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FACTORS INFLUENCING CHLORAMPHENICOL RESISTANCE 

OF MICROCOCCUS PYOGENES VAR. AUREUS

CHAPTER I  

INTRODUCTION 

G en era l C o n s id e ra tio n s  o f  A n t ib io t i c  R e s is ta n c e

The p ro b lem  o f  m ic ro b ia l  r e s i s t a n c e  to  a n t i b i o t i c s  i s  o f  p r a c t i ­

c a l  and fu n d am en ta l im p o rtan c e . The p r a c t i c a l  im portance  i s  obv ious in  

th e  t r e a tm e n t o f  i n f e c t io u s  d i s e a s e s .  Even more im p o r ta n t, how ever, i s  

th e  r e a l i z a t i o n  t h a t  s tu d ie s  on th e  mechanisms whereby drug r e s i s t a n c e  

a r i s e s  can  c o n t r ib u te  Im p o rta n t know ledge tow ard a b e t t e r  u n d e rs ta n d in g  

o f  c o n ^ a ra t iv e  b io c h e m is try  and th e  g e n e ra l  problem  o f  d rug  to le r a n c e .

The a n t im ic r o b ia l  a c t i v i t y  o f  a n t i b i o t i c s  i s  one o f  th e  most 

w id e ly  s tu d ie d  and l e a s t  u n d e rs to o d  s u b je c ts  in  th e  f i e l d  o f  m ic ro b io lo g y . 

The u se  o f  a n t i b i o t i c s  i s  w id esp read  and th e  b a s is  fo r  t h e i r  c h o ice  i s  

=ound, even though  th e r e  i s  l i t t l e  known about t h e i r  mode o f  a c t io n .  

A n t ib io t i c s  have been  o b se rv ed  to  i n h i b i t  o r  k i l l  b a c t e r i a ,  a c t i v i t i e s  

t h a t  a re  r e s p e c t iv e ly  c l a s s i f i e d  a s  b a c t e r i o s t a t i c  o r  b a c t e r c id a l .  The 

a r b i t r a r y  d iv i s io n  o f  th e s e  m a te r ia ls  in to  th e s e  two groups i s  n o t e n t i r e ­

ly  s a t i s f a c t o r y ,  s in c e  some a g e n ts  w hich a re  c l a s s i f i e d  as b a c t e r i o s t a t i c  

may, in  s u f f i c i e n t  c o n c e n t r a t io n ,  i n i t i a t e  changes in  th e  c e l l s  which
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w i l l  le a d  to  d e a th  u n le s s  th e  a n t i b i o t i c  i s  rem oved: h en ce , th ey  a re  b a c ­

t e r i c i d a l ,  a l b e i t  s lo w ly .

Com plete u n d e rs ta n d in g  o f th e  m echanism by w hich an a n t i b i o t i c  

a c t s  i s  l i k e l y  to  r e q u i r e  know ledge a t  a l l  o f  th e  fo llo w in g  l e v e l s :  

a ) t h a t  p ro c e ss  by w hich th e  a c t i v e  a g e n t a t t a i n s  a to x ic  c o n c e n tra t io n  

upon o r  w ith in  th e  a f f l i c t e d  c e l l ,  b) th e  i n t e r a c t i o n  o f  t h i s  a g e n t w ith  

some m o rp h o lo g ica l e lem en t o r  some m e ta b o lic  c o n s t i tu e n t  o f  th e  c e l l ,  

c) th e  n a tu re  o f  th e  i n t e r f e r e n c e  w ith  a norm al c e l l u l a r  fu n c t io n  and th e  

im m ediate o r  g e n e ra l  r e s u l t s  o f  t h i s  i n t e r f e r e n c e .  E a g le  (1954) found 

t h a t  among b a c t e r i a  w hich do n o t d eg rad e  p e n i c i l l i n ,  r e s i s t a n t  s t r a i n s  

r e g u la r ly  b in d  l e s s  p e n i c i l l i n  th a n  do s e n s i t i v e  s t r a i n s ;  f u r th e r  a l l  

f r e e  e x t r a c t s  o f  th e s e  o rgan ism s a ls o  b in d  p e n i c i l l i n  in  r e l a t i o n  to  th e  

s e n s i t i v i t y  o f  th e  i n t a c t  c e l l .  Cooper and Rowley (1949) have d e m o n s tra t­

ed a  l i p i d  f r a c t i o n  o f  s ta p h y lo c o c c a l  c e l l s  w hich w i l l  i r r e v e r s a b l e  b in d  

p e n i c i l l i n .

Only in  th o se  in s ta n c e s  where i t  has been d em o n stra ted  th a t  

enzymes d eg rade  a n t i b i o t i c s ,  i , .e . . , p e n i c i l l i n a s e  (Abraham and C hain ,

1940) and c h lo ram p h en ico l r e d u c ta s e  (M erkel and S te e r s ,  1953), i s  r e ­

s i s t a n c e  a w e ll u n d e rs to o d  phenomenon. A n o th e r, b u t l e s s  w e ll  u n d e r­

s to o d , m echanism o f  r e s i s t a n c e  i s  a  d e c re a se d  a f f i n i t y  o f  th e  c e l l u l a r  

conq>onents f o r  th e  drug  (E a g le , 1954) (Saz and M a r tin e z , 1956).

In  a d d i t io n  to  th e  two mechanisms m en tioned  above, one m ight 

th e o r iz e  t h a t  a n a t iv e ly  n o n s u s c e p tib le  o rg an ism  la c k s  th e  p a r t i c u l a r  

f a c to r  w hich re n d e rs  o th e r  o rgan ism s s u s c e p t ib le  o r  t h a t  t h i s  f a c to r  i s  

e f f i c i e n t l y  p r o te c te d .  S in ce  a n t i b i o t i c s  m ight fu n c t io n  as  a n t im e ta b o l­

i t e s ,  t h e i r  b lo c k in g  a c t io n  co u ld  r e s u l t  in  an in c re a s e  o f  some s u b s t r a t e



le v e l  w hich would s e rv e  to  overcome th e  i n h i b i t i o n .  T h is  m ight a l s o  r e ­

s u l t  in  an in c r e a s e  o f  grow th a c t i v i t y  and co u ld  e x p la in  th e  s t im u la t io n  

th a t  has been  o b serv ed  in  th e  p re se n c e  o f  low c o n c e n tr a t io n s  o f  an a n t i ­

b i o t i c  (S m ith , e ^  a l . , 1949). I t  i s  a l s o  p o s s ib le ,  how ever, t h a t  th e  

o rgan ism  in  some ways su cceed s  in  b y p a ss in g  th e  p o in t  in  i t s  m e ta b o lic  

p ro c e s s e s  w hich i s  i n h i b i t e d .

Yudkin (1953) h as  shown th a t  any b a c t e r i a l  c u l tu r e  i s  composed 

o f  o rgan ism s w hich have a  c o n s id e ra b le  ran g e  o f  r e s i s t a n c e ,  w ith  th e  

m a jo r i ty  o f  th e  c e l l s  h av in g  th e  same d eg ree  o f  r e s i s t a n c e .  As c o n s ta n t  

p ro d u c ts  o f  m u ta tio n  m inor v a r i a t i o n s  o f  m e ta b o lic  p ro c e s s e s  le a d  to  th e  

o r ig in  o f  new p h e n o ty p es . These new ty p e s  p o s se s s  system s o f  m etabo lism  

a lm o st l i k e  th e  p a r e n t  s t r a i n ,  s in c e  e v o lu t io n  c h a r a c t e r i s t i c a l l y  p ro ­

ceeds in  sm a ll s t e p s .  Many c o n t r ib u t io n s  to  th e  l i t e r a t u r e  g iv e  ample 

ev id en ce  t h a t  a c q u ir e d  r e s i s t a n c e  to  a n t i b i o t i c s  i s  g e n e t i c a l ly  d e t e r ­

m ined. T h is  has been  shown by s e v e r a l  te c h n iq u e s  one o f  w hich i s  th e  

f lu c tu a t io n  t e s t  o f  L u r ia  and D elb ruck  (1943) w hich has been  employed by 

Demerec (1945) and L u r ia  (1946) in  s tu d ie s  o f  p e n i c i l l i n  r e s i s t a n c e  in  

S tap h y lo co ccu s  a u re u s .

Drug r e s i s t a n t  b a c t e r i a  may r e s u l t  when th e  g e n e t ic  change p ro ­

v id e s  an a l t e r n a t i v e  m e ta b o lic  ro u te  o r  a  more e f f i c i e n t  m ethod fo r  sy n ­

th e s iz in g  an a n ta g o n iz e d  e s s e n t i a l  m e ta b o l i te  (B ro q u is t ,  a t  a l^ ., 1953). 

The o c c u rre n c e  o f  a n t i b i o t i c  r e s i s t a n t  b a c t e r i a  i s  a consequence o f  

e v o lu tio n a ry  p r e s s u r e s  le a d in g  to  th e  s e l e c t i o n  o f  ty p e s  b e s t  f i t t e d  fo r  

s u r v iv a l .  The ab sen ce  o f  d rugs in  th e  n a tu r a l  env ironm ent p u ts  no e v i ­

d en t s e l e c t i v e  a d v an tag e  on drug  r e s i s t a n c e  as  a h e r e d i t a r y  t r a i t  in  

n a tu r a l l y  r e s i s t a n t  s p e c ie s .  O bscure h id d en  ad v an tag es  may e x i s t  o r  th e
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phenomenom o f  r e s i s t a n c e  may be s e l e c t i v e l y  n e u t r a l .  In  s e n s i t i v e  

s p e c ie s  th e  r e s i s t a n t  d e r iv a t iv e  a r i s i n g  as  m u tan ts  a re  outnum bered and 

a t  a  s e l e c t i v e  d is a d v a n ta g e  in  th e  absence  o f  th e  d ru g ; o th e rw ise  th ey  

w ould th em se lv es  com prise  th e  w ild  ty p e  o r  p o s s ib ly  a  s o - c a l le d  " n a t u r a l ­

ly "  r e s i s t a n t  s t r a i n .  When d i f f e r e n t  k in d s  o f  d rug  r e s i s t a n t  m u tan ts  

a r i s e  some may be s e l e c t i v e l y  fa v o re d  by th e  env iro n m en t. Thus in  th e  

la b o r a to r y  m u tan ts  w hich r e s i s t  an a n t i b i o t i c  w ith o u t dependence upon 

e x t r a c e l l u l a r  i n a c t i v a t i o n  a re  i s o l a t e d  w ith  g r e a t e s t  fre q u e n c y , a lth o u g h  

n o t  e x c lu s iv e ly  (E a g le , 1954).

The d e m o n s tra tio n  t h a t  r e s i s t a n c e  commonly a r i s e s  by m u ta tio n  

and s e l e c t i o n  does n o t ex c lu d e  th e  p o s s i b i l i t y  t h a t  un d er s p e c i f i c  e x ­

p e r im e n ta l  o r  c l i n i c a l  s i t u a t i o n s  a n o th e r  method o f  developm ent may be 

o p e r a t iv e .  Numerous p o lem ics  have su rro u n d ed  a tte m p ts  to  d e c id e  w h e th er 

d ru g  r e s i s t a n c e  i s  ind u ced  o r  s e l e c te d  in  m ic ro o rg an ism s. O ccu rrence  o f  

m u tan t c e l l s  in  c o n tin u o u s  c u l tu r e  d e v ic e s ,  as  shown by N ovick and 

S z i l a r d  (1950) and Bryson and S z y b a lsk i (1 9 5 2 ), i s  one o f  s e v e r a l  ways 

o f  p ro v in g  th e  spo n tan eo u s o r ig i n  o f  b a c t e r i a l  c lo n e s  r e s i s t a n t  to  harm ­

f u l  a g e n ts .  C onvincing  e v id en c e  o f  a  chromosomal o r  g en ic  b a s i s  f o r  th e  

a n t i b i o t i c  r e s i s t a n c e  o f  th e s e  c lo n e s  can be o b ta in e d  from  s e v e ra l  ty p e s  

o f  e x p e r im e n ts , n o ta b ly  tr a n s fo rm a tio n  (H o tc h k is s , 1951, 1955), t r a n s ­

d u c t io n  (Z in d e r and L e d e rb e rg , 1952) and reco m b in a tio n  (L ed e rb e rg , 1951, 

L e d e rb e rg , eit , 1951, C a v a l l i ,  1952).

M icroorgan ism s t h a t  a re  r e s i s t a n t  to  an a n t i b i o t i c  b u t w hich do 

n o t r e q u i r e  i t  fo r  grow th may u s u a l ly  be m a in ta in e d  th ro u g h  many g e n e ra ­

t io n s  in  th e  ab sence  o f  th e  d rug  w ith o u t a s u b s t a n t i a l  lo s s  in  r e s i s t a n c e .  

In  th e  absence  o f  th e  s e l e c t i v e  a c t io n  o f  th e  d ru g , a d d i t io n a l  g e n e t ic



changes o r r e v e r s e  m u ta tio n s  may o c cu r w ith  a r e s u l t a n t  in c re a s e d  grow th 

r a t e  o r v i a b i l i t y  and a c o rre sp o n d in g  r e d u c t io n  o f  r e s i s t a n c e  (B ryson and 

D em erec, 1955).

P h y s io lo g ic a l  A sp e c ts  o f  A n t ib io t ic  R e s is ta n c e

I n v e s t ig a t io n s  on th e  modes o f  a c t io n  o f a n t i b i o t i c s  have been 

d i r e c te d  a lo n g  th r e e  m ain l i n e s .  F i r s t ,  a d i r e c t  approach  has  been em­

p lo y ed  by s tu d y in g  th e  e f f e c t s  o f  th e  d rugs on m e tab o lic  p ro c e s s e s  and 

in d iv id u a l  enzyme sy s te m s . T hese in v e s t ig a t i o n s  have been  c a r r i e d  o u t 

w ith  b o th  l i v i n g  c e l l s  and w ith  c e l l  f r e e  sy stem s. The second ap p ro ach , 

w hich i s  n o t q u i te  so o b v ious a n ' s t r a i g h t  fo rw ard , in v o lv e s  a  s tu d y  o f  

how m icro o rg an ism s a re  a b le  to  av o id  o r  overcome th e  a c t io n  o f  d rugs 

th ro u g h  a com parison  o f  s u s c e p t ib le  p a r e n ta l  s t r a i n s  and r e s i s t a n t  v a r i ­

a n ts  d e r iv e d  th e re f ro m . These o b s e r v a b le 'd i f f e r e n c e s  m ight be r e l a t e d  

to  th o s e  fu n c t io n s  w ith  w hich th e  d rug  i n t e r f e r s .  A t h i r d  method o f  in ­

v e s t i g a t i o n ,  a ls o  i n d i r e c t ,  in v o lv e s  th e  e iq > ir ic a l s e a rc h  fo r  s p e c i f i c  

ch em ica l s u b s ta n c e s  w hich a re  c a p a b le  o f  a n ta g o n iz in g , e i t h e r  co m peti­

t i v e l y  o r  n o n c o m p e t i t iv e ly , th e  a c t i o n  o f  th e  d ru g . A ll  o f  th e se  methods 

have  g iv en  some i n s i g h t  in to  how th e  a n t i b i o t i c s  m ight fu n c t io n . Some 

o f  th e  r e s u l t s  more p e r t i n e n t  to  th e  g e n e ra l  problem  o f  ch lo ram p h en ico l 

a c t i v i t y  a r e  p re s e n te d  below .

The e f f e c t  o f  c h lo ra m p h en ico l on a la rg e  number o f  m e ta b o lic  

p ro c e s s e s  h as  been  t e s t e d  and , i n  a lm o st ev ery  c a s e , th e  r e s u l t s  o b ta in e d  

have been o f  a n e g a t iv e  n a tu r e .  S m ith , W orrel and Swanson (1949) demon­

s t r a t e d  t h a t  th e  u t i l i z a t i o n  o f f a t s  and e s t e r s  by E s c h e r ic h ia  c o l i  was 

a p p a r e n t ly  i n h i b i t e d  by c o n c e n tr a t io n s  o f  ch lo ram p h en ico l th a t  were i n ­



s u f f i c i e n t  to  i n h i b i t  g row th . Enzym atic  s tu d ie s  on c e l l  f r e e  system s 

showed t h a t  th e  re sp o n se  d i f f e r e d  w ith  th e  c o n c e n tr a t io n  o f  th e  d rug ; 

v e ry  low c o n c e n tr a t io n s  cau sed  an i n h i b i t i o n  and m oderate  c o n c e n tr a t io n s  

cau sed  s t im u la t io n  o f  enzy m atic  a c t i v i t y .  C o n c e n tra tio n s  o f  th e  a n t i ­

b i o t i c  com parab le  to  th e r a p e u t i c  le v e l s  caused  a lm o st com plete  i n h i b i t i o n  

o f  th e  e s t e r a s e  a c t i v i t y .  The o b serv ed  changes in  e s t e r a s e  a c t i v i t y  w ere 

s im i la r  to  th e  change in  grow th re sp o n se  w hich were n o rm a lly  found o v e r 

a  w ide c o n c e n tr a t io n  ra n g e  o f  th e  a n t i b i o t i c .  C h lo ra n çh e n ic o l had 

n e g l ig ib le  a c t i v i t y  a g a in s t  th e  e s t e r a s e  o f  an im al t i s s u e  s l i c e s ,  i n ­

d ic a t in g  t h a t  th e  i n t a c t  an im al c e l l  p o s se s se d  some mechanism f o r  p ro ­

t e c t i n g  th e  enzyme o f  th e  c e l l  from  th e  d rug  a c t io n .  C hloram phenico l has  

been  found to  i n h i b i t  th e  d iam ine  o x id a se  o f  s e v e r a l  g e n e ra  o f  b a c t e r i a  

(Owen, e ^  , 1951). T h is  d iam ine o x id a se  was a ls o  i n h ib i t e d  by mono­

am ine and d iam ine  d e r iv a t iv e s  o f  th e  a n t i b i o t i c  w hich have no a n t i b a c t e r ­

i a l  a c t i o n .

Hahn, Wisseman and Hopps (1955) s tu d ie d  th r e e  d i f f e r e n t  form s 

o f  b a c t e r i a l  en erg y  u t i l i z a t i o n  f o r  p o s s ib le  in te r f e r e n c e  by ch lo ram phen­

i c o l .  These in c lu d e d  (1 ) th e  b io lu m in escen ce  o f  A chrom abacter f i s c h e r i  

a s  an exam ple o f  e l e c t r o n  t r a n s p o r t ,  ( 2 ) p h o s p h o ry la tio n  in v o lv e d  in  th e  

d i s s im i l a t i o n  o f  g lu c o se  in  E. c o l i  as  a key p ro c e s s  o f  s y n th e s is  o f  h ig h -  

en erg y  p h o sp h a te  bonds and t h e i r  u t i l i z a t i o n  in  g lu c o se  m etabo lism , and 

(3 ) th e  m o t i l i t y  o f  E. c o l i  as a  s p e c ia l  exam ple o f  th e  u t i l i z a t i o n  o f  

m e ta b o lic  e n e rg y . None o f  th e s e  exam ples o f  energy  m etabo lism  w ere i n ­

f lu e n c e d  s i g n i f i c a n t l y  by c h lo ra m p h e n ic o l. The a u th o rs  su g g es ted  th a t  

th e  d rug  does n o t i n t e r f e r e  w ith  th e  g e n e ra t io n  o f  a n e c e s sa ry  su p p ly  o f 

m e ta b o lic  en e rg y , n o r does i t  a c t  by a g e n e ra l  in h ib i to r y  a c t io n  on th e
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u t i l i z a t i o n  o f  such en e rg y .

K ushner (1955a) found t h a t  o x id a t io n  o f  a v a r i e ty  o f  d ic a rb o x y -  

l i c  a c id s  by i n t a c t  c e l l s  o f  Pseudomonas f lu o r e s c e n s  was s t r o n g ly  i n h ib ­

i t e d  by c h lo ra m p h e n ic o l. The o x id a t io n  o f  s u c c in a te ,  fu m ara te  and m a la te  

by c ru sh ed  b a c t e r i a l  c e l l s  was a ls o  i n h ib i t e d  by c h lo ra m p h e n ic o l. How­

e v e r ,  th e  d eh y d ro g en ases  w hich f i r s t  a c t  on th e s e  compounds w ere n o t 

d i r e c t l y  b lo c k e d . In  a  conç)arison  o f  c h lo ram p h en ico l s e n s i t i v e  and r e ­

s i s t a n t  s t r a i n s  K ushner (1955b) found t h a t  th e  o x id a t io n  o f  th e s e  su b ­

s t r a t e s  by th e  i n t a c t  c e l l s  o f  th e  r e s i s t a n t  s t r a i n  was n o t i n h ib i t e d  by 

th e  a n t i b i o t i c .  C h lo ranç)hen ico l i n h ib i t e d  s u c c in a te  o x id a t io n  to  a p p ro x ­

im a te ly  th e  same e x te n t  in  c ru sh e d , c e l l  f r e e  p r e p a r a t io n s  o f  r e s i s t a n t  

c e l l s  as  in  s im i l a r  p r e p a r a t io n s  o f  s e n s i t i v e  c e l l s .  H is r e s u l t s  i n d i ­

c a te d  t h a t ,  in  P. f lu o r e s c e n s ,  s t r u c t u r a l  i n t e g r i t y  o f  th e  c e l l  i s  

e s s e n t i a l  f o r  r e s i s t a n c e  to  c h lo ra m p h en ico l.

A w e ll  d e f in e d  p h y s io lo g ic a l  d i f f e r e n c e  betw een aureom ycin  

r e s i s t a n t  and s e n s i t i v e  s t r a i n s  o f  E. c o l i  h as  been d em o n stra ted  by Saz 

and M artin ez  (1 9 5 6 ). They n o te d  t h a t  w ith  s e n s i t i v e  s t r a i n s ,  th e  enzyme 

n i t r o  r e d u c ta s e  w hich can  c a ta ly z e  th e  r e d u c t io n  o f  ch lo ram p h en ico l and 

o th e r  a ro m a tic  n i t r o  compounds to  th e  c o rre sp o n d in g  a r y la m in e s , c o u ld  be 

i n h ib i t e d  by low c o n c e n tr a t io n s  o f  a u re o o y c in ; th e  enzyme from  a r e s i s ­

t a n t  s t r a i n  was n o t i n h ib i t e d  by au reom ycin . Tlie r e s i s t a n t  enzyme con­

ta in e d  a f i r m ly  bound c o n ju g a te d  f l a v i n  w hereas th e  f l a v in  o f  th e  s e n s i ­

t i v e  r e d u c ta s e  was e a s i l y  d i s s o c ia t e d  by a c id  (NH^ ) 2  SO^ p r e c i p i t a t i o n  

and by p r e c i p i t a t i o n  o f  n e u t r a l  40 to  50 p e r  c e n t (NH^ ) 2  SO4  f r a c t i o n s  

w ith  p ro tam in e  s u l f a t e .  A p p a ren tly  t h i s  t re a tm e n t s e p a ra te d  th e  re d u c ­

ta s e  in to  i t s  f l a v in  component and apoenzym e. A f l a v in  re q u ire m e n t o f
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th e  r e s i s t a n t  r e d u c ta s e  was n o t d e m o n stra ted  by e i t h e r  o f  th e se  p ro c e ­

d u re s .  A c t iv i ty  o f th e  t r e a t e d  s e n s i t i v e  p r e p a r a t io n s  co u ld  be r e s to r e d  

by th e  a d d i t io n  o f  Mn-H- and f l a v in  m o n o n u c leo tid e . I t  was p o s tu la te d  

t h a t ,  in  t h i s  in s ta n c e ,  r e s i s t a n c e  r e f l e c t s  th e  s y n th e s is  o f  an a l t e r e d  

enzyme w ith  an in c re a s e d  a f f i n i t y  f o r  coenzyme and a  c o rre sp o n d in g  

d e c re a se d  a f f i n i t y  f o r  th e  a n ta g o n i s t .

