Journal of Microbiology and Biotechnology
Vol. 5. No. 6, 335-340, 1995

Preventive Effect of Ebelactone B, an Esterase Inhibitor on Rice
Sheath Blight Caused by Rhizoctonia solani
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Two types of Rhizoctonia solani esterases induced by cutin hydrolysate were partially purified by am-
monium sulfate precipitation and gel filtration. The esterase | with hydrolyzing activity toward both p-ni-
trophenyl butyrate and p-nitropheny! palmitate and the esterase Il with hydrolyzing activity toward only p-ni-
tropheny! butyrate were inhibited by ebelactone B, an esterase inhibitor produced by actinomycetes with 1C;,
values of 0.01 and 0.09 pg/ml, respectively. Spraying on rice seedling with ebelactone B at a concentration
of 30 pg/m! completely suppressed infection by R. solani. Ebelactone B could not protect the wounded rice
seedling and did not show any inhibitory effect on the mycelial growth at a concentration of 1 mg/mi. These
results indicate that ebelactone B, an esterase inhibitor protects rice plants from infection with R. solani by in-
hibition of penetration, not thraugh fungitoxic or fungicidal effect.

Some of the first lines of defence a plant has
against potential pathogen invaders are its external
cuticle layer and the walls of its cells. To invade a
plant with any success, a pathogen must first pass
through these barriers. Some pathogens including fun-
gi use mechanical means to muscle their way
through the protective layers, whereas other patho-
gens are able to enter plants only at sites, such as
wounds, where the barriers have already been
breached. Still other pathogens have been proposed
to gain entry to plant cells by enzymatically de-
grading cuticle or cell walls. Cuticle degradation re-
quires an esterase that hydralyzes the ester bonds of
polyester cutin, the structural components of cuticle
that are composed of hydroxy and epoxy fatty acids
containing 16 and 18 carbon atoms, respectively (12).
Cutin esterase was detected in culture fluids of se-
veral phytopathogenic fungi grown on cutin as the
sole carbon source (7, 10).

Several chemically synthesized cutinase inhibitors
such as diisopropyl-fluorophosphate, and or-
ganophosphorus pesticides, were shown to prevent
infection of Pisum sativum by Fusarium solani sp. (3)
and infection of papayas by Collectotrichum gloeos-
porioides (2). Kolattukudy et al. described results of a
detailed analysis of virulence of the cutinase gene-dis-
rupted mutant on pea stem sections and pea seedling
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and demonstrated that cutinase gene disruption sig-
nificantly decreased the virulence, and provided con-
vincing genetic evidence to support the role of cu-
tinase in the penetration of cutin barriers by phy-
topathogenic fungi (8).

In this paper, we postulate that the inhibition of cu-
tinase produced by R. solani prevents rice plants
from being infected by this fungus. Therefore the ef-
fect of a known esterase inhibitor, ebelactone B,
which had previously been isolated from actinomy-
cetes by Umezawa group (11), on the rice sheath
blight caused by R. solani was evaluated.

MATERIALS AND METHODS

Strain and Cultivation

Rhizoctonia solani used in this experiment was iso-
lated from Korean paddy soil. This strain was cul-
tivated in PDA media and was used for infection of
young rice plant and reisolated from the infected
plants to preserve its pathogenecity.

Preparation of Cutin Substrates

Apple cutin was prepared from fresh Fuji apple
peelings by a four-step procedure similar to that des-
cribed by Walton and Kolattukudy (12). Apple peel-
ings were immersed and constantly stirred in boiling
aqueous 0.4% oxalic acid and 1.6% ammonium ox-
alate (10 liters’kkg peelings). As soon as the cuticles
could be separated from the underlying tissue (about
10-15 min), they were collected on a 2.5 mm (10
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mesh) screen and rinsed thoroughly with large
amounts of tap water (step 1). Then 50 g units of the
400 g of crude cuticles recovered in step 1 were treat-
ed for 18 h at 30°C with 2 liters of 100 mM sodium
acetate buffer (pH 4.5) containing 0.5% cellulase and
0.1% pectinase from Aspergillus niger (Sigma Co.).
The insoluble material remained (cutin plus epi-
cuticular waxes) was collected on a 2.5 mm screen
and rinsed thoroughly with tap water (step 2). This
material was then extracted with methanol (1 liter/50
g) followed by 2 : 1 chloroform-methanol (1 liter/50 g)
at room temperature (step 3). The remaining product
{cutin) was subjected to Soxhlet extraction (three
cycles/h) with chloroform for 24 h (step 4). The cutin
films obtained were then dried under a hood, and re-
purified twice (step 2-4).

