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ABSTRACT. The enzymatic hydrolysis and 6 I - dehydrogenation of cortisone-21­
acetate with S. arroolivaceus were evaluated. Highest yields of prednisone were 
obtained when the transformation process was conducted using cells in the ir 
logarithmic growth phase (60 hr old culture). Optimal conversion estimates of 
conisone-21-acetate were obtained with 5 mg substrate/2 g cel l fresh weight/50 ml 
reaction mixture. Supplementation of the reaction mixture with adenine and 
adenosine retarded the formation of prednisone while menadione and riboOavine led 
to the formation of high yields of prednisone. Similarly, Fe++ and Mg+ + encouraged 
the formation of high yields of prednisone while Mn + + gave comparatively lower 
product yield. 

Microbial t:" I - dehydrogenations are essential to the manufacture of corticoster­
oid analogues as chemical dehydrogenation methods do not compete effectively. 
The microbial t:" I - dehydrogenation reaction is influenced by several factors . 
Assessment studies were made by several workers on elucidating the physiological 
aspects of the t:" 1 - dehydrogenation reaction . Of these factors, the age of the 
culture (Marsheck 1971 , Richter group 1972 , El-Rffai et al. 1975 , and Smith 1984); 
the composition and the supplementation of the fermentation medium with iron 
and mangnesium ions (Sutter et al. 1957 and El-Refai et al. 1974); the addition of a 
variety of compounds including organic acids , growth promoting substances, 
purines and pyrimidines (Sal\am et al. 1975) and the effect of some redox agents, 
enzyme inhibitors and stimulators (Sih and Bennett 1960, 1962, Lystrovaya et al. 
1967, El-Refai et a/. 1976, Nairn et al. 1978 , and Ohlson et al. 1978) _ 

We have previously reported (Sal\am et a/. 1987) our findings on cortisone-21­
acetate transformation with S. a troolivace us_ In this report , the effect of some 
factors that influence the enzymatic hydrolysis and t:" I-dehydrogenation of 
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cortisone acetate will be given. Although a number of transformation products had 
been encountered throughout the present study (20 ~-hydroxy cortisone and 20 
~-hydroxy prednisone), attention was only paid to the products of specific 
reactions, i.e. hydrolysis and L l-dehydrogenation. 

Materials and Methods 

Microorganism 

Streptomyces atroolivaceus was isolated and identified by El-Shanshoury 
(1985). The organism was locally isolated from Egyptian soil following the method 
described by Tsao et al. (1960) and stored either on slants at 4°C or in 10% (W/V) 
glycerol at -20°C (Wellington and Williams 1978) . Characterization of the 
organism was carried out by the procedure of Becker et al. (1965), and that from 
Williams et al. (1983). Following the key of Nonomura, survey of literatures on the 
description of Streptomyces species, ISP (1974) and Bergey's Manual (1974), the 
experimental organism concluded to be identified as Streptomyces atroolivaceus. 
The organism was used by EI-Sayed et a1. 1987 for biosynthesis and metabolism of 
indole-3-acetic acid. 

Cultivation 

Streptomyces atroolivaceus was grown on 50 ml portions of a medium 
containing (gil): glucose, 40; yeast extract,S and peptone 10, pH 6.8 . The flasks 
were agitated on an orbital shaker 180 rpm for 16 hr whereafter 0.1 mg 
cortisone-21-acetate dissolved in 0.1 ml ethanol was added to each flask. After 24 
hr the content of each flask was filtered under aseptic conditions, washed with 
distilled water, physiological saline solution and resuspended in 50 ml portions of 
phosphate - citrate buffer pH 6.6. 5 mg cortisone-21-acetate in 1 ml 96% ethanol 
were then added to each flask and the reaction was allowed to proceed for another 
24 hr. The details will be given at its appropriate position in the text. 

Extraction 

At the end of the transformation period, the content of each flask was 
homogenized in a blender (16000 rpm) with two volumes of chloroform (100 ml). 
The extraction was repeated three times in order to assure that all the 
transformation products were extracted. The combined chloroform extracts were 
washed with half itS volume of distilled water , dried over anhydrous sodium 
sulphate , then distilled to give a semi-solid residue "test material". 

Analysis 

The test material was dissolved separately in a measured volume of 
chloroform : methanol mixture (1:1 v/v). Analysis was carried out by thin-layer 
chromatography on silica gel G plates . For resolution of the different products 
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encountered during this work the following two solvent systems proved to be 
suitable: (a) toluene: acetone: ethyl acetate (40:20:20, /v/v/v) and (b) cyclohexane: 
acetone: ethyl acetate (50:30:20, v/v/v). The transformation products as well as 
cortisone-21-acetate were identified from thin-layer chromatograms of each 
product compared with the authentic steroids using different colour reagents 
(Sallam et a1. 1974). Quantitative estimation of the products was carried out by the 
preparative thin-layer chromatography using standard equipment. The concentra­
tion of each compound was determined colorimetrically as described by Mizsei and 
Szabo (1961). 