C om parisons o f  a n t i b i o t i c  s e n s i t i v e  m icroo rgan ism s and r e s i s t a n t  

s t r a i n s  d e r iv e d  from  them  i n d ic a t e  t h a t  some a l t e r a t i o n  o f  p h y s io lo g ic a l  

p r o p e r t i e s  o f te n  accom panies th e  developm ent o f  r e s i s t a n c e .  C a r r e re ,

Roux and D a u th e r ib e s  (1951) in d u ced  r e s i s t a n c e  to  a u re o n y c in  and c h lo r ­

am phenico l in  S a lm o n e lla  t y p h i , P ro te u s  m i r a b i l i s  and F e c a l i s  a lk a l ig e n e s  

and compared th e s e  to  th e  o r i g i n a l  s t r a i n s .  They d id  n o t f in d  any g r e a t  

d i f f e r e n c e s  in  th e  b io c h em ica l p r o p e r t i e s  o f  th e s e  b a c t e r i a  e x ce p t t h a t  

th e  aureonçrc in  r e s i s t a n t  s t r a i n  o f  F e c a l i s  had a c q u ire d  th e  a b i l i t y  to  

u t i l i z e  c i t r a t e .  On th e  o th e r  hand , pronounced d i f f e r e n c e s  were o b se rv ed  

i n  th e  im m unolog ical c h a r a c t e r i s t i c s .  A n tiseru m  p re p a re d  a g a in s t  each  

s t r a i n  (b o th  s e n s i t i v e  and r e s i s t a n t )  would a g g lu t in a te  th e  homogolous 

o rg an ism  to  th e  h ig h e s t  t i t e r .  Thus, aureom ycin  s e n s i t i v e  and ch lo ram ­

p h e n ic o l s e n s i t i v e  s t r a i n s  co u ld  be d i f f e r e n t i a t e d  from t h e i r  r e s i s t a n t  

v a r i a n t s  and a l s o  th e  aureom ycin  r e s i s t a n t  s t r a i n  co u ld  be d i f f e r e n t i a t e d  

from  th e  ch lo ram p h en ico l r e s i s t a n t  s t r a i n .  G re a te r  p h y s io lo g ic a l  d i f ­

f e re n c e s  betw een a n t i b i o t i c  r e s i s t a n t  and s e n s i t i v e  s t r a i n s  have been 

o b serv ed  (Ramsey and P ad ron , 1954; Padron , Sm ith and RamSv.y, 1954).

These w orkers  s t a r t e d  w ith  a  s t r a i n  o f  M icrococcus pyogenes v a r . a u re u s  

w hich was i n h ib i t e d  by 4 ug o f ch lo ram p h en ico l p e r  m l. and o b ta in e d  

s t r a i n s  w hich ranged  in  r e s i s t a n c e  from  8  to  1040 ug ch lo ram p h en ico l p e r



m l. R e s is ta n c e  was found to  be a s t a b l e  c h a r a c t e r i s t i c  and was n o t 

a t t r i b u t a b l e  to  c h lo ram p h en ico l r e d u c ta s e  a c t i v i t y .  R e s is ta n c e  was a c ­

com panied by a  d e c re a se d  re q u ire m e n t, b o th  a n a e ro b ic  and a e r o b ic ,  f o r  

n i a c i n ,  th ia m in  and a r g in in e .  The r e l a t i v e  d eg ree  to  which each s t r a i n  

was a b le  to  d is p e n s e  w ith  n ia c in  and th iam in  b o re  no r e l a t io n s h ip  to  th e  

q u a n t i t a t i v e  r e s i s t a n c e  o f  th e  s t r a i n .  P ad ro n , Sm ith and Ramsey (1954) 

fo u n d  t h a t  th e  developm ent o f  r e s i s t a n c e  to  ch lo ram p h en ico l by M. pyo­

genes was accom panied by a h ig h e r  endogenous r e s p i r a t i o n ,  a  d e c rea se d  

a b i l i t y  to  o x id iz e  p y ru v a te ,  a  lo s s  in  a b i l i t y  to  o x id iz e  a c e ta te  and 

in c r e a s e d  fo rm a tio n  o f  l a c t i c  a c id  from  g lu c o se . A ch lo ram p h en ico l sen ­

s i t i v e  s t r a i n  o f  M. pyogenes was t r a n s f e r r e d  in  s y n th e t ic  medium c o n ta in ­

in g  d e c re a s in g  c o n c e n tr a t io n s  o f  n i a c in  a n d /o r  th ia m in  u n t i l  s t r a i n s  

w ere d ev e lo p ed  w hich h ad  m inim al re q u ire m e n ts  f o r  e i t h e r  o r  b o th  v ita m in s  

(Ramsey, 1 9 5 4 ). A com parison  o f  th e  ch lo ram p h en ico l r e s i s t a n c e  o f th e s e  

s t r a i n s  w ith  t h a t  o f  th e  p a re n t  s t r a i n  showed no d i f f e r e n c e  in  drug r e ­

s i s t a n c e .  T h is  in d ic a te d  th a t  th e  d e c re a se d  v ita m in  re q u ire m e n ts  o f  

ch lo ram p h en ico l r e s i s t a n t  s t r a i n s  o b se rv ed  by Ramsey and Padron (1954) 

w ere n o t  n e c e s s a r i l y  th e  d i r e c t  r e s u l t  o f  th e  in c re a s e d  r e s i s t a n c e .

A s t r a i n  o f  M. pyogenes was i s o l a t e d  by Wood and S te e r s  (1954) 

t h a t  was r e s i s t a n t  to  th e  h ig h e s t  s o lu b le  c o n c e n tr a t io n  o f ch loram phen­

i c o l .  Growth e x p e rim en ts  u s in g  th e  p o s tu la te d  p re c u rs o r s  o f  p u r in e s  

( g ly c in e ,  fo rm a te , b ic a r b o n a te ,  ammonium io n ,  4 -a m in o -5 - im id a z o le -c a rb o x - 

am ide and th e  B v ita m in s )  and i s o to p ic  s tu d ie s  u s in g  a d e n in e - 8 -C^^ and 

g u a n in e - 8 -C^^ d e m o n stra ted  t h a t  th e  r e s i s t a n t  s t r a i n  co u ld  n o t u t i l i z e  

th e s e  s im p le  p re c u r s o r s  f o r  grow th and co u ld  n o t in te r c o n v e r t  ad en in e  and 

g u a n in e . The p a r e n t  s e n s i t i v e  s t r a i n ,  how ever, co u ld  u t i l i z e  th e s e  s im p le
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p re c u r s o r s  f o r  p u r in e  s y n th e s is  ( i t  had  no p u r in e  re q u ire m e n t)  and co u ld  

in te r c o n v e r t  ad en in e  and g u a n in e . McVeigh and Hobdy (1952) compared 

a p a re n t  s t r a i n  o f  M. pyogenes w ith  s t r a i n s  t h a t  had  been  s u b c u ltu re d  

in  in c r e a s in g  c o n c e n tr a t io n s  o f  c h lo ra m p h e n ic o l, s tre p to m y c in , aureomy­

c in ,  s u b t i l i n  and p e n i c i l l i n .  G e n e ra l ly ,  th e  r e s i s t a n t  s t r a i n s  grew 

more s lo w ly  th a n  th e  p a r e n t  s t r a i n .  In  c o n t r a s t  to  th e  o th e r  r e s i s t a n t  

s t r a i n s ,  th o se  \Æiich had  become r e s i s t a n t  to  p e n i c i l l i n  had  l o s t  th e  

a b i l i t y  to  re d u c e  n i t r a t e s ,  to  l i q u i f y  g e l a t i n ,  to  p roduce  a c id s  from  

s u c ro s e , m a lto s e , m a n n ito l ,  l a c t o s e  and g ly c e r o l  and to  grow a n a e r o b ic a l ­

l y .  They a ls o  f a i l e d  to  p ro d u ce  c o a g u la se  and to  grow in  th e  p re se n c e  

o f  7 .5  p e r  c e n t sodium  c h lo r id e ,  th e re b y  in d ic a t in g  a  lo s s  o f  p a th o g en ­

i c i t y .  The s t r a i n s  r e s i s t a n t  to  th e  o th e r  a n t i b i o t i c s  had n o t l o s t  com­

p l e t e l y  any o f  th e s e  c a p a c i t i e s .  The p e n i c i l l i n  r e s i s t a n t  s t r a i n s  showed 

an in c re a s e  in  th e  a b i l i t y  to  s y n th e s iz e  th e  v ita m in s  and amino a c id s  

n e c e s s a ry  f o r  grow th w hereas th e  o th e r  r e s i s t a n t  s t r a i n s  showed v e ry  

l i t t l e  d i f f e r e n c e  from  th e  p a re n t  s t r a i n .

One o f  th e  more f r u i t f u l  f i e l d s  o f  i n v e s t ig a t i o n  h as  been th a t  

d e a lin g  w ith  p r o te in  s y n th e s is  and in d u c ib le  enzyme fo rm a tio n . Hahn and 

Wisseman (1951) r e p o r te d  t h a t  ch lo ram p h en ico l i n h ib i t e d  fo rm a tio n  o f  th e  

in d u c ib le  enzymes r e q u i r e d  f o r  th e  o x id a t io n  o f  l a c t o s e ,  m a lto s e , a r a b in -  

o se  and a c e ta te  by a  s t r a i n  o f  E. c o l i . C h loram phenico l i n h i b i t i o n  o f  

in d u c ib le  enzyme (g lu c o -k in a s e )  fo rm a tio n  by E. c o l i  was n o te d  by Marmur 

and Saz (1 9 5 3 ). T h e ir  r e s u l t s  con firm ed  th o s e  o f Hahn and Wisseman in  

d e m o n s tra tin g  t h a t  o x id a t io n  o f  a s u b s t r a t e  by ad ap te d  c e l l s  o r c e l l  f r e e  

enzymes was n o t i n h i b i t e d ,  b u t t h a t  c e l l s  o f  c o l i  were n o t a b le  to  

ad a p t in  th e  p re s e n c e  o f th e  d ru g . They dev e lo p ed  a s t r a i n  o f E. c o l i
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t h a t  was r e s i s t a n t  to  2 0 0  ug c h lo ram p h en ico l p e r  ml and th e n  conçjared th e  

r e s i s t a n t  and s e n s i t i v e  p a re n t  s t r a i n .  The m etab o lism  o f  g lu c o n a te  was 

an a d a p tiv e  p ro c e s s  w ith  b o th  s t r a i n s .  In  th e  p re se n c e  o f  42 ug c h lo r ­

am phenicol p e r  ml th e  o x id a t io n  o f  g lu c o n a te  by th e  p a re n t  s t r a i n  was 

c o m p le te ly  i n h i b i t e d  w h ile  th e  r e s i s t a n t  o rg an ism  u t i l i z e d  th e  g lu c o n a te  

in  a m anner w hich was n o t d i s t in g u i s h a b le  from  th e  c o n t r o l  w ith o u t th e  

d ru g . I t  was co n cluded  th a t  in  th e  s e n s i t i v e  s t r a i n  c h lo ram p h en ico l i n ­

h i b i t e d  th e  fo rm a tio n  o f  in d u c ib le  enzymes and t h a t  th e  r e s i s t a n t  s t r a i n  

was i n h ib i t e d  to  a l e s s e r  d e g re e . These r e s u l t s  would be s u b je c t  to  more 

a c c u ra te  i n t e r p r e t a t i o n  i f  ch lo ranqphen ico l c o n c e n tr a t io n s  p r o p o r t io n a l  to  

grow th in h i b i t o r y  am ounts f o r  b o th  s t r a i n s  had been u se d . K ushner (1955jj) 

in  a conç>arable ex p erim en t found t h a t  c h lo ra n ç h e n ic o l  w ould i n h i b i t  th e  

a b i l i t y  o f  a s e n s i t i v e  s t r a i n  o f  jP* f lu o r e s c e n s  to  form  in d u c ib le  enzymes 

r e q u ir e d  to  o x id iz e  b e n z o a te , m alo n a te  and L - t r y o s in e .  C h lo ram phen ico l 

had no e f f e c t  on th e s e  a d a p tiv e  phenomena in  r e s i s t a n t  s t r a i n s .  Bernheim

(1954) d e m o n s tra te d  c h lo ram p h en ico l i n h i b i t i o n  o f  th e  fo rm a tio n  and a c t i v ­

i t y  o f  th e  a d a p t iv e  enzyme re q u ir e d  f o r  th e  o x id a t io n  o f  b e n zo a te  by P. 

a e r u g in o s a . In  a  s tu d y  o f  b e ta - g a la c to s id a s e  in  S tap h y lo co ccu s  au re u s  

G re a se r (1955) o b se rv ed  th a t  th e  c o n c e n tr a t io n  o f  amino a c id s  in  th e  

medium d e te rm in e d  th e  f i n a l  c o n c e n tr a t io n  o f  th e  enzyme form ed, b u t t h a t  

th e  r a t e  o f  fo rm a tio n  was f r e e  o f  in f lu e n c e  o f  t h i s  c o n c e n tr a t io n .  Con­

c e n t r a t i o n  o f  th e  in d u c e r  p la y ed  an im p o r ta n t r o le  in  th e  amount o f  enzyme 

form ed. He f u r t h e r  found t h a t  o m iss io n  o f  p u r in e s  and p y r im id in e s  from  

th e  medium r e s u l t e d  in  a  low er p ro d u c tio n  o f  enzyme. G rease r t e s t e d  f i f ­

te e n  a n t i b i o t i c s  in c lu d in g  c h lo ram p h en ico l f o r  e f f e c t  on enzyme fo rm a tio n  

and found t h a t  a l l  o f  them w ere c a p a b le  o f  i n h i b i t i n g  th e  fo rm a tio n  o f



12

t h i s  in d u c ib le  enzym e. These r e p o r t s  o f  i n h i b i t i o n  o f  in d u c ib le  enzyme 

fo rm a tio n  by c h lo ra m p h en ico l have a l l  in d ic a te d  t h a t  some mechanism i n ­

v o lv ed  in  p r o te in  s y n th e s is  i s  th e  s i t e  o f  ch lo ran q ih en ico l a c t i v i t y .

More c o n f irm a to ry  and d i r e c t  ev id en ce  o f  t h i s  h as  been o b ta in e d  

by o th e r  w o rk e rs . W issem an, e t  a l . , (1954) showed t h a t  a s s im i la t io n  o f  

ammonia by E . c o l i  was d e c re a se d  by th e  p re se n c e  o f  c h lo ra m p h e n ic o l. 

F u r th e rm o re , an  a b ru p t  c e s s a t io n  o f  p r o t e in  s y n th e s is  o c c u rre d  when th e  

o rg an ism  was p la c e d  i n  c o n ta c t  w ith  c o n c e n tr a t io n s  o f  th e  d rug  t h a t  ap ­

p ro x im a ted  t h a t  r e q u i r e d  f o r  grow th i n h i b i t i o n .  Amino a c id  in c o r p o r a t io n  

s tu d ie s  w ith  la b e le d  g ly c in e  showed t h a t  th e  amino a c id  was n o t  ta k en  

in to  th e  p r o te in  b u t was in c o rp o ra te d  in to  th e  n u c le i c  a c id s  a t  th e  same 

r a t e  a s  i t  had been  in  th e  ab sen ce  o f  c h lo ra n ç h e n ic o l .  The r a t e s  o f  

r ib n u c l e i c  and d e o x y r ib o n u c le ic  a c id  fo rm a tio n s  w ere u n a l te r e d  by th e  

p re se n c e  o f  c h lo ra m p h e n ic o l. The f a i l u r e  o f  ch lo ram p h en ico l to  i n h i b i t  

a  w ide v a r i e t y  o f  m e ta b o lic  p ro c e s s e s  le n d s  s u p p o r t to  th e  p o s s i b i l i t y  

t h a t  i t s  a c t io n  on p r o t e in  s y n th e s is  may be s p e c i f i c .  F u r th e r  su p p o rt 

to  t h i s  co n cep t was o b ta in e d  by Hahn, e t  a l . , (1 9 5 4 ), who d e m o n stra ted  

th e  i n h i b i t o r y  a c t i o n  o f  th e  L (+) e r y th r o  isom er o f  c h lo ram p h en ico l on 

D ( - )  g lu ta n y l  p o ly p e p t id e  fo rm a tio n  by B a c i l lu s  s u b t i l i s . The a n t ip o d a l  

r e l a t i o n  betw een th e  s t e r i c  c o n f ig u ra t io n  o f  th e  component amino a c id s  o f  

th e  c e l l u l a r  p r o te in s  and th e  p o ly p e tid e  on th e  one hand and th e  c o n f ig ­

u r a t i o n  o f  th e  s p e c i f i c  c h lo ram p h en ico l isom er w hich I n h i b i t s  th e  form a­

t i o n  o f  each  o f  th e s e  c la s s e s  o f  su b s ta n c e s  on th e  o th e r  hand su g g e s ts  

t h a t  th e  d rug  a f f e c t s  r e a c t io n s  in v o lv in g  amino a c id s  in  w hich t h e i r  

s t e r i c  c o n f ig u r a t io n  p la y s  a  d e te rm in in g  r o l e .

M axwell and N ic k e l (1954) found t h a t  L -e ry th ro  ch lo ram p h en ico l
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had betw een 1 and 2 p e r  c e n t  o f  th e  a c t i v i t y  o f  th e  D -th reo  isom er in  

i n h i b i t i n g  th e  e a r ly  grow th  o f  E. c o l i . The L - th re o  and D -e ry th ro  isom ers 

had l e s s  th a n  0 .4  p e r  c e n t  o f  th e  D -th re o  a c t i v i t y .  B a c t e r io s t a t i c  con­

c e n t r a t i o n s  o f  D -th re o  and L -e ry th ro  ch lo ran q )h en ico l caused  s i g n i f i c a n t  

i n h i b i t i o n  o f  p r o te in  s y n th e s is  b u t n o t o f  n u c le ic  a c id  s y n th e s is  in  non­

p r o l i f e r a t i n g  su sp e n s io n  o f  c o l i .

U sing  la b e le d  g lu ta m a te . G ale and F o lk e s  (1952) s tu d ie d  amino 

a c id  exchange and p r o t e in  s y n th e s is  i n  a u re u s . They found th a t  a 

m ix tu re  o f  p u r in e s  and p y r im id in e s  s t im u la te d  b o th  n u c le ic  a c id  s y n th e s is  

and p r o t e in  s y n th e s i s  b u t had a  n e g l ig ib l e  e f f e c t  on amino a c id  exchange. 

C h lo ra n ç h e n ic o l i n h ib i t e d  th e  in c o r p o r a t io n  o f  g lu ta m a te  in to  th e  p r o te in  

f r a c t i o n  o f  th e  c e l l s .  T h is  i n h i b i t i o n  was f a r  g r e a te r  when th e  in c u b a ­

t i o n  was in  a  co n q jle te  m ix tu re  o f  amino a c id s  th a n  when g lu ta m a te  was 

u sed  a lo n e ,  th u s  i n d i c a t in g  t h a t  th e  mechanism o f  p r o te in  s y n th e s is  was 

much more s e n s i t i v e  th a n  t h a t  o f  amino a c id  exchange. M easurem ents o f  

t o t a l  p r o te in  a l s o  co n firm ed  th e  f a c t  t h a t  p r o te in  s y n th e s is  d ropped to  

z e ro  when c h lo ra m p h en ico l was added . The fo rm a tio n  o f  n u c le ic  a c id s  was 

u n in h ib i te d  by c h lo ra m p h en ico l and in  some system s th e re  was an a c tu a l  

s t im u la t io n  o f  th e  s y n th e s is  o f  r ib o n u c le ic  a c id .  S im ila r  r e s u l t s  have 

been  o b ta in e d  by P a rd ee  and P r e s t id g e  (1 9 5 6 ). T h is  i s  o f  p a r t i c u l a r  

i n t e r e s t  s in c e  u n d e r c e r t a i n  c o n d it io n s  (e.g^. in d u c tio n )  th e  s y n th e s is  

o f  n u c le i c  a c id s  p a r a l l e l s  th e  s y n th e s is  o f  p r o te in .  T h is  a c t io n  o f 

c h lo ra m p h en ico l was found to  be in  c o n t r a s t  to  th e  a c t io n  o f  b a c i t r a c in  

w hich i n h i b i t s  th e  s y n th e s is  o f  b o th  n u c le ic  a c id s  and p r o te in  to  th e  

same d e g re e .

H opps, Wisseman and Hahn (1954) in v e s t ig a te d  th e  in f lu e n c e  o f
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ch lo ram p h en ico l upon a n o th e r  m ajor c a te g o ry  o f  s y n th e t ic  p ro c e s s e s ,  

p o ly s a c c h a r id e  fo rm a tio n . N e is s e r ia  p e r f la v a  p ro d u ces  an a n y lo p e c t in -  

l i k e  p o ly s a c c h a r id e  from  s u c ro s e . The f a i l u r e  o f  th e  d rug  to  in f lu e n c e  

th e  m an u fac tu re  o f  th e  p o ly s a c c h a r id e  i s  a n o th e r  f a c t o r  w hich adds fa v o r  

to  th e  p in p o in t in g  o f  th e  s i t e  o f  a c t io n  on p r o te in  s y n th e s is .

The d e g re e  o f  s e n s i t i v i t y  o r  r e s i s t a n c e  o f  any b a c t e r i a l  c u l tu r e  

i s  r e l a t i v e .  S in ce  a n t i b i o t i c s  fu n c t io n  by i n t e r f e r i n g  w ith  th e  m etabo­

l is m  o f  th e  m ic ro o rg an ism , a lm o s t any o f  th e  many o th e r  f a c to r s  w hich 

in f lu e n c e  m e tab o lism  c o u ld  p o s s ib ly  a l t e r  th e  e f f e c t s  o f  th e  d ru g . V ar­

i a t i o n  o f  th e  su p p ly  o f  some m e ta b o lic  p re c u r s o r  o r  an a l t e r a t i o n  o f  th e  

m e ta b o lic  r a t e  o r  p r o t e i n  s y n th e s is  co u ld  change th e  e f f e c t iv e n e s s  o f  th e  

d rug  r a t h e r  m ark ed ly . B ecause o f  t h i s ,  a  r e p o r te d  i n h ib i to r y  c o n c e n tra ­

t i o n  o f  any a n t i b i o t i c  i s  s i g n i f i c a n t  o n ly  f o r  th o s e  c o n d it io n s  u n d er 

w hich t h a t  p a r t i c u l a r  t e s t  was p e rfo rm ed . The a n t i b a c t e r i a l  a c t i v i t y  o f  

s tre p to m y c in  i s  d ep en d en t upon th e  t e s t  medium (Rhymer and W allace , 1947); 

f o r  exam ple, b r a in  h e a r t  in f u s io n  and phy tone  in h ib i t e d  s t r e p to n y c in  a c ­

t i v i t y .  C h a tte rw ay , ^  a l . ,  (1949) o b serv ed  t h a t  p e n i c i l l i n  i n h i b i t i o n  

was a n ta g o n iz e d  by y e a s t  e x t r a c t .  E ag le  and M usselman (1949) found t h a t  

re c o v e ry  o f  S tre p to c o c c u s  pyogenes fo llo w in g  ex p o su re  to  to x ic  c o n c e n tra ­

t io n s  o f  p e n i c i l l i n  was c o n d it io n e d  by th e  su irrounding  menstruum; t h a t  

medium w hich s u p p o rte d  good grow th  o f  th e  o rg an ism  i n  th e  ab sen ce  o f  pen­

i c i l l i n  a l s o  prom pted more r a p id  and com plete  re c o v e ry  from  th e  a n t i b i o ­

t i c .  W ainw right and If iilla n ey  (1954) d em o n stra ted  t h a t  s u s c e p t i b i l i t y  to  

p e n i c i l l i n  may v a ry  a c c o rd in g  to  th e  so u rc e  o f  carb o n  in  th e  medium. The 

co m p o sitio n  o f  c u l tu r e  m edia has  been shown to  in f lu e n c e  grow th i n h i b i ­

t io n  o f  v a r io u s  m ic ro o rg an ism s by a n t i b i o t i c  d i s c s  (N e te r , Murdock and
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K urz , 1 9 5 2 ). I n  b r a in  v e a l  a g a r  o r  p ro te o s e  No. 3 a g a r  c h lo ra n ç h e n ic o l  

was h ig h ly  i n h i b i t o r y  f o r  P . a e ru g in o sa  w hereas on Endo a g a r  th e  i n h ib ­

i t o r y  e f f e c t  was n e g l i g i b l e .  When E. c o l i  was u sed  a s  th e  t e s t  o rg an ism  

good i n h i b i t i o n  was o b ta in e d  on a l l  th r e e  m ed ia . C h lo ra n ç h e n ic o l was 

found to  be l e s s  e f f e c t i v e  in  u r in e  a g a r  th a n  i n  b r a in  v e a l  a g a r .  

