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CHAPTER I 
INTRODUCTION 

 
1.1 Background / Problem 
 Infectious diseases are a major cause of death in hospitals. Pathogenic bacteria 
can infect and destroy human tissues by themselves or their toxins to damage the 
host cell (Clardy et al., 2009; Kırmusaoğlu et al., 2019). Normally, infectious diseases 
from microbial infections can be treated by inhibiting or killing the pathogens using 
antibacterials (Kapoor et al., 2017; Kırmusaoğlu et al., 2019). Antibacterial agents target 
the production of biological metabolic components as well as the synthesis of the cell 
wall, cell membrane, and proteins and nucleic acids (Kırmusaoğlu et al., 2019). 
However, bacterial pathogens have developed molecular defence mechanisms to 
protect themselves from antibiotics (Sköld, 2011). Besides pathogen evolution, the 
overuse of antibiotics in clinical practice has led to bacterial antibacterial resistance 
(Kapoor et al., 2017). Antibacterial resistance has been recognized as a key problem in 
the treatment of infectious diseases (Hasan and Al-Harmoosh, 2020; Kapoor et al., 
2017). 
 In 1928, Alexander Fleming found the first antibiotic, penicillin. In the 1940s, 
penicillin was used to treat infections and was successful in preventing pathogen 
infections during World War II (De Lima Procopio et al., 2012; Ventola, 2015). In the late 
1930s, the discovery of penicillin motivated Selman Waksman to study microorganisms 
as producers of antibacterial compounds (Hutchings et al., 2019). Waksman defined 
the term “antibiotic” to describe to any small substance produced by a microbe that 
affects the growth of other microbes (Clardy et al., 2009). Waksman discovered various 
antibiotics produced by actinomycetes, including the first Tuberculosis drug, neomycin 
and streptomycin. Waksman’s research started the Golden Age of antibiotic discovery 
between the 1940s and 1960s. Many of these antibiotics are still used in medical 
settings, but the emergence of antibacterial resistance has reduced their efficacy
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(Hutchings et al., 2019). The emergence of new infectious diseases and pathogens 
resistant to old antibiotic motivated the development of a new drug derived from 
bacteria, fungi, and actinomycetes (Ambarwati et al., 2012). 
 Nowadays, researchers have focused on the study of streptomycetes, which is 
the group of actinobacteria that produces the greatest number of antibiotics. 
(Ambarwati et al., 2012). Streptomycetes is the largest actinobacterium in the 
Streptomycetaceae family. They are widespread in the soil environment, and they play 
an important role in the organic material turnover (Seipke et al., 2012). They are 
chemoorganotrophic, Gram-positive filamentous bacteria with a high GC content in 
their DNA (Baghdadi and Alblady, 2019; Dharmaraj, 2010; Tarkka and Hampp, 2008).  
 According to the Antibiotic Literature Database (ABL), 45.6% of the 8000 
biological antibacterial products are produced by streptomycetes, 21.5% by fungi, 
16.9% by other bacteria, and 16% by strains of rare genera of actinomycetes (Lazzarini 
et al., 2000). Streptomycetes produced around two-thirds of well-known antibiotics 
and approximately 75% of commercially and clinically useful antibiotics (Khattab et 
al., 2016).  
 Thus, this study aims to isolate antibacterial producing streptomycetes from 
soil. The antibacterial compounds produced by soil isolate will be evaluated, purified, 
and characterized. The culture condition of streptomycetes that induce the production 
of antibacterial agents will also be optimized. 
 

1.2  Research objectives 
 1.2.1 To isolate an antibacterial producing streptomycetes from soil. 
 1.2.2 To identify the antibacterial producing soil isolates by morphological 
characteristics and 16S rRNA gene sequencing. 
 1.2.3 To improve the production yield of antibacterial compounds by 
optimizing streptomycetes culture conditions. 
 1.2.4 To evaluate the antibacterial activity of crude extract produced by soil 
isolate streptomycetes against test pathogens. 
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1.3 Research hypothesis 
 1.3.1 Soil isolate streptomycetes are able to produce antibacterial agents 
against test pathogens. 
 1.3.2 The active compounds of soil isolate streptomycetes are able to purify 
by chromatography techniques. 
 1.3.3 The purified active compounds of streptomycetes are active against test 
pathogens. 
 

1.4 Scope and limitation of study 
 This research involves the isolation of antibacterial producing streptomycetes 
from soil. The soil isolates will be used for screening of antibacterial activity against 
test pathogens. The streptomycetes strain that shows the highest antibacterial activity 
will be selected for the optimization of antibacterial compounds production and 
preparation of crude extracts. The crude extracts will be purified and characterized by 
thin-layer chromatography, column chromatography and liquid chromatography 
spectrometry (LC-MS).

 



 
 

 

CHAPTER II 
LITERATURE REVIEW 

 
2.1 The Streptomycetes 
 Streptomycetes is the most abundant group in the Streptomycetaceae family, 
which is member of the Actinomycetales order and Actinobacteria phylum. They are 
Gram-positive aerobic filamentous chemoorganotrophic bacteria with a high G+C 
content in their DNA (De Lima Procopio et al., 2012; Hasani et al., 2014). Streptomyces 
are nonmotile, degrade starch, gelatin, casein, adenine, esculin, hypoxanthine, and L-
tyrosine, and reduce nitrates to nitrites (Baghdadi and Alblady, 2019). 
 Streptomycetes are normally found in the sea, plants, and mostly in soil (Cheng 
et al., 2015). Soil is the most important streptomycetes habitat, accounting for 40% of 
soil microorganisms. The filamentous structure of streptomycete strengthens the soil 
surface and protects it from wind and rain erosion (Baghdadi and Alblady, 2019). In 
addition to the common environment, they may be found in extreme habitats such as 
deserts, deep seas, volcanic conditions, and extremely low cold or cryoenvironments  
et al., 2019). Moreover, rather than living as free-living bacteria, many streptomycetes 
have adapted to living in symbiosis with plants, insects, fungi, and sponges (Van Der 
Meij, 2017).  
 Streptomycetes colonies grow slowly and commonly have a soil-like smell 
because of the synthesis of volatile metabolites and geosmin. (Hasani et al., 2014). 
Streptomycetes cultured on solid media involve two different structures: a substrate 
or vegetative mycelium and an aerial or reproductive mycelium (Manteca et al., 2005). 
Substrate mycelium grows on and into the culture medium (Figure 2.1) (Mendez et al., 
1985). The important role of substrate mycelium is nutrient absorption via multiple 
hyphae by tip extension and branching (Seipke et al., 2012). Under the microscope, 
substrate mycelium is slender, translucent, and more branching than aerial hyphae. 
However, aerial mycelium is developed from substrate mycelium and grows into the
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air (Li et al., 2016). Initially, colonies have a smooth surface, but later, the aerial 
mycelium develops into a powdery, granular, floccose, or velvety surface (Holt, Krieg, 
Sneath, Stanley, and Williams, 1994). 
 

 
 

Figure 2.1 The life cycle of streptomycetes (Seipke et al., 2012). 
 
 Pigments observed in substrate mycelia include yellow, green, white, red, blue, 
orange, and others. Some types can develop non-water soluble or water-soluble 
pigments. Water- soluble pigments can leak into culture media, resulting in a medium 
and colony of the same color. The non-water-soluble pigment is only found in the 
colony. The significance of color or the presence of soluble pigments is utilized as a 
reference to identify new species (Holt et al., 1994; Li et al., 2016). 
 The natural substances of streptomycetes are important in various industries 
such as pulp and paper, agriculture, textiles, and waste management industries 
(Mukhtar et al., 2017). Streptomycetes produce a wide range of primary and secondary 
substances that can be utilized to fight pathogenic microbes, promote growth, and 
degrade organic polymers such as chitin and cellulose (Seipke et al., 2012; Van Der 
Meij et al., 2017; Wanbanjob, 2008). Primary metabolites have a major role in the 
organism, supporting a physiological function and related to reproduction, 
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development, and optimal growth (Hasani et al., 2014). Streptomycetes are 
responsible for half of all secondary metabolites discovered, including two-thirds all 
discovered antibiotics (Dharmaraj, 2010; Van Der Meij et al., 2017). The ability of 
Streptomycetes to synthesize bioactive substances with antibacterial, antitumoral, 
antiviral, and antifungal activities is their most important characteristic (Hasani et al., 
2014; Van Der Meij et al., 2017). Secondary metabolites do not have a direct role in 
normal growth, development, or reproduction, they develop before the formation of 
aerial hyphae, when sporulation starts, and the rate of growth of bacterial filaments 
has slowed (Hasani et al., 2014; Tarkka and Hampp, 2008). Furthermore, 
streptomycetes' secondary metabolites can be produced because of their symbiosis 
with the plant. The antibiotic protects the plant against infections, whereas plant 
exudates help streptomycetes to develop (De Lima Procopio et al., 2012). 
 

2.2 Antibiotics 
 The discovery of antibiotics started in 1928 with Alexander Fleming's discovery 
of penicillin (Figure 2.2). Penicillin played a key role in treating bacterial diseases in 
soldiers during World War II. However, the resistance to penicillin rapidly became a 
serious therapeutic problem (Ventola, 2015).  
 The history of antibiotics derived from streptomycetes began with the discovery 
of streptothricin (from S. griseus) in 1944. Later, the researchers intensified the search 
for antibiotics within the streptomycetes (Baghdadi and Alblady, 2019; De Lima 
Procopio et al., 2012). 
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Figure 2.2 Timeline of antibiotic drug (Hutchings et al., 2019). 
 
 Since the discovery of penicillin, over 23,000 antibiotics have been reported, 
the largest number of which are made by bacteria, especially by the Actinomycetaceae 
family (Katz and Baltz, 2016). About 80 percent of antibiotics are derived from 
streptomycetes. They are the most well-known and widespread genus in the 
Actinomycetaceae family, which contains over 600 species (Berdy, 2005; De Lima 
Procopio et al., 2012; Van Der Meij et al., 2017). Streptomycetes compounds have been 
found in a wide range of antibiotic families, including macrolides, aminoglycosides, 
beta-lactams, and tetracyclines (Katz and Baltz, 2016). 
 The target of action of antibiotics is classified by the interaction of antibiotics 
and cellular functions in bacterial cells (Figure 2.3). (1) The mechanism of disruption of 
cell wall synthesis, (2) injury to the cell membrane, (3) inhibition of metabolic 
reactions, (4) inhibition of protein synthesis and (5) inhibition of DNA synthesis (De Lima 
Procopio et al., 2012; Kırmusaoğlu et al., 2019). 
 The main mechanisms of antibiotic resistance are (1) modifications of drug-
receptor and location targets, (2) enzymatic inactivation of antibiotics, (3) decreased 
drug uptake into the cell, and (4) increased active pump system (Hasan and Al-
Harmoosh, 2020). 
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Figure 2.3 The targets and mechanism of action of antibiotics (De Lima Procopio et al., 
2012).  

