
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 22 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Asian Natural Products Research
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713454007

Antifungal activity of the osthol derivative JS-B against Phytophthora
capsici
Chun-Mei Wangabc; Wei Guanabc; Shu Fangabc; Hao Chenabc; You-Qin Liabc; Chun Caid; Yong-Jian Fanabc;
Zhi-Qi Shiabc

a Food Safety Research and Service Institute, Jiangsu Academy of Agricultural Sciences, Nanjing,
China b Key Laboratory of Food Safety and Quality of Jiangsu Province (State Key Laboratory
Breeding Base), Nanjing, China c Key Laboratory of Food Safety and Management, Ministry of
Agriculture, Nanjing, China d Nanjing University of Science and Technology, Nanjing, China

Online publication date: 11 August 2010

To cite this Article Wang, Chun-Mei , Guan, Wei , Fang, Shu , Chen, Hao , Li, You-Qin , Cai, Chun , Fan, Yong-Jian and
Shi, Zhi-Qi(2010) 'Antifungal activity of the osthol derivative JS-B against Phytophthora capsici', Journal of Asian
Natural Products Research, 12: 8, 672 — 679
To link to this Article: DOI: 10.1080/10286020.2010.495331
URL: http://dx.doi.org/10.1080/10286020.2010.495331

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713454007
http://dx.doi.org/10.1080/10286020.2010.495331
http://www.informaworld.com/terms-and-conditions-of-access.pdf


ORIGINAL ARTICLE

Antifungal activity of the osthol derivative JS-B against
Phytophthora capsici
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Yong-Jian Fanabc and Zhi-Qi Shiabc*

aFood Safety Research and Service Institute, Jiangsu Academy of Agricultural Sciences, Nanjing
210014, China; bKey Laboratory of Food Safety and Quality of Jiangsu Province (State Key
Laboratory Breeding Base), Nanjing 210014, China; cKey Laboratory of Food Safety and
Management, Ministry of Agriculture, Nanjing 210014, China; dNanjing University of

Science and Technology, Nanjing 210094, China

(Received 9 February 2010; final version received 19 May 2010)

JS-B (C12H10O3) is a derivative compound of osthol. The antifungal properties of JS-B
were tested against 10 economically important plant pathogens. JS-B was effective in
inhibiting the mycelial growth of Phytophthora capsici, and its inhibition on different
stages of the life cycle of P. capsici was observed. The 50% effective concentration
(EC50) of JS-B on mycelial dry weight and zoospore germination of P. capsici was
43.74 and 86.03mg/ml, respectively. The rupture of released zoospores induced by JS-
B was reduced by the addition of 100 mM glucose. The ultrastructural study showed
that JS-B caused destruction of most of the mitochondrions, the concentration of cell
nuclear, and the existing vesicles. When compared with dimethomorph, the activity of
JS-B on P. capsici was determined under pot conditions. The result showed that JS-B
has a curative effect on pepper blight.

Keywords: antifungal; pepper blight; Phytophthora capsici; ultrastructure

1. Introduction

Phytophthora blight, caused by the oomy-

cete pathogen Phytophthora capsici leo-

nian, is one of the most important fungal

diseases of pepper plants and is widely

distributed in China and worldwide [1–5].

This disease causes serious economic

losses of chilli peppers in more than 15

provinces of China [6]. This disease is very

difficult to control, partly due to the

pathogen’s ability to survive for several

years as thick-walled oospores in soil or as

mycelium in plant residues. Then, disse-

mination and infection occur through the

production of motile biflagellate zoospores

from the oospores. Control of Phy-

tophthora infection is most commonly

accomplished by the application of fungi-

cides, such as metalaxyl, chloropicrin,

cymoxanil, mancozeb, etc. [7–10]. How-

ever, excessive and irrational uses can

jeopardize fungicide effectiveness by

exerting selection pressure on fungicide-

resistant populations of P. capsici and can

cause heavy toxicity to humans, domestic

animals, etc. [11 – 14]. For instance,

reduced metalaxyl efficacy in controlling

Phytophthora blight is linked to the

intensive use of this fungicide in China

and elsewhere [15,16]. Hence, the devel-

opment of fungicides with new modes

of action is called for.

