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Abstract:
Mycelial discs of Rhizoctonia solani were treated with the systemic fungicide carboxin
(5,6-dihydro-2-methyl-1,4-oxathiin-3-carboxanilide) for periods of 0 to 10 hours. The fungus was then
removed by filtration and the filtrates analyzed for the presence of various intracellular materials to
determine if carboxin alters fungal plasma membranes. Electrical conductance was used to monitor
leakage of ionic materials. Carboxin "treatment consistently resulted in greater electrical filtrate
conductance. Potassium ions were lost from cells after carboxin treatment but their presence was not
sufficient to explain total conductivity increases. Organic acids and phosphate containing materials
were also released after carboxin treatment and both could be responsible for increases in conductance.
Phosphate losses were sufficient to retard further growth of the organism after fungicide removal and
placement on a medium without phosphate. Starvation of the mycelial discs, in deionized water,
markedly reduced respiratory metabolism. Carboxin treatment, after starvation, did not result in cell
leakage indicating that membrane damage did not occur. The leakage of organic acids is difficult to
explain unless membrane damage exists as weak acids do not readily penetrate plasma membranes.
However, a probable source of such acids exists, in that carboxin treatment has previously been
reported to inhibit respiratory metabolism with a build up of intermediate tricarboxylic acids. Oxidative
phosphorylation is undoubtedly reduced with respiratory inhibition and this could explain the presence
of phosphate materials in filtrates.

The leakage phenomenon, as observed with carboxin treatment, was similar, although slower and of
less magnitude, to leakages induced in yeast by materials known to alter membrane structure. Carboxin
does not appear to inhibit DNA dependent RNA polymerase in a cell-free system from soybeans.
Attempts to isolate such a polymerase system from a fungus were unsuccessful and therefore definite
conclusions were not established. 
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ABSTRACT

M y c e l ia l  d i s c s  o f  R h iz o c to n ia  s o I a n i  w ere t r e a t e d  w i th  th e  • 
s y s te m ic  f u n g ic id e  c a rb o x in  ( 5 ,6 - d ih y d r o - 2 - m e t :h y l - l ,4 - o x a th i in - 3 -  
c a r b o x a n i l i d e )  f o r  p e r io d s  o f  O to  10 "h o u rs . The fu n g u s  was th e n  
rem oved by f i l t r a t i o n  and th e  f i l t r a t e s  a n a ly z e d  f o r  th e  p re s e n c e  
o f  v a r io u s  i n t r a c e l l u l a r  m a t e r i a l s  to  d e te rm in e  i f  c a rb o x in  a l t e r s  
fu n g a l  p lasm a  m em branes. E l e c t r i c a l  c o n d u c ta n c e  was u se d  t o  m o n ito r  
le a k a g e  o f  i o n i c  m a t e r i a l s .  C a rb o x in  t r e a tm e n t  c o n s i s t e n t l y  r e s u l t ­
ed in  g r e a t e r  e l e c t r i c a l  f i l t r a t e  c o n d u c ta n c e . P o ta s s iu m  io n s  w ere 
l o s t  from  c e l l s  a f t e r  c a rb o x in  t r e a tm e n t  b u t  t h e i r  p r e s e n c e  was 
n o t  s u f f i c i e n t  to  e x p la in  t o t a l  c o n d u c t iv i t y  i n c r e a s e s .  O rg a n ic  
a c id s  and p h o s p h a te  c o n ta in in g  m a t e r i a l s  w ere a ls o  r e l e a s e d  a f t e r  
c a rb o x in  t r e a tm e n t  and b o th  c o u ld  b e  r e s p o n s ib le  f o r  in c r e a s e s  in  
c o n d u c ta n c e . P h o sp h a te  l o s s e s  w ere s u f f i c i e n t  to  r e t a r d  f u r t h e r  
g row th  o f  th e  o rg a n ism  a f t e r  f u n g ic id e  rem oval and p la c e m e n t on a 
medium w i th o u t  p h o s p h a te .  S t a r v a t io n  o f  th e  m y c e l ia l  d i s c s ,  in  
d e io n iz e d  w a te r ,  m ark e d ly  re d u c e d  r e s p i r a t o r y  m e ta b o lis m . C arbox in  
t r e a tm e n t ,  a f t e r  s t a r v a t i o n ,  d id  n o t  r e s u l t  in  c e l l  le a k a g e  i n d i c a t ­
in g  t h a t  membrane damage d id  n o t  o c c u r .  The le a k a g e  o f  o r g a n ic  
a c id s  i s  d i f f i c u l t  to  e x p la in  u n l e s s  membrane damage e x i s t s  as 
weak a c id s  do n o t  r e a d i l y  p e n e t r a t e  p la sm a  m em branes. H ow ever, a 
p r o b a b le  s o u rc e  o f  su ch  a c id s  e x i s t s ,  i n  t h a t  c a rb o x in  t r e a tm e n t  
h a s  p r e v io u s ly  b e e n  r e p o r te d  to  i n h i b i t  r e s p i r a t o r y  m e ta b o lism  w ith  
a  b u i l d  up o f  i n te r m e d ia t e  t r i c a r b o x y l i c  a c id s .  O x id a t iv e  p h o sp h o ry ­
l a t i o n  i s  u n d o u b te d ly  re d u c e d  w ith  r e s p i r a t o r y  i n h i b i t i o n  and t h i s  
c o u ld  e x p la in  th e  p r e s e n c e  o f  p h o s p h a te  m a t e r i a l s  in  f i l t r a t e s .
The le a k a g e  phenom enon, a s  o b s e rv e d  w i th  c a rb o x in  t r e a tm e n t ,  was 
s i m i l a r ,  a l th o u g h  s lo w e r  and o f  l e s s  m a g n itu d e , to  le a k a g e s  induced  
in  y e a s t  by  m a t e r i a l s  known to  a l t e r  membrane s t r u c t u r e .  C arbox in  
do es  n o t  a p p e a r  to  i n h i b i t  DNA d e p e n d e n t KNA p o ly m e ra se  in  a  c e l l -  
f r e e  sy s tem  from  so y b e a n s . A tte m p ts  to  i s o l a t e  su ch  a p o ly m e rase  
sy s tem  from  a fu n g u s  w ere u n s u c c e s s f u l  and t h e r e f o r e  d e f i n i t e  
c o n c lu s io n s  w ere n o t  e s t a b l i s h e d .



INTRODUCTION

P e s t i c i d e s  have  b e e n  u t i l i z e d  f o r  many y e a r s  in  th e  c o n t r o l  o f  

p l a n t  p a th o g e n s .  F u n g a l and b a c t e r i a l  p a th o g e n s  have  b e e n  s u c c e s s ­

f u l l y  c o n t r o l l e d  by s u r f a c e  t r e a tm e n t  o f  h o s t  p l a n t s .  H ow ever, 

p r o t e c t i o n  i s  g e n e r a l l y  s h o r t  te rm  and c o n t in u a l  a p p l i c a t i o n  i s  

n e c e s s a r y  to  p r e v e n t  r e - e s ta b l i s h m e n t  o f  th e  p a th o g e n . W ith  th e  

a d v e n t o f  s y s te m ic  p e s t i c id e s ,  a num ber o f  y e a r s  a g o , n o ta b ly  lo n g e r  

c o r i t ro l  o f  i n s e c t s  and w eeds h a s  b e e n  a c h ie v e d .

S y s te m ic  f u n g ic i d e s ,  d e v e lo p e d  w i th in  th e  l a s t  few  y e a r s ,  a re  

few  in  num ber and rem a in  in  th e  e x p e r im e n ta l  s t a g e .  One su ch  group 

o f  c h e m ic a ls ,  th e  o x a t h i i n s , h a v in g  a  g r e a t  d e a l  o f  p o t e n t i a l  as  

s y s te m ic  f u n g ic id e s  was- d is c o v e r e d  by  Von S chm eling  and K u lka  ( 4 8 ) .  

S in c e  t h i s  t im e , o t h e r  w o rk e rs  have  n o te d  s u c c e s s f u l  c o n t r o l  o f  a 

num ber o f  p l a n t  p a th o g e n s  u s in g  th e  o x a th i in s  ( 4 ,  10 , 17 , 36 , 4 7 ) .

The m e ta b o lic  f a t e  o f  s y s te m ic  m a t e r i a l s  i s  much b e t t e r  u n d e r­

s to o d  w i th in  an im a l and m ic r o b ia l  t i s s u e  th a n  i t  i s  w i th in  p l a n t  

t i s s u e .  V ery few  c h e m ic a l compounds p o s s e s s  th e  n e c e s s a r y  p h y s ic a l  

p r o p e r t i e s  r e q u i r e d  f o r  u p ta k e  by p l a n t s  e i t h e r  th ro u g h  r o o t s  o r  

l e a v e s .  A f t e r  e n t r y ,  t h e s e  c h e m ic a ls  a r e  s u b je c t  to  th e  ch em ica l 

p r o c e s s e s  o f  th e  p l a n t .  Q u e s t io n s  th e n ,  t h a t  f o r  th e  m o st p a r t  

rem a in  unan sw ered  and w h ich  m ust b e  c o n s id e re d  b e f o r e  a s y s te m ic  

f u n g ic id e  can  be  s u c c e s s f u l l y  u t i l i z e d ,  a r e  a s  f o l l o w s : w hat does 

th e  c h e m ica l do to  th e  p l a n t ,  w hat does  t h e  p l a n t  do to  th e  c h e m ic a l ,
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and w hat d o es  th e  c h e m ic a l do to  th e  fungus?  The r e s e a r c h  p r e s e n te d  

in  t h i s  p a p e r  was an a tte m p t  to  e x p la in  th e  e f f e c t s  o f  c a rb o x in  on a 

s e n s i t i v e  fu n g u s .

The u s e  o f  f u n g ic id e s  d a te s  b a c k  to  a n c ie n t  t im e s . A r c h i l l e s  

i s  r e c o rd e d  as  h a v in g  u se d  s u lp h u r  compounds as  d i s i n f e c t a n t s .

S u l f u r  rem a in ed  as  th e  d om inan t f u n g ic id e  u n t i l  1882 and t h i s  p e r io d  

i s  r e f e r r e d  to  a s  th e  f i r s t  o r  s u l f u r  e r a  o f  f u n g ic id e s .  I n  1882, 

w i th  th e  d ev e lo p m en t o f  B ordeaux  M ix tu re , co p p e r c o n ta in in g  f u n g i ­

c id e s  came to  th e  f r o n t  and a  new e r a  was b eg u n . T h is  second  o r  

co p p e r e r a  was p r e v a l e n t  u n t i l  th e  d ev e lo p m en t o f  o r g a n ic  f u n g ic id e s ,  

w hich  w ere d e r i v a t i v e s  o f  d i th io c a r b a m ic  a c id  and w ere p a te n te d  in  

1934 by T i s d a le  and W il l ia m s . The f i r s t  o f  th e s e  d e r i v a t i v e s  to  

become s u c c e s s f u l  was th ir a m  w hich  was a t  f i r s t  found  n o te w o rth y  as 

an i n s e c t i c i d e  and l a t e r  was found  by  many w o rk e rs  to  b e  a  s u c c e s s f u l  

fu n g a l  se ed  t r e a tm e n t  and p r o t e c t i v e  s p ra y  ( 2 8 ) .  Ferbam  ( 2 ,  23) and 

Z iram  (1 9 , 4 9 ) ,  th e  f e r r i c  and z in c  s a l t s  o f  d i th io c a r b a m ic  a c id ,  

w ere l a t e r  found  to  p r o v id e  even  b e t t e r  p r o t e c t i o n  a g a in s t  a v a r i e t y  

o f  p l a n t  p a th o g e n s .  T hese  f i r s t  d i t h i o c a rb a m a te s  w ere p re p a re d  

from  m onoam ines and w ere soon im proved  by  u s in g  d iam in e  d i t h i o -  

c a rb a m a te s  su ch  a s  nabam , z in e b  and m aneb. The d i th io c a r b a m a te  

f u n g ic id e s  have  u n d o u b te d ly  b e e n  th e  m ost u s e f u l  o f  th e  o r g a n ic  

f u n g ic id e s  d e v e lo p e d  to  d a te  ( 2 8 ) .
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S in c e  th e  d ev e lo p m en t o f  th e  d i t h i o c a rb a m a te s  a s  o r g a n ic  p r o ­

t e c t i v e  f u n g ic id e s ,  o t h e r  o r g a n ic  m a t e r i a l s  have  a ls o  b e e n  d e v e lo p ed  

i n to  p r o t e c t i v e  f u n g ic id e s .  Among th e s e  m a t e r i a l s  a r e  th e  q u in o n e s , 

im id a z o l in e s  and c a rb o x im id e s . Numerous a n t i b i o t i c s  h av e  a l s o  been  

s tu d ie d  in  t h i s  r e s p e c t  ( 1 6 ) .