 
2.3 Antibacterial resistance 
 The use of antibiotics has been related to the emergence and development of 
antibiotic-resistant bacteria. Drug-sensitive competitors are killed by antibiotics, 
allowing resistant microorganisms to reproduce and allowing antibiotic resistance 
genes to transfer from one species to another (Ventola, 2015). In 1946, Alexnder 
Fleming warned that “the public will demand the drug and then will begin an era of 
abuses”. Unfortunately, Fleming's warning was ignored, and antibiotics are now 
endangered because of the rapid development of antibiotic resistance and the 
extremely low discovery of new antibiotics (Bartlett et al., 2013). 
 Many public health institutions have denoted the rapid evolution of resistant 
bacteria a “crisis” or “nightmare scenario” with “catastrophic consequences” (Ventola, 
2015). The Centers for Disease Control and Prevention (CDC) said in 2013 that 
humankind has entered the "post-antibiotic age." Moreover, the World Health 
Organization (WHO) identified antibiotic resistance as one of the three most serious 
health issues of the 21st century (Munita and Arias, 2016; Ventola, 2015). 
 The CDC evaluated antibiotic-resistant diseases based on seven criteria: clinical 
impact, economic impact, incidence, 10-year prediction of incidence, transmissibility, 
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availability of effective medications, and preventative hurdles. Each bacteria's threat 
level was then categorized as “urgent,” “serious,” and “concerning” (Table2.1) 
(Ventola, 2015). 
 
Table 2.1 CDC’s antibiotic resistance threats in2013 (Ventola, 2015). 

 
 
 In 2017, the WHO published a list of global priority pathogens (GPP), which 
included 12 bacteria species with critical, high, or medium antibiotic resistance. Nine 
of the 12 GPPs were Gram-negative showed in Table 2.2 (Asokan et al., 2019). 
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Table 2.2 WHO global priority pathogens list in 2017 (Asokan et al., 2019). 

 
 

2.4 Situation in Thailand 
 Thai people are able to easily access antibiotics from private drug stores or 
pharmacies in Thailand. They can also self-medicate with antibiotics without a 
prescription (Sommanustweechai et al., 2018). Furthermore, antibiotics may be found 
in all grocery stores around 20–70%. Tetracycline, penicillin, aminopenicillins, and 
fluoroquinolones were the most common types of antibiotics found in pharmacies 
(Pumtong et al., 2020; Siltrakool et al., 2021). The capability to easily access antibiotics 
from several sources is a serious medical problem that puts humanity at risk of 
antibacterial resistance (AMR)  (Pumtong et al., 2020).  
 According to the Thai National Statistics Office (NSO), In 2013, households in 
Thailand spent 0.9% of their income on purchasing self-medication, including 
antibiotics, and the percentage increased to 1.4% in 2016 (Siltrakool et al., 2021). The 
previous study showed that self-medication was commonly found among the working-
age population at around 88.2% in Thailand's urban regions (Chautrakarn et al., 2021). 
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 Previous studies reported that the significant factors in antibiotic misuse among 
Thais, particularly those located in rural locations, are lacking knowledge and 
misunderstandings about antibiotics (Chanvatik et al., 2019; Pumtong et al., 2020). And 
most Thai people are also referring “antibiotics” as “anti-inflammatory drugs” (ya kae 
ak-seb), a word that has been in use for a long time. Thais believe antibiotics are 
magical drugs that can cure any disease caused by "inflammation" of various organs 
and systems in the body. The misconception of these abilities has spread to the 
treatment of diseases and unusual symptoms found in livestock and agriculture, 
animals and plants (Pumtong et al., 2020). 
 Antibacterial resistance infections in Thailand result in 3.24 million increased 
hospitalization days and 38,481 deaths per year. Thailand spends USD 84.6–202.8 
million USD per year on antibiotics and has a productivity loss of at least USD 1.3 
billion as a result of morbidity and death (Boonyasiri et al., 2014; Siltrakool et al., 2021). 
 According to Chanvatik et al., identified the self-reported clinical indications for 
antibiotic usage into three categories. The majority of antibiotics (64.5%) were used to 
cure symptoms including fever (19.2%), sore throat (16.8%), headache (12.2%), cough 
(11.3%), and diarrhea (5.2 %). Antibiotics were also used to treat illnesses such as the 
flu, skin infections, pharyngitis, and unspecified symptoms and disorders (Figure 2.4). 
Most of the antibiotics (70.3%) were provided by public or private healthcare facilities, 
while 26.7 % were from pharmacies (Chanvatik et al., 2019). Antibiotics are usually 
used for bacterial infections, whereas some viral infection diseases might be prescribed 
by community pharmacists resulting in the misuse of antibiotics. This circumstance is 
one of the causes that lead to antibacterial resistance infections. (Intahphuak et al., 
2021; Siltrakool et al., 2021) 
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Figure 2.4 Indication of antibiotic use (Chanvatik et al., 2019). 
 

 Resistant Gram-negative bacteria cause nosocomial infections, which are a 
major problem in Thailand. Infections with Acinetobacter spp. and Pseudomonas spp., 
for example, are major causes of hospital mortality. The resistant Escherichia coli (E. 
coli), Klebsiella spp., and Neisseria gonorrhoeae (N. gonorrhoeae) are major public 
health concerns. E. coli, Campylobacter spp., and Salmonella spp. are major resistant 
bacteria in livestock and food production (WHO, 2017). 
 Moreover, the National Antibacterial Resistance Surveillance, Thailand: NARST, 
Department of Medical Sciences, reported that the crucial drug-resistant bacteria in 
Thailand are Acinetobacter spp., P. aeruginosa and Enterobacteriaceae which are 
resistant to Carbapenem, were commonly found in the hospital. Extended-spectrum 
beta-lactamase (ESBL)-producing Enterobacteriaceae, such as ESBL-producing K. 
pneumoniae and ESBL-producing E. coli are drug-resistant strains found in humans, 
animals and the environment (NARST, 2022). 
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Figure 2.5 Imipenem-resistant K. pneumoniae (NARST, 2022). 
 

 As shown in figure 2.5, Imipenem-resistant K. pneumoniae increased from 0.7% 
(2000- 2010) to 8.4% (2010-2017), and the increase of this resistant bacteria was 
expected to continue rapidly in the future (NARST, 2022). 
 

 
 

Figure 2.6 Antibacterial resistance rates of Acinetobacter spp. by year (51 hospitals) 
(NARST, 2022). 
 

 According to figure 2.6, in 2000 to 2011, the percentage of imipenem resistance 
in Acinetobacter spp., significantly increased from 14.4% to 63.4%, and between 2012 
to 2017, the rate of resistance remained high and relatively stable at about 66.3-67.4% 
(NARST, 2022). 

 



 
 

 

CHAPTER III 
MATERIALS AND METHODS 

 

3.1 Materials 
3.1.1 Test pathogens 

         In this study, the test pathogens were obtained from Thailand Institute of 
Scientific and Technological Research (TISTR) and American Type Culture Collection 
(ATCC). Test pathogens were Bacillus cereus TISTR687, Staphylococcus aureus 
ATCC29213, Staphylococcus aureus DMST20654 (MRSA 20654), methicillin-resistant 
Staphylococcus aureus DMST20651 (MRSA 20651), methicillin-resistant 
Staphylococcus epidermidis, Escherichia coli 8465, Proteus mirabilis TISTR100, Proteus 
valgaris , Salmonella Typhimurium, Enterobacter aerogenes TISTR1540, Pseudomonas 
aeruginosa TISTR1287, Pseudomonas aeruginosa TISTR781, Pseudomonas aeruginosa 
N90Ps, Klebsiella pneumoniae TISTR1617, Acinetobacter baumannii, and Serratia 
marcescens TISTR1354.  
 3.1.2 Culture media 
         The International Streptomyces Project 2 (ISP2) medium included 10 g 
malt extract, 4 g yeast extract, and 4 g D-glucose per 1 L. The final pH was adjusted at 
7.2. 
         The Luria-Burtani (LB) medium consisted of 10 g of peptone, 10 g of NaCl 
and 5 g of yeast extract per 1 L. The final pH was adjusted at 7.0.  
         The Mueller Hinton (MH) medium (pH 7.2-7.4) was purchased from 
Himedia, India. This medium contained (per 1 L) 17.5 g of casein acid hydrolysate, 1.5 
g of starch, and 300 g of beef extract.  
         The Starch Casein (SC) medium contained (per 1 L) 10 g of soluble starch, 
0.3 g of casein acid hydrolysate, 2 g of KNO3, 2 g of NaCl, 2 g of K2HPO4, 0.05 g of 
MgSO4, 0.02 g of CaCO3 and 0.01 g of FeSO4. The final pH was adjusted to 7.0. 
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         The Yeast Extract Glucose (YEG) medium contained (per 1 L) 10 g of D-
glucose, 1 g of yeast extract, 0.5 g of KNO3 and 0.1 g of K2HPO4. The final pH was 
adjusted to 7.0.  
         All solid media were added 15 g of agar per 1 L of medium.         
Sterilization of all media was prepared by autoclaving at 121ºC, 15 p.s.i. for 15 min. 
 3.1.3 Buffers and solutions 
         3.1.3.1 Buffer for agarose gel electrophoresis 

        - Lysis buffer composed of 400 mM Tris-HCI pH 8.0, 60 mM EDTA 
pH 8.0, 150 mM NaCI and 1% w/v of sodium dodecyl sulfate. 
        - 10X TBE buffer contained (per 1 L) 108 g of Tris-HCI, 55 g of boric 
acid and 40 ml of 0.5 M EDTA and pH 8.0 

 3.1.4 Primers used for PCR amplification 
         The sequences and names of the oligonucleotides are listed in Table3.1. 
 
