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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 3 - D i h y d r o x y  
5 6 - C h o l a n i c  Acid  by 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  ST22

I n t r o d u c t i o n

As d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r ,  3a ,1 56- DH C, t h e  p r o d u c t  o f  t h e  

h y d r o x y l a t i o n  o f  LCA by 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  ST22,  was found  a s  a 

new b i l e  a c i d  w h i c h  p o s s e s s e s  c h o l e s t e r o l - s o l u b i l i z i n g  p r o p e r t i e s  i n  v i t r o  

s i m i l a r  t o  t h o s e  o f  UDCA. T h er e  i s  a s t r o n g  p o s s i b i l i t y  t h a t  t h i s  compound 

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

t o x i c i t y  i n  m ic e  was h i g h e r  t h a n  t h a t  o f  UDCA, b u t  n o t  s e r i o u s l y  s o .  

T h e r e f o r e ,  i t  has  a h i g h  p o t e n t i a l  f o r  f u t u r e  e x p l o i t a t i o n  a s  a c h o l e s t e r o l -  

g a l l s t o n e  s o l u b i l i z e r .
As r e p o r t e d  i n  Chapter  2 ,  t h e  amount o f  UDCA p ro d u ced  by F u s a r i u m  

e q u i s e t i  was i n c r e a s e d  from 0 . 3 5  g / s  t o  1 . 2  g / £  by im p r o v i n g  c u l t i v a t i o n  

c o n d i t i o n s .  For t h e s e  r e a s o n s ,  f u r t h e r  s t u d y  was u n d e r t a k e n  t o  im p ro ve 3 a ,  
153-DHC p r o d u c t i o n  by 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  S T 2 2 .

M a t e r i a l s  and Methods

C h e m i c a l s  LCA, UDCA, CDCA, DCA, CA w er e  p u r c h a s e d  from Sigma
C h e m i c a l s  C o . ,  S t .  L o u i s ,  Mo. H e x a f l u o r o - i s o p r o p a n o l  was o b t a i n e d  from E. 
Merck,  D a m sta d t .  T r i f l u o r o a c e t i c  a n h y d r i d e  was t h e  p r o d u c t  o f  Wako Pure  

Chemical  In d .  L t d . ,  Osaka.  The o t h e r  r e a g e n t s  w e r e  a l l  r e a g e n t  g r a d e  and
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were used w ith o u t fu r th e r  p u r i f ic a t io n .
Medium The medium u s e d  f o r  i n v e s t i g a t i o n  on t h e  e f f e c t  o f  ca rb o n

and n i t r o g e n  s o u r c e s  on t h e  p r o d u c t i o n  o f  3a ,15$-DHC c o n t a i n e d  1 g o f  LCA,
2 g o f  KH^PO^, b a s a l  s u p p l e m e n t  ( 0 . 5  g o f  MgSO^ "71120, 0 . 5  g o f  CaCl^ • 2 ^ 0 ,
1 g o f  y e a s t  e x t r a c t ,  0 . 0 1  g e a c h  o f  FeSO^-yH^O, MnSO^'H^O, CuSO^'bH^O, 
Na^MoO^' 2 ^ 0  and ZnSO^-yH^O) and t e s t  ca r b o n  and n i t r o g e n  s o u r c e s .  The 

medium u s e d  f o r  t h e  p r o d u c t i o n  i n  a 1 0 - £  j a r  f e r m e n t o r  h as  t h e  same c o m p o s i ­
t i o n  e x c e p t  t h a t  40 g o f  d e x t r i n  and 12 g o f  L - a s p a r a g i n e  w er e  u s e d  as  

carb o n  and n i t r o g e n  s o u r c e s ,  r e s p e c t i v e l y .
C u l t i v a t i o n  Seed c u l t u r e  was p r e p a r e d  by i n o c u l a t i n g  s p o r e  s u s p e n ­

s i o n  o f  c .  b l a k e s l e e a n a  ST22 i n t o  100  ml o f  Sabouraud d e x t r o s e  b r o t h  i n  

a 5 0 0 - m l  S a k a g u c h i  f l a s k  and i n c u b a t i n g  f o r  72 h a t  3 0 ° c  on a r e c i p r o c a t i n g  

s h a k e r  ( 1 2 0  s t r o k e s / m i n ) . For t h e  c u l t i v a t i o n  i n  a 1 0 - £  j a r  f e r m e n t o r  

