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Abstract

The conversion of pregna-4,9(11)-dienex]Z1-diol-3,20-dione 21-acetatd) @nd 17,21-diacetat&/() by Nocardioides simplex VKM
Ac-2033D was studied. The major metabolites formed ftamere identified as pregna-1,4,9(11)-trienex]Z1-diol-3,20-dione 21-acetate
(1) and pregna-1,4,9(11)-triene-d,21-diol-3,20-dionel(V). Pregna-4,9(11)-diene-&721-diol-3,20-dionel( 1) and pregna-1,4,9(11)-
triene-1%,208,21-triol-3-one ¥) were formed in minorities. Biotransformation products formed f\hwere pregna-1,4,9(11)-triene-
170,21-diol-3,20-dione 17,21-diacetat¥l(), pregna-1,4,9(11)-triene-&721-diol-3,20-dione 21-acetatél), pregna-1,4,9(11)-triene-
170,21-diol-3,20-dione I(v), pregna-1,4,9(11)-triene-&721-diol-3,20-dione 17-acetat&/Kl1), pregna-1,4,9(11)-triene-t&7203,21-
triol-3-one /). The conversion pathways were proposed including 1(2)-dehydrogenation, deacetylddioad@6tion and non-enzymatic
migration of acyl group from position 17 to 21. The conditions providing predominant accumulation of pregna-1,4,9(11)-wi&ieelal-
3,20-dione 21-acetatél) from | and pregna-1,4,9(11)-triene-d,21-diol-3,20-dione 17-acetat€l1) from VI in a short-term biotrans-
formation were determined.
© 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction 1(2)-dehydrogenation of acetylated 9(11)-dehydrosteroids
as one of the stagg4-7].

Microbial 1(2)-dehydrogenation is an important step in ~ Chemical 1(2)-dehydrogenation of 9(11)-dehydro-3-
the organic synthesis of many pharmaceutical steroids. It ketosteroids was accompanied by undesirable spontaneous
was well investigated since the fifties mainly as a basis ring A aromatization which led to ineffective glucocorti-
for commercial production of prednisteroids using a path- coid synthesis. The yields of 1,4,9(11)-triene steroids at the
way starting from androstenedione (AD) being exploited chemical syntheses ranged from 11 to 6&/8]. Therefore,
by pharmaceutical companies still. The active strains with microbial conversion is of special interest.
3-ketosteroid-1(2)-dehydrogenase activity were described Data on microbial conversion of 9(11)-dehydrosteroids
amongArthrobacter, Corynebacterium, Bacillus, and No- are scarcg4,10]. Along with 1(2)-dehydrogenation, en-
cardia [1-3]. zymatic destruction of steroid nucleus by living cells was

Other applications of the process are less investigated.observed and a special heat-drying procedure was applied
One of them is in a pathway of glucocorticoid synthe- towards the living cells to prevent steroid degradation.
sis starting from @-hydroxyandrostenedione (9-OH-AD). The publications on microbial 1(2)-dehydrogenation of
This pathway is an effective method to produce fluorocorti- acetylated steroids are also limited and do not allow to es-
coids (dexamethasone, betamethasone, triamcinolone, etcimate the effect of acetyl substitution on the process. For
and other modern steroids in shorter synthesis. It implies instance, unlike hydrocortisone, its 21-acetate was not de-

hydrogenated microbially at C-[11], while cortexolone
mpondmg author. Tel:7-0967-73-38-35: 21-ac§tate was transfor.med to .prednisone 21-ace_tate and
fax: +7-095-956-33-70. prednisone byvycobacterium globiforme 193[12]. A mix-
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(10%) was converted b&rthrobacter simplex 6946 yielding or Kieselgel 60 Bs4 (Merck, Germany) plates, developed in
a mixture of prednisolone 21-acetate (28%), prednisolone benzene/acetone, 3:1 (v/v), and visualized under UV light
17-acetate (66%), hydrocortisone 21l-acetate (4%), and(254 nm).

prednisolone (2%)13]. The strain of Corynebacterium Mass-spectrometry analysis (MS) was performed using a
simplex converted two of five crystalline forms of cortisone Finnigan MAT-8430 mass-spectrometer (Germany) at 70 eV.
21-acetate to their 1(2)-dehydroanalofjsl]. Therefore, The proton {H) nuclear magnetic resonance (NMR) spec-

based on the literature data, the possibility of effective mi- tra were recorded on a Unity400 (Varian) spectrometer at
crobial production of pregna-1,4,9(11)-trienes from acety- 400 MHz using CD( as a solvent; the CHgkignal in the
lated pregna-4,9(11)-diene substrates was not evident. solvent § 7.24) was used as an internal standard.

