M. Kreiner ef al.: Influence of Additives on the Bichydroxylation of Carboxylic Acids, Food technol. biotechnol. 35 (2) 99-106 (1997) 99

UDC 66.022.35:541.632:574.787.3:547.514:582.281.21
ISSN 1330-9862

original scientific paper

Influence of Additives on the Biohydroxylation
of Protected Carboxylic Acids and Ketones

Michaela Kreiner', Gerhart Bmuneggl *, Anna de Raadt?, Herfried Griengl
I Kopperl, O. Sukcharoen® and H. Weber

2
3

Mnstitute of Biotechnology, Technical University of Graz, Petersgasse 12,

8010 Graz, Austria, Spezialforschungsbereich FO1 Biocatalysis

Institute of Organic Chemistry, Technical University of Graz, Stremayrgasse 16,
8010 Graz, Austria, Spezialforschungsbereich FO1 Biocatalysis

Summary

Received: March 6, 1997
Accepted: June 13, 1997

The effects of B-cyclodextrin (3-CD), the anionic detergent Witconate SK, two non-ionic surfactants, Triton
X-100 and Tween 80, and sodium tetraborate on the biohydroxylation of protected cyclic carboxylic acids and
ketones by Bacillus megaterium and the fungi Beauveria bassiana, Curvularia lunata, and Cunninghamella

blakesleeana were studied in shake flask experiments.

The bacterium B. megaterium was found to be more sensitive towards the above mentioned surfactants than
the fungi tested. The presence of Triton X-100 (0.5 fold CMC) and Tween 80 (0.5-2.0 g L) decreased the
maximum concentration of the main hydroxylated product by 62% and 55%, respectively. Employing Witconate,
hydroxylation was not observed at all. Only B-CD (0.5 g L) proved to be slightly beneficial for the transfor-
mation using B. megaterium demonstrated by a 5% increase of the overall yield.

Contrary to the results obtained with B. megaterium, the fungi under consideration showed an improvement,
with respect to the biotransformation with all the additives tested. Generally low detergent concentrations (up
to 1 g L) were preferable. Most positive results for the transformation with C. lunata were found with 0.5 g
L' B-CD and 1 g L™ Tween 80 allowing a 65% increase of the maximum yield of the main hydroxylated product.
The presence of 12 mg L' sodium tetraborate increased the maximum concentration of the main product when
employing C. blakesleeana. For B. bassiana, a 33% increase of the maximum product concentration was obtained

in the presence of Witconate (0.5 and 1.0 g L™).
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Introduction

Biocatalytic reactions are increasingly used in or-
ganic synthesis due to the regio- and stereoselectivity ex-
hibited by enzymic reactions (1,2). The feasible applica-
tion of such a bioprocess requires a high concentration
of products and fast kinetics. However, the efficiency of
biocatalysis with whole cells is often seriously impeded
by the poor bioavailability of lipophilic substrates. At-
tempts to overcome these shortcomings include the use
of detergents (3-5), organic cosolvents (6,7), cyclodex-
trins (5,8-13), polymers (14), and liposomal (15) or aque-
ous biphasic systems (16).

* corresponding author

Surfactants are able to enhance the bioavailability of
hydrophobic compounds because these molecules tend
to concentrate at surfaces as well as interfaces and there-
fore decrease the levels of surface tension and interfacial
tension. Consequently this leads to the dispersion of hy-
drophobic molecules (17). Another important charac-
teristic of surfactants is the fact that, above a certain de-
tergent concentration (critical micelle concentration =
CMC), aggregates (micelles) are formed. If the system
contains lipophilic substances, these are solubilized by
inclusion into the hydrophobic cores of the micelles. As
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a consequence, the apparent solubility of almost insol-
uble chemicals is strongly enhanced above the CMC.

Cyclodextrins (CDs) are nonreducing cyclic oligo-
mers of 1,4-a-linked D-glucose units enzymatically pro-
duced from starch. The main naturally occurring CDs
consist of six, seven, or eight glucose molecules, forming
o-, B-, and y-CDs, respectively. The molecular structure
of CDs is a cylinder-like shape, with a hydrophilic shell
and an apolar internal cavity. A consequence of this
structure is the ability to accommodate suitably sized or-
ganic guest molecules in the cavity, thus forming inclu-
sion bodies (8,18). This clathrating ability of CDs offers
the additional benefit of a reduction of the possible tox-
icity effects exerted by the organic substrate/product
molecules on the cells. Consequently CDs are increas-
ingly being used for enhancing the bioavailability of or-
ganic substrates to biocatalysts (5,8-13).

