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ABSTRACT OF THESIS

E x p e r i m e n t s  were c a r r i e d  o u t  u s i n g  p u re  c u l t u r e s  of  

a s o i l  b a c t e r i u m  (B. g lo b i f o r m e )  t o  d e t e r m in e  optimum 

c o n d i t i o n s  o f  g ro w th  f o r  t h i s  o rg a n ism  i n  2 :4-D c u l t u r e .  The 

e f f e c t  o f  a e r a t i o n  o f  l i q u i d  c u l t u r e s  and t h e  a d d i t i o n  o f  v a r io u s  

o t h e r  s u b s t a n c e s  t o  th e  media v/as r e c o r d e d .  The a b i l i t y  o f  

t h i s  o rg a n ism  t o  grow on o t h e r  s u b s t r a t e s  was s t u d i e d .  A ssays  

o f  p h y t o t o x i c i t y  i n  t h e  c u l t u r e  media were u n d e r t a k e n  and th e  

e f f e c t  of c o n c e n t r a t i o n  of  2 :4-D on i t s  d e c o m p o s i t i o n  s t u d i e d .

I s o l a t i o n s  of  f r e s h  o rgan ism s  f ro m  g a r d e n  s o i l  

c a p a b le  o f  t h e  d e t o x i c a t i o n  o f  2 :4 -D  were a t t e m p t e d  and t h e s e  

o rgan ism s  s u b s e q u e n t l y  grown, s i n g l y  and  i n  m i x t u r e s ,  i n  2 :4-D 

c u l t u r e  i n  an  a t t e m p t  t o  p roduce  a breakdown i n  c u l t u r e  s i m i l a r  

to  t h a t  found  i n  s o i l .  E x p e r im e n ts  using" a s o i l  p e r f u s i o n  

t e c h n iq u e  and a l s o  m ix t u r e s  of  o rg an ism s  o b t a i n e d  f ro m  

p e r f u s a t e  e n r i c h e d  t o  2 :4-D were a l s o  c a r r i e d  o u t .

The o r i g i n a l  i s o l a t e s  became i n e f f e c t i v e  i n  2 :4-D 

d ec o m p o s i t io n  a f t e r  c u l t u r e  o f  a p p r o x im a te l y  tw e lv e  months and  

f r e s h  i s o l a t i o n s  had  t o  be made. These r e s u l t e d  i n  t h e  

e v e n t u a l  i s o l a t i o n  f rom  f r e s h  g a rd e n  s o i l  o f  a  s t r a i n  o f  t h e  

A ct inom yce te  N o ca rd ia  w h ich  p r o v e d  c a p a b l e  o f  u t i l i s i n g  2 :4 -D  

a s  a c a rb o n  s o u r c e  i n  a g a r  and  i n  a e r a t e d  l i q u i d  c u l t u r e .  

S ubsequen t  e x p e r im e n t s  were c a r r i e d  o u t  u s i n g  s u b - c u l t u r e s  o f  

t h i s  o rg a n is m .



The e f f e c t s  o f  c o n c e n t r a t i o n  o f  2 :4-D and o f  t h e  

p r e s e n c e  o f  a  s o i l  e x t r a c t  and a g a r  d i a l y s a t e  on d e t o x i c a t i o n  

o f  t h e  c u l t u r e  f l u i d s  were r e c o r d e d .  The g ro w th  o f  t h i s  

o rg a n is m  i n  u n a e r a t e d  l i q u i d  c u l t u r e  on v a r i o u s  c a r b o n  

s u b s t r a t e s  was s t u d i e d  and th e  s u b s e q u e n t  a b i l i t y  of  o rg a n ism s  

so c u l t u r e d  t o  decompose 2 :4-D i n  a g a r  r e c o r d e d .

The d e c o m p o s i t i o n  o f  2 :4-D i n  l i q u i d  c u l t u r e  was 

f o l l o w e d  u s i n g  r a d i o a c t i v e  sam ples  o f  2 :4 -D  l a b e l l e d  i n  e i t h e r  

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

changes  i n  r a d i o a c t i v i t y  and  p h y t o t o x i c i t y  were f o l l o w e d  

c h ro m â to g r a p h i c a l l y  and m easu rem en ts  o f  c h l o r i d e  and p h e n o l i c  

m a t e r i a l  p r e s e n t  i n  t h e  c u l t u r e  media made th r o u g h o u t  t h e  

d e t o x i c a t i o n  p e r i o d .  M easurem ents  o f  r a d i o a c t i v i t y  and 

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

a i r  l e a v i n g  th e  c u l t u r e s  was p a s s e d  were  a l s o  r e c o r d e d .

A p o s s i b l e  r o u t e  f o r  t h e  e a r l y  s t a g e s  o f  b reakdow n 

o f  t h e  2 :4 -D  m o le c u le  by t h i s  s t r a i n  o f  N o c a rd ia  i s  s u g g e s t e d  

i n v o l v i n g  th e  f o r m a t i o n  o f  2 : 4 - d i c h l o r o p h e n o l ,  o - c h l o r o p h e n o l  

and p h e n o l .
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STUDIES ON THE BREAKDOWN OF HORMONE HERBICIDES 

ALLIED COMPOUNDS BY SOIL QRGANISP/IS

I .  I n t r o d u c t i o n

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

2 : 4 - d i c h l o r o p h e n o x y a c e t i c  a c i d  (2 :4 -D )  i n  t h e  fo rm  o f  t h e  sod ium ,  

p o t a s s i u m  or ammonium s a l t ,  f o r  t h e  p u r p o s e  o f  s e l e c t i v e  weed 

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

w i t h i n  f i v e  t o  s i x  weeks and th e  t r e a t e d  s o i l  i s  t h e n  a b l e  t o  

s u p p o r t  norm al  g ro w th  o f  s u s c e p t i b l e  p l a n t s .  (Newman, Thomas and 

W alker ,  1 9 5 2 ) .  These a u t h o r s  a l s o  r e p o r t  t h a t  d u r i n g  t h e  d e t o x i 

f i c a t i o n  o f  2 ;4-D  a s u b s t a n c e  i s  p ro d u c e d  w h ic h  s t i m u l a t e s  r o o t  

e l o n g a t i o n  i n  cucum ber .  T h is  s u b s t a n c e  can  be  d e s t r o y e d  by  

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

th e  p r e s e n c e  o f  s m a l l  q u a n t i t i e s  o f  2 :4 - D .

The d i s a p p e a r a n c e  o f  2 :4-D  f ro m  n o rm a l  s o i l s  c a n  be  a c c o u n t e d

f o r ,  as  s u g g e s t e d  by  Audus 1949 ,  by  v a r i o u s  f a c t o r s  i n c l u d i n g

l e a c h i n g  by  r a i n .  D e t o x i f i c a t i o n  i s  n o t  e n t i r e l y  due  t o  l e a c h i n g  

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

The main d e t o x i f i c a t i o n  i s  t h e r e f o r e  assumed t o  be  e i t h e r  a

c h e m ic a l  or a b i o l o g i c a l  p r o c e s s .  Audus s u g g e s t e d  t h a t  a b i o l o g i 

c a l  d e t o x i f i c a t i o n  o c c u r r e d  and c o n f i r m e d  th e  h y p o t h e s i s ,  1950 ,  b y  

t h e  i s o l a t i o n  o f  an  e f f e c t i v e  o rg a n i s m  s u b s e q u e n t l y  i d e n t i f i e d  as  

b e l o n g i n g  t o  t h e  B a c t e r i u m  g l o b i f o r m e  g roup  o f  B e r g e y .  T h is  

i s o l a t i o n  was made o n to  a medium c o n t a i n i n g  O.i;^ 2 :4 -D  as  t h e  o n ly
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added ca rb o n  s o u r c e ,  and shewn t o  be  th e  o rgan ism  r e s p o n s i b l e  f o r  

2:4-D breakdown in  e n r i c h e d  s o i l s  by ad d in g  a s u s p e n s io n  o f  th e  

organism  to  a n o n - e n r i c h e d  p e r f u s a t e  and o b t a i n i n g  a breakdown 

r a t e  comparable  to  t h a t  o f  an  e n r i c h e d  s o i l ,  and by p e r f u s i n g  a 

s u s p e n s io n  of  th e  o rgan ism  th ro u g h  a p lug  o f  s t e r i l e  g l a s s  w oo l ,  

in  p l a c e  o f  s o i l  and o b t a i n i n g  a s i m i l a r  r a p i d  b reakdow n.  The 

i s o l a t e  shewed a s t e a d y  l o s s  o f  v ig o u r  w i t h  each  s u c c e s s i v e  su b 

c u l t u r e  on to  2:4-D a g a r .

For  th e  work to  be d e s c r i b e d  i n  t h i s  t h e s i s  i t  was th o u g h t  

t h a t  the breakdown o f  2:4-D by t h i s  o rg an ism  co u ld  b e s t  be s t u d i e d  

u s in g  l i q u i d  c u l t u r e s  c o n t a i n i n g  th e  e s s e n t i a l  m i n e r a l  s a l t s  and 

a p p r o p r i a t e  c o n c e n t r a t i o n s  o f  2;4-D as  t h e  o n ly  added c a rb o n  

s o u r c e .  In view o f  th e  i n s t a b i l i t y  o f  t h e  o rg an ism  i n  t h e  ab sen ce  

of  s o i l  and th e  g e n e r a l  p a u c i t y  o f  g ro w th ,  p re j - im in a ry  e x p e r im e n t s  

were c a r r i e d  out  t o  s t u d y  th e  growth  and a t t e m p t  t o  o b t a i n  an  

improved growth  of  t h i s  o rg an ism  i n  l i q u i d  c u l t u r e .

in  t h i s  work t h e  e f f e c t  o f  a e r a t i o n  of  t h e  cult^ure f l u i d  and 

th e  a d d i t i o n  t o  t h e  medium o f  v a r i o u s  s u b s t a n c e s  i n  s m a l l  quan

t i t i e s  was s t u d i e d .  The s u b s t a n c e s  used  i n c l u d e :  low c o n c e n t r a t i o n s  

of  a g a r ,  i n s u f f i c i e n t  to  cause  g e l l i n g  o f  th e  l i q u i d ,  s o i l  e x t r a c t ,  

y e a s t  e x t r a c t ,  c a lc iu m  c h l o r i d e ,  v i t a m i n  B^g, m enaph thane ,  b i o t i n ,  

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

of  add ing  v a r io u s  i n e r t  m a t e r i a l s  su ch  as s t e r i l e  b r i c k d u s t ,  g l a s s  

wool,  c o t t o n  wool and s o i l  t o  t h e  medium was n o t e d .  The e f f e c t  

on t h e  c u l t u r e s  o f  a e r a t i o n  by  ca rb o n  d i o x i d e  f r e e  a i r  was a l s o  

s t u d i e d .
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The a b i l i t y  o f  t h e  o rg a n i s m  t o  u t i l i s e  a d d i t i o n a l  or 

a l t e r n a t i v e  c a rb o n  s o u r c e s  was a l s o  i n v e s t i g a t e d .  C a rbon  s o u r c e s  

used  in  t h e s e  e x p e r i m e n t s  i n c l u d e ; -  g l u c o s e ,  so d iu m  b e n z o a t e , 

p h e n o x y a c e t i c ,  p h e n y l a c e t i c , 4 - c h l o r o p h e n o x y a c e t i c , 3 : 4  d i c h l o r o -  

p h e n o x y a c e t i c , 3 - c h l o r o p h e n o x y a c e t i c , 2 :5  d i c h l o r o p h e n o x y a c e t i c , 

2 - c h l o r o p h e n o x y a c e t i c  and 2 : 4 - d im e t h y p h e n o x y a c e t i c  a c i d s ;

. o-chf<Kubenzoic, 4 - io d  o p h e n o x y a c e t i c , a - 4 - c h l o r o p h e n o x y p r  op i o n i c ,

2 :4 : 5 - t r  i c h l o r o p h e n o x y a c e t i c  , a - 2 : 4 - d i c h l o r  o p h e n o x y p r o p io n ic
f

and 2 : 3 : 5 - t r i - i o d o b e n z o i c  a c i d s .  The e f f e c t  o f  s i z e  o f  in o c u lu m  

on g ro w th  and o f  a d d i t i o n a l  d o s e s  o f  2 :4 -D  g i v e n  b o t h  b e f o r e  and 

a f t e r  d e t o x i f i c a t i o n  of  t h e  o r i g i n a l  a p p l i c a t i o n  was n o t e d .

D ur ing  t h e s e  e x p e r im e n t s  g ro w th  o f  t h e  o r g a n i s m  was m easu red  

by d i r e c t  c o u n t in g  u s in g  a h a e m a c y to m e te r , p h y t o t o x i c i t y  o f  t h e  

s o l u t i o n s  by  th e  i n h i b i t i o n  p ro d u c ed  by  a sam ple  on t h e  g r o w th  o f  

c r e s s  s e e d l i n g  r o o t s ,  and a p r e l i m i n a r y  i n v e s t i g a t i o n  made o f  

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

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

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

i s o l a t e  p ro v ed  i n c a p a b l e  o f  d e t o x i f i c a t i n g  2 :4 -D  i n  l i q u i d  c u l t u r e  

a f t e r  a p e r i o d  o f  tw e lv e  months s t o r a g e  on 2 :4-D a g q r  w i t h  s u b -  

c u l t i j r e s  on to  f r e s h  s l o p e s  made e v e r y  f o u r  t o  s i x  w eek s .

F r e s h  i s o l a t i o n s  o f  o rg an ism s  were made f ro m  2 :4 -D  e n r i c h e d  

s o i l  i n  p e r f u s e r  and a e r a t e d  f l a s k  s u s p e n s i o n s .  S u b s e q u e n t  

e x p e r im e n t s  were c a r r i e d  o u t  w i t h  one o f  t h e s e  i s o l a t e s  w h ich  

d e t o x i f i c a t e d  2 :4-D  i n  p u re  c u l t u r e  and shewed m o r p h o l o g i c a l  

s i m i l a r i t i e s  i n  2 :4 -D  l i q u i d  c u l t u r e ,  t o  th e  o r i g i n a l  o rg a n i s m .
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This  second  o rg a n ism  was s u b s e q u e n t l y  i d e n t i f i e d  as  b e l o n g i n g

t o  t h e  genus N o c a r d i a .

E x p e r im e n ts  c a r r i e d  o u t  w i t h  t h e  N o c a rd ia  o r g a n i s m  i n c l u d e  

s t u d i e s  t o  d e t e r m in e  th e  e f f e c t  o f  2 :4 -D  c o n c e n t r a t i o n  on 

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

ag a r  on d e t o x i f i c a t i o n .  I n v e s t i g a t i o n s  on t h e  b reakdow n o f  

r a d i o a c t i v e  2 :4 -D  l a b e l l e d  w i t h  i n  t h e  m e th y le n e  or c a r b o x y l  

g roup  o f  t h e  s i d e c h a i n  were c a r r i e d  ou t  w i t h  t h i s  o r g a n i s m .  

Growth s t u d i e s  o f  t h e  N o c a rd ia  i n  u n a e r a t e d  l i q u i d  c u l tu i r e  on 

v a r i o u s  c a r b o n  s u b s t r a t e s  were made.

From th e  f i n d i n g s  r e c o r d e d  i n  th e  r e s u l t s  o f  t h e s e  

e x p e r im e n t s  a p o s s i b l e  r o u t e  f o r  t h e  d e s t r u c t i o n  o f  t h e  2 :4 -D  

m o le cu le  by t h i s  o rg a n i s m  i s  s u g g e s t e d ,  i n v o l v i n g  t h e  p r o d u c t i o n  

o f  2 : 4 - d i c h l o r o p h e n o l  a s  a f i r s t  s t e p  and th e  s u b s e q u e n t  

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

organ ism s c o n c e r n e d ,  i n  p u re  c u l t u r e .
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i l .  E x p e r im e n ts  c a r r i e d  o u t  w i t h  2 :4 -D  decompoaIng o r g a n i s m  

o f  t h e  B a c t e r i u m  g lo b i f o r m e  g roup

1 ,  I n t r o d u c t i o n

This  o rg a n ism  was i s o l a t e d  by  Audus,  1950 ,  f ro m  a s o i l  

p e r f u s a t e  e n r i c h e d  t o  2 :4 -D  and p l a t e d  o n to  a g a r  c o n t a i n i n g  

100 p . p . m .  2 :4 -D  as  t h e  o n ly  added  c a r b o n  s o u r c e .  E x p e r im e n t s  

were c a r r i e d  out  t o  s t u d y  t h e  g ro w th  c h a r a c t e r i s t i c s  o f  t h i s  

o rg an ism  i n  l i q u i d  c u l t u r e  c o n t a i n i n g  an  a p p r o p r i a t e  c o n c e n t r a t i o n  

o f  2 ;4-D and  i n  t h e  p r e s e n c e  o f  o t h e r  c a r b o n  s u b s t r a t e s .  An 

a t t e m p t  was made t o  c o r r e l a t e  g ro w th  w i t h  t h e  r a t e  o f  b reakdow n 

o f  2 :4-D i n  t h e  c u l t u r e s .  The p o s s i b l e  p r e s e n c e  o f  p h y t o t o x i c  

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

ch ro m â to g r a p h i c a l l y .

2 .  E x p e r im e n ta l  methods

a)  M a in tenance  o f  s t o c k  c u l t u r e s  o f  B . g l o b i f orme

S t o c k  c u l t u r e s  were as  f a r  as  p o s s i b l e  k e p t  i n

l i q u i d  media c o n t a i n i n g

Magnesium s u l p h a t e  0 . 2  grm.

P o t a s s i u m  c h l o r i d e  0 .2  grm.

Ammonium p h o s p h a te  1 , 0  grm.

Ammonium s a l t  o f  2 :4 -D  0 . 1  grm.

G lass  d i s t i l l e d  w a te r  1000 m i s .
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The s o l u t i o n s  were made up i n t o  25ml. a l i q u o t s  i n  b o i l i n g  t u b e s  

p lu g g e d  w i t h  c o t t o n  wool and h a v i n g  a n a r ro w  g l a s s  t u b e  p a s s i n g  

th r o u g h  t h e  c e n t r e  o f  t h e  p lu g  t o  t h e  b a s e  o f  t h e  c u l t i r  e tu b e  •

T h is  tu b e  was a l s o  p lu g g e d  a t  i t s  o u t e r  e n d .  The s o l u t i o n s  were 

s t e r i l i s e d  w i th  s te a m  p r e s s u r e  a t  15 l b s .  f o r  15 m i n u t e s ,  

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

c u l t u r e s  and s t e r i l e ,  m o i s t  a i r  b u b b le d  c o n t i n u o u s l y  t h r o u g h  th e m .  

The t u b e s  were i n c u b a t e d  i n  t h e  d a r k  a t  a t e m p e r a t u r e  o f  2 5 °C .

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

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

i t  t h r o u g h  a. tow er  o f  s t e r i l e  n o n - a b s o r b e n t  c o t t o n  w o o l .  S ub

c u l t u r e s  were made e v e r y  12 t o  14 days  d e p e n d in g  on th e  r a t e  o f  

d e t o x i c a t i o n  -  u s u a l l y  7 t o  10 d a y s .  In  t h i s  manner a c o n s t a n t  

s u p p ly  of  b a c t e r i a  o f  a s i m i l a r  age  was m a i n t a i n e d  f o r  e x p e r i m e n t a l  

p u r p o s e s .

b) Measurement o f  b a c t e r i a l  g ro w th

Growth i n  l i q u i d  c u l t u r e  was m easu red  by d i r e c t  

c o u n t in g  under  a h a e m a c y to m e te r . A s m a l l  s a m p l e , a p p r o x i m a t e l y

0 .5  m l . , was removed f rom  th e  c u l t u r e  a s e p t i c a l l y  a f t e r  v i g o r o u s  

s h a k in g  and p u t  i n t o  a s m a l l  c l e a n  sam ple  t u b e  0.25^^ x  1 . 0 " ,  

t o g e t h e r  w i t h  a c r y s t a l  o f  w a te r  s o l u b l e  m e th y le n e  b l u e .  The tu b e  

was t i g h t l y  co rk e d  t o  p r e v e n t  e v a p o r a t i o n ,  s h a k en  t o  d i s s o l v e  t h e  

dye and l e f t  a t  l e a s t  t h i r t y  m in u te s  f o r  t h e  b a c t e r i a  t o  t a k e  up 

th e  s t a i n .  At t h e  end o f  t h i s  p e r i o d  e a c h  t u b e  was w e l l  s h a k e n  

and s u f f i c i e n t  o f  t h e  f l u i d  p l a c e d  on t h e  h ae m ac y to m e te r  s l i d e  t o  

f i l l  t h e  c e l l ,  A p r e l i m i n a r y  c o u n t  o f  o rg an ism s  was made i n
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volumes t a k e n  a t  random  over  t h e  a r e a  c o v e r e d  by  t h e  g r a t i n g .

I f  t h e  numbers of  o rg an ism s  i n  e a c h  c o u n t  were a p p r o x i m a t e l y  t h e  

same a c o u n t  o f  t e n  c o n s e c u t i v e  volumes o f  0 . 1  x  1 /4 0 0  cmm. was 

made and  r e c o r d e d .  I f  t h e  numbers o f  c e l l s  i n  t h e  random  c o u n t s  

d i f f e r e d  w id e l y  t h e  sample was d i s c a r d e d  t h e  s u s p e n s i o n  r e s h a k e n  

and th e  p r o c e s s  r e p e a t e d  u n t i l  a sam ple  c o n t a i n i n g  e v e n l y  

d i s t r i b u t e d  organism s was o b t a i n e d  on t h e  h ae m ac y to m e te r  s l i d e .

The mean o f  t h e  f i n a l  t e n  c o u n t s  was m u l t i p l i e d  by  4 x  10^ t o  

g iv e  th e  number o f  c e l l s  p e r  m l .  o f  t h e  o r i g i n a l  c u l t u r e  s o l u t i o n .  

When t h e  random c o u n t s  shewed l a r g e  numbers o f  o rg a n is m s  p e r  

volume,  above 20 -30  p e r  c o u n t ,  a d i l u t i o n  was made w i t h  s t e r i l e  

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

a c c u r a t e l y ,  l e s s  t h a n  20 p e r  vo lum e .

c ) E s t i m a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  2;4D i n  c u l t u r e  

s o l u t i o n s

The c o n c e n t r a t i o n  o f  2 :4 -D  i n  s o l u t i o n s  was 

e s t i m a t e d  by  th e  i n h i b i t o r y  e f f e c t  o f  t h e  h e r b i c i d e  on t h e  g ro w th  

o f  c r e s s  s e e d l i n g  r o o t s .  The v a r i e t y  u s e d  was G a r t e r * s  P l a i n  

Cress  No.4015 and t h e  method a d o p te d  a m o d i f i c a t i o n  o f  t h a t  

d e s c r i b e d  by  Audus,  1951.

Measured s a m p le s ,  0 .1  -  0 . 2  m l .  o f  t h e  c u l t u r e  

f l u i d s  u n d e r  t e s t  were removed f ro m  t h e  c u l t u r e  v e s s e l s  a s e p t i 

c a l l y ,  b o i l e d  i n  a w a te r  b a t h  f o r  30 m i n u t e s  t o  k i l l  t h e  o r g a n i s m s  

and d i l u t e d  w i t h  g l a s s  d i s t i l l e d  w a te r  t o  b r i n g  t h e  o r i g i n a l  

c o n c e n t r a t i o n  o f  2:4-D i n  t h e  medium t o  1 . 0 ,  0 . 1  and 0 .0 1  p ^ p .m .

5 m is .  o f  s o l u t i o n  o f  e a c h  o f  t h e s e  d i l u t i o n s  was added  t o  e a c h
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o f  two tu b e s  c o n t a i n i n g  a p p r o x i m a t e l y  20 c r e s s  s e e d s  s u p p o r t e d  

on f i l t e r  p a p e r  t h r e e  i n c h e s  f ro m  th e  b a s e  o f  t h e  t u b e .  C o n t r o l  

t u b e s  r e c e i v e d  5 m l.  g l a s s  d i s t i l l e d  w a te r  o n l y .  These  t u b e s  

were i n c u b a t e d  in  t h e  d a r k  a t  2 5 %  f o r  f o u r  d a y s  and t h e n  th e  

f o u r  l o n g e s t  r o o t s  i n  e a c h  t u b e  m easured  i n  mrns. The m easu rem en ts  

were compared w i t h  a s t a n d a r d  c u rv e  o b t a i n e d  w i t h  known c o n c e n 

t r a t i o n s  o f  2 :4-D  and t h e  q u a n t i t y  o f  2 :4 -D  p r e s e n t  i n  t h e  c u l t u r e  

s o l u t i o n  a t  t h e  t im e o f  a s s a y  e s t i m a t e d .

3•  Growth e x p e r i m e n t s

a ) C u l t u r e  t e c h n iq u e

Growth e x p e r im e n t s  were  c a r r i e d  o u t  i n  b o i l i n g  

t u b e s  c o n t a i n i n g  25 m i s .  o f  t h e  c u l t u r e  s o l u t i o n  p lu g g e d  w i t h  

c o t t o n  wool and i n c l u d i n g  an  a i r  i n l e t  t u b e  as  f o r  t h e  s t o c k  

c u l t u r e  v e s s e l s .

L iq u id  c u l t u r e s  c o n t a i n e d  a m i n e r a l  s a l t  medium 

composed o f ;  magnesium s u l p h a t e ,  p o t a s s i u m  c h l o r i d e  and  ammonium 

p h o s p h a t e ,  i n  t h e  some p r o p o r t i o n s  as  t h e  s t o c k  c u l t u r e s ,  t o g e t h e r  

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

p lu s  any a d d i t i o n a l  s u b s t a n c e s  f o r  t h e  p a r t i c u l a r  e x p e r i m e n t s .  

S t a b l e  m a t e r i a l s  were added  t o  t h e  media b e f o r e  s t e r i l i s a t i o n  

u n s t a b l e  o r  v o l a t i l e  compounds were made up a s e p t i c a l l y  i n  s t e r i l e  

g l a s s  d i s t i l l e d  w a te r  and added t o  t h e  main s o l u t i o n  a f t e r  

a u t o c l a v i n g .
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E q u a l  i n o c u l a  o f  o rg a n ism s  f ro m  s t o c k  c u l t u r e s  o f  t h e  same 

age were u se d  f o r  a l l  e x p e r i m e n t s .  S t o c k  c u l t u r e s  i n o c u l a t e d  a t  

t h e  same t im e  Rnd i n c u b a t e d  t o g e t h e r  w i t h  t h e  e x p e r i m e n t a l  c u l t u r e s  

were u sed  as  c o n t r o l s  i n  e a c h  e x p e r i m e n t .  I n c u b a t i o n  was c a r r i e d  

ou t  i n  t h e  d a r k  a t  25®G u n l e s s  o t h e r w i s e  i n d i c a t e d #

b) R e s u l t s  o b t a i n e d

G row th  was e s t i m a t e d  by  i n c r e a s e  i n  c e l l  numbers 

measured  by  d i r e c t  c o u n t i n g  u n d e r  a h a e m a c y to m e te r ;  t h e  i n i t i a l  

number o f  c e l l s  i n o c u l a t e d  i n t o  e a c h  medium b e i n g  c a l c u l a t e d  f ro m  

a co u n t  o f  t h e  i n o c u l a t i n g  s u s p e n s i o n .

No g ro w th  was r e c o r d e d  u n l e s s  t h e  c u l t u r e s  were 

c o n t i n u o u s l y  and v i g o r o u s l y  a e r a t e d #

In  a e r a t e d  c u l t u r e s  no s i g n i f i c a n t  g ro w th  o c c u r r e d  

i n  media c o n t a i n i n g

1) M i n e r a l  s a l t s  o n ly

2) 2 :4 -D  o n l y .

Growth was r e c o r d e d  i n  a e r a t e d  c u l t u r e s  c o n t a i n i n g  

m i n e r a l  s a l t s  and 100 p . p . m .  2 :4 -D  as  t h e  o n ly  added  c a r b o n  s o u r c e .  

No i n c r e a s e  i n  c e l l  numbers o c c u r r e d  a f t e r  4 8 - 7 2  h o u r s  f ro m  t h e  

t im e  o f  i n o c u l a t i o n .  G row th  i n  media c o n t a i n i n g  m i n e r a l  s a l t s  

and 1 ,0 0 0  p . p . m .  2 :4 -D  commenced a t  a r a t e  c o m p a rab le  t o  t h a t  i n  

c u l t u r e s  c o n t a i n i n g  one t e n t h  t h e  c o n c e n t r a t i o n  o f  2 :4 -D  b u t  

c o n t i n u e d ,  a t  a s lo w e r  r a t e , f o r  up t o  384 h o u r s  f rom  t h e  t im e  o f  

i n o c u l a t i o n .  F i g u r e  I ,  The o r i g i n a l  d a t a  f ro m  w h ich  t h i s  f i g u r e  

was c o n s t r u c t e d  a r e  t o  be  fo u n d  i n  A ppend ix  I .
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Grow th  on t h i s  medium was n e v e r  p r o l i f i c .  A t t e i i p t s  to  

inç>rove i t  were made by th e  a d d i t i o n  o f  v a r i o u s  a c c e s s o r y  g ro w th  

f a c t o r s .

4 ,  The e f f e c t  on g r o wth  o f  a d d in g  v a r i o u s  s u b s t a n c e s  t o

t h e  m ed ia .

a)  Agar

R e a s o n a b le  g ro w th  was s u p p o r t e d  by  s o l i d  a g a r  media  

c o n t a i n i n g  100 t o  1 ,0 0 0  p . p . m .  2 :4-D as  t h e  o n ly  added  e a r b o n  

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

i n s u f f i c i e n t  t o  c a u se  g e l l i n g  o f  t h e  medium was s t u d i e d .

Growth  was im proved  b y  t h e  p r e s e n c e  o f  a g a r  i n  t h e  

medium down t o  c o n c e n t r a t i o n s  o f  0,02%  a g a r  -  t h e  l o w e s t  c o n c e n 

t r a t i o n  u s e d .  T here  was no s i g n i f i c a n t  i n c r e a s e  o f  g ro w th  w i t h  

i n c r e a s i n g  c o n c e n t r a t i o n s  o f  a g a r  up t o  0,1%  t h e  h i g h e s t  c o n c e n 

t r a t i o n  u s e d .  The a d d i t i o n  o f  a g a r  i n  t h e s e  q u a n t i t i t i e s  t o  t h e  

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

c o n t a i n i n g  o r i g i n a l l y  100 p . p . m .  2 :4 - D .  F i g u r e  I I .  The o r i g i n a l  

d a t a  b e i n g  g iv e n  i n  A ppendix  I I .

b ) S o i l  e x t r a c t

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

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

w a te r  a t  15 pounds p r e s s u r e  f o r  30 m i n u t e s .  The s o l u t i o n  was 

a l lo w ed  t o  c o o l ,  f i l t e r e d  and n e u t r a l i s e d  w i t h  a s o l u t i o n  o f  sod ium  

h y d r o x i d e .  T h is  s o l u t i o n  was added  t o  t h e  media p r i o r  t o  s t e r i l i 

s a t i o n  i n  t h e  p r o p o r t i o n  o f  9 p a r t s  medium t o  1 p a r t  s o i l  e x t r a c t .
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G r e a t e r  g ro w th  t o o k  p l a c e  on s o i l  e x t r a c t  e n r i c h e d  

media t h a n  on t h e  2 :4-D m i n e r a l  s a l t  medium. In  f a c t  more g ro w th  

was r e c o r d e d  on th e  s o i l  e x t r a c t  d i l u t e d  w i t h  d i s t i l l e d  w a t e r  

o n ly  t h a n  on t h e  f u l l  medium. D e t o x i c a t i o n  o f  s o l u t i o n s  c o n t a in i n g  

100 p .p .m .  2 :4 -D  by t h i s  o r g a n i s m  was d e l a y e d  by  t h e  a d d i t i o n  o f  

s o i l  e x t r a c t  t o  t h e  n o rm a l  c u l t u r e  medium. T h is  s u g g e s t s  t h a t  

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

e x t r a c t  and t h a t  t h e  2 :4 - D  m o le c u le  i s  n o t  a t t a c k e d  u n t i l  t h e s e  

have b e e n  e x h a u s t e d .  F i g u r e  I I I .  O r i g i n a l  d a t a  r e c o r d e d  i n  

Appendix  I I I .

c ) Y e a s t  e x t r a c t

L iq u id  c u l t u r e s  c o n t a i n i n g  0 , l f c ,  0 . 0 5 ^  and 0 .0 1 ^

" Y e a s t r e l "  were u s e d .  D u r in g  t h e  c o u r s e  o f  t h e s e  e x p e r i m e n t s  i t  

was found  t h a t  t h e  main g ro w th  on y e a s t  e x t r a c t  media was composed 

of ro d  sh a p e d  o rg a n ism s  a t  l e a s t  f i v e  t im e s  a s  lo n g  as  t h e  

d i a m e t e r .  On a l l  o t h e r  m edia  t h e  o r g a n i s m  a p p e a r e d  a s  s m a l l  

ovo id  c e l l s  or c o c c i .  At th e  t i m e  i t  was t h o u g h t  t h a t  t h e  

c u l t u r e s  c o n ta in in g :  t h e  r o d  sh a p e d  o rg an ism s  had  become i n f e c t e d ,  

b y  an  o rgan ism s  c a p a b l e  of e x i s t i n g  on t h e  y e a s t  e x t r a c t  i n  t h e  

p r e s e n c e  o f  2 :4 -D ,  b u t  i n  v iew  o f  l a t e r  work i t  i s  now f e l t  t h a t  

t h i s  was m e re ly  a n o t h e r  fo rm  o f  t h e  same o r g a n i s m .  No t r o u b l e  

w i t h  t h i s  " i n f e c t i o n "  was e x p e r i e n c e d  w i t h  any  o t h e r  m edia  even  

w i t h  t h e  use  o f  s u g a r s  and  amino a c i d  m edia  w h ich  would have b e e n  

c a p a b le  o f  s u p p o r t i n g  t h e  g ro w t h  o f  a wide v a r i e t y  o f  o r g a n i s m s .

Again  some im provem ent  o f  g r o w t h  was o b t a i n e d  b u t  

no s i g n i f i c a n t  e f f e c t  on t h e  d e t o x i c a t i o n  p r o c e s s  was n o t e d .
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F i g u r e  IV, t h e  d a t a  b e i n g  r e c o r d e d  i n  A ppend ix  BI a .

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

( d - j )  a r e  t o  be  found  i n  A ppend ix  I \ / b . ( d - j ) .

d ) . C a lc iu m  c h l o r i d e  and c a l c i u m  c a r b o n a t e

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

e s s e n t i a l  f o r  t h e  g ro w th  o f  many m i c r o - o r g a n i s m s .  T a y l o r  1951 .

The e f f e c t  o f  a d d in g  Iv/lOOO c a l c i u m  c h l o r i d e  and 0.1% c a l c i u m  

c a r b o n a t e  was s t u d i e d .

No e f f e c t  a t  a l l  was o b s e rv e d  i n  t h e  c u l t u r e s  

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

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

which  o b sc u re d  th e  b a c t e r i a  and a l s o  t o  t h e  f a c t  t h a t  t h e  b a c t e r i a  

a t t a c h e d  th e m s e l v e s  t o  t h e  p a r t i c l e s  o f  c h a l k  and fo rm ed  c l u s t e r s  

a round  them. The a d d i t i o n  o f  e i t h e r  o f  t h e s e  compounds had no 

e f f e c t  on t h e  d e t o x i c a t i o n  p r o c e s s .

. e )  V i t a m in

The p r e s e n c e  o f  1 . 0 ,  0.1Û, o r  0 .0 1  and 0 .0 0 5  p . p . m .  

v i t a m i n  i n  t h e  media had no e f f e c t  on t h e  g ro w t h  o f  t h e s e  

o rg a n is m s .

f  ) Menaphthone

T h is  a c c e s s o r y  g ro w th  f a c t o r  a l s o  a p p e a r e d  u n n e c e s s a r y  

to  t h e s e  o rgan ism s  i n  2 :4 -D  c u l t u r e ,

g) B i o t i n  

No e f f e c t
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h) C a s e i n  h y d r o l y s a t e  c o n t a i n i n g  v i t a m i n s  and 

v i t a m i n  f r e e

No e f f e c t  u n l e s s  p r e s e n t  i n  s u f f i c i e n t  q u a n t i t y  t o  

he  u sed  as  s u b s t r a t e  i n  p l a c e  o f  2 :4 - D .  The p r e s e n c e  or a b s e n c e  

o f  v i t a m i n s  had no n o t i c e a b l e  e f f e c t .

i )  A d d i t i o n a l  p h o s p h a te

Q u a n t i t i e s  up t o  t w i c e  t h a t  n o r m a l l y  u se d  f o r

c u l t u r e  had  no e f f e c t .

j ) The e f f e c t  o f  a d d in g  i n e r t  m a t e r i a l s  t o  t h e  medium 

M a t e r i a l s  u s e d ; -  S t e r i l e  b r i c k  d u s t

S t e r i l e  c o t t o n  wool s t r a n d s  

S t e r i l e  g l a s s  wool 

S t e r i l e  s o i l .

The o rg an ism s  became a t t a c h e d  t o  t h e  p a r t i c l e s  p r e s e n t  

i n  t h e  l i q u i d  media  and i n  no c a s e  was i t  p o s s i b l e  t o  o b t a i n  

c o u n t s  o f  numbers o f  o r g a n i s m s .  No e f f e c t  on d e t o x i c a t i o n  was 

however n o t e d  and i t  was assumed t h e r e f o r e  t h a t  t h e  p r e s e n c e  o f  

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

o rg an ism s  t o  an y  c o n s i d e r a b l e  e x t e n t .

5 .  The e f f e c t  o f  a e r a t i n g  l i q u i d  c u l t u r e s  w i t h  CQ^ f r e e '  a i r

a . E x p e r i m e n t a l  method

The t e c h n i q u e  was k e p t  as  s i m i l a r  as  p o s s i b l e  t o  

t h a t  u sed  i n  t h e  p r e v i o u s  e x p e r i m e n t s .  Rubber  bungs  c o n t a i n i n g  

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

o f  t h e  t u b e s  and a column o f  s m a l l  g r a n u l e s  o f  so d a  l im e  was
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i n s e r t e d  i n t o  t h e  a i r  l i n e  l e a d i n g  t o  e a c h  o f  t h e  a p p r o p r i a t e  

t u b e s .  A s m a l l  i g n i t i o n  t u b e  c o n t a i n i n g  l im e  w a te r  was s u s p e n d e d  

i n s i d e  t h e  c u l t u r e  t u b e  to  e n s u r e  t h a t  t h e  a i r  was i n  f a c t  f r e e  

o f  c a r b o n  d i o x i d e .

b .  R e s u l t s

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

o f  a i r  had no e f f e c t  on t h e  g ro w th  o f  t h e s e  o rg a n is m s  i n  2 :4 -D  

c u l t u r e  b u t  no d ro p  i n  p h y t o t o x i c i t y  o f  t h e  c u l t u r e  s o l u t i o n s  was 

r e c o r d e d  d u r i n g  t h e  t im e  f o r  w h ic h  t h e  e x p e r i m e n t  was r u n .  A 

s i m i l a r  r e s u l t  was o b t a i n e d  u s i n g  a m i x t u r e  o f  o rg a n i s m s  f r o m  an  

e n r i c h e d  s o i l  p e r f u s a t e  s o l u t i o n  as  w i l l  be  d e s c r i b e d  l a t e r  (p . /^7 .)

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

q u a n t i t i e s  o f  c a r b o n d i o x i d e  up t o  5% o f  t h e  t o t a l  a i r  had  no e f f e c t  

on g ro w th  o r  d e t o x i c a t i o n  o f  2 ; 4 - D .  The e x t r a  c a r b o n  d i o x i d e  was 

o b t a i n e d  f ro m  a c y l i n d e r  o f  t h e  gas  and f e d  i n t o  t h e  main  a i r  

s t r e a m  a t  t h e  r e q u i r e d  r a t e s .

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

COg i s  n e c e s s a r y  f o r  t h e  c o m p le t e  d e t o x i c a t i o n  o f  2 ;4 -D  b y  t h i s  

o rg a n is m  i n  p u re  c u l t u r e  b u t  t h a t  t h e  q u a n t i t y  n o r m a l l y  p r e s e n t  

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

i s  s u f f i c i e n t .  Many b a c t e r i a  w i l l  n o t  grow i n  t h e  conç>lete  

a b s e n c e  o f  COg b u t  t h i s  o r g a n i s m  does  n o t  a p p e a r  t o  b e  one o f  

t h e s e  s i n c e  n o rm a l  g ro w th  t o o k  p l a c e  i n  COg f r e e  c u l t u r e s .  T h is  

g ro w th  co u ld  n o t  have  b e e n  s u p p o r t e d  by  COg a l r e a d y  p r e s e n t  i n  t h e  

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

f o r  s e v e r a l  h o u r s  p r i o r  t o  i n o c u l a t i o n .  S m a l l  q u a n t i t i e s  o f  COg
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may l e a k  t h r o u g h  t h e  r u b b e r  c o n n e c t i o n s  b u t  i t  would n o t  seem 

t h a t  t h i s  i s  r e s p o n s i b l e  f o r  t h e  g r o w t h  r e c o r d e d  s i n c e  no 

d i f f e r e n c e  i n  g r o w th  on s t a n d a r d  m edia  i n  COg f r e e  and n o r m a l  a i r  

has  b e e n  n o t e d .

6 .  The e f f e c t  o f  s i z e  o f  in o c u lu m  on g r o w t h

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

i n i t i a l l y  by  t h e  s i z e  o f  i n o c u lu m  b u t  i t  was fo u n d  t h a t  g ro w th  

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

3 0  t h a t  t h e  f i n a l  c o u n t s  gave  a s i m i l a r  number o f  o r g a n i s m s  i n  

p a r a l l e l  c u l t u r e s  w h a te v e r  t h e  s i z e  o f  t h e  o r i g i n a l  i n o c u l a  -  

w i t h i n  r e a s o n a b l e  l i m i t s .

7 .  U t i l i s a t i o n  o f  a l t e r n a t i v e  or a d d i t i o n a l  c a r b o n  s o u r c e s  

b y  B .  g lo b  i f  orme

i .  G row th  r e c o r d e d  on s u b s t r a t e s  h a v i n g  s i m i l a r  

m o l e c u l e s  t o  t h a t  o f  2 ;4 -D

a)  G ro w th  o f  t h e  o r g a n i s m  i n  m edia  c o n t a i n i n g  

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

o f  t h e s e  e x p e r i m e n t s  a r e  shewn i n  F i g u r e  V and A ppend ix  V.

None o f  t h e  c a r b o n  s o u r c e s  u s e d  i n  t h e s e  

e x p e r i m e n t s  p r o v e d  t o  be  more e f f i c i e n t  s u b s t r a t e s  t h a n  2 :4 -D  f o r  

t h i s  o r g a n i s m .  T h i s  was shewn b y  t h e  f a c t  t h a t  l e s s  g r o w t h  t o o k  

p l a c e  on t h e s e  compounds t h a n  on 2 :4 -D  and a l s o  no m e a s u r a b l e  

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

any  o f  t h e  c u l t u r e s .  I t  w i l l  b e  s e e n  t h a t  v e r y  l i t t l e  i f  any  

g r o w th  o c c u r s  on p h e n o x y a c e t i c  a c i d .
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b) P r e l i m i n a r y  e x p e r i m e n t s  shewed t h a t  two c a r b o n  

s u b s t r a t e s  h a v i n g  a s i m i l a r  m o l e c u l e  t o  t h a t  o f  2 :4 - D ,  n a m e ly ,  

p h e n y l a c e t i c  a c i d  and b e n z o i c  a c i d ,  p r o d u c e d  g r e a t e r  g ro w th  t h a n  

t h e  2 :4 -D  medium. B e n z o ic  a c i d  was u s e d  i n  t h e  fo rm  o f  i t s  

sod ium  s a l t  •

The g ro w th  r e c o r d e d  f o r  t h e s e  two compounds a t  

c o n c e n t r a t i o n s  f r o m  10 t o  1 , 0 0 0  p . p . m .  p h e n y l a c e t i c  a c i d  and  10 

t o  1 0 ,0 0 0  p . p . m .  s o d iu m  b e n z o a t e  com pared  w i t h  t h e  g r o w t h  o b t a i n e d  

on 100 p . p . m .  2 :4 -D  c a n  be  s e e n  i n  F i g u r e s  V I  and  V I I  and 

A p p en d ices  VI and  V I I .

i i .  The e f f e c t  on g r o w t h  o f  c a r b o n  s u b s t r a t e s  u n l i k e  2 :4-D 

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

s t r a i n  o f  B a c t e r i u m  g l o b i f o r m e  w h i l s t  g ro w in g  v i g o r o u s l y  on s u c h  

c a r b o n  s u b s t r a t e s  a s  g l u c o s e  an d  s u c r o s e  c o m p l e t e l y  l o s t  a l l  

a d a p t a t i o n  t o  2 ;4 -D  and  c o u l d  n o t  t h e n  b e  r e - a d a p t e d .  L a rg e  

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

s u b s t r a t e  and s u b s e q u e n t l y  i n o c u l a t e d  i n t o  2 ;4 -D  s o l u t i o n s  i n  o r d e r  

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

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

q u a n t i t i e s  0 .1%, 0.01% an d  0 .001% o f  g l u c o s e  t o  t h e  m e d ia  a l r e a d y  

c o n t a i n i n g  100 p p .m .  2 ;4 - D .  E x p e r i m e n t s  u s i n g  1% g l u c o s e  w ere  

a l s o  c a r r i e d  o u t .  I n  t h e s e  e x p e r i m e n t s  num bers  o f  b a c t e r i a ,  s u g a r  

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

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

Some o f  t h e  r e s u l t s  o b t a i n e d  i . e .  t h o s e  f o r  c u l t u r e s  

c o n t a i n i n g  0.1% g l u c o s e  o r  l e a s  a r e  shewn i n  P i g . V I I I  an d  A p p e n d ix
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V I I I .  I t  was i m p o s s i b l e  t o  c o u n t  t h e  numbers  o f  or^^anisms i n  

c u l t u r e s  c o n t a i n i n g  1% g l u c o s e  i n i t i a l l y  s i n c e  t h e  b a c t e r i a  formed 

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

over  and n e a r  t o  t h e  s u r f a c e  o f  t h e  media i n  s p i t e  o f  v ig o r o u s  

a e r a t i o n .  No l o s s  i n  p h y t o t o x i c i t y  was r e c o r d e d  f o r  t h e s e  c u l t u r e s

i . e .  1% g l u c o s e  g ro w th  c u rv e  n o t  shewn on g r a p h .  F o r  t h e  low er  

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

was s t i l l  t h e  t e n d e n c y  o f  t h e  o r g a n i s m s ,  when r a p i d l y  d i v i d i n g ,  t o  

fo rm  f l a k e s  i n  t h e  medium. The c o u n t s  s h o u ld  t h e r e f o r e  p e r h a p s  be  

r e g a r d e d  a s  t h e  minimum number o f  o rg a n is m s  l i k e l y  to  b e  p r e s e n t  a t

t h e  t im e o f  c o u n t i n g ,  r a t h e r  t h a n  an  a c c u r a t e  a s s e s s m e n t  o f  t h e

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

t i m e .  As w i l l  be s e e n  f ro m  t h e  f i g u r e ,  a c t u a l  g ro w th  i s  d e p e n d e n t  

upon t h e  i n i t i a l  c o n c e n t r a t i o n  o f  g l u c o s e  i n  t h e  medium -  b u t  t h e  

t im e  o f  d e t o x i c a t i o n  o f  2 :4 -D  i s  n o t  so  e a s i l y  r e l a t e d .  I n  a l l  

c a s e s  no g l u c o s e  was d e t e c t a b l e  by  t h e  t im e  d e t o x i c a t i o n  was 

r e c o r d e d .

The p r e s e n c e  o f  010.^ g l u c o s e  a p p a r e n t l y  h as  no e f f e c t  on t h e  

d e t o x i c a t i o n  t im e  i n  s p i t e  o f  t h e  i n c r e a s e  i n  num bers  o f  o r g a n i s m s .  

With i n i t i a l l y  a c o n c e n t r a t i o n  o f  0 . 0 1 ^  g l u c o s e  however  t h e r e  

a p p e a r s  t o  be  a d e c r e a s e  i n  t h e  d e t o x i c a t i o n  t im e  - f ro m  a maximum 

o f  10-11 days  to  a maximum o f  5 -6  days  f ro m  i n o c u l a t i o n .

I t  was hoped t h a t  t h e  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  g l u c o s e

t o  t h e  2 :4-D  medium m ig h t  r e s u l t  i n  b e i n g  a b l e  t o  c u l t u r e  t h i s  

o rg a n ism  e f f e c t i v e l y  on a l a r g e  s c a l e  i n  o r d e r  t o  s t u d y  t h e  b i o 
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c h e m i s t r y  o f  2 :4-D  d e c o m p o s i t i o n  by  t h e  b a c t e r i a .  S u b s e q u e n t  

e x p e r im e n t s  p ro v e d  however t h a t  a l t h o u g h  t h e  p r e s e n c e  o f  0 . 0 1 ^  

g lu c o s e  d i d  i n  f a c b  i n c r e a s e  t h e  numbers o f  o rg a n is m s  over  t h o s e  

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

f rom  i t ,  s e e  P i g . V I I I ,  s u b c u l t u r e s  f ro m  t h e  p a r e n t  c u l t u r e  were  

u n ab le  t o  decompose 2 :4 -D  e i t h e r  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  

g lu c o s e  and t h a t  an y  f u r t h e r  a p p l i c a t i o n s  o f  2 :4 -D  t o  t h e  p a r e n t  

c u l t u r e s  r e m a in e d  t o x i c  f o r  s e v e r a l  weeks -  u n t i l  t h e  e x p e r i m e n t s  

had t o  b e  s to p p e d  due t o  e v a p o r a t i o n  and r e d u c t i o n  o f  volume by  

sa m p l in g  f o r  a s s a y .

One p o s s i b l e  e x p l a n a t i o n  o f  t h e  b e h a v i o u r  o f  t h i s  o r g a n i s m  

when growing  i n  c u l t u r e s  c o n t a i n i n g  b o t h  2 ;4 -D  and  g l u c o s e  i s  t h a t  

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

may th e n  c o n t a i n  o rg an ism s  o f  v a r y i n g  e f f i c i e n c y  i n  t h e  d e s t r u c t i o n  

o f  t h e  2 :4 -D  m o l e c u l e . G row th  on 2 :4 -D  o n l y  would  e n c o u ra g e  

d ev e lo p m e n t  o f  o rg a n is m s  c a p a b l e  o f  c a r r y i n g  o u t  a l l  s t a g e s  o f  t h e  

d e t o x i c a t i o n  p r o c e s s .  I f  however g l u c o s e ,  o r  any  o t h e r  c a r b o n  

s o u r c e  w h ich  i s  e a s i l y  a v a i l a b l e  t o  t h e  o r g a n i s m s ,  i s  ad d e d  t o  t h e  

media^ g ro w th  o f  2 :4 -D  n o n - e f f i c i e n t  o r g a n is m s  i s  e n c o u ra g e d  and 

where t h i s  g ro w th  i s  v e r y  r a p i d  - n a s  i t  i s  when 1% g l u c o s e  i s  

employed -  may c a u s e  s t a l i n g  o f  t h e  medium a d v e r s e l y  a f f e c t i n g  t h e  

2 :4 -D  Û e t o x i c a t i n g  c e l l s  b e f o r e  b reak d o w n  h as  o c c u r r e d .  W ith  o n l y  

one t e n t h  of  th e  c o n c e n t r a t i o n  o f  g lucerne i n i t i a l l y  t h i s  e f f e c t  

would n o t  be  so  n o t i c e a b l e  and d e t o x i c a t i o n  c o u l d  o c c u r .  The u se  

o f  an even low er  c o n c e n t r a t i o n  o f  g l u c o s e  s h o u l d  on t h i s  e x p l a n a 

t i o n  have  l i t t l e  i f  any e f f e c t  on t h e  d e t o x i c a t i o n  o f  2 :4 - D .
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T his  i s  n o t  t h e  c a s e .  O.Oi;^ g l u c o s e  a c t u a l l y  i n c r e a s e d  t h e  r a t e  

o f  d e t o x i c a t i o n .  I n c r e a s e  i n  g ro w th  i n  t h e s e  c u l t u r e s  i s  n o t  so  

marked as  t h a t  i n  s o l u t i o n s  c o n t a i n i n g  h i g h e r  c o n c e n t r a t i o n s  o f  

g l u c o s e ,  and i t  i s  p o s s i b l e  t h a t  t h e  i n c r e a s e  i n  numbers  i s  due 

p a r t l y  t o  i n c r e a s e  i n  2 :4 -D  e f f i c i e n t  c e l l s  and p a r t l y  t o  i n c r e a s e  

i n  n o n - e f f i c i e n t  c e l l s .  The i n c r e a s e  i n  2 ;4 -D  breakdow n e f f i c i e n t  

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

d e t o x i c a t i o n  t im e  and  t h e  i n c r e a s e  i n  n o n - e f f i c i e n t  c e l l s  n o t  

s u f f i c i e n t  t o  c a u s e  e x h a u s t i o n  or  s t a l i n g  o f  t h e  medium b e f o r e  

d e t o x i c a t i o n  i s  c o m p le t e .

