SIUIUNTIVEY
A
1504

a a =\ & aQ\ U a & 4
aYNIIT ULz IR TV UFBHOAA UIBANINAUNUAN YA
suguuazauihngveaszmealng
Taxonomy and secondary metabolites of actinomycetes from temperate

peat bog and peat swamp forest soils of Thailand
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Abstract

Fift;y eight actinomycete strains were isolated from the peat swamp forest soil samples. These
sﬁahns were grouped by using phenotypic characteristic into 12 groups. Phylogenetic,
che:motaxonomic analyses including some phenotypic characterisation revealed that the
repfesentative strains in each group belonged to members of the genera Streptomyces, Agromyces,
Dacgtylosporangium, Micromonospora, Microbispora and Planotetraspora. Here, we found the
stra;ins CM2-8 and CM2-12 showing morphological and chemotaxonomic characteristics typical
of rjnembers of the genera Micromonospora but which was genotypically and phenotypically
disfinguishable from all recognized Micromonospora. Therefore, the strains CM2-8 and CM2-12
were judged to represent a novel genus of the family Micromonosporaceae for which the name
Act{nuarispora siamensis was proposed. Furthermore, the fermentation broths of these
rep%esentative strains were extracted with ethyl acetate and were tested for anti-microbial activity.
The results showed that more than 40.3 % of actinomycete strains exhibited the anti-microbial
actifvity. Antimicrobial assay-guided fractionation of the ethyl acetate extract of representative
actinomycete isolate CP1-3 yielded known actinomycin D. Based on these results, it could be

concluded that actinomycete diversity in the peat swamp forest soil is very great and should

represent an excellent source for discovery of bioactive compounds.
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Mesinefadnusiuazide
ATCC = American Type Culture Collection
B éubtilis = Bacillus subtilis
C. ézlbicans = Candida albicans
DSM = Deutsche Sammlung von Mikroorganismen
E. c;:oli = Escherichia coli .
EtéAc = 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. c;uz'eus = Staphylococcus aureus
TSB = Triptic; soy broth
UV = Ultraviolet

uﬁ = microlitre
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SW?ptorllycetaceae: Thermomonosporaceae:
Streptomyces ~8000 Actinomadura 345
Streptoverticillium 258 Saccharothrix 68
Kitasatosporia 37 Microbispora 54
Ch&inia 30 Actinosynnema 51
Microellobosporia 11 Nocardiopsis 41
Nocardioides 9 MicrotetrasporalNonomuria 26/21
Thermomonospora 19

Micromonosporaceae: MicropolysporalFaenia 1373
(Actinoplanetes) Thermoactinomyces 14
Micromonospora 740 Thermopolyspora 1
Act‘inoplanes 248 Thermoactinopolyspora l
Dactylosporangium 58
Micromonosporaceae(@' ®) Mpycobacteriaceae:
Ampullariella 9 (Actinobacteria)
Glycomyces 2 Nocardia (357)
Catenuloplanes 3 Mycobacterium 57
Ca?tellatospora 1 Arthrobacter 25

| Brevibacterium 17




Pseudonocardiaceae:
Saéchal'opob/spOI'a
Amycalotopsis/Nocardia
Kibdellosporangium
Pseudonocardia
Amycolata
Saccharomonospora

Actinopolyspora

.| Streptosporangiaceae:
(Maduromycetes)
Streptosporangium
Streptoalloteichus
Spirillospora
Planobispora
Kutzneria

Planomonospora

131
1207357
34

27

12

79
48
11
10

Proactinomyces

Rhodococcus

Other (unclassified) species:

Actinosporangium
Microellobosporia
Frankia
Westerdykella
Kitasatoa
Synnenomyces
Sebekia
Elaktomyces
Excelsospora
Waksmania
Alkalomyces
Catellatospora
Erythrosporangium
Streptoplanospora
Microechinospora

Salinospora

14
13

30
11
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1

Compounds

Strains

Aclivity

References

SF 2809
Madurastatins A,, A, A,

Diketopiperazine Sch 725418

Ansamitocin

18-0028

Nocathiacin |, I, 1lf

3-O-mycarosylerythronolide B
Chandrananimycins A-C
Bafilomycin C1

R 176502

Kosinostatin

Hibéﬁmicins
Propeptin

$B-219383

|
lsoc;hromanquinone
'

.
Asterobactin
Celoniacylone A

Dithiclopyrrolone

Fluoroindolocarbazoles

Ammocidin

I
Plaraflavins
I

Tyropeptins Aand B
)

Brasflinolide B

Arisostatin A and B

Nodardiones A and B

Daclylosporangium sp.

Actinomadura madurae IFM 0745

Micromonospora sp.

Actinosynnema pretiosum

Aclinomadura sp.

Nocardia sp. WW-12651

Saccharopolyspora erythraea

Actinomadura sp.

Kitasatosporia cheerisanensis

Micromonospora sp.

Micromonospora sp.

Microbispora sp.

Microbispora sp.

Micromonospora sp.

Micromonospora sp. SA246

Nocardia asteroides

Actinomyces sp.

Saccharotrix sp. SA233

Saccharotrix aerocolonigenes

Saccharotrix sp.

Saccharotrix sp.

Kitasatospora sp. MK 893-df2

Nocardia brasilliensis

Micromonospora sp. TP-A0316

Nocardia sp.TP-A0248

Chymase inhibitor

Antibacterial activity

Antimicrebtal activity

Antibacterial activity

Cytotoxic activity

Antibaclerial activity

Antibacterial activity

Antibacterial activity

Antibacterial activity

Antimicrobial activity

Antibacterial activity

Anticancer activity

Prolyl Endopeptidase Inhibitor

Antibacterial activity

Cytotoxic activity

Antibacterial activity

Cytotoxic activity

Antimicrobial activity

Antibacterial activity

Apopitosis inducer

Antitumor

Proteasome inhibitor

Antifungal

Antibacterial activity

Tyrosine phosphatase inhibitors

Tani et al., 2004

Harada et af., 2004

Yang et al., 2004

Lu et al, 2004

Malet-Cascon ef al.,

2003

Liet al., 2003

Cevallos et al., 2003

Rajendra ef al., 2003

Moon et al., 2003

Laakso ef al.,, 2003

Furumi et al., 2002

Cho et af., 2002

Esumi et al., 2002

Greenwood et al., 2002

Yeo et al.,, 2002

Nemoto ef al., 2002

Schlorke ef af., 2002

Lamari et al., 2002

Lam ef al., 2001

Murakami ef al., 2001

Vertesy et al., 2001

Momose ef al., 2001

Mikami ef al., 2000

Igarashi et al., 2000

Otani et al.,, 2000




. Compounds Strains Activity References
I
1B-96212 [1] Micromonospora sp. L-25-ES25-008 Cytotaxic acitivity Chimeno et a!.,2000
$B-219383 (2] Micromonospora sp. SB-219383 Tyrosyl t RNA synthetase inhibitor Stefanska ef al., 2000

Arisostatins A and B [3]

4-N-methyl-5-
hydroxystaurosporine, 5'-
Hydroxystaurosporine (4]

GTRI-02 [5]

YM-47515 [6]

Thiocoraline [7]

1-Hydroxycrisamicin A [8]

Pyrrolosporin A {9]

Antascomicins A, B, C, D and E [10]

Macquarimicin A [11], B [12], C [13]
and Cochleamycin A[14]

1
Cororubicin (15]

16-membered lactone

Micromonospora sp. TP-A0316

Micromonospora sp. L-31-CLCO-002

Micromonospora sp. SA246

f i subsp.

Micromonospora sp. L-13-ACM2-092

Micromonospora sp. SA246

Micromonospora sp. C39217-R109-7

Micromonospora sp.

Micromonospora chalcea

Micromonospora sp. JY16

and izenamicin B, and B,[16]

Myéinamicin land I [17]

|

Sibanomicin (18]
Dynemicins O [19], P [20], Q[21]

Citreamicin (22]

K-259-2 (23]

K-13 [24]
i

Antromicin [25)
i

l
1 P
Sagamicin

sp. YS-02930K

Micromonospora griseorubida (FERM BP-705)

Micromonospora sp. SF2364

Micromonospora chersina M956-1

Micromonospora cilrea

Micromonospora ofivasterospora K-259

Micromonospora halophytica subsp. exilisia K-13

Micromonospora olivasterospora

Micromonospora sagamiensis

Antibacterial activity

Antitumor activities

Lipid peroxidation inhibitor

Antimicrobial activities

Antimicrobial activities
Antimicrebial activities

Antimicrobial activities

Antagonize the immunosuppressive activity

Antileukemia cell line P-388

Cytotoxic acitivity

Anlibacterial activity

Antitumor activities

Antibacterial activity, Antitumor acﬁvily

Antibacterial activity

Inhibitor of Ca®” and calmodulin-dependent cyclic

nucleotide phosphodiesterase

enzyme inhibitor

Antibacterial activity

Antibaclerial activity

lgarashi et al., 2000

Hernandez et al., 2000

Yeo et al.,1998

Sugawara et al, 1997

Romero et al., 1997

Yeo et al., 1997

Lam et af., 1996

Fehr et al., 1996

Hochlowski et al., 1996

tshigama ef al., 1994

Yasumuro et al., 1994

Kinoshita et al., 1992

Itoh et al.,, 1990

Saitoh et al., 1991

Carter et af., 1990

Matsuda et al., 1987

Kase et al,, 1987

QOdakura et al., 1984

Odakura et al., 1983
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msnﬁ 3 ufrmeﬁmawummiﬁq‘n?;mﬁaﬂ1wmngﬁun’%’z‘fdnqimaﬂsxmm (Bérdy, 2005)
Source ‘ Antibiotics | “Other bioactive” | Total bioactive | Practically used Inactive
metabolites metabolites (in human therapy) | metabolites

