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A B S T RACT 

The p r e s e n c e  o f  c o n s t i t u t i v e , i n t r ac e l l u l ar and e x t ra c e l l u l a r  

en z yme s c a t a l y s i n g  t h e  hydr o l y s i s  o f  g l yc i n e  b i l e  a c i d  

c on j u ga t e s  i n  t h e  fun g u s  Cer c o s p ora me l o n i s C B S  1 6 2 . 6 0 w a s  

d e mo n s t r a t e d  b y  t h e  u s e  o f  c e l l - f r e e s y s t em s . Shake f l a s k  

a n d  f e r me n t e r  s tud i e s  w e r e  unde r t a ke n  t o  d e t e rm i n e  env i r onme n t a l  

f a c t o r s  f a vo u r i n g  h i gh f r e e  b i l e  a c id y i e l d s . Two maj o r  

f a c t o r s  w e r e  o b s e rv e d  t o  r e du c e  s uch y i e l d s . The s e  w e r e  t h e  

b in d i ng o f  t h e  b i l e  a c i d  t o  t h e  myc e l ium a n d  t h e  d e g r a da t i o n  

o f  f r e e  b i l e  a c i d s  t o  n o n - s t e r o i d a l  p ro duc t s  b y  t he fungu s .  

Who l e - c e l l c u l t u r e s  o f  C .  me l o n i s e x h i b i t e d p o o r  u t i l i s a t i o n  o f  

t a u r i n e  c o n j u g a t e s  w i t h  no c o n c om i t an t  p r o duc t i o n  o f  f r e e  b i l e 

a c i d . I nc ub a t i o n  o f  s yn t he t i c  b i l e c o n j u g a t e  a na l o gue s w i t h  

C .  me l o n i s a n d  t h e  u s e  o f  c e l l - fr e e  s y s t em s  s ug g e s t ed t h a t  

t h i s  wa s du e t o  t wo m a j o r  f a c t o r s : f i r s t l y ,  t h e  s p e c i f i c i t y  

o f  t he e x t r a c e l l u l a r e n z yme f o r  a - am i n o c a r b o xy l i c  a c i d  

c o n j ug a t e s  a n d  s e c o nd l y , t he a p p a r e n t  i n ab i l i ty o f  t aur i n e  

c o n j u g a t e s  t o  g a i n  a c c e s s  t o  a c o n s t i t u t i v e , in t r ac e l lu l a r  

c ho l an o y l  t au r ine hyd r o l a s e . I t  i s  p ro p o s e d  t ha t  the  p o o r  

p e rm e a b i l i t y  o f  the  fun ga l c e l l  m emb r a n e  i s  r e s p o n s i b l e . H e n c e , 

t he l o w  a c t i v i t y o f  w ho l e - c e l l  c u l tu r e s o f  C .  me l o n i s  o n  

t au r i n e  c on j u ga t e s  s u g g e s t s  t ha t  an i n du s t r i a l  p ro c e s s  emp l o y i n g  

t he�fung a l  hydro l y s i s  o f  g a l l  i s  no t f e a s i b l e . 

C ompa r a t i v e  s tud i e s  w i t h C u r v u l a r i a  fa l l ax I FO 8 8 8 5  showe d t h a t  

i t  p o s s e s s e d supe r i o r  s p e c i f i c  hydr o l a s e  a c t i v i t y o n  g l yc o 

d e o x y c h o l i c ac i d  comp a r e d  t o  C .  me l o n i s ,  a l t hough t h i s  i s  no t 

appa r e n t  f r o m  qua l i t a t i ve s c r e e n in g . 

The a b i l i t i e s  o f  C .  me l o n i s ,  Curv u l a r i a  c o i c i s  I FO 7 2 7 8 a n d  

A spergi l l u s  o c h ra ceu s I FO 4 0 7 1  ( W i l he l m )  t o  7 a - dehydroxy l a t e  

c ho l i c  a c i d  and i t s n a t u r a l  c o n j u ga t e s  w e r e  i n v e s t i g a t e d . 

De s p i t e  t he p r e s en c e  o f  an a p p a r en t l y  c o n s t i t u t i v e , i n t r a 

c e l l u l a r  7 a - hyd rox y c ho l a n o y l  d e hyd roxy l a s e  in t h e s e  o r g a n i sm s , 

o n l y  l ow y i e l d s  o f  d e h yd r o x y l a t ed p rodu c t s  we r e  ob t a ined w i t h  

who l e - c e l l  c u l tur e s . 
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p e p t o n e  med ium . 6 7  

4 . 7  The hydr o l y s i s  o f  1 0 g l - 1 g l y c o d e o x y c ho l i c a c i d  
i n  s ha k e  f l a s k  b y  C .  me l o n i s  g rown o n  g l uco s e -
p e p t o n e  me d i um . 68 

4 . 8  The " r a t e "  o f  g l yc o d e o xych o l i c a c i d  ut i l i s a t i on 
v s . t he i n i t i a l  s ub s t r a t e  c onc e n t r a t i o n  i n  s ha k e  
f l a s k  c u l tu r e s  o f  C .  me l o n i s .  7 0  

4 . 9  The e f f e c t  o f  c y c l o he x im i de add i t i o n  t o  g rown 
cu l tu r e s  o f  C .  me l o n i s i n c u b a t e d  i n  g l uco s e -
p e p t o n e  med ium . 7 3  

4 . 1 0 The hydr o l y s i s  o f  O . S g l
- 1  

g lyc o d e o xycho l i c a c i d  
by c u l t ure s o f  C .  me l o n i s p r e t r e a t e d  w i t h  c yc l o -
hex i m i de . 7 4  

4 . 1 1 The e f fe c t  o f  8 - hydro xyqu i no l i ne o n  the  dry  we i ght 
o f  C. me l o n i s  g rown in g l u c o s e - p e p t one med ium 
c o n t a in i n g  O . S g l - 1  g l yc o d e o x ycho l i c  ac i d . 8 3  



4 . 1 2 

4 . 1 3 

4 . 1 4 

4 . 1 5 

4 . 1 6 

4 . 1 7 

4 . 1 8 

4 . 1 9 

4 .  2 0 

4 . 2 1 

4 . 2 2  

4 . 2 3 

4 . 2 4 

4 . 2 5  

T h e  e ff e c t o f  0 . 3 4 mm o l l - l  8 - hydro xyqu i n o l ine  
o n  t he hydro l y s i s  o f  0 . 5 g l - l  g l yc o de o xyc ho l i c  
a c i d  b y  C .  me l o n i s . 

- 1  -1 T h e  e f f e c t  o f  0 . 6 8 mm o l l  and 1 . 3 6mmo l l  _1 
8 - hydroxyqu i no l i n e  on t he hydr o l y s i s  o f  0 . 5 g l  
g l y c o d e o x ycho l i c  a c i d  b y  C .  me l o n i s . 

The d i s a p p e a rance  o f  0 . 5 g l - l 
d e o xycho l i c ac i d  

from c u l t u r e s  o f  C .  me l o n i s  g rown o n  g l uc o s e 
p e p t o n e  med ium . 

- 1  
The c o u r s e  o f  t h e  hydr o l y s i s  o f  0 . 5 g l  g l yco -
d e o xy c ho l i c a c i d  b y  C .  me l o n i s  i n  t h e  f e rmen t e r  
u s i n g  g l uc o s e - p e p t o n e  me d ium .  

S p e c i f i c  r a t e s  o f  g ly c o d e o xy c ho l i c  a c i d  
d i s ap p e a r an c e  and d e oxycho l i c a c i d  a c cumu l a t i o n  
i n  t h e  fe rmen t e r . 

The e f f e c t  o f  r e duc e d  a e r a t i on o n  t h e  hydro l y s i s  
o f  O . S g l - 1  g l yc o d e o xycho l i c a c i d  b y  C .  me l o n i s  
g r own o n  g luco s e - p e p t o n e  m e d i um i n  a fe rmen t e r . 

The e f f e c t  o f  l ac t o s e  o n  t he hydr o l y s i s  o f  
0 . 5 g l - l  g l ycodeoxyc ho l i c a c i d  by C .  me l o n i s  g rown 
i n  l a c t o s e - p e p t on e  m e d i um i n  a f e rmen t e r . 

The e f f e c t  o f  i n c r emen t a l  g l uc o s e  a dd i t i on on 
t he hydr o l y s i s  o f  0 . 5g l - l  g l yc o d e oxycho l i c a c i d  
b y  C .  me l o n i s  g r own o n  g l u c o s e - p e p t o n e  med ium 
i n  a f e rmente r .  

S p e c i f i c  r a t e s  o f  g l yc o d e o x y c ho l i c  a c i d  
d i s ap p e a r ance  a n d  d e oxycho l i c  ac i d  a c cumu l a t i o n  
i n  t he fe rmen t e r . 

The hyd r o l ys i s  o f  0 . 5 g l - l  g l y c o d e o x ycho l i c ac i d  
a t  p H  5 . 5 b y  C .  me l o n i s  g rown i n  g lu c o s e - p e p t o n e  
m e d i um i n  a fe rme n te r .  

The g r ow t h  and u t i l i s a t i o n  o f  g l u c o s e  by  
C .  me l o n i s a t  pH  7 . 5  i n  a f e rmen t e r ,  i n  g l uc o s e 
p e p t o n e  med ium c on t a in i n g  O . S g l - 1  g l yc o de o xycho l i c 
a c i d . 

S p e c i f i c  r a t e s  o f  g ly c o d e o xy c ho l i c a c i d  
d i s app e a ran ce  a n d  d e oxycholic a c i d  a c cumu l at i on 
i n  t h e  f e rme n t e r  a t  pH 5 . 5 .  

The  e f f e c t  o f  var i ab l e s  a n d  t he i r  c omb i n a t ions  
o n  t he max imum y i e l d  of  d e o xyc ho l i c ac i d  from 
hyd r o l y s i s  in  t h e  fe rmen t e r .  

The hydro lys i s  o f  O . S g l - l  g l yc o c ho l i c a c i d  by  
C .  me l o n i s  grown o n  g lu c o s e - p e p t o n e  medium 1n  
a fe rmen t e r . 

v i i i  

8 4  

8 5  

8 8  

9 1  

9 3  

9 5  

9 6  

9 9  

1 0 0  

1 0 2  

1 0 3  

1 0 4  

1 0 6  

1 1 8  



4 . 2 6 

5 . 1 

Spec i f i c  r a t e s  o f  g l y c o c ho l i c a c i d  d i sapp e a r a n c e 
and p r o duc t a c c umu l a t i o n  i n  a f e rmen t e r . 

The g r o w t h  o f  C .  me l o n i s  i n  s ha k e  f l a s k  u s i n g  
t aurocho l a t e  w i t h , and  w i t ho u t , t aur i ne a s  a 
s o l e  s u l p h u r  s ou r c e .  

5 . 2 Tau r o c h o l a t e  c o n c e n t ra t i o n s  i n  C .  me l o n i s  
c u l t u r e s :  w i t h t au r o c ho l a t e  a s  s o l e  s u l p hur  
sourc e .  

5 . 3  

5 . 4  

5 .  5 

5 .  6 

5 . 7 

5 . 8  

5 . 9  

5 . 1 0 

5 . 1 1 

6 . 1  

6 . 2  

Tau r o c h o l a t e  c o n c e n t r a t i o n s  i n  C .  me l on i s  
cu l tu r e s :  w i t h  t au r o c ho l a t e  and t aur i n e  as  
s u l p hu r  s ou rc e . 

The myc e l i a l  dry  w e i gh t  o f  C .  me l o n i s  a n d  l a c t o s e  
conc e n t r a t i o n s  i n  t h e  p r e s en c e  o f  0 . 5 g l - l  
t au r o c h o l a t e  i n  a f e rme n t e r . 

B i l e  a c i d  c o n c en t r a t i o n  i n  s h a k e  f l a s k  c u l tu r e s  
o f  C .  me l o n i s  c o n t a in i ng  0 . 5 g l - l  e a c h  o f  
t au r o c h o l a t e  and g l y c o d e o x yc ho l i c  a c i d i n  
g l uco s e - p e p t o n e  m e d ium . 

The g r o w t h o f  C .  me l o n i s o n  v a r i ou s  am i n o  a c i d s  
p r o v i d e d  a s  s o l e n i t r o g e n  s ou r c e s . 

- 1  The hydr o l y s i s  o f  0 . 5 g l  N - ( a - a l an o ) - de oxy -
c ho l i c  a c i d  b y  C .  me l o n i s g rown i n  s ha k e  f l a s k  
cu l tu r e s o n  g lu c o s e - pe p t o n e  med ium . 

The c o n c e n t r a t i o n  o f  0 . 5 g l
- l  

N - ( B - a l ano ) 
deoxy c ho l i c a c i d  i n  s ha k e  f l a s k  c u l ture s o f  
C .  me l o n i s  g r own o n  g luco s e - p e p t o n e  med ium . 

The c o n c e n t r a t i on o f  N - ( a - am i nome thane s u l phony l ) 
deoxyc ho l a t e  i n  C .  me l o n i s  s ha k e  f l a s k  cu l tu r e s  
grown o n  g luc o s e - p e p t o ne m e d i um . 

The c o n c e n t r a t i o n  o f  s o d i um t aur ode oxycho l a t e  
i n  C .  me l on i s  s h a k e  f l a s k  c u l tur e s  g r own o n  
g l uc o s e - p e p t o n e  m e d i um .  

The e f f e c t o f  c y c l o he x im i de o n  t h e  hydr o l y s i s  o f  
0 . 5 g l - l  t au r o c ho l at e  b y  C .  me lon i s  g r ow n  i n  
g l uc o s e - p e p t one  m e d ium .  

The hydro l ys i s  o f  0 . 5 g l
- l  

g l ycodeoxycho l i c a c i d  
by C .  fa l l ax i n  s ha k e  f l a s k s  c o n ta i n in g  g lu c o s e 
pep t o n e  m e d ium . 

The hydro l y s i s  o f  l . Og l
- l  

g l ycodeo xycho l i c a c i d  
by  C .  fa l l ax i n  s ha k e  f l a s k s  c on t a i n i n g g l u c o s e 
pep t o n e  m e d i um .  

i x  

1 2 0  

1 2 7  

1 2 8  

1 2 8  

1 2 9  

1 3 1  

1 3 4 

1 3 7  

1 3 8  

1 3 9  

1 3 9 

1 4 4  

1 5 1  

1 5 2  



6 .  3 

6 .  4 

6 . 5  

6 . 6  

6 .  7 

6 . 8  

7 . 1  

7 . 2  

The hyd r o l y s i s  o f  5 . 0 g l - l 
g l yco d e o xycho l i c a c i d 

b y  C .  fa Z Z ax i n  s ha k e  f l a s k s  c on t a in i n g  g l uc o s e 
p e p t on e  me d i um .  

The  hydr o l y s i s  o f  l Og l
- 1  

g l y c o d e o xycho l i c a c i d  
b y  C .  fa Z Z ax i n  shake  f l a s k s c on t a in i n g  g l u c o s e 
p e p t o n e  me d i um . 

The  e x t e n t  o f  g lyco d e o x y c ho l i c a c i d  ut i l i s a t i on 
v s . t he i n i t i a l  sub s t ra t e  c o nc e n t r a t i o n  i n  s hake  
f l a s k  c u l t u r e s  o f  C .  fa Z Z ax . 

- 1  
The e f f e c t  o f  0 . 5 g l  t au r o c ho l a t e on t h e  
hydr o l y s i s  o f  0 . 5 g l - 1 g l yc o d e oxyc ho l i c  a c i d  by  
s ha k e  f l a s k  c u l t u r e s o f  C .  fa Z Z ax grown in  g luc o s e 
p e p t o n e  m e d i um . 

The hyd r o l y s i s  o f  0 . 5 g l - 1  g l y c o d e oxyc ho l i c a c i d  
i n  a f e rmen t e r  b y  C .  fa Z Z ax g ro wn i n  g l u c o s e 
p e p t o n e  m e d i um . 

The s p e c i f i c  r a t e s  o f  g l y c o d e o xycho l i c a c i d  
hydr o l y s i s  b y  C .  fa Z Z ax i n  a fermen te r .  

The g r owth o f  C .  coi c i s  i n  s ha k e  f l a s k  c u l t u r e s  
o f  g l u co s e - p e p t o n e  med i u m  c o n t a i n i n g  1 . 0 g l - l o f  
g l yc o cho l i c a c i d . 

The hydr o l y s i s  and 7 a - d e hydroxy l a t i on o f  1 . 0 g l
- l  

g l y c o c ho l i c  a c i d  in s h a k e  f l a s k  c u l tur e s  o f  
C .  c o i c i s  g r own i n  g l uc o s e - pep t o n e  med i um . 

X 

1 5 3  

1 5 4  

1 5 6  

1 5 8  

1 6 0  

1 6 1  

1 6 7  

1 6 8  



L I ST O F  TAB LES 

2 . 1 

2 .  2 

2 . 3  

3 . 1  

3 . 2 

3 . 3  

3 . 4  

3 . 5 

3 . 6  

3 . 7  

3 . 8  

Some p rop e r t i e s  o f  c ommo n b i l e  a c i d s . 

T h e  ab i l i t y  o f  fung i t o  hydr o l y s e  b i l e  a c i d  
c on j u g a t e s  i n  s ha k e  f l a s k  cu l tu re . 

Rep o rt e d  f u n g a l  7 a - d e hydroxy l a t i on , and 
c o n c om i t a n t  p r o duc t s , o f  b i l e  a c i d s . 

T h e  g l uc o s e - p e p t o n e  m e d ium . 

T h e  s u l p hu r - de f i c i e nt med ium . 

Da t a  f r o m  t he g l yc i n e  and t au r i n e  b i l e a c i d  
c on j ug a t e  s y n t he s e s . 

T h e  c h a r a c t e r i s a t i o n  o f  t he s yn t he t i c c o n j uga t e s . 

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

Fo rmul a e  s ug g e s t e d  f o r  N - (S- a l a no ) 
de oxycho l i c a c i d . 

Re c o v e r i e s  o f  b i l e  a c i d s by c h l o ro fo rm e x t rac t i o n . 

R e c o ve r i e s  o f  b i l e  a c i d  from me d i um by  f r e e z e 
d r y  e x t r ac t i on .  

4 . 1  T h e  l o s s  o f  b i l e  a c i d  a t  d i f fe r e n t  g l yc o d e o xyc ho l i c 
a c i d  c o n c e n t r a t i on s . 

4 .  2 

4 . 3  

4 . 4  

4 . 5  

4 . 6  

5 . 1 

7 .  1 

T h e  hydro l y s i s  o f  g l y c ine  c o n j u g a t e s  b y  c e l l - fr e e  
s y s t ems o f  C .  me l o n i s . 

B i l e  a c i d  b i n d i n g  t o  m yc e l ium o f  C .  me l o n i s . 

C h r oma t o g rap h i c  p r o p e r t i e s  o f  me tabo l i t e s  A and  B .  

F r a gme n t a t i o n  p a t t e r n s  o f  me t a b o l i t e s  A a n d  B .  

C h r oma t o g rap h i c  p r o p e r t i e s  o f  c omp ound X .  

T h e  hydr o l y s i s  o f  b i l e  ac i d  c o n j ug a t e s  b y  c e l l 
f r e e  s ys t em s  o f  C .  me l o ni s .  

P r oduc t s  f r om t he i nc uba t i o n  o f  b i l e  a c i d s  w i t h  
t h e  c e l l - f r e e  s y s t ems . 

Xl 
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1 2  

1 7  

2 2  

2 3  

2 5  

2 7  

3 3  

5 3  

s s  

5 6  

6 5  

6 9  

7 9  
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1 1 9  
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x i i 

B I LE AC I D  NOMENC LATURE 

T h e  t r i v i a l  name s u s e d  for . b i l e  a c i d s  a r e  g i v e n , fo l l owe d b y  t h e  

a b b r ev i a t i o n s  emp l o y e d , i n  b r a c k e t s ,  and the i r  I . U . P . A . C .  

s y s t emat i c  c hem i c a l  names  ( I . U . P . A . C . - I . U . B . , 1 9 6 9 ) . 

Cho l i c a c i d  ( CA )  

Che n o d e o xy c ho l i c a c i d  

De hydro c ho l i c a c i d  

D e oxycho l i c a c i d  ( DC )  

3 a , 7 a , l 2 a - t r i hyd roxy - 5S - cho l an - 2 4 - o i c 

a c i d . 

3 a , 7 a - d i hy d r o x y - 5 8 - c ho l an - 2 4 - o i c  a c i d .  

= 3 a , 7 a , l 2 a - t r i o xo - 58 - c ho l an - 2 4 - o i c a c i d . 

= 3 a , l 2 a - d i hydroxy - 5S- c ho l an - 2 4 - o i c  a c i d . 

Li t ho c ho l i c  a c i d  3 a - hydroxy - 5 S - c h o l a n - 2 4 - o i c  ac i d . 

N - ( a - a l an o ) �d e o xy c ho l i c ac i d  ( a -AD)  = 3 a , l 2a - d i hydroxy - 5S- c ho l a n -

2 4 - o y l - a - a l an i n e . 

N - ( S- a l an o ) - de o xycho l i c ac i d  ( S- A D )  = 3 a , l 2a - d i hydrox y - 5S- c ho l an -

2 4 - o y l - S - a l an i n e . 

N - ( a - am i n om e t ha n e s u l phony l ) -

de o xycho l i c a c i d  ( N a - a - AMSD )  = 3 a , l 2 a - d i hydroxy - 5 S- c ho l an - 2 4 - o y l 

a - am i nome t h a n e s ulpho n i c a c i d . 

G l yc o c ho l i c a c i d ( G C )  3 a , 7 a , 1 2 a - t r i hy d r oxy - S S - c ho l an - 2 4 -

o y l g l yc i n e . 

G l y c o c heno d e o x y c ho l i c a c i d = 3 a , 7 a - d i hyd r o xy - 5S- c ho l a n - 2 4 -

o y l g l yc i n e . 

G l yc o d e o xy c ho l i c ac i d  ( GD)  = 3 a , l 2 a - d i hy d r oxy - 5S - cho l an - 2 4 -

oy l g l yc i n e . 

T au r o c ho l i c  a c i d  ( NaT C )  = 3a , 7 a , 1 2 a - t r i h y d r oxy - 5S- c ho l an - 2 4 -

o y l t au r i ne . 

T au r o c h en o d e o xy c ho l i c  a c i d = 3 a , 7 a - d i h y d r o xy - 5S- c ho l an - 2 4 -

oy l t au r i n e . 

T au rode oxyc ho l i c ac i d  ( NaTD) = 3 a , 1 2 a - d i hydroxy - S S- c ho l an - 2 4 -

o y l t a u r i n e . 

T h e  t e rm " f r e e  b i l e  a c i d" d e no t e s  a b i l e  a c i d w i t h  an  un s ub s t i tu t e d  

C - 2 4 c a rb o x y l i c ac i d  g r oup . S u l phon i c  a c id  c o n j ug a t e s  w i l l  b e  

u s ua l l y  r e f e r r e d  t o  a s  t he s o d ium s a l t . 



x i i i  

ABBREV I AT I ONS 

Abb r e v i a t i o n s  o f  u n i t s : 

a mu 
o C 

d 

g 

X g 

h 

1 

m 

M 

m / e  

m i n  

mmo l 

Pa  

p s 1  

rpm 

a t o m i c  ma s s  un i t s  

d e g r e e s  C e l S i u s  

d a y  

g r a m  

g r a v i t a t i o n a l a c c e l e r a t i o n  (ms - 2
) 

h o u r  

l i t re 

m e t r e  

mo l e  p e r  l i t r e 

ma s s: c h a r g e  r a t i o  

m i n u t e  

m i l l i mo l e  p e r  l i t re  

p a s c a l  (Newton  p e r  s qu a r e  me t r e )  

p o un d  p e r  s q ua re i n c h  

r e vo l u t i o n s  p e r  m i nu t e  

O t h e r a b b r e v i a t i o n s :  

ACC 

ATC C  

c a l c d .  

CBS  

D . O .  

hp l c  

HUT 

8HQ 

I .  D .  

I FO 

I M I  

I R  

L i t . 

m.p . 

R.o 

t l c  

A k e r s  Cu l tu r e  C o l l e c t i on o f  Imp e r i a l  Chem i c a l  

I nd u s t r i e s  L t d . 

Ame r i c a n  Typ e C u l t u r e  C o l l ec t i o n  

c a l cu l a t e d  

C e n t r a a l b u r e a u  vo o r  S c h i mme l cu l t u r e s  

D i s s o l v e d  oxyg e n  

h i g h  p e r f o rmance  l i q u i d  c hroma t o g r aphy 

H i ro s h ima U n i v e r s i t y , F a cu l ty o f  E n g ine e r i n g  

8 - Hydro xyqu i no l i n e  

I n t e rna l d i a me t e r  

I n s t i t u t e  fo r F e rme n t a t i o n ,  O s a k a 

C ommonwe a l t h Myco l o g i c a l  I n s t i t u t e  

I n f r a - r e d  

L i t e ra t u r e  

m e l t i ng p o i n t  

T l c  mo b i l i t y  o f  a c o mp ound r e l a t i ve to  t h e  s o l v e n t  

f r o n t  mob i l i t y  

t h i n  l a ye r c h roma t o g r a phy 
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P RE L UDE 



1 .  P RE L UDE 

The f r e e  b i l e a c i d s , c ho l i c a c i d  and d e oxycho l i c aci d , 

a r e  u s e d  i n dus t r i a l l y  o ve r s e a s  a s  f e e d s t o c k  fo r t he 

c h em i c a l  s y n t he s i s  o f  c o r t i c o s t e r o i d s , d e s p i t e  t h e  

d e v e l o p m e n t  o f  t h e  mo r e  e f f i c i e n t  m i c r o b i a l  rout e v i a  

p r o g e s t e r o n e . N e w  Z e a l an d  c u r r e n t l y  expo r t s  $2 m i l l i o n  

wo r t h  o f  t h e s e  a c i d s . Howev e r , i t  wo u l d  g r e a t l y  b e n e f i t  

New Z e a l a n d  i f  t h e y  w e r e  e i t h e r  fu r t h e r  p r o c e s s e d  i n  t h i s  

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

b i l e  a c i d  p r o duc t i o n  p r o c e s s  wa s made mo r e  e f f i c i en t . I n  

t h i s  r e g a r d , a m i c r o b i a l  p ro c e s s  wou l d  b e  m o r e  s u i t e d t o  
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New Z e a l a nd  cond i t i o n s  t han c h em i c a l  c o nv e r s i o n , ma i n l y  

b e c au s e  o f  t h e  c o s t  o f  imp o r t e d  c h em i c a l s  and  t h e  t e c hn o l o g y  

r e qu i r e d  f o r  t h e  l a t t e r . 

The  B i o t e c hno l o gy  D e p a r tment o f  Ma s s e y  Un i v e r s i t y  h a s  had  

a l o ng i nvo l vement w i t h  t h e  i n dus t r i a l  pro c e s s 1 n g  of  b i l e  

a c i d s  a n d  i n ve s t i ga t i o n s  a r e  p re s e n t l y  b e i n g  c o nduc t e d 

i n t o  t h e  f e a s ib i l i t y  o f  u s i n g  ana e r o b i c  ba c t e r i a  a nd/ o r  

fun g i  fo r furthe r t ra n s fo rma t i o n . Th i s  t he s i s  de sc r i b e s  

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

pa rt i c u l a r  empha s i s  o n  the  hyd ro l y s i s  o f  t h e  b i l e  ac id  

c o n j ug a t e s  found in  c a t t l e  a nd sheep  g a l l . 

A l though fun g i  h a v e  demo n s t r a t e d m u l t i p l e  t r a n s fo rma t i o n  

a b i l i t i e s  o n  a w i d e  v a r i e t y o f  s t e r o i d  sub s t r a t e s , r ep o r t s  

o f  t h e i r  a c t i o n  o n  b i l e  a c i d s  a re s c a r c e . Howev e r , f r om 

a comme r c i a l  po i n t  o f  v i ew, a fung a l  f e rm e n t a t i o n  ha s 

s ev e r a l  d i s t i n c t  advant a g e s  t o  one  u s i ng a n a e r o b i c  b a c t e r i a . 

The s e  i n c l ude t h e  e a s e  w i th wh i c h  t h e  myc e l ium c a n  b e  

s ep a ra t e d  f rom t h e  ferment a t i o n  b r o t h , t h e  r e l a t i v e l y  

s imp l e  n u t r i t i o n a l r e qu i r em e n t s o f  fun g i a n d  t h e  r e l a t i v e  

" c l e a nn e s s "  o f  t h e  f e rment a t i o n  l i qu o r  comp a r e d  t o  t h a t  

o f  ana e r o b i c  m i c r o o rg a n i sms . 

I ndu s t r i a l l y ,  t h e  hyd ro l y s i s  o f  t h e  b i l e  a c i d  c o n j ugat e s  

1 n  c a t t l e  a nd s h e e p  ga l l  i s  p e r fo rm e d  u s i n g  s o d ium hyd ro x i d e  

at 1 2 0 °C f o r 3 - 6  hou r s  ( Ga r l a n d , 1 9 7 7 ) . Howev e r , s e v e r a l 



wo r k e r s  hav e  r e p o r t e d  c o n s i d e rab l e  l o s s e s  o f  b i l e  a c i d  

dur i ng t h i s  a l k a l i n e  hydro l y s i s p ro c edure . Ro s e l eur 

and v a n  Gent  ( 1 9 7 6 )  found t h a t  a f t e r  hydro l y s i s  w i t h  2M 
s o d i um hyd r o x i d e  a t  1 2 0 °C f o r  3 h o u r s , r e c o v e r i e s  o f  c ho l i c 

a c i d  f r o m  s o d i um t au r o c h o l a t e  we r e  4 0 %  and f rom g l yco c ho l i c 

a c i d ,  7 0 % ; r e c ove r i e s  o f  c h e no d e oxycho l i c a c i d  from 

s o d i um t au r o c henodeoxycho l a t e  w e r e  6 0 %  and f r om g l yc o c h e n o -

d e o x y c ho l i c a c i d , 4 0 % . N a i r  a n d  G a r c i a  ( 1 9 6 9 )  r e po r t e d  

l o s s e s  o f  2 0 %  a nd 1 2 %  w i t h  g l yc o c ho l i c ac i d  and s o d i um 

t a u ro c ho l a t e  r e s p e c t iv e l y  u s i n g  a n  o p t ima l hydro l y s i s  

s c h eme and t h e y  a l s o found  t h a t  d i hydroxy c ho l an i c  a c i d  

c o n j ug a t e s  w e r e  pa r t i c u l a r l y  vu l n e r ab l e  t o  l o s s e s . Ga r l and 

( 1 9 7 7 )  g i v e s r e c ov e r i e s  o f  c ho l i c a c i d  a s  9 5 %  and 8 0 - 8 5 %  

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

T h e  f r e e  b i l e  a c i d s , howeve r , a r e  s t ab l e  t o  a l ka l i n e  

h y d r o l ys i s  ( Ro s e l eur  a n d  van  G e n t , 1 9 7 6 ; L e p a g e  et a l , 

1 9 7 8 ) . The s e  data  v a r y  c on s i d e r ab l y  but t h i s  may b e  due 

to  t he d i f fe r e n t  s c a l e  o f  o p e r a t i o n  emp l o y e d . B o t h  

Ro s e l eu r  a n d  v a n  G e n t  a n d  Na i r  a n d  G a r c ia w o r k e d  w i t h  

m i l l i g r am q u a n t i t i e s  w i t h wh i c h  l o s s e s  due t o  exp e r imen t a l 

h an d l i n g  wo u l d  be p r op o r t i o na t e l y  h i gher  t han  t ho s e  o f  

G a r l an d  who u s e d  g ram q u a n t i t i e s . Howev e r , even the  

l ow e r  l o s s e s  of  p roduc t i n  an  i n du s t r i a l  a l k a l i n e  

hyd ro l y s i s  p ro c e s s  r ema i n  e c o nom i c a l l y  sub s t an t i a l . 

C o n s e qu e n t l y  t h e dev e l opment  o f  a n  e f f i c i en t  m i c r ob i a l  

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

f r e e  b i l e  a c i d s  cou l d  b e  fu r t he r t ra n s formed t o  m o r e  

v a l uab l e  p r o duc t s  i n  t h e  s am e  f e rm en t a t i on . 

I n i t i a l  wo r k  i n  t h i s d e p a r t m e n t  h a s  made a n  o b v i o u s  

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

a n d  t au r i n e - c o n j uga t e d b i l e  a c i d s  t o  fung a l  hydr o l y s i s . 

T h e r e fo r e  t h e  p r e s e n t  r e s e a r c h  p r o g ramme wa s deve l o p e d  

t o  i n ve s t i g a t e  the hyd ro l y s i s  o f  e a c h  t yp e  i nd iv i dua l l y . 

I n  o rd e r  fo r t he r e s e a r c h  t o  b e  p e r fo rmed i n  d e p t h  t he 

i nv e s t i ga t i o n was  c on f i n e d  ma i n l y  t o  one o rg an i sm ,  

Cer c o s p o r a  me l o ni s .  Qua n t i t a t i ve ana l y s i s  o f  the 

hyd r o l y s i s  o f  g l yc i n e  c o nj u g a t e s  was  unde r t a k en , and 

s i nc e g l y c o d e o xycho l i c  a c id  r e t u rned  the  p o o r e r  yie l d , 

wo r k  wa s c o n c e n t ra t e d o n  t h i s  c o njug a t e  w i t h the  a im o f  
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max im i s i ng t h e  p r oduc t iv i t y o f  t h e  f e rme n t a t i o n. Dur i n g  

t h e  w o r k  s ome p ro p e r t i e s  o f  t h e  hydr o l a s e  s y s t em and s ome 

un f a v o u r ab l e  c h a r a c t e r i s t i c s  of  t he ferment a t i o n  we r e  

i nv e s t i g a t e d . A l s o , a n  a n a l y s i s  o f  the  e f fe c t s  o f  s e l e c t e d 

e n v i r o nme n t a l  f a c t o r s  a n d  s ub s t ra t e  c o n c en t r a t i o n s  wa s 

p e r fo rmed. T h i s  r e s e a r c h  i s  p r e s e n t e d  i n  Chapt er  4 .  

S imu l t an e ou s l y , t h e  r e s i s t an c e  o f  t a u r i n e - c o n j uga t e d  b i l e 

a c i d s  t o  fun g a l  hydro l y s i s  wa s s tu d i e d u s i n g  C. me L o ni s . 

A s  t h e s e  c o n j u g a t e s  c o mp r i s e  e a  5 0 %  o f  the  b i l e  a c i d  

s ub s t r a t e  i n  c a t t l e  a n d  s he e p g a l l , the i r  r e c a l c i t r a nc e 

wou l d  n e g a t e  a fun g a l  h y d r o l y s i s  p r o c e s s . The fa i l u r e  

t o  o b t a i n  t h e i r  h yd r o l y s i s  by  t h e  man ipu l a t i o n  o f  s e l e c t e d 

f e rme n t a t i o n  v a r i ab l e s  l e d  t o  a mo r e  fundam e n t a l  a t t emp t 

t o  i d e n t i fy t h e  fac t o r s  r e s po n s i b l e  fo r the i r  rec a l c i t r a nc e . 

Th i s  wo rk  i s  c o n t a i n e d  i n  Cha p t e r  5 .  

I n  C h ap t e r  6 ,  a c omp a r a t i v e  s t udy o f  two fung i ,  C. me L o n i s  

a n d  C u r v u L a r i a  fa L L ax i s  p r e s e n t e d. I t  wa s c onduc t e d  t o  

o b t a i n  a c omp a r i s o n , a l b e i t  l im i t e d , o f  t h e  v a r i a b i l i t y  o f  

fun g a l  hydro l a s e  a c t i v i t y . Such  know l e d g e  c o u l d  be u s e fu l  

i n  d e t e rm i n i n g  s e n s i t i v e  c r i t e r i a  f o r  t he s c r e e n i n g  o f  

f u n g i for  t h e i r  hyd r o l y s i s  ab i l i t y .  

T h e  p o t e n t i a l  o f  fun g i t o  mod i fy t h e  f r e e  b i l e ac i d s  i n t o  

h i g h e r -v a l ue p r o duc t s  wa s i nve s t i g a t ed to  a l e s s e r  e x t e n t . 

A l t h o u g h  b o t h  c ho l i c a c i d  a n d  d e o xy c ho l i c a c i d  a r e  u s e d  1 n  

t he c h em i c a l  s y n t he s i s  o f  c o r t i c o s t e ro i d s , d e oxycho l i c  

a c i d  i s  appa r en t l y t h e  p r e fe r r e d  s t a r t i ng ma t e r i a l  ( Ga r l and , 

1 9 7 7 ) .  The r e fo re , s in c e  t h e  p r e d o m i n a n t  p r o duc t o f  t h e  

h y d r o l y s i s  o f  c a t t l e  a n d  s h e e p  g a l l  i s  cho l i c ac i d , fun g a l  

7 a - d e hydroxy l a t i o n  wa s s t ud i e d  u s i n g  b o t h C u r v u L a r i a  c o & c & s  

a n d  A s per g i L L u s  o chraceus . 

C ha p t e r  7 .  

Th i s  wo rk  i s  c o n t a i n e d  1 n  
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2 . L I TE RATURE REV I EW 

2 . 1 . B i l e Ac i d s  

2 . 1 . 1 . P r o p e r t i e s  and O r i g i n  

B i l e  a c i d s  a r e  a g r o up o f  s t e r o i d s b a s e d  o n  t h e  s t ruc t u r e  

o f  5 6 - c ho l an i c  a c i d  ( F i gu r e  2 . 1 ) ,  T h e y  are  c ha r a c t e r i s e d  

b y  a n  a c i d i c  s i de c ha i n  and , c o mmon l y , hyd r o x y l  s ub s t i t uen t s  

a t  ca�b o n  3 ,  6 ,  7 a n d  1 2  p o s i t i on s  o f  t he s t e r o i d  r i ng 

nu c l e u s . I n  ve r t e b r a t e s , t he b i l e  a c i d s  are s yn t he s i s ed  

f r om c ho l e s t e r o l  a n d  s ec r e t e d  i n t o  t he b i l e f l uid a ft e r 

c on j ug a t i o n  b y  me a n s  o f  an am i d e  bond  w i t h t h e  amino  

a c i d s  g l yc i ne o r  t au r i ne ( F i gu r e  2 . 2 ) .  T h e y  are  amph i p h i l i c  

mo l e cu l e s  c ap a b l e  o f  a d i v e r s e  r a n g e  o f  phys i c o c hem i ca l 

p ro p e r t i e s  a c c o r d i ng t o  t he d e g r e e  o f  hyd roxy l a tion o f  

t he s t e r o i d  nuc l eu s  and t o  t h e  n a t u r e  o f  t he a m i n o  ac i d  

mo i e t y  i n  t h e  c on j u g a t e d fo rm . The d e t e r g e n t  n a t u r e  o f  

t h e  c o n j u g a t e d b i l e  ac i d s  i s  v i t a l  t o  t h e i r  ma j o r r o l e  i n  

v e r t eb r a t e s , name l y , t o  a i d i n  t h e  a b s o rp t i o n  o f  

t r i g l y c e r i d e s  i n  t he i n t e s t i n e . T a b l e  2 . 1  p r e s e n t s  s ome  

p ro p e r t i e s  of  t h e  b i l e  ac i d  c o n j ug a t e s  no rma l l y  p r e s e nt in  

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

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

r e v i ewed b y  Sma l l  ( 1 9 7 1 ) . 

T h e  ma j o r s o urc e o f  ava i l ab l e  b i l e  a c i d s  in  New Z e a l and 

i s  the  g a l l  o f  c a t t l e  and s h e e p  s l a u g h t e r ed in t he me a t  

w o r k s . G a l l  i s  a m i x ture  o f  c omp o un d s  o f  wh i c h  b i l e a c i d  

c o nj u g a t e s  comp r i s e  7 0 - 7 5 %  o f  t he d r y  we i gh t . The 

p r i nc ipa l c ompo n e n t s a r e the s o d i um s a l t s  of t a u r o c ho l i c  

4 

a c i d ,  t au r o deoxyc ho l i c ac i d , g l yc o c ho l ic ac i d  a n d  

g l yc od e o xyc ho l i c a c i d . The  g l yc i ne:t a u r ine r a t i o  o f  ca t t l e 

a nd s he e p  ga l l  i s  u s ua l l y o n e , wh i l e  t h e  cho l i c :d e oxycho l i c 

a c id r a t i o  i s  2 . 5  t o  3 . 0  ( Ga r l a n d , 1 9 7 7 ) . O t h e r  c o n s t i t u e n t s  

i n  t he s o l i d s  f r a c t i o n i nc l ude b i l i rub i n  p i gme n t s , 

p ho s pho l i p i d s  a n d  muc in ( Ho e h n, 1 9 6 4 ) . 



T ab l e  2 . 1  

Some p r o p e r t i e s  o f  c ommon b i l e  ac i d s  ( Sma l l , 1 9 7 1 )  

B i l e  a c i d
a 

p Ka p H  o f  
p r e c i p i t a t i o n  

b C . M . C .  

CA 

DC  

G C  

G D  

T C  

T D  

2 . 1 .  2 .  

4 . 9 8 6 . 5  

5 . 3 0 6 . 9 2 

3 . 9 5 4 . 3 2 

4 . 6 9 4 . 9 6 

1 .  8 5 

1 .  9 3  

a .  Re f e r  t o  Ab b r ev i a t i o n s . 

- 1  mmo l l  

1 2  

5 

1 0  

4 

1 2  

4 

b .  C r i t i c a l  m i c e l l a r c o n c e n t r a t i o n  o f  
t h e  s o d i um s a l t . 

c .  A s  t h e  s o d i um s a l t . 

B i l e  Ac i d s  a s  M i c r o b i a l  S ub s t r a t e s  

Aque o u s  c 
s o l ub i l i t y  

g l  - 1  

5 6 0  

3 3 4  

A s  s ub s t ra t e s  fo r m i c r o b i a l  t r a n s f o rma t i on ,  b i l e  a c i d s  h a v e  

p ro b l ems i n  c ommo n w i t h  o t h e r  s t e r o i d  c l a s s e s . The  maj o r  

o n e , from t h e  v i ewpo i n t  o f  t he e c o nom i c  v i ab i l i t y  o f  a 

f e rm en t a t i o n  p ro c e s s , i s  t h e  c o n c e n t r a t i o n  a t  wh i c h  t h e y  

c an b e  u s e d  i n  a f e rme n t e r . P r e f e r a b l y , t h i s  s ho u l d  b e  

a s  h i gh a s  p o s s ib l e . Howeve r , c o mme r c i a l  s t e ro i d  

f e rme n t a t i o n s  a r e  l i m i t e d  t o  max i mum c o n c en t r a t i o n s  o f  

1 - 5 % w/v , wh i l e  ma ny o p e r a t e  a t  c o n c e n t r a t i o n s  o f  o n l y  

0 . 0 5 - 0 . 1 0 %  w / v  ( Rho d e s a n d  F l e t c h e r , 1 9 6 6  ; 

Mu r r ay ,  1 9 7 6 ) . The t o x i c i t y o f  b i l e  a c i d s  to  mlc r o 

o r g a n i s ms , t h e i r  t e n d e n c y  t o  c ha n g e  phys i c a l  s t a t e  i n  

s o l u t ion due t o  p H  a n d  c o nc e n t r a t i o n  e f fec t s , and t h e  

f o am i ng pro p e r t y  o f  t he i r s o l ub l e  s a l t s  be low the i r  c r i t i c a l  

m i c e l l a r c o n c e n t r a t i o n  a r e  a l l  c ha ra c t e r i s t i c s  wh i c h  p l a c e  

l i m i t s  o n  b o t h  t h e i r  c o n c ent r a t i o n  i n  a ferme nt a t i o n  and 
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F I GU RE 2 . 1  

F I GURE  2 . 2 

2 

3 

5 8 - c ho l an i c ac i d .  The  p a r e n t  s t ruc t u r e  
fo r b i l e  a c i d s . 

H 

2 2  2 4  
2 1  

COOH �� 
1 2  

1 8  2 0  2 3  

1 6  

1 5  

T h e  s t ruc t u r a l  fo rmu l a e o f  s ome commo n  
b i l e  a c i d s . 

0 
,, c \ 
R

4 

R , .• 
1 

H 

6 

R
1

, R
3

=0H ; R 2
=H ; R4=0H . 

R
1

, R3=0H ; R 2 =H ; R4=NHCH 2 COOH . 

R 1 , R3=0H ; R 2 =H ; R4=NH ( C H 2 ) 2 S0 3 H .  

R 1 , R 2 , R3 , R4 =0H . 

deoxycho l i c a c i d  

g l y c o deoxycho l i c  a c i d  

R 1 , R 2 , R3=0H ; R4 =NHCH 2 C OOH . 

R 1 , R 2 , R3=0H ; R4 =NH ( C H 2 ) 2 so3H .  

t au r o deoxycho l i c  a c i d  

c ho l i c a c i d  

g l yc o c ho l i c a c i d  

t aur o c hol ic  a c i d  



t he env i ronm e n t a l  c o nd i t i o n s  w h i c h  c a n  b e  emp l o yed du r i n g  

f e rme nt a t i o n . 

2 . 1 . 2 . 1 . The  t o x i c i ty o f  b i l e  a c i d s  t o  m i c r o o rgan i s m s  

T h e  p r imary c o n s t r a i n t  o n  b i l e  a c i d  c o nc e n t r a t i o n s  i n  a 

fe rme n t a t i o n  i s  t he i r  t o x i c i t y  t o  t he m i c ro o r g an i sm . No 

da t a  have b e e n  r e po r t e d  f o r  t h e i r  t o x i c  e f f e c t  on f i l am e n t o u s  

fun g i , a l t ho u g h  t h i s a s p e c t  h a s  b e e n  s tu d i e d  us ing  b a c t e r i a . 

Y e s a i r  and H imme l fa rb ( 1 9 7 0 )  r ep o r t e d  t h a t  t h e  growth  o f  

a e r ob i c  bac t e r i a  wa s i nh i b i t e d  a t  l ev e l s  o f  1 . 2 5 %  w / v  o f  

c o n j u ga t e d b i l e  a c i d , wh e r e a s  c o n c e n t r a t i on s  a s  l ow a s  

0 . 2 % w / v  have b e e n  r e po r t ed t o  s upp r e s s  ana e rob i c  b a c t e r i a  

( S h imada e t  a l ,  1 9 6 9 ; F l o c h  e t  a l , 1 9 7 1 ) . 

B i n d e r  et a l  ( 1 9 7 5 )  r e po r t e d  t h a t  t h e  t o x i c i ty o f  b i l e  

a c i d s  to  ba c t e r i a wa s r e duc ed  b y  t he i r  c onj u ga t i o n  w i t h  

g l yc i ne o r  t au r i n e , b y  g r ea t e r h yd r o xy l a t ion  o f  t h e  s t e ro i d  

nuc l e us a n d  b y  t h e  s ub s t i t u t i o n  o f  k e t o  for  hyd r o x y l  

func t i ons . T h i s  dep e n d e n c e  o f  t ox i c i t y on t he sub s t i tu e n t s  
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o f  t h e  s t e r o i d  nuc l e u s  i s  imp o r t an t  i n  t he c o n s i d e r a t i o n  o f  

s ub s t ra t e  c o n c e n t r a t i o n s  s i n c e  t he p r o duc t s  o f  a t r a n s f o rma t i o n  

m a y  b e  mo r e  t o x i c  t h a n  t he sub s t r a t e . I n  add i t i o n , B i nd e r  

e t  a l  found t ha t  b i l e  a c i d  t ox i c i t y  w a s  p H  d e p ende n t , 

inc r e a s ing  a s  pH  de c r e a s e d , s u g g e s t i ng t ha t  t h e  t o x i c i t y  o f  

b i l e  ac ids  w a s  i nv e r s e l y  r e l a t e d t o  t h e i r  d e g r e e  o f  

d i s s o c i a t i o n . B i l e  a c i d  t o x i c i t y t o  m i c r o o r g a n i sms ha s b e e n  

r ep o r t e d t o  b e  r e duc e d  i n  t he p r e s e n c e  o f  pho spho l i p i d s , 

muc i n  and f a t t y  a c i d s , a l l  o f  w h i c h  a r e  compone n t s  o f  g a l l 

( B i nd e r  et a l , 1 9 7 5 ; M i ya s a z k i , 1 9 5 4 . ) . 

Wh i l e  the r e l e van c e  o f  t h e s e  d a t a  t o  f i l amentous  fun g i  i s  

n o t  known , i t  i s  p ro b ab l e  t h a t  t h e  qua l i t a t ive  c o n c l u s i o n s  

a r e  app l i c ab l e . 

2 . 1 . 2 . 2 . The  phy s i c a l  s t a t e  o f  b i l e a c i d s  i n  f e rmen t a t i o n  

b r o t h  

U n l i ke o t h e r  s t e r o i d s , t h e a q u e o u s  s o l ub i l i t y  o f  b i l e  a c i d s  

i s  e x c e l l e n t  i f  t h e y  a r e  p r e s e n t  a s  t he ion i s e d fo rm� 

The i r  s o l ub i l i t y i s  pH d e p e n d e n t  and t h e  f r e e  b i l e a c i d s , 



c ho l i c a n d  d e o xy c ho l i c a c i d s , p r ec i p i t a t e  f r o m  s o l u t i o n  

i f  t he p H  fa l l s  b e l o w  6 . 5  a nd 6 . 9 2 r e spec t i v e l y  ( T ab l e  2 . 1 ) .  

Howev e r , t he s e  f i gu r e s  w e r e  der i v e d  f rom the  b e hav i o u r  o f  

t he p u r e  b i l e  a c i d  i n  s o l ut ion.  Whe r e  b o t h  c o nj uga t e d  and 

fr e e  b i l e a c i d s  a r e  p r e s e n t , as wou l d  be the  c a s e  w i t h  t he 

m i c r o b i a l  hyd r o l y s i s  o f  b i l e  a c i d  c o n j u g a t e s , t h e  pH o f  

p r e c i p i t a t i o n  i s  l owe r e d  s i gn i f i c an t l y  ( Sma l l , 1 9 7 1 ) . 

Even s o , t h e  p H  o f  fun g a l f e rme n t a t i o n s o ft e n  fa l l s  t o  v a l u e s  

o f  p H  3 - 4 du r i n g  g r owt h , ma k i ng t he p r e c i p i t a t i o n  o f  a n y  

f r e e  b i l e  a c i d  p r e s en t  v e r y  l i ke l y . T h e  e f f e c t  o f  t h i s  on 

the  t r a n s f o r m a t i o n  r e a c t i o n  is  unknown a l t h o u g h  it  ha s b e e n  

found t h a t  t h e  m i c r ob i a l  �r ans f o rm a t i o n  o f  s t e r o i d s  c an b e  

dep e n d e n t  t o  a s i gn i f i c a n t  d e g r e e  on the i r  p h y s i c a l  s t a t e  

i n  t h e  m e d i um ( Ma r s hec k ,  1 9 7 1 ) . 

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

c o nc e n t r a t i o n  d e p ende n t  due t o  m i c e l l e  forma t i o n  b y  t h e i r  

s o l ub l e  s a l t s  a b o v e  a c e r t a in c on c e n t r a t i o n , known a s  t he 

c r i t i c a l  m i c e l l a r  c o nc e n t r a t i o n  ( Tab l e  2 . 1 ) . F o r  b o t h  
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d i hyd r o xy a n d  t r i hydroxy b i l e s a l t s , t h i s  c o n c en t ra t i o n  l i e s  

w i th i n  t h e  r a n g e  t h a t  m i gh t  b e  u s e d  i n  a b i l e  a c i d  f e rmenta t i o n  

and , g i v e n  h i gh pH , t he i r  p r e s e n c e  a s  m i c e l l e s  c ou l d  b e  

exp e c t e d . M i c e l l e  fo rma t i o n  b y  s t e r o l s  i s  k nown t o  h i nder 

t he i r  a d s o rp t i o n  t o  hyd r o p ho b i c , o r g a n i c  r e s i n s  (Ma r t i n , 

1 9 7 7 )  and i s  t ho ught t o  b e  a fac t o r  in  p r eve n t i n g  t he i r  

fac i l e  d e g r a d a t i o n  b y  m i c r o o r g a n i s m s  (Jone s a n d  B a s k e v i t c h , 

1 9 7 3 ) . Howev e r , t h e  e f f e c t  o f  m i c e l l e  fo r m a t i o n  on t h e  

t ra n s f o rma t i o n  o f  b i l e a c i d s  h a s  n o t  b e e n  r e p o r t e d . 

Ano t h e r  s u r f a c e - a c t iv e  p ro p e r t y  o f  b i l e  ac i d s  i s  the i r  

ac t i o n  a s  f o am i n g  a g e n t s when b e l ow the i r  c r i t i c a l  m i c e l l a r  

c o n c e n t r a t i o n . F o r  t h i s  re a s on , i t  m a y  b e  ne c e s s a r y  t o  

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

ag i t a t ed fun g a l  fermen t a t i o n s  i f  unc o n t ro l l ab l e  foam i n g  

a n d  i t s  c o n c o m i t an t  p ro b l em s  o f  wa l l  g r owt h  a nd t he l o s s  

o f  f e rm e n t e r  c o n t en t s a r e  t o  b e  avo i ded . 

I n  s umma r y , t h e  pro p e r t i e s  o f  b i l e  a c i d s  i m p o s e  c o n f l i c t ing 

c o n s t r a i n t s  o n  t he i r  u s e  as a sub s t ra t e  fo r m i c rob i a l  

t r a n s fo rma t i o n . H i gh b i l e  ac i d  c o nc ent ra t i o n s  a r e  p r e ferab l e  

s i nc e a h i g h e r e c onom i c  r e turn o n  i n ve s tm e n t  i s  a c h i e v e d  



and c o n c en t r a t i o n s  a b o v e  t h e  c r i t i c a l  m i c e l l a r  concen t r a t i on 

m i n im i s e t h e i r  p rop e r t y  o f  foam p ro duc t i o n . Ye t t he 

t o x i c i ty o f  t he b i l e  a c i d s  t o  m i c r o o r g a n i sms l im i t s  t h e i r  

c o nc e n t r a t i on i n  a f e rm e n t e r  a n d  t h e i r  f o rma t i o n  o f  m i c e l l e s  

a b o v e  t h e i r  c r i t i c a l  m ice l l ar c o n c e n t ra t i o n  may h i n d e r  t h e i r  

f a c i l e  t ra n s f o rma t i o n  b y  m i cr o o r g a n i sm s . Th i s  p r o b l em i s  

made  mo r e  c o mp l e x by  t he r e q u i r emen t  fo r h i g h - va l ue b i l e  

a c i d  p r o duc t s , wh i c h  i n  many c a s e s  a r e  mo r e  t o x i c  t o  m i c r o -

o r g a n i sms  t h a n  t h e  s ub s t r a t e . S in c e  many s t e ro i d  

t ra n s f o rma t i o n s  app e a r  t o  r e su l t  f r om t h e  op e r a t i o n  o f  

m i c r o b i a l  d e t o x i f i c a t i o n  mechan i sm s , t h i s i n f e r s  t ha t , n o t  

o n l y  m a y  t h e  d e s i r ed  t r a n s fo rma t i o n  n o t  b e  p e r fo rmed , b u t  

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

s ub s t i tu e n t s o r  more  hyd r o x y l  func t i o n s , m a y  b e  p roduc ed . 

Howev e r , t h e  dep ende n c e  o f  s ome  o f  t he s e  b i l e  ac id  p r o p e r t i e s  

o n  s o l u t i o n  p H , sugge s t s  t h a t  p H  c on t r o l  o f  t he f e rmen t a t i on 

may h e l p  e l i m i n a t e  c e r t a i n  o f  t he s e  c on s t ra i n t s . 

2 . 2 • T h e  M i c r ob i a l  Hydro l y s i s  o f  B i l e  Ac i d  C o n j u ga t e s  

2 . 2 . 1 . B a c t e r i a l  H y d r o l y s i s  

Rep o r t s  o f  t he m i c r o b i a l  hydro l y s i s  o f  b i l e  a c i d  c o n j ug a t e s  

h a v e  a lmo s t  e x c l u s i v e l y  r e l a t e d t o  t h e  s t udy o f  t he 

a n a e r o b i c  b a c t e r i a l  p o pu l a t i o n  o f  t h e  i n t e s t i n a l  t r ac t . 

The s e  ba c t e r i a  have b e e n  found r e s po n s i b l e  fo r the  c o n v e r s i o n  

o f  c o n j u ga t e d  b i l e a c i d s  t o  t h e  c o r r e s p o nd i ng f r e e  b i l e  

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

o n l y  t he l a t t e r  a r e  d e t e c t ed i n  t h e  f a e c e s . I n  c o n t ra s t , 

b i l e  a c i d s  r e c o v e r e d  f rom t h e  f a e c e s  o f  g e rm - f r e e  a n ima l s  

r ema i n  c o n j u g a t e d  ( D i c k e n s o n  e t  a l ,  1 9 7 1 ) . Rec ent  r e v i ews  

by Haya kawa ( 1 9 7 3 )  a n d  M i d t v e d t  ( 1 9 7 4 )  summa r i s e  t he r e s u l t s  

o f  ex t en s i v e  r e s e a r c h  unde r t a k e n  t o  i nv e s t i g a t e  t he 

hyd r o l ys i s  o f  b i l e  a c i d  c o n j u ga t e s  by i n t e s t i n a l  m i c r o 

o r g a n i sm s  b o t h  i n  v i vo a n d  i n  v i tro . 

Whe r e a s  t h e  hydro l y s i s  o f  b i l e  a c id  c o n j u g a t e s  i s  a c ommon 

t r a n s f o rma t i o n  ab i l i t y  of  i n t e s t i na l  ba c t e r i a  it  1s  qu i t e  

9 

r a r e  fo r o t he r  ba c t e r i a  ( H i l l  a n d  D r a s a r , 1 9 6 8 ; H i l l , 1 9 7 6) .  

I n  a d d i t i o n , t he r e  a r e  few r e p o r t ed i n s t anc e s  o f  the  bac t e r i a l  

hyd ro l y s i s  o f  b i l e a c i d  c o n j u g a t e s  und e r  a e ro b i c  c o nd i t i o n s  



( Hayakawa , 1 9 7 3 ) . 

I n  s ev e r a l c a s e s , t h e  b a c t e r i a l  hydro l a s e  has  b e en i s o l a t e d  

a n d  i t s  p r o p e r t i e s  d e t e rm i n e d  ( Na i r  e t  a l , 1 9 6 7 ; H i l l  a n d  

D r a s a r , 1 9 6 8 ; Ko b a s h i  e t  a l , 1 9 7 8 ) . F o r  mo s t , t he e n z ym e  

wa s repo r t e d  t o  b e  c on s t i tu t i v e  and i n t ra c e l l u l ar , a l t h o u g h  

B i f i d o b a c t e r i a  e l ab o r a t ed e x t r ac e l l u l a r  hydro l a s e s  (Ar i e s  

and H i l l ,  1 9 7 0 a ) . T h e  e n z ym e s  a r e  g e n e r a l l y  a c t i v e  o n  b o t h  

t aur i n e  and g l yc i n e - c o n j u ga t e d b i l e  a c i d s  but  s ome  a r e  

s p e c i f i c  f o r  e i t h e r  type  ( M i d tv e d t , 1 9 7 4 ; Kob a s h i  et a l , 

1 9 7 8 ) . B a c t e r i a l  hydro l a s e s  a r e  n o w  c omme r c i a l l y ava i l ab l e , 

p r i nc i p a l l y  for t h e  ana l y t i c a l  de t e rm i na t i o n  o f  b i l e  a c i d  

c onj u g a t e s . 

2 . 2 . 2 .  Funga l Hydr o l y s i s  

I n  co n t r a s t  t o  t h e  w e a l t h  o f  d a t a  pub l i s hed o n  the  ba c t e r i a l  

hydro l y s i s  o f  b i l e a c i d  c on j ug a t e s , f e w  da t a  have b e e n  

r e p o r t e d  c o nc e r n i n g  fung a l  hyd r o l y s i s . 

G r a s smann and B a s u  ( 1 9 3 1 )  r e p o r t e d  t h e  hydro l y s i s  o f  

g l yc o c ho l i c a c i d  b y  a n  a q u e o u s  ex t ra c t o f  A s pergi l l u s  o ry z ae 

a fte r i nc ub a t i o n  a t  pH 8 . 0  f o r  s ev e n t y  hour s . S o d i um 

t au r o c h o l a t e  wa s n o t  hydr o l y s e d  unde r t h e  s ame  c o nd i t i o n s  

a s  j ud g e d  b y  t i t r a t i o n  w i t h  a l ka l i .  Howev e r , Furu t a  ( 1 9 5 9 )  

i s o l a t e d  c ho l i c a c i d  from t he b r o t h  o f  A spergi l l u s  n iger 

g r own o n  a mo d i f i e d  C z ap e k  me d i um c o n t a i n i n g  0 . 2 5 %  w/ v s o d i um 

t au r o c h o l a t e . The  y i e l d  o f  c ho l i c a c i d  wa s 7 %  a ft e r  

t w en t y  d a y s  a e r o b i c  i n c ub a t i o n  a t  2 8 °C .  T o  i s o l a t e  t h e  

b i l e  a c i d s , Fur u t a  r emov e d  t h e  myc e l i um b y  f i l t ra t i o n , 

a c i d i f i ed the cu l tu r e  b r o t h  w i t h  d i l u t e  hydr o c h l o r i c  a c i d  

a n d  e x t r a c t e d  t he r e s u l t i n g  w a s he d  p r e c ip i t a t e  succ e s s i v e l y  

w i t h e t h e r , e th y l  a c e t a t e  a n d  me t h a n o l .  The  p roduc t s  w e r e  

o b t a i n e d  b y  c rys t a l l i s a t i o n  f r om t h e s e  ex t r ac t s . F u ru t a  

wa s una b l e  t o  i s o l a t e  s o d i um t auro c ho l a t e f r o m  the s p e n t  

me d i um a n d  sugge s t e d  t h a t  hyd ro l y s i s  m a y  have gone t o  

c omp l e t i o n . Howe v e r , due t o  i t s  v e r y  low p K a  va lue , i t  

i s  u n l i k e l y t o  have  p r e c i p i t a t ed f ro m  t he med i um on 

ac i d i f i c a t ion . I f  any  wa s p r ec i p i t a t e d  i t  would be  

pr i ma r i l y e x t ra c t e d by  t h e  m e t ha no l wa s h  from wh i c h  Furu t a  

wa s un ab l e  t o  c r y s t a l l i s e  a n y  b i l e a c id s . C o n s eque n t l y , 
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i t  i s  l i ke l y  f r o m  t h e  l ow c ho l i c ac i d  y i el d, t h e  ab s en c e 

o f  o th e r  b i l e  a c i d  m e t a b o l i t e s and h i s  methodo l o gy, t ha t 

he fa i l e d t o  d e t e c t  t h e  t au r o c ho l i c a c id  rema i n i n g . 

Mo r e  r e c e n t l y , wo r k  i n  t h i s  l ab o ra t o ry (Maddox and Cho n g ,  

1 9 7 8 ; C hong  e t  a l ,  1 9 8 0 )  ha s demon s t r a t e d t h e  h yd ro l y s i s  

o f  b o t h  g l yc o c ho l i c a n d  g l y c o d e oxyc h o l i c ac i d s  t o  t h e  
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c o r r e s p o nd i n g  f r e e  b i l e  a c i d s  b y  va r i o u s  fung i .  A s ub s t r a t e  

c o n c e n t r a t i o n  o f  0 . 0 5 %  w / v  w a s  u s e d  a n d  t h e  fung i we r e  

g rown i n  s ha k e - f l a s k  c u l tu r e  o n  a s u c r o s e - p ep t o n e  med i um 
0 

a t  3 0  C ( T ab l e  2 . 2 . ) . U n d e r  i d e n t i c a l  cond i t i o n s  o f  

i n cub a t i o n , n o n e  o f  t h e  fun g i hydro l y s e d s o d i um t au r o c h o l a t e , 

u s ing  t h e  app e a r a n c e o f  c ho l i c a c i d  a s  the c r i t e r i on f o r  

hydro l y s i s . D e s p i t e t h i s , t au r o c ho l a t e  lo s s e s  o f  5 - 2 5 %  

were  o b s e rved  fo r m o s t  o f  t he fung i .  By u s i n g  s o d i um 

t aurocho l a t e  a s  t h e  s o l e  s u l p hur  s ou r c e  for Pen i c i l l i um 

chry s o genum a 3 0 %  y i e l d  o f  c ho l i c ac i d  wa s o b t a i n e d  a f t e r  

n i ne  d a y s  i n c ub a t i o n  a t  3 0
°C .  Howe v e r , n o  hydro l y s i s  

wa s d e t e c t ed w i t h  t h e  o t h e r  fung i when  t e s t e d under  i d en t i c a l  

c o nd i t i o n s . 

The n e g a t i ve r e s u l t o f  C h o n g  et a l  ( 1 9 8 0 )  w i t h  A .  n i ger o n  

s o d i um t au r o c h o l a t e  c o n t r ad i c t s  t hat o f  Furu t a  ( 1 9 5 9 ) , b u t  

the rea s on f o r  t h i s  d i s c r ep a n c y  i s  no t immed i a t e l y  c l e a r . 

S im i l a r l y , t h e  a t t emp t b y  C ho n g  et a l  t o  s t imu l a t e  hydro l y s i s  

o f  t h e  t au r i n e - c o n j u g a t e d  b i l e  a c i d  s uc c eeded w i t h  o n l y  t h e  

o n e  o r g an i sm ,  s u g g e s t i n g  t h a t  t h i s  s ub s t r a t e  i s  r e s i s t a n t  

t o  t he a c t i o n  o f  m a n y  fun g i  w h i c h  a r e  ab l e  t o  hydro l y s e  

g l yc i ne - c o n j u ga t e d  b i l e  a c i d s . 

Repo r t s o f  b i l e a c i d  hydro l y s i s  by y e a s t s  a r e  c o n t rad i c t o ry . 

U s i ng a b r ewe r s '  y e a s t , Takaha s h i ( 193 9 )  i s o l at e d  choli c 

a c id  a t  y i e l d s  o f  2 0 %  a n d  2 8 %  from t au r o c ho l i c and g l yc o 

c ho l ic a c i d s  r e s p e c t i v e l y  a ft e r  4 0  d a y s  i ncub a t i o n  a t  3 7
°C .  

Howev e r , Koba s h i  e t  a l  ( 1 9 7 8 )  u s i n g  w a s hed  c e l l s  o f  

Sa ccharomy ces c a r l s bergen s i s  and a b a k e r s ' ye a s t , repo r t e d  

n o  ac t i v i t y  o n  g l y c o c ho l i c a c i d . & c a r l s bergen s i s  d i d , 

howeve r , hydro l y s e t au r o cho l i c a c i d , mon i t o r e d  by the 

r e l e a s e  o f  n i nhydr i n - p o s i t i v e  ma t e r i a l ,  whi l e  t he bake r s '  

ye a s t  showed  n o  s u c h  a c t i v i t y . Ma ddox and C h o n g  ( 1 9 7 8 )  

t e s t e d t h r e e  ye a s t s  fo r the i r  abi l i t y  t o  hyd r o l y s e  g l yc o 

c ho l i c a c i d , g l yc o d e o x y c ho l i c ac i d  a nd s o d i um t aurocho l a t e  



T ab l e  2 . 2  

The  ab i l i t y  o f  fun g i t o  hyd r o l y s e  b i l e  

a c i d  c o n j u g a t e s  i n  s ha k e  fl a s k  cu l t ure  

( Ma ddox and C h o n g , 1 9 7 8 ; Chon g  e t  a l , 1 9 8 0 )  

1 2  

B i l e a c i d  s ub s t r a t e  

O r g a n i sm 

A l tern a r i a  b ra s s i co l a  
A spergi l l u s  n i du l a n s  A T C C  11 2 6 7  
A s perg i l l u s  n i ger I M I  7 5 3 5 3  
B o t ry o dip l o di a  t heo b r omae I FO 646 9 
Bo t ry t i s  c & nerea 
Can d i da a l b i ca n s  
Cep ha l o s p o r i um spp . 
Cer c o s p o r a  me l o n i s  C B S  1 6 2.6 0 
C l ado s p o r i um res i nae I MI 8441 9 
Co c h l i o b o l u s  gen i c u l a t a  I FO 6 2 84 
Co c h l i o b o l u s  i n termedi u s  I M I  5 2 9 8 0  
Co c h l i obo l u s  l un a t a  I F O 5 9 9 7  
Co l let o t r i c hum co c c o de s  ATCC 1 2 5 21 
Cu r v u l a r i a  c o & c & s  I FO 7 2 7 8 
Cu r v u l a r i a  fa l l ax I F O 8 8 8 5  
Cu r v u l a r i a  ma c u l a n s  I FO 6 2 9 2  
Cu r v u l a r i a  t r i fo l i i  I FO 6 6 9 2  
F u sar i um m o n i l ifo rme A C C  9 1 7 
G i b bere l l a  zeae I FO 5 2 6 9  
Mucor h i ema l i s  I M I  1 1 3 1 3 6 
Pen i c i l l i um c hry s o genu m  
Pen i c i l l i um roquefo r t i i  I M I  2 4 3 1 3  
S a c c ha romy ces cerev i s i ae 
T o r u l op s i s  u t i l i s  I M I  3 3 5 5 2  
Wojn owi c i a  g rami n i s  C B S  1 6 0. 7 3  

G C  

+ + +  
+ +  

+ + +  
+ 
+ 
+ 
+ 

+ + + +  
+ 

+ +  
+ + +  

+ +  
+ +  
+ +  

+ 
+ 
+ 
+ 

+ +  
+ 
+ 
+ 

+ 

GD  

+ +  
+ +  
+ +  

+ 
+ +  

+ 
+ +  

+ 
+ +  
+ +  
+ +  
+ +  
+ +  
+ +  
+ +  
+ +  
+ +  
+ +  

+ 
+ +  

+ 

+ 
+ 

NaTC 
u t i l i s a t i o n  

( % )  

0 
1 3  
1 1  

2 1  
1 4  
1 4  
1 1  

7 
1 2  
1 3  
1 1  

9 
7 

1 2  
0 

1 4  
1 1  
2 6  

0 
3 1  

0 
5 
5 
0 

E xp e r i men t a l  c o nd i t i o n s  w e r e  i de n t i c a l  fo r the fe rmen t at i o n  of 

a l l  t h r e e  sub s t ra t e s .  The  s ymb o l  n o t a t i o n  i s : + + + +  

hydr o l y s i s  c omp l e t e  a ft e r  1 1  d ay s ; + + + , hydr o l y s i s  c omp l e t e  

a ft e r  1 7  d a y s ; + + , h y d r o l y s i s  c omp l e t e  a ft e r  2 6  days ; + ,  

p ar t i a l  hydr o l y s i s  a ft e r  2 6  d a y s ; - ,  n o  hyd r o l y s i s  aft e r  2 6  

d a y s . The g l y c o c ho l i c  a c i d  ( GC )  ferme n t a t i o n  l a s t e d  2 6  d a y s , 

wh i l e  t ho s e  fo r g l yco d e o xy c h o l i c a c i d  ( GD )  and s o d ium t auro c ho l a t e  

( Na T C )  l a s t e d  2 3  days . 



a n d  found o n l y  w e a k  a c t iv i t y o n  t he g l ycine c o n j u g a t e s , i f  

a n y , and n o n e  o n  s o d i um t au r o c h o l a t e  ( Tab l e  2 . 2 ) .  

