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PHYSIOLOGICAL, CHEMICAL, AND GENETIC STUDY 

OF PIGMENT PRODUCTION BY 

ARTHRODERMA BENHAMIAE

CHAPTER I  

INTRODUCTION

P i g m e n t s  p r o d u c e d  by d i f f e r e n t  f u n g i  h a v e  b e e n  

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

and  c h a r a c t e r i z a t i o n .  D e r m a t o p h y t i c  f u n g i  a r e  no  e x c e p t i o n  

and many p r o d u c e  p i g m e n t s .

E a r l i e r  work  on D e r m a t o p h y t e  p i g m e n t a t i o n  t e n d s  t o  

f a l l  i n t o  two c a t e g o r i e s :  P h y s i c o - c h e m i c a l  a n a l y s i s  o f

p i g m e n t s  and  f a c t o r s  a f f e c t i n g  p ig m e n t  p r o d u c t i o n .

Conn ( 1 3 ) s t a t e d  t h a t  p i g m e n t  p r o d u c t i o n  i s  f a i r l y  c o n s t a n t  

f o r  any  s t r a i n  and t h a t  p i g m e n t a t i o n  may h av e  more d i a g ­

n o s t i c  v a l u e  i f  t h e  e m p h a s i s  i s  l a i d  on t h e  c h e m i c a l  n a t u r e  

o f  t h e  p ig m e n t  p r o d u c e d  r a t h e r  t h a n  on t h e  c o l o r  m a n i f e s t e d ,  

S i l v a  (48 )  m e n t i o n e d  t h a t  t h e  e x p r e s s i o n  o f  c o l o r  v a r i e s  

n o t  o n l y  w i t h  t h e  i n d i v i d u a l  i s o l a t e  and w i t h  i t s  g e n e t i c  

s t a b i l i t y  b u t  a l s o ,  t o  a l a r g e  e x t e n t ,  w i t h  t h e  c u l t u r e  

medium on w h i c h  i t  i s  g row n.  S i n c e  n a t u r a l  m e d ia  c o n t a i n  

co m p lex  s u b s t a n c e s , v a r i a t i o n s  may o c c u r  b e t w e e n  d i f f e r e n t
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b a t c h e s  o f  m e d ia  and r e s u l t s  i n  v a r i a t i o n  i n  t h e  q u a l i t y  

an d  i n t e n s i t y  o f  t h e  c o l o r s  d i s p l a y e d  by a g i v e n  i s o l a t e .  

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

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

e x a m i n e d  r e p e a t e d l y  w h i l e  g ro w in g  on c h e m i c a l l y  d e f i n e d  

m e d ia  and  u n d e r  c a r e f u l l y  c o n t r o l l e d  e n v i r o n m e n t a l  c o n d i ­

t i o n s .  I n  t h i s  way v a r i o u s  n u t r i e n t s  c o u l d  be  e v a l u a t e d  

f o r  t h e i r  i n f l u e n c e  on p ig m e n t  p r o d u c t i o n .

Numerous w o r k e r s  h a v e  c u l t u r e d  v a r i o u s  d e r m a t o ­

p h y t e s  on s y n t h e t i c  m e d i a  and  h a v e  i n v e s t i g a t e d  e x t e r n a l  

f a c t o r s  w h ic h  i n f l u e n c e  p ig m e n t  p r o d u c t i o n .  E x t e n s i v e  

s t u d i e s  i n  t h i s  f i e l d  w ere  done by  T a t e  (53 )»  G odda rd  ( 2 2 ) ,  

M o sh e r  e t  a l  ( 3 8 ) ,  P e c k  & R o s e n f e l d  ( 4 l ) ,  R o b b in s  ( 4 ^ ) ,  

L e w is  8c H opper  (33)  j R o b b in s  & Ma ( 4 2 ) ,  R o b b in s  & McVeigh 

( 4 3 ) ,  B u r k h o l d e r  and  Moyer  ( 9 ) ,  Bocobo e t  a l  ( 8 ) ,  McVeigh 

e t  a l  ( 3 5 ) ,  Benham ( 3 ,  4 ) ,  S t o c k d a l e  ( 3 2 ) ,  S w a r t z  e t  a l  

( 5 1 ) ,  S i l v a  ( 4 8 ,  3 0 ) ,  an d  G eorg  (2 0 ,  2 1 ) .  T h e s e  s t u d i e s  

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

d u c e d  by  d e r m a t o p h y t e s  d ep e n d  upon  t h e  k i n d  and amount o f  

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

a r e  l i g h t ,  o x y g e n ,  h u m i d i t y ,  t e m p e r a t u r e ,  pH and t r a c e  

e l e m e n t s .

A s t u d y  o f  t h e  e f f e c t  o f  e a c h  amino a c i d  a l o n e  on 

p i g m e n t  p r o d u c t i o n  seem ed  e s s e n t i a l .  S i l v a  (48 )  s t u d i e d  

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

d e f i n e d  m e d ia  c o n t a i n i n g  i n d i v i d u a l  amino a c i d s  a s  t h e
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o n l y  n i t r o g e n  s o u r c e s .  Her r e s u l t s  showed t h a t  t h e  p ig m e n t  

p r o d u c e d  d i f f e r e d  i n  c o l o r  d e p e n d i n g  on t h e  k i n d  o f  amino 

a c i d  u s e d .  R o b b i n s  & Ma (42 )  s t u d y i n g  t h e  g r o w t h  f a c t o r s  

f o r  T. m e n t a g r o p h y t e s  o b s e r v e d  y e l l o w  p i g m e n t a t i o n  w i t h  

a l a n i n e ,  r e d d i s h - b r o w n  w i t h  g l y c i n e ,  v a l i n e ,  h i s t i d i n e  and 

s e r i n e ,  and brow n  w i t h  a r g i n i n e  and  a s p a r a g i n e .  F i v e  

am ino  a c i d s  g a v e  l i t t l e  o r  no im p ro v e m e n t  i n  g r o w t h .  T h e s e  

w e r e  t r y p t o p h a n e ,  t h r e o n i n e ,  m e t h i o n i n e ,  l y s i n e  and  h y d r o x y -  

p r o l i n e .  The l a t t e r  was  f o u n d  t o  i n h i b i t  t h e  g r o w t h  o f  

f i v e  d e r m a t o p h y t e s  i n v e s t i g a t e d  by  R o b b i n s  e t  a l  ( 4 3 ) .

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

p o o r l y  o r  n o t  a t  a l l .

S i l v a  (4 8 )  s t u d i e d  t h e  n u t r i t i o n a l  f a c t o r s  a f f e c t i n g  

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

i n c l u d i n g  T.  m e n t a g r o p h y t e s . E x p e r i m e n t s  w i t h  s i n g l e  amino 

a c i d s  i n d i c a t e d  t h a t  e a c h  s p e c i e s  h a d  d i f f e r i n g  amino  a c i d  

r e q u i r e m e n t s  f o r  p i g m e n t  p r o d u c t i o n .

I n  v i e w  o f  t h e  c o n s i d e r a b l e  body  o f  k n o w le d g e  

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

p h y t e s  , i t  w o u ld  seem t h a t  t h i s  o r g a n i s m  p r o v i d e s  an  e x c e l ­

l e n t  model  i n  w h ic h  t o  s t u d y  t h e  b i o s y n t h e s i s  o f  p i g m e n t s  

and  t h e i r  r o l e s  i n  f u n g a l  m e t a b o l i s m .

Many w o r k e r s ,  i n c l u d i n g  W i r t h  e t  a l  ( $ 6 ) ,  M i e r  ( 3 7 ) ,  

McCabe & M ie r  ( 3 4 ) ,  B a i c h w a l  & W a l k e r  ( 2 ) ,  Zussman e t  a l  

( 5 9 ) ,  Koehen e t  a l  ( 3 0 ) ,  I t o  e t  a l  ( 2 3 ,  24 ,  2 5 ) ,  F u j i i  e t  a l  

( 1 9 ) ,  and  Nozawa ( 3 8 )  h a v e  d e m o n s t r a t e d  t h a t  t h e  p i g m e n t  o f
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d e r m a t o p h y t e s  i s  n o t  a s i n g l e  s u b s t a n c e ,  b u t  a m i x t u r e  o f  

s e v e r a l  d i f f e r e n t  compounds  a s  shown by  v a r i o u s  t e c h n i q u e s  

o f  c h r o m a t o g r a p h y .

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

p i g m e n t s  o f  s e v e r a l  s p e c i e s  o f  d e r m a t o p h y t e s  ex am in ed  

j u s t i f i e s  t h e  u s e  o f  s u c h  a n a l y t i c a l  t e c h n i q u e s  a s  an a i d  

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

i d e n t i f i c a t i o n s  ( 2 5 ) .

T h e r e  seems t o  be  no  a g r e e m e n t  c o n c e r n i n g  t h e  c h e m i ­

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

i n c l u d i n g  T a t e  ( 3 3 ) ,  Thompson ( $ 4 ) ,  McCabe and  M ie r  ( 3 4 ) ,  

Rowe e t  a l  ( 4 6 ) ,  Koehne e t  a l  ( 3 0 ) ,  M ie r  ( 3 7 ) ,  I t o  e t  a l  

( 2 3 ) ,  F u j i i  e t  a l  ( 1 9 ) ,  Nozawa ( 3 9 ) ,  an d  J u s t  e t  a l  (29)  

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

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

a n t h r a q u i n o n e  o r  n a p h t h o q u i n o n e  d e r i v a t i v e s .