Bacteria 2900 900 3800 10~12(8~10) 3000 to 5000

‘ 8700 1400 10100 100~120(70~75) 5000 to 10000
Actinomycetales
Fungi 4900 3700 8600 30~35(13~15) 2000 to 15000
Total 16500 6000 22500 140~160 (~100) 20000to 25000
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. R - WA £ D\ agX Y2 & o
acid 1482 diaminopimelic acid Fgannaiaraduoudesibadlsznenlidie chitin uaz

v
A A

a » 8 o a Yqg a 1 o 4 a ad
glicans woad IududndunuafiGefinylaluauialy wohdwnulssannsvoutegaunid
4 ¥
Tufufeoaz10-50 Avdeuend Iudvdn uenvnildsaunsanyldanesilondnniotaguii
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BYYNT M"a‘ﬁ'lmﬂidl(Chemotaxonomic characteristics) (msmﬁl) 15U Cell wall chemotype, Whole-
[~ @ a
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¥ 14
uasTuntiveuderiug (Holy, 1989) dnvsizANNAIEARINI  DNA  (DNA-DNA
o o a o v a I'd
hybridization) tazluilegiulatimsdmuumatialuseduluaga 1dun msdnulnsigd

feuiuealuaig 16S rDNA Liag RFLP (Restriction fragment length polymorphism) #aoaaUn1g
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3.1 MsfUieEe MIunazMIfaReNYe

3.1.1 MIusheeg

o L ! o 1 a a a 1 a

shedeiiiy 1eus fuusSnuRmTuazduay @nacldlseunso-50 wudfmuas)

a o a 1 3y a Y] @ dy o o g
pazduia 1 luuSnawatwgmenalduinadmiaguns  aneasuniuing luduaensn
a %) ar 1 ° = LY ] a a I w

HazUHEAAREdUNUUY e ia@eslvl Mmsfudledi@udTinn 500 NI AN
@ v a Y O = dy o 9] I~ v
Fret1aI3nguvgiies sunseiafianszuaunsusnie uazshmsdaanuilunsa-aaves
AUMUITUBY Enokita et al. (1986)

3.1.2 Mo

dy a C=! o e w 1 a Y o a Y i
miLLEJﬂL“If’E]LL’EJﬂGlIuNEJfT‘VI mTﬂElmmaEmﬂummﬂ”lmqumwﬂwmuazmu

v
¥ 3

] k4
ASEUIUMS physical treatment UAY chemical treatment NS UWIZABIFOUAAANUG MAIT
¥
WimsuoniFoit Taes Spread plate (Tortora e al., 1995) Taeridaee1e 0.5 niu ldlunaen
! e g’ @ j‘ a a aa Y Y o & £ o
naapenihiindulsendelSinm 4.5 Tadans waulidinuuaziaeadszay 100 wag
1000 411 @eA1TaAIBAIDE1N 0.1 TaBaAT LASINTYUUDIMIT humic acid-vitamin agar LA/
=3 d' 1 o dy 1 é ad 1 ald' a

wioo s Mg auAemsRs g uie luudazanaganauas Uiue vnlANgamgl 30

- [~ o = 3 A g @ dy 1 °
pesmaios Wunal 21 Ju honhy Ia latindudoyazmmzveaurounasana insusn

b4 rd

@oldus ANTUUDINIT Yeast extract — Malt extract agar

3.1.3 Msfatde e Tueu

o bW, %1 = Y P

NINTIRYUTOVUDINIT yeast extract — malt extract agar Tﬂamimmfﬂusﬁumamm

A2 2 A & ¥ d" ~ = o A £ dy
IIIAUULIUOUDINVO U TS BNYRUNTIE YuiResd 30 osrmaioa w14 T e IViye
' b g & a o . o A

wanasuazunsasiudn luilou 21NTUATIIARUMIHAN S N RENEA09AUNS Inadeu
5 oiim 1@uA Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853 Micrococcus luteus ATCC 9341 Uag Candida albicans ATCC 10231
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3.2 MIANEIDYNTNITIHUVDIUYD

E4d
v A

v
MlaverdomsAnyidnyuzaig queuoasil
3.2.1 AnBAUZNEAUGINING M3I031Y a35INBWAZT AT
v v '
ATADVANBUTNIINMIIT Y InoRsuFaUua s NAHuag Y International
Streptomyces Project (ISP) YUAAN | 1a673% Crosshatch streak (Shiring and Gottlied, 1966)
a & a ay a Ay ' o A
astonaTaogmsnsy onazdvaslalatidmuu. fyeslalatimuduazsiningiazay
v
ﬁ1"lﬁxﬁﬂuﬁumzmyﬁmm§m (The Jacal Color Card L2200, Japan Color Research Institute)
asgdnsuzvoudulonazmsadremlesdrumaiin Simple inclined coverslip (Williams and
b 4 v
Cross, 1977) A39QanYLYOIFRAINADIgaNssMitazasvrendnuzalosvoutadiy
4 4 av a
Scanning  Electron — Microscope  (SEM)  TatdaimsvuesgudinesiioiTuInnimansuaz
malulad guaenssiumIneds SnyuzmeasInewazFIATIMMIATIRNTeUMITAY
utls myaawladu msaaweraglag maaa1oTysAuluuy (Williams and  Cross, 1971)
MITauaIAY MISA AN (Arai, 1975) mindalaTasouda lWg mswdamwaitiu ms
nugugi - nInunds  manuanuiunse-ae azmsldundenisuen (Shiring and
¥ 4 v
Gottlieb, 1966) INMIANTzmIasaszidivudedunguaien tanihdunuveutoua
1 d‘d 9 ng a ' =2 wva a a0
aznguitiua Tudugesialmindnyguauiameynsuisiuaiide 1l
3.2.2 Anmpaauianideynsudsuniiveae (Komagata and Suzuki, 1987)
v ¥ :
Wmszdvaiendag lo Tmaalue1misina) Yeast extract = Malt extract UHIATO
_ sy P o o T 1 ; e q¥ 4 9
wih Agamgiives Munar 4 Ju dhmsnudvndelaoms centrifuge ttazyinlviaadims
y < ; o /4 9 a ~ A o A
moldnnubu (Freeze drying) siuradus lilnageumeeynsuisuniiveuyedsil
3.2.2.1 MywNEHmTIsad
. : . . & T =
A357990U Diaminopimelic acid UDIYD Tavaauradurianie 6N HCI 01 100
perrardod Wuna 18 43 Tue 1d21i0'1) spot UUIHY TLC (Merck No. 5716) Develop A2t
methnol - water - 6N HCI - pyridine(80:26:4:10) 1% 0.5% ninhydrin solution 14 n-butanol WU
' ' (] ¥
udrldanudoudi 100 esruaaFod 2-3 Uil 1Neq spot MAATINBUAY standard
3.2.2.2 MIINTIZH Whole cell sugar
o s ¥ 7Y = a =
Wuradudanlalas ladale IN H,80, Nguvgil 100 deruyATBE U 2

' v ", 1
H1Tus MalfiBundtudn BaoH), nazdlfy pH eglugae 5.2-5.5 hllihumios gaen
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' 0 q ¥ J K 2
supernatant 31911 1% R azaedidaeh 911U spot a9UU cellulose TLC plate develop #28

r
= a

butanol - water - pyridine - toluene (10:6:6:1) WUAW acid aniline phthalate 9UNYUNYN 100
DIRUTATUE WU 4 117 1T spot MAASY standard

3.2.2.3 M3UAT12H Polar lipid

R0 polar lipid INMIARAITASUHIAIY methanol ﬁqm‘ﬂgﬁ 100 9961
waoa funm s if feldBuudrafanedaschloroform ATBININITAN(debris) DA T
117 partition A28 chloroform (1A saline ‘lfﬂ‘l';:u chloroform 1lsgimal¥us axmﬂq‘?ﬁw
chloroform - methanol UALHATIT #29814 spot 41 HPTLC (Merck Kieselgel 60 Foqp» 10x10
cm) Y1015 develop 2 TIANY (two-dimensional development) A2 solvent system 2 ¥H@ Ao
chloroform - methanol - water (65:25:4) (la% chloroform — acetic acid - methanol - water

a P

(80:18:12:5) UAINUNIWS0% sulfuric acid pUTigmungil 150 esruwaiod Wuna1 s wii
dauna spot NAAYY
3.2.2.4 MIIATIzv0Insenouvensa vl (Cellular fatty acid)
ot L ¢ Y <Y
W30U methyl ester Y0903 luTu nradurelanlolas ladaemsazaly

a =

methanolic hydrochloric acid ﬁqmwgu 100 evnwaFea dunm 3 ‘l?’ﬂiﬂ udafiaday
Tlas@eudmoes ud213ns1e1AY gas liquid chromatography

3.2.25 mnzH Isoprenoid quinone

TuraduRafaday chloroform - methanol §A3183U 2:1 UuinFowve 1 fu
vnunssamsilfufe azarud1dan acetone uIIRUTANFUULAY TLC (Merck no.

1.05715 Kieselgel 60 F,,, 20x20 cm) idthandinsizvidae HPLC

2540
323 mAnNssduuaURaE ey 165 rRNA gene tazmslinnzviang
FInms
111 DNA fiuen'la (Tamaoka, 1994) 1 ufisa/Suras DNA Tuaiag 168 rDNA Tag
1‘131}, Universal primer ﬁwﬂﬁﬁ?m“lum‘?m DNA Thermal cycler (GeneAmp PCR System 9700;
Applied Biosystems) 168 rDNA ﬁLﬁuﬁmm"lsé’fazgﬂv‘iﬂﬁ'u?z;m%1m:3ms1:ﬁﬁ1ﬁumﬁTﬂﬂ
1% ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem)
a”ﬁuﬁaﬂﬁia“lwﬁﬁ‘lﬁ%sgﬂﬁmmﬂ?ﬂmﬁau unzalignment  fudwuiiadlelndlu
gmﬂ’fagamm Genbank/EMBL/DDBI 1att BLAST n program Llag alignment software (1unsdl
“ﬁ‘T‘ffl CLUSTAL W program package) ﬁmmsﬁ'@gmﬂu multi-data set LAza319 phylogenetic

a J {
trees 11 MEGA software program version 2.1 uammﬂw%gaﬁ"lﬁ’
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3.2.4 MSUATEH DNA base composition (Tamaoka, J., 1994.)

