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Abstract

An iso~avonoid glucoside was isolated from the seeds of Thai Rosewood "Dalbergia cochinchinensis Pierre#\ and the aglycone was
shown to be 01!dihydroamorphigenin\ which we named dalcochinin[ Dalcochinin!7?!O!b!D!glucoside is well hydrolyzed by Thai
Rosewood b!glucosidase "Km 0[57 mM#\ but not by other b!glucosidases\ such as cassava stem linamarase\ almond b!glucosidase\ or
mustard seed myrosinase[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

b!Glucosidases "EC 2[1[0[10# catalyze the hydrolysis
of b!O!glucosidic linkages formed between D!glucose and
an aglycone or another sugar[ There are many b!gluco!
sidase enzymes with di}erent substrate speci_cities and
di}erent functions "Esen\ 0882#\ including hydrolysis of
cyanogenic glycosides "Fan + Conn\ 0874^ Kuroki +
Poulton\ 0875^ Eksittikul + Chulavatnatol\ 0877^ Pocsi\
Kiss\ Hughes\ + Nanasi\ 0878^ Keresztessy\ Kiss\ +
Hughes\ 0883^ Sermsuvityawong\ Svasti\ Sawangaree!
trakul\ Kisamanonta\ + Chulavatnatol\ 0884#\ cellobiose
"Ferreira + Terra\ 0872#\ gentiobiose "Sano\ Amemura\
+ Harada\ 0864#\ phenolic glucosides "Podstolski +
Lewak\ 0869# and thioglucoside "Durham + Poulton\
0878#[

Earlier\ we reported the puri_cation and properties
of an enzyme with both b!glucosidase and b!fucosidase
activities from the seeds of Thai Rosewood "Dalbergia
cochinchinensis Pierre# "Srisomsap\ Svasti\ Surarit\
Champattanachai\ Boonpuan\ Sawangareetrakul\ Sub!
hasitanont\ + Chokchaichamnankit\ 0885# using P!nitro!
phenyl "P!NP# glycosides as substrates[ Good hydrolysis
was observed with both P!NP!b!D!glucoside and P!NP!
b!D!fucoside "Srisomsap et al[\ 0885#\ and mixed kinetic
studies "Surarit\ Matsui\ Chiba\ Svasti\ + Srisomsap\

� Corresponding author[

0886# indicated that both activities originate from the
same active site[ However\ commercially available natural
substrates\ such as cyanogenic glucosides\ glucose di!
saccharides\ and thioglucoside were poorly hydrolyzed\
with none of the tested compounds showing a reaction
rate higher than 4) of the reaction rate with P!NP!b!D!
glucoside\ when tested at 4mM concentration "Srisomsap
et al[\ 0885#[ In the present paper\ we report the puri!
_cation and structural characterization of a novel
iso~avonoid b!glucoside from Thai Rosewood seeds\
together with enzymatic studies which con_rm that this
compound is likely to be the natural substrate of the b!
glucosidase enzyme previously described[

1[ Results and discussion

Extraction of the ground seeds "09 g# of Dalbergia coch!
inchinensis Pierre with EtOH\ followed by column chro!
matography on silica gel using absolute EtOH and
preparative C07 reversed phase TLC using 69) aqueous
MeOH gave compound 0 "9[060 g#[ Compound 0 was
shown to be a b!glucoside by enzymatic hydrolysis with
puri_ed D[ cochinchinensis b!glucosidase to give the agly!
cone 1 and D!glucose "analyzed by TLC and HPLC#[

Positive FAB!Mass data of the aglycone 1 showed the
signal at m:z 302 corresponding to ðM¦0Ł¦\ hence a
molecular weight of 301[ The UV spectrum showed only
a benzenoid chromophore "lMeOH

max 174 nm\ o 3999#[ 0H
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Structure 0

