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ABSTRACT

A total of 100 actinomycetes isolated from sditsm four provinces
in southern Thailand were screened for their abilid produce antimicrobial
substances by cross streak and hyphal growth itfidmbtests against ten human
pathogensSaphylococcus aureus ATCC 25923, methicillin-resistan®aphylococcus
aureus SK1, Escherichia coli ATCC 25922 Pseudomonas aeruginosa ATCC 27853
Cryptococcus neoformans ATCC 90112 and ATCC 90118andida albicans ATCC
90028 and NCPF 3158jicrosporum gypseum andPenicillium marneffel clinical
isolates Eighty percents of the isolates showed antimi@loactivity against at least
one test microorganism. Among them, 8% exhibitddctige antibacterial activity,
32% had only antifungal activity and 40% displayexdh antibacterial and antifungal
activities. For antibacterial activity, 40% of saittinomycetes inhibited both strains
of S aureus and only 9 and 5% inhibitedE. coli andP. aeruginosa, respectively. For
antifungal activity, 49, 41, 30 and 2l1W%hibited C. neoformans, P. marneffei,
C. albicans and M. gypseum, respectively. Forty-six active isolates that shdwe
inhibition zone over 25 mm and hyphal growth inhdn over 80% were selected and
cultured in Yeast Malt Extract (YME) broth for eattion of bioactive compound.
Crude extracts were then tested for their minimaihitory concentrations (MICs),
minimal bactericidal concentratiof®BCs) and minimal fungicidal concentrations
(MFCs) by colorimetric broth microdilution methods. Ninegxtracts out of 138
extracts (65%) from 46 actinomycete isolates (100%gre inhibitory with
MIC/MBC-MFC in the range 0f0.5-200/2->200 pg/ml. The extracts were more
effective against bacteria than fungi. Crude hexexteact from the cells of ACK21

Vii



(ACK21CH) exhibited the strongest antibacteriahaiyt againstS. aureus and MRSA
with MIC/MBC 0.5/4 and 0.5/8 pug/ml, respectivelifoved by crude ethyl acetate
extract from the cells of ACK20 (ACK20CE) agairStaureus and MRSA with
MIC/MBC 2/8 and 0.5/2 pg/ml, respectively. In adult, ACK21CH also showed the
strongest activity againsC. albicans NCPF 3153 (MIC/MFC 4/128 pg/mj.
Furthermore scanning electron microscopic studywsido that ACK21CH and
ACK20CE strongly destroye®&. aureus cells causing cytoplasm leakage and cell
death. The effects of agitation, temperature afteéairpH of culture medium on the
production of antimicrobial metabolites by the &eks ACK21 and ACK20 were
investigated. The optimum condition for ACK21 wdsserved at the static condition,
pH7 and temperature 3D and ACK20 at the static condition, pH6 and 7 and
temperature 2& Assayed against both strainsSfaureus. Based on morphological
characteristics and 16S rDNA analysis, ACK21 wasnidied asStreptomyces sp. and
ACK20 asAmycolatopsis echigonensis.
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THE RELEVANCE OF THE RESEARCH WORK TO THAILAND

Clinically-important bacteria, such as Saphylococcus aureus, are
becomingresistantto commonly used antibiotics. Nowadays,new resistantstrains
emergemore quickly while the rate of discoveryof new antibioticsis slowing down.
Because of this, many scientists have focused on screening programs of
microorganisms,primarily of actinomycetesfor their potential to producenew
antibiotics against resistant straifdany of actinomycetes are known to have the
capacity to synthesize bioactive secondary metsolespecially antibiotics. Almost
80% of the world’s antibiotics are known to comariractinomycetes, mostly from
the gener&reptomyces andMicromonospora. Over50 differentantibioticshavebeen
isolated from Streptomyces sp. The purpose of this research aimed to isolate
actinomycetes from soils and test for their abildyproduce antimicrobial substances
against human pathogens. In this study, crude le@atmact from the cells of ACK21
(ACK21CH) exhibited the strongest antibacterialivaigt against S. aureus and
methicillin-resistantS. aureus (MRSA) with MIC/MBC 0.5/4 and 0.5/8 pg/ml,
respectively followed by the ethyl acetate extrdim the cells of ACK20
(ACK20CE) againstS. aureus and MRSA with MIC/MBC 2/8 pg/ml, 0.5/2 pg/ml,
respectively which were comparable to vancomycinGMN.5-1 pg/ml). In addition,
scanning electron microscopic study showed that 2CBH and ACK20CE strongly
destroyedS. aureus cells causing cytoplasm leakage and cell dedtie culture
conditions of both strains on the production ofirardrobial metabolites were also
investigated. These two strains are a good soureatdacterial agents. They were
identified based on morphological characteristicd the analysis of 16S rDNA to be
Amycolatopsis echigonensis ACK20 andStreptomyces sp. ACK21. The isolation of
active compounds and their structural elucidatioe ander investigation by the
chemists. The mechanisms of action of bioactive pmumds from ACK21 and
ACK20 will be investigated.
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CHAPTER 1

INTRODUCTION

1.1 Background and rationale

Infectious diseases caused by drug-resistant feced fungi are a
major worldwide problem (Alanis, 2005). There is\@ed to find new antimicrobial
agents to combat them. Actinomycetes are an impiostaurce of bioactive substances
thatare important for both medical and economic valpesticularly in biotechnology
(Mitchell et al., 2004). About two-thirds of antibiotics are froactinomycetes
(Takizawa et al., 1993), most of which were produced by varidiiseptomyces
species. This group of bacteria is interesting beeat has complex life cycle amg
members are antibiotic producers with a number of species éidedn and Buttner,
1999; Chater, 2001; Bentlex al., 2002; Willeyet al., 2006; Nguyeret al., 2007).
Many commercially available antibiotics are prodiid®y Streptomyces spp. such as
the antibacterial agents chloramphenicol, clindamyerythromycin, imipenem,
streptomycin, tetracycline as well as antifungaérdg amphotericin B and nystatin
(Todar,2012). Other bioactive compounds include anti-cancenmaunds such as
echinosporin (Morimoto and Imai, 1985) and limod@ngcan immunosuppressive
agent, rapamycin, an insecticide macrolide compo{awermectin), and herbicides
(phosphinothricin) are also produced Siyeptomyces spp. (Goodfellowet al., 1988).
Ruan (1994) reported that about 1,000 of the rpeeiss of actinomycetes including
Micromonospora 400 speciesNocardia 270 speciesActinomadura 170 species,
Actinoplanes 150 speciesSaccharopolyspora 50 species an&treptosporangium 40
species produced antibiotics. The commercial pridoilicof antibiotics from rare
actinomycetes such as the rifamycins produced Alycolatopsis mediterrane,
erythromycin produced bysaccharopolyspora erythraea, teicoplanin produced by
Actinoplanes teichomymyceticus, and gentamicin and vancomycin frakmycolatopsis



orientalis and Micromonospora purpurea, respectively have also been reported
(Lazzariniet al., 2000). However, in the last 20 years, the ratedisfovery of new
antibiotics from various sources have declined evthie demand for antibiotics for the
treatment of drug resistant pathogens and oppatiardiseases in AIDS patients and
patients with organ transplantation is increasithghe time. Thus, seeking sources of
new types of antibiotics is important and necesg&chumacheet al., 2003) and
actinomycetes are still probably the most intengssource. Screening programmes
for antimicrobial agents from actinomycetes ardl &iirly common and one new
biologically active agent (resistoflavinkas recently been isolated frd@ireptomyces
chibaensis AUBN1/7. This compound showed a potent cytotoxic activity against cell
lines viz. HMO2 (gastric adenocarcinoma) and HeRi&patic carcinoma)Gorajana

et al., 2007)and showed both antibacterial and antifungal agtiArasuet al., 2008,
Yadav et al., 2009, Duraipandiyaset al., 2010, Aouicheet al., 2012, Dasariet al.,
2012)

1.2 Review of theliterature

1.2.1 Theimportance of antibiotics

Antibiotics are substances normally of low molecwaightcapable of
inhibiting or slowing the growth of pathogenic nuorganisms. They are often
secondary metabolite produced by microorganismssaeth to have no definite role
in the growth of the cell source. Microorganismeduce antibiotics normally during
their late log phase of growth until their statipnphase. One of their key benefits to
the source organism is said to be their ability inbibit the growth of other
microorganisms growing in the same environment @&ure hence providing the
source with a competitive advantage. Antibioticducing microorganisms can then
compete with others and survive in nature for gltime (Onlamoon, 2008)



1.2.2 The sour ce of bioactive compound.

1.2.2.1 Bioactive compound from chemical synthesis

Antimicrobial compounds obtained from chemical bgsis are fewer
in number than antibiotics from biological sourc&erhaps the best examples of
antimicrobial agent from chemical synthesis aresthiéonamides (Figuréa), the first
antimicrobial agent synthesized in 1930. In 196didnac acid, a quinolone
antimicrobial drug derived from chloroquine was cdigered. After that many
analogues have been synthesized and fluoroquinoldeevatives such as
ciprofloxacin (Figure 1b) have been successfullyetigped. In 1979, a synthetic
substance oxazolidinone was synthesized and limk{6igure 1c) was the first
commercially available 1,3-oxazolidinone antibioti@lunt et al., 2005). It is very
effective against Gram-positive bacteria includidgug resistant strains such as

methicillin-resistan&aphyl ococcus aureus (MRSA).

e QD\? | O

Sulfamethoxazole Ciprofloxacin Linezolid

(a) b (c)

Figure 1 Chemical structures of sulfamethoxazole (a), dipxacin (b),
and linezolid (c).
Sour ce: Bluntet al. (2005)

1.2.2.2 Bioactive compound from natural sources

Natural sources of biologically important compoundse plants,
animals and microorganisms. The use of plant bieaatompounds as therapeutic
drugs has developed over a long time from such wasnas aspirin, morphine and
quinine (Figure 2), etc. Natural products derivezhf animals such as clarhamnoside



produced byAgelas clathorodes (sponge), carijenone produced Ggrijoa multiflora
(coral), and violatinctamine produced Bystodytes violatinctus (sea squirt). Recently,
many studies have focused on natural products fnoamine organisms including
microorganisms for the active ingredients of neweali@oments in anticancer drugs. In
2009, approximately 1000 new compounds with biaabiactivities were isolated
(Blunt et al., 2005).

/
Hal N
HO,
COH MeO N
NMe

/

OAc N
Aspirin Morphine Quinine

(a) (b) (c)

Clarhamnoside Carijenone

@ (e)

OH
Violatinctamine

(9]

Figure2 Chemical structures of aspirin (a), morphine ¢piinine (c), clarhamnoside
(d), carijenone (e) and violatinctamine (f)
Source: Bluntet al. (2005)



1.2.2.2.1 Antimicrobial substances produced by fungi

Fungi are a good source of antibitoics. Antibiogreduced by fungi
are such as penicillin, the first antibiotic proddcby Penicillium notatum that can
inhibit the growth of a wide range of bacteria, l@psporin produced by
Cephalosporium spp., fusidic acid produced IByusidium coccineum and cyclosporine
A produced byfrichoderma polysporum, etc (Onlamoon, 2008).

1.2.2.2.2 Antimicrobial substances produced by bacteria.
1.2.2.2.2.1 Gram-negative bacteria.

Gram-negative bacteria idohg a number ofPseudomonas spp.
produce antibiotics such as mupiracin, pirrolniimd sulfazecin whil®yxobacteria
can produce althiomycin, pyrrolnitrin, ambruticggrangicin A and B, etc (Onlamoon,
2008).

1.2.2.2.2.2 Gram-positive bacteria

The Gram-positive bacteria that can produce arttdsioinclude the
majority of Bacillus such asB. licheniformis (bacitracin),B. polymyxa (polymyxin)
etc. However, the Gram-positive bacteria group ofinamycetes is the most
important one for the production of antibioticsh#ts been reported that approximately
75 % of antibiotics are derived from actinomycetsslated from soil, such as
Nocardia lactamdurans produce nocardicin, rifamycins, and ristocetin. &xamples
of antibiotics from Streptomycetes such as actin@mip, echinomycin, sporaviridin
Al, filipin, enterocin, maltophilin and pyridinddloetc., and antibiotics from
Micromonospora found both on land and sea, such as the BU-4664d a
Ikarugamycin etc (Onlamoon, 2008).

A number of bioactive natural products producednfigroorganisms

are shown in Table 1.



Table 1 Approximate number of bioactive microbial naturedgucts (2002)

according to their producers

Source Antibiotic Other Total Practically used I nactive
bioactive bioactive (in human metabolites
metabolites  metabolites therapy)
Bacteria 2900 900 3800 10-12 (8-10) 3000 - 5000
Actinomycetales 8700 1400 10100 100-120 (70~75) 05QmD000
Fungi 4900 3700 8600 30-35 (13-15) 2000 - 15000
Total 16500 6000 22500 140-160 (~100) 20000 - 25000

Source: Berdy(2005)

Actinomycetes are the most widely distributed gupof
microorganism in nature. They are a large partefrhicrobial population of the soil
(Oskay et al., 2004). Among actinomycete§reptomyces is the dominant genus.
About 90% of the actinomycetes isolated from sah de assigned to the genus
Streptomyces (Paul and Clark, 1989).

Obviously various actinomycetales, in particulae t8reptomyces
species and filamentous fungi, and to a lessemesiveral bacterial species are the
most noteworthy producers both in respect of nusjbeersatility and diversity of
structures of the produced metabolites. The siganiite and frequency of these main
types of microoganisms as producers of bioactiveabwites had varied significantly
during the last decades. In the beginning of thé@ic era, antibiotics from fungal
sources (penicillin, griseofulvin) and bacteriaafgicidin) were in the foreground of
interest, but after the discovery of streptomycind alater chloramphenicol,
tetracyclines and macrolides the attention turreethe Sreptomyces species. In the
fifties and sixties the majority (70%) of antibicdi were discovered from these

species. In the next two decades the significan€ethe nonSreptomyces



actinomycetales species (rare actinos) increagseduping up to a 25-30% share of all

known antibiotics (Figure 3).
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Figure 3 Distribution of the discovered antibiotics accoglio their origin.
Source: Berdy(2005)



From the early nineties the number of bioactive goumds isolated
from various filamentous and other microorganismd aigher fungal species had
continuously increased up to more than 50% byuheaf the millennium (2000). The
interest in bacteria in recent years had only #igimcreased. However, 45% of the
presently known bioactive metabolites, from over,000 compounds were still
isolated from various actinomycetales species, 8% Sreptomyces and 11% from
the rare actinos. The most frequent producers3ti@ptomyces species produce 7,600
compounds (74% of all actinomycetales), while tlaeeractinos represent 26%,
altogether 2,500 compounds. The representatioarefactinos products in 1970 was
only 5%. In this group Micromonospora, Actinomadura, Sreptoverticillium,
Actinoplanes, Nocardia, Saccharopolyspora and Streptosporangium species were the
most frequent producers, each produces severakédsmaf antibiotics. The numbers
of actinomycetales species, including the all mrtnos, known to produce bioactive

metabolites, are summarized in Table 2.

