
PREFACE

M i c r o b i a l  c o n v e r s i o n  o r  t r a n s f o r m a t i o n  has  b een  u s e d  s u c c e s s f u l l y  f o r  

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

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

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

a l s o  t h e  m i l d  c o n d i t i o n s  em ployed  ( 1 ) .  In t h e  f i e l d  o f  m i c r o b i a l  t r a n s f o r m a 
t i o n s ,  t h e  c o n v e r s i o n  o f  s t e r o i d a l  compounds h as  b ee n  w i d e l y  e x p l o i t e d .
A m i c r o b i a l  p r o c e s s  f o r  s t e r o i d  c o n v e r s i o n  was f i r s t  p a t e n t e d  i n  1937 by 

S c h e r i n g  (Germany) ,  i n  w h i c h  S c h o e l l e r  and Mamoli r e p o r t e d  t h e  r e d u c t i o n  o f  

1 7 - k e t o  group by a y e a s t .  A landmark i n  s t e r o i d  t r a n s f o r m a t i o n  was made by 

t h e  Upjohn Company i n  1950 .  They r e p o r t e d  t h e  i n t r o d u c t i o n  o f  a h yd ro xy  

group i n t o  t h e  l l a - p o s i t i o n  o f  p r o g e s t e r o n e  u s i n g  R h i z o p u s  s p e c i e s ,  th o u gh  

w h ich  c o r t i s o n e  p r o d u c t i o n  became more c o n v e n i e n t  and e c o n o m i c a l .  T h i s  

was f o l l o w e d  a few y e a r s  l a t e r  by t h e  d i s c o v e r i e s  o f  แ ร - h y d r o x y l a t i o n  o f  

R e i c h s t e i n ' s  compounds ร to  form h y d r o c o r t i s o n e  and l l a - h y d r o x y l a t i o n  o f  

p r o g e s t e r o n e  by b a c t e r i a  ( 2 , 3 ) .  S i n c e  t h e n ,  much e f f o r t  h as  gone i n t o  t h e  

m i c r o b i a l  t r a n s f o r m a t i o n  o f  s t e r o i d a l  compounds.  In r e c e n t  d e c a d e s ,  

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

c h e m i c a l  and m i c r o b i a l  r e a c t i o n s  o r  s i m p l y  by m i c r o b i a l  r e a c t i o n s .
In t h e  p e r i o d  1967 t o  1 9 8 2 ,  many r e p o r t s  a p p e a r e d  on t h e  h y d r o x y l a t i o n ,  

d e h y d r o x y l a t i o n ,  d e g r a d a t i o n  and m e t a b o l i s m  o f  s t e r o i d a l  compounds ( 4 - 3 5 ) .  

Duri ng  t h e  same p e r i o d ,  h o w e v e r ,  t h e  s t r u c t u r a l l y  r e l a t e d  b i l e  a c i d s  

r e c e i v e d  much l e s s  a t t e n t i o n .  More r e c e n t l y ,  i n t e r e s t  i n  t h e  b i l e  a c i d s  

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

o c c u r r i n g  b i l e  a c i d  ( c h e n o d e o x y c h o l i c  a c i d ,  3 a , 7 a - d i h y d r o x y - 5 ร- c h o l a n i c  

a c i d )  p o s s e s s e s  t h e  t h e r a p e u t i c  p r o p e r t y  o f  s o l u b i l i z i n g  c h o l e s t e r o l  g a l l 
s t o n e s  ( 3 6 ,  3 7 ) .  At p r e s e n t ,  g a l l s t o n e  d i s e a s e  i s  a l e a d i n g  c a u s e  o f
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h o s p i t a l i s a t i o n  ( 3 8 ) ,  and i n  Japan c a .  10% o f  human a d u l t s  p o s s e s s  g a l l s t o n e s  

( 3 9 ) .
Sawada e x p l o r e d  a m i c r o b i a l  p r o c e s s  f o r  s u p p l y  o f  t h e  p r e c u r s o r  o f  

c h e n o d e o x y c h o l i c  a c i d ,  1 2 - k e t o c h e n o d e o x y c h o l i c  a c i d  ( 4 0 - 4 2 ) .  L a t e l y ,  

u r s o d e o x y c h o l i c  a c i d  ( 3 a , 7 3 - d i h y d r o x y - 5 6 ~ c h o l a n i c  a c i d )  h as  b ee n  r e p o r t e d  t o  

h av e s i m i l a r  t h e r a p e u t i c  p r o p e r t i e s  ( 4 0 ) 5 and t o  be  s u p e r i o r  w i t h  r e s p e c t  

t o  s i d e - e f f e c t s  and d o s e  r e s p o n s e  t o  c h e n o d e o x y c h o l i c  a c i d  ( 4 4 , 4 5 ) .  How
e v e r ,  t h e  amount o f  n a t u r a l l y  a v a i l a b l e  u r s o d e o x y c h o l i c  a c i d  i s  v e r y  l o w ,  

and a s e v e n - s t e p  c h e m i c a l  s y n t h e s i s  o f  u r s o d e o x y c h o l i c  a c i d  has  n o t  s o l v e d  

