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CHAPTER |

INTRODUCTION

1.1 Background and rationale

Actinomycetes, especially genus Streptomyces, are among of the major bioactive
compound producers responsible for producing more than 45% of known microbial
metabolites. To date, 80% of the antibiotics such as streptomycin, lincomycin, tetracycline,
kanamycin and chloramphenicol are produced from Streptomyces. Moreover, Streptomyces
spp. have been the sources of medically important drugs such as antitumor, anti-
hypertensive drugs, immunosuppressants and other therapeutic agents. Thus, Streptomyces
isolated from unexplored environment could potentially leads to the discovery of new

bioactive compounds.

Due to the continuing misuses of antibiotics, the number of antibiotic-resistant
pathogenic bacteria have been increasing faster than the numbers of new therapeutic
compounds entering clinical use in recent years. As the attempt to discover new drug
candidates, Streptomyces have been intensivelyisolated and screened from soil as a source
of bioactive compounds. However, it was often discovered the same species and the rate
of discovering novel lead compounds is low. Thus, the search for new antibiotics is still
needed. Streptomyces isolation from rare niche, i.e. symbionts of insects, could potentially
lead to the discovery of novel biocactive compounds.

Apart from diseases caused by pathogenic microorganisms, obesity and overweight
are linked to deaths worldwide. The development of mature fat cells from fibroblastic
preadipocytes are usually involved in chronic disease such as obesity, type Il diabetes,
hypertension and cardiovascular diseases. Therefore, the bioactive compounds with the
ability to inhibit adipocyte differentiation are in urgent need.

There are reports show symbiotic relationships between insects and the diverse
group of microorganisms including Streptomyces species. The microorganisms are beneficial
to their hosts by directly or indirectly providing nutrients, and protecting them from
antagonists or natural enemies. Among symbiotic associations insect-Streptomyces

symbioses that is interesting source for bioactive compounds discovery. For example, the



study of actinomycetes associated with two species of solitary mud dauber wasps,
Sceliphron caementarium and Chalybion californicum, showed at least 15 Streptomyces
spp. were isolated from the insects. Moreover, the chemical analysis indicates a novel
antimicrobial compound, sceliphrolactam, from these Streptomyces spp. In fungus-growing
pine beetle (Dendroctonus frontalis), the novel antifungal mycangimycin was isolated from
Streptomyces sp. SPB74 associated with the insect. Moreover, the endophenazine
compounds A-D produced by Streptomyces endosymbiont species taken from four different
arthropods were discovered.

There are reports suggestedthat Streptomyces spp. were frequently found in pollen,
provisions and alimentary canals of the bees and these bacteria are also considered as part
of resident microflora of alfalfa leafcutter bees (Megachile rotundata). Bees are highly
diverse social insects and considered to play a vital role in pollination of economic crops as
well as indigenous plants in Thailand. There are reports show that most of the actinomycetes
isolated from bee hives in Thailand belongs the genus Streptomyces. There also a report
about novel Streptomyces species from the South-East Asian stingless bee (Tetragonilla
collina), Streptomyces chiangmaiensis sp. nov. and Streptomyces lannensis sp. nov.
Furthermore, microorganisms associated with stingless bee and honey bee have been
isolated from other regions outside the northern Thailand. Hence, the bioactive compounds
produced by these bee symbiont Streptomyces spp. remain largely unexplored.

In this study, Eastern honey bee (Apis cerana) and stingless bee (Tetragonula
laeviceps) were used as sources for Streptomyces isolation. The antimicrobial cross-streak
assay was used for primary screening and the phylogenetic tree of the selected
Streptomyces spp. was generated based on 16S rRNA gene sequences. The crude
compounds extracted from Streptomyces spp. were screened for cytotoxicity in
preadipocytes cell lines, 3T3-L1, and anti-adipocyte differentiation assay was used for

secondary screening.

1.2 Research objectives
1) To isolate and identify Streptomyces spp. with the ability to produce bioactive
compounds from eastern honey bee (Apis cerana) and stingless bee (Tetragonula laeviceps)

2) To screen for metabolites with antimicrobial and anti-adipocyte differentiation

activity produced from the isolated Streptomyces spp.



1.3 Hypothesis

Streptomyces spp. isolated from bees produce bioactive compounds with anti-

microbial and/or anti-adipocyte differentiation activity.

1.4 Benefit

Metabolites produced by Streptomyces spp. from Eastern honey bee and stingless
bee with antimicrobial and/or anti-adipocyte differentiation activity from the novel sources

may lead to new antibiotics or lead compound for drugs to treat obesity in the near future.



CHAPTER Il

LITERATURE REVIEWS

2.1 Bioactive from microbial metabolites

The bioactive compounds isolated from microorganisms can be derived from
primary metabolism or secondary metabolism. The primary metabolites are common in all
biological systems, directly involved in the normal growth, reproduction and development
such as proteins, polysaccharides, nucleic acids and fatty acids. The secondary metabolites
are often low molecular weight compounds with biological activities including antimicrobial,
antitumor and antiviral activities (Berdy, 2005). Secondary metabolites differ from primary
metabolites in four manners; (1) they are not essential for growth; (2) their production is
dependent on growth conditions such as type of culture media; (3) they are often produced
as groups of closely related molecules;and (4) it is often possible to overproduce these
components (Drew, 1977). There are more than 20,000 bioactive compounds discovered
from microorganisms. Actinomycetes, especially genus Streptomyces, are one of the major
producers responsible for more than 45% of known bioactive microbial metabolites

produced today (Berdy, 2005).

2.2 Streptomyces
2.2.1 Characteristics of Streptomyces

Streptomyces, the filamentous gram-positive bacteria is the largest genus of
the Actinobacteria with over 500 known species (lkeda et al., 2003). Their genome contain
high G-C content around 69-78% (Dehnad, 2010). Streptomyces species are nonmotile and
catalase positive; besides they are able to reduce nitrates to nitrites, and degrade adenine,
casein, gelatin, hypoxanthine, starch, and L-tyrosine. The species can produce an extensive
branching substrate and aerial mycelium.The substrate hyphae are branched and very small
approximately 0.5-1.0 pm in diameter. The colonies are slow-growing and relatively smooth
surface but later they develop a weft of aerial mycelium that further differentiate to spores.

This give a morphological distinct of Streptomyces as powdery and velvety colonies;



moreover, they produce a wide variety of pigments responsible for the color of the colonies
(Flardh and Buttner, 2009).

Most Streptomyces spp. live as saprophytes, lives on decaying organic matter, in the
soil, although Streptomyces spp. successfully inhabit in a wide range niches, both terrestrial
and aquatic. Streptomyces produce secondary metabolite called geosmin (known as ‘earth
smell’) which gives the soil its characteristic smell and provides the indication of how

widespread these bacteria are in the soil (Juttner and Watson, 2007).

2.2.2 Life cycle of Streptomyces

The Streptomyces life cycle (Figure 1) begins with spore germination under
favorable conditions (Seipke et al., 2012). Germination of a spore involves swelling,
polarization of growth and emergence of a germ tube that further develops into a hypha.
Hyphae grow by tip extension and branch into a vegetative mycelium that grows across and
deep down into the solid medium.In response to nutritional and other stress signals,
Streptomyces produce reproductive aerial hyphae. The secondary metabolites production
is usually linked to this stage of differentiation. The aerial hyphae differentiate into a long
chain of pre-spore compartments, which then develop thick spore walls, synthesize a grey
polyketide spore pigment and acquire other characteristics of mature spores (Flardh and

Buttner, 2009).
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Figure 1 Life cycle of Streptomyces

(Modified from Seipke et al., 2012)

2.2.3 Streptomyces metabolites

The most important characteristic of Streptomyces is the ability to produce
secondary metabolites with antibacterial, antifungal, antiviral and other therapeutic
properties. Since the discovery of streptomycin in 1943, intensive drug discovery, has been
mainly on soil-derived Actinomycete. The discovery of chloramphenicol, tetracyclinesand
macrolides demonstrated that Streptomyces are a rich source of structurally unique
bioactive substances. Streptomyces griseus is the first Streptomyces to be used for industrial
production of streptomycin. To date, 80% of the antibiotics used in clinical such as
streptomycin, chloramphenicol, kanamycin, lincomycin and tetracycline are produced these

genus (Table 1) (de Lima Procopio et al., 2012).



Table 1 Representative antibiotics produced from Streptomyces species (Adapted from de

Lima Procopio et al., 2012)

Antibiotic Strain Years of discovery
Platensimycin Streptomyces platensis 2006
Daptomycin Streptomyces roseosporus 2003
Ribostamycin Streptomyces ribosidificus 1970
Fosfomycin Streptomyces fradiae 1969
Kanamycin Streptomyces kanamyceticus 1957
Noviobiocin Streptomyces niveus 1956
Vancomycin Streptomyces orientalis 1956
Cycloserine Streptomyces garyphalus 1955
Lincomycin Streptomyces lincolnensis 1952
Nystatin Streptomyces noursei 1950
Viomycin Streptomyces vinaceuse 1951

Streptomyces capreolus

Tetracycline Streptomyces aureofaciens 1950
Neomycin Streptomyces fradiae 1949
Chloramphenicol Streptomyces venezuelae 1949
Cephalosporins Streptomyces clavuligerus 1945
Streptomycin Streptomyces eriseus 1944

2.3 Insect-Streptomyces mutualistic symbioses

Insects are the most abundant and diverse class of animals on earth and they are
also associated with a variety of symbiotic microorganisms including Streptomyces species
(Malke, 1967; May, 1988). Several studies indicate that Streptomyces mostly play a protective
role of producing antibiotics used to defend the larvae of insect or food source against

pathogens infections (Figure 2) (Kaltenpoth, 2009). In addition, mutualistic microorganisms



are probably considered as factor for the enormous success of insects in the adaptation to

new environments and food sources (Cavalier-Smith, 1992).
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Figure 2 The symbiotic relationships between insects and Streptomyces species

Kaltenpoth et al. (2005) reported that female beewolves digger wasp (Philanthus
coronatus) have evolved a unique mutualistic symbiosis with Streptomyces species,
Candidatus Streptomyces philanthi grows inside the specialized antennal glands of the
female wasps and apply them to the brood cell prior to oviposition (Kaltenpoth et al., 2005).
The symbiotic Streptomyces bacteria are taken up by the larva and then locate to the walls
of cocoon. Bioassays indicate that these Streptomyces protect the cocoon from fungal
infestation and significantly enhance the survival probability of the larva by producing
antibiotics. Subsequently, they also reported that these Streptomyces produce a cocktail of
nine antibiotic substances. The complementary action of all symbiont-produced antibiotics
confers a potent antimicrobial defense for the wasp larvae (Kroiss et al., 2010).

Poulsen et al. (2011) suggested that at least fifteen Streptomyces spp. associated
with Philanthus digger wasps, the solitary mud dauber wasps Sceliphron caementarium
(black and yellow mud daubers) and Chalybion californicum (blue mud daubers). The
chemical analysis revealed a novel antifungal and antibacterial compound, sceliphrolactam,

from these Streptomyces spp. (Figure 3A)(Poulsen et al., 2011).



Schoenian et al., and Seipke et al. (2011) revealed that Streptomyces symbionts
isolated from leaf-cutter ant (Acromyrmex octospinosus and Acromyrmex volcanus)
produced multiple antifungal compounds, including candicidin and antimycins (Figure 3C
and D). Moreover, the same authors also reported antibacterial valinomycin isolated from
Streptomyces living on the surface of attine worker ants (Figure 3E)(Schoenian et al., 2011,
Seipke et al, 2011).

Oh et al. (2009) reported the novel antifungal, mycangimycin isolated from
Streptomyces sp. SPB74 associated within fungus-growing pine beetle (Dendroctonus

frontalis) (Figure 3B) (Oh et al., 2009).

NH. NH,
Candicidin E Antimycins

Valinomycin

Figure 3 Structures of novel antibiotics isolated from Streptomyces spp. living in symbiosis
with insects. A: from solitary mud dauber wasps (Poulsen et al., 2011), B: from fungus-growing
pine beetle (Oh et al.,, 2009), C-D: from leaf-cutter ant and E: from attine worker ants

(Schoenian et al., 2011; Seipke et al,, 2011)
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2.4 Bee-associated Streptomyces

Beesare highly diverse socialinsects and considered to play a vital role in pollination
of economic crops as well as indigenous plants in Thailand. The microflora associated with
bees are numerous, and vary from molds, yeasts, to bacteria. There are reports suggested
that Streptomyces spp. were frequently found in pollen, provisions and alimentary canals
of the bees. These bacteria are also considered as part of resident microflora of alfalfa
leafcutter bees (Megachile rotundata) (Inglis et al., 1993).

Promnuan et al. (2009) suggested that most of actinomycetes isolates from bee
hives in Thailand belonged to the genus Streptomyces. There is also a report about a novel
Streptomyces species from South-East Asian stingless bee (Tetragonilla collina),
Streptomyces chiangmaiensis sp. nov. and Streptomyces lannensis sp. nov. (Promnuan et
al., 2009; Promnuan et al., 2013).

Furthermore, microorganisms associated with stingless bee and honey bee have
been isolated from other regions outside the northern Thailand. However, the bioactive

compounds produced by these bee symbiont Streptomyces spp. remain largely unexplored.

