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Abstract
One hundred and two actimonycete strains were isolated from marine samples of Trang and Phuket
provinces, Thailand. These strains were grouped using phenotypic chemotypic and genotypic
characteristics into 4 groups. Phylogenetic position, chemotaxonomic analyses including some
phenotypic characterisation revealed that the representative strains in each group belonged to the
members of the genera Streptomyces, Micromonospora Salinispora and Nocardia. Here, we found the
strain ST01-07 showing morphological and chemotaxonomic characteristics typical of members of the
genus Nocardia but which was genotypically and phenotypically distinguishable from all recognized
Nocardia species. Therefore, the strains ST01-07 was judged to represent a novel species of the genus
Nocardia for which the name Nocardia xestospongiae was proposed. Furthermore, the fermentation
broths of these representative strains were extracted with ethyl acetate and were tested for anti-
microbial activity. The results showed that more than 70% of actinomycete strains exhibited the anti-
microbial activity. Antimicrobial assay-guided fractionation of the ethyl acetate extract of

representative actinomycete isolate ST1-11 yielded the known compounds, actinomyein D.
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ATCC = American Type Culture Collection
B. subtilis = Bacillus subtilis

C. albicans = Candida albicans

DSM = Deutsche Sammlung von Mikroorganismen
E. coli = Escherichia coli

EtOAc = ethyl acetate

ISP = International Streptomyces Project

M. luteus = Micrococcus luteus

MHA = Mueller-Hinton Agar

nm = nanometer

NSA = Non-Streptomycete Actinomycetes
Ps. aeruginosa = Pseudomonas aeruginosa
SDA = Sabouraud Dextrose Agar

S. aureus = Staphylococcus aureus

TSB = Triptic soy broth

UV = Ultraviolet

HL = microlitre

MRSA = Methicillin resistant Staphylococcus aureus
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Actinomycete genera

Species affiliation

Source

Actinomadura A. formosans, A. fulvescens Japan Trench, Canary Basin, fjord site.
Actinosynnema Actinosynnema sp. IM-1402 Deep sea sediment 3800 m
Amycolatopsis Amycolatopsis sp. GY109 Deep sea sediment 3800 m
Arthrobacter Arthrobacter sp.*SMCCG960", 4. agilis, | Deep sea sediment 3800m
A. nitroguajacolicus
Dietzia D. maris Japan Trench, Canary Basin, fjord site Deep sea
sediment 3800 m. Barcelona neuston
Frankia Frankia sp. Deep sea sediment 3800 m
Kitasatospora Kitasatospora sp. IM-6832 Deep sea sediment 3800 m
Micromonospora Micromenospora sp. strain 1 M-7020, Deep sea sediment 3800 m. Sediment Papua New
M. rhodorangea, Guinea
M. halophytica
Nocardioides Nocardioides sp.V4.BO.15, Deep sea sediment 3800 m. Barcelona neuston
N. jensenii
Nocardiopsis N. dassonvillei QOvaries of Puffer fish, Bohai Sea of China
Nonomuraea Nonomuraea sp. Japan Trench, Canary Basin, fjord site

Pseudonocardia

P. alaniniphila, P. aurantiaca,

Deep sea sediment 3800 m

P. alnii
Saccharopolyspora Saccharopolyspora sp. Japan Trench, Canary Basin and fjord site
Salinispora S. arenicola, S. tropica Sub-tropical sediment

Streptosporangium

Streptosporangium sp.

Japan Trench ,Canary Basin and fjord site
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Actinomycete genera Species affiliation Source

Streptomyces S. capensis, S. giseus (MAR4), Deep sea sediment 3800 m
S. maritimus, S. pallidus,
S. somaliensis,

S. thermocarboxydovorans

Verrucosispora Verrucosispora sp. AB-18-032,IM-6907 Japan Trench, Canary Basin and fjord
site

Williamsia, W. maris W. marianensis Japan Trench, Canary Basin and fjord
site

131 Ward and Bora,, 2006
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Compounds TRains Activity References
Abyssomicins (1) Verrucosispora sp. Antibacterial Riedlinger et al.,2004
Aureoverticillactam (2) TReptomyces aureoverticillatus Anticancer Mitchell et al., 2004
Cebulactams (3) Saccharopolyspora cebuensis Antibacterial; Pimentel-Elardo et al., 2008

Antioxidant
Caprolactones (4) Streptomyces sp. Anticancer TRitzke et al., 2004

Chandrananimycins (5)

Actinomadura sp.

Antialagl; Antibacterial;

anticancer; antifungal

Maskey et al., 2003

Geldanamycin (6) Streptomyces sp. Antibacterial Suchada et al., 2006
Proximicin (7) Verrucosispora sp. Antiicancer Philip et al., 2008
Tkarugamycin (8) Micromonospora sp. Antibacterial, Bruntner et al., 2005

antiprotozoal, Antiulcer

Chloro-dihydroquinones

&)

Novel actinomycete

Antibacterial; Anticancer

Soria-Mercado et al., 2005
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Compound

Source

Activity

References

Diazepinomicin (ECO-4601) (10)

Micromonospora sp.

Antibacterial;  Anticancer;

Anti-inflammatory

Charan et al., 2004

3,6-disubstitutedindoles (11) Streptomyces sp. Anticancer Sanchez Lopez et al., 2003
Frigocyclinone (12) Streptomyces griseus Antibacterial Bruntner et al., 2005
Glaciapyrroles (13) Streptomyces sp. Antibacterial Macherla et al., 2005
Gutingimycin (14) Streptomyces sp. Antibacterial Maskey et al., 2004
Helquinoline (15) Janibacter limosus Antibacterial Asolkar et al., 2004
8-amino-[1,4]diazonane-2,5-dione | Sreptomyces acrimycini Antitumour HermnAjndez et al., 2004
(16)

Saliniketal (17) Salinispora arenicola Cancerchemoprevention Jensen et al., 2006
Komodoquinone A (18) TReptomyces sp. Neuritogenic activity Itoh et al., 2003
Lajollamycin (19) Streptomyces nodosus Antibacterial Manam et al., 2005
Marinomycins (20) ‘Marinispora’ Antibacterial; Anticancer Kwon et al., 2006
Mechercharmycins (21) Thermoactinomyees sp. Anticancer Kanoh et al., 2005
leucyl-4-hydroxyproline (22) Sreptomyces sp. Antitumour HemAindez et al., 2004
SalinosporamideA (NPI-0052) (23) | Salinispora tropica Anticancer Feling et al., 2003

Sporolides (24) Salinispora tropica Unknown biological activity | Buchanan et al., 2005

Trioxacarcins (25) Streptomyces sp. Antibacterial,  Anticancer; | Maskey et al., 2004
Antimalarial

Neomarinone (26) Streptomyces maritimus Anticancer Moore et al., 2005
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3.1 mafudied1a msueniazmIfianenyie
3.1.1 M3AUAI0Ea
4 w 1 a 4 aaa 0 v ' a 9 9
NUAIBE1AY BINALNBY Hazd i In lunza i Weul amsw vinusnaldneamsa
& Y [ o o a ¥ 2 o o ' = = = =
uazw1ods Sandadga Waa afuazgina nmiunuinudiedni1a 13ngamgll 4 esruwadon
" a [l & 3 g P a g = o A 1 a 9 5 o
uiisAuLdubisou IMudeigunpiiveslssina 2 @s 3 Juviesundduezuds mimiuh
o 1 = { A :'. ] ) s ] 1 g ’}.’ [
medaunutadiualifazdeae 1§l uvunoude il daudredanidlulenit uazamie
) ar J - o o 1
Mmsfanonyeuena lulsdn lasl¥aedaaa
&
3.1.2 Msueniiie
& "y vd ad o A & o ' o d 2 '
aMsnea¥euntia Ay 2 Isnanfemsueniyeninalednaafitiuenivazamite uaz
z 44,
MIUUNABINAIDE N
b1 o - o 2 v
3.1.2.1 msueniyeandledvaaniiurleai vazanie
o o ] ad 4 A 1 A’ & w 1 o [ o A
ihdethaiinu ldundemmimzaiidnissinye e 1 asuldluimezan
v ] J a aa g.u ar 1 £ = d'l = =}
HIUMIYe 10 TaaaaT vimiuuadeteliaziBus TavlHiaTeaun (Homogenizer) a2 (B934
@ ﬁl ¥ o A Y A 4 a2 -4 Y T A
drvu19R v mzianiumsainde 1 lannu@asian 107 107 wag 10 viMimiwazanule
VU UNAY 831U8115 Humic acid vitamin agar AV-agar 1102 Soil extract agar MANAITUG YIS
y 1 ' = o
vimiutuiigamgil 30 sarusadva Hunar 21 Fu
1 as w oo @ T | v g ag &
3.1.2.2 mngni¥eueaflulanaIndlatauraiiesn laitly 2 3% Ap nszuIHMINS
MENIN (Physical treatment) HATAISUIUNII manil (Chemical treatment)
3.1.2.2.1 AszRUMIMamann 1aun
1 MIHINIBDEIAUNQUNYHBA (Air dry treatment)
i = 1 =’1 q.l o ] = as 1
hdedAuinInuiRNUAIUazBYA nndugeletean 1 asulalu
. 4 J a aa o
@15a2a10 Basic lauryl sulfate ANUNIuTovay 0.01 MlasmyetSinas o ladans  wanlmily
J L ey o L]
HeRuAu Ay Vortex WU 1 U1 1A Sonicate 30 TH Rev13dI8619lUua 1AL Basic lauryl
sulfate 19 1AT2AUAMITOINN 107 B9 10° wam@emihasazaleiledanseAuANURLIN 10°
10” 1ag 10”° YNNAYAILUBTMIT Humic acid vitamin agar AV-agar 1@ Marine soil extract agar i

a a EA | o - o o
WnaTl§nue vinduliuiigungil 30 esm-waided Ay 21 Ju



2 MIBLMBEINAY (Dry heat treatment)
o o ] a 4 9 o EJ 14 = =
hdredeAuimnuiaazuasuazivands  euludevanieuiiguvgll 100
oy & ¥ & o 1 a o [ H
saruxadea thinat 1 ¥lus nniudsdiedau 1 sy laasluvasanaaessiiliarsazaw
% { J a aa o 1 =] J
Basic lauryl sulfate Adudududovas 0.01 MlasmerSuns o ladans vdunauliihuile
1Reaulauns Vortex 1 UM A2 Sonicate 30 UM  (WoaNdI8t lUdITAZAW Basic lauryl
Vet o A -2 2 -4 o o (] o w = -2 -3 -4
sulfate THH52AUAIMTD919 107 T3 107 A saza1eA10819N5ZAUA AT 107 10° Az 10
YUAAYAIUUBINIT Humic acid vitamin agar AV-agar U1 Marine soil extract agar MANEA1S
ad I a a o o
URFIue NnvuLuNiguvil 30 earusaioa (dunar 21 Ju
3 MIANAIDEIAH (Moist heat treatment)
FimednAunvaavdsauds 1 a5y laluaisazate Basic lauryl sulfate A2
i & a aa =] Pl [
Wuduievaz 0.01 NlasarerFinas o Tadans wauldiihuilo@earulaons Vortex Ui 141M
R a a 9 " a = di = L
10 Sonicate 30 N ANdIUNANAGUNYN 70 SR uFAEE (unal 15 W VINMIURENN

s 1

Aot luaisazais Basic lauryl sulfate THTTzAUAINABEA 107 e 107 hasazaiudie
NzAuAMU@en 107 107 uaz 107 VUNAYAIUUBINIS Humic acid vitamin agar AV-agar RS
. J § o a, LR T | a = [

