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STUDIES IN THE GENUS PHYTOPHTHORA DE BAPY

G enera l I n t r o d u c t i o n

The o r d e r  P e ro n o s p o ra le s  i n c lu d e s  many im p o r ta n t  p l a n t  pa thogenso 

The most n o ta b le  o f  th e s e  b e lo n g  to  th e  genera  P h y to p h th o ra , Py t h i urn and 

P la sm o p ara . Ehch y e a r  i n  b o th  tem p era te  and t r o p i c a l  zones s p e c ie s  o f  

t h e s e  gen e ra  cause  c o n s id e r a b le  damage t o  c ro p s .  D e sp i te  t h e i r  obv ious
I

economic im p o rtan ce  v e ry  l i t t l e  i s  knovm o f  th e  b i o lo g y ! o f  th e s e  f u n g i .  

Mechanisms c o n t r o l l i n g  v a r i a t i o n  a r e  unloiovm. F a c to r s  c o n t r o l l i n g  s e x u a l i t y  

and i t s  i n h e r i t a n c e  have y e t  t o  be d e te rm in e d . The p la c e  o f  m e io s is  i n  

th e  l i f e  c y c le  and th e  p lo id y  o f  th e  som atic  n u c le u s  a r e  s t i l l  a  m a t te r  

o f  c o n t r o v e r s y .

C y to lo g ic a l  methods have been u se d  to  i n v e s t i g a t e  th e  s t a g e  a t  which 

m e io s is  o c cu rs  a s  a  means o f  d e te rm in in g  th e  p lo id y  o f  th e  som atic  n u c le u s .  

T h is  w i l l  be h a p lo id  i f  m e io s is  o c c u rs  i n  th e  o o sp o re ,  o r  w i l l . b e  d i p lo i d  

i f  m e io s is  o c c u rs  i n  th e  d e v e lo p in g  gam etang ia  p r i o r  t o  f e r t i l i s a t i o n .

Evidence s u p p o r t in g  b o th  h a p lo n t i c  and d i p l o n t i c  ty p e s  o f  l i f e  c y c le  

h a s  been p r e s e n te d .  H e io t i c  f i g u r e s  i n  th e  g e rm in a t in g  o o sp o re s  have 

been r e p o r t e d  i n  S c le r o s p o r a  g ra m in ic o la  (McDonough, 1 937 ) ,  P lasm opara  

v i t i c o l a  (Bose, 19^7) and  Albugo e v o lv u l i  (T h iru m alach a r  e t  a l ,  1949)* 

Sansome working v/ith Pythiurn debar'^anum, S c le ro s p o ra  s o r g h i ,  P h y to p h th o ra  

e r y t h r o s e p t i c a ,  P. cactorum  and Achlya sp .  ( I9 b 1 ,  19&3, 1 9 ^ 3 )n
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c o n s id e re d  t h a t  r e d u c t io n  d i v i s i o n  o c cu rs  in  th e  a n th e r id iu m  and oogonium. 

However f i g u r e s  s i m i l a r  to  th o s e  o f  Sansome have been d em o n s tra te d  i n  

th e  hyp ha l t i p s  o f  P h y to p h th o ra  i n f e s t a n s  (Marks, 1963)*

Some i n d i c a t i o n  o f  th e  p lo id y  o f  th e  n u c le u s  o f  c e r t a i n  o rgan ism s, 

e . g .  N eurospora  c r a s s a  (Norman, 1934) h a s  been o b ta in e d  by e x t r a p o l a t i o n  

o f  th e  k i l l i n g  c u rv e s  o f  X -rays  and u l t r a  v i o l e t  i r r a d i a t i o n .  No work 

w i th  X -rays  h a s  been r e p o r t e d  w ith  s p e c i e s  o f P h y to p h th o ra , Buddenhagen 

( 193S) c a l c u l a t e d  t h a t  th e  e f f e c t  o f  u l t r a  v i o l e t  on th e  zo o sp o res  o f  

P . cactorum  i n d i c a t e d  the  e x i s te n c e  o f  2 -3  t a r g e t s  o r  genomes p e r  z o o sp o re .  

However s i m i l a r  i n v e s t i g a t i o n s  by C larke  (1964) on P. i n f e s t a n s  and Shaw

( 1963) on P . cac torum  i n d i c a t e d  o ve r  100 t a r g e t s .  T h is  c a s t s  d o u b ts  upon 

th e  r e l i a b i l i t y  o f  t h i s  method o f  e s t im a t in g  th e  p lo id y  o f  th e  n u c le u s .

The most s a t i s f a c t o r y  method o f  d e te rm in in g  p lo id y  and th e  s t a g e  a t  

which m e io s is  o c c u rs  i s  th e  a n a l y s i s  o f  th e  s e g r e g a t io n  o f  n u c le a r  m arkers 

a f t e r  s e x u a l  r e p r o d u c t io n .  P ro g re s s  i n  th e  P e ro n o s p o ra le s  i n  t h i s  f i e l d  

h as  been h in d e re d  by

( 1 ) The p e r s i s t e n t  dormancy o f  th e  o o sp o re ,

(2 ) The d i f f i c u l t y  i n  o b t a in in g  s u i t a b l e  n u c l e a r  m ark e rs .

However, r e c e n t l y  w i th in  th e  genus P h y to p h th o ra , th e  o o sp o re s  o f  s e v e r a l  

h o m o th a l l ic  and h e t e r o t h a l l i c  s p e c ie s .h a v e  been g e rm in a te d .  Also an a n a l y s i s  

o f  the  s e g r e g a t io n  o f  m arkers  such  a s  m ating  ty p e ,  p igm ent p ro d u c t io n ,

and co lony  morphology h a s  been  a t te m p te d  (G alindo and Zentmyer, 196?;

S a to u r  and B u t l e r ,  1968) .  These s t u d i e s  have shown t h a t  p a r e n t a l  and 

recom binan t ty p e s  e x i s t  among th e  oospore  progeny o f  a  m ating  bu t each 

oospore  only  p rodu ces  one ph en o ty p ic  c l a s s  i n  i t s  zoospore  p rogeny . These
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r e s u l t s  can  be e x p la in e d  i f  m e io s is  o ccu rs  i n  th e  gam etangia  o r  i f  m e io s is  

o c c u rs  i n  th e  oospore  and only  one p ro d u c t  s u r v i v e s .  Thus f u r t h e r  

g e n e t i c a l  s t u d i e s  a r e  r e q u i r e d  to  dem o ns tra te  which h y p o th e s is  i s  c o r r e c t .

The aim of th e  work d e s c r ib e d  i n  t h i s  t h e s i s  was to  make a  g e n e t i c a l  

s tu d y  of a  s u i t a b l e  s p e c i e s  o f  P h y to p h th o ra  s and th u s  to  de te rm ine  th e  

p lo id y  of th e  som atic  n u c le u s .

As i t  i s  o f  advan tag e  to  u se  a  h e t e r o t h a l l i c  s p e c i e s  to  e n su re  t h a t  

th e  p r o d u c t s  o f  s e x u a l  r e p ro d u c t io n  a r e  c ro s se d  and n o t  s e l f e d ,  P h y to p h th o ra
  tr  w iiiiii I ii>V iiw IIII.V, ,  M# M W #

p a lm iv o ra  (B u tl . )  B u t l ,  was chosen a s  one o f  th e  t e s t  o rg an ism s . The f i r s t  

s e c t i o n  o f  th e  t h e s i s  d e a ls  w ith  a t t e m p ts  to  g e rm in a te  th e  oosp o res  o f  t h i s  

s p e c i e s .

P h y to p h th o ra  cactorum  (Leb, and Cohn) S c h ro e t ,  was chosen a s  th e  

o t h e r  t e s t  o rganism  f o r  tv/o r e a s o n s :  (1 ) 67% g e rm in a t io n  o f  t h e  o ospo res

o f  t h i s  s p e c i e s  h a s  been o b ta in e d  (Shaw, 1963)» (2) R e s is ta n c e  to

s t re p to m y c in  h a s  been found in  t h i s  s p e c ie s  (Shaw, 1963j- Shaw and E l l i o t t ,  196 

S e g re g a t io n  i n  the  s e l f e d  progeny o f  a  h o m o th a l l ic  s p e c ie s  w i l l  occur 

i f  th e  m arkers  u sed  a re  dom inant. For t h i s  r e a s o n  d rug  r e s i s t a n c e  was 

s t u d i e d  a s  t h i s  ty p e  o f  m u ta t io n  u s u a l ly  shows dominance.

S e c t io n  I I  o f  th e  t h e s i s  i s  concerned  w ith  th e  s e a rc h  f o r  r e s i s t a n c e  

t o  o th e r  d rugs  in  P. cac to rum .
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SECTION I  -  OOSPORE DORMANCY AND GERMIMTIOH 

IN PHYTOPHTHORA PALMIVORA (BUTL.) BUTL.
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Oospore Dormancy and G erm ina tion  i n  Phytoph t h o r a  p a lm iv o ra

I n t r o d u c t io n
INpiBw .ifcn #»

Dormancy i s  any r e s t  p e r io d  o r  r e v e r s i b l e  i n t e r r u p t i o n  o f  t h e  

p h e n o ty p ic  developm ent o f  t h e  organism  (Sussman, 19&3)' F o r  conven ience  

t h i s  i n t e r r u p t i o n  i s  d iv id e d  i n t o  two somewhat o v e r la p p in g  c a t e g o r i e s  

depending  on th e  f a c t o r s  im posing  i t .  C o n s t i t u t i v e  dormancy i s  caused  

by some i n t e r n a l  f a c t o r  w hereas exogenous dormancy i s  imposed by an 

a d v e rse  en v ironm en t.

The o c c u rre n c e  o f  a  dormant p e r io d  which p e rm i ts  s p e c ie s  t o  s u rv iv e  

u n s u i t a b l e  e n v iro n m en ta l  c o n d i t io n s  i s  a  g e n e ra l  phenomenon. I t  i s  so 

w id esp read , b e in g  found in  a l l  d i v i s i o n s - o f  th e  p l a n t  kingdom, and has  

such  e c o l o g ic a l  s i g n i f i c a n c e  t h a t  v e ry  many mechanisms o f  dormancy have 

ev o lv e d .  These ra n g e  from p u re ly  m echan ica l b a r r i e r s  to  complex b io ch e m ic a l  

system s n o t  y e t  f u l l y  u n d e rs to o d .

The a b i l i t y  o f  a  sp o re  to  ge rm ina te  depends on i t s  s t a g e  o f  developm ent. 

Both development o f  th e  w a l l  and q u e s t io n s  o f  n u c l e a r  fu s io n  and c y to p lasm ic  

o r g a n i s a t io n  must be c o n s id e re d .  The f a i l u r e  o f  c e r t a i n  zygospores  to  

ge rm ina te  may be r e l a t e d  to  c y to p lasm ic  im m a tu r i ty  f o r  h e re  th e  r e s t i n g  

s t a g e  p re c e d e s  n u c le a r  f u s io n .  As soon a s  n u c le a r  f u s io n  has  o c c u r re d  

th e  spo re  g e rm in a te s  (A l le n ,  I 963 ) ,  In  o th e r  c a s e s  g e rm in a t io n  does 

n o t  occu r when th e  sp o re  i s  p la c e d  i n  c o n d i t io n s  f a v o u ra b le  t o  growth 

even though th e  developm ent o f  th e  w a ll  and a l l  n u c le a r  and c y to p lasm ic  

e v e n ts  have a p p a r e n t ly  been com pleted . T h is  s i t u a t i o n  may be c a l l e d  t r u e  

dormancy, b u t  to  d i s t i n g u i s h  i t  from im m atu ri ty  r e q u i r e s  a  knowledge 

o f  development too  o f t e n  l a c k in g .  The t r u l y  dormant sp o re  must e v id e n t ly
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go th ro u g h  some f u r t h e r  i n t e r n a l  changes, a s  y e t  unlmown, b e fo re  i t  can
1

g e rm in a te ;  th e s e  changes c o n s t i t u t e  ’’a f t e r ^ r i p e n i n g ’*. In  p r a c t i c e  i t  

i s  u s u a l ly  c o n s id e re d  t h a t  a f t e r - r i p e n i n g ,  b u t  n o t  m a tu ra t io n  can be 

s h o r te n e d  by a c t i v a t i o n  t r e a tm e n t s  (Sussman, I 963 )*
f

The tim e r e q u i r e d  f o r  a f t e r  r ip e n in g  p ro c e s s e s  t o  occu r  n a t u r a l l y  

i n  fu n g a l  s p o re s  v a r i e s  g r e a t l y .  At th e  two ex trem es i n  th e  Phycomycetes 

a re  th e  o o sp o re s  o f  Pythiurn angusta tum  which Sparrow (1931) was a b le  t o  

g e rm in a te  im m ed ia te ly  a f t e r  fo rm a tio n ,  and th e  o o sp o re s  o f  P eronospora  

d e s t r u c t o r  which McKay (1933) found to  r e q u i r e  fo u r  y e a r s  b e fo re  

g e rm in a t io n  o c c u r re d .  O ther t im e s  a r e  found w i th in  th e s e  ex trem es 

depending  on th e  s p e c i e s .  Z e ig le r * s  (1948) i n t e n s i v e  s t u d i e s  on th e  

o o sp o re s  o f  many members o f  th e  S a p ro le g n ia c e a e  showed t h a t  th e  a f t e r -  

r ip e n in g  p e r io d  v a r i e d  from 30 h o u rs  to  3 m onths. De Bary ( I 860) found 

' t h a t  th e  o o sp o re s  o f  Aphanomyces s t e l l a t u s  g e rm in a te d  a f t e r  t h r e e  months. 

B lack w ell  (1943) found t h a t  th e  o o sp o re s  o f  P h y to p h th o ra  cactorum  r e q u i r e d  

n in e  m onths.

Methods o f  s h o r te n in g  th e  a f t e r - r i p e n i n g  p e r io d

In  any fu n g a l  sp o re  s t u d i e s ,  w hether g e n e t i c a l  o r p h y s i o l o g ic a l ,  

i t  i s  o f  ad v an tag e  t o  be a b le  t o  g e rm in a te  t h e  s p o r e s  i n  q u a n t i ty  

s im u l ta n e o u s ly .  Thus many te c h n iq u e s  o f  s h o r t e n in g  th e  a f t e r - r i p e n i n g  

p e r io d  have been dev e lo ped . These methods f a l l  i n t o  fo u r  main c a t e g o r i e s :

1 ) T em perature

a )  h ig h  te m p e ra tu re

b )  low te m p e ra tu re

2 ) Chemical

3 ) B io lo g ic a l

4) L igh t
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1 . a )  High Tem perature  T rea tm en ts

The o b s e r v a t io n  t h a t  th e  sp o re s  o f  c e r t a i n  o rgan ism s a p p ea re d  t o  

g e rm in a te  b e t t e r  a f t e r  th e y  had p a sse d  th ro u g h  th e  i n t e s t i n e s  o f  a n im a ls  

l e d  to  th e  s u g g e s t io n  t h a t  i t  m ight be th e  body h e a t  o f  th e  an im al which 

a c t e d  a s  th e  s t i m u l a n t .

W elsford  (190?) t e s t e d  t h i s  p o s s i b i l i t y  and co nc lud ed  t h a t  in c u b a t io n  

a t  38*̂ G i n  cow dung b roke  th e  dormancy o f  th e  a s  c o sp o re s  o f  Ascobolus 

fu r fu ra c e u B .

Dodge ( 1912) was th e  f i r s t  t o  u se  te m p e ra tu re s  above body t e m p e ra tu re s ,  

when he a c h ie v e d  g e rm in a t io n  o f  A. f u r f u r a c e u s  a s c o s p o re s  and o th e r  

, r e l a t e d  s p e c ie s  w ith  a  h e a t  t r e a tm e n t  o f  60 ~ 70^0 f o r  13 " 30 m in u te s .

I t  h a s  now been found t h a t  th e  a b i l i t y  to  be a c t i v a t e d  by h e a t  a p p e a rs  

t o  be a  g e n e r a l  p r o p e r ty  among th e  c o p ro p h i lo u s  a sco m ycetes  (Sussman, I 963 )* 

A part from ascom ycetes  only  a few o th e r  fu n g i  have been found to  

re sp o n d  to  a  h e a t  t r e a tm e n t .  The sp o re s  o f  l l s t i l a g o  s t r i i f o r m i s  (K r ie t lo w , 

1943)1 Phragmidium mucronatum (C ochrane, 1943) and th e  sp o re s  o f  th e  

phycomycete Phycornyces  b la k e s le a n u s  (Sommer and H a lb sg u th ,  1937) a r e  

r e p o r t e d  to  be a c t i v a t e d  by h e a t .

In  a l l  c a se s  o f  h e a t  s t i m u l a t i o n  th e  sp o re s  must be r e t u r n e d  to  

room te m p e ra tu re  b e fo re  g e rm in a t io n  w i l l  o c cu r .  Lowry and Sussman (1938) 

working w ith  N eurospora  t e t r a s p e r m a ' found t h a t  th e  h e a t  r e s i s t a n c e  was 

a  p r o p e r ty  o f  th e  dormant sp o re  w a ll  and once th e  sp o re  was a c t i v a t e d  

i t  became h e a t - s e n s i t i v e  -  th u s  th e  n e c e s s i t y  o f  r e t u r n i n g  th e  sp o re s  

to  room te m p e ra tu re .
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1 , b )  Low T em perature  T rea tm en ts

Many w orkers have found t h a t  an ’'o v e rw in te r in g ” p e r io d  i s  o f  

im portance  i n  th e  a f t e r - r i p e n i n g  p r o c e s s  o f  some f u n g a l  s p o re s .  Methods 

o f  im posing  t h i s  a r t i f i c i a l l y  and th u s  b re a k in g  dormancy have been found 

t o  be s u c c e s s f u l  w ith  c e r t a i n  s p e c i e s .

The te m p e r a tu re s  which have been found t o 'b e  e f f e c t i v e  range  from 

f r e e z i n g  p o in t*  e .g .  t h e  t e l i o s p o r e s  o f  P u c c in ia  glumarum (Raeder and 

B eyer ,  1931), t o  lO^C, e .g .  th e  a s c o s p o re s  o f  T ap h r in a  c o r y l i  (M a r tin ,  

1924). The t im e s  f o r  which th e  sp o re s  must be h e ld  a t  low te m p e ra tu re s  

v a ry  from b e in g  a s  s h o r t  a s  t h r e e  h o u rs  w ith  th e  a e c io s p o r e s  o f  P u c c in ia  

g ra n i in is  (E r ik s so n  and Henning, 1896) to  s i x  months witJfi th e  s p o re s  o f  

Physoderma d u l i c h i i  ( Jo h n s ,  1938).

There a r e  s e v e r a l  r e p o r t s  o f  low te m p e ra tu re  t r e a tm e n t s  s h o r t e n in g  

th e  dormant p e r io d  o f  o o sp o re s .  Sparrow (1931) o b ta in e d  g e rm in a t io n  o f  

t h e  o o spo res  o f  Pythiurn a d h ae re n s  by s t o r i n g  them o u t s id e  from F eb ru a ry  

u n t i l  A p r i l .  B lac k w e ll  (1943) i n  c o n t r o l l e d  te m p e ra tu re  ex p e r im en ts  w ith  

P h y to p h th o ra  cactorum  o b ta in e d  maximum g e rm in a t io n  by ex posing  o o sp o re s  

two to  n in e  months o ld  t o  t e m p e ra tu re s  j u s t  above f r e e z i n g  f o r  one week.