2.5 Obesity and adipocyte differentiation

The majority health problems, such as diabetes type 2, cardiovascular diseases,
obstructive sleep apnea, certain types of cancer and osteoarthritis are related to obesity
which is caused by an overabundance of fat cells accumulating in the body. Moreover,
obesity is a causal factor of various diseases (Haslam and James, 2005). Expanded adipose
tissue shows an increased numberand size of adipocytes due to the enhancement of the
adipocytes differentiation (Spalding et al., 2008). However, Streptomyces toxytricini produce
lipstatins, compounds with a potent lipase inhibitory activity and has been proven useful for
used in diabetes and obesity treatment and are available on the market as a component of
a drug termed orlistat (Solecka et al., 2012).

Adipocytes, also known as fat cells, are the main cellular components of adipose
tissue. Their primary function is to control energy balance by storing triacylglycerolin periods
of energy excess and mobilizing it during energy deprivation (Ali et al., 2013). Therefore, they
also secrete numerous protein and lipid factor that control the metabolism of other tissue
such as glucose metabolism, immunological responses, inflammatory responses and blood

pressure regulation (Lefterova and Lazar, 2009). Adipocyte tissue expands when the number
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and size of adipocyte increases. The mature adipocyte, is characterized by a large internal
fat droplet, which distends the cell so that the cytoplasm is compacted to a thin layer
surrounding the lipid droplet while the nucleus is displaced to the outer edge of the cell.
3T3-L1 cells, derived from disaggregated 17-19-day-old Swiss 3T3 mouse embryos,
are commonly used as preadipocytes in the study of adipocyte differentiation (Green and
Kehinde, 1976). The distinct stages of differentiation consist of early, intermediate and late
stages. Confluent 3T3-L1 preadipocytes can differentiate to adipocyte upon the addition of
early inducing cocktail for 48 hours with a combination of insulin, dexamethasone (DEX),and

3-isobutyl-1-methylxanthine (IBMX), in the presence of fetal bovine serum (Figure 4).

Inducing

Insulin, DEX, IBMX

Pre-adipocyte 3T3-L1 cells

Figure 4 Procedures of adipocyte differentiation in vitro

Insulin acts through the insulin-like growth factor 1 (IGF-1) receptor. DEX, a synthetic
glucocorticoid agonist, is traditionally usedto stimulate the glucocorticoid receptor pathway.
IBMX, a cAMP-phosphodiesterase inhibitor, is traditionally used to stimulate the cAMP-
dependent protein kinase pathway. After 48 hours of induction, insulin alone is required to
continue the differentiation process. Although, DXM is a powerful inductor at early stages of

differentiation, but displays anti-adipocyte differentiation effects when added at later stages
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of adipose maturation, indicating that the effects of hormones are strictly time dependent

(Figure 5) (Caprio et al., 2007).

early intermediate late
1 = I L
I | I
c-myc
— fat droplet
q formation
LPL c-fos [
- A ?9?" adipocyte-specific
(&) gene expression
c-jun C/EBPS
Day : : : : . : :
1 T T ——— =1day
Confluent DEX insulin
IBMX
insulin

Figure 5 Stages and regulators of 3T3-L1 preadipocyte differentiation

(Modified from Ntambi and Young-Cheul, 2000)

2.6 Transcriptional regulation of adipocyte differentiation

The current model for adipocyte differentiation is shown in Figure 6. Based on this
model, it is speculated that during the entire differentiation process there are several
essentialmolecularinteractions that occuramong members of the CCAAT- enhancer-binding
proteins (C/EBPs) and the peroxisome proliferator-activated receptor (PPAR) families. In the
early stage, C/EBPB and & are the first transcription factors induced within 24 hours after
induction. C/EBP is responsive primarily to IBMX, whereas C/EBPS is responsive primarily to
DEX. After removal of IBMX and DEX from the culture medium, the expression of C/EBPB
and & declines within 48 hours. The upstream of C/EBPB and C/EBPS directly induce
expression of PPARy and C/EBPa, which is maximum on day 3-4 (Ntambi and Young-Cheul,
2000). PPARy and C/EBPa are necessary for adipocyte differentiation and positively cross-

regulate each other to maintain their gene expression despite a reduction in the expression
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of C/EBPPB and 6. PPARy and C/EBPa alone or in cooperation with each other induce the
transcription of many adipocyte specific genes, such as lipoprotein lipase (LPL), fatty acid
binding protein 4 (FABP4), glucose transporter 4 (GLUT4), and 11 B-hydroxysteroid dehydro-
genase type 1 (HSD11B1), and enzymes involved in creating and maintaining the adipocyte
phenotype. LPL hydrolyzes triglyceride to free fatty acids and monoacylglycerol, and is
present mostly in adipocytes. FABP4, as adipocyte protein 2, is expressed in differentiated
adipocytes, and regulates insulin sensitivity, fat metabolism, and sugar metabolism. GLUT4,
which is stimulated by insulin, translocate to the plasma membrane, and facilitates uptake

of glucose into cells. HSD11B1 is highly expressed in adipocytes (Seckl and Walker, 2001).

Furthermore, all the studies suggested that PPARY is both necessary and sufficient
for adipocyte differentiation (Farmer, 2006). The PPARY expression can induce differentiation
in C/EBPa deficient mouse embryonic fibroblasts, but C/EBPa cannot rescue when PPARY s
not expressed, showing that PPARYy is a key regulator of adipocyte differentiation (Rosen et

al.,, 2002).

Fetal serum

C—
SREBP1c
e

Insulin

Adipocyte-specific gene

Anti-adipogenic

O Pro-adipogenic

o/

Adipocyte

Figure 6 Adipocyte differentiation transcriptional cascade

(Modified from Ali et al., 2013)
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Some regulators associated with the early stages of adipocyte differentiation have
been identified, including members of Krippel-like factor (KLF) family, Sterol regulatory
element binding transcription factor 1 (SREBP1c), Cyclic-AMP response element-binding
protein (CREB), GATA binding protein (GATA) and forkhead families.

Members of the KLFs are characteristic zinc-finger proteins that regulate apoptosis,
proliferation and differentiation (Brey et al., 2009). Among these family members, KLF2, 3, 4,
5,6, 7, and 15 have been reported to play roles in adipocyte differentiation. KLF2, 3 and 7
act as anti-adipogenic regulatory factors of differentiation because over-expression of these
regulators inhibit differentiation in 3T3-L1 cells. In contrast, KLF5, 6, and 15 promotes
adipocyte differentiation,and induced early during adipocyte differentiation, these regulators

act as pro-adipogenic factors of differentiation (Matsuo et al., 2015a).

2.7 Metabolites from Streptomyces with anti-adipocyte differentiation activity

Matsuoet al. (2015) reportedthat berrelidinisolated from Streptomyces sp. TK08330
inhibit adipocyte differentiation in 3T3-L1 cells by upregulation of GATA 2 and GATA-3 and
cineromycin B isolated from Streptomyces cinerochromogenes is reported to inhibit
differentiation in 3T3-L1 cells mainly via upregulation of KLF 2 and KLF3 (Matsuo et al.,
2015a; Matsuo et al., 2015b).

However, the bioactive compounds produced by bee symbiont Streptomyces spp.
remain largely unexplored. Hence, in this study, we aimed to screen bioactive compounds
with anti-microbial and anti-adipocyte differentiation activity produced by Streptomyces spp.

isolated from eastern honey bees and stingless bees.
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CHEPTER Il

MATERIALS AND METHODS

3.1 Reagents and bacteria
3.1.1 Chemical reagents

All chemical was purchased from, Thermo Scientific, (UK) and Sigma-Aldrich,

(USA) unless otherwise stated. The water used in this study was sterilized and deionized.

3.1.2 Biological reagents

The gel extraction kit and The Bicinchoninic Acid (BCA) Protein Assay Kit were
purchased from Qiagen (Germany) and Thermo Scientific (USA).

3.1.3 Bacterial strains and growth

AWl antimicrobial testing bacteria Staphylococcus aureus ATCC 6538P,
Bacillus subtilis ATCC 16633, Escherichia coli ATCC 8739 were obtained from Department of
Microbiology culture collection, and the yeast, Candida albicans was kindly provided by
Associate Professor Chulee Yompakdee, Ph.D. All culture medium was prepared using
deionized water and sterilized before use by autoclaving at 15 minutes at 15 psi pressure
121°C. The bacteria were grown in Nutrient broth (NB) or Nutrient agar (NA) at 37°C. Yeast
was grown in Potato dextrose agar (PDA) at 30°C.

3.2 Sample collection

Eastemn honey bee (Apis cerana) and stingless bee (Tetragonula laeviceps) samples
were kindly given from Associate Professor Chanpen Chanchao, Department of Biology,
Faculty of Science, Chulalongkorn University. The samples were kept in sterile plastic bags

and stored at -20 °C until use.
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3.3 Streptomyeces isolation and cultivation
3.3.1 Isolation from external part of bees

The samples were rinsed with 200 pl of phosphate buffered saline (PBS)
(Appendix C) and vortexed. The liquid fractions that obtained from this step were plated on
Humic-Acid Vitamin agar (Appendix A) and incubated at 30 °C for 4-7 days. After that, the
presumptive Streptomyces colonies with dry and powdery spore were picked and

maintained in Starch-Yeast (SY) medium (Appendix A).

3.3.2 Isolation from internal part of bees

The samples that obtain from 3.3.1 were washed with 70% ethyl alcohol
and then with PBS for 3 times. After the sample were grinded, 200 ul of PBS were added.
The liquid fractions obtained from this step were plated on Humic-Acid Vitamin agar and
incubated at 30 °C for 4-7 days. After that the presumptive Streptomyces colonies were
selected and maintained in SY medium.

The name assigned for Streptomyces spp. isolated from eastern honey bees
and stingless bees were as followed:

X-XXX-00

The first alphabets represent part of bees that the Streptomyces spp. were

found (E for external part and | for internal part of bees). The next alphabets group represent

species of bees (EHB for Eastern honey bee and SB for stingless bee). The numbers represent

the order of isolation.

3.4 Antimicrobial activity screening

The antimicrobial activity of Streptomyces spp. isolated from samples were
examined using modified cross-streak method (Carvajal, 1947; Velho-Pereira and Kamat,
2011) using S. aureus ATCC 6538P, B. subtilis ATCC 16633, E. coli ATCC 8739 and C. albicans
as susceptibility testing microorganism. Streptomyces were cultured in NB at 30 °C and
shaken at 200 rpm overnight. After that, a single streak of Streptomyces spp. culture was
applied on the center of the NA plate and incubated at 30 °C for 4-7 days. The tested
microorganisms were streaked at a 90° angle to the Streptomyces and incubated at 37°C
overnight. The cross-streak method was performed by keeping the distance between

Streptomyces streak and the margin of agar plate at 1 cm and the length and width of the
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Streptomyces streak line was fixed at 7 and 0.5 cm, respectively. The distance between the
tested microorganism streak was fixed at 1.5 cm and the length of the tested microorganism
streak line at 2.5 cm with streak width at 0.5 cm.The markings were drawn on a ruled paper,
which act as a template and was attached under the plates to facilitate streaking (Figure 7).

After incubation, the visible inhibition zones indicating antimicrobial activity were observed.

E. coli

S. aureus

B. subtilis

C. albicans

Figure 7 Cross-streak method on NA plate

(Modified from Carvajal, 1947; Velho-Pereira and Kamat, 2011)

3.5 Identification of Streptomyces spp.
3.5.1 Colony polymerase chain reaction (colony PCR)

The tested Streptomyces spp. that showed antimicrobial against all tested
stains were grown on NA and incubated at 30 °C for 2-3 days. The 16S rRNA gene of each
isolate was detected by using colony PCR (Ishikawa et al., 2000). Microscopic amounts of
Streptomyces mycelia were picked using the tip of sterile toothpicks and dipped directly
into 20 ul of PCR reaction mixture containing 2x EmeraldAm p® GT PCR Master Mix (TAKARA,
Japan), 10uM of Forward (Fwd), 10uM of Reverse (Rev) Primers (Table 2) and sterilized
deionized water. The primers used for amplification were 27F and 1492R universal primer
(Intergrated DNA Technologies, Singapore). The PCR reaction was performed at 95 °C for 3
minutes, each of 35 cycles thermal consisted of 95 °C for 30 second, 54 .4 °C for 30 second
and 72 °C for 1 minute. The final extensionwas at 72 °C for 10 minutes.PCRreactions without
DNA were used as negative control. Amplified products were confirmed by electrophoresis
with 1.5% agarose gel (Appendix C) at 135 volts for 65 minutes and visualizing with ethidium

bromide stain under Gel Documentation System (Biorad, USA).
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Table 2 The primer sequences used in this study

Primer Sequences
27TF Fwd 5 AGAGTTTGATCMTGGCTCAG 3'
518F Fwd 5' CCAGCAGCCGCGGTAATACG 3
800R Rev 5' TACCAGGGTATCTAATCC 3'
1492R Rev 5' TACGGYTACCTTGTTACGACTT 3'

3.5.2 DNA extraction and purification

The successfully amplified DNA of Streptomyces spp. were extracted from
the agarose gel by QIAquick® gel extraction kit according to the instruction of manufacturer.
Briefly, the DNA fragments (~1,500 bp) were excised from the agarose gel by a clean and
sharp scalpelinto 1.5 ml centrifuge tube. The gel slices were completely dissolved with
Buffer QC at 50 °C for 10 minutes. The samples were added with 100% isopropanol and then
transferred to a QIAquick® spin column. This columnis membranes that permit DNA binding.
Total DNA was washed with Buffer PE. For the elution step, 30 pl of Buffer EB was added to

the center of column then incubated for 4 minutes and centrifuged at 13,000 rpm for 1

minute.

