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Cucumber mosaic virus (CMV), the most prevalent virus in chili pepper (Capsicum annuum L.), negatively af-
fects chili pepper production in South Korea. In this study, foliar spraying with B-glucans obtained from the
mycelial walls of the yeast-like fungus Aureobasidium pullulans inhibited CMV infection of chili pepper if ap-
plied before virus inoculation. At three concentrations, 3-glucans from A. pullulans significantly ameliorated
CMV symptoms in treated chili pepper; the effect was greater in plants treated with 0.01% B-glucans than
0.005% or 0.001% B-glucans. Double antibody sandwich enzyme-linked immunosorbent assay showed that
these B-glucans treatments resulted in 1.7- to 10-fold reductions in CMV accumulation in the treated chili pep-
per. The glucans did not act directly on the virus and did not interfere with virus disassembly or replication.
Foliar spraying with 0.01% B-glucans from A. pullulans at 24 hr intervals for 3 days significantly increased plant
height, the total number of fruit, and the fresh weight of chili pepper fruit. However, the stem diameter of chili
pepper treated with B-glucans did not increase significantly. These results indicate that foliar spraying with
B-glucans from A. pullulans acts an antiviral agent against CMV infection and stimulates chili pepper growth.
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Introduction

Chili pepper (Capsicum annuum L) is a very important veg-
etable. In South Korea, it is used in Kimchi and as seasoning
for food. In 2019, 31,640 ha were cultivated in South Korea
and more than 78,000 tons of chili pepper were produced
(Statistics Korea, 2019). Of the viruses that infect chili pepper,
cucumber mosaic virus (CMV; genus Cucumovirus, family
Bromoviridae) was first reported in cucumber (Cucumis sa-
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tivus L) independently by three scientists in 1916 (Doolittle,
1916; Gilbert, 1916; Jagger, 1916). CMV is one of the top 10
most studied viruses (Scholthof et al,, 2011). It has one of the
largest host ranges of any plant virus, infecting 1,071 spe-
cies in 521 genera from 100 families (Yoon et al., 2019). CMV
is the most prevalent virus in chili pepper in South Korea
(Cho et al,, 2007; Choi et al,, 2005; Kwon et al,, 2018; Lee et al,,
2015). In nature, it is efficiently transmitted by more than 80
aphid species in a nonpersistent manner and through seeds
in many plant species (Fereres and Perry, 2019). CMV can be
artificially transmitted to new plant species using mechanical
inoculation. CMV is multi-component single stranded virus,
with three positive-sense RNA's (RNA1, RNA2, and RNA3) and
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an additional subgenomic RNA (RNA4) derived from RNA3
(Habili and Francki, 1974; Peden and Symons, 1973). RNA2
codes for the 2a protein, which is an RNA-dependent RNA
polymerase of replication complex, whereas, RNA 1 codes
for the 1a protein, another subunit of CMV replicase com-
plex (Hayes and Buck, 1990). RNA3 encodes for two proteins
involved in viral movement and encapsidation (Canto et al.,
1997; Kaplan et al., 1997).

In several genetic studies, CMV resistances conferred
by dominant R genes encoding nucleotide-binding and
leucine-rich repeat class immune receptors were described
from Arabidopsis, common bean, and melon (Giner et al.,,
2017; Kang et al., 2010; Sekine et al., 2008; Seo et al., 2006;
Takahashi et al., 2002). In pepper, various resistance types
conferred by R genes and recessive genes were described
in C. annuum ‘Perennial’ (Caranta and Palloix, 1996; Grube
et al, 2000; Lapidot et al,, 1997), C. annuum ‘Lam32’ (Choi et
al, 2018), C. annuum Vania' (Caranta et al,, 2002), C. annuum
‘Sapporo-oonaga’ and ‘Nanbu-oonaga’ (Suzuki et al., 2003),
C. frutescens '‘BG2814-6" (Grube et al., 2000), C. frutescens
‘L51839-2-4', and C. baccatum ‘P1439381-1-3' (Kang et al.,
2010; Suzuki et al., 2003).

Because genes that confer resistance to CMV are present in
very few crops, it takes a long time to develop resistant com-
mercial pepper cultivars. In experiments, a chili pepper carry-
ing the Cmr1 resistance gene was highly resistant to a Korean
strain of CMV and the Fny strain of CMV (Kang et al.,, 2010).
However, CMV-P1 strains that belong to CMV subgroup IB
can overcome CMV resistance in pepper cultivars carrying
the Cmr1 gene (Lee et al,, 2006). Surveys for CMV isolates in
cultivated chili pepper plants found the highest frequency
of CMV-P1 strains in CMV isolates collected from chili pepper
plants, and the CMV-P1 population in chili pepper in South
Korea was extensive (Cho et al.,, 2007; Kwon et al., 2018; Lee
et al,, 2015). Recently, a new resistance gene (named cmr2
gene) was identified for CMV resistance in a recessive man-
ner (Choi et al., 2018). However the resistance source is not
introduced into commercial pepper inbred lines yet and it re-
mains to be detail characterization of gene identification and
its functions in pepper cells. Apart from R genes or recessive
genes, natural compounds from pathogenic or saprophytic
bacteria and fungi or their byproducts have shown potential
to control CMV disease without reducing plant growth (Choi
etal, 2014; Lee and Ryu, 2016; Song et al., 2013).

