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ABSTRACT

Sclerotium rolfsii, a soil-borne fungal pathogen, causes Sclerotium wilt disease on a wide
range of agricultural crops, particularly Dendrobium orchid, resulting in yield loss. The
Dendrobium orchid is an important economic plant in Thailand. To reduce or substitute
agricultural chemical fungicides, the aim of this study was isolation and screening of the
antagonistic microorganisms from soil and the Dendrobium orchid with a high potential for
inhibiting the growth of S. rolfsii. Firstly, bacteria were isolated from parts of Dendrobium
orchid. Actinomycetes were isolated from the soil in orchid gardens and rhizosphere soil in
paddy fields. Then, all of the isolated microorganisms were tested for antagonistic activity
toward S. rolfsii by the dual culture technique. Potent antagonists were determined by the
levels of chitinolytic and [-1,3-glucanolytic activities. Finally, extracellular antifungal
metabolites produced by selected antagonists were evaluated for antifungal potential toward S.
rolfsii.

The 201 bacterial and 146 actinomycete strains were isolated. The potent
antagonists against S. rolfsii, designated strain NBR41 and SRA14, were selected and
identified as Pseudomonas sp. and Streptomyces sp., respectively. Pseudomonas sp. NBR41
and Streptomyces sp. SRA14 produced both extracellular chitinase and [-1,3-glucanase
enzymes during the exponential phase. Cell-free culture filtrates collected from the
exponential and stationary phases of both Pseudomonas sp. NBR41 and Streptomyces sp.
SRA14 inhibited the growth of S. rolfsii, indicating that growth suppression was due to
extracellular antifungal metabolites present in the culture filtrates. The percentages of fungal
growth inhibition by the stationary-culture filtrates of both antagonist strains were
significantly higher than those of exponential-culture filtrates. Additionally, morphological
changes such as hyphal swelling and abnormal shapes of S. rolfsii were observed in potato
dextrose agar that contained the culture filtrates. However, the antifungal activity of
exponential-culture filtrate of Pseudomonas sp. NBR41 and Streptomyces sp. SRA14 toward
S. rolfsii were significantly reduced after boiling for 45 min or after treatment with 10 pug/ml
proteinase K. There were no significant decreases in the percentages of fungal growth
inhibition by the stationary-culture filtrates of strain NBR41 and SRA14 after treatment as
above. These data indicate that the antifungal potential of the exponential-culture filtrates was
related to the activities of both extracellular chitinase and (-1,3-glucanase enzymes, whereas
the antifungal activity of the stationary-culture filtrate was involved in the action of unknown
thermostable antifungal compound(s).

KEY WORDS : SCLEROTIUM ROLFSII / ANTAGONISM / DENDROBIUM /
CHITINASE / B-1,3 GLUCANASE
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CHAPTER I
INTRODUCTION

1.1 Background and justification

Sclerotium rolfsii, an omnivorous of soilborne fungal pathogen, causes disease on
a wide range of agricultural and horticultural crops. Although no worldwide
compilation of host genera has been published, over 270 host genera have been
reported in the United States alone. Susceptible agricultural hosts include sweet potato
(Ipomea batatas), pumpkin (Cucurbita pepo L.), corn (Zea mays), wheat (Triticum
vulgare), peanut (Arachis hypogea), sugar beet and orchid (1, 2). For example, in the
United States, southern blight of peanuts caused by S. rolfsii is a problem in all
peanut-producing states and has to be controlled primarily by the use of fungicides.
Furthermore, the fungus causes disease in over 500 plant species. This fungus has also
been found in Europe on different hosts, including juglans and sunflowers (3, 4).
Sclerotium wilt or dry rot caused by Sclerotium rolfsii is the major soilborne disease of
orchids, particularly Dendrobium orchid. The disease has a global distribution and
causes pod yield losses of 10-25% that can sometimes be up to 80% (5, 6).

Orchid is an important economic plant in many countries. Thailand is well known
as the largest exporter of tropical orchid cut flowers. Many countries including Japan,
United states of America, Italy and Hong kong have been the important export orchid
market of Thailand. The total value of fresh cut orchids, exported worldwide in 2006,
was 3,011,500,000 baht (7). Most of these were Dendrobium orchids. It is abundantly
cultivated in Nakornpathom, Ratchaburi and Samutsakorn Provinces. Although the
quantity of thai orchid exportation is set to be the best of the world, the exportation of
Thai orchid still has many problems. Sclerotium wilt caused by Sclerotium rolfsii lead
to impact on both quality and quantity of Thai orchid production and resulted in profit

loss (8).
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Chemical fungicides have commonly been used for the control of many
phytopathogenic fungi. Fungicides play an important role in the protection of fungal
infection in plants and resulting in the increase of agricultural yield. However,
chemical fungicides are lack of specificity to phytopathogenic fungi resulting in the
increasing of fungicide resistance development in phytopathogenic fungi. This
problem leads to overuse of chemical fungicides. The impacts of a misuse of
fungicides in the environment cause the fungicide contamination in the environment
and adverse effect on human health. So, some restriction in the use of fungicide is
required (9, 10).

An alternative to use of fungicides is to practice biological control. Biological
control is the use of pathogen, antagonist, or competitor populations to prevent or
suppress plant disease, making it less abundant and thus less damaging than it would
otherwise be (9). Antagonism may be accomplished by competition, parasitism,
antibiotics, or by a combination of these modes of action (11).

Thus, this study was focused on the isolation and screening of the high potential
antagonistic microorganisms that could inhibit the growth of S. rolfsii from soil and
orchids. The antifungal potential of extracellular metabolites produced by selected
potent antagonists against S. rolfsii was investigated. In addition, this application
might provide an alternative in reducing or substituting of agricultural chemical uses,

and minimizing of toxic contamination into the environment as well.

1.2 Objectives of the study

The objectives of this study were as follows :

1.2.1 To enumerate and isolate bacteria from orchids.

1.2.2 To isolate actinomycete from soils in orchid gardens and paddy fields.

1.2.3 To screen the high potential antagonistic microorganisms that inhibit the
growth of S. rolfsii DOAC 1521.

1.2.4 To determine the level of chitinase and B-1,3-glucanase enzymes produced
by the selected potential antagonists in different growth periods.

1.2.5 To evaluate the effects of extracellular antifungal metabolites produced by

the selected potent antagonists on the fungal growth and hyphal morphology.
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1.3 Conceptual framework

Orchid
cultivation

Problems :
- Yield loss
- Low quality for
»| exportation

Plant diseases caused by

phytopathogenic fungi
Methods :
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\ 4 A 4
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- Effect on human
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- Contaminate in soil, Isolate bacteria and actinomycetes from
water and products parts of orchids and soils, respectively
A 4
Screen the high potential microbial antagonists
against S. rolfsii
A 4

Study the effect of selected antagonists on the fungal phytopathogen
- Determine chitinase and 3-1,3-glucanase activities
- Determine the effect of selected antagonists on the radial and

submerged growth of S. rolfsii
- Determine the effect of selected antagonists on the hyphae

morphology of S. rolfsii

Apply to use antagonist in orchid cultivation

Figure 1-1 Diagram of conceptual framework
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1.4 Study hypothesis

The selected microbes could inhibit the growth of S. rolfsii in solid and
submerged cultures. The modes of action of selected antagonists on the growth
inhibition of S. rolfsii might involve in two modes: firstly, the highly production of
chitinase and B-1,3-glucanase enzymes resulting in degradation of fungal cell wall and
secondly, the production of unknown secondary bioactive compounds as biofungicides

to inhibit fungal growth.

1.5 Scope of work

In this study, bacteria were isolated from parts of orchid (only Dendrobium sp.).
Actinomycetes were isolated from soils in orchid gardens and rhizosphere soils in
paddy fields. Samples of orchids and soils were collected from Nakornpathom,
Nontaburi and Ratchaburi Provinces. Then, all isolated microorganisms were tested
antagonistic activity toward S. rolfsii DOAC 1521 by dual culture assay. Potential
antagonistic microorganisms were determined the level of chitinolytic and f-1,3-
glucanolytic activities. Finally, extracellular antifungal metabolites produced by

selected antagonists were evaluated the antifungal potential to S. rolfsii DOAC 1521.

1.6 Expected outputs

The selected high potential antagonistic microorganism could be used as
biocontrol agents for controlling black rot and sclerotium wilt caused by S. rolfsii. The
antagonists could produce antifungal compounds that could be applied in orchid
cultivation for reducing or substituting of agricultural chemical uses, and minimizing

of toxic contamination into the environment as well.
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CHAPTER 11
LITERATURE REVIEWS

2.1 Orchid

The orchid family is the largest family of flowering plants. It has been estimated
that of the world’s flowering plants adapted to culture, in terms of total number, 1 in 7
is an orchid. The orchid family (the Orchidaceae), consisting of 15,000 to 20,000
species, is an extremely successful and prominent plant group found in every climate

and type of habitat except the very driest deserts and the polar regions (12).

2.1.1 General characteristics

Orchid shoots can grow in two basic ways: sympodial and monopodial (Figure 2-
1). In sympodial orchids, the growth of the shoot is limited. For flowering shoots, it
terminates in a flower or inflorescence, so that continued growth is possible only by
the formation of a laterally located axillary bud. In the case of non-flowering shoots,
new axillary shoot arises from the laterally located bud. Growth is continuous and
theoretically unlimited at the apex for the monopodial orchids, e.g., Vanda, Aranda

and Mokara (13). The orchid plant parts are indicated as follows:

a) Pseudobulbs

Most epiphytic orchids possess a prominent, enlarged bulbous structure at the
base of their leaves, termed a pseudobulb. The term ‘pseudobulb’ is first used by John
Lindley in 1837. In general, pseudobulb is the enlarged portion of the stem from which
all leaves and inflorescences arise. Pseudobulbs can be classified, regardless of shape,
to be of homoblastic (many internodes) or heteroblastic (single internode) type on

basis of the number of internodes forming the pseudobulb.
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SYMPODIAL MONOPODIAL

bud

leoves

oerial root
main stem

¢ rhizoma roat

Figure 2-1 The two difference type of growth structures of orchid (14).

b) Flowers

For most orchids, the inflorescence consists of an axis that bears individual
flowers along its length. The axis is divided into regions: The peduncle (or stalk) is the
axis region from the stem or base of pseudobulb to the point of insertion for the
lowermost flower; rachis, the remaining part of the axis containing the flowers. Each
flower is subtended by a modified leaf (bract) which is connected to the axis. Orchid
flowers are zygomorphic (symmetrical about a single plane) in nature. Each orchid

flower has three sepals (the outermost segments of a flower) and three petals.

¢) Seeds
After pollination, the ovary develops into a fruit capsule containing millions of
seeds. The time required for development into the fruit capsules varies for different

orchids.

d) Leaves
Leaves of orchids are variable in shapes, sizes and thickness. Orchid leaves can

be divided into two types based on leaf thickness.
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e) Roots

The morphology of orchid roots is dependent on its habitat, either terrestrial or
epiphytic. Aerial roots of epiphytic orchids are often exposed and free hanging, or
sometimes appressed to a support a supporting structure. The great majority of
economically import orchids for cut-flowers and potted plants are epiphytic in origin;
e.g. Vanda, Aranda, Dendrobium and Oncidium. Conversely, roots of terrestrial

orchids are usually hidden 1n the soil.

2.1.2 Orchid cultivation

Orchids are not at all delicate plants, most people think they are. They can be
grown in wide variety of climate and environmental conditions and cannot be expected
to conform to any one set of rules in cultivation, but the basic requirements of most

orchids are rather similar (15).

a) Temperature requirement :

Temperature markedly regulates the rate of metabolic activities in plants
including growth. For most of the cultivated orchids, the optimum temperature varies
between 60°F and 80°F (15.5°C and 26.5°C). In an optimal temperature range, the
plants can carry on all of its life processes in a normal way. High temperature
accelerates and low temperature slows down the processes. Orchids can grow in
summer better than in winter (16). Ideal night temperature is most important, and the
plant should make good growth without using too much of its food reserve. For

growing purpose orchids are usually divided into three temperature groups (15).

(i) Warm orchids : This group include warm orchids which like moderate to
high humidity and is represented by Phalaenopsis, Vanda and Dendrobium.
Temperatures around 60°F and 80°F (15.5°C and 26.5°C) at day and night respectively
are suitable for the growth of these orchids (15). For Dendrobium, Nights of 60°F to
65°F; days of 80°F to 90°F. Temperatures up to 95°F to 100°F are beneficial if
humidity and air circulation are increased. Low temperatures (below 50°F) may cause

leaf drop.
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(i1) Intermediate orchid : Cattleya, Laelia, Brassavola, and allied genera and
Oncidium, Epidendrum, Miltonia, few species of Odontoglossum, mottled leaf,
Stanhopea, and few others represent this group. The ideal minimum temperature is 55°
F (13°C) at night and 65°F (18°C) and above during the daytime.

(iii) Cool orchids : This group includes a number of beautiful orchid, where
winter night temperature drops to 50°F (10°C) or can be kept 50°F to 55°F (10° to
13°C). Cymbidium, plain leaf Paphiopedilum, some Miltonia, Odotoglossum, and

Dendrobium represent this group.

b) Light requirement :

Light is essential for plant growth, this is true in case of orchids also. Optimum
requirement of light varies in different types of plants. Orchids require less light
intensity compared to common garden plants and they are grown under greenhouse
condition. In tropical and subtropical countries where the light intensity is high,
particularly in the summer months, it is often minimized by providing shade and the
plants are protected from direct sun rays during midday. High light intensity often
causes loss of chlorophyll, yellowing, drying or burning of leaves. Insufficient light on
the other hand, promotes spindly and succulent growth and the plant may fail to
flower. Although requirement of light varies in different groups of orchids, the light
intensity which favour growth and flowering ranges between 5000 and 15000 lux.

Moisture and air requirements also increase with more intensity and duration of light

(15, 16).

¢) Humidity :

Most of the orchids thrive well when the atmospheric is not less than 30 percent
at night and more than 80 percent during the daytime. With the rise and fall of
temperature, atmospheric humidity should be increased or decreased. Generally
monopodial types, e.g., Vanda, Phalaenopsis, etc., require higher percentage of
humidity in the atmosphere (70-75) than sympodial types, e.g., Cattleya, Laelia or
those with leathery leaves (40-55). High relative humidity reduce the loss of moisture

from the growing media and minimizes the frequency of watering and relative
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humidity between 75 and 80 percent has been found to promote growth and flowering

in orchids (15).

d) Air

Orchids do well in an atmosphere of free circulating fresh air. Most of the
commonly cultivated orchids are air plants in nature, and they require fresh and freely
moving air, the year round. In a closed area, such as, small greenhouse or plant rooms
where the conditions become stagnant or stuffy, arrangement is made for air
circulation by using fan. Many types of tropical orchids like Vanda, Aerides and

Phalaenopsis with aerial roots do well when expected to current of fresh air.

Circulation of air is important to maintain the uniformity of temperature in the
green or glasshouse. It also reduces the occurrence of infestation of diseases and
physiological disorder in orchids. Air circulation provides more uniform temperature
throughout, which tends to reduce the humidity at leaf surface and and it is suggested
during daylight hours at low humidity, unless there is a means of increasing the

humidity in the house (15).

e) Water

Slightly acidic water with optimum temperature is good for orchids. Frequency of
watering is to be increased as new root and shoot develop, decreased after flowering;
light spray of water on leaves before blooming is beneficial. Overwatering is to be

avoided.

Watering of orchid is somewhat different from other plants. The amount and
frequency of water will depend on several factors as follow:
(1) weather conditions
(i1) size of the pot
(1i1) potting material

(iv) condition of the plant
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No definite rules for watering can, therefore, be made to cover all these
conditions. The orchids with pseudobulbs, e.g., Cattleya, Laeliocattleya,
Brassolaeliocattleya, Oncidium, Odontoglossum, Vanda, etc., Paphiopedilum,

Cymbidium need abundance of moisture but with good drainage and aeration.

Greenhouse environment can be controlled with ventilation, humidity, shading,
air circulation, and by regulating light and temperature. A balance of the
environmental factors throughout the year is necessary for proper growth and

flowering of the plants (15).

2.1.3 Dendrobium sp.

Dendrobium is one of the largest diverse genera of orchids, very popular among
the orchidists throughout the world, for the magnificient flowers of great delicacy and
beauty (15). Thailand is well known as the largest exporter of tropical orchid cut
flowers, especially Dendrobium spp. It was abundantly cultivated in Nakornpathom,
Ratchaburi and Samutsakorn (8). It contains more than 1,000 species that are
distributed throughout the vast triangular area connecting Japan, India and New
Zealand. Thailand is extremely rich in the species of this genus, many of which are
highly valued for their horticultural qualities. There are 135 Dendrobium sp. in
Thailand (17). The Dendrobium is a sympodial-semi epiphyte orchid. It is usually hold
on the tree. Some part of its root burrow into a bark (18). The leaves are strap shaped
or ovate, or sometimes very narrow and grasslike; they are either deciduous or
persistant till the pseudobulbs perish. The flower are borne on lateral or terminal
branches from the nodes of the pseudobulbs or in the apical clusters or spikes. The
sepal are nearly of equal length, the dorsal one free, the lateral two are adnate to the
foot of the column. The petals are of same length as that of sepals, but sometimes
longer, often much broader. The lip is much larger than the sepals and petals, and is
narrowed to a stalk like base, jointed to the column. The column is produced below the

point of attachment to the ovary into a kind of foot (15).
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2.2 Phytopathogenic Fungus ; Sclerotium rolfsii
Plant diseases caused by phytopathogenic fungi also play an import direct in the

diminution of natural resources for agriculture (19).

Sclerotium rolfsii was classified on taxonomy as follows (20):
Kingdom: Mycetae (fungi)
Division: Eumycota
Subdivision: Deuteromycotina (The imperfect fungi)
Class: Agonomycetes

Order: Agonomycetales

Genus: Sclerotium

Species: rolfsii
S. rolfsii, an omnivorous, soilborne fungal pathogen, causes disease on a wide
range of agricultural and horticultural crops. Although no worldwide compilation of
host genera has been published, over 270 host genera have been reported in the United
States alone. Susceptible agricultural hosts include sweet potato (Ilpomea batatas),
pumpkin (Cucurbita pepo L.), corn (Zea mays), wheat (Triticum vulgare) and peanut
(Arachis hypogea) (21). Sclerotium wilt or dry rot is the one of a serious disease in
orchids. It can occur in every orchid species, especially Dendrobium, vanda and
terrestrial orchid (22). It has been reported that Sclerotium root rot is a serious disease
of sugar beet in the irrigated region of Doukkala (mid-west Morocco). Disease
outbreaked occur mainly in July and August on mature roots, which were partially or
completely destroyed. Disease incidence varied from traces to 50% and depended on
the number of viable sclerotia in the soil (23). S. rolfsii can attack the plant at any
stage of development. Fungal mycelia on crop debris or sclerotia serve as primary
inoculum. Infection and disease development are favored by warm temperatures (20°C
up), excessive moisture, and acid soils. S. rolfsii has been reported to cause stem rot
and southern blight or sclerotium wilt on several plants in India and elsewhere. In
2004, It has been found that S. rolfsii caused fatal rotting disease on the important
native orchids (Phaius flavus and Paphiopedilum venustum) of the Sikkim Himalayas

in India (24).
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Figure 2-2 Sclerotium rolfsii: (A) Colony of S. rolfsii growing on PDA (62) ; (B)

Sclerotium wilt caused by S. rolfsii on orchid (25).

Colonies of S. rolfsii are readily distinguished on plant material or artificial media
by gross morphological characteristics. Rapidly growing, silky-white hyphae tend to
aggregate into rhizomorphic cords. In culture, the whole area of a petri plate is rapidly
covered with mycelium, including aerial hyphae which may cover the lid of the plate.
In fact, the fungus’ growth is so fast, Rolfs mentioned that "if the temperature is 80°F -
90°F, in 48 hr you will have growth that will in appearance rival swan down." Both in
culture and in plant tissue, a fan-shaped mycelial expanse may be observed growing
outward and branching acutely. At least two types of hyphae are produced. Coarse,
straight, large cells (2-9 pm x 150-250 um) have two clamp connections at each
septation, but may exhibit branching in place of one of the clamps. Branching is
common in the slender hyphae (1.5-2.5 pum in diameter) which tend to grow
irregularly and lack clamp connections. Slender hyphae are often observed penetrating
the substrate. Sclerotia (0.5-2.0 mm diameter) begin to develop after 4-7 days of
mycelial growth. Initially a felty white appearance, sclerotia quickly melanize to a
dark brown coloration. It has been reported that there are four zones in the mature
sclerotium as follow:

1) thick skin

11) rind of thickened cells

1ii) cortex of thin walled cell
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iv) medulla containing filamentous hyphae.

Sclerotia forming on a host tend to have a smooth texture, whereas those
produced in culture may be pitted or folded. Serving as a protective structure, sclerotia

contain viable hyphae and serve as primary inoculum for disease development (21).

