
CHAPTER 3

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 ci d  t o  a New B i l e  A c i d ,  
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 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 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
t h e  S t r a i n  ST22

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

As m e n t i o n e d ,  t h e r e  h a v e  b e e n  s e v e r a l  r e p o r t s  on 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 by m i c r o o r g a n i s m s .  For t h e  h y d r o x y l a t i o n  o f  s t e r o i d s ,  

most  m i c r o o r g a n i s m s  w i t h  t h e  n e c e s s a r y  a c t i v i t y  w er e  m y c e l i a l  m o l d s .  L i k e ­
w i s e ,  t h e  s e a r c h  f o r  a t r a n s f o r m e r  o f  l i t h o c h o l i c  a c i d  t o  t h e  d i h y d r o x y l  

b i l e  a c i d  aimed t o  i s o l a t e  m y c e l i a l  molds  r a t h e r  t h a n  o t h e r  g r o u p s  o f  

m i c r o o r g a n i s m s .
In  t h e  c o u r s e  o f  s c r e e n i n g ,  a f u n g a l  s t r a i n ,  S T 2 2 , was fo u n d  w h i c h  

formed a new b i l e  a c i d  ( 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 ;  3a,153~DHC) from  

l i t h o c h o l i c  a c i d  ( 4 9 ) .  T h i s  p a r t  d e s c r i b e s  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.

M a t e r i a l s  and Methods

I s o l a t i o n  and s c r e e n i n g  o f  m i c r o o r g a n i s m s  Fu ng i  w e r e  i s o l a t e d  by  

s p r e a d i n g  s o i l  s u s p e n s i o n s  on a g a r  p l a t e s  c o n t a i n i n g  10 g o f  g l u c o s e ,  5 g 

o f  p e p t o n e ,  0 . 5  g o f  KH2 P0^,  1 g o f  MgS0^-7H2 0 ,  33 mg o f  r o s e  b e n g a l  and
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15 g o f  a g a r  (pH 6 . 5 )  i n  1 £.  A f t e r  i n c u b a t i o n  f o r  2 - 5  d a y s  a t  30°C,  
f u n g a l  c o l o n i e s  w e r e  t r a n s f e r r e d  and r e i s o l a t e d  u n t i l  pure  c u l t u r e s  w er e  

o b t a i n e d .  P o t a t o  d e x t r o s e  a g a r  was u sed  f o r  m a i n t a i n i n g  t h e  p u re  i s o l a t e s .  

In s c r e e n i n g  f o r  an L C A - t r a n s f o r m i n g  s t r a i n ,  p u re  i s o l a t e s  w er e  c u l t i v a t e d  

f o r  7 d ay s  a t  3 0 ° c  on a r o t a r y  s h a k e r  (2 5 0  rpm) i n  25 0 - m l  E r l e n m e y e r  f l a s k s  

c o n t a i n i n g  50  ml o f  c u l t i v a t i o n  medium. The medium c o n t a i n e d  1 g o f  LCA,
50 g o f  g l u c o s e ,  10 g o f  NaNO^, 3 g o f  K^HPO^, 2 g o f  KH^PO^, 0 . 5  g o f  

MgS04 ‘ 7H2 0 ,  0 . 0 1  g e a c h  o f  FeS04 '7H2 0 ,  ZnS04 ‘ 7H 0 ,  MnSO -H2 0 i n  1 £. The 

pH o f  t h e  medium was a d j u s t e d  t o  7 b e f o r e  s t e r i l i z a t i o n .  The p r o d u c t s  w er e  

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 a n a l y z e d  by t h i n  l a y e r  c h rom a to grap h y  as  

d e s c r i b e d  i n  Chapter  1 ( 5 4 ) .

R e s u l t s  and D i s c u s s i o n

1.  S c r e e n i n g  o f  LCA T r a n s f o r m e r s
Of 110 f u n g a l  i s o l a t e s ,  o n l y  5 i s o l a t e s  (ST07 ,  1 5 ,  2 2 ,  67 and 9 1 )  c o u l d  

c o n v e r t  LCA i n t o  more h y d r o p h i l i c  compounds wh ich  seemed t o  be  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  by 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  

( 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 ,  1 0 0 : 1 0 0 : 1 ,  by v o l . ) .  The Rf v a l u e s  o f  

t h e  p r o d u c t s  from t h e s e  s t r a i n s  and o f  s t a n d a r d s  were  as  f o l l o w s :  0 . 4 0  and 

0 . 5 3  ( ST07) , 0 . 4 3  and 0 . 5 3  ( S T 1 5 ) ,  0 . 4 3  and 0 . 5 3  ( S T 2 2 ) ,  0 . 4 6  and 0 . 5 3  

( S T 6 7 ) ,  0 . 4 3  and 0 . 5 5  ( S T 9 1 ) ,  0 . 6 9  (LCA), 0 . 5 3  ( u r s o d e o x y c h o l i c  a c i d )  and 

0 . 4 3  ( c h e n o d e o x y c h o i c  a c i d ) .
B e c a u se  s t r a i n  ST22 formed 10 t i m e s  h i g h e r  amounts  o f  p r o d u c t s  t h a n  

t h e  o t h e r  s t r a i n s ,  i t  was s e l e c t e d  f o r  f u r t h e r  s t u d y .
2 .  I d e n t i f i c a t i o n  o f  s t r a i n  ST22

The main a x i s  and t e r m i n a l  b r a n c h e s  o f  s t r a i n  ST22 t e r m i n a t e d  i n
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s p h e r i c a l  h e a d s  f u r n i s h e d  w i t h  s m a l l  s w e l l i n g s  w h i c h  w e r e  t h e  i n s e r t i o n  

p o i n t s  f o r  c o n i d i a .  C o l o n i e s  on b e e r w o r t - a g a r  grew r a p i d l y  a t  2 5 °c up t o  

