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ABSTRACT

Developing new biofertilizers has been an area of great interest in modern agriculture. This study focused on
actinobacteria possessing high chitinase activity, biofilm formation, plant growth promotion, and antifungal activity.
Two chitinolytic actinomyces strains, YSS-3.3 and YWS-5.1, were isolated from soil and chitin flake samples
collected from Yok Don National Park in the Central Highlands, Vietham. These strains exhibited high specific
activities of chitinases and formed biofilms. 16S rRNA gene analysis revealed that both strains had the closest
evolutionary relationship to Luteimicrobium album with 99.41% sequence similarity and 100% query cover. Plate
assays showed that the actinomyces had cellulolytic and amylolytic activities; insoluble zinc, potassium, and
phosphate solubilization; and produced siderophores. UV-HPLC analysis revealed that the bacteria secreted
phytohormones (IAA, GA3, and zeatin) into their cultures. Dual culture assay indicated that the bacteria possessed
antifungal activity against Fusarium oxysporum. These analyses indicated that the isolated actinomyces are good
candidates for further studies concerning crop production. These strains are also potent resources for further
research on their genome sequences and systems of chitinases, cellulases, and amylases.

Keywords: Luteimicrobium album, chitinase activity, biofilm formation, plant-growth promotion, biocontrol.

Phan lap, nhan dién va dac tinh sinh hoc
cua xa khuan sinh enzyme chitinase & vwon quoc gia Yok bon

TOM TAT

Viéc tao ra phan boén sinh hoc méi 13 Iinh vuce rat dwoc quan tam trong ndng nghiép hién dai. Nghién ctu nay
tap trung vao xa khuan cé hoat tinh chitinase cao, tao mang sinh hoc, thic day sinh trwdng va khang ndm bénh hai
cay trdng. Trong nghién ctu nay, hai chiing xa khuan YSS-3.3 va YWS-5.1 duwoc phan Iap tir cac mau dat va gia thé
chitin thu tai vwon québc gia Yok Don & Tay Nguyén. Cac chiing nay c6 hoat tinh chitinase cao va tao mang sinh hoc.
Phan tich trinh tw gen 16S rRNA cho thdy ching c6 quan hé di truyén gan gii nhat véi loai Luteimicrobium album,
véi do twong df‘)ng trinh tw 99,41% va do pha trinh tw 100%. Phwong phap nudi ciy trén dia thach chi ra rdng cac
ching xa khuén sé& hivu hoat tinh thdy phan cellulose va tinh bét; hoa tan k&m, kali va phosphate kho tan; va tong
hop siderophores. Phan tich bing UV- HPLC cho thay cac chiing nay cling san xuét hormone tang tru’cmg cay trong
nhw 1AA, GA3 va zeatin. Ky thuat nuéi ciy kép chi ra rdng cac cac ching xa khuan coé hoat tinh dbi khang nam
Fusarium oxysporum. T nhitng co s& trén, L. album YSS-3.3 va L. album YWS-5.1 la cac &ng ct vién tét cho cac
nghién ctu tiép theo lién quan dén (rng dung trong néng nghiép. Cac chling nay ciing la ngudn nguyén liéu tiém
nang dé thuc hién cac nghién ctru sau vé trinh tw bd gen, hé thdng chitinase, cellulase va amylase cta chdng.

T khéa: Luteimicrobium album, hoat tinh chitinase, mang sinh hoc, thic d4y sinh trwéng cay tréng, kiém soéat
sinh hoc.

glucosamine (GlcNAc). It is the primary portion
of cell walls in fungi, crustacean shells, insect

Chitin, the second most common exoskeletons, and other invertebrates.
biopolymer in nature after cellulose, is an Chitinases (EC  3.2.1.14) are glycosyl
insoluble polymer of B-(1-4)-N-acetyl-D- hydrolases that hydrolyze chitin polymers

1. INTRODUCTION
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into small oligosaccharides, primarily

N,N'-diacetylchitobiose.

Actinobacteria are gram-positive bacteria
that are widely distributed in both terrestrial
and aquatic ecosystems. Actinobacteria secrete
various extracellular enzymes involved in
degrading organic compounds and biopolymers.
They play an important role in carbon cycling,
especially regarding the hydrolysis of fungal cell
walls and insect cuticles. Hence, these bacteria
have been applied in crop production (Lacombe-
Harvey et al, 2018). Chitinase genes from a
wide range of bacteria, including actinobacteria,
have been identified and expressed, and their
biological properties have been characterized in
detail. Among these, numerous studies have
shown bacterial chitinases and chitinolytic
bacteria play a significant role in the control of
phytopathogens by digesting chitin in fungal
cell walls and nematode eggshells (Tsujibo et
al., 2000; Itoh et al., 2003; Kawase et al., 2004;
Kawase et al., 2006; Pentekhina et al., 2020;
Tran et al., 2022a, b). In addition to chitinases,
chitinolytic bacteria also produce extracellular
Iytic enzymes, substances that suppress
phytopathogenic fungi and parasitic nematodes,
and substances that exhibit plant growth-
promoting traits (Lee et al, 2014; Gu et al,
2017; Trinh et al., 2019). Therefore, chitinolytic
bacteria are frequently used in agricultural
production for biological control and as plant

growth-promoting agents.

