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ABSTRACT

In this study, we performed experiments to screen and identify actinomycete strains that are antagonistic to
Xanthomonas oryzae pv. oryzae causing rice bacterial blight disease. Among of 98 strains isolated, we obtained two
strains capable of antagonizing X. oryzae pv. oryzae using agar diffusion plate method. The strain numbered 43 had
a strong activity with a diameter of 22 mm clear zone of bacteria. The strain 43 showed white colonies after three
days of incubation. Seven days of incubation the white colonies had grey borders, produced soluble pigments on the
medium, grew well at 30°C and neutral pH, and adapted well to high salt concentration medium. The strain 43 was
able toutilize different sources of carbon and nitrogen. Sequence analysis of 16S rRNA showed that strain 43 had a
similarity of 100% compared to Streptomyces diastaticus subsp. ardesiacus. Based on morphology, culture,
physiological and biochemical characteristics and molecular biological analyses the strain 43 was identified as S.
diastaticus subsp. ardesiacus.
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) Phan lap va dinh danh chung xa khuan c6 kha nang
déi khang véi vi khuan Xanthomonas oryzae pv. oryzae gay bénh bac la lGa

TOM TAT

Trong nghién cru nay ching t6i da tién hanh tuyén chon, nghién ctru dac diém sinh hoc cta ching xa khuén cé
kha nang déi khang véi vi khuan Xanthomonas oryzae pv. oryzae gay bénh bac la lGa. Tt 98 ching xa khuén cé
ngudn gbéc khac nhau, bdng phwong phap khuéch tan théi thach ching téi da thu dwoc 2 chdng cé kha nang déi
khang véi vi khuan X. oryzae pv. oryzae. Trong hai ching thu nhan dwoc thi ching sé 43 thé hién hoat tinh manh
hon véi dudng kinh vong khang khuén 1a 22 mm. Chiing 43 c6 khuan lac mau trang, nuéi tir 7 ngay tré di thi cé mau
trdng vién xam, sinh sac té tan trén mai trwéng, sinh trwdng tét & nhiét dd 30°C, pH trung tinh va chiu dwoc ndng do
mubi twong dbi cao t&i 7%. Ching 43 ¢ kha ndng st dung nhiéu ngudn dwéng va nitrogen khac nhau. Phan tich
trinh tw 16S rRNA cho théy chiing 43 va chling Streptomyces aureofaciens cé d6 twong déng 1a 100%. Két hop cac
dac diém hinh thai, nudi céy, sinh ly, sinh héa va phan tich sinh hoc phan tlr da xac dinh ching xa khuén 43 thuoc
vao loai S. diastaticus subsp. ardesiacus.

Tw khoa: 16S rRNA, Streptomyces sp., Xanthomonas oryzae pv. oryzae.

caused by Xanthomonas oryzae pv. oryzae (X00)
(Gnanamanickam et al, 1999). The bacterial
Vietnam is one of the largest rice exporters blight is distributed worldwide in most of rice

1. INTRODUCTION

in the world, however, the annual rice production producing countries and yield loss can be as
is affected seriously by various diseases. The much as 70% when susceptible varieties are
most serious disease is bacterial blight (BB) grown in environments favorable to the disease.
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This disease may attack the rice plants at the
young stage but devastated mainly in the
flowering period. The bacterium can penetrate
through roots and clog vascular system but often
resides and attacks on the leaves. Under high
humidity or in  rainy season, the disease
becomes very severe. The disease causes dried
photosynthesis and
therefore plants die prematurely or reduce yield.

leaves and decreases

However, Xoo survives in vascular system,
making it difficult to radically destroy without
affecting the crop. Therefore research and
application of methods to prevent as well as
elimilate pathogens prior to each rice cropping
season are neccessary so that farmers can reduce
the outbreak or spread of BB.

Integrated cultivation methods include field
sanitation, eradication of weeds, adhering to the
principles of intensive farming, proper
fertilization, reasonable water level adjustment,
and use of resistant varieties have been
employed. In addition, seed and field chemical
treatment before planting to eliminate the
pathogen was highly effective but this may lead
to the abuse of chemicals and environmental
pollution and formation of chemical resistance
of the pathogen. Therefore, it is essential to find
out new compounds which are effectively in
managing the disease but less harmful to

environment and ecosystem as well.

