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Tw o different O -glucosyl transferases (F 3 G T  and F 7 G T ) catalyzing the transfer o f  
D-glucose from U D P-D -glucose to  the 3 and 7 positions o f  flavonol, respectively, were isolated  
from the young leaves o f  Paederia scandens var. mairei. F 3 G T  and F 7 GT, which were recov­
ered in about a 1:1 ratio in the activity, were purified by about 140- and 136-fold, respectively, 
by precipitation with am m onium  sulfate fo llow ed by ion exchange chrom atography and chro- 
m atofocusing. F 3 G T  and F 7 G T  both had a pH  optim um  o f  7.5 in Tris-HCl buffer, and an 
Mr o f  43 kD a. Neither F 3 G T  nor F 7 G T  had a M g2+ requirem ent. Both were inhibited by 
each 1 m M  o f  Zn2+, Cu2+, N -ethylm aleim ide and /7-chlorom ercuribenzoate, and both were 
stimulated by 14 m M  2-M E. F 3 G T  and F 7 G T  were different from  each other in having an 
isoelectric point (p /) at pH 5.12 and 4.50, respectively. F 3 G T  m ediated the transfer o f  
D-glucose exclusively to the 3-hydroxyl group o f  kaem pferol and som e flavonols, but neither 
the 7-O -glucosides nor the 3-O -glucosides o f  their flavonols were able to accept D-glucose. On 
the other hand, F 7 G T  m ediated the transfer o f  D-glucose exclusively to the 7-hydroxyl group  
o f  kaem pferol and som e flavonols, and in addition , the 3-O -glucosides o f  kaem pferol and 
quercetin were able to accept D-glucose though less efficiently. C onsequently, the possibility o f  
sequential steps o f  3 -0 -  and then 7-O -glucosylations o f  flavonols to give the 3,7-di-O -gluco- 
side was discussed.

Introduction

A number of flavonoid glycosides found in 
nature suggests the presence of a great range of
O-glycosyl transferases with varying substrate 
specificities [1,2], and glycosylation seems to occur 
subsequent to all other substitutions and modifica­
tions of the flavonoid ring structure [3]. The most 
commonly found flavonol glycosides are the 3-O- 
glucosides, which are produced by the action of a 
specific F 3G T  that uses UDP-D-glucose as the 
sugar donor. The enzyme catalyzing this reaction 
has been shown by Sutter and Grisebach [4] using 
cell suspension cultures of parsley. According to 
them, the 7-O-glycosides and 3,7-di-O-glycosides 
of flavonols in parsley are formed by sequential 
glycosylation steps, i.e., the first reaction of this se-

Abbreviations: D IE C A , diethylam m onium  diethyldi- 
thiocarbamate; D M SO , dim ethyl sulfoxide; F 3 G T , 
U D P-D -glucose: flavonol 3-O -glucosyl transferase; 
F 7 G T , U D P -D -glucose:flavonol 7-O -glucosyl trans­
ferase; 2-M E, 2-m ercaptoethanol; TLC, thin layer chro­
matography.
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quence is catalyzed by UDP-D-glucose: flavone/ 
flavonol 7-O-glucosyl transferase and the second 
glucosylation of flavonols is catalyzed by F 3G T  
which has completely been separated from the 
former. In the previous paper [5], we reported that 
the leaves of Paederia scandens var. mairei contain 
nine flavonol glycosides, which consist of the 3-0-, 
7-0- and 3,7-di-O-glycosides of kaempferol and 
quercetin. Therefore, the occurrence of F 3 GT and 
F 7 GT in Paederia leaves seemed highly likely. So 
we attempted to detect both enzymes, characterize 
them and carefully compare their nature with 
those of the enzymes of parsley, which have been 
reported by Sutter and Grisebach [4], In this paper 
the isolation, partial purification and characteriza­
tion of F 3 GT and F 7 GT in the leaves of P. scan­
dens var. mairei are reported so as to clarify their 
role in the glycosylation steps of flavonols.

