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ABSTRACT 

Some 14c - l a b e l l e d  amino a c i d s  were admin i s t e r ed  

ove r  a  2 4  hour  p e r i o d  t o  2 month o l d  c u l t u r e s  of 

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

o f  14c - l a b e l l e d  compounds examined i n  bo th  t h e  c u l t u r e  

medium and m y c e l i a l  p r o t e i n .  The c o n s t i t u e n t s  of  t h e  

c u l t u r e  medium and t h e  amino a c i d s  i n  t h e  m y c e l i a l  

p r o t e i n  h y d r o l y s a t e  were s e p a r a t e d  by ion-exchange r e s i n  

columns and paper  chromatography. 

Lycomarasmin was d e t e c t e d  as i t s  c y c l i c  d e r i v a t i v e  

(Substance J) i n  t h e  a c i d i c  amino a c i d  f r a c t i o n .  P r e s e n t  

i n v e s t i g a t i o n s  i n d i c a t e  t h a t  14c - l a b e l l e d  

d -  and p - a l a n i n e ,  a s p a r t i c  a c i d ,  g l y c i n e  and s e r i n e  

w e r e  n o t  i n c o r p o r a t e d  i n t o  lycomarasmin over  a  48 hour  

p e r i o d  i n  amounts which could  be  d e t e c t e d  by t h e  methods 

used.  

I t  w a s  found t h a t  i n  c u l t u r e s  which w e r e  2 months 

o l d ,  t h e  14c - amino a c i d s  w e r e  a p p a r e n t l y  e x c l u s i v e l y  

u t i l i z e d  a s  a  carbon sou rce  by t h e  fungus.  Under t h e s e  

c o n d i t i o n s  no i n c o r p o r a t i o n  of t h e  admin i s t e r ed  14c - 
l a b e l l e d  amino a c i d s  i n t o  t h e  m y c e l i a l  p r o t e i n  was 

d e t e c t e d .  However, it was found t h a t  a c t i v e  metabolism 

w a s  t a k i n g  p l a c e  i n  c u l t u r e s  6 days o l d ,  a s  i n d i c a t e d  



14 by t h e  i n c o r p o r a t i o n  o f  a s p a r t i c  a c i d  - 4 - c i n t o  

t h e  m y c e l i a l  p r o t e i n .  I t  was concluded t h a t  

t r a n s f o r m a t i o n  o f  amino a c i d s  was o c c u r r i n g  o n l y  d u r i n g  

t h e  a c t i v e  growth p e r i o d  o f  t h e  fungus ,  and t h e r e a f t e r  

t h e  amino a c i d s  were c a t a b o l i z e d  and u t i l i z e d  i n  t h e  

r e s p i r a t o r y  c y c l e .  
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INTRODUCTION 

V a r i o u s  s t r a i n s  o f  Fusar ium,  a fungus  b e l o n g i n g  t o  

t h e  Funqi  I m p e r f e c t i  f a m i l y ,  p roduce  w i l t  d i s e a s e s  i n  

tomato ,  f l a x ,  c o t t o n ,  watermelon,  cowpea, p o t a t o ,  c e l e r y ,  

and many o t h e r  i m p o r t a n t  c r o p s .  

Fusar ium oxysporum f .  l y c o p e r s i c i ,  c a u s i n g  a w i l t  

d i s e a s e  o f  tomato  p l a n t s ,  i s  known t o  p roduce  t h r e e  w i l t  

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

b e a r  no  c h e m i c a l  r e l a t i o n s h i p  w i t h  one a n o t h e r .  Thus ,  

lycomarasmin ( I ) ,  h a s  a n  a c y c l i c  a l k a l o i d  t y p e  s t r u c t u r e  

w i t h  a m o l e c u l a r  w e i g h t  o f  277.  

HOOC - CH - NH - C H 2  - CH - COOH 
(1) I I 

HOOC - CH2 NH - CH2 - CONH2 

F u s a r i c  a c i d , I I ,  t h e  second  t o x i n ,  i s  

5 - n - b u t y l p i c o l i n i c  a c i d ,  a p y r i d i n e  b a s e  a l k a l o i d ,  w i t h  

a m o l e c u l a r  w e i g h t  o f  179. I t  was f i r s t  i s o l a t e d  by 

Yabuta e t  a l .  (1934) from t h e  c u l t u r e  f i l t r a t e s  o f  

The t h i r d  t o x i n ,  v a s i n f u s c a r i n  (Gaumann, 1953) h a s  

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



i s  n o t  s p e c i f i c  t o  F. l y c o p e r s i c i  b u t  is a l s o  produced 

by G i b b e r e l l a  f u j i k u r o i .  

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

H i l l  e t  a l .  (1966) and Vining (1968) , and has  been found 

t o  be  a  condensat ion of a s p a r t a t e  and p o l y a c e t a t e .  

While cons ide rab le  work has  been done on t h e  p a t h o l o g i c  

and t o x i c  a c t i o n s  of lycomarasmin, t h e r e  i s  appa ren t ly  

no pub l i shed  l i t e r a t u r e  on i t s  b i o g e n e t i c  o r i g i n ,  

-- < 

The s t r u c t u r e  of lycomarasmin would i n d i c a t e  t h a t  

i t s  p r e c u r s o r s  should be found amongst t h e  amino a c i d s .  

I t  may be  p o s t u l a t e d ,  based on i t s  o v e r a l l  s t r u c t u r e ,  

t h a t  t h e s e  may be a s p a r t i c  a c i d  o r  fumaric  a c i d ,  

d - a l a n i n e  o r  p -a l an ine  and t h e  amides of g l y c i n e  o r  

a c e t a t e ,  depending on how t h e  molecule i s  subdivided 

i n t o  i t s  apparent  s t r u c t u r a l  u n i t s  (F ig .  1). The above 

sugges t ions  f i n d  t h e i r  b a s i s  i n  t h e  f a c t  t h a t  on 

h y d r o l y s i s ,  lycomarasmin g i v e s  r i s e  t o  a s p a r t i c  a c i d ,  

py ruv ic  a c i d  and g lyc ine .  A s tudy  of a  p o s s i b l e  

b i o s y n t h e t i c  pathway could t h e r e f o r e  c o n s i s t  of supply ing  

t h e  sugges ted  p recur so r s  l a b e l l e d  wi th  14c, followed 

I hopefu l ly  by degrada t ion  of t h e  r e s u l t i n g  n a t u r a l  product  

and f i n a l l y  determining t h e  p o s i t i o n  of t h e  r a d i o a c t i v e  



If. b 
I 

I 
I 

HOOC - CH j NH t CH2 - CH - COOH 
I I I - - - . I -  - - -  

HOOC - CH2 ' I a NH ! CH2 - CONH2 

HOOC - C H  
It 

HOOC - C H  
F'umaric a c i d  

NH2 - C H 2  - CH2 - COOH p - A l a n i n e  

NH2 - CH2 - CONH2 GI ycinamide 

Aspar t ic  
acid 

Acetamide 

HOOC - CH - NH2 
I 

HOOC - C H 2  

CH - CH - COOH 
I 

Diagram t o  show how lycomarasmin can be subd iv ided  
i n t o  i t s  apparent  s t r u c t u r a l  u n i t s ,  

Fig. 1 



carbon atoms. 

I t  i s  a  w e l l  e s t a b l i s h e d  f a c t  t h a t  lycomarasmin 

can be  i s o l a t e d  only  from c u l t u r e  f i l t r a t e s  which a r e  

a t  l e a s t  2 t o  4 months o l d .  By t h i s  t i m e ,  t h e  fungus 

i s  w e l l  p a s t  i t s  a c t i v e  growth p e r i o d  and l y s i s  of  t h e  

mycelium i s  w e l l  e s t a b l i s h e d .  Gaumann ( l 9 5 7 ) ,  however, 

r e p o r t s  t h a t  lycomarasmin can be demonstrated i n  t h e  

mycelium o f  F. l y c o p e r s i c i  a s  e a r l y  a s  t h e  seventh  day 

when t h e  mycelium i s  i n  t h e  l o g  phase of  growth, 

These f a c t s  sugges t  t h a t  lycomarasmin is  e i t h e r  an 

e n d o c e l l u l a r  m e t a b o l i t e  which i s  e x c r e t e d  i n t o  t h e  

c u l t u r e  medium l a t e r  i n  t h e  growth c y c l e ,  o r  it i s  a 

product  of  myce l i a l  p r o t e i n  breakdown. These 

c h a r a c t e r i s t i c s  a r e  i n  c o n t r a s t  t o  t h o s e  found f o r  

f u s a r i c  a c i d  which has  been shown by Sanwall (1956) 

t o  be  a  product  of  a c t i v e  metabolism, 

The problem t h e r e f o r e  a r i s e s  of  o b t a i n i n g  s p e c i f i c  

i n c o r p o r a t i o n  of 14c - amino a c i d s  i n t o  lycomarasmin 

which i s  presumably formed i n  t h e  e a r l y  s t a g e s  of growth 

b u t  can only  be  i s o l a t e d  i n  s i g n i f i c a n t  q u a n t i t i e s  a t  a 

l a t e r  per iod .  Th i s  might be overcome by a d m i n i s t r a t i o n  

I o f  14c - amino a c i d s  du r ing  t h e  p e r i o d  of a c t i v e  

metabolism and growth. The d i s t i n c t  p o s s i b i l i t y ,  



however, e x i s t s  t h a t  i f  such a  procedure i s  employed, a  

h igh  degree of "scrambling" of t h e  l a b e l  may be observed 

due t o  metabolism of t h e  amino a c i d s  i n  t h e i r  more 

c h a r a c t e r i s t i c  metabol ic  pathways. 

