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Phytoalexins t-resveratrol and t-piceatannol, the well-known health-promoting active components
in plants, are secondary metabolites generated upon biotic or abiotic stresses. We have reported
UV-irradiated peanut callus is a potent means to produce these compounds (J. Agric. Food Chem.
2005, 53, 3877). In this work, the effects of fungi and chemical elicitors on induction of t-resveratrol
and t-piceatannol were examined. Results showed the investigated fungi Botryodiplodia theobromae
and Reishi Ganoderma lucidum were generally more effective than chemical stress methyl jasmonate,
salicylic acid, and sucrose. As high as 15.46 + 9.85 ug of t-resveratrol and 6.93 + 2.03 ug of
t-piceatannol could be elicited in each gram of callus by sterilized G. lucidum mycelium (80 mg).
Although much more sterilized G. ludicum mycelia was required to induce similar level of t-resveratrol
and f-piceatannol in comparison to the sterilized B. theobromae mycelia (1 mg), uptake of the
G. ludicum mycelium may provide a variety of health-promoting effects. Our findings suggest

G. ludicum mycelium-treated peanut callus is a good source of bioactive components.
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INTRODUCTION

Plants, against biotic or abiotic stress, usually synthesize
phytoalexins through various signal transduction paths (2). Some
of these secondary metabolites draw attention from pharmaceu-
tical and food industry because of great biological activities. For
instance, t-resveratrol and t-piceatannol have been extensively
studied and well-known of health-promoting functions such as
anti-inflammatory, anticarcinogenic, antiviral, antioxidative,
neuroprotective, and estrogenic properties (3—9).

Grape and peanut are the most common sources of #-resver-
atrol and t-piceatannol in our daily diet in spite of the great
variation with species and processing. The maximal contents of
t-resveratrol and z-piceatannol in seven varieties of grapes were
reported 666 and 41 ug/100 g berries, respectively (10). Each liter
of red wine contains 0.99—5.01 mg of z-resveratrol (/7). The
concentration of z-resveratrol in raw peanut kernels, roast pea-
nut, and boiled peanut found was 0.48 £ 0.08 ug/g dry weight (12),
0.055 £ 0.023 ug/g, and 5.138 + 2.849 ug/g, respectively (13).

A great deal of effort has been made to enhance the production
of stilbenoids. With abiotic stresses such as UV irradiation, ultra-
sound exposure, and gas treatment, the best yield of t-resveratrol
and r-piceatannol obtained in grape were 2315.9 +190.4and 173.4 £
15.6 ug/100 g of berries, respectively (10, 14—16). Meanwhile,
the production of r-resveratrol and ¢-piceatannol in peanut was
increaced to 147.3 + 14.0 ug/g of dry seeds and 5.31 £ 0.51 ug/g of
fresh calluses, respectively (1, 12, 17).
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Nevertheless, the more successful induction of z-resveratrol
was achieved by artificial microbial infection. Paul et al. (I8)
found simultaneous inoculation of Botrytis cinerea spores and
soil bacteria could increase the content of z-resveratrol to 31.06
uglg of fresh grape leaves. The production of r-resveratrol in
peanut kernels was raised to mg/g level in response to aflatoxin-
producing Aspergillus infection (19). We also found that fungi
elicited the production of ¢-resveratrol and #-piceatannol in pea-
nut callus more efficiently than Gram (—) bacteria (20). However,
all the fungi reported as elicitors are plant pathogens and might
be unsuitable for food use. In this regard, this work was aimed
to develop an alternative approach by using edible fungi Reishi,
which is generally recognized as safe (GRAS), as the elicitor.
The inductive effects of different fungi, a peanut pathogen
Botryodiplodia theobromae LBBT HC6-1 and the health-promoting
Reishi Ganoderma lucidum, were compared. Three commonly
used abiotic stressors methyl jasmonate, salicylic acid, and sucrose
were also applied to peanut calluses for induction of z-resveratrol
and t-piceatannol.

MATERIALS AND METHODS

1. Reagents. r-Resveratrol, t-piceatannol, methanol, acetonitrile,
and formic acid were purchased from Merck (Darmstadt, Germany).
Methyl jasmonate and salicylic acid were obtained from Sigma-Aldrich
(Missouri). Sucrose was from Taisuco, Taiwan.