As w ith  h ig h  te m p e ra tu re  t r e a tm e n t s  a l l  sp o re s  have to  be r e tu r n e d  

to  room te m p e ra tu re  b e fo re  g e rm in a t io n  w i l l  talce p l a c e .

2 .  Chemical T rea tm en ts

Compounds ra n g in g  from o rg an ic  s o l v e n t s ,  e . g .  a l c o h o l s  and a c e to n e ,  

e s t e r s ,  o rg an ic  a c id s  and o th e r  m e ta b o l i t e s  to  in o r g a n ic  m a t e r i a l s ,  

e .g .  s a l t s  and a c id s  have been found to  s t im u la te  th e  g e rm in a t io n  o f  

some fu n g a l  sp o re s  (Sussman, I 963 ) .
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Acids were shown to  be e f f e c t i v e  i n  p rom oting  g e rm in a t io n  o f  th e  

t e l i o s p o r e s  o f  P u c c in ia  g ram in is  ( S i b i l i a ,  1930) b u t  th e  e f f e c t  v/as 

one o f a c i d i t y  r a t h e r  th an  o f  a  p a r t i c u l a r  a c i d .  P ro v id in g  t h a t  th e  

pH o f  th e  medium = 2 .0  b o th  in o rg a n ic  and o rg an ic  a c id s  were e q u a l ly  

e f f e c t i v e  i n  b re a k in g  dormancy. A llen  (1933) showed t h a t  coumarin and 

d in i t r o p h e n o l  enhanced th e  g e rm in a t io n  o f  th e  u r e d io s p o re s  o f  P u c c in i a  

g ra m in is  t r i t i c i  by r e v e r s i n g  th e  e f f e c t s  o f  a v o l a t i l e  s e l f  i n h i b i t o r .  

Sussman (1933) found t h a t  f u r f u r a l  and many o f  i t s  d e r i v a t i v e s  co u ld  be 

used  i n s t e a d  o f  a  h e a t  shock to  b rea k  th e  dormancy o f  th e  a sc o s p o re s  o f  

Neurospora  t e t r a s p e r m a .

3* B io lo g ic a l  S t im u la t io n

T here  a r e  s e v e r a l  r e p o r t s  i n  th e  l i t e r a t u r e  o f  th e  sp o re s  o f  p l a n t  

p a th o g e n ic  f u n g i  b e in g  s t im u la te d  to  g e rm ina te  i n  th e  p re sen c e  o f  h o s t  

r o o t s  o r  h o s t  p l a n t  e x u d a te s .  Hooker e t  a l  (1943-) found t h a t  m ustard  

o i l s  p roduced  i n  low c o n c e n t r a t io n s  by th e  r o o t s  o f  cabbage p l a n t s  s t im u la te d  

th e  g e rm in a t io n  o f  th e  r e s t i n g  sp o re s  o f  P lasm odiophora  b r a s s i c a e . Scharen  

( 1960) r e p o r t e d  t h a t  he o b ta in e d  maximum g e rm in a t io n  o f  th e  oosp o res  o f  

Aphanomyces e u te ic h e s  when th ey  were i n  the  v i c i n i t y  o f  pea  r o o t s .  A lso 

Ghafoor (1964) found t h a t  th e  p e rc e n ta g e  g e rm in a t io n  o f  th e  oo spo res  o f  

Aphanomyces ra p h a n i  was in c r e a s e d  by a f a c t o r  o f  f i f t e e n  when th e  sp o re s  

were a d ja c e n t  to  r a d i s h  r o o t s .

Animal s t i m u l a t i o n  i s  a l s o  known. The a s c o s p o re s  o f  Onygena c o rv in a

r e q u i r e  e g e s t io n  by owls b e fo re  g e rm in a t io n  w i l l  occu r  (de B ary , 1887)

and g e rm in a t in g  s p o re s  o f  R ussu la  and L a c ta r iu s  s p e c ie s  have been found 

i n  to a d s  (V pg lino , 1893 )*
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Gregg ( 1937 ) o b ta in e d  g e rm in a t io n  o f  th e  oo sp o re s  o f  P . e r y t h r o s e p t i c a  

a f t e r  they  had p a sse d  .th rough  th e  g u t  o f  th e  la n d  s n a i l  H e lix  a s p e r a , 

and Shaw (1963, 19&7) o b ta in e d  67% g e rm in a tio n  o f  th e  o o sp o re s  o f  

P. cactorum  which had been  fed  to  w a te r  s n a i l s  P l a n o r b a r iu s  corneus*

An i n t e r e s t i n g  example o f  s e l f - s t i m u l a t i o n  was found in  P . g ram in is  

t r i t i c i  (F re n ch , I 9 6 l ) i  T erpenes and r e l a t e d  v o l a t i l e  compounds, i n  

c rude  e x t r a c t s ,  from u r e d io s p o re s  s t im u la te d  u re d io s p o re  g e rm in a t io n .

4. L igh t T rea tm ent

L ig h t h a s  been r e g a rd e d  a s  an i n h i b i t o r  o f  g e rm in a t io n  f o r  a  lo n g  

tim e ( s e e  G o t t l i e b ,  1930 f o r  re v ie w ) .  R e c e n tly ,  however, i n c r e a s in g  

a t t e n t i o n  h a s  been p a id  to  i t s  r o l e  i n  a c t i v a t i n g  th e  dormant sp o re s  

o f  some s p e c i e s ,  I^ny  sp o re s  in c lu d in g  smut s p o r e s ,  u r e d io s p o re s  and 

oo spo res  have been found to  resp ond  to  a l i g h t  t r e a tm e n t .

The i n t e n s i t y  o f  th e  l i g h t  r e q u i r e d  f o r  a c t i v a t i o n  v a r i e s .  Some s p o r e s ,  

e . g .  th e  r e s i s t a n t  s p o ra n g ia  o f  Physoderma mayd i s  r e q u i r e  a s  l i t t l e  a s  

0 .1  -  0 .2  f o o t  c a n d le s  f o r  a c t i v a t i o n  (H e rb e r t  and Kelman, 1938)* The sp o re s  

o f  T i l l e t i a  c o n t r a v e r s a  and o th e r  smut s p e c ie s  have been  found t o  r e q u i r e  

30 -  130 f o o t  c a n d le s  (G assner  and Neiman, 1934) and th e  oospo res  o f  

P h y to p h th o ra  cactorum  g iv e  maximum g e rm in a t io n  w ith  a  l i g h t  i n t e n s i t y  o f  

600 -  700 f o o t  c a n d le s  (Berg and G a l le g ly ,  I 966 ) .

The q u a l i t y  o f  th e  l i g h t  i s  a l s o  im p o r ta n t .  B lue l i g h t  has  been found 

th e  most e f f e c t i v e  w ith  P, cactorum  (Berg and G a l le g ly ,  I 966) and Oidium 

m o n i l io id e s  (Sempio and C a s t o r i ,  1930). L igh t o f  lo n g e r  w a v e len g th s ,

330 -  730 mp was found t o  i n h i b i t  0 . m o n i l i o id e s .

A l t e r n a t i n g  l i g h t  and da rk  has  been found t o  a c t i v a t e  th e  oospores  

o f  Ph y to p h th o ra d r e c h s l e r i  (G alindo  and Zentmyer, 1967a) and Peronospora
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t a b a c in a  (Lucas and P e rso n ,  1 934 ) ,
!

M a te r i a l s  and Methods 

The i s o l a t e s  u sed  i n  th e  p r e s e n t  s tu d y  were o b ta in e d  from th e  

Commonwealth M yco log ica l I n s t i t u t e ,  Kew, Phytoph th o r a  p a lm iv o ra  s e r i a l  

numbers IMI ,63332  and  IM I,79233» 2 . cactorum  s e r i a l  number IM I , 21168 

They have been c u l t u r e d  on oa tm eal a g a r  f o r  s e v e r a l  y e a r s  and s u b c u l tu r e d  

a t  r e g u l a r  i n t e r v a l s .  Abundant o o sp o re s  a re  p roduced  by th e s e  i s o l a t e s  

un der  s u i t a b l e  c o n d i t i o n s .

A s e m i - s y n th e t i c  medium h a s  been  used  s u c c e s s f u l l y  f o r  oospore

p ro d u c t io n  (Shaw, 1963)* This medium i s  composed o f  a  minimal s y n t h e t i c
1

medium ( E l l i o t t  e t  a l ,  1964) supplem ented  w ith  an aqueous e x t r a c t  o f  

garden  p e as  and a  l i g h t  p e tro leu m  e th e r  e x t r a c t  o f  o a t s .  The o a t  e x t r a c t  

s u p p l i e s  s t e r o l s  which have been proved  n e c e s s a ry  f o r  oospore  p ro d u c t io n  

(H endrix , 1964, 1963» E l l i o t t ,  H en d r ie ,  K n igh ts  and P a r k e r ,  1964; L e a l ,  

F r ie n d  and H o l l id a y ,  1964; H a rn ish ,  Berg and L i l l y ,  1964 ) .

Com position of th e  Minimal Medium
— i i  inmiPrfTfuw j iiMii I r,w»i. i

S ucrose 10 gm

L -a sp a ra g in e 1 .0 gm

Magnesivira s u lp h a te 0 .2 3  gm

P o ta ss iu m  d ihydrogen  phospha te 0 .3 gm

Thiamin h y d ro c h lo r id e 1 .0 mg

T race  e lem ent s o l u t i o n 1 ml

D e io n ised  w a te r 1000 ml
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Com position o f  th e  t r a c e  e lem en t s o lu t io n '

88 mg ' Na^MoO^.SH^O 50 rag

CuS0^.5H 0 595 mg JSnSO. .?H 0 44-50 mg

Fe2(S0^)^ .5H 20 910 mg EDTA 5 gm

MnClg.4HgO 72 mg . .Water 1000 ml

Aqueous e x t r a c t  o f  ga rden  peas

130 gm o f  f ro z e n  g a rd en  p e a s  were b rou gh t to  t h e  b o i l  i n  1000 ml o f  

d e io n is e d  w a te r .  The p e a s  were f i l t e r e d  o f f  and th e  c l e a r  l i q u i d  was 

added to  an e q u a l  volume o f  tw ice  c o n c e n tr a te d  minim al medium.

The minimal medium was p re p a re d  a t  fo u r  t im e s  th e  c o n c e n t r a t io n
I

s t a t e d  above and i s  d isp e n se d  i n t o  1 l i t r e  c a p a c i ty  p o ly th e n e  b o t t l e s .

Aqueous pea  e x t r a c t  i s  a l s o  s t o r e d  i n  p o ly th e n e  b o t t l e s .  These b o t t l e s

owere k e p t  u n t i l  r e q u i r e d  a t  -13  G. T h is  f r e e z in g  p ro ce d u re  c u t s  o u t  th e  

n e c e s s i t y  o f  a u to c la v in g  th e  media b e fo re  s to r a g e .

P e tro leum  e x t r a c t  o f  o a t s

lOOgm of c ru sh ed  o a t s  were r e f lu x e d  w ith  l i g h t  p e tro leu m  e t h e r  f o r  

one h o u r .  T h is  p ro c e s s  y i e l d s  on e v a p o ra t io n  o f  th e  s o lv e n t  a p p ro x im a te ly  

4 gm o f  a  y e llo w  brovm o i l .  T h is  i s  added to  th e  s t a n d a r d  medium (m inim al 

medium -f aqueous pea  e x t r a c t )  a t  a  c o n c e n t r a t io n  o f  1^ v//v. The medium 

i s  s o l i d i f i e d  w ith  10 gm /l Oxoid No. 3 a g a r  and a u to c la v e d  a t  13 I b s / s q . i n .  

f o r  13 m in u te s .

P l a t e s  o f  s o l i d  s t a n d a r d  medium + 1?<5 o a t  e x t r a c t  were in o c u la te d  

w ith  bo th  i s o l a t e s  o f  P. p a lm iv o ra  or w ith  a s i n g l e  i s o l a t e  o f  P, cac torum . 

The inoculum  was a  4 mm d is c  c u t  from th e  edge o f  an a c t i v e l y  growing 

colony on s o l i d  s t a n d a r d  medium. The p l a t e s  a r e  in c u b a te d  i n  th e  dark  

a t  24°C a s  n e i t h e r  o f  t h e  s p e c ie s  form o o sp o re s  i n  th e  l i g h t .  I n i t i a l l y
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oo sp o re s  a r e  formed i n  th e  r e g io n  between th e  two i s o l a t e s  o f  P. pa lm iv o ra  

and th e n  th ro u g h o u t  b o th  c o lo n i e s .

As l i g h t  h a s  r e c e n t l y  been found to  be an im p o r ta n t  f a c t o r  i n  th e  

g e rm in a t io n  o f  many P h y to p h th o ra  s p e c ie s  in c lu d in g  P. cac torum  (Shaw,

1963) ,  P. heveae and P. e r y t h r o s e p t i c a  (L ea l and Gomez-Miranda, 19&3),

P . e r y t h r o s e p t i c a ,  P . h ev eae , P . megasperma v a r .  s o i a e ,  P. pa lm ivo ra  and 

P. i n f e s t a n s  (Berg and G a l le g ly ,  I 966 ) ,  a l l  g e rm in a t io n  e x p er im en ts  were 

in c u b a te d  i n  th e  l i g h t  and in  th e  d a rk .  The l i g h t  so u rc e  c o n s i s t e d  o f  

tv;o 11 in c h  8 w a t t  warm w hite  f l u o r e s c e n t  t u b e s .  Depending on th e  p o s i t i o n  

o f  th e  p l a t e s  in  th e  in c u b a to r  t h i s  gave a l i g h t  i n t e n s i t y  o f  8 -  13 f o o t  

c a n d le s .

T echniques which had proved s u c c e s s f u l  in  g e rm in a t in g  th e  oo spores  

o f  P h y to p h th o ra  s p e c ie s  were t r i e d  w ith  th e  dormant o o sp o re s  o f  P. p a lm iv o ra .

A ttem pts to  Break th e  Dormancy o f  th e  Oospores o f  P h y to p h th o ra  pa lm ivo ra

The E f fe c t  o f  B i o lo g i c a l  S t im u la t io n  on Oospore Dormancy

Although th e  o o sp o re s  o f  s e v e r a l  s p e c ie s  o f  P h y to p h th o ra  have been

g e rm in a ted  (B la c k w e ll ,  194-3; Gregg, 1937; Savage and G a l le g ly ,  196O;

E rw in , I 966 ; and o t h e r s )  th e  f i n a l  g e rm in a t io n  o b se rv ed  i n  s p o re s  h a rv e s te d

from th e  p a re n t  c u l t u r e s  h a s  been on ly  a few p e r c e n t ,  Shaw ( 1967) however

obtai.ned g e r m n a t i o n  o f  21-d ay  o ld  oosp o res  o f  P h y to p h th o ra  cactorum

a f t e r  they  had p a sse d  th ro u g h  th e  i n t e s t i n a l  t r a c t  o f  w a te r  s n a i l s .  The 

invo lvem en t o f  th e  s n a i l  ha.s been f u r t h e r  i n v e s t i g a t e d , ( s e e  Appendix).

I t  was d e c id ed  t h a t  t h i s  method sho u ld  be t r i e d  f i r s t  u s in g  th e  

oo spores  o f  P . p a lm iv o ra .
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Attempt to  g e rm in a te  th e  o o sp o res  o f  P . p a lm iv o ra  u s in g  w a te r  s n a i l s

28-day  o ld  c u l t u r e s  o f  P. p a lm iv o ra  on s o l i d  s t a n d a r d  medium + 

o a t  e x t r a c t  were p la c e d  i n  n e e d le  boxes c o n ta in in g  200 ml o f  d e io n is e d  

water* Three s n a i l s  p e r  c u l t u r e  were added. A f te r  48 h o u rs  t h e  f a e c e s ,  

c o n s i s t i n g  m ain ly  o f  o o sp o re s ,  were w ithdrawn i n  a  P a s t e u r  p i p e t t e  and 

homogenised w ith  a  l i t t l e  w a te r  i n  a t i s s u e  g r i n d e r .  . They were th en  

c e n t r i f u g e d ,  t h e  w a te r  d i s c a rd e d ,  and  an eq u a l volume o f  m ercu ric  c h lo r id e  

(60  pg /m l) was added to  s u r f a c e  s t e r i l i s e  th e  sp o re s  (T h is  was tw ice  th e  

c o n c e n t r a t io n  u sed  by Shaw .). A f te r  f i v e  m inu tes  t r e a tm e n t ,  th e  m ercu ric  

c h lo r id e  v/as c e n t r i f u g e d  o f f  and th e  " s n a i l e d ” o o sp o re s  were washed i n  

fo u r  changes o f  s t e r i l e  d e io n is e d  w a te r  b e fo re  b e in g  p l a t e d  on n o n - n u t r i e n t  

a g a r  (IO g m / l i t r e ) .  Oospores from c o n t r o l  p l a t e s  v/hich had  n o t  been fed  

to  s n a i l s ,  ( ”n o n ~ s n a i le d ” ) , were t r e a t e d  i n  th e  same v/ay. The p l a t e s  were 

in c u b a te d  i n  l i g h t  and da rk  a t  24^0 and examined a t  i n t e r v a l s  f o r  g e rm in a t io n  

No g e rm in a t io n  was re c o rd e d  a f t e r  14 day s .

As oospore  age h a s  been  found to  be a  f a c t o r  i n f lu e n c i n g  g e rm in a t io n  

o f  P. cac to rum , t h i s  te c h n iq u e  was r e p e a te d  u s in g  o o sp o re s  o f  P. pa lm iv o ra
II iij-iiÉLUi>ireet. ^ ^  —tui i *  irwja f n n aw up.uLB»mw»PctJM'« m waa

o f  d i f f e r e n t  a g es  r a n g in g  from 16 days to  I 3 weeks. No g e rm in a t io n  was 

r e c o rd e d .

D isc u ss io n

Very l i t t l e  work h a s  been done on th e  a c t io n  o f  th e  s n a i l s  on o o sp o re s .  

Shaw ( 1963) t r i e d  a c y ta s e  p r e p a r a t io n  w ith  th e  o o sp o re s  o f  P. cactorum  

b u t  t h i s  was n o t  s u c c e s s f u l .

Gregg ( 1937 ) u s in g  H e l ix  a s n e ra  o b se rv ed  t h a t  t h e  o o g o n ia l  and
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a n t h e r i d i a l  w a l l  a p p ea re d  u n a l t e r e d  a f t e r  th e  o o sp o re s  o f  P . e r y t h r o s e p t i ca  

had p a s se d  th ro u g h  th e  g u t .  T h is  i s  i n  c o n t r a s t  to  t h e  s i t u a t i o n  i n  

P. cac torum  where most o f  th e  o o sp o re s  a r e  f r e e  a f t e r  d i g e s t i o n .  With 

P . p a lm iv o ra  th e  o o g o n ia l  w a l l  o f  most o f  th e  sp o re s  i s  s t i l l  p r e s e n t  

and t h i s  may be a  r e a s o n  why no g e rm in a t io n  was o b ta in e d .

A nother p o s s ib l e  r e a s o n  f o r  th e  n e g a t iv e  g e rm in a t io n  r e s u l t s  o b ta in e d  

may be due to  th e  f a c t  t h a t  th e  wrong s p e c i e s  o f  s n a i l  v/as u se d .  T u rner

(1964) h a s  p ro v ed  t h a t  th e  g i a n t  A fr ic a n  s n a i l  A c h a t in a  f u l i c a  i s  an
^  '  mm   ■ I II *  I Ml Mia  . iwi

a g e n t  o f  t r a n s m is s io n  i n  n a tu r e  o f  f o o t - r o t  d i s e a s e  o f  P e p p e r ,  caused  

by P. p a lm iv o ra . A lthough h i s  ex p erim en ts  were c o n d u c ted  u s in g  on ly  one ■ 

i s o l a t e ,  and th u s  th e  e f f e c t  o f  th e  s n a i l s  on o o sp o re s  v/as n o t  s t u d i e d ,  

i t  may be t h a t  t h i s  s p e c i e s  o f  s n a i l  m ight b re a k  th e  dormancy o f  th e s e  

o o sp o re s .

