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SUMMARY

Six  a u x o tro p h ic  m u ta n t s  of A. ri’ld u la n s  were c ro s s e d  i n  a d i a l e l l  

c r o s s  sy s tem  to  o b t a i n  h e t e r o k a r y o u s  and h e te ro z y g o u s  d i p l o i d s .

In  o r d e r  to  a s c e r t a i n  t h e i r  l i p i d  a c c u m u la t io n  a b i l i t y ,  some of  

t h e s e  m u ta n ts  and d i p l o i d s  w ere  t e s t e d  i n  a  minimal medium ( w i th  3% 

g lu c o se  + 0 . 6 % NaNOg), e i t h e r  in  a s h a k e r  o r  in  an  in c u b a to r  w i t h o u t  

a g i t a t i o n .  B o th ,  th e  m u ta n t s  and d i p l o i d s ,  e x h i b i t e d  on ly  4.6% 

l i p i d ,  on a d ry  w e igh t  b a s i s .

With t h e  aim o f  o p t i m i s i n g  c u l t u r e  c o n d i t i o n s  f o r  l i p i d  a c c u m u la t io n ,  

a  w i ld  ty p e  was c u l t i v a t e d  i n  a r a n g e  o f  d i f f e r e n t  media and c u l t u r a l  

c o n d i t i o n s .  The b e s t  y i e l d  (ab o u t  24%), was a c h ie v e d  in  a m o d i f ie d  minimal 

medium (MM + 12% g lu c o s e  + 0.1% NaNO^) , w i t h  a v o r t e x  s t i r r e r  d e v i c e .

The l i p i d  c o m p o s i t io n  o f  w i ld  ty p e  16 grown i n  a f e r m e n te r  was 

d e te rm in e d .  The r e s u l t s  o b t a i n e d  from  c e l l s  grown i n  two d i f f e r e n t  media 

and  u s in g  two e x t r a c t i o n  m ethods  w ere  compared.

F r a c t i o n a t i o n  o f  t h e  t o t a l  l i p i d  on a F l o r i s i l  column showed t h a t  

t h i s  s t r a i n  i s  composed o f  8 6 % n e u t r a l  l i p i d ,  7 % g l y c o l i p i d  and 7 % 

p h o s p h o l ip id ,  a f t e r  i s o p r o p a n o l  ( IP )  e x t r a c t i o n ,  w h i l s t  c h lo ro fo rm -m e th a n o l  

(CM) e x t r a c t i o n  gave 75% n e u t r a l  l i p i d ,  8 % g l y c o l i p i d  and 17% p h o s p h o l i p i d .

A f u r t h e r  f r a c t i o n a t i o n  on h y d r a t e d  F l o r i s i l  showed t h a t  CM 

e x t r a c t e d  s t e r o l s  (b o th  f r e e  and e s t e r i f i e d )  more e f f i c i e n t l y  t h a n  IP .  

T h e r e f o r e ,  CM was c o n s id e r e d  a b e t t e r  e x t r a c t i o n  m ethod , p a r t i c u l a r l y  f o r  

p r o te in -b o u n d  l i p i d s .

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

showed t h a t  th e  enhanced  l i p i d  c o n te n t  ach ie v e d  i n  m o d if ie d  m in im a l  medium, 

compared w i th  a  p r e v i o u s l y  r e p o r t e d  medium, was a c co u n te d  f o r  m a in ly  by an 

i n c r e a s e ,  n o t  i n  th e  t r i g l y c e r i d e s  as  was e x p e c te d ,  b u t  in  th e  amount of 

s t e r o l s .

TLC a n a l y s i s  of  g l y c o l i p i d  and p h o s p h o l ip id  from  IP and CM e x t r a c t i o n  

d e m o n s t ra te d  two m ajor g l y c o l i p i d  components (m onoglycosyl and d i g l y c o s y l



d i g l y c e r i d e s )  and t h a t  p h o s p h a t i d y l c h o l i n e  (PC) and p h o s p h a t id y le th a n o la m in e  

(PE) w ere  th e  p r i n c i p a l  p h o s p h o l i p i d s  w i th  l e s s e r  amounts of 

p h o s p h a t id y l  i n o s i t o l , p h o s p h a t i d y l s e r i n e , p h o s p h a t i d y l g l y c e r o l , c a r d i o l i p i n  

and p h o s p h a t i d i c  a c id  (PA) a f t e r  CM e x t r a c t i o n ,  w h i l s t  a f t e r  IP e x t r a c t i o n  

on ly  PC, PE and PA were fo u n d .  A nother  s i g n i f i c a n t  d i f f e r e n c e  b e tw e en  

th e  two e x t r a c t i o n  methods i s  t h e  l a r g e  amount o f  PA found  a f t e r  CM 

e x t r a c t i o n ,  b u t  n o t  a f t e r  I P ,  showing t h a t ,  a lm os t  c e r t a i n l y ,  p h o s p h o l ip a s e  

D a c t i v i t y  had o c c u r r e d  d u r in g  t h e  p r o c e s s  o f  e x t r a c t i o n  an d /o r  s t o r a g e  of 

th e  l i p i d .  I t  was a l s o  found t h a t  the  p r i n c i p a l  p h o s p h o l ip id  a t t a c k e d  

by t h e  enzyme was PC,

The f a t t y  a c id  c o m p o s i t io n  was d e te rm in e d  by GLC. The m ajo r  f a t t y  a c id s  

found  i n  th e  t o t a l  l i p i d  w e r e ;  16 :0  = 21%; 17:0 = 5%; 18:0  = 18%; 18:1 = 20%; 

18:2 = 35%.

Each l i p i d  c l a s s  showed a  d i f f e r e n t  and d i s t i n c t i v e  f a t t y  a c id  

c o m p o s i t io n ,  e x h i b i t i n g  v a r i a t i o n  w ith  t h e  growth medium and e x t r a c t i o n  

m ethod used . Of p a r t i c u l a r  i n t e r e s t  was t h e  s t e r o l  e s t e r  f r a c t i o n  w h ich  

c o n ta i n e d  m a r g a r in ic  a c id  ( 1 7 :0 )  as  i t s  o n ly  f a t t y  a c i d .
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1 -

I .  INTRODUCTION

The e x p l o i t a t i o n  o f  f u n g i  by man f o r  th e  p r o d u c t i o n  of co m m e rc ia l ly  

im p o r ta n t  p r o d u c t s  i s  n o t  a r e c e n t  phenomenon. The u se  o f  y e a s t  to  

p ro d u ce  a l c o h o l i c  b e v e ra g e s  and  to  l e a v e n  b r e a d ,  f o r  exam ple, d a te s  back  

to  b i b l i c a l  t im e s .

M icroorgan ism s have lo n g  been  r e c o g n i s e d  a s  c a p a b le  of p ro d u c in g  

l a r g e  q u a n t i t i e s  of l i p i d s .  The f i r s t  fungus to  have  more th an  

t h e o r e t i c a l  i n t e r e s t  shown i n  i t s  l i p i d  c o n te n t  was Endomyees veT n a i-is ,

The a c u te  s h o r t a g e  o f  f a t  to w a rd s  the  end of th e  1914-1918 w ar, i n  

Germany, led  to  a l a r g e  s c a l e  p r o j e c t  f o r  th e  p r o d u c t i o n  o f  f a t  a s  a 

so u rc e  o f  en e rg y  ( f u e l )  and fo o d  (H esse , 1949). I n  t h i s  p r o j e c t  th e y  

r e a c h e d  y i e l d s  o f  up to  25 p e r c e n t  o f  t h e  dry  w e ig h t  o f  E. veT n a t'is . 

D i f f i c u l t i e s  o f  s u r f a c e  c u l t u r e ,  h ig h  c o s t s  and h ig h  l a b o u r  demand 

r e s u l t e d  in  t h e  abandonment o f  t h i s  p r o j e c t  a f t e r  t h e  w ar .  However, 

t h e  a t t e m p t  t o  o p e ra te  on a com m erc ia l  s c a l e  was a g a in  tak e n  up b e f o r e  

and d u r in g  th e  second w orld  w ar  by two German i n d u s t r i a l  groups u s i n g ,  

t h i s  t im e ,  submerged c u l t u r e s  o f  T ovuta  and Fusav'Cim t o  a c t  as  f a t  

f o rm e r s .  A p a r t  from th e  t e c h n i c a l  s u c c e s s ,  th e  p r o c e s s  was once more 

c o n s id e r e d  uneconomic (W oodbine, 1959) a f t e r  t h e  w a r .

The i n c r e a s e  in  w o r ld  p o p u l a t i o n  and in  i n d u s t r i a l i z a t i o n  h a s  le d  

t o  a s e a r c h  f o r  new s o u rc e s  o f  e n e rg y ,  food  s u p p ly  and ways o f  e r a d i c a t i n g  

p o l l u t i o n  in  o u r  e n v ironm en t.  Many o f  t h e s e  p ro b le m s  have been s o lv e d  by 

m i c r o b i a l  te c h n o lo g y ,  new m i c r o b i a l  c u l t i v a t i o n  t e c h n i q u e s  have b een  

d e v e lo p e d  in  t h e  l a s t  40 y e a r s  f o r  th e  p r o d u c t i o n  o f  a n t i b i o t i c s ,  

p r o t e i n  ( s i n g l e - c e l l - p r o t e i n )  , c i t r i c  a c i d ,  e t c .  on a l a r g e  s c a l e .

These c u l t i v a t i o n  te c h n iq u e s  have  been u sed  in  c o u n t r i e s  w i th  v e ry  

l i t t l e  f o s s i l  f u e l  r e s e r v e s  t o  o b t a i n  f u e l  by f e r m e n t in g  raw o r  p a r t i a l l y  

r e f i n e d  m a t e r i a l s  to  p roduce  b io g a s  o r  l i q u i d  f u e l ,  e . g .  f e rm e n t in g  

s u g a r  cane  o r  c a ssa v a  s t a r c h  t o  p roduce  e th a n o l .

A l l  t h e s e  newly d e v e lo p e d  t e c h n iq u e s  of m i c r o b i a l  c u l t i v a t i o n
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combined w i th  t h e  s c a r c i t y  and r i s i n g  p r i c e s  o f  t h e i r  c o u n t e r p a r t s  

i n c r e a s e  th e  p o s s i b i l i t y  o f  o b t a i n in g  o i l s  and f a t s  from  a m ic r o b ia l  

s o u rc e  on  a c o m m e rc ia l ly  v i a b l e  s c a l e  ( R a t l e d g e ,  1982).

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

( B r a z i l )  a re  p r o m is in g ,  as t h e  government i s  d e te rm in e d  to  b u i ld  a 

c h e m ic a l  i n d u s t r y  b a sed  on b iom ass  and so become in d ep e n d e n t  o f  f o r e i g n  

im p o r ts  t h a t  have  to  be p a id  f o r  in  ha rd  c u r r e n c y  (Goldemberg, 1978; 

Nawawy, 1982).

T h e re  a r e  enormous a d v a n ta g e s  to  be g a in e d  by u s in g  m ic ro o rg a n ism s  

as p r o d u c e r s  o f  im p o r ta n t  com m ercial p r o d u c t s .  F o r  exam ple;

( i )  r a p i d  g row th  r a t e  -  th e y  can  doub le  t h e i r  number i n  a v e r y  s h o r t  

t im e :  X). 3 - 2 .0  h o u rs  f o r  b a c t e r i a ,  1-3 h o u rs  f o r  y e a s t ,  2 -6  h o u r s  

f o r  a lg a e  and 4 -12  h o u r s  f o r  f i l a m e n to u s  f u n g i ;

( i i )  a  r e l a t i v e l y  sm a l l  a r e a  i s  r e q u i r e d  -  a c c o r d in g  t o  Nawawy (1982)

2  m i l l i o n  to n n e s  o f  m ic r o b ia l  p r o t e i n  ( s i n g l e  c e l l  p r o t e i n )  

c a n  be p ro d u ce d  in  2 , 0 0 0  f e r m e n t e r s , e a c h  w i th  a c a p a c i ty  o f  

2 0 0  c u b ic  m e t r e s .  2 , 0 0 0  f e rm e n te r s  c a n  be accommodated w i t h i n  

one  h e c t a r e  o f  l a n d ,  w h i l e  th e  c u l t i v a t i o n  o f  soya  beans t o  

p roduce  t h e  same amount o f  p r o t e i n ,  would  occupy 40 m i l l i o n  

h e c t a r e s  o f  land*: a lm o s t  an i m p o s s i b i l i t y ;

( i i i )  a  b e t t e r  c o n t r o l  o f  t h e  c u l t u r a l  c o n d i t i o n s ,  and t h e r e a f t e r  o f  

t h e  p r o d u c t ,  i s  p o s s i b l e ;

( i v )  t h e r e  a r e  p o s s i b i l i t i e s  f o r  g r e a t l y  im prov ing  p r o d u c t  y i e l d

th ro u g h  s t r a i n  s e l e c t i o n  by m u ta t io n  and re c o m b in a t io n  and by 

o p t i m i z a t i o n  o f  growth c o n d i t i o n s .

The o i l  and f a t s  used by man come from  a  v a r i e t y  o f  s o u r c e s , b o th  

an im a l  and v e g e t a b l e ,  and a r e  d e s t i n e d  f o r  f o o d s t u f f s  su ch  as m a r g a r i n e ,  

b u t t e r ,  l a r d ,  c o o k in g  and s a l a d  o i l s ,  o r  f o r  o t h e r  m a n u fa c tu r in g  p u r p o s e s  

t o  p r o d u c e  c o s m e t i c s ,  so a p s ,  shampoos, d e t e r g e n t s ,  p a i n t s ,  waxes and 

p o l i s h e s ,  e t c .
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The l i p i d  from  a m ic r o b ia l  s o u rc e  sh o u ld  be  judged in  a c c o rd a n c e  

w i th  i t s  in te n d e d  p u r p o s e  ( R a t l e d g e ,  1978). One may be i n t e r e s t e d  

i n  e i t h e r  th e  i n t a c t  t r i g l y c e r i d e  o r  i n  t h e  f a t t y  a c id s  d e r iv e d  from  

t h e  a c y l g l y c e r o l s . I f  t h e  l i p i d  i s  to  be u se d  f o r  a t e c h n o l o g ic a l  

pu rpose  such  as  th e  m a n u fa c tu re  o f  s o a p s ,  sham poos, l u b r i c a t i n g  g r e a s e s  

and o i l s ,  e t c . ,  t h e  t o t a l  f a t t y  a c i d  c o m p o s i t io n  should  be a n a ly s e d .

I f ,  on t h e  o th e r  h a n d ,  t h e  l i p i d  i s  t o  be u se d  f o r  f o o d s t u f f s ,  i t  i s  

th e  t r i g l y c e r i d e  f r a c t i o n  which i s  th e  m ost im p o r ta n t  and shou ld  be  

s e p a r a te d  from unw anted  f r a c t i o n s  i n c l u d i n g  p h o s p h o l ip id s  and s t e r o l s .

I n  the  l a t t e r  c a s e ,  t o x i c o l o g i c a l  t r i a l s  w i l l  be  r e q u i r e d  ( R a t l e d g e ,

1978). The t o x i c o l o g i c a l  p rob lem s shou ld  n o t  be e x a g g e ra te d  as  th e  

l i p i d  w i l l  be  an e x t r a c t e d  p r o d u c t  (n o t  t h e  w hole  organism ) and w i l l  

' t h e r e f o r e  be r e f i n e d  and  p u r i f i e d  by th e  same t e c h n iq u e s  u se d  f o r  

e x i s t i n g  p l a n t  o i l s .

The l i p i d  c o n t e n t  and f a t t y  a c i d  c o m p o s i t io n  o f  s e v e r a l  m ic r o 

organ ism s have been  i n v e s t i g a t e d  by  a number o f  r e s e a r c h e r s .  A 

com plete  rev iew  by Woodbine (1959) c o v e rs  t h e  work up to  l a t e  1950’s 

and more r e c e n t  r e v i e w s  can be found  by W eete (1980) and R a t le d g e  ( 1 9 8 2 ) .

M icroorgan ism s w i t h  th e  p o t e n t i a l  f o r  l i p i d  ac cu m u la t io n  a r e  m a in ly  

a lg a e ,  y e a s t s  and f u n g i .  • The p r o k a r y o t e s  a r e  c o n s id e r e d  u n s u i t a b l e  

(R a t le d g e ,  1982), l a r g e l y  b e c au se  o f  t h e i r  l i p i d  c o m p o s i t io n ,  w hich  

tends  t o  be complex, o r  b e c au se  o f  d i f f i c u l t i e s  o f  e x t r a c t i o n  an d ,  

t h e r e f o r e ,  they  c o u ld  n o t  be  u se d  a s  an a l t e r n a t i v e  so u rce  to  p l a n t  

o i l s  o r  an im al f a t s .

S tu d ie s  on a l g a e ,  as l i p i d  s o u r c e s ,  began  in  the  1940’ s and i n  

r e c e n t  y e a r s  c o n s i d e r a b l e  a t t e n t i o n  has  b e e n  p a id  to  t h e i r  l i p i d  

c o n ç o s i t i o n .

The l i p i d  c o m p o s i t io n  o f  a l g a e  can be  g r e a t l y  a l t e r e d  by c u l t i v a t i o n  

c o n d i t i o n s .  In  some i n s t a n c e s ,  c e r t a i n  a l g a e  p roduce  more th a n  50 

p e rc e n t  o f  t h e i r  d ry  b iom ass  as  s p e c i a l i z e d  l i p i d s .  An example o f  

t h i s  i s  B otryooooous h ra u n i-i, a f r e s h  w a te r  o rg an ism  , t h a t
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accu m u la te s  h y d ro c a rb o n s  up to  8 6  p e r c e n t  o f  i t s  d ry  w e ig h t  ( s e e  

Dubinsky e t  a Z . , 1978) .  The f e a s i b i l i t y  o f  u s in g  th e  o i l  from 

BotTyocoocuB hTaunti. as a t r a n s p o r t  f u e l  h a s  been s t u d i e d  by H i l l e n  e t  aZ, 

(1 9 8 2 ) ,  who fo u n d  t h a t ,  a f t e r  t h e  h y d r o c r a c k in g  p r o c e d u r e ,  i t  was 

s u i t a b l e  to  u s e  as  p e t r o l  and a v i a t i o n  t u r b i n e  f u e l .

A no ther  a t t r a c t i o n  of a l g a l  l i p i d s  i s  t h a t  th ey  a r e  r i c h  i n  d i e t a r y  

e s s e n t i a l  p o l y u n s a t u r a t e d  f a t t y  a c id s  and so a r e  p o t e n t i a l l y  im p o r ta n t  

f o r  human and a n im a l  n u t r i t i o n  ( R a t l e d g e ,  1982).

Y e a s ts  and moulds a re  t h e  m ic ro o rg a n is m s  most e x t e n s i v e l y  s t u d i e d  

f o r  t h e i r  l i p i d  p ro d u c in g  a b i l i t y  u n d e r  l a b o r a t o r y  c o n d i t i o n s .  S e v e ra l  

s p e c i e s  o f  y e a s t  can  produce  30 to  70 p e r c e n t  l i p i d .  Some of t h e s e  

i n c l u d e  th e  RhodotonOji and Li-pomyces s p e c i e s .

Y e a s t s ,  r a t h e r  th an  m ou ld s ,  have  b e e n  chosen  f o r  grow th u n d e r  

f e r m e n te r  and c o n t in u o u s  c u l t u r e  c o n d i t i o n s ,  as t h e r e  a r e  s e r i o u s  

l i m i t a t i o n s  i n  t h e  p r o c e s s  when f i l a m e n to u s  fu n g i  a r e  grown, e . g .  th e y  

accu m u la te  m ost  o f  t h e i r  g row th  on s u r f a c e s  i n s i d e  t h e  f e r m e n te r s  and 

w i t h i n  p ip e s  and v a l v e s ,  r a t h e r  th a n  i n  t h e  medium. V a r io u s  m e c h a n ic a l  

t e c h n iq u e s  h a v e  been  used  to  m in im ise  t h e s e  problem s and  new f e r m e n te r  

d e s ig n s  have b e e n  c r e a t e d  to  grow f i l a m e n to u s  fu n g i  ( B u l l  and B u s h e l l ,  

1976). A n o th e r  way o f  s o lv in g  t h i s  i s  s e l e c t i o n  o f  s t r a i n s  w hich  have  

a low a f f i n i t y  f o r  w a l l  growth (Solomon^ 1980) . With t h e s e  r e c e n t  

d e v e lo p m e n ts ,  t h e r e f o r e ,  th e  t im e  may be  r i p e  f o r  r e  i n v e s t i g a t i o n  o f  th e  

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

The p r i n c i p a l  moulds c a p a b le  o f  p r o d u c in g  a h i g h  q u a n t i t y  o f  l i p i d s  

a r e  s p e c i e s  o f  CZavtcepSy Reni-ctZZZimiy AspergiZZus, Mucor, Fusar-iim and 

Fhycomyces (W oodbine, 1959).

Most o f  t h e  moulds a r e  s lo w e r  g row ing  th a n  th e  y e a s t s ,  b u t  th e  

fo rm er  can p ro d u c e  o i l s  c o n ta i n in g  h i g h e r  c o n c e n t r a t i o n s  o f  p o l y u n s a t u r a t e d  

f a t t y  a c id s  ( R a t l e d g e ,  1978).

The o rg a n is m s  chosen f o r  t h i s  s t u d y  were s e v e r a l  s t r a i n s  o f
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A spergi-V ius n id ü ta n s . T h is  s p e c i e s  h as  th e  a d v a n ta g e  o f  a  g r e a t  d e a l  

o f  background  knowledge of i t s  g e n e t i c s .  A lso  m u ta n ts  s u i t a b l e  f o r  

c ro s s in g  and d i p l o i d  fo rm a t io n  w e re  e a s i l y  a v a i l a b l e .  I n  a d d i t i o n ,  

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

a ccu m u la te  c o n s id e r a b l e  amounts o f  l i p i d s .

I n  v iew  o f  t h e  number o f  s p e c i e s  o f  m ic ro o rg a n is m s ,  r e l a t i v e l y  

few have t h e  a b i l i t y  to  a c cu m u la te  l i p i d s  and even  in  th e  m a j o r i t y  o f  

t h e s e  c a s e s  s p e c i a l  g row th  c o n d i t i o n s  a re  r e q u i r e d .  S e l e c t i o n  of a 

s u i t a b l e  m ic ro o rg a n ism  i s  t h e r e f o r e  e s s e n t i a l  f o r  any p o t e n t i a l  

com m ercial p r o c e s s .

Many t e c h n iq u e s  have been  em ployed , w i th  g r e a t  s u c c e s s ,  u s in g  

i n d u s t r i a l  s t a i n s  to  improve y i e l d s  o f  o t h e r  m i c r o b i a l  m e t a b o l i t e s ,  

such as p e n i c i l l i n ,  c e p h a l o s p o r i n ,  c i t r i c  a c i d ,  k o j i c  a c id  and a m y la s e s .  

There a r e  b a s i c a l l y  t h r e e  ways ( J o h n s t o n ,  1975) i n  which s t r a i n s  can be 

improved :

( i )  by  s e l e c t i o n  a lo n e ;

( i i )  by  m u ta t io n  fo l lo w e d  by s e l e c t i o n ,  and

( i i i )  by  r e c o m b in a t io n  and s e l e c t i o n .

The te c h n iq u e  o f  s e l e c t i o n  a lo n e  i s  a  f a s t i d i o u s  p r o c e s s  t h a t  

in v o lv e s  t h e  i s o l a t i o n  and p u r i f i c a t i o n  o f  a l a r g e  number o f  c u l t u r e s  o f  

i n t e r e s t ,  u s u a l l y  from  th e  n a t u r a l  e n v iro n m e n t ,  and su b se q u e n t  s e l e c t i o n  

i n  o r d e r  t o  f in d  th e  few s t r a i n s  c a p a b le  o f  h i g h e s t  p r o d u c t i v i t y .  Many 

examples o f  su rv e y s  o f  s e v e r a l  m ould  s p e c i e s ,  by d i f f e r e n t  r e s e a r c h e r s  

lo o k in g  f o r  p o t e n t i a l  l i p i d  a c c u m u la t in g  s t r a i n s ,  can  be found in  Woodbine 

(1959).

M u ta g e n e s is  fo l lo w e d  by s e l e c t i o n  i s  a c o n v e n t io n a l  method used  i n  

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

to  im prove th e  y i e l d s  o f  o th e r  m i c r o b i a l  p r o d u c t s  such a s  a n t i b i o t i c s ,  

o rg a n ic  a c i d s ,  a m in o -a c id s  and enzym es. Much o f  t h e  e x i s t i n g  l i t e r a t u r e ,  

d a t in g  b a c k  to  1948-1958, d e a l s  w i t h  th e  s e l e c t i o n  o f  p e n i c i l l i n - p r o d u c i n g



— 6 —

s t r a i n s .  In  m ost c a s e s  th e  m u ta n ts  were o b ta in e d  by u s i n g  u l t r a v i o l e t  

l i g h t ,  x - r a y s ,  n i t r o g e n  m u sta rd s  and e t h y l e n im in e .

In  t h e  l a s t  t h r e e  d e c a d e s ,  many r e f in e m e n ts  have b e e n  in t r o d u c e d  

i n to  t h i s  t e c h n i q u e ,  making i t  a v e r y  e f f e c t i v e  method o f  im prov ing  

f e r m e n ta t io n  p r o d u c t i o n .  M u ta t io n  program s a r e  a p p l i e d  m ost  o f t e n  to  

the  c u r r e n t  i n d u s t r i a l  s t r a i n s  w h ic h  a r e  a l r e a d y  h ig h ly  s t a b l y  p r o d u c t i v e  

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

U n f o r t u n a t e l y ,  t h e  phenomenon o f  m u ta t io n  i s  random and n o t  

d i r e c t a b l e ,  so t h a t  m u ta t io n  as a p p l i e d  to  s t r a i n  deve lopm en t i s  l a r g e l y  

e m p i r i c a l .  C o n s e q u e n t ly ,  a m ethod f o r  t h e  r a p i d  s u rv e y in g  and e v a l u a t i o n  

of new v a r i a n t s  r e p r e s e n t s  th e  k e y  to  a s u c c e s s f u l  s t r a in r d e v e l o p m e n t  

program.

M utagens a r e  f r e q u e n t l y  d i v i d e d  i n t o  two c l a s s e s i  p h y s i c a l  ( r a d i a t i o n )  

and c h e m ic a l .  A p a r t  from  t e c h n i c a l  problem s such  as e a s e  o f  u s e ,  p e rh a p s  

the  most im p o r ta n t  c o n s i d e r a t i o n  i n  c h o o s in g  betw een m u tagens  i s  w h e th e r  

th ey  w i l l  g iv e  r i s e  t o  d i f f e r e n t  s p e c t r a  o f  m utan t t y p e s .  S in c e ,  

f r e q u e n t l y ,  l i t t l e  i s  known i n  advance  o f  w hat k in d  o f  m u t a t i o n  w i l l  be  

p roduced , i t  i s  i m p o r t a n t  to  ch o o se  a m utagen w i th  as  w id e  a  sp e c tru m  

as p o s s i b l e ,  w h ic h  w i l l  a f f e c t  a l l  a r e a s  o f  t h e  genome w i t h  e q u a l  

f re q u e n c y ,  so t h a t  t h e  s c r e e n  w i l l  n o t  f a i l  d ue l  to  l a c k  o f  m u ta t io n  a t  

th e  n e c e s s a r y  s i t e .  Rowlands (1983) recommends th e  u se  o f  u l t r a v i o l e t  

l i g h t ,  e t h y l  m e thane  s u lp h o n a te  (EMS) and n i t r o s o m e th y l g n a n id i n e  

(NTG).

I n d u s t r i a l l y  im p o r ta n t  m u ta n ts  can be  s u b d iv id e d  i n t o  d i s t i n c t  

c l a s s e s  whose p r o p e r t i e s  f a c i l i t a t e  t h e i r  su b seq u e n t  s e l e c t i o n .  Examples 

a r e :  m o r p h o l o g ic a l ,  a u x o t r o p h s ,  r é s i s t a n t s  and r e v e r t a n t s .

M o rp h o lo g ic a l  m u ta n ts  a r e  u s u a l l y  s e l e c t e d  from s p o r e  s u s p e n s io n s  

exposed to  s m a l l  o r  m o d era te  d o s e s  o f  a m utagen and may v a r y  in  m orphology  

o r  c o lo u r .

A u x o tro p h ic  m u ta n ts  a r e  r e c o g n iz e d  by t h e i r  l a c k  o f  g row th  on a medium 

(minimal medium) c o n t a i n i n g  th e  minimum n u t r i e n t s  e s s e n t i a l  f o r  t h e  g row th
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o f  t h e  w ild  t y p e ,  b u t  t h e s e  m u tan ts  w i l l  grow i f  one o r  more s p e c i f i c  

s u b s t a n c e s  a r e  added to  t h e  medium.

A c h a r a c t e r i s t i c  p e c u l i a r i t y  o f  a u x o t r o p h ic  m u ta n ts  i s  t h e i r  

a b i l i t y  to  a c cu m u la te  i n t e r m e d ia t e  p r o d u c t s  o f  a pa thw ay p r e c e d in g  a 

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

o f t e n  b e in g  a b l e  to  undergo  f u r t h e r  b io c h e m ic a l  t r a n s f o r m a t i o n s .

M u ta t io n s  p ro d u c in g  d rug  r e s i s t a n c e  have b e e n  s e l e c t e d  in  a 

num ber o f  f u n g i  by p l a t i n g  c e l l s  a t  h ig h  d e n s i t i e s  on a medium c o n ta in in g  

a  h i g h  enough c o n c e n t r a t i o n  o f  th e  d rug  i n  q u e s t i o n  t o  i n h i b i t  w i ld  type  

g ro w th .  M utan ts  r e s i s t a n t  to  a n a lo g u e s  o f  normal m e t a b o l i t e s  a r e  

p a r t i c u l a r l y  i n t e r e s t i n g  s i n c e  th e y  may show m o d i f i c a t i o n s  o f  no rm al  

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

( i . e .  s u b s ta n c e  s i m i l a r  i n  chem ica l  s t r u c t u r e  to  t h e  n a t u r a l  m e t a b o l i t e )  

i n  t h e  medium o f  g row th , r e s i s t a n t  m u ta n ts  w i l l  grow u p ,  show ing t h a t  

t h e r e  i s  a  de rep ress ro n  (o r  l a c k  o f  f e e d - b a c k  i n h i b i t i o n )  of t h e  

c o r r e s p o n d in g  enzyme sy s te m .

O ther  k in d s  o f  m u ta n t  t h a t  have b e e n  u s e d ,  m a in ly  to  i n c r e a s e  th e  

e f f i c i e n c y  o f  a n t i b i o t i c  p r o d u c t i o n ,  a r e  re v e r ta r i t  m u ta n ts .  T here  a r e  

many examples o f  re v e r ta n ts  o f  a non p r o d u c e r  p a r e n t  w hich  show g r e a t e r  

a c t i v i t y  t h a n  th e  o r i g i n a l  g r a n d p a r e n ts  c u l t u r e  (B la n d e r  and Chang,

1 9 7 9 ) .

The t h i r d  way o f  im prov ing  f e r m e n t a t i o n  u s in g  m ic ro o rg a n ism s  i s  by 

r e c o m b in a t io n  and s e l e c t i o n .  The p o t e n t i a l  o f  th e  r e c o m b in a t io n  and 

s e l e c t i o n  t e c h n i q u e ,  f o r  d e v e lo p in g  im proved  s t r a i n s ,  has b e e n  a p p a re n t  

s i n c e  th e  e l u c i d a t i o n  o f  t h e  p a ra s e x u a l  p r o c e s s  i n  f u n g i  by P o n te c o rv o  

e t  aZ. (1953) and P o n te c o rv o  and S e rm o n t i  (1953 ).

The c o n t r i b u t i o n  o f  b re e d in g  to  s t r a i n  improvement may be 

c o n s id e r e d  a t  t h r e e  l e v e l s  i n  th e  f u n g a l  l i f e  c y c l e :  c y to p la s m ic  i n t e r a c t i o n s  

( h e t e r o k a r y o u s ) ,  se x u a l  c r o s s e s  and p a r a s e x u a l  c r o s s e s .

The m a j o r i t y  o f  w ork done on th e  b r e e d i n g  o f  i n d u s t r i a l  s t r a i n s  has



been  v i a  th e  p a r a s e x u a l  c y c l e .  The s e x u a l  c y c le  i s  o f  m inor im p o r ta n c e  

i n  i n d u s t r i a l  f u n g a l  g e n e t i c s  as  i t  does no t  a p p e a r  t o  be p r e s e n t  i n  

any o f  t h e  s p e c i e s  used  f o r  m ost f e r m e n ta t i o n  p r o d u c t s ,  such as 

p e n i c i l l i n ,  c e p h a l o s p o r i n  and  c i t r i c  a c i d .  Asperg-iZtzLS n id u ta n s  w h ich  

has b o th  s e x u a l  and p a r a s e x u a l  c y c le s  i s  o f t e n  used  t o  e l u c i d a t e  th e  

g e n e t i c s  o f  a n t i b i o t i c  p r o d u c t io n  (Rowlands, 1983).

The u s e  o f  p lanned  b r e e d in g  i n  f i la m e n to u s  f u n g i ,  as one a t t e m p t  

a t  im p ro v in g  t h e  a b i l i t y  t o  s y n t h e s i z e  e c o n o m ica l ly  im p o r ta n t  

f e r m e n t a t i o n  p r o d u c t s ,  has b e e n  p r a c t i s e d  f o r  p e n i c i l l i n s  ( C a g l i o t i  

and S e rm o n t i ,  1956; P a thak  and  E la n d e r ,  1971) k o j i c  a c i d s  ( Ik e d a  e t  a l ,  y 

1957) and c i t r i c  a c id  ( I l c z u k ,  1971, Baracho and M o n te i r o ,  1 9 8 0 ) ,  b u t  no 

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

The p o t e n t i a l  o f  p a r a s e x u a l  c r o s s e s  has been  e x te n d e d  by th e  

r e l a t i v e l y  new te c h n iq u e  o f  p r o t o p l a s t  f u s io n .  U s in g  t h i s  t e c h n i q u e ,  

p rob lem s o f  c o m p a t i b i l i t y  b a r r i e r s  be tw een  s p e c ie s  may be  overcom e.

G e n e t ic  a n a l y s i s  and m a n ip u la t io n  can  th e n  be c a r r i e d  o u t  t o  c r e a t e  

s t r a i n s  h a v in g  f e a t u r e s  o f  b o t h  p a r e n t s  (Peberdy , 1 9 8 0 ) .

The a p p l i c a t i o n  o f  g e n e t i c  e n g in e e r i n g  t e c h n i q u e s  has  n o t  b een  

r e p o r t e d  i n  i n d u s t r i a l  f i l a m e n to u s  f u n g i .  However, some e v id e n c e  e x i s t s  

t h a t  t h i s  t e c h n i q u e  m ight h a v e  a g r e a t  im pact on f u n g a l  b io te c h n o lo g y  

(R ow lands, 1 9 8 3 ) .

Reviews w i t h  more d e t a i l e d  in f o r m a t io n  on m e th o d s  o f  s e l e c t i o n  and 

h y b r i d i z a t i o n  i n  f i l a m e n to u s  fu n g i  to  improve i n d u s t r i a l  p r o d u c t i o n  can 

be found i n  A l i k h a n i a n  ( 1 9 7 0 ) ,  J o h n s to n  (1975),  E l a n d e r  and Chang (1979) 

and Rowlands (1 9 8 3 ) .

The g e n e t i c  dependence  o f  l i p i d  ac cu m u la t io n  c a n  be r e c o g n i s e d  

from  s e v e r a l  exam ples  where e i t h e r  t h e  a b i l i t y  to  a c c u m u la te  l i p i d  by 

a g iv e n  s t r a i n ,  even  i n  unchanged c o n d i t i o n s ,  i s  l o s t  ( R a t l e d g e ,  1982) 

o r  where t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  l i p i d  c o n t e n t  b e tw een  

d i f f e r e n t  i s o l a t e s  o f  th e  same s p e c i e s  c u l t u r e d  u n d e r  i d e n t i c a l  c o n d i t i o n s .
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For ex am p le ,  two s t r a i n s  of  F ueavîw n 'lin-i grown on the  same medium d i f f e r  

by 100 p e r c e n t  i n  t h e i r  1 ip id  c o n t e n t  (W eete , 1980) .

B e s id e s  t h e  c h o ic e  of a s u i t a b l e  m ic ro o rg a n ism  w hich has  th e  

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

a re  n e c e s s a r y  to  e n s u re  h ig h  l i p i d  p r o d u c t i o n .  L in d n e r  ( s e e  H esse , 1949) 

u s in g  E, vemat'LS to  produce  f a t  d u r in g  t h e  F i r s t  World W ar, was th e  

f i r s t  t o  r e c o g n iz e  t h a t  an a b u n d a n t  su p p ly  o f  c a rb o h y d r a te  was n e c e s s a r y  

f o r  l i p i d  a c c u m u la t io n .  He a l s o  p o i n t e d  o u t  t h a t  in o c u la  sh o u ld  c o n s i s t  

o f  f r e s h l y  grown c u l t u r e s  and t h a t  oxygen sh o u ld  be s u p p l i e d .  These 

p o in t s  h a v e  been con firm ed  by s u b s e q u e n t  s t u d i e s  ( s e e  R a t l e d g e ,  1982).

In  a d d i t i o n ,  o t h e r  c o n d i t i o n s  h av e  a l s o  been  r e c o g n iz e d  a s  p r e - r e q u i s i t e s  

f o r  l i p i d  a c c u m u la t io n ,  such as g ro w th  on a l i m i t i n g  amount o f  a n u t r i e n t ,  

o t h e r  t h a n  c a rb o n ,  u s u a l l y  n i t r o g e n .  The g row th  l i m i t i n g  f a c t o r  i s  

a llow ed  t o  become e x h a u s te d  so t h a t  any e x c e s s  c a rb o n  w i l l  c o n t in u e  to  

be ta k e n  up and, i n  an o le a g in o u s  o r g a n is m ,  w i l l  be  c o n v e r te d  in to  l i p i d .