2. Callus Culture. Peanut calluses were obtained from the seeds
of Arachis hypogaea L. cv. Tainan no. 9 (Tainan District Agricultural
Research and Extension Station, Taiwan) and prepared according to the
procedure described by Ku et al. (/) with modification. Briefly, deshelled
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Table 1. Dose Effects of Botryodiplodia theobromae Spore Suspension on the Elicitation of +Resveratrol and t-Piceatannol in Peanut Calluses after Incubation at

28 °C for 24 h as Described in Materials and Methods?

t-resveratrol (ug/g fresh calluses)

t-piceatannol (ug/g fresh calluses)

dose (conidia) viable spores

sterilized spores

viable spores sterilized spores

0 ND ND ND ND

10° 452 +2.25ab 5.464+2.68b 2.03+0.57b 0.47+0.14d
10* 5.02+0.85ab 7.75+2.76b 6.67+2.99a 2.20+0.71bc
10° 7.08+351a 19.14+4.36a 9.61+321a 410+1.15a
10° 581+329a 12.27+2.17ab 1.28+0.56b 3.36 £0.57ab
107 1.03+0.34b 474+1.13b 0.17£0.08b 1.10+0.56 cd

“Data were shown as mean + SD (n = 3). ND, not detectable. Values followed by different letters in the same column were significantly different as determined by LSD test

at P < 0.05.

seeds were rinsed with deionized water, disinfected by sonication in 100 mL
of 1% sodium perchlorite solution containing 1 drop of Tween 20 for
1 min, and washed with sterile deionized water. The cleaned seeds were
grown in Murashige and Skoog’s basal medium for 1 week. Then the
hypocotyls was aseptically cut into explants of 1 cm size and cultured on
agar containing MS medium, 30 g/L of sucrose, 0.25 mg/L of 1-naphthyl-
acetic acid, and 0.075 mg/L of 6-benzylaminopurine (pH 5.8) at 28 °C in
the dark for 1 week or so before subjected to elicitation.

3. Treatment of Calluses. 3./. Biotic Elicitors. Botryodiplodia
theobromae LBBT HC6-1 was isolated from lima bean and maintained in
our laboratory. Ganoderma lucidum (Curtis: Fries) Karsten BCRC35398
was obtained from a mushroom farm in Jhongpu, Chiayi. Original mycelia
were aseptically cut from basidiocarps of G. lucidum and cultured on
potato dextrose agar (PDA) medium. Masses of mycelia were cut by a
puncher (5 mm diameter) and subcultured on PDA at 25 °C for 3 days
(B. theobromae) or 8 days (G. lucidum). To obtain mycelium suspensions,
mycelia were scraped off, homogenized in sterile water, and adjusted
to 0.05—40 mg/mL (B. theobromae) or 0.25—80 mg/mL (G. lucidum).
One mL of each mycelium suspension was applied onto peanut calluses
(ca. 1 g) and incubated at 28 °C in the dark for 24 h. Sterilized mycelium
suspensions were similarly prepared except the scraped mycelia were auto-
claved (121 °C, 15 Ib/in, 15 min) prior to homogenization. B. theobromae
spores were washed off with sterile water after incubation on potato agar for
10 days and adjusted to 10°—107 conidia/mL. Spores were boiled for
15 min for sterilization. One mL of viable and sterilized spore suspension
at each level was separately applied to 1 g of peanut callus for induction
of stilbenoids at 28 °C in the dark. In the time-course study, calluses under
treatment were sampled every 6 h up to 54 h of incubation. Sterile water
(1 mL) was used as the control.

3.2.  Abiotic Elicitors

3.2.1.  Methyl Jasmonate (MeJA) and Salicylic Acid (SA). MeJA and
SA were dissolved in dimethyl sulfoxide (Hayashi Pure Chemical, Osaka,
Japan) and ethyl alcohol, respectively. After filtration through a 0.22 um
filter, each stock solution was diluted to 1, 5, 10, 15, and 25 ug/mL with the
same solvent. One mL of DMSO (the control for MeJA), ethyl alcohol (the
control for SA), and each diluted solution was separately applied onto
peanut calluses (ca. 1 g) and incubated at 28 °C in the dark for 24 h.

3.2.2. Sucrose. Sucrose was dissolved in sterile double-distilled water
and diluted to 30, 60, 90, 120, and 150 mg/mL. One mL of sterile water and
the sucrose solution at each concentration was separately sprayed onto
peanut calluses (ca. 1 g) and incubated at 28 °C in the dark for 4 weeks.

