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ABSTRACT

Streptomyces spp. have been the most abundant sources of all types of antibiotics. The
success of marine natural products has promoted the marine environment as a source of
novel chemical diversity for drug discovery. In Malaysia, the marine actinomycetes
niche remains virtually unexplored and is a promising resource for the biotechnological
applications including drug discovery. Screening for antifungal activity revealed that six
out of 44 putative Streptomyces spp. isolated from sponges from Tioman Island showed
strong antifungal activities against Candida albicans and Schizosaccharomyces pombe.
Some physiological characterisation was done to these six potential strains to facilitate
the strain identification including temperature range and optimum temperature range for
growth, formation of melanoid pigment, liquefaction of gelatin, hydrolysis of starch,
hydrogen sulfide production, sodium chloride tolerance, carbon sources utilization,
nitrate reduction test and pH sensitivity. Fermentation of these strains was done using
ISP 2 broth as growth medium prior to extraction of their bioactive components using
ethyl acetate in ratio of 3:1 (filtrate broth: ethyl acetate). The crude extract of the strains
were analysed using high performance liquid chromatography (HPLC) for chemical
profiling. Based on the HPLC analysis, interesting compounds in three strains (X34,
X42 and X77) were detected. 16S rRNA gene sequence analysis of these three strains
showed 100%, 99.70% and 99.76% similarity to Streptomyces rochei (strain X34),
Streptomyces albidoflavus (strain X42) and Streptomyces cavourensis (strain X77),
respectively. When crude extracts of these three strains were tested against S. pombe,
only strain X34 was positive and was further profiled, purified and isolated by column
chromatography, thin layer chromatography (TLC), HPLC and preparative thin layer
chromatography (PTLC). Six fractions (F1-F6) were obtained after column

chromatography was done to strain X34, and were tested against S. pombe. As only



fraction F5 was positive, this fraction was subjected to PTLC. Another six sub-fractions
(F5.1-F5.6) obtained after PTLC (of fraction F5) which were then tested against S.
pombe. As a result, two out of six sub-fractions (F5.1 and F5.4) showed antifungal
activity against the tested fungi but based on their *H-NMR chromatogram, only sub-
fraction F5.1 was further analysed by nuclear magnetic resonance (NMR) and fourier
transformation infrared spectroscopy (FTIR) for structure identification. Both NMR and
FTIR analyses showed that the active sub-fraction (F5.1) was belonging to 2-(3-
hydroxybutan-2-yloxy) propanoic acid. This is the first report of antifungal activity of

this compound isolated from Streptomyces rochei.



ABSTRAK

Streptomyces spp. merupakan sumber utama bagi kebanyakan antibiotik. Keberkesanan
produk semula jadi marin telah memperkenalkan persekitaran marin sebagai suatu
sumber yang kaya dengan pelbagai penemuan baru. Di Malaysia, nic aktinomiset marin
masih belum diteroka sepenuhnya dan merupakan sumber aplikasi bioteknologi
termasuk penemuan ubatan. Ujian antikulat menunjukkan enam daripada 44 strain
Streptomyces spp. yang diperolehi daripada span dari Pulau Tioman yang diuji
mempunyai aktiviti antikulat terhadap Candida albicans dan Schizosaccharomyces
pombe. Beberapa pencirian fizikal telah dilakukan terhadap keenam-enam strain ini
bagi memudahkan proses identifikasi termasuklah lingkungan suhu dan lingkungan
suhu optimum bagi pertumbuhan, pembentukan pigmen melanin, pencairan gelatin,
hidrolisis kanji, penghasilan hidrogen sulfida, toleransi terhadap natrium klorida,
penggunaan sumber karbon, ujian penurunan nitrat dan sensitiviti terhadap pH.
Seterusnya, proses fermentasi dilakukan terhadap strain-strain ini menggunakan media
cair ISP 2 sebagai media pertumbuhan sebelum mengekstrak komponen bioaktif
menggunakan etil asetat dalam nisbah 3:1 (cairan fermentasi yang ditapis: etil asetat).
Ekstrak mentah strain ini telah dianalisis menggunakan kromatografi cecair
berpencapaian tinggi (HPLC) untuk pemprofilan kimia. Berdasarkan analisis HPLC
tersebut, beberapa sebatian penting telah dikesan terdapat dalam ekstrak tiga strain
(X34, X42 dan X77). Analisis jujukan gen 16S rRNA bagi ketiga-tiga strain ini
menunjukkan persamaan 100%, 99.7% dan 99.8% dengan Streptomyces rochei (strain
X34), Streptomyces albidoflavus (strain X42) and Streptomyces cavourensis (strain
X77). Apabila ekstrak ketiga-tiga strain ini diuji terhadap S. pombe, hanya strain X34
didapati positif dan seterusnya diprofilkan, ditulenkan dan dipencilkan menggunakan