Vietnam is the world's largest black pepper
and second-largest coffee producer. The Central
Highlands region is the center of the nation's
coffee and black pepper production. Currently,
farmers in this area typically utilize chemical
fertilizers to increase the yields of these

products. According to various reports, chemical

fertilizers  decrease  soil  fertility  and
microorganisms, are more resistant to the
environment, and pollute groundwater. For

example, nitrogen fertilizers break down in the
soil, convert into nitrates that are soluble in
water, and easily pass through the soil. They
can remain in that position for many years and
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can cause problems such as surface and
groundwater pollution (Lin et al, 2019). Our
shown that

chitinolytic bacteria are effective agents in the

most recent research has
production of coffee and black pepper in the
Central Highlands. However, these bacteria
were isolated from paddy soils in this area, and
as such, they are known bacteria that have been
extensively studied and widely utilized in
agricultural cultivation, including Bacillus
subtilis, B. velezensis, and B. cereus (Nguyen et
al, 2021a, D).

biofertilizer, in this

Hence, to develop a new

study, chitinolytic
actinomyces from Yok Don National Park in the
Central Highlands were isolated, identified,

and characterized.

2. MATERIALS AND METHODS

2.1. Sampling, isolation, and screening of
chitinolytic actinobacteria

Sampling, isolation, and screening of
chitinolytic actinobacteria were conducted as
described by Tran et al (2018c) with some
modifications. Briefly, five soil samples (150-
200g each) were collected at various places in
Yok Don National Park, Dak Lak Province. At
the same time, four nylon nets containing 10 g
each of chitin flakes were immersed in the
Serepok River water at different sites and
recovered after 7 days of immersion. The soil
and chitin flake samples (0.5g each) were
inoculated into 100ml of synthetic medium (g/1:
0.85¢ KH,PO,, 5g (NH,),SO,, 0.5g MgS0O,, 0.15g
K,HPO,, 0.1g CaCl,, 0.1g NaCl) containing 0.2%
chitin flakes for 2 days at 30°C and 150rpm.
After that, 0.2g of chitin flakes from each
culture were transferred into fresh synthetic
medium. This inoculation was repeated four
times to enrich the strong chitin-degrading
bacteria. Finally, the chitinolytic actinobacteria
were isolated and purified on synthetic agar
medium containing 0.2% colloidal chitin as the
sole carbon source. Strains that grew fast and
formed large halo zones around their colonies on
the colloidal chitin agar were chosen for the
next examinations.



2.2. Measurement of specific activity of
chitinases and protein content

Single colonies of the two selected
actinomyces strains were respectively grown in
the synthetic medium containing 0.2% colloidal
chitin for 3 days (30°C, 150rpm). Bacterial cells
were separated by centrifugation (9,000rpm, 5
min, 4°C), and the supernatant was dialyzed
against 20mm sodium phosphate buffer (pH 6.0)
overnight at 4°C. The dialyzed protein solutions
were used for measuring the protein content
and specific activity of the chitinases, as
described previously (Tran et al, 2018c).
Briefly, a reaction mixture (600ul) containing
0.1% colloidal chitin and 300ul of crude enzyme
in 20 mM sodium phosphate buffer (pH 6.0) was
incubated for 25 min at 37°C, and the amount of
reducing sugars released was measured. The
protein concentration was measured using the
Bradford method with bovine serum albumin as

the standard.

2.3. Biofilm formation

Overnight cultures of the two isolated
actinomyces (2ul each)
96-well plates
containing 200ul of Luria-Bertani (LB) medium

were respectively

inoculated into microtiter
(g/l: 5g yeast extract, 5g NaCl, 10g polypepton;
pH 7.5) and incubated at 26°C without shaking.
After 24 h of incubation, the biofilms were
evaluated as described previously (Tran et al.,
2018c). Briefly, the medium was discarded, and
the wells were rinsed with water three times.
The cells bound to the wells were stained with
1.0% crystal violet for 2 min and rinsed three
times with water. The dye was then solubilized
with 33% acetic acid. Finally, biofilm formation
was measured by examining the absorbance at
630 nm using a microplate absorbance reader
(Bio-Rad, USA).

