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The hydroxylation capacity of 28 differ- 
ent microbial species (a total of 64 strains) 
was tested in work described previously 
(Oapek & Han~, 1961) and it was found 
tha t  of this number as few as 10 species 
(19 strains) will hydroxylate steroid S 
(Reichstein) in the 11 ~-position. In all 
the strains of this series steroid S yielded 
more metabolites, the strain Absidia 

orichidis 310 being apparently relatively 
the most suitable. The enzymic system of 
this microorganism will transform steroid S 
into cortisol and into its 11 ~-epimer. 
Another oxidation product, cortisone, is 
also fbrmed in traces. 

The chosen strain of Absidia orchidis 
was then studied further, particularly 
with respect to the individual factors 

CH20H 
[ 
CO 

//\/\/ 
0 

CH~OH 
F 

CO 

/\/\/ 
I I I //\//\/ 

0 

cortisol 

steroid S 
I 
l 

CH~0H 
I 
CO 

/\,/\/ 
0 

11 :r 

CH~0H 
i 
CO 

I\I\/ 
0 

cortisone 

[ .~92 ] 



1961 MICROBIOLOGICAL TRANSFORMATION OF STEROIDS 393 

affecting the rate of transformation of 
steroid S to a mixture of cortisol and its 
11 ~-epimer. 

Three methods were used for the ana- 
lysis of the steroid metabolites: (1) 
spectrophotometry in the u.v. region, 
using extinction at 242 m#. Cortisol, its 
l l~-epimer (epicortisol) as well as the 
original steroid S, show the same position 
of  the maximum; the extinction values 
of  cortisol and of its epimer are indentical 
while the extinction of the S compound 
is relatively higher. (2) Polarography based 
on the reduction of the conjugated double 

I 
bond O-:C--C----C < (Eisenbrand & Picher, 

[ 
1939). There is no difference in the polaro- 
graphic behaviour of the three com- 
pounds. (3) Colorimetry was carried out  
using the Porter  and Silber reaction 
(Porter & Silber, 1950) with phenyl- 
hydrazine in ethanolie solution. The 
method may only be applied to crude 
mixtures where both steroids (cortisol 
and epicortisol) are present in a ratio 
of  1 : 1, according to a calibration curve 
constructed for both steroids. The l l~- 
-epimer of  cortisol produces about  
20% more intense coloration under iden- 
tical experimental conditions. 

M A T E R I A L S  A N D  M E T H O D S  

Microorganism. The optimum condi- 
tions for the transformation of the steroid S 
to cortisol and its 11 ~-epimer were studied 
on the strain Absidia orchidis 310 (obtain- 
ed from the Department  of Fermentation 
Chemistry, Universi ty of Technical Sci- 
ence, Prague). 

Cultivation. The strain Absidia orchi- 
dis 310 was grown under sterile condi- 
tions in 100 ml. medium D (white dextrin 
3.0%, corn-steep liquor 0.3%--referred 
to dry weight, (NH,)2HPO 4 0.3%, KC1 
0.04%, MgS04 0.04 ~ FeSO, 0.001%). 
The pH of the medium was adjusted to 
6.2 prior to sterilization, usmg 10% 
:NaOH. The medium was placed in 750 ml. 
Erlenmeyer flasks on a reciprocal shaker 

(70 strokes/min., amplitude 6 cm.) at 
27~ for 48 hr. 

When the cultivation was terminated 
(the pH dropped to 4.2---4.5) the contents 
of 3 flasks were combined, the myeelium 
filtered off and remainder of the medium 
removed by  washing the mycelium with 
150 ml. physiological saline. The washed 
mycelium was immediately transferred 
to a flask (1000 ml. capacity) placed on a 
laboratory stirrer and the volume made 
up to 300 ml. with a phosphate buffer of 
known pH. 

On account of the fa~t that  the transfo- 
rmation of the steroid on the laboratory 
stirrer took place under non,sterile condi- 
tions, aqueous solution of chlortetra- 
cycline (100 #g. per 100 ml. medium) was 
added to each flask on the stirrer to prev- 
ent contamination during transformation. 

Trans/ormation of the steroid. The 
effect of pH, temperature, type  and 
amount of  solvents, concentration of  
added steroid S, number of revolutions 
of the stirrer and aeration, in the course 
of transformation of the steroid S was 
investigated. In  studying these factors, 
a single factor was altered in each series. 
Every estimation was performed in three 
mutually independent experiments and 
the average of these three used for the 
evaluation. 