kolum kromatografi, kromatografi lapisan nipis (TLC), HPLC dan kromatografi lapisan



nipis preparative (PTLC). Enam pecahan ekstrak (F1-F6) yang diperolehi selepas
kolum kromatografi dijalankan ke atas strain X34 kemudiannya diuji terhadap S.
pombe. Keputusannya, hanya pecahan ekstrak F5 yang didapati positif, maka hanya
pecahan ekstrak ini akan dilakukan PTLC. Hasilnya, enam sub-pecahan ekstrak (F5.1-
F5.6) diperolehi selepas PTLC dijalankan, yang kemudiannya diuji lagi terhadap kulat
yang sama, S. pombe. Dua daripada enam sub-pecahan ekstrak ini iaitu F5.1 dan F5.4
menunjukkan aktiviti anti-kulat terhadap kulat tersebut, namun berdasarkan
kromatogram *H-NMR kedua-dua sub-pecahan ekstrak ini, hanya sub-pecahan ekstrak
F5.1 dianalisis selanjutnya dengan NMR dan FTIR bagi menentukan strukturnya.
Analisis tersebut menunjukkan sub-pecahan ekstrak F5.1 ini merupakan asid propanoik
2-(3-hydroxybutan-2-yloxy). Kajian ini merupakan kajian yang pertama melaporkan
aktiviti anti-kulat bagi sebatian asid propanoik 2-(3-hydroxybutan-2-yloxy) yang

dipencilkan daripada Streptomyces rochei.

vi



ACKNOWLEDGEMENT

Alhamdulillah. It gives me great pleasure in acknowledging the support of Faculty
of Science and Institute of Postgraduate Studies, University of Malaya for research grant
allocation and providing the necessary facilities to conduct, the material, instrument, and to
finish this study. Also for Institute of Biological and Tropical Conservation, University
Malaysia Sabah (UMS) for giving me the opportunity to use their instruments for carrying
out the chemical profiling.

I would like to express the deepest appreciation to my supervisors Prof. Dr.
Vikineswary Sabaratnam, Dr. Geok Yuan Annie Tan and Associate Prof. Dr. Charles
Santhanaraju Vairappan for their support, guidance and advice.

I also owe a deep gratitude to all the staffs, seniors and colleagues in Microbial &
Plant Pathology Laboratory, Microbial Resources Laboratory and Scanning Electron
Microscopy Laboratory in University of Malaya for their guidance and support, without
them, | could not have finished my labworks and written this thesis. They are: Madam
Chang May Hing, Mr Roslee Halip, Nur Azura Ahmad Badrul, Nurulaina Saidin,
Kamalanathan Ramachandaran, Lim Chew Theng, Teo Wee Fei Aaron and others (too
many to mention) who helped in completing this thesis, directly or indirectly.

I consider it an honor to work with all colleagues in Marine Natural Product
Chemistry Laboratory in UMS; Kishneth Palaniveloo, Takashi Kamada, Tan Hsin Lin,
Chow Lai Theng, Wong Wei Teng and Thilahgavani Nagappan for their help and guidance.

