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Abstract Bisphenol A and benzophenone, diphenyl compounds, were regioselectively hydroxylated, reduced, and
glycosylated by the cultured plant cells of Eucalyptus perriniana. Three known biotransformation products and
two new products, 2-(3-f-D-glucopyranosyloxy-4-hydroxyphenyl)-2-(4--D-glucopyranosyloxyphenyl)propane and 2-(3-
B-D-glucopyranosyloxy-4--p-glucopyranosyloxyphenyl)-2-(4-hydroxyphenyl)propane, were isolated after seven days’
incubation of bisphenol A. This shows that the cultured cells of E. perriniana regioselectively hydroxylate at C-6 and C-12
of bisphenol A and that the glycosides can be formed at the hydroxyl group at C-6, 7, 12, and 13. On the other hand,
two known products and two new products, 4-O-[6-O-(o-L-thamnopyranosyl)-S-p-glucopyranosyl]benzophenone
and diphenylmethyl 6-O-(f-D-glucopyranosyl)-f-D-glucopyranoside, were obtained from the biotransformation of
benzophenone, showing that the cultured cells of E. perriniana regioselectively hydroxylate at C-4 and reduce the carbonyl
group of benzophenone and that glycosylation can occur at the hydroxyl group at C-4 and C-7. Thus, both diphenyl
compounds were removed from the culture medium and accumulated in cells as glycosides. The biotransformation with E.
perriniana would provide a very useful process for the phytoremediation of endocrine disrupting chemicals such as

diphenyl compounds. This procedure using enzymatic reactions is simple and environmentally friendly.
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Some aromatic chemicals such as bisphenol A (BPA)
and benzophenone (BZP) are widely used as the starting
material for the production of polyacrylates, ether resins,
phenol resins, photostabilizers, insecticides, fragrance
ingredients, agricultural chemicals, pharmaceuticals, and
coatings and are released as pollutants and toxic
compounds into the environment (Sandell et al. 1987).
Recently, BPA and BZP, diphenyl compounds, have
attracted considerable attention as they exhibited
estrogenic activity in bioassays (Howdeshell et al. 1999)
and have been listed among ‘“chemicals suspected of
having endocrine disrupting effects” by the World
Wildlife Fund, the National Institute of Environmental
Health Sciences in the USA and the Japanese
Environment Agency. From the viewpoint of pollution
control, many studies on the metabolites of aromatic
compounds have been reported, e.g., the benzene rings of
aromatic compounds are degraded through the gentisic
acid intermediate by some soil bacteria (Harpel et al.

Benzophenone, biotransformation, bisphenol A, diphenyl compounds, Eucalyptus perriniana.

1990; Atkinson et al. 1995; Yokota et al. 1999; Hirano et
al. 2000). However, little attention has been paid to the
biological degradation of endocrine disrupting chemicals
such as diphenyl compounds. On the other hand, the
metabolic pathway of aromatic compounds in plant cells
is quite different from that in microorganisms; plant cells
glycosylate phenols and benzoic acids including gentisic
acid and accumulate them as glycosides in the cells
(Mizukami et al. 1986; Mizutani et al. 1987; Tabata et al.
1988; Ushiyama et al. 1989; Shimoda et al. 2002).

Recently, the biotransformation of exogenous
substrates by cultured plant cells has been reported (Suga
et al. 1990; Ishihara et al. 2003). The cultured plant
cells have the abilities of hydroxylation, glycosylation,
oxido-reduction, hydrogenation, and hydrolysis for
various organic compounds. Particularly, hydroxylation,
reduction, and glycosylation seem to be efficient
procedures for the phytoremediation of environmental
pollution.

Abbreviations: BPA, bisphenol A; BZP, benzophenone.
This article can be found at http://www.jspcmb.jp/
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With respect to the phytoremediation of diphenyl
compounds, a callus strain of Eucalyptus perriniana with
a high potential for regioselective hydroxylation and
glycosylation of BPA was screened out of various
plant callus strains in our laboratory. In our recent
communication, only three disaccharide products have
been isolated after the incubation of BPA with the
cultured cells of E. perriniana (Hamada et al. 2002),
however, there are two other disaccharide products which
are new compounds. In addition, E. perriniana cells
were able to regioselectively hydroxylate and reduce
BZP and were capable of glycosylation of the newly
generated hydroxyl groups. This paper describes in
detail the regioselective hydroxylation, reduction, and
glycosylation of diphenyl compounds by the cultured
cells of E. perriniana.