Table 3.1 List of primers used in this study. 
Primers Primer’s sequences (5´-3´) References 
27F AGAGTTTGATCCTGGCTCAG (Lane, 1991) 
1525R AAGGAGGTGWTCCARCC (Lane, 1991) 

 
 3.1.5 Research kits 
         FavorPrepTM GEL/PCR Purification Mini kit purchased from Favogen, 
Taiwan. 
 3.1.6 Miscellaneous material 
         GoTaq® Green master mix used for PCR amplification was purchased from 
Promega, USA. 
         One hundred bp DNA Ladder. The marker was purchased from HiMedia 
Laboratories, India. 
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3.1.7 Equipments 
         The instruments used in this investigation are all listed in Table 3.2. 
Table 3.2 List of instruments used in this study. 
Name Source 
Autoclave Tomy, USA 
Centrifuge machine Hettich, Germany 
Fume hood S.K. POWERABLE, Thailand 
Hot air oven Memmert, Schwabach 
Incubator shaker N-biotek, Germany 
Laminar flow Esco, Singapore 
pH meter METTLER-TOLEDO, USA 
Rotary evaporator Buchi, Switzerland 
Spectrophotometer PG Instrument, UK 
Thermal cycle Thermo Fisher Scientific, US 
Vortex mixer FINEPCR, Korea 

 

3.2 Methods 
 3.2.1 Sample collection 
         The study location was collected at botanical garden soil in Suranaree 
university of technology. The soil samples were selected at random and placed in a 
sterile bag. 
 3.2.2 Screening and isolation of streptomycetes 

        One Gram of the soil samples was suspended in 99 ml of sterile water in 
250 ml Erlenmeyer flask. The suspension of soil samples was serially diluted to 10-3, 
10-4 and 10-5 using sterile water. Diluted samples were inoculated on an agar plate 
from the International Streptomyces Project no.2 (ISP2). All plates were incubated for 
5-10 days at 37 °C or until the bacterial colonies appeared. The streptomycetes colony 
was selected and purified by a new ISP2 agar. 
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3.2.3 Primary screening of antibacterial-producing soil isolates using 
perpendicular-streak plate 
          The antibacterial activity of soil isolates was tested using the 
perpendicular streak technique. All strains were cultured on the corner side of Muller 
Hilton agar (MHA). The plates were incubated for 5 days at 37 °C to allow the 
streptomycetes to produce antibiotic compounds and release into an agar media. The 
plates were inoculated with test pathogens, including opportunistic pathogens and 
resistant strains, by streaking perpendicular to the soil isolate colony. After 24 h of 
incubation, the zone of inhibition against test pathogens of each isolate was detected. 
(Figure 3.1). 
 

 
Figure 3.1 The perpendicular-streak method. 

 

 3.2.4 Identification of antibacterial-producing soil isolate by 16S rRNA gene 
sequencing 

        3.2.4.1 Cultural and morphological characteristics 
                   The cultural morphology of antibacterial-producing bacterial soil 
isolate was determined on ISP2 medium for 14 days. The color of aerial mycelium, 
substrate mycelium, reverse color of colony, diffusible pigments, and texture of colony 
were observed and recorded. 
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         3.2.4.2 Preparation of DNA template 
                   The genomic DNA of soil isolates were grown on ISP2 medium for 
3 days. The cell pellets were obtained after centrifugation at 13,000 rpm for 5 min. 
DNA extraction started with placing the cell pellets in a mortar with 500 µl of lysis 
buffer. The suspensions were transferred to microcentrifuge tube and added 165 ml 
of 5 M NaCI. The suspensions were mixed and centrifuged for 10 min at 13,000 rpm. 
The supernatants were transferred to a new tube and added with 800 µl of chloroform: 
isoamyl alcohol (1:1). After mixing the suspensions until the solution became milky, 
the mixture was centrifuged for 10 min at 13,000 rpm. The aqueous layer was removed 
and added with an equal volume of chloroform. The mixture was centrifuged for 5 
min at 13,000 rpm. The genomic DNA was precipitated with two volumes of absolute 
alcohol and centrifuged for 5 min at 10,000 rpm and washed with 800 µl of 70% cold 
ethanol. The genomic DNA was dissolved in nuclease-free water and used as a DNA 
template for 16S rDNA amplification. 
         3.2.4.3 Amplification of the 16S rDNA gene by PCR 
                   The genomic DNA of soil isolates were used as the template for 
PCR amplification of 16S rDNA gene using universal primer 27F and 1525R (Table 3.1). 
The reaction was carried out in a thermal cycler under the following conditions: 5 min 
of initial denaturation at 95 °C, denaturation for 60 s at 95 °C, annealing for 30 s at 55 
°C, extension for 90 s at 72 °C, and final extension for 7 min at 72 °C (Figure 3.2). The 
amplification products were examined with 0.7% agarose gel and purified using 
FavorPrepTM GEL/PCR Purification Mini kit.  
 
Table3.3 Mixture of PCR reactions. 
Reaction mixture Volume (µl) 
Forward primer (10 µM) 1 
Reverse primer (10 µM) 1 
Green master mixed 12.5 
Genomic DNA template 5 
Nuclease free water 5.5 
Final volume 25 
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Figure 3.2 Conditions for PCR amplification of the 16S rDNA gene. 
 

        3.2.4.4 The DNA sequencing  
                    The purified DNA was used for sequencing analysis at ACTG Co., 
Ltd, Thailand. The DNA sequencing containing 16S rDNA gene was compared against 
the EzBioclound database using BLAST proGram. 
 3.2.5 Phylogenetic tree construction  
         The 16S rDNA gene sequences from soil isolates were matched to known 
sequences in the EzBioclound database. The sequences using CLUSTAL W were aligned 
with closely related strains. The constructed phylogenetic tree was performed using 
MEGA software version X, and the confidence level was evaluated using bootstrap 
analysis (1,000 replications). 
 3.2.6 Optimization of antibacterial compounds production 
         3.2.6.1 Effect of culture medium 
                    The antibacterial producing streptomycetes were grown on ISP2 
medium for 3 days. Four milliliters of 3 days culture was transferred to 100 ml 
Erlenmeyer flasks containing 36 ml of 4 different culture medium which were ISP2, SC, 
MH, and LB broth. The flasks were incubated at 30 °C for 5 days. Cell suspensions were 
centrifuged at 13,000 rpm for separated cell pellets and cell-free supernatants. The 
antibacterial activity of cell supernatants was determined using the agar-well diffusion 
technique. The diameter (mm) of the inhibition zone was measured and recorded. 
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         3.2.6.2 Effect of Temperature  
                    The antibacterial producing streptomycetes were grown on ISP2 
medium for 3 days. Four milliliters of cell inoculated was transferred to 100 ml 
Erlenmeyer flasks containing 36 ml of different temperature between 30 °C and 37 °C. 
Cell suspensions were centrifuged at 13,000 rpm for separated cell pellets and cell-
free supernatants. The antibacterial activity of cell supernatants was determined using 
the agar-well diffusion technique. The diameter (mm) of the inhibition zone was 
measured and recorded.  

        3.2.6.3 Optimum incubation period  
                    The antibacterial producing streptomycetes were grown on ISP2 
medium for 3 days. After incubation, four milliliters of cell inoculated was transferred 
to 100 ml Erlenmeyer flasks containing 36 ml of SC medium and incubated at 30 °C. 
The cell inoculated was collected every 24 h for 10 days. Cell suspensions were 
centrifuged for separated cell-free supernatants and cell pellets at 13,000 rpm. The 
antibacterial activity of cell supernatants was determined using the agar-well diffusion 
technique. The diameter (mm) of the inhibition zone was measured and recorded. 
         3.2.6.4 Agar-well diffusion method  
                    The antibacterial activity of cell-free supernatants was 
determined using the agar-well diffusion technique. The test pathogens were prepared 
to the turbidity standard of 0.5 McFarland. MH medium was swabbed by the cotton 
swab of test pathogens. A 6 mm diameter hole was punched with a sterilized cork-
borer and the agar plug was removed by using a sterile toothpick. Fifty microliters of 
cell-free supernatants were loaded into the well. The plates were stood for 1 h to 
allow the supernatants to diffuse into the agar medium before incubated at 37 °C for 
24 h. After incubation, the diameter (mm) of the inhibition zone was measured and 
recorded. 
 3.2.7 Crude extract preparation 
         The crude extract was prepared by submerged state fermentation. A soil 
isolate was grown on suitable conditions. The fermented broth was centrifuged at 9000 
rpm for 5 min after incubation. The fermented broth was filtrated through Whatman 
No.1 filter paper (WhatmanTM, GE Healthcare, UK) to remove bacterial cells. The cell-
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free supernatant containing antibacterial compounds was extracted with ethyl acetate 
in the ratio of 1:1 (v/v) and shaken for 1 h at 250 rpm. The organic solvent phase was 
collected using separatory funnel and the organic solvent was evaporated until dry 
under reduced pressure. The crude extract was used for antibacterial activity test. Cell 
dry weight was used for calculating the yield of crude compounds. 
 3.2.8 Purification of antibacterial compounds 
         3.2.8.1 Purification of bioactive compound by thin-layer 
chromatography 
                   A mixture compounds were separated and seen using thin layer 
chromatography (TLC). Crude compound was spotted on the TLC plates. The spot was 
left to dry. The TLC plates were placed in a developing chamber containing organic 
solvent using chloroform: methanol (9.2: 0.8) as a mobile phase system. The TLC plate 
was removed when the solvent reached 0.5 cm from the top of the plate. After that, 
the TLC plate was left to dry before being visualized under UV light at 254 nm. The 
bands of chromatoGrams retention factor Rf value were calculated. The TLC plates 
were tested for antibacterial activity using contact bioautography to determine 
bioactive metabolites among different bands of silica plate. The bioactive bands were 
recovered for further study. 
                   Column chromatography is a technique for purifying individual 
chemicals in mixtures of compounds. Silica gel (60-120 mesh) slurry was packed into 
a glass column. After that, the crude compound was subjected to column 
chromatography using silica gel as a stationary phase and pre-eluted with n-hexane 
followed by step-wise solvent with mixtures of chloroform: methanol. All purified 
fractions were collected and observed by using TLC. The purified bioactive compound 
was evaluated for its antibacterial activities by contact bioautography. The fractions 
showing antibacterial activity against test pathogen were collected for future study. 
         3.2.8.2 Detection of bioactive compound by contact bioautography 
                    The antibacterial activity of bioactive compounds was 
determined by the contact bioautography method. The TLC plate was sterile by 
exposure under UV for 30 min and placed on the agar medium seeded with test 
pathogens (0.5 McFarland). In order to allow the substances to diffuse into the agar 
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medium, the TLC plate was left for 30 min. Then, the TLC plate was removed from 
the agar plates. The agar plates were incubated at 37 °C for 24 h. After incubation, the 
inhibition zone was observed around the band that contains bioactive compounds 
(Figure 7.2).  
 