4. Extraction of Stilbenoids and HPLC Analysis. About one
gram of callus was repetitively ground in 1 mL of methanol for three times
to extract stilbenoids. The filtrate was combined and adjusted to 5 mL.

Quantitative determination of r-resveratrol and -piceatannol in metha-
nol extracts was performed by RP-HPLC with a fluorescence detector
(Aex =343 nm, Aer, = 395 nm) as previously described by Ku et al. (7).

5. Statistical Analysis. Data were analyzed by analysis of variance
using least significant difference test. Differences were considered signifi-
cant at P < 0.05 (SAS program Windows version 6.2). All values were
presented as mean & SD.

RESULTS AND DISCUSSION

1. Effects of Botryodiplodia theobromae LBBT HC6-1 Spores
on the Induction of Stilbenoids in Peanut Calluses. 7-Resveratrol

and t-piceatannol were successfully induced in peanut calluses
incubated with Botryodiplodia theobromae spores at five different
levels (Table 1). In the presence of viable spores, the contents of
t-resveratrol and t-piceatannol were increased to 1.03—7.08 and
0.17—9.61 ug per gram of fresh calluses, respectively. Even more
t-resveratrol (4.74—19.14 ug/g) was elicited by sterilized spores at
the same level, whereas less 7-piceatannol (0.47—4.10 ug/g) was
induced by 10°—10° sterilized spores. Regardless of viability,
there was a common trend that elicitation of stilbenoids reached
the maximum when the dose was increased to 10° conidia. With
higher amount of viable spores, the growth of calluses was
obviously hindered and the calluses were tangled by mycelia to
soon become withered. The fact that overloads of fungal elicitors
inversed the production of stilbenoids and even caused callus
death is noticeable. Because the phenomenon was commonly
observed regardless of fungal viability or sterilization, pathogenic
infection should be excluded. On the basis of our results, chitin,
the key component of fungal cell wall, was suspected as the causal
factor because chitin can act as the signaling factor in plant
disease resistance. It is well-known that upon fungal challenge
plants usually synthesize chitinases to destroy the invasive patho-
gens and to produce chitin fragments (chitin oligosaccharides),
which in turn, initiating signaling pathways (2/). A chitin
oligosaccharide elicitor-binding protein (CEBiP) was isolated
from the plasma membrane of suspension-cultured rice cells and
found relevant to the biosynthesis of phytoalexins and forma-
tion of reactive oxygen species (ROS). Knockdown of CEBiP
gene resulted in the decrease of ROS along with the cancellation
of up-regulation of genes encoding enzymes such as phenyl-
alanine ammonia lyase (PAL) and caffeoyl-CoA 3-O-methyl-
transferase (22, 23). It is suggested that overloads of fungal chitin
in peanut callus culture greatly induced ROS generation, leading
to hypertensive response and even programmed cell death as seen
in other leguminous plants (24).

Viable spores of another fungus Aspergillus caelatus were
utilized to infect viable peanut seeds on the ratio of 107 spores/
6 g seeds, 16 times our most effective dose. After 24 h of incuba-
tion, 12 stilbenoids including z-resveratrol were identified and the
overall #-stilbenoid production was estimated at 2.1 mg per g fresh
seeds (25). Although it is hard to compare the elicitation effect
of A. caelatus with our result because the amount of individual
t-stilbenoid, especially #-resveratrol and ¢-piceatannol, was not
reported, the order of appearance is similar to our results, i.e.,
t-resveratrol prior to ¢-piceatannol.

When peanut calluses were separately inoculated with viable
and sterilized Botryodiplodia theobromae spores at the most
effective dose, 10° conidia, the time course of the elicitation of
t-resveratrol and r-piceatannol, was monitored. The maximal
production of z-resveratrol was found at the 12 h point and
t-piceatannol at the 24 h point, regardless of the viability of
elicitors (Figure 1).
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Figure 1. Time course of the elicitation of tresveratrol and tpiceatannol
in peanut calluses by 1 mL of (A) viable and (B) sterilized B. theobromae
LBBT HC6-1 spore suspension (10° conidia/mL) (n = 6), (C) sterilized
G. lucidum mycelium suspension (80 mg/mL) (n = 3).

