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Abstract

A cDNA clone, named as ShCHS cDNA, encoding chalcone synthase (CHS, EC 2.3.1.74) was
isolated from a ¢cDNA library derived from hairy root cultures of Scutellaria baicalensis Georgi by
screening with a 1.4 kbp full length CHS c¢DNA of Phaseolus vulgaris as the probe. Complete
nucleotide sequence of the SbCHS c¢DNA contained 1170~ base pair open reading frame encoding 390
amino acid residues. The deduced amino acid sequence of SbDCHS cDNA exhibited 82.1% identity with
CHS of P. vulgaris. SbCHS mRNA expression in S. baicalensis hairy roots was unusually reduced by
UV light irradiation, wounding, and yeast extract, as shown by Northern blot analysis. Greater formation
of naringenin chalcone (100%) than of pinocembrin chalcone (67.4%) was observed by using thin - layer
chromatography (TLC) to assess the enzymatic activity of recombinant SbCHS expressed in

Escherichia coli.
Accession number: ABO08748.
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Introduction

The dried root of Scutellaria baicalensis Georgi
(Labiatae) is a well-known drug in traditional
Chinese medicine used for treatment of arterio-
sclerosis, bronchitis, diarrhea, hepatitis and tumors
(Chiang, 1977; Tang and Eisenbrand, 1992). In a
previous paper, we reported that hairy root cultures
of S. baicalensis were established and sixteen flavo-
noids, including a new flavone glucoside, were
isolated from the S. baicalensis hairy root cultures
(Zhou et al., 1997). Among these sixteen flavo-
noids, no one has a hydroxyl group at 4* of the B~
ring. Only a few flavonoids lacking a hydroxyl
group at 4’ of B-ring have been reported from other
plant species such as Cephalocereus senilis (Liu et
al., 1993a, b). Flavonoids are widely distributed
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group of plant secondary metabolites. Chalcone
synthase (CHS, EC 2.3.1.74) is the key enzyme in
the biosynthetic pathway of all classes of flavo-
noids. It catalyzes the formation of the basic struc-
ture of flavonoids, naringenin chalcone, through
condensation of one molecule of 4-coumaroyl-
CoA with three molecules of malonyl-CoA (Fig. 1
pathway II) (Heller and Forkmann, 1988). As one of
the results indicated, there must be a hydroxyl group
at the 4° site of the B-ring in typical flavonoids.
Many CHS genes have been isolated from gymno-
sperm plants to angiosperm plants including dicoty-
ledonous and monocotyledonous plants. Only two
unusual CHS genes isolated from Pinus sylvestris
(Fliegmann et al., 1992) and barley leaves (Chris-
tensen et al., 1998) were reported. Recently, Morita
et al. (1998) reported that CHS from the S. baical-
ensis plant showed dual specificity for substrates
such as 4-coumaroyl-CoA and cinnamoyl- CoA .
Generally, the synthesis of flavonoid compounds
in response to environmental stresses has been
implicated as a major defense response of higher
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Fig. 1 Possible biosynthetic pathway of flavonoids. 1, Possible biosynthetic pathway of
unusual flavonoids in hairy roots of Scutellaria baicalensis. 11, shows biosynthetic

pathway of usual flavonoids.

PAL, phenylalanine ammonia lyase; C4H, cinnamate 4~ hydroxylase; 4CL, 4~ coumarate:

CoAligase; CHS, chalcone synthase.

plants (Bell, 1981). Moreover, expression of CHS
genes were induced by external environmental
stresses such as UV light irradiation (Kreuzaler er
al., 1983; Chappell and Hahlbrock, 1984; Tunen et
al., 1988; Batschauer et al, 1991; Christie and
Jenkins, 1996; Fuglevand et al., 1996; Logemann
et al., 2000), wounding (Schmelzer et al., 1988;
Junghans er al., 1993; Sallaud et al., 1995; Richard
et al., 2000), yeast extract elicitor (Ryder er al.,
1984; Grab er al., 1985; Hedrick er al., 1988), and
variation of temperature (Gong et al., 1997).

