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 Abstract

The roots of Polygonum cuspidatum have been used as herbal medicines in Asia and resveratrol is one
of the main active chemicals of root extract. Although a great number of studies have reported its bio-
logical and pharmacological activities and purification, resveratrol biosynthesis has never been investi-
gated at the biochemical or genetic level in P. cuspidatum. Hence, we tested resveratrol content in
various tissues. Roots accumulated approximately 20 to 50-fold higher levels of resveratrol than other
parts of P. cuspidatum plant. Resveratrol content in roots was increased by about 1.84-fold by irradiation
with ultraviolet as compared to untreated roots. RT-PCR analysis also showed that PcSTSY, a gene
encoding resveratrol synthase (STSY) was expressed at the highest level in roots compared to other tis-
sues in P. cuspidatum plant. These results suggest that resveratrol synthesis is spatially regulated in this
plant and that the biosynthesis is induced by irradiation with ultraviolet. In conclusion, this biochemical
and genetic results will be applicable to development of foods and beverages containing a high level of
resveratrol with beneficial effects on health. 
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Introduction

The roots of Polygonum cuspidatum have been used
as herbal medicines in Asia including China, Japan and

Korea. Among the main active chemicals of Polygonum

cuspidatum root extract, resveratrol and its derivatives
have been the most extensively investigated (Jayatilake
et al., 1993). Resveratrol belongs to a group called
stilbenes that are a class of biologically active components

found in various plants including grapevine and peanut.
A great number of studies have reported that resveratrol

possess a variety of biological and pharmacological
activities (Matsuda et al., 2001; Choi et al., 2002).
Resveratrol has been isolated from the roots of P.

cuspidatum by various methods (Kubo et al., 1981;

Kimura et al., 1983) and its content was much higher in
P. cuspidatum than in grapes or wines. 

Resveratrol is synthesized by a stilbene synthase
(STSY), resveratrol synthase, from one molecule of p-

coumaroyl-CoA and three molecules of malonyl-CoA
(Langkake and Pryce, 1976). Stilbene synthase genes
have been isolated from several plants including

grapevine (Hain et al., 1990; Melchior et al., 1991;
Sparvoli et al., 1994; Wiese, 1994; Schubert, 1997; Lee

and Pyee, 2004), Scots pine (Fliegmann et al., 1992;
Preisig-Muller et al., 1999; Chiron et al., 2000), Eastern

white pine (Raiber et al., 1995), Gerbera hybrida
(Helariutta et al., 1995), Japanese red pine (Koan et al.,
2002). However, enzymes or genes involved in resveratrol

biosynthesis in P. cuspidatum have not been isolated and
characterized..

In the present study, we tested resveratrol content in
roots, stems and leaves from P. cuspidatum and also

investigated the expression profile of a stilbene synthase-
encoding gene from this plant. This research will be
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useful to understand the underlying mechanism of the

spatial regulation of resveratrol biosynthesis and also
applicable to development of plant resources for food
processing using various parts of this plant. 

Materials and Methods

HPLC analysis of resveratrol Various tissues of P.

cuspidatum irradiated with ultraviolet (UV) at 254 nm

for 15 min or un-irradiated were homogenized in liquid
nitrogen and then extracted with ethanol/water (50:50, v/

v) at room temperature for 10 min with ultra-sonication.
Cell debris was removed by centrifuge and filtration.

Resveratrol was determined by HPLC (Agilent 1100
Series) equipped with a diode-array UV detector using a
reverse-phase C-18 column (5 µm, 4.6×150 mm, Hewlett

Packard). A linear gradient starting with 95% water, 5%
acetonitrile and ending with 30% water, 70% acetonitrile

was applied at a flow rate of 1.0 ml/min for 40 min. The
resveratrol peak was monitored at 307 nm and the

standard was purchased from Sigma-Aldrich (USA).
Reverse transcription and PCR analysis For

tissue expression analysis, total RNA was isolated from

roots, stems and leaves of P. cuspidatum plants and
mRNA was purified using a mRNA Mini kit (Quiagen,

USA). For first strand cDNA synthesis, 20 ng of mRNA
was reverse transcribed using oligo(dT) primer and M-
MuLV (Promega, USA). The gene-specific primers for a

resveratrol synthase-encoding gene which were
designed from alignment of the previously published

homologous genes were 5'-GGGTGCTATG CAGGTG
GAAC TGTC-3' and 5'-GGCTTGGCCA ACTAAAGAGT

CCAA-3. The PCR profile was 94oC for 30 s, 53oC for
30 s, and 72oC for 30s and 30 cycles of PCR ampli-
fication were used. GAPDH (glyceraldehydes-3-phosphate

dehydrogenase) was used for the positive control and
mRNA not subjected to reverse transcription was used

as the negative control for each sample. Twenty
microliters of each PCR product was loaded on a 1.5%

(w/v) agarose gel.