The o b j e c t  of t h i s  s tudy  i s ,  t h e r e f o r e ,  t o  examine 

t h e  metabolism of some amino a c i d s  i n  c u l t u r e s  of 

F. l y c o p e r s i c i  which were u s u a l l y  two months o l d ,  fol lowed 

by a  sea rch  f o r  p o s s i b l e  i n c o r p o r a t i o n  and d i s t r i b u t i o n  

of t h e  14c - l a b e l  i n  va r ious  m e t a b o l i t e s  (eg.  de r ived  

amino a c i d s ,  e tc .)  and a l s o  i t s  p o s s i b l e  d i s t r i b u t i o n  i n  

l y  comarasmin . 
I t  has  been demonstrated by Gaumann e t  a l .  (1950) 

t h a t  t h e  amount of t o x i n  produced by t h i s  fungus i n  

a r t i f i c i a l  c u l t u r e s  v a r i e s  wi th  t h e  p a r t i c u l a r  s t r a i n  

used.  For t h i s  i n v e s t i g a t i o n  t h r e e  d i f f e r e n t  s t r a i n s  of 

t h e  fungus w e r e  ob ta ined .  The amount of t o x i n  produced 

was assayed by paper  chromatography of t h e  c u l t u r e  f i l t r a t e  

of each s t r a i n .  By v i s u a l  comparison of t h e  i n t e n s i t y  and 

s i z e  of  t h e  n inhydr in  p o s i t i v e  a r e a s  it was p o s s i b l e  t o  

a s c e r t a i n  which s t r a i n  gave t h e  maximum y i e l d  of 

lycomarasmin. A l l  t h e  succeeding metabol ic  s t u d i e s  w e r e  

consequently c a r r i e d  o u t  on t h e  one p a r t i c u l a r  s t r a i n  which 

appeared t o  be most e f f i c i e n t  i n  t h e  product ion of t h e  

t o x i n .  



LITERATURE SURVEY 

The e x i s t e n c e  o f  amino a c i d s  i n  t h e  c u l t u r e  f i l t r a t e s  

and m y c e l i a l  p r o t e i n  of  F.  l y c o p e r s i c i  ha s  long  been 

recognized .  Q u a l i t a t i v e  s t u d i e s  o f  t h e  amino a c i d s  u s i n g  

chromatographic  t echn iques  have been made by Fluck and 

R ich le  (1955) and a q u a n t i t a t i v e  s tudy  by Sandhua (1959) . 
Venkata Ram (1959) a l s o  r e p o r t e d  t h e  occur rence  o f  f r e e  

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

o f  Fusarium. 

A l l  t h e  commonly o c c u r r i n g  amino a c i d s  were found 

p r e s e n t  which i n d i c a t e s  t h a t  t h e  fungus can e f f e c t i v e l y  

s y n t h e s i s  a l l  i t s  amino a c i d s  from c e r t a i n  i n o r g a n i c  

s o u r c e s  of  n i t r o g e n ,  p r i m a r i l y  ammonia, and t h a t  among 

t h e  most impor t an t  mechanisms f o r  t h e  i n c o r p o r a t i o n  o f  

t h i s  n i t r o g e n  i n t o  o r g a n i c  s t r u c t u r e s  a r e  t h o s e  prov ided  

by t h e  enzyme sys tems ,  g lu t amic  a c i d  dehydrogenase and 

a s p a r t a s e .  The format ion  of  g lu t amic  a c i d  and a s p a r t i c  

a c i d  i n  t h i s  way occu r s  a t  t h e  expense of  oc-ketoglutar ic  

a c i d  and o x a l o a c e t i c  a c i d  which a r e  themselves  p a r t i c i p a n t s  

i n  t h e  r e s p i r a t o r y  system, commonly known as t h e  

t r i c a r b o x y l i c  a c i d  c y c l e  (TCA) . It  i s  known t h a t  Fusarium 

I c o n t a i n  a c o n s i d e r a b l e  poo l  o f  f r e e  amino a c i d s  

(Mehadevan, 1966) among which g lu t amic  a c i d ,  a s p a r t i c  a c i d ,  

and a l s o  a l a n i n e  predominate.  The l a t t e r  amino a c i d  may 



p o s s i b l y  a r i s e  from pyruvic  a c i d  i n  a  manner analogous 

t h e  format ion of  g lu tamic  and a s p a r t i c  a c i d .  

A g r e a t  many s t u d i e s  a r e  a v a i l a b l e  which have a 

b e a r i n g  on t h e  s y n t h e s i s  o f  amino a c i d s  (Meister, 1965 

On t h e  one hand a r e  t h e  r e s u l t s  of biochemical  s t u d i e s  

u s i n g  mutants of Neurospora, A s p e r g i l l u s ,  a few o t h e r  

f u n g i  and y e a s t s ;  on t h e  o t h e r  a r e  t h e  s t u d i e s  i n  which 

compounds l a b e l l e d  w i t h  1 5 ~  and 1 4 ~  have been f e d  and t h e  

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

14c - Label led  amino a c i d s  w e r e  found i n  t h e  c u l t u r e s  o f  

Candida u t i l i s  &owing on a  medium o f  14c - f r u c t o s e  

(Roberts  e t  a l . ,  1955) .  14c - 2 - Aceta te  was s u p p l i e d  t o  

uredospores  of Uromyces p h a s e o l i  and Pucc in ia  h e l i a n t h i  

and, s h o r t l y  a f t e r ,  i s o t o p i c a l l y  l a b e l l e d  g lu tamate ,  

a s p a r t a t e  and a l a n i n e  w e r e  d e t e c t e d  i n  both  and, i n  a d d i t i o n ,  

l y s i n e  i n  t h e  l a t t e r  s p e c i e s  ( S t a p l e s  e t  a l . ,  l 9 6 l ) ,  

S t u d i e s  such a s  t h e s e ,  on t h e  b i o s y n t h e t i c  processes  i n  

germina t ing  s p o r e s  l eaves  l i t t l e  doubt  t h a t  t h e  products  

of  carbohydra te  ca tabol i sm provide  s k e l e t a l  m a t e r i a l  for 

the amino a c i d s .  

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

o f  micro-organisms a f t e r  growth on a  r a d i o a c t i v e  source ,  

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

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



(Abelson and Vogel, 1955; Abelson e t  a l . ,  1953; McQuillen 

and Rober t s ,  1954) . These groups comprise: (1) t h e  

g lu t amic  a c i d  f ami ly ,  c o n s i s t i n g  of  g lu t amic  a c i d ,  

p r o l i n e  and a r g i n i n e ;  ( 2 )  t h e  a s p a r t i c  a c i d  fami ly ,  

c o n t a i n i n g  a s p a r t i c  a c i d ,  math ion ine ,  t h r e o n i n e ,  and 

i s o l e u c i n e ;  ( 3 )  l y s i n e ;  ( 4 )  t h e  p y r u v i c  a c i d  f ami ly ,  

i n c l u d i n g  6 - a l a n i n e ,  v a l i n e ,  and l e u c i n e ;  (5 )  h i s t i d i n e  

(Levy and Coon, 1954; Ames  e t  a l . ,  1953) ;  ( 6 )  t h e  s e r i n e  

f ami ly ,  namely s e r i n e ,  g l y c i n e  and c y s t e i n e ;  and 

( 7 )  t h e  a roma t i c  fami ly  c o n s i s t i n g  of  pheny la l an ine ,  

t y r o s i n e ,  and t ryp tophan  (Tatum and P e r k i n s ,  19 50) . 
(F ig .  2 ) .  





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

F. l y c o p e r s i c i  by Sanwal l  (1956) and i n  G .  f u j i k u r o i  by 

Sandhua (1959) showed a q u a n t i t a t i v e  r e l a t i o n s h i p  o f  

&-amino n i t r o g e n  w i t h  f u s a r i c  a c i d  p roduc t i on .  Sandhua 

used  the i s o t o p i c  compe t i t i on  t e c h n i q u e  o f  Rober t s  e t  a l . ,  

(1955) t o  de t e rmine  which o f  t h e  commonly o c c u r i n g  amino 

a c i d s  c o n t r i b u t e  t h e i r  ca rbon  t o  t h e  f u s a r i c  a c i d .  T h i s  

i nvo lved  t h e  f e e d i n g  o f  i n a c t i v e  amino a c i d s  a l o n g  w i t h  

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

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

a s  a  measure o f  t h e  c o n t r i b u t i o n  o f  carbon from t h e  

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

b i o s y n t h e s i s  by G .  E u j i k u r o i .  The amino a c i d s  which were 

found t o  p a r t i c i p a t e  i n  t h e  b i o s y n t h e s i s  w e r e  t h e n  

s u p p l i e d  i n  l a b e l l e d  form t o  t h e  fungus  i n  o r d e r  t o  s t u d y  

t h e  conve r s ion  o r  i n c o r p o r a t i o n  o f  t h e i r  r a d i o a c t i v i t y .  