In order to clarify the expression of the CHS gene
in response to environmental stresses, Northern blot
analyses were carried out using the S. baicalensis
hairy root cultures treated with stresses such as UV
light irradiation, wounding and yeast extract elici-

tation. Also, to clarify the catalytic property of the
CHS from S. baicalensis hairy root cultures, the
recombinant CHS expressed in Escherichia coli was
examined for its ability to utilize both cinnamoyl-
CoA and 4-coumaroyl-CoA, like that of the CHS
from the S. baicalensis plant (Morita et al., 1998)
(Fig. 1 pathway I).

In this paper, we report the cloning and expres-
sion in E. coli of a cDNA encoding CHS from .
baicalensis hairy root that encodes the enzyme
which is responsible for catalysing both cinnamoyl-
CoA and 4-coumaroyl-CoA, and the negative
response of the gene expression to external environ-
mental stresses.



Materials and Methods

Plant material, bacterial strains and vectors

Hairy roots of Scutellaria baicalensis Georgi
(SbpBI121 strain) were initiated from seedlings and
grown in Gamborg’s BS medium (Gamborg ef al.,
1968) as previously described (Zhou et al., 1997).
Escherichia coli strains XL1-Blue MRF’, SOLR,
IM109 and BL21(DE3) were used for the standard
molecular biology procedures. pBluescript SKII and
expression vector pET21a were purchased from
Stratagene and Novagene, respectively.

Construction and screening of a cDNA library

The total RNA from 20 g of 5-weeks-~old hairy
roots was prepared according to the guanidine thio-
cyanate and phenol-chloroform extraction method
{(Chomeczynski and Sacchi, 1987). Poly (A)" RNA
was prepared from the total RNA using a mRNA
Separator Kit (Clontech, CA, USA). The cDNA was
prepared using S «g of poly (A)" RNA according to
the instructions from the Great Lengths™ cDNA
Synthesis Kit (Clontech, CA, USA). The first-
strand cDNA was synthesized using MMLYV reverse
transcriptase. For second-strand synthesis, RNase
H, E. coli DNA polymerase, and E. coli DNA ligase
were used; then the ds ¢cDNA was treated with T4
DNA polymerase to create ends. The cDNA was
ligated to EcoRI-Notl-Sall adaptors, and then
cloned into the FcoRI site of 1 ZAP . Packaging
and plating on selective E. coli XL1-Blue MRF’
cells were carried out according to the instruction
from the Predigested Lambda ZAPII/EcoRI/CIAP
Cloning Kit (Stratagene, USA).

The ¢cDNA library (2.7x10° p.f.u.) was screened
by plague hybridization (Benton and Davis, 1977)
using “?P-labeled 1.4 kbp full length CHS cDNA of
Phaseolus vulgaris (Ryder et al., 1984) as the probe.
Hybridization on Hybond-N" membranes (Amer-
sham, Bucks., UK) was carried out at 65°C in 5x
SSPE (ix SSPE: 0.18 M NaCl, 0.01 M sodium
phosphate, 1 mM EDTA, pH 7.7), 1% SDS, 5x
Denhardt’s solution (1x Denhardt’s solution: 0.02%
Ficoll 400, 0.02% polyvinylpyrrolidone and 0.02%
bovine serum albumin), and 0.1 mg ml™' salmon
sperm DNA, Final washing of the membranes was
performed in 2x SSPE, 0.1% SDS at 65°C for 20
min.

CHScDNA sequencing

One positive plaque was isolated. The insert of
the positive clone was subcloned into the EcoR1 site
of pBluescript SK II (-) vector (Stratagene) by in
vivo excision, and the resultant clone was named as
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pSbCHS. Sequencing was carried out by the di-
deoxy-chain termination method with Thermo se-
quenase (Amersham, Bucks., UK) using a DNA
sequencer (model DSQ 2000L; Shimadzu, Kyoto,
Japan).