In this study, we investigated the effects of B-CD,
one anionic and two non-ionic surfactants as well as of
sodium tetraborate on the rates of product formation
and maximum product concentrations. B. megaterium
and three fungi, which are widely used for biocatalytic
processes (1,2), B. bassiana, C. lunata and C. blakesleeana,
were chosen as microorganisms.

2-Cycloalkylbenzoxazoles (1a) and (2a) and 4-N-ben-
zoyl-1-oxa-4-aza-spiro[4.4]-nonane (3a) were used as
substrates for these biotransformations (Table 1). These
benzoxazoles (1a and 2a) and the spirooxazolidine (3a)
serve as nonpolar substitutes for cyclic carboxylic acids
and ketones, respectively. In this manner degradation of
the respective functional group by the microbial cells is
prevented (19).

Materials and Methods

Strains and cultivation. Cunninghamella blakesleeana
DSM 1906 was obtained from DSM, Braunschweig, Ger-
many; Curvularia lunata CBS 21554 from CBS, Baarn, the
Netherlands; Beauveria bassiana ATCC 7159 from ATCC,

Rockeville, USA; and Bacillus megaterium CCM 2037 (non
sporulating mutant KM) from CCM, Brno, Slovakia.
Stock cultures of the first two strains were maintained
on potato-dextrose (PD) agar slants, the other two
strains were maintained on modified medium E1 agar
slants. The cultures were stored at 4 °C and subcultured
every three weeks at 30 °C (B. bassiana at 24 °C).

Media. Medium E, modified medium E1, and
Czapek-Dox medium were prepared as described by
Kreiner et al. (21). Modified medium E4 consisted (per
L) of 5 g of peptone, 2 g of yeast extract (Oxoid), 20 g
of malt extract, and 10 g of glucose. The glucose-mineral
salt medium for B. megaterium consisted of (per L) 45 g
of Na,HPO, 2 H,;0, 1.5 g of KH,PO,, 0.2 g of MgSO,
-7 H;0, 0.05 g of Fe(Ill)NH,citrate (17%), 0.02 g of CaCl,
- 2 HyO, 20 g of glucose, 3 g of (NH,),SQ,, 1 g of sodium-
acetate, 1 g of yeast extract, and 1 mL of trace element
solution SL-6. Solution SL-6 consisted (per L) of ZnSO,
-7 H,O (100 mg), MnCl,- 4 H,O (30 mg), H3BO; (300
mg), CoCl;- 6 HO (200 mg), CuSO, - 5 H,O (10 mg),
NiCl, - 6 H,O (20 mg), and NaMoO, - 2 H;0 (30 mg).
Cornsteep medium was made of (per L) 20 g of Corn-
steep and 10 g of glucose (pH was adjusted to 7 with
sterile NaOH-solution after sterilizing). Potato-dextrose-
broth (PDB) was obtained from Difco. All other chemi-
cals were obtained from Merck (p.a. quality). Media
were sterilized at 121 °C for 30 min. In order to avoid
precipitates, C and N-sources were sterilized separately.

Analytical methods. Concentrations of protected
carboxylic acids and the protected ketone as well as their
metabolites were measured by gas chromatography
(20,21). Cell dry weight (CDW) was determined by lyo-
philization (21).

Biotransformation procedure. Biotransformations
were performed in shake flasks (1 L) with four baffles
containing 250 mL medium at 30 °C and an agitation of
130 rpm. Applied substrate concentrations are summa-
rized in Table 2. B. bassiana was grown for 40 h in Corn-
steep medium before the addition of the substrate and
Witconate. B. megaterium was cultivated in glucose-min-

Table 1. Substrates used with *B. megaterium, "B. bassiana, “C. lunata, IC. blakesleeana, their unprotected equivalents
and products obtained. Drawn are the following enantiomers: "(1R,2R); **(18,38); %(R); *®(5R 7R)
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Table 2. Additive and substrate concentrations employed with B. megaterium, B. bassiana, C. lunata, and C. blakesleeana

