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The use of sitosterol (1) as a raw material for the production of steroid hormones requires the micro- 
biological cleavage of the side chain at C 17 [I]. 

Cleavage of the side chain from I by the enzymes of microorganisms is accompanied by degradation of 
the steroid nucleus to carbon dioxide and water. In order to avoid this undesirable outcome, inhibitors of this 
degradation such as cobalt and nickel salts, 8-hydroxyquinoline, and c~'-dipyridyl are added to the culture 
fluid [2]. The microbiological cleavage of the side chain from I in the presence of an inhibitor may result in 
the following sequence of products [3]: 
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The object of this investigation was to assess  the ability of some microorganisms to effect cleavage of 
the side chain of I to form Ill and 17-ketosteroids (17-KS), which can be used for the subsequent synthesis 
of steroid hormones. 
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T A B L E  1. D e g r a d a t i v e  C a p a c i t y  of Some 
M i c r o o r g a n i s m s  

Microorganism "~ 

Nccardia 35 
Actinomadura 13 
Streptemyces 47 

i',b. of strains whicllJ 
had degraded / No. of 
sitojtei~l after / inactive 
24 h I 48 h 72 h ~I strains 

5 16 
6 15 12 

3 
8 

14 

Ninety-five cultures of actinomyeetes from the collection of the Scientific-Research Institute for the 
Search for New Antibiotics, Academy of Medical Sciences of the USSR, were examined. These comprised 
cultures of the genera Nocardia (35), Actinomadura (I 3), and Streptomyces (47). 

A sample containing 97% of sitosterol was obtained from the Leningrad Academy of Wood Technology. 

Transformation products II-V were identified by thin-layer chromatography (TLC) using the appropri- 
ate visualizing reagents obtained from the Laboratory for the Chemistry of Steroid Hormones of the All-Union 
Scientific-Research Pharmaceutical Chemistry Institute. 

Data on the ability of actinomycetes to degrade I are presented in Table I. It will be seen that the ability 
to degrade I is displayed by quite a high proportion of the actinomycete cultures, and is most marked in the 
Nocardia cultures. The Streptomyces cultures were somewhat less active, and the representatives of the 
Actinomadura family showed little activity. The active cultures degraded I almost completely. Following 

alkaline and acid hydrolysis of the biomass [4] of two active strains of Nocardia after 48 hours' transforma- 
tion, no I was found in the hydrolysates. Only a few produced H (not more than 3% of the sterol added). In 
subsequent work using inhibitors of the degradation of the steroid nucleus, cultures which cleaved I were 
employed. 

Method A. I. Formation of Pregnenecarboxylic Acid and 17-KS. Transformation of I in the presence 
of nickel and cobalt ions. The effect of these inhibitors on the transformation was assessed in experiments 
with three strains of Nocardia. The inhibitors were initially employed in a concentration of 70 rng% [2], but 
since at this concentration of cobalt sulfate a considerable amount of unreacted sterol was present even after 
72 h, the inhibitor concentration was reduced to 30-60 rag%. Compound III was found in the culture fluid from 
all three cultures. When cobalt salts (sulfate and chloride) were used, the amounts of HI were greater than 

those found in experiments with nickel salts. We subsequently studied the ability of 70 strains of actinomy- 
ceres to produce III and 17-KS on the presence of cobalt sulfate, when it was found that 40 of the cultures 
failed to produce the required compounds under these conditions. Four strains of Nocardia, 12 strains of 
Streptomyces, and three strains of Actinornadura produced between 1 and 3% of these products. The greatest 
quantity of III (16%) was obtained using N. cavlae No. 8, N. corallina No. 9, and N_. polychrornogenes 

No. 24, which in addition to III also afforded up to 4% of V (at an inhibitor concentration of 40 rag%). Particu- 
larly interesting results were obtained using N. albaparaffinae No. II, when V was the main product (11%), 
and only a small amount (4%) of III was formed. 