Table 2 Number of actinomycetales species producing bieactiicrobial metabolites

Actinomycetales No. of Actinomycetales No. of
species species
Streptomycetaceae: Thermomonospor aceae:
Sreptomyces ~8000 Actinomadura 345
Sreptoverticillium 258 Saccharothrix 68
Kitasatosporia 37 Micraobispora 54
Chainia 30 Actinosynnema 51
Microellobosporia 11 Nocardiopsis 41
Nocardioides 9 Microtetraspora/Nonomuria 26/21
Thermomonospora 19
M icr omonospor aceae: Micropolyspora/Faenia 13/3
(Actinoplanetes) Thermoactinomyces 14
Micromonospora 740 Thermopolyspora 1
Actinoplanes 248 Thermoactinopol yspora 1
Dactyl osporangium 58




Table 2 (Cont.) Number of actinomycetales species producing

bieactmicrobial

metabolites
Actinomycetales No. of Actinomycetales No. of
species species

M icr omonospor aceae: Mycobacteriaceae:

(Actinoplanetes) (Actinobacteria)

Ampullariella 9 Nocardia 357
Glycomyces 2 Mycobacterium 57
Catenuloplanes 3 Arthrobacter 25
Catellatospora 1 Brevibacterium 17

Proactinomyces 14

Pseudonocar diaceae: Rhodococcus 13
Saccharopolyspora 131 Other (unclassified) species:

Amycal otopsis/Nocardia 120/357 Actinosporangium 30
Kibdellosporangium 34 Microellobosporia 11
Pseudonocardia 27 Frankia 7
Amycolata 12 Westerdykella 6
Saccharomonospora 2 Kitasatoa 5
Actinopolyspora 1 Synnenomyces 4

Sebekia 3

Streptospor angiaceae: (Maduromycete) Elaktomyces 3

Excelsospora 3
Sreptosporangium 79 Waksmania 3
Sreptoalloteichus 48 Alkalomyces 1
Spirillospora 11 Catellatospora 1
Planobispora 10 Erythrosporangium 1
Kutzneria 4 Sreptoplanospora 1
Planomonospora 2 Microechinospora 1

Salinospora 1

Source: Berdy(2005)
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In the light of our accumulated knowledge and fretattistical data, the
potency of theStreptomyces species should not be underestimated. Their dgptaci
produce promising new compounds will certainly lbsurpassed for a long time and
they still have been producing the majority of #ribiotics used in chemotherapy
(Berdy, 2005). Many investigators are still looking for néwactive compounds from
Streptomyces spp. and have recently found that particuBareptomyces spp can
produce antibacterial activities againSt aureus, MRSA, vancomycin-resistant
S aureus (VRSA), B. subtilis, S. epidermidis, Enterococcus faecalis, Micrococcus
luteus, E. coli, P. aeruginosa, Klebsiella sp. (Arasuet al., 2008; Selvameenat al.,
2009; Yadawt al., 2009; Duraipandiyast al., 2010; Aouichest al., 2012; Dasaret
al., 2012).

1.2.2.2.3 Bioactive substances from actinomycetes
1.2.2.2.3.1 Antimicrobial substances from actinomycetes

Actinomycetes especially the genstseptomyces are a good source of
antibiotics (Table 3). The most common antibiotisgd to treat infections are from
actinomycetes (45%), followed by fungi (38%) antievtbacteria (17%). Although
there are many commercially available antibiotitsgre is a need to find new
antimicrobial substances because of the probledirud resistance. In Table 4 there
are examples of studies for the screening of asttbproducing actinomycetes and

their antimicrobial compounds since the year 2000.
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Table 3 Some antibiotics produced Breptomyces spp. and their properties

Antibiotic Source Spectrum Mode of action
Inactivate
AmphotericinB S. nodosus Fungi membranes
containing sterol
Gram-positive and Inhibits protein
Chloramphenico| S venezuelae Gram-negative synthesis
bacteria (translation step)
Gram-positive and Inhibits protein
Chlortetracycling S aureofaciens | Gram-negative synthesis

bacteria and rickettsias (translation step)

Gram-positive and
Gram-negative

bacteria esp. anaerobic
Bacteroides

Inhibits protein
synthesis
(translation step)

Clindamycin S lincolnensis

Gram-positive
bacteria, Gram-
negative bacteria not
entericsNeisseria,

Inhibits protein
synthesis
(translation step)

Erythromycin S erythraeus

Legionella,
Mycoplasma
Inhibits steps in cel
Gram-positive and wall
Imipenem S cattleya Gram-negative (peptidoglycan)
bacteria synthesis and
murein assembly
Inactivate
Nystatin S noursel Fungi Candida) membranes
containing sterols
Gram-positive and Inhibits

Gram-negative L
transcription

Rifampicin S mediterranel | bacteria, . (bacterial RNA
Mycobacterium lymerase)
tuberculosis Poly
Gram-positive and Inhibits protein

Streptomycin S griseus Gram-negative synthesis
bacteria (translation step)
Gram-positive and Inhibits protein

Tetracycline S viridifaciens | Gram-negative synthesis

bacteria, Rickettsias | (translation step)

Source: Todar (2012)
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Table 4 Bioactive substances from actinomycetes with antds&al and antifungal

activities

I nvestigator

Actinomycetes

Substances produced/activity

Actinomycetes

Lorneamides A and B, a new type of aromatic

aminde compound belongs to tri-alkyl-

Caponet al., _
2000 species MST- substituted benzenes.
MA 190 Lorneamides A can inhibit the growth of
B. subtilis (LDgg 50.0ug/ml).
Lactone metabolites comprising 3 butanomide
Choet al.. and 3-hydroxy-Y-butyrolactones.
2001 Streptomyces sp. | - 3-hydroxy-Y-butyrolactones (50@/disk) can
inhibit the growth ofC. albicans with an
inhibition zone of 19.0 mm.
Schumacher| Nocardiopsis Kahakamides A anB
etal., 2001 dassonvillel Kahakamide A can inhibB. subtilis.
Heterologous protein consisting of 3 units @& tk
SAP1, SAP2, and SAP3
Wooet al., | Sreptomyces sp. | - This protein could inhibit the growth Bfythium
2002 strain AP77 porphyrae the disease red rot in seaweed
Porphyra spp. (MIC of 1.65ug/disk) and
Pythium ultimum (MIC of 6.3 ug/disk).
Bonactin from culture filtrate
Bonactin can inhibit the growth 8&cillus
Schumacher| Streptomyces sp. megaterium, M. luteus, Klebsiella pneumoniae,
etal., 2003 | strain BD21-2 S aureus, Alcaligenes faecalis, E. coli and

Saccharomyces cerevisiae with inhibition zones

in the range 7-10 mm.

S
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Table 4 (cont.) Bioactive substances from actinomycetes with actidrial and

antifungal activities

Investigator | Actinomycetes Substances produced/activity
Two new caprolactones: (R)-10-methyl-6-
undecanolide and (6R, 10S)-10-methyl-6-
. dodecanolide.
Stritzkeet | Streptomyces sp. N S
) Caprolactones have the ability to inhibit the
al., 2004 strain B6007 o
growth of Streptomyces viridochromogenes, S
aureus, Mucor miehei, andC. albicans. No
activity against. coli andB. subtilis.
- Extract F5 can inhib®. aureus, B. subtilisand
. E. faecalis with MIC values of 0.58, 0.29 and
) Actinomycetes . o
Sae-lim, 0.29ug/ml, respectively. F5.2 extract inhibiteg
CNAO053C . . _
2005 _ S aureus, B. subtilis, E. faecalis, P. aeruginosa,
isolated from sea ) o
_ _ S typhi andS sonnei, with MIC values of 0.58,
in Thailand.
0.146, 0.29, 9.38, 150 and 3p@/ml,
respectively.
Sinahet &l Sreptomyces | - Broad spetrun®reptomyces spp. (12 isolates)
Inghet al., . N - .
2006 spp. isolated inhibited B. subtilis, S. aureus, E. coli and
from soil in India Fusarium moniliforme.
- Actinomycete$4 isolates inhibite&.coli, S.
_ aureus, C. utilisandAspergillus niger. 52% of
Parungaet | Micromonospora ) _
) actinomycetes had antt coli, S aureus, C.
al.,, 2007 | isolated form sea . . o '
utilisand 13% had antifungal activity against
A. niger.
- ERI-26 showed activity against bacteria such
B. subtilis, S aureus, S. epidermidis, E. faecalis
Arasuet al., Sreptomyces and fungi such aS. albicans, A. niger andA.
2008 spp. ERI-26 flavus.

- MIC of ERI-26 agains$. epidermidis was 375

pug/ml and againgt. albicans was 50Qug/ml

as
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Table 4 (cont.) Bioactive substances from actinomycetes with actidrial and
antifungal activities

I nvestigator Actinomycetes Substances produced/inhibition.
- Isolate CPI 1®roduced antiK. pneumonia
_ _ with an inhibition zone of 65.94 mm and
Gandhimathi| Streptomyces sp. o o
extract from CPI 13 inhibite@. tropicalis
et al., 2008 .
with MIC and MFC values of 10 and 12.5
ug/ml, respectively.
- Crude ethyl acetate extracts lzadifungal
activity againsCryptococcus neoformans with
Sreptomyces spp. .
Sawasdee, . MIC values in the range of 2-128 and 1-32
from soils from . _
2008 _ ug/ml, respectively and againStaureus and
Thailand. _
MRSA with MIC values of 128 and 2Q@/ml.
No extracts inhibited. coli, P. aeruginosa
andC. albicans.
- Strain A, Az, As inhibitedGram-positive and
Manjulaet Actinomycetes Gram-negative bacteria. The immobilized
al., 2009 isolated from soil|  microorganisms were more effective than th
free cell.
Selvameenal  Streptomyces - Production of anti-MRSA, VRSA:. coli, P.
etal., 2009 hygroscopicus aeruginosa, Klebsiella sp.
Strains A160, A161 and A164 inhibited
growth of the Gram-positive bacteri,
Sreptomyces subtilis, S aureus andM. luteus as well as
Yadavet al., | isolated from soil few fungal pathogeng. niger, A. flavus, C.
2009 from Bay of albicans, F. semitectum, Rhizoctonia solani
Bengal, India andBotrytis cinera.

A161 inhibited the growth of the Gram-

negative bacteria
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Table 4 (cont.) Bioactive substances from actinomycetes with actidrial and
antifungal activities

I nvestigator

Actinomycetes

Substances produced/inhibition.

Duraipandiyan
etal., 2010

Actinomycetes from

soil of Himalaya

ERIH-44 showed both antibacterial and
antifungal activities.

The antimicrobial activity was tested
against bacteria and fungi, and showed
following MIC values:B. subtilis
(<15.62ug/ml), S. aureus (<15.62
pug/ml), E. coli (125pg/ml) andP.
aeruginosa (500ug/ml), B. cinerea (500
ug/ml) andTrichophyton
mentagrophytes (1000ug/ml).

Aouicheet al .,
2012

Sreptomyces sp.
PAL111

Isolate PAL111 showed a strong
activity againstC. albicans, filamentous
fungi, Gram-positive and Gram-negative
bacteria. The MIC were observed
between 2 and 2(g/ml for yeast, 10
and 50ug/ml for filamentous fungi,
2and 10ug/ml for Gram-positive and 20
and 75ug/ml for Gram-negative

bacteria.
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1.2.2.2.3.2 Substances that inhibit the growth of cancer cells

In addition to the ability to produce antimicrobgibstances, actinomycetes

can also produce substances capable of inhibiie@gtowth of cancer cells and also

chemicals with antioxidant property as shown inl&&h

Table 5 Bioactive substances from actinomycetes that inthke growth of cancer

cells

I nvestigator

Actinomycetes

Substances produced/inhibition.

Hardtet al .,
2000

Actinomycetes
strain CNH-099

- A new substance neomarinone and 3

derivatives: isomarinone,

hydroxydebromomarinone and
methoxydebromomarinone inhibited the
growth of colon cancer cells (HCT-116

colon carcinoma) with 163 of 8.0ug/ml.

Wooet al., 2002

Sreptomyces sp.
strain AP77

- The heterologous protein consisting of

SAP1, SAP2, and SAP3 were toxic to
Porphyra yezoensis at concentrations
greater than 700.@g/ml in 24 hours and
toxic to dermal fibroblasts at the

concentration of 250.0g/ml in 12 hours.

Shinet al., 2003

Nocardioforms

- MKN-349A a new type of cyclic tetr
peptide inhibited the growth of canc
cells (leukemia cell line K-562) with a
LCsp of less than 0.0pg/ml.

Mitchell et al.,
2004

Sreptomyces

aureoverticillatus

Aureoverticillactam inhibited the growt

of cancer cells: HT-29, B16-F10, Jurk

cells with an EGy of 3.6£2.6, 2.2+0.9
and 2.3+1.1M, respectively.

A\1”4

er

h

at
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Table5 (Cont.) Bioactive substances from actinomycetes that ihtlie growth of

cancer cells

Investigator Actinomycetes Substances produced/inhibition.

- Cytotoxic compound of DVR D4, which
was identified as 1(10-aminidecyl)
pyridinium salt antibiotic.

. _ - The compound showed potent cytotoxic
Dasariet al., Amycolatopsis alba

2012 var. nov. DVR D4

activity against cancer cell line of cervix
(HeLa), breast (MCF7) and brain (U87
MG) and exhibited antibacterial activities
against Gram-positive and Gram-

negative bacteria.

ACTO1 and ACTO02 showed the &
value with 10.13+0.92 and 22.34+5.82
ug/ml, respectively for MCF-7 cell line
at 48 h, and ACTO1 showed the
minimum level of 1G, value
(18.54+2.49ug/ml) with MDA-MB-231

cell line.

Ravikumaret Actinomycetes
al., 2012 isolates
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1.2.3 Characteristic of actinomycetes

Actinomycetes are Gram-positive bacteria in  the Ilyny
Actinobacteria, class Actinobacteria, and orderifamhycetales (Miyadoh, 1997).
They have been placed in a group of bacteria dimeg have no nuclear membrane
and mitochondria (Goodfellow and Brand, 1980). They classified as true bacteria
because their major cell wall components contayersof peptidoglycan muramic
acid, diaminopimeric acid but no chitin and celkdo Actinomycetes have a
filamentous and branching growth pattern resultingan extensive colony or
mycelium (aerial mycelium and substrate myceliulje mycelium in some species
may break apart to form rod- or coccoid-shaped $ofhany genera also form spores;
the sporangia, or spore chain may be found onldesmnae, on the colony surface, or
free within the environment. Most members are aesobut a few, such as
Actinomyces israelii, can grow under anaerobic conditions. Morpholdgica
characteristics are important for the classifiaatad actinomycetes in the Family to
the Genus levels. In addition, chemotaxonomy ssctha@ analysis of amino acids and
type of sugar, key components of the cell wallls® amportant in their classification.
The analyses of 16S and 23S ribosomal RNA geneledpéul in identification in the
species level. Another important characteristiacfnomycetes is the high percentage
ratio of guanine and cytosine in DNA (>55%), whdéher Gram-positive bacteria
such asBacillus, Clostridium, Saphylococcus and Streptococcus are less than 50,
(Glazer and Nikaido, 1994).
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Streptomycetes are the most widely studied and kvedlvn genus of
the actinomycete family. Their life cycle shown kgure 4 starts from spore
germination and growth of the substrate myceliummbs&ate mycelium utilizes
nutrients in the medium for growth and developa@ial mycelium. After maturation,
aerial mycelium develops spores. In most actino@g;esecondary metabolites are

produced during the sporulation phase.
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Figure 4 The life cycle of actinomycetes.
Sour ce: Thong-Oon (2008).

The growth of actinomycetes on the solid (surfadéuce) and in liquid
(submerged culture) culture media has differentasttaristics. In liquid medium cells
grow as a group of mycelium, called pellets, butmsoactinomycetes, such as
Nocardia coralline when grown in liquid culture medium with shakingcbme rod
shaped and can multiply by binary fission and fragtation, while the growth on the
agar surface with the same components as the limedium is produced in a
filamentous form with branching mycelium and fragnation when aging (Thong-
Oon, 2008).
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1.2.3.1 The morphology of the actinomycetes
1.2.3.1.1 The mycelial structure (Vobis, 1997)

The mycelium of actinomycetés similar to fungi but smaller, 0.4 to 112 in
size and septate with branching at the end of each mwyunelThe ultrastructure of
actinomycetes is not fundamentally different fromacteria (Figure5). The main
structures in the mycelium cytoplasm contains DNBgsomes, and others organelles
such as fat or polysaccharides, polyphosphd#essosomesare derived from the
cytoplasmic membrane and are adjacent to the @l Whe cell wall of the mycelium

is a single layer about 10-20 nm thick.

Figure 5 Cytological organization of the aerial myceliumaatinomycetes.

cp: cytoplasm pm: plasmamembrane
cw: cell wall me: mesosome

se: septum ri: ribosome

DNA: nucleoid region re: reserve materia

Sour ce: Vobis (1997)
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1.2.3.1.2 Colony development (Vobis, 1997)

Spores or myceligiragment of certain parts of the colony of origin
(Figure 6A) are developed as a dietary myceliunbbggate mycelium) (Figure 6B),
then the mycelia are grown through the air (aemngtelium) (Figure 6C), which is a

part directly exposed to the a@nd produces spore.