The c o n c e p t o f  i n j e c t i n g  p l a n t s ,  e s p e c i a l l y  t r e e s ,  in  an  a tte m p t 

to  c o n t r o l  d i s e a s e  th ro u g h  s y s te m ic  a c t i o n  i s  n o t  e n t i r e l y  new. 

L eonardo  da  V in c i  d e s c r ib e d  th e  i n j e c t i o n  o f  a r s e n i c  in to  a p p le  t r e e s .  

H ow ever, h i s  p u rp o se  was t h a t  o f  c o n t r o l l i n g  h i s  human enem ies 

r a t h e r  th a n  t y p i c a l  p a th o g e n s  ( 3 9 ) .  P ro b a b ly  th e  f i r s t  r e a l  a t te m p t 

a t  s y s te m ic  i n j e c t i o n s  was t h a t  o f  B o l le y  in  1905 in  an  e f f o r t  to  

c o n t r o l  plum  p o c k e ts  d i s e a s e .  H ow ever, no d e t a i l s  a r e  a v a i l a b l e  ( 2 8 ) .  

L a te r  a t te m p ts  by Rumbold (4 0 ) tq  c o n t r o l  s i l v e r  l e a f  o f  p lum , and 

by  M u lle r  (2 8 )  to  c o n t r o l  i n s e c t s ,  p e s t s , a n d  d i s e a s e s  m et w ith  

l i f t l e  s u c c e s s  and even  l e s s  i n t e r e s t .  H ow ever, w i th  H ow ard’ s 

s u c c e s s f u l  s y s te m ic  t r e a tm e n t  o f  b le e d in g  c a n k e r in  h a rd  m aple  and 

th e  em ergence o f  D utch  Elm d i s e a s e ,  i n t e r e s t  in  s y s te m ic s  b eg an  to  

p ic k  u p . ( 2 8 ) .  S y s te m ic  f u n g ic id e s  a t  p r e s e n t ,  a l th o u g h  s t i l l  few 

in  num ber, a r e  th e  s u b je c t  o f  a  good d e a l  o f  r e s e a r c h  and th e  amount 

o f  l i t e r a t u r e  p e r t a i n i n g  to  th e  s u b je c t  i s  s t e a d i l y  i n c r e a s i n g .

The s y s te m ic  f u n g ic id e s  o f  m ost im p o r ta n c e  to d ay  a r e  th e  o x a th i in s  

( 8 ,  9 , 11 , 2 6 , 2 7 , 3 7 ) , and b e n z im id a z o le s  ( 4 2 ) .  The o x a t h i i n ,
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c a rb o x in  ( 5 ,6 - d ih y d r o - 2 - m e t h y l - l ,4 - o x a t h i i n - 3 - c a r b o x a n i l i d e )  i s  

u t i l i z e d  a t  p r e s e n t ,  w i th  r e s t r i c t i o n s  f o r  seed  t r e a tm e n t  o f  c e r e a l s  

w h ile  th e  b e n z im id a z o le  benom yl i s  u t i l i z e d  c o m m e rc ia lly  a s  a 

s y s te m ic  p r o t e c t a n t  o f  r o s e s  and o t h e r  o r n a m e n ta ls .  T h ia b e n d a z o le  

h a s  b e e n  s u c c e s s f u l  in  c o n t r o l l i n g  C e rc o sp o ra  l e a f  s p o t  on su g a r  

b e e t s  ( 4 3 ) .

An enorm ous am ount o f  r e s e a r c h ,  w i th  r e s p e c t  to  mode o f  a c t i o n ,  

h a s  b e e n  c o n d u c te d  on a l l  g ro u p s  o f  f u n g ic id e s .  H ow ever, th e  

e x a c t  s i t e  o r  s i t e s  a t  w hich  any f u n g ic id e  in te r v e n e s  and th u s  

i n h i b i t s  th e  m y ria d  o f  b i o l o g i c a l  sy s te m s  a r e  in  m ost c a s e s  unknown. 

A c c o rd in g  to  Owens and H ayes ( 3 5 ) ,  th e  d i t h i o c a rb a m a te s  i n t e r a c t  

w i th  fu n g a l  enzym es, p a r t i c u l a r l y  th o s e  enzymes w ith  s u l f h y d r y l  

g ro u p s . The d iam in e  d i th io c a r b a m a te s  a r e  a ls o  known to  i n h i b i t  

v a r io u s  d e h y d ro g e n a se s  and s u l f h y d r a l  enzym es, and may be  e f f e c t i n g  

o t h e r  enzym es a s  w e l l .  The q u in o n es  a r e  known to  r e a c t  w i th  . 

p r o t e i n s  and t h e r e f o r e  a l s o  may i n h i b i t  enzyme c a ta ly z e d  r e a c t i o n s .  

I n h i b i t i o n  o f  th e  o x id a t io n - r e d u c t io n  r e a c t i o n s  o f  th e  e l e c t r o n  

t r a n s p o r t  sy s tem s a s  w e l l  a s  an u n c o u p lin g  o f  o x i d a t iv e  p h o sp h o ry ­

l a t i o n  have  a ls o  b e e n  a t t r i b u t e d  to  t h e s e  m a t e r i a l s  ( 3 8 ) .  Brown 

and S i s l e r  (6 )  have  d e m o n s tra te d  an e f f e c t  on s e l e c t i v e  p e r m e a b i l i ty  

o f  fu n g a l  m em branes a f t e r  t r e a tm e n t  w i th  im id a z o l in e s ,  a l th o u g h  t h i s  

do es  n o t  n e c e s s a r i l y  k i l l  th e  c e l l s . ; K e r r id g e  (2 2 )  h a s  s u g g e s te d
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an e f f e c t  on n u c l e i c  a c id  and p r o t e i n  s y n th e s i s .  The t r i c h l o r o -  

meth y I th io d ic a r b o x im id e s  i n h i b i t  th e  r e s p i r a t i o n  o f  a c e t a t e  to  

c i t r a t e .  A p p a re n tly  enzyme a c t i v i t y  i s  i n h i b i t e d  by an a t t a c k  on 

p r o t e i n  o r  coenzyme t h i o - g ro u p s  ( 3 4 ) .  No e f f e c t  on p e r m e a b i l i ty  

h a s  b e e n  n o t ic e d  ( 3 0 ) .  Som ers and P r in g  (4 0 )  have  c o n c lu d e d  t h a t  

th e  g u a n id in e s  r e a c t  w i th  th e  c e l l  membrane a l t e r i n g  i t s  p e rm e a b i l ­

i t y .  They have  a ls o  p r e s e n te d  e v id e n c e  t h a t  th e  s t r u c t u r e  o f  o th e r  

i n t r a c e l l u l a r  m em branes may b e  d i s r u p t e d .  In  a d d i t i o n ,  g lu c o s e  

o x id a t io n  i s  i n h i b i t e d  i n d i c a t i n g  e n z y m a tic  e f f e c t s  and r ib o n u c le i c  

a c id  (RNA) s y n th e s i s  i s  i n h i b i t e d .

The a n t i b i o t i c s  B l a s t i c i d i n  S . and K asugam ycin a p p a r e n t ly  

i n t e r f e r e  w i th  th e  f i n a l  a ssem b ly  o f  amino a c id s  i n to  p r o t e i n  w ith ­

o u t  a l t e r i n g  n u c l e i c  a c id  s y n th e s i s  ( 1 6 ) .  C y c lo h ex im id e  a ls o  

i n h i b i t s  p r o t e i n  s y n th e s i s  ( 2 4 ) .  The P o ly a x in s ,  a f a m ily  o f  n in e  

d i f f e r e n t  b u t  r e l a t e d  com pounds, r e t a r d  c e l l  w a ll  s y n th e s i s  ( 1 6 ) .  

The P o ly e n e  a n t i b i o t i c s  a p p e a r  to  a c t  on c e l l  m em branes. When 

w hole c e l l s  a r e  t r e a t e d ,  m ito c h o n d r ia l  r e s p i r a t i o n  w i th in  th e s e  

c e l l s  i s  r e d u c e d . When m ito c h o n d r ia  a r e  i s o l a t e d  and th e n  t r e a t e d ,  

r e s p i r a t o r y  i n t e r f e r e n c e  i s  n o t  n o te d  ( 1 3 ) .  How ever, i f  m ito ch o n ­

d r i a  a r e  i s o l a t e d  f o l lo w in g  w hole c e l l  t r e a tm e n t ,  r e s p i r a t i o n  i s  

im peded ( 4 1 ) .  T h is  e f f e c t  on r e s p i r a t i o n  was a t t r i b u t e d  to  

p e r m e a b i l i t y  ch an g es in  th e  m ito c h o n d r ia l  membrane w ith  su b se q u e n t
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l o s s  o f  c o f a c to r s  o r  an i n a c t i v a t i o n  o f  d e h y d ro g e n a s e s . D e s e r to -  

m ycin  and a s o c h i t i n e  in d u c e  le a k a g e  o f  c e l l  c o n s t i t u e n t s  i n  a 

v a r i e t y  o f  c e l l s  (1 8 , 3 3 ) .  P e r m e a b i l i ty  ch an g es i n  t h i s  in s t a n c e  

a r e  th o u g h t  to  r e s u l t  from  an a s s o c i a t i o n  b e tw een  a n t i b i o t i c  and 

membrane p r o t e i n .  P r o t e i n  e x t r a c t e d  from  membranes t r e a t e d  w ith  

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

same p r o t e i n  w h ich  was n o t  t r e a t e d .  G r is e o f u l v i n . ( 2 1 ) ,  ph leo m y cin  

( 1 2 ) ,  and lo m o fu n g in  (1 5 )  have  s i m i l a r  modes o f  a c t i o n .  G r is e o -  

f u l v i n  and p h leo m y c in  a r e  a s s o c i a te d  w ith  s y n th e s i s  o f  d e o x y r ib o ­

n u c l e i c  a c id  (DNA) w h ile  p h y to a c t in  and lom o fu n g in  a r e  a s s o c i a te d  

w ith  s y n th e s i s  o f  RNA. The a n th r a c y c l in e s  a p p a r e n t ly  co u p le , w ith  

DNA, th e  e f f e c t  b e in g  an  i n h i b i t i o n  o f  RNA s y n th e s i s .  T h e re  i s  

a ls o  e v id e n c e  t h a t  th e  a c t i v i t y . o f  DNA p o ly m e rase  i s  re d u c e d  ( 1 6 ) .