Results and Discussion

Quantitation of resveratrol in various tissues of P.

cuspidatum
Quantitation for the amount of resveratrol is shown in

Fig. 1. It was evident that the level of resveratrol is the
highest in roots. Roots accumulated approximately

196.96 µg of resveratrol and stems contained 8.63 µg of
resveratrol per gram of dried weight. However,

resveratrol was not detected from leaves. The method
described was able to determine only trans-resveratrol
and hence, this was not the total amount of stilbene

derivatives including picied, a glucoside, in those tissues. 
Stilbene synthase-encoding genes from grapevine,

peanut and pine have been reported to be transcrip-
tionally regulated by biotic and abiotic stresses such as

fungal infection and UV irradiation (Hain et al., 1990;
Fliegmann et al., 1992; Wiese et al., 1994; Schubert et

al., 1997). Hence, UV was selected to be applied to

different parts from P. cuspidatum to investigate whether
this treatment might regulate resveratrol biosynthesis in

this plant. UV-irradiation seemed to increase the resveratrol
content except for stems in which it did not affect

resveratrol synthesis. Cantos et al. (2001) also reported
that UV-irradiated grapes were enriched about 2-fold in
resveratrol. The results suggest that resveratrol synthesis

is spatially regulated in P. cuspidatum and that the

Fig. 1. Resveratrol content of roots, stems and leaves
from Polygonum cuspidatum plants irradiated with UV
or un-irradiated.
Various tissues of P. cuspidatum were homogenized and
extracted with ethanol/water with ultra-sonication. Resveratrol
was determined by HPLC equipped with a diode-array UV
detector using reverse-phase C-18 column. A linear gradient
starting with 95% water, 5% acetonitrile and ending with
30% water, 70% acetonitrile was applied. Resveratrol
content was represented as µg per gram of dry or fresh
weight of tissues. 12h’R, 12h’S and 12h’L are leaves, roots
and stems irradiated with UV at 254 nm for 15 min and
Root, Stem and Leaf are un-irradiated tissues.
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biosynthesis is induced by irradiation with ultraviolet. 

RT-PCR analysis of a resveratrol synthase-encoding
gene 

In order to study the expression profile of a stilbene
synthase(STSY)-encoding gene from P. cuspidatum, RT-

PCR analysis was performed using a pair of primers
designed from alignment of the STSY homologous genes

previously isolated from various plants (data not shown).
We could obtain a PCR product from roots of P. cuspidatum

using the primers and the nucleotide sequence of the

product was confirmed to encode a STSY-like protein
(data not shown). The gene, designated PcSTSY, was

expressed in root at the highest level and very little in
stem (Fig. 2). However, it was hardly detectable in leaf

tissues by RT-PCR. This result suggests that PcSTSY a
STSY-encoding gene is spatially regulated in P.

cuspidatum. 

In conclusion, these biochemical and genetic results
will be applicable to development of foods and beverages

containing a high level of resveratrol with beneficial
effects on health. 

Acknowledgments

The authors thank to Ji Yeon Park for preparation of P.

cuspidatum samples and Hee Youn Hwang for HPLC

analysis and Joon Yeong Kihl for supporting RT-PCR

experiments during this research. This research was
supported by Dankook University (2003). 

