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Glycosylation of Vitamin E Homologue by Cultured Plant Cells
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Biotransformation of 2,2,5,7,8-pentamethyl-6-chromanol
(vitamin E homologue) was investigated with cultured plant
cells of Phytolacca americana, Catharanthus roseus, and Euca-
lyptus perriniana. The cultured cells of P. americana converted
2,2,5,7,8-pentamethyl-6-chromanol into its B-glucoside, where-
as conversion with C. roseus and E. perriniana also afforded the
hydrolysis product of B-glucoside and a new [-gentiobioside
product, i.e., 2,2,5,7,8-pentamethylchroman-6-yl 6-O-B-p-glu-
copyranosyl-B-pD-glucopyranoside.

Vitamin E is a very useful inhibitor of free radical-mediated
membrane damage acting as free-radical scavenging anti-
oxidant.'? In addition, vitamin E controls nutrition in humans
in extremely small amount and is involved in various physio-
logical phenomena in the living body. Recently, vitamin E which
has a specific physiological activity has been used as a medicine.
Clinical information of vitamin E includes its effects on inhibi-
tion of gynecological internal secretion control against sterility,
heart circulation, liver diseases, radiation damage, and carcino-
genesis.*® Despite of its pharmacological activities, it has some
defects as a drug such as low solubility and absorbability. Re-
cently, several attempts to synthesize amphiphilic glycosides
of vitamin E (water-soluble vitamin E) by chemical glycosyla-
tion have been made.”™'? On the other hand, glycosylation with
plant cells has been the subject of increasing attention,'’!2
because one-step glycosylation can be achieved by enzymatic
reaction. However, there are no reports on the enzymatic glyco-
sylation of vitamin E and its homologues with cultured plant
cells. We report, herein, the enzymatic glycosylation of the
vitamin E homologue, i.e., 2,2,5,7,8-pentamethyl-6-chromanol,
by cultured plant cells of Phytolacca americana, Catharanthus
roseus, and Eucalyptus perriniana.

Cultured suspension cells of each callus strains, Phytolacca
americana,” Catharanthus roseus,'* and Eucalyptus perrini-
ana,"® were prepared as described previously. Just prior to use
for this work, part of the callus tissues (fresh weight 40 g) was
transplanted to freshly prepared medium (SH medium for P.
americana and C. roseus, MS medium for E. perriniana;
100mL in a 300-mL conical flask; pH 5.7) containing 3%
sucrose and 10 mM 2,4-Dp, and grown with continuous shaking
for 1 week at 25°C in the dark except that the incubation with
C. roseus cells was carried out under illumination (4000 lux).
A total of 120mg of 2,2,5,7,8-pentamethyl-6-chromanol (1)
was administered to the 10 flasks (12 mg/flask, none solvent)
containing the suspension cultured cells and the cultures were
incubated at 25 °C for 1 day on a rotary shaker (120 rpm).

After incubation of 1 with cultured cells of P. americana,
the cells were harvested and extracted (x3) by homogenization
with MeOH and the extract was concentrated. The residue was
partitioned between H,O and EtOAc. The H,O layer 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 subject-
ed to HPLC (column: 150 x 20 mm) and product 2 was obtained
(Figure 1). No products were observed in the medium. The iso-
lated yield of the products was calculated on the basis of the peak
area from HPLC using the calibration curves prepared by the
HPLC analyses of authentic glycosides. The structure of the
product'® was identified using HRFABMS, 'H and *CNMR,
H-H COSY, and C-H COSY as 2,2,5,7,8-pentamethylchro-
man-6-yl B-D-glucopyranoside (2, 51%).

On administration of 1 to the cultured cells of C. roseus,
three products 2 (18%), 3 (57%), and 4 (12%) were obtained.
Products 3 and 4 were determined as 4-hydroxy-3-(3-hydroxy-
3-methylbutyl)-2,5,6-trimethylphenyl S-pD-glucopyranoside and
2,2,5,7,8-pentamethylchroman-6-yl ~ 6-O-f-D-glucopyranosyl-
B-p-glucopyranoside (B-gentiobioside), respectively. B-Gentio-
bioside 4 was a new compound. In the case of administration
of 1,4-dihydroxy-3-(3-hydroxy-3-methylbutyl)-2,5,6-trimethyl-
benzene, no formation of 3 was observed during the same incu-
bation period, showing that 3 was the hydrolysis product of 2.
The HRFABMS spectrum of the product 4 showed a pseudomo-
lecular ion [M + Na]* peak at m/z 567.5724 consistent with a
molecular formula CagHaOjo. The 'HNMR spectrum of 4
showed two anomeric proton signals at § 4.23 (1H, d, J = 8.0
Hz) and 4.47 (1H, d, J = 7.6 Hz). The '3CNMR spectrum of 4
exhibited 26 carbon signals including two anomeric carbon
signals at § 104.5 and 105.8. 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 4 was indicated
to be B-p-glucopyranose. The '*CNMR chemical shift of C-6'
comparatively shifted downfield to & 70.0. In addition, the
HMBC correlations were observed between the anomeric proton
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Figure 1. Biotransformation of 1 by P. americana, C. roseus,
and E. perriniana.
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Figure 2. Time course of the biotransformation of 1 by cultured
plant cells of E. perriniana.

signal at § 4.47 (H-1") and the carbon signal at § 147.1 (C-7) and
between the anomeric proton signal at § 4.23 (H-1") and the car-
bon signal at  70.0 (C-6') to establish that the inner glucopyra-
nosyl residue was attached to the phenolic hydroxyl group of 1
and that the pair of B-D-glucopyranosyl residues was 1,6-linked.
Thus, the structure of 4 was determined to be 2,2,5,7,8-penta-
methylchroman-6-yl ~ 6-O-f-D-glucopyranosyl-B-D-glucopyra-
noside.