Marine soil extract agar NANA151 ¥ Uz vnvutunguugl 30 sarusadoa (unal 21 u
3.1.2.2.2 NTLUUMIMIAAT]
o w 4 = o o ' aa EREY)
haedanuaazidsandl 1 a5y laaslunasanaassiliasazavfusanriududuion
- aa J o g} 1]
ar 1.5 Y51as 10 dadans wanlditheile@eady Tasns Vortex ¥ 1 w1 nmiudiy
drunauiiguugil 30 ssusaled Wuna 30 il Aevudediluasaza1y Basic lauryl
sulfate 131105 9 Hanans I ldszAuaMTeIN 107 3ude 10 MasazarwdlediaiseAuaNy
(@9979 107 10” UAY 10 VUNAYAILU®INIT Humic acid Vitamin agar AV-agar 1Az Marine soil
aa ad AP a = =] ar
extract agar MANTTUHFIuz vimiuriuhgaingll 30 sam-waded ithioa 21 9
AV A’ A e 9 & o Add o A‘ a as
Wetu¥easumunammuauda dentiuln latinlianuazvesyeusnd luly
an  Tavasndnvuzlalaiineldndesyansseniifimudszognissheugs  (Long  working
. - & o £ d A
distance lens) 9InUINTD RIS GNTUUBIMT Yeast extract-Malt extract agar Lazinuiye 131u
3
é L
NaBABIMITIABY (YM slant) e 15 lunisnaasude 1
o A o
3.1.3 m3fmaen¥e Tuau
o S { a g E
IMIIAOAUYBUUBINT yeast extract — malt extract agar Iasn1s¥amdUATURLIIINY
A & A & 1 4 4 ) o A qud a
HUIUBUDINVBUNIINDIBNUB UYL Lu@saR 30 esrwaided i 14 Tu e ldiFendnaisuay
.2 2 2 « T " ;
unwsensiwh luiledu viniuassdeunsnandishtignidsgdunidnaaen 5 wila 'ldun
Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC

27853, Micrococcus luteus ATCC 9341 Uag Methicillin resistant Staphylococcus aureus Tasan
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a A d Yo o 3 Y et a
Qﬂu’ﬂﬁ'ﬂ'ﬂﬂﬁﬂﬂiﬂ‘b'ﬂllﬂzlﬂu!ﬁuﬂiﬂﬂﬂﬂ']ﬂﬂﬂllu?ﬁ]ﬂﬁlﬁiﬂﬂ’lﬂﬂq@ I.I.?I'Jllllul'JﬂQﬂlﬂﬂ"ﬁ 37 83

5&' = a o

s s o j
wadsa w1 U aredeumsduduvegauvisdnadey Tasiaszuznianinuuiveatesuia
4 a ad a 9
seuzfgauviE onadoud TNy 1
= 1
3.2 MSANMIBYNIHITIUVDUTD
o o of ' J ol dy
mlaserdomsdndnuuea queakeasil
o ar o o a a = =
3.2.1 ApHAUEMITUGIIN Mgy a35Inenuazyaunil
" - 2 & iy .
asaaeudnYazN 1INy lasmeuseuuemsidimuaegly International
Streptomyces Project (ISP) ‘ﬂﬁﬂﬁ‘hﬂ‘] 18T Crosshatch TReak (Shiring and Gottlied, 1966) 71319
s X ; & 2
walaggnisnsy iilenazdveslnlafiduuu dveslalafidwdruazseningazarnildifioy
AUNTZATHAINTYIU (The Jacal Color Card 12200, Japan Color Research Institute) A15I99anNHYE
voudulonazmsadnatesdromaiin Simple inclined coverslip (Williams and Cross, 1977) #5199
o -i’ [ A‘ 9
dnuazvsuiediundegansimitazasivaeudnuuzaoiueu¥odiy  Scanning  EleTRon
Microscope ~ (SEM)  lagdtnsussgudinsesiieisoinnmaniiazmalulat  ywiasnsal
T Ineds Anvaznnd Pneuazduaibimsasvaeumsaatoudla msaaisladu msaae
iwag Taa myaatwTusAuluum (Williams and Cross, 1971)  misA@@waIAu N153A24 luasn
5 = [~ " 1 i s
(Arai, 1975) Msnuguugil mimunde msnuadmilunsa-a1 uazms 19unaInIuey (Shiring
3 a 1 J i " e o : '
and Gottlieb, 1966) vINANKIHIzEMITATARRUIFRITIuAGUAT tashAIIMUUDLTBIAAz
1 5 v
nguandn Tutude 1
4 3
3.2.2 Annpaimniameeynsiisniivedye (Komagata and Suzuki, 1987)
o I A . ' ' A
mmswzineusedunuunazngulueIvismag Yeast extract — Malt extract UMIATBA

" A a ) o LA < & U 4 o g 9 ¢ 9 Y
e ‘ﬂQﬂleJ‘JJ'HB\‘i lﬂul’lﬁ'l 4 U i]']ﬂull'lﬂ"lﬂ'l'ﬂﬂﬂl.‘]faﬁIﬂUﬂ'li'ﬂ'l—llH'JUﬂliﬁ$ﬂ11ﬂl‘]iﬁﬂ!.111\1ﬂ101ﬂ

3
o

AMEY (Freeze drying) ﬁwaf‘{uﬁ’a'thrraumaaqnmfin1umﬁﬂmv‘§mu

3.2.2.1 mynneinTiuwad

A379981) Diaminopimelic acid ¥ou¥e Tnsdssaauiwaguiadas 6N HCI # 100
parusadue funar 18 $aTue udnithl spot VUKL TLC (Merck No. 5716) Develop #28
methanol - water - 6N HCI - pyridine(80:26:4:10) 19 0.5% ninhydrin solution 11 n-butanol Wuuda v
Armdeudl 100 esrwaiFea 2-3 17l g spot iR uAvUAY standard

3.2.2.2 M5IATI1EH Whole cell sugar

vuaduianlaTas laddae IN H,50, fgamgil 100 ssruaraiFod um 2 $2Tu
fialiBundS ey Ba(om), uazliu pH egluss 5.2-5.5 thluiumies gaierasazanedauuy

E 4 Ed 5
(supernatant) W 1HuRs azaws1@2011 91MTU spot a9V cellulose TLC plate develop A0

14



butanol - water - pyridine - toluene (10:6:6:1) WUAY acid aniline phthalate au‘ﬁqmmﬁ 100 9471
isaIFod 1 4 uai 1o spot 1t 1AM standard

3.2.2.3 MTIATIZH Polar lipid

vusradudai I8uasa polar lipid A26 methanol figangi 100 esrwaiFod i
nat 5 i naldiduudraianedan chloroform ASBININIFAT (debris) 88N WINTT partition A2
chloroform (1@ saline 11’11‘?11 chloroform ‘lszmelvus ?I:‘:EIW‘]?"]&’JU chloroform - methanol LD
f}ﬁﬁﬁﬁ".lﬂ{hﬂ spot 4UU HPTLC (Merck Kieselgel 60 F,,,, 10x10 cm) %1115 develop 2 NAN
(two-dimensional development) A28 solvent system 2 %A fio chloroform - methanol - water
(65:25:4) 11ag chloroform — acetic acid - methanol - water (80:18:12:5) HAIWUAIY 50% sulfuric acid
amd;qmﬁgﬁ 150 earraiua Huan 5 il dana spot iRns

3.2.2.4 myinnsviednsznouvensalviiu (Cellular fatty acid)

(@30  methyl ester vosnialuwiu  nnwaduiilaslalas laddearsazae
methanolic hydrochloric acid ~ eamgli 100 esrisadoa a3 $aTwe udadadae
WasRoudimes udrinmzvinae gas liquid chromatography

3.2.2.5 MINATILN Isoprenoid quinone

viuwaduiiaiagdae chloroform - methanol SATIAIU 2 :1 vwATedVdY 1 Au
nmiunseanzyiniuta 1hdanit¥azaiesdae acetone (13 IR LT gni Ui TLC (Merck.
No. 1.05715 Kieselgel 60 E,.,, 20x20 cm) 10111313 1820 HPLC

323 miiensiafuaUMTAowelIg 168 rRNA gene UAZMINATIZAE
Tannms (phylogenetic tree)

11 DNA 'ﬁllﬂﬂ‘lﬁ mtﬁnﬂ?mm DNA lu¥29 168 RNA geneTﬂﬂ%' Universal
primer ﬁ1ﬂﬁﬁ?uﬂum§m DNA Thermal cycler (GeneAmp PCR System 9700; Applied Biosystems)
168 rRNA gene s lRvzgniiliiiquinasinssvididuiualagld ABI PRISM BigDye
Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem) ﬁ'lﬁﬂﬁ’;ﬂ?ﬂiﬂﬂﬁﬁ‘lﬁ%
gmihnsnfSowiioy tazalignment AudAuiiang Te Ind lugiudeyaves Genbank/EMBL/DDBJ
Tau14 BLAST program LA alignment software (11n3 tﬁ‘fﬁ‘i’ CLUSTAL W program package) 91094
‘l’l’ﬂyaﬁ‘]u multi-data set l1aza§1 phylogenetic trees 14 MEGA software program version 2.1 UDY
Aneideyaii 18

3.2.4 M33IAT12Y DNA base composition (Tamaoka,1994.)

o
YV a a

3.2.4.1 M3En DNA wazIvuIgns
.d, A‘ o) o 5 2 4 o
nourelu Yeast extract — Malt extract broth wluna 4-5 U RndununuALaa

3
azd19dy saline-EDTA vhiviwaduanda lysozyme Wz Tris-SDS solution 91mMiudnadiy

15



phenol 11a2 chloroform ANAZABYU DNA A28 cool ethanol 119 RNA uazlsau Taunisiay

RNase solution L01% proteinase K uaztﬁ‘u DNA 7118139 20 esrwadoa T ethanol

3.2.4.2 MIIATIEN

13U nucleoside Y89 DNA tsing lo Tasan 91nm31aTaslad 10 LU heated DNA (1
mg/ml) 870 10 Ul nuclease P, visfigaimgdi 50 ssrusaidoa dhunat 1 49Tue uazlalasladee
#2010 LI alkaline phosphatase Tigaingi 37 ssrusraidon duna 1 42Tua udaFah TSz
#78 HPLC