High 3-ketosteroid-1(2)-dehydrogenase activity towards
androstenedione, hydrocortisone-Bethylhydrocortisone,

and progesterone was described fanthrobacter globi- 3. Results
formis 193 [15,16], recently re-identified adlocardioides
sp.[17]. 3.1. Bioconversion of pregna-4,9(11)-diene-17w,21-
In this work, we usedNocardioides simplex VKM Ac- diol-3,20-dione 21-acetate
2033D for bioconversion of 21-acetate and 17,21-diacetate
of pregna-4,9(11)-diene-721-diol-3,20-dione. The role of The compoundsl andlV were detected as major metabo-

1(2)-dehydrogenation, deacetylation and32@duction in  |ites during pregna-4,9(11)-diene-d,21-diol-3,20-dione

metabolic pathways of acetylated pregna-4,9(11)-dienes by21_acetatel( conversion byN. simplex (Fig. 1). Based on the

N. simplex was estimated. correspondence of the Rf values and MS AHANMR char-
acteristics to the standards, these compounds were identified

2. Experimental as pregna-1,4,9(11)-triened,21-diol-3,20-dione 21-ace-

' tate and pregna-1,4,9(11)-trieneelZ1-diol-3,20-dione,
respectively Tables 1 and 2 Compoundd |l andV were
fixed in small amounts and identified by MS as pregna-
4,9(11)-diene-1&,21-diol-3,20-dione and pregna-1,4,9(11)-
triene-1&,208,21-triol-3-one, respectively.

The substratel| was actively converted bi. simplex
(Fig. 1). After 28 h of bioconversion no residual substrate

d|0|—3,2b(3[—¢onde% an(:h 'tSD 21—?:chetat¢t ang 1t7,21|\;|d|acetatewas detected in the medium indicating its whole conversion.
were obtained from the Drug Chemistry Center (Moscow). The utilization ofl was accompanied by accumulation of

Other r_eagents were of analytical grade and purchased frompregna-1,4,9(11)-triene-ﬂx?21-diol-3,20-dione 21-acetate
Reakhim (Russia). (I1) as a major bioconversion product. Its concentration

2.1. Materials
2.1.1. Seroids

Pregna-4,9(11)-diene-&721-diol-3,20-dione, its 21-ace-
tate and 17,21-diacetate, pregna-1,4,9(11)-triengZil?

2.2. Microorganisms and cultivation

—-— | o=l 0=l =—IV =V

The bacterial culture dil. simplex VKM Ac-2033D was
obtained from All-Russian Collection of Microorganisms
(VKM IBPM RAS). Cultivation and 3-ketosteroid-1(2)-
dehydrogenase induction were carried out as described
earlier[18].

2.3. Seroid transformation

Steroids, g/l

Steroid transformations were carried out by washed cells
in 750 ml Erlenmeyer flasks containing 100 ml of 0.01 M
phosphate buffer on a rotary shaker (220 rpm;@Bas de- 0 & 7
scribed earlief15]. Steroid substrates (1-5 g/l) were added 0 10 20 30 40 50
in powder form. The substrate/biomass ratio varied from
10:4 to 10:40, w/w (dry weight).

Time, h

Fig. 1. Time course of pregna-4,9(11)-dienexI71-diol-3,20-dione
2.4. Ana]yses 21-acetate conversion By. simplex VKM Ac-2033D. Numeration of ste-
roids: |—pregna-4,9(11)-diene-&721-diol-3,20-dione 21-acetatdi—pr-
. . . egna-1,4,9(11)-triene-&721-diol-3,20-dione 21-acetatd;||—pregna-4,
AIIqUOtS (l_ml) of the conver3|or_1 medium were taken ev- 9(11)-diene-1&,21-diol-3,20-dionej V—pregna-1,4,9(11)-triene-&721-
ery 4 h. Steroids were extracted with ethyl acetate (1.5, V/V), giol-3,20-dione:v—pregna-1,4,9(11)-triene-&7208,21-triol-3-one. Sub-
analyzed by TLC using Silufol UV 254 (Czech Republic) strate concentration—1 g/l; substrate/biomass ratio—1:1 (w/w), pH 7.2.
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Table 1