JS-B (Figure 1) is a novel fungicide

patented by the Jiangsu Academy
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of Agricultural Sciences (JAAS). JS-B is a

derivative of osthol, which is a new

fungicide developed by the JAAS to

control powdery mildew [17]. In order to

develop a sound recommendation for the

use of a new fungicide, sufficient infor-

mation must be available regarding its

biological activity. Our objectives for this

study were to: (1) assess the antifungal

spectrum of JS-B in vitro, (2) test the

efficacy of JS-B to interfere with various

stages of the life cycle of P. capsici in vitro,

and (3) determine the efficacy of JS-B in

controlling Phytophthora blight of pepper

under pot conditions.

2. Results and discussion

2.1 Antifungal spectrum

EC50 values of the effect of JS-B on the

mycelial radial growth were tested to

determine its fungicidal spectrum

(Table 1). Of the 10 strains of phytopatho-

gens examined, the mycelial growth of

P. capsici was most sensitive to JS-B, with

an EC50 value of 37.10 mg/ml. The

mycelial growth of Rhizoctonia solani

was less inhibited by JS-B, with an EC50

value of 56.08mg/ml. The EC50 values of

JS-B against Fusarium oxysporum and

Macrophoma kawatsuka were nearly

100mg/ml. The other seven strains showed

weak sensitivity of JS-B, with EC50 values

more than 100mg/ml.

On potato dextrose agar (PDA) med-

ium with pH values from 5 to 9, the

inhibition of oligochitosan on the mycelial

growth of P. capsici was not significantly

affected (Figure 2).

2.2 Effect of JS-B on each life stage of
P. capsici

A significant inhibition of JS-B on the

mycelial dry weight of P. capsici was

observed (Figure 3). JS-B inhibited the

mycelial dry weight with an EC50 value of

43.74mg/ml.

JS-B exhibited a strong inhibition of

zoosporangium formation and cystospore

germination (Table 2). The zoosporangia

O OHO

Figure 1. Chemical structure of JS-B.

Table 1. Inhibition of the mycelial growth by JS-B against different phytopathogens.

JS-B Osthol

Pathogenic fungia EC50 (mg/ml)b R EC50 (mg/ml) R

Phytophthora capsici 37.10 ^ 0.04 0.9967 41.78 ^ 0.69 0.9926
Botrytis cinerea 183.09 ^ 0.21 0.9822 149.40 ^ 0.26 0.9940
Rhizoctonia solani 56.08 ^ 0.18 0.9960 23.73 ^ 0.48 0.9932
Fusarium graminearum 125.67 ^ 0.20 0.9929 51.18 ^ 0.09 0.9803
Colletotrichum capsici 100.72 ^ 1.21 0.9992 127.46 ^ 0.52 0.9969
Fusarium moniliforme 116.90 ^ 1.56 0.9935 86.05 ^ 0.15 0.9921
Fusarium oxysporum 95.68 ^ 0.52 0.9907 88.73 ^ 0.92 0.9746
Macrophoma kawatsuka 82.31 ^ 0.42 0.9856 30.03 ^ 0.63 0.9932
Sphaceloma ampelinum 186.68 ^ 0.61 0.9978 36.13 ^ 0.08 0.9661
Plasmopara viticola 142.69 ^ 0.51 0.9657 – –
Cercospora beticola 37.10 ^ 0.26 0.9967 63.75 ^ 0.45 0.9960

Note: –, not detected.
aAll fungi were tested on PDA in the dark at 258C.
bThe concentration inhibiting by 50%.
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production was strongly inhibited by JS-B

with an EC50 value of 2.02mg/ml.

After 1 h of incubation, cystospore

germination in the control was c. 85%,

while JS-B at 150mg/ml inhibited cysto-

spore germination completely. The EC50

value of JS-B against cystospore germina-

tion of P. capsici was 86.03mg/ml.

Incubation with JS-B could induce the

rupture of zoospores. After incubation for

60 min with 100 and 200mg/ml of JS-B,

the rates of rupture were 26.77 and

47.55%, respectively (Figure 4). When

100 mM glucose was added, the percen-

tage of rupture decreased significantly

to 18.60 and 39.11%, respectively.

2.3 Determination of the effect of JS-B

on the hyphal morphology

Control mycelia of P. capsici, grown

in the absence of JS-B (Figure 5(A)),

showed cytological and ultrastructural

features. Many organelles were observed,

such as mitochondrion (M), endoplasmic

reticulum (ER), lipid bodies (L), and dense

body (DB).