The E f f e c t  o f  Chemical  Tre a tm e n ts  on Oospore Dormancy
.        ' '  ----------------------------- : —  ■' ■' " I—.  - I  I . .  I .—  -  —

As m entioned  i n  th e  i n t r o d u c t i o n  some fu n g a l  s p o re s  a r e  s t im u la te d  

t o  g e rm in a te  by c e r t a i n  c h e m ic a ls .  Tliis h a s  a l s o  been  observed  v/ith 

s e v e r a l  phycom ycetes . McKay (1939) found t h a t  0.01% -  0.02% p o tass iu m  

perm anganate  s o l u t i o n  in d u ced  th e  oospo res  o f  Pe ro n o sp o ra  s c h le id e n ia n a  

t o  g e rm in a te ;  Uppal (1924) o b ta in e d  g e rm in a t io n  o f  th e  oosp o res  o f  

P . i n f e s t a n s  u s in g  a  1% g lu co se  s o l u t i o n ;  Savage and G a l le g ly  ( 1960) 

found 2 -4  d ich lo ro p h en o x y  a c e t i c  a c id ,  coum arin , c a f f e i n e  and g a l l i c  

a c i d  s u c c e s s f u l  w i th  P . i n f e s t a n s  o o sp o re s .

G erm ina tion  h a s  a l s o  been in d u ced  u s in g  unlmown complex chem icals*

Some o f  th e s e  a re  p roduced  by th e  p a r t i c u l a r  h o s t  p l a n t ;  Trow ( 19OI) 

found t h a t  cabbage w a te r  s t im u la te d  th e  o o sp o re s  o f  Pythiurn ultimum to
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g e rm in a te ;  Scharen  e t  a l  ( 196O) u s in g  p l a n t  d e b r i s ,  h o r s e  dung in f u s i o n  

o r  pea sand  l e a c h a t e  broke th e  dormancy o f  th e  o o sp o re s  o f  Aphanomyces 

e u t e i c h e s  and o b ta in e d  betw een 2% and 40% g e rm in a t io n .  Horse dung 

i n f u s i o n  has  p ro v ed  s u c c e s s f u l  a l s o  w ith  th e  o o spo res  o f  P l^ z to n h g io ^  

i n f e s t a n s .  B a r to n  (1937) found t h a t  th e  o o sp o re s  o f  Pythiurn maraillatum 

c o u ld  be g e rm in a te d  in  t h e  p re s e n c e  o f  r a d i s h  r o o t s  and Smoot e t  a l  ( 1938) 

o b ta in e d  3 -  4% g e rm in a t io n  o f  th e  o o sp o re s  o f  P. i n f e s t a n s  u s in g
* U W  IIII.IW 'W I ■ I III IM I II

p o ta to  s o i l  l e a c h a te *

A ttem p ts  t o  germ ina t e  th e  o o sp o re s  o f  P . palmiv o r a  u s in g  supp lem ented  media
............'' I II-  ■ ^.................................................................................................................f' ..— I ---------- rf-— ....................................HIM !■—■■■ ■irr r *-*'- r * iir~iii.^ i ■■KiflSmrrtnn-rtrf»  i[i-<np»*-i|.rT*- in     ii i i_ii m

( a )  Media supp lem ented  vd th  known c h em ica ls

13-week o ld  " s n a i l e d ” and  " n o n - s n a i l e d ” o o sp o re s  o f  P. p a lm iv o ra  were
*1 ' r» « .iiwiiwfArPMRjPNMmmem wmmm m rnir i iK.ri i a

p l a t e d  on th e  fo l lo w in g  media;

( 1 ) 4 t im e s  norm al s t r e n g t h  minimal medium

(2 ) 2 t im es  norm al s t r e n g th  minimal medium

( 3 ) 1 t im e s  norm al s t r e n g th  minimal medium

(4 )  s t a n d a r d  medium

(3 ) n o n - n u t r i e n t  a g a r

Three r e p l i c a t e  p l a t e s  o f  each medium were in c u b a te d  i n  th e  l i g h t  and

d a rk  a t  24°C. No g e rm in a t io n  was obse rved  a f t e r  seven  d ay s .

(b )  Media supplem en ted  w ith  complex unknown c h e m ic a ls

( 1 ) Aqueous pea  e x t r a c t

(2 ) Coconut m ilk

21-day o ld  " s n a i l e d ” and ”n o n - s n a i l e d ” oo sp o re s  were p l a t e d  on th e  

f o l lo w in g  media;
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(1 ) 100, 73» 3 0 » 2 3 » 10, 3 » 1 » 0% aqueous pea e x t r a c t  d i l u t e d  w ith

d e io n is e d  w a te r  and s o l i d i f i e d  w ith  1% a g a r .

(2 ) 10, 3» 1» 0 . 3 » 0 . 1 ,  0% coconut m ilk  p re p a re d  a s  abov e .

Three r e p l i c a t e  p l a t e s  o f  each c o n c e n t r a t io n  o f  each  o f  th e  two 

t r e a tm e n ts  were in c u b a te d  i n  l i g h t  and d a rk  a t  24^0. No g e rm in a t io n

v/as o b se rv ed  on th e  aqueous pea  e x t r a c t  p l a t e s  a f t e r  one week, o r  on

th e  coconu t m ilk  p l a t e s  a f t e r  t h r e e  weeks.

I t  h a s  been found w ith  s e v e r a l  s p e c ie s  o f  P h y to p h th o ra  t h a t  th e

c o n s t i t u e n t s  o f t h e  medium on which th e  oospo res  a r e  p roduced  may i n f lu e n c e  

t h e i r  su b seq u en t g e rm in a t io n .

L ea l  and Goraez-Miranda ( I 963 ) o b ta in e d  90% g e rm in a t io n  o f  t h e  o o sp o re s  

o f  P h y to p h th o ra  heveae when th e  n i t r o g e n  so u rc e  i n  th e  medium was v a l i n e  

and none when i t  was c i t r u l l i n e .  T h e ir  i n v e s t i g a t i o n s  showed t h a t  t h e  

c a rb o h y d ra te  sou rce  a l s o  co u ld  In f lu e n c e  g e rm in a t io n ,  f r u c to s e  and l a c t o s e

l e a d in g  to  abnorm al o o sp o re s ,  s t a r c h  and m a n n ito l  g iv in g  a  h igh  p e rc e n ta g e

o f  g e rm in a t io n .

Berg and G a l le g ly  ( 1966) working w ith  s e v e r a l  s p e c i e s  o f P h y to p h th o ra  

i n c lu d in g  P . pa lm iv o ra  and P . cactorum  found t h a t  th ey  o b ta in e d  maximum 

g e rm in a t io n  when t h e i r  medium was supplem ented  w ith  p r a c t i c a l  g rad e  m ethyl 

l i n o l e a t e .

These i n v e s t i g a t i o n s  by L ea l and Gomez-Miranda and by Berg and G a l le g ly  

were c a r r i e d  o u t  on o o sp o re s  g e rm in a t in g  ^  s i t u , i . e .  on th e  p a re n t  

c u l t u r e s .  As t h i s  i s  n o t  co n v en ien t  f o r  g e n e t i c a l  work i t  was d ec ided  

to  ü se  th e s e  media b u t  t o  h a r v e s t  and r e p l a t e  t h e  o o sp o re s  on o t h e r  media.
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The e f f e c t  o f  changing  th e  n i t r o g e n  sou rce  from A sp arag ine  to  V a lin e

The b a s a l  medium used  v/as th e  minimal medium d e t a i l e d  on page (10) 

v/ith no n i t r o g e n  so u rc e .  To t h i s  v/as added:

(1 ) DL-Valine 1 g / l

(2) DL-Valine 2 g / l

(3) L« A sparag ine  1 g A

Aqueous pea e x t r a c t  and 1% o a t  e x t r a c t  were added a s  u s u a l .  The media 

were s o l i d i f i e d  w ith  1% a g a r .

8-week o ld  " s n a i l e d ” and ”n o n - s n a i l e d ” o o spo res  from each o f  th e s e  

media were p l a t e d  on n o n - n u t r i e n t  a g a r  and in c u b a te d  i n  l i g h t  and dark  

a t  24°C, No g e rm in a t io n  was observed  a f t e r  seven d a y s .  1

Oospore p ro d u c t io n  v/as n o t  a s  abundant on v a l in e  a s  on a sp a ra g in e  

medium. T h is  may r e l a t e  to  a  re q u ire m e n t  f o r  L-amino a c i d s .

The e f f e c t  o f  medium on oospore  and chlamydospore fo rm a t io n

In  p re v io u s  ex p er im en ts  where o o sp o re s  were p l a t e d  on media o th e r  

th an  n o n - n u t r i e n t  a g a r  chlamydospore g e rm in a t io n  and grow th te n d e d  to  

obscu re  th e  oo sp o re s  a f t e r  a  few days i n c u b a t io n .  P re l im in a ry  a t t e m p ts  

t o  s e p a r a t e  th e s e  sp o re s  by f i l t e r i n g  th ro u g h  c o t to n  wool o r c e n t r i f u g a t i o n  

i n  a  su c ro se  d e n s i ty  g r a d ie n t  s o l u t i o n  were n o t  s u c c e s s f u l .

In  view o f  th e  p o s s i b i l i t y  t h a t  d i f f e r e n t  media m ight i n c r e a s e  th e  

p ro p o r t io n  o f  o o sp o re s  : ch lam ydospores formed th e  following,*m edia were 

t e s t e d :

(1) s ta n d a r d  medium + 1% o a t  e x t r a c t

(2) s ta n d a r d  medium + 1% o a t e x t r a c t  + 3 pg/ml Ca(NO^)p

(3 )  s t a n d a r d  medium + 1% o a t  e x t r a c t  a t  pH 7*0

(4) m aize meal a g a r  (13 g m / l i t r e )
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The media were s c o re d  by w ithd raw ing  two 4 mm d ia m e te r  c y l i n d e r s ,  

e q u i d i s t a n t  from th e  two in o c u la ,  from each r e p l i c a t e  p l a t e .  The hyphal 

mat was s l i c e d  o f f  and squashed  a s  even ly  a s  p o s s ib l e  i n  w a te r  under a 

c o v e r s l i p .  T hree  low power m icroscope f i e l d s  from each sample were s c o re d  

f o r  oospore  and chlam ydospore numbers. None o f  th e s e  media a l t e r e d  th e  

oo spore  : ch lam ydospore  r a t i o .

The e f f e c t  o f  th e  c a rb o h y d ra te  so u rce  of t h e  medium on th e  numbers 

o f  oospores  and chlam ydospores formed was th en  i n v e s t i g a t e d .

The b a s a l  medium used  was th e  minimal medium on page (10) w ith  no 

sucrose*

I t  was supp lem ented  a s  fo l lo w s :

(1) S u c ro se  10*0 g m /l .

(2 ) G lucose  1 0 .0  gmA*

(3 ) S ta r c h  10 .0  gmA*

Aqueous pea  e x t r a c t  was added t o  th e s e  t h r e e  media a s  u s u a l  and th e  

fo l lo w in g  c o n c e n t r a t i o n s  o f  o a t  e x t r a c t .  -  1, 0 .3 ,  0 .1 ,  0%.

Oatmeal medi.um (13  g m / l . )  a l s o  supplem ented  w i th  1 , 0 .3 ,  0 . 1 ,  0% o a t  

e x t r a c t  was in c lu d e d  a l s o .

Three p l a t e s  o f  each t r e a tm e n t  were in o c u la t e d  and in c u b a te d  a t  

24^0 i n  d a rk .  The p l a t e s  were sc o re d  a s  b e fo re  a f t e r  one week.
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T ab le  T* p ro d u c t io n  on d i f f e r e n t  mediaChlamydospore

Gone• o f o a t  
e x t r a c t

c a rb o h y d ra te

S u cro se

Glucose

S ta r c h

Oatmeal

1% 0 . 3%

3 : 1 2 .1  : 1

2 : 1 0 .4  : 1

1 .6  : 1

7 : 1 4 .4  : 1

0 . 1%

1 .4  : 1

0 .2  : 1

1 .4  ; 1

21 ; 1

0%

0 .7  : 1

no oo sp o re s  
formed

no oo spo res  
formed

4 .3  : 1

From th e  r e s u l t s  i t  i s  seen  t h a t  oa tm eal + 0.1% o a t  e x t r a c t  g iv e s  

th e  h ig h e s t  oospore  ; chlam ydospore r a t i o .  T h is  medium was used  i n  th e  

fo l lo w in g  e x p e r im e n ts .

The e f f e c t  o f  m ethyl l i n o l e a t e  in  th e  growth medium and a s  an a d ju n c t  i n  

;ing meoium

Oospores o f  P. p a lm iv o ra  were p roduced  on ( I )  Oatmeal f  0.1% o a t  

e x t r a c t ,  and (2) Oatmeal + 0 .1 %  o a t  e x t r a c t  + 200 p g /m l m ethyl l i n o l e a t e .

A f te r  e ig h t  weeks " s n a i l e d ” and ”n o n - s n a i l e d ” o o sp o re s  from th e s e  

c u l t u r e s  were p l a t e d  on n o n - n u t r i e n t  a g a r  and n o n - n u t r i e n t  a g a r  supplem ented  

w ith  10, 3 0 , and 200 pg /m l m ethy l l i n o l e a t e .

Three r e p l i c a t e  p l a t e s  o f  each t r e a tm e n t  were in c u b a te d  in  l i g h t  an.d 

da rk  a t  24^0,

No g e rm in a t io n  was observed  on any o f  t h e  p l a t e s  i n  th e  l i g h t .
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L ess th a n  ']f4 g e rm in a t io n  was obse rv ed  on n o n - n u t r i e n t  a g a r  

+ 50 Vg/ral m ethy l l i n o l e a t e  and n o n - n u t r i e n t  a g a r  -i- 200 ^ / m l  m ethyl 

l i n o l e a t e .  ï l ie s e  oo sp o re s  had been ’’sn a i led * ' and came from b o th  ty p e s  

o f  growth m edia .

A ttem pts  to  in d u ce  g e rm in a t io n  u s in g  G ib b e r e l l i c  Acid i n  th e  growth medium 

and in  th e  p l a t i n g  medium

The media used  to  p roduce o o sp o re s  were -  ( 1 ) Oatmeal + 0.1% o a t  

e x t r a c t ,  (2 ) Oatmeal f  0.1% o a t  e x t r a c t  supplem ented  w ith  10 pg /m l,

(3 ) 30 pg /m l, and (4) 200 pig/ml g i b b e r e l l i c  a c i d .

The g i b b e r e l l i c  a c i d  v/as d i s s o lv e d  i n  a lc o h o l  and added to  th e  media 

b e fo re  a u to c la v in g .

A f te r  fo u r  weeks " s n a i l e d ’' and ”n o n - s n a i l e d ” o o sp o re s  from th e s e  p l a t e s  

were p l a t e d  on

( 1 ) n o n - n u t r i e n t  a g a r

(2 ) n o n - n u t r i e n t  a g a r  + 1 0  pg/m l G ib b e r e l l i c  Acid

(3 ) n o n - n u t r i e n t  a g a r  + 30 V-g/ml G ib b e r e l l i c  Acid

(4) n o n - n u t r i e n t  a g a r  + 200 hg/m l G ib b e r e l l i c  Acid

Two p l a t e s  o f  each t r e a tm e n t  were in c u b a te d  i n  th e  l i g h t  and  dark  

a t  2h°C.

No g e rm in a t io n  was ob se rv ed  on any o f  the  p l a t e s  i n  th e  da rk  a f t e r  

t h r e e  days.

A few g e rm in a te d  oo sp o re s  d i s t r i b u t e d  a p p a r e n t ly  randomly were re c o rd e d  

on th e  p l a t e s  in c u b a te d  i n  th e  l i g h t .

In fo rm a t io n  i n  P la n t  P r o t e c t io n  Hxta S h e e ts  quo ted  by B r ig g s  ( I 963 ) 

s t a t e s  t h a t  g i b b e r e l l i c  a c id  i s  broken dovm d u r in g  a u to c la v in g .  In  view
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o f  t h i s  i t  v/as d e c id e d  to  r e t e s t  u n a u to c la v ed  g i b b e r e l l i c  a c id  f o r  a c t i v i t y  

in  b re a k in g  th e  dormancy o f  P. p a lm ivo ra  o o sp o re s .
 Pin. if  I. B.I1 É. .Hi !■

Oatmeal media had n o t  been found ve ry  s u c c e s s f u l  i n  th e  p ro d u c t io n  

o f  l a r g e  numbers o f o o sp o re s  and s ta n d a rd  medium + 1% o a t  e x t r a c t  was u se d .

Attempt to  in d u ce  g e rm in a t io n  o f  th e  oosp o res  o f  P . p a lm iv o ra  and  P . cactorum
I - *I I "I I 11 iwi I 1 ... .........................— I — " ' ■ i ■ ii f -■ ■!■■■■■«■■■ -  '  —"  ' ■ «  i — — ' Ti T iHf fT*i I'w Ml IÉ nr.-r«Ti-Tr:rri rrititi«jft^>iM“i'«yywpiMii_TrMTjrmtt*i--T n n - .ii ^ mir  rw n n r  fi t

u s in g  u n a u to c la v e d  g i b b e r e l l i c  a c id  in  th e  growth medium

The media used  were s ta n d a rd  medium + 1% o a t  e x t r a c t  supplem ented

w ith  0 and 200 pg/m l g i b b e r e l l i c  a c i d .  The g i b b e r e l l i c  a c id  was d i s s o lv e d

i n  s t e r i l e  b ic a r b o n a te  s o l u t i o n ,  2? .1  mg KHCO  ̂ i n  10 ml s t e r i l e  w a te r  t o

which 111.6  mg g i b b e r e l l i c  a c id  was added, and 4 ml o f  t h i s  was added to
I

th e  medium b e fo re  i t  v/as pou red , th u s  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  

200 pg/rnl.. P. cactorum  was in c lu d e d  in  t h i s  e x p e r im e n t .

6-week o ld  **snailed** and *’n o n « s n a i le d ” oo sp o re s  o f  b o th  P. pa lm ivo ra  

and P. cac torum  were p l a t e d  on n o n - n u t r i e n t  a g a r  and in c u b a te d  i n  l i g h t  

and d a rk  a t  24^0.

No g e rm in a t io n  was re c o rd e d  on any o f ' t h e  P. p a lm iv o ra  p l a t e s .  

G ib b e r e l l i c  a c id  had no e f f e c t  on t h e  oospores  o f  P . cactorum  e i t h e r ,  th e  

on ly  g e rm in a t io n  b e in g  re c o rd e d  was i n  th e  s n a i l e d ,  l i g h t  t r e a tm e n t ,  and 

a  few p e rc e n t  i n  th e  s n a i l e d  d a rk  t r e a tm e n t .

D isc u ss io n

So few ch em ica ls  were t r i e d  t h a t  no g e n e ra l  c o n c lu s io n s  r e g a rd in g  

th e  n e g a t iv e  r e s u l t s  o b ta in e d  can be made.