Results and Discussion 

The Age of the Culture 

This was approached by evaluating the different growth phases following by 
performing the transformation process with the experimental cultures representing 
these phases; 12 hr (lag phase), 60 hr (logarithmic phase), 48 hr (stationery phase) 
and 96 hr (decline phase). The data (Table 1) showed that the age of the culture 
influenced not only the transformation rate but also the resulting metabolites. The 
bioconversion of cortisone acetate to its different transformation products and also 
prednisone formation attained their maximal rate with the cultures aged 60 hr 
(logarithmic phase). On the other hand, cortisone yield reached the minimum 
level. The obtained results may be attributed to the fact that, in that phase of 

Table 1. 	Transformation of cortisone acetate (5 mg/50 ml medium) with different aged 
Streptomyces atroolivaceus cultures 

Transformation products 
Culture age 

(hr) Residual cortisone Cortisone % Prednisone % 
acetate % 

4 61.11 ± 1.2 35.25 ± 0.3 2.25 ± 0.2 
12 55 .50 ± 1.1 29.75 ± 0.6 7.75 ± 0.2 
24 53 .30 ± 1.5 21.25 ± 0.6 16.25 ± 0.3 
36 48.80 ± 1.4 17.50 ± 0.5 20.00 ± 0.4 

48 46.10 ± 2.5 15.50 ± 0.4 22.00 ± 0.5 
60 43 .80 ± 0.8 9.75 ± 0.3 27 .75 ± 0.7 
72 47.22 ± 0.5 12.75 ± 0.3 23.75 ± 0.5 
84 51.66 ± 0.8 13.75 ± 0.4 23.75 ± 0.3 
96 61.10 ± 0.8 23.00 ± 0.6 14.50 ± 0.3 

Medium: 50 rol phosphale - cilrale buffer pH 6.6. 
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growth, the enzymes responsible for cell division, cell mass production, deacetyla­
tion and dehydrogenation are in their higher activity and therefore higher product 
yields were obtained. 

Transformation of Cortisone-21-acetate 

The bioconversion of cortisone-21-acetate with different fresh weights of the 
experimental organism (Table 2) showed that the consumption of the substrate 
increased by increasing the fresh weight of the experimental organism. However, 
highest prednisone yield (28%) was obtained with 2 g fresh weight. 

Table 2. Transformation of cortisone acetate by different fresh weights of Streptomyces 
atroolivaceus cells 

Transformation products 
Fresh weight 

(g) Residual cortisone Cortisone % Prednisone % 
acetate % 

0.25 58.33 ± 0.6 21.75 ± 0.6 15.75 ± 0.2 

0.5 53.77 ± 0.7 15.25 ± 0.0 22.25 ± 0.6 

1.0 52.22 ± 0.7 12.00 ± 0.2 25.50 ± 0.3 

1.5 50.50 ± 0.5 12.00 ± 0.2 25.50 ± 0.4 

2.0 47.70 ± 0.7 9.50 ± 0.2 28.00 ± 0.2 

3.0 47 .70 ± 0.6 15.25 ± 0.2 22.25 ± 0.3 

40 45.00 ± 0.7 16.25 ± 0.4 21.25 ± 0.3 

5.0 45.50 ± 0.3 16.90 ± 0.5 20.60 ± 0.5 

6.0 42.00 ± 0.4 34.25 ± 1.2 3.25 ± 0.1 

The different weights of the organism were suspended in 50 ml phosphate - citrate buffer pH 6.6. 

Cortisone-21-acetate Level 

The data (Table 3) show that lower substrate level (1 mg) was completely 
consumed. Higher levels of cortisone-21-acetate were accompanied by achieving 
elevated amounts of unchanged substrate. However, best bioconversion estimates 
were obtained upon using 5 mg cortisone-21-acetate. Under this condition the 
highest prednisone output (28%) was obtained. The decrease in prednisone yield 
with the parallel increase of the cortisone-21-acetate levels may indicate that the 
action of the enzymes catalyzing the bioconversion reactions appeared to proceed 
in the reverse direction when the obtained products reached definite levels. The 
reversibility of the oxidation-reduction reaction of the C-1,2 and C-20 functional 
groups of 6. 1,4-3,20 diketones was demonstrated by Goodman et al. (1960). 