I cannot find words to express my gratitude to my beloved husband, Mr Azrul
Nizam Abu Hasan for his understanding, support and always be beside me in every
situation of ups and downs in finishing my study. Also to my parents Mr Yatau Ubin and
Mrs Lily Noorazya Gustine, and the whole family for their pray and support. This thesis

would not have been possible unless all these people are not involved. Thanks.

vii



TABLE OF CONTENTS

TITLE i

DECLARATION i

ABSTRACT iii
ABSTRAK \Y
ACKNOWLEDGEMENT vii
TABLE OF CONTENTS viii
LIST OF TABLES XV
LIST OF FIGURES Xviii
LIST OF SYMBOLS AND ABBREVIATIONS XXiV
CHAPTER ONE: INTRODUCTION 1
CHAPTER TWO: LITERATURE REVIEW 6
2.1 Actinomycetes diversity and distribution in nature 6
2.1.1 Terrestrial habitat 6
2.1.2 Aquatic habitat 8
2.1.2.1 Freshwater habitat 8
2.1.2.2 Marine habitat 9
2.1.3 Extreme environments 11
2.2 Role of actinomycetes in ecosystem 12
2.3 ldentification and characterisation of actinomycetes 13
2.3.1 Cultural and morphological observation of actinomycetes 13

2.3.2 Physiological characterization of actinomycetes 14

viii



2.3.3

234

16S rRNA gene sequence analysis of Streptomyces spp.
Chemical profiling and compounds isolation

2.3.4.1 Thin layer chromatography (TLC)

2.3.4.2 Column chromatography

2.3.4.3 High performance liquid chromatography (HPLC)

2.3.4.4 Preparative thin layer chromatography (PTLC)

2.4 Potential of actinomycetes in biotechnology and industry

24.1

2.4.2

2.4.3

Antimicrobials and antitumor potentials of actinomycetes
Actinomycetes enzymes

Actinomycetes as agents of biodegradation/bioremediation

2.5 Antifungal assays: Candida albicans and Schizosaccharomyces pombe

CHAPTER THREE: MATERIALS AND METHODS

3.1 Streptomyces spp. cultivation

3.2

3.3

3.4

3.5

Primary screening for antifungal activity against Candida albicans and

Schizosaccharomyces pombe

Cultural characterisation of tested Streptomyces spp.

Morphological studies — scanning electron microscopy (SEM)

Physiological characterisation of tested Streptomyces spp.

3.5.1

3.5.2

3.5.3

3.54

3.5.5

3.5.6

3.5.7

Temperature range and optimum temperature for growth
Formation of melanoid pigment

Liguefaction of gelatin

Hydrolysis of starch

Hydrogen sulfide (H,S) production

Sodium chloride (NacCl) tolerance

Carbon sources utilization

15

17

17

18

19

19

20

20

21

23

24

27

27

27

28

28

29

29

29

29

29

30

30

30



3.5.8

3.5.9

Nitrate reduction test

pH sensitivity

3.6 Identification based on 16S rRNA gene sequence analysis

3.6.1

3.6.2

3.6.3

3.6.4

3.6.5

3.6.6

DNA extraction of selected Streptomyces spp.
Amplification of 16S rRNA gene using PCR
Agarose-gel electrophoresis

Purification of 16S rRNA gene

Sequencing of 16S rRNA gene

DNA sequence analyses

31

32

32

32

32

33

34

34

34

3.7 Chemical profiling, isolation and identification of active compounds in extracts

of potential strains

3.7.1

3.7.2

3.7.3

3.74

3.75

3.7.6

3.7.7

3.7.8

3.7.9

3.7.10

Fermentation of Streptomyces spp.

Extraction of bioactive components

HPLC for interesting compounds screening

Thin layer chromatography (TLC)

Column chromatography

Preparative thin layer chromatography (PTLC)

Bioassay - antibiotic assay (AA) disc diffusion method
Preparative thin layer chromatography (PTLC) bioassay guided
High performance liquid chromatography (HPLC)

Structure identification of active compounds

CHAPTER FOUR: RESULTS

4.1 Primary screening for antifungal activity against Candida albicans and

Schizosaccharomyces pombe

4.2 Cultural characterisation of selected Streptomyces spp.

36

36

37

37

38

38

40

41

41

42

42

44

44

44



4.3

44

4.5

4.6

Morphological studies — scanning electron microscopy (SEM) of selected

Streptomyces spp.

Physiological characterisation of selected Streptomyces spp.