24. Amplification, sequencing, and
phylogenetic analysis of the 16S rRNA
gene sequence

DNA,
amplification of the nearly full-length sequence
of the 16S rRNA gene,

Preparation of the genomic

sequencing of the
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amplified DNA, and phylogenetic analysis were
performed as described previously (Tran et al,
2018c), with some modifications. Briefly, each
isolate was cultured in 5ml of LB medium for 16
h (30°C, 150rpm). The genomic DNA of each
strain was isolated by boiling for 5 min and
centrifugating (13,000rpm, 1 min, 4°C), and
then used as a template for PCR amplification.
A nearly full-length fragment of the 16S rRNA
gene sequence of each isolate was amplified
using the primers (27f-YM: 5'-
AGAGTTTGATYMTGGCTCAG-3' and 1492r:
5-TACCTTGTTACGACTT-3") and Phusion
high-fidelity ¥ DNA (Thermo
Scientific, USA) following the manufacturer’s

polymerase

instructions. The reaction mixtures were
incubated in a C1000 thermal cycler (Bio-Rad,
USA)
predenaturation at 98°C for 3 min; 40 cycles of
denaturation at 98°C for 10s, annealing at 50°C

under the following  programs:

for 20s, and extension at 72°C for 45s; and a
final extension at 72°C for 5 min before cooling
to 4°C. The amplified products were then
separated by electrophoresis on 1.5% agarose
gel. The target bands were cut out from the gel
and purified using the Wizard SV Gel and
Clean-Up Kit (Promega Co., USA). The purified
products were sequenced by the 1st BASE
Finally, the
nucleotide sequences obtained by sequencing
were compared with those of the 16S rRNA
genes available in the Genbank/DDBJ/EMBL
databases to determine the taxonomic positions
of the isolated strains. A phylogenetic tree was
built by MEGA 6.0.

company (Selangor, Malaysia).

2.5. Extracellular hydrolytic enzymes and

plant growth-promoting traits

Single colonies of each isolate were
inoculated onto Dubos mineral salt agar plates
(g/L. 0.5¢ NaNO,, 1g K,HPO,, 0.5¢g
MgSO0,-7H,0, 0.02g FeSO,-7H,0, 0.2g KCI, and
20g agar; pH 7.5 0.05%
carboxymethyl cellulose. The plates were
incubated at 30°C for 2 days and stained with
0.5% The cellulolytic
activity was indicated by halo zones formed

around colonies. The cellulolytic activity index

containing

Congo red solution.
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was calculated based on the ratio of the halo
zone diameter (mm) and the colony diameter
(mm) (Eida et al., 2012).

The amylolytic activity of each isolate was
examined using a starch agar medium (g/l: 3g
beef extract, 10g soluble starch, and 15g agar)
as described previously (Cavite et al., 2021).
After 2 days of incubation at 30°C, each plate’s
surface was submerged with an iodine solution
to detect the presence of starch. The amylolytic
activity index was calculated based on the ratio
of the halo zone diameter (mm) and the colony
diameter (mm).

Zinc solubilization was evaluated by

observing the halo zones formed around
bacterial colonies when the isolates were grown
on a mineral salt agar medium (g/1: 10 g D-
glucose, 6.06 g Tris HCI, 4.68g NaCl, 1.49g KCl,
1.07g NH,C], 0.43g Na,S0O,, 0.2g MgCl,-2H,0,
30mg CaCl,-2H,0, and 15g agar) amended with
0.1% zinc oxide at 30°C for 3 days. The zinc
solubilizing index was calculated based on the
ratio of the halo zone diameter (mm) and the

colony diameter (mm) (Gandhi et al., 2016).

Potassium solubilization of isolates was
examined by growing bacterial colonies on solid
Aleksandrov agar medium (g/l: 5g glucose,
0.005g MgSO,-7H,0, 0.1g FeCl;, 2.0g CaCO,,
3.0g potassium feldspar powder, 2.0g calcium
phosphate, and 20g agar) at 30°C for 5 days.
Then, the potassium solubilizing index was
calculated based on the ratio of the halo zone
diameter (mm) and the colony diameter (mm)
(Sun et al., 2020).

Phosphate solubilization was investigated
based on the method described by Janati et al.
(2022). Bacterial colonies were grown on the
National  Botanical Research  Institute’s
phosphate growth medium (g/1: 10g glucose, 5g
Ca,(PO4),, 5g MgCl,-6H,0, 0.25g MgSO,-7H,0,
0.2g KCl, 0.1g (NH,),SO,, and 15 g agar) for 2
days at 30°C. The phosphate solubilizing index
was calculated based on the ratio of the halo zone

diameter (mm) and the colony diameter (mm).