Identification of the major metabolites of pregna-4,9(11)-diene;AT-diol-3,20-dione 21-acetate conversion Nysimplex VKM Ac-2033D
Compound Rf Characteristics of the major fragmenté, (%)
Pregna-4,9(11)-diene-&721-diol-3,20-dione 21-acetate 1.00 M+386(33),371(19),326(23),285(100),267(47),240(38),227(73),225(82)
Pregna-4,9(11)-diene-&721-diol-3,20-dione 0.64 M+344(55),329(14),326(8),285(100),267(36),240(20),227(83),225(66)
Pregna-1,4,9(11)-triene-&721-diol-3,20-dione 21-acetate 0.85 MT384(51),369(7),324(19),283(38),265(71),238(64),225(100),223(99),121(38)
Pregna-1,4,9(11)-triene-&721-diol-3,20-dione 0.54 M+342(73),324(10),283(40),265(67),225(100),223(74),121(38)

1 0.85 M+384(53),369(11),324(22),383(36),265(69),238(65),225(100),121(38)
v 0.54 M+342(62),324(8),283(52),265(75),225(100),223(86),121(31)

\% 0.25 M+344(12),326(10),265(100),225(10),171(14),143(22),129(26),121(20)
Table 2

Chemical shifts if'H NMR spectra of pregna-4,9(11)-dieneel21-diol-3,20-dione 17,21-diacetate and 21-acetate and their bioconversion pragucts (
ppm)

Compound 1-H 2-H 4-H 11-H C8H3 C%H3; C2H3 17-OAc  21-OAc
Pregna-4,9(11)-diene-&721-diol-3,20-dione 1.1-2.8 5.73d 5.52d 0.62s 1.31s 4.67dd, 4.28dd - -
Pregna-4,9(11)-diene-&721-diol-3,20-dione 21-acetate 1.1-2.8 5.72d 5.53d 0.62s 1.31s 5.06d, 4.82d - 2.15s
Pregna-4,9(11)-diene-&721-diol-3,20-dione 17,21-diacetate 1.1-2.8 5.73d 5.53d 0.68s 1.32s 4.87d, 4.64d 2.08s 2.15s
Pregna-1,4,9(11)-triene-a721-diol-3,20-dione 7.12d 6.16dd 5.95t 5.46d 0.51s 1.32s 4.60d, 4.40d - -
Pregna-1,4,9(11)-triene-&721-diol-3,20-dione 17,21-diacetate 7.17d 6.27dd 6.06t 5.55d 0.71s 1.39s 4.85d, 4.62d 2.04s 2.15s
Pregna-1,4,9(11)-triene-a721-diol-3,20-dione 21-acetate 7.17d 6.26dd 6.05t 5.55d 0.65s 1.38s 5.03d, 4.81d - 2.15s
Pregna-1,4,9(11)-triene-&721-diol-3,20-dione 17-acetate 7.18d 6.28dd 6.07t 5.57d 0.64s 1.40s 4.27s 2.03s

1 7.17d 6.26dd 6.05t 5.55d 0.65s 1.38s 5.03d, 4.81d - 2.15s
Y 7.12d 6.6dd 5.95t 5.46d 0.51s 1.32s 4.60d, 4.40d

VIl 7.17d 6.27dd 6.06t 5.55d 0.71s 1.39s 4.85d, 4.62d 2.04s 2.15s
VIl 7.18d 6.28dd 6.07t 5.57d 0.64s 1.40s 4.27s 2.03s

reached 0.80-0.85¢g/l in 8h and then gradually decreased.
Pregna-1,4,9(11)-triene-&21-diol-3,20-dione 1V) was
detected after 8 h and started to accumulate. The gradual in-
crease of its amount correlated with a subsequent decrease
in the content of pregna-1,4,9(11)-trienee]Z1-diol-3,20-
dione 21-acetatel ). Pregna-4,9(11)-diene-&721-diol-3,
20-dione [I1) was detected in traces since the first hours of
the conversion and its amount did not change notably during
atleast 50 h. Pregna-1,4,9(11)-trienex20B,21-triol-3-one
(V) appeared after 24h and then its content slightly in- 4
creased to 0.08-0.10g/l in 48 h. I
Based on the results obtained, the following pathway of
pregna-4,9(11)-diene-&721-diol-3,20-dione 21-acetaté) (
conversion byN. simplex was proposedHig. 2). The sub-
strate () underwent 1(2)-dehydrogenation forming com-
poundll. In spite the reaction is obviously shifted towards
dehydrogenationl (— |1) the reverse reaction cannot be ex-
cluded since 1-ene-reductase activity was well documented o
for relative organism§19]. m
The appearance of compouht since the first hours
of the conversion allows to propose deacetylation @it