( t y p e  MD-500,  L .E .  M a r u b i s h i ) ,  6 £ o f  t h e  medium was i n o c u l a t e d  w i t h  300  ml  
o f  t h e  s e e d  c u l t u r e .  The a e r a t i o n  r a t e  was m a i n t a i n e d  a t  1 vvm,  a g i t a t i o n  

s p e e d  a t  330 rpm, and t e m p e r a t u r e  a t  3 3 ° c .  U n l e s s  s t a t e d  o t h e r w i s e ,  pH was  

c o n t r o l l e d  a t  8 . 0  t h r o u g h o u t  t h e  f e r m e n t a t i o n .
A ssa y  C e l l  mass was e x p r e s s e d  a s  gram o f  dry  w e i g h t  p er  £ a f t e r

d r y i n g  a t  9 0 ° c  f o r  12 h.  The t o t a l  s u g a r  c o n t e n t  was d e t e r m i n e d  a s  g l u c o s e  

by t h e  phenol-H^SO^ method as  d e s c r i b e d  p r e v i o u s l y .  B i l e  a c i d  c o n t e n t  

was m easu red  by ga s  c h r o m a t o g r a p h y ,  a f t e r  d e r i v a t i z a t i o n  w i t h  h e x a f l u o r o -  

i s o p r o p a n o l  and t r i f l u o r o a c e t i c  a n h y d r i d e  a s  d e s c r i b e d  i n  Chapter  2 ,  u s i n g  

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

f o l l o w s :  c e l l s  w e r e  h a r v e s t e d  by s u c t i o n  f i l t r a t i o n  i n  a Büchner  f u n n e l  and 

washed t h o r o u g h l y  w i t h  d e i o n i z e d  w a t e r .  One gram o f  w e t  c e l l s  was  s u s p e n d e d  

i n  20 ml o f  0 . 1  M T r i s - H C l  (pH 8 . 4 )  i n  a 1 0 0 - m l  E r l en m ey er  f l a s k .  The 

c o n v e r s i o n  r e a c t i o n ,  i n i t i a t e d  by a d d in g  20 mg o f  LCA, was p e r fo r m e d  a t
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3 6 ° c  w i t h  s h a k i n g  a t  a s p e e d  o f  140 s t r o k e s / m i n .  At a p p r o p r i a t e  i n t e r v a l s ,  

1-ml  a l i q u o t s  o f  r e a c t i o n  m i x t u r e  w er e  w i th d raw n  and s u b j e c t e d  t o  b i l e  a c i d  

a n a l y s i s .
Gas ch ro m a to g ra p h y  f o r  a s s a y  o f  b i l e  a c i d s  was p er fo rm ed  a s  d e s c r i b e d  

i n  C h a pter  3 P ar t  3.

R e su lts  and D iscu ss io n

1.  Medium c o m p o s i t i o n
As r e p o r t e d  i n  C h a p t e r  3 ,  t h e  p r o d u c t i o n  o f  3a ,153-DHC i n  a 10~£  

j a r  f e r m e n t o r  y i e l d e d  o n l y  0 . 1 7  g / l  i n  55 h ,  w h i c h  i s  q u i t e  l o w .  T h e r e f o r e ,  

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

was i n v e s t i g a t e d  ( T a b l e  1 ) .  o f  11 c a r b o n  s o u r c e s  t e s t e d ,  d e x t r i n  was  found  

t o  be  t h e  b e s t ,  w h i l e  L - a s p a r a g i n e  and NaNO^ seemed t o  be  good n i t r o g e n  

s o u r c e s .  However ,  i n  t h e  medium c o n t a i n i n g  NaNO^, r a p i d  d e g r a d a t i o n  o f  3 a ,  

153-DHC was o b s e r v e d  a t  t h e  l a t e  p h a s e  o f  t h e  g r o w t h ,  a l t h o u g h  t h e  maximum 

c o n v e r s i o n  was r a t h e r  h i g h  (^50%). In c o n t r a s t ,  i n  t h e  medium c o n t a i n i n g  

d e x t r i n  and L - a s p a r a g i n e ,  t h e  d e g r a d a t i o n  was  r e t a r t e d  and h i g h  c o n v e r s i o n  

(40  V 50%) was m a i n t a i n e d  a f t e r  7 d a y s  o f  c u l t i v a t i o n .  T h e r e f o r e ,  t h e  

c o m b i n a t i o n  o f  d e x t r i n  a s  carb o n  s o u r c e  and L - a s p a r a g i n e  a s  n i t r o g e n  s o u r c e  

was s e l e c t e d  as  t h e  main medium c o m p o s i t i o n  f o r  f u r t h e r  s t u d y .
2 .  The e f f e c t  o f  t e m p e r a t u r e  on c e l l  gro w t h  and b i o t r a n s f o r m a t i o n

As shown i n  F i g .  1 -A ,  opt imum t e m p e r a t u r e  f o r  c e l l  g r o w t h  o f  c .  

b l a k e s l e e a n a  ST22 was fo u n d  t o  be 3 3 ° c ,  w h i l e  opt imum t e m p e r a t u r e  f o r  1 5 3 -  

h y d r o x y l a t i o n  ranged from 33 -  4 0 ° c  ( F i g .  1 - B ) . T h e r e f o r e ,  t h e  t e m p e r a t u r e  

s e l e c t e d  f o r  gr owth  and h y d r o x y l a t i o n  i n  a j a r  f e r m e n t o r  was 3 3 ° c .