3.2.4.1 m3un DNAnevnluSqns

Buaitelu Yeast extract — Malt extract broth iuaan 3 Su Mmadudeado
188138 saline-EDTA 1 1iiradunnda lysozyme g Tris-SDS solution MnITuafAdY
phenol 14852 chloroform ANALADY DNA A28 cool ethanol 197 RNA uaz 1usAu Aumsify
RNase solution L@ proteinase K Liaziiy DNA 7114137 ~20 sasuwaidoa 1 ethanol

3.2.42 MIUATIH

1950 nucleoside U89 DNA usiazlolxan 91nmslalaslad 10 LU heated
DNA (1 mg/ml) #3010 Ul nuclease P, Unfigaingdi 50 esmaaifver funm 1 92Tus uag
loTasladdoda6 10 LU alkaline phosphatase figaingf 37 ssruwaifue Wunm 1 921w
uda39h 113y 1eidne HPLC

3.2.5 Photobiotin labeling DNA-DNA Hybridization

3.2.5.1 Immobilization of DNA in microtiter plate

vigR 100 LU ¥99913522018 heat — denatured DNA (1 g DNA / well) U84 type
strain, control DNA (calf thymus %30 E. coli) 11ag DNA ﬂlml‘%ﬂ unknown ﬁu"l”fﬁqmﬁgﬁ 37
samaaidoe 2 4 Tue udamasazats DNA uiia §1ad70 PBS davfiiaft 45-60 nam
I

3.2.5.2 DNA labeling with photobiotin ( DNA probe )

M30UA158A10 DNA V94 type strain 1UNanA eppendrot ANA15AZA
photobiotin #elFidhiy udmi ldnaliuiuts Sashudadesdaoueaninnass sunlamp
{11 0.1M Tris-HCI buffer (pH 9.0) 8% n-butanol 11&70 vortex TM3uaH 12000 rpm 1Y 20
Wi msasmeTuRe B n-butanol wegilumIudnnda fearsazarsduan 1h DNA

Faanmnudalidutinihudon 15 widt l¥Susisandaazii |yl sonicate & lwens
fi1) hybridization solution
3.2.5.3 Prehybridization
MOAN15A2AY prehybridization AAAZNAUVDY plate UnTIun 1 FaTua 7
QUUYIF MY hybridize udammsazmuing
, 3.2.5.4 Hybridization
nonmsaza1ufikey DNA probe U84 type strain awpazngy ila plate #0

] a [ Ve ad o 9 : dy
LLNuWﬁ'lﬁﬂﬂ UiJul'JVleuﬁﬂiJ'VlL'}’nﬂ%ﬁiJ 12 ¥2 T4 Uadmimsasangy

”
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3.2.5.5 Detection of biotinylated — DNA annealing to immobilized — DNA

ilemasaza1y hybridize Fuigr &19820 02x8SC 3 a4 Mumsazaw 1
(Bovine serun albumin (Fraction V) , Triton X — 100, PBS) 1137t 30 ssaaiFoa umi 10
wift mensazano 1ha

Colorimetric method : AN 15ALAY streptavidin-peroxidase 1u PBS 1V 0.5 %
BSA Ul 37 perwaiua wiu 30 wifl udaunmsazawi uazd1eday PBS 3 ads iy
RUEI02a10 tetramethyl benzidine — H,0, U# 37 osrmadve w 5-10 Wil sziia

msaravdih 1drfanuduvosddas microplate reader (630 nm) wgAURATEIRIY

1
=

— 5 ,
msazatw 2M H;S0, amazamvaziavuiiudmfewdafanaudui 450 nm ezlddrh
9

foems

Ve ! V.

sample — " control type strain

M3A1U4IM Homology % = (V Vo) X 100
) = =98 & < A vy & 4
HaRINM3ANE1 DNA relatedness vaunsaguiiondnualveuiald mindowy
g & 4 ' a4  a Yo & Y =2 A o o & N Yacsy
dudefuandrsnnfimeiissanBhuiudesdnyuiiesaduundolnide 1y Tasldisms
fafina1aun
¥
nnamn  Maigaliendnualveudoluszduanazldmsfinumedaugiuine quauda
£ F4
moynsIdsal dus msTinnzdmiyad uazmMsAmsziimaneaualuyad uaz
MsAnENA LI AUReEAd weluYae 168 rRNA gene 1undn
3.3 msnimiNendnm g
o :?’ d? . v dy kY A
i s@eade 1y Seed medium (Yeast extract — Malt extract broth) H@se B uunT 89
1 ] N a 4 a 3y o Y dy N .
wianuGa 180 seudswtd Ngamgiides w4 Fu udndesdslue1ns Production
medium (Yeast extract — Malt extract broth Ay 0.1% CaCo,) TaeiRY inoculum 1% V04 seed
. N . 1 dy 9 Py 1 = 1 a A
medium a9y production medium dudes Buwnieswannuss 200 ssuaown M
gangivies flunar 10 fu
s Y a a‘
3.4 msafauazuenmsliusgns
4 ¥ ) ¥
TthnTFe3InT09HILNTLATENTEY Whatman No.1 teuemerd i lauazad
k4 s 9
ponvndu Mmiutha i laudhing partition fU ethyl acetate 3 A5a udailszmeld
uwtameldmsannnudu azldmsadianeuluaau ethyl acetate (crude EtOAc extract) 11
) ' o 4 = A
Feafait 1 lUnaeugnimadinmidesduunzthunaiauon It ldasuSgnidiumain
I > = 1o . .
nalasinlasns®  wleuimaneugnimeiinmaiugiuly  (bioassay -  guided

fractionation)
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a d Y =} ° o d o leﬂ' Y
3.5 mangaigasinssaamaniivasimuaendnualvesmsuignsiuanld
= QJ { o = 3 []
hemsuSgninuen IdnigalTaswainleeiineanlalasalnll  saunfedimun
w t4 T { {0 a T ) a
ndnyel wasmAnsinamenmadify WU yavasumal udy madananalasa
Ttz lumsdne 1dud
3.5.1 Ultraviolet — Visible (UV) spectrophotometry
SasimaganauuasluraenmeIniy ultraviolet (200-400 U1 THiINAT) IUT visible
400-800 W1-Tuwas) sxilinswdmyfleddunildifadviegandunaslugisdna
T ey 1 dy Y 1 4 a ] a 1 = o Y
wyiladdumdril 18un nmsuetia ny leasondauazvyoziilu iluau
" 3.5.2 Infrared spectrophotometry (IR)
as 1 1 i 4 - l& 1
SammiganauueauanIAnaY infrared (400-4000 em”) Fuflugrennwuun
A A 9 9 a o A = 1 S o 1 &
aduveurenannsadh 1 lumgadanmsduaziiieon uazesusavendanyflenduaie
= o = o A o o Aa A &
Imsduaziiouugiudumzie Idsundsnunnuraniinnueinduniin - wenanee
1 lumsfnymyileddunififensgandunsudimnlnansui Idazihun 198w amosan
Tumsfmunendnvaivesmudazyila esnndunsisaanlasiuvesasuaazyiinazl
o P )4 v d , £ y
pndnvaifmnizda uas 14 finger print vosa 51U 16
3.5.3 Mass spectrometry (MS)
E4
wihminluaga  uagbudugesinssadiwesms  Tasinsannndnyasyes
Yy & o 9 o Qy 1 [ 1% :’ as : 1 A Qs:
Tassard g fuendududdesn  udmmimiinvesdudiuiuanesniuazlnnguy
o oA :’ a ay 1 1 1A v o Jdo Y Ao Y A v
awlnady Ansannmiminuesudindesiifianuduiusiulnssadeinneinse
3.5.4 Nuclear Magnetic Resonance (NMR) spectroscopy
= a 4o o [}
Fumatafivilimsualaseadsvosnslavezlfalszreufusznin. 'H-NMR
14 [] 9
1z “C-NMR spectroscopy 9411l 1-D NMR Liag 2-D NMR doyadl lannmiansumiileg
o q.9 2 o and : ¢ > a a y
mlinufenuduiuiseninllsaounazmsveululuana FINIBNTNAVDINY
Hafduden  ulassaduiiivodeTsmounazmiven  msfmuaendnyel ludiui
Fordostumansy NMR zdsznoudasmsfvuaat chemical shift figndesveslysnou
wazmiuou mIsfulemungmsiia splitting pattern JUuUVANY MIOFUWAT coupling
9
constant iﬁmﬁdﬂiiq%ﬂﬂ ﬂ;]miﬂ:l{ nuclear overhauser effect NOE) Tumssivue configuration

118 conformation ‘Um’dﬁﬁuﬂﬂ%}

1
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' v '
ndmn lddsadaluduneuds 9 malasmlansiludd wudsdsanalinaaou

9
o)

4 a v
ANTNWYINTN A

4
3.6.1 g ugaunsd

v vy '
o_ o A

v
14']1!']1’1ﬁﬂL‘AHQUWﬂSGQN]uﬂi%ﬂ’IBﬂiGQ Whatman No.1 mewmmmuﬂﬂmmzwaﬁ

F Vv v
9oL Intiuthia i lauiimg partition f1U ethyl acetate 3 59 udniluszimold
uanoldmsannnudy vz ldmsadaneruluau ethyl acetate (crude EtOAc extract) 11
o Ay Y Sy a ad 2 . % ad ~
msananla linageugniAugatnlaeds agar diffusion (Lorian, 1980) 5MInAToUll
v 9 ¥ 9 '
TUADUAINL AD 10T0UUDINITIAVUYONT Mueller-Hinton Agar (MHA) 1Az Sabouraud