The Actinomycetes are known as a special
group of bacteria which have the potential to
generate a great deal of compounds that are
able to kill bacteria and fungi. Scientists
estimated that around 23,000

which have biological activity, were produced

compounds,

from microorganisms, of which more than
10,000

actinomycetes (Watve et al., 2001). Therefore,

compounds were isolated from

actinomycetes are promising sources of
bioactive substance production (Mitra et al,
2008). This study was carried out to screen and
resistant to

identify actinomycetes

Xanthomonas oryzae pv. oryzae, since the
search for new alternatives which are safe,
efficient and environmental friendly in plant

protection is of crucial significance.
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2. MATERIALS AND METHODS

2.1. Materials

The Xanthomonas oryzae pv. oryzae strain
was 1solated and stored at the Department of
Molecular Biology and Applied Biotechnology,
Faculty of Biotechnology, Vietnam National
University of Agriculture.

hundred
strains were isolated from various soil samples

Around one of actinomycete

in Vietnam and stored at the Department of

Microbial Biotechonology, Faculty of
Biotechnology, Vietnam National University
of Agriculture.

2.2. Selection of strains

resistant to Xanthomonas oryzae pv. oryzae

actinomycete

The actinomycete strains were plated on
the Gause-1 medium (soluble starch 20 g/l;
K,HPO, 0.5 g/1; MgS0,.7H,0 0.5 g/, NaCl 0.5
g/l; KNO, 0.5 g/l; FeSO, 0:01 g/l; Agar 20 g/l;
pH = 7 to 7.4) at 30°C for five days. Cultured
lumps of agar containing actinomycetes with 7
mm in diameter were placed onto Wakimoto
medium (300g potatoes, Ca(NO,),.4H,0 0.5 g,
Na,HPO,.12H,0 2 g, sucrose 15 g, Peptone 5 g,
agar 20 g, water 11, pH 7.0) containing
Xanthomonas oryzae pv. oryzae, then incubated
at 4°C for one hour to diffuse the active
ingredients to the medium. The sample was
transferred to 30°C incubator and observed
after 12 hours of incubation, then the diameter

of clear zone (if any) was measured.

2.3. Identification the
characteristics of the

biological
selected

actinomycete (strain 43)

The actinomycete strain numbered 43 was
cultured on the Gause-1 medium at 30°C for
five days and the morphology, color and size of
the colonies were recorded.

To identify spore chain morphology and
spore surface the strain 43 was grown on the
Gause-1 medium which was pinned by lamella
with an angle of 45°C. After 3 days of incubation
at 30°C, we drew out the lamella with aerial
mycellium and observed spore chain morphology
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under an optical microscope. The morphology
surface of actinomycete spores were observed
under a scanning electron microscope (SEM).

To check melanin pigmentation the strain
43 was cultured on ISP-6 medium (Peptone 10
g/l; yeast extract 1 g/l; iron citrate 0.5 g/l; Agar
20 g/l; pH = 7.0 to 7.2) at 30°C. The color of
medium was observed for 21 days based onthe
color change from yellow to brown or black.

Checking the ability to assimilate carbon
sources: the strain 43 was cultured on ISP-9
medium ((NH4),S0, 2, 64 g/1; KH2PO4 2.38 g/l;
K,HPO,.3H,0 5.65 g/l ; MgS0O,.7H,0 1 g/I; 1.0
ml of solution B; Agar 20 g/l; pH = 6.8 to 7.0)
by weight of the
different sugar sources include D- glucose, D-

supplemented with 1%

fructose, D-manotol, sucrose, rhamnose,
Inositol, L-arabinose, cellulose, D-xylose,
raffinose. The ability to assimilate carbon

sources was assessed by the wviability and
growth of actinomycetes on the medium.