Materials and Methods
Plant materials

Fresh young leaves of Paederia scandens (Lour.) 
Merrill var. mairei (Leveille) Hara (Rubiaceae) 
were collected in suburbs of Kumamoto from ear­
ly April to early May. Leaves collected were
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weighed, frozen in liquid nitrogen and stored at 
-8 0  °C.

Labeled compounds and buffers

UDP-D-(U-14C)glucose (10.9 GBq/mmol) and 
ADP-D-(U-l4C)glucose (7.4 GBq/mmol) were ob­
tained from Amersham International pic, Buck­
inghamshire, England. GDP-D-(U-14C)glucose 
(8.7 GBq/mmol) was obtained from ICN Bio­
chemicals, Inc., Irvine, California, U.S.A.

The following buffers were used: A, 0.2 m Tris- 
HCl, pH 7.5, containing 14 mM 2-ME, 5 mM 
EDTA and 10 mM DIECA; B, 20 mM Tris-HCl, 
pH 7.5, containing 14 mM 2-ME and 10% glycer­
ol; C, the same as buffer B except that it contained 
no 2-ME; D, 50 mM Tris-HCl, pH 7.5, containing
14 mM 2-ME and 10% glycerol; E, 25 mM imid- 
azole-HCl, pH 7.4, containing 14 mM 2-ME and 
10% glycerol; and F, Polybuffer 74-HCl/H20  
(1 :8), pH 4.0, containing 14 mM 2-ME and 10% 
glycerol.

Extraction and partial purification o f enzymes

From about 60 g of Paederia leaves protein was 
extracted with buffer A as previously described [6], 
The protein was fractionated with solid ammo­
nium sulfate and the protein fraction which precip­
itated between 45% and 75% salt saturation was 
collected by centrifugation. The protein pellet was 
suspended in the minimum amount of buffer B 
and desalted by passage through a column of Se- 
phadex G-25 (18 mm i.d. x 260 mm) which had 
previously been equilibrated with buffer B. The de­
salted solution of enzyme was purified by FPLC 
(Pharmacia) as follows: 10 ml aliquot of the en­
zyme solution was chromatographed on a M ono 
Q™ HR 5/5 column, which had previously been 
equilibrated with buffer D. Proteins were eluted 
with a linear gradient of 0 to 300 mM KC1 in buffer 
D at a flow rate of 0.5 ml/min (pressure of
2.5 MPa) and one ml fractions were collected and 
assayed for F 3G T  and F 7G T  using substrates 
kaempferol and quercetin. The active fractions 
were pooled and subjected to chromatofocusing 
on a Mono P™ HR 5/20 column which had pre­
viously been equilibrated with buffer E. Elution of 
the bound proteins was performed with 40 ml of 
buffer F which generated a linear gradient between 
pH 7.0 and 4.0. The flow rate was 0.5 ml/min

(pressure of 3.0 MPa) and one ml fractions were 
collected and assayed for F 3 GT and F 7 GT activ­
ities. In order to remove the Polybuffer, the 
protein was precipitated with ammonium sulfate 
and subsequently desalted on Sephadex G-25 in 
buffer B.

Assay o f enzymatic activity

The standard enzyme assays were performed as 
described previously [6] in buffer B using UDP- 
D-(U-14C)glucose as glucosyl donor, and the incu­
bation time was 60 min.

Chromatographic identification o f reaction products

The identification of reaction products was 
effected by TLC and autoradiography as described 
previously [6] using the authentic samples. Several 
solvent systems including 15% acetic acid (15% 
HO Ac) and «-butanol-acetic ac id -H 20  (BAW) 
were used for TLC.