I n  summa ry , t h e  ab i l i t y o f  i n t e s t i n a l  b a c t e r i a  t o  hydro l y s e  

b o t h  t aur i n e  and g ly c i n e  b i l e  a c id  c o n j u g a t e s  i n  v i v o  a n d  

i n  v i tro h a s b e e n  e s t a b l i s h e d  a n d  muc h  i s  known a b o u t  t h e  

e n zyme s r e s p o n s i b l e . Howev e r  t h e r e  a r e  few r epo r t s  o f  t h e  

hydro l y s i s  o f  b i l e  a c i d  c on j u g a t e s  under  aero b i c  c o nd i t i o n s  

b y  e i th e r  b a c t e r i a  o r  fung i .  I n  t he c a s e  o f  t h e  l a t t e r , 

t h e  l i t e r a t u r e  i s  s ome t im e s  c o n t r ad i c t o r y  but s u g g e s t s  t h a t  

many f i l am e n t o u s  fun g i hydr o l y s e  g l yc i ne-con j u g a t e d  b i l e  

a c i d s  wh i l e  t aur i n e  c o n j u g a t e s  a r e  r e c a l c i t ra n t . 

2 . 3 .  M i c r o b i a l  T r a n s forma t i o n s  o f  F r e e  B i l e Ac i d s  

De s p i t e  t h e  vo l ume  o f  l i t e ra t u r e  o n  t he t r an s fo rma t i on o f  

s t e ro i d s  b y  m i c r o o r g a n i sm s , r e l a t i ve l y  l i t t l e  h a s  b e en 

pub l i s hed  c o n c e r n i n g  f r e e  b i l e a c i d s  ( Ch a rney and He r z o g , 

1 9 6 7 ; L a s k i n and L e ch eva l i e r , 1 9 7 4 ) . A s  i n  t h e  c a s e  o f  

b i l e  ac i d  c o n j uga t e  hydro l y s i s , inve s t i g a t i o n s  i n t o  t h e  

t ra n s fo rma t i o n  ab i l i t i e s  o f  i n t e s t i na l b a c t e r i a  have  

c o n t r ibu t e d  much o f  the  p r e s en t  knowl e d g e , due  ma i n l y  t o  

t he i r  p o s s ib l e  s i gn i f i ca n c e  i n  i n t e s t i n a l canc e r . Thus , 

en z yme s c a p a b l e  o f  b o t h  r e duc t i v e  and o x i da t i v e  mo d i f i c a t i o n s  

o f  the f r e e  b i l e a c i d  mo l e c u l e ,  b o t h  i n  v i vo a n d  i n  v i t r o , 

have b e e n  r e p o r t e d  ( H a yakaw a , 1 9 7 3 ; H i l l ,  1 9 7 6 ) . O f  

t he s e , tho s e  c a t a l y s i n g  t h e  o x i do r educ t i o n o f  t h e  a - hyd r o x y l  

func t i o n s  a t  p o s i t i o n s  3 ,  7 a n d  1 2  a n d  t h e  d e hy d r ox y l a t i o n  

a t  C - 7  a r e  t h e  mo s t  c o mmo n . The  a c t iv i t y o f  t h e s e  e n z ym e s  

o n  the b i l e  a c i d  c o n j uga t e s  ha s b e e n  found t o  b e  m i n ima l a n d  

t h e i r  hydr o l y s i s  i s  r e g a r d e d  a s  a p r e r e q u i s i t e  fo r fu r t h e r  

t ra n s forma t i o n  ( H i l l , 19 7 6 ) . No  e x c e p t i ons t o  t h i s  h a v e  

b e e n  ob s e r v e d  w i t h  a e r ob i c  b a c t e r i a , y e a s t  o r  fung i ,  

hydro l y s i s  a p p e a r i n g  t o  p re c e d e  fu r t h e r  modi f i c a t i o n  o f  t he 

b i l e  ac id  ( Furu t a , 19 5 9 ) . 

Rep o r t ed i n s t anc e s  o f  t h e  m i c r o b i a l  t r an s forma t i on o f  b i l e  

a c i d s  und e r  a e r ob i c  c o nd i t i o n s  a r e  l e s s  c ommon . B o t h  

Ye s a i r  and H i mme l fa r b  ( 1 9 7 0 )  a n d  F e r r a r i ( 1 9 6 7 )  o b s e rved  

e x t ens i v e  d e g r a da t i o n  of  a free  b i l e  a c id  m i x t u r e  and c ho l i c 

ac i d  r e s p e c t i ve l y  i n  a e rob i c  c u l tur e s  o f  faec a l  b a c t e r i a , 

13 



t h e  fo rme r  r ep o r t i ng t h e  t o t a l  u t i l i s a t i on o f  the b i l e  a c i d s  

w i t h i n  7 2  hour s .  I s o l a t i o n  a n d  i d e n t i fi c a t i o n of t h e  

d e g r a da t i o n  p r o duc t s  w a s  no t unde r t aken in  e i ther  c a s e . 

Hayakawa ( 1 9 7 3 )  ha s r e v i ewed  r e s e a r c h  o n  t h e  degradati o n  o f  

c ho l i c a c i d  b y  a e ro b i c  b a c t e r i a , p r i nc i p a l l y Ae�obac te� 

ae�ogenes , A r t h �o b a c t e r  s imp lex, S t rep tomy ces s p e c i e s , 

Co r y neb a c ter i um equ i  a n d  My c o b a c ter i um muco s um .  H e  

s ug g e s t e d  t h a t  t he m i c ro b i a l  d e g r a da t i o n  o f  b i l e a c i d s , i n  

v i t ro , p r o c e e d e d  i n  a s im i l a r  m a n n e r  to  t hat  o f  o th e r  

s t e ro i d s . H o w e v e r , h e  a l s o  r ep o r t e d t h a t  many o f  t h e s e  

b a c t e r i a c o u l d  no t d e g ra d e  d i hy d r o xy b i l e  a c i d s .  

Repo r t s  o f  fun g a l  t r a n s fo rm a t i o n s  o f  fr e e  b i l e  a c i d s  a r e  

r a r e , d e s p i t e  t h e i r  p r o v e n  ab i l i t y  w i t h  o t h e r  s t e r o i d  

c l a s s e s . S i n c e  i t  i s  un l i k e l y  t h a t  s tud i e s  have no t b e e n  

c o nduc t e d , i t  w ou l d  a p p e a r  t h a t  l i t t l e  a c t i v i t y h a s  b e en 

o b s e rv e d . H a y a s e  e t  a Z  ( 1 9 5 8 )  r e po r t e d  tha t c ho l i c , 

l i t h o c ho l i c a n d  dehydr o c ho l i c a c i d s  a r e  r e s i s t a n t  t o  fung a l  

a c t i o n and wo r k  i n  t h i s  l ab o r a t o r y  ha s o b s e rv e d  s im i l a r  

r e c a l c i t ra n c e  w i th d i hydroxy  b i l e  a c i d s  ( Maddox and C h o n g , 

1 9 8 0 ) .  

2 . 3 . 1 . O x i d a t i v e  T r a n s fo rm a t i o n s  

A r e v 1 ew b y  F u r u t a  ( 1 9 5 9 )  l i s t s  t h e  p r o duc t s  der i ved  from 

the o x i da t i o n  of c ho l i c a c i d  and s ome c ho l i c  ac id  de r i va t i v e s  

b y  A s pergi L L u s ,  Pen i c i L L i um a n d  G Z i o c L a di um s p e c i e s  i n  

s ha k e  fl a s k  c u l t u r e . Mu l t i p l e  t r a n sfo rmat i o n s  o f  t h e  

s ub s t r a t e  w e r e  u sua l l y o b s e r v e d  and inc l uded t h e  ox i da t i o n  

o f  t h e  3a - a n d  1 2 a - h y dr o x y l  s ub s t i tuen t s  to  k e t o  func t i o n s  

a n d  t h e  d e g r a da t i o n  o f  t h e  b i l e a c i d  s i d echa i n  t o  C - 2 2  and 

C - 2 0  d e r iv a t i v e s  by  a p r o c e s s  an a l o gous to  B - o x i da t i o n . 

Fur u t a  prop o s e d  a p a t hw a y  fo r t h e  p ro g r e s s iv e  o x i da t i o n  of 

c ho l i c a c i d  to a v a r i e t y  o f  u n s a t u r a t e d  cho l an i c  a c i d  

d e r i va t i v e s  b y  A s p e r g i l l i  ( Equa t i o n  2 . 1 ) and c o nc l ud e d  t h a t  

s i de - c ha i n  d e g r a da t i o n  o c c u r r e d  o n l y  aft e r  t h e  ox i da t i o n  o f  

t he 3 a - a n d  1 2 a - hyd r o x y l  fun c t i o n s  t o  k e t o  g r oup s .  I n  

c o n t ra s t , t h e  o x i d a t i o n  o f  t he ? a - hydroxy l s ub s t i t u e n t  a n d  

t h e  i n t ro duc t i on  of u n s a t u r a t i o n  a t  the 4 ( 5 )  po s i t i o n  i n  

t he s t e r o i d  A r i ng , w e r e  n o t  imp o r t ant  fo r t he o x i da t i o n  o f  

t h e  s i d e - c ha i n . The s e  o x id a t i v e  t rans fo rma t i o ns pa ra l l e l  

t ho s e  r e po r t e d  f o r  b a c t e r i a  (Hay a k a wa , 1 9 7 3 ) . 

1 4  



1 5  

Equa t i o n  2 . 1 .  

C OOH COOH 

( I )  (I!) 1 
C OOH 

COOH 

0 
( I V )  ( I  I I )  

1 
COOH COOH 

COOH 
COOH 

( V I  I )  



On l y  t wo i n s t an c e s  of fun g a l hyd r o x y l a t i o n  of fre e  b i l e  

a c i d s  have  b e en r e po r t e d . A p a t en t  b y  Du l aney  and McAl e e r  

( 1 9 5 7 )  d e s c r i b e d  the  l l a - hy dr o xy l a t i o n  o f  l i t ho c ho l i c a c i d  

1 6  

( I X) a n d  3 - o x o - 5 6 - c ho l an i c a c i d  ( X )  b y  A sperg i l l u s  ochraceu s �  

b u t  n o  y i e l d  f i g ur e s  w e r e  g iv e n . H a y a k awa e t  a l  ( 1 9 8 0 )  r e p o r t ed  

t he 1 2 B - hy d r o x y l a t i o n  o f  l i t h o c h o l i c a c i d  b y  He l i c o s t y l um 

p i r i fo rme ATC C - 8 9 9 2  i n  4 0 %  y i e l d . The ox i d a t i o n  wa s 

p e r fo rm e d  o v e r  two d a y s  u s i ng t hr e e  day  o l d  myc e l i um i n  

de i o n i s e d wa t e r w i t h  t he s ub s t r a t e  c o n c e n t r a t i o n  a t  0 . 0 5 %  

w / v . I t  i s  s ur pr i s i n g , g iv e n  t h e  p r o v e n  ab i l i ty of fung i  

t o  h y d r o xy l a t e  v a r i o u s  s t e r o i d s , t h a t  s o  f�w c a s e s  have b e en  

r e p o r t e d  fo r the  fr ee b i l e  a c i ds . I t  s u g g e s t s  tha t s ome 

p ro p e r t y  of t he b i l e  a c i d s , po s s i b l y  t he i r mo l e c u l a r  

s t ru c t ur e , r e n d e r s  t h em r e s i s t a n t  t o  s u c h  t ra n sfo rmat i o n . 

R 

2 . 3 . 2 . O t h e r  T r an sfo rma t i o n s  

COOH 

R ,  a - OH ( I X )  

R ,  = 0 ( X )  

I n  a dd i t i o n  t o  t he ox i da t i v e  t r a n s fo rma t i o n s  d e s c r i b e d  

ab o v e , fung i h a v e  b e e n  r ep o r t e d  t o  7 a - d e hy d r o xy l a t e  and t o  

i n t r o du c e un s a t u r a t i o n  i n t o  t h e  r i n g  nuc l eu s  of fr e e  b i l e 

a c i d s . P r o du c t s der i v e d  fr om t h e  l o s s  o f  t he 7 - o xygen 

g r o u p  are  l i s t e d i n  Tab l e  2 . 3  t o g e t h e r  w i t h t h e  sub s t ra t e , 

t he fun gus  emp l o yed  and o t he r  p r o duc t s  i s o l a t e d . 

C l ea r l y , 7 - dehydroxyl a t i o n  o c c u r s  i n  s ev e ra l  i n s tanc e s . 

Howe v e r , o n l y  i n  the c a s e  o f  d e o x yc ho l i c  acid from c ho l i c 

ac i d , r epo r t e d  b y  Furu t a  ( 1 9 6 0 ) , w a s  7 a - deh ydroxyl a t i o n  t h e  

s o l e  t r a n s fo r ma t i o n  o b s e rv e d . P r e s umab l y  t h e  7 - ke t o  g r oup 



I'
M 

Fungus 

G l i o c l a di um s p e c i e s  
A s p e rg i l l u s  c i n n amo m e u s  

H U T  2 0 2 6  

A s p e rg i l l u s  o c h ra c e u s  
( W i l he l m )  I FO 4 0 7 1  

A s p e rg i l l u s  n i g e r  

P e n i c i l l i um i s l a n di c um 

Tab l e  2 . 3  

Rep o r t e d fun g a l  7a - dehydroxy l a t i on ,  

and con com i t an t  p r o duc t s , of b i l e  a c i d s  

Sub s t r a t e  
( Co n c en t r a t i o n )  

C ho l i c a c i d  ( I )  

P r o du c t s  (Tho s e  b e i n g  7 a - dehydroxy 
l a t e d i n  i t a l i c s )  

1 2 a - hy droxy - 3 - o xo - c h o l - 4 � 6 - d i e n i c  a c i d  

Re f e r e n c e  

Fur u t a  ( 1 9 5 9 )  

C ho l i c a c i d  (0 . 6 % w/ v )  1 2 a - h y d r o xy - 3 - ox o - c ho l - 4 � 6 - di e n i c  a c i d  Ha s e gawa ( 1 9 5 9 )  
3 � 1 2 - di o xo - c h o l - 4 � 6 - di e n i c  a c i d  ( VI I )  
3a , 7 a - d i hy d r o xy - 1 2 - o xo - 5 B - cho l an i c  a c i d  

( I I )  

C ho l i c a c i d 3 a � 1 2 a - di hy dr o xy - 5 8 - c ho l a n i c  a c i d  Furu t a  ( 1 9 6 0 ) 

Cho l i c ac i d  ( 0 . 4% w/ v )  3 � 12 - di o xo - b i s n o r c h o l - 4 � 6 - d i e n i c  a c i d  Furuta  ( 1 9 5 9 ) 

3a , 7 a - d i hydroxy - 1 2 -
oxo - 5 B - c ho l an i c  a c i d  
( I I )  

( VIII) 
? a - hydroxy - 3 , 1 2 - d i o x o - e t i - 4 - en i c  a c i d  

( V I ) 

3 � 1 2 - di o x o - b i s n o r c h o l - 4 � 6 - d i e n i c  a c i d  
( VIII) 

D e hydrocho l i c a c i d  ( I I )  3 � 1 2 - di ox o - c h o l - 4 - e n i c  a c i d  
( 0 . 3 2 %  w / v )  

3 � 1 2 - di oxo - b i s n o r c h o l - 4 � 6 - d i e n i c  a c i d  
3 � 1 2 - d i a xo - 5 a - b i s n o r c h o l a n i c  a c i d  
3 a , 7 a - d i hydroxy - 1 2 - ox o - b i s n o r 
cho l a n i c  a c i d  

F u r u t a  ( 1 9 5 9 )  

Furut a ( 1 9 5 9 )  

Furu t a  ( 1 9 5 9 )  



of d e hydr o c ho l i c a c i d  wa s redu c e d  t o  a hyd r o x y l  g ro up 

p r i o r  t o  d e h y d r o xy l a t i on . 

P r o du c t s  l i s t e d  i n  Tab l e  2 . 3  w i t h  t h e  c o n j u g a t e d  4 ,  6 - d i ene 

s t ruc ture  may  have  l o s t  t he i r 7 - o xy g e n  func t i o n  via a 

d iffe r e n t  m e c h a n i sm t o  t ho s e  w i t h  a s a tu r a t e d  o r  4 - e ne  

s t ruc ture . B o t h  H a s e gawa ( 1 9 5 9 )  a n d  Furuta  ( 1 9 5 9 )  

s u g g e s t e d t h a t  t h e  3 - o xo - 4 - ene  d e r i v a t i ve ( I V )  ( Equa t i on 

2 . 1 ) m i g h t  be t he a c t u a l  fun g a l p r o duc t , w i t h  the ? a -
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hydr o x y l  g r o u p  b e i n g  chem i c a l l y e l im i n a t e d t o  fo rm t h e  

r e s u l t i n g  4 ,  6 - d i en e  c ompound s , 3 ,  1 2 - d i oxo - c ho l - 4 , 6 - d i e n i c  

a c i d  ( V I I )  a n d  a s im i l a r comp o u n d  w i t h  s i de - cha i n  d e g r a da t i o n , 

3 ,  1 2 - d i o x o - b i s n o r c ho l - 4 , 6 - d i e n i c  a c i d  ( V I I I ) . I n  s upp o r t  

of t h i s ,  t he y  r e p o r t e d  t ha t  t h e  ? a - hy d r o x y  func t i o n  o f  

? a - hydroxy - 3 - ox o - c ho l - 4 - en i c  a c i d  ( X I ) w a s  r e a d i l y  e l i m i n a t e d  

w i t h  d i l u t e  h y d r o c h l o r i c  ac i d  t o  fo rm t he c o r r e spond i n g  

4 ,  6 - d i e  ne  c ompound ( X I  I )  ( Equa t i o n  2 .  2 )  . Howeve r  t h e  

i s o l a t i o n  of d e o xycho l i c ac i d  f r o m  t he fe rm e n t a t i o n  of 

c ho l i c a c i d  w i t h A.  o c h ra c e u s r e p o r t e d b y  Fu r u t a  ( 1 9 6 0 )  

s u g g e s t s  t h a t  g e nu i n e fun g a l  7 a - d e hy d r o x y l a t i o n  do e s  o c c ur 

i n  s ome i n s t anc e s . C e r t a i n l y , t h e  b a c t e r i a l  7 a - dehyd r o -

x y l a t i o n  of c ho l i c a c i d  h a s  b e e n  d emo n s t r a t e d i n  v i v o by 

Samue l s s o n , ( 1 9 6 0 )  t o  invo l v e  t h e  e n z ym i c  i n t ro duc t i o n  o f  a 

6 - ene  func t i o n  fo l l owed b y  hyd r o g e n a t i o n  to fo rm de o xycho l i c 

a c i d  a nd do e s  n o t  i nvo l v e  a s p o n t a n e o u s  e l i m i na t i o n  o f  t he 

? a- hy d r o x y l  fun c t i o n  from a 3 - ox o - 4 - e ne  der i v a t i v e . 

E q ua t i o n  2 . 2 .  

COOH COOH 

d i l u t e
.,. 

HC l , , 
0 

'· (H 

H 
H+ 

( X I )  ( X I I )  

Fung i appea r a b l e  t o  d e hyd r o g e n a t e  t h e b i l e ac i d  nuc l e u s . 

Mun ro e t  a Z  ( 1 9 7 4 )  r e po r t ed the  i s o l a t i o n  o f  3 a - hy d r o x y -



5 B - c ho l - l l - en o i c  ac i d  ( X I I I ) i n  l ow y i e l d  f r o m  t he c u l t u r e  

f i l t r a t e  o f  a C u r vu l ar i a s p e c i e s  ( I M I  5 2 9 8 0 ) . The 

s ub s t r a t e  wa s n o t i den t i f i e d but wa s t hought  to have b e e n  

a b i l e a c i d  c o n t a m i n a n t  p r e s e n t  i n  t he p e p t o n e  u s e d  i n  t he 

me d i um , p e r hap s d e o x y c ho l i c ac i d . I f  s o , t h i s  wo u l d  b e  a 

s i g n i f i c a n t  t r a n s fo r ma t i o n  s in c e  1 2 a - d e hydr o xy l a t i o n  o f  

b i l e  a c i d s  i s  a r a r e  p r o p e r ty o f  m i c r o o r g a n i sms , i n c l u d i n g  

t ho s e  o f  t he i n t e s t i n e  (Hayakawa , 1 9 7 3 ) . R e c en t l y  howev e r , 

S a l t z man ( 1 9 7 6 )  h a s  pa t e n t e d a m e t ho d  o f  p r o duc i ng 

c h e n o d e oxycho l i c ac i d  d e r i v a t i v e s f r o m  t h o s e  o f  c ho l i c 

a c i d  b y  u s e  o f  t he 1 2 a - de hydro x y l a s e  ac t iv i t y  o f  C l o s t ri di um 

p e r fr i nge n s . 

COOH 

' . .  
H O  

( X  I I I )  

The i n t roduc t i o n  o f  a 4 - en e  func t i o n  b y  var i o u s  fung i 
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a c t i n g  on c ho l i c ac i d  and some d e r i va t i v e s  ha s b e e n  

demo n s t r a t e d  b y  Furut a ( 1 9 5 9 )  and  H a s e g awa ( 1 9 5 9 )  ( T a b l e  2 . 3 ) . 

H�we v e r  i t  wa s a lway s c o n j uga t e d  w i t h  a 3 - oxo  g roup i n  t he 

p r oduc t .  The p r o duc t i o n  o f  a 3 - o x o - cho l anoy l - 4 ( 5 ) - d e h yd r o 

g e n a s e  by s ome i n t e s t i n a l  C l o s t r i d i a  unde r s t r i ng e n t  

anae r o b i c  c o n d i t i o n s  h a s  b e en  o b s e rv e d . T h e  e n z yme i s  

i nduc i b l e  and , o n c e  p r o du c e d , c a n  a c t  under a e r o b i c  c o nd i t i o n s  

( H i l l ,  1 9 7 6 ) . Howeve r ,  4 ( 5 ) - de hy d r o g e n a t i o n  i s  no t a 

ma j o r  degrada t i v e  r e a c t i o n  in t h e  i n t e s t i ne . 

The p r e s e n c e  o f  a 6 - ene  func t i o n  i n  t h e  b i l e  ac i d  p r o du c t s  

o f  fun g a l  f e rm e n t a t i o n s  h a s  b e e n  o b s e rv e d , b u t  a lway s  i n  

c o n j u g a t i o n  w i t h  a 3 - o xo - 4 - ene s y s t em ( T ab l e  2 . 3 ) . Howeve r , 

a s  m e n t i o ned a b o v e , c h em i c a l  e l i m i n a t i o n  t o  f o rm t h e  6 - e ne 

func t i o n  has  b e e n s hown t o  occur  s p o n t an e o u s l y  unde r m i l d  

ac i d i c  c o nd i t i o n s  ( H a s e g awa , 1 9 5 9 ) . T h e r e fo r e , t he 

ex i s t e n c e  o f  a fun g a l  6 ( 7 ) - dehyd ro g cna s e  ha s n o t  b e e n  

c o n c l u s ive l y  p r o v e n . 



I n  c o nc l u s i o n , t h e  l i t e r a t u r e  ava i l a b l e  on t h e  t ra n s forma t i o n  

o f  f r e e  b i l e a c i d s  b y  fun g i demo n s t r a t e s  t h a t  t hey c a n  
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p e r fo rm , und e r  a e r o b i c  c o nd i t i o n s , many o f  t ho s e t r an s f o rma t i o n s  

r e po r t e d  fo r i n t e s t i n a l m i c r o o r g an i sm s . Howeve r ,  i n  

c ompa r i s o n  t o  o t he r  s t e ro i d s , t h e  b i l e  a c i d  mo l e c u l e  a pp e a r s  

t o  b e  l e s s  s u s c ep t i b l e  t o  mo d i f i c a t i o n  b y  fun g a l  e n z ym e s . 



CHAP T E R  3 

METHODS 



3 .  METHODS 

3 . 1 . Me l t i n g  Po i n t s  

The me l t ing p o i n t s we r e  de t erm i n e d  o n  a Kofl e r  ho t - s t a g e  

m i c ro s c o p e  ( Re i c h e r t  Op t i s c he We r k e  A G . ,  V i e n n a , Au s t r i a )  

o r  a L e i t z  D i a l ux M i c ro s c o p e  w i t h  a h e a t ing s t a ge  3 5 0  

( E rn s t Le i t z , Gmb H , We t z l a r , G e rmany) , and a r e  unc o r r e c t e d . 

3 . 2 . Ma t e r i a l s  

3 .  2 . 1 .  Me d i a  

Po t a t o  dex t ro s e  a g a r  and ma l t  e x t r a c t  b r o t h  w e r e  ob t a i n e d  

from Oxo i d  L t d . , L o ndon , E n g l and . T h e  g l uco s e - pe p t o n e  

med ium w a s  adap t e d  fr om t ha t  de s c r i b e d  b y  Mu s g r ave ( 1 9 5 6 )  

and i n c luded t h e  t r a c e  e l em e n t  c on c e n t r a t i o n s  r ecommen d e d  

b y  Hu t n e r  ( 1 9 7 2 )  fo r fun g a l  me d i a  ( T a b l e  3 . 1 ) . A l t e r -

a t i o n s i n  med ium c omp o s i t i o n  fo r c e r t a i n  e xp e r i ment s a r e  

d e t a i l e d in  t h e  t e x t . A s ulphur - d ef i c i en t  m e d ium emp l o y e d  

i n  s o m e  exp e r ime n t s  i s  d e t a i l ed  i n  T a b l e  3 . 2 .  

3 . 2 . 2 . C hr o ma t o g r ap hy Ma t e r i a l s 

K i e s e l g e l  DG and K i e s e l g e l  D G F  ( b o t h  4 0 0  me s h  ASTM) w e r e  

o b t a i n e d  fr om R i e de l - De H a en AG . ,  ( S e e l z e - Hannove r , G e rmany)  

fo r u s e  in  t h i n  l ay e r  c hroma t o g raphy . 

3 . 2 . 3 . B i l e  Ac i d s  

3 . 2 . 3 . 1 .  F r e e  b i l e  a c i d s  

C ho l i c  a c id  and de oxycho l i c ac i d  w e r e  o b t a i n ed  from New 

Z e a l a nd Pharmac e u t i c a l s  L t d . ( P a lm e r s to n  No rt h , New Z e a l a n d ) . 

They w e r e  r e c r y s t a l l i s e d  fr o m  wa t e r - s a t u r a t e d  m e t hy l  e t h y l  

k e t o ne unt i l  homo g en o u s  by  t h in  l a y e r  c hroma t o g raphy and  

d r i e d a t  1 0 5 ° C fo r 4 ho ur s . C h e n o d e o xycho l i c ac id  wa s 

purch a s e d  from Ko c h - L i g h t  L a b o r a t o r i e s  ( C o l nb r o o k , 

Buck i n g ham s h i r e , E n g l an d )  and  u s e d  a s  o b t a i n e d . 

2 1  



Tab l e  3 . 1  

T h e  gl uc o s e - p e p t one med i um 

Comp one n t  Conce n t r a t i o n  

a D - g l u c o s e  2 0  g l - l 

5 g l - 1  

- 1  0 . 2 5 g l  

0 . 2 5 g l
- l  

- 1  
4 2  mg l 

2 2  mg l - 1  

- 1 
2 0  mg l 

- 1  2 . 4  mg l 
- 1 

1 . 0  mg l 

The m e d i um wa s m a d e  t o  v o l um e  w i t h d i s t i l l ed wa t e r  and 

adj u s t e d  t o  pH 6 . 5 p r i o r  t o  s t e r i l i s a t i o n , 

a .  Ana l a r  g r a d e , B . D . H .  C hem i c a l s  L t d . , 

Pa l me r s t o n  N o r t h , N e w  Z e a l a nd . 

b .  Oxo id  L t d . , L o ndo n , E n g l and . 

c .  Ma y and B a k e r L t d . , D a g enham , E n g l and . 
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Tab l e  3 . 2  

T h e  s u l phur - de f i c i e n t  med ium 

C o m p o n e n t  C o n c e n t r a t i on 

D - g l uc o s e  2 0  g l  - 1  

g l yc i n e  3 g l  - 1  

K
2

HP0
4 0 . 2 5 - 1  g l  

a 
0 .  2 5  - 1  MgC 1 2 . 6H

2
0 g l  

a 2 9 . 0  - 1  F e C 1
3

. 6 H
2

0 mg l 
b 

1 8 . 0  - 1  MnC 1
2

. 4 H
2 o mg l 

Z n C 1
2

. g r a n . a 1 0 . 4  - 1  mg l 
- 1  ( NH

4
)

6
Mo

7
o 2 4

. 4 H
2

0 5 . 4  mg l 

c u c l
2

. 2 H
2

o a 0 . 7  - 1  mg l 

The med i u m  w a s  made  to  vo lume w i t h  d i s t i l l e d wa t e r  

and a d j u s t e d t o  p H  6 . 5  p r i o r  t o  s t e r i l i s a t i o n . 

a .  B . D . H .  Chem i c a l s  L t d . , P a l me r s t o n  No r t h ,  

N e w  Z e a l an d . 

b .  Ma y a n d  B a k e r  Lt d . , Dag enham , E n g l and . 
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Me t hy l  3 a , 7 a - d i a c e t o xy - 1 2 a - hydroxy - 5 S - c ho l an a t e , 

3 a - hydr o xy - 1 2 - o xo - 5 S - c ho l an i c  ac i d , a n d  3 a , l 2 a - d i hydrox y -

7 - o xo - 5 S - c ho l an i c  a c i d  w e r e  g i f t s  f r o m  Dr  R . P .  G a r l and , 

Dr  R .  C h o n g  a nd D r  R . H .  A r c h e r  r e s p e c t iv e l y . They w e r e  

homo g e n o u s  by  t h i n - l ay e r  c h roma t o g r aphy . 

3a , 7 a - d i hy d r o xy - 1 2 - o xo - 5 S - c ho l an i c  a c i d . Me t hy l  3a , 7 a -
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d i a c e t o xy - 1 2 a - hy d r o xy - 5 S - c h o l ana t e  ( l g )  was  o x i d i s e d  w i t h  Jone s 

r e a g e n t  i n  a c e t o n e  ( 2 0 m l ) f o r  l h  a t  r o om t emp e r a tu r e . T h e  

r e ac t i o n  m i x  wa s d i l ut ed w i t h  d i s t i l l ed wa t e r  ( 8 0m l ) , e x t r a c t e d  

w i t h  e t hy l  a c e t a t e  ( 5 0m l ) and was hed  w i t h  d i s t i l l ed wa t e r  

( 2 x 3 0m l ) p r i o r  t o  e v ap o r a t i on t o  dryn e s s  i n  v a c u o . The 

r e su l t i n g  gum was  sub s equ e n t l y  hydro l y s e d  by  r e f l ux i n g  f o r  

l h  i n  9 0 %  e t hano l ( 2 0m l )  c o n t a in i n g  p o t a s s ium hyd r o x i d e  ( l g ) . 

The p r e c i p i t a t e  r e s u l t i n g  from t he a d d i t i o n  o f  l M  hydr o c h l o r i c 

a c i d  w a s  c o l l e c t e d , r e c ry s t a l l i s ed  o n c e  f r om a queous  m e t h a n o l 

a n d  t w i c e  from e t h y l a c e t a t e  and d r i e d  f o r  3 h  a t  1 0 5 ° C t o  g ive 

1 4 0mg o f  wh i t e c r y s t a l s m . p .  2 1 8 - 2 1 9 ° C ( 2 1 9 °C ,  W i e l and a n d  

Kap i t e l , ( 1 9 3 2 ) ) ,  wh i c h  w e r e  homo g e n o u s  b y  t l c . 

3 . 2 . 3 . 2 .  G l yc i n e  a n d  t aur ine - c o n j u g a t e d b i l e a c i d s  

G l y c o c ho l i c a c i d , s o d i um t aurocho l a t e  a n d  s o d i um t auro 

deoxycho l a t e  we r e  s yn t he s i s e d by t he m e t hod o f  T s e rn g  e t  a l  

( 1 9 7 7 ) . G l yc o d e oxycho 1 i c a c i d  wa s p r ep a r e d  u s i n g  a c omb i n a t i o n  

o ( t h e  m e t ho d s  o f  No rman ( 1 9 5 5 )  and T s e rn g  e t  a l  ( 1 9 7 7 ) . 

The m i x e d  anhyd r i d e  wa s p r o du c e d  a s  d e s c r i b e d  b y  No rman a n d  

r e a c t e d  w i t h e t hy l  g l yc i n a t e  wh i c h  wa s l ib e r a t e d f rom e t hy l  

g l yc i n a t e  hydr o c h l o r i de by  exce s s  t r i bu t y l am i n e . The 

r e su l t in g  m i x t u r e  w a s  t r e a t ed as de s c r i b e d by  T s e r n g  e t  a l  

( 1 9 7 7 )  a n d  g l yc o d e o xy c ho l i c  a c i d  c ry s t a l l i s e d  a s  f in e  n e e d l e s  

from a q u e o u s  e t ha n o l .  A l l t he c o n j u g a t e s  we r e  d r i e d  a t  

1 0 5 °C f o r 3 hou r s  a n d  w e r e  homo g e n o u s  b y  t l c  a n d  hp l c  a na l y s i s . 

The y i e l d s  a n d  me l t i n g  po i n t s  o b t a i n e d  a r e  p r e s en t e d  i n  

Tab l e  3 . 3 .  

3 . 2 . 3 . 3 .  Syn t he t i c b i l e  a c id  c o n j u g a t e s  

Sod i um N - ( am i nome t ha n e s u l phony l ) - deo x y c ho l a t e  

Am i n ome t ha n e s u l p ho n i c  a c i d  (m . p .  1 8 8 - 1 8 9 °C )  wa s p r oduc e d  



Tab l e  3 . 3  

Da t a  from the  g l yc i n e  a n d  t au r i n e  b i l e 

ac id  c o n j uga t e  s y n t h e s e s  
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Sub s t an c e 
C r y s t a l l i s e d  

from 
Y i e l d  

( % )  
Me l t i ng Po i n t  ( °

C )  
Found. L i t e r a t u r e .  

s o d i um t a u r o c ho l a t e  e t hano l - e t h y l  8 6  1 8 0 - 2  1 8 2 - 4  ( T s e r n g  
a c e t a t e  e t  a l , 1 9 7 7 )  

s o d i um t a u r o - e t hano l 4 7  1 7 1 - 3  1 7 2 - 3  ( T s e rn g  
d e ox y c ho l a t e  e t  a l , 1 9 7 7 )  

g 1 yc o de o x y c h o l i c a q u e o u s  e than o l  9 8  1 9 2 - 3  1 9 1 - 2  ( T s e rn g  
a c i d  et a l , 1 9 7 7 )  

g l yc o c ho l i c a c id a queous  e t ha n o l 7 5  1 3 1 - 3  1 3 2 - 4  ( No rman , 
1 9 5 5 ) . 1 4 0 - 2  
( T s e r ng et a l , 1 9 7 7 ) 

by  t h e  m e t h o d  o f  L a c o s t e  and Ma r t e l l  ( 1 9 5 5 )  ( m . p .  1 9 0 - 4 ° C )  

arid u s e d  i n  t he synthe s i s  o f  s o d i um N - ( am i nome t han e s u 1 ph o ny l ) 

d e o x yc ho l a t e  b y  the p r o c edure o f  T s e rn g  e t  a l  ( 1 9 7 7 ) . 

The  a c i d  fo r m  o f  t h e  c o n j uga t e  wa s e x t r eme l y  hyg r o s c o p i c  

a n d  s o  i t  w a s c r y s t a l l i s e d  from ab s o l u t e  e t ha no l - e t hy l 

a c e t a t e  a s  t he s o d i um s a l t .  T h e  c o n j u g a t e  w a s  homo g e n o u s  

by  t l c  a n d  hp l c  an a l y s i s  a n d  i t s  m e l t i n g  po i n t  i s  g i ven  i n  

T a b l e  3 . 4 .  

N - ( a - a l ano ) - d e oxycho l i c a c i d  

N - ( a - a l an o ) - d e o xycho l i c a c i d  wa s s y n t h e s i s e d  b y  t h e  m e t ho d  



o f  T s e rn g  e t  a l  ( 1 9 7 7 )  fo r g l yc o d e o x y c ho l i c a c i d . Howe v e r , 

t he r e p o r t e d h y d r o l y s i s  c o nd i t i o n s  we r e  i n s u f f i c i e n t  f o r  t h e  

c omp l e t e  hyd r o l y s i s  o f  t h e  N - ( a - a l a n o ) - d e oxyc ho l a t e  e t hy l  

e s t e r . C o n s e q u e n t l y , a f t e r  t h i s  s t e p , t h e  r e a c t i o n  m i x tu r e  

wa s d i s s o l v e d  i n  e t h y l  a c e t at e  a n d  wa s h e d  w i t h 0 . 5M s o d i um 

b i c a rb o n a t e  s o l u t i on . The  b i c a r b o na t e  w a s he s were  b a c k -

e x t r a c t e d w i t h  e t h y l  a c e t a t e  and t h e n  a c i d i f i e d  w i t h  hyd r o -

ch l o r i c  a c i d  t o  y i e l d  a w h i t e  gum . Th i s  wa s c r y s t a l l i s e d 

from 6 0 %  aq u e o u s  e t han o l  a s  wh i t e  n e e d l e s  o f  N - ( a - a lan o ) -
o 

deoxy c h o l i c  a c i d . m . p .  2 1 1 - 2 1 3  C ,  homogenous  b y  t l c  a n d  

hp l c  a n a l y s i s . R e c r y s t a l l i s a t i o n  f r om a c e t o n e - p e t ro l eum 

e t h e r  ( 6 0 - 8 0 ° C )  d i d not  a l t e r  t h e  me l t i n g  po i n t . 

F o und : C ,  6 7 .  7 ; H ,  9 .  7 ; N ,  2 . 9 

C a l c d : C ,  6 7 . 3 ;  H ,  9 . 8 ;  N ,  2 . 9  f o r  c 2 7 H 4 5 No 5 . H
2

0 .  

N - ( 8 - a l an o ) - d e o x y c ho l i c a c i d  
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The 8 - a l a n i n e  e t hy l  e s t e r  hyd r o c h l o r ide  was p r o du c e d  by  t he 

e s t e r i f i c a t i o n o f  8 - a l a n i n e  u s i ng anhydrous  hyd r o g e n  c h l o r i de  

ga s i n  ab s o l u t e  e t hano l . I t  w a s  c r y s t a l l i s e d  from e t ha n o l -

e t h e r  a s  wh i t e  n e ed l e s  i n  8 5 %  y i e l d  (m . p .  5 2 - 3 ° C ;  c . f . 5 8 °C ,  

M i t r a  ( 1 9 3 8 ) ; 6 9 - 7 0 °C ,  P o l l o c k  and S t evens  ( 1 9 6 5 ) ) .  

N - ( 8 - a l an o ) - d e o x ycho l i c a c i d  wa s t he n  synthe s i s e d by  t he 

me t h o d  o f  T s e rn g  e t  a l  ( 1 9 7 7 ) . A s  t h e  me l t i n g  p o i n t  d i d  

not c o r re s p on d  t o  t h e  v a l u e  r e p o r t e d b y  L e e  a n d  Wh i t eh ou s e  

( 1 9 6 3 )  who u s e d  N o rman ' s  ( 1 9 5 5 )  m e t h o d , i t  w a s  a l s o p r o duced 

by that  me t h o d  f o r  c o mp a r i s o n . H o w e ve r , t he N - ( 8 - a l an o ) 

d e o x yc ho l i c a c i d  p r o duc e d  f r om b o t h  synth e s e s  w e r e  i d e n t i c a l  

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

s o  t h e c ompo un d  wa s c h em i c a l l y  c ha r a c t e r i s e d  ( Tab l e  3 . 4 ) . 

N - ( 6 - a l ano ) - d e o x ycho l i c a c i d  ( F ound : C ,  6 9 . 4 ;  H ,  1 0 . 0 ;  

N ,  3 . 0 ) ' .  c 2 7 H 4 5 N0 5 . �H 2 0 r equ i r e s  C ,  6 8 . 6 ;  H ,  9 . 8 ; N ,  3 . 0 ) .  

3 . 2 • 4 • S o l v en t s  

F o r  c r y s t a l l i s a t i o n , t l c m o b i l e  pha s e s  and t h e  f r e e z e - d r y 

e x t r a c t i o n  p r o c e du r e , t h e  s o l v e n t s  w e r e  usua l l y  B . D . H .  A . R . 

g r a d e  ( B . D . H .  C h em i c a l s L t d . , Pa l me r s t o n  No r t h , New Z e a l and ) . 



['-... 
N 

Sub s t a n c e  
a 

Sod i um N - ( am i no -
me thane s u l phonyl ) -
de oxycho l a t e  

N - ( a - a l ano ) - d e o xy -
c h o l i c ac i d  

N - ( B - a l an o ) - d e o x y -
c ho l i c  a c i d  

Tab l e  3 . 4  

The chara c t e r i s a t i on o f  t h e syn t h e t i c  c o n j uga t e s  

R e c r y s t a l l i s e d 
f r om 

e t han o l -
e t hy l  a c e t a t e  

aqueous  
e t hano l 

m e t hano l 

t l c R f  

0 . 5 2
b 

0 . 2 2 c 

0 . 1 6
c 

Me l t i n g  Po i n t  
( o C )  

Found L i t .
d 

1 8 3 - 5 1 7 5 - 1 8 0  

2 1 1 - 1 3  -

2 0 8 - 9 1 9 2  

a .  A l l dr i e d a t  1 0 0 °C o v e r  P
2

o
5 

a t  4 - 6 kPa . 

Equ i v a l en t We i ght  

F ound C a l c d . 

4 8 6  4 8 1 e 

4 7 4  4 7 2
f 

b .  E t hy l en e  d i c h l o r i d e : a c e t i c  ac i d : wa t e r , 1 0 : 1 0 : 1 . Rf ' s :  NaTC , 0 . 2 6 ; NaTD , 0 . 4 2 .  

c .  ! s o - o c t ane : e t h y l  a c e t a t e : a c e t i c  a c i d , 1 0 : J 0 : 2 . R f ' s :  GD , 0 . 1 6 .  

d .  L e e  and Wh i t e hou s e  ( 1 9 6 3 ) . 

e .  c 2 7 H4 5 No 5 . H 2 0 

f .  c 2 7 H
4 5 N0 5 . �H 2

0 
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T h e  c h l o r o fo r m  u s e d  f o r  s o l v e n t  e x t r a c t i o n  w a s  r e c o v e r e d , 

wa s he d  w i t h  w a t e r  a n d  dr i ed o v e r  anhyd r o u s  MgS0 4 
b e fo r e  b e i n g  

r e d i s t i l l e d . I t  wa s s t o r e d  fo r r e u s e  i n  t h e  p r e s en c e  o f  

2 %  v / v  e th a n o l .  Ana l y t i c a l  g r a d e  s o l ve n t s  and d i s t i l l e d 

wa t e r  we r e  g l a s s - r ed i s t i l l ed f o r u s e  i n  hp l c  and p r ep a r a t iv e  

t l c . C o mm e r c i a l  g r a de m e t ha n o l ob t a i n e d  from I . C . I .  ( N Z )  

L t d . , ( Lowe r Hut t , N e w  Z e a l a nd)  w a s  r e d i s t i l l e d  fo r u s e  i n  

t h e  c l ea n i n g  o f  g l a s s wa r e . 

3 .  2 .  5 O t he r Chem i c a l s  

C h e m i c a l s  u s e d  i n  f e rme n t a t io n s  and f o r  t h e  s yn t h e s i s  o f  

b i l e a c i d s  w e r e  gen e r a l l y B . D . H .  o r  May and B a k e r  ( Dag enham , 

E n g l a n d )  a na l yt i c a l  g r ade . O t h e r  c hem i c a l s  and t he i r  

s ou r c e  w e r e : 

B . D . H .  C h em i c a l s  Lt d . , (fa lme r s t o n  No r t h ,  New Z ea l and) : 

L a c t o s e ,  8 - hydro x yqu i n o l in e , bu f f e r  t ab l e t s : pH 4 . 0 ,  

7 . 0  an d 9 . 2 ,  pho s p homo l yb d i c  ac i d . (Ana l ar ) . 

t au r i n e  ( B i o chem i c a l  g r a de ) . 

D i v e r s ey - Wa l l ac e  L t d . , (?apa t o e t o e , New Z e a l a n d ) : 

Pyr o n e g  (_R) det e r g en t . 

K o c h - L i gh t  L a b o r a t o r i e s , ( � o l n b r o o k , E n g l an d ) : 

C e l i t e  H y f l o Sup e r - C e l . 

N e w  Z e a l a n d  I ndus t r i a l  G a s e s  L t d . , ( Pa l m e r s t o n  No r t h , N e w  

Z e a l an d ) : Oxyg e n - f r e e  n i t r o gen g a s . 

S i gma C h em i c a l  Comp a ny , ( S t . L ou i s , Mo . ,  U . S . A . ) : 

a - A l a n i ne e th y l  e s t e r  hyd r o c h l o r i d e , a n t hr o n e , 8 - a l an i n e , 

g l y c i n e  e thyl e s t e r  hydro c h l o r i de , N - e t hoxy - c ar b o n y l -

2 - e t h o x y - 1 , 2 - d i hy d r o qu i no l i n e  ( EE D Q ) . 

S w i ft C on s o l i d a t e d  ( N Z )  L td . , ( We l l i n g t o n , N e w  Z e a l and) : 

Dow - C o rn i ng an t i f o am A . F .  e mu l s i o n . 

The  Up j o hn  C ompany , ( Ka l ama z o o , M i c h i g a n , U . S . A . ) : 

C yc l o h e x imide  a s  Ac t i - d i on e
( R )

( 8 5 - 1 0 0 %  w / w  c yc l ohex i m i d e )  



Mo s t  o t her  c h em i c a l s  we r e  o b t a i n e d  a s  A . R .  or  l abo r a t o ry 

g r a d e  from B . D . H .  C h em i c a l s  L t d . , o r  May and Baker  L t d . 

3 . 3 . Organ i s ms  

The fung i used  a n d  t he i r  s ou r c e  c u l t u r e  

A sp e �g i l l u s  o c h � a c e u s  ( W i l he l m )  

Ce�co s p o ra m e l o n i s  

Co c h l i o b o l u s i n t e rm e di u s  

Cu � v u l a r i a  co i c i s  

Cu�vu l a � i a  fa l l ax 

c o l l e c t i o n s  we r e : 

I FO 4 0 7 1  

CBS 1 6 2 . 6 0 

I M I  5 2 9 8 0  

I FO 7 2 7 8  

I FO 8 8 8 5  

A l l w e r e  m a i n t a i n e d  by  s ubcu l t u r e  e v e r y  3 mo n t h s  on p o t a t o  

d e x t r o s e  a g a r  s l op e s , w h i c h  we r e  i n c ub a t e d  a t  3 0 °C fo r 3 - 5  

d a y s  and t hen s t o r e d  a t  4 °C .  

3 . 4 .  S t e r i l i s a t i o n  o f  Med i a  

P o t a t o  dex t r o s e  a g a r  a n d  t h e  g l u c o s e - p e p t one med ium w e r e  

s t e r i l i s ed by  aut o c l a v i n g  a t  1 2 1 ° C fo r 1 5  m i nu t e s . Ma l t  

e x t r a c t  b r o t h  w a s  s i m i l a r l y  s t e r i l i s e d  a t  1 1 5 °C fo r 1 0  

m i nu t e s . The b i l e  a c i d  c o n j u g a t e s  we r e  s t ab l e  to t h i s  

t r e a tmen t a s  d e t e rm i ne d  b y  t l c  a n a l y s i s . 

I n  s ome c a s e s , c e r t a i n s o l u t i o n s  w e r e  s t e r i l e - f i l t e r ed 

t hr ough a 0 . 4 5 �m memb r a n e  f i l t e r ( Oxo i d  Lt d . , London , 

E n g l and)  p r i o r  t o  t h e i r  a s e p t i c  add i t i o n  to c u l t u r e s .  

3 . 5 . C l e a n i ng o f  G l a s swa r e  

A l l  g l a s swa r e  wa s wa s hed  in  ho t Py r o n e g  ( R) s o l u t i o n , r i n s e d 
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i n  t ap wa t e r  and ho t a i r  dr i e d . P r i o r  to  d r y ing , f e rmen t a t i o n  

e qu i pment was r i n s e d  w i t h d i s t i l l ed  wa t e r  wh i l e g l a s s wa r e  

u s e d for  b i l e  a c i d  a na l y s i s wa s r i n s e d  w i t h m e t hano l .  

I t e m s  u s e d  in  the s y n t h e s i s  o f  b i l e  a c i d s  o r  the i r  i s o l a t i o n  

f r om f e rme n t a t i o n m e d i um w e r e  s o a k e d  i n  d i l u t e  s o d iu m 

hyd ro x i d e  a f t e r t he d e t e r g e n t  wa s h  a n d  t a p w3 t e r  r i n s e . ·r h e y  



we r e  t h e n  t ho r ough l y  r in s e d  w i t h d i s t i l l e d  wa t e r  and ho t - a i r  

d r i e d . G l a s swa r e  u s e d  fo r t h e  s t o r a g e  o f  hp l c  s o l ve n t s  

w a s  t r e a t e d i n  c h r o m i c  a c i d  a f t e r  t he d e t e r g e n t  wa sh , t h e n  

r i n s e d  t h o r oughly  w i t h  d i s t i l l e d wa t e r  p r i o r  t o  drying . 

3 • 6 • Ana l yt i c a l  Me t h o d s  

3 . 6 . 1 . pH Mea s u r ement  

S o l u t i o n  p H  was r e c o r d e d  from  a Me t r o hm pH m e t e r  E 5 2 0  

(Me t ro hm A G . ,  He r i s au , Sw i t z e r l and)  w h i c h  wa s r e gu l a r l y  

c a l i b r a t e d  wi th s t anda r d  p H  b u f fe r  s o l u t i o n s . 

3 . 6 . 2 .  D r y  We i gh t  De t e rm i n a t i o n  

A known v o l ume o f  fung a l  cu l t u r e  wa s f i l t e r e d  t h r o u g h a 

p r e - w e i g h e d  f i l t e r  p a p e r  o n  a buchn e r  funn e l . The fun g a l  

ma s s  w a s  wa shed t h o r ou gh l y  w i t h d i s t i l l e d  wa t e r  and t h en 

d r i ed a t  1 0 5 + 2 °C t o  c o n s t a n t  we i g h t . 

3 . 6 . 3 . To t a l  C a r b o hyd r a t e  Ana l y s i s  

T�e t o t a l  c a r b o hyd r a t e  c on c e n t r a t i o n  i n  f e rme n t a t i o n  samp l e s  

wa s de t e rm i n e d  b y  a n  adap t a t i o n  o f  t h e  ant h r o n e  method o f  

Gho s h  e t  a l  ( 1 9 6 0 ) . The s amp l e  w a s  d i l u t e d  t o  b e t ween 0 

a n d  1 0 0  � g  t o t a l  c a r b o hy d r a t e  p e r  m l  o f  s o l u t i o n . Two m l  

o f  an  i c e c o l d ,  0 . 2 % w/ v s o l u t i o n  o f  a n t h r o n e  i n  c o n c e n t r a t e d 

s u l phur i c  ac i d  we r e  added t o  1 ml  o f  t h e  di l u t e d samp l e  a n d  

t h o r o ug h l y  m i x ed . The s a mp l e s  w e r e  h e a t e d fo r 1 5  m i nut e s  

i n  a b o i l i ng wa t e r  b a t h  and t h e n  c o o l e d i n  a n  i c e - b a t h . 

Two m l  o f  6 6 %  v / v  s u l p hu r i c  a c i d  we r e  added and t he s amp l e  

t ho r o u g h l y  m i xed . The ab s o r b a n c e  o f  t h e  samp l e s  wa s r e a d  

a t  6 2 5  nm ag a i n s t  a r e a g e n t  b l a n k  us i n g  a Mode l 1 0 1  H i t a c h i  

s p e c t r o p h o tom e t e r  ( H i t a c h i  Ko k i  C o . L t d . , T o kyo , Japa n ) . 

R e s u l t s  we re c a l c u l a t e d  f r om a s t a n d a r d  c u r v e  u s ing g l u c o s e  

i n  t h e r a n g e 0 - 1 0 0  � gm l - l  A l l de t e rm i n a t i o n s  we r e  

p e r fo rmed i n  dup l i c a t e . 

3 0  



3 .  6 .  4 .  T h i n  L a y e r  C h r o m a t o g r a p h y  

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

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

o n  g l a s s  p l a t e s  ( 5  x 2 0  c m  o r  1 0  x 2 0  c m )  c o a t e d w i t h 

0 . 2 5 mm s i l i c a  g e l  w h i c h  h a d  b e e n  a c t i v a t e d  b y  h e a t i n g  a t  

1 0 5
°

C f o r 3 0  m i n u t e s  p r i o r  t o  u s e . T h e  s o l v e n t  s y s t e m s  

u s e d  t o  d e v e l o p  t h e  p l a t e s  w e r e : 
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P a r t  1 ,  f o r f r e e  b i l e a c i d s a n d  c a r b o x y l i c  a c i d  c o n j u g a t e s : 

a .  i s o o c t a n e : e t h y  a c e t a t e : a c e t i c a c i d , 1 0 : 1 0 : 2  ( H e f t m a n n , 

1 9 6 7 ) . 

b .  b e n z e n e : d i o x a n : a c e t i c a c i d , 7 5 : 2 0 : 2  ( H e f t m a n n , 1 9 6 7 ) . 

c .  c yc l o h e x a n e : e t hy a c e t a t e : a c e t i c  a c i d , 7 : 2 3 : 3  ( H e f t m a n n , 

1 9 6 7 ) . 

J .  i s o o c t a n e : e t h y � a c e t a t e : a c e t i c  a c i d , 5 0 : 5 0 : 0 . 7  ( H e f t m a n n , 

1 9 6 7 ) . 
1 1  

e .  t o l u e n e : a c e t i c  a c i d : wa t e r - u p p e r p h a s e , 5 : 5 : 1  ( G a n s h i r t  

e t  a l , 1 9 6 0 ) . 

P a r t  2 ,  f o r  c o n j u g a t e d  b i l e a c i d s : 

f .  e t hy l e n  d i c h l o r i d e : a c e t i c  a c i d : wa t e r ,  1 0 : 1 0 : 1  ( G r e g g , 

1 9 6 6 ) . 
1 1  g .  n - b u t a n o l : a c e t i c  a c i d : w a t e r , 1 0 : 1 : 1  ( G a n s h i r t  e t  a l , 

1 9 6 0 ) . 

C h r o m a t o g r a m s  w e r e  v i s u a l i s e d u s 1 n g  1 0 % w / v  p h o s p h omo l y b d i c  

a c i d  i n  e t h a n o l ( Ra n d e r a t h , 1 9 6 8 )  a n d  h e a t e d  a t  1 0 5
°

C f o r 

5 m i nu t e s . F o r  t h e i d e n t i f i c a t i o n  o f  t h e  b i l e  a c i d s  

p r e s e n t , s a mp l e s we r e  r u n  p a r a l l e l  t o  s t a n d a r d  b i l e a c i d s  

i n  a t  l e a s t  t h r e e  a pp r o p r i a t e  s o l v e n t  s y s t e m s . Wh e r e  b i l e  

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

o f  H e f t m a n n  ( 1 9 6 7 )  w e r e  u s e d  a s  a g u i d e  t o  t h e i d e n t i t y o f  

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

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

s u l p h u r i c  a c i d ( 1 : 1 ) a n d  v i e w e d  u n d e r u l t r a v i o l e t  l i g h t  

( H e f t m a n n , 1 9 6 7 ) . 



F o r  p r e p a r a t i v e  t h i n  l a y e r  c h r o ma t o g r a p h y  a p p r o x i ma t e l y  

7 0 - 1 0 0  m g  o f  m a t e r i a l  wa s a pp l i e d t o  a 2 0  x 2 0  c m , 1 mm 

t h i c k ,  s i l i c a  g e l D G , t l c  p l a t e  p r e v i o u s l y  a c t i va t e d b y  

h e a t i n g  a t  1 0 5
°

C f o r  2 h o u r s . T h e  p l a t e s  we r e  d e v e l o p e d 

u n d e r t a n k  s a t u r a t i o n  c o nd i t i o n s  i n  a s u i t a b l e  s o l v e n t  

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

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

s i l i c a  g e l w i t h m e t ha n o l c o n t a i n i n g 1 %  v / v ac e t i c a c i d  

( S h i o d a  e t  a l �  1 9 6 9 ) . 

3 .  6 .  5 .  H i g h  P e r f o r m a n c e L i q u i d  C h r o ma t o g r a p h y  

Q u a n t i t a t i v e  a n a l y s i s  o f  s amp l e s  f o r  b i l e a c i d  wa s p e r f o rm e d  

u s 1 n g  a W a t e r s A s s o c i a t e s  m o d e l A L C / G P C  2 0 1  l i q u i d  c h r o m a t o -

g r a p h  w i t h  a U 6 K  s e p t um l e s s  i n j e c t o r . A � B o n d a p a k  C 1 8  
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r e v e r s e - p h a s e  c o l u m n  ( 3 . 9  mm I . D .  x 3 0 0  mm , Wa t e r s  A s s o c i a t e s  

M i l fo r d ,  Ma s s . ,  U . S . A .  o r  4 . 0  mm I . D .  x 2 5 0  mm , B i o - S i l  O D S  

1 0 , B i o - Ra d  L a b o r a t o r i e s , R i c hm o n d , C a l i f o r n i a , U . S . A . )  w a s 

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

w a s  w i t h a W a t e r s  A s s o c i a t e s  R 4 0 1  d i f f e r e n t i a l r e f r a c t o m e t e r  

a n d  t h e r e s p o n s e  wa s r e c o r d e d  o n  a C R  6 0 0  t w i n - p e n , f l a t -
b e d  c h a r t  r e c o r d e r  ( J . J .  L l o y d  I n s t r um e n t s  L t d . , S o u t h a m p t o n , 

E n g l a n d ) . A n a l y s e s  w e r e  c o n du c t e d a t  amb i e n t  t em p e r a t u r e  

w i t h a s o l v e n t  f l o w o f  2 . 0  m l m i n
- 1 , a r e f r a c t o me t e r  a t t e n -

- 1  
u a t i o n  o f  4 x  o r  8 x  a n d  a c h a r t  s p e e d  o f  1 0  c mh . 

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

p h a s e  o f  m e t h a n o l : 1 % v / v a c e t i c a c i d  ( 7 7 : 2 3 )  wa s u s e d , wh i l e 

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

Wa t k i n s  ( 1 9 7 8 )  wa s c ho s e n  ( m e t h a n o l : wa t e r , 6 5 : 3 5 ) , a l t h o u g h  

1 n  s o m e  c a s e s  t h e r a t i o w a s  i nc r e a s e d t o  7 3 : 2 7 .  T h e  m o b i l e  

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

0 . 4 5 �m f i l t e r  ( M i l l i p o r e  C o r p o r a t i o n , B e d f o r d , Ma s s . ,  

U . S . A . ) .  T h e  r e t e n t i o n v o l um e s  o f  t h e  b i l e  a c i d s  f o r t h e 

m o b i l e  p h a s e s  u s e d a r e  p r e s e n t e d  1 n  T a b l e  3 . 5 .  

S a m p l e s c o n t a i n i n g  a p r e c i s e a mo u n t  o f  a n  a p p r o p r i a t e  

i n t c r n ;1 l  s t a n d a r d  w e r e  i n j e c t e d  i n  v o l um e s  o f  3 0 - 8 0  IJ l  



T a b l e  3 . 5  

T h e  r e t e n t i o �  v o l um e s  o f  b i l e a c i d s  

B i l e  a c i d  

s o d i um t au r o c h o l a t e  

s o d i um t a u r o d e o x y c ho l a t e  

s o d i um N - ( a - a m i n o m e t h a n e -
s u p h o n y l ) - d e o x y c h o l a t e  

g l yc o c ho l i c a c i d  

c ho l i c  a c i d  

g l yc o d e o x y c ho l i c a c i d  

N - ( a - a l a n o ) - d e o x y c h o l i c a c i d  

N - ( S - a l a n o ) - d e o x y c h o l i c a c i d  

m e t h y l 3 a , 7 a - d i a c e t o x y - 1 2 a -
h y d r o x y - 5 S - c ho l a n a t e  

d e o x y c h o l i c a c i d  

Re t e n t i o n  v o l um e  
( m l )  

M o b i l e  P h a s e  

1 2 

6 . 0  

1 2 . 0 

1 1 . 7  

6 .  2 8 . 7  

8 . 4  1 8 . 3  

9 . 0  1 9 . 4  

9 . 1  1 9 . 4  

8 . 5  1 8 . 7  

1 1 .  5 2 8 . 3  

1 3 . 3  3 7 . 0  

Mo b i l e p h a s e  1 :  7 7 : 2 3 m e t ha n o l : l % v / v a c e t i c a c i d . 
- 1  0 C o n d i t i o n s : w - B o n d a p a k  c 1 8  c o l um n , 2 . 0  m l m i n  , 3 0  C ,  

1 8 0 0 p s i .  

Mo b i l e  p ha s e  2 :  7 3 : 2 7 m e t ha n o l : wa t e r  a d a p t i o n  o f  

B l o c h  a n d  W a t k i n s  ( 1 9 7 8 ) . 
- 1  0 C o nd i t i o n s : B i o - Ra d  c o l umn , 2 . 0  m l m i n  , 2 5  C ,  2 2 0 0 p s 1 .  

3 3  



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

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

c om p o s i t i o n . A l l  u n k n o wn s a mp l e s  w e r e  i n j e c t e d i n  

d u p l i c a t e , wh i l e  p a r a l l e l  s t a n d a r d s  we r e  i n  t r i p l i c a t e . 

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

b i l e  a c i d  m i x t u r e s  f r o m  f e r m e n t a t i o n  b r o t h s  t h e  e q u i pm e n t , 

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

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

mo b i l e  p h a s e  o f  me t h a n o l : l % v / v a c e t i c a c i d , 7 5 : 2 5 ,  o r  a s  

t h e m e t h y l  e s t e r d e r i v a t i v e s  w i t h  t h e m e t h a n o l : ! % v / v 

a c e t i c  a c i d  r a t i o a t  7 2 : 2 8 .  S a m p l e  v o l um e s  o f  0 . 2 - 1 . 0  m l  

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

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

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

a q u e o u s  m e t h a n o l . 

3 . 6 . 6 .  I n f r a - r e d  S p e c t r o p h o t o m e t r y 

A K B r d i s c  c o n t a i n i n g  1 %  w / w b i l e  a c i d , wh i c h  h a d  b e e n  

d r i e d a t  1 0 0
°

C o v e r  P 2 o 5 u n d e r 0 . 2 - 0 . 4  k P a  f o r  3 h o u r s , 1 n  

7 5  m g  p o t a s s i u m b r o m i d e  wa s ma d e  w i t h  a m o d e l DM0 - 1 B e c k m a n  

E v a c u a b l e  K B r M i n i d i e  ( B e c kma n - R i i c L t d . , G l e n r o t h e s , 

F i f e ,  U . K . ) . T h e  d i s c w a s  s c a n n e d  a t  s l o w  s p e e d  u s i n g  a 

P e r k i n - E l m e r  1 2 - 7 2 0  s p e c t r o p h o t o m e t e r . 

3 . 6 . 7 . E q u i v a l e n t  W e i g h t  D e t e r m i n a t i o n  

T h e  e q u i v a l e n t  we i g h t  o f  a b i l e  a c i d  w a s d e t e rm i n e d  b y  t h e 

me t h o d  o f  Vo g e l  ( 1 9 5 9 ) . A n  a q u e o u s  e t h a no l i c s o l u t i o n  

c o n t a i n i n g  a k n own w e i g h t  o f  t h e b i l e  a c i d  wa s t i t r a t e d  
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w i t h  0 . 0 5 M s o d i um h y d r o x i d e , p r e v i o u s l y  s t a n d a r d i s e d a g a i n s t  

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

A l l  d e t e rm i n a t i o n s  w e r e  p e r fo r m e d  i n  d up l i c a t e . 

3 . 6 . 8 .  E l e m e n t a l  A n a l y s i s  

E l e m � n t a l a n a l y s i s  o f  b i l e  a c i d  s a mp l e s  wa s p e r fo r m e d  b y  



t h e  C h e m i s t r y De p a r tm e n t  o f  O t a g o  U n i v e r s i t y , N e w  Z e a l a n d . 

3 .  6 .  9 .  M a s s  S p e c t r o m e t r y 

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

p e r f o r m e d  b y  t h e C h em i s t r y D e p a r t m e n t o f  Ma s s e y U n i v e r s i t y , 

N e w  Z e a l a nd . T h e  s am p l e s w e r e  r u n  b y  e v a p o r a t i o n  f r o m  a 

d i r e c t  i n s e r t i o n  p r o b e  o n  a M S  9 d o u b l e - f o c u s s i n g  M a s s  

S p e c t r o m e t e r  a n d  t h e d a t a  w a s a n a l y s e d b y  a n  A . E . I .  DS 3 0  

c o mp u t e r  s y s t e m .  

3 .  7 .  C u l t u r e  C o n d i t i o n s  

3 .  7 . 1 .  F l a s k  C u l t u r e  

E x p e r i m e n t s  w e r e p r e d o m i n a n t l y c o n d u c t e d i n  2 5 0  m l  

E r l e nm e y e r  f l a s k s  c o n t a i n i n g  1 0 0  m l  o f  m e d i um . T h e  b i l e 

a c i d  s ub s t r a t e  wa s i n i t i a l l y p r e s e n t  i n  t h e m e d i um a t  a 

c o n c e n t r a t i o n  o f  0 .  5 g l - l , u n l e s s  o t h e r w i s e s t a t e d . 

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

o f  1 m l  p e r  f l a s k  o f  a d i s t i l l e d  wa t e r  s u s p e n s i o n  o f  myc e l i a 

a n d  s p o r e s  t a k e n  f r o m  a p o t a t o  d e x t r o s e  a g a r  s l o p e  o f  t h e  

f u n g u s , w h i c h  had b e e n  g r o wn f o r a s p e c i f i e d  t i me a t  3 0
° C .  

T h e  i n o c u l a t e d f l a s k s w e r e  i n c u b a t e d  a t  3 0 ° C f o r u p  t o  

2 5  d a y s . S h a k e f l a s k s  we r e  a g i t a t e d  e i t h e r  a t  2 0 0  r p m  o n  

a N e w  B : u n s w i c k S c i e n t i f i c  G y r a t o r y S h a k e r  ( N e w  B r u n s w i c k  

S c i e n t i f i c C o . I n c . ,  N e w  B r u n s w i c k , N e w  J e r s e y , U . S . A . ) , o r  

a t  2 5 0  r p m  i n  a G a l l e n k a m p  O r b i t a l  I n c ub a t o r  ( A . G a l l e n k am p  

a n d  C o . L t d . , L o n do n , E n g l a n d ) . F o r  s a m p l i n g ,  w h o l e  

f l a s k  c o n t e n t s we r e  t a k e n . 

3 . 7 . 2 . F e rme n t e r  C u l t u r e  

F o r  f e rm e n t e r  c u l t u r e , a Mu l t i g e n  F Z O O O  B e n c h t o p  c u l t u r e  

a p p  a r :1 t u s ( N e  \v B r u n  s w i c k S c i c n t i f i c C o . T n c . , N e w  B r u n  s w i c k , 
N e w  . f c r s c y , U . S . A . ) w a s e m p l o y e d . A p h o t o g r a p h  o f  t he 
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f e rm e n t e r  and i t s  anc i l l a r y  e q u i p m e n t  i s  p r e s e n t e d  i n  

F i g u r e  3 . 1 ,  w h i l e  F i gu r e  3 . 2  s c hema t i c a l l y i l lu s t r a t e s  

i t s  a r rangeme n t . 