Table 2. Dose Effects of Botryodiplodia theobromae Mycelium Suspension
on the Elicitation of t-Resveratrol and t-Piceatannol in Peanut Calluses after
24 h Incubation As Described in Materials and Methods?

t-resveratrol (ug/g fresh calluses)

t-piceatannol (ug/g fresh calluses)
dose

(mg) viable mycelia ~ sterilized mycelia  viable mycelia  sterilized mycelia

0 ND ND ND ND

0.05 4.42+4.01bc 0.56+0.14b

0.15 6.474+2.09b 1.75+£0.54b

025 12.34+7.48a 379+152b 6.80 £3.86a 1.56+0.51a

05 3.05+089bc  344+063b 127+0.71b 0.99+0.18a

1 3.06+051bc 1288+8.72a  0.97+0.44b 230+151a

5 328+145bc  323+0.94b  0.63+£0.21b 142+0.74a
10 1.624+091bc  514+131b  0.5440.34b 1.53+0.60a
20 0.4840.40c 477+210b  0.28+0.24b 1.30+£0.37a
40 0.06 £0.03¢ 471+203b  0.1140.08b 0.95+0.34a

@Data were shown as mean + SD (n = 3). ND, not detectable. Values followed
by different letters in the same column were significantly different as determined by
LSD test at P < 0.05.

Because t-piceatannol, 3,4,3,5 -tetrahydroxy-trans-stilbene, has
one more hydroxyl group on the 3'-position than z-resveratrol and
the time course showed #-piceatannol was synthesized later than
t-resveratrol, it is implicated that t-resveratrol is easily induced
by contact of fungal spores, but the unknown key enzyme for
t-piceatannol synthesis may need further stimulation such as
invasion of the viable spore and mycelia. Sobolev (2008) have

Yang et al.

Table 3. Dose Effects of Ganoderma lucidum Mycelium Suspension on the
Elicitation of +-Resveratrol and t-Piceatannol in Peanut Calluses after 24 h
Incubation As Described in Materials and Methods?

4 t-resveratrol (ug/g fresh calluses)  t-piceatannol (ug/g fresh calluses)
ose

(mg) viable mycelia sterilized mycelia  viable mycelia ~ sterilized mycelia

0 ND ND ND ND

025 231£1.70b 3.02+141b 0.81+£020b  045+0.12d

05 3.69+156ab  370+1.88b 0.84+061b  0.72+0.46d

1 418+1.97ab  3.68+£135b 0.684+0.08b  0.51+0.37d

5 430+1.13ab  3.12+£0.85b  1.354+0.81b  0.73+0.11d
10 6.03+2.11a 552+0.57b 2.88+2.08a 1.46 +1.28 cd
20 414+191ab  553+£0.36b 0.88+0.33b  2.0040.46bc
40 516+228ab 11.37+064a 0914+053b  2.81+0.99b
80 44040.62ab 14.69+301a 0.76+0.22b  4.13+1.09a
120 5.0941.26b 1.04 £0.24 cd

@Data were shown as mean = SD (n = 3). ND, not detectable. Values followed
by different letters in the same column were significantly different as determined by
LSD test at P < 0.05.

studied the distribution of induced phytoalexins in peanut kernels
by infection of Aspergillus strains including the aflatoxin-generating
A. flavus and A. parasiticus (19). He found that in the first 24 h of
incubation, z-resveratrol was almost singularly found in tissues far
away from the infected area, whereas five other more complicated
phytoalexins r-arachidin-1, t-arachidin-2, z-arachidin-3, z-3-isopenta-
dienyl-4, 3', 5'-trihydroxystilbene, and SB-1 were found in areas
close to the infected surface. With increasing incubation time, more
phytoalexins in addition to t-resveratrol appeared in the remote
area. These results also implied that z-resveratrol is synthesized
prior to other stilbenoids.

2. Elicitation of Stilbenoids by Medicinal Mushroom Ganoder-
ma lucidum. Table 2 shows the induction of stilbenoids by
B. theobromae mycelium was dose-dependent with viable mycelium
more effective than the sterilized mycelium. The maximal -resver-
atrol (12.34 &+ 7.48 ug/g) and t-piceatannol (6.80 & 3.86 ug/g) were
induced by viable B. theobromae mycelia at the dose of 0.25 mg.
After sterilization, more mycelia (I mg) were needed for the
most significant elicitation of z-resveratrol (12.88 + 8.72 ug/g)
and r-piceatannol (2.30 £ 1.51 ug/g).