B. megaterium B. bassiana C. lunata C. blakesleeana
AB-Cyclodextrin) / g L1 “0.5,1,0, 2.0, 3.0 nt. 0.5, 1.0,3.0 0.5, 1.0, 2.0, 3.0
Substrate conc. / mg 17 1a: 280 2a: 310 2a: 230
AWitconate) / g It 0.5, 1.0, 2.0, 3.0 0.5, 1.0,20,3.0 1 O 0.2, 0.6, 1.0
Substrate conc. / mg L 1a: 320 3a: 400 2a: 300
W Triton X-100) / CMC 0.5, 1.5 n t. 05,15 0.5, 1.5
Substrate conc. / mg L1 2a: 300 2a: 300 2a: 300
HTween 80) / g Tt 0.5, 1.0, 2.0 n. t. 0.5, 1.0, 2.0 0.6, 1.0, 2.0, 3.0
Substrate conc. / mg L1 2a: 300 2a: 300 2a: 300
HSodium tetraborate) / g L7} 0.012, 0.120 n. t. 0.012, 0.120 0.012, 0.120, * 0.060
Substrate conc. / mg 17 2a: 300 2a: 300 2a: 300

? For each flask B-CD was dissolved in 10 mL of sterile water and added to the culture together with the ethanolic substrate solution.
P 8-CD was added as a solid simultaneously with the ethanolic substrate solution.

© The ethanolic substrate solution was mixed with the sterile B-CD solution, prepared by dissolving p-CD in 15 mL H20

40,060 g 17! of sodium tetraborate was added to one culture as a solid simultaneously with the saturated ethanolic substrate solution.

n.t. not tested

eral salt medium. After 10 h of growth, (CDW = 45 g
LY, the cells were induced with 50 mg L™ of the sub-
strate. 5 h after substrate induction (CDW = 6.3 g L)
the substrate and the additives were added. C. lunata
was incubated in modified medium E4 for 34 h, then the
substrate and additives were added. C. blakesleeana forms
pellets in submerged culture, differing in size and num-
ber under different conditions. In order to standardise
biomass for the comparison of kinetic data, the fungus
was grown in an 11-L bioreactor (medium E) as des-
cribed by Kreiner et al. (21). After 47 hours of growth
the culture was distributed into 18 flasks in a sterile
manner. Immediately afterwards the substrate and deter-
gents or sodium tetraborate were added. The effects of
B-CD were studied in further experiments. Czapek-Dox
medium, which allowed the formation of smaller pellets,
was inoculated with spores as described previously (21).
After 48 h of growth, the substrate and B-CD were
added.

Additives and their application. B-CD (kleptose)
was a gift from Roquette, Lestrem, France. Witconate SK,
a mixture of linear sodium alkylbenzylsulfonates, was
kindly donated by the Witco Corporation, Blue Island,
USA. Tween 80 and Na,B,O;: 10 H,O were obtained
from Merck, Germany and TritonX-100 from Serva,
Heidelberg, Germany. These additives were used with-
out further purification.

Concentrations of additives and substrates are sum-
marized in Table 2. Unless otherwise stated substrates
were added as saturated ethanolic solutions. B-CD was
added either as a solid or dissolved together with the
substrate solution as described in Table 2. Solid Witcon-
ate and Tween 80 were added simultaneously with the
substrate solution. The substrate was solubilized either
in 3.4 mL or 9.8 mL of Triton X-100 (0.5%). These solu-
tions were then added to the cultures to give a detergent
concentration of about 0.5 and 1.5 fold CMC in the cul-
ture broth. 0.03 g and 0.30 g of Na,B,O7- 10 H,O were
dissolved in 2 mL and 5 mL of water at 60 °C, respec-
tively. Ethanol was added to each solution to yield a fi-
nal volume of 10 mL. 1 mL of each of these solutions
was mixed with the respective substrate and then added
to the shake flask culture.

Substrates and products. The synthesis of 2-cycloal-
kylbenzoxazoles and spirooxazolidines as well as sub-
strate specificities and stereoselectivities of the hydroxy-
lations of various benzoxazoles with C. blakesleeana and
B. megaterium as well as of spirooxazolidines with B. bas-
siana are described by de Raadt et al. (19,20). Table 1 pre-
sents a survey of the substrates used and the products
obtained. Products formed by C. lunata were identified
by GC with reference products from the transformation
of 2-cyclopentylbenzoxazole with C. blakesleeana.