259 Transformation of Cortisone-21 Acetate with .. . 

Table 3. 	Transformation of different concentrations of cortisone acetate by the 
Strepromyces alroolivaceus resting cells 

Added Transformation products 
cortisone 
acetate Residual cortisone Cortisone % Prednisone % 

(mg) acetate % 

1 0.00 ± 0.0 0.00 ± 0.0 23.90 ± 0.2 

2 2.80 ± 0.0 1.25 ± 0.0 25.00 ± 0.3 

3 14 .80 ± 0.1 12.50 ± 0.2 20.83 ± 0.3 

4 34.72 ± 0.3 9.75 ± 0.2 21.50 ± 0.4 

5 45.00 ± 0.7 9.50 ± 0.2 28.00 ± 0.6 

6 51.10 ± 1.3 1608 ± 0.4 15.16 ± 0.3 

The transformation process was conducted in 50 ml phosphate - citrate buffer pH 6.6 . 

Role of Some Additives 

Biological bases 

The evaluation of the role of some biologically active compounds on the 
deacetylation and l::. I-dehydrogenation of cortisone-21-acetate is presented in 
Table 4. The data suggested that supplementation of the reaction mixture with 
adenine and its nucleoside (adenosine) led to supression of cortisone-21-acetate 
conversion as well as prednisone production. In accordance to our results Nairn et 
al. (1978) reported that C 1-2 dehydrogenation of cortisol with cell free extract of 
B. cereus was suppressed by adenine. However, adenosine was reported by the 
same author to activate the C 1-2 dehydrogenation reaction. 

Table 4. 	Transformation of cortisone acetate with the resting cultures of Slrepromyces alrooJivaceus in 
the presence of adenine and adenosine 

Transformation products 
Additives 

Residual cortisone Cortisone % Prednisone % 
acetate % 

No additives (contrOl) 45.27 ± 0.6 9.50 ± 0.2 28.00 ± 0.4 

Adenine 16.10 ± 0.2 20.75 ± 0.5 16.75 ± 0.5 

Adenosine 5170 ± 1.1 1190 ± 0.3 25.60 ± 1.1 

Both adenine and adenosine were individually supplemented to the reaction mixture (50 ml phosphate-citrate buffer 
pH 6.6) at 1.0 mg % concentration at the same time of substrate addition . 
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Some vitamins and redox agents 

The data given in Table 5 showed that addition of 8-hydroxyquinoline to the 
reaction mixture led to suppression in the yield of prednisone. Contrary to our 
findings Nairn et al. (1978) reported that 8-hydroxyquinoline enhanced the C 1-2 
dehydrogenation reaction of cortisol with cell free extract of B. cereus. 

Table 5_ Transformation of cortisone acetate with the resting cultures of Slrepromyces atroolivacells in 
the presence of some vitamins and redox agents 

Additives 
Transformation products 

Residual cortisone Cortisone % 
acetate % 

Prednisone % 

No additives (control) 45 .27 ± 0.6 9.50 ± 0.2 2800 ± 0.4 

Riboflavine 4333 ± 1.1 6 .14 ± 0 .3 31.36 ± 0.3 

Menadione 4].66 ± 1.3 4 .80 ± 0.2 32.70 ± 0.4 

8-Hydroxyquinoline 53.30 ± 1.2 15 .25 ± 0.3 22 .25 ± 0.6 

Each compound was separately supplemented in I mg % to lhe reaction mixlure (50 ml phosphate-citrale buffer pH 
6.6) al the same tim e of substrate addition. 

The deacetylation and C 1-2 dehydrogenation of cortisone-21-acetate were 
activated in the presence of riboflavine and menadione where 31.1 and 32.7% 
yields of prednisone were obtained, respectively. The stimulatory action of 
riboflavine and menadione may also be explained through the findings of Talalay 
(1965) who reported that flavines work as intermediates in the oxidation reduction 
chain of C 1-2 of steroids. 

Minerai salts 

The data of Table 6 showed that the bioconversion efficiences of cortisone-21­
acetate were markedly initiated in the presence of magnesium and ferrous salts _ In 
both cases highest prednisone yields (34 and 32% , respectively) were obtained (in 
comparison to the control treatment). 