3.5.3 DNA Quantification

DNA sample concentration was measured by using Nanodrop 1000
Spectrophotometer (Thermo Scientific, USA). To determine concentration and check purity
of DNA sample, 2 ul of DNA samples were subjected to absorbance measurement at 260
nm (Ayo) and 280 nm (A,g,) in the spectrophotometer. The concentration of DNA was
calculated from A, reading. The purity of DNA was evaluated from a ratio of A,g/Agge- The
DNA sample was sent to 1° base Laboratories Sdn Bhd (Malaysia) for sequenced using the

amplification primers (Table 2).
3.5.4 Construction of phylogenetic tree
The 16S rRNA gene sequences of the Streptomyces spp. were blasted with

available sequences in databases using NCBI BLAST. The reference sequences downloaded

from GenBankand MEGA v7.0 (Kumar et al., 2016) was used for the multiple alignment and
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the construction of phylogenetic trees using neighbor-joining method (Saitou and Nei, 1987).
The bacterial 16S rRNA gene sequence of Escherichia coli (J01859.1) was used as an

outgroup.

3.6 Preparation of metabolite crude extract

Streptomyces spp. were culturedin 50 ml C4 medium which has been the classical
fermentation medium for bioactive compound production, containing e.g. soybean meal as
an effective source of nitrogen for antibiotic formation, glucose as carbon source, and sodium
chloride which might be involved in release of the antibiotic from the mycelia (Demain and
Inamine, 1970) (Appendix A) in 250 ml flask on refrigerated incubator shaker (New Bruswick
Scientific, UK) at 30 °C and shaken at 200 rpm for 7 days. After incubation, the culture was
centrifuged at 5,000 rpm for 5 minutes, and the supernatant was extracted twice with two
volume of ethyl acetate because it has slightly polar its almost immiscible with water, high
enough boiling point and less toxicity in centrifuge tube for 20 minutes (Sadigh-Eteghad et
al., 2011). The solvent phase and aqueous phase were transferred to different round bottom
flask to remove ethyl acetate using rotary vacuum evaporator (Eyela, USA). Aqueous phase
was transferred to 1.5 ml centrifuge tube to remove water using concentrator (Eppendorf,
Germany). After that, the crude solvent and aqueous phase were dissolved with DMSO
(Dimethyl sulfoxide) and tested antimicrobial activity using disc diffusion assay to confim
the activity of crude extract. The tested microorganisms; S. aureus ATCC 6538P, B. subtilis
ATCC 16633, E. coli ATCC 8739 and C. albicans were dispersed on NA plate using sterile
cotton swab. Crude extracts (20 mg/mU) were applied onto 6 mm paper discs (GE Healthcare
Life Sciences, UK). The discs containing crude produce were placed on tested microorganism
agar plate and incubated at 30 °C overnight then the visible inhibition zones indicated

antimicrobial activity were observed.

3.7 Culture of 3T3-L1 preadipocytes cell line

For every assay, a mouse embryonic fibroblasts,3T3-L1(ATCC CL-173) were cultured
in Dulbecco's modified Eagle's medium (DMEM)(Thermo Fisher Scientific, UK), supplemented
with 10% Calf bovine serum, 1% sodium pyruvate, 1% HEPES (4-(2-hydroxyethyl)-1-
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piperazineethanesulfonic acid) free acid, and 1% penicillin-streptomycin (Thermo Fisher

Scientific, UK) at 37°C in 5% CO, (Thermo Electron Corporation, USA) (Appendix B).

3.8 Adipocyte differentiation of 3T3-L1 preadipocytes cell line

3T3-L1 cells (2x10* cells/well) were cultured in 24-well plates with culture medium
for two days, and then medium cultured was replaced to differentiation medium, i.e. DMEM
with 10% Fetal bovine serum (FBS), 1% HEPES free acid, 1% sodium pyruvate, 1% penicillin-
streptomycin, 1.0 uM DEX, 0.5 mM IBMX and 1.0 pg/mlinsulin solution from bovine pancreas
(Appendix B), to induce adipocyte differentiation for two days. After induction, the
differentiation medium was exchanged for maintenance medium containing DMEM,
supplemented with 10% FBS, 1% HEPES free acid, 1% sodium pyruvate, 1% penicillin-
streptomycin and 1.0 pg/mL insulin (Appendix B). Incubation was continued for two days,
followed by two days of incubation with maintenance medium at 37°Cin 5% CO, incubator

until the end of the differentiation process (Figure 8).

Seeding cells Change to Change to Staining cell
differentiation Maintenance | for oil droplet
medium : medium

[ B 4

Culture Differentiation medium Maintenance medium
medium (DEX, IBMX, insulin) (insulin)

Figure 8 Schematic representation of 3T3-L1 cell line differentiation procedure
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3.9 Cytotoxicity test using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-zolium

bromide) assay

Crude extracts were dissolved in DMSO and 3T3-L1 cells (4x10° cells/well) were
cultured in 96-well plates overnight. After that, cells were treated with crude extract at
various concentrations, 100,31.62, 10,3.162,1 and 0.316 yg/ml, for 24 hours. MTT solution
(Appendix B) (Promega, USA) was used to determine the cell viability for 4 hours at 37°C in
5% CO, incubator. The insoluble formazan was dissolved with DMSO. Cell viability was
determinedfrom the absorbance at 540 nm using microplate reader (Biochrom Anthos, USA).
The relative cellviability (%)was expressedas a percentage relative to the untreated control
cells using the following formula. The 50% inhibition concentration (ICs,) was calculated

using GraphPad Prism 5.03 (GraphPad Software, USA).

%Cell viability = Absorbance of treated cells - Absorbance of blank x100

Absorbance of vehicle cells - Absorbance of blank

3.10 Oil-Red O (ORO) and Hematoxylin staining

Lipid droplets in cells were stained with ORO at the end of adipocyte differentiation
induction process (day 8). The cells were washed with PBS and then fixed with 10%
formaldehyde at room temperature for at least 1 hour. In 24-well plates which were
wrapped with parafilm and covered with aluminum foil to prevent cells from drying. After
fixation, the cells were washed twice with deionized water and dehydrated with 60%
isopropanol for 5 minutes. After that, the cells were dried at room temperature and stained
with fresh ORO working solution (Appendix C) on Rocker (Labnet International Inc., USA) for
10 minutes. Cells were washed four times with deionized water and stained with
Hematoxylin solution for 5 minutes then washed twice with deionized water. The cells were
covered with deionized water to avoid drying and visualized under fluorescent microscope.

Lipid droplets appear red and nuclei appear blue.

3.11 Screening of anti-adipocyte differentiation activity

3T3-L1 cells (2x10* cells/well) were cultured in 24-well plate for two days. The cells

were pretreated with crude biocactive compounds at 50 pg/ml for 1 hours and then medium
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cultured was immediately replaced to differentiation medium containing 50 pug/ml of crude
bioactive compounds to induce preadipocyte differentiated to adipocyte for 48 hours. After
induction, the differentiation medium was replaced with maintenance medium and
incubated at 37°C with 5% CO, until the end of adipocyte differentiation process (day 8).
Cells were stained with ORO and Hematoxylin. Cells that positive for ORO and Hematoxylin

staining were counted under microscope.

3.12 Western blot
3.12.1 Protein extraction and quantitation

373-L1 cells (4x10* cells/well) were cultured in 12-well plate. The total
cellular proteins of day 4 and day 5 3T3-L1 cells differentiation process with and without
crude bioactive compounds (50 ug/ml) were extracted using buffer A and buffer B (Appendix
Q). 3T3-L1 cells were washed with 1 ml of cold PBS and subsequently with 200 ul of buffer
A. After that, 50 pl of the lysis buffer B for extracting protein was added to each sample.
Samples were vortexed and centrifuged at 12000 g, 4 °C for 10 minutes. Total protein
concentration was quantified using a Pierce™ BCA Protein Assay Kit. The concentration of
protein in each sample were adjusted with sterile MilliQ water in the ratio at 1:9 in 96 -well
plate (NuncTM, Thermo Scientific, USA). Bovine albumin serum (BSA) was used a standard
protein at 1, 0.5, 0.25,0.125, 0.063 and 0.031 pg/mLl. Each well was added with 200 pl of
working reagent (reagent A and reagent B) and incubated at 37°C for 30 minutes. The

absorbance was measured at 540 nm using microplate reader.

3.12.2 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

The 10% SDS-PAGE gelwas made following the formulas shown in Appendix
C. Protein samples were mixed with 2 x dye (Appendix C) and sterile deionized water in an
equal volume. The sampleswere heatedat 99 °C for 5 minutes on Thermomixer (Eppendorf,
Germany). The protein samples and prestained protein molecular weight marker (Themo
Scientific, USA) were loaded into the gel that immersed in the running buffer (Appendix C).
The electrophoresis was performed at 100 volts constantly for 120 minutes using Protein Il
system instrument (Biorad, USA). After gel electrophoresis was finished, proteins were
transferred onto Polyvinylidene fluoride (PVDF) membranes (Merck Millipore, Germany).

Firstly, separating gel and two pieces of Whatman filter paper were equilibrated in transfer
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buffer (Appendix C) for 5 minutes. PVDF membranes were soaked in absolute methanol for
1 minute and thenrinsed with deionized watertwice before using. One pieces of equilibrated
filter paper were placedin semi—dryTrans—Blot®SD (Biorad, USA). After that, PVDF membrane,
separating gel and one piece of filter paper were subsequently placed on filter paper. Air
bubbles were eliminated by a gentle rolling glass tube. The semi-dry transfer was carried

out under the condition using a constant at 80 mA for 90 minutes.

3.12.3 Antibody probing

After protein transfer was completed, the PVDF membranes were blocked
twice with blocking solution (Appendix C) for 5 minutes on rocker. Primary antibodies, rabbit
anti PPARy (1:1000) (Cell signal Technology, USA) and rabbit anti GAPDH (1:5000) (Cell signal
Technology, USA) were diluted in blocking solution before using. PVDF membranes were
probed with primary antibody on a rocker at least 1 hour before incubating at 4 °C overnight.
Afterincubation, primary antibody was removedthen probed membranes were washed with
PBS-T (Appendix C) for 5 minutes twice and 15 minutes twice. After washing, the membranes
were incubated with secondary antibody, goat anti-rabbit 1¢G (G a R) conjugated horse radish
peroxidase (HRP) (EMD Millipore, USA) for 1 hour on a rocker at 1: 1000 for detecting PPARy
and 1: 4000 for detecting GAPDH. After that, secondary primary was removed and the

membranes were washed with PBS-T for 5 minutes twice and 15 minutes three times.

3.12.4 Signal detection

The signal was detected by chemiluminescence and autoradiography. The
substrates for detection were composed of solution A and B (Appendix C). Solution A and B
were freshly prepared, mixed well and immediately incubated to the membrane for 1
minute at room temperature. The membrane was covered with the plastic wrap and placed
in Hypercassette (Amershan Bioscience, UK) to expose Amersham HyperfilmTM ECL
(Amershan Bioscience, UK) in the dark at room temperature for 20 seconds to 30 minutes
depending on the target protein. After that, the film was developed in X-ray film developer
ECL (Carestream, USA) and fixed in the X-ray film fixer (Carestream, USA). The film was dried

and then label with the marker.
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3.13 Statistical analyses

All experiments were done triplicate with two independent experiments. Results
were expressed as the mean + standard deviation (SD). The statistical significance of
difference between an experimental group and its corresponding control will be evaluated
by one-way ANOVA (GraphPad Prism 5.03). All comparisons were made as specified, and

p<0.05 was considered statistical significance.
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CHAPTER IV

RESULTS

4.1 Isolation and cultivation of Streptomyces

The insect-derived samples were plated on selective medium Humic-Acid Vitamin
agar and incubated at 30 °C for 7 days. After incubation, one hundred twenty-five isolates
of the putative Streptomyces spp. by colony morphology were obtained from Humic-Acid
Vitamin agar (Figure 9). The total number of isolates from eastern honey bees and stingless
bees were 47 and 78, respectively. In addition, more than 80% of total isolates were from

the intemal samples. (Table 3).

Figure 9 Representative of the putative Streptomyces colonies on Humic-Acid Vitamin agar.

Red arrows indicate putative Streptomyces colonies

Table 3 The total numbers of putative Streptomyces isolated from eastern honey bees

and stingless bees

Number of isolate

Type of bee External samples Internal samples
Eastern honey bee 12 35
Stingless bee 5 73

Total 17 108
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4.2 Screening for antimicrobial activity

All isolated Streptomyces spp. were screened for antimicrobial activity using
modified cross-streak method (Velho-Pereira and Kamat, 2011) against human pathogenic
representative species of Gram positive bacteria, Gram negative bacteria and yeast
including; S. aureus, B. subtilis, E. coliand C. albicans. The visible inhibition zones were
measured from the margins of inhibition of indicator microorganisms zone to the streak
line of Streptomyces on the center of agar plate. The antagonistic activities of
Streptomyces spp. against the tested microorganisms were summarized in Table 4
(Appendix D, Table 1.1).

The results showed that ten isolates produced the metabolites that have broad
antimicrobial activity against all tested stain (Appendix D, Figure 1.1). However, some of
these isolates have similarity in morphology including color of colony, spore and pigment.
Therefore, only five isolates, I-SB-38, I-SB-71, I-EHB-05, I-EHB-06, and I-EHB-18 were selected
for further characterization (Figure 10).