In fo r m a t io n  r e g a r d in g  th e  mode o f  a c t i o n  o f  s y s te m ic  fu n g ic id e s  

i s  f a r  from  c o m p re h e n s iv e . H ow ever, a good d e a l  o f  r e s e a r c h  h as  

p ro v id e d  s e v e r a l  h y p o th e s e s .  The b e n z im a d a z o le s  o f  w h ich  th e r e  

a r e  t h r e e ,  may i n h i b i t  th e  s y n th e s i s  o f  n u c l e i c  a c id s .  Benom yl, 

a c c o rd in g  to  Clemons and S i s l e r  i s  v e ry  u n s ta b le  and r a p i d l y  form s 

b e n z im id a z o le  c a rb a m ic  a c id  m e th y l e s t e r  (BCM). T hese  two compounds 

a p p e a r  to  b e  e q u a l ly  f u n g i to x ic  b u t  b e c a u s e  benom yl i s  tra n s fo rm e d  

so r e a d i l y  to  BCM i t  may b e  t h a t  BCM i s  e n t i r e l y  r e s p o n s i b le  f o r  

t o x i c i t y .  T h ia b e n d a z o le  i s  a ls o  f u n g i s t a t i c  a l th o u g h  somewhat l e s s
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a c t i v e  th a n  benom yl. S in c e  th e  s t r u c t u r e  o f  th e  b e n z im id a z o le  

f u n g ic id e s  i s  s i m i l a r  to  t h a t  o f  p u r in e s ,  th e s e  f u n g ic id e s  may 

i n t e r f e r e  y rith  th e  s y n th e s i s  o f  th e  p u r in e  n u c le o t id e s  a d e n o s in e  

and g u a n o s in e  t r i p h o s p h a t e .  T h is  b e in g  th e  c a s e ,  in c o r p o r a t io n  o f  

th e  b e n z im adazo I e  i n to  a  r ib o s e  p h o s p h a te  would b e  p r e r e q u i s i t e  

to  th e  a c t i o n  o f  th e  b e n z im id a z o le s  ( 4 2 ) .

The mode o f  a c t i o n  o f  th e  s y s te m ic  o x a t h i i n s , i s  a s  y e t  un­

r e s o lv e d .  C a rb o x in  s e l e c t i v e l y  i n h i b i t s  one group o f  f u n g i , th e  

B a s id io m y c e te s . A c lo s e  a n a lo g u e , F -427  [ 5 6 -d ih y d ro -2 -m e th y l-N -

(2 - b ip h e n y I y I ) - I  4 -o x a th i in - 3 -c a rb o x a m id e  ] , h a s  a  b r o a d e r  sp ec tru m  

o f  a c t i v i t y  among f u n g i  w h ich  s u g g e s ts  t h a t  th e  s e l e c t i v e  n a tu r e  

o f  c a rb o x in  may b e  a  r e s u l t  o f  i t s  i n a b i l i t y  to  p e n e t r a t e  th e  c e l l s  

o f  n o n s e n s i t iv e  fu n g i  ( 9 ,  11 , 2 6 ) .  M ath re  (2 7 )  h a s  r e p o r te d  an 

i n h i b i t i o n  o f  a c e t a t e  m e ta b o lism  in  c a rb o x in  t r e a t e d  c e l l s  a s  w e ll  

a s  an i n h i b i t i o n  o f  in c o r p o r a t io n  o f  p h e n y la la n in e  i n to  p r o t e i n  and 

u r a c i l  i n to  RNA. R a g sd a le  and S l s l e r  (2 7 )  have s u b s t a n t i a t e d  

t h e s e  r e s u l t s .  The g e n e ra l  co n c en su s  seem s to  b e  t h a t  c a rb o x in  i s  

a c t i n g  to  b lo c k  th e  t r i c a r b o x y l i c  a c id  c y c le  (TCA c y c l e ) .  The 

i n h i b i t i o n  o f  n u c l e i c  a c id  and p r o te in ,  s y n th e s i s  c o u ld  b e  a  second ­

a ry  e f f e c t  b e c a u s e  s u f f i c i e n t  e n e rg y  and s u b s t r a t e s  a r e  n o t  b e in g  

p ro d u c e d .
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The s e l e c t i v e  n a tu r e  o f  c a rb o x in  t o g e t h e r  w ith  i t s  a b i l i t y  to  

i n h i b i t  th e  TCA c y c le  s u g g e s te d  t h a t  an i n v e s t i g a t i o n  o f  th e  e f f e c t s  

o f  c a rb o x in  on p la sm a  m em branes was n e c e s s a r y  to  more f u l l y  u n d e r­

s ta n d  i t s  m echanism  o f  a c t i o n .  Membrane a l t e r a t i o n s  In  s u s c e p t ib l e  

f u n g i  c o u ld  e x p la in  c a r b o x i n 's s e l e c t i v i t y .  F u r th e rm o re , a d i s r u p ­

t i o n  o f  m ito c h o n d r ia l  m em branes c o u ld  a d v e r s e ly  a f f e c t  th e  o p e r a t io n  

o f  th e  TCA c y c le .  B ecau se  o f  th e  p o s s i b i l i t y  t h a t  c a r b o x in 1s 

p r im a ry  s i t e  o f  a c t i o n  m ig h t n o t  in v o lv e  th e  TCA c y c le  and b e c a u se  

o f  r e p e a te d  i n d i c a t i o n s  t h a t  c a rb o x in  a f f e c t s  n u c le i c  a c id  s y n th e s i s ,  

th e  n e c e s s i t y  o f  a  s tu d y  in v o lv in g  th e  e f f e c t  o f  c a rb o x in  on  n u c le i c  

a c id  s y n th e s i s  in  a c e l l - f r e e  sy s tem  was a p p a re n t .



MATERIALS AND METHODS

I .  P e r m e a b i l i ty  S t u d i e s :

P r e p a r a t i o n  o f  c u l t u r e  f i l t r a t e s . —■ R h iz o c to n ia  s o la n !  Kuhn, 

th e  im p e r fe c t  form  o f  th e  b a s id io m y c e te  T h a n a te p h o ru s  c u cu m eris  

(F ra n k )  Donk, was u t i l i z e d  th ro u g h o u t  th e  c o u rs e  o f  t h i s  i n v e s t i ­

g a t i o n .  The p a th o g e n  was o r i g i n a l l y  I s o l a t e d  from  c o t to n  s e e d l in g s  

and s to c k  c u l t u r e s  w ere m a in ta in e d  on m o d if ie d  E c k e r t 's  m ed ia  com­

p o se d  o f  th e  f o l lo w in g  in  g / 1 : g lu c o s e , 18 ; y e a s t  e x t r a c t ,  3 ; 

p e p to n e , 5 ;  KgHPO^, 1 .6 8 ;  MgSO^, 0 .5 .  C u l tu re s  w ere t r a n s f e r r e d  

a s e p t i c a l l y  by p l a c in g  a 1 .0  cm d i s c  o f  th e  s to c k  m y c e l ia l  m at in to  

e a ch  new p l a t e .  C u l tu r e s  w ere in c u b a te d  f o r  a p e r io d  o f  5 days a t  

25°C p r i o r  to  u s e .  M y c e l ia l  d i s c s  (1 0 -1 5  p e r  p l a t e )  w ere th e n  

rem oved u s in g  a  I  cm c o rk  b o r e r  and w ashed on a 9 .0  cm a s p e r a te d  

p o r c e l a i n  B uchner fu n n e l  w ith  7 l i t e r s  o f  s t e r i l e - d e i o n i z e d  w a te r .

E ach t r e a tm e n t  c o n ta in e d  24 w ashed m y c e l ia l  d i s c s  in  e i t h e r
_ 4

10 ml o f  s t e r i l e  d e io n iz e d  w a te r  o r  10 M c a rb o x in .  C a rb o x in  was 

s u p p l ie d  by  U n iro y a l  C h e m ic a l, D iv is io n  o f  U n ir o y a l ,  I n c . , B e th an y , 

C o n n e c t ic u t .  Sam ples w ere shaken  on a B u r r e l l  w r i s t  a c t i o n  sh a k e r  

f o r  th e  p e r io d  o f  t im e  in d ic a te d  f o r  e a ch  e x p e r im e n t. The d i s c s  

w ere th e n  rem oved by  f i l t r a t i o n  u s in g  Whatman No. 4 p a p e r  in  a 7 .0  

cm a s p e r a te d  B uchner f u n n e l , oven  d r i e d  a t  100°C f o r  24 h o u r s , and 

w e ig h ed .
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The f i l t r a t e  was t r a n s f e r r e d  to  t e s t  tu b e s  and r e f r i g e r a t e d  a t  

4 ° C u n t i l  t e s t s  w ere i n i t i a t e d ,  a lw ays on  th e  same d ay .

A n a ly s is  o f  f i l t r a t e s . - -  C o n d u c t iv i ty  was m easu red  d i r e c t l y  

in  li mohs c o n d u c ta n c e  u s in g  a L a b -L in e  L e c tro  M ho-M eter M odel M C-I, 

M arck IV , w i th  a c e l l  c o n s ta n t  o f  0 .1 .  The d ip p in g  c e l l  was 

m o d if ie d  by  p lu g g in g  th e  f lo w  p o re s  w i th  c o rk  s to p p e r s  th u s  a llo w in g  

th e  c e l l  to  b e  i n v e r t e d  and th e  f i l t r a t e  p o u re d  i n to  th e  c e l l  in  

s u f f i c i e n t  am ounts to  c o v e r  th e  e l e c t r o d e s .

A Beckman I n f r a r e d  A n a ly z e r , M odel IR 3 1 5 , was u t i l i z e d  in  th e  

a n a ly s i s  o f  t o t a l  o r g a n ic  c a rb o n . I n j e c t i o n s  o f  10 -20  p i  o f  

f i l t r a t e  w ere made d e p e n d in g  on c a rb o n  c o n te n t .  F i l t r a t e  a l i q u o t s  

f o r  t o t a l  c a rb o n  a n a ly s i s  w ere i n j e c t e d  d i r e c t l y .  F o r  o r g a n ic  

c a rb o n  a n a l y s i s ,  th e  f i l t r a t e  was a c i d i f i e d  w ith  6N HCl and p u rg ed  

w ith  n i t r o g e n  f o r  10 m in u te s  to  rem ove CO  ̂ p r i o r  to  i n j e c t i o n .  

C h a r a c t e r i z a t i o n  o f  o r g a n ic  c a rb o n  i n to  m a jo r  c a rb o n  c o n ta in in g  

g ro u p s  was a c c o m p lish e d  u s in g  Dowex 50W-X8 and -Dowex 1-X8 io n  

exchange  r e s i n s  in  I  x  4 cm co lum ns. Dowex I  colum ns w ere c o n v e r te d  

to  OH” form  w ith  enough 0.5N NaOH to  c a u se  a co m p le te  c o lo r  c h a n g e , 

th e n  w ashed w ith  d e io n iz e d  w a te r  u n t i l  t h e  pH was l e s s  th a n  9 .0 .  

Dowex 50 colum ns w ere c h a rg e d  w ith  30 ml o f  6N HCl and th e n  washed 

w ith  d e io n iz e d  w a te r  u n t i l  th e  pH was t h a t  o f  w a te r .  Sam ple f i l r .  

t r a t e s  (15 m l) w ere p a s s e d  f i r s t  th ro u g h  Dowex 50 and fo llo w e d  by
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30 ml o f  d e io n iz e d  w a te r .  T h is  f r a c t i o n  was th e n  p a s s e d  th ro u g h  

Dowex I  and fo llo w e d  by  30 ml o f  d e io n iz e d  w a te r .  The amino a c id  

f r a c t i o n  was e lu t e d  from  th e  Dowex 50 colum n u s ip g  30 ml o f  6N NH^OH 

fo llo w e d  by  30 ml o f  d e io n iz e d  w a te r .  The o r g a n ic  a c id  f r a c t i o n  

was e lu t e d  from  th e  Dowex I  colum n u s in g  30 ml o f  6N fo rm ic  a c id  

fo llo w e d  by  30 ml o f  d e io n iz e d  w a te r .  The th r e e  f r a c t i o n s  w ere a i r  

d r ie d  and re s u s p e n d e d  in  15 ml o f  d e io n iz e d  w a te r .  A l iq u o ts  from  

e a ch  f r a c t i o n  (20  p i )  w ere i n j e c t e d  in to  th e  Beckman I n f r a r e d  Carbon 

A n a ly z e r  to  d e te rm in e  th e  c a rb o n  c o n te n t  o f  each  f r a c t i o n .