3 . 7 . 2 . 1 . Equ ipment  and  i n s t rum e n t a t i o n  

The fe rmen t e r  v e s s e l  wa s s t an d a r d  e qu i pm e n t  fo r t he c u l t u r e  

ap p a r a t us a n d  wa s c o n s t ruc t e d  o f  p y r e x  g l a s s  w i t h  a n  

e t h y l ene - p rop y l e n e  h e a d  c o n t a i n i n g  ho l e s  fo r t h e  i n s e r t i o n  

o f  t he va r i o u s  f a c i l i t i e s  r e qu i r e d . The ve s s e l  head  wa s 

he l d  t i ght l y  i n  p l a c e  b y  a s t a in l e s s  s t e e l  s t opp i n g  p l a t e  

b o l t e d  to a mount ing r i n g . T h e  v e s s e l  had a wo r k i n g  

vo l ume  o f  1 . 5 1 a n d  wa s vo l ume t r i c a l l y c a l i b r a t e d  a t  3 0
°

C 

t o  f a c i l i t a t e  t h e  vo l um e t r i c  a n a l y s i s  o f  ferme n t a t i o n  

c omponent s .  

Ag i t a t i on wa s p rov i d e d  b y  an i m p e l l o r  a s s emb l y  o f  3 ,  s i x 

b l a d e d  turb i n e s  moun t e d  v e r t i c a l l y o n  t h e  c e n t r a l imp e l l o r  

s h a f t . Th i s  wa s magn e t i c a l l y  d r i v e n  t hrough t h e  ba s e  o f  

t h e  fe rmen t e r  v e s s e l . The t u rb i n e  he i g h t s  on the s ha ft 

we r e  a d j u s t a b l e  but w e r e  n o rma l l y  f i x e d  at  he ight s o f  3 3 . 5 ,  

8 1 . 5  and 1 3 0  mm above  t h e  b a s e  o f  t h e  ve s s e l . T h e  impe l l o r  

s p e e d  con t r o l w a s  c a l i b r a t e d i n  rpm by means  o f  a s t r o b o 

s c o p e . A s i n g l e  b a f f l e wa s u s e d  t o  e n s u r e  tu rbu l e n t  f l o w 

a t  t h e  impe l l o r  s p e e d s  e mp l o y e d , a s  t h i s i s  s u f f i c i e n t  fo r 

s ma l l  f e rme n t e r s  ( C a l am , 1 9 6 9 ) . 

A s o l id - s t a t e  t emp e r a t u r e  c o n t r o l l e r  w i t h  a t he rm i s t o r  

s en s o r  ma i n t a i n e d  t h e  f e rmen t e r  t emp e r a tu r e  a t  3 0 + 0 . 2 ° C b y  

m e a n s  o f  a he a t i n g  e l em e n t  op e r a t i ng a g a i n s t  a co n s t a n t  

c o o l i ng wat e r  f l ow . A t h e rmom e t e r  wa s u s e d  a s  a v i s u a l  

c h e c k  o n  t h e  c u l t u r e  t emp e r a t u r e .  

A b l o we r s i t u a t e d  1 n  t h e  Mu l t i g e n  F 2 0 0 0  app a ra t u s  pump e d  

a i r , v i a  a n e e d l e  c o n t r o l  va l v e , t o  a Gap  v a r i ab l e  a r e a  

f l owm e t e r  ( P l a t o n  F l ow C o n t r o l L t d . , B a s i n g s t o ke , Hamp s h i r e , 

Eng l and )  wh i c h wa s c a l i b ra t e d f r o m  1 0 0 - 1 2 0 0  m l m i n
- 1

. Th i s  

me t e r ed a i r  t hrough a s t e r i l e , g l a s swo o l - p a c k e d  f i l t e r  

b e fo r e i t  wa s s p a r g e d  th rough nume ro us , sma l l  ho l e s a t  t h e 
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F I GURE 3 . 1  A p h o t o g r a p h  o f  t h e  f e rm e n t e r  
a n d  i t s  a n c i l l a r y  e q u i pm e n t . 
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b a s e  o f  t h e  ho l l o w  imp e l l o r  s h a f t . 
- 1  f l ow c o n t r o l  wa s + 2 5  m lm i n  . 

The  p r e c i s ion  o f  t h e  

Exhau s t  g a s  wa s v e n t e d t h r o u g h  a v e r t i c a l  tub e w i t h  a 

s t e r i l e , non - ab s o r b ant  c o t t o n  wo o l  p l ug a t  t h e  e x i t . T h e  

tub e wa s pa s s e d i n t o a 2 5 0  m l  m e a s u r 1 ng c y J i nd e r t o  c o n t a i n 

l o s s e s  o f  f e r me n t e r  c o n t en t s , i f  t he y  occur r e d . 

The d e s i r e d  c u l t u r e pH wa s ma i n t a i n e d  us 1 ng a n  Au t oma t i c 

Mi n i  pH C o n t r o l  Sy s t em ( N e w  B run sw i c k  Sc i en t i f i c  Co . I nc . , 

New B runsw i c k , N e w  J e r s e y , U . S . A . )  c o n s i s t i ng  o f  a pH 4 0  

C o n t r o l l e r  mo du l e , a XpH 4 2  pump mo du l e  and a pH 4 0  Re c o r d e r  

modu l e  w i t h  a Xp H - 7 5  Typ e 7 6 l - 3 5 1 B I n g o l d  comb in a t i o n  g l a s s  

e l e c t ro d e  ( I n g o l d  E l e c t r o d e s I nc . , L e x i n g t o n , Ma s s . ,  U . S . A . ) 

to  m e a s u r e  b r o t h  pH . S o l u t i o n s  emp l o yed  to  c on t ro l pH 

we r e  0 . 5 M s o d i um hyd ro x i d e  and 0 . 5M hydroc hl o r i c  ac id . T h e  

pump s w e r e  c o n t r o l l e d b y  a t im i n g  m e c han i s m wh i c h  fo l l o w e d  

a 2 0 : 1 0 s e c o n d , pump on : o f f  c yc l e  a s  a s a fe t y  m e a s u r e . T h e  

f e rmen t a t i o n  pH  wa s r e c o r d e d  on  t h e  r e c o r d e r  modu l e  s t r i p 

c ha r t . 

The pH e l e c t r o d e  w a s  c a l i b r a t e d  u s i n g  pH 4 . 0 ,  7 . 0  and 9 . 2  

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

t h e  e l e c t r o d e  r e qu i r e d  s o a k i n g  fo r 2 h o u r s  i n  O . l M 
hyd r o c h l o r i c a c i d , a f t e r  a wa s h  1 n  d e t e r g e n t  s o l u t i o n , t o  

r e move c o n t am i na t i ng p r o t e i n s . W h e n  no t in u s e , t h e  pH 

e l e c t r o d e  wa s s t o r e d , a f t e r  c l e a n i n g , in 3M po t a s s L um 

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

Al l fe rme n t a t i o n  s amp l e s  w e r e  mon i t o r e d for pH  t o  ind e p e nd 

e n t l y  c he c k  t h e  c a l i b r a t i o n  o f  t h e f e rme n t e r  pH co n t ro l  

sys t em , and any  d i s c r e panc i e s  we r e  c o r r e c t e d . 

An t i foam emul s i o n  wa s i n c l ud e d  i n t o  t h e  med i um a t  a 

conc e n t r a t ion o f  0 . 1 % w/ v a n d  an  a u t omat L C  foam c o n t r o l  

s y s t e m wa s u s e d  t o  sup p r e s s  t he s e v e r e  foam i n g  g e n e r a t e d  b y  

t he h i g h a g i t a t ion  and a e r a t i o n ra t e s  emp l oye d du r i ng t h e  

fe rme n t a t L o n s . W h e n  foam c o n t a c t e d t h e t e f l o n - s h e a t h e d , 

s t a i n l e s s  s t e e l s e n s o r , t h e  c o mp l e t e d  foam c o n t r o l l e r  
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c i r c u i t  ( D e s i g n E l e c t r o n i c s , P a l me r s t o n  No r t h , New Z e a l a n d )  

a c t i va t e d  a pump ( M . P . L .  Me t e r i n g  Pump s L t d . , Londo n , En g l an d )  

t o  add a sma l l  d o s e  o f  a s t e r i l e , 1 0 %  w / v  a q u e o u s  a n t i fo a m  

s o l u t i o n  to  t h e  f e rme n t e r . The d e s t ruc t i o n  o f  t h e  foam 

c a u s e d  t he c i r c u i t  to be b r o ke n  and  t h e  pump to s t op . To  

avo i d  e xc e s s i v e  a dd i t i o n  of a n t i f o a m , t he f o am c o n t ro l l e r  

pow e r  i nput w a s  a c t i v a t e d  2 m i nu t e s  o u t  o f  e v e r y  1 5  m i nu t e s  

b y  a c am - t i m i n g  d ev i c e . T h e r e f o r e  t wo c o n d i t i o n s  had t o  

b e  m e t  t o  a l l o w  a n t i foam add i t i o n , f i r s t , t h e  foam had t o  

co n t a c t  t h e  s e n s o r  and s e c on d , t h e  c o n t r o l l e r had to b e  

a c t ua t e d  v i a  t h e  c am t ime r .  

A g a l v a n i c , d i s s o l v ed o x y g e n  pro b e , T y p e  M l 0 1 6 - 0 2 0 8  ( N e w  

B r un s w i c k  Sc i e n t i f i c  Co . I nc . , New  B r u n sw i c k , N e w  J e r s e y , 

U . S . A . ) w a s  u s e d  i n  c o n j unc t i o n  w i t h  a mode l D0 - 4 0  D i s s o l v ed 

Oxy g e n  Ana l y s e r  ( New  Brun s w i c k  S c i e n t i f i c  Co . I n c . , New 

B ru n s w i c k , New  J e r s e y , U . S . A . )  and  a 0 - 1 0 mV c ha r t  r e c o r d e r  

( J . J .  L l o yd I n s t r ume n t s  L t d . , S o u t h a mp t on , E n g l and)  t o  

m e a s u r e  t h e  d i s s o l ve d  oxygen t en s i o n  i n  t h e  fe rmen t e r . The  

s y s t e m wa s c � l i b r a t e d p r i o r  t o  i no c u l a t i o n  by  f l u s h i ng t he 

f e rm e n t e r  ve s s e l  c o n t e n t s  w i t h  o x y g e n - f r e e  n i t r o g e n  g a s  v i a  
t h e a e r a t i on s y s t em t o  o b t a i n  z e ro s a t u r a t i o n  c o nd i t i o n s . 

T h e n  t h e  ve s s e l  w a s  a e r a t e d  v i go r ou s l y  fo r t e n  m i nut e s  t o  

g 1 v e  1 0 0 %  s a t ur a t i o n , and t h e  an a l y s e r  a n d  c h a r t  r e c o r d e r 

s p a n s  s e t . W h e n  no t 1 n  u s e , t h e  d i s s o l v e d  o xygen p r o b e  

wa s s t o r e d  i n  d i s t i l l e d w a t e r . 

3 . 7 . 2 . 2 . S t e r i l i s a t i o n  me t hods  

The  f e rme n t e r  v e s s e l  c o n t a i n i n g the  m e d i um ,  a l l  i t ems 1n  

t he f e rm e n t e r  head  except  the  pH and  d i s s o l v e d  o xygen 

e l e c t r o d e s , the  pH c o n t r o l s o l u t i o n s  a n d  a l l  s o l u t i o n d e l i ve ry 

s y s t e m s  w e re s t e r i l i s e d  by  au t o c l a v i ng a t  1 2 1 ° C fo r 2 0  

m i nu t e s . Any p a r t s  o f  p i p i n g  o p e n  t o  t h e a tmo s p h e r e  w e r e  

p l ug g e d  w i th non - a b s o rb e n t  c o t t o n  wo o l  a n d  wrapped  i n  

a l um i n i um fo i l  p r i o r  to s t e r i l i s a t i o n . T h e  1 0 %  w/ v a n t i fo am 

s o l u t i o n  wa s s t e r i l i s e d  b y  a u t o c l av i ng a t  1 2 1 ° C ,  fo r 1 5  

m i nu t e s , 2 4  hou r s  p r i o r  to f e rme n t e r  a s s e mb l y  a nd r e s u s p e n d c d  

o v e r n i g h t  on a g y r a t o r y s h a k e r . 



T h e  i n l e t  a i r  f i l t e r  and  a n y  p i p e t t e s  u s e d  t o  add s o l u t i o n s  

t o  t h e  f e rme n t e r  w e r e  s t e r i l i s ed  b y  d r y  h e a t  a t  1 6 0 °C f o r  2 

h o u r s . The p H  a n d  d i s s o l ve d  o x y g e n  e l e c t r o d e s  were  

s t e r i l i s e d by i mm e r s i o n  i n  2 %  v/v  f o rm a l dehyde s o lu t i on fo r 

3 0  m i nu t e s  fo l l o w e d  b y  t ho r o ug h  r i n s i n g  w i t h  s t e r i l e , 

d i s t i l l e d  wa t e r  p r i o r  t o  t h e i r  i n s e r t i on i n t o  t he f e rme n t e r  

v e s s e l . 

3 .  7 .  2 .  3 .  I no c u l um p r ep a r a t i o n  

T h e  fu n g u s  r e qu i r e d  wa s s ub c u l t u r e d  o n  t o  a p o t a t o  de x t r o s e  

a ga r  s l o p e  and i nc ub a t e d a t  3 0
° C fo r 7 2  hou r s . A 4 m l , 

s t e r i l e , d i s t i l l e d wa t e r  s u s p e n s i o n  o f  myc e l i a and spo r e s  

w a s  t h e n  a s e p t i c a l l y i no c u l a t e d i n t o  5 0  m l  o f  s t e r i l e , 

g l u c o s e - p e p t o n e  m e d ium i n  a 1 5 0 m l  E r l enmeyer f l a s k  and 

i ncu b a t e d  at 3 0 ° C fo r 7 2  h o u r s  at Z O O  rpm o n  a gy r a t o r y 

s hak e r . The e n t i r e  vo lume o f  c u l t u r e , rep r e s e n t i n g  a 3 . 3 % 

v / v  i n o c u l um ,  wa s t he n  a s e p t i c a l l y  a d d e d  to  t h e  ferme n t e r  

v e s s e l . 

3 • 7 . 2 . 4 . Op e r a t i o n  

E a c h  f e r m e n t a t i o n i n vo l v e d : 
.._ 

a .  T h e  p r ep a r a t i o n  o f  t h e  i n o c u l um . 

b .  T h e  p r e p a r a t i o n  and s t e r i l i s a t i on o f  t h e  ferme n t e r , 

m e d i um a n d  a nc i l l a ry equ i p m e n t .  

c .  T h e  a s ep t i c  a s s emb l y  o f  t h e  f e rme n t e r  and i t s  

a nc i l l a r y  e qu i pm e n t .  

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

t h e  pH a n d  d i s s o l v e d  o xy g e n  e l e c t r od e s . 

e .  T h e  i n o c u l a t i o n  o f  t he fermen t e r . 

f .  T h e  o p e r a t i o n  o f  t h e  f e rme n t e r i n  b a t c h  mode , 

u s ua l l y fo r 6 - 8  days , a c c o rd i ng t o  t h e  exper i me n t a l  

c o nd i t i o n s  r e qu i r ed . I n  s o me e x p e r imen t s , g l uc o s e  

wa s added t o  t h e  c u l t u r e d u r i n g  f e rment at i o n .  Two 

mo d e s  o f  a dd i t i o n  w e r e  u s e d : 

1 .  A c o n t i n uous mo de  i n  w h i c h  a s t e r i l e - f i l t e r e d  

s o l u t i o n  o f  4 0 0 g 1  - l  g l uc o s e  wa s a dd e d t o  t h e  
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ferme n t e r  b y  a r e c i p ro c a t i n g  pump ( M . P . L .  

M e t e r i n g  Pumps  L t d . , London , E n g l a n d )  s e t  a t  
- 1  

0 . 3 9 ml  m i n  f l ow . T h e  pump wa s ac t u a t e d  

b y  a c am t i m i ng d e v i c e  on  a c y c l e  o f  1 . 6  m i nu t e s  

1 n  1 5 .  

2 .  An i nc r eme n t a l  mo d e  i n  wh i c h  g l uco s e  s o lut ion  

p r epared  as  a b o v e , was  a s e p t i c a l l y  added to  t h e  

f e rment e r  manua l l y a s  r e qu i r e d . 

g .  T h e  r e gu l a r  w i t hd r awa l o f  s a mp l e s ( ea 2 5  m l )  from t h e  

fe rme n t e r  f o r  a n a l y s i s . P r i o r  t o  samp l i n g , the s a mp l e  

4 2  

s y s t em wa s f l u s h e d  w i t h  appr ox i m a t e l y  5 m l  o f  the c u l t u r e  

t o  r emove any r e s i d e n t  " d e a d "  vo lume . The  ferme n t e r , 

f l u s h  and s amp l e  vo l um e s  we r e  r e c o rded t o  enab l e  

vo l um e t r ic a n a l y s i s  o f  f e rment a t i o n  compo nent s .  

h .  A f t e r  the t e rm i n a t i o n  o f  t h e f e r m e n t a t i o n , the v e s s e l  

a nd a l l  equ i p m e n t  wh i c h  was  i n  c o n t a c t  w i t h  the fun g a l  

c u l t u r e , wa s s t e r i l i s e d  a nd c l e a n e d . 

3 . 7 . 2 . 5 . D i scu s s i o n  

P i r t  ( 1 9 7 5 )  s t a t e s  t h a t , due  t o  p r o b l e m s  o f  wa l l  g r owt h 

a c c r e t i o n  w h i c h  c r e a t e  a h e t e ro g e n e o u s  e n v i r o nmen t , a 2 1 
c u l t u r e  v e s s e l  i s  t h e  m i n i mum s i z e  p r a c t i c a l  when s t udy i n g  

f i l amen t o u s  fun g i  i n  a fu l l y - i n s t rume n t e d  fe rmen t e r . T h e  

e q u i pm e n t  u s e d  wa s c ho s e n , r e c o gn i s i n g  t h e  p o t e n t i a l  p r o b l em s , 

d u e  t o  e qu i pment c o n s t r a i n t s  and  t h e  c o s t  o f  t h e  b i l e  ac i d  

c o n j ug a t e s ub s t r a t e . The  l o n g  p e r i o d  o f  t he fe rment a t i o n s  

o ft e n  l e d  t o  c o n s i d e r a b l e  wa l l  g r o w t h  a c c umu l a t i o n . How e v e r ,  

a l t ho u g h  t h i s  mea n t  t h a t  t he d r y  we i gh t  f i gu r e s  unde r e s t i ma t e d  

t h e  ac tua l b i oma s s  y i e l d s , t h e  wa l l  g r owt h wa s no t s hown t o  

a f fe c t  b i l e a c i d  m e t a b o l i s m  s i g n i f i c a n t l y  i n  t e rms  o f  lo s s e s  

o r  y i e l d s  o f  produc t . A dup l i c a t e  fe rme n t a t i o n  o f  

Cu r v u l a r i a  fa l l ax i n  t h e  f e rme n t e r  us i n g  0 . 5 e l - l 
g l yco 

d e o xycho l i c ac id s ub s t r a t e  y i e l ded v a r i a t ion o f  d r y  we i g h t  

a n d  b i l e  a c i d  da t a  o f  w i t h i n  + 5 % . 



3 . 8 . C e l l - f r e e  S y s t ems 

3 . 8 . 1 . C e l l P r o du c t i on  

T h e  r e qu i r ed  fun g u s  w a s s ub c u l tured on  t o  a po t a t o  dex t r o s e  

a g a r  s l o p e  and  i nc u b a t e d f o r  6 days a t  3 0 °C .  T h i s  w a s  t he n  

u s e d t o  i n o c u l a t e  f l a s k s  c o n t a i n ing g l u c o s e - p e p t o n e
'
med i um 

w h i ch we r e  i ncuba t e d f o r  s ev e n  days a t  3 0 °C i n  a G a l l e n 

k a mp O r b i t a l  I n c ub a t o r  a t  2 5 0  rpm . No b i l e  a c id s ub s t r a t e  

w a s p r e s e n t  i n  t he m e d i um .  A f t e r  t h i s  t ime , t he f l a s k 

c o n t e n t s  w e r e  p l ac e d  i n t o  2 x 5 0 0  m l  c e n t r i fu g e  t ub e s  and  

c e n t r i fu g e d  at  1 0 , 0 0 0  x g f o r  3 0  m i nu t e s , a t  1 0 ° C ,  i n  a 

M . S . E .  H i - Sp i n 2 1  C e n t r i fu g e  (M . S . E .  Sc i en t i f i c I n s t r um en t s , 

S u s s e x , E n g l and) . 

3 . 8 . 2 . The C e l l - fr e e  F i l t r a t e  

A f t e r  c e n t r i fug a t i o n , t h e  sup e r n a t a n t  l i qu i d  wa s d e c a nt e d  
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f r om t h e  t ub e s , a d j u s t e d t o  pH 6 . 5  w i t h  l M s o d i um hydr o x i de 

a n d  f i l t e r e d succ e s s i v e l y  t hr o u g h  a 5 . 0  �m SM type  f i l t e r  

( M i l l i p o r e  C o rpo ra t i o n , B e d fo r d , Ma s s . ,  U . S . A . ) and a s t e r i l e , 

0 . 4 5 �m  memb rane  f i l t e r . T h e  s t er i l e , c e l l - f r e e  f i l t r a t e  

w a s  he l d  a t  4 °C u n t i l  u s e d  ( no l o n g e r  t h a n  2 hour s ) . 

3 . 8 . 3 . The C e l l - f r e e  E x t r a c t  

T h e  myc e l i a l  ma s s  r em a i n i n g  a ft e r c e n t r i fuga t i o n  wa s r e 

s u s p e n d e d  i n  0 . 0 5M ,  p H  7 . 0  pho s p ha t e  b u f fe r  and  c e n t r i fu g e d  

a t  7 , 5 0 0  x g fo r 1 5  m i nu t e s  a t  1 0 °C .  The  sup e r n a t a n t  

l i q u i d  w a s  d i s c a r d e d . The c e l l  ma s s  from e a c h  tub e w a s  

s u s p e nded i n  1 5 0  m l  o f  p ho s p ha t e  buffe r and homo g e n i s ed  i n  

a n  i c e - c o o l e d  Wa r i n g  B l e nd e r  (Wa r in g  P r o duc t s  Co . ,  W i n s t e d , 

C o nn . , U . S . A . )  f o r  3 0  s e c o n d s  a t  low  s p e e d , t he n  3 0  s ec o n d s  

a t  h i g h  s p e e d . T h e  homo g e na t e  was c e n t r i fu g e d  a t  7 , 5 0 0  x g 

f o r 1 5  m i n u t e s  a t  1 0 ° C t o  s ep a r a t e  t h e  c e l l  d e b r i s  from 

t he c e l l - e x t rac t . The  l a t t e r  wa s d e c a n te d f r om the tu b e s  

a nd s t e r i l e  f i l t e r e d  a s  fo r t h e c e l l - f r e e  f i l t r a t e . 



3 . 8 . 4 . I ncub a t i o n C o nd i t i o n s  

Twe n t y - f i ve m l  a l i q uo t s  o f  e i t he r  t h e  c e l l - f r e e  f i l t r a t e  

o r  t he c e l l - f r e e  e x t ra c t  s o l u t i o n s  and 5 m l  a l i quo t s  o f  a 

6 . 0 g l - l s t e r i l e ,  a q u e o u s  b i l e  a c i d  s o l u t i o n  ( pH 7 . 0 ) w e r e  

a s e p t i c a l l y t r ans fe r r e d  i n t o  s t e r i l e , 1 5 0  m l  E r l enme y e r  

f l a s k s  t o  g i v e  a f i n a l  b i l e a c i d  c o nc e n t r a t i o n  o f  l . O g l - 1 . 

A 5 m l  s amp l e  wa s a s ep t i c a l l y r emoved f rom e a c h  f l a s k  fo r 

pH a n d  b i l e  a c i d  a na l y s i s  and t he r ema i n i ng s o l u t i o n  wa s 

i n c ub a t e d a t  3 0 °C o n  a New B run s w i c k  Sc i e n t i f i c  gyr a t o r y  

s ha k e r . A f t e r  1 2  hou rs , e a c h  f l a s k  wa s ana l y s e d  fo r pH 

and 1 ml o f  1M sod ium c a r b o n a t e  wa s added t o  inh i b i t  fu r t h e r  

e n z ym i c  r e a c t io n . Two 1 0  m l  samp l e s  we r e  t a ken  fo r b i l e 

a c i d  ana l y s i s  b y  t l c a n d  hp l c . Dup l i c a t e  i n cub a t i o n s  

we r e  p e r fo rm e d  for e a c h  c omb i n a t i o n  o f  b i l e ac i d  and c e l l 

f r e e  s y s t em t e s ted . 

3 . 9 . B i l e Ac i d  E x t ra c t i o n  and  Samp l e  P r epa r at i o n  

3 . 9 . 1 .  So l v e n t  E x t r a c t i on  

The  fo l l o w i n g  b i l e  ac i d s  were quant i t a t i v e l y  e s t ima t e d 

a ft e r  c h l o ro fo rm e x t r a c t i o n , un l e s s  o t he rwi s e  s t a t e d : a l l 

f r e e  b i l e  a c i d s , g l y c o de o xycho l i c a c i d , N - ( a - a l ano ) 

d e o x y c h o l i c a c i d and N - ( 8 - a l an o ) - d eoxycho l i c a c i d . 

A known vo l ume o f  c u l t u r e  f i l t r a t e  ( e a  2 0 - 2 5  m l )  wa s 

a c i d i f i e d  t o  pH 2 w i t h  5 M  hydro c h l o r i c  a c id  and e x t r a c t e d 

w i t h  c h l o r o fo r m  ( 3  x 2 0 - 2 5  m l ) . The c o mb i n e d  e x t r a c t s  
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w e r e f i l t e r e d and d r i e d i n  v a c u o . The  r e s idue wa s d i s s o l v e d  

i n  1 - 1 . 5  m l  o f  9 5 %  me t hano l c o n t a i n i ng a known amoun t  

( 5 - 1 5  m g )  o f  t h e  i n t e rn a l  s t a nd a r d , m e t hy l  3a , 7 a - d i a c e t o xy -

1 2 - hyd r o xy - 5 8 - cho l an a t e  and sw i nn ey - f i l t e r e d  (M i l l i p o r e  

C o rp o r a t i o n , B ed fo rd , Ma s s . ,  U . S . A . ) p r i o r  t o  h p l c  a n a l y s i s . 

F o r  t h e  qua l i t a t ive d e t e c t i o n  o f  b i l e a c i d s  by t l c , t he 

s amp l e s  we r e  no t s w i n n e y - f i l t e r e d  and no  i n t e rna l s t a nd a r d 

wa s a dded . 



3 .  9 .  2 .  F r e e z e - D ry Ex t r a c t i on 

G l yc o c ho l i c a c i d , and t he t aur i n e  c o n j ug a t e s i n c lud i n g  

s o d i um N - ( am i no me t ha n e s u l p h o ny l ) - d e o x yc ho l a t e , were  

qua n t i t a t i v e l y  e x t ra c t e d  f rom fe rme n t a t i o n  s amp l e s  u s 1 n g  

t h i s  m e t ho d . Quant i t at i v e  e s t ima t i o n  o f  t he b i l e  a c i d s  

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

t h i s  t e c hn i qu e . 

A known vo l ume  o f  t he cu l t u r e  f i l t r a t e  ( ea 2 0 - 2 5  m l )  wa s 

f r e e z e - d r i e d  o n  a V i r t i s  mode l 1 0 - 0 2 0  b e nch t o p  f r e e z e -

d r i e r  ( V i r t i s  Comp any I nc . , G a r d i n e r , N . Y . , U . S . A . ) . The 

d r i e d m a t e r i a l  w a s  e x t r a c t e d  w i th hot m e t hano l c o n t a i n i n g 

3 %  v/ v a c e t i c  a c i d  ( 2  x 1 5  m l ) and  t he i n t e r n a l s t anda rd  

( 5 - 1 5 m g ) , wh i c h  wa s e i t he r g l y c o c h o l i c ac i d  o r  sod ium 

t a u r o d e o xycho l a t e . Non - b i l e  a c i d  m a t e r i a l  i n  t he me t h a no l 

e x t ra c t  w a s  p r e c i p i t a t e d b y  t h e  a dd i t i on o f  a c e t o n e  ( 2 0  m l )  

a n d  r e m o v e d  b y  c e n t r i fuga t i on . The  s up e rna t a n t  l i qu i d  

wa s d e c a n t e d , f i l t e r ed a n d  evapo r a t e d  t o  dryne s s  � n  

v a cuo . T h e  r e s i du e  was d i s s o l v e d  i n  1 - 1 . 5  m l  o f  9 5 %  

me t ha no l , sw i n n e y - f i l t e r e d  and a n a l y s e d  b y  hp l c . 

3 .  1 0 . P r o duc t C hara c t e r i s a t i on 

Al l i n f r a - r e d  s p e c t r a  a r e  r e p r o duc e d  1 n  Ap pe nd i x  1 .  

3 . 1 0 . 1 . The  Ac t i o n  o f  C .  m e l o n i s  C B S  1 6 2 . 6 0 o n  G l yco 

d e o x yc h o l i c a c i d  

C .  m e l o n i s  C B S  1 6 2 . 6 0 wa s i no c u l a t e d i n t o  g l u c o s e - p e p t o n e  

m e d i um ( 2  x 1 0 0 m l ) c ont a i n i n g  l O g l
- l  

g l yc o d e o x ycho l i c 

a c i d , a n d  i n c ub a t e d  a t  3 0 °C and  2 5 0  r pm i n  a G a l l enkamp 

Orb i t a l  I nc u b a t o r . 

Af t e r  2 0  d a y s , t h e  c u l t ur e s  w e r e  a d j u s t e d  to pH 1 0  w i t h  1 M  

s o d ium h y d r ox i d e  a nd s l o w l y  s h a k e n  fo r 3 0  m i n u t e s .  T h e  

myc e l ium wa s r emoved  by  f i l t r a t i o n  and t h e  f i l t r a t e  (ea  2 0 0  

m l )  wa s a c i d i f i e d w i t h  hyd ro c h l o r i c ac i d  to  pH 2 ,  and t h en  
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e x t rac t e d  w i t h  c h l o ro form ( 4  x 2 0 0  m l ) . The  comb i n e d  

c h l o r o fo rm e x t r ac t s  were  e vapo r a t e d t o  � o f  t h e  i n i t i a l  

vo lume i n  v a c u o  a n d  wa s he d  w i t h  d i s t i l l e d wa t e r  ( 2  x 1 0 0  m l ) . 

T he c h l o r o fo r m  l a y e r  wa s t he n  f i l t e r e d and evapo r a t e d t o  

dryn e s s i n  v a c u o . The r e s idue wa s c r y s t a l l i s e d r e p e a t e d l y  

from wat e r - s a t u r a t e d  me t hy l  e t hy l k e t o n e  t o  a c o n s t a n t  

me l t i ng p o i n t  ( 1 6 9 - 1 7 1 °C ) * . T h e  m i c r o b i a l l y - p r oduc ed  

d e oxycho l i c a c i d  w a s dr i e d over  P 2 o 5 a t  1 0 0 ° C fo r 3 h o u r s  

i n  v a c u o . Au t h e n t i c  d e o x y c ho l i c a c i d  (m . p .  1 6 9 - 1 7 1 °C )  

w a s  c r y s t a l l i s e d  f r o m  t h e  s ame s o l v e n t  and s ub j e c t e d t o  t h e  

s ame dry i n g  p r o c e d u r e  a s  t ha t  u s e d  fo r t h e  m i c r o b i a l  p roduc t . 

They we r e  i d e n t i c a l  by t he c r i t e r i a  o f  m i xed  me l t i n g  po i n t  

( 1 6 9 - 1 7 1 ° C )  a nd t h e  sup e r i mp o s i b i l i t y  o f  I R  s p e c t ra . 

3 . 1 0 .  2 .  The  Ac t i o n o f  C .  m e l o n i s  C B S  1 6 2 . 6 0 o n  

G l yc o c h o l i c ac i d  

C .  me l o n i s  C B S  1 6 2 . 6 0 wa s g r own o n  g l uc o s e - p e p t o ne 

med ium ( 2  x 1 0 0  m l )  con t a i n i ng S . O g l - l g l yc o c ho l i c  a c i d  

i n  s hake  f l a s k  c u l t u r e  a t  3 0
°C ,  o n  a N e w  Brun sw i c k  

S c i e n t i f i c  g y r a t o r y s h a k e r  a t  2 0 0  r pm . 

A f t e r  1 5  d a y s , t h e  c u l t ur e s  we r e  adj u s t e d  t o  pH 1 0  w i t h  l M  

s o d ium hydr o x i d e  a nd s l ow l y  s ha k e n  f o r  3 0  m i nu t e s . The  

myc e l i um was  r emo v e d  by f i l t r a t i o n  and  t he f i l t r a t e  ( ea 

2 0 0  m l )  f r e e z e  d r i e d  on  a V i r t i s  b e n c h - t op f r e e z e  d r i e r . 

The hyg r o s c o p i c  r e s i due wa s d i s s o lved  i n  d i s t i l l e d w a t e r  

( 3 0  m l ) , a c i d i f i e d  t o  pH2 w i t h hyd r o c h l o r i c a c i d  a n d  

e x t r ac t e d w i t h  c h l o ro fo rm ( 4  x 5 0  m l ) . The po o l e d  

c h l o ro fo rm e x t r a c t s  w e r e  wa s h e d  w i t h  d i s t i l l e d  wa t e r ( 2  x 

* Norma l l y ,  d e o xy c ho l i c a c i d  i s  c rys t a l l i s ed f r om wa t e r 
s a t u r a t e d  me t hy l  e t h y l  k e t o ne a s  a fa t t y - a c i d  c o mp l e x  
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wh i c h  h a� �  me l t i n g  po i n t s o f  1 6 5 - 1 9 2 °C ( S o b o t ka & Go l db e r g , 
1 9 3 2 ) . A l t ho u g h  s u c h  a c omp l e x ed fo rm wa s o b t a i n e d when 
deoxyc h o l i c a c i d  was r e c o v e r e d  f r om cu l t u r e  b ro t h s  w i t h 
i n i t i a l  s ub s t r a t e  con c e n t r a t i o n s  o f  O . S g l - 1 , t he 
deoxyc h o l i c ac i d  c ry s t a l l i s e d  f r om t h i s  fe r m e n t a t i o n  wa s 
no t fa t t y - a c i d  c o mp l e xed . A po s s i b l e  ex p l ana t i o n  may 
be  t h a t  t h e  h i g h  d e o x y c h o l i c ac i d  c o n c e n t r a t i o n s  p r e s e n t  
i n  t h e  b r o t h ( ea 9 .  O g l - 1 )  , due t o  t he h i g h y i e l d s  o f  
hydr o l y s i s  e� t t h e sub s t r a t e  c o n c c n t r ,l t i o n emp l o y ed , we r e  
g r e a t l y  i n  e x c e s s  o f  t h e  av a i l ab l e  fa t t y  a c i cl  c o n c e n t r a t i o n . 



5 0  m l )  and  t h e n  d r i e d  i n  v a c u o  t o  y i e l d a wh i t e  gum , 

w h i c h  w a s  h omo g e n o u s  on  t l c  w i t h a R� i d ent i c a l to  t h a t  

o f  au t h e n t i c c ho l i c a c i d . C ry s t a l s  w e r e  o b t a i n e d  from 

a two - p h a s e  c h l o r o fo rm - wa t e r  s ys t em as  c o l o u r l e s s  n e e d l e s  

a nd we r e  d r i e d o v e r  P 2 o 5 a t  1 0 0 ° C f o r  3 hour s i n  vacuo 

( m . p .  1 9 7 - 9 ° C ) . I d e n t i t y o f  t h e  m i c r o b i a l l y - p r oduc ed 

c ho l i c  a c i d  w i t h aut h e n t i c  c ho l i c a c i d  c r ys t a l l i s ed from 

t he s am e  s o l ve n t  and  s i m i l a r l y  d r i e d  ( m . p .  1 9 8 - 9 °C )  was  

e s t ab l i s h e d  b y  m i x e d  me l t i n g  po i n t  ( 1 9 7 - 1 9 9 °
C )  and the  

s up e r impo s i b i l i t y  of  I R  s p e c t ra . 

3 . 1 0 . 3 .  T h e  Ac t i o n  o f  C .  fa l l ax I FO 8 8 8 5  on  

G l yc o d e o x y c h o l i c a c i d  

C .  fa l l ax I F O 8 8 8 5  w a s g r o w n  o n  g l uc o s e - p e p t o n e  med ium , 

c o n t a i n i n g  O . S g l - l  
g l ycod e o x yc ho l i c  a c id , i n  s hake  f l a s k  

0 c u l t u r e  a t  3 0  C a n d  o n  a New  B run s w i c k  S c i e n t i f i c  gyra t o r y 

s ha k e r  a t  2 0 0  rpm . 

A f t e r  2 0  d a y s , t he s p e n t  me d i um und e rw e n t  no rma l samp l e  

p r e p a r a t i o n  and e a  2 0  m l  wa s s ub j e c t e d  t o  t h e  c h l o r o fo rm 

ex t r ac t i o n  me t hod . T he p r o duc t o f  g l yc o d eoxyc ho l i c ac i d  

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

au t h e n t i c  d e oxycho l i c a c i d  run i n  p a r a l l e l  i n  t h e  t l c  

s o l ve n t  s y s t ems  a , b , c  and e .  S im i l a r l y  an i d e n t i c a l  

r e t e n t i o n  v o l ume wa s o b s e rv e d  b y  hp l c  a n a ly s i s . 

3 . 1 0 .  4 .  T h e  Ac t i o n  o f  C .  c o & c & s  I FO 7 2 7 8 o n  G l yc o 

c ho l i c a c i d 

T h r e e  run s , e a c h  o f  2 0  x 1 0 0  m l  i n  2 5 0 m l  E r l e nme y e r  f l a s k s , 

o f  C .  co i c i s  I FO 7 2 7 8  g r o wn o n  g l u c o s e - p e p t one  me d i um - 1  c o n t a i n i n g  l . O g l g l yc o c ho l i c a c i d , we r e  i ncub a t e d a t  
3 0 ° C f o r  1 1  days  i n  a Ga l l e n k a mp O r b i t a l  I ncub a t o r  a t  

2 5 0 rpm . 

A f t e r  incub a t i o n , t h e  c u l t u r e b r o t h  l n  e a c h f l a s k  wa s 

a d j u s t e d to  pH  1 0  w i t h l M  s o d i um c a r b o n a t e  and s l ow l y  
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s h a k e n  f o r  3 0  m i nu t e s . The myc e l i um w a s  remo v e d  b y  

f i l t r a t i o n � n d  t h e  c omb ined  f i l t r a t e s  ( e a  2 1 p e r  r u n )  we r e  

f r e e z e  d r i e d  o n  a V i r t i s  b e n c h - t o p  f r e e z e  dr i e r . T h e  

h y g r o s c o p i c  r e s i du e  wa s d i s s o l ve d  i n  ho t , d i s t i l l e d wa t e r  

( 1 0 0  ml ) , a c i d i f i e d w i t h  hydr o c h l o r i c  a c i d  t o  p H  2 and 

e x t r a c t e d  w i t h  c h l o r o fo rm ( 3  x 1 0 0 m l , 2 x S O  m l ) . The 

p o o l e d ,  c h l o r o fo r m  e x t r ac t s  we r e  evap o r a t e d i n  v a c u o  to � 
o f  t he i r  i n i t i a l  vo l ume , wa s h e d  w i t h  d i s t i l l ed wa t e r  ( 2  x 

1 0 0  ml ) a n d  t a ken  t o  d r yne s s  i n  v a c u o  ( 0 . 3 5 - 0 . 4 5 g p e r  r u n ) . 

F o r  t he f i r s t two r u n s  p e r fo rm e d ,
_
fr e p a r a t i v e  t l c u s i n g  

t he s o l v e n t  s y s t em i s o o c t ane : e t hy 1a c e t a t e : ac e t i c a c i d , 

1 0 : 1 0 : 2 ,  w a s  emp l o y e d  t o  r e s o l v e  t he b i l e  ac i d  p r oduc t s , 

w h i l e  for  t h e  t h i r d  run , p r e pa r a t i v e  hp l c  o f  t h e  und e r i va t i s e d  

b i l e  a c i d s  w a s  u s e d . 

T h e  prepa r a t i v e  t l c  f r a c t i o n  c o mp r i s i n g  ma i n l y  c ho l i c ac i d  

w a s  e l u t e d  f ro m  t h e  s i l i c a  g e l a n d  t a k e n  t o  dryn e s s  i n  
v a c u o . T h e  m a t e r i a l  was  c ry s t a l l i s e d  a s  n e e d l e s  from 

a q u e ous e t ha n o l un t i l  homo g e n o u s  b y  t l c a n d  dr i e d over  P 2 o 5 
a t  1 0 0 ° C f o r  3 hou r s  i n  v a c u o . T h e  m i c ro b i a l l y - p r oduc e d  

c ho l i c ac i d  ( m . p .  1 9 5 - 7
°

C )  was  i de n t i c a l  t o  au t h e n t i c  c ho l i c 

a c i d  (m . p .  1 9 5 - 6 ° C )  c ry s t a l l i s e d  f r om a q u e o u s  e t hano l and 

d r i e d und e r  t h e  s ame  c o nd i t i o n s , by the c r i t e r i a  o f  m i x e d  

m e l t i n g  po i n t  ( 1 9 4 - 6 ° C )  and t he sup e r imp o s i b i l i t y  o f  

I R  s p e c t r a . 

T h e  frac t i on e l u t e d  from p r e pa r a t i v e  t l c  a s  d e o x y c h o l i c 

a c i d  wa s t a k en t o  d r yn e s s  i n  v a c u o , t h e n  c ry s t a l l i s e d  from 

w a t e r - s a tu r a t e d  m e t h y l  e t hy l k e t o n e . T h e  c ry s t a l s  we r e  

w a s h e d  w i t h  c h l o ro fo rm p r i o r  t o  t he i r  r e c r y s t a l l i s a t i o n  f r o m  

w a t e r - s a t u r a t e d  me t hy l  e t hy l k e t o n e  t o  g i v e  3 mg o f  

c r y s t a l s  ( m . p .  1 6 5 - 1 9 2 ° C )  a ft e r  d r y i n g  a t  1 0 5 °
C f o r  3 hou r s . 

T h e y  were  homo g e n o u s  b y  t l c  w i t h  a n  i d e n t i c a l  R� t o  t ha t  

o f  a u t hen t i c  d e oxycho l i c ac i d  i n  a l l  5 s o l v e n t  s y s t ems  " a "  

t o  " e " . De s p i t e  t h e  t l c e v i denc e o f  homo g e n e i t y , t h e  me l t i n g  

p o i n t  i nd i c a t e s  t h a t  a s ub s t a n t i a l  p r o p o rt i o n  o f  t he pr oduc t 

wa s p r e s e n t  a s  t he fa t t y ac i d - d e o xy c h o l i c a c id c omp l e x  
0 

( m . p .  1 6 5 - 1 9 2  C ,  So b o t ka and Go l db e r g , 1 9 3 2 ) . I n  th i s  
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c a s e t he c r i t e r i on o f  t l c  Rf i s  i nva l i d a t e d  s i n c e  t he 

fa t ty a c i d - d e ox y c ho l i c a c i d  c o mp l ex run s o n  t h e  s o l ve n t  

f r on t . 

T h e  d r i e d , c h l o r o fo r m  e x t ra c t f r om Run 3 w a s , t he r e fo r e , 

d i s s o l ve d  i n  me t hano l ( 1 0  m l ) , s w i nn e y  f i l t e r e d , and 

r e s o l ve d  by p re p a r a t�v e  hp l c  i n t o  a c ho l i c a c i d  f r a c t i o n  

a n d  a deoxycho l i c a c i d  f r a c t i on . T h e  l a t t e r  wa s t a k e n  t o  

d r y n e s s  i n  v a c u o . T l c  ana l y s i s  o f  t h i s  f r a c t i on  r e v e a l e d  

s u b s t a n t i a l  c o n t am i na t i on from c ho l i c a c i d  and s o  i t  w a s  

s ub j e c t e d  t o  a s e c o n d  p r ep a r a t i v e  hp l c  s e p a r a t i o n . T h e  

r e s u l t in g  d e o x y c ho l i c a c i d  f r a c t i o n  wa s homo g e n o u s  b y  

b o t h  t l c and hp l c  a na l y s i s  a nd h a d  a n  i d e n t i c a l  hp l c  

r e t e n t i o n  vo l ume  t o  a n  a u t he n t i c  d e oxycho l i c a c i d  s t a n d a r d  

run  i n  par a l l e l  ( 3 2 . 0  m l ) . T h e  m i c r o b i a l deoxycho l i c 

a c i d  c ry s t a l l i s e d  f r o m  a two - p h a s e  c h l o r o fo rm - wa t e r  s o l v e n t  

t o  y i e l d 3 m g  o f  c ry s t a l s . I t s  m e l t i n g  po i n t  w a s  s i m i l a r  

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

c r y s t a l l i s e d  f r o m  t h e  s ame s o l v en t , b o t h  s i n t e r ing  a t  
0 0 

1 4 0 - 5 C ,  m . p  .. 1 6 9 - 1 7 1  C .  Howe v e r ,  t h e  m i c r ob i a l  p r o du c t  

wa s c o n t am i n a t e d  w i t h  a c on s i d e r a b l e  amount o f  ma t e r i a l  

wh i c h  rema i n e d  unme l t e d  a t  2 9 0 ° C .  

3 . 1 0 . 5 . T h e  Ac t i o n  o f  C .  m e l o n i s  C B S  1 6 2 . 6 0 o n  G l yc o 

d e o xy c ho l i c a c i d  i n  t h e  F e rm e n t e r  a t  pH 7 . 5  

C .  m e l o n i s  C B S  1 6 2 . 6 0 w a s  i n o c u l at e d i n t o  g lu c o s e - p e p t o n e  

m e d i um ( 1 . 5 1 )  c o n t a i n i n g 0 . 5 g l
- 1  g l yc ode oxycho l i c a c i d  a n d  

c u l t u r e d 1 n  a f e rme n t e r  a t  pH 7 . 5  a n d  3 0 °C .  T h e  a e r a t i o n  

r a t e  wa s r e duc e d  from 1 l m i n - 1  t o  0 . 2 5 l m i n - 1  a f t e r  2 4 h  a n d  

g l uc o s e  i nc r em e n t s  w e r e  a dded  a t  a p p ro p r i a t e  i n t e r va l s . 

A f t e r  1 2 0 h o f  fe rmen t a t i o n , t he c u l t u r e  wa s adj u s t e d t o  pH 1 0  

w i t h 1 M  s o d i um hydro x i d e  and s l ow l y  s t i r r e d  for 3 0  m i nu t e s .  

I t  w a s  then f i l t e r ed t o  r emove t he myc e l ium and t h e  f i l t ra t e  

wa s f r e e z e - d r i e d .  T h e  hygro s c o p i c  r e s i du e  wa s r e d i s s o l v e d  

i n  d i s t i l l e d  w a t e r  ( 2 0 0  m l ) , a c i d i f i ed t o  pH 2 w i t h  hyd r o 

c h l o r i c  ac id a n d  e x t r a c t e d w i t h  c h l o ro f o rm ( 4 x 2 0 0  ml ) . T h e  

c o mb i n e d c h l o r o fo rm e x t rac t s  we r e  e vapo r a t e d t o  � o f  in i t i a l 

vo l ume in v a c u o , wa s he d  w i t h d i s t i l l ed wa t e r  ( 2 x l 0 0  ml ) , 
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f i l t e r e d , and e v ap o r a t e d  t o  dryne s s  & n  v a c u o t o  y i e l d  8 9 0  mg 

o f  g um . 

so 

The gum wa s d i s s o l ve d  i n  me t hano l a nd two d r o p s  o f  c o nc e n t r a t e d 

hydro c h l o r i c  a c i d  we r e  added . A f t e r  a l l ow in g  t o  s t and  

o ve r n i ght , t he m i x t u r e  wa s neu t r a l i s e d  w i t h  p y r i d i n e  and  

then  e vapo r a t e d  i n  v a c u o  to  a b r o wn o i l . D i e t hy l  e t h e r  

w a s  added a n d  t h e  r e su l t i n g  gum a n d  l iqu i d  f i l t e r e d  through  

g l a s s  wo o l , t h e  r e s i due b e ing  wa s h e d  t h o r o ug h l y  w i t h  d i e t hy l 

e t he r .  T l c  a n a l y s i s  o f  t he f i l t r a t e  d e mo n s t r a t ed c o mp l e t e  

e s t e r i f i c a t i on o f  the  b i l e  a c i d s  p r e s e n t . 

The e t he r e a l  f i l t r a t e  w a s  evap o r a t e d  t o  d r yne s s  i n  v a c u o  a n d  

t h e  r e s idue wa s r e f l ux e d  w i t h  G i r a rd  T r e a g e n t  a ft e r  the  

m e t ho d  of  F i e s e r  and F i e s e r ( 1 9 6 7 ) . The s o l u t i o n  w a s  t he n  

c o o l e d , the  e t hano l r emoved i n  v a c u o  and t h e  r e s idue 

p a r t i t i o n e d  b e t w e en d i e t h y l  e t he r and d i s t i l l ed wa t e r . 

The aqueous  p h a s e  c o n t a in i ng t he G i ra r d  T b i l e a c i d  d e r i va t i v e s  

w a s t r e a t e d  w i th 2 m l  o f  c onc e n t r a t ed hyd r o c h l o r i c a c i d , 

a l l o wed  t o  s t a n d  ove r n i g h t  a t  r o o m  t e mp e r a t u r e  and t he n  

e x t r a c ted w i t h  e t hy l  a c e t a t e . The  e t hy l a c e t a t e  l ay e r s  w e r e  

w a s he d  w i t h  d i s t i l l e d wa t e r , d r i e d  o v e r  a n hydrous  s o d ium 

s u l p h a t e  and  evapo r a t ed i n  v a c u o  t o  y i e l d  8 0  mg o f  ma t e r i a l . 

T l c  a n a l y s i s  d e mo n s t r a t e d  the  p r e s e n c e  o f  two s i de - p r o duc t s , 

me t a b o l i t e s  A a n d  B .  T h e s e  we r e  t h e n  r e s o l v e d  by p r e p a r a t i v e  

hp l c  a s  t h e  me t h y l  e s t e r  d e r i va t i v e s  a s  d e s c r i b e d  i n  S e c t i o n  

3 . 6 . 5 .  t o  y i e l d  7mg o f  wh i t e c ry s t a l s  ( F r ac t i o n  A )  and  Zmg 

o f  wh i te n e e d l e s  ( F r ac t i o n  B ) , b o t h  from a que o u s  me t hano l .  

The  f r ac t i on s  w e r e  p a r t i a l l y c h a r a c t e r i s e d by the me l t i n g  

p o i n t  o f  the c rude c r y s t a l s , t l c  a n d  hp l c  ana l y s i s  a n d  ma s s -

s p e c t r ome t r y . The r e s u l t s  a r e  p r e s e n t e d  i n  S e c t i o n  4 . 5 .  

3 . 1 1 .  C a l c u l a t i on s  

3 . 1 1 . 1 .  Hp l c  Da t a  Ana lys i s  

Quan t i t at i o n  o f  b i l e a c i d s  by hp l c  wa s a c c omp l i s hed by 

p e a k  he i g ht me a s u remen t u s ing an i n t e rna l s t anda rd i n  the 

s amp l e  a n d  c om p a r i s o n  w i t h  a p a r a l l e l  s t a nd a r d  o f  a s i m i l a r , 



known b i l e  ac i d  c omp o s i t i on .  

F rom t he p ar a l l e l  s t an d a r d  a r e sp o n s e  f a c t o r , F B
, was  

c a l cu l a t e d fo r e a c h  c ompo n e n t  b i l e  a c i d ,  B .  

whe r e : 

i s  t he ave r a g e  o f  t h e  r a t i o  o f  

i n t e rn a l  s t a n d a r d : b i l e  a c i d  p e a k  

he i gh t s  f r om t r i p l i c a t e  i n j ec t i o n s . 

1 s  t he we i g h t  r a t i o  o f  t he i n t e r n a l  

s t andard : b i l e  a c i d  i n  t h e  s t an d a r d . 

The r e s p on s e  fac t o r s  were  u s e d  t o  c a l c u l a t e  t h e  we i ght o f  

t h e  b i l e  a c i d s  i n  t he s a mp l e .  

= I SW * (ls) P X  
* F 

B 
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whe r e : Bw , i s  t h e  we i gh t  o f  t h e  b i l e ac id  i n  t he s a mp l e  (mg ) . 

I SW
, i s  t he we i gh t  o f  t he i n t e rn a l  s t andard i n  t h e 

s amp l e  ( m g )  . 

(fs) P X  i s  t he r a t i o  o f  t he b i l e  a c i d : i n t e r n a l  

s t an d a r d  p e a k  he i g h t s  f r om t he s amp l e  c h roma t o g r am . 

F
B , i s  t he r e s p on s e  fac t o r  f o r  t he b i l e ac i d . 

F o r  e a c h  s amp l e , d up l i c a t e  i n j e c t i o n s  we r e  p e r fo rmed , t he 

Bw c a l c u l a t e d f o r  e a c h  a nd a v e r a g e d  fo r t h e  f in a l  r e s u l t . 

Th i s  p ro c e dure  w a s r e p e a t e d  fo r e a c h  "unknown "  b i l e ac i d  

p r e s e n t  i n  the  s amp l e .  

3 . 1 1 . 2 .  Ma s s  B a l a n c e s  

F o r  t h e  ma s s  b a l an c e  o f  f e rme n t a t i o n  c omp onen t s , the i r  

c on c e n t r a t i on a t  a n y  t ime , a s  de t e rm i n e d  by  t h e  quant i t a t i v e  

ana l y s i s  o f  a s a mp l e  a f t e r  c ompen s a t i o n  f o r  c hange s i n  

f e rmen t e r  v o l ume , w a s c ompa red  to  t he i r c o nc e n t r a t i o n  i n  

t he fe rmen t e r  a t  z e ro t i me . Ma s s  b a l a n c e  d a t a  r e p r e s e n t  

t he t o t a l b i l e  ac i d  p re s e n t  a f t e r  a g 1 v e n  t ime o f  f e rment a t i o n 

a s  e s t i m a t e d  by hp l c  a na l y s i s , e xp r e s s e d  a s  a p e r c e n t a g e  o f  

t h e  b i l e a c id i n i t i a l l y p re s e n t .  



3 . 1 1 . 3 .  B i l e  Ac i d  D a t a  Ana l y s i s  

F o r  e a ch s a mp l e , t h e  c o r r e c t e d  w e i g h t  o f  e a c h  b i l e  a c i d  

i n  t he s amp l e  w a s  mu l t i p l i e d b y  t h e  f e rmen t e r  vo lume ( 1 . 5 1 )  

a n d  d i v i d e d  b y  t h e  s amp l e  vo l ume . The s e  w e r e  conv e r t e d 

t o  a m o l ar b a s i s  fo r t he c a l c u l a t i o n  o f  p e r c e n tage  da t a . 

3 . 1 2 .  D i s c u s s i o n  o f  M e t h o d s  

T h e  t hr e e  s y n t h e t i c b i l e a c i d c o n j u g a t e s  p r o du c e d  we r e  

s t ru c t u r a l  ana l o gue s o f  t h e  n a t ur a l  c omp ounds w i t h  r e s p e c t  

t o  t h e  am i no a c i d  mo i e t y . The s y n t he s i s  o f  s od i um N -

( am i n o m e t han e s u l p hony l ) - d e o xycho l Q� , w i t h  i t s  a - am i no , 

su l p ho n i c  a c i d  s t r uc t u r e , a nd N - ( B - a l ano ) - d e o xycho l i c 

a c i d  w i th i t s  B - am i no , c a rb oxy l i c a c i d  s t ru c t u r e , ha s b e e n  

p r e v i o u s l y  repo r t e d  b y  L e e  and Wh i t e ho u s e  ( 1 9 6 3 )  u s i n g  t he 

me t ho d  o f  No rman ( 1 9 5 5 ) . The s yn t he s i s  o f  N - ( a - a l a no ) -

d e o xy c h o l i c a c i d  was  howeve r ,  n o ve l . 

The s o d ium N - ( am i nome t ha n e s u lphony l ) - d e oxycho l a t e  produ c e d  
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by t h e  r ou t e  o f  T s e r n g  e t  a l  ( 1 9 7 7 )  w a s  s i mi l a r  i n  me l t i n g  

po i n t  t o  t ha t  o f  t he c omp ound r e p o r t e d b y  L e e  and Wh i t e ho u s e  

( 1 9 6 3 )  ( Tab l e  3 . 4 ) . The  d a t a  f r om t he equ i va l ent  w e i g h t  

d e t e r m i n a t i o n s  a n d  e l e men t a l  a na l y s i s  o f  t h e N - ( B - a l ano ) 

d e o x ycho l i c ac i d  s y n t he s i s e d  by t h e  m e t ho d s  o f  b o t h  No rman 

( 1 9 5 5 )  a nd T s e rn g  e t  a l  ( 1 9 7 7 ) s ug g e s t ed tha t  t he c o n j u g a t e  

wa s a s s o c i a t e d  w i t h so l v e n t (Tab l e  3 . 6 ) .  Th i s  may b e  

r e s p o n s i b l e  f o r  i t s  h i ghe r me l t i ng p o i n t  ( 2 0 8 - 9 ° C )  comp a r e d  

t o  t h a t o f  L e e  a n d  Wh i t e hou s e  ( 1 9 6 3 )  ( 1 9 2 °C ) . Howe v e r  a 

me l t i n g  po i n t o f  1 8 8 - 1 9 0 ° C w a s  i n i t i a l l y o b t a ined  for  t h e  

c on j u g a t e  c r ys t a l l i s ed  f r om a c e t o n e  a nd made by t h e  p ro c e du r e  

o f  T s e rn g  e t  a l  ( 1 9 7 7 )  b u t  f u r t h e r  c r y s t a l l i s a t i o n  y i e l d e d  

t h e  h i g h e r  f i g ur e . The mo s t  p r o b a b l e  fo rm o f  N - ( B - a l an o ) -

d e o x y c h o l i c ac i d  pr o duc ed wa s t h e  h e m i - h yd r a t e  ( B D . �H 2 0 ) , 

howe v e r , the e l emen t a l  ana l y s i s  and  e qu i va l e n t  we i ght  da t a  

we r e  unab l e  t o  d i f f e r en t i a t e  be t we e n  t h a t  a nd t h e  o t he r  

po s s i b l e  s o l v e n t  a s s o c i a t i o n s  c o n t a i n e d  i n  Tab l e  3 . 6 .  



T a b l e  3 . 6  

F o r mu l a e  sugge s t ed  fo r N - ( B - a l an o ) 

deoxycho l i c a c i d  
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Su g g e s t e d  E qu i va l en t  E l emen t a l  Ana l y s i s  
F o rmu l a  W e i g ht  c ( % )  H ( % )  N ( % )  

Found  4 7 4  6 9 . 4  1 0 . 0  3 . 0  

B D  C a l c d . 4 6 3 6 9 . 7  9 . 8  3 . 0  
1 B D . 3CH

3
0H C a l c d . 4 7 4  6 9 . 2  9 . 8 5 3 . 0  

1 BD . 3 H 2 0 Ca l c d . 4 6 9  6 9 . 1  9 . 8  3 . 0  

B D . !zH 2 0 Ca 1 c d . 4 7 2  6 8 . 6  9 .  8 3 . 0  

B D  - N - ( S - a l a n o ) - d e o xycho l i c ac i d . 



T h e  d a t a  p r e s e n t e d  i n  Tab l e  3 . 4  fo r N - ( a - a l an o ) - d eoxyc ho l i c 

a c i d  s u g g e s t e d  t h a t  t h e  hyd r a t e  wa s p r o duc e d . The 

s y n t h e s i s  o f  t h i s  c o n j u g a t e  by t h e me t hod o f  Ts erng e t  a l  

( 1 9 7 7 )  w a s  fac i l e e x c e p t  f o r t h e  i nc omp l e t e  hydro l y s i s  o f  

t h e  e t h y l  e s t e r . Th i s  m a y  hav e b e e n  due t o  t he methy l 

fun c t i o n  on  the  a - c a rb o n  o f  the  a l a n i n e  r e s idue  h i nde r i n g  
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t he h y d r o l ys i s  r e ac t i o n . The b i c a r b o n a t e wa s h  suc c e s s fu l l y  

r e c o v e r e d  t h e  hyd r o l y s e d  p r o duc t f r e e  o f  e s t e r i f i e d r e a c t a n t . 

A t h o r o u g h  e r r o r  a n a l y s i s  o f  t h e  p r o c e dure fo r the  quan t i t a t i o n  

o f  b i l e  a c i d s  b y  hp l c  wa s p e r fo rm e d  b y  Ar c h e r  ( 1 9 8 0 )  who 

found a var i a t i o n  w i t h i n  + 1 0 %  in t he wo r s t  c a s e . Qua n t i t a t i o n  

o f  c ho l i c ac i d  wa s a c c u r a t e  t o  + 5 %  w i t h i n  9 5 %  c o n f i d e n c e  

l im i t s . Exc e p t  f o r  c ho l i c  ac i d  a n d  g l y c o d e o xycho l i c a c i d , 

a l l  b i l e ac i d s  ana l y s e d  b y  h p l c  w e r e  c omp l e t e l y r e s o l v e d  

f r om e a c h  o t he r  ( Tab l e  3 . 5 ) . T h e  hp l c  r e t e n t i o n  vo lume s 

o f  t he a l an i ne d e o xycho l i c a c i d c o n j u g a t e s  a n d  o f  s o d i um 

N - ( am i n o m e t han e su l phonyl ) - d e o xycho l a t e  w e r e  s i mi l a r  t o  

g l yc o d e o xycho l i c a c i d  a n d  s o d i um t au r o c ho l a t e  r e s pect i v e l y . 

The  v a r i a t i o n s  i n  s o l ub i l i t y  amo ng  t h e  b i l e  a c i d s  s t ud i e d  

p r e c l ud e d  the u s e  o f  o n e  qua n t i t a t i v e  me thod fo r the i r  

a n a l y s i s , t he r e fo r e  t wo me t ho d s  w e r e  de s i gn e d . 

T h e  c h l o r o fo rm ex t r a c t i o n  m e t hod wa s d e v e l o p e d  b e c au s e  o f  

i t s  r ap i d i t y ,  ve r s a t i l i t y  a n d  conv e n i e n c e  fo r a l a r g e  

numb e r  o f  samp l e s . T h e  p a r t i t i o n  c o e f f i c i e n t s  o f  g l yc o -

c ho l i c  a c i d , g l yc o d e ox y c ho l i c  ac i d , c ho l i c a c i d  and 

d e o xy c h o l i c ac id  b e tween  c h l o r o fo rm a n d  wa t e r  we re  de t e rm i ned  

t o  p r e d i c t  the e xp e c t e d r e c ov e r i e s  o f  t h e s e  b i l e  a c i d s . 

C l o s e  a g r e eme n t  wa s found , u s ing t he s e  d a t a , b e tween t h e  

p r e d i c t e d and ac tua l r e c o ve r i e s  o f  t h e  b i l e a c i d s  from 

g l uc o s e - p e p tone  me d i um ( Tab l e  3 . 7 ) . 

H o we v e r  t h e  pa r t i t i o n  c o e f f i c i e nt o f  g l yc o c ho l i c a c i d  

wa s t o o  h i g h to  r e a l i s e a c c e p t ab l e  r e c o v e r i e s , and  the 

po l a r  n a t u r e  of t h e  t a ur i n e  c o nj uga t e s  r e nde r e d  t he use o f  

s o l v e n t  e x t r a c t i o n  u n s u i t a b l e  fo r t h e i r  quant i t a t ion  1 n  

f e rm e n t a t i o n s a m p l e s . C o n s e q u e n t l y , t h e f r e e z e - d r y 



Tab l e  3 . 7  

R e c o ve r i e s  o f  b i l e a c i d s  

b y  c h l o ro fo rm e x t r a c t i o n  

B i l e  
Ac i d  

G C  

G D  

CA 

DC 

P a r t i t i o n  C o e f f i c i en t
a 

( D) 
m e a n  
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0 .  7 3 0 . 0 1 

0 . 7 7  0 . 1 5 

0 . 1 3 0 . 0 1 

a .  S e e  App e n d i x  2 .  

P r e d i c t e d  
R e c o v e r ya 

( % )  

6 . 8  

9 2 . 5  

9 1 . 8  

9 9 . 8  

Re c ov e r y  
f r om m e d i um b 

mean o 

9 2 . 0  2 . 2  

9 0 . 3 2 . 4  

9 6 . 9  2 . 5  

b .  F r o m  qua d r u p l i c a t e  d e t e r m i na t i o n s  u s i n g  g l uc o s e -
- 1  p e p t o ne me d i um c o n t a i n i n g  0 . 5 g l  b i l e a c i d . 

The  s t anda r d  d ev i a t i o n . 
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e x t r a c t i o n  m e t h o d  wa s d e v e l o p e d  f o r  t h e s e  c ompound s . Tab l e  

3 . 8  p r e s en t s  r e c o v e r y  da t a  f o r  b i l e  a c i d s  e s t ima t e d  b y  t h i s  

t e c h n i que . 

T a b l e  3 . 8  

Recov e r i e s  o f  b i l e  a c i d  f r o m  med ium by 

f r e e z e - d r y  ex t ra c t i o n  

B i l e  Re c o v e r y  ( % )  
Ac id  mean 0 

TC 1 0 0 . 0  1 . 3  

GC 9 5 . 7  1 . 5  

GD 9 5 . 2 

CA 9 5 . 4  0 . 6  

DC 1 0 1 . 5  

o ,  the s t a n d a r d  d e v i a t i on .  

The  f r e e z e - d ry e x t r a c t i o n  m e t ho d  g a v e  a c c e p t a b l e  r e c o v e r 1 e s  

fo r a l l  b i l e  ac i d s  s t ud i e d a n d  ha d a dva n t a g e s  o f  s imp l i c i t y , 

l ow c o s t  and  ra p i d i t y , o n c e f r e e z e - d r y i n g  wa s comp l e t ed . · 

G e n e r a l l y , howeve r ,  i t s  s amp l e s  f o r  hp l c  an a l y s i s  we r e  

mo r e  c o n t am i na t e d  t ha n  t ho s e o b t a i n e d  f r om c h l o r o fo rm 

e x t r a c t i o n  and c o n t a i n ed  r e s i d u a l  a c e t i c  ac i d . 
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CHAPT E R  4 

THE HYDROLYS I S  O F  GLYC I NE B I LE 

AC I D  C ONJUGA T E S  B Y  C .  MELON I S  



4 . 

4 . 1 .  

THE HYDROLY S I S  O F  GLYC I NE B I LE AC I D  CONJUGAT E S  

B Y  C .  ME L O N I S  

I n t roduc t i o n  
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Repo r t s  o f  t h e  fun g a l  hydro l y s i s  o f  g l y c ine c o n j u g a t e s ,  

u sua l l y  g l yc o c ho l i c  a c i d , have  demo n s t r a ted t h a t  a c omme r c i a l  

p ro ce s s  emp l o y in g  t h i s  ab i l i t y  o f  fun g i  may b e  fe a s i b l e . 

Howeve r ,  o n l y  r e c e n t l y  h a s  any  s y s t ema t i c r e s e a r c h  b e e n  

p e r fo rme d ( Maddox a n d  Chong , 1 9 7 8 ; C h o n g  e t  a Z , 1 9 8 0 )  a n d  

l i t t l e  i s  k nown c on c e r n i n g  t he quan t i t a t ive a s p e c t s  o f  t h i s  

t ra n s f o rm a t i on .  The  a im o f  t he w o r k  d e s c r i b e d  i n  t h i s  

c ha p t e r  wa s to  g e n e r a t e  s ome quan t i t a t i v e  d a t a  o n  t h i s  s u b j e c t . 

Two oppo s 1 n g  app r o a c h e s  t o  t he p rob l em w e r e  c o n s i d e r e d . 

The s e  we r e , f i r s t l y , t he ana l y s i s  o f  hydro l y s i s  s imp l y  a s  a 

" c a p s u l e - s y s t em" w i t ho u t  an  a t t emp t t o  s tudy i t s  c omp o n e n t  

mecha n i sm s , o r  s e c o nd ly , a t ho r ough b i o c hem i c a l  ana l y s i s  

o f  the s y s t em . Howeve r , n e i t h e r  a p p r o a c h  wa s e n t i r e l y  

s u i t ab l e , s i nce t h e  s y s t em w a s  found t o  b e  t o o  c omp l e x t o  

j u s t i fy t h e ove r s i mp l i f i ed ba s i s  o f  t he f o rme r , wh i l e  t h e  

equ ipme n t , exp e r t i s e  a n d  t ime  n e c e s s a r y  f o r  t h e  l a t t e r , 

w e r e  n o t  a v a i l ab l e . C o n s equen t l y t he p r o gramme a t t emp t e d  

t o  r e c o n c i l e  b o t h  a p p r o a c h e s  t o  max imum advan t a g e . 

