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Abstract: Fluorophenols are used as agrochemicals and released into environment as pollutants. Cultured marine microalga
Amphidinium crassum (Gymnodinium) glucosylated 2-fluorophenol (1), 3-fluorophenol (2), and 4-fluorophenol (3) to the corresponding
B-D-glucosides, ie, 2-fluorophenyl B-D-glucoside (4, 60 pg/g cells), 3-fluorophenyl B-D-glucoside (5, 20 pg/g cells), and 4-fluorophenyl
B-D-glucoside (6, 40 pg/g cells). On the other hand, 2-, 3-, and 4-fluorophenols were efficiently converted by immobilized A. crassum
in sodium alginate gel to give their B-D-glucosides in higher yields (4: 140 pg/g cells; 5: 60 ug/g cells; 6: 100 pg/g cells). In repetitive
batch use, the immobilized cells of A. crassum maintained the potential for the glucosylation of the substrate fluorophenol after 5 times
of usage.
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Introduction
Fluorophenolic compounds are used to agrochemicals
and pharmaceuticals, and cause serious environmen-
tal contamination.! Number of fluorine-containing
agricultural chemicals has grown from 4% to approx-
imately 9% of all agrochemicals and has increased
in number faster than non-fluorinated agrochemicals
over the past 15 years.' These compounds are primar-
ily used as herbicides (48%), insecticides (23%), and
fungicides (18%), and their residues are released as
pollutants into rivers and seas. Many studies on bio-
logical degradation of halophenols by microorgan-
isms have been reported.”” However, halophenols
containing stable carbon-halogen bond in their struc-
tures have been described to be much more resistant
to microbial degradation than unsubstituted analogs.'
Cell cultures are ideal systems for studying
biotransformations such as glycosylation reactions.”
Some freshwater microalga can convert exogenous
toxic compounds into glycosides.!! From the view-
point of seawater pollution control, glycosylation of
halophenols by marine microalga is of importance.
This study focused on the metabolism of mono-
fluorophenols by cultured and immobilized marine
microalga of Amphidinium crassum.

Material and Methods

General

Substrates, 2-, 3-, and 4-fluorophenols, were pur-
chased from Aldrich Chemical Co. The 'H and
BC NMR, H-H COSY, C-H COSY, and HMBC spec-
tra were recorded using a Varian XL-400 spectrometer
in CD,0D solution. Chemical shifts were expressed
in & (ppm) referring to tetramethylsilane. FABMS
spectra were measured using a JEOL MStation JMS-
700 spectrometer. A. crassum cells (5 g) were culti-
vated in a synthetic seawater (500 ml) for 2 weeks
at 20 °C with constant aeration by air (11/min) in 11
flasks under illumination (10001x). Constituents of
synthetic seawater are summarized in Table 1.

Biotransformation of fluorophenols

by A. crassum

Cultured 4. crassum cells were harvested by cen-
trifugation at 1000 g for 15 min and washed twice
by adding 100 ml of synthetic seawater followed by
centrifugation (1000 g for 15 min). To the 500 ml

Table 1. The constituents of synthetic seawater.

Constituents® Conc. (g/l) Constituents® Conc. (g/l)
NaCl 20.7 AICL-6H,0 8x10°
MnCl,-4H,0 1x10° FeCl,-6H,0 5x10°%
MgCl,-6H,0 9.5 Na,WO,2H,0 2x 10”7
CaCl,-6H,0 1.3 (NH,),MO.,0,, 2x10°
Na,SO, 3.5 Na,SiO, 5x1072
KCI 0.6 NaNO, 0.2
NaHCO, 0.2 Na,HO, 1x 102
KBr 9% 102 EDTA-2 Na 9x10*
Na,B,0,10H,0 3x102%  VitaminB,, 2x10°
SrCl, 1x1072 Thiamine-HCI 8 x 10°°
NaF 3x103 Biotin 1x10°
LiCl 1x1073 EDTA-Fe 3x10°®
Kl 7%x10° H,NC(CH,OH), 5x 107
CoCl,-6H,0 2x107

Note: 2Constituents are dissolved in distilled water.

flask containing 9 g of cultured A. crassum cells
and 300 ml of a synthetic seawater was added
0.2 mmol of substrate. Cultures were incubated
at 20 °C with aerobic shaking for five days under
illumination (10001x). After the incubation period,
the cells and synthetic seawater were separated
by centrifugation at 1000 g for 15 min. Synthetic
seawater was extracted with ethylacetate and then
n-butanol. Cells were extracted (three times) by
homogenization with methanol, and the methanol
fraction was concentrated and partitioned between
water and ethylacetate. Ethylacetate fractions were
analyzed by HPLC, combined, and concentrated.
This water fraction and n-butanol fraction extracted
from medium were analyzed by HPLC, combined,
evaporated, and re-dissolved in water. This water
fraction was applied to a Diaion HP-20 column and
the column was washed with water followed by elu-
tion with methanol. Methano 1 eluate was subjected
to preparative HPLC to give glycosylation prod-
ucts. Yield of the products was determined on the
basis of the peak area from HPLC. Product yields in
pg/g cells (dry weight) was calculated based on the
starting cell concentration. Control free suspended
cells, which had not been treated with substrates,
were subjected to the same extraction procedures
and HPLC analyses as planktonic biotransforma-
tion experiments, and no products or substrates
were detected in the cells and in the medium despite
careful HPLC analyses.
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Spectral data of products are as follows.

