Acta Pharmaceutica Turcica
47: 131 - 141 (2005)

Stability of the steroid A'- dehydrogenation system of Rhodococcus sp
DSM 92-344 in organic solvent water two liquid phase environment

Nehad Z. Adham” Ibrahim S. Abd —FElsalam and Mona S. Shafei

Chemistry of Natural and Microbial Products Department, National Research Center, Dokki, Cairo,
Egypt ‘ :

Abstract

The stability of A'- dehydrogenation system of Rhodococcus sp. in organic solvent aqueous two liquid
phase environments has been studied. A number of water-miscible or immiscible solvents has been
examined, water immiscible organic solvents have been found superior. Solvents with high log P values
such as hexane, toluene gave much higher conversions. The study emphasizes that 20 % solvent
concentration was favorable for an increase in productivity which results from an increase in the
accumulation of product (prednisolone) in using both n-hexane and toluene.

The optimal reaction time which gave maximum conversion yield was 18 h for n-hexane and 24 h for
toluene. 58 % of the added substrate (20mg/100ml) has been converted to prenisolone using n-hexane or
toluene, increase substrate concentration reduced prednisolone yield which was more significant in using
n-hexane as organic phase. Inoculum size displayed great effect on prednisolone yield, at high substrate
concentration (80 mg/100 ml) on increasing biomass 3 fold prednisolone productivity increase from 11 to
27.7 using toluene as organic phase.

Keywords: Steroid A'- dehydrogenation, Rkodococcus sp., Organic solvent, two liquid phase
bioctalysis. ' .

Introduction

The A-dehydrogenation of hydrocortisone by Rhodococcus sp is being used as a model to study
- the effects of organic solvents on microbial aqueous two liquid phase environments. Aqueous
steroid bioconversion system very often lead to low productivity levels, mainly because of the .
low solubility (10*-10 ) and toxicity of these substrate in aqueous media (Riva, 1991; Oda et
al., 2001) :

Conventional approaches to minimize mass transfer limitation include the use of micronized
substrates (Kutney e al., 1999; Redikultsev et al., 1995) and the feeding of substrates in the
form of saturated solutions in water-miscible solvents such as methanol (Berrie et al., 1999)
acetone (Srivastava and Palil, 1995) ethanol (Adham ef al., 2002). The amount of co-solvent
added usually has to be kept below 1.5-5 % (v/v).

A more radical approach to cope with the low water solubility of steroid-like compounds has
been the use in bioconversion medium of a water immiscible organic phases as substrate carrier
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and for in —situ product recovery (Mahato and Mukherjee, 1984;‘\“Mahato and Garai, 1997; Leon
et al., 1998; Angelova and Schmauder, 1999 and Gruz ez al., 2001).

The use of water —immiscible organic solvents offers several potential advantages in
biocatalysis such as the possibility of operating at high substrate and product concentrations
whilst avoiding product and substrate inhibition. There are also a number of disadvantages,
such as the need for adequate mass transfere between the two liquid phases and catalyst
inactivation by the organic phase (Hocknull and Lily 1990; Van Sonsbek et al., 1993; Geen et
al., 1988; Hocknull and Lilly 1987; Ramelmeier and Blanch, 1989).

Jaane et al., (1985) proposed that " activity retention” of biocatalysts in organic solvent-water
two liquid phase environments is related to the logarithm of the partition coefficient (log P) of
the organic solvent. They concluded that activity retention was low in solvents of log P<2 and
high only in solvents of log P>4 solvents of log P in the range 2-4 may be used but authors
suggest that harmful effect may result.

Microbial A'-dehydrogentation is usually performed with whole cells, since this is a co-factor —
dependent reaction the continuous regeneration of the necessary co-factor is ordinary
accomplished by the active cell machinery (Fernandes et al., 2003).

Activity retentions are essentially productivity measurements and thus give little information
about the stability of the biocatalyst in the two-liquid phase environments.

Therefore, it is important to assess the intrinsic stability of the tested microorganisms with
respect to solvents, and the optimum conditions at which the maximum A'-dehydrogentation
was carried out.

Materials and Methods

Microorganism
The experimental bacterium used in this study (Nocardia sp.) was deposited under the number
92-344 at the DSM (FRG) and identified as an isolate of Rhodococcus sp Sallam et al., (1995).

Chemicals

Cortical (hydrocortisone), prednisolone (authentic), were obtained from Sigma Chemicals
Company. All chemicals used in the present investigation were of fine analytical grade obtained
from Merck.