4.4.1 Temperature range and optimum temperature for growth

4.4.2 Formation of melanoid pigment

4.4.3 Liquefaction of gelatin

4.4.4 Hydrolysis of starch

4.4.5 Hydrogen sulfide (H.S) production

446 Sodium chloride (NaCl) tolerance

4.4.7 Carbon sources utilization

4.4.8 Nitrate reduction test

4.49 pH sensitivity

Identification based on 16S rRNA gene sequence analysis

45.1 PCR amplification of 16S rRNA genes of potential strains

4.5.2 Analysis of 16S rRNA gene sequence

Chemical profiling, isolation and identification of active components

4.6.1 HPLC for interesting compounds screening

4.6.2 Thin layer chromatography (TLC) of selected Streptomyces spp.

4.6.3 Antibiotic assay (AA) disc diffusion method of tested Streptomyces
spp. crude extracts

4.6.4 Column chromatography of S. rochei (strain X34) crude extract

4.6.5 Thin layer chromatography (TLC) of S. rochei (strain X34) fractions

4.6.6 'H-NMR of six fractions of S. rochei crude extract (strain X34)

4.6.7 AA disc diffusion assay of S. rochei (strain X34) fractions

45

46

46

o1

o1

53

53

56

56

57

57

58

59

59

63

63

64

65

66

66

xi



4.7 Bioassay guided isolation of active fraction (F5) of S. rochei (strain X34)

4.7.1

4.7.2

4.7.3

4.7.4

4.71.5

4.7.6

High performance liquid chromatography (HPLC) of active
fraction F5

Preparative thin layer chromatography (PTLC) of active fraction
(F5) of S. rochei (strain X34)

Thin layer chromatography (TLC) of separated fraction F5
(sub-fractions F5.1-F5.6) of S. rochei (strain X34)

'H-NMR of six sub-fractions of active fraction (F5) of S. rochei
(strain X34)

Preparative thin layer chromatography (PTLC) bioassay guided

Structure identification of active sub-fraction

CHAPTER FIVE: DISCUSSION AND CONCLUSION

5.1

5.2

5.3

5.4

5.5

Identification based on 16S rRNA gene sequence analysis

5.11

5.1.2

5.13

5.14

Polymerase chain reaction (PCR) amplification of 16S rRNA gene
Analysis of 16S rRNA gene sequences
Comparison of results from different databases

List of prokaryotic names with standard of nomenclature (LPSN)

Primary screening for antifungal activity against Candida albicans and

Schizosaccharomyces pombe

Cultural characterisation of tested Streptomyces spp.

Morphological studies of tested Streptomyces spp.

Physiological characterisation of tested Streptomyces spp.

5.5.1

5.5.2

5.5.3

Temperature range and optimum temperature for growth
Formation of melanoid pigment

Liguefaction of gelatin

68

68

68

69

69

70

70

75

75

76

78

81

82

83

85

85

86

87

xii



5.5.4 Hydrolysis of starch 88

5.5.5 Hydrogen sulfide (H,S) production 88
5.5.6 Sodium chloride (NacCl) tolerance 90
5.5.7 Carbon sources utilization 91
5.5.8 Nitrate reduction test 93
5.5.9 pH sensitivity 95
5.6 Chemical profiling, isolation and identification of active components 96

5.6.1 Thin layer chromatography (TLC) of tested Streptomyces spp.

extracts and active fractions of S. rochei (strain X34) 96
5.6.2 Preparative thin layer chromatography (PTLC) of active fraction of

S. rochei (strain X34) 97
5.6.3 Antifungal bioassay against Schizosaccharomyces pombe 97

5.6.4 Structure identification of active sub-fraction F5.1 of S. rochei

(strain X34) 98

5.7 Recommendations for future studies 100

5.8  Conclusions 100
REFERENCES 102
APPENDIX 126
A Media formulation 126
B Scanning Electron Microscopy (SEM) procedure 130
C  Forward and reverse sequences of strains X34, X42 and X77 obtained 131

from 1% Base
D Combined forward and reverse sequences of strains X34, X42 and X77 135

E  BLAST results (top 20 list) of strains X34, 42 and X77 137

Xiii



Ribosomal Database Project (RDP) results (top 20 list) of strains X34, X42
and X77

Details information of S. rochei, S. albidoflavus and S. cavourensis

Flow chart of chemical profiling and compound isolation procedure
'H-NMR chromatograms of fractions F1-F6 of S. rochei (strain X34)
HPLC chromatograms of active fraction F5 of S. rochei (strain X34)
HPLC chromatograms of six potential strains of tested Streptomyces spp.
'H-NMR chromatograms of sub-fraction F5.1-F5.6 of S. rochei (strain
X34)

'H-NMR and *C-NMR of active sub-fraction F5.4 of S. rochei (strain
X34)

Comparison of carbon sources utilization and NaCl tolerance between
tested strains (X34, X42 and X77) and their most probably designated
species.