S w endseid , W righ t and B eth e11 (1952) n o te d  t h a t  su sp e n s io n s  o f  human 

bone marrow p ro d u ce  a  confound term ed  "h em o fo lin ” when in c u b a te d  w ith  

f o l i c  a c id .  "H em ofolin" was o b se rv ed  t o  r e v e r s e  c h lo ra n ç h e n ic o l  i n h i b i ­

t i o n  o f  grow th  w h ile  f o l i c  and f o l i n i c  a c id s  would n o t .  T hese r e s u l t s  

w ere c o n s id e re d  to  c o n s t i t u t e  e v id en c e  r e l a t i n g  th e  a c t i v i t y  o f  ch lo ram ­

p h e n ic o l  to  f o l i c  a c id  m etab o lism  in  b a c t e r i a .

T hese r e p o r t s  c i t e d  above w ere , f o r  th e  most p a r t ,  c a s u a l  ob­

s e r v a t io n s  and n o t  p r im a r i ly  i n v e s t i g a t i o n s  i n to  th e  p rob lem  o f  a n t i b i o ­

t i c  an tag o n ism  by conqplex m a te r i a l s .  F o s te r  and P i t t i l l o  (1953^^) i n i t i ­

a te d  th e  f i r s t  i n v e s t i g a t i o n  o f  any m agnitude and th o ro u g h n e s s . These 

w o rk ers  w ere a b le  to  d e m o n s tra te  an an tag o n ism  o f  d ih y d ro s t r e p to n y c in ,  

c h lo ra n ç h e n ic o l ,  te r ra m y c in , p e n i c i l l i n  and b a c i l l i n  by b a sam ine, p e p to n e , 

l i v e r  e x t r a c t  and b r a in  h e a r t  in f u s io n .  Basam ine, a  y e a s t  e x t r a c t ,  was 

th e  m ost e f f e c t i v e  o f  th e s e  m a te r i a l s .  W elsch (1955) o b se rv ed  t h a t  th e  

n a tu r e  o f  th e  c u l tu r e  m edia in f lu e n c e d  th e  p h e n o ty p ic  e x p re s s io n  o f  a 

g iv e n  m u ta tio n  o f  E . c o l i  to  s tre p to m y c in  r e s i s t a n c e .  G unnison, e t  a l . ,

(1955) d e s c r ib e d  th e  e f f e c t  o f  env ironm en t on th e  b a c t e r i c i d a l  a c t i v i t y  

o f  a n t i b i o t i c s  on n o n m u ltip ly in g  b a c t e r i a .  They found t h a t  n e o n y c in , 

D o lynyxin  and s tre p to m y c in  w ere more e f f e c t i v e  in  th e  ab sen ce  o f  n u t r i ­

e n ts  th a n  in  n u t r i e n t  b ro th ;  o x y te t r a c y c l in e  and b a c i t r a c i n  w ere e q u a l ly  

e f f e c t i v e  i n  e i t h e r  en v iro n m en t; p e n i c i l l i n  had l i t t l e  e f f e c t  in  th e
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ab se n c e  o f  n u t r i e n t s .

D avis and Sevag (1 9 5 5 ) , w ork ing  w ith  s e v e r a l  s p e c ie s  o f  gram 

n e g a t iv e  b a c t e r i a ,  n o te d  t h a t  th e  c o n ç o s i t io n  o f  th e  m edia had  a marked 

e f f e c t  on th e  a p p a re n t r e s i s t a n c e  o f  th e  o rg an ism s to  a n t i b i o t i c s .  S u r­

p r i s i n g l y ,  i t  was o b serv ed  t h a t  a l l  o f  th e  o rgan ism s t e s t e d  w ere more 

r e s i s t a n t  to  th e  e f f e c t s  o f  b a c i t r a c i n ,  s t r e p to n ^ c in  and neom ycin i n  a  

g lu c o se  s a l t s  medium th a n  i n  n u t r i e n t  b r o th ,  w hereas th e  o p p o s i te  e f f e c t  

was o b serv ed  w ith  p e n i c i l l i n ,  t e t r a c y c l i n e s ,  c h lo ra n ç h e n ic o l  and c a rb o -  

n y c in .  R e a c tio n s  tow ard  p o ly n y x in  B v a r ie d  from  one medium to  a n o th e r  

and seemed to  be a  s t r a i n  c h a r a c t e r i s t i c .  Cohen and P r a t t  (1956) o b se rv ­

ed  t h a t  t r y p to s e  and b e e f  e x t r a c t  w ould r e v e r s e  b a c i t r a c i n  a c t i v i t y  a g a in s t  

M. p y o g en es , w h ile  p ro te o s e  p ep to n e  e x h ib i te d  th e  o p p o s ite  e f f e c t ,  e^., 

th e  o rg an ism  was more s e n s i t i v e  to  b a c i t r a c i n  i n  th e  p re se n c e  o f  p ro te o s e  

p e p to n e . Ramsey and P adron  (1954) n o te d  t h a t  M. pyogenes d id  n o t  r e a d i ly  

d ev e lo p  r e s i s t a n c e  to  c h lo ra n ç h e n ic o l  i n  a  s y n th e t ic  medium w h ile  r e s i s t ­

a n t  s t r a i n s  w ere e a s i l y  o b ta in e d  th ro u g h  s e r i a l  t r a n s f e r  in  a  conq>lex 

b r o th  (D ifco  AC) in  th e  p re se n c e  o f  th e  a n t i b i o t i c .  A lso  th e  s y n th e t ic  

b r o th  would n o t  su p p o r t  th e  grow th o f  th e s e  r e s i s t a n t  s t r a i n s  i n  th e  

p re s e n c e  o f  c h lo ra m p h en ico l a t  a  l e v e l  o f  50 p e r  c e n t o f  t h a t  w hich  p r e ­

v io u s ly  a llo w ed  t h e i r  g row th  i n  th e  more com plex medium.

F u r th e r  s e a rc h  f o r  m e ta b o l i te s  t h a t  m igh t be cap a b le  o f  r e v e r s ­

in g  th e  a c t io n  o f  c h lo ra m p h en ico l h as  in v o lv e d  s tu d ie s  o f  th e  amino a c id s .  

The p o s s i b i l i t y  o f  th e  a n t i b i o t i c  com peting  w ith  amino a c id s  i n  th e  v a r i ­

ous m e ta b o lic  p ro c e s s e s  o f  th e  c e l l  i s  an  a t t r a c t i v e  one . R eb sto ck , e ^  

a l . , (1949) showed t h a t  th e  s t r u c t u r e  o f  ch lo ram p h en ico l resem bled  an 

amino a c id  and  i d e n t i f i e d  s e v e r a l  o f  th e  d e g ra d a t io n  p ro d u c ts  o f  th e  d rug



17

as  s u b s t i t u t e d  amino a c id s .  W oolley (1950) has shown t h a t  i n h i b i t i o n  o f  

E . c o l i  by c h lo ra m p h en ico l was overcome by a d d i t io n s  o f  p h e n y la la n in e  to  

a  g lu c o se  s a l t s  medium. The an tag o n ism  was n o n c o m p e titiv e  and was demon­

s t r a b l e  o n ly  in  th e  p re s e n c e  o f  m in im a lly  e f f e c t i v e  c o n c e n tra t io n s  o f  th e  

d ru g . Of th e  o th e r  amino a c id s  t e s t e d ,  o n ly  ty r o s in e  and try p to p h a n  

d e m o n s tra te d  a n ta g o n i s t i c  a c t i v i t y .  W ith L a c to b a c i l lu s  c a s e i  o n ly  p h e n y l­

a la n in e  was a b le  to  in f lu e n c e  th e  t o x i c i t y  o f  c h lo ra n p h e n ic o l. Bergmann 

and S ic h e r  (1952) i n v e s t ig a te d  th e  mode o f  a c t io n  o f  c h lo ra n ç h e n ic o l on 

w ild  ty p e  E . c o l i  and a  number o f  m u ta n ts . I n h ib i t i o n  o f  th e  w ild  ty p e  

was f u l l y  r e v e r s e d  by a n t h r a n i l i c  a c id .  I t  was su g g es te d  t h a t  ch loram ­

p h e n ic o l  i n t e r f e r e d  in  th e  c o n v e rs io n  o f  a n t h r a n i l i c  a c id  to  in d o le .  

G ly c in e , w h ich  e x h ib i t s  a  s l i g h t  r e t a r d in g  a c t io n  on th e  grow th o f  E. 

c o l i  h as  been  found to  a n ta g o n iz e  th e  a c t io n  o f  ch lo ram p h en ico l, w hereas 

a s p a r t i c  a c id ,  ^rfiich i s  h ig h ly  i n h i b i t o r y ,  enhances th e  a c t io n  o f  th e  d ru g  

(M en tze r, e t  , 1950) .

T o x ic i ty  o f  d ih y d ro s tre p to m y c in  and o f  L - try o s in e  f o r  A e ro b a c te r  

a e ro g e n e s  and a  m ycobacterium  was found by P i t t i l l o  and F o s te r  (1954) to  

be r e v e r s e d  to  a  s i g n i f i c a n t  d eg ree  by p h e n y la la n in e . The t o x i c i t i e s  o f  

a n t i b i o t i c  106-7 ( c y c lo s e r in e ,  Merck & C o.) and o f  c h lo r t e t r a c y c l in e  f o r  

A. a e ro g en e s  w ere r e v e r s e d  by g ly c in e .  I t  was o f  i n t e r e s t  t h a t  th e  a n t i ­

b i o t i c s  w hich w ere re v e rs e d  by th e  same m e ta b o l i te  w ere s y n e r g i s t i c a l l y  

i n h i b i t o r y  when com bined. P i t t i l l o  and F o s te r  (1953) d i f f e r e n t i a t e d  be­

tw een s tre p to m y c in  and d ih y d ro s tre p to m y c in  i n h i b i t i o n  by means o f  r e v e r s ­

in g  m e ta b o l i t e s .  T hese c lo s e ly  r e l a t e d  a n t i b i o t i c s  had been reg a rd ed  as  

i d e n t i c a l  i n  a n t im ic r o b io l  grow th e f f e c t s  and in  enzym atic  e f f e c t s ,  as  

w e ll  a s  in  dependency e x p e r im e n ts . However, i t  was found t h a t  th e
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i n h i b i t o r y  e f f e c t  o f  s tre p to n ^ ^ c in  was e f f e c t i v e l y  re v e r s e d  by g u a n y lic  

a c id ,  g u a n o s in e , c y to s in e ,  x a n th o s in e ,  thym ine and y e a s t  a u to ly s a te  b u t 

n o t  by p h e n y la la n in e .  When d ih y d ro s tre p to n y c in  was t e s t e d  a g a in s t  th e s e  

same m a te r ia l s  i t s  a c t i v i t y  was re v e rs e d  e f f e c t i v e l y  o n ly  by p h e n y la la ­

n in e .

In  a  s tu d y  o f  th e  r o l e  o f  amino a c id s  on th e  s e n s i t i v i t y  o f  A. 

a e ro g en e s  and P . a e ru g in o s a  to  polym yxin B, Haas and S e v a g ,(1953) o b se rv ­

ed  t h a t  maximum r e s i s t a n c e  o c c u rre d  in  a  g lu c o se  s a l t s  medium. The a d d i­

t i o n  o f  th e  in d iv id u a l  ami no a c id s  le u c in e ,  s e r in e  and m e th io n in e  had no 

e f f e c t  on th e  d e g re e  o f  s u s c e p t i b i l i t y .  However, when any co m b in a tio n  o f 

th e s e  amino a c id s  was added  to  th e  medium th e  to x ic  a c t i o n  o f  th e  a n t i b i o ­

t i c  was g r e a t l y  enhanced . The u se  o f  c a s e in  h y d ro ly s a te  a l s o  in c re a s e d  

th e  e f f e c t  o f  th e  a n t i b i o t i c .  Yoneda, e t  a l . , (1952) w ere a b le  to  show a 

c o m p e tit iv e  an tag o n ism  betw een p y r id o x a l  and th e  a n t im ic r o b ia l  a g e n t 

i s o n i c o t i n i c  a c id  h y d ra z id e , and L ic h s te in  (1955) found t h a t  p re in c u b a ­

t i o n  o f  th e  c e l l s  w ith  p y r id o x a l  d e c re a se d  s i g n i f i c a n t l y  th e  d e g re e  o f  i n ­

h i b i t i o n  by i s o n i c o t i n i c  a c id  h y d ra z id e  o f  th e  try p to p h a n a se  a c t i v i t y  o f  

JS. c o l i . The amount o f  p r o te c t io n  a f fo rd e d  by p re in c u b a t io n  v a r ie d  w ith  

th e  c o n c e n tr a t io n s  o f  p y r id o x a l  and o f  i s o n i c o t i n i c  a c id  h y d ra z id e  and to  

some e x te n t  w ith  th e  tim e  o f  p re in c u b a t io n .  F o s te r  and P i t t i l l o  (1953^) 

t e s t e d  v a r io u s  v ita m in s  and a  v ita m in  m ix tu re  f o r  a b i l i t y  to  r e v e r s e  th e  

i n h i b i to r y  e f f e c t s  o f  c h l o r t e t r a c y c l i n e ,  c h lo ra n ç h e n ic o l ,  p e n i c i l l i n ,  

d ih y d ro s tre p to m y c in  and o x y te t r a c y c l in e  on a  s t r a i n  o f  E. c o l i . C h lo r­

t e t r a c y c l i n e  was th e  o n ly  a n t i b i o t i c  o f  th e  f iv e  t e s t e d  in  w hich a n ta g o n ­

ism  by v i ta m in s  o c c u r re d  to  any e x t e n t ; th e  an tag o n ism  by r ib o f l a v i n  was 

p a r t i c u l a r l y  n o te w o rth y . F u r th e r  e x a m in a tio n , u s in g  tw e lv e  d i f f e r e n t
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organ ism s t h a t  w ere s e n s i t i v e  to  c h l o r t e t r a c y c l i n e ,  showed t h a t  t h i s  

c h a r a c t e r i s t i c  was n o t  l im i t e d  to  th e  s t r a i n  f i r s t  t e s t e d .  ^  u s in g  a 

r i b o f l a v i n l e s s  s t r a i n  o f  B a c i l lu s  s u b t i l i s  i t  was p o s s ib le  to  d e m o n s tra te  

a  c o m p e tit iv e  r e l a t i o n s h i p  betw een aureom ycin  and r i b o f l a v i n  w ith  an i n ­

h i b i t i o n  in d e x  o f  8 .

The i n v e s t i g a t i o n  d e s c r ib e d  h e r e in  was u n d e r ta k e n  f o r  th e  p u r ­

p o se  o f  o b ta in in g  a  b e t t e r  u n d e rs ta n d in g  o f  th e  e f f e c t s  o f  th e  p h y s io lo g ­

i c a l  s t a t e  o f  a  m ic ro o rg an ism  upon th e  a c t i v i t y  o f  c h lo ra n ç h e n ic o l .  

E lu c id a t io n  o f  th e  r o l e  o f  n u t r i e n t  m a te r ia l s  would le a d  to  a  b e t t e r  

i n t e r p r e t a t i o n  o f  la b o r a to r y  t e s t s  d e s ig n e d  to  d e te rm in e  th e  a n t i b i o t i c  

s e n s i t i v i t y  o f  b a c t e r i a l  c u l t u r e s .  A c o n ç a r is o n  o f  th e  a c t i v i t y  o f  th e s e  

n u t r i e n t s  on c h lo ra n ç h e n ic o l  s e n s i t i v e  and r e s i s t a n t  s t r a i n s  o f  M. pyo­

genes c o u ld  le a d  to  a  b e t t e r  u n d e rs ta n d in g  o f  th e  p h y s io lo g ic a l  d i f f e r ­

en ces  a s s o c ia te d  w ith  in c re a s e d  r e s i s t a n c e  to  c h lo ra n ç h e n ic o l  and th e  

mode o f  a c t io n  o f  th e  a n t i b i o t i c .



CHAPTER I I  

EXPERIMENTAL 

B a c te r i a l  C u ltu re s

The t e s t  o rgan ism s u sed  th ro u g h o u t t h i s  s tu d y  w ere a  ch lo ram ­

p h e n ic o l s e n s i t i v e  s t r a i n  o f  M icrococcus pyogenes v a r .  a u re u s  ( S t r a in  S) 

and a  r e s i s t a n t  v a r i a n t  ( S t r a in  R) d ev e lo p ed  from  i t  by s e r i a l  t r a n s f e r  

in  in c r e a s in g  c o n c e n tr a t io n s  o f  c h lo ra n ç h e n ic o l  (Ramsey and P ad ro n ,

1954). L a c to b a c i l lu s  c a s e i  ATCC 7469 was u sed  in  c e r t a i n  p h a se s  o f  t h i s  

work f o r  th e  m ic ro b io lo g ic a l  a s s a y  o f  r i b o f l a v i n .

S to ck  c u l tu r e s  o f  th e  two s t r a i n s  o f  M. pyogenes w ere  s to r e d  

a t  4 C on s lo p e s  o f  D ifco  AC a g a r .  The a g a r s lo p e s  u sed  f o r  m a in ta in in g  

th e  r e s i s t a n t  s t r a i n  w ere supp lem ented  w ith  500 ug o f  c h lo ra n p h e n ic o l p e r  

m l. T ra n s fe r s  w ere made a t  m onthly  i n t e r v a l s  by in o c u la t in g  AC b ro th ,  

in c u b a t in g  a t  37 C f o r  20 h o u rs  and t r a n s f e r r i n g  to  th e  a p p r o p r ia te  s to c k  

s lo p e .  T hese s lo p e s  w ere th e n  in c u b a te d  a t  37 C u n t i l  v i s i b l e  grow th 

a p p ea re d . T h is  tim e  i n t e r v a l  was u s u a l ly  12 to  18 h o u rs  f o r  S t r a i n  S 

and 3 to  4 days f o r  S t r a i n  R.

The o rgan ism s to  be used  as an inoculum  w ere p re p a re d  from  20- 

24 h o u r c u l tu r e s  grown a t  37 C in  D ifco -A .C . b ro th  o r  s y n th e t ic  b ro th  

a s  d e s i r e d  f o r  a  p a r t i c u l a r  e x p e r im en t. The b ro th  c u l tu r e s  w ere c e n t r i ­

fu g e d , washed once in  s a l i n e ,  and re su sp en d ed  to  t h e i r  o r i g i n a l  volume

20
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i n  e i t h e r  s a l i n e  o r  a  s in g le  s t r e n g th  b a s a l  s a l t  s o lu t io n .  D i lu t io n s  o f  

th e  washed s u sp e n s io n s  w ere made in  s t e r i l e  d i s t i l l e d  w a te r  ex ce p t f o r  

th e  f i n a l  d i l u t i o n  w hich was made i n  c h i l l e d  s y n th e t ic  b ro th  w ith o u t 

g lu c o se  o r  a  s in g le  s t r e n g th  b a s a l  s a l t  s o lu t io n .  T h is  f i n a l  d i l u t i o n  

o f  inocu lum  was m a in ta in e d  i n  an i c e  b a th  d u r in g  th e  p e r io d  o f  in o c u la ­

t i o n ;  0 .0 5  ml o f  th e  d e s i r e d  d i l u t i o n  was u sed  a s  th e  inocu lum .

C hloram phenico l

S to ck  s o lu t io n s  o f  c h lo ra n ç h e n ic o l w ere made i n  d i s t i l l e d  w a te r  

and  s to r e d  a t  4  C i n  f o i l  o r  p ap er w rapped b o t t l e s  to  p r o t e c t  th e  a n t i ­

b i o t i c  from  l i g h t .  The d e s i r e d  c o n c e n tr a t io n  o f  c h lo ra n ç h e n ic o l was 

added to  th e  medium p r i o r  t o  s t e r i l i z a t i o n .

S y n th e t ic  Medium 

The co m p o s itio n  o f  th e  s y n th e t ic  medium used  i s  g iv e n  in  T ab le  

I .  T h is  medium was p re p a re d  in  two p a r t s .  A d o u b le  s t r e n g th  b a s a l  p o r ­

t i o n  was p re p a re d  ( P a r t  A) and th e n  supplem ented  w ith  th e  v ita m in s  l i s t e d  

i n  P a r t  B. S in c e  a  s in g le  s t r e n g th  medium was d e s i r e d ,  t h i s  was th e n  

d i l u t e d  by th e  a d d i t io n  o f  d i s t i l l e d  w a te r  a n d /o r  o th e r  supp lem ents  to  

g iv e  th e  d e s i r e d  f i n a l  c o n c e n tr a t io n .  The g lu c o se  was a u to c la v e d  s e p a ­

r a t e l y  a s  a  2 0  p e r  c e n t  s o lu t io n  and added a s e p t i c a l l y  to  th e  o th e rw ise  

co m p le te  medium. F o r p l a t i n g  e x p e rim en ts  th e  s y n th e t ic  medium d e s c r ib e d  

above was supp lem en ted  w ith  1 .5  p e r  c e n t a g a r .  In  c e r t a i n  ex p erim en ts  

i t  was n e c e s s a ry  to  om it some o f  th e  in g r e d ie n ts  o f  th e  s y n th e t ic  medium 

o r  to  add in c re a s e d  q u a n t i t i e s  o f  some m a te r i a l s .  Any v a r i a t i o n s  from  

th e  c o m p o sitio n  o f  th e  s y n th e t i c  medium in d ic a te d  in  T ab le  I  a re  n o te d  

in  th e  t e x t .
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TABLE I

SYNTHETIC MEDIUM

P a r t  A: D ouble S tr e n g th  B asa l Medium
(W eight p e r  L i t e r )

K2 HP0 4  ......................................... gms.

(NH4 ) 2 S0 4  .................................. ................. 2 . 0 gms.

MgS0 4  ............................................ ................. 0 .4 gms.

MaS0 4  ............................................ ................. 2 0 mg.

FeS0 4  ............................................ ................. 2 0 mg.

NaCl ........................................ mg.

T ry p to p h an  ............................ mg.

C y s tin e  ................................... mg.

Casamino a c id s  ................... ................. 2 . 0 gms.

G lucose*  ................................. ................. 40 gms.

P a r t  B: V itam in  Supplem ent^
( F in a l  c o n c e n t r a t io n ,  ug  p e r  ml)

N ia c in   ............................  2 .0  I n o s i t o l  ..............................  1 .0

T h ia m in ...................................... 2 .0  P ara-am ino  b e n zo ic  a c id  1 .0

R i b o f l a v i n ...............................  1 .0  F o l i c  a c i d .........................  0 .0 1

P y r id o x a m in e   ............  1 .0  B i o t i n ..................................  0 .0 1

C alcium  p a n to th e n a te  . . . .  1 .0  Cyanocobalam ine .............. 0 .00015

p H .................................  7 .0

*G lucose was a u to c la v e d  s e p a r a te ly  and added a s e p t i c a l l y  to  th e  
s t e r i l e  medium to  g iv e  a  f i n a l  c o n c e n tr a t io n  o f  2  p e r  c e n t .