Cultivation

Rhodococcus was cultivated in 500 ml shaking flask containing 200 ml of growth medium with
200 rpm orbital shaking at 30°C. The growth medium contained 3 gL beef extract, 5 gL’
peptone, 10 gL glucose in distilled water (Sallam et al., 1995). Growth of the culture
proceeded for 48 h, the cells were harvested by centrifugation and washed with four times their
volume of reaction medium, used directly as a wet cell (2g /100 ml). Reaction medium was
composed of 0.25 % dextrose in 50 mM phosphate buffer, pH 7.4.

Dehydrogenation in the presence of organic solvents.

Cell cake (standard inoculum of wet cell) was resuspended in reaction medium in a 250 ml
stoppered flask, organic solvents containing cortisol 0.1 gL (unless otherwise stated) was
added to the flask, agitation was at 200 rpm in an orbital shaking incubator at 30°C, samples of
both phases were removed for assay.
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Assessment of the effect of organic solvents

Aliquots (25 ml) from previously prepared culture were contacted by shaking with an equal
volume of organic solvent for 0, 2, 5, 10 and 15 min. After the appropriate time the flasks
contents were harvested and washed. The wet cell obtained was resuspended in 25 ml of
reaction medium containing 2.5 mg cortisol slurried in 1 ml 0.01 % Tween 80. The flasks were
agitated for 18 h and assayed for product levels. The ability of solvent treated cells to transform
the particulate steroid was compared with an aqueous control which had not been contacted
with the solvent.

Analysis of steroid conversion

At the end of the transformation. period, aqueous samples were extracted and treated to give a
semisolid residue "test material" (Naim et al, 2002; Sallam et al., 1995). Organic solvent
samples were removed and filtered through 0.45 pm filters before evaporation, (test material).

The test materials were identified using high-pressure liquid chromatography (HPLC)
(Kloosterman and Lilly, 1984), in which 1 ml of the previously extracted sample containing the
steroids was mixed with 1 ml methylene chloride, vortexed for 1 min., and.the steroid allowed
to separate. A 10 ul sample of the methylene chloride phase was injected into an HPLC, using
a lichrosorb Si-605- um column, methylene chloride as a mobile phase containing 5%
methanol and 0.55 % acetic acid, 1 ml/min flow rate and UV detector at 254 nm.

Table 1 Effect of various water—immiscible organic solvents on the conversion to prednisolone
in aqueous /organic solvent two-phase system.

Organic solvent Conversion (%)* LogP value®
Ethyl acetate . 333 0.68
Butan-1-ol 1 16.0 0.8
Petroleum ether 19.2 | ND°
1,2-dichloroethane 18.0 | ND
Chloroform 39.4 ' 0.2
Toluene 46.0 | 2.5
Carbon tetrachloride 19.0 3.0
n-hexane 48.0 : 3.5

a. bioconversion of hydrocortisone to prednisolone by Rhodococcus cells was carried out in a
30 ml aqueous solvent (2: 1 v/v) two-phase system with 250 ml Erlenmeyer flask (200 rpm) at
30°C for 12h. The hydrocortisone concentration was 0.1 g1-1.

b. Cited from reference (Laane et al., 1987).

c. Not determined

Experimental results
- Comparison of different reaction systems of Al-dehydrogenation of hydrocortisone

Effect of various water immiscible organic solvents on the conversion of hydrocortisone to
prednisolone by Rhodococcus sp. DSM 92-344 was tested in as aqueous /organic solvent two-
phase system (2:1, v/v). As shown in Table 1, it was found that solvents with high log P values



“such as hexane, toluene gave much hlgher conversions than" those solvents with low log P
values, such as ethyl acetate and butan-1-ol. Laane et al., (1987) have proposed that solvent of
log P value in the range of 2-4 may be used in an aqueous /organic solvent two —phase system.
The productivity of prednisolone in an aqueous /organic solvent two phase. system was superior .
to that in aqueous or cosolvent systems (Table 2). : '

“Table 2 Comparison of the conversmn to predmsolone by Rhodococcus sp DSM 92-341 in
various reactlon systems. :

Reaction system - Reéc’tion time : - Prednisolone Pr(.)'ductivity‘_
| semlaed gl |
Aqueous |t 12 e 24 o 2
_ Cesolvent _ ‘ _ | - - ‘ - N ,.
Methanol | 12| 36 | 3
Bthanol | 12 | -3 | 9
|Acetone | 12 | 20 16
Two phaéev" | o » _ ‘_ _ . B |
n-hexane - = 12| 48 - o 4
Toluene . I N P = 46 S 3.8

