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S U '4 Y A R Y 

i 1 The preparat ion o f  170, 208, 21-tr ihgdroqpregn-4 

ev3 ,11 -d ione ,  i n  q u a n t i t a t i v e  y i e l d s  has been achieved u- 
s i n g  enzpmic reductzon o f  c o r t i s o n e  ( I4f  1 i n  r,iater-organic 

sc,lvent heterogeneous system.  Since small volumes and l i t t l e  a- 

mount o f  enzyme are  requ i red  t o  c a r q  o u t  the r e a c t i m , a s  C C ~ D -  

pared t o  t h e  enzymic prepara t ion  us ing  an homoyeneous aqueous 

phase,  the methodulogy i s  u s e f u l  f o r  prepara t i ve  purposes .  

I N T R O D U C T I O N  

I n  o r d e r  t o  s t u d y  s t e r o i d - p r o t e i n  i n t e r a c t i o n s ,  l a -  

be t  l e d  17n, LO'?, 2 1 - t r i h y d r o x y p r e g n - 4  lA4C; e n - 3 , l l - d  i one 

was r e o u i r e d .  

l h i s  ad rena l  s t e r o i d  ( R e i c h s t e i n ' s  subs tance  U) i s  a l  

so o f  p a r t i c u l a r  i n t e r e s t  f r o m  t h e  p o i n t  o f  v iew  o f  i t s  me 
t d b o l  i s m  ( 1 , 2 ) .  

As r e g a r d s  i t s  p r e p a r a t i o n ,  t h e  chemica l  s y n t h e s i s  was 

based on h t e r e o s p e c i f i c  r e d u c t i o n  o f  t h e  s i d e  c h a i n  o f  cor- 

t i s o n c  k i t h  Na8A ( 3 ) .  T h i s  i - e a c t i o n  l e a d s  to i n c o m p l e t e  

c o n v e r s i o n  o f  c o r t i s o n e  t o  t h e  20,r-hydroxy d e r i v a t i v e ,  and 

'1 tui.taiei. p u r i f  i r a t i o n  o f  t h e  p i -oduc t  f r o m  t h e  r e a g e n t  was 

t h e r e f o r e  r.equ I r e d .  
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nase ( 4 )  using NADH as hydrogen donor is a more simple me- 
thod: 

The kinetic data referred to cortisone as substrate 

suggest that the reduction is 2013 specific (with a KH value 

of 4.7xlO- ' '  M), but the presence of 3a hydroxy steroid: 
NAD oxidoreductase activity in crystalline preparations of 
LOB HSDH and, mainly, the low solubility of the steroid ~n 
the water phase (10-4-10-5 M/I) resulted in a limitation of 

the enzymic transformat~on in preparative scale. 

In earlier works ( 5 )  we have verified the possibility 
of performing enzymic reactions on steroids in heteroge- 

neous phases obtained by shaking a system in which an 

aqueous phase contained the enzymes and an organic phase 

the steroids. When mixing starts a continuous transfer of 

steroid molecules to the aqueous phase, catalysis and re- 

turn of the product to the organic phase, is initiated as 

a function of the partition coefficient. 

Since the reaction can proceed for a long period of 

time at a rate approaching the initial one, it is possible 

to reach a relatively great quantity o f  product in small 

reaction volumes using only small amounts of enzyme. 

EXPERIMENTAL PROCEDURE 

Material and method 

Cortisone carrier,crystallized several times from 
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e thano l  and e t h y l  acetate,  was checked f o r  i t s  p u r i t y  by  

T L C  i n  t h e  system methanol /water /e thy l  e ther /methy lene 

c h l o r i d e  ( 8 : 1 . 2 : 1 5 : 7 7 )  on S i l i c a  ge l  GF 254.  

L a b e l l e d  c o r t i s o n e  ( N E N  50 mCi /mM,  

no1 3 : l )  was u t i l i z e d .  Bu ty l  acetate-so 

c o r t i s o n e  w i t h  a s p e c i f i c  a c t i v i t y  o f  0 

p loyed  t o  per forme t h e  r e a c t i o n s .  

The p u r i t y  o f  P-d iphosphopyr id ined 

g r e a t e r  t han  90%. 

i n  benzene:etha- 

u t i o n s  o f  l a b e l l e d  

194 mC/mM were em- 

n u c l e o t i d e  was 

C r y s t a l l i n e  p r e p a r a t i o n s  o f  3a,ZOB-hydroxysteroid-dg 

hydrogenase (Boehr inger)  were used. 