3.2.5 Photobiotin labeling DNA-DNA Hybridization

3.2.5.1 Immobilization of DNA in microtiter plate

woA 100 |l UPIAISALAIY heat — denatured DNA (1 Llg DNA / well) U84 type
TRain, control DNA (calf thymus #39 E. coli) iaz DNA 'llml%ﬂ unknown ﬂu"ﬁ"’v’iqmwgﬁ 37 89
walioa 2 %2 Tue udamansazais DNA Ui d19d90 PBS deuldutadi 45-60 sssusaidoa

3.2.5.2 DNA labeling with photobiotin ( DNA probe )

Wiguaisazaly DNA 989 type TRain 1unadA eppendrot ANEITOZAIY
photobiotin wau 1A udni i lniuds @ad1udrdesdronaenintaen sunlamp A
0.1M Tris-HCI buffer (pH 9.0) 1482 n-butanol Ijuﬁ”w vortex ﬁulﬂ%ﬂﬂﬁ 12000 rpm U1IY 20 w1
A15azATUIURY AU n-butanol naziTumAesBnnde Meesazareduuu 1 DNA fianain
W llduhuriiden 15 it i liduedhes s auaziinlal sonicate 1dmir lUnauy hybridization
solution

3.2.5.3 Prehybridization

WeATNIAZA1Y prehybridization nsuAAZMaLYRY plate 1nTi 1 $2Tus i
guUUQUAMIY hybridize ndmensazauiiing

3.2.5.4 Hybridization

oas1TazaTHAN DNA probe U84 type TRain adiiaaznqu 1A plate Aok
waradn Ui igumgifivnzay 12 $2Tus idrfismsazatedl

3.2.5.5 Detection of biotinylated — DNA annealing to immobilized - DNA

ilomasazann hybridize Nauda 19#20 0.2xSSC 3 ASY ANATAZANY T (Bovine
serun albumin (Fraction V) , Triton X — 100, PBS) 1137 30 esrusaied wim 10 widi

&
aFazang I

16



drilnneayanare NIZvUNIMIANT D

Colorimetric method : IANA15AZAY TReptavidin-peroxidase 1w PBS AV 0.5 %
oA a o 2 Y] 2 i a
BSA 1u# 37 ssrwaioa UM 30 Wi tdANaITazaINe 1azd 1Al PBS 3 AT1 11ndu@AY
@15A2010 tetramethyl benzidine — H,0, 1 37 ssruaraidoa wu 5-10 il suifaasazarwdih
udrianimuduuesddae microplate reader (630 nm) wyalfAdIwEITAzAIY 2M  H,SO,
msazmeezlanuihidimaewdrianinudui 450 nm vz 1dndeans
\4

1V,

M3A1HIn Homology % = (V, V o) X 100

sample ~ ¥ control type TRain -

a o & A 4 o &
HAINMISANY1 DNA relatedness 3zaunsaigaiionanusiveuteld mindefinuiduye

i 1] H o é £ o A) [ ] s H 1
Muananvininedsiean 135 uiludesd@nyuivesasuunmalnunel Tasl¥smsaaninainn

3.3 MIndinNenanasuaTMIanAuanas
o 1 A’ - " E4
Mnsiasuraly Seed medium (Yeast extract — Malt extract broth; pH 7.3) vuaes 1duu
4 ' o ' a4 a4 a9 W = :
ATBUVEININED 180 JBURBUIN Tigainpiides w4 du udunvsaeluens Production
medium (Yeast extract — Malt extract broth Ay 0.1% CaCO,; pH 7.3) TaoiAy 1% inoculum VB9
o A ' [ {
seed medium 41U production medium 1A FuaTesvd Gl 200 seuABI W
a a o A £ o 1 ] % A
gumgiines lunar 10 fu dinfhmdndeninsesiunszAYNTes Whatman No.1 (Helunien
_ " 2/ NV 3 \ J e 2
duthlauazvadesnnindu vimiuthannilauiims partition i1 ethyl acetate 3 A3 U&7
i lszmeiudaneldnisaannuau se'ldasananonludau ethyl acetate (crude EtOAc
extract) Tudmvengradiimnslu MeOH uay CH,CL awady vimiuszimanwldnuau uaz
° 1 i o a 5 w 1 J
ihaduiimasumihmianadie E0Ae 3 a5 3 ldmaananouluaiuvensad nlfoufougns
3 : y i 2 k. . £
madmwvesmsadanouludiuvenilauazdiuveurad  nmindesdsaRAnmILNIgNT
{ o - J 1
mednmnamh lduen TS gniae
o
3.4. MyanauazuEnI3IRUIaNS
L] a H 4 [ a =y 4
hasatanuuitldnnde 3.3 Tinaaeugninedinmuaziunadaldldarsuigns
= d‘l 9 = 4 = ) 4 =)
dumaiiannTasunTazns il uaziieldasuianiuds Jnihlasnasugninidinmuesns
i
uignieely
d P [
3.5, AsuentazaIaeveInlsznoUMIInIIBIA UYBIT SANAKEND
o Ay 9 J‘ = @ ¥ o a a 3 w o o =
asadaneui ldnnyeuend uisanudazsiimbumgaiiendnudlesdlszneumaail

2 - o
(oA UAWMATIAM spectroscopy 13U 'H-NMR

145201
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3.6 msmaauqni‘;mﬁmm

ihsasaildlinadeugnimedan el

3.6.1 quisdugAuNd

dhasasanoi1donde1o.slunageugniaugainlaeis agar diffusion  (Lorian,
1980) FimIneaeuiituneusil fie WouIMEMSAGUNERT Mueller-Hinton Agar (MHA)
1az Sabouraud Dextrose Agar (SDA) dmsunuafiouasiadawdidy  TaoldiFonaaouwiia
Aoulude 313 ﬁwif'ﬁrawﬂﬁauﬂﬂuﬁ'uﬁnnﬁa?iﬂﬂﬁu1nn%auﬁaﬂ%’u'lﬁ'ﬁﬂ:m.l‘tjuwhf'fu
McFarland standard No. 0.5 1%"1ﬁﬁ’uﬁ1§ﬁﬂs1ﬁmﬂli‘?a-;sm%mmmaaﬂﬁm‘%uu‘l‘i’mamummi
usdromaiinsmeinde  vminil dise AnoamsazaiovesasatATideInIINATELT NN
20 Pdise e lududanasuuimihvesennsiidigenadevegiazii disc control Tauldia
waznwsiiadeiuilfaraemsada vuiigungil 37 ssrwados funm 1 . asawa
Tavdmdusiguinauinadide hintasaduiugudnaioues disc (inhibition zone) 9

s = z 1 =
I.lffﬂﬁﬂ')'mﬁ’lll'liﬂ‘l]f]\‘lﬁ'li’c’l'ﬂﬂﬂ['l-lﬂﬁﬁ'luﬂ'ﬁmi YUBIFONATDULLADZTUA
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o = =a
AamMIanUUNITIaY

& a1 &
4.1 ManuaAIBEHasMIUENIYe

° d o I a a A a [ 2 '
Tavinisinuae1aiy Auazneu uasdalisia lunza 1wy Ve amie squdany

¥

=Y a vy & o [ o o o o & a o
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12, ST11-13, ST11-14, ST11-15,
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ST11-21, ST11-22, ST11-23, ST11-24, ST11-25,
ST11-26, ST11-27, ST11-28, ST11-29, ST11-30,
ST11-31, ST11-32, ST11-33, ST11-34, ST11-35,
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ST11-41, ST11-42, ST11-43, ST11-44, ST11-45,
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ST01-31
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mIua1iiu (phosphatidylethanolamine) laneaTnl@Randivesea (diphosphatidylglycerol) Waavh
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mannosides)  iluoa T latlaendnuailumwad  (leaTW'laflasiiall  2) Adednmazni



22

= @ o’ = o 1 J ' lﬂ’ ¥
aynsuInunliuazdnyusneduguinndwnsotudulan enquilegluana

Micromonospora

a o ar v 1
MIRTIEH R UUaYeIEYUY 11 165 rRNA gene vouvalelaian AL6-1
o = o o 1 A’ a a U AJ
18vims s eHa LS9 16S rRNA gene vouxeLend lwiuan wuinre le Txan
= &2 w 4! " 3 ot 9 =] 0w a =]
AL6-1 Unund1ondanuiae Micromonospora chalcea AAuszduANUARIOAAIVBIAALTIIAG 1o
o4 . i o - . "
nd (%similarity) founy 99.8 MszAUAMUFBIUYE bootstrap values LU phylogenetic tree O
E e : £ ;
az 82 (317 4) Havea DNA-DNA hybridization 531114 1o Tsian AL6-1 Uazi¥e type strain Yo3aAna

Micromonospora ﬁﬂéiﬂgﬁq ALY phylogenetic tree (Micromonospora chalcea) HANMAL 82.8 %



23

Micromonospora inyonensis DSM 461237 (X92629)
Micromonospora sagamiensis DSM 439127 (X92624)
Micromonospora echinospora DSM 438167 (X92607)
Micromonospora fulviviridis DSM 43906" (X92620)
Micromonospora inositola DSM 438197 (X92610)
Micromonospora pallida DSM 438177 (X92608)
Micromonospora viridifaciens DSM 439097 (X92623)
Micromonospora echinaurantiaca DSM 439047 (X92618)
Micromonospora nigra DSM 438187 (X92609)
Micromonospora narathiwatensis JCM 123947 (AB193559)

Micromonospora maritma
Micromonospora eburnea JCM 123457 (AB107231)

Micromonospora tulbaghiae TVU1T (EU196562)
Micromonospora rosaria DSM 803" (X92631)
Micromonospora chersina DSM 4415 17 (X92628)
Micromonospora coriariae DSM 448757 (AJ784008)
82 Micromonospora endolithica DSM 44398 (AJ560635)
Micromonospora endolithica DSM 443987 (AJ560635)
Micromonospora coerulea DSM 431437 (X92598)
Micromonaspora peucetia DSM 433637 (X92603)
Micromonospora citrea DSM 439037 (X92617)
Micromonospora chaiyaphumensis MC5-1" (AB196710)
Micromonospora auratinigra JICM 123577 (AB159779)

