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From the young leaves of Euonymus alatus f. ciliato-dentatus, a novel enzyme, UDP- 
D-xylose: flavonol 3-O-xylosyltransferase (F3XT), catalyzing the transfer of D-xylose from 
UDP-D-xylose to the 3 position of 3,5,7,4'-tetrahydroxyflavone (kaempferol), was detected 
and purified about 16-fold by precipitation with ammonium sulfate and DEAE-cellulose CC, 
by which F3XT  was separated from two coexisting flavonol O-glucosyltransferases (FGT). 
Thus, F 3 XT was isolated as a soluble enzyme with a pH optimum of 7.0 in Tris-HCl buffer. 
The molecular weight of F3XT, which had an isoelectric point at pH 6.1, was estimated by 
elution from a column of Sephadex G-100 to be about 48 kDa. The activity of F3XT  was 
stimulated by 14 mM 2-ME and strongly inhibited by 1 mM Cu2+, 1 mM Zn2+, and various re­
agents that react with sulfhydryl groups. Among the substrates tested for F3XT , kaempferol 
was the best. The Km values for kaempferol and UDP-xylose were determined to be 0.83 jim 
and 25 |iM, respectively. F3XT  mediated the transfer of xylose exclusively to the 3-hydroxyl 
group of kaempferol. Isorhamnetin, quercetin and fisetin also can function as xylosyl acceptor 
though less efficiently, but neither the 7-O-glucosides nor the 3-O-glucosides of kaempferol 
and quercetin were able to accept D-xylose. Dihydroflavonols were not xylosylated.

Introduction

A number of flavonoid O-glycosyltransferases 

have been studied in various plant tissues [1 ], and 

it has been reported that flavonoid-specific glyco- 

syltransferases show a strict specificity for the po­

sition of the hydroxyl group, to which the sugar is 

transferred. Sutter and Grisebach [2] have shown 

by using UDP-D-glucose as the sugar donor that a 

glucosyltransferase specific for the 3-position of 

flavonol is separable from a 7-glucosylating en­

zyme in parsley cell cultures. As another flavonol 

3-position-specific glycosyltransferase the enzyme 

using UDP-L-rhamnose as the sugar donor has 

been reported from the leaves of Leucaena glauca 
[3]. In a previous paper [4], we reported that the 

leaves of Euonymus alatus f. ciliato-dentatus con­

tain the 3-O-xyloside, the 3-O-rhamnosylxyloside 

(euonymin) and the 3-0-rhamnosylxyloside-7-0- 

glucoside of kaempferol which have not been de­

Abbreviations: D1ECA, diethylammonium diethyldi- 
thiocarbamate; DMSO, dimethyl sulfoxide; FGT, UDP- 
D-glucose: flavonol O-glucosyltransferase; F3XT, 
UDP-D-xylose: flavonol 3-O-xylosyltransferase; 2-ME, 
2-mercaptoethanol; TLC, thin-layer chromatography.
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scribed from other plants. In addition, quercetin 

3-0-xyloside-7-0-glucoside has been found in 

Euonymus maackii and E. lance ifolia [5], Thus, it is 

of interest to ascertain whether xylosylation of the

3 position of kaempferol is catalyzed by a prepara­

tion of enzyme from leaves of E. alatus f. ciliato- 
dentatus, and nothing is known about the enzyme 

catalyzing this reaction. Therefore, in the present 

study, a preparation of enzyme from young leaves 

of this plant was assayed for UDP-D-xylose: fla­

vonol 3-O-xylosyltransferase (F3XT) and also 

UDP-D-glucose: flavonol O-glucosyltransferase 
(FGT), although the latter was separated into at 

least two components. In particular attention was 

paid to the separation and characterization of 

F 3 XT. This enzyme is unable to catalyze xylosyla­

tion of flavonol glycosides at sugar hydroxyls. 

Therefore, it differs from the enzyme such as 

GT-I1I (UDP-xylose: flavonol 3-glycoside xylosyl- 

transferase) which was isolated from anthers of 

Tulipa [6 ],

Materials and Methods

Plant materials

Fresh young leaves of Euonymus alatus 
(Thunb.) Sieb. f. ciliato-dentatus (Fr. et Sav.) 

Hiyama were collected from a single tree in early
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April, and they were assigned stage II by their 

weight and color as described elsewhere [7], Leaves 

collected were weighed, frozen in liquid nitrogen 

and stored at -80 °C.

