a g e s  x 100
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a lso  made no d i f fe re n c e  i n  the  genera l form o f  the 

curves o b ta in ed .

Readings on d u p l ic a te  c u l tu r e s  were in  c lo se  

agreement i f  the  r e s u l t s  were determined e i t h e r  by 

th e  c e l l  volume technique o r  by l i g h t  t ra n sm iss io n .

For r e f l e c t e d  l i g h t ,  however, rea d in g s  on d u p l ic a te  

c u l tu re s  sometimes d i f f e r e d  by more than  10 u n i t s .

For t h i s  rea so n  the  r e s u l t s  ob ta ined  by t h i s  method 

were graphed s e p a ra te ly  f o r  the two s e r i e s .  Maximum 

t u r b i d i t y  was ob ta ined  in  th e  c u l tu re s  c o n ta in in g  

100 m illig ram s per cen t blood c e l l  e x t r a c t .  C u ltu re s  

con ta in ing  more th an  t h i s  amount a c tu a l ly  showed 

l e s s  t u r b i d i t y .

The d i f f e r e n c e s  between d u p l ic a te  c u l tu r e s ,  and 

the  e r r a t i c  na tu re  of the  curve beyond 100 m illig ram s 

per  c e n t ,  are  q u ite  t y p ic a l  fo r  shaken c u l tu r e s  when 

measured by th e  r e f l e c t i n g  comparator.

Cell volume d e te rm in a tio n s  were shown to  p a r a l l e l  

c lo s e ly  v a lu es  fo r  b a c t e r i a l  n i t ro g e n .  Wide d i s c r e p ­

an c ies  were shown to  e x i s t  between c e l l  volume p e r ­

centage v a lu e s  and va lues  o b ta in ed  e i t h e r  by r e f l e c t e d  

or by t r a n s m it te d  l i g h t .

Under the  experim ental co n d it io n s  g iv en , photo­

e l e c t r i c  measurement of l i g h t ,  e i t h e r  r e f l e c t e d  or 

t r a n s m i t te d ,  cannot be regarded  as a s t r i c t  fu n c t io n
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of the bacterial substance present in any particular 
suspension of Bacterium tularense.
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Discussion

Bacterium tularense grows abundantly in liquid media 
that contain appropriate amounts of gelatin hydrolyzate, 
cystine, glycerol, sodium chloride, and blood cell extract. 
Although all of these ingredients are important for maximum 
growth, blood cell extract influences cultures in other 
important ways.

Growth may be limited by the paucity of an essential 
nutriment or by the accumulation of some metabolite which 
impedes multiplication. In current assay techniques 
complete removal of harmful waste products is not generally 
attempted but high concentrations of free acid or free 
alkali are usually avoided by the use of appropriate buffer 
systems. Critical pH levels inhibitory to growth are 
seldom approached.

Since no buffer system is known, which is not inhibitory 
for cultures of Bacterium tularense, extreme acidic and basic 
reactions are produced. Therefore, it is not possible to 
state whether growth is restricted by a lack of nutriments or 
by an incompatible concentration of hydrogen or hydroxyl ions.

The degree and the rapidity of pH changes are controlled 
by the concentration of extract; consequently, for each 
concentration the inhibitory effect is different. The 
amount of growth is not determined entirely by the nutri­
ments available in a given medium; it is affected also by 
the different pH levels that are attained by the various 
cultures. Thus, the problem of assay assumes considerable
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complexity. In no other assay system with which the 
author is acquainted do the unknown factors influence 
cultures in this manner. The growth promoting properties 
and the alkalinizing effects are here mingled in one 
assay system*

A consideration of the acidic and basic reactions 
of cultures explains the difficulties that have been 
encountered in sugar fermentation studies of Sacterium 
tularense.

The lack of an acidic reaction or the presence of 
a basic reaction in a culture does not prove that sugar 
was not decomposed, because the reaction at any given 
time is the result of simultaneous production of acid 
and alkaline materials. Either process may be diminished 
or halted without preventing growth altogether. The 
terminal reaction represents only the difference in 
magnitude of the two processes.

The stimulatory effect of utilizable carbohydrate 
upon growth can be quantitatively measured in liquid cultures. 
No such measurement is possible in cultures prepared on 
agar slants in the usual way. Previous fermentation 
studies on Bacterium tularense have employed only acidic 
reactions to detect sugar fermentations.