 
 

Figure 3.3 Contact bioautography on agar. 
 

3.2.9 Characterization of antibacterial compounds 
         Liquid chromatography-mass spectrometry (LC-MS) 
         The mass spectrum of the antibacterial compounds was assessed using 
liquid chromatography and mass spectrum (LC-MS). The antibacterial compounds 
solution was subjected to the Q-TOF spectroscopy. The mass spectrometer was 
operated in negative and positive full scan modes. The peak was detected and 
examined by comparing the mass spectra to the mass bank database.

 



 
 

 

CHAPTER IIV 
RESULTS 

 
4.1 Isolation of streptomycetes 
 The soil samples were taken from botanical garden at Suranaree University of 
Technology, Nakhon Ratchasima (14.8712º N, 102.0218º E). Soil samples were 
aseptically transferred to the laboratory in sterile bags. 
 

  
 

Figure 4.1 Map of the sampling site. Botanical garden is situated in Suranaree University 
of Technology, Nakhon Ratchasima. The latitude of Botanical garden is 14.8712 and 
longitude is 102.0218. 
 

The streptomycetes strains were isolated based on their unique colony 
morphology on ISP2 agar. They were screened and purified after 5-7 days of incubation. 
A total of 44 strains were given the name WPN1-WPN44. Most of the strains showed 
morphological characteristics such as a powdery to winkle texture and a white-colored
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colony and some colonies produced diffusible pigments. Some of the morphological 
appearance of these isolates on ISP2 medium are shown in Figure 4.2 
 

 
 

Figure 4.2 Morphological characteristics of streptomycetes strains in ISP2 agar 
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4.2  Primary screening of antibacterial producing soil isolates  
 The perpendicular streak method was used for the primary screening of 
antibacterial producing soil isolates using MH medium. (Figure 4.1).  
 

 
 

Figure 4.3 Primary screening using perpendicular streak method for antibacterial 
activity of the soil isolate. 
 

A total of 44 soil isolates were tested for their ability to produce antibacterial 
metabolites against Bacillus cereus TISTR687, Staphylococcus aureus ATCC29213, 
Staphylococcus aureus DMST20654 (MRSA 20654), methicillin-resistant 
Staphylococcus aureus DMST20651 (MRSA 20651), methicillin-resistant 
Staphylococcus epidermidis (MRSE), Escherichia coli 8465, Proteus mirabilis TISTR100, 
Proteus valgaris , Salmonella Typhimurium, Enterobacter aerogenes TISTR1540, 
Pseudomonas aeruginosa TISTR1287, Pseudomonas aeruginosa TISTR781, 
Pseudomonas aeruginosa N90Ps, Klebsiella pneumoniae TISTR1617, Acinetobacter 
baumannii, and Serratia marcescens TISTR1354. Out of 44 samples, 11% of isolates 
exhibited antimicrobial activity against Gram-positive and Gram-negative bacteria. The 
results are shown in Table 4.1. 
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Table 4.1 Primary antibacterial activity screening of soil isolates. 
 
 
Test pathogens 

Zone of inhibition (mm) 

WPN5 WPN22 WPN32 WPN35 WPN38 

B. cereus 5±0 11±2 29±1 35±3 22±2 
S. aureus 10±1 16±1 21±1 30±2 17±0 
MRSA 20651 11±1 16±1 22±2 30±2 13±1 
MRSA 20654 12±1 18±2 21±1 31±1 13±0 
MRSE 11±0 15±1 18±1 29±1 19±0 
E. coli   - -  -  -  9±0 
P. mirabilis  - -  -  -  14±2 
P. Vulgaris  - -  -  -  14±2 
S. Typhimurium  - -  -  -  9±0 
E. aerogenes  - -  -  -  11±0 
K. pneumoniae 1617  - -  -  -  12±0 
A. baumanii   - -  -  -  11±1 
S. marcescense  - -  -  -  8±1 

 -: no activity 
 Data are means ± standard deviation (n=3). 
 
 Among them, WPN5, WPN22, WPN32 and WPN35 showed narrow spectrum of 
antibacterial activity against only Gram-positive bacteria, B. cereus, S. aureus, MRSA 
20651 MRSA 20654, and MRSE.  
 On the other hand, WPN38 exhibited broad antibacterial spectrum against both 
Gram-positive and Gram-negative bacteria. WPN38 was active against B. cereus, S. 
aureus, MRSA 20651 MRSA 20654, MRSE, E. coli, P. mirabilis, P. valgaris, S. typhimurium, 
E. aerogenes, K. pneumoniae, A. baumannii, and S. marcescens. 
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4.3  Identification of antibacterial producing soil isolates  
 The antibacterial-producing soil isolates were confirmed by their morphological 
and phylogenetic characteristics. 

Table 4.2 shows the cultural and morphological characteristics of 5 
antibacterial-producing soil isolates. The development of microbial growth, colony, 
aerial mycelium, and pigment production were observed after 14 days of growth on 
ISP2 medium. Five isolates were gray, white, and yellow of mycelium and colony 
pigmented. Strains WPN32 and WPN38 produced yellow-colored diffusible pigment on 
ISP2 agar. The results are shown in Table 4.2. 

 



 
 

 

Table 4.2 Colony morphology of five antibacterial-producing soil isolates.  
Characteristics Isolates No. 

WPN5 WPN22 WPN32 
Macroscopic views 

   
 
Texture of colony 

 
Powdery and smooth surface 

 
Powdery and wrinkle surface 

 
Hard and wrinkle surface 

Colony color White White Yellow 

Aerial mycelium color Grey and white Grey White 

Reverse color of colony Yellow Yellow Yellow 

Diffusible pigment - - Yellow 
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Table 4.2 Colony morphology of five antibacterial-producing soil isolates (Continued). 
Characteristics Isolates No. 

WPN35 WPN38 
Macroscopic views 

  
 
Texture of colony 

 
Hard and wrinkle surface 

 
Powdery and wrinkle surface 

Colony color Yellow White 

Aerial mycelium color Grey Grey 

Reverse color of colony Yellow Yellow 
Diffusible pigment Yellow - 
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 The antibacterial producing streptomycetes isolates were identified at the 
species level using 16S rRNA gene sequencing. To amplify the 16S rRNA, universal 
primers were used, and the PCR products were approximately 1,500 bp (Figure 4.4). All 
sequences were compared with nucleotide sequences of Streptomyces species from 
the EzBioCloud database (https://www.ezbiocloud.net/). 
 

 
 

Figure 4.4 Agarose gel electrophoresis (0.7%) of PCR amplification product of 16S rRNA 
gene. Lane M: 100 bp DNA ladder, Lane 1: PCR product of WPN32. 
 
 The result revealed that all selected streptomycete isolates belonged to the 
genes Streptomyces. WPN5 and WPN22 shared 100% similarity to S. pseudogriseolus. 
WPN32 showed the highest similarity of 99.45% to S. cyaneochromogenes with an 
overlapping of 1462 bp. The sequences of WPN35 and WPN38 were closed to S. 
antibioticus and S. rochei, respectively. The result of closely related strains is 
summarized in Table 4.3. 
 

 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20antibioticus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20antibioticus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20rochei
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Table 4.3 Closely relative strains of antibacterial producing streptomycetes from 
EzBioClound database. 
Isolates Length 

(bp) 
Identification (nearest match) Top-hit strain Similarity 

(%) 
WPN5 1446 Streptomyces pseudogriseolus NRRL B-3288(T) 100 
WPN22 1448 Streptomyces pseudogriseolus NRRL B-3288(T) 100 
WPN32 1462 Streptomyces cyaneochromogenes MK-45(T) 99.45 
WPN35 1456 Streptomyces antibioticus  NBRC 12838(T) 100 
WPN38 1445 Streptomyces rochei NRRL B-2410(T) 100 

 
Furthermore, the phylogenetic tree between soil isolates and reference 

Streptomyces was constructed with neighbor-joining method. The phylogenetic 
analysis of WPN5, WPN22, WPN32, WPN35 and WPN38 isolates showed a distant 
relationship with reference species from EzBioCloud database. The strains WPN5, 
WPN22, WPN35 and WPN38 formed a monophyletic clade with their closest type 
strains. On the other hand, strain WPN32 formed a monophyletic clade with 
Streptomyces aquilus at bootstrap value of 96% and out of clade with closet strains 
(Figure 4.5). 

 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20antibioticus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20rochei
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Figure 4.5 Phylogenetic tree using neighbor-joining method based on 16S rRNA gene 
sequences of strains WPN5, WPN22, WPN32, WPN35 and WPN38. Nocardia alba YIM 
30243 was used as an outgroup The bootstrap values show the number on the nodes 
(1000 replications), only values more than 50% are shown. The scale bar indicated 
0.10 nucleotide substitution per nucleotide. 
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Strains WPN5, WPN22, WPN32, WPN35 and WPN38 were identified to be a genus 
Streptomyces based on cultural, morphological, and phylogenetic characteristics. 
 Since WPN32 showed a narrow spectrum against Gram-positive bacteria and 
the 16S rRNA sequences showed the highest similarity to Streptomyces 
cyaneochromogenes. The species S. cyaneochromogenes, was first identified and 
reported in 2019 (Tang et al., 2019). To date, the antibacterial compounds of S. 
cyaneochromogenes remain uninvestigated. Therefore, stain WPN32 was chosen for 
further studies. The phylogenetic tree of strain WPN32 was constructed using 16S rRNA 
gene sequences and neighbor-joining method in MEGA X software. Strain WPN32 
formed a distinct phyletic clade with Streptomyces aquilus and Streptomyces cyaneus 
and out of clade with closet strains (Streptomyces. cyaneochromogenes) (Figure 4.6). 
 
 

 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
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Figure 4.6 Phylogenetic tree using neighbor-joining method based on 16S rRNA gene 
sequences of strain WPN32. Nocardia alba YIM 30243 was used as an outgroup. The 
bootstrap values show the number on the nodes (1000 replications); only values more 
than 50% are shown. The scale bar indicated 0.01 nucleotide substitution per 
nucleotide. 
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4.4 Optimization of antibacterial compounds production 
 4.4.1 Effect of culture media 
         The examination of antibacterial compound productions were 
determined at different media, temperatures, and incubation periods. In this study, the 
effect of culture media on the growth of WPN32 was investigated on four different 
media, MH, LB, SC and ISP2 broth. The supernatant containing antibacterial compounds 
was collected and evaluated their antibacterial activity using agar well diffusion 
method (Figure 4.7).  
   