I t  i s  i n t e r e s t i n g  to  n o te  Hockingh ( l9 6 ? )  r e s u l t s  w i th  th e  zygospores  

o f  Phycomyces b la k e s le a n u s  and g i b b e r e l l i c  a c i d ,  Ke a l s o  o b ta in e d  a 

v e ry  few g e rm in a t in g  sp o re s  s c a t t e r e d  over h i s  t r e a tm e n t s .  I t  would
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a p p e a r  t h a t  a l th o u g h  g i b b e r e l l i c  a c id  i s  v e iy  e f f e c t i v e  i n  b re a k in g  seed  

dormancy i t  h a s  no e f f e c t  on fu n g a l  sp o re  dormancy.

The E f fe c t  o f  Heat Shock T rea tm en ts  on Oospore Dormancy

As d i s c u s s e d  in  th e  I n t r o d u c t io n  th e  z y g o sp o re s  o f  Phycomyces 

b la k e s le a p us can  be s t im u la te d  to  ge rm in a te  when g iv en  a  h e a t  shock o f  

30°C f o r  t h r e e  m in u te s  (Sommer and H a lb sg u th , 1937)*

. I t  was d e c id ed  to  i n v e s t i g a t e  th e  e f f e c t  o f  a  h e a t  t r e a tm e n t  on th e  

o o sp o re s  o f  P . p a lm iv o ra .  Only " n o n - s n a i l e d ’' o o sp o res  were u sed  i n  t h e s e  

e x p e r im e n ts .

3-week o ld  o o sp o re s  o f  P. p a lm iv o ra ' were ground i n  d e io n is e d  w a te r  

u n t i l  a  homogenous t h i c k  creamy p a s t e  was o b ta in e d .  0 .2  ml o f t h i s  

su sp e n s io n  was added to  t e s t  tu b e s  c o n ta in in g  4 ml o f  l i q u i d  minimal 

medium. These t e s t  tu b e s  were i n  w a te r  b a th s  a t  th e  r e q u i r e d  te m p e ra tu re s .  

The te m p e ra tu re s  t e s t e d  were 60°C, 40^C, 30^G and room te m p e ra tu re .

Samples were w ithdraw n from each te m p e ra tu re  t r e a tm e n t  a t  tim e i n t e r v a l s  

o f  10, 20 , and 80 m in u te s  from th e  s t a r t  o f  in c u b a t io n .

R e p l ic a te  sam ples were p l a t e d  on n o n - n u t r i e n t  a g a r  and in c u b a te d  a t  

24^ C in  l i g h t  and d a rk .

A f te r  seven  days no g e rm in a t io n  was o b se rv ed .

A second experim en t was s e t  up i n  which th ree -w ee k  o ld  oo spo res  were 

in c u b a te d  i n  d i f f e r e n t  aqueous env ironm ents  d u r in g  a  h e a t  shock t r e a tm e n t  

o f  40^C f o r  20 m in u te s .
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The in c u b a t io n  media u sed  were :

(1) l i q u i d  s ta n d a r d  medium

(2) R in g e rs  s a l t  s o l u t io n

(3 ) 2% su c ro se  s o l u t i o n

(4) d e io n is e d  w a te r

Sam ples,w ere  p l a t e d  a s  b e fo re  on n o n - n u t r i e n t  a g a r .  No g e rm in a t io n  

v/as o b se rv ed  a f t e r  one week.

D iscu ss io n

S e v e ra l  r e a s o n s  may be su g g e s te d  to  acco u n t f o r  t h e  f a i l u r e  o f  h e a t

shock t r e a tm e n t  to  b re a k  th e  dormancy o f  th e  o o sp o re s  o f  P h y to p h th o ra
1

p a lm iv o ra .

With Neurospo ra  i t  has  been found t h a t  th e  h e a t  t r e a tm e n t  t r i g g e r s  

o f f  some enzyme system  which e n a b le s  th e  a c t i v a t e d  sp o re  to  r e s p i r e  

t r e h a lo s e  a s  w e l l  a s  l i p i d  which i s  th e  r e s p i r a b l e  s u b s t r a t e  i n  th e  

dormant s p o re .  I t  may be t h a t  no such system  e x i s t s  i n  th e  o o sp o re s  

o f  P . p a lm iv o ra .

The w a l l  o f  dormant a sc o s p o re s  h a s  been found to  be h e a t - r e s i s t a n t  

a l th o u g h  t h i s  p r o p e r ty  i s  l o s t  a s  soon a s  th e  sp o re s  a r e  a c t i v a t e d  (Lowry 

and Sussrnan, 193^). A lthough oo sp o re s  have a  t h i c k  w a l l  t h i s  may n o t  

c o n fe r  any h e a t  r e s i s t a n c e  on th e  sp o re  and exposure  to  h ig h  te m p e ra tu re s  

may r e s u l t  i n  th e  d e a th  o f  th e  sp o re .  T h is  cou ld  be i n v e s t i g a t e d  by 

t r e a t i n g  th e  sp o re s  a f t e r  h e a t  shock w ith  some v i t a l  dye which depends 

on r e a c t i o n  w ith  an enzyme sys tem , e .g .  a  dye o f  th e  t é t r a z o l iu m  s e r i e s .

I t  may sim ply  be t h a t  th e  te m p e ra tu re s  and t im es  u sed  were n o t  s u i t a b l e  

f o r  P. p a lm iv o ra  o o sp o re s .
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The E f f e c t  o f  Lip’h t  on Oospore Dormancy

L ea l and Gomez-Miranda ( 1963) o b ta in e d  g e rm in a t io n  in  s i t u  o f  th e  

o o sp o res  o f  P . h ev eae , P . cactorum  and P. e r y t h r o s e p t i c a  by exposing  them 

to  l i g h t  a f t e r  a  p e r io d  of in c u b a t io n  i n  th e  d a rk .

More r e c e n t l y  Berg and G a l le g ly  ( I 966 ) r e p o r t e d  g e rm in a t io n  ^  s i tu ,  

o f  s e v e r a l  P h y to p h th o ra  s p e c i e s  i n c lu d in g  P. cactorum  and P. pa lm iv o ra  

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

As £\11 g e rm in a t io n  e x p e r im e n ts  u s in g  h a rv e s te d  oo sp o re s  o f  P. p a lm iv o ra
— — ' ' —"if* ——-n-~r~— .  I - * " *—

had g iv en  n e g a t iv e  r e s u l t s  i t  was d e c id ed  t o  t r y  and g e rm in a te  th e s e  

o o sp o re s  i n  s i t u .
"  auHVsn* ■ I. ■

Media v e ry  s i m i l a r  to  t h a t  u sed  by Berg and G a l le g ly  ( 1966) was used  

i n  th e  f i r s t  e x p e r im e n t:

( 1) s t a n d a r d  medium + 1% o a t  e x t r a c t

(2 ) g lu c o s e - a s p a r a g in e  medium + m ethyl l i n o l e a t e  2 .3  m l / l

( 3 ) g lu e o s e - a s p a r a g in e  medium + P - s i t o s t e r o l  10 mg/1

(4) g lu c o s e - a s p a r a g in e  medium + m ethyl l i n o l e a t e  + p - s i t o s t e r o l

S ix  p l a t e s  o f  each medium were i n o c u la te d  w ith  P . cactorum  and

P. p a lm iv o ra . These p l a t e s  were in c u b a te d  i n  th e  d a rk  a t  24°C f o r  12 

d a y s .  A f te r  t h i s  p e r io d  i t  v/as found t h a t  s u f f i c i e n t  q u a n t i t i e s  o f  o ospo res  

had been formed o n ly  on s t a n d a r d  medium + 1% o a t  e x t r a c t  and on th e  o th e r  

media o o spo res  were v e ry  s c a rc e  i f  p r e s e n t  a t  a l l .  T h is  i s  p ro b a b ly  due 

to  th e  ve ry  low s t e r o l  c o n te n t  o f  th e s e  media. Berg and G a l le g ly  used  

p r a c t i c a l  g rad e  m ethyl l i n o l e a t e  which i s  on ly  73^̂  p u re  and p o s s ib ly  h as  

s t e r o l  c o n ta m in a n ts ,  w hereas th e  m ethyl l i n o l e a t e  u sed  i n  th e  above media 

was 99% p u r e .
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D i f f e r e n t  media were th e n  t r i e d  -

(1 )  s t a n d a r d  medium -t- 1% o a t  e x t r a c t

( 2 ) s t a n d a rd  medium + p - s i t o s t e r o l  30 rng/l + m ethy l l i n o l e a t e  2*3 m l / l

( 3 ) s u c r o s e - a s p a r a g in e  medium + p - s i t o s t e r o l  + m ethy l l i n o l e a t e

Again s i x  p l a t e s  o f  each type  o f  medium were i n o c u la t e d  w ith  P . c a c to r u m 

and P. p a lm iv o ra . These p l a t e s  were th e n  in c u b a te d  i n  th e  d a rk  a t  24°C 

f o r  e le v e n  d ay s .  On su b seq u en t  ex am in a tio n  abundan t oospore  .fo rm ation  

was r e c o rd e d  on a l l  th e  media*

Three r e p l i c a t e  p l a t e s  o f  each t r e a tm e n t  were th e n  p la c e d  under a

bank o f  f l u o r e s c e n t  t u b e s .  The i n c i d e n t  l i g h t  i n t e n s i t y  was between
1

430 -  630 f o o t  c a n d le s .  C o n tro l  p l a t e s  were k e p t  i n  tljie d a rk .  The p l a t e s  

were examined a t  i n t e r v a l s  f o r  g e rm in a t io n  i n  s i t u .  A f te r  28 days exposure  

to  l i g h t  no g e rm in a t io n  had been o b se rv ed .

D isc u ss io n

I t  v/as s u r p r i s i n g  t h a t  no g e rm in a t io n  o f  e i t h e r  P . p a lm iv o ra  o r
*■ i w f  iwf fu i îK r - T inft ,......n r : . t \ 9

P. cactorum  was o b se rv ed  u s in g  Berg and G a l le g ly * s  t e c h n iq u e .

The most p ro b a b le  re a so n  f o r  t h i s  i s  th e  impure m ethy l l i n o l e a t e  

v/hich th e y  used  p o s s ib ly  c o n ta in s  some a c t i v e  c h e m ic a l .

G enera l D isc u ss io n  

In  th e  d i s c u s s io n  a t  th e  end o f  each e x p e r im e n ta l  s e c t i o n  s u g g e s t io n s  

a r e  made a s  to  why th e s e  p a r t i c u l a r  t r e a tm e n ts  which have been found 

s u c c e s s f u l  w ith  o th e r  Phytophthora. s p e c ie s  d id  n o t  work w ith  th e  oosp o res  

o f  P. p a lm iv o ra .

I t  may i n  f a c t  be t h a t  some o f  th e s e  t r e a tm e n t s  were s u c c e s s f u l  i n
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a c t i v a t i n g  th e  o o sp o re s  b u t  th e  g e rm in a t io n  c o n d i t io n s  g iv en  a f t e r  o r  

d u r in g  the  t r e a tm e n t s  were n o t  th o se  r e q u i r e d  by P. p a lm iv o ra . e .g .

te m p e ra tu re  o f  24^0 may be to o  h ig h  or low, p e rh a p s  th e s e  sp o re s  have 

a req u ire m e n t  f o r  l i q u i d  w a te r ,  o r  th e  l i g h t  so u rc e  may n o t  have been  

a d e q u a te .

Many o th e r  f a c t o r s  may have been r e s p o n s ib le  f o r  th e  n e g a t iv e  r e s u l t s ,  

e . g .  age o f  th e  o o sp o re s ,  im m a tu r i ty  o f  the  o o sp o re s ,  o r  th e  req u ire m e n t  

o f  th e  o o spo res  f o r  some s p e c i f i c  su b s ta n c e  p roduced  by t h e i r  h o s t  p l a n t .

F u r th e r  work on th e  dormancy o f  th e s e  sp o re s  m ight in c lu d e  

i n v e s t i g a t i o n s  a lo n g  any o f  th e s e  l i n e s .  Also i t  would be i n t e r e s t i n g  

to  i n v e s t i g a t e  t h e  p e r m e a b i l i ty  o f  t h e  dormant oospore  w a l l .



SECTION I I  -  THE SEARCH FOR DRUG RiiSISTAI'ICE IN

PHYTOPHTHORA CACTORUM (LEB. AND COHN) SCHROET
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The S earch  f o r  Drug R e s is ta n c e  i n  P h y to p h th o ra  cactorum
' ' ---------------   "  ■ I I ■ . 1. 1,1--------  ■ — ir -ITIT—r- T -r-n— i" ' - f  1--1—  i ■ ■ m -r*~»nrm-Hfc»iiiirrmri-r '̂ir;t r ■■ i n ,  i .rmM #

I
I n t r o d u c t io n

S ince  th e  b e g in n in g  o f  th e  c e n tu ry  r e s i s t a n c e  to  a n t i m ic r o b ia l  

d rugs  h a s  a t t r a c t e d  much i n t e r e s t  and s e v e r a l  rev iew s  on th e  d i f f e r e n t  

a s p e c t s  of t h i s  s u b j e c t  have been p u b l is h e d  (Abraham, 1933» Bryson and 

S z y b a is k i ,  1953; Moyed, 1964; and o t h e r s ) .  Most o f  th e  r e s e a r c h  h as  

been c a r r i e d  o u t i n  th e  m edica l f i e l d  owing to  th e  im p o rtan ce  o f  r e f r a c t o r y  

v i r u s e s  and b a c t e r i a  i n  th e  t r e a tm e n t  o f  i n f e c t i o u s  d i s e a s e s .  However 

i n  r e c e n t  y e a r s  a  l i t t l e  more a t t e n t i o n  has  been p a id  t o  d rug  r e s i s t a n t  

m u tan ts  i n  fu n g i  a s  th e s e  have been found to  be u s e f u l  t o o l s  in  many 

b io ch e m ic a l  and g e n e t i c a l  s t u d i e s .  ■' ^

Com parative s t u d i e s  on drug  r e s i s t a n c e  i n  d i f f e r e n t  o rgan ism s have 

dem o n s tra te d  two, and  a p o s s ib l e  t h i r d ,  mode o f  o r i g i n :  ( 1 ) G enetic

change; (2 )  N on-gene tic  a d a p ta t i o n ;  and ( 3 ) Composite changes , a 

com bina tion  o f  ( 1 ) and (2 ) ,  r e q u i r i n g  a  g e n e t ic  change b e fo re  th e  c e l l  

i s  p h y s i o l o g ic a l l y  com petent to  ad ap t  p h e n o ty p i c a l ly .

For many y e a r s  th e  r o l e  o f  th e  drug in  th e  ap p ea ra n c e  o f  r e s i s t a n t  

s t r a i n s  was d i s p u te d  bu t t e c h n iq u e s  such a s  th e  L u r ia -D e lb ru c k  f l u c t u a t i o n  

a n a l y s i s  (L u r ia  and D elb ruck , 1943) and th e  Newcombe r e s p r e a d in g  te c h n iq u e  

(Newcombe, 1949) can d i s t i n g u i s h  between d r u g - s e le c t e d  and d ru g - in d u ce d  

m u ta n ts .

( 1 ) R e s is ta n c e  due to  G enetic  Change

T his  ty p e  o f  r e s i s t a n t  organism  a r i s e s  th ro u g h  a change in  i t s  

chromosomal m a t e r i a l  and can be d e te c te d  in  b o th  b a c t e r i a  and fu n g i
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by c h a r a c t e r i s t i c  progeny s e g r e g a t io n  p a t t e r n s .

S tu d ie s  o f  th e  s u r v i v a l  c u rv e s  o f b a c t e r i a l  p o p u la t io n s  exposed  to  

a  rang e  o f  c o n c e n t r a t i o n s  o f 'd r u g  dem o n s tra ted  two c l a s s e s  o f  r e s i s t a n c e  

w i th in  t h i s  g ro up , Demerec (1948) c a t e g o r i z e d  th e s e  a s  th e  S trep to m y c in  

and P e n i c i l l i n  T ypes, These c a t e g o r i e s  a re  now known to  r e p r e s e n t  changes 

i n  one gene and more th a n  one gene r e s p e c t i v e l y  and a re  c a l l e d  o n e -s te p  

and m u l t i - s t e p  r e s i s t a n c e .  I t  was th o u g h t  t h a t  each  d rug  u s u a l ly  showed 

one r e s i s t a n c e  p a t t e r n ,  i . e .  e i t h e r  o n e - s te p  or m u l t i - s t e p ,  Hov/ever 

a  d e t a i l e d  s tu d y  o f  m u tan ts  o f  E s c h e r ic h ia  c o l i  r e s i s t a n t  to  p r o f l a v i n e  

showed t h a t  i n  t h i s  organism  b o th  mechanisms o f  drug r e s i s t a n c e  a re  

p r e s e n t  (ThorhLey and Yudkin, 1939). Also W ilkie  and Lee ( 1963) o b ta in e d  

b o th  o n e - s t e p  and  m u l t i - s t e p  r e s i s t a n c e  to  a c t id i o n e  i n  Saccharom yces 

c e r e v i s i a e , Warr and Roper ( 1963) t r i e d  to  o b ta in  m u l t i - s t e p  r e s i s t a n c e  

' t o  m a la c h i te  g reen  and t e o q u i l  i n  A, n id u la n s  b u t  had no s u c c e s s .

In  r e c e n t  s t u d i e s  on d rug  r e s i s t a n c e  in  S a lm o n e lla  typhim urium  

Anderson and Lewis ( I 963 a  & b )  found t h a t  r e s i s t a n c e  t o  s e v e r a l  d rugs  

may be t r a n s f e r r e d  v i a  th e  episom es d u r in g  c o n ju g a t io n  o f  c e r t a i n  s t r a i n s  

o f  S. t yphimurium and E, c o l i .

At f i r s t  canav ine  r e s i s t a n c e  in  N eurospora  c r a s s a  v/as b e l i e v e d  to  

be under p o ly g e n ic  c o n t r o l  (Horowitz  and S rb ,  1948) b u t  Teas and H orow itz  

( 1948 ) showed t h a t  i t  i s  due to  a  one gene e f f e c t .

A part from m u l t i - s t e p  r e s i s t a n c e  to  a c t i d i o n e  in  y e a s t  th e  fev/ 

fu n g a l  drug r e s i s t a n t  m u tan ts  which have been a n a ly s e d  g e n e t i c a l l y  have 

been shov/n t o  be o n e -s te p  m u ta n ts .  These in c lu d e  su lp h o n ila rn id e  r e s i s t a n c e  

and dependence i n  N eurospora  c r a s s a  (Emerson and G ushing , 1946), a c t id io n e
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and a c r i f l a v i n e  r e s i s t a n c e  i n  N. c r a s s a  (Howe and T e r iy ,  1962) ,  a c r i f l a v i n e  

r e s i s t a n c e  i n  A* n id u la n s  (Roper and K a fe r ,  1937) and o t h e r s .
«wihvwai'VïKFa'W fr<n# " w n  Tin tr nr̂ t  *

Rate  o f  M uta tion  t o  Drug R e s is ta n c e

I t  i s  d i f f i c u l t  t o  e s t im a te  th e  r a t e  o f  m u ta t io n  t o  drug r e s i s t a n c e  

a c c u r a t e l y  u n l e s s  i t  i s  Imown d e f i n i t e l y  how many genes a r e  in v o lv e d .

A lso , th e  s ta g e  o f  th e  l i f e  c y c le  t r e a t e d  (Sinai and Yudkin, 1939) and th e  

c o m p o s it io n  o f  th e  medium (R osanoff  and Sevag., , 1931) have been shov/n to  

a l t e r  th e  numbers o f  m u tan ts  o b ta in e d .