C-21. The similar reaction obviously resulted in the forma- H,OH
tion of compoundV from Il. One can assume interconver- g:
]|

sions of compoundsll and 1V due to possible activities

of 1(2)-dehydrogenase and 1l-ene-reductase. Compgund

seems to be formed frotV as a result of 2B-reduction.

Since neither pregna-4,9(11)-dienex]208,21-triol-3-one, o

nor any acetylated compounds reduced at C-20 were de- v
tected, the compounid/ was assumed as an only substrate Fig. 2. proposed scheme of pregna-4,9(11)-diene2Zdiol-3,20-dione
for 20B-reductase. 21-acetatel{ conversion byN. simplex VKM Ac-2033D.
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Fig. 3. Effect of pH on pregna-4,9(11)-dieneelZ1-diol-3,20-dione Fig. 4. Time course of pregna-4,9(11)-dienexZl-diol-3,20-dione
21-acetatel{ conversion byN. simplex VKM Ac-2033D. 17,21-di-acetate conversion By simplex VKM Ac-2033D. Numeration
of steroids: VI—pregna-4,9(11)-diene-&721-diol-3,20-dione 17,21-di-

acetate; VIl—pregna-1,4,9(11)-triene-&721-diol-3,20-dione 17,21-di-

As shown inFig. 3 pregna-1,4,9(11)-triene-&721-diol-3, acetateV1l1—pregna-1,4,9(11)-triene-&721-diol-3,20-dione 17-acetate;
20-dione 21-acetatell) remained a major product of ”—Fi‘lfiggﬁ‘l'll"‘tv?(ll);; i;i“z_&lp:ﬂl'z(goéj3r20§i°”e Zl-afitegel'\i_tpre-

H H H na-1,4, -triene-v,Z21-d1ol-3,20-dione;V—pregna-1,4, -triene-
pregna-_4,9(11)-d|_ene—ﬂx7_21—d|ol-3,20—d|one 21-acetate) ( g?a,zqs,z(l-tr)iol-&one. Substrate concentraFt)ior?—l gll; (sub)strate/bio-
conversion byN. simplex in a range of pH values from 5.3 mass—1:1, pH 7.2.
to 8.4 with maximum level of 85% reached in 8 h at pH 7.5.

The formation ofl V was enhanced with the increase of pH

confirming expected pH-dependence of 21-deacetylation. 21-diol-3,20-dione, respectively, and also allowed for the

20B-Reduction ofl V was slightly dependent on pHtig. 3). identification of compoun® 111 as pregna-1,4,9(11)-triene-
After the optimization, the yield of acetylated 1(2)-dehy- 17«,21-diol-3,20-dione 17-acetat@ables 2 and B Com-

droanalog (I) of 90% in 8h was achieved at a substrate poundV was found in minorities and identified as pregna-1,
loading dose of 5g/l, a substrate/biomass ratio of 1:1 (w/w) 4,9(11)-triene 1&,208,21-triol-3-one Table 3.

and a pH of 7.2. The total content of by-produdt¥ @nd As shown inFig. 4, the uptake of pregna-4,9(11)-diene-
V, totally) did not exceed 8-10%. 17a,21-diol-3,20-dione 17,21-diacetaté1) by N. simplex

was mostly active during the first 4 h (about 50%0kfwas
3.2. Bioconversion of pregna-4,9(11)-diene-17«, converted). Then, the rate of conversion decreased; only 35%
21-diol-3,20-dione 17,21-diacetate of VI was transformed during the subsequent 44 h.