and 02C!NMR data "Table 0# are similar to the spectral
data of amorphigenin "2# "Konoshima\ Terada\ Kokumai\
Kozuka\ Tokuda\ Ester\ Li\ Wang\ + Lee\ 0882#[
Replacement of the C1O group at C!01 of 2 with an OH
group in 1 is re~ected in the absence of a signal of the
C1O group "at 078[9 ppm# in the 02C!NMR spectrum[
This was con_rmed by its IR absorptions "KBr# at
2319 cm−0 "O!H# and 0989 cm−0 "C!O#[ The 0H NMR
spectrum of 1 shows the expected high!_eld shift of H!00
"d 6[74 in 2 to 6[95 in 1#\ H!01a "d 2[74 in 2 to 2[24 in 1#
and shows a new signal of H!01 at d 4[09[ This data
suggested that 1 is 01!dihydroamorphigenin[ Analysis of
COSY "H!H correlation and C!H correlation# led to the
complete structure of 1[ 01!Dihydroamorphigenin is a
novel iso~avonoid compound\ which we propose to call
dalcochinin after the name of the plant species\ Dalbergia
cochinchinensis Pierre\ where it was _rst found naturally[

Positive FAB!Mass data of the novel b!glucoside 0

showed a signal at m:z 464 corresponding to ðM¦0Ł¦

and also showed signals at m:z 486\ 446 and 284 cor!
responding to ðM¦NaŁ¦\ ðM¦0!H1OŁ¦ and ðM¦0!Glu!

Table 0
Hydrolytic activity of b!glucosidases towards various substrates�

Thai Rosewood Mustard seed Cassava stem Almond
seed b!glucosidase myrosinase linamarase b!glucosidase

Substrate "1 mM# Relative activity Relative activity Relative activity Relative activity

Gentiobiose 9[1 58[7 ³9[0 9[4
Phloridzin ³9[0 61[3 ³9[0 ³9[0
Prunasin ³9[0 35[8 9[1 047[0
Sinigrin ³9[0 05\100 ³9[0 ³9[0
Linamarin ³9[0 36[0 42[0 ³9[0
Amygdalin 1[9 44[5 ³9[0 013[7
Salicin 0[4 47[1 9[4 00[5
Dalcochinin 7?!b!glucoside 073[1 64[9 9[0 9[0
P!NP!b!D!Glucoside 099[9 099[9 099[9 099[9

Reactions were performed in 9[0 M NaOAc\ pH 4[9\ 29>C for 09 min\ and glucose released was quantitated using a glucose oxidase kit[ Hydrolytic
activities are expressed relative to the activity obtained with P!NP!b!D!glucoside[

coseŁ¦\ respectively[ This spectral data suggested that the
molecular weight of the b!glucoside 0 should be 463[ 0H
and 02C!NMR data are similar to 1 except for the presence
of a more complicated pattern in the region d 2[9!4[9[ In
addition to carbon signals similar to those of 1\ the 02C!
NMR spectrum of 0 shows six carbon signals belonging
to glucose[ This data suggests that 0 is dalcochinin!7?!
O!b!D!glucoside or 01!dihydroamorphigenin!7?!O!b!D!
glucoside[

The aglycone "1# is an iso~avonoid compound in the
rotenoid family "Dewick\ 0882#[ Previous reports of
rotenoid!O!glycosides include 01a!hydroxyamorphigenin!
7?!O!b!D!glucoside "dalbin# from the seed of D[ latifolia
"Chibber + Khera\ 0868# and from the bark of D[ nitidula
Welw[ ex[ Bak[ "van Heerden\ Brandt\ + Roux\ 0879#\
dehydrodalpanol!O!b!D!glucoside from the seeds of D[
paniculata "Rao + Rao\ 0880#\ and amorphigenin!7?!O!
b!D!glucoside from the seeds of D[ monetaria "Abe\
Donelly\ Moretti\ + Polonsky\ 0874#[ Iso~avonoid com!
pounds have also been found as C!glycosides in Dalbergia
spp[ "van Heerden et al[\ 0879^ Rao + Rao\ 0880# and as
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various aglycones\ including 01A!hydroxyamorphigenin
"dalbinol# from D[ latifolia seeds "Dewick\ 0882#[