React ion methodology was s i m i l a r  t o  t h a t  r e f e r r e d  t o  

elsewhere ( 6 ) .  The r e a c t i o n  was f o l l o w e d  by measurements 

o f  t h e  o p t i c a l  d e n s i t y  o f  t h e  water phase a t  340 nm. 

S t e r o i d  d e t e r m i n a t i o n  was done by TLC and U.V. spec- 

t roscopy  o f  t h e  i s o l a t e d  spot. 

I n  exper iments employ ing autoradiography,  t h i n - l a y e r  

chromatograph p l a t e s  were k e p t  i n  c l o s e  c o n t a c t  w i t h  Kodak 

X-ray f i l m  f o r  4 8  hours. The p o s i t i o n  o f  l a b e l l e d  s t e r o i d s  

were l o c a l i z e d  by development o f  t h e  F i l m .  

RESULTS AND DISCUSSION 

F i r s t  o f  a l l  i t  was necessary t o  determine which, among 

t h e  d i f f e r e n t  o r g a n i c  so vents ,  had no i n f l u e n c e  (by denatu- 

r a t i o n  o r  i n h i b i t i o n )  on t h e  c a t a l y t i c  a c t i v i t y  o f  t h e  enzy- 

me, when i t  was shaken w t h  t h e  aqueous phase. These r e a c t i o n s  

were per formed under t h e  same work ing c o n d i t i o n s :  o n l y  t h e  

n a t u r e  o f  t h e  o rgan ic  s o l v e n t  was v a r i e d .  From t h e  r e s u l t s  

g i v e n  i n  t a b l e  I i t  can be seen t h a t  t h e  h i g h e s t  conve rs ions  

were ob ta ined  u s i n g  e t h y l  o r  b u t y l  a c e t a t e  a s  s t e r o i d  s o l v e n t .  
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n-hexane 
i so-oc tane 
me thy lene  c h l o r i d e  
ca rbon  t e t r a c h l o r i d e  
c h l o r o  benzene 
t r i c h l o r o  e t h y l e n e  
t r i c h l o r o  methane 
d i e t h y l  ether. 
e t h y l  a c e t a t e  
b u t y l  a c e t a t e  
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TABLE I - Dependence of c o r t i s o n e  r e d u c t i o n  on o r g a n i c  s o l v e n t s  

20’ HSDH C o r t i s o n e  

A A  
Organ i c a c t i v i t y  
so I v e n t  ,min s o l  ubi  I i t y  1 340 18 x 100 m l  

C o r t  i sone 
c o n v e r s i o n  

.002 
- 
- 

.004 

.030 - 
- 

. 01 7 

.270 

.160 

t 5  
\ 5  
70  
( 5  
1 5  
10 
50 
10 
30 

100 

~ ~~ ~~~ 

a )  2013 HSDH r a t e s  i n  aqueous s o l u t i o n s  s a t u r a t e d  w i t h  o r g a n i c  
s o l v e n t s .  C o n d i t i o n s :  0.6 pmoles  o f  NADH, 0.3 pmoles  o f  
c o r t i s o n e  ( i n  30 V I  e t h a n o l ) ,  0.02 u n i t s  o f  200 HSDIi  i n  0.7 
m l  o f  0.2 M phospha te  b u f f e r  pH 6.5 s a t u r a t e d  w i t h  o r g a n i c  
s o l v e n t .  S p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n s  a t  340 nm i n  0 . 2  
cm p a t h  c e l  I .  

b) C o n v e r s i o n  o f  c o r t  i srmn< tc, 20(3 h y d r o x y  d e r  i v e t  i v e  i n  h e t e r o  
geneous phase.  C o n d i t i o n s :  7 umoles  I IADM and 0.24 u n i t s  of 
20p HSDH i n  2 .5  m l  of  0.1 M phospha te  b u f f e r  pi4 6 .5  w i t h  
0.3%0 HSA. 
4.5 pmoles  of  c o r t i s o n e  i n  1 m l  o f  o r g a n i c  s o l v e n t .  Shah ing  
r a t e  40 o s c i l l a t i o n s  per- m inu te .  R e a c t i o n  t i m e  2 hou rs .  
C o r t i s o n e  c o n v e r s i o n s  a r e  exp ressed  as  a r d t i o  o f  t h e  b u t y l  
a c e t a t e  r u n .  