Siderophore production by the isolates was
tested following a modified version of the
method described by Louden et al (2011).
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Bacterial colonies were grown on Chrome
Azurol S agar medium for 3 days at 30°C. The
siderophore-producing index was calculated
based on the ratio of the halo zone diameter
(mm) and the colony diameter (mm).

The production and measurement of TAA,
GA3, and zeatin followed the procedure
described by Sharma (2014) with
modifications. Single colonies of chitinolytic

et al

actinomyces were respectively grown in LB
medium containing tryptophan (5mm) at 30°C
and 150 rpm for 5 days under dark conditions.
The cultures were then centrifuged (14,000rpm,
4°C, 15 min), and the supernatants were used to

high-
system

measure phytohormones wusing a
performance liquid chromatography

(Thermo Scientific, USA).

2.6. Antagonistic activity

The antagonistic activity of the isolated
actinomyces was evaluated by measuring the
inhibition of the growth of phytopathogenic
Fusarium oxysporum F.TTN 02 on potato
dextrose agar plates using the dual-culture
plate assay, as described by Tran et al. (2018c).

3. RESULTS AND DISCUSSION
3.1. Isolation of chitinolytic actinomyces

In this study, more than 8,600 chitinolytic
isolates formed halo zones around their colonies
on the synthetic agar plates containing colloidal
chitin. Two strains (YSS-3.3 and YWS-5.1),
which formed larger halo zones and grew faster
than the others, were picked for the next
(Figure 1).
assessment based on Bergey's Manual of
Systematic Bacteriology (Brenner et al., 2005),

examinations According to an

the colony morphology of these strains when
grown on the synthetic agar plates containing
colloidal chitin was round, smooth, white,
pulvinate, and rhizoid.

3.2. Specific activity of chitinases and
biofilm formation

As shown in Figure 2, strains YSS-3.3 and
YWS-5.1 exhibited high specific activities of



chitinases and formed biofilms at remarkable
levels. Of the isolates, strain YWS-5.1 showed a
higher specific activity of chitinases than strain
YSS-3.3, although it had a lesser capacity to
produce biofilms. The results of the specific
activity of chitinases and biofilm formation of
the chitinolytic isolates in this study were
similar to those of chitinolytic bacteria isolated
from a freshwater lake in Niigata, Japan (Tran
et al., 2018c). Microorganisms form biofilms by

Dinh Minh Tran, To Uyen Huynh, Anh Dzung Nguyen

adhering to surfaces. Biofilm-forming bacteria
can attach to fungal cell walls, develop cell
density, and secrete secondary metabolites,
such as antifungal substances. Additionally,
metabolites may be coated by the biofilm,
enhancing  antagonistic against
phytopathogenic fungi (Morikawa et al., 2006;
Seneviratne et al, 2008). These analyses
indicated that our isolates could have a role in

activity

crop production as biofilm-forming agents.

Note: Chitinolytic isolates were grown on synthetic agar plates containing 0.2% colloidal chitin as the sole
carbon source at day 2 of incubation at 30°C. YSS-3.8, strain YSS-8.3; YWS-5.1, strain YWS-5.1.

Figure 1. Chitin-degrading zones by strains YSS-3.3 and YWS-5.1

@ Specific activity of chitinases
@ Biofilm formation

Specific activity of chitinases
(U/mg proteins)

A\

= - 0.2

- 0.05

YSS-3.3

YWS-5.1

Note: The specific activity of chitinases of each isolate in the culture supernatants was measured by a modified
version of the Schales’ procedure. Biofilm formation of the isolates formed in 96-well polystyrene microtiter
plates containing LB medium was estimated by absorbance at 630 nm using a microtiter plate reader (Bio-Rad,
USA). Data are the mean of triplicates and standard deviations. YSS-3.3, strain YSS-3.83; YWS-5.1, strain
YWS-5.1.

Figure 2. The specific activity of chitinases and biofilm formation of isolated actinomyces
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3.3. 16S rRNA
sequencing, and phylogenetic analysis

gene amplification,

Figure 3 shows that the nearly full-length
sequence (approximately 1500 bp) of the 16S
rRNA gene of the two isolated strains was
successfully amplified by PCR.