Experimental environmental stresses treatments of
the hairy roots of S. baicalensis

Various experimental environmental biotic and
abiotic stresses were added to the hairy roots of S.
baicalensis after 5 weeks culture in B5 liquid
medium. The biotic stress was carried out by adding
yeast extracts to the medium of hairy root cultures
to a level of 1 mgml ™' yeast extracts in the medium.
The abiotic stresses were carried out by two meth-
ods. The first method was UV light irradiation
carried ont by irradiating the hairy roots with 254
nm UV light located at least 20 cm above the hairy
roots. The second method was wounding treatment
carried out by aseptically cutting the hairy roots into
one-cm-long segments with a sterile knife inside a
cell colture hood.

RNA blot analysis

Total RNA was isolated from the hairy roots
exposed to various stresses for 0, 0.5, 1, 4, 8, 24 and
48 h by the same method as used for construction of
the cDNA library. For Northern hybridization anal-
ysis, equivalent amounts of RNA (10 ug) were
separated on a 1.2% agarose gel containing formal-
dehyde under denaturing conditions. Equal loading
of RNA was confirmed by ethidium bromide stain-
ing of the gel, transferred onto Hybond-N* mem-
brane (Amersham), and then fixed by UV
irradiation. Hybridization of the membranes was
carried out according to the manufacturer’s protocol
(Amersham). RNA blots were probed with *P-
labeled SHCHS cDNA prepared with a Random
Primer DNA Labeling Kit version 2 (Takara, Shiga,
Japan) for 15 h at 65°C. Membranes were washed
twice with 2x SSPE, 0.1% SDS at 65°C for 20
minutes. The signals for hybridization were detected
using a BAS20001I bioimaging analyzer (Fuji Film,
Tokyo, Japan).

Heterologous expression of SbCHS ¢cDNA in E. coli
and enzyme extraction

Ndel and BamHI sites were created on both sides
of the coding region for the SbCHS c¢DNA by the
polymerase chain reaction (PCR). The amplified
DNA was digested with restriction enzymes, Ndel
and BamHI, and then ligated into the same sites of
an E. coli expression vector pET-21a (Novagene).
E. coli BL.21 (DE3) pLysS was transformed with the
resulting expression vector pSbCHSEX. The trans-
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formed E. coli cells were precultured in LB medium
(Sambrook et al., 1989) supplemented with carbeni-
cillin (30 mg 1), 100 1 of the culture was inocu-
fated into 10mi of the same medium. After
incubation at 37 °C for 3 hours, recombinant SbCHS
was induced with 1 mM of isopropyl 1-thio- 8 -D~
galactoside (IPTG) at 30°C for 3 h. All subsequent
operations were conducted at 4°C. The cells were
collected by centrifugation, washed, and then resus-
pended in 0.1 M phosphate buffer, pH 7.0, con-
taining 20 mM sodium ascorbate. The solution was
sonicated and centrifuged. The supernatant was
used as the crude enzyme extract.

SbCHS assay

The enzyme activity of the recombinant SbCHS
in vitro was determined by thin-layer chroma-
tography (TLC). The reaction mixture containing
400 ©1 0.1 M K-Pi buffer, pH 7.0, 10 1 [2-C]
malonyl-CoA (0.74 kBq), 5 ¢l 4-coumaroyl-CoA
(5 nmol) or § «1 cinnamoyl-CoA (5 nmol), and 100
11 of the crude enzyme extract from transformed E.
coli in a total volume of 515 11 was incubated at 30
°C for one hour. The reaction was terminated by the
addition of 20 p! of acetic acid. The resulting
solution was partitioned with ethyl acetate (1 ml).
The ethyl acetate phase was collected and evapo-
rated under vacuum. The residue was re-dissolved

in 10 «1 MeOH and subjected to TLC analysis. TLC
analysis was performed on silica gel (Merck) plates
as adsorbent (stationary phase) and the mixture
solvents, toluene : ethyl acetate : methanol : light
petroleum ether (6:4:1:3, v/v), as the mobile phase.
Equivalent amounts of reaction solutions were
spotted. The reaction products were detected using a
BAS20001I bioimaging analyzer (Fuji Film, Tokyo,
Japan).

