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Abstract

Biological control emerged as a promising alternative in pre- and postharvest diseases control, such as chili
anthracnose caused by Colletotrichum acutatum. Potency of Aureobasidium pullulans as antagonist in chili
anthracnose has been demonstrated. Three isolates of A. pullulans were evaluated in vitro to determine its
antagonism activity against C. acutatum, as causal of anthracnose on chili. Bioassay was performed through
antibiosis test, formation of volatile compounds, chitinolytic activity, and hyperparasitism. Three isolates of
A. pullulans were able to significantly inhibit the growth of C. acutatum through the formation of volatile
compounds (VOCs). Two isolates of A. pullulans had chitinolytic activity. Microscopic observation showed that
chitinolytic activity of the isolates causes the hyperparasitism in the form of lysis of the cell walls of C.
acutatum hyphae.
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1. Introduction

Anthracnose is a very destructive disease of chili and becomes production limiting factor in many countries
[26]. Yield loss due to anthracnose infection can reach up to 50% [27]. Anthracnose in chili is caused by several

species of Colletotrichum such as C. acutatum, C. gloeosporioides, and C. capsici [8].

Generally, anthracnose is controlled by spraying synthetic fungicides. However, the use of synthetic fungicides
may cause negative effects on the environment, such as resistance development of pathogen to fungicides, and
residual effect on postharvest product. Considering such negative effects, biocontrol agents has been developed
as an alternative control method. Some antagonists microorganisms have been reported effective in controlling
anthracnose disease on chili, among others are Trichoderma harzianum [11, 19] and Pseudomonas fluorescens
[11]. Recently, yeasts were also reported effective in controlling this disease [2, 3, 26]. Some species of yeasts
such as Pichia guilliermondii, Candida musae, Issatchenkia orientalis and Candida quercitrusa were able to

reduce the incidence of anthracnose disease on chili fruit caused by C. capsici [2].

Understanding the mode of action of biocontrol agents in suppressing pathogens are important to know. The
main modes of action are competition, parasitism, antibiosis, and induced resistance [32]. Aureobasidium
pullulans (de Bary) Arnaud is a yeast-like fungus with a good potential as biocontrol agents against various
plant pathogens. A. pullulans have been reported has a good ability in nutrients and space competition [35],
formation of extracellular exochitinase and B-1-3-glucanase [29], and formation of volatile compounds (VOCs)
[5]. Results of previous studies showed that three isolates of A. pullulans isolated from chili leaf surface was
potential as antagonist agents for anthracnose caused by C. acutatum [34]. However, mode of action of A.
pullulans in controlling pre- and postharvest pathogens is still not widely understood. This study aimed to
determine the mode of action of three isolates of A. pullulans in controlling anthracnose pathogen C. acutatum

on chili.

2. Materials and Methods

Three isolates of yeast-like fungi were isolated from chili leaf surfaces (C. annuum) collected from plants
grown in Darmaga, Bogor, West Java, Indonesia. The isolates has been molecularly identified as A. pullulans.
C. acutatum was isolated from chili fruit showing anthracnose symptom from Panjiwangi, Garut, West Java,

Indonesia.

2.1. Antibiosis Test

Dual culture method was used to analyze antibiosis mechanism [24]. One loop of 5 days old yeast-like fungus
was streaked transversely on the middle of petridish containing the potato dextrose agar (PDA). Then 6 mm of
10 days old C. acutatum culture was grown at 3 cm on the left and 3 cm on right side of the streak, in the same
petridish. As comparison, in a separate petridish pieces of C. acutatum was placed on the same position without

yeast-like fungus.
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The width of clear zone indicated antibiosis of yeast-like fungus against tested fungus.

