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ABSTRACT

Marine gliding bacteria were isolated and purified from marine specimens such as
sponge, sea fan, seaweed, rope, invertebrate and biofilms collected from Tao Island, Surat
Thani province. We isolated and purified a total of 19 marine gliding bacteria isolates. The
identification of all isolates by 16S rDNA sequence analysis indicated that 14 isolates were
related to Alphaproteobacterium showed similarity values were between 96-100% (796/825 bp),
4 isolates were related to Tenacibaculum mesophilum showed similarity values were between
98-100% (832/844 bp) and 1 isolate was related to Flexibacter echinicida showed similarity
values at 98% (836/842 bp). Each isolate was cultivated in four different liquid media including
RL1, SK, CY and VY/2 containing seawater and 2% amberlite XAD-16 resin for secondary
metabolites absorption. The total crude extracts of 303 sample (227 sample has been in
laboratory) detected by colorimetric microdilution broth assay with AlamarBlue as an indicator
was used to screen for antibacterial activity of the crude extracts against five pathogenic
bacteria i.e. methicillin-resistant Staphylococcus aureus (MRSA) ATCC 43300, vancomycin-
resistant Enterococcus faecalis (VRE) ATCC 51299, Bacillus subtilis ATCC 6633, Salmonella
Typhi (clinical strain) and Pseudomonas aeruginosa ATCC 27853. Fifteen crude extracts
showed antibacterial activity with the MIC values lower than 150 pg/mL. Rapidithrix
thailandica isolated from rope inhibited growth of five pathogenic bacteria especially, MRSA
and VRE with the MIC value of 9.38 and 18.75 pg/ml, respectively. Cultivation of R.
thailandica in different culture media (RL1 and VY/2) yielded crude extracts with different
chemical composition detected by TLC and HPLC methods. The composition of cultivation
media, therefore, play important roles in secondary metabolites production by marine gliding

bacteria.
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uuaiiSalnads (Gliding bacteria)
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(a) Cystobacter ferrugineus, cells from a liquid culture

(b) Stigmatella aurantiaca, cells in situ on agar surface in a chamber culture

(¢c) Chondromyces crocatus in a chamber culture

(d) Sorangium compositum in a chamber culture

(e) Myxospores of Cystobacter ferrugineus, from a crushed, degenerated

(f) Myxospores of Cystobacter velatus from a crushed fruiting body sporangiole

(g) Experimentally induced myxospores of Stigmatella aurantiaca on the agar surface in
a chamber culture

(h) Myxospores from a Myxococcus xanthus fruiting body

Al 1 315 19dnEUZYDIEAd Myxobacteria HULAA)
Figure 1. Morphological characteristics of myxobacteria

31: Balows tazaate (1992)
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Vegetative

\ Cell Cycle

A 2 ’QJJ;]%ﬂiL"]faﬁﬂl’fN myxobacteria: Stigmatella aurantiaca
Figure 2. Cellular morphogenesis of myxobacteria shown by the example of Stigmatella

aurantiaca

117 : Gerth 1182 Reichenbach (1978)

MNN 3 MIEF fruiting body VB Myxococcus xanthus NI 0, 7, 12, 31, 61 1AL 72 ¥, Y94
MITRY
Figure 3. Fruiting body formation of Myxococcus xanthus at 0, 7, 12, 31, 61 and 72 h of growth

17 : Kuner tag Kaiser (1982)



(a) Stigmatella erecta uummﬁuCY

(b) Myxobacteria xanthus uummﬁum«ﬁﬂu (Casitone)

(¢c) Polyagium sp.uuuviuﬁ'u

(d) Cysyobacter violaceus uuuviu%:u VY/2

(e) Nannocystis exedens UN’EJWIWL%ENL%’EJ?‘HQ Tau (Casitone)
() Corallococcus coralloides UHDIVIT ’gjumcﬂ@u (Casitone)
(g) Polyangium sp. uuuviu’jmﬁym E. coli

(h) Stigmatella erecta VUDINT ’sjumcﬂm (Casitone)

4
. . 2 .
(i) Nannocystis exedens HHLLN‘L‘!’QHLEEN Micrococcus luteus

2 4 dnpae In Tatiluua199¥ee Myxobacteria
Figure 4. Colony characteristics of myxobacteria

117: Balows lazane (1992)



(a) Myxococcus fulvus, on soil crumbs on coli-spot agar, China

(b) Myxococcus stipitatus, on wood particles of a soil sample, Hait
(¢) Myxococcus virescens, on rabbit dung as bait, Illinois

(d) Myxococcus xanthus, on peat particles, Belgium

(e) Corallococcus coralloides, on coli-spot agar, Malawi

(f) Corallococcus exiguus, on coli-spot agar, France

(g) Angiococcus disciformis, on vy/2 agar, Zaire

(h) Archangium gephyra, on rabbit dung as bait, Cyprus

MW 5 anbUe fruiting body Y93 Myxobacteria LL‘]J‘]J@]'N“”]
Figure 5. Fruiting body characteristics of myxobacteria

11: Dawid (2000)



(a), (¢) TnTatives Cytophaga-like bacteria Muen 1da1nau

(b) anvag Inlalives Flexibacter filiformis UMUAUDIMITA

S

4 Y [
(d) dnvaz Inlatives F. filiformis LUIMsRsuFoNTa1s0 15 Hes Ialatiazdl

naneute lvajuaziminszaioda

(o) dnwazTnTadlves £ filiformis vue s HTiasomsunIaTailvzuniadn
HagnIEnAINUBgUUL

(0 dnvaue InTatives Cytophaga-like bacteria LU IU CY

() anvaz Inlallves Cytophaga flevensis fmmsuenidennuraniig

(h) dnuaz InTadlves F. filiformis nguradegodaruminuInadulaesvesmeiion

. @ t g a J gl
(i), (k) anvauz InTatlves Cyophaga columnaris Fuilugaunidne lsnlulanine

2 6 dnbae Inlafiveauaiselnadalu Order Cytophagales
Figure 6. Colony of gliding bacteria in the Order Cytophagales

117: Balows lazame (1992)
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A1519% 1 UHAINNWY Myxobacteria

Table 1. Sources of Myxobacteria

Substrate Myxobacterial species typically found

Soil Nannocystis exedens, Sorangium cellulosum, Archangium serpens,
Corallococcus coralloides, Polyangium spp., Cystobacter spp.,
Myxococcus fulvus, Mx. Virescens, Mx. stipilatus

Dung of herbivores Myxococcus fulvus, Corallococcus coralloides, Mx. Virescens
Cystobacter fuscus, Cb. ferrugineus, Archangium serpens,
Nannocystis exedens, Cb. velatus

Bark and rotting wood Stigmatella aurantiaca, Chondromyces apiculatus, Sorangium
cellulosum, Corallococcus coralloides, Myxococcus fulvus,

Cm. pediculatus, Haploangium spp.

31 : aau)adnn Reichenbach t1ag Dworkin (1992)

. . 9 . Y= A A
Reichenbach 118 Dworkin (1992 81918 Li ez al, 2002) lafinyimsuenuuaiise’lna
Y
Avlungu Myxobacteria 91429619 15U nzia N30 nazaznouaulunzia Tasldenis
dy dy a A o 9
IABUFOVTIA water agar (WAT agar) Naauilaslasmyazatsiu 1.5% tag CaCl, 0.05% adlu
v Y v Y
Wngia 1 lsinien 121 ssrusa@oa Wi 15 W1H ud13 smear W0 Escherichia coli
VUAIMTID1MT WAT agar nouiinienseazneuauinrumssyiuieadiuim 0.2 a1
Y Y
ANAIVUED E. coli 1aBAsd @IUA108191 1MLt unnsodiIuNsEAIENTodvNIA 0.3 um

a =

HANNAZNOUVUNTZATHNTOWUANAIY E. coli uNguuai 30 sarusaifod asivdol

@ 4 { Y

AnNBUZUDN fruiting body n1eldndvsgansseni udude fruiting body UABIUDINIT Vy/2
Y Y

dunamsniyan TauazanyuznNdugIuIng1voude Iadwuniyo lnsganyuzyo

vegetative cell, fruiting body, myxospore L& swarms colony aaaaslunsen 2
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A [ [ a A A A A 9
MTNN 2 ﬁf‘l‘Hﬂ!%‘VlNﬁ'ﬂ!jWH’W]ﬂﬁJ@ﬁlmﬂﬂLiﬂ‘lﬂaﬂﬂﬂuﬂﬂUlQMﬂVIzm