I f  t h e  c u l t u r e  o f  o rg a n ism s  u s e d  i s  i n  f a c t  a p u r e  s t r a i n  

o f  2 :4-D d e s t r o y i n g  c e l l s  i t  w ould  seem t h a t  r a p i d  g ro w th  on a 

c a rb o n  s u b s t r a t e  o t h e r  t h a n  2 :4 -D  c a u s e s  d e a d a p t a t i o n  o f  t h e  

o rg a n i s m s .  The r e p e a t e d  d i v i s i o n s  t a k i n g  p l a c e  i n  t h e  p r e s e n c e  

o f  g l u c o s e  p r o d u c i n g  c o m p le te  d e a d a p t a t i o n  w h e th e r  or n o t  2 :4 -D  

i s  added t o  t h e  medium a s  w e l l  as t h e  g l u c o s e .  0 . 1 ^  g l u c o s e  

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

d e a d a p t i n g  th em  s i n c e  d e t o x i c a t i o n  t a k e s  t h e  same l e n g t h  o f  t im e  

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

o rg a n is m s .  The e f f e c t  o f  a d d in g  0 .0 1 ^  g l u c o s e  t o  t h e  c u l t u r e  

media i s  more d i f f i c u l t  t o  e x p l a i n  on t h i s  h y p o t h e s i s  b u t  i t  i s  

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

t o  cau se  an  i n c r e a s e  i n  c e l l  numbers i s  n o t  g r e a t  enough  t o  

p ro d u ce  a n o t i c e a b l e  r e d u c t i o n  i n  e f f i c i e n c y  o f  t h e  o rg an ism s  so  

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

0 . 0 0 1 ^  g l u c o s e  i s  i n s u f f i c i e n t  t o  c a u s e  an y  r e c o r d a b l e  e f f e c t  i n  

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

as  f a r  as t h e  b reakdow n o f  2 : 4 - 0  i s  c o n c e r n e d  s i n c e  no f u r t h e r  

c h a r g e s  o f  2 : 4 - 0  c an  be d e a l t  w i t h  e i t h e r  i n  t h e  same c u l t u r e  or 

a f t e r  s u b c u l t  w e  o f  t h e  o rg a n i s m s  i n t o  f r e s h  m edia  e i t h e r  i n  t h e  

p r e s e n c e  or  a b s e n c e  o f  g l u c o s e .

8 . P h y t o t o x i c i t y  o f  c u l t u r e s

P h y t o t o x i c i t y  i n  l i q u i d  c u l t u r e s  was e s t i m a t e d  b y  t h e  

i n h i b i t o r y  e f f e c t  o f  t h e  h e r b i c i d e  on t h e  g ro w t h  o f  c r e s s  s e e d l i n g  

r o o t s  as  p r e v i o u s l y  d e s c r i b e d  (o n  jage 'T .  ) .

C u l t u r e  media c o n t a i n i n g  100 p . p . m .  2 : 4 - 0  a s  t h e  o n ly  

added c a rb o n  s o u r c e

There  was l i t t l e  change  i n  p h y t o t o x i c i t y  f o r  a p p r o x i m a t e l y  

n i n e  days f ro m  t h e  t im e  o f  i n o c u l a t i o n  and t h e n  a s u d d e n  d r o p  so  

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

Thus d e t o x i c a t i o n  does  n o t  shew any  c l o s e  c o r r e l a t i o n  w i t h  

b a c t e r i a l  p r o l i f e r a t i o n .  These  r e s u l t s  a r e  shewn g r a p h i c a l l y  i n  

F i g u r e  I  and t h e  o r i g i n a l  d a t a  r e c o r d e d  i n  A ppend ix  I .

C u l t u r e  media c o n t a i n i n g  1 ,0 0 0  p . p . m .  2 :4 -D  as  t h e  o n ly  

added  c a r b o n  s o u r c e

At t h i s  h i g h e r  c o n c e n t r a t i o n  o f  2 :4 -D  no e x p e r i m e n t a l  

c u l t u r e  u s i n g  a n  in o c u lu m  o f  B a c t e r i u m  g l o b i f o r m e  h as  c o m p l e t e l y  

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

no s i g n i f i c a n t  change  i n  t o x i c i t y  was o b s e r v e d ;  b u t  when g ro w th  

had c e a s e d  a s lo w  d r o p  i n  t o x i c i t y  became a p p a r e n t  and  c o n t i n u e d
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u n t i l  t h e  e x p e r i m e n t  was t e r m i n a t e d  40  days  a f t e r  i n o c u l a t i o n .

These  r e s u l t s  a r e  a l s o  i l l u s t r a t e d  on F i g u r e  I .

9 , The e f f e c t  o f  a d d i t i o n a l  d o s a g e  o f  2 ;4 -D  on g r o w th  o f

t h e  o rg a n is m s  and t o x i c i t y  o f  t h e  c u l t u r e  s o l u t i o n s :

a . b e f o r e and

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

a .  A d d i t i o n a l  c h a r g e s  o f  100 p . p . m .  2 :4 -D  w ere  ad d e d  t o  

t h e  c u l t u r e  m edia  when g r o w t h  o f  t h e  o r g a n i s m s  c e a s e d  and  b e f o r e  

d e t o x i c a t i o n  s e t  i n .  A s m a l l  i n c r e a s e  i n  c e l l  numbers  o c c u r r e d  

w i t h  e a c h  a d d i t i o n  o f  2 :4 -Q  and  d e t o x i c a t i o n  o f  t h e  f i n a l  c o n c e n 

t r a t i o n  o f  300 p . p . m .  2 :4 -D  t o o k  p l a c e  a t  t h e  same t im e  a s  t h a t  

o f  t h e  c o n t r o l  e x p e r i m e n t  w h ich  r e c e i v e d  no a d d i t i o n a l  c h a r g e  o f  

2 :4 -D  a f t e r  t h e  i n i t i a l  100 p . p . m .  I f  a f i n a l  c o n c e n t r a t i o n  o f  

g r e a t e r  t h a n  300 p . p . m .  2 :4 -D  was r e a c h e d  no s u b s e q u e n t  d e t o x i c a 

t i o n  t o o k  p l a c e  d u r i n g  t h e  e x p e r i m e n t a l  t i m e .  F i g u r e  IX and  

Appendix  IX.

.b .  A d d i t i o n a l  c h a r g e s  o f  2 :4 -D  w ere  added  t o  t h e  

c u l t u r e  media a f t e r  d e t o x i c a t i o n  o f  t h e  p r e v i o u s  d o s e  was c o m p l e t e . 

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

b u t  no f u r t h e r  on t h e  t h i r d  a p p l i c a t i o n  o f  2 :4 -D  and  i f  f u r t h e r  

c h a r g e s  were  added  t h e y  w ere  n o t  d e t o x i c a t e d .  F i g u i e  X and  

Appendix  X.

c .  A p o s s i b l e  e x p l a n a t i o n  o f  t h e  r e s u l t s  o b t a i n e d  f ro m  

t h e s e  two s e t s  o f  e x p e r i m e n t s  i s  t h a t  t h e  2 :4 -D  m o l e c u l e  i s  

i m m e d ia t e l y  a t t a c k e d  by  t h e  b a c t e r i a  u t i l i s i n g  i t  a s  a s o u r c e  o f
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c a rb o n  f o r  i n c r e a s e  i n  c e l l  m a t e r i a l  and as  a r e s p i r a t o r y  

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

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

T h is  i n t e r m e d i a t e  may o r  may n o t  be  p h y t o t o x i c  a l s o .  An 

a d a p t a t i o n  t o  t h i s  m a t e r i a l  would have t o  o cc u r  b e f o r e  c o m p le te  

breakdown o f  t h e  2 :4 -D  and t h e r e f o r e  d e t o x i c a t i o n  o f  t h e  c u l t u r e  

s o l u t i o n s  c o u l d  t a k e  p l a c e .  The l a  g " p h a s e  b e tw e e n  c e s s a t i o n  

o f  g ro w th  and c o m p l e t i o n  o f  d e t o x i c a t i o n  would  be  t h e  p e r i o d  of

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

I t  i s  a l s o  p o s s i b l e  t h a t  t h e  o v e r a l l  t o x i c i t y  o f  t h e  

s o l u t i o n s  r e m a in s  h i g h  due  t o  t h e  f o r m a t i o n  o f  a p h y t o t o x i c  

i n t e r m e d i a t e  s u b s t a n c e .  The a p p a r e n t  l e v e l  o f  2 :4 -D  c o n c e n t r a 

t i o n  c o u ld  be m a i n t a i n e d  n o t  by  p u r e  2 :4 -D  b u t  by  a c h a n g in g

m ix t u r e  o f  2 :4 -D  and a p h y t o t o x i c  i n t e r m e d i a t e  h a v i n g  a p p r o x i 

m a te ly  t h e  same d e g r e e  o f  t o x i c i t y  a s  2 : 4 - D ,  I n  t h i s  c a s e  no 

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

would be  r e c o r d e d  u n t i l  a l m o s t  a l l  t h e  o r i g i n a l  2 ;4 -D  had  b e e n  

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

d i s a p p e a r .

10 .  E x p e r im e n t s  p l a n n e d  t o  t e s t  t h e s e  h y p o t h e s e s

In  o r d e r  t o  d i s c o v e r  w h e th e r  t h e  t o x i c i t y  p r e s e n t  i n  

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

b a c t e r i a  was i n  f a c t  due t o  2 :4-D or a p h y t o t o x i c  i n t e r m e d i a t e  

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

s o l u t i o n s  was made.
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a • E x p é r i m e n t a l  m e t h o d s

C u l t u r e s  o f  B a c t e r i u m  g l o b i f o r m e  were grown as  i n  t h e  

p r e v i o u s  e x p e r i m e n t s  w i t h  100 o r  1000  p . p . m .  2 :4 -D  as t h e  o n ly  

added c a rb o n  s o u r c e ,  b u t  i n  a d d i t i o n  t o  g r o w t h  m e asu re m e n ts  o f  

t h e  o rgan ism s  and  p h y t o t o x i c i t y  a s s a y s  o f  t h e  s o l u t i o n s  s a m p le s  

were a l s o  baken t o  be a n a l y s e d  c h r o m a t o g r a p h i c a l l y .

C h ro m a to g ra p h ic  method

y/hatman N o .2 p a p e r  c u t  i n t o  2" w ide  s t r i p s  was u s e d .

The s t r i p s  w ere  washed i n  t h e  d e v e l o p i n g  s o l v e n t  by  a l l o w i n g  i t  

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

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

drawn a c r o s s  i t  10 cm s . f ro m  t h e  t o p .  The sam p le  t a k e n  f ro m  t h e  

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

ch rom atogram s were d e v e l o p e d  o v e r n i g h t  i n  a s o l v e n t  c o n t a i n i n g  

i s o - p r o p y l  a l c o h o l ,  *880 ammonia s o l u t i o n  and d i s t i l l e d  w a t e r  i n  

t h e  p r o p o r t i o n s  1 0 ; 1 : 1 .  A f t e r  d e v e lo p m e n t  f o r  a p p r o x i m a t e l y  

1 4 -1 6  h o u r s ,  a l l o w i n g  t h e  s o l u t i o n  t o  r u n  a b o u t  25 cm s.  f ro m  t h e  

o r i g i n ,  t h e  ch ro m a to g ra m  was t a k e n  f ro m  t h e  t a n k ,  t h e  s o l v e n t  

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

I d e n t i f i c a t i o n  o f  s p o t s  on t h e  ch ro m a to g ra m s  

C h ro m a to p ic  a c i d  w i l l  d e t e c t  0 . 0 5 y 2 :4 -D  p e r  m l .

( F r e e d  V.H. 1 9 4 5 ) .  T h i s  t e s t  i s  how ever  n o t  s p e c i f i c  f o r  2 : 4 - D ; 

a p o s i t i v e  r e a c t i o n  b e i n g  g i v e n  by  a w ide  r a n g e  o f  o t h e r  o r g a n i c  

compounds o f  s i m i l a r  c o n s t i t u t i o n .  I t  was hoped  t h a t  by  e l u t i n g  

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

w i t h  c h r o m a t r o p i c  a c i d  as d e s c r i b e d  by  F r e e d  some i n d i c a t i o n
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would b e  o b t a i n e d  as  t o  w h e th e r  t h e  p o s i t i v e l y  r e a c t i n g  s u b s t a n c e  

or s u b s t a n c e s  r a n  t o  t h e  same Rf as 2 :4-D or i f  one or more s p o t s  

i n  o t h e r  p o s i t i o n s  m ig h t  be  r e c o r d e d  d u r i n g  th e  d e t o x i c a t i o n  

p r o c e s s . The d e v e lo p e d  chromatogram s were d i v i d e d  i n t o  10 s e c t i o n s  

c o r r e s p o n d i n g  t o  R f  0 .1  -  1 . 0  and e l u t e d  i n  v a r i o u s  s o l v e n t s .

For  com ple te  l i s t  s e e  A ppend ix  X a .

The o n ly  p r o c e s s  by w h ich  s u f f i c i e n t  m a t e r i a l  was e l u t e d ,  

t o  g iv e  a p o s i t i v e  r e a c t i o n  f rom  t h e  2 :4 -D  s p o t  a r e a ,  was t h e  

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

f a i n t  as  t o  make t h e  u se  o f  t h i s  p r o c e s s  i m p r a c t i c a b l e  f o r  

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

s o l u t i o n s .

The i d e n t i f i c a t i o n  o f  t h e  2 :4 -D  and any  o t h e r  p o s s i b l y  

p h y t o t o x i c  s p o t s  on t h e  chrom atogram s was t h e r e f o r e  u n d e r t a k e n  

by t h e  method o f  Audus and T h r e s h  1953, u s i n g  t h e  g ro w th  o f  pea 

r o o t  s e c t i o n s  a s  an  i n d i c a t i o n  o f  t h e  p o s i t i o n  and i n t e n s i t y  

of  p h y t o t o x i c i t y  on th e  d e v e lo p e d  ch ro m a to g ra m s .

b .  E x p e r im e n ts  u s i n g  c u l t u r e  s o l u t i o n s  c o n t a i n i n g  

100 p . p . m .  2 ;4 -D  -

The c u l t u r e  v e s s e l s  were s e t  up and i n o c u l a t e d  i n  t h e  

same way as  f o r  a l l  p r e v i o u s  e x p e r i m e n t s  and  sam ples  t a k e n  a t  

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

was c o m p le t e .  0 . 1  m l .  sam ples  were p l a c e d  on t h e  s t a r t i n g  l i n e  

o f  t h e  ch ro m a to g ra m s .  I t  was fo u n d  t h a t  t h e  u s e  o f  l a r g e  sam ples  

on t h e  chromatograms c a u s e d  t a i l i n g  o f  t h e  2 :4-D sp o t  and
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t h e r e f o r e  marked i n h i b i t i o n  i n  t h e  r e g i o n  b e h in d  th e  main s p o t  

w h ich  i n  some c a s e s  e x te n d e d  t o  over  two o r  t h r e e  s e c t i o n s .

L a rg e r  sam ples  were u sed  when w id e r  chrom atogram s were r u n .

R e s u l t

The r e s u l t s  o b t a i n e d  a r e  shewn on F i g u r e s  XI  and X I I  and 

Appendisf- XI.  '-

I t  w i l l  be  s e e n  t h a t  a t  t h e  t im e  o f  i n o c u l a t i o n  ( 0  h o u r s )  

o n ly  one g ro w th  a c t i v e  s p o t  i s  p r e s e n t  on t h e  ch rom atogram  t h a t  

o f  2 :4 -D  w i t h  a n  Rf o f  0 .6 5 .  The sample f o r  t h e  0 -h o u r  chroma

to g ra m  i s  t a k e n  a f t e r  i n o c u l a t i o n  o f  t h e  f l a s k  so as  t o  i n c l u d e  

any m a t e r i a l s  c a r r i e d  over  i n  t h e  in o c u lu m  w h ich  may p o s s i b l y  

shew g ro w th  a c t i v i t y .  From t h e  r e s u l t s  o b t a i n e d  f ro m  c h ro m a to 

g r a p h i n g  sam ples  t a k e n  a t  t h i s  t im e  and s u b s e q u e n t  a s s a y  of  

g ro w th  a c t i v i t y  on th e  d e v e lo p e d  chrom atogram s i t  was c o n c lu d e d  

t h a t  no g ro w th  a c t i v e  s u b s t a n c e s  were p r e s e n t  i n  t h e  c u l t u r e  

s o l u t i o n s ,  a p a r t  f ro m  2 :4-D a t  t h e  commencement o f  t h e  e x p e r i m e n t .  

D u r in g  i n c u b a t i o n  however a t  l e a s t  two o t h e r  p h y t o t o x i c  s p o t s  

a p p e a r ;  one a t  t h e  o r i g i n  o f  th e  c h ro m a to g ram  and t h e  o t h e r  i n  

ad v an ce  o f  t h e  2 :4 -D  s p o t  a t  an  Rf  o f  0 .7 5  -  0 .8 0 .  The s p o t  a t  

t h e  o r i g i n  i s  u n l i k e l y  to  b e  2 ;4 -D  p r e v e n t e d  f ro m  moving on th e  

p a p e r  w ince  _ e a r l y  sam ples  do n o t  shew i t  and t h e  l a t e r  ones a r e  

t a k e n  i n  t h e  same m anner .  The s p o t  i n  advance  o f  t h e  2 :4-D s p o t  

i s  u n l i k e l y  t o  be due t o  t a i l i n g  o f  t h e  2 :4 -D  s i n c e  t h i s  o c c u r s  

b e h i n d  t h e  n o rm a l  2 :4 -D  Rf and  a l t h o u g h  i t  may c o v e r  s e v e r a l  

s e c t i o n s  o f  th e  ch rom atogram  i f  u n d u ly  l a r g e  q u a n t i t i e s  o f  2 :4 -D  

a r e  p l a c e d  on th e  s t a r t i n g  l i n e  t h e  g ro w th  a c t i v i t y  does  n o t  _
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ad v an ce  t o  t h i s  Rf v a l u e .

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

o f  2 ;4-D by B a c t e r i u m  g lo b i f o r m e  a t  l e a s t  two p h y t o t o x i c  i n t e r 

m e d ia t e  compounds a r e  p r o d u c e d . I t  i s  n o t  p o s s i h i e  by t h e s e  

means t o  d e t e r m in e  w h ich  i s  p ro d u ce d  f i r s t  s i n c e  b o t h  a p p e a r  on 

t h e  ch rom atogram  a t  s i m i l a r  t im e s  and as  d e t o x i c a t i o n  p ro c e e d s  

d e c r e a s e  t o g e t h e r . T h a t  p h y t o t o x i c  i n t e r m e d i a t e  compounds a r e  

in d e e d  p ro d u ce d  i s  c o n f i rm e d  b y  summing t h e  t o t a l  i n h i b i t i o n  

r e c o r d e d  on e a ch  ch rom a tog ram  and p l o t t i n g  t h i s  f i g u r e  a g a i n s t  

t i m e .  T h is  i s  i l l u s t r a t e d  i n  F i g u r e  X I I  A.jjjunuiijw where i t  

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

i n c u b a t i o n  up t o  260^ a t  142 h o u r s  f ro m  i n o c u l a t i o n  -  co ir^ared  

w i t h  8 8 ^  r e c o r d e d  a t  i n o c u l a t i o n  t i m e . The h i g h  l e v e l  o f  

p h y t o t o x i c i t y  r e c o r d e d  d u r i n g  t h e  ’* l a g - p h a s e ” i n  t h e  d eco m p o s i 

t i o n  p r b c e s s  c o u ld  w e l l  be  a c c o u n te d  f o r  by a c o m b in a t io n  of  2 :4 -D  

and th e  p h y t o t o x i c  i n t e r m e d i a t e  compounds and n o t ,  as h as  b e e n  

p r e v i o u s l y  as sum ed ,  by  2 :4 -D  a l o n e .

c .  A s i m i l a r  e x p e r im e n t  was c a r r i e d  o u t  u s i n g  a c u l t u r e  

medium c o n t a i n i n g  m i n e r a l  s a l t s  and 1 ,0 0 0  p . p . m .  2 :4 -D ,  A s i m i l a r  

i n c r e a s e  i n  p h y t o t o x i c  a r e a s  on th e  chrom atogram s was r e c o r d e d  

b u t  no s i g n i f i c a n t  d e c r e a s e  i n  o v e r a l l  t o x i c i t y  t o o k  p l a c e  over  

t h e  e x p e r i m e n t a l  p e r i o d .  A f t e r  40  days  i n c u b a t i o n  th e  c u l t u r e  

s o l u t i o n  was a c i d i f i e d  by  th e  a d d i t i o n  o f  1 0  m l .  c o n c e n t r a t e d  

HCl. I t  was t h e n  e x t r a c t e d  by s u c c e s s i v e  s h a k in g s  w i t h  e t h e r .

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

a brown c r y s t a l l i n e  r e s i d u e  r e m a in e d .  T h is  r e s i d u e  c o n s i s t e d  o f  —̂
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a t  l e a s t  two co m p o n en ts ,  one r e a d i l y  s o l u b l e  i n  warm dO% e t h a n o l  

{p re su m ab ly  unchanged 2 :4 -D )  w h i l e  a v e r y  s m a l l  f r a c t i o n ,  a brown 

c r y s t a l l i n e  m a t e r i a l ,  was i n s o l u b l e ,  S é p a r a t i o n  was c a r r i e d  o u t  

by  a l l o w i n g  th e  h o t  s o l u t i o n  i n  30% e t h a n o l  t o  c o o l .  The brown 

m a t e r i a l  f i r s t  s e p a r a t i n g  ou t  was f i l t e r e d  o f f  and a i r  d r i e d .

I t  w eighed  0 .3  m g s . ,  e q u i v a l e n t  t o  0 .0 4 ^  o f  t h e  t o t a l  q u a n t i t y

o f  2 :4 -D  p r e s e n t  i n i t i a l l y  i n  t h e  c u l t u r e .  T h is  r e s i d u e  was 

d i s s o l v e d  i n  a s m a l l  q u a n t i t y  o f  c o n c e n t r a t e d  anmionia s o l u t i o n ,  

t h e  e x c e s s  ammonia b o i l e d  o f f  and a s t a n d a r d  s o l u t i o n  o f  0*01% 

by  w e ig h t  made u p .  0 .5  ml.  o f  t h i s  s o l u t i o n  was p l a c e d  as a s p o t  

on t h e  s t a r t i n g  l i n e  o f  a ch rom atogram . A s i m i l a r  s p o t  o f  2 :4 -D  

was p l a c e d  on a n o t h e r  ch rom a tog ram  and t h e  two c h r o m â tog;rams 

d e v e lo p e d  t o g e t h e r  i n  t h e  same t a n k  w i t h  t h e  p ro p an o l -a m m o n ia -  

w a te r  s o l v e n t .  P h y t o t o x i c i t y  on t h e  chrom atogram s was a s s a y e d  

as  p r e v i o u s l y  u s i n g  p e a - r o o t  s e c t i o n s .

The r e s u l t  o b t a i n e d  f rom  t h e  a s s a y  of t h e  ch rom a tog ram  on 

w h ich  t h e  unknown s u b s t a n c e  was r u n  i s  shewn i n  F i g u r e  XIV and 

A ppend ix  XIV. T h is  shews p h y t o t o x i c  s p o t s  i n  t h e  same p o s i t i o n s  

as  t h o s e  o b t a i n e d  when r u n n i n g  sam ples  o f  c u l t u r e  f l u i d s  f ro m  t h e  

p r e v i o u s  e x p e r i m e n t s  u s i n g  an  i n i t i a l  c o n c e n t r a t i o n  o f  100  p . p . m .  

2 :4 -D .  T h is  e x p e r im e n t  t h e r e f o r e  t e n d s  t o  c o n f i r m  th e  p r e v i o u s  

r e s u l t s  and t o  e n d o r s e  t h e  h y p o t h e s i s  t h a t  a t  l e a s t  two ». 

p h y t o t o x i c  compounds a r e  p ro d u ced  as  i n t e r m e d i a t e s  during: t h e  

b reakdow n o f  2 :4 -D  by B a c te r i u m  g l o b i f o r m e .
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F i g u r e  X I I I  shews th e  c o n c e n t r a t i o n  o f  2 ;4 -D  e q u i v a l e n t  

t o  t h e  t o t a l  i n h i b i t i o n  o f  g ro w th  r e c o r d e d  on. t h e  chromatogramis 

d u r i n g  t h e  d e c o m p o s i t i o n  o f  2 :4 -D  i n  an  i n i t i a l  c o n c e n t r a t i o n  o f  

10Ü p . p . m .  i n  t h e  c u l t u r e  s o l u t i o n s .  I t  w i l l  be s e e n  f rom  t h i s  

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

on t h e  chrom atogram s t h e r e  i s  l i t t l e  s i g n i f i c a n t  i n c r e a s e  i n  

o v e r a l l  t o x i c i t y ,  as  m easured  i n  e q u i v a l e n t s  o f  2 :4 -D ,  u n t i l ,  

i n  t h i s  c a s e  142 h o u r s  f ro m  i n o c u l a t i o n ,  j u s t  p r i o r  t o  t h e  

main d e t o x i c a t i o n .

From t h e  r e s u l t s  o f  a l l  o f  t h e s e  exper im ents  u s i n g  c u l t u r e s  

o f  t h e  o rg an ism  B a c t e r i u m  g lo b i f o r m e  of  a s t r a i n  e f f e c t i v e  

i n  t h e  p r o c e s s  o f  d e t o x i c a t i o n  o f  2 ;4 -D  t h e  f o l l o w i n g  f a c t s  

emerge c o n c e r n i n g  t h e  p r o c e s s .

D e t o x i c a t i o n  i s  o n ly  e f f e c t e d  i f  th e  c u l t u r e s  a r e  

c o n t i n u o u s l y  and v i g o r o u s l y  a e r a t e d .

C o n c e n t r a t i o n s  o f  up t o  300 p . p . m .  2 :4 -D  o n ly ,  a r e  d e t o x i 

c a t e d  -  however t h e  a p p l i c a t i o n  i s  made -  e i t h e r  by a n  i n i t i a l  

d o se  of  300 p . p . m .  or t h r e e  s u c c e s s i v e  d o s e s  of  100 p . p . m .  

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

a p p l i c a t i o n s .

The t im e  f o r  co m p le te  d e t o x i c a t i o n  v a r i e s  b u t  i s  g e n e r a l l y  

7 - 1 0  days  f ro m  th e  t im e  o f  i n o c u l a t i o n .  T here  i s  a l a g  p e r i o d  

p r i o r  to  d e t o x i c a t i o n  and t h e  p h y t o t o x i c i t y  p r e s e n t  i n  th e  

c u l t u r e  s o l u t i o n s  i s  l o s t ,  g e n e r a l l y  w i t h i n  t w e n t ^ f o u r  h o u r s ,  a t
I

t h e  end o f  t h i s  l a g  p h a s e .
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B a c t e r i a l  g ro w th ,  as  m easured  by  i n c r e a s e  i n  c e l l  num bers ,  

commences im m e d ia te ly  upon i n o c u l a t i o n  and i s  c o m p le te  w i t h i n  

4 8 -7 2  h o u r s  ; w e l l  b e f o r e  d e t o x i c a t i o n  o f  t h e  c u l t u r e  s o l u t i o n  

s e t s  i n .

A l th o u g h  no d e t o x i c a t i o n  o f  h i g h  c o n c e n t r a t i o n s  ( 1 , 0 0 0  

p . p . m .  2 :4 -D )  t a k e s  p l a c e  b a c t e r i a l  g ro w th  o c c u rs  a t  a p p r o x i 

m a te ly  t h e  same r a t e  i n i t i a l l y ,  as i n  c u l t u r e  media c o n t a i n i n g  

t h e  low er  c o n c e n t r a t i o n  o f  2 ;4 -D .  Growth may c o n t i n u e  a t  a 

r e d u c e d  r a t e  f o r  up t o  14 days  f ro m  the  t im e  o f  i n o c u l a t i o n  b u t  

e v e n t u a l l y  c e a s e s  and no f u r t h e r  change has  t h e n  b e e n  r e c o r d e d .

When s u c c e s s i v e  a p p l i c a t i o n s  o f  2 :4-D a r e  made a f t e r  t h e  

d e t o x i c a t i o n  of  p r e v i o u s  d o se s  t h e  l a g  ph ase  i s  r e t a i n e d  b u t  i f  

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

d o se  t h e  e n t i r e  c o n c e n t r a t i o n  i s  decomposed a t  t h e  same t im e  and 

no i n c r e a s e  i n  t h e  l e n g t h  o f  t h e  i n i t i a l  l a g  p e r i o d  i s  r e c o r d e d .

A d a p t a t i o n  t o  t h e  b reakdow n o f  2 :4-D i s  v e r y  q u i c k l y  l o s t  

i f  s u b - c u l t u r e  o f  t h e  o rgan ism s  i s  made o n to  o t h e r  c a r b o n  

s u b s t r a t e s .  T h is  d e a d a p t a t i o n  t a k e s  p l a c e  w h e th e r  or n o t  2 ;4 -D  

i s  a l s o  p r e s e n t  i n  t h e  medium. Organisms so d e a d a p te d  have  n o t  

so  f a r  b e e n  found  s u s c e p t i b l e  t o  r e - a d a p t a t i o n .

D u r in g  t h e  d e t o x i c a t i o n  o f  2 :4-D by t h i s  o rg a n is m  a t  l e a s t  

two p h y t o t o x i c  compounds d i s t i n c t  f rom  2 :4 -D  a r e  p r o d u c e d .  At 

p r e s e n t  t h e r e  i s  no e v id e n c e  w hich  s u g g e s t s  an y  p a r t i c u l a r  

s t r u c t u r e  f o r  t h e s e  s u b s t a n c e s .
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These r e s u l t s  shew c e r t a i n  d i f f e r e n c e s  f ro m  th o s e  r e p o r t e d  

by  Audus (1952)  f o r  t h e  p r o c e s s  .of  d e t o x i c a t i o n  o f  2 ;4 -D  i n  

s o i l .  Here a l a g  p h ase  o cc u rs  on t h e  f i r s t  a p p l i c a t i o n  of  2 :4 -D  

t o  t h e  s o i l  f o l l o w e d  b y - a  r a p i d  d e t o x i c a t i o n .  F u r t h e r  a p p l i c a 

t i o n s  however a r e  im m e d ia te ly  a t t a c k e d  and r a p i d  d e t o x i c a t i o n  

t a k e s  p l a c e ,  t h e  p r o c e s s  b e i n g  co m p le te  w i t h i n  2 o r  3 d a y s .

T here  i s  no l a g  ph ase  once t h e  s o i l  i s  adapted^  or e n r i c h e d  t o  

2 :4 -D  and no a p p a r e n t  l i m i t  t o  t h e  number o f  c h a r g e s  w h ich  ca n  

be  d e c o n ^ o s e d .

These r e s u l t s  a r e  e x p l a i n e d  a s  e i t h e r  one of  two p r o c e s s e s .  

F i r s t l y ,  t h a t  a few o rg a n i s m s  p re su m a b ly  a r i s i n g  by  m u t a t i o n  

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

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

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

p o p u l a t i o n  o f  t h e s e  o rg an ism s  i n  t h e  p r e s e n c e  o f  t h e  s u b s t r a t e  

f o r  t h e i r  a c t i v i t i e s  i n  t h e ' d e s t r u c t i o n  o f  t h e  h e r b i c i d e  t o  be  

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

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

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

a s  t h e s e  o rg an ism s  grow and d i v i d e  enzyme s y s te m s  i n  t h e  d a u g h t e r  

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

2 :4 -D  m o le c u l e .  I n  t h i s  c a s e  t h e  l a g  phase  would r e p r e s e n t  

t h e  p e r i o d  o f  enzyme a d a p t a t i o n .

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

i s o l a t e d  f rom  an e n r i c h e d  s o i l  c a n n o t  be  e a s i l y  e x p l a i n e d  a l o n g  

s i m i l a r  l i n e s .  Growth  i n  t h e  c u l t u r e s  c e a s e s  lo n g  b e f o r e
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d e t o x i c a t i o n  i s  d e t e c t a b l e .  I t  would be e x p e c te d  t h a t  th e  

g r e a t e s t  r a t e  o f  d e t o x i c a t i o n  would occur  d u r i n g  t h e  f a s t e s t  

r a t e  o f  d i v i s i o n  o f  t h e  o r g a n i s m s ,  t h a t  i s  during: th e  f i r s t  

two days  o f  c u l t u r e .  A l s o ,  once an a d a p te d  p o p u l a t i o n  had b e e n  

b u i l t  up ,  t h a t  any  f u r t h e r  c h a rg e  o f  2 :4-D would be d e a l t  w i t h  

i m m e d ia t e l y .  T h i s  i s  n o t  t h e  c a s e .  A d a p t a t i o n  i n  t h e  s o i l  i s  

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

h e r b i c i d e  -  t h i s  does  n o t  h ap p en  w i t h  t h e  pu re  c u l t u r e  e x p e r i 

m e n ts .  C o m p a r a t i v e ly  s m a l l  q u a n t i t i e s  o f  th e  h e r b i c i d e  c a n  be  

d e t o x i c a t e d  i n  p u re  c u l t u r e .

The f a c t  t h a t  g ro w th  i n  t h e  2 :4 -D  c o n t a i n i n g  c u l t u r e s  

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

t o x i c  t o  th e  o rg an ism s  producing:  i t  d u r i n g  t h e  d e c o m p o s i t i o n  o f  

t h e  2 ;4-D m o l e c u l e .  T h is  s u b s t a n c e  may o r  may n o t  a l s o  b e  

p h y t o t o x i c .  The l i m i t i n g  f a c t o r  i n  t h e  r a t e  o f  b reakdown o f  

2 :4 -D  would t h e n  be t h e  r a t e  a t  w h ich  enzyme s y s te m s  i n  t h e  

o rg an ism s  c o u ld  f u r t h e r  b r e a k  down or e l s e  " n e u t r a l i s e "  t h i s  

t o x i c  compound. In  t h i s  c a s e  i t  must be  p o s t u l a t e d  t h a t  t h e  

enzyme s y s te m  p ro d u c ed  t o  d e a l  w i t h  t h i s  h y p o t h e t i c a l  s u b s t a n c e  

i s  u n s t a b l e  i n  t h e  a b s en ce  of  i t s  s u b s t r a t e ,  r a p i d l y  d i s a p p e a r s  

a f t e r  d e t o x i c a t i o n  i s  c o m p l e t e ,  and must b e  r e fo rm e d  when 

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

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

e x p l a i n e d  and t h e  r e t e n t i o n  of  t h e  l a g  ph ase  f o r  s u c c e s s i v e  

a p p l i c a t i o n s  o f  2 :4-D  t o  t h e  same c u l t u r e .  The t o x i c  e f f e c t  

o f  l a r g e  q u a n t i t i e s  o f  2 :4 -D  would be e x p l a i n e d  by t h e  p r o d u c t i o n
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of  t o o  l a r g e  a c o n c e n t r a t i o n  o f  t h e  t o x i c  i n t e r m e d i a t e  b e f o r e  

t h e  n e u t r a l i s a t i o n  mechanism was f u l l y  e s t a b l i s h e d .  No i n c r e a s e  

i n  1 136 I n i t i a l  l a g  phase  would o ccu r  when s u c c e s s i v e  a p p l i c a t i o n s  

of  2 ;4 -D  were made p r i o r  t o  t h e  d e t o x i c a t i o n  o f  t h e  i n i t i a l  

c h a rg e  s i n c e  t h e r e  would be  no s t a g e  -  b e f o r e  d e t o x i c a t i o n  s e t  

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

and  s o  no d i s a p p e a r a n c e  o f  t h e  a d a p t a t i o n  would t a k e  p l a c e .

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

t h e  b reakdow n i n  s o i l  b e i n g  c a r r i e d  o u t  i n  v a r i o u s  s t a g e s  w i t h  

d i f f e r e n t  o r g a n i s m s ,  o r  s t r a i n s  o f  o rg a n is m s ,  r e s p o n s i b l e  f o r  

e a c h .  B .  g l o b i f orme may be o n ly  one component o f  t h i s  com plex ,  

r e s p o n s i b l e  f o r  t h e  i n i t i a l  s t a g e s  o f  t h e  breakdown and t h e r e f o r e  

most e a s i l y  i s o l a t e d  on 2 :4 -D  a g a r  p l a t e s .  No a c c u m u l a t i o n  of 

any t o x i c  i n t e r m e d i a t e  would o ccu r  i n  s o i l ,  and a d a p t a t i o n  t o  

t h e  m o le c u le  a s  a whole would be r e t a i n e d  by  t h e  s o i l  i n  so f a r  

as  e a c h  component o rg a n i s m  i n  t h e  com plex  r e m a in e d  a d a p t e d  t o  

i t s  p a r t i c u l a r  s u b s t r a t e  p ro d u ced  i n  t h e  o v e r a l l  d e t o x i c a t i o n  

p r o c e s s .

E x p e r im e n ts  were s e t  up t o  i s o l a t e  o rg an ism s  f ro m  s o i l  

t h r o u g h o u t  t h e  d e t o x i c a t i o n  p r o c e s s  o f  2:4-D and t o  u se  t h e s e  

i s o l a t e s  s i n g l y  and i n  v a r i o u s  c o m b in a t io n s  i n  an  a t t e m p t  t o  

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

a brown o rg a n is m  or s e r i e s  o f  o rg an ism s  t o  t h a t  p r e s e n t e d  by  t h e  

s t u d y  o f  t h e  p r o c e s s  i n  s o i l .
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I I I .  I s o l a t i o n s  of  o th e r  o rganism s from s o i l

1. E x p e r im e n ta l  method

500 ml.  c o n i c a l  f l a s k s  p lugged  w i t h  c o t t o n  wool and 

c o n t a i n i n g  a narrow g l a s s  tube  s u f f i c i e n t l y  long  t o  pass  th ro u g h  

th e  c e n t r e  of the  p lug  to  th e  b ase  o f  the  f l a s k  were s t e r i l i s e d  

each  c o n t a i n i n g  200 ml. g l a s s  d i s t i l l e d  w a te r  and 20 mgs. 2 :4 -D .  

A f t e r  c o o l i n g ,  f i f t y  g rm s. of  f r e s h  garden  s o i l  were added to  

each  f l a s k .  A s t e a d y  s t r e a m  of m o is t  s t e r i l e  a i r  was bubbled  

th ro u g h  t h e  v e s s e l s  and samples t a k e n  ev e ry  tw e n ty fo u r  hours  

to  a s s a y  p h y t o t o x i c i t y  and ,  a f t e r  v igo rous  sh a k in g ,  t o  p l a t e  

onto  2:4-D (100 p .p .m . )  and n u t r i e n t  a g a r s .  P l a t i n g  of  samples 

o f  th e  l i q u i d  was c o n t in u e d  u n t i l  i t  was co m p le te ly  d e t o x i c a t e d .  

The f i r s t  p l a t e s  were made b e f o r e  th e  2;4-D was added t o  th e  

s o i l  s u s p e n s io n .

2 .  R e s u l t

Large numbers of d i f f e r e n t  organisms appeared  on t h e  

n u t r i e n t  ag a r  p l a t e s  a t  v a r io u s  t i m e s .  These sometimes in c lu d e d  

a v e ry  poor  f u n g a l  m y c e l i a l  g rowth .  No s i g n i f i c a n t  i n c r e a s e  in  

th e  numbers of any one type  or change in  the  o v e r a l l  d e n s i t y  of  

t h e c c o l o n i e s  d u r in g  th e  d e t o x i c a t i o n  p ro c e s s  was n o te d .  Through

out  th e  d e t o x i c a t i o n  p ro c e s s  th e  f o l lo w in g  ty p e s  of  b a c t e r i a l  

co lony  were c o n s t a n t l y  a p p a re n t  on th e  n u t r i e n t  agar  p l a t e s :
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1. White c o l o n i e s ,  m a t t  s u r f a c e ,  r h i z o i d a l  g ro w th  a t  

f r i n g e s .

2 .  White ro u n d  g l i s t e n i n g  c o l o n i e s .

3 .  Y e l low  round  g l i s t e n i n g  c o l o n i e s .  P igment d e v e l o p i n g  

g r a d u a l l y  and r e a c h i n g  a maximum d e p t h  a f t e r  3 -5  days  

i n c u b a t i o n .

C o l o n ie s  on 2 ;4 -D  a g a r

The g row th  s u p p o r t e d  by  2 :4-D a g a r  lo o k ed  t o  be  ap^& iiontty

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

s m a l l  ( l -2 n m .  d i a m e t e r )  and r o u n d .  B u t  t h e  o rgan ism s  1-3  above 

when s u b - c u l t u r e d  f rom  n u t r i e n t  a g a r  o n to  2 : 4 - 0  a g a r  shew :

1 .  No r h i z o i d a l  f r i n g e s  t o  t h e  c o l o n i e s  and th e  s u r f a c e  

of  t h e  c o l o n i e s  m o i s t .

2 .  As on n u t r i e n t  a g a r .

3 .  No d eve lopm en t  o f  y e l lo w  p igm ent  f o r  a t  l e a s t  4 w eeks ,

i f  a t  a l l .

I t  i s  t h e r e f o r e  im p o s s i b l e  t o  d i s t i n g u i s h  b e tw e e n  t h e s e  

o rgan ism s  by  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  on 2 : 4 - 0  a g a r  and 

a l s o  im p o s s i b l e  t o  d e t e r m in e  by  t h i s  means w h e th e r  o t h e r  o rganism s 

a p a r t  f rom  t h e s e  may n o t  a l s o  be p r e s e n t  on t h e  p l a t e s .  The 

d i f f e r e n c e s  become v i s i b l e  i f  t h e  c o l o n i e s  a r e  r e - t r a n s f e r r e d  

t o  n u t r i e n t  a g a r .

C u l t u r e s  of  t h e s e  o rg an ism s  were  i s o l a t e d  on n u t r i e n t  a g a r  

and  th e n  s u b - c u l t u r e d  o n to  2 : 4 - 0  a g a r  and s u b s e q u e n t l y  i n t o  

l i q u i d  c u l t u r e s  c o n t a i n i n g  100 p .p .m .  2 : 4 - 0  and a e r a t e d .
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T r a n s f e r e n c e s  i n t o  l i q u i d  c u l t u r e  were made s i n g l y  and 

w i t h  m i x t u r e s  o f  t h e  o rg an ism s  and i n  c o m b in a t io n  w i t h  t h e  

b r i g h i a l  s t r a i n  of  B a c t e r i u m  g lo b  i f  orme. Growth  and t h e  

d e t o x i c a t i o n  p r o c e s s  was f o l l o w e d  f o r  e a c h  c u l t u r e .  See 

A ppendix  X D /a .

1 . Organism 1 .  Very l i t t l e  g ro w th  and no d e t o x i c a t i o n  

w i t h i n  t h e  e x p e r i m e n t a l  p e r i o d  (up  t o  40  d a y s ) .

2 .  Organism 2 .  I n d i s t i n g u i s h a b l e  i n  g ro w th  and d e t o x i 

c a t i n g  c h a r a c t e r i s t i c s  f ro m  t h e  or  ig i  n a l  c u l t u r e  o f  B . g l o b  i f  o rm e .
O'^g-anism 3,

3.   ̂ Grows i n  l i q u i d  c u l t u r e  w i t h  2 ;4 -D  as  t h e  o n ly  added  

c a r b o n  s o u r c e  b u t  no d e t o x i c a t i o n  o c c u r r e d .  T h is  o rg a n is m  a l s o  

grew on a g a r  p l a t e s  w i t h  no added  c a rb o n  s o u r c e  i f  k e p t  i n  t h e  

d a r k  and n o rm a l  a i r .  No g ro w th  o c c u r r e d  on a g a r  p l a t e s  k e p t  i n  

l i g h t  or i n  a 00^ f r e e  a t m o s p h e r e .  A l th o u g h  o rg a n i s m  3 i n  p u r e  

c u l t u r e  was u n a b le  t o  d e t o x i c a t e  s o l u t i o n s  o f  2 :4-D c o n t a i n i n g  

loo p . p . m .  i t  was fo u n d  t h a t  t h e  t im e  f o r  d e t o x i c a t i o n  of  

s o l u t i o n s  of  t h i s  c o n c e n t r a t i o n  by  o rg a n ism  2 ,  u s i n g  s u b 

c u l t u r e s  w h ic h  had n o t  b e f o r e  b e e n  grown i n  t h e  p r e s e n c e  of  

2 :4 -D  c o u l d  b e  r e d u c e d  f ro m  28 t o  a maximum of 16 or  17 days  

f ro m  i n o c u l a t i o n  by  a d d in g  an  in o c u lu m  of  o rg a n ism  3 to  t h e  

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

3 .  The r e s u l t s  o f  t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  w i t h  

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

o rg a n i s m  i s  c o n c e rn e d  w i t h  t h e  d e c o m p o s i t i o n  of  2 ;4 -D  i n  t h e  

s o i l  and t h a t  most e f f i c i e n t  d e c o m p o s i t i o n  i n  l i q u i d  c u l t u r e
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c o u ld  b e s t  be  o b t a i n e d  u s i n g  a mixed inocuYum o f  a l l  tlie 

b a c t e r i a l  components  i f  t h e y  c a n  be i s o l a t e d .  The o r ,a  n i sm

3 .  g l o b i f orme i s  c a p a b l e  of  c o m p le t e l y  d e t o x i c a t i n g  2 :4 -D  

b u t  t h e r e  a r e  c o n s i d e r a b l e  d i f f e r e n c e s  be tw een  th e  r e s u l t s  o f  

e x p e r i m e n t s  o b t a i n e d  u s i n g  t h i s  o rg a n is m  and t h e  r e s u l t s  of 

e x p e r im e n t s  u s i n g  s o i l .

These o rgan ism s  were k e p t  on 2 :4 -D  a g a r  f o r  a p e r i o d  o f  

tw e lv e  months w i t h  s u b - c u l t u r e s  a p p r o x i m a t e l y  e v e ry  4 - 6  w ee k s .  

A l l  c o n t i n u e d  t o  grow s a t i s f a c t o r i l y  on th é  a g a r  b u t  no 

d e t o x i c a t i o n  o c c u r r e d  when any  of t h e  s u b - c u l t u r e s  was 

i n o c u l a t e d  i n t o  l i q u i d  c u l t u r e  c o n t a i n i n g  2 :4-D  a s  t h e  s o l e  

c a r b o n  s o u r c e .

F r e s h  i s o l a t i o n  e x p e r i m e n t s  t o  o b t a i n  e f f e c t i v e  

o rg a n is m s  had t h e r e f o r e  t o  be  s e t  up .
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IV. E x p e r im e n ts  c a r r i e d  ou t  w i t h  s o i l  u s i ng p e r f u s i o n  

t e c h n i q u e  of Lees and Q u a s t e l  m o d i f i e d  by Audus

1 . I n t r  oduc t i o n

W h i l s t  i s  was c o n s i d e r e d  t h a t  t h e  breakdow n o f  2 :4 -D  by 

s o i l  o rgan ism s  c o u ld  b e s t  be i n v e s t i g a t e d  u s i n g  p u re  c u l t u r e s  of  

an  e f f e c t i v e  o rg a n i s m  i n  t h e  s i m p l e s t  p o s s i b l e  medium, i n  t h e  

ab s e n c e  of s u c h  an  i s o l a t e d  o rg a n is m  i t  was d e c id e d  t o  c a r r y  o u t  

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

same t im e  t o  u se  t h e  2 ;4 -D  e n r i c h e d  p e r f u s a t e  as  a s o u r c e  o f  

b a c t e r i a  f o r  i s o l a t i o n  o f  a 2 :4-D  u t i l i s i n g  o rg a n is m .  The 

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

" I s o l a t i o n  o f  a f r e s h  e f f e c t i v e  o rg a n i s m " .  No e f f e c t i v e  o rg a n i s m  

was i n  f a c t  i s o l a t e d  f ro m  t h e  2 :4-D  e n r i c h e d  p e r f u s a t e  b u t  t h e  

e x p e r i m e n t s  p ro d u ce d  some i n t e r e s t i n g  f a c t s  c o n c e r n in g  th e  

breakdow n of  2 :4 -D  i n  s o i l .

2 .  E x p e r i m e n t a l  methods

50 g rm s . o f  a i r - d r i e d  s i e v e d  s o i l  ( 2 -4  mm. p a r t i c l e s )  

were u sed  t o g e t h e r  w i t h  200 m is .  o f  t h e  p e r f u s i n g  f l u i d .  The s o i l  

was o b t a i n e d  f ro m  th e  B o tany  G arden  o f  B e d fo rd  C o l l e g e ,  London. 

P e r f u s i o n  of  t h e  s o i l  w i t h  s t e r i l e  g l a s s  d i s t i l l e d  w a te r  was 

c o n t i n u e d  f o r  24 h r s .  t o  a l lo w  th e  s o i l  p o p u l a t i o n  t o  s t a b i l i s e  

and become f u l l y  a c t i v e  i n  t h e  m o is t e n e d  s o i l .  20 rn^fs. o f  2 :4-D  

were t h e n  added t o  t h e  p e r f u s a t e .  E v a p o r a t i o n  l o s s e s  were made 

up w i t h  s t e r i l e  g l a s s  d i s t i l l e d  w a t e r .
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20 m l.  sam ples  of  p e r f u s a t e  were t a k e n  a s e p t i c a l l y  a t  

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

w i t h  t h e  a p p r o p r i a t e  q u a n t i t y  of  m i n e r a l  s a l t s ,  i n  s t e r i l e  

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

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

of  m o is t  s t e r i l e  a i r  t l i ro u g h  th e  s o l u t i o n s .  The c u l t u r e s  so 

o b t a i n e d  were a s s a y e d  f o r  p h y t o t o x i c i t y  and t h e  t im e  t a k e n  f o r  

c o m p le te  d e t o x i c a t i o n  r e c o r d e d  and compared w i t h  t h e  t im e  t a k e n  

f o r  t h e  s o l u t i o n  i n  t h e  p e r f u s i o n  t o  become n o n - t o x i c .  The 

sam ples  t a k e n  f rom  th e  p e r f u s e r  were r e p l a c e d  by 20 m i s .  o f  a 

s t e r i l e  s o l u t i o n  of 2 ;4 -D  c o n b a i n i n g  100 p . p . m .  2 :4 -D .  Growth 

c u r v e s  f o r  t h e  o rg an ism s  i n  t h e s e  p e r f u s a t e  c u l t u r e s  a r e  n o t  

i n c l u d e d  s i n c e  t h e  o rg a n ism s  t e n d  t o  fo rm  v i s i b l e  clumps i n  t h e  

p e r f u s a t e  making a c c u r a t e  e s t i m a t i o n s  o f  numbers i m p o s s i b l e .

I t  i s  u s u a l l y  p o s s i b l e  t o  s e p a r a t e  t h e  o rg an ism s  i n  c o u n t i n g  

sam p les  by t h e  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  a l c o h o l  and 

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

d i f f i c u l t  t o  o b t a i n  an  a c c u r a t e  sample  i n  t h e  f i r s t  p l a c e  -  even  

w i t h  v i g o r o u s  s h a k i n g .

The f i r s t  sam ples  were t a k e n  f ro m  t h e  p e r f u s e r s  a t  t h e  

t im e  of  t h e  a d d i t i o n  of  t h e  2 :4 -D .

Other  e x p e r i m e n t s  were c a r r i e d  omt i n  which  t h e  e n t i r e  

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

d a i l y .  The d r a i n e d  p e r f u s a t e s  were th e n  a e r a t e d  and sam pled  

f o r  2 :4 -D  a s s a y  as  i n  p r e v i o u s  e x p e r i m e n t s .
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F i n a l l y  e x p e r im e n t s  were c a r r i e d  o u t  i n  w h ich  sam ples  

of p e r f u s a t e  t a k e n  d u r i n g  the  f i r s t  f o r t n i g h t  h o u rs  o f  p e r f u s i o n  

were a e r a t e d  i n  no rm a l  and COg f r e e  a i r ,  w i t h ,  and w i t h o u t  th e  

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

3 .  R e s u l t s  f rom  t h e s e  e x p e r im e n ts

( a ) 20 ml.  sam ples  t a k e n  t h r o u g h o u t  th e  d e t o x i c a t i o n

p r o c e s s ,  min e r a l  s a l t s added and th e  s o l u t i ons 

a e r a t e d .

1 .  The r e m o v a l  o f  20 m l.  a l i q u o t s  d a i l y  f ro m  th e  

p e r f u s a t e  and t h e i r  r e p l a c e m e n t  by  20 m is .  f r e s h  s t e r i l e  2 :4 -D  

made no d i f f e r e n c e  to  t h e  l e n g t h  o f  the  l a g  p h a s e  o c c u r r i n g  b e f o r e  

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

2 .  The f a c t  t h a t  c o n t i n u a l  f r e s h  a p p l i c a t i o n s  o f  2 :4-D 

were b e i n g  made to  t h e  p e r f u s a t e  had no e f f e c t  on d e t o x i c a t i o n  t i m e .  