827 Micromonospora sp. AL6-1

Micromonospora chalcea DSM 43026" (X92594)
Micromonospora aurantiaca DSM 4381 37 (X92604)
Micromonospora marina JSM1-17 (AB196712)
Micromonospora halephytica DSM 431717 (X92601)
Micromonospora coxensis JCM 13248" (AB241455)
Micromonospora purpureochromogenes DSM 438217 (X92611)

Micromonospora costi
81 Micromonospora rifamycinica AM105" (AY 561829)

Micromonospora maisumotoense IMSNU 220037 (AF152109)
Micromonospora carbonacea DSM 43168" (X92599)
Micromonospora siamensis JCM 12769" (AB193565)
Micromonospora mirobrigensis DSM 448307 (AJ626950)
Micromonospora lupini LUPAC 14N" (AJ783996)
Micromonospora saelicesensis LUPAC 09" (AJ783993)

50— Micromonospora chokoriensis JCM 132477 (AB241454)

Micromonospora rhizosphaerae 2110187 (FJ261956)

7 63,——Micromonospom olivasterospora DSM 43868" (X92613)

_E— Micromonospora pisi GUT 157 (AM944497)
81— Micromonospora pattaloongensis TJ2-2" (AB275607)
[ Salinispora tropica CNB-440" (AY040617)
99— Salinispora arenicola CNH-643" (AY040619)
Actinoplanes digitatis IFO 125127 (AB037000)
Actinoplanes missouriensis IFO 132437 (AB037008)

Actinoplanes philippinensis TFO 13878" (D85474)
Actinoplanes utahensis IFO 132447 (AB037012)

Actinoplanes regularis IFO 125147 (AB037011)
Streptomyces ambofaciens ATCC 23877 (M27245)

80

0.01
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(phosphatidylinositolifuvled v latlaendnwal lusad dednyaznveynsuisnuaiiuay
Fnuazndugninoannsoduduldh Fenduilogluana satinispora
MTINTIEHAWTILTVDIEUY I 16S rRNA gene voaiololatan S1-1

1AmmsTinsieHaduwaeIe 168 TRNA gene vauFonenaluivan wudiie'le Twian
TR9-5 fnawndrondenuidle Salinispora arenicola winfign  AatszfunmAdioadvesdy
fiand T lnel (%similarity) vz 100 NseAUAINNIFBIUUB bootstrap values 11U phylogenetic tree
fiZeuaz 97 (314 6) Haves DNA-DNA hybridization svn319'1e Tsian Si-1 1azie type strain veq
ana Salinispora ﬁﬁ)ﬂﬂﬁﬁ’cjﬁﬂﬂ phylogenetic tree (Salinispora arenicola) ANy 87.6 %

Micromonospora echinofusca DSM 43913 (X92625)
Micromonospora echinaurantiaca DSM 43904" (X92618)
L Micromonospora ebumea LK2-10" (AB107231)
Micromonospora citrea DSM 43803" (X92617)

Micromonospora auratinigra TT1-11" (AB159779)

Micromonospora marina JSM1-1T(AB196712)
Micromonospora rosaria DSM 803" (X92631)

Salinispora tropica CNB-440" (CP000667)
‘w.TD& -1
g7 | Salinispora arenicola CNH-643" (AY040619)

55 Dactylosporangium salmoneum NRRL B-16294" (FJ973607)

E Dactylosporangium tropicum KB2-4" (AB454508)
Dactylosporangium vinaceum DSM 43823" (X93196)
99 Dactylosporangium thailandense DSM 43158" (X92630)

Dactylosporangium darangshiense DLS-44" (FM882231)
Daclylosporangium roseum DSM 439167 (X93194)

98 Dactylosporangium fulvum DSM 43917 (X93192)
Verrucosispora gifhornensis DSM 443377 (Y15523)
5 ﬁnuoosispora sediminis MS426" (EU870859)

60

Verrucosispora lutea YIM 013" (EF191199)
Streptomyces albofaciens JCM 4342 (AB045880)

83

66
80

et
0.01

il 4 A miive e loTaian S1-1 Uy phylogenetic tree (NJ method)
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(cell wall type 1) wunimanglaa lsTua uaznuonlaa dhnhaanmualusad (whole-cell
sugar)  WuWeasARaem Iuaiiiu  (phosphatidylethanolamine) laveavhARanfiwesoa
(diphosphatidylglycerol) Woav@AaduTu®mea (phosphatidylinositol) WeavAAad Iugneauuyu
Tular (phosphatidylinositolmannoside), Woavh@AAanfAi¥esea (phosphatidylglycerol), Woaw1@aa
Tndu( phosphatidylcholine) 1Huvlea T latlaendnualluirad Avdnyuzneeyrsuisunil

a o = o 1 g 1 4 L
uazdnvazneduginnaunsotudulain wenquilegluana Srepromyces

MIIANEHEIFUaYRENN 11 165 rRNA gene voaalolsian ST1-11

NS IaTsiadUnaveduse 165 RNA gene voudelelwian TR6-3 Hndw
adonaetuiEe  Stepromyces fradiae winfigadatszaanuadundwesdauiang Telng
(Ysimilarity) Yovaz 99.9 HIzaUAIMIASIUYBI bootstrap values U phylogenetic tree H38UAZ 89
HavUD1 DNA-DNA hybridization 5¢1919 18 Tatan ST1-11 Haziifo type strain YONANA Streptomyces

ﬁagﬂnﬁ'ﬁqﬂuu phylogenetic tree (Streptomyces fradiae) HAMNIAL 89.9 %
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reotomvces lignomveini NBRC 15425' (AB184672)

80l Straptomvces aurantioariseus NRRL B-5416" (AYS99773)
Streptomvces alobisporus FMA 167" (JX860367)
—Streptomvees maritimus (AY247716)
Streptomvces rubroariseus NBRC 15455' (AB184681)
rStreptomvces cvanoaenus DSM 40426' (AY999722)
[Streptomvces coelicolor sk18" (GU075926)

r;trearamvces violaceoruber NBRC 3504 (AB184833)
A7 'Strentomvces lividans NBRC 15675' (AB184826)
ag| Streplomyces sp.8T1-11

tomvces fradiae EF17 (FJ972686)

Streptomvces diastaticus FMA 41" (JX860347)

—Streptomvces fraailis NRRL 2424" (AY999917)
Streptomyces aurantiacus NBRC 15386' (AB184637)
56 LStthomvses oraminearus 14318" (EF371437)
73 'Streptomvees coelicoflavus NBRC 15399" (AB184650)

Streotomvces pactum 173658" (EUS70503)
Streptomvces misionensis NBRC 13063" (AB184285)
Streptomyces thermocarboxydovorans DSM 44296" (UB4489)
Streptomyces thermospinosisporus AT10' (AF333113)
Streotomvoes thermocarboxvalus DSM 44293 (U94490)
Streptomyees indiaensis NBRC 13964" (AB184553)
Streptomyvces coeruieopnunus NBRC 15400" (AB184651)
a7 Streptomvces somaliensis DSM 40738" (AJ007403)
Streplomvees luteosporeus NBRC 14657 (AB184607)

Streo lavsiensis NBRC 16446 (AB249918)
Straptomvees vatensis NBRC 101000" (AB249962)

Streotomvces ariseocarneus DSM 40004" (X99943)
Strentomvees onnoci NBRC 13466 (AB184866)
Streotomvces mobaraensis NBRC 13819" (AB184870)
Streptomvces luteireticuli NBRC 13422" (AB249960)
Streptomyees thiokuteus LMG 20253 (AJ781360)
l_ 77| rStrentomvces abikoensis NBRC 13860" (AB184537)

o1 L[ Streotomvoes filacinus NBRC 394" (AB184819)

57 —Streptomvees coerulescens NBRC 12758" (AB184122)
rentomvces ranaoonensis LMG 20295 (AJ781366)

reotomvces almauistii NBRC 13015' (AB184258)
tomvees aibsonii NBRC 15415' (AB184663)
'Strentomvces albus subso. albusNRRL B-2365" (DQ026669)

Streptomvces flocculus NBRC 13041" (AB184272)

Streptomvces tatevamensis (AB473555)
Strentomyces ferralitis (AY262826)
Streolomvces xinahaiensis S187" (EF577247)
Streplomvees auanduensis 701" (AYS76942)
Streptomvces rubidus 13C15" (AY876941)

66 Streptomvees vanalinensis 1307" {AY876940)

Streptomvces alaucinioer NBRC 100913" (AB248964)

Nocardia camea DSM 43397" (X80607)

H : i P
31 6 naasdmmisveuvaleluion ST1-11 uu phylogenetic tree (NJ method)
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MIIATISHORILTYBIEUY 4 16S rRNA gene vouvelolatan ST01-07
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s52[~Nocardia aobensis IFM 0372 (AB126876)

‘Nocardia mikamil W8061" (EU484388)
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Yeast extract-Malt extract UUIATOUVHINNWIEITOU 200 TOUADUIN Nigaingil 30 BersaFya
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wadeulda Teldhumhmsusnansdusgnidromaiisudaanean TasinTanslaeld Silica
gel 60 Hulanan wagldiniazarenauszninnae lslesunazmuealusasidiu o de 1
& § ' a
Fhulmadeun uazundedlumaiin Gel filtration chromatography 1ael% sephadex LH20 iTu
o A § a £ a a o o
lansiiias 100% methanol Wumaadeoud 1dasiigns STI-11A WSua 102.8 Tadnsy A
4 5 o [ l{ o 5 a a
uaaslugd 22 nimduldhmnhes STI-IA - vmedeugnimssudimsiigueyaunid
. . 7 ! = gv ' o ?; J . %
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YM fermentation broth (50 L) of Streptomyces sp. ST1-11

Filtered

Filtrate Mycelial cake

Extracted with ethyl acetate

Ethyl acetate layer

Concentrated to dryness
Ethyl acetate extract *positive antimicrobial activity
(171g)

i Y w ¥ . A
311ﬁ 9 YUADUMITANANITVINUINUNUVOILYD Streptomyces sp. ST1-11
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Ethyl acetate extract (1.71 g)

Quick column chromatography

(CHCI5-MeOH gradient)

53

ST1-01 ST1-02 ST1-03 ST1-04 ST1-05
105.0 mg 125¢ 0.82 g 50.7 mg
Silica gel flash column
(CHCl3:MeOH = 9:1)
ST1-03-1 ST1-03-2 ST1-03-3 ST1-03-4 ST1-03-5 ST1-03-6
55.3 mg 567.9 mg 131.4 mg 121.6 mg 140.3 mg 80.4 mg
Silica gel flash column chromatography
(CHCl3:MeOH = 9:1)
STi1-11A ST01-03B

102.8 mg (_zmu‘s'qw'ﬁ‘)

;3 o g 3 . 2
717 10 Yumeunsuenaisusgnsvinasanansi lusuefinosHaaueuie Srepromyces sp.

