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ABSTRACT

The increasing use of antibiotics has led to the development of drug-resistant microorganisms. The emergence of
resistant strains has compromised the treatment and control of infectious diseases. As a result, the search and
development of a novel class of antibiotic drugs are required. Actinomycetes have been recognized as a richest source
of secondary metabolites including antibiotics. The aim of this study was to investigate the diversity of antibiotic-
producing soil Actinomycetes from dry dipterocarp forest in Northeast of Thailand. The soil from this area has been
known for its poor in nutrients and highly acidic with pH values around 4.5. In such a harsh condition, soil-inhabiting
Actinomycetes elevate their protective mechanisms by inducing the production of antimicrobials and other defense
compounds. Therefore, dry dipterocarp forest could be served as a potential source for the screening of the novel
antimicrobial drugs.

Twelve antibiotic-producing strains isolated from soil in Suranaree University of Technology produce antimicrobial
agents which are active against wide range of test pathogens including methicillin-resistant Staphylococcus aureus
(MRSA). Based on 16S rRNA gene analysis, these strains are close affiliated with the genus Streptomyces (11 isolates)
and Nonomuraea (1 isolate). Most of soil isolates show narrow antimicrobial spectrum activity against Gram-positive
bacteria. Two isolates, PJ36 and PJ95, exhibit broad antimicrobial spectrum against Gram-positive bacteria, Gram-
negative bacteria and yeasts. Phylogenetic tree analysis of 16S rDNA reveals that isolates PJ33, PJ36, PJ43, PJ51,
PJ75, PJ76, PJ77, PJ85, PJ88 and PJ95 strains are not cluster with others strain of Streptomyces. They represent a
distinct phyletic line which might be suggested the novel strains.

This study was the first attempted to isolate antibiotic-producing Actinomycetes from dry dipterocarp forest soil in
Northeast Thailand. Most of soil isolates (8 strains) obtained from this study were active against methicillin-resistant
Staphylococcus aureus (MRSA). These isolates could be used for the development of new drugs to combat antibiotic
resistances.

Key words: Soil bacteria, Antibiotics, Actinomycetes, Streptomyces

*Authors for correspondence: nawarat@sut.ac.th

Braz. Arch. Biol. Technol. v.59: €16150674, Jan/Dec 2016



2 Nantapong, N et al.

INTRODUCTION

According to the World Health Organization, the
widespread use of antibiotics in medicine has led to
the resistant of many pathogens (Parungao et al.
2007). Serious infections caused by antibiotic
resistant bacteria have become a major global
healthcare problem in the 21% century (Alanis 2005;
Sharma et al. 2011; Kannabiran and Rajan 2013).
The most common resistant bacterial strains
causing important community acquired infections
are methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant Staphylococcus
aureus (VRSA), vancomycin-resistant
Enterococcus (VRE) and extended spectrum f-
lactamase producing bacteria (ESBL) (Sharma et al.
2011). MRSA has been identified as an important
nosocomial infection causing organism (Kumar and
Rao 2012). This resistant bacterial strain has
become a worldwide concern since it is highly
prevalent and potentially cause death. It is capable
of developing the new clones to resist to almost all
currently available antibiotics except vancomycin
and teicoplanin (Witte 1999; Isnansetyo and Kamei
2003). Nowadays, vancomycin-intermediate
Staphylococcus aureus (VISA) and vancomycin-
resistant Staphylococcus aureus (VRSA) have been
reported in several countries (Isnansetyo and Kamei
2003; David and Daum 2010). Thus, there is an
urgent needed to the search of new antibiotic
agents, particularly against drug-resistant strains.

Soil microorganisms are the major resource for
isolation of several important products such as
antimicrobial drugs, anticancer drugs, herbicides
and insecticides (Sanglier et al. 1993; Jeya et al.
2013). Among  soil-inhabiting  microbes,
Actinomycetes have been recognized as antibiotic
producers. Three quarter of all known antibiotics
such as tetracycline, vancomycin and erythromycin
are produced by Actinomycetes (Varghese et al.
2012). Actinomycetes are widely distributed groups
in soil environments which play a major role in the
recycling of organic matters and nutritional
materials (Velayudham and Murugan 2012). They
are filamentous Gram-positive bacteria belonging
to the phylum Actinobacteria. They represent one
of the largest taxonomic units currently recognized
within the domain Bacteria (Ventura et al. 2007).
Approximately 80% of the world’s antibiotics are
derived from Actinomycetes, mostly from the
genera  Streptomyces and  Micromonospora