O the r  s o l v e n t s  such as  i s o c t a n e  o r  e t h y l  e t h e r  gave 

p o o r e r  y i e l d s  due t o  t h e  lower  s o l u b i l  i t y  o f  c o r t i s o n e .  

Wi th  some c h l o r i d e  c o n t a i n i n g  s o l v e n t s  t h e  l ower  s t a b i l l  

t y  o f  t h e  enzbme I S  1 -espons ib le  f o r  t h e  low r e d c t i v i t y .  The 

efficient? of. t h e  t . eac t i on  in b u t y l  a c e t a t e  h a s  measured by 
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the specific radioactivity o f  the cortisone at the start of 

the reaction and of the 20p hydroxyderivative at the end. 

The time course of the reaction is illustrated in Fig. 

1: the curves refer to two similar tests. The first one was 

carried out in the absence o f  serumalbumine and the second 

in the presence of serumalbumine. 

is that o f  enhancing the stability of the enzyme in the pre- 

sence o f  the organic solvent. 

The effect o f  added protein 

Flg .  1 - Time dependence o f  cortisone convers~on to203-h) 
droxy derivative. 
Conditions: 10 pmoles NADH, 0.24 units of 2Op IlSDH 

~n 2.5 m l  of 0.1 M phosphate buffer pH 
6 . 5 . , 5 . 5  pmoles of label led cortisone 
in 1 . 5  ml butyl acetate. Shaking rate 
40 oscillations per minute. 
(-) with 0.3$0 IISA, 
HSA 

(-) without 

roo 
time min .  
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From t h e  d a t a  o b t a i n e d  i t  can  be  shown t h a t  t h e  d i f f e -  

r e n c e  between t h e  two  c u r v e s  does n o t  appear  t o o  r e l e v a n t  he 
r e :  i n  f a c t  we have f o u n d  t h a t  t h e  serumalbumine dependence 

becomes s i g n i f i c a n t  o n l y  e i t h e r  a t  l o n g e r  r e a c t i o n  t i m e  o r  a t  

lower  enzyme c o n c e n t r a t i o n .  N e v e r t h e l e s s  i t  can  be n o t i c e d  

t h a t  by  c a r r y i n g  o u t  t h e  r e a c t i o n  w i t h o u t  serumalbumine t h e  

r a t e  i s  abou t  30 p e r  c e n t  l ower .  

The t i m e  t o  r e a c h  comp le te  c o n v e r s i o n  o f  c o r t i s o n e  t o  

208 h y d r o x y d e r i v a t i v e  ( see  F i g .  l ) ,  i s  o b v i o u s l y  dependent  

on t h e  amount o f  t h e  enzyme p r e s e n t  i n  t h e  system. 

I n  o r d e r  t o  d e t e r m i n e  t h e  l i m i t i n g  c o n d i t i o n s  o f  work 

f o r  t h e  sys tem em?Ioyec! we s t u d i e d  t h e  dependence o f  t h e  

c o n v e r s i o n  as  a f u n c t i o n  o f  t h e  c o n c e n t r a t i o n  o f  t h e  enzy-  

me. The r e s u l t s  a r e  shown i n  F i g .  2 .  

Curve a)  i s  r e l a t e d  t o  t h e  d a t a  a f t e r  30 min. o f  r e a c -  

t i o n  and shows an i n c r e a s i n g  r a t e  p r o p o r t i o n a l  t o  t h e  i n c r e a -  

s i n g  c o n c e n t r a t i o n  o f  t h e  enzyme i n  t h e  two  phase system, 

These c o n c e n t r a t i o n s  a r e  lower  o r  equa l  t o  t h a t  u t i l i z e d  i n  

an enzyme k i n e t i c  t e s t .  

Curve  b) shows t h e  p o i n t s  a t  w h i c h  f o r  t h e  h i g h e r  enzy- 

me c o n c e n t r a t i o n  t h e  sys tem approaches e q u i l i b r i u m .  

The r e a c t i o n  p r o c e e d s  w i t h  r a t e s  s i m i l a r  t o  t h e  i n i -  

t i a l  v a l u e s  and i s  r e g u l a t e d  b y  t h e  r a t e  o f  exchange o f  t h e  

s t e r o i d  between t h e  two  phases .  