Table 2. Morphology characteristics of marine gliding bacteria

Samples Taxonomy Vegetative size of cells (um)  Fruiting bodies characteristics
seawater Myxococcus 6-9%0.6-0.8 bright yellow, @=100-150 pm
seawater Myxococcus 4-6x0.8-1.0 yellow, rigid, irregular

sand Myxococcus 4-6x0.8-1.0 violet, #=30-50 um

sand Corallococcus 4-6x0.8-1.0 light red, irregular

sand Cystobacter 8-10%0.6-0.8 black, =20-50 um

sand Myxococcus 5-7x0.8-1.0 dark brown, @=20-40 um

soil Myxococcus 6-8x0.8-1.0 light red, &= 80-100 um
oyster Myxococcus 4-6%0.8-1.0 light yellow, 9= 100-150 um
echinus Angiococcus 4-6%0.8-1.0 light brown, @= 10-30 um
seagrass Myxococcus 4-6x0.8-1.0 brown, @= 50-100 pm

Nu: Aaudasen Li tazaue (2002)

. Y v o d Aa A 9 Aa
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Figure 7. Percentage of bacteria isolated from dead coral surface
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Psaudoalteromonas haloplanktis subsp. haloplanktis ATCC 143837
Mok-13687
Pseudpalteromonas agarivorans DSM 14585T
Mok-13703
Pseudoalteromonas piscicida ATCC 15057T
1 | Mok-13705
Vibrio parahaemolyticus GIP 75.02T
Vibrio hollisaa ATCC 335647
. Mok-13721
Vibrio pomeroyi CAIM 578T

Mok-13723
| _' Shewanella baltica NCTC 107357

Shawanella putrefaciens LMG 2268T

v-Proteobacterium

_[ Mok-13716
- Psaudomonas aenuginosa DSM 50071T -
Mok-13733 =
Paracoccus carofinifaciens E398T .
Paracoccus danitrificans LMG 4218T a-Proteobacterium
Mok-13737
Ochrobactrum anthropi IAM 141197 =
Mok-13685 -
Tenacibaculum mesophilum ATCC 43398T
Tenacibaculum maritimum DSM 13764T
Mok-13731
Cytophaga latercula ATCC 23177T
Flavobacterium johnsoniae IFO 143427
Flexibacter flexilis ATCC 23078T =

CFB

{ a v o J 4 1
A 8 unugiidu lifuaasnnuduiusveukongu o-Proteobacterium, y-Proteobacterium

U

iag CFB

Figure 8. Phylogenetic tree of a-Proteobacterium, y-Proteobacterium and CFB

17 : Lee uazaag (2003)
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3. msdndmunuunaiiselnafa (Classification of gliding bacteria)
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Table 3. Taxonomy of gliding bacteria

Class Order Suborder Families Genera

Proteobacteriae  Myxococcales Cystobacterineae Myxococcaceae  Myxococcus, Corallococcus

(formerly Chondrococcus)
Pyxicoccus nov.gen

Cytobacteraceae  Archangium, Cystobacter
Melittangium, Stigmatella
Hyalangium nov.gen

Sorangineae Polyangiaceae Sorangium, Polyangium

Haploangium, Chondromyces
Byssophaga nov.gen
Jahnia nov.gen

Nannocystineae Nannocystaceae  Nannocystis

Kofleriaceae Kofleria nov.gen

Haliangium nov.gen

Cytophagales Cytophagaceae  Cytophaga, Sporocytophaga
Flexibacter, Microscilla
Flexithrix, Capnocytophaga
Taxeobacter Unnamed
Cytophaga-like bacteria
(several genera)

Chloroflexabiineae Chloroflexaceae  Chloroflexus
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Table 3. (Cont.)

15

Class Order Suborder Families Genera
Cyanomorphae Beggiatoales Beggiatoa, Thioploca,
(sulfur bacteria) Thiothrix,, Thiospirillopsis,
Achromatium
Cyanobacteriae Oscillatoria, Microcoleus,
(Blue-green Rivularia, Crinalium,
bacteria) Spirulina, Synechococcus
Leuchotrichales Vitreoscilla, Leucothrix,
Simonsiella, Alysiella,
Saprospira
Flavobacteriaceae  Aequorivita, Arenibacter,

Cellulophaga, Croceibacter,
Fucobacter, Gelidibacter,
Mesonia, Muricauda,
Polaribacter, Psychroflexus,
Psychroserpens, Ulvibacter,
Salegentibacter, Zobellia,
Tenacibaculum, Vitellibacter,
Riemerella,
Ornithobacterium,
Coenonia, Myroides,
Empedobacter, Bergeyella,
Weeksella

31 : aaua)aann Reichenbach (1981), McCurdy (1989), Reichenbach ttaig Dworkin (1992)
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4. 3sNAGNEAIUQAUNSE (Antimicrobial agents)
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9
- gU83 RNA polymerase 18un rifampin
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Trimethoprin Quinolones ~ B
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A o 3 dy a ~ an
2 9 nalnmsduduFeyaunidvessnlrine
Figure 9. Mechanisms of action of antimicrobial drugs

nu: Singh 182 Barrett (2006)
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N (gene transfer)
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1. ﬂﬁlﬂaﬂuuﬂaﬂlﬂﬂfii}181Hﬂﬁ@’f]ﬂi]“l/l‘ﬁ"ll€)x‘]81 (alteration in target site) W"Ucl,u!,mﬂ‘l/lljil

4

Ao fﬂﬂﬁju macrolides, lincosamides, sulfonamides, trimethoprim Lla% rifampisin
{ o Y 1 J A . oge
2. ﬂmﬂﬁﬂuuﬂmmimmmqwaa (altered uptake) 019 IagLiNy impermeability UBN

o S A o s Ao AR ' .
NULEAA ©TIDNITUUYIDDNINNIBARD LFU LL‘Uﬂm‘jEJVIﬂ’EJEnﬂan tetracychne

Y =

=~ 4 o . . . &£ o Ao o A A
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Myxovirescin Nuen'18910 Myxococcus virescens iuauiia lunsoongniouds
vunfiseldrateyiia Corynebacterium sp., Pasteurella sp., Actinomyces sp., Escherichia
- .
coli, Staphylococcus aureus wudu (Content et al., 2003) 1a87 Reichenbach (2001) Td518911
1 o 'L 4 1 a
71 myxovirescin ﬁ]$Qﬂﬁﬂ!ﬂﬁzﬂﬁuﬂlu%ﬂﬂmfﬂlm log phase G stationary phase UAZNITNAN
E4 4 v
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Figure 10. Chemical structure of myxovirescin

117: Content LAZAAE (2003)
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1 v
Corallopyronin #3160 1400 Corallococcus coralloides AMNTDTVEINTOT DYV
Y v
nuafisenariaunsuuInuazunsuay Taedudinanssuued RNA polymerase (Reichenbach,

2001) Tagaadamaniived Corallopyronin fatiaad lunni 11

CH, CH, O  oH

NHCO,CH,

M 11 Tassasramaniives Corallopyronin
Figure 11. Chemical structure of corallopyronin

117: Alexander HAZADE (2000)

Kunze utazame (1998) 1@s1eaumsuenais Apicularens A 8 B 91D
Myxobacteria Chondromyces sp. JA8NWUI1 Apicularen A 1315082018 14 lUINNIUDA

) 4 a a @ :JI a
pzd lau naslsWoiu uaz wiaszdan gasmunil Ao C.H, NO, aNIadudINITING

e
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VDIUUANLTYNIUNTHUINUASUNTUAY FIUNIYVIINITLITYUDIYTALALST Tuvmen
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Apicularen B #9ansnazate’laa luii figasmanil e C,,H,N,0,, oongnidudunniz

Y ]
BUARIS NI NUINMITY TATIaF19N19ATIUe Apicularens A 1Az B fauaadluning 12

OH Me

OR

Apicularen A; R=H

Apicularen B; R = N—acetyl-ﬁ-D-glucosamine
amid 12 Tassadremaniives Apicularen A Ly B
Figure 12. Chemical structures of apicularens A (0¥ B

N17: Kunze tazaag (1998)
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Myxothiazol Fauen 1aan Myxococcus fulvus ﬁﬂmﬁnﬂﬂﬂﬂﬂq%‘ﬁﬂﬂﬂﬂﬂﬁﬁ]iiy

Y 1
Yo IAgUAVINNNTLUIUNTOIENOABLANATOU FIUANNSUNIZAY Complex 11T (bel-
d‘d o o 1 9 [ zﬂ' 9 a a a zﬂ' dy
complex) °I/]l|ﬂ’NﬂJﬁ']ﬂﬂJuﬁ’E)ﬂ1§ﬁ'ﬁWQW'GNQ'I‘ULW’E)GlGDﬁlUﬂTﬁW'ﬁﬂJUL@l‘UIﬂLLaZﬂ‘ﬂﬂiﬁNﬂuﬂﬂJﬂ%G}f@