NMR chromatograms of active sub-fraction F5.1 (sampel in deuterated
benzene, CsDs)

Secondary metabolites from Streptomyces rochei (Kotake et al., 1992)

140

146

149

150

156

158

164

170

172

174

184

Xiv



2.1

3.1

3.2

3.3

3.4

41

4.2

4.3

4.4

4.5

LIST OF TABLES

TABLES

Seven morphological sections of Streptomyces spp. (Pridham et al.,
1958).

Universal primers used in the amplification of 16S rRNA gene

Conditions of high performance liquid chromatography (HPLC)
used to screen Streptomyces spp. strains for interesting compounds.

Gradient solvent system of column chromatography for active
Streptomyces spp. crude extract against S. pombe.

Conditions of high performance liquid chromatography (HPLC)
used in this study to profile active fraction of Streptomyces spp.
strain with antifungal properties against S. pombe.

Antifungal activity of six potential strains of actinomycete against
C. albicans and S. pombe using agar plug-diffusion method. Six-
milimeter agar plugs of seven-day old actinomycete isolates were
placed on SDA and YPG agar lawned with C. albicans and S.
pombe respectively. Incubation temperature: 37 = 2°C (C. albicans)
and 28 + 2°C (S. pombe) for 24 — 96 hours. 20ul of 50pg/ml
nystatin loaded on sterile six-millimeter Whatman paper disc were
used as positive controls. Diameter of inhibition zones were taken
as mean of three readings.

Cultural characteristics of six strains of actinomycetes. Observation
was done after 7 days of incubation at 28 = 2°C. Colour
identification was referred to ICI Dulux Colour (2008).

Spore ornamentation and spore chain arrangement of studied
Streptomcyes spp. strains.

Growth of all potential strains at 15°C, 25°C, 35°C and 45°C after 7
days of incubation on ISP4 media.

Starch hydrolysis test, NaCl tolerance, H,S production test, pH
sensitivity and nitrate reduction result of all tested Streptomyces spp.
strains.

PAGES

15

33

38

40

43

45

48

52

52

95

XV



4.6

4.7

4.8

4.9

4.10

411

4.12

4.13

4.14

5.1

5.2

5.3

5.4

TABLES

Growth of potential strains on basal medium (ISP 9) with carbon
sources. Spore suspension of 7-day-old cultures tested strains were
loaded onto walls in test plates (added with carbon sources) and
incubated at 28 £ 2°C for ten days.

List of top three ranks of Streptomyces spp. strains by EzTaxon
search.

Probable Streptomyces spp. list with highest s_ab score (1.000) of
strains X34, X42 and X77 full 16S rRNA sequences in RDP search.

Validity status of the most probable species for Streptomyces spp.
strains studied according to List of Prokaryotic Names with
Standing in Nomenclature (LPSN).

Antifungal activity of S. rochei, S. albidoflavus and S. cavourensis
against S. pombe. Results were recorded after three days of
incubation at 30°C.

Fractions of extracts obtained from 500mg of S. rochei (strain X34)
extract after column chromatography.

Antifungal activity of S. rochei fractions (F1-F6) against S. pombe
using AA disc diffusion method. Results were recorded after three
days of incubation at 30°C.

Yield of sub-fractions obtained from fraction 5 (F5) of S. rochei
(strain X34) after preparative thin layer chromatography (PTLC).

Chemical shifts of C and H in Compound 1 taken in deuterated
benzene (C¢Dg).

Comparison of optimum temperature between strains X34, X42 and
X77 in current study and their designated species.

Comparison of melanoid pigment formation between strains X34,
X42 and X77 in current study and their designated species.

Comparison of gelatin liquefaction between strains X34, X42 and
X77 in current study and their designated species.

Comparison of starch hydrolysis between strains X34, X42 and X77
in current study and their designated species.

PAGES

57

61

62

63

65

65

67

68

74

86

87

87

89

XVi



5.5

5.6

5.7

5.8

5.9

N-1

TABLES

Comparison of hydrogen sulfide production between strains X34,
X42 and X77 in current study and their designated species.