E v i d e n c e  s u p p o r t i n g  t h i s  p o i n t  o f  v iew  i s  b a s e d  on r e s u l t s  

o b t a i n e d  f rom  c o l o r  c h a n g e s  o f  t h e  p i g m e n t s  w i t h  a l k a l i ,  

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

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

an d  u l t r a v i o l e t  and  i n f r a - r e d  s p e c t r a .  O th e r  d i r e c t  e v i ­

d e n c e  i n  s u p p o r t  o f  t h i s  v ie w  i s  t h e  i s o l a t i o n  o f  a n a p h t h o ­

q u i n o n e  p ig m e n t  f r o m  T.  m e g n i n i i , c a l l e d  x a n t h o m e g n i n  by 

B la n k  e t  a l  ( ? ) •  J u s t  e t  a l  ( 2 9 )  d e t e r m i n e d  t h e  c h e m i c a l  

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

r e s o n a n c e  s p e c t r u m  and  o t h e r  m e t h o d s .  The s t r u c t u r e  was
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f o u n d  t o  be

( - )  3,  ' 3 - b i s ^ - m e t h o x y - 5 - h y d r o x y - 7 ( 2 - h y d r o x y p r o p y l ) 

- 8 - c a r b o x y - l  , 4 - n a p h t h o q u i n o n e  l a c t o n ^ .  

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

d e r m a t o p h y t e s  i n c l u d i n g  T. r u b r u m ; T.  v i o l o c e u m ; and 

M. c o o k e i  ( 2 4 ,  1 9 ,  5 6 ) .

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

d e r m a t o p h y t e  p i g m e n t s  i s  h e l d  b y  Zussman  e t  a l  (59 )  and 

Merz  e t  a l  (3 6 )  who c l a i m e d  t h a t  d e r m a t o p h y t e  p i g m e n t s  a r e  

m e l a n o i d  i n  n a t u r e .  E v i d e n c e  f o r  t h i s  p o i n t  o f  v ie w  i s  

b a s e d  on t h e  p r e s e n c e  o f  n i t r o g e n  i n  t h e  p i g m e n t  and 

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

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

l 4i n  t h e  2 - p o s i t i o n  w i t h  C . A n o t h e r  l i n e  o f  e v i d e n c e  came 

f ro m  t h e  i s o l a t i o n  and  c h a r a c t e r i z a t i o n  o f  a d i f f u s i b l e  

p i g m e n t  p r o d u c e d  b y  a s t r a i n  o f  T.  m e n t a g r o p h y t e s  w h ich  

was c l a i m e d  t o  be dopachrom e  ( 2 - c a r p o x y  2 , 3 - d i h y d r o i n d o l e - 5 ,

6 - q u i n o n e ) ,  an  i n t e r m e d i a t e  i n  m e l a n i n  b i o s y n t h e s i s  ( 3 6 ) .

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

a r e  n o t  c l e a r l y  known a t  p r e s e n t ,  b u t  e v i d e n c e  f rom  o t h e r  

g r o u p s  o f  f u n g i  and b a c t e r i a  s u g g e s t s  t h a t  some o f  t h e s e  

p i g m e n t s  may be r e s p i r a t o r y .  I t o  e t  a l  (2 6 )  made an a t t e m p t  

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

m e n t s  p r o d u c e d  by t h e  d e r m a t o p h y t e s .  They f o u n d  t h a t  

a p p r o x i m a t e l y  80% o f  t h e  t o t a l  am oun ts  o f  t h e  p ig m e n t  was 

l o c a l i z e d  i n  t h e  m i t o c h o n d r i a l  f r a c t i o n .  They  s u g g e s t e d ,



6

b a s e d  on e v i d e n c e  f rom  b a c t e r i a  a n d  p l a n t s  ( l 4 ,  1 5 ) ,  t h a t  

t h e s e  p i g m e n t s  p l a y  some a c t i v e  r o l e  i n  r e s p i r a t i o n ,  n am e ly  

i n  t h e  e l e c t r o n  t r a n s f e r  c h a i n .  H ow ever ,  t o  e v a l u a t e  t h e  

r o l e  o f  p i g m e n t s  i n  m e t a b o l i s m  more  a c c u r a t e  i n f o r m a t i o n  

m us t  be o b t a i n e d  on t h e i r  c h e m i c a l  s t r u c t u r e  and  p r o p e r t i e s  

and  on t h e  r e q u i r e m e n t s  and  m echan ism  f o r  t h e i r  p r o d u c t i o n .

I n  1967  A j e l l o  e t  a l  (1)  d i s c o v e r e d  t h e  p e r f e c t  

s t a t e  o f  T .  m e n t a g r o p h y t e s  w h ic h  was  named A r th r o d e r m a  

b e n h a m i a e . S i n c e  t h i s  d i s c o v e r y ,  v e r y  l i t t l e  g e n e t i c  work  

h a s  b e e n  done  w i t h  t h i s  o r g a n i s m ,  a l t h o u g h  i t  h a s  m o s t  o f  

t h e  a d v a n t a g e s  w h ic h  l e d  f u n g a l  g e n e t i c i s t s  t o  work  e x t e n ­

s i v e l y  w i t h  N e u r o s p o r a  and  A s p e r g i l l u s . A j e l l o  ( 1 )  d i d  a 

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

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

c o n t r o l l e d  by  a s i n g l e  l o c u s  w i t h  2 a l l e l e s  ( A ,a )  o r  ( + , - ) .  

S i m i l a r  work  was done  by  Kown ( 3 1 )  on N a n n i z z i a  a n d  t h e  

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

b y  a one l o c u s - 2  a l l e l e  s y s t e m .

One m a j o r  f a c t o r  w h ich  c o n t r i b u t e d  to t h e  g e n e t i c i s t s  

l a c k  o f  i n t e r e s t  i n  d e r m a t o p h y t e s  i n  t h e  p a s t  was t h e  

phenomenon o f  p l e o m o r p h i s r a .  H ow ever ,  t h i s  p ro b le m  was 

ove rcom e  when C a s t e l l a n i  ( 1 0 ,  11 )  d i s c o v e r e d  a  s i m p l e  

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

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

m i z i n g  p l e o m o r p h i s m  and m a i n t a i n i n g  a c o n s t a n t  g e n o t y p e  

f o r  e a c h  i s o l a t e  f o r  i n d e f i n i t e  p e r i o d s  o f  t im e .
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P lo e ra o rp h i sm  i s  n o t  t h e  o n l y  m u t a t i o n  f o u n d  i n  d e r m a t o ­

p h y t e s ,  b u t  i t  i s  t h e  m os t  f r e q u e n t .  W ei tzm an  ( 5 7 )  h ad  

shown t h a t  p e o m o rp h i s m  was t h e  r e s u l t  o f  one  o r  more gene  

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

w h ic h  were  i n h e r i t e d  i n  a s i m p l e  M e n d e l i a n  f a s h i o n .

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

by l o s s  o f  p i g m e n t a t i o n  and  an i n c r e a s e  i n  t h e  a b i l i t y  t o  

u t i l i z e  an i n o r g a n i c  n i t r o g e n  s o u r c e .  T h i s  may i n d i c a t e  

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

w ere  l i n k e d  t o  e a c h  o t h e r .  I t  a l s o  i n d i c a t e s  t h e  r e l a t i o n ­

s h i p  b e t w e e n  t h e s e  two t r a i t s  and  n i t r o g e n  u t i l i z a t i o n  ( 6 ) .  

W ei tzm an  (5 7 )  and  E l - A n i  ( l 6 ,  17) s u g g e s t e d  t h a t  t h e  t e rm  

p le o m o r p h i s m  s h o u l d  be  d i s c a r d e d  i n  f a v o r  o f  t h e  t e r m  

m u t a t i o n .  B i s t i s  ( 5 )  s u g g e s t e d  t h a t  m u t a t i o n  and  p o s i t i v e  

s e l e c t i o n  w ere  r e s p o n s i b l e  f o r  t h e  h i g h  f r e q u e n c y  o f  

p l e o m o r p h i s m  i n  T.  m e n t a g r o p h y t e s .