The bioconversion conditions were the same a in Table L.
Assessment of the. eﬁect of organzc solvents on Rhodococcus sp

" To assess the effect of four different solvents (including n.hexane and toluene) alone on the' A

- cells, the .solvent pretreated cells in the. absence of ster01d described in the experiment

procedure was used. From Figure 1 it is ev1denct that the loss of A'- dehydrogenation ability of -
Rhodococcus sp. is not significant in using n-hexane and toluene but the loss of A'-
dehydrogenation ability is rapid using both acetone and ethanol (after 10 and 15 min
respectively), it follows a trend to the solvents of greater solubility in water having the more ..
rapid dlsruptmo effect on the cells this is in accord with Brink and Tramper (1985).

- The results show the suitable nature of n-hexane and toluene for use with Rhodococcus sp.,
~therefore n-hexane and toluene were chosen for all further work.

Optimizatibn of - aqueous/toluene or aqueous /n-hexane two phase system for A'-
dehydrogenation of hydrocortisone.

Effect of reaction time on the conversion of hydrocortisone to prednisolone in an aqueous n-
" hexane and aqueous /toluene (3:1, v/v) two-phase system were investigated. As shown in Fig.2,
it was found that fifty percent of hydrocortisone could be converted to prednisolone within 18 h
using aqueous /n-hexane two- phase system and within 48 h using aqueous/toluene two-phase
system. After 6 h the produetwltv of hydrocomsone to prednisolone in an aqueous/n-hexane
two —phase system was 7.96 mg I’ 'h"'and 6.68 mg I"'h™ in aqueous /toluene two —phase system.
Generally. the productivity of prednisolone in an aqueous —n-hexane two phases system is.
higher than that in aqueous /toluene two-phase system after 6, 12 and 18 h reaction time. On the



other hand after 24 h and 48 h the productivity in an aqueous /toluene f;)\)ofphase system (2.06,
1.03 mg I"'h™") is higher than in aqueous /n-hexane two-phase system (2.03-0.96 mg I''h™).
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Fig (1) Percentage of reaction aqueous phase act1v1ty with time of exposure Rhodococcus cells
to organic solvents

The decrease of prednisolone yield in using aqueous /n. hexane two —phase system after 24 and
48 h may be explained by the reversibility of prednisolone to cortisol which was demonstrated -
by some investigators (Martin, 1984, Naim et al., 2003and Adham etz al., 2003). Furthermore
the increase in prednisolone yield in using aqueous/toluene two phase system after 48 h reaction
time not significant comparative with that of 24h.

In order to improve the productivity of prednisolone the ration of aqueous /organic solvent in
the two-phase system must be changed. Increase in the solvent conc from 10% to 20% was
favorable for an increase in productivity which resulted from an increase in the accumulatlon of
prednisolone in both n-hexane (2.75-3.22 mg I’ 'h"") and toluene (2.10-2.24 mg I''h™") (Table 3
and Fig 3), then the productivity decrease in parallel with an decreased in the ratio of aqueous/
organic phase.

The loss of A'- dehydrogenation activity of Rhodococcus by decrease in the ratio of aqueous
“organic phase may be due to solvent action on the dehydrogenase enzyme per-cells or due to
solvent action on the cofactor regeneration step of the reaction. Hocknull and Lilly (1988) also
Pinheiro et al, (1993) studied the A'-dehydrogenation system of drthrobacter simplex in
- organic solvent-aqueous two —liquid phase, they recorded that the prlmary target of organic
solvent was the cofactor regeneration step of the reaction rather than the A'- dehydrogenase.

Some workers (Bar, 1987; Cho and Schuler, 1966) have suggested a number of mechanisms by
~which the organic phase may be toxic to a microorganisms including partitioning of nutrients,
limited access of nutrients of the cells, and disrupstion of the-outer layer of the celi structure,



the first two explanation may be proposed. In addition, there was no evidence of cell lysis or of
cellular material free in the reaction media. '

Table 3. Effect of organic / aq{leous solvent two-phase ratio on A'-dehydrogenation activity of
Rhodococcus sp '

Solvent Two-phase Reaction time Prednisolone
accumulated %
45/5 18 ) 49.5
40/10 18 58
n-hexane 35/15 18 50
30/20 18 47.9
25/25 18 46
45/5 24 50.5
40/10 24 53.9
Toluene 35/15 24 49.6
30/20 24 44
25/25 24 38.2
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Fig 2. Effect of time on A'- dehydrogenase activity in an aqueous /organic two-phase system
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Fig 3. The effect solvent concentration on the productivity-of prednisolone in organic-aqueous
two-phase system in optimum reaction time.