(Arifuzzaman et al. 2010; George et al. 2011; Ravi
et al. 2015). However, in the past two decades there
has been a decline in the discovery of new lead
compounds from Streptomyces and other terrestrial
Actinomycetes (Mincer et al. 2002; Valan et al.
2012). It has been reported that only 1-3% of all
known antimicrobial compounds produced by
genus Streptomyces has been identified and
isolated, therefore; there is a vast majority of
antibiotics left to be discovered (Baltz 2005; Shetty
et al. 2014). The classification and identification of
Actinomycetes can be performed by numerous
taxonomic methods such as ribosomal protein
analysis (Ochi 1995), fatty acid composition
analysis (Zhang et al. 2007) and 16S rRNA gene
sequence analysis (Ramos et al. 1997; Prasad et al.
2013; Radhakrishnan et al. 2013). However, the
determination of 16S rRNA gene has been found to
be an appropriate method for investigating
phylogeny of microorganisms due to its slow rates
of evolution (Song et al. 2001; Liu 2011).

Thailand is located in the humid climatic area
where a variety of tropical ecosystems are found.
The diversity of organisms in Thai soil has been
studied for decades, however; biodiversity of soil
microorganisms in many area of Thailand including
Nakhon Ratchasima province remains
uninvestigated and documented. The present study
was focused on the investigation of phylogenetic
diversity of the_culturable Actinobacteria from dry
dipterocarp forest soil based on 16S rRNA gene
analysis. The study of phylogenetic has been shown
to be a powerful tool in undestanding biological
diversity and evolutionary relationships among the
organisms (Nithya et al. 2012).

MATERIAL AND METHODS

Study area and sample collection

The study site was located at the forest area in
Suranaree University of Technology, Nakhon
Ratchasima province, Thailand. The latitude and
longitude of the study area is 14.8729 and
102.0237, respectively. Approximately 100 g of
soil samples were randomly taken from the forest
area throughout Suranaree  University of
Technology, Thailand (Ng and Amsaveni 2012).
The samples were collected at a depth of 10-15 cm
from the upper surface of soil using sterile
technique and immediately taken to the laboratory
and stored at 4°C until study (Sweetline 2012). The
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collected soil samples were analyzed for physio-
chemical parameter including soil pH, moisture
content and nutrient contents  (Nitrogen,
Phosphorous, Potassium). The moisture content of
soil was determined by analog soil moisture meter
(Sinokit, China). The soil pH and nutrient contents
were measured using Quick soil test (Hanna
instruments, UK).

Media and culture condition

Starch casein agar (SCA): (g/l: soluble starch 10;
casein 0.3; potassium nitrate 2; sodium chloride 2;
dipotassium hydrogen phosphate 2; magnesium
sulphate 0.05; calcium carbonate 0.02; ferrous
sulphate 0.01; agar 15; pH 7.2) (Kuster and
Williams 1964) was used for the isolation of
Actinomycetes. The cultivation temperature of
Actinomycetes was 28°C. To determine the ability
of antimicrobial activity of soil isolates, Mueller
Hinton Agar (MHA) (Hi-media, India) was used.
The incubation temperature for antimicrobial
activity test were 30°C or 37°C depending on the
strains of test pathogens.

Test pathogens

The pathogenic strains used for the screening of
antimicrobial activity were obtained from
Department of Medical Sciences Thailand (DMST)
and Thailand Institute of Scientific and
Technological Research (TISTR). They were
methicillin-resistant ~ Staphylococcus  aureus
DMST20654 (MRSA), Staphylococcus aureus
TISTR1466, Staphylococcus epidermidis
TISTR518, Bacillus subtilis TISTR008, Bacillus
cereus TISTR687, Escherichia coli TISTR780,
Enterobacter aerogenes TISTR1540,
Pseudomonas aeruginosa TISTR781, Serratia
marcescens  TISTR1354, Proteus mirabilis
TISTR100, Candida albicans TISTR5779,
Candida tropicalis TISTR5174 and Saccharomyces
cerevisiae TISTR5049.

Isolation of Actinomycetes

Isolation of Actinomycetes was performed by serial
dilution and plating technique using SCA medium
(Basavaraj et al. 2010). One gram of soil sample
was suspended in Erlenmeyer flask containing 99
ml sterile water and incubated at room temperature
without shaking for 30 min. The soil suspension
was serially diluted and spread on SCA plate. The
plates were incubated at 28°C for 5 days. After
incubation, the suspected Actinomycetes colonies

were selected and kept in the presence of glycerol
(15% v/v) at -80°C for further study.