Results

Isolation and characterization of full-length cDNA
encoding CHS from S. baicalensis hairy roots

In order to isolate the cDNA encoding CHS from
S. baicalensis hairy roots, plaque hybridization was
carried out with a 1.4 kbp full length CHS ¢DNA of
P. vulgaris previously isolated by Ryder et al
(1984). One positive plague was isolated from a 2
ZAPII cDNA library (2.7x10° p.fu.) constructed
from poly (A)" RNA isolated from hairy roots of S.
baicalensis cultured in BS liquid medium for 5
weeks. The positive clone was subcloned into
pBluescript SK II (-), its nucleotide sequence was
determined. SbCHS c¢DNA contained 1170-base
pair open reading frame encoding a polypeptide of
390 amino acids (Fig. 2).

The deduced amino acid sequence of SBCHS
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Fig. 2

Nucleotide and deduced amino acid sequences of a ¢cDNA clone, pSbCHS encoding

chalcone synthase (CHS) from hairy root cultures of Scutellaria baicalensis.

The initiation codon (ATG) for chalcone synthase open reading frame is underlined. The
stop codon is marked with an asterisk. Black shaded sequences indicate PROSITE pattern
of the chalcone and stilbene synthases active site (Falquet e al., 2002).
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Fig.3 Northern blot analysis of chalcone synthase
mRNA levels in hairy root cultures of Scutellaria
baicalensis exposed to various environmental
stresses.

The hairy roots of S. baicalensis were cultured in
B5 liquid medium for 5 weeks, then exposed to
254 nm UV light irradiation (UV); wounding
treatment by aseptically cutting the hairy roots
into one_cm_long segments(wounding); elicitor
(Img ml™" yeast extracts contained in the
medium) (yeast). Total RNA was isolated from
the hairy roots harvested at 0, 0.5, 1, 4, 8, 24 and
48 h after exposed to the above various stresses.
A 10 pg portion of total RNA was loaded per
lane. **P-labeled ShCHS cDNA was used as the
probe. Hybridization of the membranes was
carried out as described under “Materials and
Methods”. Ethidium bromide stained gels were
shown beneath each stress treatment to show an
equal Joading of total RNA.

includes the PROSITE pattern of chalcone and
stilbene synthase active site (Falquet ef al., 2002)
and exhibits 81.0% identity with CHS of P. vul-
garis, which was used as a probe to isolate ShCHS
cDNA, and 81.2% identity with CHS of P. sylves-
tris, which has been reported to use both cinnamoyl
-CoA and 4-coumaroyl-CoA (Fliegmann er al.,
1992).

Expression of SbCHS gene in response to various
environmental stresses

To investigate the regulation of UV light irradi-
ation, wounding and yeast elicitor on SbCHS gene
expression, the hairy roots of S. baicalensis cultured
in BS liquid medium for 5 weeks were exposed to
the above various environmental stresses. SbCHS
mRNA levels were determined at 0, 0.5, 1, 4, &8 and
24 h after UV light irradiation and wounding treat-
ments, and at 0, 1, 4, 8, 24 and 48 h after yeast
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extract elicitor treatment.

Interestingly, SOCHS gene was expressed in an
intact hairy roots of S. baicalensis (control), how-
ever its expression was unusually reduced and
inhibited by environmental stresses such as UV
light irradiation, wounding and yeast extract elicitor
as shown in Fig. 3.