ST1-11



015 STI-11A Hanvamiundngiiduddy delinszithwiinTungadae ESI-TOF mass
11519 pseudomolecular ion peak ¥ m/z 12552243 (M+H)' Faanunsaszygas Tuana @i
CgHy N0, 15 1¥ UV spectrum (in MeOH) i Amax (log €) 7 240 (4.35) 1ax 442 (4.20) nm @13
ﬁuﬁmmj amide carbonyl (Vmax 1636 cm™) L1a2 lactone carbonyl (Vmax 1751 cm™) uagi optical
rotation [OL], -181.7° (¢ = 0.132 in MeOH) ovhamninszidrumaiia 'H ez “c NMR 1§

3 da o 9 . . o A
Yayanuank¥UTAAWAT actinomycin D AIAT1T19N 8

3N 11 namsdnvarzTaseainveams STI-11A
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@13191 8 'H 102 °C NMR spectral (in CDCL,) 404@15 ST1-11A 1AL actinomycin D
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ST1-11 A Actinomycin D (in CDCI,)
dy; (ppm), mult, (Jin | d,; (ppm), mult, (Jin | d, (ppm), mult, (J in
Position d.. (ppm) Hz) Hz)" I-Iz)h
Sar 1 165.83/166.07 & - =
(1,2) 2 51.40/51.44 3.61, 1H, d (18.31) 3.63 (17.8) 3.61 (18)
4.69, 1H, d (18.31) 4.79 (17.8) 4.73(18)
3.59, 1H, d (18.31) 3.63 (17.8) 3.62(18)
4,76, 1H, d (18.13) 4.72 (17.8) 4.79 (18)
N-CH, 34.92/34.98 2.85,6H, s 2.89/2.94 2.87
MeVal 1 167.32/167.41 - = 5
(1,2) 4 71.27/71.43 2.64,2H, m 6.03 (7.5)/5.95 (7.5) 2,67, m
3 26.96 2.64,2H, m 2.60-2.75 2.67, m
3-Me 21.70/21.80 0.92, 3H, d (5.64) 0.96 0.95(5.3)
0.94, 3H, d (5.25)
4 19.37/19.42 0.71, 6H, d (5.06) 0.76 0.74 (5.2)
N-CH, 39.27 2.87,3H,s 2.89 2.88
39.38 2.87,3H, s 2.93
Val 1 173.10/173.48 - - -
(1,2) 2 58.74/58.91 3.49,2H, m 3.62 3.53(5.6),3.55
3 31.63/31.91 2.14, 2H, brs 2.2 2.17 (M)
3-Me 19.22/19.24 0.86, 3H, d (6.79) 0.91(6.5) 0.89 (6.5)
0.88, 3H, d (6.87) 0.90 (6.5)
4 19.12-19.18 1.10, 3H, d (6.34) 1.13 (6.5) 1.11 (6.4)
1.09, 3H, d (6.38)
NH & 8.09, 1H, d (5.85) 8.19 (5.7) 8.10 (5.6)
= 7.94, 1H, d (6.19) 7.94 (6.0) 7.94 (5.6)




A13197 8 'H 11z "C NMR spectral (in CDCL,) 484215 ST1-11A a2 actinomycin D (#0)
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ST1-11A Actinomycin D (in CDCI,)
d, (ppm), mult, (J in d, (ppm), mult, (Jin | d,, (ppm), mult, (J in
Position | d. (ppm) Hz) Hz)" Hz)’
Pro 1 173.02,2CO - - .
1,2) 2 56.22/56.38 5.94, 1H, d (9.08) 39 5.98 (8.0)
6.00, 1H, d (9.05) 4 6.03 (8.0)
3 31.05/31.37 1.79, 1H, m 2122 1.7-24/2.70,m
2.67, 1H,m
1.84, 1H, m
295, IH,m 1.7-2.4/2.90, m
4 22.98/23.14 2.05,2H, m 1.85 1724
226,2H, m
5 4138 3,70, 1H, m 3.70-3.75 34-4.2
3.94, IH,m 267
4164 3,70, 1H, m
3.80, IH, m
Chrom 1 101.59 - = .
) 14747 - s -
3 178.85 4 - :
4 11138 2 - ¥
da 145.69 - - .
sa 140.29 : - -
6 127.42 ; 5 N\ A
7 130.1 7.34, 1H, d (7.77) 7.37 7.37(8.0)
8 125.72 7.62, 1H, d(7.77) 7.64 7.64 (8.0)
9 132.48 - - -
9% 12895 - e -
10a 144.92 - . .
4-CH3 7.93 2.22,3H 224 227
6-CH3 15.17 2.53,3H 256 2.55
1-CON-CO | 166.24/166.28 - -
2-NH 2 z 7374 7.0-7.5




A5199 8 'H 1a "C NMR spectral (in CDCI,) 494017 ST1-11A Lag actinomycin D (ﬁﬂ)
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ST1-11A Actinomycin D (in CDCl,)
d,; (ppm), mult, (J in dy, (ppm), mult, (Jin | d, (ppm), mult, (Jin
Position | d. (ppm) Hz) Hz)" Hz)’

Thr 1 166.24/166.28 - .
a2 2 5493 4.46, 1H, dd (6.68, 2.10) 451(2.0-2.5) 4.50,(6.872)
553 4,57, 1H, dd (6.34, 1.80) 462 (6.5) 460, (6.6)

3 74.97/75.04 5.15, 2H, dq 5.21(20-2.5)5.15 5.21(6.12), 5.17(6.172)

4 17.53/17.93 1.22, 6H,d (5.04) 127 (6.0) 1.26,(6.2)
NH . 7.15, 1H,d (6.68) 7.20 (6.8) 7.21,(6.8)
- 7.76, TH, d (6.34) 7.82(6.2) 7.84,(6.6)

‘from Arison and Hoogsteen., 1970

"from Lackner, 1971

o < a 4L a ' & £
110M1TUIMT STI-11A !J']'Hﬂ?fﬂ‘ﬂﬂﬂ]iﬁ'luﬂ"l‘il‘il?ﬂj'uf)\'ll‘b’ﬂﬂ'ﬂ“"ﬁtfﬂﬂﬁﬁu NUNATUUTAIGNT

wr: & a 2
JUBINITRIYVDUTD Micrococcus luteus ATCC 9341, Staphylococcus aureus ATCC 25923, Bacillus

subtilis ATCC 6633 W2 clinical methicillin-resistant Staphylococcus aureus fszduanududurion

4 ; kI AL
N1gA (MIC) fBN13193 QYN 2.5, 16, 16 tiaz 32 pg ml AIWAIAY



uni 5
agilwamsitbuaz volavenus

s fanndeneni Tulvdnnndeduazneudu tazddiFialunza Wy Henh amiw vin
vsnaldfemuauazuds Smiaaga W giteuazads amisonsmdenend uivdnd
wanua 102 leTaan 1avhms@nndnuasmaiuing Iduddnsadugnine nmede dise
e Fuail mmmé"aﬂtjusf}aLmﬂﬁ‘[uﬁsﬁﬂmmnaam’ﬂu 4 ngu ARdEBNAIUNUVBIAALNGN
wanudnuazniuaTund uazd Tu'lndl nuh

nquit 1 dhudeusad Tuluimit highadulvema tasadalesdveguuduluems
Taoass fignuazman ' niliasd T'nilBuduiniiuidfeana Micromonospora

nduit 2 euend Tuduimi highadulueina afudulvemadumaes hinfusining
flazaroluems mlesiansasiuadedoanauuduloemsddnuasniun Ty niliasd Tu
1ﬂﬂ§u€ui1l‘ﬂﬂl%ﬂﬁfjﬂ Salinispora

nquit 3 Thudeuend TuivdniaduduleomaluIndvneumsuiam dulvemsum
awdeihmaune nazdnumzmlesfiuaeldimuuuinde SdnvazmanTylnihiasd uind
ﬁuﬁuiuﬂm%&ﬂqa Streptomyces

nquit 4 dhudfenendTuivdn ilishaduloen uaaduduliemsihaaseu i
afusniagiinzaioluems adnalesnn mlefisnvauiluge 15 uavaduiudiuginan
(globose body) ﬁf‘u’nymzmmﬂ’ln'lnﬂuaz‘i’a'[u'lnﬂﬁu&'m'nﬂm%ﬂﬁqa Nocardia

nndewendluvdntrady  diaidendelelaan  ST01-07  wAnwidnmaizma
aynIUITIUBENAIBoA nuNTmANuadwadsvesairuualugig 16S rRNA gene TndiAsani
Nocardia niwae  AtszaunTndioadwesduiang Te'ndg Csimilarity) Jovaz 98.5 fiszau
AL UVBA bootstrap values 1L phylogenetic tree H13pUAL 69 1ipAAT1wHRMIEMT T Ind]
wllnfliasdTuind - awmsoduduldndeleTson  sTo1-07  AfhuFealFd miluana
Nocardia Tﬂﬂ1ﬁ'§ﬂ’i1 Nocardia xestospongiae
ﬂ"liﬁﬂ‘lsl1qw§ﬂ1l§?n1ﬂl'ﬂ,ﬂ\1ﬁuﬂBﬂl%ﬂltﬂﬂﬁTuﬁﬂ%ﬂ'ﬁi 102 loTwan  A207% Agar disc

diffusion Tﬂu'h’!’qﬁuﬁtfwﬂﬁﬂn f®  Pseudomonas aeruginosa ATCC 27853, Micrococcus luteus
ATCC 9341, Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633, Escherichia coli
ATCC 25922 oz MRSA wuh Feadamoinlusuiefiaesdimaveudondud 3 uamguinisduds
nm'n?qruam%aqﬁuﬂ"’nfmﬁau'lﬁ' Iﬂumm'inEs’ug’qzémmﬂﬁﬁmmmmmﬂuﬁ’mluﬂj MSANYI
'H’lﬂ’liﬂt]ﬂt]ﬂ%ﬂﬂ%‘lﬂ1'ﬂﬁ)1ﬂl§ﬂﬁ11lﬂlﬂ“ﬂiiu'ﬁ 3 Haaagniangduidianud dedaunu

Tunguit 3 annsondaasuend uledu A (actinomycin D) 18
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1. Sodium-caseinate agar (SCN)

Sodium caseinate 0.2 nsu
Glucose 0.1 N3y
K,HPO, 0.02 A3
MgSO, 0.02 nSu
Agar 1.5-1.8 W