2.3 Biological Control

2.3.1 Definition of biological control

Chemical fungicides have been used successfully to control plant diseases, but
problems have arisen when farmers do not understand the toxicity of the materials
they are using, when they cannot read product instructions, or do not have the
necessary protective equipment. Consequently, fungicide resistance is developed by
lack of specific and by toxic effects that can be difficult to eliminate, quantify or
restrict to the site of application. The result is an overuse of fungicides in the
environment, contamination of the environment, and damage to human health.
Therefore, some restriction in their use is required. An alternative to use of fungicides

is to practice biological control (9, 10)

Biological control (Biocontrol) is the reduction of inoculum density or disease-
producing activities of a pathogen or parasite in its active or dorminant state, by one or
more organisms, accomplished naturally or through manipulation of the environment,

host, or antagonist, or by mass introduction of one or more antagonists (26).

In this way, a reduced use of chemical fungicides with little or no loss in disease
control is a realistic goal. In the long term, development of new methodologies and
specific techniques are required for biocontrol to replace the use of chemical fungicide

(10).

The antagonists in biological control of plant pathogens include bacteria,

actinomycetes, fungi, viruses, higher plants, and predatory microfauna. A successful
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antagonist should: produce inoculum in excess ; resist, escape, or tolerate other

antagonists ; germinate and grow rapidly; invade and occupy organic substrates (26).

The objective of biological control of plant pathogens is the reduction of disease
by the following items (26 ):
i) Reduction of inoculum of the pathogen through decreased survival between crops,
decreased production or release of viable propagules, or decreased spread by mycelial
growth.
i1) Reduction of infection of the host by the pathogen.
ii1) Reduction of severity of attack by the pathogen.

2.3.2 Modes of action of microbial biocontrol agents

The modes of action involved with microbial biocontrol of fungal pathogens are

given below.

a) Antibiosis

Antibiotics encompass a chemically heterogeneous group of organic, low-
molecular weight compounds produced by microorganisms. At low concentrations,
antibiotics are deleterious to the growth or metabolic activities of other
microorganisms (27). That is, the antagonist produces some compound that is toxic or
inhibitory to the pathogen, resulting in destruction of the latter’s propagules or
suppression of its activity. However, this definition excludes proteins or enzymes that
kill the target organism (11). Such compounds may be volatile or nonvolatile and their
importance in the rhizosphere and on the phyllosphere is yet to be conclusively
proven. Antibiosis can often be seen as a zone of inhibition that occurs between two
microorganisms when they are grown together on agar plates. Such zones can be the
result of volatile or nonvolatile antibiotic production by one of the two organisms. The
two effects can be distinguished from each other by growing the organisms on split
plates where only volatile antibiotics will be able to have their effects on the radial
growth rate of the target fungus. Nonvolatile antibiotic production can be detected by

placing a small quantity of Millipore sterilized test culture filtrate in small wells made
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in agar plates. The target organism can then be grown on this plate and its reaction to
the presence of the culture filtrate recorded (28). There are numerous reports of the
production of antifungal metabolites (excluding metal chelators and enzymes)
produced by bacteria in vitro that may also have activity in vivo. These include
ammonia, HCN, Oligomycin A, Oomycin A, pyrrolnitrin (Pln), phenazine-1-
carboxylic acid (PCA), etc (29). Several studies have demonstrated that many of the
antibiotics produced by bacterial biocontrol agents have a broad-spectrum activity. For
example, the broad-spectrum activity of pyrrolnitrin, produced by Pseudomonas and
Burkholderia species, has shown activity against a wide range of Basidiomycetes,
Deuteromycetes, and Ascomycetes. Also zwittermycin A, an antibiotic produced by
Bacillus cereus and Bacillus thuringiensis adversely affects the growth and activity of
a wide range of microorganisms, including several plant pathogenic fungi and in

particular Phytophthora and Pythium species (27).

Lee and coworker reported that paromomycin produced by actinomycete
Streptomyces sp. AMG-P1 exhibit high in vivo activity against red pepper and tomato
late blight diseases, caused Phytophthora and Pythium species at 500 ng freeze-dried
weight per millilitre (30).

b) Competition

Competition was defined as the injurious effect of one organism on another
because of the utilization or removal of some resource of the environment. These
resources can include nutrients, oxygen, and space (28, 31). Antagonists capable of
more efficiently utilizing essential resources (e.g.,carbon, nitrogen, volatile organic
materials, plant residues, iron, microelements) effectively compete with the pathogen
for an ecological niche and colonization of the rhizosphere or/and phyllosphere,
leaving the pathogen less able to glow in the soil to colonize the plant. Many plant
pathogens require exogenous nutrients to germinate, then penetrate and infect host
tissue successfully. Therefore, competition for limiting nutritional factors, mainly

carbon, nitrogen, and iron, may result in the biological control of plant pathogens (11).
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Competition on plates is easily seen by observing and recording the percentage
area of the plate that is covered by each of the interacting microorganisms over a
number of days. The faster growing of the two microorganisms will occupy the greater
proportion of the plate initially, and if it is the better competitor it will come to
dominate the plate over a few days. If it also possesses other features of antagonism
towards the target fungus such as antibiosis or hyperparasitism, then it will very

rapidly eradicate the slower growing organism (28).

¢) Parasitism

The terms hyperparasitism, direct parasitism, and interfungus parasitism are used
in reference to the phenomenon of one parasitizing another. Hyperparasitism covers a
multitude of different interactions including minor and major morphological
disturbances, the overgrowth of hyphae of one fungus by another, penetration and
direct parasitism by the production of haustoria, and the lysis of one hyphae by
another (28). Trichoderma harzianum has been shown to penetrate the resting spores
and subtending hyphae of the arbuscular mycorrhizal species, Glomus intraradices
Schenk and Smith, resulting in dissolution of the hyphal and spore cytoplasm. This
penetration was followed by the growth of T. harzianum in the hyphae of Glomus
mosseae Gerd. And Trappe., eventually leading to the rupture of the host. Metabolites
produced by T. harzianum may also play a role in mycoparasitism because changes in
spore protoplasm and cell wall integrity occurred prior to penetration by the T.
harzianum, weakening or causing death of spores or hyphae of G. mosseae and
facilitating penetration by the mycoparasite. Perforations in the cell wall indicated that
chitinase enzymes were released by 7. harzianum to weaken the cell wall and assist
the penetration by the mycoparasite (32). Assuming that nutrients pass from the plant
pathogen to bacteria, and that fungal growth is inhibited, the spectrum of parasitism
could range from simple attachment of cells to hyphae. If fungal cells are lysed and
cell walls are degraded then it is generally assumed that cell wall-degrading enzymes
produced by the bacteria are responsible, even though antibiotics may be produced at

the same time (29).
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d) Cell-wall degradating enzymes

Microorganisms can produce extracellular enzymes to degrade the cell wall of
pathogen. Non-streptomycete actinomycetes have been recorded to produce cell wall
degrading enzymes including -1,3,  -1,4, B -1,6-glucanases and chitinases. The
importance of B -1,3, B -1,4, B -1,6-glucanases and chitinases in the activity of cell
wall degradation and resulting hyphal lysis in fungal pathogens can not be over
emphasized (33). El-tarabily and colleague, studied on the biological control of
Sclerotinia minor using a chitinolytic bacterium and actinomycetes, reported that the
three  isolates, Serratia  marcescens, Streptomyces  viridodiasticus  and
Micromonospora carbonacea, significantly reduced the growth of Sclerotinia minor
causes basal drop disease in lettuce in vitro. They produced high levels of chitinase
and [-1,3-glucanase. All three isolates, individually or in combination, were
antagonistic to S. minor and significantly reduced incidence of disease under

controlled glasshouse conditions (34).

It appears that all of the mechanisms of antagonism that have been discussed, that
is competition, parasitism, and antibiosis, play an important role in the biological
control of plant pathogens in the field. It is often difficult to extrapolate from
laboratory experiments to the field to know exactly which mechanisms may be
important in any individual interaction in any particular niche, but it is likely that at
least two mechanisms are operating at any one time (28). All known biocontrol agents
utilize one or more of these general indirect or direct mechanisms. The most effective
biocontrol agents use two or three different mechanisms. Antagonists also can be

combined to provide multiple mechanisms of action against one or more pathogens

(11).

2.4 Hydrolytic Enzymes

Production of hydrolytic enzymes like chitinases and [-1,3-glucanases by
microorganism forms the basis of control of plant-pathogenic fungi (35). Most fungi

have cell walls that contain chitin as a structural backbone and laminarin (-1,3-
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glucan) as a filling material. There are chemical bonds between the laminarin and

chitin, and together they form a complex net of glucan and GIcNAc oligomers (11).

2.4.1 Chitinolytic enzymes

Chitin, an unbranched insoluble homopolymer consisting of GIcNAc units, is the
second most common biodegradable polysaccharide in nature, being the main
structural component of cell walls of most fungi, crustaceans and insects. Many
species of bacteria, streptomycetes and other actinomycetes, and fungi produce

chitinolytic enzymes that catalyze the hydrolysis of chitin (11, 36).

Chitinolytic enzymes are defined as enzymes that cleave a bond between the C1
and C4 of two consecutive GIcNAc units as show in figure 2-3 and 2-4. On the basis
of amino acid sequence similarities, all chitinases have been grouped into families 18,
19, and 20, under the main class of glycosyl hydrolases. Most of the microbial
chitinases belong to family 18. Even within the same family, chitinases show widely
differing properties with respect to substrate specificity, reaction specificity, and pH
optimum. The chitinolytic enzymes are divided into three principle types depending on
their action on chitin substrates. According to the nomenclature, endochitinases (EC
3.2.1.14) are defined as enzymes catalyzing the random hydrolysis of 1,4-f3 linkages of
GlcNAc at internal sites over the entire length of the chitin microfibril. The products
of the reaction are soluble, low-molecular-mass multimers of GIcNAc such as
chitotetraose, chitotriose, and diacetylchitobiose. Exochitinase, also termed
chitobiosidases, catalyze the progressive release of diacetylchitobiose units in a
stepwise fashion as the sole product from the chitin chains, such that no
monosaccharides or oligosaccharides are formed. The third type of chitinolytic
enzyme is chitobiase also termed as N-acetyl-B-1,4-D-glucosaminidase (EC 3.2.1.30).
It acts in exo splitting mode on diacetylchitobiose, including -chitotriose and
chitotetraose, to produce GIcNAc monomers (11). Chitinolytic complexes commonly
occur in bacteria, fungi and especially in actinomycetes. They have been isolated from

culture filtrates of Streptomyces griseus, Streptomyces antibioticus, Amycolatopsis
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orientalis and several strains of Streptomyces spp. Chitinases are produced in

abundance where strains are cultivated on chitin-supplemented media (36).

Chitinase specificity
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Figure 2-3 The chitinase specificity on chitin chain (37).
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Figure 2-4 The chitinolytic enzyme complex (38).

Chitinases are of great biotechnological interest. Firstly, these enzymes may be
used to convert chitin-containing biomass into useful (depolymerised) components.
Secondly, chitinases may be exploited for the control of fungal and insect pathogens of
plants. Thirdly, chitinase inhibitors potentially inhibit growth of chitin-containing

pathogens and plague insects that need chitinases for normal development (39).

Several microbial chitinases have been used as anti-fungal agents e.g., Serratia

marcescens chitinase. It has also been reported that S. marcescens is effective
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biocontrol agent of Botrytis spp. in vitro and B. cinerea, Rhizoctonia solani, and
Fusarium oxysporum, all pathogens of cyclamen under greenhouse condition (39).
Similarly, chitinases produced by Paenibacillus sp. and Streptomyces sp. suppressed
the growth of F. oxysporum, the causal agent of fusarium wilt of cucumber (40).
Moreover, several actinomycetes could produce chitinase as an anti-fungal. It has been
reported that Streptomyces sp. selected from a cerrado soil is potential biocontrol
agents of phytopathogenic fungi, Colletotrichum gloesporioides and Aspergillus
parasiticus. Crude enzyme extracts from that Streptomyces sp. presented very good
endochitinolytic activity when compared to a commercial chitinase (41). Streptomyces
lydicus WYEC108, which was isolated from the rhizosphere of linseed plants,
produces both antifungal antibiotic and extracellular chitinase. The optimal
temperature and substrate concentration for maximal production were 25-30°C and
0.4-0.8 g mlI™" chitin, respectively. High chitinase production was obtained when 1%

colloidal chitin was present in the medium as a growth substrate (42).

2.4.2 B-1,3-glucanolytic enzyme

B-1,3-glucan (figure 2-5), or laminarin, is a polymer of D-glucose in a -1,3
configuration, arranged as helical coils (11). It has been showed that the cell wall
structure of the extracellular B-D-glucans from Phytophthora parasitica Dastur is
polysaccharides consisted of a mixture of (1—3)(1—>6)-B-D-glucans. All of these
polysaccharides have a main chain of B-(1—3)-linked D-glucose residues substituted
with mono-, di- and oligo-saccharidic chains attacted through (1—6) linkages (43).
Laminarin is hydrolyzed mainly by B-1,3-glucanases, also known as laminarinases.
These enzymes, described in fungi, bacteria, actinomycetes, and etc., are further
classified as exo- and endo- [-glucanases. Exo-B-1,3-glucanases (B-1,3-glucan
glucanohydrolase, [EC 3.2.1.58]) hydrolyze laminarin by sequentially cleaving
glucose residues from the nonreducing ends of polymers or oligomers. Consequently,
the sole hydrolysis products are glucose monomers. Endo-$3-1,3-glucanases (B-1,3-

glucan glucanohydrolase, [EC 3.2.1.6 or EC 3.2.1.39]) cleave B-1,3 linkages at
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random sites along the polysaccharide chain, releasing smaller oligosaccharides. Both

enzyme types are necessary for the full digestion of laminarin (11).
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Figure 2-5 The structure of -1,3-glucan (37).

Valois and coworker studied on glucanolytic actinomycetes antagonistic to P.
fragariae var. rubi, the causal agent of raspberry root rot. A collection of about 200
actinomycete strains was screened for the ability to grow on fragmented P. fragariae
mycelium and to produce metabolites that inhibit Phyfophthora growth. Thirteen
strains were selected, and all produced [-1,3-glucanases. These enzymes could
hydrolyze glucans from Phytophthora cell walls and cause lysis of Phytophthora cells.
These enzymes also degraded glucan substrates, laminarin. Eleven strains significantly

reduced the root rot index when inoculated on raspberry plantlets (44).

El-Katatny and colleague studied on production of chitinase and B-1,3-glucanase
by Trichoderma harzianum for control of the phytopathogenic fungus S. rolfsii.
Twenty four isolates of Trichoderma were screened for -1,3-glucanase and chitinase
activity. Out of organisms, astrain identified as 7. harzianum Rifai secreted highest
activities. In vitro, production of both enzymes was enhanced by polysaccharides
contained in the mycelium of S. rolfsii. T. harzianum culture filtrates, possessing

chitinase and [-1,3-glucanase activities, were capable of hydrolyzing dried or fresh
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mycelium of S. rolfsii. Growth of S. rolfsii was significantly inhibited (up to 61.8%) by

enzyme preparation from 7. harzianum (45).

2.5 Microbiology in the Rhizosphere Soil

The importance of the interactions between microorganisms, plants and the
rhizosphere was realized as early as 1904 by Soil Bacteriologist and Professor of
Agronomy at the Technical College of Munich, Lorenz Hiltner. Hiltner emphasized
the critical role of microbial activities in the ‘rhizosphere’ in the nutrition and general
health of plants. The term rhizosphere was used to describe specifically the interaction

between bacteria and legume roots (46).

Today there is debate among microbiologists and plant scientists regarding the
definition of rhizosphere. “Rhizo” is derived from the Greek word “rhiza,” meaning
root. “Sphere” 1s one’s field of action, influence, or existence: one’s natural
surroundings. Rhizosphere is the zone where root activity significantly influences

biological properties (46).

The rhizosphere is the region where soil and plant roots make contact. The
number of microorganisms on and around roots is greater than that in root-free soil;
the kinds of microorganisms in the rhizosphere also differ from those in root-free soil
(47). It is a highly favorable habitat for the poliferation and metabolism of numerous
microbial types (48). The rhizosphere environment actually is composed of the
interacting trinity of plant, the soil immediately adjacent to the root, and organisms

associated with the roots (49).
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Figure 2-6 Rhizosphere soil (50).

Some rhizosphere microorganisms originate from the seed but the majority are
derived from the soil in which a plant is growing, and they will be returned to the soil,
thus bulk soil and rhizosphere reciprocate impact on microbial communities. This is
especially important in the case of plant pathogenic microorganisms and microbial

antagonists to pests and pathogens (50).

Plant roots release compounds, including simple sugars and amino acids, that
encourage the growth of specific microbial communities (49). Root-associated
microorganisms must compete with other soil microbes for source of carbon, nitrogen

and/or energy (51).

2.5.1 Conditions influencing microbial population

The vast differences in the composition of soils together with differences in their
physical characteristics and the agricultural practices by which they are cultivated,
reflect equally large differences in their microbial content. These conditions can be

summarized as follows: (52)

i) amount and type of nutrients
11) available moisture

111) degree of aeration

1v) temperature

v) pH
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vi) practices and occurrences which contribute large numbers of organisms to soil,

e.g., floods and addition of manure.

The existence of roots and the extensiveness of the root system in soil also

influence the numbers and kinds of microorganisms present (52).
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CHAPTER 1II
METHODOLOGY

This research was experimental study. It was emphasized on the isolation and
screening of the potential antagonistic microorganisms that were able to inhibit the
growth of Sclerotium rolfsii as fungal phytopathogen. Flowchart of the different parts

of the experiment was shown in Figure 3-1.

| Sample of orchud Sample of sods in orchud gardenand
thizosphere soils mn paddy field

[ zolation and screening for chitinolytic and

Enum eration and isolation of total wiable
B-1,3 gucanase actinomycetes

hacteria from eachpart of orchid: Leaf,
pseudobulbandroot

Sereening for antagotugtic bactenia and actuniomyretes
aguinzt.y rolfni DOAC 1521 by dual culture techrugue

TWorphologeal sudy andidentification of the selected potential
antagonistic mactnorgssm s

| Growth curve determination of the selected potentialantagonists |

Froduction of chuitinase andp-13-gucana se actinty in potential antagoristic microorgarusm s ‘

Evaluationof the effect of extracethular antifungal metabolites of the selected anta gondsts on
:Fungal growth intubition by solid and subm erged culture
- Fungal hyphae morphology

Figure 3-1 Flowchart of experimental study
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3.1 Materials

3.1.1 Phytopathogenic fungal strain
- Sclerotium rolfsii (strain No. DOAC 1521)
Fungal strain was obtained from Department of Agriculture, Ministry of

Agriculture and Cooperative, Thailand

3.1.2 Cultural media and Chemical agents
- R2A
- Minimal salt medium (MSM)
- Colloidal chitin agar (CCA)
- Lichenin agar
- Starch casein agar
- Yeast malt extract agar (YMA)
- Yeast malt extract broth (YMB)
- Oat meal agar
- Potato dextrose agar (PDA)
- Potato dextrose broth (PDB)
- Tryptic soy agar (TSA)
- Tryptic soy broth (TSB)
- Magnesium sulfate (MgS0O4.7H,0)
- Dipotassium hydrogen phosphate (K,HPOy)
- Potassium dihydrogen phosphate (KH,PO,)
- Ferrous sulphate monohydrate (FeSO4.H,0)
- Zinc sulfate (ZnSOy,)
- Manganese chloride (MnCl,)
- Ammonium nitrate (NH4NOj3)
- Casein hydrolysate
- Potassium nitrate (KNOj3)
- Sodium chloride (NaCl)
- Calcium carbonate (CaCOs3)

- Congo red
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- Ethanol

- Manganese chloride tetra hydrate (MnCl,.4H,0)

- Zinc Sulphate heptahydrate (ZnS0O4.7H,0)

- Triton X-100

- Tween 20

- Glycerol

- Chitin powder

- Lichenin

- Laminarin

- N-acetyl-D-glucosamine (GlcNAc)

- Phosphate buffer

- Potassium ferricyanide (KFeCN)

- Sodium carbonate (Na,CO3)

- 3,5- dinitrosalicylic acid (DNSA)

- Sodium hydroxide (NaOH)

- Soium potassium tartrate

- Sodium hydrogensulfite (Na,S;0s)

- Acetate buffer

- Glucose (CcH120¢)

- Bovine serum albumin

All cultural media were purchased from Difco, USA. The preparation was

performed according to manufactures recommendations. Analytical grade of all
chemical agents were purchased from USA, Sigma (USA), Ajax (Australia), Fluka
(Switzerland).