Figure 6 Development of colony of actinomycetes
A: spores or mycelidragment of certain parts of the colony of origin
B: substrate mycelium
C: aerial mycelium

Sour ce: Vobis (1997)

The colonies of actinomyetes are very differentdifferent species.
Streptomyces has tough, leathery, frequently pigmented coloaied has filamentous
growth with aerial mycelium and substrate myceliand produces an earthy odor.
Micromonospora growing on solid media forms only substrate myaali which is
raised and folded with areas of different colddscardia colonies have a variable
appearance, but most species appear to have agphbe when viewed with a
dissecting microscope, particularly when they hdeen grown on nutritionally
limiting media. The color of actinomycete colony may be white, gwll pink, red,

brown and black.
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1.2.3.1.3 Sporetypes (Vobis, 1997)

Actinomycete spores are formed either by subdivisad existing
hyphae, by fragmentation or swelling or by endogsnspore formation. The hyphae
that subdivide into spores can be sheathless @& aaheath, which partly remains on
the spores after fragmentation. Spores are forrsesirglespore, spore chains, and

spore in a sporangium.
(1.) Single spore

Single spore or the monosporous tygeusad in the genera
Thermomonospora, Micromonospora, andSaccharomonospora. Single spores
are produced on branched and unbranched aeriallionypcas shown in Figure
7.
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Figure7 Single spore production
A Micromonospora
B Thermommonospora
C Saccharomonospora
Sour ce: Vobis (1997)
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(2.) Spore chains

Most actinomycetes produce spore chaimch can be divided into
sections based on the length or the number of sEweisposrous or

bisporous, oligosporous and polysporous (Figure 8).

Figure 8 Dispore and oligosporous production of actinomgset
A: Disporous dicrobiospora
B: Oligosporous WNbcardia brevicatena
C: Oligosporous Gétellatospore

Sour ce: Vobis (1997)

Sreptomyces and other actinomycetean produce many sporealled
arthrospores. These arthrospores are similar teetlppoduced by mitosporic
fungi by fragmentation. Morphology of the sporeiasacan be used to identify

actinomycetes. Figure 9 shows four types of lorgjrckpores of actinomyetes.
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Figure 9 Spore production in long chains of actinomycetes.
A: Rectiflexibiles
B: Retinaculiaperti
C: Spira
D: Verticillati
Sour ce: Vobis (1997)

(3) Spores in sporangia

24

Some actinomycetes produce sporesdraggia. The spore production

in sporangiaan be divided into two groups: sporangia on theetiym
surface and sporangia developed on aerial mycelium.

(3.1) Sporangia on the mycelium surface

In the genugictinoplanes, sporangia are spherical with diameters of 5-

15 um, spores are rhains and branching within sporangia. It was fothat

Ampullariella can produce sporangia on substrate mycelium imargety of

forms such as spheres, cylinders, etc., as showigure 10, with an average

spore width of 10 um and 15 pm long.
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Figure 10 Spore production within sporangia
AActinoplanes (Ampullariella): polysporous
1. globose 2. cylindrical@ate 4. subglobose 5. irregular
BPilimelia
6. ovoid 7. campanulateydindrical
CDactylosporangium: oligosporous
9. claviform
Sour ce: Vobis (1997)

(3.2) Sporangia developed on aeniaelia

Some genera produce sporangia on aerial mycelauoh as
Planomonospora andPlanobispora produce cylindrical sporangia containing a
single sporand disporousrespectively. Sreptosporangium produce large
spherical sporangia (~10m in diameter) and the nonmotile spores or
sporangiospores are formed by septation of coildatanched hyphae within

the sporangium as shown in Figure 11 (Thong-Oo@820
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Figure 11 Sporangia developed on aerial mycelia
A. Planomonospora : monosporous
B. Planobispora : disporous
C.Planotatraspora : tetrasporous
D. Planopolyspora : polysporous
E.Spirillospora : polysporous
F Streptosporangium : polysporous

Sour ce: Vobis (1997)

1.2.3.1.4 The principle chemical components of the actinomycetes

The chemical components of the cell wall inclgdmajor wall amino
acids and the types of sugar are the key featunesthe chemotaxonomy of
actinomycetes. Cell wall types according to majorird acids can be divided into
four types as shown in Table 6 and the sugar pattef actinomycetes are shown in
Table 7.
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Table 6 Chemotaxonomic characteristics of actinomycetevezl

Distinguishing
Type Major amino acid maj or
constituent
I L-Diaminopimelic acid (L-DAP) Glycine
Il meso- Diaminopimelic acid rfeso-DAP) Glycine
1l meso*- Diaminopimelic acid neso-DAP or OH-DAP) None
\Y, meso- Diaminopimelic acidrfeso-DAP) None
*Madurose is 3-hydroxy- aminopimelic acid
Sour ce: William (1989)
Table7 Whole cell sugar patterns of actinomycetes
Pattern Sugar
Arabinose Galactose Madur ose* Xylose
A + +
B +
C No diagnostic sugar
D + +

*Madurose is 3-O-methyl-D-galactose
Sour ce: William (1989)



Table 8 Characteristics of the seven groups of actinonegcet
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Group Cell wall | Céll sugar Mol % Sporangia®
type patterns G+C
Nocardioforms 1Y A 59-79 +-
Multilocular sporangia 1] B,C,D 57-75 +/-
Actinoplanetes Il D 71-73 +
Streptomycetes I - 69-78 -
Maduromycetes 1] B, C 64-74 +/-
Thermomonospora 11 major C 64-73 -
Thermoactinomycetes 1 C 52-55 -

* + with sporangia

- Nno sporangia

Source: Glazer and Nikaido (1994).

1.2.4 Classification of actinomycetes (William, 1989)

In general, the classification of actinomycetesiisnarily based on
morphology such as aerial mycelium, substrate nycelsporesand sporangium. In
addition, actinomycetes are divided into groupsedasn chemical analysis such as
analysis of the cell wall components, analysis e sugar components of the cell
walls, types of phospholipid and types of menaquinoneRased on the morphology
and chemical composition of cells actinomycetes lbangrouped into 8 groups as
follows: Nocardioform actinomycetes, Actinomycet@gh multilocular sporangia,
Actinoplanetes, Streptomycetes,

Maduromycetes, nMberonospora,

Thermoactinomycetes, and other genera. Charadateristf seven groups of
actinomycetes are shown in Tabla the classification actinomycetes are shown in

Table 9.
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1.2.4.1 Nocar diofor m actinomycetes

Actinomycetes in this group are diverse. Most @nthhave branching
mycelium that breaks up into rod-shaped or cocetgthents, some strains have aerial
mycelium and conidia. Actinomycetes in tlgioup are aerobic bacteria except genus
Oerskoviae which are facultative anaerobe. Most of the naocéodnms have a type IV
(meso-DAP) cell wall compositionNocardia andRhodococcus cell walls also contain

mycolic acid and sugar pattern A (arabinose andajage).

1.2.4.2 Actinomycetes with multilocular sporangia

Actinomycetes having multilocular sporangia ingdud genera;
Dermatophilus, Geodermatophilus and Frankia. Geodermatophilus has a simple
rudimentary thallus. The entire thallus becomes gherangium when spores are
present. The mycelia @ermatophilus are moderate to extensively developed and are
almost entirely converted to long multilocular spagium. Frankia produces
extensive filaments and sporangia are borne intscaterminally or on lateral
branches. All three genera have no aerial my&amatophilus, Geodermatophilus
have motile sporesFrankia is a nitrogen-fixing genus and in microaerophilic
environments they produce terminal sporangium atetgalary swellings containing
nonmotile spores. All three genera have cell wgletlll. Dermatophilus has sugar
pattern B (madurosef;eodermatophilus sugar pattern C (no diagnostic sugars) and

Frankia may have sugar pattern B or C.

1.2.4.3 Actinoplanetes

Actinomycetesn this group comprise five gener&ctinoplanes,
Ampullariella, Pilimelia, Dactylosporangium and Micromonospora. Most of them
have aquatic habitats and produce motile sporessfmoes) during their life cycle.
Aerial mycelia are rarely developed or only sparse.
Actinoplanes, Ampullariella, Pilimelia, and Dactylosporangium
produce motile spores within sporangia or vesiakethe tip of sporangiophore on the

surface of a substrate. Spores are formed withlenspforangium by fragmentation of
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branched or unbranched, straight or coiled spommgenhyphaeMultisporous
sporangia have various shapes such as cylindbcdlle shaped, flask shaped, etc.
Micromonospora produces nonmotile spores that are borne singlgsile or in
clusters. The spores are spherical, ovoid, or sdlgal with much-thickened wall
layers sometimes with spiny ornamentations. Thaigrhas cell wall type lInfeso-

DAP and/or 3-hydroxy-DAP) and glycine and sugateyatD (arabinose and xylose ).

1.2.4.4 Streptomycetes and related genera

Actinomycetes in this group comprise five genera including
Streptomyces, Streptoverticillium, Kineosporia, Intrasporangium and Sporichthya.
The characteristics among members of this groupvarg distinctive.Soorichthya
colonies are very small. It is suggested to useram@opic examination for their
recognition. They have no aerial mycelium or theg gery sparse.Kineosporia
colonies have a glistening appearan@eosporia, Intrasporangium and Sporichthya
produce less aerial mycelium or no aerial myceliu@reptomyces and
Streptoverticillium produce a well developed mycelium and a long chain
arthrospores on the aerial mycelium.Smneptoverticillium, spore chains are arranged
in a verticilliate form. Streptomyces produce tough, leathery, frequently pigmented
colonies with a characteristic earthy odor. Thefemuar of the colonies is wrinkled
when old and spores generated on the surface ohyleelium are chalky. Bacteria in

this group have cell wall type | (L-DAP and glycjne

1.2.4.5 Maduromycetes

There are seven genera of actinomycetesthis group including
sporangiate actinomycetesPl&nobispora, Planomonospora, Spirillospora and
Streptosporangium) and actinomycetes forming paired or short chaihspores on
aerial mycelia Actinomadura, Microbispora, and Microtetraspora). Some species
have motile spores such Btanobispora, Planomonospora and Spirillospora. They
have type Il cell wall heso-DAP). Planobispora, Planomonospora, Spirillospora
and Streptosporangium have sugar pattern B {3-O-methyl-D-galactose (maske)}
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while Actinomadura, Microbispora, and Microtetraspora have sugar patterns B or C

(no diagnostic sugars).

1.2.4.6 Thermomonospora and related species

Actinomycetesin this group comprise 4 gener@hermomonospora,
Actinosynnema, Nocardiopsis, and Streptoalloteichus They have common cell wall
type Il (meso-DAP), no diagnostic sugars (type C), and no mycalcid. Their
morphologies are diverselThermomonospora is thermophilic (can grow in the
temperature range 40-48) and produces single spores on aerial, and antalbi on
substrate myceliumActinosynnema and Nocardiopsis produce spores in chain but
Actinosynnema forms synnemata on the agar surface wheeaardiopsis has a well
developed substrate mycelium that tends to be feagga into coccoid and bacillary

elementsSreptoalloteichus produces spores in a sporangium

1.2.4.7 Thermoactinomycetes

This group comprises only one genidermoactinomyces. They grow
well at high temperatures and produce single eratesp Their G+C content is lower
than those of other actinomycetes. Their 16S rDNAuences are closely related to
Bacillus but they produce a well-developed mycelium, treneethey are still linked
together with other actinomycetes. All species poadaerial mycelial. dichotomous
produces a yellow colony and others are white. Tiaye cell wall type Il fheso-
DAP), but without diagnostic sugars and amino acids

1.2.4.8 Other genera

Actinomycetesn this group are not correlated with other groupsere
are four genera comprisingslycomyces, Kibdelosporangium, Kitasatosporia and

Saccharothrix. All genera produce aerial mycelia.
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Table 9 Classification of actinomycetes in the Order Actinyeetales

Order Families Genera
Actinomycetales Actinomycetaceae
Micrococcaceae
Bogoriellaceae Bogoriella
Rarobateraceae Rarobacter
Sanguibacteriaceae Sanguibacter
Brevibacteriaceae Brevibacterium
Cellulomonadeceae Cellulomonas
Oerskovia
Dermabacteriaceae Dermabacteria

Dermatophilaceae
Dermacoccaceae
Intrasporangiaceae
Jonesiaceaea
Microbacteraceae
Beutenberggiaceae
Promicromonosporaceae
Corynebacteriaceae
Dietziaceae

Gordoniaceae

Nocardiaceae

Williumsiaceae

Micromonosporaceae

Brachybacterium

Dermatophilus

Jonesia

Beutenberggia
Promicromonospora
Corynebacterium
Dietzia

Gordonia
Skermania

Nocardia
Rhodococcus

Williumsia

Sour ce: Stackbrandet al. (1997)



Table 9 (Cont.) Classification of actinomycetes in Order Actinoretales
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Order Families Genera

Actinomycetales Propionibacteriaceae
Nocardioidaceae
Pseudonocardioidaceae
Actinosynnemataceae
Streptomycetaceae

Streptosporangiaceae

Nocardiopsaceae Nocardiopsis
Thermobofoda

Thermomonosporaceae

Frankiaceae Frankia

Geodermatophilaceae

Microspheraceae

Sporichthyaceae Soorichthya
Acidothermaceae Acidothermus
Kinesporiaceae

Glycomycetaceae Glycomyces

Source: Stackbrandet al. (1997)
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1.3 Objectives of thisresearch

1)

2)

3)

4)

5)

6)

To isolate actinomycetes from soils and stréar their ability to
produce antimicrobial substances against humarogatts by a cross
streak technique and hyphal growth inhibition.

To cultivate the selected active actinomycetesbroth medium for
chemical extraction of active substances.

To determine the minimal inhibitory concenat (MIC), minimal
bactericidal concentration (MBC) or minimal fungial concentration
(MFC) of the crude extracts.

To determine the effect of the best activaleraxtracts on the targeted
microorganisms by scanning electron microscopy.

To optimize the culture conditions for the qwotion of active
metabolites of the top two active actinomycetes.

To identify the best active actinomycetes.
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CHAPTER 2

MATERIALSAND METHODS

2.1 Materials
2.1.1 Sampling of soil samples

Soil samples were collecté&bm ten locations in the south of Thailand
(Table 10).

Table 10 Sources of soil samples for actinomycetes isalatio

Collecting site Province
Pak Panang Basin Region Nakhon Si Thammarat
Karom Waterfall Nakhon Si Thammarat
KhaoMiaha Chai Nakhon Si Thammarat
Lam Talumphuk Nakhon Si Thammarat
Ton Nga Chang Waterfall Songkhla
Songkhla Lake Songkhla
Khao Chaison Phattalung
Kanghurae Phattalung
Klong Palean Trang
KhadPhap Pha Trang
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2.1.2 Microorganisms

Tested bacteria
- Saphylococcus aureus ATCC 25923
- Methicillin-resistantStaphyl ococcus aureus SK1 (MRSA-SK1)
isolated from patient biyathology Department, Faculty of Medicine,
Prince of Songkla University
- Escherichia coli ATCC 25922
- Pseudomonas aeruginosa ATCC 27853

Tested fungi
Y easts
- Candida albicans ATCC 90028
- Candida albicans NCPF 3153
- Cryptococcus neoformans ATCC 90112
- Cryptococcus neoformans ATCC 90113

Filamentous fungi
- Microsporum gypseum SH-MUA4 isolated from patient by
Microbiology Department, Faculty of Medicine $ajiHospital,
Mahidol University
- Penicillium marneffei isolated from patient bipathology Department,
Faculty of Medicine, Prince of Songkla University

Actinomycetes
40 new isolates from soils from ten locations inuteern Thailand
(Table 12).
60 isolates provided by Assoc. Prof. Dr. Vasun Ratat, Department
of Pest Management, Faculty of Natural Resourcescé® of Songkla

University.