Table 4 Antimicrobial activity of Streptomyces isolated from bees

Number of Tested microorganism Number of
suppressed tested @ “ 2 isolates
= = S
microorganism % = 8 S with activity
- % Wi IS
v o G
0 61
1 / 6
/ 22
/ 8
2 / / 12
/ / 1
3 / / / 1
/ / / a4
4 / / / / 10

The antagonistic activities show as “/”
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I-SB-38

E. coli
B. subtilis
S. aureus
C. albicans

I-EHB-05 [-EHB-06 I-EHB-18

Figure 10 Antimicrobial activity of Streptomyces spp. using modified cross-streak method
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4.3 Molecular identification of Streptomyces
4.3.1 Colony PCR

According to the cross-streak screening assay, five isolates with broad
spectrum antimicrobial activity were subjected to strain identification by molecular
method. The 16S rRNA gene of these isolates were amplified using colony PCR method
(Figure 11). The PCR products with the size around 1500 bp were extracted from the
agarose gel using QIAquick® gel extraction kit. The DNA samples (40 ng/pl) were analyzed
for sequencing using 27F, 518F, 800R and 1492R as the amplification primers. The 16S rRNA

sequences of these isolates were shown in Appendix C.

bp

2500
2000
1500

1000
750
500

250

Figure 11 PCR product of 16S rRNA gene (~1500 bp). Lane M: DNA Standard 1 kb ladder
markers, lane 1: I-SB-38, lane 2: I-SB-71, lane 3: I-EHB-05, lane 4: I-EHB-06, lane 5: I-EHB-18

and lane 6: negative control
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4.3.2 16SrRNA -based phylogenetic tree

The 16S rDNA sequences were compared with the corresponding
sequences available in the NCBI database and 16S rRNA sequences of insect associated
Streptomyces from already published research (Appendix D, Table 2.1). Phylogenetic trees
were constructed using the neighbour joining (Saitou and Nei, 1987) and maximum
composite likelihood methods (Tamura et al., 2004). E. coli J01859.1 was used as an out
group. Bootstrap values for nodes of the phylogenetic trees were determined based on
1,000 replications. Sequence similarity was calculated manually after pairwise alignment
using MEGAV7 (Figure 12).

Based on the phylogenetic tree, all five isolates were identified as
Streptomyces species. The 16S rRNA sequences of I-SB-38 and I-SB-71 were closely related
to Streptomyces bikiniensis strain 13661V whereas |-EHB-05, I-lEHB-06 and I-EHB-18 were
closely related to Streptomyces andamanensis sp. nov compared databases using NCBI

BLAST (Table 5).

Table 5 Streptomyces identification based on 16S rRNA sequences

Isolates Identification Similarity
I-SB-38 S. bikiniensis strain 13661V 98%
I-SB-71 S. bikiniensis strain 13661V 96%

I-EHB-05 S. andamanensis sp. nov 97%
I-EHB-06 S. andamanensis sp. nov 98%

I-EHB-18 S. andamanensis sp. nov 98%
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Figure 12 Neighbour-joining tree based on 16S rRNA gene sequences. The phylogenetic tree
showing the relationships betweenisolated strains and type strains of closely related species
in the genus Streptomyces. Bootstrap values based on 1,000 replications were shown at
branch nodes. The evolutionary distances were computed using the maximum com posite
likelihood method. E. coli J01859.1 was used as an out group. Bar, 0.020 substitutions per

nucleotide position
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The similarity of 16S rDNA sequence of isolates also were determined by
pairwise alignment using the EMBL-EBI web services. The result indicated that both chains
isolated of stingless bee, I-SB-38 and I-SB-71 are different. For honey bee isolates, [-EHB-05
is closely related to I-EHB-06 and I-EHB-18 (Table 6) (Appendix D).

For the morphological characteristics, I-SB-38 isolate produced a brownish-
gray spore differ from [-SB-71 isolates that produced a white or light gray spore. |-EHB-05
isolate produced a white spore, while I-EHB-06 and I-EHB-18 isolate produced a white or
light brown spore (Table 7).

Table 6 Pairwise alignment selected of Streptomyces isolates

Aligned sequences Length
1 2/ (bp) Similarity
I-SB-38 I-SB-71 1514 92.5%
I-EHB-05 I-EHB-06 1457 99.0%
I-EHB-05 l-EHB-18 1468 97.7%

I-EHB-06 I-EHB-18 1469 97.5%
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Table 7 Morphology of selected Streptomyces isolates

Colony and spore on

Host Sampling site Isolate
SY medium
Stingless bees Internal I-SB-38
Stingless bees Internal I-SB-71
Eastern honey bees Internal I-EHB-05
Eastern honey bees Internal I-EHB-06

Eastern honey bees Internal I-EHB-18




34

4.4 Metabolite crude extract preparation

To obtain the crude extract, I-SB-38, I-SB-71, I-EHB-05, I-EHB-06 and I-EHB-18 isolates
were cultured in 50 mlof C4 medium at 30 °C, 200 rpm. After seven days, the supernatants
were extracted with ethyl acetate to separate non-polar and moderate polar compounds
from the highly polar ones. After drying, both ethyl acetate crude and water soluble crude
fraction were dissolved in DMSO at the concentration of 20 mg/mUl. All crude extracts were
subjected to the antimicrobial test using disc diffusion method. Ampicillin (10 pg/ml) and
amphotericin B (100 pg/ml) were used as control for bacteria and yeast testing strains. The
results showed that only crude extract from aqueous phase of all of isolates contained

antimicrobial activity (Figure 13).
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1: C4 medium,

@ 2: DMSO
@ @ @ 3: supernatant before extraction

@ @ 4: aqueous phase (20 mg/ml)
5: ethyl acetate crude (20 mg/ml)

6: ampicillin (10 pg), or

amphotericin B (100 pg)

S. aureus B. subtilis E. coli C. albicans

[-SB-38

[-SB-71

I-EHB-05

I-EHB-06

I-EHB-18

Figure 13 Antimicrobial activity of crude extract by disc diffusion method. Crude extracts

from supernatant of I-SB-38, I-SB-71, I-EHB-05, I-EHB-06 and I-EHB-18 isolates, respectively
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4.5 Effects of crude extracts on cell viability of pre-adipocyte like cell line 3T3-L1

To check the cytotoxicity of the crude extracts, preadipocyte cell line 3T3-L1 was
treated with the crude extracts at various concentrations (0.316, 1, 3.162, 10,31.62, and 100
pg/mU)for 24 hours and the cell viability were determined by MTT assay. The result indicated
that the crude extracts from aqueous and solvent phase of [-SB-38, I-SB-71, I-EHB-05, |-EHB-
06 and I-EHB-18 were not toxic to cells at the concentrations up to 100 pg/ml (Table 8)
(Appendix D, Figure 3.1 and Figure 3.2).

Table 8 Effect of crude extracts on cell viability of 3T3-L1 cell

Crude extracts Phase ICs0 (ug/mU)
I-SB-38 agueous > 100
I-SB-71 agueous > 100
I-EHB-05 agueous > 100
I-EHB-06 agueous > 100
I-EHB-18 agueous > 100
I-SB-38 solvent > 100
I-SB-71 solvent > 100
I-EHB-05 solvent > 100
I-EHB-06 solvent > 100

|-EHB-18 solvent > 100
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4.6 Effects of crude extracts on adipocyte differentiationin 3T3-L1 cell line

To screenfor anti-adipocyte differentiation activity,the 3T3-L1 cellline were treated
with crude extract at 50 pg/mland subjectedto induce adipocyte differentiation. After seven
days, the induced cells were stained for lipid droplet with Oil Red O staining (ORO). The fully
differentiated cells exhibited red color droplets in the cell under microscope, indicating lipid
accumulation (Figure 14B). The result showed that the crude aqueous extract from I-EHB-18
isolate significantly suppressed lipid accumulation in 3T3-L1 cell line (Figure 14G). Therefore,
this crude extract was used for further study. On the other hand, the crude aqueous extracts
from I-SB-38, I-SB-71 and I-EHB-06 (Figure 14C, 14D and 14F) and crude solvent extracts from
I-SB-38 and I-SB-71 were not suppress adipocyte differentiation as well as lipid accumulation
in 3T3-L1 cells (Figure 14H and 141). Furthermore, crude solvent extract from I-EHB-05 and
crude solvent extracts from I-EHB-05, I-EHB-06 and I-EHB-18 showed toxicity on 3T3-L1 cells
(Figure 14E, J, K and N).
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Figure 14 Effects of crude extracts from selected isolates on 3T3-L1 differentiation.

A: undifferentiated 3T3-L1 cells (positive control), B: differentiated 3T3-L1 cells (negative
control), (C-G): differentiated 3T3-L1 cells treated with crude aqueous extracts, (H-N):
differentiated 3T3-L1 cells treated with crude solvent extracts (50 pg/ml)
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The initial screening of anti-adipocyte differentiation indicated that crude aqueous
extract from I-EHB-18 isolates designated CA18 potentially inhibit adipocyte differentiation
and lipid accumulation of 3T3-L1 cell line (Figure 15). To investigate the dose-dependent
effect of crude extracts on adipocyte differentiation, 3T3-L1 cells were treated with crude
compound at the concentrations of 3.125, 6.25, 12.5, 25, 50 and 100 pg/ml for 7 days and
then stained with ORO and hematoxylin stain. Crude extract at 50 and 100 pg/ml markedly
suppressed lipid accumulation resulting in much less oil droplet being stained by ORO on

microscopic showed significant inhibition of adipocyte differentiation (Figure 16).

CA18-Treated

o

Figure 15 Effect of crude aqueous phase extract from I-EHB-18 isolates (50 pg/ml) on
adipocyte differentiation. (A-C): ORO staining and (D-F): ORO (red) and hematoxylin (pink
purple) staining

A, D: undifferentiated 3T3-L1 as positive control

B, E: differentiated 3T3-L1 as negative control

C, F: differentiated 3T3-L1 treated with CA18
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Figure 16 Effect of crude aqueous phase extract from I-EHB-18 isolates on adipocyte
differentiation in a dose-dependent manner. A: undifferentiated 3T3-L1 cells, B:

differentiated 3T3-L1 cells, (C-H): differentiated 3T3-L1 cells treated with CA18
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4.7 Effects of crude aqueous phase extract on expression of master regulators of

adipocyte differentiation, PPARy

As the crude aqueous extract from |-EHB-18 stain inhibited the lipid accumulation
that occurred upon differentiation from preadipocytes to adipocytes, the extract may
interrupt signaling of the adipocyte differentiation. To examine the mechanism of action, the
expression of PPARy which is a master regulator of adipocyte differentiation was examined
using Western blot analysis. 3T3-L1 cells were treated with and without the crude extract at
50 pg/mlfor 4 and 5 days in the process of stimuli for adipocyte differentiation. The results
demonstrated that the crude extract downregulated PPARY protein levels in 3T3-L1 cells
differentiation (Figure 17).

Day 4 Day 5

Lane Und Diff CA18 Und Diff CA18

- —

- PPARY

e SR — - w— e CAPD!

Crude extract _ - + - — +

Figure 17 Western blot analysis for PPARy. At day 4 (Lane 1-3); undifferentiated cells,
differentiated cells, and differentiated cells in the presence of crude extract (50 pg/ml)
treatment and at day 5 (Lane 4-6); undifferentiated cells, differentiated cells, and
differentiated cells in the presence of crude extract (50 pg/ml) treatment, respectively.

GAPDH was used as internal loading control
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4.8 Timing of anti-adipocyte differentiation activity of crude extract from I-EHB-18

To investigate the timing of the activity of crude extract from [-EHB-18 isolate on
adipocyte differentiation, 3T3-L1 cells line were treated with 50 pg/ml crude extract on day
2,4 and 6 of adipocyte differentiation process (Figure 18). The result revealed that the crude
extract only affected the early state of adipocyte differentiation (day 2) and have no effect

on intermediate or terminal state of differentiation (day 4 and 6) (Figure 19).

Seeding cells Staining cell
: Crude extract Crude extract Crude extract
| | | | | | | | |
| | | | | | | I 1
Day 0 1 2 3 4 5 6 7 8
| I I\ )
| | |
Culture Differentiation medium Maintenance medium
medium (DEX, IBMX, insulin) (insulin)

Figure 18 Schematic representation of timing of anti-adipocyte differentiation activity of

CA18 procedure
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Figure 19 Timing of anti-adipocyte differentiation activity of crude extract from I-EHB-18. A:
undifferentiated 3T3-L1 cells, B: CA18 treated without induction, C: differentiated 3T3-L1
cells, (D-F): differentiated 3T3-L1 treated with CA18 on day 2, 4 and 6 of adipocyte

differentiation process, respectively
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To confirm that this compound suppresses adipocyte differentiation or lipid
accumulation at early stage of adipocyte differentiation, the cells were treated with 50 pg/ml
of crude extract for 48 hours after induction. Subsequently, the crude compound was
removed from the system and replaced with fresh maintenance medium without crude
extract (Figure 20). The result demonstrated that this compound suppresses adipocyte

differentiation at early stage completely (Figure 21).

Seeding cells

Crude extracts
(50 pg/ml )

Staining cell

> Washout CA18

Day 0 1 2 3 4 5 6 7 8
| J\ J\ J
| | |
Culture Differentiation medium Maintenance medium
medium (DEX, IBMX, insulin) (insulin)
+

Crude extracts

Figure 20 Schematic representation of anti-adipocyte differentiation activity of CA18

procedure
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Figure 21 Timing of anti-adipocyte differentiation activity of crude extract from |-EHB-18.
Cells were treated with crude extract (50 pg/ml) for 48 hours and then crude extract was
eliminated from culture system. A: undifferentiated 3T3-L1 cells, B: differentiated 3T3-L1
cells and C: differentiated 3T3-L1 treated with CA18, respectively
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CHAPTER V

DISCUSSION

In this study, Streptomyces spp. were isolated from two types of bees,Eastern honey
bee (A. cerana) and stingless bee (T. laeviceps) on the selective medium Humic-Acid Vitamin
agar containing soil humic acid as the source of carbon and nitrogen for isolation of
actinomycetes (Hayakawa and Nonomura, 1987). The total of 125 isolates of Streptomyces
were obtained from both external and internal samples of bees. The number of
Streptomyces found was comparable to Poulsen et al. (2011) that isolated more than 200
Streptomyces from two solitary wasp species, black and yellow mud daubers (S.
caementarium) and blue mud daubers (C. californicum) (Poulsen et al., 2011). Therefore,
genus Streptomyces are apparently mutualists, found in the food stores, hive materials, or

cuticle of Hymenoptera including solitary and social insects (Anderson et al., 2013).