The ability of D[ cochinchinensis b!glucosidase and
other b!glucosidases to hydrolyze the isolated dalco!
chinin!7?!O!b!D!glucoside "1mM# was measured\ and
compared to their hydrolytic activities towards P!NP!b!
D!glucoside "099)# and other natural substrates at 1mM
Table 0[ D[ cochinchinensis b!glucosidase shows high
activity towards dalcochinin!7?!O!b!D!glucoside\ with a
relative rate of 073) compared to P!NP!b!D!glucoside\
in contrast to the rates of ³1) obtained with the other
substrates[ This relative rate of hydrolysis of the natural
glycoside by D[ cochinchinensis b!glucosidase is higher
than the relative rates obtained for cassava stem lina!
marase with linamarin "42)# or for almond b!gluco!
sidase with prunasin "047)# and amygdalin "014)#[
Moreover\ dalcochinin!7?!O!b!D!glucoside is not well
hydrolyzed by other b!glucosidases\ giving relative
hydrolysis rates of ³9[1) for cassava linamarase and
almond b!glucosidase[ Although the rate of hydrolysis of
dalcochinin!7?!O!b!D!glucoside with mustard seed myro!
sinase was 64) of the rate of hydrolysis of P!NP!b!
glucoside\ it is actually very low compared to the rate of
hydrolysis of the natural substrate sinigrin\ which gave a
rate more than 059!fold higher than the rate of hydrolysis
of P!NP!b!D!glucoside[

Kinetic studies yielded a Km value of D[ cochinchinensis
b!glucosidase for dalcochinin!7?!b!D!glucoside "0[57 mM#
thatwas intermediate between that for P!NP!b!D!glucoside
"4[26mM# and P!NP!b!D!fucoside "9[43mM# "Srisomsap
et al[\ 0885#[ Moreover\ the Vmax value for dalcochinin!
7?!O!b!D!glucoside "341 nkat:ml# was slightly higher than
that "312 nkat:ml# obtained with P!NP!b!D!glucoside\
which was previously found to have a kcat value about
double that of P!NP!b!D!fucoside "Srisomsap et al[\
0885#[ We have so far been unable to detect the presence
of the b!fucoside derivative of 1[

We estimate the content of dalcochinin!7?!O!b!D!
glucoside in the seed to be as high as 2[4) "9[24 g per
09 g seed#\ based on the losses during puri_cation and on
quantitation of the compound in the crude extract by
scanning of TLC plates[ These values are much higher
than the content of iso~avonoid compounds in most
species\ with the exception of dalbin and amorphigenin!
7?!O!b!D!glucoside\ which were reported in D[ monetaria
"Abe et al[\ 0874# at levels of 2[6) and 1[1) respectively[
At the same time\ we have also shown that D[ cochin!
chinensis seed contains high levels "2mg enzyme per 09 g
seed# of a b!glucosidase enzyme active against dalco!
chinin!7?!O!b!D!glucoside[ Neither the glycoside "0# nor
the aglycone "1# could be detected in other tissues of the
plant\ such as stem\ leaf\ petiole or shoot tip "data not
shown#\ and the levels of b!glucosidase in these other
tissues is 0) or less than the level found in the seed
"Srisomsap et al[\ 0885#[ The high levels of both enzyme
and substrate in the seed suggest that both play important

biological roles in the seed\ possibly as a defence against
insect or other predators[

2[ Experimental

2[0[ Materials and reagents

Seeds of D[ cochinchinensis Pierre "Thai Rosewood#
were obtained from the ASEAN!Canada Forest Tree
Seed Center\ Muaklek\ Saraburi\ Thailand[ Thai Rose!
wood glucosidase:b!fucosidase was puri_ed from seeds
by "NH3#1SO3 fractionation\ preparative isoelectric
focusing pH 3!5\ and Sephadex G!049 chromatography
"Srisomsap et al[\ 0885#[ Cassava linamarase was puri_ed
from cassava stem by "NH3#1SO3 fractionation and
Sepharose 3B chromatography "Dewick\ 0882#[ P!NP!
Glycosides\ gentiobiose\ linamarin\ amygdalin\ phloridzin\
salicin\ sinigrin\ mustard seed myrosinase\ and almond
b!glucosidase were from Sigma Chemical Co[\ USA[

