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We have found that Act inomyces  roseochromogenus  reduces  some 20-oxo-s te ro ids  to 20ce-alcohols [1,2] and 
3-oxo- to 3f l -hydroxystero ids  [1], oxidizes 17fi-hydroxy- to 17-oxosteroids  [3], and is capable of hydrating a 
A4-double bond i l l .  In prev ious  papers  we have repor ted  the subs t ra te  specif ic i ty  of the action of a cul ture  of A. q 

ro seoch romogenus  ATCC 3347 [1,2]. In this paper  we give the resu l t s  of a study of the induction of 20~- 
hydroxystero id  oxidoreductase  (20~-HOR),  its p r i m a r y  purif icat ion,  and the subs t ra te  specif ic i ty  of its action. 

It was found that the 20ce-HOR of A. roseochromogenus  is a const i tut ive enzyme. We have considered the 
capaci ty of a number  of s te ro ids  for  inducing the format ion  of this enzyme in order  to inc rease  its amount in the cel l .  
The capacity for the induction of the 20~-HOR was invest igated with respec t  to the specif ic  act ivi ty  of a c e l l - f r e e  
prepara t ion  obtained f rom a cul ture grown in the p resence  of the s teroid  under invest igat ion.  The specif ic  act ivi ty  
of the c e l l - f r e e  prepara t ion  was measu red  f rom the initial ra te  of convers ion  of 17c~-hydroxyprogesterone, r e f e r r e d  to 
1 mg of protein (Table 1). 

Table  1 

N u m b e r  Induc ing  agent  A* 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

No induc ing  agent  
11 ce-Hy d r o x y p r o g e s t  ero ne 
17c~-Hy dr o x y p r o g e s t  c rone  
1 l - O x o p r o g e s t e r o n e  
16f l -Hydroxyproges t  ero ne 
Cor t i cos t e rone  
1 l/3-Hy dr o x y p r o g e s t  ero ne 
Proges te rone  
A d r e n o s t e r o n e  
A n d r o s t e n e - 3 , 1 7 - d i o n e  
16~-Hy d r o x y p r o g e s t  ero ne 
D e o x y c o r t i c o s t e r o n e  
C o r t e x o l o n e  
H y d r o c o r t i s o n e  
Prednisone  
Cor t i sone  
Predn iso lone  
D e o x y c o r t i c o s t e r o n e  ace ta te  
17~- H y d r o x y p r o g e s t e r o n e  + c o r t e x o l o n e  

0.49 
1,00 
1.30 
1,30 
0.75 
0.61 
0.81 
0.55 
0.63 
0.81 
0.00 
0.01 
0.00 
0.00 
0.90 
0. ~)9 
O. DO 
0.00 
0.00 

*A) relat ive act ivi ty .  The  act ivi ty  of  a p repa ra t ion  i nduced  by  1 lc~- 
h y d r o x y p r o g e s t e r o n e  (50  p g / m l )  was  t aken  as un i t y .  

The s teroids  studied a r e  divided into two groups according to thei r  influence on the format ion  of 20a-HOR. The 
s te ro ids  of the f i r s t  group (2-10) enhance the synthesis  of the enzyme.  When s te ro ids  of the second group (11-18) 
were  added to a growing culture of A.  roseochromogenus ,  the c e l l - f r e e  prepara t ion  made f rom it possessed  
p rac t i ca l ly  no 20~-HOR activi ty.  This phenomenon can be in te rpre ted  in two ways.  The s teroids  of the second group 
are  inhibi tors  of the biosynthesis  of 20a-HOR, or  the s te ro ids ,  possibly pass ing  into the c e l l - f r e e  prepara t ion  during 
its isolat ion,  inhibit the enzymatic  reduct ion reac t ion  even in low concentra t ions .  In o rde r  to answer  this question, 
the induction of 20c~-HOR was ca r r i ed  out with 17c~-hydroxy-progesterone,  one of the s t ronges t  inducers ,  in the 
p r e s e n c e  of cor texolone (a s te ro id  of the second group) .  The c e l l - f r e e  prepara t ion  obtained did not pos se s s  20ce-HOR 
act ivi ty.  At the same t ime,  when 17~-hydroxyproges te rone  was incubated in the p r e sence  of cor texolone with a ce l l -  
f r e e  p repara t ion  containing 20c~-HOR no dec rea se  in the reducing capacity of the c e l l - f r e e  prepara t ion  was found. This 
shows that the s te ro ids  of the second group inhibit the biosynthesis  of the 20~-HOR. 

