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Abstract: Plants, in contrast with vertebrates, have no immune system. So they are affected by pathogens easily leading
to remarkable yield loss altogether. Fungal phytopathogens pose serious problems worldwide in the agriculture sector, and
harmful and costly chemical fungicides are nowhere a match to them. A detailed study was performed to screen the
cooperative role of Streptomyces coelicolor and Streptomyces halstedii towards the fungal pathogen Nigrospora, a
predominant pathogen of banana plantation. Many works were published stating the antagonistic activity of the
Streptomyces species. For the first time we tried to study against the Nigrospora, which is a predominant pathogen of
banana plant. Moreover we tried to find out the cooperative role of both the species towards the fungal pathogen. Biofilm
formation studies were done using the ethanol method, and Chitinase activity was quantified using DNS method. Free
radical scavenging activity was quantified using the standard DPPH method. The antioxidant profiles were screened using
the TLC plate in mobile phase (5:4:3 (v/v/v) n-butanol/Methanol/16% aqueous ammonia). The antagonistic screening test
done using the cup plate method proved the cooperative role of both the species. The activity of chitinase was observed for
all the groups. Both the species showed chitinase activity, but when they are co cultured the activity was found to be
enhanced. Even the co culture study also proved of the strong biofilm formation. Previous literature also showed of the
exhibition of biofilm formation of the Streptomyces species. The increase or stability in the values proves of the possible
cooperative role of both the species in the antagonistic activity against the Nigrospora species. A one way ANOVA was
done to show the significance in the formation of biofilms. Peculiar results were obtained in the TLC. The Rf values
obtained were compared with the standard antioxidant Rf values. The Rf values of 0.12 match with the catechin, and 0.4
match with the Quercetin, 06 match with Caffeic acid.
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plant species regularly suffer pathogen and herbivore
attacks [2,3]. Thus, the need for a systematic and easy
comprehensive understanding of the negative impacts of
pathogens on plants is evident.

After infection, when the pathogen has established itself
in the host, it will heavily depend on host metabolism and,
as a consequence, the metabolism of pathogen and host
become tightly interlinked. This generally imposes severe
nutrient losses of the plant to the pathogen [4].

The organism that suppresses the pest or pathogen is
referred to as the biological control agents (BCA).
According to the members of the U.S. National Research
Council, ‘Biological control is the use of natural or
modified organisms, gene, or gene products, to reduce the
effect of undesirable organisms and to favor desirable

1. Introduction

Chemical fungicides are extensively adopted in current
of plant diseases. Therefore, biological control tactics
become an important approach to facilitate sustainable
agriculture. Farming practices were modified now and then
to protect the crops from diseases. However, recently their
utilization has attracted increased scrutiny since chemical
fungicides are highly toxic, and can cause environmental
pollution, and may induce pathogen resistance [1].

Photosynthetic organisms form the basis of all food webs
and higher land plants are the primary energy and carbon
source for terrestrial ecosystems to feed the human
population. However, all of the approximately 300,000
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organisms such as crops, beneficial insects, and
microorganisms.’ Plants and pathogens interact with a wide
variety of microorganisms. These interactions can
significantly affect plant health in various ways [5, 6].

Control of the soil borne pathogens with chemicals is
practically difficult. On the other hand, indiscriminate use
of chemicals causes environmental pollution and health
hazards [7, 8]. Nowadays, integrated Disease Management
(IDM) is very much popular for controlling plant diseases.
There are several tactics within IDM, among them
biological control being one of the most important tactics.
The use of antagonistic bacteria as a biological control
means may provide a great alternative for plant pathologists
(8]

In the past century, farmers often relied heavily on
chemical fertilizers and pesticides to increase the
productivity of plants. However, the environmental
pollution caused by excessive use and misuse of
agrochemicals, as well as concern by some opponents of
pesticides, has led to considerable changes in people’s
attitude toward the use of pesticides in agriculture [9].
Consequently, some pest management researchers have
focused their efforts on developing alternative inputs to
synthetic chemicals for control pests and diseases. Some
microorganisms nearby rhizosphere help plant health from
pathogen attack, directly or indirectly [10].