The target products were then recovered
and purified using the Wizard SV Gel and Clean-
Up Kit (Promega, USA). After sequencing,
nucleotide sequences (1350 bp each) of the 16S
rRNA gene of strains YSS-3.3 and YWS-5.1 were
obtained. Analysis using the Blastn program
(https://blast.ncbi.nlm.nih.gov/Blast) showed that
both sequences showed the highest identity
(99.41%) (100%  coverage) to that of
Luteimicrobium album RI148-11105 (GenBank
NR_108122.1). a
phylogenetic analysis (Figure 4) showed that our

accession Furthermore,
strains had the closest evolutionary relationship
to L. album with a 93% bootstrap confidence
percentage. These analyses implied that the
isolated actinomyces belong to species L. album.
The determined nucleotide sequences in this
study were deposited the
DDBJ/GenBank/EMBL databases under
accession numbers LLC771089.1 and LLC771090.1.

to al. (2012),
L. album is a gram-positive bacterium that
the
class

in

According Hamada et
belongs to the genus Luteimicrobium,
the

only two

Micrococcineae, and
To date,

regarding L. album have been documented. One

family

Actinobacteria. works

of them described the taxonomy of the species

kb

(Hamada et al., 2012), while the other revealed
that L. album possesses a novel protein-
asparaginase (Miwa et al, 2019). However,
research on the genome sequence, chitinase
molecules, and plant growth promotion of this
species have yet to be published. These analyses
indicate that our isolated actinomyces have
potential subsequent
concerning their secondary metabolites, genome

for characterizations

sequences, and roles in crop production.

3.4. Extracellular hydrolytic enzymes and
plant growth-promoting traits

Figure 5A reveals that L. album YSS-3.3
and L. album YWS-5.1 possess cellulolytic and
amylolytic activities. Among them, both strains
exhibited higher cellulolytic activity compared to
their amylolytic activity. Cellulase-producing
microorganisms play an important role in the
of

these microorganisms can treat

hydrolysis lignocellulosic  polymers. In
agriculture,
agricultural wastes containing cellulose and
convert them into biofertilizers (Juturu and Wu,
2014). Starch molecules are too large to enter the
cell Various
produce amylases to split starch molecules into
small fragments
therefore have potential applications for crop
production (Paul et al., 2021). Hence, our isolated
actinomyces might be good candidates for later
assessments concerning crop production. Further
studies are necessary to identify, express the

cellulase and amylase genes, and characterize

bacterial membrane. bacteria

as nutrient sources, and

the recombinant enzymes of these strains.

4.0
30
20
15
1.0
0.5
et DD
a D b

Note: The arrow indicates the target PCR product. kb, kilobase; YSS-3.3, strain YSS-3.3; YWS-5.1, strain YWS-5.1.
Figure 3. Amplification of the 16S rRNA gene of the chitinolytic isolates by PCR
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Xylanimonas protaetiae strain FW10M-9 (NR_180421.1)
£ Xylanimicrobium pachnodae strain VPCX2 (NR_024956.1)
Puerhibacterium puerhi strain TLY-12 (NR_180601.1)
Isoptericola dokdonensis strain DS-3 (NR_043779.1)
Isoptericola cucumis strain AP-38 (NR_151863.1)
Isoptericola variabilis strain MX5 (NR_025439.1)
Isoptericola nanjingensis strain H17 (NR_117941.1)
Isoptericola halalbus strain CFH 91151 (NR_180996.1)
Krasilnikoviella muralis strain T6220-5-2b (NR_156060.1)
100 Krasilnikoviella flava strain CC0387 (NR_1151022)
1c<(1£ Luteimicrobium album strain S3.3 (LC771089.1)
lm

g Luteimicrobium album strain W5.1 (LC771090.1)
Luteimicrobium album strain RI148-Li105 (NR_108122 1)
L | uteimicrobium xylanilyticum strain W-15 (NR_126237.1)

Cellulosimicrobium arenosum strain CAU1455 (NR_165773.1)
Cellulosimicrobium aquatile strain 3bp (NR_146008.1)
w01 Cellulosimicrobium composti strain BIT-GX5 (NR_180946.1)
Cellulosimicrobium cellulans strain ATCC 12830 (NR_115251.1)
84l Cellulosimicrobium cellulans strain DSM 43879 (NR_029291.1)
97 Cellulomonas uda strain 136 (NR_029290.2)
— Cellulomonas chitinilytica JCM 16927 (NR_041511.1)
1 Georgenia yuyongxinii strain Z443 (NR_180594.1)

Georgenia muralis strain NBRC 103560 (NR_112820.1)
100 3
_gg|:Georgenia soli strain CC-NMPT-T3 (NR_116959.1)

o5

Note: Accession numbers for the 16S rRNA gene sequences used are given in parentheses after the species and
strain names. The phylogenetic tree was built using MEGA 6.0. The numbers at the branches are bootstrap
confidence percentages (%) based on 1000 resampled data sets, and only bootstrap values >50% are shown. Bar,
0.005 substitutions per nucleotide position.