The w o r k  c on c e n t r a t e d  o n  t h e  s t udy o f  t ho s e  f a c t o r s  

s i g n i f i c an t l y  i n f l u e n c i n g  t h e  y i e l d  o f  t he g l yc i n e  c on j u g a t e  

hydr o l y s i s . Obv i ou s l y  t h e  c ho i c e o f  t h e  m i c r o o r g an i s m  t o  

e f f e c t t h e  t rans f o r m a t i o n  i s  o f  p r imary i mpo r t an c e  t o  t he 

s uc c e s s  o f  any  f e rm en t a t i o n  p r o c e s s  a n d  invo l v e s  a maj o r  

p a rt o f  a d e v e l opme n t  p ro gr amme . Howeve r ,  t h e  e x t en s i ve 

s c re e n i ng o f  m i c ro o r g a n i s m s  f o r  the i r  a b i l i t y t o  hydro l y s e  

g l yc i n e  c o n j ug a t e s  w a s c o n s i d e r e d  t o  b e  o u t s i de t h e  s c o p e  

o f  t h i s  p r o j e c t . H e n c e , Ce r c o s p o ra m e l o n i s  C B S  1 6 2 . 6 0 w a s  

s e l e c t e d  f o r s t udy d u e  t o  i t s  apparen t l y  supe r i o r  p e r fo rma n c e  

c ompa r ed t o  s ome o t h e r  fung i .  I t  y i e l d e d  the mo s t  rap i d  

hydro l y s i s  o f  g l yc o c ho l i c a c i d  i n  s ha k e  f l a s k  c u l t u r e  

( Maddox a n d  Chong , 1 9 7 8 )  a n d  g a v e  the  h i g h e s t  y i e l d  o f  

d e o xycho l i c a c i d i n  a f e rme n t e r  t r i a l  o f  g l yc o d e o xyc ho l i c 



a c i d  hyd r o l y s i s , w h e n  c omp a r e d  t o  Cu r v u Zari a fa Z Z ax I FO 

8 8 8 5  a n d  Co c h Zi o b o Z u s  i n t e rm e di u s  I M I  5 2 9 8 0 . The fo rme r 

was  ran dom l y  s e l e c t e d fo r t he compa r i s o n , wh i l e  t he l a t t e r  

gave a s im i l a r  p e r fo rman c e  t o  C .  me Z o n i s  i n  s h a k e  f l a s k  

c u l t u r e  o n  g l y c o c ho l i c a c i d  ( Maddox and Chon g , 1 9 7 8 ) . 

4 . 2 • Shake F l a s k  S t ud i e s  

4 . 2 . 1 . The C o u r s e  o f  Hydro l y s i s  

The hyd r o l y s i s  o f  t he g l yc in e  c o n j ug a t e s , e a c h  a t  a 

concen t r a t i on o f  0 . 5 g l - 1  i n  g l uco s e - p e p t one med ium , wa s 

quant i t a t i v e l y  mo n i t o re d  1 n  s hake f l a s k  c u l t u r e  t o  a c t  a s  

a b a s i s  fo r l a t e r  wo r k . 

5 8  

The myc e l i a l  d r y  w e i g h t , cu l tu r e  pH a n d  t o t a l  c a r b ohyd r a t e  

c o n c e n t r a t i o n s  a r e  p r e s e n t e d  i n  F i gu r e  4 . 1 .  The p r e s e n c e  o f  

t h e  g ly c i n e  c o n j u g a t e s  had n o  s i gn i f i c an t e f f e c t o n  t h e  

g rowth  o f  t he fun g u s  c ompa r e d  t o  t ha t  o f  a c o n t r o l , and 

a c t ive  g r ow t h  c e a s e d  a ft e r  5 days of f e rmen t a t ion . The  

c u l t u r e  pH o f  the  c on t r o l  g radual l y  i n c r e a s e d  from pH 5 . 0  t o  

p H  5 . 5  du r i n g  t h e  i d i o pha s e  a n d , t h e r e fo r e , w a s  c o n s i d e r a b l y  

l o we r t ha n  t ha t  o f  c u l t u r e s c o n ta i n i n g  t he g l yc i n e  c o n j u g a t e s . 

T h e  ut i l i s a t i o n  o f  c a r b o hyd r a t e  by t he fungus wa s v i r t ua l l y 

c o mp l e t e  a ft e r 8 d a y s  o f  fe rmen t a t i o n  a n d  wa s n o t  a f fe c t e d  

b y  t h e  p r e s e nce  o f  t h e c on j u g a t e s . 

The  c o u r s e  o f  t he h y d r o l y s i s  o f  g l yc o d e oxycho l i c  a c i d  and 

g l yc o c ho l i c a c i d  a r e  p l o t t e d  i n  F i gu r e s  4 . 2  a n d  4 . 3  r e s p e c t -

i ve l y .  The  ma s s  b a l a n c e  d a t a  r ep re s en t  the  b i l e  a c i d  

a c c ou n t e d  fo r by  s amp l e  e x t r ac t i o n , e xp r e s s ed a s  a p e r c e n t a g e  

o f  the  i n i t i a l  amoun t p r e s en t . Cho l i c a c i d  and de oxycho l i c 

a c i d  a c cumu l a t e d  a s  t h e s o l e  p r o du c t s  o f  t h e hydro l y s i s  o f  

g l y c o c ho l i c  a c i d  a n d  g l yco deoxyc ho l i c a c i d  r e s p e c t i ve l y . 

B o t h  s ub s t r a t e s  w e r e  c omp l e t e l y ut i l i s e d a ft e r  1 2  days  o f  

f e r me n t a t i o n . The ma x i mum p ro du c t y i e l d s  we r e  5 0 %  and 2 2 %  fo r 

c ho l i c a c i d  and d e o xy c ho l i c ac i d  r e s pe c t i v e l y , a f t e r  1 1  

d a y s  o f  f e rmen t a t i o n . The r e fo r e , on t h e  ba s i s  o f  t h i s  

c r i t e r i o n , g l yc o c ho l i c a c i d  hydr o l ys i s  wa s s up e r i o r  t o  t ha t  



......... 
.... I 

20 1 0  --

10 
C, 1 6  8 1- '� 6 .0 

-
c: 
0 

-"' � 
'E 1 2  
Ql u 
c: 
0 u 
Ql - 8 "' � 

"t' >. 
� 
0 

.c loo 
"' 4 u 

"' -
· � 

......... 
.... I -

Ql 
� 
>. 
� 4 
"' 
Ql () 
>. 

:E 2 

F I GURE 4 . 1  

\ 

\ J: 
c. 

Ql loo 
:::l -

5 .0  :; 

2 

- -·- - -- - -·
4 .0 

4 6 
fe r m entat i o n  t i m e  

8 
( d ) 

1 0  1 2  

A t yp i c a l s ha k e  f l a s k  cu l t u r e  of  C .  m e Z o n i s  i n  t h e  

p r e s en c e  o f  O . S g l
- l g l yc i ne c on j u g a t e s  i n  g l u c o s e -

p e p t o n e  med i um .  Myc e l i a l  d r y  we i g h t , O  0 ;  
pH , •-- -11 ; t o t a l  c a r b o h yd r a t e  a s  g l uc o s e , 
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- 1 The hydro l y s i s  o f  O . S g l  g l yc o c ho l i c 
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o f  g l y c o d e oxycho l i c a c id . 

The c omp a r a t i v e l y  p o o r e r  y i e l d  o f  deoxyc ho l i c  a c i d  from 

g l yc o d e o x y c h o l i c a c i d  was due to the h i g he r  amoun t s  of b i l e  

a c i d  unac c ou n t e d  fo r b y  t he ma s s  b a l an c e . Thu s , a ft e r  1 0  

days  o f  f e rmen t a t i o n , 7 4 %  o f  t he b i l e a c i d  i n i t i a l l y p r e s e n t  

wa s unr e c o v e r e d  c omp a r e d  t o  5 0 %  for g l yc o c ho l i c a c id . 

S i n c e  t he m a j o r  p o r t i o n  o f  t he l o s s e s  o c c ur r e d  dur i n g  a c t ive  

g r owt h , t h e  f a c t o r s  r e spon s i b l e  app e a r  t o  b e  g r o wt h - r e l a t e d . 

Th i s  d i s ap p e a ra n c e  o f  b i l e ac i d  may c o n s t i tu t e  a maj o r  

o b s t a c l e  t o  t h e  e c o nom i c  v i ab i l i t y  o f  a f e rmen t a t i on pr o c e s s  

u s i n g  C .  m e l o n i s . 

4 . 2 . 2 .  T h e  T ime o f  Sub s t r a t e  Add i t i o n  

I n  a n  a t t emp t t o  e l i m i na t e  t h e  h i gh l o s s e s  o f  b i l e  ac i d  

o b s e r ved  du r i n g  g r o w t h  wh en g l yc odeo xyc ho l i c ac id  w a s  i n c l ud e d  

i n  t he m e d ium p r i o r  t o  s t e r i l i s a t i on , a s t e r i l e - f i l t e r ed 

s o l u t i o n  o f  t he c o n j u g a t e  was a dded to c u l tu r e s  of C.  me l o n i s  

i n  wh i c h  a c t i v e  g r o w t h  had c e a s e d  ( i . e .  a ft e r  7 days  

i n cub a t i on ) . 

T h e  myc e l i a l  d r y  we i g h t  and pH o f  t h e  cu l t u re s , t o  wh i c h  t h e  

g l yc o deoxyc ho l i c ac i d  w a s  added a f t e r  7 d a y s , we r e  no t 

s i gn i f i c an t l y  d i f f e r e n t  from t ho s e  o f  cu l t u r e s  c o n t a i n i n g  

g l yc od e ox y c ho l i c a c i d during  g r ow t h  ( Re fe r  F i gure  4 . 1 ) .  

Howeve r , t he ab s en c e  o f  g l yc o d e oxycho l i c a c i d f rom t he me d i um 

du r i ng g r o w t h  p r odu c e d  e x t r eme l y  v i s c o u s  c u l t u r e s  wh i c h  

w e r e  d i f f i cu l t  t o  man i pu l a t e . A s im i l a r o b s e rva t i o n  wa s 

m a d e  i n  an u n s u c c e s s fu l  fermen t e r  t r i a l , i n  wh i c h  t he 

c o n j u g a t e  wa s added a f t e r  grow t h ,  t he c u l t u re exh i b i t i n g  a 

muc o u s  g r ow t h  w h i c h  w a s  gradua l l y suppre s s e d  a ft e r  the  

a dd i t i o n  o f  the  b i l e  a c i d . I t  i s  l i k e l y  t ha t  t h e  g l yc o -

d e o x yc ho l i c a c i d  i nh i b i t s  the  e l ab o r a t i o n  o f  po l y s a c c ha r i d e  

ma t e r i a l  b y  t h e  fungu s . B i l e a c i d s  h a v e  b e e n  ob s e rved t o  

i n h i b i t  t he s yn t he s i s  and s e c r e t i o n  o f  muc o p o l y s a c c ha r i de s  

b y  f i b ro b l a s t s  ( T r i a s  e t  a l , 1 9 7 7 )  and t o  d e c r e a s e  t he 

v i s c o s i t y  o f  mucu s  ( Ma r t i n  e t  a Z , 1 9 7 8 ) . 
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The b i l e  a c i d  da t a  a r e  d e p i c t e d i n  F i gu r e  4 . 4 w i t h  t h e  

c o r r e s p o n d ing m a s s  b a l an c e  f i gur e s . Hydro l y s i s  wa s 

i n i t i a t e d  w i t h i n  2 4 h  o f  g l yc o deoxycho l i c ac i d  add i t i o n , a t  

a ra t e  s i mi l ar t o  t ha t  o b s e rv e d  i n  c o n t r o l  cu l tur e s , i n  

wh i c h  t h e  conj u g a t e  wa s p r e s e n t  p r i o r  t o  i n o c u l a t i on . T h u s , 

c omp l e t e  ut i l i s a t i o n  o f  t h e  c onj ug a t e  wa s o b s e rved w i t h i n  

4 days o f  i t s  a dd i t i o n  t o  p r o duce d e oxycho l i c  a c i d  a s  t he 

s o l e  p r o duc t a t  a max i mum y i e l d  o f  6 0 % . Th i s  was  

s i g n i f i c a n t l y  h i g h e r t ha n  the  max imum y i e l d  of  2 2 %  a c h i e ve d  

i n  t he c o n t r o l s . N e v e r t he l e s s , t he l o s s  o f  4 0 %  o f  t he 

b i l e a c i d , the m a j o r i ty w i t h i n  4 8 h o f  t he add i t i o n  o f  

g l yc o d e o x ycho l i c  a c i d  t o  t he g r own c u l t u r e s , was  co n s i d e r ab l e  

and s ug g e s t ed  t h a t  a n o n  g ro wt h - r e l a t e d  fac t o r  may a l s o b e  

r e s p on s i b l e  for l o s s e s  o f  b i l e  a c i d . 

4 . 2 . 3 . The E f f e c t o f  G l y c o deoxycho l i c  ac i d  Concent r a t i o n  

o n  i t s  Hydr o l y s i s  

An impo r t ant c o n s i d e r a t i on i n  t he deve l opmen t o f  a s t e r o i d  

t r an s fo rm i n g  f e rm e n t a t i o n  i s  the  e f f e c t  o f  t he s t ero i d  

c o nc e n t r a t ion  o n  b o th t he t ra n s form i n g  m i c r o o r ga n i sm a n d  

t h e  t ra n s forma t i o n  i t s e l f .  F r om an e c o nom i c  v i ewpo i n t , 

t h e  s t e r o i d  c o n c e n t r a t i o n  s ho u l d  b e  a s  h i gh a s  po s s i b l e  a n d  

fac t o r s  i mp o r t a n t  i n  l im i t i ng b i l e  a c i d  conc e n t ra t i o n s  i n  a 

fermen t a t i on have b e e n  d i s c u s s e d  i n  S e c t ion  2 . 1 . 2 .  The  

fo l l o w i n g  wo rk  wa s unde r t a k e n  to  o b s e rve the  e f f e c t  o f  t he 

g l yc o d e oxycho l i c  a c i d  c o n c e n t r a t i o n  on  i t s  hydro l y s i s  b y  

C .  me l o n i s .  

C .  me l o n i s was  g r own i n  g l uc o s e - p ep t o n e  med ium c o nt a i n i n g  

g l yc o d e oxycho l i c  a c i d  a t  c o n c e n t ra t i o n s  o f  O . S g l
- l  

l . O g l
- l  

- 1 - 1  
S . O g l  and 1 0 g l  The  myc e l i a l  d r y  we i gh t s  a c h i ev e d  

we r e  una f fec t e d  b y  t he s e  c on c e n t ra t i o n s  o f  b i l e  a c i d . 

Howev e r , there  w a s  a d i r e c t  r e l a t i on s h i p  b e t w e e n  the 

c o n c en t ra t i o n  o f  b i l e  a c i d  and t he c o r r e s pond i n g  c u l t u r e  

pH , i n c r e a s i ng c o n c e n t ra t i o n s  caus i n g  a n  i n c r e a s e  in  t h e  p H  

o f  t h e cu l tu r e  du r i n g  t h e  p e r iod o f  a c t ive  hydr o l y s i s .  B i l e  

a c i d  p r e c i p i t a t e d du r i n g t h e  g r o wth o f  cu l tu r e s  con t a i n i n g 

1 . 0 g l
- 1  

a nd h i ghe r c o nc e n t r a t i o n s  but  l a t e r  r e s o lub i l i s e d . 

Th i s  re s u l t ed in  n o  a p p a r e n t  i n h i b i t i o n  o f  g rowth . 
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a c i d  added to  g rown c u l t u r e s  o f  C .  me l o n i s . 

G l  y c o d e o xycho 1 i c  a c i d , 0 0 ; 
d e o xy c ho l i c a c i d , ,.. _ _ _ _  _. .  
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The  u t i l i s a t i o n  o f  t o t a l  c arbo hyd r a t e  w a s s im i l ar l y  una f f e c t e d 

b y  t he b i l e  a c i d  c o n c e n t r a t i o n s emp l oy e d  c omp a r e d  t o  t h e  

c o n t r o l  ( Re fe r  F i gu r e  4 . 1 ) .  

The  b i l e  a c i d  d a t a  a r e  c on t a i n e d  i n  F i gu r e s  4 . 2  and 4 . S  t o  

4 . 7  f o r  i n c r e a s i n g  c o nc e n t r a t i o n s  o f  g l y c o d e o xycho l i c a c i d . 

The  c o u r s e  o f  hydr o l y s i s  was s im i l ar f o r  e a c h  c o n c en t r a t i o n  

o f  t h e  c o n j u g a t e , p ro du c t  ac cumu l a t i n g  a f t e r  a n  i n i t i a l  l a g  

o f  4 - S  d a y s . Comp l e t e  hydro l y s i s  o c c u r r e d w i t h i n  1 S  days o f  

f e rm e n t a t i o n  a t  a l l  t he concen t ra t i on s  t e s t e d ,  e x c e p t  f o r  
- 1  t h e  1 0 g l  c o n c e n t r a t i o n , whe r e  

o f  t he i n i t i a l  l eve l , r ema i n e d . 

a r e s i du a l , r e p r e s e n t i n g  4 %  

De oxyc ho l i c a c i d  wa s t he 

s o l e  p r o du c t  d e t e c t ed and the m a x i mum y i e l d s  o b t a i n e d  w e r e  

2 2 % , 4 4 % ,  8 0 %  and 9 1 %  r e spe c t i v e l y  f o r  i n c r e a s i n g  c o n c e n t ra t i o n s  

o f  g l yc o d e o x yc ho l i c a c i d . The r e fo r e , i nc r e a s i n g  t h e  

c o nc e n t ra t i o n  o f  t h e  g l yc ine c o n j u g a t e  d r ama t i c a l l y  i n c r e a s e d  

t h e  p r o duc t i v i t y  o f  t h e  hydr o l y s i s . 

Th i s  e f fec t o f  i n c r e a s e d  sub s t r a t e  c o nc en t r a t i o n s  on t he 

y i e l d  o f  hyd r o l y s i s  r e s u l ted  f r o m  t h e  s up p r e s s i o n  o f  l o s s e s  

a t  t he h i ghe r g l yc o d e o xycho l i c a c i d  c o n c e n t r a t i o n s . Th i s  

i s  i l l u s t r a t e d  by t he c ompa r i s o n o f  t h e  ma s s  b a l an c e  d a t a . 

The  l o s s  o f  b i l e  a c i d  a t  each c o n c en t r a t i o n  i s  p r e s e n t e d  i n  

T a b l e  4 . 1 .  I t  i s  a p p a r ent  t h a t  t he p e r c e n t a g e  l o s s  d e c l i n e d  

Tab l e  4 . 1 . 

The l o s s o f  b i l e a c i d a t  d i f fe r e n t  g l yc o de o�ycho l i c 

a c i d  concen t �a t i on s  

C o n c ent r a t i o n  o f  
g l y c o d e o x y c h o l i c a c i d  

Nom i na l  Ac tua l 

( g l - 1 ) - 1 ( mmo l l  ) 

0 . 5  1 . 1  

1 . 0  1 . 7  

S . O  9 . 4  

1 0  1 8 . 8  

B i l e a c i d  l o s s e s  a f t e r  
1 S  d a y s  o f  fe rment a t i on 

- 1  ( % )  (mmo l l  ) 

7 4  

s s  
2 4  

4 

0 . 8  

1 . 0  

2 . 3  

0 .  7 
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F I GURE 4 . 5  The  hydro l y s i s  o f  l . O g l - l  g l yc o de o x y 

c ho l i c a c i d  i n  s h a k e  f l a s k  b y  C .  m e l o n i s  

g r own o n  g l uc o s e - p e p t o n e  med ium . 
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a c i d , �------V ; d e oxycho l i c a c i d , ��----·�.  
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a t  i n c r e a s i n g  c once n t r a t i on s , wh i l e  t h e ab s o l u t e  l o s s  r e a c h e d  
- 1  

a m a x imum a t  S g l  , t h e n  de c r e a s e d . 

A s  t h e  s ame f un g a l  dry  we i g h t s w e r e  o b t a i n e d , and a s  hyd r o l y s i s  

w a s c omp l e t e d i n  t he s ame t ime i n t e rv a l  fo r e a c h  g l yc o 

d e o x yc ho l i c a c i d  c o n c e n t r a t i o n , i t  c an b e  conc l uded t ha t  t he 

s p e c i f i c  r a t e  o f  hyd r o l y s i s  was  c o n c e n t r a t i o n  depende n t . Th i s  

i s  i l l u s t r a t e d  b y  the  l i n e a r  p l o t  o f  F i gu r e  4 . 8 .  

4 .  2 .  4 .  The L o c a t i o n  o f  Ac t i v i t y  

T h e  l o c a t i o n  o f  e n z yme a c t i v i t y  d e t e rm i n e s  which  fac t o r s  may  

r e gu l at e  i t . I nt rac e l l u l ar e n z ym e s  a r e  l i ke l y  t o  b e  

c on t r o l l e d n o t  o n l y  b y  t he i n t e r n a l  r e gu l a t o r y  mechan i sm s  o f  

t h e  c e l l , b u t  a l s o by t he c h em i c a l  n a t u r e  o f  the s ub s t r a t e  

a n d  p rodu c t  i n s o far a s  t h i s  a f fe c t s  t h e i r  ab i l i t y  t o  p e n e t r a t e  

t he c e l l  memb r ane . E x t r a c e l l u l a r e n z yme s , howev e r , w i l l  n o t  

b e  g o v e rned b y  p e rmeab i l i ty r e s t r a i n t s , b u t  t hey a r e  u s ua l l y 

mo r e  sus c e p t i b l e  to  r e gu l at i on b y  t he c u l t u r e  env i r o nme n t . 

To  d e t e rm i n e  t h e  l o c a t i o n  o f  t h e  c h o l an o y l  g l yc ine  hydr o l a s e  

a c t i v i t y i n  C .  m e l o n i s , c e l l - fr e e  s y s t ems  we re emp l o yed . 

T h e  d a t a  ob t a i n e d  a r e  s umma r i s e d  i n  T a b l e  4 . 2 .  No e v i d e n c e  

o f  b i l e a c i d  hyd r o l y s i s  wa s de t e c t e d i n  c o n t r o l  incuba t i o n s  

c o n t a i n i n g  c o n j ug a t e s  a l o ne . 

Tab l e  4 . 2  

The hyd r o l ys i s  o f  gl yc i n e  c on j u ga t e s  b y  c e l l - fr e e  

s y s t ems o f  C .  m e l o n i s . 

E x t r a c e l l u l a r · I n t r a c e l l u l a r  
a c t i v i t y ac t i v i t y  

Sub s t ra t e : G C  G D  G C  

P r o duc t s  C A  + + 
d e t e c t e d : D C  + + 

O t h e r s  + 

T h e  e n t r i e s  a r e t h e r e s u l t o f  du p l i c a t e  expe r i me n t s . 

No t a t i o n : + ,  p ro duc t de t e c t e d ; - , p r oduc t n o t  de t e c t e d . 

GD  

+ 
+ 
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o f  C .  m e l o n i s . 
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Ac t i v i t y  wa s p r e s e n t  i n  t h e  c e l l - f r e e  f i l t r a t e  on  b o t h  g l yc i n e  

c o n j u g a t e s , demon s t r a t i n g  t h e  p r e s e nce  o f  e x t r a ce l l u l a r  

hydro l a s e ( s )  i n  7 d a y  C .  m e l o n i s  c u l t u r e s .  W i t h b o t h  

c on j u g a t e s , t he y i e l d  o f  f r e e  b i l e  ac i d  wa s t o o  l ow t o  b e  

q u a n t i t a t e d  b y  hp l c . I n  a dd i t i on , i n t r a c e l l u l a r hydr o l a s e  

a c t i v i t y  wa s o b s e rved o n  b o t h  s ub s t r a t e s  i n  t he ce l l - fr e e  

e x t r a c t s , a l t ho u g h  a ga i n , t he e x t e n t  o f  hydro l y s i s  was  

i n s u f f i c i e n t  to  a l l o w  a c c u r a t e  q ua n t i t a t i o n  o f  t he p r o duc t s . 

Such l im i t e d  e n z yme ac t iv i t y  i s  no t unu s u a l i n  c rude c e l l -

f r e e  e x t rac t s  due o ft e n  t o  t h e  i n s t ab i l i t y  o f  t he e n z yme an d / o r  

t h e  p r e s en c e  o f  e ndo g e n o u s  e n z ym e  i nh i b i t o r s  ( Koba s h i  e t  a l � 

1 9 7 8 ; C h a n g  a n d  S i h ,  1 9 6 4 ) . 

Du r in g  t h e  p r o duc t i on o f  t h e  c e l l - f r e e  s y s t ems , the fun g u s  

w a s  g r own i n  t he a b s e n c e  o f  b i l e  ac i d . T he r e fore t he d a t a  

i nd i c a t e  t h a t  t h e  hyd r o l a s e  ac t i v i t y  i s  c o n s t i t u t i ve . 

T h e  f r e e  b i l e  a c i d  r e s u l t i n g  f r om t he hyd r o l y s i s  o f  i t s  

c o r r e s p o n d i n g  c o n j ug a t e  w a s  no t t h e  s o l e  p r oduc t o b s e rved i n  

t h e c e l l - fr e e  e x t r ac t i nc ub a t i o n s . D e o x y c h o l i c ac i d  wa s 

p re s e n t  i n  g l y c o c ho l i c a c i d  i nc ub a t i on s  a n d , f o r  b o t h  

s ub s t r a t e s ,  o t he r  l e s s  p o l a r , u n i d e n t i f i e d  b i l e  ac id  de r i va t i v e s  

we r e  d e t e c t e d i n  l o w  amo un t s . T h i s i n d i c a t e s  t ha t  C .  me l o n i s  

a l s o p o s s e s s e s  c o n s t i t u t i v e , i n t ra c e l l u l a r , 7 a - dehydro x y l a s e  

a n d  o t h e r  s t e ro i d -mod i fy i n g  e n z yme  a c t i v i t y , a l t hough t he 

l e ve l o f  s uc h  a c t i v i t y  w a s l ow . T h e  ac t i o n  o f  the s e  e n z yme s 

o n  t he p ro du c t s  o f  hydr o l y s i s  may c o n t r ib u t e  t o  the l o s s e s  

o f  b i l e  ac i d  e xp e r i e nc e d  dur i n g  f e rmen t a t i o n . 

4 . 2 . 5 . The  E f f e c t  o f  C y c l oh e x i m i d e  

T h e  r e s u l t s  f r o m  t he c e l l - f r e e  s y s t em expe r i men t s  ind i c a t e  

t h a t  t h e  hyd r o l a s e  ac t i v i ty i n  C .  m e l o n i s  i s  c o n s t i t ut i v e . 

To c on f i rm t h i s , 7 - day c u l tu r e s  o f  t he fun g u s  w e r e  t r e a t e d 

w i t h  c yc l o he x i m i d e  ( 2 5 0  � gm l
- 1

) ,  a we l l - kn o wn i n hib i t o r  o f  

p ro t e i n  s yn t he s i s  1 n  euc a r yo t i c c e l l s  ( V i n i n g , 1 9 7 9 ; Jenn i n g s , 

1 9 7 6 ) , 2 . 5 h p r i o r  to  t h e  a d d i t i o n  o f  g l yc o d e oxycho l i c  a c i d . 

Th i s  w a s  p e r fo rm e d  i n  dup l i c a t e  w i t h a p p r o p r i a t e  c o n t r o l 

e xp e r imen t s . 



Cyc l o he x im ide s e v e r e l y  a f fe c t e d C .  me l o n i s . No g r o w t h  w a s  

ob s e r ved  i n  dup l i c a t e  f l a s k s  t o  wh i c h  c y c l o hex imide  wa s 

added  immed i a t e l y a f t e r  i n o c u l a t i o n  a n d  t h e  t r e a t men t o f  

7 2  

g rown c u l ture s w i t h  t h e  a n t i b i o t i c  r e s u l t e d  i n  a rap i d  d e c l i n e  

i n  t he i r  d r y  we i g h t  a n d  a n  immed i a t e  i n c r e a s e  i n  the c u l t u r e  

pH  ( F i gure 4 . 9 ) . 

The hydro lys i s  o f  g l yc o d e o x y c ho l i c  a c i d  i n  t he con t ro l  

e xp e r ime n t s  wh e r e  t he c o n j u g a t e  w a s  added p r i o r  to i n o cu l a t i o n  

o r  a f t e r  7 days o f  i nc ub a t i o n p r o c e e d e d  i de n t i c a l l y  t o  t h a t  

o f  t h e exp er imen t a l  da t a  p r e s e n t e d 1 n  F i gu r e s  4 . 2  a n d  4 . 4  

r e s p e c t i v e l y . A l s o , t he a dd i t i o n o f  c yc l ohex im ide t o  c u l t u r e s  

a c t i v e l y  hyd ro l y s i n g  g l yc o d e o xycho l i c a c i d  d i d  n o t  a f f e c t 

s ub s e q u e n t  hyd r o l ys i s , a n d  t h e r e s u l t i n g  data  were  s i m i l a r  t o  

t ho s e  o f  cu l t ur e s  w i t ho u t  c y c l o h e x i m i d e t r ea tme n t , i n  t e rms 

o f  t he r a t e  and  y i e l d  of  hyd r o l y s i s . 

The b i l e  a c i d  da t a  p re s e n t e d i n  F i gu r e  4 . 1 0 demo n s t r a t e  t he 

e f f e c t o f  cyc l o he x i m i d e  p r e t r e a t me n t  o f  t h e cul tures  on  t h e  

sub s e q u e n t  hyd r o l y s i s  o f  g l yc o de o x yc ho l i c  a c i d . De oxyc ho l i c 

a c i d  wa s t he s o l e , maj o r  p r o duct o b s e rv e d . Howeve r , a n o t h e r  

m e t ab o l i t e  wa s d e t e c t e d i n  t r ac e  a moun t s  by t l c . I t  wa s n o t  

i s o l a t e d  for  i de n t i f i c a t i o n , but  i t s  R� v a l u e ( 0 . 2 9 )  o n  t l c  

s o l ve n t  s y s t em " a "  ( s t an d a r d  Rf v a l u e s : g l yc o d e o xycho l i c a c i d ,  

0 . 0 7 ;  d e o xycho l i c  a c i d , 0 . 4 3 . )  wa s s u g g e s t ive  o f  t he p r e s e n c e  

o f  an o xygen func t i on  a t  C - 7 , p e rhap s a ke t o  sub s t i t u e n t  

( H e ftman n , 1 9 6 7 ) . 

A s  t h e  c yc l o hex i m i d e t r e a tme n t  d i d  n o t  p r ev e n t  t he hyd r o l y s i s  

o f  t he g l yc odeo xyc ho l i c a c i d  added s u b s e quent l y ,  i t  c an b e  

c onc l u d e d  t h a t  t he c o r r e sp o n d i n g  hyd r o l a s e  ac t i v i t y i s  

c o n s t i t u t ive . Th i s  r e s u l t c o nf i rm s  t ha t  o b t a i n e d  by t he u s e  

o f  c e l l - f r e e  sy s t em s . 

The t r e a t me n t  o f  t h e  g r own c u l t u r e s  w i t h  cyc l o he x i m i d e , p r 1 o r  
\ 

t o  t he i r  incuba t i o n  w i t h  g l yc o d e o xycho l i c a c i d , p r omo t e d b o t h  

t he r a t e  a n d  t h e  y i e l d o f  t h e  sub s e qu e n t  hydro l y s i s . Thu s , 

whe r ea s t he spec i f i c  ra t e  o f  g l y c o d e o x yc ho l i c  ac id d i s a pp e a ran c e 

i n  c o n t ro l c u l ture s t o  w h i c h  t he c on j u g a t e  wa s a d ded a f t e r  7 
. . - 1  - 1  

d a y s  1 n c ub a t 1 on wa s e a  1 �mo l h g , t h a t  o f  cu l t u r e s  p r e -
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t r e a t e d w i t h  c y c l o h e x i m i d e  wa s e a  4 �mo l h - l
g - l 

A c ompa r 1 s o n  

o f  t h e  r a t e s  o f  a c c umu l a t ion o f  d e o x yc h o l i c a c i d  i n  t h e  t wo 

e xp e r i me n t s  d e mo n s t r a t e s  a c o r r e s p o n d i n g  d i f f e r e n c e  ( Re f e r  

F i gu r e s  4 . 4 ;  4 . 1 0 ) . S i n ce t h e  r a t e  i n c r e a s e wa s p r o b ab l y  

n o t  due t o  t he d i r e c t  a c t i on o f  c y c l o h e x i m i d e  o n  t he hyd r o l a s e ( s )  

i t s e l f ,  t h i s  r e s u l t  i mp l i c a t e s  t he s t r i c t  r e g u l a t i on o f  t h e  

e n z ym e  b y  t h e  c e l l  u n d e r  " t yp i c a l "  cu l t u r e  c o n d i t i on s . 

Ob v i o u s l y ,  t he p o t e n t i a l  ex i s t s  fo r g r e a t l y  s up e r i o r  r a t e s  o f  

hyd r o l y s i s  t o  t ho s e n o rma l l y o b s e rv e d  i n  s ha k e  f l a s k  c u l t u r e . 

S i m i l a r l y , i n  c o n t ra s t  t o  the 6 0 %  y i e l d  o b t a i n ed b y  t he c on t ro l 

( F i gu r e 4 . 4 ) , n e a r q u a n t i t a t i v e  y i e l d s o f  de o xycho l i c a c i d  

( 9 2 - 9 8 % )  we r e  o b t a i n e d  f r om t h e  hydr o l y s i s  o f  g l yc o d e o x y c ho l i c 

a c i d  w i t h i n  2 4 h  o f  i t s  a dd i t i o n  t o  c u l t u r e s  p r e t r e a t e d w i t h  

c yc l o h e x i m i d e . The ma s s  ba l an c e  d a t a  d emon s t r a t e  t ha t  t he 

a n t i b i o t i c i n h i b i t e d  l o s s e s  o f  b i l e  a c i d . A s  t he a dd i t i o n  o f  

c y c l o h ex im i de t o  c u l t u r e s  p r e v i o u s l y i n c ub a t e d  w i t h  g l yc o 

d e o x yc ho l i c a c i d  wa s i n e f f ec t iv e  i n  p r e v e n t in g  s u c h  l o s s , 

t h e  a b ove r e s u l t s u g g e s t s  that  t he p r i n c ip a l  fac t o r  r e s p o n s i b l e  

i s  i nduc i b l e . 

4 . 2 . 6 . D i s c u s s i o n  

The  r e su l t s  d e mo n s t r a t e  t h a t  C .  m e l o n i s  p o s s e s s e s  b o t h  

i n t r ac e l l u l a r  a n d  ex t r a c e l l u l a r  hyd r o l a s e  a c t i v i t y  fo r g l yc i ne 

c o n j u g a t e s . F u r t he rmo re ,  b o t h  a c t i v i t i e s  a r e  c o n s t i t u t i v e 

i n  t ha t  t he y  d o  n o t  r equ i r e indu c t i o n  b y  t he b i l e a c i d  

s ub s t r a t e . T hu s , t h e  hyd ro l a s e ( s )  wa s n o t  s upp r e s s e d  b y  t he 

p r e t r e a tmen t  o f  t h e  c u l t u r e  w i t h  c y c l o h e x i m i d e . 

When g l yc o d e o x y c ho l i c a c i d  wa s added  t o  7 - day c u l t u r e s  o f  

C .  m e l o n i s , g r own i n  t h e  a b s e n c e  o f  b i l e  a c id , hyd r o l y s i s  

wa s o b s e rved w i t h i n  2 4 h ( Re fe r  F i gu r e  4 . 4 ) . Th i s  c o n t r a s t e d 

w i t h t he l a g  i n  hydro l y s i s  o f  a t  l e a s t  4 day s o b s e rved i n  

c u l tu r e s  c o n t a i n i n g  g l yc i n e  c o n j u g a t e s  f r o m  i n o c u l a t i o n . 

The r e f o r e  s ome fa c t o r , o r  fa c t o r s , a pp e a r  t o  s upp r e s s  

hyd r o l y s i s d u r i n g  t h e  t r opopha s e . The s e  may i n c l u de , amo n g  

o t he r s , a t i me r e q u i r em e n t  fo r t h e s yn t he s i s  a nd e l a b o r a t i o n 

o f  t he e x t r a c e l l u l a r  hydro l a s e , i f  t h r o u g h  t h e  impe rme a b i l i t y 



o f  t h e  c e l l - memb r a n e  t o  b i l e  a c i d s , t h e  g l yc i ne c o n j uga t e s  

a r e  i n a c c e s s ib l e  t o  t he i n t r a c e l l u l a r  hydro l a s e . I n  

add i t i o n , c a t ab o l i t e  r e gu l a t i o n  b y  g l uc o s e  may c o n t r ibu t e  t o  

d e t e rm i n i n g  t he o n s e t  o f  h yd r o l y s i s , a s  the  c a r b o hydr a t e  

c o nc e n t r a t i o n  wa s a l ways  n e a r  e xh a u s t i o n  p r i o r  t o  t h e  

a c cumu l a t i on o f  t h e  hydr o l y s i s  p r oduc t . 
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T h e  s p e c i f i c  r a t e s  o f  hyd r o l y s i s  we re n o t  de t e rm i n e d  i n  s ha ke 

f l a s k  c u l tur e s . H o weve r , t h e y  d i d  n o t  appe a r  t o  vary 

s i gn i f i c a n t l y ,  e x c ep t in  t he c a s e s  o f  i nc r e a s e d  c o n c e n t r a t i o n s  

o f  g l yc o de o xycho l i c ac i d  o r  t h e  p r e t r e a tmen t  o f  g r own c u l t u r e s  

w i t h c y c l o he x im i de . I n  t he fo rm e r  i n s t an c e , i t  appe a r s  

t h at , i f  t he hydro l a s e  o b e y s  M i c ha e l i s - Me n t o n  k i n e t i c s , t h e n  

t he ra t e  o f  hydro l y s i s  o b s e rv e d  i s  no t max ima l , s i n c e  i t  

s e ems t o  b e  l i ne a r l y  r e l a t e d  t o  s ub s t r a t e  conc e n t r a t i o n  a t  

t h e l e ve l s  emp l oye d ( F i gu r e  4 . 8 ) . I n  a dd i t i o n , g iv e n  t he 

h i g h  p r o b ab i l i t y o f  m i c e l l e  f o r ma t i o n b y  g l yco de oxycho l i c 

a c i d a t  t h e  l O g l - l  c onc e n t r a t i o n , due t o  the c u l ture  pH o f  

p H  7 - 8 . 5  dur i n g  hydr o l y s i s , t h e  a c t i v i t y o f  t h e  hydro l a s e ( s )  

a ppea r s  t o  b e  una f f e c t e d  by  s u c h  a g g r e g a t i on o f  t he b i l e  a c i d .  

The  s t i mu l a t i o n  o f  s p e c i f i c  hydr o l y s i s  r a t e s  by cyc l o hex i m i d e  

fu rt he r de mo n s t r a t e s  the i r  s upp r e s s e d  s t a t e  unde r t h e  no rma l 

c u l t ure  e nv i ronmen t . The  e f f e c t  o f  t h e  ant i b i o t i c  may b e  

d u e  t o  a numb e r  o f  f a c t o r s . T h e s e  may i n c l ude t he r e p r e s s � o n  

o f  an i nduc i b l e , r e p r e s s o r  mo l e c u l e  a c t i n g on t h e  hydro l y s i s  

s y s t em o r , a l t e rn a t i v e l y , t h e  e f fec t o f  t he an t i b i o t i c o n  

t h e  i n t e g r i t y o f  t h e  c e l l - memb r a n e  ( J e n n i n g s , 1 9 7 6 ) . T h e  

f o rme r wo u l d  a l l ow g r e a t e r  e x p r e s s i o n  o f  the  i n t r a c e l l u l a r  

h y dro l a s e , i f  i t  wa s p re v i ou s l y  h i nd e r e d . T h e  l at t e r  e f f e c t 

may  a l l o w  t h e  mo re r ap i d  e l ab o r a t i o n  o f  t h e  e x t r ac e l l u l a r  

e n zyme a nd/ o r  t h e  i n c r ea s e d  p e n e t r a t i o n  o f  b i l e a c i d  i n t o  t h e  

c e l l . Po s s i b l y , a c o mb i n a t i o n o f  t he s e  fac t o r s  may be  

o p e r a t i v e . Man y  a n t i b i o t i c s  a r e  r e p o r t e d  t o  i n c r e a s e  t h e  

r a t e s  o f  c e r t a i n  s t e r o id t r a n s fo rmat i o n s , appa r e n t l y by  t h e i r  

e f fe c t  o n  c e l l - memb r a n e  p e rm e a b i l i t y  ( Ma r t i n , 1 9 7 7 ) . 

C o mp l e t e  d i s a ppea r a n c e  o f  t he g l yc i n e c o n j ugat e s  wa s u s ua l l y  

o b s e rved . T h u s , e v e n  a t  g l yc o d e o x ycho l i c a c i d  c o n c e n t r a t i o n s  

o f  l O g l - 1 , o r  w i t h  t h e  add i t i o n  o f  t he c o n j u g a t e  i n  the  
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i d i o p ha s e , ove r 9 5 %  o f  t h e  s ub s t r a t e  wa s ut i l i s ed . T h i s  

i n di c a t e s  tha t t h e c h o l an o y l g l yc i n e hyd ro l a s e  i s  no t 

p a r t i c u l a r l y s e n s i t i v e  t o  p r o duc t i nh i b i t i o n  b y  the f r e e  b i l e  

a c i d . Howeve r , i n  mo s t  i n s t anc e s  sub s t an t i a l  l o s s e s  o f  

b i l e  a c i d  we re o b s e rv e d , n o  s t e r o i d a l  s i de - p r o duc t s  b e i n g  

d e t e c t e d . The s e  l o s s e s  we r e  r e s p o n s i b l e  fo r t h e  p o o r f r e e  

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

l ow c o n c e n t r a t i o n s  o f  g l yc o d e oxycho l i c ac i d  dur i n g  g r o wt h . 

The n a t ur e  o f  t h e  b i l e a c i d  mo i e ty i n f l uenced t h e  e x t e n t o f  

l o s s . Di hydr oxy b i l e  a c i d s  w e r e  c o n s i de r ab l y  mo re s u s c e p t i b l e  

t han t r i hydroxy b i l e a c i d s  ( Comp a r e  F i gu r e s  4 . 2  and 4 . 3 ) . 

A s im i l a r dep e n d e n c e  o n  b i l e  a c i d  s t ru c t ur e  wa s o b s e rv e d  by 

E a s two o d  and Ham i l t o n  ( 1 9 6 8 ) fo r t h e b i nd i n g  o f  b i l e  a c i d s  by 

l i gn i n . The b i n d i ng o f  b i l e  ac i d s  b y  b i o l o g i c a l  mac ro -

mo l e c u l e s  ha s a l s o b e e n  o b s e rved fo r p r o t e i n s  ( B e r g s t r o m  

e t  a l , 1 9 7 5 ; G r e e n  e t  a l , 1 9 7 1 ) a n d  fo r v a r i o u s  f i b r e s  

( Owen e t  a l , 1 9 7 5 ; S t o r y  e t  a l , 1 9 7 6 )  and b i nd i n g  may b e  a n  

imp o r t a n t  fac t o r  i n  t he l o s s  o f  b i l e  a c i d  expe r i e n c e d  i n  t he 

p r e s e n t  wo rk . 

When g l yc i ne c o n j u g a t e s  w e r e  i n c ub a t e d  w i t h  t h e  fung u s  from 

i noc u l a t i o n , a h i g h p ro p o r t i o n  of t he l o s s  o c c u r r e d  du r i n g 

g r owt h . Y e t  t h e a dd i t i o n  o f  g l y c o d eo xycho l i c a c id a f t e r  

g r owt h a l s o r e s u l t e d  i n  s ub s t an t i a l  l o s s e s  o f  b i l e  ac i d , 

a l t ho u g h  r e duc ed  i n  c omp a r i s o n . Thus , fa c t o r s  c o n t r i b u t i n g  

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

and  n o n - g r owth r e l a t e d . 

The ma r k e d l y  de c r e a s e d  l o s s  o f  b i l e  a c i d  added t o  g rown 

cul tu r e s  p re t r e a t e d w i t h  c y c l ohe x i m i de s t r o n g l y  su gg e s t s  t ha t  

one  o f  t h e  fa c t o r s  r e s p o n s i b l e  i s  a n  i nduc i b l e , b i l e  a c i d 

d e g ra d i n g  e n z yme s y s t em wh i c h  rap i d l y  m e t a b o l i s e s  t he b i l e  

ac id t o  n on - s t e ro i da l  p ro du c t ,  B i l e  a c id  d e g r ad a t i o n  h a s  

b e e n  o b s e rved i n  a e r o b i c  c u l t u r e s  o f  bac t e r i a  ( Hayakawa , 

1 9 7 3 )  a n d  fun g i  ( Fu r u t a , 1 9 5 9 )  and fo l l ows  a s i mi l a r  p a t hw a y  

t o  t h a t  o f  the  m i c r o b i a l  d e g r a da t i o n  o f  o t h e r  s t e r o i d s . 

The p r ima ry e n z yme s i n  t h e s e r e a c t i o n s  a r e  i n duc i b l e  a n d  

in trac e l l u l a r  ( Ma r t i n , 1 9 7 7 ; Hi l l , 1 9 7 6 ) . 



The fo r m a t i o n  o f  m i c e l l e s  b y  s t e r o i d s  h a s  b e e n  r ep o r t e d t o  

h i nd e r  t he i r  f a c i l e  d e g r a d a t i on b y  m i c ro o rgan i sms ( J o n e s  
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and  B a s k ev i t c h , 1 9 7 3 ) , wh i l e  Hayakawa ( 1 9 7 3 )  h a s  repo r t e d that  

h i gh b i l e a c i d  c on c e n t ra t i o n s  ( 0 . 2 %  - 0 . 5 % )  i nh i b i t  the i r  

d e g r ad a t i on i n  a e rob i c  b ac t e r i a l  cu l t u r e s . The s e  may b o t h , 

t h e r e f o r e , a c c o u n t  fo r t h e  r e su l t s  o b s e r v e d  i n  t h e  e xpe r i me n t s  

emp l o y i n g  d i f fe r e n t  g l yc o d e o xyc ho l i c a c i d  c o n c e n t r a t i on s . 

Hayakawa ( 1 9 7 3 )  h a s  rep o r t e d t h a t  d e o xyc ho l i c  a c i d  i s  mo r e  

r e s i s t an t  t o  b a c t e r i a l  d e g r a da t i on t ha n  c ho l i c ac i d . Howeve r , 

t h i s  d o e s  n o t  appear  t o  b e  t he c a s e  i n  C .  m e l o n i s  cu l tur e s .  

T he c o n s t i tu t i v e  a c t i v i t y o f  va r i o u s  b i l e a c i d - mo d i fy i n g  

e n z yme s i n  t he c e l l - fr e e  e x t r ac t s  o f  C .  m e l o n i s  sugge s t s  t ha t  

t h e s e  e n z yme s may comp e t e  w i t h  t he i n duc i b l e  d e g r ada t i ve 

e n z ym e s  fo r b i l e  a c i d . T h e  ab s en c e  o f  r e s u l t a n t  s i de 

p ro du c t s  i n  who l e - c e l l  c u l t u r e s  s u g g e s t s  t ha t  e i t he r  t h e  b i l e 

a c i d s  a r e  unab l e  t o  p e n e t r a t e  t he c e l l - memb r an e , or  mo r e  

l i ke l y , t ha t  s uc h  p ro duc t s  a re r a p i d l y  d e g r a d e d  t o  n o n 

s t e r o i da l  me t ab o l i t e s  b y  t he d e g r a d i n g  e n z yme s . 

4 . 3 • The Lo s s  o f  B i l e  Ac i d  i n  C .  m e l o n i s  C u l t u r e s  

I n  v i ew o f  t he l a rge l o s s e s  o f  b i l e  a c i d  o b s e rved  i n  t he 

s h a k e  f l a s k  c u l t ur e s , i t  w a s  c o n s i d e r e d de s i r ab l e  t o  a t t emp t 

t o  a c c ou n t  f o r  t h i s  l o s s . Ana l y s i s  o f  t he f e rmen t a t i o n s  

s ug g e s t e d t h a t  t h e  two f a c t o r s  t h a t m ay b e  r e s p o n s i b l e , 

e i t h e r  i n d i v i du a l l y o r  i n  c omb i n a t i o n , f o r  s u c h  l o s s e s  were  

t he b i nd i n g  o f  b i l e  a c i d  to  t h e  myc e l i um and t h e i r  ut i l i s a t i o n 

by t h e fung u s . 

4 . 3 . 1 .  The  B i nd i ng o f  B i l e Ac i d s  t o  Myc e l i um 

The i r r e v e r s i b l e  b i n d i ng o f  s t e ro i d s  and s t e r o l s  t o  m i c r o 

o rg a n i s m s , i n c l u d ing fu ng i ,  has  b e e n  r ep o r t e d by Buetow and 

Le v e d a h l  ( 1 9 6 4 ) . Howeve r ,  b i l e a c i d s  have  a p p a r e n t l y not 

b e e n  t e s t ed  i n  t h i s  r e s p e c t .  I n  add i t i o n ,  a l t hough t he 

b i n d i n g  o f  b i l e a c i d s  t o  v a r i ou s  mac romo l e cu l e s  has  b e e n  

s t ud i e d , t he a p p l i c ab i l i t y  o f  t h e s e  d a t a  t o  m i c rob i a l  s y s t ems 

i s  unc e r t a i n .  There fo re exp e r ime nt s w e r e  p e r fo rmed t o  a s s e s s  



t he e x t e n t  to  wh i c h  t h e  my c e l i um o f  C .  m e l o n i s  bound b i l e  

a c i d s . 
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Shake f l a s k s  c on t a in i n g  g l uc o s e - p e p t o n e  med i um we r e  i n o c u l a t e d  

w i th C .  m e l o n i s  a n d  i nc ub a t e d a t  3 0 ° C fo r 7 d a y s , a f t e r  wh i c h  

t i me t he t yp i c a l  myc e l i a l  g r ow t h  wa s p r e s e n t . The c u l t u r e s 

we r e  t h e n  aut o c l av e d  a t  1 2 1 ° C fo r 1 5  m i n u t e s  t o  i n ac t i v a t e  

e n z yme  a c t i v i t y a n d , a ft e r  c o o l i ng , b i l e  ac i d  s o l u t i o n w a s  

added t o  e a c h f l a s k  t o  a f in a l  c onc e n t r a t i o n  o f  0 . 5 g l - l  

S o d ium t au r o c ho l a t e , g l yc o c ho l i c a c i d , g l yc o d e o xycho l i c a c i d , 

c ho l i c a c i d  and d e o x y c ho l i c a c i d  we r e  t e s t e d a n d  c o n t ro l s ,  

u s i n g  un i n o cu l a t e d  m ed i a , w e r e  inc l u d e d  fo r c o mp a r i s o n . 

A l l f l a s k s  we re  a d j u s t e d  t o  pH 5 and r e i ncub a t e d  for  l h  t o  

a l l ow fo r e qu i l i b r a t i o n  o f  b i n d i n g . 

The we i g h t  o f  b i l e  a c i d  b o und p e r  g d r y  we i ght o f  myc e l i um 

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

b e tween t h e  i n o cu l a t e d t e s t  f l a s k  and  t h e  c o r r e s p o n d i n g  

c o n t r o l . T h e  da t a  a r e  p r e s e n t e d 1 n  T a b l e  4 . 3 .  I t  i s  

a s s umed t ha t  t he d e n a t u ra t i o n  o f  the  myc e l i a l  p r o t e i n  by  

a u t o c l a v i n g  do e s  n o t s i gn i f i c a n t l y  a f f e c t  i t s  c apa c i t y  t o  

b i n d  b i l e  a c i d . Rudman a n d  Kenda l l  ( 1 9 5 7 )  r e p o r t e d t h a t  t h e  

d e n a t u r a t i o n  o f  a l bum i n  d i d no t a l t e r  i t s  ab i l i t y t o  b i n d  

deoxycho l i c a c i d . A l s o , i t  i s  a s sum e d  t hat i n  a fermen t a t i o n  

c on t a i n i n g  a m i x t u r e  o f  b i l e  a c i d s , t h e r e  ex i s t s  a s i t ua t i o n  

o f  compe t i t i ve b in d i n g  fo r t he b i nd i n g  s i t e s  o n  t h e  myc e l i um . 

T a b l e  4 . 3  

B i l e a c i d  b i n d i ng t o  myc e l ium o f  C .  m e l o n i s  

B i l e  a c i d  t e s t e d  

G D  

D C  

G C  

CA 

NaTC 

B i l e  a c i d  bound per g d r y  
we i ght o f  myc e l ium 

( mg )  

1 5  

1 4  

3 

8 

0 . 3  



C l e a r l y , b i l e  a c i d  i s  bound to  t he myc e l i um i n  a mann e r  no t 

r e v e r s e d by t h e  m e t ho d  o f  samp l e  t r e a tmen t , wh i c h  c omp r i s e d 

a d j u s t i n g  t he c u l t u r e  t o  pH  1 0  w i t h  lM  s o d i um c a rbo na t e  and 

s l o w l y ag i t a t i n g  it  fo r 1 5  minu t e s  p r i o r  to  f i l t r a t i o n  t o  

r emove t he myc e l i um .  The r e s u l t s  s how , a l s o , t h a t  t he 

s t ru c t ur e  o f  t h e  b i l e  a c i d  de t e rm i n e s  i t s  s u s c ep t i b i l i t y  t o  

a o  

b in d i n g . T hu s , d i hydroxy b i l e  a c i d s  a r e  boun d  to  a g r e a t e r  

d e g r e e  t ha n  t r i hydroxy b i l e  ac i d s , wh e r e a s  s o d i um t au r o c h o l a t e  

i s  b o und t o  a n e g l i g ib l e  e x t en t . 

The max imum d r y  we i ght  o f  l O g l - l  a t t a i n e d  1 n  s hake  f l a s k  

c u l tu r e s  o f  C .  m e l o n i s  c o n t a i n i n g  O . S g l
- l  o f  g l yc i n e  c o nj u g a t e  

( Re fe r  F i g u r e  4 . 1 ) ,  wa s u s e d  t o  c a l cu l a t e  t h e  l o s s  o f  b i l e  

a c i d  due t o  myc e l i a l  b in d i ng p r e d i c t e d  b y  t h e s e  da t a . I t  1 s  

a s s ume d t h a t a n  i d e n t i c a l  b in d i n g  s i t ua t i o n  e x i s t e d  i n  b o t h  

t he b i nd i n g  e x p e r ime n t s a n d  t he a c t ua l c u l t u r e s . Thu s , t h e  

p r e d i c t e d  b i l e  a c i d  l o s s  i n  cu l t u r e s hyd r o l y s i n g  O . S g l
- l o f  

g l y c o de oxycho l i c a c i d  o r  g l ycocho l i c a c i d  i s  3 3 %  and 1 9 %  

r e s p e c t i ve l y , t a k i n g  t he g r e a t e r  b i n d i n g  o f  c ho l i c a c i d  c ompa red  

t o  g l yc o c ho l i c a c i d  i n t o  a c coun t . S i nc e t h e  ac tua l ma x i mum 

b i l e  a c i d  l o s s  o b s e rv e d  i n  s uc h  c u l t u r e s  wa s 7 4 %  and 5 0 %  f o r  

g l yc o d e oxycho l i c a nd g l yc o c ho l i c  a c i d s  r e s p e c t i v e l y  ( Re fe r  

F i gu r e s  4 . 2 ,  4 . 3 ) ,  t h e  b i nd ing da t a  demo n s t r a t e th a t , a l t ho u g h  

t h e  myc e l i a l  b i n d i n g  o f  b i l e a c i d s  i s  s ub s t a n t i a l  i n  s ha k e  

f l a s k  cu l t u r e s o f  C .  me l o n i s  hyd r o l y s i ng g l yc i n e  c o nj u g a t e s , 

t he a c t u a l  l o s s e s  o b s e r ve d  i n  s uc h  cu l t u r e s  e x c eed  t ho s e  

a c c o un t e d  fo r s o l e l y b y  b i nd in g  b y  a t  l e a s t  a fac t o r  o f  2 f o r  

b o t h  c o nj u g a t e s . H en c e , s ome o th e r  f a c t o r  mu s t  a l s o  c o n t r i b u t e  

t o  t h e  o b s e rv e d  l o s s . 

4 . 3 . 2 .  T h e  E f f e c t  o f  a -Hydro xyqu i no l i n e  o n  B i l e Ac i d  Lo s s  

The i n ab i l i t y  o f  t he b in d i ng da t a  t o  s a t i s fa c t o r i l y  e xp l a i n  

a l l  t he l o s s e s  o f  b i l e ac i d  o b s e rv e d  i n  C .  me l o n i s  c u l tu r e s  

l e d  t o  the u s e  o f  a - hy d r oxyqu i n o l i n e  t o  t e s t  t he hyp o t he s i s  

t h a t  t he s e  l o s s e s  may a l s o  de r i v e  f r om t he d e g rada t i o n  o f  t he 

b i l e  a c i d  b y  t h e  fun gu s . 

Many m i c ro o r g a n i s ms , i n c l ud i ng fung i ,  c a n  ut i l i z e  s t e ro i d s  

a s  t he i r  s o l e s o u rc e  o f  ca rbon ( B u e t o w a n d  L e v c d a h l ,  1 9 6 4 ) 
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a n d  r e c e n t l y , Co c h l i o b o l u s  i n t e rm e d i u s  h a s  b e e n  s h own to  

u t i l i s e  g l yc o c ho l i c a c i d  as  i t s  s o l e  n i t ro gen and c a r b o n  

s ou rce , a l t hough t h i s may n o t  n e c e s s a r i l y  have i n vo l ve d  t h e  

d e g r ada t i on o f  t h e  b i l e  ac i d  mo i e t y ( Ma d d o x  and Chong , 1 9 7 8 ) . 

I n i t i a l  a t t a c k  on t h e  s t e r o i d  mo l e cu l e  h a s  b e e n  s hown , w i t h 

b ac t e r i a ,  t o  re su l t  f r om t h e  a c t i o n o f  t wo i nd e p e n d e n t  e n z ym e  

s y s t em s , o n e  a c t i n g  o n  t h e  s t e r o i d  nuc l eu s , t he o t he r  on  t h e 

s i d e c ha i n . Whe re a s  t he fo rm e r  a c t i v i t y i s  common , t he r e  

h a v e  b e en n o  r ep o r t s  o f  m i c r o o r g a n i s m s  a b l e  t o  s e l e c t i v e l y  

d e g rade t h e  s i de c ha i n  w i thout  c o n c om i t an t  ox i da t i o n  o f  t h e  

n u c l e u s , d e s p i t e e x t e n s i v e  s c r e e n i n g  p r o g ramme s fo r s u c h  

m i c ro o r g a n i sm s  ( Ma r t i n , 1 9 7 7 ) . De s c r i p t i o n s  o f  b o t h  p a t hw a y s  

a r e  i n c l u de d i n  rev i e w s  by Ma r s he c k  ( 1 9 7 1 )  and Ma rt i n  ( 1 9 7 7 ) . 

The d e g r a d a t i on  o f  t he r 1 ng  nuc l e u s  o f  b i l e ac i d s  b y  b a c t e r i a 

ha s b e e n  r e p o r t e d t o  p roduce i n t e r me d i a t e s  common t o  t he 

b r e a kdown o f  o t he r s t e r o i d s  a n d , e v e n t ua l l y ,  t o  i n t e rmed i a t e s  

o f  c a r b o h y d r a t e  c a t ab o l i sm ( Ha y a kawa , 1 9 7 3 ) . Hydr o l y s i s  

a p p e a r s  t o  b e  a p r e r e qu i s i t e fo r the  d e g r a dat i o n  o f  c o n j ug a t e d  

b i l e  ac i d s , a s  t h e y  a r e  i n e r t  t o  t he mo d i fy i ng e n z yme s o f  

b o t h  ba c t e r i a  and fu n g i ( Fu ru t a , 1 9 5 9 ; H i l l , 1 9 7 6 ; T e nn e s o n  

e t  a l , 1 9 7 7 ) . B i l e  a c i d s a r e  a l s o vu l n e r ab l e  t o  s i d e c h a i n  

d e g r ad a t i o n  b y  b o t h  b a c t e r i a  a n d  fung i v i a  a p r o c e s s  ana l o g o u s  

t o  B - o x i da t i o n ( F uru t a , 1 9 5 9 ; Hayakawa , 1 9 7 3 ; T e nne s o n  

e t  a l , 1 9 7 7 ) . 

I n  the p r e s e n t  wo rk , t he d e g r a d a t i on o f  t he s t e r o i d  nuc l e u s  

wa s i n ve s t i g a t e d  i n  p r e fe r enc e t o  t ha t  o f  the s i de cha i n ,  

a l t hough b o t h  may o c c u r . Th i s  wa s f o r  t wo r e a s o n s . F i r s t , 

t h e  d e g r a d a t i on  o f  t h e  s t e r o i d  nuc l e u s  a p p ea r s  mo r e  ub i q u i t o u s  

t h a n  t h at o f  t h e  s i d e c ha i n  i n  m i c r o b i a l  c u l t u r e s .  S e c o n d l y , 

C .  me l o n i s  ha s b e e n  r e po r t e d  t o  po s s e s s  s t er o i d  9a - hyd r o xy l a s e  

a c t i v i t y  ( Ko ndo and T o r i ,  1 9 6 4 )  and 1 ( 2 ) - d ehyd r o g e n at i o n  h a s  

b e e n  demon s t r a t e d  b y  v a r i o u s  Fung i I mp e r f e c t i on  s t e r o i d s  

( Ma r s hec k ,  1 9 7 1 ) . B o t h o f  t h e s e  en z ym e s  are e s s e n t i a l  t o  

t h e l o s s  o f  s t e r i o d v i a  me t a bo l i c d e g r a d a t i on .  

L i p op h i l i c ch e l a t i n g  a g e n t s ,  s u c h  a s  a - h y d r o x yq u i n o l i n e a n d 

a , a � - d i p y r i d y l , have b e e n  s uc c e s s fu l l y  e mp l o y e d  t o  i n h i b i t  t h e 



a z  

9 a - hy d r o x y l a t i on o f  s t e r o i d s , a t  c o n c e n t r a t i o n s  r a n g l n g  f r o m  

0 . 2 5 t o  0 . 6 9 mmo l l - l ( Wh i t ma r s h , 1 9 6 4 ; W i x  e t  a l , 1 9 6 a ) . 

T h e r e f o r e , t h e f o rm e r i n h i b i t o r  w a s  u s e d t o  a t t emp t t o  r e du c e 

b i l e  a c i d  l o s s e s  i n  C .  m e l o n i s  c u l t u r e s .  

S ha k e  f l a s k  c u l t u r e s  o f  C .  m e l o n i s  w e r e  g r o w n  o n  g l u c o s e 

p e p t o n e  m e d i um c o n t a i n i n g  0 . 5 g l - l  g l y c o d e o x y c h o l i c a c i d . 

A f t e r  5 2 h  i n c u b a t i o n , a s t e r i l e - f i l t e r e d , e t h a n o l i c  s o l u t i o n  

o f  a - hy d r o x y q u i n o l i n e  wa s a s e p t i c a l l y  a d d e d  t o  t h e f l a s k s  t o  
- 1  - 1  g l v e  f i n a l  c o n c e n t r a t i o n s  o f  0 . 3 4 m m o l l  , 0 . 6 a mmo l l  a n d  

1 . 3 6 m m o l l - 1 . C o n t r o l s  w i t h o u t  a d d e d  i n h i b i t o r  w e r e  a l s o 

r un . I n c ub a t i o n  w a s  c o n t i n u e d  f o r  t h e  a p p r o p r i a t e  t i m e  a n d  

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

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

c h l o r o f o rm e x t r a c t i o n w i t h  t h e  m o d i f i c a t i o n t h a t  t he c o m b i n e d  

c h l o r o f o rm e x t r a c t s  we r e  b a c k - e x t r a c t e d  w i t h  0 . 2 5 M h y d r o 

c h l o r i c  a c i d  ( 2 5  m l )  t o  r e m o v e  t he a - h y d r o x y q u i n o l i n e  a n d  t h e n  

w a s h e d  w i t h  d i s t i l l e d wa t e r  ( 1 5  m l )  p r i o r  t o  b e i n g e v a p o r a t e d  

t o  d r yn e s s  i n  v a c u o . 

T h e  p r e s e n c e  o f  t h e a - hy d r o x y q u i n o l i n e  s e v e r e l y  i n h i b i t e d  t h e  

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

i n  t h e  c u l t u r e  ( F i gu r e  4 . 1 1 ) . T h i s  w a s p r o b a b l y  a d i r e c t 

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

o f  t h e f u n g u s , b y  t h e  i n h i b i t o r .  T h e r e fo r e , i n  c o n t r a s t  t o  

t h e t y p i c a l  p H  p r o f i l e o f  t h e  co n t r o l  a n d  0 . 3 4 mmo l l - l f l a s k s , 

t h o s e  o f  t h e 0 . 6 a mmo l l - l  a n d  1 . 3 6 m mo l l - l 
c o n c e n t r a t i o n s  o f  

a - h y d r o x y q u i n o l i n e  r e ma i n e d  a t  p H  4 t h r o u g h o u t f u r t h e r 

i n c u b a t i o n . 

T h e  e f f e c t  o f  t h e  a - h yd r o x y q u i n o l i n e  o n  t h e  h y d r o l y s i s  o f  

g l y c o d e o x y c h o l i c a c i d  i s  i l l u s t r a t e d i n  F i g u r e  4 . 1 2 fo r t h e 

0 . 3 4 mmo l l - l c o n c e n t r a t i o n  o f  i n h i b i t o r  a n d  i n  F i g u r e  4 . 1 3 
1 - 1  f o r i n h i b i t o r  c o n c e n t r a t i o n s  o f  0 . 6 a mmo l l - a n d  1 . 3 6 mmo l l  . 

T h e  h y d r o l y s i s  o f  g 1 yc o d e o x y c h o l i c a c i d  i n  t h e  c o n t r o l  f l a s k s  

p a r a l l e l e d t h a t  d e p i c t e d  i n  F i g u r e  4 . 2 .  H y d r o l y s i s  o f  

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

w a s c o mp l e t e l y  i n h i b i t e d  a t  a - h y d r o x y q u i n o l i n e  c o n c e n t r a t i o n s  

o f  0 . 6 8 mm o l l - l a n d 1 . 3 6 mm o l l - 1 , a n d  i t  wa s s u b s t a n t i a l l y  

d e l a y e d  a t  a n  8 - h y d r o x y q u i n o l i rl e  c o n c e n t r a t i o n o f  0 . 3 4 mmo l l - 1 . 
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Fe 11mentat ion t i me 

8 
( d ) 

1 0  12  

The e ffe c t  of 8 - hyd rox yqu i n o l i n e  on  

t h e  dry we i ght  o f  C .  me l o n i s g r own i n  

g l uc o s e - p e p t one  med i um c o n t a i n i n g 

O . S g l - 1  
g l yc o d e o x yc h o l i c  ac i d . 

No t a t i o n : 

T h e  dry we i g h t  a t  va r i ou s  

c o n c e n t ra t i o n s  o f  8 - hydroxy 

qu i no l i n e  ( 8 HQ) : 

c o n t r o l , 
- 1  

0 . 3 4rnrno l l  , 
- 1  0 . 6 8 rnmo l l  , 

0 0 ·  
·--- · · 
1:::.- - - -f:::. . 

- 1  
1 .  3 6mmo 1 1  , -y T . 

CO 
� 



Mass  b a l ance 

100 65 
1 . 2 

• 

1 . 0  
........... -

I 
0 E 0 . 8 E 

.......,. 
c 
0 -
� 0 . 6  -c Q1 0 c 
0 
u 
"C 0 . 4  
u "' 
Q1 -
en 

0 . 2  
8 HQ 

1 0 
2 

F I GU RE 4 . 1 2 

61 27 30 24 

added 

0 
4 6 1 0  1 2  1 4  

Fermentat ion t im e  ( d ) 
The e f f e c t  o f  0 . 3 4 mmo l l - 1  8 - hydro x yqu i no 1 i n e  

- 1  ( 8 HQ) o n  the  h yd ro l y s i s  o f  O . S g l  g l yco -

deoxyc ho l i c a c i d  by  C .  me l o n i s . 

G l yc o d e o xyc ho 1 i c a c i d , e e ; 
d e o xycho 1 i c  a c i d , 0---- 0 . 

8 4  



Mass bala nce 

.......... 
.... 

I -

A� 100 
B� 100 

1 . 2  

1 . 0 

e o . a  
E 

..._ 

c: .� - 0 . 6 ns ... -c: 
Q) (.) c: 
0 (.) 
"C 0 . 4  
u· 
ns 
Q) 

al 0 . 2  

F I G U RE 4 . 1 3 

64 
65 

62 
58 

44 
54 

'o- _  - - - -

3 5  
5 1  

3 1  
5 3  

....... ....... ..._ ...._ o - - -  - - ..o  

8 H Q  added 

1 
2 4 6 8 1 0  

Fermentat ion t i me ( d ) 
1 2  14 

T h e  e f fe c t  o f  0 . 6 8 mmo l l
- l  

a n d  1 . 3 6 mmo l l - 1 

8 - h y d r o x yqu i n o l i n e  ( 8 I IQ )  o n  t h e  hydro l y s i s  o f  

O . S g l
- 1  

g l ycodeo x y c ho l i c a c i d  b y  C .  me L o n i s . 

G l y c o d e o xycho l i c  a c i d  w i t h 

* 8 � 1  d . . A :  0 .  6 mmo l l  8 - hy r o x yqu 1 n o l 1 n e , 0- - - Q .  
* B :  1 . 3 6 mmo 1 1

- 1 8 - h y d r o xyqu i n o l ine , v---v .  

8 5  
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Thus , a l t ho u g h  t he max i mum d e o x y c h o l i c a c i d  y i e l d s  o f  t he 

0 . 3 4 mmo l l
- l  

i n h i b i t o r  e xp e r i m e n t  and  t he c o n t r o l  e xpe r im e n t  

w e r e  s i m i l a r , t he fo rme r h a d  a l a g o f  8 - 1 0 days  p r i o r t o  

d e o x y c ho l i c a c c umu l a t i on c omp a r e d  t o  5 - 6  d a y s  f o r  t he co n t r o l . 