L) [ a A = 4 o W y.ﬁ' a A @ Y
Dextrose Agar (SDA) dmfunnaiiGouaztadaudey  Tavldirenaaeuria@einulude

4
@ ° A

4 v b4
813  ienaseunauiiiundeitianadendnlsuliiinnuguminy  McFarland

)

@ { g g { o <
standard No. 0.5 1¥1fudandsmendeyuisouvauassfimionlimasuuemisudadoe

¥ ¥ ] '
manalsIpIn@e  1Avui disc ﬁﬁﬂﬂﬁﬁﬁzmﬂﬂmﬂﬁﬁﬁﬁﬂﬁ%ﬂﬂﬂ]iﬂﬂﬁﬂvﬂih1m 20

k4
{a A

Ed
Wrdise MaliudadineaswuimiwesomnsiiiFenadeysduazii disc control Taold

Frhazmosiafuidunldazaemsada  duiiquvgll 37 swmwadea Huam 1 u

9

@ 1 a LA 1A ] Jd 5
arna laviadurimguinaruSnuiife luniysoudurugnina1aues disc (inhibition

& o a g 1 a
zone) WQLLﬂﬂQﬂﬂSJ’dWHﬁﬂﬂJENﬁTS’dﬂﬂh&ﬂ'ﬁgll']uﬂ'liﬁliﬂgﬂﬂﬂ&%ﬂﬂﬂﬁﬂu&tﬁﬁ%‘]ﬂﬂﬂ

120251
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4.1 NMINUAIBENUASNITUINIYD

UNH 4

HAN1INAAD93

o - 1 a a " a o a g y
lamsihudredisduluuSnuvathmgnenalduinudmiaguws aasaaudiud

} 4
wylusunoniuazunseanosdunuud Simiadeddnil hwimsusnideusnd Tudodnuaz

3 a o o w i a o I 1 aldy a L
Wouead ludsdnmeinuaziidiedeauudannudy asa-wea W‘IJ’J1u1ﬂL“If?JLl’E)ﬂGIIuilEJﬁ‘1’1

9 1 ]
wavua 58 le Taan 91nAudleeantlszduanuilunsa-aralueae 5.01-7.12 @13199 4)

4’ = [ a o 1 @ d” a o o A 9
MITNN 4 LTAIT10ASIDUANNHUSUDIAUAIDYTY Ll'ﬂSSﬁﬁl‘ﬁﬂll'ﬂﬂﬂiuhﬂﬁ‘l’lﬂuﬂﬂqﬂ

¥HAVD S

#0819 ndm | ey | dawd s
Augi qung | 5.21 CP1 CPI-1, CP1-2, CP1-3, CP1-4, CP1-5
AUNTNTINHY | PUNT | 6.06 CP2 CP2-7, CP2-8, KB 2-9, CP2-10, CP2-11
anluld AUWT | 5.83 CP3 CP3-4, CP3-5, CP3-6, CP3-7, CP3-8, CP3-9
au YUWT | 5.93 CP4 CP4-1, CP4-3, CP4-6, CP4-7, RB 4-8, CP4-9
gmnaldenld | qguns | 6.84 CP5 CP5-1, CP5-2, CP5-3, CP5-4, CP5-5, CP5-6
anlu'ld YUWs | 5.01 CP6 CP6-1, CP6-2, CP6-3, CP6-4, CP6-5, CP6-6
Auldain YUWS | 633 CP7 CP7-1, CP7-2, CP7-3, CP7-4, CP7-5, CP7-6
a 1 3’ o 1
Augui Woalny | 6.02 CHS | CHS-1, CH8-2, CHS-3, CH8-4, CH8-5, CH8-9, CH8-10
anlyls woelny | 6.86 CH9 CH9-3, CH9-4, CH9-5, CH9-6
au woelny | 7.12 CHIO | CHI10-9
Auldi &oalny | 6.19 CH11 |CHI1-1, CH11-2, CH11-3, CH11-4
Aunaianndiy | Faelni | 6.88 CM2 | CM2-8, CM2-12
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4.2 MIANYIOUNINITT IHYOUTOUOAA TN

42.1 Snnauman Tu'lnd

v v ¥
Tusueuend Tuieaniianua 57 lolwaa easreaoudnyazmad Tu'lnil 1dun

¥ ¥
dnpuznaFugIuIne dnyuzneaisimonuazdunil aunsadaioeanilu 12 nqudail

oA & a o oA d Y Y a Y = '
ngui 1ifluideuend lwivdn fafrudulvormadviuazidulovomsdsuy-uas b
Y o a Y I o Y 1 a Y a dy

afusindagiazarslues nazaduaestianyszaoruduginavwdulooima (Ui 1) i¥e

b ¥ b ¥
Tunquil wigyldduuemis YM uaz oM iwelunguiiiszneudiode 6 loTaaa 1dun cP4-3,
CP2-8, CP7-2, CH8-1, CH8-2, CHS8-3

,3’ v A a v gy v A Y ] ~ <

wonquinig ldnanududuveundegeqadosaz 2 Tugasiier 5 61 8 aasasuminsa
w3y 18 lugaguingil 20 89 37 esrmaadive Tiawsodesaars Tusauluwy wardu nazufld1d

' 1 k4 ¥ v
st limnsaaou Tumsn e ulasn1d (15199 7) Fenquilannsaldihaaldiney

U 1. n uansdnyuz Talativeuse loTman CP4-3 UuDINIT ISP2

o_ w

v jiadeimuldndesganssminuylduasdroaudniifiidsvnoga (400 1m1)

a yUmlesneldndesganssmitidnaseuuundens 1ASEM)
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. Al a &y . d
dnvareynsIisunlvsuvedunulungui 1
j @ I'4 nﬂy 1 g 9 a = a ada
wiuradvourenquillszneudlsnsangaiiin ozaiilu uaznsalaezliTuRlidnuyy
b 4
meso (cell wall type 3) wuthanangIna uwuTua TsTua wgTse Guuuhanasida B) Wy
4 k4
maranyaluead (whole-cell sugar) wuWeav1@daem Iuaniiu (phosphatidylethanolamine)
uazlnalnveald latafilinauindeasazareiiulensu (ninhydrin-positive glycophospholipids)
Hlurea T laTlawndnueilurad Moalnladariiaf 4) Arodruauzniseynsuisuniiuag

14 ¥
dnvaugmeduguineannsotuiuldi Wenguilegluana Microbispora

MInIEHEFUa e T4 168 FRNA gene vouitelolwian CP4-3
lavhmsTinreisiduuauosiutie 168 rRNA gene maw’f‘:mmﬂmuﬁ'ﬂﬁwﬁLmﬂm‘w%‘{

n1eF10mda wuiideloTran CPa3 Hanwadivadefuide Microbispora rosea subsp. rosea

IFO 14044" (D86936) WnTigadtszduauAdBAfeesswiuilnaTo'nd (Ysimilarity) fovag

99.7 AszAUAMFDIUVDL bootstrap values U phylogenetic tree 713 0u8 99 (31/7 4)
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' Fa ]
ngui 2 Wuyenend Tusivdn Hafradulveimadvneumieuanduluemsdduuns Tuads
1 1 ¥ ¥
sendagiazanslueims adradestanvuzdemudugiavmduloeinia (U7 2) e lunquil
3y ldduuemis YM dUszneudae 7 loTaaafio CPS-1, CP6-1, CP2-11, CH8-4, CP4-8, CP4-9,
CP5-3
2 4 a yyd y v & ¥ ) P
wonguilniy ldianududuveaniegagaiovas 3 mwnsaadrveulmindesaaionds
] v v
14 (13190 7) s2ismusaldiea A-unuiinea a-wad lulea uoa-usuTuy a-519W Tua nd

aa vy a
¥PI0A LA ATU 18 (113139 8)

®15,000 A0 Thn 219316

' ¥
s 2. n uaasdnvaz TnlatlveuaeleTwan CPS-1 uuoIMIT ISP2
v giladesneldndesyanssminuylduasdoaudniimdsvenogs 400 i)

a d 1
a jUmlesmoldndesganssmisianaseuuuudens 1ASEM)
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fnuaroynsidisuniiveutedumulungud 2
o d Af J dy 9 a =) a ada
nisgaduoudenguilszasudsnsangaiin exarilu uaznsnlaezd Tuntanuyy
v 9
meso (cell wall type 3) wuihmangTlaa uwwuTua l5Tua wgTse GUuuuheasiia B) Wy
¥ E4
o g J an
Waananualumad (whole-cell sugar) wuWoaw1@faon1Iua1lu (phosphatidylethanolamine)
o3| oy @ a { a a
Furlea T lataendnual luad toaldlalayiiad 4) Adodnymzniveynsuisuniiay
k4 v
Snvagmedaguineraansatuduldd Wenquilegluana Microbispora
a do as =y 1 &
MTIATZHEIFUIUTVIB YIS 168 FRNA gene vouielolsian CP5-1
Yo a o w a & a o o A 4
1avmsTinseia1duiauesdusag 168 rRNA gene YBUFoUDAA IUTsANNILTAIGNT
14 @ v
neinm1ds wuiudelelaan cps-1 Tanuadoadetuibeleluan CPI-1 (Funuveaie
nqudl 3) wnfiqadaszdunnuafondeesdduiinglelng (similarity) fovaz 99.5 uaz f
szduAUFoIUBY bootstrap values UM phylogenetic tree A3ounz 99 (UN 4) unziinny
14 [

