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Abstract Natural product nanoparticles constructed from active metabolites from Chaetomium
brasiliense is firstly presented as a new elicitor for immunity to brown spot of rice var. RD 47
caused by Drechslera oryzae. The nano-CBH, nano-CBE, nano-CBM from C. brasiliense at 15
pug/ml are treated to rice leaves after 3 days expressed Ry of 0.61 which supposing to be
Oryzalexin C. Moreover, ethyl acetate, hexane and methanol crude extract derived from C.
brasiliense that shown to be inhibited D. oryzae which the EDgg were 0.24, 0.32 and 0.35

pg/ml, respectively. Nano-CBH, nano-CBE, nano-CBM inhibited D. oryzae with EDgq values

of 5.86, 4.92, and 2.86 pg/ml, respectively. All nanoparticles derived from C. brasiliense were
more actively responded to suppress the pathogen inoculum of D. oryzae at the lower
concentration than crude extracts at lower concentrations.
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Introduction

Rice (Oryza sativa L.) is widely consumed as staple food of human
population (FAOSTAT, 2020). Brown leaf spot is caused by Drechslera oryzae
which reported as one of the important pathogen of rice leading to yield loss. It
causes blight symptoms starting in seedlings which reported to destroy the
plants in between 10-58% (Rice Department, 2018; Savary et al., 2000). The
disease is controlled by chemical fungicides for years then pathogen becomes
resistance to fungicides and causing unbalance agroecosystem as well as
hazardous to humans and animals. Biological fungicides have been recorded to
apply for plant disease control. Chaetomium brasilense CBO1 is a fungus which
belongs to Ascomycota which reported to be to control tomato wilt caused by
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Fusarium oxysporum f.sp. lycopersici. (Sibounnavong et al.,, 2012).
Phytoalexins are metabolites which produce by plant for immunity system
(Ahuja et al., 2012; Grofkinsky et al., 2012). Phytoalexins are recorded into
two major groups in rice, the first group includes oryzalexin A—F (Akatsuka et
al., 1983; Akatsuka et al., 1985; Kato et al., 1993; Kato et al. 1994; Kono et al.,
1984. and Sekido et al., 1986), oryzalexin S (Kodama et al., 1992a) and the
second group includes sakuranetin (Kodama et al., 1992b). The objective was
to investigated a new natural product metabolites from Ch. brasilense CB01 to
induce phytoalexin against brown spot of rice var. RD 47 caused by D. oryzae.

Materials and methods
Antagonistic fungus

Chaetomium brasiliense CBO1 were transferred to sterilzed potato
dextrose agar (PDA) medium and incubation was done at room temperature,
then periodically observed under compound microscope.

Pathogen

The symptoms of rice brown leaf spot var RD 47 was isolated using
tissue transplanting method on water agar (WA), then a single colony was
transferred to PDA until appear pure culture and observed in compound
microscope.

Pathogenicity test

Pathogenecity experiment was performed by Completely Randomized
Design (CRD) which repeated four times. The isolate of pathogen was used the
detached leaf method following Koch’s Postulate method for pathogenicity test.
The biomass of pathogen was removed into sterilized distilled water to get
spores which adjusted to 5x10° spores/ml by using haemacytometer. Rice
seedlings var. RD 47 were grown in pots for 15 days. The wounded leaves were
gentle pressed by carborandam (3 leaves/seedling) and were inoculated the
spore suspension of pathogen. The inoculation on wounded leaves were put in
moist chamber using plastic sheet and periodically observed disease incidence.
The treated leaves with sterilize distilled water served as controls. Disease
Index (DI) was rated according to International Rice Research Institute (IRRI,
2002) as follows:1 = no incidence, 2 = symptom on leaves, less than 1%, 3 =
symptom on leaves, 1-3%, 4 = symptom on leaves, 4-5%, 5 = symptom on
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leaves, 11-15%, 6 = symptom on leaves, 16-25%, 7 = symptom on leaves, 26-
50%, 8 = symptom on leaves, 51-75%, and 9 = symptom on leaves, 76-100%.

Extraction method

The sterilized potato dextrose broth (PDB) medium was used to culture
Chaetomium brasiliense which incubated at room temperature for 30 days, then
collected the biomass and air-dried for 24 hours. The biomass was blended in
electrical blender and brought to dissolved in equal volume of hexane for 5
days at room temperature and whatman filter paper was used to get culture
filtrate. The filtrate was evaporated in rotary vacuum evaporator to yield crude
hexane. The remaining marc from biomass was extracted by soaking in ethyl
acetate, and methanol respectively using the above procedure to get ethyl
acetate and methanol crude extracts for further experiments.