As f o r  pH, 1 5 3 - h y d r o x y l a t i n g  a c t i v i t y  showed t h e  maximum a t  pH 8 . 4
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Table 1. E f fe c t  o f  carbon and n itro g e n  sources on the
fo rm a tio n  o f 3a,15B-DHC by c . b la k e s le e a n a  ST22.

Exp . I
Carbon source  
(40 g I I )

3a,158-DHC 
production  

(%)
Carbon source  
(40 g/s.)

3a,158-DHC 
production  

(%)
Glucose 30.0 Glycerol 1 0 . 0
Galactose 30.3 Starch (so lub le) 30.2
Lactose 23.0 Dextrin 54 .6 a)
Raff inose  
Sucrose

16.7
16.7

Carboxymethyl
c e l l u l o s e 2.5

Sodium ac et ate 0 Malt extract 27.0

Exp. II
Nitrogen source  
(15 g / o

3a,156-DHC 
production  

(%)
Nitrogen source  
(15 g / o

3a,158-DHC 
production  

(%)

NaNO 3 11 .3a) Yeast extract 2 . 2
NH4C1 1 . 8 Glycine 27.7
(NH4 ) 2S04 0.9 L-Glutamic acid 0.9
L-Asparagine 38.2 Casamino acid 3.5
L-Aspartic acid 5.6 Peptone 6 . 2

a ^The large  d i f f e r e n c e  between the y i e ld s  was due to the  
rapid degradation of  3a,15B-DHC.
Cu l i tva t ion  was performed in a 500-ml Sakaguchi f l a s k .  In 
Exp. I ,  NaN03 (15 g / £)  was used as ni trogen source ,  and in 
Exp. II dextr in  (40 g / l )  was used as carbon source.  3 a , 156-
DHC production was expressed as a percentage of the added 
LCA (100 mg/ f lask ) .

( F i g .  2 - B ) . S i n c e  a l k a l i n e  pH i s  g e n e r a l l y  u n f a v o r a b l e  f o r  t h e  g r o w t h  o f  

f u n g i ,  t h e  e f f e c t s  o f  pH on b o t h  c e l l  gr o w th  and t h e  h y d r o x y l a t i o n  w er e  

f u r t h e r  i n v e s t i g a t e d  u s i n g  a j a r  f e r m e n t o r  ( F i g .  2 - A ) .
As e x p e c t e d ,  c .  b l a k e s l e e a n a  ST22 grew w e l l  a t  pH 5 t o  pH 7 ,  b u t  a t  

a l k a l i n e  pH t h e  g ro w th  was r e d u c e d ,  by 20% a t  pH 8 . 0  and 70% a t  8 . 5 .  In  

c o n t r a s t ,  3a,15B-DHC p r o d u c t i o n  was m a x im a l ,  0 . 4 9  g / £  a t  96 h ,  a t  pH 8 . 0 .  

Compromizing t h i s  d i s c r e p a n c y ,  pH 8 was c h o s e n  f o r  c o n s t a n t  pH c u l t i v a t i o n  
i n  a j a r  f e r m e n t o r .
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F i g .  1 .  E f f e c t  o f  t e m p e r a t u r e  ๐ท (A) c e l l  gr o w th  and (B) 15B-  
h y d r o x y l a t i o n . In ( A ) ,  c .  b l a k e s l e e a n a  ST22 was  c u l t i ­
v a t e d  w i t h  50 ml o f  medium i n  a 2 5 0 - m l  c o n i c a l  f l a s k  f o r  
3 d a y s .  The medium was composed o f  d e x t r i n  (40  g / o  and 
L - a s p a r a g i n e  (12 g / £ )  a s  c a r b o n  and n i t r o g e n  s o u r c e s ,  
r e s p e c t i v e l y .  In ( B ) , t h e  a c t i v i t y  a t  3 3 ° c  was t a k e n  as  
100% ( 0 . 4 4  mg 3 a , 1 5 3-DHC•h ~ l • g - w e t  c e l l  1 ) .