In recent years, the search for microorganisms
antagonistic toward fungi has intensified due to the fact that
they are causative factors of many plant diseases. This is
usually associated with the production of antifungal
compounds and extracellular hydrolytic enzymes (chitinase
and 1,3-Bglucanase). Chitinolytic enzymes are able to lyse
the cell wall of many fungi. The microorganisms that
produce these chitynolytic enzymes are able to destroy the
cell wall of many fungi [11]. The microorganisms that
produce these enzymes are capable of eradicating fungal
diseases that are a problem for global agricultural
production. Chitynolytic microorganisms may be an
alternative to chemical agents and could be employed as
natural plant protection methods against fungal diseases
[12]. To this end, microorganisms able to synthesize
compounds that naturally inhibit the growth of
phytopathogenic fungi are being searched for. Compared to
synthetic fungicides, they do mnot contaminate the
environment, this being a crucial factor in increased interest
in the use of biological methods to combat plant pathogens
[13]

Streptomyces are widely distributed in soil and play an
important ecological role in the biodegradation of insoluble
biomaterials through their broad range of extracellular
hydrolytic enzymes [17, 24]. Streptomyces are known to
decompose chitin, the second most-abundant biomass in
nature, and possess many genes for various chitinases with
different enzymatic characteristics. Moreover, according to
environmental conditions, Streptomyces exhibit
morphological differentiation accompanied by the
formation of spores and the production of a wide range of

secondary metabolites, such as antibiotics [14, 19]. In fact,
Streptomyces are important producers of approximately
two-thirds of all antibiotics and other valuable secondary
metabolites found so far [15, 16].

As saprophytic soil bacteria, Streptomyces utilize
naturally occurring polysaccharides, such as chitin, xylan,
and cellulose, as carbon sources N-Acetylglucosamine
(GlcNAc), the monomer of chitin, is a preferred carbon and
nitrogen source for Streptomyces, and the related metabolite
glutamate is preferred over glucose [18,22]. Chitin is one of
the most abundant polysaccharides on earth and is found,
among others, in the cuticles and shells of insects and
crustaceans and within the cell walls of fungi; to utilize this
polysaccharide, Streptomyces have an extensive chitinolytic
system [20, 21].

The project was mainly aimed to isolate and identify the
predominant fungal strains from the banana plantation and
to screen for the potential biocontrol agent against the
pathogen. And mainly the study was designed to screen for
the possible cooperative role of both the strains
(Streptomyces coelicolor, Streptomyces halstedii) towards
the fungal pathogen. To confirm the antagonistic we
designed to measure the Chitinase activity, biofilm
formation and scavenging activity quantitatively in relation
to both the species separately and together. Thin layer
chromatography was done to screen the antioxidants.

2. Materials & Methods

2.1. Microorganisms and Culture Condition

Sample Collection: The samples have been collected
from banana plantations in horticulture lab, GKVK
agricultural university and coastal regions of Mypad,
Nellore in sterile bags and bottles, labelled and preserved at
4°C. The samples were serially diluted and plated (10™ and
10" dilutions) onto potato dextrose agar plates and
incubated at 28°C for 4-6 days [1]. The isolated colonies
were then stained with lacto phenol cotton blue and
observed under microscope for their morphology. The pure
colonies are identified according to the protocol described
by Benson. 2001 [25].

Bacterial culture: The strains selected for the experiment
were ordered from MTCC. The strains Streptomyces
coelicolor (M130, MTCC No 8), Streptomyces halstedii
(CKM-2, MTCC No 6817). The cultures were revived on
their respective selective medium as formulated and
standardized by MTCC.

The medium used for Streptomyces halstedii is as
follows with incubation at 30°C for 4 days (Glucose 4.0g,
Yeast extract 4g, Malt extract 10g, CaCO; 2g per 1litre).
The medium used for Streptomyces coeliocolor is as
follows with incubation at 26°C for 5 days (Glucose 4.0g,
Yeast extract 4g, Malt extract 10g per 1litre).

Colloidal chitin preparation: Colloidal chitin was
prepared according to the protocol described elsewhere [1].
Briefly 12g of chitin powder was obtained from the shrimp
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shells and digested with 380ml of concentrated HCI, and
the contents were left at 4°C overnight with vigorous
stirring. The mixture was added to 4L of ice-cold ethanol
95% (v/v) with rapid stirring and incubated at 4°C
overnight. The precipitate obtained was collected by
centrifugation at 5000g for 20 min at 4°C and subsequently
washed with sterile distilled water and made neutral (pH
7.0)

2.2. Antagonistic Activity

Cup plate method: The strains were screened for the
antagonistic activity by cup plate method as described by
Prapagdee et al, [6]. The isolates were screened for their in
vitro antagonism, according to the modified method of
Crawford et al. 20ul suspension of spores (10° spores/ml)
of strain was spotted on one side of a PDA plate and
incubated at 28 °C for 3 days. A mycelial plug of 6.0-mm
diameter from 3-days-old of each fungus was cut and
transferred to a Streptomyces pregrown PDA plate. The
fungal plug alone was placed on uninoculated PDA plates
separately as control treatment(C). The radial fungal
growth in the direction of the antagonist in both the control
and the dual culture plates containing Streptomyces
halstedii and Streptomyces coelicolor (SHC) was measured
at 4 and 6 days after incubation respectively.