. Roper and K afer  (1937) found t h a t  m u ta t io n  i n  A. n id u la n s  t o  a c r i f l a v i n e  

r e s i s t a n c e  o c c u r re d  w ith  a  freq u en cy  o f  between 3 x 10"^  « 1 x 10" ^ /c o n id iu m . 

Howe and T erry  t r i e d  to  o b ta in  sp o n tan eo u s  m u ta t io n  t o  a c r i f l a v i n e  

r e s i s t a n c e  w ith  N, c r a s s a  b u t  had no s u c c e s s .  A f te r  U.V. t r e a tm e n t  th ey

found th e  m u ta t io n  r a t e  was between 1 and 6 x 10 ^ p e r  v i a b l e  con id ium . 

They a l s o  found t h a t  th e  f requen cy  ten d e d  to  d e c re a se  a s  t h e  c o n c e n t r a t io n  

o f  s e l e c t i v e  a g e n t  in c r e a s e d .

(2 ) R e s is ta n c e  due to  Non-G enetic  A d a p ta t io n

T h is  ty p e  o f  r e s i s t a n c e  i n  many c a se s  i s  in d u ce d  by th e  p re sen c e  o f  

th e  drug i n  th e  env ironm ent and canno t be c o r r e l a t e d  w ith  a  change i n  th e  

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

c o n t r o l l e d  by i t s  geno type  ( J i n k s ,  1939), b u t  d i f f e r i n g  a b i l i t i e s  to  

a d a p t  w i th in  th e  same c lo n e  a re  under c y to p la sm ic  c o n t r o l  ( J i n k s ,  1 9 3 ^ .

The s t a b i l i t y  o f  indu ced  r e s i s t a n c e  i s  v a r i a b l e .  In  c a s e s  o f  enzyme 

in d u c t io n ,  where a  newly formed enzyme system  i n a c t i v a t e s  th e  d ru g , t h e  

r e s i s t a n c e  may be on ly  o f  a  tem porary  n a tu r e .  A s i m i l a r ' s i t u a t i o n  i s  

found v/ith p - g a l a c t o s i d a s e  i n  E. c o l i  which i s  o n ly  p rod uced  when l a c to s e
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i s  p r e s e n t  (Cohn and Monod, 1933)* In  c o n t r a s t  p e n i c i l l i n a s e  c o n t in u e s  

to  be p roduced  by B a c i l l u s  c e re u s  i n  th e  absence  o f  p e n i c i l l i n  i n  th e  

medium ( P o l lo c k ,  1933).

Where r e s i s t a n c e  i s  c o r r e l a t e d  w ith  l o s s  o r  change o f  a c y to p la sm ic  

p a r t i c l e  i t  i s  u s u a l ly  o f  a  more perm anent n a t u r e ,  e . g .  s t r e p to m y c in  

r e s i s t a n c e  i n  Chlamydomonas (S ag er  and Tsubo, 1962).

P h y s ic a l  f a c t o r s  i n  th e  medium may a l lo w  s e n s i t i v e  c e l l s  to  c o n tin u e  

to  grow i n  a  t o x i c  en v iro n m en t.  S in a i  and Yudkin (1939) found t h a t  t h e  

a c id  produced  by B. l a c t i s  a e ro g e n e s  i n  a  g lu co se  s a l t s  medium a llo w ed  

th e  b a c t e r i a  t o  t o l e r a t e  th e  g ra d u a l  a d d i t i o n  o f  p r o f l a v i n e .
I

1
(3 ) R e s is ta n c e  due t o Com posite  Changes

T h is  ty p e  o f  r e s i s t a n c e  r e q u i r e s  t h a t  m u ta t io n  must occu r  b e fo r e  

th e  c e l l  h a s  th e  p h y s i o l o g ic a l  c a p a c i ty  to  a d a p t  p h e n o ty p ic a l ly .  Lam 

and Sevag (1933) have p roposed  such  a  mode o f  o r i g i n  f o r  s t re p to m y c in  

r e s i s t a n c e  i n  m ic ro c o c c i .

R e s is ta n c e  t o  Toxic Agents in  t h e Oom ycetes
i P̂ii mu in .wip.mfcirw. r , . iii.iiin w» i u n i r-mrn-w mi t  igiiTnrnlti in i rnrnminiiirniia m i • mi i i, irrr  mmm i iruf " i iitinrTf .«iiirT.*i,im

P r i o r  t o  Shaw’s  work w ith  P. cactorum  (Shaw, 19&3; Shaw and 

E l l i o t t , '  1968) no s tu d y  o f  d rug  r e s i s t a n c e  i n  t h i s  group o f  fu n g i  had been 

made. Spon taneous and u l t r a - v i o l e t  in d u ced  m u ta t io n  t o  s e v e r a l  ch em ic a ls  

in c lu d in g  s t r e p to m y c in ,  a c t i d i o n e  and su lp h a n i la m id e  were i n v e s t i g a t e d  

(Shaw, 1963 )* A s t r e p to m y c in  r e s i s t a n t  and  a l s o  a  s t r e p to m y c in  dependent 

m utan t were o b ta in e d .  No s e g r e g a t io n  v/as o b ta in e d  i n  th e  s e x u a l  or 

a s e x u a l  progeny o f  e i t h e r  s t r a i n  and th u s  i t  co u ld  n o t  be de te rm in ed  

w hether th e  m u ta t io n  was n u c le a r  o r -cytoplasm ic i n  o r i g i n .  The r a t e  

o f  r e v e r s e  m u ta t io n  from dependence t o  non-dependence  was e s t im a te d
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“ 5 I "5 t e n t a t i v e l y  to  be betw een 2 x 10 and 4 x 10 p e r  s p o r e .

I n  any g e n e t i c a l  s tu d y  i t  i s  o f  advan tage  to  be a b le  t o  sample s i n g l e  

n u c l e i .  T h is  i s  u s u a l ly  done by u s in g  u n in u c le a te  a s e x u a l  s p o r e s .  In  

P h y to p h th o ra  s p e c i e s  s p o ra n g ia  can  be indu ced  to  r e l e a s e  a s e x u a l  u n in u c le a te  

zo o sp o res  which g e rm in a te  im m ed ia te ly  t o  form d a u g h te r  c o lo n i e s .  A sm a ll  

p e rc e n ta g e  o f  b i n u c l e a t e  sp o re s  i s  p roduced  a l s o  b u t  u n d e r  c o n d i t io n s  

fa v o u r in g  maximum zoospore  r e l e a s e  i n  P . cactorum  th e  p e rc e n ta g e  o f  th e s e  

i s  sm a ll  (Buddenhagen, 193&)#

M a te r i a l s  and Methods

Media

The b a s a l  medium i n  a l l  ex p er im en ts  'was s t a n d a r d  o r  minimal medium 

p re p a re d  a s  d e s c r ib e d  on page 10. . .

Pea Meal Agar

300 gms Frozen  Garden Peas (b len d ed )

1000 ml d e io n is e d  w a te r  

80 gms Oxoid No, 3 Agar 

The medium i s  a u to c la v e d  a t  13 I b / s q . i n .  f o r  20 m in u te s  and s t o r e d  i n  th e  

da rk  u n t i l  u sed . Pea meal medium su p p o r ts  v ig o ro u s  m y c e l ia l  growth and 

i s  a  s u i t a b l e  so u rc e  o f  a c t i v e l y  growing mycelium f o r  u se  in  th e  p ro d u c t io n  

o f  th e  a s e x u a l  s n o re s .

R i n g e r 's  S a l t  S o lu t io n

NaCl

KGl

2 .1 3  gm

0 .0 7 3  gm

Na2S^0^ . 3Ĥ 0 0 .3  gra

CaCl^ 0 .1 2  gm

D eio n ised  w a te r  1000 ml

pH = 6 .6
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T h is  s o l u t i o n  i s  p r e p a re d  a t  10x s t r e n g t h  and s t o r e d  i n  a  r e f r i g e r a t o r  

u n t i l  r e a u i r e d .

P r e p a r a t io n  o f  Drugs, Mutagens and N itrog en ous  Bases

S t e r i l e  s to c k  s o l u t i o n s  were p re p a re d  i n  one ounce b o t t l e s .  Drugs 

and n i t r o g e n o u s  b a se s  were added t o  a u to c la v e d  media which had been a llo w ed  

t o  c o o l .

A c r id in e  y e llo w  

A c r i f l a v in e  

A c tid io n e

5“ Bromodeo x y u r id in e  

C r y s t a l  V io le t  

C y to s ine  

M a lac h ite  Green 

M ethionine  

Thymine *

5”B rom ourac il  

Guanine

d is s o lv e d  i n  s t e r i l e  w a te r

'r e q u i r e d  g e n t l e  h e a t in g

d i s s o lv e d  i n  d i l u t e  HOI. A p p ro p r ia te  
amounts were added to  c o n t r o l  t r e a tm e n t s .

Adenine 0.03M

A m inopterin

s o l u t io n  s u p p l ie d  by G e n e tic s  D epartm ent, 
U n iv e r s i ty  o f  Glasgow.

Nd is s o lv e d  i n  NaOPI

3“Amino a c r i d i n e  

P r o f l a v in e  

S u lp h a n ila m i de

added by w eigh t
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e th y lm eth an e  su lp h o n a te S tock  s o l u t i o n s  were p re p a re d  by 
d i s p e r s i n g  a p p r o p r i a t e  amounts o f  
e thy lm ethane  su lp h o n a te  i n  s t e r i l e  
d e io n is e d  w a te r  on a  sh a k e r  f o r  30 
m in u tes  im m ed ia te ly  b e fo re  u s e .

I P ro d u c t io n  o f  S p o ran g ia

T h is  was a  m o d i f ic a t io n  o f  th e  method u sed  by Shaw ( 1963) .  S ix  d i s c s ,  

8 mm d ia m e te r ,  o f  t h i c k  pea  meal a g a r  were p la c e d  on th e  l i d s  o f  s t e r i l e  

p e t r i  d i s h e s .  These were th e n  i n o c u l a t e d  w ith  a  4 mm d is c  o f  th e  r e q u i r e d  

s t r a i n .  A few ml o f  s t e r i l e  d e io n is e d  w a te r  were p i p e t t e d  i n t o  th e  bo ttom  

o f  th e  p e t r i  d i s h e s  to  p re v e n t  th e  media d ry in g  o u t .  The l i d s  were th e n

c a r e f u l l y  r e p l a c e d ,  and th e  p l a t e s  were in c u b a te d  a t  24^0 in  d a rk n e ss  f o r
I

t h r e e  days . A f te r  t h i s  t im e  th e  pea meal d i s c s  were t r a n s f e r r e d  t o  p e t r i  

d i s h e s  c o n ta in in g  n o n - n u t r i e n t  a g a r .  They were th e n  in c u b a te d  i n  d a rk n e ss  

f o r  a  f u r t h e r  t h r e e  d ay s .  A f te r  t h i s  p e r io d  m ic ro sc o p ic  exam in a tion  o f  

th e  p l a t e s  r e v e a le d  t h a t  abundant q u a n t i t i e s  o f  s p o ra n g ia  had been form ed.

L ib e r a t i o n  o f

To o b ta in  zoospore  su s p e n s io n s  th e  p l a t e s  o f  n o n - n u t r i e n t  a g a r  -i- th e  

pea meal d i s c s  were t r a n s f e r r e d  to  and f lo o d e d  w ith  3 ml o f  s t e r i l e

d e io n is e d  w a te r  a t  13°C. A f te r  35 m inu tes  2 ,5  m3, o f  4% su c ro se  s o l u t io n  a t  

15°C were added . 10 m in u tes  l a t e r  a n o th e r  2 ,5  ml o f  4% su c ro se  s o l u t i o n  at*

15^0 were added , th u s  making th e  f i n a l  su c ro se  c o n c e n t r a t i o n  2% -  th e  

c o n c e n t r a t io n  found to  g iv e  o p tim a l  zoospore  s u r v i v a l  (Shaw, 1965) .  The p l a t e s  

were th en  removed to  room te m p e ra tu re  and th e  s u c r o s e  s o l u t i o n ,  now c o n ta in in g  

zoospo res  was c a r e f u l l y  withdrawn by p i p e t t e  and s t o r e d  i n  s t e r i l e  1 oz b o t t l e s . >
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Shaw ( 1963) found t h a t  by a d d in g  0 .1  ml o f  a lOx R i n g e r ’s  s a l t  s o l u t i o n  

th e  v i a b i l i t y  o f  t h e  s u s p e n s io n  was improved and th e  su sp e n s io n  cou ld  be 

s t o r e d  f o r  s e v e r a l  h o u rs  b e fo re  b e in g  u se d .  Zoospore d i l u t i o n s  a r e  m d e  

i n t o  " s u c r o s e - s a l t ” s o l u t i o n .

The main a d v a n ta g e s  o f  t h i s  method o f  s p o r a n g ia l  p r o d u c t io n  a r e  t h a t  

zo o sp o res  can be o b ta in e d  a f t e r  s i x  days i n s t e a d  o f  e le v e n  and th e r e  i s  

l e s s  v e g e t a t i v e  growth p r i o r  t o  s p o r u l a t i o n .
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The Search  f o r  R e s is ta n c e  to  A c t id io n e  and S u lp h an ilam id e

I n t r o d u c t io n

Gene m u ta t io n  g iv in g  r e s i s t a n c e  to  a c t id i o n e  o r  su lp h a n i la m id e  h a s  . 

been found i n  s e v e r a l  s p e c ie s  o f  f u n g i .  Hsu ( 1963) o b ta in e d  seven  dominant 

m u tan ts  r e s i s t a n t  to  a c t i d i o n e  in  N eurospora  c r a s s a .  These were shov/n 

t o  be due to  m u ta t io n  a t  one o f  tv/o l o c i .  Dominant and sem i-dom inant 

a c t i d i o n e  r e s i s t a n t  m u ta t io n s  have been o b ta in e d  i n  A s p e r g i l lu s  n id u la n s  

(W arr, 1963; Warr and Roper, 1965), In  an e x te n s iv e  ex am in a tio n  o f  

a c t id i o n e  r e s i s t a n c e  i n  Saccharomyces c e r e v i s i a e  W ilkie  and Lee ( I 965 )
PiiiiBi mini

o b ta in e d  s i x  m utant s t r a i n s *  In  d i p l o i d s ,  one o f  t h e s e  showed f u l l  

dominance, t h r e e  were sem i-dom inant and two were r e c e s s i v e .  They a l s o  

o b ta in e d  m u ta t io n  a t  two m o d if ie r  l o c i  which d id  n o t  c o n fe r  any r e s i s t a n c e  

to  a c t id i o n e  on t h e i r  own b u t  i n  com bina tion  w ith  t h e  a c t id i o n e  m utan ts  

co u ld  i n c r e a s e  t h e  l e v e l  o f  r e s i s t a n c e  f i v e - f o l d .  Emerson and Cushing 

( 1946) o b ta in e d  a dominant su lp h a n ila m id e  mutant i n  N eurospora  c r a s s a .

Shaw ( 1965 ) a t te m p te d  to  s e l e c t  sp o n ta n eo u s  and  u l t r a - v i o l e t  in d u ced  

r e s i s t a n c e  to  a c t id i o n e  o r  su lp h a n ila m id e  i n  P . c ac to ru m . He o b ta in e d  

s e v e r a l  " r e s i s t a n t "  grov/ths i n  h i s  s e l e c t i o n  f l a s k s  b u t  on su b seq uen t 

s u b - c u l tu r e  and t e s t i n g  t h i s  i n c r e a s e d  t o l e r a n c e  v/as shown to  be on ly  

o f  a  tem porary  n a t u r e .

An a t te m p t  t o  s e l e c t  a c t i d i o n e  and su lp h a n i la m id e  r e s i s t a n c e  was 

made f o r  tv/o r e a s o n s .

( 1 ) The m a jo r i ty  of a c t id i o n e  r e s i s t a n t  m u tan ts  o b ta in e d  i n  fu n g i

a r e  dominant and sem i-d o m in an t. The o n ly  r e p o r t e d  su lp h a n ila m id e  

m utan t v/as a l s o  dom inant.
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(2) Shaw o b ta in e d  r e s i s t a n c e  o f  a tem porary  n a tu r e  i n  P. cactorum  

q u i t e  r e a d i l y  t o  th e s e  d ru g s .  I f  r e s i s t a n c e  o f  a tem porary  

n a tu r e  i s  o b ta in e d  i t  m ight be p o s s ib l e  to  g e t  a  s i m i l a r  

r e s i s t a n c e  c o n fe r r e d  by gene m u ta t io n .

A ttem p ts  to  s e l e c t  sp o n ta n eo u s  r e s i s t a n c e  to  a c t id i o n e

or  su lp h a n ila m id e

A c tid io n e

F i f t e e n  g lax o  b o t t l e s ,  2 l i t r e  c a p a c i ty ,  were u sed  in  t h i s  s e l e c t i o n  

ex p e r im e n t .  Seven c o n ta in e d  l i q u i d  minimal medium and th e  rem ainder l i q u i d   ̂

s t a n d a rd  medium. To f o u r t e e n  o f  them 1 ml o f  a  5 mg/ml s to c k  s o l u t io n  

v/as added to  g iv e  a  f i n a l  c o n c e n t r a t io n  o f  10 pg/m l -  th e  s e l e c t i v e  dose 

used  by Shaw ( I 963 )* Each was in o c u la t e d  w ith  6 x 10 zoospore s .  A f te r  

s e v e r a l  days v ig o ro u s  growth was o b se rved  i n  th e  c o n t r o l  f l a s k s  only* No 

r e s i s t a n t  grow ths were o b ta in e d .

S u lp h an ilam id e

A s i m i l a r  experim en t was se t-  up u s in g  3440 pg /m l o f  su lp h a n ila m id e  

i n s t e a d  o f  a c t i d i o n e .  No r e s i s t a n t  g row ths were o b ta in e d  a f t e r  t h r e e  

weeks in c u b a t io n .

A ttem pts  to  induce  m utation- to  a c t id i o n e  and su lp h a n ila m id e  

r e s i s t a n c e  u s in g  chem ical mutagens

U l t r a - v i o l e t  i r r a d i a t i o n ,  a  m utagenic  t r e a tm e n t  which h a s  been found 

s u c c e s s f u l  i n  p ro d u c in g  drug r e s i s t a n t  m utan ts  o f  A s p e r g i l lu s  n id u la n s  

(Howe and T e r ry ,  1962; Hsu, 1963) d id  n o t  in d u ce  drug r e s i s t a n c e  in
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p .  cactorum  (Shaw, 1963 ) . In  view o f  t h i s  a t t e m p ts  were made to  in du ce  

r e s i s t a n c e  t o  a c t i d i o n e  or su lp h a n i la m id e  u s in g  ch em ica l  m utagens.

Chemical m utagens may be c l a s s i f i e d  a c c o rd in g  to  t h e i r  supposed  mode 

o f  a c t io n  on D.N.A. Two g roups d i f f e r i n g  i n  t h i s  r e s p e c t  a re  (1) A lk y la t in g  

a g e n t s ,  (2) Base a n a lo g u e s .  One compound from each o f  t h e s e  groups v/as 

u sed  i n  a t t e m p ts  t o  in duce  drug r e s i s t a n c e  i n  P. cac to rum .* 'Till. ■

1) A lk y la t in g  Agents

Mutagens i n  t h i s  c a te g o r y ,  which in c lu d e s  e t h y l a t i n g  a g e n ts  and the  

m u stard  compounds, r e a c t  d i r e c t l y  w ith  th e  amino groups o f  D.N.A. E th y l -  

methane s u lp h o n a te ,  f o r  exam ple, i s  th o u g h t  to  r e a c t  w i th  t h e  7 -% itro g en  

atom o f  guan ine  and. t h e  r e s u l t i n g  compound 7"-ethyl g u an in e  te n d s  to  be 

removed from th e  D.N.A. c h a in  by h y d r o ly s i s  (B au tz  and F r e e s e ,  I 960 ) .  The 

rem oval o f  t h i s  b a se  can r e s u l t  i n  th e  more o r  l e s s  random in c o r p o r a t i o n  

o f  any o f  th e  fo u r  b a se s  o p p o s i te  th e  gap a t  th e  fo l lo w in g  r e p l i c a t i o n .