3.1.3 Equipments

Glassware

Needle

- Loop
Cork borer

Scissors

Petri-dishs
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- Buchner funnel

- Desiccator

- Water bath

- Haemacytometer

- Vacuum pump (Gas model DAA-V174-ED)

- Centrifuge (Hettich model Universal 16)

- Hot-air oven (Contherm model CAT 260M)

- Incubator shaker (Gyromax model 737R)

- Microbiological safety cabinet (Flufrance model Atlas 2000)
- Vortex mixure (Vortex-Genie2 model G-560E)

- pH meter (Orion model EA940)

- Light microscope (Olympus model CH-2)

- UV/VIS spectrophotometer (Jasco model V-530)

3.2 Sample Collection and Preparation

3.2.1 Sample collection

Healthy cut-flowered orchids (Dendrobium sp.) were collected from different
gardens located in Nakornpathom, Nontaburi and Ratchaburi provinces, Thailand. All
orchid samples did not treat with any chemical agent around 1 week before collecting
day. Soils and rhizosphere soils were collected from the orchid gardens and paddy
fields and placed into steriled plastic bags. Samples were kept in ice-box at 4°C and

taken to the microbiological laboratory for further study.

3.2.2 Sample preparation
3.2.2.1 Orchid preparation
Each orchid plant sample was separated into three parts including leaf,
pseudobulb and aerial root. Leave, pseudobulbs and roots of Dendrobium sp. samples
were washed twice in sterile distilled water. Then, they were aseptically cut to small
pieces. Ten grams of each sample were dispensed into 100 ml of MSM (Appendix A
No.1) containing 1 ml of Triton X-100 in 250-ml Erlenmeyer flasks (53). Flasks were
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shaken on incubator shaker (150 rpm) at 28°C for 30 min and used for bacterial

enumeration and isolation.

3.2.2.2 Soil preparation

Soil and rhizosphere soil samples were air-dried. Ten grams of dry soil
sample were dispensed into 100 ml of MSM and shaked on incubator shaker (150
rpm) at 28°C for 30 min. Soil suspension samples were moist heated at 50°C for 10

min in a water bath to destroy non-spore forming bacteria (54).

3.3 Enumeration and Isolation of Total Viable Bacteria from Each

Part of Dendrobium Orchid

Samples of orchid from No.3.2.2 were serially ten-fold diluted at 10™ to 107.
Then, appropriate dilutions were spread with a sterile glass rod onto R2A (Appendix A
No.2) plate supplemented with 100 mg/l of ketoconalzole to inhibit the fungal growth.
All plates were incubated at 28°C in the dark for 24 hr. Appeared colonies on agar
plates were counts and calculated to CFU per gram of sample. Three replications were
done in this experiment. Appeared colonies on agar plate were selected for further
study based on the difference in the colony morphology. Bacterial colonies were
streaked on fresh tryptic soy agar (TSA) (Appendix A No.3). Single colony of each
isolate was re-streaked to ensure pure culture isolation. Pure culture of each isolate
was subcultured on TSA slant and kept at 4°C until use for screening the potential for

antagonistic activity against S. rolfsii.

3.4 Isolation of Actinomycetes from Soils and Rhizosphere Soils

Samples of soil and rhizosphere soil from No.3.2.2 were plated on starch-casein
agar (Appendix A No.4) plate supplemented with 100 mg/I of ketoconalzole to inhibit
the fungal growth. All plates were incubated at 28°C in the dark for 7-14 days.
Appeared colonies on agar plate were selected for further study based on the
difference in the colony morphology. Actinomycete colonies were streaked on fresh

Yeast malt extract agar (YMA) (Appendix A No.5). Single colony of each isolate was
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re-streaked to ensure pure culture isolation. Pure culture of each isolate was
subcultured on YMA slant and kept at 4°C until use for screening the potential for

antagonistic activity against S. rolfsii.

3.5 Screening of Chitinolytic and f-1,3 Glucanolytic Actinomycete

Appeared actinomycete colonies that differ in the colony morphology from No.
3.4 were separately patched onto colloidal chitin agar (CCA) (Appendix A No.6) and
lichenin agar (Appendix A No.7) plates for screening chitinolytic (34) and B-1,3-
glucanolytic  actinomycetes (55), respectively. After incubation, chitinolytic
actinomycetes exhibited the clear zone around the colony on CCA plates (34). For
screening of 3-1,3-glucanolytic actinomycetes, lichenin agar plates were flooded with
1 ml of congo red solution (Appendix B No.l) after incubation. A yellow halo were
shown around the colony of [-1,3-glucanolytic actinomycetes (55). All isolation that
exhibited both chitinolytic and B-1,3-glucanolytic activities were selected and streaked
onto YMA to pick up the single colony and re-streaked for pure culture isolation as
previously described in No.3.4. All isolates were used for screening the potential for

antagonistic activity against S. rolfsii.

3.6 Screening of Bacterial and Actinomycetes Antagonists against S.

rolfsii

To screen the potential antagonistic microorganisms against S. rolfsii, isolated

microorganisms were tested according to the method below.

3.6.1 Inoculum preparation

For bacteria, a loopful of bacterial isolate on tryptic soy agar (TSA) plate was
transferred into 20 ml of tryptic soy broth (TSB) (Appendix A No.8) and aerobically
cultivated at 28°C with shaking at 150 rpm for overnight.

For actinomycetes, isolated actinomycetes were maintained on oatmeal agar

(Appendix A No.9) plates at 28°C in the dark for 7-14 days. Spores on agar plate were
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flooded with steriled 0.03% tween 20 and aseptically filtrated through sterile cotton
plug tube. Spores were resuspended in steriled 20% glycerol and adjusted to
concentration 10’ spores/ml (56). Flasks were aerobically cultivated at 28°C with

shaking at 150 rpm for 36 hrs.

For phytopathogenic fungus, S. rolfsii DOAC 1521 was maintained on PDA
(Appendix A No.10) plates at 28°C in the dark for 4 days. Mycelium tip of 4-day-old

culture was used for this experiment.

3.6.2 Determination of antagonistic activity in bacteria and actinomycetes
Twenty microliter of bacterial suspension (ODggy ~ 0.1) of each isolate was
pipetted onto one side of the center of PDA plate. The plates were incubated at 28°C

for 2 days, at which time the colonies had just become visible.

The 20 pl of spore suspension (10°spores/ml) from No.3.6.1 of each
actinomycetes isolate was pipetted onto one side of the center of PDA plate. The
plates were incubated at 28°C for 5 days, at which time the colonies had just become

visible.

Then, a 0.6-cm-diameter of fungal plug taken from the margin of a 4-day-old of
S. rolfsii DOAC 1521 was placed onto the center of the other side of Petri dish. Fungal
plug were also placed on uninoculated PDA plate separately as uninhibited controls.
Triplicate samples were performed in each bacterial and actinomycetes isolate.
Cultures were incubated at 28°C and the plates were examined for inhibition of fungal
growth after incubation for 5-7 additional days. Inhibition was indicated when S.
rolfsii DOAC 1521 mycelial growth in the direction of the actinomycete or bacterial
colony was retarded or inhibited. The level of inhibition was recorded and calculated

as shown in Equation 3-1 (57).

Ay = Yo-v 3-1
Where ; Ay : the level of inhibition (cm)

Yo : the fungal growth radius of a control culture (cm)
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vy : the distance of the fungal growth in the direction to antagonistic

microorganism (cm)

The rating used were modified from those of Yuan and Crowford, 1995 (57)

where ; Ay < 0.25cm = 0
0.25 < Ay<0.5cm =
0.5<Ay <lcm ={ ++
Ay>1cm = +++

Isolates of actinomycete and bacteria that showed the high potential of fungal

growth inhibition; S. rolfsii DOAC 1521 were selected for further studies.

3.7 Morphological Study and Identification of Potential Antagonistic

Microorganisms

For bacteria, each isolate was streaked on fresh TSA plate and observed colony
characteristic including from surface, margin and color after incubation at 28°C for 24-
48 hr. Each isolate was determined the Gram by Gram stain and observed cell
morphology by Scanning Electron Microscope (SEM). Genus identification of isolates
was identified by 16S rDNA sequencing (58). The 755-bp fragment of 16S rDNA was
amplified in a thermocycler (Perkin-Elmer Cetus Model 480) by using universal
primers of 27f (5’-AGA GTT TGA TCC TGG CTC AG -3’) and 782r (5’- ACC AGG
GTA TCT AAT CCT GT-3’) (59). The amplify DNA fragment was sequenced by
ABIPRISM Big Dye'™ Terminator Cycle Sequencing Ready Reaction Kit with
sequencing enzyme AmpliTag DNA polymerase from Applied Biosystem (ABI,
USA). This experiment was conducted at Chulabhorn Research Institute and KU
Vector, Kasetsart University. The 16S rDNA sequence of selected bacterial isolate
was analyzed by using BLAST program (60) from GenBank database (http:
www.ncbi.nlm.gov).

For actinomycete, each isolate was streaked on oatmeal agar plate and observed
colony morphology and spore formation after incubation at 28°C for 7 days.

Characterization of mycelium and spore were observed under 40X light microscopic



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 33

and SEM. The identification of the active strains was carried out by the sequencing of

a fragment of the gene 16S rDNA according to the method in above.

3.8 Microbial Growth Condition and Growth Curve Determination

3.8.1 Microbial growth condition and maintenance

For bacterial isolate, selected potential antagonistic bacterial isolate was cultured
on TSA plate at 28°C for 1-2 days and kept at 4°C until use. It was essential to use
freshly streaked cells as a starting inoculum for selected bacterial isolate in liquid
culture. This would ensure rapid and more synchronous growth. Thus, a loopful of
bacterial strain was transferred into TSB and aerobically cultivated at 28°C with
continuous shaking at 150 rpm for overnight. For long term storage of bacterial strain,
fresh colonies were inoculated into TSB with agitation until exponential growth phase.
Subsequently, 800 ul of the culture was mixed with 400 ul of 45% sterile glycerol

(15% glycerol of final concentration) and kept in -70°C freezer .

For actinomycete, selected potential antagonistic actinomycete was plated onto
oatmeal agar plate and incubated at 28°C for 7-10 days and kept at 4°C until use.
Spores on agar plate were flooded with sterile water containing 0.03% tween 20 and
pipetted in steriled tube. The spore suspension was filtrated aseptically through a
steriled cotton plug. The filtrate was centrifuged at 3,000 rpm, for 10 min and
discarded the supernatant. Spore pellet was resuspensed in steriled 20% glycerol and
adjusted to a concentration of 10° spores/ml for using as inoculum or long term
preservation at -20°C. Flasks were aerobically cultivated at 28°C with shaking at 150
rpm for 36 hrs.

3.8.2 Growth curve determination

For bacterial isolate, overnight cultures of selected potential antagonistic bacterial
isolate were used as inoculum. Bacterial strain was cultivated into TSB at 28°C with
150 rpm shaking for overnight. To ensure synchronous cells were subcultured in fresh
TSB to give ODgyp ~ 0.1 and then incubated at 28°C with 150 rpm shaking. Bacterial

growth was monitored spectrophotometrically by measuring ODgq at 2, 4, 8, 12, 18,
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24, 36, 48 and 72 —hr, respectively using spectrophotometer. Growth curve of bacterial

cells was plotted between cell density versus time of growth (61).

For actinomycete, 2.5 ml of spore suspension (10° spores/ml) of actinomycete
was subcultured into 25 ml of yeast malt extract broth (YMB) (Appendix A No.11) in
125 ml-Erlenmeyer flask. Three replicates of seven growth periods were performed to
represent the growth at the 12-hr, 1, 2, 3, 5, 7 and 9 -day, respectively. All flasks were
incubated on incubator shaker (150 rpm) at 28°C. The growth was monitored by dry-
weight determination. Three flask samples of each growth period were collected at the
12-hr, 1, 2, 3, 5, 7 and 9 -day, respectively. From each flask, cell sample was filtrated
by using the suction filter apparatus. After filtration, the Whatman no.4 filter paper
with cell mass was dried in oven at 80°C for 3 hr and then held in desiccator until cool
down, in order to calculate the constant dry weight. Before filtration, the filter paper
was dried and calculated the constant weight the same. From the constant weight of
membrane filter paper and the constant dry weight of membrane filter paper with cell
mass, cell dry weight only could be calculated. Growth was expressed as mg of cell

dry weight/ml of cell sample at different growth periods.

3.9 Determination of Chitinase and 3-1,3-Glucanase Activity in The

Selected Potential Antagonists

3.9.1 Inoculum preparation
Inoculum of bacterial and actinomycete isolate were prepared as previously

described in No.3.6.1.
3.9.2 Preparation of cell-free supernatant as crude extracellular enzymes

3.9.2.1 Preparation of cell-free supernatant from bacterial antagonists
For the production of chitinase and [B-1,3-glucanase activities, overnight
inoculum of bacterial isolates were subcultured into 20 ml of TSB to give ODggp ~ 0.1

in each experiment (40). All cultures with three replication were incubated at 28°C
with shaking at 150 rpm for 2, 4, 8, 12, 18, 24, 36, 48 and 72 -hr, respectively. The cell

free supernatants were collected by centrifugation at 10,000 rpm, for 20 min, 4°C. Cell
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pellets were discarded and stored cell-free supernatant as crude extracellular enzymes

at 4°C until use for enzymatic activity assay (62).

3.9.2.2 Preparation of cell-free supernatant from actinomycete
antagonists

The 2.5 ml of spore suspensions (10’ spores/ml) of actinomycetes were
inoculated into 25 ml of YMB. Three replication of each isolate as performed and
cutivated at 28°C with shaking at 150 rpm for 12-hr, 1, 2, 3, 5, 7 and 9 -day,
respectively. The cell-free supernatants were collected by filtered through Whatman
filter paper No.4. Cell pellets were discarded and stored cell-free supernatant as crude

extracellular enzymes at 4°C until use for enzymatic activity assay.

3.9.3 Chitinase assay

Chitinase activity was assayed by measuring the release of reducing sugar; N-
acetyl-D-glucosamine (GlcNAc); liberated during the hydrolysis of glycol chitin
(Appendix B No.2). Reaction mixtures containing 0.1 ml of enzymes solution, 0.1 ml
of 0.1% glycol chitin and 0.2 ml Of 10 mM potassium phosphate buffer (pH 7.0) were
incubated at 37°C for 20 min. The glycol chitin was removed from the mixture by
centrifugation at 13,000 rpm for 10 min. After centrifugation, the amount of reducing
sugar produced in the supernatant was determined according to the method of Imoto
and Yagishita (63). The supernatant was transferred to new tube, then 2.0 ml of
potassium ferricyanide solution (Appemdix B No.3) and 0.7 ml of distilled water were
added. The reaction was stopped by heated in boiling water for 15 min. The release of
reducing sugar was measured by spectrophotometer at the wavelength of 420 nm
(A420). A standard curve was established with solutions of GIcNAc ranging from 0.1 to

1.5 mg/ml versus their corresponding Az,

One unit of chitinase activity was defined as the quantity enzyme that liberated 1
umol of reducing sugar (GIcNA) per min under the conditions described above. Five
replication of each isolate were conducted. Specific activity of chitinase is expressed

as per mg of total protein.
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3.9.4 B-1,3-glucanase assay

B-1,3-glucanase activity was determined according to Tweddell et al. (64) with
slight modifications. B-1,3-glucanase activity was determined by measuring the
amount of reducing sugars released from the laminarin (Sigma) using a DNSA method
(65). The reaction mixture, which contained 1 ml of culture supernatant and 0.1 ml of
laminarin solution (2%, wt/vol) in 0.2 M acetate buffer (pH 5.4), was incubated at 40
°C for 1 hr. The reaction was stopped by adding 1 ml of DNS solution (Appendix B
No.4) to the mixture, and the color of the end product was developed by boiling for 15
min. Then, tubes were immersed in iced water immediately. The mixture was added
with 10 ml of distilled water and mixed. The concentration of the reducing sugars was
determined by measuring absorbance at 540 nm using a spectrophotometer. Glucose

was used as the calibration standard at concentration 0.05-1.00 mg/ml.

One unit of B-1,3-glucanase activity was defined as the amount of enzyme that
liberated 1 pmol of glucose per min at 40 °C. Five replications of each isolate were
conducted. Specific activity of B-1,3 glucanase is expressed as units per mg of total

protein.

3.9.5 Total protein determination

The total protein in culture filtrate of potential antagonistic microorganism was
determined by Coomassie Blue Protein Assay according to the sensitive method of
Bradford (66). The 0.8 ml of culture filtrate of potential antagonistic microorganism
was added with 0.2 ml of Bradford’s reagent. After incubation at room temperature for
5 min, total protein was measured by spectrophotometry at the wavelength of 595 nm
(Asos) in glass or polystyrene cuvettes. A standard curve of 0.1 to 1.0 mg/ml of Bovine
Serum Albumin (BSA) was used for calibration. Total protein in sample could be

calculated as shown in Equation 3-2.

Total protein (mg/ml) = Asgs of sample X Standard concentration (mg/ml)

Asgs of standard e 32
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3.10 Evaluation of the Effect of Extracellular Antifungal Metabolites
in Cell Free Culture Filtrates of the Selected Potential Antagonists on

the Growth of S. rolfsii

3.10.1 Inoculum preparation
Overnight inoculum of bacterial isolates and spore suspension of selected
actinomycetes and phytopathogenic fungus were prepared as previously described in

No.3.6.1

3.10.2 Preparation of cell-free culture filtrate as extracellular antifungal

metabolites

3.10.2.1 Bacterial cell free supernatant preparation

Overnight inoculum of bacterial isolates from No. 3.6.1 was cultivated into
20 ml of TSB and incubated with continuous shaking at 28°C. Cell were collected at 4-
hr (Exponential phase) and 48-hr (Stationary phase). The cell-free supernatant was
collected by centrifugation at 10,000 rpm, 4°C for 20 min and filter-sterilized (0.45 um
pore size of cellulose acetate membrane) and kept at 4°C until use for antifungal assay

(62).

3.10.2.2 Preparation of cell free supernatant of actinomycetes

The 2.5 ml of spore suspention (10’ spores/ml) of selected actinomycetes
from No. 3.6.1 was subcultured into 25 ml of YMB. Flasks were incubated at 28°C
with continuous shaking at 150 rpm. The cell-free supernatant was collected at
exponential (1-day) and stationary phases (3-day) of growth by filltration through

whatman filter paper No.4 and steriled filter, and then stored at 4°C until use.

3.10.3 Effect of extracellular antifungal metabolites produced by antagonists
on the radial growth of S. rolfsii

To evaluate the effect of cell-free culture filtrates on the radial growth of S. rolfsii
DOAC 1521, the experiment was conducted according to the method of Prapagdee et
al. (67) as follows.



Chutima Kuekulvong Methodology / 38

Briefly, exponential and stationary culture filtrates of both bacterial and
actinomycete selected antagonists prepared according to method in No.3.10.2 were
separately added into warm-molten PDA (45°C) to give a final concentration at 10, 20,
30 and 40% (v/v) and placed until solidify. The control plate was added an equal
volume of sterile distilled water instead of culture filtrate. Each plate was seeded with
6-mm-diameter mycelial plugs taken from the margin of a 4-day-old culture of S.
rolfsii. Inoculated plates were incubated at 28°C and fungal growth was recorded at 1-

day intervals until those of the control plates reaching the edge of the plate.

Fungal growth inhibition was expressed as the percentage of inhibition of radial

growth relative to the control as shown in equation 3-3.

Inhibition of = Colony @ of control — Colony @ of sample x 100

radial growth (%) Colony @ of control 353

3.10.4 Effect of extracellular antifungal metabolites produced by antagonists
on the submerged growth of S. rolfsii

Inhibitory effects of extracellular antifungal metabolites in cell-free culture
filtrates on submerged growth of S. rolfsii were evaluated in Potato Dextrose Broth
(PDB) (Appendix A No.12). The 20% of cell-free culture filtrates collected
exponential (4-hr for bacterial strain and 1-day for actinomycete strain) and stationary
(24-hr for bacterial strain and 3-day for actinomycete strain) phase in No. 3.10.2 were
aseptically added into a fresh 20-ml PDB medium in 125 ml-Erlenmeyer flask. The 4
fungal discs of S. rolfsii were inoculated into PDB medium. Control experiment was
also performed by adding an equal volume of sterile distilled water in place of the cell-
free culture filtrates. All flasks were incubated on incubator shaker at 120 rpm, 28°C
for 12-hr, 1, 2, 3, 5 and 7-day, respectively. The fungal growth monitored by dry
weight determination. Fungal cultures were filtrated by using the membrane filter
apparatus. After filtration, the membrane filter paper with cell mass was dried in oven
at 80°C for 3 hr and then held in desiccators until cool down, in order to calculate the
constant dry weight. Before filtration, the membrane filter paper is dry and calculates

for the constant weight the same. From the constant weight of membrane filter paper
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and the constant dry weight of membrane filter paper with cell mass, cell dry weight

could be calculated.