The primary screening of antimicrobial activity resulted in five isolates, [-SB-38, I-SB-
71, I-EHB-05, I-EHB-06 and I-EHB-18 which showed antagonistic activity against all tested
microorganisms; S. aureus, B. subtilis, E. coli and C. albicans. The result indicated these
isolates could secreted at least one broad spectrum secondary metabolite possessing
antibacterial or antifungal activity. The role of Streptomyces in symbiotic association with
bees may be important for protection of the insect host or its nutritional resources against
pathogen attack by producing beneficial bioactive compounds (Kaltenpoth, 2009). However,
five isolates were likely to produce interesting secondary metabolites and these isolates
were selected for further characterization.

The 16S rDNA sequences of I-SB-38 and I-SB-71 were closely related to S. bikiniensis
strain 13661V (EU741193.1). S.  bikiniensis was reported to produce melanin
(Vasanthabharathi et al., 2011) correlating with our result that the dark-brown pigment was
observed from isolate I-SB-38 and I-SB-71. However, 16S rDNA sequence of I-SB-38 isolate
show 92.5% similarity to I-SB-71 isolate 16S rDNA sequence by pairwise alignmentand the
morphologically of I-SB-38 isolate also differ from [-SB-71 isolate. Ahmad et al. (2015)
reported that S. bikiniensis strain Ess_amA-1 isolated from insect Tapinoma simrothi can
produce bio stabilized selenium nanorods possessing of anticancer activity (Ahmad et al.,

2015). Furthermore, I-EHB-05, I-EHB-06 and I-EHB-18 isolates were closely related to S.
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andamanensis sp. nov (LC008305.1) which was recently reported as a novel species of the
genus Streptomyces (Sripreechasak et al., 2016), besides, there have been no reported
bioactive compounds produced by this species. Although, I-EHB-05, I-EHB-06 and I-EHB-18
seem to be closely related but their colonies appearances were slightly different
Furthermore, 16S rDNA sequence of I-EHB-05 isolate also show 99.0% and 97.7% similarity
to I-EHB-06 and I-EHB-18 isolate, respectively, while I-EHB-18 show 97.5% similarity to I-EHB-
06 16S rDNA sequence by pairwise alignment. I-EHB-18 isolate produced brownish-grey aerial
mycelia similar to S. andamanensis. Furthermore, the result also suggested that the
evolution which Streptomyces spp. isolated from the same insect were not rooted together
(Kaltenpoth et al., 2014).

To recover the crude bioactive compounds, each of five isolates were cultured in
C4 medium. The supernatant of these isolates was extracted with ethyl acetate and tested
for antimicrobial activity using the disc diffusion assay. The antimicrobial activity of crude
extract compounds lacked antifungal activity which is different from the primary screening
result using cross-streak method. The loss of antifungal activity may be a result of the
different composition of medium. In the further experiment for the screening of metabolites
contain with antimicrobial activity should be adjust culture medium to be suitable for the
metabolites production of Streptomyces. As the active compounds were aqueous phase, it
suggested that these compounds were likely to have high polarity such as aminoglycosides
(Thiele-Bruhn, 2003). The further purification and identification by liquid chromatography
mass spectrometry (LC-MS) were required.

From the secondary screening of anti-adipocyte differentiation activity, we have
investigated the effects of the crude extracts on cell viability of 3T3-L1 cells which
commonly used as preadipocytes in studies of adipocyte differentiation. These crude
extracts did not affect cell viability of 3T3-L1celland the ICs, of these crude extracts are
more than 100 ug/ml. To screen for anti-adipocyte differentiation activity, the 3T3-L1 cell
line were treated with crude extracts at 50 pyg/ml. We found that CA18 compounds inhibit
the differentiation of 3T3-L1into mature adipocytes. However, long-duration treatment using
crude solvent extracted from I-EHB-05, I-EHB-06 and |-EHB-18 isolates resulted in chronic
toxicity to the cells. To determine the mechanism of action of CA18, we first investigated its
effect on the expression of PPARY. The result showed that the CA18 crude compound could

inhibit the expression of the main regulator PPARY, consequently, the differentiation process
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was inhibited. Furthermore, the timing dependent experiments also strongly suggested that
CA18 suppress the early signal of adipocyte differentiation. Therefore, the crude compound
might affect the early regulator such as, GATA-3, KLF2 and KLF-3, which were recently
reported (Brey et al., 2009). Berrelidin isolated from Streptomyces sp. TK0O8330 was reported
to inhibit 3T3-L1 cells differentiation by upregulation of GATA-2 and GATA-3 (Matsuo et al.,
2015b)and cineromycinBisolated from S. cinerochromogenes have been reported to inhibit
differentiation in 3T3-L1 cells mainly via upregulation of KLF2 and KLF3 (Matsuo et al.,
2015a). However, the mechanism of action of CA18 needs for the investigation.

The further studied of the early regulator expression of adipocyte differentiation
suchas C/EBP-B, C/EBP-6, GATA-2, GATA-3,KLF2, KLF3,KLF7 is required to betterunderstand
how the mechanism of action of this compound on differentiation. However, in order to
eliminate factors from the impurities with in the crude compound, the recovery of the pure
compound would be the first priority to achieve before proceeding any further experiment.
This is the first report of bioactive compound possessing anti-adipocyte differentiation
activity produced by Streptomyces associated Eastern honey beesand stingless bees. Hence,
the results may lead to obtain a new compound for developing therapeutic drugs in the

future.
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CHAPTER VI

CONCLUSION

The total of 125 isolates of Streptomyces were isolated from Eastern honey bees (A
cerana) and stingless bees (T. laeviceps). We found that I-SB-38, I-SB-71, I-EHB-05, I-EHB-06
and I-EHB-18 potentially produce the metabolites that have antimicrobial activity against all
tested species of Gram positive bacteria, Gram negative bacteria and yeast. Moreover, the
crude compound extracted from I-EHB-18 isolate inhibit adipocyte differentiation of 3T3-L1
cells at the early stage of differentiation. Hence, metabolites produced by Streptomyces
spp. from Eastern honey bee and stingless bee from the novel sources may lead to new

therapeutic agents for the future.
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APPENDIX A

Mediums for Microorganism Culture

1. Humic acid-Vitamin agar (Masayuki Hayakawa, 1987)

Humic acid (dissolved with HCl overnight) lg
K,HPO, 05¢
Agar 15¢
Cyclohexamide 50 mg
Vitamin B
- Thiamine-HCl 0.5 mg
- Riboflavin 0.5 mg
- Niacin (nicotinic acid) 0.5mg
- Pyridoxine-HCl 0.5mg
- Inositol (myo-Inositol) 0.5mg
- Ca-pantothenate (D-Pantothenic acid) 0.5 mg
- P-aminobenzoic acid (4-aminobenzoic acid) 0.5mg
- Biotin 0.25 mg
Deionized water 11

Adjust pH to 7.4 and autoclave for 15 minutes at 15 psi pressure 121 °C

2. Starch-Yeast medium

Soluble starch 10 ¢
Yeast extract lg
N-Z amine lg
Agar 15¢
Deionized water 11

3. Nutrient Agar (NA)

Peptone 5¢
Beef extract 3g
Agar 15¢

Distilled water 11



4. Nutrient broth (NB)
Peptone
Beef extract
Deionized water
5. C4 Medium
Starch
Yeast extract
Soybean meal
NaCl
Glucose
20 % Beef extract
5 % K,HPO,

Deionized water

58
38
1l

10 ¢
4
25¢
2¢
20¢
1l
0.2 ul

11

57



APPENDIX B

Medium for cell culture
1. Culture medium
Calf serum
HEPES buffer
Penicillin Streptomycin mixtures (Pen-Strep)
Sodium Pyruvate
DMEM
2. Predifferentiation medium
Fetal bovine serum (FBS)
HEPES buffer
Penicillin Streptomycin mixtures (Pen-Strep)
Sodium Pyruvate
DMEM
3. Differentiation medium
Predifferentiation medium
1 mM Dexamethasone
0.5 M IBMX
1 mg/mlinsulin
4. Maintenance medium
Predifferentiation medium

1 mg/mlinsulin

1200 pl
1.2 ul
1.2 ul

1.2 ul

600 pl
0.6 pl

58



APPENDIX C

Buffers and reagents

1. 10x Phosphate buffer saline (PBS)

NaCl 80 ¢
KCl 2g
NaHPO, 144¢
KH,PO, 24¢
Deionized water 100 ml

Adjust pH7.6

2. 50x TAE Buffer

Tris-base 242 ¢
Acetic acid 57.1¢
5M EDTA solution (pH 8) 100 ml
Deionized water 100 ml

3. 1.5% Agarose Gel
Agarose 06¢
1x TAE Buffer 40 ml

4. PCR Master-mix for one reaction

Emerald Amp® GT PCR Master Mix 12.5 pl
10pM 27F primer 0.5 ul
10pM 1492R primer 0.5 ul
Molecular Biology Grade Water 9%/11.5%* ul
DNA Template 2.5% ul

*For using DNA Template
** For colony PCR
5. 10% Formalin
Formalin (37%, Merck) 27 ml
10x PBS 10 ml

Deionized water 63 ml
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6. 60% Isopropanol
Isopropanol (100%, Merck) 6 ml
Deionized water 4 ml
7. Oil Red O Stock
Oil Red O (Sigma, USA) 0.35¢
100% Isopropanol 100 ml
Mix well and filter with 0.25 pum filter and store at room temperature
18. Oil Red O Working Solution
Oil Red O stock 6 ml
Deionized water 4ml

Mix well and let sit at room temperature for 20 minutes followed by filtering

(0.25um)

9. Hematoxylin Solution
Hematoxylin stock 6 ml
Deionized water 4ml

10. 10% Separating Gel

Water 3.836 ml
40% Acrylamide/Bis 2ml
1.5 M Tris-HCL pH 8.8 2 ml
10% SDS 0.08 ml
10% APS 0.08 ml
TEMED 0.004 ml

11. 5% Stacking Gel

Water 1.204 ml
40% Acrylamide/Bis 0.25 ml
1.5 M Tris-HCL pH 8.8 0.504 ml
10% SDS 0.02 ml
10% APS 0.02 ml

TEMED 0.002 ml



12. Buffer A
10 mMDTT 1 ml
0.5 M Tris-Cl pH 7.2 1ml
1.4 M KCl 1 ml
Deionized water 5ml

Mix well and add 1 tablet of Protease inhibitor, mix well and store at 4 °C

13. Buffer B
Buffer A 990 pl
Nonidet p-40 10 pl

Mix well and store at 4 °C

14. 2x loading dye

100 mM Tris-HCl pH 6.8 1 ml
10% SDS 4 ml
Glycerol 2.02ml
Deionized water 1.98 ml
B-mercaptoethanol 100 pl

15. 5x Running Buffer

Glycine 94 ¢
Trisma Base 151 ¢
SDS 5¢
Deionized water 11

16. Transfer Buffer

Glycine 29¢

Trisma Base 508 ¢

SDS 0.37¢

Deionized water 800 ml

Absolute MetOH (100%) 200 ml
17. PBS-T

10 x PBS 100 ml

Deionized water 900 ml

61



Tween 20

18. Blocking Solution
Skim milk powder
PBS-T

19. Solution A
1 mM Tris pH 8.5 (4°C)
Coumaric acid
Luminol

20. Solution B
1 mM Tris pH 8.5 (4°C)
HZOZ

21.5 mg/mUMTT solution
MTT

Sterile 1x PBS

62

500 pl

6g
200 ml

2.5ml
11 ul
25 ul

25 ml

1.5 ul

50 mg

10 ml

The solution was sterilized by using 0.45 uM filter and kept in aliquots at 4°C



APPENDIX D

Supplements

1. Screening for antimicrobial activity

63

Table 1.1 Antimicrobial activities of putative Streptomyces isolated from Eastern honey bees

and stingless bees

Inhibition level

Isolates S. aureus B. subtilis E. coli C. albicans
[-SB-01 + + - +
1-5B-02 : - - -
[-SB-03 - 7 - +
1-5B-04 . : - +
[-SB-05 - R B +
-5B-06 : + - -
[-SB-07 - 2 - B
[-SB-08 - 5 - B
1-5B-09 : ' - -
[-SB-10 - - - B
I-SB-11 . - - -
[-SB-12 i + - B
-SB-13 : + - -
15814 - ¥ - -
[-SB-15 - + - B
I-SB-16 . - - -
[-SB-18 - + - B
1-5B-19 - ' - -
[-SB-20 - - - B
-5B-21 ¥ - : -
[-SB-22 - + - B

I-SB-23




Table 1.1 Antimicrobial activities of putative Streptomyces isolated from Eastern honey

bees and stingless bees (cont.)