Downs and Bond (10), discussing differences which 
had been noted between their own studies and those of 
Francis stated, '‘Our results agree closely with those of 
Francis except for the few strains which were negative in
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mannose and levulose, These negative strains, were 
carefully checked but always failed to give fermentation 
although they grew well." These authors also stated,
"An interesting aspect of these fermentation tests 
was the increase in alkalinity in all media in which 
the carbohydrate was not fermented. The color of the 
phenol red in these tubes showed a deep pink after the 
fourth.day and reached a reaction of approximately pH 8.0 
to 8.4 after the seventh day. The tubes showing fermenta­
tion reached a pH of 6.4 to 6.6 on the seventh to ninth 
day and then slowly decreased in acidity until at the 
seventeenth to the twenty-third day they also showed a 
reaction of pH 8.0 to 8.4."

Francis, (11) in discussing the fermentations of 
60 strains reported, "In isolated instances the reaction 
swung to the alkaline side. ■»* * * * Of 60 cultures
studied, 53 fermented glycerol but 7 did not, 17 fermented 
levulose but 43 did not."

In both of these studies the lack of an acid reaction 
was regarded as evidence that sugar was not fermented 
although each report described alkaline reactions for 
some cultures and Downs and Bond described a shift from 
acid to alkaline reactions. The production of alkaline 
materials is clearly indicated by these descriptions, but 
the authors failed to notice the implications this holds.
It is now clear that these techniques are not appropriate 
for the determination of carbohydrate utilization. Con­
comitant production of alkali may have neutralized consider­

able quantities of acid, thus invalidating the tests,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-5 7 -

insofar as negative results were interpreted to mean 
lack of carbohydrate fermentation.

Many investigators have shown that it is not 
permissible to regard an acid reaction as the only method 
by which sugar fermentation is detected. In a critical 
study of carbohydrate utilization, Wedum (12) demonstrated 
that many common bacteria utilized large quantities of 
carbohydrate without producing acidic reactions. Merrill 
(13) showed that members of the mycobacteria gave very 
basic reactions in cultures although several common 
sugars were utilized, Goldsworthy, Still and Dumares (14) 
described transient acid reactions that were followed 
rapidly by alkaline reactions for cultures of C. diphtheriae • 
Similar results for other organisms have been reported by 
many other investigators (15, 16, 17, 18, 19, 20, 21, 22)*

Recognition of sugar fermentations is manifestly 
impossible in cultures which are capable of producing 
alkaline reactions even though sugar is being decomposed, 
if an acidic reaction is the sole criterion for sugar 
fermentation.

Many schemes have been employed for the appraisal 
of the quality of media and for the measurement of relative 
growth rate in microbiologic assays. Among those commonly 
described are: Viable cell counts, total counts, turbidity
measurements, titratable acidity, oxygen uptake, terminal 
pH values, toxin production, dried weight of cells, packed 
cell volumes, and bacterial nitrogen values. No one
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method yields complete information about a culture. The 
method used is largely determined by the characteristics 
of the organism in question and the purpose of the 
experiment,

A culture of Bacterium tularense grown in the presence 
of a low concentration of extract reflects more light 
but has a lower bacterial nitrogen value than a culture 
grown in the presence of a high concentration of extract.
It is unlikely that a larger number of organisms is 
responsible for the higher turbidity for the lower nitrogen 
values would imply the reverse. It may be however, 
that a larger number of very small organisms is present 
in the high turbidity suspension, and that each organism 
contains a relatively smaller quantity of protein. If 
such were the case, which medium would have the better 
quality; one which produced a large number of very tiny 
organisms with a low total protein or one that produced 
relatively fewer organisms but a higher total bacterial 
protein? In the present study it was assumed that a 
medium which for a given volume produced the highest 
bacterial nitrogen value in a given period of time was 
the best medium regardless of discordant results obtained 
by other methods.

An explanation for the disparity that exists between 
bacterial nitrogen values and turbidimetric data may be 
found in the extreme polymorphism of the organism.

The m orphology of Bacterium tularense was described
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by Hesselbrock and Foshay (23) who demonstrated many 
forms that varied not only in size and shape but also in 
internal structure. The morphologic units of the organism 
"include globi and globules, flat and cylindrical 
bacillary forms, coccoid forms, delicate filaments and 
minimal reproductive units." G-iant "cocci" as large as 
3 microns in diameter and minute "cocci" as small as 0.3 
microns in diameter were described. Filaments of 
various lengths were attached to many forms in a variety 
of ways; "fine filamentous structures united 3, 4, 5 or 
more than 20 bodies of either coccoid or bacillary shapes."

The internal structure of the various forms showed 
a great diversity of arrangement; "The chromatin-like 
particles within the coccoid forms were usually ring- 
shaped, discoidal, navicular, or crescentically obovoid, 
and almost always peripherally located. * * ^ *
In larger globoid forms nuclear chromatin was often 
dispersed into peripheral granules. # * *
Occasionally filaments were seen within globules; some 
forked or branched, others unbranched and coiled within 
the cell walls."