The r e s u l t s  showed t h a t  d - a l a n i n e  and s e r i n e  were 

p a r t i c u l a r l y  e f f i c i e n t  donors  o f  ca rbon  t o  f u s a r i c  a c i d  

i n  which conve r s ion  of  t h e i r  s p e c i f i c  a c t i v i t y  w a s  a b o u t  

28  p e r c e n t .  Thus, t h e  c o n s i d e r a t i o n  o f  d - a l a n i n e  and 

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

sugges t ed .  

Sanwal l  i n v e s t i g a t e d  t h e  r e l a t i o n s  of  &-amino 

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



I?. l y c o p e r s i c i  ove r  a  p e r i o d  of s i x  weeks. I t  was found 

t h a t  amino a c i d s  were produced i n  t h e  medium from t h e  

beginning  of t h e  growth p e r i o d ,  reached a  peak a t  t h e  end o f  

of  12 days ,  and excep t  f o r  a  dec rease  between t h e  1 3 t h  t o  

2 1 s t  day,  and aga in  between t h e  33rd and 39th day,  were 

always p r e s e n t  a t  t h e  peak l e v e l .  The d i s a p p e a r i n g  amino 

a c i d s  were most l i k e l y  r e u t i l i z e d  f o r  p r o t e i n  s y n t h e s i s  

a s  has  been r e p o r t e d  f o r  micro-organisms i n  g e n e r a l  

( F o s t e r ,  1949) .  I n  t h e  same s tudy ,  Sanwall  r e p o r t s  t h a t  

t h e  d r y  weight  of t h e  mycelium i n c r e a s e d  s t e a d i l y  till 

t h e  25th day of  growth. A g r a d u a l  dec rease  t h e r e a f t e r  

i n d i c a t e d  a u t o l y s i s  (F ig .  3 )  . 



Days . 

Fusar ic  a c i d  and amino n i t r o g e n  content ,  and 

dry weight of t h e  mycelium of F . l y c o p e r s i c i .  

F ig .3  



To demonstra te  t h e  me tabo l i c  p roduc t s  of t h e  f u n g i  

i n  h o s t  p l a n t s ,  t h e  t echn ique  of  " t agg ing"  t h e  pathogen 

w i t h  a  s u i t a b l e  r a d i o i s o t o p e  has  been used.  Wheeler 

(1952) , u s i n g  14c - l a b e l l e d  g lucose ,  was a b l e  t o  t a g  

e f f e c t i v e l y  f i v e  d i f f e r e n t  f u n g i  a t  a  c o n c e n t r a t i o n  o f  

30 , u C / m l .  H e  observed a t  t h i s  l e v e l  o f  r a d i o a c t i v i t y  

t h a t  some of  t h e  c o n i d i a  were rendered  non-v iab le ,  b u t  

t h e  fungus d i d  n o t  l o s e  i t s  v i r u l e n c e .  Kern (1954) 

showed t h a t  t h e  mycelium of  F. l y c o p e r s i c i  cou ld  be  

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

o f  90/cLC/ml. a f t e r  a growth p e r i o d  of  7 t o  1 2  days .  

A f t e r  24 hour s  growth i n  a medium c o n t a i n i n g  g l y c i n e  - 
2 - 14c, t h e  m y c e l i a l  p r o t e i n  was found t o  c o n t a i n  s m a l l  

amounts o f  14c - l a b e l l e d  a s p a r t i c  a c i d  and g lu t amic  a c i d  

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

and v a l i n e .  

There  are many examples i n  t h e  l i t e r a t u r e  of 

b i o g e n e t i c  s t u d i e s  on f u n g a l  m e t a b o l i t e s  u s i n g  '*c - 
amino a c i d s .  One major  f i e l d  which h a s  r e c e i v e d  much 

a t t e n t i o n  i s  t h a t  of  t h e  e r g o t  a l k a l o i d s  which can be  

produced i n  m y c e l i a l  c u l t u r e s .  D i f f e r e n t  s t r a i n s  have 

d i f f e r e n t  requi rements  b u t ,  i n  g e n e r a l ,  t h e  h i g h e s t  

y i e l d  of  a l k a l o i d s  was ach ieved  i n  s t i l l  c u l t u r e s  i n  t h e  

l a t e  growth phase  when t h e  p o l y o l s ,  ca rbohydra tes  and 



l i p i d s  were maximal o r  j u s t  d e c l i n i n g  (Taber and Vining,  

1961; Vining and Taber ,  1963) .  During a  s tudy  of t h e  

n u t r i t i o n a l  requi rements  f o r  e r g o t  a l k a l o i d  p roduc t ion  

by Clav iceps  purpurea  it w a s  observed  t h a t  a d d i t i o n  of 

L - t r yp tophan  t o  t h e  medium s u b s t a n t i a l l y  i n c r e a s e d  t h e  

y i e l d .  When t ryp tophan  - p - 14c was added t o  c u l t u r e s ,  

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

of bo th  t h e  c l a v i n e  and l y s e r g i c  a c i d  t y p e s ,  and it was 

concluded t h a t  t ryp tophan  s e r v e d  a s  a  p r e c u r s o r  of t h e  

e r g o l i n e  r i n g .  Mevalonic a c i d  s e r v e s  a s  a  sou rce  o f  t h e  

o t h e r  carbons (Taylor  and Ramstad, 1960) . 
These and v a r i o u s  o t h e r  t echn iques  u s i n g  r a d i o a c t i v e  

t r a c e r s  have been u s e f u l  i n  e l u c i d a t i n g  t h e  pathways 

invo lved  i n  funga l  metabolism and have p e r m i t t e d  a  g r e a t e r  

i n s i g h t  i n t o  t h e  s t e p s  i nvo lved  i n  t h e  p roces ses  of 

b i o s y n t h e s i s .  



EXPERIMENTAL METHODS AND RESULTS 

1. Cond i t i ons  f o r  Growth o f  Fungus. 

Three  s t r a i n s  o f  Fusarium oxysporum F. l y c o p e r s i c i  
-- 

used  i n  t h e s e  s t u d i e s  w e r e  o b t a i n e d .  

- S t r a i n  no. VRS 27  from D r .  Pep in ,  Canadian 

Department o f  A g r i c u l t u r e ,  U.B.C. 

- S t r a i n  no. 9848 from t h e  American Type C u l t u r e  

C o l l e c t i o n .  

- S t r a i n  no. 5414 from D r .  S. Naef-Roth, 

I n s t i t u t  f u r  S p e z i e l l e  Botan ik  d e r  E idgenoss i s chen  

Technischen Hochschule,  Zur ich .  

S tock  c u l t u r e s  w e r e  ma in t a ined  on p o t a t o - d e x t r o s e  

a g a r  s l a n t s .  

Inoculum was p r e p a r e d  by t r a n s f e r r i n g  t h e  mycelium t o  

2 l i t r e  Erlenmeyer f l a s k s  c o n t a i n i n g  500 m l .  o f  modi f ied  

R i c h a r d s '  medium and m a i n t a i n i n g  i n  s t i l l  c u l t u r e  a t  2 5 ' ~  

i n  t h e  dark .  

Modif ied  R icha rds '  medium h a s  t h e  f o l l o w i n g  

composi t ion;  g l u c o s e  5.0 g . ,  ammonium n i t r a t e  1 .0  g . ,  

po t a s s ium phospha te  0 .5  g . ,  magnesium s u l p h a t e  0.25 g . ,  

f e r r i c  c h l o r i d e  0.002 g .  i n  100 m l .  o f  d i s t i l l e d  w a t e r .  



2. Chromatographic Examination o f  C u l t u r e  F i l t r a t e  

Four c u l t u r e s  o f  each  s t r a i n  w e r e  worked up a t  t h e  

end o f  3 months growth by t h e  method sugges t ed  by 

Hardegger e t  a l . ,  (1963) f o r  t h e  i s o l a t i o n  o f  lycomarasmin. 

The r e s u l t i n g  s o l u t i o n  w a s  chromatographed on Whatman no .1  

pape r  u s i n g  p y r i d i n e :  a c e t i c  a c i d :  water (50:35:15v/v) 

f o r  10 t o  12 hours .  Dr ied  chromatograms were sp rayed  w i t h  

0.25% n i n h y d r i n  i n  e t h a n o l  and developed in-  an  oven a t  

1 0 5 ' ~  f o r  15  minutes .  