51 (Reichenbach, 2001) Ta39a519n191%v09 Myxothiazol fauaasluani 13

S\)ﬁl/s | CONH,
N F F
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A 13 Tasaadamaniives Myxothiazol
Figure 13. Chemical structure of myxothiazol

117: Reichenbach HazANE (2001)
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Stigmatellin “]NL‘IJ‘L!E‘T"ISﬂﬂﬂi]VITJEJ‘]JENﬂ”l'iH]3iyslli’]QL%@?T@ﬂ%Hﬂ‘HHQT}LLﬂﬂqﬂﬁHﬂ
4 Y
Stigmatella aurantiaca DW4/3-1 Iﬂﬂflﬂﬁulﬂﬂﬁ@@ﬂim‘ﬁﬂgmﬂu myxothiazol Ao Ui
mitochondrial cytochrome b-c complex 48 chloroplast cytochrome b,/ complex (Richard, 1986)

Tasead1an1uniives Stigmatellin Aauandluning 14

A 14 Taseadamaniives Stigmatellin
Figure 14. Chemical structure of stigmatellin

N1 Beyer tazaAue (1999)
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Ambruticin  iuasHAaSuaIEsTUTAYFTALTNAMEN 14910 Myxobacteria @19
ﬁu‘ﬁ: Sorangium cellulosum (Ringel BagAe 1977, $141A8 Reichenbach t1az Dworkin, 1992)
miﬁmdnﬁﬂmauﬁmumié’u§Qﬂ1im§ﬂujmau§eﬁ1 TaeaWIENQU Tricophyton 1Y
Microsporum sp., Histoplasma capsulatum, Coccidioides immitis, Blastomyces dermatididis 1101%

Aspergillus sp. (Knauth 118¢ Reichenbach, 2000) TA598319Manlived Ambruticin fauaaely

=
NN 15
OH
HOZC\\\\" o "//////‘./////

A 15 Tassadamaniives Ambruticin
Figure 15. Chemical structure of ambruticin

117: Knauth 118 Reichenbach (2000)

Jansen nazAme (2003) 51691UNITHENLASTAT 1ATIAS 19MaATivo
Chondrochlorens A 118z B #41/52n0UA20 [f —amino styrenes t1azwgnani uiiuonldain
9

[} 4 { @ ] QOJQ/ [} a
Myxobacteria e8WUT Chondromyces crocamus IAsNA1IAINA1ILNINTIVIINTNITYUDI

Y 1
1051 TA59a319M19ATU09 Chondrochlorens A tag B diauaadlunini 16

OH

Cl

NN 16 TAT39319191ATUB9 Chondrochlorens A 1Ay B
Figure 16. Chemical structures of chondrochlorens A 116 B

17 Jansen LALAME (2003)
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Katayama (agae (1993) 51801UNSUENT1T TAN-1057 A-D 910 Flexibacter sp.

% Y > g S A 7
PK-74 uag PK-176 “?Qﬁi}ﬂ%ﬂﬂfNLGdb’fJLL‘]Jﬂmiﬂllﬂin‘uaﬂﬁwwuﬁ:Staphylococcus epidermidis
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" |
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o N N NH,
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N N/\/YY NH o
" |
NH, o = =
o N N NH,

TAN-1057 C )j\ H

HoN N :
H/\/\‘/\<_

N

NH

TAN-1057 D S :
HoN N : -

i 17 Tassadamaniives TAN-1057 A-D
Figure 17. Chemical structures of TAN-1057 A-D

11: Katayama tazasig (1993)
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Figure 18. Chemical structures of katanosin A {1Q1¢ katanosin B

N11: Shoji LLazAM (1988)
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Saframycin 11 U@13NGY Isoquinoline  NAMaNITATUNITTUTINITIITYVDI
s 3 2 ] . A v = o
adueise Faen lden Byssovorax cruenta (Myxobacteria) wwu“luﬁmmm”lwmzmﬁu

N&4 (Schmidt ef al,, 2004) TATaa319MAATIUDY Saframycin Aavaaalunni 19

OCH,

= Y a .
MNN 19 TATIATNINNALVOS Saframycin
Figure 19. Chemical structure of saframycin

TERE Rodrigues ttazntle (2004)

. < Ao o a s 3 A v .
Tubulysins A-E L‘]Juﬁﬁ‘ﬂEJ‘]JENmiLi]iilﬁJ@ﬂL“‘liameN fuenlaen Myxobacteria

[ 4 = .
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A, B, D uag E aqudaalunini 20
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o o)k o
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0
)\ ©
o Ry

Tubulysin A R1 = CH,-CH(CH,),; R2 = OH; Tubulysin B R1 = CH,-CH2-CH,; R2 = OH

Tubulysin D R1 = CH,-CH(CH,),; R2 = H; Tubulysin E R2 = CH,-CH,-CH,; R2 = H

2nA 20 Tnsears1amaniive Tubulysins A, B, D iag E
Figure 20. Chemical structures of tubulysins A, B, D 1iaig E

17 Sasse LazAE (2000)
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A ) i < o o s & A
Soraphen A fuen ldan Sorangium cellulosum So ce26 Wuasdudusaauzsaon
a & A = 9 ~ 1 [ o 3 a VA Yo <3
Gb’uﬂﬁu\i‘ﬂl]E]'Vl‘ﬁﬂ@uslﬂ\iﬂ!,Lﬁz’ﬁ]§uJGl°Ll§$‘Vi'J'l\‘]ﬂWiW@lu"ll‘]JuEﬂGD'uﬂGlWNLW@iﬂﬁﬂ]&ﬂIiﬂN%!i\‘]
4 v Y
LLZWEN‘WU%ﬂ??ﬁ?ﬁﬂﬁﬂaTJﬁWiJ']iﬂi’)f]ﬂf]“l/l‘ﬁEJ‘]Jﬂﬁﬂ?ilfﬂﬁﬂlu‘llﬂﬂl%i’)ﬁ']llﬁ}%ﬂﬁ’lﬂ (Reichenbach,

2001) Tns9er519Maniives Soraphen A fauaaslunini 21

2 21 Taseadamaniived Soraphen A
Figure 21. Chemical structure of soraphen A

11: Reichenbach (2001)
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NN 23

A 22 Tasaadamaniived Epothilone A
Figure 22. Chemical structure of epothilone A

117: Reichenbach (2001)
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Figure 23. Numbers of publications related to epothilone A from 1993 to 2002

17 : Gerth tazAaLE (2003)
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Table 4. Empirical formular and molecular weight of compounds from gliding bacteria

Compounds Empirical Molecular Sources Biological activity References
Formular weight
Althiomycin C,H,,N.OS, 439.0 Myxococcus xanthus Antibacterial Gaspari et al., 2005
Saframycin C,,H;;N.O, 563.0 Myxobacteria Antibacterial, Cytotoxic ~ Schmidt et al., 2004
Myxothiazol C,,H,N,O,S, 422.0 Myxococcus fulvus Antifungal, Cytotoxic Reichenbach, 2001
Chondramide A C,H,N,O, 646.0 Myxobacteria Antitumor Reichenbach, 2001
Epothilon A C,H,,NOS 493.0 Sorangium cellulosum Cytotoxic Reichenbach, 2001
Soraphen A C,,H,,0, 520.0 Sorangium cellulosum Antifungal, Cytotoxic Reichenbach, 2001
Apicularen A C,,H, NO, 441.0 Chondromyces (Myxobacteria) Antibacterial, Cytotoxic ~ Kunze et al., 1998
Apicularen B C,H, N0, 644.0 Chondromyces (Myxobacteria) Antibacterial, Cytotoxic ~ Kunze et al., 1998
Tubulysin A C;H(NO, S 843.0 Archangium gephyra & Angiococcus disciformis ~ Cytotoxic Sasse et al., 2000
Tubulysin B C,H;N.O, S 829.0 Archangium gephyra & Angiococcus disciformis ~ Cytotoxic Sasse et al., 2000
Tubulysin C C,;HN.O,S 767.0 Archangium gephyra & Angiococcus disciformis ~ Cytotoxic Sasse et al., 2000
Tubulysin D C,H;N,O,S 813.0 Archangium gephyra & Angiococcus disciformis ~ Cytotoxic Sasse et al., 2000
Corallopyronin ~ C, H, NO, 527.0 Corallococcus coralloides Antibacterial Alexander et al., 2000
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Table 4. (Cont.)