There  were  no powerful inducing agents of 20c~-HOR among the s te ro ids  that we invest igated.  The s t ronges t  of 
them inc reased  the act ivi ty  of the p repara t ion  by a fac tor  of 2.6 (17~-hydroxyproges te rone  and 11- 
oxoprogesterone)  ; consequently,  in the subsequent work as the inducing agent we used l lc~-hydroxyproges terone ,  
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which is more  soluble in aqueous media .  It was found that the maximum act ivi ty  of 11c~-hydroxyprogesterone is 
achieved at a concentra t ion of s te ro id  in the cul ture liquid of 25 pg /ml  (figure). 
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Relat ive  act ivi ty  (A) of a c e l l - f r e e  
prepara t ion  as a function of the 
concentrat ion of inducing agent (11o~- 

hydr oxyproge sterone).  

A c e l l - f r e e  prepara t ion  obtained by breaking down a cul ture  of A_..z roseochromogenus  with u l t rasonics  and 
subsequent centr i fuging at 1000 x g (nsupernatant 1000 ~) pos se s sed  not only 20c~-HOR act ivi ty  but also 4 ,5 -  
dehydrogenase (DH), 3B-hydroxys tero id  oxidoreductase (3fl-HOR}, 17f i -hydroxysteroid oxidoreductase (17fi-HOR), 
and 16~-hydroxylase  ac t iv i t ies .  This p repara t ion  was subjected to fu r the r  purif icat ion.  The act iv i ty  of the 20c~-HOR 
was checked spec( rophotemet r ica l ly  f rom the init ial  ra te  of convers ion  of 17~-hydroxyproges terone .  Since in the 
reduct ion of a 20-oxo group NADP • H 2 takes par t  as the coenzyme,  the ini t ial  ra te  of convers ion was measured  f rom the 
change in absorpt ion at 340 m p .  During the purif icat ion of the prepara t ion ,  the p re sence  of other s t e ro id -conver t ing  
enzymes  was moni tored  by incubation with the appropr ia te  subs t ra tes  (progesterone for  16c~-hydroxylase, 16c~, 17- 
epoxyproges terone  for  DH and 3fi-HOR, and es t rad io l  for  17fi-HOR). When the supernatant 1000 was centrifuged at 
13 500 × g, only the 20fl-HOR and 17fl-HOR ac t iv i t ies  r emained  in the supernatant formed (supernatant 13 500). The 
subsequent pur i f ica t ion of the 20~-HOR consis ted  in the prec ip i ta t ion  of the prote in  f rom the supernatant  13 500 with 
ammonium sulfate.  The 20c~-HOR was contained in the f rac t ion  prec ip i ta ted  at a saturat ion of f rom 60 to 90%. 
After  the pro te ins  had been centr i fuged off, the act ive f rac t ion  was dissolved in a smal l  amount of buffer and was 
dialyzed on a column of Sephadex G-25. As a resu l t  of the par t ia l  pur i f icat ion c a r r i e d  out, only the 20c~-HOR remained  
in the prepara t ion;  i ts  specif ic  act ivi ty  was six t imes  higher  than the act ivi ty  of the supernatant  13 500. In the 
ammonium-su l fa t e  prec ip i ta t ion  p roces s ,  the total act ivi ty  of the prepara t ion  dec reased  by a fac tor  of 5 - 6 .  

It was shown prev ious ly  that the subs t ra tes  of the 20c~.-HOR f rom a cul ture of A. roseochromogenus  a re  
pregnane s te ro ids  having a 17-hydroxy or  a 16c~, 17-epoxy group [1,2]. We have checked the capacity of the c e l l - f r e e  
prepara t ion  obtained f rom reducing a number  of pregnane der iva t ives  in o rde r  to elucidate whether  substituents 
other  than a 17~- oxygen group promote  the reduct ion of the 20-oxo group. In addition to this,  it appeared of in te res t  
to compare  the substra te  specif ic i ty  of the action of the c e l l - f r e e  prepara t ion  and of the intact ce l l s ,  since it was 
found prev ious ly  that a ce l lv f ree  prepara t ion  of the 20~-HOR f rom a cul ture  of A. albus has a b roader  subs t ra te  
speci f ic i ty  than the intact cul ture  [4]. To study the subs t ra te  speci f ic i ty  of 20~-HOR we took supernatant  13 500. As 
can be seen f rom Table 2, the introduction of a hydroxyl group into one of posit ions 7fl, 11~, 11fl, 12~, 15~, 15fl, 
16~, and 21 and of a keto group into posi t ion 11 of the pregnane molecule  (in the absence of a 17-oxygen function} 
did not lead to an act ive  subs t ra te  s ince the corresponding p roges te rone  de r iva t ives  were  not reduced by the c e l l - f r e e  
prepara t ion .  The subst ra te  speci f ic i ty  of the c e l l - f r e e  prepara t ion  of 20c~-HOR coincided with the subs t ra te  
speci f ic i ty  of a growing cul ture  of A. roseochromogenus .  It may be concluded f r o m  this that the ro le  of the 17- oxygen 
function (determining the possibi l i ty  of reduction) is connected nei ther  with the induction of the format ion  of 20c~-HOR 
(s ince the  enzyme is cer ta in ly  p resen t  in the c e l l - f r e e  preparation} nor  with a dif ference in the pe rmeab i l i t y  of the 
ce l ls  fo r  17-hydroxy- and 17-deoxysteroids .  This cha rac t e r i s t i c  p roper ty  of the 20c~-HOR f rom A. roseochromogenus  
dis t inguishes  it f rom the 20fi-HOR f rom A.~ albus. The l a t t e r  enzyme does not r equ i r e  the p re sence  of any one definite 
function in the m o l e c u l e  of the subs t ra te  for  the exhibition of its act ivi ty.  
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Table 2 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Substance 