- Lycomarasmin i s  r e l a t i v e l y  u n s t a b l e  i n  aqueous 

s o l u t i o n  and r e a d i l y  c y c l i s e s  t o  form Subs tance  J (111) 

d u r i n g  t h e  e x t r a c t i o n  p rocedu re .  

C H 2  - CH-COOH 
/ \ 

HOOC-CH-N NH 
I \ / 

HOOC-CH2 CO - C H 2  

- Lycomarasmin (Rf.  0.19 i n  s o l v e n t  p y r i d i n e :  ace t ic  

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

- Subs tance  J ( R f .  0.29 i n  s o l v e n t  p y r i d i n e :  a c e t i c  

a c i d :  w a t e r )  r e a c t s  w i t h  n i n h y d r i n  t o  g i v e  a ye l l ow  c o l o u r .  

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

i n t e n s i t y  of  a r e a s  co r r e spond ing  t o  b o t h  compounds i n  o r d e r  



t o  a s c e r t a i n  t h e  b e s t  s t r a i n  o f  fungus  f o r  t h e  m e t a b o l i c  

s t u d i e s .  S t r a i n  no. 9 8 4 8  from Zur ich  was found t o  g i v e  

t h e  g r e a t e s t  y i e l d  o f  lycomarasmin and was t h e r e f o r e  

used  f o r  a l l  s ucceed ing  m e t a b o l i c  s t u d i e s .  



3 .  R a d i o i s o t o p i c  Techniques 

a )  Rad ioac t ive  m a t e r i a l s  and a d m i n i s t r a t i o n .  

The fo l lowing  14c - l a b e l l e d  amino a c i d s  were 

o b t a i n e d  from t h e  I n t e r n a t i o n a l  Chemical and Nuclear  

Corpora t ion ,  C a l i f o r n i a ,  and New England Nuclear ,  

Massachuset ts :  

DL - a l a n i n e  - 1 - 14c, DL - a s p a r t i c  a c i d  - 4 - 14c. 
1 4  g l y c i n e  - 2 - C ,  f? - a l a n i n e  - 1 - 14c, and s e r i n e  - U - 1 4 C .  

An aqueous s o l u t i o n  o f  each amino a c i d  was p repa red  

i n  a s t a n d a r d  vo lume t r i c  f l a s k  and s t e r i l i z e d  f o r  30 

minutes  a t  1 3 0 ' ~ .  The s o l u t i o n s  w e r e  subsequent ly  s t o r e d  

i n  po lye thy lene  v i a l s  a t  - 1 0 ' ~ .  The p u r i t y  o f  each amino 

a c i d  was checked b e f o r e  u se  by paper  chromatography and 

s t r i p  counted a s  d e s c r i b e d  i n  S e c t i o n  (b), page 19. 

A l i q u o t s  ( 1 , C )  o f  t h e  a p p r o p r i a t e  amino a c i d  s o l u t i o n  

w e r e  admin i s t e r ed  t o  each  c u l t u r e  which had been growing 

f o r  2  months u s ing  a  s t e r i l i z e d  hypodermic s y r i n g e  f i t t e d  

w i t h  a 12 inch  needle .  The s o l u t i o n  c o n t a i n i n g  t h e  14c 

l a b e l  was i n j e c t e d  i n t o  t h e  c u l t u r e  medium below t h e  

m y c e l i a l  pad. 



b )  De tec t ion  of  14c - l a b e l l e d  compounds. 

The t echn ique  used f o r  d e t e c t i o n  o f  t h e  

r a d i o a c t i v e  a r e a s  of  t h e  paper  chromatograms was s i m i l a r  

t o  t h a t  d e s c r i b e d  by Wang and Jones  (19 59 ) . A f t e r  

d r y i n g  t h e  paper  chromatogram (Whatman no. l ) ,  s t r i p s  

( 4  cm.  i n  wid th)  from each chromatogram w e r e  c u t  i n t o  

2.5 c m .  s e c t i o n s ,  and each of  t h e s e  i n s e r t e d  i n t o  a 

s c i n t i l l a t i o n  v i a l .  To each v i a l  was added 20 m l .  o f  

t o l u e n e  c o c k t a i l  and t h e  a c t i v i t y  determined 

u s u a l  way u s i n g  a  wide 1 4 ~  - i s o s e t  window. 

where r a d i o a c t i v e  a r e a s  were c l o s e  t o g e t h e r ,  

i n  t h e  

I n  c a s e s  

t h e  paper  

s t r i p  was c u t  i n t o  1 cm. s e c t i o n s  and counted as 

d e s c r i b e d .  The t o l u e n e  c o c k t a i l  c o n s i s t e d  of  4 g. o f  

2.5-diphenyloxazole (PPO) and 50 mg. o f  p - b i s  2 - 
( 5  phenyloxazoly l )  - benzene (POPOP) p e r  l i t r e  o f  

t o l u e n e .  The coun t ing  e f f i c i e n c y  o b t a i n e d  u s i n g  t h i s  

method w a s  found t o  b e  55 - 60 %.  



14 
C)  Es t ima t ion  of  COZ 

A f t e r  2 4  and 48 hour  p e r i o d s ,  t h e  carbon d i o x i d e  

evolved by t h e  2 month o l d  organism was assayed  by f l u s h i n g  

t h e  c u l t u r e  f l a s k  w i t h  carbon d i o x i d e  f r e e  n i t r o g e n  and 

p a s s i n g  t h e  e x i t  ga s  through 5 m l .  o f  e thanolamine.  The 

t r a p  was removed and t h e  s o l u t i o n  d i l u t e d  t o  a measured 

volume. A 0 .5  m l .  a l i q u o t  of  t h i s  e thanolamine s o l u t i o n  

was counted i n  a toluene/PPO c o c k t a i l  c o n t a i n i n g  methyl  

c e l l o s o l v e  (15: 3 )  (18 m l . )  . 
The r e s u l t s  a r e  shown i n  Table  I. 



TABLE I. 

Percentage of l a b e l  evolved as 14c02. 

14 
C-label led amino a c i d  

Feeding .c -Alanine Aspar t ic  Glycine Ser ine  P -Alanine 
pe r iod  a c i d  

24 hours 4.3 

48 hours 10.8 



4.  Chromatographic Techniques.  

D i r e c t  paper  chromatography of  t h e  c u l t u r e  f i l t r a t e  

o r  a c o n c e n t r a t e  t h e r e o f  gave poor s e p a r a t i o n  of t h e  

c o n s t i t u e n t  amino a c i d s .  Thus, f o r  q u a n t i t a t i v e  

e s t i m a t i o n  o f  t h e s e  compounds, t h e  removal of  s u g a r s  and 

s a l t s  of  t h e  n u t r i e n t  medium was found t o  b e  i n d e s p e n s i b l e .  

The amphoter ic  n a t u r e  of amino a c i d s  has  been widely  used 

f o r  t h e i r  a d s o r p t i o n  on e i t h e r  c a t i o n  o r  an ion  exchange 

r e s i n s  fol lowed by g r a d i e n t  b u f f e r  e l u t i o n .  

The f u n g a l  e x t r a c t s  w e r e  f r a c t i o n a t e d  by use  of  Dowex 

SOW (x8)  and Dowex 1 (x10) r e s i n s  i n t o  b a s i c ,  a c i d i c  and 

n e u t r a l  amino a c i d s ,  o r g a n i c  a c i d s  and s u g a r s  a s  d e s c r i b e d  

below. Each f r a c t i o n  w a s  evapora t ed  i n  vacuo t o  d ryness  

and t h e  r e s i d u e  d i s s o l v e d  i n  1 m l .  o f  w a t e r ,  and s t o r e d  a t  

- l O • ‹ C .  A 0 . 1  m l .  a l i q u o t  of each f r a c t i o n  w a s  counted 

u s i n g  a c o c k t a i l  c o n s i s t i n g  of  100 g.  of  naphtha lene  and 

5 g. PPO p e r  l i t r e  of  dioxane.  

The components of t h e  amino a c i d  f r a c t i o n s  were 

s e p a r a t e d  by paper  chromatography (Whatman no. 1) on a 

2 4  c m .  wide s t r i p  u s ing  a s o l v e n t  composed of phenol ,  

methanol ,  w a t e r  (35: 50 : 15v/v/v) i n  t h e  ascending  d i r e c t i o n .  