2.2. Formation of Volatile Compounds

Volatile compound test was performed according to method of Huang [31] with some modification. One loop of
5 days old yeast-like fungus isolate was streaked right in the middle of PDA in a petridish, and a 6 mm piece of
10 days old C. acutatum culture was placed in the middle of PDA in another petridish. Both petridishes
(without lids) were stacked facing each other, the one with yeast-like fungus on top, and the one with C.
acutatum on the bottom. They were then plastic wrapped. Petridish containing C. acutatum without yeast-like
fungus as a control was stacked with PDA. The growth of C. acutatum on the treatment was compared with the
growth on the control plates. The relative inhibition percentage was assessed at 3 to 10 days incubation and was

calculated using the formula:

HR = [(@k — @p)/DK] x 100%

Where HR = relative inhibition percentage

@k= diameter of C. acutatum of control

@p= diameter of C. acutatum of treatment

2.3. Chitinolytic Activity

The chitinolytic activity test was performed on colloidal chitin agar media 0.2% [18]. Twenty gram chitin
(C8H13NO5)n from shrimp skeleton (C7170 practical grade sigma) was diluted in 400 ml HCI. The solution
was left for 24 hours in low temperature, and then it was strained with glass wool. The filtrate was added with
200 ml cold distilled water and + 500 ml 10 N NaOH, to the pH 7.0. The filtrate was then centrifuged at 7.000
rpm for 10 min, and suspended again in cold distilled water and re-centrifuged. The pellet of the colloidal chitin

obtained was placed at 4°C.

The method of Shurtleff & Averre [21] was adapted to make colloidal chitin agar media. Colloidal chitin (1-2.5
g) and agar (20 g) were diluted in 1000 ml distilled water or mineral salt. The mineral salts composed of 0.7 g
K2HPO4; 0.5 g KH2PO4; 0.5 g MgS04.7H2 crystalline; 0.001 g FeSO4; and 0.001 g ZnSO4.

To test chitinolytic potency, 3-5 days old yeast-like fungus isolate was grown on colloidal chitin agar media, and
incubated at room temperature. The growth was observed every day. Clear zone area was considered to

chitinolytic yeast-like fungus activity. The chitinolytic index was calculated using the formula:

AY =y2/yl

Where AY = chitinolytic index

y2 = width clear zone and the colony
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y1l =width colony

2.4. Hyperparasitism Test

Hyperparasitism was tested using water agar by agar block method (0.6 cm in size). Five days old of yeast-like
fungus isolate was grown in one side of the agar block and 10 days old of C. acutatum was grown on the other
side. The agar blocks were placed in a sterile object glass and covered with sterile cover glass, and then the
object glass placed in sterile petridish. Observations were carried out under photomicrograph multi eyepiece

(Zeiss Axiocam) at 4 to 6 days of incubation.

2.5. Statistical Analysis

All treatments arranged in a completely randomized design with three replication. Data of antibiosis test,
formation of volatile compounds and chitinolytic activity were analyzed with SPSS software (version 16.0 for

Windows) and subsequently tested by Duncan's Multiple Range Test (DMRT).

3. Results and Discussion

Previous studies showed that three isolates of A. pullulans i.e. Dmg 11 DEP, Dmg 29 DEP, and Dmg 30 DEP
was potential as antagonist for anthracnose disease caused by C. acutatum. Inhibitory effect on anthracnose
disease by these three isolates was 78.04%, 82.87% and 79.65%, respectively [34].

Antibiosis test showed that three isolates of A. pullulans did not produce clear zone (Table 1). The three isolates

of yeast-like fungus were not significantly affecting relative inhibition values.

Antibiosis has an important role in the mechanism of biological control by microorganisms producing antibiotic.
Antibiotic is mostly produced by antagonistic bacteria. Yeast-like fungi has never been reported to produce
antibiotics. However, yeasts-like fungi produced antibiotics in a broad sense, which consists of simple
compounds known as killer toxin. Williopsis mrakii, Saccharomyces cerevisiae and Pichia anomala were able
to produce antimycotic Killer toxin [16]. The ability of yeast-like fungus to inhibit the growth of witches' broom
caused by Moniliophthora perniciosa by producing killer toxin has been reported [4]. Killer toxin was also

reported for the first time produced by Torulaspora globosa [23].

In this study, A. pullulans was suspected to produce killer toxin only at low concentrations that do not affect the
relative inhibition values of C. acutatum. Killer toxin is different from antibiotics produced by bacteria which
might affect human. Therefore, yeasts-like fungus are relatively safe to use for plant disease control particularly

for postharvest products.

Three isolates of A. pullulans produced volatile compounds. This was indicated by growth inhibition of C.

acutatum colonies by the isolates. Growth inhibition of C. acutatum by A. pullulans occured without physical
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contact among the microbes, therefore it was concluded that the inhibition was caused by the volatile
compounds produced by A. pullulans. The isolates of A. pullulans affected on relative inhibition of C.
acutatum with a range between 32.55% to 45.54% (Table 1).