37

2.1.3 Chemicals

- 0.85% NaCl, normal saline solution (NSS)
- Lacto phenol cotton blue

- McFarland Standard

- Dimethyl sulfoxide (DMSOQO) (Merck)

- Resazurin (Sigma Chemical Co., USA)
2.1.4Media

- Mueller-Hinton agar (MHA) (Difco)

- Sabouraud dextrose broth (SDB) (Difco)

- Sabouraud dextrose agar (SDA) (Difco)

- Nutrient broth (NB) (Difco)

- Nutrient agar (NA) (Difco)

- RPMI-1640 without phenol-red (pH7) (Sigma CheahiCo., USA)
- Yeast extract-malt extract agar (ISP-2) (Appendi

- Yeast extract-malt extract broth (Appendix)

- Actinomycete Isolation Agar (AlA) (Difco)

2.1.5 Antibiotics

- Vancomycin (Fujisawa, USA)

- Gentamicin (Oxoid)

- Amphotericin B (Bristol-Myer Squibb Co., USA)
- Miconazole (Sigma Chemical Co., USA)

2.1.6 Equipment

- Autoclave (Tomy, SS-320)

- Hot air oven (Sanyo, MOV212)

- Centrifuge (Hermle)

- Balance (Diethelm & Co., Ltd)
- pH meter (Beckman, 360)

- Laminar flow (Hotpack, 527044)

- Vortex mixer (Lab-Line, 1297)
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- Microscope (Olympus, CX31)
- Stereo zoom microscope (Olympus, SZ40)
- Water bath (Memmert, W350)
2.2 Methods

2.2.1 Sample Collection (adapted from Parungao et al., 2007)

Soil samples were collected from ten differenuratlocations such as
mountain areas, waterfalls, mangroves etc. Frorh ksation, five soil samples were
collected from 10 to 15 cm below the surface. Esaninple was placed in a small pre-
labeled plastic bag which was tightly sealed. Saihples were air dried for one week
at the Mycology Laboratory, Department of Microleigy, Faculty of Science, Prince
of Songkla University before isolation.

2.2.2 I solation of Actinomycetes

Soil samples were air-dried and ground into pow@ere gram of each
sample was suspended in 9 ml sterile distilled matel serially diluted to 10 Then
0.1 ml of the dilutions 1&to 10* were spread onto Actinomycete Isolation Agar
(AlA) and incubated at room temperature (RT) foreoweek. After incubation,
actinomycete isolates were distinguished from otimecrobial colonies by their
morphological characteristics such as tough, legtlo®lonies which are partially
submerged into the agar (Jenstral., 1991). The pure isolates were maintained on

yeast extract-malt extract (YME) agar slants at(Rarungacet al., 2007).
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2.2.3 Antimicrobial testing of actinomycetes by cross streak technique

One hundred isolates of actinomycetes were tesiedritimicrobial
activity against bacteria and yeasts by cross Istteahnique. Each actinomycete
isolate was cultured in YME broth on a rotary shiake120 rpm at 3T for 1 week.
One loop of each isolate was streaked along theeceh YME agar and incubated at
RT for 4 weeks or until sporulation occured. Therw ¢oop of each tested strain was
streaked on YME agar at the edge of the actinoregcstreak as shown in Figure 12.
Plates were incubated at°85for 24 h for bacteria an@. albicans. After measuring
the inhibition zones for bacteria a@dalbicans, plates were further incubated at room
temperature for 48 h and measured the inhibitioregdorC. neoformans (Sawasdee,
2008).

Actinomycete streak

Figure 12 Diagram of antimicrobial testing of actinomycebsscross streak technique

SA = Saphylococcus aureus ATCC 25923 CA53 = Candida albicans NCPF 3153
MRSA = methicillin-resistan®. aureus SK1 CN12 = Cryptococcus neoformans ATCC 90112
EC = Escherichia coli ATCC 25922 CN13 = Cryptococcus neoformans ATCC 90113

PA = Pseudomonas aeruginosa ATCC 27853 CA28 = Candida albicans ATCC 90028
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2.2.4 Hyphal inhibition by actinomycetes (adapted from Jimenez-Esquilin and
Roane, 2005)

Each actinomycete isolate was streaked onto otfeoh& ME agar
plate and incubated at RT for 4 weeks or until sfadion occurred. Then a mycelial
plug from an actively growing fungal colonW( gypseum or P. marneffei) was placed
about 0.5 cm from the edge of actinomycete streaju(e 13) and incubated at RT for
7 days. Fungal inhibition was observed everyday #dii of the fungal colony on the

test and control plates were then measured. Theepiwge of hyphal growth

inhibition was calculated using the following fortau
2
% inhibition = 1001 ~2°)  (Gamlielet al., 1989)
r

R = radius of treated colony, nadius of the control colony

Actinomycetestreak

‘ Tested fungus

Figure 13 Diagram of fungal inhibition test by actinomycetes
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2.2.5 Actinomycete fermentation and culture filtrate extraction (adapted from
Duangsook, 2010)

Actinomycete isolates thahowed inhibition zone over 25 mm and hyphal
growth inhibition over 80% were selected and celtbin YME broth for extraction of
bioactive compound€ach active actinomycete isolate was culture®i?-2 broth on a
rotary shaker at 120 rpm at%8Dfor 1 week. Then FGspore/ml of the actinomycete
suspension was added to 100 ml ISP-2 broth inbftéiles and incubated at RT for 6
weeks.

The culture filtrate of actinomycetes was extradtege times with an
equal volume of ethyl acetate (EtOAc) in a sepagafunnel. The EtOAc layer was
dried over anhydrous sodium sulfate {§8@;) and evaporated to dryness under
reduced pressure at %5 using a rotary vacuum evaporator to obtain a erB&
extract. The mycelia were extracted with 500 mingfthanol (MeOH) for 2 days. The
agueous MeOH layer was concentrated under reduceskye. KO (50 ml) was
added to the extract and the mixture was then mixgd hexane (100 ml). The
agueous layer was then extracted three times witkcual volume of EtOAc. The
hexane extract and the combined EtOAc extracts vagied over NgSO, and
evaporated to dryness under reduced pressure & 4Shg a rotary vacuum
evaporator to give CH and CE extracts, respecti(felyure 14).

Figure 14 Actinomycete fermentation and crude extracts fratimamycete
A : Actinomycete fermentation in flat bottles

B : Crude extracts



42

2.2.6 Screeningfor antimicrobial activities

2.2.6.1 Inoculum prepar ation

Tested bacteria§( aureus ATCC 25923, MRSA-SKL1E. coli ATCC
25922, P. aeruginosa ATCC 27853)were streaked ontmutrient agar (NA) and
incubated at35°C for 18-24 h C. albicans and C. neoformans were streaked onto
Sabouraud dextrose agar (SDA) and incubat&®°at for 18-24h and at RT for 48 h,
respectively.Three to five single colonies of bacteria were pathkntonutrient broth
(NB), of C. albicans and C. neoformans were picked into RPMI-1640, and both
incubated at 3% for 3-5 hwhile shaking at 150 rpm. After incubation, sterilermal
saline solution (NSS) was used to adjust the titsbidd equal the 0.5 McFarland
standard MF) for bacteria and the 2MF for yeasts. Agar plugsf M. gypseum and
P. marneffei were placed or8DA and incubated &5°C for 2-3 weeks or until it
produced spores. The spores were collected byiagrapth a sterile glass beads and
were suspended with NSS. The spore suspension djasted to 4 x 10— 5 x 14

CFU/ml using a hemacytometer.
2.2.6.2 Testing for antibacterial activity (modification of CLSI M7-A4, 2002a)

Actinomycete crude extracts were dissolved in dnyle sulfoxide
(DMSO) to prepare stock solutions of 100 mg/ml, abored at -28C until used.
DMSO was used to dilute to 1:10 and Mueller-Hintoroth (MHB) for further
dilutions of 1:25 to obtain concentrations of 408/ml. Triplicate 50 ul samples of
crude extracts (400 pug/ml) were placed into ste®iiewell microtiter plates. The
bacterial inocula (0.5 MF) were dilutedd200 (~16 CFU/mI) using MHBand 50 pl
added to the top well in each row so that the fowmicentration of crude extract was
then 200 pg/ml. Plates were incubated atC3for 15 h, then 10 pl of resazurin
indicator (0.18%) was added to each well and exadthefter incubation for 2-3 h at
35°C for the completed incubation time (Sarkeal., 2007).

Vancomycin and gentamicin at final concentratiohd® pg/ml were

used as standard antibacterial agents for posiinfgbitory controls against
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Gram-positive and Gram-negative bacteria, respelgti@nd for comparisons with the

extracts.

2.2.6.3 Testing for antifungal activity (yeasts) (modification of CLSI M27-
A2, 2002b)

Yeasts were tested in a similar way to bacteriausing RPMI-1640
medium. Microtiter plates were incubated at@%or 24 h forC. albicans and 48 h at
RT for C. neoformans, then 10 ul resazurin indicator (0.18%) was addeglach well
and examined after incubation for 5 h at@%adapted from Sarket al., 2007).

Amphotericin B at a final concentration of 10 pug/més used as a
positive inhibitory control and for comparison witie extracts.

2.2.6.4 Testing for antifungal activity (filamentous fungi) (modification of
CLSI M38-A, 2002c)

Filamentous fungi NI. gypseum and P. marneffei) were tested in a
similar way to bacteria but using RPMI-1640 mediuMicrotiter plates were
incubated at 2% for 6 days, then 10 pl resazurin indicator (0.).8¢%s added to each
well and incubated for one day at’e5

Miconazole (32 pug/ml) was used as the standarduagal drug forM.
gypseum and for comparison with the extracts.

Amphotericin B (10 ug/ml) was used as a positivehitory control for

P. marneffel and for comparison with the extracts.

I nter pretation of the screening results

After incubation, a blue or purple color of the igehdicated inhibition
of growth (positive result) and a pink color megmbowth had occurred (negative
result).

Crude extracts shown to have antimicrobial actiwigre assayed
further for their minimal inhibitory concentration@IC), minimal bactericidal
concentrations (MBC) and minimal fungicidal coneations (MFC).
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2.2.6.5 Determination of minimal inhibitory concentration (MIC), minimal
bactericidal  concentration (MBC) and minimal  fungicidal

concentration (M FC) of actinomycete crude extracts

The MICs of crude extracts were determined byathbmicrodilution
method according to a modification of CLSI M7-A4L{&], 2002a) against bacteria,
CLSI M27-A2 (CLSI, 2002b) against yeasts and CLSA8VA (CLSI, 2002c) against
filamentous fungi. Crude extracts were diluted gsthe serial dilution method
starting with final concentrations of 128, and tiiig to 64, 32, 16, 8, 4, 2, 1, 0.5 and
0.25 pg/ml, each tested in triplicate.

After incubation under appropriate conditions, lineest concentration
of extract that inhibited growth (blue or purpldar) was recorded as the MIC.

The MBCs and the MFCs of actinomycete crude etdragere
determined by the streaking method. Concentratocdrnsude extract less dilute than
the MIC and the MIC were streaked onto NA plate bacteria and SDA plates for
yeasts and filamentous fungi. Plates were incubatetr appropriate conditions and
the lowest concentration of extract that killedamigms (no growth) was recorded as
the MBC or MFC.

2.2.7 Effect of crude extract on target cells detected by scanning electron
microscopy (SEM)

Tested bacteria§ aureus ATCC 25923 and MRSA-SK1l)were
streaked ontdMHA and incubated a85°C for 24 h. Three to five single colonies of
bacteria were picked intMHB and incubated a85°C for 24 h and centrifuged at
5,000 rpm, 5 min. Cells of bacteria were resuspeémi®IHB (10 ml) and treated with
the extracts at various concentrations (MIC, 2Mt@ @MIC), incubated a85°C for
18 h. Cells of bacteria treated with 1% DMSO were uasdcontrol. The cells were
collected by centrifugation and washed with the gphate buffer saline (PBS) 3
times. The samples were fixed in 2.5% glutaraldehydPBS for 1 h, then washed
with PBS 3 times, post fixed in 1% osmium tetroxider 1 h, washed with sterile
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water 3 times and dehydrated with alcohol seri@84570%, 80%, 90% and 100% of
ethanol) before processing for electron microscapyThe Scientific Equipment
Center, Prince of Songkla University.

2.2.8 Optimization of antifungal metabolite production (modification of
Augustine et al., 2005)

2.2.8.1 Agitation: comparison between shaking and static conditions.

A spore suspension of actinomycetes was preparalistiled water
from cultures grown on ISP-2 medium. The suspensiaa added to 100 ml ISP-2
broth in flat bottles to obtain about®€§pores/ml of the liquid medium and incubated
at RT for 5 weeks. Actinomycete inocula were adi¢al flasks containing 100 ml of
ISP-2, pH7 broth and incubated statically and aotary shaker at 200 rpm at %80
for 5 weeks. Culture filtrates were harvested ewseek for antimicrobial activity

detection by the agar-well diffusion and the biosnamasurement

2.2.8.1.1 Theagar-well diffusion

Tested bacterial suspensions (0.5 MF) were spretal MHA. Holes
(diameter of 6 mm) were then punched in the agdr faled with 80 ul of culture
filtrates. The plates were incubated at 37°C fo24&. The diameter of the zones of
complete inhibition was measured to the nearestlevhallimeter (Pandeyet al.,
2004).

2.2.8.1.2 The biomass measur ement

The biomass of actinomycetes was separated froroulhgre filtrate by
means of centrifugation. The biomass was transfdoa pre-weighed dry filter paper
using a clean spatula and then placed in an ové&®°&t overnight to reach a fixed
weight (Singhet al., 2009).
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2.2.8.2 Temperature

Actinomycete inocula (described in 2.2.8.1) werdeatito flat bottles
containing 100 ml of ISP-2 broth, pH7 and incubadedifferent temperatures (25, 30
and 35C) under static condition for 5 weeks and cultiiteates were harvested every
week to check for antimicrobial activity by the ageell diffusion and the biomass
measurement (described in 2.2.8.1.1 and 2.2.8.1.2)

2.2.8.3pH

The initial pH of the ISP-2 media was adjusted to 76 and 8.
Actinomycete inocula (described in 2.2.8.1) werdeatito flat bottles containing 100
ml of ISP-2 broth and incubated under static coowld, temperature described in
2.2.8.2 for 5 weeks and culture filtrates were bated every week to check for
antimicrobial activity by the agar-well diffusionn@ the biomass measurement
(described in 2.2.8.1.1 and 2.2.8.1.2).

2.2.9. ldentification of actinomycetes

Actinomycetes were identified by morphological @weristics and

molecular technique (16S rDNA).

2.2.9.1 Morphological characteristics

All morphological characters were observed on IS&&r according to
Taddeiet al. (2006) as follows:
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2.2.9.1.1 M acr oscopic mor phology

The mass color of mature sporulating aerial myoeliwas observed
following growth on ISP-2 plates. The aerial maskcwas classified according to
the Bergey's Manual of Systematic Bacteriology @Lot989) in the following color
series: gray, white, red, yellow, green, blue, amalet. Distinctive colors of the
substrate mycelium were also recorded. The obsatvkeds were: beige, black, blue,
biscuit, brown, ivory, olive, orange, purple, pirmed, red-violet, tan, violet-purple,

yellow, and yellow-greenish.

2.2.9.1.2 Microscopic mor phology

The microscopic characterization was done by coslgy culture
method in YME medium incubated at 28°C and obseafezt 30 days. According to
the shape of the spore chains observed under tigtitoscopy, the isolates were
grouped as follows: Rectus-Flexibilis (RF), sparestraight or flexuous chains, and
Spira (S), spore chains in the form of short grtadecompact coils or extended, long
and open caoils.

2.2.9.2 Molecular identification

Selected potential isolates were identified basedhe analysis of 16S
rDNA sequences. DNA extraction, PCR amplificatiamd aDNA sequencing were
done by the KU Vector, Kasetsart University asftiiewings:

2.2.9.2.1 Actinomycete DNA extraction

Actinomycetes were grown on an ISP-2 plate at &T3fto 4 weeks.
The DNA of each isolate was extracted by suspenslimge colonies of actinomycetes
in 400 pl of TE buffer, and 8 pl of lysozyme (50/mg) in a microtube. The mixture
was agitated and incubated af@7or 30 min. Then 4 pl of proteinase K (20 mg/ml),
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20 pl of 10%SDS and 4 ul of RNase A (100 mg/ml)evadded. The mixture was
mixed together and incubated af@7or 30 min. After that, 70 pl of 5M NaCl, 55 pl
of 10%CTAB (10%CTAB/0.7M NaCl) were added and inateal at 65C for 10 min.