Pregna-1,4,9(11)-triene-&21-diol-3,20-dione 17,21-di-

At least five metabolites were detected during pregna-4, acetate VI1) accumulated as a major bioconversion prod-
9(11)-diene-1&,21-diol-3,20-dione 17,21-diacetateVI] uct and reached a level of 0.5¢g/l in 8h. At the same
conversion byN. simplex (Fig. 4). MS andH NMR anal- time, pregna-1,4,9(11)-triene-17,21-diol-3,20-dione 17-ace-
yses confirmed the correspondence of compoufids 11, tate VI111) was formed and stabilized after 28 h at a level of
and |V to authentic pregna-1,4,9(11)-trieneelZ1-diol-3, 0.2 g/l. 21-Acetate of pregna-1,4,9(11)-trienex 1 -diol-3,
20-dione 14,21-diacetate, pregna-1,4,9(11)-trienex71- 20-dione (I) was detected after 8 h, and its amount gradually
diol-3,20-dione 21-acetate and pregna-1,4,9(11)-triere-17 increased to 0.25 g/l after 40 h. Pregna-1,4,9(11)-triene-17

Table 3
Identification of the major metabolities of pregna-4,9(11)-diene;2¥-diol-3,20-dione 17,21-diacetate conversionNbysimplex VKM Ac-2033D

Compound Rf Characteristics of the major fragmentg; (%)

Pregna-4,9(11)-diene-&721-diol-3,20-dione 17,21-diacetate  1.00M*428(84),386(54),371(32),326(35),285(90),267(70),240(46),227(85),225(100)
Pregna-1,4,9(11)-triene-&721-diol-3,20-dione 17,21-diacetate  0.86M*426(5),366(20),266(24),265(100),237(12),223(12),157(22),121(20)

Pregna-1,4,9(11)-triene-&721-diol-3,20-dione 21-acetate 0.70 M+384(53),369(11),324(22),383(36),265(69),238(65),225(100),223(99),121(38)
Pregna-1,4,9(11)-triene-&721-diol-3,20-dione 0.38 M*342(73),324(10),283(40),265(67),225(100),223(74),121(38)

VI 0.86 M*426(5),366(14),266(25),265(100),121(20)

VI 0.49 M+384(21),324(25),309(10),293(11),265(100),225(13),223(20),121(18)

I 0.70 M*384(53),369(11),324(22),383(36),265(69),238(65),225(98),223(100),121(32)
v 0.38  M+342(56),324(18),283(78),265(72),225(90),223(74),121(38)

Vv 0.18 M+344(5),326(10),265(100),251(34),237(11),225(9),223(11),121(16)
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Fig. 6. Effect of pH on the non-enzymatic formation of 21-acetate of
Reichstein compound S from 17-acetate of Reichstein compound S.