Labeled compounds

UDP-D-(U-1 4C)xylose (9.6 GBq/mmol) and 

UDP-D-(U-1 4C)galactose (9.9 GBq/mmol) were 

obtained from Du Pont Company, Biotechnology 

Systems. Wilmington, DE 19898 U.S.A. UDP- 

D-(U-1 4C)glucose (10.9 GBq/mmol) was obtained 

from Amersham International pic, Buckingham­

shire, England.

Buffers

The following buffers were used: A, 0.2 m  Tris- 

HC1, pH 7.5, containing 14 m M  2-ME, 5 m M  

EDTA and 10 m M  DIECA; B, 20 m M  Tris-HCl, 

pH 7.5, containing 14 m M  2-ME and 10% glycer­

ol; C, 50 m M  Tris-HCl, pH 7.5, containing 14 m M

2-ME and 10% glycerol; and D, 20 m M  Tris-HCl, 

pH 7.5, containing 10% glycerol.

Extraction and partial purification o f enzymatic 
activities

Unless stated otherwise, all procedures were car­

ried out at 2 to 4 °C. About 40 g of Euonymus 
leaves, frozen in liquid N2, were mixed with Poly- 

clar AT (8.0 g), homogenized in a mortar with 

about 140 ml of buffer A and filtered through ny­

lon mesh. The filtrate was centrifuged at 15,000 x g 
for 15 min. The supernatant was stirred for 20 min 

with Dowex 1X2 (20%, w/v) which had previous­

ly been equilibrated with buffer A, then filtered 

through glass wool. The filtrate was fractionated 

by precipitation with solid ammonium sulfate, and 

the protein fraction that precipitated between 45 

and 75% saturation was collected by centrifuga­

tion at 2 0 , 0 0 0  x g for 2 0  min and resuspended in a 

minimum volume (9 ml) of buffer B. 3 ml aliquot 

of the solution was desalted by passage through a 

column of Sephadex G-25 (18 mm i.d. * 180 mm) 

which had previously been equilibrated with buf­

fer D. The desalted solution of enzyme was as­

sayed for activity. 6  ml aliquot of the solution ob­

tained above was applied to a column of DEAE- 

cellulose (20 mm i.d. * 255 mm) which had pre­

viously been equilibrated with buffer C. Proteins

were eluted with a linear gradient of 0 to 300 mM 

KC1 in buffer C, and fractions of 5.0 ml were col­

lected and assayed for enzymatic activity.

Assay o f enzymatic activity

The standard assay mixture consisted of 

1.95 nmol of the flavonoid substrate (in 10 îl of 

50% DMSO), 24.0 nmol of UDP-(U-1 4C)xylose 

(containing 92.5 Bq in 10 |il of H 2 0), UDP- 

(U-,4 C)galactose (420.1 Bq in 10 \x\ of H 2 0) or 

UDP-(U-,4C)glucose (462.5 Bq in 10|il o fH 20), 

1.3 (amol of MgCl2, 1.8 |imol of 2-ME and 10 to 

20 (ig of enzyme protein in buffer B (or C in the 

case of the enzyme eluted from the column of Se­

phadex G-25) in a total volume of 130 |il. The 

reaction was started by the addition of flavonoid 

substrate, and the mixture was incubated for 

40 min at 30 °C. The reaction was stopped by ad­

dition of 20 |*1 of 6  n  HC1, and the reaction prod­

ucts were extracted with 400 |il of ethyl acetate. 

2 0 0  |il aliquots of the organic phase were trans­

ferred to a scintillation vial and counted for ra­

dioactivity in a toluene-based scintillation fluid.