T h e  8 - hy d r o x yqu i no l i n e  a l s o  a f f e c t e d t he t o t a l  b i l e  ac i d  

l o s s e s  i n  t h e  c u l t u r e s . L o s s e s  f o r  i nc r e a s i n g  i n h i b i t o r  

c o n c en t r a t i on s  we r e  7 8 % , 7 6 % , 6 9 %  and 4 8 %  r e s p e c t i v e l y . O f  

t h i s , e a  3 5 %  l o s s  ap p e a r ed t o  h a v e  o c c u r r e d  i n  t h e  5 2 h p r i o r  

t o  t he add i t i o n o f  t h e 8 - hy d r o x yqu i no l i n e . C l e a r l y , t h e l owe r 

i n h i b i t o r  c o nc en t r a t i o n had n o  e f fe c t  o n  t he l o s s  o f  b i l e  

a c i d ,  whe r e a s  t h e h i g he s t  l e v e l a c h i eved  s ome m e a s u re  o f  s u c c e s s  

1 n  r e duc i n g  l o s s e s , g 1 v e n  t h a t  e a  3 5 %  l o s s  had o c c u r r ed p r i o r  

t o  i t s add i t i o n . 

U n f o r t un a t e l y , t he e f fe c t  o f  t he 8 - hy d r o xyq u i n o l i n e  on  t h e  

myc e l i a l  d r y  w e i g h t  a n d  h e n c e , o n  t h e  amo un t o f  myc e l i um 

a v a i l ab l e  fo r b i l e a c i d  b i n d i n g , r ende r s  d i f f i cu l t an 

un amb i gu o u s  a s s i gnme n t  o f  t he r e du c e d  l o s s e s  a t  t h e  h i g h e r  

i n h i b i t o r  c o n c e n t r a t i o n s  t o  t h e i nh i b i t i on o f  a d e g r ad a t i v e 

p a t hway . H o wev e r , t h e re duc t i o n  i n  t he t o t a l  o b s e rved l o s s  

a t  a n  i n h i b i t o r  c o n c e n t r a t i o n  o f  1 . 3 6 mmo l l
- l  

( 3 0 % ) , c o m p a r e d  

t o  t he c o n t r o l , e x c e e d e d  t ha t  p r e d i c t e d b y  b i n d i ng da t a  ( 1 6 % )  

due t o  t he r e duced  d r y  we i g h t . T h i s  p r ov i d e s  s ome ev i d e n c e  

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

a t  t h i s  i nh i b i t o r  c o n c e n t ra t i o n . 

4 . 3 . 3 . The  L o s s  o f  Hydro l y s i s  P r o duc t 

D e o x ycho l i c a c i d  i s  p a r t i c u l a r l y  r e s i s t a n t  t o  t h e d e g r a d a t i ve 

a c t i o n  of a e r o b i c  cu l t u r e s  of  b a c t e r i a  ( Ha y akawa , 1 9 7 3 )  and  

t he r e  are  no  r e p o r t e d i n s t a n c e s  of  d e o xy c ho l i c a c i d  be i n g  

m e t ab o l i s e d  b y  fung i .  The r e fo r e an e x p e r imen t w a s  pe rfo rmed 

t o  a s s e s s  t h e s u s c e p t ib i l i t y  o f  d e o x yc ho l i c ac i d  to l o s s  i n  

C .  m e l o n i s  s ha k e  f l a s k  cul t u r e s . 

C .  m e l o n i s  wa s g r own i n  g l u c o s e - pep t o n e  med ium c o n t a i n i n g  

O . S g l
- l  

d e o x y c ho l i c a c i d .  T h e  myc e l i a l  d r y we i g h t  o b t a i n e d  

w a s  no t s i g n i f i c an t l y d i f f e r e n t  t o  t h a t  p r o du c e d  dur i n g  
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g rowt h i n  t h e  p r e s ence  o f  g l yc o d e o xy c ho l i c a c i d  ( Re fe r  F i gu r e  

4 . 1 ) . Howev e r , t he c u l t u r e  pH  r o s e  t o  a f i n a l  v a l ue o f  pH 8 

a f t e r  1 4  da y s , wh i ch e x c e e d s  t h a t  o f  t he c o r r e sp ond i n g g l yc o 

deox y c ho l i c a c i d  cu l t ur e s  by  e a  2 p H  u n i t s . 

The  b i l e  ac i d  d a t a  a r e  d e p i c t e d i n  F i gu r e  4 . 1 4 .  On l y  

d e o x y c h o l i c a c i d  w a s  d e t e c t e d  t hr ou ghout  the  c o u r s e  o f  t h e  

ferm e n t a t i o n . Howeve r , t he da t a  r e v e a l  t ha t  a l o s s  o f  e a  

S O %  o f  t h e  b i l e  a c id o c c u r r e d , l a r g e l y  du r i n g g row t h . The  

l o s s  e xp e c t e d  d u e  to  b i nd i ng a f t e r  4 days  of  fe rmen t a t i o n  i s  

2 2 % , c ompa r e d  t o  t h e 4 1 %  o b s e rv e d . The r e f o r e  d e oxycho l i c ac i d  

i s  l o s t  i n  c o n s i d e r ab l e  amoun t s  f r o m  t he fe rm e n t a t i o n  a n d  

i t s  u t i l i s a t i o n  by t he fun g u s  i s  i mp l i c a t e d  t o  c o n t r i b u t e  t o  

t h i s  l o s s . 

4 .  3 .  4 .  D i s c u s s ion  

The  d a t a  c o n f i rm t ha t  t he b i nd i ng  o f  b i l e  a c i d s  t o  t h e  

myc e l ium w a s  a p r edo m i n a n t fa c t o r  1 n  the  l o s s e s  o f  b i l e a c i d 

o b s e r v e d  1 n  s ha k e  f l a s k  c u l t u r e s . T h i s  i s  s upp o r t e d by  the  

o b s e rv a t i o n  that  t he r e l a t i o n s h i p b e tw e e n  t he b i l e ac i d  

s t ruc t u r e  a n d  t h e e x t e n t  t o  wh i c h  b i l e  ac id wa s b ound t o  t he 

myce l ium w a s  v e r y  s imi l a r  to  t h a t  o b s e r v e d  b e t w e e n  t h e  s t ruc t u r e  

o f  t h e  b i l e  a c i d  and i t s  l o s s  in s ha k e  f l a s k  c u l tur e s . The 

i n f l u e n c e  of t h e  b i l e a c i d  s t ruc t u r e  o n  the e x t e n t  o f  b i n d i ng 

i mp l i c a t e s  hyd r o p hob ic b i nd ing  a s  t he p r i n c ip a l  mechan i s m 

i n vo l v e d . E a s twood and  Ham i l t o n  ( 1 9 6 8 )  r e po r t e d a s i mi l a r 

r e l a t i on s h i p  b e t w e e n  b i l e  a c i d  s t ruc t u r e  and t h e  b i nd i n g o f  

b i l e  a c i d s  b y  l i g n i n  and  t h ey  po s t u l a t ed hyd r o p ho b i c  b i n d ing 

a s  b e i n g  r e s p o n s i b l e . T h i s  mecha n i s m is  t ho u g h t  t o  p r e do m i n a t e  

1 n  t h e  b i n d i n g  o f  sma l l  mo l e cu l e s  b y  b i o l o g i c a l  ma c r omo l e c u l e s  

( Na i r , 1 9 7 6 ) . 

Howe v e r ,  b i nd i n g  o f  the b i l e  ac i d s  t o  myc e l ium d o e s  no t a c count  

fo r the  t o t a l  l o s s e s  o b s e r v e d . T h i s  d i s c r e p a n c y  c a n  b e  

e x p l a i n e d  b y  hyp o t h e s i s i ng  t he s i mu l t aneous  o p e r a t i o n  o f  a 

b i l e  a c i d  d e g r a d i n g  p a t hway i n  t he c u l tur e s . Howe v e r ,  t he 

a t t emp t t o  p ro v e  t h i s  hyp o t h e s i s  by  b l oc k i ng  t h e  9 a - h yd r o xy l a s e  

o f  t h e  fungus w i t h  8 - hyd r o xyqu ino l i ne was l a r g e l y  un suc c e s s fu l . 
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N ev e r t he l e s s , t he ma r k e d  reduc t i on i n  b i l e  ac i d  l o s s  i n  

c u l t ur e s  c o n t a i n i n g  a 1 . 3 6 mmo l l
- l  c on c e n t r a t i on o f  8 - hydroxy 

q u i no l i n e , s u g g e s t s  t h a t  d e g r a d a t i v e  e n z ym e s  we r e  i n h i b i t e d . 

T h i s  r e s u l t suppo r t s  t ho s e  o f  t h e  c y c l o h e x im i d e  expe r i men t s , 

w h i c h  imp l i c a t e d  t h e  a c t i v i t y o f  i nduc i b l e , f r e e  b i l e  a c i d  

m e t ab o l i s i n g  e n zyme s i n  C .  me l o n i s  c u l t u r e s . The i n ab i l i t y 

o f  l ow e r  8 - hyd r o xyqu i no l i n e  c o n c e n t r a t i o n s  t o  supp r e s s  t h e  

s t e ro i d - d e g r ada t i v e  p a t hway h a s  b e e n  o b s e r ved by o t h e r  

w o r k e r s  ( Ma r t in , 1 9 7 7 ) . 

Ano t h e r  fac t o r  r e p o r t e d t o  r e su l t  i n  t h e  l o s s  o f  s t e r o i d  

f r om c u l t u r e  b r o t h s , i s  t he mo d i f i c a t i o n  o f  the s t e r o i d  

s o l ub i l i t y  by  t h e  m i c r o o r g a n i sm t o  r e n d e r t hem r e fr a c t o r y t o  

s o l ve n t  e x t r ac t i o n (Ma r t in ,  1 9 7 7 ) . H o w e v e r ,  t h e  g a t h e r i ng 

o f  s im i l a r  d a t a  f r om i d e n t i c a l  e x p e r i m en t s , d i f f e r i n g o n l y  i n  

t h e b i l e  ac i d  e x t r ac t i o n  p r o c e du r e ,  app e a r s  t o  d i s c o u n t  t h e  

o p e ra t i on o f  t h i s  fa c t o r . 

T h e  i nh i b i t i on o f  hyd ro l a s e  a c t i v i t y b y  t h e  8 - hydroxyqu i n o l i n e  

s u g g e s t s  t ha t  the c ho l an o y l  g l y c i n e  hyd r o l a s e ( s )  ma y b e  a 

me t a l l o e n z ym e . 

4 . 4 . F e rme n t e r  S t ud i e s  

T h e  p r i n c ip a l  a 1m o f  t h e  w o r k  d e s c r i b e d  1 n  t h i s  s e c t i o n  w a s  t o  

a s s e s s  t h e e f f e c t  o f  s e l e c t e d  v a r i ab l e s  o n  the hyd ro l y s i s  o f  

g l y c o d e o xyc ho l i c  a c i d  b y  C .  m e l o n i s . I t  w a s  hop e d  t ha t  t he 

man i p u l a t i on o f  t h e s e  v a r i ab l e s  w o u l d  r e s u l t in h i g h y i e l d s  

o f  d e o x y c ho l i c ac i d  a n d , i n  t h e  a b s e n c e  o f  s i mi l a r  i n f o rma t i o n  

1 n  t he l i t e r a t u r e , p r o v i d e  a q u an t i t a t i v e  d e s cr i p t i o n o f  

g l y c ine  c o n j ug a t e  hyd r o l y s i s  by  a fun gu s . 

T h e  s e l e c t i o n o f  s i gn i f i c a n t  v a r i ab l e s  wa s d i f f i c u l t  a s  

s t e r o id t r a n s for ma t i o n s  c an b e  s e n s i t i v e  t o  many fac t o r s  

i n c l ud i n g  t r a c e  e l em e n t  c o nc e n t r a t i o n s  a n d  the  i no c u l um 

d e v e l o pment p r o cedure  ( Ma r s he c k , 1 9 7 1 ) . The l a c k  o f  ba s i c 

knowl e d g e  c o nc e r n 1 n g t h e  hyd r o l y s i s  o f  b i l e  ac i d  c o nj uga t e s  

b y  fung i ,  the re fo r e , n e c e s s i t a t e d  the  a rb i t r a r y s e l e c t i o n  o f  

t h e  t yp e , numb e r  a n d  t h e  l e ve l o f  t h e  v a r i a b l e s  for  s t udy . 



H e nc e , a s  t h e  b a s i s  f o r  fu ture wo r k , t he f o l l ow i n g  b a s i c  

f e r m e n t a t i o n  p a r ame t e r s  w e r e  c ho s e n . G l y c o d e o xycho l i c ac i d  

w a s  e m p l oyed , a s  i t  r ep r e s e n t e d  t h e  "wo r s t  ca s e "  in  v i e w  o f  

t he p o o r  y i e l d s  o b t a i n e d  i n  s hake  f l a s k  c u l t u r e  comp a r e d  t o  

g l yc o c ho l i c a c i d . I t  w a s  inc l u d e d  i n t o  t h e  m e d i um p r i o r  t o  

s t e r i l i s a t i o n  a t  0 . 5 g l
� l  

f i na l c o n c en t r a t i o n , t he l o w  

c o n c e n t r a t i o n  b e i n g  u s e d  t o  r educ e  t h e  r e q u i r emen t s  fo r 

s ub s t ra t e s yn t h e s i s . G l u c o s e - p e p t o ne m e d i um w a s  emp l oyed a s  

i t  y i e l ded g o o d  g r ow t h  o f  the fun g u s  i n  s hake f l a s k  and wa s , 

p e p t o n e  excep t e d , c h em i c a l l y  we l l  d e f i n e d . A cul t u r e  pH o f  

9 0  

p H  6 . 5 w a s  cho s e n  a s  t he s e t  v a l u e  f r om s hake  f l a s k  d a t a  and , 

i n  a dd i t i o n ,  t h i s  pH i s  w i t h in  t h e  o p t imum r an g e  commo n l y 

o b s e r v e d  fo r b ac t e r i a l  hyd r o l a s e s  ( H i l l , 1 9 7 6 ) . A t emp e r a t u r e  

o f  3 0 ° C ,  and a g i t a t i o n  ( 7 5 0  rpm) a n d  a e ra t i on r a t e s  we r e  

s e l e c t e d  t o  en s u re t h a t  t he s e  va r i a b l e s  w e r e  n o t  growth 

l im i t i n g . 

The  f e rmen t a t i o n s we r e  o p e r a t e d 1 n  a b a t c h mode and u sua l l y 

l a s t e d  6 - 8 days . F o am c o n t r o l  w a s a c h i e v e d  ma nua l l y  for  ea r l y 

r u n s , w h i l e t h e  a u t o ma t i c  s y s t em wa s e mp l o y e d  t he r e a ft e r . 

E a c h  f e rmen t a t i on wa s mon i t o red  fo r t h e  c u l t u r e  pH , myc e l i a l  

d r y  we i g h t , t o t a l  c a rb o hyd r a t e  a n d  b i l e  a c i d  c o nce n t r a t i o n s  by 

m e a n s  o f  s amp l e s  w i t hd r aw� d a i l y . 

4 .  4 . 1 .  The C o u r s e  o f  Hydro l y s i s  

Da t a  d e s c r i b i n g  t he b a s i c c o ur s e  o f  hyd r o l y s i s  i n  t he f e rmen t e r  

w e r e  o b t a ined f r o m  a c u l t u r e  g r own a t  pH 6 . 5  w i t h  an a e r a t i o n  

r a t e  o f  1 l m i n - l  a n d  a r e  p r e s en t e d  i n  F i gu r e  4 . 1 5 .  

The  max 1mum myc e l i a l  d r y  we i g ht wa s a t t a i n e d  w i t h  6 0h o f  

i n o c u l a t i o n . The t yp i c a l  mo rpho l o gy i n  t h e  ferment e r  c ompr i s e d  

khak i myc e l ium du r i n g  t h e  i n i t i a l  2 4 - 4 8 h  o f  f e rm entat i o n  

a ft e r  w h i ch t i me , t he c u l t u r e  b e c ame t h i c k  a n d  b l ack . M i c r o -

s c op i c  e x amina t i o n  o f  t h e  myc e l ium s howed g r ow t h  as  f i l ament o u s  

t h r e a d s . T h e  b i oma s s  f l o c c u l a t e d  o n  t he add i t i o n o f  s o d i um 

c a rb o n a t e  du r i ng s amp l e p r ep a ra t i o n a nd wa s r e ad i l y f i l t e r ed 

on a B u c hn e r  app a r a t u s . The se  mo r p ho l o g i c a l  cha rac t e r i s t i c s  

we r e  o b s e r v e d  i n  a l l  sub s e q u e n t  fe rme n t a t i o n s . 
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A l t ho u g h  t he c u l t u r e  pH w a s  c o n t r o l l e d ?  t h e  s equence  and t h e  

r a t e  o f  add i t i o n  o f  p H  c o n t r o l  s o l u t i o n s  we r e  mon i t o r ed t h r o ugh � 

o u t  t h e  fe rmen t a t i on .  T h e  r a p i d  a dd i t i on o f  a l ka l i  wa s 

r e qu i r e d  dur i n g  t h e  f i r s t  4 0 h o f  f e rmen t a t i o n  a f t e r  wh i c h  t im e  

a c i d  wa s adde d . T h e  cu l t u r e  pH r ema i n e d  c l o s e  t o  the c o n t r o l l e d 

v a l u e  o f  pH 6 . 5  a f t e r  e a  9 6 h . Th i s  s e que n c e  o f  add i t i o n  o f  

pH c o n t r o l  s o l u t i o n s  wa s o b s e rv e d  f o r  a l l  t he f e rmen t e r  

e xp e r i me n t s  c o n du c t e d , e x c e p t  whe r e  l a c t o s e  w a s  s ub s t i t u t e d  

f o r  g l uc o s e  ( Re fe r  S e c t i on 4 . 4 . 3 ) . 

To t a l  c a rb o hydr a t e  wa s e x hau s t e d w i t h i n  6 0 h o f  f e rmenta t i on , 

whi c h  c o r r e s p o n d e d  t o  t he t ime o f  m a x imum d r y  we i ght p r o duc t i o n . 

D i s s o l ve d  oxygen  t en s i o n  wa s n o t  qua n t i t a t e d p r e c i s e l y , but  

it  r e ma i ne d  a t  h i g h  l e ve l s  t hrougho u t  t he f e rment a t i on . 

F o am i n g  wa s s e v e r e  du r i n g  t h e  i n i t i a l  4 8 h  o f  g r o wt h , but 

d e c r e a s e d i n  i n t e n s i t y t he r e a f t e r . 

D e o xy c ho l i c ac i d  a c c umu l a t e d  a s  t h e  s o l e  p ro duc t w i t h i n  4 8 h  o f  

i n o c u l a t i on and t owa r d s  t he e n d  o f  t he t r opopha s e . At t h i s  

s t a ge o f  t he fe rme n t a t i o n , t he t o t a l  c a rb o hydra t e  c o n c en t ra t i o n  

was l ow a n d  t he add i t i o n  o f  a l ka l i  t o  t h e  c u l t u r e  chang e d  t o  

t h a t  o f  ac id . Hydro l y s i s  c o n t i n u e d  u n t i l  e a  1 2 0 h  a f t e r  

i n o cu l a t i o n , whe n hyd ro l a s e  ac t i v i t y c e a s e d  and a r e s idua l 

s ub s t r a t e  l e ve l o f  6 %  o f  t h e  i n i t i a l  c o n c e n t r a t i on rema i n e d . 

At  t h i s  t ime , t he y i e l d  o f  d e oxyc ho l i c a c i d  w a s  max imal  a t  

4 7 %  a n d  a l o s s  o f  4 7 %  o f  t he t o t a l  b i l e a c i d  in i t i a l l y p r e s e n t  

had o c c u r r e d , t h i s  l o s s  i n c r ea s i n g  r e a s onab l y  l i n ea r l y  w i t h  

t he t i m e  o f  fe rmen t a t i o n  o v e r  t he 2 4 - l Z O h p e r i o d . 

The s p e c i f i c  r a t e s  o f  g l yc o d e oxyc ho l i c ac i d  d i s ap p e a r a n c e  and 

d e oxyc ho l i c ac i d  a c c umu l a t i o n  are  d e p i c t e d  in  F i g ure  4 . 1 6 .  

The s e  s t ayed c o n s t an t  dur i n g  t h e  p r i nc i p a l  p e r i o d  o f  hyd ro l y s i s  
- 1  - 1  - 1  - 1  a t  va l u e s  o f  e a  1 . 2  �mo l h  g and 1 . 0  �mo l h  g r e s p e c t i v e l y .  

Howe ve r ,  a f t e r  9 6 h  o f  f e rm e n t a t i o n , t he s pe c i f i c hydro l a s e  

ac t i v i t y  d e c l i n e d  r ap i d l y , and p r e s umab l y  a c c oun t s  fo r t h e 

g l yc o d e o xycho l i c a c id re ma i n i n g  u n c o n ve r t e d  a f t e r t h i s  t i me . 

The r a t e  d a t a  d i d n o t  f i t  a f i r s t  o r d e r  r a t e  l aw .  
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4 . 4 . 2 .  The  E f fe c t  o f  A e r a t i o n  

T o  a s c e r t a in t he e f f e c t  o f  t h e  a e r a t i on r a t e  on t h e  hyd ro l y s i s  

o f  g l yc o d e oxyc ho l i c a c i d ,  the  r a t e  emp l oy e d  was l owe r e d  t o  

0 . 2 5 lm i n - l  a f t e r  2 4 h  o f  fe rme n ta t i o n . O t h e rwi s e , t he 

f e r m en t a t i o n  c o nd i t i o n s  rema i n e d  t h e  s am e  a s  for  t ho s e  o f  t he 

b a s e  s tudy . The d a t a  c o l l e c t e d  from t h i s expe r i me n t  a r e  

p r e s ent e d  1 n  F i gu r e  4 . 1 7 .  T h e  r e duc e d  a e r a t ion  r a t e  s i g n 

i f i c ant l y  d e c r e a s e d  t he d i s s o l v e d  o x y g e n  t en s ion  du r in g  t he 

fe r m e n t a t i on ,  howe v e r ,  t h e r e  w a s  n o  c o r r e s p ond i n g  d i f f e r e n c e  

i n  t he d r y  we i gh t  o r  t o t a l  c a r b ohydr a t e  c o n c en t ra t i o n s  c o mp a r e d  

t o  t h e b a s e  s t udy . 

D e o xycho l i c a c i d  a pp e a r e d  a s  t he s o l e  � r o d u c t  o f  hyd ro l y s i s  

w i t h i n 4 8 h  o f  i n o cu l a t i on .  A m a x i mum y i e l d  o f  3 4 %  was  

o b s e rved a f t e r  9 6 h o f  f e rmen t a t i o n , b y  w h i c h  t im e  t he g l y c o -

d e o xycho l i c  a c i d  h a d  b e en c o mp l e t e ly u t i l i s e d . S e v e r e  l o s s  

o f  b i l e  a c i d  o c c u r r e d  a t  a c on s t an t  r a t e  dur ing t he f e rme n t a t i o n , 

7 5 %  o f  t he t o t a l  b i l e  a c i d b e i n g  una c c o un t e d  fo r a f t e r  1 2 0 h . 
' 

T h e  spec i f i c  r a t e s  o f  g l yc o d e o xycho l i c a c i d  d i s ap p e a r a n c e  

a n d  o f  d e o x ycho l i c a c i d  a c cumu l a t i o n  we r e  r e l a t i v e l y  c on s t an t  

d u r i n g t h e  ma i n  p e r i o d o f  g l yc o d e o xy c ho l i c a c i d  u t i l i s a t i o n  and  
- 1  - 1  - 1  - 1  

v a l u e s  o f  1 . 6  �mo l h  g and 0 . 4  �mo l h  g r e s p e c t i v e l y  w e r e  

d e t e rm i ne d . T h e  da t a  de v i a t e d  s i gn i f i c a n t l y  from a f i r s t  

o rd e r  r a t e  e qua t i on . 

4 . 4 . 3 . T h e  E f f e c t  o f  t he C a rb o n  S o u r c e  

T o  o b s e r v e  t h e  e f f e c t o f  a l e s s  r e ad i l y u t i l i s ab l e  c a r b o 

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

l ac t o s e  a t  a c o n c en t r a t i on o f  4 0 g l - l 
wa s s ub s t i t u t e d  for g l u c o s e  

i n  t he g l uc o s e - p e p t o n e  med i um . A l l  o t he r  fac t o r s  we r e  he l d  

a t  the l ev e l s  emp l o y e d  i n  t h e  b a s e  s t udy . 

T h e  data  a r e  dep i c t e d  i n  F i gu r e  4 . 1 8 .  T h e  growth  o f  C .  m e l o n i s  

i n  the l a c t o s e - p e p t o n e  me d i um w a s p o o r  a n d  mo s t  o f  t he d r y  

w e i ght i n c r e a s e  o c c u r r e d  dur i n g  t he f i r s t  2 4 h  o f  fe rme nt a t i o n  

o ve r  wh i c h  t i me l a c t o s e  wa s u t i l i s e d  t o  a n e g l i g i b l e  e x t e n t . 

S u b s e q u e n t  u t i l i s a t i on o f  t h e  l a c t o s e  g a v e  l i t t l e  i n c r e a s e  in  

myc e l i a l  d r y  we i gh t . The c u l t u r e  wa s c ha r ac t e r i s e d  by  t h e 
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add i t i o n  o f  pH c o n t r o l  s o l u t i on s  i n  a r e v e r s e  s e qu e n c e  t o  t ha t  

o f  t h e  b a s e  s t u d y . T h e re fo r e , i t  a pp e a r s  t ha t  t he p e p t one  

i n  t h e  me d i um w a s p r e fe r e n t i a l l y  u t i l i s e d  a s  a c a rbon and 

e n e r gy s ou rc e . 

Hydro l y s i s  o f  t h e  g l yc o d e o xy c ho l i c a c i d  o c c u r r e d , a s  o b s e rv e d  

b y  t he t r a n s i e n t  a p p e a ra n c e  o f  d e o x y c h o l i c a c i d  a f t e r  4 8 h  o f  

f e rmen t a t i o n . H o we ve r , b o t h  t he c on j u g a t e  and i t s  hydr o l y s i s  

p ro du c t  h a d  c omp l e t e l y d i s ap p e a r e d  b y  9 6 h o f  f e rm e n t a t i o n . 

T he s p e c i f i c  r a t e  o f  g l yc od e o xycho l i c a c i d  d i s ap p e a r a n c e  w a s  

h i gh i n  c omp a r i s o n  t o  t he b a s e s t udy a n d  r em a i n e d  r e l a t i ve l y  
- 1  - 1  c on s t an t  a t  a v a l u e  o f  5 . 6  �mo l h  g T h e  d a t a  for  t he 

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

r a t e  e q ua t i on . 

4 .  4 .  4 .  The E f fe c t o f  G l u c o s e  Add i t i o n  

The e f f e c t  o f  s u s t a i n e d  l eve l s  o f  g l u c o s e  o n  t h e  hydro l y s i s  

w a s  s t u d i e d  i n  two  e x p e r iment s .  T h e  f i r s t  emp l oyed  t he 

f e rme n t a t i o n c o n d i t i o n s  o f  t h e  b a s e  s t udy , e x c e p t ing t ha t  

a dd i t i o n a l  g l u c o s e  wa s f e d  t o  the  c u l t u r e  b y  an a u t oma t i c a l l y 

c o n t r o l l e d  pump a t  a p r e de t e rm i n e d  r a t e . T h e  s e c ond u s e d the  

manua l , i n c r emen t a l  mode  of  g l uco s e  a dd i t i o n  and , a l s o , a 

r e duc e d  a e r a t i o n  r a t e  o f  0 . 2 5 lm i n - 1  a ft e r  2 4 h  o f  f e rme n t a t i o n . 

O t h e rw i s e , t h e  v a r i ab l e  l eve l s  we r e  a s  fo r t h e  b a s e  s tudy . 

The  u s e  o f  t he c o mb i n a t i o n  o f  a h i g h  a e ra t i o n  r a t e  ( 1  l m i n - 1
) 

a n d  a s u s t a in e d  g l uc o s e  c o nc e n t r a t i o n  r e s u l t e d  i n  a dry  we i gh t  

o f  1 3 g l
- l  

w i t h i n  4 8 h  o f  fe rme n t a t i on , 
- 1  

t o  a max imum o f  l S g l  a ft e r  1 4 4 h . 

w h i c h  g radua l l y i n c r e a s e d  

T h e  t o t a l  c a rbohyd r a t e 
- 1  c o nc e n t r a t i o n  wa s c ons t an t  a t  2 0 g l  u n t i l  e a  7 2 h o f  f e rmen t a t i o n  

a ft e r  w h i c h  i t  r o s e  t o  a p e ak o f  S O g l
- 1  

b y  1 2 0 h a t  wh i c h  t ime 

t he a dd i t i o n o f  g l u c o s e  w a s  t e rm i na t e d . 

No qua n t i t a t i ve  a n a l y s i s  o f  b i l e a c i d  c on c e n t ra t i o n  wa s 

p e r fo rm e d  due t o  t h e  p r e do m i n a n c e  o f  s i de - r e a c t i o n s  i n  the  

f e rm e n t e r . The  hyd ro l y s i s  o f  g l y c o d e o xycho l i c a c i d  wa s 

i nc omp l e t e  a f t e r  1 4 4 h  o f  fe rm en t a t i o n  a nd o n l y  l o w  l e ve l s  o f  

d e o xy c h o l i c ac id  w e r e  d e t e c t e d , p r i n c i p a l l y o v e r  th e 2 4 - 4 8 h 
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p e r i o d  o f  f e rm e n t a t i o n  a f t e r wh i c h  t ime t he s e  d i s ap p e a r e d . 

Two s i d e - r e a c t i o n  p r oduc t s  we r e  o b s e rv e d  a f t e r  7 2 h o f  fe rment 

a t i o n  a nd t h e y  r ema i n e d  p r e s en t  t hr o u g h o u t  t h e  c ou r s e  o f  t he 

fe rme n t a t i o n . They we r e  i d e n t i c a l , i n  t e rm s  o f  t he i r  

c hr o m a t o g raph i c  p r o p e r t i e s  from t l c  and hp l c  a n a l y s i s , t o  t h e  

me t a b o l i t e s  who s e  i s o l at i o n  a n d  p a r t i a l  c ha ra c t e r i s a t i o n  i s  

d e s c r i b ed i n  S e c t i o n  4 . 5 .  

The d a t a  d e r i v e d  from t h e  expe r i m e n t  u s i n g  a l ow ae r a t i o n  

r a t e  a n d  a s u s t a i n e d  g l u c o s e c o nc en t ra t i o n  a r e  p r e s e n t e d  i n  

F i g u r e  4 . 1 9 .  The fungu s a t t a i n e d  a max imum d r y  we i gh t  o f  

e a  1 5 g l
- l 

w i t h i n  4 8 h  o f  i n o cu l a t i o n  a n d  ma i n t a i n e d  t h i s  ma s s  

u n t i l  t he f i na l 2 4 h o f  f e rmen t a t i o n . To t a l  c a rbo hyd r a t e  

wa s e xhaus t e d  w i t h i n  9 6 h  o f  f e rm e n t a t i o n  a n d  t he d i s s o l v e d  

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

S e c t i o n  4 . 4 . 2 .  

The hyd r o l y s i s  o f  g l yc o d e ox y c ho l i c  a c i d  p r o c e e de d  i n  a s im i l a r  

manne r t o  t h a t  o f  t h e  b a s e  s t udy . Thus , d e o xy c ho l i c a c i d  was  

t h e  s o l e  p ro duc t o b s e rve d , a c c umu l a t i n g  w i t h i n  2 4 h  of  i n o cu l a t i o n . 

The max i mum y i e l d  o f  p ro du c t  w a s  6 4 %  a ft e r  1 4 4 h  o f  f e rme n t a t i o n , 

a t  w h i c h  t ime a 6 %  r e s i du a l  o f  g l yc o de o xy c h o l i c a c i d  r ema in e d . 

The l o s s  o f  t o t a l  b i l e a c i d  w a s  e a  3 5 % , a l l  o f  w h i c h  w a s  

sus t a i n e d  i n  t h e  f i r s t  7 2 h a f t e r  i no c u l a t i o n . 

The s p e c i f i c  r a t e s  o f  g l y c o deoxyc ho l i c a c i d  d i s appear anc e 

a n d  d e oxycho l i c  a c i d  a c c umu l a t i o n  a r e  p l o t t e d i n  F i g u r e  4 . 2 0 .  

The s e  v a r i e d  c on s i de r ab l y  dur ing t h e  c o u r s e  o f  t he fe rme n t a t i o n , 

a t t a i n i n g max imum v a l u e s  b o t h  i n  t he i n i t i a l  and f i n a l 2 4 h  

o f  fe r m e n t a t i on . The r a t e  o f  g l yc o d e o x y c ho l i c a c id  u t i l i s a t i o n  

d e v i a t e d  from f i r s t  o r d e r  k i n e t i c s  o v e r  t he f i n a l  2 4 h  o f  

fe rme n t a t i on . 

4 . 4 • 5 . The E f fe c t  o f  p H  

The i n f l uence  o f  pH o n  t h e  hyd r o l y s i s  wa s s tu d i e d  a t  pH 5 . 5 ,  

pH 6 . 5  and pH 7 . 5  emp l o y i n g  the c o nd i t i o n s  o f  t h e  ba s e  s t udy , 

ame n d e d  to  inc l ude  an a e r a t i o n  r a t e  o f  0 . 2 5 l m i n - l  a f t e r  2 4 h  

o f  f e r me n t a t ion a n d  t he i n c r eme n t a l  a dd i t i o n  o f  g luco s e . 
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F I GURE 4 . 2 0 
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\ 
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48 72 96 120 144 
Fermentat ion t i me ( h ) 
S p e c i f i c  r a t e s  o f  g l y c o d e o x yc h o l i c  

a c i d  d i s a p p e a r a n c e  a n d  d e o x y c h o l i c 

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

C o n d i t i o n s : 

pH 6 . 5 ;  a e r a t i o n r a t e , l l m i n -
l 

fo r 
- 1  2 4 h , t h e n  0 . 2 5 l m i n  , s u s t a i n e d  

g l u c o s e  c o n c e n t ra t i o n . 

G l yc o d e o x y c ho l i c ac i d  d i s a p p e a r a n c e , 

+ + ;  d e o xy c h o l i c a c i d  

a c c umu l a t i o n , 0- - - -o . 

1 0 0  



R e s u l t s  f r o m  t he pH  6 . 5 f e rmen t a t ion  h a v e  b e en p r e s e n t e d  1 n  

t h e  p r e v i o u s  s e c t i o n  a n d  t h i s  p H  va lue  g a v e  t he h i ghe s t  

d e o xycho l i c a c i d  y i e l d  o f  t ho s e o b s e rv e d  under  v a r y i n g  p H  

c o n d i t i on s . 

1 0 1  

The  da t a  f r om t h e  fe rmen t a t i o n s  conduc t e d a t  pH  5 . 5  and p H  7 . 5  

a r e  p r e s e n t e d  i n  F i gu r e s  4 . 2 1 and 4 . 2 2 r e s p e c t i v e l y . I n  

c o n t r a s t  t o  t h e  c o r r e s p on d i n g  pH 6 . 5  f e rme nt a t i o n  ( F i g u r e  4 . 1 9 ) , 

t h e  g rowt h o f  the  fun g u s  wa s s l ower a t  b o t h  pH  v a l u e s . A t  

p H  5 . 5 , a s im i l ar d r y  we i gh t  max imum o f  l S g l
- l  

wa s o b t a i n e d  

a ft e r  1 2 0 h o f  fe rmen t a t i o n , b u t  the g r ow t h  r a t e  d e c l i n e d  

n o t i c e ab l y  a f t e r  4 8 h . T h e  max i mum dry  we i gh t  o f  t he c u l t u r e  

a t  pH 7 . 5  wa s 1 2 . 5 g l - 1 . D i s s o l ved oxyg e n  t en s i o n  a t  b o t h  p H  

v a lue s p a r a l l e l ed t h a t  o f  t h e  c o r r e s p o n d i n g  pH  6 . 5  c u l t u r e . 

Howeve r ,  t h e  t o t a l  c a rb o hydr a t e  concen t r a t i on i n  t he p H  5 . 5  

c u l ture  r ema i ned  h i g h  i n  c ompa r i s on , p ro b ab l y  d u e  t o  i t s  s l ow e r  

g r owt h . T hu s , t h e  g l u c o s e wa s no t e x h au s t e d  u n t i l  l a t e  i n  

t h e f e rme n t a t io n . 

A t  pH 5 . 5 ,  d e oxycho l i c a c i d  a c c umul a t e d  a s  t h e  s o l e  p roduc t 

o f  hydro l y s i s  w i t h i n  4 8 h ,  g iv i n g  a max i mum y i e l d o f  3 0 %  a f t e r  

1 9 2 h  o f  f e r m e n t a t i o n . A t  t h i s  t ime , 1 5 %  o f  t h e  i n i t i a l  

g l yc o d e o x y c h o l i c a c i d  r ema i n e d . The l o s s  o f  t o t a l  b i l e a c i d  

p ro c e ed e d  a t  a c o n s t a n t  r a t e  t hr oughou t t he f e rmen t a t i o n  t o  

a t t a in a m a x imum v a l u e  o f  5 5 %  b y  i t s  t e rm i na t i o n . 

The  s p e c i f i c ra t e s  o f  g l yc o deoxycho l i c  a c i d  d i s ap p e a r a n c e  a n d  

d e o xycho l i c a c i d  a c c u mu l a t i on we r e  t he l owe s t  o f  t ho s e m e a s u r e d  

i n  cu l tur e s  i n  wh i c h  d e oxycho l i c a c i d  w a s  t he s o l e  p ro duc t 

( F i gure 4 . 2 3 ) . T h e y  w e r e  s im i l ar t o  t ho s e  o f  t h e  c o r r e s p o nd i ng 

pH 6 . 5  cu l t u r e  e x c e p t t ha t  the s p e c i f i c  hydro l a s e  a c t i v i t y  

d e g en e r a t e d  w i t h  t im e . The r a t e s  o f  b i l e  a c i d  u t i l i s a t i o n  

a nd a c cumu l a t i o n  d i d  n o t  c o n fo rm t o  f i r s t  o rd e r  r a t e  e q u a t i o n s . 

At  a cu l tu r e  pH o f  p H  7 . 5 ,  s i de - r eac t i o n s  we r e  favo u r e d  a n d  

o n l y  t r a c e  amoun t s  o f  de oxycho l i c  a c i d  we r e  o b s e rve d . I n  

fac t , hyd r o l y s i s  a pp e a r e d  t o  b e  i n h i b i t e d ,  a s  g l ycodeoxycho l i c 

a c i d  rema i n e d  a s  t h e  maj o r  b i l e  a c i d  a f t e r  1 9 2 h  o f  f e rm e n t a t i o n . 

Quan t i t a t i v e  b i l e a c i d  a n a l y s i s  was no t p e r fo rme d a s  t he s i d e 

r e ac t i o n p r o duc t s  had  s im i l a r r e t en t i o n  vo l ume s o n  hp l c  t o  
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C .  m e l o n i s  g rown i n  g l uc o s e - p e p t o n e  med ium i n  a f e rmen t e r , 

Con d i t i o n s  

p H  5 . 5 ;  Ae r a t i o n 
- 1  

r a t e , l l m i n  fo r 

2 4 h , then  0 .  2 5 1  
- 1  

m i n  ; 3 0 g , l O g 

and l O g o f  g l uc o s  

added a t  2 4 , 4 8  

and 7 2 h r e s p e c t 

i v e l y . 
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F I GURE 4 . 2 2 The g r owt h and ut i l i s a t i on o f  g l uc o s e  by C .  me l o n i s a t  pH 7 . 5  

i n  a f e rmen t e r , i n  g l uc o s e - p e p t one  med i um c o n t a in i ng O . S g l - l  
g l y c o d e o x y c ho l i c ac i d ; a e r a t i o n  r a t e , l l m i n - l  

fo r 2 4 h , t h e n  
- 1 0 . 2 5 l m i n  ; 3 0 g , l O g  and S g  o f  g l uc o s e  added a t  2 4 , 4 8  and 

7 2 h  r e s p e c t i ve l y .  

No t a t i on : 
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S p e c i f i c  r a t e s  o f  g l yc o d e o x yc ho l i c 

ac i d  d i s a ppea ranc e and d e o x yc ho l i c 

ac i d  a c c umu l a t i o n in t h e  f e rme n t e r  

a t  p H  5 .  5 .  

Ae r a t i o n  r a t e , l l m i n
- 1  

fo r 2 4 h , t h e n  
. - 1 

O . Z S lm 1 n  ; s u s t a i n ed g l u c o s e  

con c e n t ra t i o n s . 

C l yc o d e oxycho l i c  a c i d  d i s a p p ea ran c e , 

� � ;  deo x yc ho l i c  a c i d  

a c c umu l a t i o n , 'Y -y .  

1 0 4  



t he u s ua l  i n t e r n a l  s t a nd a r d s  emp l o y e d . T h e  i s o l a t i o n  a n d  

p a r t i a l  chara c t e r i s a t i o n  o f  the t w o  p r edom i n a n t  b i l e a c i d  

s i d e - p r o duc t s  a r e  d e s c r i b e d  i n  S e c t i on 4 . 5 .  

4 . 4 . 6 . D i s cu s s i o n 

1 0 5  

G o o d  g r owth a n d  b i oma s s  y i e l d s  o f  C .  m e l o n i s  we r e  o b t a i n e d  

unde r mo s t  o f  t h e  c o n d i t i o n s  emp l o y e d  i n  t he fe rmen t e r . 

I n c r e me n t a l  a d d i t i on o f  g l uc o s e p ro duc e d  i n c r e a s e d d r y  we i gh t  

v a l ue s , wh i c h  w e r e  s u s t a i n e d  t h r o u g ho u t  t h e  fe rmen t a t i o n . 

Howeve r ,  c a u t i o n  i s  r e qu i r e d  whe n i n t e rp r e t i n g  dry we i g h t  

da t a , p a r t i c u l a r l y  i f  t he c u l t u r e  i s  n i t r o g en - l i m i t e d , s i n c e  

a n  i n c r e a s e  i n  d r y  we i g h t  ma y r ep r e s e n t  a n  i n c r e a s e  i n  c e l l 

m a s s due to  t h e  c on v e r s i o n  o f  exc e s s  c a r b o n  to  s t o r a g e  

c ompoun d , r a t h e r  t h a n  c e l l  p ro l i fe r a t i o n  ( B o rrow e t  a l , 1 9 6 1 ) . 

The p o o r  dry we i gh t  va l u e s  o b t a i n e d  f r om l ac t o s e  s u gg e s t  

t h a t  t h i s  c a r b o hyd r a t e  i s  a p o o r  c a r b o n  a n d  en e r gy s o u r c e  fo r 

t he fu ng us . S i m i l a r  r e s u l t s  h a v e  b e e n  r e p o r t e d  for  t he g r owth  

of  s ome  o t her  C e r c o s p o ra s p e c i e s  o n  l a c t o s e  ( Daya l and  Ram , 

1 9 6 7 ) . 

I n  g e n e r a l , d i s s o l ved  o x y g e n  t en s i o n d i d  no t appear  t o  b e  

g r o wt h - l i m i t i n g . Thu s , fe r ment a t i o n s  i n  wh i c h  the a e r a t i o n  

r a t e wa s reduc e d  a f t e r  2 4 h  o f  fe rmen t a t i on p r oduc ed  s i m i l a r  

d r y  we i g ht va l u e s  a n d  g ro w t h  ra t e s  t o  t ho s e i n  wh i c h  t he 

a e r a t i on r a t e  w a s s u s t a i n e d  a t  1 l m i n - 1 . 

The b i l e ac i d  d a t a  demon s t r a t e  t ha t  t h e  y i e l d  o f  d e o x y c h o l i c 

ac i d  w a s  s e n s i t i v e  t o  e a c h  o f  t h e  e n v i ronme n t a l fac t o r s  

t e s t e d  ( F i gu r e  4 . 2 4 ) . Howeve r ,  t h i s  ma y n o t  n e c e s s a r i l y 

r e f l e c t  t h e  s e n s i t i v i t y  o f  t h e hydr o l y s i s  a l o ne , but a l s o  t ha t  

o f  t he fac t o r s  c o n t r i b u t i n g  t o  l o s s e s  o f  b i l e a c i d . Hen c e , 

c o n s i d e r a b l e  amb i gu i t y  i s  i n t r oduc e d  i n t o  a ny i n t e rp r e t a t i o n 

o f  t h e  y i e l d  da t a , s i n c e  t he e ff e c t o f  a v a r i ab l e  on  t h e y i e l d  

o f  d e o x y c ho l i c a c i d  ma y b e  t h e sum o f  i t s  i n d i v i dua l e f f e c t s  

o n  b o t h  t he hydro l y s i s  o f  g l yc ode o x y c ho l i c a c i d and t h e  

fac t o r s r e spo n s i b l e  fo r b i l e  ac i d  l o s s . The  s ame amb i g u i t y  

i s  c o n t a i n ed  i n  t h e s pe c i f i c  rat e s  o f  p r o duc t a c c umu l a t i o n . 

Howe ve r ,  the  s pe c i f i c  r a t e  o f  g l y c o d e o xyc ho l i c  a c id 

d i s ap p e a rance  is  mo re mean i n g fu l , p r o v i d ed  i t  i s  a s sumed t h a t  
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l : I GURE 4 .  2 4  T h e  e f fe c t  o f  v a r i a b l e s and t he i r  co mb i n a t i o n s  

o n  t h e  ma x i mum y i e l d  o f  deoxyc ho l i c  a c i d  f r o m  

h y d ro l y s i s  i n  t he fe rme n t e r . T h e  va r i a b l e  

l e ve l s named i nd i c a t e  t h e  chan � e  f r om t h e  b a s e  ,, 

s t udy . Reduc e d  a e r a t i o n ; l l m i n
- l  

fo r 2 4 h , t h e n  
. - 1 - 1 

O . Z S l m 1 n  ; l a c t o s e , a t  4 0 g l  g l uc o s e  

i n c r e men t s  a re g i ven  i n  the t e x t ; h i g h  g l uc o s e  

l e ve l s  a r e > 2 0 gl  - l  The b a s e  s tu d y  va r i a b l e  
- 1 

l e ve l s  a r e : a e ra t i o n  r a t e , l l m i n ; p H  6 . 5 ;  
g l uc o s e - p e p t o n e  med i um .  
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hyd r o l ys i s 1 s  a p r e r e qu i s i t e  t o  fu r t h e r  b i l e  ac i d  d e g r a da t i o n .  

A h i g h  ae r a t i o n  r a t e  g a v e  s up e r 1 o r  d e oxyc ho l i c a c i d  y i e l d s  t o  

t h e  c o r r e sp on d i n g  f e rme n t a t i o n  i n  wh i c h  t he a e r a t i o n  r a t e  

wa s r educ e d  a ft e r  2 4 h . The l ow e r  d i s s o l ve d  oxygen t en s i o n  

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

t o  t h e  fo rme r f e rme n t a t i on ,  wh e r e a s  t h e  hyd r o l y s i s  o f  t h e  

c o n j u g a t e  wa s no t s i g n i f i c an t l y  a f f e c t e d . Th i s  i s  d e mo n 

s t r a t ed by t h e  comp a r i s o n  o f  t h e  s p e c i f i c  r a t e s  o f  d e o x y c h o l i c 

a c i d  accumu l a t i o n  and  g l yc o d e o x y c ho l i c a c i d  d i s app e a ra n c e  
- 1  - 1  wh i c h  we r e  1 . 0  and  1 . 2  � mo l h  g r e s p e c t iv e l y  fo r t he b a s e  

- 1  - 1  
s t udy and 0 . 4  and  1 . 6  � m o l h  g r e s p ec t i v e ly  for  t h e  l o we r e d  

a e r a t i o n  exp e r imen t . C l e a r l y ,  whe r e a s  t h e  sp e c i f i c  r a t e  

o f  hydro l y s i s  ( i . e .  t he s p e c i f i c  r a t e  o f  g l y c o d e o xycho l i c 

a c i d  d i s ap p e a r an c e )  i s  s im i l ar fo r b o t h , t h e  s p e c i f i c  r a t e  

o f  d e oxyc ho l i c ac i d  a c cumu l a t i o n  i s  ma r k e d l y  r e duc e d  f o r  t h e  

l a t t e r .  Th i s  sug g e s t s  t ha t  t he de g r a d a t i o n  o f  t h e  f r e e  b i l e  

a c i d  p ro duc t i s  e n h an c e d  und e r  c o nd i t i on s  o f  r e duc e d  a e ra t i on 

i n  t h e  fe rmen t e r . 

T h e  c a rbohyd r a t e  s ou rc e , a n d  i t s  c o n c e n t r a t ion 1 n  t h e  c a s e  

o f  g l uc o s e , s i gn i f i c a n t l y  a f f e c t e d b o t h  hydr o l y s i s  a nd t h e  

l o s s  o f  b i l e  a c i d . T h e  u s e  o f  i n c r emen t a l  g l uc o s e  add i t i o n  

t o  m a i n t a i n  t he l eve l o f  c a r b o hy d r a t e  a t  e a  5 - 2 0 g l - l 
fo r t he 

f i r s t  8 4 h  a f t e r  i n o cu l a t i o n , g a v e  t he h i g h e st d e oxyc ho l i c a c i d  

y i e l d  o f  a l l  t he fe rmen t e r  e x p e r imen t s  ( F i gure 4 . 2 4 ) . I n  

f a c t , t h e  s u s t a i n e d  g l uc o s e  l ev e l s  i n  t ha t  cu l t u r e  ( F i gu r e  

4 . 1 9 )  o ff s e t  t h e  d e l e t e r i o u s  e f f e c t  o f  r e duced a e r a t i o n  r a t e s  

o n  t he y i e l d  o f  deo x y c ho l i c a c i d . Th i s  i s  a f o r tun a t e  

r e s u l t ,  a s  t h e  r e duc e d  a e r a t i on r a t e s  c r e a t ed a mo r e  man a g e ab l e  

f e rmenta t i on  i n  t e r m s  o f  f o am p r o duc t i o n  and wa l l  g r owt h .  

T h e  p romo t i o n  o f  h i g h e r p r o du c t  y i e l d s  und e r  t h e s e  c o nd i t i o n s  

w a s  due t o  t he sup p r e s s i on o f  b i l e  ac i d  l o s s  a ft e r  7 2 h o f  

f e rm e n t a t i o n , p e r h a p s  due t o  t h e  c a t ab o l i t e  r e p re s s i o n  o f  

b i l e  ac i d  ut i l i s a t i on b y  g l uc o s e . T h e  e n zyme s i nv o l ve d  

a p p e a r  t o  b e  i nduc i b l e  i n  v i ew o f  t he i nh i b i t i o n  o f  the i r  

a c t i v i t y b y  c y c l o he x i m i de ( Re fe r  S e c t i o n  4 . 2 . 5 ) .  Such 

r e p r e s s i o n  wou l d  n o t  be unexp e c t e d  s i n c e  the b r e a kdown o f  

b i l e  ac i d s  b y  b a c t e r i a  appe a r s t o  p ro du c e  i n t e rmed i a t e s  o f  

c a r b o h yd r a t e  c a t a bo l i sm (Haya kawa , 1 9 7 3 ) . 



1 0 8  

Howeve r , t h e  u s e  o f  h i gh g l uc o s e c on c en t r a t i on s  ( > 2 0 g l - l ) 

a n d  a n  a e ra t i o n  r a t e  o f  1 l m i n
- l  

s t imu l a t e d  the o p e r a t i o n  o f  

s i d e - r e ac t i on s , t o  t h e  d e t r ime n t  o f  d e o x y c ho l i c ac i d  p ro duc t i o n . 

The  s i d e - p ro duc t s  app e a r  t o  b e  o x i d i s e d  d e r i va t i v e s  o f  b o t h  

g l y c o d e o x y c h o l i c a c i d  a n d  d e o xy c ho l i c a c i d  ( Re f e r  S e c t i o n  

4 . 5 ) a n d  m a y  n o t  n e c e s s a r i l y  b e  i n t e rme d i a t e s  i n  t h e  d e g ra d 

a t i on o f  b i l e  a c i d by C .  m e Z o ni s . Thu s , t h e  h i gh g lu c o s e  

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

a e r a t i o n  r a t e s  may p r omo t e  t he a pp e a r an c e  o f  the o x i d i s e d  

s i d e - p r o d uc t s . C o n s t i tu t i v e , s t e r o i d - mo d i fy i n g  a c t iv i ty w a s  

o b s e rv e d  i n  c e l l - fr e e  e x t rac t s  o f  C .  me Z o n i s  ( Re fe r  Se c t i o n  

4 . 2 . 4 . )  a n d  s u c h  p ro duc t s  m a y  b e  t he r e su l t  o f  t he i r  a c t i o n . 

H e n c e , two p a t hways m a y  o p e r a t e  o n  the h y d r o l y s i s  p roduc t . 

An i nduc i b l e , d e grada t i v e  p a t hway r e p r e s s e d  by g luc o s e  and 

e n h an c e d  by l ow a e ra t i o n  r a t e s , a n d  a b i l e  a c i d - mo d i fy i n g  

p a t hw a y  c o n s t i t u t ive  t o  s o me d e g r e e  a n d  e nhanced  a t  h i gh e r  

a e r a t i o n  r a t e s . T h e  f o rm e r  app e a r s  t he m o r e  a c t i v e  o f  t h e  

two . 

A l t ho u g h  t he c o mb i nat i o n  o f  h i g h  g l uco s e  l e v e l s  a nd a h i g h  

a e r a t i o n  r a t e  r e s u l t e d  i n  o x i d i s e d s i de - p r o duc t s , t he s e  we r e  no t 

o b s e rv e d  i n  t h e  c u l t u r e  emp l o y i n g  a h i g h l a c t o s e c o n c e nt r a t i on 

i n  c o mb in a t i o n  w i t h  a h i g h  a e r a t i o n  r a t e . The hyp o t he s i s e d 

c a t ab o l i t e  r ep r e s s i on  o f  the d e g r a da t i v e  e n z yme s b y  g l uco s e  

m a y  e xp l a i n  b o t h  th i s  a n d  t h e  a c c e l e r a t e d  me tabo l i sm o f  b i l e  

a c i d  i n  t h e  l ac t o s e c u l t u r e  ( Re fe r  F i gu r e  4 . 1 8 ) , s i n c e  l a c t o s e 

e x e r t s n o  s u c h  r epr e s s i o n . H e nc e , p e p t o n e  wa s app ar ent l y  

u t i l i s e d a s  t h e  c a rb o n  s o u r c e  w i t h  a c o n s equent  r e l e a s e  o f  

t h e  e xc e s s  n i t r o g en a s  ammo n i a .  S i n c e  n o  g lu c o s e  wa s p r e s e n t  

t o  r ep r e s s  t he degrada t i ve e n z yme s f r e e  b i l e  a c i d  w a s  u s e d  a s  

a c a r b o n  s o u rc e , ove r r i d i n g  p e r h ap s , t h e  o x ida t i v e , s t ero i d 

mo d i f y i n g  p a t hway w i t h  t he r e s u l t  t h a t  s u c h  pr o duc t s  d i d n o t  

a c c umu l a t e . 

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

t h e  p r e d om i n a n t  fac t o r  1 n  i t s  l o s s  i n  f e rme n t e r  c u l t u r e s . 

T h e  b in d i ng o f  b i l e  a c i d s  b y  t h e  myc e l ium n e i t h e r  acc ount s 

f o r  t h e o b s e rv e d  s e n s i t i v i ty o f  t h e  l o s s e s  to  e nv i ronment a l  

fa c t o r s , n o r c o rre l a t e s  we l l  w i t h  th e ac tua l l o s s e s  when t h e  

d a t a  o f  T a b l e  4 . 3  a r e u s e d  t o  p r e d i c t  t he l o s s . Th i s  i s  
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p a r t i c u l a r l y  we l l  i l l u s t r a t e d  b y  the  c u l t u r e  g r own on l a c t o s e , 

1 n  w h i c h  t h e  exp e c t e d  l o s s  from b in d i n g  4 8 h  a f t e r  i nocu l a t i o n  

1 s  8 %  c o mp a r e d  t o  t h e  4 0 %  ob s e rv e d  ( Re f e r  F i gu r e  4 . 1 8 ) . 

T h u s , t he r e l at i v e  c o n t r ibut i o n  t o  b i l e  a c i d  l o s s  b y  b i nd i n g  

a�d d e g r a d a t i on  app e a r  t o  d i f f e r  s i gn i f i c a n t l y  i n  ferme n t e r  

a n d  s ha k e  f l a s k  c u l t u r e s , b i n d i n g  appa r e n t l y  p r edomin a t i n g  

i n  t he l a t t e r .  

T h e  s p e c i f i c r a t e s  o f  g l yc o d e o x ycho l i c a c i d d i s ap p e aran c e  

w e r e  s i gn i f i c an t l y  l owe r i n  c u l t u r e s  w i t h g l uc o s e  i nc r e m e n t s  

a dd e d  c o mp a re d  t o  t he c o r r e sp o n d i n g  c o n t r o l  cu l t u r e s .  Th i s  

d i f fe r e n c e  w a s  no t e x p l a i n e d  b y  the  a s s ump t i o n  t ha t  t h e  

ad d i t i on a l  d r y  we i gh t  c on c e n t r a t i on s  o f  the  fo r m e r  cu l t ur e s  

we r e  i n e r t  w i t h  r e s p e c t  t o  hydr o l a s e  a c t i v i t y  a n d  hence  t h e  

a p p a r e n t s p e c i f i c  r a t e  und e r e s t ima t e d  t h e  t rue r a t e . Th i s  

s u g g e s t s  t ha t  hyd r o l y s i s  may b e  c a rb o n  c a t a bo l i t e  r e gu l a t e d  

b y  g l uc o s e . 

T h i s  hyp o t h e s i s  may e xp l a i n t he rap i d  i n c r e a s e  i n  hyd r o l a s e  

a c t i v i t y  a ft e r  g l uc o s e  exhau s t i o n i n  t h e  c u l t u r e  i n  wh i c h  

i n c r em e n t a l g l u c o s e  add i t i o n  a n d  a r e duc e d  a e r a t i o n  ra t e  w e r e  

e mp l o y e d  ( F i g ur e s  4 . 1 9 ,  4 . 2 0 ) , a n d  t he p o o r  ex t e n t  of  hyd r o l y s i s  

o b s e rv e d  i n  t h e  c u l t u r e  1 n  wh i c h  a h i g h a e r a t i o n  r a t e  and  

g l u c o s e  c o n c e n t r a t i o n  we re u s e d . I n  a dd i t i o n , such a 

p ro p o s a l  m a y  a l s o  a c c ount  fo r t he s i g n i f i c ant l y  h i gher s p e c i fi c  

r a t e  o f  g l y c o d e o x yc ho l i c  a c i d  u t i l i s a t i o n  i n  c u l t u r e s  g r own 
- 1  - 1  - 1  - 1  o n  l a c t o s e  ( i . e .  5 . 6  �mo l h  g c o mp a r e d  t o  1 . 2  � mo l h  g 

1 n  b a s e  s t ud y ) , a s  t h i s  c a r b o h ydr a t e  d o e s n o t  e x e r t  c a t ab o l i t e  

r e gu l a t i o n  ( Dema i n  e t  a l , 1 9 7 9 ) . C a t a b o l i c  r e g u l a t i o n  o f  

e x t rac e l l u l a r  e n z ym e  s y n t he s i s  and s e c r e t i o n  i s  t houg ht t o  

b e  a p r i m a r y  mechan i sm i n  t h e i r  r e gu l a t i o n  ( F o ga r t y and K e l l y ,  

1 9 7 9 )  a n d , i n  v i ew o f  t he ob s e rva t i on o f  ex t ra c e l l u l a r  

hydro l a s e  a c t i v i t y  1 n  C .  me l o n i s  cu l t u r e s ,  t he s en s i t i v i t y 

o f  hyd r o l y s i s  t o  g l uc o s e  c o nc e n t rat i o n s  i s , p e r h ap s , n o t  

s urp r i s in g . 

Und e r  t he c o nd i t i o n s  emp l o yed , a cu l t u r e  pH o f  pH 6 . 5  w a s  

o p t imum fo r hyd r o l y s i s  b o t h i n  t e rms o f  r a t e  and  y i e l d  

( F i g u r e  4 . 2 4 ) .  A t  p H  5 . 5 , t h e  r a t e  o f  hyd ro l y s i s  wa s 

s i g n i f i c a nt l y  redu c e d  c ompa r e d  t o  the  c o r r e s p o n d i n g pH 6 . 5  



c u l t u r e , a l t hough t h i s  may , i n  p a r t , b e  due a l s o  t o  i t s  

h i g h e r  g l u c o s e  c o n c e n t r a t i o n . G iv e n  t he p Ka o f  g l yc o 

d e oxyc ho l i c ac i d  ( p Ka 4 . 6 9 ) , t h e  l owe r c u l t u r e  p H  may have  
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b e en e x p e c t e d  t o  r e s u l t  i n  a g r e a t e r  p r op o r t i o n  o f  und i s s o c i a t e d 

mo l e cu l e s  ab l e  t o  p e ne t r a t e  t he c e l l m e mb r ane w i t h a c o nc o m i t a n t  

1 n c r e a s e  i n  t h e  r a t e  o f  hyd r o l y s i s . The  a b s e nc e o f  s u c h  a 

r e s p on s e  s u g ge s t s  t h a t  the  e x t r a c e l l u l a r  hyd ro l a s e ac t i v i ty 

m a y  p r e do m i n a t e  i n  t h e s e  c u l t u r e s . T h e  h i gh e r  c u l t u r e  

p H  o f  p H  7 . 5  w a s  p a r t i cu l a r l y  un favo u r a b l e  f o r  o b t a i n i n g  

g o od y i e l d s  o f  d e o xycho l i c  a c i d . 

T h e  p a t t e rn eme r g i n g  from t h e  d a t a  s u g g e s t s  t h a t  the  c h o l a n o y l  

g l yc i n e  hydro l a s e  m a y  be a n eu t r a l , e x t r a c e l l u l a r  p ro t e a s e  

e l ab o r a t e d  b y  t h e  fungu s , wh i c h  i s  n o n - sp e c i f i c  to  the  

e x t e n t  o f  a l l o w i n g  t he hyd r o l y s i s  o f  g l yc i n e - c o n j uga t e d  b i l e  

a c i d s . T h i s  wou l d  exp l a i n  t h e  s i g n i f i c a n t l y  h i ghe r s p e c i f i c  

hydro l y s i s  a c t i v i t y  i n  the l ac t o s e - p e p t o ne cul t u r e  whe r e  i t  

a p p e a r s ,  f rom c u l t u r e  pH a n d  l a c t o s e  c o nc e n t r a t i o n  d a t a , t h a t  

p e p t o n e  wa s p r e fe r e n t i a l l y u t i l i s e d  a s  the c a r b o n  s our c e . 

F o r  t h i s  t o  o c c ur , i t  c an b e  expe c t e d  t hat  inc r e a s e d  amou n t s  

o f  e x t r a c e l l u l a r  p ro te a s e  wo u l d  b e  s e c r e ted  t o  d e g r a d e  t h e  

p ep t o n e  c omp a r e d  t o  cu l tu r e s  in  g l uc o s e - p e p t o n e  med ium 1 n  

w h i c h  t he r e  i s  a l e s s e r  r e q u i r em e n t  fo r peptone  hyd r o l y s i s . 

H e n c e , t he ma r k e d l y h i g he r s p ec i f i c  r a t e s  o f  g l y c o d e oxyc h o l i c 

a c i d  hyd r o l y s i s  i n  t he p r e s e n c e  o f  l a c t o s e , may r e f l e c t  h i g h e r  

e x t rac e l l u l a r  p ro t e a s e c o n c e n t r a t i o n s  i n  t he c u l t u r e . 

T h e  i nh i b i t i on  o f  hydro l y s i s  by  8 - hyd r o xyqu i no l i n e  ( Re f e r  

S e c t i on 4 . 3 . 2 . )  a l s o sugg e s t s , i n  c o n j u nc t i o n  w i t h t he a b o v e  

d a t a , t h a t  t he h y d r o l a s e  ma y b e  a n e u t r a l  p r o t e a s e . Un l i k e  

a c i d a n d  a l ka l i n e  m i c r o b i a l  p r o t e a s e s , t he neu t r a l , e x t r a 

c e l l u l a r  p ro t e a s e s  a re z i n c - c o n t a i n i n g  me t a l l o p r o t e i n s  a n d  a r e  

i nh ib i t e d  b y  me t a l  c h e l a t o r s  ( F o g a r ty a n d  Ke l l y , 1 9 7 9 ) . Z i nc 

i s  c o mp l e t e l y  p r e c i p i t a t e d  a s  a c o mp l e x w i t h  8 - hydroxyqu i n o l i n e  

a t  p H  v a l u e s  o f  p H  4 . 4  o r  g r e a t e r  ( Vo g e l ,  1 9 6 2 )  wh i c h  a r e  i n  

t h e  p H  r a ng e  o b s e r v e d  i n  C .  m e l o n i s  c u l t u r e s . Fu r t he r 

s upp o r t  fo r the  hy p o t he s i s  t h a t  t h e c h o l a no y l  g l yc i ne hyd r o l a s e  

1 s  a n e u t ra l p r o t e a s e  i s  p r ov i de d  b y  t h e  hyd r o l a s e  pH o p t imum 

o f  ea pH 6 . 5  i n  f e rmen t e r  c u l t u r e . 
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4 . 5 . B i l e  a c i d  Me t ab o l i t e s  o f  G l yc o d e o xycho l i c a c i d  

The m a i n  a im o f  t h e  fe rmen t e r  s t ud i e s  wa s t o  i n c r e a s e  t h e  

y i e l d  o f  d e oxyc h o l i c a c i d  from hyd r o l y s i s . Howeve r , u n d e r  

s ome c o nd i t i o n s , o th e r  p rodu c t s  w e r e  f o rmed . A s  t he s e  

r e p r e s e n t  c ompe t i n g  o r  s ub s e qu e n t  r e a c t i on s , i t  was  c o n s i d e r ed 

de s i r a b l e  t o  a t t em p t  the i s o l a t i on and i de n t i f i c a t i o n  o f  s u c h  

p r oduc t s . 

B i l e  a c i d  p r o duc t s  o t h e r  t h a n  deoxyc ho l i c a c i d  we r e  o b s e r v e d  

und e r  t w o  s e t s  o f  f e rm e n t e r  c o n d i t i o n s . The f i r s t  emp l o y e d  

t h e  b a s e  s t udy c on d i t i o n s  v a r i ed t o  i nc l ud e  a c u l ture  p H  o f  

pH 7 . 5 ,  g l u c o s e  i n c r eme n t s  a n d  an a e r a t i o n r a t e  redu c e d  t o  

0 . 2 5 l m i n - l  a f t e r  2 4 h  o f  ferment a t i on . The s e c o nd u s e d  t he 

b a s e  s t udy c o nd i t i o n s  w i t h t he e x c e p t i o n  t h a t  t he g l uc o s e  

c o n c en t r a t i on wa s a t  a h i gh l e ve l  ( > 2 0 g l - 1
) .  I n  e a c h , 

two m e t a b o l i t e s  w e r e  p ro duc e d  and t h e  p r o duc t s  o f  b o t h  

fe rme n t a t i o n s  we r e  i de n t i c a l  b y  t h e  c r i t e r i a  o f  the t l c  and 

hp l c  r e t e n t i on da t a . 

The i s o l a t i on and p ar t i a l  c h a r ac t e r i s a t i o n  o f  m e t abo l i t e s  A 

a n d  B we r e  p e r f o r m e d  a s  de s c r i b e d  i n  S e c t i o n  3 . 1 0 . 5 .  The  

G i ra r d  T s ep a r a t i o n wa s p o o r ; whe r e a s  8 0  mg of  m a t e r i a l  wa s 

p re s en t  i n  t he aque o u s  pha s e , 3 7 0  mg r em a i ned  i n  t h e  e t h e r  

l ayer  a n d  t l c ana l y s i s  demon s t r a t e d  t he p r e s e n c e  o f  h i g h 

c on c en t r a t i o n s  o f  b o t h  m e t a b o l i t e s  t o g e t he r  w i t h  g l yco 

d e o x y c h o l i c ac i d  a n d  d e o xyc ho l i c ac i d  i n  t he l a t t e r . Th i s  

wa s u n e xp e c t ed s i n c e  t h e  c hroma t o g r ap h i c  p r op e r t i e s  o f  b o t h  

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

func t i o n  i n  t h e  mo l e c u l e . 

The l a r g e  l o s s e s  o f  m a t e r i a l  du r i n g  p r e p a r a t ive  hp l c  ( ea 

8 8 % )  h i nd e r e d  t h e  c omp l e t e  c ha r a c t e r i s a t i o n o f  b o t h  me t a b o l i t e s . 

I t  a pp e a r s  t ha t  t he c ompounds may b e  s t r o ng ly a d s o r bed by 

t he c o l umn p ac k i n g  m a t e r i a l . 

4 . 5 . 1 . F r ac t i on A 

T h e  me l t i n g  p o i n t  o f  t h e c r ys t a l s  ( 7  m g ) f r om f r a c t i o n  A wa s 
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1 6 0 - 3 ° C .  T l c  a n d  hp l c  a na l y s i s  d e mo n s t r a t e d  t h e  p r e s e n c e  

o f  me tab o l i t e  A o n l y . T ab l e  4 . 4  c omp a r e s  t he t l c  Rr  a n d  

hp l c  r e t en t i o n  v o l um e  d a t a  f o r  me t ab o l i t e  A w i t h  t ho s e  o f  

s t andard b i l e  a c i d s . T h e  me t ab o l i t e  had a s l i gh t l y  h i g h e r  

Rf t han g l yc o de o xyc h o l i c ac i d  i n  mo s t  t l c  s o l v e n t  s y s t em s  a n d  

h a d  a sma l l e r  r e t e n t i o n  vo l ume  o n  hp l c . The  f o rm e r  r e s u l t s  

s u g g e s ted  t h a t  me t a b o l i t e  A wa s c on j u g a t e d  w i t h  g l yc i n e . 