Estimation o f protein and determination o f  
molecular weight

Protein concentrations and the molecular 
weights of F 3 GT and F 7 GT were determined as 
described earlier [7],

Results

Separation and purification o f enzymes F 3 GT and 
F 7G T

Crude preparation of enzyme from the young 
leaves of P. scandens var. mairei catalyzed the glu- 
cosylation of the 3- and 7-positions of kaempferol 
in the presence of UDP-D-(U-14C)glucose as gluco­
syl donor. The enzymes tentatively designated 
F 3 GT and F 7 GT were partially purified by pre­
cipitation in 45-75%  saturated ammonium sul­
fate and subsequent chromatography on a Mono 
Q™ column (Fig. 1). The reaction products of 
3-0- and 7-O-glucosylations were identified as the 
3-O-glucoside, the 7-O-glucoside and the 3,7-di-O- 
glucoside of kaempferol by TLC and autoradio­
graphy. On TLC, kaempferol 3-O-glucoside and 
kaempferol 3,7-di-O-glucoside, R F values of which 
were 0.41 and 0.65 in 15% HOAc and 0.72 and 
0.28 in BAW, respectively, appeared deep purple 
in UV light (254 nm) and turned yellow in UV 
light with N H 3. Kaempferol 7-O-glucoside, R F val-
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Fig. 1. Profile o f  elution o f  the activities o f  O -glucosyl 
transferases F 3 G T  and F 7 G T  from a M on o  Q ™  co l­
umn. The enzym es from a colum n o f  Sephadex G -25  
were applied to a colum n which had previously been 
equilibrated with buffer D  and they were eluted with a 
linear gradient o f  0 to 300 m M  KC1 in the sam e buffer. 
Fractions o f  1.0 ml were collected. The fractions were as­
sayed with kaempferol for both F 3 G T  and F 7 GT.

ues of which were 0.12 in 15% HOAc and 0.60 in 
BAW, appeared bright yellow in UV light without 
N H 3, which is in accordance with the previous re­
port of Ishikura and Yang [6],

F 3 GT and F 7 GT were recovered in two differ­
ent fractions at a ratio of about 1:1 in the activity 
after chromatography on a Mono Q™ column. 
Activities of both F 3G T  and F 7 G T  with either

kaempferol or quercetin as substrate were recov­
ered within the same fraction. Further purification 
of both F 3G T  and F 7G T  by chromatofocusing 
on a Mono P™ resulted in increases in specific ac­
tivity of 139.5- and 135.5-fold, respectively, as 
compared with the activity of the crude extract, 
when kaempferol was used as substrate (Table I). 
The peaks of F 3G T  and F7G T  activities ap­
peared in the range of pH 5.12 and 4.50, respec­
tively, corresponding to each apparent pi. M ore­
over, F 3 GT and F 7 GT activities were recovered 
at a ratio of about 1:1 within the same protein 
peak when the protein fraction obtained by precip­
itation in 45-75%  saturated ammonium sulfate 
was chromatographed on a column Sephadex 
G-100.

Enzyme properties

The pH optima for both F 3G T  and F 7G T  ac­
tivities, as determined in different buffers, were 
found to be 7.5 in Tris-HCl and histidine-HCl buf­
fers, and 8.0 in imidazole-HCl buffer (Fig. 2). At 
the optimum pH, the rates of reactions catalyzed 
by F 3G T  and F 7G T  in Tris-HCl buffer were 
linear for at least 60 min and also the rates were 
proportional to the amount of protein in the as­
says. Storage of the enzymes F 3G T  and F 7G T , 
which were eluted from a column of Sephadex 
G-25 after 45-75%  ammonium sulfate fractiona­
tion, in buffer B at -2 0  °C resulted in a 15% loss

Table I. Partial purification o f  the O -glucosyl transferases F 3 G T  and F 7 G T  from  young leaves o f  P. scandens var. 
maireia.

Purification step T otal protein  
[mg]

Specific activity  
[nkat • m g protein- ']

Purification
(-fold)

Recovery
(% )

Crude extractb 160.6 0.20 1 100

D ow ex 1 x 2b c 131.2 0.24 1.2 98

Sephadex G-25 after 4 5 -7 5 %  (N H 4)2S 0 4b 30.7 0.52 2.6 50

Ion-exchange chrom atography0
F 3 G T 2.1 4.87 24.4 32
F 7 G T 1.3 5.38 26.9 22

C hrom atofocusinge
F 3 G T 0.2 27.90 139.5 17
F 7 G T 0.1 27.09 135.5 8

a 2-M E was routinely added to the protein preparations to avoid rapid enzym e denaturation.
b T otal activity o f  O -glucosyl transferases including F 3 G T  and F 7 G T.
c Treatm ent with D ow ex 1 x 2 which had previously been equilibrated with buffer A.
d On M ono Q™  H R  5/5 colum n.
e On M ono P™  H R  5/20 colum n.
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PH

pH

Fig. 2. The pH optim a o f  F 3 G T  (A) and F 7 G T  (B) ac­
tivities with kaem pferol as substrate in 0.2 m buffers o f
Tris-HCl ( - • - ) ,  im idazole-H C l ( ----- O ------), histidine-
HC1 (..... <C>......) and glycine-H Cl ( ------♦ ------ ).