Determination of antimicrobial activity of soil
isolates using perpendicular streak plate

Soil isolates were screened for their antimicrobial
activity by perpendicular streak method (Egorov
1987). The isolate strains were inoculated on MHA
plate by single streaking at the center of a petridish.
The plates were incubated at 28°C for 5 days in
order to allow the organisms to produce
antimicrobial substances and release to an agar
medium. The plates were then seeded with test
pathogens by streaking perpendicular to the line of
soil isolate colonies. The zone of inhibition against
test pathogens of each isolate was observed after
24-48 h of incubation.

16S rRNA gene sequencing

Genomic DNA of bacterial strains was isolated
from cell grown in 5 ml Mueller Hinton Broth
(MHB) at 28°C for 3 days. The cell cultures were
centrifuged at 13,000 rpm for 5 min and the cell
pellets were used for DNA extraction. Five to ten
milligram of cell pellets were mixed with 180 pl of
50 mM NaOH. The cell suspensions were incubated
at 95°C for 10 min followed by adding 20 pl of 1M
Tris-HCI (pH 8.0). Cells were pelleted by
centrifugation at 13,000 rpm for 5 min. The
supernatants were used as DNA template for PCR
amplification of 16S rRNA gene. The 16S rRNA
gene was amplified by PCR with specific universal
primers, 243F (5’-GGATGAGCCGCGGCCTA-
3’) and A3R (5’-CCAGCCCCACCTTCGAC-3")
(Monciardini et al. 2002). Amplification was
performed in a thermal cycler (BIORAD, USA)
according to the following conditions: initial
denaturation 95°C for 5 min followed by 30 cycles
of denaturation at 95°C for 60 s, annealing at 55°C
for 60 s, extension at 72°C for 60 s and a final
extension at 72°C for 7 min. The amplified
fragments were purified from 0.8% agarose gel by
using NucleoSpin® Gel and PCR clean-up kit
(MACHEREY-NAGEL, Germany). The purified
products were submitted for sequencing at
Macrogen, Korea.

Construction of phylogenetic tree

16S rRNA gene sequence of the isolates were
compared against the GenBank DNA database
using BLAST program. The sequences were
aligned with closely-related species by using
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CLUSTAL W (Thompson et al. 1994). The
phylogenetic tree was constructed by neighbor-
joining method (Saitou and Nei 1987) using
Molecular  Evolutionary  Genetics ~ Analysis
software version 6.0 (MEGA 6) (Tamura et al.
2013). The confidence level of each branch (1,000
replications) was tested by bootstrap analysis
(Felsenstein 1985).

RESULTS AND DISCUSSION

Total of 37 soil samples were collected from forest
area around Suranaree University of Technology,
Nakhon Ratchasima, Thailand (14.8729° N,
102.0237° E), during January 2012 to February
2013 (Fig. 1). Soil samples were randomly taken
and aseptically transferred by sterile polyethylene
bags to the laboratory.

B Bangkok

Latitude 14.8729, Longitude 102.0237

Dry dipterocarp forest

Figure 1 - Map of the sampling site. Suranaree University of Technology is situated in Nakhon Ratchasima province,
Northeastern region of Thailand. Dry dipterocarp forests are found throughout this area. The latitude of Suranaree
University of Technology is 14.8729 and longitude is 102.0237.

Isolation of Actinomycetes was done by serial
dilution and plating technique using SCA medium.
Several colonies were appeared on SCA after
incubation at 28°C for 5 days. Colonies having
characteristic features such as powdery or waxy
appearance with convex, concave of flat surface
and color ranging from white, gray to pinkish and
yellowish were isolated and screened for their
antimicrobial activity. One hundred-twenty three

isolates were obtained and given the name as PJ1 to
PJ123. All 123 isolates were screened for their
antimicrobial activity against Staphylococcus
aureus DMST20654 (MRSA), Staphylococcus
aureus TISTR1466, Staphylococcus epidermidis
TISTR518, Bacillus subtilis TISTR008, Bacillus
cereus TISTR687, Escherichia coli TISTR780,
Enterobacter aerogenes TISTR1540,
Pseudomonas aeruginosa TISTR781, Serratia
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marcescens TISTR1354, Proteus mirabilis
TISTR100, Candida albicans TISTR5779,
Candida tropicalis TISTR5174 and Saccharomyces
cerevisiae TISTR5049 by perpendicular streak
method. The antimicrobial activity was observed

from twelve isolates named PJ33, PJ36, PJ43, PJ51,
PJ75, PJ76, PJ77, PJ85, PJ88, PJ90, PJ95 and
PJ107 (Fig. 2).