Expression of isolated SbOCHS ¢DNA in E. coli, and
substrate specificity of the recombinant SOCHS in vitro

To confirm whether the ¢cDNA isolated from the
hairy roots of S. baicalensis encodes catalytically
active CHS, the cDNA was expressed in E. coli.
The coding region of the SbCHS ¢cDNA insert was
subcloned into an E. coli expression vector pET-
21a, resulting in the construction of pSbCHSEX.
The crude protein extract of E. coli BL21 (DE3)
pLysS transformed with pSbCHSEX was assayed
for CHS in vitro. Overexpressed recombinant
SbCHS protein was detectable on CBB stained SDS
-PAGE gel (data not shown). As shown in Fig,. 4,
cinnamoyl CoA was converted to pinocembrin in
the presence of [2-''C] malonyl-CoA and the
crude protein extract from E. coli transformed with
pSbCHSEX. The identity of pinocembrin formed by
the reaction in vitro was confirmed by co-chroma-
tography on TLC with authentic pinocembrin, and
detected by using a BAS2000II bioimaging ana-
lyzer. No radioactive spot was detected when crude
protein extract from E. coli transformed with an
empty vector pET-21a was used as a negative
control (data not shown). This result confirmed that
the SbCHS cDNA from the hairy roots of S. baical-
ensis encodes CHS that catalyzes the formation of
pinocembrin chalcone through condensation of one
molecule of cinnamoyl- CoA with three molecules
of malonyl-CoA. The substrate specificity of re-
combinant SbCHS in vitro was examined. The
crude protein extracts from E. coli transformed with
pSbCHSEX were incubated with radiolabeled [2-
C] malonyl-CoA, and 4-coumaroyl- CoA or cin-
namoyl-CoA at 30°C for one hour. The formation
of naringenin chalcone through condensation of one
molecule of 4-coumaroyl-CoA with three mole-
cules of malonyl- CoA was demonstrated in the cell
-free extract of cultured Glycyrrhiza echinata cells
treated with yeast extract elicitor (Ayabe et al,
1988). A comparable experiment was carried out
with elicited cultured G. echinata cells instead of
the recombinant SbCHS crude protein extracts from
E. coli. The reaction products were analyzed by
TLC (Fig. 4) and quantified by using a BAS2000I1
bioimaging analyzer (Table 1). As shown in Fig. 4,
the recombinant SbCHS catalyzes the formation of
pinocembrin chalcone in vitro, through conden-
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Table 1 Substrate specificity of the recombinant SbCHS express-
ed in E. coli. Quantitative analysis was carried out by
BAS200011 bioimaging analyzer

Enzyme source Naringenin  pinocembrin

SbCHS crude protein 100% 67.40%
Elicited Glycyrrhiza echinata cells 100% 84.60%

<= Pinocembrin

¢ Naringenin

1 2 3 4

Fig. 4 TLC analysis of the reaction product of the
recombinant SbCHS expressed in E. coli.
The reaction mixture contained 400 ¢! 0.1 M K
- Pi buffer, pH 7.0, 10 «1 [2-""C] malonyl CoA
(0.74 kBq), 5 11 4~ coumaroyl CoA (5 nmol)
(lane 1) or 5 1 cinnamoyl CoA (5 nmol) (lane
2), and 100 z1 of the crude enzyme extract from
transformed E. coli, and was incubated at 30 °C
for one hour. See “Materials and Methods” for
the SbCHS assay. Equivalent amounts of reaction
solutions were spotted on a TLC plate. TLC
analysis was carried out with silica gel as the
adsorbent (stationary phase) and the solvent
mixture, toluene:ethyl  acelate:methanol:light
petroleum ether (6:4:1:3) as the mobile phase.
The reaction products were detected using a
BAS20001I bioimaging analyzer. Lanes 3 and 4
were reaction products from elicited cultured
Glycyrrhiza echinata cells with [2-"'C] malonyl
CoA (0.74 kBq), 4- coumaroyl CoA (5 nmol) or
5 w1 cinnamoyl CoA (5 nmol), respectively.

sation of one molecule of cinnamoyl-CoA with
three molecules of malonyl-CoA, and also catal-
yzes the formation of naringenin chalcone, through
condensation of one molecule of 4-coumaroyl-
CoA with three molecules of malonyl- CoA. From
the results of quantitative analysis, greater forma-
tion of naringenin chalcone (100%) than formation
of pinocembrin chalcone (67.4%) are shown in
Table 1. A hundred percent formation of naringenin
chalcone and 84.6% formation of pinocembrin
chalcone were obtained by using elicited cultured
G. echinata cells.

