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Abstract

The conversion of 21-acetoxy-pregna-4(5),9(11),16(17)-triene-21-o0l-3,20-dipry (Nocardioides simpleXKM Ac-2033D was
studied purposed selective production of its 1(2)-dehydroanalogues—value precursors in the synthesis of modern glucocorticoids starting
from 9a-hydroxyandrostenes. 21-Acetoxy-pregna-1(2),4(5),9(11),16(17)-tetraene-21-ol-3,20igmegna-4(5),9(11),16(17)-triene-
21-0l-3,20-dionel(1) and pregna-1(2),4(5),9(11),16(17)-tetraene-21-0l-3,20-dibripviere revealed as metabolites, and the structures
were confirmed by mass spectrometry &Hchuclear magnetic resonance (NMR) spectroscopy. The metabolic pathwaygfsimplex
included 1(2)-dehydrogenation and deacetylation. The sequence of the reactions was shown to depend on the transformation conditions.
The presence of both soluble and membrane associated steroid esteMsgimiplexwas demonstrated using cell fractionation. Unlike
inducible 1(2)-dehydrogenase, steroid esterase was shown to be constitutive. The conditions providing selective accurhufedgion of
I by wholeN. simplexcells were determined.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction Protection of functional groups by means of acetyl sub-
stitution is widespread in the art. A further synthesis can

At present, 1(2)-unsaturated 3-ketosteroids with 16(17)- include deacetylation. In this connection, study of micro-
double bond as well as derivatives withod, & 7a-epoxy— and bial deacetylation in correlation with other steroid trans-
17a-OH- groups are of great importance as immediate forming activities of microorganisms is of special interest.
precursors in modern syntheses of-fuorocorticoids: However, literature data on the properties of microbial
dexamethasone, betamethasone, k. The presence of  steroid esterases and the features of deacetylation by
9(11)-double bond in the precursor molecule facilitates 1(2)-dehydrogenating cultures are contradictory and limited
their obtaining. As shown, chemical dehydrogenation of [5-8].
9(11)-dehydro-3-ketosteroids was accompanied by unde- A strain of Nocardioides simpleX’KM Ac-2033D was
sirable spontaneous ring A aromatisation leading to inef- shown to express high 1(2)-dehydrogenase activity towards
fective glucocorticoid productiorf2,3]. Thus, microbial 3-ketosteroidg49]. In the recent work, we have reported an
1(2)-dehydrogenation is of special significance. effective 1(2)-dehydrogenation of mono- and diacetylated

Data on bioconversion of acetylated 9(11)-dehydrosteroidspregna-4(5),9(11)-diene-&721-diol-3,20-diones by this
with 16(17)-double bond are scar¢4]. Microbial 1(2)- organism[10]. Microbial 1(2)-dehydrogenation was accom-
dehydrogenation of pregna-4(5),9(11),16(17)-trienes was panied by deacetylation with the formation of respective
not investigated so far. hydroxysteroids.

It was of interest to find out whether the introduction
of 16(17)-double bond in 21-acetylated 4(5),9(11)-diene

_— _ _ steroid would influence 1(2)-dehydrogenation and deacety-
faxch;r_%zg?ggg gigg‘lor' Tek+7-0967-73-38-35/07-36; lation by N. simplex In order to explore full biocatalytic
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donova@ibpm.pushchino.ru (M.V. Donova). tionship in respect to acetylated 9(11)-dehydrosteroids, the
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conversion of 21-acetoxy-pregna-4(5),9(11),16(17)-triene- 30°C) as described earlig0]. Steroid substraté (1 g/l)

21-0l-3,20-dione I) was investigated. The biotransforma- was added as a fine powder. The biomass varied from 33 to

tion of similar triene steroids has never been studied so far. 330 mg/I (dry weight). Steroid transformations by cell frac-
tions were carried out in 10 ml test tubes a80on a rotary
shaker (220 rpm). The reaction medium contained: 0.01 M

2. Materials and methods sodium phosphate buffer (adjusted to a final reaction volume
of 5ml), substraté (1 g/l), MCD—7.1 g/l and one of the fol-
2.1. Microorganism and cultivation lowing components: F1, 2Q0; F2 suspension, 2 ml; or F3,

3.8 ml. In some experiments, PMS (0.4 mg/ml) was added.