Figure 2 - Colony morphology of twelve antimicrobial-producing soil isolates. The bacterial cell was grown on

SCA plate and incubated at 28°C for 5 days.

Twelve antimicrobial-producing strains could be
divided into three groups based on their spectrum
of activity (Table 1). Group | are isolates PJ33 and
PJ77 that show antibacterial activity against only
Gram-positive bacteria. Group Il consist of soil
isolates PJ43, PJ51, PJ75, PJ76, PJ85, PJ88, PJ90
and PJ107 which are capable of producing
antimicrobial agents against Gram-positive bacteria
and yeasts. Group Il include PJ36 and PJ95 that
exhibit broad spectrum antimicrobial activity
against Gram-positive bacteria, Gram-negative
bacteria and yeasts. There are eight isolates, PJ43,
PJ75, PJ77, PJ85, PJ88, PJ90, PJ95 and PJ107, that
have been found to be effective against methicillin-
resistant Staphylococcus aureus DMST20654
(MRSA). These results indicate that most of
isolates are having narrow spectrum antimicrobial

activity against Gram-positive bacteria. The
antibacterial activity of these isolates against Gram-
positive bacteria is observed more often than that
against Gram-negative bacteria. This frequency of
activity against Gram-positive bacteria of soil
Actinomycetes is similar to those reported by
Basilio, Kokare, Oskay, Valli and Deshmukh
(Basilio et al. 2003; Kokare et al. 2004; Oskay et
al. 2005; Valli et al. 2012 and Deshmukh and
Vidhale 2015).
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Table 1. Antimicrobial activity of antibiotic-producing soil isolates against test pathogens
Isolates Pathogenic strains

Gram-positive bacteria Gram-negative bacteria Yeasts
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PJ33 - - - - + - - - - - - - -
PJ36 - + + + + + + - + + + + +
PJ43 + + + + + - - - - - + - +
PJ51 - - + - + - - - - - - - +
PJ75 + + + + + - - - - - + - +
pPJ76 - - - - + - - - - - + + +
pPJ77 + + - + + - - - - - - - -
PJ85 + + + + + - - - - - + - +
PJ8s + + + + + - - - - - + - +
PJ90 + + + + + - - - - - + - +
PJ95 + + + + + + - - + + + + +
PJ107 + + + + + - - - - - + - +

(+) inhibition; (-) no effect

The identification of 12 antimicrobial-producing  sequencing. The 16S rRNA gene was amplified by
soil isolates was based on 16S rRNA gene wusing universal primers, 243F and A3R
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(Monciardini et al. 2002). The amplified fragments
were compared with nucleotide sequences from
NCBI GenBank database. The 16S rDNA
sequences of all 12 antimicrobial-producing strains

were submitted to GenBank

database.

7

The

GenBank accession numbers of these isolates are

provided in Table 2.

Table 2. Phylogenetic affiliation and GenBank accession numbers of antimicrobial-producing isolates

Isolates ldentification (nearest match) Similarity  Accession
(%) numbers
PJ33 Streptomyces alboniger DSM40043 98 KT795537
PJ36 Streptomyces rimosus subsp. paramomycinus NBRC15454 99 KT795542
PJ43 Streptomyces thermocarboxydovorans DSM44295 97 KT795532
PJ51 Nonomuraea bangladeshensis 13651M 94 KT795543
PJ75 Streptomyces griseoruber MTCC8121 CKM5 98 KT795536
PJ76 Streptomyces iakyrus NBRC13401 99 KT795533
PJ77 Streptomyces bingchengensis HBUM174849 98 KT795534
PJ85 Streptomyces triostinicus CKM7 99 KT795538
PJas Streptomyces gilvosporeus ATCC13326 97 KT795535
PJ90 Streptomyces triostinicus CKM7 99 KT795539
PJ95 Streptomyces luteosporeus NBRC14657 99 KT795540
PJ107  Streptomyces triostinicus CKM7 99 KT795541