 

 

Figure 4.7 The antibacterial activity against test pathogens by using agar-well diffusion 
method. The inhibition zone of A: 3 days at 37 °C, B: 3 days at 30 °C, C: 4 days at 37 
°C, D: 4 days at 30 °C, E: 5 days at 37 °C, F: 5 days at 30 °C of incubation. 
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The results of Figure 4.8 revealed that the highest antibacterial activity against 
test microorganisms of WPN32 was observed on SC broth (cell dry weight 1.73 mg/ml). 
The Maximum activity was measured against B. cereus (23.3 mm), followed by MRSA 
20651 and MRSA 20654 (21 mm), S. aureus (19.7 mm), and MRSE (19.3 mm)  

 

Figure 4.8 The effect of culture medium of WPN32 cultured with ISP2, LB, MH and SC 
medium and cell dry weight. 
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4.4.2 Effect of temperature 
       The fermented broth of WPN32 cultured at 30 °C and 37 °C were 
collected and tested for antibacterial activity. The highest antibacterial activity was 
obtained at 30 °C (cell dry weight 2.16 mg/ml) (Figure 4.9). The temperature increases 
to 37 °C showed a decrease in antibacterial activity and cell dry weight (1.79 mg/ml).  
 

 
 

Figure 4.9 The effect of temperature of WPN32 cultured with SC medium and 
incubated at 30 ºC and 37 ºC. 
 

4.4.3 Optimum incubation period 
       Strain WPN32 was cultured in SC medium at 30 °C. The fermented broth 
was collected every 24 h for 10 days. The agar-well diffusion method was used to 
evaluate the antibacterial activity of WPN32 fermented broth. The antibacterial activity 
of WPN32 against B. cereus, MRSA 20651, and MRSA 20654 was observed from day 1 
of incubation, while S. aureus and MRSE showed from day 2 of incubation (Table 4.5). 
The activity against B. cereus, MRSA 20651, MRSA 20654 and MRSE were stable from 
day 2 to day 10, while S. aureus was unchanged from day 3 to day 10.  
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Table 4.4 Effect of incubation period on antibacterial activity of WPN32. 
Days Zone of inhibition 

B. cereus S. aureus MRSA 20651 MRSA 20654 MRSE 

1 15.3±0 0 16.7±1.2 16.3±2.1 0 
2 21.5±1.2 19±3 20.3±2.5 20.3±2.4 19±1 
3 22.5±1.2 19±3 20.3±2.1 20.7±1.9 20±2 
4 22±1.9 18±2 19.7±1.9 21.3±3.1 18.5±1.5 
5 23.5±1.4 21±2 20.7±2.5 21±2.2 21±1 
6 22.5±1.2 19±4 20.7±2.9 21.3±2.5 20±3 
7 23.5±1.2 20.5±2.5 21.3±1.9 22.3±1.7 21±1 
8 24.5±1.4 20.5±0.5 20.7±0.5 22.3±1.2 19.5±1.5 
9 24±0.8 20.5±0.5 20.3±0.9 22±1.4 21±1 
10 24±0.8 20.5±0.5 20.3±0.9 22±0.8 21.5±0.5 

 Data are means (n=3). 
 Data are means ± standard deviation (n=3). 
 
 The antibiotic production and cell dry weight were collected every 24 h for 10 
days (Figure 4.10). The result showed that the highest antibiotic production was 
recorded at 5 days (72.5 ug/ml) with 1.19 mg/ml of cell dry weight. However, the 
maximum yield was obtained at 4 days (9.31 g/g) of incubation with cell dry weight 
1.17 mg/ml (Figure 4.8). 
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Figure 4.10 The Effect of incubation period of WPN32 cultured with SC medium. 
Incubation period with antibacterial production and cell dry weight collect every 24 
hrs. 

 

 
 

Figure 4.11 The Effect of incubation period of WPN32 cultured with SC medium. 
Incubation period with yield and cell dry weight collect every 24 hrs. 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0

10

20

30

40

50

60

70

80

D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8 D-9 D-10

Ce
ll 

dr
y w

eig
ht

 (m
g/

m
l)

An
tib

iot
ic 

pr
od

uc
tio

n 
(u

g/
m

l)

Incubation period

Antibiotic production (ug/ml) Cell dry weight (mg/ml)

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8 D-9 D-10

Ce
ll 

dr
y w

eig
ht

 (m
g/

m
l)

Yie
ld

 (g
/g

)

Incubation period

Cell dry weight (mg/ml) %Yield

 



40 

 

 

4.5  The preparation of crude extract from WPN32  
 The strain WPN32 was cultured in SC medium for 5 days at 30 °C. After 
incubation, the cultured was centrifuged and filtrated to separate the cell pellet. The 
cell-free supernatant was extracted with ethyl acetate (1:1), and the organic phase was 
evaporated under reduced pressure using a rotary evaporator. The ethyl acetate 
extract of WPN32 showed an orange color (Figure 4.12).  
  

 

 

Figure 4.12 The ethyl acetate extracted of WPN32. 
 

4.6 Purification of antibacterial compounds 
 4.6.1 Purification of bioactive compound by thin-layer chromatography 
         The crude ethyl acetate extracts were redissolved in ethyl acetate. 
Separation of crude compounds was performed on a silica gel plate using chloroform 
and methanol (9.2:0.8) as a mobile phase system. The bioactive compounds were 
tested against test microorganisms using contact-bioautography method. Figure 4.13 
revealed that the yellow-coloured fraction with Rf value 0.73 showed antibacterial 
activity against MRSA 20654. The bioactive band was scraped out from TLC plates and 
separately purified until one single band was observed. The single band on TLC plates 
was tested for antibacterial activity. The partially purified compound was used for 
column chromatography. 
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Figure 4.13 TLC-based bioautography of crude ethyl acetate of WPN32 exhibited 
antibacterial activity against MRSA 20654. 
 
 Active compounds obtained from TLC were further purified using silica gel 
column chromatography technique. The active compound was subjected to silica gel 
(60-120 mesh) with the gradient of chloroform: methanol. The polarity of methanol 
gradually decreased using the chloroform up to 39.9:0.1 v/v of chloroform: methanol. 
All fractions were tested using contact bioautography method for their antibacterial 
activity. Active band with Rf value 0.71 showed 12 mm of inhibition zone against MRSA 
20654.  
 

4.7 Characterization of purified antibacterial compounds 
The bioactive compounds were identified using LC-MS based on their mass 

spectrum. The MS peaks were analyzed and identified by matching the mass spectra 
with the MassBank of North America (MoNA) (https://mona.fiehnlab.ucdavis.edu/). 
Figure 4.14 showed that the purified compounds of WPN32 showed 8 mixtures (8 
peaks) of organic compounds (Figure 4.14). The summarized molecular weight 
retention time and the closely related compounds of partially purified WPN32 are 
shown in Table 4.5.  

 

https://mona.fiehnlab.ucdavis.edu/
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Figure 4.14 LC-MS chromatoGram from WPN32 active compounds. 

 
Table 4.5 The closely related compounds match to Massbank library of WPN32 
compound. 

RT 
(min) 

Name of the Compound Molecular formular Molecular 
weight (g/mol) 

20.5 Biflavonoid C31H20O10 552.1056  

22.2 Phosphatidylethanolamine 
alkenyl  

C41H74NO7P 723.5203 

25.4 Quercetin  C23H22O13 506.106 

37.4 Rimsulfuron C14H17N5O7S2 431.0569 

41.9 Cerivastatin C26H34FNO5 459.2421 

42.7 Phosphatidylcholine C42H74NO8P 751.5152 

45.9 Anisomycin C14H19NO4 265.1314  

51.6 Actinomycin D C62H86N12O16  1254.629 

 

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/biflavonoid
https://pubchem.ncbi.nlm.nih.gov/compound/Quercetin-3-O-_6_-acetyl-glucoside
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Based on LC-MS analysis showed the two highest peaks at the retention time 
of 45.9 and 51.6 min. The first peak was found with molecular ion peak at m/z 265. 
[M+H]- related to anisomycin (Figure 4.12). The peak at retention time 51.6 min with 
molecular ions M- at m/z 1253 was matched to actinomycin D or dactomycin (Figure 
4.13).  
 

 

 
 

Figure 4.15 LC-MS analysis of WPN32 in negative ion mode. (a) LC-MS chromatoGram 
and (b) MS spectrum of peaks 8 with retention time 45.9 min at m/z 256.1521 related 
to anisomycin. 
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Figure 4.16 LC-MS analysis of WPN32 in negative ion mode. (a) LC-MS chromatoGram 
and (b) MS spectrum of peaks 9 with retention time 51.9 min at m/z 1253.6824 related 
to actinomycin D

 



 
 

 

CHAPTER V 
DISCUSSION AND CONCLUSION 

 
 Streptomycete isolates that produce antibacterial activity were screened from 
soil samples. In this research, forty-four streptomycetes were isolated and purified 
using ISP2 medium. Streptomycetes colonies are easily separated by their opaque, 
non-spreading structure, rough, and normally embedded into the agar medium. The 
substrate and aerial mycelia appear in a variety of colors, and the earthy odor in most 
colonies are important characteristic of streptomycetes (Intra et al., 2011). Among 44 
isolates, they consisted of yellow, pink, red, dark purple, black, gray, and white of 
colony color. Gray and white mycelial pigmentation were mainly found in this study. 

For screening study of antibacterial activity using the perpendicular steak 
method, 5 Gram-positive and 8 Gram-negative bacteria were selected as test 
microorganisms. The results showed that 90% of the 44 streptomycetes exhibited no 
antibacterial activity. Ten percentage showed positive antibacterial activity as 
suggested by the zone of inhibition. Nine percentage of all strains showed narrow 
spectrum against only Gram-positive bacteria and 1% showed broad spectrum against 
Gram-positive as well as Gram-negative microorganisms. These results revealed that 
the finding of streptomycetes, which possess antimicrobial activity against Gram-
negative bacteria, was difficult.  

The composition and structure of bacterial cell walls cause the differences 
between Gram-positive and Gram-negative bacteria (Kurnianto et al., 2020). 
Lipopolysaccharide (LPS) is a major structural component of Gram-negative bacterial 
cell walls (Singh et al, 2014). It forms a barrier to protect hydrophilic and hydrophobic 
compounds with various molecular weights. Choi and Lee reported that several 
antibacterial compounds with small hydrophilic molecule (<600Da) can diffuse via 
porins to permeate the outer membrane. (Choi and Lee, 2019). Gram-positive bacteria 
are more sensitive to antibiotic substances because they lack LPS in the cell walls. 
They only have a peptidoglycan layer, which is ineffective as a permeability barrier
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(Gebreyohannes et al., 2013; Singh et al., 2014) Antibacterial producing streptomycetes 
were selected for further studied. Strains WPN5, WPN22, WPN32, WPN35 and WPN38 
were studied of morphological and phylogenetic characteristics. All of strains grown on 
ISP2 medium for 14 days were observed based on morphological characteristic. The 
findings indicated that the majority of the isolates produced grey and white colored of 
aerial mycelium and white to yellow colored of colony. Two stains, WPN32 and 
WPN35, produced yellow pigment that changed the color of the medium. Whereas 
pigments color is not produced by WPN5, WPN22, and WPN38. 