N. simplexVKM Ac-2033D was obtained from All-
Russian Collection of Microorganisms (VKM RAS). If not 3 5 Analyses
otherwise mentioned, cultivation and 3-ketosteroid-1(2)-
dehydrogenase induction were carried out as described  gieroids were extracted with ethyl acetate (1:5, viv). The
earlier[10]. In some experiments, hydrocortisone (0.29/l) aytracts were applied to Kieselgel 254 (Merck, Germany)
was used as an inducer added as an ethanol solution (20 g/l)q, sorbiil UV 254 (Russia) TLC plates, developed in ben-
After the cultivation for 20-24 h, biomass was separated by zene/acetone (3:1, viv) and visualised under the UV light

centrifugation at 700k g for 15min, washed twice with (254 3m). Metabolites were isolated by preparative TLC.
0.01 M sodium phosphate buffer (pH 7.2), and used for the * \j555-spectrometry analysis (MS) was carried out using

bioconversion as described in 2.4. In some experiments,a,:mmgan MAT-8430 mass-spectrometer (Germany) by di-
chloramphenicol (3f.g/ml) was used as a protein synthesis |qct inlet with ionisation energy of 70eV.
inhibitor. The proton {H) nuclear magnetic resonance (NMR) spec-
tra were recorded on a Unity 400 (Varian) spectrometer
2.2. Reagents at 400 MHz using CDGl as a solvent. The signal of CHZI
traces in the solvend (7.24) was used as an internal standard.
21-Acetoxy-pregna-4(5),9(11),16(17)-triene-21-0l-3,20-
dione () was obtained from Drug Chemistry Centre
(Moscow), cortisone 21-acetate from Akrikhin (Russia).
Hydrocortisone was purchased from Russel Uclaf (France),
randomly methylate@-cyclodextrin (MCD) from Wacker
Chemie (Germany), phenazine metasulphate (PMS) from
“Calbiochem” (Switzerland). Other materials were of reage-

: ; . Three major metabolites dfby N. simplexwere revealed
nt grade and purchased from domestic companies (Russla)in this work upon examination by TLC (compounids 11

IV with R¢-values: 0.861, 0.778 and 0.563, respectively).
The MS ofl was characterised by a low signal of molec-
] ular ion M™ 368 from which partly methyl and acetic acid
All steps were performed at°€. The biomass was sep-  fnctions were readily detached. The formation of fragment
arated by centrifuge at 7000 g for 15min, and washed  \ith m/z 295 was explained bg-rupture of C—C linkage
twice with 0.01 M sodium phosphate buffer (pH 7.2). Frozen 5t c.20 in a five-membered D-ring. MS bf (M* 366) re-
(=70°C) cells (1.98 g wet weight) were disrupted by a sin- peated fragmentation ofwith the major molecular ions re-
gle passage through French press, re-suspended in 250 Myyced in 2 unitsifvz 351, 306, 291, 263). Detection of ion
of 0.01M sodium phosphate buffer (pH 7.2). Cell debris ith vz 121 directly indicated 1(2)-double bond appearance

3. Results

3.1. Identification of metabolites

2.3. Cell fractionation

was separated by centrifugation at 1000@ for 15min i the A-ring. The presence of 1(2)-double bond determined
thus obtaining fraction F1. The 10 000g supernatant was g fficient energetic molecule stability.
fractionated at 105008 g for 40 min. The 105000« ¢ The MS ofll1 indicated the absence of acetyl group in

residue (F2) containing membrane fragments was separated, whole structure. The separation of both methyl group and
and re-suspended in 20 ml of sodium phosphgte buffer (PH 31-unit fragment (either —OGHor —CHOH) from molec-
7.2). The 105000« g supernatant (F3) contained cytosol jar ion M+ 326 was supposed. Separated component of

and solubilized membrane fragments. “_CH,OH?” structure was more evident fokl meaning pos-
sible microbial hydrolysis of acetate grouplinMS of 1V

2.4. Transformation of by washed whole cells and cell with M* 324 having fragmentation df | differed from the

fractions (F1, F2 and F3) latter by molecular ion withm/z 121 indicating 1(2)-double
bond in A-ring.