The chromatograms were d r i e d  a t  room tempera ture .  I n  o r d e r  

t o  f a c i l i t a t e  complete e v a p o r a t i o n  of phenol ,  t h e  

chromatograms were a e r a t e d  f o r  two t o  t h r e e  days  till t h e  



odour of phenol  was no longe r  appa ren t .  A 4 cm. wide 

s t r i p  was c u t  from t h e  chromatograms and t h e  r a d i o a c t i v e  

a r e a s  were l o c a t e d  a s  d e s c r i b e d  above. The r e s p e c t i v e  

r a d i o a c t i v e  a r e a s  were e l u t e d  w i t h  h o t  wa te r  from t h e  

remaining p o r t i o n  of t h e  chromatograms. The e l u a t e s  were 

concen t r a t ed  i n  vacuo and each f r a c t i o n  chromatographed 

i n  t h e  ascending d i r e c t i o n  i n  a  second s o l v e n t  composed 

o f  bu t an  - 1 - 01, ace tone ,  14.7M - ammonia, wa te r  

(40:40:8:20v/v). A t h i r d  s o l v e n t  c o n s i s t i n g  of  phenol ,  

wa te r  was found t o  be  u s e f u l  f o r  t h e  s e p a r a t i o n  o f  

a s p a r t i c  a c i d  and g lu t amic  a c i d .  

Dried chromatograms were sprayed  w i t h  0.25% n inhydr in  

s o l u t i o n  i n  e t h a n o l  fol lowed by h e a t i n g  i n  an oven a t  

1 0 5 ' ~  f o r  15  minutes .  Reference compounds were run  w i t h  

t h e  unknown subs t ances .  



a )  Ion  Exchange Res ins  and P r e p a r a t i o n  o f  Columns. 

Dowex 50N(x8) (H') 200-400 mesh and Dowex 

l ( x l 0 )  ( ~ l - )  200-400 mesh w e r e  o b t a i n e d  from J . T .  Baker 

Chemical Co., N.J. The heavy p a r t i c l e s  w e r e  removed 

from t h e  commercial r e s i n  by suspending  t h e  r e s i n  i n  2 

volumes o f  w a t e r ,  s t i r r i n g  and d e c a n t i n g  immediate ly .  

T h i s  r e s u l t e d  i n  a  more c l o s e l y  packed column w i t h  less 

chance o f  channe l ing .  The f i n e  r e s i n  p a r t i c l e s  w e r e  

removed by a l l o w i n g  t h e  r e s i n  su spens ion  t o  s t a n d  u n t i l  

t h e  m a j o r i t y  o f  t h e  r e s i n  beads  had s e t t l e d .  Decant ing 

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

f a c i l i t a t e d  an i n c r e a s e d  l i q u i d  f low r a t e  th rough  t h e  

column. 

O r d i n a r i l y ,  t h e  r e s i n  was suspended i n  2 volumes o f  

2N - h y d r o c h l o r i c  a c i d ,  h e a t e d  t o  100•‹C (w i th  con t inuous  

s t i r r i n g  t o  p r e v e n t  bumping) ,  and t h e n  a l lowed  t o  c o o l  

f o r  4 hour .  The ye l l ow  s u p e r n a t a n t  l i q u i d  was decan t ed  

and t h e  p rocedure  r e p e a t e d  a f t e r  which t i m e  t h e  

s u p e r n a t a n t  l i q u i d  was c l e a r .  T h i s  ye l l ow  m a t e r i a l  

u s u a l l y  appeared  a f t e r  t h e  r e s i n  w a s  s t o r e d  f o r  2  months 

and i n t e r f e r r e d  w i t h  f u r t h e r  a n a l y s i s  by paper  

chromatography. Washing t h e  s t o r e d  r e s i n  w i t h  water 

b e f o r e  u se  r e a d i l y  removed t h e  co lou red  s u b s t a n c e .  

T y p i c a l l y ,  t h e  r e s i n  was poured i n t o  g l a s s  columns, 



al lowed t o  s e t t l e  and conver ted  t o  t h e  a p p r o p r i a t e  i o n i c  

charge  by i r r i g a t i n g  w i t h  e l e c t r o l y t e  i n  t h e  u s u a l  way. 

L iqu id  was main ta ined  above t h e  r e s i n  a t  a l l  t imes .  

Dowex SOW(x8) (H') r e s i n .  

To i n s u r e  t h a t  t h e  Dowex SOW(x8) c a t i o n  r e s i n  w a s  

f u l l y  i n  t h e  H+ form, 2 l i t r e s  of  2 N  - h y d r o c h l o r i c  a c i d  

p e r  450 g.  o f  r e s i n  were a l lowed t o  s lowly  pas s  through 

t h e  column bed.  The r e s i n  w a s  t h e n  washed w i t h  wa te r  

u n t i l  n e u t r a l  and s t o r e d  ( 5 ' ~ )  u n t i l  use  under a  l a y e r  

of  w a t e r  t o  a  maximum of  3 months. 

Dowex 1 (x10) ( formate)  r e s i n .  

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

a c i d ,  about  450 g. of  Dowex l ( x 1 0 )  r e s i n  was conver ted  

t o  t h e  formate  form by a l l owing  3 l i t res  of  3 M  - sodium 

formate  t o  s lowly  p a s s  through t h e  column bed.  One 

l i t r e  of  0.1N - formic a c i d  was subsequent ly  a l lowed t o  

p a s s  th rough  t h e  column, fol lowed by a  water wash u n t i l  

n e u t r a l .  The r e s i n  was s t o r e d  a t  5 • ‹ ~  u n t i l  use .  

Dowex 1 ( x l 0 )  ( a c e t a t e )  r e s i n .  

When weakly adsorbed an ions  were s e p a r a t e d  ( e .g . ,  

g lu tamate  and a s p a r t a t e )  from t h e  o t h e r  amino a c i d s ,  



Dowex l ( x 1 0 )  was conver ted  t o  t h e  a c e t a t e  form us ing  

sodium a c e t a t e  and a c e t i c  a c i d  i n  t h e  manner d e s c r i b e d  

i n  t h e  p rev ious  s e c t i o n .  The f r e s h l y  charged r e s i n  was 

s t o r e d  a t  5OC u n t i l  use .  

P r e p a r a t i o n  o f  t h e  ion-exchange columns. 

The ion-exchange columns were p repa red  u s i n g  

1x20 c m .  ( i n t e r n a l  d i ame te r )  g l a s s  columns i n  t h e  u s u a l  

manner. The r e s i n  was packed w i t h  s l i g h t  a i r  p r e s s u r e  

t o  g i v e  a column h e i g h t  o f  10 cm. and t h e  upper l i q u i d  

decanted .  The r e s i n  bed w a s  f u r t h e r  compacted w i t h  a i r  

p r e s s u r e .  L iqu id  was main ta ined  above t h e  r e s i n  bed a t  

a l l  t i m e s .  



b )  E x t r a c t i o n  o f  F r e e  Amino Acids from t h e  C u l t u r e  

Medium. 

The c u l t u r e  was f i l t e r e d  th rough  s e v e r a l  l a y e r s  

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

n e a r  d r y n e s s  ( abou t  10 m l s . ) .  A p o r t i o n  ( 2  m l . )  o f  t h e  

+ c o n c e n t r a t e d  s o l u t i o n  was added t o  t h e  Dowex 50W(x8)(H ) 

column. The non-adhering s u b s t a n c e s  ( n e u t r a l  and a c i d i c  

m a t e r i a l )  were washed th rough  t h e  column w i t h  35 m l .  o f  

w a t e r  w h i l e  t h e  b a s i c  s u b s t a n c e s  w e r e  adsorbed  by t h e  

r e s i n .  The columns were a r r anged  i n  series such t h a t  

t h e  sample l i q u i d  and wash w a t e r  from t h e  Dowex 50W(x8) 

+ 
( H  ) column immediate ly  pa s sed  i n t o  t h e  Dowex l ( x 1 0 )  

( fo rma te )  r e s i n  bed.  The non-adsorbed s u b s t a n c e s  

( n e u t r a l  compounds) were washed th rough  t h e  Dowex 1 

column w i t h  35 m l .  o f  water w h i l e  t h e  a c i d i c  s u b s t a n c e s  

were adsorbed  by t h i s  r e s i n .  

E l u t i o n  o f  b a s i c  s u b s t a n c e s  from Dowex SOW(x8) 

+ 
( H  ) r e s i n .  

The b a s i c  s u b s t a n c e s  (amino a c i d s  and n u c l e i c  a c i d  

+ b a s e s )  were e l u t e d  from t h e  Dowex 50W(x8) ( H  ) column w i t h  

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

w i t h  50 m l .  o f  2 N  - a c i d  removed t h e  a c i d i c  and n e u t r a l  

amino a c i d s  b u t  n o t  t h e  b a s i c  amino a c i d s .  Subsequent  



washing wi th  10N - o r  concen t r a t ed  hydroch lo r i c  a c i d  

(6N - H C 1  was u n s a t i s f a c t o r y )  d i s lodged  t h e  b a s i c  amino 

a c i d s .  The l a t t e r  washing a l s o  r egene ra t ed  t h e  column 

f o r  s i m i l a r  subsequent  u se .  Excess mine ra l  a c i d  was 

removed by thorough washing w i t h  d i s t i l l e d  water .  

E l u t i o n  of  a c i d i c  subs t ances  from Dowex l ( x 1 0 )  

( formate)  r e s i n .  