Analytical methods. The course of trans- 
formation was evaluated qualitatively 
with the aid of paper chromatography 
(the presence of the original steroid S 
and the number and types of metabolites 
produced) and quanti tat ively by spectro- 
photometry after elution of  the meta- 
bolites with ethanol from an undetected 
paper chronmtogram (amounts of eortisol 
and 11 ~-epimer). 

Whatman paper 4 impregnated with 
a mixture of formamide-ethanol (1 : 1) 
was used for chromatography. Chloroform 
served as the mobile phase. Samples for 
chromatography were removed in quanti- 
ties corresponding t o  1 mg. original 
steroid; they were extracted twice with 
chloroform, the ex t r ac t s  were combined 
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and evaporated. The residue was dissolv- 
ed in a small amount of  chloroform and 
the solution applied to chromatographic 
paper. After developing and drying, 
steroids were detected on the chromate- 
gram with a mixture of p-phenylenedi- 
amine and phthalic acid (Bodanszky & 
Kollonitsch, 1955). 

For quanti tat ive spectrophotometry the 
chromatographic spots of cortisol and of 
its l l a -ep imer  were marked on the 
undetected ehromatogram on the basis of 
extinction of their fluorescence in u.v. 
light. 

The spots were cut out from the paper 
and cut up into 3 mm. ~ squares which 
were eluted for 1 hr. with 10 ml. absolute 
ethanol, and 0.05 ml. concentrated HCI. 
The ex t rac t  was quanti tat ively transfer- 
red to a 25 mh volumetric flask and ethanol 
added up to the mark. Ext inct ion was 
then nmasured at 242 m/z. An extract  
from the same area of chromatographic 
paper without sample was used as blank. 
A calibration curve was used for quanti- 
tat ive evaluation, the curve being con- 
structed from the extinction values of 
extracts  of chromatograms with standard 
amounts of the compounds (50, 100, 200 
and 500/~g.). Both isomers were extracted 
from the paper to 95%. 

A Heyrovsk~ polarograph ~Z V 301 
with a mercury dropping electrode was 
used for polarographic estimations (t---- 
~- 2.6/sec, H ~ 60 cm., m ~ 2.95 mg./sec., 
4 V bat tery,  Kalousek's flask with a 
saturated calomel electrode, nitrogen 
bubbled through the mixture at the 
beginning); an 0.2 M acetate buffer of 
pH 4.63 was used (0.2 M acetic acid, 
0.2 M sodium acetate 1 : 1). The standard 
solution of 25 mg. cortisol and of  its 
11 a-epimer was made An 25 ml. rectified 
96% ethanol. A calibration curve was 
constructed for 0.5, 1.0, 1.5 and 2.0 ml. 
s tandard solution, ethanol added to 2 ml., 
then l ml. buffer  and distilled water up to 
10 ml. Nitrogen was bubbled through the 
solution in the polarographlc flask for 
5 min. The curves were registered at 

1/15 sensitivity. The half-wave poten- 
tial was about 1.5 V. The height of waves 
are plotted against concentration in 
mg./10 ml. 

For the estimation, 25 rag. samples of  
steroid mixture were prepared, dissolved 
in 25 ml. ethanol and 1 ml. and 2 ml. 
amounts of solution used for two estima- 
tions. 

% s t e r o i d -  mg..  25. 100 for 1 ml. and 
n 

% steroid ~ mg , .  12.5. 100 for 2 mh, 
n 

where mg, is the number of mg. read from 
the calibration curve and n is the number 
of mg. per 25 mh 

The error of estimation does not exceed 
2 %. When steroids were estimated directly 
in the fermentation medium, 5 ml. of the 
medium (about 3 rag. steroids) were 
shaken with 5 ml. chloroform three times. 
The combined extracts were shaken twice 
with 10 ml. distilled water. The chloro- 
form extract  was dried with sodium 
sulphate and distilled to dryness. The 
residue was dissolved in 2 ml. ethanol; 
1 ml. ethanolic solution was transferred 
to a 10 ml. volumetric flask, 1 ml. ethanol 
added, followed by 5 ml. buffer and 
distilled water up to the mark. Polar()- 
graphy was carried out in the same way 
as with the calibration curve. 