Compounds Empirical Molecular Sources Biological activity ~References

Formular weight
Ambruticin S C,.H,,0, 474.0 Sorangium cellulosum Antifungal Knauth and Reichenbach, 2001
Cystothiazole A C,,H,\N,O,S, 422.0 Cystobacter fuscus Antifungal Suzuki et al., 1998
Cytothiazole A C,,H,:N,O,S, 421.0 Cystobacter fuscus Antifungal Suzuki et al., 1998
Cytothiazole C C,,H,,N,O,S, 408.0 Cystobacter fuscus Antifungal Suzuki et al., 1998
Cytothiazole D C,,H,,N,0,S, 406.0 Cystobacter fuscus Antifungal Suzuki et al., 1998
Cytothiazole E C,,H,(N,O.S, 438.0 Cystobacter fuscus Antifungal Suzuki et al., 1998
Chondrochloren A C,H,,CINO, 525.45  Chondromyces crocatus Antifungal Jansen et al., 2003
Chondrochloren B C,H,,CINO, 539.45  Chondromyces crocatus Antifungal Jansen et al., 2003
Argyrin C, HuN,,OS 824.0 Archangium gephyra Cytotoxic Vollbrecht et al., 2002
Haliangicin C,,H,,0; 376.0 Haliangium luteum Antifungal Fudou et al., 2001
Rhizopodin C,,H,N,O,, 734.0 Mpyxococcus stipitatus Cytotoxic Reichenbach, 2001
Methiazole B C,,H,,N,0,S, 420.0 Archangium gephyra & Myxococcus stipitatus Antifungal Sasse et al., 2000
Methiazole C C,H, NO,S 339.0 Archangium gephyra & Myxococcus stipitatus Antifungal Sasse et al., 2000
Methiazole D C,,H,N,O,S, 424.0 Archangium gephyra & Myxococcus stipitatus Antifungal Sasse et al., 2000
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6. MIAATZHoIRUszReUMUATiveIms

msmnaamené’nmﬁmmmi (Identification of compound)
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rotation I1¥ molecular weight Wudu

=

A I ada L4 A
3. nsnaasunaaniameanlasalal) (Spectroscopy) 1UATUATIZHAVTUIIA

o

1 I
uay ﬁﬁﬂﬂﬂﬁiiﬂﬂﬂmﬁﬂmﬂmm SAUATITH Qﬁllulﬁaﬂqﬂﬂi (electromagnetic radiation)
maﬂmiﬂﬂﬂaummﬂmaaﬂmmﬂﬁmﬁ uaztuindoyamsaanauuasluglvesalnasy
ﬁ

[ @ [ L4
V]QUﬁ1§’1]1ﬂ‘ﬁ§§3JGH']ﬁllﬂa PHARNFUNATUFIUANHUZIANIZAT NITATIVFBVIONANHL

YoI13919%1 14 lagnlSeuieuiudiegans laseadansenisieanu1dudr dmsSvans

Y
[

a 1 Y [ [ 9 a2y Y a Y a 1 1
“Iﬂ!ﬂhh/iNﬂ%ﬁﬂ\iﬂTﬁﬂﬁ!ﬂﬂ@]illl!,ﬁ551193;!?3Vlllﬂﬁnﬂﬂ”li'JLﬂﬁ"ISﬁWﬂ’JEJWIﬂHﬂ@"N"’] 1¥U UV
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Ultraviolet spectroscopy (UV Spectroscopy) (Crew et al., 1998) Wumaiian 1459
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Infrared spectroscopy (IR) (Silverstein and Webster, 1998) Whnadanlyslums
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Yagisyaen
1. lﬁ@ﬁﬂﬂi@\?ﬁ?ﬁﬁﬁﬂﬂEI'I'U61]@\1LL‘]JﬂﬁGElhlﬂaa\‘]'ﬁLlﬂﬂUl@a’l}i]'lﬂﬂglﬁﬁﬁ']ﬂ'ﬁﬂgﬂgﬂﬂ'ﬁ
Li]?ﬂJuﬁllEN Methicillin-Resistant Staphylococcus aureus (MRSA) ATCC 43300, Vancomycin-
Resistant Enterococcus faecalis (VRE) ATCC 51299, Bacillus subtilis ATCC 6633, Salmonella
Typhi (clinical strain) 8% Pseudomonas aeruginosa ATCC 27853 ¢
2. Lﬁ'@%ﬂﬂonluﬂLlﬂﬂﬁGElllﬂﬁa\‘lﬁL!Elﬂllg]}inﬂ‘lflglﬂﬁ'ﬁﬁﬂiﬂNaﬁﬁWﬁgﬂgﬂ Methicillin-
Resistant Staphylococcus aureus (MRSA) ATCC 43300, Vancomycin-Resistant Enterococcus
faecalis (VRE) ATCC 51299, Bacillus subtilis ATCC 6633, Salmonella Typhi (clinical strain)

Uag Pseudomonas aeruginosa ATCC 27853 Tag3smsmarduiinglo Indues 16S rDNA
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@Su‘n’?5ﬁ1‘immﬂaaugm%{miéTmngmm?aJmmmsaﬁwmu Usgnoudlenuniiise
WaunsuuIntazunsuay nuARGennsuYIn 18UA Methicillin-Resistant Staphylococcus
aureus (MRSA) ATCC 43300, Vancomycin-Resistant Enterococcus faecalis (VRE) ATCC
51299, Bacillus subtilis ATCC 6633 tuafiiseunsuay 18un Pseudomonas aeruginosa ATCC

.S o A 9 Y1 Aa 4
27853 uag Salmonella Typhi L‘]Juﬁ"lflwu‘ﬁqvlllﬂﬂllﬂi]']ﬂﬁjﬂflﬂ U Ii\iWEJ”I‘]J']ﬁﬁQﬂIﬁTHﬂﬁHTﬁ

2.° L @F e ¥, 1 KBA- —SAefufye?,
2.1° L @UOA YEA ABA S et , 53 A"
- Na-glutamate medium
- Na-glutamate medium with crystal violet
- SAP2 agar medium
2.2 U OUOE FR=BEA S, §3A"
- fJTﬁ'ﬁq{ﬂ‘i RL1
- fJTﬁ'ﬁq{ﬂ‘i SK
- fJTﬁ'ﬁq{ﬂ‘i CY
- f]T‘ri’Tiilﬁ‘i VY/2
2.3 U OUONE FA =SB — -« BAE BSOS, 4 A?S
A+ £
- Nutrient Agar (Merck)
- Nutrient Broth (Merck)

- RPMI1640 (Merck)



3.-ulAto
- Tryptone (Difco)
- Yeast Extract (HIMEDIA)
- Peptone (HIMEDIA)
- Baker’s yeast paste (Merck)
- Casitone (Difco)
- Malt Extract (HIMEDIA)
- Skim milk (HIMEDIA)
- Agar (Merck)
- Vitamin B, (Fluka)
- L-glutamic acid monosodium salt (UNIVAR, Ajax Finechem)
- NH,NO, (UNIVAR, Ajax Finechem)
- K,HPO, (UNIVAR, Ajax Finechem)
- MgSO, (UNIVAR, Ajax Finechem)
- Methanol (commercial grade) (LAB-SCAN)
- Methanol (HPLC grade) (LAB-SCAN)
- Dimethylsulfoxide (DMSO) (Sigma)
- Alamar Blue 0.9% (Sigma)
- Crystal violet (Fluka)
- Vancomycin (Sigma)
- Wagner’s reagent (UNIVAR, APS)
- Vanillin in H,SO, (Fluka)
- Ninhydrin (Sigma)
- Amberlite XAD-16 resin (Fluka)

- TLC Alumina Sheets silica gel 60 F,,, (Fluca)
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- S
- NUNILLYD (microtitreplate)
-1nay
- Uardn
- é’ﬂaam% (Caution, Sciencetech)
Y o .
- NA9IYANITIAY (Nikon)
- 1NTDI% 4 A1HUT (LA230s, Sartorius)
- 1130952MYgQYQINIA (Rotary evaporator) (Buchi)
- Lﬂ?ﬁ)ﬂ’t‘fﬂmﬂﬁ@,ﬂ naULEAY (Atomic absorption spectrophotometer: Analyst 100
spectrometer, PerkinElmer)
- 1n509 Analytical High Performance Liquid Chromatography (HPLC)
®
(Hewlett Peckard ~Agilent 1100, ChemStation software (version A8.01)), quaternary pump
(Agilent G1311A) 75199AR20 diode array detector (Agilent G1315A) tazdl auto sampler
: =T
(Agilent G1313A) 11]U injector port
- vifietlanusule (Autoclave, Tomy, SS-325)
- INTOUVGWMVVAIVANGUNYI (Shaker incubation) TU VS-8480SRN