t h e  s u p p l y  p ro b le m  due t o  i t s  low y i e l d  (9 t o  14%) ( 4 6 , 4 7 ) .  T h e r e f o r e ,  a 

more e c o n o m i c a l  p r o c e s s  i s  r e q u i r e d .
S i n c e  b o t h  c h e n o d e o x y c h o l i c  a c i d  and u r s o d e o x y c h o l i c  a c i d  a r e  d i h y d r o x y  

d e r i v a t i v e s  o f  5 g - c h o l a n i c  a c i d ,  i t  i s  p o s s i b l e  t h a t  o t h e r  d e r i v a t i v e s  c o n 
t a i n i n g  two h y d r o x y  g r o u p s  may h a v e  s i m i l a r  t h e r a p e u t i c  e f f e c t .

The o b j e c t i v e  o f  t h i s  work i s  t o  s t u d y  t h e  p r o d u c t i o n  o f  u r s o d e o x y c h o l i c  

a c i d  and a new d i h y d r o x y  d e r i v a t i v e  o f  53 - c h o l a n i c  a c i d  by m i c r o b i a l  c o n v e r 
s i o n  .

C h a p t e r  1 d e s c r i b e s  s c r e e n i n g  f o r  m ic r o o r g a n i s m s  w h i c h  c a n  t r a n s f o r m  

l i t h o c h o l i c  a c i d  ( 3 a - h y d r o x y - 5 ( 3 - c h o l a n i c  a c i d )  t o  u r s o d e o x y c h o l i c  a c i d .

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

c h a r a c t e r i s t i c s  a s  F u s a r i u m  e g u i s e t i  M-41. The p u r i f i e d  p r o d u c t  was 

i d e n t i f i e d  a s  u r s o d e o x y c h o l i c  a c i d  from i t s  NMR and IR s p e c t r a  and o t h e r  

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

C u l t i v a t e d  i n  a 10-Ü j a r  f e r m e n t o r ,  t h i s  s t r a i n  p ro d u ced  u r s o d e o x y c h o l i c  

a c i d  from l i t h o c h o l i c  a c i d  w i t h  35% y i e l d  ( 0 . 3 5  g / £ )  i n  112 h .
P a r t  1 o f  c h a p t e r  2 d e s c r i b e s  t h e  d e t e r m i n a t i o n  o f  t h e  opt imum c o n d i 

t i o n s  f o r  u r s o d e o x y c h o l i c  a c i d  p r o d u c t i o n  by F u s a r i u m  e q u i s e t i  M-41.
D e x t r i n  and L - a s p a r a g i n e  w er e  found t o  b e  t h e  b e s t  carb o n  and n i t r o g e n
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s o u r c e s ,  r e s p e c t i v e l y .  R e s t i n g  m y c e l i a  showed maximum c o n v e r s i o n  a t  2 8 ° c ,  

pH 8 . 0 ,  and d i s s o l v e d  o x y g e n  t e n s i o n  o f  h i g h e r  t h a n  60% s a t u r a t i o n .  The 

7 8 - h y d r o x y l a t i o n  a c t i v i t y  i n  t h e  m y c e l i a  was c o n t r o l l e d  by d i s s o l v e d  ox yg en  

t e n s i o n  d u r i n g  c u l t i v a t i o n :  w i t h  a d i s s o l v e d  o x y g e n  t e n s i o n  o f  15% and o v e r ,  

t h e  a c t i v i t y  peak ap p e a r e d  a t  25 h o f  c u l t i v a t i o n ,  bu t  was d e l a y e d  t o  34 

and 50 h w i t h  d i s s o l v e d  ox yg en  t e n s i o n s  o f  5% and 0%, r e s p e c t i v e l y .  A f t e r  

r e a c h i n g  t h e  maximum, t h e  7 B - h y d r o x y l a t i o n  a c t i v i t y  d e c l i n e d  r a p i d l y  a t  

pH 7 . 0 ,  but  t h e  d e c l i n e  was r e t a r d e d  by i n c r e a s i n g  t h e  pH t o  8 . 0 .  S e v e r a l  

c o m b i n a t i o n s  o f  o p e r a t i o n s ,  s u c h  as  pH s h i f t  from pH 7 t o  8 ,  a d d i t i o n  o f  

0 . 5  M KC1, and d i s s o l v e d  o x y g e n  c o n t r o l ,  w e r e  a p p l i e d  t o  t h e  p r o d u c t i o n  o f  

u r s o d e o x y c h o l i c  a c i d  i n  a j a r  f e r m e n t o r ,  and a much l a r g e r  amount o f  u r s o 
d e o x y c h o l i c  a c i d  ( 1 . 2  g / l )  was p ro d u ced  w i t h i n  96 h o f  c u l t i v a t i o n .