Materials and Methods

General

Chemicals such as BPA and BZP used as substrates were
purchased from Aldrich Chemical Co. The 'H and "*C
NMR, H-H COSY, C-H COSY, NOE, and HMBC
spectra were recorded using a Varian XL-400
spectrometer in CD;0D solution and the chemical shifts
were expressed in & (ppm) referring to TMS. The
FABMS and HRFABMS spectra were measured using a
JEOL The MStation JMS-700 spectrometer.

Plant materials and culture methods

Eucalyptus cultured suspension cells were prepared as
described previously (Furuya et al. 1987). Just prior to
use for this work, part of the callus tissues (fresh weight
40 g) was transplanted to freshly prepared Murashige and
Skoog’s medium (100 mL in a 300 mL conical flask, pH
6.2) containing 1 ppm of benzyladenine and 3% sucrose
and grown with continuous shaking for 1 week at 25°C
in the dark.

Biotransformation of BPA by the cultured cells of
E. perriniana

A total of 120mg of BPA was administered to the
10 flasks (12mg/flask, none solvent) containing the
suspension cultured cells of E. perriniana and the
cultures were incubated at 25°C for seven days on a
rotary shaker (120 rpm) in the dark. After the incubation,
the cells and medium were separated by filtration with
suction. The filtered medium was extracted with EtOAc.
The medium was further extracted with n-BuOH to give
no glycoside products. The cells were extracted (X3) by
homogenization with MeOH. The MeOH fraction was
concentrated and partitioned between H,O and EtOAc.
The EtOAc fractions were combined and concentrated to
give no BPA. The H,O fraction was applied to a Diaion
HP-20 column and the column was washed with H,O

followed by elution with MeOH. The MeOH eluate was
subjected to HPLC [column: YMC-Pack R & D ODS
column (150X30mm); solvent: MeOH:H,0 (9:11,
v/v); detection: UV (280nm); flow rate: 1.0 mL min~']
to give products 1 (43%; #=15.1min), 2 (21%;
tg=13.4min), 3 (6%; t=19.2min), 4 (13%; #,=22.8
min), and 5 (7%; ty=17.9 min). The yield of the products
was determined on the basis of the peak area from HPLC
and expressed as a relative percentage to the total
amount of the whole reaction products extracted. No
further conversion products were observed in spite of the
careful HPLC analyses. Spectral data for the products;
product 3, 2-(3-B-p-glucopyranosyloxy-4-hydroxyphenyl)-
2-(4--p-glucopyranosyloxyphenyl)propane: ~ FABMS:
m/z 591 [M+Na]*; '"H NMR (400 MHz, CD,0D): §
1.61 (6H, s, H-1, 3), 4.60 (1H, d, J=7.2Hz, H-1"),
4.88 (1H, d, /=8.0Hz, H-1"), 6.72 (1H, d, J=8.5Hz,
H-8), 6.81 (1H, dd, J=8.5, 2.0Hz, H-9), 6.90
(1H, d, J=2.0Hz, H-5), 6.99 (2H, d, /J=8.5Hz, H-12,
14), 7.16 (2H, d, J=8.5Hz, H-11, 15); “C NMR
(100MHz, CD,0D) see Table 1. Product 4, 2-(3-f-
D-glucopyranosyloxy-4-B-D-glucopyranosyloxyphenyl)-
2-(4-hydroxy phenyl)propane: FABMS: m/z 591 [M+
Na]*; '"H NMR (400 MHz, CD,0D): § 1.61 (6H, s, H-1,
3), 4.71 (1H, d, J=7.2 Hz, H-1"), 4.82 (1H, d, /=7.5Hz,
H-1"), 6.68 (2H, d, /=9.0 Hz, H-12, 14), 6.90 (1H, dd,
J=8.5, 2.0Hz, H-9), 7.05 (2H, d, /=9.0Hz, H-11, 15),
7.08 (1H, d, J=2.0Hz, H-5), 7.12 (1H, d, J=8.5Hz,
H-8); *C NMR (100 MHz, CD,0D) see Table 1.

Table 1. '®C chemical shifts of the products 1-5 in the
biotransformation of BPA by the cultured cells of E. perriniana.