17c~-Hydroxyprogest crone 
17fl-Hydroxyisoprogest erone 
11 c~,l 7a-Dihydroxyprogest ero ne 
160ql 7-Epoxyprogesterone 
Cortexolone 
17a-Hydroxyprogest crone acetate 
Cortexolone 21-acetate 
7~.Hydroxyprogest crone 
11 a-Hydroxy progest crone 
11 fl-Hydr oxyprogest crone 
12a-Hydroxyprogest ero nc 
15 a-Hydroxy progest crone 
15fl-Hydroxy progest ero ne 
16~-Hydroxyprogest crone 
11-Deoxycorticosterone 
11-Oxoprogesterone 
Cortisone 
Prednisone 
Progesterone 
16~-Met hylpr ogest erone 
17~-Mcthylprogest er one 

Reduction of the 
System I 20-oxo group 

of I by a cell- I by the 
solvents* free prep- intact 

I' aration i cell 

+ + 
.~_ ÷ ÷ 
+ + 
+ ÷ 

*1) Ether, 2) Benzene-acetone (4 : 1), 3) Benzene-acetone (2 : 1), 4) Ethyl acetate, 

5) Benzene-acetone (3 : 1). 
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20a-HORs a re  very  widely dis t r ibuted and a re  found in the t i s sues  of var ious  organs of animals  [5-9] .  It is 
known that 20a~-HORs take par t  in some cases  in the regula t ion of the biosynthesis  of C-19 hormones ,  the 20a-HORs 
acting onhhat par t  of the biosynthetic route where  the split t ing off of the C-11 side chain of s te ro ids  takes place.  When 
17a-hydroxyproges te rone  is  used as subs t ra te ,  the 20a-HOR competes  with 17,20-1yase and, m o r e o v e r ,  the product  
of the reduct ion of 17~, 20a -d ihydroxypregn-4 -en -3 -one  inhibits the spli t t ing off of the side chain. It is an 
in te res t ing  fact  that the 20a-HOR isola ted  f rom ra t  t es tes ,  which is a lso an oxidoreductase  of this type, it s im i l a r  to 
20~-HOR f rom A. roseochromogenus ,  according to p r e l i m i n a r y  information.  Thus,  in both cases  the best  subs t ra te  
is 17(~-hydroxyprogesterone,  both enzymes  r equ i r e  NADP • H 2 as the cofactor ,  and the r e v e r s e  reac t ion  s ca r ce ly  
takes place .  This  g ives  grounds for  hoping that the read i ly  access ib l e  20~-HOR f rom A. r o s e o c h r o m o g e n u s  can be 
used for  invest igat ing the mechan i sm of the act ion of oxidoreductases  of this type. 

EXPERIMENTAL 

The s te ro id  subs t ra tes  were  purif ied by c rys ta l l i za t ion ,  and the i r  puri ty was checked by the i r  mel t ing  points and 
chromatographica l ly .  Chromatographic  checking was c a r r i e d  out on m i c r o  pla tes  with a fixed l ayer  of s i l ica  gel [10]. 
The chromatographic  spots were  r evea led  by spraying with H2SO4, followed by heating, or  by means  of Lugol ' s  
solution. Before  use,  the ammonium sulfate was c rys t a l l i zed  f r o m  a solution of the t e t rasod ium salt  of EDTA (1 g of 
EDTA to 1 l of double-dis t i l led  water) .  