Chromatographic identification o f reaction products

For identification of the products of reactions, 

the ethyl acetate extracts of several assays were 

pooled, evaporated to dryness, and then chroma­

tographed on TLC plates. Ascending TLC on Avi- 

cel SF cellulose plates (Funakoshi Pharmaceutical 

Co. Ltd., Tokyo) were used for assays of fiavonol 

glueosides. The solvent systems were 30% acetic 

acid (solvent I), 15% acetic acid (solvent II) and 

«-butanol-acetic acid-H20  (4:1:5, v/v; solvent 

III). Identity of the [l4C]glycosylated products was 

confirmed by cochromatography with authentic 

kaempferol 3-O-xyloside, 3-O-glucoside, 7-O-glu- 

coside and 3-O-rhamnosylxyloside (euonymin), 

examination under UV light (254 nm) with or 

without ammonia vapor, and autoradiography 

using Hyperfilm-ß max (Amersham International 

pic). The reaction product was furthermore iden­

tified by cochromatography with authentic sam­

ples on an HPLC column (Finepak SIL C 1 8-5, 

4.6 x 150 mm) in a Tri Rotar-V (Japan Spectro­

scopic Co. Ltd.) using the isocratic solvent system 

CH 3 CN -H 2 0 - H 3 P0 4 (30:70:0.2) at a flow rate 

of 1 . 0  ml ■ min-1.
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Estimation o f  protein
Protein concentrations were determined by the 

method of Bradford [8 ] with bovine serum albu­

min as reference protein.

Determinations o f  molecular weight
The molecular weights of O-glycosyltransferases 

were determined as described earlier [9].

Dependence o f reactions on pH
The pH optima of the O-glycosyltransferase ac­

tivities eluted from the column of DEAE-cellulose 

were determined as described earlier [9].

Isoelectric focusing
The enzyme (1.8 mg protein in 9 ml) from a col­

umn of Sephadex G-25, which had been equili­

brated with buffer B, was diluted to an appro­

priate concentration (see below) and loaded onto 

the Rotofor isoelectric focusing system (Bio-Rad 

Laboratories Co. Ltd., California, U.S.A.), ac­

cording to the method of Egen et al. [10]. Running 

conditions were as follows: 1.8 mg protein in 40 ml 

of buffer B containing 1.25% Bio-lyte (pH 4-6); 

anode electrolyte, 0.1 m  H 3 P04; cathode electro­

lyte, 0.1 m  NaOH. Power conditions: run for 1.5 h 

at 12 W; starting voltage, 500 V; final voltage, 

1000 V. After running, aliquots of the protein frac­

tion from each cell were used for the measurement 

of the F3XT and FGT activities and the estima­

tion of protein.

Results

Partial purification o f enzyme F3 X T

Crude preparations of enzyme from the young 

leaves of Euonymus alatus f. ciliato-dentatus cata­

lyzed the xylosylation of the 3-position of kaemp-

ferol in the presence of UDP-D-(U-l4C)xylose as 

xylosyl donor (Fig. 1) and also the glucosylation of 

kaempferol in the presence of UDP-d-(U-1 4C)- 

glucose as glucosyl donor. The reaction product of 

xylosylation was identified as kaempferol 3-0- 

xyloside by TLC and autoradiography (Fig. 2). On 

TLC, the reaction product as well as kaempferol 

3-O-xyloside appeared black in UV and turned 

yellow in UV with NH3. This is quite different 

from kaempferol 7-O-glycosides, e.g. kaempferol 

7-O-glucoside and 7-O-rhamnoside, appearing 

bright yellow in UV without NH3, and according 

to ref. [11], flavonols with a free 3-hydroxyl group 

and with or without a free 5-hydroxyl group ap-

Fig. 2. Photograph of an autoradiogram after chroma­
tography of the product (4, inset) of reaction catalyzed 
by F3XT  with kaempferol and UDP-D-(U-l4C)xylose as 
substrates. Chromatography was performed with 30% 
acetic acid as the mobile phase on TLC plate of Avicel 
SF cellulose. Authentic samples of kaempferol 3-O-xylo- 
side (1), kaempferol 3-O-glucoside (2) and kaempferol 
7-O-glucoside (3) were cochromatographed with the 
reaction mixture and each is marked with black dots on 
the chromatogram.

OH 0  OH 0

K a e m p fe ro l K a e m p fe ro l 3 - 0 - x y lo s id e

Fig. 1. The O-xylosylation of kaempferol to kaempferol 3-O-xyloside.
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pear yellow-green or blue-green in UV without 

NH3. TLC R¥ values of the reaction product were 

0.60 (in solvent system I), 0.36 (II) and 0.67 (III), 

and they coincided with those of authentic kaemp­

ferol 3-O-xyloside. HPLC /R value of the reaction 

product also was 12.61 corresponding to that of 

authentic kaempferol 3-O-xyloside. Further con­

firmation of the reaction product was referred to 

[4, 12].