^ 2 0  ml o f  each  v ita m in  s to c k  s o lu t io n  ( 1 0 0  f o ld  f i n a l  c o n c e n tra t io n )  
was added to  each  l i t e r  o f  d o u b le  s t r e n g th  b a s a l  medium.
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S in c e  th e  p rim ary  o b je c t  o f  th e  s tu d y  was to  d e te rm in e  th e  r o l e  

o f  p h y s io lo g ic a l  c o n d i t io n s  i n  r e s i s t a n c e ,  a  number o f  te c h n iq u e s  w ere 

u sed  i n  o rd e r  to  a v o id , a s  much a s  p o s s ib l e ,  e rro n e o u s  c o n c lu s io n s  i n ­

h e r e n t  i n  any such  s tu d y . F i r s t ,  i n  o rd e r  to  c ircu m v en t th e  p o s s i b i l i t y  

t h a t  w hat a p p ea re d  to  be s t im u la t io n  was a c t u a l l y  s e l e c t i o n  o f  random 

m u ta n ts , in o c u la  o f  sm a ll s i z e  w ere  u sed  e x c e p t i n  th o s e  e x p e rim en ts  i n  

w hich th e  e f f e c t  o f  v a ry in g  in o c u la  s i z e s  w ere exam ined . F u r th e r ,  i t  

was n e c e s s a ry  to  e s t a b l i s h  p a ra m e te rs  udiich c o u ld  be u sed  f o r  a s s a y in g  

s t im u la t io n .  The s y n th e t i c  medium was u sed  a s  a  " b a se  l i n e "  m enstruum  

w ith  a  m inim al a c t i v i t y  i n  c o u n te r a c t in g  th e  a n t i b i o t i c ;  a  conq>lex me­

dium  (D ifco  AC a g a r )  was u sed  a s  th e  " s t im u la to r y  medium. "  AJLl m a te r ia l s  

to  be  t e s t e d  w ere  conq>ared w ith  th e s e  two e x tre m e s . The m a te r ia l  to  be  

exam ined f o r  a c t i v i t y  was p ip e t t e d  in to  s t e r i l e  p l a t e s  and 15 ml o f  th e  

s y n th e t i c  a g a r  medium c o n ta in in g  th e  d e s i r e d  c o n c e n tr a t io n  o f  ch lo ram ­

p h e n ic o l  was th e n  added to  th e  su p p lem en t. Thorough m ix ing  o f  th e  su p ­

p lem en t w ith  th e  medium was found to  be e s s e n t i a l  in  o rd e r  to  o b ta in  

u n ifo rm  r e s u l t s .

P la t in g  T echn iques 

The p l a t i n g  te c h n iq u e ,  e s s e n t i a l l y  th e  same a s  t h a t  e n ç lo y e d  by 

F o s te r  and P i t t i l l o  (1 9 5 3 a ), c o n s is te d  o f  p i p e t t i n g  0 .0 5  ml o f  th e  d i l u t ­

ed c e l l  su sp e n s io n  in to  th e  s o l i d i f i e d  a g a r  i n  two o r  more p l a t e s  and 

sp re a d in g  i t  o v e r th e  e n t i r e  s u r f a c e  w ith  a  s t e r i l e  b e n t g la s s  ro d . C o l­

ony c o u n ts  w ere made a f t e r  1, 2 , 3 , 5 , 7 and 10 days in c u b a t io n  a t  37 C.

A Quebec co lo n y  c o u n te r ,  w hich gave an m a g n if ic a t io n  o f  2 , was u sed  to  

co u n t a l l  p l a t e s .
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B ro th  C u ltu re s

S e v e ra l  d i f f e r e n t  te c h n iq u e s  w ere u sed  to  fo llo w  th e  g row th  o f  

th e  b a c t e r i a l  c u l tu r e s  in  l i q u id  m edia u n der e x p e r im e n ta l c o n d i t io n s .  

E x am in a tio n  o f  b r o th  c u l tu r e s  f o r  v i s i b l e  t u r b i d i t y  was u sed  a s  a  s c r e e n ­

in g  te c h n iq u e  to  d e t e c t  c h lo ra n ç h e n ic o l  r e v e r s in g  a c t i v i t y .  A lthough  

such  a  m ethod can n o t be  c o n s id e re d  to  be  q u a n t i t a t i v e ,  i t  w i l l  be shown 

t h a t  th e  r e s u l t s  o b ta in e d  by th e  method w ere q u a l i t a t i v e l y  s im i l a r  to  th e  

more d e l i c a t e  and q u a n t i t a t i v e  m ethods d e s c r ib e d  below . B ecause o f  t h i s ,  

and a l s o  b ecau se  o f  th e  r e l a t i v e  s in q p l ic i ty  o f  th e  m ethod, i t s  u se  in  

p re l im in a ry  e x p e rim en ts  was c o n s id e re d  to  be  j u s t i f i e d .

A n o th er te c h n iq u e  was th e  d é te rm in â t  io n  o f  v ia b le  c e l l  co u n t 

a t  v a r io u s  tim e  i n t e r v a l s .  D i lu t io n s  o f  a l i q u o t s  o f  th e  b a c t e r i a l  c u l ­

t u r e  w ere made i n  d i s t i l l e d  w a te r  and one ml p o r t io n s  o f  s e v e r a l  d i l u ­

t io n s  w ere in o c u la te d  in to  d u p l ic a te  p e t r i  p l a t e s .  Twenty ml q u a n t i t i e s  

o f  a g a r  medium w ere th e n  po u red  in to  each  p l a t e  and th e  s a n g le  and a g a r  

mixed th o ro u g h ly . The p l a t i n g  medium c o n s is te d  o f  0 .5  p e r  c e n t  g lu c o s e , 

0 .3  p e r  c e n t  y e a s t  e x t r a c t ,  1 .0  p e r  c e n t  p ep to n e  and 1 .5  p e r  c e n t  a g a r . 

The p l a t e s  w ere a llo w ed  to  h a rd en  and th e n  w ere in c u b a te d  a t  37 C. C o l­

ony c o u n ts  w ere p e rfo rm ed  a t  24 and 48 h o u rs . G raphic  r e p r e s e n ta t io n  o f  

th e  g row th  o f  a  b a c t e r i a l  c u l tu r e  i s  u s u a l ly  b e s t  a ch ie v e d  by u s in g  a 

lo g a r i th m ic  s c a le  f o r  w h a tev e r m easurem ent o f  th e  d e n s i ty  o f  th e  c u l tu r e  

i s  made. M oreover, a s  Monod (1949) h a s  p o in te d  o u t ,  b o th  d iag ram s and 

a s s o c ia te d  c a l c u l a t i o n s  a re  more r e a d i ly  i n t e r p r e t e d  i f  lo g a r ith m s  to  

b ase  2 a r e  u sed  in s te a d  o f  common lo g a r ith m s  (i«  e^., b ase  10) ; an  in c r e a s e  

o f  1 u n i t  on th e  lo g a r i th m ic  s c a le  th e n  c o rre sp o n d s  to  th e  e q u iv a le n t  o f
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one d i v i s io n  o f  each  o f  th e  c e l l s  p r e s e n t  a t  th e  b e g in n in g  o f  th e  i n t e r ­

v a l .  T h e re fo re , th e  t a b l e s  p re p a re d  by F in n e y , e t  a l . , (1955) w ere u sed  

to  c a l c u l a t e  th e  lo g a r i th m  to  th e  b a se  o f  2 o f  th e  number o f  v iab le- o r ­

g an ism s. T h is  v a lu e  was th e n  u sed  i n  th e  g ra p h ic  p r e s e n ta t io n  o f  th e s e  

r e s u l t s .

F o r tu r b id im e t r i c  grow th  c u rv es  one drop o f  an a p p ro p r ia te  

d i l u t i o n  o f  a  washed c e l l  s u sp e n s io n  was in o c u la te d  i n to  p h o to m e tric  

tu b e s  (15 mm d ia m e te r )  w hich c o n ta in e d  5 ml o f  a  b r o th  medium. T u r b id i­

m e tr ic  m easurem ents w ere made a t  i n t e r v a l s  u s in g  a Bausch and Lomb S pec- 

t r o n i c  20 C o lo r im e te r  s e t  a t  a  w av elen g th  o f  525 mu. C o lo r e r r o r  was 

m in im ized  by u s in g  an  u n in o c u la te d  tu b e  o f  medium as  a  b la n k . When th e  

e f f e c t  o f  m a te r i a l s  w ith  v a ry in g  d e g re e s  o f  c o lo r  w ere b e in g  exam ined, 

a p p r o p r ia te  b la n k s  w ere p re p a re d .

P r e in c u b a tio n  E xperim en ts

S t e r i l e  m o le c u la r  membrane f i l t e r s  w ere in o c u la te d  by s p re a d in g  

0 .0 5  ml o f  th e  in ocu lum  o v e r th e  s u r fa c e  o f  th e  membrane. The in o c u la te d  

m o le c u la r  membranes w ere p la c e d  on d rug  f r e e  m edia. A f te r  th e  d e s i r e d  

p r e in c u b a t io n  i n t e r v a l ,  th e  membranes on d r u g - f r e e  a g a r  p l a t e s  w ere t r a n s ­

f e r r e d  to  p l a t e s  o f  th e  same ty p e  m edia c o n ta in in g  g rad ed  c o n c e n tra t io n s  

o f  c h lo ra n ç h e n ic o l .  The p l a t e s  w ere in c u b a te d  a t  37 C and co u n ts  w ere 

made a t  d a i l y  i n t e r v a l s  f o r  7 d a y s . M u l t ip l ic a t io n  o f  th e  o rg an ism  d u r ­

in g  th e  p r e in c u b a t io n  p e r io d  was c o n t r o l le d  by th e  f a c t  t h a t  th ey  become 

f ix e d  on th e  membranes and any m u l t i p l i c a t i o n  o c c u r r in g  w i l l  be c lo n a l  in  

n a tu r e  and th e r e f o r e  w i l l  n o t a f f e c t  th e  t o t a l  co lony  c o u n t.
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C e ll  G e n e ra tio n  Time on A gar Media 

The g e n e r a t io n  tim e  on a g a r  p l a t e s  was d e te rm in ed  by th e  method 

o f  Sp iegelm an , Sussman and P in sk a  (1 9 5 0 ). The inocu lum  was sp re ad  over 

th e  s u r f a c e  o f  a  number o f  a g a r  p l a t e s .  A t v a ry in g  p e r io d s  o f  tim e r e p ­

l i c a t e  p l a t e s  w ere r e s p re a d  w ith  a  s t e r i l e  b e n t g la s s  ro d  and th e n  in c u ­

b a te d .  B esp re a d in g  o f  th e  p l a t e s  sh o u ld  n o t  r e s u l t  in  an in c re a s e d  c o l ­

ony co u n t u n t i l  th e r e  h as  been  some m u l t i p l i c a t i o n  o f  c e l l s .  As demon­

s t r a t e d  by t h i s  p ro c e d u re , th e  a v e ra g e  tim e  r e q u ir e d  f o r  th e  f i r s t  c e l l  

d iv i s io n  to  o c cu r was 4 h o u rs .

R ib o f la v in  A ssay  and D e g rad a tio n  

D e g ra d a tio n  o f  r i b o f l a v i n  was acco m plished  by a d ju s t in g  a l i ­

q u o ts  c o n ta in in g  10 ug p e r  ml to  pH v a lu e s  o f  5 .0  and 9 .0  and i r r a d i a t i n g  

them f o r  a  p e r io d  o f  one h o u r w ith  a  M iner a l i t e  U. V. Lanç (Ifodel R51) 

p la c e d  a t  a  d i s ta n c e  o f  8 cm from  th e  s u r f a c e  o f  th e  s o lu t io n .  The d ep th  

o f  th e  s o lu t io n  was 1 .1  cm and th e  s o lu t io n s  w ere c o n tin u o u s ly  a g i t a t e d  

by a  m ag n etic  s t i r r e r  d u r in g  th e  p e r io d  o f  i r r a d i a t i o n .  R e s id u a l r i b o ­

f l a v i n  was d e te rm in e d  by th e  g row th  re sp o n se  o f  L a c to b a c i l lu s  c a s e i  

(ATCC 7469) to  v a ry in g  c o n c e n tr a t io n s  o f  th e  i r r a d i a t e d  s o lu t io n s  added 

to  R ib o f la v in  A ssay Medium ( D if c o ) . An u n t r e a te d  a l iq u o t  was u sed  a s  th e  

s ta n d a rd  r i b o f l a v i n  s o lu t io n .  A s ta n d a rd  m ic ro b io lo g ic a l  re sp o n se  cu rv e  

was p re p a re d  by p l o t t i n g  th e  tu r b id im e t r i c  r e a d in g s  f o r  each  l e v e l  o f  th e  

r i b o f l a v i n  s ta n d a rd  s o lu t io n  used  a g a in s t  th e  m icrogram s o f  r i b o f l a v i n  

c o n ta in e d  in  th e  r e s p e c t iv e  tu b e s . From t h i s  s ta n d a rd  c u rv e , th e  r i b o ­

f l a v i n  co u n t o f  th e  tu b e s  c o n ta in in g  i r r a d i a t e d  s o lu t io n s  o f  r i b o f l a v i n  

co u ld  be d e te rm in e d  by e x t r a p o la t io n .
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RESULTS

Padron  (1 9 5 3 ) , u s in g  th e  m ethod o f  Sm ith  and W o rre ll  (1949) f o r  

th e  d e te c t io n  o f  a r y la m in e , found  t h a t  c h lo ra a ç h e n ic o l  r e s i s t a n t  s t r a i n s  

o f  M. pyogenes d id  n o t  p o s s e s s  an  in c re a s e d  c a p a c i ty  to  d eg rad e  c h lo r ­

am phenico l ( e n z y m a tic a l ly )  to  th e  c o rre sp o n d in g  a r y la m in e . The r o l e  o f  

en zy m atic  d e g ra d a tio n  o f  th e  a n t i b i o t i c  a s  a  m echanism  o f  r e s i s t a n c e  

was r e in v e s t i g a t e d  by u se  o f  a  m ic ro b io lo g ic a l  a s s a y  f o r  c h lo ra n ç h e n ic o l .  

The r e s i s t a n t  s t r a i n  o f  M. pyogenes ( S t r a in  R) was grown in  a  s u b in h ib -  

i t o r y  c o n c e n tr a t io n  o f  c h lo ra m p h en ico l (500 ug p e r  m l) i n  A C b ro th ;  an 

u n in o c u la te d  f l a s k  was in c u b a te d  a s  a  c o n t r o l .  Both b ro th s  c o n ta in in g  

c h lo ra n q jh en ico l w ere  th e n  s t e r i l i z e d  by S e i tz  f i l t r a t i o n  and a l iq u o t s  

w ere added to  s t e r i l e  A C b ro th  to  g iv e  a  s e r i e s  o f  tu b e s  c o n ta in in g  

c o n c e n tr a t io n s  o f  c h lo ra m p h en ico l ra n g in g  from  0 to  10 ug p e r  m l. The 

tu b e s  w ere th e n  in o c u la te d  w ith  th e  s e n s i t i v e  p a r e n t  s t r a i n  o f  M. py­

ogenes ( S t r a i n  S) and in c u b a te d  f o r  a  t o t a l  o f  10 d a y s . No d e c re a s e  in  

c h lo ra m p h en ico l c o u ld  be d e te c te d  i n  th e  medium in  w hich S t r a i n  R had 

grown. T hese r e s u l t s  w ere in  agreem ent w ith  th o s e  o f  Padron and show 

t h a t  en zy m atic  d e g ra d a t io n  o f  ch loranq> henico l i s  n o t a  m ajor f a c to r  in  

th e  r e s i s t a n c e  o f  S t r a i n  R to  th e  a n t i b i o t i c .

C h ab b ert and D ebruge(1956) found t h a t  c h lo ra m p h en ico l r e s i s t a n t  

s t r a i n s  o f  s ta p h y lo c o c c u s  p roduced  in  o rd in a ry  m edia a s u b s ta n c e  w hich

27
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was d i f f u s i b l e  in  a g a r  and a b le  to  i n h i b i t  th e  a c t i o n  o f  d o ses  o f  c h lo r ­

am phenico l n o rm a lly  e f f e c t i v e  a g a in s t  s u s c e p t ib le  s t r a i n s .  T h e re fo re , 

th e  f i l t r a t e  o f  a  b ro th  c u l tu r e  o f  S t r a i n  R grown in  th e  ab sen ce  o f  

ch loranq> hen ico l was exam ined f o r  th e  p re se n c e  o f  a  ch loranq> henico l 

a n ta g o n i s t  w hich m igh t have been  e x c re te d  i n t o  th e  medium by th e  r e s i s t ­

a n t  o rg an ism . The f i r s t  method u se d  c o n s is te d  o f  p la c in g  s t e r i l e  f i l t e r  

p a p e r  d i s c s  inq>regnated w ith  f i l t r a t e  o f  S t r a i n  R on th e  s u r f a c e  o f  

s y n th e t i c  a g a r  p l a t e s  w hich c o n ta in e d  c h lo ra n ç h e n ic o l  and \ ^ i c h  w ere 

seed ed  w ith  S t r a i n  S . I n  o rd e r  to  exam ine l a r g e r  q u a n t i t i e s  o f  f i l t r a t e ,  

a g a r  p l a t e s  s im i la r  to  th o s e  d e s c r ib e d  above w ere p re p a re d  and d i s c s  o f  

a g a r  15 mm in  d ia m e te r  w ere removed by u se  o f  a  c o rk  b o r e r .  Up to  0 .5  

ml o f  th e  t e s t  m a te r i a l  co u ld  be p la c e d  i n  th e  r e s u l t i n g  w e l l s .  C o n tro ls  

o f  u n in o c u la te d  A C b r o th  w ere u s e d . In  no in s ta n c e ,  u t i l i z i n g  th e s e  

two t e s t  sy s te m s , c o u ld  any an tag o n ism  o f  d ru g  a c t i v i t y  be d e m o n s tra te d . 

T h e re fo re ,  th e  f a c t o r  w hich endows S t r a i n  R w ith  i t s  r e s i s t a n c e  to  

ch loranq> henico l i s  n o t  r e f l e c t e d  by th e  p re se n c e  i n  th e  f i l t r a t e  o f  any 

m a te r i a l  w hich would enhance th e  g row th  o f  S t r a i n  S in  th e  p re se n c e  o f  

c h lo ra n ç h e n ic o 1.

Padron  (1953) found t h a t  s y n th e t i c  b ro th  would n o t  su p p o rt 

grow th  o f  M. pyogenes i n  50 p e r  c e n t  o f  th e  c o n c e n tr a t io n  o f  ch loram phen­

i c o l  t h a t  was g row th  l im i t i n g  when t e s t e d  in  A C b r o th .  The e f f e c t  o f  

in c r e a s in g  c o n c e n tr a t io n s  o f  ch lo ram p h en ico l upon th e  tim e  r e q u ir e d  f o r  

grow th i n i t i a t i o n  and th e  r a t e  o f  grow th o f  S t r a i n  S i n  a  s y n th e t ic  

medium i s  shown in  F ig u re  1. Each in c re a s in g  c o n c e n tr a t io n  o f  ch lo ram ­

p h e n ic o l  c au se s  a  p ro lo n g a t io n  o f  la g  and a  low er r a t e  o f  c e l l u l a r  

m u l t i p l i c a t i o n .  An i n v e s t ig a t i o n  o f  th e  r o l e  o f  A C b ro th  in  p e r m i t t in g
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F ig u re  1. The e f f e c t  o f  In c re a s in g  c o n c e n tra t io n s  o f  ch lo ram p h en ico l 
on th e  grow th o f  M icrococcus pyogenes ( S t r a in  S ) . The c o n c e n tra t io n  o f  
ch loranq>henicol in  m icrogram s p e r  ml o f  s y n th e t ic  medium i s  shown by th e  
num bers a t  th e  end o f  each  l i n e  in  th e  f ig u r e .
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grow th i n  r e l a t i v e l y  h ig h  c h lo ra n ç h e n ic o l  c o n c e n tr a t io n s  was made. In  

a  p re l im in a ry  s c re e n in g  i t  was found  t h a t  th e  a d d i t io n  o f  as  l i t t l e  as  

0 .3 4  gms o f  d e h y d ra te d  A C b ro th  p e r  100 ml o f  s y n th e t ic  b ro th  would 

have  a d em o n strab le  e f f e c t  on th e  a b i l i t y  o f  S t r a i n  S to  grow in  th e  

p re se n c e  o f  c h lo ra n ç h e n ic o l . V a rio u s  in g r e d ie n ts  o f  A C b ro th  w ere ex ­

am ined f o r  t h e i r  a b i l i t y  to  a n ta g o n iz e  th e  a c t i v i t y  o f  c h lo ra a ç h e n ic o l  

■vdien added to  a y n th e t ic  b r o th  (T ab le  I I ) .  Whole A C b ro th  p e rm itte d  

grow th  o f  S t r a i n  R i n  400 ug  c h lo ram p h en ico l p e r  m l, w hereas u n su p p le -  

a e n te d  s y n th e t i c  b r o th  p e rm it te d  g row th  i n  o n ly  100 ug chlorang>henicol 

p e r  m l. I n  l i k e  m anner, s y n th e t i c  b ro th  supp lem en ted  w ith  y e a s t  e x t r a c t  

o r  p ro te o s e  p e p to n e  No. 3 a n ta g o n iz e d  th e  a c t io n  o f  c h lo ra n ç h e n ic o l;  

y e a s t  e x t r a c t  a p p ea red  to  be  s u p e r io r  to  th e  com plete  A C com plex. The 

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

t u r e  and in  th e  more r a p id  r a t e  o f  grow th in  th e  p re se n c e  o f  any g iv en  

c o n c e n tr a t io n  o f  a n t i b i o t i c .  A q u a n t i t a t i v e  p l a t i n g  a s s a y  o f  th e  s tim u ­

l a t o r y  a c t i v i t y  o f  y e a s t  e x t r a c t  i s  seen  in  F ig u re  2 . H ere , v ia b le  c e l l  

c o u n ts  o f  s y n th e t ic  b ro th  c u l tu r e s  w ith  and w ith o u t a y e a s t  e x t r a c t  su p ­

p lem ent a r e  c o n ça re d . I t  may be se e n  t h a t  y e a s t  e x t r a c t  e x e r ts  a  d ram at­

i c  e f f e c t  on b o th  th e  tim e  r e q u i r e d  f o r  grow th i n i t i a t i o n  and th e  r a t e  o f  

g row th  once i t  commences. Lag tim e  w as, in  t h i s  in s ta n c e ,  red u ced  by 1 

h o u r and th e  g e n e r a t io n  tim e  h as  b een  red u ced  from  76 m in u tes  to  24 

m in u te s . By c o n t r a s t ,  m a lt e x t r a c t ,  w h ile  a p p a re n t ly  n o t  in h ib i to r y  in  

th e  ab sen ce  o f  c h lo ra n ç h e n ic o l ,  cau sed  a  su p p re s s io n  o f  grow th in  th e  

lo w est c o n c e n tr a t io n  o f  a n t i b i o t i c  t e s t e d  (T ab le s  I I  and V I ) .