Growth of a cul ture  of A. roseochromogenus .  A f lask containing 100 ml of nutrient  medium [2] was inoculated 
with 10 ml  of seed m a t e r i a l  [2]. The m i c r o o r g a n i s m  was grown for  6 hr ,  a f ter  which 2.5 m g o f  11~- 
hydroxyproges te rone  in 0.5 ml  of ethanol was added to the growing myce l ium,  and the cult ivation of the myce l ium was 
continued for  another  18 hr .  

P r epa ra t i on  of the homogenate and f rac t iona l  centr i fuging.  The mycel ium produced was f i l t e red  f rom the cul ture  
liquid, carefu l ly  suspended on 0.5% NaC1 solution (10 ml  pe r  g ram of m yce l i um ) ,  and again f i l t e red  off. The 
myce l ium was washed with NaC1 solution four t imes .  Then it was washed with double-dis t i l led  wate r  and with 0.05 M 
phosphate buffer  p repa red  in a 0.001 M solution of the te t rasodium salt  of EDTA and containing 10-5M of /3 -  
mercaptoethanol .  The washed myce l ium was suspended in a phosphate buffer  of the same composi t ion (10 ml  of 
buffer  to 1 g r a m  of washed mycel ium)  and was kept in dry ice for 20 hr .  Then the mycel ium was thawed out at room 
t empera tu r e  and, in 10-ml port ions  of the suspension,  it was broken down by u l t rasonics  (ULA-250 ul t rasonic  
genera tor)  at 2 - 6  ° C for  6 -8  min.  The degree  of breakdown of the myce l ium (80-90%) was checked by the 
mic roscop i c  observa t ion  of a p repara t ion  of the broken-down myce l ium stained with Methylene Blue. The homogenate 
was centr i fuged at 2 -4  ° C at 1000 x g for  40 min.  The resul t ing  supernatant  1000 was centr i fuged at 13 500 x g under 
the same conditions,  and the supernatant  13 500 was used for  fu r the r  pur i f ica t ion  and also as a source  of the enzyme 
in incubation with s te ro ids .  

P rec ip i t a t ion  with ammonium sulfate.  With s t i r r ing ,  ammonium sulfate was added to the supernatant  13 500 at 
0 -2  ° to 60% saturat ion.  Af te r  being left to stand at the same t empera tu r e  for  I hr ,  the mix ture  was centr i fuged at 
2 -4  ° C and at 13 500 x g for  30 min.  The supernatant  l iquid was brought to 90% satura t ion with ammonium sulfate.  The 
prec ip i ta ted  protein was col lec ted  by centr i fuging at 13 500 x g and was d issolved in the min imum volume of phosphate 
buffer .  

Dia lys is .  Before  use,  Sephadex G-25 ncoarse"  was kept in double-dis t i l led  water  for  3 days.  The swollen 
Sephadex was 1Lransferred to a column with a volume of 35 ml and was equi l ibra ted for  a day with the phosphate buffer .  
The solution of pro te in  obtained af te r  ammonium sulfate prec ip i ta t ion  was deposited on the surface  of the Sephadex and 
the pro te in  was eluted with phosphate buffer ,  2 .5-ml  f rac t ions  being col lected.  

De te rmina t ion  of enzymatic  ac t iv i t i e s .  The act ivi ty  of an enzyme prepara t ion  of 20o~-HOR was de te rmined  f rom 
the ra te  of change of the optical densi ty (AD) at 340 m p .  The specif ic  act ivi ty  was measu red  f r o m  the change in the 
optical density in 1 min caused by 1 mg of prote in .  A change in optical density of 0.001 was taken as the unit of specif ic  
act ivi ty .  The r a t e s  of the reac t ion  were  measu red  at 28 ° C in a the rmos ta ted  chamber  placed in an SF-4 
spec t ropho tomete r .  A quartz  cel l  with a capacity of 3 ml and a light path length of 1 cm was charged with 150 pM of 
phosphate buffer  (pH 7.4), 0.5 ml  of a solution of the enzyme prepara t ion ,  0.18 #M of NADP • tI2, and 0.12 pM of 17~- 
hydroxyproges te rone  in 0.02 ml  of ethanol.  The compar i son  cel l  was charged with the same components except for  the 
s te ro id  solution, which was rep laced  by 0.02 ml  of ethanol. The prote in  content in the enzyme prepara t ion  was 
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determined  by K a l c a r ' s  method [1]]. After  the end of incubation, the exis tence of 20~-HOR act ivi ty  was qual i ta t ively  
conf i rmed by the ext rac t ion  of the contents of the working cel l  with ch loroform (2 x 2 ml),  evaporat ion of the ext rac t ,  
and the chromatographic  invest igat ion of the fe rmenta t ion  products .  