Checking the possibility of using nitrogen
sources: the strain 43 was cultured on nitrate
starch medium (Starch 20 g/l; NaNO; 2 g/l;
K,HPO, 1 g/1; MgS0O,.7H,0 0.5 g/I; KCI 0.5 g/l;
FeSO,.5H,0 0:01 g/l; pH 6.8 - 7) as a control.
The nitrogen sources include beef extract,
KNO,, NH,CI, peptone, (NH,),SO,, NH,NO; can
be replaced with NaNO,.

The effects of temperature, pH, and NaCl
concentration on the growth and development of
the strain 43 were determined by was culturing
the strain on Gause-1 medium with the different
culture temperatures (4, 20, 30, 40, 45, 50°C),
pH (4 - 12) and NACI concentration (0 - 9%).

2.4. Identification of the actinomycete
strain 43

Based on morphological characteristics and
culture: the strain 43 was cultured on the
medium and the
substrate
conidiophore and surface of spore. The features
identified
actinomycete strains

morphology of colonies,

mycelium, aerial mycelium,

compared with  known
in the international

(ISP) (Shirling and

were

classification
Gottlieb, 1966).

system
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Based on sequence analysis of 16S rRNA:
DNA from the strain 43 was extracted by method
described by Marmur (1961). PCR reaction
amplified conservative regions of 16S rRNA with
primers: 5'-AGAGTTTGATCCTGGCTCAG-3' and
5-  ACGGCTACCTTGTTACGACTT-3. PCR
products were checked on agarose gel 1%, and
sent to company 1tsBASE (Singapore) for
sequencing. The degree of similarity in the
sequence of 16S rRNA

compared with strains published in GenBank

of the strain 43 was

using Blast search tool
(http://blast.ncbi.nlm.nih.gov/Blast .cgi). MEGA6
software was used to determine genetic

relationships. Maximum Parsimony selection
method with

bootstrap algorithm with 1000 repetitions. Based

reliability was calculated by

on the phylogentic tree and bootstrap values
genetic relationship of the strain was determined.

3. RESULTS AND DISCUSSION

3.1. Screening of actinomycete strains
antagonistic against Xanthomonas oryzae

pv. oryzae

The actinomycetes 1is supposed to be
other
because of compounds with biological activities,
These

medium by

antagonistic against microorganisms
especially many types of antibiotics.
substances are secreted to
actinomycetes during cultivation, so we used
diffusion method on agar plates for selection and
evaluation for antibacterial activity of
actinomycetes. Gause-1 medium was used to
grow the actinomycetes, Wakimoto medium was
used to grow X. oryzae pv. oryzae. Through the
screening, two of the 98 studied actinomycete
strains were identified to be resistent to X
oryzae pv. oryzae. Among them, the strain
numbered 43 was able to antagonize strongly
with 22 mm of inhibited zone in diameter (Figure
1 A), the

inhibited zone with 16 mm in diameter (Figure 1

strain numbered 978 had smaller

B). In recent years, there have been some
publications in the world in search for the
actinomycetes capable of being antagonistic to X.
oryzae pv. oryzae. These studies focused on the



discovery and extraction of active ingredients
against Xoo as well as some other plant
pathogens (Jiang et al, 2013; Kim et al., 2015;
Park et al, 2011). Compared to the previous
results, the strain 43 had relatively high activity.
This result showed that the actinomycete strain
43 had potential for application.

3.2. Biological characteristics of the

actinomycete strain 43

3.2.1. Morphological characteristics

One of the first criteria to study biological
characteristics and classification of
morphological
2016). The

actinomycete strains were grown on Gause-1

actinomycetes 1is based on

characteristics (Miyadoh et al,

medium at 30°C for 7 days to observe the color,
size, shape of the colony. After three days of
culture, the colony of strain 43 showed round
shape, 0.2 - 0.4 mm in size with off-white color.
The color of colony changed after some days of
incubation and colonies were almost dark brown
at day 5.