H,0H
o —— OH
WIOH Reichstein compound S was strongly pH dependeiat ).
As shown, it was slight at pH 5.8, enhanced at pH 7.0,
and full conversion of 17-acetate to 21-acetate of Reich-
stein compound S was observed at pH 8.0. These results
v vV confirmed that formation of compourd from VII1 dur-
ing the bioconversion process Iy simplex can be due to
Fig. 5. Proposed scheme of pregna-4,9(11)-dieng2Tdiol-3,20-dione non-enzymatic acyl group migration.
17,21-diacetate\(l) conversion byN. simplex VKM Ac-2033D. The alternative possibility of compoumbformation from
VIl as well as formation ofV from VIII due to enzymatic
21-diol-3,20-dione I(V) slowly accumulated to 0.13g/l 17a-deacetylationVIl — Il andVIIl — 1V) hardly can
within 48 h. Pregna-1,4,9(11)-triene-d,208,21-triol-3-one be fully excluded in spite of lo-deacetylation of tertiary
(V) was formed in small amounts (less than 0.02 g/l) during acyl group which is energetically and spatially hindered. The
the conversion. further metabolic conversions bif were evidently similar to
Based on the results obtained, the metabolic pathway ofthose described in 3.1. Enzymatic 21-deacetylation forming
pregna-4,9(11)-diene-&721-diol-3,20-dione 17,21-diace- 1V was followed by 2@-reduction.
tate /1) by N. smplex was proposed Hig. 5. The Fig. 7 demonstrates pH dependence of pregna-4,9(11)-
compound VIl was formed fromVI as a result of diene-14,21-diol-3,20-dione 17,21-diacetat€l{ conver-
1(2)-dehydrogenation. Since no deacetylated metabolitession byN. simplex. As shown, the substrat¥ () uptake was
saturated at C-1 were found, the substréte was pro- slightly dependent on pH. Its content decreased almost twice
posed to be an only substrate for 1(2)-dehydrogenaseduring the first bioconversion period. No remarkable influ-
of N. simplex. No evidence of deacetylation of the sub- ence of pH on the accumulation¢t| was observed, whilst
strate Y1) was obtained, while its 1(2)-dehydroanalog the accumulation ofVIIl was definitely pH dependent.
(VI1) obviously underwent deacetylation at C-21 forming Pregna-1,4,9(11)-triene-&721-diol-3,20-dione 17-acetate
pregna-1,4,9(11)-triene-&/21-diol-3,20-dione 17-acetate (VIIl) mainly accumulated at pH 6.2 with a yield of al-
(VIII). Pregna-1,4,9(11)-triene-a&21-diol-3,20-dione 21-  most 90% reached in 50 Irig. 79, while its accumulation
acetatel(l) possibly was formed frod111 by non-enzymatic ~ decreased almost half with the rise of pHd. 7b and &
migration of the acyl group from position 17 to 21. An increase of pH above 7.2 resulted in process shift to-
To confirm a possibility of the acyl group migration, wards the accumulation of pregna-1,4,9(11)-triene;21-
a model experiment was carried out using 17-acetate anddiol-3,20-dione (V) (Fig. 7b and . It exceeded 80% after
21-acetate of Reichstein compound S (pregn-4-ere2ll? 48h at pH 8.0 Fig. 79. At the same pH, the reduction at
diol-3,20-dione). These compounds were incubated in the C-20 was activated resulting in the increase of compo¥ind
transformation medium at the conditions used for bio- content.
conversion, but without microbial cells. No transforma- By the optimization experiments, 17-acetate of pregna-
tion occurred with 21-acetate of Reichstein compound 1,4,9(11)-triene-1&,21-diol-3,20-dione VYIII) vyielded
S, while 17-acetate was converted to 21-acetate confirm-90% from pregna-4,9(11)-diene-d,21-diol-3,20-dione
ing non-enzymatic acyl migration at the conditions used. 17,21-diacetate {I) by N. simplex in 20h of transfor-
Expectedly, the non-enzymatic conversion of 17-acetate mation, at a substrate loading dose of 5g/l, a substrate/
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Fig. 7. Effect of pH on pregna-4,9(11)-dieneelZ1-diol-3,20-dione
17,21-diacetateMl) conversion byN. simplex VKM Ac-2033D. Substrate
concentration—1 g/l; substrate/biomass ratio—1:2 (w/w); (a) pH 6.2; (b)
pH 7.2; (c) pH 8.0.

biomass ratio 1:4 (w/w), and a pH of 6.0. Under
these conditions, the total content of other products,
pregna-1,4,9(11)-triene-&721-diol-3,20-dione 1(V) and
pregna-1,4,9(11)-triene-&208,21-triol-3-one ¥) did not
exceed 7-10%.

4, Discussion

Current interest in the synthesis of 1,4,9(11)-triene
steroids is explained by their importance in corticos-
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pregna-1,4,9(11)-triene-&721-diol-3,20-dione 21-acetate
from 3B-acetoxy-pregna-9(11),16-dien-20-one included
seven stages and yielded 9-11% of the goal profRict

In another procedure, chemical dehydrogenation af,16
17-epoxy-1@-methyl-5x-pregn-9(11)-ene-3,20-dione gave
63% of 1Gx,17-epoxy-1@-methylpregna-1,4,9(11)-triene-
3,20-dione[8]. Within the context of this paper, biocon-
version looks more attractive because by udigimplex
VKM Ac-2033D, 1(2)-dehydrogenated analogs of pregna-
4,9(11)-diene-1&,21-diol-3,20-dione acetylated derivatives
were obtained in single step without any special pretreat-
ment of the biomass.

The substratesl (and VI) were fully converted byN.
simplex. 1(2)-Dehydrogenation was a major bioconver-
sion process resulting in effective formation of pregna-1,4,
9(11)-triene compounds. The rate of 1(2)-dehydrogenation
of acetylated substrated (and VI) exceeded that of
deacetylation and resulted in predominant formation of
acetylated pregna-1,4,9(11)-trieneadZ1-diol-3,20-diones
at the early transformation stage. Almost 90% and over
55-60% molar yield of 21-acetate and 17,21-diacetate
of pregna-1,4,9(11)-triene-t721-diol-3,20-dione I and
V11), respectively, were obtained in 8 h.