Five antibacterial producing streptomycetes were identified at the species level 
based on molecular characteristics. The 16S rRNA sequencing of strains WPN5, WPN22, 
WPN32, WPN35, and WPN38 confirmed that these stains belonged to the Streptomyces 
genus. Stains WPN5 and WPN22 shared 100% similarity to Streptomyces 
pseudogriseolus. Strain WPN32 showed a highest similarity of 99.45% to Streptomyces 
cyaneochromogenes. Moreover, strains WPN35 and WPN38 were identified as 
Streptomyces antibioticus and Streptomyces rochei with 100% similarity, respectively. 
Zhi et al. demonstrated that the percentage of similarity with closet stains was less 
than 98% suggesting the possibility of different species (Zhi et al., 2009). According to 
Hagstrom et al., strains with more than 97% sequence homology can represent the 
same species. The percentage ranged between 93% and 97% for the same genus but 
differed at the species level. The percentage of sequence homology was less than 
93% indicated the new of the genus level (Hagstrom et al., 2000). Furthermore, the 
phylogenetic analysis of strains WPN5, WPN22, WPN35 and WPN38 were formed a 
monophyletic clade with their closest strains. Strain WPN32 formed a distinct phyletic 
clade with S. aquilus and S. cyaneus and showed out of clade from their closet group 
(S. cyaneochromogenes). These results indicated strain WPN32 may represent a novel 
strain. Kurnianto and Semêdo described that these strains may show the possibility to 
belong in a different strain or new strains with new characteristics (Kurnianto et al., 
2020; Semêdo et al., 2001). 

The 16S rRNA gene sequencing showed that the strain WPN32 were classified 
as strain S. cyaneochromogenes MK-45. In 2019, Tang reported a novel Streptomyces 
species, S. cyaneochromogenes MK-45, could be isolated from manganese-

 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20antibioticus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20rochei
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contaminated soil. The morphological, physiological, and biochemical characters of S. 
cyaneochromogenes MK-45 were described (Tang et al., 2019). As a result, WPN32 was 
chosen for further investigation in this research. 
 Streptomycetes can either gain or entirely lose their capacity to produce 
antibacterial compounds depending on the environmental and dietary factors they are 
exposed to. This is because antibiotic production is a microorganism-specific property 
that is affected by culture conditions (Bundale et al., 2015). The important factors in 
antibiotic production are the nutrients, pH, temperature, and incubation time (Usha 
Kiranmayi et al., 2011). Thus, the study of culture media, temperature, and incubation 
period were investigated in order to achieve the maximal antibacterial production. 

The agar-well diffusion technique was used to examine the zone of inhibition 
against test microorganisms. The production of antibacterial compounds was highest 
on SC broth. SC medium contains starch and casein acid hydrolysate as carbon and 
nitrogen sources (Bundale et al., 2015). Several studies have found that starch is the 
best carbon source to produce antibacterial compounds. It has been shown that 
streptomycete isolates produced the most bioactive compounds in medium 
containing starch and cellobiose (Bundale et al., 2015; Singh et al., 2014). According to 
EI-Naggar, starch-containing medium yielded the maximum antibacterial production in 
Streptomyces violates (El-Naggar et al., 2003). Another study by Singh et al. and Ansani 
et al. also reported that the composition of cultured medium containing starch 
increased the production of bioactive compounds (Al-Ansari et al., 2020; Singh et al., 
2014)  
 In this study, strain WPN32 showed the highest zone of inhibition when 
cultivated at 30 °C. This finding is consistent with Khattab's research, which found that 
30 °C is the suitable temperature for maximum production of antibacterial compounds 
(Khattab et al., 2016). The highest antibacterial compounds production was also 
observed at 30 °C with Streptomyces sp. KGG32 and Streptomyces violates (Hassan 
and Al-Harmoosh, 2004 and Oskay, 2016). 
 The incubation period study's antibacterial activity against B. cereus, MRSA 
20651, and MRSA 20654 started after day 1 of incubation. MRSE and S. aureus started 
to appear on day 2 of incubation. The maximum level of antibacterial compounds was 
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obtained on day 5 of incubation. Moreover, the optimum antibacterial activity and % 
yield of antibacterial compound was found between days 4 and 5 of incubation period. 
According to Kathiresan, 5 days of incubation of actinomycetes strains produced the 
highest value of inhibition zone (Kathiresan et al., 2005).  In contrast, the research by 
Singh found that after 7 days of incubation showed the highest antibacterial activity 
(Singh et al., 2014). Other studies of incubation time for optimized bioactive 
metabolites have also been reported. The study by Kurnianto and Sharma obtained 
the best yield after 3 to 10 days of incubation (Kurnianto et al., 2020; Sharma and 
Manhas, 2019). Srinivasan described that the maximum production of antibacterial 
compounds was obtained after the exponential phase reaches the stationary phase 
(Srinivasan et al., 1991). According to Sejiny and Kandula, antibacterial compound 
synthesis occurs during the late exponential and stationary phases. The initial phase is 
high growth rate with biomass production, followed by slow growth with increased 
antibacterial production (Kandula and Terli, 2013; Sejiny, 1991). 
 The fermentation of strain WPN32 was performed after incubation for 5 days in 
SC broth at 30 °C. After incubation, the fermented broth was extracted by using ethyl 
acetate as an organic solvent. Crude compounds were partially purified by thin-layer 
chromatography (TLC) and column chromatography (CC). LC-MS analysis of WPN32 
active compounds showed a major peak with molecular ion peaks m/z at 265 and 
1253. The MassBank of North America (MoNA) revealed that the WPN32 produced 2 
major compounds, including anisomycin and actinomycin D.  

Anisomycin is a pyrrolidine antibiotic used as an antiprotozoal drug (Sun et al., 
2013). The chemical structure is shown in Figure 5.1. In 1954, the anisomycin antibiotic 
was first discovered from S. griseolus and S. roseochromogenes by Sobin and Tanner 
(Jiménez and Vázquez, 1979; Sobin and Tanner, 1954). The mode of action of 
anisomycin inhibits the eukaryotic protein synthesis and DNA synthesis. Anisomycin 
was also utilized as a topical anticandidal and antiamoebic treatment in humans (Xing 
et al., 2008). 
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Figure 5.1 Chemical structure of Anisomycin. 
 

Actinomycin D is the antibiotic discovered by Waksman and Woodruff in 1940 
(Figure 5.2). According to Kurosawa, at least 23 species of Streptomyces can produce 
actinomycin. Examples of Streptomyces strains include S. antibioticus, S. flavus, S. 
galbus (Frommer, 1959), S.nasri S. plicatus, and S. violascens (El-Naggar, 1998; Hirata 
and Nakanishi, 1949; Kurosawa et al., 2006; Lam et al., 2002; Praveen et al., 2008; Roos 
and Loane, 2004; Waksman and Woodruff, 1940). Actinomycin D is a transcription 
inhibitor, by binding to DNA duplexes in the transcription initiation complex, RNA 
polymerase elongation is blocked (Singh et al., 2010) 

 

 
 

Figure 5.2 Chemical structure of Actinomycin D. 
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 To date, this is the first report to study the optimized culture condition and 
purified antibacterial compound produced by S. cyaneochromogenes. Furthermore, 
this work demonstrates the first study of anisomycin and actinomycin D produced from 
S. cyaneochromogenes. The production of anisomycin and actinomycin D from WPN32 
may have an important function in the pharmaceutical industry.  These medicines are 
important for treating patients with anticancer and antiprotozoal drug in their 
communities. For the future studies of WPN32, the characterization of these active 
compounds using NMR and FT-IR should be further investigated.

 



 
 

 

 
 

 
 
 
 
 
 
 
 
 

REFERENCES

 



 
 

 

REFERENCES 

 

Al-Ansari, M., Kalaiyarasi, M., Almalki, M. A., and Vijayaraghavan, P. (2020). Optimization 
of medium components for the production of antibacterial and anticancer 
secondary metabolites from Streptomyces sp. AS11 isolated from the marine 
environment. Journal of King Saud University - Science, 32(3), 1993-1998. 
doi:10.1016/j.jksus.2020.02.005 

Ambarwati, A., Sembiring, L., and Soegihardjo, C. J. (2012). Antibiotic produced by 
streptomycetes associated with rhizosphere of purple nut sedge (Cyperus 
rotundus L.) in Surakarta, Indonesia. African Journal of Microbiology Research, 
6(1), 52-57.  

Asokan, G. V., Ramadhan, T., Ahmed, E., and Sanad, H. (2019). WHO Global Priority 
Pathogens List: A Bibliometric Analysis of Medline-PubMed for Knowledge 
Mobilization to Infection Prevention and Control Practices in Bahrain. Oman 
Med J, 34(3), 184-193.  

Baghdadi, A. M. A., and Alblady, N. M. (2019). Streptomyces: habitats, and some 
products of antibiotic (Review). Journal of American Science, 15(8), 90-101.  

Bartlett, J. G., Gilbert, D. N., and Spellberg, B. (2013). Seven ways to preserve the miracle 
of antibiotics. Clinical Infectious Diseases, 56(10), 1445-1450.  