Position 1 2 3 4 5

C-1 31.5 314 315 314 314
C-2 429 429 43.0 43.0 43.0
C-3 31.5 31.4 315 314 314
C-4 146.1 148.2 144.3 148.7 148.1
C-5 128.7 116.1 117.9 119.5 116.4
C-6 117.2 147.8 146.2 148.8 147.8
C-7 157.0 144.6 146.0 146.8 144.6
C-8 117.2 118.5 116.4 120.3 118.4
C-9 128.7 119.2 122.7 122.9 119.2
C-10 146.1 146.0 146.1 142.6 144.2
C-11 128.7 128.7 128.8 128.8 117.9
C-12 117.2 117.2 117.1 115.7 146.2
C-13 157.0 157.0 156.9 156.2 146.0
C-14 117.2 117.2 117.1 115.7 116.2
C-15 128.7 128.7 128.8 128.8 122.6
C-1’ 102.4 104.6 102.4 104.1 104.5
C-2’ 75.0 74.9 74.8 75.0 74.8
C-3' 78.0 77.7 71.7 77.8 77.6
C-4' 71.4 71.3 71.1 71.1 71.1
C-5’ 78.1 78.1 78.1 78.1 78.1
C-6' 62.5 62.4 62.2 62.2 62.2
C-1" 102.4 102.4 104.6 104.2 104.5
C-2" 75.0 75.0 75.0 75.1 74.9
C-3" 78.0 78.0 78.0 77.8 77.7
Cc-4" 71.4 71.4 71.4 71.4 71.4
C-5" 78.1 78.3 78.1 78.2 78.3
C-6" 62.5 62.5 62.5 62.5 62.5
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Feeding and incubation experiments were carried out in
the same manner as described in Section 4.3. The MeOH
extracts from the cells were purified by Diaion HP-20
column chromatography and then HPLC with a YMC-
Pack R & D ODS column to give 6 (23%; #;=16.9 min),
7 (16%; txr=2.4min), 8 (29%; #;=20.2min), and 9
(24%; t;=10.3min). No further conversion products
were observed in spite of the careful HPLC analyses.
Spectral data for the products; product 6, 4-O-f§-D-
glucopyranosylbenzophenone: m/z 361 [M+H]"; 'H
NMR (400 MHz, CD,0D): ¢ 3.72 (1H, dd, J=12.4, 5.6
Hz, H-6b"), 3.92 (1H, dd, J=12.4, 2.0 Hz, H-6a"), 5.06
(1H, d, J/=7.2Hz, H-1"), 7.20 (2H, d, /=8.8 Hz, H-3,5),
7.49 (2H, t, J=8.0 Hz, H-10, 12), 7.60 (1H, t, J/=7.6 Hz,
H-11), 7.71 (2H, d, J=8.4Hz, H-9, 13), 7.77 (2H, d,
J=8.8Hz, H-2, 6); *C NMR (100 MHz, CD,0D) see
Table 2. Product 7, 4-O-[6-O-( a-L-thamnopyranosyl)-f3-
D-glucopyranosyl]benzophenone: FABMS: m/z 507
[M+H]"; '"H NMR (400 MHz, CD,0D): & 1.18 (3H, d,
J=6.0Hz, H-6"),4.70 (1H, d, /=1.2 Hz, H-1"), 5.04 (1H,
d, J/=7.2Hz, H-1"), 7.19 (2H, d, /=8.8 Hz, H-3, 5), 7.52
(2H, t, J=7.6 Hz, H-10, 12), 7.62 (1H, t, J=7.6 Hz, H-
11), 7.74 (2H, d, J=7.2 Hz, H-9, 13), 7.80 (2H, d, /=8.8
Hz, H-2, 6); *C NMR (100 MHz, CD,0D) see Table 2.
Product 8, diphenylmethyl [-D-glucopyranoside:
FABMS: m/z 369 [M+Na]*; 'H NMR (400 MHz,
CD,0D): ¢ 3.67 (1H, dd, J=12.0, 6.4 Hz, H-6b"), 3.88
(1H, dd, J=12.0, 2.4 Hz, H-6a"), 4.27 (1H, d, J=7.6 Hz,
H-1"), 6.05 (1H, s, H-7), 7.18 (1H, t, J=7.6 Hz, H-4),
7.23 (3H, t, J=7.6Hz, H-3, 5, 11), 7.33 (2H, t, J=8.0
Hz, H-10, 12), 7.40 (2H, d, J/=7.6 Hz, H-2, 6), 7.47 (2H,
d, J=7.2 Hz, H-9, 13); *C NMR (100 MHz, CD,0D) see
Table 2. Product 9, diphenylmethyl 6-O-(3-D-
glucopyranosyl)- 3-D-glucopyranoside: FABMS: m/z 531
[M+Na]™; 'H NMR (400 MHz, CD,0OD): & 3.66 (1H,
dd, J=11.6, 5.6 Hz, H-6b"), 3.81 (1H, dd, J=11.2, 5.2
Hz, H-6b"), 3.86 (1H, dd, /=11.6, 2.0 Hz, H-6a"), 4.15
(1H, d,J=11.2 Hz, H-6a"), 4.30 (1H, d, J/=7.6 Hz, H-1"),
446 (1H, d, J=7.6Hz, H-1"), 6.05 (1H, s, H-7), 7.18
(1H, t, J=8.0Hz, H-4), 7.26 (3H, t, J=7.6H, H-3, 5,
11),7.33 (2H, t, J=8.0 Hz, H-10, 12), 7.40 (2H, d, J=7.6
Hz, H-2, 6), 7.51 (2H, d, J=7.2Hz, H-9, 13); *C NMR
(100 MHz, CD,0D) see Table 2.