Comparison of NaCl tolerance between strains X34, X42 and X77 in
current study and their designated species.

Comparison of carbon source utilization between Streptomyces spp.
strains in current study and their designated name based on
references given.

Comparison of nitrate reduction test between strains X34, X42 and
XT77 in current study and their designated species.

Comparison of pH sensitivity between strains X34, X42 and X77 in
current study and their designated species.

Comparison of carbon sources utilization and NaCl tolerance
between tested strains (X34, X42 and X77) and their most probably
designated species.

PAGES

89

92

94

95

97

172

Xvii



3.1

3.2

41

4.2

4.3

4.4

4.5

LIST OF FIGURES

FIGURES
Position of test strain agar plug on media lawned with yeast.

Thin layer chromatography (TLC); a) marked TLC plate, b) TLC plate
dotted with crude extract of test strains, c) TLC plate developed in
chamber and d) developed TLC plate.

Clear zone indicating inhibition of C. albicans growth. Test plate
consist plugs of actinomycetes strains on SDA media inoculated with
C. albicans after 72 hours incubated at 37+2°C 28 £2°C. Positive
control is 20pul of 500pg/ml nystatin loaded on 6-mm sterile paper disc
incubated in same condition with test plates. a: strain X13, b: strain
X32, & c: strain X42 & d: positive control (20l of 50pug/ml nystatin)
on inoculated SDA.

Clear zones indicating inhibition of S. pombe growth. Test plate consist
plugs of actinomycetes strains on YPG media inoculated with S. pombe
after 72 hours incubated at 28 +£2°C. Positive control is 20ul of
500pg/ml nystatin loaded on 6-mm sterile paper disc incubated in same
condition with test plates. a: strain X13, b: strain X32, X34 & X35, c:
strain X42 & d: strain X77, & e: positive control (20ul of 50ug/ml
nystatin) on inoculated YPG.

Aerial and substrate mycelium of 7-day-old culture of potential strains
on ISP4 media. Tested strains were subcultured on ISP4 media and
incubated at 28 + 2°C for 7 days. A: aerial mycelium, B: substrate
mycelium of a) strain X13, b) strain X32, c) strain X34, d) strain X35,
e) strain X42 and f) strain X77.

Scanning electron micrograph of: a) strain X13 and b) strain X34
spores and hyphae. Strains were grown on 1ISP4 media for two weeks at
28 + 2°C of incubation. Loops spore chains with one turn were
observed (Rectinaculiaperti).

Scanning electron micrograph of: a) strain X32, b) strain X35, c) strain
X42 and d) strain X77 spores and hyphae. All strains were grown on
ISP4 media for two weeks at 28 = 2°C of incubation. Straight to
flexuous spore chains were observed (Rectiflexbles).

PAGE

28

39

47

47

50

50

o1

xviii



4.7

4.8

4.9

4.10

411

412

4.13

414

FIGURES

Gelatin and inoculated gelatin (with tested Streptomyces spp. strains)
incubated for 14 days at 28 + 2°C. Gelatin without inoculation was
used as negative control. After placed in fridge for one hour, all the test
bottles with gelatin inside were placed upside down.

Plates of tested strains and negative control (ISP 4 media only) after
dropped with iodine. Inoculated ISP 4 media were incubated for 7 days
at 28 + 2°C. 3ml of iodine dropped on the inoculated media prior to be
observed after a few seconds.

Hydrogen sulfide production test of: a) strain X77 (positive) and b)
X13 (negative). Tested strains were lawned on Difco peptone-iron agar
supplemented with 0.1% of Difco yeast extract. Inoculated media was
incubated at 28+2°C for 18 hours.

NaCl tolerance for all tested strains which were grown on ISP 4 agar
incorporated with different concentrations of NaCl. a) strain X13, b)
strain X32, c) strain X34, d) strain X35, e) strain X42 and f) strain X77.
ISP 4 plates without NaCl were used as control. Plates were incubated
at 28 + 2°C for one to two weeks before tolerance was determined.