This  i s  in  a c c o r d a n c e  w i t h  e x p e r im e n t s  c a r r i e d  o u t  w i t h  th e  o r i g i n a l  

i s o l a t i o n  o f  B. g l o b i f orme where a d d i t i o n a l  a p p l i c a t i o n s  o f  2 :4 -D
I

to  t h e  c u l t u r e  medium b e f o r e  th e  c o m p le t io n  o f  th e  l a g  p h a s e  d i d  n o t  

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

3 .  The re m o v a l  o f  10^ of  th e  p e r f u s a t e  and t h e r e f o r e  10^ 

o f  th e  t o t a l  m i c r o b i a l  p o p u l a t i o n  o f  the  p e r f u s a t e  d a i l y  had no 

e f f e c t  on th e  r a t e  o f  2 :4 -D  breakdow n i n  th e  p e r f u s e r . This  

s u g g e s t s ,  as  would be  e x p e c t e d  t h a t  c o n s i d e r a b l e  numbers o f  th e  

o rg a n ism s  r e m a i n  c l o s e l y  a t t a c h e d  t o  the  s o i l  p a r t i c l e s  and a r e  n o t  

washed o u t  i n t o  th e  p e r f u s a t e .
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4 .  yfhen p e r f u s i o n  was c a r r i e d  o u t  w i t h  w a te r  o n l y - t h e  

i n i t i a l  sample  - d e t o x i c a t i o n  o c c u r r e d  when 2 :4 -D  was added to  

t h i s - s a m p l e .  The l a g  p h ase  tho u g h  shew ing  some v a r i a b i l i t y  

b e i n g  a p p r o x i m a t e l y  e q u a l  to  t h a t  n o r m a l l y  found u n d e r  t h e  

p e r f u s i o n  c o n d i t i o n s .  At l e a s t  a s m a l l  number o f  o rg an ism s  

c a p a b le  o f  m e t a b o l i s i n g  th e  2 :4-D m o le c u le  m ust  t h e r e f o r e  be 

n o r m a l l y  p r e s e n t  i n  th e  s o i l  and p e r f u s a t e  p r i o r  to  th e  a p p l i c a 

t i o n  o f  th e  s u b s t r a t e .

This  f i r s t  sam ple  shewed a t e n d e n c y  to  s l i g h t l y  i n c r e a s e d  

l a g  i n  some c a s e s  -  12 to  13 d a y s .  This  c o u l d  be due to  th e  

s lo w e r  b u i l d  up o f  an  a d a p te d  p o p u l a t i o n  or  enzyme sy s tem s  i n  

an  a l r e a d y  p r e s e n t  p o p u l a t i o n  owing to  th e  few er  o rg an ism s  of  

th e  e f f e c t i v e  s t r a i n  or s t r a i n s  n o r m a l l y  p r e s e n t  i n  th e  s o i l  i n  

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

ments a c o n s i d e r a b l y  r e d u c e d  l a g  p h a s e ,  5 to  6 d a y s ,  was r e c o r d e d  

f o r  t h i s  f i r s t  sam ple  ( a s  compared w i t h  l a t e r  s a m p le s ,  t h e  

" p a r e n t "  p e r f u s e r  and a s i m i l a r  n o n -sam p led  p e r f u s e r ) .  I t  would 

a p p e a r  t h a t  th e  a c t i v i t y  o f  t h i s  f i r s t  s a m p le ,  w hich  has  n o t  b ee n  

exposed  to  2 :4 -D  i n  the  p r e s e n c e  o f  th e  whole s o i l ,  v a r i e s  q u i t e  

c o n s i d e r a b l y  b u t  t h a t  in  any  c a s e  e f f e c t i v e  o rgan ism s  a r e  

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

num bers ,  b e f o r e  2 :4-D i s  a d d e d .  The l a g  ph ase  t h e n  r e p r e s a n t s  

th e  t im e t a k e n  f o r  t h e  p r o d u c t i o n  o f  an  e f f e c t i v e  p o p u l a t i o n  

c a p a b l e  o f  a t t a c k i n g  th e  h e r b i c i d e  m o le c u le  a t  m e a s u ra b le  r a t e s .

The f a c t  t h a t  d e t o x i c a t i o n  i n  t h i s  i n i t i a l  sample  

c o n s i s t e n t l y  o c c u r r e d  s u g g e s t s  t h a t  t h e  p r o c e s s  o f  a d a p t a t i o n  i s
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i s  one of  enzyme m o d i f i c a t i o n  of a l r e a d y  e x i s t i n g  o rgan ism  types  

r a t h e r  than  d ependen t  upon the p r o d u c t i o n  of  a few 2:4-D 

d e s t r o y i n g  m utan ts  and the growth  of an e f f e c t i v e  p o p u l a t i o n  

f rom  them, s i n c e  the  chances o f  always s u f f i c i e n t  of th e se  

m utan ts  in  any sam ple ,  which  has n ev e r  been  in  c o n t a c t  w i t h  

2 ;4 -D ,  to  m a i n t a i n  a r a t e  of  h e r b i c i d e  d e s t r u c t i o n  com parab le  

w i t h  t h a t  r e c o rd e d  f o r  the  whole s o i l  must be r e m o te .

L a t e r  samples  t a k e n  d u r in g  the  d e t o x i c a t i o n  p ro c e s s  -  a f t e r  

a t  l e a s t  24 hours  p e r f u s i o n  w i t h  2 ;4-D

iüarly  samples  t a k e n  d u r in g  the  f i r s t  two or t h r e e  days 

of  p e r f u s i o n  d e t o x i c a t e  a t  a p p r o x im a te ly  the  same r a t e  as the  

p e r f u s e r .  L a t e r  samples  t a k e n  d u r in g  the  t h i r d  to  n i n t h  day 

f rom  commencement o f  p e r f u s i o n  shew an i n c r e a s e d  l a g  ph ase  

c o n t i n u i n g  i n d e f i n i t e l y  in  the  c a se  o f  s a n g le s  ta k en  a t  a b o u t  

the  m idd le  o f  the  norm al  l a g  phase  p e r i o d ,  a p p r o x im a te ly  5  to  7  

days f rom  commencement o f  p e r f u s i o n .  L a te r  samples  t a k e n  9 -10  

days  a f t e r  the  s t a r t  o f  th e  e x p e r im en t  d e t o x i c a t e d  a s  th e  " p a r e n t "  

p e r f u s e r .  These r e s u l t s  a r e  i l l u s t r a t e d  i n  F igures  XV a), and 1)% 

and Appendix XV. F i g u r e  XV a) r e p r e s e n t s  r e s u l t s  o b t a in e d  u s in g  

s o i l  from th e  Botany Garden o f  B edfo rd  C o l l e g e ,  Regent*s  Park  

and b) r e s u l t s  o b ta in e d  when th e s e  ex p e r im en ts  were r e p e a t e d  

u s in g  s o i l  from King *s C o l leg e  Botany  Departm ent a t  Herne H i l l .  

B o th  ex p e r im en ts  were d u p l i c a t e d .
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The i n c r e a s e  in  l a g  phase d u r a t i o n  o f  t h e  m idd le  samples  

c a n n o t  he due to  e x h a u s t i o n  of  an e s s e n t i a l  f a c t o r  f rom  the s o i l  

by c o n t i n u a l  rem oval  of samples s in c e  l a t e r  a l i q u o t s  d e t o x i c a t e .  

The e a r l y  samples  d e t o x i c a t e  w i t h o u t  any i n c r e a s e  in  the l a g  

phase  t h e r e f o r e  the  p e r f u s a t e  p o p u l a t i o n  then  p r e s e n t  i s  c a p a b le  

of  d e t o x i c a t i n g  th e  g iv e n  q u a n t i t y  of  2:4-D in  th e  a b s en ce  of 

the  whole s o i l .  D e t o x i c a t i o n  i s  d e l a y e d  or  p r e v e n te d  by rem oval  

of  th e  s o i l  d u r in g  the  m idd le  p a r t  of th e  l a g  p h a s e .  The 

mechanism o f  a d a p t a t i o n  may t h e r e f o r e  be  im p a ired  a t  t h i s  s t a g e  

by th e  s e p a r a t i o n  from  s o i l .  A l t e r n a t i v e l y  i f  the  l a g  p hase  

r e p r e s e n t s  th e  p e r io d  of b u i l d  up o f  an adap ted  p o p u l a t i o n  in  

th e  s o i l  i t  would seem t h a t  t h i s  must be com ple te  a t  a b o u t  t h i s  

t im e ,  i@e. a p p r o x im a te ly  5 days from commencement o f  p e r f u s i o n ,  

and t h a t  l i t t l e  f u r t h e r  growth  n o rm a l ly  t a k e s  p la c e  a f t e r  t h i s  

i n  the s o i l  so  t h a t  many f e w e r , i f  any,  a d a p t e d ,  or p a r t i a l l y  

a d a p te d  organisms become washed o u t  i n t o  th e  p e r f u s a t e  a t  t h i s  

s t a g e .  The p o p u l a t i o n  has r e - s t a b i l i s e d  b y th e  end o f  the la g  

p h a s e .  A b so lu te  numbers of o rgan ism s would n o t  a f f e c t  m a t e r i a l l y  

the  breakdown r a t e  in  s o i l  -  a v e r y  s m a l l  p r o p o r t i o n  of  the  

t o t a l  p r e s e n t  b e in g  " l o s t "  in  th e  removed p e r f u s a t e  sample -  

b u t  a r e d u ce d  nuniber i n  the  r e l a t i v e l y  s m a l l  volume of  p e r f u s a t e  

sampled would a f f e c t  c o n s i d e r a b l y  th e  r a t e  of breakdown in  t h a t  

s a m p le .

A l t e r n a t i v e l y  th e  b e h a v io u r  o f  the  p e r f u s a t e  sa m p les  

co u ld  be e x p l a in e d  a s :  s i n c e  a d a p t a t i o n  t a k e s  p l a c e  in  th e  

absence  of  th e  whole s o i l  i t  i s  p o s s i b l e  t h a t  t h e r e  e x i s t s  more
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th a n  one p o s s i b l e  a d a p t a t i o n  r o u t e .  One r o u t e ,  the  more 

e f f i c i e n t ,  o c c u r r in g  i n  the  p r e s e n c e  o f  s o i l  b u t  n o t  of  

p e r f u s a t e  on ly  and the o th e r  i n  th e  absence  of  s o i l .  The 

l a t t e r  r o u t e  would be t a k e n  by th e  i n i t i a l  samples  o f  

p e r f u s a t e  and encouraged  in  the ex p e r im en ts  i n v o lv in g  i s o l a t i o n  

o f  organisms on to  agq r  and s u b s e q u e n t l y  i n t o  l i q u i d  c u l t u r e .

The form er  r o u t e  i s  n o rm a l ly  fo l lo w ed  in  s o i l  and may a l s o  be 

e n c o u n te r e d  on a g a r  p l a t e s  s in c e  - as w i l l  be d i s c u s s e d  l a t e r  - 

a g a r  d i a l y s a t e  i s  p a r t i a l l y  e f f e c t i v e  in  p ro d u c in g  a more 

e f f i c i e n t  d e t o x i c a t i o n ,  com parab le  w i th  t h a t  induced  by the  

p r e s e n c e  of  s o i l  oX  of  s o i l  e x t r a c t .  S o i l  e x t r a c t  p r e p a r e d  by 

th e  method d e s c r i b e d  on page 1 0  i s  e f f e c t i v e  in  p l a c e  o f  s o i l  

b u t  n o t  j u s t  p e r f u s a t e ,  t h a t  i s  w a te r  which  has been  m e re ly  

i n  c o n t a c t  w i t h  t h e  s o i l .  The r e g u l a r i t y  w i t h  which d e t o x i c a 

t i o n  o c c u r r e d  on a g a r  p l a t e s  by organisms in c a p a b le  of  

d e s t r o y i n g  2 :4-D in  l i q u i d  c u l t u r e  would th e r e b y  be e x p l a i n e d .  

Samples o f  p e r f u s a t e  to  which  1,000 p .p .m .  2:4-D was added 

shewed no lo s s  o f  p h y t o t o x i c i t y  d u r in g  e x p e r i m e n ta l  p e r i o d s  

of up to  6  weeks f rom  th e  a p p l i c a t i o n  of  2:4-D whereas th e  

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

o f  t h i s  c o n c e n t r a t i o n  i n  s i m i l a r  c u l t u r e s  w i t h i n  1 0  d a y s .

The l e s s  e f f i c i e n t  d e t o x i c a t i o n  of 2 :4-D in  the ab sen ce  

of s o i l  p a r t i c l e s  or o f  s o i l  e x t r a c t  may be due ,  as s u g g e s t e d ,  

to  an a l t e r n a t i v e  r o u t e  b e in g  d ev e lo p ed  by the  o rg an ism s ,  or 

the  same s e t  of  i n t e r m e d i a t e  p ro d u c ts  b e in g  fo rm ed ,  one or more 

s t a g e s  in  the  p r o c e s s  b e in g  c a r r i e d  o u t  a t  l e s s  than  maximum
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e f f i c i e n c y  in  the  absence  of  the  a c t i v e  f a c t o r  from s o i l .

The o rganism s a r e  l i m i t e d  i n  d e a l i n g  w i th  the  h e r b i c i d e  by  the  

a v a i l a b l e  c o n c e n t r a t i o n  of t h i s  s u b s t a n c e  or  any of t h e  

components r e q u i r e d  f o r  i t s  m e tabo l ism .  I t  would appear  most 

l i k e l y  t h a t  t h i s  f a c t o r  i s  r e q u i r e d  f o r  the  " n e u t r a l i s a t i o n "  

o f  th e  t o x ic  e f f e c t  and f u r t h e r  m e tab o l ism  of th e  b a c t e r i o t o x i c  

i n t e r m e d i a t e  p o s t u l a t e d  as l i m i t i n g  the growth  o f  th e  o rg an ism s .  

The c o n c e n t r a t i o n  o f  2:4-D d e a l t  w i t h  i n  pure  c u l t u r e  i n  the  

absence  of  s o i l  e x t r a c t  or  i n  i s o l a t e d  p e r f u s a t e  depends on th e  

q u a n t i t y  o f  t h i s  s u b s t a n c e  which ca n  be p ro d u ced .  In  i t s  

absence  l e t h a l  c o n c e n t r a t i o n s  of  the i n t e r m e d i a t e  may be b u i l t  

up and th e  organisms p e r i s h  b e f o r e  the  s u b s t r a t e  i s  e x h a u s t e d .

The d e t o x i c a t i o n  o f  2:4-D in  s o i l  shews v a r io u s  f e a t u r e s  

d i f f e r i n g  f rom  th e  k i n e t i c s  of  the  h e r b i c i d e  breakdown in  pu re  

c u l t u r e  away from  s o i l .  One .very  p o s s i b l e  e x p l a n a t i o n  of  t h i s  

i s  t h a t  i n  s o i l ,  as has a l r e a d y  been  s u g g e s t e d ,  more th a n  one 

s t r a i n  o f  o rg an ism  i s  r e s p o n s i b l e  f o r  the com ple te  d e s t r u c t i o n  

o f  th e  m o le c u le ,  a t  l e a s t  one of  th e s e  m i c r o b i a l  components 

c l o s e l y  a d h e r in g  to  the  s o i l  p a r t i c l e s  and n o t  washed i n t o  the  

p e r f u s a t e ,  or e l s e  o b l i g a t e l y  d ep e n d en t  upon a f a c t o r  n o t  p r e s e n t  

i n  the  p e r f u s a t e .  The p e r f u s a t e  p o p u l a t i o n  th e n  a d a p t in g  to  the  

breakdown of  2 :4-D a long  i t s  own r o u t e  and the  whole s o i l  a long  

a n o t h e r .  The i n t e r m e d i a t e s  p roduced  i n  th e s e  two p r o c e s s e s  may 

or  may n o t  be th e  same b u t  the  enzyme a d a p t a t i o n s  o f  p a r t i c u l a r  

organ ism s would be d i f f e r e n t .  That the b io c h e m i c a l  r o u t e s  of
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d e t o x i c a t i o n  may n o t  be the same in  a l l  c a s e s  when d i f f e r e n t  

o rgan ism s a t t a c k  th e  same compounds i s  su g g e s te d  by S teen s  on 

and Walker,  1956, f o r  t h r e e  d i f f e r e n t  o rganism s conce rned  w i th  

th e  o x i d a t i o n  o f  c h lo ro p h e n o x y a c e t i c  a c i d s .

b) E xper im en ts  c a r r i e d  ou t  in  which th e  e n t i r e  p e r f u s a t e  

was d r a i n e d  d a i l y  and r e p l a c e d  by a f r e s h  s t e r i l e  

s o l u t i o n  of  2 ;4 - D ,

The f i r s t  d r a i n i n g ,  24 hours  f rom  the  commencement of  

p e r f u s i o n  was c a r r i e d  o u t  b e f o r e  2:4-D was added to  the p e r f u s i n g  

f l u i d  and th e  a p p r o p r i a t e  q u a n t i t y  of  th e  h e r b i c i d e  added to  th e  

d r a i n e d  p e r f u s a t e .

The t o t a l  l a g  phase v a r i e d  in  d u r a t i o n  from 9 to  12 days 

f o r  a l l  p e r f u s a t e s  d r a i n e d  between 1  and 1 2  days f rom the  

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

ones commenced d u r in g  the  f i r s t  24 hours  i . e .  d u r in g  p e r f u s i o n  

and the  o rgan ism s r e m a in in g  i n  the  s o i l  became a d a p te d  to  th e  

h e r b i c i d e  breakdown i n  th e  same time as was u s u a l  under  th e s e  

c o n d i t i o n s  i n  s p i t e  of  b e in g  exposed t o  d i f f e r e n t  samples  o f  

2 :4-D each  d ay .

D r a in in g  and r e p la c e m e n t  o f  the  p e r f u s a t e  was c o n t in u e d  

f o r  some time a f t e r  th e  i n i t i a l  d e t o x i c a t i o n s  were co m p le te .

The d u r a t i o n  of  the  l a g  phase  th e n  g r a d u a l l y  i n c r e a s e d  and by 

th e  s e v e n t e e n t h  sam pling  no l o s s  i n  t o x i c i t y  was r e c o r d e d  a f t e r  

a f u r t h e r  30 days i n c u b a t i o n .  This was assumed to  be due to  the
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e x h a u s t i o n  of the  s o i l  by c o n t i n u a l  l e a c h i n g  of s o l u b l e  m a t e r i a l s  

and e f f e c t i v e  organisms by the  d r a i n i n g  o f  p e r f u s a t e s  and a d d i t i o n  

o f  f r e s h  l i q u i d  d a i l y .  ftpj^er\éH

The organisms in  the  s o i l  became ad a p te d  to  t h e  2 :4-D 

m olecu le  in  a p p ro x im a te ly  the  same l e n g t h  of  time as when the  

i n i t i a l  p e r f u s i n g  f l u i d  was r e t a i n e d  th ro u g h o u t  the  p e r i o d  of 

a d a p t a t i o n .  No in c r e a s e  i n  l a g  phase  d u r a t i o n  was r e c o r d e d  f o r  

samples removed d u r in g  the  a d a p t a t i o n  p e r i o d  as i n  the  p r e v io u s  

e x p e r i m e n t s .  This  r e s u l t  was u n ex p ec te d  i n  the  l i g h t  o f  p r e v io u s  

r e s u l t s  and tends  to  n e g a t i v e  the s u g g e s t i o n  t h a t  an  a l t e r n a t i v e  

r o u t e  f o r  d e t o x i c a t i o n  i s  p r e s e n t  i n  the  s o i l  s i n c e  in  t h i s  case  

the  same phenomenon of i n c r e a s e  i n  d u r a t i o n  of th e  l a g  phase  

would be e x p e c te d  to  a p p e a r .  The d r a i n i n g  te c h n iq u e  i n  th e s e  

l a s t  ex p e r im en ts  may have c o n t r i b u t e d  to  t h i s  u nexpec ted  r e s u l t .  

P e r f u s e r s  of a m o d if ied  d e s ig n  were u s e d .  The p e r f u s a t e  d r a i n i n g  

to  a f l a s k  a t  the  b ase  of  th e  a p p a r a t u s .  This f l a s k  was removed 

d a i l y  and r e p l a c e d  by a f r e s h  f l a s k  c o n t a i n i n g  a new s t e r i l e  

s o l u t i o n .  Sm al l  q u a n t i t i e s  of s o i l  c o l l e c t  in  th e s e  f l a s k s  and 

w i th o u t  f i l t e r i n g ,  i t  has n o t  been  p o s s i b l e  to  s e p a r a t e  

p e r f u s a t e  c o m p le t e ly  f rom s o i l .  The 20 m is .  samples  t a k e n  i n  

the  f i r s t  s e r i e s  of  ex p e r im en ts  were removed from n e a r  to  the  

top  of  the  f l a s k s ,  u s in g  s t e r i l e  p i p e t t e s ,  thus  a v o id in g  the  

i n c l u s i o n  o f  s o i l  p a r t i c l e s  as f a r  a s  p o s s i b l e .
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4 .  Tlie a e r a t i o n  o f  p e r f u s a t e  w i t h  a )  Normal and b) CQp

f r e e  a i r  w i t h  and w i t h o u t  th e  a d d i t i o n  o f  m in e r a l  s a l t s  

to  the  s o l u t i o n s .

a ) E x p e r im e n ta l  methods

P e r f u s e r s  were s e t  up i n  the  u s u a l  manner u s in g  s t e r i l e  

w a te r  as the  p e r f u s i n g  f l u i d .  A f t e r  45 hours  25 m is .  a l i q u o t s  

were removed a s e p t i c a l l y ,  p l a c e d  i n  s t e r i l e  b o i l i n g  tubes  

c o n t a i n i n g  a i r  i n l e t  t u b e s ,  t o g e t h e r  w i t h  2 .5  mgs. 2:4-D and the  

a p p r o p r i a t e  q u a n t i t i e s  of  m in e ra l  s a l t s .  Other samples were 

s i m i l a r l y  t r e a t e d  b u t  no m in e r a l  s a l t s  were added to the  medium. 

F u r t h e r  samples were p la c e d  i n  s e a l e d  b o i l i n g  tubes  c o n t a i n i n g  

a i r  i n l e t  and o u t l e t  t u b e ^  t o g e t h e r  w i t h  a v e s s e l  of soda l im e 

i n s e r t e d  i n t o  the  a i r  l i n e  l e a d i n g  to  them i n  o r d e r  to  remove 

the  COg from the  a i r  s t r e a m  p a s s in g  th ro u g h  them. A l l  the  

c u l t u r e s  were in c u b a te d  i n  th e  d a r k  a t  25°C and a e r a t e d  

c o n t i n u o u s l y .  Samples were t a k e n  a t  i n t e r v a l s  th ro u g h o u t  th e  

d e t o x i c a t i o n  p ro c e s s  and an a t t e m p t  made to  measure growth  i n  

th e  c u l t u r e s  and p h y t o t o x i c i t y  a s sa y e d  u s in g  th e  c r e s s  t e c h n i q u e .  

Samples from the c u l t u r e s  were a l s o  r u n  on one way paper  chroma

tograms d e v e lo p ed  i n  i s o p r o p y l  a l c o h o l ,  ammonia and w ate r  s o l v e n t  

and as say e d  f o r  g rowth  a c t i v i t y  u s in g  r o o t  s e c t i o n s  o f  pea 

s e e d l i n g s  as p r e v i o u s l y  d e s c r i b e d .
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b ) R e s u l t s  o b t a in e d  from th e s e  ex p e r im e n ts  -  See

Appendices X V I, XVII and XVIII

The a d d i t i o n  or o m is s io n  of  m in e r a l  s a l t s  to  the 

p e r f u s a t e  had no e f f e c t  on the  d e t o x i c a t i o n .  No q u a n t i t y  of  

2 :4-D g r e a t e r  th a n  t h a t  g iv in g  a f i n a l  c o n c e n t r a t i o n  o f  300 p .p .m .  

was d e t o x i c a t e d  however a p p l i e d . The i n a b i l i t y  of  the  organism s 

to  d e a l  w i t h  more th an  t h r e e  s u c c e s s i v e  a p p l i c a t i o n s  o f  1 0 0  p .p .m .  

2:4-D i s  n o t  due to  e x h a u s t io n  o f  the  m in e ra l  medium.

As has been  s t a t e d  p r e v i o u s l y  i t  i s  im p o s s ib le  to  

a c h ie v e  an a c c u r a t e  a b s o l u t e  measurement o f  the  numbers of  

o rganism s in  th e  p e r f u s a t e  owing t o  the ten d en cy  o f  the b a c t e r i a  

to  form  l a r g e  f l a k e  l i k e  c lumps.  An a t t e m p t  to  c o u n t  o rganism s 

a f t e r  d i s s o l u t i o n  of  the  clumps by a l c o h o l  and f o r m a l i n  was made 

f o r  com par ison  of  growth  i n  normal and COg f r e e  a i r .  The c u rv e s  

so o b ta in e d  a r e  i l l u s t r a t e d  i n  F ig u r e  XVI. As w i l l  be s e e n  t h e r e  

i s  no obvious d i f f e r e n c e  between the  growth c h a r a c t e r i s t i c s  of  

c u l t u r e s  a e r a t e d  w i t h  normal a i r  and th o se  a e r a t e d  w i t h  CO^ f r e e  

a i r .

There i s  a c o n s i d e r a b l e  d i f f e r e n c e  between  the  

d u r a t i o n  o f  th e  lag  phase  when norm al  and COg f r e e  a re  u s e d .  The 

l a g  phase  b e in g  a lm o s t  doub led  by the  l a c k  o f  00^ .  This r e s u l t  

i s  in  a c co rd an ce  w i t h  r e s u l t s  o b t a in e d  f rom  ex p e r im en ts  in  which  

p u re  c u l t u r e s  o f  B. g l o b i f orme were a e r a t e d  by s t ream s  of  COg 

f r e e  a i r  and grow th  of th e  organisms b u t  no d e t o x i c a t i o n  of  the  

h e r b i c i d e  was r e c o r d e d .
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P ig u r e s  XVII and XVIII  shew th e  r e s u l t s  o b t a in e d  by 

ch ro m a to g ra p h ic  a n a l y s i s  of  the p e r f u s a t e s .  They c o n f i rm  t h a t  

growth  i n h i b i t i o n  iâ  p r e s e n t  in  the  2:4-D s p o t  a r e a  up to  195 

h rs*  f rom i n c u b a t i o n  o f  the COg f r e e  a i r  a e r a t e d  c u l t u r e s  and 

d i s a p p e a r s  f rom  th e  n o rm a l ly  a e r a t e d  a t  a p p r o x im a te ly  1 0 0  h r s .

The grow th  a c t i v i t y  of the cl iromatograms as a whole i s  im p o s s ib le  

to  i n t e r p r e t  owing to  the  l a r g e  amount o f  g row th  a c t i v e  m a t e r i a l  

c a r r i e d  over  f rom  th e  s o i l ,  which can be s e en  to  be p r e s e n t  a t  

0  h r s .  i . e .  th e  s t a r t  o f  i n c u b a t i o n .  S o i l  e x t r a c t  p r e s e n t s  the  

same problem  and i t  has n o t  t h e r e f o r e  been ad d ed ,  i n  o r d e r  to  

i n c r e a s e  the e f f i c i e n c y  of  breakdown, to  e x p e r i m e n ta l  c u l t u r e s  

in te n d e d  f o r  ch ro m a to g rap h ic  a n a l y s i s .
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V* I s o l a t i o n  o f  a f r e s h  e f f e c t i v e  o rg an ism  

1.  Method o f  c u l t u r e

F l a s k s  c o n t a i n i n g  200 m is .  o f  g l a s s  d i s t i l l e d  w a te r  and 

2 mgs. 2:4-D were s t e r i l i s e d ,  c o a l e d ,  50 g rm s . o f  f r e s h  ga rden  

s o i l  added ,  and the  s u s p e n s io n s  a e r a t e d .  Samples were ta k e n  

d a i l y  a f t e r  v ig o r o u s  sh ak in g  o f  th e  f l a s k s .  0 . 1  m l.  of  the  

s u s p e n s io n  was p l a t e d  on to  n u t r i e n t  a g a r ,  0 .1  ml.  on to  2:4-D 

agar  -  c o n t a i n i n g  100 p .p .m .  and 1 ,000  p .p .m .  2 :4 -D .  Bach s e t  

of p l a t e s  was d u p l i c a t e d .  The f l a s k s  and p l a t e s  were i n c u b a te d  

in  the  d a r k  a t  25^0. Sampling and the p l a t i n g  o u t  o f  samples  

was c o n t in u e d  t loroughout th e  d e t o x i c a t i o n  of  t h e  i n i t i a l  and 

two f u r t h e r  a p p l i c a t i o n s  o f  2 :4 -D .  P h y t o t o x i c i t y  of  the  s o i l  

s u s p e n s io n  was a s sa y e d  t l i ro u g h o u t  th e  e x p e r im e n t  u s in g  th e  c r e s s  

s e e d l i n g  r o o t  t e s t .

A f t e r  14 days i n c u b a t i o n  n u t r i e n t  a g a r  p l a t e s  were 

checked f o r  numbers and ty p es  of c o l o n i e s .  2 :4-D ag a r  p l a t e s  

were a s sayed  f o r  p h y t o t o x i c i t y  u s in g  c r e s s  s e e d l i n g s  as  the  

s e n s i t i v e  b i o - a s s a y  method.  The a s s a y s  were r e p e a t e d  a f t e r  a 

f u r t h e r  7 and 14 days i n c u b a t i o n  i f  t o x i c i t y  was p r e s e n t  i n  th e  

f i r s t  s a m p le s .

2 .  Method o f  a s s a y  o f  p h y t o t o x i c i t y  in  a g a r  p l a t e s

A s m a l l  volume of  a g a r ,  a p p r o x im a te l y  0 .2  m l . ,  was 

c u t  f rom  the  c e n t r e  o f  e a ch  p l a t e  w i t h  a s t e r i l e  n e e d le  and
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t r a n s f e r r e d  i n t o  5 m is ,  g l a s s  d i s t i l l e d  w a te r  i n  a 10 ml.  

g r a d u a te d  c y l i n d e r  and the  t o t a l  volume im m ed ia te ly  n o t e d .

The a g a r  and w a te r  were t i p p e d  i n t o  a t e s t  t ib e ,  b o i l e d  i n  a 

w a te r  b a t h  f o r  t h i r t y  m inu tes  to  t h o ro u g h ly  m e l t  the  a g a r  and 

to  d e s t r o y  the  organ ism s p r e s e n t .  The volume of  th e  s o l u t i o n  

was th e n  made up w i t h  g l a s s  d i s t i l l e d  w a te r  to  t h a t  g i v i n g  a 

c o n c e n t r a t i o n  e q u i v a l e n t  to  1 p .p .m .  2 ;4-D  o f  t h e  o r i g i n a l  i n  

th e  aga r  medium. This d i l u t e d  sample was then  used  in  the  c r e s s  

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

An u n in o c u la t e d  p l a t e  was in c u b a te d  and a s sa y e d  w i t h  

the  i n o c u l a t e d  ones in  o rd e r  t h a t  any i n a c c u r a c i e s  cau sed  by 

d ry in g  o u t  of th e  ag a r  d u r in g  i n c u b a t i o n  co u ld  be a c co u n te d  f o r .

As no d i s c r e p a n c i e s  i n  th e  a s s a y s  were n o te d  t h i s  p r a c t i c e  was 

d i s c o n t i n u e d  a f t e r  the  f i r s t  few e x p e r im e n t s .  A p l a i n  a g a r  p l a t e ,  

t h a t  i s  c o n t a i n i n g  no 2 :4-D , was a l s o  a s s a y e d .  No g row th  e f f e d t  

o f  a g a r ,  i n  t h i s  low c o n c e n t r a t i o n ,  on c r e s s  s e e d l i n g s  was 

r e c o r d e d .

I t  was th o u g h t  t h a t  a s im p le r  t e c h n iq u e  f o r  th e  a s s a y  

of  p h y t o t o x i c i t y  i n  a g a r  m igh t  be d ev e lo p ed  by t r a n s f e r r i n g  th e  

a p p r o p r i a t e  volume of  a g a r  c o n t a i n i n g  th e  h e r b i c i d e  d i r e c t l y  to  

the  a s s a y  t u b e . This however was n o t  p o s s i b l e  s i n c e  d i f f u s i o n  

o f  2:4-D o u t  o f  th e  ag a r  a t  th e  i n c u b a t i o n  t e m p e r a tu r e  was so 

slow t h a t  on ly  1 0 ^  of  th e  u s u a l  i n h i b i t i o n  of  g row th  was r e c o r d e d  

f o r  the  c o n t r o l  p l a t e s  i . e .  c o n t a i n i n g  the  f u l l  c o n c e n t r a t i o n  of  

2 ;4 -D .  This method was t h e r e f o r e  abandoned .
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Tlie method o f  Je n se n  1952 o f  rerne 1 t i n g  the  ag a r  and 

growing the  c r e s s  seeds  d i r e c t l y  on i t  was a l s o  c o n s id e r e d  b u t  

r e j e c t e d  s in c e  t h i s  in v o lv e d  the  d e s t r u c t i o n  of  b a c t e r i a l  g row th  

over the  s u r f a c e  of the  p l a t e  and th e  o b j e c t  of  t h e s e  ex p e r im e n ts  

was to o b t a i n  a pu re  c u l t u r e  o f  an o rgan ism ,  a b l e  to  u t i l i s e  2:4-D 

as a so u rc e  o f  c a rb o n ,  f o r  use  i n  l i q u i d  c u l t u r e  e x p e r i m e n t s .

I t  was t h e r e f o r e  of  p r im a ry  im por tance  to  r e t a i n  a l i v e  th e  

c o lo n ie s  on d e t o x i c a t e d  p l a t e s .  I t  would have b ee n  p o s s i b l e  to  

overcome t h i s  d i f f i c u l t y  by making s u b - c u l t u r e s  of  a l l  d i s t i n c t  

c o lo n ie s  on t h e o p l a t e s  b e f o r e  a s s a y  b u t  t h i s  would be a v e r y  

l a b o r i o u s  p ro c e s s  i n v o lv i n g  e x t r e m e ly  l a r g e  nuiubers of s u b 

c u l t u r e s  th e  m a j o r i t y  of which  would n o t  need to  have b een  made 

i f  the  f i r s t  p l a t e  cou ld  be a s sa y e d  w i th o u t  th e  d e s t r u c t i o n  of  

i t s  c o l o n i e s .

3 .  I s o l a t i o n  of  o rg a n i s iris f rom p r im ary  g row th  p l a t e s  and 

t h e i r  su b seq u en t  c u l t u r e

Agar p l a t e s  o r i g i n a l l y  c o n t a i n i n g  100 p .p .m .  2:4-D and 

shewing no r e d u c t i o n  o f  p h y t o t o x i c i t y  w i t h i n  28 days were r e j e c t e d ,

P l a t e s  i n  which  t h e r e  was a l o s s  o f  p h y t o t o x i c i t y  d u r in g  

28 days  i n c u b a t i o n

A l l  d i s c r e t e  c o l o n i e s  were p ic k e d  o f f  f rom  one of each  

p a i r  of  d u p l i c a t e  p l a t e s  and s t r e a k e d  onto  b o t h  2:4-D (100  and . 

1 ,000  p .p .m .  2 :4-D) and n u t r i e n t  a g a r  s l o p e s .
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A l l  the  organisms from the  o th e r  p l a t e  of  the  p a i r  were 

washed i n t o  a l i q u i d  c u l t u r e  medium c o n s i s t i n g  of the  t h r e e  

m in e ra l  s a l t s ,  p r e v i o u s l y  used i n  c u l t u r e  e x p e r i m e n t s ,  i n  g l a s s  

d i s t i l l e d  w a te r  t o g e t h e r  w i th  100 p .p .m .  2 ;4 -D ,  a e r a t e d  and t e s t e d  

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

The s t r e a k  c u l t u r e s  o b ta in e d  f rom th e  f i r s t  o f  each  p a i r  

of  p l a t e s  were in c u b a te d  i n  the  d a r k  a t  25^C f o r  14 d a y s .  Tlie 

2 :4-D s lo p e s  were th e n  a s say e d  f o r  p h y t o t o x i c i t y  and the  a s s a y s  

r e p e a t e d  a f t e r  a f u r t h e r  7 and 14 days i f  n e c e s s a r y .  The p a r a l l e l  

n u t r i e n t  ag a r  s lo p e s  were used to  check  the  m o rp h o lo g ic a l  

c h a r a c t e r i s t i c s  o f  th e  c o l o n i e s  and to  e n s u r e ,  as f a r  as p o s s i b l e  

by t h i s  method, t h a t  th e  c u l t u r e s  were i n  f a c t  p u r e .

A l l  c u l t u r e s  growing on 2 :4-D a g a r  s lo p e s  f rom  which  

t o x i c i t y  was l o s t  were washed i n t o  2:4-D l i q u i d  m edia ,  a e r a t e d  and 

assayed  as b e f o r e .

4 .  R e s u l t s  of  i s o l a t i o n  ex p e r im en ts

R e g u la r  d e t o x i c a t i o n  o f  2:4-D on ag a r  c o n t a i n i n g  100 p .p .m , 

2:4-D o cc u r re d  d u r in g  p e r io d s  of  14-21  days i n c u b a t i o n .  D e to x i c a 

t i o n  of aga r  p l a t e s  c o n t a i n i n g  1 ,0 0 0  p .p .m .  2:4-D was e r r a t i c  and 

in  c u l t u r e s  i n  which th e  l e v e l  o f  t o x i c i t y  dropped com ple te  

removal was se ldom r e c o r d e d .

No d e t o x i c a t i o n  took  p l a c e  i n  l i q u i d  c u l t u r e  even w i th  

the  mixed c u l t u r e s  washed d i r e c t l y  f rom  the  d e t o x i c a t e d  ag a r  

p l a t e s  i n t o  f l a s k s .  M ix tu res  of  organisms were a l s o  made f rom  the  

i s o l a t e d  s u b - c u l t u r e s  on a g a r  s lo p e s  and th e s e  i n o c u l a t e d  i n t o
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l i q u i d  media w i t h o u t  s u c c e s s .

E v e n t u a l l y  an o rgan ism  was i s o l a t e d  by the  methods 

d e s c r i b e d  above from a f l a s k  c o n t a i n i n g  2:4-D en i ' i ched  s o i l  and 

2:4-D i n  a c o n c e n t r a t i o n  of  100 p .p .m .  which  d e t o x i c a t e d  2 :4-D 

i n  pure  c u l t u r e  i n  an a e r a t e d  l i q u i d  medium c o n t a i n i n g  1 0 0  p .p .m .  

2 ;4 -D .  S u b - c u l t u r e s  o f  t h i s  o rgan ism  were used f o r  s u b s e q u e n t  

expe r im en ts  on the  breakdown of  2 :4-D .

5• C h a r a c t e r i s t i c s  of  t h i s  e f f e c t i v e  o rgan ism

The c o m p o s i t io n  of  media used and the  t e s t s  a p p l i e d  

a re  g iv e n  i n  Appendix XlXa.

1 0  tubes  o f  ea ch  c u l t u r e  medium were i n o c u l a t e d  u s in g  

organisms from f i v e  s e p a r a t e  s u b - c u l t u r e s .

N u t r i e n t  b r o t h

Dense growth  e s p e c i a l l y  a t  the  s u r f a c e .  W h i t i sh  s k i n  

over s u r f a c e  of  th e  l i q u i d  c o n t i n u i n g  f o r  a s h o r t  d i s t a n c e  a lo n g  

the  g l a s s  over the  l i q u i d .

N u t r i e n t  ag a r

Cont inuous  s t r e a k  a p p r o x im a te ly  2 m.m. w id e .  R a i s e d .  

D i s c r e t e  c o l o n i e s  1 - 2  mm. • d i a m e t e r . Smooth and g l i s t e n i n g .

S l i g h t  i n d i c a t i o n  o f  r h i z o i d a l  e x t e n s i o n  a t  edges a f t e r  7-14 d a y s .  

I n o rg a n ic  b r o t h

No v i s i b l e  t u r b i d i t y  b u t  s l i g h t  g ro w th  c o u ld  be masked 

by the  p r e s e n c e  of  c a l c iu m  c a rb o n a te . .
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I n o rg a n ic  aga r

D e f i n i t e  g row th .  C o lo n ie s  t r a n s l u c e n t ,  w h i t i s h  growth  

s i m i l a r  to  t h a t  on 2:4-D ag a r  b u t  even  p o o r e r .  On washing th e  

c o l o n ie s  o f f  the  s lo p e s  the  a g a r  was found to  be p i t t e d  b e n e a th  

them.

N u t r i e n t  g e l a t i n - s l opes

L u x u r i a n t  g row th  c o n f l u e n t  - s i m i l a r  to  n u t r i e n t  a g a r  

i n  e a r l y  s t a g e s .  S u r f a c e  c o n v o l u t e d .  Edges r h i z o i d a l  a f t e r  

3 d a y s .  C en tre  co c co id  c e l l s .  Very slow l i q u i f a c t i o n  -  n o t  

n o t i c e a b l e  f o r  a t  l e a s t  14 days and th e n  p ro cee d s  v e ry  s lo w ly .

G e l a t i n  s t a b

L u x u r i a n t  c r a t e r i f o r m  s u r f a c e  g row th .  Very l i t t l e  down 

s t a b .  S tab  grow th  i s  r h i z o i d a l .  Very slow c r a t e r i f o r m  

l i q u i f a c t i o n  -  n o t  n o t i c e a b l e  f o r  a t  l e a s t  14 days and th e n  

p roceeds  v e ry  s lo w ly .

S t a r c h  b r o t h

T u r b i d i t y  c o n c e n t r a t e d  a t  and j u s t  under  the  s u r f a c e .  

W h i t i sh  s k i n  forms over the  s u r f a c e  of  the  l i q u i d  and g l a s s .

P o ta to  s lo p e s

Very l u x u r i a n t  g row th .  R a i s e d ,  lo b e d  c o l o n i e s .  

C o n f lu e n t .  Dry w h i te  c h a lk y  a t  f i r s t  t h e n  becoming m o is t  and 

g r e y i s h .  L a t e r  ( a f t e r  2 months) whole g row th  and p lu g  becomes 

brown and s l i m y .  I s o l a t e d  c o l o n i e s  a t  f i r s t  have r a i s e d  edge 

w i th  low c e n t r e .
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Glu e o s e

S k in  forms over s u r f a c e .  Very l i t t l e  a c i d ,  no g a s .

Sucrose

Growth a t  s u r f a c e .  No a c id  or g a s .

Lac tos e

Growth a t  s u r f a c e .  No a c id  or  g a s .

M a l to se

Growth a t  s u r f a c e . No a c id  or  g a s .

Mannit o i

Good growth  a t  s u r f a c e .  No a c id  or  g a s .

G ly c e ro l

Good g row th ,  s k i n  forms a t  s u r f a c e .  No a c id  or g a s .

N i t r a t e  r e d u c t i o n  medium

S u r f a c e  growth  w i t h  s k i n  f o r m a t i o n .  No g a s .  N i t r i t e  

t e s t  v e ry  p o s i t i v e ,  u s in g  G r i e s e  r e a g e n t .  N eg a t iv e  r e a c t i o n  f o r  

ammonia, u s i n g  Nessler!s s o l u t i o n .  U n in o c u la te d  tu b es  o f  medium 

in c u b a te d  w i t h  t e s t s  used  as c o n t r o l s  - n e g a t i v e .

Amino a c id  medium

Heavy growth  n e a r  s u r f a c e .  W h i t i sh  s k i n  over  s u r f a c e  

o f  the l i q u i d .

D o rs e t* s  Egg Medium

W h i t i sh  c o n f l u e n t  r a i s e d  m o is t  s t r e a k  a t  f i r s t .

Pigment - d u l l  orange deve lops  v e ry  s lo w ly ;  f i r s t  v i s i b l e  7-14 

days from i n o c u l a t i o n .
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Litnius m ilk

C l o t  fo rm e d . L iq u id  a c i d i f i e d  v e r y  s lo w ly .

Phenol

Good growth  in  media c o n t a i n i n g  p h en o l  as  the  on ly  

ca rbon  s o u r c e .

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

Tremendous a c t i v i t y  i n  a l l  c u l t u r e s  t e s t e d  w i t h  HgOg 

whether  on n u t r i e n t  a g a r ,  n u t r i e n t  g e l a t i n e  or  in o r g a n ic  a g a r .

No r e a c t i o n  on u n i n o c u l a t e d  p l a t e s .

Acid f a s t  s t a i n

V a r i a b l e .  Some a c id  f a s t  organisms in  m a in ly  n o n - a c i d  

f a s t  c u l t u r e s .

Gram s t a i n

Pos i t i v e .

One p o i n t  to  be n o te d  in  connex ion  w i t h  th e  r e a c t i o n s

in v o lv in g  the  use  o f  Durham tubes  f o r  c o l l e c t i o n  o f  gas which  

may be formed i n  th e  medium i s  t h a t  s i n c e  a l l  g row th  occu rs  a t  

the  s u r f a c e  of  the  media gas even i f  formed i s  u n l i k e l y  to  

accumulate  in  th e  i n v e r t e d  Durham tube  w hich  i s  w e l l  below th e  

s u r f a c e .

6 . G e n e ra l  morphology of  the  o rg an ism  in  2:4-D c u l t u r e

Organisms from  v i g o r o u s l y  a e r a t e d  l i q u i d  c u l t u r e s  always 

appeared  as s m a l l  ovoid  c o c c i  one d i a m e t e r  b e in g  s l i g h t l y  

g r e a t e r  th a n  th e  o t h e r .  F i lm s  made from 2:4-D a g a r  p l a t e
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c u l t u r e s  shew the  same type  o f  o rgan ism  the  l o n g e r  d ia m e te r  

b e in g  s l i g h t l y  f u r t h e r  ex ten d ed  in  some c a s e s .  S h o r t  ro d s  i f  

p roduced n ev e r  exceeded  tw ice  t h e i r  d i a m e t e r  in  l e n g t h .  No 

m y c e l i a l  forms or  long rods  s e e n ,  even in  v e r y  young l i q u i d  

c u l t u r e .

Growth on 2:4-D a g a r  was r e l a t i v e l y  s lo w .  Sm all  w h i t i s h  

t r a n s l u c e n t  smooth c o l o n i e s  formed 1 - 2  mias . in  d i a m e t e r .

Maximum s i z e  r e a c h e d  a f t e r  a p p r o x im a te ly  14 days i n c u b a t i o n .  No 

m y c e l i a l  o r  r h i z o i d a l  growth n o t e d .

Growth on 2 :4-D media i s  so d i f f e r e n t  f rom t h a t  r e c o r d e d  

on the  s t a n d a r d  media t h a t  i t  i s  d o u b t f u l  i f  i t  can be of  u se  

in  i d e n t i f y i n g  the  o rgan ism .

7.  I d e n t i t y  o f  o rgan ism

Prom the  r e s u l t s '  of th e  c h a r a c t e r i s a t i o n  t e s t s  the  

organism  i s o l a t e d  from  s o i l  and c a p a b le  o f  d e t o x i c a t i n g  2;4-D 

in  a e r a t e d  l i q u i d  c u l t u r e  c o n t a i n i n g  no o rg an ic  m a t e r i a l s  a p a r t  

from 2 ;4 -D ,  th e  ca rb o n  s o u r c e ,  was i d e n t i f i e d ,  by the  u se  of  

Bergey Manual of  D e te rm in a t i v e  B a c t e r i o l o g y  VI E d i t i o n  as 

b e lo n g in g  to  the  genus N oca rd ia  in  th e  f a m i l y  Ac t in o m y c e ta c e a e  

of the  o r d e r  A c t i n o m y c e t a l e s .

The d e t e r m i n a t i o n  o f  the  s p e c i e s  p roved  l e s s  s a t i s f a c t o r y  

s in c e  th e  c h a r a c t e r i s t i c s  o f  th e  i s o l a t e d  o rg an ism  a r e  n o t  

e x a c t l y  s i m i l a r  to  th o s e  of  any of  the  r e c o g n i s e d  s t r a i n s
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d e s c r i b e d  in  t h i s  Manual, However i t  i s  p o s s i b l e  t h a t  in  the  

c u l t i v a t i o n  of  t h i s  o rgan ism  on su ch  a h i g h l y  s e l e c t i v e  medium 

as 2 :4-D the  s t r a i n  now b e in g  c u l t u r e d  has l o s t  or a l t e r e d  some 

of i t s  o r i g i n a l  c h a r a c t e r s  i n  a d d i t i o n  to  form ing  an a d a p t a t i o n  

to  t h i s  ca rb o n  s u b s t r a t e .

The s p e c i e s  most c l o s e l y  r e s e m b l in g  t h i s  o rgan ism  

appear  to  b e : -

N oca rd ia  p u lm o n a l i s  

N ocard ia  minima 

N ocard ia  c o e l i a c a

There a r e  however s e v e r a l  im p o r ta n t  d i f f e r e n c e s  in  

each  c a s e t -

N oca rd ia  pu lm o n a l is

I n i t i a l  mycelium of  t h i s  o rg an ism  is  w e l l  d e v e lo p ed  

and i t  p roduces  a lemon ye l low  p igm ent on p o t a t o .  The h a b i t a t  

i s  c o n s id e r e d  to  be  bov ine  i n f e c t i o n s  - the  o r i g i n a l  s o u rc e  

b e in g  the  lungs  of a cow.

N o ca rd ia  minin^a

This s p e c i e s  does n o t  l i q u i f y  g e l a t i n .  A p in k  p igm en t  

i s  d eve loped  on a g a r  and o n ly  grows s lo w ly  on p o t a t o  and a l s o  

dev e lo p s  a p in k  c o l o u r a t i o n  on t h i s  medium a l s o ,

Nocard ia  c o e l i a c a

This s p e c i e s  p roduces  an a l k a l i n e  r e a c t i o n  in  l i t m u s  

milk  medium, forms ho l low  lo b e s  in  deep  g e l a t i n e  c u l t u r e  and 

does n o t  red u ce  n i t r a t e s  to  n i t r i t e s .
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VI. E xper im ents  u s in g  pure  c u l t u r e s  of  the  e f f e c t i v e  

s t r a i n  of  N ocard ia

1 ,  I n t r o d u c t i o n

This s t r a i n  of N oca rd ia  was found to  d e t o x i c a t e  2 :4-D  

in  l i q u i d  c u l t u r e s ,  c o n t a i n i n g  n o t  more th a n  300 p .p .m .  2:4-D 

as the on ly  added ca rb o n  s o u r c e ,  i f  the  c u l t u r e  s o l u t i o n s  were 

v i g o r o u s l y  and c o n t i n u o u s l y  a e r a t e d .

The e f f e c t s  o f  2:4-D c o n c e n t r a t i o n ,  s o i l  e x t r a c t  

and a g a r  d i a l y s a t e  on d e t o x i c a t i o n  were s t u d i e d .  S t u d i e s  on 

the  breakdown of r a d i o a c t i v e  2:4-D were c a r r i e d  o u t  w i t h  t h i s  

o rgan ism .  Growth s t u d i e s  of  th e  o rgan ism  in  u n a e r a t e d  l i q u i d  

c u l t u r e s  c o n t a i n i n g  v a r io u s  c a rb o n  s u b s t r a t e s  were made and 

th e  e f f e c t  o f  g rowth  on t h e s e  media o f  su b s e q u e n t  a b i l i t y  to  

d e t o x i c a t e  2;4-D in  a g a r  media r e c o r d e d .

The e f f e c t  of 2:4-D c o n c e n t r a t i o n  on d e t o x i c a t i o n

E x p e r im e n ta l  Method

S e r i e s  o f  c u l t u r e  tu b es  were s e t  up c o n t a i n i n g  

c o n c e n t r a t i o n s  o f  2:4-D ra n g in g  from 10 p .p .m .  to  1 ,0 0 0  p .p .m .  

Equal  in o c u la  o f  th e  same s u s p e n s io n s  of b a c t e r i a  were t r a n s 

f e r r e d  i n t o  e a ch ,  th e  tubes  a e r a t e d  and t e s t e d  a t  i n t e r v a l s ,  

f o r  p h y t o t o x i c i t y .
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R e a u l t

The main r e s u l t s  a r e  g iv e n  in  Appendix XECb and a r e  

shewn in  d iag ram m at ic  form on F ig u re  XIX.

D e t o x i c a t i o n  o f  2;4-D occurs  in  l i q u i d  c u l t u r e s  

c o n t a i n i n g  300 p .p .m .  2:4-D or  l e s s .  In  c u l t u r e s  c o n t a i n i n g  

s u f f i c i e n t l y  low q u a n t i t i e s  o f  2:4-D f o r  the  organisms to  

decompose, the  i n i t i a l  c o n c e n t r a t i o n  a f f e c t s  th e  time ta k e n  f o r  

com plete  l o s s  o f  t o x i c i t y  -  the  h i g h e r  the  c o n c e n t r a t i o n  th e  

l o n g e r  th e  time taken  to  d e t o x i c a t e .  This r e s u l t  would be 

ex p e c ted  i f  d e t o x i c a t i o n  commenced a t  th e  t im e of i n o c u l a t i o n  

and c o n t in u e d  s t e a d i l y  u n t i l  a l l  the  2;4-D had been  consumed.

As can be seen  f rom  th e  f i g u r e  su ch  i s  n o t  the ca se  b u t  t h e r e  i s  

no d rop  in  t o x i c i t y ,  w i t h i n  th e  l i m i t s  o f  a c c u ra c y  of the  a s s a y  

method, f o r  a c o n s i d e r a b l e  p e r i o d  and then  a r a p i d  d r o p .  At 

c o n c e n t r a t i o n s  of  400 p .p .m .  2:4-D and above no d e t e c t a b l e  d rop  

in  p h y t o t o x i c i t y  o c c u r r e d ;  the  l a g  phase  was ex tended  

i n d e f i n i t e l y .