2. Yeast extract-malt extract agar (YMA), ISP medium no.2

Yeast extract 0.4 AU
Malt extract 1.0 nfy
Glucose 0.4 nsu
Agar 1.5 AU
pH 7.3

3. Oatmeal agar, ISP medium no. 3
Oatmeal 20 03y

Agar 1.8 niy

4. Inorganic salts-starch agar, ISP medium no. 4

Soluble starch 1.0 N3y
K,HPO, 0.1  niu
MgS0,.7H,0 01 Ay

NaCl 0.1 N3y



(NH,),SO, 02 5y

CaCo, 02  nfu
Trace salts solution (A) 0.1 Haaans
Agar 2.0 N3y

pH 7.0-7.4

5. Glycerol-asparagine agar, ISP medium no.5

Glycerol 1.0 nsu
L-Asparagine 0.1 AU
K,HPO, 0.1 Ay
Trace salts solution (A) 0.1 finnans
Agar 20 nSY

6. Tyrosine agar, ISP medium no. 7

Glycerol 1.5 n3y
L-Tyrosine (Difco) 0.05 05U
L-Asparagine (Difco) 0.1 niu
K,HPO, 0.05 A3
MgS0,.7H,0 005 3
NaCl 0.05 N3y
FeSO,.7H,0 001 niy
Trace salts solution (A) 0.1 ianans
Agar 2.0 n5u
pH 7.2-7.4
Trace salt solution (A)

FeSO,.7H,0 0.1 A5y

MnCl,.4H,0 0.1 nfy

ZnSO,.7TH,0 0.1  nju

Distilled water 100 Haaans



7. Peptone KNO, broth

Peptone 1.0
KNO, 0.1
NaCl 0.5
pH 7.0

8. Carbon utilization medium, ISP medium no. 9
Carbohydrate
(NH,), SO,
K,HPO,.3H,0
KH,PO, anhydrous
MgSO,.7H,0
Pridham and Gottlieb trace salts (B)
Agar
pH 6.8-7.0
Trace salts solution (B)
CuSO,.5H,0
FeSO,.7H,0
MnCl,.4H,0
ZnS0,.7TH,0

9. Boullion gelatin broth
Peptone
Meat extract
NaCl
Gelatin

pH 7.0-7.2

n5u
nsu

ATu

1.0
0.264
0.565
0.238
0.1
0.1
i.5

0.64
0.11
0.79
0.15

1.0
0.5
0.5
15.0

iy

n5u

n5u

niu
N3
Asy

o
a3y



10. Peptonization and Coagulation test medium

Skim milk (Difco)

11. Mueller-Hinton agar (Difco)
Beef infusion from

Casamino acid, Technical

Starch
Agar
pH73

12. Sabouraud’s dextrose agar (Difco)

Neopeptone
Dextrose
Agar

pH 5.6-5.8

13. Seed medium

Yeast extract
Glucose
Malt extract
pH 7.3

14. Production medium

Yeast extract
Glucose
Malt extract
CaCo,
pH7.3

10.0

30
1.75
0.15
1.7

1.0
4.0
1.5

0.4
0.4
1.0

0.4
0.4
1.0
0.1

sy

5N
nsu

N5y

AU
N3y

nsu

N5y
N3y
N3y

N3y



15. Peptone-yeast extract iron agar

Bacto-Peptone Iron Agar, dehydrated (Difco)

Bacto-Yeast Extract (Difco)

pH 7.0-7.2

16. Glucose asparagines agar
Glucose
Asparagine
K,HPO,
Bacto-agar

pH 6.8-7.0

17. Nutrient agar
Meat extract
Peptone
NaCl
Agar

18. Czapek’s sucrose agar
Sucrose
K,HPO,
MgSO,
KCl
FeSO,
Agar
pH 7.0-7.2

19.phosphate buffer
KH,PO,
Na,HPO,

1 Ay
0.05 N3y
0.05 Ay
1.5 nsy
1 (1]
1 nsu
0.1-0.2 n3Y
1.5 Ny
3 n3u
0.1 niu
0.05  nju
005 A3u
0.001 n3u
1.5-1.7 A3y
0.680 N3u

0.71 Ay

3.6
0.1

nsu

n5u
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20. Humic acid Vitamin Agar
Humic acid
Na,HPO,
KCl
MgS0,.7H,0
FeSO,.7H,0
CaCO,
Vitamin B
Agar
DW.
pH 73

2 o o o
1nae 3 1lesigua

1 ans

a o

10 ¥aaniy
20 Haaniy
10 inddas
15 iU

1 an3s

** Humic acid 8221814 10 ¥a. 0.2N NaOH

**Vitamin B
Thiamine-HCl
Riboflavin
Nicothinate
Pyridoxine-HCI
Inositol
Ca-Pantptrenate
p-Aminobenzoate
d-Biotin
DW

a o

10 Haaniy

b

ar

10 Hadnsu
10 Haansu

10 Yaansu
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The marine sponge-derived actinomycete, strain ST01-07T, was isolated from
Xestospongia sp. collected from the Andaman Sea. The strain was characterised
taxonomically by polyphasic approach. The strain contained meso-diaminopimelic acid
in the peptidoglycan, whole cell sugars were arabinose, galactose, glucose, mannose,
and ribose. Mycolic acids that co-migrated with those from the type strain of Nocardia
araoensis NBRC 100135T were observed in whole cell extract. MK-8(H4-cycl) was the
predominant menaquinone. Major cellular fatty acids were C17:18c, C16:0 and C17:0.
The diagnostic phospholipids in cell consisted of diphosphatidylglyceral,
phosphatidylethanolamine, phosphatidylinositol. Phylogenetic analysis based on 16S
rRNA gene sequence showed that strain ST01-07T belonged to the genus Nocardia
and was most closely related to N. araoensis IFM 0575T (98.71%), N. niwae W9241T
(98.56%), N. beijingensis AS4.1521T (98.41%) and N. arthritidis IFM 10035T (98.36%).
In addition, low DNA-DNA relatedness values (13.6% + 0.1 to 40.1% % 0.6) confirmed
that the strain represents a novel species, for which the name Nocardia xestospongiae
ST01-07T sp. nov., is proposed. The type strain is ST01-07T (=BCC 45622T =NBRC
1090649T).
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The marine sponge-derived actinomycete, strain ST01-07T, was isolated from
Xestospongia sp. collected from the Andaman Sea. The strain was characterised
taxonomically by polyphasic approach. The strain contained meso-diaminopimelic
acid in the peptidoglycan, whole cell sugars were arabinose, galactose, glucose,
mannose, and ribose. Mycolic acids that co-migrated with those from the type strain
of Nocardia aracensis NBRC 1001357 were observed in whole cell extract. MK-
8(Haarcyer) was the predominant menaquinone. Major cellular fatty acids were
Ci7108¢c, Ciso and Ci70. The diagnostic phospholipids in cell consisted of
diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol.
Phylogenetic analysis based on 16S rTRNA gene sequence showed that strain STO1-
07" belonged to the genus Nocardia and was most closely related to N. aracensis IFM
05757 (98.71%), N. niwae W9241T (98.56%), N. beijingensis AS4.1521" (98.41%)
and N. arthritidis IFM 100357 (98.36%). In addition, low DNA-DNA relatedness
values (13.6% =+ 0.1 to 40.1% = 0.6) confirmed that the strain represents a novel
species, for which the name Nocardia xestospongiae ST01-07" sp. nov., is proposed.

The type strain is ST01-07" (=BCC 45622T =NBRC 109069").

Introduction

The genus Nocardia established by Trevisan (1889) belongs to the family
Nocardiaceae of the order Corynebacteriales within the class Actinobacteria
(Goodfellow et al., 2012). This genus contains more than 100 species with validly
published names in the List of Prokaryotic Names with Standing in Nomenclature
(http://www.bacterio.net/nocardia.html). Members of the family Nocardiaceae are

frequently isolated from materials collected from terrestrial and aquatic habitats
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ranging from soil, marine organisms and sediments to wastewater systems (Sazak ef
al., 2012; Golinska et al., 2013; Abdelmohsen et al., 2014).

Members of the genus Nocardia were reported from various types of soil
including forest soil (Golinska e al., 2013), saline soil (Nikou et al., 2015) while
some was associated with plants as an endophyte (Ghodhbane-Gtari et al., 2014). For
marine environments, numerous strains of Nocardia were isolated from marine
sediment (Peela et al., 2005; Gontang et al., 2007), red alga (Laurenica spectabilis)
(El-Gendy et al., 2008), ascidia (Trididemnum orbiculatum) (Wyche et al., 2012) and
particularly marine sponges, Hymeniacidon perleve (Zhang et al., 2006), Craniella
australiensis, Halichondria rugosa, Reniochalina sp., and Stelletta tenuis (Zhang et
al., 2008).

However, some species of Nocardia are opportunistic pathogens to humans
while some are plant pathogens (Wilson, 2012). Nocardia usually threatens
immunocompromised patients by causing a disease called nocardiosis which affects
various human organs including lungs, brains and skin. However, some of them can
cause local infection in immunocompetent individuals and some cause systemic
infections of immunocompromised patients (Cesar Salinas-Carmona ef al., 2012). The
taxonomy of Nocardia continues to evolve with numerous new species as described
(Sazak et al., 2012; Ghodhbane-Gtari et al., 2014; Jones et al., 2014; Lasker et al.,
2014; Vaddavalli ef al., 2014; Nikou et al., 2015; Wang et al., 2015).

Nocardia is a Gram-stain-positive, aerobic, weakly acid-fast and non-motile
actinobacterium. Reproductive hypha only observed microscopically is almost always
present while substrate hypha can be fragmented into coccoid to rod-shaped elements.
Although Nocardia is an acid-fast bacterial genus, it exhibits varying degrees of acid-

fastness, depending on the type of strain used and mycolic acid in their cell wall.
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Colonial appearances differ considerably; may be smooth to granular and irregular to
wrinkled. Carotenoid-like pigments confer on various shades of orange, pink or
yellow to colonies growing on solid media.

The genus Nocardia is a rich source of bioactive secondary metabolites
(Abdelmohsen et al., 2014). Various biological active substances produced by
Nocardia spp. such as brasilicardin A, a potent immunosuppressive compound
(Komatsu et al., 2004), chrysophanol 8-methyl ether, asphodelin, justicidin B and
ayamycin which demonstrated antimicrobial activities against fungi, Gram-stain-
positive and Gram-stain-negative bacteria (El-Gendy et al., 2008) and nocardichelins
with high cytotoxic activity to human cell lines (Schneider et al., 2007) were reported.
In this study, we describe the isolation and taxonomic characterisation of a novel
strain of Nocardia sp. ST01-07" which was isolated from a marine sponge

Xestospongia sp. collected from the Andaman Sea.