2 cm h i g h .  Other  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  wer e :  p e r m a n e n t l y  w h i t e ;  

m y ce l iu m  smooth and h y a l i n e ,  hyphae  up t o  15 p i n  d i a m e t e r ;  r h i z o i d  

p r e s e n t ;  c o n i d i a  g l o b o s e  t o  s u b g l o b o s e  (9 -  13 pm) w i t h  l o n g  e c h i n u l a t i o n s . 
The s t r a i n  grew w e l l  a t  25 -  3 7 ° c ,  w h i l e  no gro w t h  was o b s e r v e d  a t  4 7 ° c .
No z y g o s p o r e  f o r m a t i o n  was o b s e r v e d .  From t h e s e  c h a r a c t e r i s t i c s ,  s t r a i n  

ST22 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  ( L e n d e r )  a c c o r d i n g  t o  

Zycha e t  a l .  ( 1 9 6 6 )  and Samson ( 1 9 6 9 ) .  I t  h as  b e e n  r e p o r t e d  t h a t  

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  i s  c a p a b l e  o f  h y d r o x y l a t i n g  s t e r o i d a l  compounds  

a t  s e v e r a l  p o s i t i o n s :  I S ,  6 S ,  9 a ,  1 1 a ,  แ ร ,  1 4 a ,  16S ( 6 3 ) ,  and 15S ( 7 9 ) .
But n on e o f  t h e s e  s t e r o i d a l  compounds w e r e  l i t h o c h o l i c  a c i d ,  a b i l e  a c i d ,  

o r  i t s  r e l a t e d  compounds.  So t h i s  i s  t h e  f i r s t  s t u d y  o f  t h e  h y 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  t o  a d i h y d r o x y - 5 3 - c h o l a n i c  a c i d  by t h e  n e w l y  i s o l a t e d  

s t r a i n  o f  c .  b l a k e s l e e a n a .

F i g .  1.  P h o t o m i c r o g r a p h  o f  t h e  s t r a i n  ST22 (x 2 0 0 ) .
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Summary

Out o f  

l i t h o c h o l i c  

S t r a i n  ST22

110 f u n g a l  i s o l a t e s ,  s t r a i n  ST22 was found t o  c o n v e r t
a c i d ,  a monohydroxy b i l e  a c i d ,  i n t o  a new d i h y d r o x y  b i l e  a c i d .
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  ( L e n d e r ) .
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P a r t  2 S t r u c t u r a l  E l u c i d a t i o n  o f  t h e  New D i h y d r o x y - B i l e  
A ci d  Pro duce d  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

S i n c e  D a n z i n g e r  e t  a l .  ( 3 7 )  and Makino e t  a l .  ( 4 3 )  r e p o r t e d  t h a t  

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  e f f e c t i v e  i n  d i s s o l v i n g  

c h o l e s t e r o l  g a l l s t o n e s  and t h e s e  compounds h a v e  b e e n  u s e d  s u c c e s s f u l l y  f o r  

t r e a t i n g  p a t i e n t s  w i t h  g a l l s t o n e  d i s e a s e ,  more a t t e n t i o n  has  b een  g i v e n  t o  

t h e  h y d r o x y l a t i o n  o f  b i l e  a c i d .  In t h e  c o u r s e  o f  t h i s  s t u d y  on t h e  b i o ­
t r a n s f o r m a t i o n  o f  b i l e  a c i d s  by f u n g i  ( 5 4 )  , 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 i s o l a t e d  from a c i d  s o i l  i n  T h a i l a n d  i n  1982 and s e l e c t e d  f o r  i t s  

a b i l i t y  t o  c o n v e r t  l i t h o c h o l i c  a c i d  i n t o  more h y d r o p h i l i c  compounds.  T h i s  

p a r t  d e s c r i b e s  t h e  s t r u c t u r a l  e l u c i d a t i o n  o f  t h e  main p r o d u c t ,  3 a , 1 5 8 -  

d i h y d r o x y - 5 8 - c h o l a n i c  a c i d  ( F i g .  1 ) .

21

3a415B-Dihydroxy-5l3-cholanic acid

F i g .  1 .  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  t o  3 a , 1 5 8 - d i h y d r o x y - 5 8 -  
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.
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M ateria ls  and Methods

C u l t i v a t i o n  o f  s t r a i n  ST22 The c u l t i v a t i o n  was  p e r fo r m e d  e i t h e r  

i n  2 - £  S a k a g u c h i  f l a s k s  on a r e c i p r o c a l  s h a k e r  (1 2 0  spm) o r  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 )  a t  3 0 ° c .  For c u l t i v a t i o n  i n  a 

f e r m e n t o r ,  t h e  pH was m a i n t a i n e d  a t  7 . 0  w i t h  3 N HC1 and 3 N NaOH, t h e  

t e m p e r a t u r e  a t  3 0 ° c ,  t h e  a e r a t i o n  r a t e  a t  1 . 0  vvm and t h e  a g i t a t i o n  sp e e d  

a t  300 rpm. The c u l t i v a t i o n  medium c o n t a i n e d  1 g o f  l i t h o c h o l i c  a c i d ,  40  g 