After determining the characteristics of
colonies, we determined the formation of
conidiophore, spore chain and surface of spore

from the strain 43. The results observed under
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an optical microscope at a magnification of 1000
showed that after 48 h of incubation the
actinomycetes strain 43 started sporulation.
The spores arranged in long, branched and
twisted chains. After 60 hrs of culture, the
spores began to leave the series and released to
the  culture medium. To determine more
accurately the morphology of the strain 43, we
observed the morphology of the spore chain and
the surface of spore under a scanning electron
(SEM). handling,
observation and analysis of the image were

microscope Specimen
carried out in the National Institute of Hygiene
and Epidemiology. Using SEM with 5000 times
magnification, it showed that the spore chain of
the strain 43 was typical with a white spiral
spring form, each chain bearing 10 - 20 spores
(Figure 2 A). Spores of the strain 43 had short
oval shape with size of 0.6 - 0.8 x 0.9 - 1.1 pm
and smooth surface (Figure 2 B).

3.2.2. Ability of melanin pigmentation

According to the International Streptomyces
Project (ISP), melanin formation was determined
on the ISP6 medium at 30°C for at least 21 days.

Melanin production changed  the color of

medium from pale yellow to brown and black
(Shirling and Gottlieb, 1966).

e
il ;:Jmr!uuhmhm‘mdu1'1rlu_ulnu i

Figure 1. Antagonistic activity of some actinomycetes against Xanthomonas oryzae pv.

oryzae by diffusion method on agar plates. Two strains of actinomycete strains

identified as active strains are strain 43 (A) and strain 978 (B)
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A) (B)

Figure 2. Mophology of spore chain and spore surface from the strain 43 under scanning
electron microscope at magnification of 5,000 times (A) and 3,0000 times (B)

A) B)

Figure 3. Melanin formation of the strain 43 when cultured on the ISP-6 medium
after 21 days. Photographs of the up-side (A) and bottom-side (B) of cultured dish

Table 1. Ability of using various carbon and nitrogen sources of strain 43

Development of the strain 43
after 5 days of culture

Development of the strain 43

Carbon source after 5 days of culture

Nitrogen source

Fructose + NaNO; +

Mantose + KNOs +

Xylose + Beef extract ++
Arabinose + NH,CI -

Rhanbinose ++ Pepton +

Sucrose - (NH,4),SO4 -

Lactose + NH4NO; -

Manitol ++ Yeast extract ++
Sobitol -

Dextrose ++

Ribose -

Galactose ++

Note: (+) the strain 43 could grow; (++) the strain 43 grow develop well; (-) the strain 43 cannot grow
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The strain 43 was cultured on the ISP6
medium and observed after 21 days of culture.
The result showed that areas around colonies
appeared yellowish, indicating that the strain
43 was capable of generating melanin, however,
this ability was relatively weak (Figure 3).

3.2.3. The ability to use the carbon and
nitrogen sources of strain 43

We performed this study to investigate the
possibility of using carbon and nitrogen sources
of the strain 43. This result served as one of the
bases to classify actinomycetes according ISP
system, and, at the same time, to provide
information on nutrition of the strain 43 for the
future fermentation process. The strain 43 was
cultured on the ISP-9 medium added with
different sugar sources and on the starch
nitrate medium where NaNO3 sources were
replaced by different nitrogen sources as
described in materials and methods section.
Results showed that the strain 43 could utilize
carbon from different sources such as fructose,
L-arabinose, raffinose, D-xylose, inositol, D-
mannitol, cellulose, sucrose, etc., in which
rhanbinose, mannitol, dextrose and galactose
showing highest efficiency (Table 1). This result
was consistent with the published studies
(Mohana and Radhakrishnayn, 2014; Miyadoh
et al., 2016). The strain 43 was capable of using
from various sources such as beef
and KNO,

(Table 1). In particular, the strain 43 grew

nitrogen

extract, peptone, yeast extract,
persistent in medium adding nitrogen from beef

extract or yeast extract.