Then an equal volume of chloroform was added anttibeged at 15,000 rpm, RT for
5 min. This step was repeated twice. The superhatas transferred to a new
microtube, added an equal volume of phenol/chlorofand centrifuged at 15,000
rom, RT for 5 min. The supernatant was transfeieeda new microtube, then
isopropanal was added and centrifuged at 8,000 Bmfor 2 min. DNA pellet was

washed twice with 1 ml of 70% ethanol and centefigt 8,000 rpm for 1 min. After
drying DNA pellet was resuspended in 20 pl of water TE buffer for PCR

amplification.

2.2.9.2.2 PCR amplification

Target region of the 16S rDNA was amplified usg- and 1389

primers listed in Table 11.

Table 11 Primers used for the polymerase chain reactiofRjR@Dd DNA sequencing

Primers Sequence (5’-3’)
PCR 27F AGA GTT TGATCM TGG CTC AG
PCR 1389R ACG GGC GGT GTG TAC AAG
DNA

. 520F GT GCC AGC MGC CGC GG
sequencing

Note: M represents A or C



PCR mixture

10 X Ex-Taq Buffer
25 mM dNTP mix

10 pmol/ul Forward primer ( 27F)
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1.5 ul
1.2 ul
15 ul

10 pmol/ul Reverse primer (1398R) 1.5 ul

Ex-Taq polymerase

Nanopure water

DNA template(100 ng/ul)

Total volume

PCR profilesfor amplification:

0.075 pl
8.225 ul
1.0 ul
15.0 |

The PCR profile for primers 27F and 1389R

95°C

95C
50°C
72C
72C

35 cycles

2.2.9.2.3 DNA sequencing and sequence alignment

Sequencing mixture
Nanopure water
5X sequencing buffer
520F primer
Ready reaction mix
DNA template

9.0
2.25 pl
0.75 pl
15 ul
15 ul
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The PCR profile for primer 520F

96C 1 min

96°C 10s

50°C 5 s 25 cycles
60°C 4 min

The 16S rDNA sequences were then compared wittB&dn using
BLASTN program. Sequences of the selected actinetegcand other sequences
obtained from the GenBank database were aligne€lbgtalWWw (Thompsoret al.,
1994). Manual gap adjustments were made to imptbee alignments. The tree
construction procedure was performed in PAUP* 40bh Window versions
(Swofford, 2002). Maximum Parsimony (MP) was cortéddcusing heuristic searches
as implemented in PAUP* 4.0b10, with the defaultiaps method. Clade stability
was assessed in a bootstrap analysis with 1,00@atgs, random sequence additions
with maxtrees set to 1,000 and other default patermes implemented in PAUP*
4.0b10. Neighbor joining (NJ) tree was construcbesed on the total character
differences and bootstrap values were calculateah f£,000 replicates using PAUP*
4.0b10.
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CHAPTER 3

RESULTS

3.1. Actinomycetesisolation

A total of 100 actinomycetes isolates were incluthethis study. Forty
isolates (ACK1-55) with different morphotypes weselated from soils from ten
locations in the south of Thailand (Table 12) afdiglates (ACK56-120) having
antifungal activity against plant pathogenic fumgire provided by Assoc. Prof. Dr.
Vasun Petcharat, Department of Pest ManagementltfFaaf Natural Resources,

Prince of Songkla University.

Table 12 Numbers of actinomycetes isolated from soils framous locationsn the

south of Thailand

L ocations No. of isolates Code
Pak Panang Basin Region, Nakhon Si Thammara 12 ACK1-21
Karom Waterfall, Nakhon Si Thammarat 6 ACK22-28
KhaaVaha Chaj Nakhon Si Thammarat 1 ACK29
Lam Talumphuk, Nakhon Si Thammarat 1 ACK30
Ton Nga Chang WaterfaBongkhla 5 ACK31-37
Songkhla Lake, Songkhla 4 ACK39-42
Khao ChaisonPhattalung 1 ACK43
Kanghurae, Phattalung -
Klong Palean, Trang 7 ACK44-51
KhadPhap PhaTrang 3 ACK53-55

Total 40
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3.2. Primary antimicrobial testing of actinomycetes by cross streak technique

and hyphal growth inhibition

A total of 100 isolates of actinomycetes were tesdpedantimicrobial
activity against bacteria and yeasts by cross lstieghnique against human
pathogenic bacteriaS. aureus, methicillin-resistantS. aureus (MRSA), E. cali,

P. aeruginosa, two species of yeast€. neoformans andC. albicans (Figure 15) and
hyphal growth inhibition against two species of lampathogenic filamentous fungi:
M. gypseum and P. marneffel (Figure 16). Eighty percents of the isolates shbwe
antimicrobial activity against at least one testnmorganism, 48 isolates were from
the active isolates against plant pathogenic famgi 32 from the new isolates (Table
13). Among them, 8% inhibited only bacteria, 12%ilmted only yeasts, 11%
inhibited only filamentous fungi, 9% inhibited bogkeasts and filamentous fungi and
40% had both antibacterial and antifungal actisi(iable 14).

The percentage of active actinomycetes against test strain and the
top 46 active actinomycetes were shown in Figurarid Table 15, respectively. For
antibacterial activity, 40% of soil actinomycetedibited both strains of. aureus.
Isolate ACK18 showed the best inhibitory activitgainstS. aureus ATCC 25923
(inhibition zone 30.95 mm) and ACK84 against MRSA1Sfnhibition zone 35.17
mm) (Table 15). Only 9% an#l5% inhibitedE. coli andP. aeruginosa, respectively.
ACK108 had the best activity againgt coli (inhibition zone 32.87 mm) and
ACK117 againsP. aeruginosa (inhibition zone33.62 mm).

For anti-yeast activity, 30% of actinomycetes ineit C. albicans and
ACK26 had the best activity against both strainsCofalbicans (inhibition zones
29.27 and 32.45 mm, respectively). 49% inhibit€dneoformans and actinomycetes
ACK60 and ACK7had the best activity again€t neoformans ATCC90112and
ATCC 90113 (inhibition zone34.37and28.87 mm, respectively).

For antifungal activity against filamentous funiyl, gypseum andP.
marneffel, 21% inhibitedM. gypseum and 41 % inhibitedP. marneffel. In addition, 11
and 30 isolates showed high inhibitory activity $8@yphal growth inhibition and 9

isolates strongly inhibited both fungi.
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Control ACK 26 ACK 79 ACK 84 ACK 98

Figure 15 Primary antimicrobial testing of actinomycetes bgss streak technique

against bacteria and yeasts

SA = Staphylococcus aureus ATCC 25923 CA28 = Candida albicans ATCC 90028

MRSA = methicillin-resistan. aureus SK1 CA53 = Candida albicans NCPF 3153

EC = Escherichia coli ATCC 25922 CN12 = Cryptococcus neoformans ATCC 90112
PA = Pseudomonas aeruginosa ATCC 27853 CN13 = Cryptococcus neoformans ATCC 90113

Control ACK 9 ACK 34 ACK 58 ACK 94

Control ACK 34 ACK 110 ACK 116 ACK 117

Figure 16 Primary antifungal testing of actinomycetes bytmlgnhibition test
against filamentous fungi. Upper rolicrosporum gypseum and lower
row: Penicillium mar neffei
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Table 13 Distribution of actinomycetes included in this dgtuaccording to their

antimicrobial activity by cross streak technique and hyphal growth

inhibition

Origin of actinomycetes

Activeisolates/Total isolatestested (%)

New isolates from soil

32/40 (80%)

Isolates having antifungal activity
against plant pathogenic fungi

(From Mr. Sawai Boukaew)

48/60 (80%)

Total

80/100 (80%)

Table 14 Distribution of antimicrobial spectrum of 80 acti@etinomycetes

% Active

Activity

actinomycetes Antibacterial

_ Anti-filamentous
Anti-yeast _
fungi

8

12

11

9

A
v

18

A

v

9 «—>

13

A

v




479% 49%

% Active actinomy cetes

SA MRSA EC PA CA28 CAS3 CNI2 CN13 MG PM

Test microorganism inhibited by actinomy cetes

Figure 17 Percentages of active actinomycetes against eachmteroorganism

SA = Saphylococcus aureus ATCC 25923 CA53 = Candida albicans NCPF 3153

MRSA = methicillin-resistans. aureus SK1 CN12 = Cryptococcus neoformans ATCC 90112
EC = Escherichia coli ATCC 25922 CN13 = Cryptococcus neoformans ATCC 90113
PA = Pseudomonas aeruginosa ATCC 27853 MG = Microsporum gypseum SH- MU 4

CA28 = Candida albicans ATCC 90028 PM = Penicillium marneffei
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Table 15 Top 46 actinomycetes having antimicrobial activégainst ten tested

microorganisms by cross streak technique and hygiwmith inhibition

test

Actino- Inhibition zone (mm) % inhibition

mycetes
Code SA MRSA EC PA CA28 | CA53 CN 12 CN 13 MG PM
ACK 7 6.57 6.47 10.35 0.00 18.87 21.1f 25.77 28.87 0.00 100.00
ACK 8 24.90 33.27 0.00 0.00 23.80| 2817 18.85 21.40 0.00 100.00
ACK 9 5.80 3.62 0.00 0.00 24.871 26.67 24.00 18.82 0.00 0.00
ACK 18 30.95 30.87 0.00 0.00 24.32 24.00 26.75 20.97 0.00 100.00
ACK 20 25.62 26.87 0.00 0.00 0.00 0.00 0.00 0.00| 99.00 0.00
ACK 21 30.00 34.37 0.00 0.00 0.00 5.72 0.00 0.00 0.00 0.0
ACK 26 27.40 30.95 0.00 0.00 29.27 32.45 31.62 24.87 0.00 0.00
ACK 36 0.00 0.00 0.00 0.00 0.00 0.0¢ 16.75 10.75 000. | 100.00
ACK 39 25.87 31.65 0.00 0.00 20.45 18.05| 25.30 19.20 0.00 100.00
ACK 40 0.00 0.00 0.00 0.00 0.00 0.0 27.63 23.28 0.00 0.00
ACK 41 0.00 13.20 0.00 | 27.75 0.00 0.00 0.00 0.00 0.00 | 100.00
ACK 43 25.37 26.77 0.00 0.00 26.65 25.60 24.05 19.55 0.00 0.00
ACK 44 20.62 24.25 0.00 0.00| 27.32 29.20 27.07 24.87 0.00 0.00
ACK 47 19.02 25.30 0.00 0.00 8.00 11.62 14.25 10.87 100.00 100.00
ACK 49 0.00 0.00 0.00 0.00 0.00 0.0d 0.00 0.00 $9.7 90.00
ACK 50 0.00 0.00 0.00 0.00 0.00 0.0d 23.5( 17.50 000. | 100.00
ACK 51 23.82 27.25 27.27 0.00 0.00 0.00 0.00 22.00 0.00| 100.00
ACK 53 10.50 18.00 0.00 0.00 11.17 13.72 15.80 30.2 91.00 100.00

SA = Saphylococcus aureus ATCC 25923 CA53 = Candida albicans NCPF 3153

MRSA = methicillin-resistans aureus SK1 CN12 = Cryptococcus neoformans ATCC 90112

EC = Escherichia coli ATCC 25922 CN13 = Cryptococcus neoformans ATCC 90113

PA = Pseudomonas aeruginosa ATCC 27853 MG = Microsporum gypseum SH- MU 4

CA28 = Candida albicans ATCC 90028 PM = Penicillium marneffei
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Table 15 (Cont.) Top 46 actinomycetes having antimicrobial actiaiyainst

ten tested microorganisms by cross streak technande

hyphal growth inhibition test

Actino- Inhibition zone (mm) % inhibition
mycetes

Code SA MRSA EC PA CA28 | CA53 CN 12 CN 13 MG PM
ACK 56 0.00 0.00 0.00 0.00 0.00 0.0d 0.00] 0.0p 100.00 87.75
ACK 57 11.72 10.97 20.72 0.00 9.45 13.22 27.82 19.55 0.00 100.00
ACK 58 0.00 0.00 0.00 0.00 0.00 0.04 23.64 20.43 000.[ 100.00
ACK 60 0.00 7.72 14.25 16.37 0.00 0.00 34.37 28.12 0.00 0.00
ACK 62 0.00 0.00 0.00 0.00 0.00 0.00 24.5 17.25 000.| 90.00
ACK 64 0.00 0.00 0.00 0.00 0.00 0.0d 0.00] 0.0p 100.00 100.00
ACK 65 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.0p 100.00 100.00
ACK 66 12.32 18.62 14.70 13.30 10.8b 15.05 12.97 378.| 84.00 100.00
ACK 67 0.00 0.00 0.00 0.00 0.00 0.0d 0.00 0.0p 0.00 90.00
ACK 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0p 0.00 100.00
ACK 71 9.73 34.82 0.00 25.50 0.00 0.00 4.50 0.00 0.00 0.00
ACK 73 0.00 0.00 0.00 19.37 0.00 0.0d 0.00 0.0p 100.00 | 100.00
ACK 74 0.00 0.00 0.00 0.00 10.87 14.7p 15.22 8.75 96.00 100.00
ACK 76 0.00 0.00 0.00 0.00 20.33 17.68 29.88 26.25 0.00 0.00
ACK 83 22.25 25.70 0.00 0.00 0.00 0.00| 26.32 21.75 0.00 0.00
ACK 84 22.05 35.17 0.00 27.10 0.00 0.00 0.00 0.00 0.00 100.00
ACK 87 10.37 0.00 0.00 0.00 9.50 12.2p 16.8Y 13.p0 0.00 100.00
ACK 90 4.35 6.72 0.00 0.00 13.07 11.8p 15.92 12.5084.00 100.00
SA = Saphylococcus aureus ATCC 25923 CA53 = Candida albicans NCPF 3153
MRSA = methicillin-resistan®. aureus SK1 CN12 = Cryptococcus neoformans ATCC 90112
EC = Escherichia coli ATCC 25922 CN13 = Cryptococcus neoformans ATCC 90113
PA = Pseudomonas aeruginosa ATCC 27853 MG = Microsporum gypseum SH- MU 4
CA28 = Candida albicans ATCC 90028 PM = Penicillium marneffei




Table 15 (Cont.) Top 46 actinomycetes having antimicrobial actiatainst

ten tested microorganisms by cross streak techramage

hyphal growth inhibition test

58

Actino- Inhibition zone (mm) % inhibition
mycetes
Code SA MRSA EC PA CA 28 CA 53 CN 12 CN 13 MG PM
ACK 91 12.97 16.12 0.00 0.00 0.00 8.74 11.2 550 .000 100.00
ACK 102 0.00 0.00 0.00 0.00 0.00 0.00 29.10 27.00 0.00 100.00
ACK 103 14.75 14.37 0.00 0.00 4.97 6.50 18.4 12.40 69.75 100.00
ACK 104 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0D 00.0{ 100.00
ACK 108 0.00 28.55 32.87 24.87 0.00 0.00 0.00 0.00 0.00 0.00
ACK 110 0.00 0.00 0.00| 2800 0.00 0.00 0.00 0.00 82.60 78.09
ACK 112 13.12 | 32.00 0.00 27.62 0.00 0.00 0.00 0.00 0.00 0.00
ACK 116 0.00 0.00 0.00 0.00 0.00 0.000 29.25 25.62 0.00 100.00
ACK 117 0.00 0.00 0.00| 3362 0.00 0.00 0.00 0.00 64.87 54.23
ACK 119 0.00 0.00 0.00| 2800 0.00 0.00 0.00 0.00 0.00 0.00
SA = Saphylococcus aureus ATCC 25923 CA53 = Candida albicans NCPF 3153
MRSA = methicillin-resistans. aureus SK1 CN12 = Cryptococcus neoformans ATCC 90112
EC = Escherichia coli ATCC 25922 CN13 = Cryptococcus neoformans ATCC 90113
PA = Pseudomonas aeruginosa ATCC 27853 MG = Microsporum gypseum SH- MU 4
CA28 = Candida albicans ATCC 90028 PM = Penicillium marneffei

Top 46 actinomycetes that can inhibit each groutheftested bacteria

and yeast from cross streak technique with intdbizone over 25 mm and hyphal

growth inhibition over 80% were selected for furttetudy (Table 15). Eighteen

isolates were from the new isolates group and B&tss from the active group

against plant pathogenic fungi. Among the 18 newvacisolates from soil, the

highest number was from Pak Panang Basin Regio{86 followed by Karom
Waterfall (16.67%) and Klong Palean (16.67%).
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According to the spectrum of 80 active actinomyseie was found
that most of actinomycetes inhibited three testedranrganisms (18 isolates)
followed by 17, 13, 12, 7 and 7 isolates that itk 2, 6, 4, 1 and 8 tested
microorganisms, respectively (Figure 18). Onlyrmatnycete ACK66 inhibitedll the
tested microorganisms with high potential inhibjtaictivity against both filamentous
fungi (Table 15).