When compared with the untreated

cells, in the presence of 100mg/ml of

JS-B, a complete vacuolization of the

mitochondrion was the most pronounced

ultrastructural change observed in the

hyphae (Figure 5(C)), while a little
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Figure 2. Effect of pH on the efficacy of JS-B against P. capsici. Measurement of the mycelial
growth on pH-adjusted PDA amended with 100mg/ml of JS-B was performed 5 days after
inoculation with P. capsici. Letters indicate a significant difference (P , 0.05) with respect to pH.
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Figure 3. Inhibition of JS-B on the mycelial dry weight of P. capsici. Bars show the mean of
mycelial growth ^ SD for each treatment.
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vacuolization of the mitochondrion

was observed in the 40mg/ml of JS-B-

treated hyphae (Figure 5(B)).

2.4 Effect of JS-B on P. capsici under
pot conditions

The anti-oomycete activity of JS-B for the

control of Phytophthora blight in pepper

plants at the fourth branch stage was

examined under pot conditions (Table 3).

At a concentration of 400mg/ml, JS-B was

as effective as dimethomorph in suppres-

sing Phytophthora blight in pepper plants.

At concentrations from 100 to 200mg/ml,

JS-B was less effective than the commer-

cial fungicide dimethomorph (Table 3).

The curative activity of JS-B was more

effective than the protective activity

against pepper blight.

2.5 Discussion

In the present study, we have studied the

in vitro and in vivo antifungal activity of JS-

B on the phytopathogenic fungusP.capsici.

We demonstrated that JS-B was as

effective as osthol in inhibiting the

mycelial growth of the tested fungi

(Table 1). The result showed that JS-B

had a wider antifungal spectrum. Of the 10

strains of the phytopathogens tested in this

study, the mycelial growth of P. capsici, a

rapidly growing oomycete with no chitosan

in the cell wall [18], was most sensitive to

JS-B. This sensitivity might have a special

relationship with the cell wall composition

of P. capsici.

More interestingly, the investigation of

the effect of JS-B on different stages in the

life cycle of P. capsici, as well as the study

on the ultrastructural alteration, may

partially explain the different modes of

the antifungal mechanism of JS-B. JS-B at

low concentrations inhibited different

stages in the life cycle of P. capsici,

including mycelial growth, zoosporangia

production, cystospore germination, and

induced the rupture of released zoospores.

It is well known that the zoospore rupture

Table 2. Inhibitory effect of JS-B on different
life stages of P. capsici.

JS-B

Stages in the life
cycle of P. capsici EC50 (mg/ml) R

Mycelial dry
weight

43.74 ^ 1.42 0.9726

Zoosporangia
production

2.02 ^ 0.13 0.9945

Zoospore release – –
Cystospore

germination
86.03 ^ 0.18 0.9135
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Figure 4. Effect of glucose on zoospore rupture caused by JS-B. Glucose (100 mM) in sterile
distilled water was added 10 min before the addition of JS-B. Zoospore rupture was measured after
60 min of incubation. Vertical bars with different letters are significantly different according to
Duncan’s multiple range test (P ¼ 0.05).
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of Phytophthora is connected to the

impairment of the energy generation

system [19] and osmotic pressure [20].

The addition of glucose (an osmotic

stabilizer) prior to treatment with a

respiration inhibitor was able to reduce

the inhibition on the rupture of zoospores

[21]. It is interesting to note that the

addition of 100 mM glucose prior to

treatment with 50–200mg/ml of JS-B

was able to reduce zoospore rupture. This

observation indicates that JS-B may act on

the cell membrane by disturbing the

osmotic pressure.

In order to understand the action of JS-

B, an electron microscopic study has been

carried out. Visible symptoms of the

hyphae have been observed (Figure 5).

JS-B induced marked structural alterations,

including hyphae vacuolization, organelles

deformity, etc. These findings indicate that

the preventive action of JS-B against the

mycelial growth is quite powerful and the

unique modes of action may exist in the

antifungal mechanism of JS-B. However,

further study on the mechanism of JS-B

against fungal pathogens at the molecular

level is needed. The efficacy of JS-B on the

in vivo control of P. capsici further

supports its possible use in fungicidal

treatment. The efficacy of JS-B on pepper

plants was found to be concentration-

dependent.