Figure 4. Phylogenetic relationships among the isolated actinomyces
in this study (filled rectangles) and known actinomyces

A B
5.0 mYSS-3.3 10 mYSS-3.3 350
45 7 2 =y 2 o
i BYWS5.1 ||~ @ AYWS-5.1 || 3 300
x % £ s >
S 35 (@Y 2 2 250
£ 3.0 é g \; T g
2 25 |17 % S 6 = 200
2 5 |W 7 S 5 =
g 1>5 ? ? ; g % 150
’ 200 0 W o 4 c
“ELVLLEL |
s LB EEVL o 3 ©
: 78 78 78 78 /8
7 17 U U U U 2 50
o 1
0
0 YSS-33  YWS-5.1
IAA zeatin GA3

Note: YSS-3.3, L. album YSS-3.3; YWS-56.1, L. album YWS-5.1. Data are the mean of triplicates and
standard deviations.

Figure 5. Extracellular hydrolytic enzymes
and plant growth-promoting traits produced by the isolated actinomyces
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Day 3

Control

Treatment

N ':‘\\.

Note: The hyphal growth of F. oxysporum F.TTN 02 on the PDA plates in the absence (Control) and presence
(Treatment) of the isolated actinomyces on day 5 of incubation at 30°C. YSS-3.3, L. album YSS-3.3; YWS-5.1, L.
album YWS-5.1. The experiments were performed in triplicate.

Figure 6. The antagonistic abilities of the isolated actinomyces against the hyphal growth

of Fusarium oxysporum F.TTN 02 using the dual-culture assay

As shown in Figure 5A, the two isolated

actinomyces can solubilize insoluble zinc,

potassium, and phosphate sources at
remarkable levels. These strains showed higher
than

sources.

solubilizing  activity against zinc

potassium and phosphate
Micronutrients, including zinc, potassium, and
phosphate, have been reported to be essential
for the growth and development of a wide range
of crops. However, only 1% to 2% of these

minerals are in soluble forms for plant uptake,
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the rest being bound with other minerals and
hence in insoluble forms (Sun et al, 2020;
Othman et al., 2022; Amri et al, 2023). This
analysis indicated that our isolates would be
good candidates for treating insoluble zinc,
potassium, and phosphate sources used in
agricultural cultivation.

Siderophore production was examined by
growing the chitinolytic actinomyces on CAS
agar plates. The results showed that both
strains produced siderophores (Figure 5A).



Siderophore production is one of the important
bacteria.  Siderophore-
producing bacteria can increase the availability
of iron near roots to promote plant growth
(Ghavami et al, 2017). This analysis implied
that our isolated actinomyces may have a
positive effect on plant growth.

The two isolated actinomyces were
examined for IAA, GA3, and zeatin production.
As shown in Figure 5B, both strains secreted
TAA, GA3, and =zeatin into the culture
supernatant. It has been reported that bacterial
phytohormones (cytokinins, auxins, abscisic
acid, jasmonic acid, gibberellins, and salicylic
acid) are important
development, and

characteristics  of

in plant growth and
phytohormone-producing
bacteria have been used for agricultural
cultivation as biofertilizers (Kudoyarova et al.,
2015). Therefore, our isolated actinomyces may

play a role for crop production as biofertilizers.

3.5. Antagonistic activity

Figure 6 shows that L. album YWS-5.1 and
L. album YSS-3.3 inhibited the growth of the
phytopathogenic fungus F. oxysporum F.TTN
02 by 30.6% and 31.9%, respectively, on day 5 of
examination, indicating that our isolated

actinomyces possess antifungal activities.

4. CONCLUSIONS

L. album YSS-3.3 and L. album YWS-5.1
have great potential for future evaluation and
development as biofertilizers. These bacteria
possess good bio-properties for plant growth,
including high chitinase activity and biofilm
production; cellulolytic and amylolytic activities;
insoluble zinc, potassium, and phosphate
solubilization; siderophores; phytohormones
(TAA, GAS3, and zeatin); and antifungal activity.
Further studies are necessary to characterize
these actinomyces in the greenhouse and field
in terms of their genome sequences, and
cellulase, amylase, and chitinase molecules.

ACKNOWLEDGMENTS

This study was funded by the Vietnam

National = Foundation for Science and

Dinh Minh Tran, To Uyen Huynh, Anh Dzung Nguyen

Technology Development (NAFOSTED) under
grant number 106.04-2019.337. The authors
wish to thank Dr. Manh Dzung Doan, MSc. Tu
Oanh Do, and MSc. Thi Huyen Nguyen for their
generous assistance in the experiments.