L ack  o f  e s s e n t i a l  n u t r i e n t s  su c h  as  n i t r o g e n ,  p o ta s s iu m ,  o r  

p h o s p h o ru s ,  make im p o s s ib le  s y n t h e s i s  o f  new RNA, p r o t e i n  and o th e r  

compounds n e c e s s a r y  to  c o n t in u e  g r o w th .  O le a g in o u s  o rg an ism s  a re  a b le  

t o  c o n t i n u e  to  t a k e  up th e  c a rb o n  fro m  th e  medium and c o n v e r t  i t  i n t o  

l i p i d .  R a t le d g e  (1 9 8 2 ) ,  em phasised  t h a t  t h e r e  i s  no i n c r e a s e  in  th e  

a c tu a l  r a t e  o f  l i p i d  s y n t h e s i s ,  l i p i d  a c c u m u la t io n  o ccu rs  be c au se  o t h e r  

m e ta b o l ic  p r o c e s s e s  c e a s e .

A t w o - s t a g e  p a t t e r n  o f  g ro w th  and l i p i d  a c c u m u la t io n  c a n  th u s  be 

r e c o g n iz e d  i n  an o le a g in o u s  m ic ro o rg a n is m  grow ing  i n  b a t c h  c u l t u r e :  

i n  th e  f i r s t  s t a g e ,  th e  c e l l s  grow a t  t h e i r  maximum r a t e  u n t i l  one (o r  

a l l )  n u t r i e n t s ,  e x c e p t  g lu c o s e ,  a r e  e x h a u s te d  and o n ly  t h e n  does th e  

s ta g e  o f  l i p i d  a c c u m u la t io n  b e g in .

Borrow e t  a t .  (1 9 6 1 ) ,  s t u d i e d  th e  m e ta b o l i s m  o f  G ib b e T e tta  

f u j ïk u r o t  iPusarvum m ontti.form e)  when grown i n  a  s t i r r e d  t a n k  f e rm e n te r  

w i th  s e l e c t i v e  e x h a u s t io n  o f  n u t r i e n t s .  The g row th  m edia w ere  p r e p a r e d ,  

i n i t i a l l y ,  w i th  v a r i a b l e  c o n c e n t r a t i o n s  o f  g l u c o s e ,  n i t r o g e n ,  p h o sp h o ru s
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and magnesium, such t h a t ,  a t  a d e s i r e d  c u l t u r e  b io m a ss ,  one n u t r i e n t  

was e x h a u s te d  and th e  o t h e r  n u t r i e n t s  would be ex h au s ted  in  s p e c i f i c  

sequences  t h e r e a f t e r .  F i v e  d i s t i n c t  g row th  p h a s e s  were fo u n d :

( i )  b a la n c e d  p h a s e :  w here  e x p o n e n t i a l  growth o c c u rre d  u n t i l  t h e  f i r s t  

n u t r i e n t  was a lm o s t  e x h a u s te d

( i i )  t r a n s i t i o n  p h a s e :  t h e  grow th  and up take  r a t e s  were r e d u c e d  w i th  

phosphorus and magnesium e x h a u s t i o n .

( i i i )  s t o r a g e  p h a se :  w i t h  n i t r o g e n  e x h a u s t io n  t h e  growth c e a s e d  and 

i n  t h e  p re s e n c e  o f  g lu c o s e ,  l i p i d  and c a rb o h y d r a te  s y n t h e s i s  

c o n t in u e d

( iv )  m a in ten an ce  p h a s e :  no n u t r i e n t s  were taken  up a t  t h i s  s t a g e  w i th  

th e  e x c e p t io n  o f  g l u c o s e ,  i f  p r e s e n t .  D e p le t i o n  o f  g lu c o s e  

i n  th e  medium i n  n i t r o g e n - l i m i t e d  c u l t u r e s  led  to  endogenous 

l i p i d  m e ta b o lism

(v) t e r m in a l  p h a s e :  p e r io d  o f  h y p h a l  breakdown.

However, some o l e a g in o u s  o rg a n ism s  do n o t  e x h i b i t  t h i s  p a t t e r n  of 

l i p i d  a c c u m u la t io n ,  a s  t h e y  a lw ays seem to  have a  h igh  c o n t e n t  o r  

accum ula te  l i p i d  d u r in g  t h e  g row th  p h a s e ,  even when no n u t r i e n t  i s  

l i m i t i n g .  Such i s  t h e  c a s e  i n  t h e  y e a s t  C ryp tococcu s t e r r t c o t u s , i n  

which h ig h  amounts o f  l i p i d  a r e  found  in d e p e n d e n t  of th e  q u a l i t y  and 

q u a n t i t i e s  o f  n i t r o g e n  s o u r c e ,  and o f  t h e  phase  o f  growth ( P e d e r s e n ,

1961).

S tu d ie s  o f  l i p i d  f o r m a t io n  by A. n td u ta n s  were i n i t i a t e d  w i th  

the  work o f  Woodbine e t  aZ. (1 9 5 1 ) ,  who s tu d i e d  th e  f a t  p o t e n t i a l  o f  

43 s t r a i n s  o f  moulds r e p r e s e n t i n g  10 ge n e ra  on 5 d i f f e r e n t  m e d ia  a l l  

w i th  g lu c o s e  as c a rb o n  s o u rc e .  The b e s t  r e s u l t s  f o r  l i p i d  a c c u m u la t io n  

were from  A. n id u ta n s  (25 p e r c e n t ,  w/w) , A s p e r g it tu s  f t a v i p e s  (40 p e r c e n t ,  

w/w) and Fusarium t i n i  (35 p e r c e n t ,  w/w) and t h e  medium u s e d  by P r i l l  

e t  a t .  (1935) was t h e  b e s t  o f  t h o s e  t r i e d .

I n  s i m i l a r  e x p e r im e n ta l  c o n d i t i o n s ,  M urray e t  a t .  (1953) examined
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th e  b e h a v io u r  o f  t h e  same 4 3  s t r a i n s  i n  f o u r  d i f f e r e n t  m ed ia ,  a l l  w i th  

s u c ro s e  as c a rb o n  s o u rc e .  The h i g h e s t  l i p i d  c o n te n t s  (d ry  w e ig h t  b a s i s )  

were 35 p e r c e n t  w i th  P en io ittiu m  e o p p i,  28 p e r c e n t  w i t h  F. t i n i  and 26 

p e r c e n t  w i th  A. n idu tan s,

A more d e t a i l e d  s tu d y  was c a r r i e d  o u t  by Gregory and Woodbine 

(1953) on A. n id u ta n sy F en io ittiu m  spinutosum  and F e n ic itt iw n  javanicum .

This in c lu d e d  v a r y i n g  th e  pH, t e m p e r a t u r e ,  i n c u b a t io n  p e r i o d ,  and n i t r o g e n  

and s u g a r  c o n c e n t r a t i o n .  They found  t h a t  t h e  e f f e c t  o f  h a lv i n g  th e  

g lu c o s e  w h i le  k e e p in g  th e  ammonium n i t r a t e  c o n c e n t r a t i o n  c o n s ta n t  ( i n  

P r i l l  e t  a t ,  (1935) medium), lo w ered  t h e  y i e l d  of l i p i d  and th e  amount 

o f  s u g a r  used  i n  A, n idu tan s. K eeping  t h e  same C:N r a t i o ,  b u t  r a i s i n g  

th e  g lu c o se  c o n c e n t r a t i o n  from  1 0  t o  2 0  p e r c e n t ,  d id  n o t  improve th e  

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

c o nc luded  t h a t  a h ig h  n i t r o g e n : c a r b o n  r a t i o  would f a v o u r  th e  p r o d u c t i o n  

of p r o t e i n  and a low n i t r o g e n : c a r b o n  r a t i o  would f a v o u r  t h a t  o f  l i p i d .

The e f f e c t s  o f  d i v e r s e  m in e r a l  su p p le m e n ts  on t h e s e  t h r e e  moulds

were r e p o r t e d  by G a r r id o  and W alker (1953a)  and G a r r id o  e t  a t ,  (1953) 

who showed t h a t  l i p i d  f o rm a t io n  i n  m oulds  c o u ld  be  enhanced  to  a c o n s id e r a b l e  

d e g re e  by a d j u s t i n g  th e  q u a n t i t i e s  and p r o p o r t i o n s  o f  sodium , p o t a s s iu m ,  

magnesium, s u l p h a t e  and p h o s p h a te  i o n s .  I n  a  medium o f  (p e r  100 m l)

500 mg magnesium s u lp h a t e  f o r  a l l  3 m o u ld s ,  b u t  155 mg ph o sp h o ru s  and 

10 mg p o ta s s iu m  f o r  A, n idu tans \ 15 mg ph o sp h o ru s  and 195 mg p o ta s s iu m  

f o r  P .  gavanicum; and 7 mg p h o s p h o ru s  and 195 mg p o ta s s iu m  f o r  P . 

spinutosuniy l i p i d  c o n te n t s  w ere  50%, 24% and 25%, r e s p e c t i v e l y .

G a r r id o  and W alker (1953b) s t u d i e d  t h e  b e h a v io u r  o f  A, n idu tan s  

when grown i n  g lax o  f l a s k s ,  showing t h a t  th e  b io c h e m ic a l  a c t i v i t i e s  o f  

moulds i n  s u r f a c e  grow th e x p e r im e n ts  a r e  in f lu e n c e d  by  p h y s i c a l  f a c t o r s  

c o n seq u e n t  on  t h e  ty p e  o f  v e s s e l  u se d  f o r  c u l t i v a t i o n  a n d ,  i n  p a r t i c u l a r ,  

by t h e  r a t i o  o f  s u r f a c e  a r e a /v o lu m e .

A, n idu tan s y P. javanicum  and P . spinutosum  w ere  a l s o  u se d  by Gad

and Walker (1954) i n  a s tu d y  o f  t h e  f o r m a t i o n  of  l i p i d  from s u c r o s e ;
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and G a r r i d o  and W alker (1956) compared th e  e f f i c i e n c y  f o r  l i p i d  p r o d u c t i o n  

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

i n u l i n  and  s t a r c h .  X y lo se  was found to  be t h e  n e x t  b e s t  carbon  s o u r c e  

to  g l u c o s e .  These w o rk e rs  a l s o  s tu d ie d  th e  e f f e c t  o f  s i x  n i t r o g e n  

s o u r c e s .  Ammonium n i t r a t e  and sodium n i t r a t e  showed t h e  b e s t  r e s u l t s  

a f t e r  6 —8  days o f  g row th  a t  25°C.

C o n t in u in g  th e  s t u d i e s  w i t h  th e s e  t h r e e  m ou lds ,  G a r r id o  e t  a l .

(1958) d e te rm in e d  t h e  optimum c o n c e n t r a t i o n s  o f  sodium d ih y d ro g e n  p h o s p h a te ,  

m agnesium  s u lp h a t e  and p o ta s s iu m  s u lp h a t e ,  i n  shaken  c u l t u r e .  Under 

t h e s e  c o n d i t i o n s ,  t h e  h i g h e s t  y i e l d s  o f  l i p i d  as  g / 1  o f  c u l t u r e  b r o t h  

w e re :  A. nidulanSy 8 . 9 ;  P. javaniourriy 3 .7 ,  and P. spinulosum , 9 . 1 .

I n  a  s t a i n l e s s  s t e e l  f e r m e n te r  o f  th e  W aldhof t y p e ,  G a r r id o  and 

W alker (1958) grew t h e s e  t h r e e  moulds i n  t h e  same medium as  t h a t  p r e v i o u s l y  

used  f o r  shaken  c u l t u r e .  The y i e l d s  o f  l i p i d  (g /1 )  were as  f o l l o w s :

A. n id u ta n s , 4 . 4 ;  P. javanieum , 3 .6 ,  and i n  a  d i f f e r e n t  medium,

P. spinutosum  p ro d u ce d  1 1 .4 .  A cco rd ing  to  t h e s e  f i g u r e s  t h e r e f o r e  

th e  l i p i d  a c c u m u la t io n  a b i l i t y  o f  A. n id u ta n sÂs\ t h e  f e r m e n te r  was low er  

th a n  i n  shaken  c u l t u r e s .  T h i s  low er v a lu e  was a t t r i b u t e d  to  t h e  f a c t  

t h a t  t h e r e  was a  t e n d e n c y  f o r  t h e  new m y c e l i a l  growth t o  ad h e re  t o  t h e  

w a l l  o f  t h e  f e r m e n t e r ,  fo rm in g  dense  s t i c k y  a g g r e g a te s  w hich  p r o b a b ly  

r e c e i v e d  i n s u f f i c i e n t  oxygen , w i t h  c o n se q u e n t  d im in u t io n  in  t h e  l i p i d  

y i e l d .

I n  1959, Gad e t  a t .  d e s c r i b e d  th e  c u l t i v a t i o n  o f  t h e  moulds A. n idu tans  

and F e n io ittiu m  so p p i  i n  s u r f a c e  and i n  sh a k e n  c u l t u r e ,  w i th  can e  and 

b e e t  m o la s s e s  a s  s u b s t r a t e s .  S a t i s f a c t o r y  y i e l d s  o f  l i p i d  on a cane  m o la sses  

medium su p p lem en ted  w i t h  s a l t s  (up to  16 g / 1 ) an d ,  on an  u nsupp lem en ted  

b e e t  m o la s s e s  medium (up to  1 1 .8  g /1 )  w ere  o b t a i n e d  w i t h  A, n id u ta n s  i n  

s t a t i c  c u l t u r e ,  b u t  i n  shaken  c u l t u r e s  p r e p a r e d  w i th  m o la s s e s  m e d ia ,  t h i s  

mould p roduced  l i t t l e  l i p i d .  I n  s t a t i c  and i n  shaken  c u l t u r e s ,  p r e p a r e d  

w i t h  s u c r o s e - s a l t s  m edia  P. so p p i  produced  2 1 .6  and 8.1 g / 1 ,  r e s p e c t i v e l y .

Naguib  (1959) grew A. n idu tan s  on f o u r  d i f f e r e n t  s u g a r  s o u r c e s



( g lu c o s e ,  s u c r o s e ,  f r u c t o s e ,  or m a l to s e )  and N agu ib  and S add ik  (1960) 

a l s o  grew th e  same mould on th re e  d i f f e r e n t  n i t r o g e n  s o u r c e s ,  i n  

s u r f a c e  c u l t u r e .  G row th, su g a r  and n i t r o g e n  u p t a k e  and s y n t h e s i s  of 

c a r b o h y d r a t e s ,  p r o t e i n s  and l i p i d  were a l s o  f o l l o w e d  over  an i n c u b a t io n  

p e r i o d  o f  20 d a y s .  I t  was found t h a t  g lu c o s e  was more r e a d i l y  m e ta b o l iz e d  

t h a n  th e  o t h e r  s u g a r s ,  g i v in g  a heavy f e l t  w i t h  t h e  h i g h e s t  l i p i d  c o n te n t  

i n  a s h o r t e r  t im e and t h a t  a s p a ra g in e  was f a r  s u p e r i o r  to  n i t r a t e  o r  

ammonium as a  n i t r o g e n  s o u rc e  f o r  l i p i d  f o r m a t i o n .  P r o t e i n  and 

c a rb o h y d r a te  c o n te n t s  were h ig h e r  in  n i t r a t e  t h a n  i n  a s p a r a g in e  or 

ammonium fe d  m y c e l i a l  f e l t s .

The a b i l i t y  o f  A. n id u ta n s  t o  u se  ammonium s a l t s  as n i t r o g e n  

s o u rc e  was i n v e s t i g a t e d  by Naguib and S ad d ik  ( 1 9 6 1 ) .  Three d i f f e r e n t  

ammonium s a l t s ,  nam ely : c h l o r i d e ,  c a r b o n a te  and n i t r a t e  were e v a lu a te d  

by  com parison  w i th  g ro w th  i n  sodium n i t r a t e .  Ammonium c a rb o n a te  gave th e  

h i g h e s t  l i p i d  c o n t e n t .

M y c e l i a l  mats o f  A. n id u ta n s  were  grown i n  a  medium made from sw eet 

p o t a t o e s  by Naguib and Adel (1962) and c o n ta i n e d  15 p e r c e n t  (w /v) l i p i d .

These s t u d i e s  w i t h  A. n id u ta n s  were c a r r i e d  o u t  a t  M anches te r  

U n i v e r s i t y  u s in g  a s i n g l e  w i ld  ty p e  s t r a i n .  T h i s  s t r a i n ,  s e l e c t e d  by 

Woodbine e t  a t .  (1 9 5 1 ) ,  e x h ib i t e d  good c a p a c i t y  f o r  l i p i d  a c c u m u la t io n ,  

w h ich  cou ld  be  improved by su b seq u e n t  changes  i n  medium and c o n d i t i o n s  

o f  grow th . A. n id u ta n s  was a l s o  shown to  be  s u i t a b l e  f o r  g row th  in  m edia  

o f  h ig h  s a l t  c o n c e n t r a t i o n  (so a g r o - i n d u s t r i a l  r e s i d u e s ,  such  a s  m o la s e s ,  

c o u ld  be u s e d  as  g ro w th  medium), when c u l t i v a t e d  w i th o u t  a g i t a t i o n ,  b u t  

i n  submerged c u l t u r e  b e t t e r  y i e l d s  were o b t a i n e d  i n  media w i t h  lower 

c o n c e n t r a t i o n s  o f  s a l t  (G a r r id o  and W alke r ,  1 9 5 3 a ) .

The f a t t y  a c id  c o m p o s i t io n  o f  A. n id u ta n s  l i p i d s ,  s t u d i e d  by S ingh  

e t  a t .  (1955) u s in g  a low te m p e ra tu re  c r y s t a l l i z a t i o n  te c h n iq u e  f o r  

a n a l y s i s ,  was found t o  be ( p e r c e n t ) :  14:0 = 0 . 7 ;  16 :0  = 2 0 .9 ;  16:1 =

1 .3 ;  18:0 = 15 .9 ;  18:1 = 4 0 .3 ;  18:2 = 1 7 .0 ;  18 :3  = 0 .2 ;  20 .0  = 3 .8 .

Changes in  t h e  l i p i d  c o m p o s i t io n  o f  t h i s  m ou ld ,  w i th  t h e  age o f
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t h e  c u l t u r e ,  were r e p o r t e d  by Singh and W alker  (1 9 5 6 a ) .  E s t im a t io n  

o f  a c id  v a l u e ,  s a p o n i f i c a t i o n  e q u i v a l e n t ,  i o d i n e  v a lu e  and u n s a p o n i f i a b i e  

m a t t e r  w ere  p e rfo rm e d .

I t  was c o n c lu d e d  t h a t  th e  r a t e  of f o r m a t io n  of f a t  i n  s u r f a c e  

c u l t u r e  i s  slow d u r i n g  the  f i r s t  week of i n c u b a t i o n ,  b u t  becomes v e ry  

r a p i d  d u r in g  th e  e i g h t h  and n i n t h  d a y s ,  when t h e  maximal deve lopm ent 

o f  t h e  mould i s  r e a c h e d .  A f t e r  th e  n in th  d a y ,  th e  r e s e r v e  o f  f a t  i n  t h e  

mould d e c r e a s e s  in  w e i g h t .  I n  th e  e a r l y  s t a g e s  of  f a t  s y n t h e s i s ,  

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

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

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

component a c id s  c o n ta in u e  to  i n c r e a s e ,  b u t  i n  t h e  s u b s e q u e n t  phase  o f  

th e  c u l t u r e ,  th e  w e ig h t  of each  o f  t h e s e  com ponents  d i m i n i s h e s .

T h is  e x p e r im e n t  was d e s ig n e d  to  answ er t h e  q u e s t i o n  as  t o  w h e th e r  

t h e  u n s a t u r a t e d  a c i d s  t h a t  a r e  components o f  t h e  f a t  o f  t h i s  o rg an ism  

w ere  form ed by d e h y d ro g e n a t io n  o f  s a t u r a t e d  a c i d s  o f  some o t h e r  m echanism. 

I t  was conc luded  t h a t  th e  r e s u l t s  were in  a c c o r d  w i th  some a l t e r n a t i v e  

m echanism .

The i n f l u e n c e  o f  pH o f  t h e  medium on t h e  l i p i d  c o m p o s i t io n  o f  

A. n id u ta n s  was s t u d i e d  by S ingh  and Walker (19 5 6 b ) .  The i o d in e  

v a lu e  o f  th e  f a t t y  a c i d s  i n c r e a s e s  w i th  t h e  pH o f  th e  medium, which i s  

due t o  an  i n c r e a s e  i n  o l e i c  a c id  w i th  a c o r r e s p o n d in g  d e c r e a s e  i n  t h e  

amount o f  s a t u r a t e d  a c i d s .

The same a u t h o r s  (1956c) found a l s o  t h a t  t h e  l i p i d  s y n th e s i z e d  

a t  17°C was more u n s a t u r a t e d  th a n  a t  25°C, b u t  more u n s a t u r a t i o n  was 

a l s o  o b s e rv e d  a t  30°C th an  a t  25°C, so t h a t  a  s im p le  r e l a t i o n s h i p  be tw een  

g row th  t e m p e ra tu re  and  d e g re e  o f  u n s a t u r a t i o n  was n o t  fo u n d .

The e f f e c t  o f  s u c ro s e  c o n c e n t r a t i o n  (1 0 -4 0  p e r c e n t )  was r e p o r t e d  

by S in g h  and D a t t  ( 1 9 5 7 ) ,  who c o u ld  t h a t  t h e  optimum s u g a r  c o n c e n t r a t i o n  

f o r  t h e  maximum y i e l d s  o f  m y c e l i a l  mass and l i p i d  f o r m a t io n  was 2 0  p e r c e n t  

and t h e  l i p i d  p ro d u ce d  a t  t h i s  c o n c e n t r a t i o n  e x h i b i t e d  t h e  g r e a t e s t  d e g re e



-  1 5 -

of  s a t u r a t i o n .  The l e a s t  amount o f  f e l t  and f a t  a r e  formed w i t h  40 p e r c e n t  

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

p r o p o r t i o n  o f  s a t u r a t e d  a c i d s ,  w h i le  t h e  amounts of o l e i c  and l i n o l e i c  

a c id s  a re  h i g h e r  th a n  a t  lo w er  su g a r  c o n c e n t r a t i o n s .

S tu d ie s  on  changes  in  t h e  p r o p o r t i o n  of th e  component f a t t y  a c id s  

o f  A. ri'idutans l i p i d  a t  d i f f e r e n t  l e v e l s  of ammonium n i t r a t e  c o n c e n t r a t i o n  

(0 .1 5 -0 .6 0  p e r c e n t )  i n  t h e  medium w ere  r e p o r te d  by S in g h  and D a t t  (1 958 ) .  

The p r o d u c t io n  o f  l i p i d  i s  maximal w i t h  0 .30  p e r c e n t  ammonium n i t r a t e  

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

a c i d s .  The y i e l d  o f  t h e  m y c e l i a l  mass i s  h i g h e s t  a t  0 .6 0  p e r c e n t ,  though 

th e  p e r c e n ta g e  o f  f a t ,  a t  t h i s  c o n c e n t r a t i o n ,  i s  l o w e r .  The l i p i d  

produced  a t  t h i s  N -so u rce  c o n c e n t r a t i o n  c o n ta in s  t h e  l a r g e s t  p r o p o r t i o n  

o f  o l e i c  and l i n o l e i c  a c i d .

A ll  t h e s e  s t u d i e s  on th e  l i p i d  c o m p o s i t io n  o f  A . ri'tdulans were 

a g a in  p e rfo rm e d  u s in g  t h e  same w i ld  ty p e  s t r a i n  s t u d i e d  by th e  M a n ch es te r  

U n iv e r s i ty  g r o u p .  From t h e s e  e x p e r im e n ts  i t  can  be  deduced  t h a t  t h i s  

s t r a i n  e x h i b i t s  a n  e a r l y  p h a s e  o f  g row th  d u r in g  w h ic h  t h e r e  i s  a  h ig h  

r a t e  o f  p r o t e i n  s y n t h e s i s  and slow  r a t e  o f  l i p i d  s y n t h e s i s .  L a t e r ,  

p r o t e i n  s y n t h e s i s  slows down w h i le  l i p i d  c o n te n t  i n c r e a s e s .  A l s o ,  th e  

f a t t y  a c id  c o m p o s i t io n  was a f f e c t e d  by changes i n  t e m p e r a t u r e ,  pH, s u c ro s e  

and ammonium n i t r a t e  c o n c e n t r a t i o n  and th e  i n c u b a t i o n  p e r i o d .

More r e c e n t l y ,  e r g o s t e r o l  was i d e n t i f i e d  as  t h e  m ajo r  f r e e  s t e r o l  

o f  A, ri'Ldulans by  S h a p iro  and G e a l t  (1 9 8 2 ) .  L a n o s t e r o l ,  a  p r e c u r s o r  

o f  e r g o s t e r o l  was i d e n t i f i e d  a s  a m in o r  component o f  t h e  f r e e  s t e r o l s ,  

b u t  was u s u a l l y  more ab u n d an t  th a n  e r g o s t e r o l  i n  t h e  s t e r y l  e s t e r  

f r a c t i o n .  B e c a u se  of t h i s ,  i t  was conc luded  t h a t  t h e  e s t e r s  s e r v e  as 

s to r a g e  compounds fo r  t h e  membrane s t e r o l  p r e c u r s o r s .

The c o n t e n t  o f  s t e r o l  and p h o s p h o l ip id  com ponents  o f  A. n v d u la n s , 

grown in  t h e  p r e s e n c e  and a b s e n c e  o f  f u n g i c i d e s ,  was d e te rm in e d  by C ra ig  

and Pederby  ( 1 9 8 3 ) .  The two d ru g s  s tu d i e d  were shown to  a f f e c t  b o th
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t h e  q u a l i t y  and c o m p o s i t io n  of th e  l i p i d  components s t u d i e d .  In  the  

absence  o f  d ru g  th e  p r o p o r t i o n  of com ponents  w e re ;  s t e r o l  -  4.88%

(w/w), p h o s p h o l ip id s  -  30.76% Cw/w). Ih e  p e r c e n ta g e  of 

p h o s p h o l ip id  c l a s s e s  (w/w) found w e r e :  p h o s p h a t i d y l c h o l in e  -  47%; 

p h o s p h a t id y le th a n o la m in e  -  37.5%; p h o s p h a t i d y l i n o s i t o l  -  10.5% and 

p h o s p h a t i d y l s e r i n e  -  4.0%.

L ip id s  e x t r a c t e d  from  l iv i n g  o r g a n i s m s ,  a r e  n o rm a l ly  complex 

m ix tu re s  t h a t  can  be e a s i l y  s e p a r a te d  i n t o  n e u t r a l  and p o l a r  l i p i d  

f r a c t i o n s .  Common n e u t r a l  l i p i d s  a r e  t r i g l y c e r i d e s  (o r  t r i a c y l g y c e r o l s ) ,

s t e r o l s  and s t e r o l  e s t e r s .  P redom inan t p o l a r  l i p i d s  a re  p h o s p h o l ip id s

and g l y c o l i p i d s .

The p r o p o r t i o n  o f  each  f r a c t i o n  depends  on th e  o rgan ism  and 

c u l t u r a l  c o n d i t i o n s .

P a t t y  a c id s  a r e  produced  by a l l  l i v i n g  o rgan ism s  and p o t e n t i a l l y  

r e p r e s e n t  th e  m ost abu n d an t  c l a s s  o f  l i p i d s  i n  n a t u r e .  However, f r e e  

f a t t y  a c id s  do n o t  o c c u r  n a t u r a l l y  t o  any g r e a t  e x t e n t ,  b u t  a r e  m ain ly

e s t e r i f i e d  a s  c o n s t i t u e n t s  of  acy l  g l y c e r i d e s  ( t r i -  d i -  and m o n o g ly c e r id e s ) ,

p h o s p h o l i p i d s ,  g l y c o l i p i d s  and s t e r o l  e s t e r s .

The l i p i d s  o f  p r o k a r y o t i c  m ic r o -o r g a n i s m s  have  a  l a r g e  number and 

v a r i e t y  o f  f a t t y  a c i d s ,  many o f  w h ich  a r e  uncommon, o r  unknown, in  f u n g i  

and o th e r  e u k a ry o te s  (O 'L e a ry ,  1967) .  The g r e a t e s t  d i f f e r e n c e  o f  a l l  

between p r o k a r y o t i c s  and f i l a m e n to u s  f u n g i  and o t h e r  e u k a ry o te s  i s  th e  

f a c t  t h a t  b a c t e r i a  and o t h e r  p r o k a r y o t i c  c e l l s  do n o t  s y n t h e s i z e  

p o l y u n s a t u r a t e d  ( p o ly e n o ic )  f a t t y  a c i d s  ( e x c e p t  some b l u e - g r e e n  a l g a e ) , 

w hereas t h e s e  f a t t y  a c id s  a r e  u b i q u i t o u s  in  e u k a r y o t i c  c e l l s  (Shaw, 1966).

B a c t e r i a l  f a t t y  a c i d s  u s u a l l y  c o n s i s t  o f  s im p le  s a t u r a t e d  and 

monoenoic com ponen ts ,  b u t  may a l s o  c o n t a i n  odd-num bered , b ran c h e d  c h a in  

and c y c lo p ro p an e  a c i d s .

The m a jo r  f a t t y  a c id s  of e u k a r y o t i c  o rg an ism s  c o n ta in  an even 

number o f  c a rb o n  atoms i n  s t r a i g h t  c h a i n s  w i th  a t e r m in a l  c a rb o x y l  group 

and may be  f u l l y  s a t u r a t e d  or  c o n ta i n  o n e ,  two o r  more (up to  s i x )  do u b le
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bo n d s ,  which g e n e r a l l y  have  a c i s  c o n f i g u r a t i o n .  The commonest f a t t y  

a c id s  a re  s t r a i g h t  c h a in  even-num bered  a c id s  c o n ta i n in g  14-20 ca rbon  a tom s, 

a l t h o u g h  a l l  t h e  p o s s ib l e  odd and even  numbered homologues w i th  2 -30  o r  

more ca rbon  atoms have b e e n  found in  n a t u r e .  The s a t u r a t e d  f a t t y  a c i d s ,  

m y r i s t i c  ( 1 4 : 0 ) ,  p a l m i t i c  ( 1 6 :0 )  and s t e a r i c  ( 1 8 : 0 ) ,  and th e  u n s a tu r a t e d  

f a t t y  a c i d s ,  o l e i c  ( 1 8 :1 ) ,  l i n o l e i c  (1 8 :2 )  and l i n o l e n i c  ( 1 8 :3 ) ,  

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

m ic ro o rg a n is m s .

A lg a l  l i p i d s  u s u a l l y  c o n t a i n  a v a r i e t y  o f  f a t t y  a c i d s ,  which 

may v a ry  c o n s id e r a b ly  a c c o r d in g  to  c u l t u r e  c o n d i t i o n s .  I n  g e n e r a l ,  th e  

homologous s e r i e s  r a n g in g  from  14-22 , c h a r a c t e r i z e d  by a r e l a t i v e l y  

l a r g e  p r o p o r t i o n  o f  p o l y u n s a t u r a t e d  C^g, and f a t t y  a c id s  a r e

found (W eete, 1980).

The f a t t y  ac id  c o m p o s i t io n  o f  y e a s t s  and m ou lds ,  i n  g e n e r a l ,  i s  

a s  f o l l o w s :  16:0  i s  th e  p re d o m in a n t  s a t u r a t e d  f a t t y  a c i d ,  and 18:1 and 

18:2  th e  p redom inan t  u n s a t u r a t e d  f a t t y  a c i d s .  The p r o p o r t i o n  o f  18 :2  b e in g  

h i g h e r  in  moulds than  i n  y e a s t ,  w hich  g e n e r a l l y  p o s s e s s  18:1 as  th e  m ajo r  

u n s a t u r a t e d  f a t t y  a c id  (W hitw orth  and R a t le d g e ,  1974).

F a t t y  a c id s  a re  im p o r t a n t  a s  s o u rc e s  of e n e rg y  in  a c y l  l i p i d s ,  and 

some w i th  s p e c i f i c  s t r u c t u r e s  a r e  r e q u i r e d  f o r  g ro w th ,  p resum ab ly  as  

s t r u c t u r a l  components o f  membrane l i p i d s  (Weete, 1980).

The d e g re e  of u n s a t u r a t i o n  o f  t h e  f a t t y  a c i d s  e s t e r i f i e d  to  p o l a r  

membrane l i p i d s  i s  w e l l  r e c o g n i z e d  a s  h av in g  a p ro fo u n d  e f f e c t  on th e  

p h y s i c a l  p r o p e r t i e s  of  t h e  membrane ( f l u i d i t y )  and c o n s e q u e n t ly  on a l l  

a s p e c t s  o f  membrane f u n c t i o n  (Moore, 1982).

The m ost abundant c l a s s  i n  l i p i d  e x t r a c t s  o f  f u n g i  i s  u s u a l l y  

t r i g l y c e r i d e s  (R a t le d g e ,  198 2 ) .  The p r o p e r t i e s  o f  t h e  t r i g l y c e r i d e s  a r e  

governed  m a in ly  by the  c o n s t i t u e n t  f a t t y  a c i d s ,  b u t  p a r t l y  a l s o  by which 

o f  t h e  t h r e e  p o s s ib l e  p o s i t i o n s  t h e  d i f f e r e n t  f a t t y  a c id s  occupy on th e  

g l y c e r o l  m o le c u le .  P l a n t  t r i a c y l g l y c e r o l s  ten d  to  have v e ry  few s a t u r a t e d
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f a t t y  a c id s  i n  the  2 - p o s i t i o n ,  w hereas  t h i s  i s  n o t  t r u e  w ith  

t r i g l y c e r i d e s  o f  an im al  o r i g i n s .  So p l a n t  o i l s  w i l l  c o n ta in  p r i m a r i l y  

BUS, SUU and UUU t r i g l y c e r i d e s  (S = s a t u r a t e d ;  U = u n s a tu r a t e d  f a t t y  

a c i d ) ,  t h e r e  w i l l  be r e l a t i v e l y  few S S S ,  SSU o r  USU t r i g l y c e r i d e s ,  as 

found i n  a n im a ls .  From t h e  a v a i l a b l e  ev idence , y e a s t  and mould 

t r i g l y c e r i d e s  a re  s i m i l a r  t o  th e  p l a n t s  o i l s ,  i n  t h i s  a s p e c t  ( R a t l e d g e ,  

1982).

The m a jo r  com m erc ial  u s e s  o f  t r i g l y c e r i d e s  a r e  i n  the  m a n u fa c tu re  

o f  m a r g a r in e ,  cook ing  and s a l a d  o i l s ,  w i th  t h e i r  q u a l i t y  v e ry  d e p e n d en t  

upon t h e i r  f a t t y  a c id  c o m p o s i t io n  and d i s t r i b u t i o n .

T r i g l y c e r i d e s  a r e  c o n s id e r e d  as r e s e r v e  l i p i d  and a r e  b e l i e v e d  to  be 

s t o r e d  in  t h e  form o f  d r o p l e t s  in  t h e  c y to p la sm . T r i g l y c e r i d e s  a r e  

a b o u t  two t im e s  more e f f i c i e n t ,  on a c a l o r i e / g  b a s i s ,  f o r  m e t a b o l i c  

energy, th a n  e i t h e r  p r o t e i n s  or  c a rb o h y d r a te s .

W ith v e r y  few e x c e p t i o n s ,  a v e ry  h igh  c o n t e n t  o f  t r i g l y c e r i d e s  i s  

p r e s e n t  in  t h e  t o t a l  l i p i d  o f  y e a s t  c e l l s ;  v a l u e s  a r e  f r e q u e n t l y  above 

85 p e r c e n t  o f  th e  t o t a l  l i p i d .  U n f o r tu n a t e ly ,  a n a l y s i s  of o i l s  from 

f i l a m e n to u s  f u n g i  has  b e e n  m ain ly  on th e  r e l a t i v e  p r o p o r t i o n s  o f  f a t t y  

a c id s  o f  t h e  t o t a l  l i p i d ,  a l th o u g h  some work h a s  b e e n  c a r r i e d  o u t  on 

l i p i d s  f r a c t i o n a t e d  i n t o  n e u t r a l  and p o l a r  c l a s s e s  ( s e e  R a t l e d g e ,  1982). 

However, t h i s  t e l l s  u s  l i t t l e  abou t th e  p r o p o r t i o n  o f  th e  c o m m e rc ia l ly  

im p o r ta n t  t r i g l y c e r i d e s  compared w i th  o th e r  n e u t r a l  l i p i d s  such  as 

s t e r o l s  and s t e r o l  e s t e r s .

Mono and d i g l y c e r i d e s  a re  r a r e l y  p r e s e n t  i n  more th an  t r a c e  am ounts , 

as  found i n  p l a n t s  o r  a n im a l  t i s s u e s ,  where 1 , 2  d i g l y c e r i d e  h a s  a 

p a r t i c u l a r  im p o r ta n c e  as  t h e  p r e c u r s o r  o f  t r i g l y c e r i d e s  and complex 

l i p i d s  ( C h r i s t i e ,  1982) .

S t e r o l s  a r e  p r e s e n t  i n  most e u k a ry o t ic  m ic r o o rg a n is m s ,  e x c e p t  under  

a n a e ro b ic  c o n d i t i o n s  w hen , in  p r i n c i p l e ,  s t e r o l s  c a n n o t  be b i o s y n t h e s i s e d ,  

s i n c e  th e  i n t r o d u c t i o n  o f  t h e  3 B -hydroxyl g roup  i s  a r e a c t i o n  r e q u i r i n g
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m o le c u la r  oxygen (Nes, 1977).

The most common s t e r o l  o f  y e a s t  and m oulds , i s  e r g o s t e r o l  and i t  

i s  o f t e n  accom panied by s e v e r a l  o t h e r  s t e r o l s  in  low er r e l a t i v e  p r o p o r t i o n s .

The s t e r o l s  o c c u r r in g  i n  f u n g i  and t h e i r  f u n c t i o n s  a r e  the  s u b j e c t  

o f  r e c e n t  rev iew s  by Brennan e t  a l .  (1 9 7 4 ) ,  E l l i o t  ( 1 9 7 7 ) ,  Weete (1980) 

and t h e s e  a re  summ arised below .

S t e r o l s  p l a y  an im p o r ta n t  r o l e  i n  th e  a r c h i t e c t u r e  o f  membranes and 

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

m o le c u la r  m otion  of  t h e  l i p i d s  i n  th e  m embranes. S e n s i t i v i t y  to  p o ly e n e  

a n t i b i o t i c s  has b e e n  r e l a t e d  to  membrane s t e r o l  c o n t e n t .  They a re  a l s o  

r e q u i r e d  by a number o f  f u n g i  f o r  s e x u a l  r e p r o d u c t i o n  and can  s t i m u l a t e  

g row th  in  a e r a t e d  c u l t u r e .  Some f u n g i  r e q u i r e  s t e r o l s  f o r  optimum 

a c t i v i t y  o f  c e r t a i n  enzymes such  as  ATPases (Weete, 1 9 80 ) .