Observation in plant systems that polysaccharides from

microorganism including fungi or from algae play a crucial
role in enhancement of plant defense responses against
viruses. Of the biologically active polysaccharides, 3-glucans
from Phytophthora megaspermaf. sp. glycinea and 3-glucans
from brown algae showed efficient elicitors of defense re-
sponses in different plant species, such as H,0, production,
salicylic acid accumulation, and pathogenesis-related gene
induction, in different plant species (Aziz et al., 2003; Klarzyn-
skiet al,, 2000; Ménard et al.,, 2004).

In this study, we evaluated the potential of foliar applica-
tion of B-glucans (B-[1—3],[1—6]-D-glucans) from Aureo-
basidium pullulans, a ubiquitous black yeast-like fungus, for
managing CMV disease in chili pepper in South Korea under
greenhouse conditions.

Materials and Methods

Virus source. The CMV strain GTN (CMV-GTN) used in this
study was originally obtained from the chili pepper cultivar
Cheongyang (Choi et al., 2015). The strain induces mosaic
symptoms and top necrosis in all chili pepper cultivars. CMV-
GTN was maintained in Nicotiana tabacum cv. Xanthi nc.

Preparation of A. pullulans B-glucans. A. pullulans cul-
ture fluid was prepared as described previously (Muramatsu
et al., 2017). Briefly, A. pullulans was grown at 25°C for 10
days in medium containing 2.0% sucrose, 0.3% powdered
rice bran, 0.08% sodium L-ascorbate, and 0.02% L-ascorbic
acid. Then the culture medium was heated at 90°C for 30
min and diluted with 1x phosphate buffered saline to 2
mg/ml B-glucans (3-[1—3],[1—6]-D-glucans). The purified
B-glucans from A. pullulans was prepared with powdered ac-
tivated carbon, ultrafiltration with a cutoff molecular weight
of 20,000, and ethanol precipitation as described previously
(Muramatsu et al., 2017).

Treatment with A. pullulans B-glucans and virus in-
oculation. Leaves of 4-leaf-stage chili pepper plants (cv.
Cheongyang, 20 plants per treatment) were sprayed with dif-
ferent concentrations (0.001%, 0.005%, or 0.01%) of 3-glucans
or sterile distilled water as a control at 24 hr intervals for 3
days, respectively. One day after the final spraying (afs), the
cotyledons of the chili pepper plants were inoculated me-
chanically with sap from tobacco infected with CMV-GTN or
sterile distilled water as a control. The inoculated plants were
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maintained in a greenhouse, and symptoms were evaluated
for 5 weeks from 14 days post-inoculation (dpi) for analyses
of CMV infection. All experiments were performed in tripli-
cate, and data are presented as meanszstandard deviations.

To examine the effect of B-glucans on pepper growth, we
planted 80 young chili pepper plants (cv. Cheongyang) at 40
m intervals in two rows. The leaves of 40 chili pepper plants
were sprayed with 0.01% (3-glucans at 24 hr intervals for 3
days or the leaves of 40 chili pepper plants were sprayed
with sterile distilled water as a control at 24 h intervals for
3 days. Plant height, stem diameter, fruit number, and fruit
weight of the all chili pepper plants were observed from 1
to 8 weeks afs. All experiments were performed in triplicate,
and data are presented as meanszstandard deviations.

Double antibody sandwich enzyme-linked immuno-
sorbentassay. CMV was detected with a double antibody
sandwich enzyme-linked immunosorbent assay (DAS-ELISA)
kit according to the manufacturer’s protocol (Agdia, Elkhart,
IN, USA). Briefly, the plant tissue extract was prepared by
powdering about 0.1 g chili pepper leaves at 14 dpi in liquid
nitrogen with a mortar and pestle and ground with 1 ml
standard extraction buffer (SEB1) supplied by the manu-
facturer protocol (Agdia). After a brief centrifugation, 100
Il of upper clean supernatant of leaf samples, positive and
negative controls were added to an anti-CMV-coated 96-

Distilled water

well plate and incubated for 2 hr at room temperature. After
washing, the plates were incubated with alkaline phospha-
tase-conjugated enzyme for 4 hr. Substrate (p-nitrophenyl
phosphate) at 1 mg/ml was added and incubated at room
temperature. The plates were read with an automated plate
reader (Titertek, Huntsville, AL, USA) at 405 nm. A sample was
considered positive if the optical density exceeded 3 times
the mean of the negative controls (Yoon et al., 2011).