Berdy, J. (2005). Bioactive microbial metabolites. The Journal of Antibiotics, 58(1), 1-26.  
Boonyasiri, A., Tangkoskul, T., Seenama, C., Saiyarin, J., Tiengrim, S., and Thamlikitkul, 

V. (2014). Prevalence of antibiotic resistant bacteria in healthy adults, foods, 
food animals, and the environment in selected areas in Thailand. Pathog Glob 
Health, 108(5), 235-245. doi:10.1179/2047773214Y.0000000148 

Bundale, S., Begde, D., Nashikkar, N., Kadam, T., and Upadhyay, A. (2015). Optimization 
of Culture Conditions for Production of Bioactive Metabolites by Streptomyces 
spp. Isolated from Soil. Advances in Microbiology, 05(06), 441-451. 
doi:10.4236/aim.2015.56045

 



53 

 

 

Chanvatik, S., Kosiyaporn, H., Lekagul, A., Kaewkhankhaeng, W., Vongmongkol, V., 
Thunyahan, A., and Tangcharoensathien, V. (2019). Knowledge and use of 
antibiotics in Thailand: A 2017 national household survey. PLoS One, 14(8), 
e0220990. doi:10.1371/journal.pone.0220990 

Chautrakarn, S., Khumros, W., and Phutrakool, P. (2021). Self-medication with over-the-
counter medicines among the working age population in metropolitan areas of 
Thailand. Front Pharmacol, 12, 726643. doi:10.3389/fphar.2021.726643 

Cheng, K., Rong, X., Pinto-Tomás, A. A., Fernández-Villalobos, M., C., M.-C., and Huanga, 
Y. (2015). Population genetic analysis of Streptomyces albidoflavus reveals 
habitat barriers to homologous recombination in the diversification of 
Streptomycetes. Applied and Environmental, 81(3), 966-975.  

Choi, U., and Lee, C. R. (2019). Antibacterial agents that inhibit the outer membrane 
assembly machines of Gram-negative bacteria. Journal of Microbiology and 
Biotechnology, 29, 1-10.  

Clardy, J., Fischbach, M., and Currie, C. (2009). The natural history of antibiotics. Current 
Biology, 19(11), 437-441.  

De Lima Procopio, R. E., Da Silva, I. R., Martins, M. K., De Azevedo, J. L., and De Araújo, 
J. M. (2012). Antibiotics produced by Streptomyces. The Brazilian Journal of 
Infectious Diseases, 16, 466-471.  

Dharmaraj, S. (2010). Marine Streptomyces as a novel source of bioactive substances. 
World Journal of Microbiology and Biotechnology, 26, 2123-2139.  

El-Naggar, M. Y., Hassan, M. A., Said, W. Y., and El-Aassar, S. A. (2003). Effect of Support 
Materials on Antibiotic MSW2000 Production by Immobilized Streptomyces 
Violates. The Journal of General and Applied Microbiology,, 49, 235-243.  

El-Naggar, M. Y. M. (1998). Synergistic effect of actinomycin X2 produced by 
Streptomyces nasri YG62 with other antibiotics. . Biomedical Science Letters, 
58, 169-173.  

Gebreyohannes, G., Moges, F., Sahile, S., and Raja, N. (2013). Isolation and 
characterization of potential antibiotic producing actinomycetes from water 
and sediments of Lake Tana, Ethiopia. Asian Pacific Journal of Tropical 
Biomedicine, 3(6), 426-435. doi:10.1016/s2221-1691(13)60092-1 

 



54 

 

 

Hagstrom, A., Pinhassi, J., and Zweifel, U. L. (2000). Biogeographical diversity among 
marine bacterioplankton AQUATIC MICROBIAL ECOLOGY, 21, 231-244.  

Hasan, T. H., and Al-Harmoosh, R. (2020). Mechanisms of antibiotics resistance in 
bacteria. Systematic Review Pharmacy, 11(6), 817-823.  

Hasani, A., Kariminik, A., and Issazadeh, K. (2014). Streptomycetes: Characteristics and 
 their antibacterial activities. International journal of Advanced 
Biological  and Biomedical Research, 2(1), 63-75.  

Hirata, Y., and Nakanishi, K. (1949). Actinomycin J2, a by-product from a strain of 
Actinomyces. Bulletin of the Chemical Society of Japan, 22, 121-127.  

Holt, J. G., Krieg, N. R., Sneath, P. H. A., Stanley, J. T., and Williams, S. T. (1994). Bergey's 
 manual of determinative bacteriology. Baltimore: Williams and Wilikins. 

Hutchings, M. I., Truman, A. W., and Wilkinson, B. (2019). Antibiotics: past, present and 
future. Current Opinion in Microbiology, 51(72-80).  

Intahphuak, S., Apidechkul, T., and Kuipiaphum, P. (2021). Antibiotic resistance among 
the Lahu hill tribe people, northern Thailand: a cross-sectional study. BMC 
Infectious Diseases, 21(1), 385. doi:10.1186/s12879-021-06087-7 

Intra, B., Mungsuntisuk, I., Nihira, T., Igarashi, Y., and Panbangred, W. (2011). Identification 
of actinomycetes from plant rhizospheric soils with inhibitory activity against 
Colletotrichum spp., the causative agent of anthracnose disease. BMC Res 
Notes, 4, 98. doi:10.1186/1756-0500-4-98 

Jiménez, A., and Vázquez, D. (1979). Anisomycin and Related Antibiotics (Vol. 5). 
Kandula, S. K., and Terli, R. (2013). Production, purification and characterization of an 

antibacterial compound from marine Streptomyces coeruleorubidus BTSS-301. 
Journal of Pharmacy Research, 7(5), 397-403. doi:10.1016/j.jopr.2013.04.047 

Kapoor, G., Saigal, S., and Elongavan, A. (2017). Action and resistance mechanisms of 
antibiotics: A guide for clinicians. Journal of Anaesthesiology Clinical 
Pharmacology, 33(3), 300-305.  

Kathiresan, K., Balagurunathan, R., and Selvam, M. M. (2005). Fungicidal activity of 
marine actinomycetes against phytopathogenic fungi. Indian Journal of 
Biotechnology, 4, 271-276.  

 



55 

 

 

Katz, L., and Baltz, R. H. (2016). Natural product discovery: past, present, and future. 
Journal of Industrial Microbiology and Biotechnology, 43(155-176).  

Khattab, A. I., Babiker, E. H., and Saeed, H. A. (2016). Streptomyces: isolation, 
optimization of culture conditions and extraction of secondary metabolites. 
International Current Pharmaceutical Journal, 5(3), 27-32.  

Kırmusaoğlu, S., Gareayaghi, N., and Kocazeybek, B. S. (2019). Introductory chapter: the 
 action mechanisms of antibiotics and antibiotic resistance (Vol. 1): 
IntechOpen. 

Kurnianto, M. A., Kusumaningrum, H. D., and Lioe, H. N. (2020). Characterization of 
Streptomyces Isolates Associated with Estuarine Fish Chanos chanos and 
Profiling of Their Antibacterial Metabolites-Crude-Extract. Int J Microbiol, 2020, 
8851947. doi:10.1155/2020/8851947 

Kurosawa, K., Bui, V. P., VanEssendelft, J. L., Willis, L. B., Lessard, P. A., Ghiviriga, I., 
Sinskey, A. J. (2006). Characterization of Streptomyces MITKK-103, a newly 
isolated actinomycin X2-producer. Appl Microbiol Biotechnol, 72(1), 145-154. 
doi:10.1007/s00253-005-0240-2 

Lam, K. S., Gustavson, D. R., Pirnik, D. L., Pack, E., Bulanhagui, C., Mamber, S. W., Klaus, 
D. M. (2002). The effect of space flight on the production of actinomycin D by 
Streptomyces plicatus. Journal of Industrial Microbiology and Biotechnology, 
29, 199-302.  

Lane, D. J. (1991). 16S/23S rRNA Sequencing. New York: John Wiley and Sons. 
Lazzarini, A., Cavaletti, L., Toppo, G., and Marinelli, F. (2000). Rare genera of 

actinomycetes as potential producers of new antibiotics. Antonie van 
Leeuwenhoek, 78, 399-405.  

Li, Q., Chen, X., Y., J., and Jiang, C. (2016). Morphological identification of 
Actinobacteria: IntechOpen. 

Manteca, A., Fernandez, M., and Sanchez, J. (2005). Mycelium development in 
 Streptomyces antibioticus ATCC11891 occurs in an orderly pattern 
which determines multiphase growth curves. BMC Microbiology, 5.  

 



56 

 

 

Mukhtar, S., Zaheer, A., Aiysha, D., Malik, K. A., and Mehnaz, S. (2017). Actinomycetes: 
A Source of Industrially Important Enzymes. Journal of Proteomics and 
Bioinformatics, 10(12), 316-319.  

Munita, J. M., and Arias, C. A. (2016). Mechanisms of antibiotic resistance. Microbiology 
Spectrum, 4(2).  

NARST. (2022). Situation of antibacterial resistance in national and global. Retrieved 
from http://narst.dmsc.moph.go.th/ 

Praveen, V., Tripathi, C. K. M., Bihari, V., and Srivastava, S. C. (2008). Production of 
actinomycin-D by a new isolate, Streptomyces sindenensis. Annals of 
Microbiology, 58(1), 109-114.  

Pumtong, S., Suwannaprom, P., Suttajit, S., Puripunyawanich, N., and Kiatying-Angsulee, 
N. (2020). Irrational antibiotic use and distribution in the Thai community: a 
complex situation in need of integrative solution Journal of Health Science, 29.  

Roos, G. H. P., and Loane, C. (2004). A clarifying NMR study of actinomycin X2. Journal 
of Saudi Chemical Society, 8, 289-294.  

Seipke, R. F., Kaltenpoth, M., and Hutchings, M. I. (2012). Streptomyces as symbionts: 
an emerging and widespread theme? FEMS Microbiology Reviews, 36, 862-876.  

Sejiny, M. J. (1991). Growth Phase of Some Antibiotics Producing Streptomyces and 
their Identification. Journal of King Abdulaziz University-science 

3, 21-29.  
Semêdo, L. T. A. S., Linhares, A. A., Gomes, R. C., Manfio, G. P., Alviano, C. S., Linhares, 

L. F., and Coelho, R. R. R. (2001). Isolation and characterization of actinomycetes 
from Brazilian tropical soils. Microbiological Research, 155(4), 291-299. 
doi:10.1016/s0944-5013(01)80007-0 

Sharma, M., and Manhas, R. K. (2019). Purification and characterization of actinomycins 
from Streptomyces strain M7 active against methicillin resistant Staphylococcus 
aureus and vancomycin resistant Enterococcus. BMC Microbiol, 19(1), 44. 
doi:10.1186/s12866-019-1405-y 

Siltrakool, B., Berrou, I., Griffiths, D., and Alghamdi, S. (2021). Antibiotics' use in Thailand: 
community pharmacists' knowledge, attitudes and practices. Antibiotics (Basel), 
10(2). doi:10.3390/antibiotics10020137 

 

http://narst.dmsc.moph.go.th/


57 

 

 

Singh, L. S., Shama, H., and Talukdar, N. C. (2014). Production of potent antibacterial 
agent by actinomycete, Streptomyces sannanensis strain SU118 isolated from 
phoomdi in Loktak Lake of Manipur, India BMC Microbiology, 14, 278.  