The s t e r o l  c o n t e n t  of a p a r t i c u l a r  m ic ro o rg a n ism  i s  h ig h ly  v a r i a b l e  

and v e ry  s e n s i t i v e  t o  c o n d i t i o n s  o f  g ro w th ,  s p e c i a l l y  t h e  c o n c e n t r a t i o n  

a s  w e l l  a s  type  o f  s u g a r  u se d  a s  c a rb o n  s o u r c e .  In  g e n e r a l ,  h igh  e r g o s t e r o l  

c o n te n t  i s  a s s o c i a t e d  w i th  c o n d i t i o n s  a l lo w in g  v ig o ro u s  g row th  or u n d e r  

c o n d i t i o n s  o f  s t r e s s ,  such  a s  v e ry  low or  v e ry  h igh  t e m p e r a t u r e ,  e x p o su re  

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

I n  some o rg an ism s  such  as  Saccharom yces cerev'LS'iae, i n  c a se s  

w here  h ig h  l e v e l s  o f  t o t a l  l i p i d  have  been  r e p o r t e d ,  a lm o s t  h a l f  th e  

l i p i d  i s o l a t e d  from  i n t r a c e l l u l a r  o i l  d r o p l e t s  was found  t o  be s t e r o l ,  

e i t h e r  f r e e  o r  a s  s t e r o l  e s t e r s .

The p o t e n t i a l  com m ercial im p o r ta n c e  o f  s t e r o l s  i s  e x e m p l i f ie d  

by th e  e x p l o i t a t i o n  by th e  p h a rm a c e u t ic a l  i n d u s t r y  o f  e r g o s t e r o l ,  a s  a 

p r e c u r s o r  o f  o t h e r  e c o n o m ic a l ly  im p o r ta n t  s t e r o l s  (B rennan  e t  a l . ,  1974).

S t e r o l  e s t e r  i s  a n o th e r  n e u t r a l  l i p i d  component, w h ich  i s  w id e ly  

d i s t r i b u t e d  in  n a t u r e  and i s  a l s o  r e p o r t e d  t o  occur  in  f u n g i  where t h e r e  

i s  l i t t l e  known a b o u t  i t s  f u n c t i o n  and l o c a t i o n  in  t h e  c e l l .

I t  seems p o s s i b l e  t h a t  s t e r o l  e s t e r s  s e rv e  as a s o u r c e .o f  s t e r o l  f o r  

s y n t h e s i s  o f  new membranes and a r e  s t o r e d  i n  sm all  l o w - d e n s i ty  v e s i c l e s
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( E l l i o t ,  1977; R ose ,  1 9 8 ) ) .

The f a t t y  a c id  c o m p o s i t io n  o f  s t e r o l  e s t e r s  r e p o r t e d  in  f u n g i ,  

r a n g e s  i n  c h a in  l e n g t h  betw een  14-18 , e s t e r i f i e d  p r i m a r i l y  to  e r g o s t e r o l  

(W a sse f ,  1977).

P h o s p h o l ip id s  a r e  c o n s id e r e d  the  second m ajo r  l i p i d  component i n  

f u n g i  and have lo n g  been  r e c o g n i z e d ,  w ith  g l y c o l i p i d s ,  as  th e  m ajo r  l i p i d  

com ponents  o f  membranes.

I n  g e n e r a l ,  t h e  m ajo r  p h o s p h o l ip id s  r e p o r t e d  to  o c c u r  in  fu n g i  a re  

p h o s p h a t i d y l c h o l i n e  (PC), p h o s p h a t id y le th a n o la m in e  (PE) w i th  

p h o s p h a t i d y l s e r i n e  ( P S ) , p h o s p h a t i d y l i n o s i t o l  ( P I ) , p h o s p h a t i d y l g l y c e r o l  

(PC) and c a r d i o l i p i n  (CL) o c c u r r i n g  in  l e s s e r  am ounts .

F u n c t io n s  o f  p h o s p h o l i p i d s  a r e  m ain ly  a s s o c i a t e d  w i t h  th e  m embranes, 

h a v in g  a p ro found  i n f l u e n c e  on c e l l u l a r  a c t i v i t i e s  th ro u g h  c o n t r o l  o f  

membrane p e r m e a b i l i t y  and membrane-bound enzyme a c t i v i t i e s .  Most o f  th e s e  

sy s te m s  h av e  been s t u d i e d  in  mammals, how ever, t h e r e  a r e  s e v e r a l  exam ples  

o f  t h i s  ty p e  of i n t e r a c t i o n  in  f u n g i .  For  e x am p le ,  CL i s  known to  be 

a s s o c i a t e d  s p e c i f i c a l l y  w i t h  m ito c h o n d r ia  i n  y e a s t  and in  As’per-g'tHus n tg e v  

(a s  i n  a l l  o th e r  e u k a r y o te s )  . PE has  been i m p l i c a t e d  in  l y s i n e  u p ta k e  by 

I^euTOspova c r a ss a .  P I  seems t o  be p a r t i c u l a r l y  in v o lv e d  i n  membrane 

t r a n s p o r t  o f  p h o s p h a te  and a r s e n a t e ,  and t r a n s p o r t  o f  p r o to n s  and o t h e r  

c a t i o n s  a c r o s s  y e a s t  membranes ( f o r  r e f e r e n c e s ,  se e  r e v ie w  by Brennan and 

L o s e l ,  1978).

The e f f e c t  o f  f u n g i c i d e s  on the  s t e r o l  and p h o s p h o l ip id  c o m p o s i t io n  

o f  A. n id u là n s  l i p i d  f r a c t i o n s  was s tu d ie d  by C ra ig  and P ede rby  (1 9 8 3 ) .

They fo u n d  t h a t  b o t h  s t e r o l  and p h o s p h o l ip id  c o m p o s i t io n  (m ain ly  PC) were 

a f f e c t e d  by th e  two d ru g s  s t u d i e d .

G l y c o l i p id s  a r e  complex l i p i d s  t h a t  can  a l s o  o c c u r  i n  f u n g i .  G e n e r a l ly ,  

g l y c o l i p i d s  have n o t  been  w id e ly  s tu d ie d  in  f u n g i ,  and r e l a t i v e l y  l i t t l e  

i s  known ab o u t  t h e i r  o c c u r r e n c e  i n  th e s e  o rg a n is m s  (W eete , 1980). C e re b r in s  

have  b e e n  r e g a rd e d  a s  t h e  m a jo r  c l a s s  o f  f u n g a l  s p h i n g o l i p i d s . A c u r r e n t l y  

more a c c e p t a b l e  name f o r  t h i s  g roup  i s  c e ra m id e s .  C e r e b r in s  have been
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o b ta in e d  from  y e a s t s ,  f i l a m e n to u s  f u n g i  and mushrooms. G l y c o l i p id s  

b ased  on g ly c e r o l  have  a l s o  been fo u n d .  The p r i n c i p a l  components o f  

g l y c e r o g l y c o l i p i d s  o f  p l a n t s  a re  mono- and d i g a l a c t o s y l d i a c y l g l y c e r o l s .

A l a r g e  number o f  g ly  c o s y  Id  i a c y l  g l y c e r o l s  have a l s o  been i s o l a t e d  from  

b a c t e r i a l  s p e c i e s .  Mono- d i ,  t r i -  and t e t r a g l y c o s y l  d e r i v a t i v e s  have 

been  found in  which g l u c o s e ,  g a l a c t o s e ,  m annose, rhamnose o r  g l u c u r o n i c  

a c i d ,  in  v a r i o u s  m o la r  p r o p o r t i o n s ,  a r e  t h e  m onosacchar ide  u n i t s .  One o r  

more f a t t y  a c id  r e s i d u e s  may a l s o  be e s t e r i f i e d  to  t h e  sugar  com ponen ts .

The o c c u r re n c e  of t h i s  com plex  group o f  l i p i d s ,  in  f u n g i ,  has been  

rev iew ed  by Weete ( 1 9 8 0 ) .

Y e a s ts  s e c r e t e  com p lex  e x t r a c e l l u l a r  l i p i d s  known as s o p h o r o s id e s  

and  u s t i l a g i c  a c i d s ,  w h ic h  a r e  hydroxy  a c id  g l y c o s i d e s .  Hydroxy a c id  

g ly c o s id e s  a r e  a l s o  r e p o r t e d  to  o c c u r  in  m oulds. L a in e  e t  a l .  (1972) 

d e s c r ib e d  a m ajor l i p i d  f rom  A sverg tH u s  n-igev as a m o n o g lu c o sy lo x y o c tad e c e n o ic  

a c i d ,  which i s  a p p a r e n t l y  membrane a s s o c i a t e d ,  and i s  a b se n t  f rom  th e  g row th  

medium.

G ly c o sy l  d i g l y c e r i d e s ,  o f  t h e  ty p e  p ro m in e n t  in  G ra m -p o s i t iv e  

b a c t e r i a  and h ig h e r  p l a n t s ,  have b e e n  r e p o r t e d  t o  o c c u r  in  y e a s t s  and m ou ld s ,  

b u t  no s t r u c t u r a l  c h a r a c t e r i z a t i o n  o f  t h e s e  l i p i d s  has  been c a r r i e d  o u t  

(Brennan e t  a l . ,  1 9 7 4 ) .

L i t t l e  i s  known a b o u t  th e  f u n c t i o n  o f  f u n g a l  g l y c o l i p i d s .  Some may 

b e  a m ajor sou rce  o f  f a t t y  a c id s  and o th e rs  a p p e ar  t o  be endogenous r e s e r v e s  

i n  s p o re s ,  t h e i r  m e ta b o l i s m  seeming t o  depend on do rm an cy -b reak in g  i n  f u n g a l  

sp o re s  (Brennan e t  a t .  , 1974).

Aims of t h i s  work

The aims o f  t h e  p r e s e n t  i n v e s t i g a t i o n  w ere :

( i )  to  d e te rm in e  t h e  f e a s i b i l i t y  o f  em ploying  a p a ra s e x u a l  g e n e t i c  

p rogram  in  o r d e r  t o  o b t a in  im proved s t r a i n s  o f  .4 . n td u ta n s  f o r
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l i p i d  p r o d u c t i o n

( i i )  to  o p t im is e  c u l t u r e  c o n d i t i o n s  f o r  maximal l i p i d  p r o d u c t i o n  from 

A. ntdutar.s

( i i i )  to  u n d e r t a k e  q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s i s  o f  t h e  l i p i d  

components o f  A. ri'idulans  s t r a i n s

( i v )  to  d e te r m in e  th e  i n f l u e n c e  o f  two e x t r a c t i o n  m ethods on th e  

r e s u l t i n g  l i p i d  c o m p o s i t io n .
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I I .  MATERIALS AND METHODS

1. Organisms

The w ild  ty p e s  o f  A, n id u ta n s  used  w ere  from th e  Commonwealth

M y c o lo g ic a l  I n s t i t u t e  (CMI) (Kew, S u r r e y ,  England) and a l l  a u x o tro p h ic
*

m u ta n ts  were d e r i v e d  from Glasgow s to c k s  . The o r i g i n  and l o c a t i o n  o f  

t h e  m u ta n ts  can be found i n  B a r r a t ,  Jo h n so n  and O gata  (1965) and B a l l  

and Azevedo (1 9 6 4 ) .

The w ild  ty p e s  were th e  f o l l o w in g :

15. i s o l a t e d  from  s o i l ,  CMI r e g i s t e r  n o .  158,753

16.  i s o l a t e d  from  s o i l ,  CMI r e g i s t e r  no . 16,040

45.  i s o l a t e d  from  gum a r a b i c ,  CMI r e g i s t e r  no . 45 ,625

The m u ta n ts  d i f f e r i n g  i n  t h e i r  n u t r i t i o n a l  r e q u i r e m e n ts  and c o n i d i a l  

c o l o u r s ,  w ere :

one bi-o -  th ia m in e  and b i o  t i n  r e q u i r e m e n t

b to  met -  b i o t i n  and m e th io n in e  r e q u i r e m e n t

MSE -  m a s te r  s t r a i n  E -m arkers  i n  a l l  e i g h t  l in k a g e  g roups

y n tc  5 Ttho 5 -  y e l lo w  c o n i d i a ,  n i a c i n  and r i b o f l a v i n  re q u i re m e n t

ypvo 1 paba 6 -  y e l lo w  c o n i d i a ,  p r o l i n e  and p-am ino  b e n z o ic  a c id  r e q u i r e m e n t

yw 2 s 12 n ic  2 -  w h i te  c o n i d i a ,  t h i o s u l p h i t e  and n i a c i n  r e q u i re m e n t

2 . Media

2.1 M inimal medium (MM) (P o n te c o rv o  e t  a l .  1953)

NaNOg 6 . 0 0  g

KCl 0 .5 2  g

MgSO^.IH^O 0 .5 2  g

KHgPO, 1 .52  g

ZhSO^ t r a c e s

*
(D epartm ent o f  G e n e t i c s ,  Glasgow U n i v e r s i t y ,  S c o t l a n d . )
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FeSO^.VH^O t r a c e s

G lucose  10.00 %

D i s t i l l e d  w a te r  1000 ml

pH a d j u s t e d  to  6 .5  w i th  NaOH. When s o l i d  medium was d e s i r e d  1.5 p e r c e n t  

agar  was added b e f o r e  a u t o c l a v i n g .

2 .2  C om plete  medium (CM) (P o n te c o rv o  e t  a t .  1953)

I d e n t i c a l  t o  MM e x c e p t  made up w i th  ta p  w a te r  and su p p lem en ted  w i t h :

p e p to n e  2 . 0  g

y e a s t  e x t r a c t  0 .5  g

c a s e i n  h y d r o ly z a t e  1 .5  g

v i t a m i n  s o l u t i o n  1 ml

V itam in  s o l u t i o n

p -a m in o b e n z o ic  a c i d  1 0 . 0  mg

p y r id o x i n e  5 0 .0  mg

a n e u r i n e  1 0 . 0  mg

n i a c i n  1 0 0 , 0  mg

b i o t i n  0 . 2  mg

r i b o f l a v i n  1 0 0 . 0  mg

d i s t i l l e d  w a te r  1 0 0  ml

Kept i n  a d a rk  f l a s k  a t  4°C o v e r  c h lo ro fo rm  a f t e r  T yndal s t e r i l i z a t i o n .

2 .3  M o d if ie d  m in im al medium (MMM)

L i q u id  m in im al medium was m o d if ie d  f o r  v a r i o u s  f e r m e n t a t i o n s  i n  

fo u r  ways :

a .  g lu c o s e  i n c r e a s e d  t o  3% (MM + 3% g lu c o se )

b. g lu c o s e  i n c r e a s e d  to  17% (MM. +-17% g lu c o se )
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c .  g lu c o s e  i n c r e a s e d  to  12%, KH^PO^ to  0.5% and NaNO^ d e c re a s e d  to  0.1%

(MM + 12% g lu c o s e  + 0.5% KH^PO^ + 0.1% NaHO )

d . th e  same as medium c ,  b u t  KH^PO^ c o n c e n t r a t i o n  unchanged  (MM + 12%

g lu c o s e  + 0 . 1 % NaNOg)

I n  a l l  c a s e s  MgSO^. 7H^0 was p re p a re d  s e p a r a t e l y  a s  a  s to c k  s o l u t i o n

and added to  th e  medium a f t e r  s t e r i l i z a t i o n ,  to  a v o id  p r e c i p i t a t i o n  o f

magnesium p h o s p h a te .

2 .4  Medium o f  N aguib  and S a d d ik  (1960) (N&S) and G a r r i d o ,  Gad and W alker 

(1958) (GGW) (g /100  ml)

N&S GGW

NaH_P0,.2H_0 
2  4  2

0.730 0 .2 1 6

MgS0,.7H20 0 . 0 2 2 0 .0 7 2

K2PO4 0.500 0 .0 6 6

ZnSO^.THgO 0.005 0 .0 1 3

Fe Clg.&HgO 0.016 0 .0 4 0

NaNOg 0.607 0 .3 0 0

g lu c o s e 17.000 9 . 0 0 0

pH 3 .8  o r  6 .5

N&S medium was i d e n t i c a l  t o  t h a t  o f  G a r r id o  and W alk e r  (1956) w i th  

th e  e x c e p t io n  o f  n i t r o g e n  s o u r c e  which was NH^RO  ̂ (3 g /1 0 0  m l) ,  i n  th e  

l a t t e r .

3. S t e r i l i z a t i o n  o f  m edia

The s t e r i l i z a t i o n  o f  m ed ia  w i th  i n c r e a s e d  amount o f  s u g a r ,  was by 

. 2a u to c l a v i n g  a t  1 0  l b / i n  f o r  15 min to  a v o id  sugar  c a r a m e l i z a t i o n .

The s t e r i l i z a t i o n  o f  o t h e r  m edia , s o l u t i o n s  and f e r m e n te r  v e s s e l ,

2was c a r r i e d  o u t  a t  15 l b / i n  f o r  20 min.
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4. H e te roka ryon  and d i p l o i d  f o rm a t io n

The t e c h n iq u e s  employed f o r  h e te r o k a r y o n  and h e te ro z y g o u s  d i p l o i d  

fo rm a t io n  were th o se  d e s c r i b e d  by Roper (1952) which a r e  based on t h e  

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

to  grow i n  MM.

L iq u id  MM + 2 p e r c e n t  CM (CM was added t o  e n su re  a sm all i n i t i a l  

g row th) was i n o c u l a te d  w i th  an e q u a l  amount o f  spo re  s u s p e n s io n  from  two 

m u ta n ts  r e q u i r i n g  d i f f e r e n t  n u t r i t i o n a l  s u p p le m e n ts .  A f t e r  two day s  

i n c u b a t io n  th e  m y c e l i a l  mat was t r a n s f e r r e d  t o  d i s h e s  o f  s o l i d  MM w h e r e ,  

a f t e r  5 to  10 d a y s ,  sm a l l  p a t c h e s  o f  h e t e r o k a r y o t i c  mycelium  may a r i s e  

from p o i n t  i n o c u la .  H e te ro k a r y o n s  t h e r e a f t e r  w ere  k e p t  i n  MM.

D ip lo id  c o lo n i e s  w ere  i s o l a t e d  from th e  c o n id i a  o f  a b a la n c e d  

h e te r o k a r y o n  p l a t e d  on MM. I f  h e te r o z y g o u s  d i p l o i d  n u c l e i  have a r i s e n  

by f u s i o n  betw een n u c l e i  (one o f  each  p a r e n t a l  k i n d ) ,  t h e  c o n id ia  c a r r y i n g  

th e s e  w i l l  g ive  r i s e  t o  2  N c o l o n i e s ,  a b le  t o  grow i n  n o n -su p p le m e n ted  

medium.

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

th e  b a s i s  o f  t h e i r  c o n i d i a l  d i a m e te r  (P o n te c o rv o  e t  a t .  1953, C l u t t e r b u c k ,  

1969).

5. P r e p a r a t i o n  o f  i n o c u l a

C on id ia  from c o lo n i e s  grown on s o l i d  medium f o r  3-5  d a y s ,  a t  37°C , 

were suspended  in  Tween 80 (0 .1% , v /v )  and a g i t a t e d  in  a  m ixer to  

b re a k  down th e  c o n i d i a l  c h a i n s .

The c o n id i a  were th e n  su sp en d ed  i n  NaCl s o l u t i o n  (0.89%, w /v )  and 

th e  s u s p e n s io n  d i l u t e d  to  g iv e  a  c o n c e n t r a t i o n  o f  1 x 1 0 ^ c o n i d i a / m l .

0 . 1  ml o f  t h i s  s o l u t i o n  was u se d  to  i n o c u l a t e  1 0 0  ml o f  s u i t a b l e  medium.

The e s t i m a t i o n  o f  c o n i d i a l  number was c a r r i e d  o u t  u s in g  a 

haem ocy tom e te r .
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6 . C u l t u r e  c o n d i t i o n s

C u l t u r e s  were grown as s u r f a c e  c u l t u r e s  ( u n a g i t a t e d )  in  an  i n c u b a to r  

o r  in  b a t c h e s  u s in g  an o r b i t a l  sh a k e r  (LH E n g in e e r in g )  ( r o t a t i o n  s e t t i n g  

a t  mark 6 ) o r  a New B runsw ick  MF114 f e rm e n to r  w i t h  an a e r a t i o n  r a t e  of 

0 . 6  l i t r e  a i r / m i n / l i t r e  o f  c u l t u r e ,  and an a g i t a t i o n  speed  o f  400 r . p .m .

A v o r t e x - s t i r r i n g  a p p a r a tu s ,  s i m i l a r  to  t h a t  d e s c r ib e d  by H arvey, 

Fewson and Holms (1 9 6 8 ) ,  was a l s o  u se d .  T h is  d e v ic e  c o n s i s t s  o f  f iv e  

f l a s k s  o f  1 1 c a p a c i t y  immersed i n  a c o n t r o l l e d  t e m p e r a tu r e  w a t e r  b a th .

The a g i t a t i o n  f o r  each  f l a s k  i s  p ro v id e d  by a m a g n e t ic  s t i r r e r  b a r  which 

i s  l o c a t e d  o v e r  a r o t a t i n g  m agnet. The speed  o f  r o t a t i o n  ( s e t t i n g  a t  6 ) 

was a d j u s t e d  to  g ive  maximum a e r a t i o n .

The amount o f  medium, growth t e m p e ra tu re  and tim e o f  h a r v e s t i n g  

u s e d  i n  e a c h  c u l t u r e  m ethod a re  d e t a i l e d  i n  R e s u l t s .

7 .  H a r v e s t  and d ry  w e ig h t  d e te r m in a t io n

The m y c e l i a l  m ats  and p e l l e t s  w ere  h a r v e s t e d  by vacuum f i l t r a t i o n  

and washed tw ic e  w i th  d i s t i l l e d  w a t e r .  The s t i r r e d  c u l t u r e s  w ere  

h a r v e s t e d  by c e n t r i f u g a t i o n  a t  38 ,000  g and washed by r e s u s p e n d in g  th e  

c e l l  p e l l e t s  i n  d i s t i l l e d  w a te r  and c e n t r i f u g a t i o n  as above .

A f t e r  w a s h in g ,  t h e  c e l l s  were im m ed ia te ly  f r o z e n  w i t h  l i q u i d  

n i t r o g e n .  The f ro z e n  c e l l s  were th e n  f r e e z e - d r i e d  o v e r n ig h t  and the  d ry  

w e ig h t  d e te r m in e d .

8 . E s t im a t i o n  o f  r e s i d u a l  g lu co se

8 .1  DNSA method (B ru n e r ,  1964)

R e a g e n t :  20 g o f  3 , 5 - d i n i t r o s a l i c y l i c  a c i d  (DNSA) (BDH Chem icals

L t d ,  E ng land )  d i s s o l v e d  i n  700 ml o f  1 N sodium  h y d r o x id e ,  and d i l u t e d  to  

1000 ml w i th  d i s t i l l e d  w a te r .  T h is  s o l u t i o n  was f i l t e r e d  and s t o r e d  in  

p o l y e t h y le n e  b o t t l e s  a t  room te m p e r a tu r e .
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Method: 1 .0  ml o f  t h e  sam ple to  be a n a ly s e d  c o n t a i n i n g  up to  14

m icrom oles  o f  D - g lu c o s e  was p i p e t t e d  i n t o  2 ml o f  c h i l l e d  DNSA r e a g e n t  

and d i l u t e d  to  4 ml w i th  d i s t i l l e d  w a t e r .  The c o n te n t s  were v o r t e x -  

mixed and p laced  on i c e  u n t i l  th o ro u g h ly  c h i l l e d .  A m arb le  was u se d  to  

s e a l  t h e  tube  w h ich  was p la c e d  i n  a b o i l i n g  w a te r  b a th  f o r  e x a c t l y  5 

min. The r e s u l t i n g  m ix tu r e  was d i l u t e d  w i t h  8  ml o f  d i s t i l l e d  w a t e r ,  v e r te x -  

mixed and th e  a b s o rb a n c e  d e te rm in e d  im m ed ia te ly  a t  540 nm. The method 

was c a l i b r a t e d  w i t h  a  c o n c e n t r a t i o n  s e r i e s  r a n g in g  from 0 . 5  t o  14 

m icrom oles  o f  g l u c o s e .

8 .2  G lucose  o x id a s e  method (Updike and H ic k s ,  1967)

T h is  method i s  b a sed  on th e  o x i d a t i o n  o f  g lu c o s e  by g lu c o s e  o x id a s e :

g lu c o s e  + oxygen -> g lu c o n ic  a c id  + hydrogen  p e ro x id e

Oxygen u p ta k e  i s  m o n i to re d  u s in g  th e  oxygen e l e c t r o d e .

R eagen ts :  1. p h o s p h a t e - c i t r a t e  b u f f e r  25 mM, pH 5 .0  (121 .5  ml

c i t r i c  a c id  (0.1 M) + 128.5  ml d i b a s i c  sodium p h o sp h a te  (0 .2  M ), pH 

a d j u s t e d  to  5 .0  and made up to  1 l i t r e  w i t h  d i s t i l l e d  w a t e r .

2 . g lu c o s e  0 . 1  p e r c e n t  ( i n  1, w/v)

3 . g lu c o s e  o x id a s e :  300 pg d i s s o lv e d  i n  10 ml 1.

Method: The sam ple  ( c o n t a i n i n g  0 .5  to  5 .5  m icrom oles  o f  g lu c o s e )

was p la c e d  in  t h e  r e a c t i o n  v e s s e l  o f  t h e  oxygen e l e c t r o d e  (Yellow S p r in g s )  

a t  40°C. 50 p i  o f  g lu c o s e  o x id a s e  r e a g e n t  were added by m ic r o s y r in g e

and t h e  oxygen u p t a k e  r e c o r d e d .

Glucose c o n c e n t r a t i o n s  w ere  c a l c u l a t e d  from a s t a n d a r d  c u rv e  

p r e p a r e d  w i th  D - g lu c o s e .

9. N i t r a t e  d e t e r m i n a t i o n s

R eagen t:  E q u a l  volumes o f  conc. p h o s p h o r ic  a c id  and c o n e .

s u l p h u r i c  a c id  w ere  mixed and a l lo w e d  t o  s t a n d  f o r  onq week. T h is

m in im ises  th e  p o s s i b l e  n i t r a t e  c o n ta m in a t io n  p r e s e n t  i n  t h e  a c i d s .
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Sz e chrome (Yedatek L t d . ,  I s r a e l )  was added to  th e  a c id s  (0 .5  p e r c e n t ,

w /v) w i th  s h a k in g  u n t i l  s o l u t i o n  was a c h ie v e d .

Method: 0 .5  ml sam p le  ( c o n t a i n i n g  up to  100 nmol n i t r a t e )  was

p i p e t t e d  i n t o  a t e s t  tu b e  c o n t a i n i n g  5 ml r e a g e n t .  The tube  was s e a le d

w i th  p a r a f i l m  and i n v e r t e d  s e v e r a l  t im e s  to  mix. The d e v e lo p e d  c o lo u r  

was read  im m ed ia te ly  a t  570 nm and c o n v e r t e d  t o  nmol n i t r a t e  by 

r e f e r e n c e  to  a s t a n d a r d  c u rv e  p r e p a r e d  a t  the  same t im e ,  r a n g i n g  from 

1 0  to  1 0 0  nmol o f  n i t r a t e .

10. L ip id  e x t r a c t i o n  m ethods

A l l  s o lv e n t s  u sed  f o r  e x t r a c t i o n  and chrom atography  w ere  r e d i s t i l l e d  

and 50 mg p e r  l i t r e  b u t y l a t e d h y d r o x y to l u e n e  (BHT) (Sigma) was added  as 

an a n t i o x i d a n t .

10.1 E x t r a c t i o n  w i th  c h lo r o f o rm -m e th a n o l  (ad a p ted  from K a t e s ,  1982)

T h is  method was n o r m a l ly  used  to  d e te rm in e  t h e  t o t a l  l i p i d  o f  

th e  sam p les ,  u s in g  0 .2 5  g o f  d r i e d  m ycelium  o r  10 g i n  " l a r g e  s c a l e "  

e x p e r im e n t s .

The f r e e z e - d r i e d  m ycelium  was r e h y d r a t e d  by add ing  0 .1  M 

p o ta s s iu m  c h l o r i d e  to  g iv e  a f i n a l  c o n c e n t r a t i o n  o f  a p p ro x im a te ly  

50 mg/ml and l e f t  15 min a t  4°C. The s u s p e n s io n  was b lended  i n  a 

Waring b le n d e r  f o r  3 min w i t h  c h lo ro fo rm -m e th a n o l  ( 1 :2 ,  v / v )  ( 3 .7 5  ml 

p e r  ml o f  s u s p e n s io n )  and l e f t  a t  room te m p e ra tu re  f o r  2 h ,  s h a k in g  

o c c a s i o n a l l y .  A f t e r  c e n t r i f u g a t i o n  i n  30 ml g l a s s  s to p p e re d  c e n t r i f u g e  

t u b e s ,  th e  s u p e r n a t a n t  e x t r a c t  was d e c a n te d  i n t o  a n o th e r  tu b e  and th e  

r e s i d u e  re su sp e n d e d  i n  m e t h a n o l - c h lo r o f o r m - 0 .1 M p o ta s s iu m  c h l o r i d e  

( 2 : 1 : 0 . 8 ,  v /v )  (4 .7 5  ml p e r  ml o f  o r i g i n a l  s u s p e n s io n )  and r e - e x t r a c t e d  

as above. To th e  combined s u p e r n a t a n t  e x t r a c t s ,  w ere  added c h lo r o f o rm  

+ 0.1 M p o ta s s iu m  c h l o r i d e  (2 .5  ml o f  e a c h ,  p e r  ml o f  o r i g i n a l  

s u s p e n s io n ) ,  and th e  m ix t u r e  was c e n t r i f u g e d .  The low er c h lo r o f o r m
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phase  was w ithd raw n  c a r e f u l l y  w i th  a P a « te u r  p i p e t t e  and t r a n s f e r r e d  to  

a 50 ml t a r e d  r . b .  Q u i c k f i t  f l a s k .  The s o l v e n t  was removed w i th  a 

r o t a r y  e v a p o r a to r  and t r a c e s  o f  w a te r  e l i m i n a t e d  by the  r e p e a te d  

a d d i t i o n  and e v a p o r a t i o n  o f  a b s o lu t e  e th a n o l .  The l i p i d  r e s i d u e  was 

w e ighed , t r a n s f e r r e d  t o  a  sm all  sample v i a l  and s t o r e d  a t  -15°C .

For large  s c a l e  l i p i d  e x t r a c t i o n  t h i s  p r o c e d u r e  was s c a l e d  up 

p r o p o r t i o n a l l y  and t h e  e x t r a c t i o n  was c a r r i e d  o u t  i n  an a p p r o p r i a t e l y  

s i z e d  g l a s s  s to p p e r e d  E rlenm yer  f l a s k .  The e x t r a c t i o n  m ix tu re  was 

s e p a r a t e d  i n  s e p a r a t o r y  f u n n e l s .

10.2  E x t r a c t i o n  w i t h  i s o p r o p a n o l  (m o d if ied  f ro m  K a te s ,  1982)

I s o p r o p a n o l  was u s e d  in  " l a r g e  s c a l e "  l i p i d  e x t r a c t i o n  in  o r d e r  

to  compare i t  w i th  t h e  c h lo ro fo rm -m e th a n o l  m e th o d .  I t  i s  known t h a t  

c h lo ro fo rm  i s  a v e ry  u s e f u l  s o lv e n t  f o r  rem ov ing  n o n - p o la r  l i p i d s ,  

b u t  a l s o  a lo n g  w i th  s e v e r a l  o th e r  o rg a n ic  s o l v e n t s ,  prom otes th e  a c t i o n  

o f  p h o s p h o l ip a s e  D, n o r m a l ly  p r e s e n t  in  some p l a n t  t i s s u e s  (K a te s ,  1982) .

P h o s p h o l ip a s e  D i s  a  v e ry  s t a b l e  enzyme and  c a u se s  e n z y m a tic  

d e g r a d a t i o n  o f  l i p i d s  d u r in g  th e  e x t r a c t i o n  p r o c e s s .  However, h o t  

i s o p r o p a n o l  can i n h i b i t  t h i s  enzyme (K a te s ,  1 9 8 2 ) .

To 10 g o f  f r e e z e  d r i e d  m ycelium , 300 ml o f  h o t  i s o p r o p a n o l  was 

added and t h e  m ix tu re  was b len d e d  f o r  2 min i n  a  W aring b l e n d e r .

The h o t  hom ogenate was f i l t e r e d  w i th  s u c t io n  and  t h e  r e s i d u e  was washed 

w i th  h o t  i s o p r o p a n o l  (200 m l) .  The f i l t e r  c a k e  was then  b le n d e d  w i th  

c h lo ro fo rm -m e th a n o l  ( 1 : 1 ,  v /v )  (200 ml) and f i l t e r e d .  The r e s i d u e  was 

washed w i th  c h lo r o f o r m - i s o p r o p a n o l  ( 1 : 1 , v / v )  and f i n a l l y  w i t h  c h lo ro fo rm  

(200 m l, e a c h ) .  The combined f i l t r a t e s  were c o n c e n t r a t e d  on a r o t a r y  

e v a p o r a t o r ,  th e  r e s i d u a l  l i p i d s  w ere  tak e n  up i n  c h lo ro fo rm  ( 2 0 0  ml) 

and th e  s o l u t i o n  was w ashed  s e v e r a l  t im es w i t h  1 p e r c e n t  sodium  c h l o r i d e  

s o l u t i o n  (100 ml p o r t i o n s ) .  The s o lv e n t  p h a s e  was e v a p o r a te d ,  t h e  l i p i d  

r e d i s s o l v e d  in  e th a n o l  and c o n c e n t r a t e d  to  d r y n e s s  to  remove any t r a c e s  

o f  w a t e r ,  t r a n s f e r r e d  t o  a sm all  sample v i a l  and s to r e d  a t  -15°C .
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11. P r e p a r a t i o n  o f  f a t t y  a c id  m eth y l  e s t e r s  (FAME)

D e t e r m in a t io n  o f  t h e  f a t t y  a c id  c o m p o s i t io n  o f  l i p i d s  by gas 

ch rom atography  i s  u s u a l l y  p re c e d e d  by e s t é r i f i c a t i o n  o r  t r a n s e s t é r 

i f i c a t i o n  t o  fo rm  th e  m ethy l e s t e r s  which i n c r e a s e s  th e  v o l a t i l i t y  o f  

th ese  compounds and makes them more s u i t a b l e  f o r  a n a l y s i s .  A c id -  

c a ta ly s e d  e s t é r i f i c a t i o n  and t r a n s e s t é r i f i c a t i o n  ( C h r i s t i e ,  1982) was 

used.

The l i p i d  sam ple  (up to  50 mg) was d i s s o l v e d  in  benzene  (1 ml) 

in  a r . b .  Q u i c k f i t  f l a s k  (25 ml) and a s o l u t i o n  o f  m e th a n o l - c o n c . 

s u lp h u r i c  a c i d  ( 8 0 : 2 ,  v / v )  (2 m l ) ,  was added . The m ix tu re  was 

r e f lu x e d  f o r  2 h ,  th e n  sodium c h l o r i d e  (5 p e r c e n t ,  v /w ) (5 ml) was 

added and t h e  r e q u i r e d  e s t e r s  w ere  e x t r a c t e d  w i th  hexane ( 2 x 5  ml) .

The hexane  l a y e r  was washed w i th  a s o l u t i o n  o f  p o ta s s iu m  

b ic a r b o n a te  ( 2  p e r c e n t  w /v )  ( 4  m l) and d r i e d  o v e r  anhyd rous  sodium 

s u lp h a t e .  The s o l u t i o n  was f i l t e r e d ,  th e  s o lv e n t  removed unde r  r e d u c e d  

p r e s s u r e  i n  a  r o t a r y  e v a p o r a to r  and th e  l i p i d  r e s i d u e  t r a n s f e r r e d  to  

a sm all  sam ple  v i a l  w h ich  was s t o r e d  a t  -15°C .

12. Gas l i q u i d  ch rom a tog raphy  a n a l y s i s  o f  FAME

A Pye Unicam s e r i e s  104 gas  l i q u i d  ch rom atog raph  (C am bridge, 

England) e q u ip p e d  w i t h  a flam e i o n i s a t i o n  d e t e c t o r ,  was u s e d  f o r  

a n a ly s i s  o f  s a m p le s .

A g l a s s  colum n (2 m x 4mm) packed  w i t h  10% SP-2330 (S u p e lc o ,  I n c .  

B e l l e f o n t e ,  PA, USA), on 100-120 mesh chrom osorb WAW was used  

i s o t h e r m a l l y  a t  198°C w i t h  a f lo w  r a t e  o f  20 ml /m in .

The sam ple  (1 p i )  was i n j e c t e d  w i th  a m ic r o s y r in g e  (Terumo, J a p a n )  

The m ethy l  e s t e r  p e a k s  were i d e n t i f i e d  by u s in g  a u t h e n t i c  s t a n d a r d s  and 

t a b l e s  o f  e q u i v a l e n t  c h a in  l e n g t h s  (ECL’S) o b t a in e d  from  James p l o t s  o f  

carbon number v e r s u s  lo g a r i th m  o f  r e t e n t i o n  t im e  f o r  s a t u r a t e d  s t r a i g h t  

cha in  s t a n d a r d s .



— 32 - I
I

The a r e a  of e a c h  peak  o b ta in e d  was d e te rm in e d  from  th e  p ro d u c t  o f  j

the  peak  h e i g h t  and i t s  r e t e n t i o n  tim e ( C a r r o l ,  1961).

13. L i p i d  pho sp h o ru s  d e t e r m i n a t i o n

P h o sp h o ru s  was d e te rm in e d  i n  l i p i d  f r a c t i o n s  by th e  method of R ouser 

e t  a t ,  ( 1 9 6 6 ) .  A l l  g l a s s w a r e  was o re -so a k ed  in  n o n -p h o s p h a te  c o n ta i n in g  

d e t e r g e n t  (5% Decon 90) (Decon L a b o r a t o r i e s ,  B r i g h t o n ,  Eng land) to  remove 

any c o n ta m in a t io n  by p h o s p h o ru s ,  b e f o r e  use .