The enzyme tentatively designated F3XT was 

precipitated with ammonium sulfate and partially 

purified by chromatography on DEAE-cellulose 

(Fig. 3). The purification of F3XT resulted in in­

creases in specific activity of 15.7-fold as com­

pared with activity of the crude extract, when

kaempferol was used as substrate (Table I). Activi­

ty of FGT with kaempferol as substrate was recov­

ered in two different fractions after chromatogra­

phy on DEAE-cellulose, but F3XT and FGT ac­

tivities were recovered within the same peak of 

protein when the protein fraction obtained by pre­

cipitation in 45-75% saturated ammonium sul­

fate was chromatographed on a column of 

Sephadex G-100 (Fig. 4).

Effect o f  pH

The pH optima for F3XT activity, as deter­

mined in different buffers, were found to be 7.0 and 

7.5 in Tris-HCl buffer (pH 6 .5-8.5) and imidazole-

Table I. Partial purification of the O-xylosyltransferase F3XT  from Euonymus 
leaves.

Purification step Total
protein [mg]

Specific activity 
[nkat -mg protein-1]

Purifica­
tion [fold]

Recovery
[%]

Crude extract 28.9 0.12 _ 100
Dowex 1 x 2 25.5 0.08 0.7 59
Sephadex G-25 after 

45-75% (NH4)2S 04 
fractionation 1.8 0.41 3.4 21

DEAE-cellulose 0.2 1.88 15.7 11

300

150

Fraction number

Fig. 3. Profile of elution of the activities of O-xylosyltransferase (F3XT) and O-glucosyltransferase (FGT) from a 
column of DEAE-cellulose. The enzyme from a column of Sephadex G-25 were applied to a column which had pre­
viously been equilibrated with buffer C and they were eluted with a linear gradient of 0 to 300 mM KC1 in the same 
buffer. Fractions of 5.0 ml were collected. The fractions were assayed, with kaempferol, for both F3XT  and FGT.
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Fig. 4. Profile of elution of 
the activities of O-xylosyl- 
transferase (F3XT) and 
O-glucosyltransferase 
(FGT) from a column of 
Sephadex G-100 (20 mm
i.d. x 463 mm) with kaemp- 
ferol as substrate. The pro­
tein fraction obtained by 
precipitation with 45-75% 
ammonium sulfate was ap­
plied to a column which had 
been equilibrated with buf­
fer C, and 3 ml fractions 
were collected and assayed 
for both activities. The col­
umn was calibrated with ref­
erence proteins (cf. Fig. 6).

HC1 buffer (pH 6 .5-8.5), respectively (Fig. 5). 

Maximum activity of F 3 XT was observed with a 

rather broad peak in Tris-HCl buffer. Incidentally, 

the pH optima for FGT activity in Tris-HCl and 

imidazole-HCl buffers were found to be 7.5 and 8.0, 

respectively.

T  0 1 2  
c
Ö
o 
l_
Cl

cn 
£

|  0-06 

> 
o 
O

l—
X
CO

Ll- 0
6 7 8 9 10 

pH
Fig. 5. The pH optima of F 3 XT activity with kaempfe- 
rol as substrate. — • — , F 3 XT in Tris-HCl; —  O  — , in
imidazole-HCl; • •••<)>■•••, in histidine-HCl;---♦ --- , in
glycine-HCl buffers.

Linearity o f  reactions

At the optimum pH, the rates of reactions cata­
lyzed by F3XT and FGT were linear for at least 

40 min and 60 min, respectively, and also the rates 

were proportional to the amount of protein in the

assay.

Stability o f enzyme

Storage of the enzyme F3XT, which was eluted 

from a column of Sephadex G-25 after 45-75% 

ammonium sulfate fractionation, in buffer B at 

-20 °C resulted in a 11% loss of activity after two 

days. About 45% and 16% of the original activity 

remained after 8  and 40 days, respectively, at 

-20 °C. However, the enzyme stored in buffer D 

without 2-ME at -20 °C, was very unstable and 

lost the activity with in two or three days com­

pletely.

Substrate specificity

Of the various substituted flavonols and dihy- 

droflavonols (Table II) tested for their ability of 

xylosyl acceptor, the best substrate for F 3 XT was 

kaempferol. The other flavonols, isorhamnetin, 

quercetin, rhamnetin and fisetin also were good 

xylosyl acceptors, whereas partially methylated 

kaempferols and dihydroflavonols were very poor. 