The new b ase  w i l l  i n c o r p o r a te  i t s  own p a r t n e r  a t  th e  n e x t  r e p l i c a t i o n  and 

th u s  a  base  p a i r  may have been changed.

E thy lm ethane  su lp h o n a te  h as  been found to  be m utagenic  i n  phage (L o v e le s s ,  

1939; K r ie g ,  1963)1 b a c t e r i a  ( E i s e n s t a r k ,  1964), D ro so p h ila  (Fahmy and 

Fahmy, 193 8 ) , b a r l e y  (Konsak e t  a l ,  1963) ^nd i n  s e v e r a l  fu n g a l  g e n e ra  

i n c lu d in g  Saccharom yces ( C o s t e l l o  e t  a l ,  1963 , L in d e g ren  e t  a l ,  1963) ,  

P u c c in ia  (Baker and Teo, 1966) ,  N eurospora  (A uerbach, I 96O) and A s p e r g i l lu s  

(A lderson  and C la rk ,  I 966 ) .

C la rk e  (1964) t r i e d  to  o b ta in  b io ch e m ic a l  m u tan ts  o f  P . i n f e s t a n s  

u s in g  e ih y lm e th an e  su lp h o n a te  a s  mutagen b u t  had no s u c c e s s .
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P. cactorum  was t r e a t e d  w ith  e thy lm ethane  s u lp h o n a te  i n  two ways:

(1) Z oospores were shaken  w ith  e thy lrnethane  su lp h o n a te

(2 ) E thylrnethane su lp h o n a te  was in c lu d e d  i n  t h e  grow th medium.

1 . A ttem pt t o  o b t a in  m u ta t io n  t o  a c t id i o n e  o r  s u lp h a n i la m id e  by t r e a t i n g
      *          —      ■ "  I I     I I I     T T I f  i i t i r i J i i i - n  1 . ^ . 1  ■ , / r „  #  H I I I I  II- rm 11 i i i i  mmm r

z o o sp o res  w ith  e thy lrnethane  su lp h o n a te  

T h is  method h a s  been found s u c c e s s f u l  i n  in d u c in g  m u ta t io n  i n  s e v e r a l  

s p e c i e s ;  e . g .  Saccharomyces c e r e v i s i a e  ( C o s te l lo  and Bevan, 1954), P u c c in ia  

g ra m in is  avenae  (Baker and Teo, I 966 ) ,  A s p e r g i l lu s  n id u la n s  (A lderson  and 

C la rk ,  1956) .  The c o n c e n t r a t i o n s  which have been found  s u c c e s s f u l  ran g e  

from 0 .3  X 10 ^ t o  0 .2  M.
i

To f i n d  a  s u i t a b l e  t r e a tm e n t  f o r  P. cactorum  sam ples o f  zo ospo res  

were shaken  w i th  d i f f e r e n t  c o n c e n t r a t i o n s  o f  e thy lrnethane  s u lp h o n a te .

1 ml sam ples were withdrawn a f t e r  f i v e  and t e n  m in u te s ,  and d i l u t e d  i n  

s u c r o s e - s a l t  s o l u t i o n  t o  g iv e  a p p ro x im a te ly  30 s u r v i v o r s  p e r  p l a t e .  Three 

r e p l i c a t e  p l a t e s  were s c o re d  f o r  s u r v i v a l .
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R e s u l t s

T able  2 .  The e f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f

e thy lrne thane  su lp h o n a te  on t h e  v i a b i l i t y  o f  zo o sp o res

Cone. El’lS pg /m l
% S u rv iv o r s

A f te r  3 min 
T rea tm ent

A f t e r  10 mill 
T rea tm en t

0 100 100

230 8 2 . 6 6 6 .6

3 0 0 8 3 . 0 4 4 . 7

1000 3 3 . 3 3 0 . 3

2000 4 4 .0 2 3 . 7

4000 0 0

8ooo
1.............................................

0 0

A t r e a tm e n t  o f  2000 pg/m l f o r  10 m inu tes  v/hich c a u se s  a  73% k i l l  was 

th o u g h t  t o  be s u i t a b l e .

A ttem pt to  o b ta in  r e s i s t a n c e  t o  a c t id i o n e  o r  s u lp h a n i la m id e  u s in g  t r e a t e d  

z o o sp o res

F la s k s  c o n ta in in g  s e l e c t i v e  doses o f  a c t id i o n e  and su lp h a n ila m id e  were 

i n o c u l a t e d  w ith  zo o sp o res  which had been shaken v/ith 2000  pg /m l e thy lrnethane 

su lp h o n a te  f o r  10 m in u te s .  C o n tro l  f l a s k s  ( l a c k in g  d ru g s )  v/hich were 

i n o c u l a t e d  w ith  n o n - t r e a t e d  and t r e a t e d  zo o sp o res  showed growth a f t e r
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t h r e e  days in c u b a t io n .  No growth was obse rved  i n  any o f  th e  drugged f l a s k s '  

a f t e r  two weeks.

2 .  A ttem pts  t o  induce  m u ta t io n  to  a c t id i o n e  o r  su lp h a n i la m id e  by i n c o r p o r â t ioi
# 111# I i mi i fci iii i ■■■ ■ mil M' 11' il ‘ ' "I ‘ —T~ T" ' IT ‘ ' ' "IT ' - ITT-'—r-mnr mTTTt-iri#—mrTTm#rrnf# niiiiiin m m n in.ii iitmii niwiw n Ani ii ■.miiiiinjiii im . in ■ ri

o f  e thy lrnethane  su lp h o n a te  i n  (a )  t h e  grov/th medium

(b) th e  s p o r a n g ia l  p ro d u c t io n  medium.

( a )  Auerbach ( I 960 ) o b ta in e d  m u ta t io n  to  In.Cl r e s i s t a n c e  i n  N. c r a s s a  by 

i n c o r p o r a t i n g  c h lo r o e th y l  methane su lp h o n a te  i n  th e  medium. T h is  method 

o f  in d u c in g  m u ta t io n  was a t te m p te d  w ith  P . cac to ru m .

P l a t e s  o f  s o l i d  s t a n d a r d  medium c o n ta in in g  0 ,  1, 10, 100, 1000 and

10 ,000  pg/m l e thy lrnethane  su lp h o n a te  were in o c u la t e d  w ith  a p p ro x im a te ly  

30 z o o sp o re s  p e r  p l a t e .  S ix  r e p l i c a t e  p l a t e s '  o f  each c o n c e n t r a t i o n  were 

in c u b a te d  f o r  t h r e e  days a t  24^0 . A f te r  t h i s  tim e a l l  p l a t e s ,  a p a r t  from 

• th e  10 ,000 pg/m l t r e a tm e n t ,  had a p p ro x im a te ly  20 c o lo n i e s .  No growth had 

o c c u r re d  on th e  10 ,000 pg/ml t r e a tm e n t .  F ive  p l a t e s  o f  each  t r e a tm e n t  were 

o v e r l a i d  w ith  s t a n d a r d  medium + a c t id i o n e  t o  g iv e  a f i n a l  c o n c e n t r a t io n  o f  

10 pg/ml a c t id i o n e  a f t e r  d i f f u s i o n .  The rem a in in g  p l a t e  o f  each t r e a tm e n t  

was o v e r l a id  w ith  non-drugged  s t a n d a rd  medium. A f te r  t e n  days in c u b a t io n  

a t  24^0 on ly  th e  p l a t e s  o v e r l a id  w ith  non-drugged  medium showed growth on 

th e  s u r f a c e .  The app ea ran ce  o f  th e  c o lo n ie s  a r i s i n g  from th e  e thy lrnethane 

s u lp h o n a te  t r e a tm e n ts  v/as i d e n t i c a l  to  th e  c o n t r o l  c o lo n i e s .

(b )  Pea meal medium c o n ta in in g  0 pg’/m l and 2000 pg/ml e thy lrnethane  su lp h o n a te

was used  t o  produce  s p o r a n g ia .  E igh t f l a s k s  o f  1 l i t r e  c a p a c i ty  c o n ta in in g

300 ml medium w ith  10 pg/ml a c t i d i o n e ,  and e ig h t  c o n ta in i n g  3440 pg/mil

su lp h a n i la m id e  were p re p a re d .  Four o f each drug  were in o c u la t e d  v/ith 

a p p ro x im a te ly  1 .4  x 10 zo o sp o res  o b ta in e d  from th e  c o n t r o l  medium o r
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th e  e thy lrnethane  su lp h o n a te  medium. Two c o n t r o l  f l a s k s , ,  c o n ta in in g  non

drugged m edia, were i n o c u l a t e d  w ith  zoo spo res  from e i t h e r  m edia.

A f te r  f i v e  days in c u b a t io n  v ig o ro u s  growth was o b se rv ed  on ly  i n  th e  

c o n t r o l  f l a s k s .  No r e s i s t a n t  g ro v ih s  were o b ta in e d  in  any of th e  drugged 

f l a s k s  a f t e r  t h r e e  weeks in c u b a t io n ,

2) Base Analogues
I ' l  l IT f lf

These compounds, a s  t h e i r  name s u g g e s t s ,  a re  s t r u c t u r a l l y  ve ry  s i m i l a r  

t o  th e  n a t u r a l l y  o c c u r r in g  n i t r o g e n o u s  b a se s  found i n  D.N.A, Two o f  t h e s e  

compounds, 3 -B ro m ou rac il  and 2-Ammopurine, which a r e  an a lo g u es  o f  thymine 

and ad en in e  r e s p e c t i v e l y  have been found t o  be m utagenic  i n  phage (F re e s e ,  

1939; h itm an  and P a rd e e ,  1959 und o t h e r s ) ,  b a c t e r i a  (Rudner, I 960 ) ,  fu n g i  

( i sh ik a w a ,  1p62; Brockman and de S e r r e s ,  1963)1 h ig h e r  p l a n t s  and mammalian 

c e l l s  (Kihlman, 1966) ,  I t  i s  b e l i e v e d  t h a t  th e s e  ch em ica ls  e x e r t  t h e i r  

m utagenic  e f f e c t  by c a u s in g  wrong b ase  p a i r i n g  t o  o c c u r .  For exam ple, t h e r e  

i s  ev iden ce  to  su g g e s t  t h a t  b ro m o u rac il  ,can assume a  ta u to m e r ic  form q u i t e  

r e a d i l y  and i n  t h i s  form i t  e x h i b i t s  th e  p a i r i n g  b e h a v io u r  o f  c y to s in e ,  

and th u s  e i t h e r  e n t e r s  th e  D.N.A. c h a in  o p p o s i te  guan ine  or r e p l i c a t e s  

i n c o r r e c t l y  b r in g in g  i n  guan ine  i n s t e a d  o f  a d e n in e .  S ince  t h e i r  m utagenic 

a c t io n  t h e r e f o r e  depends on D.N.A. r e p l i c a t i o n  base  a n a lo g u es  have to  be 

s u p p l ie d  to  a c t i v e l y  grow ing c e l l s .

vln i n t e r e s t i n g  f e a t u r e  o f  th e  a c t io n  o f  base  a n a lo g u e s  i s  t h e i r  

a p p a re n t  s i t e  s p e c i f i c i t y .  T h is  phenomenon i s  w e l l  knov/n i n  phage (B enzer,

1961) and h a s  been d e m o n s tra ted  i n  N eurospora c r a s s a  by Ish ikaw a  who o b ta in e d  

f i f t e e n  in d e p e n d e n t ly  i s o l a t e d  m u tan ts  a t  th e  same s i t e  o f  th e  ad -8  lo c u s  

fo l lo w in g  brom odeoxyurid ine  t r e a tm e n t .
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B rom ourac il  and brom odeoxyurid ine  have been found to  be in c o r p o r a te d  

more e a s i l y  th a n  2-ammopurine (Kihlman, I 966 ) and were chosen  f o r  t h i s  

i n v e s t i g a t i o n  w ith  P . cac to rum .

B efo re  3 -h ro m o u ra c i l  o r  3 -h rom odeoxyurid ine  can be in c o r p o r a te d  by 

c e l l s  th e  organ ism  i n  q u e s t io n  must be re n d e re d  thym ine d e f i c i e n t .  The 

• most co n v en ien t  way o f  o b ta in in g  t h i s  s i t u a t i o n  i s  to  u se  a  thym ine r e q u i r i n g  

s t r a i n  o f  th e  o rgan ism . However, i f  t h i s  i s  n o t  a v a i l a b l e  thym ine s y n t h e s i s  

may be i n h i b i t e d  by th e  use  o f  -  e .g .  a m in o p te r in  ( F r e e s e ,  1939)» su lp h a n i la m id e  

(h itm an  and P a rd e e ,  1939)» o r  (Less commonly) f lu o ro d e o x y u r id in e  ( I sh ik a w a ,

1962) .  A m inopterin  i s  an ana log ue  o f  f o l i c  a c id  which i s  r e q u i r e d  f o r  thymine 

s y n t h e s i s .  S u lp h a n ila m id e  i n h i b i t s  th e  s y n t h e s i s  o f  f o l i c  a c i d .

A ttempt t o  in duce  a c t i d i o n e  o r  su lp h a n ila m id e  r e s i s t a n c e  u s in g  3 -b ro m o u ra c i l  

' a s  mutagen and a m in o p te r in  a s  t h ymine s y n th e s i s  i n h i b i t o r
■■iliiwi —I .«p ■i.Ti f imxMn ■■■ wi.w iTé* i<tIwiiih.ih ^im .mwrrrmmmMwwm i n nn n mw. in i m m in # wm # # i,, m i .1 « ■■ n ■ iii m« n .in ipiiinni «mu. iu .##* ii 11 i

One l i t r e  c a p a c i ty  f l a s k s  c o n ta in in g  300 ml o f  l i q u i d  s ta n d a rd  medium 

were supplem ented  a s  shown below:

T rea tm en t Cone. BU Cone. Amin Cone ACT

1 — — —

2 100 100 —

3 300 300 -

4 100 100 10

3 300 300 10

6 10

The experim ent v/as c a r r i e d  ou t i n  d u p l i c a t e .  Fa.ch f l a s k  was 

i n o c u l a t e d  v/ith a p p ro x im a te ly  32 ,000  z o o sp o re s .  As b ro m o u ra c i l  m u ta t io n
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i s  o f  th e  d e la y e d  e f f e c t  type  and n u c le a r  d i v i s i o n  must occu r  b e fo re  i t  

i s  i n c o r p o r a te d ,  th e  a c t i d i o n e  v/as added to  t r e a tm e n t s  4, 3 and 6 24 h o u rs  

a f t e r  i n o c u l a t i o n .  By t h i s  t im e  s e v e r a l  n u c le a r  d i v i s i o n s  shou ld  have 

o c c u r re d  i f  P. cactorum  fo l lo w s  a  p a t t e r n  s i m i l a r  to  t h a t  found i n  P. i n f e s t a n s 

by Milne (1 9 6 ? ) .

A f te r  seven days i n c u b a t io n  one f l a s k  o f  t r e a tm e n t  3 c o n ta in e d  a 

g row th . T h is  was i s o l a t e d  onto  s o l i d  s ta n d a rd  medium + 10 p,g/ml a c t i d i o n e ,  

and a f t e r  f i v e  days ap p ea red  to  be growing b e t t e r  th a n  a  c o n t r o l  i s o l a t e  

on t h i s  medium* I t  was s u b - c u l tu r e d  o n to  non-d rugged  s t a n d a rd  medium and 

th e n  back a g a in  on to  s t a n d a rd  medium + 10 p,g/ml a c t i d i o n e .  I t  made no 

g row th . I t s  re sp o n se  was i d e n t i c a l  t o  vsLld ty p e .

T h is  experim en t was r e p e a te d  u s in g  34^K) pg /m l su lp h a n ila m id e  i n s t e a d  

o f  a c t i d i o n e .  No grow ths a p p ea re d  i n  any o f  t h e  t r e a t m e n t s .

A m inopterin  by i t s e l f ,  a t  th e  c o n c e n t r a t io n  u se d ,  i n h i b i t e d  g row th .

I f  i t  was i n h i b i t i n g  on ly  thymine s y n t h e s i s ,  t r e a tm e n t s  2 and 3 sh o u ld  have 

su p p o r te d  g row th . The absence  o f  growth su g g e s te d  t h a t  th e  a d d i t i o n  o f  

3 -b ro m o u ra c i l  a lo n e  d id  n o t  an n u l  th e  i n h i b i t i o n  caused  by a m in o p te r in .

As . f o l i c  a c id  i s  an i n te r m e d ia t e  on s e v e r a l  b i o s y n t h e t i c  pathways t h e r e  was 

a  s t ro n g  p o s s i b i l i t y  t h a t  t h e  l a c k  o f  some im p o r ta n t  end p ro d u c t  was th e  

l i m i t i n g  f a c t o r .  B efo re  m utagenic  work v/ith b ro m o u ra c i l  was c o n tin u e d  an  

a t t e m p t  was made to  f i n d  a  medium w hich, w hile  n o t  s u p p o r t in g  g row th , would 

do so on th e  a d d i t i o n  o f  e i t h e r  thym ine o r  3- b ro m o u ra c i l ;  i n  such  a  medium 

thym ine d e f i c ie n c y  would be th e  s o le  l i m i t i n g  f a c t o r .

F i r s t  i t  v/as supposed  t h a t  c y to s in e  s y n th e s i s  was a f f e c t e d .  C y tosine  

a s  w e ll  a s  th y m in e , 3-b ro m o u ra c i l  and  3 -b rom odeoxyurid ine  were used  a s



4 4 .

shovm below to  supplem ent s o l i d  s t a n d a r d  medium *i- a m in o p te r in .  Three  

r e p l i c a t e  p l a t e s  o f  each  t r e a tm e n t  were in o c u la t e d  w ith  a p p ro x im a te ly  

60 zo o sp o re s .  The e f f e c t  o f  two c o n c e n t r a t i o n s ,  100 pg/ml and 500 p.g/ml, 

o f  th e  su pp lem en ts  was i n v e s t i g a t e d .

Supplem ents

Treatm ent A m inop terin  C y to s ine  Thymine B rom ourac il  Brom odeoxyuridine

2 +

3 'J* +

4 + +

3  *î* • -j. 1

6 + . 4-

7 4 +. - *h

8 4* ^  4"

3 4 4 4

M acroscopic growth v/as o b se rv ed  on ly  i n  t r e a tm e n t  1 a f t e r  t h r e e  days 

i n c u b a t io n .  M icroscopic  exam in a tio n  o f  th e  o th e r  p l a t e s  showed t h a t  the  

zoosp o res  had produced  a  germ tu b e  b u t  had made no f u r t h e r  growth*

A s i m i l a r  ex perim en t u s in g  th y m in e , m e th io n in e , ad en in e  and guan ine  

s in g ly  and i n  com bina tion  was i n v e s t i g a t e d .  Only one c o n c e n t r a t i o n ,

100 pg/ral, o f  each supplem ent was i n v e s t i g a t e d .
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Res u l t s

T able  3* T o ta l  number o f  c o lo n ie s  a r i s i n g  from a  zoospore  

p l a t i n g  on supp lem ented  media

Supplem ents i n  media
No* o f c o lo n ie s

Big Sm all

C o n tro l 132 -

A — —

A 4 Ad 74 20

A 4 M — abbreviations

A 4 M 4 Ad 7 19 A = A m inopterin

A 4 T - - Ad -  Adenine

A 4 T 4 Ad 77 32 G = Guanine

A 4 G 1 1 M = M eth ion ine

A 4 G 4 Ad 44 3 T = Thymine

A 4 T 4 M “ -

A 4 T 4 M 4 Ad 6 33

A 4 M 4 G — "

A 4 M 4 G 4 Ad 21 , 20

A 4 T 4 G - "

A 4 T 4 G 4 Ad 61 20

A 4 T 4 G 4 M — —

A 4 T 4 G 4 M 4 Ad 12 32 •



4 6 .