F i g .  2 .  E f f e c t  o f  pH on (A) c e l l  gro w t h  and 3a,153-DHC p r o d u c ­
t i o n  d u r i n g  c u l t i v a t i o n  i n  a f e r m e n t o r  and (B) 1 5 3 - h y d r o -  
x y l a t i n g  a c t i v i t y  o f  r e s t i n g  c e l l s .  In  ( B ) , 0 . 1  M T r i s • HCl 
( O ) o r  0 . 1  M CHES.HC1 ( •  ) was u s e d  t o  o b t a i n  t h e
d e s i r e d  pH v a l u e .  The r e a c t i o n  was p e r fo r m e d  a t  3 6 ° c .
The a c t i v i t y  a t  pH 8 . 4  was t a k e n  a s  100% ( 0 . 2 5  mg 3 a , 1 5 3 -  
DHC- h ~ l • g - w e t  c e l l “ l ) .
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3. E f fe c t o f o rg an ic  s o lv e n ts  on 1 5 3 -h y d ro x y la t io n
The s t i m u l a t o r y  e f f e c t  o f  o r g a n i c  s o l v e n t s  on s t e r o i d  t r a n s f o r m a t i o n  

has  b e e n  r e p o r t e d  p r e v i o u s l y  by s e v e r a l  i n v e s t i g a t o r s  ( 9 3 , 9 4 ) .  In  t h e  1 5 3 -  

h y d r o x y l a t i o n  by c. b l a k e s l e e a n a  ST22 some o r g a n i c  s o l v e n t s  w e r e  a l s o  

found t o  e n h a n c e  1 5 3 - h y d r o x y l a t i o n  by r e s t i n g  c e l l s :  i n  t h e  p r e s e n c e  o f  

1% ( v / v )  o f  DMSO, e t h a n o l ,  d i m e t h y l  formamide o r  d i o x a n e ,  1 5 3 - h y d r o x y l a t i o n  

a c t i v i t y  i n c r e a s e d  t o  200%, 172%, 168% and 114%, r e s p e c t i v e l y .  Fukui  and 

Tanaka ( 9 5 )  r e p o r t e d  t h e  u s e  o f  o r g a n i c  s o l v e n t s  t o  im p ro ve aq u eo u s  

s o l u b i l i t y  o f  h y d r o p h o b i c  s u b s t r a t e s .  In t h e  c a s e  o f  1 5 8 - h y d r o x y l a t i o n  by 

c. b l a k e s l e e a n a  S T 2 2 , DMSO may work s i m i l a r l y  by i n c r e a s i n g  t h e  s o l u b i l i t y  

o f  LCA. In t h e  p r e s e n c e  o f  2% DMSO, t h e  s o l u b i l i t y  o f  LCA i n c r e a s e d  from  

13 mg/£  to  18 m g/£ .  The optimum c o n c e n t r a t i o n  o f  DMSO f o r  1 5 3 - h y d r o x y l a ­
t i o n  was i n  t h e  r a n g e  o f  2 t o  4% ( F i g .  3 ) .  The p r o d u c t  f o r m a t i o n  d e c r e a s e d  

when t h e  c o n c e n t r a t i o n  o f  DMSO was l o w e r  t h a n  2% o r  h i g h e r  t h a n  4%.

Jt

F i g .  3 .  E f f e c t  o f  DMSO c o n c e n t r a t i o n  on 1 5 8 - h y d r o x y l a t i n g
a c t i v i t y  by r e s t i n g  c e l l s .  E x p e r i m e n t a l  c o n d i t i o n s  a r e  
s i m i l a r  t o  t h o s e  d e s c r i b e d  i n  F i g .  2-B e x c e p t  t h a t  t h e  
r e a c t i o n  was p e r fo r m e d  a t  3 6 °c and pH 8 . 4  w i t h  t h e  i n ­
d i c a t e d  amount o f  DMSO.
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4. P rod uc tion  o f  3a,153-DHC in  a ja r  fe rm en to r
The p r o d u c t i o n  o f  3a,15B-DHC i n  a j a r  f e r m e n t o r  was i n v e s t i g a t e d  un der  

t h e  opt imum c o n d i t i o n s  o b t a i n e d  from t h e  p r e v i o u s  e x p e r i m e n t s  ( F i g .  4 - A ) . 
D u r in g  t h e  c u l t i v a t i o n ,  t h e  c o n c e n t r a t i o n  o f  LCA g r a d u a l l y  d e c r e a s e d  from  

1 g / l  t o  0 . 3  g h  a t  72 h ,  and 0 . 3 6  g / l  o f  3ct,15g-DHC was d e t e c t e d  a t  t h i s  

s t a g e .  By f e e d i n g  a d d i t i o n a l  LCA (1 g / l )  a t  72 hr o f  c u l t i v a t i o n ,  t h e  

amount o f  3a ,15g-DHC was i n c r e a s e d  t o  0 . 8  g / l  a t  12 h a f t e r  LCA s u p p l y ,  

s u g g e s t i n g  t h a t  LCA c o n c e n t r a t i o n  h i g h e r  t h a n  t h e  s a t u r a t e d  c o n c e n t r a t i o n  

o f  s o l u b l e  LCA i s  i m p o r t a n t  f o r  t h e  p r o d u c t i o n .  N e x t ,  LCA (1 g / l )  was  

added on t h r e e  o c c a s i o n s  t o  m a i n t a i n  t h e  s u b s t r a t e  c o n c e n t r a t i o n  ( F i g .  4 - B ) .  