It cannot be assumed that light is transmitted and 
reflected in a uniform manner by all of the bacterial 
forms described for Bacterium tularense. A large "coccusn 
would intercept more light than a minute "coccus". The 
density and the index of refraction of the internal "fluids", 
the size, shape, density, and distribution of granules 
and other internal structures all influence the amount of
light intercepted, reflected, and transmitted. Each
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morphologic variant contributes a special optical effect. 
Since strongly acid cultures contained a predominance 
of small, dense, highly reflective organisms, and since 
U. A. readings on these cultures were disproportionately 
high, turbidimetric data were more dependent upon the 
optical properties of the variants than upon the concen­
tration of bacterial substance.

The optical properties of bacteria were described 
by Mestre (24). He regarded bacteria in suspension as 
micro-lenses of extremely long focal length. "The 
distribution of flux incident on a single cell might 
consequently be expected to be characterized by an 
extraordinary anisotropy with almost all of the light 
scattered in a forward direction and only slightly 
deviated from its original direction,11

This situation would probably hold true for suspensions 
of globi and coccoid forms of Bacterium tularense; the 
greater part of the light would be conducted forward and 
very little would be reflected and a low reading would 
be obtained on a reflecting instrument. Denser forms 
would reflect more light. Smaller forms would behave as 
lenses of much shorter focal length. This would increase 
the angle through which the light would be reflected and 
would result in much greater scattering of light, Y'/ith 
such organisms a high reading would be expected on a 
reflecting instrument.

Since the optical properties of organisms grown in
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a low concentration of extract differ from those of 
organisms grown in a high concentration of extract, 
it is apparent that the quantity of some component 
of the extract affects the morphologic variation of the 
organism. It seems probable that the component 
responsible for this effect is the same substance 
thao is responsible for variations in pH values of 
cultures.

Since low concentrations of alkalinizing factor 
permit a culture to become acid, and since a high 
concentration of alkalinizing factor causes a culture 
to become basic, it is probable that the effect upon 
the morphology is not due to the alkalinizing fraction 
directly but is due to the effect of various pH reactions 
upon growth. An acid environment would produce morpho­
logic forms that are more highly reflective than those 
produced in a basic culture. Thus, turbidimetric data 
are not appropriate as a basis of comparison for cultures 
that contain different amounts of extract.

Gainey (25) in 1940 reported studies on Azotobacter 
and showed that turbidity, number of viable cells, and 
volume of packed cells could not be correlated under all 
circumstances. Under conditions which precluded cell 
division, turbidity steadily increased. The presence 
of gums and the tendency for the cultures to flocculate 
caused cell volume determinations to be inconsistent. 
Loofbourow and Dwyer (26) in 1933 showed that haernacyto-
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meter counts of yeast did not correlate well with turbidi- 
metric measurements. In these studies turbidity was not 
a function of cell numbers alone.

Many varieties of photoelectric instruments have 
been designed for use with bacteria but in any photo­
metric system turbidity or opacity are not proportional 
to concentration of bacterial substance unless form, 
size, and density of the individual organisms are uniform 
from one suspension to another. The extreme polymorphism 
of Bacterium tularense precludes the existence of a close 
quantitative relationship between the quantity of bacterial 
substance and the amount of light transmitted or reflected 
by suspensions under all conditions.

Growth of Bacterium tularense occurs only at the 
surface of solid media and is completely inhibited by 
anaerobiosis. In unshaken liquid media growth is very 
scanty if deep cultures are used. Shallow layers 
(5 mm. or less) of liquid media permit abundant growth 
but heavy yields are obtained only if cultures are aerated 
or shaken vigorously. These characteristics indicate 
that the organism requires a high concentration of free 
oxygen for rapid growth.

Preliminary work showed that blood cell extract 
was necessary for maximum oxygen uptake by suspensions of 
washed cells. This strongly indicates that some component 
or components of blood cell extract are vitally 
important in oxygen transfer mechanisms of the organism.
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Since Menke (27) showed that the extract was without 
effect upon the dehydrogenation systems, it appears 
that the effect of the extract is exerted farther alone- 
in the oxidation-reduct ion processes, possibly operating 
in a manner similar to co-carboxylase in the liberation 
of carbon dioxide from carboxylic acids. The high 
oxygen demand of the organism would necessitate an 
efficient mechanism for dissipation of carbon dioxide.

The heat stability of the extract, and the fact 
that it is completely dialyzable, suggest that a 
similarity to the cytochromes is improbable. Furthermore, 
the extract has no absorption bands in visible light.