Fig. 3. Profile o f  elution o f  the activities o f  O -glucosyl 
transferases F 3 G T  and F 7 G T  from a colum n o f  Se- 
phadex G -100 (20 mm i.d. x 490 m m ) with kaem pferol 
as substrate. The protein fraction obtained by precipita­
tion with 4 5 -7 5 %  am m onium  sulfate was applied to a 
colum n which had been equilibrated with buffer B, and 
3 ml fractions were collected and assayed for enzym e ac­
tivities. The colum n w as calibrated with the reference 
proteins (cf. Fig. 4).

ble II lists the relative acceptor specificities for 
3-0- and 7-O-glucosylations of a number of fla- 
vonols and their glycosides, and some phenols. 
Kaempferol proved to be the best substrate for 
both F 3G T  and F 7G T , which mediated the 
transfer of D-glucose exclusively to the 3- and 
7-hydroxyl groups of flavonols, respectively. 
Quercetin, isorhamnetin, rhamnetin and myricetin 
could also function as substrate for F3G T , but no

of activity after two days. After eight days storage 
under the same conditions, about 40% of the 
original activities of both enzymes remained.

The M t s  of F 3G T  and F7G T , which had an 
isoelectric point at pH 5.12 and 4.50, respectively, 
were almost the same and were estimated to be 
about 43 kDa by column chromatography on Se- 
phadex G-100 (Fig. 3 and 4). F 3G T  and F 7 G T  
had respective Km values of 1.14 jim and 7.69 jim 
for kaempferol, and 13.33 (im and 15.39 jim for 
UDP-D-glucose with kaempferol as substrate. Al­
though various sugar nucleotides, UDP-D-glucose, 
ADP-D-glucose and GDP-D-glucose, were tested 
as glucosyl donors, the specificity of both F 3 GT 
and F 7G T  for the sugar donor is quite distinct in 
that they accept from only UDP-D-glucose, which 
is in agreement with the previous results [7], Ta-

Mr X 10A Da

Fig. 4. E stim ation o f  the m olecular weight o f  O-glucosyl 
transferases F 3 G T  and F 7 G T  by elution from a co l­
umn o f  Sephadex G -100 which had previously been cali­
brated with the reference proteins indicated as 1 (ribonu- 
clease A , 13.7 kD a), 2 (chym otrypsinogen A, 25 kD a), 3 
(ovalbum in. 43 kD a) and 4 (album in, 67 kD a).
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Table II. Acceptor specificity o f  the O -glucosyl transferases F 3 G T  and  
F 7 G T .

Substrate3 R elative activityb [%] 
F 3 G T  F 7 G T

K aem pferol 100 100
K aem pferol 3,4'-dim ethyl ether 4 30
K aem pferol 5,7,4'-trim ethyl ether 4 9
Isorham netin (5,7,4'-trihydroxy-3'-m ethoxyflavonol) 71 88
R ham netin (5,3',4'-trihydroxy-7-m ethoxyflavonol) 70 1
Quercetin 76 45
M yricetin 43 26
A stragalin (kaem pferol 3-O -glucoside) 6 17
K aem pferol 3-O -rham nosylglucoside 4 11
K aem pferol 7-O -glucoside 4 2
Isoquercitrin (quercetin 3-O -glucoside) 5 32
R utin (quercetin 3-O -rham nosylglucoside) 4 21
Quercimeritrin (quercetin 7-O -glucoside) 1 3

H ydroquinone 7 10
Aescretin 2 10
Scopoletin 3 8
/»-Coumaric acid 2 9
Caffeic acid 3 14

a Final concentration o f  all substrates in the reaction m ixture is 15 (i m . 
b The enzym es F 3 G T  and F 7 G T  used were the fractions after chrom ato- 

focusing on a M ono P™  colum n. K aem pferol was used as substrate for 
both assays o f  F 3 G T  and F 7 G T  activities, which am ounted to  27.90 and 
27.09 nk at-m g protein-1, respectively, in the control assay (=  100% ).