3.10.5 Effect of extracellular antifungal metabolites produced by antagonists
on the morphology of S. rolfsii

Exponential and stationary cell-free culture filtrates of both bacterial and
actinomycete strain prepared according to method in No. 3.10.2 were added into 20-ml
of warm-molten PDA to give a final concentration of 20% (v/v) and placed until
solidify. Prepared PDA was cut in the size 1 cm” and 5-mm-thick and placed on the
steriled slide that put on Petri-dish. Mycelial tip of S. rolfsii was inoculated on the
surface of piece of PDA and covered with cover slip. Inoculated slides were incubated
at 28°C in dark condition for 3 days. After incubation, fungal slides were removed
from Petri-dish and stained with lactophenol cotton blue dye (Appendix B No.5) and
microscopically observed change of hyphal morphology using 40x of light microscope

(34, 68).

3.10.6 Stability of extracellular antifungal metabolites on heat and
proteinase K treatment

To investigate some chemical properties of antifungal metabolites, cell-free
culture filtrates of bacterial strain and actinomycete strain collected from exponential
(4-hr for bacterial strain and 1-day for actinomycete strain) and stationary (24-hr for
bacterial strain and 3-day for actinomycete strain) phase were either treated with
boiling (100°C) for 45 min or 100 pg/ml of proteinase K at 37°C (Sigma, USA) for 1
hr. Inhibitory effects of treated culture filtrates on the radial growth of S. rolfsii were
using method determined as describe in No. 3.10.3. The percentage of radial growth

inhibition by treated and untreated culture filtrates were calculated.

3.11 Statistical Analysis

The quantities of bacteria in each part of healthy orchids, antagonist activity by
dual culture assay, growth curve of selected bacteria and actinomycetes, radial growth,

submerged growth as well as hydrolytic enzyme assay were statistically analyzes by
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using mean and standard deviation. The data of antifungal activities of exponential- or
stationary-culture filtrates that produced in each selected bacterial and actinomycetes
strains were compared by using the one-way analysis of variance (ANOVA) at 95%
confidence. The post hoc pairwise comparison with a Least Significant Difference

(LSD) test was used when more than two treatments were compared.
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 Enumeration and Isolation of Total Viable Bacteria from

Dendrobium Orchids

Dendrobium orchid samples were collected from twenty five different gardens in
Nakornpathom, Nontaburi and Ratchaburi provinces, Thailand. Each orchid plant
sample was separated into three parts including leaf, pseudobulb and aerial root.
Appeared colonies on agar plates were counts and calculated to CFU per gram of

sample. The numbers of total viable bacteria from each part of orchids were shown in

Table 4-1.

Table 4-1 The populations of bacteria in leaf, pseudobulb and root of Dendrobium

orchid
No. of viable bacteria (CFU/g)
Garden code
Leaf Pseudobulb Root

SP1 3.1 x 10 28x10° 2.2x 10’
SP2 3.5 x 10? 4.7 x 10° 2.3x 10’
SP3 3.0 x 10? 29x10° 2.0x 10’
SP4 3.1 x 10? 3.9 x 10° 2.2x 10’
SP5 3.3 x 10? 5.1 x 10° 2.3x 10’
KP1 3.7 x 10? 8.2 x 10° 2.5x 10’
KP2 3.4 x 10 7.2x10° 2.4x 10’
KP3 3.2 x 10? 5.3x 10° 2.4x 10’
KP4 4.1x10° 8.7 x 10° 2.7x 10’
KP5 3.7 x 10? 5.5x 10° 2.3x 10’
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Table 4-1 The populations of bacteria in leaf, pseudobulb and root of Dendrobium

orchid (Continued)

No. of viable bacteria (CFU/g)
Garden code
Leaf Pseudobulb Root
PM1 4.0x 10° 6.9 x 10° 2.6x 10
PM2 3.3 x 10? 45x%x10° 2.1x 10’
PM3 3.5 x 10? 43x10° 2.4 x 10
PM4 3.8 x 10? 45x10° 2.4x 10’
PM5 3.6 x 10? 5.1x10° 2.4x 10
NB1 3.3 x 10? 4.7 x 10° 2.0x 10’
NB2 42 x 107 6.3 x 10° 2.6 x 10’
NB3 4.0 x 10° 7.4x10° 2.7 x 10’
NB4 3.5 x 10? 4.8 x 10° 2.5x 10’
NB5 3.9 x 10 6.1 x 10° 2.4x 10
RB1 3.3x 10° 4.7 x 10° 2.3x 10’
RB2 3.0 x 10? 1.9x10° 2.2x 10’
RB3 4.5x10° 8.7 x 10° 2.8x 10’
RB4 3.7 x 10? 7.7 x 10° 2.0x 10’
RB5 3.4 x 10 6.9 x 10° 2.1x 10’

The populations of bacteria were significantly found in root more than in
pseudobulb and leaf, respectively. It has been found that populations of epiphytic
bacteria from corn leaves varied from 4.26 x 10° to 4.34 x 10° CFU/g fresh weight
(69). Appeared colonies on agar plate that exhibit different colonial morphology were
selected for screening the antagonistic activity. The total of 201 bacterial strains was
isolated from seventy five orchid part samples. The 19, 56 and 126 bacterial strains

were isolated from leaf, pseudobulb and aerial root, respectively.
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4.2 Isolation and Screening of Chitinolytic and p-1,3 Glucanolytic

Actinomycete from Soils and Rhizosphere soils

For isolation of actinomycete, the air-dried soil samples were dispensed into
MSM. The soil suspension samples were moist heated to destroy non-spore forming
bacteria and spread onto starch-casein agar plate supplemented with 100 mg/l of
ketoconalzole to inhibit the fungal growth. The 146 actinomycete strains were isolated
from 15 different soil samples that collected from orchid gardens and paddy fields in

Nakornpathom, Nontaburi and Ratchaburi provinces, Thailand.

As stated in many reports, the production of chitinase and B-1,3-glucanase
enzymes by bacteria and actinomycete was related to fungal growth inhibition and
biological control of fungal pathogens because of their ability to degrade fungal cell
walls (34, 40, 42, 44). Thus, all isolated actinomycetes from soils were screened for
chitinolytic and [B-1,3-glucanolytic activities. The 146 isolated actinomycete were
separately patched onto colloidal chitin agar (CCA) and lichenin agar plates for
screening chitinolytic and B-1,3-glucanolytic microorganisms, sequentially. The 146
isolated actinomycete were categorized into 4 groups including no activity, only
chitinolytic activity, only [-1,3-glucanolytic activity and chitino-B-glucanolytic
activity. There are 77, 39, 6 and 24 actinomycete strains were found in group of no
activity, only chitinolytic activity, only [-1,3-glucanase activity and chitino-p3-

glucanolytic activity, respectively as shown in Figure 4-1.
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Figure 4-1 The number of isolated actinomycetes in group of no activity, only
chitinolytic activity, only B-1,3-glucanolytic activity and chitino-3-glucanolytic

activity

4.3 Screening of Antagonistic Microorganisms Against S. rolfsii

To screen the potential antagonistic microorganisms against S. rolfsii DOAC
1521, all strains of 201 bacteria and 146 actinomycetes were tested for antagonistic
activity by dual culture technique. The levels of fungal growth inhibition in isolated

bacteria and actinomycetes were shown in Table 4-2 and Table 4-3, respectively.
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Table 4-2 The number of bacteria in each level of fungal growth inhibition

Level of fungal growth*
inhibition No. of bacteria % of bacteria
(Ay)
0 189 94
+ 7 3.5
++ 3 15
4+ 2 1
Total 201 100
*Level of fungal growth inhibition (Ay = yo-v) (57)
0 = Ay < 0.25cm,
+ = 025 < Ay<0.5cm,
G SIS SHRgn
+++ = Ay>1cm

The 2, 3, 7 and 189 bacterial strains showed antagonistic ability by growth
inhibition of S. rolfsii in level +++, ++, + and O respectively. The percentages of
isolated bacteria with antifungal activity to S. rolfsii in level +++ to level 0 were 1%,
1.5%, 3.5% and 94%, respectively. Two isolated bacteria that exhibited antifungal
activity in level +++ were ORRS514 and NBR41. The percentages of inhibition of
fungal growth by strain ORR514 and NBR41 were 100% and 73.33%, respectively.
However, colony characteristic including from surface, margin and color of strain
ORRS514 after incubation at 28°C for 48-72 hr showed the typical colony similar to
Pseudomonas aeruginosa. P. aeruginosa is the quintessential opportunistic pathogen
(70). Hence, strain ORR514 was not selected for further studies.

Ghai et. al. (71) reported that 37 bacterial cultures isolated from soil samples
obtained from different locations were tested for their antagonistic activity against
fungal pathogens, Sclerotium rolfsii, causal agents of collar rot of sunflower. Among 5
bacterial strains, Bacillus sphaericus Al6, Pseudomonas fluorescens Kl 24, Bacillus
circulans M1 42, Bacillus brevis M1 66 and Bacillus brevis Tl 22 showed positive
antagonistic activity. B. brevis M1 66 was the most effective in inhibiting mycelial
growth of S. rolfsii in vitro followed by B. circulans M1 42, B. brevis T1 22, P.

fluorescens K1 24 and B. sphaericus Al 6. Furthermore, there were many research
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reported that Pseudomonas fluorescens or P. putida showed their strongly ability to
inhibit the mycelial growth of S. rolfsii or S. sclerotiorum (72, 73). In addition, Ali et.
al. (74) studied on the effectiveness of Pseudomonas bacteria in the control of root-
infecting fungi such as Macropholina phaseolina, Fusarium solani and Rhizoctonia
solani. The results showed that, in dual culture plate assay, isolates of Pseudomonas
showed viable activity against different root-infecting fungi. Pseudomonas sp. Strain
78 inhibited all the test fungi.

Fogliano et. al. (75) found that Pseudomonas sp. secreted two main
lipodepsipeptides (LDPs), syringomycin E (SRE) and syringopeptin 25A (SP25A),
together with at least four types of cell wall-degrading enzymes (CWDEs). They
inhibited spore germination and hyphal elongation of the two vascular pathogens

Fusarium oxysporum and Verticillium dahlia.

Table 4-3 The number of actinomycete in each level of fungal growth inhibition

Level of fungal growth inhibition
% of actinomycetes
Actinomycetes group (Ay)*
in each group
0 ik ++ | +++ | Total

- no activity 7 0 3 2 77 52.8
- only chitinolytic activity 35 2 0 2 39 26.7
- only -1,3-glucanolytic 5 0 1 0 6 4.1
activity
- chitino-B-glucanolytic 21 0 1 2 24 16.4
activity
Total 133 2 5 6 146 100
% of actinomycetes in 911 | 14 | 34 | 4.1 100
each level

*Level of fungal growth inhibition (Ay =yo-7v) (57)

0 = Ay < 0.25 cm,

+ = 025 < Ay<0.5cm,
++ = 05<Ay <1lcm
+++ = Ay>1lcm

From Table 4-3, six actinomycete strains showed high antagonistic ability (+++)
by growth inhibition of S. rolfsii followed by level ++ (5 strains), level + (2 strains)

and 133 actinomycete strains in level 0. The percentages of isolated actinomycete with
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antifungal activity to S. rolfsii in level +++ to level 0 were 4.1%, 3.4%, 1.4% and
91.1%, respectively. Six actinomycete strains in level +++ composed of 2 no activity
actinomycete strains, 2 only chitinolytic activity actinomycete strains and 2 chitino-f3-
glucanolytic activity actinomycete strains. Six actinomycete strains in level +++ are
SRA14, SAA14, SOA14, SOA49, T23 and T22. Among 6 actinomycete strains, only
strain SRA14 showed the highest percentage of inhibition of fungal growth (100%)
against S. rolfsii. Moreover, SRA14 showed chitino-f-glucanolytic activity on CCA

and lichenin agar plates

Errakhi et. al. (76) studied the potential role of actinomycete to control the
damping-off of sugar beet seeds caused by S. rolfsii. It has been found that 10
streptomyces isolates showed apparent antifungal activity towards S. rolfsii.
Streptomyces J-2 showed the maximum inhibition activities against S. rolfsii in the in
vitro. In addition, treatment with the strain J-2 resulted in a significant increase in
seedling development compared to the control. Antagonistic streptomyces J-2 was able
to grow in the rhizosphere soil from infected sugar beet culture. It might be effective

antagonists applicable to the control of the damping-off caused by S. rolfsii.

The results of screening the potent antagonistic bacteria and actinomycetes
against S. rolfsii indicated bacterial strain NBR41 and actinomycete strain SRA14
were the potent antagonists. Strain NBR41 and SRA14 grown on PDA plate released
an extracellular diffusible metabolite(s) that inhibited hyphal growth of S. rolfsii.
There were numerous reports of the production of antifungal metabolites produced by
bacteria in vitro that may also have activity in vivo. These include ammonia, HCN,
Oligomycin A, Oomycin A, pyrrolnitrin (Pln), phenazine-1-carboxylic acid (PCA), etc
(29). Antagonistic potentials to pathogenic fungi of actinomycetes involved the
production of extracellular hydrolytic enzymes and secondary antifungal compounds

were reported by several investigation (34, 77, 78).

Therefore, bacterial strain NBR41 and actinomycete strain SRA14 that showed
the highest potential of fungal growth inhibition of S. rolfsii were selected for further

studies.
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4.4 Morphological Study and Identification of the Selected Potential

Antagonistic Microorganisms

Isolated bacterial strain NBR41 and actinomycete strain SRA14 were cultured for
2 days on flash TSA plate and 5 days on oatmeal agar plate, respectively. Each isolate
was determined the Gram by Gram stain and observed cell morphology by Scanning

Electron Microscope (SEM). The results were shown in Table 4-4.

Table 4-4 Cell shape, gram reaction and colony morphology of NBR41 and SRA14

Gram Colony

A i Il sh
nagonists | = morphology

SEM (10,000x)

Circular,
Bacterial Convex,
: Smooth
strain Rod GraI.n )
negative margin,
NBR41 Smooth
surface

Spore color:

Actinomycete Grayish
' Gram white
strain Filamentous 1 |
positive
SRAL4 Reverse
color:
Light yellow

Genus identification of bacterial strain NBR41 and Streptomyces strain SRA14
were identified by 16S rDNA sequencing. The partial 16S rDNA sequence of isolated
bacteria (NBR41) and actinomycete (SRA14) were shown in Figure 4-2 and Figure 4-
3, respectively. Partial 16S rDNA sequences of each strain was analyzed by using
BLASTN program from NCBI database (www.ncbi.nlm.nih.gov). The results were
shown in Table 4-5.
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61
12l
151
241
301
361
421
481

61
121
121
241
301
35l
421
421
541
601
65l

CAACCTGSGA
CTGTGTAGCG
GGACTGATAC
TAGTCCACGC
GCTAACGCAT
TGACGGGGGC
TTACCAGGCC
GACACAGGTG
ABMCGAGCGCA

TGCGCGTGTT
TGAGTAACAC
TACCGGATAT
GCCCGCGGCC
GGCCTGAGAG
CAGCAGTGGG
TGACGGCCTT
AGAAGAACGC
CCGGAATTAT
GGGCTTAACC
AATCCTGGTG
CTGGNCGAAC

ACTGCATCCA

GTGAAATGCG
TGACACTGAG
CGTAAACGAT
TAAGTIGACC
CCGCACAAGC
TTGACATSCA
CTGCATGGCT
ACCC

ACCATGCHAAG
GTGGGCAATC
GACCATCTIG
TATCAGCTTG
GGCGACCGGE
GAATATIGCA
CGGGTIGTAA
CEGCTAACTA
TGGGCGTAAL
CCGGGTCTGC
TAGCOGTAA
TSCGTAGAGH

M.Sc.(Appro. Techn. For Resou. and Env. Dev.) / 49

AACTGGCGAG
TAGATATAGG
GTGCGAAACC
GTCAACTAGC
GCCTGGGGAG
GGTGGAGCAT
GAGAACTTIC
GTCGTCAGCT

TCGACGATGA
TGCCCTGCAC
GGCATCCTTG
TTGGTGAGGT
CACACTGGGA
CAATGGGCGA
ACCTCTTTCA
CGTGCCACAG
GAGCTCGTAG
AGTCGATACG
ATGCGCAGAT
AL

CTAGAGTATG
AAGGAACACC
GTGGGGAGCA
CGTTGGGGTC
TACGGCCGCA
GTGGTITAAT
CAGAGATGGA
CGTGTCGTGA

ACCCTTCGGG

TCTGGGACAA
ATGGTGTAAL
AACGGCTCAC

CTGAGACACG
AAGCCTGATG
GCAGGGAAGA
CCGCGGTAAT
GCGGCTTGTC

GGCAGGCTAG
ATCAGGAGGA

GTAGAGGGTG
AGTGGUGAAG
AACAGGATTA
CTTGAGACTT

AGGTTAAAAC
TCGAAGCAAT
TTGGTGCCTT

GATGTTGGST

Figure 4-2 Partial 16S rDNA sequence of bacterial strain NBR41

GTGGATTAGT
GCCCTGGAAA
GCTCCGGCGG
CAAGGCGACG
GCCCAGACTC
CAGCGACGCC
ACGAGAGTGA
ACGTAGGGCG
GCGTCSGGTTG
AGTTCGGTAG
ACACCGGTGG

GTGGAATTTC
GCGACCACCT
GATACCCTGG
TAGTGGCGCA
TCAAATGAAT
GUGAAGAACC
CGGGAACTCT
TAAGTCCCGT

GGCGAACGGG
CGGGGTCTAA
TGCAGGATGA
ACGGGTAGCC
CTACGGGAGG
GCGTGAGGGA
CGGTACCTGC

CAAGCGTTGT
TCAAAGCCCS
GGGAGATCGG
CGAAGGCGAT

Figure 4-3 Partial 16S rDNA sequence of actinomycetes strain SRA14

Table 4-5 Identification of antagonists by patial 16S rDNA sequence analysis

Antagonists Closest strains Sequence similarity | - Accession
(Iength of nucleotide) number
NBR41 Pseudomonas cinnamophila 100% (495/495) | AB302401
Pseudomonas putida strain F15 100% (495/495) | EF204238
Pseudomonas sp. strain SM-1 100% (495/495) | DQY91143
SRA14 Streptomyces hygroscopicus 98% (659/669) AB184760
subsp. hygroscopicus
Streptomyces owasiensis 98% (657/669) AB184515
strain NBRC 13832
Streptomyces misionensis 98% (656/669) EF178678

strain NRRL B-3230
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From Table 4-5, strain NBR41 showed 100% similarity to Pseudomonas
cinnamophila from accession number AB302401 of GenBank database. P.
cinnamophila has just been found on May 2007 by Ohta H (Appendix D No.4.1).
There was not many in report about P. cinnamophila. 1t is found that Pseudomonas sp.
produced secondary metabolites (27).

Analysis of the 16S rDNA gene sequences revealed that the SRA14 is closely
related to Streptomyces hygroscopicus (98% similarity) from GenBank database
accession number AB184760. S. hygroscopicus has a similar chain of smooth,
individual spores in spiral configuration (79). Streptomyces strains were reported to
produce secondary metabolites with antimicrobial activity (78). The percentage of
isolated actinomycetes with antifungal activity was lower than that of antibacterial
activity (56). Most active antifungal strains of actinomycetes were classified as genus
Streptomyces (56, 78, 80). Members of the genus Streptomyces are important soil
microorganism and well known producers of antibiotics and extracellular enzymes

(81).

Getha and Vikineswary (82) reported that Streptomycs violaceusniger G10,
synonym to S. hygroscopicus, exhibited strong antagonism towards F. oxysporum f.sp.

cubense by producing extracellular antifungal metabolites.

4.5 Growth Curve Determination of the Selected Potential

Antagonists

The bacterial growth assay was determined by optical density at 600 nm (ODgqo).
Pseudomonas sp. NBR41 was aerobically cultured in TSB medium with shaking at
28°C. Cell suspension was taken to measure ODgqo. The result was illustrated in Figure

4-4,



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. For Resou. and Env. Dev.) / 51

10 -
=
=
=
4;:‘ 1 -
-
:'L}
3
-
=
=
=
a
0.1 T T T T T T 1
0 12 24 36 48 60 72 84
Growth period (hrs)

Figure 4-4 Growth curve of Pseudomonas sp. NBR41 cultured in TSB medium at
28°C

From Figure 4-4, the apparent growth of Pseudomonas sp. NBR41 was rapidly
increased into exponential phase within 8 hr of growth period (ODgoo ~ 0.1-2.90). The
mid-exponential phase was 4-hr of growth periods (ODgpp ~ 1.36). In 8-hr of growth
period, it was slightly increased and reached the stationary phase and slightly constant
until 72 hr of growth period. The mid-stationary phase was 24-hr of growth period
(ODggo ~ 5.38).