2[1[ General chemical techniques

Analytical and preparative TLC were carried out on
precoated silica gel "Merck 59 F!143# and C07 reverse
phase plates "Merck RP!07#[ Components were detected
by spraying with conc[ H1SO3[ HPLC was performed on
a Waters 514LC instrument] separation of aglycone and
glycoside employed UV detection using a C07 "Lich!
rosphere WP 299A# column "133×3mm# eluted with a
water]MeOH gradient from 69]29 to 29]69\ while sugar
analysis employed refractive index detection using a
Biorad HPX!76C column "299×6[7mm# eluted with
water[ All mp|s were taken on a Fisher!Jones apparatus
and are uncorrected[ IR and UV spectra were recorded on
Perkin!Elmer System 1999 and Lambda 5 spectrometers\
respectively[ 0H and 02C!NMR spectra were obtained on a
399MHz Bruker Aspect 2999 spectrometer[ All chemical
shifts are reported in d "ppm# from TMS[ Mass was
determined on a Finnigan MAT!89 mass spectrometer[

2[2[ Extraction of natural substrate from Thai Rosewood
seeds

Dried D[ cochinchinensis Pierre seeds "09 g# were blen!
ded at low speed for 2 s in a Waring Blender[ Seed coats
were removed\ and ground seeds were extracted with
19ml of absolute EtOH overnight at room temp[ The
EtOH extract was centrifuged at 09\999×g at 14>C for
09min to remove solids and yield the crude extract[ The
natural substrate was identi_ed as a compound which\
after incubation with puri_ed Thai Rosewood b!glu!
cosidase\ had increased mobility on silica gel TLC with
CHCl2]MeOH]water "04]2]0# as solvent[ The remainder
of the crude extract "9[86 g# was concentrated to 2[5ml
by rotary evaporation and then chromatographed on a
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silica gel 59 "129!399 mesh\ Merck# column "0[2×26 cm#
using absolute EtOH as an eluent[ Fractions from the
column were analyzed by silica gel TLC\ and those con!
taining natural substrate were pooled "9[203 g#\ concd
by rotary evaporation\ and further puri_ed by prep C07

reversed phase TLC "RP!07\ 0mm# using 69) aqueous
MeOH as solvent to yield compound "0# "9[060 g#[ The
purity of the _nal product "0# was checked by TLC on
silica gel 59 F!143 using CHCl2]MeOH]water "04]2]0 by
vol[# and n!BuOH]EtOH]water "4]2]1 by vol[#[ Com!
pound 1 was prepared by incubating compound 0 "29mg#
with puri_ed D[ cochinchinensis b!glucosidase at 26>C for
04 h in 9[0M NaOAc bu}er\ pH4[9[ The reaction mixture
was extracted with EtOAc\ and the organic extract was
washed\ dried and evaporated[ The EtOAc residue was
puri_ed by prep TLC "silica gel 59G\ 1mm# to give the
aglycone 1[

2[3[ Enzyme assays

Hydrolytic activity of various b!glucosidases was stud!
ied by incubating each enzyme with various substrates
"1mM# in 9[0ml of 9[0M NaOAc bu}er\ pH4[9 at 29>C[
Reactions were stopped after 09min by adding 9[0ml of
1M Tris!HCl bu}er\ pH6[9\ and glucose released was
estimated by adding 0[9ml of a glucose oxidase reagent
kit "BM Laboratories\ Bangkok\ Thailand#\ followed by
measuring A494[ DMSO "4) v:v\ _nal concentration#
was used in assays of less soluble substrates\ namely the
natural substrate and phloridzin[ Kinetic studies were
carried out in a similar manner except that substrate
concentrations were varied between 9[1mM to 3mM for
the natural substrate and between 9[4mM to 05mM for
P!NP!b!D!glucoside[ Kinetic constants were determined
by using the Enz_tter computer program "Elsevier
Biosoft\ Cambridge\ U[K[#[