Data analyses. The data were assessed with analysis of
variance (ANOVA) with SigmaPlot ver. 11 (Systat Software,
San Jose, CA, USA). Differences among the -glucans treat-
ments were determined with Duncan’s multiple range test
with significance set at P<0.05.

Results

To determine whether $-glucans from A. pullulans reduces
the severity of CMV symptoms in chili pepper plants, we as-
sessed its ability to protect chili pepper against CMV under
greenhouse conditions. Three different concentrations of
B-glucans significantly ameliorated CMV symptoms in treat-
ed chili pepper plants at 14 dpi (Fig. 1); the effect of symptom
amelioration was observed until 5 weeks post-inoculation,
showing that the effect was greater for 0.01% B-glucans than
0.005% or 0.001% B-glucans. These B-glucans treatments

0.01% B-glucans
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CMV-infected

!
}
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i
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Fig. 1. Effects of B-glucans from Aureobasidium pullulans on chili pepper plants infected with cucumber mosaic virus (CMV) strain GTN.
Leaves of 4-leaf-stage chili pepper plants (cv. Cheongyang, 20 plants per treatment) were sprayed with different concentrations (0.001%,
0.005%, or 0.01%) of B-glucans or sterile distilled water as a control at 24 hr intervals for 3 days, respectively. One day after the final spraying,
the cotyledons of the chili pepper plants were inoculated mechanically with sap from tobacco infected with CMV-GTN or sterile distilled
water as a control. The inoculated plants were maintained in a greenhouse, and symptoms were evaluated for 5 weeks from 14 days post-
inoculation (dpi) for analyses of CMV infection. All experiments were performed in triplicate, and data are presented as means + standard
deviations. Representative images of chili pepper plants sprayed with 0.01% A. pullulans B-glucans at 14 dpi or chili pepper plants treated
with distilled water (control) at 14 dpi are shown.
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Fig. 2. Double antibody sandwich enzyme-linked immunosorbent
assay (DAS-ELISA) results for cucumber mosaic virus (CMV) accu-
mulation in chili pepper plants sprayed with three different con-
centrations of B-glucans from Aureobasidium pullulans. Primary
detection of CMV was performed with DAS-ELISA kits (Agdia,
Elkhart, IN, USA) according to the manufacturer’s protocol. The
plates were read with an automated plate reader (Titertek, Hunts-
ville, AL, USA) at 405 nm. A sample was considered positive if the
optical density exceeded 3 times the mean of the negative con-
trols. DAS-ELISA data were analyzed with analysis of variance. Dif-
ferences among the mean values of 3-glucans were determined
with Duncan’s multiple range test with significance set at P<0.05.

resulted in 1.7- to 10-fold reductions in CMV accumulation
as quantified by DAS-ELISA compared to the distilled water
control (Fig. 2). Therefore, foliar spraying with B-glucans from
A.pullulans protects chili pepper plants against CMV infection.
To test whether B-glucans from A. pullulans can cure CMV
infection, we treated chili pepper plants infected systemically
with CMV with 0.001%, 0.005%, or 0.01% B-glucans or sterile
distilled water every day for 7 days. The DAS-ELISA results
obtained from the treated leaf samples collected at 3 days
afs showed no significant differences between the 3-glucans
treatments and control (data not shown), which suggests that
B-glucans from A. pullulans cannot cure CMV in chili pepper.

We found that the chili pepper plants treated with B-glucans
grew better. To assess the growth of chili pepper treated with
B-glucans from A. pullulans, we planted plants in a green-
house in the same manner as farmers grow them. The leaves
were sprayed with 0.01% [3-glucans or sterile distilled water
at 24 hr intervals for 3 days. The chili pepper treated with
B-glucans averaged 1.83 cm taller than the water-treated
control 1 week afs. Then 6 weeks afs, the average height of
the treated chili pepper was significantly greater than that of
the control (Table 1). The effect on plant height could be seen
until the end of the observations. The stem diameter was
not affected by the 0.01% B-glucans treatment, although the
stem diameter of the treated chili pepper was slightly greater
than that of the control (Table 1). In terms of yield, the total
number of fruit on treated chili pepper plants planted in a
1,000 m” greenhouse (26,204 fruit) was greater than that on
the water control (25,361 fruit) 8 weeks afs. The increased
number of fruit resulted in a greater fresh weight of pepper
fruit than the controls. The average weight (8.0 g) and num-
ber (n=54) of fruit per chili pepper treated with 3-glucans
were significantly greater than in the controls (Table 2). These
results suggest that B-glucans from A. pullulans enhances the
growth and yield of chili pepper.