References

Adrian, M.P., P. Jeandet, R. Bessis and J.M. Jouber. 1996.
Induction of phytoalexin (resveratrol) synthesis in grape-
vine leaves treated with aluminium chloride (AlCl3). J.
Agric. Food Chem. 44: 1979-1981 

Arichi, H., Y. Kimura, H. Okuda, K. Baba, M. Kozawa and
S. Arichi. 1982. Effects of stilbene components of the
roots of Polygonum cuspidatum Sieb. Et Zucc. on lipid
metabolism. Chem. Pharm. Bull. 30: 1766-1770

Brembu, T., P. Winge, M. Seem and A.M. Bones. 2004.
NAPP and PIRP encode subunits of a putative wave reg-
ulatory protein complex involved in plant cell morphogen-
esis. Plant Cell 16: 2335-2349

Cantos, E., J.C. Espin and F.A. Tomas-Barberan. 2001.
Postharvest induction modeling method using UV irradia-
tion pulses for obtaining resveratrol-enriched table grapes:
A new functional fruit? J. Agrc. Food Chem. 49: 5052-
5058 

Chen, L., Y. Han, F. Yang and T. Zhang. 2001. High-speed
countercurrent chromatography separation purification of
resveratrol and piceid from Polygonum cuspidatum. J.
Chromatogr. A. 907: 343-346

Chiron, H., A. Drouet, F. Lieutier, H.D. Payer, D. Ernst and
H.Jr. Sandermann. 2000. Gene induction of stilbene bio-
synthesis in Scots pine in response to ozone treatment,
wounding, and fungal infection. Plant Physiol. 124: 865-
872

Choi, J., C.C. Conrad, C.A. Malakowsky, J.M. Talent, C.S.
Yuan and R.W. Gracy. 2002. Flavones from Scutellaria
baicalensis Georgi attenuate apoptosis and protein oxida-
tion in neuronal cell lines. Biochim. Biophs. Acta 1571:
201-210

Donnelly, L.E., R. Newton, G.E. Kennedy, P.S. Fenwick,
R.H. Leung, K. Ito, R.E. Russell and P.J. Barnes. 2004.
Anti-inflammatory effects of resveratrol in lung epithelial
cells: molecular mechanisms. Am. J. Physiol. Lung Cell
Mol. Physiol. 287: L774-783

Doyle, J.J. and J. I. Doyle. 1990. Isolation of plant DNA
from fresh tissue. Focus 12: 13-15 

Ernst, D., M. Schraudner, G. Langebartels and H. Sander-
mann 1992.. Ozone-induced changes of mRNA level of
â-1,3-glucanase, chitinase and pathogenesis-related protein
in tobacco plants. Plant Mol. Biol. 20: 673-682

Fliegmann, J., S. Gudrun, S. Schanz, L. Britsch and J. Schrode.
1992. Molecular analysis of chalcone and dihydropino-

Fig. 2. RT-PCR analysis of PcSTSY expression in various
tissues from Polygonum cuspidatum plants.
mRNA was extracted from different parts of Polygonum
cuspidatum plants and used for RT-PCR analysis as described
in the text. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used as a positive control. mRNA not subjected to
reverse transcription was used as a negative control for each
sample. (A) PcSTSY, (B) GAPDH, (C) mRNA. Lanes 1,
root; 2, stem; 3, leaf.



Resveratrol Biosynthesis in Polygonum cuspidatum 275

sylvin synthase from Scot pine (Pinus sylvestris), and dif-
ferential regulation of these and related enzyme activities
in stressed plants. Plant Mol. Biol. 18: 489-503

Hain, R., B. Bieseler, H. Kindl, G. Schroder and R. Stocker.
1990. Expression of a stilbene synthase gene in Nicotiana
tabacum results in synthesis of the phytoalexin resvera-
trol. Plant Mol. Biol. 15: 325-35

Helariutta, Y., P. Elomaa, M. Kotilainen, R.J. Griesbach, J.
Schroder and T.H. Teeri. 1995. Chalcone synthase-like
genes active during corolla development are differentially
expressed and encode enzymes with different catalytic
properties in Gerbera hybrida (Asteraceae). Plant Mol.
Biol. 28: 47-60

Jang, M., L. Cai, G.O. Udeani, K.V. Slowing, C.F. Thomas,
C.W.W. Beecher, H.H.S. Fong, N.R. Farnsworth, A.D.
Kinghorn, R.G. Mehta, R.C. Moon and J. M. Pezzuto.
1997. Cancer chemopreventive activity of resveratrol, a natu-
ral product derived from grapes. Science 275: 218-220

Jayatilake, G. S., H. Jayasuriya, E.S. Lee, N.M. Kooncha-
nok, R.L. Geahlen, C.L. Ashendel, J.L. McLaughlin and
C.J. Chang. 1993. Kinase inhibitors from Polygonum cus-
pidatum. J. Nat. Pro. 56: 1805-1810