2-Fluorophenyl [B-D-glucoside: FAB-MS m/z:
297 [M+Na]; 'H NMR (400 MHz, CD,0D, &
in ppm): 3.41-3.89 (6H, m, H-2’-H-6), 4.97
(1H, d, J = 8.0 Hz, H-1"), 6.96-7.01 (1H, m, H-4),
7.04-7.09 (2H, m, H-3, H-6), 7.25-7.30 (1H, dd,
J=1.6 Hz, J = 8.4 Hz, H-5); *C NMR (100 MHz,
CD,OD, & in ppm ): 62.3 (C-6'), 71.1 (C-4"), 74.6
(C-27), 77.8 (C-3"), 78.0 (C-5"), 102.5 (C-1"), 117.0
(1C,d,J,,.=18.9HzC-3),119.1(C-6),123.8(1C, d,
J o= 6.6 Hz, C-4), 1254 (1C, d, J . = 4.2 Hz,
C-5), 1463 (1C, d, J , . = 10.8 Hz, C-1), 153.9
(1C,d,J .= 2442 Hz, C-2).

3-Fluorophenyl B-D-glucoside; FAB-MS m/z: 297
[M+Na]*; '"H NMR (400 MHz, CD,OD, 6 in ppm):
3.39-3.90 (6H, m, H-2"-H-6"),4.92 (1H, d, J=7.2 Hz,
H-17), 6.74 (1H, m, H-4), 6.85 (1H, m, H-2), 6.90
(1H, dd, J = 2.2 Hz, J = 8.0 Hz, H-6), 7.27 (1H, m,
H-5); "C NMR (100 MHz, CD,OD, 6 in ppm): 62.3
(C-6"), 71.2 (C-4'), 74.7 (C-2), 77.7 (C-3'), 78.0
(C-5%), 102.1 (C-1"), 105.2 (IC, d, J .. = 25.5 Hz,
C-4),109.7 (1C,d J . =20.6 Hz, C-2), 113.4 (1C,
d,J .. =24Hz C-6),131.3 (1C,d,J .= 9.9 Hz,
C-5), 160.1 (1C, d,J .= 10.5 Hz, C-1), 164.5 (1C,
d,J,,.=241.7 Hz, C-3).

4-Fluorophenyl B-D-glucoside; FAB-MS m/z: 297
[M + NaJ*; '"H NMR (400 MHz, CD,OD, & in ppm):
3.35-3.90 (6H, m, H-2"-H-6"),4.85 (1H, d, J=7.2 Hz,
H-17),6.95-7.01 (2H, m, H-3, H-5), 7.08-7.12 (2H, m,
H-2, H-6); "C NMR (100 MHz, CD,OD, 6 in ppm):
62.4 (C-6"),71.2 (C-4"),74.7 (C-2"), 77.8 (C-3"), 78.0
(C-5"), 102.9 (C-1'), 116.4 (2C, d, J .. =23.1 Hz,
C-3, C-5), 119.3 (2C, d, JF_2‘6C—83HZ C-2, C-6),
1552 (1C, d, J .. = 2.5 Hz, C-1), 159.4 (1C, d,
J .= 237.6 Hz, C-4).

Biotransformation of fluorophenols
by immobilized A. crassum cells

in sodium alginate gel

Sodium alginate (2%) was suspended in water
(50 ml), which was autoclaved at 120 °C for 30 min.
Cultured A. crassum cells (9 g) were added to this
solution and the mixture was stirred for 2h until it
became homogeneous. Suspension was added drop-
wise from a dropping funnel with a glass tube into
a 5% CaCl, solution (11) with stirring to form pieces

2 A Il
crassum cells
HO : 4 ﬂ/o
6 5

|mmob|l|zed A. crassum cells

1 4

Figure 1. Biotransformation of 2-fluorophenol (1) to 2-fluorophenyl
B-D-glucoside (4) by cultured and immobilized cells of A. crassum.

of spherical sodium alginate gel with 5 mm diameter
immediately. After washing with a synthetic seawater,
immobilized A. crassum cells were used for biotrans-
formation experiments.