A s m a l l  amount o f  l i p i d  sam ple (or a s p o t  s c r a p e d  from  TLC p l a t e s )  

was t r a n s f e r r e d  to a 30 ml K j e ld a h l  tu b e ,  the  s o l v e n t  e v a p o ra te d  and 0 .9  ml 

p e r c l o r i c  a c i d  (72 p e r c e n t ) ,  was added . The m ix t u r e  was d i g e s t e d  u n d e r  

g e n t l e  r e f l u x  f o r  tw e n ty  m in u te s  i n  an e l e c t r i c a l l y  h e a t e d  K je ld a h l  r a c k  

w i th in  a fume cu p b o a rd .  V igorous  b o i l i n g  was a v o id e d  to  p r e v e n t  b o i l i n g  

o f f  o f  any  v o l a t i l e  com ponen ts .  The tubes  w ere  allowed t o  c o o l  f o r  15 min 

and t h e i r  i n s i d e s  r i n s e d  down w i t h  d i s t i l l e d  w a t e r  (5 m l ) .  Then , 2 .5  p e r c e n t  

(w/v) ammonium m o ly b d a te  (1  m l ) ,  was added w i t h  s w i r l i n g  to  m ix the  

c o n t e n t s ,  fo l lo w e d  by f r e s h l y  p r e p a r e d  10  p e r c e n t  ( w /v ) ,  a s c o r b i c  a c id  

(1 ml) and d i s t i l l e d  w a te r  (2 m l ) .  T h is  e n t i r e  m ix tu r e  was t r a n s f e r r e d  to  

a 15 ml t e s t  tu b e .  A m a rb le  was p u t  over th e  m outh  and th e  tu b e  was h e a te d  

on a b o i l i n g  w a te r  b a t h  f o r  5 m in. A f te r  c o o l i n g  i t  was c e n t r i f u g e d  ( i n  

the  c a s e  o f  m a t e r i a l  f rom  TLC) i n  a  bench c e n t r i f u g e  t o  p r e c i p i t a t e  t h e  

s i l i c a .  The o p t i c a l  d e n s i t y  o f  t h e  s o l u t i o n  was t h e n  d e te rm in e d  a t  820 nm.

A c a l i b r a t i o n  c u rv e  was p l o t t e d  u s in g  s o l u t i o n  ( s to c k :  5 pg

phospho rus  p e r  m l) .  The s t a n d a r d  s o l u t i o n s  were n o t  d i g e s t e d .  The 

c a l i b r a t i o n  g raph  was l i n e a r  up t o  10  pg p h o s p h o ru s .

To c o r r e c t  P to  p h o s p h o l i p i d  c o n te n t  t h e  m u l t i p l i c a t i o n  f a c t o r  was 

25, s i n c e  t h e  p r o p o r t i o n  o f  ph o sp h o ru s  i s  5 p e r c e n t  ( w /v ) ,  i n  most commonly 

o c c u r r in g  p h o s p h o l i p i d s ,  w i th  t h e  e x c e p t io n  o f  c a r d i o l i p i n  and ly s o p h o s p h a t id e s
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14. T h in  l a y e r  c h ro m a to g ra p h ic  a n a ly s i s

14.1 P r e p a r a t i o n  o f  a n a l y t i c a l  and p r e p a r a t i v e  p l a t e s

S i l i c a  g e l  G was used  f o r  s e p a r a t i o n  o f  n e u t r a l  l i p i d s  and s i l i c a

g e l  H f o r  p o l a r  l i p i d s .

The a d s o r b e n t ,  f o r  p r e p a r a t i v e  p l a t e s ,  was p re -w a s h e d  w ith

c h lo ro fo rm -m e th a n o l  ( 1 : 1 , v / v )  and th e  t h ic k n e s s  of t h e  a d s o rb e n t  l a y e r

was 0 .5  mm. S i l i c a  g e l  G ( a b o u t  45 g) was mixed w i t h  w a t e r  (80 m l) to

2form a s l u r r y  w h ic h  was s p re a d  o n to  5 g l a s s  p l a t e s  (20  cm ) w i th  an 

a p p l i c a t o r .

F o r  a n a l y t i c a l  p l a t e s ,  t h e  th ic k n e s s  o f  the  a d s o r b e n t  l a y e r  was 0 .25  

mm. S i l i c a  g e l  G p l a t e s  w ere  p r e p a r e d  u s in g  30 g o f  a d s o r b e n t  and 60 ml 

o f  w a te r  a nd , s i l i c a  g e l  H p l a t e s ,  w i th  25 g o f  a d s o r b e n t  mixed w i t h  55 ml 

o f  w a te r .

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

o u t  o f  c o n ta c t  w i t h  c o n ta m in a t in g  vapour and r e a c t i v a t e d  a t  120°C f o r  

1 - 2  h b e f o r e  u s e .

14 .2  A p p l i c a t i o n  o f  sample

The l i p i d  m ix t u r e  was a p p l i e d ,  as  soon  as th e  a c t i v a t e d  p l a t e  had 

c o o le d ,  w i th  a g r a d u a t e d  m ic r o s y r i n g e  (Terumo, J a p a n )  a s  s p o ts  ( a b o u t  

10 jjg o f  each  i n d i v i d u a l  l i p i d ) ,  o r  as s t r e a k s  1.5 cm a p a r t  and 1 .5  cm from 

b o ttom  o f  p l a t e .  The p l a t e  was chrom atographed  im m e d ia te ly .

14.3  Development

The p l a t e s  w ere  d e v e lo p e d  i n  tan k s  l i n e d  w i th  c h ro m a to g ra p h ic  p a p e r  

(Whatman, 3 MM) t o  a id  i n  s a t u r a t i n g  th e  ta n k  w i th  s o l v e n t  v a p o u r .  One o r  

two p l a t e s  were p l a c e d  i n  t h e  t a n k  and th e  s o lv e n t  was a llo w e d  to  a sc e n d  to  

w i t h i n  abou t  1-2 cm o f  t h e  to p  o f  th e  p l a t e .  The p l a t e s  were d r i e d  u s in g  

a h a i r  d r i e r  f o r  15 min and a f t e r  th e  s o lv e n t  had b e e n  c o m p le te ly  rem oved, 

th e  p l a t e s  were s t a i n e d .
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14.4  Choice o f  s o l v e n t s  f o r  1-D TLC

14.4 .1  N e u t r a l  l i p i d  s e p a r a t i o n

The optimum s o l v e n t  sy s te m  was d e te rm in e d  by t e s t i n g  some o f  th e  

u s u a l  s o lv e n t s  used  t o  s e p a r a t e  n o n - p o la r  l i p i d s .

The f o l l o w i n g  s o l v e n t s  were t e s t e d :

a .  h e x a n e - d i e t h y l  e t h e r - f o r m i c  a c i d  (8 0 :2 0 :2 ,  v / v )  ( S to r r y  and T u c k ley ,

1967)

b .  b e n z e n e - d i e t h y l  e t h e r - e t h y l  a c e t a t e - a c e t i c  a c id  ( 8 0 : 1 0 : 1 0 : 0 .2 ,  v / v )  

( S to r ry  and T u c k le y ,  1967)

c .  h e x a n e - d i e t h y l  e t h e r - a c e t i c  a c i d  ( 8 0 :2 0 :1 ,  v / v )  (Mangold, 1969)

1 4 .4 .2  P o l a r  l i p i d  s e p a r a t i o n

The p o l a r  l i p i d s  w ere  s e p a r a t e d  u s in g  c h lo r o f o rm -m e th a n o l -  d i  i s o  

b u t y l  k e t o n e - a c e t i c  a c i d - w a t e r  ( 4 5 :1 5 : 3 0 :2 0 : 4 ,  v /v )  (H un ter  e t  a h , ,  1981) 

ru n  a t  4°C.

14 .5  2-D TLC o f  p o l a r  l i p i d s

2Two d im e n s io n a l  TLC was c a r r i e d  o u t  on com m ercial p l a t e s  (20 cm ) 

p r e - c o a te d  w i t h  0 .2 5  mm l a y e r s  o f  s i l i c a  g e l  60 H (Merck, Germany). The 

p l a t e  was a c t i v a t e d  a t  120°C f o r  1 h ,  b e fo r e  u s e ,  a l lo w e d  to  c o o l  and t h e  

sample a p p l i e d  on to p  o f  a  sm a l l  s p o t  o f  rhodam ine s o l u t i o n  ( 0 . 0 0 1 2  p e r c e n t  

i n  c h lo ro fo rm -m e th a n o l  1 : 1 , v / v ) , i n  th e  low er r i g h t - h a n d  c o r n e r  o f  t h e  

p l a t e .  Rhodamine was u sed  to  h e lp  t o  l o c a t e  b o th  t h e  o r i g i n  and s o l v e n t  

f r o n t  and to  a v o id  t h e  p o s s i b i l i t y  o f  ru n n in g  th e  p l a t e  tw ic e  i n  th e  same 

d i r e c t i o n .

14 .5 .1  Developm ent o f  p l a t e s

Tanks c o n t a i n i n g  s o l v e n t  w ere  l i n e d  w i th  ch rom atography  p ap e r  

(Whatman 3 MM) s e a l e d  by a s t r i p  o f  2 in ch  wide p a r c e l  t a p e  a round t h e  r im  

and a llow ed  t o  s a t u r a t e  a t  4°C f o r  a t  l e a s t  1 h b e f o r e  u s e .  Low t e m p e r a t u r e
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was f e l t  to  be d e s i r a b l e  s i n c e  i t  im proves r e s o l u t i o n  by m in im is in g  

d i f f u s i o n  o f  spr,ts  and a u t o x i d a t i o n  of p o l y u n s a t u r a t e d  f a t t y  a c i d s .

C hrom atography , i n  t h e  f i r s t  d im ens ion  was c a r r i e d  o u t  to  w i t h i n

0 .5  cm o f  th e  top (120 m in ) ,  th e  p l a t e  removed from  th e  t a n k ,  d r i e d  

u s in g  a h a i r  d r i e r  f o r  15 m in , t u r n e d  th ro u g h  90 d e g re e s  and d e v e lo p e d  

in  th e  second d im e n s io n  f o r  t h e  same d i s t a n c e  (180 m in ) .

The p l a t e  was t h e n  removed and d r i e d  a s  above.

1 4 .5 ,2  S e l e c t io n  o f  s o l v e n t  sy s tem s

S o lv e n t  m ix tu r e s  were made up d a i l y  t o  av o id  p o s s i b l e  ch e m ica l  

i n t e r a c t i o n s  betw een com ponents  and l o s s e s  by e v a p o r a t i o n .

The fo l lo w in g  s o l v e n t  sy s te m s  were t r i e d .

a .  H un te r  e t  a l . ,  1983:

f i r s t  d im ens ion :  ch lo ro fo rm -m e th a n o l-a m m o n ia  (25%, w /v) -  w a te r  

( 1 6 0 :8 8 : 1 1 :1 1 ,  v /v )

second d im e n s io n :  c h lo r o f o r m - m e th a n o l - a c e t i c  a c id  ( 5 0 :2 7 :1 2 ,  v / v )

b .  M od if ied  from H u n te r  e t  a l . ,  1983

f i r s t  d im ens ion :  ch lo ro fo rm -m e th a n o l-a m m o n ia  (25%, w /v) -  w a te r  

( 1 6 0 :8 8 : 1 1 :1 1 ,  v /v )

second d im en s io n :  c h lo r o f o r m - m e th a n o l - d i  i s o  bu ty l  k e t o n e - a c e t i c  

a c i d - w a t e r  ( 4 5 :1 5 : 3 0 :2 0 : 4 ,  v /v )

c .  M o d if ied  from H u n te r  e t  a l . ,  1983; H u n te r  e t  a l . ,  1981

f i r s t  d im ens ion :  c h lo r o f o r m - m e th a n o l - a c e t i c  a c id  (5 0 :2 7 :1 2 ,  v / v )

second d im e n s io n :  c h lo r o f o r m - m e th a n o l - d i i s o  buty l k e t o n e - a c e t i c  

a c i d - w a t e r  ( 4 5 :1 5 : 3 0 :2 0 : 4 ,  v /v )
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14.6 D e t e c t io n  o f  l i p i d  components

A f te r  a l l  s o lv e n t  had been  c o m p le te ly  recwjved by d r y in g  th e  p l a t e s  

under  a warm h a i r  d r i e r ,  t h e  f o l lo w in g  s t a i n s  were u s e d  f o r  d e t e c t i o n  and 

i d e n t i f i c a t i o n  o f  l i p i d s :

a .  Io d in e  (M angold and M a l in s ,  1960)

The p l a t e  was i n s e r t e d  i n t o  an a l l  g l a s s  c h ro m a to g ra p h ic  ta n k  

c o n ta in in g  5 -1 0  g o f  i o d in e  c r y s t a l s .  The tank  was g e n t l y  warmed by 

a h a i r  d r i e r  t o  h a s t e n  s u b l i m a t io n  o f  I ^ .

This  r e a g e n t  was u se d  a s  a g e n e r a l  d e t e c t i o n  r e a g e n t ,  s i n c e  b o th  

s a t u r a t e d  and u n s a t u r a t e d  l i p i d s  ap p ear  as b ro w n -y e l lo w ish  s p o t s  on a 

p a le - y e l lo w  b a c k g ro u n d .

b . Rhodamine 6 G ( M a r i n e t t i ,  1964)

The p l a t e  was sp rayed  w i t h  rhodam ine (0.005 p e r c e n t ,  w /v )  and 

examined w e t u n d e r  u l t r a v i o l e t  l i g h t  (366 nm). B a s ic  and n e u t r a l  

l i p i d s  a p p e a r  a s  p in k  o r  y e l lo w  s p o t s ;  a c id i c  l i p i d s  a s  b lu e  o r  p u r p l e  

s p o t s .

c .  A nthrone ( G a l l i a r d ,  1968)

The p l a t e  was s p ra y e d  w i t h  a n th ro n e  s o lu t i o n  ( 0 . 2  p e r c e n t  w /v ,  

a n th ro n e  : c o n c —s u lp h u r i c  a c i d )  and h e a te d  on a h o t  p l a t e  a t  70°C 

f o r  20  m in.

G l y c o l i p i d s  appear  a s  b l u e - g r e e n  o r  p ink  s p o t s  on a w h i te  

background ; p h o s p h o l i p i d s  and o t h e r  l i p i d s  s t a i n  g re y -b ro w n .

d .  K in h y d r in  ( M a r i n e t t i ,  1964)

R eag en t  g ra d e  n i n h y d r i n  (0 .2 5  g) was d i s s o l v e d  i n  100 ml o f  

a c e t o n e - l u t i d i n e  (9:1, v / v ) ,  f r e s h l y  p r e p a r e d ,  and s p r a y e d .  The 

p h o s p h o l ip id s  w i t h  NR  ̂ g ro u p s  ( p h o s p h a t id y le th a n o la m in e ,  p h o s p h a t 

i d y l s e r i n e  and  t h e i r  d e r i v a t i v e s )  a p p e a r  as p u rp le  s p o t s .  The 

chrom atogram  may be s u b s e q u e n t ly  s t a i n e d  w ith  rh o d a m in e ,  i n  o r d e r  to
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l o c a t e  o th e r  l i p i d  com ponen ts .

e .  Antimony m o ly b d a te  (Eastm an O rgan ic  Chem icals B u l l e t i n ,  1976)

R e a g e n ts :  1. S u l p h u r i c  a c id  2 .5  M : 70 ml o f  i n  500 ml o f

w a te r

2. Antimony p o ta s s iu m  t a r t r a t e  s o l u t i o n  : 1 .37  g o f  

K(ScO) C^H^O^.^H^O i n  500 ml o f  w a te r

3. Ammonium m olybdate  s o l u t i o n  : 20 g o f  (NH^)^ Mo^

0 ^^ ' ^̂ 2̂ ^ w a te r

A. A s c o r b ic  a c id  s o l u t i o n  : 1 .86  g o f  a s c o r b i c  a c id  

i n  1 0 0  ml o f  w a t e r .

A l l  above s o l u t i o n s  a r e  s t a b l e  f o r  a t  l e a s t  8 weeks in  t h e  

r e f r i g e r a t o r ,  w i t h  th e  e x c e p t io n  o f  a s c o r b i c  a c i d ,  w hich i s  s t a b l e  f o r  

1 week on ly .  A "com bined  r e a g e n t "  m ust be p re p a re d  w i th  a l l  above 

r e a g e n t s  a t  room t e m p e r a t u r e  u s in g  25 ml o f  1 + 2 .5  ml o f  2 + 7 .5  ml o f  

3 + 15 ml o f  4 .

The d e t e c t i o n  r e a g e n t  was p r e p a r e d  m ixing  th e  f o l l o w in g :

"com bined  r e a g e n t "  8 ml

i s o p r o p y l  a l c o h o l  1 ml

d i s t i l l e d  w a te r  13 ml

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

and h ea ted  f o r  1-2  m in a t  7 0 °C on a h o t  p l a t e .  The p h o s p h o l ip id s  

sph ingom yelin  (SM), p h o s p h a t i d y l i n o s i t o l  ( P I ) ,  p h o s p h a t i d y l c h o l i n e  (PC), 

p h o s p h a t i d y l s e r i n e  (PS) and p h o s p h a t i d i c  a c id  (PA) a p p e a r  a s . b l u e  s p o ts  

and p h o s p h a t id y le th a n o la m in e  (P E ) , p h o s p h a t i d y l g l y c e r o l  (PC) and 

c a r d i o l i p i n  (CL) as g r e y  s p o t s .

f .  F e r r i c  c h l o r i d e  (Lowry, 1968)

R eag en ts :  F e r r i c  c h l o r i d e  r e a g e n t  was p r e p a re d  by d i s s o l v i n g  50 mg

o f  F e C l^ .6H2 O i n  90 ml o f  w a t e r  and 5 ml o f  g l a c i a l  a c e t i c  a c i d .  5 ml

o f  conc. s u l p h u r i c  a c i d  was th e n  added . This  r e a g e n t  i s  s t a b l e  f o r  3
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m o n th s ,  a t  room t e m p e r a t u r e .  I

Method: The p l a t e  was sp rayed  w i t h  th e  r e a g e n t  and h e a te d  a t  100°C |

f o r  1-2 min. S t e r o l  and s t e r o l - e s t e r  a p p e a r  a s  v i o l e t  s p o t s ,  and  o th e r  

l i p i d s  as brown, on a w h i t e  b ack g ro u n d .

g. S u lp h u r ic  a c i d - a c e t i c  a c id  ( J a t z k e w i t z  and M eh l, 1960)

R eagent:  S u l p h u r i c  a c i d - g l a c i a l  a c e t i c  a c id  ( 1 : 1 ,  v / v ) .  A f t e r

s p ra y in g  the  p l a t e ,  i t  was h e a te d  a t  90°C f o r  15 m in . S t e r o l  and 

s t e r o l - e s t e r  a p p e a r  a s  r e d  s p o t s  on a w h i te  back g ro u n d .

15. L ip id  c l a s s  s e p a r a t i o n  by F l o r i s i l  column ch rom atog raphy  (K a te s ,

1982)

The m ajo r  l i p i d  c l a s s e s  and th e  s u b - c l a s s e s  o f  n e u t r a l  l i p i d s  p r e s e n t  

i n  t h e  m ix tu re s  o b t a i n e d  from  i s o p r o p a n o l  and from c h lo ro fo rm -m e th a n o l ,  

l a r g e - s c a l e  e x t r a c t i o n s ,  w ere  s e p a r a t e d  on a c id  t r e a t e d  F l o r i s i l  colum ns. 

P r e l im in a ry  s e p a r a t i o n  by e l u t i o n  o f  t h e  a c id  t r e a t e d  F l o r i s i l  column was 

c a r r i e d  ou t w i t h  t h e  s o l v e n t  seq u en c e :

c h lo ro fo rm  -> a c e t o n e  m e th a n o l ,  w h ich  e l u t e d  r e s p e c t i v e l y :  

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

The n e u t r a l  l i p i d s  were f u r t h e r  f r a c t i o n a t e d  on a column o f  a c id  t r e a t e d  

F l o r i s i l  (7% h y d r a t e d ) .

A flow d ia g r a m  i s  shown ( F ig .  1) w hich  summ arizes t h e s e  m e thods .

15.1 P r e p a r a t i o n  o f  a c id  t r e a t e d  F l o r i s i l  ( C a r r o l ,  1963, C a r r o l  e t  a l . ,

1968)

C o n c e n t ra te d  h y d r o c h l o r i c  a c id  (900 ml) was mixed w i th  300 g 

F l o r i s i l  (80-100 m esh, BDH Chem ical L t d ,  England) and h e a te d  on a steam 

b a th  f o r  3 h .  The h o t  s u p e r n a t a n t  was d e c a n te d  and t h e  a d s o r b e n t  was 

washed w ith  a c id  ( a b o u t  150 ml) and h e a t e d  o v e r n ig h t  w i th  a f u r t h e r  

900 ml o f  a c i d .  The s u p e r n a t a n t  was d e c a n te d  and th e  r e s i d u e  was
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f i l t e r e d  in  a Buchner fu n n e l  and washed w i th  d i s t i l l e d  w a te r  t i l l  

n e u t r a l .  The r e s i d u e  was s u c k e d  d r y  and t r a n s f e r r e d  to  a g l a s s  d i s h  and 

h e a te d  a t  120°C o v e r n i g h t .  The a c i d  t r e a tm e n t  and w a te r  w ash ing  s t e p s  

were r e p e a t e d ,  as above . The a d s o r b e n t  was washed on th e  Buchner f u n n e l  

w i th  400 ml each o f  m ethanol,  m e th a n o l - c h lo r o f o r m  ( 1 : 1 , v / v ) ,  c h lo ro fo rm ,  

and f i n a l l y  e th e r  ( a l l  f r e s h l y  d i s t i l l e d )  and th e n  a c t i v a t e d  by h e a t i n g  

a t  120°C, o v e r n i g h t ,  b e fo r e  u s e .

To p re p a re  7 p e r c e n t  h y d r a t e d  F l o r i s i l ,  w a te r  (7 m l) was added t o  

a c id  t r e a t e d  F l o r i s i l  (100 g) i n  a s to p p e re d  f l a s k  and shaken  o v e rn ig h t  

on a m e c h a n ic a l  s h a k e r .

15.2  P a c k in g  o f  t h e  column

A g l a s s  column (2 x 40 cm) w i t h  a s i n t e r e d  d i s c  a t  t h e  bottom to

s u p p o r t  t h e  a d s o rb e n t  w i th  a  s m a l l  amount of H yflo  on th e  to p  of th e

s i n t e r e d  d i s c ,  was u s e d .  The H y f l o  was used  to  m in im ize  b lo c k in g  o f  

t h e  s i n t e r  by th e  a d s o r b e n t .

The a d s o rb e n t  (48 g) was p a c k e d  as a s l u r r y  i n  t h e  f i r s t  s o lv e n t  

to  be u s e d  in  th e  s e p a r a t i o n  and  pou red  i n t o  t h e  ch rom atography  tu b e .

15.3  A p p l i c a t i o n  o f  sample and  e l u t i o n  o f  column

To load  th e  column t h e  o v e r l y i n g  s o lv e n t  l e v e l  was a llow ed  to  f a l l

to  t h e  t o p  o f  th e  column bed an d  t h e  sample ( d i s s o lv e d  i n  th e  f i r s t

e l u t i o n  s o lv e n t )  a p p l i e d  c a r e f u l l y  down th e  s id e  o f  t h e  column to  

m in im ize  d i s t u r b a n c e  o f  t h e  a d s o r b e n t .  The sam ple was a l lo w e d  to  p e r c o l a t e  

i n t o  t h e  a d s o rb e n t ,  f low  b e i n g  s to p p e d  when t h e  l e v e l  a g a in  reached  th e  

to p  o f  t h e  bed. The s o lv e n t  r e s e r v o i r  was th e n  a t t a c h e d  and the  f i r s t  

e l u t i n g  s o lv e n t  c a r e f u l l y  a l l o w e d  to  flow i n t o  t h e  colum n.

E l u t i o n  was c a r r i e d  o u t  a t  a  f low  r a t e  o f  ab o u t  3 m l/ra in .

Chrom atography on t h e  a c i d  washed F l o r i s i l  column was u s u a l ly

c a r r i e d  o u t  w i th  a lo a d in g  o f  400 mg of t o t a l  l i p i d  d i s s o l v e d  in  20 ml o f  

c h lo r o f o r m ,  each t im e .  The v o lum e  o f  each  e l u t i n g  s o l v e n t  was c . a .
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4 .5  column volumes (270  m l) .

Column ch ro m a to g ra p h y  o f  n e u t r a l  l i p i d s  on 7 p e r c e n t  h y d r a te d  a c id  

washed F l o r i s i l  was a l s o  c a r r i e d  o u t  u s in g  a lo a d in g  o f  400 mg n e u t r a l  

l i p i d ,  b u t  d i s s o l v e d  in  10 ml o f  hexane . The e l u t i o n  sequence  ( K a te s ,  

1982) was as f o l l o w s :

E l u t i n g  s o l v e n t Amount (ml)

hexane 160

h e x a n e - e th y l  e t h e r  (9 5 :5 ) 362

hexane e t h y l  e t h e r  (8 5 :1 5 ) 600

h e x a n e - e th y l  e t h e r  (7 5 :2 5 ) 400

h e x a n e - e th y l  e t h e r  (5 0 :5 0 ) 400

e th y l  e th e r - m e t h a n o l  (9 8 :2 ) 540

e th y l  e t h e r - a c e t i c  a c i d  (9 6 :4 ) 2 0 0

15.4 D e te c t io n  and q u a n t i t a t i o n  o f  e l u t e d  l i p i d s

Q u a n t i t a t i o n  o f  each  l i p i d  c l a s s  e l u t e d  in  th e  d i f f e r e n t  column 

f r a c t i o n s  was p e r fo rm e d  g r a v im e t r i c a l l y  a f t e r  f i n e  f i l t r a t i o n  to  remove 

F l o r i s i l  p a r t i c l e s .  E th a n o l  was added d u r in g  r o t a r y  e v a p o r a t i o n  o f  th e  

s o l v e n t s  to  a s s i s t  i n  rem ova l  o f  r e s i d u a l  t r a c e s  o f  w a t e r .

The l i p i d  r e s i d u e s  w ere  t r a n s f e r r e d  to  sm a l l  sample v i a l s  d r i e d  

in  a s tre a m  of and s t o r e d  a t  -15°C . The p u r i t y  o f  each  f r a c t i o n  was 

checked  by TLC.

Phosphorus e s t i m a t i o n  was a l s o  c a r r i e d  ou t  as  a check  f o r  e f f i c i e n c y  

o f  s e p a r a t i o n  on t h e  n e u t r a l ,  g ly c o -  and p h o s p h o l ip id  f r a c t i o n s  as  

d e s c r ib e d  in  13.

16. F r a c t i o n a t i o n  o f  n e u t r a l  l i p i d  by p r e p a r a t i v e  TLC ( K a te s ,  1982)

Narrow s t r e a k s  o f  th e  t o t a l  l i p i d  (1 mg/cm) a lo n g  w i th  s t a n d a r d s  

were a p p l i e d  to  p r e p a r a t i v e  TLC p l a t e s ,  and th e s e  were deve loped  i n  

h e x a n e - e t h e r - a c e t i c  a c id  ( 8 0 :2 0 : 1 ,  v / v ) .
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The d r ie d  p l a t e s  were s p r a y e d  w ith  rhodam ine 6G (0 .0 0 5  p e rc e n t  

w/v) and v iew ed w h i le  w et under  u l t r a v i o l e t  l i g h t .  The bands  obse rved  w ere  

m arked , i d e n t i f i e d  and each  s c r a p e d  o f f  in to  a g l a s s  s to p p e r e d  tube 

c o n t a i n i n g  e t h e r  (2 m l ) .  T h is  was sh ak en  and t h e  e t h e r  t r a n s f e r r e d  to  

a n o th e r  t u b e .  The s i l i c a  was t h e n  r e - e x t r a c t e d  as above . The combined 

e lu a n t  and w ash ings w ere  f i n e  f i l t e r e d ,  t r a n s f e r r e d  to  a ro u n d -  

bo ttom ed f l a s k ,  d i l u t e d  w i th  an  e q u a l  volume o f  benzene  and e v a p o ra te d  

on a r o t a r y  e v a p o ra to r  under r e d u c e d  p r e s s u r e  a t  30°C.

The r e s i d u e  was s to r e d  i n  a  s m a l l  sample v i a l  a t  -15°C  f o r  f u r t h e r  

a n a l y s i s .
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I I I .  RESULTS

1. I s o l a t i o n  of h e t e r o k a r y o n s  and h e te ro z y g o u s  d i p l o i d s  o f  A, n id u ta n s .

F i f t e e n  h e te r o k a r y o n s  and f i f t e e n  h e te ro z y g o u s  d i p l o i d s  were 

i s o l a t e d  from s ix  p a i r e d  c o m b in a t io n s  o f  a u x o t r o p h ic  m u ta n ts  o f  

A. n id u la n s .  The s p o re  d i a m e te r s  o f  the  m u ta n ts  and d i p l o i d s  a re  shown 

in  T ab le  1. The r e s u l t s  r e p r e s e n t  t h e  mean o f  f i f t y  c o n i d i a  o f  each  

s t r a i n .  The d i p lo i d  s t r a i n s ,  c h a r a c t e r i s t i c a l l y  e x h i b i t e d  l a r g e r  sp o re  

d ia m e te r s  th an  t h e i r  r e s p e c t i v e  com plem entary  b io c h e m ic a l ly  d e f i c i e n t  

p a r e n t s .

TABLE 1. Spore d i a m e te r  (mean o f  50 c o n id i a )  o f  h a p lo id  and d i p l o i d  

s t r a i n s  o f  A. n idu lanQ ,

strain p lo id y sp o re  d ia m e n te r  (pm)

hi-o met N 0.3246 ± 0 031
ane h-io N 0.3258 ± 0 028
yn-ic 5 r ib o  5 N 0.3200 ± 0 025
ypro 1 paba 6 N 0.3466 ± 0 031
yw 3 s 2^ ni.G 2 N 0 .3208 ± 0 031
MSE N 0.3166 + 0 029
ane bi-o ! ! b io  met 2N 0 .4269 ± 0 033
b'io met ! ! yn-ic 5 v ih o  5 2N 0 .4184 ± 0 032
b-io met ! ! ypro  1 paba 6 2N 0 .4670 ± 0 034
b io  met U  yw 3 s l2  n ic  2 2K 0.4314 ± 0 039
b io  met II MSE 2N 0.4286 ± 0 036
ane b io  II yn io  5 r ib o  5 2N 0.3708 ± 0 010
ane b io  /  /  ypro 1 paba 6 2N 0 .4416 ± 0 043
ane b io  11 yw 3 s 12 n ic  2 2 n 0.4120 ± 0 034
ane b io  /  /  MSE 2N 0.4550 ± 0 037
yn io  5 r ib o  5 / /  ypro 1 paba 6 2N 0.4716 ± 0 038
y n ic  6 r ib o  5 II yw 3 s 12 n ic  2 ■ 2N 0.4544 ± 0 039
yn io  5 r ib o  511 MSE 2N 0.3818 ± 0 031
ypro 1 paba 6 11 yw 3 s  12 n ic  2 2N 0.4727 ± 0 037
ypro 1 paba 6 11 l‘SE 2N 0.4334 ± 0 031
yw 3 s l2  n ic  2 11 MSE 2N 0 .4018 ± 0 027
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2 .  A ssessm en t  o f  l i p i d  p r o d u c t io n  by s t r a i n s  o f  A, n idu tan s.

2.1  I n i t i a l  s c r e e n in g  o f  s t r a i n s

F i r s t l y ,  two o f  t h e  s i x  a u x o t r o p h ic  m u ta n ts  and one d i p l o i d  were 

t e s t e d  f o r  t h e i r  l i p i d  p ro d u c in g  a b i l i t y  i n  a medium w i th  a s im p le  

c o m p o s i t i o n :  m inim al medium w i th  s l i g h t l y  more g lu c o s e  (3 p e r c e n t )  th a n  

t h e  optimum f o r  growth (1 p e r c e n t ) .

T h is  c h o ic e  o f  medium was b e c a u s e  i t  p rom o tes  a f a s t  g row th  r a t e  

and a v o id s  d e d i p l o i d i z a t i o n  o f  th e  d i p l o i d  s t r a i n  (B a ll  and Azevedo, 1976) 

Growth cu rv es  w ere  d e te rm in e d  i n  MM + 3% g lu c o s e  ( t h i a m i n e ,  b i o t i n  

and m e t h io n i n e ,  10 mg/ml medium, added to  t h e  grow th  medium o f  d e f i c i e n t  

m u ta n t s )  i n  an  o r b i t a l  sh a k e r  a t  37°C, u s in g  f l a s k s  o f  250 ml c a p a c i ty  

c o n t a i n i n g  100 ml o f  medium w i t h  th e  m u ta n ts :  b io  m et, ane b io  and th e  

d i p l o i d  b io  met 11 MSE, The m u tan t  ane b io  was a l s o  grown i n  an  i n c u b a to r  

a t  37°C, w i th o u t  a g i t a t i o n  to  d e te r m in e  th e  i n f l u e n c e  o f  a e r a t i o n .

Samples w ere  tak e n  e v e ry  two d a y s ,  h a r v e s t i n g  t h r e e  f l a s k s  e a c h  t im e .  

L i p id  e x t r a c t i o n  was pe rfo rm ed  on th e  w ashed , d r i e d  and w e ighed  mycelium. 

Sugar u t i l i z e d  was d e te rm in e d  on th e  c e l l - f r e e  c u l t u r e  medium.

The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  shown i n  T a b les  2 ,  3 ,  4 and 

5 ,  and F i g u r e  2.

Days o f  
i n c u b a t i o n

Biomass 
(g d ry  wt/tOO ml)

L i p id  
(% d ry  w t)

T o ta l  l i p i d  
(mg/100 ml)

2 0 .2 7  ± 0 .0 2 3 .9 8  ± 0 .3 5 10 .75

4 0 .6 6  ± 0 .0 4 3 .7 8  ± 0 .4 3 2 3 .1 0

6 0 .9 4  ± 0 .1 2 4 .0 6  ± 0 .2 3 38 .1 6

8 0 .9 2  ± 0 .1 2 3 .9 8  ± 0 .6 7 3 6 .6 2

10 0.91 ± 0 .0 0 4 .9 7  ± 0 .6 4 4 4 .9 6

12 0 .7 9  ± 0 .12 5.41 ± 0.31 4 2 .7 4

TABLE 2 . Biomass and l i p i d  c o n te n t  o f  m u ta n t  bio  met grown in

sh a k e r  a t  37°C i n  MM + 3% g lu c o s e  ( b i o t i n  and m e th io n in e  

a d d e d ) . Each v a lu e  i s  t h e  mean o f  t h r e e  r e p l i c a t e s  ± 

s t a n d a r d  d e v i a t i o n .
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Days o f  
i n c u b a t io n

Biomass 
(g d ry  w t/100  ml)

L ip id  
(% d ry  wt)

% suga r  
consumed

T o ta l  l i p i d  
(mg/100 ml)

2 0 .4 6  ± 0 .05 3.81 ± 0 .0 8 26.74 17.53

4 0 .7 9  ± 0 .22 3 .3 9  ± 0 .06 49.51 26.78

6 1 .13  ± 0 .03 4 .61  ± 0 .27 98.65 52.09

8 0 .9 2  ± 0 .17 4 .9 9  ± 0 .7 0 95.21 45.91

10 0 .7 0  ± 0.01 4 .6 5  ± 0 .4 8 99.34 32.55

12 0 .5 7  ± 0 .07 5 .0 7  ± 0.21 99.24 28.90

TABLE 3. Biomass, l i p i d  c o n te n t  and suga r  consum ption  o f  d i p l o i d

h io  met / / MSE grown i n  s h a k e r  a t  37°C in  MM + 3% g lu co se ,  

Each v a lu e  i s  th e  mean o f  t h r e e  r e p l i c a t e s  ± s t a n d a r d  

d e v i a t i o n .

Days o f  
i n c u b a t io n

Biomass 
(g d ry  w t/100  m l)

L ip id  
(% dry w t)

% s u g a r  
consumed

T o ta l  l i p i d  
(mg/100 ml)

2 0 .4 2  ± 0 .03 4.91 ± 0 .0 5 2 0 .2 6 20.62

4 0 .6 4  ± 0.11 . 4 .5 6  ± 0 .3 6 59 .9 3 29.18

6 0 .7 5  ± 0 .17 5.81 ± 0 .7 7 8 7 .4 5 43.58

8 0 .81  ± 0 .13 5 .8 7  ± 0 .9 0 94 .05 47.55

10 0 .7 7  ± 0 .09 5 .57  ± 0 .8 3 9 5 .2 3 42.89

12 0 .5 3  ± 0 .2 8 6 .1 0  ± 0 .5 4 9 8 .0 8 32.33

TABLE 4. Biomass l i p i d  c o n te n t  and sugar  consum ption  o f  m u tan t  

ane b io  grown i n  s h a k e r  a t  37°C i n  MM + 3% g l u c o s e  

( th i a m in e  and b i o t i n  a d d e d ) .  Each v a lu e  i s  t h e  mean of  

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



-  46 -

, Days o f  
1 i n c u b a t i o n

Biomass 
(g d ry  w t /1 0 0  ml)

L ip id  
(% d ry  wt)

% s u g a r  
consumed

T o ta l  l i p i d  
(mg/100 ml)

I 2 0 .0 5  ± 0 .0 0 5 .51  ± - 2 .0 8 2 .7 0  j
1 4 0 .1 9  ± 0 .0 2 2 .7 9  ± 0 .3 2 8 .3 3 5 .3 0  1

6 0 .3 5  ± 0 .0 2 4 .0 4  ± 0 .1 2 21 .2 5 14.14  j

1 8 0 .4 6  ± 0 .0 0 4 .1 3  ± 0 .25 3 4 .5 5 19 .00  I

10 0 .7 3  ± 0 .0 3 4.51  ± 0 .2 5 6 8 .4 4 3 2 .9 2  ,

12 0 .8 8  ± 0 .0 7 4 .2 4  ± 0.11 7 0 .9 0 37 .31  1
t

TABLE 5. B iom ass, l i p i d  c o n te n t  and su g a r  co n su m p tio n  o f  m u ta n t  ane  

b i o  grown in  i n c u b a t o r  w i t h o u t  a g i t a t i o n  a t  37°C i n  MM + 3% 

g lu c o s e  ( th ia m in e  and b i o t i n  a d d e d ) . Each v a lu e  i s  t h e  

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

Growth o f  t h e s e  s t r a i n s  in  t h e  s h a k e r  showed t h a t  a f t e r  6 -8  days 

a l l  t h e  g lu c o s e  had been  consumed a nd , as  e x p e c t e d ,  th e  b iom ass  and the  

p e r c e n ta g e  o f  l i p i d  in  t h e  mycelium  d id  n o t  i n c r e a s e  t h e r e a f t e r ,  so  t h a t  

no i n c r e a s e  in  t h e  t o t a l  l i p i d  was o b se rv e d  a f t e r  e x h a u s t io n  o f  t h e  

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

The r a t e  o f  g row th  i n  th e  i n c u b a t o r  (T ab le  5 )  was s lo w e r  t h a n  i n  

t h e  s h a k e r  (T a b le  4) and was found to  be i n  th e  fo rm  o f  a f e l t ,  w hereas  

i n  t h e  s h a k e r  s p h e r i c a l  p e l l e t s  w ere  form ed. The l i p i d  y i e l d  and suga r  

consumed i n  t h e  i n c u b a t o r  a r e  low er th a n  in  th e  s h a k e r  so t h a t  s u b seq u e n t  

e x p e r im e n t s  w ere  c a r r i e d  o u t  in  t h e  s h a k e r .