PDiscussion

There have been a great number of reports that
CHS gene expression in different plants was in-
duced by various environmental stresses. For exam-
ple, induction of CHS gene expression by UV light
have been reported in plants, parsley leaves (Petro-
selinum crispum) (Schmelzer et al., 1988), cell
suspension cultures of parsley (P. crispum) (Loge-
mann et al, 2000), cell suspension cultures of
parsley (P. hortense) (Kreuzaler et al., 1983; Chap-
pell and Hahlbrock, 1984), mustard (Sinapis alba)
(Batschauer et al., 1991), Petunia hybrida (Tunen et
al., 1988), Arabidopsis (Christie and Jenkins, 1996;
Fuglevand et al., 1996); by wounding in plants,
alfalfa (Medicago sativa) (Junghans et al., 1993;
Sallaud et al., 1995), white spruce (Picea glauca)
(Richard er al., 2000); by elicitor in plants, Phaseo-
lus vulgaris cell cultures (Ryder et al., 1984;
Hedrick er al., 1988), alfalfa (M. sativa) (Junghans
et al., 1993), soybean (Glycine max) (Grab et al.,
1985); and by temperaturc- changing in plants,
Perilla frutescens (Gong et al., 1997).

Because CHS gene expression is usually induced
by environmental stresses as mentioned above, we
repeated three times experiments on the expression
of the SbCHS gene in response to various environ-
mental stresses; the results remained the same. We
also determined the contents of baicalin and baical-
ein, the major bioactive compounds in the hairy
roots of S. baicalensis in response to the above
environmental stresses. All these environmental
stresses, UV light irradiation, wounding, yeast ex-
tract elicitor, and temperature - changing treatments,
did not affect the synthesis of baicalin and baicalein
in the hairy roots of S. baicalensis (data not shown).

The hairy roots of S. baicalensis were obtained
after Agrobacterium T-DNA was transferred from
Agrobacterium rhizogenes to S. baicalensis genom-
ic DNA (Zhou et al., 1997). The Agrobacterium T-
DNA could be considered as an internal stress
constantly inducing the ShCHS mRNA expression
in the hairy roots of S. baicalensis. External stresses
may not induce and may repress SbCHS gene
expression that is constantly induced by the internal
stress. This hypotheses may help to explain why



those environmental stresses, UV light irradiation,
wounding and yeast elicitor, reduced and inhibited
the existence of the SbCHS gene expression in the
hairy roots of S. baicalensis.

The previous results of the chemical analysis
showed that S. baicalensis hairy root can biosyn-
thesize mainly the 4’ - dehydroxy compounds, such
as baicalin and woogonin, derived from 4°-dehy-
droxychalcone via pinocembrin, i.e. via pathway I
in Fig. 1 (Zhou et al, 1997). Therefore, it was
expected that CHS isolated from the hairy root of S.
baicalensis will show higher specificity for cinna-
moyl CoA than for 4-coumaroyl CoA. The result,
however, showed almost the same specificity pat-
tern as that of G. echinata cells having the CHS
activity for 4- coumaroyl CoA (Table 1).

Acknowledgments

We would like to take this opportunity to thank
Prof. C. J. Lamb (Plant Biology Laboratory, The
Salk Institute for Biological Studies, CA, USA), for
the kind supply of CHS c¢DNA of Phaseoclus vul-
garis; Prof. S. Ayabe (Department of Applied
Biological Science, College of Biological Resource
Sciences, Nihon University, Fujisawa, Japan) for
the kind supply of cultured Glycyrrhiza echinata
cells. We are also indebted to Dr. H. Hayashi (Gifu
Pharmaceutical University, Gifu, Japan) for the kind
supply of authentic pinocembrin.

