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A l a rge  number  of  pape r s ,  devoted to the p r epa ra t i on  and applicat ion of immobi l i zed  enzymes ,  has  ap-  
p e a r e d  ir~ recent  y e a r s  [1-3]. However ,  the isola t ion of some of the enzymes  is  a ssoc ia ted  with definite diffi- 
cul t ies;  s substant ia l  num be r  of the enzymes  r equ i r e s  the  par t ic ipa t ion  of cofac tors  in the react ion.  In view 
of th is  it  is  expedient at t i m e s  to use  immobi l i zed  bac te r i a l  cel ls  to run enzymat ic  p r o c e s s e s ,  in pa r t i cu la r ,  
fo r  the mic rob io log ica l  t r a n s f o r m a t i o n  of s te ro ids .  The myce l ium Curvular ia  lunata  [4], embedded in po ly-  
ac ry lami~e  gel, was  used  for  the l l f i - h y d r o x y l a t i o n  of cortexolone;  the immobi l i zed  hyphae re ta ined  the i r  
viabi l i ty  :~d grew in glucose solution. The  immobi l i zed  cel ls  of Mycobac te r ium g lob i forme 193 re ta ined  
the i r  viabi l i ty  for  a long t ime  and accompl i shed  the p r o c e s s e s  of  e i ther  20f i - reduct ion  o r  1 ,2 -dehydrogena-  
tion, depending on the  exper imenta l  conditions [5]. In the p r e sen t  p a p e r  we studied the abil i ty of va r ious  i m -  
mobil ized cul tures  to effect  the t r an s fo rm a t i on  of As-3fi-hydroxy-,  As-3fi-acetoxy-,  and ~4-3-ke tos te ro ids  with the 
format io~  of At,4-3-keto compounds,  and a lso  the effect  o f  the exper imenta l  conditions on the yield of the 1,2- 
dehydro compounds.  

E X P E R I M E N T A L  M E T H O D  

The cu l tures  of  gene ra  Ar th robac te r ,  Mycobac te r ium,  Nocard ia  w e r e  obtained f rom the Inst i tute of 
Microbiology of the Academy of Sciences of  the USSR and the Inst i tute  of the B i o c h e m i s t r y  and Physiology of 
M i c r o o r g a n i s m s  of the Academy of Sciences of  the USSR. The  cul tures  of Mycobac te r ium w e r e  s to red  on 
co rn -g lw~ose  agar  (.corn ex t rac t  1%, a g a r - a g a r  2%, tap wa te r ,  pH af te r  s te r i l i za t ion  6 .8 -7 .2} .  The  cul tures  
of A r t h r o b a c t e r  and Nocard ia  w e r e  s to red  on mea t  peptone agar.  For  exper iment  the needed cul ture  was 
grown for  7 days on an agar  medium at 28 ~ C, a f t e r  which the cel ls  we re  r insed  f rom the aga r  with s t e r i l e  
w a t e r  and the obtained suspension was  sown with 150 ml  of  c o r n - g l u c o s e  medium (without the a g a r - a g a r } ,  
poured  into a 750-ml  flask. All of the p r o c e s s e s  of  growing and t r an s fo rma t ion  w e r e  run at 28 ~ on a shaker  
(200 t u r n e / m i n ) .  Af te r  growth for  48 h the cel ls  we re  sepa ra t ed  and r insed  f rom the medium by centr ifuging 
at 3000 g. To the  obtained deposit  (0.4 g, he re  and subsequently based  on the weight  of the  dry b iomass}  w e r e  
added 18 ml  Gf ~15 M phosphate  buf fer  (pH 7.0), 3.3 ml  of a solution of m o n o m e r s ,  composed  of a 45% solution 
of acryla~:aide, r e c r y s t a l l i z e d  f rom CHC13, and a 5% solution of N ,N-me thy leneb i s ( ac ry l amide ) ,  and also 1.4 
ml  of  a 5% (NH4) 2S208 solution and 0.3 mi  of a 5% N,N,N,N- te t ramethy le thy lened iamine  solution. Ni t rogen 
was  blow~ through the  obtained m i x t u r e  for  10 min,  and the obtained gel was  p r e s s e d  through a s ieve  (15 
mesh} ,  a~:er which the granules  w e r e  e lu t r ia ted  in o r d e r  to sepa ra t e  the s m a l l e r  granules  and then washed  
with dis t i l led w a t e r  until all of the unpo lymer ized  cel ls  had been removed.  The  granules  we re  suspended in 
~I~ M phosphate  buffer ,  pH 7.0 on the ba s i s  of 15 g of  gel /100 ml  of buffer.  A solution of 50 mg  of the s te ro id  