P a r t  2 o f  c h a p t e r  2 e x a m in e s  t h e  i n t e r a c t i o n  b e t w e e n  m y c e l i a  o f  F .  

e q u i s e t i  M41 and s u b s t r a t e  l i t h o c h o l i c  a c i d .  B eca u se  l i t h o c h o l i c  a c i d  i s  

s p a r s e l y  s o l u b l e  i n  w a t e r  ( c a .  15 m g / o , i t s  i n t e r a c t i o n  w i t h  m y c e l i a  seemed  

to  be d i f f e r e n t  from t h a t  o f  w a t e r  s o l u b l e  s u b s t r a t e s ,  s u c h  a s  amino a c i d s  

and s u g a r s .  The i n s o l u b l e  form o f  l i t h o c h o l i c  a c i d  was found to  b in d  to  

m y c e l i a  w i t h  an a p p a r e n t  Km o f  1 . 9  g/2, .  A l s o ,  t h e  7 3 - h y d r o x y l a t i o n  a c t i v i t y  

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

an a p p a r e n t  Km v a l u e  o f  1 . 8 5  g / £ .  In t h e  c o n c e n t r a t i o n  ran g e  around 2 g / £ ,  
t h e  i n s o l u b l e  form o f  l i t h o c h o l i c  a c i d  was p r e d o m i n a n t ,  i n d i c a t i n g  t h a t  i t s  

b i n d i n g  t o  t h e  m y c e l i a  p l a y e d  an im p o r t a n t  r o l e  i n  t h e  c o n v e r s i o n .  The 

b i n d i n g  was c o n f i r m e d  t o  be h y d r o p h o b i c  i n  n a t u r e .
C h a pter  3 d e a l s  w i t h  t h e  t r a n s f o r m a t i o n  o f  l i t h o c h o l i c  a c i d  to  a new 

d i h y d r o x y  b i l e  a c i d  by s t r a i n  ST22. P a r t  1 d e a l s  w i t h  t h e  i s o l a t i o n ,  

s c r e e n i n g  and i d e n t i f i c a t i o n  o f  s t r a i n  ST22.  From i t s  m o r p h o l o g i c a l  and 

c u l t u r a l  c h a r a c t e r i s t i c s ,  i t  was  i d e n t i f i e d  a s  C u n n i n g h a m e l l a  b l a k e s l e e a n a  

( L e n d n e r ) .  P ar t  2 d e s c r i b e s  t h e  p u r i f i c a t i o n  and s t r u c t u r a l  a n a l y s i s  o f
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t h e  p r o d u c t .  From t h e  r e s u l t s  o f  e l e m e n t a l  a n a l y s i s ,  IR,  and "̂ C-NMR 

s p e c t r o s c o p y ,  t h e  p r o d u c t  was c h a r a c t e r i z e d  a s  a d i h y d r o x y  d e r i v a t i v e  o f  

5 B - c h o l a n i c  a c i d ,  and from t h e  r e s u l t  o f  two d i m e n s i o n a l  H-NMR s p e c t r o s c o p y ,  

i t  was i d e n t i f i e d  as  3 a , 1 5 8 - d i h y d r o x y - 5 B - c h o l a n i c  a c i d .
P a r t  3 d e s c r i b e s  t h e  b i o l o g i c a l  a c t i v i t y  o f  3a , 1 5 3 - d i h y d r o x y - 5 3 -  

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

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

The h y d r o p h i l i c i t y  o f  3 a , 1 5 3 - d i h y d r o x y - 5 8 - c h o l a n i c  a c i d  me as ure d  by r e v e r s e d  

p h a s e  HPLC was s l i g h t l y  h i g h e r  t h a n  t h a t  o f  u r s o d e o x y c h o l i c  a c i d ;  and i n  

v i t r o  c h o l e s t e r o l  s u l u b i l i z a t i o n  t e s t s  showed t h a t  t h e  compound was as  

e f f e c t i v e  a s  u r s o d e o x y c h o l i c  a c i d  i n  c h o l e s t e r o l  s o l u b i l i z a t i o n .
C h a pter  4 e x a m in e s  t h e  optimum c u l t i v a t i o n  c o n d i t i o n s  f o r  t h e  p r o d u c t i o n  

o f  3 a , 1 5 8 - d i h y d r o x y - 5 3 - c h o l a n i c  a c i d  by c .  b l a k e s l e e a n a  S T22 . Among t e s t e d  

compounds,  d e x t r i n  was found t o  b e  t h e  b e s t  ca rb o n  s o u r c e ,  and L - a s p a r a g i n e  

t h e  b e s t  n i t r o g e n  s o u r c e .  With r e s t i n g  m y c e l i a ,  t h e  optimum t e m p e r a t u r e  

was fou nd  t o  be b e t w e e n  33 and 4 0 ° c ,  optimum pH a t  8 . 4 .  A d d i t i o n  o f  2%
( v / v )  d i m e t h y l s u l f o x i d e  was found t o  s t i m u l a t e  t h e  c o n v e r s i o n  a c t i v i t y  t w o 
f o l d .  A f t e r  o p t i m i z i n g  t h e  f e r m e n t a t i o n  c o n d i t i o n s ,  t h e  amount o f  t h e  

p r o d u c t  i n c r e a s e d  from 0 . 1 7  g / l  t o  1 . 2  g / £ .
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