Preparation of Cutin Hydrolysate (5)

Cutin powder (60 mesh) was suspended in 95%
ethanol (30 ml) containing 10% (wt/vol) KOH, and
the suspension was refluxed for 16 h in a nitrogen at-
mosphere. The resulting mixture was acidified with
concentrated HCl, and the products were extracted
repeatedly with chloroform. The combined chloro-
form extract was evaporated to dryness under va-
cuum. A suspension of the hydrolysate (200 mg in 20
ml of water) was then subjected to ultrasonic treat-
ment (about 15X 30 s) with cooling after extraction.

Conditions for Enzyme Production

The mineral medium used to grow the fungus con-
tained 2.0 g of L-asparagine, 1.4 g of KH,PO,, 1.0 g
of MgSO,-7H,0, 4.4 mg of ZnSO,-7H,0, 1.0 mg of
FeSO,- 7H,0, 86 pg of MnCl,- 4H,0, 79 pg of CuSO,-
5H,0, and 53 pug of Na,MoO,-2H,0 per liter of dis-
tilled water. The indicated amounts of cutin hy-
drolysate were added. The pH of the media was then
adjusted with concentrated HCl to 5.1. Erlenmeyer
flasks(500 ml) containing 150 ml of the production
media were inoculated with agar disks of actively
growing mycelium of R. solani. The inoculated flasks
were incubated at 27°C for 7 days.

Partial Purification of Enzyme

The culture fluid was separated by filtration
through Whatman No. 1 filter paper. The cutinase
was precipitated by addition of (NH,),SO, upto 70%
saturation. The precipitate was dissolved in small
amounts of distilled water and applied to a Sephadex
G-20 column. The desalted active fractions were
freeze-dried, and the dried material was dissolved in
small amount of distilled water and applied to a
Sephadex G-100 column. The column was eluted
with a 0.05 M acetate buffer (pH 5.6). The pooled ac-
tive fractions were then freeze dried.

Enzyme Assay
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Hydrolysis of p-nitrophenyl esters of fatty acids was
measured spectrophotometrically at 405 nm as des-
cribed earlier (6) after optimizing assay conditions for
the enzyme. The reaction was run in 180 ul of 0.1 M
sodium phosphate buffer (pH 8.0) containing 1.6 mM
p-nitrophenyl butyrate, 0.4% Triton X-100, and 20 ul
of the enzyme solution at 25°C for 5 min. During the
reaction time linear increases in A,,; were observed.
The liberated p-nitrophenol was measured by mi-
croplate reader (Bio-RAD). For the measurement of in-
hibitory activity, the reaction mixture containing 20
ul of enzyme solution and 20 pl of inhibitor solution
was preincubated for 3 min, and then 160 pl of sub-
strate solution was added to the preincubated mix-
ture. One unit of enzyme was defined as p moles of
the liberated p-nitrophenol/min/ml.

Assay of Antifungal Activity

According to the paper disc method, paper disc
soaked with inhibitor solutions of various con-
centrations (1,000, 500, 250, 120, 60, 30, 15, 10, 5
ppm) were placed on the test plates, which consisted
of the PDA agar plates overlayed with the mixture
solution (9:1) of PDB containing 0.5% molten agar
and partially disrupted mycelium of R. solani. The
disruption of mycelium was carried out by addition
of the ceramic balls into the 250 ml-Erlenmeyer flask,
which contained cultivated mycelium of the fungus
on the PDB, accompanied by subsequent shaking on
the rotary shaker. The test plate was incubated at
25°C for 3 days. Activity was evaluated by measuring
the inhibitory zone forming around the paper disk.

in the Dendroid method, a small piece of potato
dextrose agar which was already grown with R. so-
lani was placed on the center of water agar plates
containing inhibitors of various concentrations. The
spreading of mycelium from the agar piece placed on
the center of the water agar plate was measured.

Pot Assay

Preparation of Test Plants: Rice seedlings were
grown in polystyrene pots(5 cm ¢ X5 cm) containing
standardized soil in a green house for 20-25 days.

Preparation of Inoculum: R. solani grown on potato
dextrose agar was inoculated into 1 liter-autoclaved
Erlenmeyer flask containing wheat bran, rice hull and
water (2:1:1 in volume) and cultivated for 3 weeks
at 27°C. The resulting culture material was dried at
room temperature and used for inoculum.

Ebelactone B Application: Ebelactone B was dis-
solved in a small amount of methanol and diluted
with 500 ppm Tween 20 solution to the required con-
centration. The solution was sprayed with a sprayer
onto foliage and stem of the 3rd foliage formed rice
seedling.
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Inoculation: Ten grams of inoculum were placed
on the soil in plant pots which had been sprayed
with ebelactone B solution 24 h previously.