Results and discussion

Biotransformation of BPA by the cultured cells of
E. perriniana

After seven days’ incubation of BPA with the cultured
cells of E. perriniana, products 1-5 were isolated from
the extracts of the cells with MeOH and no products
were observed in the medium. Neither BPA nor
additional conversion products were observed in spite of

Y. Kondo et al.

Table 2. *C chemical shifts of the products 6-9 in the
biotransformation of BZP by the cultured cells of E. perriniana.

Position 6 7 8 9

C-1 13233 132.7 142.1 142.1
C-2 133.1 133.4 128.0 128.0
C-3 117.0 117.2 128.8 128.8
C-4 162.5 162.7 128.0 128.0
C-5 117.0 117.2 128.8 128.8
C-6 133.1 133.4 128.0 128.0
C-7 197.2 197.7 81.0 81.1
C-8 139.0 139.3 143.8 143.7
C-9 130.5 130.9 128.9 128.9
C-10 129.2 129.5 129.3 129.2
C-11 133.1 133.4 128.6 128.5
C-12 129.2 129.5 129.3 129.2
C-13 130.5 130.9 128.9 128.9
C-1 101.4 101.5 100.9 101.1
Cc-2’ 74.6 74.8 75.2 75.1
C-3’ 78.1 78.0 77.9 77.8
Cc-4' 71.1 71.5 71.7 71.5
C-5' 77.7 77.1 77.9 77.8
C-6' 62.3 67.8 62.8 69.6
C-1" 102.2 104.8
C-2" 72.2 75.1
C-3" 72.4 77.8
C-4" 74.0 71.5
C-5" 69.9 77.8
C-6" 18.0 62.6

the careful HPLC analyses. The structures of the
products were determined on the basis of their FABMS,
'H and "*C NMR (Table 1), H-H COSY, C-H COSY, and
NOE spectra as 2,2-bis(4-3-p-glucopyranosyloxyphenyl)-
propane (1, 43%), 2-(4-B-pD-glucopyranosyloxy-3-
hydroxyphenyl)-2-(4-B-D-glucopyranosyloxyphenyl)-
propane (2, 21%), 2-(3-B-D-glucopyranosyloxy-4-
hydroxyphenyl)-2-(4-3-p-glucopyranosyloxyphenyl)-
propane (3, 6%), 2-(3-B-p-glucopyranosyloxy-4-§-
D-glucopyranosyloxyphenyl)-2-(4-hydroxyphenyl)-
propane (4, 13%), and 2-(4-B-D-glucopyranosyloxy-3-
hydroxyphenyl)-2-(3-B-D-glucopyranosyloxy-4-
hydroxyphenyl)propane (5, 7%). Disaccharide products 3
and 4 were two new compounds. No formation of 2 was
observed in the incubation of 1 with E. perriniana cells
under the same transformation conditions. It was also
confirmed that no formation of 5 was observed during
the incubation of 3 with the cells. These results suggest
that not 1, but 2-(4-hydroxyphenyl)-2-(3,4-dihydroxyphenyl)-
propane was converted into 2 and that not 3, but 2,2-
bis(3,4-dihydroxyphenyl)propane was transformed into
5. The biotransformation scheme of BPA by the cultured
cells of E. perriniana is shown in Figure 1.