In conclusion, our results showed that

JS-B has not only a potent in vitro

antifungal and anti-oomycete activity

against some plant pathogenic fungi, but

also in vivo control efficacy against

Phytophthora blight on pepper plants.

Obviously, JS-B must conform to a

stringent set of criteria on environmental

and toxicological safety, and must be

shown to be both effective and reliable

under practical conditions. However, it is

interesting to note that the study carried out

on pepper plants suggests a crop tolerance

Figure 5. Transmission electron micrographs of P. capsici hyphae. Longitudinal (A) (control),
showing normal cell wall (CW), lipid bodies (L), mitochondria (M), dense body (DB), endoplasmic
reticulum (ER), and nucleus (N) (B,C) Hyphae treated with 40 and 100mg/ml of JS-B. Note the
disorganized vacuoles (V, arrowheads). Scale bar ¼ 2mm.

Table 3. The in vivo efficacy of JS-B on controlling Phytophthora blight in pepper plants.

Treatments Concentration (mg/ml) Protective effect (%) Curative effect (%)

JS-B 100 26.11 ^ 2.41 58.53 ^ 1.42
200 63.41 ^ 2.19 65.85 ^ 1.12
400 71.95 ^ 1.34 71.95 ^ 1.60

Dimethomorph 550 75.61 ^ 3.35 75.61 ^ 0.79
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for this compound. In addition, this

compound is a derivative of osthol, which

is regarded as safe and is currently used as

an effective fungicide to control powdery

mildew in China.

3. Materials and methods

3.1 Compound

Modified osthol derivative JS-B (minimum

96%) was provided and patented by the

JAAS [22] and synthesized by the Nanjing

University of Science and Technology.

3.2 Pathogens and cultures

P. capsici, Botrytis cinerea, R. solani,

Fusarium graminearum, Colletotrichum

capsici, Fusarium moniliforme, F. oxy-

sporum, M. kawatsuka, Sphaceloma ampe-

linum, and Cercospora bslicola were

provided by the Food Safety Research and

Service Institute, JAAS. All the isolated

pathogens were maintained on PDA (potato

infusion from 200 and 20 g/l dextrose, and

20 g/l agar) in the dark at 258C.

3.3 Antifungal spectrum

Mycelial disks (6 mm in diameter) of the

test fungi grown on PDA plates were cut

from the margins of the colony and were

transplanted onto PDA plates containing

different concentrations of JS-B (0, 12.5,

25, 50, 75, 100, 150, 200mg/ml). A stock

solution of JS-B was diluted with sterile

distilled water and was added to sterile

molten PDA to obtain the desired JS-B

concentrations. The plates were placed in

an incubation chamber in the dark at 258C.

When the mycelial growth on the control

plate extended to more than two-thirds of

the total diameter of the plate, growth

measurements were taken using a ruler.

The radial growth of each pathogen was

measured (minus the diameter of the

inoculation plug) by calculating the mean

of the two perpendicular colony diameters.

The EC50 values were determined for each

isolated pathogen by calculating the

percentage inhibition.

The effects of pH on the efficacy of JS-

B on P. capsici were tested under the same

conditions described above, except that

medium pH values, from 5 to 9 with one

unit interval, were adjusted with 1 M

NaOH or HCl. All experiments were

repeated twice with three replicates.

3.4 Effect of JS-B on each life stage of
P. capsici

3.4.1 Mycelial dry weight

For the mycelial dry weight test, mycelial

disks (6 mm in diameter) of P. capsici

grown on PDA plates were cut from the

margins of the colony and were inoculated

into PDB (potato dextrose broth) in a

triangular flask containing different con-

centrations of JS-B (0, 25, 50, 100, 150,

200mg/ml). Erlenmeyer flasks were placed

in a swing bed at 258C, 120 rpm. The

mycelia were harvested at the end of 5 days,

filtered through pre-weighed filter-paper,

and followed by drying to a constant weight

at 808C for about 24 h in an oven, after

which the yield of mycelial biomass was

measured. All the runs were replicated

twice and the averaged values are pre-

sented in this work.