2 .2  Com parison o f  w i ld  t y p e ,  m u ta n ts  and d i p l o i d s  i n  s h a k e r  c u l t u r e :  

b iom ass  and l i p i d  y i e l d .

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

c o n t e n t  be tw een  t h e  s t r a i n s ,  a p r e l i m i n a r y  t r i a l  was c a r r i e d  o u t ,  under 

t h e  same c o n d i t i o n s  as  a b o v e ,  w i th  t h r e e  w i ld  t y p e s ,  f o u r  h a p l o i d  m u tan ts  

and f i v e  d i p l o i d s .
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T r i p l i c a t e  f l a s k s  o f  e ach  s t r a i n  were a g a in  grown f o r  8 days in  

100 ml o f  medium, a f t e r  which t im e  the  su g a r  consum ption  and l i p i d  c o n te n t  

were m easu red .

The r e s u l t s  o f  th e s e  e x p e r im e n t s  a r e  g iv e n  in  T a b le  6 and F ig u re  3. 

A f t e r  8 d a y s ,  f o r  a l l  s t r a i n s ,  a lm o s t  a l l  th e  g lu c o se  h a d  b e e n  consumed 

and th e  l i p i d  c o n t e n t  was a round  4 -5  p e r c e n t  o f  dry  w e i g h t .  No s t r a i n  

d e m o n s t ra te d  s t r i k i n g  l i p i d  a c c u m u la t io n .

2 .3  I n f l u e n c e  o f  medium c o m p o s i t io n  and c u l t u r e  c o n d i t i o n s  on growth 

and l i p i d  y i e l d  o f  w i ld  t y p e s  and d i p l o i d s

S in c e  o t h e r s  ( e . g .  G a r r id o  e t  a Z . , 1958 and N aguib  and S add ik ,  1960) 

had o b ta in e d  a h ig h  p r o d u c t i o n  o f  f a t  from A, n-idülàns, w i l d  ty p e ,  u s in g  

a d i f f e r e n t  medium from  MM, i t  was d ec id ed  t o  grow some s t r a i n s  unde r  

th e  same c o n d i t i o n s  d e f in e d  by them .

F i r s t l y ,  f o u r  d i p l o i d s  w ere  grown as s u r f a c e  c u l t u r e s  under t h e  

same c o n d i t i o n s  u s e d  by Naguib and Saddik  (1960) when t h e  f a t  c o n te n t  

(on a d ry  w e ig h t  b a s i s )  was r e p o r t e d  as 17 .2  p e r c e n t .

The 150 ml c o n i c a l  f l a s k s ,  e a ch  c o n t a i n i n g  25 ml o f  medium, w ere  

in c u b a te d  a t  25°C o v e r  a p e r i o d  o f  11 d ay s .  Under t h e s e  c o n d i t i o n s  t h e  

maximum l i p i d  c o n t e n t  was found t o  be 3 .84  p e r c e n t ,  o b t a i n e d  from 

d i p l o i d  MSE / /  ane h-io which i s  e v e n  low er t h a n  t h a t  fo u n d  i n  MM + 3% 

g l u c o s e .

The r e s u l t s  o f  t h i s  e x p e r im e n t  a r e  shown in  T a b le  7 and F ig u re  4 .

A no the r  e x p e r im e n t  was c a r r i e d  o u t  w i t h  the  medium o f  G arr ido  e t  a t .  , 

(1 9 5 8 ) .  T h is  medium (100 ml) was used to  grow w ild  t y p e  s t r a i n s  75, 16 

and 45 a t  37°C i n  an  o r b i t a l  s h a k e r  and., as  i n  t h e i r  e x p e r i m e n t s ,  g row th  

was a l lo w e d  to  c o n t i n u e  f o r  8 d a y s .  The r e s u l t s  shown i n  T ab le  8 a r e  

each  th e  mean o f  t h r e e  r e p l i c a t e s .

A lthough  no i n c r e a s e  i n  l i p i d  c o n te n t  was fo u n d ,  t h e  biomass 

was i n c r e a s e d  2 .5  t im e s .
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2 .4  I n f lu e n c e  o f  medium c o m p o s i t io n  and c u l t u r e  c o n d i t i o n s  on g ro w th  

and l i p i d  p r o d u c t i o n  o f  w ild  ty p e  s t r a i n  26.

I t  was c l e a r  from t h e s e  r e s u l t s  t h a t  th e  c r o s s e s  c a r r i e d  o u t  in  

t h i s  work d id  n o t  p roduce  s t r a i n s  whose l i p i d  p r o d u c t io n  was 

augmented, a t  l e a s t  u n d e r  t h e  g row th  c o n d i t i o n s  u s e d .  S ince  t h e  

l i t e r a t u r e  ( se e  I n t r o d u c t i o n )  s u g g e s te d  t h a t  th e  amount o f  l i p i d  

produced  by a t  l e a s t  one w i l d  type  s t r a i n  of A, n-idutans  s h o u ld  have  

been  c o n s id e r a b ly  i n  e x c e s s  o f  th e  v a l u e s  o b ta in e d  h e r e ,  f u r t h e r  

ex p e r im e n ts  were c a r r i e d  o u t  w i th  a s i n g l e  w ild  t y p e , s t r a i n  I f f ,  t o  

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

2 .4 .1  E f f e c t  o f  g r a d u a l  i n c r e a s e  o f  s u g a r  in  th e  medium

As h ig h  i n i t i a l  c o n c e n t r a t i o n s  o f  s u g a r  in  t h e  medium m ig h t  

i n h i b i t  g row th  by a f f e c t i n g  th e  m e ta b o l i s m  of  th e  m ould , a g r a d u a l  

i n c r e a s e  i n  g lu c o s e  was a c h ie v e d  by a d d in g  a T y n d a l l i s e d  s o l u t i o n  o f  

g lu c o s e  e v e ry  two days o f  i n c u b a t i o n .  S t r a i n  16 was grown i n  100 ml 

o f  MM + 3% g lu c o s e  in  an i n c u b a t o r  w i t h o u t  a g i t a t i o n ,  a t  37°C and  

g lu c o s e  s o l u t i o n  was added a f t e r  2 , 4 and 6 days o f  c u l t i v a t i o n .  Each 

a d d i t i o n  i n c r e a s e d  th e  t o t a l  c o n c e n t r a t i o n  o f  g lu c o s e  by 2 p e r c e n t .

The r e s u l t s  a r e  shown in  T a b le  9.

The b iom ass  y i e l d  was im proved , b u t  the  p e r c e n ta g e  o f  l i p i d  i n  

t h e  d r i e d  m ycelium  was n o t  a f f e c t e d .
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2 .4 .2  F e rm e n te r  g row th  -  Kaguib and S ad d ik  (1960) medium

To t e s t  t h e  e f f e c t  o f g r e a t l y  i n c r e a s i n g  th e  t o t a l  C and im prov ing

gas t r a n s f e r ,  s t r a i n  16 was grown i n  a new B runsw ick  F e rm e n te r  in  N&S

medium (17% g l u c o s e ) ,  a t  30°C o v e r  a 12 day p e r i o d .

A s p o re  s u s p e n s io n  (5 ml) o f  1 x 10^ c o n id i a /m l  was used t o  i n o c u l a te

5 1 o f  medium, d i r e c t l y  i n to  t h e  f e r m e n t e r  v e s s e l .  Sam ples (100 ml) were 

h a r v e s t e d  e v e ry  day f o r  one week and t h e n  a t  9 th  and 12 th  d a y s .  The 

m y c e l i a l  mass grew i n  th e  form o f  s p h e r i c a l  p e l l e t s .  At the  end o f  the  

i n c u b a t i o n  p e r i o d ,  t w o - th i r d s  o f  t h e  t o t a l  d ry  m ycelium  came from  th e  

f e r m e n te r  w a l l ,  w here  i t  had c o l l e c t e d ,  above th e  l e v e l  o f  th e  medium.

The r e s u l t s  o f  t h i s  e x p e r im e n t  a r e  shown in  T a b le  10 and F i g u r e  5.

A f t e r  f o u r  d a y s  i n c u b a t i o n ,  t h e  l i p i d  c o n t e n t  peaked  and rem ained  

c o n s t a n t  a ro u n d  s i x  p e r c e n t .  The n i t r o g e n  s o u rc e  was t o t a l l y  consumed 

a f t e r  6 -7  d ays  and  t h e r e  was s t i l l  u n u t i l i z e d  su g a r  a t  th e  end o f  th e

i n c u b a t i o n  p e r i o d .  A lthough t h e  n i t r o g e n  had  e x p i r e d ,  th e  d ry  w e ig h t

and t h e r e f o r e  t h e  t o t a l  l i p i d  y i e l d ,  w ere  s t i l l  i n c r e a s i n g .  The pH 

d e c r e a s e d  g r a d u a l l y  ove r  th e  i n c u b a t i o n  p e r i o d .
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grown i n  N&S medium i n  f e r m e n te r ,  a t  30°C.
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2 .4 .3  E f f e c t  o f  method of  c u l t u r e / a e r a t i o n

2 .4 .3 .1  U n a g i t a t e d  c u l t u r e

An e x p e r im e n t  was c a r r i e d  o u t ,  w i th  s t r a i n  16 ,  t o  i n v e s t i g a t e  

th e  i n f l u e n c e  o f  medium c o m p o s i t io n  and su g a r  c o n c e n t r a t i o n  on b iom ass  

fo rm a t io n  and l i p i d  a c c u m u la t io n .  Three media w ere  t e s t e d  u s in g  250 ml 

f l a s k s  c o n t a i n i n g  100 ml o f  e a c h  medium a t  30°C. One f l a s k ,  f o r  e a c h  

d i f f e r e n t  medium, was h a r v e s t e d  e v e ry  two days and d ry  w e ig h t ,  l i p i d  

c o n te n t ,  n i t r o g e n  and su g a r  consum ption  were d e te r m in e d .  The r e s u l t s  

of t h i s  e x p e r im e n t  a r e  shown i n  T ab le  11 and i l l u s t r a t e d  i n  F ig u re  6 .

The m ed ia  u sed  w ere :

a) N&S (17% g lu c o s e )

b) MMM (MM + 17% g lu c o s e )

c) m o d i f i e d  N&S medium (5% g lu c o s e )

The im p o r t a n t  f i n d i n g s  o f  t h i s  ex p e r im en t  a r e :

( i )  MMM w hich  h as  low er i n o r g a n i c  s a l t  c o n c e n t r a t i o n  t h a n ,  b u t  t h e  same 

amount o f  g lu c o s e  (17%) and NaNO^ (6%) as N&S medium, gave b e t t e r  b io m ass  

p r o d u c t i o n .

( i i )  The g row th  r a t e  i s  v e r y  low (due p ro b a b ly  to  t h e  red u c e d  a e r a t i o n  

and low t e m p e r a t u r e )  . So t h a t  a f t e r  22 days some s u g a r  and NaNO^ a r e  

s t i l l  l e f t  i n  t h e  medium.

( i i i )  Com paring N&S medium w i t h  17% g lu c o s e  and w i t h  5% g lu c o se  t h e r e  

i s ,  as e x p e c t e d ,  a g r e a t  d i f f e r e n c e  in  th e  b io m a s s ,  b u t  t h e  p e r c e n ta g e  

o f  l i p i d  i n  t h e  m ycelium  i s  a lm o s t  th e  same. The n i t r o g e n  e x p i r e s  more 

q u ic k ly  i n  th e  medium w i th  17% g lu c o se  th a n  i n  t h a t  w i t h  5%. G lucose  

a ls o  i n c r e a s e s  t h e  g row th  r a t e .

T h e r e a f t e r ,  e x p e r im e n ts  were c a r r i e d  o u t  to  i n v e s t i g a t e  th e  e f f e c t  

o f  a l t e r i n g  t h e  NaNO^ and ph o sp h o ru s  c o n c e n t r a t i o n s  o f  MM, c o n ta i n in g  

12% g l u c o s e  ( i . e .  a l t e r i n g  C:N and C:P r a t i o s ) ,  u n d e r  f o u r  d i f f e r e n t  

c o n d i t i o n s  o f  c u l t i v a t i o n :  u n a g i t a t e d ,  o r b i t a l  s h a k e r ,  f e rm e n te r  and 

v o r te x  s t i r r e r .
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FIGURE 6 . Biomass and l i p i d  c o n te n t  of A. n - idu tan s ,  s t r a i n  16 ,  

grown in  i n c u b a t o r  w i t h o u t  a g i t a t i o n  a t  30°C.

A = N&S medium; B = ]#1M (17% g l u c o s e ) ;  C = N&S 

medium (5% g l u c o s e ) .
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2 . A .3 .2  U n a g i ta te d  and shaken  c u l t u r e s

To f u r t h e r  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  medium c o m p o s i t io n  on 

l i p i d  p r o d u c t i o n ,  an e x p e r im e n t  was c a r r i e d  o u t  w i th  w i ld  ty p e  16 i n  

MMM w i th  12% g lu c o s e ,  0 ,1  o r  0.2% n i t r o g e n  so u rce  (NaNO^) and an 

i n c r e a s e d  amount o f  p h o s p h o ru s  from  0 .1 5  to  0.5%.

The mould was grown i n  th e  o r b i t a l  sh a k e r  and i n c u b a t o r  w i th o u t  

a g i t a t i o n ,  a t  30°C o v e r  a  p e r i o d  o f  20 d a y s ,  t a k in g  one f l a s k ,  f o r  

a n a l y s i s ,  ev e ry  two d a y s .  These  r e s u l t s  a r e  shown i n  T ab le  12 and 

i l l u s t r a t e d  in  F ig u r e  7 .

The im p o r ta n t  f i n d i n g s  from  t h i s  ex p e r im en t  a r e ;

( i )  A lthough  m aking  no d i f f e r e n c e  to  th e  biom ass y i e l d  a t  t h e  end 

o f  i n c u b a t io n  p e r i o d ,  g ro w th  in  t h e  s h a k e r  gave a tw o - f o ld  i n c r e a s e  

i n  th e  l i p i d  c o n te n t  com pared w i t h  unshaken  c u l t u r e s ,  u s in g  i d e n t i c a l  

medium.

( i i )  0.2% NaNO^ r e s u l t e d  i n  tw ic e  th e  b iom ass y i e l d  o b t a in e d  w i th  0.1% 

NaNOg i n  th e  shaken c u l t u r e s .

( i i i )  0,. 1%-NaNO^, h o w e v e r ,  p ro d u ce d  a 40% improvement i n  l i p i d  c o n t e n t  

i n  com parison  w i th  0..,2% JNàNO^.

( iv )  Considering  ( i i )  and ( i i i )  t o g e t h e r ,  how ever, th e  t o t a l  l i p i d  

from  t h e  c u l t u r e  i s  h i g h e s t  w i th  0.2% NaNO^.

(v) W ith  bo th  c o n c e n t r a t i o n s  o f  NaNO^ a l l  th e  n i t r o g e n  was consumed 

by day 6 o f  c u l t u r e ,  a l t h o u g h  s u g a r  consum ption  c o n t in u e d  a f t e r  t h i s .

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

had been  consumed.
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FIGURE 7. B iom ass, l i p i d  c o n te n t  and su g a r  consum ption  o f  w i ld  type  

16,  grown i n  d i f f e r e n t  c o n d i t i o n s .  A = MMM (12% g lu c o se  

+ 0.2% NaNOg + 0.5% KH^PO^) in  o r b i t a l  s h a k e r ;  B = MMM 

(as  A, b u t  0.1% NaNOg) i n  o r b i t a l  s h a k e r ;  C = (a s  B, b u t  

i n  i n c u b a t o r  w i th o u t  a g i t a t i o n ) .
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2 . 4 . 3 . 3  F e rm e n te r  c u l t u r e

H aving  o b t a i n e d  a c o n s i d e r a b l e  improvement in  l i p i d  p r o d u c t io n  

w i th  m o d i f ie d  MM (12% g lu c o s e  + 0.1% NaNO^ + 0,5% KH^PO^) in  shaken  

c u l t u r e ,  th e  same s t r a i n ,  w i l d  ty p e  I d ,  was grown in  t h e  same medium 

in  t h e  f e r m e n t e r  a t  30°C o v e r  a  p e r io d  o f  18 d a y s ;  h a r v e s t i n g  100 ml 

of sam ple  d a i l y  f o r  a n a l y s e s .

The inocu lum  was made u s in g  2 x 500 m l, 48 h o u r  c u l t u r e s  grown 

in  s h a k e r  a t  30°C and c o n s i s t i n g  m ain ly  o f  p e l l e t s .  The su b seq u e n t  

growth i n  t h e  f e r m e n te r  was i n  t h e  form o f  sm a l l  p e l l e t s .

The r e s u l t s  a r e  shown i n  T ab le  13 and F ig u r e  8 . The l i p i d  

c o n te n t  o f  t h e  fu n g u s  r e a c h e d  a maximum o f  25 p e r c e n t  by th e  10 th  

day and th e n  d e c l i n e d .  T h is  f i g u r e  was ove r  tw ic e  t h e  p r e v io u s  b e s t  

y i e l d  w i t h  t h e  same medium. T h is  must be due, p r i m a r i l y , b o th  to  t h e  

s u p e r i o r  gas t r a n s f e r  o b t a i n e d  w i th  th e  f e r m e n te r  and t o  C;N r a t i o ,  

s in c e  n e i t h e r  th e  same medium i n  th e  sh a k e r  ( 2 . 4 . 3 . 2 ) n o r  a d i f f e r e n t  

medium i n  t h e  f e r m e n t e r  ( 2 . 4 . 2 )  p roduced  as  h ig h  a l i p i d  y i e l d .

A g a in ,  a lm o s t  2 / 3  o f  t h e  t o t a l  d ry  m ycelium  o b t a i n e d  a t  t h e  end 

of t h e  i n c u b a t i o n  p e r i o d  was from  t h a t  a d h e r in g  t o  t h e  g l a s s  v e s s e l  

above t h e  l e v e l  o f  t h e  c u l t u r e  m edia  (5 1 o f  medium w e re  used i n  a 

10 1 j a r ) .  B ecause  o f  t h i s  " w a l l  g row th" t h e  b iom ass  d a t a ,  p a r t i c u l a r l y  

th e  l a t e r  p o i n t s ,  a r e  u n r e l i a b l e .

The n i t r o g e n  s o u rc e  e x p i r e d  r a p i d l y  (on th e  second  day o f  

i n c u b a t i o n )  i n d i c a t i n g  a v e r y  r a p i d  p e r io d  o f  c e l l  g ro w th  w h ich , 

u n f o r t u n a t e l y ,  c o u ld  n o t  be co n fi rm ed  w i th  any a c c u r a c y  g r a v i m e t r i c a l l y  

due t o  t h e  p ro b le m s  caused  by f e rm e n te r  w a l l  g row th . From t h i s  d a t a  i t  

i s  l i k e l y  t h a t  c e s s a t i o n  o f  g row th  i s  due to  n i t r o g e n  e x h a u s t i o n .  

C e r t a i n l y  t h e  pH d a t a  show t h a t  a  s u b s t a n t i a l  change i n  pH i s  n o t  t h e  

c a u se  o f  e n t r y  i n t o  s t a t i o n a r y  p h a s e .

The e s t i m a t i o n  o f  g lu c o s e  consum ption  in  t h e s e  e x p e r im e n t s ,  u s in g
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FIGURE 8 . Biomass and l i p i d  c o n te n t  o f  w i l d  type  I d ,  grown in  MMM 

(12% g lu c o s e  + 0 . 1 %  NaNO^ + 0 . 5 %  KH^PO^) i n  f e rm e n te r

a t  30"C.
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MMM (12% g lu c o s e  + 0 .1  NaNO,. and 5% KH^PO^) , e i t h e r  in  i n c u b a t o r ,  

shaker  o r  f e r m e n te r  (T a b le s  12 and 13) gave r a t h e r  e r r a t i c  r e s u l t s  

w i th ,  i n  some c a s e s ,  th e  amount o f  g lu c o s e  in  t h e  medium d e c r e a s in g ,  

b u t  th e n  i n c r e a s i n g  a g a in .  In th e  f e r m e n t e r ,  t h i s  was found bo th  

f o r  the  DNSA method f o r  red u c in g  s u g a r s  and f o r  th e  more s p e c i f i c  

g l u c o s e - o x id a s e  m ethod . , This  may b e  due t o  e i t h e r :  p r o d u c t io n  o f  

i n t e r f e r i n g  s u b s ta n c e s  o r  to  th e  r e l e a s e  o f  g l u c o s e / r e d u c in g  sugar  

from th e  m y c e l i a l  mass by pe rhaps  d e a d  and d y in g  c e l l s .

I t  was a l s o  n o t i c e d  t h a t ,  i n  t h i s  medium, i n c r e a s e d  p ig m e n ta t io n  

o f  the  m y c e l i a l  m ass ,  g row th  medium and l i p i d  e x t r a c t s ,  o c c u r r e d  

d u r in g  f u n g a l  g ro w th .  T h is  phenomenon was a t t r i b u t e d  t o  th e  p re s e n c e  

o f  a h i g h e r  c o n c e n t a t i o n  of  p o t a s s iu m  d ih y d ro g e n  p h o sp h a te  i n  th e  

medium.

The c o n c e n t r a t i o n  o f  p o ta s s iu m  d ih y d ro g e n  p h o s p h a te  was lowered 

i n  f u r t h e r  e x p e r im e n ts  to  avoid p ig m e n t  f o r m a t io n  by th e  f u n g i ,  b e c a u se  

t h i s  c e r t a i n l y  i n t e r f e r e d  w ith  s u b s e q u e n t  l i p i d  a n a l y s i s  ( s e e  3 . 2 . 2 . 2 . 2  

and 3 . 3 . 2 )  and may be t h e  cause o f  some o f  th e  i n t e r f e r e n c e  i n  g lu c o se  

assay  d e s c r i b e d  h e r e .

2 . 4 . 3 . 4  V o r te x  s t i r r e d  c u l t u r e

S in c e  f e r m e n te r  grow th  in  t h i s  medium (MM + 12% g lu c o s e  + 1%

NaNO^ + 0.15% KH^PO^) was c l e a r l y  s u p e r i o r  to  sh ak en  c u l t u r e s ,  a n o th e r  

c u l t u r e  t e c h n iq u e  w h ich  g iv e s  e x t r e m e ly  e f f i c i e n t  gas  t r a n s f e r ,  th e  

v o r te x  s t i r r e r ,  was t r i e d .  S t r a i n  16  was grown i n  100 ml o f  medium 

in  the o r b i t a l  s h a k e r  a t  37°C f o r  48 h .  A f t e r  t h a t  tim e medium and 

p e l l e t s  were t r a n s f e r r e d  to  1,000 ml f l a s k s  c o n ta i n in g  400 ml o f  th e  

same medium. One w hole  f l a s k  was h a r v e s t e d  e v e ry  3 d a y s .  Under th e s e  

c o n d i t io n s  t h e  m orphology o f  the  fu n g u s  c o n s i s t e d  o f  much more f i n e l y  

d iv id e d  p a r t i c l e s ,  p o s s i b l y  even s i n g l e  c e l l s .



-  69 -

T h is  t e c h n iq u e  gave th e  h i g h e s t  l i p i d  c o n te n t  i n  t h e  d r i e d  

m ycelium . I t  i n c r e a s e d  s t e a d i l y  up to  a maximum of 24 p e r c e n t  a t  9 

d a y s ,  a f t e r  w hich  i t  d e c r e a s e d .  N i t r a t e  was u n d e t e c t a b l e  a f t e r  3 d a y s ,  

i n d i c a t i n g  v e ry  r a p i d  a s s i m i l a t i o n  under t h e s e  c u l t u r e  c o n d i t i o n s .  pH 

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

of g ro w th .

Biomass r e a d i n g s  were r e l i a b l e  up t o  12 d a y s ,  b u t  a f t e r  t h i s  v e s s e l  

w a l l  g row th  o c c u r r e d ,  making su b se q u e n t  r e a d i n g s  u n r e l i a b l e .

The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  shown in  T a b le  14 and F ig u r e  9.
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FIGURE 9 .  Biom ass, l i p i d  c o n te n t  and s u g a r  consum ption  o f  s t r a i n  

16 grown i n  MMM (12% g lu cc  
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3. L i p id  a n a ly s i s

3.1 Method developm ent and s e l e c t i o n

N a t u r a l l y  o c c u r r in g  l i p i d s  e x t r a c t a b l e  w i th  o r g a n ic  s o lv e n t s  a r e  

u s u a l l y  complex m ix tu re s  t h a t  c a n  be e a s i l y  s e p a r a te d  by column 

ch rom a tog raphy  i n t o  n e u t r a l  and p o l a r  l i p i d  f r a c t i o n s .

I t  was n e c e s s a r y  to  f u r t h e r  r e s o l v e  b o t h  the  n e u t r a l  l i p i d s  on 

TLC p l a t e s  ( to  g iv e ;  s t e r o l s ,  f r e e  f a t t y  a c i d s ,  t r i g l y c e r i d e s  and 

s t e r o l  e s t e r s )  and th e  p o l a r  l i p i d s  ( in to  v a r i o u s  p h o s p h o l ip id s  and 

g l y c o l i p i d  c l a s s e s ) .

To o b ta in  optimum r e s o l u t i o n  on TLC a v a r i e t y  o f  s o lv e n t  

c o m b in a t io n s  were t e s t e d  w i th  s t a n d a r d s  and A. ri'Cdutans l i p i d s .

3 .1 .1  N e u t r a l  l i p i d s  TLC

S ta n d a rd  m ix tu re s  of n e u t r a l  l i p i d s  were run  in  t h r e e  d i f f e r e n t ,

s o l v e n t  system s on 0 .2 5  mm l a y e r s  o f  s i l i c a  g e l  G;

a) b e n z e n e - e t h e r - e t h y l  a c e t a t e —a c e t i c  a c i d .  ( 8 0 :1 0 : 1 0 : 0 .2 ,  v /v )

b) h e x a n e - e th e r “ fo rm ic  a c i d .  ( 8 0 :2 0 : 2 ,  v / v )

c) h e x a n e - e t h e r - a c e t i c  a c id .  ( 8 0 :2 0 : 1 ,  v / v )

System  a .  gave good s e p a r a t i o n  o f  m o n o g ly c e r id e  and d i g l y c e r i d e s  

( i n c l u d i n g  r e s o l u t i o n  o f  1 ,2  and  1 ,3  i s o m e r s ) ,  b u t  d id  n o t  c o m p le te ly  

s e p a r a t e  th e  g ro u p s :  s t e r o l / f r e e  f a t t y  a c i d / d i g l y c e r i d e  and t r i g l y c e r i d e s /  

s t e r o l  e s t e r s .

S im i la r  s e p a r a t i o n s  w ere  a c h ie v e d  w i t h  b o th  sy s tem s b .  and c . , 

w h ich  gave  good r e s o l a t i o n  o f  a l l  com ponents . Both sy s tem s  were 

c o n s id e r e d  as s u i t a b l e  and w ere  u se d  in  s u b s e q u e n t  e x p e r im e n t s .
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3 .1 .2  P o l a r  l i p i d s  2-D TLC

Four p h o s p h o l i p i d  s t a n d a r d  m ix tu re s  v/ere c h ro m a to g rap h ed  on 

s i l i c a  g e l  H i n  t h r e e  d i f f e r e n t  s o lv e n t  systems w i t h  th e  aim o f  f i n d i n g  

a sys tem  w hich  could  a c h ie v e  optimum s e p a r a t i o n  o f  a l l  the  com ponents .

The f i r s t  s o lv e n t  sy s te m  was t h a t  of H un ter  c t  a t .  (1 9 8 3 ) ,  in  

the  f i r s t  d im e n s io n ,  and an a c id  m ix tu re  in th e  s e c o n d :

1. CHClg-NeOH-NHg (25%, w /v )  -  HgO. (160:88:1  1:1 1 , v /v )

2. CHCl^-MeOH-HAc ( 5 0 :2 7 : 1 2 ,  v / v ) .

T h is  s o l v e n t  sy s te m  showed in a d e q u a te  r e s o l u t i o n  o f  

p h o s p h a t i d y l i n o s i t o l  (P I )  and p h o s p h a t id y l  s e r i n e  (P S ) .

The seco n d  s o lv e n t  sy s te m  was m od if ied  from  H u n te r  e t  a t .  (1981)

and H un te r  e t  a t .  (1983) and used an a c i d i c  m ix t u r e  i n  bo th  d im e n s io n s ;

1. CHCl^-MeOH-HAc (5 0 :2 7  :1 2 ,  v /v )

2. CHCl^-MeOH-DIBK-HAc-H^O ( 4 5 :1 5 :3 0 :2 0 :4 ,  v / v ) .

Poor r e s o l u t i o n  o f  CL and PA was o b ta in e d  w i t h  t h i s  s o l v e n t  

sys tem .

The t h i r d  s o lv e n t  s y s te m  used a co m b in a tio n  o f  s o lv e n t  sy s te m  

1 and 2 :

1. CHCl -MeOH-NH (25% w /v )  -  H^O (160:88:1  1:11 , v / v )

2. CHC1 -MeOH-DIBK-HAc-H^O ( 4 5 :1 5 :3 0 :2 0 :4 ,  v / v ) .

T h is  s o l v e n t  sy s te m  gave b e s t  r e s o l u t i o n  o f  a l l  fo u r  s t a n d a r d  

m ix tu re s  a s s a y e d  and t h e r e f o r e  was chosen  f o r  f u r t h e r  s e p a r a t i o n s .  A 

map o f  t h e  chrom atogram  o b t a i n e d  w i th  th e  s t a n d a r d  com ponents , u s in g  

t h i s  s o lv e n t  sy s te m , i s  g i v e n  in  F ig u r e  10.

F ig u re  11 shows a two d im e n s io n a l  TLC o f  t o t a l  l i p i d  o f



— 74 —

|C L
PG

PE PC

PA

NLSF

c
o
tn
c
a>
E
X»

In

2^d dim en sion

FIGURE 10. Two d im e n s io n a l  TLC s e p a r a t i o n  o f  s t a n d a r d  m ix tu r e  on s i l i c a  

g e l  H.

S o lven t  s y s te m :  1st  d im e n s io n : c h lo ro fo rm -m e th a n o l -  

ammonia (25%, w/v) -  w a t e r .  ( 1 6 0 :8 8 :1 1 :1 1 ,  v / v ) ;

2nd d im e n s io n : c l i lo r o fo rm -m e th a n o l -d i  i s o  

b u ty l  k e t o n e - a c e t i c  a c i d - w a t e r .  ( 4 5 :1 5 : 3 0 :2 0 : 4 ,  v / v ) .

A b b r e v ia t i o n s :  0 = o r i g i n ;  SM = sp h in g o m y e lin ;  P I  = 

p h o s p h a t i d y l i n o s i t o l ;  PS = p h o s p h a t i d y l s e r i n e ; PC = 

p h o s p h a t i d y l c h o l i n e ;  PE = p h o s p h a t id y le th a n o la m in e  ;t 

PG = p h o s p h a t i d y l g l y c e r o l ; CL = c a r d i o l i p i n ;  PA = 

p h o s p h a t i d i c  a c i d ;  r h  = rhodam ine; NL = n e u t r a l  l i p i d ; .

SF = s o l v e n t  f r o n t .
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FIGURE 11. Two d im e n s io n a l  TLC o f  t o t a l  l i p i d  o f  s t r a i n  16 grown 

in  N&S medium i n  i n c u b a t o r ,  a t  30°C f o r  8 d ay s .

Solven t s y s te m :  1 : ch lo roform -m ethano l-a inm onia  (25%, 

w/v) -  w a t e r .  ( 1 6 0 :8 8 :1 1 :1 1 ,  v / v ) .

2: c h lo r o f o rm -m e th a n o l -d i  i so  b u t y l  ke tone-  

a c e t i c  a c i d - w a t e r .  ( 4 5 :1 5 : 3 0 :2 0 : 4 ,  v / v ) .

D e te c t io n :  i o d in e  v a p o u r .

A b b r e v ia t i o n s :  0 = o r i g i n ;  PI = p h o s p h a t i d y l i n o s i t o l ;

PS = p h o s p h a t i d y l s e r i n e ;  PC = p h o s p h a t i d y l c h o l in e ;

PE = p h o s p h a t i d y le t h a n o l a m i n e ;  PG = p h o s p h a t i d y l g l y c e r o l ;  

CL = c a r d i o l i p i n ;  PA = p h o s p h a t i d ic  a c i d ;  rh  = rho d am in e .
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A, nidulanSf  s t r a i n  26 ,  grown in  i n c u b a t o r ,  w i th o u t  a g i t a t i o n ,  i n  

N&S medium f o r  8 days  a t  30°C.

3 . 1 . 3  TLC d e t e c t i o n  r e a g e n t

Io d in e  v a p o u r  p r o v e d  t o  be a v e r y  u s e f u l  method and was t h e  

m ost used d e t e c t i o n  r e a g e n t ,  i n  t h i s  w ork , f o r  e i t h e r  k in d  o f  l i p i d s :  

n e u t r a l  and p o l a r .  L i p i d s  became v i s i b l e  as brown s p o t s .

Rhodamine 6G was u s e d  a s  a n o n - d e s t r u c t i v e  d e t e c t i o n  r e a g e n t  

and th e  l i p i d s  c o u ld  be  removed from t h e  p r e p a r a t i v e  p l a t e s  f o r  

f u r t h e r  a n a l y s i s .  N e u t r a l  l i p i d s  a p p e a re d  as y e l lo w  and p u r p le  

s p o t s  under u l t r a v i o l e t  l i g h t .

S t e r o l  and s t e r o l  e s t e r s  were s p e c i f i c a l l y  i d e n t i f i e d ,  u s in g  

f e r r i c  c h lo r id e  s p r a y ,  a s  v i o l e t  s p o t s .  F ree  f a t t y  a c id s  and 

t r i g l y c e r i d e s  a p p e a re d  a s  brown s p o ts  on a w h ite  b ack g ro u n d .

C o n c e n t ra te d  s u l p h u r i c  a c i d - g l a c i a l  a c e t i c  a c id  ( 1 : 1 ,  v / v )  

gave p o s i t i v e  s p o t s  f o r  a l l  n e u t r a l  l i p i d  com ponents , b u t  d id  n o t  

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

3 .2  L ip id  c o m p o s i t io n  o f  A. n- idulans, s t r a i n  16:  t h e  i n f l u e n c e  o f  

e x t r a c t i o n  m ethod and g row th  medium.

A la r g e  s c a l e  l i p i d  e x t r a c t i o n  was perform ed on 10 g o f  d r y  

mycelium o b ta in e d  from  t h e  f e r m e n te r  a f t e r  18 days  o f  c u l t u r e  a t  30°C, 

i n  MMM (12% g l u c o s e  + 0.1% NaNO^ + 0 .5 %  KH^PO^) ( s e e  s e c t i o n  2 . 4 . 3 . 3 )  

and a f t e r  12 days o f  c u l t u r e  u n d e r  t h e  same c o n d i t i o n s  i n  N&S medium 

( se e  s e c t i o n  2 . 4 . 2 ) .

Two l i p i d  e x t r a c t i o n  m ethods w ere  t e s t e d  on c e l l s  grown i n  

each  o f  the  above m edia  and q u a n t i t a t i v e  and q u a l i t a t i v e  a n â l y s e s
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were c a r r i e d  o u t ,  a f t e r w a r d s ,  u s in g  column c h ro m a to g ra p h y ,  TLC and 

GLC. The f i r s t  l i p i d  e x t r a c t i o n  method in v o lv e d  t r e a t m e n t  w i th  h o t  

is o p ro p a n o l  and i s  h e r e a f t e r  r e f e r r e d  to  as " i s o p r o p a n o l  e x t r a c t i o n  

method ( I P ) .  The seco n d  used  c h iô ro fo rm -m e th a n o l  ( 1 : 2 ,  v / v )  and i s  

r e f e r r e d  to  s u b s e q u e n t ly  a s  " c h lo ro fo rm -m e th a n o l  e x t r a c t i o n  method"

(CM).

3 .2 .1  T o t a l  l i p i d  c o n te n t

The t o t a l  l i p i d  c o n te n t  (g /1 0 0  g d ry  mycelium ) was found  to  b e :

E x t r a c t i o n  Medium

method MMM N&S

IP  19.8 8 .6

CM 22.5  6 .8

T hese  v a lu e s  a r e  a round th o s e  o b ta in e d  i n  e a r l y  e x p e r im e n ts  

by e x t r a c t i o n  w i t h  CM, u s in g  o n ly  0 .25  g o f  d ry  m ycelium  (MMM =

17 p e r c e n t  and N&S = 6 .7  p e r c e n t  -  see  T ab le  13 and F i g u r e  10, 

r e s p e c t i v e l y ) .

3 .2 .2  L i p i d  c l a s s  f r a c t i o n a t i o n  on a c id  t r e a t e d  F l o r i s i l

3 .2 .2 .1  P r o p o r t i o n s  o f  n e u t r a l  l i p i d s ,  g l y c o l i p i d s  and p h o s p h o l i p i d s

The t o t a l  l i p i d s  o b t a in e d  by th e s e  two e x t r a c t i o n  m e th o d s ,  f i r s t  

were s e p a r a t e d  i n t o  t h r e e  main c l a s s e s  by a c id  t r e a t e d  F l o r i s i l  column 

ch rom atography . Each o f  t h e s e  l i p i d  c l a s s e s  w ere  w e ighed  and q u a n t i t a t i v e
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a n a l y s i s  o f  l i p i d  P c a r r i e d  o u t .  The r e s u l t s  a r e  shown in  T ab le  1 5 .  The 

c o r r e c t e d  p e rc e n ta g e  o f  e ach  f r a c t i o n  was c a l c u l a t e d  a f t e r  a d ju s tm e n t  f o r  

th e  phosphorus  c o n te n t  o f  t h e  g l y c o l i p i d  f r a c t i o n .