The actinomycete growth assay was determined by dry weight measurement.
Streptomyces sp. SRA14 was aerobically cultured in YMB medium with shaking at
28°C. Cell suspension was removed by filtration, dried, and then weighted. Cell
growth was monitored for 9 days of growth period. The result was illustrated in Figure

4-5.
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Figure 4-5 Growth curve of Streptomyces sp. SRA14 cultured in YMB medium
at 28°C

From Figure 4-5, the apparent growth of Streptomyces sp. SRA14 was rapidly
increased into exponential phase within 1 day of growth period (2.81 mg/ml). In 1-day
of growth period, it was slightly increased and reached the stationary phase finally at
3-day of growth period (3.52 mg/ml). Their growth was declined until 9 days of

growth period.

4.6 Production of Chitinase and B-1,3-Glucanase Activity in

Potential Antagonistics Microorganisms

Besides the production of antifungal antibiotics, extracellular hydrolytic enzymes
may also involve in antifungal activity of antagonistic Pseudomonas sp. NBR41 and
Streptomyces sp. SRA14. Therefore, the levels of extracellular chitinase and B-1,3-
glucanase enzymes produced by Pseudomonas sp. NBR41 and Streptomyces sp.
SRA14 were determined at different growth phases. The results of levels of chitinase

and B-1,3-glucanase enzyme were shown in Figure 4-6 and Figure 4-7, respectively.
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4.6.1 Chitinase enzyme

Chitinase activity of Pseudomonas sp. NBR41 and Streptomyces sp. SRA14 were
assayed by method as described in Chapter IIl. Pseudomonas sp. NBR41 or
Streptomyces sp. SRA14 grew with a usual growth pattern and chitinase activity could

be detected as shown in Figure 4-6 and Figure 4-7.

18 +
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Specific activity (U/mg protein)

Growth penod (hrs)

Figure 4-6 Chitinase activity of Pseudomonas sp. NBR41 during a 72-hr of

growth period

Pseudomonas sp. NBR41 produced relatively high level of chitinase activity
(14.69 U/mg protein) at 4-hr of incubation period. Sindhu et. al. (83) reported that
Pseudomonas sp. strain CRS64, CRS57 and CRS63 produced chitinase 172.7, 122.4

and 22.7 U/mg protein, respectively in FCW medium amended colloidal chitin.
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Figure 4-7 Chitinase activity of Streptomyces sp. SRA14 during a 9-day of
growth period

Streptomyces sp. SRA14 produced relatively high level of chitinase activity (5.2
U/mg protein) at 1 day of incubation period. The level of chitinase activity was
sharply increased during exponential phase and dramatically declined when cells
entered the stationary phase. Singh et. al. found that Streptomyces sp. 385 produced

chitinase 3.15 U/mg protein (40).

4.6.2 B-1,3-glucanase enzyme

B-1,3-glucanase activity of Pseudomonas sp. NBR41 and Streptomyces sp.
SRA14 were assayed by method as described in Chapter III. Pseudomonas sp. NBR41
or Streptomyces sp. SRA14 grew with a usual growth pattern and chitinase activity

could be detected as shown in Figure 4-8 and Figure 4-9.
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Figure 4-8 [-1,3 glucanase activity of Pseudomonas sp. NBR41 during a 72-hr

of growth period
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Figure 4-9 [-1,3 glucanase activity of Streptomyces sp. SRA14 during a 9-day

of growth period
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At 4-hr of incubation period, Pseudomonas sp. NBR41 produced the highest level
of B-1,3-glucanase (14.16 U/mg protein). Meanwhile, the highest level of -1,3-
glucanase of Streptomyces sp. SRA14 (6.67 U/mg protein) was found at 2 days of
incubation period and slightly decreased during stationary phase.

Gacto et. al. (84) reported that Micromonospora chalcea produced extracellular f3-
1,3 glucanase 12.9 U/mg protein.

The results revealed that Pseudomonas sp. NBR41 and Streptomyces sp. SRA14
produced both chitinase and 3-1,3-glucanase enzymes in nutrient-rich medium. It was
reported that chitinase and B-1,3-glucanase production was influenced by the carbon
sources supplemented into the medium (64). A simultaneous induction of B-1,3-
glucanase along with chitinolytic enzymes has also been reported, suggesting that the
glucanase may be produced even in the absence of substrate (40). Antifungal
mechanism of bacterial antagonists has been attributed to the action of hydrolytic

enzymes e.g. chitinase, -1,3-glucanase, chitosanase, protease (68, 85, 86, 87).

4.7 Evaluation of the effect of extracellular antifungal metabolites of

the potential antagonists on the growth of S. rolfsii

4.7.1 Effect of extracellular antifungal metabolites produced by antagonists
on the radial growth of S. rolfsii

To evaluate the effect of extracellular antifungal metabolites in cell free culture
filtrates of antagonists on the fungal radial growth, S. rolfsii was grown on PDA plates
amended with 10%, 20%, 30% and 40% (v/v) of each culture filtrate collected during
the exponential and the stationary phases of growth of Pseudomonas sp. NBR41 and
Streptomyces sp. SRA14. The fungal growth radius was daily measured for 4 days of
cultivation period. The radial growth of S. rolfsii in PDA plates amended with various
concentrations of culture filtrates of Pseudomonas sp. NBR41 and Streptomyces sp.

SRA14 were shown in Figure 4-10 and Figure 4-11, respectively.
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Figure 4-10 The radial growth of S. rolfsii on PDA plate supplemented with
various concentration of (A) exponential and (B) stationary culture filtrates of

Pseudomonas sp. NBR41
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Figure 4-11 The radial growth of S. rolfsii on PDA plate supplemented with
various concentration of (A) exponential and (B) stationary culture filtrates of
Streptomyces sp. SRA14

The results from Figure 4-10 and Figure 4-11 showed that extracellular antifungal

metabolites in cell free culture filtrates of both antagonists inhibited the radial growth



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 59

of S. rolfsii at concentrations of 10% to 40%. The degree of fungal growth inhibition

corresponded to the increases in culture filtrate concentration.

However, the growth inhibitory effects of culture filtrates decreased with the
extension of fungal incubation period. Other studies reported that the decreases of
degree of growth inhibition were associated with the increases of incubation period of
fungal culture (88, 89). In 1-day of growth period, fungal growth was perfectly
inhibited by 40% (v/v) exponential culture filtrates of Pseudomonas sp. NBR41
(100%). At concentration of 10% to 30%, the mycelium growth of S. rolfsii extended
to the margin of PDA plate in 4-day of growth period. Stationary culture filtrate of
Pseudomonas sp. NBR41 at concentration 30% to 40% (v/v) showed 100% inhibition
of mycelium growth of S. rolfsii at 1-day of growth period. At Similar to
Pseudomonas sp. NBR41, 40% (v/v) stationary culture filtrates of Streptomyces sp.
SRA14 strongly inhibit the radial growth of S. rolfsii (100%).

El-Abyad et al. (88) reported that culture filtrate of either S. pulcher or S.
canescens at concentration 80% (v/v) inhibited mycelial growth of F. oxysporum f.sp.

lycopersici, Verticillium albo-atrurn and Alternaria solani.

4.7.2 Effect of extracellular antifungal metabolites produced by antagonists
on the submerged growth of S. rolfsii

To evaluate the effect of extracellular antifungal metabolites in cell free culture
filtrates on the submerged fungal growth, S. rolfsii was grown in PDB medium
amended with 20% (v/v) exponential and stationary cell-free culture filtrates of
Pseudomonas sp. NBR41 and Streptomyces sp. SRA14, respectively. The fungal
growth as cell dry weight was monitored at the 12 hr, 1, 2, 3, 5 and 7-day,

respectively. The result of submerged growth was illustrated in Figure 4-12.
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Figure 4-12 Effect of 20% (v/v) culture filtrates produced by Pseudomonas sp.
NBRA41 and Streptomyces sp. SRA14 on the submerged growth of S. rolfsii

From Figure 4-12, submerged growth of S. rolfsii was almost completely
inhibited by both 20% (v/v) exponential and stationary cell-free culture filtrates of
Pseudomonas sp. NBR41 and Streptomyces sp. SRA14. In addition, culture filtrates of
Pseudomonas sp. NBR41 showed nearly completely inhibition (84.59% for
exponential culture filtrate and 87.54% for stationary culture filtrate) the submerged
growth of S. rolfsii during 1-day of cultivation period. However, the growth inhibitory
effects of culture filtrate decreased with the extension of incubation period. The
percentages of submerged growth inhibition by exponential and stationary culture
filtrate of Pseudomonas sp. NBR41 at 3-day of incubation period were 63.11 and
86.05, respectively. In addition, the percentages of submerged growth inhibition by

exponential and stationary culture filtrate of Streptomyces sp. SRA14 at 3-day of
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incubation period were 10.73 and 20.36, respectively. During 2 to 7-day of cultivation
period, culture filtrate of Pseudomonas sp. NBR41 was more inhibited the submerged
growth of S. rolfsii than culture filtrate of Streptomyces sp. SRA14. The submerged
growth inhibitory effects of exponential culture filtrate of both Pseudomonas sp.
NBR41 and Streptomyces sp. SRA14 were decreased after 2-day of growth period,
indicating that the unstable properties of bioactive compound(s) in these culture
filtrates with time. Furthermore, stationary culture filtrate exhibited higher antifungal
potential than exponential culture filtrate.

These findings imply that antifungal potential of culture filtrates is not due to
increased chitinase and B-1,3-glucanase production alone as shown the increase of
percent fungal growth inhibition by stationary culture filtrate. Antifungal potential of
exponential culture filtrate was probably related to high production of chitinase and [3-
1,3-glucanase enzymes during exponential phase. There is a possibility that increased
antifungal activity against tested fungus by stationary culture filtrate of Pseudomonas
sp. NBR41 and Streptomyces sp. SRA14 is a consequence from the production of
extracellular secondary antifungal compound(s). The production of secondary
antifungal compound(s) as antibiotics has been reported in many species of
Streptomyces (90, 91, 92). Antibiotic producing by S. hygroscopicus can inhibit a
broad range of fungal pathogens e.g. Rhizoctonia solani, Pythium ultimum, F.
oxysporum, Sclerotinia homeocarpa (93, 94). These finding suggested that the
inhibition of fungal growth by exponential and stationary culture filtrates of
Pseudomonas sp. NBR41 and Streptomyces sp. SRA14 probably involved in the
production of extracellular hydrolytic enzymes and secondary antifungal

compound(s), respectively.

4.7.3 Effect of extracellular antifungal metabolites produced by the potential
antagonists on the hyphal morphology of S. rolfsii

The finding that extracellular metabolites in culture filtrates of Pseudomonas sp.
NBR41 and Streptomyces sp. SRA14 inhibited the growth of pathogenic fungi
prompted us to investigate the growth effects of metabolites on the hyphal structure.

Hyphal morphology changes caused by extracellular metabolites were examined by
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inoculation of S. rolfsii on PDA amended with 20% (v/v) culture filtrates at 28°C for 3

days. The microscopic results were revealed in Figure 4-13.

Figure 4-13 The hyphal morphology of 3-day-old S. rolfsii, grown on PDA plate
amended with exponential and stationary culture filtrate of Pseudomonas sp. NBR41
and Streptomyces sp. SRA14 under 40X light microscope.

(A) Control (no culture filtrate added); (B) exponential culture filtrate of NBR41;
(C) stationary culture filtrate of NBR41; (D) exponential culture filtrate of SRA14;
(E) stationary culture filtrate of SRA14
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Hyphae of S. rolfsii grew in abnormal shapes such as marked hyphal swelling and
distortion were observed when cultured fungal mycelia on PDA plate amended with
20% (v/v) of either exponential or stationary culture filtrates. On the other hand, none
of these abnormal shapes were observed in the control experiments.

It has been reported that chitinase and -1,3-glucanase enzymes are able to lysis
of fungal cell walls and responsible for the suppression of fungal growth (40, 85).
According to the report of Joo (95), Streptomyces halstedii AJ-7 produced
extracellular chitinase and caused abnormal hyphal morphology. Culture filtrate of P.
aeruginosa K-187 caused growth aberration, hyphal swelling and lysis on many fungi
due to its containing high level of chitinase enzyme (68). Leelasuphakul et. al. (96)
found that microscopic observations of the processes that occur after treatment with
Bacillus subtilis NSRS89-24 culture filtrates have shown abnormal hyphal swelling,
lyses and complete degradation of the hyphal tip, and interference with conidial and
sclerotial germinations. However, abnormal hyphal structure such as thickness and
bulbous of inhibited fungal hyphae resulted from diffusible secondary compounds was
reported (92). In addition, antifungal antibiotics of S. violaceusniger G10 showed in
vitro antagonistic effects against F. oxysporum f.sp. cubense such as hyphal swelling
and inhibition of spore germination (82).

It is likely that fungal growth inhibition by Pseudomonas sp. NBR41 and
Streptomyces sp. SRA14 was a response to extracellular metabolites both hydrolytic
enzymes and secondary antifungal compound(s). These observations indicate that the
targets for antifungal compounds are in the cell wall of fungi at each hyphal apex. The
hyphal apex is composed of chitin, B-1,3 glucans and other oligosaccharide
compounds. The chitinase and -1,3 glucanase produced by Pseudomonas sp. NBR41
and Streptomyces sp. SRA14 will play a crucial role in the degradation of the fungal

cell walls.
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4.8 Stability of Extracellular Antifungal Metabolites on Heat and

Proteinase K Treatment

Based on the results from the in vitro studies, either the combined extracellular
hydrolytic enzymes and secondary antifungal metabolite(s) or secondary antifungal
metabolite(s) alone play a major role for inhibition of fungal growth. To clarify this
assumption, exponential and stationary culture filtrates were treated with heat at 100°C
for 45 min or 100 pg/ml of proteinase K at 37°C for 1 hr. In vitro antifungal bioassay
was performed to determine the antifungal activity against S. rolfsii.

The results revealed that antifungal activity by heat- and proteinase K-treated
exponential culture filtrate of both Pseudomonas sp. NBR41 and Streptomyces sp.
SRA14 culture filtrate to tested fungus was reduced compared to untreated exponential
culture filtrate (Figure 4-14 and Figure 4-15). Antifungal potential to S. rolfsii by 20%
(vlv) treated exponential culture filtrate of Pseudomonas sp. NBR41 was no
significantly effectiveness (0%) when heat- and proteinase K-treated with a
comparison to untreated exponential culture filtrate (Figure 4-14). Antifungal potential
to S. rolfsii by 20% (v/v) Streptomyces sp. SRA14 treated exponential culture filtrate
when heat- and proteinase K-treated was significantly decreased 4 and 7.9 folds with a
comparison to untreated exponential culture filtrate, respectively (Figure 4-15).
Contradictorily, there were no significantly reduced in the percentages of inhibition by
heat- and proteinase K-treated stationary culture filtrates of both Pseudomonas sp.
NBR41 and Streptomyces sp. SRA14 to tested S. rolfsii compared to untreated

stationary culture filtrate (Figure 4-14 and Figure 4-15).
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Figure 4-14 Percentage of mycelium growth inhibition of S. rolfsii at 4-day by
20% (v/v) of culture filtrate of Pseudomonas sp. NBR41
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Figure 4-15 Percentage of mycelium growth inhibition of S. rolfsii at 4-day by
20% (v/v) of culture filtrate of Streptomyces sp. SRA14
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These results indicated that antifungal potential of exponential culture filtrate was
responsible by heat labile proteins as extracellular chitinase and B-1,3-glucanase
enzymes that were highly produced during exponential phase. Fungal growth
inhibition of secondary culture filtrate was related to unknown non-proteinous or
thermostable proteinous antifungal compound(s) rather than hydrolytic enzymes.

Lim et. al. (97) found that antifungal substances involved in inhibition of F.
solani by Pseudomonas sp. YPL-1 were presumed to be heat unstable,
macromolecular substances such as hydrolytic enzymes. In addition, it was reported
that S. violaceusniger YCDE9 produced not only the extracellular chitinase and 3-1,3-
glucanase enzymes but it also excreted three antifungal compound including
guanidylfungin A-like compound (a complex of polyene-like compounds), nigericin (a
fungistatic polyether) and geldanamycin (a benzoquinoid polyketide) (77). However,
the chemical structures of extracellular antifungal compound(s) in culture filtrates of

Pseudomonas sp. NBR41 and Streptomyces sp. SRA14 are being investigated.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 67

CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In this study, each one strain of potent antagonistic bacteria and actinomycetes
was selected, including Pseudomonas sp. NBR41 and Streptomyces sp. SRA14. Two
antagonists showed the inhibitory effect against the growth of S. rolfsii that caused
stem rot or sclerotium wilt disease in Dendrobium orchid. Cell-free culture filtrates of
selected bacterial and actinomycete antagonists were inhibited phytopathogenic
fungus; S. rolfsii in the laboratory scale. The conclusion can be drawn from this study

were as follows:

5.1.1 Enumeration and isolation of total viable bacteria from Dendrobium
orchids

The total cell count of bacterial populations in three parts of orchids, including
leaf, pseudobulb and aerial root is 107, 10° and 10’ CFU/g sample, respectively. The
total of 201 bacterial strains was isolated from 75 orchid part samples. The 19, 56 and

126 bacterial strains were isolated from leaf, pseudobulb and aerial root, respectively.

5.1.2 Isolation and screening of chitinolytic and p-1,3 glucanolytic
actinomycete from soils

The 146 actinomycete strains were isolated from 15 different soil samples that
collected from orchid gardens and paddy fields. Then, they were screened chitinolytic
and B-1,3 glucanolytic activity. There were 77, 39, 6 and 24 actinomycete strains were
found in group of no activity, only chitinolytic activity, only B-1,3-glucanase activity
and chitino-B-glucanolytic activity which were 52.74%, 26.71%, 4.11% and 16.44%,

respectively.
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5.1.3 Screening of antagonistic microorganisms against S. rolfsii

To screen the potential antagonistic microorganisms against S. rolfsii, 201 and
146 bacterial and actinomycete strains, sequentially exhibited a weak or non-
antagonistic activity (level 0) towards S. rolfsii. Only 2 bacterial strains (ORR514 and
NBR41) had a high (level +++) antagonistic activity toward S. rolfsii. The percentages
of inhibition of fungal growth by strain ORR514 and NBR41 were 100% and 73.33%,
respectively. However, strain ORRS514 showed the typical colony similar to
Pseudomonas aeruginosa that is the quintessential opportunistic pathogen. Hence,
strain ORR514 was not selected for further studies. Among 6 actinomycete strains,
only strain SRA14 showed the highest percentage of inhibition of fungal growth
(100%) against S. rolfsii. Therefore, bacterial strain ORR514 and actinomycetes strain
SRA14 were selected for further studies.

5.1.4 Morphological study and identification of the selected potential
antagonistic microorganisms

From the Gram staining, bacterial strain NBR41 was Gram negative and rod
shape. Morphology of bacterial NBR41 cells was also observed by SEM at 10,000X.
In addition, actinomycete strain SRA14 was Gram positive and filamentous shape.
The bacterial strain NBR41 and actinomycete strain SRA14 antagonists were
identified by partial 16S rDNA sequence analysis. The results found that strain
NBR41 showed a high similarity to Pseudomonas cinnamophila (100% similarity)
from GenBank while strain SRA14 showed a high similarity to Streptomyces
hygroscopicus (98%similarity) from GenBank database.

5.1.5 Growth curve determination of the selected potential antagonists

The growth curves of both bacterial and actinomycete strains were not
significantly different. For bacterial strain, the growth was rapidly increased into
exponential phase within 8 hr (ODggo ~ 0.51-2.9). After that cell proliferation was still
increased until reaching to the mid-stationary phase at 24 hr. The cell growth was
slightly constant until 72 hr of growth period. For actinomycete strain, the growth was
rapidly increased into exponential phase within 1 day (3.77 mg/ml). In 1-day of

growth period, it was slightly increased and reached the stationary phase finally at 3-
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day of growth period (4.27 mg/ml). Their growth was declined until 9 days of growth

period.

5.1.6 Determination of chitinase and 3-1,3-glucanase activity in potential
antagonistics microorganisms

Pseudomonas sp. NBR41 produced relatively high level of chitinase (14.69 U/mg
protein) and [-1,3-glucanase activity (14.16 U/mg protein) at 4-hr of incubation
period. Streptomyces sp. SRA14 produced relatively high level of chitinase (5.2 U/mg
protein) and B-1,3-glucanase activity (8.06 U/mg protein) at 1-day and 2-day,

respectively of incubation period.

5.1.7 Evaluation of the effect of extracellular antifungal metabolites of the

potential antagonists on the growth of S. rolfsii

5.1.7.1 Effect of extracellular antifungal metabolites produced by
antagonists on the radial growth of S. rolfsii

Extracellular antifungal metabolites in cell free culture filtrates of both
Pseudomonas sp. NBR41 and Streptomyces sp. SRA14 antagonists inhibited the radial
growth of S. rolfsii at concentrations of 10% to 40% (v/v). In addition, both
antagonistic Pseudomonas sp. NBR41 and Streptomyces sp. SRA14, extracellular
antifungal metabolites in stationary phase was inhibited the mycelium growth of S.
rolfsii better than in exponential phase, indicating that secondary metabolites of the

antagonists play an important role in the growth inhibition of S. rolfsii.