in 2 ml  of ethanol was  added to each 100 ml  of this  suspension.  The  absence of f r e e  cel ls  in the buffer  was  
checked fc~r during the t r a n s f o r m a t i o n  p r o c e s s .  The  reac t ion  cour se  was checked by TLC,  using Silufol and 
the system.- 4 : 1  e t h e r - h e x a n e .  When the s ta r t ing  s te ro id  was  absent in the t es t  s amp le s  (based  on the TLC 
data} the product  was  ex t rac ted  by ex t rac t ing  the suspension with a t r ip le  volume of  CHC13. The solvent was  
r e m o v e d  t~ give a c rys ta l l ine  product ,  in which the amount of  s te ro ids  was de te rmined  quantitat ively by GLC 
on a modern ized  LKhM-7A ch romatograph  using a 1.5 m • 3 m m  glass  column packed  with 3% OV-17 de-  
pos i t ed  on Chromosorb  W (~80-100 mesh} ,  a column t e m p e r a t u r e  of 240 ~ , a v a p o r i z e r  t e m p e r a t u r e  of 330 ~ 
and PN2 = 1.2 atm. 
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TAB LE 1. 1 , 2 -  D e h y d r o g e n a t i o n  by  I m m o b i l i z e d  
C e l l s  of  V a r i o u s  C u l t u r e s  of  A r t h r o b a c t e r ,  
M y c o b a c t e r i u m ,  and N o c a r d i a  

Duration of ITotal Yield, % * 
Culture transforma- amount of Io--~'~ 1;4 ~ 

tion, h isolated -[--~.e~ of A _ 
I [steroids. %[~one [ 3"~ket~ 

Transformed steroid = 16 a, 17 a-iso- 
propylidenedioxypregnenolone 

A. simplex 58 70 90 12 86 
M. globiforme 193 40 92 5 78 
M. hyalinum B-353 40 69 30 30 
M. perrygosum B-850 40 64 36 58 
N. erythropolis 27t 24 90 34 63 

Transformed steroid = progesterone 
M. globiforme t93 40 100 [ 25 7t 
M.lactieolum B-854 40 100 [ 64 4 
M. mucosum 86 40 60 66 22 
M. smegmatis B-817 40 100 59 4t 

�9 The  r e l a t i v e  amoun t  of the  h 4  and A1 ,4 -3 -ke tones  
in the  p r o d u c t  i s o l a t e d  a f t e r  r e a c t i o n  i s  b a s e d  on 
the  GLC da ta .  

TAB LE 2. 1 , 2 -  D e h y d r o g e n a t i o n  of  1 6 ~,17 a - I  s o p r o -  
p y l i d e n e d i o x y p r e g n e n o l o n e  b y  I m m o b i l i z e d  and Not 
I m m o b i l i z e d  C e l l s  (Cont ro l )  

Culture 
Transformation .~ Duration of Yield, % 

i me od  on, h  gnk:"  -ketono 

Myeobaeterium glo- 
biforme t93 

Arthrobacter simp- 
lex 58 

Immobilized cells 

Control 
Immobilized eeUs 
Control 

4o 

4o 
72 

72 

8,5 

9,6 
7,2 

6,0 

70,1 

60,0 
76,4 

5i,0 

T A B L E  3. T r a n s f o r m a t i o n  by  I m m o b i l i z e d  C e l l s  of  
M y e o b a c t e r i u m  g l o b i f o r m e  193 

Steroid 
Time of Total Yield, % 
:tramforma- amount of ~ - 3 -  
tion, h isol'ated ~-Ke- 

steroids, % tone ketone 

16c~-M ethylcortexolone 
17 c~-M ethylandrostenediol 
Pregnenolone 
Pregnenolone 3-acetate 
Progesterone 
16a-, 17 a -Is opropylidenedi- 