Disease Development: Inoculated plants were in-
cubated in a humid chamber for 4 days to establish
infection and to encourage the development of patho-
logical symptoms. At the end of incubation, pre-
ventive activity was expressed as the percentage of
the uninfected area of rice plant.

RESULTS AND DISCUSSION

Induction of Esterase by Cutin Hydrolysate

To test whether cutin hydrolysis products induce
esterase, R. solani was grown in a media containing
0.1% glucose and 0.005% chemically prepared hy-
drolysate of cutin. Growth of the fungus did not ap-
pear to be affected by the presence of cutin hy-
drolysate. The extracellular fluid was examined for
esterase activity using a model substrate, p-ni-
tropheny! butyrate (PNB) which was known to be a
good substrate for purified cutinase from Fusarium so-
lani f. sp. pisi (6, 7).

At the first day of cultivation, PNB hydrolytic ac-
tivity could be detected in the medium. The ex-
tracellular activity increased almost linearly for the
next 3 days, and slow further increases were ob-
served thereafter (Fig. 1B). Even though equally vi-
gorous growth of the fungus occurred in the glucose
medium containing no hydrolysate, a little PNB hy-
drolase activity was detected in the extracellular fluid.
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The effect of the amount of cutin hydrolysate add-
ed to the medium on the production of extracellular
cutinase was also examined (Fig. 1B). Since the
amount of glucose added might affect the rate of cu-
tinase production, equal quantities of glucose (0.1%)
were used in all cultures. With this level of glucose,
PNB hydrolase production began from day 1 at all
concentrations of cutin hydrolysate. However, the
rate of production of extracellular cutinase was in-
creased with increasing the amount of hydrolysate up
to about 100 ug/ml; further increase in the con-
centration of cutin hydrolysate did not result in any
further increase in the total amount of extracellular
hydrolase activity. Thus, the rate of production and
the total amount of hydrolase produced were de-
pendent on the concentration of cutin hydrolysate,
and a saturation pattern of response was observed
with respect to the amount of hydrolysate added.
When the cutin hydrolysate was added to glucose
media at the second day of cultivation, a two fold in-
crease in the esterase production was observed (Fig. 1A).
This result indicates that glucose in the media represses
the induction of esterase by cutin hydrolysate.

Partial Purification and Characterization of Est-
erase Induced by Cutin Hydrolysate

Ammonium sulfate saturation (70%) of the ex-
tracellular fluid obtained by the filtration of the cul-
ture broth on the celite resulted in the precipitation of
the bulk of the proteins which represented esterase
activity. The precipitated protein was fractionated by
gel filtration on a Sephadex G-100 column (Fig. 2).

2sf A

Esterase activity (Ux10?)

Culture time (day)
Fig. 1. Time course of production of extracellular esterase by Rhizoctonia solani.
The mineral medium (100 ml each) contained 0.1% glucose and the indicated amounts of cutin hydrolysate at the time of inoculation (B). After 2

days of cultivation without cutin hydrolysate, the indicated amount of cutin hydrolysate was added (A). Cutinase activity of the extracellular fluid
was measured with PNB. o—ao : No addition, /2\: 25 pg/ml, A—A: 50 ug/ml, 0—0: 100 pg/ml, @—e: 150 pg/ml.
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Spectrophotometric assay of the column fractions
with p-nitrophenyl butyrate yielded two peaks of est-
erase activity. When p-nitrophenyl palmitate was
used as substrate, only one peak of activity was ob-
served. Purdy et al. (6) have observed that cutinase
from F. solani pisi hydrolyzed p-nitrophenyl butyrate,
but not p-nitrophenyl palmitate whereas the non-
specific esterase from this organism hydrolyzed both
of these esters.

The esterase activity (esterase | fraction) in fractions
from 30 to 40 may be nonspecific since the enzyme
fractions degrade both p-nitrophenyl butyrate and p-
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Fig. 2. Sephadex G-100 gel filtration of the extracellular
fluid from R. solani induced by cutin hydrolysate to gen-
erate cutinases.

= : Protein, A-A: PNBase (hydrolyzing activity p-nitrophenyl-bu-
tyrate), A PNPase (hydrolyzing activity p-nitrophenyi-palmitate).
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nitrophenyl palmitate. The protein with esterase ac-
tivity (esterase 1l) in the fractions from 60 to 70 hy-
drolyzed only p-nitrophenyl butyrate.

The optimum temperature of esterase | fraction was
45°C whereas that of the esterase Il fraction was in
the range of 50-60°C (Fig. 3). Aliquots (1 ml) of the ac-
tive fraction was incubated at different temperatures
from 30 to 70°C for 1 h. After incubation the re-
maining enzyme activity was determined spec-
trophotometrically. Both esterase fractions were un-
stable above 45°C and lost more than 80% of their ac-
tivity in 1 h at 60°C (Fig. 3).