o f  d e x t r i n ,  12 g o f  a s p a r a g i n e ,  3 g o f  KC1, 2 g o f  KH2 P04 , 0 . 5  g o f  CaCl2 • 
2 ^ 0 ,  0 . 5  g o f  MgS04 '7H2 0 ,  1 g o f  y e a s t  e x t r a c t  and 0 . 0 1  g e a c h  o f  0นรอ4 • 
5H? 0 ,  FeS04 ‘ 7H20 ,  Na2Mo04 • 2H2 0 , MnS04 ‘ 6H20 and ZnS04 ‘ 7H2 0 i n  1 £ .  T h i s  

c o m p o s i t i o n  i s  same as t h a t  u s e d  f o r  t h e  p r o d u c t i o n  o f  UDCA.
I s o l a t i o n  and p u r i f i c a t i o n  o f  t h e  p r o d u c t  For s i l i c a  g e l  c h r o m a t o ­

gr a p h y  o f  t h e  p r o d u c t ,  Wakogel  C-3 00 (Wako Pure  C h e m i c a l s  I n d u s t r i e s ,  L t d . )  

was u s e d .  A l l  s o l v e n t s  w e r e  u se d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  The p r o ­
d u c t  was p u r i f i e d  by a d j u s t i n g  t h e  pH o f  9 l i t e r s  o f  c u l t u r e  b r o t h  t o  pH 3 

w i t h  3 N HC1, t h e n  e x t r a c t i n g  w i t h  19 l i t e r s  o f  e t h y l  a c e t a t e  w i t h  v i g o r o u s  

m i x i n g  f o r  2 -  3 hr a t  room t e m p e r a t u r e .  A f t e r  remov ing t h e  w a t e r  from 

e t h y l  a c e t a t e  l a y e r  w i t h  an h y d ro u s  Na2 ร0 4 , t h e  e x t r a c t  was  c o n c e n t r a t e d  i n  

a r o t a r y  e v a p o r a t o r  a t  5 0 ° c .  About 1 . 5 3  g o f  t h e  c r u d e  p r o d u c t  was  r e c o v e r e d  

as o i l y  m a t e r i a l  a t  t h i s  s t e p .  The o i l y  m a t e r i a l  was d i s s o l v e d  i n  a minimum 

amount o f  a m i x t u r e  o f  e t h y l  a c e t a t e ,  2 , 2 , 4 - t r i m e t h y l p e n t a n e  and a c e t i c  

a c i d  ( 1 0 : 1 0 : 2 ,  by v o l . )  and ch ro m a to g ra p h ed  on a s i l i c a  g e l  co lumn ( 3 . 0  X  

96 cm) u s i n g  t h e  same s o l v e n t  m i x t u r e  as  t h e  e l u e n t .  F r a c t i o n s  o f  10 ml 
w er e  c o l l e c t e d  and a n a l y s e d  by ga s  ch rom a to grap h y  and by TLC u s i n g  t h e  same  

s o l v e n t  s y s t e m .  F r a c t i o n s  c o n t a i n i n g  t h e  p r o d u c t  w e r e  p o o l e d ,  c o n c e n t r a t e d  

i n  a r o t a r y  e v a p o r a t o r  a t  5 0 ° c ,  and s u b j e c t e d  t o  s i l i c a  g e l  c h rom a to grap h y  

(column s i z e  3 . 0  X 96 cm) 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  ( 5 0 : 1 0 : 0 . ๐ ,
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by v o l . )  a s  a s o l v e n t  s y s t e m .  F r a c t i o n s  c o n t a i n i n g  t h e  p r o d u c t  w er e  p o o l e d ,  

e v a p o r a t e d  i n  a r o t a r y  e v a p o r a t o r  a t  5 0 ° c ,  and c r y s t a l l i z e d  t w i c e  w i t h  

e t h y l  a c e t a t e / h e x a n e .  At t h i s  s t e p ,  475 mg o f  p u r i f i e d  p r o d u c t  was r e c o v e r e d ,  

w h ich  i s  e q u i v a l e n t  t o  31% y i e l d .  The p u r i t y  o f  t h e  p r o d u c t  was c o n f i r m e d  

by 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 m a to g r a p h y .
A n a l y s i s  o f  t h e  p r o d u c t  IR s p e c t r a  w e r e  r e c o r d e d  as  n u j o l  m u l l s

on a H i t a c h i  215 s p e c t r o p h o t o m e t e r .  Mass s p e c t r o m e t r i c a l  m easu rem en ts  w er e  

p er fo rm ed  u s i n g  a H i t a c h i  RMU-6E or  H i t a c h i  M-80 mass s p e c t r o m e t e r .  O p t i c a l  

r o t a t i o n s  w er e  d e t e r m i n e d  w i t h  a DIP-18 1  p o l a r i m e t e r  (Japan  S p e c t r o s c o p i c  

Co. L t d . ) .  E l e m e n t a l  a n a l y s i s  was p er fo rm ed  w i t h  a c ,  H, N, 0 a n a l y z e r .  

^C-NMR s p e c t r a  w er e  o b t a i n e d  a t  25 MHz u s i n g  a JEOL FX-100 s p e c t r o m e t e r .  

O n e - d i m e n s i o n a l  and t w o - d i m e n s i o n a l  ’''H-NMR d a t a  w e r e  o b t a i n e d  w i t h  N i c o l e t  

NT-300 s p e c t r o m e t e r  a t  300 MHz. High p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h i c  

(HPLC) a n a l y s e s  o f  t h e  p r o d u c t  w er e  c a r r i e d  o u t  w i t h  a T r i r o t a r  I I  (Japan  

S p e c t r o s c o p i c  Co. L t d . )  e q u ip p e d  w i t h  Zorbax-ODS column (DuPont I n s t r u m e n t s ) .  