AdonaefuIie Microbispora rosea subsp. rosea IFO 14044" (D86936) WINNIgAAILIZTALAIN
g/ = o w A < 4 r. § 9 e o A o
atendevesduiandle’lng (%similarity) 3ovaz 993 oz NITAUANUFOIUVBI bootstrap

values U phylogenetic tree fTouaz 44 ¢ 191 4)
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VoA ﬂ ! g - v a a4 9 v o v -y Y]
nguil 3 ilunguuoudouend ludedn Nadrudulveimadviuazdulveisimihaadu
v o Ay A ] s v | W ' a 9
annsoadusniaquuemmsddumies munsoaiealesnlansuzderuiuginauuduly
] F
21mA (U7 3) nazinigy 1dAuue1m1s YM, OM, GluA uaz NA 1lsznoudlude 6 loTxanio
CPI1-1, CP3-9, CP7-3, CP7-6, CP2-7, CP2-10
A s a vd y v A ) a | '
o lunguilawsony ldnszduanududuveundogagaiovas 2 Mesiiminzaude
masyoylugae 5 e 8 aunsonTyldTugrsqungi 20 937 ssmaidoa limusodevaats
nieanaznouTusauluuy mardu vazutls udmunson)doulumsndululasn'ld @sei 7)
s lsa-uyuiinea uea-usulua d-wadlulea a-5WW Tua ndresea uanlaa Lay 1oa-0

510 Tua (M15199 8)

15k N2, gbo 4 THmsla3c?
. y o,

JUN 3. n uaeadnvuz InTativeudelo Taan CP1-1 yu@1¥15 ISP2
¥ jUmlesmoldndesganssminuylduasdroaudniimidaveoga (400 i)

a 3Umleinuldndesganssmisidnasounuudeinsia (SEM)
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dnvazaynsiisuniiveutedunulungui 3
@ ¢ ﬁy J d’, ¥ a =) = ada
wiuradveuenguillszneudlonsangaiin exariiu uaznsalaesdiTunlidnuuy
¥ Ed 4
meso (cell wall type 3) winiaranglae uwulua wnglsa gUuuwihaaria B) Wwima
9
o < asn
Wanualumad (whole-cell sugar) Wuneav@faem Iuafiu (phosphatidylethanolamine) 15fuoa
T'lelaeadnualluwad MoaTv'lalawilahl 4) Arodnuaznveynsuisuniiuazdnyuzna
¥ 9
dupuinomusatuiuldn Wenguilegluana Microbispora
a do_ o = 1 &
MRS aUedEUY9 165 rRNA gene vaabo lolaian CP1-1
° a Lo w 1 4 < s { &
laiimsinsei i auesiusIe 168 rRNA gene voddouend luilsdniuanigns
F4 F4 4
T lde nuddelelman cpi-1 Tanuadioadstudelolaan CPs-1 (Fumuvouio
aguil 2) nfigadisszdunnuadendsvesiiduiindloInd (%similarity) fovay 99.5 uaz
STAUANUFBIUYDY bootstrap values UU phylogenetic tree #3puaz 99 (311 4) waziiany
¥ v

adwadeiuiye Microbispora rosea subsp. rosea TFO 14044" (D86936) mﬂﬁqﬂﬁﬁﬂizﬂﬂﬂ’J’IM
Y ) o v a A ¢ d W Y d o A o
adoadeuesd1AutianaleIne (Y%similarity) $ovaz 99.2 Uaz NTzAUANUEDNUUBI bootstrap

values U phylogenetic tree Nsouaz 44 3 19 4)
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25

79 —— Microbispora rosea subsp. aerata (M. thermodiastatica) ATCC 27098 (U48986)

L Microbispora rosea subsp. aerata (M. aerata) ATCC 15448' (U48984)

Microbispora rosea subsp. rosea (M. parva) ATCC 33326 (U48985)

Microbispora rosea subsp. rosea (M. amethystogenes) JCM 3021 (U48988)
Microbispora corallina DF-327 JCM 10267" (AB018046)

Microbispora rosea subsp. aerata (M. thermorosea) ATCC 27099 (U48987

84 Microbispora rosea subsp. rosea (M. diastatica) IFO 14041 (U48990)
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Micromonospora mirobrigensis DSM 44830 (AJ626950)

Micromonospora siamensis JCM 12769' (AB193565)

Micromonospora carbonacea DSM 43168' (X92599)

99 —— Actinoplanes digitatis IFO 12512' (AB037000)
Actinoplanes missouriensis IFO 13243' (AB037008)

Actinoplanes philippinensis IFO 13878' (D85474)

74| —— Actinoplanes utahensis IFO 13244' (AB037012)
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66 .——— Actinoplanes regularis IFO 12514' (AB037011)

100 i Dactylosporangium sp. CH8-5
Dactylosporangium aurantiacum IFO 12592 (D85480)

gﬂ: Dactylosporangium matsuzakiense IFO 14259' (D86940)

100 82 Dactylosporangium vinaceum IFO 14181' (D86939)

Dactylosporangium sp. 16473
58 Dactylosporangium thailandense IFO 12593' (D85481)
82 Dactylosporangium fulvum IFO 14381' (D86942)
95 L Dactylosporangium roseum IFO 14352' (D86941)

Streptomyces ambofaciens ATCC 23877' (M27245)

0.01

511 15 uaasdumiaveuvoleluan CHS-5 un phylogenetic tree (NJ method)
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Agromyces aurantiacus DSM 145987 (AF389342)
A. mediolanus DSM 20152" (X77449)
Agromyces sp. CH10-9
A. ulmi DSM 15747" (AY427830)
A. brachium DSM 14596 (AB023359)
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A. salentinus DSM 161987 (AY507129)
‘TEE A. italicus DSM 163887 (AY618215)
8 A. lapidis DSM 16390 (AY618217)

Rathayibacter iranicus DS 7484 (U96184)
Streptomyces ambofaciens DSM 40053" (M27245)

0.01

g‘i]ﬁ 17 uaassurHaveuse loluan CH10-9 Uy phylogenetic tree (NJ method)
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CP2-10 +++ ++ - - - - - - - ++ HH +H+ + +H+ - - - - - - + - -
CP7-3 + ++ - - - - - - - = H 4+ + +H - - - 3 - - + - -
CH9-5 + - - - - - - 3 - + + -+ - -+ z - - - 9 - - - -
CH9-3 + - - - - - - - - + + + 4 ++ B < r N - - - - -
¢ CH9%-4 + - - - - - - - - + + + - ++ - - - - - - - - -
cPr-1 + - - - - -] - 3 S + ++ - + == A - - - - - -
CP1-2 + + - - - - - - - - + ++ - ++ - - - - - - - + -
CP2-9 + + - - - - - - 3 -+ =+ R - . - - - - - + -
CP5-2 + + - - - - - - - - + ++ - ++ - < - < - - - + -
> CP6-2 + + - - - - - - - - + ++ - ++ - - - - - - - + -
CP6-5 + + - - - - - - - - + ++ - 4+ - - - - - - - + -
CP6-6 + + - - - - - - - - + - - ++ - - - - - - - + -
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& ¥ o~ < <
CP6-3 + - - - - - wo| v | o | ++ - - - -
CP3-4 + - - - - - T e e + -+ - - - -
6 CP3-6 + - - - - - w | | o | — = - - -
cP37 + - - - - - wo | e | e | e | e - g, -
CP3-5 + + + + - d + ++ ++ + ++ - - B -
CP5-4 + + + + - - + +—+ +H+ + ++ - - - -
CP6-4 + + + + - - + + +H+ + ey . - 5 -
7 CP7-5 + + + + - - + | o | 1 3 - -
CP4-1 + + + + - - + +H + + - - - - -
CP4-6 + + + + - - + + ++ + +H+ - - - -
CP4-7 + + + + - - + ++ +H+ + vy 4 L - -
CP1-3 + + + - - - w ++ o + H+ - 3 8 -
CH9-6 + + + - - - w ++ pa + ey 4 - = -
CP5-5 + + + - - = w ++ Fe + e | g = -
8 CP5-6 + + + - - = W -+ H + Fows - 4 o -
CP1-4 + + + - - 3 w ++ 4+ + - L - & -
CP1-5 + + + - - - w PR T O 4 z . -
CHI11-1 + - - - - w w ++ +H+ + ++ - - - -
CHI12 + - - - - wlw /| & [+ |+ ]| =][- L i -
9 CHI1-3 + - - - - wlw | + e |+ || -d-1- -
CHIl-4 + - - - - wlw | # | s | o+ | |- - - -
CH8-5 + + - - - Sl wo | e + w | + - iy -
CH8-9 + + - - - - w ++ + w ++ o o - -
10 CHS-10 + + - - - T T D 7 T e I -
cP3g + + - - - S lw e s w o~ -
cpr4 + + - - - - lw | o + | w| ~ - N - -
1 CHI09 + + + + + Ny B T : |t w -
12 CcM2-8 + - - - - - - + + + + - - - w -
CM2-12 + - - - - - - + + + + - g - w -
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Utilization of :
D-Mamnitol + + + + + + + + + + + + + + + + + + + + + + + - - - - -
D-Ribose - - - - - - - 7 - 3 7 - N . K = i i i - 3 - - - - - - -
L-Rhamnose w w w w w w + + + + + + + + + + + + + + + + + - - - - -
D-Mclibiose w w w w w w + + + + <= p + w w w w w W + 4+ + + w w w w w
D-Raffinose + + + + + + + + + + + + + + + + + + + w w w w w w w w w
Glycerol + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Salicin + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Lactose + + + + + + + + + + + + + + + + + + + + + + + + + + + +
D-Galactose + + + + + + + + + + + + + + + + + + + + + + + + + + + +
L-Arabinose + + + + + + w w W w w w w - - - - . - 2 A R . . R R R R
Cellobiose w w w w w w + + 3 + + + + w w w w w w + + + + + + + + +
D-Fructose - - - - - - w w w w w w w - — - - - - + + + + + + + + +
D-Xylose - - - - - - - - - % ' C - - - - Y] - - + + + + + + + + +
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Utilization of :