In the case of esterase | fractions, as the pH was
raised from 5.0 to 9.0 there was a sharp increase in
the hydrolysis rate and a further increase in pH result-
ed in a sharp decline in the hydrolysis rate (Fig. 4).
The optimum pH of the esterase Il fraction was 8.0.
Both of the esterase fractions were stable at a pH
range of 6 to 9. Esterase | fraction was more stable at
pH 10 than esterase 1} fraction.

The effect of ebelactone B on the two fractions of
esterase produced by R. solani was investigated. Both
esterase fractions were inhibited by ebelactone B (Fig.
5). However, differences between the two enzyme
fractions were apparent. Ebelactone B was more in-
hibitory toward the esterase | than esterase Il by a fac-
tor of 9. The ICy, value of ebelactone B against the
esterase | fraction is 0.01 ug/ml and that against the
esterase Il fraction is 0.09 ug/ml. Koller et al. (4) re-
ported that the cutinases from Venturia inaqualis and
R. solani were inhibited by ebelactone B with IC;,
values of 0.67 and 0.013 ug/ml respectively. These
different patterns of cutinase inhibition by ebelactone
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Fig. 3. Effect of temperature on the enzyme activity (A) and enzyme stability (B).
0—0: Esterase |, @@ Esterase II. (B): Aliquots {1 ml) of active fraction was incubated at different temperature from 30 to 70°C for 1 h. After in-

cubation the remaining activity was determined spectrophotometrically.
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Fig. 4. Effect of pH on the enzyme activity (A) and stability (B).
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Fig. 5. Inhibition of Rhizoctonia solani esterases by ebela-

ctone B.
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B substantiate the enzymatic diversity of cutinase pro-
duced by fungal plant pathogens. Organophosphate
esters, like the ebelactone inhibitor of serine esterase,
were shown to inhibit fungal cutinase and thus, to
protect plants from disease by acting as anti-
penetrants (2, 3). The potency of ebelactone B as an
inhibitor of fungal cutinase might open a novel field
of application as plant protectants in agriculture.
However, the in vivo effect of ebelactone B on the in-
fection of fungal plant pathogen was not investigated.

Effect of Ebelactone B on Rice Sheath Blight

To test whether the infection of rice seedlings
could be prevented by ebelactone B, a pot assay was
performed. When ebelactone B solution at the con-

Table 1. Preventive effect of ebelactone B on rice sheath
blight.

Ebelactone B

(ng/ml) Pot assay Paper disc Dendroid
5 0 2 -
10 62 - -
15 90 - -
30 100 - -
60 100 - -
120 nt’ - -
250 nt - -
500 nt - -
1000 nt - -

*No antifungal activity. °Not tested. The preventive activity in pot as-
say was represented as a percentage of the uninfected area of rice
plants.

centration of 15 pug/ml was applied to the rice plants,
90% protection of rice plants against R. solani was
observed. Validamycin A (4-O-B-D-glucopyranosyl-
validoxylamine A), a commercially available mi-
crobial antibiotic for the prevention of rice sheath
blight, has been reported to suppress growth of R. so-
fani in rice plants under protective conditions at a
concentration of 15 ppm (1). The effective con-
centration of both compounds was at a similar level,
but the mode of action was quite different. The in-
hibition of trehalose metabolism by validamycin and
its intracellular hydrolysis product, validoxylamine
results in the retardation of fungal growth (9). At the
concentration of 30 pg/mi, ebelactone B completely
protect rice plants from infection with R. solani in pot
assay (Table 1). To show that inhibition of infection
was caused by inhibition of penetration, and not by a
fungitoxic effect, the ebelactone B solution (30 ug/ml)
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was also sprayed on wounded surfaces of rice plants.
A fungitoxic mode of action should prevent infection
even when a wound is provided for entry of the
pathogen into its host. This compound could not pro-
tect the wounded rice plant. The antifungal activity of
ebelactone B against R. solani was investigated by
the paper disk method and the Dendroid test. The
compound did not show any inhibitory effect on the
mycelial growth at the concentration of 1 mg/ml.
This compound at the concentration of 1 mg/ml
showed no discernible inhibition of mycelial growth
when directly tested in an aqueous medium.

These results indicate that ebelactone B, an est-
erase inhibitor, protects rice plants from infection
with R. solani by inhibition of penetration, not by fun-
gitoxic effect or fungicidal effect. Based upon these
results, the screening of specific cutinase inhibitors
from natural sources might supply a new method of
discovering useful plant protectants for agriculture.
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