The e l u t i o n  s o l v e n t  u se d  was m e t h a n o l - w a t e r  ( 7 3 : 2 7 ,  by v o l . ,  pH 3 w i t h  

H^PO^) w i t h  d e t e c t i o n  a t  210 nm. Gas c h rom a to grap h y  (GC) was p er fo rm ed  w i t h  

a H i t a c h i  163 e q u ip p e d  w i t h  FID. A g l a s s  co lumn 3 mm X 1 m, pack ed  w i t h  

2% S i l i c o n e  DC-QF-1 on U n i p o r t  HP 8 0 / 1 0 0  m esh ,  was used  w i t h  column and 

i n j e c t i o n  p o r t  t e m p e r a t u r e s  o f  220°C and 24 0 °C ,  r e s p e c t i v e l y .  Sample s  f o r  

GC were  d e r i v a t i z e d  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 c c o r d i n g  t o  t h e  method o f  Imai and Tamura ( 5 9 ) .

R e s u l t s  and D i s c u s s i o n

S t r u c t u r e  a n a l y s i s  o f  t h e  p r o d u c t
The c r y s t a l l i n e  p r o d u c t  d i s s o l v e d  i n  m e t h a n o l  showed a s i n g l e  peak on
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HPLC. The p roduct, m.p. 185.5 -  186.5°c and [a]p  + 3.4 (c: 1, EtOH), was
shown t o  h a v e  m o l e c u l a r  f o r m u l a  o f  C - . H (r10 ,  by e l e m e n t a l  a n a l y s i s  (Found:24 40  4
c ,  73.38%; H, 10.30%; C a l c d . f o r  c,1. H , - 0 . ะ c ,  73 .42% , H, 10 .27%) and mass24 40  4
s p e c t r a l  d a t a  o f  m o l e c u l a r  s e c o n d a r y  i o n  mass s p e c t r o m e t r y  ( 8 0 )  [ (M + Na)  

a t  m/z 415 and (M + H + g l y c e r o l ) " 1" a t  m/z 48 5]  ( F i g .  2 ) .  In t h a t  t h e

F i g .  2 .  Mass s p e c t r u m  o f  t h e  p r o d u c t .

F i g .  3. IR sp e c t r u m  ( i n  n u j o l )  o f  t h e  p r o d u c t .

s t a r t i n g  m a t e r i a l  was l i t h o c h o l i c  a c i d  (C^^H^qO ^) ,  t h e  p r o d u c t  was assumed  

t o  be  a d i h y d r o x y  d e r i v a t i v e  o f  5 3 - c h o l a n i c  a c i d .  The IR s p e c t r u m  o f  t h e
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p r o d u c t ,  w h ich  e x h i b i t e d  a b s o r p t i o n  a t  vmax ( n u j o l )  3280  (bonded OH) and 

1700 cm  ̂ (C = 0 d i m e r ) ,  s u p p o r t e d  t h i s  a s s u m p t i o n  ( F i g .  3 ) .  F u r t h e r  

c o n f i r m a t i o n  o f  t h e  s t r u c t u r e  came from t h e  C-NMR o f  t h e  p r o d u c t  ( T a b l e  1 

and F i g .  4 ) ,  w h i c h  showed 24 s i g n a l s .  By INEPT ^C-NMR ( 8 1 ) ,  t h e  p r o d u c t  

was found  t o  c o n t a i n  3 m e t h y l  c a r b o n s ,  10 m e t h y l e n e  c a r b o n s ,  8 m e t h i n e  

c a r b o n s  and 3 q u a t e r n a r y  c a r b o n s .  Two m e t h i n e  c a r b o n s  showed OTOH r e s o n a n c e s  

( 7 0 . 6  and 7 2 . 7  ppm) and on e  q u a t e r n a r y  carb o n  showed C100H r e s o n a n c e  ( 1 7 8 . 0  

ppm). From t h e s e  d a t a ,  t h e  p r o d u c t  was  c o n c l u d e d  t o  b e  a d i h y d r o x y  d e r i v a ­
t i v e  o f  5 8 - c h o l a n i c  a c i d .

T a b l e  1 .  ^C-NMR d a t a 3  ̂ f o r  t h e  p r o d u c t  i n  CD^OD.

1-CH 37.3 (t ) 13-C 43.6 (ร)
2-CH2 32.3 ( t ) 14-CH 62.4 (d)
3-CHOH 72.7 (d) 15-CHOH 70.6 (d)
4-ÇH 42.1 ( t ) c) 16-CH2 31.2 ( t )
5-CH 43.6 (d) 17-CH 61.5 (d)
6-_CH 2 28.3 ( t) 18-CH3 15.2 (q)
7 -  CH 2
8-  CH

26.8
36.4

( t)
(d)b)

19- ÇH 3
20 -  CH

24.0
33.0

(q)
(d)

9-CH 42.2 (d) 21-CH3 18.9 (q)
10 - c 35.9 (ร) 22-CH2 36.6 ( t )
11-ÇH 21.8 ( t )

( t ) c)
23-CH2 31.9 ( t )

12-CH2 42.9 24-COOH 178.0 (ร)

a) 6 in ppm; ( ) ,  m u l t i p l i c i t y  in of f -resonance  spectra .
b )  , c) and d ) , each assignment may be exchanged.