- In504 Perkin Elmer GeneAmp PCR System 2400
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Figure 25. Purification of marine gliding bacteria by micromanipulator
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Table 5. Detail information of specimens collection
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Depth  Number of
Location Date Collecting method
(m) specimen
Shark Bay April 23, 2006 On-shore 0-1 14
White Rock April 24, 2006 Scuba diving 20 9
Circle Rock April 24, 2006 Scuba diving 20 11
Green Rock (inside) April 24, 2006 Scuba diving 20 8
Green Rock (outside) April 25, 2006 Scuba diving 15-20 43
Light House Rock April 26, 2006 Scuba diving 20-25 45
Light House Rock April 27,2006  On-shore, Scuba diving 6-9 35
Total 165
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Figure 26. Percentage of specimen used for the isolation of gliding bacteria
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Table 6. Morphological characteristics of bacteria isolated from marine samples

Culture number Source Gram’s staining Shape Gliding motility
GB 086 Biofilm on plastic negative Long filamentous +
GB 088 Rope negative short rod +
GB 089 Biofilm on coral negative long filamentous +
GB 090 Biofilm on shell negative long filamentous +
GB 091 Biofilm on shell negative long filamentous +
GB 092 Biofilm on coral negative long filamentous +
GB 093 Sponge negative long filamentous +
GB 097 Biofilm on shell negative short rod +
GB 098 Sponge negative long filamentous +
GB 099 Sea fan negative short rod +
GB 100 Tunicate negative long filamentous +
GB 102 Red seaweed on string negative short rod +
GB 103 Red seaweed on string negative short rod +
GB 104 Biofilm on plastic negative long filamentous +
GB 105 Biofilm on plastic negative long filamentous +
GB 108 Sponge negative long filamentous +
GB 110 Tunicate negative long filamentous +
GB 111 Rope negative short rod +
GB 121 Sponge negative long filamentous +
GB 122 Sponge negative long filamentous +
GB 123 Sea fan negative long filamentous +
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[ Y
Mni 27 msveneuuaiiGelnanelaneds direct plating (A: sodium glutamate medium, B:
sodium glutamate medium NUAw crystal violet)
Figure 27. Isolation of gliding bacteria by direct plating method (A: sodium glutamate medium,

B: sodium glutamate medium with crystal violet)

d‘ % = dy =S A a
A 28 dnvaz Inlafiveusouuaiiselnada (A: Tenacibaculum mesophilum,
B: Alphaproteobacterium)

Figure 28. Colony of gliding bacteria (A: Tenacibaculum mesophilum, B: Alphaproteobacterium)
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Figure 29. Gliding bacterial cells on the surface of SAP2 medium under phase-contrast
microscope (X100) A) Tenacibaculum mesophilum B) Flexibacteria echinicida

C) and D) Alphaproteobacterium
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Table 7. Identification results of marine gliding bacteria by 16S rDNA sequence analysis
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Culture number

Closest relative strain

Similarity value (%)

GB 086
GB 088
GB 089
GB 090
GB 091
GB 092
GB 093
GB 097
GB 098
GB 099
GB 100
GB 102
GB 103
GB 104
GB 105
GB 108
GB 110
GB 111
GB 121
GB 122
GB 123

Alphaproteobacterium
Flexibacter echinicida
Mus musculus BAC
Alphaproteobacterium
Alphaproteobacterium
Vibrio sp. Y4tang
Alphaproteobacterium
Tenacibaculum mesophilum
Alphaproteobacterium
Alphaproteobacterium
Alphaproteobacterium
Tenacibaculum mesophilum
Tenacibaculum mesophilum
Alphaproteobacterium
Alphaproteobacterium
Alphaproteobacterium
Alphaproteobacterium
Tenacibaculum mesophilum
Alphaproteobacterium
Alphaproteobacterium

Alphaproteobacterium

98
99
84
99
98
98
97
100
99
100
100
100
99
100
96
99
99
98
100
99
99




1000

1000

56
0.02

—

_r

~ GB 105

GB 098
GB 121
GB 123
Alphaproteobacterium JEO41
GB 099

{ GB 110

GB 100

41' GB 108
GB 122

’_r GB 104
GB 093

Alphaproteobacterium JE025
GB 086

GB 090
GB 091

Saprospira sp. CNJ451

993

998

803

Aureispira maritima AB278130

{ Aureispira marina AB245933

Rapidithrix thailandica AB284517

_ Tenacibaculum cellulophagum AF469612

815

_ Tenacibaculum lutimaris AY 661694

1000

GB 111

GB 103
Tenacibaculum sp. AB265190

Tenacibaculum mesophilum AB032501
Tenacibaculum sp. AB265189
GB 102
GB 097

GB 088

1000

Flexibacter echinicida AY 006470

Escherichia coli AB015057

A a9 Y v o d tﬂy A A A A Y
NINN 30 L!,W‘Ll{]MﬁuVIJJLLﬁﬂQﬂ’JHJﬂ’ilWuﬁﬂl@ﬂl%’ﬂlmﬂmﬁﬂqﬂaﬂﬂﬂLLEJﬂUI,WI]Tﬂ“l/]z!,ﬁ

Figure 30. Phylogenetic tree of marine gliding bacteria
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Table 8. Detail of other gliding bacterial isolates used in this study

Isolates Location Sources Gliding bacterial strains
6 GB Pak Meng Shell Unidentified

23 GB Yao beach Cuttle bone Unidentified

37 GB Yongling beach Shell Rapidithrix thailandica
46 GB Susanhoy 75 million years Coral Unidentified

52 GB Susanhoy 75 million years Seaweed Unidentified

58 GB Susanhoy 75 million years Seaweed Rapidithrix thailandica
64 GB Susanhoy 75 million years Sea grass Rapidithrix thailandica
66 GB Susanhoy 75 million years Seaweed Rapidithrix thailandica
70 GB Susanhoy 75 million years Sponge Unidentified

82 GB Susanhoy 75 million years Seaweed Unidentified

83 GB Susanhoy 75 million years Seaweed Unidentified

89 GB Naiyang beach Rope Alphaproteobacterium
96 GB Surin beach Cuttle bone Tenacibaculum mesophilum
106 GB Susanhoy 75 million years Seaweed Unidentified

108 GB Naihan beach Jelly fish Unidentified

SH 1.3.1 Sattahip Wood Rapidithrix thailandica
SH 3.6.1 Sattahip Seaweed Cytophaga sp.

SH 4.1 Sattahip Seaweed Unidentified

SH 4.7.1 Sattahip Shell Cytophaga sp.
SH4.11.4 Sattahip Shell Rapidithrix thailandica
SH 4.12.2 Sattahip Coral Unidentified

SH 4.20.2 Sattahip Coral Rapidithrix thailandica
SH 5 Sattahip Biofilm Rapidithrix thailandica
SH 5.13.2 Sattahip Seaweed Rapidithrix thailandica

SH 6.14.3 Sattahip Shell Rapidithrix thailandica




A1319N 8 (99)

Table 8. (Cont.)

Isolates Location Sources Gliding bacterial strains

SH 6.19.1 Sattahip Shell Unidentified

SH 6.24.1 Sattahip Shell Rapidithrix thailandica

SH 9.43.1 Sattahip Shell Rapidithrix thailandica

SH 9.47.1 Sattahip Shell Unidentified

SH 14.3.3 Sattahip Biofilm Unidentified

SH 14.4.2 Sattahip Biofilm Unidentified

SH 14.6.1 Sattahip Biofilm Unidentified

SH 14.6.2 Sattahip Biofilm Rapidithrix thailandica
11.3.4 SA Ang sila Sand Saprospira sp.

24 SA Yao beach Bark Saprospira marina

28.5 SA Susanhoy 75 million years Shell Unidentified

35SA Yongling beach Seaweed Saprospira sp.

51 SA Susanhoy 75 million years Seaweed Saprospira sp.

59 SA Susanhoy 75 million years Tunicate Saprospira maritima

71 SA Susanhoy 75 million years Seaweed Saprospira marina

KK 1-3 Koh Kra Sponge Tenacibaculum mesophilum
KK 1-19-2 Koh Kra Leave Rapidithrix thailandica

KK 1-21-1 Koh Kra Leave Rapidithrix thailandica

KK 1-21-2 Koh Kra Leave Rapidithrix thailandica

KK 1-21-3 Koh Kra Sponge Tenacibaculum mesophilum
KK 1-26 Koh Kra Sponge Unidentified

KK 1-42-3 Koh Kra Crab skin Unidentified

KK 1-42-4 Koh Kra Shell Tenacibaculum mesophilum
KK 2-1 Koh Kra Crab skin Rapidithrix thailandica

KK 2-4 Koh Kra Crab skin Unidentified
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Table 8. (Cont.)