Steroid transformations by washed whole cells were car- Based on MS andH NMR data ables 1 and R
ried out in 750 ml Erlenmeyer flasks containing 100 ml of the metabolites were identified as 21-acetoxy-pregna-
0.01 M sodium phosphate buffer on a rotary shaker (220 rpm, 1(2),4(5),9(11),16(17)-tetraene-21-0l-3,20-diohB (m.w.
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Identification of the metabolites df conversion byN. simplexVKM Ac-2033D

Compound R Characteristics of the major fragments/z (%)
21-Acetoxy-pregna-4(5),9(11), 1.00 Mt 368 (4), 353 (18), 308 (100), 295 (33), 293 (48), 265 (12), 203 (10), 185 (30), 143
16(17)-triene-21-ol-3,20-diond )( (21), 129 (20), 115 (15), 105 (22)

I 0.861 M" 366 (100), 351 (24), 306 (49), 293 (38), 291 (35), 278 (24), 263 (33), 185 (25), 143
(18), 129 (22), 128 (27), 121 (20), 115 (22), 105 (17)

11 0.778 M" 326 (63), 311 (100), 295 (82), 267 (8), 225 (9), 203 (12), 185 (12), 143 (13), 129
(14), 115 (12), 105 (17)

v 0.563 M" 324 (100), 309 (55), 293 (70), 265 (18), 223 (13), 201 (10), 200 (13), 185 (15), 143
(21), 129 (29), 128 (33), 121 (21), 115 (34), 105 (25)

366), pregna-4(5),9(11),16(17)-triene-21-0l-3,20-dione activities of N. simplexwas studied. No significant differ-

(111) (m.w. 326) and pregna-1(2),4(5),9(11),16(17)-tetraene
21-0l-3,20-dione (V) (m.w. 324).

3.2. Bioconversion of by whole cells

As shown inFig. 1a compoundlll was formed as a
major metabolite offi reached 40% for 5h of incubation
of I with N. simplexwhole cells. Its further decrease was
accompanied by the increase in the conterivafSubstrate
(1) fully converted during 20 h.

To intensify bioconversion, the medium was supple-
mented with modified3-cyclodextrin, MCD. As shown in
Fig. 1b substratel( was fully converted for 2.5 h of incu-
bation. Along withl 11 andlV, the metabolitél was formed
reached 75% for 1 h and then decreased. The decredke of
correlated with accumulation divV yielding 90% for 5h.
The level ofl Il did not exceed 10%.

Based on the results obtained, two pathwayk fnver-
sions byN. simplexwere supposedrH{g. 2). The deacety-
lated 1(2)-dehydroderivativel{) can be formed either
by substrate deacetylation tdl followed by its further
1(2)-dehydrogenation (pathway— [l — V) or by a for-
mer 1(2)-dehydrogenation ofto |1 followed by deacetyla-
tion of Il (pathwayl — Il — 1V). Evidently, the pathway
| — Il — 1V dominated in case of the absence of MCD,
while MCD addition stimulated a pathwdy— Il — V.

3.3. Influence of induction on bioconversionloby
whole cells

The influence of inducing effect of hydrocortisone and

- ences were observed in the rate of formation or yield bf
Both compounds induced preferably 1(2)-dehydrogenase
that confirmed by increased accumulation lof

Non-induced cells convertedpreferably tolll. Its con-
tent reached 40% for 1 h of incubation. The compouihd
was detected in small amounts'§%) demonstrating low
1(2)-dehydrogenase activity towartls The following de-
crease in the content ¢fl was accompanied by accumu-
lation of compoundV reached 85% for 5h of conversion.
The latter evidently indicated rise of 1(2)-dehydrogenase ac-
tivity towardsl 11 due to its possible induction Byl formed
and/or preferable affinity ofll as compared with for the
enzyme.

Both induced and non-induced cells formdd from I,
thus expressed esterase activitalfle 3. Neither inducer,
nor chloramphenicol influenced the deacetylatiorX 111).
Unlike non-induced, induced washed cells actively formed
Il from | after the substrate additiofigble 3 var. 1 and 2).
The shortening of the induction time from 24 to 7 h resulted
in some decrease in the accumulation rate and yield .of
An addition of protein synthesis inhibitor—chloramphenicol
inhibited 1(2)-dehydrogenase activity—nb was formed
in var. 3 during at least 40 min df conversion. Interest-
ingly, small amounts ofV were detected after 6h incu-
bation in the presence of chloramphenicol showing slight
1(2)-dehydrogenase activity towarid$ (Table 3 var. 3). At
the use of non-induced cell34gble 3 var. 4) compound|
was fixed after 2.5 h of the conversion, thus indicating pos-
sible inducing effect of on 1(2)-dehydrogenase. The as-
sumption is in accordance with the fact that no formation of
Il was observed at the addition of chloramphenicol to the

cortisone 21-acetate on 1(2)-dehydrogenase and esterasgon-induced cellsTable 3 var. 5).