Table 1: Clear zone, growth inhibition of C. acutatum, and index chitinolytic by the three isolates of A.

pullulans at 10 days after treatment

Isolates of A. Clear zone Growth inhibition of  Chitinolytic index

pullulans C. acutatum (%) by
VOCs
Control - 0.00c 0.00d
Dmgl1DEP - 32.55ab 1.10 ab
Dmg29DEP - 4542 a 0.00d
Dmg30DEP - 37.52 ab 0.38 cd

Note : Clear zone, growth inhibition, chitinolytic index was measured by antibiosis test, volatile compound test,
and chitinolytic test, relatively; - = not forming clear zone, values in the same column followed by the same

letter were not significantly different by Duncan’s Multiple Range Test (P < 0.05)

Further test showed that the isolates of A. pullulans had significantly different ability in inhibiting the mycelial
growth of C. acutatum compared to control, i.e. by forming volatile compounds. This result indicated that three
isolates of A. pullulans had antibiosis mechanism. However, the relative inhibition among the three isolates
were not significantly different (Table 1). The relative inhibition by the three isolates were high compared with

other 19 yeast isolates which were isolated from the surface of chili leaf and fruit (Data are not shown).

The volatile organic compounds (VOCs) composed of simple hydrocarbons, heterocycles, aldehydes, ketones,
alcohols, phenols, thioalcohols, thioesters and their derivatives, derivative of benzene and cyclohexanes [6].
VOCs have low molecular weight (less than 300 Da), low polarity and high vapor pressure [7]. Component of

these volatile compounds have important roles in biocontrol of plant pathogens.

Both bacteria and yeasts produce ketones, dimethyl disulphide and dimethyl trisulphide which control sapstain
fungi [1]. Yeasts produce VOCs on the surface of the cell wall [25]. Yeast-like fungus, Tilletiopsis pallescens,
produces fatty acid ester, the antifungal compound, which inhibited the growth of mildew fungi and other
competitor when they were applied on leaves [14]. Candida intermedia strains C410 produces 49 types of
volatile compounds (esters, alcohols, alkenes, alkanes, alkynes, organic acids, ketones, and aldehydes) which
reduced the disease incidence and intensity of fruit rot caused by Botrytis cinerea. Two of the 49 volatiles i.e.

1,3,5,7- cyclooctatetraene and 3-methyl-1-butanol were obtained abundantly [31].

VOCs produced by A. pullulans strain L1 and L8 play important antagonistic activity on five postharvest

pathogens i.e. B. cinerea, C. acutatum, Penicillium expansum, Penicillium digitatum and Penicillium italicum
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[5]. A. pullulans L1 and L8 produced alcohols i.e. 2-phenyl, 1-butanol-3-methyl, 1-butanol-2-methyl and 1-
propanol-2-methyl at the first 96 hours of growth [5]. VOCs active to all tested pathogens was 1-propanol-2-
methyl. The EC50 was more than 0,8 ml ml-1. The most active VOCs was alcohol-2-phenethyl with the EC50
lower than 0,8 ml ml-1, except for C.acutatum 1.97 ml ml-1 [5]. The result of this study was another evidences
that A. pullulans produced VOCs to inhibit the growth of C. acutatum. The compounds produced were assumed

as simple compound of alcohols.

VOCs produced by the three isolates of A. pullulans, were toxic on C. acutatum. The isolates were able to
greatly reduce the disease incidence of anthracnose on chili caused by C. acutatum (78.04 to 82.87%). VOCs
produced by A. pullulans significantly controlled pathogen infection by inhibiting the conidia germination and

reducing lesions [5].

Chitinolytic activity test showed that all isolates of A. pullulans produced chitinolytic enzyme, except Dmg 29
DEP (Table 1). The potency of the chitinolytic activity was shown by clear zone around the colony, which
indicated the ability of this yeast-like fungus to degrade chitin on the growth media. Based on the differences in

the chitinolytic activity, the three isolates might be a different strain of A. pullulans.