64

Isolates

Inhibition level

S. aureus

B. subtilis

E. coli

C. albicans

I-SB-24
I-SB-25
I-SB-26
I-SB-27
I-SB-28
I-SB-29
I-SB-30
I-SB-31
I-SB-32
I-SB-33
I-SB-34
I-SB-36
I-SB-37
I-SB-38
I-SB-39
I-SB-40
I-SB-44
I-SB-45
I-SB-46
I-SB-47
I-SB-48
I-SB-49
I-SB-50
I-SB-51
[-SB-52

+




Table 1.1 Antimicrobial activities of putative Streptomyces isolated from Eastern honey

bees and stingless bees (cont.)
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Inhibition level

Isolates S. aureus B. subtilis E. coli C. albicans
-58-53 + + - -
-5B-54 - - - -
-5B-55 - - - -
1-SB-56 - - - -
|-5B-57 - - - -
-5B-61 + - - -
-5B-62 + + - -
5B-63 + + - -
-5B-64 + + - -
-5B-67 - - - -
1-SB-69 - - - -
1-SB-70 - - - -
I-SB-71 + + + +
5872 - - - -
-5B-73 - i - -
-5B-74 + - - -
5875 + - - -
5B-77 + + - -
-5B-78 + + - -
-5B-79 - - - -
-5B-83 + + - -
1-SB-85 - - - -
1-5B-86 - - - -
E-SB-01 - + - B

E-SB-02




Table 1.1 Antimicrobial activities of putative Streptomyces isolated from Eastern honey

bees and stingless bees (cont.)

66

Isolates

Inhibition level

S. aureus B. subtilis E. coli C. albicans
E-SB-03 - - - +
E-SB-05 - - - +
E-SB-06 - + . -
E-EHB-01 + + + -
E-EHB-02 + + - +
E-EHB-03 + - - -
E-EHB-04 - + - -
E-EHB-05 - + - -
E-EHB-06 + + - +
E-EHB-07 + - - -
E-EHB-08 - - - -
E-EHB-09 + - - -
E-EHB-10 - - - -
E-EHB-11 - - - -
E-EHB-12 + + - +
I-EHB-01 - - - -
I-EHB-02 - - - -
I-EHB-03 + - - +
I-EHB-04 - - - -
I-EHB-05 + + + +
I-EHB-06 + + + +
I-EHB-07 + + + +
I-EHB-08 - - - -
I-EHB-09 - - - -
I-EHB-10 + + + +

I-EHB-11




Table 1.1 Antimicrobial activities of putative Streptomyces isolated from Eastern honey

bees and stingless bees (cont.)

Inhibition level

Isolates

S. aureus B. subtilis E. coli C. albicans
I-EHB-12 + + + +
I-EHB-13 + - - -
l-EHB-14 - - - -
I-EHB-15 - + - -
I-EHB-16 - - - -
I-EHB-17 - y - +
I-EHB-18 + + + +
I-EHB-19 + + + +
I-EHB-20 + i - -
l-EHB-21 - s - -
l-EHB-22 - + - -
I-EHB-23 - + - -
I-EHB-24 - = - -
I-EHB-25 - - - -
I-EHB-26 : + _ )
I-EHB-27 + + + +
I-EHB-28 - - - -
I-EHB-29 - - - -
I-EHB-30 - + - -
l-EHB-31 - - - -
I-EHB-32 - - - -
I-EHB-32 - _ . )
I-EHB-33 + + - -
I-EHB-34 + + - -

-EHB-35 - - - -
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Table 1.1 Antimicrobial activities of putative Streptomyces isolated from Eastern honey

bees and stingless bees (cont.)

Inhibition level

Isolates S. aureus B. subtilis E. coli C. albicans

-EHB-36 - - - -
-EHB-37 - - - -

The inhibition levels were interpreted by author’s criteria as;

+  exhibit inhibition zone, - no inhibition zone

E. coli .
B. subtilis .
S. aureus
C. albicans

|-EHB-05 I-EHB-06 |I-EHB-07 I-EHB-10

I-EHB-12 I-EHB-18 I-EHB-19 I-EHB-27
1 :i R 13

Figure 1.1 Representative of antimicrobial activity of Streptomyces spp. using modified

149 -3

cross-streak method
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2. Molecular identification of Streptomyces

2.1 The 16S rRNA sequences of Streptomyces isolates
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2.1.1 I-SB-38

GTTTGATCATGGCTCAGGACGAACGCTGGGCGGCGTGCTTAACACATGCA
TGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGAAA
GCTCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGT
CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGG
ATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGT
TAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTC
CTGCATCCGATACGGGCAGGCTAGAGTGTGGTAGGGGAGATCGGAATTCC
GCGGATCTCTGGGCCATTACTGACGCTGAGGAGCGAAAGCGTGGGGGAGC
TAGGGTGTTGGCGACATTCCACGTNGTCGGTGCCGCAGCTAACGCATTTA
ACGGGGGCCCGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGC
CCCCCCTTGTGGTCGGTATACAGGTGGTGCATGGCTGTCGTCAGCTCGTG
TTGCCAGCATGCCCTTCGGGGTGATGGGGACTCACAGGAGACCGCCGGGG
CTTGGGCTGCACACGTGCTACAATGGCCGGTACAAAGAGCTGCGATGCCG
CAACTCGACCCCATGAAGTCGGAGTTGCTAGTAATCGCAGATCAGCATTG

AAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGC

2.1.1 I-SB-71

GTGCAATGGGGCTCTACCATGCAGTCGAACGATGAAGCCCTTCGGGGTGG
GGACAAGCCCTGGAAACGGGGTCTAATACCGGATACGACTGCGGGAGGCA
AGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCGGCT
GGCCCAAAAATTCCTAAAGGGAAGGCCAACAAGTGGGGAAATATTGAGAC
ATGAAAGGGCCCATTCGGAGTTGTAAAACCTTCATTTCAGCCAGGGAAAG
TACGTGCCCAGCAGCCAGCGGTAATTAAGTAGGGAGGCAAGCGTTGTTCC
TGTGAAAGCCCCGGGGCTTAAACCCCGGGTCTGCATCCGATACGGGCAGG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTAC
TAGTCCACGCCGTAAACGTTGGGAACTAGGTGTTGGCGACATTCCACGTC
CAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAAG
ACATATACCGGGAAAGCATCAGAGATTAGGTGACCCCCTTGTGGTATGTG
GGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCATGC
AAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAC
AATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCC

CGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAAC
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2.1.3 I-EHB-05

AGTAGAGTTTGATCATGACTCAGGACGAACGCTGGCGGCGTGCTTAACAC
GAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAAC
CTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTA
ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGG
GACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAGAGTGA
ATACGTAGGGCGCAAGCGTTGTCTCGGAATTATTGGGCGTAAAGAGCTCG
TGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCT
CGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGA
TGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAAGTGCC
GCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAA
TTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGA
GCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTC
TGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGTGAGGTG
ACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGT

GTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTTGAAGG

2.1.4 I-EHB-06

TGAGTTTGATCATGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATG
TAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGG
CGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTG
CTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
GGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAGAGTGACGG
ACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAG
AGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGT
ATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAAGCGTGGGGAGCGAAA
GTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAAGTGCCC
GCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAATCGCGAAGA
CTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTG
AGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTC CAACT
CTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGTGAGGT
GACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGG

GGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGAAGG
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2.1.5 |-EHB-18

AGTTTGATCATGGCGACGAACGCTGGGCGGCGTGCTTAACACATGCAAGT
CGTGGGCAATCTGCCCTGCACTCTGGGACAAAGCCCTGGAAACGGGGTCT
GGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTC
GACTGAGACACGACCCAGACTCCTACGGCAGGCAGCAGTGGGGAAATATT
TGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAGAGTG
GGTAATTACGTAGGGCGCAAGCGTTGTCCGGAAATATTGGGCGTAAGAGC
GTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATT
AGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAG
AGGTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAAGT
GGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAA
CCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCG
CCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAA
GGCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGTGAG
TCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGC

TCGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTTCG



2.2 Pairwise alignment of Streptomyces isolates

2.2.11-SB-38 and I-SB-71

I-56-38

I-56-71

I-56-38

I-5B-71

I-5B-38

I-S5B-T1

I-SB-38

I-SBE-T1

I-3B-38

I-3B-T1

I-3B-38

I-3B-71

I-SB=-38

I-SE-T71

I-SE-38

I-5B-71

I-5B-38

I-56-T71

I1-56-38

I-56-71

I-56-38

I-5B-71

I-5B6-38

I-SBE-71

I-SB-38

I-SB-T7T1

I-5B-38

I-5B-T1

I-5B-38

I-5B-71

37

47

a5

23

132

142

178

152

222

242

271

292

316

342

364

382

414

442

464

4832

514

s42

S64

s52

614

€42

664

692

———————— GITTGATCATGGCTICAGGAC—————-GRACGCTGGGCGECGT
A1 E e e | TEil-tad-0-1001-
TCARCTTAATTIT ——-——-RAGAGTCCGGCCCTICCGGRACCCAGTGEGECGE

GC-TTARCACATGCAAGTCAGARACCATAGRAGCCCCTICGLELET GoRA-
1 I O st R R R RN A R R A
GCATTATCA-ATGCATGTIC-TTAACGAT-GAACGCCCTIC-GEGGETGGAT

TTAGTGECGARCGEEETGAGTAACACGTGEGECARATCTGCCC-—-TTCACT
R R A R e R A RN T A REE
TTAGAGGCGAAC -GAGTGAGTAAAACGAGECCAAT CTAACCCATTACACT

CIGGG-ACAAGCCCTGE-ARACGEEET CTAATACCGGAT-ACGACT -GCG
{18 5 R R R O I O 6 O R |
CIGGETACAACCCCEEEAARACGEEETCTAATACCGGATAATGACTACCG

GEAGGCATCT--CCTGIGET GEGAAAGCT-COGGECGETGAR~-GEATGAG-
1 8 1 I R T 6 O I B
GEAGGCATICTTICCCTGEEGET GECAAAGCTCCCGECGET GAARGEEARAGAGT

CCCGCGGECCTA-TCAGCTTIGTITGGTI GEEGETAATGGCCTACCARGGCGACG
TR e PRy -t n et ennned
CCCGCGECCTATTICAGCTIGTIGGEGEEETARTGECCTACCARAGECGACE

ACGEGETAGCCGECCTGAGA=~-GEECEGACCGECCACAC--TGEEAC~-TGAG

I B T O U O 8 0 e
ACGGGTAGCCGGCCTGAGAAGGAGCGACCGGCCACACTITGGRACTIGAG

ACACGG-CCCAGACTCC-TACGGGAGGCAGCAGTGGGEAATATTGCACAR

LRRERE BRRnb-000 RRRRRRRL R R niieinnil
ACACGGTCCCAGAATCCTTACGGGAGGCAGCAGTGGGGRAATATTGCACAR

TGGGCARRAGCCTGATGCAGTCGACGCCGCGT GAGGGATGACGGCCTITCS

TEEER-PR R R RR Rt e e RERRRRRR RN R Rt
TGGGCEARAGCCTGATGCAAGCGACGCCGCGT GAAGGARGACGGLCTITCG

GGTTGTARACCTCITICAGCAGGGRAGRAGCGRRAGTGACGGTACCTIGCR

(R R AR RN RN RN
GETTGTARACCTCTITITCAGCAGGERARGRAGCGARAGTGACGGTACCTGCR

GAAGRRGCGCCGGCTARCTACGTI GCCAGCAGCCGCGGTAATACGTAGGSEE
R N R R R R RN RN RS
GAAGRAAGCCCCGECTARCTACGTIGCCAGCAGCCECGGTAATACGTIAGGEE

GCAAGCGITGICCCRAATTATTGEECETARAGAGCTCGTAGGCGECTTGT
(RN RN R AR RN R NN R RN NN
GCAAGCGITGICCGEARATTATTGGECETAAAGAGCTCGTAGGCGECTTGT

CACGICGGGTIGT GAAAGCCCGEGEECTTAACCCCGEETCTIGCATCCGATAC
TRRERR R R R e e e e b et bR ennnil
CACGICGGGT GTGAAAGCCCGEEECTTAACCCCGEGETCTIGCATCCGATAC

GEGCAGECTAGAGT GT GETAGGEGAGAT CGEARTT CCTGETGTAGCGLTIE
(R R N A A AR RN AR
GEGCAGGCTAGAGT GT GETAGGEGAGATCGEARTTCCTGETGTAGCGETIE

AARTGCGCAGATATCA-GEAGGAACACCEGET GECEARGECEEGATCTICTGG

RN RN R A RN RN AR AR NN R AR
AARTGCGCAGATAT CAGGGAGEAACACCGETGECGARGECEEATCTICTGS

72

38

a4

92
131
141
177
191
221
241
270
291

315

363
39
413
441
463
491
313
241

263

613
641
ae3
13- §
T1l2

741



I-5B-38

I-5B-71

I=-SB=-38

I-SB-T1

I-SB-38

I-SB-T1

I-5B-38

I-5B-71

I-5B-38

I-5B-71

I-5B-38

I-5B-71

I-5B-38

I-5B-T71

I-5B-38

I-SB-7T1

I-SB-38

I-5B-71

I-3B-38

I-5B=-T1

I-5B-38

I-3B=T1

I-SB-38

I-SB-71

I-5B-38

I-5B-71

I-SB-38

I-5B-T71

I-5B-38

I-5B-71

I-5B-38

I-5B-71

T13

T42

T63

911

937

861

857

1011

1037

1061

1087

1111

1137

1161

1187

1211

1237

12561

1287

1311

1337

1361

1337

1411

1437

1460

1487

GCCATTACTGACGCTGAGGAGCGARAGCGTGEEEGAGCGARCAGGATTAT

TTRRRRT R R R e e et e e penrien et nrnnnl
GCCATTACTGACGCTGAGGAGCGARAGCGT -GGEEGAGCGARCAGGATTA~