I t  i s  i n t e r e s t i n g  t h a t  a l l  th e  media c o n ta in in g  ad en in e  showed growth..
!

The p re se n c e  o f  m e th io n in e  i n  any o f  th e s e  media p a r t i a l l y  a n n u l le d  t h i s  

e f f e c t .  The grow th obse rved  however was n o t  a s  good a s  c o n t r o l  and two 

ty p e s  o f co lony  ap p ea re d  which were c l a s s i f i e d  a s  'Big* and  ’Sm all* , ’Big* 

b e in g  a  s p a r s e  co lony  a b o u t  1 .5  cm d ia m e te r  and ’Small* b e in g  a b o u t  2 mm 

d ia m e te r  a f t e r  f o u r  days i n c u b a t io n .  The a d d i t i o n  o f  thym ine i n  t h e  media 

d id  n o t  a p p e a r  t o  g iv e  in c r e a s e d  grow th .

From th e  above e x p e r im e n ts  i t  v/as conc luded  t h a t  c r e a t i n g  thymine 

d e f i c ie n c y  i n  P. cac to rum  i s  more d i f f i c u l t  th an  h a s  been  e n co u n te re d  i n  

phage , b a c t e r i a  and N eu rosp o ra .
I

Thus und er  th e s e  e x p e r im e n ta l  c o n d i t io n s  n e i t h e r  e^hylm ethane 

su lp h o n a te  n o r  base  an a lo g u es  in d u ced  m u ta t io n  t o  a c t i d i o n e  or 

su lp h a n ila ra id e  r e s i s t a n c e  i n  P . cac to rum .
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The S earch  f o r  R e s is ta n c e  t o^A c r id in e s

M utan ts  r e s i s t a n t  t o  a c r i f l a v i n e  have ‘been found i n  A s p e r g i l lu s  and
Ml fl liWliillCI W'll’ #1*

N eurosp o ra . Roper and  K afer (1957) o b ta in e d  t h r e e  r e s i s t a n t  m u tan ts  i n  

A s p e r g i l lu s  n id u la n s  r e s u l t i n g  from m u ta t io n  i n  one g en e . Two of t h e s e  

were sem i-dom inan t and one was r e c e s s i v e .  In  su b seq u en t  work w ith  th e s e  

B a l l  and  Roper (19^6) showed t h a t  one o f  th e  sem i-dom inan t s t r a i n s  was c ros ; 

r e s i s t a n t  t o  a c r i d i n e  y e l lo w  and p r o f l a v i n e  and t h a t  t h e  r e c e s s i v e  m utant 

a l s o  showed r e s i s t a n c e  to  a c r i d i n e  y e l lo w ,  Howe and T e rry  ( 1962) o b ta in e d  

31 a c r i f l a v i n e - r e s i s t a n t  m u tan ts  o f  N eurospora  c r a s s a  a f t e r  u l t r a  v i o l e t  

i r r a d i a t i o n .

An a c r i f l a v i n e - r e s i s t a n t  mutant o f  F h y to p h th o ra  i n f e s t a n s  h a s  been 

r e c e n t l y  o b ta in e d  (K. M, B w iezynsk i, p e r s o n a l  com m unication to  Dr. C. G. 

E l l i o t t ) .  l% e th e r  i t  h a s  r e s u l t e d  from n u c le a r  o r  c y to p la sm ic  change i s  

n o t  known.

Shaw ( 1965 ) a t te m p te d  t o  s e l e c t  an a c r i f l a v i n e - r e s i s t a n t  m utan t o f  

P. cactorum  w ith  no s u c c e s s .

Four a c r i d i n e s  were u sed  i n  t h i s  work th  P h y to p h th o ra  cac to ru m . 

A c r i f l a v in e  o b ta in e d  from B r i t i s h  Drug Houses 

P r o f l a v in e  "

A c r id in e  Yellow ” ” E, Gurr

5-Amino A cridine '*  " B r i t i s h  Drug Houses

D e te rm in a t io n  o f  th e  Minimal I n h i b i t o r y  C o n c e n t ra t io n s

o f  th e  A c r id in e s

The minim al i n h i b i t o r y  c o n c e n t r a t io n s  o f  th e  fo u r  a c r i d i n e s  were



F ig u re  1. Dosage Response o f  P h y to p h th o ra  cactorum

to  A c r id in e s

A = A c r id in e  Yellow

A c r i f l a v in e
A

^ “ Amino A c r id in e100

P r o f l a v in e

bO

è

fs<D

10 10001001

A c r id in e  C o n c e n tra t io n  (pg /m l)



4 8 .

d e te rm in e d  i n  two ways.

(1 ) The i n h i b i t i o n  o f  co lon y  growth from a d i s c  inoculum  o f  

hyphae.

(2 ) The i n h i b i t i o n  o f  co lony  e s ta b l i s h m e n t  from z o o s p o re s .

( 1 ) I n h i b i t i o n  o f  Colony Growth

P l a t e s  o f  s o l i d  m inim al medium, c o n ta in in g  a  ran g e  o f  c o n c e n t r a t i o n s  

o f  th e  a c r i d i n e s  were i n o c u la t e d  w ith  a  4 mm d is c  ta k e n  from th e  edge 

o f  an a c t i v e l y  grow ing co lo ny  on s o l i d  s t a n d a r d  medium. S ix  r e p l i c a t e  

p l a t e s  o f  each  c o n c e n t r a t i o n  were in c u b a te d  a t  24^0., At l e a s t  f o u r  

m easurem ents o f  two d ia m e te r s  o f  each co lony  were ta k e n  a t  two to  t l i r e e  

day i n t e r v a l s .  From th e s e  m easurem ents th e  r a t e  o f  l i n e a r  growth i n  

mm p e r  24 h o u rs  v;as c a l c u l a t e d  f o r  each a c r i d i n e  c o n c e n t r a t i o n .  As 

t h e r e  i s  v a r i a t i o n  betw een c o n t r o l s  i n  d i f f e r e n t  e x p e r im e n ts  th e  r a t e  o f  

grow th  on drugged  medium i s  e x p re s s e d  a s  a  p e rc e n ta g e  o f  th e  c o n t r o l .

The r e s u l t s  a r e  shovm i n  F ig u re  1 .

(2 )  I n h i b i t i o n  o f  Colony E s ta b l ish m e n t  from Z oospores
■ffa'l i i r i—l Y nr --rf^lTVTtB ■ I V~ TIT II »  I I T' ■TTIT l > TWr * --------------------- --  I III I ■ .1 II- - -II---- I ..I .-I . . A  >

S ix  r e p l i c a t e  p l a t e s  o f  each  d rug  c o n c e n t r a t i o n  were sp re a d  w ith

20 .2  ml o f  a  s u s p e n s io n  o f  2 x  10 s p o re s /m l .  The p l a t e s  were in c u b a te d  

a t  24^0 f o r  96 h o u r s .  The a c r i d i n e  c o n c e n t r a t i o n s  which p re v e n te d  

th e  e s ta b l i s h m e n t  o f  a  m acroscopic  co lony  in  t h i s  t im e  a r e  shown i n  

T ab le  4.
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T ab le  4. Minimal I n h i b i t o r y  L evel o f  A c r id in e  

P re v e n t in g  Colony Form ation  from Z oospores

A c r id in e Minimal Cone. ug/ml

A c r i f l a v in e 10

A c r id in e  Yellow 32

5-Amino A cr id in e 562

P r o f l a v in e 1000

A problem  i n  o b ta in in g  m u tan ts  i n  P . cactorum  i s  s c re e n in g  l a r g e  

enough numbers o f  z o o sp o re s .  As a  s u p p re s s iv e  e f f e c t  o f  a  s e n s i t i v e  

p o p u la t io n  on r e s i s t a n t  sp o re s  p r e s e n t  i n  i t  was found by Shaw ( I 965) 

i t  i s  n e c e s s a r y  to  u se  l a r g e  volumes o f  medium. Glaxo b o t t l e s  o f  

2 l i t r e  c a p a c i ty  each c o n ta in in g  500 mis o f  th e  r e q u i r e d  medium were 

found to  be s a t i s f a c t o r y .  However, owing to  t h e  l a r g e  s i z e  o f  th e  

b o t t l e s  and th e  numbers u sed  i n  each s e l e c t i o n  e x p e r im e n t ,  in c u b a t io n  

i n  an in c u b a to r  was im p o s s ib le .  The b o t t l e s  were in c u b a te d  i n  a  dark  

cupb oard , th e  te m p e ra tu re  o f  which v a r i e d  between 20 - 22^ 0 .

Spontaneous M uta tion  t o  A c r id in e  R e s is ta n c e

(1 ) P r o f l a v in e

In  t h i s  s e l e c t i o n  experim en t fo u r t e e n  g laxo  b o t t l e s  c o n ta in in g  

500 mis o f  l i q u i d  minimal medium were u se d .  To t h i r t e e n  o f  t h e s e  500 mg 

o f  p r o f l a v in e  powder v/as added t o  g iv e  1000 Vg/ml. They, were th e n  

l e f t  f o r  24 h o u r s . t o  a l lo w  th e  p r o f l a v i n e  to  d i s s o l v e .  Each b o t t l e
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was th e n  i n o c u l a t e d  w i th  a p p ro x im a te ly  80 ,000  z o o sp o re s .  Thus over

1 ,0 4 0 ,0 0 0  s p o re s  were s c re e n e d  a g a i n s t  p r o f l a v i n e .  A f t e r  t h r e e  weeks 

t h e r e  were no grow ths i n  any o f  th e  drugged b o t t l e s .

(2 ) A c r id in e  Yellow

E leven  g la x o  b o t t l e s ,  t e n  o f  which c o n ta in e d  40 -jig/inl a c r i d in e  

ye llo w  were u se d . Each b o t t l e  was i n o c u l a t e d  w ith  50 ,000  z o o sp o re s .

A f t e r  11 days in c u b a t io n  t h e r e  were many grow ths i n  each  o f  t h e  drugged 

b o t t l e s .  Over 70 o f  t h e s e  grow ths were i s o l a t e d  on to  s o l i d  minimal 

medium *i- 40 pg/rn l a c r i d i n e  y e l lo w . They made no g row th  on t h i s  medium 

th u s  t h e i r  t o l e r a n c e  was i n d i s t i n g u i s h a b l e  from w i ld  t y p e .

So many grow ths a r i s i n g  i n  a l l  th e  f l a s k s  r a i s e d  th e  q u e s t io n  o f  

t h e  s t a b i l i t y  o f  t h i s  medium a f t e r  10 days in c u b a t io n .  To i n v e s t i g a t e  

t h i s  p l a t e s  o f  medium c o n ta in in g  40 pg/m l a c r i d i n e  y e llo w  were p re p a re d  

up to  10 days b e fo r e  i n o c u l a t i o n  w ith  P . cac to rum . No growth was made

on any o f  th e  p l a t e s .  Thus t h i s  medium had  n o t  l o s t  i t s  p o ten c y .

(5 ) A c r i f l a v in e

A ve ry  l a r g e  s c a le  s e l e c t i o n  experim en t was s e t  up . To 45 g lax o  

b o t t l e s  5 mg a c r i f l a v i n e  was added g iv in g  a  f i n a l  c o n c e n t r a t io n  o f  10 P g /m l. 

One b o t t l e  w i th o u t  d rug  was u sed  a s  c o n t r o l .

To 19 o f  th e  b o t t l e s  a p p ro x im a te ly  105,000 z o o sp o re s  were added .

To 20 o f  t h e  b o t t l e s  10,500  zo ospores  were ad ded .

To s i x  o f  th e  b o t t l e s  1 ,050  zoospo res  were added . In  a . l l  o ve r  

2 X 10^ z o o sp o res  were sc re e n e d  a g a i n s t  a c r i f l a v i n e .

A f te r  e i g h t  days i n c u b a t io n  grow ths were p r e s e n t  i n  seven  o f  th e
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b o t t l e s  (n o t  a p p a r e n t ly  c o r r e l a t e d  w ith  th e  d e n s i ty  o f  t h e  zoospore  

s u s p e n s io n ) .  From th e s e  b o t t l e s  a  t o t a l  o f  ^4 grow ths were i s o l a t e d  

and t r a n s f e r r e d  to  s o l i d  medium supplem ented  v d th  10 p g /ra l  a c r i f l a v i n e .

S ix  c o n t r o l  grow ths were a l s o  t r a n s f e r r e d  f o r  com parison .

A f te r  seven  days s i x  o f  th e  grow ths c a l l e d  and

D a p p ea re d  to  be making b e t t e r  growth" on drugged medium th a n  v/ild ty p e ;

th e y  were th e n  s u b c u l tu r e d  on to  s o l i d  d r u g - f r e e  s t a n d a r d  medium p r i o r  

to  t e s t i n g .  The re s p o n se  o f  th e  o th e r  i s o l a t e s  was i n d i s t i n g u i s h a b l e  

from w ild  ty p e ,

Response o f  I s o l a t e s  on A c r i f l a v in e  Media 

The growth o f  th e  s i x  i s o l a t e s  and w ild  ty p e  on s o l i d  minimal medium 4 

l 6  pg/ral a c r i f l a v i n e  was s t u d i e d .

P l a t e s  o f  d rugged  medium were i n o c u la t e d  vd.th 4 mm d i s c s ,  ta lien  

from a c t iv e l y 'g r o w i n g  c u l t u r e s  on s o l i d  s ta n d a r d  medium. S ix  r e p l i c a t e  

p l a t e s  were u sed  f o r  each i s o l a t e  and 24 c o n t r o l  p l a t e s .  Colony d ia m e te rs

were m easured a s  b e f o r e , The r e s u l t s  a r e  shovm i n  F ig u re  2 ,  From th e s e

r e s u l t s  Â  and  were chosen f o r  f u r t h e r  i n v e s t i g a t i o n .

Zoosp o re  Response  of I s o l a t e s  A, and  B„
I iiw >— kuw. mm#  i i mumiw i nn n !■— i ............................................................   ,

The zoospore  re sp o n se  on drugged medium o f  th e  tv/o i s o l a t e s  Â  and 

was compared v d th  w ild  ty p e .  Four r e p l i c a t e  p l a t e s  o f  s o l i d  minimal 

medium -f d rug  were used* Zoospore su sp e n s io n s  o f  th e  t h r e e  s t r a i n s  were 

p re p a re d  a s  u s u a l .  Both i s o l a t e s  gave v e ry  s p a r s e  zoospore  su sp e n s io n s  

and th e s e  were u sed  u n d i lu t e d .  Tlie c o n c e n t r a t io n  o f  th e  c o n t r o l  su sp en s io n
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v/as a d ju s t e d  to  g iv e  a p p ro x im a te ly  50 zo o sp o res  p e r  p l a t e .  The r e s u l t s  

a r e  shown i n  T ab le  5*

T ab le  5* Number o f  C o lo n ie s  A r i s in g  from P l a t i n g s  o f  Zoospores o f
#  i t i  m  *---- --------- ——  ' "      -  — — • • * * I — ' ' II IIII w nn--rtiiT T  i iitm .  r 11 m iir«  ■< i ~ ■ ■ iH' n  i in  11 ■ iiubi n j_ _#

I s o l a t e s  A . , B_ and Wild Type on D i f f e r e n t  C o n c e n t ra t io n s

o f  A c r i f l a v in e

I s o l a t e  

Wild Type

ConcE

0

196

sn tra i

1

5

bion c

5 .2

) f  Ac] 

10

' i f la A

52

f ine  '

5 6 .2

^ig/ml

100

- * r . " -

95 5 “ - — -

^3 45 27 28 50 49 52 27
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C ross R e s is ta n c e

A f e a t u r e  o f  a c r i f l a v i n e  r e s i s t a n c e  a p p e a rs  t o  be an a b i l i t y  to  

w i th s ta n d  to x ic  c o n c e n t r a t i o n s  o f  o th e r  d ru g s .

Roper and K afer  (1957) found t h a t  t h e  t h r e e  a c r i f l a v i n e - r e s i s t a n t  

m u tan ts  which th ey  o b ta in e d  from A s p e r g i l lu s  n id u la n s  showed more 

r e s i s t a n c e  t o  m a la c h i te  g reen  and c r y s t a l  v i o l e t  th an  th e  w ild  ty p e  

s t r a i n .

B a l l  and Roper ( 1966 ) i n  f u r t h e r  i n v e s t i g a t i o n s  on th e s e  m u tan ts  

showed c r o s s  r e s i s t a n c e  t o  a c r i d in e  y e llo w  and i n  one s t r a i n  to  p r o f l a v i n e .  

A r e c e s s i v e  m utant r e s i s t a n t  to  m a la c h i te  g reen  was shovrn to  be r e s i s t a n t  

r e c e s s i v e l y  t o  a c r i f l a v i n e .  I t  showed dominance, however, i n  i t s  

r e s i s t a n c e  to  a c r i d i n e  y e l lo w .

In  view o f  th e s e  f i n d in g s  i s o l a t e  B^ v/as i n v e s t i g a t e d  fo r  r e s i s t a n c e  

to  o th e r  d ru g s .

Three r e p l i c a t e  p l a t e s  o f  s o l i d  minimal medium supplem ented  w ith

th e  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  each o f  th e  d rugs  were i n o c u la t e d  w ith

20 .2  ml o f  a  3 X 10 z o o sp o re s /m l su sp e n s io n .  The r e s u l t s  a re  shown i n  

T able  6 ,
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T able  6 . Zoospore Response o f  I s o l a t e  B.
* "Wi.&M u"*# r‘ * *' ' I I II nlw rntvi I i rfliini I iTiiiiin ■■ .Iwii'i ii > Mtirrin ii*i |fW)* ■*•*! It 11 I «TiriMiu  .111II inrrl é5

on D i f f e r e n t  Drugs

V/ild Type I s o l a t e  B „

...........- 3  - .............................

Drug Cone. 
pg/ra l 1

R e p l ic a te s  
2 3 1

R e p l i c a t e s  
2 3

mm mm ### 60 c o l s / p l a t e c . 60 c o l s / p l a t e

A c r i f l a v in e 100 1 — ~ 19 8 11

A c r i f l a v in e 200 — — — 12 11 8

M alach ite  Green . 0 .3 " - — —

C r y s ta l  V io le t 1 Small s t u n t e d  growths Sm all s tu n t e d  grow ths

A crid in e  Yellow 40 « -

Amino A c r id in e 362 " — — — —

Pro f l a v i n e 1000 — "  « *” *• —

A c tid io n e 10 - “ — —

S u lp h an ilam i do 3440 " -  “ - — —

I t  i s  seen  from th e  r e s u l t s  t h a t  no c r o s s  r e s i s t a n c e  was found.
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D isc u ss io n  ^

I n c r e a s e d  t o l e r a n c e  o f  P . cactorum  to  a c r i f l a v i n e

W ithout f u r t h e r  ev idence  v e ry  l i t t l e  can be s a i d  ab o u t  th e  n a tu r e  

o f  th e  change c o n f e r r in g  i n c r e a s e d  to le r a n c e  to  a c r i f l a v i n e  in  P . c a c to r u m. 