REFERENCES

Amri M., Rjeibi M.R., Gatrouni M., Mateus D.M.R.,
Asses N., Pinho H.J.O. & Abbes C. (2023)
Isolation, identification, and characterization of
phosphate-solubilizing bacteria from Tunisian
soils. Microorganisms. 11(3):783.

Brenner D.J., Vos P.D., Garrity G.M., Goodfellow M.,
Krieg N.R., Rainey F.A. & Schleifer K.H. (2005).
Bergey's manual of systematic bacteriology.
Springer, NY.

Cavite H.J.M., Mactal A.G., Evangelista E.V. & Cruz
J.A. (2021). Growth and vyield response of upland
rice to application of plant growth-promoting
rhizobacteria. J Plant Growth Regul. 40: 494-508.

Fathallh Eida M., Nagaoka T., Wasaki J. & Kouno K.
(2012) Isolation and characterization of cellulose-
decomposing bacteria inhabiting sawdust and
coffee residue composts. Microbes Environ.
27(3): 226-233.

Gandhi A. & Muralidharan G. (2016). Assessment of zinc
solubilizing potentiality of Acinetobacter sp. isolated
from rice rhizosphere. Eur J Soil Biol. 76: 1-8.

Ghavami N., Alikhani H.A., Pourbabaei AA. &
Besharati H. (2017). Effects of two new
siderophore-producing rhizobacteria on growth and
iron content of maize and canola plants. J Plant
Nutr. 40: 736-746.

GuQ., Yang Y, Yuan Q., ShiG.,Wu L., Lou Z., Huo R.,
Wu H., Borriss R. & Gao X. (2017). Bacillomycin D
Produced by Bacillus amyloliquefaciens is involved
in the antagonistic interaction with the plant-
pathogenic fungus Fusarium graminearum. Appl
Environ Microbiol. 83:¢01075-17.

Hamada M., Yamamura H., Komukai C., Tamura T.,
Suzuki K. & Hayakawa M. (2012).
Luteimicrobium album sp. nov.,, a novel
actinobacterium isolated from a lichen collected in
Japan, and emended description of the genus
Luteimicrobium. J Antibiot 65(8): 427-431.

Itoh Y., Takahashi K., Takizawa H., Nikaidou N.,
Tanaka H., Nishihashi H., Watanabe T. &
Nishizawa Y. (2003). Family 19 chitinase of
Streptomyces griseus HUT6037 increases plant
resistance to the fungal disease. Biosci Biotechnol
Biochem. 67(4): 847-855.

Janati W., Mikou K., ElI Ghadraoui L. & Errachidi F.
(2022) Isolation and characterization of phosphate
solubilizing bacteria naturally colonizing legumes
rhizosphere in Morocco. Front Microbiol. 13: 958300.

1525



Isolation, identification, and biological characterization of chitinase-producing actinomyces from Yok Don national park

Juturu V. & Wu J.C. (2014). Microbial cellulases
engineering, production and applications. Renew
Sustain Energy Rev. 33: 188-203.

Kawase T., Saito A., Sato T., Kanai R., Fujii T,
Nikaidou N., Miyashita K. & Watanabe T. (2004).
Distribution and phylogenetic analysis of family 19
chitinases in  Actinobacteria. Appl Environ
Microbiol. 70(2): 1135-1144.

Kawase T., Yokokawa S., Saito A., Fujii T., Nikaidou
N., Miyashita K. & Watanabe T. (2006).
Comparison of enzymatic and antifungal properties
between family 18 and 19 chitinases from S.
coelicolor A3(2). Biosci Biotechnol Biochem
70(4): 988-998.

Kudoyarova G.R., Arkhipova T.N. & Melent’ev A.lL
(2015). Role of bacterial phytohormones in plant
growth regulation and their development. In:
Maheshwari D (eds) Bacterial metabolites in
sustainable agroecosystem. Sustainable
Development and Biodiversity. Springer. 12.

Lacombe-Harvey M.E., Brzezinski R. & Beaulieu C.
(2018) Chitinolytic functions in actinobacteria:
ecology, enzymes, and evolution. Appl Microbiol
Biotechnol. 102(17): 7219-7230.

Lee Y.S., Anees M., Park Y.S., Kim S.B., Jung W.J. &
Kim K.Y. (2014). Purification and properties of a
Meloidogyne-antagonistic chitinase from
Lysobacter capsici YS1215. Nematology 16: 63-72.

Lin W., Lin M., Zhou H., Wu H., Li Z. & Lin W.
(2019) The effects of chemical and organic
fertilizer usage on rhizosphere soil in tea orchards.
PLoS One. 14(5): e0217018.

Louden B.C., Haarmann D. & Lynne A.M. (2011) Use
of blue agar CAS assay for siderophore detection. J
Microbiol Biol Edu. 12(1): 51-53.