Crude extract test

The experiment was performed using factorial in Completely
Randomized Design (CRD). It was repeated for four times. Treatment
combination was set up as factor A represented solvents (crude hexane, crude
ethyl acetate and crude methanol). Factor B represented concentrationsc (0, 50,
100, 500 and 1000 pg/ml.). Each treatment was dissolved the crude extract in
2% of dimethyl sulfoxide incorporated with PDA, then autoclaved at 121C,
15lbs/inch? for 30 minutes. The peripheral colony of pathogen was cut by cork
borer (3 mm dia.) and culture agar plug was moved to the middle of PDA plate
(5.5 cm in dia.) incorporated with each crude extract. All treatments were
incubated at room temperature (27-30° C) to observe pathogen grew full in
control plate. Colony and number of spores were measured. Data were analyzed
by analysis of variance (ANOV). DMRT at P=0.01 and 0.05 were differentiated
for treatment combination. Effective dose (EDsp) was calculated by Probit
analysis.

Nanoparticles test

The experimental design was followed crude extract testing. Factor A
was nanofibers, nano-CBH, nano-CBE and nano-CBM. Factor B was
concentrations of 0, 1, 3, 5, 7 and 10 ug/ml.

Testing nanoparticles to induce plant immunity
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Natural product nanoparticles from C. brasiliense CB0l1 was
constructed according to the method of Soytong, K (personal communication).
The 15 days rice seedlings var. RD 47 were inoculated with spore suspension of
D. oryzae at 1x10° spores/ml. The non-inoculated control was sprayed with
sterilize distilled water. The experiment was done in Randomized Complete
Block Design (RCBD). It was repeated four times. Treatments were non-
inoculated control, treated with nano-CBH and pathogen and treated with nano-
CBE and pathogen and treated with nano-CBM and pathogen and treated with
Propiconazole (chemical) and pathogen. Phytoalexin was preliminary
determined using thin layer chromatography (TLC). Rice seedlings var. RD 47
of 20 days were treated by inoculating spore suspension of pathogen at 1x10°
spores/ml, and prayed with nanoparticle solution at a concentration of 15 ppm.
Samples of leaves were gentle collected at 3, 6 and 9 days after treatment. Fresh
leaf sample was get 1.5 g in each sample, and brought to clean in methanol
before cut into small pieces. Each sample was blended before soaking in 10 mL
methanol in waterbath at 50 <C for 10 minutes. The sample was passed through
Whatman filter paper No. 4 to get filtrate. The filtrate was evaporated with
Rotary Vacuum Evaporator to get a purified crude extract. The purified crude
extract was added 3 mL methanol. Phytoalexin was detected by running on
TLC in the combination of solvents, benzene and ethyl acetate at the ratio of
10:1. The TLC tank was filled 2 mL. Each purified crude extract was spotted
on TLC plates. Phytoalexin standard was used to compare. TLC plate was
examined under UV light at 365 nm. It was soaked in anisaldehyde solvent,
dried and heated until spots appeared. R¢value was calculated to compare with
standard. The distance spot travels/ distance mobile phase travel is calculated
for R¢ value.

Results
Antagonistic fungus

Chaetomium brasiliense CB01 belongs to Ascomycotina and
Chaetomiaceae, it reveals brown to black fruiting body or perithecia, covered
with grey hairs, dark olive-brown terminal and lateral hairs, cyclindrical asci (8

ascospores /ascus) with uniseriate, light olive-brown, and broadly ovate
(Figure 1).
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Figure 1. Chaetomium brasiliense a = colony, b = perithecium, ¢ = asci, d =
ascospores

Pathogen and pathogenicity test

Drechslera oryzae was isolated from brown spot of rice var RD 47. It
belongs to Deuteromycotina, Dematiaceae. Pure culture is shown light brown
in color when young, and dark brown in color when mature, septate hyphae and
5-7 septates/conidia (Figure 2). Pathogenicity was confirmed that symptoms
appeared to bespots many light brown at the beginning and lesions are
graduallly enlarged when mature leaf spots (Figure 3).

Figure 2. Drechslera oryzae, a = pure culture in PDA, b = conidiophore and
conidium, ¢ = conidium
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Figure 3. Symptoms of brown leaf spots caused by Drechslera oryzae in rice
var RD 47 after 7 days inoculation in pathogenicity test

Crude extract test

Crude ethyl acetate of C. brasiliense inhibited sporulation of D. oryzae
which the EDsg of 0.24 pg/ml. Crude hexane and methanol extracts showed the
EDs of 0.32 and 0.35 pg/ml, respectively. Crude methanol, hexane and ethyl
acetate at 1,000 ppm were non-significantly inhibited sporulation of pathogen
at averaged of 99 %. Crude methanol, ethyl acetate and hexane extracts
inhibited the mycelial growth of 83, 82, and, respectively 74 %.

Nanoparticles test

Nanoparticles of C. brasiliense were shown to be significantly
suppressed sporulation of the tested pathogen at lower concentration than crude
extract test. At the concentration 10 pg/ml of nano-CBH, nano-CBE, and nano-
CBM inhibited sporulation of 85.25%, 77.86%, and 79.92%, respectively.
Moreover, At concentrations of 1-10 ug/ml of nano-CBH, nano-CBE, and
nano-CBM significantly suppressed the tested pathogen with EDggvalues of

5.86, 4.92, and 2.86 ug/ml, respectively.