Obviously, all the impressive results including those reported
by the other teams indicated that stilbenoids could be dramati-
cally elicited by fungi. However, great effort has to be made for
extraction and purification in order to avoid dangerous consti-
tuents in the fungi-merged calluses before any further utilization.
Considering potential application with less processing, we sought
the generally recognized as safe (GRAS) medicinal mushroom
Reishi G. lucidum as an elicitor.

When Reishi G. lucidum mycelia were used to examine the dose
effect, production of stilbenoids was increased with the increas-
ing addition of mycelia up to 10 mg of viable mycelia and 80 mg
of sterilized mycelia, whereas adversely decreased with even
more mycelia (Table 3). In contrast to the better effect of viable
B. theobromae mycelia, the maximal z-resveratrol induced by
viable G. lucidum mycelia (6.03 £ 2.11 ug/g) was about 40% of
the amount induced by sterilized G. lucidum mycelia (14.69 £ 3.01
ug/g), and the maximal z-piceatannol induced by viable mycelia
(2.88 £ 2.08 ug/g) was about 70% of those induced by sterilized
mycelia (4.13 £ 1.09 ug/g). In the time-course study using 80 mg
of sterilized G. lucidum mycelia as the elicitor, the maximal con-
tent of #-resveratrol (15.46 £ 9.85 ug/g) and t-piceatannol (6.93 =
2.03 ug/g) was found at the 18 h and 24 h time point, respec-
tively (Figure 1C). The color of calluses treated with sterilized B.
theobromae mycelia changed from light yellow at 12 h (Figure 2A)
to strong yellow at 24 h (Figure 2B) due to the accumulation
of stilbenoids. In comparison with the slightly yellowish color of
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Figure 2. Appearance of peanut calluses after elicitation with 1 mL of
sterilized Botryodiplodia theobromae LBBT HC6-1 spores (10° conidia/mL)
for (A) 12 h, (B) 24 h, and (C) with 1 mL of sterilized Ganoderma lucidum
mycelia (80 mg/mL) for 24 h, left; control, right.

the blank (Figure 2C, right), the appearance of the calluses treated
with sterilized G. lucidum was significantly different (Figure 2C,
left).

In spite of the fact that the most effective dose of sterilized
G. ludicum mycelia (80 mg) was much more than that of the
sterilized B. theobromae mycelia (1 mg), uptake of G. lucidum
mycelium may additionally provide a variety of health-promoting
effects (26). Water extract of G. ludicum mycelia was found hypo-
tensive in rabbits and rats due to its central inhibition of sym-
pathetic nerve activity (27). A triterpene-enriched fraction from
the mycelia of G. lucidum was reported to inhibit the growth of
human hepatoma cells, but no effect on the normal liver cells, via
suppressing protein kinase C and activating mitogen-activated
protein kinases and G2-phase cell cycle arrest (28). Furthermore,
a proteoglycan isolated from the mycelia of G. lucidum grown on
PDA medium was demonstrated in vitro as a potential agent
against HSV-1 and HSV-2 (29, 30) and later also found to be
protective against carbon tetrachloride-induced liver injury in

J. Agric. Food Chem., Vol. 58, No. 17,2010 9521

Table 4. Production of Stilbenoids in Peanut Calluses Induced by Fungi and
Chemicals®

maximal production (ug/g fresh calluses)

elicitors (per gram of callus) t-resveratrol t-piceatannol
B. theobromae spores
viable, 10° conidia 10.57 £4.46 (12h) 9.66 +3.17 (24 h)
sterilized, 10° conidia 58.84 £21.16 (12h) 18.69 +2.52 (24 h)
B. theobromae mycelia
viable, 0.25 mg 14.43 +8.55(12h) 6.80+3.86 (24 h)
sterilized, 1 mg 12.88 +£8.72 (24 h) 2.30+1.51(24h)

G. lucidum mycelia

viable, 10 mg 6.03+2.11(24h) 2.88+2.08(24h)
sterilized, 80 mg 15.46 +9.85(18h) 6.931+2.03(24h)
methyl jasmonate, 15 ug 2.55+1.24(24h) 0.50£0.09 (24 h)
salicylic acid, 20 ug 1144 0.42 (24 h) 0.35+0.09 (24 h)
sucrose, 30 mg 0.15£0.03 (1 wk) 5.40 £ 0.24 (1 wk)

#Data were shown as mean & SD (n = 3). Values in parentheses indicated
incubation time.