Isolates Location Sources Gliding bacterial strains
KK 3-1-1 Koh Kra Shell Alphaproteobacterium
KK 3-12 Koh Kra Sponge Alphaproteobacterium
TISTR 1691 Ang sila Lichen Unidentified

TISTR 1699 Laemtan Shell Unidentified

TISTR 1710 Chao samran beach Shell Rapidithrix thailandica
TISTR 1711 Chao samran beach Stone Unidentified

TISTR 1712 Chao samran beach Shell Unidentified

TISTR 1714 Chao samran beach Wood Unidentified

TISTR 1718 Peck tien beach Shell Unidentified

TISTR 1736 Naiyang beach Rope Rapidithrix thailandica
TISTR 1737 Susanhoy 75 million years Tunicate Unidentified

TISTR 1742 Yongling beach Seaweed Rapidithrix thailandica
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Table 9. Initial concentration of test bacteria used for determination of antibacterial activity

by colorimetric microdilution broth assay

OD Amount of cell  Incubation time
Tested bacteria

(600 nm) (CFU/ml) (h)
Bacillus subtilis ATCC 6633 0.58 3.0x10° 15
Salmonella Typhi 0.27 2.1x10° 15
Pseudomonas aeruginosa ATCC 27853 0.23 2.2x10° 15
Methicillin-Resistant Staphylococcus aureus
ATCC 43300 0.11 1.7x10° 15
Vancomycin-Resistant Enterococcus faecalis
ATCC 51299 0.08 1.3x10’ 15
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Figure 31. Minimun Inhibitory Concentration (MIC) test of MRSA in microtitreplate

(A: before incubation, B: 15 h after incubation)
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Table 10. MIC and MBC values of active extracts by colorimetric microdilution broth assay

Extract code Identify MRSA VRE B. subtilis Sal. Typhi P. aeruginosa

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

GB 086 SK Alphaproteobacterium 150 >150

GB 086 CY Alphaproteobacterium 75 >150 37.5 >150 150 >150

GB 091 SK Alphaproteobacterium 150 >150

GB 098 CY Alphaproteobacterium 150 >150

GB 098 VY Alphaproteobacterium 150 >150

GB 099 RL Alphaproteobacterium 150 >150

GB 099 CY Alphaproteobacterium 150 >150

GB 105 CY Alphaproteobacterium 150 >150

89 GB CY Alphaproteobacterium 37.5 >150 18.75 150
KK3.1.1CY Alphaproteobacterium 150 >150

KK 3.1.1 VY Alphaproteobacterium 150  >150




A15199 10 (719)

Table 10. (Cont.)

Extract code Identify MRSA VRE B. subtilis Sal. Typhi P. aeruginosa

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

GB 097 RL Tenacibaculum mesophilum 150 >150 150 >150
GB 097 SK Tenacibaculum mesophilum 150 >150 150 >150 150 >150
GB 097 CY Tenacibaculum mesophilum 18.75 150 150 >150 18.75 150
GB 097 VY Tenacibaculum mesophilum 150 >150
GB 102 SK Tenacibaculum mesophilum 150 >150

GB 102 CY Tenacibaculum mesophilum 75 >150 150 >150

GB 103 SK Tenacibaculum mesophilum 150 >150

GB 103 CY Tenacibaculum mesophilum 150 >150
GB 103 VY Tenacibaculum mesophilum 150 >150

GB 111 RL Tenacibaculum mesophilum 150 >150
GB 111 CY Tenacibaculum mesophilum 150 >150 37.5 >150 75 >150

GB 111 VY Tenacibaculum mesophilum 150 >150
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Table 10. (Cont.)

Extract code Identif MRSA VRE B. subtilis Sal. Typhi P. aeruginosa
y y

MIC  MBC MIC MBC MIC MBC MIC MBC MIC MBC

96 GB CY Tenacibaculum mesophilum 150 >150 37.5 >150

KK 1.3VY Tenacibaculum mesophilum 150 >150

KK 1.213CY Tenacibaculum mesophilum 150  >150 150 >150

KK 1424 CY Tenacibaculum mesophilum 150 >150

TISTR 1710 RL Rapidithrix thailandica 150 >150
TISTR 1710 SK Rapidithrix thailandica 75 >150

TISTR 1736 RL Rapidithrix thailandica 9.38 150 18.75 150 75 >150 150 >150 37.5 >150
TISTR 1736 VY Rapidithrix thailandica 75 >150 150 >150

TISTR 1742 CY Rapidithrix thailandica 150 >150 150 >150 150 >150

4202 VY Rapidithrix thailandica 150 >150

KK 1.21.1 CY Rapidithrix thailandica 150 >150

KKI1.19.2 VY Rapidithrix thailandica 150 >150
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Table 10. (Cont.)

Extract code Identify MRSA VRE B. subtilis Sal. Typhi P. aeruginosa
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

66 GB VY Rapidithrix thailandica 37.5 >150

GB 088 CY Flexibacter echinicida 150 >150

35SA VY Saprospira sp. 150 >150

4.7.1 SK Cytophaga sp. 150 >150 150 >150

3.6.1CY Cytophaga sp. 150  >150

3.6.1 VY Cytophaga sp. 150  >150

TISTR 1699 SK Unidentified 150 >150 150 >150

TISTR 1699 CY Unidentified 150 >150

TISTR 1712 SK Unidentified 150 >150 75 >150

TISTR 1712 CY Unidentified 150 >150 75 >150

TISTR 1714 SK Unidentified 75 >150

6 GB CY Unidentified 150 >150
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Table 10. (Cont.)

Extract code Identify MRSA VRE B. subtilis Sal. Typhi P. aeruginosa
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

6 GBVY Unidentified 150 >150

23 GB CY Unidentified 150 >150 150 >150 150 >150 18.75 150

52GBCY Unidentified 75 >150 150 >150

52GB VY Unidentified 18.75 150 37.5 >150

82 GB CY Unidentified 150 >150

83 GBRL Unidentified 150 >150

106 GB RL Unidentified 150 >150

TISTR 1691 RL Unidentified 150 >150 150 >150

TISTR 1691 CY Unidentified 150 >150 150 >150

4.122VY Unidentified 150 >150 150  >150

4.1 SK Unidentified 150  >150
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Figure 32. Percentage of active extracts with antibacterial activities
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Figure 33. The percentage of active crude extracts against bacterial cultures, classified by media
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Table 11. Number of gliding bacterial crude extracts with antibacterial activities

Cultivating Number of antibacterial crude extracts
media MRSA VRE B. subtilis Sal. Typhi P.aeruginosa
RL1 2 2 4 3 3
SK 6 2 4 2 1
CY 14 8 9 7 4
VY/2 3 4 3 4 2
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mwﬁ 34 Thin Layer Chromatogram YOIETANANYIU 23GB CY, 66GB VY, 89GB CY,
TISTR1710 SK, TISTR1712 SK, TISTR1712 CY, TISTR1736 RL iag TISTR1736
VY ‘ﬁ‘ﬂﬂﬁ UMY Wagner’s reagent (A, B: alkaloid detection), Vanillin Tu H,SO, (C,

D: terpenes detection) L48% Ninhydrin reagent (E, F: peptides detection)
Figure 34. Thin Layer Chromatogram of 23GB CY, 66GB VY, 89GB CY, TISTR1710 SK,
TISTR1712 SK, TISTR1712 CY, TISTR1736 RL and TISTR1736 VY sprayed with
Wagner’s reagent (A, B: alkaloid detection), Vanillin in H,SO, (C, D: terpenes

detection) and Ninhydrin reagent (E, F: peptides detection)
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mwﬁ 35 Thin Layer Chromatogram VYIATANANYIU 52GB CY, 52GB VY, 96GB CY,
GB086 CY, GB097 CY, GB102 CY iag GB111 CY ﬁmaauﬁ"aﬂ Wagner’s reagent
(A, B: alkaloid detection), Vanillin 1u H,SO, (C, D: terpenes detection) {!a¢ Ninhydrin

reagent (E, F: peptides detection)
Figure 35. Thin Layer Chromatogram of 52GB CY, 52GB VY, 96GB CY, GB086 CY,
GB097CY, GB102 CY and GB111 CY sprayed with Wagner’s reagent (A, B:
alkaloid detection), Vanillin in H,SO, (C, D: terpenes detection) and Ninhydrin

reagent (E, F: peptides detection)



A a A J @ A o ogz'
ATNN 12 NﬁﬂWi“Vlﬂﬁ’t‘J‘]Jsb'qul@Qﬁ'lﬁ'i/]Lﬂuﬂﬁﬂﬂi%ﬂ@ﬂﬂlﬂﬂﬁWiﬁﬂﬂﬁfJT]J“I/IiJ’E]VI‘ﬁfJiJEN

=

=
HUANLTY

Table 12. Chemical composition analysis of active crude extracts

Active extracts Alkaloid detection Terpene detection Peptide detection
GB 086 CY + +
GB 097 CY + + +
GB 102 CY + + +
GB 111 CY + + +
23 GBCY +