oxypregnenolone 

60 
24 
20 
65 
40 
40 

88 
90 
78 
87' 
96 
92 

68 
85 
80 
70 
75 
78 

28 
23 
5 

DISCUSSION OF RESULTS 

T h e  c e l l s  of  the  v a r i o u s  s p e c i e s  of  genus  A r t h r o b a c t e r ,  M y c o b a c t e r i u m ,  and N o c a r d i a ,  wh ich  a f f ec t ed  
the  t r a n s f o r m a t i o n  o f  A S - 3 f i - a c e t o x y - ,  AS-3 /3 -hyd roxy  -, and  A 4 - 3 - k e t o s t e r o i d s  to A l ' ~ - 3 - k e t o  compounds ,  
w e r e  e m b e d d e d  in  7% p o l y a c r y l a m i d e  ge l  wi th  a r e l a t i v e  content  of  7% c r o s s l i n k i n g  agent .  T h e  c e l l s  tha t  a r e  
c a p a b l e  of  1 , 2 - d e h y d r o g e n a t i o n  do not l o s e  t h i s  a b i l i t y  a f t e r  i m m o b i l i z a t i o n  ( T a b l e  1) .  T h e  t o t a l  amount  o f  
s t e r o i d s  i s o l a t e d  a f t e r  t r a n s f o r m a t i o n  r e a c h e s  90-100%. As  a r e s u l t ,  the  i n t e n s i t y  of  the  c o m p l e t e  c l e a v a g e  of  
t he  s t e r o i d  m o l e c u l e  d e c r e a s e s  in  the  1 , 2 - d e h y d r o g e n a t i o n  p r o c e s s .  In T a b l e  2 a r e  g iven  t h e  c o m p a r a t i v e  
da t a  tha t  w e r e  o b t a i n e d  in  the  t r a n s f o r m a t i o n  of  1 6 a ,17 a - i  s o p r o p y l i d e n e d i o x y p r e g n - 5 - e n - 3 / 3  - o l - 2 0 - o n e  (16 ~,  
17 c ~ - i s o p r o p y l i d e n e d i o x y p r e g n e n o l o n e )  b y  t h e  i m m o b i l i z e d  and not  i m m o b i l i z e d  c e l l s  ( c o n t r o l ) .  W e  took  the  
s a m e  amount  of  b i o m a s s  fo r  t he  c o n t r o l  as  fo r  t he  i m m o b i l i z a t i o n  p r o c e s s  (0.5 g / 1 8  m l  of  b u f f e r ) .  T h e  y i e l d  
of  the  A1 ,4 -3 -ke tone  when  us ing  the  i m m o b i l i z e d  c e l l s  w a s  s u b s t a n t i a l l y  h i g h e r  ( s e e  T a b l e  2) .  

T h e  amount  of  gel ,  s u s p e n d e d  in  a def in i t e  v o l u m e  of  t he  bu f f e r ,  t he  amount  of  b i o m a s s ,  e m b e d d e d  in  t he  
ge l ,  and t h e  d u r a t i o n  of  t r a n s f o r m a t i o n  a l l  e x e r t  an i m p o r t a n t  e f fec t  on the  y i e l d  of  t h e  z~ i ' 4 -3 -ke tones  i n  t he  
t r a n s f o r m a t i o n  b y  the  i m m o b i l i z e d  c e l l s .  F o r  the  d e h y d r o g e n a t i o n  o f  t h e  p r e g n e n o l o n e  o r  p r o g e s t e r o n e  w e  
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used get suspensions with a concentrat ion of 100, 165, 200, 230, and 250 g / l i t e r .  For  the immobil izat ion we 
took 0.4 g of the b iomass  pe r  18 ml of buffer  solution. For  both s teroids  the optimum dehydrogenation course  
was observed  at 1.65-200 g / l i t e r .  At a concentrat ion of 100 g / l i t e r  the dehydrogenating agent is  too dilute 
and the course  of the t r ans format ion  is  re tarded.  At a gel concentrat ion of 230 g / l i t e r  and higher  the amount 
of the A i'" -3-ketone  dec reases  due to the format ion of a secondary  product  (apparently the 20fi-hydroxy de- 
r ivat ive  of the 1 ,2 -dehydroproges te rone) .  This  compound is  also formed in those cases  where  more  than 0.4 
g of the b iomass  was taken. Thus, in the exper iments  with 0.7 g of the biomass  (per  18 ml of buffer ) ,  with a 
concentrai ion of 230 g / l i t e r  for  the gel suspension, the yield of the postulated 20#-hydro  ixs. 4 der ivat ive of the 
!,2-dehyd:.~oprogesterone was 100% after  72 h. The se lec t ive  20/3-reduction of A - and A ' -3 -ke tos te ro ids  
when the amount of b iomass  in the granules  is i nc rea sed  was also mentioned in [5]. The use of the optimum 
conditions (biomass 0.4 g, gel concentra t ion 165 g / l i t e r )  enabledus to employ the immobi l ized  cells  of 
Mycobacter ium globiforme to effect  the hydrolys is  of the 3-acetoxy group, as well as the oxidation of A 5- 
3f i -hydro~ys tero ids  to the A4-3-keto compounds and the i r  1,2-dehydrogenation (Table 3). 

C O N C L U S I O N S  

1. It was shown that it is  theore t ica l ly  poss ib le  to t r ans fo rm As-3f i -hydroxy- ,  AS-3fi-acetoxy-,  and 
A4-3-ketos tero ids  to Al '4 -3 -ke tos te ro ids  employing  the immobi l ized cells  of var ious  species  of bacter ia .  

2. The  immobi l izat ion of the bac te r ia l  cells  in polyaery lamide  gel reduces  the ra te  of the complete 
cleavage of the s te ro ids  and in this way inc rea se s  the yield of the 1 ,2-dehydro compounds. 

3. The  Ai '4 -3-ke tos te ro ids  we re  obtained in 68-85% yield by employing the immobi l ized cel ls  of 
Mycobacter ium globiforme 193. 

1. 

2o 

3. 
4. 

5. 
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