A Beckman A tom ic A b s o rp tio n  A c c e sso ry  Model 1300 was u se d  in  

c o n ju n c t io n  w ith  a .M odel 2400 Beckman DU S p e c tro p h o to m e te r  to  

d e te rm in e  th e  p r e s e n c e  o f  sodium , p o ta s s iu m  and c a lc iu m  io n s  in  th e  

f i l t r a t e s .

An a d a p ta t io n  o f  th e  Somogyi m ethod f o r  th e  d e te r m in a t io n  o f  

g lu c o s e  was u se d  in  th e  a n a ly s i s  o f  f i l t r a t e s  f o r  th e  p r e s e n c e  o f  

r e d u c in g  s u g a rs  ( 3 1 ) .  O p t ic a l  d e n s i t i e s  w ere re a d  a t  540 nm u s in g  

a  Beckman DU -  2 S p e c tro p h o to m e te r .

The p o ta s s iu m  p e r s u l f a t e  m ethod ( 2 9 ) ,  was u se d  a s  an  a s sa y  f o r  

t o t a l  p h o s p h a te .  A m o d i f ic a t io n  o f  t h i s  p ro c e d u re  to  a l lo w  u se  o f  

a-. 24 ml volum e i s  a s  fo l lo w s :  5 ml o f  f i l t r a t e  w ere b ro u g h t  to  a 

volum e o f  25 ml w ith  d e io n iz e d  w a te r ;  4 ml o f  5% p o ta s s iu m  p e r s u l f a t e  

w ere a d d e d ; th e  sam ple w as . a u to c la v e d  f o r  30 min and th e n  c o o le d  to
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room te m p e r a tu r e ; I  ml a c id  ammonium m o ly b d a te  r e a g e n t  was added 

w ith  s h a k in g ;  th e n  3 d ro p s  o f  th e  s ta n n o u s  c h lo r id e  r e a g e n t  w ere 

added  fo llo w e d  by  a  10 m in p e r io d  f o r  c o lo r  d ev e lo p m en t. A K l e t t -  

Summerson P h o t o - e l e c t r i c  C o lo r im e te r ,  M odel 8 0 0 -3 , was u se d  to  re a d  

sam p les a t  690 nm.

R e s p i r a t i o n . - -  Gas exchange was m easu red  u s in g  s ta n d a r d  

m an o m etric  te c h n iq u e s  w ith  th e  u s e  o f  th e  G ilso n  D i f f e r e n t i a l  

Res p ir o m e te r  ( 4 6 ) .  E ach f l a s k  c o n ta in e d  3 ml o f  e i t h e r  d e io n iz e d  

w a te r  o r  10 S i  c a rb o x in  and 4 m y c e l ia l  d i s c s  ( a b o u t 1 7 .8  mg d ry  

w e ig h t ) . C arbon d io x id e  was t r a p p e d  by th e  a d d i t io n  o f  0 .2  ml o f  

20% KOH and f l u t e d  f i l t e r  p a p e r  to  th e  c e n te r  w e l l , and te m p e ra tu re  

was h e ld  c o n s ta n t  a t  30°C.

Grow th e f f e c t s . - -  M y c e lia l  d i s c s  in c u b a te d  w ith  and w ith o u t  

10""Sy[ c a rb o x in  f o r  5 h o u rs  w ere rem oved from  th e  s u s p e n d in g  medium 

and w ashed w ith  2 l i t e r s  o f  d e io n iz e d  w a te r .  The d i s c s  w ere th e n  

p la c e d  on s y n th e t i c  m ed ia  w ith  and w i th o u t  p h o s p h a te  a s  d e s c r ib e d

b elow :
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WITH PHOSPHATE —

g /1

S ucrode 1 5 .0
K2HOP4 1 .3
KH2PO4 1 .0
(NH4 ) 2SO4 1 .0
MgSO4 -IH 2 O 0 .5

WITHOUT PHOSPHATE —

g /1

S u c ro se 1 5 .0
KCl 1 .7
(NH4 ) 2SO4 1 .0
MgSO4 -IH 2 O 0 . 5

a /
b /

f i n a l  pH o f  m ed ia  was 7 .0
pH was o r i g i n a l l y  a d ju s te d  to  7 .0  w ith  SN HCl
pH was checked  d a i l y  and a d ju s te d  to  pH 7 .0  w ith  SN NaOH

A f te r  24 and 36 h o u rs  in c u b a t io n  a t  24°C , th e  d ia m e te r  o f  each  

c u l t u r e  was m easu red  and th e  d ia m e te r  o f  th e  o r i g i n a l  d i s c  ( 1 .0  cm) 

s u b t r a c te d  to  e s t a b l i s h  th e  am ount o f  new g r o w t h . '

W ith  th e  e x c e p t io n  o f  th o s e  s tu d i e s  in v o lv in g  m y c e l ia l  g row th  

on  m ed ia  w ith  and w i th o u t  p h o s p h a te ,  a l l  e x p e r im e n ta l  t r i a l s  w ere 

d u p l i c a te d  a t  l e a s t  3 t im e s  w ith  a t  l e a s t  3 r e p l i c a t i o n s  o f  each  

e x p e r im e n t . I n  th e  p h o s p h a te  s t u d i e s , e a ch  t r i a l  was d u p l ic a te d  5 

t im e s  w ith  r e p l i c a t i o n  o f  th e  e x p e r im e n t .

I I .  R ib o n u c le ic  A cid  S y n th e s i s :

C h rom atin  i s o l a t i o n . - -  Soybeans ( G ly c in e  max L . v a r .  Wayne) 

w ere grown in  v e r m i c u l i t e  a t  27°C in  th e  d a rk  f o r  4  d ay s  p r i o r  to  

s p ra y in g  w ith  1000 p g /m l o f  2 ,4 - d ic h lo r o p h e n o x y a c e t ic  a c id  (2 ,4 -D )  

(25 ml p e r  400 p l a n t s ) .  P l a n t s  w ere  sp ra y e d  w ith  2 ,4 -D  to  enhance
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KNA p o ly m e ra se  a c t i v i t y .  Tw elve h o u rs  a f t e r  s p ra y in g , h y p o c o ty l

s e c t i o n s  ta k e n  I  cm b e lo w  th e  c o ty le d o n a r y  hook to  th e  f i r s t

l a t e r a l  r o o t  w ere e x c is e d  ( 3 2 ) .  S e c t io n s  w ere -then c h i l l e d  and

s u r f a c e  s t e r i l i z e d  w i th  17° N aG l; th e y  w ere th e n  g round  f o r  I  m in u te

in  a W aring  b le n d e r  w i th  an e q u a l w e ig h t o f  g r in d in g  m ed ia  (0.05M ,

t r i s - H C l  pH 8 .0 ;  and c h ro m a tin  was su sp en d ed  in  2 ml o f  th e  t r i s

b u f f e r  so t h a t  0 .2  ml o f  th e  m ix tu re  w ould c o n ta in  th e  c o r r e c t

c o n c e n t r a t io n  o f  e a c h . Then 0 .2  ml o f  t h i s  m ix tu re ,  0 .1  ml- chrom -

14a t i n  s u s p e n s io n , 0 .1  ml C-UTP, and 0 .1  ml o f  e i t h e r  c a rb o x in  o r

d e io n iz e d  w a te r  was added  to  a  6 in c h  t e s t  tu b e  and in c u b a te d  a t

37°C f o r  0 and 30 m in . The r e a c t i o n  was s to p p e d  by th e  a d d i t io n

o f  4 ml o f  i c e - c o l d  107, t r i c h l o r o a c e t i c  a c id  and p la c e d  in  a s a l t -

i c e  s o lu t i o n  f o r  5 m in . P r e c i p i t a t e s  w ere  th e n  t r a n s f e r r e d  to

membrane f i l t e r s  ( M i l l i p o r e ,  ty p e  HA, 0 .4 5 p )  and w ashed w ith  50 ml o f

57° c o ld  t r i c h l o r o a c e t i c  a c id .  The f i l t e r s  w ere th e n  rem oved , d r ie d

u n d e r  an i n f r a r e d  lam p, and c o u n te d  in  a  N u c le a r  C h ic a g o , Model 6804

l i q u i d  s c i n t i l l a t i o n  c o u n te r .  The s c i n t i l l a t i o n  s o l u t i o n  u sed  was

as  fo l lo w s :  4 ml a b s o lu te  m e th a n o l and 12 ml o f  s c i n t i l l a t i o n  f l u i d

c o n ta in in g  4g o f  PPO (2  5 - d ip h e n y lo x a z o le )  and 100 mg o f  POPOP 1 ,4 -

b i s  2 - ( 5 - p h e n y lo x a z o ly l )  in  I  l i t e r  o f  t o lu e n e .  A l l  c o u n ts  were

c o r r e c te d  f o r  b a c k g ro u n d  and f o r  q u e n c h in g  by u se  o f  t h e  c h a n n e ls -

14r a t i o  m ethod and th e  - in c o r p o ra t io n  o f  C-UTP was c o n v e r te d  to  p i c a
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m o le s /1 0 0  pg DNA te m p la te  u t i l i z e d .  S t e r i l i t y  was m a in ta in e d  

th ro u g h o u t  th e  e x p e r im e n t .

D e o x y r ib o n u c le ic  a c id  d e te r m in a t io n s . - -  C hrom atin  DNA con - • 

c e n t r a t i o n s  w ere d e te rm in e d  a c c o rd in g  to  th e  m ethod o f  B u rto n  (7 ) 

a s  f o l lo w s :  to  0 .8  ml a l i q u o t s  o f  c h ro m a tin  sa m p le s , s i m i l a r  to  

th o s e  u se d  in  KNA s y n th e s i s  s t u d i e s ,  was added 0 .8  ml o f  d e io n iz e d  

w a te r  and 1 .6  ml o f  IN HClO^. T h is  m ix tu re  was h e a te d  a t  70°C f o r  

70 m in in  h o t  W ater and th e n  d ia ly z e d  f o r  12 h o u rs  to  rem ove s u c ro s e  

from  th e  g r in d in g  m e d ia . Of t h i s  d ia ly z e d  m a t e r i a l  2 ml w ere th e n  

added to  4 ml o f  d ip h e n y la m in e  r e a g e n t  and a llo w e d  to  s i t  a t  30°C 

f o r  24 h o u rs  f o r  c o lo r  d e v e lo p m en t. O p t i c a l  d e n s i ty  a t  590 nm was 

th e n  d e te rm in e d  u s in g  th e  Beckman DU-2 S p e c tro p h o to m e te r  ( 7 ) .



RESULTS

P e r m e a b i l i ty  s t u d i e s . - -  I f  c a rb o x in  i s  a t t a c k i n g  c e l l  membranes 

as  a  s i t e  o f  a c t i o n ,  an  e x p e c te d  r e s u l t  w ould be  th e  le a k a g e  o f  c e l l ­

u l a r  com ponen ts . I f  m a t e r i a l s  a r e  r e l e a s e d  w ith  c a rb o x in  t r e a tm e n t ,  

th e  p o s s i b i l i t y  e x i s t s  t h a t  some o f  t h e s e  m a t e r i a l s  c o u ld  be ch arg ed  

and t h e r e f o r e  e l e c t r i c a l  c o n d u c ta n c e  sh o u ld  b e  an a s s a y  f o r  t h e i r

p r e s e n c e .  To t e s t  t h i s  h y p o th e s i s ,  24 m y c e l ia l  d i s c s  w ere p la c e d  in  
_4

10 ml o f  10 M c a rb o x in  o r  d i s t i l l e d  w a te r  and sh ak en  f o r  p e r io d s  o f  

0 to  10 h o u rs  fo llo w e d  by  f i l t r a t i o n  to  rem ove th e  d i s c s .  A f te r  

f i l t r a t i o n ,  th e  c o n d u c t iv i t y  o f  th e  f i l t r a t e s  was d e te rm in e d . Con­

d u c ta n c e  was c o n s i s t e n t l y  h ig h e r  in  c a rb o x in  t r e a t e d  sam p les  ( F ig .