The FABMS spectrum of the product 3 showed a
pseudomolecular ion [M+Na]* peak at m/z 591. The 'H
NMR spectrum of 3 exhibited characteristic signals
due to protons on the 1,4-disubstituted and 1,3,4-
trisubstituted benzene rings at 6 6.99 (2H, d, /=8.5 Hz),
7.16 (2H, d, /=8.5Hz) and 6.72 (1H, d, J=8.5 Hz), 6.81
(1H, dd, J=8.5, 2.0Hz), 6.90 (1H, d, J=2.0Hz),
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2-(3-B-p-glucopyranosyloxy-4-hydroxyphenyl)-2-(4--D-

glucopyranosyloxyphenyl)propane; 4, 2-(3-f-pD-glucopyranosyloxy-4-f-p-glucopyranosyloxyphenyl)-2-(4-hydroxyphenyl)propane; 5, 2-(4-f-D-
glucopyranosyloxy-3-hydroxyphenyl)-2-(3- 3-p-glucopyranosyloxy-4-hydroxyphenyl)propane.

respectively. The spectrum also showed two anomeric
proton signals at 6 4.60 (1H, d, J=7.2 Hz) and 4.88 (1H,
d, J=8.0Hz). The '*C NMR spectrum of 3 showed 27
carbon signals with two anomeric carbon signals at f
102.4 and 104.6. From the coupling constants of the
proton signals and pattern of the carbon signals of the
sugar moiety, the component sugar in 3 was indicated to
be p-pD-glucopyranose. The bonding position of the
glucose moieties was determined by NOE difference
spectrum. Upon irradiation of the anomeric protons at o
4.60 (H-1") and 4.88 (H-1"), NOEs were observed for the
signals 6 6.99 (H-12 and H-14) and 6.90 (H-5),
respectively. Thus, the structure of 3 was determined as
2-(3-B-p-glucopyranosyloxy-4-hydroxyphenyl)-2-(4-
B-D-glucopyranosyloxyphenyl)propane. The FABMS
spectrum of the product 4 showed a pseudomolecular ion
[M+Na]* peak at m/z 591. In the '"H NMR spectrum of
4, signals of the protons on the 1,4-disubstituted and
1,3,4-trisubstituted benzene rings were observed at &
6.68 (2H, d, /=9.0Hz), 7.05 (2H, d, /=9.0 Hz) and 6.90
(1H, dd, J=8.5, 2.0Hz), 7.08 (1H, d, J=2.0Hz), 7.12
(1H, d, J=8.5Hz), respectively. The spectrum also
showed two anomeric proton signals at § 4.71 (1H, d,
J=72Hz) and 4.82 (1H, d, J=7.5Hz). The *C NMR
spectrum of 4 showed 27 carbon signals with two
anomeric carbon signals at 6 104.1 and 104.2. The
component sugar in 4 was determined to be S-D-
glucopyranose from the coupling pattern of the sugar

proton signals and the chemical shifts of the sugar
carbon signals. The bonding position of the glucose
moieties was determined by the NOE difference
spectrum. Upon irradiation of the anomeric protons at o
4.71 (H-1") and 4.82 (H-1"), NOEs were observed for the
signals 6 7.08 (H-5) and 7.12 (H-8), respectively.
Therefore, the structure of 4 was established as 2-(3--D-
glucopyranosyloxy-4-f-p-glucopyranosyloxyphenyl)-2-
(4-hydroxyphenyl)propane.

Thus, these results demonstrate that the cultured cells
of E. perriniana regioselectively hydroxylate at C-6 and
C-12 of BPA and that the glycosides can be formed at the
hydroxyl group at C-6, 7, 12, and 13.