The medium c o m p o s i t io n  seem s to  have  l i t t l e  e f f e c t  on th e  p r o p o r t i o n  

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

(around  th r e e  t im e s )  th a n  i n  N&S ( 2 . 3 . 2 . 1 ) .

On th e  o t h e r  hand th e  e x t r a c t i o n  m ethods do i n f l u e n c e  th e  l i p i d  

c l a s s  d i s t r i b u t i o n  f o r  a g iv e n  medium. I n  b o th  media CM g ives  a h i g h e r  

p r o p o r t i o n  o f  p h o s p h o l ip id s  t h a n  IP .  The p r o b a b le  r e a s o n  f o r  t h i s  i s  t h e  

a b i l i t y  o f  CM to  e x t r a c t  more p r o t e i n  bound l i p i d s  from membranes, s i n c e  

m ethano l  i s  a  b e t t e r  p r o t e i n  d é n a t u r a n t  t h a n  i s o p r o p a n o l .

Thus A, Ti'Cdutans, s t r a i n  1 6 ,  l i p i d s  c o n s i s t  o f  a b o u t  75 p e r c e n t  

n e u t r a l  l i p i d ,  8 p e r c e n t  g l y c o l i p i d  and 17 p e r c e n t  p h o s p h o l ip id ,  when 

e x t r a c t e d  w i th  CM and a p p r o x im a te ly  86 p e r c e n t  n e u t r a l  l i p i d ,  w i t h  7 p e r c e n t  

g l y c o l i p i d  and o n ly  7 p e r c e n t  p h o s p h o l i p i d ,  when e x t r a c t e d  w i th  I P .

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

f r a c t i o n s  c o n ta in e d  m inor  c o n ta m in a t io n  w i t h  p h o s p h o l ip id s .  T h is  i s  

r e c o g n i s e d  as a  p rob lem  ( K a te s ,  1982) i n  n a t u r a l  l i p i d  m ix tu re s  c o n t a i n i n g  

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

th e  column w i th  a c e to n e .

The amount o f  p h o s p h o l i p i d ,  in  t h e  f r a c t i o n s ,  can  be  c a l c u l a t e d  by 

m u l t i p l y i n g  % P by 25 . I t  c a n  b e  seen  t h a t  t h e  p o la r  l i p i d  f r a c t i o n  e x t r a c t e d  

by CM from N&S, c o n ta i n s  a lm o s t  100% p h o s p h o l i p i d  by t h i s  c a l c u l a t i o n ,  b u t  

IP f rom  N&S and b o th  e x t r a c t i o n  method from  MMM y i e l d  p o l a r  l i p i d  f r a c t i o n s  

w i th  much low er amounts o f  t o t a l  p h o s p h o l i p i d .

For c e l l s  grown i n  MMM, t h e  l a c k  o f  r e c o v e r y  o f  l i p i d  P and t h e  low 

p e r c e n ta g e  o f  P ,  i n  t h e  p h o s p h o l i p i d  f r a c t i o n  ( t h i s  s h o u ld  be a ro u n d  4 

p e r c e n t  f o r  most known p h o s p h o l i p i d s )  may be due to :

( i )  l a r g e  amounts o f  non l i p i d  P e x t r a c t e d  and l e f t  on th e  column

( i i )  l a r g e  amounts o f  non P c o n t a i n i n g  p o l a r  l i p i d s  i n  th e  p h o s p h o l i p i d  

f r a c t i o n
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( i i i )  the  p re s e n c e  o f  n o v e l  p h o s p h o l i p i d s  w i th  a much lower P c o n t e n t

than  th o s e  commonly fo u n d .

3 . 2 . 2 . 2  M o n ito r in g  o f  c l a s s  f r a c t i o n a t i o n  by TLC

In  a d d i t i o n  to l i p i d  P e s t i m a t i o n ,  TLC was a l s o  used  to  m o n i to r  t h e  

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

3 . 2 . 2 . 2 . 1  1-D TLC o f  n e u t r a l  l i p i d s

F ig u re  12 shows a s i l i c a  g e l  G chrom atogram  o f  t h e  f r a c t i o n a t e d  

and n o n - f r a c t i o n a t e d  l i p i d  o f  s t r a i n  16  grown in  MMM, e x t r a c t e d  by  th e  

two e x t r a c t i o n  m ethods. A u t h e n t i c  s t a n d a r d s  were a l s o  ch ro m a to g rap h ed .

I t  can  be  seen  t h a t  t h e  m a j o r i t y  o f  th e  n e u t r a l  l i p i d s  had e l u t e d  

i n  t h e  a p p r o p r i a t e  f r a c t i o n  o b ta in e d  by  F l o r i s i l  ch rom atog raphy . Very 

s m a l l  t r a c e s  o f  n e u t r a l  l i p i d s  ( s t e r o l  o r  DG?) can  be  seen  in  a s s o c i a t i o n  

w i t h  th e  g l y c o l i p i d  and p h o s p h o l i p i d  f r a c t i o n s .  These  t r a c e s  c o u ld  a r i s e  

due  t o  some n e u t r a l  l i p i d  bound to  p o l a r  l i p i d  and n o t  e lu t e d  w i t h  NL on 

t h e  column.

However, t h e  NL f r a c t i o n  does c o n t a i n  some r e l a t i v e l y  p o l a r  l i p i d  

m a t e r i a l  w hich d id  n o t  m i g r a t e  from t h e  o r i g i n .  From th e  s t a n d a r d s  r u n ,  

t h i s  must be e i t h e r  MG o r  m a t e r i a l  ( c o n t a i n i n g  e . g .  1 o r  more OH g ro u p s )  

w h ic h  i s  a s ,  o r  more, p o l a r  t h a n  MG.

The chroma to  gram shown i n  F ig u re  13 shows th e  same f r a c t i o n s  as 

F i g u r e  12, b u t  w i th  l i p i d  f ro m  th e  f u n g i  grown i n  N&S medium.

The m ajo r  n e u t r a l  l i p i d  components found in  c e l l s  grown i n  t h e s e  

two media w ere  t r i g l y c e r i d e s  ( s p o t  n o .  3) and more p o l a r  m a t e r i a l s  w hich  

w e re  l a t e r  i d e n t i f i e d  a s  s t e r o l ( s )  ( s p o t  no . 1 ) .  Some t r a c e s  o f  f r e e  

f a t t y  a c id s  and s t e r o l  e s t e r s  were a l s o  d e t e c t a b l e .

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

s p o t  c o rre s p o n d in g  to  t r i g l y c e r i d e s . The p r o b a b le  r e a s o n  f o r  i t s  p r e s e n c e
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FIGURE 12. TLC s e p a r a t i o n  on 0 .25  mm l a y e r  o f  s i l i c a  g e l  G, o f  

f r a c t i o n a t e d  and t o t a l  l i p i d ,  o f  s t r a i n  26 grown in  

MMM i n  f e r m e n te r .

S o l v e n t  system : h e x a n e - e t h e r - a c e t i c  a c i d .  ( 8 0 :2 0 : 1 ,  v / v ) .  

D e t e c t i o n :  i o d in e  v a p o u r .

Key t o  l a n e s :  A and B = s t a n d a r d s ;  TL = t o t a l  l i p i d ;  NL = 

n e u t r a l  l i p i d ;  GL = g l y c o l i p i d ;  PL = p h o s p h o l i p i d .

( p a i r e d  la n e s  = I P ,  CM).

Key to  s p o t s :  C = c h o l e s t e r o l ;  FA = f r e e  f a t t y  a c i d ;

TG = t r i g l y c e r i d e ;  CE = c h o l e s t e r o l  e s t e r ;  D = d i g l y c e r i d e  

( 1 ,2  and 1 ,3 ) ;  S = s t e r o l s .
• 1
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FIGURE 13. TLC s e p a r a t i o n  on 0 .2 5  mm l a y e r  o f  s i l i c a  g e l  G, of 

f r a c t i o n a t e d  and t o t a l  l i p i d ,  o f  s t r a i n  16 grown in  

N&S medium i n  f e r m e n t e r .

S o lv e n t  sys tem : h e x a n e - e t h e r —a c e t i c  a c i d .  ( 8 0 :2 0 :1 .  v / v ) .  

D e t e c t io n :  i o d i n e  v a p o u r .

Key to  l a n e s :  A and B = s t a n d a r d s ;  TL = t o t a l  l i p i d ;

NL = n e u t r a l  l i p i d ;  GL = g l y c o l i p i d ;  PL = p h o s p h o l ip id ,  

( p a i r e d  l a n e s  = I P ,  CM).

Key to  s p o t s :  C = c h o l e s t e r o l ;  FA = f r e e  f a t t y  a c id ;

TG = t r i g l y c e r i d e ;  CE = c h o l e s t e r o l  e s t e r s ;  D = d i g l y c e r i d e  

( 1 ,2  and 1 , 3 ) ,  S = s t e r o l .
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i s  t h a t  th e  column was o v e r lo a d e d ,  b u t  i t  i s  a  v e ry  s m a l l  p r o p o r t i o n  

o f  t h e  t o t a l  m a t e r i a l .

A s t r i k i n g  d i f f e r e n c e  can  be se e n  be tw een  the  n e u t r a l  l i p i d  

c o m p o s i t io n  i n  N&S grown c e l l s ,  which h a v e  a  h igh  p r o p o r t i o n  o f  a 

component l a t e r  i d e n t i f i e d  a s  s t e r o l  e s t e r s  (SE -  F i g u r e  13) and MMM 

grown c e l l s  w h ich  c o n ta in  o n ly  t r a c e s  o f  s t e r o l  e s t e r s .

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

w i t h  t h e  two m ed ia  i s  im p o r ta n t  f o r  any  i n d u s t r i a l  p r o c e s s  in  t h a t  TG 

a r e  d e s i r a b l e  and s t e r o l  e s t e r s  p ro b a b ly  n o t .

A nother  im p o r ta n t  a s p e c t  seen  c l e a r l y  i n  F ig u re  13 i s  th e  s u p e r i o r  

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

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

3 . 2 . 2 . 2 . 2  1-D TLC o f  p o l a r  l i p i d s

S i l i c a  g e l  H chromatograms o f  t h e  f r a c t i o n a t e d  and  n o n - f r a c t i o n a t e d  

l i p i d  o f  s t r a i n  16  show ( F ig u r e s  14 and 15) t h a t  t h e r e  i s  no p o l a r  l i p i d  

c o n ta m in a t in g  t h e  n e u t r a l  l i p i d  f r a c t i o n s ,  b u t  c o n f i rm  th e  p o l a r  l i p i d  

f r a c t i o n s  c o n t a i n  m inor c o n ta m in a t io n  w i t h  n e u t r a l  l i p i d s .  These 

chrom atogram s a l s o  i n d i c a t e  t h a t  t h e  m ore p o l a r  components l e f t  a t  t h e  

o r i g i n  i n  F i g u r e s  12 and 13, i n  th e  NL f r a c t i o n s ,  a r e  g e n u in e ly  n e u t r a l  

l i p i d  com ponen ts ,  n o t  p o l a r  l i p i d  c o n ta m in a n t s .

These p r e l i m i n a r y  1-D TLC s e p a r a t i o n s  a l s o  a l lo w e d  th e  t e n t a t i v e  

i d e n t i f i c a t i o n  o f  PC and PE as  the  m a jo r  p o l a r  l i p i d s  w i th  P I  a s  m ino r  

conq jonen t.

An u n e x p la in e d  and u n re s o lv e d  p ro b le m  was t h a t  t h e  t o t a l  l i p i d  

and p h o s p h o l i p i d  f r a c t i o n s ,  e x t r a c t e d  by e i t h e r  m ethod from MMM grown 

c e l l s  gave bad  s t r e a k i n g  and  o n ly  one c l e a r l y  v i s i b l e  component (PC) . 

T h is  may be due t o  i n t e r f e r e n c e  from t h e  l a r g e  amounts o f  p ig m en ts  which 

w e re  p roduced  i n  t h i s  p a r t i c u l a r  medium.

A lthough  t h e  medium c o m p o s i t io n  d i d  n o t  a f f e c t  t h e  p r o p o r t i o n s  of
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FIGURE 14. TLC s e p a r a t i o n  on s i l i c a  g e l  H, o f  f r a c t i o n a t e d  and t o t a l  

l i p i d ,  o f  s t r a i n  16 ,  grown in  MMM in  f e r m e n t e r .

S o lv e n t  sy s te m ; c h lo r o f o rm -m e th a n o l -d i  i s o  b u t y l  k e to n e -  

a c e t i c  a c i d - w a t e r .  ( 4 5 :1 5 : 3 0 :2 0 : 4 ,  v / v ) .

D e t e c t i o n :  i o d in e  v a p o u r .

Key to  l a n e s :  A = s t a n d a r d ;  TL = t o t a l  l i p i d ;  NL =

n e u t r a l  l i p i d ;  GL = g l y c o l i p i d ;  PL = p h o s p h o l i p i d .

( p a i r e d  l a n e s  ■ I P ,  CM).

Key to  s p o t s :  PI -  p h o s p h a t i d y l i n o s i t o l ;  PC = p h o s p h a t i d y l c h o l in e ;

PE = p h o s p h a t id y le th a n o la m in e ;  PS = p h o s p h a t i d y l s e r i n e .
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FIGURE 15. TLC s e p a r a t i o n  on s i l i c a  g e l  H o f  f r a c t i o n a t e d  and t o t a l  

l i p i d  o f  s t r a i n  16 grown in  N&S medium in  f e r m e n t e r .

S o lv e n t  sy s te m : c h lo r o f o r m - m e th a n o l - d i  i s o  b u t y l  k e to n e -  

a c e t i c  a c i d - w a t e r .  ( 4 5 : 1 5 : 3 0 : 2 0 : 4 ,  v / v ) .

D e t e c t io n :  io d in e  v a p o u r .

Key to  l a n e s :  A and B = s tn a d a r d s  ; TL = t o t a l  l i p i d ;

NL = n e u t r a l  l i p i d ;  GL = g l y c o l i p i d ;  PL = p h o s p h o l i p i d ,  

( p a i r e d  l a n e s  = I P ,  CM).

Key to  s p o t s :  CM sp h in g o m y e lin  ; P I  = p h o s p h a t i d y l i n o s i t o l ;

PC = p h o s p h a t i d y l c h o l i n e ;  PS = p h o s p h a t i d y l s e r i n e ;  PE = 

p h o s p h a t id y le th a n o la m in e .
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t o t a l  n e u t r a l  and p o l a r  l i p i d s  (T a b le  1 5 ) ,  t h e  c o m p o s i t io n  of p o l a r  

l i p i d  c l a s s e s  was c l e a r l y  a f f e c t e d ,  a s  can be s e e n  when comparing 

F ig u re s  14 and 15.

3 . 2 . 2 . 3  F a t t y  a c id  c o m p o s i t io n  o f  t o t a l  l i p i d  and l i p i d  c l a s s e s

T a b le  16 shows t e n t a t i v e l y  i d e n t i f i e d  m a jo r  f a t t y  a c id s  ( 1 6 :0 ,

1 8 :0 ,  1 8 :1 ,  18 :2) o f  f r a c t i o n a t e d  and u n f r a c t i o n a t e d  l i p i d  o f  s t r a i n  16 

grown in  MMM and N&S medium, o b t a i n e d  by th e  two e x t r a c t i o n  m ethods .

The f a t t y  a c id  c o m p o s i t io n  o f  f r a c t i o n a t e d  and  u n f r a c t i o n a t e d  does 

d i f f e r  s l i g h t l y  betw een th e  two e x t r a c t i o n  m e th o d s .  In  p a r t i c u l a r ,  th e  

t o t a l  l i p i d  and n e u t r a l  l i p i d  c o n t a i n  a  h ig h e r  p r o p o r t i o n  o f  17:0  a f t e r  

CM e x t r a c t i o n .

The two media d id  n o t  seem to  s i g n i f i c a n t l y  a f f e c t  th e  f a t t y  a c id  

c o m p o s i t io n  o f  u n f r a c t i o n a t e d  l i p i d ,  b u t  marked d i f f e r e n c e s  can  be seen  

f o r  th e  g l y c o -  and p h o s p h o l i p i d s ,  m a in ly  f o r  1 8 :2 .

P o l y u n s a t u r a t e s  a n d /o r  lo n g  c h a i n  f a t t y  a c i d s  appear  in  g r e a t e r  

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

a g r e a t e r  p r o p o r t i o n  o f  t h e s e  f a t t y  a c i d s  a r e  fo u n d  in  MMM compared w i th  

N&S medium.

3 . 2 . 2 . 4  F u r t h e r  f r a c t i o n a t i o n  o f  n e u t r a l  l i p i d  i n t o  s u b - c l a s s e s

3 .2 . 2 . 4 . 1  F l o r i s i l  column ch rom atog raphy

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

on 7 p e r c e n t  h y d ra te d  F l o r i s i l  by column c h ro m a to g ra p h y .  W eights  were 

d e te rm in e d  f o r  each  f r a c t i o n  and a r e  shown i n  T a b le  17.

The r e s u l t s  f o r  MMM a r e  f o r  d u p l i c a t e  ch rom a tog raphy  s e p a r a t i o n s ,  

b u t  f o r  N&S medium a r e  f o r  one ru n  o n l y .

The q u a n t i t a t i v e  n e u t r a l  l i p i d  s u b - c l a s s  c o m p o s i t io n  d i f f e r s  f o r  

th e  two e x t r a c t i o n  m ethods o n ly  i n  N&S medium w here  CM e x t r a c t e d  a b i g g e r  

p r o p o r t i o n  o f  s t e r o l  and s t e r o l  e s t e r s .  A low er  r e c o v e r y  i s  o bse rved
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w ith  i s p o ro p a n o j  f o r  N&S medium due to  a c c i d e n t a l  l o s s  of f r a c t i o n  7 

d u r in g  th e  s o lv e n t  e v a p o r a t i o n  s t e p .

I n  MMM th e  m ajo r  f r a c t i o n  i s  f r a c t i o n  3 , i d e n t i f i e d  by c o m p a ra t io n  

w ith  s t a n d a r d s  on TLC a s  s t e r o l ,  w i t h  t r i g l y c e r i d e  ( f r a c t i o n  2) a s  the  

second m ajo r  f r a c t i o n .  On th e  o t h e r  hand , on N&S medium, t r i g l y c e r i d e  

a p p e a rs  a s  th e  m ajor f r a c t i o n .

The d i f f e r e n c e  o b t a i n e d  be tw een  th e  two c u l t u r a l  media i s  p o s s ib l y  

due n o t  o n ly  to  th e  m ed ia  c o m p o s i t io n ,  b u t  p e rh a p s  a l s o  o t h e r  f a c t o r s  

such a s  d i f f e r e n t  age and  s ta g e  o f  developm ent o f  th e  m y c e l i a l  m ass .

3 . 2 . 2 . 4 . 2  M o n ito r in g  o f  NL s u b - c l a s s  s e p a r a t i o n  by TLC

The i d e n t i f i c a t i o n  o f  th e  column f r a c t i o n s  was by TLC i n

com parison  w i th  a u t h e n t i c  s t a n d a r d s .

F ig u r e  16 shows f r a c t i o n s  o f  l i p i d  e x t r a c t e d  w i th  IP and CM of 

s t r a i n  16 grown on MMM.

F ig u r e  17 shows f r a c t i o n s  o f  l i p i d  e x t r a c t e d  w i th  IP and CM of 

s t r a i n  16 grown on N&S medium. The components o f  f r a c t i o n  7 

( i s o p r o p a n o l  e x t r a c t i o n )  , a re  a c t u a l l y  a r t e f a c t s  d e r iv e d  from 

c o n ta m in a t io n  of th e  sa m p le  d u r in g  c o n c e n t r a t i o n .

TLC showed t h a t  t h e  column f r a c t i o n a t i o n  had  been l a r g e l y  

s u c c e s s f u l  i . e .  t h r e e  m a jo r  s u b - c l a s s e s  r e s o l v e d :  s t e r o l  e s t e r ,  

t r i g l y c e r i d e  and s t e r o l .

The s t e r o l  f r a c t i o n s  show a d i f f e r e n t  p a t t e r n  in  F i g u r e s  16 and 

17. Three  d i f f e r e n t  s t e r o l  components can be v i s u a l i s e d  i n  F i g u r e  16,

b u t  o n ly  two m ajor s t e r o l s  a re  s e e n  i n  F ig u re  17.

F r a c t i o n s  5 and 6 were e x p e c te d  to  be d i g l y c e r i d e s  and 

m o n o g ly c e r id e s ,  r e s p e c t i v e l y ,  b u t  comparing w i th  s t a n d a r d s ,  i n  F ig u re s  

16 and 17, a u t h e n t i c  d i g l y c e r i d e s  do n o t  c o rre sp o n d  to  th e  s p o t  i n  

f r a c t i o n  5 , which i s  e v i d e n t l y  a more p o la r  m a t e r i a l .  M o n o g ly c e r id e s  and 

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

n o t  d e t e c t a b l e  by TLC a t  th e s e  l o a d i n g s .
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FIGURE 16. TLC s e p a r a t i o n  on 0 .2 5  mm la y e r  o f  s i l i c a  g e l  G o f

f r a c t i o n a t e d  n e u t r a l  l i p i d  o f  s t r a i n  16 grown in  MMM.

So lven t  s y s te m :  h e x a n e - e th e r - f o r m i c  a c id .  ( 8 0 : 2 0 : 2 ,  v / v ) .

D e t e c t io n :  io d in e  v a p o u r .

Key to  l a n e s :  A and B = s t a n d a r d s ;  1 to  7 = f r a c t i o n

number. ( p a i r e d  l a n e s  = I P ,  CM).

Key to  s p o t s :  C = c h o l e s t e r o l ;  FA = f r e e  f a t t y  a c i d ;

TG = t r i g l y c e r i d e ;  CE = c h o l e s t e r o l  e s t e r ;  D = d i g l y c e r i d e  

(1 ,2  and 1 , 3 ) ;  SE = s t e r o l  e s t e r ;  S = s t e r o l .



-  91 -

CE
« # S E O -

TG#

FAK

%

CO # #

4 5 6

%
D

7 A B

FIGURE 17. TLC s e p a r a t i o n  on 0 .2 5  mm la y e r  o f  s i l i c a  g e l  G o f  f r a c t i o n a t e d  

n e u t r a l  l i p i d  o f  s t r a i n  16 grown i n  N&S medium.

S o lv e n t  sy s tem ; h e x a n e - e t h e r - a c e t i c  a c id .  ( 8 0 : 2 0 : 1 ,  v / v ) .

D e t e c t i o n :  io d in e  v a p o u r .

Key to  l a n e s :  A and B = s t a n d a r d s ;  1 to  7 = f r a c t i o n  num ber,

( p a i r e d  l a n e s  = I P ,  CM).

Key t o  s p o t s :  C = c h o l e s t e r o l ;  FA = f r e e  f a t t y  a c i d ;  TG =

t r i g l y c e r i d e ;  CE = c h o l e s t e r o l  e s t e r ;  S = s t e r o l ;  DG =

d i g l y c e r i d e  ( 1 ,2  and 1 , 3 ) ;  SE = s t e r o l  e s t e r .
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F r a c t i o n s  5 ,  6 and 7 c o n ta in  r e l a t i v e l y  v e ry  sm a l l  amounts o f  

m a t e r i a l  which c o u ld  n o t  be i d e n t i f i e d  by TLC,

T ra c e s  o f  f r e e  f a t t y  a c id s  were d e t e c t e d  in  f r a c t i o n  2 in  b o th  

F ig u r e s  16 and 17. F a t t y  a c id s  do n o t  o c c u r  a s  m ajor c o n s t i t u e n t s  o f  

l i p i d  e x t r a c t s  (G urr  and Jam es, 1975), and a r e  u s u a l l y  a r t e f a c t s  due 

to  l i p a s e  o r  p h o s p h o l ip a s e  A a c t i v i t y  on a c y l  l i p i d s  ( K a te s ,  1982).

3 . 2 . 2 . 4 . 3  F a t t y  a c id  c o m p o s i t io n  o f  n e u t r a l  l i p i d  s u b - c l a s s e s

T a b le  18 shows a com parison  o f  f a t t y  a c i d  c o m p o s i t io n  of  

t r i g l y c e r i d e  ( f r a c t i o n  2) w i th  t h e  t o t a l  n e u t r a l  l i p i d  f r a c t i o n  o f  

s t r a i n  16 grown i n  MMM and N&S medium, e x t r a c t e d  w i th  IP  and CM.

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

m ajor  f a t t y  a c id s  p r e s e n t  were 16:0  ( 17 p e r c e n t ) ,  18:1 ( 22 p e r c e n t )

and 18:2 ( 38 p e r c e n t ) .  The p r o p o r t i o n  o f  t h e s e  f a t t y  a c id s  d id  n o t

d i f f e r  s i g n i f i c a n t l y  w i th  e x t r a c t i o n  m ethod o r  medium c o m p o s i t io n ,  

e x c e p t  t h a t  th e  p r o p o r t i o n s  o f  18 :2  w ere  s l i g h t l y  h ig h e r  i n  N&S medium 

and 17:0  c o n s t i t u t e d  g r e a te d  th a n  5 p e r c e n t  i n  MMM.

Comparing t h e  t r i g l y c e r i d e  w i t h  t h e  t o t a l  n e u t r a l  l i p i d  some 

comments can be made:

( i )  I n  b o th  f r a c t i o n s ,  17:0 i s  more a b u n d a n t  a f t e r  CM e x t r a c t i o n s ,  

i n  e i t h e r  medium, th an  a f t e r  IP .  T h is  may be b e c a u s e  i t  i s  

e s t e r i f i e d  to  a  l i p i d  ( s t e r o l  e s t e r )  r e l a t i v e l y  t i g h t l y  bound 

t o  p r o t e i n ,  and m ethanol i s  a b e t t e r  p r o t e i n  d é n a t u r a n t  th a n  

i s o p r o p a n o l .

( i i )  The p r o p o r t i o n  o f  th e  t r i g l y c e r i d e  f a t t y  a c id s  i n  N&S medium i s

v e ry  much i n  a c co rd a n ce  w i th  t h a t  found  i n  th e  n e u t r a l  l i p i d  f r a c t i o n ,  

b u t  t h i s  i s  n o t  t r u e  f o r  MMM. T h is  c an  be u n d e rs to o d  by lo o k in g  

b ack  to  T a b le  17, which shows d i f f e r e n t  p r o p o r t i o n s  o f  n e u t r a l  

components f o r  MMM and N&S medium. T r i g l y c e r i d e  i s  the  m ajo r  

component on N&S medium, b u t  i n  MMM o t h e r  f a t t y  a c i d  c o n t a i n i n g  

f r a c t i o n s  ( s t e r o l  e s t e r ,  d i g l y c e r i d e ,  m o n o g ly c e r id e )  a re  i n  g r e a t e r
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I

C o n d i t io n s
F a t t y  a c id s  (% o f  t o t a l )

16:0 17 :0 18:0 18:1 18:2

 ̂ IP 20 .4 7 .1 19.2 20 .9 32 .4
MMM ■(

CM 17.7 1 1 .0 15.7 19.6 36 .0

TG
'' IP 17.7 T 18.0 2 4 .0 40 .4

N&S {
( CM 17.4 T 16.2 2 2 .9 43 ,5

 ̂ IP 29 .8 T 28 .8 2 0 .0 21 .3
MMM {

 ̂ CM 32.5 12 .95 27.1 15,6 11.9
NL

C IP 17.8 T 19.9 23 .5 38 .9
N&S {

 ̂ CM 17.2 ' 11 .45 15.2 19.1 35.1

T = t r a c e s  (<5 p e r c e n t  o f  t o t a l )

TABLE 18. Com parison o f  f a t t y  a c i d  co m p o s i t io n  o f  t r i g l y c e r i d e  

( f r a c t i o n  2) w i th  n e u t r a l  l i p i d  f r a c t i o n  ( d a t a  from 

T ab le  16) o f  s t r a i n  16  grown in  MMM and N&S medium, 

e x t r a c t e d  w i th  IP  and CM.
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p r o p o r t i o n s .

The f a t t y  a c i d  c o m p o s i t io n ,  was a l s o  d e te rm in e d  f o r  a l l  o t h e r  

n e u t r a l  l i p i d  f r a c t i o n s  from CM e x t r a c t i o n s  o f  s t r a i n  16 grown i n  N&S 

medium. S t e r o l  e s t e r  ( f r a c t i o n  1) showed th e  p r e s e n c e  o f  17:0 as  th e  

m ajor  component and th e  o t h e r  f r a c t i o n s  c o n ta in e d  o n l y  sm a l l  t r a c e s  o f  

f a t t y  a c i d s .

3 .3 .  Q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s i s  o f  p o l a r  l i p i d s

3 .3 .1  Q u a l i t a t i v e  a n a l y s i s  and  d i f f e r e n t i a l  s t a i n i n g

The m a jo r  p h o s p h o l ip id s  o f  A. n ' id u ta n s , s t r a i n  1 6 ,  had a l r e a d y  

been  t e n t a t i v e l y  i d e n t i f i e d  from  t h e i r  m o b i l i t i e s  on  1 -D TLC as PC,

PE and P I .  To f u r t h e r  c o n f i rm  t h e i r  i d e n t i t i e s ,  r e p l i c a t e  1-D p l a t e s  

of  t o t a l  l i p i d ,  w ere  run  and s t a i n e d  f o r :

( i )  p h o s p h o ru s

( i i )  p r im a r y  amino g roups  ( n in h y d r in )

( i i i )  c a r b o h y d r a t e  ( a n th r o n e )  and

( iv )  c h a r g e  ( rh o d a m in e ) .

F ig u r e  18 shows s t r a i n  16 l i p i d  ru n  a t  f o u r  l o a d i n g s  t o g e t h e r  

w i th  t o t a l  human e r y t h r o c y t e  l i p i d  as  s t a n d a r d ,  on s i l i c a  g e l  H. 

D e te c t io n  was w i t h  phosphorus  r e a g e n t .  SM, P I ,  PC, PS and PA a p p e a re d  

as b lu e  s p o t s  and  PE, PG and CL as g re y  s p o t s .  T h i s  r e a g e n t  p e r m i t t e d  

d e t e c t i o n  i n  A. n 'idu tans ,  s t r a i n  16 o f :  P I ,  PC, PS, PE (PG?), PA and CL.

N in h y d r in  p o s i t i v e  p u r p l e  s p o ts  c on f irm ed  t h e  p r e s e n c e  o f  PS and 

PE (F ig u re  1 9 ) .

No com ponent o f  th e  t o t a l  l i p i d ,  when sp ray ed  w i t h  a n th r o n e ,  gave 

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

a l l ,  t h e r e  m u s t  o n ly  be s m a l l  am ounts.

Rhodamine s t a i n i n g  gave p u r p l e / b l u e  s p o t s ,  s e e n  u n d e r  U.V. l i g h t ,  

f o r  a c i d i c  p h o s p h o l i p i d s  (CL, PG, PS, P I ,  PA), w h i l s t  n e u t r a l  l i p i d s  

(PC, PE) gave  y e l l o w / p in k  s p o t s .
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FIGURE 18. TLC s e p a r a t i o n  on 0 .2 5  ram la y e r  o f  s i l i c a  g e l  H of t o t a l

human e r y t h r o c y t e  l i p i d  (RBC) and t o t a l  l i p i d  of s t r a i n  16 

grown i n  N&S medium.

S o lv e n t  sys tem : c h lo ro fo rm -m e th a n o l -d i  i s o  b u t y l  k e to n e -  

a c e t i c  a c i d - w a t e r .  ( 4 5 :1 5 :3 0 :2 0 :4 ,  v / v ) .

D e t e c t io n :  p h o sp h o ru s  s t a i n  r e a g e n t .

Key to  l a n e s :  RBC = Human e r y t h r o c y t e  t o t a l  l i p i d ,  16 = 

s t r a i n  16,

Key to  s p o t s :  SM = sph ingom yelin ;  PI = p h o s p h a t i d y l i n o s i t o l ; 

PC = p h o s p h a t i d y l c b l i n e ; PS = p h o s p h a t i d y l s e r i n e ; PE = 

p h o s p h a t id y le th a n o la m in e , PA = p h o s p h a t i d i c  a c i d ;  CL = 

c a r d i o l i p i n .
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FIGURE 19. TLC s e p a r a t i o n  on 0 .2 5  mm l a y e r  o f  s i l i c a  g e l  H of t o t a l  

human e r y t h r o c y t e  l i p i d  (RBC) and t o t a l  l i p i d  s t r a i n  16 

grown in  N&S medium.

So lven t sy s tem : c h lo r o f o rm -m e th a n o l -d i  i s o  b u t y l  k e to n e -  

a c e t i c  a c i d .  ( 4 5 : 1 5 : 3 0 : 2 0 : 4 ,  v / v ) .

D e te c t io n :  n i n h y d r i n .

Key to  l a n e s :  RBC = t o t a l  human e r y t h r o c y t e  l i p i d ;  16 = 

s t r a i n  16.

Key to  s p o t s :  LPE = l y s o  p h o s p h a t id y le th a n o la m in e ;  LPS = 

ly so  p h o s p h a t i d y l s e r  i n e  ; PE = p h o s p h a t id y le th a n o la m in e ;  

PS = p h o s p h a t i d y l s e r i n e .
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3 . 3 . 2  2~D TLC and q u a n t i t a t i v e  a n a l y s i s

Two d im e n s io n a l  TLC was p e r fo rm e d  on th e  g l y c o l i p i d  and p h o s p h o l ip id  

f r a c t i o n s  o f  s t r a i n  16,  grown i n  MMM and N&S medium, o b t a in e d  by b o th  

e x t r a c t i o n  methods ( IP  and CM).

The r e s o l u t i o n  o f  components o b t a in e d  from MMM g ro w th ,  was v e ry  

p o o r  due to  much s t r e a k i n g  o f  t h e  chrom atogram  i n t e r f e r i n g  w i th  i d e n t i f i c a t i o n  

( se e  a l s o  3 . 2 . 2 . 2 , 2 ) .  A p r o b a b le  e x p l a n a t i o n  f o r  t h i s  f a c t  i s  th e  p re s e n c e  

of l a r g e  amounts o f  p igm ents i n  t h e s e  f r a c t i o n s .  These  p igm ents  a r e  e i t h e r  

s t r o n g l y  bound t o ,  o r  have s i m i l a r  p o l a r i t y  t o ,  g l y c o l i p i d s  and p h o s p h o l ip id s  

and a r e  t h e r e f o r e  e l u t e d  in  t h e  same f r a c t i o n s  on column ch rom atography .

The g l y c o l i p i d  f r a c t i o n s  f ro m  c e l l s  grown in  N&S medium shows th e  same 

s p o t s  f o r  b o th  l i p i d  e x t r a c t i o n  m ethods  ( F ig u r e s  20 and 2 1 ) .  A lthough  

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

t h i s  r e l a t i v e  ch ro m a to g rap h ic  m o b i l i t i e s  o f  p l a n t  g l y c o l i p i d s  in  s i m i l a r  

s o l v e n t  sy s tem  ( H e th e r in g to n ,  1983) t h a t  t h e  two g l y c o l i p i d  components 

o b s e rv e d  h e r e  were m onoglycosy l d i g l y c e r i d e  (MGDG) and  d ig ly c o s y l  

d i g l y c e r i d e  (DGDG).

I t  i s  a l s o  i n t e r e s t i n g  t h a t ,  from  q u a l i t a t i v e  e x a m in a t io n  o f  F ig u re s  

20 and 21 , t h e  r a t i o  of DGDG/MGDG i s  much h i g h e r  w i t h  CM th a n  w i th  IP 

e x t r a c t i o n .

Phosphorus  e s t i m a t i o n  was p e r fo rm e d  f o r  each s p o t ;  t h e  r e s u l t s  a r e  

shown i n  T ab le  19. The ab sen ce  o f  P from t h e  sp o ts  t e n t a t i v e l y  i d e n t i f i e d  

as  g l y c o s y l  d i g l y c e r i d e s  s t r e n g t h e n e d  t h i s  i d e n t i f a c t i o n .  One s p o t  was 

t e n t a t i v e l y  i d e n t i f i e d  as p h o s p h a t i d i c  a c id  (PA), and i t s  P c o n te n t  a l s o  

c o r r o b o r a t e d  t h i s  a s s ig n m e n t .  P h o sp h o ru s  e s t i m a t i o n  had a l r e a d y  shown the  

g l y c o l i p i d  f r a c t i o n  (Table 15) t o  be c o n ta m in a te d  by p h o s p h o l ip id .  Two 

d im e n s io n a l  TLC now allow ed t h e  i d e n t i f i c a t i o n  and q u a n t i t a t i o n  o f  t h i s  

p h o s p h o l i p i d  con ta m in a n t  as PA. T h i s  e n a b le d  a f u r t h e r  check  to  be  made 

on t h e  c o r r e c t i o n  f a c t o r  a l r e a d y  a p p l i e d  to  th e  l i p i d  c l a s s  f r a c t i o n a t i o n  

f o r  p h o s p h o l ip id  c o n ta m in a t io n  i n  t h e  g l y c o l i p i d  f r a c t i o n s .  The r e s u l t s
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Spots

%

IP

P

CM

MGDG z e ro zero

DGDG z e ro zero

PA 0 .176 0.736

0 z e ro zero

A b b r e v ia t io n s ;  MGDG = m o n o g ly co sy l  d i g l y c e r i d e  

DGDG = d i g l y c o s y l  d i g l y c e r i d e  

PA = p h o s p h a t i d i c  ac id  

0 = o r i g i n  

%P = gP/IOOg t o t a l  g l y c o l i p i d  f r a c t i o n  

(mean o f  two r e p e t i t i o n )

TABLE 19. Phosphorus c o n t e n t  o f  components o f  g l y c o l i p i d  

f r a c t i o n s  o f  s t r a i n  16 grown i n  N&S medium,

IP and CM e x t r a c t i o n s ,  d e te rm in e d  a f t e r  2-D TLC,
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FIGURE 20. Two d im e n s io n a l  TLC o f  g l y c o l i p i d  f r a c t i o n  o f  s t r a i n  16, 

grown i n  N&S medium, IP e x t r a c t i o n .