The a c i d i c  subs t ances  (mainly o r g a n i c  a c i d s )  w e r e  

e l u t e d  from t h e  Dowex l ( x 1 0 )  ( formate)  column w i t h  60 m l .  

o f  8N - formic  a c i d .  A s  above, t h e  column was 

s imul taneous ly  r egene ra t ed  and washing wi th  wa te r  u n t i l  

n e u t r a l  l e f t  t h e  r e s i n  bed ready f o r  f u r t h e r  use .  

S e p a r a t i o n  of  a c i d i c  and n e u t r a l  amino a c i d s .  

The s o l u t i o n  c o n t a i n i n g  n e u t r a l  and a c i d i c  amino 

a c i d s  was evapora ted  t o  dryness  t o  remove t h e  minera l  

a c i d ,  t h e  r e s i d u e  d i s s o l v e d  i n  wa te r  and t h e  c o n s t i t u e n t s  

s e p a r a t e d  by passage through a Dowex l ( x 1 0 )  ( a c e t a t e )  

column. Th i s  r e s i n  adsorbed t h e  a c i d i c  amino a c i d s  wh i l e  

t h e  n e u t r a l  amino a c i d s  w e r e  washed through w i t h  35 m l .  

o f  wa te r .  The a c i d i c  amino a c i d s  were e l u t e d  wi th  60 m l .  

of 8N - formic a c i d .  

The r e s u l t s  a r e  shown i n  Table  11. 



TABLE 11. 

Fractions from cul ture  f i l t r a t e s  a f t e r  a 24 hour feeding 

period. 

14 C-labelled amino acid.  

Fraction ol -Alanine Aspartic Glycine Serine 
acid 

Sugars 0.5 < 0.5  < 0.5 c 0 . 5  

Organic 0 .5  0.9 1.0 4 0.5 
acids 

Amino 
acids 

Basics .( 0.5  < 0.5 0 .5  ( 0 . 5  

Neutrals 16 \ 0.5 30 20 

Acidics < 0.5 12 0.6 0.6 

Figures a r e  expressed as percentages of 

t o t a l  1 il C-activity administered. 



c) E x t r a c t i o n  o f  F ree  Amino Acids from t h e  Mycelium. 

The mycelium from t h e  c u l t u r e s  was h a r v e s t e d ,  

washed t h o r o u g h l y ,  e x c e s s  w a t e r  removed on a Buchner 

f u n n e l  and q u i c k l y  mixed w i t h  120 m l .  o f  a b s o l u t e  e t h a n o l  

and 30 m l .  o f  w a t e r .  The mycelium w a s  reduced t o  a  p a s t e  

i n  an  homogenizer and s t o r e d  i n  t h e  c o l d  (5'~) f o r  a few 

hou r s .  A f t e r  c e n t r i f u g a t i o n ,  t h e  e t h a n o l  was e v a p o r a t e d  

under  vacuum and t h e  aqueous s o l u t i o n  e x t r a c t e d  t h r e e  

t i m e s  w i t h  an e q u a l  volume o f  ch loroform t o  remove f a t t y  

m a t e r i a l  ( e . g .  g l y c e r i d e s ,  e t c . ) .  The aqueous l a y e r  

which c o n t a i n e d  t h e  amino a c i d s ,  w a s  evapo ra t ed  t o  

d rynes s .  The r e s i d u e  was d i s s o l v e d  i n  2  m l .  o f  w a t e r ,  

f i l t e r e d  th rough  c o t t o n ,  and chromatographed on t h e  Dowex 

+ 50W(x8) (H ) and Dowex l ( x 1 0 )  ( a c e t a t e )  r e s i n  columns. 

The r e s u l t s  a r e  d i s c u s s e d  on page 33. 



d) Hydro ly s i s  o f  t h e  mycelium. 

The m y c e l i a l  s o l i d s  from t h e  e thano l -wa t e r  

e x t r a c t i o n  was suspended i n  1 0 0  m l .  6 N  - h y d r o c h l o r i c  

a c i d  and h e a t e d  i n  a  s e a l e d  t u b e  f o r  2 4  h o u r s .  A f t e r  

f i l t e r i n g ,  t h e  h y d r o c h l o r i c  a c i d  was removed by 

e v a p o r a t i o n  under  vacuum and t h e  r e s i d u e  d i s s o l v e d  i n  

30 m l .  o f  w a t e r .  T h i s  s o l u t i o n  was e x t r a c t e d  w i t h  

ch lo ro fo rm  a s  b e f o r e  and t h e  aqueous l a y e r  chromatographed 

+ on t h e  Dowex 50W (x8)  (H ) and Dowex 1 ( x l 0 )  ( a c e t a t e )  r e s i n  

columns. 

The r e s u l t s  a r e  d i s c u s s e d  on page 33. 



DISCUSSION 

The ca t abo l i sm of  ca rbohydra tes  u s u a l l y  i n v o l v e s  

t h r e e  s t a g e s .  

- Stage  I ,  t h e  ca rbohydra t e s  a r e  conve r t ed ,  

i f  n e c e s s a r y ,  t o  an  a p p r o p r i a t e  form, such 

as hexose,  and phosphory la ted .  

- Stage  11, d e g r a d a t i o n  proceeds  from a 6-C 

compound t o  3- o r  2-C compounds by v a r i o u s  

r o u t e s .  

- Stage  111, t h e  d e g r a d a t i o n  i s  completed t o  

1 -C  compounds, no t ab ly  C 0 2 ,  and i n t e r m e d i a t e s  

are a v a i l a b l e  f o r  a n a b o l i c  p roces ses .  

I t  i s  a w e l l  e s t a b l i s h e d  f a c t  t h a t  t h e r e  a r e  s e v e r a l  

d i f f e r e n t  m e t a b o l i c  pathways by which s u g a r s  can b e  

fe rmenta ted  by micro-organisms. By  s t u d i e s  of t h e  

occur rence  of  enzymes and i n t e r m e d i a t e s  and of 

r a d i o i s o t o p i c  d i s t r i b u t i o n s  i n  C 0 2  o r  i n t e r m e d i a t e s  a f t e r  
. . 

supp ly ing  14c- g lucose  i n  v a r i o u s l y  l a b e l l e d  forms,  it 

has  proved p o s s i b l e  t o  i n f e r  t h e  p re sence  and c o n t r i b u t i o n  

o f  t h e  Embden-Meyerhof-Parnas (EMP) and t h e  Pentose  

Phosphate (PP)  pathways i n  Fusarium. Heath e t  a l .  (1956) 

on t h e  b a s i s  of 14c d a t a  has  sugges t ed  t h a t ,  i n  Fusarium 



l i n i ,  under  a n a e r o b i c  c o n d i t i o n s ,  abou t  8 3 %  of  t h e  g l u c o s e  - 
was me tabo l i z ed  v i a  t h e  EMP scheme and abou t  17% v i a  t h e  

PP c y c l e .  

The m a j o r i t y  o f  en e rgy  a v a i l a b l e  i n  hexose i s  made 

a v a i l a b l e  i n  t h e  f i n a l  s t a g e  o f  t h e  c a t a b o l i s m  o f  

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

a e r o b i c a l l y ,  v i a  t h e  TCA and g l y o x y l a t e  c y c l e s  w i t h  t h e  

fo rma t ion  o f  a  v a r i e t y  o f  d i -  and t r i - c a r b o x y l i c  a c i d s  

which can a c t  a s  i n t e r m e d i a t e s  f o r  s y n t h e s i s  o r ,  i n  

c e r t a i n  c o n d i t i o n s ,  accumula te  and remain s t o r e d  and 

m e t a b o l i c a l l y  i n a c t i v e  ( F i g .  4 ) .  

I n  t h e  expe r imen t s  d e s c r i b e d  h e r e i n ,  t h e  14c - amino 

a c i d s  w e r e  i n  e v e r y  c a s e  c a t a b o l i z e d  r e l a t i v e l y  q u i c k l y  

by t h e  c u l t u r e .  No o t h e r  amino a c i d  c o n t a i n i n g  14c was 

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

mycelium b e s i d e s  t h a t  which was admin i s t e r ed .  There  was 

no i n c o r p o r a t i o n  o f  t h e  14c - amino a c i d s  i n t o  t h e  

m y c e l i a l  p r o t e i n .  When t h e  expe r imen t s  w e r e  r e p e a t e d  by 

a d m i n i s t e r i n g  t h e  14c - amino a c i d s  o v e r  a  l o n g e r  p e r i o d  

o f  t i m e  ( 4 8  h o u r s ) ,  s i m i l a r  r e s u l t s  were o b t a i n e d .  T h i s  

i n d i c a t e s  t h a t  t r a n s f o r m a t i o n  o f  t h e  amino a c i d s  was n o t  

t a k i n g  p l a c e  o v e r  a 48  hou r  p e r i o d  i n  c u l t u r e s  o v e r  2 

months o l d .  However, t h e  fungus  was a c t i v e l y  r e s p i r i n g  
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and u t i l i z e d  t h e  amino a c i d s  a s  a source  of  energy 

as evidenced by t h e  e v o l u t i o n  of l a b e l l e d  carbon d i o x i d e .  