Results

Effects of different additives on the biohydroxyla-
tion reactions are presented in Figs. 1-5 showing the
time-courses of the formation of the main hydroxylated
products: frans-4(benzoxazol-2yl)cyclohexan-1-ol (1b) (B.
megaterium), trans-3-(benzoxazol-2yl)cyclopentan-1-ol (2b)
(B. megaterium, C. lunata, C. blakesleeana) and 4-N-benz-
oyl-1-oxa-4-aza-spiro] 4.4]-nonan-7-ol (3b) (B. bassiana).

Effects of B-Cyclodextrin

B. megaterium. The effects of p-CD on the hydroxy-
lation were found to be strongly dependent on the con-
centration of the additive (Fig. 1A). In the presence of 2
g L' and 3 g L' B-CD the yield of main product trans-
4(benzoxazol-2-yl)cyclohexan-1-ol (1b) was reduced bP/
16% and 65%, respectively. The lower -CD (0.5 g L7)
concentration, however, was found to be slightly benefi-
cial for the transformation which can be seen in the yield
increase of 5%.

C. lunata. B-CD had a strongly positive effect on the
formation of the main product during the transforma-
tion of 2-cyclopentylbenzoxazole (2a) with C. lunata (Fig.
1B). 0.5 g L™ increased the rate of hydroxylation, result-
ing in a maximum concentration of the main product 2b
which exceeded the one found without B-CD by 65% at
the end of the experiment. Positive results were also
found with a concentration of 1.0 g L7, which led to an
increase of the yield by 50%. In addition to the main
product (Fig. 1B), the low B-CD concentrations (0.5 and
1.0 g L") also increased the production rates as well as
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the yields of the by-products. For example, the presence
of 0.5 g L' B-CD led to an increase of the yield of the
second alcohol 2d up to 65%. With increasing amounts
of B-CD the positive effect declined. 3.0 g L' B-CD
showed no significant influence on the formation of the
main product 2b. However, the oxidation of this com-
pound to the corresponding ketone 2¢ was positively in-
fluenced (30% increase of yield).

C. blakesleeana. Kinetic data of main product trans-
-3-(benzoxazol-2yl)cyclopentan-1-ol (2b) formation dur-
ing the biotransformation of 2-cyclopentylbenzoxazole
(2a) in the presence of B-CD with C. blakesleeana are pre-
sented in Fig. 1C. In the presence of 0.5 g L' B-CD the
production rate of the main product 2b increased from
18 mg L' h'? (control) to 34 mg L™ h™ within the first
3 h after substrate addition. As a consequence, the maxi-
mum concentration of 2b was reached after 40 h, which
was 34 h earlier as compared with the control culture.
In addition, the oxidation to the corresponding ketone
2¢ was accelerated in the presence of 0.5 g L' p-CD.
With increasing B-CD concentrations, the positive effect
on product 2b production declined. The formation of the
main product 2b in the presence of 1.0 g L' B-CD was
identical to the control with the exception that the maxi-
mum concentration of this product was increased. 2.0
and 3.0 g L' of B-CD reduced the production rate as
well as the yields compared with the control.

Effects of Witconate

B. bassiana. The biohydroxylation of compound 3a
in the presence of 0.5 g L' Witconate tripled the rate of
product formation within the first 3 h after substrate ad-
dition. Afterwards the rate declined, but was still twice
as much as the control rate (Fig. 2A). As a result, the
concentration of the hydroxylated product 3b was in-
creased by 95% 9 h after substrate addition. After this
time the rates of product formation became identical for
the transformation with and without Witconate. Finally,
a 33% increase of the maximum product concentration
was obtained in the presence of 0.5 g "' Witconate. The
subsequent decline in the product concentration was due
to the cleavage of the protecting group at low pH-values
initiated by the excretion of acids by the fungus. Kinetic
data for product formation in the presence of 1 g L' of
Witconate were almost identical to those with 0.5 g L
whereas the positive effect of Witconate declined with
increasing detergent concentrations: 2 g L™' Witconate
still led to an increase of yield, but with a delay in prod-
uct formation as compared with the low Witconate con-
centrations. Finally, in the presence of 3.0 g L' Witconate
hydroxylation started after a lag-phase of 25 h.