S i n c e  we used an enzyme w h i c h  was n o t  o n l y  201; b u t  a l s o  

30 a c t i v e ,  i t  was t h u s  necessa ry  t o  t e s t  t h e  un iqucness  o f  

t h e  r e a c t  i o n  p r o d u c t .  The a u t o r a d i o g r a p h y  TLC 0 1 '  t h e  o r g a n i c  

phase a n d . t h r  U . V .  d a t a  d e r i v e d  f o r  t h e  r e a c t i o n  p r o d u c r  r C  

vealecl  t h , i t  h, en=>mic  r - e d u c t i o n  o f  c o r t i s u n e ,  o n l y  1 7 n ,  20::, 

2 1 - t r  i I~>Ji, , , ,?~~t,cni~-. i  en-:,, 11 -d ione  was obt 'n ined. 
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F ig .  2 - Dependence o f  c o r t i s o n e  r e d u c t i o n  on enzyme concec 
t r a t i o n .  
C o n d i t i o n s :  7 pmoles IIADH, 0.012 t o  0.24 u n i t s  o f  

200 HSDH i n  2 . 5  m l  o f  0.1 M phosphate 
b u f f e r  pH 6.5 w i t h  0.3% HSA. 
5.5 pmoles o f  l a b e l l e d  c o r t i s o n e  i n  
1.5 m l  b u t y l  ace ta te .  Shaking r a t e  40 
o s c i l l a t i o n s  p e r  minute.  

0 12 0.2 4 
20) nson ~1 n i t J  

Th is  r e s u l t s  i n  an i n d i r e c t  con f i rma t i j xn  o f  t h e  k i n e t i c  

d a t a  ( 7 )  t h a t  suggested t h a t  c o r t i s o n e  i s  n o t  a s u b s t r a t e  f o r  

t h e  3a a c t i v i t y  i n  3a, 20P-hvdroxysteroid-dehydrogenase. 

From a l l  t h e  d a t a  shown here we can conclude t h a t  enzy- 

mic r e d u c t i o n  i n  t h e  heterogeneous phase i s  a p p r o p r i a t e  f o r  

the :a repara t i on  o f  l a b e l l e d  s t e r o i d s .  I t  a l l o w s  one t o  o b t a i n  
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t h e  p o d u c t  e a s i l y  i n  a l m o s t  q u a n t i t a t i v e  y i e l d s ,  w i t h  o n l y  

one s t e p  and o n l y  one e x t r a c t i o n  w i t h  o r g a n i c  s o l v e n t .  T h i s  

e x t r a c t i o n  i s  h e r e  necessa ry  s i n c e  t h e  p a r t i t i o n  c o e f f i c i e n t  

o f  17a,10p,Zl-trihydroxypregn-4 e n - 3 , l l - d i o n e  i s  l ower  t h a n  

t h a t  o f  c o r t i s o n e .  

As compared w i t h  t h e  NaBH4 r e d u c t i o n  t h e  enzymic r e a c -  

t i o n  l e a d s  t o  comp le te  c o n v e r s i o n  o f  t h e  20 k e t o  g roup  t o  t h e  

208 h y d r o x y d e r i v a t i v e .  T h i s  means t h a t  no f u r t h e r  p u r i f i c a -  

t i o n  01' t h e  p r o d u c t  i s  t h e r e f o r e  r e q u i r e d .  W i t h  r e s p e c t  t.o 

t h e  enzymic  t r a n s f o r m a t i o n  o f  s t e r o i d s  i n  homogeneous aqueous 

phase, t h e  ma in  advantage, f o r  p r e p a r a t i v e  purposes ,  o f  c a r -  

r y i n g  o u t  t h e  r e a c t i o n  i n  a two  phases  sys tem i s  t h a t  smal I 

vo lumes a r c  r e q u i r e d .  

F i n a l l y ,  s i n c e  t h e  t r a n s f o r m a t i o n  i n  he te rogeneous  

phase is a c h i e v e d  u s i n g  low amount o f  enzyme, i t  i s  p o s s i  

b l e  t o  employ  h i g h l y  p u r i f i e d  enzymes w i t h  a c o n s e q u e n t l y  

h igher -  i ' e a c t i o n  s 2 e c i f i c i t y .  
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