18 4
16 -

14 -

No. of active actinomy cetes
—_
(=]

1 2 3 4 5 6 7 8 9 10

No. of tested microorganisminhibited by actinomycetes (isolates)

Figure 18 Number of active actinomycetes that inhibitedgdsnicroorganisms

3.3 Screening of actinomycetes crude extracts for antimicrobial activity

The top 46 active actinomycetes were grown in ISBrB weeks and
their culture broths and mycelia were extracted. tdtal, 138 crude extracts
comprising crude ethyl acetate extracts from caltbroths (BE, 46), crude ethyl
acetate extracts of mycelia (CE, 46) and crude mextracts of mycelia (CH, 46)

were obtained for antimicrobial assay.
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Actinomycete crude extracts at a concentration @ g/ml were
primarily tested for antimicrobial activity againgte tested microorganisms by the
colorimetric microdilution method (Figure 19). Thesult showed that 90 extracts
(65.22%) from 46 active actinomycete isolates virhéitory.

G
B & o) }ACKSG
B (CH)

} ACK90

(CE)

Figure 19 Primary antibacterial assay by a colorimetric mdtiution method at 200
pg/ml (blue or violet color indicates an inhibitorgsult and pink color
indicates growth of the test strain)

According to the types of crude extract CH preddhe highest active
extracts (34/46, 73.91%) followed by CE (31/46,38%b), and BE (25/46, 54.34%),
respectively (Figure 20). CH extracts exhibited thest activity againsg aureus
(34) and MRSA (29), followed b§. neoformans ATCC 90112 (4)P. marneffei (3),
both strains ofC. albicans (1) andP. aeruginosa (1). CE extracts exhibited the most
activity againsitS aureus (27) followed byMRSA (22),C. neoformans ATCC 90112
(24), C. neoformans ATCC 90113 (10),both strains ofC. albicans (4) and P.
marneffel (2). BE extracts exhibited the most activity agaifisaureus (21) followed
by MRSA (19),C. neoformans ATCC 90112 (12)C. neoformans ATCC 90113 (11),
C. albicans ATCC 90028 (5)C. albicans NCPF 3153 (4) ani¥l. gypseum (1) (Table
16).
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73.91
67.39

80 1
70 A 54.34
60 -
50 A
40 A
30 A
20 -

% Active crude extracts

BE CE CH

Crude extracts

Figure 20 Percentage of types of active crude extracts froiim@mycetes tested at
200 pg/ml(BE = Broth EtOAc, CE = Cell EtOAc, CH = Cell Hex@n

Table 16 Antimicrobial activity of each type of crude exits against test

microorganisms

Test microorganisms
Type of _ Filamentous
Bacteria Y easts ]
crude fungi
extract CA | CA| CN | CN
SA | MRSA | EC | PA MG PM
28 53 12 13
BE (n=46) | 21 19 o] o 5 4 12 11 1 0
CE (n=46)| 27 22 ol o 4 4 14  1d 0 2
CH (n=46)| 34 29 o] 1 1 1 4 0 0 3
SA = Saphylococcus aureus ATCC 25923 CA53 = Candida albicans NCPF 3153
MRSA = methicillin-resistantS. aureus SK1 CN12 = Cryptococcus neoformans ATCC 90112
EC = Escherichia coli ATCC 25922 CN13 = Cryptococcus neoformans ATCC 90113
PA = Pseudomonas aeruginosa ATCC 27853 MG = Microsporum gypseum SH-MU 4
CA28 = Candida albicans ATCC 90028 PM = Penicillium marneffei
BE = Broth EtOAc CE = Cell EtOAC

CH = Cell Hexane
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Extracts of active actinomycetes were highly actigainst both strains
of S aureus (50.72-59.42%), followed b§. neoformans (15.11-21.58%)¢C. albicans
(6.47-7.19%) andP. marneffei (5%). Only each one extract (0.72%) inhibited
P. aeruginosa andM. gypseum. None of the extracts inhibitel coli (Figure 21).

59.42%
60 7 50.72%

40

30 1 21.58%

20 - 15.11%

% Active extract

719% 6.47%
| 5%
- 0% 0.72% 0.72%

SA MRSA EC PA CA28 CA53 CN12 CNI13 MG PM

Test strain

Figure 21 Antimicrobial activity of actinomycete crude extta@gainst various

microbes tested at 200 pg/ml

SA = Staphylococcus aureus ATCC 25923 CA53 = Candida albicans NCPF 3153

MRSA = methicillin-resistan®. aureus SK1 CN12 = Cryptococcus neoformans ATCC 90112
EC = Escherichia coli ATCC 25922 CN13 = Cryptococcus neoformans ATCC 90113
PA = Pseudomonas aeruginosa ATCC 27853 MG = Microsporum gypseum SH- MU 4

CA28 = Candida albicans ATCC 90028 PM = Penicillium marneffei
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3.4 Determination of MIC and MBC or MFC

All extracts that showed inhibitory activity ad@ pg/ml were further
assayed for their MICs (Figure 22), MBCs or MFCstlxy colorimetric microdilution

method. The results are shown in Table 17.

ACK21 (BE) { §
L

a)S aureus ATCC 25923 b) MRSA-SK1

Figure 22 Determination of MIC of crude extracts by colorimeimicrodilution

method

3.4.1 Antibacterial activity

Of the 138 crude extracts from actinomycete tesla59.42% (82/138)
and 50.72% (70/138) of extracts were active ag&natreus and MRSA (Figure 21,
Table 16) with MIC/MBC values that ranged from @®&3/4->200 and 0.5-200/2-
>200 pg/ml, respectively. None of the extractshbited E. coli (MIC and MBC>200
pg/ml). One extract was active agairist aeruginosa with MIC/MBC values of
200/>200 pg/ml. Crude CH extract from ACK21 (ACKZ2)Cexhibited the strongest
antibacterial activity agains®. aureus and MRSA with MIC/MBC 0.5/4 and 0.5/8
pa/ml, respectively followed by ACK20CE againSt aureus and MRSA with
MIC/MBC 2/8 pg/ml, 0.5/2 pg/ml, respectively. Thigas comparable to vancomycin
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(MIC 0.5-1 pg/ml). ACK20CE and ACK21CH at concetimas of 4 times MIC
strongly destroyed. aureus ATCC25923 and MRSA cells causing the leakage of
cytoplasm and cell death as shown in the SEM inrféig 23 and 24.

mag | WD | H HV  |spot| det | — 1 HFW [ HV |spot det
30000x|7.7 mm[4.97 ym|15.00 kV| 2.0 |[ETD| 68 15.00kV| 2.0 |

30 000 x| 7

Figure 23 Scanning electron micrographs of the tre@ealreus ATCC 28923 (SA)
after incubation at 3& for 18 h

A : Control SA+ 1%DMSO C : SA+ ACK 20CE (4MIC)
B : SA+ Vancomycin (4MIC) D : SA+ ACK 21CH (4MIC)
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Figure 24 Scanning electron micrographs of the treabethicillin-resistant
S aureus SK1(MRSA) after incubation at 38 for 18 h

A : Control MRSA+ 1%DMSO C : MRSA+ ACK 20CE (4MIC)
B : MRSA+ Vancomycin (4MIC) D : MRSA+ ACK 21CH (4NT)

3.4.2 Antifungal activity

Thirty nine out of 138 extracts (28.26%) showeadifangal activity.
The results are shown in Figure 21 and Table 1&. mbst active extracts (30/138,
21.74%) were active againSt neoformans ATCC90112 with MIC/MFC values that
ranged from 16-200/>128 pg/ml, respectively, fokolvby 15.22% (21/138) of the
extracts against. neoformans ATCC90113 with MIC and MFC value of 16-200 and
64->200 pg/ml, respectively, and 5% agaiRstmarneffei. Only one extract was
active againstM. gypseum (MIC/MFC 200/>200 pg/ml). Crude CH extract from
ACK21 (ACK21CH) exhibited the strongest antifungatltivity againstC. albicans
NCPF3153 with MIC/MFC 4/128 pg/ml. The antifungald amphotericin B had
MIC value of 0.0625 pg/ml and MFC 2 pug/ml agai@salbicans.



Table 17 MICs, MBCs or MFCs (ug/ml) of selected active credéracts from actinomycetagainst human pathogenic microorganisms

est organisms
Bacteria Yeasts Filamentous fungus
Actinomyce
SA MRSA PA CA28 CA53 CN12 CN213 MG PM
Code Extrac
MIC | MBC | MIC | MBC | MIC | MBC | MIC MFC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC MIC MFC
BE 200 | >200 200 >20( 200 >200
ACK 7 CE 200 | >200 200 >20(¢
CH 200 | >200 | 128 =>128
BE 200 >200
ACK 8 CE 200 >200
CH 64 >128 128 >128
BE 200 | >200 200 | >200| 200 =>200 200 >20p 200 >2
ACK 18 CE 200 >200 200 >20(
CH 128 >128 200, >200
BE 4 16 1 4 200 >200 | 128| =>128 20( >200 200 >2
ACK 20 CE 2 8 0.5 2 128 >128 32 64 200 >200 200 >2
CH 128 | >128 | 128/ =>128 200 | >200
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Table 17 (cont.) MICs, MBCs or MFCs (ug/ml) of selected active crudegtracts from actinomycetes against human pathogen

microorganisms

est organisms

Bacteria Yeasts Filamentous fungus
Actinomycetes
SA MRSA PA CA28 CA53 CN12 CN13 MG PM
Code Extract
MIC | MBC | MIC | MBC | MIC | MBC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC
BE 0.5 128 1 16 200 >200 | 200| >20(¢
ACK 21 CE 05 | >128 | 05 16 200 >200 | 200| >20(¢
CH 0.5 4 0.5 8 200 >200 4 128
BE 64 >128 64 >128 200 | >200
ACK 26
CH 64 >128 200 | >200
CE 128 | >128
ACK 36
CH 64 >128 64 >128
ACK39 BE 200 >200 | 200| =200 20Q =>20 128 >1
CE 128 | >128 64 >128
ACK40
CH 64 >128 64 >128
BE 32 >128 32 >128
ACK 43 CE 16 128 16 >128
CH 64 128 128 >128

L9



Table 17 (cont.) MICs, MBCs or MFCs (ug/ml) of selected active crudgtracts from actinomycetes against human pathogen

microorganisms

est organisms
Bacteria Yeasts Filamentous fungus
Actinomycetes
SA MRSA PA CA28 CA53 CN12 CN13 MG PM
Code Extract
CE
ACK 44
ACK 50
ACK 53
ACK 56

89



Table 17 (cont.) MICs, MBCs or MFCs (ug/ml) of selected active crudegtracts from actinomycetes against human pathogen

microorganisms

est organisms

Bacteria Yeasts Filamentous fungus
Actinomycetes
SA MRSA PA CA28 CA53 CN12 CN13 MG PM
Code Extract
MIC | MBC | MIC | MBC | MIC | MBC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC| MIC | MFC
BE 128 | >128| 200| >20(¢ 200 | >200| 200| =>200
ACK 57 CE 128 | >128| 200| >20(
CH 32 >128 64 >128 200 | >200
CE 128 | >128| 200| >20(4 64 >12 64 64
ACK 58
CH 128 | >128| 128| >12§
ACK 60 CH 128 | >128
BE 200 | >200f 200| >20(
ACK 62 CE 200 | >200f 200| =>20(
CH 128 | >128| 200| >20(¢
CE 128 | >128| 200| >20( 200 | >200
ACK 64
CH 32 >128 64 >128

69



Table 17 (cont.) MICs, MBCs or MFCs (ug/ml) of selected active crudgtracts from actinomycetes against human pathogen

microorganisms

JTest organisms

Bacteria Yeasts Filamentous fungus
Actinomyce
SA MRSA PA CA28 CA53 CN12 CN13 MG PM
Code Extrac
MIC | MBC | MIC | MBC | MIC | MBC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC
BE 128 >128| 200
ACK 65 CE 128 | >128| 200
CH 64 >128 64
BE 128 >128 64
ACK 66 CE 64 >128 64
CH 32 >128 32
ACK 67 CH 128 | >128, 200
ACK 70 CH 200 | >200
BE 128 >128| 128
ACK73 | CE 64 | >128| 64
CH 128 >128| 128

0L



Table 17 (cont.) MICs, MBCs or MFCs (ug/ml) of selected active crudgtracts from actinomycetes against human pathogen

microorganisms

Test organisms
Bacteria Yeasts Filamentous fungus
Actinomyce
SA MRSA PA CA28 CA53 CN12 CN13 MG PM
Code Extract
MIC MBC | MIC | MBC
BE 32 >128 32 >128
ACK 74 CE 200 | >200| 200 200 200 | >200 2oo 200 | >200
CH 200 >200 200 200 >200
BE 16 >128 64
ACK 76 CE 16 >128 | 16
CH 2 >128 4
CE 200 | >200 >200
ACK 83
CH 32 >128
ACK 87 CE 128 >128 >200
CH 64 >128 64
BE 200 >200 200
ACK 90 CE 128 >128 128
CH 128 >128 128

[ 7A



Table 17 (cont.) MICs, MBCs or MFCs (ug/ml) of selected active crudgtracts from actinomycetes against human pathogen

microorganisms

Test organisms
Bacteria Yeasts Filamentous fungus
Actinomyce
SA MRSA PA CA28 CA53 CN12 CN13 MG PM
Code Extract
MIC | MBC | MIC | MBC | MIC | MBC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC | MIC | MFC

BE 64 >128 200
ACK 91 CE 64 >128 200

CH 64 >128 128

BE 200 >200 200
ACK 102 CE 128 >128 128

CH 32 >128 64

CE 200 >200
ACK 104

CH 64 >128 64

CE 200 >200 200
ACK 112

CH 64 >128 128
ACK 116 CE 32 >128 64

CH 64 | >128| 64 200

¢l



Table 17 (cont.) MICs, MBCs or MFCs (ug/ml) of selected active crudegtracts from actinomycetes against human pathogen

microorganisms

Test organisms
Bacteria Yeasts Filamentous fungus
Actinomycetes
SA MRSA PA CA28 CA53 CN12 CN13 MG PM
Code Extract
MIC MBC | MIC MBC MIC | MBC MIC MFC MIC MFC MIC MFC MIC | MFC MIC MFC MIC | MFC
BE 200 >200
ACK 117 CE
CH
BE 200 >200 200 >200
ACK 119 CE 64 >128 64 >128 200 >200 200 >200
CH
Vancomycin 1 2 1 2
Gentamicin 1 2
Miconazole 0.5 2
Amphotericin B 0.0625 2 0.0621 2 0.125 2 0.25 1 2 4
SA = Saphylococcus aureus ATCC25923 CA53 = Candida albicans NCPF3153 BE = Broth EtOAc MFC = Minimal Fungicidal Concentration
MRSA = methicillin-resistan®. aureus SK1 CN12 = Cryptococcus neoformans ATCC90112 CE = Cell EtOAc Strong activity : MIC< 8 pg/ml
EC = Escherichia coli ATCC25922 CN13 = Cryptococcus neoformans ATCC90113 CH = Cell Hexan Moderate activity : MIC 16-64 pg/ml
PA = Pseudomonas aeruginosa ATCC27853 MG = Microsporum gypseum SH-MU 4 MIC = Minimal Inhibitory Concentration Weak activity : MIC 128-200 pg/ml
CA28 = Candida albicans ATCC90028 PM = Penicillium marneffei MBC = Minimal Bactericidal Concentration