Regardless of the nature of substitution on the fla-

i i i ■ i ■ i i i



1008 N. Ishikura and Z. Yang ■ Flavonol 3-O-Xylosyltransferase from Euonymus Leaves

Table II. Acceptor specificity of the O-xylosyltransferase 
F3XT*.

Substrate** Relative activity

[%]

Kaempferol
Kaempferide (kaempferol 4'-mono-

100

methyl ether) 45
Kaempferol 3,4'-dimethyl ether 1
Kaempferol 5,7,4'-trimethyl ether 15
Quercetin
Isorhamnetin (5,7,4'-trihydroxy-3'-

76

methoxyfiavonol) 85
Quercetin 5-monomethyl ether 
Rhamnetin (5,3',4'-trihydroxy-7-

20

methoxyflavonol) 67
Myricetin 48
7,4'-Dihydroxyflavonol 32
Fisetin 62
Astragalin (kaempferol 3-O-glucoside) 2
Kaempferol 7-O-glucoside 3
Kaempferol 3,4'-0-diglucoside 
Euonymin (kaempferol 3-O-rhamnosyl-

2

xyloside) 9
Euonymin + Kaempferol 128
Isoquercitrin (quercetin 3-O-glucoside) 
Quercimeritrin (quercetin 7-O-gluco-

3

side) 5
Aromadendrin (dihydrokaempferol) 25
Taxifolin (dihydroquercetin) 5
Pinobanksin (3,5,7-trihydroxyflavanone) 19

* The enzyme (1.88 n ka tm g  protein“') used was the 
fraction after chromatography on DEAE-cellulose in 
buffer C. Activities were compared to the reaction 
rate determined with kaempferol = 100%.

** Final concentration of all substrates in the reaction 
mixture is 15 jim .

vonoid ring system, flavonol 3-O-glucosides and 

7-O-glucosides were not accepted for xylosylation. 

It is interesting to note that xylosylation of kaemp­

ferol was somewhat promoted by co-existence of 

euonymin in the reaction mixture. The specificity 

of F3XT for the sugar donor is quite distinct. 

Only UDP-D-xylose can function as sugar donor, 

and no activity was found with UDP-D-glucose 

and UDP-D-galactose. Investigations of the specif­

icity of FGT for sugar acceptors and donors are in 

progress.

Kinetic data and molecular weight

The apparent Km and Kmax values were deter­

mined in the standard incubation according to 

Lineweaver and Burk [13]. The apparent Km values 

of F3XT for kaempferol and quercetin as sub­

strates were 0.83 and 1.19 fiM , respectively, and 

also for the co-substrate UDP-xylose the apparent 

Km value was 25 |im when kaempferol was used as 

xylosyl acceptor. The VmdX value of F3XT for 

kaempferol was 0.94|imolmg protein^ 1 min“1, 

and the Vmax value for quercetin was about 70% of 

that for kaempferol. The molecular weight of 

F3XT was estimated to be about 48 kDa by col­

umn chromatography on Sephadex G-100 (Fig. 6 ).

Effects o f inorganic ions, EDTA and SH  reagents

The results obtained are shown in Table III. 

EDTA at 1-10 m M  concentration did not inhibit 

the F 3 XT activity which seems to indicate that the 

O-xylosylation at the 3-position of flavonol had no 

requirement for divalent cations. Mg2+, Ca2+ and 

Mn2+, and also K +, showed an inhibitory effect on 

the activity at higher concentration (10 m M ). Other 

cations, such as Co2+, Cu2+ and Zn2+, strongly in­

hibited xylosylation at 1 m M  concentration. The 

activity of F3XT was strongly inhibited by SH 

group inhibitors such as 1 m M  N-ethylmaleimide 

and 1 m M  /?-chloromercuribenzoate, and the addi­

tion of 14 m M  2-ME resulted in 100% recovery 

from inhibition in the presence of their inhibitors. 

14 m M  2-ME itself stimulated the enzyme activity, 

even if 10 m M  Mg2+ was present together.

M W  X 10^ D a

Fig. 6. Estimation of the molecular weight of the 
O-xylosyltransferase F3XT  by elution from a Sephadex 
G-100 column which had previously been calibrated 
with the reference proteins indicated as 1 (ribonuclease 
A, 13.7 kDa), 2 (chymotrypsinogen A, 25 kDa), 3 (ov­
albumin, 43 kDa), 4 (albumin, 67 kDa).
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Table III. Effects of inorganic ions, EDTA, 2-ME and 
SH group inhibitors.