For t h i s  t o  occu r ,  t h e  amino a c i d s  were most l i k e l y  

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

i n t e r m e d i a t e s ,  involved  i n  t h e  r e s p i r a t o r y  system (TCA 

c y c l e )  of  t h e  micro-organism. A s  mentioned i n  t h e  

l i t e r a t u r e  survey  (page 6 )  s e v e r a l  amino a c i d s  a r e  

s y n t h e s i z e d  d i r e c t l y  from in t e rmed ia t e s  of  t h e  TCA c y c l e ,  

and t h e i r  ca t abo l i sm i s  known t o  t a k e  p l a c e  i n  a 

r e v e r s i b l e  d i r e c t i o n ,  e .g .  o x i d a t i v e  convers ion  o f  t h e  

amino a c i d  t o  a k e t o  a c i d .  The ca tabol i sm o f  t h e  

i n d i v i d u a l  amino a c i d s  i s  d i scussed  i n  t h e  f o l l o w i n g  

s e c t i o n s .  

The a c t i v i t y  which was unaccounted f o r  i n  t h e  

l a b e l l i n g  exper iments  was presumably l o s t  from u n s t a b l e  

i n t e r m e d i a t e s  (e .g .  pyruvic  a c i d )  du r ing  t h e  e x t r a c t i o n  

procedure  on t h e  ion-exchange columns and from v o l a t i l e  

i n t e r m e d i a t e s  d u r i n g  t h e  evapora t ion  procedure .  Paper  

chromatography of t h e  c u l t u r e  f i l t r a t e  b e f o r e  e x t r a c t i o n  

and s t r i p  coun t ing  a f t e r  d ry ing  t h e  chromatogram f o r  1 

hour ,  showed a l a r g e  p ropor t ion  of t h e  t o t a l  a c t i v i t y  

occu r red  n e a r  t h e  s o l v e n t  f r o n t .  A f t e r  d r y i n g  t h e  

chromatogram over  a p e r i o d  of  8 hours ,  t h i s  a c t i v i t y  

had a lmos t  d i s appea red ,  which i n d i c a t e d  t h e  e v a p o r a t i o n  

o f  a v o l a t i l e  compound from t h e  paper .  However, t h i s  

was n o t  examined i n  any f u r t h e r  d e t a i l .  



Alan ine  and A s p a r t i c  Acid 

The o n l y  known pathway f o r  t h e  d e g r a d a t i o n  o f  

d - a l a n i n e  i s  by t r a n s a m i n a t i o n  t o  y i e l d  p y r u v i c  a c i d .  

Py ruva t e  i s  o r d i n a r i l y  subsequen t l y  o x i d i s e d  t o  CO 2 by 
means o f  t h e  t r i c a r b o x y l i c  a c i d  c y c l e .  

A s p a r t i c  a c i d  i s  s i m i l a r l y  r e l a t e d  t o  t h e  TCA c y c l e .  

By l o s e  o f  t h e  amino g roup ,  a s p a r t i c  a c i d  i s  conve r t ed  t o  

e i t h e r  o x a l o a c e t i c  a c i d  o r  furnaric a c i d ,  b o t h  o f  which 

a r e  i n t e g r a l  members of t h e  TCA c y c l e  and subsequen t  

d e g r a d a t i o n  o f  e ach  can b e  exp l a ined  i n  t e r m s  o f  t h e  

o p e r a t i o n  o f  t h e  TCA c y c l e  (F ig .  5 ) .  

d- lan nine and a s p a r t i c  a c i d  w e r e  a d m i n i s t e r e d  a s  

m i x t u r e s  o f  t h e i r  D- and L-isomers and t h e  fungus 

a p p a r e n t l y  u t i l i z e s  b o t h  forms a s  ca rbon  s o u r c e s .  I n  

g e n e r a l ,  micro-organisms e x h i b i t  s p e c i f i c i t y  f o r  t h e  L- 

i somer  o f  a p a r t i c u l a r  amino a c i d .  However, i n  many 

b a c t e r i a l  and mold sys tems  t h e r e  appea r s  t o  b e  good 

e v i d e n c e  f o r  d i s t i n c t  enzymes f o r  t h e  L- and D-isomers 

of  t h e  amino a c i d s ,  e .g.  B r e w e r ' s  y e a s t  g e n e r a l l y  

deamina tes  o n l y  t h e  L-amino a c i d s  w i t h  t h e  e x c e p t i o n  o f  

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

b o t h  i somer s  a r e  u t i l i z e d .  A t  l e a s t  two mechanisms may 

b e  e n v i s a g e d  which migh t  accoun t  f o r  t h e  f a c i l e  b i o l o g i c a l  

d e g r a d a t i o n  of  b o t h  i somers .  One rests  i n  t h e  p o s s i b i l i t y  



GLUCOSE 
I 
I + ALANIN E 

Pyruv ic  a c i d  CH3COCOOH CH3CHNH2C0OH 
I 

A c e t y l  

r cH3c0 

0 co2 

[_, C i t r i c ,  A c o n i t i c  + Isoci t r ic ,  O x a l o s u c c i n i c  
a c i d  ac id  a c i d  ac id  

CH2COOH CHCOOH HOCHC OOH COCOOH 
I II I I 

HOCCOOH CCOOH CHCOOH CHCOOH 
I I I 

CH2COOH CH2COOH CH2COOH 
I 

CH2COOH 

O x a l o a c e t i c  

A S P A R T I C  TRICARBOXYLIC A C I D  CYCLE. 
A C I D  

CH2COOH 
I 

CHNH2COOH I 
I 

Malic F'umaric - Succinic g -ke tog lu t a r i c  
a c i d  a c i d  C- 

acid a c i d  
CH2COOH CHCOOH CH2COOH COCOOH 
I 11 CH COOH / i H 2  + C 0 2  
CHOHCOOH CHCOOH 

I 
2+ 

C02 CH2COOH 

GLUTAMIC A C I D  



t h a t  an enzyme system i s  a v a i l a b l e  which has  a 

c h a r a c t e r i s t i c  e q u i l i b r i u m  favour ing  deg rada t ion  i n s t e a d  

o f  s y n t h e s i s  of  t h e  D-isomer. Another p o s s i b i l i t y  may 

l i e  i n  t h e  absence of  a b s o l u t e  s p e c i f i c i t y  o f  some 

enzymes f o r  on ly  t h e  one antipode. 

B i o s y n t h e s i s  o f  Lysine 

I n  a s e p a r a t e  exper iment  w i t h  c u l t u r e s  which w e r e  7 

days  o l d ,  it was found t h a t  a s p a r t i c  a c i d  - 4 - 14c w a s  

r e a d i l y  i n c o r p o r a t e d  i n t o  m y c e l i a l  p r o t e i n  over  a  2 4  hour  

p e r i o d .  On h y d r o l y s i s  o f  t h e  mycelium, l a b e l l e d  a s p a r t i c  

a c i d ,  g lu t amic  a c i d ,  t h r e o n i n e  and l y s i n e  w e r e  d e t e c t e d .  

Two d i s t i n c t  pathways are known t h a t  l e a d  t o  t h e  

s y n t h e s i s  of  l y s i n e .  I n  c e r t a i n  f u n g i ,  e .g.  Neurospora, 

and a l g a e ,  t h e  carbon s k e l e t o n  o f  l y s i n e  arises from 

a c e t a t e  and d - k e t o g l u t a r a t e  by a b i o s y n t h e t i c  sequence 

t h a t  i n c l u d e s  d-aminoadipic  a c i d .  The o t h e r  pathway has  

been found i n  bacteria,  h i g h e r  p l a n t s ,  b lue-green and 

green  a l g a e ,  and c e r t a i n  f u n g i ,  e . g .  E . c o l i ,  i n  which t h e  

l y s i n e  carbon cha in  i s  s y n t h e s i z e d  from pyruva te  and 

a s p a r t a t e  and & , E -  diaminopimel ic  a c i d  i s  a  key i n t e r m e d i a t e  

1 (F ig .  6 ) .  Vogal (1959) has  surveyed t h e  pathways o f  l y s i n e  

b i o s y n t h e s i s  i n  many b a c t e r i a ,  a l g a e ,  and p l a n t s ;  a summary 

o f  h i s  o b s e r v a t i o n s  i s  g iven  i n  Table  111. Thus f a r ,  no 
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TABLE I11 

d , 6 -Diaminopiinelic d -Arninoadipic 
a c i d  pathway a c i d  pathway 

Pseudomonads 
E u b a c t e r i a  
Actinomycetes 

Lower f u n g i  

Hyphochyt r ia les  
S a p r o l e g n i a l e s  
Leptomi ta les  

Green a l g a e  
Ferns  
Flowering p l a n t s  

C h y t r i d s  
B l a s t o c l a d i a l e s  
Mucorales 

Higher f u n g i  

Ascomycetes 
Basidiomycetes 

Green organisms 

Euglenids  

Pathways of  l y s i n e  b i o s y n t h e s i s  i n  micro-organisms. 



evidence  has  been o b t a i n e d  f o r  t h e  occu r rence  of  bo th  

pathways w i t h i n  t h e  same organism. 