Tube Method: Briefly, to a test tube with 10ml of
medium (with 1% Chitin) 20ul of culture was added and
incubated 37°C overnight. The tube without the inoculum
was maintained as control.

Crude enzyme extraction: Both the strains (S.coelicolor,
S.halstedii) were cultivated in about 200ml of Streptomyces
broth and incubated at 28°C in an orbital shaker (200rpm)
for 10 days. The culture was centrifuged at 11,000 rpm for
15 min, and the supernatant was filtered with filter paper.
The supernatant was used for extraction with n-hexane,
ethyl acetate, chloroform and n-butanol. The extracts were
then concentrated by evaporation at room temperature and
the concentrated products kept at -20°C until further use
[23].

Chitinase activity: Chitinase activity was measured with
colloidal chitin as a substrate. Briefly, the reaction mixture
containing 0.5ml of 1% (w/v) colloidal chitin and 0.5 ml of
the crude enzyme was incubated at 50°C for 1 hour. The
reaction was stopped by the addition of 3 ml of DNS
followed by heating at 100°C for 5 min. Following
centrifugation, the concentration of the reducing sugar in
the supernatant was determined using the modified DNS
method (Miller, 1959). The absorption of the sample was
measured at 530nm using a UV spectrophotometer
(Shimadzu). One unit (U) of chitinase activity was defined
as the amount of enzyme required to produce 1mM of
reducing sugar per min.

The amount of protein in the crude enzyme was
measured by the method of Lowry et al, 1951 [26] with
BSA as standard.

Biofilm Formation: Biofilm formation studies in the
presence of glucose are carried out according to the

protocol as described by Arana et al,[10]. Briefly, the cells
grown overnight in trypticase soya broth (TSB) (0.25%
glucose) at 37°C are diluted 1:40 with TSB using 0.25
glucose. 200l of this culture was inoculated into 96well
sterile plate followed by 24hrs incubation at 37°C. After the
incubation the wells were washed thrice with PBS and
dried in an inverted position. The culture wells were then
stained with 1% crystal violet for 15 min and the wells
rinsed with 200l of ethanol: Acetone (80:20) to solubilise
the crystal violet. Absorbance was measured at 595nm. The
reaction was set up for all the groups Control, Streptomyces
coeliclor, Streptomyces halstedii, and Culture containing
both the strains (C, SC, SH, SHC).

Scavenging Activity: The principle of DPPH method is
based on the reduction of DPPH in the presence of a
hydrogen donating antioxidant. Extracts reduce the colour
of DPPH due to the power of hydrogen donating ability
[15]. DPPH is one of the compounds that possess a proton
free radical with a characteristic absorption, which
decreases significantly on exposure to proton radical
scavengers.

The DPPH free radical scavenging activity was done on
all the groups of experiments (Control, SC, SH and SHC).
The cultures with the medium were incubated along with
the fungal cultures for 5 days in an incubator at 30°C. After
the incubation, the culture was centrifuged and the
supernatant collected. To the supernatant, equal volumes of
methanol was added and kept in the orbital shaker
overnight. Four tubes were used in the experimentation.
First tube serves as the control, with no bacterial cultures.
Second tube with Streptomyces coelicolor alone (SC), third
tube with Streptomyces halstedii alone (SH), and the fourth
tube with both the cultures (SHC). The antioxidants if at all
present were expected to be extracted into the methanol
medium. The culture supernatant (150ul) of was mixed
with 37.5ul methanolic solution containing 0.75mM 1,1-
diphenyl-2-picrylhydrazyl (DPPH) (HiMedia, Mumbai,
India) radicals. The mixture was shaken vigorously and left
to stand for 30min in the dark. Absorbance was then
measured at 517 nm against a blank. Ascorbic acid (0.5M)
was taken as the positive control. The scavenging ability
was calculated as follows: Scavenging ability (%) = (A
Control—A Sample)/ A control x100.

Thin Layer Chromatography Analysis: The antioxidant
materials of the culture supernatant were analyzed by silica
gel TLC using 5:4:3 (v/v/v) n-butanol/methanol/16%
aqueous ammonia as the mobile phase [24].