The i n t e r r e l a t i o n s h i p s  o f  y e a s t  e x t r a c t ,  p ro te o s e  p ep to n e  No. 3



TABLE I I

ANTAGONISM OF CHLORAMPHENICOL BY COMPONENTS OF A C BROTH"

Supplem ent added C h lo ram phen ico l c o n c e n tr a t io n  >- ug p e r ml
to  s y n th e t i c  b r o th ,  
p e r  c e n t 0 10 25 50 100 200 300 400 500

None 24* 48 60 108 120 ** ----- ------ ------

A C B ro th ^ 24 24 24 48 72 120 156 240 —

Y eas t E x t r a c t  
0 .3 24 24 48 72 72 96 120 144 180

P ro te o s e  p ep to n e  No, 3 
1 .0 24 48 48 72 96 144 180 216

M alt E x t r a c t  
0 .3

24 — — — — ------ ------ —— ------

to

^T est o rg an ism ; M. p y o g e n es . S t r a i n  R.
*H ours r e q u ir e d  f o r  v i s i b l e  g row th  to  a p p e a r .
**C om plete i n h i b i t i o n
#Not in c o r p o r a te d  a s  a  supp lem ent to  s y n th e t i c  b r o th .
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F ig u re  2 . The s t im u la to r y  e f f e c t  o f  y e a s t  e x t r a c t  on th e  grow th  o f  
M icro co ccu s pyogenes ( S t r a i n  R ) . The y e a s t  e x t r a c t  was added a s  a  
supp lem en t to  th e  s y n th e t i c  medium a t  a  c o n c e n tr a t io n  o f  0 .3  p e r  c e n t.
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and m a lt  e x t r a c t  a re  shown i n  T ab le  I I I .  I t  i s  obv ious t h a t  th e  g r e a t ­

e s t  a n t a g o n i s t i c  a c t i v i t y  o f  A C b ro th  i s  d e r iv e d  from  two o f  i t s  com­

p o n e n ts ,  y e a s t  e x t r a c t  and p ro te o s e  p ep to n e  No. 3 . The m a lt e x t r a c t  

when com bined w ith  e i t h e r  o r  b o th  o f  th e s e  m a te r ia l s  re d u c e s  t h e i r  a c t i v ­

i t y .  T h is ,  a s  w e ll  a s  th e  r e s u l t s  shown i n  T ab le  I I ,  in d ic a te s  t h a t  

m a lt e x t r a c t  c o n ta in s  some f a c t o r  td iich  has  a  marked in h ib i to r y  e f f e c t  on 

th e  t e s t  o rg an ism  i n  th e  p re se n c e  o f  c h lo ra n ç h e n ic o l .

I n  v iew  o f  th e  d em o n stra ted  f a c t  t h a t  th e  p h y s io lo g ic a l  c o n d i­

t i o n  o f  th e  t e s t  medium can  p la y  an im p o r ta n t r o l e  i n  d ru g  r e s i s t a n c e ,  

i t  m ig h t be  e x p e c te d  t h a t  inocu lum  s i z e  would a l s o  be a  c o n t r ib u t in g  

f a c t o r  to  r e s i s t a n c e ,  s in c e  inocu lum  s iz e  w i l l  o f te n  d e te rm in e  w h e th er 

o r  n o t  a  c u l tu r e  w i l l  grow even i n  th e  absence  o f  an i n h i b i t o r .  T ab le  

IV shows th e  r e s u l t s  o f  an  e x am in a tio n  o f  th e  in f lu e n c e  o f  inoculum  s iz e  

on c h lo ram p h en ico 1 r e s i s t a n c e  in  s y n th e t ic  b ro th  and i n  a  y e a s t  e x t r a c t  

su p p lem en ted  b r o th .  The red u ced  r e s i s t a n c e  i n  s y n th e t ic  b ro th  t h a t  

a c c o n ç a n ie s  d i l u t i o n  o f  th e  inocu lum  i s  q u i te  m arked. In  th e  p re se n c e  

o f  y e a s t  e x t r a c t  t h i s  e f f e c t  i s  a l s o  q u i te  e v id e n t .  However, in  t h i s  

c a s e  t h e r e  i s  a  p la te a u  e f f e c t  w here su b seq u en t d i l u t i o n ,  w ith in  th e  

ra n g e s  t e s t e d ,  had  l i t t l e  f u r th e r  e f f e c t  on th e  l e v e l  o f  c h lo ra n ç h e n ic o l 

r e q u i r e d  to  i n h i b i t  g ro w th . T h is  i s  an  exaiqple o f  th e  norm al ra n g e s  o f  

r e s i s t a n c e  t h a t  o c c u r  w i th in  a  g iv e n  b a c t e r i a l  c u l tu r e .  As d e sc r ib e d  

by Y udkin (1 9 5 3 ) , th e  r e s i s t a n c e  o f  a  g iv en  p o p u la t io n  fo llo w s  a g a u ss io n  

d i s t r i b u t i o n  and i t  m igh t be e x p ec te d  th a t  a  more c o n c e n tra te d  inoculum  

w ould c o n ta in  more c e l l s  r e p r e s e n t in g  th e  ex trem e ra n g e s  o f  s e n s i t i v i t y  

and r e s i s t a n c e  w h ile  th e  more d i l u t e  inoculum  would c o n ta in  o n ly  th o se  

c e l l s  w hich w ere r e p r e s e n ta t iv e  o f  th e  m a jo r i ty  o f  th e  p o p u la t io n  o f  th e



TABLE I I I

THE EFFECT OF COMBINATIONS OF SOME COMPONENTS OF A C BROTH

ON CHLORAMPHENICOL ANTAGONISM

Supplem ent added 
to  s y n th e t i c  b ro th  
p e r  c e n t

C h lo ra n ç h e n ic o l c o n c e n tr a t io n  -  ug p e r  ml

0 25 50 100 200 300 400 500

None 24* 84 108 **

P ro te o s e  p e p to n e  No. 
1 .0
Y e a s t e x t r a c t  0 .3  
M alt e x t r a c t  0 .3

3

24 48 60 72 108 144 _ •MMM

P ro te o s e  p e p to n e  No. 
Y e as t e x t r a c t

3
24 48 48 72 96 108 168 __

P ro te o s e  p e p to n e  No. 
M alt e x t r a c t

3
24 72 144 168

Y e a s t e x t r a c t  
M alt e x t r a c t 24 48 60 72 108 144 ____

A C B ro th^ 24 48 54 72 108 144 156 ------

#Tesk o rg an ism : M. p y o g e n es . S t r a i n  R.
*Hours r e q u i r e d  f o r  v i s i b l e  g row th  to  a p p e a r . 
**C om plete i n h i b i t i o n .
iN o t in c o r p o r a te d  a s  a  supp lem ent to  s y n th e t i c  b ro th »



TABLE IV

THE EFFECT OF THE CONCENTRATION OF INOCULUM ON CHLORAMPHENICOL 

RESISTANCE OF MICROCOCCUS PYOGENES (STRAIN R)

R e c ip ro c a l  o f  D i lu t io n  of Inoculum

C h lo ram phen ico l 
c o n c e n tr a t io n  
ug p e r  ml

0 1 2 3 4 0 1 2 3 4

S y n th e t ic  medium p lu s  
0 .3  p e r  c e n t  y e a s t  
e x t r a c t

S y n th e t ic  medium

0 18* 18 18 18 18 18* 42 48 42 48

10 18 24 42 42 42 24 96 144 —

25 24 42 72 48 60 72 144 — — —

50 42 72 90 72 90 90 — — — —

100 60 90 108 96 102 96 — — — —

200 72 114 —

300 102 144 — — — — — — — —

400 144 — — — — — — — — —

500 216 — — — — — — — — —

*Hours r e q u i r e d  f o r  v i s i b l e  grow th  to  a p p e a r . 
**C om plete I n h i b i t i o n ,
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c u l t u r e .

S e v e ra l  d i l u t i o n s  o f  In o c u la  w ere u sed  i n  an  e x p e rim en t d e ­

s ig n e d  to  t e s t  a  number o f  c o n ç le x  m a te r ia l s  f o r  t h e i r  a b i l i t y  to  a n ta g ­

o n iz e  c h lo ra m p h e n ic o l. The e x p e rim en t was n o t d e s ig n e d  to  o b ta in  a  

q u a n t i t a t i v e  m easure  o f  a c t i v i t i e s  b u t  was a s c re e n in g  t e s t  to  d e te rm in e  

th e  p re s e n c e  o r  ab sen ce  o f  such  a c t i v i t y .  Conq>lex m a te r ia l s  w ere  added 

to  s y n th e t i c  b ro th  c o n ta in in g  g rad ed  c o n c e n tr a t io n s  o f  chloramphenicol. 

The c o n c e n tr a t io n  o f  th e  com plex m a te r i a l s  (T ab le  V) was b a se d  on th e  

p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  m a te r i a l  and th e  c o n c e n tr a t io n s  t h a t  a r e  

u se d  in  o rd in a ry  b a c t e r i o l o g i c a l  m edia . The s y n th e t ic  b r o th  su p p lem en ted  

w i th  y e a s t  e x t r a c t  had  a l r e a d y  b een  shown to  be a  r a t h e r  p o te n t  a n ta g ­

o n i s t  o f  ch lo ranq> hen ico l a c t i v i t y  and was u sed  h e re  a s  an  exanq>le o f  a  

m a te r ia l  w ith  su ch  a c t i v i t y .  I t  w i l l  be n o te d  t h a t  th e  y e a s t  e x t r a c t ,  

l i v e r  e x t r a c t  and t r y p to s e  p h o sp h a te  b r o th  (D ifco ) a llo w ed  g row th  in  

tu b e s  c o n ta in in g  up to  and in c lu d in g  500 ug p e r  ml o f  ch loranq> henico l 

when t e s t e d  w ith  u n d i lu te d  inocu lum . A d e c re a se d  e f f e c t ,  p r o p o r t io n a l  

: to  c e l l  num bers o f  th e  o th e r  two in o c u la  s i z e s ,  was found w ith  y e a s t  

e x t r a c t  and t r y p t o s e  p h o sp h a te  b r o th .  The l i v e r  e x t r a c t ,  how ever, was 

n o t  as  e f f e c t i v e  when t e s t e d  w ith  th e  more d i l u t e  in o c u la .  The t r y p to s e  

p h o sp h a te  b r o th  was n o t  u sed  a s  a  supp lem en t to  th e  s y n th e t i c  b r o th ,  b u t 

was in c lu d e d  i n  t h i s  ex p erim en t as  an exam ple o f  a  com plex b r o th  t h a t  i s  

conmonly u sed  f o r  th e  c u l t i v a t i o n  o f  some o f  th e  more f a s t i d i o u s  m ic ro ­

o rg an ism s. A lthough  n o t  in c lu d e d  in  t h i s  e x p e r im en t, p ro te o s e  p ep to n e  

No. 3 h a s  been  found to  e x h ib i t  r e s u l t s  s im i la r  to  th o s e  found w ith  

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

H em oglobin , human p lasm a and egg y o lk  had l i t t l e  e f f e c t  w ith



TABLE V

ANTAGONISM BETWEEN COMPLEX SUBSTANCES AND CHLORAMPHENICOL IN LIQUID MEDIA

Supplem ent 
ad d ed , p e r  c e n t

D i lu t io n  o f  
. Inocu lu ra l

C h lo ram phen ico l c o n c e n tr a t io n  ug p e r  ml

0 10 25 50 100 200 300 400 500

10° 6* 18 30 42 72 120 168 **
None 10-2 12 42 72 96

10-4 18 72 96 — — --------- —— — ——

10° 6 12 18 24 41 60 96 120 168
Y e a s t e x t r a c t , 10-2 6 24 36 54 96 120
0 .3 10-4 12 42 54 96 144 --------- — ——

10° 6 18 24 36 48 84 96 144 216
B a c to - l iv e r , 10-2 6 30 54 72
1 .0 10-4 12 42 72 96

10° 6 24 36 42 60 120 168 216
B acto -h em o g lo b ln 10-2 12 30 42 72 96 120 192
0 .3 10-4 18 42 72 90 102 192

w



TABLE V, C o n tin u ed

ANTAGONISM BETWEEN COMPLEX SUBSTANCES AND CHLORAMPHENICOL IN LIQUID MEDIA

Supplem ent 
added , p e r  c e n t

D i lu t io n
inoculum ^

C h lo ram phen ico l c o n c e n tr a t io n  ug p e r  ml

0 10 25 50 100 200 300 400 500

10° 6* 18 24 36 42 96 144 **
Serum Plasm a 10-2 12 36 42 72 96 144
1 .0 10-4 24 42 72 96 120 --------- ■ — —

10° 6 18 36 48 84 144 160
Egg Yolk 10-2 12 36 72 96 144 168
1 .0 10-4 18 54 96 144 240 — - —— —— ——

10° 6 12 18 30 48 96 120 192
B ac to -P ep to n e 10-2 12 36 60 96
0 .5 10-4 18 42 72 120

10° 6 12 18 42 60 120 216 240
N eopeptone 10-2 12 42 72 96 144 216
0 .5 10-4 18 72 120

w
00



TABLE V, C on tinued

ANTAGONISM BETWEEN COMPLEX SUBSTANCES AND CHLORAMPHENICOL IN LIQUID MEDIA

Supplem ent 
ad d ed , p e r  c e n t

D i lu t io n  o f  
Inoculum ^

C h lo ram phen ico l c o n c e n t r a t io n  ug p e r  ml

0 10 25 50 100 200 300 400 500

10° 6* 18 24 42 96 **
Egg Albumen 10-2 18 42 84 144
1 .0 10-4 24 72 120 —- — — — — —

10° 6 18 36 42 72 120 192
Skim M ilk 10-2 12 72 144
Powder 10-4 18 96
0 .5

A sparagus 10° 6 12 24 48 72 120
J u ic e  (Canned) 10-2 12 120 __ __ ____
1 .0 10-4 18 — — —— ----- — — —

10° 6 12 24 42 54 96 120 144 216
T ry p to se 10-2 12 24 42 72 96 144
P h o sp h a te  B ro th ^ 10-4 12 42 72 120

w
VO

^ T es t o rg an ism : M. p y o g e n es , S t r a i n  R.
*Tlm e, In  h o u rs ,  r e q u i r e d  f o r  v i s i b l e  g row th  to  a p p e a r .

**Conq)lete I n h i b i t i o n .
#Not t e s t e d  as  a supp lem en t to  s y n th e t i c  b r o th ;  re su sp e n d ed  a s  recommended 

by D ifco  and t e s t e d  a s  su ch .
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th e  h e a v ie r  inocu lum  b u t a l l  e x h ib i te d  a  d e f i n i t e  a n ta g o n i s t i c  a c t i o n  to  

ch lo ram p h en ico l when t e s t e d  w ith  s m a lle r  in o c u la .  P ep tone  e x h ib i te d  

a c t i v i t i e s  t h a t  w ere q u i t e  s im i la r  to  th o se  o b ta in e d  w ith  l i v e r  e x t r a c t  

a l th o u g h  i t  was l e s s  e f f e c t i v e  when t e s t e d  w ith  th e  u n d i lu te d  inocu lum . 

A ntagonism  was d e m o n s tra te d  w ith  neop ep to n e  o n ly  w ith  th e  in te r m e d ia te  

inocu lum  s i z e .  Egg album in  was i n h ib i to r y  to  more c o n c e n tra te d  inocu lum  

and to  a  l e s s e r  d e g re e  to  th e  s m a l le r  in o c u la ;  d ry  m ilk  y ie ld e d  s im i la r  

r e s u l t s .  A sparagus j u i c e  was q u i t e  i n h i b i t o r y ,  p a r t i c u l a r l y  w ith  s m a l le r  

in o c u la .

The a b i l i t y  o f  c o n ç le x  m a te r ia l s  to  a n ta g o n iz e  ch lo ram p h en ico l 

a c t i v i t y  i s  r e f l e c t e d  by b o th  th e  t o t a l  c o n c e n tr a t io n  o f  c h lo r a n ç h e n ic o l  

r e q u ir e d  to  p re v e n t  g row th  and by th e  tim e  r e q u ir e d  f o r  grow th to  ap p ea r 

i n  s u b in h ib i to r y  c o n c e n t r a t io n s .  F o r exam ple, w ith  an  inocu lum  d i l u t i o n  

o f  1 0 -^ , y e a s t  e x t r a c t  in c r e a s e s  th e  i n h i b i to r y  c o n c e n tr a t io n  o f  c h lo r ­

am phenico l from  50 to  200 ug p e r  ml and a t  th e  same tim e  p e rm its  g row th  

in  50 ug c h lo ra m p h en ico l p e r  u l  i n  54 h o u rs  a s  compared to  96 h o u rs  f o r  

th e  unsupp lem en ted  c o n t r o l  tu b e .

A more q u a n t i t a t i v e  m easure o f  th e  a c t i v i t y  o f  a  number o f  

com plex m a te r ia l s  was o b ta in e d  th ro u g h  th e  u se  o f  p l a t i n g  e x p e r im e n ts .

The r e s u l t s  w ere q u a l i t a t i v e l y  s im i la r  to  th o s e  o b ta in e d  w ith  l i q u id  

m edia and a re  p re s e n te d  in  T ab le  V I. A s i g n i f i c a n t  f a c t o r  i n  th e  i n t e r ­

p r e t a t i o n  o f  p l a t i n g  e x p e rim en ts  was th e  le n g th  o f  tim e r e q u ir e d  f o r  th e  

developm ent o f  th e  t o t a l  p l a t e  co u n t in  th e  p re se n c e  o f  even r a t h e r  low 

c o n c e n tr a t io n s  o f  c h lo ra m p h e n ic o l. T h is  n e c e s s i t a t e d  p ro lo n g e d  in c u b a ­

t i o n  o f  p l a t e s  c o n ta in in g  ch lo ram p h en ico l in  o rd e r  to  o b ta in  th e  t o t a l  

c o u n t. The g r e a t e s t  d i f f e r e n c e  o b serv ed  betw een th e  re sp o n se  o f  S t r a i n



TABLE VI

ANTAGONISM BETWEEN COMPLEX SUBSTANCES AND CHLORAMPHENICOL IN SOLID MEDIA

C hloram ­ C olony co u n t*  on s y n th e t i c a g a r  p lu s  supp lem ent , 0 .3  p e r c e n t
p h e n ic o l Tim e, None Y e as t P ro te o s e  L iv e r Malt. B eef P ep tone B eef H e a rt A C
ug p e r  ml Days E x t r a c t P ep tone  N o .3 E x t r a c t E x t r a c t in f u s io n c o n t r o l

1 0 570 422 419 0 540 340 380 630
0 2 190 595 447 444 250 577 375 407 656

3 214 601 437 455 255 603 372 417 656

2 0 0 0 0 0 0 0 0 0
10 3 0 369 251 253 0 317 86 171 317

5 101 364 253 282 1 317 93 157 321
7 140 423 263 345 3 317 101 189 321

5 0 171 64 22 0 158 27 143 171
25 7 30 203 67 39 0 171 31 152 1.78

10 31 203 67 41 0 171 32 152 178

5 0 38 0 0 0 15 0 0 5
50 7 2 82 14 4 0 62 2 33 27

10 2 86 22 20 0 65 4 43 33



TABLE V I, C on tinued

ANTAGONISM BETWEEN COMPLEX SUBSTANCES AND CHLORAMPHENICOL IN SOLID MEDIA

C hloram ­ Colony co u n t* *  on s y n th e t i c  a g a r  p lu s  supp lem ent , 0 .3  p e r c e n t
p h e n ic o l Tim e, None Y e as t P ro te o s e L iv e r M alt B eef B eef H e a rt A C , ,
ug p e r  ml Days E x t r a c t P ep tone  N o.3 E x t r a c t E x t r a c t in f u s io n  c o n t r o l ’̂

0 1 0 348 317 336 289 244 314 264
2 231 348 317 336 292 250 314 264

3 2 40 383 335 313 141 246 371 147
3 130 307 345 392 162 259 401 160

2 34 278 286 282 0 122 301 127
5 3 39 293 294 309 0 128 322 140

5 42 293 309 319 0 128 322 140
7 58 293 309 340 72 128 322 140

3 0 0 0 0 0 0 0 0
10 5 0 226 226 134 0 40 73 100

7 0 241 226 165 0 40 157 102

N3

* T e s t o rg an ism : M. p y o g en es , S t r a i n  R.
* * T es t o rg an ism : M. p y o g en es , S t r a i n  S.

#Not t e s t e d  a s  supp lem ent to  s y n th e t i c  a g a r ;  re su sp e n d ed  a s  recommended 
by D ifc o  and t e s t e d  a s  su ch .
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S and S t r a i n  R to  com plex su p p lem en ts  la y  in  th e  l a r g e r  num bers o f  c o l ­

o n ie s  o f  S t r a i n  R w hich d ev elo p ed  on drug  f r e e  p l a t e s  t h a t  w ere s u p p le ­

m ented w ith  th e  c o n ç le x  m a te r ia l  (com pare colum ns 3 and 4 , T ab le  V I ) .

T h is  in c r e a s e  i n  co lo n y  co u n t was a l s o  o b serv ed  w ith  S t r a i n  S, b u t th e  

r e l a t i v e  in c r e a s e  was n o t  a s  g r e a t  (colum ns 3 and 4 ,  T a b le  V I) .

H ere a g a in ,  y e a s t  e x t r a c t  and p ro te o s e  p e p to n e  No. 3 an d , in  

a d d i t i o n ,  b e e f  e x t r a c t  and B a c to - l iv e r ,  w ere th e  most e f f e c t i v e  a n ta g o ­

n i s t s  t o  c h lo ra n p h e n ic o l  a c t i o n .  The m ost s i g n i f i c a n t  p o in t  o f  th e  

r e s u l t s  o f  b o th  tu b e  and p l a t e  t e s t s  a p p e a rs  to  be  th e  p a r a l l e l  a c t i v i t y  

o f  th e  su p p lem en ts  i n  b o th  t h e i r  s t im u la to r y  and a n ta g o n i s t  e f f e c t s .  F o r 

exam ple, (even  in  th e  ab sen ce  o f  c h lo ram p h en ico l) th e  y e a s t  e x t r a c t  su p ­

p lem en t to  th e  s y n th e t i c  a g a r  b a se  s t im u la te d  th r e e  tim e s  a s  many c e l l s  

o f  S t r a i n  R to  grow a s  i n  th e  unsupplem ented  b a se  (T ab le  V I) . M oreover, 

th e  supplem ent prom oted more r a p id  grow th o f  th e  inocu lum  c e l l s  s in c e  

a p p ro x im a te ly  95 p e r  c e n t  o f  th e  t o t a l  co lo n y  co u n t was v i s i b l e  in  24 

h o u rs  a s  com pared w ith  no v i s i b l e  c o lo n ie s  on th e  unsupplem ented  medium 

i n  th e  same tim e  i n t e r v a l .  T hus, one can n o t a s c r ib e  an  a n ta g o n i s t i c  

e f f e c t  p e r  se  to  th e  supp lem ent s in c e  th e  a p p a re n t an tag o n ism  o b serv ed  

may be acc o u n te d  f o r  by th e  s t im u la to r y  e f f e c t .  T h is  i s  i n  c o n t r a s t  to  

th e  r e s u l t s  r e p o r te d  by F o s te r  and P i t t i l l o  (1953) who found t h a t  E. 

c o l i  co lo n y  c o u n ts  w ere no h ig h e r  i n  supplem ented  th a n  i n  unsupplam ented  

medium i n  th e  ab sen ce  o f  a n t i b i o t i c s .