Nitrate reduction test of potential strains. A 6mm-plug of 7-day-old
culture was put into synthetic nitrate broth and incubated at 28 + 2°C
for ten days. After incubation, the inoculated solution was added with
sulfanilic acid and dimethyl-a-naphthylamine before added with zinc
dust. Solution without culture plug was used as negative control. a)
Tested strains and control after added with sulfanilic acid and
dimethyl-a-naphthylamine. b) Tested strains and control after added
with zinc dust.

pH sensitivity of tested strains. All strains were lawned on ISP4 media
adjusted to pH 4.5 — 9.5 prior to inoculation at 28+2°C for seven days.
a) strain X13, b) strain X32, c)strain X34, d) strain X35, e) strain X42,
and f) strain X77.

Successfully amplified 16S rRNA genes of three potential strains by
PCR. L: 100bp ladder, lane 1: Strain X34, lane 2: Strain X42, lane 3:
Strain X77.

TLC plate of 1; S. rochei, 2; S. albidoflavus and 3; S. cavourensis. This
plate was developed in Hexane: Ethyl acetate (3:1) solvent system. 1;
S. rochei (strain x34), 2; S. albidoflavus (strain X42), 3; S. cavourensis
(strain X77).

PAGE

54

95

95

56

58

60

61

64

Xix



4.15

4.16

417

4.18

4.19

4.20

4.21

4.22

4.23

FIGURES

Agar diffusion test using crude extract of S. rochei (strain X34), S.
albidoflavus (strain X42) and S. cavourensis (strain X77) against S.
pombe. 25pl of crude extract (10mg/1ml methanol) were loaded onto
the paper disc and put on YPG agar seeded with tested fungi before
incubated at 30°C for three days.

TLC plate of 6 fractions (F1-F6) of S. rochei (strain X34) after column
chromatography. The plate was developed in hexane: ethyl acetate
(2:1).

Plate of agar diffusion test of fractions F4, F5, and F6 (fractions of S.
rochei (strain X34)) against S. pombe. 25ul of crude extract
(10mg/0.5ml methanol) were loaded onto the paper disc and put on
YPG agar seeded with S. pombe before incubated at 30°C for three
days.

TLC plate of six sub-fractions of fraction 5 (F5.1-F5.6) of S. rochei
after preparative thin layer chromatography (PTLC). The plate was
developed in hexane: ethyl acetate (2:1). 1: Sub-fraction F5.1, 2: Sub-
fraction F5.2, 3: Sub-fraction F5.3, 4: Sub-fraction F5.4, 5: Sub-
fraction F5.5, 6: Sub-fraction F5.6.

a) PTLC bioassay guided plate of fraction 5 (F5.1-F5.6) after PTLC.
The plate was developed in solvent system of hexane: ethyl acetate
(2:1) before tested in YPG agar seeded with S. pombe, and incubated
for three days at 30°C. b) Plate of reference for PTLC bioassay. This
plate was developed in the same solvent system with the tested one. 1:
sub-fraction F5.1, 2: sub-fraction F5.2, 3: sub-fraction F5.3, 4: sub-
fraction F5.4, 5: sub-fraction F5.5 and 6: sub-fraction F5.6. Circle
dashes in control plate (b) are the spots of compounds which may
responsible of the inhibition zone in plate (a).

FTIR spectrum of active sub-fraction F5.1
Partial structures of Compound 1
Connectivity of partial structures of Compound 1

Structure of Compound 1, 2-(3-hydroxybutan-2-yloxy) propanoic acid,
C7H1404,
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K-3

K-5

FIGURES

Comparison of scanning electron micrograph for Streptomyces rochei
spores; a) spore of S.rochei from approved list reference (Berger et al.
1953); b) spore chains of strain X34 and c) spores of strain X34,
similar to S. rochei via 16S rRNA gene analysis.

Scanning electron micrograph for comparison of Streptomyces
albidoflavus spores; a) spore of S. albidoflavus from approved list
reference (Bergey’s Manual of Determinative Bacteriology (Sixth
edition)); b) spores of strain X42, similar to S. albidoflavus via 16S
rRNA gene analysis.

Scanning electron micrograph for comparison of Streptomyces
cavourensis hyphae and spores; a) S. cavourensis (Skarbek & Brady,
1978a); b) spores and hyphae of strain X77, similar to S. cavourensis
via 16S rRNA gene analysis.