E v i d e n c e  f u r n i s h e d  by G oddard  ( 2 2 ) ,  R o b b i n s  e t  a l  ( 4 2 ) ,

N i c k e r s o n  ( 4 0 ) , McVeigh  e t  a l  (35 )  i and  B i s t i s  ( 6 )  showed

t h a t  p l e o m o r p h s  w e r e  more e f f i c i e n t  i n  u t i l i z i n g  an i n o r g a n i c

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

t h e  g r a n u l a r  f o r m s .  T h e r e f o r e ,  i t  was s u g g e s t e d  (6 )  t h a t

p l e o m o r p h i s m  n o t  b e  c o n s i d e r e d  synonymous w i t h  d e g e n e r a t i o n ,

b u t  r a t h e r  t h a t  i t  be  c o n s i d e r e d  t h e  r e s u l t  o f  m u t a t i o n  and

p o s i t i v e  s e l e c t i o n .  S p o n t a n e o u s  m u t a t i o n  p l u s  s e l e c t i o n

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

e v e r y  c o l o n y  w h i l e  a g i v e n  m u t a n t  a p p e a r s  r a r e l y .  P l e o ­

morph i sm  was d i f f e r e n t  f r o m  t h e  phenomenon o f  s e c t o r i n g .
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w h i c h  was due t o  h e t e r o k a r y o s i s  ( i . e .  some n u c l e i  m u t a t e  

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

w h i c h  g row s  and d e v e l o p  i n t o  a s e c t o r  c o l o n y ) .

The aim o f  t h i s  s t u d y  was t o  f u r n i s h  i n f o r m a t i o n  on 

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

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

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

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

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

o f  d e r m a t o p h y t e s .

A n o t h e r  p u r p o s e  was t o  d e t e r m i n e  w h e t h e r  t h e r e  w e re  s i m p l e  

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

o u r  3 p a r e n t a l  i s o l a t e s  and  t o  u t i l i z e  them t o  u n d e r s t a n d  

t h e  way i n  w h ich  p i g m e n t s  w ere  s y n t h e s i z e d  and  i n h e r i t e d .  

I n s o f a r  a s  I  am a w a r e ,  no c o m p a r a b l e  r e p o r t  f o r  an y  s p e c i e s  

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



CHAPTER I I  

MATERIALS AND METHODS

C u l t u r e s  u s e d :

D r .  A j e l l o  k i n d l y  f u r n i s h e d  u s  w i t h  t h e  c o m p a t i b l e  

s t r a i n s  o f  A. b e n h a m i a e  m e n t i o n e d  i n  t h e  d i s c o v e r y  o f  t h e  

s e x u a l  s t a t e  o f  t h i s  o r g a n i s m  ( I ) .  T h r e e  s t r a i n s  were  u s e d :  

TM-9 w h ic h  was i s o l a t e d  o r i g i n a l l y  i n  C a l i f o r n i a  f rom  a 

h o r s e ,  and  was f o u n d  t o  c a r r y  t h e  (A) o r  (+) c o m p a t i b i l i t y  

a l l e l e ,  TM-l? was  i s o l a t e d  o r i g i n a l l y  i n  I l l i n o i s  f rom  a 

dog an d  was f o u n d  t o  c a r r y  t h e  (a )  o r  ( - )  c o m p a t i b i l i t y  

a l l e l e .  TM-20 was  i s o l a t e d  o r i g i n a l l y  i n  M i s s o u r i  f rom  a 

human s o u r c e  a n d  was f o u n d  t o  c a r r y  t h e  ( a ) o r  (+) c o m p a t i ­

b i l i t y  a l l e l e .  On m o d i f i e d  S a b o u r a u d ' s  d e x t r o s e  a g a r  t h e  

z o o p h i l i a  s t r a i n s  w e re  f o u n d  t o  p r o d u c e  p ow dery  t o  g r a n u l a r  

c o l o n i e s  w i t h  b r o w n i s h - r e d  t o  r e d - w i n e  p i g m e n t  i n  t h e  s u b ­

s u r f a c e  m y c e l iu m .

S i n g l e  S p o r e  I s o l a t e s :

S i n g l e  s p o r e  i s o l a t e s  o f  t h e  above  3 s t r a i n s  w ere  

o b t a i n e d  by g r o w in g  e a c h  s t r a i n  i n  s m a l l  p r e s c r i p t i o n  

b o t t l e s  c o n t a i n i n g  m o d i f i e d  S a b o u r a u d ' s d e x t r o s e  a g a r  

medium s u p p l e m e n t e d  w i t h  1% y e a s t  e x t r a c t .  A s p o r e  s u s p e n ­

s i o n  was made by a d d i n g  a s t e r i l e  s o l u t i o n  o f  s a l i n e  and

0 . 025% Tween 80  t o  t h e  b o t t l e s  and a g i t a t i n g  w i t h  a V o r t e x  

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

9
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c e n t r i f u g e d  a t  5 , 0 0 0  rpra f o r  20 m in .  and  t h e  s u p e r n a t a n t  

was d e c a n t e d .  The s p o r e s  w ere  r e s u s p e n d e d  i n  t h e  s t e r i l e  

s o l u t i o n  o f  s a l i n e  and Tween 80 and  t h e  s u s p e n s i o n  was 

f i l t e r e d  3 t i m e s  t h r o u g h  a l a y e r  o f  s t e r i l e  a b s o r b e n t  

c o t t o n  ( l 8 )  t o  rem ove  m y c e l i a  a n d  t o  o b t a i n  a m i x t u r e  o f  

m i c r o c o n i d i a  and  m a c r o c o n i d i a .  To remove  t h e  m a c r o c o n i d i a , 

t h e  s p o r e  s u s p e n s i o n  was a l l o w e d  t o  s e t t l e  f o r  15-20  min .

The s a l i n e - T w e e n  80 m i x t u r e  f a c i l i t a t e d  t h e i r  s e d i m e n t a ­

t i o n  ( 3 1 ) -  A d r o p  f rom  t h e  s u r f a c e  o f  t h e  s u s p e n s i o n  was 

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

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

pumping  d e v i c e s  o f  t h e  m i c r o m a n i p u l a t o r ,  a s i n g l e  m i c r o -  

a l e u r o s p o r e  was p i c k e d  up  and t r a n s f e r r e d  t o  a m o d i f i e d  

S a b o u r a u d ' s  d e x t r o s e  a g a r  p l a t e .  G e r m i n a t i o n  b e g a n  a f t e r  

l 8  h o u r s  when t h e  p l a t e  was i n c u b a t e d  a t  30°C.

M a i n t a i n i n g  S t o c k s :

The s i n g l e  s p o r e  i s o l a t e s  o f  t h e  above  3 s t r a i n s  

o f  A. b e n h a m ia e  an d  o f  t h e  m o n o a s c o s p o r e  i s o l a t e s  were  

m a i n t a i n e d  i n  s t o c k  u s i n g  t h e  C a s t e l l a n i  m e th o d  (1 0 )  t o  

p r e v e n t  p l e o m o r p h i s m .  T h i s  was done  by  k e e p i n g  a t h o r o u g h l y  

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

c o t t o n  p l u g g e d  t e s t  t u b e s  c o n t a i n i n g  10 ml o f  g l a s s  d i s ­

t i l l e d  w a t e r .
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M a t i n g  o f  a n d  P r o d u c t i o n  o f  A s c i g e r o u s  S t a t e :

The a s c i g e r o u s  s t a t e  was o b t a i n e d  by u s i n g  s i f t e d  

s o i l  b a i t e d  w i t h  h o r s e  h a i r .  The s o i l  was a u t o c l a v e d  on 

3 s u c c e s s i v e  d a y s  a t  120°C f o r  30 m i n u t e s .  The h a i r  was 

a u t o c l a v e d  o n c e .  A t h i c k  s p o r e  s u s p e n s i o n  o f  e a c h  m a t i n g  

t y p e  was made a n d  a l i q u o t  o f  e v e r y  2 c o m p a t i b l e  s t r a i n s  

was p o u r e d  o n t o  t h e  h a i r - b a i t e d  s o i l .  The  p l a t e s  were  

w rap p ed  w i t h  a luminum f o i l  and i n c u b a t e d  i n  t h e  d a r k  a t  

room t e m p e r a t u r e  f o r  3 w e e k s .  C l e i s t o t h e c i a  w e re  c o l l e c t e d  

a f t e r  3 w e e k s  a n d  any  a d h e r i n g  c o n i d i a  w e re  r e m o v e d  by 

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

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

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

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

l a t i o n .