2[3[0[ Compound 0
Crystallized from MeOH as an amorphous solid\

mp 010Ð012>C^ FAB!MS "m:z#] 464 "M¦0#¦\ 486
ðM¦NaŁ¦\ 446 ðM¦0!H1OŁ¦and 284 ðM¦0!GlucoseŁ¦^
0H NMR] d ðCDCl2Ł 5[55 "0H\ s\ aromatic 1CH#\ 5[28
"0H\ s\ aromatic1CH#\ 3[12 "0H\ d\ J�01Hz\ O!CH1#\
3[45 "0H\ dd\ J�2Hz\ O!CH1#\ 3[68 "0H\ broad t\
OCHCH1#\ 5[23 "0H\ d\ J�7Hz\ aromatic 1CH#\ 6[95
"0H\ d\ J�7Hz\ aromatic1CH#\ 4[09 "0H\ d\ J�1Hz\
HO!CH#\ 2[24 "0H\ broad s\ HOCHCH#\ 1[88 "0H\ dd\
J�7\04Hz\ aromatic !CH1#\ 2[29 "0H\ dd\ J�7\04Hz\
aromatic !CH1#\ 4[16 "0H\ t\ J�7Hz\ aromatic
!OCHCH1#\ 4[10 "1H\ s\1CH1#\ 3[06 "1H\ broad s\ HO!
CH1#\ 2[64 "2H\ s\ OCH2#\ 2[67 "2H\ s\ OCH2#\ 3[34 "0H\
D\ J�6[6Hz\ H!0 glucose#[ 02C NMR] d ðCDCl2Ł 009[4
"C!0#\ 032[2 "C!1#\ 037[8 "C!2#\ 099[7 "C!3#\ 037[1 "C!3a#\
56[1 "C!5#\ 54[6 "C!5a#\ 059[7 "C!6a#\ 003[9 "C!7#\ 065[1
"C!8#\ 091[2 "C!09#\ 029[9 "C!00#\ 54[6 "C!01#\ 26[6 "C!
01a#\ 091[2 "C!0a#\ 21[1 "C!3?#\ 73[2 "C!4?#\ 036[5 "C!

5?#\ 000[3 "C!6?#\ 56[1 "C!7?#\ 44[6 "OCH2#\ 45[5 "OCH2#\
091[0 "C!0 D!glucosyl#\ 62[3 "C!1 D!glucosyl#\ 65[2 "C!2
D!glucosyl#\ 69[9 "C!3 D!glucosyl#\ 64[6 "C!4 D!gluco!
syl#\ 58[4 "C!5 D!glucosyl#[

2[3[1[ Compound 1
Crystallized from EtOAc!MeOH as needles\ mp 060!

061>C^ UV "lMeOH
max 174 nm#^ FAB!MS "m:z#] 302

"M¦0#¦^ FT!IR "KBr#] cm!0 2319 "O!H# and 0989 "C!
O#^ 0H NMR] d ðCDCl2Ł 5[55 "0H\ s\ aromatic 1CH#\
5[28 "0H\ s\ aromatic 1CH#\ 3[12 "0H\ d\ J�01Hz\ O!
CH1#\ 3[45 "0H\ dd\ J�2Hz\ O!CH1#\ 3[68 "0H\ broad t\
OCHCH1#\ 5[23 "0H\ d\ J�7Hz\ aromatic 1CH#\ 6[95
"0H\ d\ J�7Hz\ aromatic1CH#\ 4[09 "0H\ d\ J�1Hz\
HO!CH#\ 2[24 "0H\ broad s\ HOCHCH#\ 1[88 "0H\ dd\
J�7\04Hz\ aromatic !CH1#\ 2[29 "0H\ dd\ J�7\04Hz\
aromatic !CH1#\ 4[16 "0H\ t\ J�7Hz\ aromatic
!OCHCH1#\ 4[10 "1H\ s\1CH1#\ 3[06 "1H\ broad s\ HO!
CH1#\ 2[64 "2H\ s\ OCH2#\ 2[67 "2H\ s\ OCH2#[ 02C NMR]
d ðCDCl2Ł 009[4 "C!0#\ 032[2 "C!1#\ 037[8 "C!2#\ 099[7 "C!
3#\ 037[1 "C!3a#\ 56[1 "C!5#\ 54[6 "C!5a#\ 059[7 "C!6a#\
003[9 "C!7#\ 065[1 "C!8#\ 091[2 "C!09#\ 029[9 "C!00#\ 54[6
"C!01#\ 26[6 "C!01a#\ 091[2 "C!0a#\ 21[1 "C!3?#\ 73[2 "C!
4?#\ 036[5 "C!5?#\ 000[3 "C!6?#\ 56[1 "C!7?#\ 44[6 "OCH2#\
45[5 "OCH2#[
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