D-Mannitol w w w w w w w w w w w + + + + + + - - - - + + + + + + + - -
D-Ribose - - - - - - - 4 - - = - < = & 3 % = - E + + + + + + + - -
L-Rhamnose - - - - - - - - - - * F - - ¥ < 3 o - - - + + + + + + + + +
D-Melibiose - - - - + + + + + + + + + + & + + w w w w + + + + + + + + +
D-Raffinosc - - - - w w w w w W w w W N w w W w W w w + + + + + + + - -
Glycerol - - - - - - - - 3 - ~ - y 3 ; 3 - = - ; : + W w | W w w w - -
Salicin - - - - - - 1 2 - < i - fy = = i - Y 3 - - + - - - - - - - -
Lactose - - - - + + + + + + + + + + + + - + + + + + - - - - - - + +
D-Galactose - - - - + + + + + + + + + + + + + + + + + + + + + + + + + +
L-Arabinose - - - - + + + + + + + - - - - - - + + + + + + + + + + + - -
Cellobiose - - - - + + + + + + + + + + + + + + + + + + + + + + + + + +
D-Fructose - - - - + + + + + + + w w w w w w w w W w - - - - - - - + +
D-Xylose - - - - + + + + + + + + + + + + + - - - - + + + + + + + + +




a

0.) & a = J [y & a w A A 9

mstiufamaeSyvegdunidnameuvesmsaianeuainienendluliodniinausn]d
: dy a o A Ao A 3 nﬂ' o dy

. nindeuend Tudviniidadents 57 lelwan  dlehuwumzdesluevisimas

4 1 =1 1 { o
Yeast extract-Malt extract UUIATOUVGIANUGITOY 200 sOUARMIR Tigaungil 30 oM
Ed F4 ¥
wadsauasihnimindgoinafadefaesdian  wuhmsafaneulutueiaeziiag
Fo g a = a4 9 14 d’l‘ a o A A

uaesgnisudamsnavewuafifounsuwanlad  Taewudlieusad Tullsdniawnse

3 3 ¥ v

adramsdudimsinavoudie Micrococcus luteus Suau 23 Tolanan fudsmaniauouie

k4 b4
Staphylococcus aureus $1u 16 ToTaan SudamsnSayuouFe Bacillus subrilis 114U 19 1

' 3 ¥ [
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VIIUMTEUEN (1.11.) (50 mg/ml)

Ps. aeruginosa

M. luteus

S. aureus

B. subtilis

. coli

C. albicans

CP4-3

CP2-8

CHS-1

CHS-2

CH8-3

CP7-2

CP5-1

CP6-1

CP2-11

CHS8-4

CP4-8

CP4-9

CP5-3

CP1-1

11.5

CP3-9

11

7.5

CP7-6

10

11

8.5

CP2-7

10.5

9.5

7.5

CP2-10

10.5

CP7-3

9.5

10.5

CH9-5

7.5

CH9-3

7.5

CH9S-4

8.5

7.5

CP7-1
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VIMMSEVES (1.1.) (50 mg/ml)

agul | simie
Ps. aeruginosa | M. luteus | S. aureus | B. subtilis E. coli | C. albicans .

CP1-2 - - - - - -
CP2-9 - - - - - -
: CP5-2 - - - - - -

5
CP6-2 - - - - - -
CP6-5 - - - - - -
CP6-6 - - - - - -
CP6-3 - - - - . -
CP3-4 - - - - - -

6
CP3-6 - - - A - -
CP3-7 - - 4 = y -
CP3-5 ¥ 8 B 7.0 - -
CP5-4 7 8 t 7.5 - -
CP6-4 5 8.5 g 7.5 - -
7 CP7-5 - 9.0 3 8.0 - -
CP4-1 = 8.5 = 8.0 - -
CP4-6 4 8 - 7.0 - -
CP4-7 % 9.0 - 7.0 - -
CP1-3 - 10.5 7.5 14.5 9.0 -
CHO9-6 - 12 9.0 13.0 8.5 -
CP5-5 - 11.5 9.0 16.5 8.0 -
° CP5-6 - 1.5 8.5 15.5 9.0 -
. CP1-4 - 10.5 8.5 15.5 9.0 -
: CP1-5 - 11.5 9.0 12.5 8.5 -
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#1675 Agar disc diffusion (GI'E])

VINUMITUHS (1.4.) (50 mg/ml)

aguit | simite
Ps. aeruginosa | M. luteus | S. aureus | B. subtilis | E. coli | C. albicans

CHI11-1 - 14.5 12.0 - - -
CHI11-2 - 15.5 11.5 - - -

’ CH11-3 - 17.5 12.0 - - -
CH11-4 - 16.0 13.5 - - -

CHS-5 - 10.5 - - - -

CHS8-9 - 11.0 - - - -

10 CHS-10 - 11.5 - - - -
CP3-8 - 9.5 - - - -

CP7-4 - 9.0 - - - -

11 CHI10-9 - - - - 2 -
12 CM2-8 - 8.0 7.5 - - -
CM2-12 / 7.0 7.0 - - -
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C62H86N12016 1351 UV spectrum (in MeOH) i Amax (log €) #i 240 (4.35) unz 442
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A15199 9 'H 1az °C NMR spectral (in CDCL,) of CP1-3-001 4181% actinomycin D

CP1-3-001 Actinomycin D (in CDCL))
Position d. (ppm) d,, (ppm), mult, (/ in Hz) d,, (ppm), mult, ¢/ in Hz)' d,, (ppm), mult, (J in Hz)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
Me\f/al 1 167.32/167.41 B - -
(1,2) 2 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 293
V:al 1 173.10/173.48 Wl - = -
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)
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@337 9 'H ag °C NMR spectral (in CDCL,) of CP1-3-001 182 actinomycin D (¢18)

CP1-3-001 Actinomycin D (in CDCI,)
Position d. (ppm) d,, (ppm), mult, ¢/ in Hz) dy; (ppm), mult, (Jin Hz)' d,, (ppm), mult, (/ in Hz)’
Pro 1 173.02,2CO - - -
(1,2) 2 56.22/56.38 5.94, 1H, d (9.08) 3.9 5.98 (8.0)
6.00, 1H, d (9.05) 4 6.03 (8.0)
3 31.05/31.37 1.79, IH,m 2.1-2.2 1.7-2.4/2.70, m
2,67, 1H,m
1.84, IH,m
2.95, 1H, m 1.7-2.4/2.90, m
4 22.98/23.14 2.05,2H, m 1.85 1.7-2.4
2.26,2H, m
5 47.38 3.70, lH, m 3.70-3.75 3.4-42
3.94, lH,m 2.67
47.64 3.70, {H,m
3.80, IH,m
Chrom 1 101.59 - a -
I 2 147.47 - = -
3 178.85 i ¥ -
4 111.38 F ¥ -
4a 145.69 d ¥ -
S5a 140.29 by - -
6 127.42 - - -
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 - - -
9a 128.95 - - -
10a 144.92 - - -
4-CH3 7.93 2.22,3H 2.24 227
6-CH3 15.17 2.53,3H 2.56 2.55
1-CO/9-
co 166.24/166.28 - -
2-NH - - 7.3-74 7.0-7.5
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15197 0 'H t1ag °C NMR spectral (in CDCL,) of CP1-3-001 Liaig actinomyein D (¢10)

'

CP1-3-001 Actinomyein D (in CDC,)
Position d. (ppm) d,; (ppm), mult, (Jin Hz) d,, (ppm), mult, (JinHz)® d,, (ppm), mult, (Jin Hz)h
Thr 1 166.24/166.28 - - - -
(1,2) 2 54.93 4.46, 1H, dd (6.68,2.10) 4.51 (2.0-2.5) 4.50, (6.8/2)
553 4,57, 1H, dd (6.34, 1.80) 4.62(6.5) 4.60, (6.6)
3 74.97/75.04 5.15,2H, dq 5.21(2.0-2.5)/5.15 5.21 (6.1/2), 5.17 (6.1/2)
4 17.53/17.93 1.22, 6H,d (5.04) 1.27(6.0) 1.26,(6.2)
NH - 7.15, 1H,d (6.68) 7.20(6.8) 7.21,(6.8)
p 7.76, 1H, d (6.34) 7.82(6.2) 7.84,(6.6)

from Arison and Hoogsteen., 1970

*from Lackner, 1971
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Two actinomycete strains, CM2-8" and CM2-12, were isolated from temperate peat swamp
forest soil in Chiang Mai Province, Thailand. Their taxonomic positions were determined using a
polyphasic approach. Chemotaxonomic characteristics of these strains coincided with those of
the family Micromonosporaceae, i.e. cell wall chemotype II, N-glycolyl type of muramic acid, and
type Il phospholipids. Phylogenetic analysis based on 16S rRNA gene sequence data also
indicated that these strains fell within the family Micromonosporaceae and formed a distinct taxon
in the Micromonosporaceae phylogenetic tree. On the basis of phylogenetic analysis,
characteristic patterns of 165 rRNA gene signature nucleotides and chemotaxonomic data, it is

proposed that the novel isolates belong to a new genus, Actinaurispora gen. nov. The type
species of the genus is proposed as Actinaurispora siamensis sp. nov., with strain CM2-87
(=JCM 15677"=BCC 34762") as the type strain.

The family Micromonosporaceae was first described by
Krasil'nikov (1938), and amended by Koch et al. (1996),
Stackebrandt et al. (1997) and Zhi et al. (2009), who
classified 17 genera [Actinocatenispora (Thawai et al., 2006),
Actinoplanes (Couch, 1950), Asanoa (Lee & Hah, 2002),
Catellatospora (Asano & Kawamoto, 1986), Catenuloplanes
(Yokota et al., 1993), Couchioplanes (Tamura et al., 1994),
Dactylosporangium (Thiemann et al, 1967), Longispora
(Matsumoto et al., 2003), Micromonospora (@rskov, 1923),

Abbreviation: DAP, diaminopimelic acid.