Singh, S. B., Genilloud, O., and Peláez, F. (2010). Terrestrial Microorganisms – 
Filamentous Bacteria. Lew Mander: Elsevier. 

Sivalingam, P., Hong, K., Pote, J., and Prabakar, K. (2019). Extreme environment 
Streptomyces: potential sources for new antibacterial and anticancer drug 
leads? International Journal of Microbiology.  

Sköld, O. (2011). Antibiotics and antibiotic Resistance. Hoboken, New Jersey: Wiley and 
 Sons,Inc. 

Sobin, B. A., and Tanner, F. W. J. (1954). Anisomycin, a new antiprotozoan antibiotic. 
Journal of the American Chemical Society, 76, 4053.  

Sommanustweechai, A., Chanvatik, S., Sermsinsiri, V., Sivilaikul, S., Patcharanarumol, W., 
Yeung, S., and Tangcharoensathien, V. (2018). Antibiotic distribution channels in 
Thailand: results of key-informant interviews, reviews of drug regulations and 
database searches. Bulletin of the World Health Organization, 96, 101-109.  

Srinivasan, M. C., Laxman, R. S., and Deshpande, M. V. (1991). Physiology and nutritional 
aspects of actinomycetes: an overview World Journal of Microbiology and 
Biotechnology, 7, 171-184.  

Sun, M., Xing, F., Pan, S., Di, J., Zeng, S., and Liu, J. (2013). Low-dose anisomycin is 
sufficient to alter the bio-behaviors of Jurkat T cells. Open Life Sciences, 8(12), 
1230-1240. doi:10.2478/s11535-013-0235-4 

Tang, X., Zhao, J., Li, K., Chen, Z., Sun, Y., and Gao, J. (2019). Streptomyces 
cyaneochromogenes sp. nov., a blue pigment-producing actinomycete from 
manganese-contaminated soil. Int J Syst Evol Microbiol, 69(8), 2202-2207. 
doi:10.1099/ijsem.0.003406 

Tarkka, M., and Hampp, R. (2008). Secondary metabolites of soil streptomycetes in 
biotic interactions (Vol. 14): Springer, Berlin, Heidelberg. 

Usha Kiranmayi, M., Sudhakar, P., Sreenivasulu, K., and Vijayalakshmi, M. (2011). 
Optimization of Culturing Conditions for Improved Production of Bioactive 

 



58 

 

 

Metabolites by Pseudonocardia sp. VUK-10. Mycobiology, 39(3), 174-181. 
doi:10.5941/MYCO.2011.39.3.174 

Van Der Meij, A., Worsley, S. F., Hutchings, M. I., and Van Wezel, G. P. (2017). Chemical 
ecology of antibiotic production by actinomycetes. FEMS Microbiology Reviews, 
41, 392-416.  

Ventola, C. L. (2015). The antibiotic resistance crisis: part 1: causes and threats. 
Pharmacy and Therapeutics, 40(4), 277-283.  

Waksman, S. A., and Woodruff, H. B. (1940). Bacteriostatic and bacteriocidal substances 
produced by soil actinomycetes. Proceedings of the Society for Experimental 
Biology and Medicine, 45, 609-614.  

Wanbanjob, G. (2008). Investigation of bioactive compounds from endophytic 
Actinomycetes. Thailand. 

WHO. (2017). Thailand's national strategic plan on antibacterial resistance 2017-2021 
Thailand. Retrieved from https://amrthailand.net/Strategy 

Xing, F., Yu, Z., Liu, J., Di, J., Zeng, S., Chen, D., Liu, N. (2008). Anisomycin Inhibits the 
Behaviors of T cells and the Allogeneic Skin transplantation in mice. 31(9), 858-
870.  

Zhi, X. Y., Li, W. J., and Stackebrandt, E. (2009). An update of the structure and 16S 
rRNA gene sequence-based definition of higher ranks of the class 
Actinobacteria, with the proposal of two new suborders and four new families 
and emended descriptions of the existing higher taxa. Int J Syst Evol Microbiol, 
59(Pt 3), 589-608. doi:10.1099/ijs.0.65780-0

 

https://amrthailand.net/Strategy


 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDICES

 



 
 

 

APPENDIX A 
SEQUENCE OF ANTIBACTERIAL PRODUCING STREPTOMYCETES 

SOIL ISOLATE 
 

WPN5 
TCAGGACGAACGCTGGCGGCGTGCTTAAACACATGCAAGTCGAACGATGAACCACTTCGGTGG
GGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATACTGATCATCTTGGGCATCCTTGGTGATCGAAAGCTCCGGC
GGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGACGA
CGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAC
GGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAG
GGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGC
AGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTC
CGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGGTTGTGAAAGCCCGGGGC
TTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCT
GGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGC
CGATACTGACGCTGAGGAGCGAAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGGTGGGCACTAGGTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACG
CATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGA
CATACACCGGAAAACCCTGGAGACAGGGTCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCT
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTG
TTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAA
GGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCC
GGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATT
GGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGG
TGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAG
CCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACTGGCGA
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WPN22 
TGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAACCACTTCGGT
GGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCC
CTGGAAACGGGGTCTAATACCGGATACTGATCATCTTGGGCATCCTTGGTGATCGAAAGCTCCG
GCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGAC
GACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCT
ACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTG
AGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCT
GCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTG
TCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGGTTGTGAAAGCCCGGG
GCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTC
CTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGG
GCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTC
CACGCCGTAAACGGTGGGCACTAGGTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAAC
GCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGG
CCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTG
ACATACACCGGAAAACCCTGGAGACAGGGTCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGG
CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCG
TGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGG
AAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGG
CCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGG
ATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTG
CGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCG
AAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACTGGCGA  
 
WPN32 
TCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAACCACTTCGGTGGG
GATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGG
AAACGGGGTCTAATACCGGATACCACTCGCGCAGGCATCTGTGCGGGTTGAAAGCTCCGGCGG
TGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAACGGCTCACCAAGGCGACGACG
GGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGG
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GAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGG
ATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAG
AAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCG
GAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGGTGTGAAAGCCCGGGGCTT
AACCCCGGGTCTGCATTCGATACGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGT
GTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCAT
TACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCCTGGTAGTCCACG
CCGTAAACGGTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATT
AAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGC
ACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATA
CACCGGAAACGGCCAGAGATGGTCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTG
CCAGCATGCCCTTCGGGGTGATGGGGACTCACAGGAGACCGCCGGGGTCAACTCGGAGGAAGG
TGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCAGG
TACAATGAGCTGCGAAACCGTGAGGTGGAGCGAATCTCAAAAAGCCTGTCTCAGTTCGGATTGG
GGTCTGCAACTCGACCCCATGAAGTCGGAGTTGCTAGTAATCGCAGATCAGCATTGCTGCGGTG
AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCC
GGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACCAGCGA  
 
WPN35 
CTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTTCGGGGT
GGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATATCACTCTTGCAGGCATCTGTGAGGGTCGAAAGCTCCGGCG
GTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGACGAC
GGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
GGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGG
GATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCA
GAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCC
GGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGGTGTGAAAGCCCGGGGCT
TAACCCCGGGTCTGCATTCGATACGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGG
TGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCA
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TTACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACG
CCGTAAACGGTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATT
AAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGC
ACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATA
CACCGGAAACGGCCAGAGATGGTCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCTGTGTTG
CCAGCATGTCCTTCGGGATGATGGGGACTCACAGGAGACCGCCGGGGTCAACTCGGAGGAAGG
TGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGG
TACAAAGAGCAGCGATACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGG
GGTCTGCAACTCGACCCCATGAAGTCGGAGTTGCTAGTAATCGCAGATCAGCATTGCTGCGGTG
AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCC
GGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACTGGCGATGGACGAAGT  
 
WPN38 
CTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAACCACTTCGGTGG
GGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATACTGATCCTCGCAGGCATCTGCGAGGTTCGAAAGCTCCGGC
GGTGCAGGATGAGCCCGCGGCCTATCAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGA
CGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAC
GGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAG
GGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGC
AGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTC
CGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGC
TTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCT
GGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGC
CGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCA
CGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAACGC
ATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGAC
ATACACCGGAAAACCCTGGAGACAGGGTCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCT
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTG
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TTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAA
GGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCC
GGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATT
GGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGG
TGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAG
CCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACTGGCGA

 



 
 

 

APPENDIX B 
LIST OF CLOSET STRAINS FROM EZBIOCLOUND 

 
A1 List of closet strains from EzBioCloud using 16S rRNA gene database of soil isolate
WPN32 

Hit taxon name Hit strain name Similarity 
(%) 

Completeness 
(%) 

Streptomyces 
cyaneochromogenes 

MK-45 99.45 100 

Streptomyces aquilus  GGCR-6 99.43 96.6 

Streptomyces shaanxiensis CCNWHQ 0031 99.3 98.1 

Streptomyces caeruleatus NRRL B-24802 99.24 100 

Streptomyces griseoruber  NRRL B-1818 99.17 100 

Streptomyces curacoi DSM 40107 99.03 100 

Streptomyces capoamus  JCM 4734 98.96 100 

Streptomyces canus DSM 40017 98.96 100 

Streptomyces cyaneus  NRRL B-2296 98.96 100 

Streptomyces bungoensis DSM 41781 98.9 100 

Streptomyces lasalocidi ATCC 31180 98.83 100 

Streptomyces longwoodensis DSM 41677 98.83 100 

Streptomyces galbus DSM 40089 98.83 100 

Streptomyces corchorusii DSM 40340 98.76 100 

Streptomyces 
cinnabarigriseus 

JS360 98.69 100 

Streptomyces 
resistomycificus  

NRRL ISP-5133 98.69 100 

 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneochromogenes
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20aquilus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20shaanxiensis
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20caeruleatus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20griseoruber
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20curacoi
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20capoamus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20canus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cyaneus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20bungoensis
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20lasalocidi
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20longwoodensis
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20galbus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20corchorusii
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cinnabarigriseus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20cinnabarigriseus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20resistomycificus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20resistomycificus
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A1 List of closet strains from EzBioCloud using 16S rRNA gene database of soil isolate
WPN32 (Continued) 
Hit taxon name Hit strain name Similarity 

(%) 
Completeness 

(%) 
Streptomyces canarius NBRC 13431 98.69 99.9 

Streptomyces olivaceoviridis NBRC 13066 98.62 99.9 

Streptomyces panaciradicis 1MR-8 98.55 100 

 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20canarius
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20olivaceoviridis
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20panaciradicis
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