€L
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3.5 Optimization of culturing conditions of actinomycetesfor the production of

antimicrobial metabolite

3.5.1 Effect of agitation

In this study the secondary metabolite productiafs selected
actinomycetes ACK 20 and ACK21 were cultured urgteaking (200 rpm) and static
conditions in ISP-2 medium pH7 at °8 The culture broths were incubated for 5
weeks to investigate the inhibition activity agaifisaureus and MRSA and to measure
cell dry weight. Under the shaken condition as shawFigure 25A and D, the growth
of both actinomycetes increased at the first wekkuitivation and the maximum
growth was obtained at the second week, then gligddacreased, whereas the
maximum growth under the static condition was foafigr 3 weeks of cultivation.
Antibacterial activity was measured in terms ofnagder of inhibition zone (mm) by
agar well assay. It was found that the antibadtectivity was detected starting from
the first and second week of cultivation of ACK2tdaACK21 under static condition,
respectively and reaching its maximum activityhe fourth week of incubation against
both S aureus and MRSA. Culture filtrates of both isolates undgatic condition
showed better antibacterial activity than thosenfithe shaking condition (Figure 25B-
F).
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3.5.2 Effect of temperature

The temperature for growth and antibacterial pradac of
actinomycetes in this study was carried out at3@and 38C in ISP-2 medium pH 7
under static condition for 5 weeks. The growth ofhbactinomycetes cultivated at 25
and 35C as shown in Figure 26A and D increased at tis¢ fireek of cultivation and
the maximum growth was obtained at the third wéledn gradually decreased, whereas
the maximum growth under 30°C was found at thé fifeek for ACK20. It was found
that the antibacterial activities were detectedtis from the first week of cultivation
of ACK20 and ACK21, except the activity of ACK21 35°C was detected starting
from the third and fourth weeks againSt aureus and MRSA, respectively. The
maximum activities of ACK20 and ACK21 agair&taureus and MRSA were found in
the fourth week at 25 and 30°C of incubations, éepely (Figure 26).
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3.5.3 Effect of theinitial pH of 1SP-2 medium

The initial pH of medium is important for growth darantibacterial
production of actinomycetes. In this study actinoetgs ACK20 and ACK21 were
inoculated in ISP-2 medium at different initial ptfs 7 and 8) at 2& for ACK 20 and
at 30C for ACK 21 under static condition for 5 weeks.dén pH6, 7 and 8 of medium
as shown in Figure 27A and D, the growth of bottinacnycetes increased at the first
week of cultivation and the maximum growth was achd at the second week, then
gradually decreased, except under cultivation at fité growth of ACK20 increased at
the first and second weeks of cultivation, therdgedly decreased and the maximum
growth was achieved at the fifth week. The besviggtof ACK20 was observed in the
medium with initial pH6 and 7 against bdshaureus ATCC 25923 and MRSA (Figure
27B and C) whereas the best activity of ACK21 whtaimed from the medium with
initial pH 7 (Figure 27E and F).
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3.6 Identification of actinomycetes
The top 2 actinomycetes, ACK20 and ACK21 were idiexdt by
morphological characteristics and molecular techai(i6S rDNA).

3.6.1 Morphological characteristics

The two best active actinomycetes that grew on Yagar were slow
growing, aerobic, glabrous or chalky and with gaayial mycelia (Figure 28A and C)
and possessed an earthy odour. The microscopic iextom of ACK21 under
scanning electron microscope showed that the sgwams are in spiral form (Figure
28D) which is the characteristic of the gerfiseptomyces. The scanning electron
micrograph of ACK20 revealed that this strain progtlicurved spore (Figure 28B).

Figure 28 Morphological characteristics of ACK 20 (A and B)d@ACK 21 (C and D)
A and C, colonial morphology on YME agar at@@dor 6 weeks
B and D, Scanning electron micrographs showimgyed spore and spiral
type of spore chains, respectively
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3.6.2 Molecular technique (16S DNA)

The 16S DNA aligment of actinomycete ACK20 coregisbf 17 taxa in
Amycolatopsis, with Amycolatopsis alba as an outgroup. The dataset comprised 900
characters, 875 of which were constant charecgemere uninformative characters
and 16 were informative characters. Maximum parsynanalysis yieled 1 MPT. ClI
and RI of 100 steps, 1.0000 and 1.0000 respectiVély tree fronNJ analysis had an
identical topologyto the tree from the MP analysis. ActinomyceteskGQ was
placed in subclade Aand was closely related témycolatopsis echigonensis
(AB546313, NR041404 and AB24853with short branch length and supported with
60% and 62% bootstrap values from the (#Rjure 29) and NJ analysagspectively.
The nucleotide identity were 99.6, 99.3 a88é.3 %, respectively which indicated that
ACK20 had two base difference with AB546313. ACK &@s then identified as
Amycolatopsis echigonensis.

The 16S DNA aligment of Actinomycetes ACK21 coteisof 30 taxa
in Streptomyces, with Streptomyces aureofaciens as an outgroup. The dataset
comprised 1124 characters, 1034 of which were eobstharecters, 58 were
uninformative characters and 32 were informativarabters. Maximum parsimony
analysis yieled 1 MPT. Cl and RI of 10 steps, 047&84d 0.9327 respectively. The tree
from NJ analysis had an identical topology the tree from the MP analysis.
Actinomycete ACK21 was placed in a species complex subcladeofpeising
Sreptomyces indonesiensis (HQ244467, FJ406119)Streptomyces rhizosphaericus
(NR0O41415, FJ4061213reptomyces asiaticus (NR0O41418,
HQ244468) Sreptomyces cangkringensis (HQ244471, FJ406120) argreptomyces
hygroscopicus (FJ968105, EU016370yith short branch length and supported with
99% and 98% bootstrap values from the Ryure 30) and NJ analyse®spectively,
which thenucleotide identity difference between 99.3-99.7%d dhave 2-7 base
difference, Therefore ACK2Was identified a&treptomyces sp.
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Amycolutopsis echigonensis NR041404
95/96 | )

Amycolutopsis echigonensis AB243335
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Figure 29 Phylogram obtained from 16S rDNA sequence anabfsistinomycetes

ACK20 and relatedmycolatopsis echigonensis from Maximum parsimony

analysis. Scale bar represents 0.1 base pair change
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Figure 30 Phylogram obtained from 16S rDNA sequence analysiactinomycetes
ACK21 and related@®reptomyces sp. from Maximum parsimony analysis.

Scale bar represents 1 base pair changes.
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CHAPTER 4

DISCUSSION

4.1. Antimicrobial activity

It has been known for a long time that actinomyzetee a good source
of antibiotics. The majority of antibiotics commgnised to treat infectious diseases
are from actinomycetes. It has been extensiveldiestuin the past. However, the
searches for antibiotic producing actinomycetes @metinuing because of a high
demand for new types of antibiotics against drugjstant pathogens. Scientists are
trying to screen actinomycetes that can producemambbial substances from
different sources continuous{yPandeyet al., 2004; Oskayet al., 2004; Nedialkova
and Naidenova, 2004-2005; Anansiriwattahal., 2006; Singlet al., 2006; Parungao
et al., 2007; Arasuet al., 2009; Dharmaraj and Sumanti2909; Ningthoujanet al.,
2009; Arifuzzamaret al., 2010; Dehnadt al., 2010; Hozzeiret al., 2011). In this
study, 100 selected actinomycetes isolated fronts sai southern Thailand were
screened for their ability to inhibit human pathegieFrom the initial screening, 80%
of actinomycetes showed inhibitory activity agaiasteast one tested microorganism,
from these 8% had antibacterial activity, 32% hatlfangal activity and 40% had
both antibacterial and antifungal activities. Threqentage of active isolates obtained
from this study is markedly high when compared with reports of Parungaa al.
(2007 in the Philippines (26%), Oskagy al. (2004) in Turkey (34%), Ningthoujast
al. (2009) and Singlkt al. (2006) in India (37% and 57%, respectively). Irailénd,
Anansiriwattanaet al. (2006) isolated actinomycetes from soil and ssawhples in
Koh Samed, Rayong province, Thailand and repotiati@9% of their isolates were
active againsg. aureus ATCC 25923 B. subtilis ATCC 6633 andC. albicans ATCC
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10231. Our result is consistent with the studyefiiveiraet al. (2010) that 88.6% of
endophytic actinobacteria tested showed antimiatoactivity against at least one
phytopathogen. Duangsook (2010) also found that 85%er actinomycete isolates
have antifungal activity against fungi contaminated pararubber sheet. The most
active actinomycetes from this study showed angi@linactivity against human
pathogenic fungiC. neoformans (49%), P. marneffel (41%), C. albicans (30%) and
M. gypseum (21%), respectively. It is possible tha0% of the actinomycete strains in
this study were known to have antifungal activigyaimst plant fungal pathogens
(Boukaewet al., 2010). Isolate ACK60 was most active agai@sheoformans with
the largest inhibition zone of 34.37 mm and ACK2fiastC. albicans (32.45 mm)
compared with the results from other studies. @ha. (2001) found that 3-hydroxy-
-butyrolactones (50 g/disk) from Streptomyces sp. can inhibit the growth of
C. albicans with inhibition zone of 19.0 mm. Chatujindtaal. (2007) indicated that
actinomycetes strain CB5-3 isolated from soil shibwetifungal activity against.
albicans ATCC 10231 with an inhibition zone of 21.3 mm hetprimary screening
test. In addition, 11 and 30 isolates showed higtibitory activity >80% hyphal
growth inhibition and 9 isolates strongly inhibitedth P. marneffei andM. gypseum.
Candidiasis and cryptococcosis have emerged as mablems worldwide in cancer
patients, transplant recipients, and other immumgromised individuals, including
those with AIDS (Pitisuttithumet al., 2001; Umeh and Umeakanne, 2010).
Penicilliosis marneffei is an opportunistic fungafection in AIDS patients with a
high incidence in Southeast Asia, in particulartie northern part of Thailand
(Vanittanakomet al., 2006; Haiet al., 2010). Despite advances in antifungal therapy
in the last decade and the increasing numbers tafrngpavailable for treating fungal
infections, a high prevalence of antifungal resiseaand failures of clinical treatments
have been reported (Buedt al., 2010; Pfalleret al., 2010, 2011). The results from
this study showed that soil actinomycetes are a goarce of antifungal compounds
against those pathogens.

For antibacterial activity, 40% of our soil actingeetes inhibited both
strains of S aureus and only 9% and5% inhibited E. coli and P. aeruginosa,
respectively. In general, Gram-negative bactemanmaore resistant to chemical agents

than the Gram-positive bacteria due to their ontembrane structures that act as a
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permeability barrier (Denyeet al., 2004; Bansakt al., 2010). ACK18 showed the
best inhibitory activity agains®. aureus with an inhibition zone of 30.95 mm and
ACKB84 against MRSA SK1 (inhibition zone 35.17 nwhereas ACK108 had the
best activity againstE. coli (inhibition zone32.87 mm)and ACK117 against
P. aeruginosa (inhibition zone33.62 mm). Schumachegtt al. (2003) reported that
bonactin from Streptomyces sp. strain BD21-2 can inhibit the growth @&.
megaterium, M. luteus, Klebsiella pneumoniae, S. aureus, Alcaligenes faecalis, E. coli
andSaccharomyces cerevisiae with inhibition zones in the range of only 7-10 mm
Chatujindaet al. (2007) reported that actinomycetes strain CB5-@ &atibacterial
activity againstS. aureus and E. coli with inhibition zones of 24.2 and 15.7 mm,
respectively. In addition, many investigators almnd that metabolites from
Streptomyces spp have antibacterial activities against various é&aat including
S aureus, MRSA, VRSA, B. subtilis, S epidermidis, Enterococcus faecalis,
Micrococcus luteus, E. coli, P. aeruginosa, and Klebsiella sp. (Arasuet al., 2008;
Selvameenatt al., 2009; Yadawt al., 2009; Duraipandiyaset al., 2010; Aouichest
al., 2012; Dasarét al., 2012).

The top 46 actinomycetes that can inhibit each groti the tested
bacteria and yeasts from cross streak technigueinlhiibition zones over 25 mm and
hyphal growth inhibition over 80% were selecteddbemical extraction. Three types
of crude extracts were obtained; the ethyl acetateacts from the culture broth (BE),
the ethyl acetate extracts from the cells (CE), tn@dhexane extracts from the cells
(CH). Among these, CH extracts gave positive resalbre than the CE and BE
extracts. This indicated that the active constitsieare cell-bound and nonpolar.
Holloway (2006) reported that moderate degree ddirfig is a characteristic of most
antibiotics.

Of the 138 crude extracts from 46 actinomycetekiss, 59.42% and
50.72% of extracts were active agaigstaureus and MRSA while only 28.26%
showed antifungal activity. This result is in ca@str to the primary screening. The
cross streak technique can detect the water solsiestances that are diffused
through the agar medium whereas the crude extractsless polar. Different
compounds can inhibit different microorganisms. deruCH extract from ACK21
(ACK21CH) exhibited the strongest antibacteriahait againstS aureus and MRSA
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with MIC/MBC 0.5/4 and 0.5/8 pg/ml, respectivelyléaved by ACK20CE againss.
aureus and MRSA with MIC/MBC 2/8 pg/ml, 0.5/2 pg/ml, respively. Thess results
are comparable to the standard drug vancomycin (MBC 1/2 pg/ml). None of the
extracts inhibitedE. coli (MIC and MBC>200 pg/ml) and only one extract
(ACK20CH) was active againd®. aeruginosa with MIC/MBC values 200/>200
pa/ml. Compared with the results of Duraipandiygnal. (2010), actinomycetes
ERIH-44 showed both antibacterial and antifungaivag with MICs againstB.
subtilis (<15.62 ug/ml), S. aureus (<15.62 pug/ml), E. coli (125 pg/ml) and P.
aeruginosa (500 pg/ml), Botrytis cinerea (500 pg/ml) and Trichophyton
mentagrophytes (1000 pg/ml). Aouicheet al. (2012) reported that isolate PAL111
showed a strong activity againSt albicans, filamentous fungi, and Gram-positive
and Gram-negative bacteria with MICs between 2 2hdg/ml for yeast, 10 and 50
ug/ml for filamentous fungi, 2 and 1®/ml for Gram-positive bacteria and 20 and 75
ug/ml for Gram-negative bacteria. In addition, th#eds of ACK20CE and
ACK21CH at 4 times MIC were also observed by SEbhglwith the vancomycin.
Both extracts had an effect on the morphologicalcstire of the cells which was
indicated by the presence of pores and shrinkagiencell wall. Some cells had
undergone cell lysis. This may be due to the imgmr§ynthesis of the cell wall. The
cells in contact with actinomycete extracts had endamaged cells (Figures 23C,
23D, 24C, 24D) than those treated with vancomyen4MIC) (Figures 23B and
24B). Vancomycin inhibits the bacterial cell wajih¢hesis by strongly binding to the
end of the D-Ala-D-Ala, therefore it inhibits peghtiglycan synthesis and also inhibits
the cross linkage. The cell becomes vulnerableeasily lysed causing the cell wall
shrunk. Besides that the cell membrane also becaaesged leading to cell death
(Anam et al., 2010). The SEM result indicated that ACK20CE an@K&R1CH
interfere the cell wall synthesis. Active compourfiasn these two isolates are under
investigation.

