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Abstract

Identification of plant associated actinomycetes has been substantially increased and their
impacts on medical applications have been addressed. One of significant metabolites produced
from endophytic actinomycetes is polyketides. Many of active polyketides are recognized as
antibiotics which are bio-synthetized by type | polyketide synthase (PKS I). The enzyme is
encoded by PKS | gene. Therefore, this study emphasized on screening of endophytic
actinomycetes which were potential to produce active polyketides through the existence of PKS |
genes. One hundred and nine strains of endophytic actinomycetes were isolated from sterilized
healthy leaf, stem, rhizome and root of plants in the family Zingiberaceae collected from several
areas in Thailand. Based on phenotypic characteristics and 16S rRNA gene sequence analysis,
these strains were identified as Streptomyces (53 isolates), Microbispora (17 isolates),
Micromonospora (12 isolates), Jishengella (7 isolates), Nonomuraea (5 isolates), Actinomadura (3
isolates), Jiangella (2 isolates), Sphaerisporangium (2 isolates), Streptosporangium (2 isolates),
Asanoa (1 isolate), Dactylosporangium (1 isolate), Kutzneria (1 isolate), Phytohabitans (1 isolate),
Planotetraspora (1 isolate) and Saccharopolyspora (1 isolate). On the basis of polyphasic
approach, strains BR3-1 KK1-3 and SC1-1 were proposed as novel species and named as Asanoa
endophytica, Phytohabitans kaempferiae and Nonomuraea stahlianthi, respectively. Crude ethyl
acetate extracts obtained from all strains were evaluated for antimicrobial activities. Of these,
25% (27 strains) were active against at least one of the test microorganisms. More than twice of
bacterial isolates (61 strains, 56%) were found PKS | gene positive when using their genomic DNAs
as templates. Genetic result indicated that many strains could be polyketide producers. Diversity
of PKS | genes of Streptomyces spp. isolated from Alpinia galanga was shown. Some of the genes
were highly similar to polyketide antibiotic genes in database involved in nigericin, rapamycin,
azalomycin, herbimycin and geldanamycin production. However, more than half of the PKS |
genes obtained from 27 Escherichia coli clones were unknown. Our results concluded that
endophytic actinomycetes isolated from Thai zingiberaceous plants are diverse and many of
them have potential to produce novel biocactive polyketide substances. 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 85% of actinomycete strains
exhibited the anti-microbial activity. Antimicrobial assay-guided fractionation of the ethyl acetate
extract of representative actinomycete isolate AG2-1 vyielded the known compounds,
geldanamycin, which exhibited the neuroprotective activity at very low concentration (1 ng/ml).
Based on these results, it could be concluded that tissue of the Zingiberaceous plants is a one of
interest source for the actinomycete investigation and should be represented an excellent source

for the discovery of bioactive compounds.

Keywords : zingiberaceous plants, type | polyketide synthase (PKS 1) gene, biological

activities, taxonomy, endophytic actinomycetes
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mMdeaseiilunsfnyianuvainraneuaznisnszatedvesdeiaulaliinuendluded
naniysddluniiniasieg vesUsewmelng loun viiu 39 91 Iwa nseite nsvwie dudn
ungn nza1 nsuled Wudu massufinwgnsunteseaduszamanarsadaveuiilaain
& ao Ja & ay o o & A A ca v
ot W mnnevedlasansidelife  anansauenieusaludednainileteiiviedvdlila
ag ey 100 lolatas YiN13InNguamaItufnyIANUNaINAIEKAN1INTEINEFIVD
dy v Y 0O Y a = == dll ¥ v
WelnwanfAutoyavesdnuiapdlolndluy 165 rRNA gene uasfinwiielvinsiudnuuen
sunsudsulusyivanaveeluwdazndy nluAnenwesunuielunduiiaulaned
wnllnduderlinlmiundnwanuaemeeunsuisiuauiseivalid medayavesdnua
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maillulnd wlulnd wagdlulndnuiu saendaidoniewedunuvesusaznguuiediy
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2.1 anwmzm‘lﬂﬂmuaﬂmhuﬂﬁw
=~ v . < | N a Aa a ~