References

Ayabe, S., Udagawa, A., Furuya, T., 1988, NAD(P)H-
dependent 6 - deoxychalcone synthase activity in Gly-
cyrrhiza echinata cells induced by yeast extract. Arch.
Biochem. Biophys., 261: 458~ 462.

Batschauer, A., Ehmann, B., Schifer, E., 1991. Cloning and
characterization of a chalcone synthase gene from
mustard and its light—dependent expression. Plant Mol.
Biol., 16: 175~ 185.

Bell, E. A., 1981. The physiological role(s) of secondary
(natural) products. In: BE. E. Conn (Ed.): The Biochem-
istry of Plants, Vol. 7, pp. 1-19, Academic Press, New
York.

Benton, W. D., Davis, R. W., 1977. Screening 4 gt recom-
binant clones by hybridization to single plaques in situ.
Science, 196: 180~ 182.

Chappell, J., Hahlbrock, K., 1984, Transcription of plant
defence genes in response to UV light or fungal elicitor.
Nature, 311: 76-78.

Chiang Su New Medical College, 1977. Dictionary of
Chinese Crude Drugs, pp. 2017-2021. Shanghai Scien-
tific Technological Publishers, Shanghai (in Chinese).

Chomezynski, P.. Sacchi, N., 1987. Single-step method of
RNA isolation by acid guanidinium thiocyanate - phenot
- chloroform extraction. Anal. Biochem., 162: 156~
159.

Christensen, A. B., Gregersen, P. L., Schroder, J., Collinge,

213

D. B., 1998. A chalcone synthase with an unusual
substrate preference is expressed in barley leaves in
response to UV light and pathogen attack. Plant Mol.
Biol., 37: 849-857.

Christie, J. M., Jenkins, G. 1., 1996, Distinct UV-B and UV
- Afblue light signal transduction pathways induce
chalcone synthase gene expression in Arabidopsis cells.
Plant Cell, 8: 1555~ 1567.

Falquet, L., Pagni, M., Bucher, P., Hulo, N., Sigrist, C. I,
Hofmann, K., Bairoch, A., 2002. “The PROSITE data-
base, its status in 2002”. Nucleic Acids Res., 30: 235~
238.

Fliegmann, J.,, Schroder, G., Schanz, S., Britsch, L., Schrod-
er, J., 1992. Molecular analysis of chalcone and dihy-
dropinosylvin  synthase from Scots pine (Pinus
sylvestris), and differential regulation of these and
related enzyme activities in stressed plants. Plant Mol.
Biol., 18: 489-503.

Fuglevand, G., Jackson, J. A., Jenkins, G. 1., 1996. UV-B,
UV-A, and blue light signal transduction pathway
interact synergetically to regulate chalcone synthase
gene expression in Arabidopsis. Plant Cell, 8: 2347
2357.

Gamborg, O. L., Miller, R. A, Ojima, K., 1968. Nutrient
requirements of suspension cultures of soybean root
cells. Exp. Cell Res., 50: 151-158.

Gong, Z., Yamazaki, M., Sugivama, M., Tanaka, Y., Saito,
K., 1997. Cloning and molecular analysis of structural
genes involved in anthocyanin biosynthesis and ex-
pressed in a forma-specific manner in Perilla frutes-
cens. Plant Mol. Biol., 35: 915-927.

Grab, D., Loyal, R., Ebel, J., 1985. Elicitor - induced phytoa-
lexin synthesis in soybean cells: changes in the activity
of chalcone synthase mRNA and the total population of
translatable mRNA. Arch. Biochem. Biophys., 243: 523
-529,

Hedrick, S. A., Bell, J. N, Boller, T., Lamb, C. J., 1988.
Chitinase c¢cDNA cloning and mRNA induction by
fungal elicitor, wounding, and infection. Plant Physiol.,
86: 182-186.

Heller, W., Forkmann, G., 1988. Biosynthesis. In: Harborne,
1. B. (Ed.): The Flavonoids: Advances in Research
Since 1980, pp. 399-425. Chapman and Hall, New
York.