M i c r o m a n i p u l a t i o n  T e c h n i q u e s :

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

a s m a l l  s t e r i l e  s h e l l  v i a l  c o n t a i n i n g  2 - 3  d r o p s  o f  s t e r i l e  

d i s t i l l e d  w a t e r  and  c r u s h e d  open  b y  s q u e e z i n g  i t  a g a i n s t  

t h e  w a l l  o f  t h e  v i a l .  A d r o p  o f  s n a i l  enzyme ( G l u s u l a s e ,  

Endo Lab)  was a d d e d  t o  s o f t e n  t h e  a s c i  w a l l  f o r  1 5 - 3 0  min 

( 2 8 ) .  A s e t  o f  l a r g e ;  4 x  2 x 0 . 5  cm M y c o s e l  a g a r  b l o c k s  

was p r e p a r e d  a n d  e a c h  b l o c k  was p l a c e d  on  a s t e r i l e  Shoe­

maker  s l i d e .  A n o t h e r  s e t  o f  s m a l l ;  1 x  2 x  0 . 5  cm M ycose l  

a g a r  b l o c k s  was p r e p a r e d  a n d  e a c h  b l o c k  was  p l a c e d  i n  t h e
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d e p r e s s i o n  o f  t h e  S hoemaker  s l i d e .  With  t h e  a i d  o f  a  

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

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

b l o c k  a n d  t h e  a s c i  w e re  a l l o w e d  t o  s e t t l e  a s  t h e  w a t e r  

e v a p o r a t e d .  The s l i d e  was t h e n  s e t  on t h e  s t a g e  o f  a  

L e i t z  m i c r o m a n i p u l a t o r  a n d ,  by u s i n g  i t s  s u c t i o n  and pumping 

d e v i c e s ,  one  m a t u r e  a s c u s  was t r a n s f e r r e d  t o  t h e  l a r g e  a g a r  

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

s e t t l e  a s  t h e  w a t e r  e v a p o r a t e s .  D i s s e c t i o n  o f  t h e  a s c u s  

was p e r f o r m e d  u n d e r  100 X m a g n i f i c a t i o n  by p r e s s i n g  on  i t s  

s u r f a c e  w i t h  a m i c r o l o o p  made o f  g l a s s .  The  p r e s s u r e  

a p p l i e d  on i t s  s u r f a c e  was s u f f i c i e n t  t o  b u r s t  i t  open  

an d  t h e  a s c o s p o r e s  w ere  r e l e a s e d .  W i th  t h e  a i d  o f  t h e  

m i c r o l o o p ,  t h e  a s c o s p o r e s  w e re  d r a g g e d  on t h e  s u r f a c e  o f  

t h e  l a r g e  a g a r  b l o c k  a d i s t a n c e  o f  1 cm b e t w e e n  i n d i v i d u a l  

s p o r e s .  The S hoem aker  s l i d e  was t h e n  r em o v e d  and  p l a c e d  

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

a n d  a wet  f i l t e r  p a p e r .  The a s c o s p o r e s  g e r m i n a t e d  a f t e r  

3 6 - 4 8  h o u r s  o f  i n c u b a t i o n  a t  30°C .  The g e r m i n a t e d  a s c o s p o r e s  

w ere  c u t  o u t  s e p a r a t e l y  on s m a l l  a g a r  b l o c k s  and  w ere  

t r a n s f e r r e d  t o  m o d i f i e d  S a b o u r a u d ’ s d e x t r o s e  a g a r  p l a t e s .

D e t e r m i n a t i o n  o f  A s c o s p o r e s  C o m p a t i b i l i t y ;

T h i s  s t u d y  was c a r r i e d  o u t  t o  t e s t  and  c l a s s i f y  

t h e  s t o c k  a s  t o  i t s  m a t i n g  t y p e  f a c t o r .  I n d i v i d u a l  

a s c o s p o r e s  i s o l a t e d  f ro m  e a c h  a s c u s  w ere  b a c k c r o s s e d  t o  

p a r e n t a l  TM -l?  t o  d e t e r m i n e  t h e  t y p e  o f  c o m p a t i b i l i t y
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s y s t e m .  C r o s s e s  w h i c h  p r o d u c e d  f e r t i l e  c l e i s t o t h e c i a  w e re  

r e g a r d e d  a s  (A) o r  ( + ) ,  w h i l e  t h o s e  w h ic h  p r o d u c e d  no  

f e r t i l e  c l e i s t o t h e c i a  w e r e  r e g a r d e d  as  ( a )  o r  ( - ) .

P h y s i o l o g i c a l  S t u d y  on P a r e n t a l  S t o c k :

Such a s t u d y  was  n e c e s s a r y  t o  d e t e r m i n e  how v a r i o u s  

am ino a c i d s  w o u ld  a f f e c t  t h e  d e v e l o p m e n t  o f  p i g m e n t s  and 

to  d i s c o v e r  g e n e t i c  and  p h y s i o l o g i c a l  v a r i a t i o n s  b e t w e e n  

t h e  p a r e n t a l  i s o l a t e s .

1 .  P r e p a r a t i o n  o f  t h e  I n o c u l u m ;

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

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

T h i s  was done  a s  m e n t i o n e d  p r e v i o u s l y  i n  t h e  p r o ­

c e d u r e s  f o r  m a i n t a i n i n g  s t o c k s  and  s p o r e  i s o l a t i o n .

2 .  P r e p a r a t i o n  o f  t h e  B as a l  Medium:

Optimum c o n d i t i o n s  f o r  g ro w th  an d  e l a b o r a t i o n  o f  

p i g m e n t s  by  T.  m e n t a g r o p h y t e s  w e r e  o b t a i n e d  by  

u s i n g  a p r e v i o u s l y  d e v e l o p e d ,  d o u b l e - s t r e n g t h  

medium (4 8 )  c o n s i s t i n g  o f  40 gm g l u c o s e ,

0 . 1  gm MgSO^. THgO, 100 m l  S o r e n s e n ' s  p h o s p h a t e  

b u f f e r ,  an d  900 ml g l a s s  d i s t i l l e d  w a t e r .  The 

pH o f  t h e  b u f f e r  was a d j u s t e d  t o  7 . 0 .  Amino a c i d s  

w ere  u s e d  a s  t h e  n i t r o g e n  s o u r c e s  and  w e re  a d d e d  

s i n g l y  i n  s u c h  am oun ts  as t o  e n s u r e  a n i t r o g e n  

c o n c e n t r a t i o n  o f  0 . 2  g m / l i t e r  o f  b a s a l  medium.

The g l u c o s e  was s t e r i l i z e d  s e p a r a t e l y  t o  p r e v e n t  

c a r a m e l i z a t i o n  a n d  t h u s  p r e v e n t i n g  d i s c o l o r a t i o n  o f
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t h e  medium and  l o w e r i n g  i t s  pH. P r i o r  t o  a u t o -  

c l a v i n g  t h e  i n i t i a l  pH o f  t h e  medium was a d j u s t e d  

t o  t h e  r e q u i r e d  l e v e l  by  u s i n g  e i t h e r  0 . 1  N HCl 

o r  0 . 1  N NaOH. The p r e s e n c e  o f  t h e  b u f f e r  i n  t h e  

medium p r e v e n t s  a n y  v a r i a b i l i t y  i n  t h e  c o l o r  of  

p i g m e n t s  due  t o  c h a n g e s  i n  t h e  pH o f  t h e  medium 

d u r i n g  g r o w t h  o f  t h e  o r g a n i s m s .

3 .  I n o c u l a t i o n  o f  M e d i a :

Ten ml o f  e a c h  medium w e re  d i s p e n s e d  i n  150 x  20 mm 

t u b e s .  The t u b e s  w e re  i n o c u l a t e d  w i t h  0 . 5  tnl o f  

t h e  s p o r e  s u s p e n s i o n  and  w e re  i n c u b a t e d  u n d e r  c o n ­

s t a n t  s h a k i n g  f o r  2 weeks i n  a New B r u n s w i c k  s h a k e r  

s e t  a t  250 rpm a t  30°C .  On t h e s e  m e d ia  t h e  f u n g i  

g rew  i n  t h e  fo r m  o f  p e l l e t s  w i t h  a r i n g  o f  m yce l ium  

on t h e  w a l l  o f  t h e  t u b e s .  P i g m e n t s  were  f o u n d  n o t  

o n l y  on t h e  p e l l e t s  t h e m s e l v e s  b u t  a l s o  o c c a s i o n a l l y  

i n  t h e  medium.

4 .  C o n t r o l s  :

A l l  c u l t u r e s  w e r e  r u n  i n  t r i p l i c a t e  and a l l  t h e  

c h e m i c a l s  u s e d  w e re  o f  O .P .  g r a d e .  The g l a s s w a r e  

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

t a p  and  d i s t i l l e d  w a t e r .  As a p o s i t i v e  c o n t r o l ,  

p i g m e n t  a n d  g r o w th  on e a c h  amino a c i d  was com pared  

w i t h  p i g m e n t  a n d  g r o w t h  on  m i n e r a l  b a s a l  luCdium 

a l o n e  and m i n e r a l  b a s a l  medium p l u s  0.2% NH^Cl.

T h i s  was done  t o  e n s u r e  t h a t  no  n i t r o g e n  s o u r c e  or
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o t h e r  n u t r i e n t s  w e re  t r a n s f e r r e d  f ro m  t h e  i n o c u l u m  

t o  t h e  medium.

P h y s i o l o g i c a l  S tu d y  on M o n o a s c o s p o r e  I s o l a t e s :

T h i s  s t u d y  was done  t o  t e s t  and  c l a s s i f y  t h e  

s t o c k  a s  t o  c o l o r  f a c t o r .  E ach  m o n o a s c o s p o r e  i s o l a t e  

was  c h e c k e d  f o r  t h e  k i n d  o f  p i g m e n t  i t  p r o d u c e d  a s  shown 

p r e v i o u s l y .  1 - l e u c i n e  was  u s e d  b e c a u s e  t h e  p a r e n t a l  s t r a i n s  

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

t a i n i n g  t h i s  am ino  a c i d .  C o n t r o l s  c o n t a i n i n g  m e d ia  i n o c u ­

l a t e d  w i t h  p a r e n t a l  s p o r e  s u s p e n s i o n s  w ere  u s e d  f o r  com­

p a r i s o n  a n d  t h e  r e s u l t s  w e r e  r e c o r d e d .  O t h e r  k i n d s  o f  

c o n t r o l s  were  t h e  same a s  a b o v e .