3ct,15g-DHC p r o d u c t i o n  c o n t i n u e d  u n t i l  108 h o f  c u l t i v a t i o n ,  r e a c h i n g  1 . 2  

g / l • F i n a l l y  t h e  e f f e c t  o f  DMSO ( f i n a l  2%) was t e s t e d  i n  j a r  f e r m e n t a t i o n  

( F i g .  4 - C ) . A d d i t i o n a l  LCA ( f i n a l  1 g / l ) and DMSO ( f i n a l  2%) w e r e  added  

a t  72 h ,  as  a r e s u l t  o f  w h ich  t h e  amount o f  3a ,15g-DHC i n c r e a s e d  from  

0 . 4 9  g / l  t o  0 . 9 8  g / l  i n  6 h a f t e r  t h e  DMSO a d d i t i o n .  A h i g h  s p e c i f i c  h y d r o ­
x y l a t i o n  r a t e ,  4 . 2  mg o f  3a,15B-DHC h 1 g - d r y  c e l l  1 , was o b t a i n e d  i n  t h e  

p r e s e n c e  o f  DMSO, i n  c o m p a r i s o n  w i t h  2 . 2  mg o f  3a ,158-DHC h ^ ' g - d r y  c e l l  

i n  t h e  a b s e n c e  o f  DMSO, i n d i c a t i n g  t h a t  DMSO was h i g h l y  e f f e c t i v e .  On t h e  

o t h e r  h a n d ,  p o o r  p r o d u c t i o n  (70% r e d u c t i o n )  and p oo r  c e l l  gr o w th  (59% 

r e d u c t i o n )  w er e  o b s e r v e d  when DMSO was  p r e s e n t  from t h e  b e g i n n i n g  o f  

c u l t i v a t i o n .  T h i s  r e s u l t  s u g g e s t s  t h a t  DMSO may h a v e  a t o x i c  e f f e c t  on c .  

b l a k e s l e e a n a  ST22 i n  t h e  e a r l y  p h a s e  o f  gr owth  but  l e s s  o r  e v e n  n on e a t  

t h e  s t a t i o n a r y  p h a s e .
As d e s c r i b e d  i n  C h a pter  2 ,  P ar t  2 ,  LCA c o n c e n t r a t i o n  i n  t h e  f e r m e n t a ­

t i o n  b r o t h  d e t e r m i n e d  t h e  amount o f  LCA bound t o  m y c e l i a  o f  s t r a i n  M41 an d ,  
i n  t u r n ,  t h e  e x t e n t  o f  p r o d u c t  f o r m a t i o n .  The b i n d i n g  o f  LCA t o  t h e  m y c e l i a  

o f  s . t r a i n  ST22 may p l a y  a s i m i l a r  r o l e .  A l t h o u g h  s t r a i n s  M41 and ST22 

p r o d u c e  d i f f e r e n t  k i n d s  o f  p r o d u c t ,  t h e y  b o t h  h y d r o x y l a t e  t h e  same s u b s t r a t e ,

75



F i g . 4 .  3a ,15S-DHC p r o d u c t i o n  i n  a j a r  f e r m e n t o r  w i t h  a d d i t i o n a l  
LCA s u p p l y  a t  72 h ( A ) ,  w i t h  a d d i t i o n a l  LCA s u p p l y  a t  6 0 ,
72 and 84 h ( B ) 5 and w i t h  a d d i t i o n a l  LCA s u p p l y  and DMSO 
a d d i t i o n  (2%) a t  72 h ( c ) .
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LCA. A l s o ,  b o t h  s t r a i n s  a r e  m y c e l i a l  mol d s  w h o se  c e l l  w a l l  component a r e  

s i m i l a r  t o  e a c h  o t h e r .
The r e m a r k a b le  e n h a n c i n g  e f f e c t  o f  DMSO on h y d r o x y l a t i o n  mig h t  be  t h e  

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

by p r o m o t i n g  t h e  i n t e r a c t i o n  o f  LCA w i t h  t h e  c e l l  membrane.