To the immobilized A. crassum cells which
included 9 g of 4. crassum cells with 250 ml of
the synthetic seawater in a 500 ml flask was added
0.2 mmol of substrate. Effect of sodium alginate con-
centration on the glycosylation of 2-fluorophenol (1)
was examined by using the cells immobilized with
sodium alginate at final concentrations of 1, 2, 3, 4,
and 5%. Flask was incubated at 20 °C with aerobic
shaking for five days under illumination (1000Ix).
Isolation of products was carried out by the similar
procedures to planktonic biotransformation experi-
ment described above.

Results and Discussion

Biotransformation product was isolated from the cul-
tured cells of 4. crassum, which had been treated with
2-fluorophenol (1) for 48 h. Potentially glucosylated
product (4) was obtained, and no additional conversion

200

n /\’A

Conc. of products (ug/g cells)

1 2 3 4 5

Conc. of sodium alginate (%)

Figure 2. Effects of sodium alginate concentration on the glucosylation
activity of the immobilized cells of A. crassum against 2-fluorophenol
(1). Concentration (ug/g cells) of 2-fluorophenyl B-D-glucoside (4) ()
is plotted.
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Table 2. The production of 4 by immobilized A. crassum.

Batch Conc. of products (ug/g cells)?

147
143
123
117
90

Note: ?Results are expressed as average of three times experiments.

AR wWN -

products were observed in spite of the careful HPLC
analyses. Chemical structure of the product was deter-
mined on the basis of their FABMS, 'H and *C NMR,
H-H COSY, C-H COSY, and HMBC spectra as
2-fluorophenyl B-D-glucoside (60 pg/g cells) (Fig. 1).
Other microalga, ie, Chattonella sp. and Heterosigma
sp., showed no glycosylation action against 1.

In addition, 2-fluorophenol (1) was subjected to
the biotransformation by immobilized 4. crassum
cells with sodium alginate. Fig. 2 shows that the glu-
cosylation activity of immobilized cells was enhanced
at 2% sodium alginate concentration. Immobi-
lized 4. crassum cells, which had been prepared at
2% sodium alginate concentration, were used for
biotransformation experiments. After 48 h incubation
of 2-fluorophenol (1), 2-fluorophenyl B-D-glucoside
(140 pg/g cells) was obtained in higher yield in
comparison with the case of the biotransformation
using planktonic cells. Repetitive use of the immo-
bilized cells was carried out. Yields of the product
4 obtained after each batch reaction were shown in
Table 2. Experiments were repeated three times, and
average is shown in Table 2. In repetitive batch use,
the immobilized cells of A. crassum maintained the
potential for the glucosylation of 1 (100 pg/g cells)
after 5 times of usage.

Next, A. crassum cells were incubated with
3-fluorophenol (2) for 48h in the same biotransforma-
tion conditions as 2-fluorophenol (1). Glucosylation

o " A. Il
crassum cells
Ho— ) ﬁ&o—@
5

5 |mmob|I|zed A. crassum cells

2 5

Figure 3. Biotransformation of 3-fluorophenol (2) to 3-fluorophenyl
B-D-glucoside (5) by cultured and immobilized cells of A. crassum.

A crassum cells

1 4
HO F
immobilized A. crassum cells

3 6

Figure 4. Biotransformation of 4-fluorophenol (3) to 4-fluorophenyl
B-D-glucoside (6) by cultured and immobilized cells of A. crassum.

product was isolated from the cell cultures of
A. crassum by preparative HPLC and was identified
as 3-fluorophenyl B-D-glucoside (5, 20 pg/g cells)
by spectroscopic methods (Fig. 3). Use of the immo-
bilized A. crassum cells, which had been prepared
at 2% sodium alginate concentration, improved the
conversion yield of the product to 60 ug/g cells.
When the substrate 4-fluorophenol (3) was used for
the biotransformation experiment, 4-fluorophenyl
B-D-glucoside (6) was obtained in 40 ug/g cells
(Fig. 4). Incubation of immobilized A. crassum
cells prepared at 2% sodium alginate concentration
with 4-fluorophenol (3) afforded 4-fluorophenyl
B-D-glucoside (6) in 100 ug/g cells.

This study demonstrated that the cultured cells of
A. crassum can convert 2-, 3-, and 4-fluorophenols
into the corresponding B-D-glucosides. Highest yield
was found in the case of the biotransformation of
2-fluorophenol with ortho-phenolic hydroxyl group.
Results of this experiment revealed that cultured cells
of A. crassum can incorporate the environmentally
toxic compounds such as 2-, 3-, and 4-fluorophenol
and biotransform into B-D-glucosides. Yield of B-D-
glucosides produced from fluorophenols by immo-
bilized A. crassum cells in sodium alginate gel was
improved in comparison with the case of biotransforma-
tion by planktonic A. crassum cells. Immobilized cells
of A. crassum would be useful to detox fluorophenols
to stable glycosides. This procedure is a simple opera-
tion and is environmentally friendly. Further studies on
the enzymes which catalyze the glucosylation of fluo-
rophenols are now in progress.
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