The  l a t t e r  wa s e v i d e n c e  o f  the p re s enc e o f  a ke t o  func t i o n , 

s i n c e  b i l e a c i d s  c o n t a i n i ng k e t o n e  fun c t i o n s  a r e  o b s e rv e d  

t o  h ave sma l l e r  r e t e n t i o n  v o l um e s  c omp a r e d  t o  t h o s e  o f  t h e  

c o r re spond i n g  h yd r o x y l at e d b i l e  a c i d s  unde r the hp l c  c o n d i t i o n s  

e mp l o y ed i n  t h i s  l ab o r a t o ry . 

T h e  m a s s  s p e c t rum o f  t he me t hy l  e s t e r  e xh ib i t ed a l ow i n t e n s i t y  

mo l e c ul ar i o n  ( m / e 4 6 1 ; c 2 7
H

4 3 N 0 5 ) wh i c h  had a s im i l a r  

f r a gment a t i on p a t t e r n  t o  me t hy l  g l y c o d e o xy c ho 1 a t e  ( Ta b l e  4 . 5 ) . 

Thu s , t he re wa s l o s s  o f  mo l e c u l e s  o f  wa t e r  ( M - 1 8 ; M - 1 8 - 1 7 2 - 1 8 )  

a n d  the s i d e c ha i n  ( 1 7 2  a mu) . The  fragme n t a t i o n p a t t e r n 

demon s t r a t e d  t ha t  m e t ab o l i t e  A wa s c o n j u g a t ed w i t h  g l yc i n e  a n d  

ha d a s i ng l e  u n s a t ur a t i o n  equ iv a l e n t  i n  t he s t e r o id  nuc l e u s . 

The c ha r ac t e r i s t i c m / e 2 4 9  p e a k  e x p e c t e d  f r om t h e  p r e s e n c e  o f  

a 1 2 - ke t o  func t i o n  wa s n o t  o b s e rv e d . 

4 • 5 • 2 . F r a c t i o n  B 

T h e  c ry s t a l s  ( ea 2 m g )  o b t a i n e d  a s  f r a c t i on  B had a me l t i n g  

p o i n t  o f  1 0 8 - 1 1 0 ° C a n d  w e re s l i gh t l y c on t am i na t e d  w i t h  ma t e r i a l  

w i t h  a me l t i n g  p o i n t  a t  1 4 9 - 1 5 1 ° C .  T l c  a n d  hp l c  a n a l y s i s  

i n d i c a t e d  t h a t  m e t ab o l i t e  B wa s t h e  p r i n c ip a l  c o mp o n e n t  w i t h  

a sma l l  qua n t i t y  o f  c omp o und A p r e s e nt . The c h r oma t o g r ap h i c  

an a l y s i s  o f  t h i s  f r a c t i on i n d i c a t e d  tha t me tabo l i t e  B wa s a 

f r e e  b i l e  a c i d  ( Ta b l e  4 . 4 ) .  I t  r a n  s l i g h t l y  a b o v e  t h e  

3 a - hydroxy - 1 2 - o xo - 5 8 - c ho l an i c a c i d  s t an d a r d  i n  a l l  t h e  t l c  

s o l ve n t  sys t em s  u s e d  a n d  on  hp l c  wa s g r e a t l y  r e t a r d e d  i n  

c o mp a r i s o n . The  c h r o m a t o g ra p h i c  d a t a  sugg e s t  t h a t 1 2 a 

hydr o x y - 3 - o x o - 5 8 - c h o l an i c  ac i d  i s  t he mo s t  p r o b a b l e  i d e n t i t y 

o f  m e t a b o l i t e  B .  T h e  8 - hydr o x y  e p i m e r s  o f  d e o x y c h o l i c a c i d  
a r e e l imin a t e d  h y  t he c h roma t o g ra ph ic d a t a . 
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s y s t e m  
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Hp l c  I r e t e n t i on 
vo l ume 
( m l ) 

Tab l e  4 . 4  

Chroma t o g r ap h i c  p r o p e r t i e s a o f  me t a bo l i t e s  A and B 

B i l e  a c i d  I A 

f r e e  a c i d  0 . 2 0 
f r e e  a c i d  0 . 0 3 
fr e e  a c i d  0 .  2 2 
f r e e  a c i d  0 . 0  
me t h y l  e s t e r  0 . 2 2 

f r e e  a c i d  J 6 .  6 
m e t h y l  e s t e r  1 1 . 4  

B 

0 . 6 1 
0 . 5 5 
0 . 7 3 
0 .  2 2  
0 . 6 3  

1 0 . 8  
3 1 . 2 

GD DC  1 2 - ke t o  3 - k e t o  

0 . 1 5 0 . 5 6 0 . 5 8 0 . 6 0 
0 . 0 2 0 . 2 7 0 . 5 3 0 . 5 5 
0 . 1 3 0 . 6 0 0 . 7 2 
0 . 0  0 . 0 9 0 . 1 7 0 . 2 0 
0 . 1 7 0 . 5 8 0 . 6 0 

9 . 6  1 6 . 8  7 . 2  1 0 . 8  
1 6 . 8  4 2 . 6  1 9 .  2 

1 2 8 - 0H 3 8 0H 

0 . 5 7 0 . 5 7 
0 . 4 7  0 . 4 2 

0 . 1 5 

a 
F o r  t l c ; Rf  Va l u e s  f o r  1 2 8 - 0H ,  3 8 - 0H a r e  t a k e n  from He f tmann ( 1 9 6 7 )  and a r e  a d j u s t e d for  t ho s e  
ob t a i n ed  b y  s t andar d s . 

1 2 - k e t o  
3 - ke t o  

1 2 8 - 0H 
3 8 - 0H 

= 3 a - hy d r o xy - 1 2 - o xo - 5 8 - c ho l an i c  a c i d ; 
= 1 2 a - hy d r o xy - 3 - ox o - 5 8 - c ho 1 an i c  a c i d ; 
= 3 a , 1 2 8 - d i hydroxy - 5 8 - c ho l an i c  a c i d ; 
= 3 8 , 1 2 a - d i hyd roxy - 5 8 - c ho l an i c  ac i d . 



The  ma s s  s p e c t rum o f  t he me t hy l  e s t e r  o f  m e t abo l i t e  B 

e x h ib i t e d  a l ow i n t e n s i t y mo l e cu l ar i o n  (m/ e 4 0 4 ; c
2 5

H4 0 o 4 ) 

w i th o n e  u n s a tu r a t i on equ iva l e n t  i n  t he b i l e  ac i d  nuc l eu s  

( Tab l e  4 . 5 ) .  The f r agmen t a t i o n p a t t e rn w a s  c h a r ac t e r i s e d  

b y  t he l o s s  o f  mo l e c u l e s  o f  wa t e r  (M - 1 8 ; M - 1 8 - 1 1 5 - 1 8 )  a n d  

t he s i d e c ha i n  ( 1 1 5  a mu ) . The i n t en s i t y o f  t he m / e 2 4 9  p e ak 

( 8 % )  w a s  l e s s t han  e xp e c t e d i f  a 1 2 - k e t o  g r o up h a d  b e e n  

p r e s e n t  ( 9 0 % )  a n d  t h e  s i d echa i n  h a d  n o t b e en d e g r aded . 

4 .  5 .  3 .  D i s c u s s i on 

The  ma s s  s p e c t r ome t r y  d a t a  sugge s t  t h a t  m e t a b o l i t e s  A and 

1 1 4  

B have a n  i d en t i c a l c ho l ane nuc l e u s  c o n t a i n i n g o n e  un s a t ura t i o n  

equ i v a l e n t , wh i c h  c hroma t o g r a p h i c d a t a  s ug g e s t  i s  a k e t o  

func t i on . Me t a b o l i t e A i s  c o n j ug a t e d  w i t h  g l yc i ne a n d  i t  i s  

l i ke l y  t ha t  me t a b o l i t e B i s  t h e  c o r r e s p on d i n g  f r e e  b i l e  

a c i d . E n z yma t i c  o r  a l k a l i n e hydro l y s i s  o f  s ome m e t a b o l i t e  

A wo u l d  c o nven i e n t l y e s t ab l i s h  whe t h e r  t h i s  i s  t he c a s e , 

a l though  k e t o  b i l e a c i d s  s u f fe r s ev e r e  d e g r a d a t i on dur i n g  t h e  

l a t t e r  p ro c e du r e  ( L e p a g e  e t  a l , 1 9 7 8 ) . I t  i s  u n c e r t a i n  

whet he r m e t ab o l i t e B was de r i ved f r o m  t he a c t i o n  o f  t h e  

hydro l a s e ( s )  o n  me t a b o l i t e  A o r  from d e oxycho l i c a c i d  v i a 

e n z ym i c  o x i d a t i o n . 

The i d e n t i f i c a t i o n  o f  me t a b o l i t e  A a s  a g l yc i n e - c o nj ug a t e d 

d e r iv a t i ve o f  d e o x y c ho l i c  ac i d  i s  n o v e l ,  p a r t i c u l a r l y  s i n c e  

s ub s t an t i a l  y i e l d s  o f  1 5 - 2 0 % w e r e  ob t a i n e d  a s  e s t ima t e d  b y  

hp l c  a n a l y s i s . I n  mo s t  c a s e s  o f  m i c r o b i a l  t r a n s forma t i o n  

r e p o r t e d , hydro l y s i s  p r e c e d e s  fu r t he r  m o d i f i c a t i o n  o f  t h e  

b i l e a c i d  nuc l e u s  ( F uruta , 1 9 5 9 ; H a y a k awa , 1 9 7 3 ;  H i l l ,  1 9 7 6 ) . 

F r o m  t h e  d a t a  o b t a i ne d , m e t ab o l i t e B a pp e a r s  t o  b e  1 2 a 

h yd r o xy - 3 - o xo - 5 S - c h o l a n i c  a c i d . Ma s s  s p e c t rome t ry a n d  t l c 

a n d  hp l c  a n a l y s i s  r e s u l t s  c l e a r l y  e l i m i n a t e  t he p r e s e n c e  o f  a 

1 2 - ke t o  fun c t i o n  a n d  t h e  c h r o ma t o g r a p h i c  d a t a  a l s o ru l e s  out  

S - hyd r o x y  e p i me r s  o f  deoxycho l i c a c i d . Thu s , o n  t l c  s o l v ent 

s y s t e m s  "a " a n d  " b " ,  t h e f r e e  b i l e  a c i d  mo n a - S - hydroxy ep ime r s  

have l o we r � va l u e s  th an 3 a - hyd r o x y - 1 2 - o xo - 5 S - c ho l a n i c  a c i d  

( H e f t mann , 1 9 6 7 ) , whe r e a s me t ab o l i t e  B ha s a h i gh e r  Rf  va l u e  
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B i l e  a c i d  m e t h y l  
e s t e r  s t andard 

G D  

DC 

1 2 - k e t o  

Tab l e  4 . 5  

F r agmen t a t i on p a t t e r n s  o f  me t ab o l i t e s  A and  B 

m/ e I n t e n s i t y  Me t a b o l i t e  

4 6 3  6 A 
2 7 3  7 5  
2 5 5  1 0 0  

4 0 6  4 
4 0 4  1 1  
3 8 8  5 1  B 
3 7 0  6 7  
2 7 3  1 0 0 
2 5 5  ----gr 
4 0 4  1 0 0  
3 8 6  L7 
2 7 1  1 2  
2 4 9  9 0  
2 3 1  7 7  

1 2 - ke t o  3 a - hydroxy - 1 2 - ox o - 5 S - c h o l an i c  a c i d . 

m/ e I n t en s i t y 

4 6 1  2 0  
4 0 4  8 
4 0 2  7 
2 7 1  1 0 0 
2 5 3 46 

4 0 4  2 6  
3 8 6  2 5  
2 7 1  1 0 0  
2 5 3  L3 
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t han  t h i s  c o mpound ( T ab l e  4 . 4 ) . The m e l t i n g  p o i n t  o f  t he 
0 

m a j o r i t y  o f  the m a t e r i a l  i n  f r ac t i o n  B ( 1 0 8 - 1 1 0  C )  do e s  n o t 

a g r e e  w i th pub l i s he d  v a lu e s  fo r me t h y l  l Z a - hydr o xy - 3 - o xo - 5 8 -

c ho l an a t e  ( m . p .  1 4 8 - 1 4 9 °C ,  T s e rn g , 1 9 7 8 ) , but  t he l a t t e r  a r e  

i n  a g r e em e n t w i t h  t h e  me l t i n g  p o i n t  ( 1 4 9 - 1 5 1 °C )  o f  t h e  s m a l l e r  

quan t i t y  o f  ma t e r i a l  p r e s en t  i n  F r a c t i o n  B .  I n  v i ew o f  t h e  

a p p a r e n t  ab s e n c e  o f  f r e e  b i l e  a c i d  c o n t am i n a n t s  i n  the ma s s  

s p e c t rum o f  t h i s  f ra c t i o n , t h e  l owe r m e l t i n g  po i n t  may b e  

due t o  s o l v a t i o n  o f  t h e  c ry s t a l s . 

The l ow e x t e n t  o f  r e a c t i o n  o f  me t ab o l i t e  B w i t h  t h e  G i ra rd T 

r e a g e n t s e ems unu s u a l  i f  i t  i s  i n de e d  t he 3 - k e t o  d e r i v a t i v e , 

a s  t he r e  s ho u l d  b e  no s t e r i c  h in dr a n c e  t o  r e t a r d  t he r e a c t i o n . 

Howeve r , t he r e  i s  n o  pub l i sh e d  da t a  r e g a r d i n g  t he fo rma t i o n  

o f  G i r a r d  T d e r i va t i v e s  o f  3 - k e t o  b i l e  a c i d s . 

I t  i s  p r o b ab l e  t h a t  me t ab o l i t e  A i s  N - ( g l yc o ) - l Z a - hydrox y -

3 - o xo - 5 8 - c ho l a n i c  a c i d . Howe ve r ,  t h e  s y n t he s i s  o f  t h i s  

c omp oun d  h a s  n o t  b e en r e p o r t e d  i n  t h e  l i t e r a tu r e  and t he r e fo r e  

p hys i c a l  d a t a  a r e  unava i l ab l e  fo r c o n f i rm a t i on .  

3 a - Hy d r o x y  dehyd r o g e n a s e  a c t i v i t y  h a s  b e en o b s e rv e d  on c ho l i c 

a c i d  a n d  i t s d e r i v a t i v e s  i n  fun g a l  c u l t u r e s , whe r e  3 - k e t o 

d i hy d r o x y  b i l e a c i d s  a r e  t he r e su l t  o f  t he i n i t i a l  a t t a c k  

o n  t h e  c ho l i c a c i d  mo l e cu l e  ( Furut a , 1 9 5 9 ; Ha s e g awa , 1 9 5 9 ) . 

4 . 6 .  F e rme n t e r  S tud i e s  w i t h  G l yc o c ho l i c a c i d  

T h e  hyd r o l ys i s  o f  g l yc o c ho l ic ac id  b y  C .  m e l o n i s i n  s h a k e  f l a s k  

c u l t u r e  g a v e  sup e r i o r  p r o d u c t  y i e l ds t o  t ho s e  o f  g l yco 

d e o xy c h o l i c ac i d  hyd r o l y s i s . To d e t e rm i n e  i f  t h i s  d i f f e renc e 

i n  b e h a v i o u r  p e r s i s t e d i n  t h e  fermen t e r  a c omp a r a t ive e x p e r i me n t  

wa s p e r fo rmed . 

4 . 6 . 1 .  The Cou r s e  o f  Hydr o lys i s  

The f e r me n t e r  e nv i r o nm e n t  u s e d  fo r t h e  g l ycode oxycho l i c  a c id  

e xp e r ime n t  i n  F i gu r e  4 . 1 9 was  emp l o y e d  f o r  t he compar i s o n . 

The t i m e  c ou r s e s  o f  t he f e rme n t a t i o n s  w e r e  s im i l a r , exc e p t  t h a t  

t he u t i l i s a t ion o f  t o t a l  c a r b o hydra t e  i n  t he c u l t u r e  c o n t a i n i n g  

g l y c o c h o l i c ac i d  w a s  e a  S O %  t ha t  o f  t he c u l t u r e  c o n t a i n i n g 
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g lyco d e o xycho l i c a c i d  b e twe e n  2 4 h  and 1 2 0 h o f  f erment a t i on .  

The qua n t i t a t i ve b i l e  a c i d  d a t a  fo r t h e  g l yc o c ho l i c a c i d  

e xp e r im e n t  a r e  d i s p l ay e d  i n  F i gur e 4 . 2 5 fo r comp a r i s o n  w i t h  

tho s e  o f  F i gur e 4 . 1 9 .  Two maj o r  b i l e  a c i d  p r o duc t s  a c c u mu l a t e d  

from g l yc oc ho l i c a c i d  a n d  t r ac e  amoun t s  o f  two o t he r s  w e r e  

d e t e c t e d  b y  t l c . O f  t h e  ma j o r p ro duc t s , o n e  wa s c ho l i c a c i d , 

wh i l e t he o t he r ( c ompound X)  , wa s o f  a n  unknown s t ruc t u r e  

(Tab l e  4 . 6 ) .  A s  t h e  hp l c  r e t en t i on v o l ume o f  c ompound X wa s 

s im i l ar t o  t ha t  o f  3a , l 2 a - d i hydr o xy - 7 - oxo - 5 B - c ho l an i c  a c i d , 

t h e  l a t t e r  wa s emp l o y e d  a s  a s t anda r d  t o  o b t a i n  app r o x i ma t e  

quan t i t a t i on o f  t he unknown p roduc t .  An a t t emp t t o  i s o l a t e  

and c h a r a c t e r i s e c ompo und X v i a t h e  fo rma t i on o f ,  and i t s  

s e p a ra t i o n  a s , a G i r a r d  T de r iva t i ve u s ing t h e  p ro c e du r e  g iv e n  

in  S e c t i o n  3 . 1 0 . 5 ,  wa s u n s uc c e s s fu l . 

B o t h  c ho l i c a c i d  a n d  c omp ound X ac cumu l a t e d  s imu l t a n e o u s l y 

a f t e r  7 2 h o f  f e rm e n t a t i on ,  v i r t ua l l y  n o  a c t i v i t y  b e i n g  app a r e n t  

o n  g l yc o c ho l i c a c i d  b e fo re t h i s  t ime . T h e  c ho l i c a c i d  y i e l d 

peaked  a t  3 0 %  a f t e r  1 4 4 h  and then d e c l i n e d , whe r e a s  t h e  y i e l d 

o f  comp o und X w a s  s t a t i c  b e tween 9 6 h and 1 4 4 h ,  a f t e r  wh i c h  t ime 

i t  inc r e a s e d  t o  a ma x imum of 34 % . A r e s i du a l  o f  1 8 %  o f  

g l yc o c ho l i c a c i d  r ema i n e d  b y  t h e  end o f  t h e  fe rmen t a t i o n . 

The ma s s  b a l an c e  d e mo n s t r a t e s  a max imum l o s s  o f  b i l e  a c i d  o f  

3 3 % , p r i n c i p a l l y  dur ing t h e  t ime o f  a c t i v e  hydro l y s i s . Howeve r ,  

t h e  g l yc o cho l i c  a c i d  and t h e  c ho l i c a c i d  c o n c en t ra t i o n  t o g e t h e r  

wa s on l y  3 3 %  o f  t h e  i n i t i a l  b i l e  a c i d  p r e s en t , b y  t h e  e n d  o f  

t h e  f e r m e n t a t i o n . 

The s p e c i fi c  r a t e s  o f  g l yc o c ho l i c a c i d  d i s appe a r an c e  and  

produ c t  a c cumu l a t i o n  are  p re s en t e d  i n  F i gu r e  4 . 2 6 .  T h e  s p e c i f i c  

hydro l y s i s  a c t i v i t y w a s  max i ma l 9 6 h a f t e r  i n o c u l a t i o n , a f t e r  

which  t im e  i t  d e c l i n e d  r ap i d l y  t o  b e  n e g l i g i b l e  a f t e r  1 4 4 h  o f  

ferme n t a t ion , d e s p i t e t h e  p r e s enc e o f  unc onv e r t e d  g l yc o c ho l i c 

ac i d  i n  t h e  c u l t u r e . The  s p ec i f i c  r a t e  o f  c ho l i c a c i d  

accumu l a t ion w a s  c on s t a n t  dur i n g  t h e  9 6 - 1 4 4 h  p e r i o d  o f  

ferme n t a t i o n , w h e r e a s  t h a t  o f  compound X i n c r e a s e d t ow a r d s  

t he e n d  o f  t h e  f e rmen t a t i on . 

The d a t a  from t h e  f i na l 4 8 h o f  fe rme n t a t i o n  sug g e s t s  t ha t  c ho l i c 
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The hydro l y s i s  o f  O . S g l
- l  

g l yc o c ho l i c  a c i d  by  c .  

g r own on g l uc o s e - p e p tone  m e d i um i n  a f e rme n t e r . 

33 
67 

.,.,. 

1 92 

me l o n i s  

Exc l ud i n g c ompound X 

I nc l u d i n g  compound X 

C o nd i t i o n s : 

p H  6 . 5 ;  a e r a t i o n  ra t e , 
- 1  l . O l m i n  f o r  

0 . 2 5 l m i n  - 1  
' 

2 4 h ,  t he n  

3 0 g ,  l O g ,  

l O g g l uc o s e  added  a t  2 4 , 

4 8  and 7 2 h  r e s p e c t i v e l y . 

No t a t i o n : 

G l yc o c ho l i c a c i d , •  

c h o l  i c  a c id , e - - - - - e ;  
c ompo und X ,  0 - - - -0 .  

.A ;  

r
,..... 
00 



T ab l e  4 . 6  

Chroma t o g r aph i c  p ro p e r t i e s  o f  c omp ound X 

B i l e  a c i d  

CA 

7 - k e t o  

DC 

X 

S o l ve n t  f r on t : 1 5 0mm 

T l c  Rf . 
S o l ve n t  s y s t em 
" a " " b " 

0 . 1 7 0 . 0 4 

0 . 2 5 0 . 1 2  

0 . 5 1 0 . 2 3 

0 . 2 9 0 . 1 5 

7 - k e t o  = 3 a , 1 2 a - d i hy d r o xy - 7 - ox o - 5 8 - c ho 1 an i c  a c i d . 

1 1 9 

Hp l c  
r e t en t i o n  
vo lume ( m l ) 

1 3 . 3  

7 . 5  

2 5 . 0  

9 . 2  
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Sp e c i f i c  r a t e s  o f  g l yc o cho l i c a c i d  

d i s a p p e a r a n c e  a n d  p ro d u c t  a c c umu l a t i o n  

i n  a ferrne n t e r . C o nd i t i o n s : p H  6 . 5 ;  

a e r a t i o n  ra t e , 1 l m i n - 1 fo r 2 4 h , t h e n  

1 2 0 

. - 1 
0 . 2 5 l m l n  ; 

4 8  a n d  7 2 !1 . 

g l uc o s e  i nc r eme n t s  a t  2 4 , 

G l yc o c ho l i c a c i d  d i s a p p e a ranc e , 

0- - � ;  c ho l i c a c i d  a c cumu l a t i o n , 

e - - - - e ;  c ompound X a c c umu l a t i o n , •-• · 



a c i d  wa s d i r e c t l y  mod i f i e d  t o  c ompound X . Thus , t he 

c on c e n t ra t i o n  o f  c ompo und X i n c r e a s e d  b y  0 . 1 7 mmo l l - l 
du r i ng 

t h i s  t i me , c o r r e s p o n d i n g  t o  a n  e q u i v a l e n t  d e c r e a s e  in  cho l i c 
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a c i d  c o nc e n t r a t i o n . I n  add i t i on , t he s p e c i f i c  r a t e  o f  c o mp ou n d  

X a c c umu l a t i on e x c e e d e d  t h a t  o f  g l yco c ho l i c a c i d  d i s appe a r a n c e  

dur i n g  t h e  f in a l  4 8 h  o f  f e rm e nt a t i o n  ( F i g ure 4 . 2 6 ) . The 

r a t e  o f  g l y c o c ho l i c  a c i d  d i s ap p e ar a n c e  and the c omb i ned 

p ro duc t a c c umu l a t i o n  b o t h  f i t t e d  f i r s t  o r der  r a t e  equat i o n s , 

a l t hough t h e  ind i v i du a l  r a t e s  o f  p r o du c t  a c cumu l a t i on dev i a t ed 

s i g n i f i c a n t l y  from f i r s t  o rd e r  k i n e t i c s . 

4 • 6 . 2 . D i s c us s i o n  

T h e  a c c umu l a t i on o f  s i g n i f i c an t  y i e l d s  o f  c omp ound X , i n  add i t i o n  

t o  c ho l i c a c id ,  f r o m  g l yc o c ho l ic ac i d  i n  t h e  fe rment e r  c o n t r a s t s  

w i t h t h e  hyd ro l y s i s  o f  t h i s  c o n j ug a t e  i n  shake f l a s k  cu l tu r e s  

( Re fe r  F i gu r e  4 . 3 ) , a n d  w i t h  t h e  f i s s i o n  o f  g l yc o d e oxyc ho l i c 

a c i d  i n  t h e  c o r r e s p o nd i ng f e rm e n t e r  c u l t u r e , i n  wh i c h  cho l i c 

a c i d  a n d  d eo xyc ho l i c a c i d  r e s p e c t ive l y  w e r e  t he s o l e  produc t s  

o f  fun g a l a c t i on . Thu s , whe r e a s  supe r i o r  y i e l d s  o f  c ho l i c 

a c i d  w e r e  o b ta i n e d  f r o m  g l y c o c ho l i c a c i d  hyd ro l y s i s  i n  s h a k e  

f l a s k  c u l t u r e s  c omp ar e d  t o  t h o s e  o f  d e o xycho l i c a c i d  f r o m  g l yc o 

d e o xycho l i c ac id , t h e  r e ve r s e  i s  t ru e  fo r t h e  f e rment e r  

c o n d i t i o n s  emp l oy e d . 

The f a c t o r ( s )  r e s p o n s i b l e  fo r t he o p e r a t i o n  o f  t he s i de - r e ac t i o n s  

i n  t h e  f e rm e n t e r  cu l t u r e  c on t a i n i n g  g l yc o c ho l i c a c i d  i s  unknown . 

Howeve r , c ho l i c a c i d  h a s  b e e n  r e p o r t e d  a s  b e i n g  mo r e  vu l n e r a b l e  

t han  de o x yc ho l i c  a c i d  t o  mod i f i c a t i o n  i n  a e r o b i c  c u l ture s o f  

b a c t e r i a  ( Hayakawa , 1 9 7 3 )  a n d  t r ans f o r m a t i o n  o f  c ho l i c  a c i d  

t o  v a r i o u s  o x i d i s e d  de r iv a t i ve s ha s b e e n  ob s e rv e d  i n  fun g a l 

c u l t u r e s  b y  Fur u t a  ( 1 9 5 9 )  a n d  H a s e g awa ( 1 9 5 9 ) . Thus c ompound 

X may r e p r e s e n t  an  i n i t i a l  s t a ge of  mo d i f i ca t i on o f  the c ho l i c 

a c i d . 

The  a s s i g nment  o f  a t e n t a t i v e  s t ruc t u r e f o r  c ompound X i s  

d i f f i c u l t ,  d e s p i t e  t he e v id e n c e  from t h e  f e rment a t i o n  da t a  

t h a t  i t  i s  an  imme d i a t e  de r i v a t ive  o f  c ho l i c a c i d . The t l c 

da t a  sug g e s t  t ha t  c o mpound X i s  no t c o n j u g a t e d  w i t h  g l yc i n e , 

but  i t  d o e s  no t app e a r  to  b e  a mono k e t o d i hydroxy d e r i vat i v e  
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o f  c ho 1 i c a c i d , i n  c o n t r a s t  t o  t he me t ab o l i t e  d e r i v e d  by  t h e  

a c t i on o f  C .  m e Z o n i s  o n  deoxycho l i c a c i d  ( Re fe r  Se c t i o n  4 . 5 ) . 

Thu s , 3a , 1 2 a - d i hydroxy - 7 - oxo - 5 8 - c ho l a n i c  a c i d and 3a , 7 a 

d i h y d r o x y - 1 2 - ox o - 5 8 - c ho l an i c  a c i d  s t an d a r d s  had Rf v a l ue s  

c on s i s t e n t l y  l ow e r  t ha n  c omp ound X i n  t h e  t l c s o l v e n t  s y s t ems  

emp l oy e d  ( " a "  to  " e " ) , w h i l e  i n  s o l ven t s y s t em " b "  c ompound X 

h a d  a n  R f  l ow e r  t han d e o xyc ho l i c a c i d , w h e r e a s  7 a , l 2 a 

d i hy d r o xy - 3 - o xo - 5 8 - c ho l an i c a c i d  h a s  a n  R f  h i ghe r  t ha n  de o xy 

c ho l i c a c i d  ( He ftmann , 1 9 6 7 ) . 

S im i l a r l y , a 8 - o r i en t a t i o n  o f  o n e  h yd r o x y l  fu nc t i on i s  

i n c o n s i s t en t  w i t h t h e  t l c da t a  a nd t he R f  v a lue o f  c ompound X 

o n  t he t l c s o l ve n t  s y s t ems  emp l o y e d  i s  t o o  l ow t o  sug g e s t  t ha t  

d e h y d r o xy l a t i on h a s  o c cu r r e d  (He ftmann , 1 9 6 7 ) . I n  a dd i t i o n , 

c o mp o und X p r o b ab l y  r e t a i n s  an  unde g r ad e d  s i decha in , s i n c e  

s u c h  m od i f i c a t i o n  h a s  n o t  b e e n  o b s e r v e d  b y  mas s - sp e c t rom e t r i c  

a na l y s i s  o f  b i l e a c i d  me t ab o l i t e s  r e c o v e r e d  from C .  m e Z o n i s  

c u l t u r e s . H e n c e , t h e  i den t i ty o f  c omp ound X awa i t s  i t s  

i s o l a t i o n  a s  c ry s t a l s  a n d  fu r t h e r  c h a r a c t e r i s a t i on .  

The hydro l y s i s  o f  g l yco c ho l i c a c i d  i n  t he fe rment e r  wa s a l s o 

c h a r a c t e r i s e d b y. a c on s i de r ab l e  l ag p r i o r  t o  i t s  me t a b o l i s m  

a n d  b y  t h e  d e c l ine  o f  hyd r o l a s e  a c t i v i t y  a f t e r  1 4 4 h  o f  

fe r m e n t a t i o n . The r e a s o n  f o r  t h e  f i r s t  o b s e rv a t i o n  i s  unc l e a r , 

s i n c e  i n  t h e  c o r r e s p o n d i n g  g lyc o d e o x y c ho l i c ac i d  c u l t u r e , 

l o s s e s  occur r e d w i t h i n 2 4 h  o f  i n o cu l a t i o n  a n d  f e rmen t a t i o n  

c on d i t i o n s  we r e  s im i l a r  f o r  b o t h  c u l t u re s . The s e c o n d  

ob s e rv a t i on c o n f i rms  t ha t  ac t i ve hydro l y s i s  r a r e l y  c o n t i nue s 

b e yo nd e a  1 4 4 h  i n  f e rme n t e r  c u l t u r e s . S im i l a r  dec l in e s  i n  

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

f e rm en t a t i o n s  ( Re fe r  F i gu r e s  4 . 1 6 ,  4 . 2 3 ) .  

O t he rw i s e , howev e r , i n  t e rms o f  t o t a l  p r o du c t y i e l d  and s p e c i f i c  

ra t e s  o f  hyd ro l y s i s ,  t he a c t i o n  o f  C .  m e Z o n i s  on g l yc o c ho l i c 

ac i d  i n  t h e  f e rrnen t e r  w a s  s im i l a r t o  t ha t  o n  g l yc o d e oxycho l i c 

a c i d . 

4 . 7 . Summa r y  

The d a t a  demon s t r a t e  t he p r e s e n c e  o f  i n t ra c e l l u l a r  and 



ex t ra c e l l u l a r , c o n s t i t u t ive  c h o l ano y l  g l yc i ne  hydro l a s e  in  

c u l tur e s  o f  C .  m e Z o n i s und e r  a v a r i e t y  o f  fe rmen t a t ion 

c o n d i t i on s . B o t h  g ly c o c ho l i c  a c i d  and g l yc o deoxy c ho l i c  
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a c i d  a r e  hyd r o l y s e d  b y  th i s  a c t iv i t y ,  p r e sum ab l y  by  the s ame 

e n z yme . The hydro l y s i s  i s  a g e nu i n e  a c t i v i t y  o f  the fungu s 

a n d  i s  n o t t h e  r e s u l t o f  t he pH . c o nd i t i o n s  o f  t he ferme n t a t i on , 

a s  p r o v e d  b y  t he a s e p t i c  i n c ub a t i o n  o f  t h e  g lyc i n e  conj ug a t e s  

a t  p H  v a l u e s  o f  2 . 5 ,  7 . 0  and 8 . 5 i n  g l uc o s e - p e p t one  med ium 

fo r 2 5  d a y s , w i t h o u t  ev i de n c e  o f  t he i r  hydro l y s i s . 

Wh e th e r  t he i n t r ac e l l u l ar and e x t r ac e l l u l ar en z ym e s  a r e  t he 

s ame i s  unc l e a r . N o r  a r e  t he i r re l a t i v e  c o n t r i b u t i o n s  t o  

t h e  hydr o l y s i s  known . Howev e r , a t  t h e  n o rmal c u l ture pH 

o b s e rv e d  in t he exp e r imen t s , t he g l yc i n e  c o n j ug a t e s  w i l l  

ex i s t  ma i n l y  a s  an i on s , t o  w h i c h  t h e  c e l l memb r an e  i s  l a rg e l y  

i mp e rmeab l e . A s  p e rmeab i l i ty d i d  n o t  a p p e a r  t o  b e  a 

s i g n i f ic an t  fac t o r  g ov e rn i n g  t h e  hyd r o l y s i s  o f  g l yc ine 

c o n j u g a t e s , i t  s e ems  p robab l e  t h a t  t he e x t r a c e l l u l a r  en z yme 

m a y  be l a r g e l y  r e s p on s i b l e  f o r  t he hydro l y s i s  o b s e r ved . 

Th i s  may e xp l a i n  t he s en s i t i v i t y o f  t h e  hydr o l y s i s  to  

e n v i r o nme n t a l  p a rame t e r s , e sp e c i a l l y c u l t ur e  pH and g l uc o s e  

c o nc en t r a t i o n . 

I t  i s  t emp t i n g  t o  s p e c u l a t e  t h a t  t he h yd r o l y s i s  o f  g l yc ine  

c o n j u ga t e s  m a y  b e  c a t a l y s e d  b y  an  e x t r a c e l l u l a r , neut r a l  

p r o t e a s e  e l ab o r a t e d  b y  t h e  fungus  t o  d e g rade t he p ep t one i n  

t h e  m e d i um . Such p r o t e a s e s  a r e  w i d e s p r e ad in fun g i  and 

h e n c e , a p r o t e a s e  a c t i n g  on t h e  am i n o  a c i d  a t  t h e  c a rboxyl  

t e rm i n a l o f  a pep t i de or  p ro t e i n  may i nd i s c r im i na t e l y 

c l e ave t h e  g l yc ine  mo i e t y  f r om t he b i l e  a c i d c o n j ugate . 

T h e  o b s e rv a t i on t h a t  h i g h  f r e e  b i l e a c i d  c on c e nt ra t ions  d i d  

n o t p ro duc t - inh i b i t  hydro l y s i s  and t h a t  t he r e  w a s equiva l en t  

a c t iv i t y  o n  b o t h  c ho l i c ac i d  and d e o x y c h o l i c  a c i d  c o n j u g a t e s  

wo u l d  no t b e  unexpe c t e d fo r s u c h  a p ro t e a s e . 

Al though c omp l e t e  hydro lys i s  o c c ur r e d  und e r  mo s t  c ond i t i on s , 

t h e  f r e e  b i l e  a c i d y i e l d  wa s v a r i ab l e . I n  shake f l a s k  

cu l tu r e s , t he b i nd i n g o f  b i l e  a c i d s  b y  t h e myc e l ium c au s e d 

l a r ge l o s s e s  o f  t h e  d i hydro xy b i l e  a c i d  a t  l ow s ub s t ra t e  

c o nc e n t r a t i o n s . T r i h ydroxy b i l e  a c i d s  w e r e  l e s s  s u s c ep t i b l e  
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t o  b in d i n g  and  l o s s e s  we r e  a c c o r d i n g l y  l e s s  i n  s ha k e  f l a s k . 

Howev e r , i n  f e rme n t e r  cu l tur e s , t h i s  f a c t o r  d i d  no t c o n t r i b u t e  

s i g n i f i c an t l y  t o  t h e  r educ e d  b i l e  a c i d  y i e l d s . The da t a  

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

a c i d d e g r a d i n g  p a t hw a y  i n  c e l l s  o f  C .  m e Z o n i s , i t s  a c t i v i t y  

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

c u l t u r e s . T h e s e  e n zymes  ap p e a r  t o  b e  c a t abo l i t e - r e p r e s s e d  

b y  g l uc o s e , i n h i b i t e d  b y  h i g h  g l yc o d e o xy c ho l i c  a c i d  

c o n c e n t r a t i o n s  and  s t i mu l at e d a t  l ow d i s s o l ved o x y g e n  t e n s i on . 

S o m e  c o n s t i t u t ive  b i l e  ac i d  mo d i fy i n g  e n z ymes a l s o  e x i s t  

i n  C .  me Z o n i s c e l l s  b u t  the i r  a c t i v i t y  i n  who l e  c e l l  c u l t u r e s 

wa s ob s e rv e d  on l y  i n  t h e  f e rme n t e r  a t  p H  7 . 5  o r  a t  h i gh 

g l uc o s e  a n d  a e ra t i o n  l ev e l s . 
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T H E  HYD RO L Y S I S  OF TAU R I NE B I LE AC I D  C ONJU GATE S  

BY  C .  M E L O N I S  

I n t r o duc t i o n  

T h e  repo r t e d r e s i s t an c e  o f  t au r i n e  b i l e  a c i d c on j u g a t e s  t o  

funga l hydr o l y s i s  ( Chong e t  a Z , 1 9 8 0 )  p r e s en t s  a s e r i o u s  

o b s t ac l e  t o  t h e  d e v e l o pmen t o f  a n  indus t r i a l  hydro l y s i s  

f e rme nt a t i o n . H e nc e , wo rk  wa s unde r t a k e n  t o  i nv e s t i g a t e  

t he p ro b l em . C .  m e l o n i s  wa s e mp l o y e d  s i n ce i t  had b e e n  

e x t e ns i v e l y  s t ud i e d  w i t h r e s p e c t  t o  i t s  a c t i o n  o n  g l yc i n e  

c o nj ug a t e s .  S o d i u m  t auro c ho l a t e  w a s  u s e d  as  t he t e s t  

c ompound i n  t he m a j o r i ty o f  t h e  exp e r i men t s  o w i n g  t o  i t s 

p r edom i n an c e  i n  g a l l .  
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I n i t i a l  a t t emp t s  t o  d emon s t r a t e  t h e  hydro l y s i s  o f  s o d i um 

t aurocho l a t e  b y  C .  m e l o n i s  i nv o l ved  t he man ip u l a t i on o f  

s e l e c t ed e n v i ronmen t a l  fac t o r s . Howeve r ,  the  fa i l u r e  t o  

a c h i eve t h e  hyd r o l y s i s  o f  t h e  t auro c ho l a t e  l e d  t o  an a t t emp t 

t o  i dent i fy t h e  f a c t o r s  re s p on s i b l e . 

5 . 2 .  T h e  U s e  o f  Taurocho l a t e  a s  a So l e  Su l phur  Sou r c e  

Su l phur i s  a n  e s s e n t i a l  growt h e l eme n t  fo r m i c r o o r g a n i s m s  

a n d  mo s t  fun g i  u t i l i s e  i t  p r e fe re n t i a l l y a s  t he s u l pha t e  i o n  

( L i l l y ,  1 9 6 5 ) . C o n s equent l y , t he i n c l u s i on o f  s o d ium 

t aurocho l a t e  i n t o  a s yn t he t i c med ium a s  t h e s o l e  s ou r c e  o f  

s u l phu r w o u l d  r e q u i r e  the fun g u s  t o  u t i l i s e t h e  s u l p ho n i c  

a c i d  group  o f  t h e  t au r i ne mo i e t y  for  s u l p hur , a n d  p o s s i b l y  

a l s o r e s u l t  i n  t h e  hydro l y s i s  o f  t h e  c o n j uga t e . T h i s  

r a t iona l e  w a s  u s e d  s u c c e s s fu l l y  w i t h  Pe n i c i l l i um c h ry s o g e num 

by Chong e t  a Z  ( 1 9 8 0 ) , a l t ho u g h  the o t he r  fun g i  t e s t e d 

r ema ined u n a b l e  t o  p e r form t he r e ac t i o n . 

T o  ob s e rv e  t he r e s p on s e  o f  C .  m e l o n i s  under t h e s e  c o nd i t i o n s , 

exper ime n t s w e r e  c o nduc ted  in  s hake  f l a s k  us i n g  t he b a s a l 

med ium de f i n e d  i n  T a b l e  3 . 2 .  Sod ium t aurocho l a t e  ( f i n a l  

c o nc ent ra t i on ,  l . S g l
- 1

) and/ o r  t aur i n e ( f i na l c o n c e n t r a t i o n ,  
- 1  

2 5 . 0  mg l ) we re a d d e d  a s  r e q u i red . C o n tr o l s  w e r e  run u s i n g 



t he s am e  b a s a l  medium , e x c e p t  t h a t  t h e t r a c e  e l emen t s  were  

s ub s t i t u t e d  a s  t he i r  su l p h a t e  s a l t s , a s  in  t h e  g l uc o s e 

p e p t o n e  m e d ium ( T ab l e  3 . 1 ) . .  

The g ro w t h  da t a  a re dep i c t e d  in F i gu re 5 . 1 .  No g r ow t h  o f  

1 2 6 

C .  m e l o ni s wa s o b s e rv e d  i n  a c on t r o l  med i um c o n t a in ing no 

s o u r c e o f  su l phur . The r e f o r e , s u l p hu r  wa s r e qu i r e d for t he 

g r o w t h o f  t h e  fun gus . I n  add i t i o n , g r o w t h  i n  c o n t r o l  

f l a s k s  wa s una f f e c t e d b y  t he p r e s e n c e  o f  e i t he r  t aurocho l a t e , 

o r  t h e  c omb i n a t i o n  o f  t au r o c ho l a t e  a n d  t a u r i n e , i n  the 

med i um . C.  m e l o n i s g r ew in f l a s k s  c o n t a i n i n g  t aurocho l a t e  

a s  t he s o l e  s u l p hur s o u r c e  and a l s o  i n  t ho s e  w i t h the t a u r i n e  

s up p l em en t , a l though b o t h  h a d  an  i n c r e a s e d  l ag pha s e  c ompa r e d  

t o  t he c o n t r o l  f l asks . T he r e fo r e , i t  c an b e  c o n c luded t h a t  

t au r o c ho l a t e  w a s  ut i l i s e d  a s  a s o u rc e o f  s u l p hur  by C .  m e l o n i s . 

Th i s  i s  c o n f i rme d by t h e  r e s u l t s  o f· t he t a u r o c ho l a t e  ana lys e s  

( F i gu r e s  5 . 2  a n d  5 . 3 ) .  U t i l i s a t i on o f  t h e t aurocho l a t e  

o c c u r r e d  i n  a l l  t he exp e r im e n t s ,  t o t a l l i n g  1 8 %  o f  the i n i t i a l  

amo u n t  p r e s e n t  when i t  wa s emp l o y e d  a s  t h e  s o l e  s u l phu r 

s ou r c e .  D e s p i t e t h i s ,  howev e r , n o  c ho l i c a c i d , o r  o t he r  

b i l e  a c i d s , w e r e  de t e c t e d b y  t l c  o r  hp l c  ana l y s i s . Thu s , 

t he e x p e r imen t d i d  no t a c h i e v e  i t s  a im .  

5 . 3 . The E f f e c t  o f  L a c t o s e  o n  t h e  A c t i o n o f  C .  me l o n i s  

o n  Taurocho l a t e  

When g l yc o de o x y c ho l i c a c i d  wa s i n cub a t e d  w i t h  C .  me l o n i s  

g ro w n  i n  a f e rm e n t e r  o n  a l a c t o s e - p e p t o ne  med ium , t h e  comp l e t e  

d i s a p p e a r a n c e  o f  b i l e  a c i d  wa s o b s e r v e d  w i t h i n  9 6 h  o f  f e rment -

a t i o n  ( Re fe r  F i gure  4 . 1 8 ) . To a s c e r t a i n  wh e t h e r  a s i m i l a r  

r e s u l t  o c c u r r e d  w i th t au r o c ho l a t e  t h e  c o n j u g a t e  wa s added t o  
- 1  l ac t o s e - p e p t o n e  med ium , a t  a c on c e n t r a t i o n  o f  0 . 5 g l  , and 

a n  e x p e r i men t c onduc t e d  u s i n g  t he c o nd i t i o n s  d e s c r i b e d  in  

S e c t i o n  4 . 4 . 3 .  

The myc e l i a l  d ry we i g h t  a n d  t o t a l  c a rbo hyd ra t e  con c e n t r a t i o n s  

a r e  p l o t t e d  i n  F i gure 5 . 4 .  B e t w e e n  2 0 h and 4 0 h o f  

fe rme n t a t ion , b a s e  wa s a d d e d  t o  c o n t ro l  t h e c u l tur e p l l , 1 n  

c o n t r a s t  t o  t h e  i d e n t i c a l  f e r me n t a t i o n  w i t h g l ycodeo x y c ho l i c 



1 0  

- 8 ..... 
I 
Cl 

� 
-..s:: 
Cl 6 
Qj � 
>. ... 

1j 
4 rU 

Qj 
u 
>. 

� 
2 

H C U RE 5 .  1 

-/' 
/ 

I 
/ 

/ 
I I 

I I 
I I 

I I 
2 

/ 
-- � 

4 6 8 10 12 
Fer mentat ion t i m e  ( d )  

T h e g ro w t h o f  C .  me l o n i s  1 n  s h a k e  f l a s k  

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

a s  a s o l e  s u l p h u r  s o u r c e . M y c e l i a l  d r y 

w e  i g h t s o n : t a u  r o c h o 1 a t c ( 1 . 5 g J - 1 ) , •--• ; 

1 2 7  

- 1 . - 1 t a u r o c h o l a t e  ( l . S g l  ) a n d  t a u r t n e  ( 2 5 . 0 m g l · ) , 
.A- - --6. ; C o n t r o l s  ( b o t h ) , •-- - • . 



Mass 

Tes t :  100 
Contro l :  100 

- 3.0 ... 
I 

0 2 .8  E 
E -
c 2 .6 0 
-
IU ... -
c 
� 2.4 u 
c 
0 
u 

� - 2.2 IU 
0 

..c 
u 
0 

2.0  ... 
:I {! 

r :  f C U RE 5 .  2 

1 2 8 
balance 

88 82 8 2  
84 83 84 

""' 
...... , 

...... 
...... 

' ...... 
...... ..... ......_ _ _  

2 4 6 8 10 1 2  
Fermentat ion t i me ( d )  

T a u r o c ho l a t e c o n c e n t r a t i o n s  1 n  C .  me l o n i s  

c u l t u r e s : w i t h  t a u r o c h o l a t e  a s  s o l e  s u l p h u r  

s o u r c e , e -- • ; c o n t r o l , A- - - A . 
Mass balance 

Test : 1 00 
Control : 100 
;:: 3.0 

I 

0 � 2 .8 
-
c 
0 
- 2.6 
IU ... -
c 
� 
u 
c 2 .4 
0 
u 

� -
IU 
0 2 .2 

..c 
u 
0 ... 
:I "' 1-

r :  [ C U R E  5 .  � 

2 4 

89 
8 7  

6 
F ermentat i o n  t ime 

91  
7 9  

8 
( d ) 

0 

1 0  

9 1  
74 

1 2  

T a u  r o c h o l a t e c o n c c  n t r a t i o n  s 1 n C . nu ' l o n :: .q 

c u l t u r e s : w i t h t a u r o c ho l a t e  :1 n d  t a u r i n e 
3 S  s u l p h u r s o u r c c , 0--0 ; c o n t r o l , A- - - A  . 



1 0  

Bt � 
'< n 
C1) 
-· 
Ill 

' '\ c.. 6 ... 
'< 

� 
C1) -· 
cc 
::r - 4 -
cc 

I ... - 2 � / 

F I GURE 5 . 4  

5 0  -t 
0 -
Ill 

n 
Ill ... 
C"' 
0 
::r 

'< 
c.. ... Ill -

3 0  C1) 
n 
0 ::;, n 
C1) ::;, 4-----4---o.._,� ... -... 

''o-- 20 Ill -
0 ::;, -� 1 0  cc 

I ... -
48 96 144 

Fermentat ion t ime ( h ) 

T h e  m y c e l i a l  d r y w e i g h t  o r  C .  m e l o n i s  a n d  l a c t o s e  
c o n c e n t r a t i o n s  i n  t he p r e s e n c e  o (  O . S g l - l 

t a u r o c ho l a t e  

i n  a fe r m e n t e r . D r y  we i g h t , • � ; t o t a l  c a r b o h y d r a t e  

a s  l a c t o s e , 0---0 . 
,...... 
('...) 
<..::) 



1 3 0  

a c i d  wh e re ac id  wa s a d d e d . C .  m e l o n i s  g r ew t o  a max i mum 

dry we i ght o f  8 g l  - l  7 2 h a f t e r i n o c u l a t i o n . L a c t o s e  w a s  

p r ima r i l y  ut i l i s e d  dur i n g  t he in i t i a l  2 4 h  o f  f e rmen t a t i o n . 

The r e a s on f o r  t he ma r k e d  d i f f e r e n c e  in  g rowth and l ac t o s e  

ut i l i s a t i o n  i n  t h i s  e x p e r iment  c omp a r e d  t o  t h a t  ob s e rv e d  

fo r t he cu l t u r e  c o n t a i n i n g  g l yc o d e o xy c ho l i c a c i d  ( Re f e r  

F i gu r e  4 . 1 8 )  i s  unc l e a r . I t  may b e  r e l a t e d t o  the  p r e s e n c e  

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

The t au rocho l a t e  c on c e n t r a t i o n  i n  t he cu l ture  b ro t h wa s 
- 1  una l t e r e d  a t  1 . 0  mmo l l  t h rougho u t  t he fe rmen t a t i o n  a n d  no 

c ho l i c  a c i d , or  o t he r  b i l e  a c i d s , w e r e  d e t e c t e d . T h e r e fo r e , 

d e s p i t e a f e rm e n t a t i on e n v i ronmen t w h i c h  p romo t e s  t h e  r a p i d  

u t i l i s a t i on o f  g l y c o d e o xy c h o l i c a c i d , t h e  incub a t i o n  o f  

t au r o c ho l a t e  w i t h C .  m e l o n i s unde r t h e  s ame c o nd i t i o n s  

r e s u l t e d  in  n o  hydro l y s i s  o r  ut i l i s a t io n  o f  t he c o n j u g a t e . 

5 . 4 .  e o - f e rm e n t a t i o n  o f  Tau r o c ho l a t e a n d  G l ycod e o x y c ho l i c 

a c i d  

S i n c e  t he c ho l a n o y l  g l y c i n e  hyd ro l a s e  i s  now k nown t o  b e  

c o n s t i t ut i ve and e x t r a c e l l u l a r , i t  wa s s u s p e c t e d  t h a t  t h e  

l a c k  o f  tau r i n e  c o nj ug a t e  hydro l y s i s  may b e  due to  t h e  

sub s t r a t e - s p e c i f i c i ty o f  t h e  ext r a c e l l u l a r  en z yme a c t i v i t y . 

To c o n f i rm th i s , t h e  two t yp e s  o f  b i l e  a c i d c o n j ug a t e  w e r e  

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

c o nc e n t r a t i o n  o f  0 . 5 g l - 1  App ro p r i a t e  c on t r o l s , i n c l ud i n g  

t ho s e c onta i n i n g  s o l e l y  g l y c o d e o x yc ho l i c a c i d a t  c o nc e n t r a t i o n s  
- 1  - 1  o f  0 . 5 g l  and 1 . 0 g l  , w e r e  run f o r  compa r i s o n . 

The b ro t h  pH , m y c e l i a l  d r y  we i g h t  a n d  t o t a l  c a r bohyd r a t e  

c o n c e n t r a t i o n s  o f  c u l t u r e s  c on t a i n i n g  b o t h  c o n j ug a t e s  w e r e  

n o t  s i gn i f i c a n t l y  d i f f e r e n t  t o  t h o s e  o f  t h e  c o n t ro l c o n t a i n i ng  

0 . 5 g l  - l g l yc o d e o xycho l i c  a c i d  ( Re f e r  F i g u r e  4 . 1 ) .  

The b i l e  ac id  da t a  from t h e  e o - f e rm e n t a t i o n expe r i ment  a r e  

de p i c t e d  1 n  F i gu r e  5 . 5 .  Tho s e  o f  t he c o n t r o l s  co n t a i n t n g  

0 . 5 g l  -
l

a n d l . O g l - l  
g l yc o d e o x ycho l i c ac i d  have b e en p r e s e n t e d  

i n  F t g u r c s  4 . 2  a n d  4 . 5 r e s p e c t i v e l y .  D e o x ycho l i c a c i d  
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wa s t h e  s o l e  p r o du c t  d e t e c t ed by  t l c and h p l c  ana l y s i s . 

The r e fo r e , t he t au r o c h o l a t e  was  no t hyd r o l ys e d  by  C .  me Z o n i s 

a s  j ud g e d  b y  t h e  ab s e n c e  o f  c ho l i c  a c i d , d e s p i t e  a c t i ve 

hyd r o l y s i s  o f  g l yc o d e o xycho l i c a c i d  b y  t he c u l t u r e . Howev e r , 

a l o s s  o f  2 4 %  o f  t h e  t aur i ne co n j u g a t e  f r o m  t he cu l t u r e s 

wa s o b s e rv e d , m a i n l y  dur ing myc e l i a l  g ro w t h .  

The p r e s e n c e  o f  s o d ium t au r o c ho l a t e  i n  t h e  c u l t u r e s  app e a r e d  

t o  h a v e  n o  e f f e c t  o n  t h e  hydro l y s i s  o f  g l yc o d e oxycho l i c 

a c i d  o r  o n  t h e  e x t e n t  o f  t h e  l o s s  o f  non - t au r i n e  c o n j uga t e d  

b i l e  a c i d s  w h e n  c omp a r e d  t o  t h e  0 . 5 g l
- l  

g l yc o d e o xy c ho l i c 

a c i d  c on t r o l  ( C omp a r e  F i gur e s  4 . 2  and 5 . 5 ) . Thu s , 

d e o x y c h o l i c a c i d  y i e l d s  w e r e  1 8 %  and 2 2 %  r e s p e c t i v e l y  and 

the l o s s  o f  b i l e  a c i d  c omp r i s e d  8 2 %  and 7 8 %  r e s p e c t i v e l y . 

The hydro l y s i s  o f  t he g l yc o d e o x y c h o l i c a c i d  a l s o  fo l l ow e d  a 

s im i l a r t im e  c o u r s e  i n  t h e  eo - f e rm en t a t i o n  and c on t ro l  

c u l t u r e s . H e n c e  i t  a p p e a r s  t h a t t h e  t au r o c h o l a t e  i s  no t 

a s ub s t r a t e  fo r t h e  e x t r ac e l l u l a r  hydro l a s e  o f  C .  me l o n i s 

and do e s  n o t  i n h i b i t  i t s  a c t i on o n  g ly c o d e o x y c ho l i c a c i d . 

5 . 5 .  The  U t i l i s a t i on o f  Var i o u s  Am i no a c i d s  a s  S6l e 

N i t r o g e n Sourc e s  by C .  m e l o n i s  

The hyd ro l y s i s  o f  g l y c o c ho l i c a c i d , b u t  n o t  t au r o c ho l a t e , 

by  C .  m e Z o n i s  s t rong l y  sug g e s t e d t ha t  t h e  s t ruc t u r e  o f  t h e  

a m 1 n o  a c i d  mo i e t y  o f  t h e  b i l e  c o nj u g a t e  w a s  a n  imp o r t an t  

fac t o r  i n  t h e  r e ac t i o n . I t  i s  po s s i b l e  t ha t  t he ab i l i t y  

o f  C .  m e Z o n i s  t o  hydro l y s e  b i l e  a c i d  c o n j u g a t e s  i s  r e l a t e d 

t o  i t s  ab i l i t y  t o  u t i l i s e t h e  am i n o  ac i d  mo i e t y  a s  a 

n i t r o g e n  s ou r c e  and t h a t t h e  fun g u s  c an n o t  u t i l i s e  t aur i n e . 

The  few  fun g i t e s t ed i n  t h i s  r e s p e c t  h a v e  n o t  b e e n  ab l e  t o  

u t i l i s e  t au r i n e  a s  t h e i r  s o l e  c a rb o n  o r  n i t r o g e n  s ou r c e  

( B r a un a n d  F r om a g e o t , 1 9 6 2 ) . C o n s eque n t l y , i t  wa s d e c i d e d  

t o  s t udy t he s t ru c t u ra l r e q u i reme n t s fo r t h e  u s e  o f  t h e  a m i n o  

a c i d  mo i e t y  a s  a n i t r o g e n  s ourc e b y  t he f u n g u s  and t he 

s t ru c t u r a l s p e c i fi c i t y  o f  t h e  hyd r o l a s e ( s )  w i t h  r e s p e c t  t o  

t h e  am i no a c i d  mo i e t y  o f  t he c on j ug a t e . The f i r s t  wa s 

unde r t a k e n  b y  t e s t i n g t h e  ab i l i t y o f  C .  m e Z o n i s  t o  u t i l i s e  

g l yc i ne , t a u r i n e , and s ome a m i n o  a c i d  ana l o gu e s  o f  t he s e  

two , a s  s o l e  n i t r ogen s ou rc e s . 



Thus , g l yc i n e , t au r i ne , a - a l an i n e , 8 - a l an i ne a n d  

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

o f  n i t r o g e n  fo r t h e  grow t h  o f  C .  m e l o n i s  1 n  s h a k e  f l a s k  

c u l t u r e s ,  u s i n g  b a c t e r i o l o g i c a l  p e p t o n e  fo r c omp a r i s o n . 

G luco s e - p e p t o n e  m e d ium was  u s e d  w i t h  t h e  am ino a c i d s  

s ub s t i t u t e d fo r t he pep t o n e  a t  a c onc e n t r a t i o n  c a l c u l a t e d  

1 3 3  

t o  p ro v i de 0 . 5 6 g  o f  n i t r o g en p e r  l i t r e  o f  med i um . A c o n t r o l  

c on t a i n i n g  n o  n i t r o g en wa s r un . 

A s  myc e l i a l  dry  w e i g h t  w a s  u s ed a s  t h e  c r i t e r i o n  o f  t he 

u t i l i s a t i on o f  t h e  amino a c i d s , t h e  i no c u l at i o n  p r o c e du r e  

w a s  a l t e r e d t o  e n s u r e  a u n i form i n o cu l um .  Thus , t wo , 

e i ght - d a y  p o t a t o  d e x t ro s e  a g a r  p l a t e  c u l tu r e s  o f  C .  m e l o n i s , 

g rown a t  3 0 ° C ,  w e r e  wa s hed  w i t h  s t e r i l e , d i s t i l l e d wa t e r  

a nd t he r e s u l t i n g  s p o r e  s u s p e n s i o n s  w e r e  c omb i n e d  a n d  u s e d  

t o  i n o c u l at e  e a c h  f l a s k  a f t e r  t ho r o u g h  m i x ing . 

The d r y  w e i g h t  d a t a  are  p r e s e n t e d  i n  F i g ure 5 . 6 .  The c o n t ro l 

w i t ho u t  a d d e d  n i t r o g e n  r e a c he d  a dry w e i g h t  o f  0 . 2 g l
- l  

a f t e r  

1 2  days . Th e r e fo r e , i t  i s  e v i de n t  t h a t  C .  m e l o n i s  c an 

u t i l i s e  a l l  t he am i n o  ac i d s  a s  i t s  s o l e  n i t ro g e n  s o u r c e  w i t h  

t he e x c e p t i o n  o f  t a u r i ne , w h i c h  gave a dry we i g h t  o f  o n l y  
- 1  

0 . 7 g l  

T e s t i n g  fo r t h e  m i c r ob i a l  u t i l i s a t i o n  o f  a compound a s  a 

s o l e  n i t ro g e n  s o u rc e , us i n g  t h e  c r i t e r i on o f  g rowt h , ha s 

o ft e n  l e d  t o  i nv a l i d  c o n c l u s i o n s  due t o  t h e  pH i n h i b i t i o n  o f  

g rowth r e s u l t i n g  f r o m  the  u s e  o f  t h e  c o mpound ( Pa t eman and 

K ingho r n , 1 9 7 6 ) . Howeve r , o n l y  i n  t he c a s e  o f  a - a m i n ome t hane -

s u l pho n i c  a c i d  may  g r owt h h ave b e c om e  p H  inh i b i t e d  due t o  

t he u t i l i s a t i o n  o f  t he am i n o  a c i d . A l l o t he r c u l t u r e s  w e r e  

o f  p H  v a l u e s  c o nduc i v e  t o  f un g a l g r ow t h . 

The fun g a l dry  w e i g h t  ob t a i n e d  from t he c a rboxy l i c am ino 

a c i d s  w e r e  s im i l a r  to  that  o f  t h e  p e p t o n e  co n t r o l , a l t hough 

t he re w a s a n  i n e xp l i c a b l e  l ag of  5 d a y s  pr i o r  to  sub s eq u e n t  

r a p i d  g ro w t h  w i t h  a - a l a n i n e . Howeve r ,  t he ut i l i s a t i o n  o f  

a - am i nome t ha n e s u l pho n i c ac i d  r e s u l t e d i n  a s i g n i f i c a n t l y  

l owe r p r o duc t i o n  o f  dry we i g ht . The r e s u l t s  f rom the  

u t i l i s a t i on o f  the  c a rbox y l i c  am i n o a c i d s by C .  m e l o n i s  a g r e e  
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T h e  e r o w t h  o f  C .  me l o n i s o n  v a r i o u s  a m 1 n o 

a c i d s p r o v i d e d  a s  
P e p t o n e , 0 0 ; 

s o l e  n i t r o � e n  s o u r c e s . 

D l y c i n e 0 - - - D ·  0 , ' 

a - a l a n i n e , A.-A. B - a l a n i n c , + -- -+ ; 
a. - a m i n o m e t ha n e - s u l p h o n i c  a c i d ,  "V--"\1 ;  

t a u r i n e , • - - -• .  
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w i t h t h o s e  ob t a i n e d  b y  wo rke r s  t e s t i n g  t hem w i t h  o t he r  

Ce rc o s p o ra s p e c i e s  ( Daya l a n d  Ram , 1 9 6 8 ; B e r g e r , 1 9 6 3 ; 

S t av e l y  a nd N i mmo , 1 9 6 8 ) . T hu s , whe r e a s  C .  me Z o n i s  c an 

u t i l i s e  t he amino  a c i d  p roduc t from t h e  hydro l y s i s  o f  g l y c i n e  

c o n j u g a t e s , t aur i n e  c anno t b e  s o  u s e d . 

5 . 6 .  T h e  I n f l u e n c e o f  t h e  Am ino a c i d  Mo i e t y  o n  B i l e  

C o n j ug a t e  H y d r o l y s i s  

C .  m e Z o n i s h a s  b e e n  d emo n s t ra t e d  t o  u t i l i s e  va r 1 ou s  am i n o  

a c i d s  a s  s o l e  n i t ro g e n  s ourc e ,  exce p t i n g  t au r i n e . The r e fo r e , 

i t s  ab i l i t y t o  hyd r o l ys e  t h e  b i l e a c i d  c on j uga t e s  o f  t he s e  

a m i n o  a c i d s  wa s s tu d i e d  t o  de t e rm i n e  t he i n f luence  o f  t he 

s t ruc t u r e  o f  t he am i n o  a c i d  mo i e t y  o n  c o n j u g a t e  hydro l y s i s  

b y  who l e - c e l l  cu l t u r e s  o f  t he fun gus . 

H e nc e ,  t h e  e f fe c t s  o f  two c omp o n en t s  o f  t h e  t a u r ine  s t r u c t u r e , 

name l y  t h e  s u l p ho n i c  a c i d g roup and t h e  S - p o s i t i on o f  t he 

a m i n e  g r oup , we r e  i n v e s t i g a t e d  s ep a r a t e l y  b y  t h e  u s e  o f  

s t ru c t ur a l  a na l o gue s o f  s o d ium t au r o d e oxycho l a t e  and g l y c o -

d e o xyc ho l i c ac i d .  I n  add i t i o n , t he a b i l i t y  o f  C .  me Z o n i s  

t o  hyd r o l y s e  t h e  a - a l an i ne  c o n j ug a t e  w a s  s tud i e d  t o  fur t h e r  

de t e r m i n e  t he s p e c i f i c i t y  o f  t he hydr o l a s e . 

E x p e r i m e n t s  w e r e  p e r fo rme d i n  s hake f l a s k  u s i n g  g l uc o s e 

p e p t o n e  m e d i um c o n t a i n i n g  0 . 5 g l - l 
o f  t h e  appr o p r i a t e  b i l e ac i d  

c onj ug a t e . The b i l e  c o n j u g a t e s  t e s t e d w e r e  s o d ium t a u r o -

d e oxyc ho l at e , s o d i um N - ( a - am i nome t han e s u l phony l ) - d eoxyc h o l a t e , 

g l yc o d e o x y c ho l i c a c i d , N - ( a - a l an o ) - d e o xy c ho l i c ac i d  and 

N - ( S - a l an o ) - deoxyc h o l i c a c i d .  

The g r o w t h o f  C .  m e Z o n i s  1 n  c u l t u r e s  c o n t a i n i n g  e a c h  c o n j u g a t e  

wa s g e ne r a l l y s im i l a r . I n  t he p r e s e n c e  o f  c a r b o xy l i c  a c i d  

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

g l y c o d e o x y c ho l i c a c i d  ( Re fe r  F i g u r e  4 . 1 ) .  Howe v e r , cu l t u r e s  

c o n t a i n i n g  s u l p ho n i c  a c i d  c o n j ug a t e s  r e a c hed t h e i r  ma xi mum 

d r y  we i gh t  ea 3 d a y s  l a t e r . The c u l t u r e  pH va lue s  ex h i b i t ed  

s im i l a r  t r e nds  t o  t h a t  of  cu l t u r e s  c o n t a i n ing g l yc o deoxycho l i c 

a c i d  ( Re fe r  F i gu r e  4 . 1 ) .  
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The b i l e a c i d  d a t a  fo r c u l t u r e s  c o n t a i n i n g  N - ( a - a l ano ) 

deoxycho l i c a c i d , N - ( B - a l an o ) - de o xy c h o l i c a c i d , s o d i um 

N - ( a - am i nome t h a n e s u l ph o ny l ) � deoxyc h o l a t e  and s o d ium t au r o 

deoxyc ho l a t e  a r e  d e p i c t e d  i n  F i gur e s  5 . 7  t o  5 . 1 0 r e s p e c t i ve l y . 

The hydr o l y s i s  o f  g l yc o de o x y c ho l i c  a c i d  p a ra l l e l ed t h e  d a t a  

p o r t r a ye d  in  F i g u r e  4 . 2 .  Hydr o l y s i s , a s  d e t e rm i ned  b y  t h e  

app e a r a n c e  o f  d e o x y c ho l i c a c i d , o c c ur r e d fo r N - ( a - a l an o ) 

deoxyc ho l i c a c i d  a n d  g l yc o d e oxycho l i c ac i d  on l y . The 

authen t i c i t y  o f  t h e  d e o xycho l i c ac i d  p r oduced by the h y d r o l y s i s  

S o d ium of  t he fo rme r w a s c o n f i rme d b y  t l c  a n d  hp l c  ana l y s i s . 

N - ( a - am i n ome t ha n e s u l phony l ) - deoxy c h o l a t e , s o d i u m  taur o 

deoxyc ho l a t e  a n d  N - ( B - a l an o ) - deo xyc ho l i c a c i d  w e re n o t  

hydro l ys e d , a l t ho u gh s ome l o s s e s  o c c u r r e d . Thu s , b o t h  t he 

sul phon i c  a c i d  g r oup a n d  the  B - am i n e  s t ruc ture  app e a r  t o  

c o n t r i bu t e  t o  t he r e s i s t an c e  o f  t a u r i n e  c on j uga t e s  t o  h y d r o l y s i s  

b y  who l e - c e l l  c u l t u r e s  o f  C .  me l o n i s .  

The hyd r o l y s i s  o f  N - ( a - a l an o ) - de o x y c ho l i c a c i d w a s  s i g n i f i c an t l y  

d i f fe r e n t  t o  t h a t  o f  g l y c o d e oxycho l i c a c i d . A S O %  y i e l d  

o f  d e o x y c ho l i c a c i d  w a s  ob s e rved  w i t h i n  5 days o f  ino cu l a t i o n  

a n d  no c onj ug a t e  r ema i n e d  a ft e r  8 d a y s . Th i s  c o nt ra s t s  w i t h  

the hydr o l y s i s  o f  g l yc o deoxycho l i c  a c i d , whe re  t he max i mum 

y i e l d  o f  deoxyc ho l i c a c i d  wa s o n l y  2 2 % , none a c c umu l a t i n g  

b e fo r e  4 - 5  day s o f  fermen t a t i o n , a n d  c onj u g a t e  r ema i n e d  u n t i l  

e a  1 1  d a y s  ( Re f e r  F i g u r e  4 . 2 ) .  C o n s equent ly , N - (a - a l a n o ) 

deoxyc ho l i c ac i d  a pp e a r s  t o  b e  a s up e r i o r  s ub s t r a t e  f o r  

hydro l ys i s . 