P i g m e n t  E x t r a c t i o n :

The o r g a n i s m  was k i l l e d  by  a d d i n g  m e r t h i o l a t e  

( 1 / 1 0 , 0 0 0 )  t o  t h e  subm erged  c u l t u r e s .  The c o n t e n t s  o f  

t h e  t u b e s  w ere  f i l t e r e d  a f t e r  48 h o u r s  a n d  t h e  f i l t r a t e  

was d i s c a r d e d .  The m y c e l iu m  was  w a s h e d  s e v e r a l  t i m e s  w i t h  

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

c o l l e c t e d  i n  e x t r a c t i o n  t h i m b l e ,  a n d  p l a c e d  i n  a S o x h l e t  

e x t r a c t o r .  T h r e e  h u n d r e d  ml o f  p e t r o l e u m  e t h e r  ( B . p .

6O -8O c)  was a d d e d  t o  t h e  e x t r a c t o r  a n d  r e f l u x e d  f o r  

6 h o u r s  t o  remove l i p i d s  f r o m  t h e  m y c e l iu m .  The p e t r o l e u m  

e t h e r  was t h e n  d e c a n t e d  and  r e p l a c e d  w i t h  300 ml o f  a c e t o n e  

c o n t a i n i n g  1% o f  1 N H c l .  A c o n s i d e r a b l e  amount  o f  p i g m e n t  

was d i s s o l v e d  i n  t h e  a c e t o n e  a f t e r  6 h o u r s  r e f l u x i n g  i n  

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

t h e  a c e t o n e  was r e m o v e d  by  e v a p o r a t i o n  u n d e r  vacuum  u s i n g  

an Evapo-Mix a p p a r a t u s  ( B u c h l e r  I n s t r u m e n t s ) .

The r e s i d u e  was d i s s o l v e d  i n  e t h y l e n e  d i c h l o r i d e ,  

t r a n s f e r r e d  t o  a s e p a r a t o r y  f u n n e l ,  an d  t h e n  w a s h e d  r e ­

p e a t e d l y  w i t h  a c i d i f i e d  w a t e r  {1% o f  IN H c l )  u n t i l  t h e  

w a t e r  became n i n h y d r i n  n e g a t i v e .  The e t h y l e n e  d i c h l o r i d e  

was removed  by  e v a p o r a t i o n  u n d e r  vacuum and  t h e  r e s i d u e  

was w a s h e d  r e p e a t e d l y  w i t h  c y c l o h e x a n e ,  f o l l o w e d  w i t h  c a r b o n  

t e t r a c h l o r i d e  t o  r em ove  l i p i d s .

The r e s i d u e  was d i s s o l v e d  i n  1 ml c h l o r o f o r m ,  t h e n  

10 ml o f  m e t h a n o l  was a d d e d  t o  p r e c i p i t a t e  p i g m e n t  f r a c ­

t i o n s  which w ere  i n s o l u b l e  i n  m e t h a n o l .  I f  a p r e c i p i t a t e  

was fo r m e d ,  i t  was s e p a r a t e d  f ro m  t h e  s u p e r n a t a n t  by 

c e n t r i f u g a t i o n  ( 5 , 0 0 0  rpm f o r  20 m i n ) ,  w a s h e d  3 t i m e s  w i t h  

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

P ig m e n t  P u r i f i c a t i o n

S e p a r a t i o n  o f  p ig m e n t  c o m ponen ts  was done  w i t h  t h i n -  

l a y e r  c h r o m a t o p g r a p h y . S i l i c a  g e l  G p l a t e s  w e r e  a c t i v a t e d  

by h e a t i n g  a t  1 1 0 -1 2 0 ° C  f o r  45 m i n u t e s .  The t a n k s  w ere  

e q u i l i b e r a t e d  f o r  2 h o u r s  w i t h  b e n z e n e - m e t h y l e t h y l k e t o n e -  

f o r m i c  a c i d  (75 : 24 : 1 V/V %).

A s c e n d i n g  c h r o m a t o g r a p h y  was p e r f o r m e d  f o r  40 

m i n u t e s .  D u r in g  t h i s  t i m e  t h e  s o l v e n t  f r o n t  m i g r a t e d  a b o u t  

15 cm. The p l a t e s  w e re  a i r - d r i e d  and e x a m in e d  u n d e r  v i s i b l e  

an d  W ood 's  Ü. V. la mp ( l o n g  W. L . ) .
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P i g m e n t  C h a r a c t e r i z a t i o n :

T h i s  s t u d y  was c a r r i e d  o u t  t o  d e t e r m i n e  some o f  

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

f r o m  t h e  brown an d  t h e  y e l l o w  c u l t u r e s  o f  A. b e n h a m i a e .

P r e l i m i n a r y  i d e n t i f i c a t i o n  an d  d i f f e r e n t i a t i o n  o f  

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

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

v e n t s ,  p h o t o s e n s i t i v i t y  a n d  r e a c t i o n s  w i t h  r e a g e n t s  s p e c i f i c  

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

Not a l l  t h e  p i g m e n t s  e x t r a c t e d  f rom  t h e  d e r m a t o ­

p h y t e s  a c t  a s  pH i n d i c a t o r s .  M o r e o v e r ,  p ig m e n t s  w h ic h  a c t  

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

s t r o n g  a c i d s  a n d  s t r o n g  a l k a l i  s u c h  a s  2N HgSO^ an d  2N 

NaOH. T h i s  v a r i a t i o n  i n  c o l o r  may i n d i c a t e  a d i f f e r e n c e  

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

D i f f e r e n c e  i n  s o l u b i l i t y  a l s o  may i n d i c a t e  a d i f ­

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

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

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

a c i d  and  m e t h a n o l .  Only  one  f r a c t i o n  was found  t o  be  i n ­

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

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

was t e s t e d  by  s p r a y i n g  t h e  c h ro m a to g ra m s  w i t h  50% s o d iu m  

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

c o l o r  o r  become c o l o r l e s s  when t r e a t e d  w i t h  t h i s  r e d u c i n g  

a g e n t  b u t  w i l l  r e g a i n  t h e i r  o r i g i n a l  c o l o r  s l o w l y  when
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e x p o s e d  t o  a t m o s p h e r i c  oxygen  ( 3 7 ) .  A t e s t  s p e c i f i c  f o r  

p o l y h y d r o x y  a n t h r a q u i n o n e  p i g m e n t s  was done  by  s p r a y i n g  

t h e  c h r o m a t o g r a m s  w i t h  0.5% m agnes ium  a c e t a t e  i n  m e t h a n o l  

an d  d r y i n g  i n  a n  oven  a t  90°C f o r  5 m i n u t e s .  A p o s i t i v e  

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

( 4 7 ) .  P h o t o s e n s i t i v e  p i g m e n t s  l o s e  t h e i r  c o l o r  when 

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

c o n t a i n e r s .  O nly  one f r a c t i o n  was  f o u n d  t o  be  p h o t o s e n s i ­

t i v e  ( T a b l e  9 ) .  I t o  (2 7 )  r e p o r t e d  t h a t  t h e  p r o d u c t i o n  

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

when t h e y  w e re  grown i n  m ed ia  c o n t a i n i n g  s u f f i c i e n t  c o n ­

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

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

d e f i n e d  medium i n  a c o n c e n t r a t i o n  o f  0 . 2  mg/100 ml o f  t h e  

medium. The r e s u l t s  o f  i t s  e f f e c t  on p ig m e n t  p r o d u c t i o n  

by A. b e n h a m i a e  w e r e  r e c o r d e d  i n  T a b l e  9.



CHAPTER I I I  

RESULTS

I n  T a b l e  1 t h e  r e s u l t s  show t h a t  s t r a i n  TM-20 n e v e r  

p r o d u c e d  a brown p i g m e n t  when g row n on t h e  c h e m i c a l l y  

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

u s e d .  The o n l y  c o l o r  p r o d u c e d  by  t h i s  s t r a i n  was y e l l o w .

S t r a i n s  TM-9 and  TM-l?  d i d  p r o d u c e  a b rown p ig m e n t  

i n  a d d i t i o n  t o  t h e  y e l l o w  when c e r t a i n  am ino  a c i d s  w e re  

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

i n h i b i t i o n  o f  g r o w t h  o f  a l l  3 s t r a i n s  by s u l f u r - c o n t a i n i n g  

am ino  a c i d s .  O t h e r  am ino  a c i d s  s u c h  a s  h i s t i d i n e ,  g l y c i n e ,  

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

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

s o u r c e s  u s e d  a f f e c t e d  t h e  k i n d  o f  p ig m e n t  p r o d u c e d  by  e a c h  

s t r a i n .

The d a t a  i n  T a b l e s  2 a n d  3 show t h a t  o u r  m a t i n g  

r e s u l t s  w ere  i n  a g r e e m e n t  w i t h  t h e  work o f  A j e l l o  e t  a l  ( l )  

who f o u n d  t h a t  t h e  c o m p a t i b i l i t y  was i n h e r i t e d  t h r o u g h  a 

1 - l o c u s  - 2 -  a l l e l e  s y s t e m .  The t a b l e s  show a 1 : 1  s e g r e g a ­

t i o n  o f  t h e  ( a ) and  t h e  ( a )  a l l e l e .