I ) .  A f t e r  10 h o u rs  c o n ta c t  w i th  c a rb o x in ,  f i l t r a t e  c o n d u c t iv i ty  

in c r e a s e d  an a v e ra g e  o f  37 Pmhos o v e r  th e  z e ro  tim e  v a lu e s  a s  com­

p a re d  w ith  an i n c r e a s e  o f  Spmhos in  c o n t r o l  f i l t r a t e s .  I n c r e a s e s  in  

c o n d u c ta n c e  w ere a ls o  o b s e rv e d  in  f i l t r a t e s  from  c a rb o x in  t r e a t e d  

sam p les a f t e r  an  e x p o s u re  p e r io d  o f  o n ly  I  h o u r  ( F ig .  I ) .

T h is  c o n d u c t iv i t y  d a ta  i n d ic a te d  t h a t  c a rb o x in  was in d u c in g  a 

le a k a g e  from  c e l l s  o f  m a t e r i a l s  io n ic  in  n a t u r e .  A l o g i c a l  assum p­

t i o n ,  b a s e d  on t h i s  d a t a ,  w ould be  t h a t  c a rb o x in  was a l t e r i n g  th e  

sem ip e rm eab le  n a tu r e  o f  th e  fu n g a l  p la sm a  membrane th u s  a llo w in g  a 

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

R educing  s u g a rs  w ere n o t  found  in  f i l t r a t e s  from  e i t h e r  t r e a t e d  

o r  u n t r e a t e d  sa m p le s . I f  c a rb o h y d ra te s  p r e s e n t  in  th e  c u l t u r e  medium
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F ig u re  I . C onductance  mhos) o f  f i l t r a t e s  from  sam ples c o n ta in in g  24 m y c e l ia l  d i s c s  
o f  R h iz o c to n ia  s o l a n i  exposed  to  10" Tl c a rb o x in  o r  d e io n iz e d  w a te r .
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The l o s s  o f  in o r g a n ic  io n s  from  c e l l s  t r e a t e d  w ith  c a rb o x in  was 

ch eck ed  a s  a p o s s ib l e  f a c t o r  a f f e c t i n g  c o n d u c t iv i t y .  When sam ple 

f i l t r a t e s  w ere a s sa y e d  f o r  sodium  and c a lc iu m  io n s ,  b o th  w ere fo u n d ; 

how ever, s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  t r e a t e d  and u n t r e a te d  

sy s tem s w ere n o t  o b s e rv e d  (T a b le  I  and I I ) . P o ta s s iu m  was found  in  

s i g n i f i c a n t l y  g r e a t e r  am ounts in  f i l t r a t e s  from  c a rb o x in  t r e a t e d  

sam p les  (T a b le  I I I ) .  A f te r  a c o n ta c t  p e r io d  o f  10 h o u r s , f i l t r a t e s  

from  t r e a t e d  sam p les  c o n ta in e d  an a v e ra g e  o f  6 .6 5  mg p o ta s s iu m / 

l i t e r .  A lth o u g h  t h i s  d i f f e r e n c e  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  th e  

■57= l e v e l ,  i t  i s  n o t  s u f f i c i e n t  to  e x p la in  an i n c r e a s e  in  co n d u c ta n c e  

o f  29 jim hos. C a lc u la t i o n s  show th e  above in c r e a s e  i n  p o ta s s iu m

c o n c e n t r a t io n s  w ould c o n t r i b u te  o n ly  TL o f  th e  2 9 p mhos c o n d u c t iv i ty  

i n c r e a s e .

B ecau se  i n c r e a s e s  in  c o n d u c ta n c e  c o u ld  n o t  b e  e x p la in e d  s o le ly  

by  th e  p r e s e n c e  o f  in o r g a n ic  i o n s ,  f i l t r a t e s  w ere a s sa y e d  f o r  th e  

p r e s e n c e  o f  o r g a n ic  m a t e r i a l s .  As can  b e  o b se rv e d  i n  F ig u re s  2 and 

3 , o r g a n ic  c a rb o n  c o n c e n t r a t io n s  w ere  s i g n i f i c a n t l y  h ig h e r  in  

f i l t r a t e s  from  t r e a t e d  sa m p le s .

w ere n o t  c o m p le te ly  rem oved by  w ash in g  o f  th e  m y c e l ia l  d is c s : ,  th e y

w ere p ro b a b ly  u t i l i z e d  a s  r e s p i r a t o r y  s u b s t r a t e s .  Endogenous s u g a rs

w ere u n d o u b te d ly  consum ed in  th e  same m an n e r.
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T a b le  I .  C o n c e n t r a t io n  o f  c a lc iu m  io n s  in  f i l t r a t e s  from
sam p les  c o n ta in in g  m y c e l ia l  d i s c s  o f  R h iz o c to n ia
s o I a n i  a f t e r  O and 10 hours- o f  e x p o su re  to  10~^M”
c a rb o x in  o r  d e io n iz e d  w a te r .

. ■■ ~ '________ ;_________ ji

Ca++ c o n c e n t r a t io n  (m g/1)

E x p o su re  Time 
(H rs )

_4
10 ..M..C arboxin D eio n ized . .W ater

'0 1 .0 6  — 1 .0 8

10 1 .1 4 1 .0 8

!a/
D i f f e r e n c e s b e tw een  v a lu e s  f o r  t r e a t e d and u n t r e a te d  sam ples

a r e  i n s i g n i f i c a n t  a t  th e  5% l e v e l  ( t  t e s t ) .
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T a b le  I I .  C o n c e n t r a t io n  o f  sodium  io n s  in  f i l t r a t e s  from
sam p les  c o n ta in in g  m y c e l ia l  d i s c s  o f  R h iz o c to n ia
s o I a n i  a f t e r  e x p o su re  to  IO- -M c a rb o x in  o r  d e ­
io n iz e d  w a te r .

E x p o su re  Time 
(H rs )

Na"*" c o n c e n t r a t io n  (m g /l)

10 C a rb o x in D e io n iz e d  W ater

0 2 .7 0  - / 3 .2 2

I 2 .6 6 2 ,8 1

5 2 .6 8 2 .6 5

10 2 .7 6 2 .7 6

a /
D i f f e r e n c e s  b e tw e en  v a lu e s  f o r  t r e a t e d  and u n t r e a t e d  sam ples 

a r e  i n s i g n i f i c a n t  a t  th e  57» l e v e l  ( t  t e s t ) .
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T a b le  I I I .  C o n c e n t ra t io n  o f  p o ta s s iu m  io n s  in  f i l t r a t e s  from
sam p les  c o n ta in in g  m y c e l ia l  d i s c s  o f  R h iz o c to n ia
s o I a n i  a f t e r  e x p o su re  to  10“^M c a rb o x ih  o r  d e io n ­
iz e d  w a te r .

E x p o su re  Time 
(H rs )

K+ c o n c e n t r a t io n  (m g /l)

-410 M C arb o x in D e io n iz e d  W ater

0 1 .9 6  - / 2 .0 6

I 2 .3 5 3 .9 1

5 2 .3 5 4 .6 9

10 3 .1 2 6 . 6 5

D if f e r e n c e s  b e tw e en  v a lu e s  f o r  I ,  5 and 10 h o u r  t r e a t e d  and 

u n t r e a t e d  sam p les  a r e  s i g n i f i c a n t  a t  th e  17= l e v e l .  D if f e r e n c e s  

b e tw e en  0 tim e  v a lu e s  a r e  n o n s i g n i f i c a n t  a t  th e  57» l e v e l  ( t  t e s t ) .
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Carboxin

HOURS OF EXPOSURE

-4F ig u re  2 . E f f e c t  o f  c a rb o x in  (10 M) on th e  r e l e a s e  o f  o rg a n ic
c a rb o n  from  m y c e l ia l  d i s c s  o f  R h iz o c to n ia  s o l a n i . 
C arbon c o n te n t  o f  sam p les  was c o r r e c te d  f o r  th e  am ount 
o f  c a rb o n  in  c a rb o x in .
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Carboxin

HOURS OF EXPOSURE

E f f e c t  o f  c a rb o x in  on th e  r e l e a s e  o f  o r g a n ic  c a rb o n  from  
m y c e l ia l  d i s c s  o f  R h iz o c to n ia  s o l a n i . C arbon c o n te n t  o f  
sam p les  h a s  been  c o r r e c te d  f o r  th e  am ount o f  ca rb o n  i n  
c a rb o x in .

F ig u re  3 .
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The p r e s e n c e  o f  c a rb o n  compounds i n  f i l t r a t e s  from  sam ples 

t r e a t e d  w ith  c a rb o x ih  d id  n o t  in  i t s e l f  i n d i c a t e  t h a t  t h e s e  m a t e r i a l s  

w ere r e s p o n s ib le  f o r  i n c r e a s e s  in  c o n d u c t iv i t y .  The d a ta  d i d ,  how­

e v e r ,  e s t a b l i s h  t h a t  an  in c r e a s e  in  o r g a n ic  compounds o c c u r r e d  w ith  

c a rb o x in  t r e a tm e n t  and th e  p o s s i b i l i t y  o f  th e s e  compounds b e in g  

c h a rg e d  e x i s t e d .

To d e te rm in e  th e  ty p e  o f  c h a rg e ,  i f  a n y , on th e  c a rb o n  com­

pounds b e in g  l i b e r a t e d  from  c a rb o x ih  t r e a t e d  p e l l s ,  th e  f i l t r a t e s  

from  th e  sam p les  w ere p a s s e d  th ro u g h  colum ns o f  a n io n  and c a t io n  

exchange  r e s i n s .  The e l u a t e s  from  th e s e  colum ns p lu s  th e  n e u t r a l  

f r a c t i o n  w ere th e n  a n a ly z e d  f o r  th e  p r e s e n c e  o f  o r g a n ic  c a rb o n  

(T a b le  IV ) . The m a jo r  p o r t i o n  o f  th e  o r g a n ic  c a rb o n  was p r e s e n t  

i n  th e  a n io n  f r a c t i o n  i n d i c a t i n g  t h a t  c a rb o x in  t r e a tm e n t  r e s u l t e d  

in  th e  r e l e a s e  o f  n e g a t i v e l y  c h a rg e d  o r g a n ic  m a t e r i a l s .  T hese 

m a t e r i a l s  u n d o u b te d ly  a f f e c t  c o n d u c ta n c e  and c o u ld  th u s  e x p la in  

p a r t  o f  th e  c o n d u c t iv i t y  in c r e a s e s  in  c a rb o x in  t r e a t e d  sa m p le s . The 

n e g a t iv e  c h a rg e  a s s o c i a te d  w ith  th e s e  o r g a n ic  e x u d a te s  s u g g e s ts  t h a t  

th e y  a r e  o r g a n ic  a c id s .

B ecau se  o f  th e  p h o s p h o l ip id  s t r u c t u r e  o f  p lasm a  m em branes and 

i n d i c a t i o n s  t h a t  c a rb o x in  may f u n c t io n  to  d i s r u p t  th e  s t r u c t u r e  o f  

su ch  m em branes, f i l t r a t e s  w ere ch ecked  f o r  th e  p r e s e n c e  o f  p h o s p h a te . 