woARlugledn (Actinomycetes) LUNGgUUDILUATISHLNTUUINTNUSIN AU AN T ULAY
laln@u (G+C content) Tufldutoganinninfesas 55 (Williams et al., 1989) d5Us19
wanviane W sunay sUvieu wasiduly weadludedndiulnyduiusmenisaiales d
avesnasnsenveduuiduleainia (aerial mycelium) n3aidulee1un1s (substrate
mycelium) alasinaranunsanumiuieuldibniies @uegivana) uiaiuisanuneniny
wiwadldd Fsanunsarsstinegluanizwindenilimueanlidunaiu

weaRtuduavnunszatwegMIlUlusssuwnd wu fu (wuanniian) uvas neansie
dn wazily d1un1na159T3nuuugInsIng (saprophyte) Lasgiavlalaunisdasadans
#150UN38 (organic matters) WANUNBRANUATITIAUUUUTER (parasitism) W3BLUUNINT
21¢e (mutualistism) AUNINSBERT (Goodfellow and Williams, 1983) u1ewinnalsalu
m‘qmﬁ LU Mycobacterium leprae %w‘jummmmism%u ey Mycobacterium
tuberculosis Fuduanwsvesinilse viiianelsaluiiy 1y Streptomyces scabies Fdu
awnvaslsayaiiunsy (potato scab) wazurvwiianelsaludnd egndlsinuueniluliednd
wulusiudunnndnlinelsa weaRlusiednulswlia Wi @na Frankia ausaenfeeadiusn
= -dl 1 = ¥ % al v t:’f( (-] %
Huetiensalulasiauld (Coyne, 1999) dnsnsnusenilusisdndusgivaninwinaey
WU @anngiianans gaumadl Arrudunsa-ang Usunaa1sdunsd Ysumeinia uas
A11UTU (Goodfellow and Williams, 1983) weadludsdnaziasylaludlufuden Wesan
2 a a a PR | vy a v a [ %
Aoin1seendlaulunisiasy aunsasgyluannznidunelad lnsuerhludednieosay 95
nuludunianeiduarsuayluvauziforfuweadlusiednlliauisaasayluaniizfiinny
Junsals leadlaaranudunsaanetdesnin 5 S1uiuneadlugedninuazanas (Coyne,
1999) lusssumdanunsanuusennsvesuwendludvanluana Streptomyces launniflaiiisy
Auanadue (Hayakawa, 2008) laeitsenuwanflufednluanadug woniuileain
Streptomyces TLARULTEENII8IA (rare actinomycetes)

< A o o a o & ' a A caa v a ay v

Junnsuiuaduesdludvdndunguadunsdniaiuaiunsalunisadsansmiegile
A u 9G¥ a1snldlunianisunmd aeamnssy waznsinens tnglunyvesaiseen
VNN IMNAAINAUNIE (Useanas 22,500 wlla) wuiieway 45 ndnlaewanmlugledn
(Berdy, 2005)



2.2 N13NTTAYVBILRARLULEEN
woafludlsdnnszagegilulusssuyd drlngidssiinduddovaasansdunsd
viwiiadudenelsa visliweniludednasoegondelusssumfuazunviineduagludiv

2.2.1 msnszangvauannludeanlusssuvia
Au lnganigegedeiuifiansdunidvionsndriinaziluunasiiogendenis

ada o w

535U AN AyRgaveweniludedn woadludvdnmaidiunumddglunisdesaans

o

a5dun3d Taglamzminifiluanavuinlug 1wy aniu wazladu (Alexander, 1977)
uenanlufuwdidiannsonuneniludednnsyarslévialuludeniin ezneu 1h Taau uas
Fusausinia Sruruvesenlutedvlufossiutuegfuriinvasiu Snumgnanisnm
W Anadunsaning wasUSunuasdunsd Iwﬁuﬁmimwmﬁﬁﬂ%mm%aﬁaga IIUIUVDY
wondluyAninuazganinluiiuififitadiaiinaios (Hayakawa et al, 1988) wonAdlus
Anfiwuannlusssund fe ana Streptomyces Benunszatedniefiganagianuvuiuiu
%ﬂﬂizmﬂiqqﬁqm (Uszanauegay 70-98 va391uIuUseyIng) ﬁ’;uaqa%uﬂ Anuseasn
fa Nocardia Actinomadura waz Micromonospora \ngnuageg9gnuauysallaganise
wuldlufunnaila (Alexander, 1977)