A little increase in prednisone yield than that of the control was however 
observed with MnS04_ These results are in accordance to those previously reported 
by Nairn et ai. (1978) . 
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Table 6. Transformation of cortisone acetate with Streptomyces atroolivaceus the resting cultures in the 
presence of some mineral salts 

Additives 

Transformation products 

Residual cortisone 
acetate % 

Cortisone % Prednisone % 

No additives (control) 

MgS04 

FeS04 

MnS04 

45.27 ± 0.6 

40.00 ± 0.4 

42.70 ± 0.6 

44.40 ± 0.7 

9.50 ± 0.2 

3.50 ± 0.1 

5.16 ± 0.1 

7.36 ± 0.3 

28.00 ± 0.4 

34.00 ± 0.4 

3234 ± 0.6 

30.14 ± 0.6 

MgS04 , FeSO, and MnS04 were individually added 10 the reaction mixture (50 ml phosphate-ciuate buffer pH 6.6) in 

1.8 mmol equivalent of their constituents of MgH , Fe" and Mo+ + 

References 

Becker, B., Lechevalier, M.P. and Lechevalier, H.A. (1965) Chemical composition of cell wall 
preparations from strains of various genera of aerobic actinomycetes, Appl. Microbiol. 13: 
236-243. 

Bergey's (1974) "Manual of Determinative Bacteriology", 8th ed. The Williams and Wilkins Co., 
Baltimore. 

EI-Refai, A., Sallam, L., and Nairn, N. (1974) Role of some elements on the enzymatic transformation 
of cortisol with Bacillus cereus, Rev. La/. Amer. Microbiol. 16: 183-186. 

EI-Refai, A.H., Sallam, L.A.R., and Nairn, N. (1975)Some requirements for bioconversion of cortisol to 
prednisolone with B. cereus, Zeitschrift fur Allg. Mikrobiol. 1501: 59-61. 

EI-Refai, A.H., Sallam, L.A.R., and Nairn, N. (1976) Enzymic oxidation and reduction of cortisol with 
B. cereus, 1. Gen. Appl. Microbiol. 22: 25-33. 

EI-Shanshoury, A. (1985) Production of antibiotics and plant growth regulators by certain bacteria, 
Ph .D. Thesis, Univ. of Tanta, 224 p. 

EI-Sayed, M.A., Valadan, L.R. and EI-Shanshoury, A. (1987) Biosynthesis and metabolism of 
indole-3-acetic acid in Streptomyces murabilis and Streptomyces atroolivaceus, Microbios 
Lellers (in press) . 

Goodman, J.J., May, M. and Smith, L.L. (1960) 16 a-Hydroxy steroids. VI. A study of the 
microbiological reduction of triamcinolone and related 61.4 -3 ,20-diketones, 1. Bioi. Chem. 
235(4): 965-972. 

Lystrovaya, N.N., Bukar, M.1. and Skryabin, G.K. (1967) Enzymic mechanism of microbiological 
dehydrogenation and reduction of the steroid A ring, Biochem. 3(2): 612-615. 

Marshek, W.J. (1971) Current trends in the microbiological transformation of steroids. In : Hockenhull, 
D.J.D. (ed.) Progress in Industrial Microbiology, Vol. 10, Churchill Livingstone Press, pp. 
49-104. 



262 	 Abd EI-Raheem R. El-Shanshoury et al. 

Nizsei, A. and Szabo, A. (1961) A rapid estimation of prednisolone produced by fermentative oxidation, 
1. Biochem. Microbiol. Technol. Eng. 3(2): 114-123. 

Nairn, N., Sallam, L. and EI-Refai, A. (1978) Some properties of a cell-free cortisol 1 ,2-dehydrogenating 
system from B. cereus, Microbiol. Esp. 3(1-4): 98-100. 

Nonomura, H. (1974) Key for the classification and identification 	of 458 species of streptomycetes 
included in the ISP, 1. Ferm. Technol. 52: 78-92. 

Ohlson, S., Larsson, P.O. and Mosbach, K, (1978) Steroid transformation by activated living 
immobilized Arthobacter simplex Cells, Biotechnol. Bioeng. 20(8): 1267-1284. 

Richter Gedeon Vegyeszeti Gyar (1972) Improved process for the microbiological 1,2-dehydrogenation 
of corticosteroids, RT Pat. 24, 3, 72A, 808170. 

Sallam, L.A.R., EI-Refai, A.H. and Nairn, N. (1974) Thin-layer chromatography of some pregnanes and 
pregnadiens, 1. Gen. Appl. Microbiol. 20: 117-121. 

Sallam, L.A.R., EI-Refai, A.H. and Nairn, N. (1975) Some biochemical aspects of the enzymic 
transformation of cortisol with B. cerellS, Acta Bioi. Med. Germ. 34: 21-26. 

Sallam, L.A.R., EI-Shanshoury, A. and Azab, E. (1987) Hydrolysis and /';,1 -dehydrogenation of 
cortisone-21-acetate by microorganisms, Acta. Microbiol. Polonica (in press). 