Q u a n t i t a t iv e  s tu d ie s  w ere made on two o f  th e  more p o te n t  a n ta g ­

o n i s t s ,  y e a s t  e x t r a c t  and p ro te o s e  p ep to n e  No. 3 . F o r t h i s  ex p erim en t 

r e p l i c a t e  p l a t e s  o f  s y n th e t i c  a g a r  w ere supp lem ented  w ith  g raded  am ounts
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o f  th e  m a te r i a l s  p lu s  0 , 10 o r  25 ug c h lo r a n ç h e n ic o l p e r  ml when t e s t e d  

w ith  S t r a i n  R and w ith  0 and 5 ug c h lo ra n ç h e n ic o l  p e r  ml when t e s t e d  w ith  

S t r a i n  S . The re s p o n se  o b ta in e d  w ith  th e  two su pp lem en ts  was found to  

be q u i te  d i f f e r e n t . (F ig u re s  3 and 4 ) .  Even th e  low er c o n c e n tr a t io n s  

o f  p ro te o s e  p e p to n e  No. 3 e x h ib i te d  a  s t r i k i n g  a b i l i t y  to  a n ta g o n iz e  th e  

a c t io n  o f  c h lo ra m p h e n ic o l. The re s p o n se  to  th e  low er c o n c e n tr a t io n s  o f  

y e a s t  e x t r a c t  was n o t  a s  g r e a t  b u t  th e  a c t i v i t y  o f  h ig h e r  c o n c e n t r a t io n s  

e q u a le d  t h a t  o f  th e  same c o n c e n tr a t io n  o f  p ro te o s e  p ep to n e  No. 3 . The

re sp o n se  o f  b o th  S t r a i n  S and S t r a i n  R to  th e  m a te r ia l  was th e  same i n

th e  ab sen ce  a s  w e ll  a s  i n  th e  p re s e n c e  o f  c h lo ra m p h e n ic o l. The a n ta g o ­

n ism  cau sed  by b o th  m a te r ia l s  does n o t  a p p e a r  to  be c o n p e t i t iv e  s in c e

th e s e  s u b s ta n c e s  do n o t  c o u n te r a c t  c o rre sp o n d in g  q u a n t i t i e s  o f  ch lo ram ­

p h e n ic o l  a t  a l l  l e v e l s  t e s t e d .  These r e s u l t s  a g a in  s u g g e s t th e  p o s s i b i l ­

i t y  t h a t  n e g a t io n  o f  ch lo ranqphen ico l i n h i b i t i o n  i s  a  n o n - s p e c i f ic  e f f e c t  

r e s u l t i n g  from  grow th  s t im u la t io n .

A ttenqpts to  i d e n t i f y  th e  com ponents o f  th e  com plex m a te r ia l s  

t h a t  w ere r e s p o n s ib le  f o r  th e  a n ta g o n i s t i c  a c t i v i t y  w ere w ith o u t s u c c e s s .  

Y e as t e x t r a c t  and p ro te o s e  p e p to n e  No. 3 w ere ab so rb ed  w ith  n o r i t e  a t  

pH v a lu e s  o f  3 , 7 and 10 and th e n  f i l t e r e d .  The f i l t r a t e s  w ere a d ju s te d  

to  n e u t r a l i t y  and com pared w ith  u n t r e a te d  m a te r ia l s  f o r  t h e i r  a b i l i t y  to  

a n ta g o n iz e  c h lo ra m p h en ico l a c t i v i t y .  Those m a te r ia l s  w hich  had been 

a b so rb ed  w ith  n o r i t e  a t  pH 7 and 10 had n o t  l o s t  any o f  t h e i r  a c t i v i t y ,  

w h ile  t h a t  a b so rb ed  a t  pH 3 p o s se s s e d  l e s s  a c t i v i t y .  R ep ea ted  a t te m p ts  

to  a b so rb  th e s e  f a c t o r s  on n o r i t e  and su b se q u e n tly  e lu t e  them  f o r  t e s t i n g  

f a i l e d .  B oth th e  n o r i t e  ab so rb ed  m a te r ia l  (pH 3) and th e  m a te r ia l  e lu te d  

from  th e  n o r i t e  a t  a  pH o f  10 w ere to x ic  f o r  S t r a i n  R. C o n tro ls  c o n ta in -
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F ig u re  3 , A ssay  o f  g row th  enhancem ent o f  M icrococcus pyogenes ( S t r a in  
R) and c h lo ra n p h e n ic o l  an tag o n ism  by p ro te o s e  p ep to n e  No. 3 and y e a s t  
e x t r a c t .  C h lo ran ^ h en ico  1 c o n c e n tra t io n  p e r  ml i s  g iv e n  by th e  numbers 
a t  th e  end o f  e ac h  l i n e  i n  th e  f ig u r e .  2 days in c u b a t io n .
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F ig u re  4 .  A ssay  o f  g row th  enhancemen t  o f  M icrococcus pyogenes ( S t r a in  
S) and c h lo ra n ç h e n ic o l  an tag o n ism  by p ro te o s e  p ep to n e  No, 3 and y e a s t  
e x t r a c t .  C h lo ra n ç h e n ic o l c o n c e n tr a t io n  p e r  ml i s  g iv e n  by th e  numbers 
a t  th e  end o f  each  l i n e  in  th e  f i g u r e .  2 days in c u b a t io n .
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in g  an amount o f  NaCl e q u a l to  t h a t  r e s u l t i n g  from  a d ju s t in g  th e  pH 

d id  n o t  d e m o n s tra te  any in h i b i t o r y  a c t i o n .  S im ila r  t r e a tm e n t  d id  n o t 

re d u c e  th e  i n h i b i t o r y  a c t io n  o f  th e  m a lt e x t r a c t .

In  o rd e r  to  exam ine more c r i t i c a l l y  th e  r e s p e c t iv e  r o l e s  o f  

s t im u la t io n  and d i r e c t  an tag o n ism , e x p e r im en ts  w ere  p e rfo rm ed  i n  w hich 

th e  c h lo ra n ç h e n ic o l  r e s i s t a n c e  o f  c e l l s  p re in c u b a te d  b o th  i n  th e  p r e s ­

ence  and ab sen ce  o f  y e a s t  e x t r a c t  was conq>ared w ith  th e  r e s i s t a n c e  o f  

c e l l s  p la c e d  d i r e c t l y  i n  c o n ta c t  w ith  th e  a n t i b i o t i c .  The r e s u l t s  from  

an  e x p e rim en t w ith  S t r a i n  S (F ig u re  5 ) i n d i c a t e  t h a t  two s e p a r a te  and 

d i s t i n c t  p ro c e s s e s  may o p e ra te  to  endow c e l l s  w ith  a  h ig h e r  d e g re e  o f  

r e s i s t a n c e .  F i r s t ,  th e  in c o r p o r a t io n  o f  y e a s t  e x t r a c t  p r o t e c t s  th e  c e l l s  

from  th e  d e l e t e r i o u s  e f f e c t  o f  th e  a n t i b i o t i c .  The " c o n t r o l”  c u rv e  o f  

F ig u re  5A r e f e r s  to  membranes in o c u la te d  and p la c e d  d i r e c t l y  on y e a s t  

e x t r a c t  a g a r  su p p lem en ted  w ith  g rad ed  am ounts o f  c h lo ra a ç h e n ic o l  (0  to  

10 ug p e r  m l) . Conq>arison o f  t h i s  c u rv e  w ith  th e  " c o n t r o l"  c u rv e  o f  

F ig u re  5B i n  w hich s y n th e t i c  a g a r  was u sed  in d i c a t e s  t h a t  y e a s t  e x t r a c t  

in  some way d i r e c t l y  a n ta g o n iz e s  th e  i n h i b i t o r y  e f f e c t  o f  th e  a n t i b i o t i c .  

T hese r e s u l t s  a r e  in  a cc o rd  w ith  th o s e  o f  F o s te r  and P i t t i l l o  (1 9 5 3 a ).

The second  e f f e c t  to  be n o te d  from  F ig u re  5 i s  t h a t  o f  p r e in c u ­

b a t io n .  A llow ing  th e  c e l l s  to  m e ta b o liz e  f o r  fo u r  h o u rs  p r i o r  to  expo­

s u re  to  c h lo ra m p h en ico l a l s o  endows th e  o rg an ism s w ith  a  h ig h e r  d e g re e  

o f  r e s i s t a n c e .  Y e as t e x t r a c t  s e rv e s  to  m agnify  th e  e f f e c t  o f  p re in c u b a ­

t i o n  and th e  two e f f e c t s  ap p ea r to  be a d d i t i v e .  L ic h s te in  (1955) h a s  

r e c e n t ly  d e s c r ib e d  an  i n t e r e s t i n g  phenomenon w h e re in  p re in c u b a t io n  o f  

E. c o l i  in  th e  p re se n c e  o f  p y r id o x a l  o r  i t s  coenzyme p r o te c t s  th e  t r y p t o -  

p h an ase  sy s tem  o f  th e  o rg an ism  a g a in s t  th e  i n h i b i t o r y  e f f e c t  o f  i s o n i -
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F ig u re  5 . The e f f e c t  o f  p r e in c u b a t io n  o f  M icrococcus pyogenes ( S t r a in  
S) on ch lo ra m p h en ico l r e s i s t a n c e .  A- S y n th e t ic  a g a r  supp lem ented  w ith  
0 .3  p e r  c e n t  y e a s t  e x t r a c t .  B- U nsupplem ented s y n th e t i c  a g a r .  P r e in ­
c u b a tio n  tim e , 4  h o u rs .
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c o t i n i c  a c id  h y d ra z id e .  I t  may w e ll  be t h a t  a  s im i la r  m echanism i s  

o p e r a t in g  in  th e  p r e s e n t  c a s e .  F o r e x a n ç le , p re in c u b a t io n  may a llo w  th e  

c e l l s  to  s y n th e s iz e  a  n e c e s s a ry  m e ta b o l i te  w ith  w hich c h lo ra n ç h e n ic o l 

i n t e r f e r e s .  A t th e  same t im e , y e a s t  e x t r a c t  may s e rv e  a s  an exogenous 

so u rc e  o f  th e  same m e ta b o l i te .  E i th e r  e f f e c t  would endow th e  o rgan ism  

w ith  a  h ig h e r  d e g re e  o f  r e s i s t a n c e ,  and i t  i s  n o t  u n l ik e ly  t h a t  th e  two 

e f f e c t s  w ould be a d d i t i v e .

I t  sh o u ld  be  n o te d  t h a t  th e  p re in c u b a t io n  tim e en ç lo y ed  w ith  

S t r a i n  S c o r r e l a t e s  c lo s e ly  w ith  th e  tim e  re q u ir e d  f o r  i n i t i a t i o n  o f  

g ro w th . T h e re fo re , a t  m o st, th e  c e l l s  had undergone o n ly  one c e l l  

d i v i s i o n  p r i o r  to  ex p o su re  to  ch lo ram p h en ico 1. T ha t th e  e f f e c t  i s  n o t 

due to  in c re a s e d  c e l l  num bers i s  shown i n  T ab le  V II . P re in c u b a tio n  f o r  

a s  s h o r t  a  p e r io d  a s  30 m in u te s  r e s u l t s  i n  a  s t r i k i n g  in c re a s e  i n  s u r ­

v iv o r s  and a llo w s  grow th  i n  th e  p re se n c e  o f  10 ug chloranq>henicol p e r  

m l, a  c o n c e n tr a t io n  w hich c o n ç le te ly  i n h i b i t s  grow th u n d e r norm al c o n d i­

t i o n s .  T h is  in c r e a s e  c o n tin u e s  p r o g r e s s iv e ly  w ith  th e  tim e o f  p re in c u ­

b a t io n  u n t i l  a  maximum e f f e c t  i s  o b ta in e d  a t  a p p ro x im a te ly  60 m inu tes 

p r e in c u b a t io n .

The r o l e  o f  p r e in c u b a t io n  i n  in c r e a s in g  th e  number o f  s u rv iv o rs  

i n  th e  p re s e n c e  o f  c h lo ra n ç h e n ic o l  and in  in c r e a s in g  th e  r e s i s t a n c e  o f  

th e  c u l tu r e  to  th e  a n t i b i o t i c  i s  a p p l ic a b le  to  b o th  s t r a i n s .  In  F ig u re  

6 a r e  p re s e n te d  r e s u l t s  w hich show t h a t  p re in c u b a tio n  o f  S t r a i n  R w i l l  

g iv e  r e s u l t s  t h a t  a r e  c o n ç a ra b le  to  th o se  o b ta in e d  w ith  S t r a i n  S (F ig u re  

5 ) .

P re in c u b a tio n  o f  S t r a i n  S on s y n th e t ic  a g a r from  w hich one o f  

th e  o rg a n ic  in g r e d ie n t s  h ad  b een  o m itte d  (v i ta m in s ,  amino a c id s  o r
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F ig u re  6 . The e f f e c t  o f  p r e in c u b a t io n  o f  M icrococcus pyogenes ( S t r a in  
R) on c h lo ra m p h en ico l r e s i s t a n c e .  P re in c u b a tio n  tim e , 100 m in u te s . 
S y n th e t ic  medium supp lem ented  w ith  0 .3  p e r  c e n t y e a s t  e x t r a c t .
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TABLE V II

THE EFFECT OF PBEINCDBATION TIME OH THE SURVIVAL OF 

MICBOCOCCPS FYOGEHES (STRAIN S) IN THE 

PRESENCE OF CHLORAMPHENICOL

C o lo n ie s  a p p e a r in g  i n  160 h o u rs  on y e a s t  
e x t r a c t  a g a r  c o n ta in in g  c h lo ra m p h e n ic o l, ug p e r  ml,

Time o f  p r e -  
in c u b a t io n ,  m in .* 2 4 6 8 10

0 52* 68 37 37 0

30 76 58 58 50 6

60 88 96 130 94 65

^ P re in c u b a tio n  on y e a s t  e x t r a c t  a g a r  w ith o u t c h lo ra n ç h e n ic o l .  
* E x p ressed  a s  p e r  c e n t  o f  c o lo n ie s  d e v e lo p in g  on medium w ith o u t 

c h lo ra m p h e n ic o l.
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g lu c o se )  d id  n o t  s i g n i f i c a n t l y  a l t e r  th e  e f f e c t  o f  p r e in c u b a t io n  o b se rv ­

ed on a  com plete  s y n th e t ic  medium. P re in c u b a t io n  on a g a r  p l a t e s  w hich 

c o n ta in e d  in d iv id u a l  com ponents o f  th e  s y n th e t ic  medium (g lu c o s e , amino 

a c id s  o r  a  m ix tu re  o f  B -v ita m in s )  d id  n o t  in c r e a s e  th e  c h lo ra n ç h e n ic o l  

r e s i s t a n c e  o f  th e  c u l tu r e .  However, th o se  c u l tu r e s  p re in c u b a te d  on a g a r  

c o n ta in in g  o n ly  amino a c id s  showed a  s l i g h t  in c r e a s e  i n  th e  number o f  

c o lo n ie s  t h a t  d ev e lo p ed  i n  th e  p re se n c e  o f  s u b in h ib i to r y  c o n c e n tr a t io n s  

o f  th e  a n t i b i o t i c .  These r e s u l t s  w ould im ply t h a t  th e  p re in c u b a t io n  

e f f e c t  i s  r e l a t e d  t o  th e  o v e r - a l l  m e tab o lism s o f  th e  o rgan ism s and n o t  

to  one p a r t i c u l a r  sequence  o f  en zy m atic  r e a c t io n s .  The n a tu r e  o f  th e  

s u b s ta n c e ( s )  p r e s e n t  i n  y e a s t  e x t r a c t  id iic h  a r e  r e s p o n s ib le  f o r  d i r e c t  

an tag o n ism  o f  c h lo ra m p h en ico l h a s  n o t  been  d e te rm in e d . However, s tu d ie s  

have been  co n d u c ted  on th e  e f f e c t  o f  known m a te r ia l s  ( p u r in e s ,  p y r im i­

d in e s  and v i ta m in s )  on r e s i s t a n c e .

The a d d i t io n  o f  a d e n in e , u r a c i l ,  g u an in e  and x a n th in e  to  sy n ­

t h e t i c  b r o th  a t  a  c o n c e n tr a t io n  o f  25 ug p e r  ml caused  a s l i g h t  in c r e a s e  

in  th e  s e n s i t i v i t y  o f  S t r a i n  S to  c h lo ra m p h en ico l (T ab le  V I I I ) .  When 

a l l  f o u r  o f  th e s e  m a te r ia l s  w ere added to  th e  medium a t  one tim e  grow th  

o c c u r re d  in  a  c o n c e n tr a t io n  o f  c h lo ra m p h en ico l e q u a l to  th e  c o n t r o l  w hich 

c o n ta in e d  no added p u r in e s  o r  p y r im id in e s . I t  would a p p ea r t h a t  p u r in e s  

and p y r im id in e s  a r e  n o t  th e  c o n s t i t u e n t s  o f  conq>lex m a te r ia l s  w hich a re  

r e s p o n s ib le  f o r  an in c re a s e d  r e s i s t a n c e  to  ch lo ranq> hen ico l.

D e te rm in a tio n  o f  v i ta m in  re q u ire m e n ts  i n  th e  p re se n c e  o f  c h lo r -  

a n ç h e n ic o l was a c c o n ç lis h e d  by o m it t in g  s in g le  v ita m in s  from  th e  c o n ç le te  

s y n th e t i c  medium w hich c o n ta in e d  g rad ed  c o n c e n tr a t io n s  o f  th e  a n t i b i o t i c .  

Due to  th e  v a r i a b l e  la g  tim e and grow th r a t e  o f  S t r a i n  R i n  th e  p re s e n c e
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TABLE V III

THE EFFECT OF PDBINES AND PYRIMIDINES ON THE SENSITIVITY 

OF MICBOCOCCPS PYOGENES (STRAIN S)

TO CHLORAMPHENICOL

S y n th e t ic  b ro th *  
su p p lem en ted  w ith :

H ig h e s t c o n c e n tr a t io n  o f  
chlorajaq>henicol a llo w in g  
g row th  a t  120 h o u rs , m ic ro ­
grams n e r  ml

None 8

A denine 4

U r a c i l 6

G uanine 6

X a n th in e 6

A d en in e , U r a c i l  
G uanine and X an th in e 8

* R ib o £ la v in  o m itte d  from, s y n th e t ic  b r o th .
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o f  d i f f e r e n t  c o n c e n tr a t io n s  o f  c h lo ra n ç h e n ic o l  th e  r e s u l t s  w ere re c o rd e d  

a s  th e  p re se n c e  o r  ab sen ce  o f  v i s i b l e  grow th a f t e r  128 h o u rs  in c u b a t io n  

a t  37 C (T ab le  IX ). The o m iss io n  o f  a l l  v i ta m in s  from  th e  medium d id  n o t 

a l lo w  grow th  even  i n  th e  ab sen ce  o f  th e  a n t i b i o t i c .  The o m iss io n  o f  

n i a c i n ,  o r  th ia m in e , f o r  w hich p a r t i a l  re q u ire m e n ts  had been  p re v io u s ly  

d e m o n stra ted  i n  th e  ab sen ce  o f  th e  a n t i b i o t i c ,  (Ramsey and P ad ro n , 1954), 

a llo w ed  s c a n ty  g row th  o n ly  i n  th e  low er c o n c e n tr a t io n s  o f  ch lo ranq> hen ico l. 

I n  th e  ab sen ce  o f  c a lc iu m  p a n to th e n a te ,  py ridoxam ine  and i n o s i t o l  grow th 

o c c u r re d  i n  s l i g h t l y  h ig h e r  c o n c e n tr a t io n s  o f  a n t i b i o t i c  th a n  in  th e  con­

t r o l  c o n ta in in g  a l l  v i ta m in s .  O m ission  o f  cyanocobalam ine, f o l i c  a c id ,  

p a ra -am in o b en zo ic  a c id  and b i o t i n  had a  n e g l ig ib l e  e f f e c t  on th e  l e v e l  

o f  c h lo ra n ç h e n ic o l  i n  w hich g row th  o c c u r re d .

One s t r i k i n g  f e a tu r e  o f  t h i s  ex p erim en t i s  th e  o b s e rv a t io n  t h a t  

o m iss io n  o f  r i b o f l a v i n  from  th e  medium a llo w ed  r a p id  grow th in  500 ug 

ch loranq> henico l p e r  ml a s  conq>ared to  g row th  in  o n ly  200 ug c h lo ra n ç h e n -  

i c o l  p e r  ml i n  th e  p re se n c e  o f  r i b o f l a v i n .  I t  i s  u n l ik e ly  t h a t  t h i s  i n ­

h i b i t i o n  r e s u l t i n g  from  th e  in c o r p o r a t io n  o f  r i b o f l a v i n  in to  th e  medium 

was due to  an tag o n ism  o f  o th e r  v ita m in s  o r  to  th e  d e s t r u c t io n  o f  e s s e n t i a l  

n u t r i e n t s  (W ag en er-Jau reg g , 1954). In  a  medium c o n ta in in g  o n ly  n ia c in  

and th ia m in  grow th o c c u r re d  in  th e  p re se n c e  o f  400 ug c h lo ra n ç h e n ic o l p e r  

ml (T ab le  IX ) . However, when r i b o f l a v i n  was added grow th was in h ib i t e d  

by 300 ug ch lo ram p h en ico l p e r  m l. When r ib o f l a v i n  s o lu t io n s  were s t e r i l ­

iz e d  by f i l t r a t i o n  and added to  th e  medium ( a f t e r  s t e r i l i z a t i o n )  th e  same 

e f f e c t  was o b se rv ed . T h e re fo re , i t  was co n clu d ed  t h a t  i n h i b i t i o n  was n o t 

due to  d e s t r u c t i o n  o r  b in d in g  o f  n u t r i e n t s  by r i b o f l a v i n ,  b u t r a t h e r  t h a t  

r i b o f l a v i n  e x e r te d  a  d i r e c t  i n h i b i t o r y  e f f e c t  on th e  o rg an ism .
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TABLE IX

EFFECT OF VITAMINS ON SENSITIVITY OF 

MICROCOCCDS PYOGENES (STRAIN R)

TO CHLORAHFHENICOL

V itam in  o m itte d

H ig h e s t c o n c e n tr a t io n  o f  ch lo ram ­
p h e n ic o l  a llo w in g  grow th  a t  128 h r s  
M icrogram s p e r  ml

None 200

A ll 0

Thiam in 100

N ia c in 100

R ib o f la v in 500

Ca p a n to th e n a te 300

P yridoxaa  jie 250

I n o s i t o l 250

p -am inobenzo ic  a c id 200

B io t in 200

F o l i c  a c id 200

Cyanocobalam in 150

A ll  e x c e p t th ia m in , 
and r i b o f l a v i n

n ia c in
300

A ll  e x c e p t th ia m in . n ia c i n 400
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The e f f e c t  o f  in c r e a s in g  c o n c e n tr a t io n s  o f  r i b o f l a v i n  on grow th  

i n  th e  p re s e n c e  o f  v a ry in g  c o n c e n tr a t io n s  o f  c h lo ra n ç h e n ic o l  i s  shown 

in  F ig u re  7 . The p r i n c i p a l  e f f e c t  o f  r i b o f l a v i n  a p p ea rs  to  be an  i n ­

c re a s e  i n  th e  tim e  r e q u ir e d  f o r  th e  o rg an ism  to  i n i t i a t e  grow th  s in c e  

t h e r e  was no g r e a t  d i f f e r e n c e  in  th e  s lo p e  o f  th e  e x p o n e n tia l  p h ase  o f  

grow th  o r  i n  th e  t o t a l  amount o f  g ro w th . I n  th e  ab sen ce  o f  c h lo ra n ç h e n -  

i c o l ,  1 ug r i b o f l a v i n  p e r  ml in c r e a s e d  la g  tim e  by 2 .5  h o u rs ; 2 ug r i b o ­

f l a v i n  p e r  ml in c re a s e d  la g  by 4  h o u rs .  In  th e  p re s e n c e  o f  100 ug 

c h lo ra n ç h e n ic o l  p e r  ml th e  i n h i b i t o r y  e f f e c t  i s  in c r e a s e d ,  b u t ,  i f  con­

s id e r e d  on th e  b a s i s  o f  th e  p e rc e n ta g e  in c r e a s e  o f  l a g ,  th e  r e s u l t s  a r e  

s i m i l a r .  In  th e  p re se n c e  o f  200 ug ch lo ranq> hen ico l p e r  ml a  d i f f e r e n t  

e f f e c t  i s  n o te d ; th e  in c r e a s e  i n  la g  due to  1 ug r i b o f l a v i n  i s  p ro p o r­

t i o n a l  to  t h a t  o c c u r r in g  i n  th e  o th e r  s e r i e s ,  w h ile  2 ug r i b o f l a v i n  p e r  

ml p re v e n te d  g row th  i n i t i a t i o n  w i th in  th e  tim e  o f  o b s e r v a t io n  (100 

h o u r s ) . I t  w ould seem t h a t  c h lo ra m p h en ico l and r i b o f l a v i n  a r e  a d d i t iv e  

i n  p r e v e n t in g  grow th  i n i t i a t i o n .