S o lv e n t  sy s te m :  1. c h lo ro fo rm -m ethano l-a ram on ia  (25%,w / v ) - w a t e r .

(160 :88 :11  :11 , v / v ) .

2. c h lo r o f o r m - m e th a n o l - a c e t i c  a c i d .  ( 5 0 :2 7 :1 2 ,  

v / v )  .

D e t e c t i o n :  i o d in e  v a p o u r .

Key to  s p o t s :  0 = o r i g i n ;  PA = p h o s p h a t i d i c  a c i d ,  MGDG = 

m o n o g ly c o sy l  d i g l y c e r i d e ;  DGDG = d i g l y c o s y l  d i g l y c e r i d e ;  

r h  = rh o d am in e .
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MGDG
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FIGURE 21 . Two d im e n s io n a l  TLC o f  g l y c o l i p i d  f r a c t i o n  o f  s t r a i n  26, 

grown in  N&S medium, CM e x t r a c t i o n .

S o lven t  sy s te m : 1. c h lo ro fo rm -m e th a n o l—ammonia (25%, w /v ) -

w a t e r .  ( 1 6 0 :8 8 :1 1 :1 1 ,  v / v ) .

2. c h lo r o f o r m - m e th a n o l - a c e t i c  a c i d .  ( 5 0 :2 7 :1 2 ,  

v / v )  .

D e te c t io n :  a n th r o n e  (MGDG, DGDG -  a p p e a re d  p u r p l e ,  PA -  

ye llow ) and io d in e  v a p o u r .

Key to  s p o t s :  0 = o r i g i n ;  PA = p h o s p h a t i d i c  a c i d ;  MGDG = 

m onoglycosyl d i g l y c e r i d e ,  DGDG = d i g ly c o s y l  d i g l y c e r i d e ;  

rh  = rhodam ine.
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showed t h a t  the  p h o sp h o ru s  c o n ta m in a t io n  o f  t h e  g l y c o l i p i d  f r a c t i o n  was 

due a lm o s t  e n t i r e l y  to  PA.

W ith t h i s  i n f o r m a t io n  i t  was a l s o  p o s s i b l e  to  c o r r e c t  th e  

p h o s p h o l ip id  c o m p o s i t io n  shown in  T ab le  2 0 ,  t o  t a k e  a c c o u n t  o f  th e  

e x t r a  PA i n  th e  g l y c o l i p i d  f r a c t i o n .

In  c o n t r a s t  t o  th e  c o n s ta n t  g l y c o l i p i d  p a t t e r n  th e  p h o s p h o l ip id  

f r a c t i o n s  showed d i f f e r e n t  numbers o f  s p o t s  d ep e n d in g  on t h e  e x t r a c t i o n  

method. E x t r a c t i o n s  w i th  i s o p ro p a n o l  gave  o n ly  two m ajor  s p o t s ,  

i d e n t i f i e d  as  PC and PE + PC w i th  t r a c e s  o f  PA (F ig u re  2 2 ) .  W h ils t  

a f t e r  CM e x t r a c t i o n  PC, P I ,  PS, PE + PG, PA and CL were c l e a r l y  i d e n t i f  a b l e ,  

a l th o u g h  PC and PE were s t i l l  th e  m ost a b u n d a n t  components (F ig u re  2 3 ) .  

Q u a n t i t a t i o n  o f  e a c h  component was d e te r m in e d  from  ph o sp h o ru s  e s t i m a t i o n  

and th e  r e s u l t s  a r e  shown i n  T ab le  20.

The e f f i c i e n c y  o f  e x t r a c t i o n  o f  p h o s p h o l i p i d  c l a s s e s  from 

l y o p h i l i z e d  d r i e d  m ycelium  was c l e a r l y  g r e a t e r  w i th  CM t h a n  w i th  I P .

The u se  of h o t  i s o p ro p a n o l  i s  recommended by K ates  (1982) f o r  

p h o t o s y n t h e t i c  t i s s u e  c o n ta in in g  r a t h e r  s t a b l e  d e g r a d a t iv e  enzymes, i n  

p a r t i c u l a r ,  p h o s p h o l ip a s e  D, w hich may be r e l e a s e d  to  a t t a c k  p h o s p h o l ip id s  

and c a u se  an a c c u m u la t io n  o f  p h o s p h a t i d i c  a c i d  and r e l a t e d  compounds 

( C h r i s t i e ,  1982).

I t  i s  c l e a r l y  l i k e l y ,  from t h e  d a t a  i n  T a b le  20, t h a t  the  u s e  o f  

i s o p r o p a n o l  does in d e e d  i n h i b i t  a p h o s p h o l i p a s e  D, which r e s u l t s  i n  t h e  

p r o d u c t i o n  o f  l a r g e  amounts of PA in  t h e  CM m ethod . I t  i s  a l s o  

s i g n i f i c a n t  from t h e  much lower PC v a lu e  w i t h  CM t h a t  i t  i s  t h i s  

p h o s p h o l ip id  c l a s s ,  s p e c i f i c a l l y ,  w h ich  i s  p r e f e r e n t i a l l y  d e g ra d e d .
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FIGURE 22. Two d im e n s io n a l  TLC of p h o s p h o l ip id  f r a c t i o n  of s t r a i n  

26  grown in  N&S medium, IP  e x t r a c t i o n .

S o lv en t  sy s tem : 1. c h lo ro fo rm -m ethano l-am m on ia  (25%, w /v ) -

w a t e r .  ( 1 6 0 :8 8 :1 1 :1 1 ,  v / v ) .

2. c h lo r o f o r m - m e th a n o l - d i - i s o  b u t y l  ketone- 

a c e t i c  a c i d - w a t e r .  ( 4 5 : 1 5 : 3 0 :2 0 : 4 ,  v /v )

D e t e c t io n :  io d in e  v a p o u r .

Key to  s p o t s :  0 = o r i g i n ,  PC = p h o s p h a t i d y l c h o l i n e ;

PE = p h o s p h a t id y le th a n o la m in e ;  PA = p h o s p h a t i d i c  a c i d ;  

r h  = rh o d a m in e .
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FIGURE 23. Two d im e n s io n a l  TLC of p h o s p h o l ip id  f r a c t i o n  o f  s t r a i n  

16 grown i n  K&S medium, CM e x t r a c t i o n .

S o lv e n t  sys tem : 1. ch lo ro fo rm -m ethano l-am m on ia  (25%, w / v ) -

w a te r .  ( 1 6 0 :8 8 :1 1 :1 1 ,  v / v ) .

2 . c h lo ro fo rm -m e th a n o l -d i  i s o  b u t y l  k e to n e -  

a c e t i c  a c i d - w a t e r .  ( 4 5 :1 5 : 3 0 :2 0 : 4 ,  v / v ) ,

D e t e c t i o n :  io d in e  v a p o u r .

Key t o  s p o t s :  0 = o r i g i n ,  PI = p h o s p h a t i d y l i n o s i t o l ;

PS = p h o s p h a t i d y l s e r i n e ;  PC = p h o s p h a t i d y l c h o l in e ;  PE = 

p h o s p h a t id y le th a n o la m in e ;  PG = p h o s p h a t i d y l g l y c e r o l ; PA = 

p h o s p h a t i d i c  a c i d ;  CL = c a r d i o l i p i n ;  rh  = rhodam ine.
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3.4  S c r e e n in g  o f  s t r a i n s  f o r  v a r i a t i o n s  in  f a t t y  a c id  c o m p o s i t io n

B ecause  th e  q u a l i t y  o f  th e  l i p i d  produced by a p o t e n t i a l l y  co m m erc ia l ly  

im p o r ta n t  s t r a i n  o f  fu n g u s  i s  im p o r ta n t ,  in  a d d i t i o n  to  th e  o v e r a l l  y i e l d ,  

th e  f o l l o w in g  a s p e c t s  o f  f a t t y  a c id  co m p o s i t io n  w ere  sc re e n e d  

c h r o m a to g r a p h ic a l ly  f o r  s e v e r a l  o f  t h e  s t r a i n s  grown in  MMM + 3% g lu c o s e  

f o r  18 days  i n  o r b i t a l  s h a k e r  a t  37°C, CM e x t r a c t i o n .

3 .4 .1  F a t t y  a c id  c o m p o s i t io n  o f  t o t a l  l i p i d

The f a t t y  a c id  c o m p o s i t io n  o f  t h e  t o t a l  l i p i d  e x t r a c t e d  from 

m utan ts  MSE, yni-o S r i b o  5 and d i p l o i d s  MSEUane bi-o ̂  b io  met I lane bio^ 

ane b i o i i y w  3 s  12 n io  2 j  b io  m e t l ly w  S s  12 n ic  2 was a n a ly s e d  by GLC.

The r e s u l t s  a r e  shown i n  T ab le  21.

As fo u n d  f o r  t h e  w i ld  type 16,  t h e r e  a re  p o s s i b l y  two iso m ers  o f  

18:2 and, t h e  m ajo r  f a t t y  a c id s  a r e  1 6 :0 ,  18:1 and 1 8 :2 ,  th e  p r o p o r t i o n s  

b e ing  v a r i a b l e  be tw een th e  s t r a i n s .  A l l  the  d i p l o i d s  a s sa y e d  c o n ta in e d  

a h igh  p r o p o r t i o n  o f  1 8 :2 ,  e l e v a t i n g  th e  p r o p o r t i o n  o f  u n s a t u r a t e / s a t u r a t e  

to  abou t 20 p e r c e n t  g r e a t e r  th an  in  t h e  two m u ta n ts  t e s t e d .

A n o th e r  i n t e r e s t i n g  o b s e r v a t io n  i s  t h a t ,  t h e  m u ta n t  y n ic  5 r i b o  5 

c o n ta in e d  much h ig h e r  p r o p o r t i o n s  o f  16 :0  w h i l s t  MSE showed a p redom inance  

o f  17:0 com pared  w i th  t h e  o t h e r  s t r a i n s .

Main d i f f e r e n c e s  be tw een  w i ld  ty p e  16,  m u ta n ts  and d i p l o i d s  a r e :

( i )  h i g h e r  18:0

( i i )  low er  18:2  (ex cep t  y n i c  5 v ib o  5 ) ,  and

( i i i )  h i g h e r  18:1 in  s t r a i n  16,

3 .4 .2  F a t t y  a c id  c o m p o s i t io n  of n e u t r a l  l i p i d  s u b - f r a c t i o n s

S in c e  f o r  any com m erc ia l  p r o c e s s ,  th e  f a t t y  a c i d s  o f  th e  t r i g l y c e r i d e  

f r a c t i o n  a r e  o f  p r im a ry  i n t e r e s t ,  t h e  t o t a l  l i p i d  was f r a c t i o n a t e d  i n t o  

n e u t r a l  l i p i d  s u b - c l a s s e s  by p r e p a r a t i v e  TLC and t h e  f a t t y  a c id  c o m p o s i t io n  

o f  the  f r a c t i o n s  d e te r m in e d .  The s e p a r a t i o n  o b t a i n e d  i s  shown in  F ig u r e  24, 

The ban d  c o r r e s p o n d in g  to  s t e r o l s  (band 1) d i d  n o t  show any f a t t y
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(CE) band B 

band 4:

(FFA)

P )  (DG

•  r
1 2

band 2:

b a n d i

SAMPLE

■yëîOT

’purpTé

yellow
(TG) (TG) band 3

:pûïp(ë

yeitow

(HC)

(FAME)

3 4

FIGURE 24. N e u t r a l  l i p i d  bands o f  TLC f r a c t i o n a t e d  t o t a l  l i p i d s  o f  

h a p lo i d  and d i p l o i d  A. n'idutans  s t r a i n s .

Key t o  b a n d s :  1 = s t e r o l ;  2 = f r e e  f a t t y  a c i d ;

3 = t r i g l y c e r i d e ;  4 and 5 = s t e r o l  e s t e r .

Key t o  s t a n d a r d  1 , 2 , 3  and 4: C = c h o l e s t e r o l ;

FFA = f r e e  f a t t y  a c i d ;  TG = t r i g l y c e r i d e ;  CE =

c h o l e s t e r o l  e s t e r ;  FAME = f a t t y  a c id  m eth y l  e s t e r ;

HC = h y d r o c a r b o n ;  MG = m o n o g ly ce r id e ;  DG = d i g l y c e r i d e .
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a c id  p e a k s ,  as e x p e c t e d ,  w h i l s t  bands  2 and 3 c o n ta in e d  th e  components 

shown in  Tables 22 and 23.

Bands 4 and 5 p r o b a b ly  c o r r e s p o n d  to  s t e r o l  e s t e r s  and c o n ta i n  on ly  

1 7 :0 ,  a s  found f o r  w i l d  ty p e  16 ( 3 . 2 . 2 . 4 . 3 ) .

L i t t l e  o r  no f r e e  f a t t y  a c id  f r a c t i o n  was found f o r  s t r a i n  16 a f t e r  

7 p e r c e n t  h y d ra te d  F l o r i s i l  column ch rom atography , b u t  a s i g n i f i c a n t  band 

was found fo r  f r e e  f a t t y  a c id  by p r e p a r a t i v e  TLC. T h is  i s  p ro b a b ly  due to  

th e  lo n g e r  time o f  s t o r a g e  a t  -15°C b e fo re  TLC.

Some d i f f e r e n c e s  in  th e  f a t t y  a c id  c o m p o s i t io n  o f  t h e  t r i g l y c e r i d e  

f r a c t i o n s  were f o u n d ,  com paring  th e  w ild  t y p e ,  m u tan ts  and d i p l o i d s .

( i )  s t r a i n  16 e x h i b i t s  a h i g h e r  p r o p o r t i o n  o f  18:0 and 18:1

( i i )  s t r a i n  16 e x h i b i t s  a low er  p r o p o r t i o n  o f  18:2

( i i i )  d i p lo i d s  show a h i g h e r  p r o p o r t i o n  o f  18:2

( iv )  m utan ts  and d i p o id s  c o n t a i n  h ig h e r  p o l y u n s a t u r a t e d  a n d /o r  lo n g  

c h a in  f a t t y  a c i d s  o f  unknown i d e n t i t y .

J
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IV . DISCUSSION

The f i l a m e n to u s  fu n g u s  A, ni,dulans  has been  w ide ly  u se d  i n  g e n e t i c  

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

mould by P o n te co rv o  e t  a l ,  (1953).

Fungi a r e  n o r m a l ly  h a p lo i d  o rg a n is m s ,  b u t  f o r  a s h o r t  p e r i o d  of 

t h e i r  l i f e  c y c le  t h e y  c o n t a i n  two s e t s  o f  chromosomes. A n o th e r  s t r i k i n g  

d i s t i n c t i o n  betw een f u n g i  and h ig h e r  o rgan ism s i s  t h a t  th ey  e x h i b i t  two 

d i f f e r e n t  k in d s  o f  g e n e t i c  r e c o m b in a t io n  c y c l e :  so m a t ic  ( p a r a s e x u a l  c y c l e )  

and s e x u a l .

The p a r a s e x u a l  c y c l e  was d e f in e d  by P o n te c o rv o  (1956) a s  a  sequence  

of  ev en ts  which c o n s i s t s  o f :  f o rm a t io n  o f  a h e te r o k a r y o n  by t h e  f u s io n  o f  

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

n u c l e i ,  the  n u c l e i  o f  b o t h  s t r a i n s  t h u s  becoming in te r m in g le d  i n  a common 

cy top lasm ; f u s i o n  o f  d i s s i m i l a r  h a p lo i d  n u c l e i ;  m i t o t i c  c r o s s i n g  over  

and f u r t h e r  h a p l o i d i z a t i o n .  This  c y c l e  has t h e  same e f f e c t  a s  th e  

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

a v a i l a b l e  g e n e t i c  v a r i a t i o n .  However, th e  f r e q u e n c ie s  o f  v e g e t a t i v e  

n u c le a r  f u s i o n ,  m i t o t i c  c r o s s i n g  o v e r  and f u r t h e r  h a p l o i d i z a t i o n  have 

been e s t im a te d  by P o n te c o r v o  (1956) t o  occur once  i n  10^ o r  10^ , once 

in  500 n u c le a r  d i v i s i o n s  and once i n  1 ,0 0 0 ,  r e s p e c t i v e l y .  T hese  low 

f r e q u e n c ie s  mean t h a t  t h e  p a r a s e x u a l  c y c le  i s  o f  sm a l l  e f f e c t ,  i n  n a t u r a l  

c o n d i t io n s ,  i n  c o m p a r is o n  w i t h  th e  s e x u a l  c y c le  i n  a h o m o th a l l i e  s e x u a l l y  

rep ro d u c in g  mould l i k e  A, n -idu lans, However, i t  i s  of g r e a t  im p o r ta n c e  

f o r  the  D eu te ro m y ce te s  (F u n g i  I m p e r f e c t i )  f o r  w hich  no s e x u a l  c y c l e  has  

been ob se rv ed ,  and f o r  s t u d i e s  in  t h e  l a b o r a t o r y  where a g r e a t  number o f  

c ro s s e s  can be e a s i l y  c a r r i e d  o u t .

In  t h i s  work, u s i n g  th e  te c h n iq u e  d e s c r ib e d  by P o n te c o rv o  e t  a l .  

(1953) s ix  a u x o t r o p h ic  m u ta n ts  were c ro s s e d  i n  a l l  p o s s ib l e  c o m b in a t io n s ,  

fo llow ed  by i s o l a t i o n ,  a f t e r  h e te r o k a r y o n  fo rm a t io n  o f  d i p l o i d  c o l o n i e s .  

A l l  c ro s s e s  w ere  s u c c e s s f u l  i n  p ro d u c in g  d i p l o i d  c o lo n ie s  w h ich
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c h a r a c t e r i s t i c a l l y  e x h i b i t e d  c o n id ia  o f  l a r g e r  volum e th a n  th e  h a p lo id  

p a r e n t s .

The u s e  o f  a d i a l l e l  c r o s s  system  was b a s e d  on t h e  work o f  Baracho 

and Azevedo (1 9 7 2 ) ,  who s u g g e s t  G r i f f i n g ' s  (1956) b i o m e t r i c  m odel o f  

d i a l l e l  c r o s s  a n a l y s i s  f o r  t h e  s tu d y  o f  th e  i n h e r i t a n c e  o f  q u a n t i t a t i v e  

c h a r a c t e r s  i n  f u n g i .  S in c e  v a r i a t i o n  in  th e  l i p i d  c o n t e n t  be tw een  

d i f f e r e n t  s t r a i n s  unde r  t h e  same en v iro n m en ta l  c o n d i t i o n s  i s  due t o  

h e r e d i t a r y  f a c t o r s ,  i t  s h o u ld  be p o s s ib l e  to  e s t i m a t e  and t e s t ,  th ro u g h  

a d i a l l e l  c r o s s  m odel,  t h e  co m b in a tio n  a b i l i t i e s  and t o  look  f o r  th e  

q u a n t i t a t i v e  e f f e c t s  o f  t h e  genes  which ta k e  p a r t  i n  l i p i d  s y n t h e s i s  

and a c c u m u la t io n .

The p r e l i m i n a r y  t r i a l  i n  MM + 3% g lu co se  (T a b le  6 ,  F ig u re  3 ) ,  

showed t h a t  a l t h o u g h  y i e l d s  w ere  low and any d i f f e r e n c e s  s m a l l ,  t h e  

m u ta n t  ane h'io h a s  th e  h i g h e s t  c e l l u l a r  l i p i d  c o n t e n t  and USB i s  t h e  

b e s t  b iom ass  and t o t a l  l i p i d  p r o d u c e r ,  compared w i t h  t h e  w i ld  t y p e s ,  

o t h e r  m u ta n ts  and d i p l o i d s .

The r e s u l t s  o b t a in e d  f o r  t o t a l  l i p i d  in  t h e  d i p l o i d s  t e s t e d  were 

shown to  be an a v e ra g e  o f  t h e  two m utan t p a r e n t s .

The d i p l o i d  ane h-toflMSE (Table  7) gave b e t t e r  l i p i d  a c c u m u la t io n  

th a n  t h e  t h r e e  o t h e r  d i p l o i d s ,  when grown u n a g i t a t e d  f o r  11 days i n  N&S 

medium. O th e rw is e ,  no s i g n i f i c a n t  d i f f e r e n c e  was d i s c e r n i b l e  b e tw een  

th e  c r o s s e s  i n v e s t i g a t e d .

The u se  o f  t h e  p a r a s e x u a l  c y c le  to  g e n e r a te  im proved  s t r a i n s ,  

w i t h  i n c r e a s e d  c a p a c i t y  t o  s y n t h e s i z e  e c o n o m ic a l ly  im p o r ta n t  f e r m e n t a t i o n  

p r o d u c t s ,  was f i r s t  s u g g e s te d  by P on teco rvo  and R oper (1952) and 

P o n te c o rv o  and S erm on ti  (1953) and has  s in c e  b een  w i d e ly  used  ( B e r r y ,  1983) 

as a p o w e r fu l  t e c h n iq u e  f o r  t h e  s e l e c t i o n  o f  im proved  s t r a i n s .  I t s  g r e a t  

s u c c e s s  i s  p e rh a p s  b e s t  e x e m p l i f i e d  by th e  improvem ent o f  p e n i c i l l i n  t i t r e  

i n  i n d ù s t r u a l  s t r a i n s  o f  Fewio'itti-ian chrysogenim  ( A l ik h a n i a n ,  1970) .

The number o f  e x p e r im e n ts  in  t h i s  work i s  r a t h e r  s m a l l  and t h e
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r e s u l t s  so f a r  o b t a in e d  a r e  n o t  so s i g n i f i c a n t  as to  a l lo w  a f i r m  

c o n c lu s i o n  to  be  draw n. However, th e  l a c k  o f  s i g n i f i c a n t  improvement 

i n  l i p i d  p r o d u c t io n  may be due t o :

( i )  s u b -o p t im a l  c o n d i t io n s  f o r  l i p i d  a c c u m u la t io n  (which w i l l  be

d i s c u s s e d  l a t e r )  a n d /o r

( i i )  t h e  c o m b in a t io n  o f  s t r a i n s  used in  t h e  c r o s s e s .

A l l  c r o s s e s  w ere  c a r r i e d  o u t  w i t h  m u tan t  s t r a i n s  w hich  were d e r i v e d  from 

a s i n g l e  w i ld  i s o l a t e  ( th e  m u ta n ts  came from  Glasgow s t o c k ,  w h ich  i s  

d e r i v e d  from a s i n g l e  w ild  i s o l a t e  -  C l u t t e r b u c k  (1 9 7 4 ) ) .

The im p o r ta n c e  o f  th e  g e n e a l o g ic a l  r e l a t i o n s h i p s  o f  s t r a i n s  was 

f i r s t  d i s c u s s e d  by Serm onti (1 9 5 7 ) ,  who s u g g e s te d  t h a t  t h e  p e n i c i l l i n  

y i e l d  from d i p l o i d s  was i n f l u e n c e d  by th e  r e l a t i o n s h i p s  o f  t h e i r  i n i t i a l  

p a r e n t  s t r a i n s .  More s p e c i f i c a l l y ,  t h a t  m ore d i s t a n t  a n d ,  c o n s e q u e n t ly ,  

more h e t e r o z y g o t i c  s t r a i n s  may y i e l d  more a c t i v e  d i p l o i d s  th a n  c l o s e l y  

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

I n  c o n t r a s t ,  Kameneva's s t u d i e s  (1960) o f  a l a r g e  number o f  d i p l o i d s  

fo rm ed  from b io c h e m ic a l  m u ta n ts  o f  s i x  P en i,o i, l t iw n  chrysogen im  s t r a i n s  

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

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

o f  d i p l o i d s .

MacDonald (1981) a l s o  em phasizes  t h a t  c r o s s i n g  betw een  s t r a i n s  - 

w i d e ly  d i v e r g e n t  i n  l in e a g e  sh o u ld  be a v o id e d ,  as g r o s s  chromosomal 

damage and a l a c k  o f  r e c o m b in a t io n  may r e s u l t ,  t h e r e b y  im peding th e  

i s o l a t i o n  o f  p ro g en y  w ith  b e t t e r  y i e l d s  t h a n  e i t h e r  p a r e n t .

Some v a l u a b l e  c o n c lu s io n s  were r e a c h e d  by M e r r ic k  and O a ten  (1 9 7 3 ) ,  

who c a r r i e d  o u t  a  s e l e c t i o n  program  f o r  p e n i c i l l i n - p r o d u c i n g  s t r a i n s  

o f  A, niduZans f a p p ly in g  some o f  th e  t e c h n i q u e s  used  when b r e e d in g  f o r  

q u a n t i t a t i v e  c h a r a c t e r s  i n  h i g h e r  o r g a n i s m s . They e x p la in e d  t h e  

i n c r e a s e d  p r o d u c t i v i t y  as  b e in g  due to  t h e  f a c t  t h a t  d u r in g  t h e  c r o s s  

p ro g ra m , f i x a t i o n  o f  d i f f e r e n t  genes"had  o c c u r r e d .  A f u r t h e r  c r o s s
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betw een g e n e t i c a l l y  d i f f e r e n t  s e l e c t e d  l i n e s  gave a b e t t e r  p e n i c i l l i n  

t i t r e  showing t h a t  many genes c o n t r i b u t e  to  a n t i b i o t i c  s y n t h e s i s  by a 

p a r t i c u l a r  s t r a i n  and t h e s e  genes c a n  be recom bined  in  an  a d d i t i v e  m anner.

On th e  o th e r  h a n d ,  a c c o rd in g  t o  P a rdee  (1 9 6 9 ) ,  t h e  r a t e  o f  enzyme 

s y n t h e s i s  i n  i n d u s t r i a l l y  im p o r ta n t  m ic ro o rg a n ism s  can be  improved by 

i n c r e a s i n g  t h e  number o f  s t r u c t u r a l  genes  p e r  g iv e n  c e l l .  C la rk e  (1973) 

made a f u r t h e r  c o n t r i b u t i o n  to  t h i s  a r e a  by r e p o r t i n g  t h a t  t h e  enzyme 

y i e l d  may be in c r e a s e d  by one , o r  a c o m b in a t io n  o f  th e  f o l l o w i n g  g e n e t i c  

m ethods :

( i )  i n c r e a s e  in  gene dosage

( i i )  m u ta t io n  in  r e g u l a t o r  genes c o n c e rn e d  w i th  i n d u c t io n  and r e p r e s s i o n

c o n t r o l s

( i i i )  m u ta t io n s  g iv in g  d e c re a s e d  c a t a b o l i t e  r e p r e s s i o n

( iv )  p rom o to r  m u ta tio n s ,  g iv in g  i n c r e a s e d  r a t e s  o f  gene t r a n s c r i p t i o n .

I t  i s  i n t e r e s t i n g  to  n o te  h e re  t h a t  B o u l to n  and R a t le d g e  (1982) found

t h a t  t h e  p r e s e n c e  o f  t h e  enzyme A T P : c i t r a t e  l y a s e  i s  d i r e c t l y  c o r r e l a t e d  

to  t h e  phenomenon o f  o l e a g i n i c i t y  i n  y e a s t s .  I t  was c o n c lu d e d  t h a t  t h i s  

enzyme p ro b a b ly  a c t s  a s  th e  r a t e - l i m i t i n g  r e a c t i o n  f o r  l i p i d  b i o s y n t h e s i s ,  

s in c e  i t  i s  r e q u i r e d  t o  p ro v id e  c a rb o n  f o r  f a t t y  a c id  s y n t h e s i s  in  t h e  form 

o f r .a c e ty l  CoA, in  th e  c y t o s o l ,  from  c i t r a t e  e x p o r te d  from  th e  m i to c h o n d r ia .

A l l  t h e s e  s t u d i e s  em phasise  t h a t  th e  p r o d u c t io n  o f  l i p i d  cou ld  

t h e o r e t i c a l l y  be enhanced  by means o f  g e n e t i c  m ethods .  So, i f  a s t r a i n  

i s  a l r e a d y  known to  be o l e a g in o u s ,  and one s e e k s  only  q u a n t i t a t i v e  changes  

i n  t h e  v a r i a n t s ,  i t  i s  w ise  to  s t a r t  a  s e l e c t i o n  p rogram , s c r e e n in g  a 

l a r g e  number o f  v a r i a n t s  of t h i s  s t r a i n : , unde r  a  few d i f f e r e n t  f e r m e n t a t i o n  

c o n d i t i o n s ,  r a t h e r  t h a n  t o  s c r e e n  a s m a l l  number o f  v a r i a n t s  unde r  a w ide  

v a r i e t y  o f  e n v iro n m e n ta l  c o n d i t i o n s  .(Chang and B la n d e r ,  1979) .

I n  a d d i t i o n ,  u n d o u b te d ly ,  t h e  m u ta t io n  and s e l e c t i o n  te c h n iq u e  sh o u ld  

have c o n s id e r a b l e  scope  f o r  m a n i p u la t i o n  o f  f a t t y - a c i d  p r o f i l e s  of 

t r i g l y c e r i d e s .

..
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As m en tioned  p r e v i o u s l y ,  e n v iro n m e n ta l  c o n d i t io n s  can  m arked ly  

in f lu e n c e  th e  c h a r a c t e r i s t i c s  o f  l i p i d  a c c u m u la t io n .  T h is  c an  be se en
s '

from t h i s  work c o m p a r in g  e a r l y  e x p e r im e n ts  on l i p i d  p r o d u c t io n  o f  w i ld

ty p e s ,  m u ta n ts  and d i p l o i d s  grown i n  MM + 3% g l u c o s e ,  where l i p i d  c o n te n t  ÿ

o f  a l l  s t r a i n s  was lo w ,  w i t h  t h e  r e s u l t s  o b t a i n e d  from l a t e r  work on w i ld

ty p e ,  s t r a i n  l û ,  w here  g row th  p roduced  much improved y i e l d s  o f  b iom ass 

and l i p i d .

In  v iew  o f  t h e s e  l a t t e r  f i n d i n g s  on th e  i n f l u e n c e  o f  c u l t u r e  

c o n d i t io n s  on l i p i d  c o n t e n t  and y i e l d  of A. ri'tdulans w i ld  t y p e  ( s t r a i n  I # ) ,  

t h e  most l i k e l y  e x p l a n a t i o n  f o r  th e  f a i l u r e  o f  th e  c ro s s e s  t r i e d  h e re  to  

improve l i p i d  y i e l d  w ou ld  seem to  be i n i t i a l  s e l e c t i o n  o f  n o n - o p t im a l  

c u l t u r e  c o n d i t i o n s  f o r  t h e  s c r e e n in g  e x p e r im e n t s .  A r e - e x a m i n a t i o n  o f  

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

m ight w e l l  now p ro v e  f r u i t f u l  i n  r e v e a l i n g  d i f f e r e n c e s  and i d e n t i f y i n g  

improved s t r a i n s .

The d iag ram  shown i n  F ig u re  25 i l l u s t r a t e s  t h e  i n f l u e n c e  o f  tw e lv e  

d i f f e r e n t  grow th  c o n d i t i o n s  on b io m a s s ,  l i p i d  c o n te n t  and t o t a l  l i p i d  o f  

s t r a i n  16,  a f t e r  8 - 9  d a y s  o f  i n c u b a t i o n .  Of t h e  e i g h t  d i f f e r e n t  media t r i e d ,  

t h a t  which showed b e s t  r e s u l t s  f o r  l i p i d  a c c u m u la t io n  was MMM + 12% g lu c o s e  ^

+ 1% NaNO^. D i f f e r e n t  m edia  from t h i s  had b e e n  used  i n  t h e  p a s t  by 

o th e r s  to  a t t a i n  l i p i d  a c c u m u la t io n  i n  A. n'ùdutans ( see  I n t r o d u c t i o n ) , b u t

a t te m p ts  to  u se  some o f  t h e s e  media gave u n f a v o u r a b le  r e s u l t s  , w i th  t h e  ?

s t r a i n  used  i n  t h i s  w o rk .  S t r a i n  16 ,  grown i n  t h e  c o n d i t i o n s  s u g g e s te d  Î

by G arrido  e t  a t ,  (1958)  (T ab le  8 and no. 2 i n  F ig u re  2 5 ) ,  gave  a s t r i k i n g  

improvement i n  b io m a ss  y i e l d ,  o v e r  a l l  o th e r  m ed ia ,  b u t  t h e  l i p i d  c o n te n t  

remained a t  t h e  n o rm a l  low l e v e l ,  a ro u n d  3 -4  p e r c e n t  of d ry  w e i g h t .  i.
I

However, t h e  t o t a l  l i p i d  p roduced  p e r  u n i t  volume of  t h i s  medium r e a c h e d  |

a lm os t  1 mg p e r  m l,  b e i n g  g r e a t e r  t h a n  in  + 3% g lu co se  o r  N&S medium i
I

under th e  same c u l t u r a l  c o n d i t i o n s  (unshaken  c u l t u r e s ) . - ^

Weete (1 9 8 0 ) ,  c o n s i d e r s  an è c o n o m ic a l ly  v i a b l e  s t r a i n  t o  be one 

which i s  a b l e  t o  a c c u m u la te  20 p e r c e n t  o f  i t s  d ry  m a t t e r  a s  l i p i d .
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R a t le d g e  (1 982 ) ,  c o n s id e r s  25 p e r c e n t  (w/w) as  t h e  m inim al v a l u e ,  u n l e s s  

th e r e  i s  some s p e c i a l  a t t r i b u t e  f o r  th e  p a r t i c u l a r  m ic r o b ia l  o i l .

The main d i f f e r e n c e s  b e tw e e n  t h e  m edia t e s t e d  f o r  l i p i d  a c c u m u la t io n ,  

in  s t r a i n  16 ,  were t h e  a b s o l u t e  and r e l a t i v e  g lu c o s e  and sodium n i t r a t e  

c o n c e n t r a t i o n s .  An i n c r e a s e  i n  g lu c o s e  in  th e  medium was accom panied by 

r a p id  grow th  and a l a r g e  b iom ass  y i e l d  (T ab les  9 and 1 1 ) .  As e x p e c te d ,  

l i p i d  a c cu m u la t io n  o n ly  o c c u r r e d  a f t e r  n i t r o g e n  had e x p i r e d  from th e  

medium. These r e s u l t s  a r e  i n  a c c o r d a n c e  w i th  t h e  g e n e r a l l y  a c c e p te d  v ie w  

t h a t  i n s u f f i c i e n t  n i t r o g e n  s u p p ly  l e a d s  to  a c c u m u la t io n  o f  l i p i d s  in  m ost 

o le a g in o u s  m ic roorgan ism s g row ing  i n ' b a t c h  c u l t u r e s .

The b e s t  c a r b o n : n i t r o g e n  r a t i o  (on a mass b a s i s )  f o r  l i p i d  a c c u m u la t io n ,  

in  s t r a i n  16 ,  under t h e  c u l t u r a l  c o n d i t i o n s  t e s t e d ,  seems t o  be 29 0 :1 .

However, as can  a l s o  be s e e n ,  b iom ass and l i p i d  c o n te n t  may be 

g r e a t l y  a f f e c t e d  by a g i t a t i o n  and a e r a t i o n  c o n d i t i o n s .  When s t r a i n  16 was 

grown i n  t h e  same medium, b u t  by d i f f e r e n t  c u l t u r a l  m e th o d s ,  t h e  b iom ass  

and l i p i d  c o n te n t  i n c r e a s e d  i n  t h e  f o l lo w in g  o r d e r :  u nshaken  < shaken  < 

f e rm e n te r  < v o r te x  s t i r r e r ,  show ing  t h a t  t h e  a e r a t i o n  r a t e ,  o r  p e rh a p s  

fu n g a l  m orphology, p l a y  an i m p o r t a n t  r o l e  i n  b iom ass  p r o d u c t i o n  and l i p i d  

accumul a t  i o n .

F u n g i  a r e  n o rm a l ly  a e r o b i c  o rg an ism s  and i n  submerged c u l t u r e s  t h e y  

must e x t r a c t  t h e i r  oxygen s u p p ly  from  th e  medium. T h e r e f o r e ,  a c o n s t a n t  

in p u t  and exchange o f  oxygen w i t h  t h e  aqueous s o l u t i o n  by a e r a t i o n  and 

a g i t a t i o n  i s  v i t a l  ( B e r r y ,  1 9 7 5 ) .  I n  a d d i t i o n  t o  i t s  r e q u i r e m e n t  a s  t h e  

t e r m in a l  e l e c t r o n  a c c e p to r  f o r  a e r o b i c  r e s p i r a t i o n ,  oxygen i s  r e q u i r e d  

fo r  t h e  b i o s y n t h e s i s  o f  u n s a t u r a t e d  f a t t y  a c id s  and s t e r o l s  (W eete, 1 9 8 0 ) .

I n  a d d i t i o n  to  gas t r a n s f e r  c o n s i d e r a t i o n s ,  a c o n s i d e r a b l e  number o f  

changes o c c u r  due to  t h e  a g i t a t i o n  t e c h n i q u e ,  i n  p a r t i c u l a r  th e  form o f  

growth o f  t h e  fu n g a l  c u l t u r e .  The m orphology o f  the  f u n g a l  c e l l s  in  

u n sh ak en ,  sh aken , f e r m e n te r  and v o r t e x  s t i r r e r  c u l t u r e  d i f f e r e d  c o n s i d e r a b l y ,  

even when o t h e r  c o n d i t i o n s ,  e . g .  medium c o m p o s i t io n ,  in o cu lu m , t e m p e r a tu r e  

and pH, were th e  same.
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I n  unshaken  c o n d i t i o n s ,  t h e  c u l t u r e  grew as  a  mat on th e  medium 

s u r f a c e .  The n u t r i e n t  u p ta k e  ( g lu c o s e  and sodiym n i t r a t e )  was slow and , 

c o n s e q u e n t ly ,  a l s o  the  growth r a t e .  I n  r o t a t o r y  s h a k e r  and f e r m e n te r  c u l t u r e s '  

t h e  growth m orphology was i n  th e  fo rm  o f  p e l l e t s .  The p e l l e t  s i z e  was l e s s  

i n  th e  f e r m e n te r  than  i n  shaken  c u l t u r e .

The v o r t e x  s t i r r e r  p ro v id e d  v e r y  f i n e l y  d i v id e d  p a r t i c l e s ,  p o s s ib ly

even s i n g l e  c e l l s ,  such t h a t  i t  was n e c e s s a r y  to  u s e  h ig h - s p e e d  c e n t r i f u g a t i o n *  

to  h a r v e s t  t h e  biomass ( s e e  M a t e r i a l  and  Methods) .