Strain ST01-07" was isolated from a marine sponge (Xestospongia sp.) collected from
the Andaman Sea, Phuket Province, Thailand. First, a Xestospongia sample was
rinsed twice with sterilised seawater and was cut into small pieces. Then, five pieces
of samples were dried on sterilised filter paper follow by grinding in sterilised mortar
with 2 ml 0.01% tween 80 in sterilised seawater. Next, 1 ml of the suspension was
transferred to another 9 ml sterilised seawater and was serially ten-fold diluted to 1073
One hundred microlitres of the suspension were spread onto modified starch-casein
nitrate seawater agar containing 10 g soluble starch, 1 g sodium caseinate, 0.5 g
KH>PO4, 0.5 g MgSO4 and 18 g agar in 1 L of seawater, pH 8.3, supplemented with
50 mg nalidixic acid I'' and 200 mg nystatin I''. The isolation plate was incubated at

30°C for 21 days. Actinobacterium isolate was purified on ISP 2 seawater medium.
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Strain ST01-07" was grown on modified starch-casein nitrate seawater agar for 21
days at 30°C and observed by light microscopy and scanning electron microscopy
(model JSM-5410 LV; JEOL). Samples for scanning electron microscopy were
prepared as described previously (Itoh et al., 1989). Acid-alcohol-fastness staining

was conducted using the Kinyoun method (Chapin & Murray, 1999).

Cultural characteristics were performed using 14 day cultures grown at 30 °C on
various International Streptomyces Project (ISP) media i.e. yeast extract-malt extract
agar (ISP2), oatmeal agar (ISP3), inorganic salt-starch agar (ISP4), glycerol-
asparagine agar (ISP5), peptone-yeast extract iron agar (ISP6), tyrosine agar (ISP7)
(Shirling & Gottlieb,1966) including glucose-asparagine agar (ISP5 with 1% glucose
replacing glycerol), Czapek’s sucrose agar (Waksman, 1961) and nutrient agar
(Difco) at 30°C for 14 days. The colour designation of substrate mycelium and aerial
mycelium was determined using the ISCC-NBS Colour Charts standard sample no.
2106 (Kelly, 1964). The decomposition of various compounds and acid production
from carbon sources were examined using the basal medium recommended by
Gordon et al. (1974). The tolerance to NaCl (0-10% w/v, interval of 1 unit), pH (4-12,
interval of 1 unit) and temperature (15-50°C) for growth were determined on ISP2
seawater medium for 2 weeks. Gelatin liquefaction, peptonisation of milk, nitrate
reduction and starch hydrolysis were performed through cultivation on various media
as described by Arai (1975) and Williams & Cross (1971). The physiological and
biochemical results are indicated in detail in the species description and Table 1. The
Minimum Inhibitory Concentrations (MIC) test strips (Liofilchem®) including
amikacin, ceftriaxone, cefotaxime, ciprofloxacin, clarithromycin, imipenem, linezolid

and minocycline were used for the antimicrobial susceptibility testing. The MICs for
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antibiotic mentioned above were determined using the recommended breakpoints for
nocardiae (CLSI, 2003).

Chemotaxonomic analyses were conducted using the freeze-dried cells obtained from
culture grown in ISP 2 seawater broth on rotary shaker (200 r.p.m.) at 30°C for 7
days. The isomer of diaminopimelic acid in the peptidoglycan was determined by the
method of Staneck & Roberts (1974). The reducing sugars of whole-cell hydrolysate
were judged by the cellulose TLC method of Komagata & Suzuki (1987). The
membrane phospholipids were performed as described previously (Minnikin ef al.,
1984). Fatty acid methyl ester analysis was performed by GLC according to the
instructions of the Microbial Identification System (MIDI, version 6.0) (Sasser, 1990;
Kémpfer & Kroppenstedt, 1996) with the TSBA6 MIDI database. The presence of
mycolic acids in cell was investigated by using the method of Minnikin et al. (1980).
Menaquinones were extracted by the method of Collins et al. (1977) and were
analysed by reverse phase HPLC (Cosmosil 5Cis column, 4.6 x 150 mm; Nacalai
Tesque). The solvent system was methanol:2-propanol (2:1, v/v) at a flow rate of 0.6
mL/min.

Genomic DNA was extracted from cells grown in ISP 2 seawater broth according to
the method of Tamaoka (1994). The method of Tamaoka & Komagata (1984) was
used for analysis of G+C content (mol %) of the genomic DNA. Lambda DNA
(Invitrogen, USA) was used as the standard. DNA-DNA hybridisation was carried out
using the report of Ezaki et al. (1989). DNA-DNA relatedness (%) was determined by
the colorimetric method (Verlander, 1992). PCR-mediated amplification of the 16S
rRNA gene was conducted wusing the wuniversal primers, 27F (5°-
AGAGTTTGATCMTGGCTCAG-3%) and 1492R (5’-

TACGGYTACCTTGTTACGACTT-3") (Lane, 1991). The temperature profile for
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PCR was as follows: initial denaturation at 94 °C for 3 min; 35 cycles of 94 °C for 30
s, 56 °C for 30 s and 72 °C for 90 s; and final extension at 72 °C for 5 min. The PCR
products were sequenced using universal primers as described previously (Thawai,
2015). The amplification and sequencing of gyrB gene fragment was performed using
the method described by Takeda et al (2010). The 16S rRNA and gyrB gene
sequences were aligned with selected sequences obtained from the
GenBank/EMBL/DDBJ databases using the CLUSTAL W programme version 1.81
(Thompson et al., 1994). The phylogenetic trees were constructed using the
neighbour-joining (Saitou & Nei, 1987) with genetic distances computed by Kimura's
2-parameter model, (Kimura, 1980), maximum parsimony (Fitch, 1971) and
maximum-likelihood (Felsenstein, 1981) methods in the MEGA 6 software (Tamura
et al., 2013). Bootstrap analysis (Felsenstein, 1985) with 1,000 resamplings was used
for calculation of confidence values. Sequence similarity values were reported using

the EzTaxon-e server (http://eztaxon.ezbiocloud.net/; Kim et al., 2012).

The marine Nocardia strain, ST01-07", formed abundant extensively branched
substrate hyphae but the aerial hyphae was not observed on all media tested. The
globose bodies and the rod-shaped elements (Fig. 1) were observed directly on the
substrate mycelium. The strain grew on 0-7 % w/v NaCl, at pH 6-12, and at 20-40 °C.
Nitrate reduction and coagulation of milk were positive but hydrolysis of starch,
gelatin liquefaction and peptonisation of milk were negative. The strain produced
acid from D-cellobiose, D-fructose, D-galactose, D-ribose, D-sucrose and D-sorbose.
The colour of colonies was grayish yellow to dark grayish yellow on the ISP2
seawater agar, light orange yellow on ISP3, ISP4, ISP6 and ISP7, light orange yellow

to moderate orange yellow on Czapek’s sucrose and glucose-asparagine agars. Pale
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orange yellow to light orange yellow colonies were observed on ISP5 and nutrient
agar. Yellowish brown soluble pigment was produced on the ISP2 seawater agar
(Table S1). The result of antimicrobial susceptibility testing exhibited that strain
ST01-07" was susceptible to amikacin, ciprofloxacin, clarithromycin, imipenem,
linezolid and minocycline. Intermediate resistance was observed to cefiriaxone and

cefotaxime (Table S2).

Strain ST01-07" contained meso-diaminopimelic acid in the peptidoglycan of the cell
wall. Whole cell sugars were arabinose, galactose, glucose, mannose, and ribose
which corresponded to wall chemotype IV (Lechevalier & Lechevalier, 1970). The
presence of mycolic acids was observed in cell (co-migration with the extract of
Nocardia type strain, Nocardia aracensis NBRC 1001357, Ry value about 0.47). The
polar lipids in cell contained diphosphatidylglycerol, phosphatidylethanolamine,
phosphatidylinositol, ninhydrin positive phospholipid, ninhydrin positive lipid, two
glycolipids, one unknown phospholipids and four unknown lipids (Figure S1). The
major menaquinone was MK-8(Hancye). Major cellular fatty acids were Ci7.108¢c
(21.8%), Ciso (20.5%), Ci70 (14.2%). The minor fatty acids, Cis107c (9.2%),
Ciz109¢ (8.2%), 10-methyl-Ci7.0 (7.7%), Cigzo (5.6%), 10-methyl-Cigo (3.4%),
Cis.105¢ (3.4%), Cioo (1.8%), iso-Cieo (1.5%), Ci40 (1.3%) and the trace amount of
Cis:0 (0.6%), Ci9:1 ®9¢ (0.5%), Ca0-107¢ (0.3%) were observed (Table S3). The G+C
content of the strain was 70.2 mol%. These chemotaxonomic characteristics were

similar to those of the members of the genus Nocardia.

An almost-complete 16S rRNA gene sequence (1,399 nucleotides) was obtained from

strain ST01-07". The highest levels of 16S rRNA gene sequence similarity were with
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N. araoensis ITFM 05757 (98.71%), N. niwae W92417 (98.56%), N. beijingensis
AS4.15217 (98.41%) and N. arthritidis ITFM 10035" (98.36%). The neighbour-joining
(NJ) tree shows that strain ST01-07" forms a distinct phylogenetic relationship with
various species of Nocardia including N. araoensis IFM 05757, N. niwae W92417, N.
beijingensis AS4.1521" and N. arthritidis 203 IFM 10035T. This phylogenetic
position was confirmed by each of tree making algorithms and by 69% bootstrap
value (Fig. 2). Analysis of gy»B gene sequence exhibited that strain ST01-07" formed
a distinct cluster to N. pneumoniae JCM 121197, N. amamiensis DSM 45066 and N.
asiatica DSM 44668" in NJ tree (Fig. S2). The gyrB sequence similarity values of the
novel strain are <90.0% with all members of the genus Nocardia. This result is
discrepant to the result of 16S rRNA gene analysis. This phenomenon was similarly
found in the case of N. shinanonensis (Matsumoto et al., 2016). To differentiate the
distinction between strain ST01-07" and its phylogenetic relatives, the experiment of
DNA-DNA hybridisation was conducted. A low level of DNA-DNA relatedness
values (13.6% 0.1 to 40.1% +0.6) between strain ST01-07" and the related Nocardia
species was observed (Table S4). This result is well below the 70% cut-off point
recommended for the assignment of bacterial strains to the same genomic species
(Wayne et al., 1987). The data of morphological, chemotaxonomic and genotypic
characteristics reveal that strain ST01-07" belongs to the members of the genus
Nocardia. The differential characteristics shown in Table 1 indicate that strain STO1-
07" has several different phenotypic properties that discriminated from the closest
related Nocardia species such as utilisation of D-cellobiose, D-fructose, D-galactose,
D-sucrose, D-xylose and salicin, gelatin liquefaction, nitrate reduction, starch
hydrolysis, the growth at pH 5, 45°C and on 7% w/v NaCl. Additionally, the result of

cellular fatty acid clearly indicated that strain ST01-07" contained Cizo, Cisim5c,
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Ci7:1 08¢, Ca0:107¢ and iso-Cie0 which were not found in other related species. On the
basis of phenotypic, chemotaxonomic and genotypic characteristics, strain ST01-07"
is considered to represent a novel Nocardia species, for which the name N.

xestospongiae is proposed.