The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene
sequences of strains CM2:8T and CM2-12 are AB454379 and
ABA465341, respectively. .

Phylogenetic trees based on almost complete 16S rRNA gene
sequences constructed using the neighbour-joining, maximum-
parsimony and minimum-evolution methods and tables giving the fatty
acid composition and 16S rRNA gene signature nucleotide positions of
strains CM2-8" and CM2-12 and related strains/species are available
with the online version of this paper.

Pilimelia (Kane, 1966), Polymorphospora (Tamura et al.,
2006), Planosporangium (Wiese et al., 2008), Pseudospo-
rangium (Ara et al., 2008a), Salinispora (Maldonado et al,
2005), Spirilliplanes (Tamura et al., 1997), Verrucosispora
(Rheims et al,, 1998) and Virgisporangium (Tamura et al.,
2001)] within this family on the basis of 16S rRNA gene
sequence analysis. Two actinomycete genera, Luedemannella
(Ara & Kudo, 2007a) and Krasilnikovia (Ara & Kudo,
2007b), have since been described as additional members
of the family. Recently, Catellatospora koreensis and
Catellatospora tsunoense were transferred to the genera
Catelliglobosispora (as Catelliglobosispora koreensis) and
Hamadaea (as Hamadaea tsunoensis), respectively, based
on 16S rRNA gene sequence analysis and chemotaxonomic
data (Ara et al,, 2008b).

During an investigation of the actinomycete diversity of
soils in northern Thailand, two strains, CM2-8" and CM2-
12, which showed chemotaxonomic characteristics that
were typical of members of the family Micromonosporaceae
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but which represented a novel phylogenetic lineage, were
isolated. In this report, these strains were characterized
using a polyphasic approach and it is proposed that they be
classified as representatives of a novel species in a new
genus.

Strains CM2-8" and CM2-12 were isolated from temperate
peat swamp forest soil in Chiang Mai Province, Thailand.
Samples were taken from the soil surface and kept at 4 °C.
The sampling and isolation methods have been described
by Thawai et al. (2004) and pure cultures were kept at 4—
10 °C on yeast extract-malt extract agar (ISP 2 medium)
slants. '

Strains CM2-87 and CM2-12 were grown for 14 days at
30 °C on humic acid-vitamin agar and observed by light

and scanning electron microscopy (model JSM-5410 LV; -

JEOL). Samples for scanning electron microscopy were
prepared as described previously (Itoh et al., 1989).

Cultural, physiological and biochemical characteristics
were examined by using several standard methods; cultural
characteristics were tested using 21 day cultures grown at
30 °C on various media. The Jacal Colour Card 12200
(Japan Colour Research Institute) was used for determin-
ing colour designations and names. Decomposition of
various compounds was examined using the basal medium
recommended by Gordon et al. (1974). Temperature, NaCl
and pH tolerance were determined on ISP 2 medium.
Carbon source utilization was tested using ISP 9 medium
(Shirling & Gottlieb, 1966) supplemented with a final
concentration of 1% of the tested carbon sources and
0.05 % Casamino acids. Gelatin liquefaction, peptonization
of milk, nitrate reduction and starch hydrolysis were
determined by cultivation on various media as described by
Arai (1975) and Williams & Cross (1971). Melanin and
hydrogen sulphide production were examined on tyrosine
agar and peptone iron agar slants supplemented with 0.1 %
(w/v) yeast extract.

Freeze-dried cells used for chemotaxonomic analyses were
obtained from cultures grown in yeast extract-malt extract
broth (ISP 2 broth) on a rotary shaker at 30 °C for 5 days.
Cell wall peptidoglycan was prepared and hydrolysed
according to Kawamoto et al. (1981) and the amino acid
composition was analysed with an automatic amino acid
analyser. The cell wall diaminopimelic acid (DAP) isomers
were determined by the method of Staneck & Roberts
(1974). The acyl group of the muramic acid in the
peptidoglycan was determined by the method of Uchida &
Aida (1984). Reducing sugars from whole-cell hydroly-
sates were analysed by the HPLC method of Mikami &
Ishida (1983). Cell phospholipids were extracted and
analysed by the method of Minnikin et al. (1984). Fatty
acid methyl ester analysis was performed by GLC accord-
ing to the instructions of the Microbial Identification
System (MIDI) (Sasser, 1990; Kimpfer & Kroppenstedt,
1996). The presence of mycolic acids was investigated by
using the method of Minnikin et al. (1975). Isoprenoid
quinones were extracted by the method of Collins et al.

(1977) and analysed by HPLC equipped with a Cosmosil
5Cs column (4.6 x 150 mm; Nacalai Tesque). The elu-
tion solvent was a mixture of methanol and 2-propanol
(2:1, viv).

Chromosomal DNA was isolated from cells grown in ISP
2 broth according to the method of Tamaoka (1994).
The DNA G+C content was determined using the
HPLC method of Tamaoka & Komagata (1984). An
equimolar mixture of nucleotides for analysis of DNA
base composition (Yamasa Shoyu) was digested by
bacterial alkaline phosphatase into nucleosides and used
as the quantitative standard. DNA-DNA hybridization
was conducted in microdilution plates, as reported by
Ezaki et al. (1989). Hybridization was carried out at
55 °C for 2 h. DNA-DNA relatedness (%) was deter-
mined by using the colorimetric method (Verlander,
1992).

Genomic DNA extraction, PCR-mediated amplification of
the 165 rRNA gene and sequencing of PCR products were
carried out as described by Nakajima et al. (1999). The 16S
rRNA gene sequence was multiply aligned with selected
sequences obtained from the GenBank/EMBL/DDB]J data-
bases using CLUSTAL w version 1.81 (Thompson et al,
1994). Alignment was verified manually and adjusted prior
to the construction of a phylogenetic tree. The phylogenetic
tree was constructed by using the neighbour-joining
(Saitou & Nei, 1987), maximum-parsimony (Kluge &
Farris, 1969) and minimum-evolution (Felsenstein, 1997)
methods in the MEGA program version 2.1. Confidence
values of branches of the phylogenetic tree were deter-
mined using bootstrap analyses (Felsenstein, 1985) based
on 1000 resamplings. Sequence similarity values between
closely related strains were determined using the EzZTAXON
server (Chun et al, 2007).

Strains CM2-8" and CM2-12 produced well-developed and
branched substrate hyphae on ISP 2 agar, but no aerial
hyphae. Spores were borne singly on the substrate hyphae
and were 0.4-0.6 mm in diameter (Fig. 1). Spores had a
rough surface and were non-motile. Colonies of strains
CM2-8" and CM2-12 were strong reddish orange in colour
and did not darken after sporulation; soluble pigments
were not produced on most of the media tested, with the
exception of a pale-yellow pigment on ISP 2 agar.
Physiological and biochemical characteristics of the strains
are presented in the species description.

Cell-wall hydrolysates of the two novel isolates contained
glutamic acid, glycine, alanine and meso-DAP, indicating
that these strains have wall chemotype II (described by
Lechevalier & Lechevalier, 1970); the peptidoglycan was of
type Aly (described by Schleifer & Kandler, 1972). The acyl
moiety of murein contained glycolyl residues. The isolates
contained glucose, galactose, xylose and mannose as whole-
cell sugars, but not arabinose or ribose. The characteristic
phospholipids were diphosphatidylglycerol, phosphatidyli-
nositol, phosphatidylinositol mannosides and phosphati-
dylethanolamine; phosphatidylcholine was not present.
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Fig. 1. Scanning electron micrograph of strain CM2-8". Bar,
1 pm.

This pattern corresponds to phospholipid type IL of
Lechevalier et al. (1977). The cellular fatty acid composi-
tions are shown in Supplementary Table S1, available in
IJSEM Online. The major fatty acids of CM2-8" and CM2-
12 were i50-Cy5., i50-Cy4.0, anteiso-C,;.q, anteiso-C;s.¢
and is0-Cy7.0; 10-methyl-C,;., was also found. This
pattern corresponds to fatty acid type 3b described by
Kroppenstedt (1985). Mycolic acids were not detected. The
predominant menaquinones found in the isolates were
MK-9(Hs) (41.7%), MK-10(Hg) (15.9 %), MK-9(Hg)
(9.4%) and MK-10(Hg) (5.4%); small amounts of
MK-9(Hy) (1.3%), MK-10(H,) (0.7%) and MK-9(H;)
(0.5%) were also present. The DNA G+ C contents for
strains CM2-8" and CM2-12 were 72.6 and 72.2 mol%,
respectively.

These chemotaxonomic characteristics, in particular the
cell-wall type (type II), the muramic acid acyl type (N-
glycolyl), the absence of mycolic acids and the phospho-
lipid type (type II), suggest that strains CM2-8" and CM2-
12 are members of the family Micromonosporaceae,

Almost complete 16S rRNA gene sequences of isolates CM2-
8" (1446 nt) and CM2-12 (1450 nt) were compared against
165 rRNA gene sequences of all members of the genus
Micromonospora  and all members of the family
Micromonosporaceae. Phylogenetic analysis based on- this
large dataset revealed that the novel isolates belonged to a
cluster of the family Micromonosporaceae (see Supplementary
Figs S1, S2 and $3, available in IJSEM Online). When the
sequences of CM2-8" and CM2-12 were compared with
selected 16S rRNA gene sequences of all genera in the family
Micromonosporaceae and the 16S rRNA gene sequence of
Streptomyces ambofaciens (used as an outgroup), it was
observed that they represented a new phyletic line that was
different from all described genera in this family (Fig. 2). The
highest levels of similarity were with Micromonospora
eburnea JCM 12345" (97.9 %), Micromonospora auratinigra
JCM 12357" (97.5%), Salinispora arenicola CNH-643"
(97.4%), Micromonospora nigra DSM 43818" (97.3 %)
and Salinispora tropica CNB-440" (97.3 %). Although the
two novel isolates showed highest levels of 165 rRNA
gene sequence similarity to members of the genus

Micromonospora, phylogenetic analysis indicated that the
isolates did not cluster within the genus Micromonospora but
were related to members of the genus Salinispora. Signature
nucleotides of the 16S rRNA gene sequence of the isolates
were shared in all but one position (840 : 846 according to the
Escherichia coli numbering scheme) with genera of the family
Micromonosporaceae (Zhi et al., 2009). However, signature
nucleotides of the novel isolates differed from those of their
closest neighbours, members of the genera Micromonospora
and Salinispora, in several positions (Supplementary Table
S2, available in IJSEM Online) and clearly differentiate the
novel strains from both of these genera. The gene sequence
similarity between isolates CM2-8" and CM2-12 was 100 %.
The DNA-DNA relatedness value between the two novel
isolates was 88.94-0.8 %.