A l t h o u g h  s e v e r a l  d i h y d r o x y  d e r i v a t i v e s  h a v e  b e e n  r e p o r t e d  ( 8 2 ) ,
25c o m p a r i s o n  o f  s e v e r a l  p r o p e r t i e s  o f  t h e  p r o d u c t ,  i . e .  m . p . ,  [ a ] “ ร r e t e n t i o n  

t i m e  on GC o r  HPLC, and R̂  v a l u e s  i n  9 s o l v e n t s ,  w i t h  t h o s e  o f  known d i ­
h yd ro xy  d e r i v a t i v e s  ( 8 3 - 8 5 )  i n d i c a t e d  t h a t  t h e  p r o d u c t  was a new compound.  
T h e r e f o r e ,  t h e  "̂H-NMR s p e c t r u m  shown i n  F i g .  5 was examined t o  a s s i g n  t h e  

p o s i t i o n  o f  t h e  s e c o n d  hyd ro xy  group b e s i d e s  t h a t  a t  t h e  3a p o s i t i o n .  The
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F i g .  4 .  C-NMR sp e c t r u m  o f  t h e  p r o d u c t .  
S o l v e n t :  CO^OD.

300 MHz ^H-NMR sp e c t r u m  (C^D^: CD^OD, 1 0 : 1 ,  v / v )  showed t h e  f o l l o w i n g
r e s o n a n c e s :  3 . 9 8  (1H, ณ, J = 5 . 5 6  Hz, CHOH), 3 . 5 2  (1H, m, J = 9 . 4 2  Hz,3 X ~  3 .x

3 a - H ) ,  1 . 0 0  (3H, ร ,  1 9 - ฒ 3 >, 0 . 9 2  (3H, ร ,  1 8 - ฒ 3 ) and 0 . 8 8  ppm (3H, d ,  J = 

8 . 3 0  Hz, 21-CH3 ) .  The d o w n f i e l d  s h i f t  o f  18-CH3 r e s o n a n c e  t o  0 . 9 2  ppm i n  

t h e  p r o d u c t  from 0 . 6 5  and 0 . 7 3  ppm i n  l i t h o c h o l i c  a c i d  m e t h y l  e s t e r  and 3 a ,  
1 2 a - d i h y d r o x y - 5 6 - c h o l a n i c  a c i d  r e s p e c t i v e l y  ( 8 6 )  i n d i c a t e s  t h a t  t h e  s e c o n d  

hyd ro xy  group i s  l o c a t e d  a t  t h e  1 1 6 ,  1 2 6 ,  1 5 6 ,  or  166 p o s i t i o n .  And t h e  

J v a l u e  o f  t h e  3 . 9 8  ppm s i g n a l  s u g g e s t e d  t h e  l o c a t i o n  o f  t h e  h y d r o x y  group  

on a 5-membered r i n g .  T h u s ,  t h e  156 or  166 p o s i t i o n  was most  p r o b a b l e .
To i d e n t i f y  t h e  p o s i t i o n  o f  t h e  h y d r o x y  group f u r t h e r ,  t w o - d i m e n s i o n a l  J -  

c o r r e l a t e d  ^H-NMR s p e c t r o s c o p y  ( 8 7 )  o f  t h e  p r o d u c t  was p er fo rm ed  ( F i g .  6 ) ,
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PPM

F i g .  6 . T w o - d i m e n s i o n a l  J - c o r r e l a t e d ■*‘H-NMR s p e c t r u m  o f t h e  p r o d u c t .
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i n  w h i c h  3 . 9 8  ppm p r o t o n  showed t h e  c o u p l i n g  w i t h  2 . 2 8 ,  1 . 3 6  and 0 . 6 5  ppm 

p r o t o n s .  The s t r o n g  c o u p l i n g  b e t w e e n  2 . 2 8  and 1 . 3 6  ppm p r o t o n s  (J = 1 0 . 9  

Hz) i n d i c a t e d  t h a t  t h e s e  p r o t o n s  w e r e  b o t h  g e m i n a l  p r o t o n s  o f  a m e t h y l e n e  

c a r b o n .  The 2 . 2 8  ppm p r o t o n  e x h i b i t e d  one  more c o u p l i n g ,  w i t h  a 0 . 9  ppm 

p r o t o n  ( r e s o n a n c e  j ) .  T h ese  c o u p l i n g s  e s t a b l i s h e d  t h e  p a r t i a l  s t r u c t u r e  o f  

H H H H
I I Ï  I

— C — C — C — C — . T h i s  s t r u c t u r e  f u r t h e r  e l i m i n a t e d  t h e  p o s s i b i l i t y
I I IOH H

t h a t  t h e  h yd ro xy  group i s  l o c a t e d  a t  t h e  116 or  126 p o s i t i o n .  The 0 . 6 5  ppm 

m e t h i n e  s i g n a l  a l s o  showed c o u p l i n g  w i t h  t h e  1 . 8 2  ppm s i g n a l  ( r e s o n a n c e  i ,  

F i g .  6 ) .  T h i s  1 . 8 2  ppm p r o t o n  s h o u l d  be  l o c a t e d  a t  C-20 i f  t h e  s e c o n d  

h yd ro xy  group i s  l o c a t e d  a t  1 6 6 ,  o r  a t  C-8 i f  t h e  h y d r o x y  group i s  l o c a t e d

t h e  p r o d u c t .
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a t  1 5 3 .  B e c a u s e  t h e  r e s o n a n c e  a r i s i n g  from t h e  C-20 m e t h i n e  p r o t o n  was  a t  

1 . 5 6  ppm ( r e s o n a n c e  k ,  F i g .  7 ) ,  a s  e v i d e n c e d  by t h e  c o u p l i n g  w i t h  m e t h y l  

p r o t o n s  a t  C-21 ( 0 . 8 8  ppm, r e s o n a n c e  e ) , t h e  1 . 8 2  ppm s i g n a l  was  a s s i g n e d  

as 8-H.  From t h i s  a s s i g n m e n t  t h e  0 . 6 5  ppm s i g n a l  was d e t e r m i n e d  a s  t h e  