As w i l l  be s e e n  l a t e r  ex p e r im en ts  w i t h  2:4-D l a b e l l e d  

in  th e  s id e  c h a in  produce  ev id en ce  t h a t  t h i s  p o r t i o n  of  th e  

2:4-D m olecu le  i s  a t t a c k e d  s t r a i g h t  away, 'fhese r e s u l t s  s u g g e s t  

t h a t  the  l e v e l  of  p h y t o t o x i c i t y  i s  m a in ta in e d  n o t  by 2:4-D a lo n e  

b u t  p a r t l y  by a n o t h e r  t o x i c  s u b s t a n c e  produced  by th e  b a c t e r i a  

d u r in g  th e  d e s t r u c t i o n  o f  2:4-D un d e r  th e s e  c o n d i t i o n s .  There i s  

a t  t h i s  s t a g e  no ev id en ce  to  i n d i c a t e  whether  o r  n o t  t h i s  

h y p o t h e t i c a l  s u b s t a n c e  a c t s  as a b a c t e r i o c i d a l  o r  b a c t e r i o s t a t i c
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a g e n t  f o r  t h i s  o rg an ism  u n d e r  t h e s e  c o n d i t i o n s .

The e f f e c t  o f  s o i l  e x t r a c t  and a g a r  d i a l y s a t e  on

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

a ) P r e p a r a t i o n  o f  s o i l  e x t r a c t  and a g a r  d i a l y s a t e

S o i l  e x t r a c t  was p r e p a r e d  as p r e v i o u s l y  d e s c r i b e d  

i n  t h e  s e c t i o n  d e a l i n g  w i th  g row th  s t u d i e s  o f  B a c te r iu m  

g l o b i f orme on page 1 0 *

Agar d i a l y s a t e  was p r e p a r e d  f rom  f i n e  powdered 

a g a r .  The a g a r  powder was poured  i n t o  a l e n g t h  o f  " s a u s a g e  s k in "  

d i a l y s i n g  membrane one end o f  which was s e a l e d .  The a g a r  was 

moistened^ a l l  a i r  b u b b le s  exc luded  and th e  o t h e r  end th e n  

s e a l e d .  The com ple te  tube was immersed i n  g l a s s  d i s t i l l e d  

w a t e r , . i n  p r o p o r t i o n :  1 0  m is .  w a te r  to  1  grm. o f  a g a r ,  and 

l e f t  f o r  one week a t  a t e m p e r a tu r e  o f  l ^ C . The a g a r  was th e n  

removed and th e  d i a l y s a t e  s t e r i l i s e d  and used  i n  th e  p r e p a m t io n  

of  c u l t u r e  media as  s t a t e d .

b) C u l t u r e s  c o n t a i n i n g  i n i t i a l l y  1^000 p .p .m .  2 :4-D

P a i r e d  f l a s k s  o f  500 m is .  c a p a c i t y  one c o n t a i n i n g  

250 m is .  c u l t u r e  medium w i t h  1000 p .p .m .  2 :4-D and th e  o t h e r  

of  th e  p a i r  250 m is .  c u l t u r e  medium w i th  100 p .p .m .  2 :4-D were 

s t e r i l i s e d  and i n o c u l a t e d  t o g e t h e r  w i t h  e q u a l  i n o c u la  f rom  th e  

same s t o c k  c u l t u r e .  B o th  were a e r a t e d  and i n c u b a te d  in  th e  

d a r k  a t  25^0 .  Samples were t a k e n  a t  i n t e r v a l s  f o r  p h y t o t o x i c i t y
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a s s a y .  A f fu r ther  a p p l i c a t i o n  of  100 p .p .m .  2:4-D was made to  

the  s e c o n c ^ l a s k  a f t e r  d e t o x i c a t i o n  of th e  i n i t i a l  c h a rg e  was 

com plete  •

A sample from th e  f l a s k  c o n t a i n i n g  the  h ig h  c o n c e n t r a 

t i o n  of 2:4-D was removed a f t e r  3 weeks from i n o c u l a t i o n ,  

d i l u t e d  10 t im es  w i th  s t e r i l e  s a l t s  s o l u t i o n ,  a e r a t e d  and 

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

F u r t h e r  25 ml.  samples were removed 7 weeks f rom th e  

time o f  i n o c u l a t i o n  and to  one 1 ml. o f  s o i l  e x t r a c t  and to th e  

o th e r  1 ml.  o f  a g a r  d i a l y s a t e  was added .  These c u l t u r e s  were 

a e r a t e d  and p h y t o t o x i c i t y  f o l l o w e d .  The r e s u l t s  a r e  shewn in  

F ig u r e  XX and Appendix XX.

A lthough  no s i g n i f i c a n t  f a l l  i n  the  l e v e l  o f  p h y t o t o x i 

c i t y  o c c u r red  d u r in g  th e  e x p e r im e n ta l  p e r i o d  in  the  f l a s k  

o r i g i n a l l y  cha rged  w i t h  1000 p .p .m .  2 ;4 -D ,  th e  organ ism s i t  

c o n ta in e d  were e f f e c t i v e  in  d e t o x i c a t i n g  lower  c o n c e n t r a t i o n s  

as shewn by the  f a c t  t h a t  r e p e a t e d  d e t o x i c a t i o n  o c c u r r e d  in  th e  

o th e r  f l a s k  o f  th e  p a i r  i n i t i a l l y  cha rged  w i th  100 p .p .m .  2:4-D 

Growth of  th e  organism s in  the  h ig h  c o n c e n t r a t i o n  o f  2:4-D was 

com ple te  by th e  end o f  the  second week, b u t  th e  o rganism s were 

s t i l l  a l i v e  and e f f e c t i v e  in  d e t o x i c a t i n g  2:4-D s i n c e  th e  

sample ta k e n  a f t e r  3 weeks and d i l u t e d  t e n  t imes d e t o x i c a t e d  

a l th o u g h  w i t h  an ex ten d ed  l a g  p e r i o d  o f  a f u r t h e r  t h r e e  w eeks .  

This s u g g e s t s  t h a t  the  breakdown mechanism o f  the  organ ism s was 

im paired  by c o n t a c t  w i th  t h i s  h i g h  cone e n t r a t i o n  o r  t h a t  a



- 6 4 -

c o n s i d e r a b l e  p r o p o r t i o n  of  th e  organ ism s were in  f a c t  d e a d .  

Sm all  q u a n t i t i e s  o f  organisms removed from th e  f l a s k s  and 

i n o c u l a t e d  i n t o  lOOp.p.m. 2 *4-D f l a s k s  f a i l e d  to  grow.

The a d d i t i o n  of s m a l l  q u a n t i t i e s  o f  s o i l  e x t r a c t  and 

a g a r  d i a l y s a t e  to  f u r t h e r  samples ta k en  from the  main f l a s k  

7 weeks a f t e r  i n o c u l a t i o n  caused  a r a p i d  d e t o x i c a t i o n  w i t h  a 

f u r t h e r  l a g  of o n ly  two weeks.  This d e t o x i c a t i o n  was com ple te  

in  the  c a se  o f  the  sample t o  which s o i l  e x t r a c t  was added b u t  

o n ly  p a r t i a l ^ -  r e d u c in g  th e  c o n c e n t r a t i o n  to  a p p r o x im a te l y  

120 p .p .m .  o r  12^ o f  th e  o r i g i n a l  in  th e  f l a s k  to  which a g a r  

d i a l y s a t e  was ad d ed .  This o n ly  p a r t i a l  d e t o x i c a t i o n  e f f e c t  

was p r o b a b ly  due to  th e  l i m i t e d  amount o f  a g a r  d i a l y s a t e  added 

and to  th e  f a c t  t h a t  th e  " a c t i v e  component" of th e  d i a l y s a t e  

was p r e s e n t  i n  on ly  v e r y  minute q u a n t i t i e s .

c ) F u r t h e r  ex p e r im en ts  w i t h  t h e s e  two m a t e r i a l s

Exper im ents  were s e t  up in  w hich  c o n c e n t r a t i o n s  o f  

100 and 1000 p .p .m .  2 :4-D were used in  a s s o c i a t i o n  w i t h : -  

S o i l  e x t r a c t  

Agar d i a l y s a t e

S o i l  e x t r a c t  and a g a r  d i a l y s a t e  

N e i t h e r  s u b s t a n c e
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R e s u l t s  (See Appendix XXb)

I t  was a g a i n  found t h a t  c o n c e n t r a t i o n s  of  1000 p .p .m .  

2 :4-D would be d e t o x i c a t e d  by t h e s e  organisms in  the  p r e s e n c e  

of  s o i l  e x t r a c t  a n d /o r  a g a r  d i a l y s a t e .  At the  lower c o n c e n t r a 

t i o n  o f  2;4-D (100 p .p .m . )  no s i g n i f i c a n t  e f f e c t  o f  e i t h e r  

s u b s t a n c e  on th e  r a t e  of  d e t o x i c a t i o n  of th e  h e r b i c i d e  was 

o b s e r v e d .

The a d d i t i o n  o f  s o i l  e x t r a c t  to  c u l t u r e  media co n ta in in g  

100 p .p .m .  2 :4-D in c r e a s e d  th e  number o f  s u b s e q u e n t  a p p l i c a t i o n s  

o f  the  same q u a n t i t y  of  2:4-D which co u ld  be d e a l t  w i t h  by th e  

c u l t u r e s  f rom a maximum of  2 ( w i t h o u t  s o i l  e x t r a c t )  to  a 

maximum of  10 or 12. F r e s h  s o i l  e x t r a c t  must be added w i th  

e a ch  dose of  2:4-D f o r  t h i s  e f f e c t  to  o c c u r .

V ar ious  q u a n t i t i e s  o f  s o i l  e x t r a c t  and a g a r  d i a l y s a t e  

were added to  th e  25 ml.  medium u s e d .  A l l  c o n c e n t r a t i o n s  used  

f o r  s o i l  e x t r a c t ,  down to  0 . 2 5 / ,  were e f f e c t i v e  in  p ro d u c in g  

com ple te  d e t o x i c a t i o n  of 3^000 p .p .m .  2 :4 -D .  I t  was found 

t h a t  a t  1 0 /  aga r  d i a l y s a t e  was needed to  en su re  com ple te  

d e t o x i c a t i o n  o f  2:4-D a t  the  same c o n c e n t r a t i o n .
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Growth on v a r i o u s  ca rb o n  s u b s t r a t e s  In  u n a e r a t e d  

l i q u i d  c u l t u r e  b o t h  i n  th e  p r e s e n c e  and absence  

o f  2;4-D and th e  e f f e c t  o f  s u c h  c u l t u r e  on 

s u b s e q u e n t  a b i l i t y  to  d e t o x i c a t e  2;4-D i n  ag a r

a ) I n t r e d u c t i o n

No g ro w th ,  as  measured  by i n c r e a s e  i n  c e l l  numbers ,  

o f  t h i s  o rgan ism  ta k e s  p l a c e  i n  s t i l l  c u l t u r e s  w i t h  2 :4-D as the  

o n ly  added ca rb o n  s o u r c e  and no d e c r e a s e  i n  t o x i c i t y  o c c u r s .  

Growth o f  th e  o rg a n ism  and d e t o x i c a t i o n  o f  th e  h e r b i c i d e  however 

o cc u rs  r e g u l a r l y  i n  c u l t u r e s  a e r a t e d  v i g o r o u s l y  and c o n t i n u o u s l y  

w i t h  m o is t  s t e r i l e  a i r .  This d i f f e r e n c e  in  b e h a v io u r  o f  the  

o rgan ism  in  a e r a t e d  and u n a e r a t e d  c u l t u r e  co u ld  be due to  a 

v a r i e t y  o f  f a c t o r s .

That  th e  o rg an ism  i s  s t r i c t l y  a e r o b i c  became 

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

a b l e  to  grow a t  th e  s u r f a c e  o f  s t i l l  l i q u i d  c u l t u r e s  on a 

v a r i e t y  o f  s u b s t r a t e s .  I t  does n o t  a p p e a r  t h a t  a c o n t in u o u s  a i r  

c u r r e n t  th ro u g h  th e  c u l t u r e s  i s  n e c e s s a r y  f o r  g row th  t o  occur  

on a l l  m edia .  The p o s s i b i l i t y  t h e r e f o r e  a r i s e s  t h a t  v ig o ro u s  

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

of  2 :4 -D ,  This s u g g e s t s ,  i f  t r u e ,  t h a t  t h i s  s u b s t a n c e  i t s e l f  

may be  t o x i c  to  th e  b a c t e r i a ,  e s p e c i a l l y  i n  view o f  the s m a l l  

q u a n t i t i e s  which can  be t a c k l e d ,  or  t h a t  d u r in g  the  d e c o m p o s i t io n  

o f  th e  h e r b i c i d e  an i n t e r m e d i a t e  compound i s  p roduced  which  i s
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t o z i c  and which may be " n e u t r a l i s e d "  by o x i d a t i o n  -  e i t h e r  

a c t i v e l y  by th e  b a c t e r i a  under  c o n d i t i o n s  o f  h ig h  oxygen 

c o n c e n t r a t i o n  or s p o n ta n e o u s ly  under  th e s e  s p e c i a l i s e d  c u l t u r e  

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

i s  v o l a t i l e  and th e  p a s sa g e  o f  a c o n t in u o u s  s t r e a m  o f  a i r  

th ro u g h  the  c u l t u r e s  r e d u c e s  i t s  c o n c e n t r a t i o n  below the  l e t h a l  

l e v e l  f o r  the  o rgan ism s in  q u e s t i o n .

I t  was t h e r e f o r e  d e c id e d  to  i n v e s t i g a t e  the  b e h a v io u r  

of  t h i s  o rgan ism  in  s t i l l  c u l t u r e  on o t h e r  ca rb o n  s u b s t r a t e s  

b o th  w i t h  and w i th o u t  2:4-D in  th e  c u l t u r e  medium.

b) E x p e r im e n ta l  method

B o i l i n g  tubes  o f  1" d i a m e t e r  c o n t a i n i n g  10 m is .  o f  

the  c u l t u r e  s o l u t i o n s  and p lugged  w i t h  c o t t o n  wool were used  in  

o rd e r  t h a t  th e  l i q u i d  sh o u ld  be s u f f i c i e n t l y  s h a l lo w  to  p ro v id e  

r e a s o n a b ly  a e r o b i c  c o n d i t i o n s  f o r  g row th .  The tubes  were a u t o -  

c lav ed  a t  15 l b s .  p r e s s u r e  f o r  f i f t e e n  m inu tes  to  s t e r i l i s e .  

V o l a t i l e  or u n s t a b l e  ca rb o n  s u b s t r a t e s  were made up a s e p t i c a l l y  

in  s t e r i l e  g l a s s  d i s t i l l e d  w a te r  and added to  th e  c u l t u r e  f l u i d s  

a f t e r  a u t o c l a v i n g .

S e r i e s  of  tubes  f o r  each  medium were p r e p a r e d  and 

in o c u la t e d  w i th  e q u a l  a l i q u o t s  from a s u s p e n s io n  of  o rgan ism s 

which was a c t i v e l y  decomposing 2 :4-D in  a e r a t e d  c u l t u r e .  The 

c u l t u r e s  were in c u b a te d  a t  25^0 in  th e  d a r k  f o r  seven  days and 

growth e s t im a te d  by eye on an a r b i t r a r y  s c a l e  o f  t u r b i d i t y  0 - 5 .
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P u r t h e r  o b s e r v a t i o n s  were made a f t e r  14, 21 and 28 days b u t  in  

no c a se  was any i n c r e a s e  in  t u r b i d i t y  r e c o rd e d  a f t e r  th e  7 days 

r e a d i n g .

S c a l e

0 -  p e r f e c t l y  c l e a r  -  no t u r b i d i t y

1 - t u r b i d i t y  j u s t  v i s i b l e ,  f a i n t  millQTiess

2 -  f a i r l y  t u r b i d

3 -  t u r b i d

4 -  v e r y  t u r b i d

5 - e x t r e m e ly  t h i c k  growth u s u a l l y  a s s o c i a t e d

w i t h  the  f o r m a t io n  of f l a k e s  in  th e  medium 

and v e ry  dense s u r f a c e  g row th .

A l l  c a rb o n  s u b s t r a t e s  were used  i n  a c o n c e n t r a t i o n  

o f  100 p . p . m . ,  w i t h  and w i t h o u t  100 p .p .m .  2 :4-D .

S u b c u l tu r e s  o f  0 .1  ml.  of each  f l u i d  f rom a l l  tu b e s  

were made on to  2;4-D a g a r  c o n t a i n i n g  100 p .p .m .  2 :4-D and the  

p l a t e s  in c u b a te d  in  the dairk a t  25^0 f o r  14 d a y s .  Phyto  t o x i c  i t y  

in  the a g a r  was th e n  a s say ed  u s in g  th e  c r e s s  s e e d l i n g  t e c h n iq u e  

p r e v i o u s l y  d e s c r i b e d .  P l a t e s  shewing a h ig h  l e v e l  o f  p h y to 

t o x i c i t y  were r e - a s s a y e d  a f t e r  a f u r t h e r  7 and 14 d a y s .

The r e s u l t s  o f  t h e s e  ex p e r im en ts  a r e  s e t  o u t  i n

Table I .



TA3LS I

Growth of 2;4-D decomposing s t r a i n  o f  N oca rd ia  on v a r i o u s 

c a rb o n  s u b s t r a t e s  i n the p r esence  and absence  o f  2:4-D in  

u n a e r a t e d  l i q u i d  c u l t u r e  and the  e f f e c t  of such  c u l t u r e s  on 

su b se q u en t  a b i l i t y  to  decompose 2;4-D on a g a r  p l a t e s .

Garbon 
s u b s t r a t e Growth S u b seq u en t  Growth S u b seq u en t  

No 2:4-D d e t o x i c a -  + 2 :4-D  d e t o x i c a t i o n  
t i o n  of  2 :4-D in

a g a r

No a d d i t i o n a l 0 y 0 e r r a t i c

A c e t ic  a c i d 4 0 4 0

G l y c o l l i c  a c i d 1 0 1 0

G ly o x y l ic  a c id 1 y 1 y

S u c c in ic  a c id 3 y 3 y

Glue ose 2 0 2 0

Sucrose 2 0 2 0

Phenol 3 y 3 y

o - c h lo r  opheno l 2 y 2 /

p - c h l o r  ophenol 2 0 2 0

2 - 4 - d i c h l o r o p h e n o l 0 Û 0 0

2-4 -d Idil or a n i s  o l e 2 0 2 0

4 - c h l o r o r e s o r c i n o l 4 e r r a t i c 0 0

4 - c h i o r  oc a tec  ho 1 2 0 2 0

3 - 5 - d i c h l o r o c a t e c h o l 0 e r r a t i c 0 0

c h i  or ohydroqu inone( BDH) 0 0 0 0

Co-nti
over



TABLE I -  c o n t i n u e d

Carbon
s u b s t r a t e

Hydroquinone

Quinhydrone

c h i o r  ohyd ro q u in o n e  
(M & B)

“7 c h l o r  o -p -b en zo -  
qu inone ( M cc B )

4 - c h l o r  o - 2 - h y d r o - 
p h e n o x y a c e t i c  a c id  

(M & B)

2 - c h l o r o - 4 - h y d r 0 - 
p h e n o x y a c e t i c  a c i d  

(M ScB)

4 -c h lo r o p h e n o x y a c e t i c  
a c id  (M & B)

2 - c h l o r  ophenoxyac e t i c  
a c id  (M & B)

2 - 4 - d i c h l o r o - 6 -  
hydroxyphenos yac e t i c  
a c id  (M k  B)

2 - 4 - d ih y d r  oxyphe n- 
o x y a c e t ic  a c id

1-2-4  t r i h y d r o x y -  
benzene

Growth S u b seq u en t  Growth S ubsequen t
No 2 : 4-D d e t o x i c a t i o n  + 2 :4D d e t o x i c a t i o n

o f  2:4-D

2

0

4

0

0

0

of  2 ; 4-D 
in  a g a r

0

0

0

0

0

0

0

y

y

0

0

in  a g a r

2 .

0

4

0

0

0

0

0

Ü

0

0

0

0

0

0



- 6 9 -

c . R e s u l t

I t  w i l l  be seen  t h a t  w h i l s t  2;4-D i t s e l f  does n o t  

s u p p o r t  g rowth  of  t h i s  o rgan ism  in  u n a e r a t e d  l i q u i d  c u l t u r e  i t s  

p r e s e n c e  does n o t  a f f e c t  the  growth  produced on o th e r  ca rb o n  

s u b s t r a t e s .  2:4-D i t s e l f  in  t h i s  c o n c e n t r a t i o n  i s  n o t  a c t i v e l y  

t o x i c  to  t h i s  p a r t i c u l a r  o rgan ism .  Growth in  s t i l l  c u l t u r e s  i s  

s u p p o r te d  in  v a r y in g  d e g re e s  by a l a r g e  p r o p o r t i o n  o f  the  

s u b s t r a t e s  t e s t e d  -  some w i th  m o lecu les  v e ry  s i m i l a r  to  t h a t  o f  

2 :4 -D .  No g row th  i s  r e c o r d e d  in  s o l u t i o n s  of  2 : 4 - d i c h l o r o p h e n o l ,

2 .4 - d ih y d ro x y p h e n o x y a c e t i c  a c i d ,  1 , 2 , 4 - t r i h y d r o x y b e n z e n e ,

3 . 5 - d i c h l o r o c a t e c h o l ,  c h l o r o - p - b e n z o q u i n o n e , q u in h y d r o n e , 

c h lo ro h y d ro q u in o n e  ( B .D . I i . ) .  This l a s t  s u b s t a n c e  i s  n o t  

g u a r a n t e e d  p u r e .  A s p e c i a l l y  pu re  sample o f  c h lo ro h y d ro q u in o n e  

and o f  c h l o ro -p -b e n z o q u in o n e  was o b ta in e d  ( f ro m  May and B aker)  

w i th  th e  r e s u l t  shewn on th e  Table namely t h a t  c h l o r o h y d r o 

qu inone s u p p o r t s  good g row th  o f  the  o rgan ism  b u t  t h a t  c h l o r o - p -  

benzoqu inone  does n o t .  I t  was t h e r e f o r e  conc luded  t h a t  p u re  

ch lo ro h y d ro q u in o n e  cou ld  be u t i l i s e d  as a c a rb o n  so u rce  by  the  

s t r a i n  of  N ocard ia  in  s t i l l  c u l t u r e  b u t  t h a t  c h l o r o - p - b e n z o 

quinone cou ld  n o t  and t h a t  t h i s  o r  some s i m i l a r  s u b s t a n c e  

hav ing  th e  same a c t i o n  was most p r o b a b ly  p r e s e n t  in  th e  f i r s t  

sample of ch lo ro h y d ro q u in o n e  u se d .

Growth i n  a e r a t e d  l i q u i d  c u l t u r e s  c o n t a i n i n g  100 p .p .m .  

2 :4-D i s  e q u a l  a p p r o x im a te ly  to  "1" on t h i s  a r b i t r a r y  s c a l e .

Very l i t t l e  g rowth  ta k e s  p l a c e  i n  2 :4-D compared w i t h  t h a t  * _



- 7 0 -

p rodaced  by s i m i l a r  c o n c e n t r a t i o n s  o f  o t h e r  ca rb o n  s o u rc e s  

th e  most n o t i c e a b l e  b e in g  the  e x t r e m e ly  heavy growth  on th e  

s u b s t a n c e s  h av in g  v e ry  s i m i l a r  m o lecu les  to  t h a t  o f  2 :4-D 

n a m e ly :-

4 - c h lo r o p h e n o x y a c e t i c  a c id  

2 - c h lo r o -4 - h y d r o x y p h e n o x y a c e t i c  a c i d  

4 - c h lo r o -2 - h y d r o x y p h e n o x y a c e t i c  a c i d .

This heavy  g row th  coup led  w i t h  the  f a c t  t h a t  o rganism s f rom  

th e s e  c u l t u r e s  s u b s e q u e n t l y  t r a n s f e r r e d  to  2:4-D a g a r  p l a t e s  

f a i l e d  to  d e t o x i c a t e  th e  2:4-D would seem to  exc lude  t h e s e  

s u b s t a n c e s  f rom  b e in g  c o n s id e r e d  as i n t e r m e d i a t e s  in  2:4-D 

breakdown.

Very few o f  the  compounds used l e f t  the  b a c t e r i a  

c a p a b le  o f  d e t o x i c a t i n g  2:4-D in  a g a r .  E x c e p t io n s  to  t h i s  

g e n e r a l  r u l e  b e in g  g ly o x y l i c  and s u c c i n i c  a c id s  f rom  the s i d e  

c h a in  p o s s i b i l i t i e s  and 2 - 4 -d ic h lo r o - 6 - h y d r o x y p h e n o x y a c e t i c  

a c i d ,  2 - c h lo r o p h e n o x y a c e t i c  a p i d ,  ph en o l  a n d - o - c h l o r o p h e n o l  o f  

the  r i n g  compounds. I t  s h o u l d  a l s o  be n o te d  t h a t  w hereas  no 

growth  to o k  p l a c e  in  media c o n t a i n i n g  no c a rb o n  sou rce  i . e .  

m in e ra l  s a l t s  on ly  the  organism s i n o c u l a t e d  i n t o  t h e s e  tu b e s  

remained v i a b l e  and a d a p te d  to  2 :4-D breakdown b u t  o rganism s 

in o c u l a t e d  i n t o  media c o n t a i n i n g  2:4-D shewed o n ly  e r r a t i c  

r e t e n t i o n  of the a d a p t a t i o n .  The absence  of  a ca rb o n  s u b s t r a t e  

does n o t  ca u se  d e a t h  o r  d e a d a p t a t i o n  and th e  mere p r e s e n c e  o f  

2:4-D in  company w i th  a n o th e r  ca rb o n  s u b s t r a t e  does n o t  e i t h e r
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b u t  th e  i n o c u l a t i o n  o f  organisms i n t o  s o l u t i o n s  c o n t a i n i n g  2:4-D 

o n ly  as a s o u rc e  of ca rb o n  w i t h o u t  a e r a t i o n  im p a ir s  t h e i r  

a d a p t a t i o n  to  2;4-D breakdown. These o b s e r v a t i o n s  a g a in  s u g g e s t  

t h a t  th e  i n t a c t  2 :4-D m olecu le  i s  n o t  t o x i c  to  the  organism s b u t  

t h a t  an i n t e r m e d i a t e  p roduced  v e ry  e a r l y  on in  th e  d e t o x i c a t i o n  

p r o c e s s  i s ,  and t h a t  t h i s  can  on ly  be d e a l t  w i t h  in  a e r a t e d  

c u l t u r e s .

d)  ‘The e f f e c t  o f  s o i l  e x t r a c t  and t r y p to n e  on growth  in  

u n a e r a t e d  l i q u i d  c u l t u r e

i • In t ro d u c  t i o n

The r e s u l t s  of  p r e v io u s  ex p e r im en ts  had shewn t h a t  

l a r g e  q u a n t i t i e s  of  2 ;4 -D ,  up to  1000 p . p . m . ,  c o u ld  be d e t o x i c a t e d  

in  th e  p r e s e n c e  o f  s o i l  e x t r a c t  in  a e r a t e d  c u l t u r e . I t  was 

t h e r e f o r e  d e c id e d  to  f i n d  th e  e f f e c t  of  s o i l  e x t r a c t  on the  

r e t e n t i o n  o f  2 :4-D a d a p t a t i o n  by th e s e  organisms d u r in g  c u l t u r e  

in  s t i l l  l i q u i d s  c o n t a i n i n g  2 :4-D in  c o n c e n t r a t i o n s  o f  100 and 

1000 p .p .m .

i i .  E x p e r im e n ta l  method

An e x a c t l y  s i m i l a r  method to  t h a t  used i n  th e  

expe r im en ts  j u s t  d e s c r i b e d  was employed. C o n c e n t r a t i o n s  o f  

100 p .p .m .  2:4-D and 1000 p .p .m .  were u s e d .  C o n c e n t r a t i o n s  of 

1% and 10^ s o i l  e x t r a c t  and a l s o  1 p .p .m .  and 10 p .p .m .  t r y p t o n e  

were employed.
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The r e s u l t s  o f  t h i s  e x p e r im en t  a r e  shewn in  Table I I

b e lo w .

TABLE I I

S u b s t r a t e Growth 
no 2 :4 -D .

Subsequen t  
d e t o x i c a t i o n  
o f  2:4-D on 

ag a r

Growth 
+ 2 :4-D

Su b seq u e n t  
d e t o x i c a t i o n  
of  2 :4-D on 

a g a r

1 ppm.Tryptone 0-1 v e r y  
l i t t l e  i f  
any ___

y
0-1 vX

10 ppm.Tryptone 1 v / 1 vX

1% s o i l  e x t r a c t 1 y 1

10^8o i l  e x t r a c t 2 2 y

10 ppm. 2:4-D 0 0

1000 ppm.2 :4-D 0 0

1 ppm.Tryptone 
1000 ppm.2:4-D 2 vX

lOppm. Tryptone 
lOOOppm.2:4-D 3

v X

ifo s o i l  e x t r a c t  
1000ppm.2:4-D 2

wX

lO/oSoil e x t r a c t  
lOOOppm.2:4-D 3 v X

i i i .  Two i n t e r e s t i n g  f e a t u r e s  emerge from t h i s  

e x p e r im e n t .  The f i r s t  r e m a rk a b le  f a c t  i s  t l i a t  no l o s s  in  

a d a p t a t i o n  to  2 ;4-D breakdown occu rs  w i t h  th e  organisms i n o c u l a t e d  

in to  e i t h e r  100 ppm. or  1000 ppm. 2:4-D i n  the  p r e s e n c e  o f  s o i l  

e x t r a c t  o r  o f  v e ry  s m a l l  q u a n t i t i e s  o f  th e  p a n c r e a t i c  d i g e s t  o f  

c a s e i n  known as t r y p t o n e .  These s u b s t a n c e s  on t h e i r  own in  t h e s e
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s m a l l  q u a n t i t i e s  .cause no d e - a d a p t a t i o n  in  t h e s e  c o n c e n t r a t i o n s .  

The second f a c t  is  t h a t  w h i l s t  no g row th  occurs  in  c u l t u r e s  

c o n t a i n i n g  o n ly  m in e ra l  s a l t s  and 2 ;4-D , some growth  occurs  on 

s o i l  e x t r a c t  and t r y p t o n e  in  th e  absence  of  2 :4 -D ,  no i n c r e a s e  

in  t h i s  g row th  i s  m easu rab le  on the  a d d i t i o n  o f  2 :4-D (100  p . p . m . )  

to  t r y p t o n e  or s o i l  e x t r a c t  in  the  c u l t u r e s ,  y e t  c u l t u r e s  

c o n t a i n i n g  s o i l  e x t r a c t  or t r y p t o n e  p lu s  1000 p .p .m .  2:4-D shew 

some i n c r e a s e  in  t u r b i d i t y  over  t h a t  r e c o r d e d  f o r  th e  s o i l  

e x t r a c t  o r  t r y p t o n e  a l o n e .  This s u g g e s t s  t h a t  a m i n u t e , 

unde tec  t a b l e  g row th  o cc u rs  in  c u l t u r e s  c o n t a i n i n g  the  low er  

c o n c e n t r a t i o n  o f  2 : 4 -D. ho m easu rab le  d e t o x i c a t i o n  o c c u r r e d  in  

any o f  t h e s e  c u l t u r e s .

These f a c t s  a g a in  s u g g e s t  th e  p a r t i a l  n e u t r a l i s a t i o n  

of  the  t o x i c  e f f e c t  o f  an i n t e r m e d i a t e  s u b s t a n c e  p roduced  e a r l y  

on in  the  d e c o m p o s i t io n  o f  th e  2 ;4-D . The n e u t r a l i s a t i o n  c a n n o t  

be com ple te  s i n c e  th e n  i t  would be e x p e c te d  t h a t  d e t o x i c a t i o n  

of  th e  medium would t a k e  p l a c e .  This however seems on ly  p o s s i b l e  

in  a e r a t e d  m edia .  The n e u t r a l i s a t i o n  i s  s u f f i c i e n t ,  i n  u n a e r a t e d  

c u l t u r e ,  to  p r e v e n t  l o s s  of  a d a p t a t i o n ;  no r e d u c t i o n  in  th e  

v i t a l i t y  o f  th e  organisms as a w ho le ,  or  of  the  p a r t i c u l a r  

enzyme sys tem s  in v o lv e d  in  t h e  breakdown o f  2:4-D b e in g  d e t e c t a b l e  

under th e s e  c o n d i t i o n s .

Tryptone i s  a p a n c r e a t i c  d i g e s t  o f  c a s e i n  and i t s  

e f f e c t i v e n e s s  in  r e p l a c i n g  s o i l  e x t r a c t  in  the  above e x p e r i m e n t s ,  

in  v e ry  low c o n c e n t r a t i o n s ,  s u g g e s t s  t h a t  the a c t i v e  f a c t o r  in
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s o i l  e x t r a c t  may w e l l  be an amino a c i d ^  R ogoff  and Reid  1956, 

have o b ta in e d  d e c o m p o s i t io n  of up to  3 ,000  p .p .m .  2:4-D by 

c u l t u r e s  o f  a C o ry n e b a c te r iu m  in  a medium c o n t a i n i n g  g lu ta m ic  

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

more e f f i c i e n t  breakdown of 2:4-D by N o ca rd ia .  /îppenciix.

e ) .  The compounds of  i n t e r e s t  in  the  f u r t h e r  s tu d y  of 

th e  mode of  breakdown of 2:4-D by t h i s  o rgan ism  emerging f rom  

t h i s  s e r i e s  o f  e x p e r im e n ts  a r e  : f i r s t l y  th o se  which w h i l s t  b e in g  

u t i l i s e d  as ca rb o n  s u b s t r a t e s  do n o t  cau se  any su b s e q u e n t  l o s s  

of a d a p t a t i o n  to  the  m e tab o l ism  o f  the  2:4-D m olecu le  by th e  

organisms so  u s in g  them. These compounds a r e  p o s s i b l e  i n t e r 

m ed ia te s  in  th e  breakdown p ro c e s s  b u t  w i th  one im p o r ta n t  

r e s e r v a t i o n ,  th e y  a r e  m e ta b o l i s e d  in  th e  absen ce  of a e r a t i o n ;  

2t4-D i s  n o t ,  t h e r e f o r e  th e  m e tab o l ism  of  any o f  th e s e  s u b s t a n c e s  

c a n n o t  be th e  f i r s t  s t e p  in  th e  p r o c e s s  -  one or  more s t a g e s  

r e q u i r i n g  a e r a t i o n  must occu r  p r i o r  to  the  d e s t r u c t i o n  o f  any 

of  t h e s e  compounds. The compounds c o n s id e r e d  u n d e r  t h i s  

c a t e g o r y  a r e

G ly o x y l ic  a c i d  

s u c c in n i c  a c id

2 :4  - d i c h l o r o -6 -hydroxyphenoxyac e t i c  ac id

2 - c h lo r o p h e n o x y a c e t i c  a c id  

• o r t h o - c h lo ro p h e n o l  

p h en o l
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There i s  a l s o  th e  p o s s i b i l i t y  t h a t  any or a l l  of th e s e  

compounds f o l lo w  a c o m p le te ly  d i f f e r e n t  m e ta b o l ic  pathway from 

t h a t  o f  2:4-D and the  l a t t e r  mechanism i s  l e f t  u n im p a i re d .  This 

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

grow 2:4-D d e s t r o y i n g  organisms on any media c o n t a i n i n g  ca rb o n  

s u b s t r a t e s  o t h e r  th a n  2:4-D and a t  the  same time r e t a i n  t h e i r  

a d a p t a t i o n  to  2:4-D has met w i th  f a i l u r e .

The second group o f  compounds o f  i n t e r e s t  a r e  th o s e  

upon w hich  t h i s  o rg an ism  i s  unab le  to  grow in  the  absence  of  

a e r a t i o n .  Tliese s u b s t a n c e s  a r e  e i t h e r  m a t e r i a l s  which  c a n n o t  

be u t i l i s e d  by t h i s  o rg an ism  as  a ca rb o n  s u b s t r a t e  o r  th ey  may 

be a c t i v e l y  t o x i c  to  th e  b a c t e r i a  in  t h i s  c o n c e n t r a t i o n .

The compounds to  be c o n s id e r e d  under  t h i s  c a t e g o r y

a r e  ; -

2:4-D i t s e l f

2-4 d i c h l o r o p h e n o l

3-5  d i c h l o r o c a t e c h o l

ch lo ro h y d ro q u in o n e  (B .D .H .)

Quinhydrone

c h lo ro -b e n z o q u in o n e

2-4 d ih y d ro x y p h e n o x y a c e t i c  a c id

1 -2 -4  t r ih y d ro x y b e n z e n e
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G o n s id e r ln g  t h i s  l a s t  group o f  compounds

C hlo rohydroqu inone  has a l r e a d y  been  d i s c u s s e d ,

2 :4 -D . As f a r  as i t  i s  p o s s i b l e  to  a s c e r t a i n  the  

i n t a c t  2:4-D m olecu le  i s  n o t  t o x i c  to  th e s e  o rg an ism s .  No 

r e d u c t i o n  i n  grow th  or v i a b i l i t y  on any o t h e r  s u b s t r a t e  has  been  

r e c o r d e d  f o r  t h i s  o rg an ism  in  th e  p r e s e n c e  o f  2:4-D as compared 

w i t h  e x a c t l y  s i m i l a r  c u l t u r e s  in c u b a te d  in  th e  aosence  o f  2 :4 -D .

Tlie r em a in in g  s i x  compounds

No d e t e c t a b l e  growth  took  p la c e  on th e s e  m a t e r i a l s  

(100 p .p . m . )  No s u b s e q u e n t  d e t o x i c a t i o n  o f  2:4-D o c c u r r e d  when 

organism s f rom  th e s e  c u l t u r e s  were p l a t e d  o u t  onto  2:4-D a g a r .  

Organisms rem ain  v i a b l e  and ad a p te d  to  2:4-D breakdown in  the  

mere absen ce  o f  a c a rb o n  s u b s t r a t e  t h e r e f o r e  i t  a p p e a r s  t h a t  n o t  

on ly  a r e . t h e s e  s u b s t a n c e s  unab le  to  s u p p o r t  g row th  of  t h i s  

o rgan ism  u n d e r  t h e s e  c i r c u m s ta n c e s  b u t  t h a t  a t  t h i s  c o n c e n t r a t i o n ,  

100 p . p . m , , th e y  a r e  a c t i v e l y  t o x i c  to  i t .

C o n c e n t r a t i o n s  o f  up to  100 p .p .m .  o f  any o f  t h e s e  

m a t e r i a l s  wouJ.d be most u n l i k e l y  t o  occur  in  any e x p e r i m e n ta l  

c u l t u r e  c o n t a i n i n g  i n i t i a l l y  on ly  100 p .p .m .  2 :4 -D .

E xper im en ts  t o  f i n d  th e  e f f e c t  o f  much s m a l l e r  

q u a n t i t i e s  o f  t h e s e  m a t e r i a l s  on th e  o rgan ism  were s e t  up .
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f ) The e f f e c t  o f  t h e s e  compoands on growth  of  th e

o rgan ism  in  l i q u i d  c u l t u r e  c o n t a i n i n g  0^V/^ g lu c o s e  

as a ca rb o n  s u b s t r a t e

The methods used were e x a c t l y  s i m i l a r  to  th o s e  used  in  

t h e  p r e v io u s  s t i l l  c u l t u r e  e x p e r i m e n t s .  The r e q u i s i t e  q u a n t i t i e s  

o f  the a d d i t i o n a l  o rg a n ic  m a t e r i a l s  were added a s e p t i c a l l y  a f t e r  

s t e r i l i s a t i o n  of  the main medium. C o n c e n t r a t i o n s  of  10, 1 . 0  and 

Ool p .p .m .  o f  the  s u b s t a n c e s  were used -  t h a t  i s  10;o, Vp and 0*1% 

o f  the  i n i t i a l  c o n c e n t r a t i o n  o f  2:4-D n o rm a l ly  u s e d .

TABLE I I I

Growth o f  2;4-D e f f e c t i v e  o rg an ism  on Q.1% 

g lu c o s e  in  the  p r e s e n c e  of  t o x i c  s u b s t a n c e s

C o n c e n t r a t i o n  -  p .p .m .

Compound 10 1 . 0 0 .1 0
Growth measured

as
on a r b i t r a r y  

b e f o r e
s c a l e

g u inhydrone 2 2 2
!

2 j

2-4 d i c h l o r o p h e n o l 0 0- 1 2 i

3-5  d i c h l o r o c a t e c h o l 2 2 2 2 _, !

c h lo ro - p -b e n z o q u in o n e 0 . 0-1 1—2 2 '■!

2-4 d ihydroxyphenoxy-  
a c e t i c  a c i d 1 1-2 2

■ -1
2

1 -2 -4  t r ih y d ro x y b e n z e n e 2 2 2 2
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These r e s u l t s  shew t h a t  a t  c o n c e n t r a t i o n s  o f  10 p .p .m .  

or l e s s  ( i . e .  e q u i v a l e n t  to  10^ or  l e s s  o f  th e  o r i g i n a l  2:4-D 

c o n c e n t r a t i o n  in  a e r a t e d  c u l t u r e s )  q u in h y d ro n e ,  3-5  d i c h l o r o 

c a t e c h o l ,  and 1 : 2 : 4  t r ih y d ro x y b e n z e n e  do n o t  a f f e c t  g row th  on 

g lu c o s e  in  s t i l l  c u l t io r e .  I t  a p p e a rs  t h a t  t h e s e  s u b s t a n c e s  a re  

n o t  th e m se lv es  m e ta b o l i s e d  s in c e  a d e n s e r  growth  than  t h a t  

r e c o r d e d  f o r  th e  c o n t r o l  tubes  c o n t a i n i n g  g lu c o s e  on ly  would th e n  

be e x p e c te d ,  b u t  t h a t  a c o n c e n t r a t i o n  g r e a t e r  than  10 p .p .m .  i s  

n e c e s s a r y  f o r  t o x i c i t y  to  be n o t i c e a b l e .  No growth  was r e c o rd e d  

in  c u l t u r e s  c o n t a i n i n g  t h e s e  s u b s ta n c e s  in  t h e  p r e v io u s  s e t  o f  

e x p e r im e n t s .  These s u b s t a n c e s  do n o t  then  s u p p o r t  g row th  in  

u n a e r a t e d  c u l t u r e  b u t  a t  c o n c e n t r a t i o n s  of  10 p .p .m .  or  l e s s  do 

n o t  i n h i b i t  g row th  on o th e r  ca rb o n  s u b s t r a t e s .

2 :4  d i c h l o r o p h e n o l  e n t i r e l y  p r e v e n t s  growth  o f  t h e  

o rgan ism  in  c o n c e n t r a t i o n s  as low as 1 p .p .m .  and l e s s  g row th  i s  

r e c o r d e d  a t  Q . l  p .p .m .  th a n  f o r  th e  c o n t r o l  t u b e s .  This  

s u b s t a n c e  i s  t o x i c  to  t h i s  o rgan ism  in  e x t r e m e ly  low c o n c e n t r a 

t i o n s  and a c o n c e n t r a t i o n  e q u i v a l e n t  to  on ly  1% o f  th e  o r i g i n a l  

2 :4-D added to  a e r a t e d  c u l t u r e s  i s  s u f f i c i e n t  to  c o m p le t e ly  

i n h i b i t  g row th  i n  s t i l l  c u l t u r e s .

C h lo ro - p -b e n z o q u in o n e . Here a s i m i l a r  p i c t u r e  i s  

p r e s e n t e d  b u t  s l i g h t  g row th  i n  t h i s  ca se  to o k  p l a c e  in  some of  

th e  c u l t u r e s  c o n t a in i n g  1 p .p .m .  of  t h i s  s u b s t a n c e .  'The g row th  

a t  t h i s  l e v e l  was e r r a t i c  - shewing t o x i c i t y  was s t i l l  p r e s e n t .
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T o x i c i t y  had a lm o s t  d i s a p p e a r e d  a t  th e  0 .1  p .p .m .  l e v e l  b u t  some 

i n h i b i t i o n  o f  grow th  as compared w i t h  th e  c o n t r o l s  was s t i l l  

r e c o r d e d .

2 :4  d ih y d ro x y p h en o x y a ce t ic  a c i d . This s u b s t a n c e  

shewed some i n t e r f e r e n c e  w i t h  growth  of t h i s  o rg an ism  a t  the  

10 p .p .m .  l e v e l  b u t  v e ry  l i t t l e  a t  c o n c e n t r a t i o n s  low er  th a n  

t h i s .  C o n c e n t r a t i o n s  g r e a t e r  than  10^ o f  the  o r i g i n a l  2:4-D 

would t h e r e f o r e  be needed to  c o m p le te ly  p r e v e n t  g row th .

Prom th e s e  o b s e r v a t io n s  two s u b s t a n c e s  emerge as  b e in g  

h i g h l y  t o x i c  to  t h i s  p a r t i c u l a r  o rgan ism  in  low c o n c e n t r a t i o n s  

and a l s o  hav ing  a m o le c u la r  s t r u c t u r e  which  co u ld  d e r i v e  f rom 

th e  breakdown o f  th e  2 :4-D m o le c u le .  These two s u b s t a n c e s  a r e  

2 ,4  d i c h l o r o p h e n o l  and c h l o ro - p -b e n z o q u in o n e .  2 :4  d i c h l o r o p h e n o l  

c o u ld  t h e o r e t i c a l l y  be d e r i v e d  from 2 :4-D by the  rem oval  by  

h y d r o l y s i s  o f  th e  a c e t i c  a c i d  s i d e - c h a i n  as p u t  fo rw ard  as a 

p o s s i b l e  f i r s t  s t e p  by Audus 1952. The f o r m a t io n  of  c h l o r o - p -  

benzoqu inone  in v o lv e s  the  removal  of  th e  s id e  c h a in  and o f  the 

p a r a  p o s i t i o n  c h l o r i d e  ion  and i t s  r e p la c e m e n t  by OH. The 

f o r m a t io n  o f  th e  quinone from h y d ro q u in  one would then  p resum ab ly  

be d e p e n d e n t  upon c u l t u r a l  c o n d i t i o n s  -  n e u t r a l  t o  a l k a l i n e  pH 

and r a p i d  a e r a t i o n .  I f  t h i s  i s  so i t  would seem t h a t  u n a e r a t e d  

c u l t u r e s  shou ld  be more e f f e c t i v e  in  b r e a k i n g  down 2 :4-D s i n c e  

c h lo ro h y d ro q u in o n e  i s  e a s i l y  and r a p i d l y  m e ta b o l i s e d  i n  

u n a e r a t e d  c u l t u r e .
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B o th  of  th e s e  s u b s t a n c e s  -  2 : 4 - d i c h l o r o p h e n o l  and 

c h lo ro -p -b e n z o q u in o n e  a r e  v o l a t i l e  in  so f a r  as  th e y  a r e  p r e s e n t  

in  the  a i r  s t r e a m  l e a v i n g  f l a s k s  c o n t a i n i n g  a w a te ry  s o l u t i o n  

of  them and th e y  can  be t r a p p e d  by p a s s in g  th e  a i r  s t r e a m  

th ro u g h  an a l k a l i n e  s o l u t i o n  such as NaOE. Both  s u b s t a n c e s  

r e a c t  w i t h  P o l i n  and O i o c a l t e u ’s p h en o l  r e a g e n t  and imy th u s  

be  " d e t e c t e d  i n  su ch  an a l k a l i n e  t r a p .
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5• The e f f e c t  o f  th e s e  t o x i c  coiapounds on d e t o x i c a t i o n  

o f  2;4-D i n  a e r a t e d  l i q u i d  c u l t u r e

a • E x p e r im e n ta l  methods

C u l tu r e  tu b e s  were s e t  up as p r e v i o u s l y  d e s c r i b e d  f o r  

a e r a t e d  l i q u i d  c u l t u r e  e x p e r i m e n t s . The r e q u i s i t e  q u a n t i t i e s  

o f  the  a p p r o p r i a t e  compounds were added a f t e r  a u t o c l a v i n g  and 

j u s t  p r i o r  to  i n o c u l a t i o n  o f  the  c u l t u r e  s o l u t i o n s .  Samples 

were t a k e n  a t  i n t e r v a l s  th ro u g h o u t  th e  e x p e r i m e n ta l  p e r i o d .

The c u l t u r e  s o l u t i o n s  c o n t a in e d  th e  u s u a l  m i n e r a l  s a l t s  

t o g e t h e r  w i t h  100 p .p .m .  2 :4-D and 1 , 0  or  10 p .p .m .  o f  one of 

the  compounds under  i n v e s t i g a t i o n .  C o n t ro l  tubes  c o n t a i n e d  

m in e r a l  s a l t s  and 100 p .p .m .  2:4-D o n ly .  The e x p e r im en ts  were 

d i s c o n t i n u e d  a f t e r  23 days owing to  e v a p o r a t i o n  o f  the  c u l t u r e  

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

b .  The r e s u l t s  o f  th e s e  ex p e r im en ts  a r e  s e t  o u t  in  
Po-eie

Table IV  ̂and Appendix XXI. I t  w i l l  be s e en  t h a t  a l l  of th e  

compounds d e l a y  the  d e t o x i c a t i o n  o f  2 :4-D in  s p i t e  of  th e  f a c t  

t h a t  th e  2 : 4 - d i c h l o r o p h e n o l ,  f o r  exam ple , i s  bub b led  o u t  o f  th e  

s o l u t i o n  w i t h i n  48 h o u r s .  At- the  cone en t r a  t i o n s  used  t h e s e  

compounds a r e  a l l  t o x i c  to  the  o rgan ism  concerned  in  so f a r  a s  

th e y  a c t  as i n h i b i t o r s  to  the  breakdown p r o c e s s  o f  2:4-D th e  

most s t r i k i n g  e f f e c t  i s  s e e n  w i th  1 - 2 - 4 - t r i h y d r  oxybenzene and

2 -4 -d ih y d ro x y p h e n o x y a c e t ic  a c i d .  In  n e i t h e r  o f  th e s e  c a s e s  was 

any d ro p  i n  the  p h y t o t o x i c i t y  of  th e  s o l u t i o n s  d e t e c t e d  even a t
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the  lower  c o n c e n t r a t i o n .  3 -5  d i c h l o r o c a t e c h o l  behaves in  the  

same manner f o r  the h i g h e r  c o n c e n t r a t i o n  b u t  d e t o x i c a t i o n  of 

th e  low er  was r e c o rd e d  a f t e r  20 days i n c u b a t i o n  and a e r a t i o n .  

I f  any of  th e s e  s u b s t a n c e s  ap p e a r  as i n t e r m e d i a t e s  in  the  

breakdown p r o c e s s  of 2:4-D c o n c e n t r a t i o n s  o f  l e s s  th an  1% o f  

the  i n i t i a l  (100  p .p .m . )  2;4-D must be ensu red  in  th e  c u l t u r e  

medium i f  d e t o x i c a t i o n  i s  to occur  in  th e  u s u a l  ( 7 -1 0  days)  

t ime f o r  t h i s  type  of e x p e r im e n t .

S in ce  no a c c u m u la t io n  of  i n t e r m e d i a t e  has been  found 

in  th e  c u l t u r e  s o l u t i o n s ,  and the  p ro c e s s  o f  d e t o x i c a t i o n  of  

the  h e r b i c i d e  m olecu le  ap p ea rs  to  be c o n t in u o u s ,  i t  i s  th o u g h t  

more l i k e l y  t h a t  a t o x i c  s u b s t a n c e  i s  produced e a r l y  in  th e  

p r o c e s s  and t h a t  th e  o v e r a l l  r q t e  o f  th e  d e c o m p o s i t io n  depends 

on th e  r a t e  o f  n e u t r a l i s a t i o n  of  the  t o x i c i t y  o f  t h i s  i n i t i a l  

m a t e r i a l .  T h e re fo re  the  fo rm a t io n  of 2-4 :d i c h l o r o p h e n o l  i s  

c o n s i d e r e d  most l i k e l y  as a f i r s t  s t e p  in  th e  breakdown. 

C h lo ro -p -b e n z o q u in o n e  i s  a p o s s i b i l i t y  b u t  i n  t h a t  case  i t s  

p r e c u r s o r  would p ro b a b ly  be 2-4 d i c h l o r o p h e n o l  g iv in g  c h l o r o 

hydroqu inone  o x i d i s i n g  to  c h lo ro -p -b e n z o q u in o n e  in  th e  c u l t u r e  

s o l u t i o n s ,
o n  p  S i t '
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TABLE W

A d d i t i o n a l  
Subs t r a te

2 :4  d i c h l o r o p h e n o l  

c h lo ro -p -b e n z o q u in o n e

1 -2 -4  t r ih y d ro x y b e n z e n e

2-4 d ihydroxyphenoxy-  
a c e t i c  a c id

3 -5  d i c h l o r o c a t e c h o l  

Quinhydrone

No a d d i t i o n s

Time ta k e n  to  d e t o x . 100 p .p .m .  
2:4-D in  days in  p r e s e n c e  o f  
a d d i t i o n a l  s u b s t r a t e

Conee n t r a  t i o n
10 p . p . m .