The absence  o f  c r o s s  r e s i s t a n c e  i n  t h i s  s t r a i n  t o  o th e r  drugs may 

i n d i c a t e  t h a t  th e  change i s  n o t  n u c le a r ,  a s  i n  a l l  o th e r  c a s e s  o f  gene-  

d e te rm in ed  a c r i f l a v i n e - r e s i s t a n c e  i n  fu n g i  c r o s s  r e s i s t a n c e  to  m a la c h i te  

g reen  h a s  been o b se rv ed .  However r e s i s t a n c e  to  m a la c h i te  g reen  i s  u s u a l ly  

r e c e s s i v e  and  th u s  i f  P . cactorum  i s  d i p l o i d  t h i s  would n o t  be e x p re s s e d .
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H ete ro k a ry o n  F orm ation  i n  P h y to p h th o ra  cactorum
li ' i II       - |"  IT — — I II *i nn —~r~r~nr -i'f —i— it~i r i i ii m i * —nTi~~i*Smr-fBiiri i ir  rr  f rtn ~rni~ ■■ n i-mi»»» [■■iwiaiw. i lA c a

I n t r o d u c t io n

H e te ro k a ry o s is  i s  th e  c o - e x i s t e n c e  o f  g e n e t i c a l l y  d i s s i m i l a r  n u c l e i  

i n  th e  same so m a tic  hypha. I t  can  a r i s e  by m u ta t io n  i n  one n u c le u s  i n  

th e  mycelium o r  by h y p h a l  f u s io n  and subseq uen t n u c l e a r  m ig ra t io n .

A d e t a i l e d  i n v e s t i g a t i o n  o f  th e  f a c t o r s  c o n t r o l l i n g  h e te ro k a ry o n  

fo rm a t io n  i n  N eurospora  c r a s s a  r e v e a le d  t h a t  i t  i s  u n d e r  complex g e n e t i c a l  

( G a r n jo b s t ,  1955, 1955; Holloway, 1955). The two hyphae must be o f  th e  

same m a tin g  ty p e  and be s i m i l a r  a t  two o t h e r  l o c i  each w i th  two a l l e l e s .

R ecent s t u d i e s  i n  th e  h o m o th a l l ic  s p e c i e s  A s p e r g i l lu s  n id u la n s  

have i n d i c a t e d  a  com parable  s i t u a t i o n  (G r in d ie ,  1965 ; J i n k s  and G r in d le ,  1965; 

J i n k s ,  O aten , Simchen and C r o f t ,  I 966 ) ,  H e te rokaryon  c o m p a tib le  s t r a i n s  

must be s i m i l a r  a t  a  minimum o f  f i v e  l o c i  and a r e  p r a c t i c a l l y  i n d i s t i n g u i s h 

a b le  p h e n o ty p i c a l ly .  I f  such  mechanisms a r e  o p e ra t in g  i n  o th e r  s p e c ie s  

i t  may e x p la in  th e  f a i l u r e  t o  o b ta in  h e te ro k a ry o n s  i n  V e n tu r ia  i n a e q u a l i s  

and C ladosporium  fulvum (Fincham and Day, 1965)*

H e te ro k a ry o s is  i s  o f w idesp read  o c cu rren c e  i n  th e  Ascomycetes and 

th e  B as id io m y ce tes  bo th  im der n a t u r a l  and l a b o r a to r y  c o n d i t i o n s .  In  the  

Phycom ycetes, however, t h e r e  a r e  on ly  two r e p o r t s  o f  s y n th e s i s e d  

h e te r o k a r y o n s ,  m o rp h o lo g ica l  i n  Mucor .rarnmanianus (E vans, u n p u b l ish e d )  

and  n u t r i t i o n a l  i n  Rhizopus i a v a n ic u s  (Minarai and Ik e d o ,  1962). Couch
  I IjlWLMIlHIIU Q i J l ' lW I  # "  u  '  ^

b e l i e v e s  t h a t  i t  may be a  p o s s ib l e  e x p la n a t io n  of th e  m y ce lia  o f  mixed 

r e a c t i o n  i n  D ic tyuch us (P a p e r ,  1960) .

H e te ro k a ry o s is  i s  a  u s e f u l  g e n e t i c a l  t o o l  and h as  been used  f o r  

d e t e c t i n g  c o m p lem en ta r ity  (B eadle  and C o o n ra d t , 1944) and f o r  d e te rm in in g
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dominance r e l a t i o n s h i p s  o f  m utant a l l e l e s  (Roper and K a fe r ,  1957)* Also 

n u c le a r  and c y to p la sm ic  changes can be d i s t i n g u i s h e d  by th e  s o - c a l l e d  

’’h e te ro k a ry o n  t e s t ” , which in v o lv e s  combining th e  two p a r e n t s  i n  a  

h e te ro k a ry o n  ( J i n k s ,  1954). vVhen th e  h e te ro k a ry o n  i s  r e s o lv e d  i n t o  

i t s  component homokaryons s e g r e g a t io n  o f  th e  o r i g i n a l  d i f f e r e n c e s  under 

t e s t  w ith  th e  p a r e n t a l  n u c le a r  m arkers  i n d i c a t e s  t h a t  th e s e  d i f f e r e n c e s  

were u n der  n u c le a r  c o n t r o l .  I f ,  however, th e  homokaryons a r e  a l i k e ,  o r  

i f  th e  d i f f e r e n c e s  recom bine w ith  th e  n u c le a r  m ark e rs ,  i t  may be conc luded  

t h a t  th e  o r i g i n a l  d i f f e r e n c e s  were under c y to p la sm ic  c o n t r o l .  I t  v/as

hoped t h a t  t h i s  t e s t  might h e lp  to  e lu c id a t e  th e  n a tu r e  o f  th e  changes
1

c o n f e r r in g  a c r i f l a v i n e  and s t re p to m y c in  r e s i s t a n c e  i n  cac to ru m .

The s t r e p to m y c in  r e s i s t a n t  s t r a i n  u se d ,  d e s ig n a te d  Sr was o b ta in e d  

by Shav/. I t  i s  r e s i s t a n t  to  1000 pg /m l s t r e p to m y c in .

I n s p e c t io n  o f  th e  l i t e r a t u r e  i n d i c a t e s  t h a t  h e te ro k a ry o n s  have been 

s y n th e s i s e d  i n  s e v e r a l  ways. P l a t e s  o f  a s u i t a b l e  medium, v/hich w i l l  

n o t  p e rm it  th e  growth o f  e i t h e r  s t r a i n  a re  in o c u la t e d  w i th  (a )  a  dense 

mixed c o n i d i a l  su s p e n s io n ;  (b ) a  dense su sp e n s io n  o f  h ypha l f rag m e n ts ;  

o r  ( c )  hy pha l t i p s  o f  b o th  s t r a i n s *  S in g le  h ypha l t i p s  o f  any a r e a s  

o f  v ig o ro u s  growth a r i s i n g  on th e  s e l e c t i v e  medium a r e  s u b c u l tu r e d  and  

p re se n c e  o f  th e  d i f f e r e n t  k in d s  o f  n u c l e i  t e s t e d  f o r  i n  t h e  u n in u c l e a t e  

a s e x u a l  o r  s e x u a l  p ro geny .

As th e  a c r i f l a v i n e  r e s i s t a n t  s t r a i n  d id  n o t  p roduce  s u f f i c i e n t  

q u a n t i t i e s  o f  z o o sp o re s  h y p h a l d i s c  i n o c u la  and h y p h a l  su s p e n s io n s  were 

used .
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A ttem pt t o  O b ta in  a  H e terokaryon  u s in g  Hyphal D isc  In o c u la

on S e l e c t i v e  Media 

P l a t e s  o f  s o l i d  m inim al medium and s o l i d  s ta n d a r d  medium supplem ented  

w ith  100 pg/ml a c r i f l a v i n e  and  100 pg/ml s t r e p to m y c in  were i n o c u la t e d  

i n  one o f  two ways:

(1) A 4 mm d ia m e te r  d i s c  o f  medium was removed from th e  p e t r i  d i s h  and 

r e p la c e d  w ith  a s i m i l a r  d i s c  ta k e n  from th e  edge o f  an a c t i v e l y  growing 

co lony  o f  i s o l a t e  S r  growing on s o l i d  s ta n d a r d  medium. A d is c  o f  i s o l a t e

was th en  p la c e d  on to p  so t h a t  th e  h ypha l s u r f a c e s  were i n  c o n ta c t .

(2 ) 4 mm d:lsc in o c u la  o f  each i s o l a t e  were l a i d  a  fev/ mm a p a r t  on th e  

s u r f a c e  o f  th e  s e l e c t i v e  medium. Ik ch  i s o l a t e  was i n o c u l a t e d  s e p a r a t e l y  

on to  medium c o n ta in in g  e i t h e r  100 pg /m l a c r i f l a v i n e  o r  100 pg /m l s t re p to m y c in  

a s  c o n t r o l s .  S ix  r e p l i c a t e  p l a t e s  were in c u b a te d  a t  24^0. A f te r  t h r e e  

weeks no v ig o ro u s  s e c t o r s  were ob se rv ed  on any o f  th e  p l a t e s .  M icroscop ic  

ex am in a tio n  a t  i n t e r v a l s  d u r in g  th e  t h r e e  weeks r e v e a l e d  no ev idence

o f  h y p h a l  f u s i o n .

A ttem pt t o  O b ta in  a  H eterokaryon  by Growing Both In o c u la  

on Non-Drugged Medium t hen O v e r lay in g  v/ith  Drugged Medium 

P l a t e s  o f  s o l i d  m inim al medium and s o l i d  s t a n d a r d  raedi-um were 

i n o c u la t e d  w ith  i s o l a t e s  B and S r a s  i n  th e  p re v io u s  e x p e r im e n t .  S ix  

r e p l i c a t e  p l a t e s  were in c u b a te d  a t  24^0 f o r  seven d a y s .  By t h i s  tim e 

c o n s id e r a b le  growth had o c c u r re d ,  co lony  d ia m e te r s  b e in g  62 mm a p p ro x im a te ly  

on s o l i d  s t a n d a r d  medium and 57 mm a p p ro x im a te ly  on s o l i d  minimal medium. 

These p l a t e s  were th e n  o v e r l a id  w ith  e i t h e r  s o l i d  minimal medium
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o r s o l i d  s t a n d a r d  medium c o n ta in in g  15O p g /m l of each a c r i f l a v i n e  and 

s t r e p to m y c in ,  g iv in g  a  minimum f i n a l  c o n c e n t r a t io n  o f  75 Vig/ml i n  th e  

upper l a y e r .  T h is  medium,when p o u red ,  was j u s t  above t h e  s o l i d i f y i n g  

p o i n t .  C o n tro l  p l a t e s  were o v e r l a id  w ith  medium c o n ta in in g  n e i t h e r  

d ru g .

A f te r  t h r e e  weeks i n c u b a t io n  a t  24^0 t h e r e  was a  dense m y c e l ia l  

mat on th e  s u r f a c e  o f  th e  c o n t r o l  p l a t e s .  There were no s u r f a c e  grow ths 

on any o f  t h e  drugged p l a t e s .

A ttem pts  to  O b ta in  a  H e terokaryon  u s in g  a Mixed Hyphal

i
S t r a i n s  and S r  were grown s e p a r a t e l y  i n  l i q u i d  m inimal medium 

f o r  seven  days . They were th e n  b len d e d  to g e t h e r  i n  a  Wareing b le n d e r  

f o r  h a l f  a  m in u te ,  t o  g iv e  a  dense m y c e l ia l  s u s p e n s io n .  T h is  hyphal 

su s p e n s io n  was t r e a t e d  i n  two ways:

( 1 ) 0 .5  ral o f th e  su s p e n s io n  was sp re a d  on p l a t e s  o f  d r u g - f r e e  s o l i d  

m inim al medd.um and s o l i d  s ta n d a r d  medium and in c u b a te d  f o r  fo u r  days 

a t  24^C. These p l a t e s  were th e n  o v e r l a id  w ith  e i t h e r  s o l i d  minimal 

medium o r  s o l i d  s t a n d a r d  medium c o n ta in in g  15O p g /m l  a c r i f l a v i n e  or 

s t r e p to m y c in .  C o n tro l  p l a t e s  were o v e r l a i d  w ith  d r u g - f r e e  medium.

A f t e r  t h r e e  weeks i n c u b a t io n  a t  24^C growth had o n ly  o c c u r re d  on th e  

s u r f a c e  o f  th e  c o n t r o l  p l a t e s .

(2 ) P l a t e s  o f  s o l i d  s ta n d a r d  medium and s o l i d  m inim al medium supplem ented  

v/xth 100 pg/m l a c r i f l a v i n e  and s t re p to m y c in  were i n o c u l a t e d  vri.th 0 .5  ml

o f  th e  h ypha l su s p e n s io n .  A f te r  seven  days in c u b a t io n  a t  24^0 one p l a t e
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had a v ig o ro u s ly  growing s e c t o r .  T h is  growth v/as s u b c u l tu r e d  on to  drugged 

s o l i d  s t a n d a r d  medium and c o n tin u e d  to  show r e s i s t a n c e  t o  b o th  d ru g s .  

U n fo r tu n a te ly  a t  t h i s  p o in t  work had to  be t e rm in a te d  b e fo re  th e  

drug re sp o n se  o f  th e  zoospore  and oospore  progeny o f  t h i s  "h e te ro k a ry o n "  

cou ld  be i n v e s t ig a t e d *

C onclusion

From th e s e  p r e l im in a r y  s t u d i e s  i t  a p p e a rs  t h a t  i t  may be p o s s ib l e  

to  in d uce  h e te ro k a ry o n  fo rm a tio n  i n  P h y to p h th o ra  cac to rum . I f  t h i s  i s  

a l s o  t r u e  i n  o th e r  s p e c i e s  o f  Phy toph t h o r a , i t  may p rove  a  ve ry  u s e f u l

g e n e t i c a l  t o o l  i n  t h i s  genus, e s p e c i a l l y  in. th o s e  s p e c i e s  where oospore
1

g e rm in a t io n  h a s  n o t  y e t  been o b ta in e d .
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Appendix -  The e f f e c t  o f  p a ssag e  th ro u g h  th e  s n a i l  on oospore

g e rm in a t io n  in  P . cactorum

Five-w eek  o ld  o o sp o re s  o f  P . c a c to ru m were s u b je c t e d  to  th e  fo l lo w in g  

t r e a tm e n ts  :

(1 ) " S n a i le d "  -  oospore  c u l t u r e s  were p la c e d  i n  n e e d le  boxes

c o n ta in in g  d e io n is e d  w a te r  and s n a i l s

(2) Soaked -  oospore  c u l t u r e s  were p la c e d  i n  n e e d le  boxes

c o n ta in in g  d e io n is e d  w a te r

(3 ) C o n tro l  -  no w a te r  o r s n a i l s

A f te r  48 h o u rs  oospo res  from a l l  t r e a tm e n ts  were hom ogenised, s u r f a c e  

s t e r i l i s e d ,  washed and p l a t e d  on n o n - n u t r i e n t  a g a r  a s  u s u a l .  Three r e p l i c a t e  

p l a t e s  were in c u b a te d  i n  l i g h t  and dark  f o r  fo u r  day s . The r e s u l t s  a r e  

shown i n  T able  7*

Table  7 * The e f f e c t  o f  " s n a i l i n g "  and so a k in g  t r e a tm e n ts  

on th e  dormancy o f  th e  o ospo res  o f  P . cac torum
   — . . .  -   . f4        , - ,  -  . . -  ■ . in i' -  - muiim-i m iwiii» i bmiw  i i mi

T reatm ent % G erm ina tion

L ig h t Dark

" S n a i le d " ■ 3 6 .9 4 .7

Soaked 0 <1

C o n tro l <1 0
J...........................
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The r e s u l t s  shovm i n  T able  7 i n d i c a t e  t h a t  p a ssa g e  th ro u g h  th e  s n a i l  

i s  r e q u i r e d  f o r  g e rm in a t io n  of th e  o o sp o re s  o f  P. c a c to r u m. The e f f e c t  o f  

t h i s  t r e a tm e n t  can be d e te c t e d  on ly  a f t e r  exposure  to  l i g h t ,  bu t  l i g h t  a lon e  

i s  i n e f f e c t i v e .  L ig h t-e n h a n c e d  g e rm in a t io n  o f  s n a i l e d  oo sp o re s  o f  P. cactorum  

h a s  p r e v io u s ly  been d em o n s tra ted  by Shaw ( 1965 , 196?) b u t  i t  co u ld  n o t  be 

de te rm ined  w he th er  th e  im p o r ta n t  f e a t u r e  o f  t h i s  t r e a tm e n t  was p a ssa g e  th ro u g h  

th e  s n a i l s  a s  c o n t r o l  t r e a tm e n t s  became overgrown due t o  chlamydospore 

g e rm in a t io n  and hyphal fragm ent grow th . These l a t t e r  e f f e c t s  were redu ced  

by p l a t i n g  th e  o o sp o re s  t h i n l y  a f t e r  th e y  had been th o ro u g h ly  hom ogenised. 

A part from th e  o bv ious  e f f e c t s  o f  s n a i l  gu t  enzymes i t  was p o s s ib l e  t h a t  

th e  l o s s  o f  dormancy might be due to  an i n c r e a s e  i n  p e r m e a b i l i ty  r e s u l t i n g  

from a  m echan ica l r a s p in g  o f  th e  oospore  w a l l  a g a i n s t  th e  r a d u la  o f  th e  

s n a i l .  O ospores were shaken  w ith  v a r io u s  g ra d e s  o f  carborundum powder and 

th e  r e s u l t i n g  i n c r e a s e  i n  p e rm e a b i l i ty  a ssa y ed  by in c r e a s e  i n  u p ta k e  o f  

v a r io u s  dyes i n c l u d i n g  K ile  Blue S u lp h a te .  Although a  s l i g h t  i n c r e a s e  i n  

u p ta k e  was o b se rv ed  no g e rm in a t io n  o c c u r re d  fo l lo w in g  carborundum t r e a tm e n t .

T able  8 .  The e f f e c t  o f  " s n a i l i n g "  and  soalcing on th e  u p tak e  o f
mwmwM I m iiwiai.mia im  f  n* m  i n n n  i n n r a r iM- i r-. ,1*. II , , I.., I  ............. r  r  - - I ih i I I 111 Ml» II1 II iMi !■ iiniM I HI. iiiii I inii Vfnn iBipi 11 ...... t  n -ii~ A .ii .mu in m  ~i ̂ mi i

N ile  Blue S u lp h a te  by oospores  o f  P. cac torum

T rea tm en t % S ta in e d

" S n a i le d " 1 6 .6

Soaked 50

C o n tro l 37
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In  T ab le  8 i t  i s  seen  t h a t  i n c r e a s e  i n  p e rm e a b i l i ty  v/as g r e a t e s t  i n  

o o sp o re s  v/hich had been soaked and lo w e s t  a f t e r  p a ssag e  th ro u g h  th e  s n a i l .  

I t  i s  th u s  e v id e n t  t h a t  i n c r e a s e  i n  p e r m e a b i l i t y ,  a s  m easured h e r e ,  i s  n o t  

c o r r e l a t e d  v /ith  an  in c r e a s e  i n  the  a b i l i t y  t o  g e rm in a te .

Time d id  n o t  p e rm it  any f u r t h e r  i n v e s t i g a t i o n s .
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