Reagent* Concentration
[mM]

Relative 
activity** [%]

Control _ 100
MgCL 1 63

10 23
MnCL 1 36

10 2
CaCl2 1 59

10 25
CoCL 1 4
CuCL 1 1
ZnCL 1 1
KC1 1 94

10 73
EDTA 1 113

10 90
2-ME 14 124
2-ME + MgCl, 14 + 10 123
PCMB 1 1
PCMB + 2-ME 1 + 14 107
NEM 1 6
NEM  + 2-ME 1 + 14 119
Phenylmercuriacetate 1 2
DTE 10 61
Iodoacetamide 1 56
Iodoacetate 1 90

* PCMB = /»-chloromercuribenzoate, N EM  = N-ethyl- 
maleimide, DTE = dithioerythritol.

** The enzyme used was the fraction after chromatogra­
phy on Sephadex G-25 in buffer D. Kaempferol was 
used as substrate for assay of F 3 XT activities, which 
amounted to 100 pkat-mg protein-1 in the control 
assays (= 100%).

Isoelectric points (p i)  o f F3 X T  and FGT

By loading onto the Rotofor isoelectric focusing 

system, the activity of F3XT was separated from 

that of FGT (Fig. 7). The peaks of both activities 

appeared in the range of pH 6 .1 and 5.0, respec­

tively, corresponding to each apparent pi of 

F3XT and FGT.

Discussion

A preparation of enzyme extracted from the 

young leaves of Euonymus alatus f. ciliato-dentatus 
catalyzed the xylosylation of kaempferol at the 

3-position, using UDP-D-(U-1 4C)xylose as xylosyl 

donor. This is the first report of the detection of an 

enzyme (F3XT) that catalyzes the 3-O-xylosyla- 

tion of a flavonol. Another enzyme (FGT), cata­

lyzing the glucosylation of kaempferol, has also 

been detected in the crude enzyme extract and sep­

arated from F3XT by chromatography on 

DEAE-cellulose. Both enzymes of F3XT and 

FGT have the same molecular weight of about 

48 kDa, which ranges within the reported values of 

the flavonoid O-glucosyltransferases from other 

sources between 42 and 52 kDa [9. 14]. The leaves 

of E. alatus f. ciliato-dentatus contain kaempferol

3-0-rhamnosylxyloside-7-0-glucoside in addition 

to kaempferol 3-O-xyloside [4], so that the 7-0- 

glucosylation of kaempferol may be mediated by 

FGT which was detected in the present study. The

Fig. 7. Analysis of the frac­
tions for pH, protein con­
tent and the activities of 
F 3 XT and FGT after appli­
cation of the Rotofor iso­
electric focusing. See Mate­
rials and Methods for the 
conditions.

5 10 15
F r a c t i o n  n u m b e r
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properties of FGT will be reported in detail later. 

Flavonoid 3-O-glycosyltransferases from many 

plant sources have usually been shown to glycosy­

late flavonoid with a broad substrate specificity

[1 ]. However, F3XT is highly specific to catalyze 

the transfer of xylose exclusively to the 3-hydroxyl 

group of kaempferol. The position specificity of 

flavonoid glycosyltransferases has been demon­

strated by separating a glucosyltransferase specific 

for the 3-position of flavonoids from a 7-O-gluco- 

sylating enzyme in parsley cell cultures [2]. No ac­

tivity in the F3XT preparation was found with 

UDP-glucose and UDP-galactose other than 

UDP-xylose. F3XT had very low Km value of 

0.83 |im for kaempferol, indicative of a high affini­

ty for this substrate. Among the substrates tested, 

the 3-O-glucosides and the 7-O-glucosides of fla- 

vonols, as well as some of partially methylated 

kaempferols and dihydroflavonols, could not 

function as xylosyl acceptors. Therefore, it sug­

gests that the 3-O-xylosylation of flavonol occurs 

prior to the 7-O-glucosylation, and also that 

F3XT is unable to catalyze glycosylation of sugar 

hydroxyls of flavonol glycosides other than pheno­

lic hydroxyls of their aglycones. Xylosylation of 

flavonol 3-O-glucosides at sugar hydroxyls has 

been reported to be catalyzed by an enzyme which 

was isolated from anthers of Tulipa [6 ]. It is inter­

esting to note that xylosylation of kaempferol was 
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