It is possible that the extract functions somewhat 
like Warburg's Atmungsferment which accepts hydrogen 
from cytochrome and is thereby reduced. Blood cell extract 
is a reducible substance. In the presence of sodium 
hydrosulfite the color of the extract is greatly bleached. 
This reaction is irreversible but some component of the 
extract may be denatured by the hydrosulfite.

The general properties of the extract suggest 
participation in the energy transfer systems of the 
organism:.

The extract is tan-yellow in color. It is reducible 
as described. The extract gives a faint biuret test, 
a faint xanthoproteic test and a positive test for 
sulfur. It contains about 5.4 per cent nitrogen on a 
basis of dried weight. A strong Molisch test and a 
negative Benedict's test indicate the presence of non-
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re due ing carbohydrate. The presence of pentose is 
demonstrated by a strongly positive 3ial's test.
Phosphate is present in the extract. Mono- and Di­
nucleotides and the carboxylases show similar properties. 
Ribose and phosphate are essential links in the nucleotides. 
Sulfur is present in co-carboxylase. Nitrogen compounds 
and substituted benzene derivatives are essential 
building blocks in these compounds. The nucleotides 
and carboxylases show oxidation-reduction properties.
The exact role of blood cell extract is still undetermined 
but preliminary work indicates that its function is 
important to the energy transfer mechanisms of the 
organism.

Sxclxisive of the substances present in basic 
medium, blood cell extract supplies whatever accessory 
factors are necessary for maximum growth. A close 
approximation to complete media must have been attained 
because extremely small inocula are sufficient to 
initiate sustained growth, growth continues to be 
abundant upon repeated subcultivation and initial viru­
lence is maintained.

The concentrated extract is easy to prepare and can 
be lyophilized and stored in the dry state without loss 
of activity. Thus preparation of media is greatly 
simplified.

The liquid media which have been defined present 
definite advantages over those previously available.
They nermit the introduction of quantitative measure-
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ments of growth promoting substances. Thus, an important 
beginning has been made toward the construction of a 
completely synthetic medium, and toward ultimate definition 
of obligate and accessory nutritional factors.

Quantitative chemical studies can now be performed 
upon the organism since the media permit large scale 
production methods that yield large quantities of bacterial 
cells. Commercial production of prophylactic vaccine 
now becomes a feasible undertaking and such vaccine would 
be free from agar and foreign proteins. Since all 
components of the media are dialyzable, it can readily 
be removed from the bacteria.

Studies of the physiology, of enzymatic and respiratory 
processes, of the organism will be greatly facilitated 
and it is possible that end products majr be isolated 
and identified. In summary, many aspects of the chemistry 
of the organism can now be investigated with prospects 
for accurate and reproducible analyses far brighter than 
those offered by all previously known media.
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Summary
A simplified liquid medium was devised which supported 

abundant growth of Bacterium tularense. The medium defined 
and the techniques described permit large scale production 
of the organism for chemical study or for the preparation 
of prophylactic vaccine.

Essential growth factors were found to be present in an 
aqueous extract of blood cells. As no growth is obtained 
in the absence of this extract, some of its components are 
obligate for the nutrition of Bacterium tularense in the liquid 
medium described.

The concentrated blood cell extract is tan-yellow 
in color, is irreversibly reduced by sodium hydrosulfite, 
gives a faint biuret test, a faint xanthoproteic test 
and a positive test for sulfur. A strongly positive 
Bial's test indicates the presence of pentose. Benedict's 
test for reducing sugar is negative. The extract contains 
about 5.4 per cent nitrogen on a basis of dried weight.
The extract was fractionated into two portions with 
methyl alcohol and both portions were found to be essential 
for maximal growth.

Some component of the extract governs the production 
of alkaline materials by growing cultiires. Thus, in the 
presence of fermentable carbohydrate, acid and base are 
produced simultaneously and neutral or basic terminal 
reactions may occur. Therefore, absence of an acidic 
reaction does not signify inability to utilize carbohydrate.
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The concentration of extract determines pH change 
in cultures during growth and, therefore, cultures that 
contain various concentrations of extract reach different 
pH reactions. Organisms grown under these conditions are 
morphologically dissimilar and so have different optical 
properties. Therefore, turbidimetric data do not vary 
proportionally as nitrogen values on such cultures.

A new method was devised for the measurement of 
bacterial growth rates whereby volume percentage of 
packed cells may be measured directly. These measurements 
paralleled closely the bacterial nitrogen values of any 
or all suspensions and hence were largely independent 
of the effects of morphologic variations.
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