To de te rmine  the ]6(~-hydroxylase act ivi ty  (substrate:  proges terone)  the 3fi-HOR and the DH act iv i t ies  
(substrate:  16~, ]7-epoxyproges terone)  and the 17B-HOR act ivi ty  (substrate:  es t radiol) ,  a f lask was charged with 150 
pM of phosphate buffer,  3 ml  of a solution of the enzyme prepara t ion ,  0.]5 pM of s te ro id  in 0.02 ml of ethanol, and 
0.4 pM of coenzyme (NADP for  ]7fl-HOR, and NADP • H 2 for  the others).  The reac t ion  mixture  was incubated at 28 ° 
C for  18 hr,  and then the contents of the f lask were  ext rac ted  with ch loroform (2 × 2 ml) and the content of incubation 
products  in the ext rac t  was invest igated by chromatography.  

Substrate  speci f ic i ty  of a c e l l - f r e e  prepara t ion .  A flask was charged with 150 pM of phosphate buffer,  3 ml  of 
supernatant  13 500, 3.7 pM of NADP • H2, and a solution of 1 pM of s teroid  in 0.03 ml of ethanol. The mixture  was 
incubated at 28 ° C for  ]8 hr,  and then the contents of the f lask were  ext rac ted  with ch loroform and the incubation 
products  were  de te rmined  chromatographica l ly  (see Table 2). 

Induction of the format ion  of 20a -hydroxys te ro id  oxidoreduetase .  The inducing capacity of the s te ro ids  was 
de te rmined  f rom the act ivi ty  of the supernatant  13 500 f rom a cul ture of A. roseochromogenus  grown in the p r e sence  
of the s teroid  under invest igat ion (50 #g per  ml of cul ture  liquid). Combined induction with 17~-hydroxyproges terone  
and cor texolone was ca r r i ed  out s imi l a r ly  at a concentra t ion of each of the inducing agents of 50 #g pe r  ml of cul ture 
liquid (see Table 1). 

Tes t  of the inhibiting act ivi ty  of cor texolone in the incubation of 17o~-hydroxyprogesterone. A cel l  was charged 
with 150 #M of phosphate buffer,  0.5 ml  of supernatant 13 500, 0.]8 pM of NADP • H2, and 0.1 #M each of 17~- 
hydroxyproges terone  and cortexolone in 0.02 ml of ethanol. The compar ison  cel l  was charged with the same 
components with the exception of the s teroids .  The measu red  ra te  of t r ans format ion  of the 17~-hydroxyproges te rone  
was compared  with the ra te  obtained in the incubation of ]7~-hydroxyproges te rone  along with the same enzyme 
prepara t ion .  

Fe rmen ta t ion  of 17a, 20a -d ihydroxypregn-4 -en -3 -one  with a cul ture  of Ao roseochromogenus  and with a c e l l - f r e e  
p repara t ion  obtained f rom it. A f lask containing ]00 ml  of nutr ient  medium [2] was inoculated with 10 ml  of seed 
ma te r i a l  of A. roseochromogenus ,  and the cul ture  was grown for  24 hr.  Then a solution of 5 mg of the s te ro id  in 0.5 
ml of ethanol was added to the f lask,  and fe rmenta t ion  was c a r r i e d  out at 28 ° C on a ro ta ry  shaking maching (200 
rpm) for  72 hr.  

Another f lask was charged with 150 #M of phosphate buffer,  3 ml of supernatant ]3 500, 3.7 pM of NADP, 
and 1 pM of s te ro id  in 0.03 ml of ethanol. The mixture  was fe rmented  at 28 ° C for  18 hr.  In both cases  a 
chromatographic  invest igat ion c a r r i e d  out af ter  the end of fe rmenta t ion  showed the absence of convers ion  products .  

CONCLUSIONS 

The format ion  of 20a -hydroxys te ro id  oxidoreductase  with a const i tut ive enzyme of Act inomyces  
roseochromogenus  is act ivated by cer ta in  predominant ly  monohydroxy der iva t ives  of pregnane.  Some s teroids  
suppress  the format ion  of the enzyme.  Intact ce l l s  of A. roseochromogenus  and a c e l l - f r e e  enzyme sys tem possess  
identical  subs t ra te  spec i f ic i t i es  which a re  c lose  to the subs t ra te  specif ic i ty  of the 20a-hydroxys te ro id  oxidoreductase  
of ra t  t e s tes  and reduce  only 20-oxopregnanes with a ]7-oxygen function. The specif ic  ro le  of the 17-oxogen function 
appears  at the subs t r a t e - enzyme  level .  
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