IG

21
22+

22+

2 2+
21

10

15

15

22+

22+

20

21

The e f f e c t  o f  add ing  sm a l l  q u a n t i t i e s  o f  to x ic  

s u b s t a n c e s  to  a e r a t e d  s o l u t i o n s  c o n t a in i n g  

100 p .p .m .  2;4-D
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I f  ch lo ro h y d ro q u in o n e  i s  produced as an  In te rm e d ia  be, 

p recum ahly  from 2 :4 - d i c h l o r o p h e n o l  th e n  i t  shou ld  be decomposed 

r a p i d l y  to  th e  n e x t  s t a g e  in  the  breakdown p r o c e s s  s i n c e  i t  i s  

e a s i l y  m e ta b o l i s e d  even  i n  u n a e ra t e d  s o l u t i o n s .  Sm al l  q u a n t i t i e s  

of  c h l o ro -p -b e n z o q u in o n e  may fo rm  in  the  c u l t u r e  f l a s k s  due to  

th e  e x p e r i m e n ta l  c o n d i t i o n s .  This would cause  a s low ing  down 

of th e  o v e r a l l  p r o c e s s  of 2:4-D d e c o m p o s i t io n  owing to  th e  

t o x i c  e f f e c t  of t h i s  s u b s ta n c e  on th e  o rganism s c o n c e r n e d .

2 :4 -D ih y d r  oxyphe noxyac e t i c  a c id  i s  a p o s s i b l e  i n t e r m e d i a t e ,  

i f  i n  the  breakdown of the  2;4-D m o le cu le ,  the  f i r s t  s t a g e s  

a r e  the  r e p l a c e m e n t  of the 2 and 4 p o s i t i o n  c h l o r i d e  io n s  by 

h y d ro x y l  g r o u p s .  2 :4 -D ih y d ro x y p h e n o x y ac e t ic  a c i d  i s  h i g h l y  

t o x i c ,  to  th e  N ocard ia  s t r a i n  used in  t h i s  work, i n  u n a e r a t e d  

c u l t u r e  and has n o t  been  found to  be v o l a t i l e  under  th e  u s u a l  

e x p e r i m e n ta l  c o n d i t i o n s .  I f  2 :4 -D ih y d ro x y p h en o x y ace t ic  a c i d  

i s  formed th e  n e x t  s t e p  would l o g i c a l l y  a p p e a r  to  be the  

f o r m a t io n  o f  1 : 2 : 4 - t r i h y d r o x y b e n z e n e . This l a t t e r  s u b s t a n c e  

i s  as t o x ic  to  th e se  organisms as 2 : 4 -d ih y d ro x y p h e n o x y a c e t ic  

a c i d  and i s  u n l i k e l y  to  be produced i n  any q u a n t i t y  as a second  

s t a g e  f rom  i t .  N e i t h e r  of th e s e  two s u b s t a n c e s  s u p p o r t  g row th  

of th e  o rg an ism  when s u p p l i e d  as th e  on ly  added ca rb o n  so u rc e  

and th e y  do n o t  d i s a p p e a r ,  in  m easu rab le  q u a n t i t i e s ,  f rom  such 

c u l t u r e  s o l u t i o n s .  I t  i s  t h e r e f o r e  r e a s o n a b le  to  suppose  t h a t  

f i r s t l y : -  i f  2 ;4 -d ih y d ro x y p h e n o x y a c e t ic  a c i d  i s  formed i t  must 

accum ula te  i n  the  c u l t u r e  medium and s e c o n d ly  ( b u t  t h i s  i s  

c o n s id e r e d  u n l i k e l y )  i f  i t  i s  f u r t h e r  m e ta b o l i s e d  to  form  ^
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l : 2 ; 4 - t r i h y d r o x y b e n z e n e  t h i s  l a t t e r  s u b s t a n c e  w i l l  

accum ula te  in  the  c u l t u r e  medium and i n  an a l k a l i  t r a p  

a t t a c h e d  to  the  a i r  su p p ly  o u t l e t  tube f rom  the  f l a s k .

Both  2 :4 -d ih y d ro x y p h e n o x y ac e t ic  a c id  and 1 : 2 : 4 - t r i h y d r o x y -  

benzene g ive  a p o s i t i v e  r e a c t i o n  f o r  p h e n o l ic  m a t e r i a l  w i t h  

P o l  i n  and . Ô i o c a l t e n ’s pheno l  r e a g e n t .  E i t h e r ,  t h e r e f o r e , i f  

p r e s e n t  in  the  c u l t u r e  s o l u t i o n s  in  s u f f i c i e n t  q u a n t i t y  ( i . e .

1 p . p . m . )  w i l l  g ive  a p o s i t i v e  r e a c t i o n  w i t h  t h i s  t e s t .  As 

w i l l  be seen  l a t e r  ( p a g e 102) no co n t in u o u s  a c c u m u la t io n  of 

p h e n o l i c  s u b s t a n c e s  has been  d e t e c t e d .

3 ; 5 - d i c h l o r o c a t e c h o l  a g a in  cou ld  n o t  be the f i r s t  

s t e p  in  th e  breakdown p ro c e s s  and i t  i s  d i f f i c u l t  to  s e e  what  

compound n o t  g iv in g  a p h e n o l ic  r e a c t i o n  c o u ld  be formed as  the  

n e x t  s t e p ,  y e t  r e t a i n i n g  s u f f i c i e n t  of i t s  s t r u c t u r e  to  be 

f u r t h e r  m e ta b o l i s e d  i n t o  a p h en o l ic  s u b s t a n c e  l a t e r  on in  th e  

p r o c e s s .  Thi-s p o i n t  i s  f u r t h e r  d i s c u s s e d  on page 11^.

6 .  Carbon s u b s t r a t e s  u t i l i s e d  by the  2;4-D d e s t r o y i n g

s t r a i n  of  N ocard ia  in  the  absence  o f  a e r a t i o n  of the  

l i q u i d  c u l t u r e s  and w i th o u t  p ro d u c in g  subsequen t  

d e a d a p t a t i o n  Id  the  breakdown of 2 :4 -D .

Of the  compounds t e s t e d  on ly  6 f u l f i l l e d  t h e  above 

r eq u i rem e n  ts  namely : -
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2 :4 -d ic h lo ro -6 -h y d ro x y p h e n o x y a c e  t i c  ac id

2 - c h lo r o p h e n o x y a c e t i c  a c i d  

o - c h lo r o p h e n o l  

p h en o l

s u c c in n ic  a c id  

g l y o x y l i c  ac i d .

These s u b s t a n c e s  a r e  a l l  m e ta b o l i s e d  in  the  p r e s e n c e  

or absen ce  of  2:4-D in  a e r a t e d  or  s t i l l  c u l t u r e s .  L i t t l e  

g row th  i s  r e c o rd e d  i n  a e r a t e d  c u l t u r e  f o r  p h en o l  and o- 

c h i o r o p h e n o l .  This i t  i s  f e l t  i s  due to  l o s s  o f  the  s u b s t r a t e  

by v o l a t i l i s a t i o n  r a t h e r  than  to  any i n a b i l i t y  of the  o rg an ism  

to  u t i l i s e  i t .  B o th  of th e se  s u b s t r a t e s  a r e  v e ry  v o l a t i l e .  

S in c e  th e s e  s u b s t r a t e s  a r e  u t i l i s e d  in  p r e f e r e n c e  to  2 :4 -D ,  

even though  n o t  c a u s in g  d e a d a p t a t i o n  to  the  h e r b i c i d e  m o le c u le ,  

i t  i s  th o u g h t  l i k e l y  t h a t  e i t h e r  t h e i r  m e tab o l ism  in  f a c t  does 

n o t  f o l lo w  the  same pathway as 2:4-D -  t h a t  i s  t h e s e  s u b s t a n c e s  

a r e  n o t  i n t e r m e d i a t e  in  the  breaM own of 2 :4-D - o r  t h a t  i f  

t h e y  a r e  i n t e r m e d i a t e  p ro d u c ts  in  the  m e tab o l ism  of  th e  

h e r b i c i d e  th e y  a r e  produced a t  a s t a g e  a f t e r  th e  f o r m a t io n  of 

th e  p o s t u l a t e d  to x i c  i n t e r m e d i a t e . T h e i r  m e tab o l i sm  t h e r e f o r e  

p ro d u ces  no s u b s t a n c e  or s u b s t a n c e s  d e l e t e r i o u s  to  the  

o rgan ism  and a t  th e  same time l e a v e s  the enzyme sys tem s 

in v o lv e d  i n  th e  m e tab o l ism  of 2 :4-D u n im p a i r e d .  C o n s id e r in g  

each  of  t h e s e  s u b s t a n c e s  in  t u r n : -
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2 ;4-d icliloro-6-hydrQ xyplienoxyace t i c  acid

The on ly  p o s s i b l e  s t a g e  i n  th e  breakdown of  2:4-D 

a t  which  t h i s  s u b s t a n c e  co u ld  be p roduced  i s  the  i n i t i a l  one ,  

by the  a d d i t i o n  of  a h y d ro x y l  group i n t o  th e  r i n g  a t  p o s i t i o n  

6 . I f  t h i s  i s  the  i n i t i a l  s t a g e  t h e n ,  and t h i s  s u b s t a n c e  i s  n o t  

po isonous  to  the  organism s t h e r e  i s  no r e a s o n  f o r  the c e s s a t i o n  

of growth b e f o r e  the  e x h a u s t i o n  o f  the s u b s t r a t e  u n l e s s  a l a t e r  

i n t e r m e d i a t e  p roves  t o x i c .  In  t h i s  case  2 : 4 - d i c h l o r o - 6 - h y d r o x y -  

ph en o x y ace t ic  a c id  would be no more e a s i l y  u t i l i s e d  as a so u rce  

of ca rbon  than  th e  2 :4-D m o le c u le .  The h e a v i e r  g row th  r e c o r d e d  

on t h i s  s u b s ta n c e  b o t h  in  the  p r e s e n c e  and a b s en ce  o f  2:4-D and 

in  s t i l l  c u l t u r e s  s u g g e s t s  t h a t  such  a t o x ic  i n t e r m e d i a t e  i s  n o t  

formed and the  m e ta b o l ic  pathway fo l lo w e d  by 2 : 4 - d i c h l o r 0 - 6 -  

hydroxy phe no xyac e t i c  a c i d  i s  i n  f a c t  d i f f e r e n t  from t h a t  

fo l lo w ed  by 2 :4 -D ,  This s u b s t a n c e  i s  f u r t h e r  c o n s id e r e d  on 

page (0 0 .

2 - c h l o r  ophenoxyace t ic  a c id

This s u b s t a n c e  co u ld  t h e o r e t i c a l l y  be produced  as a 

f i r s t  s t a g e  i n  d e c o m p o s i t io n  by the  rem oval  of the  4 c l i l o r id e  

io n  and i t s  r e p la c e m e n t  by H ( s e e  page 1 1 6  ) ,  This a g a i n  i f  i t  

occurs  must be  the f i r s t  s t e p ,  w i t h  th e  n e x t  -  e i t h e r  the  

r e p la c e m e n t  o f  the 2 - p o s i t i o n  c h l o r i d e  by H w i t h  the  c o n s eq u en t  

f o rm a t io n  of p h e n o x y a c e t ic  a c i d  o r ,  the  rem oval  of the  a c e t i c  

a c i d  s i d e c h a i n  and the  f o r m a t io n  of o - c h lo r o p h e n o l  by  h y d r o l y s i s .
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This o rgan ism  has n o t  been  d e m o n s t r a te d  to  be ab le  to  grow on

phenoxyace t i c  a c i d  a t  a l l ,  Tliis s u b s ta n c e  i f  formed must

ac c u m u la te .  Tliat i t  does n o t  accum ula te  i s  shewn by the  l o s s  of  

the  s i d e c h a i n  as c a rb o n  d io x id e  i n  ex p e r im en ts  to  be d e s c r i b e d  

i n  s e c t i o n  V I I  u s in g  r a d i o a c t i v e  l a b e l l e d  ca rb o n  in  b o t h

methylene and carboxy^. p o s i t i o n s .  I t  i s  l o g i c a l  to  assume t h a t  

phenoxyace t i c  .a c id  i s  n o t  formed a t  any s t a g e .  I f  2 - c h l o r o -

ph en o x y a ce t ic  a c i d  i s  th e  i n i t i a l  s t a g e  in  d e c o m p o s i t io n  th e n

o - c h lo r o p h e n o l  must l o g i c a l l y  be supposed to  be the  n e x t .

o - c h lo r o p h e n o l

This s u b s t a n c e  i s  v e ry  v o l a t i l e  and i s  ev o lv ed  in  

m easurab le  q u a n t i t i e s  w i t h i n  a few hours  of  i t s  a d d i t i o n  to  

a e r a t e d  c u l t u r e s .  Any o - c h lo r o p h e n o l  p roduced  d u r in g  decom posi

t i o n  of  2:4-D must t h e r e f o r e  be f u r t h e r  m e ta b o l i s e d  im m ed ia te ly  

or a l a r g e  p r o p o r t i o n  would be l o s t  and the  c h l o r i d e  io n  

r e l e a s e d  i n t o  the 'm ed ium  c o n s e q u e n t ly  n o t  r e a c h  a v a lu e  a p p r o x i 

mating to  lûO^ of th e  c h l o r i n e  i n i t i a l l y  p r e s e n t  i n  the  2 :4 -D .

As i s  shewn l a t e r  (page 102.) c h l o r i d e  r e c o v e ry  i s  c o m p le te .

Again ,  i f  o - c h lo r o p h e n o l  i s  p roduced  f rom  2 -c h lo r o p h e n o x y a c e t i c  

a c id  t h e r e  ap p ea rs  to  be no s t a g e  d u r in g  which a t o x i c  compound, 

c a u s in g  c e s s a t i o n  of growth i n  the  o rg an ism s ,  i s  formed and no 

n e c e s s i t y  f o r  co n t in u o u s  a e r a t i o n .  The f o r m a t io n  of o - c h l o r o -  

p h en o l  f rom  2 :4 - d i c h l o r o p h e n o l  i s  d i s c u s s e d  l a t e r .  Page 117-
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Phe no 1

This i s  a g a i n  a v o l a t i l e  s u b s t r a t e .  I t  co u ld  n o t  be 

formed as the  f i r s t  i n t e r m e d i a t e  s u b s t a n c e  i n  th e  d e c o m p o s i t io n  

o f  2:4-D by th e  N ocard ia  s t r a i n .  I t s  f o r m a t io n  a t  a l a t e r  s t a g e  

i s  d i s c u s s e d  a t  th e  end of  t h i s  work (page  j I gf ).

V I I . E xper im en ts  u s in g  r a d i o a c t i v e  2 :4-D l a b e l l e d  w i t h

in  th e  m ethy lene  and c a rb o x y l  groups  o f  the s i d e  c h a in

1. In t ro d u c  t i o n

Samples of  2:4-D c o n t a i n i n g  in  e i t h e r  th e

m e thy lene  or c a rb o x y l  g roup  o f  the  s id e  c h a i n  were u s e d .  

E x p e r im en ts  were c a r r i e d  o u t  u s in g  a m ix tu re  o f  o rganism s f ro m  a 

sample o f  2:4-D decomposing N o ca rd ia  i s o l a t e d  f rom  s o i l .  Growth 

of  th e  o rganism s was measured by d i r e c t  c o u n t in g  as i n  the  

p r e v io u s  e x p e r i m e n t s .

P h y t o t o x i c i t y  was. a s say e d  by th e  i n h i b i t i o n  of  

g row th  of pea r o o t  s e c t i o n s .  Changes i n  p h y t o t o x i c i t y  and r a d i o 

a c t i v i t y  were fo l lo w e d  on chrom atographed  sam ples  of th e  c u l t u r e  

f l u i d  th ro u g h o u t  th e  d e t o x i c a t i o n  pm c e s s .

Carbon d i o x i d e  e v o lv ed  from the  c u l t u r e s  was 

c o l l e c t e d  i n  an a l k a l i  t r a p  and r a d i o a c t i v i t y  e s t i m a t e d  by 

c o u n t in g  samples  of the  t r a p  l i q u i d  d r i e d  onto  p l a n c h e t t e s .

The ex p e r im e n ts  w i t h  samples  o f  r a d i o a c t i v e  2 :4-D 

f a l l  i n t o  two s e c t i o n s .  F i r s t l y  ex p e r im en ts  in  w h ich  s m a l l
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q u a n t i t i e s  of c u l t u r e  f l u i d  were used. (25 nils) and i n  which  the  

e n t i r e  q u a n t i t y  of  2:4-D added ( 2 , 5  mgs.)  was f rom th e  l a b e l l e d  

sam p le .  S econd ly  e x p e r im en ts  in  which  much l a r g e r  volumes of 

medium, 500 m i s . ,  were employed i n  o r d e r  t h a t  more measurements 

co u ld  be t a k e n  w i t h o u t  c a u s in g  th e  t o t a l  volume of  th e  c u l t u r e  

medium to  be red u ce d  by more th a n  one h a l f .  Sm all  q u a n t i t i e s  

( 2 , 5  mg's . ) o n ly  o f  l a b e l l e d  2:4-D were added t o g e t h e r  w i t h

4 7 ,5  mgs. o f  u n l a b e l l e d  2;4-D to  make the  c o n c e n t r a t i o n  in  th e  

medium up to  100 p .p .m .  2 :4 -D .

2 ,  E x p e r im e n ta l  methods

F i r s t  s e r i e s  of  ex p e r im en ts  -  u s in g  s m a l l  

volumes of c u l t u r e  f l u i d .

a)  25 m is ,  o f  the  medium c o n t a i n i n g  2 ,5  mgs. 0^^  

l a b e l l e d  2 ;4-D were s t e r i l i s e d  i n  a ground g l a s s  s to p p e r e d  

b o i l i n g  tu b e ,  the  s t o p p e r  b e in g  f i t t e d  w i t h  i n l e t  and o u t l e t  

t u b e s .  The i n l e t  tube  goes to  th e  b o t to m  of the  v e s s e l  and ends 

i n  a a i h k r  e j  g l a  s s f i l t e r .  The a p p a r a t u s  was assem bled  i n  s e r i e s :

1 .  S t e r i l e  c o t t o n  wool f i l t e r

2. H um id ify ing  b o t t l e  c o n t a i n i n g  s t e r i l e  
d i s t i l l e d  w a te r

3 .  E x p e r im e n ta l  v e s s e l

4 .  A l k a l i  t r a p  f o r  c a rb o n  d i o x i d e

5. Second s i m i l a r  t r a p .  V e s s e l s  o f  th e  same type  as 
' th o s e  used  f o r  c u l t u r i n g  the  o rg an ism  u n d e r  
t h e s e  c o n d i t i o n s  were used  f o r  the  t r a p s
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6 .  Soda l im e tube  as a f i n a l  p r e c a u t i o n  to  e n s u re  
t h a t  no a c t i v e  ca rb o n  d i o x i d e  e scaped  i n t o  the  
a tm o s p h e r e .

A i r  was drawn th ro u g h  th e  a p p a r a tu s  a t  a s t e a d y  r a t e ,  

t h i s  r a t e  b e in g  m a in ta in e d  t l i ro u g h o u t  th e  e x p e r im e n t  by the  

the  i n s e r t i o n  of  a r e s i s t a n c e  manometer i n t o  the  s e r i e s .  Samples 

of th e  c u l t u r e  f l u i d  and of  th e  a l k a l i  were ta k en  a t  i n t e r v a l s  

th ro u g h o u t  the  e x p e r i m e n t a l  p e r i o d .  The e x p e r i m e n ta l  v e s s e l  was 

k e p t  i n  th e  d a r k  and e x p e r im e n ts  were c a r r i e d  o u t  a t  room 

t e m p e r a t u r e .

Growth of the o rg an ism  was measured by d i r e c t  c o u n t in g  

of  o rgan ism s as  in  p r e v io u s  work .

T o t a l  c a rb o n  d i o x i d e  o u t p u t  was e s t i m a t e d  by 

a b s o r p t i o n  i n  b a r y t a  w a te r  and t i t r a t i o n  a g a i n s t  s t a n d a r d  HCl 

and th e  e v o l u t i o n  of l a b e l l e d  COg by c o u n t in g  th e  a c t i v i t y  in  

samples  of u n i f o rm  s i z e  d r i e d  onto  p l a n c h e t t e s ,

b) Chrom atograph ic  p zo ced u re

This was s i m i l a r  t o  t h a t  used  i n  p r e v io u s  icrk w i t h  

t h e  o r i g i n a l  o rg an ism  e x c e p t  th a ÿ 6 a re  was ta k en  to  p l a c e  the  

sample on th e  s t a r t i n g  l i n e  of th e  chrom atogram  i n  a s p o t  n o t  

ex c eed in g  1 cm. i n  d i a m e t e r .  This was a c h ie v e d  by making r e p e a t e d  

s m a l l  a p p l i c a t i o n s  of the  m a t e r i a l  and a l lo w in g  each  to  d ry  

b e f o r e  th e  n e x t  was made, 0 ,1  ral. samples  of  th e  c u l t u r e  f l u i d  

removed in  s t e r i l e  m i c r o p i p e t t e s  were u s e d .  The chroma tog  rarq^s 

were d ev e lo p e d  o v e r n i g h t  i n  a s o l v e n t  c o n t a i n i n g  i s o p r o p y l  

a l c o h o l ;  -880 ammonia; w a te r  in  the  p r o p o r t i o n s  1 0 :1 :1  the  s o l v e n t '
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f r o n t  t r a v e l l i n g  a p p r o x im a te l y  25 cnis . f rom  th e  o r i g i n .

A f t e r  d ev e lo p m en t  the  chromatograms were removed from 

th e  tanlcs,  d r i e d  i n  a g e n t l e  s t r e a m  of  a i r  and examined f o r  

f l u o r e s c e n c e  i n  u l t r a  v i o l e t  l i g h t .  Tliis p r o c e s s  p roved  u s e f u l  

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

d e v e lo p m e n t .  A l i n e  was drawn down the  chromatogram p a s s i n g  

th r o u g h  the  c e n t r e  o f  th e  p l a c i n g  s p o t  a t  t h e  o r i g i n  and th ro u g h  

th e  c e n t r e s  of  any f l u o r e s c e n t  s p o t s .  The chrom atogram  was 

s u b s e q u e n t l y  f i x e d  to  th e  s l i d e  f o r  e s t i m a t i o n  of  r a d i o a c t i v i t y  

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

the  c o u n t in g  s q u a r e ,

c ) E s t i m a t i o n  o f  r a d i o a c t i v i t y  on chromatograms

A d iag ra m m at ic  r e p r e s e n t a t i o n  of  the  a p p a r a t u s  used  

i s  shewn i n  F i g u r e s  XXI and X Jil l ,  R a d i o a c t i v i t y  c o u n ts  were 

made f ro m  a d i s t a n c e  of  0 .5  cms. above th e  o r i g i n - b y  0 .5  cm. 

s q u a re s  to  the  f r o n t  of  th e  chrom atogram .

I n i t i a l l y  e a ch  s e c t i o n  was co u n ted  f o r  f i v e  m inu tes  

w i t h  tw en ty  m in u tes  o v er  a c t i v e  and d o u b t f u l  r e g i o n s .  This 

p roved  too  t ime consuming a p r o c e s s  w i th 'c h ro m a to g ra m s  ru n n in g  

d i s t a n c e s  o f  q p p r o x im a te ly  25 c m s . ,  and c o u n t in g  was t h e r e f o r e  

l i m i t e d  to  one m inu te  over  s e c t i o n s  shewing o n ly  background  

a c t i v i t y  ( l e s s  t h a n  18 co u n t s  p e r  m in u te )  and f i v e  m inu tes  over  

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

The chromatograms were th e n  s e c t i o n e d  and pea r o o t  

s e c t i o n s  grown on each  f o r  a s s a y  of p h y t o t o x i c i t y .



FIGURE X X III

P h y t o t o x i c i t y  and  r a d i o a c t i v i t y  r e c o r d e d  on 

ch ro m a to g ra m s  a f t e r  d e v e lo p m e n t  i n  ammonley/ 

. p r o p a n o l ^ / w a t e r  s o l v e n t .  S am ples  o f  c u l t u r e  

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

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

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

f ro m  a  s o i l  p e r f u s a t e  e n r i c h e d  t o  2 : 4 - D .  

2 :4 - D  l a b e l l e d  w i t h  i n  t h e  m e th y l e n e  

g r o u p  o f  t h e  s i d e  c h a i n .
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d ) Assay of  r a d i o a c t i v i t y  i n  c a r b o n d i o x i de t r a p

An e x a c t l y  s i m i l a r  c a r r i e r  to  t h a t  used  to  tak e  

th e  movable s l i d e  f o r  a s s a y  o f  r a d i o a c t i v i t y  on chromatograms 

was used  e x c e p t  t h a t  th e  s m a l l  s q u a r e  h o l e  was r e p l a c e d  by a 

c i r c u l a r  c a v i t y  e x a c t l y  f i t t i n g  a 2 cm. d i a m e t e r  p l a n c h e t t e  

w i t h  i t s  c e n t r e  i n  e x a c t l y  th e  same p o s i t i o n  r e l a t i v e  to  th e  

c o u n t e r  a s  th e  c e n t r e  o f  th e  s q u a r e  window i n  th e  ch rom a tog ram  

c a r r i e r .  The c a v i t y  i n  th e  p l a n c h e t t e  c a r r i e r  was o f  su c h  a 

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

th e  same d i s t a n c e  f ro m  th e  c o u n t e r  window as  t h e  chrom atogram  

p a p e r .

3 .  E x p e r im e n ts  u s i n g  a mixtrure o f  o rgan ism s  i n  2 ;4-D

e n r i c h e d  p e r f u s a t e  w i t h  2 ;4-D  l a b e l l e d  i n  th e  m e th y len e  

g roup  o f  th e  s i d e  c h a i n

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

f ro m  a p e r f u s e r  a f t e r  th e  c o m p l e t i o n  of d e t o x i c a t i o n  o f  a 

s o l u t i o n  c o n t a i n i n g  100 p . p . m .  2 :4 -D  and t r a n s f e r r e d  t o  a 

s t e r i l e  c u l t u r e  t u b e . 2 .5  mgs. o f  l a b e l l e d  2 :4 -D  were added

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

The s o l u t i o n s  were a e r a t e d  and sam pled  t h r o u g h o u t  th e  

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

The r e s u l t s  a r e  shewn on F i g u r e  XDCIII and A ppendix  

X X II I .  These r e s u l t s  a r e  g i v e n  f o r  c o m p a r i so n  w i t h  t h o s e  

o b t a i n e d  u s i n g  a p u re  c u l t u r e  of  th e  e f f e c t i v e  N o c a rd ia  s t r a i n .
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j-’he u se  of  th e  m ix tu r e  o f  o rgan ism s  and m a t e r i a l s  o b t a i n e d  i n  

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

r e s u l t s  o f  p h y t o t o x i c i t y  on ch rom atogram s were n o t  c o n s i s t e n t  

and t h a t  ’’s t r e a k i n g ’’ o f  p h y t o t o x i c i t y  b ac k  f rom  th e  main  2 :4 -D  

s p o t  f r e q u e n t l y  o c c u r r e d . This  made any a s s e s s m e n t  of  changes  

i n  p h y t o t o x i c i t y  due to  d e c o m p o s i t i o n  o f  2 :4 -D  im p o s s i b l e  s i n c e  

g r e a t e r  d i f f e r e n c e s  were p ro d u ce d  by m a t e r i a l s  p r e s e n t  i n  th e  

p e r f u s a t e  t h a n  th o s e  to  be e x p e c t e d  f rom  the  e x p e r i m e n t a l  

ma t e r  ia  I s .

4 .  E x p e r im e n ts  u s i n g  s u b - c u l t u r e s  o f  oi^’an ism s of  t h e  

e f f e c t i v e  N o ca rd ia  s t r a i n .

a)  P r e l i m i n a r y  e x p e r i m e n t s  were c a r r i e d  o u t  a l o n g  th e  

l i n e s  d e s c r i b e d  above u s i n g  sam ples  o f  2 :4 -D  l a b e l l e d  i n  t h e  

m e th y le n e  g ro u p  o f  th e  s i d e  c h a i n .

I t  was found  t h a t  t h e r e  was a c o n t i n u o u s  l o s s  o f  

r a d i o a c t i v i t y  f ro m  th e  d e v e lo p e d  chrom atogram s i n  th e  r e g i o n  

c o r r e s p o n d i n g  t o  t h e  no rm al  Rf  v a l u e  f o r  2 :4-D  and an  i n c r e a s i n g  

d e p o s i t  o f  l a b e l l e d  m a t e r i a l  a t  t h e  o r i g i n  o f  th e  ch rom atogram . 

( F i g u r e  XXW and A ppend ix  XXIV). T h i s ,  a t  i t s  maximum, 80-100  

h o u r s  f ro m  i n o c u l a t i o n ,  was e q u i v a l e n t  t o  a p p r o x i m a t e l y  90% of  

th e  a c t i v i t y  r e c o r d e d  f ro m  th e  o r i g i n a l  sam ple  of  2 :4-D  b u t  

s u b s e q u e n t l y  i t  d ro p p e d  s lo w ly  to  a v a lu e  a p p r o x i m a t i n g  to  35%. 

This  a c t i v i t y  r em a in e d  a t  a c o n s t a n t  l e v e l  f o r  p e r i o d s  o f  up to  

21 d ay s  f ro m  th e  o r i g i n a l  i n o c u l a t i o n  t im e ,  w h e th e r  o r  n o t  

f u r t h e r  a d d i t i o n s  o f  c a r b o n  i n  th e  fo rm  o f  2 :4 -D  were made to
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PIGÜEE XXVI

P h y t o t o x i c i t y  an d  r a d i o a c t i v i t y  r e c o r d e d  

on c h r o m â tograins a f t e r  d e v e lo p m e n t  i n  

ammonia ^ p r o p a n o l / w a t e r  s o l v e n t .

Sam ples  o f  c u l t u r e  f l u i d  t a k e n  a t  i n t e r v a l s  

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

i n o c u l a t i o n  o f  c u l t u r e s  w i t h  t h e  2 :4 - D  

d ec o m p o s in g  s t r a i n  o f  N o c a r d i a  i s o l a t e d  

f ro m  g a r d e n  s o i l .

2 :4 - D  l a b e l l e d  w i t h  i n  t h e  m e th y le n e  

g r o u p  o f  t h e  s i d e - c h a l n .
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the  naedium. This a c t i v i t y  i s  r e t a i n e d  by th e  c e l l s  even u n d e r  

c o n d i t i o n s  o f  c a rb o n  s t a r v a t i o n .  This  l a b e l l e d  c a r b o n  was
#

found  to  b e  w i t h i n  the  o a c t e r i a l  c e l l s  and n o t  i n  a s u b s t a n c e  

f r e e  i n  th e  c u l t u r e  medium. C e n t r i f u g e d  and washed c e l l s  

r e t a i n e d  t h e i r  a c t i v i t y  w hereas  th e  s u p e r n a t a n t  f l u i d  r e m a in in g  

a f t e r  c e n t r i f u g a t i o n  l o s t  i t .  No m e a s u ra b le  a c t i v i t y  rem a ined  

on th e  2 :4-D s p o t  a r e a  by 80 h o u rs  a f t e r  i n o c u l a t i o n .

Growth i n  th e  b a c t e r i a l  cu l tw .res  as  m easured  by 

i n c r e a s e  i n  c e l l  numbers was co m p le te  by the  end of  48 h o u r s  . 

( F i g u r e  XXV and A ppendix  XXV). This  same p e r i o d  gave th e  

maximum e v o l u t i o n  of  c a rb o n  d i o x i d e  and a l s o  of  l a b e l l e d  COg. 

E v o l u t i o n  o f  l a b e l l e d  00^ a c c o u n te d  f o r  th e  d i f f e r e n c e  b e tw e e n  

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

r e t a i n e d  i n  th e  b a c t e r i a .  The maximum e v o l u t i o n  o f  l a b e l l e d  

COg came tow ards  th e  end o f  the  growing  p e r i o d  and a t  th e  t ime 

o f  m ost  r a p i d  a c c u m u l a t i o n  o f  a c t i v i t y  w i t h i n  th e  b a c t e r i a l  

c e l l s .

F o l lo w in g  r a d i o a c t i v i t y  and p h y t o t o x i c i t y  ch ro m a to 

g r a p h i c  a l l y  ( F i g u r e  XX}/1 and A ppendix  XXVI) i t  was found  t h a t  

a l t h o u g h  th e  r a d i o a c t i v i t y  d i s a p p e a r e d  f rom  th e  2 :4-D s p o t  

a r e a  w i t h i n  80 h o u rs  f ro m  t h e s s t a r t  o f  th e  e x p e r i m e n t ,  p h y t o 

t o x i c i t y  was s t i l l  p r e s e n t  i n  t h a t  r e g i o n  a f t e r  233 h o u r s .

This t o x i c i t y  was s u f f i c i e n t l y  h i g h  t o  c a u se  40^o i n h i b i t i o n  of  

g ro w th ,  m easured  by i n c r e a s e  i n  l e n g t h ,  i n  pea r o o t  s e c t i o n s  

u sed  t o  a s s a y  g ro w th  a c t i v i t y  on th e  ch ro m a to g ram s .  Under t h e
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c o n d i t i o n s  o f  th e  e x p e r im e n t  40% i n h i b i t i o n  was a s s o c i a t e d  

w i t h  an  o r i g i n a l  c o n c e n t r a t i o n  of 0 .46  p .p .m .  2 :4 -D .  See 

Appendix  f o r  c a l i b r a t i o n  c u r v e s .  This c o n c e n t r a t i o n  of

2 :4-D  sh o u ld  have p ro d u ced  a n e t  r a d i o a c t i v e  c o u n t  o f  16 p e r  

m inu te  above th e  backg round  l e v e l ,  o r  a t o t a l  g r o s s  c o u n t  o f  

'between 26 and 36 c o u n t s  p e r  m in u te .  Ho c o u n t  above b ack g ro u n d  

was r e c o r d e d  i n  t h i s  a r e a .  A t  7 3 .5  h o u rs  t h e  i n h i b i t i o n  was of  

th e  o r d e r  o f  54^ ,  e q u i v a l e n t  to  0 .7  p . p . m .  2 :4-D and a n e t  

c o u n t  o f  19 p e r  m inu te  o r  a g r o s s  c o u n t  of  b e tw een  29 and 39 

p e r  m in u te .  A ga in  t h i s  was n o t  r e c o r d e d .

I t  was hoped t h a t  th e  use  o f  r a d i o a c t i v e  2 :4-D  would 

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

as  2 :4 -D  on a n o t h e r  d i s t i n c t  compound. With t h i s  end i n  view 

2 m i s .  o f  t h e  c u l t u r e  s o l u t i o n  were t a k e n  99 h o u r s  f ro m  

i n o c u l a t i o n ,  a c i d i f i e d  e x t r a c t e d  w i t h  e t h e r  and d e v e lo p e d  on 

a ch rom a tog ram ,  co u n te d  f o r  r a d i o a c t i v i t y  and a s s a y e d  f o r  g ro w th |  

a c t i v i t y .  The r e s u l t  i s  shewn on F i g u r e  XXVII and Appendix  

XXVII. Ho r a d i o a c t i v i t y  above b ac k g ro u n d  l e v e l  was r e c o r d e d .  

T o t a l  i n h i b i t i o n  of  g row th  i n  t h e  2 :4-D  s p o t  r e g i o n  r e c o r d e d  

on th e  ch rom atogram  c o u ld  be a c c o u n te d  f o r  by a c o n c e n t r a t i o n  

of  4 . 1 2  p .p .m .  2 :4-D w hich  s h o u ld  have  g i v e n  a n e t  c o u n t  f o r  

r a d i o a c t i v i t y  o f  b e tw e en  50 and 60 c o u n t s ^ a  m in u t e .  S i n c e  t h i s  

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

t o x i c i t y  i n  t h i s  r e g i o n  o f  • th e  chrom atogram  was pro due ed by  a 

v e r y  s m a l l  q u a n t i t y  o f  2 :4-D t o g e t h e r  w i t h  a n o t h e r  p h y t o t o x i c
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corapound w h ich  was u n l a b e l l e d  or t h a t  some measure  o f  exchange 

t a k e s  p l a c e  b e tw e en  th e  l a b e l l e d  s i d e  c h a i n  of th e  2:4-D 

m o le c u le  and a c e t i c  a c i d  or  o t h e r  r a d i c a l s  a l r e a d y  p r e s e n t  i n  

th e  b a c t e r i a l  c e l l s ,  so  t h a t  e i t h e r  u n l a b e l l e d  2 :4-D i s  p ro d u ced  

or e l s e  a n o t h e r  v e r y  s i m i l a r  compound - w i t h  the  same r i n g  

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

b) C a rb o x y l  l a b e l l e d  2 ;4-D

E x p e r im e n ts  w i t h  c a r b o x y l  l a b e l l e d  2 :4 -D  gave 

s i m i l a r  r e s u l t s  f o r  p h y t o t o x i c i t y  a s s a y e d  on chromatograms and 

l o s s  of r a d i o a c t i v i t y  f ro m  t h e ' 2 :4-D s p o t .  E n t r y  o f  a c t i v i t y  

i n t o  and r e t e n t i o n  of a c t i v i t y  by th e  b a c t e r i a l  c e l l s  d i d  n o t  

however t a k e  p l a c e  to  a n y t h i n g  l i k e  th e  e x t e n t  found  w i t h  the  

m e th y len e  l a b e l l e d  m a t e r i a l  ( F i g u r e  }CCv"III and Appendix XXVIII) . 

The maximmi c o u n t s  r e c o r d e d  a t  th e  o r i g i n  o f  the  chrom atogram  

were e q u i v a l e n t  to  l e s s  th a n  25^ of  t h e  t o t a l  a c t i v i t y  i n  the  

o r i g i n a l  2 :4-D and th e  q u a n t i t y  r e t a i n e d  e q u i v a l e n t  t o  a p p r o x i 

m a te ly  5%,

From t h e s e  r e s u l t s  i t  a p p e a r s  t h a t  th e  breakdown of 

th e  2 :4-D m o le cu le  b e g i n s  im m e d ia te ly  upon i n o c u l a t i o n  and 

a e r a t i o n  of  th e  c u l t u r e s  b u t  t h a t  g row th  of  th e  o rg a n ism  as 

measured  by i n c r e a s e  i n  c e l l  numbers t e r m i n a t e s  long  b e f o r e  

s u p p l i e s  o f  th e  c a rb o n  s u b s t r a t e  a r e  e x h a u s t e d .  This  s u g g e s t s  

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

2 : 4 - 0  m o lecu le  i s  i t s e l f  t o x i c  to  th e  o rg an ism s  e f f e c t i n g  the  

breakdow n,  w h e th e r  o r  n o t  t h i s  s u b s t a n c e  ( o r  s u b s t a n c e s  -  i f
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t h e r e  a r e  more t h a n  one - )  i s  a l s o  p h y t o t o x i c  i s  a n o t h e r  m a t t e r .  

S in c e  the  s i d e  c h a i n  of  the  2 :4-D m olecu le  i s  a t t a c k e d  a t  t h e  

commencement o f  th e  e x p e r im e n ts  -  as  shewn by th e  e v o l u t i o n  of 

r a d i o a c t i v e  GOg -  i t  would a p p e a r  t h a t  t h i s  t o x i c  a g e n t  must  be 

formed f ro m  th e  r i n g  p o r t i o n  of th e  m o lecu le  w i t h  p o s s i b l y  a 

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

I n  o r d e r  t o  s tu d y  the  r e a c t i o n s  o c c u r r i n g  d u r i n g  th e  

breakdown o f  2 :4-D  more f u l l y  t h e  e x p e r i m e n t a l  methods were 

m o d i f i e d  to  g iv e  a much l a r g e r  b u l k  of c u l t u r e  f l u i d  w i t h o u t  

i n c r e a s i n g  th e  co n su m p t io n  of r a d i o a c t i v e  2 :4 -D .

5 .  M o d if ie d  E x p e r i m e n t a l  Methods;

Second s e r i e s  of  e x p e r im e n t s  u s i n g  l a r g e  volumes o f  

c u l t u r e  f l u i d

a )  A s i m i l a r  a r r a n g e m e n t  of a p p a r a t u s  to  t h a t  used  f o r  

th e  f i r s t  s e r i e s  o f  e x p e r i m e n t s  was employed b u t

1 .  The e x p e r i m e n t a l  tu b e  was r e p l a c e d  by a l i t r e  

f l a s k  h av in g  s i m i l a r  i n l e t  and^ o u t l e t  t u b e s .  500 m is .  o f  medium 

were used  c o n t a i n i n g  t h e  r e q u i s i t e  q u a n t i t i e s  o f  t h e  t h r e e

' m i n e r a l  s a l t s ,  4 7 .5  mgs. o f  u n l a b e l l e d  2 :4-D t o g e t h e r  w i t h

2 .5  mg;s. of r a d i o a c t i v e  2 :4 -D .

2 .  The c a rb o n  d i o x i d e  t r a p s  were r e p l a c e d  by gas  

w ash ing  b o t t l e s  c o n t a i n i n g  250 m i s . c o n c e n t r a t e d  NaOH s o l u t i o n .
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Samples were t a k e n  d a i l y  t h r o u g h o u t  t h e  d e t o x i c a t i o n  

p r o c e s s  as f o l l o w s  ; -

1 .  F r om the  c u l t u r e  s o l u t i o n

a .  5 nils ,  f o r  ch rom atogram s.  This  sample was 

a c i d i f i e d  w i t h  c o n c e n t r a t e d  HÛ1 sh a k en  w i t h  two 5 m l.  sam ples  

of e t h e r ,  t h e  two e x t r a c t s  mixed and two 4 ml.  sam ples  of  t h e  

e x t r a c t  i n  e t h e r  drawn o f f .  The e t h e r  was e v a p o r a t e d  to  a s m a l l  

b u l k  and e a c h  sample p l a c e d  as a s p o t  of  d i a m e t e r  l e s s  t h a n  1 cm. 

on th e  s t a r t i n g  l i n e  of  a p a p e r  chi’omatogram. One ch rom atogram  

of ea ch  p a i r  was d e v e lo p e d  i n  th e  i s o p r o p a n o l ,  ammonia, w a t e r  

s o l v e n t  as used  i n  th e  p r e v i o u s  e x p e r im e n t s  and th e  o t h e r  i n  a 

n - b u t a n o l  a c e t i c  a c i d  w a t e r  s o l v e n t .  A f t e r  dev e lo p m en t  b o t h  

chromatograms were t r e a t e d  as  p r e v i o u s l y .

b .  5 m is .  f o r  e s t i m a t i o n  of f r e e  c h l o r i d e  io n s  i n  

th e  c u l t u r e  s o l u t i o n .  S a t u r a t e d  p o t a s s  iura chroma t e  s o l u t i o n  was 

added to  th e  sample as  a n  i n d i c a t o r  and t i t r a t e d  a g a i n s t  a 

N/oOO s o l u t i o n  of s i l v e r  n i t r a t e .

c .  1 ml.  t e s t e d  f o r  the  p r e s e n c e  o f  s u b s t a n c e s
G U

g i v i n g  a p o s i t i v e  r e a c t i o n  w i t h  F o l i n  and C i o c a l t i n ’s p h e n o l  

r e a g e n t .  This r e a g e n t  w i l l  d e t e c t  1 p .p .m .  p h e n o l  i n  1 ml.  i f

0 .5  ml. of  t h e  r e a g e n t  a r e  added to  t h e  sample  f o l lo w e d  by 1 .5m l 

of  20^ sod ium  c a r b o n a t e  s o l u t i o n  and th e  b lu e  c o l o u r  d e v e lo p e d  

by p l a c i n g  th e  sample  i n  a w a te r  b a t h  a t  30^0 f o r  30 m i n u t e s .
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The d e p t h  of  c o l o u r  was e s t i m a t e d  on a Unicam c o l o r i m e t e r  and 

some e s t i m a t i o n  o f  r e l a t i v e  q u a n t i t y  made by co m p ar i so n  w i t h  a 

s t a n d a r d  cu rve  o b t a i n e d  by th e  d e p t h  o f  c o l o u r  p ro d u ced  by 

r e a c t i o n s  u s i n g  known c o n c e n t r a t i o n s  o f  2 -4  d i c h l o r o p h e n o l .

d .  0 ,2  ml.  f o r  b a c t e r i a l  c o u n t .

e .  0 .1  ml.  f o r  o v e r a l l  p h y t o t o x i c i t y  a s s a y .

2.  From th e  a l k a l i  t r a p s

a .  0 .1  ml.  d r i e d  on to  p l a n c h e t t e s  and a s s a y e d  f o r  

r a d i o a c t i v i t y .  I t  was found  i n  e v e r y  c a s e  t h a t  th e  f i r s t  t r a p  

was e f f i c i e n t  i n  c o l l e c t i n g  a l l  th e  r a d i o a c t i v e  m a t e r i a l  w hich  

was e v o lv e d  f rom  th e  c u l t u r e  f l a s k s .

b . 1 ml.  was t e s t e d  f o r  th e  p r e s e n c e  o f  p h e n o l i c  

s u b s t a n c e s  i n  th e  same way as th e  sample t a k e n  f rom  th e  c u l t u r e  

f l a s k  f o r  the  same p u r p o s e .  This e s t i m a t i o n  of  p h e n o l i c  

s u b s t a n c e s  a p p e a r i n g  i n  t h e  a l k a l i  t r a p  s e t  to  a b s o rb  r a d i o  COg 

was c a r r i e d  o u t  s i n c e  i t  had been  p r e v i o u s l y  found  t h a t ,  u n d e r  

th e  c o n d i t i o n s  i n  w h ich  t h e s e  e x p e r im e n t s  were c a r r i e d  o u t ,

2 :4  d i c h l o r o p h e n o l  added t o  th e  c u l t u r e  media a l l  e v a p o r a t e d  

o u t  o f  th e  s o l u t i o n s  w i t h i n  48 h o u rs  and a c c u m u la te d  i n  t r a p s  

c o n t a i n i n g  e i t h e r  c o n c e n t r a t e d . a l k a l i  o r  a l c o h o l .  A l k a l i  t r a p s  

w ere  used  i n  p r e f e r e n c e  to  a l c o h o l  s i n c e  th e  fo rm e r  a l s o  s e r v e d  

to  a b s o rb  c a rb o n  d i o x i d e  and e v a p o r a t i o n  l o s s e s  f rom  them were 

c o n s i d e r a b l y  s m a l l e r ,  and t h e r e f o r e  more e a s i l y  r e p l a c e d  over
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cons i d e r a b l e  p e r i o d s  o f  t im e ,  th a n  when u s in g  a l c o h o l .  A gain  

i t  was found t h a t  t h e  f i r s t  t r a p  was e f f i c i e n t  i n  c o l l e c t i n g  a l l  

th e  p h e n o l i c  m a t e r i a l  p a s s i n g  o u t  of th e  c u l t u r e  medium and no 

p o s i t i v e  r e a c t i o n s  were o b t a i n e d  f rom  th e  second  t r a p .

Using t h i s  m o d i f ie d  method i t  was h o p e d - to  ch e ck  th e  ' 

p h y t o t o x i c  s p o t s  a p p e a r i n g  on the  cl iromatograms f o r  i d e n t i t y  

w i t h  2 ;4 -D  or o t h e r w i s e  and to  s e p a r a t e  i f  p o s s i b l e ,  by r u n n in g  

i d e n t i c a l  sam ples  i n  two s e p a r a t e  s o l v e n t s ,  any t o x i c  s u b s t a n c e  

which  may have b e e n  ru n n in g  i n  c l o s e  a s s o c i a t i o n  w i t h  2 :4-D i n  

th e  o r i g i n a l  i s o p r o p a n o l ,  ammonia, w a t e r  s o l v e n t  u s e d . To 

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

b e g i n n i n g  of  t h e  e x p e r i m e n t  and to  f o l l o w  any changes  t h r o u g h o u t  

t h e  d e t o x i c a t i o n  p r o c e s s  w h ich  m igh t  p ro d u ce  e v i d e n c e  o f  a n  

a t t a c k  on th e  r i n g  p o r t i o n  of the  2 :4-D m o le c u l e .  To t e s t  f o r  

th e  p r e s e n c e  o f  any  s u b s t a n c e  g i v i n g  a p o s i t i v e  r e a c t i o n  w i t h  

F o l i n  and C i o c a l t i n ’s p h e n o l  r e a g e n t  b o t h  i n  t h e  c u l t u r e  media 

and th e  a l k a l i  t r a p s .  S in c e  th e  e v id e n c e  f ro m  p r e v i o u s  e x p e r i 

ments shewed t h a t  th e  s i d e  c h a i n  o f  th e  m o le cu le  was iromedlately,^ 

a t t a c k e d  th e  p o s s i b i l i t y  of t h e  p r e s e n c e  o f  a compound h av in g  

a p h e n o l i c  s t r u c t u r e  c a n n o t  be o v e r lo o k e d .

The l a r g e r  q u a n t i t y  of  m a t e r i a l  p l a c e d  on th e  

chrom atogram s -  20 t im es  t h a t  o r i g i n a l l y  used  -  to  b r i n g  th e  

r a d i o a c t i v e  c o u n t s  g i v e n  by th e  sanç)le to  r a t e s  com parab le  w i t h  

t h o s e  o b t a i n e d  i n  th e  p r e v i o u s  e x p e r i m e n t s  and a l s o  to  i n c r e a s e
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th e  q u a n t i t y  on the  chromatogram of  any a c i d i f i e d  e t h e r  s o l u b l e  

i n t e r m e d i a t e  p r e s e n t  i n  th e  c u l t u r e  f l u i d  meant t h a t  the  2:4-D 

co u ld  no l o n g e r  be e x p e c te d  to  r u n  as a v e ry  s h a rp  s p o t  as when 

s m a l l  q u a n t i t i e s  were d e v e lo p e d .  This however i t  was d e c id e d  

would n o t  s e r i o u s l y  i n t e r f e r e  w i t h  th e  i n t e r p r e t a t i o n  of r e s u l t s  

o b ta in e d  even i f  the  2:4-D s p o t  s h o u ld  s p r e a d  or p in d u c e  " t a i l i n g "  

b eh in d  the  main s p o t .

b ) R e s u l t s  o b t a in e d

The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  shewn in  

F i g u r e s  and Appendices  XXIX, XXX and F i g u r e  XXXI.

' .. ‘.;’;o t  Gi^o^th cu rv es  a r e  e x a c t l y

s i m i l a r  to  th o s e  o b ta in e d  i n  a l l  p r e v i o u s  e x p e r i m e n t s .  S i m i l a r  

o b s e r v a t i o n s  a r e  r e c o r d e d  f o r  p h y t o t o x i c itÿŸ^ C h lo r id e  accumu

l a t e s  i n  th e  medium up to  a t o t a l  of up to  108^ of t h a t  e s t i m a t e d  

as p r e s e n t  i n  the  o r i g i n a l  2 ;4-D i t  i s  assumed t h a t  t h e  t o t a l  

c h l o r i d e  i s  r e c o v e re d  and t h a t  th e  e x c e s s  i s  p ro b a b ly  due to  

s m a l l  e v a p o r a t i o n  l o s s e s  n o t  b e i n g  a c c u r a t e l y  made good. C h lo r id e  

ac cu m u la te s  most r a p i d l y  d u r in g  th e  p e r io d  o f  most r a p i d  l o s s  of 

r a d i o a c t i v i t y  by 2:4-D s p o t  r e g i o n  on the  d ev e lo p ed  ch rom ato 

grams. P h en o l ic  s u b s t a n c e s  a r e  d e t e c t a b l e  w i t h i n  24 hou rs  i n  th e  

a l l i a l i  t r a p ,  no f u r t h e r  i n c r e a s e  i n • c o n c e n t r a t i o n  i s  t h e n  n o te d  

u n t i l  a f t e r  th e  c o m p le t io n  of  c h l o r i d e  a c c u m u la t io n  and lo s s  o f  

m e asu rab le  r a d i o a c t i v i  t y .  A f t e r  t h i s  p e r i o d  t h e r e  i s  a r a p i d

a c c u m u l a t i o n  of p h e n o l i c  m a t e r i a l  i n  the  a l k a l i  t r a p .  T races  of
o-Ç̂ŜoVs cvv\cL occu.n^d- dUxft Vb VVve \oJrqG. ûUaî hiièS
p\ûLCâci Hve

-prou^ 'Hus
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p h en o l l e  m a t e r i a l s  a r e  r e c o r d e d  a t  i n t e r v a l s  i n  th e  c u l t u r e  

medium th r o u g h o u t  the  d e t o x i c a t i o n  p r o c e s s  b u t  no a c c u m u la t io n  

i s  r e c o r d e d .  The g e n e r a l  p i c t u r e  o f  the  ap p e a ra n c e  of  p h e n o l i c  

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

t h e r e  i s  a r a p i d  p r o d u c t i o n  of  a p h e n o l i c  compound a t  th e  

b e g in n in g  of the  i n c u b a t i o n  p e r i o d ,  d u r i n g  the i n i t i a l  g rowth  

p e r i o d  of  th e  o rg an ism s ,  t h a t  t h i s  s u b s t a n c e  i s  v o l a t i l e  and 

on ly  s m a l l  q u a n t i t i e s  -  l e s s  t h a n  ifo o f  th e  o r i g i n a l  2:4-D 

measured i n  e q u i v a l e n t s  o f  2 :4  d i c h l o r o p h e n o l  - r e m a in  unchanged 

i n  th e  c u l t u r e  s o l u t i o n .  There i s  t h e n  no f u r t h e r  p r o d u c t i o n  

of t h i s  m a t e r i a l  i n  m easu rab le  q u a n t i t i e s . A second v o l a t i l e  

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

th e  end of th e  d e t o x i c a t i o n  p r o c e s s .