I t  i s  o f  p a r t i c u l a r  i n t e r e s t  t h a t  an enhancem ent o f  ch lo ram ­

p h e n ic o l  a c t i v i t y  i s  o b ta in e d  th ro u g h  th e  u se  o f  a  m a te r ia l  w hich seems 

to  have a  s l i g h t  i n h ib i to r y  e f f e c t  upon th e  tim e  r e q u ir e d  f o r  a  c u l tu r e  

to  i n i t i a t e  g row th . T h is  le n d s  su p p o r t  to  th e  o b s e r v a t io n s  t h a t  c h lo r ­

am phen ico l a c t i v i t y  can  be a n ta g o n iz e d  by th e  s t im u la t io n  o f  m e ta b o lic  

a c t i v i t y .

P a r t i a l  d e g ra d a tio n  o f  r i b o f l a v i n  by u l t r a v i o l e t  l i g h t  was 

accom panied  by a  r e d u c t io n  in  i n h i b i t o r y  a c t i v i t y .  F o r exam ple, th e  

sam ple i r r a d i a t e d  a t  pH 9 .0 ,  w hich  c o n ta in e d  lu m if la v in  as  th e  m ain 

d e g ra d a t io n  p ro d u c t (W ag n er-Jau reg g , 19 5 4 ), had l o s t  i t s  i n h ib i to r y
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X X No R I B O F L A V I N
1 j j g  R I B O F L A V I N  p e r  m l
2  jig  R I B O F L A V I N  p e r  m l

.4_

.4( No CM
200 ug CMyr

•3_

CoO
.2 _

O

T i m e  in H o u r s

F ig u r e  7 . P ro lo n g a t io n  o f  th e  i n i t i a l  s t a t i o n a r y  phase  o f  grow th by 
r i b o f l a v i n  and c h lo ram p h en ico l (CM). M icrococcus pyogenes ( S t r a in  R) 
t e s t  o rg an ism .
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e f f e c t ;  g row th  was i d e n t i c a l  to  th e  c o n tr o l  w hich c o n ta in e d  no r i b o f l a ­

v in .  F u r th e rm o re , m ic ro b io lo g ic a l  a s s a y  in d ic a te d  t h a t  t h i s  t re a tm e n t 

r e s u l t e d  i n  a p p ro x im a te ly  65 p e r  c e n t  lo s s  o f  r i b o f l a v i n  a c t i v i t y  (F ig ­

u re  8 ) .  P a r t i a l  d e s t r u c t i o n  o f  r i b o f l a v i n  and a  c o rre sp o n d in g  p a r t i a l  

r e d u c t io n  o f  to x ic  a c t i v i t y  r e s u l t e d  from  i r r a d i a t i o n  a t  pH 5 .0 .  I t  

w ould seem t h a t  u n d e r th e s e  c o n d i t io n s  r i b o f l a v i n  p e r  se  i s  th e  a g en t 

r e s p o n s ib le  f o r  th e  p ro lo n g a t io n  o f  la g  and a l t e r a t i o n  o f  th e  m o lecu le  

r e s u l t s  i n  d e c re a se d  a c t i v i t y .  However, a l t e r a t i o n  o f  th e  m o lecu le  does 

n o t  a lw ays r e s u l t  i n  an  i n a c t i v a t i o n  s in c e  r ib o f la v in -5 -p h o s p h a te  was 

found t o  be e q u a l to  r i b o f l a v i n  i n  in h ib i to r y  a c t i v i t y .  F u r th e r  ev id en ce  

f o r  th e  d i r e c t  p a r t i c i p a t i o n  o f  r i b o f l a v i n  was p ro v id e d  by chrom ato­

g ra p h ic  a s s a y  o f  r i b o f l a v i n  o b ta in e d  from  fo u r  com m ercial so u rc e s  (Sigma 

C hem ical C o ., F is h e r  S c i e n t i f i c  C o ., C a l i f o r n ia  F o u n d a tio n  f o r  Biochem­

i c a l  R e se a rc h , N u t r i t i o n a l  B io ch em ica ls  C o .) . A lthough  each  sample 

e x e r te d  some to x ic  e f f e c t ,  th e  g r e a t e s t  i n h i b i t i o n  was o b serv ed  when th e  

m ost c h ro m a to g ra p h ic a lly  p u re  su b s ta n c e  (Sigma Chem ical C o.) was t e s t e d  

f o r  a c t i v i t y .  T hus, i t  a p p e a rs  t h a t  r i b o f l a v i n  p e r  se  o r  a  v e ry  c lo s e ly  

r e l a t e d  conçound i s  th e  i n h i b i t o r y  a g e n t .

The a c t i v e  c h e la t in g  p r o p e r t i e s  o f  r ib o f l a v i n  have been  d e s ­

c r ib e d  by A lb e r t  (1953) who n o te d  an  u n u su a l a v id i ty  o f  r i b o f l a v i n  f o r  

f e r r o u s  i r o n .  The rem oval o r  r e d u c t io n  o f  th e  le v e l  o f  c e r t a i n  t r a c e  

e le m e n ts  i n  th e  medium w ould be s u f f i c i e n t  to  e x p la in  th e  i n h ib i to r y  

a c t i o n  o f  th e  r i b o f l a v i n .  I n  o rd e r  to  exam ine t h i s  p o s s i b i l i t y ,  a two­

f o ld  in c r e a s e  in  c o n c e n tr a t io n  o f  th e  v a r io u s  m e ta ls  n o rm a lly  in c lu d e d  

in  th e  medium w ere t e s t e d  f o r  t h e i r  a b i l i t y  to  r e v e r s e  r i b o f l a v i n  in -
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likcflavio 
likoflivin, ||.y.pH5.o

*  pyogenes
®— oJI, lifcrflirtn

I c a s t i

1.1c#

o

/ •

M
• /

mi Itkaflivtn s tla tn a  par (aka

F ig u re  8 . R e d u c tio n  o f  th e  i n h i b i t o r y  a c t i o n  o f  r i b o f l a v i n  by u l t r a ­
v i o l e t  l i g h t  i r r a d i a t i o n .  A liq u o ts  t e s t e d  w ith  L a c to b a c i l lu s  c a s e i  
d i l u t e d  to  e q u iv a le n t  o f  0 .1  ug p e r  m l. A liq u o ts  t e s t e d  w ith  M icro -  
coccu s pyogenes ( S t r a i n  R) a t  a c o n c e n tr a t io n  o f  2 ug p e r  m l.
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h i b i t i o n  (T ab le  X ) . I n  th e  c o n t r o l  s e r i e s  w ith o u t r i b o f l a v i n  grow th 

was q u i te  u n ifo rm  in  a l l  tu b e s .  In  th e  p re se n c e  o f  2 ug r i b o f l a v i n  p e r  

ml grow th was s lo w er i n  a l l  tu b e s  e x ce p t th o se  c o n ta in in g  a  tw o -fo ld  

c o n c e n tr a t io n  o f  f e r r o u s  i r o n  (4 .0  ug p e r  m l) ; i n  t h i s  in s ta n c e  grow th  

was e q u a l to  t h a t  o b ta in e d  in  th e  c o n t r o l  tu b e s  w ith o u t r i b o f l a v i n .  A 

tw o -fo ld  c o n c e n tr a t io n  o f  m anganese (6 .5  ug p e r  ml) cau sed  a  s t r i k i n g  

i n h i b i t i o n  o f  grow th i n  th e  p re s e n c e  o f  r i b o f l a v i n .  F u r th e rm o re , i n ­

c r e a s in g  c o n c e n tr a t io n s  o f  f e r r o u s  i r o n  d id  n o t  p r o p o r t io n a l ly  r e v e r s e  

th e  i n h i b i t i o n  cau sed  by h ig h e r  c o n c e n tr a t io n s  o f  e i t h e r  m anganese o r  

r i b o f l a v i n .  F e rro u s  i r o n  was more e f f e c t i v e  i n  a n ta g o n iz in g  th e  i n h i b i ­

t i o n  r e s u l t i n g  from  in c re a s e d  m anganese c o n c e n tr a t io n  th a n  t h a t  w hich 

r e s u l t e d  from  h ig h  r i b o f l a v i n  c o n c e n tr a t io n .  C o b a lt and molybdenum w ere 

w ith o u t e f f e c t .

In c r e a s in g  c o n c e n tr a t io n s  o f  r i b o f l a v i n  w ere p r o g r e s s iv e ly  

e f f e c t i v e  i n  i n h i b i t i n g  g row th  i n i t i a t i o n  a lth o u g h  th e r e  was l i t t l e  

a l t e r a t i o n  in  th e  amount o f  t o t a l  g row th  a t t a in e d  (F ig u re  9 ) .  M anganese 

a l s o  e x e r te d  a  to x ic  e f f e c t  when p r e s e n t  in  s u f f i c i e n t l y  h ig h  concen ­

t r a t i o n s .  The in h i b i t o r y  a c t i o n  o f  e i t h e r  m anganese o r  r i b o f l a v i n  was 

g r e a t l y  enhanced  by an  in c re a s e d  c o n c e n tr a t io n  o f  th e  o th e r .  A com par­

is o n  o f  th e  r e s u l t s  p r e s e n te d  i n  p a r t  A and p a r t  B o f  F ig u re  9 shows 

t h a t  c o n tin u e d  in c u b a t io n  p e rm its  th e  o rgan ism s to  overcome t h i s  i n ­

h i b i t i o n .  T h is  i s  i n  c o n ç le te  acc o rd  w ith  th e  r e s u l t s  p re s e n te d  in  

F ig u re s  7 and 8 w hich i n d i c a t e  t h a t  th e  i n h i b i t i o n  i s  m a n ife s te d  p r im a r i ­

ly  as  a  p ro lo n g a t io n  o f  la g  t im e . The i n h i b i t i o n  cau sed  by h ig h  con­

c e n t r a t i o n s  o f  r i b o f l a v i n  i n  th e  ab sen ce  o f  added m anganese c o u ld  be due 

to  c o n ta m in a tin g  t r a c e s  o f  m anganese i n  th e  v a r io u s  in g r e d ie n t s  o f  th e
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TABLE X

THE EFFECT OF INCREASED CONCENTRATION OF METALS ON 

GROWTH INHIBITION BY RIBOFLAVIN^

M icrogram s c a t io n  p e r ml*
R ib o f la v in
c o n c e n tr a t io n None

K+
1 ,1 7 9 6 .0

Mn-H-
6 .5

Mg++
7 8 .4

Fe-H-
4 .0

None .30** .28 .30 .30 .30

2 ug /m l .18 .20 .04 .18 .30

^ e s t  o rg an ism  -  M. pyogenes ( S t r a in  R ). 
*T w o-fo ld  norm al c o n c e n tr a t io n .  

* ^ p t i c a l  d e n s i ty  a t  30 h o u rs .
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5

.4

.3

.2

.1

O».
Ul 2M m M U 1U m214

l ib a f t iv in , »%. pgr ni.

F ig u re  9 . The e f f e c t  o f  In c r e a s in g  c o n c e n tr a t io n s  o f  r i b o f l a v i n  and 
m anganese upon grow th i n i t i t a t i o n .  M icrococcus pyogenes ( S t r a in  R ). 
(T e s t  o rgan ism ) A. 29 h o u rs  in c u b a t io n .  B. 44 h o u rs  in c u b a t io n .

%■---- % no manganese; 0 ---- 0 0 .5  ug manganese per ml; X X 1.0  ug manga­
nese per ml; A  A 2 .0  ug manganese per ml.
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medium s in c e  no e f f o r t  was made to  p u r i f y  th e  v a r io u s  c o n s t i t u e n t s .  In  

l i k e  m anner, s in c e  th e  t e s t  o rg an ism  was c a p a b le  o f  s y n th e s iz in g  r i b o ­

f l a v i n  i t  i s  p o s s ib le  t h a t  a t  l e a s t  p a r t  o f  th e  o b serv ed  t o x i c i t y  o f  

manganese c o u ld  be due to  th e  co m b in a tio n  o f  m anganese w ith  endogenously  

p rod u ced  r i b o f l a v i n .

The dependency o f  th e  r ib o f la v in -m a n g a n e se  i n h i b i t o r y  e f f e c t  

upon a e r o b io s i s  was d e m o n stra ted  i n  a  p l a t i n g  ex p erim en t (T ab le  X I ) . 

U nder b o th  a n a e ro b ic  and a e ro b ic  c o n d i t io n s  o n ly  s l i g h t  v a r i a t i o n s  w ere 

o b se rv ed  i n  th e  number o f  c o lo n ie s  d e v e lo p in g  on th e  p l a t e s  \d iic h  d id  

n o t  c o n ta in  r i b o f l a v i n .  U nder a e ro b ic  c o n d i t io n s  r i b o f l a v i n  and man­

gan ese  c o m b in a tio n s  w ere q u i te  i n h i b i t o r y ;  th e  p re s e n c e  o f  5 ug r i b o ­

f l a v i n  and 2 ug m anganese p e r  ml p re v e n te d  th e  developm ent o f  v i s i b l e  

c o lo n ie s  d u r in g  th e  p e r io d  o f  o b s e r v a t io n .  R ib o f la v in ,  w ith o u t added 

m anganese, cau sed  nome r e d u c t io n  o f  th e  number o f  c o lo n ie s  w hich d e v e l­

oped a n a e r o b ic a l ly .  On a l l  p l a t e s  w hich  c o n ta in e d  b o th  r i b o f l a v i n  and 

m anganese a n a e r o b io s is  cau sed  a  m arked n e g a t io n  o f  th e  i n h i b i t o r y  e f f e c t .  

F o r exam ple, 4 5 .7  p e r  c e n t o f  th e  number o f  c o lo n ie s  a p p e a r in g  on th e  

a n a e ro b ic  c o n t r o l  p l a t e  w ith  n e i t h e r  r i b o f l a v i n  o r  m anganese, d ev e lo p ed  

on th e  p l a t e s  c o n ta in in g  4 ug m anganese and 5 ug r i b o f l a v i n  p e r  m l.

T h is  co m b in a tio n  was c o n ç le te ly  i n h i b i t o r y  u n d er a e ro b ic  c o n d i t io n s .

T here  i s  a  s l i g h t l y  g r e a t e r  a b i l i t y  o f  inocu lum  c e l l s  to  overcom e th e  

r ib o f la v in -m a n g a n e se  i n h i b i t i o n  i n  b ro th  c u l tu r e s  th a n  on th e  s u r f a c e  

o f  a g a r  p l a t e s  in c u b a te d  a e r o b ic a l ly  (c o n ç a re  F ig u re  9 and T ab le  X I ) .

T h is  m igh t be due to  a  low er oxygen te n s io n  o f  th e  f l u i d  medium.



64

TABLE XI

ANTAGONISM OF RIBOFLAVIN-MANGANESE INHIBITION BY

ANAEROBIOSIS

C o n d itio n  o f R ib o f la v in M icrogram s o f  m anganese p e r  ml
in c u b a t io n ug /m l 0 1 2 3 4

0 56* 51 60 55 46
A e ro b ic

5 50 19 0 0 0

0 59 54 60 49 46
A n aero b ic

5 40 26 15 23 27

T&qt o rg an ism  -  M. pyogenes ( S t r a in  R ). 
*A verage co lo n y  co u n t a t  72 h o u rs .



CHAPTER IV

DISCDSSION

The i n v e s t ig a t i o n s  o f  th e  c a p a c i ty  o f  th e  r e s i s t a n t  s t r a i n  to  

i n a c t i v a t e  c h lo ra n ç h e n ic o l  showed t h a t  th e r e  was no a p p a re n t a b i l i t y  to  

i n a c t i v a t e  th e  a n t i b i o t i c  such  a s  t h a t  n o te d  i n  E . c o l i  by M erkel and 

S te e r s  (1 9 5 3 ). T h is  i s  i n  ag reem ent w ith  th e  r e s u l t s  o b ta in e d  by Padron 

(1953) u s in g  a n o th e r  te c h n iq u e . No e x t r a c e l l u l a r  m a te r ia l  c a p a b le  o f  

a n ta g o n iz in g  c h lo ra n ç h e n ic o l  was s e c re te d  by th e  r e s i s t a n t  s t r a i n  o f 

M. p y o g e n es . T h is  s u g g e s ts  t h a t  th e  r e s i s t a n c e  o f  t h i s  s t r a i n  i s  p ro b - 

, a b ly  a  r e s u l t  o f  d e c re a se d  p e rm e a b il i ty  o r  o f  an  a l t e r e d  m e ta b o lic  ro u te  

o r  enzyme sy s tem  w hich  does n o t  have  th e  same s e n s i t i v i t y  to  th e  d ru g , 

r a t h e r  th a n  by d ru g  in a c t i v a t i o n  o r  p ro d u c tio n  o f  an e x c e ss  o f  some 

e s s e n t i a l  m e ta b o l i te .  As m entioned  p re v io u s ly ,  B iishner (1955b) rio ted  an 

a p p a re n t  d e c re a s e  i n  p e rm e a b i l i ty  acconçany ing  ch lo ram p h en ico l r e s i s t ­

an ce  i n  P . f lu o r e s c e n s  and Saz and M artin ez  (1956) n o te d  t h a t  a  t e t r a ­

c y c l in e  r e s i s t a n t  s t r a i n  o f  E . c o l i  p o sse sse d  an  enzyme w ith  a  d e c re a se d  

a f f i n i t y  f o r  th e  d ru g . A lthough  th e  r e s u l t s  r e p o r te d  h e re  do n o t o f f e r  

p ro o f  o f  such  a  m echanism  in  M, pyogenes th e y  do e l im in a te  o th e r  p o s s i ­

b i l i t i e s  and make a l t e r e d  p e rm e a b i l i ty  a n d /o r  m etab o lism  more p ro b a b le  

e x p la n a t io n s  o f  r e s i s t a n c e .

In  any s tu d y  o f  m ic ro b ia l  grow th p ro c e s s e s  th e  in ç o r ta n c e  o f

65
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s t a r t i n g  w ith  a  sm a ll number o f  r e l a t i v e l y  homogenous c e l l s  can h a rd ly  

be overenq>hasized. I n  th e  p r e s e n t  s tu d y  t h i s  h a s  been  r e p e a te d ly  o b se rv ­

ed  w here th e  e f f e c t  o f  a  su b s ta n c e  on g row th , w ith  and w ith o u t ch loram phen­

i c o l ,  can  v a ry  m arked ly  w ith  th e  c e l l  c o n c e n tr a t io n .  F o r exang)le, some 

o f  th e  conç)lex m a te r ia l s  w ere a b le  to  s t im u la te  some o f  th e  c e l l s  con­

ta in e d  in  a  l a r g e  in ocu lum  to  grow i n  th e  p re s e n c e  o f  c h lo ra m p h en ico l, 

w h ile  i n  th e  sanu' e x p e r im e n t, th e  same t e s t  m a te r ia l  would n o t  s u p p o r t 

grow th  i n  in c re a s e d  c o n c e n tr a t io n s  o f  ch lo ran q )h en ico l when a  more d i l u t e  

inocu lum  was u s e d . T h is  ty p e  o f  e f f e c t  was o b ta in e d  w ith  sk im  m ilk  pow­

d e r  and n eo p ep to n e  (T ab le  V ). The o p p o s ite  e f f e c t  was n o te d  w ith  human 

p lasm a and egg y o lk . T hese two s u b s ta n c e s  f a i l e d  to  p e rm it grow th in  

in c re a s e d  c o n c e n tr a t io n s  o f  ch lo ram p h en ico l when a  heavy inocu lum  was 

u sed ; on th e  o th e r  h an d , th e y  d id  p r o t e c t  a  more d i l u t e  inocu lum  from  

c o n c e n tr a t io n s  o f  th e  a n t i b i o t i c  h ig h e r  th a n  t h a t  w hich was i n h ib i to r y  

i n  unsupplam ented  s y n th e t i c  medium. The in c re a s e d  r e s i s t a n c e  o f  a l l  

in o c u la  s i z e s  t h a t  r e s u l t s  from  th e  a d d i t io n  o f  y e a s t  e x t r a c t  to  th e  

medium m igh t be a  co m b in a tio n  o f  th e  two e f f e c t s  p r e v io u s ly  m entioned  o r  

m igh t be due to  an  e n t i r e l y  d i f f e r e n t  phenomenon. I t  i s  p ro b a b le  t h a t  

s e v e r a l  f a c to r s  a r e  in v o lv e d  in  th e  an tagon ism  o f  c h lo ra n ^ h e n ic o l  a c t i v ­

i t y  by c o n ç le x  m a te r i a l s .  One f a c to r  i s  th e  s t im u la t io n  o f  some c e l l s  

w hich have a  r e l a t i v e l y  h ig h  r e s i s t a n c e  to  th e  a n t i b i o t i c  b u t w hich r e ­

q u ir e  some n u t r i e n t  n o t  p ro v id e d  in  th e  s y n th e t ic  medium. A no ther f a c t o r ,  

w hich i s  more a p p l ic a b le  when d i l u t e  in o c u la  a re  u se d , i s  a  s t im u la t io n  o f  

th e  m e ta b o lic  p ro c e s s e s  o f  a  m a jo r i ty  o f  th e  c e l l s  p r e s e n t  and i s  r e f l e c t ­

ed i n  an in c re a s e d  r a t e  o f  grow th and m etabo lism .

T hus, one can n o t a s c r ib e  an a n ta g o n i s t i c  e f f e c t  p e r  s e  to  a
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su b s ta n c e  s in c e  th e  an tag o n ism  o b se rv ed  may be acco u n ted  f o r  in  t o t o  by 

th e  s t im u la to r y  e f f e c t .  W orking w ith  c o l i  F o s te r  and P i t t i l l o  (1953a) 

found t h a t  c e l l  c o u n ts  w ere no h ig h e r  in  supp lem ented  medium th a n  i n  u n ­

supp lem ented  medium i n  th e  ab sen ce  o f  a n t i b i o t i c s .  T hus, th e y  b e l ie v e d  

t h a t  g row th  s t im u la t io n  p la y e d  no p a r t  i n  n e g a t io n  o f  th e  a n t i b i o t i c  

e f f e c t .  D is c re p a n c ie s  betw een t h e i r  r e s u l t s  and th o s e  p re s e n te d  h e re  

may be due to  a t  l e a s t  two f a c t o r s .  F i r s t ,  and m ost im p o r ta n t ,  i s  th e  

t e s t  o rg an ism  u se d  i n  th e  two in s ta n c e s ;  E . c o l i  i s  a  n o n f a s t id io u s ,  

r a p id ly  g row ing o rg an ism  and th e r e f o r e  p ro b a b ly  i s  l e s s  a f f e c t e d  by 

s t im u la to r y  con founds w h ile  M. pyogenes i s  s lo w er grow ing and re sp o n d s  

i n  a  p o s i t i v e  m anner to  many s t im u la to r y  f a c t o r s ,  b o th  known and unknown. 

The second  f a c t o r  to  be c o n s id e re d  i s  th e  p e r io d  o f  o b s e r v a t io n  e n ç lo y e d  

in  th e  two in s t a n c e s .  I n  th e s e  e x p e rim en ts  i t  h as  been  n e c e s s a ry  to  

commence o b s e r v a t io n  a t  a  r e l a t i v e l y  e a r ly  h o u r fo llo w in g  in o c u la t io n ,  and 

to  c o n tin u e  o b s e r v a t io n s  up to  10 d a y s . F o s te r  and P i t t i l l o  (1953a) made 

o n ly  one o b s e r v a t io n  a t  36 h o u rs  a f t e r  in o c u la t io n  w hich c o u ld  have  two 

e f f e c t s ;  1) s t im u la t io n  o f  g row th  o f  a  r a p id ly  grow ing o rg an ism  would 

n o t  be o b se rv e d , and 2) la c k  o f  p ro lo n g e d  o b s e rv a t io n  w ould n o t  show 

grow th i n  th e  a b se n c e  o f  c o n ç le x  m a te r i a l s .