'H-NMR chromatograms of fraction F1 of S. rochei (strain X34)
'H-NMR chromatograms of fraction F2 of S. rochei (strain X34)
'H-NMR chromatograms of fraction F3 of S. rochei (strain X34)
'H-NMR chromatograms of fraction F4 of S. rochei (strain X34)
'H-NMR chromatograms of fraction F5 of S. rochei (strain X34)

'H-NMR chromatograms of fraction F6 of S. rochei (strain X34)

HPLC chromatograms of strain X13with different UV detector. a & c:
220nm, b & d: 254nm

HPLC chromatograms of strain X32 with different UV detector. a & c:
220nm, b & d: 254nm

HPLC chromatograms of strain X34 with different UV detector. a & c:
220nm, b & d: 254nm

HPLC chromatograms of strain X35 with different UV detector. a & c:
220nm, b & d: 254nm

HPLC chromatograms of strain X42 with different UV detector. a & c:
220nm, b & d: 254nm
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FIGURES

HPLC chromatograms of strain X77 with different UV detector.
220nm, b & d: 254nm

'"H-NMR chromatogram of sub-fraction F5.1 of Streptomyces
(strain X34)

'"H-NMR chromatogram of sub-fraction F5.2 of Streptomyces
(strain X34)

'"H-NMR chromatogram of sub-fraction F5.3 of Streptomyces
(strain X34)

'"H-NMR chromatogram of sub-fraction F5.4 of Streptomyces
(strain X34)

'"H-NMR chromatogram of sub-fraction F5.5 of Streptomyces
(strain X34)

'H-NMR chromatogram of sub-fraction F5.6 of Streptomyces
(strain X34)

'H-NMR chromatogram of active sub-fraction F5.4 of S. rochei
X34)

a&c:

rochei

rochei

rochei

rochei

rochei

rochei

(strain

3C-NMR chromatogram of active sub-fraction F5.4 of S. rochei (strain

X34)

'"H-NMR chromatogram of active sub-fraction F5.1
B3C-NMR chromatogram of active sub-fraction F5.1
HMBC chromatogram of active sub-fraction F5.1
HMBC chromatogram of active sub-fraction F5.1
HMBC chromatogram of active sub-fraction F5.1
HMBC chromatogram of active sub-fraction F5.1
HSQC chromatogram of active sub-fraction F5.1

COSY chromatogram of active sub-fraction F5.1
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LIST OF SYMBOLS AND ABBREVATIONS

% Percent

°C Degree Celsius

pl Micro liter

Mg Microgram

BC-NMR Carbon-13 nuclear magnetic resonance
'H-NMR Proton nuclear magnetic resonance

AA Antibiotic Assay

Approx. Approximately

BLAST Basic Local Alignment Search Tool

bp Base pairs

CDCl; duterated chloroform

cm Centimeter

COSsY Correlation Spectroscopy

DEPT Distortionless Enhancement by Polarisation Transfer
dH>O Distilled water

DNA Deoxyribonucleic acid

dNTPs Deoxyribonucleotide triphosphate

e.g Exempli gratia

EDTA Ethylenediaminetetraacetic acid

etal. Etalia / et alii

Etc. Et cetera

EtOAC Ethyl acetate

FASTA FAST-all

FeS Ferric sulfate

FTIR Fourier Transform Infrared Spectroscopy
H2S Hydrogen sulfide

HMBC Heteronuclear Multiple-Bond Correlation
HSQC Heteronuclear Single Quantum Correlation
i.e Id est

ISP International Streptomyces Project

kb Kilobyte
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MEGA
MeOH
mg
MgCl,
MHz
min

ml

mM

NaCl
nm
NOESY
PCR
PTLC
RDP
RNA
rpm
rRNA
TBE
TLC
TOCSY
uv

viv

wiv

Molecular Evolutionary Genetics Analysis
Methanol

Milligram

Magnesium chloride

Mega Hertz

Minute

Milliliter

Milimol

Normality

Sodium chloride

Nanometer

Nuclear Overhauser Effect Spectroscopy
Polymerase chain reaction

Preparative Thin Layer Chromatography
Ribosomal Databases Project
Ribonucleic acid

Rotation per minute

Ribosomal ribonucleic acid
Tris-borate-EDTA

Thin Layer Chromatography

Total Correlation Spectroscopy
Ultraviolet

Voltan

Volume-in-volume

Weight-in-volume
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