52 GBCY

52 GB VY + + +
66 GB VY +

89 GB CY

96 GB CY + + +
TISTR1710SK + +
TISTR1712SK +

TISTR1712CY + + +
TISTR1736RL

TISTR1736VY +
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79 36 Tasu Taunsua1nN1591 Diode Array Detector HPLC U99d15a@na1ie1y TISTR1712
CY 037525 wmueadei Wudiiazaemasui (A: ANveaau 210 T
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Figure 36. Diode Array Detector HPLC chromatogram of TISTR1712 CY with 75:25 MeOH:H,O

as mobile phase (A : wavelength 210 nm and B: wavelength 230 nm)
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Figure 37. Diode Array Detector HPLC chromatogram of TISTR1712 SK with 75:25 MeOH:H,0O

as mobile phase (A : wavelength 210 nm and B: wavelength 230 nm)
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79 38 Tasu Taunsua1nn59i1 Diode Array Detector HPLC U04e15@na1ie1U GB102 CY
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Figure 38. Diode Array Detector HPLC chromatogram of GB102 CY with 75:25 MeOH:H,0 as

mobile phase (A : wavelength 210 nm and B: wavelength 230 nm)
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Figure 39. Diode Array Detector HPLC chromatogram of 89GB CY with 75:25 MeOH:H,O as

mobile phase (A : wavelength 210 nm and B: wavelength 230 nm)
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Figure 40. Diode Array Detector HPLC chromatogram of GB086 CY with 75:25 MeOH:H,O as

mobile phase (A : wavelength 210 nm and B: wavelength 230 nm)
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Table 13. Antibacterial activity of marine gliding bacterial crude extracts and their chemical composition

Strain Source Media Antibacterial activities MIC (ug/ml) TLC Classification by

M A% B S P Alkaloid  Terpene Peptide HPLC NMR

(group)  (group)
Tenacibaculum mesophilum Biofilm CY 75 37.5 150 - - / / 5 4
Tenacibaculum mesophilum Biofilm CY 18.75 - 150  18.75 - / / / 3 3
Tenacibaculum mesophilum Seaweed CY 75 - 150 - - / / / 3 3
Tenacibaculum mesophilum Rope CY 150 37.5 75 - / / / 3 3
Tenacibaculum mesophilum Cuttle bone CYy 150 - 37.5 - - / / / 3 3
Rapidithrix thailandica Seaweed VY/2 37.5 - - - / 2 2
Rapidithrix thailandica Shell SK 75 - - - / / 2 2
Rapidithrix thailandica Rope RL1 938 18.75 150 150 37.5 1 1
Rapidithrix thailandica Rope VY/2 75 - - - - / 2 2
Alphaproteobacterium Rope CY 37.5 - - 18.75 4 1
Unidentify Shell SK 150 - 75 - - / 2 2




A13199 13 (719)

Table 13. (Cont.)

Strain Source Media Antibacterial activities MIC (pg/ml) TLC Classification by
M A% B S P Alkaloid  Terpene Peptidle HPLC NMR
(group)  (group)
Unidentify Shell CY 150 - 75 - - / / / 1 1
Unidentify Cuttle bone CY 150 - 150 150  18.75 / 4 1
Unidentify Seaweed CY 75 - 150 - - 3 3
Unidentify Seaweed VY/2 18.75 375 - - / / / 3 3

M= MRSA, V= VRE, B= B. subtilis, S= Sal. Typhi, P= P. aeruginosa
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Table 14. Antibacterial activities of 303 crude extracts against bacterial

Crude Extracts Weight Antibacterial Activities

Code () MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
6 GB RL 0.0513 + + + +
6 GB CY 0.1142 + + + +
6 GBVY 0.0117 + + + +
23 GB CY 0.1079 + + + + +
23 GB VY 0.0119
37 GBRL 0.0354 +
37GB CY 0.0755 + +
37GB VY 0.0093 + +
46 GB CY 0.1038 + +
46 GB VY 0.0130 +
52 GBRL 0.0151 + + N
52 GB CY 0.0990 + + N
52 GB VY 0.0089 + 4 + N
58 GB RL 0.0441 +
58 GB CY 0.0680 + +
58 GBVY 0.0182 + +
64 GB RL 0.0323 4 + i
64 GB CY 0.0879 +

64 GB VY 0.0136 + + +
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Crude Extracts Weight Antibacterial Activities

Code (g) MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
66 GB RL 0.0498 + +
66 GB CY 0.0846 + +
66 GB VY 0.0008 +
70 GB RL 0.0389
70 GB CY 0.1051
70 GB VY 0.0130 + + +
82 GB CY 0.0973 + + +
82 GB VY 0.0503 +
83 GBRL 0.0226 + +
83 GB CY 0.0855 + +
83 GB VY 0.0827 + + +
89 GB RL 0.0229 + +
89 GB CY 0.0780 + + + +
89 GB VY 0.0523
96 GB RL 0.0181 + + + +
96 GB CY 0.0973 + +
96 GB VY 0.0420 + + +
106 GB RL 0.0165 +
106 GB CY 0.1004 + +
106 GB VY 0.0492
108 GB RL 0.0207 + +
108 GB CY 0.0953 + + +
108 GB VY 0.0483 + +
GB 086 RL 0.1050 + + +
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Crude Extracts Weight Antibacterial Activities

Code (2) MRSA  VRE B. subtilis  Sal. Typhi  P. aeruginosa
GB 086 SK 0.0888 + + + + +
GB 086 CY 0.4139 + + + +
GB 086 VY 0.1324 + + +
GB 088 RL 0.0690
GB 088 SK 0.0421 + +
GB 088 CY 0.1565 + + + +
GB 088 VY 0.0629 + +
GB 089 RL 0.0749
GB 089 SK 0.0538
GB 089 CY 0.1456
GB 089 VY 0.0551
GB 090 RL 0.0703 + + +
GB 090 SK 0.0731 + + +
GB 090 CY 0.1417 +
GB 090 VY 0.0473 + + +
GB 091 RL 0.0736 + +
GB 091 SK 0.0518 + + + + +
GB 091 CY 0.1281 +
GB 091 VY 0.1820 + + + +
GB 092 RL 0.0863
GB 092 SK 0.0669
GB 092 CY 0.1674
GB 092 VY 0.0673
GB 093 RL 0.0818 + + + +
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103

Crude Extracts Weight Antibacterial Activities

Code (2) MRSA  VRE B. subtilis  Sal. Typhi  P. aeruginosa
GB 093 SK 0.0565 + + +
GB 093 CY 0.1356 + +
GB 093 VY 0.0504 + +
GB 097 RL 0.0749 + + + +
GB 097 SK 0.0606 + + + +
GB 097 CY 0.1318 + + + +
GB 097 VY 0.0521 + + +
GB 098 RL 0.0714
GB 098 SK 0.0592 + T
GB 098 CY 0.1332 + + +
GB 098 VY 0.0579 + + + + +
GB 099 RL 0.0795 + + + + +
GB 099 SK 0.0898 +
GB 099 CY 0.0748 + + + +
GB 099 VY 0.0565 + + + +
GB 100 RL 0.0499
GB 100 SK 0.0432
GB 100 CY 0.1320
GB 100 VY 0.0389
GB 102 RL 0.0765 + +
GB 102 SK 0.0784 + + + + +
GB 102 CY 0.1645 + + + +
GB 102 VY 0.0425 +
GB 103 RL 0.0810 +
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Crude Extracts Weight Antibacterial Activities

Code (g) MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
GB 103 SK 0.0698 + + + + +
GB 103 CY 0.1749 + + + + +
GB 103 VY 0.0487 + + +
GB 104 RL 0.0738
GB 104 SK 0.0620
GB 104 CY 0.0356
GB 104 VY 0.0590
GB 105 RL 0.0458 + + + +
GB 105 SK 0.0503 + + + T
GB 105 CY 0.1411 + + +
GB 105 VY 0.0353 + + + + +
GB 108 RL 0.0618 + +
GB 108 SK 0.0870 +
GB 108 CY 0.1479 +
GB 108 VY 0.0665 + +
GB 110 RL 0.0668 + + + + +
GB 110 SK 0.0505 + + + +
GB 110 CY 0.1512 + + + +
GB 110 VY 0.0191 + + + + +
GB 111 RL 0.1063 + +
GB 111 SK 0.0692 + +
GB 111 CY 0.1092 + + + + +
GB 111 VY 0.0269 + + +
GB 121 RL 0.0620 + + + T
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Crude Extracts Weight Antibacterial Activities
Code (2) MRSA  VRE B. subtilis  Sal. Typhi  P. aeruginosa
GB 121 SK 0.0575 +
GB 121 CY 0.1352 + + +
GB 121 VY 0.0430 + + + + +
GB 122 RL 0.0922 +
GB 122 SK 0.0746 + +
GB 122 CY 0.1508 +
GB 122 VY 0.1044 +
GB 123 RL 0.0697 + + +
GB 123 SK 0.0528 + T
GB 123 CY 0.1182 +
GB 123 VY 0.0528 + + + +
4.20.2 RL 0.0568 + +
4.20.2 SK 0.0974 + + +
4.20.2 CY 0.1357 + + +
4202 VY 0.0482 + + + +
14.3.3 RL 0.0570 + + +
14.3.3 SK 0.0466 + +
1433 CY 0.0908 + + +
1433 VY 0.0475 + +
6.24.1 RL 0.0881
6.24.1 SK 0.0450 + + +
6.24.1 CY 0.1453 + +
6.24.1 VY 0.0298 + + + +
3.6.1RL 0.0598 + + +
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Table 14. (Cont.)
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Crude Extracts Weight Antibacterial Activities