Method B. Transformation of I in the presence of o~'-Dipyridyl. The effect of this inhibitor was stud- 
ied in 13 strains of Nocardia, two strains of Actinornadura, and six strains of Actinomyces. The inhibitor was 
introduced, in concentrations of 2.5 to 15 rngV/0, into the medium at the same time as the sterol, and at concen- 
trations of 20 to 70 rag%, in three equal portions (at the same time as the sterol was added, andafter trans- 
formation had proceeded for 7 and 24 h). For three strains of Noeardia, a change in the concentration of the 
inhibitor from 12.5 to 60 mg% had no effect on the amounts of reaction products. All the cultures, with the ex- 
ception of a single strain of Nocardia, two strains of Actinornadura, and five strains of Streptornyces, yielded 
III as the main product, in amounts greater than 10%. The greatest amounts (27-33%) of this compound were 
obtained using six strains of Nocardia (20 rag% of dipyridyl), whereas V was formed in only small amounts by 
these cultures (2-10%), An exception was iY. albaparaffinae No. II, which afforded V as the main product in 
22% yield, together with 2-4% of III (16 rng% of inhibitor). N. uniformis No. 30 was the only culture to give 
IV (11%). 

Method  C. T r a n s f o r m a t i o n  of I in the  p r e s e n c e  of 8 - h y d r o x y q u i n o l i n e  was  i n v e s t i g a t e d  in e x p e r i m e n t s  
u s i n g  n ine  s t r a i n s  of N o c a r d i a ,  two s t r a i n s  of A c t i n o m a d u r a ,  and s ix  s t r a i n s  of S t r e p t o m y c e s .  I n h i b i t o r  c o n -  
c e n t r a t i o n s  w e r e  5-12  rag%. At  the  12 rag% c o n c e n t r a t i o n ,  the  i n h i b i t o r w a s  i n t r o d u c e d  into the  m e d i u m  in t h r e e  
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port ions ,  as in the experiments  with higher  concentrat ions of aa ' -d ipyr idy l .  The grea tes t  amount of III (10%) 
was obtained in experiments  using Act inomadura madurae  No. 22 at an inhibitor concentrat ion of 10 rag%. 
Three  s t ra ins  of Nocardia,  and Streptomyces fumosus,  gave 2% of V. 

These experiments  show that different inhibitors affect the product  rat ios and the amounts produced in 
any given culture.  Thus, N. uniformis  No. 30 with the inhibitors cobalt sulfate, c~ ' -d ipyr idy l ,  and 8-hy-  
droxyquinoline, formed III in 2, 10, and 6% yields respect ively;  22 and 2% of V were  found with the last  two 
inhibitors,  and IV (10%) was only obtained when ~ ' - d i p y r i d y l  was used. 

The best  yields of III and 17-KS were  obtained using c~ ' -d ipyr idy l  as inhibitor, in a concentrat ion of 
20 rag%. 

2. Effect of Conditions of Culture and Transformat ion  on the Ability of Microorganisms  to Produce 
Pregnenecarboxyl ic  Acid and Androstadiendione. In studying the effect of the composit ion of the nutrient me-  
dium on the activity of nine s t rains  of Nocardia,  media were employed which differed with respect  to carbon 
and ni t rogen sources ,  and in the rat ios of these components.  When cobalt sulfate, ~ ' d i p y r i d y l ,  and 8-hy-  
droxyquinoline were used as the inhibitors,  the best  or  equivalent medium with seven s t ra ins  of Nocardia was 
one containing soluble s ta rch  1%, yeas t  extract  0.01%, and sodium chloride 0.2% (pH 7.0). This medium was 
optimal for  the study of the ability of various mic roo rgan i sms  to effect cleavage of the side chain I. 

The effect of changes in t empera tu re  (over the range 27-32~ both on the growth and on the t r a n s f o r -  
mation of I were examined in experiments  with three  s t rains  of Nocardia.  These experiments  showed that 
changes in t empera tu re  within these l imits had no effect on the activity of the cul tures .  

An increase  in the concentrat ion of I in the medium for  t ransformat ion,  f rom 0.2 to 0.5 g / l i t e r ,  using 
three  s t ra ins  of Nocardia showed that the absolute amount of HI remained constant,  but that as a percentage 
of the initial subst ra te  concentrat ion it decreased  sharply.  The amount of unreacted I also decreased ,  and it 
the re fore  appears  that as the concentrat ion of the s terol  in the medium is increased,  the rate of degradation 
is accelera ted.  