vitro and in vivo (37). Purified polysaccharides from G. lucidum
mycelia could induce human peripheral blood mononuclear cell
proliferation and maturation of dendritic cells with significant
IL-12 and IL-10 production (32). Chien et al. (33) reported that
both alcohol and water extracts of the liquid cultivated mycelia
of G. lucidum inhibited tyrosinase activity, the key enzyme in
melanin formation, with 1Cs, about 0.32 mg/mL. The cytotoxi-
city of the ethanol extract obtained from the fermentation mycelia
of G. lucidum against Hep 3B carcinoma cells has been investi-
gated (34). After fractionation of the crude extract, two active com-
ponents, 9,11-dehydroergosterol peroxide (ICs, value 16.7 ug/mL)
and ergosterol peroxide (ICs, value 19.4 ug/mL), were identified.

The dose effect of G. lucidum on stilbenoid elicitation in peanut
calluses was similar to that on salidroside elicitation in Rhodiola
sachalinensis. When G. lucidum was added to the root culture of
Rhodiola sachalinensis at three levels (0.025, 0.05, and 0.1 mg/L),
maximal elicitation was achieved at the medial level where the
salidroside content was increased from 0.42% of dry weight in the
control to 0.71% (35). Fortunately, the most effective dose of G.
lucidum on stilbenoid elicitation can obtain a better inductive
effect (1.4% fw).

3. Comparison of the Effects of Fungi and Chemicals. Table 4
summarizes the maximal production of t-resveratrol and -
piceatannol induced by fungi and chemicals after a series of
systematic investigation. In general, fungi are more effective than
commonly used chemical elicitors methyl jasmonate and salicylic
acid. Sucrose, the potent signaling compound in plants (36), was
even less effective but surprisingly induced more z-piceatannol
(540 £ 0.24 ug/g) than r-resveratrol (0.15 £ 0.03 ug/g) after
incubation for 1 week. Although the maximal production of
t-resveratrol (58.84 + 21.16 ug/g) and t-piceatannol (18.69 +
2.52 ug/g) was elicited by sterilized B. theobromae spores (10°
conidia), elicitation by sterilized G. lucidum mycelium (80 mg)
with the aforementioned biological activities may be more ben-
eficial if mycelia are consumed with peanut calluses containing
stilbenoids.

Meanwhile, the maximal quantity of z-resveratrol was usually
found earlier than that of -piceatannol (Table 4), implying
t-piceatannol, 3,4,3',5-tetrahydroxy-trans-stilbene, was synthe-
sized later than z-resveratrol with one less hydroxyl group on the
3'-position. Unfortunately, the enzyme(s) involved in #-piceatan-
nol synthesis is still elusive, although biosynthesis of z-resveratrol
in plants has been well-studied (22).

In conclusion, fungi were more effective in the elicitation of
t-resveratrol and 7-piceatannol in peanut calluses compared to the
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commonly used abiotic stressors methyl jasmonate, salicylic acid,
and sucrose. Reishi was applied to peanut callus in comparison
with a peanut pathogen B. theobromae to understand the effect of
Reishi on stilbenoid elicitation. Results showed the amounts of
piceatannol and resveratrol induced by Reishi were comparable
to those induced by the pathogenic one. Uptake of G. lucidum
mycelium will additionally provide a variety of health-promoting
effects.

LITERATURE CITED

(1) Ku, K.-L.; Chang, P.-S.; Cheng, Y.-C.; Lien, C.-Y. Production of
stilbenoids from the callus of Arachis hypogaea: a novel source of the
anticancer compound piceatannol. J. Agric. Food Chem. 2005, 53,
3877-3881.

(2) Zhao, J.; Davis, L. C.; Verpoorte, R. Elicitor signal transduction
leading to production of plant secondary metabolites. Biotechnol.
Ady. 2005, 23, 283-333.

(3) Kimura, Y.; Okuda, H.; Arichi, S. Effects of stilbenes on arachido-
nate metabolism in leukocytes. Biochim. Biophys. Acta 1985, 834,
275-278.

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

(5) Docherty, J. J.; Fu, M. M. H.; Stiffler, B. S.; Limperos, R. J.;
Pokabla, C. M.; DeLucia, A. L. Resveratrol inhibition of herpes
simplex virus replication. Antiviral Res. 1999, 43, 135-145.

