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2. 2 EFEMMHEBICKEINAA NSV RTH—A—
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EINEVETINKNAE S EVED NS E S Y
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Table 1. The constituents of synthetic seawater

Constituents® Conc. (g/1) Constituents® Conc. (g/l)
NaCl 20.7 AICl;-6H,0 8x10°
MnCl,-4H,0 1x10° FeCly-6H,0 5x10°
MgCl,-6H,0 9.5 Na,WO,-2H,0 2x107
CaCl,-6H,0 1.3 (NH4)sM0,04 2x10°
Na,SO, 3.5 Na,SiO; 5x107
KCl 0.6 NaNO; 0.2
NaHCO; 0.2 Na,HO, 1x102
KBr 9x107 EDTA-2Na 9x10™
Na,B,0;-10H,0 3x1072 Vitamin B, 2x10°¢
SrCl, 1x1072 Thiamine-HCI 8x10°
NaF 3x107 Biotin 1x10°¢
LiCl 1x107 EDTA-Fe 3x107
KI 7x107 H,NC(CH;0H); 5x107
CoCl,-6H,0 2x107

IConstituents are dissolved in distilled water.
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i 77 2 : YMC-Pack R&D ODS column (150 x 30
mm); 8L CHCN-H,0 (3:17, v/v); 5347 : UV (280 nm);
it : 1.0 ml/min
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62.3~102.5 ppm DOFFHEA R 7 F b ALEW 2 1%
2-T7vFAT = )= VDRI N AV RIKTHDHIEN Do
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'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=1.6Hz, J=8.4Hz, H-5); *C NMR (100 MHz, CD;0D, &
in ppm ): 62.3 (C-6"), 71.1 (C-4"), 74.6 (C-2"), 77.8 (C-3"),
78.0 (C-5'), 102.5 (C-1'), 117.0 (1C, d, J .3c=18.9 Hz, C-3),
119.1 (C-6), 123.8 (1C, d, J r.4c=6.6 Hz, C-4), 125.4 (1C, d,
J psc =42 Hz, C-5), 146.3 (1C, d, J p.1c=10.8 Hz, C-1),
153.9 (1C, d, J g =244.2 Hz, C-2).

WEEMCHSEEE 4. crassum (285 2-7 v F(bT7 = /) —
NOEFALIZ LD NRAF VAT 4= a b DAF— L%
Fig. 1 |Z” 7,

WA, BB ChD 3-7vF b7 =/ — 1 (3) &
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—A—valERmEL LAY 4 &5 202, RERIC
FABMS Z3#7. 'H BL BC NMR HIEDOHK; s, b
AW AIT3-TvFENT = ) — VDB NN AL RIETHHIE
ioiz, HMBC AT MUZRBWT, 7 /~—7 1k
D7 F e 1 AED BCNMR 7 F /W RS-
ZEMB BNV RRREE LIALE 3-7 v F b7 =/
— LD 1 NETHDHZENHLNE 2T, LAY 4 D 'H,
FBLO, P"CNMR OIFEIZLL FOIEY THD,

'H NMR (400 MHz, CD;0D, & in ppm): 3.39-3.90 (6H,
m, H-2"-H-6"), 4.92 (1H, d, J=7.2 Hz, H-1"), 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;0D, § 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 (1C, d, J pu4c=

Table 2. The bioremediation of fluorophenols by marine microalga

Substrates Marine microalga

Products Conc. (ug/g cells)

1 Amphidinium crassum

Chrysocampanulla spinifera

Chaetoceros gracilis
Chaetoceros danicus
Cochlodunium catenatum
3 A. crassum
C. spinifera
C. gracilis
C. danicus
C. catenatum
5 A. crassum
C. spinifera
C. gracilis
C. danicus

C. catenatum

2 67

4 25

A. crassum cells

-
Y

OHo
Hom
HO o

OH

2

Fig. 1. Bioremediation of 2-fluorophenol (1) to 2-fluorophenyl B-D-glucoside (2) by cultured cells of 4. crassum

-90 -



25.5 Hz, C-4), 109.7 (1C, d J pc=20.6 Hz, C-2), 113.4 (1C,
d, J p.ec=2.4 Hz, C-6), 131.3 (1C, d, J r.5c=9.9 Hz, C-5),
160.1 (1C, d, J g, =10.5 Hz, C-1), 164.5 (1C, d, J pac
=241.7 Hz, C-3).