The phylogenetic relationship between soil isolates
and known actinobacteria was determined on the
basis of their 16S rRNA gene sequence. The tree

was constructed by neighbor-joining method with

bootstrap 1,000 replicates (Fig. 3).
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51 Streptomyces luteosporeus NBRC14657

Streptomyces alboniger DSM40043
Streptomyces gilvosporeus ATCC13326

Streptomyces griseoruber MTCC8121 CKM5

56 Streptomyces bingchengensis HBUM174849
Streptomyces rimosus subsp. paramomycinus NBRC15454

PJ90 (KT795539)
100 [~ P/107 (KT795541)

I

Streptomyces triostinicus CKM7
Nonomuraea bangladeshensis 13651M

100‘

PJ77 (KT795534)

PJ95 (KT795540)
P36 (KT795542)

L Streptomyces iakyrus NBRC13401

Streptomyces thermocarboxydovorans DSM44295

P88 (KT795535)

PJ76 (KT795533)
PJ43 (KT795532)

[ gpe
0.005

PJ33 (KT795537)
P85 (KT795538)
PJ75 (KT795536)

PJ51 (KT795543)

Figure 3 - Phylogenetic tree showing evolutionary relationship of twelve antimicrobial-producing soil isolates
and their related taxa. The 16S rRNA gene sequences were aligned by using CLUSTAL W. The neighbor-joining
phylogenetic tree was generated by using the Molecular Evolutionary Genetics Analysis software version 6.0 (MEGA
6). Numbers at the nodes indicate levels of bootstrap support based on 1,000 resampling, only value > 50% are shown.
The scale bar indicates 0.005 substitutions per nucleotide position.

The result showed that PJ90 and PJ107 were closely
related with Streptomyces triostinicus CKM7.
Hence, PJ90 and PJ107 might be classified as
Streptomyces triostinicus. Other remaining isolates,
PJ33, PJ36, PJ43, PJ51, PJ75, PJ76, PJ77, PJ85,
PJ88 and PJ95, showed a distant relationship with
recognized species from GenBank database. They
could not be fitted into any known cluster as shown
in Figure 3. It has been suggested by Goodfellow
and Dickenson (1985) that organisms from natural
habitats that do not from tight clusters with
recognized reference strains could be assigned to a
new taxa (Goodfellow and Dickinson 1985). Thus,
PJ33, PJ36, PJ43, PJ51, PJ75, PJ76, PJ77, PJ85,
PJ88 and PJ95, were unclassified. They were

arranged in a separate group which possibly be
represented the novel strains (Fig. 3).

In this study, we were able to isolate S. alboniger,
S. rimosus, S. thermocarboxydovorans, N.
bangladeshensis, S. griseoruber, S. iakyrus, S.
bingchengensis, S. triostinicus, S. gilvosporeus and
S. luteosporeus from Northeast soil of Thailand.
Among them, there were only S. griseoruber and S.
triostinicus that have been isolated from terrestrial
soil in Thailand so far (Tantithanagorngul et al.
2011; Intra et al. 2011). The previous reports of S.
griseoruber and S. triostinicus from Thai soil were
included the study of antitumor and antifungal
activities, respectively (Tantithanagorngul et al.
2011; Intraetal. 2011). To our best knowledge, this
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study constitutes the first antibacterial and
antifungal properties of S. alboniger, S. rimosus, S.
thermocarboxydovorans, N. bangladeshensis, S.
iakyrus, S. bingchengensis, S. gilvosporeus and S.
luteosporeus isolated from Thai soil.

Our results demonstrated that soil from dry
dipterocarp forest in Suranaree University of
Technology cantains a diverse group of antibiotic-
producing Actinomycetes strains. The
physiological and chemical analysis of soil studied
were also conducted. As expected, the results
showed that forest soil in Suranaree University of
Technology was dry, acidic (pH 5) and low in
nutrients. These results are in good agreement with
those mentioned earlier that Actinomycetes are able
to survive and colonize under extreme soil habitats.
Thus, a soil sample from dry dipterocarp forest in
Suranaree University of Technology is proven to be
a valuable source for the screening of antimicrobial-
producing strains of Actinomycetes.

CONCLUSION

Results of this study indicate that dry dipterocarp
forest in Suranaree University of Technology
contain great biodiversity of antibiotic-producing
Actinomycetes. The dominant genus found in this
area is Streptomyces. They are active against wide
range of test pathogens including MRSA. Thus, the
study of these isolates could be further explored for
the development of new antibiotic drugs to treat
infectious diseases causing by pathogenic and drug-
resistant strains.
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