Code (g) MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
3.6.1 SK 0.0315 + +
3.6.1CY 0.0922 + + + +
3.6.1 VY 0.0136 + + + +
4.1 RL 0.0716 + + +
4.1 SK 0.3022 + + + + +
4.1CY 0.0337 +
4.1VY 0.0484 + + + +
9.43.1 RL 0.0211 +
9.43.1 SK 0.0613 +
9.43.1CY 0.0916 + +
9.43.1 VY 0.0509 +
9.47.1 RL 0.0912 + + +
9.47.1 SK 0.0343 + + + +
9.47.1 CY 0.0986 + + + + +
9.47.1VY 0.0437 + + + +
4.7.1RL 0.0794 + + + + +
4.7.1 SK 0.0348 + + +
4.7.1CY 0.1785 + + +
47.1VY 0.0204 + + + + +
1.3.1RL 0.0566 + +
1.3.1 SK 0.0293 + + + +
1.3.1CY 0.0829 + + +
1.3.1 VY 0.0248 + + +
14.4.2 RL 0.0546 +
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Crude Extracts Weight Antibacterial Activities

Code (g) MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
14.4.2 SK 0.0392 +
1442 CY 0.1047 + +
1442 VY 0.0158 + + +
4.12.2 RL 0.0559 + +
4.12.2 SK 0.0509 + + +
4.122CY 0.0956 + + +
4.122VY 0.0393 + + + +
S5RL 0.0680 + + +
5SK 0.0551 + + n
5CY 0.1074 + + +
5VY 0.0351 + + +
4.11.4RL 0.0752 + + +
4.11.4 SK 0.0426 + + + + +
4.11.4CY 0.1476 + + +
5.13.2RL 0.0619 + +
5.13.2 SK 0.0528 + +
5132CY 0.1013 + + +
5132 VY 0.0623 + +
6.19.1 RL 0.0690 +
6.19.1 SK 0.0855 + +
6.19.1 CY 0.1339 + + + + +
6.19.1 VY 0.0503 + + +
14.6.1 RL 0.0537 + + +
14.6.1 SK 0.0282 + + + +
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Crude Extracts Weight Antibacterial Activities

Code (g) MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
14.6.1 CY 0.0849 + + n n
14.6.1 VY 0.0168 + + + + +
14.6.2 RL 0.0313 + + +
14.6.2 SK 0.0432 + + +
14.6.2 CY 0.1072 + + + +
14.6.2 VY 0.0380 +
6.14.3 RL 0.0685 +
6.14.3 SK 0.0527 + + +
6.143 CY 0.0866 + + +
6.143VY 0.0230
11.3.4 SARL 0.0434 + T
11.3.4 SACY 0.1155 + + +
11.34SA VY 0.0170 +
24 SARL 0.0509 + +
24 SA CY 0.1191 + +
24 SA VY 0.0213
28.5 SARL 0.0468 + +
28.5SACY 0.1148 +
28.5SA VY 0.0253 +
35SARL 0.0300 + +
35SACY 0.0886 +
35SAVY 0.0185 +
51 SARL 0.0432
51 SACY 0.1276 + +
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Crude Extracts Weight Antibacterial Activities

Code (g) MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
51SAVY 0.0228 +
59 SARL 0.0506 +
59 SACY 0.1312 +
59 SAVY 0.0231
71 SARL 0.0459
71 SACY 0.1319 + +
71 SAVY 0.0229 +
KK 1-3RL 0.0248 + +
KK 1-3 SK 0.0211 + +
KK 1-3 CY 0.1126 + + + +
KK 1-3 VY 0.0123 + + +
KK 1-19-2 RL 0.0461 + +
KK 1-19-2 SK 0.0250 +
KK 1-19-2 CY 0.0901
KK 1-19-2 VY 0.0135 + +
KK 1-21-1 RL 0.0415
KK 1-21-1 SK 0.0224 + +
KK 1-21-1 CY 0.0828 + + +
KK 1-21-1 VY 0.0105 + + + + +
KK 1-21-2 RL 0.0412 +
KK 1-21-2 SK 0.0205
KK 1-21-2 CY 0.1020
KK 1-21-2 VY 0.0133 + + +
KK 1-21-3 RL 0.0373 + +
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Crude Extracts Weight Antibacterial Activities

Code (g) MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
KK 1-21-3 SK 0.0194 + +
KK 1-21-3 CY 0.1015 + + ¥ n
KK 1-21-3 VY 0.0153 + +
KK 1-26 RL 0.0414 + +
KK 1-26 SK 0.0218 +
KK 1-26 CY 0.1013 + +
KK 1-26 VY 0.0248 +
KK 1-42-3 RL 0.0484 + + +
KK 1-42-3 SK 0.0161 +
KK 1-42-3 CY 0.0966 + +
KK 1-42-3 VY 0.0110 + + +
KK 1-42-4 RL 0.0425 + + + +
KK 1-42-4 SK 0.0216 + + +
KK 1-42-4 CY 0.1027 + + + +
KK 1-42-4 VY 0.0147 +
KK 2-1 RL 0.0353 +
KK 2-1 SK 0.0184 + + +
KK 2-1 CY 0.0931 + + +
KK 2-1 VY 0.0163 + +
KK 2-4 RL 0.0433
KK 2-4 SK 0.0213 +
KK 2-4 CY 0.1138 +
KK 2-4 VY 0.0159 + +
KK 3-1-1 RL 0.0399 +
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Crude Extracts Weight Antibacterial Activities

Code (g) MRSA VRE B. subtilis  Sal. Typhi  P. aeruginosa
KK 3-1-1 SK 0.0219 + +
KK 3-1-1 CY 0.1088 + +
KK 3-1-1 VY 0.0155 + + +
KK 3-12 RL 0.0370 + + +
KK 3-12 SK 0.0257 +
KK 3-12 CY 0.1022 + + +
KK 3-12 VY 0.0132 + + +
TISTR1691RL 0.0361 + + + +
TISTR1691SK 0.0372
TISTR1691CY 0.0646 + + + +
TISTR1691VY 0.0148 +
TISTR1699RL 0.0366 +
TISTR1699SK  0.0255 + + + + +
TISTR1699CY 0.0678 + + + +
TISTR1699VY  0.0144 +
TISTR1710RL 0.0378 + + + + +
TISTR1710SK 0.0237 + + + +
TISTR1710CY 0.0844 +
TISTR1710VY 0.0132 + + +
TISTR1711RL 0.0345
TISTR1711SK 0.0142 + +
TISTR1711CY 0.0398 + +
TISTR1711VY 0.0084 + +
TISTR1712 RL 0.0569 +




A1519N 14 (9)

Table 14. (Cont.)

112

Crude Extracts Weight Antibacterial Activities

Code (2) MRSA  VRE B. subtilis  Sal. Typhi  P. aeruginosa
TISTR1712SK 0.0324 + + + +
TISTR1712CY 0.0587 + + + +
TISTR1712VY 0.0157 + +
TISTR1714 RL 0.0367 + +
TISTR1714SK 0.0202 +
TISTR1714CY 0.0521 + +
TISTR1714VY 0.0149 + + + +
TISTR1718 RL 0.0408 +
TISTR1718 SK 0.0271
TISTR1718CY 0.1269 + +
TISTR1718VY 0.0154 + +
TISTR1736RL 0.006 + + + + +
TISTR1736CY 0.1230 + +
TISTR1736VY 0.0175 + + +
TISTR1737 RL 0.0451 +
TISTR1737CY 0.0959 + +
TISTR1737VY 0.0492 + +
TISTR1742 SK 0.0136 + +
TISTR1742CY 0.0694 + + + + +
TISTR1742VY 0.0122 + + + + +
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