HEPEPEDS MBS A, crassum (25D 3-7vFE L7 = /) —
NOEFEIZE DAV AT f = ay DAF — L%
Fig. 2 lZ” 7,

RESHYE CThD 4-7vF b7 =/ —n (5) 2 5E
TUT-UFEEVERGHIAERE A. crassum 1%, 7SAA T AT 3 —
A= a el T EY) 6 2252 7=, FABMS 734,
'H BLOPCNMR JIEOFERNS LAY 6 13 4-7
FT =)= VDB TN RIRTHDLIEN DT,
HMBC A~ZMVRIEIZED, B-7 Vv R3S G LI
BIX4-7 0BT =/ — VD 1IN THDHZENHLNE -
72 ALEM 6 @ 'H, LV, PC NMR Ot EiLLL T OiE
D THD,

'H NMR (400 MHz, CD;0D, & in ppm): 3.35-3.90 (6H,
m, H-2"-H-6"), 4.85 (1H, d, J=7.2 Hz, H-1), 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;0D, & 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
r3.sc =23.1 Hz, C-3, C-5), 119.3 (2C, d, J £, 6c =8.3 Hz,
C-2,C-6),155.2 (1C, d, J p.1c=2.5 Hz, C-1), 159.4 (1C, d, J
r4c=237.6 Hz, C-4).
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|
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Fig. 3 [27~9,
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LT, BREOT XU F MY LT L TEEL
TR R LD, 2-7 v T T =/ — )L DA F
NIRRT F A= a w2 T B D 2-7 v F T 2=
v B-INav ROAREAE LT, DR, Fig. 4 12
RONDEIN, 2% OT VXU BTN T LT KD
TEACS IO BSE A, crassum D3EH R 2-7
FL7 =/ — VOB EEEE R LTz, 2072 LIgED
[ E AN E SR ESE A, crassum \ZXDNAFNT AT
F A=Ay FEERIL, 2% OT VX BT NIT LS LT
BLIbOEE AL,

[ E LS IR E RGBS A, crassum (285 2-7 >
FbT7 =/ — VOB LRE ) 2 BEET D70 | WEIER
AR A, crassum &, [EE(LZIIZ A crassum (255 2-
Ty HAT 2 )=V DINAF T AT F A=A DR
A& R UT-, Fig. 5 (ORULIZEDIT, WEERGEE
A. crassum (25D 2-7 v FAL T =/ — VIR ERGE & 36

F
OH
HO ©
OH

Fig. 2. Bioremediation of 3-fluorophenol (3) to 3-fluorophenyl B-D-glucoside (4) by cultured cells of 4. crassum

A. crassum cells

-
v

OH

HOCR O
Ho OO_F

OH

6

Fig. 3. Bioremediation of 4-fluorophenol (5) to 4-fluorophenyl B-D-glucoside (6) by cultured cells of 4. crassum
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200

Conc. of products (ug/g cells)
=
o

1 2 3 4 5

Conc. of sodium alginate (%)
Fig. 4. 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 (2) (#) is plotted.

200

100F

Conc. of product 2/(ug g‘1 cells)

N Time/day 8

Fig. 5. Time course of the glycosylation of 2-fluorophenol
(1) by cultured 4. crassum and immobilized 4. crassum.
Yields of the product 2 by biotransformation with cultured

(@) and immobilized (W) A. crassum are plotted.

Table 3. Glycosylation of fluorophenols by cultured and immobilized A. crassum

Conc. of products (ug/g cells)

Substrates
Cultured 4. crassum Immobilized 4. crassum
1 59 145
3 22 51
5 45 101
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Summary

Fluorophenolic compounds are used to agrochemicals and pharmaceuticals, and cause serious environmental
contamination. Number of fluorine-containing agricultural chemicals has grown from 4% to approximately 9%
of all agrochemicals and has increased in number faster than non-fluorinated agrochemicals over the past 15 years.
These compounds are primarily used as herbicides, insecticides, and fungicides, and their residues are released as
pollutants into rivers and seas.

This study focused on the metabolism of mono-fluorophenols by cultured and immobilized marine microalga
of Amphidinium crassum. Biotransformation product was isolated from the cultured cells of A. crassum, which
had been treated with 2-fluorophenol. Potentially glucosylated product was obtained, and its chemical structure
was determined 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. Substrates, 3- and 4-fluorophenols, were converted into 3- and 4-fluorophenyl
B-D-glucosides, respectively. The glucosylation activity of immobilized 4. crassum cells was enhanced at 2%
sodium alginate concentration. Use of immobilized 4. crassum cells improved the glycosylation activity, and the
amount of glycosides was enhanced 2.5 fold in comparison with the case of biotransformation with cultured A.
crassum cells.

Halophenols containing stable carbon-halogen bond in their structures have been described to be much more
resistant to microbial degradation than unsubstituted analogs. From the viewpoint of seawater pollution control,

glycosylation of halophenols by immobilized marine microalga is important and environmentally friendly.
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