The f o rm a t io n  of t h e s e  s m a l l  p a r t i c l e s  i s  p r o b a b ly  d u e ,  m a in ly ,  to  

t h e  s h e a r  r a t e  (Solomons, 1975) and p ro d u ce d  a c l e a r l y  i n c r e a s e d  growth

r a t e ,  b iom ass  and l i p i d  c o n te n t  ( s e e  F ig u r e  25 ) .

V o r te x  c u l t u r e ,  t h e r e f o r e ,  h a s  b e e n  shown h e r e  to  be t h e  most s u i t a b l e  

method o f  c u l t i v a t i o n  f o r  maximal l i p i d  a c c u m u la t io n  i n  A. n ' id u ta n s , s t r a i n  26.

P e r h a p s  o t h e r  media a l s o ,  a p a r t  from  MMM, w i l l  g ive  b e t t e r  r e s u l t s  f o r

b iom ass and l i p i d  y i e l d s  i n  th e  v i r t e x  s t i r r e r .  I t  would a l s o  be  of  i n t e r e s t

t o  grow an  inocu lum  in  t h e  v o r t e x  s t i r r e r  f o r  f e r m e n t e r  c u l t u r e ,  where a

g r e a t e r  amount of medium c o u ld  be  u s e d  a nd , h o p e f u l l y ,  th e  s h e a r  r a t e

a d ju s t e d  t o  g iv e  " s in g l e  c e l l "  m o rp h o lo g y ,  under c o n d i t i o n s  o f  growth w hich  

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

c u r r e n t l y  u se d  f o r  p r o d u c t io n  o f  o t h e r  c o m m e rc ia l ly  im p o r ta n t  p r o d u c t s .

A l th o u g h  t w o - th i r d s  o f  t h e  d r y  w e ig h t  o f  s t r a i n  16 came from  mycelium 

grown on s u r f a c e s  i n s i d e  t h e  f e r m e n t e r ,  r a t h e r  t h a n  i n  t h e  medium, th e  

p rob lem  m ig h t  be m in im ised  i f  th e  f e r m e n t e r  v e s s e l  was f i l l e d  w i t h  medium, 

i . e .  w a l l  g row th  canno t o c c u r  i f  t h e r e  a r e  no w a l l s !  ( R a t l e d g e ,  1983, 

p e r s o n a l  com m unica t ion ) .  However, one may th en  h av e  d i f f i c u l t i e s s w i t h  

grow th o c c u r r i n g  in  th e  o v e r f l o w / v e n t  from  th e  v e s s e l ,  w hich  i s  e s s e n t i a l  

i f  a i r  s p a r g i n g  i s  u sed .

The i n f l u e n c e  o f  c u l t u r e  t e c h n i q u e  on l i p i d  a c c u m u la t io n ,  has  a l s o  

b e e n  r e p o r t e d  by o t h e r s .  A sperg 'C ttus  ni.ger  gave m ore s a t i s f a c t o r y  l e v e l s  

o f  l i p i d  a c c u m u la t io n  in  shaken  c u l t u r e  th an  in  unsh ak en  c u l t u r e ,  and 

com paring b o t h  ty p es  of submerged c u l t u r e ;  shaken  and  s t i r r e d ,  s t i r r e d
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c u l t u r e  p ro v ed  to  be b e t t e r  th an  sh a k en  f o r  l i p i d  a c c u m u la t io n  (Woodbine, 

1959).

In  e a r l i e r  s t u d i e s  o f  l i p i d  c o n t e n t  o f  A. n id u ta n s , G a r r id o  and 

Walker (1958) found t h a t  t h i s  m ould accum ula ted  l a r g e r  amounts of l i p i d  

i n  shaken c u l t u r e  th a n  in  a f e r m e n t e r .  Gad e t  a t .  (1959) a l s o  found t h a t  

the  l i p i d  c o n te n t  o f  t h i s  mould c o u ld  be a f f e c t e d  by c u l t u r a l  c o n d i t i o n s .  

Unshaken c u l t u r e  gave  b e t t e r  r e s u l t s  than  sh a k en ,  when A. ti'idu lans  was 

grown in  m o la s s e s  medium.

O th e r  f a c t o r s  a l s o  have b e e n  r e p o r t e d  t o  a f f e c t  l i p i d  c o n te n t  in  

fu n g i ,  such  as  t e m p e r a t u r e ,  pH, an d  m in e ra l  c o n c e n t r a t i o n s .

The e f f e c t  o f  t e m p e ra tu re  on l i p i d  a c c u m u la t io n  in  A. Ti'idulans was 

s tu d ie d  by G a r r id o  and Walker (1953b)  and G regory  and Woodbine (1953 ).

I t  was found t h a t  t h i s  mould showed a b e t t e r  grow th r a t e  a t  37°C th a n  a t  

25°C o r  30°C, b u t  a  h i g h e r  l i p i d  c o n t e n t  was found a t  25-30°C.

In  t h i s  work, no marked e f f e c t  on l i p i d  a c cu m u la t io n  was o b se rved  

a t  growth t e m p e r a tu r e s  o f  25, 30 and  37°C.

I n  h i s  r e v ie w ,  Weete (1980) s u g g e s t s  t h a t  t h e  te m p e ra tu re  has  l i t t l e  

in f lu e n c e  on th e  l i p i d  c o n te n t  o f  f u n g i ,  b u t  changes  in  l i p i d  c o m p o s i t io n ,  

p a r t i c u l a r l y  in  r e l a t i o n  to  th e  s a t u r a t e d  / u n s a t u r a t e d  r a t i o ,  have been  

found . The degree  o f  u n s a t u r a t i o n  h a s  been r e p o r t e d  to  be  h i g h  a t  low 

te m p e ra tu re  c o n d i t i o n s  and v i c e - v e r s a .  However, t h i s  i n f l u e n c e  o f  g row th  

te m p e ra tu re  on l i p i d  c o m p o s i t io n  was n o t  i n v e s t i g a t e d  in  t h e  p r e s e n t  w ork .

I n c r e a s e d  p o ta s s iu m  d ih y d ro g e n  p h o sp h a te  c o n c e n t r a t i o n  i n  th e  medium 

appeared  n o t  to  a f f e c t  f a t  c o n te n t  (T a b le s  13 and 14). Enebo e t  a l .  (1946) 

and Pan, A ndreason  and Kolackov ( 1 9 4 9 ) ,  found t h a t  p o ta s s iu m  d ih y d ro g e n  

phospha te  improved s u g a r  u t i l i z a t i o n  by R h odo toru la  g r a c t l t s , b u t  i t  

a l s o  had no  e f f e c t  on l i p i d  a c c u m u la t io n .  The h i g h e s t  ( 0 .5  p e r c e n t ,  w /v) 

c o n c e n t r a t i o n  t r i e d  i n  t h i s  work was av o id ed  i n  su b seq u e n t  e x p e r im e n t s ,  

s in c e  i t  fa v o u re d  p igm en t  p r o d u c t i o n  by th e  f u n g i .  This p igm en t  was th o u g h t  

to  be m e la n in  o r  m e l a n i n - l i k e  p i g m e n t s ,  which a r e  u s u a l l y  p r e s e n t  in
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A, n iâu tan s  c u l t u r e s .  Rowley and P i r t  (1 9 7 2 ) ,  s t u d i e d  m elan in  p r o d u c t i o n  

by A. Ti'idulans in  b a tc h  c u l t u r e  and found  t h a t  b o th  forms of m e la n in ,  

s o lu b le  ( p r e s e n t  in  th e  medium) and i n s o l u b l e  ( p r e s e n t  in  th e  m y c e l iu m ),  

w ere  p roduced  under norm al c o n d i t i o n s  o f  grow th . They a l s o  o b s e rv e d  t h a t  

t h e  p r o d u c t io n  o f  bo th  fo rm s  could  be a c t i v a t e d  u n d e r  c o n d i t io n s  o f  

r e s t r i c t e d  growth r a t e ,  su c h  as  c a rb o n  and n i t r o g e n  e x h a u s t io n  f ro m  th e  

medium.

However, t h e r e  i s  no  ev id e n c e  from  o th e r s*  work t h a t  p o t a s s iu m  

d ihyd rogen  p h o sp h a te  a f f e c t s  p igm ent p r o d u c t i o n .

The p r e s e n c e  of t h e s e  p igm en ts  i n  e x c es s  in  t h e  medium may have  

i n t e r f e r e d  w i t h  g lu c o se  e s t i m a t i o n  by DNSA method (T ab le s  13 and 1 4 ) .

A p o s s i b l e  e x p la n a t i o n  f o r  t h i s  i n t e r f e r e n c e  may be  t h a t  th e  p ig m en t  

e x h ib i t e d  a b so rb a n c e  a t  t h e  w a v e le n g th  (540 mn) u s e d ,  a l th o u g h  t h i s  was 

n o t  v e r i f i e d .  In  a d d i t i o n ,  t h i s  p ig m e n t  u n d o u b ted ly  i n t e r f e r e d  w i t h  l i p i d

chrom atography  and a n a l y s i s  ( see  3 . 2 , 2 . 2 . 2 ) .

L i t t l e  can  be s a i d  a b o u t  th e  i n f l u e n c e  of pH i n  t h i s  w ork . Most 

o f  the  e x p e r im e n ts  were c a r r i e d  o u t  a t  pH 6 .5  ( i t  i s  known t h a t  NaNO^ 

i s  b e t t e r  a b so rb e d  a t  pH*s a round 6 . 0 ;  B e r r y ,  1975);  th e  o n ly  e x c e p t io n  

b e in g  w i th  GGW medium (pH = 3 . 8 ) ,  w here  no improvement in  l i p i d  c o n te n t  

was o b s e rv e d .

One o f  t h e  o b j e c t i v e s  o f  t h i s  work was to  i n v e s t i g a t e  t h e  l i p i d

c o m p o s i t io n  o f  A. n -idu lan s. The r e s u l t s  showed t h a t  th e  method u s e d  f o r

e x t r a c t i o n  and th e  g row th  medium c o m p o s i t io n  a f f e c t e d  l i p i d  c o m p o s i t i o n ,  

b o th  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y .  A lthough  t h e  p r o p o r t i o n  o f  each  

l i p i d  c l a s s  ( n e u t r a l ,  g l y c o l i p i d  and p h o s p h o l i p i d ) , s e p a r a te d  on F l o r i s i l  

column chrom atography  showed no s i g n i f i c a n t  d i f f e r e n c e  (T ab le  15) in  e i t h e r  

medium, f u r t h e r  f r a c t i o n a t i o n  o f  n e u t r a l  l i p i d  c l a s s e s  on a h y d r a t e d  F l o r i s i l  

column showed t h a t  th e  p r o p o r t i o n  o f  t r i g l y c e r i d e s  and s t e r o l s  d o e s  change . 

The t r i g l y c e r i d e s  a re  t h e  m ajo r  c l a s s  i n  N&S medium, b u t  s t e r o l s  a r e  th e  

m ajor  c l a s s  in  MMM (T a b le  1 7 ) .
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T h e re fo re ,  i t  was c o n c lu d e d  t h a t  t h e  enhanced l i p i d  c o n te n t  in  th e  

l a t t e r  medium ( s e e  F ig u r e  25) i s  a c c o u n te d  f o r  m ain ly  by an i n c r e a s e  in  

th e  amount o f  s t e r o l s .  High s t e r o l  c o n t e n t  has  a l s o  b een  o b se rv ed  in  

SaGoharomyces QeveV'Csi.ae (C la u se n  e t  aV. 1974 and C h r i s t i a n s e n ,  1978 ) ,  

where abou t 40-50  p e r c e n t  o f  t h e  l i p i d  accum ula ted ,  in  t h e  o i l  d r o p l e t s  

was shown to  be s t e r o l ,  e i t h e r  f r e e  o r  e s t e r i f i e d .  R a t le d g e  (1 9 8 2 ) ,  

c o n s id e r e d  t h i s  o rg a n ism  as n o n - o l e a g i n o u s , d e s p i t e  i t s  p r o d u c t io n  o f  

l a r g e  amounts o f  l i p i d ,  s i n c e  t h e  c l a s s  w h ich  i s  of  p r i n c i p a l  com m ercial 

i n t e r e s t  i s  t h e  t r i g l y c e r i d e s .  The m ic ro o rg a n ism s  d e f i n e d  as  o l e a g in o u s  

e x h i b i t  t r i g l y c e r i d e  as  th e  m a jo r  c o n s t i t u e n t  ( u s u a l ly  about 80-95 p e r c e n t )  

o f  t h e i r  l i p i d s .

The medium c o m p o s i t io n  a l s o  a f f e c t e d  th e  p r o p o r t i o n  o f  s t e r o l  e s t e r s .

I n  N&S medium, a  h i g h e r  p r o p o r t i o n  o f  s t e r o l  e s t e r  can  be s e e n ,  compared 

w i th  MMM on TLC ( F ig u r e s  12 and 1 3 ) ,  w h ic h  was con firm ed  g r a v i m e t r i c a l l y  

by th e  c l a s s  f r a c t i o n a t i o n  on h y d r a t e d  F l o r i s i l  (T ab le  17).

The p o l a r  l i p i d  c o m p o s i t io n  i s  c l e a r l y  a l s o  in f lu e n c e d  by th e  

medium. TLC o f  p h o s p h o l ip id s  o f  c e l l s  grown in  N&S medium showed PC and 

PE as  m ajor com ponents and P I ,  PS, PG, CL and PA as m inor  com ponents .

W hile in  MMM, o n ly  PC a p p e a re d  c l e a r l y .

A n a ly s is  on 2D-TLC o f  t h e  f r a c t i o n a t e d  p o l a r  l i p i d  f r a c t i o n  o f  t h e  

c e l l s  grown in  MMM i n  f e r m e n t e r ,  c o u ld  n o t  b e  c a r r i e d  o u t ,  due to  bad 

s t r e a k i n g ,  p o s s i b l y  cau sed  by th e  l a r g e  amount o f  p igm en ts  w hich were 

p roduced  in  t h i s  p a r t i c u l a r  medium.

I n  a d d i t i o n ,  lo o k in g  b ack  to  T a b le  15, i t  can be seen  t h a t  t h e r e  i s  

a l a c k  o f  r e c o v e r y  o f  l i p i d  P on MMM, w h ic h  may i n d i c a t e  nove l p h o s p h o l i p i d s ,  

w i th  a  much low er  P c o n t e n t . t h a n  th o s e  n o r m a l ly  found . A nother i n t e r e s t i n g  

o b s e r v a t io n  i s  t h a t  t h e  r a t i o  o f  g l y c o l  i p  i d /p h o s p h o l ip i d  i s  tw o - fo ld  

h ig h e r  in  MMM th a n  i n  N&S medium. T h is  i n c r e a s e  in  s t e r o l  and g l y c o l i p i d s  

and th e  change i n  p h o s p h o l ip id  c o m p o s i t io n  m ust r e s u l t  i n  s t r i k i n g  

d i f f e r e n c e s  i n  th e  s t r u c t u r e  and p o s s i b l y ,  f u n c t i o n  o f  th e  c e l l  membranes 

in  th e  two m ed ia .
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The b a s i s  f o r  th e  d i f f e r e n c e  i n  t h e  s t e r o l  c o n te n t  in  t h e  two media 

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

a r e  known to  p l a y  an im p o r ta n t  r o l e  i n  t h e  growth and deve lopm en t of fu n g i .

A r e l a t i v e  p rep o n d e ra n ce  o f  g l y c o l i p i d s  over  p h o s p h o l ip id s  has  a l s o  

been  o b se rv e d  in  A s p e r g il lu s  n tg e v  by L a in e  e t  a l .  (1 9 7 2 ) .  I t  h a s  been 

su g g e s te d  t h a t  a c i d i c  g l y c o l i p i d s  c an  r e a d i l y  r e p l a c e  p h o s p h o l ip id s  as 

s t r u c t u r a l  com ponents , b o th  in  A. , (L a ine  e t  a l . ,  1972) and in

b a c t e r i a  (M in n ik in  e t  a l , ,  1971).

I t  was o b se rv e d  in  t h i s  work t h a t  t h e  amount o f  DGDG e xceeded  

t h a t  o f  MGDG i n  N&S medium (F ig u r e s  20 and 2 1 ) .  S a t i s f a c t o r y  r e s o l u t i o n  

o f  g l y c o l i p i d s  i n  MMM was n o t  p o s s i b l e  due to  s t r e a k i n g  of  TLC. T h is  

predom inance  o f  DGDG has a l s o  been  o b s e rv e d  to  o c c u r  i n  a lg a e  and 

n o n - p h o to s y n t h e t i c  t i s s u e s  o f  p l a n t s  (Douce and J o y a r d ,  1980).

The medium co m p o s i t io n  had o n ly  a  s l i g h t  e f f e c t  on f a t t y  a c id  

c o m p o s i t io n  i n  A. n td u la n s . I n  MMM, t h e  g l y c o l i p i d  and p h o s p h o l ip id

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

c h a in  f a t t y  a c i d s  (some u n i d e n t i f i e d )  , when:-compared w i th  N&S medium, 

w h e re a s ,  i n  t h e  l a t t e r ,  a h i g h e r  p r o p o r t i o n  o f  18:2 i n  th e  n e u t r a l ,  

g l y c o l i p i d  and p h o s p h o l ip id  f r a c t i o n s  was obse rved  i n s t e a d .

However, th e s e  d i f f e r e n c e s  c o u ld  a l s o  be due t o  th e  d i f f e r e n t  ages 

and s ta g e s  o f  developm ent o f  t h e  c u l t u r e s .  In  g e n e r a l ,  i n  o t h e r  f u n g i ,  

t h e  main change  i n  l i p i d  c o m p o s i t io n  r e s u l t i n g  from i n c r e a s i n g  age o f  

c u l t u r e ,  i s  a  d e c re a s e  i n  t h e  d e g re e  o f  s a t u r a t i o n  i n  f a t t y  a c i d s  (Brennan 

e t  a l . ,  1974) .  However, i n  t h i s  w o rk ,  t h i s  may n o t  b e  th e  c a s e  as  

p o l y u n s a t u r a t e s  a n d /o r  long  c h a in  a c i d s  a r e  a p p a r e n t l y  p r e s e n t  i n  h ig h e r  

p r o p o r t i o n s  i n  MMM ( h a r v e s te d  a f t e r  18 days  o f  c u l t i v a t i o n ) ,  th a n  in  N&S 

medium ( h a r v e s te d  a f t e r  12 days  o f  c u l t i v a t i o n ) .

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

p h o s p h o l i p i d s ,  g l y c o l i p i d s )  and s u b - c l a s s e s  of n e u t r a l  l i p i d s ,  had d i f f e r e n t  

and d i s t i n c t i v e  f a t t y  a c id  c o m p o s i t i o n s .  The g l y c o l i p i d  f a t t y  a c id  c o m p o s i t io n  

v a r i e d  w i th  t h e  two media s t u d i e d ,  so  no g e n e r a l i z a t i o n s  can be made, b u t  t h e
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p h o s p h o l ip id  f r a c t i o n  p o s s e s s e d  r e l a t i v e l y  g r e a t e r  amounts o f  1 6 :0 .  The 

t r i g l y c e r i d e  f r a c t i o n  c o n ta in e d  18:2 a s  the  m ajo r  component and th e  s t e r o l  

e s t e r s ,  i n t e r e s t i n g l y ,  e x h ib i t e d  17 :0  a s  th e  o n ly  f a t t y  a c id  e s t e r i f i e d  

to  s t e r o l .

M a rg a r in ic  a c id  ( 1 7 :0 )  i s  a lw ays  r e p o r t e d  as a m inor component in  

fu n g i  and o t h e r  m ic ro o rg a n is m s .  In  a d d i t i o n ,  p l a n t s ,  y e a s t s  and moulds 

have  been r e p o r t e d  t o  c o n t a i n  any o f  1 6 :0 ,  1 6 :1 ,  1 8 :1 ,  18:2 and 18:3 

a s  the  m ajor  f a t t y  a c i d s ,  b u t  u s u a l l y  a g iven  l i p i d  c l a s s  c o n t a i n s  s e v e r a l  

o f  them.

In  y e a s t ,  s t e r o l  e s t e r s  16:1 and  18:1 a r e  t h e  p r i n c i p a l  f a t t y  a c id s  

(B a i le y  and P a r k s ,  1 9 7 5 ) .  Adams and P a r k s  (1967) found a predom inance  

o f  16:1 ( a b o u t  35 p e r c e n t )  in  one s t r a i n  o f  Saochavom yces ceveV'Ls'iae, b u t  

i n  an o th e r  s t r a i n  o f  t h e  same s p e c i e s ,  P e r e i r a  e t  a t ,  (1 983 ) ,  found 16:1 

and 18:1 ( a b o u t  40 and 38 p e r c e n t ,  r e s p e c t i v e l y ) ,  a s  t h e  p r i n c i p a l  f a t t y  

a c i d s .

There a r e  a t  l e a s t  two p o s s i b l e  r e a s o n s  f o r  A, n td u la n s  t o  c o n ta in  

o n ly  one f a t t y  a c id  s t e r i f i e d  to  s t e r o l :

a )  th e  enzyme r e s p o n s i b l e  f o r  e s t é r i f i c a t i o n  may p o s s e s s  an a b s o lu t e  

s p e c i f i c i t y  f o r  17 :0

b) th e r e  i s  a  s p e c i f i c  a c y l  dono r ,  w h ic h  p r e s e n t s  17 :0  as t h e  o n ly  

a v a i l a b l e  f a t t y  a c i d  to  th e  a c y l  t r a n s f e r a s e .  T h i s ,  o f  c o u r s e ,  a g a in  

im p l ie s  a n  a b s o lu t e  s p e c i f i c i t y  o f  t h e  enzyme w hich  s y n t h e s i s e s  th e  

a c y l  d o n o r .

I t  i s  known t h a t  t h e r e  a re  t h r e e  k in d s  o f  enzyme t h a t  c a t a l y s e  t h e  

^ e s t é r i f i c a t i o n  o f  s t e r o l s  i n  a n im a ls ;

( i )  a p u r i f i e d  p a n c r e a t i c  s t e r o l  e s t e r  h y d r o la s e ,  w hich has  b o th  

e s t é r i f i c a t i o n  and h y d r o ly t i c  a c t i v i t i e s  

( i i )  acy l-C oA  : c h o i e s t e r o l - Q - a c y l  t r a n s f e r a s e ,  w h ich  has  been  d e t e c t e d  

in  m i to c h o n d r i a  and endop la sm ic  r e t i c u l u m  o f  l i v e r  

( i i i )  l e c i t h i n : c h o l e s t e r o l  acy l  t r a n s f e r a s e  (LCAT), which i s  found
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p r e d o m in a n t ly  i n  plasm a and c a t a l y s e s  t h e  t r a n s e s t é r i f i c a t i o n  o f  

f a t t y  a c id s  from  l e c i t h i n  (PC) t o  c h o l e s t e r o l .

The a c y l  d o n o r  f o r  s t e r o l  e s t e r  b i o s y n t h e s i s  i n  a n im a ls ,  t h e r e f o r e ,  

seems t o  be  e i t h e r  a c y l  CoA o r  p h o s p h a t i d y l c h o l i n e ,  w h e re a s ,  i n  p l a n t s ,  

e i t h e r  PC o r  d i g l y c e r i d e s  f u l f i l  t h i s  f u n c t i o n  (Mudd, 1 980) .

The b i o s y n t h e s i s  o f  s t e r o l  e s t e r  in  c e l l - f r e e  p r e p a r a t i o n s  o f  

Thycom yces b la k e s le e a n u s lm s  b een  s tu d i e d  by B a r t l e t t  e t  a l .  (1974).

I t  was found  t h a t  PC a p p e a rs  t o  be the  d o n o r ,  a l t h o u g h  some a c y l a t i o n  by 

way o f  a c y l  CoA was a l s o  measured

I n  t h i s  work 17:0  was a l s o  d e te c te d  in  more th a n  t r a c e  amounts i n  

n e u t r a l - g l y c e r i d e s  and p h o s p h o l ip id  f r a c t i o n s .

P e rh a p s  t h e r e  i s  a  p h y s i o l o g i c a l  e x p l a n a t i o n  f o r  t h i s  f a t t y  a c id  

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

p r e c i s e  f u n c t i o n  o f  s t e r o l  e s t e r s  i n  th e  c e l l .

The c h o ic e  o f  e x t r a c t i o n  m ethod u n d o u b te d ly  a f f e c t s  t h e  l i p i d  

c o m p o s i t io n  b o th  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y .

I n i t i a l  column f r a c t i o n a t i o n  o f  th e  l i p i d  o f ^ s t r a i n  1 6 , e x t r a c t e d  

by th e  two m ethods (T a b le  15) , showed a d i f f e r e n t  l i p i d  c l a s s  c o m p o s i t io n ,

IP gave :  n e u t r a l  l i p i d  = 86 p e r c e n t ;  g l y c o l i p i d  = 7 p e r c e n t ;  p h o s p h o l ip id  =

7 p e r c e n t ,  w h i l s t  CM ga v e :  n e u t r a l  l i p i d  = 75 p e r c e n t ;  g l y c o l i p i d  = 8 p e r c e n t ;  

p h o s p h o l ip id  = 17 p e r c e n t .

CM e x t r a c t i o n  method was shown to  e x t r a c t  s t e r o l s  ( b o th  f r e e  and 

e s t e r i f i e d )  and p o l a r  l i p i d s  more e f f i c i e n t l y  t h a n  IP (T a b le s  15 and 1 7 ) .

The a b i l i t y  o f  m e th an o l  t o  e x t r a c t  m e m b ra n e -a s s o c ia te d  l i p i d s  

i s  w e l l  known. I t  d i s r u p t s  h y d ro g en  bc&md&qg and h y d ro p h o b ic  f o r c e s  

betw een t h e  l i p i d s  and t h e  p r o t e i n ,  so t h a t  t h e  i n c r e a s e d  l e v e l s  o f  th e  

p o la r  l i p i d s  and s t e r o l s  may s u g g e s t  t h a t  e i t h e r  b o th  a r e  bound to  membrane 

p r o t e i n ,  o r ,  more l i k e l y ,  t h a t  t h e  p o l a r  l i p i d s  a r e  bound t o  p r o t e i n  and 

the  s t e r o l s  a r e ,  i n  t u r n ,  bound t o  p o l a r  l i p i d s .

Rose (1 9 8 1 ) ,  r e p o r t e d  t h a t  f r e e  s t e r o l  and p o l a r  l i p i d s  a re  l o c a t e d  

i n  m em branes, b u t  s t e r o l  e s t e r s  a r e  lo c a te d  w i t h  t r i g l y c e r i d e s  in

*'"4: ,iiS
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i n t r a c e l l u l a r  l o w - d e n s i ty  v e s i c l e s .  A lso ,  C h r i s t i a n s e n  (1 9 7 9 ) ,  i s o l a t e d  

and a n a ly s e d  th e  l i p i d  d r o p l e t s  o f  Saoohavom yces oeveV'lQ'iae and found  a 

c o m p o s i t io n  o f  95 p e r c e n t  l i p i d  and 5 p e r c e n t  p r o t e i n .  The l i p i d  f r a c t i o n  

c o n ta in e d  45-50 p e r c e n t  t r i g l y c e r o l s  and 45 -50  p e r c e n t  s t e r o l  e s t e r s .

I f  s t e r o l  e s t e r s  a r e  found  in  s i m i l a r  s i t e s  i n  A , n id u la n s  i t  i s  

s u r p r i s i n g  t h a t  an  improved y i e l d  o f  th e s e  a r e  o b t a in e d  w i th  CM, s in c e  

one w ould  e x p e c t  IP  to  be j u s t  a s  good as a m ethod f o r  e x t r a c t i o n  o f  

f r e e ,  unbound l i p i d .

From F ig u r e s  22 and 23, i t  i s  a p p a re n t  t h a t  th e  p h o s p h o l ip id  

c o m p o s i t io n  was a l s o  a f f e c t e d  by th e  e x t r a c t i o n  m ethod . W ith  CM 

e x t r a c t i o n ,  P I ,  PS, PC, PE, PG, CL and PA w ere  d e t e c t e d ,  w h i l s t  w i t h  

i s o p r o p a n o l  o n ly  PC, PE and PA w ere  found .

A p o s s i b l e  c a u se  f o r  t h e  a p p a re n t  low er  e f f i c i e n c y  o f  IP  i n  t h e  

e x t r a c t i n g  p h o s p h o l ip id  c l a s s e s  i s  th e  m u l t i p l e  aqueous w ashes  u se d  in  

th e  IP  m ethod . G l y c o l i p id s  may b e  l o s t  i n  t h e  aqueous w a sh ,  as  may 

th e  a c i d i c  p h o s p h o l i p i d s ,  such a s  PS, P I  and PA (N e lso n ,  1972).

A n o th e r  s i g n i f i c a n t  d i f f e r e n c e  betw een  t h e  two e x t r a c t i o n  m e th o d s ,  

seen  i n  T ab le  20 , i s  t h e  v e ry  l a r g e  amount o f  PA found  a f t e r  CM e x t r a c t i o n ,  

b u t  n o t  a f t e r  I P .  T h is  a lm ost c e r t a i n l y  s u g g e s t s  t h e  a c t i o n  o f  a 

p h o s p h o l ip a s e  D. T h is  enzyme, c o n f in e d  to  t h e  p l a n t  k ingdom , h y d r o ly s e s  

p h o s p h o l ip id s  w i t h  t h e  co n seq u e n t  fo rm a t io n  o f  p h o s p h a t i d i c  a c i d .  The 

d a t a  i n  T ab le  20 a r e  a l s o  s t r o n g l y  s u g g e s t iv e  o f  t h e  f a c t  t h a t  PC was 

th e  p r i n c i p a l  p h o s p h o l i p i d  a t t a c k e d  by t h i s  enzyme s i n c e  t h e  p r o p o r t i o n  

of t h i s  p h o s p h o l ip id  c l a s s  was a l s o  red u c e d  a f t e r  CM.

The p r e s e n c e  o f  p h o s p h o l ip a s e s  i n  f u n g i ,  i n c l u d i n g  p h o s p h o l ip a s e  D, 

has  a l s o  been  r e p o r t e d  by B la in  e t  a t .  (1 9 7 8 ) .

I t  i s  known t h a t  t h e  a c t i v i t y  o f  p h o s p h o l ip a s e  D i s  s t i m u la t e d  

by s o l v e n t s  such  a s  c h lo ro fo rm  and e t h e r ,  w h i l s t  h o t  i s o p r o p a n o l  i s  

known t o  i n a c t i v a t e  t h i s  enzyme (K a te s ,  1 9 8 2 ) .

The f a t t y  a c id  c o m p o s i t io n  o f  f r a c t i o n a t e d  and u n f r a c t i o n a t e d
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l i p i d s  does d i f f e r  s l i g h t l y  betw een t h e  two e x t r a c t i o n  m e th o d s .  I n  

p a r t i c u l a r ,  th e  t o t a l  and n e u t r a l  l i p i d s  w hich show a h ig h e r  p r o p o r t i o n  

o f  17 :0  a f t e r  CM, a s  compared w i th  I P ,  e x t r a c t i o n .

The l i p i d  c o m p o s i t io n  o f  some o t h e r  f i la m e n to u s  f u n g i ,  com pared 

w i t h  s t r a i n  16 i n  t h e  two d i f f e r e n t  m edia  and a f t e r  e x t r a c t i o n  by  t h e  two 

m ethods s t u d i e d ,  a r e  g iv en  in  T ab le  24 . As can be se en  from t h i s  t a b l e ,  

t h e r e  i s  wide s p e c i e s  v a r i a t i o n  in  l i p i d  c o m p o s i t io n .  A lso  a p p a r e n t  

from  t h i s  w ork , i s  t h e  p ro fo u n d  i n f l u e n c e  of  b o th  medium c o m p o s i t i o n  and 

e x t r a c t i o n  m ethod , w h ic h  makes com parison  betw een d i f f e r e n t  l a b o r a t o r i e s  

d i f f i c u l t .  However, w i th  t h e  e x c e p t io n  o f  th e  h igh  p r o p o r t i o n  o f  s t e r o l  

in  PMM, th e  l i p i d  c o m p o s i t io n  o f  A. Ti'idulans r e p o r te d  h e r e ,  l i e s  w i t h i n  

th e  ra n g e  e x h i b i t e d  by th e  t h r e e  o t h e r  s p e c i e s  l i s t e d  i n  T a b le  24 .

The s t u d i e s  p r e s e n t e d  h e r e ,  p a r t i c u l a r l y  w i th  r e g a r d  to  t h e  

v a r i a b l e  s t e r o l  c o n t e n t  o f  A. U 'idulans, u n d e r l i n e  t h e  im p o r ta n c e  o f  

a s c e r t a i n i n g  th e  p r e c i s e  l i p i d  c o m p o s i t io n  o f  an " o le a g in o u s "  m ic ro o rg a n is m  

b e f o r e  c o n s id e r in g  i t s  a d o p t io n  f o r  an i n d u s t r i a l  p r o c e s s .  I t  i s  c l e a r  

t h a t  in c r e a s e d  t o t a l  l i p i d , c o n t e n t  as a  r e s u l t  o f  m a n ip u la t io n  o f  medium 

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

of  an  u n d e s i r a b l e / l e s s  d e s i r a b l e  l i p i d  component.

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

th e  CM e x t r a c t i o n  m ethod  t h a n  w i t h  i s o p r o p a n o l ,  a l th o u g h  some l i p a s e  

a c t i v i t y  was o b s e rv e d  i n  t h e  fo rm er  m ethod .

The f a t t y  a c i d  c o m p o s i t io n  of f r a c t i o n a t e d  and u n f r a c t i o n a t e d  

l i p i d s  v a r i e d  w i t h  t h e  s t r a i n  o f  m u ta n ts  and d i p lo i d s  o f  A. n i-d u la n s.

For t b . t a l  l i p i d ,  t h e  p r o p o r t i o n  o f  18:2  was h ig h e r  i n  t h e  d i p l o i d s ,  

m aking th e  u n s a t u r a t e d / s a t u r a t e d  r a t i o :  ab o u t  20 p e r c e n t  g r e a t e r  t h a n  in

th e  t h r e e  h a p lo i d s  a s s a y e d .

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

p r e p a r a t i v e  TLC, showed 5 m a jo r  bands .  The f a t t y  a c id  c o m p o s i t io n  o f  

t h e s e  bands f o r  t h e  m u ta n t  s t r a i n s  was compared w i th  s t r a i n  16. As 

f o r  s t r a i n  16, t h e  m a jo r  f a t t y  a c id s  w e re :  16 :0 ,  1 7 :0 ,  18:0 18:1 and
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p o s s i b l y  two i s f m e r i c  forms o f  1 8 :2 .

As expec ted  i n  m ou lds ,  18:2 i s  t h e  p redom inan t  f a t t y  a c id  in  th e  

t r i g l y c e r i d e s .

Two bands were v i s i b l e  in  t h e  s t e r o l  e s t e r  r e g i o n  of  th e  chromatogram, 

a l a r g e  o n e ,  p u rp le  i n  c o lo u r  a n d ,  above t h a t ,  a  t h i n n e r ,  y e l lo w  band 

(under  U.V. l i g h t ,  a f t e r  rh o d a m in e ) .

Both bands c o n ta in e d  17:0 a s  t h e  o n ly  f a t t y  a c i d  (a s  found f o r  

s t r a i n  2 d ) ,  and w ere  t e n t a t i v e l y  i d e n t i f i e d  by com parison  w i th  a u t h e n t i c  

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

r e s o l u t i o n  i s  t h e r e f o r e  l i k e l y  to  be  due t o  d i f f e r e n t  s t e r o l  m o i e t i e s .

T ab le  25 shows th e  f a t t y  a c i d  c o m p o s i t io n  o f  some f i l a m e n to u s  

f u n g i ,  compared w i th  t h e  A. n-iduicms s t r a i n s  s tu d i e d  i n  t h i s  work.

As f o r  l i p i d  c l a s s e s ,  t h e r e  i s  c o n s id e r a b l e  s p e c i e s  v a r i a t i o n  i n  

f a t t y  a c id  c o m p o s i t io n ,  a l th o u g h  t h e  d i f f e r e n c e s  a r e  q u a n t i t a t i v e  r a t h e r  

th a n  q u a l i t a t i v e .  T h e re  i s  a l s o  m arked i n t e r - s t r a i n  v a r i a t i o n  in  

A. n iA u la n s , w i th  some s t r a i n s  show ing much h i g h e r  l e v e l s  o f  18:2 th a n  

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

I n  c o n c lu s io n ,  t h i s  s tu d y  h a s  i n d i c a t e d  s e v e r a l  a venues  w orthy  

of f u r t h e r  e x p l o r a t i o n : -

( i )  from  th e  p ro m is in g  r e s u l t s  o b t a i n e d  w i t h  th e  v o r t e x - s t i r r e r , i t  

would seem l i k e l y  t h a t  l i p i d  c o n te n t  o f  A. n'Cdutans would be 

im proved even  f u r t h e r  by m a n i p u la t i o n  o f  c u l t u r e  c o n d i t i o n s .

F o r  exam ple, i t  would be  o f  i n t e r e s t ,  a s  a l r e a d y  s u g g e s t e d ,  t o  

u s e  a  v o r t e x - s t i r r e r  grown inocu lum  f o r  a f e r m e n te r  c u l t u r e ,  

grown under c o n d i t i o n s  w h ich  m in im ise  w a l l  g ro w th .

( i i )  h a v in g  c o m p le te ly  o p t im is e d  g row th  c o n d i t i o n s  f o r  l i p i d

a c c u m u la t io n ,  a  r e - e x a m i n a t i o n  o f  t h e  m u t a n t s d i p l o i d s  and 

h e te r o k a r y o n s  f o r  im proved l i p i d  y i e l d  shou ld  be  u n d e r ta k e n .

O th e r  methods o f  s t r a i n s  im provem ent and s e l e c t i o n  c o u ld  a l s o  

th e n  be t r i e d ,  w i th  p a r t i c u l a r  em phasis  on l i p i d  q u a l i t y  as 

some o f  th e  s t r a i n s  a n a ly s e d  i n  t h i s  w ork lo o k ed  as  though  th e y
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were c a p a b le  o f  h ig h  y i e l d s  o f  1 8 :2 .

( i i i )  o f  b io c h e m ic a l  i n t e r e s t ,  would be c o n f i r m a t i o n  o f  t h e  s t r u c t u r e

and f a t t y  a c id  c o m p o s i t io n  o f  t h e  s t e r o l  e s t e r  f r a c t i o n ,  fo l lo w e d  

by i n v e s t i g a t i o n  o f  th e  enzymology o f  th e  a c y l a t i o n  and t h e  

p o s s i b l e  f u n c t i o n  o f  th e  s t e r o l  e s t e r s .
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