5.1.7.2 Effect of extracellular antifungal metabolites produced by
antagonists on the submerged growth of S. rolfsii

The growth inhibitory effects of culture filtrate decreased with the extension
of incubation period. During 2 to 7-day of cultivation period, exponential and
stationary culture filtrate of Pseudomonas sp. NBR41 was more inhibited the

submerged growth of S. rolfsii than culture filtrate of Streptomyces sp. SRA14.
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5.1.7.3 Effect of extracellular antifungal metabolites produced by the
potential antagonists on the hyphal morphology of S. rolfsii

The effect of extracellular antifungal metabolites produced by the potential
antagonists on the hyphal morphology of S. rolfsii has been studied and found that
hyphae of S. rolfsii grew in abnormal shapes such as marked hyphal swelling and
distortion were observed when cultured fungal mycelia on PDA plate amended with

20% (v/v) of either exponential or stationary culture filtrates.

5.1.8 Stability of extracellular antifungal metabolites on heat and proteinase
K treatment

Exponential and stationary culture filtrates of both Pseudomonas sp. NBR41 and
Streptomyces sp. SRA14 were treated with either heat at 100°C for 45 min or 1mg/ml
proteinase K for 1 hr. There were no antifungal activity of S. rolfsii by heat- and
proteinase K-treated exponential culture filtrate of Pseudomonas sp. NBR41 compared
to the 20% (v/v) untreated culture filtrate. Antifungal potential to S. rolfsii by 20%
(v/v) exponential culture filtrate of Streptomyces sp. SRA14 when heat- and proteinase
K-treated was decreased with a comparison to untreated exponential culture filtrate,
respectively. There were no significantly reduced in the percentages of inhibition by
heat- and proteinase K-treated stationary culture filtrates of both Pseudomonas sp.
NBR41 and Streptomyces sp. SRA14 to tested S. rolfsii compared to untreated

stationary culture filtrate.

5.2 Recommendation

The recommendation can be drawn from this study are as follows:

5.2.1 The isolation of antagonistic bacteria and actinomycete should be
performed in other sources.

5.2.2 To obtain higher chitinase and -1,3 glucanase, media should be amended
some inducer such as chitin, laminarin, fungal cell wall and etc.

5.2.3 To obtain the high potential antifungal activity, the mixture of chitinase and

B-1,3 glucanase should be performed in further studies.
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5.2.4 Chemical structure and properties of extracellular antifungal metabolites in
cell-free culture filtrates of the antagonistic bacteria and actinomycete should be
characterized.

5.2.5 The effect of selected microorganisms or extracellular antifungal
metabolites in cell-free culture filtrates on other phytopathogenic fungi should be
studied.

5.2.6 The effect of selected microorganisms or extracellular antifungal
metabolites in cell-free culture filtrates on S. rolfsii causes sclerotium wilt in other
plants.

5.277 The effect of selected microorganisms or extracellular antifungal
metabolites in cell-free culture filtrates on S. rolfsii should be investigated in the
greenhouse study.

5.2.8 The gene that coded expression of antifungal compound of selected
microorganisms should be studied.

5.2.9 Other factors effecting on the antifungal activity and stability of
extracellular antifungal metabolites in cell-free culture filtrates of these antagonists
should be studies.

5.2.10 For quantitative measurement of antifungal activity in culture filtrates,
protein concentration in exponential and stationary culture filtrates should be

analyzed.
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APPENDIX A

CULTURAL MEDIA

1. Minimal salt medium (MSM)

This medium was prepared by mixing the following ingredients together:

MgS0,4.7H,0
K>;HPO,
KH,PO4
FeS0O4.H,O
ZnSOy4
MnCl,
NH4NO3

Distilled water

05¢g
0.7¢
03¢g
0.01g
1 mg
1 mg
lg
1L

After the medium was mixed together, it was autoclaved at 121°C under pressure

15 psi for 15 min.

2. R2A

This medium was prepared by mixing the following ingredients together:

Yeast extract

Proteose peptone No.3
Casamino acids
Dextrose

Soluble starch
Sodium pyruvate
K,HPO,
MgS0O4.7H,0

Agar

Distilled water

05¢g
05¢g
05¢g
05¢g
05¢g
03¢g
03¢g
0.05¢
I5¢g
1L
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After the medium was mixed together, it was autoclaved at 121°C under pressure

15 psi for 15 min.

3. Tryptic soy agar (TSA)

This medium was prepared by mixing the following ingredients together:

Pancreatic digest of casein 15¢
Enzymatic digest of soy bean meal S5¢g
NaCl S5¢g
Agar I5¢g
Distilled water AN

After the medium was mixed together, it was autoclaved at 121°C under pressure

15 psi for 15 min.

4. Starch casein agar

This medium was prepared by mixing the following ingredients together:

Soluble starch 10 g
Casein hydrolysate 03¢g
KNO; 2g
NaCl 2¢g
MgS04.7H,0 0.05¢
CaCO; 0.02¢g
FeSO4.H,0O 001g
KH,PO4 2¢g
Agar 15¢

After the medium was mixed together, pH was adjusted to 7.0. The medium was
autoclaved at 121°C under pressure 15 psi for 15 min. Then steriled 100 mg/L of

ketoconalzole was added to inhibit the fungal growth.

5. Yeast malt extract agar (YMA)
This medium was prepared by mixing the following ingredients together:
Yeast extract 4¢
Malt extract 10g
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Glucose
Agar

Distrilled water

4g
18 ¢
1L
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After the medium was mixed together, it was autoclaved at 121°C under pressure

15 psi for 15 min.

6. Colloidal chitin agar (CCA)

This medium was prepared by mixing the following ingredients together:

MgS0O,.7H,0
K,HPO,
KH,PO4
FeS0O4.H,O
ZnSOy

MnCl,
NH4NO3
Peptone

Agar

Colloidal chitin

Distilled water

05¢g
0.7¢
03¢g
0.01g
0.001 g
0.001 g
lg

lg

2g

lg

1L

After the medium was mixed together, pH was adjusted to 8.0 with 5 N sterile

NaOH. Colloidal chitin was prepared according to the method of Hsu et al. as see in

appendix B No. 6). The medium was autoclaved at 121°C under pressure 15 psi for 15

min. Then steriled 100 mg/L of ketoconalzole was added to inhibit the fungal growth.

7. Lichenin agar

This medium was prepared by mixing the following ingredients together:

MgS04.7H,0
K>HPO4
KH,PO4
FeSO4.H,0
ZnS0Oy4
MnCl,

05¢g
0.7¢g
03¢
001g
0.001 g
0.001 g
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NHNO; lg
Peptone lg
Agar 20g
Lichenin 05¢g
Distilled water 1L

After the medium was mixed together, it was autoclaved at 121°C under pressure
15 psi for 15 min. Then steriled 100 mg/L of ketoconalzole was added to inhibit the
fungal growth.

8. Tryptic soy broth (TSB)

This medium was prepared by mixing the following ingredients together:

Pancreatic digest of casein 17 g
Enzymatic digest of soy bean meal 3g
Dextrose 25¢g
NaCl 5S¢
K>;HPO4 25¢g
Distilled water 1L

After the medium was mixed together, it was autoclaved at 121°C under pressure

15 psi for 15 min.

9. Oatmeal Agar

This medium was prepared by mixing the following ingredients together:

Oatmeal 20g
Agar 18 ¢
Distilled water 1L

Oatmeal was boiled in distilled water until it was mushy. Then, it was filtrated
pass a sieve. The oatmeal solution was adjusted to 1L by adding distilled water. Next,
Agar and 1 ml of trace salts solution (Appendix B No.7) was added. The pH was
adjusted to 7.2 with NaOH. Finally, Oatmeal agar was autoclaved at 121°C under

pressure 15 psi for 15 min.
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10. Potato dextrose agar (PDA)

This medium was prepared by mixing the following ingredients together:

Potato (scrabbed and diced) 200 g
Dextrose 15¢
Agar 20g
Distilled water 1L

New potatoes should be avoided. Potatoes were boiled for 1 hr. Then the mixture
was passes through a fine sieve, added with agar and boiled until dissolved. Finally,
the mixture was added with dextrose and stirred. The medium was autoclaved at

121°C under pressure 15 psi for 15 min.

11. Yeast malt extract broth (YMB)

This medium was prepared by mixing the following ingredients together:

Yeast extract 4g
Malt extract 10 g
Glucose 4¢g
Distilled water 1L

After the medium was mixed together, it was autoclaved at 121°C under pressure

15 psi for 15 min.

12. Potato dextrose broth (PDB)

This medium was prepared by mixing the following ingredients together:

Potato (scrabbed and diced) 200 g
dextrose I5¢g
Distilled water 1L

New potatoes should be avoided. Potatoes were boiled for 1 hr. Then the mixture
was passes through a fine sieve, added with dextrose and stirred until. The medium

was autoclaved at 121°C under pressure 15 psi for 15 min.
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APPENDIX B
CHEMICAL AGENTS

1. Congo red solution
This chemical agent was prepared by mixing the following ingredients together:
Congo red 0.1g
20% Ethanol 0.1L

2. Preparation of 1% glycol chitin

Glycol chitin was prepared by acetylation of glycol chitosan. Glycol chitosan (5
g) was suspened in 100 ml of 10% acetic acid and the suspension was ground with
moetar and then the mixture is kept at 22°C overnight. The mixture was slowly added
with 450 ml of methanol and filtrated through a whatman No.l under vaccumm pump.
The solution was added with 7.5 ml of acetic anhydride, stirred and allowed to stand at
room temperature for 30 min and then it was excised to small pieces into the blender
to cover with 1 volume of methanol and blended at high speed for 4 min. The
gelatinous pellet was collected by centrifugation at 27,000 g for 15 min at 4°C. It was
homogenized and centrifuged as described in the proceeding step. The pellet was
resuspended in 500 ml of distilled water containing 0.2%% of sodium azide and

homogenized for 4 min. The product is 1% glycol chitin solution.

3. Potassium ferricyanide solution
The 0.5 g of potassium ferricyanide was dissolved in 1 L of 0.5 M sodium

carbonate and stored in a brown bottle.

4. Dinitrosalicylic acid (DNS) solution

The 1 g of 3,5-dinitrosalicylic acid was dissolved in 20 ml of 2 M NaOH. Then,
50 ml of deionized water and 30 g of sodium potassium tartate (C4H4KNaOg¢.4H,0)
was added. The mixture was adjusted to be 100 ml by dionized water and kept in

bottom away from light.
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5. Lactophenol cotton blue
The 20 g of phenol crystal was dissolved in 20 ml of lactic acid, 40 ml of
glycerence and 20 ml of distilled water, then 0.1 g of cotton blue dye was added. The

solution was stirred and filtrated before use.

6. Preparation of colloidal chitin
Colloidal chitin was prepared according to the method of Hsu et. al. (57).

40 g of unbleached chitin, bleached chitin, or partially pyrified chitin, all
ground dry in a waring blender, was dissolved in 400 ml of Conc.HCL by stirring for
30 to 50 min. The chitin was precipitated as a colloidal suspension by adding it slowly
to 2 liters of water at 5 to 10°C. The suspension was collected by filtration with
suction on a coarse filter paper and then wased by suspending it about 5 liters of tap
water and refiltering. The washing was repeated at least three times or until the pH of
the suspension was about 3.5. At least 85% of the chitin was recovered. Water content
of the chitin was determined by dring a sample at 100°C. For use, sufficient water was
added to resuspend the chitin the suspension was blended at high speed for about 10
min. Autoclaved filter cake or aqueous suspensions could be stored indefinitely at

room temperature.

7. Trace salt solution

This chemical agent was prepared by mixing the following ingredients together:

FeSO,.7H,0 0.1¢g
MnCl,.4H,0 0.1¢g
ZnSO,. TH,0 0.1g

Distilled water 100 ml
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APPENDIX C

STANDARD CURVES

1. Standard curve of N-acetyl-D-glucosamine (GlcNAc)

The stand curve of GIcNAc was constructed using stand solution of GIcNAc at

concentration of 0.1, 0.2, 0.4, 0.5, 0.6, 0.8, 1.0, 1.5 mg/ml. The amount of GIcNAc

was determined according to the method of Imoto and Yagishita (63). The color

development was measured for the absorbance at wavelength of 420 nm (A4y) using

distilled water as blank (see Table C-1). A regression line was drawn between GIcNAc

concentration against their absorbance value at 420 nm (see Figure C-1).

Table C-1 The correlation between standard GIcNAc concentration (mg/ml) and

their absorbance value at 420 nm

GlcNACc concentration (mg/ml) Absorbance value at 420 nm
0 0
0.1 0.131
0.2 0.209
0.4 0.325
0.5 0.383
0.6 0.516
0.8 0.682
1.0 0.801
1.5 0.99
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Standard GlecN Ac concentration (mg/ml)

Figure C-1 The standard curve of GIcNAc concentration (mg/ml) and their

absorbance value at 420 nm

2. Standard curve of glucose

The standard curve of glucose was constructed using solution of glucose at
concentration of 0.05, 0.1, 0.3, 0.5, 0.7, 0.9 and 1 mg/ml. The amount glucose was
determined according to DNSA method as described in Chapter 3. The color
development was measured for the absorbance at wavelength of 540 nm (Asa0) (see
Table C-2). A regression line was drawn between glucose concentration against their

absorbance value at 540 nm (see Figure C-2).

Table C-2 The correlation between standard glucose concentration (mg/ml) and their

absorbance value at 540 nm

Glucose concentration (mg/ml) Absorbance value at 540 nm

0 0

0.05 0.026

0.1 0.044

0.3 0.162

0.5 0.275

0.7 0.433

0.9 0.577

1.0 0.608
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0.5
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y=0.639x-0.020

03 R*=0.995

0.2

0.1

Abgorbance value at 540 nm

O T T T T T
0] 0.2 0.4 0.6 0.8 1 1.2

Standard glucose concentration (mg/ml)

Figure C-2 The standard curve of glucose concentration (mg/ml) and their

absorbance value at 540 nm

3. Standard curve of Bovine Serum Albumin (BSA)

The standard curve of BSA was constructed using solution of BSA at
concentration of 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 mg/ml as the previously mentioned
method in Chapter 3. The color development was measured for the absorbance at
wavelength of 595 nm (Asgs) (see Table C-3). A regression line was drawn between

glucose concentration against their absorbance value at 595 nm (see Figure C-3).

Table C-3 The correlation between standard BSA concentration (mg/ml) and their

absorbance value at 595 nm

BSA concentration (mg/ml) Absorbance value at 595 nm
0 0
0.1 0.0646
0.2 0.1693
04 0.3486
0.6 0.5021
0.8 0.6511
1.0 0.7524
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Figure C-3 The standard curve of BSA concentration (mg/ml) and their

absorbance value at 595 nm
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APPENDIX D
DATA RESULTS

1. Enumeration and Isolation of Total Viable Bacteria from Dendrobium Orchids

ANOVA
num
Sum of Squares df Mean Square F Sig.
Between
Groups 7.60019E+15 2 3.8001E+15 1140.953 .000
Within Groups 2.39806E+14 72 3.33064E+12
Total 7.84E+15 74
Post Hoc Tests

Multiple Comparisons

Dependent Variable: num

LSD
Mean
Difference Std. Error Sig. 95% Confidence Interval
Upper Bound  Lower Bound
leaf pseudobulb -5346443.6 516188.751 .000 -6375447.069 -4317440.13
root -23519643.6 516188.751 .000 -24548647.07 -22490640.1
pseudobulb  leaf 5346443.6 516188.751 .000 4317440.131 6375447.069
root -18173200 516188.751 .000 -19202203.47 -17144196.5
root leaf 23519643.6 516188.751 .000 22490640.13 24548647.07
pseudobulb 18173200 516188.751 .000 17144196.53 19202203.47

* The mean difference is significant at the .05 level.
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2. Level and percentages of mycelium growth inhibition of S. rolfsii by bacterial

strains
Bacterial code Level ° £ fupgal growth % fungal growth inhibition
inhibition*

SPB2.1 0 0.00
SPB2.2 0 0.00
SPB2.3 0 0.00
SPB2.4 0 0.00
SPB2.5 0 0.00
SPB2.6 0 0.00
SPB2.7 0 0.00
SPR2.1 0 0.00
SPR2.2 0 0.00
SPR2.3 0 0.00
SPR2.4 0 0.00
SPR2.5 0 0.00
SPR2.6 0 0.00
SPR2.7 0 0.00
SPR2.8 0 0.00
SPR2.9 ++ 46.67
SPR2.10 0 0.00
SPR2.11 0 0.00
SPL3.1 0 0.00
SPL3.2 0 0.00
SPB3.1 0 0.00
SPB3.2 0 0.00
SPB3.3 0 0.00
SPB3.4 0 0.00
SPB3.5 0 0.00
SPB3.6 0 0.00
SPB3.7 0 0.00
SPB3.8 0 0.00
SPB3.9 0 0.00
SPR3.1 0 0.00
SPR3.2 0 0.00
SPR3.3 0 0.00

*0=Ay £025cm,+ = 0.25< Ay<0.5¢cm, +++ = 0.5<Ay <1cm
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2. Level and percentages of mycelium growth inhibition of S. rolfsii by bacterial
strains (Continued)

Bacterial code Level ﬁféﬁi‘%ﬂjmwm % fungal growth inhibition
SPR3.4 0 0.00
SPR3.5 0 0.00
SPR3.6 0 0.00
SPR3.7 0 0.00
SPR3.8 0 0.00
SPR3.9 0 0.00
SPR3.10 0 0.00
SPR3.11 0 0.00
SPR3.12 0 0.00
SPR4.1 0 0.00
SPR4.2 0 0.00
SPR4.3 0 0.00
SPR4.4 0 0.00
SPR4.5 0 0.00
SPR4.6 0 0.00
SPR4.7 0 0.00
SPL5.1 0 0.00
SPR5.1 0 0.00
SPR5.2 0 0.00
SPR5.3 0 0.00
SPR5.4 0 0.00
SPR5.5 0 0.00
SPR5.6 0 0.00
SPR5.7 0 0.00
SPR5.8 0 0.00
SPR5.9 0 0.00
KPL1.1 + 33.33
KPR1.1 0 0.00
KPR1.2 ++ 60.00
KPR1.3 1 66.67
KPR1.4 0 0.00
KPR1.5 0 0.00
KPL2.1 0 0.00
KPB2.1 0 0.00
KPB2.2 0 0.00
KPB2.3 0 0.00
KPB2.4 0 0.00
KPB2.5 0 0.00

*0=Ay <£025cm,+ = 025< Ay<0.5cm, +++ = 0.5<Ay <1lcm
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2. Level and percentages of mycelium growth inhibition of S. rolfsii by bacterial
strains (Continued)

Bacterial code Level ﬁféﬁi‘%ﬂjmwm % fungal growth inhibition
KPB2.6 0 0.00
KPB2.7 0 0.00
KPB2.8 0 0.00
KPL3.1 + 26.67
KPL3.2 0 0.00
KPB3.1 0 0.00
KPB3.2 0 0.00
KPB3.3 0 0.00
KPB3.4 0 0.00
KPB3.5 0 0.00
KPB3.6 0 0.00
KPB3.7 0 0.00
KPL4.1 0 0.00
KPL4.2 0 0.00
KPL4.3 0 0.00
KPB4.1 0 0.00
KPB4.2 0 0.00
KPB4.3 0 0.00
KPB4.4 0 0.00
KPB4.5 0 0.00
KPB4.6 0 0.00
KPB4.7 0 0.00
KPRA4.1 0 0.00
KPR4.2 0 0.00
KPR4.3 0 0.00
KPR4.4 0 0.00
KPR4.5 0 0.00
KPR4.6 0 0.00
KPR4.7 0 0.00
KPR4.8 0 0.00
KPR4.9 0 0.00
KPR4.10 0 0.00
KPR4.11 0 0.00
KPR4.12 0 0.00
KPR4.13 0 0.00
KPR4.14 0 0.00
KPRA4.15 0 0.00
KPL5.1 0 0.00

*0=Ay <025cm,+ = 025< Ay<0.5cm, +++ = 0.5<Ay <lcm
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2. Level and percentages of mycelium growth inhibition of S. rolfsii by bacterial
strains (Continued)