For antifungal activity, crude CH extract from ACKZACK21CH)
exhibited the strongest antifungal activity agaitdt albicans NCPF3153 with
MIC/MFC 4/128 pg/ml which is better than the resuftom other investigations.
Arasuet al. (2008) reported that extract from actinomycessdaie ERI-26 showed
the MIC of 500ug/ml againsC. albicans while Gandhimathet al. (2008) found that
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extract fromStreptomyces sp. strain CPI 13 inhibite@. tropicalis with MIC and
MFC values of 10 and 12&5/ml, respectively. The extracts had less actiagginst
C. neoformans, M. gypseum and P. marneffel. However, this is the first study of
actinomycetes again®. marneffei. Although only 5% of the extracts were active
againstP. marneffei with MIC of 200 pg/ml, but it is worth noting that many
actinomycetes could completely inhibit the hyphadvgth of this fungus. The active
actinomycetes may produce polar antifungal compsumt the agar medium.

4.2 Optimization of the antimicrobial production by actinomycetes ACK20 and
ACK21

As isolates ACK20 and ACK21 showed the best antiobi@l activity,
they were then selected for the optimization stufjects of agitation, pH of initial
medium and incubation temperature on the produafantimicrobial compounds by
ACK20 and ACK21 were investigated. The cell malstamed from each condition
was measured and antibacterial activity of cultbreth againstS aureus ATCC
25923 and MRSA were detected by agar well diffusion

The production of antibacterial agents by ACK20 a@dK21 was
carried out in ISP-2 broth. ISP media were developg Difco Laboratories for the
InternationalSreptomyces Project (ISP). ISP-2 is also referred to as Yé&adtact-
Malt Extract agar and contains 0.4% yeast exti®étmalt extract and 0.4% dextrose.
Yeast extract and malt extract provide nitrogen,inamacids and vitamins, and
dextrose is the main carbon source (Duangsook, )208Fr-2 is the traditional
medium used to determine the cultural charactesisii actinomycetes. However, it
has also been used by many investigators for ptmfuof antimicrobial agents by
various actinomycetes (Augustigeal., 2005; Boudjellaet al., 2006; Thakuret al.,
2009; Duangsook, 2010; Nookao, 2011).

Cultivation conditions play an important role inethantibiotic
production by actinomycetes. In this study, thedpation of antibacterial compounds
by ACK20 and ACK21 was carried out in static andkshg cultures. Both isolates
grew well under shaking condition but the antibaateactivity obtained from static

cultures was higher than those from the shakintumg. Antibiotics are secondary
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metabolites which microorganisms produce in théastary phase. A high degree of
oxygen transfer during the exponential growth phasg ultimately help to improve
antibiotic production. Different strains requirdfdrent cultivation conditions. Many
investigators have found that their actinomycetesdpce high antibiotic yields in
shake flask condition (Boudjelkt al., 2006; Singhet al., 2009; Thakuet al., 2009).
Thakuret al. (2009) reported that the optimum production & #mtimicrobial agent
by Streptomyces sp. 201 in laboratory-scale fermentation could di@eved in culture
medium supplemented with mannitol at a concentmatb 1.5 g/l as carbon and
asparagine concentration 0.9 g/l as nitrogen ssuteenperature at 30, initial pH
of the medium 7.5, inoculum size equal to Zx¢pore/ml and incubation period of 60
days under shaking condition. In the contrary, ogtadies by Hassaet al. (2001),
El-sersy and Abou-Elela (2006), Al-Zahrani (200fdaDuangsook (2010) have
shown that the static condition is good for theolates. Therefore, each isolate must
be checked for its optimum culture condition.

The biosynthesis of secondary metabolites by mrgamsms is
regulated by the growth temperature. In this stualdg, maximum activity of ACK20
and ACK21 againsS. aureus and MRSA was found in the fourth week at 25 and
30°C of incubation, respectively. Boudjelh al. (2006) studied the antimicrobial
production ofStreptosporangium sp. Sg 10 cultured in ISP 2 broth, pH 7.2 in ampt
shaker at 250 rpm, at 3D for 17 days and tested agaimdt luteus and Mucor
ramannianus by agar diffusion method. The antimicrobial adfivwas detected on
day 4 until day 11 of incubation and the antibaatevas stronger than the antifungal
activity. In 2010, de Oliveiraet al. reported that the metabolite produced by
Streptomyces sp. R18(6) grown in SC broth at80and pH 7.0 showed the best
inhibition zone observed with the diffusion-well thed. Nookao (2011) indicated
that actinomycetes strain KM 1.1-7.9 grown in GNtRiild medium on a rotary shaker
(180 rpm) at 38C for nine days produced antibacterial metabobkigainstRalstonia
solanacearum.

Another important factor affecting antibiotic pradion is the initial
pH of medium. The activity of several major enzynteat catalyze metabolic
reactions of cell growth and antibiotic formatiae affected by pH (Guimaraesal.,
2004; Lianget al., 2008). In general, the growth pH range of actigicetes is 6.5-8.0
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(Locci, 1989) and the optimum pH is 7.0 (Jenser@119ACK20 and ACK21 grew
well in all pHs studied and the cell mass increameithe first week of cultivation and
the maximum growth was achieved at the second wibeky gradually decreased,
except for ACK20 under cultivation at pH7. The bastivity of ACK20 and ACK21
was observed in the medium with initial pH6-7 adl p respectivelyKontro et al.
(2005) studied the pH effects on growth and sptinreof tenSreptomyces spp. The
growth pH ranges and pH ranges for the optimal gnosé thoseStreptomyces spp.
were strongly dependent on the nutrient compositibthe media but the ability to
sporulate was independent of the pH and medium ositign.

The optimum culture conditions for the productiohamtimicrobial
metabolites from many studies, have varied. In 28Qfustineet al. reported that the
optimum conditions for antifungal metabolite protioie of Sreptomyces rochel AK
39 were starch casein medium pH 7 containing gbtckr2%, agitation at 200 rpm,
temperature at 3C. Oskay (2009) reported that the optimum condgidior
antimicrobial production byareptomyces sp. KEH 23 were an initial pH of 7.5, a
temperature of 3@ under shaking condition. The optimum conditionsr f
Streptomyces tanashiensis strain A2D were 2&, at a pH of 8 under shaking
condition and this strain grew upto pH 9, and iatkd that this strain was part of the
alkaliphilic actinomycetes group (Singhal., 2009). In addition, Duangsook (2010)
found that the optimum conditions for the productiof antifungal metabolites by
Streptomyces spp. AC41 and AC51 against fungi contaminatedulober sheet were
under the static condition, a pH of 7 a®Gdor 6 weeks. In this study, the optimum
conditions for the production of antimicrobial maséites by isolates ACK20 were pH
6-7 at 25C under static condition for 4 weeks and by ACKXrevpH 7 at 3T for 4

weeks. Both isolates are mesophilic and neutraphili
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4.3 I dentification of actinomycetes

In this study, the two best antimicrobial producisglates ACK20 and
ACK 21 were identified based on morphological andlenular characteristics as
Amycolatopsis echigonensis and Streptomyces sp., respectivelyA. echigonensis was
first isolated from a filtration substrate made nfroJapanese volcanic soil and
described as a new species based on morphologigsiological and genotypic
characteristics by Dingt al. in 2007. The genus is known to contain numerous
antibiotic producing strains, with the glycopepti@eg. vancomycin) and ansamycin
(e.g. rifamycin) producers being the most import@ntmedicine. PCR screening for
antibiotic biosynthetic potential revealed the prese of antibiotic biosynthetic genes
in all the Amycolatopsis type strains (Everest and Meyers, 2011). Recelg@rashi
et al. (2008) reported thadmycolatopsis ML1-hF4 produced pargamicin A, a novel
cyclic peptide antibiotic with a potent antibaciractivity againstS. aureus strains
including MRSA andEnterococcus faecalis/faecium strains including vancomycin-
resistant enterococci (VRE). Extracts frofa echigonensis ACK20 showed both
antibacterial and antifungal activities but theilzentterial activity is much stronger
than the antifungal one. To our knowledge thishis first report on antimicrobial
metabolites produced 4. echigonensis. The chemical contituents produced by this
strain is under investigation.

Sreptomyces sp. ACK21 was grouped together wihcangkringensis,
S agiaticus, S. rhizosphaericus, S. indonesiensis, S. hygroscopicus and Streptomyces
sp. 02-32. The first four species are memberStadptomyces violaceusniger clade
which is known to be antagonistic to various plaathogenic fungi (Sembiring al.,
2000) and a source of antibacterial and antifumgatabolites (Goodfellovet al.,
2007). S cangkringensis, S. asiaticus and S. indonesiensis were described as new
species by Sembiringt al. in 2000. They shared 16S rRNA gene similaritiethini
the range of 99.2 — 99.7 values that correspontbetwveen 4 and 6 nucleotide
differences (Goodfellownet al., 2007). S. asiaticus and S. indonesiensis were first
isolated from rhizosphere soils where8s cangkringensis was from the non-
rhizosphere soil adjacent to a stand of the trépegume,Paraserianthes falcataria

in Indonesia. They produce spiral spore chainsthrdspore surface is rugose. Our
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Streptomyces sp ACK21 produces spiral spore chain too. Likeechigonensis there
is no detailed reports on the production of antibg from these three species.
Sreptomyces hygroscopicus and related species are the most well known catelid
producers of antibiotics and many other industri@hd agronomically important
secondary metabolites in the gerfigeptomyces. Currently more than 650 kinds of
bioactive substances have been produced blyygroscopicus and related species
(Rong and Huang, 2012). The examples of antibigirosluced bys. hygroscopicus
are such as geldamycin (antitumor), hygromycin BtHalmintic), nigericin (against
Gram-positive bacteria) and validamycin (fungicidg)l three extracts from our
isolate Sreptomyces sp. ACK21 exhibited the strongest antibacteriaivagtagainst
S aureus strains including MRSA with MICs lower than vancgein. The chemical

contituents produced by ACK21 is under investigatio
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CHAPTER S

CONCLUSIONS

5.1 Conclusions

In this study, total of 100 actinomycetes isolatemmn soils from four
provinces in southern Thailand were screened far #bility to produce antimicrobial
substances by cross streak and hyphal growth tgmbiestsagainst ten human
pathogens. Eighty percents of the isolates showiehi@robial activity against at
least one test microorganism. Among them, 8% itddibonly bacteria, 32% inhibited

only yeasts andr fungi and 40% had both antibacterial and ang&lractivities. For

antibacterial activity, 40% of soil actinomycetahibited both strains @&. aureus and
only 9% and15% inhibitedE. coli and P. aeruginosa, respectively. For antifungal
activity, 21, 30, 41, and 49% inhibited. gypseum, C. albicans, P. marneffel and
C. neoformans, respectively.

Forty-six active isolates that showed inhibitiomeocover 25 mm and
hyphal growth inhibition over 80% were selected anttured in Yeast Malt Extract
broth for extraction of bioactive compound. Thrgeets of crude extracts, BE, CH and
CE were obtained. CH provided the highest activeaets (34/46, 73.91%) followed
by CE (31/46, 67.39%), and BE (25/46, 54.34%), eespely. Crude extracts were
then tested for their MICsSMBCs and MFCs by broth microdilution methods
according to Clinical and Laboratory Standardsitutst (CLSI). Ninety extracts out of
138 total extracts from 46 actinomycete isolatesevighibitory. They can inhibit both
strains ofS. aureus with MIC values of 0.5-200 pg/ml and MBC values 26200
pag/ml, respectively. Crude CH extracts from ACKZ2ACK21CH) exhibited the
strongest antibacterial activity agaitsstaureus and MRSA with MIC/MBC 0.5/4 and
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0.5/8 pg/ml, respectively followed by ACK20CE agdif. aureus and MRSA with
MIC/MBC 2/8 pg/ml, 0.5/2 pg/ml, respectively. In ditlon, scanning electron
microscopic study showed that extracts from ACK21@kd ACK20CE strongly
destroyeds. aureus cells causing cytoplasm leakage and cell death.

Three factors including agitation, temperature amtal pH of the
medium on the production of antimicrobial metaleditoy the isolates ACK21 and
ACK20 were investigated. The optimum condition AACK21 was observed at the
static condition, pH7 and temperature’G0and ACK20 was observed at the static
condition, pH6 and 7 and temperature’@5for 4 weeks for the production of
antibacterial metabolites against b&taureus ATCC25923 and MRSA.

Based on morphological characteristics and 16S RN&lysis, ACK21
was identified astreptomyces sp. and ACK20 admycolatopsis echigonensis.
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5.2 Suggestion for future work

1) Purification and structural identification ofetliioactive compounds
from the most activeStreptomyces sp. ACK21 and Amycolatopsis echigonensis
ACK20

2) Study on mechanisms of action of bioactive conmgis from these

two best active isolates
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APPENDI X

Actinomycete | solation Agar (AlA) 1litre
Sodium caseinate 20 g
Asparagine 01 g
Sodium propionate 40 ¢
Dipotassium phosphate 05 g
Magnesium sulfate 01 g
Ferrous sulfate 0.001 g
Agar 150 g

Nutrient Agar (NA) 1litre
Beef extract 30 g
Peptone 50 g
Agar 150 ¢

Y east extract-malt extract broth (1SP-2) 1litre
Malt extract 10.0g
Yeast extract 409
Glucose 409
pH 7

1.8% resazurin

Add 1.8 g of resazurin dye to 100 ml of distilleghter and mix
thoroughly. Filter resarurin dye solution with meaweae 0.45 pm and store in
eppendorf wrapping with foil at %C. Dilute 1.8% resazurin with sterile distilled wat

to 1:10 and mix thoroughly before using for antiralmal test.
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Neighbour-joining: Neighbor-joining is based on the minimum-
evolution criterion for phylogenetic trees, i.eettopology that gives the least total
branch length is preferred at each step of theridthgo. However, neighbor-joining
may not find the true tree topology with least kdtanch length because it is a greedy
algorithm that constructs the tree in a step-washibn. Even though it is sub-optimal
in this sense, it has been extensively tested andlly finds a tree that is quite close
to the optimal tree. Nevertheless, it has beerelgrguperseded in phylogenetics by
methods that do not rely on distance measures f@dsoiperior accuracy under most

conditions (Duangsook, 2010)

Maximum parsimony: Maximum parsimony is a character-based
method that infers a phylogenetic tree by miningzihe total number of evolutionary
steps required to explain a given set of datan ather words by minimizing the total
tree length. The trees requiring the fewest charastate changes are considered
optimal. Individual characters are termed “inforimat in maximum parsimony
analysis when they require different numbers ofnglea on different trees. To be
informative, an unpolarized character must haVeast two character states and each
state must be present in at least two taxa. Charatdte changes required for the tree
is the length of the tree. As the number of taxagases, the number of possible trees
increases even faster, finding the most parsimanicees (MPTSs) for a given data set
can be a computationally intensive task to chodme ttee that result in fewest

character state changes. (Duangsook, 2010)

Bootstrapping (Simpson, 2006) Bootstrapping is a resampling tree
evaluation method that works with distance, parsiyndikelihood and just about any
other tree derivation method. The result of boafstanalysis is typically a number
associated with a particular branch in the phylegjertree that gives the proportion of
bootstrap replicates that supports the monophytheftclade. Bootstrap values greater
than 70% correspond to a probability of greatent®a% that the true phylogeny has
been found and greater than 50% will be an ovenesé of accuracy. A high

bootstrap value can make the right phylogeny.
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Consistency index (CI) (Simpson, 2006)One measure of the relative
amount of homoplasy in the cladogram is the coasct index. The consistency
index is equal to the ratio of minimum changestadracter state or minimum possible
tree length that must occur and the actual numbehanges or tree length that do
occur. A consistency index close to 1 indicatakelito no homoplasy; a CI close to 0

is indicative of considerable homoplasy.

Minimum possible tree length

Tree length

Retention index (RI) (Simpson, 2006)The retention index is calculated as the ratio
(g-s)/(g-m), where g is the maximum possible treegth that could occur on any
conceivable tree, s and m are tree length and miminpossible tree length,
respectively. Thus, the RI is influenced by the bemof taxon in the study. A
consistency index close to 1 indicates little to mmmoplasy; a RI close to O is

indicative of considerable homoplasy.

Maximum possible ttergth - tree length

RI
Maximum possible tree length - minmmpossible tree length
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