The c h l o r i d e  g ra p h  s u g g e s t s  t h a t  th e  l o s s  of c h l o r i d e  

io n s  f rom  th e  o rg a n ic  m o le cu le  i s  a c o n t in u o u s  p r o c e s s  s t a r t i n g  

s lo w ly  and r e a c h i n g  a maximum r a t e  d u r in g  th e  p e r i o d  of  most 

r a p i d  e v o l u t i o n  of r a d i o a c t i v e  c a rb o n  d i o x i d e .

The l o s s  o f  r a d i o a c t i v i t y  f rom  th e  2:4-D s p o t  r e g i o n  

of  the d e v e lo p e d  chromatograms i s  a l s o  a c o n t in u o u s  p ro c e s s  

and f o l lo w s  the  c h l o r i d e  p r o d u c t i o n  curve  q u i t e  c l o s e l y  i n  

t i m e .
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V I I I . C o n c lu s io n s  f rom  and D i s c u s s i o n  of P re c e d in g  e x p e r im en ts

From th e  r e s u l t s  o b ta in e d  d u r in g  t h i s  work i t  would 

a p p e a r  t h a t ,  i n  the  d e c o m p o s i t io n  of  2:4-D by th e  s t r a i n  of  

N ocard ia  i s o l a t e d  f rom  f l a s k  c u l t u r e s  of s o i l  e n r i c h e d  and 

2:4-D

A t t a c k  on the m olecu le  b e g in s  im m ed ia te ly  upon 

i n o c u l a t i o n  and a e r a t i o n  of c u l t u r e s  c o n t a i n i n g  2 ;4 -D .  This  i s  

shewn by the  f a c t  t h a t  g row th  of th e  organ ism s b e g in s  im m ed ia te ly  

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

2 :4 -D . 'This f i r s t  s t a g e  i n  the  breakdown o f  t h e  h e r b i c i d e  

m o lecu le  would seem to  be t h e  r em ova l  o f  the  a c e t i c  a c i d  s id e  

c h a i n  as a whole  l e a v in g  a r i n g  s t r i c t u r e  of  p ro b a b ly  2 :4 -  

d i c h l o r o p h e n o l .  The s i d e  c h a i n  i s  u t i l i s e d  as q é a rb o n  s o u r c e ,  

p a r t l y  r e s p i r e d ,  a s  th e  e v o l u t i o n  o f  r a d i o a c t i v e  COg f rom  b o t h  

m ethy lene  and c a rb o x y l  groups i n d i c a t e s  : and p a r t l y ,  e s p e c i a l l y  

t h a t  o r i g i n a l l y  c o m p r is in g  th e  m e thy lene  g r o u p in g ,  i n c o r p o r a t e d  

i n t o  th e  s u b s t a n c e  of t h e  b a c t e r i a l  c e l l s ,  and n o t  r e s p i r e d  even 

under  c o n d i t i o n s  of  s t a r v a t i o n .

The r i n g  compound which i s  l e f t  i s  v o l a t i l e  and 

e v a p o ra te s -  f rom th e  c u l t u r e  medium a n d  may be c o l l e c t e d  i n  an 

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

p r o d u c t i o n  of "phenol"  i s  n o t .

The n e x t  s t e p  does n o t  th e n  seem to  be th e  s t r a i g h t 

fo rw ard  d e c o m p o s i t i o n 'o f  t h i s  p h e n o l .
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Growth of th e  h a c t e r l a l  c e l l s  d u r i n g  d e t o x i c a t i o n  

i s  s l i g h t  compared w i th  growth  on th e  same c o n c e n t r a t i o n  of 

o t h e r  s i m i l a r  s u b s t r a t e s  and c e a s e s  w i t h i n  4 8 - 7 2  ho u rs  of 

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

p h e n o l i c  compound. This  f i r s t  p h e n o l i c  compound a p p e a r s  to  be 

th e  one which i s  p roduced  i n  q u a n t i t i e s  s u f f i c i e n t l y  g r e a t  to  

cause  c e s s a t i o n  of g row th  i n  the c u l t u r e s  and p e rh ap s  to  p r e v e n t  

th e  d e t o x i c a t i o n  of c o n c e n t r a t i o n s  of  2 ;4-D g r e a t e r  th a n  3üÛ 

p .p .m .  Of th e  compounds i n v e s t i g a t e d  2 :4  d i c h l o r o p h e n o l  ard. 

c h lo ro p a ra b e n z o q u in o n e  c o m p le te ly  i n h i b i t  g row th  of  t h i s  o rgan ism  

a t  v e r y  low c o n c e n t r a t i o n s  o f  th e  o r d e r  o f  0 .1  p .p .m .  These 

o b s e r v a t i o n s  were niade i n  s t i l l  c u l t u r e s  c o n t a i n i n g  0 .1 ^  g lu c o s e  

as a c a rb o n  s o u r c e .  These two s u b s t a n c e s  a r e  a l s o  v o l a t i l e  

under  th e  c o n d i t i o n s  of th e  ex p e r im en ts  and may be c o l l e c t e d  i n  

an  a l k a l i  t r a p .  H igher  o r i g i n a l  c o n c e n t r a t i o n s ,  up to  10 p .p .m .  

a r e  needed to  i n h i b i t  g row th  i n  v i g o r o u s l y  a e r a t e d  c u l t u r e s  

s i n c e  e v a p o r a t i o n  t a k e s  p l a c e ,  b u t  a v e r y  low m a in ta in e d  concen

t r a t i o n  i s  s u f f i c i e n t .  A v e ry  s m a l l  q u a n t i t y  o n ly ,  c o n t i n u o u s l y  

p ro d u ced ,  would be n e c e s s a r y  to  p r e v e n t  c e l l  d i v i s i o n  i n  th e  

c u l t u r e  medium. ‘Tlie p r o d u c t i o n  of c h lo ro p a ra b e n z o q u in o n e  i f  i t  

occu rs  would come by o x i d a t i o n  of  c h l o ro h y d r o q u in o n e . Th is  

o x i d a t i o n  would o ccu r  under  th e  e x p e r i m e n t a l  c o n d i t i o n s  employed 

i f  c h lo ro h y d ro q u in o n e  was p roduced  by th e  o rg a n i s m s .  Pure 

c h lo ro h y d ro q u in o n e  i s  n o t  t o x i c  i n  c o n c e n t r a t i o n s  of  up to  

100 p .p .m .  to  t h i s  o rg a n ism .  I n  the  e v e n t  o f  c h lo ro h y d ro q u in o n e
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b e ln g  th e  f i r s t  p h e n o l i c  s u b s t a n c e  formed the  t o x i c  e f f e c t  on 

the  b a c t e r i a  would be caused  by th e  c o n d i t i o n s  of th e  e x p e r im en t  

and n o t  a d i r e c t  e f f e c t  of an  i n t e r m e d i a t e  p roduced  d u r in g  th e  

b reak d  own of 2 : 4 -D .

A f t e r  t h i s  s h o r t  p e r io d  of  ’'phenol'^ p r o d u c t i o n  no 

more e v id en ce  of  p h en o l  i s  found a l t h o u g h  s id e  c h a in  b re  a Mown 

and c h l o r i d e  a c c u m u la t io n  c o n t i n u e .

In  th e  a b sen ce  of  ev id en ce  f o r  th e  p r o d u c t i o n  of  a 

second  p h e n o l i c  compound i t  would be assumed t h a t  th e  2:4-D 

m o le c u le ,  s i d e  c h a i n  and r i n g  s t r u c t u r e s  were a t t a c k e d  s im u l 

t a n e o u s l y  and t h a t  d e s t r u c t i o n  was com ple te  when c h l o r i d e  

a c c u m u l a t i o n  r e a c h e d  a maximum and r a d i o a c t i v i t y  d i s a p p e a r e d .  

This view i s  t a k e n  by R ogoff  and R e id ,  1956,

The p r o d u c t i o n  o f  the  second  p h e n o l i c  compound and 

th e  p r e s e n c e  of  p h y to t o x i c  s p o t s  on the  chromatograms a f t e r  th e  

c o m p le t io n  of c h l o r i d e  and r a d i o a c t i v e  r e a c t i o n s  does n o t  a l lo w  

t h i s  s im p le  e x p l a n a t i o n  to  be c o n s id e r e d  as  th e  com ple te  

e x p l a n a t i o n  f o r  th e  breakdown of  2:4-D by t h i s  organisme

During/  th e  p e r i o d  of maximum r a t e  o f  a c c u m u la t io n  of 

c h l o r i d e  and l o s s  of r a d i o a c t i v i t y  t h e r e  i s  no e v id e n c e  of 

v o l a t i l e  p h e n o l  b e in g  c a r r i e d  o v e r  i n t o  th e  t r a p  or  of  non

v o l a t i l e  m a t e r i a l  r em a in in g  i n  th e  c u l t u r e  s o l u t i o n .  I f ,  as  i t  

i s  l o g i c a l  to  su p p o se ,  th e  f i r s t  r e a c t i o n  i s  c o n t i n u i n g ,  th e  

f i r s t  p h e n o l i c  s u b s t a n c e  must be f u r t h e r  changed i n t o  a 

s u b s t a n c e  n o t  r e a c t i n g  w i t h  F o l i n  and C i o c a l t e n ^ s  r e a g e n t ,  a t  

approxL m a te ly  t h e  r a t e  a t  which i t  i s  p ro d u ce d .



- 1 0 7 -

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

43 ho u rs  o f  cu l t ru re  cou ld  t h e o r e t i c a l l y  be p roduced  i n  one of 

s e v e r a l  d i f f e r e n t  w ay s : -

1. The i n  bred uc t i o n  of a h y d ro x y l  group i n t o  the  r i n g  

fo rm ing  most p r o b a b ly  2 :4  d i c h l o r o - 6 - h y d r o x y p h e n o x y a c e t i c  a c i d  

i n  a manner com parab le  w i t h  the  f o r m a t i o n  of 2 h y d r o x y - 4 - c h l o r o- 

p h e n o x y a c e t i c  a c i d  f rom  p - c h lo r o p h e n o x y a c e t i c  a c i d  as r e p o r t e d  

by if. G .Evans and P. Moss (1 9 5 7 ) .

2.  C leavage  of  t h e  2 : 4-D m olecu le  s e p a r a t i n g  th e  

a c e t i c  a c i d  s i d e  c h a in  f rom  th e  r i n g  w i t h  the  f o r m a t i o n  of

2 : 4 - d i c h l o r o p h e n o l  by h y d r o l y s i s  as p o s t u l a t e d  by Audua 1952.

3.  The rem oval  of one ( o r  b o t h )  c h l o r i d e  io n s  and 

t h e i r  r e p la c e m e n t  by h y d ro x y l  groups fo rm ing

2 c h l o ro - 4 -h y d r o x y p h e n o x y a c e t i c  a c i d  

2 h y d r o x y - 4 - c h lo r o p h e n o x y a c e t i c  a c i d  or

2-4  d ih y d ro x y p h e n o x y a c e t i c  a c i d .

4 .  The s im u l ta n e o u s  rem ova l  of th e  s id e  c h a i n  and 

one o r  b o t h  of th e  c h l o r i d e  ions  and t h e i r  r e p l a c e m e n t  by 

h y d ro x y l  g roups  g iv in g

ch lo ro h y d ro q u in o n e  

4 - c h l o r o c a t e c h o l  o r

1 - 2 -4  t r i h y d r o x y b e n z e n e .

■ 5 .  The rem ova l  of  one o r  b o t h  c h l o r i d e  ions  and 

t h e i r  r e p l a c e m e n t  by  H g i v i n g 2 - c h l o r o  or  4 - c h l o r o p h e n o x y a c e t i c  

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

of  the  c o r r e s p o n d in g  p h e n o l .
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From the  r e s u l t s  a l r e a d y  o b ta in e d  i t  has  n o t  been  

p o s s i b l e  to  d e c id e  w he the r  c h l o r i d e  ions  and r a d i o a c t i v e  G0_ 

a r e  r e l e a s e d  s i m u l t a n e o u s ly  f rom  the  2:4-D m olecu le  or i f  th e  

rem oval  of  one p r e c e d e s  t h a t  of  the  o t h e r .

C o n s id e r in g  ea c h  of t h e s e  p o s s i b l e  compounds i n

t u r n : -

2 ,4  d i c h l o r o - 6 - h y d r o x y p h e n o x y a c e t i c  a c id

The o rgan ism s grow w i t h  t h i s  s u b s t a n c e  as  the  on ly  

o rg a n ic  c a rb o n  s o u rc e  i n  u n a e r a t e d  l i q u i d  media .  No d e a d a p t a t i o n  

to  2 :4-D i s  th e n  s u b s e q u e n t l y  r e c o r d e d  w h e th e r  or n o t  2 :4-D i s  

in c lu d e d  i n  th e  l i q u i d  medium. This  s u g g e s t s  t h a t  t h i s  s u b s t r a t e  

i s  more e a s i l y  a t t a c k e d  th a n  th e  2 : 4-D m olecu le  and p ro d u c in g  

AO d e a d a p t a t i o n  m igh t  w e l l  b e  c o n s id e r e d  as an  i n t e r m e d i a t e  i n  

t h e  breakdown of  2 :4 -D .  This  compound has n o t  however been  found 

to  be v o l a t i l e  under  th e  e x p e r i m e n t a l  c o n d i t i o n s  u s e d .  I t  c a n n o t  

t h e r e f o r e  be  c o n s id e r e d  as  the  " p h e n o l i c "  m a t e r i a l  d e t e c t e d  i n  th e  

a l k a l i  t r a p .  No a c c u m u l a t i o n  of " p h e n o l i c "  m a t e r i a l  o c c u rs  i n  

th e  d e t o x i c a t i o n  p ro c e s s  and i t  has  t h e r e f o r e  b een  conc luded  t h a t  

b i t h e r  2 :4  d i c h i o r o - 6- h y d ro x y p h e n o x y a c e t i c  a c i d  i s  n o t  a n  i n t e r 

m e d ia te  i n  th e  d e s t r u c t i o n  p r o c e s s  of  the 2 : 4-D m olecu le  o]j if  i t  

i s  p roduced  as the f i r s t  s t e p  th e n  i t  i s  r a p i d l y  b ro k en  down - 

a t  the  r a t e  of  p r o d u c t i o n ,  the  fo rm er  s u g g e s t i o n  b e in g  th e  more 

l i k e l y  s i n c e  much h e a v i e r  g r a / t h  th a n  i s  o b ta in e d  would be  

e x p e c te d  i f  2 :4-D-6-0H i s  an  i n t e r m e d i a t e  s i n c e  h e a v i e r  g row th  

i s  o b t a in e d  on i t  a l o n e  th a n  on 2 ; 4-D.
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2-4 d i c h l o r  ophenol

This s u b s t a n c e  l i m i t s  th e  growth  of t h i s  2 ; 4-D 

d e s t r o y i n g  N ocard ia  s t r a i n  in  v e ry  s m a l l  q u a n t i t i e s .  I t  i s  

v o l a t i l e  under  the  e x ÿ e r im e n ta l  c o n d i t i o n s  and may be accum ula ted  

i n  an a l k a l i  t r a p .  I f  t h i s  s u b s t a n c e  were p roduced  i t  c o u ld  

a c c o u n t  f o r  th e  v e ry  l i m i t e d  amount of  g row th  r e c o r d e d  on 2 :4-D 

media and f o r  the  need f o r  v ig o ro u s  a e r a t i o n  of the  c u l t u r e s  

th r o u g h o u t  th e  d e t o x i c a t i o n  p r o c e s s .  I t  would a l s o  a c c o u n t  f o r  

th e  a p p a r e n t  t o x i c i t y  of 2 :4-D i n  u n a e r a t e d  c u l t u r e s  when no o t h e r  

c a rb o n  s u b s t r a t e  i s  p r e s e n t .  I f  t h i s  s u b s t a n c e  i s  formed d u r in g  

th e  d e t o x i c a t i o n  p r o c e s s  th e n  th e  q u a n t i t y  of  2;4-D d e a l t  w i t h  

by any c u l t u r e  w i l l  be l i m i t e d  by the  e f f i c i e n c y  of  th e  organism s 

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

mechanism a p p e a r s  to  be a s s o c i a t e d  w i t h  o r  d ep e n d e n t  upon a 

f a c t o r  p r e s e n t  i n  s o i l  e x t r a c t  and ,  i n  l i m i t e d  q u a n t i t i e s ,  in  

a g a r .  That  the  2 :4  d i c h l o r o p h e n o l  i f  p ro d u c ed ,  i s  f u r t h e r  

m e ta b o l i s e d  i s  shewn by the  f a c t  t h a t  c h l o r i d e  i s  r e c o v e re d  from 

th e  c u l t u r e  s o l u t i o n s .

2 c h l o r o-4 -h y d ro x y p h e n o x y a c e t i c  a c id  

and 2 h y d r o x y -4 - c h lo r o p h e n o x y a c e t i c  a c id

These two s u b s t a n c e s  were found n o t  to  be v o l a t i l e  

under  th e  e x p e r i m e n ta l  c o n d i t i o n s .  A lso  th e y  s u p p o r t  v e ry  heavy 

g row th  of th e  o rgan ism  even  i n  u n a e r a t e d  c u l b a r e . This g row th  i s  

n o t  r e c o r d e d  d u r in g  2 :4-D breakdown. They a l s o  cau se  d e a d a p t a t i o n  

of th e  o rg an ism  to  2 :4 -D .
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2 :4  d ih y d roxyphenoxyace t i c  a c i d

This s u b s t a n c e  has n o t  been  found to  be v o l a t i l e  

u n d e r  the  c o n d i t i o n s  of the  e x p e r im e n t s .  I t  does n o t  s u p p o r t  

g rowth  of th e  o rg an ism  b u t  does n o t  p r e v e n t  growth  on g lu c o s e  

up to  c o n c e n t r a t i o n s  of  10 p .p . ra .  b u t  g row th  i s  red u ced  a t  t h i s  

c o n c e n t r a t i o n  (10 p . p . m . ) .  I f  fo rm ed ,  any of t h e s e  t h r e e  

s u b s t a n c e s  sh o u ld  be d e t e c t a b l e  i n  the  medium.

C h lo rohydroqu inone

This s u b s t r a t e  must be c o n s id e r e d  in  c o n j u n c t i o n  

w i t h  the  r e l a t e d  q u in o n e ,  c h l o r o - p - b e n zo q u in o n e .

C h lo rohydroqu inone  i s  n o t  t o x i c  to  the  o rg an ism s .  They 

can  u t i l i s e  i t  as a c a rb o n  s u b s t r a t e  and grow i n  b o t h  a e r a t e d  and 

u n a e r a t e d  media c o n t a i n i n g  i t  as the  o n ly  added ca rb o n  s o u r c e .

No growth  t a k e s  p l a c e  on c h l o ro -p -b e n z o q u in o n e  i n  a e r a t e d  or 

u n a e r a t e d  c u l t u r e s  i n  c o n c e n t r a t i o n s  of the  o r d e r  o f  10-100 p .p .m , 

C h lo ro -p -b e n z o q u in o n e  r ed u c e s  grow th  on g lu c o s e  when p r e s e n t  i n  

c o n c e n t r a t i o n s  down to  0 .1  p .p .m .  and c o m p le t e ly  i n l i i b i t s  g rowth  

a t  10 p .p .m .  These s u b s t a n c e s  under  th e  e x p e r i m e n t a l  c o n d i t i o n s  

a r e  v o l a t i l e  and may be c o l l e c t e d  i n  an  a l k a l i  t r a p  and e s t i m a t e d  

by the  use  of  F o l i n  and C i o c a l t e n ’s p h en o l  r e a g e n t .  The p r e s e n c e  

of  e i t h e r  of t h e s e  s u b s t a n c e s  p io d u c es  s u b s e q u e n t  d e a d a p t a t i o n  

of th e  o igan ism s  to  2 :4 -D .  This would n o t  be s u r p r i s i n g  i n  th e  

c a s e  of c h lo ro - p -b e n z o q u in o n e  i f ,  b e in g  a s u b s t a n c e  to x ic  to  the
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organ isn ia ,  i t  a p p e a r s  i n  the  c u l t u r e  mediuin m ere ly  as a p r o d u c t  

o f  the c u l t u r a l  c o n d i t i o n s  and n o t  as a t r u e  i n t e r m e d i a t e  i n  

the  breakdown p r o c e s s  of 2 :4 -D ,  I f  c h lo ro h y d ro q u in o n e  i s  an 

i n t e r m e d i a t e  i t  i s  more d i f f i c u l t  to see  why g row th  on the  pu re  

s u b s t a n c e  sh o u ld  produce  d e a d a p t a t i o n  to  the 2:4-D m olecu le  

u n l e s s  th e  enzyme systems in v o lv e d  i n  th e  e a r l i e r  s t a g e s  o f  the  

b reakdown, t h a t  i s  i n  t h e  p r o d u c t i o n  of  the  c h lo r o h y d r o q u in o n e , 

a r e  u n s t a b l e  i n  th e  absence  of  t h e i r  p a r t i c u l a r  s u b s t r a t e ,  th e  

i n t a c t  2:4-D m o le c u le .  In  t h i s  c a se  th e  u t i l i s a t i o n  of  c h l o r o 

hydroqu inone  as a ca rb o n  s u b s t r a t e  o r  of any o t h e r  c a rb o n  so u rce  

n o t  i n v o lv i n g  t h i s  p a r t i c u l a r  u n s t a b l e  enzyme s y s te m  would 

r e s u l t  i n  d e a d a p t a t i o n .  2 ;4 d i c h l o r o p h e n o l  a l s o  p io d u ces  

d e a d a p t a t i o n .  This s u g g e s t s  t h a t ,  i n  the  e v e n t  o f  e i t h e r  o f  

th e s e  s u b s t a n c e s  b e i n g  i n t e r m e d i a t e  compounds p roduced  i n  the  

d e s t r u c t i o n  of  th e  2 :4-D m o le c u le ,  the  u n s t a b l e  r e a c t i o n  

p re c e d e s  t h e i r  f o r m a t i o n .  The s p l i t t i n g  o f f  o f  th e  a c e t i c  a c id  

s i d e  c h a i n  must p r e c e d e  the  f o r m a t i o n  of e i t h e r  o f  th e se  two 

compounds f rom  2 :4 -D .  On t h i s  h y p o t h e s i s  any compound composed- 

of  on ly  r i n g  or s i d e  c h a in  e lem en ts  sh o u ld  p roduce  d e a d a p t a t i o n  

and compounds i n c l u d i n g  the .  e t h e r  l i n k a g e  p r e s e n t  be tw een  th e  

two sh o u ld  n o t . .

. R e s u l t s  o f  ex p e r im e n ts  s e t  o u t  i n  T ab le  I  ( f o l l o w i n g

page 6 8 )  shew t h a t  : -

A c e t i c  a c i d  )
) p roduce  d e a d a p t a t i o n  

G l y c o l l i c  )
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G ly o x y l ic  a c i d  )
) cause  no d e a d a p t a t i o n  

S u c c in ic  a c i d  )

4 c h l o r o -2 -h y d ro x y p h en o x y a ce t i c  a c id  )
)

2 c h lo ro -4 -h y d r o x y p h e n o x y a c e t i c  a c id  ) p roduce  

4 c h l o ro p h e n o x y a c e t i c  a c id  )

d e a d a p t a t i o n  and e x t r e m e ly  heavy  growth  i n  s t i l l  c u l t u r e  

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

formed f rom  2:4-D i s  n o t  p roduced  h e r e . The e t h e r  l i n k a g e  i s  

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

u n a l t e r e d .  The b r e a k i n g  of t h e  l i n k  b e tw een  r i n g  s t r u c t u r e  and 

s id e  c h a i n  i n  ea ch  of th e s e  t h r e e  compounds would p roduce  

r e s p e c t i v e l y

4 c h l o r o c a t e c h o l

c h lo ro h y d ro q u in o n e  

pa ra  c h i o  ro p h en o 1 These t h r e e  s u b s t a n c e s  u n d e r

th e  same c o n d i t i o n s  a l s o  p roduce  d e a d a p t a t i o n  and s u p p o r t  

g row th  of th e  o rgan ism .  This s u g g e s t s  v e ry  s t r o n g l y  t h a t  i f  

any o f  th e s e  f i r s t  t h r e e  s u b s t a n c e s  i s  formed th e n  i t  i s  i n  

t h e i r  f o r m a t i o n  t h a t  i s  a g a i n  th e  v e r y  f i r s t  s t a g e  i n  d e t o x i c a 

t i o n  t h a t  the  u n s t a b l e  enzyme sy s tem  e x i s t s .  There a r e  a l s o  

compounds i n  t h i s  t a b l e  w h ich ,  b e in g  u t i l i s e d  as  a ca rb o n  

s u b s t r a t e ,  do n o t  cause  s u b s e q u e n t  d e a d a p t a t i o n  t o  2 ; 4 - D : "

2 :4 - d i c h l o r o - 6 - h y d r o z y p h e n o x y a c e t i c  a c i d  

2 c h l o ro p h e n o x y a c e t i c  a c i d .

These when s u b j e c t e d  to  s e p a r a t i o n  of r i n g  and s i d e  c h a in  

coijüponents would y i e l d  r e s p e c t i v e l y : -
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3-5  d i c h l o r o c a t e c h o l  

and o r t h o c h l o r o p h e n o l .

Til i s  l a t t e r  a l s o  r e t a i n s  a d a p t a t i o n  and so does p h en o l  i t s e l f .

3 -5  d i c h l o r o c a t e c h o l  causes  d e a d a p t a t i o n  a g a i n  s u g g e s t i n g  t h a t  

i t  i s  n o t  p roduced  as an  i n t e r m e d i a t e  in  the  breakdown of  the  

2 : 4-D m o l e c u l e .

_/J(p-chl o r o c a t e c h o l

This  m a t e r i a l  i s  vo l a  t i l e  u n d e r  th e  c o n d i t i o n s  of th e  

e x p e r i m e n t s .  I t  i s  u t i l i s e d  by the  2 :4-D o rgan ism  in  s t i l l  

c u l t u r e s  b o t h  i n  th e  p r e s e n c e  and i n  th e  absence  of  2 ;4 -D .

Growth on 4 - c h l o r o c a t e c h o l  c a u se s  d e a d a p t a t i o n  of t h i s  o ig a n ism  

to  2 :4-D breakdown. This compound c o u l d  be p roduced  from  f o r  

example 2-4 d i c h l o r o p h e n o l  as  a second  s t a g e  i n  th e  breakdown 

p r o c e s s  by the  removal  of th e  2 - p o s i t i o n  c h l o r i d e  i o n  and i t s  

r e p la c e m e n t  by OH as of  c o u rse  co u ld  c h lo ro h y d ro q u in o n e  i f  th e

4 - p o s i t i o n  c h l o r i d e  was removed i n s t e a d  i n  a s i m i l a r  way. The 

p r o d u c t i o n  of 4 - c h l o r o c a t e c h o l  i s  s u g g e s te d  as th e  s e c o n d  s t a g e  

i n  th e  breakdown of  2 ; 4-D, th e  f i r s t  b e in g  the  p r o d u c t i o n  of 

2-4 d i c h l o r o p h e n o l ,  by S te e n s  on and N a lke r  (195 7 ) .  There a r e  

however s e v e r a l  p o i n t s  of d i f f e r e n c e  be tw een  th e  b e h a v io u r  of  

t h e i r  organism s and t h a t  of  t h i s  s t r a i n  of N o c a rd ia .  Both  

4 - c h lo r o p h e n o x y a c e t i c  a c i d  and 2 - c h lo r o p h e n o x y a c e t i c  a c i d  a r e  

u t i l i s e d  more r e a d i l y  th a n  2 :4-D by the  N oca rd ia  b u t  n o t  by th e  

organism s used by S te e n s o n  and N a lk e r .  Again  2 - c h lo r o p h e n o l

and p h e n o l  a r e  n o t  o x i d i s e d  by t h e s e  w o r k e r s ’ o rganism s b u t  th ey ’*
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a r e  r e a d i l y  u t i l i s e d  by th e  2 :4-D e f f e c t i v e  s t r a i n  of N o ca rd ia ,  

and t h i s  o rgan ism  a l s o  g iv e s  an  e x t r e m e ly  heavy g row th  on 

2 -h y d ro x y - 4 -c h lo r o p h e n o x y a c e t i c  a c i d .  / / h i I s t  i t  i s  n o t  

im p o s s ib le  t h a t  breakdown of 2:4-D sh o u ld  fo l lo w  th e  same 

pathway w i t h  b o t h  th e s e  organisms i t  a l s o  seems q u i t e  p o s s i b l e  

t h a t  t h i s  i s  n o t  s o .  4 - c h l o r o c a t e c h o l  i s  n o t  th o u g h t  to  be the  

f i r s t  " p h e n o l i c "  s u b s t a n c e  a p p e a r in g  d u r in g  th e  i n i t i a l  24 hours  

i n c u b a t i o n  p e r i o d  o f  t h i s  N ocard ia  s t r a i n  o f  o rganism s w i t h  2 ;4 -D  

media s i n c e  t h e r e  a p p e a r s  to  be  no d i f f i c u l t y  in  i t s  u t i l i s a t i o n  

by th e  o rganism s and no r e a s o n  t h e r e f o r e  why i t s  p r o d u c t i o n  

sh o u ld  n o t  be c o n t in u o u s  -  and th e  p r o d u c t i o n  of the  "pheno l"  i s  

n o t .  P r o d u c t i o n  of i o n i c  c h l o r i n e  in  th e  medium i s  a c o n t in u o u s  

p r o c e s s  and goes  on s t e a d i l y  a f t e r  th e  e v o l u t i o n  of th e  "phenol"  

h as  c e a s e d .  I f  th e  c h l o r i d e  was b e in g  r e l e a s e d  by th e  f o r m a t i o n  

of 4 - c h l o r o c a t e c h o l  a b r e a k  i n  t h e  c h l o r i d e  curve  shewing e i t h e r  

an  i n c r e a s e d  or a d e c r e a s e d  r a t e  o f  p r o d u c t i o n  would be ex p e c ted  

a t  o r  a b o u t  t h e  24 hour  s t a g e .  An in c r e a s e d  r a t e  as th e  

e f f i c i e n c y  of f u r t h e r  breakdown of  the  4 - c h l o r o c a t e c h o l  o c c u r re d  

p r e v e n t i n g  t h e  e v o l u t i o n  of 4 - c h l o r o c a t e c h o l  from th e  s o l u t i o n .

A d e c r e a s e d  r a t e  i f  th e  e v o l u t i o n  s to p p e d  due to  a s lo w in g  down 

o r  s to p p a g e  i n  the  p r o d u c t i o n  of  th e  c a t e c h o l  a t  t h i s  s t a g e .  The 

f i r s t  p o s s i b i l i t y  i s  th o u g h t  t o  be the  more f e a s i b l e  b u t  i n  f a c t  

t h i s  does n o t  happen  and i t  i s  a n o t h e r  40 h o u rs  a p p r o x im a te ly  

b e f o r e  an  i n c r e a s e  i n  c h l o r i d e  p r o d u c t i o n  i s  d e t e c t a b l e .
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1 -2 -4  t r ih y d r o x y b e n z e n e

Tills s u b s t a n c e  seems h i g h l y  t o x i c  to  the  organism s and 

p roduces  d e e p ly  p igm ented  s o l u t i o n s  even  i n  h i g h  d i l u t i o n .  This 

p ig m e n ta t i o n  has  n o t  been  n o t i c e d  in  any c u l t u r e s  growing on
T_
2 :4 -D . 1 -2 -4  t r ih y d ro x y b e n z e n e  has n o t  b een  c o n s id e r e d  as the

f i r s t  v o l a t i l e  s u b s t a n c e  r e l e a s e d  f rom  th e  c u l t u r e  media though  

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

s u b s t a n c e  e v o lv e d .  I t  seems u n i  l ie  ly  t h a t  b o t h  c h l o r i d e  ions  

and th e  a c e t i c  a c i d  s i d e  c h a i n  would be s i m u l t a n e o u s l y  r e l e a s e d  

as  a f i r s t  s t e p  i n  breakdown, p a r t i c u l a r l y  as t h e r e  i s  no c l o s e  

time c o n n e c t i o n  be tw een  the  "pheno l"  and c h l o r i d e  r e l e a s e .

4 - c h l o r o p h e n o x y a c e t i c  a c id

The p r o d u c t i o n  of 4 - c h lo r o p h e n o x y a c e t i c  a c i d  i s  

c o n s i d e r e d  u n l i k e l y  s i n c e  i t s  f u r t h e r  d e c o m p o s i t io n  sh o u ld  

p roduce  th e  e x t r e m e ly  heavy g row th  r e c o r d e d  f o r  t h i s  s u b s t r a t e  

on Table I .  I t s  u t i l i s a t i o n  as  a c a rb o n  so u rc e  a l s o  ca u ses  

d e a d a p t a t i o n  to  the  2:4-D m olecu le  as does p - c h l o r o p h e n o l  a 

p o s s i b l e  d e r i v a t i v e  f rom  i t  by l o s s  of  th e  s i d e c h a i n .  P a r a -  

c h i o r o p h e n o l  a l s o  p ro d u c es  g r e a t e r  g row th  th a n  a s i m i l a r  

q u a n t i t y  of 2:4-D even i n  u n a e r a t e d  c u l t u r e  and does n o t  appear  

to  be to x ic  to  th e  organ ism s i n  c o n c e n t r a t i o n s  of  up to  

100 p .p .m .
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2 c h l o r o p h e n o x y a c e t i c  a c i d

This s u b s t r a t e  s u p p o r t s  g row th  of the  2:4-D e f f e c t i v e  

N oca rd ia  s t r a i n  w i t h o u t  c a u s in g  d e a d a p t a t i o n  in  u n a e r a t e d  c u l t u r e  

as does o r t h o c h l o r o p h e n o l  i t s  n e a r e s t  p h e n o l i c  d e r i v a t i v e . Less  

g row th  i s  r e c o r d e d  f o r  2 - c h l o r o  th a n  f o r  o rgan ism s  growing on

4 - c h lo r o p h e n o x y a c e t i c  a c i d . The f a c t  t h a t  b o t h  2 -c h lo ro p h e n o x y 

a c e t i c  a c id  and 2 - c h l o r o p h e n o l  a r e  u t i l i s e d  as c a rb o n  s u b s t r a t e s  

by t h i s  2 : 4-D o rg an ism  w i t h o u t  c a u s in g  i t  to  l o s e  i t s  a b i l i t y  

to  d e a l  w i th  2;4-D would s u g g e s t  t h a t  th e  p r o d u c t i o n  of f i r s t

2 - c h lo r o p h e n o x y a c e t i c  a c i d  and s e co n d ly  2 - c h l o r o p h e n o l  f rom  i t  

a s  a p ro b a b le  r o u t e  f o r  2 :4-D d i s i n t e g r a t i o n .  I t  s t i l l  has to  

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

a b s e n c e  of a e r a t i o n ;  2 : 4-D c a n n o t .  I f  t h e s e  two s u b s t a n c e s  a r e  

i n t e r m e d i a t e s  i n  2 : 4-D breakdown t h i s  l a s t  f a c t  l e a v e s  as th e  

on ly  p o s s i b l e  r e a c t i o n  r e q u i r i n g  a e r a t i o n  th e  rem oval  of  th e

4 - p o s i t i o n  c h l o r i d e  io n  and i t s  r e p la c e m e n t  by hydrogen  b u t ,  

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

in  th e  a b s e n c e  of a e r a t i o n .  Also s i n c e  n e i t h e r  th e  a c i d  nor  th e  

p h e n o l  a p p e a r s  t o x i c  to  th e  o rg an ism  c o n c e rn e d ,  i n  c o n c e n t r a t i o n s  

up to  th e  l e v e l  of the  i n i t i a l  s u b s t r a t e  s t r e n g t h  of  the  2 :4 -D ,  

t h e r e  seems to  be no r e a s o n  why, once i t  has  s t a r t e d ,  p r o d u c t i o n  

of th e  p h e n o l  sh o u ld  n o t  be c o n t i n u o u s .  The r e s u l t s  i l l u s t r a t e d  

on F i g u r e  XXXI shew t h a t  t h i s  i s  n o t  s o .  There i s  a l a g  o f  100 

to  120 hours  f rom  th e  t ime of  c e s s a t i o n  of ew  l u  t i o n  of  th e  

f i r s t  p h e n o l i c  m a t e r i a l  u n t i l  any f u r t h e r  m e asu rab le  q u a n t i t y
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i s  evo lved  and none i s  d e t e c t a b l e  in  the  c u l t u r e  f l u i d .

Meanwhile a l l  r a d i o a c t i v i t y  has d i s a p p e a r e d  f rom  the  2 : 4-D s p o t  

a r e a  and a c c u m u la t io n  c o n t in u e s  d u r in g  the  i n t e r m e d i a t e  "phenol"  

l a g  p e r i o d ,

\  S in c e  i t  i s  a p p a r e n t  t h a t  a t  l e a s t  one s t a g e  i n  the

d e c o m p o s i t io n  of 2 :4-D by t h i s  o rg an ism  p ro d u ces  a s u b s t a n c e  

which  l i m i t s  t h e  g row th  of  the o rg an ism  b e f o r e  the  s u b s t r a t e  

i s  e x h a u s t e d ,  and f rom  th e  e x p e r i m e n ta l  war k a l r e a d y  c a r r i e d  

o u t  i t  seems p o s s i b l e  t h a t  2 : 4 - d i c h l b r o p h e n o l  may be t h i s  

s u b s t a n c e , th e  f o r m a t i o n  of o - c h lo r o p h e n o l  f rom  2 :4  d i c h l o r o 

p h en o l  must be c o n s i d e r e d ,  o - c h lo r o p h e n o l  co u ld  be p roduced  

from  2 :4  d i c h l o r o p h e n o l  by the  rem oval  of the  4 p o s i t i o n  

c h l o r i d e  io n  and i t s  r e p la c e m e n t  by a hyd ro g en  io n .  C h lo ro 

h y d roqu inone  co u ld  be formed i n  a s i m i l a r  manner i f  th e  4 p o s i t W  

c h l o r i d e  i s  r e p l a c e d  by § h y d ro x y l  g roup .  In  e i t h e r  c a s e ,  

s i n c e  n e i t h e r  o f  t h e s e  m on o ch lo r id e  compounds i s  t o x i c  to  th e  

o rg a n ism  th e  o v e r a l l  r a t e  of d e c o m p o s i t io n  would be l i m i t e d  by 

th e  a b i l i t y  of th e  o rg an ism  to  e f f e c t  t h i s  c o n v e r s i o n .  I f  

o - c h lo r o p h e n o l  i s  p roduced  i n  t h i s  njanner th e n  i t  would e x p l a i n  

th e  r e t e n t i o n  of  2 :4-D a d a p t a t i o n  by organism s grown on o - c h l o r o -  

p h en o l  as th e  s o l e  c a rb o n  s o u r c e .  ‘The r e t e n t i o n  of a d a p t a t i o n  

to  2 :4-D by organism s grown on 2 - c h lo r o p h e n o x y a c e t i c  a c i d  would 

be s i m i l a r l y  e x p l a in e d  s i n c e  i n  i t s  breakdown o n ly  i n t e r m e d i a t e s  

p roduced  d u r in g  th e  d e c o m p o s i t io n  of  2 : 4-D would be fo rm ed .  

A e r a t i o n  i s  u n n e c e s s a r y  s in c e  t h e  v o l a t i l e  t o x i c  s u b s t a n c e
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2 :4  d i c h l o r  oplie no 1 would n o t  i n  t h i s  ca se  be p ro d u ced .  The

rem ova l  of  the  second c h l o r i d e  io n  and i t s  r e p la c e m e n t  by a

h ydrogen  io n  would i n  b o t h  c a s e s  p roduce  p h en o l  which  i s

m e ta b o l i s e d  by t h i s  o rg an ism  as a s o l e  c a rb o n  so u rce  and i t s

m e ta b o l i sm  does n o t  produce  s u b s e q u e n t  d e a d a p t a t i o n  to  th e

2:4-D m o le c u le .  The r o u t e  : -  1.  2:4-D

2. 2 :4 d ic h l o r o p h e n o l  + r g l y c o l l i c
a c i 0

o .  o - c h lo r o p h e n o l  + c h l o r i d e  io n

4.  p h e n o l  + c h l o r i d e  io n

can  th u s  a c c o u n t  f o r  some of the  phenomena e n c o u n te r e d  i n  t h e s e

e x p e r im e n t s  b u t  i t  does  n o t  e x p l a i n  th e  absence  o f  "phenol"

p r o d u c t i o n  d u r in g  th e  p e r i o d  o f  c h l o r i d e  a c c u m u la t io n  i n  th e

medium. A lso  t h e r e  would seem to  be  no r e a s o n  why once the

d e c o m p o s i t io n  p r o c e s s  has  s t a r t e d  i t  sh o u ld  n o t  be c o n t in u o u s  •

i r r e s p e c t i v e  of th e  i n i t i a l  c o n c e n t r a t i o n  of 2 ;4 -D .  This i s

n o t^ s o  b u t  such  a sy s tem  can  be p roduced  by th e  a d d i t i o n  of s o i l

e x t r a c t  and i n  some measure  by the  a d d i t i o n  of d i a l y s a t e  of  a g a r

to  th e  medium. The e f f e c t i v e  s u b s t a n c e  p r e s e n t  i n  t h e s e

e x t r a c t s  may be t h e  m a t e r i a l  w h ich  n e u t r a l i s e s  t h e  t o x i c  e f f e c t

of the  f i r s t  formed 2 : 4 - d i c h l o r o p h e n o l  on th e  organism s and a t

th e  same t ime r e n d e r s  i t  n o n - v o l a t i l e  and i t s  r e a c t i o n  to  the

F o l i n  and C i o c a l t i n ’s p h e n o l  r e a g e n t  n e g a t i v e .  The a c e t i c  a c i d

s i d e  c h a i n  n o t  b e in g  r e p l a c e d  m ere ly  by OH b u t  by t h i s  unknown
»oKic.V\

s u b s t a n c e  X. The p h e n o l  e s c a p in g  i n t o  t h e  t r a p  i s  t h a t  i t  does
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n o t  r e a c t  to  fo rm  t h i s  compound w i th  X and a e r a t i o n  i s  n e c e s s a r y  

to  keep the  c o n c e n t r a t i o n  o f  f r e e  p h e n o l  below the  l e t h a l  le^/e 1 .

‘The o v e r a l l  p i c t u r e  p r e s e n t e d  by a l l  of  th e s e  f a c t s  

s u g g e s t s  t h a t ,  i n  the  breakdown of  2 : 4-D by t h i s  p a r t i c u l a r  

o rg an ism  th e  d i s i n t e g r a t i o n  of  the  m olecu le  commences im m ed ia te ly  

upon i n o c u l a t i o n  and a e r a t i o n  of  the  c u l t u r e s .  The i n i t i a l  

r e a c t i o n  r e l e a s e s  a p h e n o l i c  m a t e r i a l  which  i s  v o l a t i l e  under  the  

e x p e r i m e n t a l  c o n d i t i o n s  and the  p i o d u c t i o n  of t h i s  p h e n o l  in v o lv e s  

the  s e p a r a t i o n  of the  s i d e  c h a i n  f rom  th e  r i n g  p o r t i o n  of th e  

m o le c u le .  The f u r t h e r  m e tab o l i sm  of the  s i d e  c h a i n  p o r t i o n  

r e l e a s e s  r a d i o a c t i v e  COg f rom  b o th  c a r b o x y l  and m ethy lene  ca rb o n  

atoms i n  r a d i o a c t i v i t y  l a b e l l e d  s a m p le s .  The p h e n o l i c  m a t e r i a l  

i s  t o x i c  to  th e  organism s i n  v e ry  s m a l l  q u a n t i t i e s  and i s  

r e s p o n s i b l e  f o r  t h e  e a r l y  c e s s a t i o n  of  g rowth  i n  c u l t u r e s . This  

t o x i c  p h e n o l  b u b b le s  o u t  o f  the  s o l u t i o n  i n i t i a l l y  -  a t  the  

commencement of i n c u b a t i o n  b u t  c a n n o t  be found a f t e r  24-48  h o u r s .  

I f  as  i t  i s  l o g i c a l  to  suppose  i t s  p r o d u c t i o n ,  once s t a r t e d ,  i s  

c o n t in u o u s  s i n c e  the  n e x t  ( o r  l a t e r )  s t a  g ê  th e  rem ova l  o f  c h l o r i d e  

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

by th e  o rg an ism  k ee p in g  the  c o n c e n t r a t i o n  below th e  l e t h a l  v a l u e .  

This n e u t r a l i s a t i o n  of  th e  t o x i c  e f f e c t  a l s o  removes th e  p h e n o l i c  

r e a c t i o n  of th e  s u b s t a n c e  and r e n d e r s  i t  n o n - v o l a t i l e .  The n e x t  

s t e p  i n  t h i s  s e r i e s  of  r e a c t i o n s  would th e n  be the  r em ova l  of 

c h l o r i d e  ions  -  4 p o s i t i o n  f i r s t  and th e n  2 p o s i t i o n  b u t  n o t  

t h e n  r e p l a c e m e n t  by OH s i n c e  t h i s  would a g a i n  g iv e  a p h e n o l i cA
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r e a c t l o n  and t h i s  i s  n o t  r e c o r d e d .  F i n a l l y  a second v o l a t i l e  

p h e n o l i c  s u b s t a n c e  i s  p roduced  p o s s i b l y  by the  r e l e a s e  of the 

added n e u t r a l i s i n g  s i d e c h a i n .  This l a t t e r  s u b s t a n c e  i s  a t  

p r e s e n t  unlmown b ^ t  i f  i t  i s  in v o lv e d  i a  most l i k e l y  to  be the  

" a c t i v e  p r i n c i p l e "  found i n  s o i l  e x t r a c t  and a g a r  d i a l y s a t e  

w h ich  e n a b le s  th e  o rganism s to  d e a l  w i th  much, l a r g e r  q u a n t i t i e s  

of  2 :4 -D .

A second p o s s i b i l i t y  f o r  the  f o r m a t i o n  of th e  l a t e r  

p h e n o l i c  m a t e r i a l  i s  by th e  i n t r o d u c t i o n  of  an  OH group  or  

g roups  i n t o  th e  r e m a in in g  r i n g  compound p r e p a r a t o r y  to  i t s  be ing  

s p l i t  as i s  f r e q u e n t l y  th e  c a se  i n  th e  o x i d a t i o n  o f  a ro m a t ic  

r i n g  s t r u c t u r e s  by m ic ro - o r g a n i s m s .

'The f o l l o w i n g  F ig u r e  XXXII s e t s  o u t  t h i s  scheme 

diagramma t i c a l l y ,
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IX • E x p e r im e n ts  u s i n g  m e thy lene  l a b e l l e d  2 :4-D I n  

h ig h  c o n c e n t r a t i o n .

1 .  I n t r o d u c t i o n

Prom th e  p r e c e d i n g  work a h y p o t h e t i c a l  r o u t e  f o r  

th e  e a r l y  s t a g e s  o f  2 :4 -D  breakdov/n by t h e  e f f e c t i v e  N oca rd ia  

s t r a i n  i s o l a t e d  f rom  s o i l  f l a s k  c u l t u r e  can be worked o u t .

None o f  t h e  p o s t u l a t e d  s u b s t a n c e s  h a s  up t o  t h i s  t im e b een  

i s o l a t e d  from c u l t u r e  media and i d e n t i f i e d .  No a c c u m u la t io n  

o f  i n t e r m e d i a t e  s u b s t a n c e s  i n  th e  c u l t u r e  v e s s e l s  h as  been  

d e t e c t e d ,  and ,ow ing  t o  t h e  v e r y  s m a l l  q u a n t i t i e s  of  th e  

h e r b i c i d e  th e  o rgan ism s  a r e  a b l e  t o  t a c k l e , a n a l y s i s  o f  t h e  

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

ch e m ic a l  means h a s  n o t  b een  p o s s i b l e .

C hrom atograph ic  a n a l y s i s  o f  t h e s e  s o l u t i o n s  w h i l s t  

s u g g e s t i n g  t h e  p r e s e n c e  o f  s u b s t a n c e s  o t h e r  t h a n  2 :4-D have 

p ro d u ced  no r e a l l y  c o n c l u s i v e  e v i d e n c e .  The d i s a p p o i n t i n g  

r e s u l t s  o b t a i n e d  from ch rom âtogi^aphic s t u d i e s  o f  th e  c u l t u r e  

s o l u t i o n s  a r e  i t  i s  f e l t ,  due t o  t h e  v o l a t i l i t y  o f  t h e  

compounds I n v o lv e d  and th e  t r a n s i e n t  n a t u r e  o f  t h e i r  

a p p e a ra n c e  i n  s o l u t i o n s .

I n  t h e  f o l l o w i n g  e x p e r im e n ts  an  a t t e m p t  t o  s e p a r a t e  

t h e  f i r s t  s t a g e s  i n  t h e  breakdov/n h a s  b ee n  made. Carbon 

d i o x i d e  i n c l u d i n g  ca rb o n  atoms from  g ro u p s  o f  t h e  s i d e  c h a i n  

i s  e v o lv e d  f rom  a e r a t e d  c u l t u r e  s o l u t i o n s ,  c o n t a i n i n g  i n i t i a l l y  

100 p .p .m .  2 :4-D, d u r i n g  t h e  f i r s t  24 h o u r s  o f  i n c u b a t i o n .
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T h is  f a c t  h as  been  e s t a b l i s h e d  by th e  use  o f  s i d e  c h a in  

l a b e l l e d  2 :4 -D .  (See F i g u r e s  XXIV and XXVII).  F re e  c h l o r i d e  

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

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

g i v e n  by th e  a l k a l i  t r a p .  ( F ig u r e  XXXI). The p o s t u l a t e d  

scheme o f  r e a c t i o n s  s e t  out  i n  F i g u r e  XXXII] shews 2 : 4 - d i c h l o r o -  

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

i s  t h e  case  i t  s h o u ld  be p o s s i b l e ,  i f  th e  r e a c t i o n  can  be 

s to p p e d  a t  an a p p r o p r i a t e  t i m e ,  t o  s e p a r a t e  th e  f o r m a t i o n  o f  

t h e  p h e n o l  and c a rb o n  d i o x i d e  on t h e  one hand from  th e  

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

Growth, a s  m easured  by numbers o f  o rg an ism s ,  o c c u rs  

i n  c u l t u r e s  c o n t a i n i n g  i n i t i a l l y  1 ,0 0 0  p .p .m .  2 :4 -D  b u t  

l i t t l e  i f  an y  l o s s  i n  p h y t o t o x i c i t y  t a k e s  p l a c e .  S in ce  no 

groT/th t a k e s  p l a c e  i n  th e  a b s en ce  o f  an  added  ca rb o n  s u b s t r a t e  

i t  i s  r e a s o n a b l e  t o  assume t h a t  t h i s  i n i t i a l  g row th  i s  due 

t o  t h e  m e ta b o l i s m  o f  a w r y  s m a l l  q u a n t i t y  o f  th e  h e r b i c i d e  

o r  an  im p u r i t y  p r e s e n t  i n  i t .  T h is  l a t t e r  p o s s i b i l i t y  i s  

u n l i k e l y  s in c e  t h e  2 :4 -B  u se d  i s  a v e r y  pu re  sam p le .  I f  

g ro w th  i n  c u l t u r e s  c o n t a i n i n g  t h i s  h ig h  c o n c e n t r a t i o n  o f  2 :4 -D  

t a k e s  p l a c e  a t  t h e  expense o f  t h e  h e r b i c i d e ,  and 2 : 4 - d i c h l o r o -  

p h e n o l  i s  p ro d u ced  as  a f i r s t  s t e p  i n  th e  breakdown, i n  the  

ab s en ce  o f  com ple te  m e ta b o l i sm  o f  t h e  s u b s t r a t e  a t  t h i s  

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

b o t h  o f  t h e  f o l l o w i n g : -
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1 .  The e v o l u t i o n  o f  l a b e l l e d  ca rb o n  d io x id e  b e f o r e  

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

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

s o l u t i o n  o r  i n  t h e  a l k a l i  t r a p  p r i o r  t o  o r  i n  th e  ab sen ce  o f  

th e  p r o d u c t i o n  o f  i o n i c  c h l o r i d e  i n  t h e  medium.

2 .  E x p e r im e n ta l  methods

An e x p e r i m e n t a l  s e t  up s i m i l a r  t o  t h a t  d e s ig n e d  f o r  

t h e  p r e v i o u s  e x p e r im e n t s  i n  which  samples  o f  r a d i o a c t i v e  2 :4 -D  

were in v o lv e d  was u s e d .  T h is  i s  d e s c r i b e d  on page 90.

A volume o f  60 m i s . o f  c u l t u r e  f l u i d  was u s e d  w i th  

an  a l k a l i  t r a p  c o n t a i n i n g  2.0 m i s .  o f  2Normal NaOH. The 

c r i t i c a l  t im e i n  t h e  e x p e r im e n t s  e n v i s a g e d  a p p e a re d  t o  be 

d u r in g  t h e  f i r s t  few days  o n l y .  I t  was t h e r e f o r e  d e c id e d  

t h a t  t h e  u s e  o f  a s m a l l  volume o f  f l u i d  c o n t a i n i n g  1 ,000  p .p .m .  