As se e n  in  F ig u re  4 ,  f i l t r a t e s  from  c a rb o x in  t r e a t e d  sam p les
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T a b le  IV , C arbon c o n te n t  o f  th e  a n io n ,  c a t i o n ,  and n e u t r a l
f r a c t i o n s  o f  t r e a t e d  and n o n t r e a te d  5 h o u r  sam ple 
f i l t r a t e s .  Sam ples w ere t r e a t e d  w ith  IO7-̂ M 
c a rb o x in  o r  d e io n iz e d  w a te r .  The c a rb o n  c o n te n t  

• o f  c a rb o x in  h a s  b e e n  s u b t r a c te d  from  c a rb o x in
t r e a tm e n t  v a lu e s .

F r a c t io n

C arbon c o n te n t  (m g /l)

T re a tm e n t A nion C a tio n N e u tr a l

C a rb o x in 6 5 .5 0 15

W ater 1 4 .5 0 16
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Carboxin

CONTACT HOURS

F ig u re  4 . E f f e c t  o f  c a rb o x in  on r e l e a s e  o f  p h o s p h a te  from  
m y c e l ia l  d i s c s  o f  R h iz o c to n ia  s o l a n i .
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c o n ta in e d  g r e a t e r  am ounts o f  p h o s p h a te  th a n  d id  f i l t r a t e s  from  un­

t r e a t e d  sa m p le s .

To d e te rm in e  th e  e f f e c t  o f  c a rb o x in  in d u ce d  p h o s p h a te  l o s s e s  

on g ro w th , m y c e l ia l  d i s c s  w hich  had b e e n  s u b je c te d  to  10 S i  c a rb o x in  

o r  d e io n iz e d  w a te r  and th e n  w ashed th o ro u g h ly  w ere p la c e d  on a 

medium w i th  and w i th o u t  p h o s p h a te  i o n s .  The d a ta  p r e s e n te d  in  

T a b le  V i n d i c a t e s  t h a t  b o th  t r e a t e d  and u n t r e a te d  m y c e l ia l  d i s c s  

resum ed g row th  on t h e  co m p le te  medium a t  th e  same r a t e .  I f  carbo jcip  

t r e a t e d  d i s c s  w ere p la c e d  on m ed ia  w i th o u t  p h o s p h a te ,  f h e i r  g row th  

was i n h i b i t e d  a s  com pared to  u n t r e a t e d  d i s c s .

M ath re  (2 7 )  and R a g sd a le  and S i s l e r  (3 7 )  have  shown t h a t  

m e ta b o lism  o f  a c e t a t e  i s  g r e a t l y  i n h i b i t e d  in  c a rb o x in  t r e a t e d  

s e n s i t i v e  f u n g i .  I n  a d d i t i o n ,  t h e r e  a p p e a rs  to  b e  a  b u i l d  up o f  

s u c c in a te  (2 7 )  in  a  m anner s im i l a r  to  t h a t  d e s c r ib e d  f o r  m a lo n a te  

i n h i b i t i o n  o f  th e  TCA c y c le  ( 3 ) .  I f  r e s p i r a t o r y  p a th w ay s  a re  

b lo c k e d  in  R. s o l a n i  a f t e r  c a rb o x in  t r e a tm e n t ,  w i th  a  c o n c o m ita n t 

b u i ld  up o f  r e s p i r a t o r y  in te r m e d ia te  p o o l s ,  th e  p o s s i b i l i t y  e x i s t s  

t h a t  t h e s e  m a te r ia l 's  c o u ld  b e  ex u d ed . To s tu d y  t h i s  f u r t h e r , 

m y c e l ia l  d i s c s  w ere s ta r v e d  by  p ro lo n g e d  in c u b a t io n  in  d e io n iz e d  

w a te r  t o  re d u c e  r e s p i r a t o r y  in te r m e d ia te  l e v e l s .  R e s p i r a t io n  r a t e s  

w ere checked  p e r i o d i c a l l y  a t  30 m in u te  i n t e r v a l s  and f r e s h  KOH added 

e v e ry  3 h o u r s .  W ith  e a c h  KOH a d d i t i o n ,  th e  sy stem  was a llo w e d  to



28

T a b le  V. Growth from  m y c e l ia l  d i s c s  o f  R h iz o c to n ia  s o I a n i  w hich
had  b e e n  t r e a t e d  f o r  5 h o u rs  w ith  10“^M c a rb o x in  o r  d e ­
io n iz e d  w a t e r , w ash ed , and p la c e d  on a c a r b o x in - f r e e
medium w ith  and w i th o u t  p h o s p h a te .

C om plete Medium
S

C om plete M inus PQ^

C o n tro I C arb o x in C o n tro l C arbox in

D ia m e te r  o f  
in  cm a f t e r  
o f  g ro w th .

c u l t u r e  
36 h o u rs 3 .3 3 .3 1 .9 1 . 6

D ia m e te r  o f  
in  cm a f t e r  
o f  g ro w th .

c u l t u r e  
48 h o u rs 6 .7 6 . 7 3 .5 2 . 7*

*
S i g n i f i c a n t l y  d i f f e r e n t  a t  th e  57° l e v e l
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e q u i l i b r a t e  f o r  30 m in u te s  b e f o r e  r e a d in g s  w ere t a k e n . As seen  in  

F ig u re  5 , a f t e r  24 h o u rs  th e  e f f e c t  o f  s t a r v a t i o n  on u p ta k e  was 

e v id e n t .  R e s p i r a t io n  r a t e s  d ropped  c o n s id e r a b ly  i n d i c a t i n g  a  la c k  o f  

endogenous r e s p i r a t o r y  s u b s t r a t e s .  W ith  r e s p i r a t i o n  p ro c e e d in g  u n d e r 

t h e s e  c o n d i t io n s  o f  s t a r v a t i o n ,  th e  a d d i t io n  o f  c a rb o x ih  sh o u ld  n o t  

r e s u l t  in  a  b u i l d  up o f  in te r m e d ia te  p o o ls  and t h e r e f o r e  lo s s e s  from  

b o th  c o n t r o l  and t r e a t e d  c e l l s  sh o u ld  b e  s im i l a r  and a t  a  minimum.

To t e s t  t h i s  h y p o th e s i s ,  m y c e l ia l  d i s c s  w ere a llo w e d  to  sh ak e  f o r  24 

h o u rs  in  d e io n iz e d  w a te r  and th e n  p la c e d  in  c o n ta c t  w i th  c a rb o x in  o r  

w a te r  f o r  6 a d d i t i o n a l  h o u rs  a f t e r  w h ich  th e  c o n d u c t iv i ty  o f  sam ple 

f i l t r a t e s  was d e te rm in e d . As se e n  in  T a b le  V I, no s i g n i f i c a n t  

d i f f e r e n c e s  i n  c o n d u c t iv i t y  e x i s t e d  b e tw een  t r e a t e d  and u n t r e a te d  

s y s te m s .

RNA s y n t h e s i s . — M ath re  (2 7 )  and R a g sd a le  and S i s l e r  (3 7 ) have 

r e p o r t e d  t h a t  RNA s y n th e s i s  i s  i n h i b i t e d  in  c a rb o x in  t r e a t e d  c e l l s .  

H ow ever, i t  was n o t  d e te rm in e d  w h e th e r  c a rb o x in  d i r e c t l y  i n h i b i t s  

RNA s y n th e s i s  o r  w h e th e r  t h i s  e f f e c t  i s  se c o n d a ry  r e s u l t i n g  from  a 

la c k  o f  h ig h  e n e rg y  compounds b e in g  p ro d u c e d  b y . t h e  c e l l  a s  a  r e s u l t  

o f  i n h i b i t i o n  o f  th e  TCA c y c le .  To d e te rm in e  i f  c a rb o x in  co u ld  

i n h i b i t  RNA p o ly m e ra se  d i r e c t l y ,  a  DNA d e p e n d en t RNA p o ly m e ra se  

sy s te m  from  so y b ean s  was u se d  ( 3 2 ) .  The r e s u l t s  o f  t h e s e  t e s t s



HOURS OF STARVATION

F ig u re  5 . E f f e c t  o f  s t a r v a t i o n  on oxygen u p ta k e  by m y c e l ia l  d i s c s  o f  R h iz o c to n ia
s o l a n i  in  d e io n iz e d  w a te r .  A p p ro x im a te ly  1 7 .8  mg d ry  w e ig h t o f  R. 
s o l a n i  f l a s k .
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T a b le  V I. • C ond u c tan ce  (p. m hos) o f  f i l t r a t e s  from  .sam p les  con­
t a i n i n g  12 m y c e l ia l  d i s c s  (5 5 .5  mg d r y .w t . )  o f  
R h iz o c to n ia  s o l a n i  w h ich  w ere exposed  to  IO ^M  
c a rb o x in  ox d e io n iz e d  w a te r  a f t e r  a  24 h o u r  s t a r v ­
a t i o n  p e r io d  in  d e io n iz e d  w a te r .

C onductance (p  m hos)

C o n ta c t  P e r io d  
(H rs )

10 C a rb o x in W ater

0 2 3 .3 2 5 .0

6 2 3 .3 2 3 .8
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-4i n d i c a t e  t h a t  10 M c a rb o x in  had no e f f e c t  on t h i s  ENA p o ly m e rase

-4sy s te m . When th e  sy s te m  was t r e a t e d  w i th  10 .-M c a rb o x in  f o r  30 m in , 

1210 .2  p i c a  m oles o f  "*"̂ C UTP w ere in c o r p o r a te d  p e r  100 pg  o f  soybean  

DNA. In  c o n t r o l  s a m p le s , u s in g  d e io n i s e d  w a te r ,  1 2 5 5 .0  p i c a  m oles 

w ere in c o r p o r a te d .



DISCUSSION

M y c e l ia l  d i s c s  o f  R h iz o c to n ia  s o l a n i  when t r e a t e d  w ith  c a rb o x ih , 

d e m o n s tra te d  an e f f l u x  o f  c e l l u l a r  m a t e r i a l s .  The a f f e c t  was l i k e l y  

a r e s u l t  o f  e i t h e r  a l t e r a t i o n s  in  th e  fu n g a l  p lasm a  m em branes o r  an 

i n h i b i t i o n  o f  r e s p i r a t o r y  m e ta b o lism  w i th  th e  su b s e q u e n t b u i ld  up and 

le a k a g e  o f  i n t e r m e d ia t e s . The le a k a g e  was s im i l a r  to  t h e  re s p o n s e  o f  

a  num ber o f  f u n g i  to  t h e  p o ly e n e  a n t i b i o t i c s  a l th o u g h  a p p a r e n t ly  o f  

somewhat l e s s  m ag n itu d e  ( 4 5 ) .

C o nduc tance  d a ta  i n d i c a t e  t h a t  some o f  th e  m a t e r i a l s  coming 

from  t r e a t e d  c e l l s  a r e  i o n ic  in  n a t u r e .  Of th e  in o r g a n ic  io n s  ch eck ­

e d , o n ly  p o ta s s iu m  was p r e s e n t  in  s u f f i c i e n t  am ounts to  in c r e a s e  

c o n d u c t i v i t y ,  (T a b le  I I I )  a l th o u g h  i t s  c o n t r i b u t i o n  a c c o u n te d  f o r  

o n ly  a  p a r t  o f  th e  t o t a l  c o n d u c t iv i ty  i n c r e a s e .  S u t to n  (4 5 )  has 

r e p o r t e d  a  l o s s  o f  1 5 ,6 4  pg p o ta ss iu m /m g  d ry  w e ig h t o f  y e a s t  a f t e r  a 

30 m in t r e a tm e n t  w i th  th e  p o ly e n e  n y s t a t i n .  V a lu es  r e p o r t e d  in  t h i s  

p a p e r  (T a b le  I I I )  a r e  a p p ro x im a te ly  2 .0  pg/m g d ry  w e ig h t o f  R. . s o l a n i . 