The samples (about 10ul) extracted in the methanol were
spotted onto Silica gel TLC plates (0.25 mm). The plate
was placed in the chamber saturated with the mobile phase
(5:4:3 (v/v/v) n-butanol/methanol/16% aqueous ammonia)
and allowed to run along with the mobile phase. The
compounds were then visualized by spraying with ethanol
containing 0.5% (w/v) Ninhydrin followed by activating on
heating in hot air oven at 55°C. The antioxidant material
was identified based on the Rf value in comparison with
standard chitooligosaccharides (HiMedia).
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3. Results and Discussion

Isolation and Identification of the fungal pathogen:

Fig 1. Left: Sample obtained showing Streaks of fungal infection. Right:
Microscopic examination of Nigrospora.

3.1. Revival of Cultures

The lyophilized cultures were carefully retrieved by
inoculating into Streptomyces medium formulated and
standardized by MTCC (fig 2).

Fig 2. Left: Streptoyces hastedii Right: Streptomyces coeliocolor

3.2. Screening for the Antagonistic Activity

The fungal plug was additionally placed on uninoculated
PDA plates separately as control treatment. The radial
fungal growth in the direction of the antagonist in both the
control and the dual culture plates was measured at 4 and 6
days after incubation respectively.

Fig 3. Left: Figure showing the antagonistic activity of the Streptomyces coelicolor against the fungal pathogen Nigrospora. Middle: Antagonistic activity
of the Streptomyces halstedii. Right: Antagonistic activity of the both the Streptomyces species against the fungal pathogen Nigrospora.

The bacterial strains were already proved to have
antagonistic activity towards the fungal pathogens [12]. But
there was no data published of the antagonistic activity
towards the Nigrospora, a common plant pathogen. To
confirm our study of the possible cooperative role of both
the species we have studied the antagonistic activity on the
same plate with both the species.

3.3. Chitinase Activity

The extract of n butanol was found to more effective. So
the chitinase activity was carried with the n butanol extract.
Chitinase activity was measured with colloidal chitin as a
substrate. The absorption of the appropriately diluted test
sample was measured at 530 nm using a UV
spectrophotometer (Beckman DUS530, USA) along with
substrate and enzyme blanks. One unit (U) of chitinase
activity was defined as the amount of enzyme required to
produce 1mM of reducing sugar per min.

The activity of chitinase was observed for all the groups.
The chitinase activity was shown in both the species. As
per the objective of the study both the cultures were studied
together for the chitinase activity in the presence of the
pathogen. The chitinase activity was found to be more in
the presence of both the cultures together. This reveals of

the presence of the possible role of both the species towards
the antagonistic activity of the Nigrospora species.

Chitinase activity

50%
>
:‘é 40%
T
© 30%
g
E 20% - . -
z M Chtinase activity
o -
o 10%

0%

Control ~ SC SH SHC
Samples

Fig 4. Graph shwoing the % chitinase activity of the samples Control, SC,
SH and SHC. All the values were average of triplicates. The values are
expressed in %. SC: Streptomyces coelicolor, SH: Streptomyces halstedii,
SHC: Both the species.

3.4. Biofilm Formation

The biofilm studies confirms of the cooperative role of
the species. Streptomyces species exhibits biofilms. The
increase or stability in the values proves of the possible
cooperative role of both the species in the antagonistic
activity against the Nigrospora species. A one way ANOVA



32 Sudhakar Malla et al.: Antagonistic Activity and Biofilm Studies on Streptomyces Species towards Nigrospora Sp

was done to show the significance in the formation of
biofilms. There was a significant effect in the formation of
the biofilms between the groups remembered at the p <

0.05 level. [F (3,11) = 47.855.272, p = 0.0022] [F.; value
being 4.0661].

Table 1. Table showing the values of biofilm formation after ethanol washing. All the values are average of triplicates. All the values are expressed as
value + sd. Control: Medium alone; SC: Streptomyces coeliclor; SH: Streptomyces halstedii.

BIOIFILM formation Control SC SH SC+SH
0.114 0.315 0.293 0.383

0.D at 595nm 0.123 0.341 0.277 0.391
0.119 0.318 0.283 0.397

Mean 0.119 + 0.0045 0.325+£0.0142 0.284 + 0.008 0.390 + 0.007

3.5. DPPH Free Radical Scavenging Activity

All the four groups showed a positive effect of
antioxidant activity. The control (Fungus and medium) also
showed antioxidant activity. This confirmed of the presence
of the defense mechanism of the fungus. The SC, SH and
SHC showed the scavenging activity. All the groups
showed the similar activity when compared with the
positive control. The O.D of the DPPH plus the methanol
taken as the control was found to be 1.012.