GATACCCT-GGETAGTICCACCCCCETAATACGTITGGGAACTAGGGT-GTIG

TR PRRRinn el 100t PReh-0ninenie-ner 1nil
GATACCCIGGGTAGTICCA-CGCCGIAA-ACGTGEGGAACTAAGGIGGETIG

GCGACATTICCACGTHGICGGIGCCECAGCTARCGCATTTARGITCCCCGC

B e B B e R R AR R
GCGACATTICCACGICGICGGGGCCGCAGCTARCGCA-TTARGTTICCCCGC

CIGGGGAGTACGGCCGCAAGGCTARARACTCARAGGAATTGRCGGGGGECCC

RN NN AR R RN AR NN AR
CIGGGGAGTACGGCCGCARGGCTARAACT CARRGEARTTGRCEGEGECCC

GCACRAGCRAGCGGAGCATGTGGCTITAATT CGACGCARCGCGARGARCCTT

I B R R RN
GCACAAGCAGCGGAGCATGTGGCTIAATT CGACGCARCGCRARGARCCTT

ACCRAGGCTTGACATATACCGGARAAGCAT CAGAGAT GETGCCCCCCTITGT

TRRRRR IR R R R R B R iR b i et nannil
ACCAAGGCTTGACATATACCGGAAAGCATCAGAGATGETGCCCCCCTITGT

GETCGETATACAGGIGETGCATGGCTIGICGICAGCTCGTGICGIGAGRTIG
R A A R RN RN
GETCGGETATACAGGIGETGCATGECTIGICGICAGCICGTGICGIGAGATG

TIGGEGITAAGTCCCGCARCGAGCGCAACCCTTGTCCTGTGTITGCCAGCAT

TRRER IR R bR E e R e e e e e ennunti
TIGGGTITAAGTCCCGCAACGAGCGCAACCCTTGTICCTGTGTITGCCAGCAT

GLCCTTCGGGET GATGEEEACT CACAGGAGACCGCCGEGETCAACTCGGA
RN N RN R E RN AR
GLCCTTICGEGET AT GEEEACT CACAGCAGACCGLCEEEETCAACTCGGA

GEAAGETGEGEEACGACGTCAAGT CATCAT GCCCCTTATGICTTIGEECTGC
TR TR R i r e b eneni
GEAAGGTGGGGACGACGTCARGT CATCAT GCCCCTTATGICTTIGEECTGC

ACRCGIGCTACART GGCCGGTACARAGAGCTGCGATGCCGCGAGGCEGAG

R RN AN RN R AR NRNAARRRE
ACACGTIGCTACART GGCCEETACARAGAGCTGCGATGCCEGCGAGGCEGAG

CERATCT CAARARAGCCGETICTCAGTITCGGATTGGEGTCTGCAACTCGACC

TREERR IR R R R e e e e i e e e e et
CEAATCTCAARRAGCCGGICTCAGITCGGATTIGGGGTCTGCAACTCGACC

CCATGAAGTCGGAGTTGCTAGTART CGCAGATCAGCATTGCTGCGGTGAR

R N RN RN RN RN AR RAREN AN RN
CCATGAAGTCGGAGTITGCTAGTAAT CGCAGATCAGCATTGCTGCGGTIGAR

TACGTTCCCGGECCTTGTACACACCGCCCGTCACGTCACGAAARTCGGTA
(R R R RN
TACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAARTCGGTA
ACACCCAARGCCGETGGCCCARCCCCT TATGGRAGGEAGCTT -GARGGGS
EN R RN NN N RN AR AN NN RN NN AR NN
ACACCCGARGCCGETGGCCCARCCCCTTATGGGAGGEAGCTTCEAAGGEN
SS— .

ACGGEGEEGEGEGECCC 1500

762

788

810

837

860

286

810

8936

260

5986

1010

1036

1060

10386

1110

1136

1160

1136

1210

1238

1260

1286

1310

1336

1360

1388

1410

1436

1458

1486

73



2.2.2 1-EHB-05 and I-EHB-06

I-EHB-03

I-EHB-0§&

I-EHB-03

I-EHB-0§

I-EHB-053

I-EHB-0§

I-EHB-03

I-EHB-0&

I-EHB-03

I-EHB-0§

I-EHB-05

I-EHB-0&

I-EHB-053

I-EHB-0§&

I-EHB-03

I-EHB-0&

I-EHB-03

I-EHB-0&

I-EHB-03

I-EHB-0§

I-EHB-03

I-EHB-0&

I-EHB-03

I-EHB-06&

I-EHB-03

I-EHB-0§

I-EHB-03

I-EHB-0§

I-EHB-03

I-EHB-0&

51

48

101

=]

131

148

248

301

298

331

348

401

398

451

448

soo

498

AGTAGAGTITTGATCATGACTCAGGRCGARCGCTIGGUGECGTIGCTITAACAC
Sterrrrrererrtat e r e et e e e e e e et
———-TGAGITTGRATCATGGCTCAGGACGARCGCTGGCGECGTIGCTITAACAT

ATGCRAGTCGARCGATGRAACCACTICGETGGGEATTAGTGECGRAACGGET

R R N R R R AR AN NN RE AR
ATGCARGTCGRACGATGRACCRCTTCGGT GGEEATTAGT GGCGRACEGET

GAGTRACACGIGEECAATCTGCCCTGCACTCTEGGACRAGCCCTIGEARAC

FLEETER e et bbbt b b e et ettt bbbt
GAGTARCACGTGEGCARATCTGOCCTGCACTCTGEGACARGCCCTGEARAC

GEEETCTAATACCGGATACGAGTCTCCARGGCAT CTTGGAGACTGTAALG
PEERTEL Rttt ettt v et e b et bbbttt
GEEETCTARTACCGGATACGAGTCTICCARAGGCAT CTITGGAGRCTGTARAG

CTCCGEECGETECAGGATGAGCCCGUGECCTATCAGCTTGTIGGTIGAGGTA
FLERTET R ettt bt bbb ettt bbbt bbbt
CTCCGEGECGETECAGGATGRAGCCCGUGECCTATCAGCTTGTIGEIGAGGTA

GTGECTCACCARGECEACGACGGETAGCCEGCCTGAGRAGGECGACCGGECC
FEOTTETEEI R R Er et et e e ettt ettt
GTGGECTCACCARGECEACGACGGETAGCCEGCCTGAGAGGECGACCEGECC

ACACTGGEGRACTGAGACACGECCCAGACTCCTACGGEAGECAGCAGTGEEGE
6 1 O O O O T
ACACTGEGACTGAGACACGECCCAGACTCCTACGGGAGGCAGCAGTGGEEE

ARTATTGCACRATGGECGARAGCCTGATGCAGCGACGCCGUGTEAGEGAT
PEELTEL e et et r e bbbt ettt bbbt bt
ARTATTGCACRATGGECGARAGCCTGATGCAGCGRACGOCGCGTEAGEGAT

GRCGGECCITCGGETITETARACCTCTTTCAGCAGGGAAGRAGCGAGAGTGA
FLEETEr et et et ettt ettt et ettt
GRCGGECCITCGEEITETARACCTCTTTCAGCAGGGAAGRAGCGAGAGTGA

CEETRACCIGCAGAR-GRAAGCECCEECTARCTACGTGCCAGCAGCCEOGET

I A B e B R R R R R N R NN N AR R
CEGETRCCTGCAGARTGARGCGCCEGCTRACTACGTGCCRGCAGCCGCGET

ARTRACGTAGGGECGCRAAGCGTIGTCTCGGRARTTATTGGGCGTARAGAGCTC

PrErrerrerrer ettt e Prer et bbb bbb et rerrend
ARTACGTAGGGCGCRAAGCETIGTC-CEGRAATTATTGGGCOGTARAGAGCTC

GTAGGCGECTIGTCACGTCGETTEGTGARAGCCCGGEECTTARCCCCEGET
FrErrerrerre ettt et et ettt e et ettt
GTAGGCGGECTIGTCACGTCGETTETGAARGCCCGGEECTTARCCCCEGET

CTGCAGTCGATRCGGECAGGCTAGAGTICGGTAGGEGAGATCGEAATTCC
R N R N R AR NN R
CTGCAGTCGATRACGEECAGGCTAGAGTTICGETAGGGGAGATCGEAATTCC

TGEGETGTAGCGETGARATGCGCAGATATCAGGAGGRACACCEGTEGCGRAG
FLEETEL e et bbb et et ettt bbbttt et
TEGTGTAGCGETGARATGCGCAGATATCAGGAGGRACACCEGGTEGCGRAG

GUGGEATCTICTGEECCEATACTGACGC TGRAGGAGCG-ARAGCGTEGEEGAGT
FrErrereetretr ettt ettt ettt PPt ert et
GUGGEATCTICTGEECCEATACTGACGC TGAGGAGCGARRAGCGTEEEGRET

74

30
47
100
a7
150

147

400
397
4350
447

4498

548
S4de
599
396
649
646
699
696
748

T46



I-EHB-03

I-EHB-06&

I-EHB-03

I-EHB-0§

I-EHB-05

I-EHB-0§

I-EHB-03

I-EHB-0&

I-EHE-035

I-EHB-0§

I-EHE-05

I-EHB-0§

I-EHB-053

I-EHE-0&

I-EHB-03

I-EHE-08&

I-EHB-03

I-EHE-08&

I-EHE-035

I-EHB-0§

I-EHE-05

I-EHB-0&

I-EHBE-035

I-EHE-08&

I-EHE-05

I-EHE-06&

I-EHE-05

I-EHE-06

I-EHB-03

I-EHE-06

I-EHE-05

I-EHE-06&

700

697

749

747

797

798

896

8945

946

89485

89%e

1045

1046

1085

10%e

1145

1146

1185

1196

1245

1248

1285

12%¢

1345

1346

1385

13%¢

1445

1445

GLGGEATCTCTGEECCGATACTGRACGCIGAGGAGCG-ARRGCGTEGEEGAGT
PEEET et ettt et ettt et Pttt et
GCGEATCTCTEGECCEATACTEGACGCTGAGGAGCGAARAGCGTEEEERAGT

G-ARCAGGGATTAGAT-ACCCIGGTAGTICCACGCCETARACGGETGEECAC
Porrte ternr it Pretr et et b b et bttt bttt
GRALCA-GGATTAGATALCCCTGGTAGTCCACGCCETARRCGGETGEGCAC

TAGETGTGEECGACATTCCACGTCGTCCGIGCCGCAGCTARCGCATTARG
FEETTEIT e et bbb e e e et e e et
TAGETGTGGEECGACATTCCACGTCGTCCGTGCCGCAGCTARCGCATTARG

TECCCCGECCTEGEEAGTACGGCCGC —AAGECTARARCTCARAGGALTTGA

PrErrerer et et ertetrer P ettt et eret
TECCCCECCTEEEGAGTACGGCCGCARAGECTARRACTCARAGGARTTGA

CEGEEECCCGCACARGCGECGEAGCATGTEGCTTART TOGRCGCAL—CGEE

FIELTELRE R ittt ettt bbb et ettt b
CEEEEECCCECACARGCGECGEAGCATGTGECTTAATTCGRACGCARTCGEC

GRAGAACCTTACCARGEGCTTGACATACACCEGARRRCTCTEEAGACAGEE

FEETTEIR I e bbbt et b bttt
GRAGRACCTTACCAAGGCTTGACATACACCGGRARRACTCTGGAGACAGES

TCCCCCTTGTIGETCGGETGTACAGGTGETGCATGGCTGTICGTCAGCTCGTG
581 T T I A 1 A O O
TCCCCCTTGTEGTCGETGTACAGGTGETGCATEGCTGTCGTCAGCTCGETG

TCGTGAGATGITGGEGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTG
PEELLTERR Rt e bttt et ettt bt
TCGTGAGATGTTGEGTTAAGTCCCGCARCEGAGCGCAACCCTTGTCCCOGTG

TIGCCAGCAGGCCCTTGTIGETGCTGGEGACTCACGEGAGACCGUCEGGEGET
PRt et et et ettt ettt et et
TTGCCAGCAGECCCTTGTGETGCTEGEEACTCACGEGAGACCGCCEGGEET

CAARCTCGGAGERAGGTEEEGACGACGTCARGTCATCATGCCCCTTATGTC
PLLLTEIR e it bt e bt bttt vt
CRACTCGEGAGGRAGGTGGEGACGACGTICARGTCATCATGCCCCTTATGTC

TTGEECTGCACACGTGCTACARTGGCCGGTACARTGAGCTEGCGATACCGET
FEELTEIR et et e b et et et et ettt ettt
TIGEECTGCACACGTGCTACRAATGGCCGGTACARTGAGCTGCGATACCGET

GAGSTGEAGCERATCTCARRRARGCCGETCTCAGTTCGEATTGEEETCTEE
FEEET e et et et e et et et et b et r et eend
GAGSTGEAGCERATCTCARRARGCCGETCTCAGTTCGEATTGEEETCTEE

ALRCTCGACCCCATGRAGTCGGAGTCGCTAGTARTCGCAGATCAGCATTGC

PLELT IR it e bt e bt bbbttt ettt
ALCTCGACCCCATGRAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGC

TECEETEAATACGTTCCCEEGCCTTGTACACACCGCCCGTCACGTCACGA

FLELTERR Rt ert e b bttt e et bt et et et
TECEETEAATACGTTCCCGEECCTTGTACACACCECCCGTCACGTCACGR