Table 2

Chemical shifts intH NMR spectra ofl and its metabolitess( ppm)

Compound  1-H 2-H 4-H 11-H 16-H ¥H; CWPH; C2HaHB 21-0COCH

| - - 5.73d (1.8) 5.53dt (5.9, 1.9) 6.76dd (3.5, 2.0) 0.87s  1.34s  4.90d, 5.03d (16.0) 2.17s

1 7.19d 6.25dd 6.04t (1.7) 5.53dt (6.0, 2.0) 6.74dd (3.3, 2.0) 0.89s 1.40s 4.87d, 5.01d (16.2) 2.15s
(10.2) (10.2, 1.7)

11 - - 5.74d (1.7) 5.54dt (5.8, 1.9) 6.76dd (3.5, 2.0) 0.88s 1.35s  4.42d, 4.52d (17.8) -

v 7.20d 6.27dd 6.06t (1.7) 5.56dt (6.0, 2.0) 6.74dd (3.4,1.8) 0.91s  1.42s  4.42d, 451d (17.5) -
(10.2) (10.2, 1.7)
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7] Thus, the results confirmed inducibility of 1(2)-dehydro-
201 genase and constitutive character of steroid esterase(s). Sur-
o prisingly, no formation of | was observed at the incubation
. of non-induced cells with in the absence of MCDrg@ble 3
6 1 2 3 45 6 7 8 9 var. 6). Probably, induction of 1(2)-dehydrogenase system
) Time, hours was hindered in the absence of MCD.

Fig. 1. Time course of conversion by whole induced cell$. simplex Since cortisone acetate induced 1(2_)-dehydrogenase, but

without MCD (a) and in the presence of MCD (b, c). Numeration of NOt esterase, we proposed the regulation of the process se-

steroids is as in the text. Substrate concentration, 1 g/l; biomass: 330 mg/mllectivity by biomass. As followed fronfrig. 1c (compared

(a, b) and 50 mg/ml (c). to Fig. 1b), decrease of biomass from 330 to 50 g/l resulted
in the accumulation dfl as a major metabolite yielded 85%

Table 3
Influence of induced and non-inducétl simplexcells onl conversion
Variants Content (%) of compounds, |11 and 1V for
20 min 40 min 2.5h 6h
I Il AV 11 v ol Il v 1l I v
Induced cells
1. Induction during 24 h 40 5 8 62 10 16 8 10 70 0 0 88
2. Induction during 7h 10 6 5 20 8 8 30 12 15 9 7 72
3. Induction during 7 h in the presence of chloramphenicol 0 5 0 0 8 0 6 40 7 6 20 62
Non-induced cells
4. Bioconversion medium with MCD 0 6 0 0 10 0 6 40 8 4 16 67
5. Bioconversion medium with MCD and chloramphenicol 0 6 0 0 11 0 0 57 0 0 69 5

6. Bioconversion medium without MCD 0 6 0 0 11 0 0 60 0 0 67 5
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presence of MCD. Substrate concentration: 1g/l; biomass of Rh/l; biomass of FZ 500 mg/ml.

for 9h and the decrease of the formation of deacetylated carried out as a control experiment. The substtateg/l)

derivativelll.
3.4. Bioconversion of by cell fractions

The fractions oNN. simplexF1 contained mostly disrupted

cells, F2 comprised of membrane fragments, and cytosol F3

were obtained as described in Methods.

As showed inFig. 3(al) and (b1)during the incubation
of | with F1 or F2, metabolitel, I11 andlV were formed.
The content of | reached 35 and 10% for 1 h, respectively.