Biotransformation of BZP by the cultured cells of
E. perriniana

After the seven days’ incubation period, products 69
were obtained from the extracts of the cells with MeOH.
Neither BZP nor additional conversion products were
observed in spite of the careful HPLC analyses. The
structures of the products were determined on the basis
of their FABMS, 'H and '*C NMR (Table 2), H-H COSY,
C-H COSY, NOE, and HMBC spectra as 4-O-f-D-
glucopyranosylbenzophenone (6, 23%), 4-O-[6-O-(¢-L-
rhamnopyranosyl)- -D-glucopyranosyl]benzophenone
(7, 16%), diphenylmethyl S-pD-glucopyranoside (8, 29%),
and  diphenylmethyl  6-O-(B-p-glucopyranosyl)-o-D-
glucopyranoside (9, 24%). Disaccharide products 7 and 9

Copyright © 2006 The Japanese Society for Plant Cell and Molecular Biology
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rhamnopyranosyl)--p-glucopyranosyl]benzophenone; 8, diphenylmethyl S-p-glucopyranoside; 9, diphenylmethyl 6-O-(S-p-glucopyranosyl)-f-p-

glucopyranoside.

were two new compounds. The biotransformation
scheme of BZP by FE. perriniana cells is shown in Figure
2.

The FABMS spectrum of 7 showed a pseudomolecular
ion [M+H]" peak at m/z 507. The 'H NMR spectrum of
7 showed two anomeric proton signals at § 4.70 (1H, d,
J=12Hz) and 5.04 (1H, d, J=7.2Hz), indicating the
presence of - and B-anomers in the sugar moiety. The
BC NMR data of the sugar moiety of 7 was in good
agreement with that of S-rutinose (Ishimaru et al. 2003).
The spectrum also showed two anomeric carbon signals
at 0 101.5 and 102.2. Upon irradiation of the anomeric
proton at 6 5.04 (H-1"), NOE was observed for the signal
6 7.19 (H-3 and H-5). An HMBC correlation was
observed between the anomeric proton signal at § 4.70
(H-1") and the carbon signal at § 67.8 (C-6). These
results established that the inner B-pD-glucopyranosyl
residue was attached to the 4-hydroxyl group of 4-
hydroxybenzophenone and that the second «-L-
rhamnopyranosyl residue and the inner f-D-
glucopyranosyl residue were 1,6-linked. Thus, the
structure of 7 was determined as 4-O-[6-O-(¢-L-
rhamnopyranosyl)- B-p-glucopyranosyl]benzophenone.
The FABMS spectrum of 9 showed a pseudomolecular
ion [M+Na]® peak at m/z 531, suggesting the
composition of 9 to be one molecule of
diphenylmethanol and two hexoses. The 'H NMR
spectrum of 9 showed two anomeric proton signals at &
4.30 (1H, d, J=7.6 Hz) and 4.46 (1H, d, J/=7.6 Hz). The
BC NMR spectrum of 9 exhibited 25 carbon signals
including two anomeric carbon signals at § 101.1 and
104.8. From the coupling pattern of the proton signals
and the chemical shifts of the carbon signals due to the
sugar moiety, the component sugar in 9 was indicated to
be B-p-glucopyranose. The *C NMR chemical shift of
C-6' comparatively shifted downfield to & 69.6. In
addition, the HMBC correlations were observed between
the anomeric proton signal at & 4.46 (H-1') and the
carbon signal at § 81.1 (C-7) and between the anomeric

proton signal at & 4.30 (H-1") and the carbon signal at &
69.6 (C-6') to establish that the inner glucopyranosyl
residue was attached to the hydroxyl group of
diphenylmethanol and that the pair of f-D-
glucopyranosyl residues was 1,6-linked. Thus, the
structure of 9 was determined to be diphenylmethyl 6-O-
(B-p-glucopyranosyl)-B-p-glucopyranoside.

These results demonstrate that the cultured cells of E.
perriniana regioselectively hydroxylate at C-4 and
reduce the carbonyl group of BZP and that glycosylation
can occur at the hydroxyl group at C-4 and C-7.

The results of this experiment revealed that the
cultured cells of E. perriniana are able to
regioselectively hydroxylate and reduce diphenyl
compounds and that the regioselective glycosylation that
follows produces glycosides which have little endocrine
disruption activity (Nishikawa et al. 1999; Hamada et al.
2002). The plant enzymes responsible for these
biotransformations should be available for addition to the
group of biocatalysts used for the chemical modification
of endocrine disrupting chemicals. Also, this method is
of considerable interest and important in green
chemistry. Studies on the characterization of these
enzymes from E. perriniana are now in progress. Further
phytoremediation studies such as biotransformations of
BPA and BZP using immobilized Eucalyptus cells are
now in progress.
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