C-9 m e t h i n e  s i g n a l ,  t h u s  i n d i c a t i n g  t h e  l o c a t i o n  o f  t h e  s e c o n d  h yd ro xy  

group a t  153.  The c o u p l i n g  b e t w e e n  1 . 5 6  ppm p r o t o n  and 0 . 8 8  ppm p r o t o n  was  

f u r t h e r  c o n f i r m e d  by t h e  d i f f e r e n c e  s p e c t r u m  b e t w e e n  c o u p l e d  and 0 . 8 8  ppm 

d e c o u p l e d  s p e c t r a .  In c o n c l u s i o n ,  s t r a i n  ST22 c o n v e r t s  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 ,  w h i c h  i s  t h e  f i r s t  known b i l e  a c i d  

d e r i v a t i v e  c o n t a i n i n g  a 1 5 3 - h y d r o x y  m o i e t y .

Summary

A p r o d u c t  o f  t h e  m i c r o b i o l o g i c a l  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
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 i d e n t i f i e d  a s  3 a , 1 5 3 - d i h y d r o x y - 5 3 -

13c h o l a n i c  a c i d .  I t s  s t r u c t u r e  was d e t e r m i n e d  on t h e  b a s i s  o f  IR,  C-NMR 

and t w o - d i m e n s i o n a l  "'"H-NMR s p e c t r a .
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P a r t  3 B i o l o g i c a l  A c t i v i t y  o f  3 o t , 1 5 0 -D ih y d r o x y  
5 3 - C h o l a n i c  Ac id

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

Among n a t u r a l  b i l e  a c i d s ,  u r s o d e o x y c h o l i c  a c i d  ( 4 3 )  and c h e n o d e o x y c h o l i c  

a c i d  ( 3 7 )  w er e  found t o  be  e f f e c t i v e  f o r  t h e  t r e a t m e n t  o f  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  by o r a l  a d m i n i s t r a t i o n .
B e c a u s e  b o t h  compounds 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 3 - c h o l a n i c  a c i d ,  

t h e  p o s s i b i l i t y  t h a t  a new b i l e  a c i d  ( 8 8 )  w i t h  two h y d r o x y l  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 s .  T h i s  p a r t  d e a l s  w i t h  t h e  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  o f  t h e  p r o d u c t  compared w i t h  t h o s e  o f  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 .

M a te r ia ls  and Methods

C h e m i c a l s  T a u r i n e -  and g l y c i n e - c o n j u g a t e d  form s o f  3a ,153-DHC w er e
s y n t h e s i z e d  r e s p e c t i v e l y  by t h e  met ho ds  o f  Lack e t  a l .  ( 8 9 )  and Hofmann 

( 4 6 ) .  P u r i t y  was c o n f i r m e d  by 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  i 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 ,  by v o l . )  and by h i g h  p e r f o r m a n c e  l i q u i d  

c h rom a to grap h y  ( m e t h a n o l : w a t e r , 7 : 3 ,  pH 3 w i t h  c o n e .  H^PO^). The t a u r i n e -  

and g l y c i n e - c o n j u g a t e d  form s o f  o t h e r  b i l e  a c i d s  w er e  t h e  p r o d u c t  o f  

Gasukuro Kogyo,  Tokyo. Sodium s a l t s  o f  b i l e  a c i d s  w er e  p r e p a r e d  by t h e  

method o f  I g i m i  e t  a l .  ( 9 ) .  The p u r i t y  o f  e a c h  b i l e  s a l t  was c h e c k e d  by 

e l e m e n t a l  a n a l y s i s ,  i n f r a r e d  s p e c t r o m e t r y  and f l a m e  p h o t o m e t r y .  Other  

r e a g e n t s  w er e  a l l  o f  c o m m e r i c a l l y  a v a i l a b l e  r e a g e n t  g r a d e  and w er e  u se d
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w ithout fu r th e r  p u r if ic a t io n .
A n a l y s i s  High p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h i c  a n a l y s e s  w er e  

p er fo rm ed  w i t h  a T r i r o t a r  I I  (Japan  S p e c t r o s c o p i c  Co. L t d . )  e q u i p p e d  w i t h  

Zorbax-ODS column (Dupont I n s t r u m e n t s ) ,  f l o w  r a t e  o f  1 m l / m in  and d e t e c t i o n  

a t  210 nm.
A ssa y  o f  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  o f  t h e  p r o d u c t  

P o r t i o n s  o f  25 mg o f  c h o l e s t e r o l  w e r e  added t o  t e s t  t u b e s  c o n t a i n i n g  0 . 4  ml  
o f  a b i l e  s a l t  s o l u t i o n  (150 mM w i t h  o r  w i t h o u t  1 2 . 5  mM l e c h t h i n  i n  0 . 1 5  M 

sod ium p h o s p h a t e  b u f f e r  pH 8 . 0 ) ,  and t h e  t u b e s  w e r e  a g i t a t e d  a t  80  rpm a t  