(6) Stivala, L. A.; Savio, M.; Carafoli, F.; Perucca, P.; Bianchi, L.;
Maga, G.; Forti, L.; Pagoni, U. M.; Albini, A.; Prosperi, E.; Vannini,
V. Specific structural determinants are responsible for the anti-
oxidant activity and the cell cycle effects of resveratrol. J. Biol.
Chem. 2001, 276, 22586-22594.

(7) King, R. E.; Bomser, J. A.; Min, D. B. Bioactivity of Resveratrol.
Compr. Rev. Food. Sci. Food Saf. 2006, 5, 65-69.

(8) Djoko, B.; Chiou, R. Y.-Y.; Shee, J.-J.; Liu, Y.-W. Characterization
of immunological activities of peanut stilbenoids, arachidin-1,
piceatannol, and resveratrol on lipopolysaccharide-induced inflam-
mation of RAW 264.7 macrophages. J. Agric. Food Chem. 2007, 55,
2376-2383.

(9) Bastianetto, S.; Dumont, Y.; Han, Y.; Quirion, R. Comparative
neuroprotective properties of stilbene and catechin analogs: action
via a plasma membrane receptor site? CNS Neurosci. Ther. 2009, 15,
76-83.

(10) Cantos, E.; Espn, J. C.; Toms-Barbern, F. A. Postharvest stilbene-
enrichment of red and white table grape varieties using UV-C
irradiation pulses. J. Agric. Food Chem. 2002, 50, 6322-6329.

(11) McMurtrey, K. D.; Minn, J.; Pobanz, K.; Schultz, T. P. Analysis of
wines for resveratrol using direct injection high-pressure liquid
chromatography with electrochemical detection. J. Agric. Food
Chem. 1994, 42, 1997-2000.

(12) Rudolf, J. L.; Resurreccion, A. V. A. Elicitation of resveratrol in
peanut kernels by application of abiotic stresses. J. Agric. Food
Chem. 2005, 53, 10186-10192.

(13) Sobolev, V. S.; Cole, R. J. trans-Resveratrol content in commercial
peanuts and peanut products. J. Agric. Food Chem. 1999, 47, 1435-1439.

(14) Douillet-Breuil, A.-C.; Jeandet, P.; Adrian, M.; Bessis, R. Changes in
the phytoalexin content of various Vitis Spp. in response to ultra-
violet C elicitation. J. Agric. Food Chem. 1999, 47, 4456-4461.

(15) Cantos, E.; Espn, J. C.; Toms-Barbern, F. A. Postharvest induction
modeling method using UV irradiation pulses for obtaining resveratrol-
enriched table grapes: A new “functional” fruit? J. Agric. Food Chem.
2001, 49, 5052-5058.

(16) Gonzalez-Barrio, R.; Beltran, D.; Cantos, E.; Gil, M. L.; Espin, J. C.;
Toms-Barbern, F. A. Comparison of ozone and UV-C treatments on
the postharvest stilbenoid monomer, dimmer, and trimer induction
in var. ‘Superio’ white table grapes. J. Agric. Food Chem. 2006, 54,
4222-4228.

(17) Chang, J.-C.; Lai, Y.-H.; Djoko, B.; Wu, P.-L.; Liu, C.-D.; Liu,
Y.-W.; Chiou, R. Y.-Y. Biosynthesis enhancement and antioxidant

Yang et al.

and anti-inflammatory activities of peanut (Arachis hypogaea L.)
arachidin-1, arachidin-3, and isopentadienylresveratrol. J. Agric.
Food Chem. 2006, 54, 10281-10287.

(18) Paul, B.; Chereyathmanjiyil, A.; Masih, I.; Chapuis, L.; Benoit, A.
Biological control of Botrytis cinerea causing grey mould disease of
grapevine and elicitation of stilbene phytoalexin (resveratrol) by a
soil bacterium. FEMS Microbiol. Lett. 1998, 165, 65-70.

(19) Sobolev, V. S. Localized production of phytoalexins by peanut
(Arachis hypogaea) kernels in response to invasion by Aspergillus
species. J. Agric. Food Chem. 2008, 56, 1949-1954.

(20) Hsieh, W.-C. Effects of Bacteria and Fungi on the Formation of
Stilbenoids Phytoalexins in Peanuts. M.S. Thesis, National Chiayi
University, Taiwan, 2009.

(21) Wan, J.; Zhang, X.-C.; Stacey, G. Chitin signaling and plant disease
resistance. Plant Signaling Behav. 2008, 3 (10), 831-833.