Next, 1 was subjected to the biotransformation system using
the cultured cells of E. perriniana. The cells converted 1 into
three products 2 (6%), 3 (27%), and 4 (59%) showing the highest
yields among the three callus strains examined. To investigate
the biotransformation pathway, the time course in the conversion
of 1 was followed. As shown in Figure 2, 1 was glucosylated to 2
at 6h’s incubation, whereas the product 3 and 4 were predomi-
nantly accumulated in the cells after 12 hs’ incubation with the
decrease of the amount of 2. This also suggested that the B-
glucoside 2 was first formed and then hydrolysis of the ether
occurred to give 3.

Thus, it was found that cultured plant cells of P. americana,
C. roseus, and E. perriniana were able to convert the vitamin E
homologue, i.e., 2,2,5,7,8-pentamethylchromanol, into the cor-
responding glycosides such as S-glucoside, its hydrolysis prod-
uct, and B-gentiobioside. The plant enzymes responsible for
the glycosylation of vitamin E homologue should be available
addition to the group of biocatalysts used for the preparation
of water-soluble vitamin E derivatives. Further studies on
pharmacological activities of the glycosides of the vitamin E
homologue, and characterization of enzymes which catalyze
the glycosylation reactions are now in progress.
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entific Research (No. 16790014) from the Ministry of Education,
Culture, Sports, Science and Technology, Japan.
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Spectral data for the products; product 2: HRFABMS: m/z
405.4358 [M + Na]t; '"HNMR (400MHz, CD;OD, §
in ppm): 6 1.27 (6H, s, H-14, 15), 1.78 (2H, t, J = 6.8 Hz,
H-3), 2.01 (3H, s, H-11), 2.19 (3H, s, H-13), 2.22 (3H, s,
H-12), 2.60 (2H, t, J = 6.8 Hz, H-4), 3.10-3.50 (4H, m, H-
2,3, 4,5, 3.63 (1H, dd, J = 11.6, 2.4Hz, H-6a"), 3.75
(1H, dd, J = 11.6, 5.2Hz, H-6b"), 4.52 (1H, d, J = 8.0Hz,
H-1’); 3CNMR (100 MHz, CD;0D, § in ppm): § 12.0 (C-
11), 13.2 (C-13), 14.1 (C-12), 22.0 (C-4), 27.0 (C-14, C-
15), 34.0 (C-3), 62.9 (C-6'), 71.8 (C-4"), 73.7 (C-2), 75.8
(C-2), 77.7 (C-5"), 78.0 (C-3), 105.9 (C-1"), 118.2 (C-5),
123.3 (C-6), 127.8 (C-8), 129.6 (C-9), 147.1 (C-7), 149.3
(C-10). Product 3: HRFABMS: m/z 423.4412 [M + Na]*;
'HNMR (CD;0D): § 1.26 (6H, s, H-14, 15), 1.55 (2H, m,
H-3), 2.11 (3H, s, H-11), 2.15 (3H, s, H-13), 2.21 (3H, s,
H-12), 2.51 (2H, m, H-4), 3.34-3.52 (4H, m, H-2/, 3/, 4/,
5, 3.66 (1H, dd, J = 12.0, 4.4Hz, H-6a’), 3.75 (1H, dd,
J =116, 2.4Hz, H-6b'), 4.60 (1H, d, J = 7.2Hz, H-1');
BCNMR (CD;0D): § 12.7 (C-11), 12.9 (C-13), 14.5 (C-
12), 23.3 (C-4), 28.6, 29.5 (C-14, C-15), 44.1 (C-3), 62.4
(C-6)), 71.4 (C-4"), 71.9 (C-2), 75.9 (C-2)), 77.8, 77.9 (C-
3, C-5), 105.6 (C-1"), 122.5 (C-5), 123.3 (C-6), 128.4 (C-
8), 133.7 (C-9), 147.6 (C-7), 150.3 (C-10). Product 4:
HRFABMS: m/z 567.5724 [M + Na]*; 'HNMR (CD;OD):
6 1.27 (6H, s, H-14, 15), 1.80 (2H, m, H-3), 2.04 (3H, s, H-
11), 2.18 (3H, s, H-13), 2.21 (3H, s, H-12), 2.61 (2H, m, H-
4), 3.14-4.05 (10H, m, H-2', 3", 4, 5,6/, 2", 3", 4", 5", 6"),
423 (1H, d, J = 8.0Hz, H-1"), 4.47 (1H, d, J = 7.6 Hz, H-
1); BCNMR (CD;0D): § 12.1 (C-11), 13.3 (C-13), 14.5 (C-
12), 22.0 (C-4), 27.0 (C-14, C-15), 34.0 (C-3), 62.7 (C-6"),
70.0 (C-6"), 71.4 (C-4"), 71.6 (C-4"), 73.8 (C-2), 75.0 (C-
2", 75.8 (C-2)), 76.9, 77.7, 77.8 (C-3/, C-5', C-3", C-5"),
104.5 (C-17), 105.8 (C-1"), 118.3 (C-5), 123.3 (C-6), 127.8
(C-8), 130.0 (C-9), 147.1 (C-7), 149.3 (C-10).
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