2 0 ° c  f o r  48  h .  The s o l u t i o n s  w er e  t h e n  f i l t e r e d  t h r o u g h  0 . 4 5 - p m  f i l t e r s ,  

and amounts  o f  s o l u b i l i z e d  c h o l e s t e r o l  i n  t h e  f i l t r a t e  w e r e  d e t e r m i n e d  by  

t h e  e n z y m a t i c  method o f  Fromm e t  a l .  ( 9 1 ) .
T o x i c i t y  t e s t  o f  3a ,15g-DHC in  m ic e
a)  Sample p r e p a r a t i o n  f o r  i n j e c t i o n :  3a ,15S-DHC was d i s s o l v e d  i n

c o n e .  NaOH and d i l u t e d  w i t h  p h o s p h a t e  b u f f e r  composed o f  0.3% KH PO. and2 4
0.3% K^HPO^ t o  a f i n a l  c o n c e n t r a t i o n  o f  28 mg/ml a f t e r  pH had b e e n  a d j u s t e d  

t o  pH 7 . 0  w i t h  5 N HC1. The s o l u t i o n  was s t e r i l i z e d  a t  1 2 0 ° c  f o r  10 min  

b e f o r e  i n j e c t i o n  i n t o  m i c e .
b) I n j e c t i o n :  F i v e  g r o u p s  o f  f i v e  m a le  m i c e  e a c h ,  w i t h  body w e i g h t s

o f  3 0 . 0  t o  3 0 . 5  g ,  w er e  i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  0 . 1 ,  0 . 2 5 ,  0 . 5 ,
0 . 7 5  and 1 . 0  ml o f  t h e  3a ,153-DHC s o l u t i o n  p r e p a r e d  a s  d e s c r i b e d  a b o v e .
The c o n t r o l  gro u p s  r e c e i v e d  0 . 5  and 1 . 0  ml o f  t h e  b u f f e r .  T r e a t e d  m i c e  

w er e o b s e r v e d  f o r  a p e r i o d  o f  14 d a y s .  LD,_Q v a l ue  was c a l c u l a t e d  from t h e  

c u r v e  o f  t h e  r e l a t i o n s h i p  b e tw e e n  l o g  o f  p e r c e n t  o f  dead m i c e  and t h e  

amount o f  b i l e  a c i d  i n j e c t e d .
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R esults and D iscussion

1.  H y d r o p h i l i c i t y  o f  3a , 1 5 6 - d i h y d r o x y  5 6 - c h o l a n i c  a c i d
The s o l u b i l i z a t i o n  o f  c h o l e s t e r o l  g a l l s t o n e s  by u r s o d e o x y c h o l i c  a c i d  

i n  v i v o  i s  known t o  p r o c e e d  m a i n l y  by a mechai sm i n v o l v i n g  f o r m a t i o n  o f  

l i q u i d  c r y s t a l s  w i t h  l e c i t h i n  and c h o l e s t e r o l .  S a l v i o l i  e t  a i .  ( 9 2 )  r e ­
p o r t e d  t h a t  t h e  a b i l i t y  t o  form l i q u i d  c r y s t a l s  was c l o s e l y  c o r r e l a t e d  

w i t h  t h e  h y d r o p h i l i c i t y  o f  t h e  b i l e  a c i d  i n v o l v e d :  i . e . ,  t h e  more h y d r o p h i l i c  

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

and c h o l e s t e r o l  was f o r m e d ,  t h u s  t h e  h i g h e r  t h 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 i n g  a c t i v i t y  o f  t h e  b i l e  a c i d .  T h e r e f o r e ,  i n  o r d e r  t o  e s t i m a t e  

t h e  a b i l i t y  o f  3a ,156-DHC 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 ,  i t s  h y d r o ­
p h i l i c i t y  was m ea su re d  by r e v e r s e d - p h a s e  HPLC and compared w i t h  t h a t  o f  

known b i l e  a c i d s  ( T a b l e  1 ) .  For t h e  f r e e  a c i d s ,  h y d r o p h i l i c i t y  i n c r e a s e d  

i n  t h e  o r d e r  o f  LCA < d e o x y c h o l i c  a c i d  < c h e n o d e o x y c h o l i c  a c i d  < c h o l i c  

a c i d  < u r s o d e o x y c h o l i c  a c i d ,  w h i c h  a g r e e d  w e l l  w i t h  t h e  d a t a  o f  Armstrong  

and Carey ( 7 8 ) .
The H y d r o p h i l i c i t y  o f  3a,15|3-DHC was found t o  b e  t h e  h i g h e s t .  I n  v i v o ,  

a l m o s t  a l l  o f  b i l e  a c i d s  e x i s t  i n  e i t h e r  t a u r i n e -  o r  g l y c i n e - c o n j u g a t e d  

for m ,  and t h e s e  c o n j u g a t e d  forms a r e  t h e  a c t u a l  p a r t i c i p a n t s  i n  g a l l s t o n e  

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

was e s t i m a t e d .  S i m i l a r  o r d e r s  o f  h y d r o p h i l i c i t y  w e r e  a l s o  o b s e r v e d  f o r  

t h e  t a u r i n e -  and g l y c i n e - c o n j u g a t e d  form s;  and 3a ,15g-DHC was more  

h y d r o p h i l i c  t h a n  UDCA.
2.  The 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  o f  3a , 1 5 8 - d i h y d r o x y  5 6 -  

c h o l a n i c  a c i d
The 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  o f  t h e  sod iu m  s a l t  o f  3 a , 1 5 6 -  

DHC, UDCA and CDCA i n  s o l u t i o n  w i t h  or  w i t h o u t  1 2 . 5  mM l e c i t h i n  i s  shown i n
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T a b l e  1 .  H y d r o p h i l i c i t y  o f  s e v e r a l  u n c o n j u g a t e d  and
c o n j u g a t e d  b i l e  a c i d s  a n a l y z e d  by r e v e r s e - p h a s e  HPLC.