Lo s s e s  o f  b i l e  a c i d  f r o m  t h e  ferme n t a t i on w e r e  o b s e r v e d  f o r 

a l l  c o n j u g a t e s . T h e  l o s s  p ro f i l e  f r om c u l tur e s  c o n t a i n i n g  

N - ( a - a l an o ) - d e o x y c ho l i c  a c i d  wa s p a r t i c u l a r l y  unusua l , 7 4 % 

o f  t h e  l o s s  o c c u r r i n g  o v e r  t he 5 - 8 d a y  p e r i o d  o f  ferment a t i o n . 

C l ea r l y , th i s  l o s s  i s  n o t  g r owth r e l a t ed . However , t h e  

e x t e n t  o f  t o t a l  b i l e  a c i d  l o s s  was s im i l a r  t o  t ha t  o f  c u l t u r e s  

c o n t a i n i n g g l yc o d e o x y c h o l i c a c i d , b e i n g  6 4 %  a n d  7 8 %  r e s p e c t i ve l y . 

The r e s u l t s demo n s t r a t e  t h a t  the b i l e ac i d  c o n j ugat e s  hyd ro l y s e d  

b y  C .  m e l o n i s s u f f e r e d h i ghe r l o s s e s  than r e c a l c i t r a n t  

conj u g a t e s . 
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Lo s s  o f  t h e  r e c a l c i t r a n t  c o n j u g a t e s  w a s  g rowt h - r e l a t e d , a n d  

t h e  na ture  o f  t he am i n o  a c i d  mo i e t y was  impo r t an t  i n  d e t e rm i n i n g  

t he i r  vu l n e r a b i l i t y . Thu s , l o s s  o f  t he c arboxy l i c  a c i d  

c o n j u g a t e , N - ( S - a l an o ) - d e o xyc ho l i c a c i d , t o t a l l e d e a  4 0 %  

c o mp a r e d  t o  e a  2 2 %  f o r  t h e  two s u l pho n i c  a c i d  c o n j uga t e s . 

The b in d i n g  s t udy de s c r i b e d  i n  S e c t i o n  4 . 3 . 1 . p r e d i c t s  t ha t  

g l yc o d e o xy c h o l i c a c i d  w i l l  b e  b o u n d  b y  myc e l i um t o  t h e  e x t e n t  

o f  e a  3 0 %  i n  c u l t ur e s  o f  1 0 g l - 1  d r y  we i g h t  and c o n t a i n i n g  

0 . 5 g l  -
1 

c o n j u g a t e . The r e fo r e , t h e  l o s s e s  ob s e rv e d  i n  c u l tu r e s  

c on t a i n ing N - ( B - a l an o ) - de o xycho l i c a c i d  w e r e  p robab l y  du e 

t o  t h i s  f a c t o r .  Howev e r , the b i nd i n g  d a t a  s howed t h a t  

t au r o c ho l a t e  w a s ne g l i g ib l y  b ound . A p o s s ib l e  exp l an a t i o n  

fo r t he l o s s  o f  t he s u l p hon i c  a c i d  c onj u g a t e s  may b e  t h a t  

l im i t e d  hyd r o l y s i s  o c c u r s  b u t  t ha t  t he f r e e  b i l e a c i d  p ro du c t  

i s  l o s t  e i t h e r  b y  b i nd i n g  t o  t h e  myc e l i um o r  b y  b e i n g  r ap i d l y  

d e g r a d e d . 

5 . 7 .  En z yme  L o c a t i on S t ud i e s  

C e l l - f r e e s y s t e m s  o f  c .  me l o n i s w e r e  emp l o yed t o  inve s t i g a t e  

t he hyp o the s i s  t ha t  t he r e s i s t a n c e  o f  t h e  t a u r i n e  c o n j u g a t e s  

may , i n  p a r t , b e  due t o  t he i r  l ac k  o f  t r a n s p o r t  i n t o  t he 

c e l l , where  a n  i n t r a c e l l u l a r , c ho l anoy l t au r i ne hyd r o l a s e  

may b e  l o c a t e d  . .  

The f o l l ow i n g  b i l e a c i d  c o n j ug a t e s  we r e  t e s t ed u s i n g  b o t h  

a c e l l - fr e e  e x t r a c t  and a c e l l - f r e e  c u l t u r e  f i l t ra t e : 

N - ( a - a l ano ) - de oxycho l i c a c i d ,  N - ( B - a l an o ) - deoxycho l i c a c i d ,  

s o d i um N - ( a - am i nome t ha n e s u l phony l ) - de o xycho l a t e , s o d i um 

t au r o de o xycho l a t e  and s od i um t au r o c ho l a t e . Dup l i c a t e  

expe r imen t s  w e r e  run . 

The r e s u l t s  a r e  s umma r i s e d in  Tab l e  5 . 1  and , i n  add i t i o n , 

t ho s e  o f  t h e  g l yc i n e c o n j ug a t e s  f r om Se c t i o n  4 . 2 . 4 .  a r e  

i nc l u d e d  f o r  c omp a r i s on .  N o  hyd r o l y s i s  wa s d e t e c t e d  i n  

c o n t r o l s  run w i t ho u t  fu nga l c e l l  ma t e r i a l . 

The i de n t i f i c a t i on o f  d e o xycho l i c a c i d  in  t h e c e l l - f r e e  



Tab l e  5 . 1  

The hyd r o l y s i s  o f  b i l e ac i d  c o n j ug a t e s  b y  

c e l l - fr e e  s y s tems o f  C .  m e Z o n i s  

1 4 1  

B i l e  a c id  I n t r a c e l l u l a r  a c t iv i t y 
P r o du c t  

E x t r ace l l u l a r a c t i v i t y  
P r o du c t  

CA D C  O t he r s  CA 

G D  + + 

G C  + + + + 

a - AD + + 

8 - AD 

Na a - AMSD + + 

N a T D  + + 

NaTC + + + 

No t a t i o n : + t h e  p ro duc t wa s de t e c t e d ; 

t he p r o duc t w a s  n o t  d e t e c t ed . 

e x t ra c t  incub a t i o n s  o f  s o d i um N - ( a - a m i nome t han e s u l p ho ny l ) 

d e o x y c h o l a t e  a n d  s o d ium t a u rodeoxycho l a t e  and , l i kew i s e , o f  

c ho l i c a c i d  f r o m  s od ium t au r o c ho l a t e , r e p r e s e n t  e v i d e n c e  

t h a t  C .  me Z o n i s  po s s e s s e s  c o ns t i t u t i v e  c ho l an o y l  tau r i n e 

hyd ro l a s e  ac t i v i t y . I n  c o n t r a s t t o  t h e  c ho l anoyl  g l yc i n e 

hyd r o l a s e  ac t i v i t y , t h e  c h o l anoy l t a ur i n e  hyd r o l a s e  i s ' 

i n t r a c e l l u l a r  o n l y . Howe v e r , t h e  p r oduc t y i e l d s from s u c h  

ac t i v i t y  we r e  i n s u f f i c i e n t  to  p e rm i t  quan t i t a t i o n  b y  hp l c  

ana l y s i s  o r  i d e n t i f i c a t i o n  b y  i s o l a t i o n  a n d  c h em i c a l 

c ha r a c t e r i s a t i on .  

Wi th r e ga r d t o  t h e  c a rb o x y l i c ac i d  c o n j u g a t e s , N - ( 8 - a l a n o ) 

d e o x y c h o l i c a c i d  wa s n o t  hydr o l y s e d  e i t h e r  i n t r ac e l l u l a r l y  

DC  

+ 

+ 



o r  e x t r a c e l l u l a r l y .  Th i s  app e a r s  t o  b e  an unusua l r e s u l t , 

s i n c e  8 - a l an ine  i s  t h e  c a rb o xy l i c  a c i d  a n a l ogue  o f  t aur i n e . 

The r e a s o n fo r s uc h  a d i s c r epancy i s  n o t  c l e a r . 
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Whe t h e r  t h e  o n e  i n t r a c e l l u l a r  enzyme c a t a l y s e s  t h e  hyd r o l y s i s  

o f  b o t h  t h e  s u l p ho n i c  a c i d  and the  a - am i noc arb o xy l i c  a c i d  

c onj u ga t e s  c anno t b e  de t e rm ined from t h e  a va i l ab l e  d a t a . 

Howe v e r , t he s p e c i f i c i ty o f  t he e x t r a c e l l u l a r e n z yme a c t i v i t y 

for  t he g l yc in e  an d a - a l an ine  conj u g a t e s  i nd i c a t e s  t h a t  t h e r e  

e x i s t  a t  l e a s t  t w o , d i s c r e t e  hyd ro l a s e s  i n  C .  m e l o n i s . Thus , 

t he d a t a  s t r on g l y  s u g g e s t  t h a t  two f a c t o r s  a r e  r e sp o n s i b l e  

fo r t h e  r e s i s t an c e  o f  t aur i n e  conj u ga t e s  t o  hyd r o l y s i s  i n  

who l e - c e l l  c u l t u r e s  o f  C .  m e l o n i s . F i r s t , t h e  imp e rmeab i l i ty 

o f  t h e  c e l l  memb r a n e  t o  t he s e  conj u ga t e s  and , s e c ond l y , t h e  

inab i l i t y o f  t h e  e x t r a c e l l u l a r  hyd ro l a s e  t o  a c t  o n  t hem . 

As  w i t h g l yc o d e o x y c ho l i c a c i d , N - ( a - a l ano ) - de oxycho l i c a c i d 

wa s hyd r o l y s e d  i n  b o t h  t h e  c e l l - fr e e  e x t r a c t  and the c e l l 

f r e e  f i l t r a t e  i n c u b a t i o n s . Howeve r ,  s up e r i o r  deoxycho l i c 

a c i d  y i e l d s , 1 4 %  i n  the  c e l l - free e x t r a c t  and 5 %  in t h e  c e l l 

f r e e  f i l t r a t e , w e r e  ob t a i n e d  in c on t r a s t  t o  t ho s e  from t h e  

g l yc i n e  c o nj u ga t e , wh i c h  w e r e  too  l o w  t o  b e  q u a n t i t a t e d . 

Th i s  c o n f i rms t ha t  t h e  me t hy l  s i d e c h a i n  o f  t h e  a - a l an i n e  

mo i e t y a p p e a r s  t o  enhance hydro l y s i s  c omp a r e d  t o  t h e  g l yc ine  

c on j u g a t e . Fu r t h e rmo r e , i t  demon s t r a t e s  t h a t  an  a - am i no -

c ar b o xy l i c  a c i d  s t ruc ture  f o r  the  am i n o  ac i d  mo i e t y i s  

imp o r t an t  fo r c o n j u g a t e  hyd r o lys i s  b y  t h e  e x t r ac e l l u l a r  

hyd r o l a s e  o f  C .  m e l o n i s . 

The p r o du c t i o n  o f  d e o xycho l i c ac i d  f r om t a ur o c ho l a t e  imp l i e s  

t he p r e s e n c e  o f  c o n s t i tut i v e  7a - hyd r o xycho l an o y l - de hyd r o xy l a s e  

a c t i v i t y  i n  t h e  c rude c e l l - fr e e  ex t r a c t . P r e v i ous exp e r ime n t s 

i nd i c a t e d a s i m i l a r  a c t i v i ty  on g l yc o c ho l i c a c i d  by c rude 

c e l l - f r e e  e x t r a c t s  of  C.  m e l o n i s . 

5 . 8 .  T he E f fe c t  o f  Cyc l o h e x im i d e  

T h e  i n c ub a t i o n  o f  s u l p ho n i c  ac i d  c o n j ug a t e s  w i t h C .  me l o n i s , 

i n  s ha k e  f l a s k s , r e s u l t e d in l o s s e s  o f  b i l e  a c i d  o f  e a  1 0 - 2 0 %  
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du r i n g  myc e l i a l  g r o w t h  w i t h o u t  t he c o n c o m i t ant  o b s e rva t i o n  o f  

f r e e  b i l e  a c id  a s  t h e  p ro du c t  o f  hydr o l y s i s  ( F i gu r e s  5 . 9  a n d  

5 . 1 0 ) . Chong e t  a l  ( 1 9 8 0 ) o b s e rved  s i m i l a r  l o s s e s  o f  b i l e  

a c i d , w i t ho u t  the  app e a r a n c e  o f  c ho l i c a c i d , dur i n g  t h e  

i n c u b a t i o n  o f  s o d i um t au r o c ho l a t e  w i t h  o t h e r  fun g i .  B i n d i ng 

b y  t h e  m yc e l ium c a n  b e  d i s r e g a r d e d  a s  a fac t or i n  such l o s s  

s i n c e  b in d i n g  exp e r iment s  h a v e  demo n s t ra t e d  t ha t  sod ium 

t au r o cho l a t e  i s  bound  b y  fun g a l  myc e l i um t o  a neg l i g i b l e  

e x t en t , a r e s u l t  f o r  wh i c h  t h e  s u l p ho n i c  a c i d  func t i o n  a p p e a r s  

p r i mar i l y  r e sp o n s i b l e . 

The r e fo r e , a s  C .  m e l o n i s p o s s e s s e s  a c o n s t i t ut i ve , i n t r a c e l l u l a r  

c ho l ano y l  t au r i ne hyd ro l a s e , a p o s s i b l e  exp l ana t i o n  may b e  

t ha t  t a u r i n e  c o n j u g a t e s  p e n e t r a t e  t he c e l l  t o  a l im i t e d  e x t e n t  

a n d  hyd r o l y s i s  t he n  o c c ur s . Howeve r ,  s u c h  hyd r o l y s i s  i s  n o t  

d e t e c t e d b e cause  t he f r e e  b i l e  a c i d  p r o duc t i s  rap i d l y  

me t abo l i s e d  b y  d e g r a da t i v e  e n z yme s , who s e  p r e s e n c e  wa s 

imp l i c a t e d i n  t he p r e v i o u s  c ha p t e r . 

As s um i n g  t ha t  t he s e  d e g r ad a t i v e  e n z y m e s  a r e  induc i b l e , 

c y c l o he x im i de wa s emp l o y e d  t o  t e s t  t h i s  hyp o t h e s i s  by 

r e p r e s s i ng the e n z ym e s  and t h u s  a l l ow i n g  free b i l e  ac i d  t o  

a c c umu l a t e . I t  w a s  a l s o  e n v i s a g e d t ha t  t he ant i b i o t i c  m i g h t  

i n c r e a s e  t he p e rm e ab i l i t y o f  t h e  c e l l  t o  t h e  t aurocho l a t e  

a n d  s o  e nhance i t s  hydr o l y s i s  by t he i n t r ac e l l u l a r  c ho l a n o y l  

t au r i ne hydro l a s e . 

C .  m e l o n i s  wa s g r o wn i n  s ha k e  f l a s k  i n  g l uco s e - p e p t o n e  m e d ium . 

A f t e r  7 days i n c ub a t i on , a s t e r i l e - f i l t e red , aqueou s s o l u t i o n  

o f  c y c l o he x im i de w a s  a s e p t i c a l l y a d d e d  t o  a f i n a l  c o n c e n t r a t i o n  

o f  2 5 0  � gm l - l  A s t e r i l e - f i l t e r e d , aqueous  s o l u t i o n  o f  

s o d ium t au r o cho l a t e  wa s t h e n  a s ep t i c a l l y added 2 . S h l a t e r  

t o  a f i na l c o n c e n t r a t i o n  o f  0 . 5 g l - l  Con t r o l s  w e r e  run 

om i t t i n g  t he add i t i on o f  c y c l ohex i m i d e . 

The  a d d i t i o n  o f  c yc l oh e x i m i de t o  t he c u l t u r e s  had an  i d e n t i c a l  

e f fe c t  o n  myc e l i a l  d r y  w e i g h t  and c u l t u r e  p H  t o  tha t  o b s e r ve d  

fo r c yc l o he x i m i de - t r e a t ed c u l tur e s  i n  S e c t i o n  4 . 2 . 5  ( Re fe r  

F i gu r e  4 . 9 ) .  The  b i l e  a c i d  da t a  a r e  p r e s e n t e d  i n  F i g u r e  5 . 1 1 . 
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The e f fec t o f  c y c l o hex i m i d e  on 

t he hyd ro l ys i s  o f  O . S g l  
- 1  

t a urocho l a t e b y  C .  m e l o n i s  g r own 

i n  g l u c o s e -pep t o n e  med i um . Cyc l o -� 
hex i m i d e - t r e a t e d  c u l t u r e s  ( A ) :  
t auroc ho l a t e , 0---0 ;  c ho l i c 

a c id , �.-------� ; c o n t ro l  w i t hout  
* 

c yc l o he x im ide ( B  ) ; tau r o c ho l a t e , 

• - - - • ; c ho l i c a c id , + . 
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I n  t he p r e s e nc e o f  c yc l o hex i m i de , a 7 %  y i e l d o f  c ho l ic a c i d  

wa s o b s e rv e d  3 d a y s  a f t e r  t he add i t i o n  o f  s o d i um t au r o c h o l a t e . 

T he c ho l i c a c i d  w a s  c ha r a c t e r i s e d by i t s  i d e n t i c a l  beha v i ou r  

t o  a u t h e n t i c c ho l i c a c i d  o n  t l c  and hp l c . No  o t he r  b i l e  a c i d  

p r o du c t s  w e r e  de t ec t e d . No c ho l i c  a c i d  o r  o t h e r  b i l e  a c i d  

p ro duc t s  w e r e  o b s e rv e d  i n  t h e  a b s e n c e  o f  cyc l o h e x im i d e , 

a l t ho u g h  a l o s s  o f  1 9 %  o f  t h e  s o d ium t au r o c ho l a t e  had o c c u r r e d  

a f t e r  3 d a y s  c omp a r e d  t o  a 1 2 %  l o s s  b y  t h e  s ame t ime i n  t he 

c y c l o h e x i m i d e - t r e a t e d c u l tu r e s . 

Thus , t he d a t a  p r ov i d e  t h e  f i r s t  i n s t a n c e  o f  t h e  hydro l y s i s  

o f  t au ro c ho l at e  b y  who l e  c e l l s  o f  C .  m e l o n i s  and c on f i rm t he 

d i s c o v e r y  o f  c o n s t i t u t ive  c ho l anoyl  t a u r i n e  hyd r o l a s e  

a c t i v i t y i n  C .  m e l o n i s . Fu r thermo r e , t h e  d a t a  s t rong l y  

s u g g e s t  t ha t  t he r e a s o n f o r  t h e  app a r e n t  l ac k  o f  hydro l y s i s  

o f  t aur i n e  c onj uga t e s , a s  j ud g e d  by t h e  a c cumu l a t i o n  o f  f r e e  

b i l e  a c i d  p roduc t , i s  t he r a p i d  de g r a d a t i o n  o f  s u c h  p r o du c t 

b y  i nduc i b l e  e n z yme s .  

5 . 9 . D i s c u s s i o n  

T h e  r e s u l t s  from t h e  u s e  o f  t h e  ce l l - f r e e  sys t em s  and cu l t u r e s  

t r e a t e d w i t h  cyc l o h e x i m i de demon s t ra t e  t ha t  C .  m e l o n i s  

p o s s e s s e s  a c on s t i tu t i v e  c ho l an o y l  t au r i n e  hyd r o l a s e  c ap a b l e  

o f  c a t a l y s i n g  t h e  hyd r o l y s i s  o f  b o t h  o f  t h e  p r ima ry t au r i n e  

c o n j u g a t e s  o f  c a t t l e  a n d  s h e e p  g a l l .  Howev e r , t he o b s e r v e d  

r e s i s t a n c e  o f  t h e  t a u r i n e  c on j u g a t e s  i n  who l e - ce l l  c u l t u r e s ,  

a s  j ud g e d  b y  t h e  a b s e n c e  o f  f r e e  b i l e  a c i d  p ro duc t ,  app e a r s  t o  

b e  due t o  t h e  i n t rac e l l u l a r l o c a t i o n  o f  t h i s  e n z yme , a c t i n g  

i n  c omb i n a t i o n  w i t h  t w o  o t he r  fa c t o r s . The s e  a r e  t he 

p e rm e a b i l i t y o f  t h e  c e l l  wa l l / m e mbrane - a n d  t he d e g r ada t i o n  o f  

f r e e  b i l e a c i d  by t h e  fungu s . 

C e l l - f r e e  s t u d i e s  ha v e  demon s t r a t e d t h e  e l ab o ra t i o n  o f  an  

e x t ra c e l l u l a r  e n z yme b y  t he fung u s , c a t a l y s i n g  t he hydro l y s i s  

o f  g l yc i ne , b u t  n o t  t a ur ine , c o n j uga t e s .  G i ven  t he i r  

m a r g i n a l  p e n e t r a t i o n  i n t o t h e  fun ga l c e l l ,  t h i s  may e xp l a i n 

t h e r e c a l c i t r a n c e  o f  t h e l a t t e r  c onj ug a t e s , d e s p i t e  env i r o nme n t a l  

c o nd i t i o n s  c o nduc i v e  t o  t h e  hyd r o l ys i s  o f  t h e  f o rme r , a s  i n  
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t he c a s e  o f  t he e o - f e rmen t a t i on e xp e r ime n t  and t he u s e  o f  a 

l ac t o s e - p e p t one med i um . B o t h  t he 6 - ami no and the  sulpho n i c  

a c i d c o mp o n e n t s  o f  t h e  t au r i n e  s t ructure  e l i m i n a t e d  taur i n e  

c on j u g a t e s  a s  sub s t r a t e  f o r  t h e  e x t r a c e l l u l a r hydro l a s e , 

d e mo n s t ra t e d b y  t he i n a c t i v i t y o f  who l e - c e l l  c u l t u r e s  and 

t he c e l l - fr e e  c u l t u r e  f i l t r a t e  on N - ( 6 - a l ano) - d e o xycho l i c 

a c i d  and N - ( a - am i nome t ha n e s u l p ho n y l ) - de o xycho l a t e . 

I n  t he p r e v 1 o u s  c ha p t e r  i t  w a s  s ugge s t ed  that  t he e x t r a 

c e l l u l a r  hydro l a s e  m a y  b e  a n eu t r a l  p r o t e a s e  s e c r e t e d  by t he 

c e l l  t o  d e g rade t h e  p e p t o n e  1 n  t he med ium . The r e su l t s  

f r o m  the i n cubat i o n  o f  v a r i o u s  s ynthe t i c b i l e a c i d conj uga t e s  

w i t h C .  m e l o n i s  fur t h e r  supp o r t  t h i s  hyp o t h es i s  i n  v i ew o f  

t he s p e c i f i c i t y o f  t h e  e x t r a c e l l u l a r  a c t i v i ty fo r an 

a - am i n o c a r b o xy l i c  a c i d  s t ruc t u r e  of t he amin o ac id  mo i e t y . 

C o n s equent l y ,  the i n a c t i v i ty o f  t he e x t r a c e l l u l a r  hydro l a s e  

o n  t a u r i ne c o n j ug a t e s  r e qu i r e s  t he i r  p e n e t r at i on i n t o  t he 

c e l l  fo r hydr o l y s i s . 

H o we v e r ,  i t  a ppe a r s  t h a t  t h e  c e l l  memb r a n e  i s  l a r g e l y  

i mp e rme a b l e  t o  t aur i n e  c o n j u g a t e s , t hu s  r e s t r i c t ing  the i r  

t r a n s p o r t  i n t o  t he c e l l  and , h e n c e , t he i r  ava i l a b i l i t y t o  

t h e i n t r a c e l l u l a r  c h o l a n o y l  t a ur i ne hyd ro l a s e . Th i s  i s  n o t  

u n exp e c t ed , a s  t he t a u r i n e  c o n j u g a t e s  e x i s t  i n  t he d i s s o c i a t e d  

f o rm a t  v i r tu a l l y a l l v a l u e s  o f  c u l t u r e  p H  due t o  t he i r  l ow 

p Ka v a lue  ( Re fer Tab l e  2 . 1 ) .  D i s s o c i a t e d org a n i c  ac i d s  

d i f f u s e  i n t o  c e l l s  a t  l ow r a t e s  ( Ro t h s t e i n , 1 9 6 5 ) . The 

g row t h - re l a t e d  l o s s  o f  1 0 - 2 0 %  o f  the t a u r i n e  c onj u g a t e s  may  

r e f l e c t  t h e i r  gr e a t e r  a b i l i t y  to  enter  t h e  ce l l  a t  t he l ow 

p H  c o nd i t i o n s  pr edom i n a t i n g  du r i n g the  g rowth o f  t h e  cu l t u r e . 

T h e  r e s u l t s  f r om t h e  u s e  o f  c y c l ohe x i m i d e  s t rong l y  sug ge s t  

t h a t  t he " l o s t "  t au r i ne co n j u g a t e  i s  hyd r o l y s e d  1 n  t he c e l l , 

b u t  t h a t  t he free  b i l e  a c id p r o duc t i s  d e g r aded by int rac e l l u l a r , 

i nduc i b l e  e n z yme s a t  a r a t e  e q u a l t o  i t s  p r oduc t i on . 

C o n s eque n t l y ,  no p ro du c t a c c umu l a t e s  t o  b e  det e c t e d . The 

r e p r e s s ion o f  such e n z yme s by t h e p r e t r e a t ment of  t he cu l t u r e  

w i t h  c yc l o h e x i m i d e  re s u l t s i n  t h e app e a r anc e o f  cho l i c 

a c i d from t a urocho l a t e . N e v e r t h e l e s s , a l o s s  o f  b i l e a c id  

o f  1 2 %  s t i l l  o c c u r r e d  in  t h e c y c l o h e x i m i d e - t r e a t e d c u l t u r e s . 
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T h i s  may b e  due t o  t h e  b i n d i n g  o f  c ho l i c  a c i d  t o  the  myc e l ium 

a ft e r  t au r o c ho l a t e  hyd r o l ys i s . The  b in d i n g  da t a  p r e d i c t s  

a 1 2 %  l o s s  o f  c ho l i c  a c i d  unde r t h e  exp e r iment a l  c o nd i t i o n s  

emp l o yed  ( Re fe r  Tab l e  4 . 3 ) .  

T h i s  exp l ana t i o n a c c o un t s  for  t h e  l ow l o s s e s  o f  s u l p hon i c  

c o nj u ga t e s  i n  who l e - c e l l cu l tur e s  o f  C .  m e l o n i s c omp a r e d  t o  

g l yc i ne  c o n j u g a t e s . Thus , t he c omb i n a t i on o f  t h e  ne g l i g i b l e  

b i n d i ng o f  s u l p hon i c  a c i d  c o n j u g a t e s  t o  t he myc e l i um and t h e  

p o o r  p e n e t r a t i o n  o f  t h e  c e l l  memb r ane  by s u c h  c on j uga t e s  and , 

h e nc e , . r e s t r i c t e d hydr o l y s i s  and d e g r a da t i o n , r e s t r a i n s  t he 

l o s s e s t o  1 0 - 2 0 % . 

T h e  hypo t he s e s  prop o s e d  above  a l s o exp l a i n t he d a t a  f rom t h e  

e x p e r iment  emp l o y i n g  t au r o c ho l a t e  a s  t h e  s o l e  s u l p hu r  s o u r c e . 

T h u s , t he fun g u s  u t i l i s e d  t he s u l p ho n i c  a c i d  g roup o f  t h e  

t a u r i ne mo i e t y as  a s o ur c e  o f  s u l p hur , p r e s umab l y  v i a  

hyd r o l y s i s , s 1 nce  t h e  d e am i n a t i o n  o f  t au r i n e  i s  rep o r t e d t o  

p r e c ede  i t s  d e s u l phur i s a t i o n  i n  fung i ( Ga r r e au , 1 9 4 1 ; B rau n 

a n d  F r oma g e o t ,  1 9 6 2 ) . Howeve r , t h e  r e s t r i c t i o n  o n  t he 

e n t ry  o f  t h e  t auro c ho l at e  i n t o  t he c e l l  i mp o s e d  by the  c e l l  

m e mb rane  a n d  s ub s equen t me t ab o l i sm o f  t he c ho l i c a c id  ma y 

e x p l a i n t he l a c k  o f  ap p a r e n t  hyd r o l y s i s . 

I t  i s  t emp t i ng to  p o s t u l a t e  t he e x i s t en c e o f  t wo i n t r a c e l l u l a r  

e n z yme s i n  C .  me l o n i s  c e l l s , o n e  s p e c i f i c  fo r a - am i n o c a r b o xy l i c  

a c i d  c o n j u g a t e s , t he o t h e r  s p e c i f i c f o r  s u l pho n i c a c i d  

c on j u g a t e s . The fo rme r may o r  m a y  n o t  b e  i d e n t i c a l  t o  t he 

e x t r ac e l l u l a r  hydr o l a s e . The l a t t e r  m a y  b e  a n  am i da s e  

e xh i b i t i n g  n o  depend e n c e  o n  a n  a - o r  S - am i no s t ruc t u r e  o f  

t he ami no a c i d  mo i e t y  o f  c on j u g a t e s ,  demon s t r a t e d  b y  the  

hyd r o l ys i s  o f  N - ( a - am i nome t h an e s u l p hony l ) - d eoxycho l a t e  and 

t a u r ode o xyc ho l a t e  by c e l l - f r e e  e x t r ac t s  o f  C.  m e l o ni s . The  

p o s t u l a t i o n  o f  two s u c h  d i s c r e t e , i n t r a c e l l u l a r  e n z ym e s  may 

e xp l a i n  t he l ack  o f  b o t h  e x t r ac e l l u l ar and i n t r ac e l l u l a r  

hyd r o l y s i s  o f  N - ( S - a l a no ) - d e oxycho l i c a c i d  by C .  m e l o n i s , 

d e s p i t e  i t s  a b i l i t y t o  r e ad i l y u t i l i s e  S - a l a n i n e  a s  a s o l e  

n i t r o g e n s o u r c e . 



A l t h o u g h  t h e  4 0 %  l o s s  o f  N - ( B - a l ano ) - de o xy c ho l i c a c i d  was  

doub l e  t h a t  o f  the  s u l p ho n i c  ac i d  c on j ug a t e s , i t  was  

s i g n i f i c an t l y  l e s s t ha n  t he 6 5 - 7 5 %  l o s s  e xp e r i e n c e d  w i t h  

a - am i n o c a r b o xy l i c  ac i d  c o nj uga t e s . T h i s l o s s  wa s p r obab l y  

d u e  t o  b i nd i n g  by t h e  myc e l i um , t o  wh i c h  c a rb o xy l i c a c i d 

d e o x yc ho l i c  a c i d  c o n j u g a t e s  app e a r  t o  b e  s u s c ep t i b l e , 

Lo s s e s  o f  t hi s  o rder  a r e  p r ed i c t e d from t h e b i n d i n g  d a t a  

o b t a i n e d  fo r g l ycodeoxycho l i c a c i d  ( Re fe r  T a b l e  4 . 3 ) . I n  

v i e w  o f  t he r e c a l c i t r a n c e  o f  t h e  B - a l an i n e  c o n j uga t e  t o  

hyd r o l y s i s , t h e  l owe r l o s s e s  o b s e rv ed f r o m  i t s i ncub a t i on 
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w i t h t he fun g u s , c omp a r e d  t o  t ho s e o f  t h e  hyd r o l y s e d  c a r b o xy l i c  

a c i d  c on j u g a t e s , sugg e s t s  t h a t  hyd r o l ys i s  i s  a p r e r e qu i s i t e  

f o r  fu r t h e r  d e g radat i o n  o f  t h e  b i l e a c i d . 
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THE HYD RO LYS I S  O F  B I LE AC I D  C ONJUGAT E S  BY 

C U RVU LA R I A  FALLAX 

I n t r o du c t i on 
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A c ha ra c t e r i s t i c f e a t u r e  o f  s t e r o i d  t r ans fo rm a t i o n s  i s  t h e  

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

S i gn i f i c an t  v a r i a t i on s  i n  t r an s fo rma t i on c a p a b i l i t i e s  e x i s t 

e v e n  w i t h i n d i f f e r e n t  s t r a i n s  o f  t he s ame s p e c i e s . T h e  

m i c rob i a l  hydr o l y s i s  o f  b i l e  a c i d  c o n j uga t e s  i s  no e x c ep t i o n . 

Amo n g  t h e  i n t e s t i n a l  b a c t e r i a , t he ab i l ity  t o  hyd ro l y s e  

c o n j uga t e s  i s  w i d e s p re a d ; howev e r , t h ere  a r e  s e v e r a l 

i n s t anc e s  o f  va r i a t io n s  i n  s ub s t r a t e s p ec i f i c i t y  (H i l l , 

1 9 7 6 ; Ko b a s h i  e t  a l ,  1 9 7 8 ) . S im i l a r l y , fun g i  vary  

c o n s i de r a b l y  i n  t h e i r  ab i l i ty t o  hyd r o l y s e  b i l e  c o n j u g a t e s . 

Wh i l e mo s t  who l e - c e l l  c u l t u r e s  c a n  s p l i t  o n l y  g l yc i n e  

c on j uga t e s  ( Ch o n g  e t  a l , 1 9 8 0 ) , t hey d i f fer  s i gn i f i c an t l y  

i n  t he t ime  r e qu i r e d  t o  a c h i eve c omp l e t e hydr o l y s i s  o f  

g l y c o c ho l i c a c i d  ( Maddox a n d  Cho n g , 1 9 7 8 ) . 

F r o m  t h e  v i ewpo i n t o f  d e v e l op i n g  a n  i n dus t r i a l  hydro l y s i s  

fe rmen t a t i o n  s uc h  v a r i a b i l i ty mu s t  b e  recogn i s e d i n  o r d e r 

t o  s e l e c t  the  mo s t  p r o duc t i v e  o r g an i sm . Henc e ,  s c r e e n i n g  

t e s t s  mu s t  b e  ab l e  t o  d i s t i n gu i s h be tween de s i r ab l e  and 

de l e t e r i o u s  fe a t u r e s of  the  o rg a n i sms  w i th r e s p e c t  to  t h e  

env i s a g e d  p ro c e s s . F o r  t h i s  r e a s on , work w a s  unde r t a k e n  to  

s tudy t he hydr o l y s i s  o f  b i l e  � c i d  c o n j uga t e s  b y  Cu rv u l a r i a  

fa l lax I FO 8 8 8 5 t o  pro v i de a c omp a r i s o n  w i t h  C .  me l o n i s . 

C .  fa l l ax e x h i b i t e d  p o o r a c t i v i t y  on g l yc o c ho l i c a c i d  

c o mp a r e d  t o  C .  m e l o n i s  i n  t h e  qua l i t a t ive  s c r e en p e r fo r m e d  

by Maddox a n d  C h o n g  ( 1 9 7 8 ) . Henc e , f rom a c omp a r i s o n  o f  

q ua nt i t a t i v e  da t a  f r om b o t h  fung i ,  i t  wa s hop e d  t o  d e l i n e a t e 

s ome  c r i t e r i a  fo r a s c r e e n i ng p ro g r amme for  t h e  adequa t e  

a s s e s s men t  o f  t h e  hydro l y s i s  c a p a b i l i t i es  o f  fung i . 



6 • 2 . Shake  F l a s k  S tud i e s  

6 . 2 . 1 . The Hyd r o l y s i s  o f  G l y c o d e o x y c ho l i c a c i d  a t  Va r i o u s  

C o n c en t r a t i on s  

C .  fa l l ax w a s  g r own i n  g lu c o s e - p e p t o n e  m e d i um c o n t a i n i n g  
- 1  

g l yc o d e o xycho l i c a c i d  a t  f in a l c o n c e n t r a t i ons o f  0 . 5 g l  
- 1  - 1  - 1  

l . O g l  , 5 . 0 g l  a n d  l O g l  

T h e  m y c e l i a l  d r y  w e i ght  an d b i l e  a c i d  c o n c e n t r a t i o n  da t a  
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a r e  p r e s en t e d  i n  F i gu r e s  6 . 1  t o  6 . 4  f o r  i n c r e a s i n g  b i l e  a c i d  

l e ve l s  r e s p e c t i v e l y . The p H  o f  t he c u l tu r e s  wa s s im i l a r  

d u r i n g  f e rme n t a t i o n , a l t ho u g h  i t  wa s a f f e c t e d b y  t h e  g r ow t h  

l ag s  e xp e r i en c e d  a t  the h i g h e r  b i l e  a c i d  c o nc e n t r a t ion s . 

I n  g e n e r a l , howev e r , the c u l t u r e  p H  f e l l  t o  va l u e s  o f  p H  3 - 4 

d u r i n g  g r ow t h  and t hen  r o s e  r a p i d l y  t o  e a  pH 8 a ft e r  1 2  d a y s  

o f  fe r m e n t a t i o n . 

The g r ow t h  o f  C .  fa Z Zax wa s s e v e r e l y  r e t arded b y  conce n t r a t i o n s  

o f  g l y c o d e o xycho l i c  a c i d  o f  l . O g l
- l  o r  mo r e , a l t hough t h e  

max imum d r y  we i gh t s a t t a i n e d  w e r e  s im i l a r fo r a l l  c o n c e n t r a t i o n s . 

B i l e  a c i d  p r e c i p i t a t e d from c u l t u r e s c o n t a in i n g  0 . 5 g l - 1 , 
- 1  - 1 

l . O g l  a n d  5 . 0 g l  o f  g l y c o de o xy c ho l i c a c i d  dur ing g r o w t h  

b u t  l a t e r  re d i s s o l ve d . 

D e oxyc ho l i c a c i d  w a s  t he s o l e  p r o du c t o b s e rved  i n  a l l  o f  t he 

c u l t u r e s , t h e  max i mum y i e l d s  b e i n g  7 6 % , 8 0 % , 4 4 %  and 6 0 %  

f o r  i n c r e a s i n g  s ub s t r a t e  l ev e l s  r e s p e c t i ve l y . Hydro l y s i s  

w a s  d e l ay e d  by  t h e  i nh i b i t e d  g r o w t h  o f  C .  fa Z Z ax a t  h i gh 

c once n t r a t i o n s  o f  g l y c o d e o x y c ho l i c a c i d . Thu s no deoxycho l i c 

a c id a c c umu l a t e d  u n t i l  a f t e r  1 6  d a y s  o f  fe rme n t a t i o n a t  t he 
- 1  

5 . 0 g l  c o n c e n t r a t i o n . F u r t h e rmo r e , c omp l e t e  u t i l i s a t i o n  o f  

g l yc o de o xy c ho l i c a c i d  o c c u r r e d  o n l y  a t  l ow sub s t r a t e  

c o n c e n t r a t i o n s , whe r e a s  sub s t ra t e  r ep r e s en t i n g  e a  3 5 %  o f  t he 

i n i t i a l  c on c e n t r a t i o n  r ema i n e d  a ft e r  2 3  days o f  f e rmen t a t i o n  

i n  cu l tu r e s  con t a i n i n g  5 . 0 g l - l  a n d  l O g l  - l o f  b i l e  a c i d . I n  

t he c a s e  o f  t h e  f o rm e r  l e ve l , t h i s  a p p e a r s  t o  b e  due t o  t h e  

s e v e r e  i n h i b i t i o n  o f  g r o w t h  o b s e rv e d  i n  t h e  c u l t u r e s . 
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N e v e r t he l e s s , t he m a s s  ba l an c e  d a t a  demo n s t ra t e  t ha t  b i l e  

a c i d  l o s s e s  w e r e  i n v e r s e ly r e l a t ed t o  t he g l y c o d e o xycho l i c 

1 5 5  

a c i d  conc e n t r a t i o n . I n  a l l  c u l t u r e s  t h e  gr e a t e r  p r o po r t i on 

o f  l o s s  app e a r e d  t o  b e  growt h - r e l a t e d . T he a c t u a l  l o s s  o f  
- 1  - 1  - 1  b i l e  ac i d  w a s 0 . 3 2 mmo l l  , 0 . 3 6 mmo l l  , 2 . 1  mmo l l  and  

1 . 4  mmo l l - l for  i nc r e a s ing s ub s t ra t e  c o nc e n t r a t i o n s  r e s p e c t 

i ve l y .  T hu s , t he l o s s  peaked  a t  t he S . O g l - l  s ub s t r a t e  

c on c e n t r a t i o n . 

T h e  ab s o l u t e  d e o x y c ho l i c a c i d  y i e l d s  w e r e  h i g he r w i t h  

i nc re a s i n g  c on c e n t r a t i o ns  o f  g l yc o de o x y c ho l i c a c i d ,  b e i n g  
- 1  - 1  - 1 - 1  0 . 8  mmo l l  , 1 . 6  mmo l l  , 4 . 6  mmo l l  a n d  1 1 . 4  mmo l l  

r e s pe c t iv e l y . H o w e v e r ,  t h e  p e r c e n t a g e  y i e l d s  w e r e  p o o r e r  

a t  h i g h s ub s t r a t e  c o nc en t r a t i o n s , due t o  t he i n c omp l e t e  

h y dro l y s i s  o f  t h e  c o nj uga t e . 

T he s p e c i f i c  r a t e  o f  hydro l y s i s  a pp e a r e d  t o  i n c r e a s e  w i t h 

i n c reas i n g  g l y c o d e o x y c ho l i c a c i d  c o n c e n t r a t i o n . A l i n e a r  

r e l at i on s h i p  i s  o b t a i n e d from t h e  p l o t  o f  g l y c o d e oxycho l i c 

a c i d  ut i l i s a t i o n  a ft e r 2 3  days o f  f e r m e n t a t i o n  v s . t h e  

s ub s t r a t e  c o n c e n t r a t i on emp l oy e d  ( F i g u r e  6 . 5 ) . Howeve r ,  t h i s  

d o e s  n o t  c o r r e c t  fo r t he s ev e r e  l a g  i n  hydr o l y s i s  ob s e rv e d  
- 1  

a t  the 5 . 0 g l  g l yc o de oxycho l i c  a c i d  c o n c e n t r a t i o n . I f  i t  

i s  a s s ume d t h a t  c omp l e t e  ut i l i s a t i o n  o f  t h e  c o n j u g a t e  c a n  

o c c ur w i t h i n  2 3  day s o f  i n cuba t i on  ( i . e .  t h e  l a g  i s  i gno r e d ) , 

a non - l i n e a r  p l o t  i s  o b t a i n e d  ( d a s he d  l i n e , F i gu r e  6 . 5 ) 

w h i c h sug g e s t s  t h a t  t h e  hydro l a s e ( s )  wa s b e c om i n g  s a tura t e d  

a t  sub s t r a t e c o nc en t r a t i o n s  app r o a c h i n g  S . O g l - l  

Po s s i b l e  f ac t o r s  c o n t r ibut i ng t o  the  r e du c t i on  i n  hydro l a s e  

a c t iv i t y a t  h i gh e r  s ub s t r a t e  c on c e n t r a t i o n s  a r e  i nh i b i t i o n  o f  

t he e n z yme ( s )  b y  t he s ub s t r a t e  o r  p ro du c t  and/ o r  a d e c a y  i n  

i t s syn t he t i c a c t iv i ty towa r d s  t he l a t e  s t ag e s  o f  fe rmen t a t i o n . 

S imp l e  p ro du c t  i n h i b i t i o n  wa s ru l ed o u t , i n  t h e  c a s e  o f  
- 1  - 1  t h e  1 . 0 g l  and  l O g l  g l ycodeoxycho l i c  a c id c o n c e n t ra t i o n s , 

b y  the non - l i n e a r i t y  o f  t he d a t a  o n  a p l o t  from C h e n  e t  a l  

( 1 9 6 2 ) . I n s u f f i c i e n t  data  we r e  ava i l a b l e  t o  a n a l y s e  f o r  

s ub s t r a t e  i n h ib i t i o n . 
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F I GURE 6 . 5  The e x t e n t  o f  g l ycodeoxyc ho l i c a c i d  

ut i l i s a t io n  v s . the  i n i t i a l  sub s t r a t e 

c o n c e n t r a t i o n  i n  s ha k e  f l a s k  cul t u r e s  o f  

C .  fa l l ax . Ac t u a l da t a , e----------e• ; 

As s um i n g  c omp l e t e  u t i l i s a t i on o f  g l yc o 

d e o x y c ho l i c a c i d  a t  S . O g l
- l  

a f t e r  2 3  

days  , 0- - - - -o . 

1 5 6 



6 . 2 • 2 • The e o - fe rmen t a t i on o f  T a u r o c ho l a t e and G l y c o 

deoxy c ho l i c a c i d  

L i k e C .  me lo n i s ,  C .  fa l l ax c a n  n o t  hydr o l y s e  t aurocho l a t e  

1 5 7  

i n  s ha k e  f l a s k  c u l t u r e , a l t hough s om e  u t i l i s a t i on o f  t h e  

c on j u g a t e  i s  o b s e rved  ( C ho n g  e t  a l ,  1 9 8 0 ) . The r e fo r e , t o  

a s s e s s  b ot h  t he r e s i s t an c e  o f  t au r o cho l a t e  t o  hydro l y s i s  i n  

C .  fa l l ax cu l tu r e s  a c t i v e l y  hydr o l y s i n g  g l yc o d e oxycho l i c 

a c i d , and t he e f fe c t  o f  t h e  t au r i n e  c o n j u g a t e  o n  t h e  g l yc i n e  

c o n j u g a t e  hyd r o l y s i s , t he t wo c on j u g a t e s  w e r e  c o f e rmen t e d 
- 1  

e a c h  a t  a c o nc en t ra t i o n  o f  O . S g l  Ap p ro p r i a t e c o n t ro l  

exp e r imen t s , w i t h  and w i t ho u t  b i l e  a c i d , w e r e  p e r fo rme d . 

The c u l ture s p r o du c e d  p H  p ro f i l e s  a n d  myc e l i a l  dry we i g h t s  

t h a t  w e r e  n o t  s i gn i f i c an t l y  d i f f e r e n t  t o  t ho s e  p r e v i o u s l y  

de s c r i b e d for  s ha k e  f l a s k  c u l tu r e s  c o n t a in i n g  O . S g l - l  o f  

g l y c o d e oxycho l i c a c i d  ( Re fe r  S e c t i o n  6 . 2 . 1 ;  F i gure 6 . 1 ) . 

The r e fo re , t h e  p r e s e n c e  o f  t he t au r o c ho l a t e  i n  the  c o f e rme n t e d  

c u l t u r e s  had n o  e f f e c t  o n  t he g ro w t h o f  C .  fa l lax , d e s p i t e  

a c omb ined b i l e  a c i d  c o n c e n t r a t i on o f  l . O g l - l  

The b i l e  a c i d  d a t a  f r om t h e  co f e rm e n t ed c u l tur e s  a r e  p l o t t e d 

o n  F i gu r e  6 . 6 .  The hydr o l y s i s  o f  t he O . S g l - l  g lycodeoxyc ho l i c 

a c i d  i n  the c o n t r o l  exp e r i ment p a r a l l e l e d t h a t  po r t r a y e d  i n  
- 1  F i g u r e  6 . 1 .  The O . S g l  t aurocho l a t e  c o n t r o l  cu l t u r e s  

p ro du c e d  n o  c ho l i c a c i d  o r  o t he r  b i l e  a c i d s  o v e r  t he c o u r s e  

o f  t h e fermen t a t i o n , a l t h o u g h  a l o s s  o f  1 0 %  o f  the t auro c ho l a t e  

wa s o b s e rv e d  a f t e r  1 6  d a y s  o f  i n c ub a t i o n . L i kewi s e , n o  

c ho l i c ac i d  w a s d e t e c t e d  i n  t he c o f e rme n t a t i o n  cu l tu r e s , 

d e s p i t e t h e  a c c umu l a t i o n  o f  d e o x y c ho l i c a c i d f rom t h e  h y d r o l y s i s  

o f  g l y c o de o x y c ho l i c a c i d . Thu s , c o f e rm e n t a t i o n  o f  t h e . 
t au r o c ho l a t e  w i t h  g l yco d e o xycho l i c  a c i d  d i d  n o t a l t e r  i t s  

r e c a l c i t ranc e . 

The t a ur ine c on j u ga t e  h a d  n o  s i g n i f i c an t  e ff e c t o n  t he 

hyd r o l y s i s  o f  g l y c o de oxyc ho l i c a c i d  comp a r ed w i t h t he 

c o r r e s p ond i n g  c o n t r o l  e xp e r imen t . T hu s , a d e oxycho l i c a c i d  

y i e l d  o f  6 8 %  w a s  a c h i e v e d  a ft e r  1 6  days o f  fe rme n t a t i o n . 

Howe v e r ,  t he l o s s  o f  2 0 %  t auro c ho l a t e  w a s  doub l e  t h a t  o f  

the  t a u r ocho l a t e  c o n t r o l .  I n  c o nc l u s i o n , i t  app e a r s  t h a t  
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F I GURE 6 . 6  T h e  e f f e c t  o f  O . S g l
� l  

t a u r o c h o l a t e  o n  t h e 

h y d r o l y s i s  o f  O . S g l
- l  

g l y c o d e o x y c h o l i c  a c i d  

b y  s h a k e  f l a s k  c u l t u r e s  o f  C .  fa l l ax g r o w n  

i n  g l u c o s e - p e p t o n e  m e d i um .  G l y c o d e o x y c ho l i c  

a c i d  •-• · d e o x y c h o l i c a c i d  e - - -• · 

* 

' ' ' ' 
t a u r o c h o l a t e , 6.- - - - -6. 

A ,  t a u r o c h o l a t e  o n l y .  

B ,  g l y c o d e o x y c h o l i c  a n d  d e o x y c ho l i c a c i d s o n l y . 



C .  fa Z Z ax e l ab o r a t e s  a s u b s t r a t e - s p e c i f i c  cho l an o y l  g l y c i n e  

hyd ro l a s e . 

6 . 3 . F e rme n t e r  S t ud i e s  

1 5 9  

The hydr o l y s i s  o f  O . S g l - l  g l yc o d e o xy c ho l i c ac i d  w a s  s t u d i ed 

i n  fe rmen t e r  c u l t u r e  e mp l o y i ng t h e  c o nd i t i on s  d e s c r i b e d  fo r 

t he b a s e  s t udy o f  C .  me Z on i s in  t h e  f e rme n t e r  ( Re fe r  S e c t i o n  

4 . 4 . 1 . ) . The myc e l i a l  d r y  we i g h t , t o t a l  c a r b o hydra t e  a n d  

b i l e a c i d  c o nc en t r a t i o n s  du r ing t he f e rme n t a t i o n  a r e  d e p i c t e d 

i n  F i gu r e  6 . 7 .  

The g r owth o f  C .  fa Z Z ax wa s p o o r , a t t a in i ng a max imum d r y  

we i g h t  o f  b a r e l y  2 g l
- l  

a f t e r  9 6 h  o f  f e rmen t a t i o n . A dup l i c a t e  

fe rme n t a t i o n  g a v e  i de n t i c a l  r e s u l t s . The fa c t o r ( s )  r e s p on s i b l e  

i s  n o t  c l e a r , s inc e t he me d ium u s e d  gave  g o o d  dry  we i gh t  

y i e l d s  o f  C .  fa Z Z ax i n  s ha k e  f l a s k  c u l tur e s . The pH p ro f i l e  

o f  t h e  f e rmen t a t i on l a g g e d  t ha t  o f  t h e  c o r r e sp o n d i n g  C .  

me Z o n i s  cu l tu r e  b y  e a  4 8 h , a l t hough t he s e quence  o f  add i t i o n  

o f  t h e  p H  c on t r o l  s o l u t i o n s  was s im i l a r . 

Deoxyc ho l i c a c i d  w a s  t he s o l e  b i l e  a c i d  p ro du c t  de t e c t e d , 

a t  a ma x imum y i e l d o f  3 2 %  w i t h i n  1 4 4 h o f  i n o cu l a t i on . A t  

t h i s  t ime ,  a r e s i dua l c o n c e n t r a t i o n  o f  g l yc o de oxycho l i c 

a c i d , r e p r e s e n t i n g  ea 1 9 %  o f  the  i n i t i a l  sub s t ra t e  c o n c en t r a t i o n , 

r ema i n e d . The l o s s  o f  b i l e  ac i d  t hroughout  t h e  fe rm e n t a t i o n  

amoun t e d  t o  5 8 %  a ft e r  1 6 8 h , t h e  m a j o r  p rop o r t i o n  o f  t h e  l o s s  

o c c u r r i ng dur i n g  t h e  2 4 - 9 6 h  p e r i o d  o f  fe rme n t a t i o n . 

The s pe c i f i c  r a t e s  o f  g l yc o deoxyc ho l i c a c i d  d i s app e a r a nc e  a n d  

deoxycho l i c  a c i d  a c cumu l a t i on a r e  d e p i c t e d  i n  F i gure  6 . 8 .  

The fo rme r d e c l in e d  s i g n i f i c ant l y  w i t h t he a g e  o f  t h e  cu l t u r e , 

i t s  v a l ue a t  1 2 0 h b e i n g  on l y  2 1 %  o f  t ha t  a f t e r  2 4 h  o f  

fe rmen t a t i on . The  d i s ap p e a rance  o f  g l y c o de o xycho l i c a c i d  

from t he c u l t u r e  f i t t e d  a f i r s t  o r d e r  ra t e  equa t i o n . H o we v e r  

the p l o t  o f  d e o xy c ho l ic a c i d  ac c umu l a t i o n  dev i a t e d  m a r k e d l y  

from f i r s t  o rd e r r a t e  k i ne t i c s . 

I n  c o nc lus i o n , t he hyd r o l y s i s  by C .  fa Z Z ax 1n  t h e  fe rmen t e r  
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deoxycho l i c ac i d  hyd ro lys i s  b y  

C .  fa l lax i n  a fe rme n t e r . 

G l yc o d e o x y c ho l i c a c i d  spec i f i c  r a t e  

o f  d i s ap p e a r an c e , O- ---<> ; s p e c i f i c  

r a t e  o f  d e o xycho l i c a c id ac cumu l a t i o n , 

+ + ·  The s pe c i f i c  ra t e  o f  g l yc o -

d e oxyc ho l i c ac id  d i s appearance  i n  t he 

c o r r e s p o n d i n g  C .  m e l o n i s  c u l t u r e , 

e- - - -e ,  i s  i n c l ud e d  fo r c o mpa r i s o n . 

1 6 1  



g ave l ow d e o x y c ho l i c ac i d  y i e l d s . Howeve r , d e s p i t e  t h e  

p o o r  myc e l i a l  g r ow t h , t h e  r a t e  o f  hyd r o l y s i s  w a s  c o mpa r a b l e  

t o  t h a t  o f  C .  m e Z o n i s  due t o  t he h i gh s p e c i f i c  r a t e  o f  

hydro l ys i s  ob s e rv e d . 

6 . 4 . D i s cu s s i o n  

1 6 2  

T h e  d a t a  d emo n s t r a t e  t ha t  C .  fa Z Z ax i s  s upe r i o r  t o  C .  m e Z o n i s  

i n  i t s  a b i l i t y t o  hydro l y s e  g ly c o d e o x y c h o l i c  a c i d  e f f i c i e n t l y . 

T hus , i n  s h a k e  f l a s k  cu l tur e , a t  a c o n j u ga t e  c on c e nt r a t i o n  o f  

O . S g l - 1 , max imum d e o xycho l i c  a c i d y i e l d s  o f  7 6 %  and 2 2 %  

w e r e  a t t a i n e d  a ft e r  1 2  days o f  f e rme n t a t i o n  f o r  C .  fa Z Z a x  

a n d  C .  m e Z o n i s  r e s p e c t i v e l y , w i t h  n o  s u b s t r a t e  rema i n in g  1 n  

e i t he r c u l t u r e . I n  the ferme n t e r , t he r e ve r s e  i s  t rue , 

t he max i mum y i e l d s  o f  deoxycho l i c a c i d  b e in g  3 2 %  and 4 7 % 

r e spe c t iv e l y .  T h e  d i ffer e n c e  i n  y i e l d  i n  t h e  f e rment e r  

b e tween t he two fun g i wa s due t o  t he h i g he r  r e s i du a l  g l yc o 

d e oxycho l i c a c i d  r ema in ing i n  C .  fa Z Z a x  cu l t u r e s  ( e a  1 9 % )  

c omp a r e d  t o  e a  6 %  f o r  C .  me Z o n i s . ( Compare  F i gu r e s  4 . 1 5 

a n d  6 . 7 ) . 

Howeve r ,  n o t w i t h s t an d ing t h i s , t h e  s p e c i f i c  r a t e s  o f  g l yc o 

d e oxycho l i c a c i d  d i s appearance  and d e o xy c ho l i c a c i d  

a c cumu l a t i o n  from t h e  ferme n t e r  cu l t u r e s  s how t h a t  t ho s e  o f  

C .  fa Z Z ax w e r e  a f a c t o r  o f  a t  l e a s t  3 g r e a t e r  t h a n  t ho s e  o f  

C .  me Z o n i s  ( C omp a r e  F i gur e s  4 . 1 6 and 6 . 8 ) . T hu s , t he 

s p e c i f i c  r a t e s  o f  g l ycodeoxycho l i c a c i d  d i sapp e a r ance  w e r e  
- 1  - 1 - 1  - 1  

e a  4 �mo l h  g a n d  e a  1 . 2  �mo l h  g fo r C .  fa Z Z ax and 

C .  me Z o n i s  r e s p e c t i v e ly . T h i s c l e ar l y  demo n s t r a t e s  t h a t  

C .  fa Z Z ax i s  c ap ab l e  o f  sup e r i o r  s p e c i f i c  r a t e s  o f  g l yc o 

d eoxycho l i c a c i d  h y d r o l y s i s  c omp a r e d  t o  C .  me Z o n i s . The  

d e c l ine  in  s p e c i f i c  hydro l y s i s  ac t i v i ty of  t h e  f o rmer w i t h  

c u l t ure  a g e  c omp a r e d  t o  the r e l a t iv e l y  c on s t a n t a c t i v i t y  o f  

t he l a t t e r , s u g g e s t s  that  t he hyd ro l a s e  sys t em o f  C .  fa Z Z ax 

1 s ,  a s  a who l e  p e r ha p s , l e s s  s t ab l e  t ha n  that o f  C .  me Z o n i s . 

T h e sup e r i o r i t y  o f  C .  fa Z Z ax c omp a r e d  t o  C .  m e Z o n i s  w i t h  

r e g ard t o  the y i e l d  o f  hyd r o l y s i s  p r o duc t ,  wa s n o t  o b s e r v e d  

i n  the qua l i t a t i ve s c reens  r e p o r t e d  b y  Maddox a n d  Chong 



1 6 3 

( 1 9 7 8 )  a n d  Cho ng  e t  a l  ( 1 9 8 0 ) . Ther e fo r e , i t  s e ems imp o r t a n t  

t ha t , i n  o r der to  s e l e c t t h e  b e s t  o r g a n i sm , quan t i t a t ive  

s c r e e n i n g  for  b i l e  a c i d  hydro l y s i s  i s  r e qu i r ed . 

C .  fa l l ax ,  howeve r ,  w a s  mo r e  s en s i t i v e  t o  adve r s e  cu l t u r e  

c on d i t i o n s , pa r t i cu l a r l y  b i l e  a c i d  c o n c e n t ra t i on s , t han 

C.  me l o n i s . Whe r e a s  t he g ro w t h  of t he - l a t t e r  was  una f fe c t e d 

b y  g l y c o d e o xycho l i c a c i d  c o n c e n t r a t i o n s  o f  up t o  l O g l - 1
, 

t he g r o w t h  o f  C .  fa l l ax w a s  i n h i b i t e d  a t  c o n c e n t rat i o n s  o f  

l . O g l - l  Furthe rmo r e , C .  fa l l ax g r e w  p o o r l y  i n  fermen t e r  

c u l t u r e , d e sp i t e g o o d  d r y  w e i g h t  y i e l d s  o n  the  s ame me d iu m  

i n  s hake f l a s k  c u l t u r e . H e n c e , i n  t he fe rmen t e r ,  i t s  

s u p e r i o r  s p e c i f i c  hydro l y s i s  · c apab i l i t y wa s o f fs e t  b y  i t s  

l ow b i o ma s s  y i e l d s . 

B o t h  fun g i gave s im i l ar hydr o l y s i s  p ro f i l e s  w i t h  r e s p e c t  t o  

t he c u l t u r e  age  i n  s h a k e  f l a s k  and t h e  f e rme n t e r . Ne i t h e r  

e xh i b i t e d  s ide - r e a c t i o n s  o r  t h e  hyd r o l y s i s  o f  t aurocho l a t e . 

Thu s , i n  s e v e r a l  r e s p e c t s ,  t he hyd ro l y s i s  o f  g l ycodeoxy c h o l i c 

a c i d  by  t he t wo o r g a n i sms w a s s i mi l a r  a n d  t h i s sugge s t s  t h a t  

t h e i r  hydro l a s e  e n z yme s may b e  c o mp a r a b l e  i n  t he i r  c e l l u l a r  

c o mp a r tm e n t a l i s a t i on and i n  t h e i r  sp e c i f i c i t y . 

The  mark e d l y  supe r i o r  d e o x yc ho l i c ac i d  y i e l d s o b t a ined f r o m  
- 1 

C .  fa l l a x  i n  shake f l a s k  c u l t u r e s  hydr o l y s i n g  O . S g l  g l yc o -

d e o xycho l i c ac id , c o mp a r e d  t o  t ho s e  f r o m  t he c o r r e spond i n g  

C .  me l o n i s  cu l t u r e s ,  we r e  due t o  t h e  r e duced l o s s  o f  b i l e  

a c i d  i n  t h e  fo rme r . Thu s , l o s s e s  o f  b i l e ac i d  we r e  2 3 %  a n d  

7 8 %  r e s p e c t i ve l y . B i n d i n g  a s s a y s  p e r fo rmed b y  t h e  p ro c e du r e  

de s c r i b e d  i n  Se c t i o n  4 . 3 . 1 .  r e ve a l e d t h a t  t he we ight s o f  

g l yc o de o x y c ho l i c  a c i d  a n d  d e o xycho l i c a c id  bound p e r  g d r y  

w e i gh t  o f  C .  fa l l ax a r e  1 4  m g  a n d  2 7  m g  r e s p e c t i ve l y . 

The s e  d a t a  pre d i c t  a ma x i mum l o s s  by  b i n d i n g  o f  b i l e  ac i d  

b y  t he m yc e l ium o f  e a  3 8 %  i n  s hake  f l a s k  cu l t u r e s  o f  c .  fa l l ax 

c o n t a i n i n g  O . S g l - l  g l y c o d e ox y c ho l i c a c i d , a s sum ing hyd ro l y s i s  

o c c u r s . Th i s  f i gu r e  a c c o u n t s  for  t he l o s s e s  o b s e rved i n  

s uc h  c u l t u r e s  ( F i gu r e  6 . 8 ) , i n  co n t r a s t t o  t h e  c a s e  for 

C.  me l o n i s , and t h e r e fo r e  s u g g e s t s  t ha t  C .  fa l l ax do e s  no t 

fu r t h e r  m e t abo l i s e t he f r e e  b i l e ac i d  p r o duc t .  
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Howev e r , t he b i nd i n g  o f  b i l e  a c i d  b y  t he myc e l i um p r e d i c t s  

l o s s e s  o f  on l y  1 1 %  fo r t h e  f e rmen t e r  c u l ture , i n  wh i c h  t he 

ob s e rv e d  b i l e  ac i d  l o s s  w a s  5 8 %  ( F i g u r e  6 . 7 ) .  T h i s  s t r o n g l y  

s u g g e s t s  t ha t  a n  ana l o go u s  s i tua t i o n  t o  t h a t  o f  C .  me Z o n i s  

fe rment e r  cu l tu r e s  e x i s t s  f o r t he l o s s  o f  b i l e a c id , name l y ,  

t h a t  me t ab o l i c d e g r a da t i o n  o f  t h e  f r e e  b i l e  a c i d  i s  p r ima r i l y 

r e s p on s i b l e . The  r e a s o n  f o r t h e  a p p a r en t  ab s e nce  o f  t h i s  

fac t o r  i n  shake f l a s k  c u l t u r e s  o f  C .  fa Z Z ax i s  unc l e a r . 

I n  c o n c l u s i o n , t h e  b i l e  a c i d  t ra n s f o r m i n g  ab i l i t i e s  o f  

C .  me Z o n i s  and C .  fa Z Z ax d i f f e r  s i g n i f i c a n t ly i n  a s p e c t s  

wh i c h  wo u l d  have a ma r k e d  i n f l uenc e o n  t he i r  emp l oyme n t  i n  

a n  i ndu s t r ia l  p r o c e s s . C .  fa Z Z ax po s s e s s e s  h i gher s p e c i f i c  

hydro l a s e  ac t i v i ty o n  g l y c o d e oxycho l i c  a c i d  t han  C .  me Z o n i s 

and , g i ven h i gh e r  d r y  w e i g h t s , wo u l d  p r ob a b l y  a c h i eve f a s t e r  

r e ac t i on . Under s h a k e  f l a s k  c o nd i t i on s , C .  fa Z Z ax g a v e  

h i gh e r  p ro duct  y i e l d s t han  C .  me Z o n i s  a n d  app e a r e d  n o t  t o  

fur t h e r  de grade t h e  f r e e  b i l e ac i d . T he s e  a r e  des i r ab l e  

f e a tur e s  for  a p r o c e s s  o rg a n i s m .  H o w e ve r , C .  fa Z Z ax 

su f f e r e d  g r e a t e r  i n h i b i t i o n  f rom h i g h g l yc o deoxycho l i c a c i d  

c o nc en t r a t i o n s . 

Obv i ou s l y ,  no s imp l e s c r e e n i n g  expe r im e n t  c a n  hope t o  de t e rm i n e  

a l l  t he s e  da t a . Howeve r , f o r  t he s e  fung i ,  a s hake f l a s k  

run c o n t a i n in g  S . O g l - 1  g l yc o d e oxycho l i c ac i d  i n  w h i c h  d r y  

we i ght a n d  qu ant i t a t i v e  b i l e a c i d  da t a  w e r e  o b t a i n e d  wo u l d  

p ro v ide  i n fo rma t i o n  u s e fu l  fo r t he i r  c ompa r i s o n  b y  t he a b o v e  

c r i t er i a . S in c e  s c a l e - u p  i s  e a s i e r  f r om ferme n t e r  da t a , 

p ro m i s in g  o rgan i sm s  s ho u l d  b e  comp a r e d  i n  f e rme n t e r  cu l t ur e . 
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7 .  FUNGAL 7 a - DEHYDROXY LAT I ON 

7 . 1 .  I n t r o du c t i o n  

The p r e s en c e  o f  7 a - hyd r oxyc h o l anoy l d e hydroxy l a s e  ac t iv i t y  

i n  fun g i  o f f e r s  t he p o t e n t i a l  for  t he c o n v e r s i o n  o f  t h e  
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maj o r  hydr o l y s i s  p ro du c t  o f  New Z e a l an d  c a t t l e  and s h e e p  g a l l , 

c ho l i c a c i d , t o  t h e  app a r e n t l y  mo r e  v a l uab l e  d e o xycho l i c 

ac i d , p o s s i b l y  i n  t he s ame f e rme n t a t i on i n  wh i c h  hydro l y s i s  

o c c ur s . P r e l i m i n a ry s c r e e n in g  o f  fun g i  i n  t h i s l ab o r a t o ry 

for  7 a - hydroxyc h o l an o y l  de hydroxy l a s e  ac t iv i t y  s howed t ha t  

i t  wa s n o t  c o mmo n l y  e xp r e s s e d i n  who l e  c e l l  fe rment a t i on s . 

Howeve r ,  deoxyc h o l i c a c i d  w a s  de t e c t e d , b y  t l c , from t h e  

incuba t i o n o f  g l yc o c ho l i c a c i d w i th Cu rv u l a r i a  c o i c i s  I FO 

7 2 7 8 . 

Other  r ep o r t s o f  fun g a l 7 a - dehydroxy l a t i o n  a r e  c o n f i n e d  t o  

t he f e w  i n s t a n c e s  r e c o r d e d  b y  Furut a ( 1 9 5 9 ) . A l t hough t h e r e  

i s  p r o b a b l y  a d i s c r e t e  7 a - hydroxyc ho l ano y l  d e hy d r oxy l a s e  

i n  fun g i  rep o r t e d  t o  p o s s e s s  such a c t i v i ty , 7 a - dehyd r ox y l a t i o n  

o c c ur r e d  a s  t h e  s o l e  t r a n s f o rmat i on o n l y  i n  t h e  conve r s i o n  

o f  c ho l i c a c i d  t o  d e o xy c ho l i c a c i d  b y  A sp e rg i l l u s  o c h ra c e u s  

( W i l he l m )  I FO 4 0 7 1 , r e p o r t e d  by  Fu r u t a  ( 1 9 6 0 ) . 

Th e r e f o r e , s tud i e s  we r e  n o w  conduc t e d t o  inv e s t i g a t e  t h i s  

p o t en t i a l l y v a l ua b l e  t r a n s f o rma t i on , emp l o y i n g  C .  c o i c i s . 

I n  add i t i on , A .  o c h ra c e u s  ( W i l h e l m )  I FO 4 0 7 1  w a s s tud i e d  

fo r c omp a r i s o n . 

7 . 2 . Dehyd r o xy l a t i o n  u s 1 ng Who l e  C e l l s  o f  C .  c o i c i s 

7 . 2 . 1 .  The C ou r s e  o f  De hyd roxy l a t i o n  

Dup l i c a t e  ex p e r i m en t s  w e r e  p e r formed i n  s hake  f l a s k s  w i t h 

c .  c o i c i s  grown i n  g l uc o s e - p ep t o n e  m e d i um c o n t a i n i n g  l . O g l
- 1  

g l yc o c ho l i c a c i d . An un i n o cul a t e d c o n t r o l  wa s run fo r 

c omp a r i s o n .  