Summary

The c o m b i n a t i o n  o f  d e x t r i n  and L - a s p a r a g i n e  was found  t o  b e  b e s t  i n  

t h e  c u l t i v a t i o n  medium f o r  t h e  c o n v e r s i o n  o f  l i t h o c h o l i c  a c i d  i n t o  3 a ,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  by c .  b l a k e s l e e a n a  ST22. The opt imum t e m p e r a ­
t u r e  f o r  c e l l  gr o w th  was 3 3 ° c ,  w h i l e  optimum t e m p e r a t u r e  f o r  1 5 3 - h y d r o x y -  

l a t i o n  ranged  from 33 -  4 0 ° c .  The maximum 1 5 3 - h y d r o x y l a t i n g  a c t i v i t y  by  

r e s t i n g  c e l l s  was fo u n d  a t  pH 8 . 4 .  c .  b l a k e s l e e a n a  ST22 grew w e l l  a t  pH 

7 o r  l o w e r ,  but  p o o r l y  a t  a l k a l i n e  pH. In c o n t r a s t ,  t h e  maximum p r o d u c t i o n  

o f  3a ,15B-DHC, 0 . 4 9  g / l  a t  95 h ,  was o b t a i n e d  a t  pH 8 . 0 .  D i m e t h y l  s u l f o x i d e  

was found t o  be  t h e  most  e f f e c t i v e  s o l v e n t ,  and t h e  opt imum c o n c e n t r a t i o n  

o f  DMSO f o r  t h e  en hancem ent  o f  1 5 ร- h y d r o x y l a t i o n  was i n  t h e  r a n g e  o f  2 -  4%.  

By a p p l y i n g  t h e  opt imum medium c o m p o s i t i o n ,  t e m p e r a t u r e ,  pH and a d d i t i o n  o f  

LCA t o g e t h e r  w i t h  DMSO, p r o d u c t i o n  was i n c r e a s e d  t o  0 . 9 8  g / l  a t  6 h a f t e r  

a d d in g  LCA, and r e a c h e d  1 . 2  g / l  a t  84 h o f  c u l t i v a t i o n .
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CONCLUSION

A r e m a r k a b le  r i s e  i n  t h e  i n c i d e n c e  o f  g a l l s t o n e  d i s e a s e  h a s  h i g h l i g h t e d  

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

g a l l s t o n e  s o l u b i l i z e r .  At p r e s e n t ,  e f f e c t i v e  c h o l e s t e r o l - g a l l s t o n e  

s o l u b i l i z e r s ,  u r s o d e o x y c h o l i c  a c i d  and c h e n o d e o x y c h o l i c  a c i d ,  a r e  p ro d u ce d  

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

mig h t  be o v ercom e  by d e v e l o p i n g  a p r o d u c t i o n  p r o c e s s  e m p l o y i n g  m i c r o b i a l  

c o n v e r s i o n .  T h i s  t h e s i s  d e s c r i b e s  t h e  m i c r o b i a l  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  (UDCA) and a new b i l e  a c i d ,  3 a , 1 5 6 - d i h y d r o x y - 5 3 - c h o l a n i c  a c i d  

(3a,15B-DHC) from l i t h o c h o l i c  a c i d  (LCA).
The f i r s t  c h a p t e r  d e a l s  w i t h  t h e  p r o d u c t i o n  o f  UDCA from LCA by a 

f u n g u s  s t r a i n  M41. T h i s  s t r a i n  was s e l e c t e d  from 609 s t r a i n s  i s o l a t e d  from  

s o i l  and was i d e n t i f i e d  a s  F u s a r i u n  e q u i s e t i  . The p r o d u c t  o f  F.  e q u i s e t i  

M41 was 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  a t  pH 2 and p u r i f i e d  by s i l i c a  g e l  

column ch r o m a to g r a p h y  w i t h  t r i m e t h y l p e n t a n e - e t h y 1 a c e t a t e - a c e t i c  a c i d ,  and 

p r e p a r a t i v e  s i l i c a  g e l  t h i n - l a y e r  c h r o m a to g r a p h y  (TLC) w i t h  c h l o r o f o r m -  

a c e t o n e - a c e t i c  a c i d .  Then i t  was c r y s t a l l i z e d  from a c e t o n e  and r e c r y s t a l ­
l i z e d  from e t h a n o l - w a t e r .  The p r o d u c t  was i d e n t i f i e d  a s  UDCA from t h e  

r e s u l t s  o f  TLC, g a s - l i q u i d  c h r o m a t o g r a p h y ,  m e l t i n g  p o i n t ,  e l e m e n t a l  

a n a l y s i s ,  and m a s s ,  i n f r a r e d  (IR)  , and ^ H - n u c l e a r  m a g n e t i c  r e s o n a n c e  (NMR) 
s p e c t r a .  The 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  by F.  e q u i s e t i  M41 i n  a 

j a r  f e r m e n t o r  u s i n g  o a t m e a l  medium was i n v e s t i g a t e d .  The p r o d u c t  a c c u m u l a t e d  

t o  a l e v e l  o f  350 mg/£  a t  112 h o f  c u l t i v a t i o n .
P a r t  1 o f  Chapter  2 l o o k s  a t  t h e  improvement  o f  m i c r o b i a l  p r o d u c t i o n  

o f  UDCA, t h e  e f f e c t  o f  some f a c t o r s  on h y d r o x y l a t i o n ,  and t h e  p r o d u c t i o n  o f  