I f  p o ta s s iu m  l e v e l s  a r e  n e a r l y  th e  same in  y e a s t  and R. s o l a n i  and 

i f  p o ta s s iu m  le a k a g e  can  b e  c o n s id e re d  a  m eans by w h ich  to  m onitop  

membrane dam age, th e n  n y s t a t i n  a p p a r e n t ly  a l t e r s  p la sm a  membranes 

m ore r a p i d l y  and to  a  g r e a t e r  e x te n t  th a n  does c a rb o x in .

The m a jo r i ty  o f  o r g a n ic  m a t e r i a l s  exuded from  c e l l s  a f t e r  

t r e a tm e n t  w i th  c a rb o x in  w ere n e g a t i v e l y  c h a rg e d  (T a b le  IV ) . The 

n e g a t iv e  c h a rg e  i n d i c a t e s  t h a t  t h e s e  m a t e r i a l s  may b e  o r g a n ic  a c id s
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and t h e i r  p r e s e n c e  in  sam ple f i l t r a t e s  p r o v id e s  a  p l a u s i b l e  e x p la n ­

a t i o n  f o r  i n c r e a s e s  in  c o n d u c t iv i ty  a l th o u g h  q u a n t i t a t i v e  d e te rm in ­

a t i o n s  to  a s c e r t a i n  th e  e x te n t  to  w h ich  th e y  a f f e c t  c o n d u c t iv i ty  w ere 

n o t  a t te m p te d .  The p r e s e n c e  o f  e x t r a c e l l u l a r  o r g a n ic  a c id s  would 

s u b s t a n t i a t e  th e  h y p o th e s i s  t h a t  c a rb o x in  i s  i n h i b i t i n g  TCA r e s p i r ­

a t i o n  w i th  th e  fo rm a tio n  and le a k a g e  o f  in te r m e d ia te  a c id  p o o ls .

When R. s o I a n i  m y c e lia  w ere s t a r v e d  in  w a te r  f o r  24 h o u rs  

r e s p i r a t i o n  r a t e s  d ro p p ed  c o n s id e r a b ly  ( F ig .  5 ) .  I f  c a rb o x in  Iv 

i n h i b i t e d  r e s p i r a t i o n  and le a k a g e  o f  r e s p i r a t o r y  i n te r m e d ia t e s  was 

a r e s u l t  o f . t h i s  i n h i b i t i o n ,  th e n  c a rb o x in  t r e a tm e n t  o f  s ta r v e d  

m ycelium  sh o u ld  n o t  e f f e c t  le a k a g e  i f  m em branes w ere n o t  b e in g  

dam aged. Such was found  to  b e  th e  c a s e  s in c e  d i s c s  s ta r v e d  f o r  24 

h o u rs  p r i o r  to  c a rb o x in  t r e a tm e n t  e x h ib i t e d  th e  same am ount o f  

le a k a g e  a s  u n t r e a t e d  s ta r v e d  d i s c s  (T a b le  V I) .  R e s p i r a t i o n ,  u n d e r  

c o n d i t io n s  o f  s t a r v a t i o n ,  p ro c e e d e d  so s lo w ly  t h a t  i n h i b i t i o n  by 

c a rb o x in  was n o t  o b s e rv e d . In  t h i s  c a s e , in te r m e d ia te  p o o ls  would 

n o t  b e  form ed and s u b s e q u e n t le a k a g e  w ould p o t  b e  o b s e rv e d .

P h o sp h a fe  was a ls o  r e l e a s e d  from  c a rb o x in  t r e a t e d  c e l l s  ( F ig .

4 ) .  B ecau se  o f  c a rb o x in *  s i n t e r f e r e n c e  w ith  in o r g a n ic  p h o sp h a te  

d e te r m in a t io n s  u s in g  th e  phosph o m o ly b d ic  a c id  t e s t  w i th  r e d u c t io n  to  

m olybdenum b lu e  ( l ) ,  t h e  o n ly  t e s t  a d a p ta b le  was t h a t  f o r  t o t a l  

p h o s p h a te  u s in g  a  p e r s u l f a t e  d i g e s t i o n .  As a r e s u l t  i t  was im p o s s ib le
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to  d e te rm in e  th e  n a tu r e  o f  th e  r e l e a s e d  p h o s p h a te . H ow ever, th e  

p r e s e n c e  o f  e i t h e r  o r g a n ic  o r  in o r g a n ic  p h o sp h a te  c o u ld  e x p la in  

i n c r e a s e s  in  c o n d u c t i v i t y .  M ath re  (2 7 )  and R a g sd a le  and S i s l e r  (3 7 )  

hav e  s u g g e s te d  t h a t  c a rb o x ih  i n h i b i t s  a e r o b ic  r e s p i r a t i o n  by  

i n h i b i t i o n  o f  th e  TCA c y c le .  W ith  su ch  i n h i b i t i o n  a r e d u c t io n  in  

e l e c t r o n  t r a n s p o r t  and t h e r e f o r e  o x id a t iv e ,  p h o s p h o ry la t io n  would 

u n d o u b te d ly  fo l lo w . T h is  co u ld  r e s u l t  in  an a c c u m u la tio n  o f  a d e n o s ip e  

d ip h o s p h a te  and in o r g a n ic  p h o s p h a te  b o th  o f  w hich  c o u ld  b e  r e l e a s e d  

from  t r e a t e d  c e l l s .

The e f f e c t  o f  p h o s p h a te  le a k a g e  was n o t i c e a b l e  i n  g row th  

re s u m p tio n  s t u d i e s .  The igrew th o f  m y c e l ia l  d i s c s  w h ich  had b een  

t r e a t e d  w i th  c a rb o x in ,  w ash ed , and p la c e d  on m edia  w i th o u t  a p h o s­

p h a te  s o u rc e  was r e t a r d e d  as  com pared to  s i m i l a r l y  t r e a t e d  d i s c s  

p la c e d  on  m ed ia  w ith  p h o s p h a te .  I n  c o n t r o l  sa m p le s , w i th o u t  c a rb o x in  

t r e a t m e n t , m y c e l ia l  d i s c s  resum ed g ro w th  e q u a l ly  w e l l  on  b o th  m edia 

r e g a r d l e s s  o f  p h o s p h a te  c o n te n t  (T a b le  V ). I t  a p p e a rs  from  t h i s  

s tu d y ,  t h a t  c a rb o x in  t r e a tm e n t  r e s u l t s  in  le a k a g e  o f  p h o s p h a te  o r  

p h o s p h a te  c o n ta in in g  m a t e r i a l s  w h ich  a r e  n e c e s s a ry  f o r  g ro w th , b u t  

t h a t  t h i s  le a k a g e  may b e  a s e c o n d a ry  e f f e c t ;  th e  p r im a ry  e f f e c t  

b e in g  an  i n h i b i t i o n  o f  th e  t r i c a r b o x y l i c  a c id  c y c le .  The p o s s i b i l i t y  

a ls o  e x i s t s  t h a t  th e  o r i g i n  o f  r e l e a s e d  p h o s p h a te  i s  th e  p lasm a  

m em brane. H ow ever; re p la c e m e n t  o f  membrane p h o s p h a te  w ould seem to
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b e  o f  l e s s e r  im p o r ta n c e  in  g row th  re s u m p tio n  th a n  re p la c e m e n t  o f  

p h o s p h a te s  n e c e s s a r y  f o r  m e ta b o lis m . A lso  a p p a re n t  in  t h i s  s tu d y  

was th e  f u n g i s t a t i c  n a tu r e  o f  c a rb o x in  p r e v io u s ly  r e p o r t e d  by  M athre

(26) .

A c o n s id e r a t io n  t h a t  c a r b o x in " s m e ta b o lic  i n t e r f e r e n c e  i s  a 

s e c o n d a ry  e f f e c t  m ust b e  e n t e r t a i n e d .  I f  c a rb o x in  w ere to  d i s r u p t  

m ito c h o n d r ia l  m em branes, th e n  th e  d i s o r g a n iz a t i o n  o f  membrane bound 

enzym es and co-enzym es c o u ld  c o n c e iv a b ly  r p 's u l t  in  r e s p i r a t o r y  

i n h i b i t i o n .  Im p lie d  h e r e  i s  an a l t e r a t i o n  in  th e  s p a t i a l  a rra n g e m e n t 

and n o t  an i n h i b i t i o n  o f  enzymes p e r  s e .  Such a  mode o f  a c t i o n  h as  

b e e n  p o s t u l a t e d  f o r  f i l i p i n  by Shaw, A llam  and G o t t l i e b  ( 4 1 ) .  The 

a b i l i t y  o f  th e  p o ly e n e s  to  e f f e c t  w hole  c e l l  r e s p i r a t i o n  and n o t  

c e l l  f r e e  r e s p i r a t i o n  s u g g e s ts  a c t i o n  on th e  p la sm a  m em brane.( 1 4 ) .

The l o s s  o f  e s s e n t i a l  m e t a b o l i t e s ,  th ro u g h  membrane le a k a g e  a f t e r  

t r e a tm e n t  o f  w hole c e l l s  w i th  f i l i p i n ,  c o u ld  e x p la in  r e s p i r a t o r y  

i n h i b i t i o n .  I n  c e l l  f r e e  sy s tem s a l l  e s s e n t i a l  c o - f a c t o r s  a r e  

n e c e s s a r i l y  a d d e d , apoenzym es rem a in  a c t i v e ,  and r e s p i r a t i o n  i s  n o t  

a f f e c t e d .  W ith  c a rb o x in  t r e a tm e n t  th e  s i t u a t i o n  i s  somewhat 

d i f f e r e n t .  M ath re  ( p e r s o n a l  co m m un ica tion ) h a s  d e m o n s tra t io n  r e s p i r ­

a to r y  i n h i b i t i o n  i n  b o th  w hole c e l l s  and c e l l  f r e e  e x t r a c t s .  In  

a d d i t i o n ,  c e l l  f r e e  e x t r a c t s  from  o rg a n ism s  w hich  a r e  n o t  s e n s i t i v e  

to  c a rb o x in  u n d e r  n a t u r a l  c o n d i t io n s  a ls o  d e m o n s tra te  r e s p i r a t o r y
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i n h i b i t i o n .  Of s u s p e c te d  im p o rta n c e  h e re  i s  c a r b o x in ’ s i n a b i l i t y  to  

e n t e r  r e s i s t a n t  c e l l s ,  t h u s , c e l l  m em branes would a p p e a r  to  be  th e  

m a jo r  p e n e t r a t i o n  b a r r i e r .  G o t t l i e b  (1 3 )  h as  p o in te d  to  membrane 

s t e r o l s  a s  th e  b in d in g  s i t e  f o r  th e  p o ly e n e s  and o t h e r  w o rk e rs  have 

shown as  a s s o c i a t i o n  b e tw e en  a n t i b i o t i c s  and membrane p r o t e i n  (1 8 , 

3 3 ) .  P o s s ib ly  c a rb o x in 's  mode o f  a c t i o n  i s  a ls o  e x p la in a b le  on th e  

b a s i s  o f  c e l l  membrane c o n s t i t u e n t s . B a c t e r i a  w h ich  a r e  u n a f f e c te d  

by  th e  p o ly e n e s  do n o t  c o n ta in  s t e r o l s  i n  t h e i r  c e l l  m em branes and 

f u n g i  w h ich  do n o t  p o s s e s s  s t e r o l s  a r e  a l s o  p o ly e n e  i n s e n s i t i v e  ( 2 5 ) .  