The d r y  we i g h t , t o t a l  c a rb o hydra t e  c o nc e n t r a t i o n s  and t h e 



c u l ture pH d a t a  a r e  p r e s en t e d  1 n  F i gu r e  7 . 1 . A s  t he 

d up l i c a t e  e xp e r i me n t s  y i e l d e d  p a r a l l e l  d a t a , t he y  a r e  

r ep r e s en t e d  a s  a s i n g l e  curve  f o r  e a c h  p a rame t e r . T h e  d r y  
- 1  w e i gh t  p e a k e d  a t  8 g l  a ft e r  7 d a y s  i n c u b a t i on , b y  wh i c h  

t ime t he t o t a l  c a r b o hydr a t e  i n  t he me d i um was exhaus t e d . 
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T h e  b i l e  a c i d  d a t a  a r e  dep i c t e d  i n  F i gu r e  7 . 2 .  The c o n t r o l 

c u l ture s c o n t a i n e d  o n l y  t he s ub s t r a t e  a f t e r  1 1  day s incub a t i o n . 

C .  eo i e i s  i n i t i a t e d  hydr o l y s i s  o f  g l y c o c ho l i c a c i d towa r d s  

t he e n d  o f  g r ow t h  ( e a  day 5 )  a n d  c o mp l e t e  conve r s i o n  wa s 

a t t a i n e d  a ft e r  1 0  d a y s  o f  fe rmen t a t i o n  t o  g iv e  a 9 2 %  y i e l d  

o f  c ho l i c a c i d . D e o xycho l i c a c i d  wa s o b s e rved  i n  ea 3 %  

y i e l d  a ft e r  1 1  d a y s  i ncub a t i o n . I t s c o nc ent r a t i o n  d i d  n o t  

i n cr e a s e  fu r t he r , d e s p i t e p r o l o n g e d  i n c u b a t ion . The 

a pp e a r an c e  o f  d e o x yc ho l i c  a c i d  a ft e r  d a y  1 0  s u g g e s t s  t h a t  

t he 7 a - h y d r o xycho l an o y l  dehyd r o x y l a s e  a c t e d  o n  c ho l i c a c i d  

i n  p r e f e r e n c e  t o  t h e  cho l i c a c i d  c o n j u g a t e . The  l o s s  o f  

t o ta l  b i l e  a c i d  du r i n g  t h e  c o u r s e  o f  t h e  fermen t a t i o n  wa s 

n e g l i g ib l e .  

7 . 2 . 2 • The E f f e c t o f  Sub s t r a t e  

T o  d e t e r m i n e  whe t h e r  7 a - dehydr o xy l a t i o n  wa s p e r fo rmed o n  

c ho l i c  a c i d , t h i s  b i l e ac i d  w a s  i n c ub a t e d  w i t h  C .  eo i e i s  1 n  

s hake f l a s k s  o f  g l u c o s e - p e p t o n e  me d i um a t  a c o n c e n t r a t i o n  

o f  O . S g l - l  A c o n t r o l  con t a in i n g  g l yc o c ho l i c  a c i d  wa s a l s o 

r un . 

The  dry we i gh t  o f  b o t h  t h e  c on t r o l a n d  t he c ho l i c a c i d 

c on t a i n i ng c u l t u r e s p e a k e d  a t  6 g l - 1
, a f t e r 4 d a y s  incuba t i o n . 

T h i s  w a s  s i gn i f i c a n t l y  e a r l i e r  t ha n  c u l t ur e s  c o n t a i n i n g  

l . O g l - l 
g l yc o c ho l i c a c i d  ( F i gu r e  7 . 1 ) . Desp i t e  t h i s , t h e  

c on t r o l  cu l tur e s  y i e l d e d  b i l e  a c i d  da t a  s imi l a r  t o  t ho s e  

g iven  i n  F i gure  7 . 2 .  

Howeve r ,  c u l t ur e s  c o n t a in i n g  c ho l i c a c i d  exh i b i t e d  no 

7 a - hydrox ycho l a n o y l  de hydr o x y l a s e  a c t i v i t y and n o  b i l e  a c i d s , 

o t he r  t ha n  c ho l i c a c i d , we r e  de t e c t ed . A l o s s  o f  ea 8 %  

c ho l i c a c i d  had o c c u r r ed a f t e r  2 1  d a y s  incub a t i o n , p ro b a b l y  

due t o  b i nd i n g t o  t h e  myc e l i um .  Hen c e , i n  s h a ke f l a s k  
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c u l t ure s o f  C .  c o i c i s , g ly c o c ho l i c ac i d  was  t h e  p r e f e r r e d  

s ub s t r a t e  fo r 7 a - d e hydroxy l a t i o n . 

7 .  2 .  3 .  The E f fe c t  o f  t he Me t h o d  o f  I ncub at i on 
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T o  s tudy t h e  e f f e c t o f  t h e  me t ho d  o f  i ncuba t i o n  o f  C .  c o � c � s  

c u l t ur e s  o n  7 a - d e hy d r oxyl a t i on , f l a s k s  c o n t a in i n g  g l uc o s e 

p e pt one m e d ium w i t h  O . S g l - l  o f  g l yc o c ho l i c ac i d  o r  c ho l i c 

a c i d we r e  i n o cu l a t e d  and i n c ub a t e d  i n  s t i l l  cu l t u r e . 

T h e  myc e l i a l  d r y  w e i g ht o f  t he s t i l l  c u l t u r e s  i n c r e a s e d  a t  

a s l owe r  r a t e  t han  t h a t  o f  t h e  c o r r e s p on d i n g  s h a k e  f l a s k s , 

p e ak ing a t  Zg l
- l  

a ft e r  1 0  d a y s  incub a t i o n . Cu l t u r e  p H  

d a t a  s howed a s im i l a r l a g . The g r owt h o f  the fun g u s  wa s 

n o t  a f fe c t e d by  t h e  t yp e  o f  b i l e  a c i d  p r e s ent . 

I n  s t i l l  cu l t ur e s  c o n ta i n i n g  c ho l i c a c id , no o t he r  b i l e  a c i d s  

w e r e  de t e c t e d , d e s p i t e  i n c ub a t i o n  o f  t he cul t u r e s fo r 3 0  

d ays . A 1 2 %  l o s s  wa s ob s e r v e d  b y  t h i s  t ime . Thu s , t he 

i ncub a t i o n  o f  c ho l i c ac i d  w i t h C .  co i c i s  in s t i l l  c u l t u r e  

d i d n o t  p r omo t e  7 a - d e hydroxy l a t i o n . 

I n  s t i l l  c u l t u r e s c o n t a i n in g  g ly c o c ho l i c  ac id , hydro l y s i s  

b e gan a f t e r  1 0  day s i ncub a t i o n , but  n o  de oxyc ho l i c a c i d  w a s  

d e t ec t e d , d e s p i t e  a n  incub a t i o n  t ime o f  2 1  day s . Howev e r , 

v e ry l o w  c on cent r a t i o n s  o f  a c ompound , i den t i c a l  t o  au t he n t i c  

g l ycodeo xyc ho l i c a c i d  o n  t l c  u s i n g  s o l ve n t  sys t ems  " a " , " c "  

a nd " e "  t o  " g " , we r e  ob s e rv e d  a f t e r  1 0  days o f  f e rmen t a t i on . 

T he y i e l d s  o f  t h i s  c ompound r ema i n e d  l ow d e sp i t e fu r t h e r  

i ncub a t i on . Thu s whe r e a s  c ho l i c a c i d  was  ine r t  i n  C .  c o i c i s  

c u l ture s , g l yc o c h o l i c ac i d  wa s t r a n s fo rmed t o  l ow qua n t i t i e s  

o f  g l yc od e o xycho l i c  a c i d  a n d  d e o xycho l i c a c i d i n  s t i l l  a n d  

s hake f l a s k  c u l t u r e r e s pe c t i ve ly . I t  i s  p r o b a b l e  t h a t  t h e  

g l ycodeo xycho l i c a c i d  p ro du c e d  i n  s t i l l  cul ture s o f  C .  c o i c i s  

would b e  hyd ro l y s e d  even tua l l y .  
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7 . 3 . De hyd r o x y l a t i o n  u s 1ng Who l e  C e l l s  o f  A .  o c h �a c e u s 

7 .  3 . 1 .  The  E f f e c t  o f  t h e  Sub s t r a t e  

The 7 a - hyd r o xy c ho l an o y l  d e hydroxy l a s e  a c t i v i ty o f  A .  o c h ra c e u s  

g r own i n  g l u c o s e - pe p t o n e  me d ium w a s  s tud i e d i n  shake f l a s k 

c u l t ur e , emp l o y i n g  g l y c o c h o l i c a c i d  o r  c ho l i c a c id  a s  t h e  
- 1  

s ub s t r a t e  a t  a c on c e nt r a t i o n  o f  l . O g l  The  fungus g r ew 

i n i t i a l l y a s  a t h i c k , c r e am - c o l ou r e d  myc e l i um ,  wh i c h  

d e g e n e r a t e d  a f t e r  e a  9 d a y s  o f  i n c ub a t i o n  i n t o  a t h in , b r own 

s u s p e n s i o n . 

De s p i t e  t he i n c ub a t i on o f  cu l t u r e s  c o n t a i n i n g  c ho l i c ac i d  

fo r 2 8  d a y s , n o  e v i denc e o f  7 a - dehyd r o xy l a t i on was  o b s e rved . 

Howev e r ,  t ho s e  c o n t a i n i n g  g l yc o c ho l i c a c i d  e x h i b i t e d b o t h  

t h e  hydro l y s i s  o f  the  c on j u g a t e  a n d  t he p r oduc t i on o f  

deo xyc ho l i c a c i d  w i t h i n  6 days  o f  i n o c u l a t i o n  a l t hough t he 

y i e l d  o f  t he l a t t e r was  t o o  l o w  fo r qua n t i t a t i o n . 

7 . 3 . 2 . The E f f e c t  o f  t h e  Me t ho d  o f  I ncub a t i o n  

The i nc ub a t i on o f  f l a s k s , i de n t i c a l  t o  t ho s e  o f  t he p r e v ious  

s e c t i on ,  a s  s t i l l  c u l t u r e s , r e s u l t e d in t h e  fungus g row i n g  

a s  a w h i t e , s u r fa c e  fe l t  o n  wh i c h  t a n  s p o r e s  a p p e a r ed 1 0  days  

a f t e r  i n o cu l a t i on . S im i l a r r e s u l t s  t o  t ho s e  d e s c r i b e d  for  

t h e  s ha k e  f l a s k  c u l t u r e s were  o b t a i n e d  w i t h  r e s p e c t t o  t he 

t r a n s f o rma t i o n  o f  c ho l i c and g l y c o c h o l i c a c i d s . Thu s , no  

7 a - d e hy d r o xy l a t i o n  of the former  was o b s e rve d , d e s p i t e  an 

i n c ub a t i o n  p e r i o d of 50  d a y s . G l yc o c ho l i c a c i d  was  w e a k l y  

hyd r o l y s e d a f t e r  1 0  day s o f  f e rm en t a t i on , a n d  l o w  l eve l s  o f  

d e o x y c h o l i c a c i d  we r e  de t e c t ed b y  t h i s  t ime . They r ema i n e d  

t o o  l ow fo r q u a n t i t a t i o n . 

7 .  4 .  D e hyd ro xyl a t i o n  u s ing C e l l - free  Sy s t ems 

The i n c ub a t i o n  o f  c e l l - fr e e  e x t r a c t s  o f  C.  m e l o n i s  w i t h  cho l i c 

a c i d  c o n j u ga t e s  dur i ng t h e  s t udy o f  i t s  hyd r o l a s e  a c t i v i t y ,  

r e ve a l e d a l o w  l e ve l o f  c o ns t i t u t i v e  7 a - h y d r o xycho l a n o y l  
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d e hyd r o xy l a s e  a c t i v i t y , a l t hough s u c h  a c t i v i t y  w a s  n o t  

o b s e rve d i n  who l e - c e l l  c u l t u r e s  o f  t he o r gan i sm .  The 

pa radox i c a l  r e s i s t a n c e  o f  c ho l i c a c i d  to 7a - dehydroxy l a t i o n  

by C .  c o i c i s  a n d  A .  o c h Pac e u s , d e s p i t e  a c t i v i t y  o n  g l yc o 

c ho l i c  a c i d , l e d t o  t he u s e  o f  c e l l - fr e e  s y s t em s  o f  t he s e  

fung i t o  a s s e s s  whe t h er t he s e  demon s t r a t e d a c t i v i t y  o n  c ho l i c 

a c i d i t s e l f .  

C u l t u r e s  w e r e  g r own i n  s hake f l a s k  u s i n g  g luco s e - p e p t o n e  

m e dium w i t ho u t  b i l e  a c i d  p r e s en t . C e l l - free  c u l t u r e  

f i l t ra t e s  a n d  c e l l - f r e e  ex t r a c t s  we r e  t h en p r e p a r e d  and 

i ncub a t e d  w i t h c h o l i c  ac i d , g l yc o c ho l i c  ac i d  and s od i um 

t aurocho l a t e . App r o p r i a t e  c on t r o l s  w e r e  run . 

The r e s u l t s  o f  t h e  c e l l - fr e e  s ys t em i n cu b a t ion s u s 1 n g  C .  

c o i c i s  a n d  A .  o c h Pa c e u s a r e  comp a r e d  t o  t ho s e  o f  C .  me l o n i s  

i n  Tab l e  7 . 1 .  

T he c e l l - f r e e  e x t r ac t s  o f  a l l  3 fun g i  e x h i b i t e d  w e a k  7 a 

h ydr oxyc ho l a n o y l  d e hydroxy l a s e  a c t i v i t y  o n  eac h o f  t he b i l e 

a c i ds t e s t e d , e x c e p t fo r C .  c o i c i s  in  t h e  c a s e  o f  tauro -

c ho l a t e . Thus , f o r  al l ,  t he ac t i v i t y  w a s  co n s t i t ut i ve and 

i n t r a c e l l u l a r , t he l a t t e r  demon s t r a t e d  by t h e a b s ence  o f  

7 a - d ehyd r o x y l a t i o n  p r oduc t s  i n  t h e  c e l l - free  c u l t u r e  f i l t r a t e . 

T he sub s t r a t e  f o r  t h e  en z ym e  in  a l l c a s e s  may , i n  fact , b e  

c ho l i c a c i d , de s p i t e t h e  app a r en t  l a c k  o f  a c t i v i t y on t h i s  

b i l e  a c i d  i n  who l e - c e l l  c u l t u r e s . Thus , i n  a l l  i n s t an c e s  

where  d e o xy c ho l i c  a c i d  wa s o b s e rv e d  i n  c e l l - f r e e  ex t r a c t s  

c on t a i n i n g a c ho l i c a c i d  c o n j u g a t e , t he e x t rac t a l s o po s s e s s e d 

h ydro l a s e  a c t i v i t y  fo r t h a t  c on j u g a t e . Whe r e  hydro l a s e  

a c t i v i t y  wa s a b s en t , a s  i n  t he c a s e  o f  t h e  i n c ub a t i o n  o f  

t aur o cho l a t e  w i th C .  co i c i s  c e l l - f r e e  e x t rac t s , 7 a - hydroxy 

c ho l an o y l  dehy d r o xy l a s e  ac t i v i t y w a s  a l s o  ab s e n t . Howeve r ,  

g l yco d e o x y c ho l i c a c i d was  d e t e c t e d i n  t h e  c e l l - f r e e  ext rac t 

o f  C .  c o i c i s  i n c ub a t ed w i t h  g l yc o c ho l i c a c i d , a r e s u l t  

u n i que t o  t h i s  o rg a n i sm .  

Whe r e a s b o t h  A .  o c h Pa c e u s  a n d  C .  me l o n i s po s s e s s  an i n t ra 

c e l l u l a r  hydro l a s e ( s )  a c t i v e  on b o t h g l ycocho l i c  ac i d  and  
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P r o duc t s  f r o m  the  i n c u b a t i o n  o f  b i l e  a c i d s  

w i t h  t he c e l l - f r e e  s y s t em s  

Funeus  

c .  me l o n i s  

c .  C O & C & S  

A .  o c h r>a c e u s  

N o t a t i o n : 

C e l l - free  
s y s t em 

F i l t r a t e  

E x t r a c t  

F i l t r a t e  

E x t r a c t  

F i l t r a t e  

E x t r a c t  

B i l e  ac i d  s ub s t r a t e  
CA GC N a T C  

CA 

DC CA CA  

OT  DC DC 

OT OT 

CA 

DC CA 

GD 

DC 

CA 

DC  CA  CA  

OT DC DC 

OT OT 

no p r o duc t s  d e t e c t e d ; 

OT , o t h e r  p roduc t s . 

t aurocho l a t e , t ha t  o f  C .  co i c i s  w a s  s p e c i f i c  f o r  g l yc o c ho l i c 

a c i d .  Fur t h e rmo r e , t h e  b i l e  a c i d  d e g r a da t ive p ro d uc t s  
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o b s e rved i n  t he c e l l - fr e e  ex t r a c t s  o f  C .  me lon i s  a n d  A .  o c h ra c e u s  

w e r e  ab s e n t  f ro m  t ho s e o f  C .  c o i c i s . Hence , C .  c o i c i s  

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

f o rming  ab i l i t i e s  t o  t ho s e  o f  t h e  o t he r  two o r g a n i s m s . 
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I n t r a c e l l u l ar 7 a - hydroxyc ho l an o y l  d e hydr o x y l a s e  i s  p r e s en t  

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

c o n s t i t u t ive . Howe ve r ,  even  w h e n  who l e - c e l l cu l t ur e s  a r e  

i n c ub a t e d  w i t h  b i l e  a c i d  from i n o cu l a t i o n , t he y i e l d s  o f  t he 

7 a - d e hydroxy l a t e d  p ro du c t r e ma i n  v e r y  l ow . The u su a l  

p r o duc t , deoxyc ho l i c  a c i d , wa s c l e a r l y  d i s t ingu i s hed  f rom 

c he n o deoxycho l i c a c i d  by t he u s e  o f  the t l c  so l v e n t  s y s t e m  

" a "  w i t h  t he aut hen t i c  s t anda r d s . Thu s , 7 a - dehyd r o xy l a t i o n  

wa s t he t r a n s fo rma t i o n  o b s e rv e d . The p r e f e r e n c e  o f  t he 

fun g a l  e n z yme fo r 7 a - de hy d r o xy l a t i o n c omp a r e d  t o  1 2 a 

d e hydroxy l a t i o n  i s  n o t  u n expe c t e d  i n  v i ew o f  t he a c c e s s 

i b i l i t y o f  t h e  r e l a t i ve l y  expo s e d  ? a - hyd r o x y l  func t i o n  c o mp a r e d  

t o  t h e  1 2 a - hydroxy l g r o up , w h i c h  i s  p ro t e c t e d by  t he s t e r o i d  

s i d e c ha i n , e s p e c ia l l y b y  t h e  C - 2 1  m e t h y l  func t i o n  (At k i n s o n  

a n d  B l i c k en s t a f f , 1 9 7 4 ) . 

De s p i t e  the  o c c u r r e n c e  o f  7 a - de hy d r oxy l a t i o n  i n  t he c e l l 

f r e e  e x t r a c t s  o f  t h e  t hr e e  fun g i , i t  i s  c l e a r l y  n o t  e x p r e s s e d  

t o  any l a rge  ex t e n t  i n  w ho l e - c e l l  c u l t u r e s .  There  may b e  

s ev e r a l f a c t o r s  co n t r i b u t i n g  t o  t h i s  l im i t e d  exp r e s s i o n . 

S e v e r e  s uppr e s s ion o f  t h e  e n z ym e  b y  c e l l u l ar r e gu l a t o ry 

m e c han i sms  may be  r e s p on s i b l e , p ar t i cu l ar l y  s i n c e  t he i n t r a 

c e l l u l ar r e l e a s e o f  h i gh y i e l d s o f  the mo r e  t o x i c  7 a 

d e hydroxy l a t e d p r o duc t may dama g e  t he c e l l .  Howeve r ,  a mo r e  

l i k e l y  f a c t o r  may b e  t he l im i t e d  p e rmeab i l i t y o f  t h e  c e l l  

memb rane t o  b i l e  a c i d s . Thus , t h e  s i t u a t i o n  may b e  a na l o g o u s  

t o  t hat o f  t au r o c ho l a t e  hydro l y s i s  w i t h  C .  me l o n i s , whe r e , 

e v e n  t hough an  i n t r a c e l l u l a r  e n z ym e  ex i s t s , the  sub s t ra t e  i s  

n o t  r e ad i l y ava i l ab l e  t o  t he en z ym e . 

T o  e xp l a i n t he de hydr o xy l a s e  a c t i v i ty o f  w ho l e - c e l l  c u l t u r e s  

o f  C .  co i c i s  and A .  o c h r ac e u s  o n  g l ycocho l i c a c i d , b u t  no t 

c ho l i c a c i d , i t  may b e  hypo t he s i s e d  t h a t  w i t h t he s e  c u l t u r e s ,  

whe r e a s  g l yc o c ho l i c  a c i d  a c h i ev e s  s ome s l i g ht p ene t r a t i o n  

i n t o  t he c e l l s , none o c c u r s  w i t h  c ho l i c a c i d . Th i s  may a l s o  

a c c ount fo r the  l ow l o s s e s  o f  b i l e  ac i d  1 n  c u l t u r e s  o f  

C .  c o i c i s , s in c e  t he d e g r a d i n g  en z ym e s  a r e  pro b a b l y  a l s o 

i n t race l l u l a r . W i t h  C .  m e l o n i s , i t  ha s p r e v i ou s l y  b e e n s h own 
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t h a t  t h e  h i gh l o s s e s  o f  b i l e  ac i d  i n  w ho l e - c e l l c u l tur e s  a r e , 

i n  p a r t , due  t o  d e g r ada t i ve e n z yme s . Th i s  c l e a r l y  a s sume s 

t hat b i l e  a c i d s  c an ent e r  t he c e l l t o  a maj o r  e x t e n t . I n  

t h i s  c a s e , t he 7 a - d e hydroxy l a t e d  p ro du c t  may b e  rap i d l y  

d e g r a d e d  b y  t h e fungus and s o  no t a c cumu l a t e . 

A l t h o u g h  t he t im e - c ou r s e  d a t a  w i th  who l e - c e l l  c u l t u r e s  o f  

C .  c o i c i s  and A .  o c hra c e u s  may s ug g e s t  t hat  hydr o l y s i s  p r e c e de s  

the  7 a - d e hydroxy l at i on o f  c ho l i c a c i d  c o n j u ga t e s , the 

d e t e c t i o n  o f  g l yc o d e oxycho l i c a c i d  in s t i l l  cu l t u r e s  and c e l l 

f r e e  ex t r a c t s  o f  C .  c o i c i s  c o nt a i n i n g  g l y c o c ho l i c a c i d  

p r o v i d e s  e v i de n c e  t h a t  th i s  may no t a l ways be  t h e  c a s e . I n  

a d d i t i o n , i t  g iv e s  supp o r t  t o  the  s u g g e s t i o n  t ha t  i t  i s  

g l yc o c ho l i c a c i d , r a t h e r  t h a n  c ho l i c  a c i d ,  wh i c h  pene t r a t e s  

i n t o  t h e  c e l l i n  t h e  i n s t an c e  o f  C .  c o i c i s . Th i s  dehydroxy 

l a t i on o f  g l yc o c ho l i c  ac i d  appe a r s  t o  b e  the f i r s t  i n s t a n c e  

o f  c o n j u g a t e  d e hydroxyl a t i on . Known b ac t e r i a l  7 a - hydr o xy 

c ho l an o y l  dehyd r o x y l a s e s  e xh i b i t  n o  a c t iv i t y  o n  g l y c o c ho l i c 

a c i d ( A r i e s  a n d  H i l l ,  1 9 7 0 b ; Haya kawa , 1 9 7 3 ) . 

The 7 a - hydro xyc ho l an o y l  d e hydroxy l a s e  o f  the  fung i c a t a l y s e d  

t h e  r e a c t i on u n d e r  aerob i c  c o n d i t i o n s . S imi l a r  r e s u l t s  w e r e  

foun d  b y  Furu t a  ( 1 9 5 9 ; 1 9 6 0 )  w i t h  o t h e r  fung i .  I n  c o n t r a s t ,  

the  e n z ym e  i s o l a t e d  from s t r i c t l y  a n a e r o b i c  i n t e s t i n a l  

b a c t e r i a  r e qu i r e s  s t r i n g e n t  ana e r o b i c  c o nd i t i o n s  fo r i t s  

e x p r e s s i o n  ( Ar i e s  and H i l l , 1 9 7 0b ; H i l l , 1 9 7 6 ) , a l t hough 

r e c en t l y  Ar c h e r  ( 1 9 8 0 ) ha s o b s e rv e d  that  a e rob i c  c o nd i t i o n s  

a c t ua l l y  favo u r  t he 7 a - dehydroxy l a t i o n  o f  c ho l i c a c i d  b y  

who l e  c e l l s  o f  C l o s t r i d i um b i fe rm e n t an s . 

The r e s u l t s  a l s o p ro v i de d a t a  from two fur t h e r  o r gan i s ms 

c on c e r n i n g  the h yd r o l y s i s  c ap ab i l i t i e s  o f  fun g i .  Whe r e a s  

c e l l - f r e e  s y s t e m s  o f  A .  o c h ra c e u s  p o s s e s s  a c t i v i t y  s im i l a r  t o  

t ha t  o f  C .  me l o n i s , t h e  i n t r a c e l l u l a r a c t i v i t y  o f  C .  co i c i s  

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

a c i d . Whe t he r  t h i s  r e su l t demo n s t r a t e s  the  a b s e n c e  o f  t he 

c ho l a n o y l  t a u r i n e  hyd ro l a s e  i n  C .  c o i c i s  o r  whe t h e r  t h i s  

a c t i v i t y  wa s s imp l y  n o t  exp r e s s e d  i s  unc l e a r . Howeve r , t he 

r e s u l t furthe r s uppo r t s  the  v i ew t h a t  fung i ,  i n  g e n e ra l , may 

p o s s e $ S two d i s c r e t e , i n t ra c e l l u l a r  hydro l a s e s , o ne s p e c i f i c  
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f o r  a - am i noc a r b o xy l i c a c i d  c on j u g a t e s , t h e  o t he r spec i f i c  f o r  

s u l p ho n i c  a c i d  c o n j u g a t e s . 

I n  c o n c l u s i o n , t h e  da t a  s ug g e s t  t ha t  a l t hough t h e  ab i l i t y t o  

7 a - d e hydroxy l a t e  c ho l i c  a c i d  may b e  c o mmon t o  a numb e r  o f  

fung i ,  t he p o o r  exp r e s s i o n  o f  t h i s  a c t i v i t y i n  fun g a l  who l e 

c e l l  c u l t u r e s  r e nd e r s  a p r o c e s s  u t i l i s i n g  t h i s  fun g a l  

t r a n s f o rmat i on u n l i k e l y  w i t ho u t  c on s i d e r ab l e  fu r t her wo r k . 
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D a t a  have b e e n  ob t a i n e d  de s c r i b i n g  t h e  hydro l y s i s  o f  s e ve r a l  

b i l e ac i d  c o n j u g a t e s  b y  C .  m e l o n i s ,  C .  fa l l ax and C .  co & c & s  

u n de r var i o u s  env i r o nm e n t a l  c o n d i t i o n s . 

T h e  p r o duc t s  o f  t he hydro l y s i s  o f  g l yc o c ho l i c a c i d  by  C .  m e l o n i s  

and C .  c o i c i s  and s i m i l a r l y  o f  g l ycode o xycho l i c ac id  by 

C.  me l o n i s  have b e e n  c ha r a c t e r i s e d by the c r i t e r i a o f  me l t i n g  

p o i n t , m i x e d  me l t i n g  p o i n t  and t he I R  s p e c t r a c omp a r i s o n o f  

t h e  f r e e  b i l e ac i d  c ry s t a l s .  The  c hr oma t o g raph i c  i d e n t i t y  

o f  t he s e  p r o duc t s , u s i n g  t l c  and hp l c  a n a l y s i s , w i t h  auth e n t i c  

s t a n da rd s , fu r t h e r  c o n f i rms t h e  t r ans fo rma t i o n s  o b s e r ved . 

The  p r o du c t  o f  g l yc o d e o xyc ho l i c  a c i d  hyd r o l y s i s  by  C .  fa l l ax , 

a n d  o f  s o d i um t a uro c ho l a t e  and s o d ium t au r o d e o xy c ho l a t e  

hydro l y s i s  by  C .  me l o n i s , w e r e  c o n f i rm e d  b y  b o t h  t l c a n d  h p l c  

i d e n t i t y  w i t h  t he c o r r e s p o n d i n g  s t anda r d s .  

Da t a  de s c r i b i n g  t h e  fun g a l  7 a - �e hydrox y l a t i o n  o f  cho l i c a c i d  

a n d  i t s  c on j u g a t e s  w e r e  a l s o  ob t a ined . The p r o duc t o f  t h e 

7 a - dehyd r o x y l a t i o n o f  g l y c o c ho l i c  a c i d , a f t e r  i t s  hydr o l y s i s , 

b y  C .  co i c i s  w a s  n o t  i s o l a t e d i n  s u f f i c i e n t  quan t i t y  to  a l l ow 

i t s chara c t e r i s a t i o n  b y  t he u s u a l c r i t e r i a  emp l o yed  due t o  

i t s  f o rma t i o n  o f  c omp l e x e s  w i t h  f a t ty a c i d s  a n d  i t s  l ow y i e l d . 

Howe v e r  i t s c hroma t o g r a p h i c  behav iour o n  t l c  and hp l c  was  

i de n t i c a l  t o  a u t h e�t i c  d e o x yc ho l i c a c i d  a n d  i t s  me l t i n g p o i n t  

w a s c ha r ac t e r i s t i c o f  a de oxycho l i c ac i d - fa t t y  a c i d c omp l e x . 

T h e  p r oduc t s  o f  7 a - d e hy d r o xy l a t i o n  i n  c u l t u r e s  o f  C .  me l o n i s 

a n d  A .  o c h r a c e u s  we r e  i d en t i f i e d  by t he i r  co i n c i d e n c e  w i t h  

d e o xy c ho l i c a c i d  i n  s ev e ra l t l c s o l ven t s y s t em s . 

Da t a  have b e e n  o b t a i n e d  de s c r i b i ng t h e  a b i l i t y  o f  fung i t o  

hydro l y s e  g l yc i n e  c o n j u g a t e s . c .  me l o n i s ,  C .  c o i c i s  and 

A .  o c h ra c e u s  p o s s e s s  b o t h  i n t r ac e l l u l a r  and e x t r a c e l l u l a r  

c h o l an o y l  g l yc i n e  hyd r o l a s e  a c t i v i t y .  I n  ad d i t i o n , the 

e n z yme ( s )  i s  c on s t i t u t i ve . The ex t r a c e l l u l a r  a c t i v i t y do e s  

n o t  appear  t o  b e  due t o  l e a k a g e  o f  t he i n t r a c e l l u l a r en z yme  

f r o m  the c e l l s .  I f  c e l l  l y s i s  we re r e s p o n s i b l e  e x t race l l u l a r  

a c t i v i t y s ho u l d  a l s o h a v e  b e e n  o b s e r v e d  o n  taur i n e c o n j ug a t e s , 

wh i c h  wa s n o t  t h e  c a s e . Fu r t h e rmo re , t h e ce n t r i fug a t i o n 
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c o nd i t i o n s  emp l oy e d  in  t h e p r ep a ra t i o n  o f  t h e  c e l l - fr e e  

s y s t ems  w e r e  s u f f i c i e nt t o  r emove c e l l wa l l / memb rane m a t e r i a l  

from t he superna t an t  l i q u i d  ( Ar i e s  and H i l l , 1 9 7 0 a ) ; t h e r e fo re 

o n l y  " fr e e "  a c t i v i t y wa s p r e s en t  i n  t h e  c e l l - f r e e  f i l t r a t e . 

A maj o r  r e a s o n  fo r i nve s t i g a t i n g  fun g a l hyd ro l y s i s  o f  b i l e 

a c i d  c on j u g a t e s  w a s  the c o n s i d e r ab l e  l o s s  o f  b i l e  a c i d  ob s e rved  

du r i n g  a l k a l i n e  hydro l y s i s .  Howev e r ,  the  y i e l d  of  free  

b i l e a c i d  from the  hydr o l y s i s  of  g l y c i n e  c o n j u g a t e s  by 

C.  me l o n i s  was no t qua n t i t a t i ve . Thr e e  fac t o r s  are r e s po n s ib l e  

for t h e  o b s e rved  l o s s e s . T h e s e  a re : 

tt The b i n d i n g  o f  t h e  b i l e  a c i d  c o nj uga t e  and t he 

f r e e  b i l e  a c id  t o  t h e  myc e l i um .  

tt The  r a p i d  de grad a t i o n  o f  t h e  f r e e b i l e  a c id  

p r oduc t b y  an i n duc i b l e  e n z yme sy s t em to  g ive 

non - s t e r o i da l  p r oduc t s . 

tt Unde r c e r t a i n c o nd i t i o n s , t he conv e r s i o n  o f  

the  c on j u g a t e  and/ o r  the  f r e e  b i l e  ac i d  t o  

k e t o  d e r i v a t i ve s . 

The r e l a t ive c o n t r ibut i o n  o f  t h e s e  f a c t o r s  t o  t he l o s s e s  o f  

b i l e  a c i d  o b s e r v e d  var i e s  d e p end i n g  o n  t he o r g an i sm ,  the  

env i ronmen t a l  c o nd i t i o n s  a n d  t h e  t yp e  of  b i l e  a c i d  conj u g a t e  

emp l o y e d . 

P r e v i o u s  wo r k  ha s shown t au r i n e  c on j u g a t e s t o  b e  r e s i s t an t  to  

hydro l y s i s  b y  who l e - c e l l c u l t u r e s  o f  fung i ,  e x c e p t  for two  

i n s t an c e s  invo l v i n g  A s p e rg i l l u s  n i g e �  ( Furu t a , 1 9 5 9 )  and 

Pe n i c i l l i um c h � y s o g e num ( Ch o n g  e t  a l ,  1 9 8 0 ) . The c u r r e n t  

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

no t e x t r a c e l l u l a r , cho l an o y l  t a u r i n e  hydro l a s e  a c t i v i t y  i n  

C .  me l o n i s  and A .  oc hrac e u s . T h e  en zyme i s  c o n s t i t ut i v e . 

I n  who l e - c e l l  s h a k e  f l a s k  c u l t u r e s o f  C .  m e l o n i s  and C .  fa l l ax 

t h e r e  i s  s o me u t i l i s a t i o n  o f  t he t a u r ine  c o n j u g a t e s , but no 

free  b i l e  a c i d  i s  o b s e rv e d . I t  i s  p robab l e  t ha t , s i nce 

t au r o c h o l a t e  i s  b ound t o  t he myc e l i um t o  a n e g l i g i b l e  e x t e nt , 

t h i s  l o s s  i s  du e t o  two f a c t o r s  wh i c h  a c t  on t h e  free  b i l e 
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a c i d  p ro duc e d  by t h e  hyd r o l y s i s  o f  the l ow amoun t s  o f  taur i n e  

c o n j u ga t e  t ha t  c an p en e t r a t e  i n t o  t h e  c e l l . 

a r e : 

T he s e  fac t o r s  

tt The b in d i n g  o f  the f r e e  b i l e  a c i d  t o  t h e  myc e l ium . 

tt The r ap i d  d e g rada t i on o f  the f r e e  b i l e  a c i d  by an 

i nduc ib l e , i n t r ac e l l u l a r  en zyme  s y s t em to g i ve 

n o n - s t e r o i d a l  p roduc t s . 

T h e  p o o r  hydr o l y s i s  o f  t aur i n e  c onj u g a t e s  b y  who l e - c e l l  

c u l t u r e s  o f  C .  me l o n i s  i s  due t o  the  l ac k  o f  e x t r a c e l l u l a r  

a c t i v i t y o n  t he s e  c o n j u g a t e s . The t au r i n e  c o n j ug a t e s  a r e  

a p p a r e n t l y  u n a b l e  t o  p en e t r a t e  i n t o  t he c e l l  t o  a n y  g r e a t  

e x t e nt  a n d , h e nc e , b e  hydro l y s e d b y  the  i n t r a c e l l u l a r en zyme . 

I n  e l uc i da t i n g  t h e  s p e c i f i c i t y o f  t he e x t r ac e l l u l a r  hydro l a s e  

b y  t h e  u s e  o f  ana l o gu e s o f  t he n a tur a l  c o n j u ga t e s ,  i t  b e c am e  

ap p a r e n t  t ha t  th i s  e n z yme m a y  b e  a neu t r a l  p r o t e a s e . Th i s  

s u g g e s t i o n  i s  suppo r t e d  by t he sp ec i f i c i t y  o f  t h e  e n z yme f o r  

a - a m i no c a r b o xy l i c a c i d  c onj u g a t e s  a n d  i t s  p o s s i b l e  r eq u i rement  

for  a me t a l  i o n . 

F u r t h e r  wo r k  i s  n e e d e d  t o  t e s t  t hi s  hyp o t he s i s , p a r t i cu l a r l y  

i n  v i ew o f  t he s t a t eme n t  b y  Na i r  e t  a l  ( 1 9 6 7 )  t ha t  t he pep t i de  

b o n d  of  the  b i l e  a c i d  c o n j u g a t e s  1s  re s i s t a n t  to  t he ac t i o n  

o f  mo s t  o f  t h e  known p ro t e o l y t i c  e n z yme s .  Such work  m i g h t  

i n c l ude  t h e  i ncub a t i o n  o f  fun g a l  p ro t e a s e s , p a r t i c u l a r l y  

n e u t r a l  e n z ym e s , w i t h  b i l e  a c i d c onj u ga t e s  t o  o b s e rv e  whe t h e r  

hyd r o l y s i s  o c cur 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  the  

e x t r ac e l l u l a r  hydr o l a s e  from C .  m e lo n i s  a n d  i t s  i n c ub a t i o n  w i t h  

p ro t e i n wo u l d  a l s o  b e  u s e fu l . 

A l t hough t he c ho l a n o y l  g l yc i n e  hydro l a s e  a pp e a r s  t o  b e  

c o n s t i t u t i v e , i f  t h e e n z yme i s  a p ro t e a s e  i t  i s  po s s i b l e  t ha t  

i t  wa s i nduc e d  b y  t h e  p ep t o n e  u s e d  i n  t he med i um t o  grow t he 

fungus . I nd uc i b l e  a n d  c o n s t i tu t ive e x t r a c e l l u l ar pro t e a s e s  

h ave b e e n  r ep o r t e d  i n  c u l t u r e s  o f  Neuro s p o ra c ra s s a  ( Cohen e t  a l ,  
1 9 7 5 ) a n d  A s p e rg i l l u s  n i du l a n s  ( Cohen , 1 9 7 3 ) r e s p e c t i v e l y . 

T o  o b t a i n  mo r e  i n f o rma t i on i t  wo u l d  b e  u s e fu l  t o  g r ow C .  m e l o n i s  

1 n  a med i um c on t a in i n g  a non - p e p t i d e / p ro t e i n  n i t r o g e n  sour c e  

t o  a s s e s s  t he e f fe c t  o f  th i s  o n  g l yc i n e  c o n j u ga t e  hyd ro l y s i s . 
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Wo rk  h a s  b e en p e r f o rme d t o  s tu dy fun g a l 7 a - d ehyd roxy l a t i o n . 

Low l e ve l s  o f  i n t r a c e l l u l a r , a n d  app a r e n t l y  c o n s t i t ut i v e , 

a c t i v i t y  w e r e  foun d  i n  t he o r g a n i sms  emp l oyed . Howeve r ,  1 n  

who l e - c e l l  c u l t u r e s ,  l i t t l e  o r  n o  a c t i v i t y  wa s o b s erved , 

po s s i b l y  due t o  p e rm e ab i l i ty c o n s t r a i n t s on  the  a c c e s s  o f  the  

b i l e  a c i d  t o  t he i n t ra c e l l u l ar e n z yme . 

Muc h  o f  t h e  pub l i s he d  l i t e r a t u r e  r e g a r d i n g  t h e  m i c r ob i a l  

t ra n s forma t ion o f  b i l e a c i d s  c on c e r n s  t he a c t i o n  o f  i n t e s t i n a l  

b a c t e r i a  o n  t he s e  c ompound s . The c ur r en t  wo r k  has  demo n s t ra t e d  

t hat s i g n i f i c a n t  d i f f e r e nc e s  i n  t r an s fo rma t i on  ab i l i ty e x i s t  

b e tw e e n  fung i a n d  i n t e s t i n a l  b a c t e r i a . Re ga r d i n g  the 

hydro l y s i s  o f  b i l e  a c i d  c on j uga t e s , b a c t e r i a l  hydro l a s e s  

g e ne r a l l y e x h i b i t  a c t iv i t y o n  b o t h  g l y c i n e and t aur ine 

c o n j u g a t e s  ( H i l l  and Dr a s a r , 1 9 6 7 ; N a i r  e t  a Z , 1 9 6 7 ; H ay a kawa , 

1 9 7 3 ) , a l t hough s ome  e x c ep t i o n s  have b e en r epo r t e d ( Koba s h i  

e t  a Z , 1 9 7 8 ) . A l s o , b ac t e r i a l  hyd r o l a s e s  are  p r edominan t l y 

i n t rac e l l u l a r ( H i l l ,  1 9 7 6 )  a n d  e xh i b i t  no r equ i r emen t  f o r  

me t a l  i o n s  ( Na i r  e t  a Z ,  1 9 6 7 ; Ar i e s  a n d  H i l l , 1 9 7 0 a ) . F u r t h e r  

who l e - c e l l  cu l t u r e s  o f  a na e r o b i c  b a c t e r i a a r e  i nh i b i t e d  a t  

g l yc o d e o xyc ho l i c a c i d  c o n c e n t r a t i o n s  o f  e a  0 . 2 % w/ v ( S h imada 

e t  a Z , 1 9 6 9 ) a l t ho u g h  t he i s o l a t e d  hyd r o l a s e  is  n o t  i n h i b i t e d  

by  s ub s t ra t e  ex c e s s  ( H i l l ,  1 9 7 6 ) . C o n s eque n t l y , i t  app e a r s  

t h a t  i n t e s t i n a l  b a c t e r i a  a r e  s i g n i f i c a n t l y  mo r e  p e rme ab l e  t o  

b i l e  a c i d s  t han fun g i , a nd t ha t  t h e  hyd r o l a s e  e n z yme s a r e  

p robab l y  d i ffe r en t . 

A s im i l ar d i ffe r e nc e  i s  a p p a r e n t  1 n  t h e  7 a - de hydroxyl a t i o n 

ab i l i t i e s  o f  i n t e s t i n a l ba c t e r i a and f u n g i .  The bac t e r i a l  

e n z yme i s  a lmo s t  e n t i r e l y  i nduc ib l e ; i t  i s  h i g h l y  act i v e  1 n  

t he i n t e s t ine a n d  i s  p ro du c e d , and  i s  a c t i ve ,  o n l y  und e r  

s t r i c t l y  a n a e ro b i c  c o n d i t i o n s  ( H i l l ,  1 9 7 6 ) . I n  c o n t r a s t , 

t he fun g a l 7 a - hy d r o x y c ho l a noy l d e hyd r o xy l a s e  i s  p r o duc e d  and 

i s  a c t i v e  in  an a e ro b i c  e nv i r onmen t . 

Unde r a n a e rob i c  c o nd i t i o n s , t he i n t e s t i n a l  ba c t e r i a  app e a r t o  

a c h i e v e  quant i t a t i ve c o nv e r s i o n s  o f  b i l e  ac i d  (Arch e r ,  1 9 8 0 ) . 

Howeve r , a e r ob i c a l l y - g rown , b ac t e r i a l  cu l t u r e s  a p p e a r  t o  

rap i d l y  d e g r a de b i l e ac i d  to  no n - s t e r o ida l produc t s  ( Ye s a i r  

and H i mme l fa rb , 1 9 7 0 ; H a ya kawa , 1 9 7 3 ) . I n  t h i s  r e s p e c t ,  



t h e r e fo r e , t he y  b e h a v e  1 n  a s im i l a r man n e r  t o  fung i .  

I n  c o n c l u s i o n , t he ma j o r a im o f  t h i s  wo r k  wa s t o  a s s e s s  t he 

f e a s i b i l i t y o f  a fun g a l  hyd r o l y s i s  p r o c e s s , i n c l ud i n g  t h e  

po s s i b i l i ty o f  c o nv e r t i n g  c ho l i c a c i d  t o  deoxycho l i c a c i d . 

Un fo r t una t e l y , t he p o o r  hyd r o l y s i s  o f  t au r ine c o n j ug a t e s  b y  

w ho l e - c e l l  c u l t u r e s  c an n o t  b e  e a s i l y  o ve r come b y  t he 

man ip u l a t i o n  o f  t h e  f e r m e n t a t i o n  c o nd i t i o n s  and , h e n c e , 

n e g a t e s  a fung a l  h y d r o l y s i s  p r o c e s s .  F u r t he r mo r e , t he 
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l im i t e d  e x p re s s i o n  o f  7 a - hyd r oxycho l an o y l  dehydroxy l a s e  a c t i v i t y  

b y  who l e - c e l l  c u l t u r e s  s im i l ar l y  ru l e s  o u t  a p ro c e s s  b a s e d  

o n  t he c o nv e r s i o n  o f  c ho l i c a c i d  t o  de oxycho l i c  a c i d . 

Neve r t he l e s s , t he i nh e r e n t  v a r i at i o n  i n  t r ans f o rma t i o n  

ab i l i t i e s  o b s e r v e d  i n  d i f fe r e n t  fung i du r in g  t h i s  wo rk  s u g g e s t s  

t ha t  fur t he r  s c r e e n i ng and , p e rhap s , m u t a t i o n  p r o g r amme s ,  may 

p roduc e fun g i  e x h i b i t i n g  a s up e r i o r  p e r fo rman c e  to  t ho s e  

e mp l o y e d . 
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Wo r k  ha s b e e n  p e r fo r m e d  to a s s e s s  t h e f e a s i b i l i t y o f  a fung a l  

p ro c e s s  fo r t h e  hydr o l y s i s  o f  b i l e  ac id  c o n j uga t e s  p r e s e n t  

i n  c a t t l e  a n d  s h e e p  g a l l from New Z e a l and m e a t wo r k s . T h e  

d a t a  ob t a i n e d  demo n s t r a t e  t h a t  s uc h  a p r o c e s s  i s  n o t  f e a s i b l e  

w i t h the  fun g i  s t ud i e d , due t o  t he l i m i t e d  ab i l i ty o f  who l e 

c e l l  cu l t ur e s  t o  hyd r o l y s e  t au r i n e c o n j u ga t e s . 

C .  m e Z o n i s  h a s  b e en s hown t o  po s s e s s  e n z ym e s  c a t a l y s ing t h e  

hydro l y s i s  o f  b o t h  g l y c i ne a n d  t a u r i n e  c o n j uga t e s . The 

a c t i v i t y  on g l yc i ne c o n j ug a t e s  i s  b o t h  i n t r ac e l l u l a r  and 

e x t r a c e l l u l a r  a n d  1 s  c o n s t i t u t i v e . The e x t rac e l l u l ar a c t i v i t y 

a p p e a r s t o  b e  due t o  a m e t a l l o  e n z yme w i t h  a pH opt i mum o f  

p H  6 . 5  and a s ub s t r a t e  r e qui rem e n t  fo r a n  a - am i n o c a rb o xy l i c  

a c i d s t ruc t u r e . The  e n z yme may b e  a n e u t r a l  p r o t e a s e  

s e c r e t e d  t o  d e g rade  t h e  p e p t o n e  i n  t h e  me d i um ,  and w h i c h a l s o  

hydro l y s e s  t he g l yc i n e  c onj ug a t e s .  The  fungus c o mp l e t e l y  

u t i l i s ed b o t h  g l yc o c ho l i c ac i d  a n d  g l y c o d e o xycho l i c a c i d , a t  . 
- 1  a c o n c e n t r a t i on o f  O . S g l  , t o  g i v e  p r o duc t y i e l d s  o f  5 0 %  a n d  

2 2 %  r e s p e c t i v e l y  a ft e r  1 1  days i n  s ha k e  f l a s k  c u l t u r e . I n  

f e rme n t e r  c u l t u r e , a m a x imum y i e l d o f  6 5 %  d e o xycho l i c a c i d  

w a s  o b t a i n e d  f r om O . S g l
- l  

g l yc o de o xycho l i c ac id  a f t e r  6 d a y s  

o f  f e rmen t a t i o n . 

L o s s e s  o f  t h e  b i l e  a c i d s are  a t t r i bu t e d  t o  two maj o r  fac t o r s . 

F i r s t , t he b i n d i ng o f  t h e  b i l e  a c i d s  t o  t he fun g a l  myc e l i um ; 

s e c o ndl y ,  t he fur t h e r  me t ab o l i s m  o f  t he f r e e  b i l e  a c i d . I n  

s ha k e  f l a s k  c u l ture , y i e l d s  o f  d e o xyc ho l i c ac i d  from g l yc o 

d eoxycho l i c a c i d  w e r e  i n c r ea s e d  by add i n g  t he c o n j u g a t e  a f t e r  

g r owt h w a s  c omp l e t e  ( 6 0 % ) , p r e t r e a t i n g  g r own cu l t ur e s  w i t h  

c y c l o hex i m i d e  ( 9 2 - 9 8 % )  o r  i n c r e a s i n g  t h e  c o n j ug a t e  c on c e n t r a t i o n  
- 1  

( 9 1 %  a t  l O g l  ) .  I n  f e rmen t e r  c u l t u re s , t he h i ghe s t  y i e l d s  

w e r e  ob t a i n e d  u s i n g  h i gh a e r a t i o n  r a t e s  ( 1  l m i n
- 1

) o r  

i n c r emen t a l  g l uc o s e  a dd i t i o n s  t o  ma i n t a i n t he g l uc o s e  

c o n c e n t rat i o n  a t  1 0 - Z O g l  - l  

T h e  c ho l a n o y l  t a u r ine hydro l a s e  o f  C .  me Z o n i s  i s  i n t r a c e l l u l a r  

and  c o n s t i t u t i ve .  Whe t h e r  i t  i s  t h e s ame e n z yme a s  t h e i n t r a -

c e l l u l a r  c ho l anoy l g l y c i ne  hyd r o l a s e  i s  unc l e a r .  Howe v e r ,  i t  



may b e  a d i s c r e t e  e n z yme  w i t h  a sub s t r a t e  r eq u i r ement fo r a 

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

fo r t h e  l ac k  o f  o b s e rved  hyd r o l y s i s  o f  t au r i n e  c onj ug a t e s  

i n  who l e - c e l l  c u l t u r e s  a r e  t he s p ec i f i c i t y o f  t h e  e x t r a 

c e l l u l a r  hydro l a s e , t he app a r en t  imp e rm e a b i l i t y  o f  t he c e l l 

memb r a n e  t o  t he s e  c o n j ug a t e s  and a l s o  t h e  d e g r a da t i on and 

b in d i n g  o f  t he f r e e  b i l e  a c i d  p ro du c e d . 

1 8 2  

C .  m e l o n i s and C .  fa l l ax e x h i b i t  s im i l ar hydro l y s i s  ab i l i t i e s , 

but  t he l a t t e r  h a s  b e e n  shown t o  p o s s e s s  m a rk e d l y  supe r i o r  
' 

s p e c i f i c  a c t i v i t y . Howe v e r ,  t h i s  w a s c o un t e r - b a l a n c e d  b y  

t h e  p o o r e r  g r ow t h  o f  C .  fa l l ax . The r e su l t s  demon s t ra t e  

t he r e q u i reme n t  f o r  quan t i t a t ive s c r e e n i n g  o f  o r g an i sms t o  

de t e rm i n e  t he i r  t rue p o t en t i a l  r e g a r d i n g  hydro l y s i s . 

C e l l - fr e e  e x t r a c t s  o f  C .  m e l o n i s �  C .  c o i c i s  a n d  A .  o c h �ac e u s  

e x h i b i t e d  l ow l ev e l s  o f  c o n s t i tu t i ve 7 a - de hy d r o x yl a s e  a c t i v i t y  

o n  c ho l i c ac i d  a n d  i t s  c o n j ugat e s . H o w e v e r ,  t he expre s s i o n  

o f  s u c h  a c t i v i t y i n  who l e - c e l l  c u l t u re s wa s o b s e rved o n l y  w i t h  

C .  c o i c i s  u s i n g  g l yc o c ho l i c ac i d  a s  s ub s t r a t e . Thu s , w i th 

C .  c o i c i s , d e o x y c ho l i c ac i d  wa s de t e c t e d f r om g l yc o c ho l i c 

a c i d  a t  a max imum y i e l d  o f  3 % . H e n c e  a funga l  proc e s s  t o  

c o nve r t  c ho l i c a c i d  t o  t he apparen t l y  m o r e  v a l u ab l e  d e o xy c ho l i c 

a c i d  i s  n o t  p r e s e n t l y  f e a s i b l e  us i n g  t he fung i s tud i e d . 
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Londo n .  1 :  4 2 9 - 4 5 5 . 

Rudma n  D ,  Ke nda l l  F E ( 1 9 5 7 ) . Journa l o f  C l i n i ca l Inv e s t i g a t i o n  

3 6 : 5 3 8 - 5 4 2 . 



S a l t z man W H ( 1 9 7 6 ) . 

4 ,  1 9 7 6 .  

Un i t e d  S t a t e s  Pa t e n t  3 , 9 5 4 , 4 6 2 . May 

S amue l s s o n  B ( 1 9 6 0 ) . 

3 6 1 - 3 6 6 . 

Jo u �na l o f  B i o l o g i ca l Chemi s t �y 2 3 5 : 

Sh imada K ,  B r i c kne l l  K S ,  F i n e g o l d  S M ( 1 9 6 9 ) . Jo u �n a l o f  

Infe c t i o u s  Di s e a s e s  1 1 9 : 2 7 3 - 2 8 1 , 

S h i o da R ,  Wo o d  P D S ,  K i n s e l l  L W  ( 1 9 6 9 ) . 

Re s e a � c h  1 0 :  5 4 6 - 5 5 4 . 

Sma l l  D M ( 1 9 7 1 ) . In : The  B i l e  A c i ds . 

Jo u � n a l o f  L i p i d  

Eds . Na i r  P P ,  

1 8 7  

Kr i t c h�v s k y  D .  P l enum P r e s s , N e w  Y o r k . 1 :  2 5 4 - 3 5 6 . 

So b o t ka H ,  Go l db e rg A 

5 5 5 - 5 6 8 . 

( 1 9 3 2 ) . 

S t av e l y  J R ,  N immo J A ( 1 9 6 8 ) . 

S t o ry J A ,  K r i t chev s ky D ( 1 9 7 6 ) . 

1 2 9 2 - 1 2 9 4 . 

B i o c h e m i ca l Jo u�na l 2 6 : 

P h y t op a t h o l ogy 5 8 : 1 3 7 2 - 1 3 7 6 . 

Jo u�na l o f  Nu t �i t i o n  1 0 6 :  

T a kaha s h i  K ( 1 9 3 9 ) . En z ymo l o gy 9 :  2 1 3 - 2 1 8 . 

T e n n e s on M E ,  Owen R W ,  Ma s o n  A N ( 1 9 7 7 ) . B i o c h em i ca l So c i e t y 

T�an s a c t i o n s  5 :  1 7 5 8 - 1 7 6 0 . 

T r i a s  X ,  S t r e b e 1  H M ,  P a umga r t n e r  G ,  W i e smann U N ( 1 9 7 7 ) . 

Eu�o p e a n  Jou�na l o f  C l i n i c a l In v e s t i g a t i o n . ? :  1 8 9 - 1 9 4 , 

T s e rng  K -Y , H a c hey D L ,  K 1 e i n  P D ( 1 9 7 7 ) . Jo u � n a l o f  L i p i d  

Re s e a � c h  1 8 : 4 0 4 - 4 0 7 . 

T s e r ng K - Y  ( 1 9 7 8 ) . Jo u �n a l o f  L i p i d  Re s e a � c h 1 9 : 5 0 1 - 5 0 4 . 

V i n i n g  L C ( 1 9 7 9 ) . A dv an c e s  i n  A pp l i e d  Mi c �o b i o l o g y  2 5 : 

1 4 7 - 1 6 8 . 

Vo g e 1 A I ( 1 9 5 9 ) . A T e x t b o o k  o f  Qua n t i t a t i v e Ino r g a n i c  

A na l y s i s ,  Th e o �y and P�a c t i c e .  L o n gman s ,  G r een  a n d  C o . ,  

Londo n . 2 nd e d i t i o n . 

Vo g e 1  A I ( 1 9 6 2 ) . A T e x t b o o k  o f  Quan t i t a t i v e  In o r g an i c  

Ana l y s i s .  R i c ha r d  C l a y  & Co . L t d . , Bu ng ay . 3 r d e d i t i o n . 

Wh i t ma r s h  J M ( 1 9 6 4 ) . B i o c h em i c a l Jou �na l 9 0 : 2 3 P . 

W i e 1 and H ,  Kap i t e 1  W ( 1 9 3 2 ) . Hoppe - S e y l e r s Z e i t s c h � i ft fu � 

Phy s i o l o g i s c h e  C h em i e  2 1 2 :  2 6 9 - 2 7 7  . 
. " " "  

W 1 x  G ,  Buk i K G ,  Tomo r k e ny E ,  Amb rus G ( 1 9 6 8 ) . S t e �o i ds 1 1 : 

4 0 1 - 4 1 3 . 

Ye s a i r  D W ,  H i mme l fa r b  P ( 1 9 7 0 ) . 

2 9 5 - 3 0 0 . 

App l i e d  Mi c ro b i o l o g y  1 9 : 
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R E M A R K S  O R I G I N  PER K I N-ELMER 
C h a r a c t e r i s a t i o n  o f  t he 
p ro d uc t o f  h y d r o l y s i s  o f  SPECTRUM NO.  
g l y c o d e o x yc h o l i c  a c i d  by 

PURITYRec r y s t a l l i s e d  f r om wa t e r -c .  me l o n i s  C B S  1 6 2 . 6 0 .  s a t u r a t ed me thyl e thyl ke t o n e  a n  SAMPLE 1 Ugne r 1 i n e : 
P . E .  7 2 0  rlr ' Prl 
No rma l s l i t w i d t h  PHASE Solid, as KBr Djsc 
S l ow s c a n . C O H C E NTRATION l %  wLw i n  7 5mg K B r  

4000 

_ 70 i � J 
-

6 0  !... ... I (.J 

3 6 0 0  3200 2800 

THICKNE S S  

DATE 

O P E RATOR 

WAVE N U M ,  
2400 2000 

- -

� SQ � , 1 

' 

1 8 0 0  1 6 0 0  

i: + :  . . 
, 

� 4 0  -; - : I , . ' 

� -I -T ·; -- i ·-" -'-· 

30 - ·--- + - . . ; -,-I 1 I . . . 
20 I -

D eo xlc ho l i c a c i d , a u t h e n t i c  

SAMPLE 2. Lowe r l i n e  

D e o xlc ho l i c a c i d  f rom gltc o -

d e o x y c ho l i c  a c i d .  

1400 1 2 0 0  1 0 0 0  B O O  6 5 0  

o WW�Blillilllll��LL���J"��-���������� 

-- -

f-i 
::J 
i-t) 
'"i 
Pl 

I 
'"i 
(]) 
0.. 
(/) 

"d 
(]) 
n 
rt 
'"i 
Pl 

:P 
"d 
"'d 
tTl 
z 
t::l 
f-i 
>< 
...... 

...... 
00 . 
00 
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R E M A R K S  OR IGIN PER K I N- E LM E R  
C h a ra c t e r i s a t i o n o f  t h e  
p r oduc t o f  h y d r o l y s i s  o f  
g l yc o c ho l i c  a c i d  b y  SPECTRUM N O. 
c .  me � o n i s  C B S  1 6 2 . 6 0 .  

PURITY Re c rys t a l l  i s e d  from 2 -Qha s t  
P . E .  7 2 0  c h l o r o f o rm - wa t e r  a n d  d r i e d .  SAMPlE 1 Uppe r 1 i n e : 

Norma l s l i t  w i d t h  
PHAS E  S o l  i d ,  a s  K B r  D i s c 

C ho l i c  a c i d ,  a u t h e n t i c 

S l ow s c a n  
CONCE NTRATION n wLw i n  7 Smg K B r  

T H I C K N E S S  

DATE 

OPE RATO R 

WAVE N U M  
4 0 0 0  3 6 0 0  3 2 0 0  2 8 0 0  2400 2000 1 8 00 1 6 0 0  

SAMPLE 2 Lower l i n e : 

C h o l i c  a c i d  f r o m  

gl�c o c h o l i c  a c i d . 

1400 1 2 0 0  1 0 0 0  8 0 0  6 50 

1 0 0  . H I • I I I I �� � � I , . rl- , , ] 1 1 1 �-n 1 [ 1 � ��HIT: i  ·]> 1  }1 . •  , ,  , 1 . ,  �L � � � �  1 · r� H. I l 1  + - - - - - · ' : ! + . r - · - ,- lltl· , -+:rr·+ 1T · ·l- - -+� -·�- -• .  · 1 · · - - -� r . , -� � 
I I I : ' ! I I u I ' 1 I I I I I I I I I ' ' if; I I ' I J l  I ' I l jt I I I 

90 � - ,-1-'-h- �f+ +- IT - . T � - t-
-

· 
-

- � - � ;- . .  
1- - ri-'-;- . . ' Ill , - -r ' -,.- - - - ' 

' ' I I I I ' I . I " I I I I ' ' ' I ' ' I I ' ' . ' I ' I ' I I ' ' ' I I ' I I i- -- , -- . -- h - : ---;- ·r - , -·- . . I - , , ' , 11 - - . r - " , ,. . - - �1-1 - . .  ' - .  " 1H- .. , I . - ...,. l -, - 1- '- -r 
' ' I ' I I I ' 1 ' I '  I ' I  L ' ' ' I '  I '  ' I I ' ' . ' I ' : 1 1  I ' 

8 0 1 - · - · f-· - - � · · �h- · ·  • - - .. - · .. i'll i il -; l r  ' i '  I -- ' ' ' 1 · · ' 1 ;  · · - - I · •  -� JtT I � �- �- T 1  
I ' I ! I I I I ' I ; ' I I I 1 1  ' I I ' ' t l '  I ' 1 1 ' -- 1  T-·- 1- 1 LL r .  - · - -- -· ·� rh - . - , . i rrf , Ll  .J . , ��- - �r � -r - 1  • I - -�-r;- - L · -,t· - - - :I�, -1 1 1 • ! 1 1 1 1 • , L 1 • 1 11 , :t1 1 1 1 1 . 1 1 1 1 I r · 1 1 ' 

' h±' 1 I 1 1 1  , 70 - .. - - · . . .  � - . T . .,.- , 'In . . , _ 1-r -L h - , - . � - � I _:_ � JT . �-TT -:- ' :..lll t  1 -r+ , ,_ '- _ . u 1 1  1 .�L� Mn1 _ L r' �hi:: . !J+tt -�j�� rl � ! - _ 1 1 .. 1 ;J.�, 11. , 
- -l •/' ' li I I I i+� -:- 'I' I TT :'hi I ilt ' I -�' �-h I 1 1 I ' · �- 1 1 I ' r+i 

6 0  � ..... �'"" ....:-h- -- -- , · · - · �--!-'--- - ; -: · -i � r-- ' >+ ' r ' ..!.., - • -- �+ C r · - - -' ·lr· -:- 1- ' • • ' I n ... ;\ I ' -'1 ' I I I ' I  t l  I I I ' I I ' 1 1  I I I ' I � - 1 .,. - -- - - r ,. 1 - -v- . ; - - - · · · r I 1 r1 1 r r 1 · :T : , I • , � 1 • ; - • ; i · ;;1 r;: ; r 1 1  
• so - 1' li - - -�� T tl - --- 1- -4 1 · · · · ' . .  : . , .�1 � 1 ._.� . . +/ . p .. . , . Jj" 1,t'- - c-"- l �� 
t= ' I ' I I I I� ' I L 1 1  I I I I I ' I ' I I ' I I ! ' I I : ' I ' I 
i: - - . l --� - ' - i ·r- -

. --- - . .. � ' ! - ,ft"l .. . - -; ·-:- I . ; - I .. - i-- - - --
I i � -� 40 FT�f.J' � �T I I I . , · -r �� :  - . - .  - - , · ' ' , ' �"" .- , , - ' ' j - T: · V,io- � � ; ; ITIIT!T i-i "" , - . . -1 -1'::1 1\' - - - 1�---- }tf -].;. ., - - --: · - - ... . L  �- , � ----' 1 ·-- hl. · : ,, , .A -- ��..<:\ +/ 1-IT-f �:� ITI., r ! 

... ' I ' I 1 I .-: I ' I ' I I H 1 I : I ' I"N ;·'I V I ' : " ' ( ' V 1 ' I I i I 11 I 
30 I �- r· I -n- ' tt- r -:--t --- , - �  . . +Jm · · rf--- . . ' , . n+.:- T ' T  . .  T+ r-t r I ' i I I I I � I 1 I 

I 
j I I ' I ' ' � I  i 1 I 1 1  L· I 1 1 I I ! 

1
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- I 'IT+ I t' T J d"'l T - +�l: + I 1 1  1 1 1111· 10 L.. _- T - tf 11 i� r Tl_ -UT-� J� -��I�-di�+ 1 1 �-� · i-n 1 1 1 1  llilll� 
0 ' : I 1 I : : I ' ! I ! l ' ' i I I i ! I ' ' I I '  I ! I :  : I ! I I 11 ' I . I  i I I 

-- ------------------------------------------�--

I-' 
00 
\.0 



N O. S-J O D-0309 

REMARKS  O R I G I N  

C h a ra c t e r i s a t i o n  o f  t h e  
p r o d u c t  o f  h y d ro l y s i s  o f  
g l y c o c ho l i c a c i d  b y  C .  co i c i s  
I FO 7 2 7 8 .  PURITY Recrystallised from 
P . E .  7 2 0  agu e o u s  e t h a n o l  a n d  d r i�d. 

No rma l s l i t w i d t h  PHASE So l i d , a s  K B r  D i s c 
S l ow s c a n  

CONCE NTRATION l t  w/w in 7 5 mg K B r  

TH IC K N E S S  

DATE 

OPERATOR 

WAVE N U M B E R  (c M-1) 
4 0 0 0  3 6 00 3200 2800 2400 

; 1 - '- t _ I ! _ _ _ .. ; - I ' ! ' ' I I 

2 0 0 0  

r · ; T T  - l i - : -- · 
� T . i 

· · ·-1 ' ' 

! 
I -· 

, ,  
: -� : . 
I 

I BOO 1 6 0 0  

PER K I N-ELM E R  

S PE CTRUM NO.  

SAMPLE 1 UQQe r 1 i n e : 

C ho l i c  a c i d  f r o m  gllc o -

c h o l i c  a c i d .  

SAMPLE 2 L o w e r  l i n�; 

Cho l i c  a c i d , a u t h en t i c  

1400 1200 1 0 0 0  B O O  6 5 0  

o LUUU��LL��LUI ����LU��LLU-�LL�-U�LULU��u_���������LU������ f--1 
\.0 
0 



APPEND I X  2 .  

The De t e rm i na t i o n  o f  B i l e  Ac i d  P a r t i t i o n  Coe f f i c i e n t s 

( Re fe r  T a b l e  3 . 7 ) . 

The b i l e  a c i d  ( 2 5 . 0  m g )  wa s d i s s o l v e d  i n  d i l u t e  s o d ium 

hydro x i d e ( 5 0 m l )  a n d  ac i d i f i e d  to  p H  2 w i t h  5M hydro -

c h l o r i c  a c i d .  The s o l u t i o n  was  s h a k e n  f o r  0 . 5  m i nut e s  

w i t h c h l o r o fo rm ( 5 0  m l )  i n  a s eparat i n g  funn e l  and a l l ow e d  

t o  e qu i l i b ra t e  fo r 1 hou r . T he c h l o r o fo rm l ay e r  w a s  t h e n  

evapo r a t e d t o  dryne s s  i n  v a c u o  and t h e  r e s i du e  ana l y s e d 

f o r  b i l e a c i d  by  h p l c .  The  c once n t r a t i o n  o f  t h e  b i l e  

a c i d i n  the aqu e o u s  p ha s e  wa s c a l cu l a t e d  a s  t he d i f fe r e n c e  

b e tween t he in i t i a l  we i g h t  o f  b i l e a c i d  d i s s o l ve d  i n  t h e  

d i s t i l l e d  wa t e r  a n d  t he we i gh t  o f  b i l e  a c i d d e t e c t e d i n  

t he c h l o r o form pha s e  by  hp l c . The p a r t i t i o n  c o e f f i c i en t , 

1 9 1  

D ,  wa s c a l cu l a t e d  a s  t h e  m e a n  o f  qua drup l i c a t e  d e t e rrn i n a t i o n s , 

e x c e p t i n g g l yc o c ho l i c  ac i d . 

D 

whe r e : 

A 
B 

A ,  i s  t h e we i g h t  o f  b i l e  a c i d  1 n  t he a que o u s  p h a s e  (mg ) 

B ,  1 s  t he we i gh t  o f  b i l e  a c i d  1 n  t he c h l o r o f o rm pha s e  ( rn g ) 

Recov e r i e s  o f  t h e  b i l e a c i d s  from an a queous  s o l u t i o n c o u l d  

b e  p r e d i c t e d us i n g  t he e q ua t i o n , 

whe r e : 

X ' 
c 

X ' 0 

D 

n 

V 

V 

1 S  t h e  

1 S  t he 

pha s e  

l S  the  

1 s t he 

1 S  th e 

l s t he 

(Vo g e l , 1 9 6 2 )  

we i g h t  o f  b i l e  a c i d  1 n  t h e  ch l o r o fo r m  pha s e  ( m g ) . 

i n i t i a l we i g ht o f  b i l e  a c i d  1 n  t h e  aqueous  

( m g )  . 

p a r t i t i o n  c o e f f i c i ent . 

vo l um e o f  t h e c h l o r o fo rm p ha s e  ( m l ) . 

vo l um e  o f  t h e  c h l o ro form ph a s e  ( m l )  . 

vo l ume o f  t h e a q ueous  pha s e  ( m  1 )  . 
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