Along with 1(2)-dehydrogenase activity, esterase and
20B-reductase activities di. simplex were observed. Es-
terases seem to be responsible for deacetylation in position
21. Evidently, these enzyme(s) showed more affinity to-
wards 1(2)-dehydrogenated compounds as compared with
1(2)-saturated steroids. Introduction of the second acetyl
group at position 17 affected the rate of deacetylation and
lead to a more complicated metabolic pathwdayg( 5).
Acetyl group in position 21 obviously is a good target for
esterase attack due to its energetic and spatial proximity
compared to tertiary tacetyl group. As a result, the
21-hydroxy compound\l11) is formed.

The most questionable point is the possibility of enzy-
matic 1#&-deacetylation of 17,21-diacetate of pregna-1,4,9
(11)-triene-1'4,21-diol-3,20-dioneY|1) forming 21-acetate
of pregna-1,4,9(11)-triene-&721-diol-3,20-dione I() and
17-acetate of pregna-1,4,9(11)-trienex]Z1-diol-3,20-di-
one {III) forming pregna-1,4,9(11)-triene-&21-diol-3,
20-dione (V). The ability to hydrolize tertiary 1¥-acetate
of C-21 steroids and PBracetate of C-19 steroids was re-
ported for Flavobacterium dehydrogenans [2]. No other
evidence of microbial l¥-deacetylation of diacetate,
or three-enol-acetates of steroids was found in the lit-
erature. Primary and secondary steroid acylates under-
went enzymatic hydrolysis, but not tertiary functions
[20,21]

The compound! can be formed fronVlll as a result of
non-enzymatic migration of acetyl group from position 17
to position 21. The formation of prednisolone 21-acetate at
the conversion of hydrocortisone 17-acetateAysimplex
6946 was documented without any explanati¢h3]. No
deacetylation at position 17 was registered in this work.

teroid chemistry. Stereoselective chemical synthesis of The suggestion is in good correspondence with our results
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obtained on the non-enzymatic formation of 21-acetate of [g] Cirlo GM, Jorge RL, Pedro JIN. Synthesis ariH and '3C
Reichstein compound S at the incubation of its 17-acetate ~ nuclear magnetic resonance of 16-methylene-fiydroxypregna-
without microbial cells 1,4,9(11)-triene-3,20-dione. Steroids 1993;58:396-9.

. [9] Castro NM, Ruiz JA. Synthesis of &721-dihydroxy-pregna-1,4,
As aresult of step-by-step deacetylation, pregna-1,4,9(11)- 9(11)-triene3,20-dione 21-acetate. Rev CENIC Cienc Quim

triene-1&,21-diol-3,20-dione IV) became the major in- 1994-1995;25-26(1-3):9-12.
termediate in pregna-4,9(11)-dieneedZ1-diol-3,20-dione [10] Wolf HJ, Kominek LA. Improved steroid-1-dehydrogenation using
17,21-diacetate\(|) bioconversion, y|e|d|ng over 80% at heat-dried bacterial cells. In: Laskin Al, Tsao GT, Wingard LB,

pH of 7.0 during 72h of incubation at biomass/substrate editors. Journal of Enzyme Engineering, vol. 7. New York. Ann NY
ratio 21 Acad Sci 1984;434:106-9.

. . [11] Schmauder HP, Schlosser D, Gunther T, Hattenbach A, Sanerstein
Therefore, the strain dil. smplex VKM Ac-2033D has J, Jungnickel F, et al. Application of immobilized cells for
been shown to effectively convert acetylated 9(11)-dehydro- biotransformations of steroids. J Basic Microbiol 1991;31(6):453-77.
3-ketosteroids to their 1(2)-dehydroderivatives during short- [12] Koshcheyenko KA, Borman EA, Baklashova TG. Dehydrogenation
term transformation period. Both 2l-acetate, and 17, of cortisone acetate to prednisone acetate by the culture

. . . . of Mycobacterium globiforme 193. Prikl Biokhim Mikrobiol
21-diacetate of pregna-4,9(11)-dienexJZ1-diol-3,20-dione 1974:10(3):376-84.

can be recommended as substrates for 1(2)-dehydrogenatiofi 3] spassov G, Krutzfeldt R, Sheldrick WS, Wania W, Viahov R,
by N. simplexin the commercial production of 9-halogenated Snatzke G. Crystallographic monitoring of microbiological steroid
steroids. transformations. Eur J Appl Microbiol Biotechnol 1983;17:80-4.
[14] Catroux Y, Fournier J, Blachere H. Importance de la forme
crystalline d’acetate de cortisone pour la dehydrogenation en C-1
par Arthrobacter simplex. Can J Biochem 1968;46:537—-42.
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