B. megaterium. In contrary to the eucaryotic micro-
organism B. bassiana, Witconate had a strongly inhibitory
effect on the biohydroxylation of 1la with B. megaterium.
In the presence of any Witconate concentration tested
the substrate concentration remained constant during
the experiment and hydroxylation of 2-cyclohexylben-
zoxazole (1a) was not observed.

C. blakesleeana. Low Witconate concentrations were
chosen for the hydroxylation of protected cyclopentane-
carboxylic acid with C. blakesleeana, owing to the fact that
these were found to be optimal for B. bassiana. However,
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Fig. 1. Bioh?/droxylations in the presence of B-cyclodextrin

(0.5-3.0 g L). A. Biohydroxylation of 1a with B. megaterium

yielding 1b. B. Biohydroxylation of 2a with C. lunata yiclding

2b. C. Biohydroxylation of 2a with C. blakesleeana yiclding 2b.

the effects were not as positive as expected (Fig. 2B).
Only 0.2 g L™ Witconate resulted in a slight increase of
maximum product concentration. However higher Wit-
conate concentrations decreased both hydroxylation and
further oxidation.

Effects of Triton X-100

B. megaterium. Triton X-100 was found to exert an
inhibitory effect on the biohydroxylation of 2-cyclopen-
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tylbenzoxazole (2a) with B. megaterium. Compared with
the control, the lower Triton X-100 concentration (0.5 x
CMC) tested resulted in a 62% decrease of the maximum
concentration of the main product 2b. In the presence of
1.5 x CMC Triton X-100 only 22% of the product con-
centration, compared with the control, was obtained.

C. lunata. As can be seen from Fig. 3A, Triton X-100
finally led to a slight increase (15%) of maximum prod-
uct concentration. The rate of hydroxylation, however,
was reduced by the higher Triton X-100 concentrations
(1.5 x CMC), but hydroxylation continued longer than
with the control.

C. blakesleeana. The biotransformation of 2-cy-
clopentylbenzoxazole (2a) with C. blakesleeana was accel-
erated in the presence of 0.5 x CMC of Triton X-100 (Fig.
3B). The maximum concentration of the main product 2b
was achieved 19 h after substrate addition, which was
12 h earlier as with the control. In addition, the rate of
oxidation to the corresponding ketone 2¢ was increased.
In the presence of 1.5 x CMC Triton X-100, an increase
of 13% of the maximum concentration of the main prod-
uct 2b and of 23% of the corresponding ketone 2c was
found.
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Fig. 2. Biohydroxylations in the presence of Witconate SK
(0.2-3.0 g L*). A. Biohydroxylation of 3a with B. bassiana yiel-
ding 3b. B. Biohydroxylation of 2a with C. blakesleeana yielding
2b.

Effects of Tween 80

B. megaterium. In the presence of Tween 80 an in-
hibition of the hydroxylation was observed. Regardless
of the detergent concentration (0.5, 1.0 and 2.0 g L™), a
55% decrease in yield of the main product, trans-3-(benz-
oxazol-2-yl)cyclopentan-1-ol (2b), was found. The forma-
tion of the by-product 2-(benzoxazol-2-yl)cyclopentan-1-
ol (2d) was affected similarly.

C. lunata. Tween 80 was found to promote the hy-
droxylation of 2-cyclopentylbenzoxazole (2a) with C. Iu-
nata. All concentrations tested (0.5, 1.0 and 2.0 g L™ in-
creased the maximum amount of the main product 2b
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Fig. 3. Biohydroxylations in the presence of Triton X-100 (0.5
and 1.5x CMC). A. Biochydroxylation of 2a with C. lunata yiel-
ding 2b. B. Bichydroxylation of 2a with C. blakeslecana yielding
2b.

(Fig. 4A). In particular, the presence of 1.0 g L', which
allowed a 65% increase of yield of this product, was
found to be the most favouring. Similar effects were
found for the formation of the by-product 2d. Concern-
ing the amount of Tween 80, concentrations exceeding
2.0 g L' can be assumed to hamper the biotransforma-
tion as this concentration had a reduced positive effect
on the formation of the main product 2b and no positive
effect on the production of the by-product 2d.

C. blakesleeana. The presence of Tween 80 had a
slight positive influence on the biotransformation of
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2-cyclopentylbenzoxazole (2a) with C. blakesleeana with
respect to maximum product concentrations (Fig. 4B).
Especially 2.0 g L™ of Tween 80 were found to be bene-
ficial, allowing a 14% increase of maximum concentra-
tion of trans-3-(benzoxazol-2yl)cyclopentan-1-ol (2b)
(Fig. 4B) and a 12% increase of the concentration of the
corresponding ketone 2c.