For spectrophotometric estimations of  
cortisol and its derivatives in u.v. light, 
50 mg. steroids was dissolved in 50 ml. 
absolute ethanol or methanol made up to  
the mark with the same solvent. The 
measurement  took place in a 1.0 cm. 

Table 1. Spectrographic characterist ics of steroids 

Prepara t ion  

Cortisol 
Cortisol-21-acetate 
Cortisol - 21 -hemisuccinate 
Cortisone-21-acetate 

W a v e  - 

length,  
m/~ 

242 
242 
242 
238 

E l %  
1 cm. 

436 
395" 
342 
392 
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cuvette against pure solvent at 238, 240, 
Elcm. 242, 244 and 246 m/~. The value of 1% 

is equal to E .  1000. The average error of 
estimation is • 2 %. 

When the estimation was to be carried 
out directly in the fermentation medium, 
the sample was shaken as above for the 
polarographie estimation, then dried and 
chloroform evaporated; the residue was 
dissolved in 2 ml.  ethanol. From this 
solution, 0.6 ml. was transferred to a 
volumetric flask and the volume made up 
to 100 ml. with ethanol. The measurement 
is the same as above. I t  holds that  the con- 

E 
eentration of steroid in 1 ml . . . .  1.67, 

444 
where E is the extinction in a 1 ml. 
euvette. 

RESULTS AND DISCUSSION 

The Absidia orchidis 310 strain was 
cultivated for 48 hr. after which the effect 
of the individual factors on the course of 
transformation of the steroid S was in- 
vestigated. 

The e~ect o/ pH. The transformation 
took place under aeration and stirring 
(1/2 volume air per min., 200 revolutions 
per min.). Sixty mg. steroid S in 6 ml. 
methanol was added to 300 ml. buffer 
solution. The temperature during trans- 
formation was 27~ The results arc 
expressed in % referred to the weight of 
steroid S added. 

Tab le  2. The  effect o f  p i t  on  t he  course  of  t ransfor -  
m a t i o n  of  s te ro id  S 

The pH optimum for the transform- 
ation of the steroid S by Absidia orchidis 
is in the vicinity of 6.5. At this pH the 
maximum of transformation was reached 
during the 15th fermentation hour. A par- 
tial decrease or increase of the pH value 
(to 5.5 or 7.3) will retard the course of  
transformation. At 4.4 or 8.0 considerably 
lower yields of cortisol and of its 11 a-epi- 
mer were obtained under the same con- 
ditions. 

When other effects on the course of  
transformation were studied the pH of the  
solution was always set at 6.5 before 
adding the steroid. 

The e~ect o/ temperature. The transfor- 
mation took place under aeration and 
stirring (1/2 volume air/rain, and 200 r.p.m.). 
Sixty mg. steroid S in 6 ml. methanol 
was added to 300 ml. buffer solution 
(pH 6.5). 

The effect of temperature on the course 
of transformation was evaluated during 
the 18th hour. The results are expressed 
as a percentage with respect to the weight 
of added steroid S. 

Table  3. The  effect o f  t e m p e r a t u r e  on t he  resu l t  o f  
18-hour  f e r m e n t a t i o n  o f  s teroid  S 

T e m p e r a t u r e  
~ 

24 
27 
30 
33 

Cort isol  
% 

39.8 
46.8 
45.2 
38.8 

Epicor t i so l  
% 

37.2 
45.1 
45.1 
37.9 

I n c u b a t i o n  in hr .  

15 20 24 
p i t  

Epi -  l Epi-  
Corti- Corti- I 

sol corti- sol corti-  
sol % sol 

% 1% % 

4.4 
5.5 
6.5 
7.3 
8.0 

18.6 17.2 
44.1 42.8 
49.7 44.1 
43.8 
27.1 

I 

Corti-  Epi -  
corti- 

sol SoOl 
% ~ 

20.0 I9.8 23.8 22.4 
46.2 44.6 46.0 44.3 
48.9 43.9 48.9 43.6 

42.8 45.8 43.0 
26.1 33.5 28.2 

I 

40.9 
25.4 

44.6 
30.0 

The temperature optimum lies in the 
range of 27--30~ Lower and higher 
temperatures retard the course of trans- 
formation. 