Members ~of the two  genera Micromonospora and
Salinispora seem to be most closely related to isolates
CM2-8" and CM2-12. Members of the genus Salinispora
require seawater for growth. The initial colour of colonies
is orange to deep orange and can become darkened after
sporulation. They have arabinose, galactose and xylose as
diagnostic sugars in whole-cell hydrolysates, MK-9(H,) as
the major menaquinone component and fatty acid type 3a.
Members of the genus Micromonospora have arabinose and
xylose as the major sugars, and MK-10(H46) and MK-
9(Hy ) as the predominant menaquinone components. All
members of this genus exhibit yellowish white to orange
brown substrate mycelia and turn greyish black to black
after sporulation. Isolates CM2-8" and CM2-12 can be
clearly distinguished from members of these two genera in
terms of colony colour, physiological characteristics (i.e.
the requirement of seawater for growth), characteristic
whole-cell sugars, predominant menaquinones and fatty
acid composition.

These data suggest that the novel isolates do not belong to
any known genera of the family Micromonosporaceae.
Differential characteristics for the isolates and members of
related genera in the family Micromonosporaceae are shown
in Table 1.

On the basis of phenotypic, chemotaxonomic and
genotypic data, isolates CM2-8" and CM2-12 are readily
distinguishable from the members of all established genera
in the family Micromonosporaceae. Therefore, it is proposed
that isolates CM2-8" and CM2-12 should be classified as
representatives of a novel species in a new genus, for which
the name Actinaurispora siamensis gen. nov., sp. nov. is
proposed.

Description of Actinaurispora gen. nov.

Actinaurispora [Ac.tin.au.ri.spo’ra. Gr. n. actis -inos ray; L.
n. aurum gold, the colour of gold; N.L. fem. n. spora (from
Gr. n. spora seed) a spore; N.L. fem. n. Actinaurispora ray
(fungus) producing orange spores].

Gram-positive, non-acid-fast and aerobic. Form exten-
sively branched substrate hyphae. Colonies are strong
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Fig. 2. Neighbour-joining tree (Saitou & Nei,
1987) based on almost complete 16S rRNA
gene sequences showing the relationships
between CM2-8T, CM2-12, and strains of all
type species of recognized representative
members of the family Micromonosporaceae.
The 185 rRNA gene sequence of
Streptomyces ambofaciens ATCC 238777
was used as an outgroup. Asterisks indicate
branches of the tree that were also found using
the maximum-parsimony (Kluge & Farris, 1969)
and minimum-evolution (Felsenstein, 1997)
methods. Bootstrap values (%) of 1000

ATCC 238777 replicates are indicated at branch-points; only

(M27245)

values >50% are shown, Bar, 0.01 substitu-
tions per nucleotide position.

reddish orange in ISP 2 medium and do not darken after
sporulation. Single spores with rough-surfaced spores (0.4—
0.6 ym in diameter) are formed on substrate hyphae.
Aerial mycelium is absent. Spores are non-motile. A pale-
yellow pigment is produced in ISP 2. Cell wall contains
glutamic acid, glycine, alanine and meso-DAP. The N-acyl
group of the cell wall muramic acid is glycolyl, Glucose,
xylose, mannose and galactose are detected as whole-cell
sugars. Contains phosphatidylethanolamine, diphosphati-
dylglycerol, phosphatidylinositol and phosphatidylinositol
mannosides as cellular phospholipids (phospholipid pat-
tern type II). Predominant menaquinones are MK-9(Hg),
MK-10(He), MK-9(Hs) and MK-10(Hg); minor compo-
nents are MK-9(H,), MK-10(Hy) and MK-9(H,). The
major fatty acids are js0-Cis.q, i50-Cj.q, anteiso-C,y.g,
anteiso-Cys.9 and is0-C,7,¢; 10-methyl-C,7., is also found.
Mycolic acids are not detected. Isolated from soil. The type
species is Actinaurispora siamensis.

Description of Actinaurispora siamensis sp. nov.

Actinaurispora  siamensis (si.am.en’sis. N.L. fem. adj.
siamensis pertaining to Siam, the old name for Thailand,
the country of origin of the soil from which the type strain
was isolated).

Morphological, chemotaxonomic and general characteris-
tics are as described for the genus. Utilizes D-glucose, L-
rhamnose, melibiose, lactose, D-galactose, cellobiose, D-
fructose and D-xylose, but not p-mannitol, D-ribose,
raffinose, glycerol, salicin or L-arabinose. Weakly positive
for peptonization of milk and gelatin liquefaction. Negative
for hydrolysis of starch, formation of melanin, H,S
production and reduction of nitrate. The optimal temper-
ature for growth is 25-30 °C. No growth occurs above
40 °C. Minimum pH tolerated is 5. Maximum NaCl
concentration for growth is 1.5%. Does not require
seawater for growth.
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Table 1. Differential characteristics of the genus Actinaurispora and related genera

Taxa: 1, Actinaurispora gen. nov.; 2, Actinocatenispora; 3, Actinoplanes; 4, Asanoa; 5, Catellatospora; 6, Catenuloplanes; 7, Couchioplanes; 8, Dactylosporangiums; 9, Longispora; 10, Luedemannella; 11,
Micromonospora; 12, Pilimelia; 13, Polymorphospora; 14, Salinispora; 15, Spirilliplanes; 16, Verrucosispora; 17, Virgisporangiunm; 18, Planosporangium; 19, Pseudosporangium; 20, Krasilnikovia; 21,
Hatnadaea; 22, Catelliglobosispora. Data are from Thawai et al. (2006), Couch (1950), Goodfellow et al. (1990), Lee et al. (2000), Lee & Hah (2002), Asano & Kawamoto (1986), Ara & Kudo (2006,
20074, b), Yokota et al. (1993), Kudo et al. (1999), Tamura et al. (1994, 1997, 2001, 2006), Thiemann et al. (1967), Matsumoto et al. (2003), @rskov (1923), Kane (1966), Maldonado et al. (2005),
Rheims et al. (1998), Stackebrandt & Kroppenstedt (1987), Vobis (1989), Wiese et al. (2008) and Ara et al. (2008a, b). +, Present; —, absent; ND, not determined. Ara, Arabinose; Gal, galactose;
Rham, rhamnose; Rib, ribose; Man, mannose; Xyl, xylose.

Characteristic 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Spore chains - + - + + + + - + 3 - - + - + N - - - ND + +
Spore motility - - + - - + + + - - <€ + K 1 + — + +1- - - - -
Seawater - - - - - — - — p— ND - 3 ND H - b - ND ND ND ND ND
requirement
for growth*
Diamino acid m-DAP m-DAP m-DAP m-DAP m-DAP L-Lys L-Lys m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP, m-DAP m-DAP, m-DAP
3-OH- 3-OH-
DAP DAP
Majﬂr 9(“6): 9(H4,ﬁ) 9(“4): lo(He,s) lo(Hs,s), 9(Hs), 9(H4) 9(H4,6,8) 10(1'[4,6) 9(H4,6) 10(}{4,6)1 9(H2,4) 10(“6.4): 9(H4) 10(H4) 9(H4) 10(H4,6) 9(Ha,), 9(H6) 9(“6,4,8) 9(Hs) 10(H,)
menaquinone(s) 10(Hs) 10(H,) 9(H,e) 10(Hg) 9(Hy) 9(He,4) 10(H,)
(MK-)
Phospholipid PII PlI PII PII PII PIlI PII PII PII PII PII PII PII PII PII Pl PII PII PII PII PII PII
typet
Fatty acid 3b 3b ad 2d 3b 2c 2c 3b 2d 2d 3b 2d 2a 3a 2d 2b 2d 3b 2d 2d 3b 3b
typef
Characteristic Xy, Ara, Ara, Ara, Ara, Xyl  Ara, Ara, Ara, Ara, Ara, Ara, Xyl Ara, Gal, Man, Ara, Ara, Gal, Gal, Xyl, Rham,
whole-cell Man, Gal, Xyl Gal, Gal, Xyl, Xyl Gal, Gal, Xyl Xyl Gal, Xyl Xyl Gal, Xyl Rib, Man, Gal, Man,
sugars Gal Xyl Xyl  Xyl/Xyl Gal Xyl  Man, Xyl Xyl Man, Xyl, Man, Xyl
only Rham, Xyl Ara, Rib, Gal
Rib, Ara Rib Ara,
Xyl Rham
DNA G+C 72 72 72-73 71-72 71-72 71-73 70-72 72-73 70 71 71-73 ND 71 70-73 69 70 71 714 73 71 70 ’ 70
content (mol%)

*Data from Maldonado et al. (2005).
tAccording to the classification of Lechevalier et al. (1977).
$According to the classification of Kroppenstedt (1985).
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Actinaurispora siamensis gen. nov., sp. nov.

The type strain is CM2-8" (=JCM 15677" =BCC 34762"),
isolated from temperate peat swamp forest soil in Chiang
Mai Province, Thailand. The DNA G+ C content of the
type strain is 72.6 mol%.
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