Table 2. The influence of some
environmental conditions on the
development of strain 43

Factors Optimum value Endurance value
Temperature (°C) 30-35 20 - 45
NaCl (%) <3 <7
pH 6-9 5-12

Nguyen Xuan Canh, Phan Thi Trang, Tran Thi Thu Hien

3.24. The ability to adapt to culture
medium conditions of the strain 43

Investigation of medium culture factors on
the growth and development of the

actinomycete strain 43 provides useful
information about culture conditions for further
research. The actinomycete strain 43 was
different

pH and salt concentrations.

cultured on Gause medium at
temperatures,
Observations of the growth and development of
strain 43 after five days of culture are
summarized in table 2. Results showed that the
strain 43 was capable of adapting relatively
high to the test conditions. However, the strain
43 developed best at 30 - 35°C and neutral or
slightly alkaline media with pH 6 - 9 and had
ability to withstand concentrations of NaCl up

to 7%. (Table 2, Figure 4).

In this study, the strain 43 could grow in
medium up to 7% of salt concentration.
Therefore, it could be classified as moderate salt
it thrived best at

concentration of 1 - 3%. The results found in

endurance group, but

this study were similar to those published by
Mohana and Radhakrishnan (2014).

3.3. Identification of the actinomycete
strain 43

The identification of the actinomycete
strain 43 was based on the similarity of the 16S
rRNA gene fragment with actinomycete strains
published in the gene bank. We conducted DNA
extraction following method described by
Marmur (1961). The primers 27F and 1492R
were used to amplify 16S rRNA gene fragment
of strain 43. Electrophoresis resulted in one
single DNA band with about 1500 bp in size,
consistent with the theoretical sizes when
amplifying with this primer (Figure 5).

PCR products were purified and sequenced
at the company 1stBASE (Singapore). We
compared the obtained sequence with other
sequences in the gene bank by blast tool and
built phylogentic trees for strain 43 (Figure 6).

The resulting phylogenetic tree based on 16S

rRNA gene sequence showed that the
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actinomycete 43 located in the same branch with
Streptomyces diastaticus subsp. ardesiacus with
100 of bootstrap value. The bootstrap point is a
value of checking the compatibility level of the
data with the model of evolution and sorting
classification branches in the phylogenetic tree.
Bootstrap value greater than 70% of repetitions
is considered to have more than 95% of statistical
value. The 16S rRNA bootstrap value of the
strain 43 with the S. diastaticus
ardesiacus was 100%, within the confidence

subsp.

(A)

Combined with information of
nucleotide sequence, the compatibility in the 16S
rRNA sequence of

Streptomyces diastaticus subsp. ardesiacus was

interval.
actinomycete 43 with

100% and comparison of the similarity in the
characteristics studied guarantees the reliability
of the species relationship (Miyadoh et al., 2016).
Therefore, based on biological characteristics
and molecular identification, we concluded that
the actinomycete strain 43 1is Streptomyces

diastaticus subsp. ardesiacus.

(B)

Figure 4. Examination of the ability of strain 43 to adapt to different pH condition (A)

and salt concentration (B) on the Gause medium after seven days

Marker 43

1500 bp

Figure 5. Electrophoresis of PCR product on 1.2% agarose gel
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S.misionensis strain JCM 4497
S.gougerotii strain NBRC 13043
S.intermedius strain DSM 40372

_41|: S.nodosus strain ATCC 14899
65 S.flaveolus strain NBRC 12768
—aL__

S.rutgersensis strain NBRC 3419

S.griseoincarnatus strain CSSP407

o1 S.erythrogriseus strain LMG 19406

—36|: S.labedae strain CSSP735
i S.diastaticus subsp. ardesiacus strain NBRC 15402
w0l 43

S.coeruleofuscus strain ISP 5144

S.mexicanus strain CH-M-1035

i S.viridodiastaticus strain CSSP719
99l s albogriseolus strain NBRC 12834

S.variegatus strain NBRC 15462

Figure 6. Phylogenetic tree of the actinomycete strain 43 based on 16S rRNA sequence

4. CONCLUSION

Two actinomycete strains which expressed

antagonistic activity against Xanthomonas
oryzae pv. oryzae causing bacterial leaf blight
were selected. Among them, the strain 43
showed stronger activity with 22 mm in

diameter of clear zone.

The biological
actinomycete strain 43, such as morphology,

characteristics of the

culture, physiology and biochemistry were
studied.
By the molecular biological methods

combined with traditional classification key, the

strain 43 was 1identified as Streptomyces

diastaticus subsp. ardesiacus.
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