Bacterial code Level ﬁféﬁi‘%ﬂjmwm % fungal growth inhibition
KPL5.2 0 0.00
KPL5.3 0 0.00
KPL5.4 0 0.00
KPL5.5 0 0.00
KPL5.6 0 0.00
KPL5.7 0 0.00
KPL5.8 0 0.00
KPR5.1 0 0.00
KPR5.2 0 0.00
KPRS.3 0 0.00
KPR5.4 0 0.00
KPRS.5 0 0.00
KPRS5.6 0 0.00
KPRS5.7 0 0.00
KPR5.8 + 33.33
KPR5.9 0 0.00
KPRS5.10 0 0.00
KPRS.11 0 0.00
KPRS5.12 0 0.00
KPR5.13 0 0.00
NBLI1.1 0 0.00
NBBI.1 0 0.00
NBBI1.2 0 0.00
NBBI1.3 0 0.00
NBB1.4 0 0.00
NBBI1.5 0 0.00
NBBI1.6 0 0.00
NBRI1.1 0 0.00
NBR1.2 0 0.00
NBRI1.3 0 0.00
NBR1.4 0 0.00
NBR2.1 0 0.00
NBR2.2 0 0.00
NBR2.3 0 0.00
NBR2.4 0 0.00
NBR2.5 0 0.00
NBR2.6 0 0.00
NBR2.7 0 0.00

*0=Ay <025cm,+ = 025< Ay<0.5cm, +++ = 0.5<Ay <lcm
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2. Level and percentages of mycelium growth inhibition of S. rolfsii by bacterial
strains (Continued)

Bacterial code Level ﬁféﬁi‘%ﬂjmwm % fungal growth inhibition
NBR2.8 0 0.00
NBR2.9 0 0.00
NBR2.10 0 0.00
NBR2.11 0 0.00
NBR2.12 0 0.00
NBR2.13 0 0.00
NBR2.14 0 0.00
NBB3.1 0 0.00
NBB3.2 0 0.00
NBB3.3 0 0.00
NBB3.4 0 0.00
NBB3.5 0 0.00
NBB3.6 0 0.00
NBR4.1 +++ 73.33
NBR4.2 0 0.00
NBR4.3 0 0.00
NBR4.4 0 0.00
NBR4.5 0 0.00
NBR4.6 0 0.00
NBR4.7 0 0.00
NBR4.8 0 0.00
NBR4.9 0 0.00
NBR4.10 0 0.00
RBRI1.1 + 26.67
RBR1.2 0 0.00
RBR1.3 0 0.00
RBR1.4 0 0.00
RBR1.5 0 0.00
RBRI1.6 0 0.00
RBR1.7 0 0.00
RBR1.8 0 0.00
RBR1.9 0 0.00
RBRI1.10 0 0.00
RBRI1.11 0 0.00
RBR1.12 0 0.00
PMRI1.1 + 26.67
PMR1.2 0 0.00
PMR1.3 0 0.00

*0=Ay <025cm,+ = 025< Ay<0.5cm, +++ = 0.5<Ay <lcm
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2. Level and percentages of mycelium growth inhibition of S. rolfsii by bacterial
strains (Continued)

Bacterial code Level 0 t fupgal growth % fungal growth inhibition
inhibition*

PMB3.1 0 0.00
PMB3.2 0 0.00
PMB3.3 0 0.00
PMB3.4 + 33.33
PMB3.5 0 0.00
PMB3.6 0 0.00
PMR3.1 0 0.00
PMR3.2 0 0.00
PMR3.3 0 0.00
PMR3.4 0 0.00
PMR3.5 0 0.00
PMRS.1 0 0.00
PMR5.2 + 26.67
PMRS5.3 0 0.00
ORRS5.14 U 100.00
ORR3.1 0 6.67
ORR4.9 0 0.00

*0=Ay £025cm,+ = 025< Ay<0.5cm, +++ = 0.5<Ay <lcm
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3. Screening of chitinolytic and B-1,3 glucanolytic actinomycetes and percent
inhibition of mycelium growth of S. rolfsii

\ = actinomycete can produce hydrolytic enzyme,
- = actinomycete cannot produce hydrolytic enzyme

Actinomycete Leveglr((;gvt;llngal % fungal growth | - Chitinolytic glu(?z;rié?iy e
code inhibition inhibition activity activity
SOA1.1 0 6.67 N \
SOA1.2 0 0.00 \ -
SOA1.3 0 0.00 \ -
SOAl.4 H 80.00 \ -
SOA1.5 0 0.00 \ \
SOAL1.6 0 0.00 \ -
SOA1.7 0 0.00 N\ -
SOA2.1 0 0.00 L -
SOA2.2 + 20.00 \ -
SOA2.3 0 0.00 - -
SOA2.4 0 0.00 - -
SOA2.5 0 0.00 - \
SOA2.6 0 6.67 - -
SOA2.7 0 0.00 \ -
SOA2.8 0 13.33 A -
SOA2.9 0 0.00 / -
SOA3.1 0 0.00 . -
SOA3.2 0 6.67 \ -
SOA3.3 0 0.00 1 -
SOA3.4 0 0.00 - -
SOA3.5 0 0.00 - -
SOA3.6 0 0.00 \ -
SOA3.7 0 0.00 \ -
SOA3.8 ++ 40.00 - -
SOA3.9 ++ 66.67 - \
SOA3.10 0 0.00 - -
SOA3.11 0 6.67 \ -
SOA3.12 0 0.00 - -
SOA4.1 0 6.67 - -
SOA4.2 0 0.00 - -
SOA4.3 0 0.00 - -
SOA4.4 0 0.00 N \
SOA4.5 0 0.00 \ -
SOA4.6 0 13.33 - -
SOA4.7 0 0.00 - -
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3. Screening of chitinolytic and B-1,3 glucanolytic actinomycetes and percent
inhibition of mycelium growth of S. rolfsii (Continued)

Actinomycete Levez:glrg‘fvilﬁngal % fl.mg'al' growth Chitir'lqutic gluch;ricﬁy i
code inhibition inhibition activity activity
SOA4.8 0 0.00 \ -
SOA4.9 . 80.00 Y -
SOA4.10 0 6.67 - -
SOA4.11 0 0.00 - -
SOAS5.1 0 0.00 \ -
SOA5.2 0 0.00 \ -
SOA5.3 0 6.67 \ -
SOA5.4 0 0.00 \ -
SOA5.5 0 13.33 \ -
SOAG5.6 0 0.00 \ -
SOA5.7 0 0.00 - -
SOA5.8 0 0.00 \ -
SOA5.9 0 6.67 - -
SOA6.1 0 0.00 - -
SOA6.2 0 0.00 \ -
SOA6.3 0 0.00 - -
SOA6.4 0 0.00 g -
SOAB.5 0 0.00 \ -
SOA6.6 0 0.00 i -
SOA6.7 0 6.67 A -
SOA7.1 0 0.00 ' -
SOA7.2 0 0.00 - -
SOA7.3 0 0.00 - \
SOA7.4 ++ 66.67 - -
SOA7.5 0 0.00 - -
SOA7.6 0 0.00 - -
SOA8.1 0 0.00 - -
SOA8.2 0 0.00 - -
SRA1.1 0 0.00 N \
SRAL.2 0 6.67 x/ \
SRAL.3 0 0.00 \/ \
SRA1.4 . 100.00 N \
SRAL5 ++ 66.67 x/ \
SRA1.6 0 6.67 N \
SRAL.7 0 6.67 N \
SAAL.4 . 96.67 v V
SAAL.5 0 0.00 N \
SAAL.7 0 0.00 \/ \
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3. Screening of chitinolytic and B-1,3 glucanolytic actinomycetes and percent
inhibition of mycelium growth of S. rolfsii (Continued)

Actinomycete Leve;lr((:gvﬁllngal % fl.mg'al. growth Chitipqutic olu CB a-ri(’)sly i
code ‘ihibition inhibition activity activity
SAAL.8 0 0.00 x/ \
SAAL.9 0 13.33 \/ \
SAA2.1 0 0.00 N \
SAA2.2 0 0.00 \ V
SAA2.3 0 0.00 N \
SAA2.4 0 0.00 \ \
SAA2.5 0 6.67 \ \
SAA2.7 0 0.00 \ \
SAA2.9 0 0.00 \ \
SAA2.10 0 0.00 \ \
M1.1 0 0.00 - -
M1.2 0 0.00 - -
M1.3 0 0.00 - -
M1.4 0 13.33 - -
M1.5 0 0.00 \ -
M1.6 0 0.00 E -
M1.7 0 0.00 \ -
M1.8 0 0.00 x/ \
M1.9 0 0.00 i -
M3.2 0 6.67 \ -
M3.5 0 0.00 i -
M4.1 0 0.00 - -
M4.2 0 0.00 \ -
M4.3 0 0.00 - -
M4.4 0 0.00 \ -
M4.5 0 6.67 - -
M4.6 0 0.00 - -
M4.7 0 0.00 - \
T1.2 0 0.00 - -
T1.3 0 0.00 - -
T1.4 0 6.67 - -
T2.1 0 0.00 - -
T2.2 ot 73.33 - -
T2.3 +++ 80.00 - -
T3.1 13.33 - -
T3.3 0.00 - -
T3.4 0.00 - _
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3. Screening of chitinolytic and B-1,3 glucanolytic actinomycetes and percent
inhibition of mycelium growth of S. rolfsii (Continued)

Actinomycete Leve;lrggvﬁllngal % fl'mg'al. growth Chitipqutic olu CB a-ri(’)sly tic
code inhibition inhibition activity activity
T3.5 0 0.00 - -
T3.6 0 0.00 - -
T3.7 0 6.67 - -
T3.8 0 6.67 . -
T3.9 0 0.00 - \
T3.11 0 0.00 . -
T4.2 =+ 46.67 B -
T4.3 0 0.00 - -
T4.5 0 0.00 \ -
TT406 0 6.67 \ -
TT411 0 6.67 v -
TT419 0 6.67 \ -
TT428 0 0.00 \/ -
TT430 0 0.00 \/ -
TT431 0 0.00 - -
TT432 0 0.00 E -
TT436 0 0.00 - -
TT437 0 0.00 \ -
L8 0 0.00 i -
L9.1 0 0.00 - -
L9.2 0 0.00 i -
L9.3 0 0.00 - -
LP1 tun) + 20.00 v -
LP2 (un) 0 0.00 v -
L17 0 0.00 - -
L20 0 0.00 - -
PP502 0 0.00 - -
PP503 0 0.00 - -
PP506 0 0.00 - -
PP518 0 6.67 - -
PP519 0 0.00 \ -
PP522 0 0.00 V -
CK108 0 0.00 Y -
CK113 0 0.00 - \
CK138 0 0.00 - -
MG1 @neau) 0 0.00 - -
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Figure D-2 Clear zone of B-1,3 glucanolytic actinomycetes on lichenin agar
plate after flooded with congo red

4. Partial 16S rDNA sequence of selected microorganisms

4.1 Analysis of partial 16S rDNA sequence of NBR41 strain using BLAST
program from NCBI data base

AB302401. Reports Pseudomonas cinna...[gi:146275414]

LOCUS AB302401 1417 bp DNA linear  BCT 08-MAY-
2007

DEFINITION Pseudomonas cinnamophila gene for 16S rRNA, partial sequence.
ACCESSION  AB302401

VERSION AB302401.1 GI1:146275414
KEYWORDS -
SOURCE Pseudomonas cinnamophila

ORGANISM  Pseudomonas cinnamophila
Bacteria; Proteobacteria; Gammaproteobacteria; Pseudomonadales;
Pseudomonadaceae; Pseudomonas.

REFERENCE 1

AUTHORS Nonaka,K., Hosokawa,K., Sato,Y. and Ohta,H.

TITLE Pseudomonas metavorans sp. nov., Pseudomonas cinnamophila sp.
nov. and Pseudomonas multiaromavorans sp. nov., phenolic acid-
degrading bacteria isolated from soil
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JOURNAL
REFERENCE

AUTHORS

TITLE

Unpublished

2 (bases 1 to 1417)
Ohta,H.

Direct Submission

JOURNAL
College

FEATURES
sourc

rRNA
ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381

Submitted (01-MAY-2007) Hiroyuki Ohta,

of Agriculture; Chu-ou 3-21-1, Ami-machi,
(E-mail:hohta@mx. ibaraki.ac.jp, Tel:81-29-888-8684,
Fax:81-29-888-8525)
Location/Qualifiers

e

ggctcagatt
ttgctcttca
ggacaacgtt
cttcgggect
ctcaccaagg
acacggtcca
tgatccagcc
gaggaagggc
ctaactctgt
ggcgtaaagc
ggaactgcat
agcggtgaaa
atactgacac
acgccgtaaa
gcattaagtt
gggccegeac
ggccttgaca
ggtgctgcat
cgcaaccctt
gacaaaccgg
cacacgtgct
caaaaccgat
agcaatcgcg
tcacaccatg

1..1417

Ibaraki 300-0393, Japan

/organism="Pseudomonas cinnamophila"
/mol_type=""genomic DNA™

/strain="C-

17

/isolation_source="soil"
/db_xref=""taxon:441133"
/country="Japan: Nippori, Taito-ku, Tokyo"
/collection_date="08-Apr-2000"
/note=""type strain of Pseudomonas cinnamophila®

<1l..>1417

/product="16S ribosomal RNA"

gaacgctggc
agttagcggc
tcgaaaggaa
tgcgctatca
cgacgatccg
gactcctacg
atgccgegtg
agtaagcgaa
gccagcagec
gcgegtaggt
ccaaaactgg
tgcgtagata
tgaggtgcga
cgatgtcaac
gaccgcectgg
aagcggtgga
tgcagagaac
ggctgtcgtc
gtccttagtt
aggaaggtgg
acaatggtcg
cgtagtccgg
aatcagaatg
ggagtgggtt

ggcaggccta
ggacgggtga
cgctaatacc
gatgagccta
taactggtct
ggaggcagca
tgtgaagaag
taccttgctg
gcggtaatac
ggttcgttaa
cgagctagag
taggaaggaa
aagcgtgggg
tagccgttgg
ggagtacggc
gcatgtggtt
tttccagaga
agctcgtgtc
accagcacgt
ggatgacgtc
gtacagaggg
atcgcagtgt
tcgcggtgaa
gcaccagaag

acacatgcaa
gtaataccta
gcatacgtcc
ggtcggatta
gagaggatga
gtggggaata
gtcttcggat
ttttgacgtt
agagggtgca
gttggatgtg
tatggtagag
caccagtggc
agcaaacagg
ggtccttgag
cgcaaggtta
taattcgaag
tggattggtg
gtgagatgtt
tatggtggge
aagtcatcat
ttgccaagcc
gcaactcgtc
tacgttcccg
tagctag

gtcgagcgga
ggaatctgcc
tacgggagaa
gctagttggt
tcagtcacac
ttggacaatg
tgtaaagcac
accgacagaa
agcgttaatc
aaatccccgg
ggtggtggaa
gaaggcgacc
attagatacc
actttagtgg
aaactcaaat
caacgcgaag
ccttcgggaa
gggttaagtc
actctaagga
ggcccttacg
gcgaggtgga
tgcgtgaagt
ggccttgtac

Ibaraki University,

tttgaagagc
tggtagtggyg
agcaggggac
gaggtaatgg
tggaactgag
ggcgaaagcc
tttaagttgg
taagcaccgg
ggaattactg
gctcaacctg
tttcctgtgt
acctggactg
ctggtagtcc
cgcagctaac
gaattgacgg
aaccttacca
ctctgacaca
ccgtaacgag
gactgccggt
gcctgggcta
gctaatctca
cggaatcgct
acaccgccgg

4.2 Analysis of partial 16S rDNA sequence of SRA14 strain using BLAST
program from NCBI data base

AB184760. Reports Streptomyces hygr...[gi:90960581]

LOCUS AB184760 1467 bp DNA linear  BCT O01-APR-
2006
DEFINITION Streptomyces hygroscopicus subsp. hygroscopicus gene for 16S
rRNA,
partial sequence, strain: NBRC 3401.

ACCESSION  AB184760
VERSION AB184760.1 GI1:90960581
KEYWORDS
SOURCE Streptomyces hygroscopicus subsp. hygroscopicus

ORGANISM Streptomyces hygroscopicus subsp. hygroscopicus
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AUTHORS
Tsuji,K.,

TITLE
JOURNAL
REFERENCE
AUTHORS
Tsuji.K.,

TITLE
JOURNAL

FEATURES
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Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;
Streptomycineae; Streptomycetaceae; Streptomyces.

1

Tamura,T., Oguchi,A., Kikuchi,T., Kikuchi,H., Nishii,T.,

Yamaguchi,Y., Tase,A., Takahashi,M., Sakane,T., Suzuki,K. and

Hatano,K.

Phylogenic analysis of the genus Streptomyces
Unpublished

2 (bases 1 to 1467)

Tamura,T., Oguchi,A., Kikuchi,T., Kikuchi,H., Nishii,T.,

Yamaguchi,Y., Tase,A., Takahashi,M.,
Hatano,K.

Direct Submission
Submitted (14-JUL-2004) Tomohiko Tamura, National Institute of
Technology and Evaluation, Department of Biotechnology; 2-5-8,
Kazusakamatari, Kisarazu, Chiba 292-0818, Japan
(E-mai I : tamura-tomohiko@nite.go.jp, Tel:81-438-20-5763,
Fax:81-438-52-2329)
Location/Qualifiers

source

rRNA

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441

acgaacgctg
ttagtggcga
ggaaacgggyg
ggcggtgcag
cgacgacggg
gactcctacg
acgccgcegtg
gagtgacggt
gtagggcgca
gtcggttgty
ttcggtaggg
caccggtggce
agcgaacagg
caacattcca
gccgcaaggce
cttaattcga
agatagtgcc
gtgagatgtt
ccttgtggtg
gacgtcaagt
aatgagctgc
gggtctgcaa
cggtgaatac
cccgaagcecg
gggacgaagt

1..1467

/organism=""Streptomyces hygroscopicus subsp.

hygroscopicus™
/mol_type=""genomic DNA"
/strain="NBRC 3401"
/sub_species="hygroscopicus"

/db_xref="taxon:68042"

<1..>1467

/product="16S ribosomal

gcggegtget
acgggtgagt
tctaataccg
gatgagcccg
tagccggect
ggaggcagcea
agggatgacg
acctgcagaa
agcgttgtcc
aaagcccggg
gagatcggaa
gaaggcggat
attagatacc
cgttgtccgt
taaaactcaa
cgcaacgcga
ccccttgtgg
gggttaagtc
ctggggactc
catcatgccc
gataccgtga
ctcgacccca
gttccegggce
gtggcccaac
cgtaacaagg

taacacatgc
aacacgtggg
gatatgacca
cggcctatca
gagagggcga
gtggggaata
gcettegggt
gaagcgccgg
ggaattattg
gcttaacccc
ttcctggtgt
ctctgggecg
ctggtagtcc
gccgeagceta
aggaattgac
agaaccttac
tcggtgtaca
ccgcaacgag
acgggagacc
cttatgtctt
ggtggagega
tgaagtcgga
cttgtacaca
cccttgtggg
tagccgt

RNA™

aagtcgaacg
caatctgccc
tcttgggcat
gcttgttggt
ccggccacac
ttgcacaatg
tgtaaacctc
ctaactacgt
ggcgtaaaga
gggtctgcag
agcggtgaaa
atactgacgc
acgccgtaaa
acgcattaag
gggggcccge
caaggcttga
ggtggtgcat
cgcaaccctt
gccggggtcea
gggctgcaca
atctcaaaaa
gtcgctagta
ccgcecgtca
agggagctgt

atgaagccct
tgcactctgg
ccttgatggt
gaggtaacgg
tgggactgag
ggcgaaagcc
tttcagcagg
gccagcagcc
gctcgtaggce
tcgatacggg
tgcgcagata
tgaggagcga
cggtgggcac
tgcccegect
acaagcggcg
catacaccgg
ggctgtcgtc
gtcecegtgtt
actcggagga
cgtgctacaa
gccggtctca
atcgcagatc
cgtcacgaaa
cgaaggtggg

Sakane,T., Suzuki,K. and

tcggggtgga
gacaagccct

gtaaagctcc
ctcaccaagg
acacggccca
tgatgcagcg
gaagaagcga
gcggtaatac
ggcttgtcge
caggctagag
tcaggaggaa
aagcgtgggg
taggtgtggg
ggggagtacyg
gagcatgtgg
aaagcattag
agctcgtgtc
gccagcaggc
aggtggggac
tggccggtac
gttcggattg
agcattgctg
gtcggtaaca
accagcgatt
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5.1 Growth curve determination in Pseudomonas sp. NBR41