The enzymes responsible  for  the cleavage of the side chain f rom I are  known to be inducible [5]. With 
this in mind, we used the s tar t ing mater ia l  I as an inducer,  introducing it into the medium at the same t ime 
as the inoculum in a concentrat ion of 0.05 g/ l i te r .  This enabled the amount of III produced to be increased 
f r o m  22 to 37% at an c~ ' -d ipyr idy l  concentrat ion of 30 mg%, using N. coral l ina No. 10. When four s t rains  
of Nocardia were grown on an agar  medium containing 0.05 g / l i t e r  of I, the activity of the cul tures remained 
unchanged. 

Addition of 0.1 mg% of Tween 80 to the medium containing the s terol  [5, 6] re tarded the format ion of III 
by N. caviae No. 8, the amount decreas ing  f rom 19 to 10%. 

For  compar ison,  the method of introduction of I into the medium as an aqueous colloidal solution or  as 
a solution in DMF showed that the solvent reduced the format ion of HI by N. polychromogenes  No. 24 f rom 
19 to 12%. 

This investigation has shown that of the 95 cul tures of act inomycetes  examined, 70 were able to cleave 
I af ter  24-72 h. Of these cultures,  only seven s trains  {N. caviae No. 8, N__ z. corai l ina Nos. 9, 10, and 11, N__ z 
polychrom0genes  No. 24, N. mucosum No. 11, and Actinomadura madurae No. 22) produced around 30% of III 
after 48 hours '  t ransformat ion  at a concentration of I of 0.2 g / l i te r ,  using a ~ ' - d i p y r i d y l  as inhibitor. Two 
strains ,  N__: albaparaffinae No. 11 and N. uniformis No. 30, were found to produce up to 20% of V under the 
same conditions, and N. uniformis No. 30 also formed 10% of IV. P re l imina ry  induction of the enzymes in- 
c reased  the amounts of products  formed.  

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

Growth of Cultures and Procedure  for  Transformat ions .  Cultures were  maintained on a s t a r ch -yeas t  
medium. E r l enmeye r  flasks of 250 ml capaci ty containing 20 ml of liquid medium were  inoculated with the 
cul tures  to be examined f rom agar  slopes.  Growth of the cul tures ,  and subsequent t ransformat ions  of I were  
c a r r i ed  out on a shaker  (200 rpm) at 27~ Into the 24-h culture of the mic roo rgan i sm was introduced an 
aqueous colloidal solution of I [7] in a concentrat ion of 0.2 g / l i t e r ,  together  with a solution of the inhibitor 
(cobalt and nickel salts in distilled water ,  c~ ' -d ipyr idy l  in ethanol, and 8-hydroxyquinoline in DMF). 
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The course  of the t r ans format ion  was followed, and the products  de te rmined ,  by TLC. After  24, 48, 
and 72h ,  2 ml samples  of the cul ture  fluid were  withdrawn and ex t rac ted  with 0.5 ml of ch loroform.  Samples 
f r o m  exper iments  in which c~ ' -d ipy r idy l  and 8-hydroxyquinoline were  used were  acidified before  ext rac t ion  
with 20% hydrochlor ic  acid, to pH 2.0; 0.1 ml  of the ex t rac t  was applied to a Silufol UV-254 plate (Czecho- 
slovak SSSR). The t r ans fo rmat ion  products  were  separa ted  using the solvent  sys tem c h l o r o f o r m - e t h e r  (4 : 1). 
Semiquantitative est imat ions were  ca r r i ed  out by compar i son  with accura te  r e fe rence  concentra t ions .  F o r  
quantitative analysis, 15 ml of culture fluid was extracted four times with an equal volume of chloroform. The 
solvent was evaporated, and the residue dissolved in methanol-chloroform (I : I) and applied to a plate. Quan- 
titative estimation was carried out spectrophotometrically using an SF-10 instrument at k = 241nm. Unreacted I 
was identified by developing the chromatograms with a solution of valine and perchloric acid, followed by 
heating. 
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