The e~ect el the type and quantity of 
solvent. The transformation took place 
under aeration and stirring (1/2 volume 
air per rain. and 200 r.p.m.). Sixty mg. 
steroid S was added to 300 ml. buffer 
solution (pH 6.5), after dissolving in 6, 
12, 18 and 24 ml. given solvent. Methanol, 
ethanol and acetone were used. The 
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temperature during transformation was 
27~ The evaluation of the effect of 
solvents was made during the 18th fer- 
mentation hour. The results are expressed 
as a percentage with respect to the weight 
of steroid S added. 

Table 4. The effect of the type of  solvent  on the 
resul t  of  18-hour fermenta t ion  ot" s teroid S 

Methanol  

Solvent  Corti- Epi- CortL Epi- 
ml. sol corti- corti- 

sol sol sol 
% % % % 

6 

12 
18 
24 

47.8 43.5 
46.5 42.6 
40.0 36.2 
21.0 24.2 

44.5 39.8 
38.2 30.1 
22.8 20.09 

4.1 11.3 

E thano l  Acetone 

Corti- Epi- 
corti- 

sol 
sol 

% % 

46.1 40.0 
39.I 32A 
24.1 20.2 

- -  14.0 

Methanol proved to be the most suitable 
of  the solvents tested when used in con- 
centrations of 2--4 ml. per 100 ml. med- 
ium. At higher concentrations (6--8 ml. 
per 100 ml. medium) it markedly blocks 
the course of transformation. Ethanol 
and acetone proved to be less suitable 
(slower transformation) in the given 
concentrations than methanol. 

The eOect o/ number of revolutions. 
Transformation was tested under aeration 
(1/~. volume air per rain.) and stirring 
(200, 400--600 r.p.m.). Sixty rag. steroid S 
in 6 ml., methanol was added per 300 ml. 
buffer solution (6.5). The temperature 
used was 27~ The experiment was 
evaluated during the 12th hour of fer- 
mentation. The results are expressed as a 

Table  5. The effect of the numb~)r of  revolut ions  per  
minute  on  the result  of a 12-hour f e rmen ta t ion  of 

the steroid S 

percentage with respect to the weight of 
steroid S added. 

All the preceding experiments (the 
effect of pi t ,  temperature and type of 
solvent) were carried out  at a constant 
number  of r.p.m. (200). The maximum 
transformation was attained during the 
15th-18th hour of fermentation. On 
inoreasing the number of r.p.m, to 
400---600 the fermentation period required 
for the transformation of steroid S is 
shortened to 12 hours but  on account of 
conditions in the production and existing 
technological equipment i t  was not poss- 
ible to apply increased numbers of r.p.m. 
for diminishing the transformation period 
of steroid S. Therefore, all further experi- 
ments were carried out at 200 r.p.m. 

The eOect o/ aeration. The transforma- 
tion was carried out under stirring 
(100 r.p.~.).  Sixty mg. steroid S in 6 ml. 
methanol was added to 300 ml. buffer 
solution (pI-I 6.5). The temperature during 
transformation was 27~ The fermentation 
medium was aerated with 1/2 air volume 
per min. Transformation without  aeration 
was studied simultaneously. The results 
are expressed as a percentage with respect 
to the weight of steroid S added, during 
the 18th hour of fermentation. I t  follows 
from the results that aeration with 1/2 air 
volume is sufficient for satisfactory trans- 
formation. By increasing the volume of 
passing air the rate of transformation is 
not affected; when no aeration of the 
substrate is taking place, however, the 
rate of transformation is decreased 
sharply. 

The eOect of concentration of steroid S. 
Transformation took place under aeration 

Table 6. The effect of aerat ion on the resul t  of a 
18-hour fermenta t ion of the s teroid S 

R.p.m. 

200 
400 
600 

Cortisol 
% 

38.4 
42.6 
46.8 

Epicort isol  
% 

35.9 
40.1 
44.6 

A m o u n t  of passing air 

0 
1/~ volume 
1 volume 

C o r t i s o l  Epicortisol  
% % 

12.8 I 10.3 
46.8 I 43.4 
48.3 I 42.9 

i 
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and stirring (~/~ air volume per min., 
200 r.p.m.). Temperature during trans- 
formation was 27 ~ Sixty, 120 and 180 mg. 
steroid S in 12 ml. methanol was added 
to 300 ml. buffer solution (pH 6.5). The 
results are expressed in percentages with 
respect to the weight of steroid S added. 