F a i l u r e  o f  TM-20 t o  p r o d u c e  t h e  b row n p i g m e n t  may

b e  due  t o  a s i n g l e  o r  m u l t i p l e  g e n e  m u t a t i o n .  A c r o s s  was

19



20

made b e t w e e n  t h i s  s t r a i n  a n d  TM-17 a n d  t h e  m o n o a s c o s p o r e  

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

on t h e  amino a c i d  L - l e u c i n e .

The r e s u l t s  a s  shown i n  T a b l e  4 i n d i c a t e d  a 1 : 1  

s e g r e g a t i o n  o f  t h e  b row n  an d  t h e  y e l l o w  p i g m e n t s .  How­

e v e r ,  u n l e s s  we map t h e  m u t a t i o n s  o r  o b t a i n  more i n f o r m a ­

t i o n  a b o u t  t h e  h i s t o r y  o f  t h e s e  s t r a i n s ,  we can  n o t  d e t e r ­

mine w h e t h e r  t h i s  c h a n g e  i n  t h e  p h e n o t y p e  was due t o  a 

s i n g l e  o r  m u l t i p l e  g e n e  m u t a t i o n s .

T a b l e  5 i s  a c o m b i n a t i o n  o f  t h e  d a t a  o b t a i n e d  f rom  

T a b l e s  3 and  4 .  I t  shows t h e  c l a s s e s  o f  p h e n o t y p e s  o b t a i n e d  

i n  a c r o s s  h e t e r o z y g o u s  f o r  2 l o c i  (AY x  a B ) .

T a b l e  6 shows t h e  c l a s s e s  o f  t e t r a d  p r o d u c e d  i n  a 

c r o s s  h e t e r o z y g o u s  f o r  2 l o c i .  T h r e e  c l a s s e s  o f  t e t r a d s  

a r e  p o s s i b l e :  P a r e n t a l  ) P D ) , r e c o m b i n a n t  (NPD), a n d

t e t r a t y p e  ( T ) .

I t  i s  i m p o r t a n t  h e r e  t o  c o n s i d e r  e a c h  t e t r a d  a s  a 

u n i t ,  e i t h e r  PD o r  NPD. The m e i o t i c  p r o d u c t s  o f  e a c h  

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

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

i n d e p e n d e n t  e v e n t ,  c r o s s i n g  o v e r  o r  no  c r o s s i n g  o v e r .  On 

t h e  o t h e r  h a n d ,  t h e  4 m e i o t i c  p r o d u c t s  o f  a  t e t r a d  a r e  n o t  

fo rm ed  i n d e p e n d e n t l y  o f  e a c h  o t h e r .

The r a t i o  NPD/PD=1 i s  an  i n d i c a t i o n  o f  i n d e p e n d e n t  

a s s o r t m e n t .  When t h e r e  i s  l i n k a g e  b e t w e e n  2 l o c i ,  t h e  

f r e q u e n c y  o f  NPD r e c o m b i n a n t  t e t r a d s  f a l l s  be lo w  t h e  f r e ­

qu en cy  o f  t h e  PD t e t r a d s .  T h i s  i s  b e c a u s e  PD f r e q u e n c y
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r e p r e s e n t s  n o n - r e c o m b i n a n t s ,  w h i l e  NPD f r e q u e n c y  r e p r e s e n t s  

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

The t e t r a t y p e  (T) f r e q u e n c i e s  c a n  o c c u r  f o r  b o t h  

l i n k e d  an d  i n d e p e n d e n t l y  a s s o r t i n g  g e n e s .  I n  i n d e p e n d e n t  

a s s o r t m e n t ,  t e t r a t y p e  (T) a r i s e  t h r o u g h  s e c o n d  d i v i s i o n  

s e g r e g a t i o n  b e t w e e n  one  o f  t h e  g e n e s  an d  i t s  c e n t r o m e r e .

I f  t h e  two n o n - l i n k e d  g e n e s  a r e  c l o s e  t o  t h e i r  c e n t r o m e r e  

t h e  f r e q u e n c y  o f  (T) w i l l  be lo w .  I f  t h e  g e n e s  a r e  f a r  

f rom t h e  c e n t r o m e r e ,  t h e  f r e q u e n c y  o f  (T) i n c r e a s e .  When 

t h e r e  i s  l i n k a g e ,  t h e  t e t r a t y p e  (T) f r e q u e n c y  r e p r e s e n t s  

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

t h i s  c a s e ,  e v e n  i f  t h e  d i s t a n c e  b e t w e e n  t h e  2 g e n e s  i s  

g r e a t  and  t h e  f r e q u e n c y  o f  d o u b l e  c r o s s  o v e r  i s  v e r y  h i g h ,  

we c a n  s t i l l  b e  f a i r l y  s u r e  t h a t  t h e  f r e q u e n c y  o f  NPD 

w i l l  n e v e r  r i s e  a b o v e  1 / 4  t h e  f r e q u e n c y  o f  ( T ) .

The r e s u l t s  i n  T a b l e  6 showed a good  e v i d e n c e  f o r  

l i n k a g e  b e t w e e n  t h e  c o m p a t i b i l i t y  gene  a n d  p i g m e n t a t i o n  

g e n e .  The u n e q u a l  r a t i o  o f  PD/NPD t e t r a d s  was i n d i c a t i v e  

o f  l i n k a g e .  A good e v i d e n c e  f o r  i n d e p e n d e n t  a s s o r t m e n t  

i s  f o u n d  i n  t h e  a p p r o x i m a t e  e q u a l  f r e q u e n c i e s  o f  PD/NPD, 

and i n  an  NPD/T r a t i o  t h a t  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  

1 / 4 .  The p e r c e n t a g e  o f  r e c o m b i n a t i o n  c a n  be  c a l c u l a t e d  

f rom t h e  r e s u l t s  o f  T a b l e  6 a s  f o l l o w s :
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NPD + 1 / 2  T 
PD + NPD + T

• -  0  +  2

X 100

■  10 

= 20%

X 100

T a b l e  7 shows t h e  r e s u l t s  o f  c h r o m a t o g r a p h i c  

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

TM-20.  One y e l l o w  s p o t  ( F r a c t i o n  A) d e m o n s t r a b l e  w i t h  

v i s i b l e  l i g h t  was o b t a i n e d .

T a b l e  8 shows t h e  r e s u l t s  o f  t h e  c h r o m a t a g r a p h i c  

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

TM-9 and  T M - l? .  A y e l l o w  s p o t  ( F r a c t i o n  A) d e m o n s t r a b l e  

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

i s t i c s  o f  t h i s  f r a c t i o n  w e re  s i m i l a r  t o  f r a c t i o n  (A) 

o b t a i n e d  f ro m  t h e  y e l l o w  c u l t u r e s  TM-20 ( T a b l e  ? ) .  B o th  

f r a c t i o n s  h a d  t h e  same RF v a l u e  ( 0 . 9 6 )  and  b o t h  were  n o t  

pH i n d i c a t o r s .  A r e d  s p o t  ( F r a c t i o n  B) v i s i b l e  w i t h  

U.V. i l l u m i n a t i o n  was a l s o  o b t a i n e d .  H owever ,  t h e  c o l o r  

c h a n g e d  q u i c k l y  t o  y e l l o w  an d  l a t e r  d i s a p p e a r e d  i n d i c a t i n g  

s e n s i t i v i t y  t o  l i g h t  o r  t o  o x y g en  o r  b o t h .  T h i s  s p o t  was 

b e l i e v e d  t o  r e p r e s e n t  t h e  y e l l o w ,  m e t h a n o l  n o n - s o l u b l e ,  

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

o f  t h i s  f r a c t i o n  was t h e  sam e.  O t h e r  p i g m e n t s  o b t a i n e d  

i n c l u d e  a r e d  ( F r a c t i o n  C^) a n d  a b l u e  ( F r a c t i o n  Cg) 

s p o t s  w h ic h  w e re  b o t h  v i s i b l e  u n d e r  U.V. i l l u m i n a t i o n .
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The d a t a  i n  T a b l e  9 show t h a t  f r a c t i o n  (A) w h ich  

was i s o l a t e d  f r o m  b o t h  t h e  brown and  t h e  y e l l o w  c u l t u r e s  

d i f f e r e d  c h e m i c a l l y  f ro m  f r a c t i o n  (B) w h i c h  was  i s o l a t e d  

f rom  t h e  brown c u l t u r e  by  m e t h a n a l  p r e c i p i t a t i o n .  F r a c ­

t i o n  (A) was n o t  a  pH i n d i c a t o r  an d  i t  d i d  n o t  r e a c t  w i t h  

magnes ium  a c e t a t e ,  a r e a g e n t  s p e c i f i c  f o r  t h e  d e t e c t i o n  

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

g r o u p  i n  t h e  a l p h a  p o s i t i o n  ( 4 7 ) .  F r a c t i o n  (A) was 

i n h i b i t e d  by  a d d i n g  L - a s c o r b i c  a c i d  i n  c o n c e n t r a t i o n  o f  

2 mg/100  ml t o  t h e  b a s a l  medium u s e d  i n  o u r  p h y s i o l o g i c a l  

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

m e l a n o i d  i n  n a t u r e  ( 2 7 ) .
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TABLE 1 .  EFFECT OF AMINO 
T.  m e n t a g r o p h y t  
TM-20

ACIDS ON 
es  STRAINS

PIGMENT PRODUCTION 
TM-9,  TM-17  and

BY

Amino A c id s TM-9 TM-17 TM-20

L - l e u c i n e B B Y

L - a l a n i n e Y B Y

L - a r g i n i n e  
( f r e e  b a s e )

B B ¥

L - a r g i n i n e - H C l ¥ ¥ ¥

L - g l u t a m i c  a c i d B Y Y

L - g l u t a m i n e Y Y Y

L - a s p a r t i c  a c i d B B Y

L - a s p a r a g i n e B Y Y

L - i s o l e u c i n e Y Y ¥

G l y c i n e Y ¥ ¥ .