Thus, t h e  l a b e l  i n  a s p a r t i c  a c i d  - 4 - 14c w i l l  on ly  

be  i n c o r p o r a t e d  i n t o  l y s i n e  v i a  t h e  diaminopimel ic  a c i d  

pathway. S t u d i e s  on t h e  occur rence  o f  d iaminopimel ic  

a c i d  i n  v a r i o u s  micro-organisms and exper iments  on t h e  

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

l y s i n e  have prov ided  d a t a  concerning t h e  pathways of  

l y s i n e  b i o s y n t h e s i s  (Wood 1949 & 1950) . The a c t u a l  s t e p s ,  

however, of  t h e  diaminopimel ic  a c i d  pathway remain 

u n c e r t a i n ,  b u t  a  p l a u s i b l e  scheme has  been sugges t ed  

(F ig .  7 1 .  

Biosyn thes i s  of  Threonine 

Informat ion  concern ing  t h e  s y n t h e s i s  of  t h r e o n i n e  has  

come from s t u d i e s  on s e v e r a l  micro-organisms. The f i r s t  

ev idence  t h a t  homoserine was a  p r e c u r s o r  o f  t h r e o n i n e  a r o s e  

from i n v e s t i g a t i o n s  of a  mutant  of Neurospora c r a s s a  which 

r e q u i r e d  bo th  methionine and t h r e o n i n e  f o r  growth; 

homoserine r ep l aced  bo th  methionine and t h r e o n i n e  f o r  t h e  

growth of  t h i s  mutant  (Teas e t  a l .  1948) .  Yeast  and E . c o l i ,  

when grown on l a b e l l e d  a c e t a t e ,  produced t h r e o n i n e  and 

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

Ehrensvard e t  a l .  (1951) .  I s o t o p e  compet i t ion  s t u d i e s  were 
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a l s o  c o n s i s t e n t  w i t h  t h e  b e l i e f  t h a t  homoserine was a  

p r e c u r s o r  of  t h r e o n i n e  (Abelson e t  a l .  19 5 2 )  . F u r t h e r  

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

made by Cohen and H i r s ch  (1954) , and Black and Grey (1953) , 
who d i s c o v e r e d  two new i n t e r m e d i a t e s  i n  t h e  a s p a r t i c  a c i d  - 
t h r e o n i n e  pathway, namely, p - a s p a r t y 1  phospha te  and 

a s p a r t i c  a c i d  p -semialdehyde ( F i g .  8 ) . 
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Glvcine and s e r i n e  

The amino a c i d s ,  g l y c i n e  and s e r i n e ,  have c l o s e  

m e t a b o l i c  r e l a t i o n s h i p s .  Three p o s s i b l e  pathways f o r  t h e  

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

- Pathway I; condensa t ion  o f  " a c t i v e "  

formaldehyde and g l y c i n e  t o  form s e r i n e .  The 

l a t t e r  can be  h y d r o l y t i c a l l y  deaminated t o  

py ruv ic  a c i d .  

- Pathway 11; t r a n s a m i n a t i o n  t o  g l y o x y l i c  a c i d  

and t h e  o x i d a t i o n  o f  t h i s  a c i d  t o  fo rmate  and 

C02 o r  t o  o x a l i c  a c i d .  

- Pathway 111; condensa t ion  w i t h  s u c c i n y l  CoA 

t o  form d- amino - p - k e t o a d i p i c  a c i d  i n  

t h e  g lyc ine - succ ina t e  c y c l e  (F ig .  9 ) . - 

I n  a d d i t i o n  t o  t h e  convers ion  o f  s e r i n e  t o  g l y c i n e ,  

o t h e r  p o s s i b l e  pathways o f  s e r i n e  ca t abo l i sm have been 

s t u d i e d  (Elwyn e t  a l . ,  1956) . React ion  I ,  l e a d i n g  by 

dehydra t ion  and deaminat ion t o  py ruva te ,  i s  e s s e n t i a l l y  a 

one way r e a c t i o n ,  wh i l e  Reac t ion  11, g i v i n g  r i s e  t o  

I hydroxy py ruva te  by e i t h e r  t r a n s a m i n a t i o n  o r  o x i d a t i v e  

deamina t ion ,  probably occu r s  i n  bo th  d i r e c t i o n s .  React ion 

111, deca rboxy la t ion  o f  s e r i n e  t o  e thanolamine ,  i s  imp l i ed  
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by i s o t o p i c  s t u d i e s  i n  animals  b u t  a p p a r e n t l y  has  n o t  

been a s s e s s e d  i n  f u n g i  ( F i g .  10). 

The C 0 2  can be  d e r i v e d  from s e r i n e  by two pathways: 

(1) d e a l d o l i s a t i o n ,  fol lowed by o x i d a t i o n  of  t h e  f o l i c  

acid-bound formaldehyde v i a  formate  t o  C 0 2 ,  and (2 )  

convers ion  t o  py ruva te  and subsequent  o x i d a t i o n  v i a  t h e  

TCA cyc l e .  

A s tudy  of t h e  metabolism o f  s e r i n e  - U - 14c i n  

c u l t u r e s  which were 7 days  o l d  showed t h a t  t h e  

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

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

a c i d  - 4 - 14c. On h y d r o l y s i s  o f  t h e  m y c e l i a l  p r o t e i n .  

t h e  14c - l a b e l  was found i n  g l y c i n e  and s e r i n e  i n  

approximate ly  t h e  same p r o p o r t i o n s .  The a c t i v i t y  on t h e  

pape r  chromatogram u s i n g  t h e  d e s c r i b e d  method w a s  about  a  

t e n t h  of  t h a t  o b t a i n e d  when u s i n g  a s p a r t i c  a c i d  - 4 - 14c. 

T h i s  s u g g e s t s  t h a t  t h e  m a j o r i t y  of  s e r i n e  i n  t h e  m y c e l i a l  

p r o t e i n  i s  formed from g l y c i n e  as shown by Kern (1954) .  
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Substance  J ,  which was a component o f  t h e  a c i d i c  

amino a c i d  f r a c t i o n  from t h e  ion-exchange columns,  c o u l d  

b e  ch roma tog raph i ca l l y  d i s t i n g u i s h e d  from t h e  c o n s t i t u e n t  

amino a c i d s .  

So lven t  s y s  t e m  Rf. o f  Subs tance  J 

N o  a c t i v i t y  w a s  d e t e c t e d  i n  Subs t ance  J from c u l t u r e s  

which were 7 days  o l d  o r  from t h o s e  2 months o l d .  T h i s  

i n d i c a t e d  t h a t  14c - l a b e l l e d  d -  and - a l a n i n e ,  a s p a r t i c  

a c i d ,  g l y c i n e  and s e r i n e  w e r e  n o t  i n c o r p o r a t e d  i n t o  

lycomarasmin o v e r  a  24  hou r  p e r i o d  i n  amounts which c o u l d  

b e  d e t e c t e d  u s i n g  t h e  method d e s c r i b e d .  S i n c e  r e l a t i v e l y  

s m a l l  a l i q u o t s  o f  14c - l a b e l l e d  amino a c i d s  w e r e  

a d m i n i s t e r e d ,  i t  canno t  y e t  b e  conc luded  t h a t  some of  t h e s e  

compounds might  n o t  b e  s p e c i f i c a l l y  i n c o r p o r a t e d  a t  a low 

l e v e l .  However, t h e  s i g n i f i c a n c e  o f  t h i s  o b s e r v a t i o n  i s  

t h a t  it shows t h a t  t h e  o r i g i n  o f  lycomarasmin i n  t h e  fungus  

must  b e  somewhat d i f f e r e n t  t o  t h a t  o f  f u s a r i c  a c i d  which 

Sanwal l  h a s  shown t o  r e a d i l y  i n c o r p o r a t e  amino a c i d s ,  and 

i s  p robab ly  due t o  t h e  f a c t  t h a t  amino a c i d s  a r e  known t o  



be d i r e c t  p r e c u r s o r s  of t h e  p y r i d i n e  r i n g .  Lycomarasmin 

has  a  s t r u c t u r e  more c l o s e l y  r e l a t e d  t o  t h e  a l k a l o i d s  

than  t h e  p e p t i d e s ,  and i f  i t s  format ion i s  v i a  a  pathway 

s i m i l a r  t o  t h a t  o f  a l k a l o i d  b i o s y n t h e s i s ,  t hen  I 

i n c o r p o r a t i o n  of  1 4 C  - amino a c i d s  may only  occur  a t  low 

l e v e l s ,  about 0 .0  1%, a s  has  been found f o r  many a l k a l o i d s .  

The lower l i m i t  of  d e t e c t i o n  was approximately 0 .1%,  us ing  

t h e  methods desc r ibed  h e r e i n .  
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