The re s p o n se  o b ta in e d  w ith  q u a n t i t a t i v e  s tu d ie s  o f  y e a s t  e x ­

t r a c t  and p ro te o s e  p e p to n e  No. 3 was found to  be q u i te  d i f f e r e n t .  P ro ­

te o s e  p e p to n e  No. 3 was th e  more a c t i v e  o f  th e  two w ith  a l l  c o n c e n tra ­

t i o n s  o f  a n t i b i o t i c  t e s t e d  (F ig u re s  3 and 4 ) .  T h is  d i f f e r e n c e  i n  r e ­

sponse  m igh t be e x p la in e d  i n  e i t h e r  o f  two w ays. F i r s t ,  th e  a n ta g o n i s t -  

( s )  found in  th e  two m a te r ia l s  may be i d e n t i c a l  in  n a tu re  b u t p r e s e n t  in  

p ro te o s e  p ep to n e  No. 3 in  g r e a t e r  am ounts th a n  in  y e a s t  e x t r a c t .  Second,
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th e  a n ta g o n i s ts  may be two d i f f e r e n t  compounds and th e  one p r e s e n t  in  

p ro te o s e  p ep to n e  No. 3 i s  th e  more a c t i v e  o f  th e  tw o . W hichever i s  

c o r r e c t ,  th e  a n tag o n ism  o f  ch loranq> henico l o b se rv ed  w ith  b o th  m a te r i a l s  

does n o t a p p ea r to  be c o a p e t i t i v e  s in c e  th e  s u b s ta n c e s  do n o t  c o u n te r a c t  

c o rre sp o n d in g  q u a n t i t i e s  o f  ch lo ranq> hen ico l a t  a l l  l e v e l s  t e s t e d .  How­

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

i t y  o f  th e  two s u b s ta n c e s  in  s t im u la t in g  g row th  b o th  i n  th e  p re s e n c e  and 

a b se n c e  o f  ch lo ran q > h en ico l. These r e s u l t s  a g a in  s u g g e s t t h a t  n e g a t io n  

o f  ch lo ran q )h en ico l i n h i b i t i o n  i s  p ro b a b ly  a  n o n s p e c i f ic  e f f e c t  r e s u l t i n g  

from  grow th  s t im u la t io n .

F u r th e r  e v id e n c e  f o r  th e  s t im u la to r y  n a tu r e  o f  th e  o b se rv ed  

an tag o n ism  h a s  been  d e m o n stra ted  by p r e in c u b a t io n  e x p e r im e n ts . . I t  may 

w e ll  be t h a t  a  m echanism , s im i la r  to  t h a t  o b se rv ed  by L ic h s te in  (1 9 5 5 ) , 

i s  o p e ra b le  i n  t h i s  c a s e .  F o r exam ple, p r e in c u b a t io n  may a llo w  th e  

c e l l s  to  s y n th e s iz e  a  n e c e s s a ry  m e ta b o l i te  w ith  w hich  ch lo ram p h en ico l 

I n t e r f e r e s .  A t th e  same tim e , y e a s t  e x t r a c t  may s e rv e  a s  an exogenous 

so u rc e  o f  th e  same m e ta b o l i te  o r  i t s  p r e c u r s o r .  E i th e r  e f f e c t  would 

endow th e  o rgan ism s w ith  a  h ig h e r  d e g re e  o f  r e s i s t a n c e ,  and i t  i s  n o t  

; u n l ik e ly  t h a t  th e  two e f f e c t s  would be a d d i t i v e .  T hese r e s u l t s  would 

im p ly  t h a t  th e  p r e in c u b a t io n  e f f e c t  i s  r e l a t e d  to  th e  o v e r - a l l  m etabo­

l is m  o f  th e  o rg an ism  and n o t  to  one p a r t i c u l a r  seq u en ce  o f  en zy m atic  

r e a c t i o n s .

C h lo ram phen ico l has been  shown to  e x e r t  a  s t ro n g  i n h i b i to r y  

a c t io n  on m ic ro b ia l  p r o t e in  s y n th e s is  (G ale  and F o lk e s , 1952; Maxwell 

and N ic k e l ,  1954; W isseraan, e t  a l . , 19 5 4 ). H ence, th e  h y p o th e s is  t h a t
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th e  a n t i b i o t i c  may a c t  s in ç ly  as  an an tag o n ism  o f  one amino a c id  o r 

a n o th e r  h as  been  e s p e c ia l l y  a t t r a c t i v e  (M entzer, a t  , 1950; W oolley, 

1950; Bergmann and S ic h e r ,  1952). N e v e r th e le s s ,  ex am in a tio n  o f  th e  

e v id en c e  i n  su p p o r t  o f  t h i s  p roposed  m echanism o f  a c t i o n  r e v e a ls  t h a t  

i t  i s  d e r iv e d  from  ex p erim en ts  in  w hich r e v e r s a l  o f  grow th in h i b i t i o n  

by th e  r e s p e c t iv e  su b s ta n c e s  was g e n e r a l ly  m inim al and was d em o n strab le  

o n ly  u n d e r s p e c ia l  c irc u m s ta n c e s . M oreover, r e s u l t s  o f  t h i s  k in d  have 

n o t  b een  l im i t e d  to  s e le c te d  amino a c id s  ; in d e e d , a  w ide v a r i e ty  o f  o th e r  

s u b s ta n c e s  h as  a l s o  been  found to  y i e ld  cong>arable d e g re e s  o f  r e v e r s a l  

o f  g row th  i n h i b i t i o n  (S w enseid , e t  , 1952; F o s te r  and P i t t i l l o ,

1953g^). I t  i s  c o n c e iv a b le  t h a t  a c o n ^ le x  r e l a t i o n s h ip  o f  a n ta g o n is ts  

e x i s t s  h e re  a s  i n  th e  c a se  o f  th e  su lfo n a m id e s . However, a  r e c e n t  r e ­

p o r t  by H opps, e t  a l . , (1956) in d ic a te s  t h a t  th e  m inim al " r e v e r s a l  e f ­

f e c t s "  m en tioned  above may be due to  i n d i r e c t  f a c to r s  w hich s t im u la te  

b a c t e r i a l  g row th  and whose r e l a t i o n  to  ch lo ra iq > h en ico l i n h i b i t i o n  i s  

more n o n s p e c i f ic  i n  n a tu r e  th a n  i s  u s u a l ly  in c lu d e d  in  th e  co n cep t o f  

a n t im e ta b o l i t e s .

The d e m o n s tra tio n  t h a t  su b s ta n c e s  w hich s t im u la te  g row th  may 

a ls o  i n d i r e c t l y  n e g a te  a n t i b i o t i c  a c t i v i t y  i s  n o t  s u r p r i s in g  i n  v iew  o f  

o th e r  f in d in g s .  F o r exam ple. E ag le  and Husselm an (1949) found th a t  r e ­

co v ery  o f  S tre p to c o c c u s  pyogenes fo llo w in g  exp o su re  to  to x ic  c o n c e n tra ­

t i o n s  o f  p e n i c i l l i n  was c o n d itio n e d  by th e  su rro u n d in g  m enstruum ; t h a t  

w hich s u p p o rte d  good grow th o f  th e  o rgan ism  in  ab sen ce  o f  th e  a n t i b i o t i c  

a l s o  p ronçjted  more r a p id  and com plete re c o v e ry  from  p e n i c i l l i n .  The 

work o f  W ainw right and M ullaney (1954) d em o n stra ted  t h a t  s u s c e p t i b i l i t y  

to  p e n i c i l l i n  c a n  v a ry  a c c o rd in g  to  th e  so u rc e  o f  carb o n  found in  th e
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medium. In  v iew  o f  t h i s ,  i t  i s  l o g i c a l  to  assume t h a t  com plex m a te r ia l s  

c o u ld  e x e r t  a s im i l a r  e f f e c t ,  p a r t i c u l a r l y  w ith  a  f a s t i d i o u s  o rgan ism  

su ch  a s  M. p y o g e n es , by c o n s t i t u t i n g  a  p re fo rm ed  su p p ly  o f  e s s e n t i a l  

in te r m e d ia te s  n e c e s s a ry  f o r  optimum grow th  and m etab o lism  o f  th e  o rg a n ­

ism . T h is  w ould be p a r t i c u l a r l y  t r u e  w here r e s i s t a n c e  depended on 

a d a p t iv e  m echanism s, ê . ,  i n  low c o n c e n tr a t io n s  o f  a n t i b i o t i c  (E a g le ,

e t  a l . , 1 9 5 2 ). These r e s u l t s  a r e  i n  a c c o rd  w ith  th o se  o b ta in e d  by 

'Wisseman, e t  a l . ,  (1954) who found t h a t  r e v e r s a l  o f  c h lo ram p h en ico l 

a c t i v i t y  a g a in s t  Ê . c o l i  by amino a c id s  and p e p t id e s  was n o t  a p p a re n t 

when grow th  s t im u la t io n  by th e s e  m a te r ia l s  was r i g i d l y  c o n t r o l l e d .  A lso  

w o rth y  o f  n o te  i s  th e  o b s e r v a t io n  t h a t  c e l l s  p o s s e s s in g  a  h ig h  s t a t e  o f  

m e ta b o lic  a c t i v i t y  a r e  more r e s i s t a n t  to  ch lo ram p h en ico l th a n  c e l l s  w ith  

a  low  m e ta b o lic  r a t e .  T h is  i s  in  c o n t r a s t  to  th e  w e ll  known f a c t  t h a t  

p e n i c i l l i n  i s  b a c t e r i c i d a l  o n ly  a g a in s t  a c t i v e l y  m e ta b o liz in g  c e l l s  

(Hobby, e t  a l . ,  1 9 4 2 ). However, in  th e  c a se  o f  a  b a c t e r i o s t a t i c  a g e n t 

such  as  ch lo ranq> hen ico l, m e ta b o lic  a c t i v i t y  may p roduce  j u s t  th e  o p p o s i te  

e f f e c t  by p ro v id in g  th e  c e l l  w ith  a  v a r i e t y  o f  in te rm e d ia te  compounds 

w hich  a r e  a n t a g o n i s t i c  to  th e  a n t i b i o t i c .  I n  v iew  o f  th e  f a c t  t h a t  b o th  

p r e in c u b a t io n  and com plex m a te r ia l s  may a n ta g o n iz e  ch lo ram p h en ico l a c t i v ­

i t y  and t h a t  th e r e  i s  an a d d i t iv e  e f f e c t  o f  th e s e  two f a c t o r s ,  i t  would 

seem t h a t  s t im u la t io n  o f  m e ta b o lic  a c t i v i t y  i s  th e  m ain pathw ay by w hich 

c h lo ra m p h en ico l a c t i v i t y  i s  a n ta g o n iz e d  by com plex m a te r i a l s .

D em o n stra tio n  o f  a  r e l a t i o n s h i p  betw een th e  r e s u l t s  p re s e n te d  

h e r e in  and th e  w e ll  docum ented f a c t  t h a t  c h lo ra n p h e n ic o l s p e c i f i c a l l y  

i n h i b i t s  p r o t e in  s y n th e s is  (G ale and F o lk e s , 1952; P ard ee  and P r e s t id g e ,  

1956) h a s  n o t  been  p o s s ib le  on  an  e x p e r im e n ta l b a s i s .  However, c e r t a i n
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p e r t i n e n t  o b s e r v a t io n s  w hich i n d i r e c t l y  b e a r  on t h i s  p rob lem  m ight be 

c i t e d .  F i r s t ,  th e  f a c t  t h a t  p ro te o s e  p ep to n e  No. 3 was th e  m ost p o te n t  

a n ta g o n is t  o f  c h lo ra m p h en ico l t e s t e d  m igh t i n d ic a te  t h a t  a  p e p t id e  o r  

p o ly p e p tid e  i s  b e in g  s u p p l ie d ,  th e  s y n th e s is  o f  w hich i s  i n h ib i t e d  by 

ch lo ranq> hen ico l. S eco n d ly , th e  f a c t  t h a t  a c c e le r a te d  m e tab o lism  and 

grow th  endows th e  c e l l s  w i th  a  h ig h e r  r e s i s t a n c e  m igh t b e  c o n s id e re d  i n ­

d i r e c t  e v id en c e  t h a t  more r a p id  p r o t e in  s y n th e s is  i s  r e s p o n s ib le  f o r  

r e s i s t a n c e .

The s e a rc h  f o r  m a te r ia l s  c a p a b le  o f  a n ta g o n iz in g  c h lo ra n ç h e n i-  

c o l  a c t i v i t y  r e v e a le d  w hat a p p ea red  to  be a  p o t e n t i a t i o n  o f  c h lo ra n ç h e n -  

i c o l  a c t i v i t y  by r i b o f l a v i n  (T ab le  1 0 ) . F u r th e r  i n v e s t i g a t i o n  showed 

t h a t  a  marked i n h i b i t i o n  o f  g row th  a l s o  o c c u rre d  in  th e  ab sen ce  o f  c h lo r -  

am phenicol when b o th  r i b o f l a v i n  and m anganese w ere i n  th e  medium. T h is  

w ould in d i c a t e  t h a t  t h i s  i n h i b i t i o n  i s  a  r e s u l t  o f  th e  fo rm a tio n  o f  an  

i n h i b i to r y  r ib o f la v in -m a n g a n e se  com plex r a t h e r  th a n  an a d d i t iv e  e f f e c t  

o f  th e  two a g e n ts .  The o b se rv ed  enhancem ent o f  c h lo ram p h en ico l a c t i v i t y  

can be c o n s id e re d  a  r e s u l t  o f  th e  a d d i t iv e  e f f e c t  o f  two in h ib i to r y  

a g e n ts  c o n ç a ra b le  to  th e  g r e a t e r  e f f e c t  o f  c h lo ra n ç h e n ic o l  n o te d  by 

Ramsey (1957) when th e  te m p e ra tu re  o f  in c u b a t io n  d e v ia te d  from  th e  o p t i ­

mum te n ç e r a tu r e  f o r  g row th . The i n h i b i t i o n  caused  by h ig h e r  c o n c e n tra ­

t i o n  o f  r i b o f l a v i n  in  th e  ab sen ce  o f  added manganese c o u ld  be due to  con­

ta m in a tin g  t r a c e s  o f  m anganese i n  th e  v a r io u s  in g r e d ie n ts  o f  th e  medium 

s in c e  no e f f o r t  was made to  p u r i f y  th e  v a r io u s  c o n s t i t u e n t s .  In  l i k e  

m anner, s in c e  th e  t e s t  o rg an ism  was c a p a b le  o f  s y n th e s iz in g  r i b o f l a v i n  

i t  i s  p o s s ib le  t h a t  a t  l e a s t  p a r t  o f  th e  observ ed  t o x i c i t y  o f  m anganese 

co u ld  be due to  th e  e f f e c t  o f  th e  co m b in a tio n  o f  m anganese w ith  endogen-
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o u s ly  p roduced  r i b o f l a v i n .  The a c t i v e  c h e la t in g  p r o p e r t i e s  o f  r i b o f l a ­

v in  would s u p p o r t  th e  id e a  t h a t  a  com plex \d iic h  i n t e r f e r e s  w ith  form a­

t i o n  o r  f u n c t io n  o f  an  e s s e n t i a l  m é ta l lo - enzyme was r e s p o n s ib le  f o r  

t o x i c i t y .  I t  m igh t be  e x p ec te d  t h a t  an  in c re a s e d  c o n c e n tr a t io n  o f  th e  

norm al m e ta l c o n s t i tu e n t  o f  th e  enzyme sy stem  w ould c o u n te r a c t  th e  i n ­

h i b i t o r y  e f f e c t  o f  m anganese, a t  l e a s t  to  some e x te n t .  T h is  was found  

to  be th e  c a se  w ith  f e r r o u s  i r o n ,  a lth o u g h  th e  an tag o n ism  was n o t  

s to ic h io m e t r ic ,  and above c e r t a i n  l e v e l s  o f  m anganese no  r e v e r s a l  by 

i r o n  was a p p a r e n t .  The h ig h  a v id i ty  o f  th e  r i b o f l a v i n  m o lecu le  f o r  

f e r r o u s  i r o n  a s  conq>ared to  m anganese w ould i n d i c a t e  t h a t  i n h i b i t i o n  was 

more conq>lex th a n  s im p le  c o n ç e t i t i o n  o f  m e ta l io n s  f o r  a  s i t e  o f  a t t a c h ­

m ent on th e  r i b o f l a v i n  m o lecu le .

Exanq>les o f  to x ic  c h e la te  com plexes have been  d e m o n s tra ted  by 

Rubbo, e t  a l . . (1950) and A lb e r t ,  e t  a l . , (1 9 5 6 ). The o v e r - a l l  p i c t u r e  

o f  th e  to x ic  a c t i o n  o f  8 -h y d ro x y -q u in o 1in e  ( o x in e ) , and 2 -m e rc a p to p y r i-  

d in e  N -o x id e , a s  f u r n is h e d  by t h e i r  r e s u l t s  i s  t h a t  an i r o n  o r  co p p er 

com plex a c t s  a s  a  c a t a l y s t  w hich prom otes th e  d e s t r u c t i v e  o x id a t io n  o f  

a  g roup  (e^ .£ ., an -SH g roup ) on a  m e ta b o l i te  o r  enzyme w hich i s  v i t a l  

to  th e  c e l l s .  T h is  to x ic  a c t i o n  can  be p re v e n te d  by th e  a d d i t io n  o f  

c o b a l t  to  th e  medium w hich p ro b a b ly  r e p la c e s  th e  c o b a l t  (rem oved by th e  

c h e la t in g  a g e n t)  t h a t  n o rm a lly  p r o t e c t s  th e  g ro u p . T h is  co n cep t i s  su p ­

p o r te d  by th e  f a c t  t h a t  th e  to x ic  a c t i o n  can  a l s o  be p re v e n te d  by lo w er­

in g  th e  o x id a t io n - r e d u c t io n  p o t e n t i a l  o f  th e  medium th u s  p re v e n t in g  th e  

d e s t r u c t i v e  o x id a t io n ,  o r  b r in g in g  in to  p la y  a  new m e ta b o lic  pathw ay 

w hich c ircu m v en ts  i t .  Such an a l t e r n a t e  r o u te  h a s  been  d e m o n stra ted  by 

L e n h o ff , e t  a l . , (1956) in  2» f lu o r e s c e n s ; a t  h ig h  oxygen t e n s io n s ,  th e
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f la v o p r o te in  c o n te n t ,  as m easured by d ia p h o ra se  a c t i v i t y ,  in c r e a s e d ,  

w h ile  a t  low er oxygen te n s io n s  th e  cytochrom e c o n te n t  o f  th e  c e l l s  was 

in c r e a s e d .  The fo rm a tio n  o f  an in c re a s e d  amount o f  cytochrom e was a ls o  

found  to  be  dep en d en t upon th e  p re s e n c e  o f  i r o n .  I t  i s  p o s s ib le  t h a t  

th e  a b i l i t y  o f  i r o n  to  a n ta g o n iz e  th e  r ib o f la v in -m a n g a n e se  i n h i b i t i o n  

o f  M. pyogenes i s  due to  th e  in c re a s e d  fo rm a tio n  o f  cy tochrom es w hich 

a f f o r d  an  a l t e r n a t e  e le c t r o n  ro u te  r a t h e r  th a n  to  a  c o n ç e t l t i o n  betw een 

th e  m e ta l io n s  f o r  a  p la c e  i n  a  f l a v i n  enzyme sy stem .



CHAPTER V

SUMMARY

A chloranq)hen.ico 1 r e s i s t a n t  s t r a i n  o f  M icrococcus pyogenes 

v a r .  a u re u s  d id  n o t  i n a c t i v a t e  c h lo ra n ç h e n ic o l  o r  p ro d u ce  an  e x t r a c e l l ­

u l a r  s u b s ta n c e  c a p a b le  o f  re d u c in g  th e  t o x i c i t y  o f  c h lc ra n p b e n ic o 1 f o r  

th e  s e n s i t i v e  p a r e n t  s t r a i n .

C onçlex  b io lo g ic a l  m a te r ia ls  such  a s  y e a s t  e x t r a c t  and p r o te ­

o se  p e p to n e  No. 3 w ere c a p a b le  o f  a n ta g o n iz in g  th e  b a c t e r i o s t a t i c  a c t io n  

o f  c h lo ra n ^ h e n ic o 1. T hese m a te r ia l s  a l s o  s u p p o rte d  more r a p id  grow th  o f  

a  l a r g e r  number o f  c e l l s  o f  th e  inocu lum . Q u a n t i t a t iv e  a ss a y  o f  th e  

a c t i v i t y  o f  y e a s t  e x t r a c t  and p ro te o s e  p ep to n e  No. 3 r e v e a le d  m arkedly  

d i f f e r e n t  ty p e s  o f  re s p o n se  c u rv es  f o r  each  o f  th e s e  m a te r i a l s .  The 

a c t i v i t y  was n o t  due to  c o m p e tit iv e  an tag o n ism  b u t seemed to  be th e  i n ­

d i r e c t  r e s u l t  o f  s t im u la t io n  by th e s e  m a t e r i a l s .

P r e in c u b a t io n  o f  M. pyogenes in  th e  ab sen ce  o f  ch lo ram p h en ico l 

p r i o r  to  ex p o su re  to  th e  a n t i b i o t i c  r e s u l t e d  i n  an in c re a s e d  r e s i s t a n c e  

to  th e  d ru g . T h is  r e s i s t a n c e  was a p p a r e n t ly  due to  a  h ig h  r a t e  o f  

m e ta b o lic  a c t i v i t y .  The enhanced r e s i s t a n c e  to  c h lo ra n ç h e n ic o l w hich 

was o b ta in e d  by ad d in g  a  com plex m a te r ia l  such  a s  y e a s t  e x t r a c t  to  th e  

medium a p p ea red  to  be a d d i t iv e  w ith  th e  e f f e c t  o f  p re in c u b a t io n .

No p u r in e s ,  p y r im id in e s  o r  v ita m in s  w ere  found w hich would
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a n ta g o n iz e  c h lo ra m p h en ico l a c t i v i t y .

R ib o f la v in ,  i n  th e  p re s e n c e  o f  m anganese, i n h i b i t e d  th e  grow th 

o f  M. p y o g en es . The i n h i b i t o r y  a c t i o n  was shown to  be  d ep en d en t upon 

a e r o b io s i s  and was c h a r a c te r iz e d  p re d o m in a n te ly  a s  a  p ro lo n g a t io n  o f  th e  

la g  p h a se . I n c r e a s in g  c o n c e n tr a t io n s  o f  e i t h e r  m anganese o r  r i b o f l a v i n ,  

i n  th e  p re s e n c e  o f  a  c o n s ta n t  q u a n t i ty  o f  th e  o th e r ,  enchanced  th e  i n h ib ­

i t o r y  e f f e c t .  U l t r a v i o l e t  i r r a d i a t i o n  red u ced  th e  t o x i c i t y  o f  r i b o f l a ­

v in  i n  p r o p o r t io n  to  th e  amount o f  r i b o f l a v i n  d e g ra d ed . R ib o f la v in - 5 -  

p h o sp h a te  was e q u a l ly  a s  i n h i b i t o r y  a s  r i b o f l a v i n .  The i n h i b i to r y  

e f f e c t  o b se rv ed  in  th e  p re s e n c e  o f  low c o n c e n tr a t io n s  o f  r i b o f l a v i n  

a n d /o r  m anganese co u ld  be  r e v e r s e d  i n  a  n o n - s to ic h io m e tr ic  manner by 

f e r r o u s  i r o n .
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