L - l y s i n e Y Y Y

D L - s e r i n e Y ¥ ¥

D L - t h r e o n i n e - - -

L - m e t h i o n i n e - - -

L - h i s t i d i n e - - -

B=brown Y = y e l lo w  W = c o l o r l e s s  -=no  g r o w t h
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TABLE 2 .  DETERMINATION OF COMPATIBILITY FACTORS OF
MONOASCOSPORE ISOLATES IN TM-9 x TM-l?  MATING

A scus s p o r e
#1

s p o r e
#2

s p o r e
#3

s p o r e
#4

s p o r e
#5

s p o r e
#6

s p o r e
#7

s p o r e
#8

1 A A a a A A A -

2 a a A A A A - -

3 a a A A a A - -

4 A A A a a a - -

5 a A A a A a - -

6 A A a A a a a A

7 A a A a a a a A

8 a A a A A A a a
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TABLE 3 .  DETERMINATION OF COMPATIBILITY FACTORS OF
MONOASCOSPORE ISOLATES IN TM-20 x  TM-l?  MATING

Ascus
#

s p o r e
#1

s p o r en s p o r e
#3

s p o r e
#4

s p o r e
#5

s p o r e
#6

s p o r e
#7

s p o r e
#8

1 A A a a a A A -

2 A a A a A a A -

3 A A A a a a - -

4 a A a a A A - -

5 a A a A A a A a

6 A a A a a A A -

7 A A a a A a - -

8 A a A A a A a a

9 A a a A a a - -

10 A a A A a a - -
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TABLE 4 .  TYPES OF PIGMENTS PRODUCED BY TM-20 x  TM-l?
MONOASCOSPORE ISOLATES USING L-LEUCINE AS A 
NITROGEN SOURCE

A scus s p o r e
#1

s p o r e
n

s p o r e
#3

s p o r e
#4

s p o r e
#5

s p o r e
#6

s p o r e
#1

s p o r e
#8

1 Y B Y B B Y B -

2 B B B Y Y B Y -

3 Y Y Y B B B - -

4 B Y B B Y Y - -

5 B Y B Y Y B Y B

6 B B Y B Y Y B -

7 Y Y B B Y B - -

8 Y B Y y B Y B B

9 Y B B B Y Y - -

10 Y B Y Y B B - -
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TABLE 5 . TETRAD ANALYSIS OF MONOASCOSPORE ISOLATES OBTAINED
FROM THE CROSS TM-20 X TM-■17

A scus
#

s p o r e  s p o r e
n n

s p o r e
#3

s p o r e
#4

s p o r e
#5

s p o r e
#6

sp o re
#7

s p o r e
#8

t e t r a d
c l a s s

1 AY AB aY aB aB AY AB - T

2 AB aB AB aY AY aB AY - T

3 AY AY AY aB aB aB - - PD

4 aB AY aB aB AY AY - - PD

5 aB AY aB AY AY aB AY aB PD

6 AB aB AY aB aY AY AB - T

7 AY AY aB aB AY aB - - PD

8 AY aB AY AY aB AY aB aB PD

9 AY aB aB AB aY aY - - T

10 AY aB AY AY aB aB - - PD
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TABLE 6. TETRAD
TM-17

CLASSES OBTAINED FROM THE CROSS TM-20 x

TETRAD CLASS

PD NPD T

AY AB AY

AY AB aY

aB aY AB

aB aY aB

6 0 4 T o t a l  = 10
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TABLE 7 .  CHROMATOGRAPHIC ANALYSIS OF PIGMENTS FROM YELLOW 
CULTURES OF T.  m e n t a g r o p h y t es

F r a c t i o n c o l o r  u n d e r  
U.V. i l l u m i n a t i o n

c o l o r  u n d e r  
v i s i b l e  i l l u m i n a t i o n RF

A Blue Y e l low 0 .9 6
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TABLE 8 .  CHROMATOGRAPHIC ANALYSIS OF PIGMENTS FROM BROWN 
CULTURES OF T.  m e n t a g r o p h y t es

F r a c t i o n c o l o r  u n d e r  
U.V. i l l u m i n a t i o n

c o l o r  u n d e r  
v i s i b l e  i l l u m i n a t i o n RF

A B lue Y el low 0 .9 6

B R e d -Y e l lo w - 0 .8 5

Cl Red - 0 . 3 0

C2 Blue - 0 . 1 0
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TABLE 9.  CHARACTERIZATION OF PIGMENT FRACTIONS (A) AND (B) 
OBTAINED FROM BROWN AND YELLOW CULTURES OF 
T.  m e n t a g r o p h y t e s

T e s t F r a c t i o n  A F r a c t i o n  B

pH i n d i c a t o r  p r o p e r t y - +

S o l u b i l i t y  i n  m e t h a n o l + -

L i g h t  s e n s i t i v i t y - +

Sodium h y d r o s u l f i t e  r e a g e n t + +

M e t h a n o l i c  m a g n es iu m  a c e t a t e - +

A s c o r b i c  a c i d  i n h i b i t i o n + -



CHAPTER IV 

DISCUSSION

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

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

l e s s  o f  w h e t h e r  we u s e  c h a r a c t e r i s t i c s  o f  t h e  p e r f e c t  or 

t h e  i m p e r f e c t  s t a t e .  The c h a r a c t e r i s t i c s  o f  t h e  i m p e r f e c t  

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

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

f o r m s .  F u r t h e r m o r e ,  some p e r f e c t  s p e c i e s  h a v e  more t h a n  

one c o n i d i a l  f o rm .

An i m p o r t a n t  p e r f e c t  s t a t e  c h a r a c t e r i s t i c  f o r  d i f ­

f e r e n t i a t i o n  among t h e  A s c o m y c e t e s  i s  t h e  n a t u r e  o f  t h e  

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

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

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

a s  w e l l  a s  t h e  a s c i  and  a s c o s p o r e s .  The d i m e n s i o n  o f  the  

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

5 X 6 u  an d  2 x 2 .5  u  r e s p e c t i v e l y .

M o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  a s e x u a l  s p o r e s  

a r e  o f  v a l u e  i n  t h e  d i f f e r e n t i a t i o n  o f  some g e n e r a  a n d  

s p e c i e s  o f  t h e  d e r m a t o p h y t e s .  H ow ever ,  many s p e c i e s  o f  

T r i c h o p h y t o n  a r e  n o t  known t o  p r o d u c e  m a c r o c o n i d i a , an d
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t h e  m i c r o c o n i d i a  o f  c e r t a i n  s p e c i e s  a r e  so  s i m i l a r  a s  t o  

be o f  n o  v a l u e  i n  c l a s s i f i c a t i o n .  M o r e o v e r ,  m i c r o c o n i d i a  

may be a b s e n t  i n  p l e o m o r p h i c  c o l o n i e s  and t h e  c u l t u r e s  

w i l l  r e s e m b l e  e a c h  o t h e r  so  c l o s e l y  t h a t  t h e y  can  n o t  be 

i d e n t i f i e d .  M o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  same 

i s o l a t e  may a l s o  v a r y  w i t h  a g e  and c u l t u r e  m e d ia .

When i s o l a t e s  p r e s e n t  a  h i g h l y  v a r i e d  m orp h o lo g y  

and  r e v e a l  no  d i s t i n c t i v e  s p o r e  fo rm  o r  s p o r e  a r r a n g e m e n t ,  

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

i s t i c s .  P h y s i o l o g i c a l  t e s t s  a l s o  s e r v e  t o  c o n f i r m  i d e n t i ­

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

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

may a l s o  l e a d  t o  t h e  d i s c o v e r y  o f  m e d ia  w h ic h  f a v o r  t h e  

p r o d u c t i o n  o f  a s e x u a l  and s e x u a l  s t r u c t u r e s .