Sih, C.J. and Bennett, R.E. (1960) Enzymic dehydrogenation of Steroid A ring, Biochem. Biophys. 
Acta 38: 378-379. 

Sih, c.J. and Bennett, R.E. (1962) Steroid I-dehydrogenase of Nocardia restrictus, Biochem. Biophys. 
Acta 56: 584-592. 

Smith, 	L.L. (1984) Steroids, In: Rehm, H.J. and Reed, J. (eds.) Biotechnology. A Comprehensive 
Treatise, Vol. 6a. Biotransformations. Verlag Chemie Press. Weinheim, Deerfield Beach, 
Florida, Basel, pp. 31-78. 

Sutter, D., Charney, W., O'Neill, P.L., Carvajai, r., Herzog, H.L. and Hershberg, E.B. (1957) 
Microbiological transformation of Steroids. V. Action of several bacterial species on 
4-pregnene-17n:, 21-diol-3, 20-dione, 1. Org. Chem. 22: 578. 

Talalay, P. (1965) Enzymatic mechanism in steroid biochemistry, Ann. Rev. Biochem. 34: 347-380. 

Tsao, P.H., Leben, C. and Keilt, G.W. (1960) An enrichment method for isolating Actinomycetes that 
produce diffusible antifungal antibiotics, Phytopathol. 16: 1134-1136. 

Wellington, E.M.H. and Williams, S.T. (1978) Preservation of Actinomycetes inoculum in frozen 
glyceral, Microbios letters 6: 151-157. 

Williams, S.T., Goodfellow, M., Wellington, E.M.A., Vickin, M.J. and Mortimer, A.M. (1983) A 
propobility matrix for identification of some Streptomyces, 1. Gen. Microbiol. 129: 1815-1830. 

(Received 2710911987; 
in revised form 07/0211988) 



263 Transform ation of Cortisone-21 Acetate with . . . 

db .. I~ ~J~.)~I ~-jJ.. ~ri~1 J~I ~I,.,...>­

~~j\Jj\ ~ .. A~.~' 

i":J- ...JJj)l~ ~ J ~)~I ~Wa.o) ~)I~ 

~f'i~ J ~I~ J 

0.l'W\ ... JiJ\ ... -:..~ <.f'~\ f.).'u. ~.j~\j ~\ ,,:)~\ ~~ ~ 

.ru ... \k;1. W\.-:.:- ... ,.,hl\ ~. ,,:.A~\ ~ 

.\.k...,1~ 0)P;j~1 u~ J-:~ ~ ~ J-A,..JI ~~\.; 6....wlj~ ..:..1 

u~ J-:~ ~ 0\ J-s- 6....w\j..u\ ~~ • ~~)\)~\ ~~;""""I 

J-:~ J~ J-s-i 015) ~jj-l\ ~ ~l; 0)~-L~\ J10)P;j~1 

e-j l1..JI 0j}\ 01 J-s- '-:-"j~1 ~~ Ic-5 ~L., "\. 1..4Irs- ~jro il~~ 
J~I ~ 0)~~ J~ ~i 015) J~\ ~ J ~i )y. ~~ 

°~L.dl J# :.r ~ o· J50 ~jL.6.J\ ~~I :.r ~ r 
~15) 0)P;j~1 u~ r.S; ~j~ 0~\ 0)~-4J:l\ ~ u )~) 

:.r ~ o· J...sJ 0)P;j~1 u~ :.r ~ 0 i\~1 ~ ~L:.:.l1 ~i 

U:-J.H ~)j~ A J-)f.?~'il) ~~'il:.r J5 .u~l tS~i Ic5 o~L.dI.1......) 

J I 0 ('II uJL3.. ~ ° °'il J. - -II ~ L; JI I ",WI.1...... J\0 - .

• ) ~ j..}-"-' ,-:?-r ~ - -.. U- '). 

~ J o~ o~~j J10y.~W\) ~~Y.':!)I .u~l u~f ~ 0)~-L....,JI- . 
.1......) Jl ~l:..Jl uL;y.i ~ .u~l ~~ ~\ I..!.lJJS •~~I 0)~)-L....;:l1 
. ~ 4.1. ~l. o~L· JI .. _.\ \ uL; i .u~1 ~.- J I· . J ·~-Ii ~ 1,.._ I",L.d I
'-:? ~ -j • ~ y. • 'Y i ~ ..r-' - tJ" If 

J o~~j Jl i~lll) j)~...l;ll uL;y.1 :.r :;s .u~1 u~i) 0)~-L....;:l1 ~ 
. -L:.l1 J)\ ~ ~ . ­