(22) Chong, J.; Poutaraud, A.; Hugueney, P. Metabolism and roles of
stilbenes in plants. Plant Sci. 2009, 177, 143-155.

(23) Kaku, H.; Nishizawa, Y.; Ishii-Minami, N.; Akimoto-Tomiyama,
C.; Dohmae, N.; Takio, K.; Minami, E.; Shibuya, N. Plant cells
recognize chitin fragments for defense signaling through a plasma
membrane receptor. Proc. Natl. Acad. Sci. U.S.A. 2006, 103 (29),
11086-11091.

(24) Greenberg, J. T. Programmed cell death: a way of life for plants.
Proc. Natl. Acad. Sci. U.S.A. 1996, 93, 12094-12097.

(25) Sobolev, V. S.; Neff, S. A.; Gloer, J. B. New stilbenoids from peanut
(Arachis hypogaea) seeds challenged by an Aspergillus caelatus strain.
J. Agric. Food Chem. 2009, 57, 62-68.

(26) Paterson, R. R. M. Ganoderma—A therapeutic fungal biofactory.
Phytochemistry 2006, 67, 1985-2001.

(27) Lee, S. Y.; Rhee, H. M. Cardiovascular effects of mycelium extract of
Ganoderma lucidum: inhibition of sympathetic outflow as a mechan-
ism of its hypotensive action. Chem. Pharm. Bull. (Tokyo) 1990, 38
(5), 1359-1364.

(28) Lin, S.-B.; Li, C.-H.; Lee, S.-S.; Kan, L.-S. Triterpene-enriched
extracts from Ganoderma lucidum inhibit growth of hepatoma cells
via suppressing protein kinase C, activating mitogen-activated
protein kinases and G2-phase cell cycle arrest. Life Sci. 2003, 72,
2381-2390.

(29) Liu, J.; Yang, F.; Ye, L. B.; Yang, X. J.; Timani, K. A.; Zheng, Y.;
Wang, Y. H. Possible mode of action of antiherpetic activities of a
proteoglycan isolated from the mycelia of Ganoderma lucidum in
vitro. J. Ethnopharmacol. 2004, 95 (2—3), 265-272.

(30) Li, Z.; Liu, J.; Zhao, Y. Possible mechanism underlying the anti-
herpetic activity of a proteoglycan isolated from the mycelia of
Ganoderma lucidum in vitro. J. Biochem. Mol. Biol. 2005, 38 (1), 34-40.

(31) Yang, X.J.; Liu,J.; Ye, L. B.; Yang, F.; Ye, L.; Gao,J. R.; Wu, Z. H.
In vitro and in vivo protective effects of proteoglycan isolated from
mycelia of Ganoderma lucidum on carbon tetrachloride-induced liver
injury. World J. Gastroenterol. 2006, 12 (9), 1379-1385.

(32) Chan, W. K.; Law, H. K.; Lin, Z. B.; Lau, Y. L.; Chan, G. C.
Response of human dendritic cells to different immunomodulatory
polysaccharides derived from mushroom and barley. Int. Immunol.
2007, 19 (7), 891-899.

(33) Chien, C. C.; Tsai, M. L.; Chen, C. C.; Chang, S. J.; Tseng, C. H.
Effects on tyrosinase activity by the extracts of Ganoderma lucidum
and related mushrooms. Mycopathologia 2008, 166 (2), 117-120.

(34) Chen, Y. K.; Kuo, Y. H.; Chiang, B. H.; Lo, J. M.; Sheen, L. Y.
Cytotoxic activities of 9,11-dehydroergosterol peroxide and ergo-
sterol peroxide from the fermentation mycelia of Ganoderma lucidum
cultivated in the medium containing leguminous plants on Hep 3B
cells. J. Agric. Food Chem. 2009, 57 (13), 5713-5719.

(35) Zhou, X.; Wu, Y.; Wang, X.; Liu, B.; Xu, H. Salidroside production
by hairy roots of Rhodiola sachalinensis obtained after transformation
with Agrobacterium rhizogenes. Biol. Pharm. Bull. 2007, 30, 439-442.

(36) Hanson, J.; Smeekens, S. Sugar perception and signaling—an
update. Curr. Opin. Plant Biol. 2009, 12, 562-567.

Received for review June 2, 2010. Revised manuscript received July 27,
2010. Accepted July 27, 2010. This work was supported by National
Science Council, Taiwan with grant NSC 95-2133-M-415-010.