Testing nanoparticles to induce plant immunity
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Nanopartcles of CBH, CBE and CBM from C. brasiliense treated to the
inoculated rice seedings var var RD 47 which compared to the inoculated with
pathogen (control) and Propiconazole are shown in Figure 4.

Figure 4. Testing nanaparticles derived from Chaetomium brasiliense

<+—— Rf=0.61

T1T2T3T4T5T6

Figure 5. The presence of phytoalexin of Oryzalexin C at R¢ value 0.61 on TLC
plates when using mixture of benzene: ethyl acetate (10:1) under 365 nm UV
light for leaves. The inoculated control with pathogen (T1), treated with
phytoalexin standard (T2), treated with nano-CBH (T3), inoculated with
pathogen and treated with nano-CBE(T4), inoculated with pathogen and treated
with nano-CBM(T5) and inoculated with pathogen and treated with
Propiconazole (T6)
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The inoculated control with pathogen (T1), treated with phytoalexin
standard (T2), treated with nano-CBH (T3), inoculated with pathogen and
treated with nano-CBE(T4), inoculated with pathogen and treated with nano-
CBM(T5) and inoculated with pathogen and treated with Propiconazole (T6).

The rice leaves var var RD 47 treating with nano-CBH, nano-CBE,
nano-CBM and Propiconazole were investigated for elucidating phytoalexin
accumulation by thin layer chromatography (TLC). The treated with
phytoalexin standard, nano-CBH, nano-CBE , nano-CBM from C. brasiliense
and Propiconazole were found spots of treated crude extract of leaves on TLC
plates in mixture of benzene: ethyl acetate at the ratio of 10:1 in 365 nm UV
light which expressed spots on TLC plates, and showed the Rfof 0.61 which
expecting to be Oryzalexin C (Figure 5).

Discussion

The brown leaf spot of rice (D. oryzae) was isolated from symptoms of
rice var RD 47. It was identified as Drechslera oryzae, and proved to be
pathogenic isolate as similar reports of Chaijuckam et al. (2019) and Marin-
Felix et al. (2017). All crude extracts derived from C. brasiliense inhibited
sporulation of the tested pathogen which the ED5g was 0.24 pg/ml, and crude

hexane and crude methanol revealed the ED5Q of 0.32 and 0.35 pg/ml,

respectively. Tann and Soytong (2017) stated that crude extrtacts from
Chaetomium cupreum resulted to control rice leaf spot in Cambodia.
Chaetomium brasiliense CB01 used in this research finding is reported to
produce mollicellins B (1), C (2), E (3), F (4) and mollicellins K-N (5-8) that
compounds 1-3 and 5-7 inhibited Plasmodium falciparum and compound 30
inhibited Candida albicans and Mycobacterium tuberculosis. However,
compounds 1-8 inhibited KB, BC1, NCI-H187 and cholangiocarcinoma cell
lines (Khumkomkhet et al., 2009). Song et al. (2020) reported that nano-
particles derived from Ch. brasiliense inhibited rice blast pathogen in rice var.
PSL 2. It is possible these bioactive substances act as control mechanism
against brown leaf spot of rice.

Nanoparticles derived C. brasiliense were inhibited the inoculum D.
oryzae at lower concentration than crude extracts. It is proved that nanofibers
easy to enter into the pathogen cells and give fast response after treated into
plants. Nano-CBH, nano-CBE, and nano-CBM at concentrations of 1-10
showed significantly inhibited D. oryzae at the EDsqvalues of 5.86, 4.92, and
2.86 pg/ml as similar report of Vilavong and Soytong (2017).
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The research finding showed that rice leaves treated with nano-CBH, nano-
CBE , nano-CBM from C. brasiliense and Propiconazole (chemical) expressed
phytoalexin production using thin layer chromatography (TLC). The treated
with phytoalexin standard, nano-CBH, nano-CBE , nano-CBM from C.
brasiliense and Propiconazole (chemical) found spots of inoculated leaf
extracts on TLC plates in the mixture of benzene : ethyl acetate at the ratio of
10:1) under 365 nm UV light resulting to be found spots on TLC plates with the
R¢values of 0.61 as supposing to be Oryzalexin C. Withthis , Song et al. (2020)
reported that nano-particles derived from Ch. brasiliense inhibited rice blast
pathogen in rice. Those nano-CBH, nano-CBE and nano-CBM inhibited
sporulation of the tested pathogen (M. oryzae) with the EDsy of 6, 9 and 13
wg/mL, respectively. The rice leaves were treated with nano-CBH expressed the
Rf values of 0.05 and 0.28 which confirmed to be Sakuranertin and Oryzalexin
C. The research finding was confirmed successful isolation of the oryzalexin C
from treated the rice leaves with nanoparticles of CBH, CBE and CBM to the
rice was achieved by Thin Layer Chromatography (TLC) which was examined
by UV (Akatsuka et al.1985).
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