Effects of Sodium Tetraborate

B. megaterium. The presence of sodium tetraborate
(120 mg L") had no influence on the biotransformation
of 2-cyclopentylbenzoxazol (2a) with this bacterium.

C. lunata. The addition of sodium tetraborate de-
creased the production rate of the main product 2b
within the first 30 h after substrate addition, but resulted
in a 14% increase in final yield. Similar effects were ob-
served for the by-product 2d. The further oxidation of
2b to the ketone 2c was not significantly influenced by
sodium tetraborate.

C. blakesleeana. The influence of sodium tetraborate
on the biotransformation with C. blakesleeana was found
to be concentration dependent. (Fig. 5). Whereas the
maximum concentration of the main product 2b was re-
duced by 21% in the presence of 120 mg L' sodium
tetraborate, the lower additive concentration of 12 mg
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Fig. 4. Biohydroxylations in the presence of Tween 80 (0.5-3.0 g L'1).
A. Biohydroxylation of 2a with C. lunata yielding 2b. B. Biohy-
droxylation of 2a with C. blakesleeana yielding 2b.

L™ allowed a 25% increase of the maximum yield of this
product. Similar effects were found for the further oxi-
dation to the ketone 2¢. Contrary to the previous method
involving mixing of the substrate with the sodium
tetraborate solution prior to addition, the direct addition
of solid sodium tetraborate (60 mg LY, simultaneously
with the substrate solution, had no influence on this
biotransformation.

Discussion

B-CD was found to be beneficial for biohydroxyla-
tion reactions, regardless of the type of microorganism.
A molar ratio of 4 to 2 moles of substrate per mole of
B-CD (0.5 and 1.0 g L™') appeared to be optimal. Inhibi-
tory effects, however, emerged with increasing p-CD
concentration (about 2 g L™). B-CDs can interact not
only with the substrate/product molecules, but also
with the respective microorganism (11-13). Especially
cell membranes are thought to be susceptible to these
compounds (13). Phospholipids can form complexes
with CDs and therefore CDs can extract membrane com-
ponents and consequently disturb the integrity of a
membrane. Nevertheless, natural CDs are generally re-
garded as being nontoxic (13).

Johnson et al. (23) found that Ultrawet DS-30, which
is equivalent to Witconate SK, exerts a positive influence
on the biohydroxylation of N-acylcyclohexylamines with
B. bassiana. The results presented in this paper, where
spirooxazolidines were used as substrates, support this
observation. However, such significant positive results
could not be obtained with the other microorganisms
considered here.
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Fig. 5. Biohydroxylation of 2a with C. blakesleeana in the presen-
ce of sodium tetraborate (12 and 120 mg L) yielding 2b.

Detergents were found to exert a positive influence
on the hydroxylation reactions usually when applied in
low concentrations. It is well known that surfactants can
be toxic to bacteria because they integrate in the cell
membrane which results in an alteration of membrane
permeability (22). For this reason detergents such as Tri-
ton X-100 have been used as means of controlled perme-
abilization of cells, allowing the free diffusion of low
molecular mass molecules across the cell membrane,
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Table 3. Effects of additives on biohydroxylation reactions with various procaryotic and eucaryotic microorganisms

B. megaterium B. bassiana C. lunata C. blakesleeana
B-Cyclodextrin + n. t. + +
Witconate = + n. t. -
Triton X-100 -- n. t. +
Tween 80 -— n. t. +
Sodium tetraborate -— n t. +

+ slightly positive , ++ very positive, — negative,

—— inhibition of the biohydroxylation in comparison to the transformation without additive,

n. t. not tested

consequently increasing biocatalytic activity (22). The ef-
fects of detergents on the cells are generally dependent
on the applied concentration and on the chemical com-
position of the cells.

Concerning the effects of investigated surfactants,
there are differences between procaryots and eucaryots
(Table 3). The bacterium B. megaterium seemed to be
more sensitive towards the applied surfactants than the
fungi tested. In the presence of the non-ionic detergents
Tween 80 and Triton X-100, the maximum concentration
of the main product was reduced by 55% and 62%, re-
spectively. In the presence of Witconate hydroxylation
was not observed. The finding that B. megaterium shows
a higher sensitivity towards the ionic detergent Witcon-
ate than to the non-ionic Tween 80 and Triton X-100 is
in accordance with the general fact that non-ionic sur-
factants are regarded as being less toxic for bacteria than
ionic surfactants (17).