Miwa N., Mitsuhashi M. & Kajiura T. (2019)
.Screening of microorganisms producing a novel
protein-asparaginase and characterization of the
enzyme derived from Luteimicrobium album. J
Biosci Bioeng. 127(3): 281-287.

Morikawa M. (2006) Beneficial biofilm formation by
industrial bacteria Bacillus subtilis and related
species. J Biosci Bioeng. 101(1): 1-8.

Nguyen D.N., Wang S.L., Nguyen A.D., Doan M.D.,
Tran D.M., Nguyen T.H., Ngo V.A., Doan C.T.,
Tran T.N. & Do V.C. (2021a). Potential
Application of Rhizobacteria Isolated from the
Central Highland of Vietnam as an Effective
Biocontrol Agent of Robusta Coffee Nematodes
and as a Bio-Fertilizer. Agronomy. 11(9):1887.

Nguyen S.D., Trinh T.H.T., Tran T.D., Nguyen T.V,,
Chuyen H.V., Ngo V.A. & Nguyen A.D. (2021b).
Combined Application of Rhizosphere Bacteria
with Endophytic Bacteria Suppresses Root
Diseases and Increases Productivity of Black
Pepper (Piper nigrum L.). Agriculture 11(1):15.

1526

Othman N.M.I., Othman R., Zuan A.T.K., Shamsuddin
A.S., Zaman N.B.K., Sari N.A. & Panhwar Q.A.
(2022). Isolation, characterization, and
identification of zinc-solubilizing bacteria (ZSB)
from Wetland rice fields in Peninsular
Malaysia. Agriculture 12(11):1823.

Paul J.S., Gupta N., Beliya E., Tiwari S. & Jadhav S.K.
(2021). Aspects and recent trends in microbial
o-amylase: a review. Appl Biochem Biotechnol.
193: 2649-2698.

Pentekhina 1., Hattori T., Tran D.M., Shima M.,
Watanabe T., Sugimoto H. & Suzuki K. (2020).
Chitinase system of Aeromonas salmonicida, and
characterization of enzymes involved in chitin
degradation. Biosci Biotechnol Biochem. 84(9):
1347-6947.

Seneviratne G., Zavahir J.S., Bandara W.M.M.S. &
Weerasekara M.L.M.AW. (2008). Fungal-
bacterial biofilms: their development for novel
biotechnological applications. World J Microbiol
Biotechnol 24: 739-743.

Sharma S., Verma P.P. & Kaur M. (2014). Isolation,
purification and estimation of IAA from
Pseudomonas sp. using High-performance liquid
chromatography. J Pure Appl Microbiol. 8(4): 1-6.

Sun F., Ou Q., Wang N., Guo .Z, Ou Y., Li N. & Peng
C. (2020) Isolation and identification of potassium-
solubilizing bacteria from Mikania micrantha
rhizospheric soil and their effect on M. micrantha
plants. Glob Ecol Conserv. 23: e01141.

Tran D.M., Huynh T.U., Nguyen T.H.,, Do T.0,,
Nguyen Q.V. & Nguyen A.D. (2022a). Molecular
analysis of genes involved in chitin degradation
from the chitinolytic bacterium Bacillus velezensis.
Antonie Van Leeuwenhoek. 115(2): 215-231.

Tran D.M., Huynh T.U., Nguyen T.H., Do T.0,,
Pentekhina 1., Nguyen Q.V. & Nguyen A.D.
(2022b) Expression, purification, and basic
properties of a novel domain structure possessing
chitinase from Escherichia coli carrying the family
18 chitinase gene of Bacillus velezensis strain
RB.IBE29. Mol Biol Rep. 49(5): 4141-4148.

Tran D.M., Sugimoto H., Nguyen D.A., Watanabe T. &
Suzuki K. (2018c) Identification  and
characterization of chitinolytic bacteria isolated
from a freshwater lake. Biosci Biotechnol
Biochem. 82(2): 343-355.

Trinh T.H.T., Wang S.L., Nguyen V.B., Tran M.D.,
Doan C.T., Vo T.P.K,, Huynh V.Q. & Nguyen
A.D. (2019) A potent antifungal rhizobacteria
Bacillus velezensis isolated from black pepper. Res
Chem Intermed. 45: 5309-5323.

Tsujibo H., Okamoto T., Hatano N., Miyamoto K.,
Watanabe T., Mitsutomi M. & Inamori Y. (2000)
Family 19 chitinases from  Streptomyces
thermoviolaceus OPC-520: molecular cloning and
characterization. Biosci Biotechnol Biochem.
64(11): 2445-2453.