ALGTCGETAMCACCCGARGCCEETEGGCCCARCCCCTTGTGEGRAGEEAGCT
FEEET ettt et et ettt ettt eerreriel
ALGTCGETRAACARCCCGAAGCCEETGGCOCARCCCCTTGTGEGRGEEAGT -

TEARMGEE 1451
[
TEARGGEC 1451

75

748
Td6
T8¢
785
g84¢
845
8485
885
944
845
994
885
1044
1045
1054
1085
1144

1145

1345
1354
1385
1444

1444



2.2.31-EHB-05 and I-EHB-18

I-EHB-05

I-EHB-18

I-EHE-05

I-EHE-18

I-EHE-05

I-EHB-138

I-EHB-05

I-EHE-138

I-EHE-05

I-EHE-18

I-EHB-05

I-EHB-18

I-EHE-05

I-EHE-138

I-EHE-05

I-EAB-138

I-EHE-05

I-EHB-18

I-EHE-05

I-EHB-18

I-EHB-05

I-EHEB-18

I-EHB-05

I-EHE-18

I-EHB-05

I-EHE-18

I-EHB-05

I-EHE-18

I-EHE-05

I-EHB-18

50

42

100

8z

145

242

288

282

349

342

381

38z

441

442

482

537

541

587

580

637

640

687

&80

AGTAGAGTITIGATCATGACTCAGGACGRACGCT-GGCGGCGTGCTTAACA

0 PEEEerrerr ettt
————— AGTITIGATCATGGC-———-GACGRACGCTGGGCGECGTGCTTARCA

CATGCAAGTCGRARCGATGALCCACTTCGET GEGGATTAGT GGCGARCGEESE

R R N R R R R N RN RN REE
CATGCAAGTCGAACGATGRACCACTTCGGT GGGGATTAGT GGCGRRACGEE

IGAGTARACACGIGGECARTCTIGCCCTGCACTCTGGGAC-AAGCCCTIGEAR

LRt enninetenl
TGAGTRACACGIGEGCAATCTGCCCTGCACTCTGGGACARAGCCCTGRAR

ACGGGGTCTAATACCGEATACGAGTCTCCARGGCATCTIGGAGACTGTAL

TRRRERI R R e e e et
ACGGGGTCTAATACCGGATACGAGTCTCCARGGCATCTIGGAGACTGTAL

AGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTIGTIGGTIGAGE
R R R R R e A R RN RN

2 AGCTCCGGCGEGIGCAGGATGAGCCCGCGGCCTIATCAGCTIGTITIGGEIGAGE

TAGTGGCTCACCALGGCGACGRACGGGTAGCCGGCCTGAGAGGGCGACCGE

N R RN NN RN R AR RN
TAGTGGCTCACCALGECGACGACGGETAGCCGGCCTGAGAGGGCGACCGE

CCACACTGGGACTGAGACACGGCCCAGACT CCTACGEGAGGCAGCAGIGE

I T 1 B R B B e e e e R R R N R R N e RN R
CCACACTGGGACTGAGACACGACCCAGACTCCTACGGCAGGCAGCAGTIGE

GG-AATATT--—-———— GCACARTGGGECGRARAAGCCTGATGCAGCGACGCCE

I R R R RN RN R R R RE
GGAALTATTITITITGACACARATGGGCGRAAAGCCTGATGCAGCGACGCCG

COeIGAGGGEATGACGGCCTICGGGTTGTARACCTCTTTICAGCAGGGAAGAD

R R R RN AR AR AR
COeIGAGGGATGACGGCCTICGGGTIGTARACCTCTTITICAGCAGGGARGAD

GCGAGAGTGACGGTACCTGCAGRAGAAGCGCCGGCTRAAC-TACGTIGCC-A

1 O N O
GCGAGAGTGACGGTACCTGCAGRAGARGCGCCGGCTAACNTACGTGCCHA

GC-AGCCGCGGTAR-TACGTAGGGCGCAAGCGTTGTCTCGGARTTATTIGSE

1 O T e L T O O O B R AR
GCHAGCCGCGGTAATTACGTAGGGCGCAAGCGTTIGTC-CGGARATATTGE

GCGTARAGAGCTCGTAGGCGECTTIGICACGTICGGTIGTGARAGCCCGEEE

R RN A RN R RN AR RN
GCGT-AAGAGCTCGTAGGCGECTTGT CACGTCGGTTETGARRGCCCGEGE

CTTAACCCCGGETCTGCAGT CGATACGEECAGGCTAGAGTICGETAGEES

TRRRER Rt e e e ettt
CTTAACCCCGGETCTIGCAGT CGATACGEGCAGGCTAGAGTICGGTAGREESE

AGATCGGARATTCCTGGIGTAGCGGTGARATGCGCAGATATCAGGAGGALC

RN RN RN RN NN R RN R R
AGATCGGAATTCCTIGGIGIAGCGGTGRARATGCGCAGATATCAGGAGGRAC

ACCGETGECGRAAGGCGEAT CICTGGGCCGATACTGACGCTGAGGAGCGAR

PEERrErrre et e et et
ACCGGETGGCGRAGECGEAT CTCTGGGCCGATACTGACGCTGAGGAGCGAL

76

45
41
L]
01
148
141
1938

191

341
380
3ol

440

588
636
638
686
689
7386

738



I-EHE-05

I-EHE-18

I-EHE-05

I-EAB-18

I-EHE-05

I-EHE-18

I-EHB-0%

I-EAB-138

I-EHE-05

I-EHE-18

I-EHB-05

I-EHB-138

I-EHEBE-05

I-EHE-18

I-EHB-05

I-EHE-138

I-EHE-05

I-EHE-18

I-EHE-05

I-EHB-18

I-EHE-05

I-EHE-138

I-EHE-05

I-EHB-18

I-EHE-05

I-EHE-18

I-EHE-05

I-EHB-18

I-EHE-05

I-EHE-18

737

740

7886

788

2385

1034

1038

1086

1085

1134

1138

11386

1188

1238

1239

12356

1436

14389

AGCGIGEGGAGCGRAACAGGGATTAGATACCCTIGGTAGTICCACGCCGT AR

PERRRRERER el bbb i i i il i
AGCGTGGEGGAGCGAACA-GGATTAGATACCCTGGTAGI CCACGCCGTARR

ACGGIGEGCACTAGGIGIGGECGACATTCCACGICGTCCGTIGCCECAGCT

teeeeerereegeereerrerer et e e ereenl
ACGGIGEGCACTAGGTIGTIGEGCEACATTCCACGICGTCCGTIGCCGCAGET

ARCGCATTRAGTGCCCCGCCTGEGGAGTACGGCCGCAAGGCTARARCTCA

R R R R N AR RAN
RACGCATTAAGIGCCCCGCCTGEGEAGTACGGCCGCARGGCTARRACTCA

AAGGAATTGACGGGGGCCCGCACAAGCGECGGAGCATGTGGCTTAATTCG

N R R RN R
AAGGAATTGACGGEGGECCCGCACALGCGECGEAGCATGTGGCTTAATTCG

ACGCAACGCGRAGRACCTTACCRAGGCTTGACATACACCGGARRACTCTG

L N R N N N R R RN RN
ACGCRACGCGAAGRACCTTACCAAGGCTTGACATACACCGGRARACTCTG

GAGACAGGGTCCCCCITGTGGTCGGT GTACAGGT GETGCATGECTGICGT

R R N R N A RN RN RN N
GAGACAGGGTCCCCCITGIGGTCGET GTACAGGT GETGCATGGCTGTICGT

CAGCICGIGICGIGAGATGTITGEGITARGT CCCGCARCGAGCGCARCCCT

R R N N R RN RN AN R AR
CAGCTICGTGTCGTGAGATGTTGEGTITARGTCCCGCARCGRAGCGCAACCCT

TGICCCGTIGITGCCAGCAGGCCCTIGIGETGCTGGEGACTCACGGGAGAC

NN RN R NN RN RN NN RN
TGICCCGTGITGCCAGCAGGCCCTIGIGET GCTGGEGACTCACGGGAGAC

CGCCGGGGTCARCTCGGAGGRARAGGTGEGGACGACGICAAGTCATCATGCC

RN R R N R AR RN AR NN NN
CGCCGGGGTCAACTCGGAGGARGGT GGGGACGACGICARGT CATCATGCC

CCITATGTCTTIGGGCTGCACACGTGCTACAATGECCGETACARTGAGCTG

R R R R RN NN R R
CCTTATGTICTITGGGCTGCACACGTGCTACAATGGCCGETACARTGAGCTG

CGATACCGTGAGGTGGAGCGAATCTCARARAGCCGGTCTCAGTITCGGATT

PERRRRRRTR R e i b el
CGATACCGTGAGGTGGAGCGARTCTCARRARGCCGETCTCAGTTCGGATT

GEGEGEICTGCARCTCGACCCCATGAAGTCGAGTCGCTAGTAATCGCAGAT

PRRRRRR TRt eeinent
GEEGICTGCARCTCGACCCCATGALAGT CGGAGTCGCTAGTARTCGCAGAT
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Table 2.1 GenBank database for phylogenetic tree construction (16S ribosomal gene, partial

sequence)

GenBank database

Accession

Streptomyces sahachiroi strain NBRC 13928
Streptomyces cinerochromogenes strain MC10130
Streptomyces andamanensis sp. Nov 165
Streptomyces sp. TKO8330 165

Streptomyces krungchingensis sp. Nov
Streptomyces bikiniensis strain 13661V
Streptomyces venezuelae strain N258
Streptomyces tanashiensis strain CB00881
Streptomyces bikiniensis strain Ess_amA-1
Streptomyces azureus strain NBRC 12744
Streptomyces sp. el22

Streptomyces coeruleofuscus strain NRRL B-5417
Streptomyces coelicolor strain NBRC 12854
Streptomyces megasporus

Streptomyces caelestis strain AW9-9C
Streptomyces nashvillensis strain NBRC 13064
Streptomyces venezuelae strain N258
Streptomyces pseudogriseolus strain NRRL B-3288

Streptomyces castaneus strain NBRC 13670
Streptomyces rubiginosohelvolus strain CSSP731

Streptomyces violaceorectus strain NBRC 13102

Streptomyces sp.
Streptomyces sp.
Streptomyces sp.
Streptomyces sp.
Streptomyces sp.
Streptomyces sp.

eld
ed7
e59
€69
er5
e83

AB184548.1
AB968639.1
LC008305.1
AB973399.1
LC008304.1
EU741193.1
EU221352.1
HF935088.1
KF588366.1
NR112511.1
GQ351307.1
DQ026668.1
AB184196.1
Z68100.1
JX204833.1
NR041106.1
EU221352.1
NRO43835.1
AB184453.2
NR115443.1
NRO41114.1
GQ351299.1
GQ351300.1
GQ351301.1
GQ351302.1

GQ351303.1
GQ351304.1
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Table 2.1 GenBank database for phylogenetic tree construction (16S ribosomal gene, partial

sequence) (cont.)

GenBank Database Accession
Streptomyces sp. €110 GQ351305.1
Streptomyces sp. ell3 GQ351306.1
Streptomyces sp. el22 GQ351307.1
Streptomyces sp. MD7 GQ351308.1
Streptomyces sp. MD6 GQ351309.1
Streptomyces sp. Aol0 FJ490543.1
Streptomyces sp. SPB-074 EU798707.1
Streptomyces chiangmaiensis strain TA4-1 NR113180.1
Streptomyces lannensis strain TA4-8 NR113181.1
Candidatus Streptomyces philanthi biovar triangulum DQ375802.2

Escherichia coli J01859.1




Table 2.2 GenBank database of insect-associated Streptomyces
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Genbank database

Accession

Host

Reference

Streptomyces sp. eld
Streptomyces sp. ed7
Streptomyces sp. €59
Streptomyces sp. €69
Streptomyces sp. €75
Streptomyces sp. €83
Streptomyces sp. el110
Streptomyces sp. ell3
Streptomyces sp. el22
Streptomyces sp. MD7™
Streptomyces sp. MD6"
Streptomyces sp. Aol0

Streptomyces sp. SPB-074

S. chiangmaiensis strain

TA4-1
S. lannensis strain TA4-8

Candidatus Streptomyces

philanthi biovar triangulum

GQ351299.1
GQ351300.1
GQ351301.1
GQ351302.1
GQ351303.1
GQ351304.1
GQ351305.1
GQ351306.1
GQ351307.1
GQ351308.1
GQ351309.1

FJa90543.1

EUT98707.1

NR113180.1

NR113181.1

DQ375802.2

solitary wasp
solitary wasp
solitary wasp
solitary wasp
solitary wasp
solitary wasp
solitary wasp
solitary wasp
solitary wasp
solitary wasp

solitary wasp

leaf-cutting ant

southern pine

beetle

stingless bee

stingless bee

female European

beewolves

Poulsenet al.,, 2011
Poulsenet al.,, 2012
Poulsenet al., 2013
Poulsenet al., 2014
Poulsen et al., 2015
Poulsen et al., 2016
Poulsen et al., 2017
Poulsenet al., 2018
Poulsenet al., 2019
Poulsen et al., 2020
Poulsenet al., 2021
Haederet al., 2009

Oh et al., 2009

Promnuan et al.,, 2013

Promnuan et al., 2014

Kaltenpoth et al., 2006
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3. Effects of crude extracts on cell viability of pre-adipocyte like cell line 3T3-L1
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Figure 3.1 Effect of crude extracts from aqueous phase on cell viability of 3T3-L1 cell by
MTT assay. A: I-SB-38, B: I-SB-71, C: I-EHB-05, D: I-EHB-06 and E: I-EHB-18,

respectively
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Figure 3.2 Effect of crude extracts from solvent phase on cell viability of 3T3-L1 cell by
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