HPLC re tent io n  factor (k' )
Unconj ugated3  ̂ Glycine-conjugated^ ,c)Taurine-conjugat ed

3 a, 15 8-Dihydroxy-  
5S-cholanic  acid 0.52 0.34 0.58
Ursodeoxycholic acid  
( 3 a , 7 g-Dihydroxy-) 0.58 0.35 0.65
Cholanic acid  
(3a,7a,12a-Trihydroxy-) 0.86 0.71 1.30
Chenodeoxycholic acid  
(3a,7a-Dihydroxy-) 1.97 1.47 3.97
Deoxycholic acid  
( 3 a , 12a-Dihydroxy-) 2 . 1 1 1.72 4.74
Li th och o l i c  acid  
(3a-Hydroxy-) 4.28 - 12.23

Reverse-phase HPLC was performed as described in Materials and Methods using the  
fo l lowing mobile phases: a) methanol ะwater 5 75:25,  pH 5 with 5 mM H3PO4 /KH2P0^; 
๖) methanol:water, 7:3 ,  pH 3 with cone. H3PO4 ; c)  methanol:water, 5 : 5 ,  pH 3 
with cone. H3PO4 . Three lil of each b i l e  acid so l u t io n  (1 mg/ml) was in j e c te d .  
Retention factor  (k 1) ,  which i s  in v erse ly  proportional  to h y d r o p h i l i c i ty ,  was 
ca l cu la ted  according to Armstrong and Carey (1982) (78):

t -  t

where t 0 = r et en t io n  time of  the so lvent  front and t r = re ten t io n  time of the 
b i l e  acid .

T a b l e  2 .  E f f e c t  o f  b i l e  a c i d  on t h e  amount o f  s o l u b i l i z e d
c h o l e s t e r o l  i n  s o l u t i o n  w i t h  o r  w i t h o u t  1 2 . 5  mM l e c i t h i n .

B i l e  s a l t  
(50 mM)

Amount of s o l u b i l i z e d  ch o le s t e r o l
( g / o

without l e c i t h i n  with l e c i t h i n

CDCA 0.48 0.60
UDCA 0.10 0.83
3a,158-DHC 0.06 0.60

T a b l e  2 .  I t  i s  from 

a c t i v i t y  o f  t h e  b i l e  

p r e s e n c e  o f  l e c i t h i n

t h e  t a b l e  t h a t  l e c i t h i n  en h an ce d  t h e  s o l u b i l i z i n g  

a c i d s .  And i n c r e a s e  i n  s o l u b i l i z e d  c h o l e s t e r o l  i n  t h e  

i n d i c a t e s  t h e  p a r t i c i p a t i o n  o f  l i q u i d  c r y s t a l s .  The
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i n c r e a s e  i n  t h e  s o l u b i l i z i n g  a c t i v i t y  o f  3a ,153-DHC was g r e a t e r  t h a n  t h a t  

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

l i q u i d  c r y s t a l  f o r m a t i o n .
3.  T o x i c i t y  t e s t  o f  3a,15B-DHC i n  m i c e

The c h r o n i c  t o x i c i t y  o f  3a ,153-DHC was d e t e r m i n e d  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  i n t o  m a le  m i c e .  As shown i n  T a b l e  3 ,  80% o f  m i c e  i n  group 3 d i e d  

and 0% m i c e  i n  gro up  4 d i e d .  The amount o f  3a ,153-DHC a d m i n i s t e r e d  was 14 

mg i n  group 3 and 7 mg i n  group 4 .  From t h e  r e s u l t s  o f  t h i s  e x p e r i m e n t ,  t h e  

c a l c u l a t e d  LD,_Q v a l u e  i s  400 mg/kg o f  body w e i g h t ,  compared w i t h  t h a t  o f  

UDCA o f  1000  m g/k g.  I t  mig h t  t h u s  be w o r t h  c o n s i d e r i n g  t h e  u s e  o f  3 a , 1 5 3 -  

DHC f o r  t r e a t m e n t  o f  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 ,  s i n c e  t o x i c i t y  i s  

g n e r a l l y  d e c r e a s e d  g r e a t l y  by o r a l  a d m i n i s t r a t i o n .

T a b l e  3 .  The t o x i c i t y  t e s t  o f  3a ,158-DHC i n  m i c e .

Group
,3ct,15B-DHC 
inj  ected  

(mg/head)
No.

Weight
(g)

No.
dead

No.
a l i v e

1  [28] 5 30.1 -- 3 0 . 5 5 _
2 [2 1 ] 5 30.0 -- 3 0 . 5 5 -
3 [14] 5 30.1 -- 3 0 . 4 4 1
4 [7] 5 30.1 -- 3 0 . 3 - 5
5 [2. 8] 5 30.1 -- 3 0 . 3 - 5

Control (1) 3 30.0 -- 3 0 . 3 - 3
Control (2) 3 30.2 -- 30.5 - 3
Mice in  control  group (1) and (2) were in jec te d  with  
1. 0  ml and 0.5 ml of  the same bu ff er ,  r e s p e c t i v e l y .

Summary

The new b i l e  a c i d ,  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 ,  was found  t o  

p o s s e s s  s i m i l a r  p r o p e r t i e s  t o  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 -
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t i o n ,  w h ich  was e s t i m a t e d  by h y d r o p h i l i c i t y  measurem ent  and 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 a t i o n .  A t o x i c i t y  t e s t  o f  3a ,156-DHC i n  m i c e  i n d i c a t e d  

t h a t  t h e  LD̂ -Q v a l u e  by i n t r a p e r t o n e a l  i n j e c t i o n  o f  3a , 1 5 6 - d i h y d r o x y - 5 B -  

c h o l a n i c  a c i d  was 400 mg/kg o f  body w e i g h t ,  w h i c h  was l o w e r  tha n  t h e  v a l u e  

o f  u r s o d e o x y c h o l i c  a c i d  o f  1000  mg/kg o f  body w e i g h t .
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