UDCA i n  a j a r  f e r m e n t o r .  D e x t r i n  and L - a s p a r a g i n e  w e r e  found t o  be t h e  

b e s t  c a r b o n  and n i t r o g e n  s o u r c e s  f o r  UDCA p r o d u c t i o n .  In  a r e s t i n g - c e l l
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s y s t e m  o f  F. e q u i s e t i  M41, t h e  maximum c o n v e r s i o n  o f  LCA t o  UDCA was  found  

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  (DOT) o f  60  t o  100% s a t u r a t i o n ,  

and a t w o - f o l d  a c t i v a t i o n  was o b s e r v e d  on a d d i t i o n  o f  0 . 5  M KC1. T h i s  

i n c r e a s e  i n  UDCA p r o d u c t i o n  by K was s u g g e s t e d  t o  r e s u l t  from an i n c r e a s e  

i n  t h e  u p t a k e  r a t e  or  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  LCA. M o n ov a le n t  c a t i o n s  

s u c h  as  Na+ , K+ , L i + , Cs+ and Rb s t i m u l a t e d  t h e  c o n v e r s i o n  r a t e  more t h a n  

t w o f o l d .  The a c t i v i t y  o f  t h e  m yce l iu m  was a f f e c t e d  by DOT d u r i n g  c u l t i v a ­
t i o n  i n  a f e r m e n t o r .  With 15% DOT o r  o v e r ,  t h e  a c t i v i t y  peak  was o b s e r v e d  

a t  25 h o f  c u l t i v a t i o n ,  w h e r e a s  t h e  p ea k  was d e l a y e d  t o  34 t o  50 h when DOT 

was r e d u c e d  t o  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, 73 -  

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 yce l iu m  d e c l i n e d  r a p i d l y  a t  pH 7 . 0 ,  but  t h e  

r a t e  o f  d e c l i n e  was r e d u c e d  by r a i s i n g  t h e  pH t o  8 . 0 .  On a p p l y i n g  t h e  

optimum c o n d i t i o n s ,  i . e . ,  pH s h i f t  ( from 7 . 0  t o  8 . 0 ) ,  a d d i t i o n  o f  0 . 5  M 

KC1, t h e  DOT c o n t r o l ,  1 . 2  g / £  o f  UDCA 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 .
Par t  2 d e a l s  w i t h  t h e  b i n d i n g  c h a r a c t e r i s t i c s  o f  LCA t o  t h e  m y c e l i a  o f  

F .  e q u i s e t i  M41. I t  was found t h a t  c o n c e n t r a t i o n  o f  LCA in  t h e  c u l t i v a t i o n  

medium a f f e c t e d  t h e  f o r m a t i o n  o f  t h e  p r o d u c t :  t h e  p r o d u c t i o n  r a t e  o f  UDCA 

was p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  LCA i n  t h e  ra n g e  o f  0 . 2  t o  1 0 . 0  

g / > .  Most o f  t h e  LCA bound t o  t h e  m y c e l i a  o f  F .  e q u i s e t i  M41 was  i n  an 

i n s o l u b l e  form.  The b i n d i n g  o f  LCA t o  t h e  m y c e l i a  was shown t o  be a 

h y d r o p h o b i c  i n t e r a c t i o n ,  f o r  t h e  f o l l o w i n g  r e a s o n s :  i )  t h e  b i n d i n g  o f  LCA 

t o  t h e  m y c e l i a  was not  a f f e c t e d  by t h e  i o n i c  s t r e n g t h  o f  t h e  mediu.n,  i i )  

t h e  a c t i v a t i o n  e n e r g y  o f  LCA b i n d i n g  was lo w  ( 0 . 9  k c a l / m o l e ) , i i i )  more  

bound LCA was i n  a h y d r o p h o b i c  form t h a n  an i o n i c  f orm ,  and i v )  t h e  amount  

o f  b i l e  a c i d  bound dep en ded  on t h e  h y d r o p h o b i c i t y  o f  t h e  a c i d .
C h a p ter  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  LCA t o  a new b i l e  a c i d ,  3 a ,  

153-DHC, by 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  ST22.  P a r t  1 d e s c r i b e s  t h e  i s o l a ­
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t i o n  and i d e n t i f i c a t i o n  o f  s t r a i n  ST22.  S t r a i n  S T 22 , w h i c h  was s e l e c t e d  

from 110 f u n g a l  i s o l a t e s ,  c o n v e r t e d  LCA t o  t h e  d i h y d r o x y  b i l e  a c i d  d e r i v a t i v e  

e f f i c i e n t l y .  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  as  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 .