Discussion

Although B-glucans from A. pullulans prevented CMV
infection in chili pepper, it could not cure established CMV
infections. The inhibitory effects of the 3-glucans treatment
decreased significantly as CMV infection developed (data not
shown). This suggests that the timing of 3-glucans spraying
and the plant development stage are important for prevent-
ing CMV infection in chili pepper.

It has been demonstrated that 3-glucans from the cell walls
of phytopathogenic oomycetes of the genera Phytophthora

Table 1. Effects of B-glucans on plant height and stem diameter of chili pepper

Distilled water

0.01% B-glucans®

Plant height (cm) Stem diameter (mm) Plant height (cm) Stem diameter (mm)
1 week 20.92+2.47 b 18.21+0.38 b 22.75+2.72 a 18.14+0.47 a
3 weeks 32.84+3.75b 19.51+£0.57 b 36.84+4.76 a 19.74+£0.58 a
6 weeks 70.42+6.48 b 25.54+1.01b 75.07£5.60 a 26.42+0.96 a

*Pepper fruit was analyzed on 8 weeks after treatment of 0.01% B-glucans or distilled water and differences among the B-glucans or
distilled water treatments were determined with Duncan’s multiple range test with significance set at P<0.05.
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Table 2. Effects of B-glucans on fruit weight and total number of fruit of chili pepper

Yield per 10° Yield per plant
Treatment
Fruit weight (kg)® Total no. of fruits Fruit weight (g) Average fruit number
Distilled water 180 25,361 7.1 45.29
0.01% B-glucans 211 26,204 8.02 54.58

*Pepper fruit was harvested on 8 weeks after treatment of 0.01% B-glucans or distilled water and differences among the B-glucans or
distilled water treatments were determined with Duncan’s multiple range test with significance set at P<0.05.

and Pythium is sufficient to elicit phytoalexin production in
plants (Albersheim and Valent, 1978; Ayers et al., 1976; Ebel
et al, 1976; Sharp et al., 1984a, 1984b). Similar to the current
results, 1 mg/ml laminarin (3-glucans from Laminaria cichori-
odes) significantly inhibits tobacco mosaic virus (TMV) infec-
tion in N. tabacum cv. Xanthi nc (Reunov et al,, 1996). Native
[-glucans inhibits TMV infection, whereas sulfated laminarin
inhibits both TMV infection and TMV replication (Ménard et
al, 2005). These differences are likely due to the different ori-
gins and ratios of 3-glucans or different plant species recep-
tors (Fesel and Zuccaro, 2016).

The protective effects of 3-glucans from A. pullulans on
chili pepper can be explained only by the elicitation of plant
innate immunity, because there are no reports on the direct
inhibition of a plant virus by algae or their metabolites. These
conclusions are supported by the fact that purified CMV
particles and CMV genomic RNA were not degraded by the
addition of 0.01% B-glucans (data not shown). The protec-
tive effects of a glucan preparation from Phytophthora mega-
sperma are not due to direct inactivation of TMV or to the
binding of glucan or other components in the glucan prepa-
ration to TMV in a manner that can prevented stripping of
the TMV coat protein and thereby reduce infectivity (Kopp et
al,, 1989). Laminarin and -glucans of different origins elicit a
wide range of defense responses, such as H,O, production,
salicylic acid (SA) accumulation, and pathogenesis-related
gene induction, in different plant species (Aziz et al., 2003;
Klarzynski et al., 2000; Ménard et al,, 2004). Chemical elicitors,
such as SA, can manage viral diseases in many crops, but
these chemicals result in a growth penalty called the fitness
cost (Heil and Baldwin, 2002). #-glucans from A. pullulans
significantly improved the vegetative growth of chili pepper
in this study (Table 1). Furthermore, the average weight and
number of peppers increased substantially, which suggests
the beneficial effects of 3-glucans from A. pullulans on CMV
protection and yield in chili pepper. SA enhances fruit weight

in strawberry, apple, and mango (Kazemi, 2013; Ngullie et
al., 2014; Shaaban et al., 2011) and stimulates production
of the plant growth-regulating hormone indole-3-acetic
acid (IAA) (Pasternak et al.,, 2019). It would be interesting to
evaluate whether SA- or IAA-response genes are involved
in the mechanisms of glucans on CMV infection in chili pep-
per plants. To the best of our knowledge, we are the first to
report that B-glucans from A. pullulans inhibits CMV infection
and promotes plant growth and the yield of pepper fruit.
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