Table III. Effects o f  inorganic ions, E D T A , 2-M E  and  
SH group inhibitors.

R eagent3 Concentration
[m M ]

Relative activityb[%] 
F 3 G T  F 7 G T

C ontrol _ 100 100
M gC l2 1 99 79

10 60 36
M nC l2 1 11 18

10 3 3
C aC l2 1 91 67

10 60 59
C oC l2 1 27 5
Z nC l2 1 2 2
C uCl2 1 3 3
KC1 1 95 85

10 84 70
2-M E 14 134 144
M gC l2 + 2-M E 1 0 + 1 4 108 112
E D T Ä 1 91 83

10 33 42
PCM B 1 7 9
PCM B + 2-M E 1 + 1 4 93 91
N E M 1 3 6
N E M  + 2-M E 1 + 14 85 91
P M A I 34 60
D T E 10 53 50
Iodoacetam ide 1 87 74
Iodoacetate 1 85 79

3-O-glucosylation reaction took place with the 
substrates such as the 7-O-glucosides of kaempfe­
rol and quercetin. On the other hand, isorhamne- 
tin, quercetin, kaempferol 3,4'-dimethyl ether and 
myricetin could function as substrate for F7G T, 
and moreover, flavonol 3-O-glycosides, such as 
the 3-O-glucosides and 3-O-rhamnosylglucoside of 
kaempferol and quercetin, were accepted for 7-0- 
glucosylation though less efficiently. Hydroqui- 
none, aescretin and caffeic acid could function 
limitedly as substrate for F 7 GT, but not at all for 
F3G T .

The effects of cations and SH-group inhibitors 
on both F 3 G T  and F 7G T  activities were studied. 
As shown in Table III, the results show that there 
was no requirement for Mg2+, Ca2+, and K + with

a PC M B  = /j-chlorom ercuribenzoate, N E M  = N -ethyl- 
m aleim ide, P M A  = phenylm ercuriacetate, D T E  = 
dithioerythritol. 

b The enzym es F 3 G T  and F 7 G T  used were the frac­
tions after ion-exchange chrom atography on a M ono  
Q™  colum n. K aem pferol w as used as substrate for 
both assays o f  F 3 G T  and F 7 G T  activities, which  
am ounted to  4.87 and 5.38 n k at-m g protein-1, respec­
tively, in the control assay (=  100%).
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kaempferol as the substrate and their cations 
showed an inhibitory effect on both enzyme activi­
ties at higher concentration (10 mM). Further­
more, no significant difference between F 3 G T  
and F 7 GT was observed for the effect of other di­
valent cations and SH-group inhibitors on both 
activities. Other cations, such as Zn2+, Cu2+, M n2+ 
and Co2+, strongly inhibited both of the 3-0- and
7-O-glucosylations at 1 mM concentration. F 3 G T  
and F 7G T  activities were strongly inhibited by 
SH-group reagents, such as 1 mM N-ethylmale- 
imide and 1 mM p-chloromercuribenzoate, and the 
addition of 14 mM 2-ME resulted in almost com­
pletely recovery from their inhibitions in the pres­
ence of the reagents. 14 mM 2-ME itself stimulated 
the activities of both enzymes.