I t  follows from the experiment tha t  
practically all concentrations of steroid S 

Tab le  7. The  effect of  t he  concen t r a t i on  of  s te ro id  S 
on  the  resu l t  of  f e r m e n t a t i o n  

Concen t r a t i on  of  
s te ro id  S in 100 ml .  

m e d i u m  

20 mg.  
40 mg.  
60 rag. 

D u r a t i o n  of  f e r m e n t a t i o n  

18 hou r s  i 24 h o u r s  

Corti-  Epieo-[ Corti-  
sol t isol sol 

% % 

46.8 45.1 45.6 
47.I  45.6 47.3 
45.6 44.8 46.9 

Epico-  
r t i sol  

% 

44.8 
44.8 
43.8 

(optimum up to 60 mg./100 ml. medium). 
The yield of steroid S transformation 
under the optimal conditions amounts 
to 48.9% cortisol and 43.9% l la-epicorti- 
sol, cortisone being formed in traces only. 
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II PE BPAII.[E HHYI CTEt'OH~OB. 

are applicable for the given type of 
transformation. With 60 mg. steroid 
S/100 ml. medium not only was the 
transformation period increased but  some 
steroid was left in the medium after 
fermentation. Therefore, the maximum 
applicable concentration o f  steroid S 
under the given conditions w~s taken to 
be 60 rag./100 ml. medium. 

S U M M A R Y  

The transformation of steroid S (Reich- 
stein) by the strain Absidia orchidis 310 
is described, the product  containing cortisol 
and its 11 ~-epimer epicortisol, and corti- 
sone. A procedure for the analyticM 
evaluation of the transformation of the 
steroid is given together with an investig- 
ation of the effect of pH of the medium 
(optimum 6.5), of temperature (27--30~ 
of type ~nd quant i ty  of solvent (the best 
is 2--4 ml. methanol/100 ml. medium), 
of  number of r.p.m, of stirring during 
fermentation (optimum 600 r.p.m.), of 
aeration and of concentration of the origi- 
na 1 steroid, on the rate of transformation 

XV. I/I3yueHne Tpagc~opMaImn cTepo~a 
S (Reichstein) mTaMMOM 

Absidia orchidis 310 

O. l 'anu, A .  CIaner, B .  Rarau  

O,mcaHa TpaKcdpopMan~a cTepo~gia 
S (Reichstein)mTaMMOM Ahsidia orchi- 
dis 3i0 B CMeC~ ~opT~ao~a, 11-~-au~- 
l~OpTIlao~la II KOpTR3OJIa. IIp~BO~I~TCA 
MOTO~ aHa~4T~qecHo~ OIIOHR~ npenpa- 
meH~a CTCpO~la. I ~ o  Hcc~e~IonaHo BJI~- 
a ~ e  B e ~ Y ~ I  pH cpe~IH (OnTBMyM 6,5), 
TeMUCpaTyp1,I (27-30~ nH~a ~ Ko~qe-  
cTna paCTBOpnTe~a (na~6o~ee y;~o6ea Me- 
TI&IIOBI, I~  ClIIIpT B I(OXI~IqCCTBe 2--4 M.1. 

(100 M.~ cpe~hI), u~c~a 060pOTOB np~ 
nepeMcmaBaH~ n Te~enne q~epMe~- 
T a I ~  (OUT~Maa~HO 600 O6./M~m), ~azme, 
B~flH~e aapai~a  ~ HOH~egTpaLI~ ~4C- 
XO~IiOrO cTepo~Ia Ha cHopocTh ~peBpa- 
mem~a (OIITIL'aa~t, UO aO 60Mr/100MJI 
c p c ~ ) ,  l lp~a OnT~aMa~,HUX yCaOB~UX 
B],~XO~ c T e p o I ~ I a  S ,  n o  a H a J m T ~ U e c K r t M  
~aHHSIM, COCTaBa~IeT 48,90/o I~oprIl3ona 

43,9 % ll:t-an~nopT~iao~a; I~OpTI~3OH 
o6pa3yeTcg TOaS~O B M~KpOCKOnlaHaCK~X 
I40 '.'IIIHeCTBaX. 