Schneider (1968) suggested that the side of solvent action in cells was either the lipid layers of
the membrane or else involved, a protein that undergoes conformational changes in response to
organic solvents, other workers (Gordon et al., 1980) have proposed that solvents act by
displacing the annular lipids of integral membrane proteins, such a mechanism would account
for loss of enzyme activity. Also Hocknull and Lilly (1988) recorded that the loss of cofactors
regeneration function could result either from more solvent entering the membrane or from a
redistribution of solvent within the membrane.

Possibility of increasing concentration of poorly water soluble substrate and or products are the
most important reason to justify the use of organic media instead of aqueous solutions. Three
sets of experiments were carried out to evaluate the effect of substrate concentrations on the
prednisolone productivity, the hydrocortisone concentration was varied 10-80 % in an
aqueous/n-hexane (4:1 v/v) two phase system in the optimum reaction time (18h); an aqueous /
toluene (4:1 v/v) two phase system in the optimum reaction time (24h) and an aqueous system
in the optimum reaction time (24h- dara not shown), as shown in Table 4 and Fig 4, the
productivity of prednisolone in an aqueous toluene, two phase system (11 mg/L/h) was higher
than that in an aqueous /n-hexane system under high hydrocortisone concentration 80 mg/100
ml. The reason may be due to the fact that the partition coefficient of prednisolone in the
toluene phase is for better than that in the n-hexane phase. From the data shown in Table 4 the
best prednisolone yields (58%) achieved by using 20 mg hydrocortisone in both n-hexane and
toluene. However, the best prednisolone yield were obtained in an aqueous /toluene two phase
system using 30,40,80 mg hydrocortisone. The A'-dehydrogenase system of Rhodococcus sp.
shows a good stabiiity by using subswate concentration up to 0.2 mg/ml and the bacterium
could tolerate a substrate concentration up 0.8 mg/mi.
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Table 4. Effect of hydrocortisone concentration on the bioconversion to prednisolone in an-
- aqueous /organic two phase system 4:1) '

Hydrocortisone conc. Prednisone conversion %o
Mg/100 ml - ' No solvent* n-hexane Toluene
10 : 240 _ 58.0 - 539
20 A 23.3 58.0 58.0
30 . 19.3 : 46.8 - 500
40 14.4 35.0 40.0
80 13.0 20.0 33.0

_The bioconversion conditions were the same as in Table 3 ,
- The optimum reaction times were used from both n-hexane and Toluene (18 and 24 h
respectively).

~ *The bioconversion was carried out in 50 ml reaction media for 24 h (the optimum reaction
time). :
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Fig 4. Effect of hydrocortisone concentration on the productivity of prednisolone in an aqueous
~ organic two phase system (4:1)

All bioconversion conditions were the same as in Table 4.

The A'- dehydrogenation of hydrocortisone by various wet cells was carried out in a 50 ml
aqueous/toluene (40:10) two-phae system for 24h the hydrocortisone concentration was 80

mg/100 ml.
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In the above experiments the maximum product1v1ty value was recorded by usmg high substrate
concentration (80 mg/ml) dissolved in toluene as organic phase, the influence of . wet mass on -
the maximum productivity was mvestlgated As shown in Table 5, the i increase of wet cell mass
in aqueous phase gave an increase in the productivity, about 56 % of hydrocortisone added
could be converted to prednisolone within 24 h.The maximum productmty was 21.7mg L' h'.

Table 5. Effect of cell mass on the bioconversion of hydrocortlsone in aqueous /toluene two
phase system.

Cell mass (g) | , Prednisolone Productivity
Yied %
1 33 . 11.0
2 52 17.3
3 | 65 | 217

Conclusion

Biocatalyst in water /organic solvent two phase is a promising branch in the broad spectrum of
biotechnology conversion, the organic phase must be highly insoluble in water to reduce the
detrimental effects on the microbial cells. However, cell activity predictions based solely on log
P value of the solvent may not be totally accurate.

A two —liquid-liquid phase system composed of 80% v/v phosphate buffer 7.4 and 20 % v/v
toluene or n-hexane can be used for A'- dehydrogenation of hydrocortisone .

Use of a two liquid phase system composed of 80 % v/v phosphate buffer pH 7.4 and 20 % v/v
toluene will have the possibility of higher substrate and /or product concentration.
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