Discussion

A preparation of enzymes extracted from the 
young leaves of Paederia scandens var. mairei 
catalyzed the 3-0- and 7-O-glucosylations of 
4',5,7-trihydroxyflavonol (kaempferol), using 
UDP-D-glucose as the glucosyl donor. It has, in 
fact, been reported that both of the 3-O-glucoside 
and the 7-O-glucoside of kaempferol or quercetin 
are present in the leaves of P. scamdens var. mairei 
(Ishikura et al. 1990). Results presented in the 
present study prove that the O-glucosyl trans­
ferases, F 3G T  and F7G T , are two distinct en­
zymes. F 3G T  and F 7G T  are separable according 
to their different charges on a Mono Q™ column, 
but both enzymes were not separated on a column

of Sephadex G-100. This indicates that F3G T  and 
F 7 GT have the same A/r, estimated to be approxi­
mately 43 kDa. M y of both enzymes ranges within 
the reported values of UDP-D-glucose: flavonoid 
glucosyl transferases from various plant sources 
between 40 and 59 kDa [1, 2, 6-8]. M r of F 3G T  
and F 7 GT is the same as that of flavonol O-gluco- 
syl transferase from the Euonymus leaves [6], but 
somewhat different from that (55 kDa) of parsley, 
from which F 7 GT has, so far, solely been report­
ed [4], The pH optimum of F 3 GT and F 7 GT was 
studied in several buffers between pH 6.0 and 9.0. 
Optimum activity was found to be at 8.0 in imid- 
azole-HCl buffer for both enzymes. This pH opti­
mum is in close agreement with that of other 
sources which ranges within the reported values of
7.5-8.5 [1], The effects of divalent cations on the 
two enzymes showed that there is no requirement 
for cations with kaempferol, and also with querce­
tin and other phenols (data not shown). Both 
F 3 GT and F 7 GT activities are very susceptible to 
inhibition by SH group reagents, indicating the 
presence of SH group at the active site of the en­
zymes. Similarly to the previous study [6], 2-ME 
was very effective on both activities of F 3 GT and 
F 7G T , and storage of those enzymes without 
2-ME caused complete inactivation during only 
three days. By chromatofocusing on a Mono P™ 
column F 3 GT and F 7 GT gave the different p/s 
of 5.12 and 4.50, respectively, which are not signif­
icantly different from the pH range of 4 .3-5 .6  for 
the other flavonoid O-glucosyl transferases [6,
8 - 12],

HO

OH 0

Kaem pferol

UDP—g lu c o se

F3GT

F7GT
/

0-g  I uc ose  
OH 0 

Kaempferol 3-0-glucoside

, UDP—g lu c o se

UDP

glucose-0

OH 0

Kaempferol 7 -0-g lucoside

F7GT

g lu c o s e-0

{

S^UDP

0 OH

v0-g lu co se  pjg 5 ^  proposed pathway 
OH 0  for the enzym atic synthesis o f

kaem pferol O -glucosides in 
Kaempferol 3 ,7-d i-O -glucoside P. scandens var. mairei.
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F 3 G T  and F 7G T  had very low Km values of
1.14 (xm and 7.69 |!M, respectively, for kaempferol, 
indicating a high affinity for those substrates. 
However, the Âm values of F 3 GT and F 7 GT for 
the co-substrate UDP-D-glucose were 13.33 jim 
and 15.39 hm, respectively. Both enzymes could 
hardly function with ADP-D-glucose and GDP- 
D-glucose. Among the acceptors tested, kaempfer­
ol was the best substrate for both F 3 G T  and 
F 7G T  activities. Although some other flavonols 
could function as substrate for F 3 GT and F 7 GT, 
no 3-O-glucosylation reaction took place with the 
7-O-glucosides of kaempferol and quercetin. On 
the other hand, flavonol 3-O-glycosides, such as

the 3-O-glucosides of kaempferol and quercetin, 
were accepted for the 7-O-glucosylation though 
much less efficiently. Therefore, it seems likely that 
the 7-O-glucosylation of kaempferol or quercetin 
occurs subsequent to the 3-O-glucosylation. Fig. 5 
shows a proposed pathway for their enzymatic 
synthesis of kaempferol O-glucosides in P. scan- 
dens var. mairei. This is inconsistent with the se­
quential glycosylation steps proposed by Sutter 
and Grisebach [4], using the cell suspension cul­
tures of parsley, that is the sequential steps of 7-0- 
and then 3-O-glucosylations to give the 3,7-di-O- 
glucoside of quercetin or kaempferol.
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