DPPH % scavenging activity

80.00

= 70.00
-% 60.00
a 50.00 Control
c
-E, 40.00 —_—C
% 30.00 SH
3 20.00
* = ——SHC
10.00
0.00 r . . . : Positive control

Omin 5min 10 min20 min30 min

Time in mins

Fig 5. Table showing the percent free radical scavenging activity of the
groups. Ascorbic acid was taken as the positive control. All the values
were average of triplicates. (SC: Streptomyces coeliclor; SH: Streptomyces
halstedii; SHC: Both the species together).

3.6. Thin Layer Chromatography

Fig 6. TLC analysis of antioxidant materials in the culture supernatant of
the experimental groups (Control, SC, SH and SHC). After developing, the
compounds were then visualized by spraying with ethanol containing 0.5%
(w/v) Ninhydrin.

The results obtained in the TLC were calculated for the
Rf values. The Rf values obtained were compared with the
standard antioxidant Rf values. The Rf values of 0.12
match with the catechin, and 0.4 match with the Quercetin,
06 match with caffeic acid. The culture flask containing
both the species showed an inhibition of the compounds of
Rf values 0.6 and 0.68.

Table 2. Table showing the Rf values of the Antioxidant compounds
resolved on TLC plate.

Control SC SH SHC
0.12 0.12 0.12 0.12
0.4 0.5 0.31 0.31

Rf values 0.5 0.6 0.45 0.5
0.6 0.68 0.57 0.57
0.68

4. Discussion

The Actinomycetes were already proved to have
antagonistic activity towards the fungal pathogens [12]. But
there was no data published of the antagonistic activity
towards the Nigrospora, a common plant pathogen. To
confirm our study of the possible cooperative role of both
the species we have studied the antagonistic activity on the
same plate with both the species. The plate result also
confirms of the activity. The activity of chitinase was
observed for all the groups. The chitinase activity was
shown in both the species [21]. As per the objective of the
study both the cultures were studied together for the
chitinase activity in the presence of the pathogen. The
chitinase activity was found to be more in the presence of
both the cultures together. This reveals of the presence of
the possible role of both the species towards the
antagonistic activity of the Nigrospora species.

The biofilm studies confirms of the cooperative role of
the species. Streptomyces species exhibits biofilms.
Previous literature also showed of the exhibition of biofilm
formation of the Streptomyces species [15]. The increase or
stability in the values proves of the possible cooperative
role of both the species in the antagonistic activity against
the Nigrospora species. A one way ANOVA was done to
show the significance in the formation of biofilms. All the
four groups showed a positive effect of antioxidant activity.
The control (Fungus and medium) also showed antioxidant
activity. This confirmed of the presence of the defense
mechanism of the fungus. All the groups (SC, SH and SHC)
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showed the similar activity when compared with the
positive control.

Peculiar results were obtained in the TLC. The Rf values
obtained were compared with the standard antioxidant Rf
values. The Rf values of 0.12 match with the Catechin, and
0.4 match with the Quercetin, 06 match with Caffeic acid.
The culture flask containing both the species showed an
inhibition of the compounds of Rf values 0.6 and 0.68.

Summary

Microbial antagonists are widely used for the biocontrol
of fungal plant diseases. Since chitin is the major
component of most fungal cell walls, a principal role has
been attributed to enzymes from the chitinolytic system.
Enzymatic lysis of fungal cell walls through extracellular
chitinases has been implicated as a mechanism of
biocontrol by bacterial agents. Strepfomyces are found
predominantly in soil and decaying vegetation and are the
main decomposers of chitin. The expression of five chi
genes (chid, chiB, chiC, chiD, and chiF) is induced by
chitin in the bacterium.

The Streptomyces have already been proved of the
antagonistic activity against the fungal pathogens. But there
were no published data on the Nigrospora species. For the
first time we try to show the possible cooperative role of the
two Streptomyces species towards the antagonistic activity.
The experimental objectives of Biofilm formation,
Scavenging activity and Anatagonistic chitinolytic activity
all proved of the cooperative role of the two species. The
antioxidants released also showed of the inhibitory effect of
the compounds. These compounds need to be isolated in pure
form to fight against the fungal pathogens and protect the
crop, which might be more beneficial to the farmers as it is
cost effective when compared to the chemicals. Moreover it
is natural and reduces the use of harmful chemical fungicides.
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