Kimura, Y., M. Kozawa, K. Baba and K. Hatak. 1983. New
constituents of roots of Polygonum cuspidatum. Planta
Med. 48: 164-169

Kimura, Y. and H. Okuda. 2001. Resveratrol isolated from
Polygonum cuspidatum root prevents tumor growth and
metastasis to lung and tumor-induced neovascularization
in Lewis lung carcinoma-bearing mice. J. Nutr. 131:
1844-1849 

Kodan, A., H. Kuroda and F. Sakai. 2002. A stilbene syn-
thase from Japanese red pine (Pinus densiflora): implica-
tion for phytoalexin accumulation and down-regulation of
flavonoid biosynthesis. Proc. Natl. Acad. Sci. USA 99:
3335-3339

Kubo, M., Y. Kimura, H. Shin, T. Haneda, T. Tani and K.
Namba. 1981. Studies on the antifungal substance of
crude drug (II). On the roots on Polygonum cuspidatum
Sieb et Zucc (Polygonaceae). Shoyaku Zasshi. 35: 58-64

Langcake, P. and R.J. Pryce. 1976. The production of res-
veratrol by Vitis vinifera and other members of the Vita-
ceae as a response to infection or injury. Physiol. Plant
Pathol. 9: 77-86

Langcake, P. and R.J. Pryce. 1977. The production of res-
veratrol and the viniferins by grapevines in response to
ultraviolet irradiation. Phytochemistry 16: 1193-1196

Lee, M.S. and J. Pyee. 2004. A molecular switch for the

induction of resveratrol biosynthesis in grapes. Natural
Product Sciences 10: in press

Matsuda, H., H. Shimoda, T. Morikawa and M. Yoshikawa.
2001. Phytoestrogens from the roots of Polygonum cuspi-
datum (Polygonaceae) : structure-requirement of hydroxy-
anthraquinones for estrogenic activity. Bioorg. Med. Chem.
Lett, 11: 1839-1842

Melchior, F. and H. Kindl. 1991. Coordinate- and elicitor-
dependent expression of stilbene synthase and phenylala-
nine ammonia-lyase genes in Vitis cv. Optima. Arch. Bio-
chem. Biophys. 288: 552-7

Okuda, T. and K. Yokotsuka. 1990. Trans-resveratrol con-
centration in berry skins and wines from grapes grown in
Japan. Am. J. Enol. Vitic. 47: 93-99

Olas, B, H.M. Zbikowska, B. Wachowicz, T. Krajewski, A.
Buczynski and A. Magnuszewska. 1999. Inhibitory effect
of resveratrol on free radical generation in blood platelets.
Acta Biochem. Pol. 46: 961-966

Preisig-Muller, R., P. Gnau and H. Kindle. 1995. The induc-
ible 9, 10-dihydrophenanthrene pathway: characterization
and expression of bibenzyl synthase and S-adenosylho-
mocysteine hydrolase. Arch. Biochem. Biophys. 317:
201-207

Raiber, S., G. Schroder and J. Schroder. 1995. Molecular
and enzymatic characterization of two stilbene synthases
from Eastern white pine (Pinus strobes). A single Arg/His
difference determines the activity and the pH dependence
of the enzymes. FEBS Lett. 361: 299-302

Schoeppner, A. and H. Kindle. 1979. Stilbene synthase
(Pinosylvine synthase) and its induction by ultraviolet
light. FEBS Lett. 108: 349-352

Schubert, R., R. Fischer, R. Hain, P.H. Schreier, G. Bah-
nweg, D. Ernst and H.Jr. Sandermann. 1997. An ozone-
responsive region of the grapevine resveratrol synthase
promoter differs from the basal pathogen-responsive
sequence. Plant Mol. Biol. 34: 417-426

Sparvoli, F., C. Martin, A. Scienza, G. Gavazzi and C.
Tonelli. 1994. Cloning and molecular analysis of struc-
tural genes involved in flavonoid and stilbene biosynthesis
in grape (Vitis vinifera L.). Plant Mol. Biol. 24: 743-755

Wiese, W., B. Vornam, E. Krause and H. Kindl. 1994.
Structural organization and differential expression of three
stilbene synthase genes located on a 13 kb grapevine DNA
fragment. Plant Mol. Biol. 26: 667-677

Yoshikawa, M. 1978. Diverse modes of action of biotic and
abiotic phytoalexin elicitors. Nature 275: 546-547