Junghans, H., Dalkin, K., Dixon, R. A., 1993. Stress re-
sponses in alfalfa (Medicago sativg L.). 15. Character-
ization and expression pattern of members of a subset of
the chalcone synthase multigene family. Plant Mol.
Biol.,, 22: 239-253.

Kreuzaler, F., Ragg, H., Fautz, E., Kuhn, D. N., Hahlbrock,
K., 1983. UV ~induction of chalcone synthase mRNA
in cell suspension cultures of Petroselinum hortense.
Proc. Natl. Acad. Sci. U. S. A, 80: 2591~ 2593.

Liu, Q., Dixon, R. A, Mabry, T. J, 1993a. Additional
flavonoids from elicitor - treated cell cultures of Cepha-
locereus senilis. Phytochemistry, 34: 167~ 170.

Liu, Q., Markham, K. R., Pare, P. W, Dixon, R. A., Mabry,
T. 1, 1993b. Flavonoids from elicitor—treated cell
suspension cultures of Cephalocereus senilis. Phytoche-



214

misiry, 32: 925-928.

Logemann, E., Tavernaro, A., Schulz, W., Somssich, L E.,
Hahlbrock, K., 2000. UV light selectively coinduces
supply pathway from primary metabolism and flavo-
noids secondary product formation in parsley. Proc.
Natl. Acad. Sci. U. 8. A, 97: 1903-1907.

Morita, H., Noguchi, H., Akiyama, T., Shibuya, M., Ebi-
zuka, Y., 1998. Chalcone synthase from Scutellaria
baicalensis. In: Ageta, H. et al. (Eds.): Towards Natural
Medicine Research in the 21st Century, pp. 401-409.
Elsevier Science, Tokyo.

Richard, S., Lapointe, G., Rutledge, R. G., Séguin, A., 2000.
Induction of chalcone synthase expression in white
spruce by wounding and jasmonate. Plant Cell Physiol.,
41: 982-987. ,

Ryder, T. B., Cramer, C. L., Bell, J. N., Robbins, M. P,
Dixon, R. A., Lamb, C. J.,, 1984. Elicitor rapidly
induces chalcone synthase mRNA in Phaseolus vul-
garis cells at the onset of the phytoalexin defense
response. Proc. Natl. Acad. Sci. U. S. A, 81: 5724~
5728.

Sallaud, C., El-Turk, 1., Breda, C., Buffard, D., Kozak, I,
Esnault, R., Kondorosi, A., 1995. Differential expres-

sion of cDNA coding for chalcone reductase, a key
enzyme of the 5-deoxyflavonoid pathway, under vari-
ous stress conditions in Medicago sativa. Plant Sci.,
109: 179~ 190.

Sambrook, J., Fritsch, E. F., Maniatis, T., 1989. Molecular
cloning, 2™ ed. Cold Spring Harbor Laboratory Press,
Plainview, New York.

Schmelzer, E., Jahnen, W., Hahlbrock, K., 1988. /n situ
localization of light-induced chalcone synthase
mRNA, chalcone synthase, and flavonoid end products
in epidermal cells of parsley leaves. Proc. Natl. Acad.
Sci. U. S. A, 85: 29892993,

Tang, W., Eisenbrand, G., 1992. Chinese drugs of plant
origin, pp. 919-929. Springer, Berlin Heidelberg.

Tunen, A. J,, Koes, R. E., Spelt, C. E,, Krol, A. R., Stuitje,
A. R., Mol, J. N. M., 1988, Cloning of the two chalcone
flavanone isomerase genes from Petunia hybrida: coor-
dinate, light-regulated and differential expression of
flavonoid genes. EMBO J., 7: 1257~ 1236.

Zhou, Y., Hirotani, M., Yoshikawa, T., Furuya, T., 1997.
Flavonoids and phenylethanoids from hairy root cul-
tures of Scutellaria baicalensis. Phytochemistry, 44: 83
~87.