C o m p l e te  d e p e n d e n c e  on  p h y s i o l o g i c a l  c h a r a c t e r ­

i s t i c s  i n  d e r m a t o p h y t e s  taxonom y w i l l  l e a d  a l s o  to  c h a o s  

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

v a r i a t i o n  w i t h i n  and  b e t w e e n  s p e c i e s  i s  g r e a t .  P l e o m o r p h i c  

fo r m s  a r e  more  e f f i c i e n t  t h a n  t h e  g r a n u l a r  fo rm s  i n  

u t i l i z i n g  i n o r g a n i c  n i t r o g e n  s o u r c e s  and  a r e  more r e s i s t a n t  

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

and  h y d r o x y p r o l i n e  ( 4 3 ) .

Many w o r k e r s  h a v e  e m p h a s i z e d  t h e  i m p o r t a n c e  o f  

p i g m e n t a t i o n  i n  d e r m a t o p h y t e  t a x o n o m y .  P i g m e n t s  were  

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

c h a n g e s  i n  t h e i r  s h a d e  were  t h o u g h t  t o  d epend  s o l e l y  on
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t h e  pH and  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  o f  t h e  c u l ­

t u r e .  No c h e m i c a l  o r  g e n e t i c  e v i d e n c e  was p r e s e n t e d  t o  

s u p p o r t  t h i s  i d e a .

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

p i g m e n t s  b e g a n  an d  t h e  d a t a  o b t a i n e d  r e v e a l e d  t h a t  t h e  

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

o f  p i g m e n t s .  Some o f  them a c t e d  a s  pH i n d i c a t o r s  w h i l e  

o t h e r s  d i d  n o t .  P i g m e n t s  w h ic h  a c t e d  a s  pH i n d i c a t o r s  

were  f o u n d  t o  be  d i f f e r e n t  f rom  e a c h  o t h e r  b e c a u s e  t h e y  

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

and  a l k a l i  o r  when r e d u c e d  w i t h  sod ium  h y d r o s u l f i t e .

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

c o n s t i t u t e  one c h e m i c a l  e n t i t y .

T h e r e  a r e  two c o n f l i c t i n g  i d e a s  r e g a r d i n g  t h e  

c h e m i c a l  n a t u r e  o f  p i g m e n t s .  Some w o r k e r s  c l a i m  t h a t  

d e r m a t o p h y t e  p i g m e n t s  a r e  a n t h r a q u i n o i d  o r  n a p h t h o q u i n o i d  

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

n a t u r e .  H ow ever ,  t h e  e v i d e n c e  f u r n i s h e d  by  e a c h  g r o u p  

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

p ig m e n t  and  n e g l e c t i n g  o t h e r  f r a c t i o n s .  No e x c l u s i v e  work 

was done  t o  d e t e r m i n e  t h e  c h e m i c a l  n a t u r e  o f  e v e r y  f r a c ­

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

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

I t o  e t  a l  ( 2 3 ) a d v o c a t e d  t h e  i d e a  o f  u s i n g  t h e  

c h e m i c a l  a n a l y s i s  o f  p ig m e n t s  a s  a t o o l  t o  c l a s s i f y  t h e  

d e r m a t o p h y t e s  down t o  s p e c i e s  l e v e l .  H ow ever ,  o u r  r e s u l t s
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i n d i c a t e d  t h a t  t h i s  c h a r a c t e r  was o f  l i m i t e d  v a l u e  even  

when we w e re  d e a l i n g  w i t h  v a r i a n t s  o f  t h e  same s p e c i e s .  

M o r e o v e r ,  p l e o m o r p h i c  fo rm s  w ere  r e p o r t e d  t o  l o s e  t h e i r  

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

c h a r a c t e r i s t i c s .

TM-20 n e v e r  p r o d u c e d  a brown c u l t u r e  when grown 

on c h e m i c a l l y  d e f i n e d  m e d ia  r e g a r d l e s s  o f  t h e  n i t r o g e n  

s o u r c e  u s e d .  Only y e l l o w  c u l t u r e s  w ere  o b t a i n e d .  S t r a i n s  

TM-9 and TM -l?  p r o d u c e d  brown c u l t u r e s  i n  a d d i t i o n  t o  

y e l l o w  c u l t u r e s .  The p r o d u c t i o n  o f  t h e  brown c u l t u r e s  

d e p e n d e d  on  t h e  k i n d  o f  n i t r o g e n  s o u r c e  u s e d .  I t  was 

c l e a r  f rom  t h e s e  r e s u l t s  t h a t  t h e s e  t h r e e  s t r a i n s  d i f f e r e d  

i n  t h e i r  a b i l i t y  t o  p r o d u c e  p i g m e n t s  e v e n  when grown u n d e r  

t h e  same e n v i r o n m e n t a l  c o n d i t i o n s .  The d i f f e r e n c e  m ig h t  

be  due t o  g e n e t i c  f a c t o r s  and  n o t  t o  e n v i r o n m e n t a l  f a c t o r s .

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

TM-20 showed o n l y  t h e  p r e s e n c e  o f  one y e l l o w  f r a c t i o n  

( f r a c t i o n  A ) .  S t r a i n s  TM-9 and  TM-l? w ere  a l s o  fo u n d  t o  

p r o d u c e  f r a c t i o n  (A) p l u s  t h r e e  o t h e r  f r a c t i o n s  (B , ,

C ^ ) .  F r a c t i o n  (B) was s e p a r a t e d  a s  an am orphous  s o l i d  by 

p r e c i p i t a t i o n  w i t h  m e t h a n o l .  T h i s  f r a c t i o n  was b e l i e v e d  

t o  be  a n t h r a q u i n o i d  i n  n a t u r e  b e c a u s e  i t  was a pH i n d i c a t o r ,  

h a d  an  o x i d a t i o n - r e d u c t i o n  p r o p e r t y  and  g av e  a p o s i t i v e  

t e s t  when t r e a t e d  w i t h  magnes ium  a c e t a t e .

The  d a t a  o b t a i n e d  f ro m  t h e  g e n e t i c  a n a l y s i s  showed 

t h a t  a t  l e a s t  2 d i f f e r e n t  g e n e s  w ere  i n v o l v e d  i n  p ig m e n t
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p r o d u c t i o n .  S t r a i n  TM-20 was b e l i e v e d  t o  d i f f t ^ r  from 

s t r a i n  TM-l? by a t  l e a s t  one  gene m u t a t i o n .  However ,  

u n l e s s  we know t h e  g e n e t i c  h i s t o r y  o f  t h e s e  s t r a i n s  wo 

c a n  n o t  t e l l  e x a c t l y  how many g e n e s  were  r e s p o n s i b l e  f o r  

t h i s  ch an g e  i n  t h e i r  p h e n o t y p e .  The d a t a  o f  t h e  g e n e t i c  

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

w ere  l i n k e d  w i t h  t h e  c o m p a t i b i l i t y  g e n e  and  t h e  d i s t a n c e  

b e t w e e n  them was e s t i m a t e d  to  be 20 map u n i t s .



CHAPTER V 

SUMMARY AND CONCLUSION

Taxonom ic  c o n f u s i o n  h a s  r e s u l t e d  f rom  v a r i a t i o n s  

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

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

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

c l a s s i f i c a t i o n  o f  t h e  g e n u s  T r i c h o p h y t o n  down t o  s p e c i e s  

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

be b a s e d  on a c o m b i n a t i o n  o f  a l l  t h e  m o r p h o l o g i c a l  and t h e  

p h y s i o l o g i c a l  c h a r a c t e r i s t i c s .  T h e r e f o r e ,  t h e  s t a t e m e n t  

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

a t o o l  f o r  t h e  d i f f e r e n t i a t i o n  o f  d e r m a t o p h y t e s  i s  

u n w a r r a n t e d .

C h e m ic a l  a n d  g e n e t i c  e v i d e n c e  was i n t r o d u c e d  t o  

show t h a t  s t r a i n  v a r i a t i o n  d i d  e x i s t  i n  A. b e n h a m ia e  

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

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

p ig m e n t  v i s i b l e  u n d e r  v i s i b l e  l i g h t  and  t h r e e  f l u o r e s c e n t  

f r a c t i o n s  v i s i b l e  u n d e r  U.V. i l l u m i n a t i o n .  G e n e t i c  a n a l y s i s  

i n d i c a t e d  t h a t  a t  l e a s t  two d i f f e r e n t  g e n e s  were  i n v o l v e d  

i n  p r o d u c t i o n  o f  t h e s e  s u b s t a n c e s .  Each  gene  may p r o d u c e  

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

w ere  shown t o  be l i n k e d  w i t h  t h e  c o m p a t i b i l i t y  gene and 

t h e  d i s t a n c e  b e t w e e n  them was e s t i m a t e d  t o  be  20 map u n i t s .

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

TM-20 and  TM-17 f u r n i s h e d  a n  a d d i t i o n a l  e v i d e n c e  f o r  s t r a i n  

v a r i a t i o n s .  The i s o l a t i o n  o f  a common v i s i b l e  y e l l o w  p i g ­

ment ( f r a c t i o n  A) s u g g e s t e d  t h e  p r e s e n c e  o f  a common gene  

b e t w e e n  t h e s e  two s t r a i n s .  The a b s e n c e  o f  t h e  o t h e r  f r a c ­

t i o n s  f ro m  TM-20 a l o n e  i n d i c a t e d  t h e  p r o b a b i l i t y  o f  m u t a ­

t i o n s  i n  one o r  more  g e n e s .
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