2 ;4-D made up o f  20 mgs. o f  r a d i o a c t i v e  sample and 40 rags, o f  

n o n - l a b e l l e d  2 :4-D would be b e s t  f o r  t h i s  w o rk .  Methylene 

l a b e l l e d  2 :4-D was em ployed .

The u se  o f  20 mgs. o f  a c t i v e  sample i n  a  t o t a l  o f  

60 m i s .  c u l t u r e  f l u i d  meant, t h a t  a h i g h  c o u n t  could, be 

e x p e c t e d  i n  t h e  a l k a l i  t r a p  a s  soon as  r a d i o a c t i v e  COg was 

ev o lv e d  f rom  th e  s o l u t i o n .  The u se  o f  60 m i s .  i n s t e a d  o f  

em ploying  20 m is .  w i th  a l l  t h e  2 :4-D t a k e n  f rom  th e  a c t i v e  

sample e n a b le d  5 m l .  samples  t o  be t a k e n  from  th e  c u l t u r e  

f l a s k ,  and  t i t r a t e d  a g a i n s t  N/500 AgNOy f o r  c h l o r i d e  e s t i m a t i o n ,  

a t  i n t e r v a l s  t h r o u g h o u t  t h e  e x p e r i m e n t a l  p e r i o d .  The f i r s t
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e x p e r im e n t  T/as c a r r i e d  ou t  u s i n g  the  normal growth  medium of  

t h e  o rg an ism  i n  2 :4 -D  c u l t u r e  -  t h a t  i s  c o n t a i n i n g  p o ta s s iu m  

c h l o r i d e .  I n  t h e  second  e x p e r im e n t  t h i s  was r e p l a c e d  by 

p o ta s s iu m  d ih y d r o g e n  p h o s p h a t e .

R e s u l t s .

The m easurem ents  o f  r a d i o a c t i v i t y  r e c o r d e d  i n  th e

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

shewn i n  F i g u r e s  XXXIII and XXXIV and g i v e n  i n  Appendices

XXXII a n d  XXXIV.

F i g u r e  XXXIII shews r e s u l t s  o b t a in e d  u s i n g  media

c o n t a i n i n g  p o ta s s iu m  c h l o r i d e  and F i g u r e  XXXIV t h o s e  o b t a i n e d

when p o ta s s iu m  c h l o r i d e  was r e p l a c e d  by p o ta s s iu m  d ih y d ro g e n

p h o s p h a t e .  I t  w i l l  be s e e n  t h a t  i n  t h i s  l a t t e r  c a se  c h l o r i d e

i s  s t i l l  p r e s e n t  i n  t h e  c u l t u r e  f l u i d .  This  i s  due t o  t h e

i n e v i t a b l e  t r a n s f e r e n c e  o f  c h l o r i d e  i n  the  inocu lum .  The

c h l o r i d e  r e s u l t s  have p l o t t e d  d i r e c t l y  as  t i t r a t i o n  r e c o r d s  
r\ot

a n d ^ c a l c u l a t e d  as  p e r c e n t a g e s  o f  t h e  added  c h l o r i d e  ( i . e .  i n  

t h e  2 :4 -B  c h a rg e )  s i n c e  i t  i s  a p p a re n t  t h a t  no m e asu rab le  

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

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

any c h l o r i d e  h a s  i n  f a c t  come from th e  2 :4 -D .

R a d i o a c t i v e  c a rb o n  d i o x i d e  h as  u n d o u b te d ly  b een  

e v o lv e d  from  the  c u l t u r e s  s o  t h a t  i t  may c o n f i d e n t l y  be s t a t e d  

t h a t  t h e  i n i t i a l  g ro w th  on media c o n t a i n i n g  1 ,0 0 0  p .p .m .  2 :4-D
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as  th e  o n ly  added ca rb o n  so u rc e  i s  due t o  th e  m e tab o l ism  o f  

t h i s  s u b s t r a t e .

The t o t a l  f i n a l  radioactivity coun t  o b t a i n e d  i n  t h e  

a l k a l i  t r a p s  a f t e r  s i x  days i n c u b a t i o n  (600-900 co u n ts  p e r  

m in u te )  i s  e q u i v a l e n t  t o  t h a t  r e c o r d e d  from a c o n c e n t r a t i o n  o f

7 . 5  t o  1 2 .6  p . p . m .  2 :4 -D  u n d e r  t h e  same c o n d i t i o n s .  One t h i r d  

o n ly  o f  t h e  2 :4-D i n  th e  c u l t u r e  s o l u t i o n  was added from  th e  

r a d i o a c t i v e  sam p le ,  t h i s  r e s u l t  t h e r e f o r e  r e p r e s e n t s  a t o t a l  

o f  c a rb o n  d i o x i d e  r e l e a s e d  f r o m  m e t a b o l i s e d  2 :4-D e q u i v a l e n t  

t o  2 2 .5  t o  3 7 .8  p .p .m .  2 :4 -D .  The i n i t i a l  c o n c e n t r a t i o n  o f

2 :4-D i n  t h e  c u l t u r e  medium was 1 ,0 0 0  p .p .m .  t h e r e f o r e  som eth ing  

l i k e  2 - 4 ^  o f  t h e  COg from  t h e  s id e  c h a in  h as  b ee n  e v o lv e d .

2 2 .5  p .p .m .  2 :4 -D  r e l e a s e s  i n t o  5 m i s .  o f  s o l u t i o n  c h l o r i d e  

e q u i v a l e n t  t o  0 .478  m is .  o f  N/500 AgNO^. 3 7 .8  p .p .m .  2 :4-D 

r e l e a s e s  i n t o  5 m i s .  o f  s o l u t i o n  c h l o r i d e  e q u i v a l e n t  t o  0 .802

m is .  o f  N/500 AgNO . I n  n e i t h e r  o f  t h e  e x p e r im e n ts  c a r r i e d  ou t3
was t h i s  i n c r e a s e  r e c o r d e d  a t  t h e  t im e  of  00^ e v o l u t i o n .

2
T h is  r e q u i r e d  i n c r e a s e  i s  however v e r y  s m a l l  and  i n  v iew o f  th e  

f a c t  t h a t  t h e  inoculum^ and i n  one ca se  t h e  mediuir^was n o t  f r e e  

o f  c h l o r i d e ,  i t  c a n n o t  be assumed t h a t  no c h l o r i d e  i s  i n  f a c t  

p r o d u c e d .

I n  t h e s e  two e x p e r im e n t s  t h e  r e a c t i o n  of  t h e  t r a p  
oU W el 1:3.

f l u i d ^ f o r  p h e n o l i c  m a t e r i a l  was t e s t e d  a f t e r  6 days i n c u b a t i o n  

o n l y .  The p e r c e n t a g e  t r a h s m i s s i o n  o f  l i g h t  a f t e r  r e a c t i o n  w i t h
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P o l i n  and  C i o c a l t e n s  P heno l  r e a g e n t  -  t h e  c o n t r o l  tu b e  

c o n t a i n i n g  NaOH s o l u t i o n  and th e  r e a g e n t  w a s :

a t  i n o c u l a t i o n  a f t e r  6 days 

C o n t ro l  100 100^ t r a n s m i s s i o n

F i r s t  e x p e r im e n t
( F ig u re  XXXIII) 100 55.3% "

Second e x p e r im e n t  100 68% ”
( F ig u r e  XXXIV)

These r e a d i n g s  a r e  a s s o c i a t e d  w i t h  a  c o n c e n t r a t i o n  o f  

p h e n o l i c  m a t e r i a l  e q u i v a l e n t  t o  50 .12  and 2 6 .6 1  p .p .m .  2 : 4 -  

d i  c h i  oro p h e n o l  r e s p e c t i v e l y .  These c o n c e n t r a t i o n s  a r e  

a p p r o x im a te l y  e q u i v a l e n t  t o  5% and 2.66% r e s p e c t i v e l y  o f  th e  

i n i t i a l  ch a rg e  o f  2 :4 -D .

This  f o r m a t i o n  o f  p h e n o l  i n  t h e  a b s e n c e  o f  com plete  

m e ta b o l i s m  o f  t h e  2 :4-D a t  t h i s  h i g h  c o n c e n t r a t i o n  f u r t h e r  

e v id e n c e  i n  s u p p o r t  o f  t h e  h y p o t h e s i s  t h a t  2 : 4 - d i c h l o r o p h e n o l  

i s  fo rm ed  a t  t h e  f i r s t  i n t e r m e d i a t e  p r o d u c t  i n  t h e  decompo

s i t i o n  o f  2 :4 -D  and t h a t  i t  i s  th e  s u b s t a n c e  which  b e in g  t o x i c  

t o  t h e  o rg an ism  co n c e rn ed  i n h i b i t s  f u r t h e r  breakdown a t  h ig h  

c o n c e n t r a t i o n s .
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X. A n a ly s i s  o f  t h e  a l k a l i  t r a p  f l u i d  by a method o f  

gas  c h ro m a to g ra p h y .

Dr.E.Heywood of  î\îay & Baker  L td .  Dagenham, E sse x ,

who k i n d l y  s u p p l i e d  13 ch em ica l  compounds o f  g u a r a n t e e d

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

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

i n  th e  a l k a l i  t r a p ,  i f  th e  volume of t h e  t r a p  co u ld  be

red u ce d  t o  25 m i s . o r  l e s s  w i th o u t  d e c r e a s i n g  th e  volume o f

th e  c u l t u r e  f l u i d  below 500 m is .  I t  p ro v ed  d i f f i c u l t  t o
To

f u l f i l  t h e s e  r e q u i r e m e n t s , ^ e n s u r e  t h a t  b u b b l in g  was slow

enough t o  e n s u r e  th e  t r a p p i n g  o f  a l l  v o l a t i l e  m a t e r i a l s

e v o lv e d  from th e  c u l t u r e s ,  and a t  t h e  same t im e  m a i n t a i n  a

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

o f  t h e  2 :4-D.

A sample of  t r a p  f l u i d  was e v e n t u a l l y  o b t a i n e d

and  s e n t  t o  Dr.Heywood.

A p r e l i m i n a r y  r e p o r t  on i t s  c o n t e n t s  g a t e

2 : 4 - d i c h l o r o p h e n o l  
ch lo ro h y d ro q u in o n e  
a  monochlor  ophenol  
ph en o l
and t h r e e  a s  y e t  u n i d e n t i f i e d  m a t e r i a l s  a s  

p r e s e n t  i n  t h i s  f l u i d .

I n  v iew  o f  t h i s  some modif  i c a t b n  o f  F ig u re  XXXII

ca n  now be made •

The monochlor  opheno l  i s  assumed t o  be o - c h lo r o p h e n o l

h a v in g  r e g a r d  t o  the  e v id e n c e  from p r e v i o u s  e x p e r im e n ts  a l r e a d y
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d i s c u s s e d  and t o  th e  p r e s e n c e  o f  c h lo ro h y d ro q u in o n e  i n  th e  

t r a p .  A lso  o - c h l o r o p h e n o l  co u ld  be p ro d u ced  from 2 :4 -d ich lo ro «  

p h e n o l  by r e p la c e m e n t  o f  th e  4 - p o s i t i o n  c h l o r i d e  i o n  w i t h  a 

h y d ro g e n  i o n .  S i m i l a r l y  c h lo ro h y d ro q u in o n e  can be formed by 

t h e  r e p la c e m e n t  o f  th e  same p o s i t i o n  c h l o r i d e  w i t h  a h y d ro x y l  

g r o u p .  Thus a t t a c k  on t h e  same p o s i t i o n  p ro d u ces  b o th  

s u b s t a n c e s .  I f  4 - c h lo r o p h e n o l  were  assumed t o  be formed, 

two s e p a r a t e  a t t a c k s  on t h e  m o le c u le  must t a k e  p l a c e .

E v idence  f rom  g row th  e x p e r im e n ts  a l r e a d y  d i s c u s s e d  i s  a l s o  

a g a i n s t  t h e  f o r m a t i o n  o f  4 - c h l o r o p h e n o l .

F i g u r e  XXXV s e t s  o u t  t h e  scheme f o r  t h e  e a r l y  s t a g e s  

i n  2 :4 -D  d e c o m p o s i t io n  a s  now s u g g e s t e d .
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APPENDICES 

D a t a  r e l a t i n g  t o  t h e  t e x t .

One r e p r e s e n t a t i v e  s e t  o f  f i g u r e s  i s  g iv e n  f o r  each  

e x p e r im e n t.

C u l tu re s  o th e r  th a n  th o se  in v o lv in g  u se  o f  sam ples 

o f r a d io a c t iv e  2 :4 -D  w ere c a r r i e d  o u t i n  t r i p l i c a t e  

and th e  e x p e rim e n ts  r e p e a te d  t h r e e  t im e s  i . e .  u s in g  

n in e  tu b e s  i n  a l l .

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

w e re  c a r r i e d  o u t  t h r e e  t i m e s ,  o n l y  u s i n g  one c u l t u r e  

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



APPENDICES

1• D ata r e l a t i n g  to  F ig u re s  in  th e  t e x t

I n  a l l  c a se s  tim e m easured  from  in o c u la t io n .

H aem acytom eter c e l l  f a c t o r  = 4 x 10^

A ppendix I .  F ig u re  I .

A. Grov/th o f  B. g lo b ifo rm e  in  m in e ra l s a l t s loop.p.m . 2 :4 -D

Time 
in  h r s .

C e ll  c o u n ts Av. C e l l s /
m l.

Logio 
c e l l s / m l .

C a lc u la te d  from  I n o c u la t in g c
0 su s p e n s io n 6 o06x10^ 5 .7 8

24 0 , 2 , 1 , 1 , 1 , 0 , 1 , 0 ,1 ,2 0 .9 3 .6  x1q6 6 .5 6
48 8 ,6 ,6 ,9 ,1 0 ,7 ,8 ,7 ,1 1 ,9 8 .1 3 .24x10? 7 .5 1
72 1 6 ,1 5 ,1 5 ,1 6 ,1 8 ,1 7 ,1 5 ,1 6 ,1 6 ,1 7 1 6 .1 6 .44x10? 7 .8 1

100 1 6 ,1 7 ,1 7 ,1 4 ,1 6 ,1 6 ,1 4 ,1 3 ,1 7 ,1 8 1 5 .8 6 .3 2 x l0 ; 7 .8 0
216 1 6 ,1 4 ,1 4 ,1 6 ,1 7 ,1 6 ,1 4 ,1 9 ,1 8 ,1 5 1 5 .9 6 .36x10? 7 .8 0
264 1 5 ,1 5 ,1 6 ,1 6 ,1 8 ,1 5 ,1 7 ,1 5 ,1 6 ,1 8 1 6 .1 6 .4 4 x 1 0 ' 7 .8 1
360 1 1 ,1 3 ,1 2 ,1 5 ,1 0 ,1 3 ,1 6 ,1 1 ,1 4 ,1 1 1 2 .6 6 .04x10? 7 .7 0
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APPENDIX I

C• Grov/th o f  B. g lo b ifo rm e  In  m in e ra l  s a l t s  1 , QQ0p*p.m.2;4-D

Time
in

h r s . R\/' C eiU i^l
r 4|, 1

0 C a lc u la te d  from  in o c u la t in g  s u s p . 4.56x10®
8.0x10®

5 .6 6
24 4 , 0 , 4 , 4 , 2 , 1 , 1 , 0 , 1 , 3 2 .0 6 .9 0
48 3 , 2 , 6 , 4 , 3 , 6 , 4 , 4 , 3 , 4 3 .9 1 .5 6 x 1 0 ? 7 .1 9
96 1 1 ,1 0 ,1 0 ,1 0 ,8 ,1 1 ,1 2 ,7 ,8 ,9 9 .6 3 .8 4 x 1 0 ? 7 .5 9

124 1 3 ,1 2 ,1 2 ,1 3 ,1 3 ,1 2 ,1 2 ,1 4 ,1 2 ,1 2 1 2 .5 5 .00x10? 7 .7 0
148 1 1 ,1 2 ,1 4 ,1 3 ,1 4 ,1 4 ,1 3 ,1 3 ,1 5 ,1 4 1 3 .3 5 .3 2 x 1 0 ? 7 .7 3
172 2 2 ,2 1 ,2 0 ,2 5 ,2 6 ,2 3 ,2 0 ,2 1 ,2 5 ,2 3 2 2 .6 9 .0 4 x 1 0 ? 7 .9 6

D ilu te d  1 :1 0
1.24x10®196 4, 3 , 2 ,2 ,2 ,3 ,  5 ,1 ,5 ,4 3 .1 8 .1 0

252 4 , 7 , 6 , 4 , 3 , 6 , 2 , 5 , 3 , 3 4 .3 2.12x10® 8 .3 3
284 1 1 ,1 3 ,1 2 ,1 0 ,1 0 ,1 1 ,1 3 ,1 0 ,1 0 ,9 1 0 .9 4.36x10® 8 .6 4
308 1 3 ,1 2 ,1 0 ,1 2 ,9 ,1 1 ,1 0 ,9 ,1 4 ,  15 1 1 .5 4.60x10® 8 .6 6
332 .1 0 ,1 3 ,9 ,1 4 ,1 0 ,1 5 ,8 ,1 1 ,1 4 ,1 2 1 1 .6 4.64x10® 8 .6 7
372 1 2 ,1 3 ,1 1 ,1 1 ,9 ,1 3 ,1 3 ,1 2 ,1 1 ,1 2 1 1 .7 4.68x10® 8 .6 7
448 1 3 ,1 2 ,1 1 ,1 2 ,1 1 ,1 2 ,1 2 ,1 4 ,1 0 ,1 0 1 1 .7 4.68x10® 8 .6 7
492 1 3 ,1 3 ,1 4 ,1 3 ,1 1 ,1 3 ,1 3 ,1 4 ,1 0 ,1 4 1 2 .8 5 .12x108 8 .7 1
584 1 3 ,1 0 ,1 1 ,9 ,1 0 ,1 2 ,1 3 ,1 4 ,1 3 ,1 1 1 1 .6 4.64x10® 8 .6 7
744 1 1 ,1 5 ,1 0 ,1 1 ,1 1 ,1 0 ,1 3 ,1 0 ,1 4 ,1 2 1 1 .7 4.68x10® 8 .6 7
960 1 0 ,1 2 ,1 6 ,1 3 ,1 4 ,1 2 ,1 3 ,9 ,1 1 ,1 2 1 2 .2 4.88x10® 8 .6 9
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APPENDIX I

E . Growth o f  B. g lo b ifo rm e  In  2 ;4-D o n ly  (no m in e ra l  s a l t s )

Time
i n

h r s .
C e l l  co u n ts Mean C e l l s /

m l. c e l l s / ]

0
120

C a lc u la te d  from  in o c u la t in g  s u s p . 
1 , 0 , 0 , 0 , 1 , 0 , 0 , 2 , 0 , 0 0 .4

6 .06x10^ 
1 .6  xlOg

5 .7 8
6 .1

240 1 ,0 ,2 ,  0 , 0 , 1 , 0 , 0 , 0 , 1 0 .5 2 .0  xlO% 6 .3
312 0 , 0 , 0 , 2 , 0 , 0 ,1 ,0 ,1 ,0 0 .4 1 .6  x lo f 6 .1
336 0 , 0 , 1 , 0 , 0 , 1 , 1 , 1 , 0 , 0 0 .4 1 .6  xloG 6 .1

P . Growth o f  B. g lo b ifo rm e  i n  m in e ra l  s a l t s  o n ly  (n o .2 :4 -D )

Time
in

h r s .
C e l l  c o u n ts Mean Cdkj Ml 1

0 C a lc u la te d  from  in o c u la t in g  s u s p . 6.06x10® 5 .7 8
120 0 , 1 , 0 , 0 , 1 , 0 , 0 , 2 , 0 , 0 ,  0 .4  1.6x10® 6 .2 0
240 1 , 0 , 0 , 1 , 0 , 2 , 0 , 2 , 0 , 0  0 .6  2.4x10®  6 .4 0
312 0 , 1 , 2 , 1 , 0 , 1 , 0 , 1 , 0 , 0  , 0 .6  2.4x10® 6 .4 0
336 1 , 0 , 0 , 0 , 2 , 0 , 0 , 2 , 0 , 1  0 .6  2.4x10® 6 .4 0
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APPENDIX I I I  -  c o n t in u e d  

P h y to to x ic i t y  o f  c u l t u r e s .

Time ta l ie n  t o  d e t o x ic a t e  100 p .p .m . 2 :4 -D  i n  c u l t u r e s  

c o n ta in in g  s o i l  e x t r a c t .

Time 
i n  d ay s

1
2
3
4
5
6
7
8 
9

10
11
12
13
14

C re ss  r o o t  a s s a y  
+ s o i l  e x t r a c t .

T oxic
T
T
T
T
T
T
T
T
T
T
T

D etox
D etox

T oxic
T
T
T
T
T
T
T
T
T
T

D etox
D etox

T oxic
T
T
T
T
T
T
T
T
T
T
T

D etox
D etox

No s o i l  e x t r a c t

T ox ic
T
T'
T
T
T
T

D etox

I
Ï
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APPENDIX IVb -  c o n t in u e d

e ) i ,T h e  e f f e c t  o f V itam in  on th e  grov/th  o f B. g lo b ifo rm e  i n  

a e r a te d  l i q u i d  c u l tu r e s  c o n ta in in g  100 p .p .m . 2;4-D

Time -  h o u rs C o n c e n tra t io n  o f  V itam in  B^g

0 
24 
48 
72 
96 

120 
144 
168 
192 
216 
240 
264 
288 
536 '

I'Oppm,

C e lls /m l

1.22x10® 
4 .0  xlO® 
1 .24x10? 
9 .12x10? 
9 ,04x10? 
9 .04x10? 
9 .08x10? 
8 .96x10? 
9 .12x10? 
9 .12x10? 
9.08x107 
8 .92x10? 
9 .12x10? 
9 .12x10?

O.lppm, O.Olppm. O.OOSppm. Hone

1.22x105 
4 .4  x l 0 6  
9 .2x10  6 
8 .76x10? 
8 .8 0 x 1 0 ' 
8 .76x10? 
8 .84x10? 
8 .80x10? 
8 .76x107 
8 .84x107 
8.80x107 
8 .76x107 
8 .72x10? 
8 .80x10?

1.22x105
4.32x10®
1.72x10^
8 .80x10?
8 .80x10?
8 .76x10?
8 .76x10?
8 .84x10?
8 .72x10?
8 .84x10?
8 .80x10?
8 .80x10?
8 .76x10?
8 .80x10?

1.22x10®
3.96x10®
1.44x10?
8 .2 4 x 1 0 '
8 .28x10?
8 .20x10?
8 .16x10?
8 .28x10?
8 .28x10?
8 .24x10?
8 .24x10?
8 .28x10?
8 .20x10?
8 .28x10?

1.22x105
4.12x10®
1.42x10?
9.16x10?
8 .88x10?
8 .92x10?
9 .08x10?
9 .12x10?
9 .12x10?
8 .96x10?
8 .92x10?
9 .12x10?
8 .92x10?
8 .92x10?
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APPENDIX IVb -  c o n t in u e d

f ) i .  The e f f e c t  o f : -

f .  M enaphthone 1 p .p .m . and 0 .0 1  p .p .m .
g .  B io t in  0 .1  and 0 .0 1  p .p .m . u se d
h .  C a se in  h y d ro ly s a te  -  non v i ta m in  f r e e  and v i ta m in  f r e e  

m a te r i a l  u s e d .
i .  A d d i t io n a l  p h o s p h a te :  d o u b le  q u a n t i ty  o f  Ammonium 

p h o sp h a te  added  to  medium.

A. On th e  g ro w th  o f  B. g lo b ifo rm e  i n  a e r a te d  l i q u i d

c u l tu r e s  c o n ta in in g  100 p .p .m . 2 :4-D

Time Cclk p'C-'- KoJ.
days f . l  ppm. f .0 .0 1 g .0 .1 g •0 .0 1 i .  2 g rm s /

ppm. ppm. ppm. l i t r e
0 1 .5 2 x lO tr l o 52x10^ Ï .  52x10®“ 1.52x10® 1.52x10®
1 3 .76x10^ 3.72x10® 3.92x106 3.60x10® 3.68x10®
2 2 .4 8 x 1 0 / 4 .0  x lO ' l o 08x10% 1 .2 8 x 1 0 ' 2 .12x10?
3 7.84x10% 8.0 0 x 1 0 ? 7 .76x10? 7 .2 0 x 1 0 ? 7 .60x10?
4 7 .8 8 x 1 0 / 7 .9 6 x 1 0 ? 7.80x10% 7.8 8 x 1 0 ? 7 .92x10?
6 7.88x10% 8.0 0 x 1 0 ? 7.80x10% 8.0 0 x 1 0 ? 8 .04x10?
8 7.84x10% 7.9 2 x 1 0 ? 7.76x10% 8.00x10? 7 .9 6 x 1 0 '
9 7.88x10% 7.96x10? 7.84x10%

7.80x10%
8.0 8 x 1 0 ? 7 .9 6 x 1 0 '

10 7.84x10% 8.04x10? 7 .9 6 x 1 0 ? 7 .96x10?
11 7.80x10% 8.00x10? 7 .8 8 x 1 0 ? 7 .92x10? 8 .04x10?
14 7 .80x10? 8 .0 0 x 1 0 ? 7 .8 4 x 1 0 ? 7 .9 2 x 1 0 ? 8 ,0 0 x 1 0 '

h . 0 . 0 1 / h .  0 .0 1 h .V i t . h .V i t . C o n tro l
- ppm. f r e e f r e e no a d d i t  :

0 .0 1 ^  ' 0 .0 1  
_J?^m. ____

0 1,52x10® 1.52x10® 1.52x10® 1.52x10® 1.52x10®
1 4.80x10®

8 .48x10?
3.96x10® 4.72x10® 3.84x10® 3.80x10®

2 2 .7 6 x 1 0 ? 9 .60x10? 2 .4 8 x 1 0 ? 2 .04x10?
3 ' P i n e s 6 .8 0 x 1 0 ? . F la k e s 6 .24x10? 7 .9 6 x 1 0 ?
4 form ed 7 .9 6 x 1 0 ' form ed 7 .84x10? 7 .92x10?

i n  tu b e in  tu b e
8 .0 8 x 1 0 ? 8 .04x10?6 C ounting 8 ,16x107 C oun ting

n o t p o s s :
8 .2 4 x 1 0 ?

n o t p o ss  :
9 8 .1 2 x 1 0 ? 7 ,96x10?

10 8 .0  xlO? 8 .0 4 x 1 0 ? 7 .9 6 x 1 0 ?
11 7 .9 6 x 1 0 ? 7 .9 2 x 1 0 ? 8 .0 8 x 1 0 ?
14 7 .8 8 x 1 0 ? 7 .9 2 x 1 0 ? 8 .0 0 x 1 0 ?
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APPENDIX VIII - 11. Phytotoxlolty of cultures
Cress seedling root test. Samples diluted to give stated original cone, of 2;4-D-
Length of 4 longest roots in each tube measured In mms.
Initial
conc. Culture

2:4-D

1 . 00.10.01
1.0
0 .10.01
1.0
040.01
1.0
oil0.01
1.00.1
0 .0 1

0 Time In days 
2 10 12

Control
Cress
Dlst.water 87,81,79,70 
only 90,78,75,74

5, 4,,2, 2 A 20,17,15,13
60,50,48,45
3, 3, 3, 3 B 25,17,15,15
59,57,45,43
4, 3, 3, 2 C 13,12,12,10
60.56.50.40

2 , 2 , 2 , 1 
D 15,12,12, 957.57.45.40

90,79,75,70 100,85,83,80
82,82,76,74 87,85,85,80
4, 3, 2, 2 21,14,11, 8 
64,58,40,40
4, 3, 3, 1 
20,15,12,10 60,53,50,44
2, 2, 2, 2 21,18,10, 9
64.59.53.42
3, 2, 2, 1 
19,15,15,14
60.45.45.43

2, 2, 2, 1 6, 4, 3, 319,13,12, 9 19,16,13,11
62,62,45,38 64,63,68,50

4, 1, 1, 120.20.15.15
50.50.45.45
5, 5, 4, 420.20.17.10 68,45,45,43
4, 2, 2, 1 16,14,13, 961.54.45.39

3, 1, 126.16.15.1555.52.47.45
3, 2, 2, 122.17.15.10
63.63.48.39

86,85,85,8090,9QfBQ,80

32,13^12,1055,50,,44,40

loll^fivj 5 
43,40,40,35
95,9#b@3,75100,85*83,8280,9̂ *73,71

fH’iP '4, 2, 215,16^0,10 60, 52fS6,40
4, 3, 2, 0 
27,1^16,11 62,39*36,34 %

90,80,75,75, 87,78,70,70 87,85,81,7275,72,70,68 90,82,75,73 85,83,71,69
4, 4, 3, 3 2, 2, 1, 123,18,10, 9 25,25,20,20,
65,50,43,41 58,53,46,40
3, 3, 3, 2 21,18,16,13 63,60,41,33
86,82,76,7890,80,70,69
80,76,68,65

85,82,75,7583.82.78.78
82.80.78.78
87,86,85,80
80,78,75,7185,80,80,73

3, 3, 2, 2, 85,81,80,79 27,14,11,10 83,80,80,7861,46,39,34 82,78,75,70
4, 3, 3, 3 20,20,18,14 
63,45,41,35

88,88,87,70
95,90,88,8588,87,84,80

3, 2, 2, 2 17,17,14,12 66,57,50,50
79,77,76,7088.75.70.69
85.78.72.72
100,75,75,72
80.80.77.7584.81.76.73
80.76.76.7582.80.80.75 91,87,81,68
90.90.80.7586.82.76.70 
86,85,75,72



APPEITDDC V III  -  i l l .  G lucose r e a c t i o n  

T es t u s e d :

T e s t d e s c r ib e d  in  M ethods o f  Q u a n t i ta t iv e  M icro

a n a ly s i s  by M ilto n  and V faters

and J o u rn a l  o f  B io lo g ic a l  C h em istry  1915, 20 61 .

by Lewis an d  B e n e d ic t ,

By t h i s  m ethod i t  i s  p o s s ib le  to  d e t e c t  down to  40 g o f  

g lu c o s e .  2 m l, s a t u r a t e d  aqueous p i c r i c 'a c i d  s o lu t io n  i s  added

to  th e  sam ple fo llo w e d  by 1 m l. o f  20% sodium  c a rb o n a te  s o lu t io n .

The m ix tu re  i s  th e n  h e a te d  i n  a b o i l i n g  w a te r  b a th  f o r  30 m in s .

and th e n  a llo w ed  to  c o o l .

R educing  su g a r  i s  o x id is e d  when h e a te d  w ith  p i c r i c  a c id  and 

sodium  c a rb o n a te  g iv in g  an  o ran g e  c o lo u r a t io n  due to  th e  

fo rm a tio n  o f  p ic ra m ic  a c id .

P o ly p h e n o ls , p u r in e s ,  a ld e h y d e s  and o th e r  s im i l a r  compounds 

a l s o  g iv e  c o lo u re d  s o lu t i o n s .

I n i t i a l  co n c , 
o f  g lu c o s e .

Time i n  days

0 Y ellow Y ellow Y ellow Y ellow Y ellov/ Y ellow

0.001% Y ellow Y ellov/ Y ellow Y ellov/ Y ellow Y ellow

0.01% Orange Orange Y ellow Y ellow — - —

0.1% Orange Orange Orange Y ellow Y ellov/ ——

1.0% Orange Orange Orange T inge
o fOrange

Y ellow Y ellow
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APPENDIX X Da t a  r e l a t i n g  t o  F ig u re  X.

B a c t e r i a l  g ro w th  i n  c u l t u r e s  i n  w h ich  an  a d d i t i o n a l  c h a rg e  

o f  100 p .p .m .  2 ;4 -D  ad d ed  a f t e r  d e t o x i c a t i o n  o f  th e  f i r s t  c h a rg e

Time 
i n  

d a y s .
C e l l  c o u n ts R v: c a u | k . A l

0 I n o c u l a t i n g  s u s p e n s io n  g iv e s 7 .7 8 x 1 0 ^ 5 .8 5
1 1 , 2 , 1 , 0 , 1 , 0 , 2 , 1 , 0 , 0 0 .8 5 .2  xlO® 6 .5
2 6 , 7 , 6 , 4 , 5 , 6 , 5 , 7 , 4 5 .0 2 .0  x lo Z 7 .3
3 4 , 5 , 7 , 6 , 5 , 6 , 4 , 5 , 7 , 5 5 .6 2 .2 4 x 1 0 ^ 7 .5 5
4 5 , 6 , 5 , 5 , 6 , 7 , 5 , 6 , 4 , 6 5 .5 2 .2 0 x 1 0 ” 7 .5 4
8 6 , 7 , 4 , 5 , 5 , 8 , 5 , 8 , 7 , 6 6 .0 2.40x10% 7 .5 8

11 7 , 4 , 8 , 6 , 5 , 4 , 5 , 4 , 7 , 6 .5 .6 2.24x10% 7 .5 5
14 1 5 , 6 , 9 , 9 , 8 , 1 0 , 8 , 1 2 , 7 , 1 1 9 .5 5.80x10% 7 .5 8
15 1 2 ,1 6 ,1 8 ,1 5 ,1 1 ,1 2 ,1 2 ,1 4 ,8 ,1 3 1 5 .1 5.24x10% 7 .7 2
18 1 2 ,1 0 ,1 1 ,1 5 ,1 1 ,1 0 ,1 2 ,7 ,9 ,1 2 1 0 .7 4 .2 8 x 1 0 ' 7 .6 5
20 1 0 ,1 2 ,1 5 ,1 0 ,1 4 ,1 1 ,1 5 ,1 0 ,1 2 1 2 .1 5.04x10% 7 .7
22 1 8 ,1 0 ,1 6 ,1 5 ,1 7 ,1 1 ,2 1 ,1 5 ,2 0 ,1 9 1 6 .0 6.40x10% 7 .8
27 1 5 ,1 6 ,1 4 ,1 6 ,1 2 ,1 5 ,1 2 ,1 7 ,1 7 ,1 5 1 5 .7 6 .2 8 x l0 ” 7 .8
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APPENDIX X a.

E l u t i o n  o f  2 ;4 -D  f ro m  ch ro m a to g ram s 

M ethods a t te m p te d

1* S e c t io n s  o f  p a p e r  so a k e d  f o r  12 h o u r s  i n :  

a .  D e v e lo p in g  s o l v e n t  

be E th e r

c .  A c i d i f i e d  e t h e r

d .  W a te r

e# C o n c e n t r a te d  ammonia s o l u t i o n

Æ. C h lo ro fo rm

g .  A c i d i f i e d  c h lo ro f o rm

h# A c id  a l c o h o l

i#  C a rb o n  t e t r a c h l o r i d e

je  A c i d i f i e d  c a rb o n  t e t r a c h l o r i d e .

2# P a p e r  p u lp e d  i n  b o i l i n g  w a te r  f i l t e r e d  th r o u g h  g ) .a s s  w ool%
t o  rem ove th e  f r a g m e n ts  a n d  th e  f i l t r a t e  a c i d i f i e d  and  

e x t r a c t e d  w i th  e t h e r .

3 .  2 abo v e  r e p e a t e d  u s in g  h o t  c a u s t i c  so d a  i n  p la c e  o f

b o i l i n g  w a te r

4# 2 above r e p e a t e d  u s in g  h o t  c o n c e n t r a t e d  HCl i n  p la c e  o f

b o i l i n g  w a t e r .  T h is  w as th e  o n ly  p r o c e s s  w h e reb y  s u f f i c i e n t  

2 :4 -D  Y/as e l u t e d  to  g iv e  a  p o s i t i v e  c o l o u r .
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APPENDIX XV D a ta  r e l a t i n g  t o  F ig u r e s  XVa and  XVb.

The e f f e c t  o f  r e m o v a l  o f  s a m p le s  o f  p e r f u s a t e  f ro m  t h e  

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

i n  t h e  rem oved  p e r f u s a t e .

Sam ple = Tim e, i n  d a y s ,  o f  r e m o v a l  o f  th e  a l i q u o t  f ro m  th e  

p e r f u s e r .  Sam ple 0 b e i n g  t a k e n  a t  t h e  t im e  o f  a d d i t i o n  o f  

2 :4 -D  t o  th e  p e r f u s e r .

Time o f  a s s a y  m e a s u re d  i n  d a y s  f ro m  t h e  a d d i t i o n  o f  2 :4 -D  

t o  t h e  p e r f u s e r .

S am ples  a s s a y e d  a t  1 p .p .m .  o n ly  u s i n g  i n h i b i t i o n  o f  g ro w th  

i n  l e n g t h  o f  2 mm. p e a  r o o t  s e c t i o n s  g ro w in g  i n  p e t r i  d i s h e s  

c o n t a i n i n g  10 m i s .  o f  0.5%  s u c r o s e  s o l u t i o n ,  t o g e t h e r  w i t h  

t h e  h e r b i c i d e  s a m p le .  The s e c t i o n s  a r e  g row n i n  t h e  d a r k  

a t  25^0 f o r  14 h o u r s  an d  a e r a t e d  by  r o c k i n g .  I n i t i a l  l e n g t h  

o f  10 s e c t i o n s  i s  20 mms. The c u t t i n g  b l a d e s  a r e  s e t  t o  

c u t  2 ram. s e c t i o n s  s t a r t i n g  1 . 5 . mms. b a c k  f ro m  th e  r o o t  t i p .
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APPENDIX XVI D a ta  r e l a t i n g  t o  F ig u r e  XVI

100 p . p .m . 2 :4 -D  a s  an  ad d e d  c a r b o n  s u b s t r a t e

1 ,  C u l t u r e s  a e r a t e d  w i t h  n o rm a l  a i r

Time 
i n  h r s C e l l  c o u n t s Av. C e l l s / c e f l 9 / m l

0 2 2 , 2 1 , 2 3 , 2 4 , 2 0 , 2 2 , 2 0 , 1 8 . 2 5 , 2 0 2 1 .5
m l .

8 .  60x10*^ 7 .9 4

25
D i l u t e d  1 :1 0
1 2 , 1 1 , 1 9 , 1 4 , 1 1 , 1 6 , 1 3 , 1 4 , 1 7 , 1 6 1 3 .3 5 .3 4 x 1 0 8 8 .7 3

50 1 2 , 1 1 , 1 4 , 1 5 , 1 1 , 1 4 , 1 0 , 1 5 , 1 1 , 1 2 1 2 .5 5 .0 0 x 1 0 8 8 .7 0
75 1 2 , 1 3 , 1 2 , 1 9 , 1 2 , 1 4 , 1 0 , 1 2 , 1 5 , 1 3 1 3 .2 5.28x10® 8 .7 2

100 1 0 , 1 7 , 1 4 , 1 1 , 1 0 , 1 2 , 1 6 , 1 5 , 1 6 , 1 4 1 3 .5 5 .4 0 x 108 ,8 .7 3
126
148

S eco n d  a p p l i c a t i o n  o f  2 :4-D  100 
1 2 , 9 , 1 1 , 1 3 , 1 0 , 1 1 , 1 4 , 1 6 , 1 9 , 9

p .p .m .
1 2 .4 4.96x10® 8 .7 0

176 1 5 , 1 4 , 1 5 , 1 6 , 1 5 , 1 5 , 1 7 , 1 0 , 1 4 , 1 5 1 4 .6 5.84x10® 8 .7 6

2 ,  C u l t u r e s  a e r a t e d  w i t h  c a r b o n d i o x id e  f r e e a i r

Time 
i n  h r s . C e l l  c o u n t s Av.

C e l l s  LoEn0 
/ m l .  C e l l s / m l .

0 2 2 , 2 1 , 2 3 , 2 4 , 2 0 , 2 2 , 2 0 , 1 8 , 2 5 , 2 0 2 1 .5 8 .6 0 x 1 0 ? 7 .9 4

25
D i l u t e d  1 ;10
1 3 , 1 0 , 1 2 , 1 0 , 1 1 , 9 , 1 0 , 1 0 , 9 , 1 2 1 0 ,6 4.24x10® 8 .6 3

50 1 3 , 1 1 , 1 6 , 1 2 , 1 1 , 1 5 , 1 2 , 1 0 , 1 5 , 1 4 1 2 .9 5 .16x10® 8 .7 1
75 1 4 , 1 6 , 1 4 , 1 3 , 1 5 , 1 0 , 9 , 1 3 , 1 2 , 1 3 1 2 .9 5 .16x10® 8 .7 1

100 1 2 , 1 5 , 1 9 , 1 1 , 9 , 1 3 , 1 2 , 1 3 , 1 1 , 1 3 1 2 .8 5 .12x10® 8 .7 0
148 1 3 , 1 0 , 1 0 , 1 1 , 1 1 , 1 4 , 1 2 , 1 5 , 1 6 , 1 2 1 2 .4 4.96x10® 8 .7 0
176 1 3 , 1 3 , 1 2 , 1 5 , 1 9 , 1 3 , 1 4 , 1 2 , 2 0 , 2 2 1 5 .3 6 .12x10® 8 .7 8
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APPENDIX X lX a.

C o m p o a it io n  o f  m edia u se d  i n  th e  t e s t a a p p l i e d  i n  th e  

c h a r a c t e r i s a t i o n  o f  2 ;4 -D  decomposing; o rg a n ism  i s o l a t e d  

from  s o i l .

N u t r i e n t  b r o t h

B eef e x t r a c t  1 grm

Y e a s t  e x t r a c t  2 g r ra s .

B a c t e r i o l o g i c a l  p e p to n e  5 g n n s •

Sodium c h l o r i d e  5 grms •

G la s s  d i s t i l l e d  w a te r  1000 m i s •

N u t r i e n t  a g a r

As " N u t r i e n t  b r o th "  p lu s  2% a g a r  

I n o r g a n ic  b r o t h

Ammoniui'a p h o s p h a te  1 grm.

P o ta s s iu m  c h l o r i d e  0#2 grm.

Magnesium s u lp h a te  0*2 grm .

C alc ium  c a rb o n a te  1 grm .

G la s s  d i s t i l l e d  w a te r  1000 g rm s .

I n o r g a n ic  a g a r

As " I n o r g a n ic  b r o t h "  p lu s  2% a g a r  

N u t r i e n t  g e l a t i n

B a c t e r i o l o g i c a l  n u t r i e n t  g e l a t i n  s u p p l i e d  by "D ifco "  

c o n t a in i n g



B a c to - b e e f  e x t r a c t  3 g rm s .

B a c to -p e p to n e  5 g rm s.

B a c t o - g e l a t i n  120 g rm s.

G la ss  d i s t i l l e d  w a te r  1 l i t r e

S t a r c h  b r o t h

Ammonium p h o sp h a te  1 g r m . .

P o ta s s iu m  c h l o r i d e  0 .2  g rm s .

Magnesium s u l p h a t e  0 .2  grm.

S o lu b le  s t a r c h  10 g rm s .

G lass  d i s t i l l e d  w a te r  1000 m is .

C a rb o h y d ra te  f e r m e n t a t i o n  m ed ia

B a c t e r i o l o g i c a l  p e p to n e  10 g rm s . 

C a rb o h y d ra te  u n d e r  t e s t  10 g rm s.

G la s s  d i s t i l l e d  w a te r  1000 m is .

pH 7

B ro m o cre so l p u r p le  1/i

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

N i t r a t e  r e d u c t i o n  medium

B a c t e r i o l o g i c a l  p e p to n e  5 g rm s .

P o ta s s iu m  c h l o r i d e  0 .2  grm s.

Magnesium s u l p h a t e  0 .2  grm s.

P o ta s s iu m  n i t r a t e  1 .0  grm s.

G la ss  d i s t i l l e d  w a te r  1000 m is .

+ Durham tu b e s



APPENDIX XlXa -  c o n t in u e d

Affllno a c id  medium

C a se in  h y d r o ly s a t e  10 g rm s.

Magnesium s u lp h a te  0 .2  grms

P o ta ss iu m  c h l o r id e  0 .2  grms

Ammonium p h o sp h a te  1 .0  grm s.

G lass  d i s t i l l e d  w a te r  1000 m is .

D o r s e t *3 Egg Medium - a s  d e s c r ib e d  i n  Mackie and  McCartney '
"Handbook o f P r a c t i c a l  B a c te r io lo g y "  
8 th  E d i t i o n .

2 Eggs

1 2 .5  m is .  g l a s s  d i s t i l l e d  w a te r  

S o l i d i f i e d  a t  75°C 

S t e r i l i s e d  a t  90°C 

Litm us m i lk  -  as d e s c r ib e d  i n  Mackie and  M cCartney.

F re s h  m ilk  s team ed and cream removed 

Litm us -  n e u t r a l  s o l u t i o n

P henol
Ammonium p h o sp h a te 1 grm.

P o ta ss iu m  c h l o r i d e 0 .2  gmm.

Ivlagnesium s u lp h a te 0 .2  grm .

Phenol 0 .1  grm .

G la ss  d i s t i l l e d  w a te r 1 l i t r e

A cid  f a s t  s t a i n

Method o f  Z ie h l - N e e l s e n  d e s c r ib e d  i n  Mackie and
M cC artney.

Gram s t a i n

B oth  J e n s e n ^ 3 M o d i f ic a t io n  and K o p e lo f f  and

Beerman*s M o d i f ic a t io n  and t h e  Gram s t a i n  were u s e d .  These a r e  
a l s o  d e s c r ib e d  i n  Mackie and M cCartney.
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APPENDIX XX c o n t in u e d

Sample d i l u t e d  to  100 p .p .m .  from  1 ,0 0 0  p .p .m .  2 :4 -D  

a t  25 days from  i n o c u l a t i o n

Time i n
days 23 28 32 36 41 45 49 50

F i n a l
Ig th .m m s. 2 3 .8 6  2 4 .2 4 24 .5 0 24 .5 2 24 .79 25 .79 44 .2 2 43 .12
C o n t ro l
Ig th .ram s. 44*85 44 .31 42 .39 44*16 43 .78 44 .86 43*76 4 5 .0 0

Sample c o n ta in in g  i n i t i a l l y  1 , 000 p .p .m. 2 :4--D to  w hich

s o i l  e x t r a c t  added 49 (la y s  from  i n o c u l a t i o n

Time i n
days 49 50 54 58 63 67 70 71

F i n a l
Ig th .m m s . 23*70 24*49 2 4 .8 0 25*55 2 4 .0 0 39 .65 4 3 .6 4 44 .72
C o n t ro l
Ig th .m m s. 44*22 42 .83 44 .28 43*35 4 2 .6 3 44 .85 43*87 43*77

Sample c o n ta in in g  i n i t i a l l y  1, 000 p .p
to

.m. 2 :4 -D /w h ich  a g a r

d i a l y s a t e  added a t  49 idays from i n o c u l a t i o n

Time i n  
days

F i n a l
Ig th .m m s, 24*29 2 4 .0 0 24 .8 1 2 5 .1 6 25*69 2 9 .22 3 1 .1 6 3 0 .0 4
Cont&ol
Ig th .ram s. 43.49 4 4 .2 6  43*61 4 2 .4 4 45*12 4 1 .83 44*27 43*82



APPENDIX XXb

The e f f e c t  o f  s o i l  e x t r a c t  and a - a r  d i a l y s a t e  on th e  

d e t o x i c a t i o n  o f  2 ;4-D

S o i l  e x t r a c t  and a g a r  d i a l y s a t e  u sed  i n  v a r io u s  

c o n c e n t r a t i o n s  s e p a r a t e l y  and in  c o m b in a t io n .  

P h y t o t o x i c i t y  o f  c u l t u r e s  a s sa y e d  as b e f o r e  by i n h i b i t i o n  

o f  g row th  i n  l e n g th  o f  2mn, pea r o o t  s e c t i o n s .

C u l tu re  c o n ta in in g  i n i t i a l l y  100 p .p .m .  2 :4-D

Time
days

i n
a) C o n c e n t r a t io n  o f  s o i l  e x t r a c t

None k  \
F i n a l  l e n g t h  of

2 .5 ^  1 .0 ^  0 .5 ^  0 .2 5 ^
C o n tro l
S e c t io n s

0 s e c t i o n s  i n  mms
0 2 4 .7 4 2 4 .6 3 2 4 .5 2 24 .85 2 5 .3 4 2 3 .49 24 .67 4 2 .91
2 2 4 .8 1 25 .1 2 2 4 .7 6 2 4 .9 6 2 4 .6 8 2 5 .3 4 2 4 .1 8 4 3 .6 2
4 2 5 .1 3 2 5 .4 2 2 4 .6 9 2 5 .7 6 2 6 .0 0 2 5 .1 9 25 .0 8 4 1 .48
6 2 4 .9 2 2 5 .3 6 2 4 .8 2 2 3 .7 4 ' 2 5 .1 8 24 .63 2 4 .5 6 4 4 .29
8 3 9 .6 8 40.42% 42.00% 24.63 26 .6 2 28 .62 43.87% 43 .57

10 45.26% 2 3 .9 5 2 4 .6 1 44.70% 41.98% 43.29% 2 5 .2 6 4 2 .54
14 2 3 .6 6 2 5 .4 9 2 9 .6 7 2 4 .3 6 25 .0 5 2 4 .6 1 2 3 .6 5 4 3 .0 0
21 42.82% 41.33% 44.01% 43.05% 45.66% 44.82% 40.98% 42.13
28 44.14% 43.87% 45.28% 43.63% 42.35% 44.40% 44.49% 43 .32
35 2 2 .1 7 2 5 .6 2 43.32% 44.07% 44.67% 43.50% 43.31% 45 .10
42 24 .29 2 5 .0 0 41.98% 2 7 .7 6 44.49% 44.71% 42.15% 4 4 .1 0
49 23 .13 2 4 .1 7 42.8)% 43 .75% 45.00% 43.00% 43.87% 43.31
56 2 4 .98 2 4 .0 6 45.65% 41.29% 3 2 .17 42.42% 43.30% 42 .86
63 2 4 .7 8 2 4 .9 0 42.52% 44.66% 44.33% 42.76% 41.98% 43.51
70 2 4 .2 6 2 5 .1 9 43.50% 41.59% 43.45% 45.10% 39 .8 3 44.87
77 2 4 .8 1 2 3 :76 45.18% 40;28% 25.69 44.62% 44.30% 43.52
84 2 4 .5 9 ' 24 .85 2 2 .6 7 2 6 .7 4 22 .64 4 0 .9 2 43 .02 44 .71

^  2*4-D to  r e s t o r e  conc . to  100 p .p .m .  a p p r o p r i a t e

q u a n t i t y  o f  s o i l  e x t r a c t  added to  each  c u l t u r e  on th e  day 

fo l lo w in g  a s s a y  shewing no p h y t o t o x i c i t y  i n  th e  c u l t u r e  

e x c ep t  5^A. Here 2 :4 -D  o n ly  added -  no s o i l  e x t r a c t .



APPENDIX XXb c o n t in u e d

b ) C o n c e n tr a t io n  o f  a g a r  d i a l y s a t e

Time
i n  daysNone lOO^A 100# 50# 25# 10# 5#

C o n tro l
S e c t io n s

F i n a l  l e n g t h  o f  10 s e c t i o n s  i n  mms.
0 23 .4 6 2 3 .6 6 2 4 .2 5 24 .08 24 .42 2 3 .3 4 2 4 .0 5 42 .86
2 2 4 .22 2 4 .0 9 2 4 .6 2 2 4 .5 4 2 4 .5 4 2 4 .1 7 , 2 4 .69 4 3 .00
4 2 5 .0 3 2 4 .7 6 23 .7 7 2 5 .7 4 2 4 .52 24 .47 24 .49 42 .15
6 2 4 .18 2 5 .2 8 23 .60 2 4 .4 6 2 3 .7 5 25 .2 5 2 4 .7 2 4 3 .62
8 23 .18 24 .32 43.76% 43.50% 2 4 .8 8 44.95% 43.38% 44 .23

10 44.62% 41.98% 2 4 .6 1 2 4 .4 6 42.87% 2 6 .1 2 25 .17 4 2 .9 5
14 2 3 .0 5 2 5 .1 0 25 .67 29 .78 2 5 .0 0 3 9 .7 6 2 5 .10 42 .87
21 43.50% 42.83% 43.71% 44.00% 43.16% 43.50% 42.92% 43 .77
28 42.95% 43.72% 44.15% 43.79% 44.76% 37.62 41.74% 43.49
35 ' 23 .38 2 4 .5 6 44.22% 43.71% 43.42% 44.84% 24 .8 3 44 .26
42 2 5 .1 4 24 .10 2 8 .2 9 42.12% 42.75% 41.76% 23 .1 5 43 .61
49 2 4 .5 0 2 5 .7 5 43.41% 43.80% 43.30% 3 6 .2 3 24 .65 42. 44
56 25 .6 4 2 5 .3 0 43.34% 43.00% 42.65% 45.00% 2 5 .67 43 .25
63 23 .49 2 4 .8 1 44.14% 42.65% 43.71% 44.49% 25 .17 44 .13
70 2 6 .2 4 2 4 .3 5 45.32% 23 .82 44.32% 44.50% 2 3 .8 4 45 .06
77 . 24 .76 2 3 .5 8 42.78% 44.96% 43.75% 44.88% 2 4 .51 43 .83
84 2 4 .2 5 2 4 .2 9 43 .61 43 .6 8 4 4 .2 0 4 3 .4 2 2 4 .76 44. 65

100^ A. F re s h  a g a r  d i a l y s a t e  n o t  added when 2 :4 -D  charge  

renew ed .