Description of Nocardia xestospongiae sp. nov.

Nocardia xestospongiae (xes.to.spon'gi.ae. N.L. gen. n. xestospongiae of
Xestospongia referring to Xestospongia, the source of isolation).

Aerobic, Gram-stain-positive, partially acid-fast, non-motile actinomycetes that form
extensively branch substrate hyphae. The strain formed the globose bodies and rod-
shaped elements directly on the substrate mycelium. Aerial mycelium is not observed
on all media tested. The colour of colonies was grayish yellow to dark grayish yellow
on the ISP2 seawater agar, light orange yellow on ISP3, ISP4, ISP6 and ISP7. Pale
orange yellow to light orange yellow colonies were observed on ISP5 and nutrient
agar, and light orange yellow to moderate orange yellow on Czapek’s sucrose and
glucose-asparagine agars. Yellowish brown soluble pigment is produced on the ISP2
seawater agar. The strain grows on 0-7% w/v NaCl (optimum NaCl 4% w/v), at pH 6-
12 (optimum pH 8), and at a temperature range 20-40 °C (optimum temperature 30
°C). Nitrate reduction and coagulation of milk are positive but hydrolysis of starch,
gelatin liquefaction, and peptonisation of milk are negative. The strain produces acid
from D-cellobiose, D-fructose, D-galactose, D-ribose, D-sucrose and D-sorbose.
Strain ST01-07" was susceptible to amikacin, ciprofloxacin, clarithromycin,
imipenem, linezolid and minocycline. Strain ST01-07" contains meso-diaminopimelic
acid in the peptidoglycan of the cell wall. Arabinose, galactose, glucose, mannose,

and ribose are found as whole cell sugars. Mycolic acids were present in cell. The
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polar lipids in membrane contain diphosphatidylglycerol, phosphatidylethanolamine,
phosphatidylinositol, ninhydrin positive phospholipid, ninhydrin positive lipid, two
glycolipids, one unknown phospholipids and four unknown lipids. Predominant
menaquinones are MK-8(Haa-cyct). The cellular fatty acids are Ci7.108¢, Cis:0, Ci7:0,
Cisi07¢c, Ciga@9¢, 10-methyl-Ci7, Cis.0, 10-methyl-Cigo and Cisiw5c. The G+C
content of the strain is 70.2 mol%. The type strain is ST01-07" (=BCC 456227
=NBRC 109069"), isolated from a marine sponge (Xestospongia sp.) collected from

the Andaman Sea.
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Figure legend

Figure 1. Scanning electron micrograph of strain ST01-07" grown on modified

starch-casein nitrate seawater agar for 21 days at 30°C. Bar, 1 pm.

Figure 2. Neighbour-joining tree based on almost-complete 16S rRNA gene
sequences comparing strain ST01-07" to Nocardia species. Streptomyces albofaciens
JCM 43427 was used as an outgroup. (*) indicates the branches of the tree found by
using the neighbour-joining, maximum-parsimony and maximum-likelihood methods;
(#) indicates the branches of the tree found by using the neighbour-joining and
maximum-parsimony methods and (x) indicates the branches of the tree found by
using the neighbour-joining and maximum-likelihood methods. The numbers on the
branches indicate the percentage bootstrap values of 1,000 replicates; only values
>50% are indicated.

Supplementary Figure S1. Polar lipids appearing on a two-dimensional
phosphomolybdic acid’s TLC chromatogram of strain ST01-077.

Abbreviation: DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PI,
phosphatidylinositol; NPL, ninhydrin positive phospholipid; PL, unknown
phospholipid; GL, glycolipid; NL, ninhydrin positive lipid; L, unknown lipid.
Supplementary Figure S2. Neighbour-joining tree based on almost-complete gyrB
gene sequences comparing strain ST01-07T to Nocardia species. Mycobacterium

tuberculosis ATCC 27294" was used as an outgroup.
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Table 1. Differential characteristics of strain ST01-07" and the related Nocardia
species

Strain: 1, ST01-07"; 2, Nocardia aracensis NBRC 100135"; 3, Nocardia beijingensis
NBRC 16342"; 4, Nocardia arthritidis NBRC 100137"; and 5, Nocardia niwae DSM
453407, +, Positive; -, Negative. All phenotypic data were determined in this study.

Supplementary Table S1. Cultural characteristics of Nocardia sp. ST01-07T

Supplementary Table S2. The susceptibility testing for Nocardia sp. ST01-07T

reported in minimum inhibitory concentrations value (MICs) (CLSI, 2003).

Supplementary Table S3. Cellular fatty acid compositions (%) of strain STQ1-07"
compared with the related Nocardia species. Strain: 1, ST01-07T; 2, Nocardia
araoensis NBRC 100135"; 3, Nocardia beijingensis NBRC 16342%; 4, Nocardia
arthritidis NBRC 100137"; and 5, Nocardia niwae DSM 45340".

Supplementary Table S4. DNA-DNA relatedness among strain ST01-07" and
related Nocardia species. Strain: 1, ST01-07"; 2, N. aracensis NBRC 100135%; 3, N.
beijingensis NBRC 16342"; 4, N. arthritidis NBRC 100137%; 5, N. niwae DSM
45340"; 6, Nocardia pneumoniaze NBRC100136"; 7, Nocardia asiatica
NBRC100129" and 8, Nocardia amamiensis NBRC102102.



Figure 1. SEM picture of ST01-07 Click here to download Figure Fig. 1 SEM f strain ST01- &
07.pptx
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Figure 2. Neighbour-joining tree of strain ST01-07 Click here to download Figure Fig. 2. Neighbour-joining 2
tree (Saitou & Nei, 1987) of strain ST01-07.pptx
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Supplementary Figure S1. Polar lipids appearing on a two-dimensional phosphomolybdic acid’s TLC
chromatogram of strain ST01-07".

Abbreviation: DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PI, phosphatidylinositol; NPL,
ninhydrin positive phospholipid; PL, unknown phospholipid; GL, glycolipid; NL, ninhydrin positive lipid; L,

unknown lipid.
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Supplementary Figure S2. Neighbour-joining tree based on almost-complete gyrB gene sequences comparing
strain ST01-07" to Nocardia species. Mycobacterium tuberculosis ATCC 27294 was used as an outgroup.
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Supplementary Table S1. Cultural characteristics of Nocardia sp. ST01-07"

il o Colour of colony Soluble
upper surface  reverse surface  pigment

Yeast extract-malt Moderate  Grayish yellow  Dark grayish Yellowish

extract agar (ISP2) yellow brown

Oatmeal agar (ISP3) Poor Light orange Light orange None
yellow yellow

Inorganic salt-starch agar Poor Light orange Light orange None

(ISP4) yellow yellow

Glycerol-asparagine agar Poor Light orange Pale orange None

(ISP5) yellow yellow

Peptone-yeast extract Poor Light orange Light orange None

iron agar (ISP6) yellow yellow

Tyrosine agar (ISP7) Poor Light orange Light orange None
yellow yellow

Czapek’s sucrose agar Poor Moderate Light orange None
orange yellow yellow

Glucose-asparagine agar Poor Moderate Light orange None
orange vellow yellow

Nutrient agar Moderate  Light orange Pale orange None
yellow yellow




Supplementary Table S2. The susceptibility testing for Nocardia sp. ST01-07" reported in minimum

inhibitory concentrations value (MICs) (CLSI, 2003).

Antimicrobial agent(s) MIC (ug ml™)
Amikacin 0.094
Ceftriaxone >32
Cefotaxime >32
Ciprofloxacin 1.5
Clarithromycin 0.047
Imipenem 0.012
Linezolid 0.5

Minocycline 1.5




Supplementary Table S3. Cellular fatty acid compositions (%) of strain ST01-07" compared with the related
Nocardia species. Strain: 1, ST01 —07T; 2, Nocardia araoensis NBRC 1001 3ST; 3, Nocardia beijingensis NBRC
16342"; 4, Nocardia arthritidis NBRC 100137"; and 5, Nocardia niwae DSM 45340".

Strains
Fatty acids
1 2 3 4 5
Saturated fatty acids
Ciao 13 2.8 & 2.0 1.2
Ciso - 0.9 22 1.0 1.5
Ciso 20.5 45.1 309 33.2 36.1
Cizo 14.2 - - - -
Cigo 5.6 92 21.8 18.9 20.1
Cigo 1.8 0.6 .o - 0.5
Unsaturated fatty acids
Cis.105¢ 34 - - - -
Cis1 07¢ 9.2 9.6 123 9.0 6.9
Ci7.1 08¢ 21.8 - 3 . A
Cig.1 @9¢ 8.2 20.4 J3.8 1.2 18.2
Ci9:1 ®9¢ 0.5 1.2 1.5 - 0.8
Cro107c 0.3 - - - -
Branched fatty acids
is0-Ci6:0 RS - . " #
10-Methylated fatty acids
Ciso 0.6 - 0.9 0.6 0.9
Ci70 -t - 0.4 - -
Ciso 3.4 10.3 13.8 14.1 13.8




Supplementary Table S4. DNA-DNA relatedness among strain ST01-07" and related Nocardia species.
Strain: 1, ST01-07"; 2, N. aracensis NBRC 100135"; 3, N. beijingensis NBRC 16342"; 4, N. arthritidis NBRC
100137"; 5, N. niwae DSM 45340"; 6, Nocardia pneumoniae NBRC100136"; 7, Nocardia asiatica
NBRC100129" and 8, Nocardia amamiensis NBRC102102",

Strains DNA-DNA binding (%) with labelled DNA from:
1 2 3 4 5 6 7 8

1 100 40.1+£06 342+0.6 304+08 356+04 182+02 142+04 186+04
2 392+04 100 302412 314£07 292+03 38804 409+06 316+09
3 325+03 293+£09 100 241+13 14122 398+0.5 411408 176+0.7
4 31104 307+13 262+0.2 100 312+08 346+0.1 43609 236+14
5 372+06 278+04 327%£05 29.1+1.1 100 316+03 314+£04 40106
6 17.1+£09 38201 415+04 326+04 30.1+02 100 178+04 421+05
7 13.6 0.1 40.1 £04 407+06 441+02 306+0.7 16.6 +0.4 100 119+0.1
8

17414 30.1+0.1 162+04 24210 396+04 41907 13412 100
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