Growth period | Growth curve 1 | Growth curve 2 Average D
(hrs) (ODgoo) (ODs0o) o
0 0.1000 0.1000 0.1000 0.0000
2 0.5170 0.5090 0.5130 0.0057
4 1.4300 1.2900 1.3600 0.0989
8 2.8700 2.9300 2.9000 0.0424
12 3.4700 4.0500 3.7600 0.4101
18 4.3500 4.7900 4.5700 0.3111
24 5.5100 5.2500 5.3800 0.1838
36 5.6200 5.3600 5.4900 0.1838
48 4.6800 5.0200 4.8500 0.2404
72 4.5100 4.8100 4.6600 0.2121
5.2 Growth curve determination in Streptomyces sp. SRA14
. Cell dry Cell dry Cell dry
Groxggil 2 c)erlod weight 1 weight 2 weight 3 Average S.D.
Y (mg/ml) (mg/ml) (mg/ml)
0 0.0000 0.0000 0.0000 0.0000 0.0000
0.5 1.2300 1.3500 1.7100 1.4300 0.0707
1 2.4420 2.6400 3.3333 2.8050 0.0778
2 3.2140 3.4200 4.0760 3.5700 0.3507
3 3.3080 3.5100 3.7420 3.5200 0.0184
5 2.4310 2.4300 2.7350 2.5320 0.2206
7 2.2180 1.9990 1.9110 1.8200 0.1867
9 2.1690 1.1200 1.4410 1.5767 0.0771
6. Hydrolytic activity
6.1 Chitinase activity of Pseudomonas sp. NBR41
GlcNAc GlcNAc Total Total Total Specific Specific
p(e;lrlo)d 1 2 activity activity protein activity 1 activity 2 Average SD
s (U/mg (U/mg
(ug/ml) (ug/ml) 1 (U) 2 (U) (mg/ml) protein) protein)
2 1321.4815 | 1309.6296 | 0.2987 0.2960 0.0296 10.1060 10.0154 10.0607 0.0640
4 1308.1481 | 1242.9630 | 0.2957 0.2809 0.0196 15.0656 14.3149 14.6902 0.5308
8 1302.2222 | 1284.4444 | 0.2943 0.2903 0.0261 11.2985 11.1442 11.2213 0.1090
12 1212.5926 | 1125.9259 | 0.2741 0.2545 0.0285 9.6153 8.9281 9.2717 0.4859
18 1001.0000 | 1120.0000 | 0.2263 0.2532 0.0322 7.0172 7.8514 7.4343 0.5898
24 889.8549 898.8563 0.2011 0.2032 0.0306 6.5714 6.6379 6.6046 0.0470
36 799.0370 885.1481 0.1806 0.2001 0.0464 3.8942 4.3138 4.1040 0.2967
48 518.5683 528.6732 0.1172 0.1195 0.0349 3.3556 3.4210 3.3883 0.0462
72 545.0754 | 632.8889 | 0.1232 | 0.1431 | 0.1107 1.1125 1.2917 1.2021 0.1267
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period GleNAe GleNAc T(?tgl Tgtgl Tota_l aScIt)ichiitf}:lcl asclsl‘izclltf}jz A
(days) (ug}ml) (ug%ml) T agu(gy (?E‘;?ii% (Uimg | (U/mg e >
protein) protein)
0.5 | 1014.8148 | 1022.2222 | 0.2294 0.2311 0.0645 3.5570 3.5830 3.5700 0.0092
1] 1191.1111 | 1198.5185 | 0.2692 0.2709 0.0516 5.2140 5.2464 5.2302 0.0115
2 | 628.1481 651.8519 0.1420 0.1473 0.0498 2.8529 2.9606 2.9068 0.0381
3| 202.9630 223.7037 0.0459 0.0506 0.0685 0.6701 0.7386 0.7044 0.0242
5] 118.5185 133.3333 0.0268 0.0301 0.0897 0.2986 0.3359 0.3172 0.0132
7 66.6667 146.6667 0.0151 0.0332 0.1042 0.1446 0.3181 0.2314 0.0614
9 37.0370 81.4815 0.0084 0.0184 0.1126 0.0743 0.1635 0.1189 0.0315
6.3 p-1,3 glucanase activity of Pseudomonas sp. NBR41
Glucose Glucose Total Total Total Specific Specific
p(irri:)d 1 2 activity | activity | protein | activity 1 | activity 2 Average SD
ug/ml ug/ml 1 (U) 2(U) | (mg/ml) p(rligﬁ) ;}iﬁgﬁ’)
2 3255.0000 | 2671.6667 | 0.3011 0.2472 0.0296 10.1881 8.3623 9.2752 1.2910
4 3371.6667 | 2638.3333 | 0.3119 0.2441 0.0196 15.8928 12.4361 14.1644 2.4442
8 2738.3333 | 2005.0000 | 0.2533 0.1855 0.0261 9.7240 7.1199 8.4219 1.8413
12 2035.3333 | 2071.6667 | 0.1883 0.1917 0.0285 6.6056 6.7235 6.6645 0.0833
18 1371.6667 | 1238.3333 | 0.1269 0.1146 0.0322 3.9355 3.5530 3.7442 0.2705
24 955.0000 905.0000 0.0883 0.0837 0.0306 2.8865 2.7353 2.8109 0.1068
36 621.6667 671.6667 0.0575 0.0621 0.0464 1.2400 1.3398 1.2898 0.0705
48 421.0000 486.0000 0.0389 0.0450 0.0349 1.1150 1.2872 1.2010 0.1217
72 321.6667 288.3333 0.0298 0.0267 0.1107 0.2687 0.2409 0.2547 0.0196
6.4 pB-1,3 glucanase activity of Streptomyces sp. SRA14
Glucose Glucose Total Total Total Specific Specific
I(JS;;OS(; 1 2 activity | activity | protein acti\//ity 1 acti\//ity 2 Average SD
ug/ml ug/ml 1 (U) 2(U) | (mg/ml) p(rlitgﬁ) p(rlitgﬁ)
0.5 750.0000 | 666.6667 0.0694 0.0617 0.0645 1.0759 0.9563 1.0161 0.0845
1 766.6667 850.0000 0.0709 0.0786 0.0516 1.3735 1.5228 1.4482 0.1055
2 2850.0000 | 4333.3333 | 0.2637 0.4009 0.0498 5.2978 8.0552 6.6765 1.9497
3 3010.2121 | 2790.0000 0.2785 0.2581 0.0685 4.0678 3.7702 3.9190 0.2104
5 2857.6565 | 2687.5834 | 0.2644 0.2486 0.0897 2.9465 2.7711 2.8588 0.1240
7 2030.1212 | 2045.3452 | 0.1878 0.1892 0.1042 1.8022 1.8157 1.8090 0.3043
9 1976.9737 | 142.6347 0.1829 0.0132 0.1126 1.6240 0.1171 0.8705 1.0654
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7. Effect of extracellular antifungal metabolites produced by antagonists on the

radial growth of S. rolfsii

7.1 Exponential culture filtrates of Pseudomonas sp. NBR41

Control S. rolfsii
Growth period | Colony @ 1 Colony @2 | Colony@3 | Colony @4
(days) (cm) (cm) (em) (cm) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 2.0 2.0 2.0 2.0 2.00 2.000
2 4.2 4.2 4.2 4.2 4.20 4.200
3 7.2 7.15 7.2 7.2 7.18 0.025
4 8.2 8.2 8.2 8.2 8.20 0.000
10% (v/v)
Growth period | Colony®@ 1 | Colony®@2 | Colony®@3 | Colony @ 4
(days) (cm) (cm) (cm) (cm) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.4 1.4 14 14 1.40 0.000
2 3.6 3.6 3.6 3.6 3.60 0.000
3 6.8 6.9 6.8 6.8 6.83 0.050
4 8.2 8.2 8.2 8.2 8.20 0.000
20% (v/v)
Growth period | Colony @ 1 Colony @2 | Colony @3 | Colony @ 4
(days) (cm) (cm) (cm) (cm) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.2 =2 1.2 %3 1.20 0.000
2 3.4 3.4 3.5 3.4 3.43 0.050
3 6.6 6.6 6.6 6.65 6.61 0.025
4 8.2 8.2 8.2 8.2 8.20 0.000
30% (v/v)
Growth period | Colony@ 1 | Colony®@2 | Colony®@3 | Colony @ 4
(days) (cm) (cm) (cm) (cm) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.1 1.1 1.1 1.1 1.10 0.000
2 24 2.5 2.4 24 2.43 0.050
3 43 43 4.2 43 4.28 0.050
4 8.2 8.2 8.2 8.2 8.20 0.000
40% (v/v)
Growth period | Colony®@ 1 | Colony®@2 | Colony®3 | Colony @ 4
(days) (cm) (cm) (cm) (cm) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 0.6 0.6 0.6 0.6 0.60 0.000
2 22 22 2.1 22 2.18 0.050
3 4.8 4.8 4.7 4.8 4.78 0.050
4 6.8 6.8 6.7 6.8 6.78 0.050
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10% (v/v)
Growth period | Colony @ 1 Colony @ 2 Colony @ 3 Colony @ 4
(dayrs)) (om) (om) (o) o) Average S-D.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.4 1.3 1.4 1.4 1.38 0.050
2 3.0 3.0 3.0 3.0 3.00 0.000
3 5.8 5.8 5.7 5.8 5.78 0.050
4 7.8 7.8 7.7 7.8 7.78 0.050
20% (v/v)
Growth period | Colony @ 1 Colony @ 2 Colony @ 3 Colony @ 4
(dayrs)) i (crﬁ) (cnyl) o Average S-D.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.1 1.1 1.1 1.1 1.10 0.000
2 2.35 2.4 2.4 2.4 2.39 0.025
3 4.7 4.7 4.7 4.7 4.70 0.000
4 6.5 6.6 6.6 6.6 6.58 0.050
30% (v/v)
Growth period | Colony @ 1 Colony @ 2 Colony @ 3 Colony @ 4
day0) (om) (o) (o) (om) Average S-D.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 0.9 0.9 0.9 0.9 0.90 0.000
2 1.3 IS 14 1.3 1.33 0.050
3 25 2.5 2.55 2.5 2.51 0.025
4 34 3.4 34 34 3.40 0.000
40% (v/v)
Growth period | Colony @ 1 Colony @ 2 Colony @ 3 Colony @ 4
(day) (em) (em) o) (cm) Average S-D.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 0.9 0.9 0.9 0.9 0.90 0.000
2 1.0 1.0 1.0 1.0 1.00 0.000
3 1.2 1.2 1.2 1.2 1.20 0.000
4 2.0 2.0 2.0 2.0 2.0 0.000
7.3 Exponential culture filtrates of Streptomyces sp. SRA14
10% (v/v)
Growth period | Colony @ 1 Colony @ 2 Colony @ 3 Colony @ 4
(dayrs)) (cm) (om) (cm) (om) Average S.D.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.4 1.4 1.4 1.4 1.40 0.000
2 3.6 3.6 3.6 3.6 3.60 0.000
3 6.8 6.8 6.9 6.8 6.83 0.050
4 8.0 8.0 8.1 8.0 8.03 0.050
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20% (v/v)
Growth period | Colony @ 1 Colony @2 | Colony®@3 | Colony @4
(days) (cm) (cm) (cm) (cm) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.2 1.2 1.2 1.2 1.20 0.000
2 3.2 3.2 3.2 3.2 3.20 0.000
3 6.15 6.2 6.2 6.2 6.19 0.025
4 7.2 7.2 7.2 7.2 7.2 0.000
30% (v/v)
Growth period | Colony @ 1 Colony @2 | Colony®3 | Colony @ 4
(days) (em) (cm) (em) (cm) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.1 1.1 1.1 1.1 1.10 0.000
2 3.0 3.0 3.0 3.0 3.00 0.000
3 5.6 5.6 5.6 5.7 5.63 0.050
4 6.6 6.6 6.6 6.6 6.60 0.000
40% (v/v)
Growth period | Colony®@ 1 | Colony @2 | Colony®@3 | Colony @ 4
(days) (cm) (em) (cm) (cm) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 0.4 0.4 0.4 04 0.40 0.000
2 1.1 1.1 1.1 1.1 1.10 0.000
3 2.6 2.6 27 2.7 2.65 0.058
4 4.2 4.2 4.25 4.25 4.23 0.029
7.4 Stationary culture filtrates of Streptomyces sp. SRA14
10% (v/v)
Growth period | Colony @ 1 Colony @2 | Colony@3 | Colony @4
(days) (cm) (cm) (cm) (m | Averee | 5D
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.4 1.4 1.4 1.4 1.40 0.000
2 3.7 3.7 3.7 3.7 3.70 0.000
3 6.4 6.4 6.4 6.4 6.40 0.000
4 8.2 8.2 8.2 8.2 8.20 0.000
20% (v/v)
Growth period | Colony @ 1 Colony @2 | Colony®@3 | Colony @ 4
(days) (cm) (cm) (cm) (m) | Averee | 5D
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.2 1.2 1.3 1.2 1.23 0.050
2 2.7 2.7 2.75 2.7 2.71 0.025
3 4.7 4.7 4.7 4.7 4.70 0.000
4 6.6 6.6 6.6 6.6 6.60 0.000
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30% (v/v)
Growth period | Colony @ 1 Colony @ 2 Colony @ 3 Colony @ 4
(days) (em) (em) (em) (em) Average | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 1.1 1.1 1.1 1.1 1.10 0.000
2 2.4 2.4 2.4 24 2.40 0.000
3 4.3 4.3 4.3 4.3 4.30 0.000
4 6.2 6.2 6.2 6.2 6.20 0.000
40% (v/v)
Growth period | Colony @ 1 Colony @ 2 Colony @ 3 Colony @ 4
(day) (cm) (cm) (cm) em) | Avemge | SD.
0 0.6 0.6 0.6 0.6 0.60 0.000
1 0.65 0.6 0.6 0.6 0.61 0.025
2 1.1 1.1 1.1 1.0 1.08 0.050
3 2.7 2.7 2.7 2.6 2.68 0.050
4 4.2 4.2 4.2 4.15 4.19 0.025

8. Effect of extracellular antifungal metabolites produced by antagonists on the
submerged growth of S. rolfsii

8.1 Culture filtrates of Pseudomonas sp. NBR41

Control
Growth period Cell dry weight 1 | Cell dry weight 2
( dayls)) (Irrlyg /ml)g (nrlyg /ml)g Average S.D.
0 0.000 0.000 0.000 0.000
0.5 0.998 1.196 1.097 0.140
1 1.275 1.711 1.493 0.308
2 3.992 4.336 4.164 0.243
3 7.475 7.607 7.541 0.093
5 9.914 10.376 10.145 0.327
7 10.795 11.001 10.898 0.146
20% (v/v) exponential culture filtrates
Growth period Cell dry weight 1 Cell dry weight 2
( dayg ) (rflyg /ml)g (Irrl}:g /ml)g Average S.D.
0 0.000 0.000 0.000 0.000
0.5 0.204 0.176 0.190 0.019
1 0.264 0.196 0.230 0.048
2 0.868 1.364 1.116 0.350
3 2.356 3.208 2.782 0.602
5 6.340 7.904 7.122 1.105
7 8.428 8.812 8.620 0.271
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20% (v/v) stationary culture filtrates

Growth period Cell dry weight 1 Cell dry weight 2
( dayg ) (r;}; /ml)g (rrrl}:g /ml)g Average S.D.
0 0.000 0.000 0.000 0.000
0.5 0.228 0.044 0.136 0.130
1 0.312 0.06 0.186 0.178
2 0.44 0.668 0.554 0.161
3 1.104 1.000 1.052 0.073
5 2.504 3.124 2.814 0.438
7 5.328 6.564 5.946 0.873
8.2 Culture filtrates of Streptomyces sp. SRA14
20% (v/v) exponential culture filtrates
Growth period Cell dry weight 1 Cell weight 2
( dayIs)) (nr1yg /ml)g E]rrnyg /ml)g Average S.D.
0 0.000 0.000 0.000 0.000
0.5 0.860 0.320 0.590 0.381
1 0.904 0.796 0.850 0.076
2 3.000 2.364 2.682 0.449
3 6.616 6.848 6.732 0.164
5 9.248 9.604 9.426 0.251
7 10.016 9.208 9.612 0.571
20% (v/v) stationary culture filtrates
Growth period Cell dry weight 1 Cell dry weight 2
( dayIs)) (rrrlyg /ml)g (m};g /ml)g Average S.D.
0 0.000 0.000 0.000 0.000
0.5 0.708 0.612 0.660 0.067
1 1.188 0.792 0.990 0.280
2 3.032 2.528 2.780 0.356
3 6.700 5.312 6.006 0.981
5 7.444 9.212 8.328 1.250
7 7.804 9.988 8.896 1.544
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9. Stability of extracellular antifungal metabolites on heat and proteinase K
treatment

- Exponential culture filtrate of strain NBR41

ANOVA
value
Sum of
Squares df Mean Square F Sig.
Between Groups 38961248
16369476
1.920 3 .640 | 00000000 .000
00000000.
000
Within Groups .000 12 .000
Total 1.920 15
Post Hoc Tests
Multiple Comparisons
Dependent Variable: value
LSD
Mean
Difference 95% Confidence Interval
() culfil (J) culfil (1-J) Std. Error Sig. Lower bound Upper bound
control untreated .80000(*) .00000 .000 .8000 .8000
heat .00000 .00000 1.000 .0000 .0000
Pro K .00000 .00000 1.000 .0000 .0000
untreated  control -.80000(*) .00000 .000 -.8000 -.8000
heat -.80000(*) .00000 .000 -.8000 -.8000
Pro K -.80000(*) .00000 .000 -.8000 -.8000
heat control .00000 .00000 1.000 .0000 .0000
untreated .80000(*) .00000 .000 .8000 .8000
Pro K .00000 .00000 1.000 .0000 .0000
Pro K control .00000 .00000 1.000 .0000 .0000
untreated .80000(*) .00000 .000 .8000 .8000
heat .00000 .00000 1.000 .0000 .0000

* The mean difference is significant at the .05 level.
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- Stationary culture filtrate of strain NBR41

ANOVA
value
Sum of
Squares df Mean Square F Sig.
Between Groups 65010531
80851420
1.870 3 .623 | 00000000 .000
00000000.
000
Within Groups .000 12 .000
Total 1.870 5
Post Hoc Tests
Multiple Comparisons
Dependent Variable: value
LSD
Mean
Difference 95% Confidence Interval
() culfil - (J) culfil (1-J) Std. Error Sig. Lower Bound Upper Bound
control untreated .80000* .00000 .000 .8000 .8000
heat .80000* .00000 .000 .8000 .8000
pro K .80000* .00000 .000 .8000 .8000
untreated control -.80000* .00000 .000 -.8000 -.8000
heat .00000 .00000 1.000 .0000 .0000
pro K .00000 .00000 1.000 .0000 .0000
heat controll -.80000* .00000 .000 -.8000 -.8000
untreated .00000 .00000 1.000 .0000 .0000
pro K .00000 .00000 1.000 .0000 .0000
pro K control -.80000* .00000 .000 -.8000 -.8000
untreated .00000 .00000 1.000 .0000 .0000
heat .00000 .00000 1.000 .0000 .0000

*. The mean difference is significant at the .05 level.
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- Exponential culture filtrate of strain SRA14

ANOVA
value
Sum of
Squares df Mean Square F Sig.
Between Groups .301 3 .100 68.714 .000
Within Groups 012 8 .001
Total .312 11

Post Hoc Tests

Multiple Comparisons

Dependent Variable: value

LSD
Mean
Difference 95% Confidence Interval
() culfil — (J) culfil (1-J3) Std. Error Sig. Lower Bound Upper Bound
control  untreated .40000* .03118 .000 .3281 4719
heat .06667 .03118 .065 -.0052 .1386
pro K .05000 .03118 147 -.0219 1219
untreated control -.40000* .03118 .000 -.4719 -.3281
heat -.33333* .03118 .000 -.4052 -.2614
pro K -.35000* .03118 .000 -.4219 -.2781
heat control -.06667 .03118 .065 -.1386 .0052
untreated .33333* .03118 .000 .2614 .4052
pro K -.01667 .03118 .608 -.0886 .0552
pro K control -.05000 .03118 147 -.1219 .0219
untreated .35000* .03118 .000 .2781 4219
heat .01667 .03118 .608 -.0552 .0886

*. The mean difference is significant at the .05 level.
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- Stationary culture filtrate of strain SRA14

ANOVA
value
Sum of
Squares df Mean Square F Sig.
Between Groups .750 3 .250 1E+031 .000
Within Groups .000 12 .000
Total .750 15

Post Hoc Tests

Dependent Variable: value

Multiple Comparisons

LSD
Mean
Difference 95% Confidence Interval
() culfit — (J) culfil (1-) Std. Error Sig. Lower Bound Upper Bound
control  untreated .50000* .00000 .000 .5000 .5000
heat .50000* .00000 .000 .5000 .5000
pro K .50000* .00000 .000 .5000 .5000
untreated control -.50000* .00000 .000 -.5000 -.5000
heat .00000 .00000 1.000 .0000 .0000
pro K .00000 .00000 1.000 .0000 .0000
heat control -.50000* .00000 .000 -.5000 -.5000
untreated .00000 .00000 1.000 .0000 .0000
pro K .00000 .00000 1.000 .0000 .0000
pro K control -.50000* .00000 .000 -.5000 -.5000
untreated .00000 .00000 1.000 .0000 .0000
heat .00000 .00000 1.000 .0000 .0000

*. The mean difference is significant at the .05 level.
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