S im i la r  b in d in g  s i t e s  may b e  p r e s e n t  in  c a rb o x in  s e n s i t i v e  o rg an ism s 

and a b s e n t  in  r e s i s t a n t  s p e c i e s .  I n  r e s i s t a n t  s p e c i e s ,  c a rb o x in  

b in d in g  w ould n o t  o c c u r  and m em branes w ould rem a in  i n t a c t .  In  c e l l  

f r e e  sy s te m s  no p la sm a  membrane b a r r i e r  e x i s t s  and r e s i s t a n t  organs-' 

ism s become v u l n e r a b le .  I f  t h i s  h y p o th e s i s  i s  v a l i d ,  d i f f e r e n c e s  

m ust e x i s t  b e tw e en  th e  c o m p o s itio n  o f  p lasm a  and m ito c h o n d r ia l  

m em branes. I n s e n s i t i v e  o rg a n ism s  w h ich  a r e  s e n s i t i v e  i n  c e l l  f r e e  

sy s tem s m ig h t p o s s e s s  a  s i ' t e  o f  a c t i o n  in  m ito c h o n d r ia l  membranes 

w h ich  do es  n o t  e x i s t  in  th e  p lasm a  m em brane.

The p r e s e n c e  o f  e x t r a c e l l u l a r  o r g a n ic  a c id s  a f t e r  t r e a tm e n t  

w i th  c a rb o x in  i s  somewhat d i f f i c u l t  to  u n d e rs ta n d  u n l e s s  some 

a l t e r a t i o n  f i r s t  e x i s t s  in  th e  p la sm a  membrane ( 3 ) .  As a c o m p ariso n , 

G o t t l i e b  (1 6 )  h a s  d e m o n s tra te d  th e  le a k a g e  o f  t r i c a r b o x y l i c  a c id s
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a f t e r  t r e a tm e n t  o f  y e a s t  w i th  n y s t a t i n ;  w hich  i n d i c a t e s  t h a t  a l t e r e d  

m em branes w i l l  a l lo w  th e . p a s sa g e  o f  su c h  m a t e r i a l s .

W ith, th e  d a ta  o b ta in e d  to  d a t e ,  i t  i s  im p o s s ib le  to  d e te rm in e  

w h e th e r  th e  r e l e a s e  o f  m a t e r i a l s  from  c e l l s  o f  R. s o l a n i  t r e a t e d  w ith  

c a rb o x in  i s  due to  p la sm a  membrane damage o r  i s  a  s e c o n d a ry  e f f e c t  a s  

a  r e s u l t  o f  i n t e r f e r e n c e  e ls e w h e re  in  th e  c e l l .  The le a k a g e  

phenom ena in  R. s o l a n i , a s  in d u ce d  by  c a rb o x in ,  i s  s i m i l a r  in  many 

r e s p e c t s  to  l o s s e s  in  o t h e r  o rg a n ism s  a s  a r e s u l t  o f  t r e a tm e n t  w ith  

m a t e r i a l s  known to  a lte r ,m e m b ra n e  s t r u c t u r e .  I n  c o n t r a s t  to  t h i s , 

i s  th e  r e v e r s i b i l i t y  o f  c a r b o x i n 's i n h i b i t i o n .  The f u n g i s t a t i c  

n a tu r e  o f  c a rb o x in  d i f f e r s  from  m a t e r i a l s ,  su ch  a s  n y s t a t i n ,  in  

w h ich  b in d in g  and t h e r e f o r e  i n h i b i t i o n  i s  i r r e v e r s i b l e .  I n  a d d i t io n ,  

no le a k a g e  was o b s e rv e d  a f t e r  c a rb o x in  t r e a tm e n t  o f  s ta r v e d  c e l l s .  

A l t e r a t i o n s  in  m ito c h o n d r ia l  m em branes c o u ld  e x p la in  TCA r e s p i r a t o r y  

i n h i b i t i o n  w h ich  i s  known to  e x i s t  w i th  c a rb o x in  t r e a tm e n t .  However, 

t h i s  ty p e  o f  i n t e r v e n t i o n  im p l ie s  s t r u c t u r a l  d i f f e r e n c e s  betw een  

m ito c h o n d r ia l  and p la sm a  m em branes o f  r e s i s t a n t  o rg a n is m s . C a r b o x in 's 

i n h i b i t o r y  e f f e c t s  may b e  a r e s u l t  o f  m ore th a n  one s i t e  o f  a c t i o n ;  

in  w h ich  c a s e ,  a s s ig n m e n t o f  p r im a ry  and se co n d a ry  e f f e c t s  may be 

in  e r r o r .  In  any c a s e ,  th e  a b i l i t y  o f  c a rb o x in  to  en h an ce  th e  le a k a g e  

o f - c e l l u l a r  m a t e r i a l s  m ust be  c o m p le te ly  u n d e rs to o d  b e f o r e  a  mode o f  

a c t i o n  i s  a s s ig n e d .
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C a rb o x in  do es  n o t  a p p e a r  to  i n h i b i t  DNA d e p e n d e n t RNA p o ly m e rase  

in  a c e l l - f t p e  sy s te m  from  s o y b e a n s . O th e r  w o rk e rs  hav e  r e p o r te d  t h a t  

su ch  an i n h i b i t i o n  d o es  e x i s t  in  w hole c e l l s  o f  c a rb o x in  s e n s i t i v e  

f u n g i  (2 7 , 3 7 ) .  A s tu d y  u s in g  a  p o ly m e ra se  sy stem  from  a fu n g u s was 

u n s u c c e s s f u l ; h o w e v e r, M ath re  ( p e r s o n a l  com m unica tion ) h a s  demon­

s t r a t e d  c a r b o x i n 's i n h i b i t o r y  e f f e c t  on r e s p i r a t i o n  o f  m ito c h o n d r ia  

from  h ig h e r  p l a n t s  a s  w e ll  a s  from  f u n g i .  The p o s s i b i l i t y  t h a t  

p o ly m e ra se  sy s tem s in  fu n g i  and h ig h e r  p l a n t s  a re  a p p r e c ia b ly  

d i f f e r e n t  can  n o t  b e  o v e r lo o k e d  and t h e r e f o r e  d e f i n i t e  c o n c lu s io n s  

a w a i t  c a rb o x in , t r e a tm e n t  o f  a c e l l  f r e e  p o ly m e rase  sy s te m s  from  

s u s c e p t ib l e  f u n g iT



SUMMARY.

M y c e l ia l  d i s c s  o f  R h iz p c to n ia  s o I a n i , when t r e a t e d  w ith  c a rb o x in  

d e m o n s tra te  an  e f f l u x  o f  c e l l u l a r  m a t e r i a l s .  The o b s e rv e d  le a k a g e  

i s  l i k e l y  a  r e s u l t  o f  e i t h e r  a l t e r a t i o n s  in  th e  fu n g a l  p lasm a  

membrane o r  an i n h i b i t i o n  o f  r e s p i r a t o r y  m e ta b o lism  w ith  th e  sub ­

s e q u e n t  b u i ld - u p  and le a k a g e  o f  r e s p i r a t o r y  i n te r m e d ia t e s .

E l e c t r i c a l  c o n d u c ta n c e  o f  sam ple f i l t r a t e s  was u se d  as  an a s sa y  

f o r  th e  p r e s e n c e  o f  i o n i c  e x u d a te s  and t h e r e f o r e  as  an  a s s a y  f o r  

c a rb o x in  in d u ce d  le a k a g e .  Of th e  in o r g a n ic  io n s  c h p c k e d , o n ly  

p o ta s s iu m  was r e s p o n s i b le  f o r  i n c r e a s e s  in  c o n d u c ta n c e  and was 

found  to  c o n t r i b u t e  a b o u t T U  to  th e  t o t a l  i n c r e a s e .  O rg a n ic  a c id s  

and p h o s p h a te  m a t e r i a l s  w ere a ls o  r e l e a s e d ,  a l th o u g h  q u a n t i t a t i v e  

d e te r m in a t io n s  to  a s c e r t a i n  t h e i r  a f f e c t  on c o n d u c t iv i ty  w ere  n o t  

a t te m p te d .

L eakage s t im u la te d  by c a rb o x in  was s i m i l a r ,  i n  many r e s p e c t s ,  

to  le a k a g e s  in d u ce d  in  y e a s t  by m a t e r i a l s  known to  a l t e r  p lasm a  

m ejribranes.. I n  a d d i t i o n ,  th e  p r e s e n c e  o f  e x t r a c e l l u l a r  o r g a n ic  a c id s  

i s  d i f f i c u l t  to  e x p la in  u n le s s  membrane damage e x i s t s ,  a s  weak a c id s  

do p o t  r e a d i l y  c ro s s  i n t a c t  p lasm a  m em branes. A p o s s ib l e  p ou rce  o f  

o r g a n ic  a c id s  do es  e x i s t  h o w e v e r, a s  a  r e s u l t  o f  c a rb o ;x in J s i n h i b i t i o n  

o f  TCA m e ta b o lis m . E le c t r o n  t r a n s p o r t  sy s te m s , apd t h e r e f o r e  o x id a ­

t i v e  p h o s p h o r y la t io n ,  a r e  u n d o u b te d ly  i n h i b i t e d  a s  a  r e s u l t  o f  

r e s p i r a t o r y  i n t e r f e r e n c e s .  I f  p h o s p h o ry la t io n  o f  ADP i s  im peded, a
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p o s s ib l e  s o u rc e  o f  p h o s p h a te  m a t e r i a l s  e x i s t s . P h o sp h a te  le a k a g e  was 

s u f f i c i e n t  to  r e t a r d  f u r t h e r  g row th  o f  th e  o rg an ism  a f t e r  f u n g ic id e  

rem oval and p la c e m e n t on a  medium w i th o u t  p h o s p h a te .

When m y c e l ia l  d i s c s  w ere s ta r v e d  f o r  24 h o u rs  r e s p i r a t o r y  0^ 

c o n su m p tio n  d ro p p ed  c o n s id e r a b ly .  C a rb o x in  t r e a tm e n t ,  a f t e r  s t a r v ­

a t i o n ,  d id  n o t  r e s u l t  in  c e l l  le a k a g e  i n d i c a t i n g  t h a t  membrane damage 

d id  n o t  o ccu r.. I f  c a rb o x in  t r e a tm e n t  i s  a l t e r i n g  p la sm a  m em branes, 

th e  p o s s i b i l i t y  e x i s t s  t h a t  s i m i l a r  a l t e r a t i o n s  c o u ld  o c c u r  in  o th e r  

c e l l  m em branes. A d i s r u p t i o n  o f  m ito c h o n d r ia l  m em branes c o u ld  a l t e r  

th e  s p a t i a l  a rra n g e m e n t o f  membrane bound enzym es and co-enzym es and 

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

P o s s ib ly  c a r b o x in ’ s i n h i b i t o r y  e f f e c t s  may b e  a  r e s u l t  o f  more 

th a n  one s i t e  o f  a c tio n ,.  C o n c e iv a b ly  b o th  r e s p i r a t o r y  i n h i b i t i o n  and 

membrane damage c o u ld  r e s u l t  w i th  c a rb o x in  t r e a tm e n t .  I n  s e n s i t i v e  

o rg a n is m s , membrane damage c o u ld  p r o v id e  a mode o f . e n t r y  f o r  c a rb o x in  

and r e s p i r a t o r y  i n h i b i t i o n  co u ld  th e n  fo l lo w .

C arb o x in  does n o t  a p p e a r  to  i n h i b i t  DNA d e p e n d e n t ENA p o ly ­

m era se  in  a  c e l l - f r e e  sy s tem  from  s o y b e a n s . A ttem p ts  to  i s o l a t e  

such  a  p o ly m e ra se  sy s te m  from  a  fu n g u s  w ere u n s u c c e s s f u l  and t h e r e ­

f o r e  d e f i n i t e  c o n c lu s io n s  w ere n o t  e s t a b l i s h e d .
V
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