In the previous studies, A. pullulans isolates Dmg 11 DEP and Dmg 30 DEP showed high inhibition ability
which in turn caused suppression on disease incidence [34]. This high inhibition ability of A. pullulans might be
caused by volatile compounds and chitinolytic activity. Chitinase is able to degrade cell wall of fungi and
inhibit the growth of the hyphal tips [15]. Chitinolytic enzymes produced by A. pullulans (isolates Dmg 11 DEP
and Dmg 30 DEP) disrupted the hyphal growth of C. acutatum and caused lysis of cell wall, so the fungus
would not be able to infect the chili fruit. Chitinolytic activity is an important mechanism in the biological
control. Antagonistic activity in the biological control of plant pathogens was based on extracellular secretion
of lytic enzymes [20]. Chitinolytic activity and other lytic enzymes involved in the mechanism of yeasts
biocontrol [13].

Yeast spesies of Bulleromyces albus and Pichia guilliermondii were reported to produce chitinolytic enzymes
[12]. Yeast-like fungus Tilletiopsis pallescens ATCC96155 was reported to produce B -1,3-glucanase and
chitinase in controlling powdery mildew [14]. A. pullulans was known to produce various enzymes such as
amylase, protease, lipase, cellulose, xylanase, glucanase, and others [30], but report on chitinase production by
A. pullulans is still limited. Extracellular activity of exochitinase and B-1,3-glucanase of A. pullulans was
reported involved in antagonistic activity against several postharvest pathogens such as Botrytis cinerea,
Penicillium expansum, Rhizopus stolonifer and Aspergillus niger [29]. Such enzyme was detected in the

primary site of postharvest fungal pathogens penetration in wounds on apples.

Microscopic observations showed that A. pullulans of isolates Dmg 11 DEP and Dmg 30 DEP causes lysis on C.
acutatum cell wall. Such lysis indicated by the destruction of hyphae wall and whole hyphae (Figure 1). This
was related to the presence of chitinolytic activity of the yeast-like fungi isolates. A. pullulans isolate Dmg 11
DEP showed the mode of parasitism. Parasitism known with empty hyphae without contents caused by the

nutrients-taking process of yeast-like fungi. Observations by light microscopy showed that cells of A. pullulans
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was in contact on the surface of the hyphae of C. acutatum, lyse occurs in the cell walls of hyphae and taking

nutrients from the hyphae.
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Figure 1: Hyphae of C. acutatum were parasite by A. pullulans isolates Dmg 11 DEP (a), Dmg 30 DEP (b)
(Ap: A. pullulans cell, Ca: C. acutatum hyphae) (magnification 1000x)

Plant pathogenic fungus has been known to be infected by mycoparasitic fungi, by the mechanism called
hyperparasitism [36]. Mycoparasitic take nutrients from its host through 3 ways i.e. producing haustoria in
the host cell, degradation of the host cell wall at the contact site between the parasite and its host (in this case,
the nucleus of the host cell walls migrate through the hole into specific basal cells of the parasite), and
producing contacts cells at the end of mycoparasitic hyphae, called as cell buffer [22]. Cladosporium
cladosporioides was able to parasite Puccinia striiformis f. sp.tritici (Pst), causing uredinial discoloration and
reduction of urediniospora production. Observation with SEM showed that C. cladosporioides spores get in
contact at the surface of urediospora, germination, and germ tube directly penetrates urediospora. After
successfully invade and colonize urediospora, causing urediospora collapse and lose their viability [17].
Parasitism can be observed through the fixation of pathogen mycelium. Rhodotorula glutinis was able to fix
pathogen mycelium at 12 h after treatment and remained constant at 24 and 48 h after treatment [28]. A.
pullulans was reported did not have the ability to fix the pathogen mycelium [29]. Some studies suggest that
functional proteins of antagonist and pathogen involved in the adhesion process [36]. Mode of parasitism is also
shown through the secretion of hydrolytic enzymes antagonist agents. Rhodotorula mucilaginosa 2 has high

hydrolytic enzyme activity (B-1,3-glucanase, nagase and chitinase) to inhibit C. gloeosporioides [10].

4. Conclusion

The results of this study indicated that the mode of action of yeast-like fungus, A. pullulans, in controlling
anthracnose disease (C. acutatum) was through the formation of volatile compounds, chitinolytic activity, and
hyperparasitism. The three isolates of A. pullulans may involve other modes of action to inhibit chili
anthracnose by C. acutatum, such as formation of another hydrolysis enzyme, induce resistance and competition

for space and nutrients. This might need further investigation.
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