P art  2 d e s c r i b e s  a s t r u c t u r a l  a n a l y s i s  o f  t h e  p r o d u c t .  From t h e  

r e s u l t s  o f  m . p . ,  [ a ] j ^ ,  e l e m e n t a l  a n a l y s i s ,  and m a s s ,  IR,  and ^ C-NMR 

s p e c t r a ,  t h e  p r o d u c t  was i d e n t i f i e d  a s  d i h y d r o x y  d e r i v a t i v e  o f  5 6 - c h o l a n i c  

a c i d .  By c om p a r in g  t h e  m . p . ,  [ a ] ^ ,  r e t e n t i o n  t i m e s  on GC, and HPLC Rf 

v a l u e  o f  t h e  p r o d u c t  w i t h  t h o s e  o f  known d i h y d r o x y  d e r i v a t i v e s ,  t h e  p r o d u c t  

was found t o  be a new compound. From t h e  r e s u l t  o f  ‘'"H-NMR i t  was shown 

t h a t  t h e  s e c o n d  h y d r o x y l  g r o u p ,  o t h e r  t h a n  t h a t  a t  t h e  3a p o s i t i o n ,  was 

l o c a t e d  a t  e i t h e r  t h e  15(3 o r  166 p o s i t i o n .  The r e s u l t s  o f  t h e  t w o - d i m e n ­
s i o n a l  ^H-NMR narro wed  down i t s  p o s i t i o n  t o  153-

Par t  3 o f  t h i s  c h a p t e r  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  t h e  p r o ­
d u c t ,  3a ,156-DHC. In i t s  h y d r o p h i l i c i t y  and t h e  i n  V i t r o  c h o l e s t e r o l  

s o l u b i l i z i n g  a c t i v i t y  t e s t ,  3u,156-DHC showed s i m i l a r  p r o p e r t i e s  to  UDCA.
The t o x i c i t y  t e s t  i n  m ic e  i n d i c a t e d  t h a t  t h e  t o x i c i t y  by i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  3u,156-DHC 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  UDCA.

C h a pter  4 e x a m in e s  t h e  optimum c o n d i t i o n s  f o r  3a,15B-DHC p r o d u c t i o n .
The c o m b i n a t i o n  o f  d e x t r i n  and L - a s p a r a g i n e  was found  t o  p r o v i d e  t h e  b e s t  

b a s i s  f o r  t h e  medium. The most  s u i t a b l e  t e m p e r a t u r e  and pH w er e  3 3 ° c  and 

8 . 0 .  Some o r g a n i c  s o l v e n t s ,  o f  w h i c h  2 - 4 %  DMSO was t h e  most  e f f e c t i v e ,  

en h an ce d  t h e  p r o d u c t  f o r m a t i o n .  Prod u c t  f o r m a t i o n  was  a l s o  r em ark a b ly  

i n c r e a s e d  by f e e d i n g  LCA t o  m a i n t a i n  i t s  l e v e l  a t  1 g / l ,  and i f  LCA was  

added t o g e t h e r  w i t h  2% DMSO, o n l y  one  a d d i t i o n  was s u f f i c i e n t  t o  g i v e  a 

h i g h  c o n c e n t r a t i o n  o f  p r o d u c t .  By a p p l y i n g  t h e s e  opt imum c o n d i t i o n s ,  1 . 2  

g / 4  o f  p r o d u c t  was o b t a i n e d  a t  84 h o f  c u l t i v a t i o n .
The r e s u l t  o f  t h e  s t u d i e s  i n  t h i s  t h e s i s  p r o v i d e  a b a s i s  f o r  d e v e l o p -
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ment o f  m i c r o b i a l  p r o d u c t i o n  p r o c e s s e s  o f  c h o l e s t e r o l - g a l l s t o n e  s o l u b i l i z e r s ,  

w h ich  m ig h t  r e p l a c e  t h e  c o n v e n t i o n a l  c h e m i c a l  c o n v e r s i o n  p r o c e s s e s  now 

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

a c i d ,  3 a , 1 5 p - d i h y d r o x y - 5 3 - c h o l a n i c  a c i d ,  w h i c h  p o s s e s s e s  t h e  a b i l i t y  t o  

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 ,  o p e n s  up t h e  p r o s p e c t  o f  an a l t e r n a t i v e  

p r o c e s s  t o  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 .  A n a l y s i s  o f  t h e  i n t e r a c t i o n  

b etw een  m i c r o b i a l  c e l l s  and LCA i n  t h e  c o n v e r s i o n  o f  LCA t o  u r s o d e o x y c h o l i c  

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

s u b s t a n c e  and i t s  m i c r o b i a l  c o n v e r s i o n .
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