The presence of sodium tetraborate (12 mgL™) re-
sulted in a 25% increase of the maximum concentration
of the main product 2b during the biohydroxylation of
2-cyclopentylbenzoxazole (2a) with C. blakesleeana. These
positive findings may be due to changes in the perme-
ability of the cells to the substrate as was argued by Lee
et al. (24) for the improvement of the transformation of
16-a-hydroxycortexolone-16,17-acetonide with a mixed
culture of Arthrobacter simplex and Curvularia lunata em-
ploying the same additive. However, with our sub-
strates, the hydroxylation with C. lunata was not affected
as positively by this additive as with C. blakesleeana.

Table 3 summarises the effects of B-CD, three deter-
gents, and sodium tetraborate on the biohydroxylation
reactions under consideration in this paper. The deter-
gents tested were an anionic benzylsulfonate detergent
(Witconate SK), a sorbitan ethoxylate surfactant (mono-
oleate Tween 80), and an alkylphenol ethoxylate (Triton
X-100). The data presented here suggest that use of these
additives to enhance biohydroxylation reactions has to
be investigated for each microorganism and optimal con-
ditions have to be established. Results of studies on the
effects of surfactants in biodegradation experiments are
also diverse (25). Clearly, the effect of an additive on mi-
crobial reactions depends on the system employed, that
is on various factors such as the concentration of the ad-
ditive and the substrate/product as well as the interac-
tion between these compounds (11,17) and the microbial
cells (13,22). Regarding this work it can be expected,
however, that appropriate modulators can be found for
fungal systems more easily than for gram-positive bac-

teria, as the former seem to be less sensitive towards the
possible inhibitory impacts of additives. In this respect,
all the additives, except the ionic detergent Witconate,
were beneficial for all biohydroxylations investigated with
C. lunata and C. blakesleeana, whereas only B-CD favoured
reactions with B. megaterium.
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Utjecaj aditiva na biohidroksilaciju zasti¢enih
karboksilnih kiselina i ketona

SazZetak

IstraZivan je utjecaj B-ciklodekstrina (3-CD), anionskog detergenta Witconate SK, dvaju neionskih povrsin-
sko-aktivnih spojeva (Triton X-100 i Tween 80) te natrijeva tetraborata na biohidroksilaciju zasticenih ciklickih
karboksilnih kiselina i ketona s pomocu Bacillus megaterium i gljive Beauveria bassiana, Curvularia lunata i
Cunninghamella blakesleeana u pokusima na tresilici.

Bakterija B. megaterium puno je osjetljivija na spomenute povrsinsko-aktivne spojeve od ispitivanih gljiva.
Prisutnost Tritona X-100 (0,5 puta vide od kriticne koncentracije micelija CMC) i Tweena 80 (0,5-2,0 gL™)
utjecala je na sniZenje maksimalne koncentracije glavnog produkta hidroksilacije za 62, odnosno 55%. Primjenom
detergenta Witconate nije uopée doslo do hidroksilacije. Samo se B-CD (0,5 g L™) u prisutnosti B. megaterium,
pokazao nesto ucinkovitifim pri transformaciji, a ukupno je iskoristenje bilo za 5% wvece.

Suprotno rezultatima dobivenim s B. megaterium navedene gljive u prisutnosti svih ispitivanih aditiva dale
su veci postotak biotransformacije. Opcenito najbolji su rezultati dobiveni s malim koncentracijama detergenata
(do 1 g L™). Najpovoljniji rezultati za transformaciju s pomoéu C. lunata postignuti su s 0,5 g L™ -CD i
1 g L' Tween 80, ¢ime se maksimalno iskoritenje glavnog produkta hidroksilacije povecalo za 65%. Dodatak
od 12 mg L' natrijeva tetraborata povecao je maksimalnu koncentraciju (?L:zvnog produkta u prisutnosti C.
blakesleeana. Primjenom B. bassiana uz detergent Witconate (0,5 i 1,0 g L™) postignuto je 33%-tno povecanje
maksimalne koncentracije produkta.