APPENDIX XXb c o n t in u e d

C u l tu re  c o n ta in in g  i n i t i a l l y  1 ,0 0 0  p . , .m. 2 :4 -D

a) C o n c e n t r a t io n  o f  s o i l  e x t r a c t

Time
i n  days  None 5#A 5# 2 .5 #  1 .0 #  0 .5 #  0 .2 5 #

C o n t ro l
Sections

F i n a l  l e n g t h  o f  10 s e c t i o n s  i n  mms."
0 2 4 ,7 6 2 4 .1 2 2 3 .5 6 2 3 .8 2 2 4 .0 5 2 3 .8 1 2 4 .9 6 4 3 .3 0
2 2 3 .6 5 2 4 .4 5 2 4 .6 0 2 4 .5 9 2 3 .9 8 2 4 .0 0 2 5 .0 0 4 4 .1 5
4 2 4 .7 1 2 3 .8 8 24 .6 8 2 4 .1 6 2 4 .2 6 2 3 .6 0 2 4 .3 6 4 3 .6 3
6 2 3 .0 0 2 4 .4 1 2 3 .4 3 2 4 .9 5 2 3 .4 6 2 5 .5 1 2 3 .6 1 4 2 .9 0
8 2 5 .3 1 2 5 .4 1 2 4 .4 0 2 9 .7 6 2 5 .2 7 24 .82 2 9 .5 1 43 .1 8

10 24 .62 42.15% 40.00% 42.89% 44.20% 41.23% 43.67% 43 .1 2
14 2 3 .5 0 2 2 .3 6 2 4 .1 2 2 5 .0 6 2 4 .5 0 2 1 .8 1 2 5 .7 6 4 4 .1 6
21 2 5 .1 1 2 4 .1 9 42.15% 41.72% 42.30% 43.51% 44.26% 4 3 .5 5
28 2 4 .2 0 2 4 .0 7 43.81% 40.95% 44.18% 42.51% 2 8 .1 5 42 .82
35 2 3 .9 0 2 5 .1 8 42.46% 41.34% 42.63% 43.93% 44.92% 43 .59
42 24 .49 2 4 .3 5 3 3 .87 42.00% 43.59% 41.45% 43 .12% 4 4 .1 3
49 25 .10 2 5 .5 7 44.19% 43.85% 44.86% 42.16% 44 .38% 45 .00
56 2 6 .2 0 2 4 .1 4 43.65% 46.12% 41.72% 43.00% 42.95% 43 .18
63 2 4 .3 2 24 .23 44.29% 44.33% 3 6 .1 9 44.93% 41.86% 4 4 .59
70 2 3 .4 9 2 3 .83 41.76% 40.71% 43.45% 43.19% 43.13% 4 3 .7 3
77 2 4 .7 9 24 .97 40.18% 42.10% 42.00% 42.99% 42.70% 42.91
84 2 4 .6 5 2 4 .4 0 3 6 .7 4 41 .6 3 4 3 .72 4 3 .72 4 3 .9 1 42 .75

P .T .O . f o r  a g a r  d i a l y s a t e  

5# A. F r e s h  s o i l  e x t r a c t  n o t  added when 2 :4 -D  ch a rg e  

renew ed .



APPENDIX XXb c o n t in u e d

b) C o n c e n t r a t io n  o f  a g a r  d i a l y s a t e

Tiioe C o n tro l
i n  days None 100#A 100# 50# 25# 10# 5# S e c t io n s

F i n a l  l e n g t h  o f  1 0 " s e c t i o n s  i n  mms.
0 22 .0 5 24 .67 2 3 .2 5 2 3 .7 5 2 3 .2 0 24 .3 4 25 .09 44 .16
2 2 4 .3 5 " -2 3 .9 6 2 5 .1 6 2 3 .9 5 2 3 .5 0 2 2 .2 1 23 .22 43 .84
4 2 3 .2 0 2 4 .2 5 2 4 .6 8 2 4 .4 0 2 3 .5 5 25 .0 5 24 .5 6 43 .50
6 2 4 .0 0 2 2 .9 6 2 2 .2 1 23 .79 2 5 .1 8 2 5 .2 2 23 .93 4 4 .4 9
8 2 3 .3 7 2 3 .7 9 2 4 .7 3 2 4 .5 1 2 4 .9 5 22 .5 6 22 .39 4 2 .5 1

10 2 3 .8 0 43.18% 43.00% 42.78% 44.11% 43.90% 2 4 .8 5 43 .11
14 24 .61 2 4 .32 2 2 .3 4 2 4 .00 2 7 .1 5 2 3 .4 9 2 3 .0 0 43 .65
21 2 3 .9 2 2 3 .69 44.33% 42.52% 44.10% 43.66% 2 4 .7 6 42 .35
28 2 3 .7 5 24 .50 43.63% 42.98% 43.50% 26 .91 2 3 .0 5 43 .68
35 2 4 .9 9 23 .8 2 42.46% 43.26% 42.58% 44.07% 24 .92 42 .35
42 23 .6 3 2 3 .6 3 29 .87 42.34% 43.92% 43.24% 25 .01 44 .91
49 2 4 .1 2 2 4 .1 0 44.17% 3 9 .5 6 36 .7 2 44.27% 24. 39 43 .75
56 23 .38 2 4 .3 5 42.45% 44.80% 42.28% 42.86% 2 4 .3 4 44 .62
63 25 .2 2 2 4 .3 3 31 .69 45.00% 43.10% 43.07% 23 .8 1 43 .6 6
70 23 .1 3 2 4 .2 5 44.78% 42.81% 42.22% 44.91% 2 2 .8 9 42.19
77 2 4 .5 1 2 2 .7 2 43.45% 43.66% 43.50% 28 .6 2 2 3 .3 7 43 .78
84 2 4 .5 6 2 3 .9 0 44.80% 28 .7 4 41 .6 2 34 .18 24 .8 9 44 .15

100# A. F re s h  a g a r  d i a l y s a t e  n o t  added when 2 :4 -D  

c h a rg e  ren ew e d .



APPENDIX XXI D ata  r e l a t i n g  t o  T ab le  IV

The e f f e c t  o f  ad d in g  sm a l l  q u a n t i t i e s  o f  t o x i c  s u b s ta n c e s  t o  

a e r a t e d  s o l u t i o n s  c o n ta in in g  100 p.p.m.. 2 :4 -D

A d d i t io n a l  s u b s t r a t e s ;
A. 2 - 4 d ic h lo r o p h e n o l
B. C h lo ro -p -b e n z o q u ln o n e
0 . 1 , 2 , 4 - t r ih y d ro x y b e n z e n e
D. 2 , 4 -d ih y d ro x y p h e n o x y a c e t ic  a c id
E. 3 ~ 5 d ic h lo ro c a te c h o l  
P . Quinhydrone
0 . No a d d i t i o n s .

a) A d d i t io n a l  s u b s t r a t e  c o n c . 10 p .p .m .

Time 
i n  days A B 0 D E F G C o n tro l

peas
F in a l l e n g t h o f  10, 2 ram. pea  s e c t i o n s

0 23 .89 2 4 .7 0 24 .18 2 2 .1 2 2 3 .8 0 2 4 .4 5 24,.19 43 .98
1 23 .84 23 .81 23 .8 5 22 .67 2 4 .1 0 2 4 .4 8 23,.97 4 2 .82
2 24 .75 2 4 .0 0 2 4 .1 3 2 4 .1 4 2 4 .3 1 2 5 .0 0 25,.12 4 2 .4 5
3 24 .17 2 4 .3 2 2 4 .5 0 2 3 .91 23 .79 23 .7 1 24,.23 4 3 .7 0
4 23 .83 2 4 .29 2 3 .5 0 2 4 .04 2 4 .2 5 2 3 .0 0 25,.01 42 .71
5 24 .42 2 3 .7 0 2 2 .3 1 23 .87 2 3 .4 0 24 .25 24 .50 43 .78
6 24 .63 2 4 .8 0 2 3 .3 6 23 .1 3 2 4 .3 2 2 3 .9 0 23,.66 4 4 .0 0
7 23 .81 2 3 .6 2 2 4 .2 9 22 .68 2 3 .8 6 2 3 .5 6 23,,82 4 4 .3 3
8 25 .22 24 .19 2 4 .1 0 23 .97 23 .78 2 3 .8 0 24,,61 43 .82
9 24 .17 2 3 .2 0 24 .31 2 3 .3 6 2 4 .5 1 2 4 .7 6 31,.62 43 .9 1

10 25 .14 24 .3 0 24 .52 24 .19 2 3 .1 5 23 .61 43,.83 42 .4 2
11 23 .62 2 2 .7 0 2 4 .1 1 2 3 .3 4 2 2 .7 6 2 4 .1 0 43,.76 4 3 .31
12 24 .12 2 4 .6 6 2 3 .1 4 2 4 .1 4 2 3 .9 1 23 .23 44 .4 2
13 24 .75 2 3 .9 4 22 .98 23 .8 7 24 .71 2 4 .2 5 4 3 .2 1
14 24 .31 23 .69 25 .12 2 3 .9 4 2 4 .3 6 23 .75 42 .52
15 23 .25 2 4 .2 3 2 2 .9 5 2 4 .37 2 4 .1 4 23 .71 43 .2 0
16 39 .68 2 3 .8 6 23 .75 2 3 .9 1 2 3 .4 8 2 3 .6 8 4 2 .3 2
17 44 .13 2 4 .2 4 2 4 .0 4 2 2 .4 7 2 4 .4 4 2 4 .1 5 43 .8 1
18 42 .68 2 3 .2 8 2 3 .8 1 2 3 .3 9 23 .52 2 3 .9 4 42 .8 5
19 2 4 .2 7 2 4 .5 6 2 4 .4 9 24 .15 2 3 .5 0 4 3 .5 0
20 23 .81 23 .1 9 2 3 .1 6 2 3 .6 1 24 .79 4 2 .9 4
21 43 .57 24 .65 2 4 .5 3 2 4 .5 0 4 4 .4 7 4 4 .1 1
22 43 .4 5 23 .7 6 2 3 .8 8 2 3 .6 2 4 4 .1 6 4 3 .6 7
23 — 2 4 .5 5 23 .69 2 3 .4 4 — 4 3 .5 0



b) A d d it io n a l  s u b s t r a t e  c o n c . 1 p . p . m

Time 
in  days B D TT P

F i n a l  l e n g t h  o f  10, 2 mm. pea s e c t i o n s
C o n t ro l

peas

0 23 .78 2 4 .7 4 2 4 .0 0 2 4 .3 0 23 .65 23 .6 0 24 .17 4 4 .8 0
1 2 4 .5 9 2 5 .0 0 23 .73 2 4 .5 0 2 4 .6 2 2 3 .5 7 24 .2 8 4 4 .1 6
2 2 3 .6 0 23 .8 9 24 .2 4 2 4 .5 5 24 .61 2 4 .0 6 2 4 .51 43 .81
3 2 4 .5 9 23 .8 5 24 .71 2 2 .0 0 23 .2 6 23 .85 2 4 .2 6 43 .7 9
4 24 .09 2 4 .0 6 2 4 .4 4 2 3 .7 4 2 3 .7 3 24 .85 2 3 .3 5 44 .2 6
5 24 .4 5 24 .2 0 24 .15 24 .25 24 .0 0 23 .62 23.92 43 .4 2
6 2 3 .3 7 23 .95 2 4 .7 6 23 .73 23 .59 2 4 .6 1 2 4 .25 4 4 .2 3
7 2 4 .5 0 2 4 .1 0 2 3 .5 0 23 .50 22 .86 23 .4 7 23.68 4 3 .6 6
8 2 3 .6 1 2 3 .4 2 23 .8 9 24 .1 1 2 3 .4 8 24 .12 2 4 .81 44 .79
9 2 4 .25 24 .39 2 4 .5 0 2 3 .6 9 23 .65 24 .55 2 3 .1 0 4 3 .93

10 2 3 .6 1 23 .7 4 2 4 .3 1 2 4 .4 6 2 3 .1 4 2 4 .7 2 4 4 .9 5 44 .5 8
11 23 .51 2 3 .72 2 4 .5 0 2 3 .77 2 4 .6 2 2 4 .5 0 4 3 .87 4 3 .31
12 2 3 .5 3 2 4 .7 3 2 3 .9 0 2 4 .1 6 2 2 .9 5 2 3 .2 3 - 4 3 .5 5
13 24 .1 1 2 3 .1 6 2 4 .0 8 23 .77 2 4 .4 4 2 3 .8 4 — 4 4 .23
14 24 .31 2 4 .7 1 2 3 .8 4 2 3 .6 5 24 .21 2 4 .6 3 - 43 .52
15 4 1 .67 4 4 .1 8 2 4 .1 5 2 3 .6 4 2 4 .7 4 2 3 .4 6 — 4 3 .99
16 4 4 .39 4 3 .6 6 2 4 .4 3 2 3 .6 3 2 4 .4 5 24 .35 —» 4 4 .5 0
17 - - 2 3 .95 2 4 .25 2 4 .0 2 2 3 .9 8 — 4 4 .35
18 - - 2 4 .3 8 2 2 .9 4 2 3 .71 2 4 .2 9 — 4 3 .72
19 - - 23 .2 5 2 4 .6 8 2 4 .8 3 2 4 .1 2 - 4 3 .7 5
20 - - 24 .76 2 4 .5 5 3 8 .1 3 2 4 .8 3 - 4 4 .15
21 - - 2 5 .10 2 3 .2 9 4 4 .3 8 43 .27 - 4 3 .8 0
22 — - 2 3 .1 6 2 4 .6 2 - 4 4 .0 8 - 4 2 .92
23 - - 2 3 .6 3 2 4 .1 8 - - - 43 .77



APPENDIX XXII

The e f f e c t  o f  1 p .p .m * g lu ta m ic  a c i d  on 2 :4-D d e t o x i c a t i o n  

by N o c a rd ia  i n  a e r a t e d  l i q u i d  c u l t u r e .

C re ss  r o o t  a s s a y . Samples d i l u t e d  t o  1 p .  •m .2 :4-D

I n i t i a l conc 0 o f 2 :4 -D  i n p .p .m .

Time
i n  days 100 400 1 ,0 0 0 No g lu ta m ic  a c id

100'. ppm.2 :4-D

0 Toxic Toxic Toxic T oxic
1 T T T T
2 T T T T
4 T T T T
6 T T T T
8 T T T T

10 Detox T T D e to x ic a te d
12 D T T D
16 - T T -

20 - T T -

30 - T T -



APPENDIX XXIII D ata  r e l a t i n g  to  F ig u re  XXIII 

M easurement o f  p h y t o t o x i c i t y  and  r a d i o a c t i v i t y  o f  ch rom ato 

g rap h ed  sam ples o f  2 ;4 -D  e n r ic h e d  p e r f u s a t e  t a k e n  a t  i n t e r v a l s  

th ro u g h o u t  th e  d e t o x i c a t i o n  o f  100 p .p .m .  2 :4 -D  l a b e l l e d  w i th  

i n  th e  m e thy lene  g roup  o f  the  s id e  c h a i n .

Chromatograms d ev e lo p ed  i n  i so p ro p a n o l /a m m o n ia /w a te r  s o l v e n t ,  

d r i e d ,  r a d i o a c t i v i t y  e s t im a te d  and s e c t io n e d  i n t o  10 e q u a l  

p o r t i o n s . S e c t io n  1 = RfO-01, s e c t i o n  2 = R fO .1 -0 .2  e t c .

2 ram.pea r o o t  s e c t i o n s  grown i n  0 .7 5 m l. o f  0 .5 #  s u c ro s e  on 

each  p o r t i o n  and l e n g t h  m easured  a f t e r  24 h o u rs  g ro w th  a t  

20^0 i n  th e  d a rk .

Time from  i n o c u l a t i o n  i n  h o u rs

C^gram 0 28 51 80 101 129 1 5 7 i 1 8 0____
s e c t i o n F i n a l  l e n g t h  o f  10, 2mi11. pea r o o t  s e c t i o n s

1 3 2 .1 5 30 .0 0 3 7 .9 2 3 7 .3 0 45 .2 1 4 4 .2 4 3 7 .5 4 4 1 .9 0 41 .29
2 3 6 .9 6 33 .6 8 3 5 .2 0 3 7 .5 2 38 .0 0 51 .4 2 43 .57 4 4 .5 1 43 .3 4
3 ‘ 3 5 .4 7 32 .5 3 37 .9 1 3 4 .0 0 44 .62 48 .23 4 4 .1 5 4 2 .0 0 4 2 .6 0
4 2 7 .7 8 2 5 .89 37 .2 0 3 6 .6 3 3 8 .8 4 4 9 .0 0 4 3 .0 0 47 .02 45 .6 4
5 2 7 .8 0 2 6 .4 0 3 9 .4 2 3 5 .2 2 45 .2 3 42 .7 4 41 .1 0 4 0 .5 2 4 1 .2 3
6 31 .79 3 0 .0 0 3 2 .6 3 3 5 .0 0 3 9 .7 0 3 6 .6 4 37 .3 6 41 .2 2 41 .6 5
7 29 .75 2 8 .7 2 2 5 .0 4 2 6 .2 3 2 8 .9 1 25 .6 2 38 .2 7 43 .13 4 4 .1 2
8 31 .81 2 9 .0 0 26 .82 2 8 .4 0 2 4 .0 0 30 .7 2 25 .0 3 4 0 .0 0 4 1 .0 0
9 4 0 .6 1 3 5 .3 0 3 3 .2 0 3 8 .0 0 38 .0 0 44 .69 40 .52 42 .75 45 .51

10 29 .58 2 8 .0 0 4 1 .0 0 34 .9 8 36 .0 0 4 0 .0 0 4 2 .9 6 4 3 .8 0 43 .62
C o n t ro l 3 8 .4 0 3 4 .8 2 . 3 7 .6 0 39 .0 0 41 .01 4 8 .5 0 42 .22 4 4 .0 0 42 .1 3

R a d i o a c t i v i t y  P .T .O .



R a d i o a c t i v i t y  c o u n ts  r e c o r d e d  on chrom âtograiiis 

Each p o s i t i o n  r e p r e s e n t s  a d i s t a n c e  o f  0*5cm. t r a v e l l e d  do\vn 

th e  chromatogram from the o r i g i n .  W idth  o f  e x p o se d  p o r t i o n  

i s  a l s o  0 .5 cm . Each p o s i t i o n  co u n ted  f o r  5 m in u tes  and any  

r e g io n  recorclJ.ng a cou n t o f  18 p er  m inute  or  more I s  r e c o u n t e d  

f o r  20 m in u te s  on t h e  f i r s t  4 chrom atogram s. L a te r  sam p les  -  

ea c h  p o s i t i o n  I s  co u n ted  f o r  1 m inute  and any r e g i o n  r e c o r d in g  

a c o u n t  o f  18 p er  m ln , or  more I s  co u n ted  f o r  5 m i n u t e s .

Counts g i v e n  h e r e  as g r o s s  co u n ts  p er  m in u te .

Time from I n o c u l a t i o n  In  hours  
0 iûL

P o s i t i o n Gross co u n t s per m in ute

1 1 3 .2 1 4 .6 1 2 .0 1 4 . 2 13 3 8 . 4 1 4 0 .2 1 0 5 .2 1 4 4 .6
2 1 1 .8 1 4 .2 1 2 .0 1 7 . 0 1 6 .3 1 4 .8 6 8 .2 5 3 .8 6 4 .8
3 1 4 . 6 1 2 . 6 1 3 .8 9 . 8 9 13 13 11 12
4 1 5 .8 1 0 .8 1 3 . 4 1 4 .6 15 12 14 15 15
5 1 2 . 8 1 2 . 6 1 0 .8 1 2 .8 8 10 12 12 9
6 1 4 .8 1 3 .4 1 1 . 6 1 1 .2 12 12 15 12 12
7 1 3 .6 1 0 . 5 1 0 . 4 1 4 .4 16  ■ 18 9 13 13
8 1 3 . 4 1 2 .2 1 3 . 4 1 4 . 6 5 14 11 17 15 '
9 1 3 . 4 1 2 . 0 1 1 ,6 1 4 .4 14 9 15 13 17

10 1 3 . 8 1 0 . 2 1 1 .8 1 2 . 8 10 8 10 14 9
11 1 5 . 6 1 0 .8 1 2 .8 8 . 8 14 12 14 7 8
12 1 2 . 6 1 2 . 5 1 0 .2 1 2 . 6 10 10 13 15 11
13 1 3 . 8 1 0 .8 1 0 . 0 1 3 . 6 10 17 17 10 12
14 1 4 . 8 1 1 .6 1 1 . 0 1 2 . 4 16 12 10 15 12
15 1 2 . 8 1 1 .0 1 2 . 0 1 3 . 0 12 18 13 10 10
16 1 3 . 2 1 4 . 0 1 1 .6 1 3 . 4 14 15 13 17 18
17 1 4 .2 1 2 .8 1 2 . 6 1 3 .2 10 12 17 13 13
18 1 3 . 0 1 7 . 6 1 4 . 6 8 . 6 9 13 9 17 9
19 1 0 .8 1 3 . 2 1 5 . 4 1 1 .4 14 14 15 17 14
20 1 3 . 8 1 6 .2 1 4 . 6 1 3 .2 6 13 8 10 14
21 1 4 .2 1 2 .8 1 5 . 6 1 2 .4 18 18 17 11 13
22 1 2 .2 1 3 . 6 1 6 .8 1 2 .6 17 14 17 8 12
23 1 3 .2 1 0 .8 4 5 . 6 1 3 .8 17 10 16 9 7
24 1 4 . 0 1 4 . 2 2 4 0 .1 1 2 .2 18 13 12 11 16
25 1 0 .0 1 1 . 2 3 7 6 .4 1 2 . 6 13 13 16 9 5
26 1 4 . 2 1 5 .4 1 6 7 .6 1 4 .2 18 13 13 16 8
27 1 2 .3 1 5 . 2 2 5 .4 1 3 .0 11 16 18 7 16
28 3 9 . 6 6 7 .5 1 4 . 4 2 6 .5 16 14 12 10 7
29 2 5 2 .4 3 4 8 .8 1 4 .7 1 3 8 .1 6 0 .3 14 11 12 11
30 3 9 8 .0 3 3 7 .2 5 1 4 . 4 2 9 2 .0 2 4 8 .6 5 17 17 12
31 4 7 .8 9 3 .8 1 3 .2 2 1 7 .0 1 6 6 .3 13 13 14 13
32 1 6 .2 2 1 . 0 1 0 .0 6 4 .6 3 8 .9 8 14 12 11

36
37
38
39
40
41
42
43
44
45
46
47
48 .
49
50
51
52
53

% 
"Tr.o

1 4 .6
1 3 .8
1 4 .2
10.8
10.6
1 7 .0
11.2 
1 5 . 2
1 3 .0  
1 4 .4  
1 4 . 6  
1 3 . 8

Front

14:12.
1 3 . 4
1 1 .4  
1 2 .2  
11.8
1 4 . 4
1 3 . 7
12.8 
1 3 .8  
10.6
1 4 .2  
12.6
1 3 . 2  
Front

1 3 . 2  w ^ . 8  
6 , 4  1 2 . 6

.4' 1^.2" 
1 0 .2 0  1 6 .8
10 .80
1 4 .2
1 4 . 6

Front

1 2 .4  
1 2 . 2  
1 2 .6
1 3 .4  
1 5 .2
1 0 .4  
10.6
1 3 .4  
12.2 
1 4 .6  
1 3 .8
1 4 . 4  

Front'

155"^ 8 3 .2
19 140 7 6 .8 6 9
13 43 1 9 .4 13 7
11 14 14 16 15
16 12 14 14 7
15 15 13 11 18
12 9 12 10 15
11 14 12 10 _6
13 17 17 10 F ron t
14 10 17 14
16 17 12 15

8 16 7 14
i l 9 11 15
F ron t 10 18 13

16 13 F ron t
12 15
14 13
15 11
12 16



APPENDIX XXIV. Data r e l a t i n g  to  F ig u re  XX 

M ethylene l a b e l l e d  2;4-D

1 . R a d i o a c t i v i t y  m easured on chrom atogram s d u r in g  d e t o x i c a t i o n  

o f 2 :4 -D . The d a t a  from  w hich  t h i s  g ra p h  was c o n s t r u c t e d  

i s  g iv e n  in  A ppendix XXVI.

2 . E v o lu t io n  of d u r in g  d e t o x i c a t i o n  of 2;4-D

0 .1  ml. t r a p  f l u i d  d r i e d  on to  2 cm. p l a n c h e t t e .  Background 

c o u n ts  ta k e n  w i th  th e  p l a n c h e t t e  i n  p o s i t i o n  b e f o r e  the  

a d d i t i o n  of th e  a c t i v e  sam p le . Each sample co u n ted  f o r  

20 m in u te s .  The t r a p  f l u i d  i s  renewed a t  e a c h  sa m p lin g .

Time 
in  h o u rs

B ackground
c o u n t

Sample 
Count/mm. Count Count/mm.

0 251 12 .55 248 1 2 .4
24 364 1 8 .2 4 ,3 2 4 2 1 6 .2
48 302 1 5 .1 31 ,456 1572.8
76 268 13 .4 11 ,172 558.6
99 304 1 5 .2 2 ,4 3 2 121 .6

120 252 1 2 .6 1 ,6 5 0 8 2 .5
140 276 1 3 ,8 2 ,474 1 2 3 .7
172 296 1 4 .8 1 ,5 2 2 7 6 .1
194 250 1 2 .5 578 2 8 .9
220 204 1 0 .2 507 2 5 .3 5
240 253 1 2 .6 5 462 2 3 .1



APPENDIX XXV D ata r e l a t in g  to  F ig u r e  XXV

Growth o f  b a c t e r i a  d u r in g  d e t o x i c a t i o n  o f  100 p . .m. 2 :4 -D  

l a b e l l e d  w i th  i n : -

Time 
i n  h r s • C e l l  coun ts Av.

C e l l s
/m l .

LoSio
c e l l s / m l .

0 I n o c u l a t i n g  s u s p e n s io n  g i v i n g : 2 .6 9 x 1 0 G 6 .43
24 1 2 ,1 0 ,1 1 ,9 ,1 2 ,9 ,1 0 ,1 0 ,8 ,1 1 1 0 .2 4.08x10% 7 .6 1
50 1 7 ,1 5 ,1 8 ,1 6 ,1 6 ,1 7 ,1 5 ,1 5 ,1 4 ,1 5 1 5 .8 6 .32x10 / 7 .8 0
74 1 5 ,1 6 ,1 8 ,1 4 ,1 5 ,1 5 ,1 9 ,1 4 ,1 6 ,1 5 1 5 .7 6.28x10% 7 .8 0
97 1 4 ,1 3 ,1 3 ,1 2 ,1 5 ,2 1 ,1 7 ,2 0 ,1 4 ,1 7 1 5 .4 6.16x10% 7 .7 9

140 1 2 ,1 5 ,1 3 ,1 5 ,1 6 ,1 4 ,1 5 ,1 3 ,1 4 ,1 3 1 5 .1 6.04x10% 7 .7 8
194 1 4 ,1 9 ,1 5 ,1 6 ,1 8 ,1 7 ,1 3 ,1 4 ,1 5 ,1 3 1 5 .4 6.16x10% 7 .7 9
218 1 4 ,1 7 ,1 5 ,1 3 ,1 3 ,1 5 ,2 1 ,1 4 ,1 5 ,1 8 1 5 .5 6.20x10^ 7 .7 9
234 1 8 ,1 4 ,1 5 ,1 7 ,1 6 ,1 7 ,1 5 ,1 3 ,1 3 ,1 6 1 5 .4 6 .16x10V 7 .7 9

b) The c a rb o x y l  g roup  o f  th e  s id e  c h a in

Time
i n  h r s C e l l  c o u n ts Av. C e l l s / Logio

m l. c e l l s / m l .

; 0 I n o c u l a t i n g  s u s p e n s io n  g i v i n g : 2 .1 9 x 1 o f 6 .34
24 6 , 3 , 4 , 5 , 3 , 1 , 4 , 3 , 2 , 2 3 .3 1.32x10% 7 .1 2
50 1 5 ,1 6 ,1 4 ,1 0 ,1 2 ,1 1 ,1 2 ,1 3 ,1 0 ,1 5 1 2 .8 5 .12x10^ 7 .7 1
74 1 4 ,1 6 ,1 2 ,1 4 ,1 1 ,1 2 ,1 5 ,1 5 ,1 5 ,1 3 1 3 .7 5 .48x107 7 .7 4
97 1 4 ,1 3 ,1 6 ,1 5 ,1 2 ,1 4 ,1 6 ,1 5 ,1 4 ,1 7 1 4 .5 5 .80x10? 7 .7 6

124 1 4 ,1 3 ,1 0 ,1 4 ,1 6 ,1 4 ,1 6 ,1 5 ,1 7 ,1 5 1 4 .4 5 .76x10? 7 .7 6
150 1 4 ,1 4 ,1 3 ,1 7 ,1 5 ,1 6 ,1 3 ,1 4 ,1 3 ,1 2 1 4 .1 5 .64x10? 7 .7 6
174 1 4 ,1 5 ,1 7 ,1 4 ,1 3 ,1 6 ,1 2 ,1 9 ,1 7 ,1 4 1 5 .1 6 .04x10? 7 .7 8
197 1 5 ,1 4 ,1 6 ,1 4 ,1 6 ,1 7 ,1 7 ,1 6 ,1 5 ,1 8 1 5 .8 . 6 .32x10? 7 .8 0
223 1 7 ,1 4 ,1 5 ,1 7 ,1 6 ,1 7 ,1 5 ,1 6 ,1 5 ,1 6 1 5 .8 6 .32x10? 7 .8 0
245 1 3 ,1 6 ,1 4 ,1 6 ,1 7 ,1 5 ,1 7 ,1 6 ,1 8 ,1 5 15 .7 6 .28x10? 7 .8 0
270 1 8 ,1 5 ,1 7 ,1 4 ,1 6 ,1 4 ,1 6 ,1 5 ,1 5 ,  17 1 5 .7 6 .28x10? 7 .8 0
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APPENDIX X):IX. D ata  r e l a t i n g  t o  F ig u r e s  XXIX and XXXI

The p r o d u c t io n  o f  p h e n o l ic  s u b s ta n c e s  d u r in g  th e  d e t o x i c a t i o n  

o f  100 p .p .m .  2 ;4 -D

The p re s e n c e  o f  p h e n o l ic  m a t e r i a l  i n  . s o l u t i o n  may be d e t e c t e d  

u s in g  F o l i n  and C i o c a l t i n ^ s  P heno l R e a g e n t . Q u a n t i t i e s  o f  th e  

o r d e r  o f  1 p .p .m .  p e r  m l.  can  be d e t e c t e d .

To a 1 m l. sample i s  added 0 .5 m l .  o f  t h e  r e a g e n t  fo l lo w e d  

by a 1 .5  m l.  s a t u r a t e d  sodium  c a rb o n a te  s o l u t i o n .  The c o lo u r  

i s  t h e n  a l lo w e d  to  d e v e lo p  f o r  20 m in u te s  a t  a te m p e ra tu r e  o f  

30°C and th e  sam ple made up to  5 n ils .  G.D.Y'. The d e p th  o f  

c o l o u r  i s  e s t i m a t e d  by u se  o f  a Unicam c o l o r i m e t e r  a t  wave

l e n g t h  485 . A cu rv e  shew ing th e  p e r c e n ta g e  t r a n s m i s s i o n  o f  

l i g h t  u n d e r  th e s e  c o n d i t i o n s  by s o l u t i o n s  c o n t a i n i n g  v a r io u s  

q u a n t i t i e s  o f  2 :4 - d ic h l o r o p h e n o l  was p r e p a r e d  and th e  

e x p e r im e n ta l  r e s u l t s  com pared w i t h  t h i s .

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

Time C u l tu r e A lk a l i
h r s . • medium t r a p

0 100 100
22 100 91
64 98 9 1 .6
86 100 90

116 100 91
158 . 97 8 8 .5
190 9 9 .5 88
230 95 81
256 99 8 0 .5
280 100 81
306 100 81



APPENDIX XXX. D ata  r e l a t i n g  to  F ig u r e s  XXX and ](XXI 

The r e l e a s e  o f f r e e  c h l o r i d e  io n s  i n t o  th e  c u l t u r e  medium 

d u r in g  th e  d e t o x i c a t i o n  o f  2 :4-D  by  th e  e f f e c t i v e  s t r a i n  of 

N o ca rd ia  was e s t im a te d  u s in g  a s t a n d a r d  n/ 500 s i l v e r  n i t r a t e  

s o l u t i o n .

5 m l. sam ples  of c u l t u r e  medium were removed a s e p t i c a l l y  a f t e r  

v ig o ro u s  sh a k in g  and a few d ro p s  of s a t u r a t e d  p o ta s s iu m  chrom at e  

s o l u t i o n  added as an  i n d i c a t o r .  N /500 s i l v e r  n i t r a t e  was ru n  

in  fro m  a b u r e t t e  u n t i l  a f a i n t  pe rm an en t r e d  c o lo u r  of s i l v e r  

chrom at e  became v i s i b l e .  An a t t e m p t  t o  s t a n d a r d i s e  th e  c o lo u r  

f rom  day to  day  was made by  u s in g  a s t a n d a r d  s o l u t i o n  of s i l v e r  

n i t r a t e  and sodium  c h l o r id e  w ith  an  e q u a l  q u a n t i t y  of I n d i c a t o r  

a s  c o m p a ra to r .

5mls . c u l t u r e  rredium t i t r a t e d  a g a i n s t  N /500 AgNOj

Time h r s  . mis .AgNO^needed C h lo r id e  # C h lo r id e
l i b e r a t e d  l i b e r a t e d

0 (1 5 .1 0 ) 0
(2 5 .1 0 )

22 ( 1 5 .1 8 0 .0 8 ) 4
(2 5 .1 9 0 .0 9 )

62 (1 5 .2 7 0 .1 7 ) 8
(2 5 .2 7 0 .1 7 )

86 (1 5 .9 5 0 .8 5 ) 40
(2 5 .9 5 0 .8 5 )

116 (1 7 .2 0 2 .1 0 ) 96
(2 7 .2 5 2 .1 5 )

158 (1 7 .3 5 2 .2 5 ) 108
(2 7 .4 0 2 .3  )

190 (1 7 .4 0 2 .3  ) 108
(2 7 .3 5 2 .2 5 )

230 (1 7 .4 0 2 .3  ) 108
(2 7 .4 0 2 .3  )



APPENDIX XXXIII. D ata r e l a t i n g  t o  P ig u r e XXXIII

medium

Time i n  
h r s .

R a d i o a c t i v i t y i n  COg t r a p .C h lo r id e  i n

G ross c o u n t /  Back- 
10 m in s .  g r d .

/m in .

G ross
c o u n t /

m in .

m is N 500AgN0
= 5 m is • ^ 

medium

AgNO
p e r  1 
m ediu

0 201 19 2 0 .1 1 6 .7 5 3 .9 5
3 253 14 2 5 .3 1 5 .0 3 .0
6 250 14 25 1 3 .5 2 .7

23 1495 16 1 4 9 .5 1 1 .5 2 .3
30 2170 19 217 1 1 .0 2 .2
47 3093 13 309 1 1 .0 2 .2
54 3604 18 3 6 0 .4 1 0 .0 2 .0
71 4255 14 4 2 5 .5 9 .0 1 .8

119 7218 19 7 2 1 .8 9 .5 1 .9
126 8344 12 8 3 4 .4 1 0 .0 2 .0
133 8596 16 8 5 9 .6 9 .0 1 .8
157 8731 17 8 7 3 .1 1 0 .0 2 .0



APPENDIX XXXIV. D ata r e l a t i n g t o  P ig u r *e XXXIV

R a d i o a c t i v i t y  i n  CO t r a p C h lo r id e  i n  medium

Time i n G ross c o u n t Back- G ross m is .N /5 0 0  AgNO AgNO„
h r s . / lO  m in s . g r d . / c o u n t / = 5 m i s • ^ o_

p e r  m l.
m in . m in . medium medium

0 ' 168 16 1 6 .8 7 .5 1 .5
17 432 14 4 3 .2 7 .5 1 .5
23 1114 19 1 1 1 .4 7 .0 1 .4
41 1188 18 1 1 8 .8 6 .5 1 .3
47 1804 15 1 8 0 .4 5 .0 1 .0
65 3494 17 3 4 9 .4 4 .2 5 0 .8 5
71 4172 16 4 1 7 .2 4 .0 0 0 .8 0
91 5568 12 5 5 6 .8 2 .0 0 0 .4 0

137 6000 17 6 0 0 .0 2 .5 0 0 .5 0
161 6038 15 6 0 3 .8 2 .3 5 0 .4 7
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100

L o ^ . cor\ccnY^KÜT\ov  ̂ o-^â' k»J^ in SoWtvon X *0^

^cxcVs <, e x  y v \ Ae = o • \ Vv\\.



X" ■" - : -' ’■ - .V ! m- ■ ' ; 1- '̂v 1 : ':':  ̂ ^  .
j A s w # ^  W  m£»w^wi€irj oy %Mcy^$# #  j of
^  o€&V6#& ^w#wÿ^

L o^ ^  goncenti<LtXé*>\ 8  ̂J  in ^ lu L ôn  >t *0^
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FURTHER STUDIES ON THE BREAKDOWN OF 
2:4-DICHL0R0PHEN0XYACETIC ACID BY 

A SOIL BACTERIUM
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(With 4 Text-figures)

Bacterial growth rates and the kinetics of detoxication have been followed during 
the course of breakdown of 2 :4-dichlorophenoxyacetic acid in a liquid mineral 
salt medium by cultures of Bacterium globiforme isolated from garden soil. It was 
found that toxicity persisted apparently unchanged long after bacterial growth had 
ceased, and finally disappeared suddenly after a lag period comparable in dura
tion with those obtained in soil perfusion experiments. These results can best be 
explained by the production of highly phytotoxic intermediates in the first stages 
of 2 :4 -D  breakdown. Preliminary experiments involving paper partition 
chromatography indicate that there may be at least two such intermediates.

I n t r o d u c t i o n

Previous investigations on the breakdown of 2 :4-dichlorophenoxyacetic acid 
(2: 4-D) and other hormone herbicides of similar molecular structure in soil using 
the perfusion technique of Lees & Quastel (1946) have demonstrated clearly that the 
kinetics of the breakdown and its sensitivity to bacterial poisons indicate an attack 
on the molecule by an adapted soil micro-organism (Audus, 1949). From ‘ enriched ’ 
soils such an organism has been isolated on a mineral salt-2:4-D-agar medium in 
which the herbicide was the only source of organic carbon (Audus, 1950). The 
organism was shown to belong to the B. globiforme group. Continued sub culturing 
on this solid medium results in a steady loss of vigour. Growth also takes place in 
a mineral salt solution (Thornton’s solution) containing 2 :4-D, if it is vigorously 
aerated ; then there is no apparent loss of vigour. By continued subculturing 
into this liquid medium, with an occasional short period on agar, the organism 
has been kept growing and capable of decomposing 2 :4-D  for a period of about 
4 years.

Growth, however, is never vigorous and all attempts to improve it by the addition 
to the culture medium of various accessory growth factors (i.e. yeast extract, casein 
hydrolysate, Menaphthone*, vitamin B^^and soil extracts) have met with little success. 
Growth on standard nutrient media is always luxuriant but the organism becomes 
immediately de-adapted. There seemed therefore little immediate prospect of

*  2 - M e t h y l - 1 : 4 - n a p h t h a q u i n o n e .
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cultivating the adapted organism in quantity for studies of 2 :4-D breakdown in 
bulk. It was therefore decided to follow growth of the bacterium in the mineral 
salt—2 :4-D solution and to observe simultaneously toxicity changes in the medium 
as a first step towards elucidation of the mechanism of breakdown in liquid culture.

G r o w t h  a n d  t o x i c i t y  c h a n g e s  

(i) Methods
The culture medium has been a simple inorganic salt solution (Thornton’s solution) 
containing the ammonium salt of 2 :4-D at concentrations of either o-i % or o-oi %. 
of acid equivalent. Thornton’s solution has the following constitution : (NH^)HgPO^, 
o-i % ; KCl, 0*02% ; MgSP^, 0-02%. 25 ml. of this medium were placed in 100 ml. 
boiling tubes, sterilized and innoculated with o*i ml. of suspension of the adapted 
form of B. globiforme from previous liquid cultures. The cultures were then incu
bated at 25° C. in the dark and air from activated carbon filters was blown con
tinuously through them. At suitable intervals (usually every 24 hr.) small samples 
(o-8 ml.) of the culture fluid and suspended bacteria were removed under sterile 
conditions and total cell counts made on a portion of the sample. A small quantity 
of methylene blue was added to 0-5 ml. of the suspension, and the bacteria allowed 
to take up the strain for at least \  hr. This allowed easy counting in a haemacyto- 
meter. Total cell numbers were estimated per 25 ml. of the original culture.

Another aliquot (0-2 ml.) of the sample was also taken, sterilized by heating on 
a boiling water-bath for J hr. and then tested for phototoxicity by the cress root- 
growth test used in the previous perfusion work (Audus, 1951).

In this way a complete record was kept of the growth of bacterial numbers and 
changes in the toxicity of the medium for considerable periods under pure culture 
conditions.

Results
Fig. I shows the results of an experiment in which were studied two concentra

tions of 2 :4-D (o-i and o-oi% ). Two controls were also studied, i.e. one without 
2 :4-D and the other without mineral salts. Both these controls showed very little 
growth over the experimental period. There seems little doubt from this that the 
considerable growth in the presence of 2 :4-D is due to the utilization of this com
pound as a source either of carbon or of energy for atmospheric carbon fixation.

Comparison of the growth curves in the two 2 :4-D concentrations shows that the 
initial bacterial growth rate is independent of the herbicide concentration, but that 
growth ceases after about 3 days in the low concentration and continues up to about 
15 days in the high concentration, although at a much slower rate. The maximum 
number of cells produced when growth ceases is approximately proportional to the 
initial concentration of 2 :4-D in the medium, which is strong support for the con
tention that 2 :4-D is being directly utilized as a fuel or carbon source.
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However, toxicity changes present a less clear picture. Thus in the low 2 :4 -0  
concentration there was little significant change in toxicity detectable by the cress 
root test for the first 9 days, i.e. for 6 days after bacterial growth had apparently 
ceased ; then suddenly all toxicity disappeared within 24 hr. This is the type of 
detoxication sequence observed in the soil perfusion experiments but there is no 
close correlation, as would have been expected, with bacterial proliferation. In the
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Fig. I .  Bacterial growth and 2 : 4 - 0  detoxication curves for cultures of B. globiforme growing 
in a mineral salt solution containing two concentrations of 2 :4 - 0 .  growth in o 01 % 
2 :4 - 0  ; By detoxication curve for o*oi % 2 :4 -0  ; C, growth in o*i % 2 : 4 - 0  ; D , detoxica
tion curve for o*i % 2 :4 - 0  ; E, control growth with no mineral salts ; F , control growth 
with no 2 :4 -0 .

higher concentration (o-i %) there was no significant change in toxicity during the 
phase of bacterial proliferation (0-16 days), but when growth had ceased a slow 
drop in toxicity became apparent and continued until the experiment was stopped 
after 40 days.

These results are susceptible of two explanations. The first, which we can dismiss 
as unlikely, is that the organism is growing on a non-phytotoxic impurity in the 
2 :4-D, the consumption of which does not affect the toxicity levels. Adaptation to 
2 :4-D breakdown then takes place over the observed lag periods (i.e. about 4 days 
in o-oi % and about 16 days in 01  %). It would seem probable, from the relatively
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smooth form of the growth curves, that this adaptation takes place in non-growing 
bacteria. These explanations seem unlikely, since the 2 :4-D used was a specially 
pure sample. Any impurities could not have been present in sufficient amounts to 
give the not inconsiderable growth of Fig. i .

The second and, it is felt, more plausible explanation is that the initial immediate 
growth is at the expense of the 2 :4-D itself and that the absence of any marked 
change of toxicity during growth is due to the fact that the initial products of the 
attack on the 2 :4-D molecule is an intermediate with a closely similar toxicity. The 
subsequent lag period before detoxication would then be the phase during which 
the cell is building up an adaptive enzyme system capable of attacking this inter
mediate. As we shall see later, especially in the high concentrations, large quantities 
of the herbicide may remain in the culture solution after the bacteria have stopped 
growing. It seems unlikely that this stoppage of growth is a direct effect of too high 
a concentration of the substrate (2:4-D), since initial growth rates are the same in 
both high and low concentrations. It could best be explained by postulating bacterial 
growth inhibitions due to the phytotoxic intermediate produced in the 2 :4-D break
down. These results suggest that the adaptation to 2:4-D is a very rapid process, 
both in pure culture and in the soil, and that the long lag periods observed before 
toxicity disappears is the period of adaptation to the phytotoxic intermediate of 
2:4-D breakdown. The toxicity of both the treated soils and of the liquid culture 
medium over this period would then be due to a changing mixture of 2:4-D and 
this breakdown intermediate.

Variants of this experiment have been performed and throw further light on this 
somewhat puzzling problem. Thus in the experiment illustrated in Fig. 2 two 
parallel cultures were set up in o-oi % 2 :4-D. When growth had stopped after 
5 days a further charge of 2 :4-D was added to one culture, thus doubling the amount 
of this compound in the medium. A rapid increase in cell numbers was observed 
but growth stopped after about 24 hr. A further addition of 2 :4-D after 10 days, 
before rapid detoxication had set in, gave a further similar increase in bacterial 
numbers. The interesting feature of this experiment is that the rapid disappearance 
of toxicity took place in both cultures at the same time, starting about 12 days after 
the commencement of incubation. Thus further additions of 2 :4-D during the 
process of adaptation to the intermediate do not seem, with the concentrations 
used, to affect the course of the adaptation.

If, however, additional 2 :4-D is not added to the culture medium until after 
detoxication is completed then quite a different picture is obtained. Thus, in the 
experiment of Fig. 3, a culture, started with ‘adapted’ organisms on a concentration 
of 0*01% 2 :4-D, completed its initial growth in just over 2 days. Detoxication 
commenced between the seventh and eighth days and was complete in between 
9 and 10 days. On the fourteenth day a further quantity of 2 :4-D was supplied to 
bring the concentration up to the original level of o-oi %. There was a subsequent 
small but significant increase in bacterial numbers. The toxicity, which was
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re-established on this further addition of 2 :4-D, remained uncharged, however, for 
a further lag period of 4 days (cf. initial 7 to 8-day lag) before detoxication started. 
It was complete within a further 2 days.

«7

300

200

100
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Fig. 2. Bacterial growth and 2 :4-D  detoxication curves for cultures of B. globiforme growing 
in a mineral salt solution containing 2 :4-D . Growth curve corresponding to culture 
medium B  receiving one charge of 2 :4-D  at the commencement of the experiment; 
C, growth curve corresponding to culture medium D, in which 2 :4-D  concentration was 
augmented twice before detoxication set in.

The appearance of this second lag after a first detoxication in pure culture is very 
surprising, since it does not happen in soil perfusion experiments. There, when 
a soil population has once become adapted to the breakdown of 2 :4 -0 , this adapta
tion may be retained in the soil for very considerable periods of weeks or months, 
although it may eventually disappear (unpublished results). The differences may be 
due to breakdown in soil being caused by a complex population of more than one
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type of organism of which B. globiforme is only one component. The maintenance 
of adaptation in the soil may be a property of one of the other bacterial components 
not yet isolated.

Whatever the situation in soil, one possible explanation of these liquid culture 
results is that the enzyme system of B. globiforme adapted to the breakdown of the

-  100N

20
Days in cu b a t io n

Fig. 3. Bacterial growth and 2 :4 -0  detoxication curves for cultures of B. globiforme growing 
in a mineral salt solution containing 2 :4-D , where a second quantity of 2 :4-D  was added 
to the culture medium after the first complete detoxication.

intermediate is unstable in the absence of its substrate, rapidly disappears after 
detoxication, and has to be re-formed when more intermediate arrives from the 
breakdown of 2 :4-D.

This explanation of toxicity changes during growth in pure culture calls for 
direct experiments to isolate and identify this hypothetical, highly phytotoxic inter
mediate. Attempts have been made to do so by using the methods of paper partition 
chromatography.
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C h r o m a t o g r a p h i c  e x p e r i m e n t s

One major experiment has been performed using 750 ml. of a o-i % 2 :4-D  culture 
medium containing the usual mineral salts. This solution was sterilized and then 
innoculated with 15 ml. of bacterial suspension from a previous growth experiment. 
The suspension contained about 30 million cells per ml. It was subsequently 
incubated in the dark at 25° C. and vigorously aerated by blowing air through it. 
Bacterial growth and toxicity were measured as before and results similar to those 
obtained in Fig. i were obtained. After 40 days incubation, when toxicity of the 
medium still showed little change, the culture solution was acidified by the addition 
of about 10 ml. of conc. HCl. It was then extracted by successive shakings with 
ether. The combined ether extracts were then evaporated to dryness in partial 
vacuum until a brown crystalline residue remained. It was found that this residue 
consisted of at least two components, one easily soluble in warm 30% ethanol 
(presumably unchanged 2 :4-D) while a very small fraction, a brown crystalline 
component, was insoluble. Separation was carried out by allowing the hot solution 
in 30% ethanol to cool. The brown material first separating out was filtered oflF and 
air dried. It weighed 0-3 mg., equivalent to 0*04% of the total amount of 2 :4-D  
present in the original culture. This residue was dissolved in a small quantity of 
concentrated ammonia solution, the excess ammonia boiled off and a standard 
solution of O 'O i  % by weight made up. From this a series of dilutions were pre
pared and a cress root toxicity test carried out. It was found that the brown residue 
had a toxicity at least as great and possibly greater than that of 2 :4-D itself.

0*5 ml. of the o-oi % solution was then placed as a spot on the starting line of 
a one-way paper partition chromatogram using Whatman No. 2 paper. A similar 
spot of O-OI % 2 :4-D  solution was placed on a similar strip in the same tank. After 
suitable equilibrium precautions the chromatograms were run using propanol- 
ammonia-water solvent. The papers were subsequently dried, cut into transverse 
strips and assayed using the pea root section technique (Audus & Thresh, 1 9 5 3 ). 
The results of the assay are shown in Fig. 4 where the growth of test root sections, 
as a percentage of the growth of control sections on untreated filter-paper, is 
plotted against Rjp.

It will be seen that under these conditions 2 :4-D  runs with an of about 0-75 
and that it gives a very sharp spot.* No other growth response reaching significance 
level is seen on the chromatogram. With the unknown inhibitor, however, three 
probable spots are seen. First, there is one at Rjp 0-75 corresponding to 2 :4-D and 
indicating that approximately half of the brown material was unchanged 2 :4-D. 
Then there is another marked inhibition at Rp  0-85. This is in advance of the

* In running 2 :4-D on a chromatogram for this biological assay amounts much greater than this 
(i.e. 50 fig.) are not advisable. Such high amounts give complete inhibition at the centre of the spot 
and even the slightest tail (a fraction of a percent of the total) may give a high inhibition and thus 
a very broad spot.
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2 *.4-D spot and therefore could not be explained by tailing. There can be little doubt 
that this is a phytotoxic compound quite distinct from 2 :4 -0 . There is a third spot 
retained on the starting line and this again is taken to be a toxic compound distinct 
from 2 :4 -0 . It might be suggested that this last spot is due to 2 :4 -0  prevented 
from moving on the paper by some binding material extracted by the ether from the 
bacterial cell. This is most unlikely, since extracts of cultures made in the first few 
days of incubation do not show such a spot.
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Fig. 4. Paper chromatograms of 2 :4-D  (top) and of the unknown substance (bottom) obtained 
from 40-day-old cultures of B. globiforme grown on a mineral salt solution containing 
O'I % of 2 :4-D .

We are faced with the possibility of at least two phytotoxic intermediates in 
2 :4-D breakdown, and the next step is to attempt their identification and to study 
the kinetics of their production. Some preliminary observations of the latter have 
already been made by running small samples (0*5 ml.) of culture fluid from the 
standard experimen (25 ml. of culture medium at a concentration of c o i  % 2 :4-D) 
at intervals on similar chromatograms. Results so far are incomplete but they 
indicate that at this lower concentration both intermediates accumulate slowly at the 
expense of 2 :4-D over the whole of the lag phase and then disappear rapidly during 
the short detoxication period.

It is very probable that the disappearance of phytotoxicity does not mark the 
complete breakdown of the 2 :4-D molecule, presumably by oxidation to COg, water 
and ionic chlorine. The detection and identification of these smaller intermediate
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fragments of the breakdown must rely on other sensitive non-biological methods. 
Such methods are at present being developed. An indication of the persistence of 
such compounds is given by the chromatropic acid test (Freed, 1948). This test is 
extremely sensitive and can detect quantities of 2 :4-D of the order of o-i/^g./ml.; 
but it is not specific to 2 :4-D, being given by a wide range of other organic com
pounds of similar constitution. But culture solutions which have been completely 
detoxicated have been shown to give a definite colour reaction with this test, 
pointing to the persistence of non-toxic products.

In conclusion it should be stressed that these results are very largely preliminary, 
and the theories to explain them have been put forward more as working hypo
theses than as established beliefs. They do suggest, however, that the picture 
previously depicted of the course of 2 :4-D breakdown in soil and the implications 
of cross-perfusion experiments with its homologues will have to be reconsidered in 
the light of these new findings.
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