3.4.2 Sporulation

For the sporulation test, three mycelial

disks (5 mm in diameter) were cut from the

edge of the actively growing culture and

were immersed in 25 ml sterile Petri

solution (Ca(NO3)2: 0.4 g; KH2PO4: 0.5 g;

Mg(NO3)2: 0.15 g; CaCl2: 0.06 g; distilled

water: 1000 ml) containing 0, 1.5625,

3.125, 6.25, 12.5, 25mg/ml JS-B in plates.

After 3 days of incubation in the dark at

258C, the zoosporangia along the margins

of each mycelial disk were observed with a

light microscope (Nikon COOLPIX4500,

Nanjing Nikon Jiangnan Optical Instru-

ment Co. Ltd, Nanjing, China).
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3.4.3 Zoospore release

The effect of JS-B on zoospore release was

tested in Eppendorf tubes. Zoosporangia

suspension (2 £ 104 zoosporangia/ml) was

obtained by the method of Zheng [23]. A

total of 10ml of the JS-B solution was

added to the tube containing 2 ml of the

zoosporangia suspension to make the final

concentrations of JS-B of 0, 6.25, 12.5, 25,

50, 100 and 150mg/ml. After the incu-

bation at 258C for 30 min, approximately

100 zoosporangia were observed with the

light microscope and the inhibition per-

centages of zoospore release of P. capsici

were calculated. The experiments were

repeated twice with three replicates.

3.4.4 Cystospore germination

For the determination of the effect of JS-B

on the cystospore germination of

P. capsici, zoospore suspension (1 £ 105

zoospore/ml) was obtained by the method

of Ozgonen and Erkilic [24]. JS-B was

added to the suspension from the start of

the incubation at 258C. Approximately 100

cystospores were observed with a light

microscope (Nikon COOLPIX4500,

Nanjing Nikon Jiangnan Optical Instru-

ment Co. Ltd) and the percentages of

cystospore germination were calculated.

The effect of glucose on the zoospore

rupture of P. capsici induced by JS-B was

tested under the same conditions described

above, except that glucose (an osmotic

stabilizer) in water was added to the

zoospore suspension at 10 min before the

addition of JS-B to give a final concen-

tration of 100 mM. All the experiments

were repeated twice with three replicates.

3.5 Determination of the effect of JS-B
on the hyphal morphology

P. capsici mycelial tips (5 mm) from the

margins of an actively growing colony

on the PDA medium amended with 0

and 100mg/ml of JS-B were cut down

and fixed with 1% w/v OsO4 solution.

After fixation, the samples were dehy-

drated with ethanol and embedded in Epon

112. Thin sections were cut and double-

stained with uranyl acetate and lead

citrate. The grids were examined with a

HITACHI H-600 electron microscope at

75 kV [25].

3.6 Effect of JS-B on P. capsici under
pot conditions

For the pot experiments, zoospore suspen-

sion (1 £ 105 zoospore/ml) was obtained

by the method of Ozgonen and Erkilic

[24]. The plants were wounded by

making 1 cm slits approximately 1 cm

above the soil surface. The sterile

cotton soaked in zoospore suspensions

(105 zoospores/ml) was enclosed around

the wounded position. The inoculated sites

were covered with plastic tapes to main-

tain moisture.

To evaluate the protective and curative

activity of the fungicides tested, sprays

were applied to ‘run-off’ with a hand

sprayer at 24 h before (protective treat-

ments) and after (curative treatments) the

inoculation of the pathogen. JS-B was

applied at 100, 200, and 400mg/ml, while

the commercial fungicide dimethomorph

was applied at 550mg/ml as a positive

control. Control seedling plants were

sprayed with sterile tap water 24 h before

the inoculation. Fifteen plants were used

per fungicide treatment and each inocu-

lation time and the experiment was

repeated in triplicate. Disease severity

was measured daily after the inoculation

based on a scale of 0–5: 0 ¼ no visible

disease symptoms, 1 ¼ leaves slightly

wilted with brownish lesions beginning

to appear on stems, 2 ¼ 30–50% of the

entire plant diseased, 3 ¼ 50–70% of

the entire plant diseased, 4 ¼ 70–90%

of the entire plant diseased, and 5 ¼ plant

dead [18]. The efficacy percentage (%)

was determined by the following formula:

(disease index of Ck1 2 disease index of

Pt1/disease index of Ck1) £ 100.
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