1(2)-Dehydrogenation df by F1 or F2 fractions was se-
lectively stimulated in the presence of artificial electron ac-
ceptor, PMS Fig. 3(a2) and (b3) After 1 h of incubation,
85 and 65% ol l, respectively, were accumulated. No for-
mation ofl 11 in detectable amounts was fixed. At the further
incubation the formation diV was observed correlated with
decrease in the content df. Without PMS, F3 transformed
I mostly tolll (Fig. 49. No formation ofl| was observed,
while IV was detected in small amounts indicating slight
1(2)-dehydrogenase activity towarts.

The 1(2)-dehydrogenase activity of F3 towardsvas
slightly affected by PMS: about 5% ¢f was revealed af-
ter 5.5h. PMS seemed to facilitate the formation |df
reached 80% in 22 H{g. 4b). The conversion of by whole
cells (33 mg/ml) in the presence of PMS (p.g/ml) was

was fully converted for 5.5h with the yield of acetylated
1(2)-dehydroderivativel () reached 92% and the content of
IV: <5-7%.

The results indicated the presence of both soluble and
membrane associated steroid esterasés simplex

4, Discussion

In our recent publication, conversion of 21-acetate and
17,21-diacetate of pregna-4(5),9(11)-diene.Pa-diol-
3,20-dione byN. simplexwas studied[10]. Along with
1(2)-dehydrogenation, deacetylation and gZ@duction
reactions were observed.

As follows from the present study, introduction of 16(17)-
-double bond into the structure of 21-acetate 9(11)-dehydro-
steroid (with corresponding elimination of ¢¥OH group)
promoted conversion by. simplex Substrate 1) fully
transformed during 20 h in the absence of MCD, while in-
sufficient conversion of the corresponding 16(17)-saturated
acetylated steroid—21-acetate of pregna-4(5),9(11)-diene-
17a,21-diol-3,20-dione—was observed at the same condi-
tions [unpublished data]. MCD supplement considerably
enhanced bioconversions in both cases, and again,
the transformation rate of 16(17)-dehydro steroid (
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compared withl. Similar tendencies were observed earlier
for 16(17)-saturated steroid analogy#8].
I Well-known inducibility of steroid 1(2)-dehydrogenase
was confirmed in the present work. The presence of acetyl
group in inducer did not influence the conversionloin
80 - addition to cortisone acetate and hydrocortisone, subdtrate
expressed inducing effect on 1(2)-dehydrogenase. The slight
1(2)-dehydrogenase activity towardld expressed in the
presence of chloramphenicol can be attributed to the pos-
sible presence of constitutive 1(2)-dehydrogenase isoforms.
The existence of few 1(2)-dehydrogenase isoenzymes was
shown for relative organisnid1,12]
20 ~ Unlike 1(2)-dehydrogenase, steroid esterases demon-
strated a constitutive character. Deacetylation was influ-
0 - & L enced neither by inducer, nor protein synthesis inhibitor.
. . . . . . . Interestingly, in contrast to 1(2)-dehydrogenation, deacety-
@) 0 1 2 3 4 5 6 lation process did not stimulated by MCD. Thus, decrease
of biomass at the conversion dfby induced cells in the

100 ~ presence of MCD allowed almost selective production of
acetylated 1(2)-dehydroanalogué)(
80 - Expectedly, cell fractionation showed 1(2)-dehydrogenase
mostly associated with cell membrane and stimulated by ex-
60 ogenous artificial electron acceptor—PMS. The results are in
accordance with current imagination on 1(2)-dehydrogenase
40 - localisation in bacterial cellgl2].

Esterase activity towardsand|l was found both in cy-
tosol and membrane fractions as indicated by the forma-
tion of I11 andlV, respectively. The localisation of steroid
esterases iMNocardioidesor relative organisms was hith-
erto unreported, while exogenous and endogenous steroid

- - - - - ' - esterases of other microbial groups were describh@dl 4]

2 3 4 5 6 The results allow to recommend microbial conversion
(b) Time, hours of | by N. simplexfor selective production of 21-acetoxy-
pregna-1(2),4(5),9(11),16(17)-tetraene-21-o0l-3,20-dione—
an immediate precursor in the synthesis of fluorocorticoids.

Pt

<

100 ~

(o2}
o
1

40 -

Steroids, %

Steroids, %

20 A

o
—_

Fig. 4. Time course of conversion by cell fraction F3 without PMS (a)
and with PMS (b) in the presence of MCD. Substrate concentration: 1 g/l;
biomass of F3x 1g/l.
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