worplusfdnanusanuldluunadaiiin Tng Waksman (1959) léesureinly
‘1/18Lﬁﬁ?Uﬁﬂ%@ﬁuﬁLLE]ﬂaIuﬁEJaVlEJQjMWﬂM’]EJ %1 Cross (1981) l¥s1saunmsuenuonflusiodn
1uﬁqa Actonoplanes Micromonospora Rhodococcus Thermoactinomycetes Wa¥
Streptomyces nunastinia Gaweadlutednivarionazgnurdrseoniniuudluavan
GQIULLMENIEW%@ (Goodfellow and Haynes, 1984) @uwaniludednana Actonoplanes g
afavesteegnislugeiy Faansanusoannzuraudaldiiunaiuiu wazazvanddes
aUa%m‘ﬁauﬁaaﬂmLﬁaaQIULLwdaﬁw Jadumanaiiansnsanuuendludvana Actinoplanes
Iehlulufuannuithuasnziaanu (Makkar and Cross, 1982)

AauIndoun1anzia 1y avneu aueadidinlunsia lidrandu e
A8 LAZINT LU Lﬁu’ﬁﬂmeﬁ'agawﬁﬂmaqLLaﬂmuﬁsﬁmﬁﬁmmwmm/ims (Bull et
al, 2005) weAdlusfAmmmziaanansanulimly wissnuldniianlunznou Tasiame
ngnaunthweiau Lesanfiansduvidas Inenzneuaunsanuana Micromonospora ¢t
1n (Bredholt, 2008) wenINEEsaNIINULEARTLIEANANalMIINAIRdoNTNINEzI
oA ana Salinispora wazweARluTuanalTdlnl 1y Verrucosispora lutea (Liao et al,
2009) Verrucosispora sediminicola (Dai et al., 2010) Asanoa iriomotensis (Tamara and
Sakane, 2005) way Nonomuraea maheshkhaliensis (Ara et al., 2007)

UBNAINNITNITLANBVDILDARLUNBANTUSTINTIALAY TanUILoAR uuE U9
¥ilanszatefudnuseusniy Feuuinaseusnduuinaiisninatusnfivuazdu
Unadififanssuvesgduviddas Inesnfivazndsansnszdunisiatauesuendluiodniidiqns
Fudennelse luvasivonilufodnesldansiindunnlunsesyuardunssiansiy
\Fo9aun3d (Crawford et al., 1993) ansnsanuuendlutdnatidlminnfuseusniivls



WU Pseudonocardia rhizophila (Li et al., 2010) Sphaerisporangium siamense
(Duangmal et al., 2011) wag Nonomuraea rhizophila (Zhao et al., 2011)

2.2.2 A15N5219V09L0AR IudBEN Uy (endophytic actinomycetes)
wenRlutedniidauduiuslnd@aduiia wazarusanuldludiusisqeiiy
Tnglihdudunsie esnsnfivduiatuiu ueaflufodnnguilionineulalnfinueaily
18 (endophytic actinomycetes) (Hasegawa et al., 2006) nsAaLenaIunsaiilalag
Mssdeusnaiveiadofivvioatnaniedefivauly (Hallmann et al, 1997)
Frankia \Jueulalrl@nueadlusivdnanausnifisenumsfunuludusnues
Comptonia peregrina (Callaham, 1978) lnaandlunisnislulpsaulunguiivdilily
msga{ﬁ (non-leguminous plants) @ruteulali@nueadluifodnanadug Anu i
Nocardia  Micromonospora  Microbispora  Actinoplanes  Streptosporangium
Streptoverticillium Wag Saccharomonospora wWJudu (Petrolini et al., 1991 ; Tian et al.,
2004 ; Cao et al., 2005) Wadanadiwuldunfiaaanideidodin fe ana Streptomyces Taw
Sardi et al. (1992) lausnieulalwinuoadlugiedn a1nivls 9w 49 lelaan wuiniesay
96 L‘fluaqa Streptomyces ﬁauﬁmﬁmﬂuaqa Nocardia Micromonospora — Wae
Streptosporangium Taechowisan et al. (2003) lavinisusnieulalnfnuendludedn
91w 330 lolgian aniivayulnsvedlng 26 vila wuindruluaiduana Streptomyces
LLazdauﬁmﬁaLﬂuaqa Microbispora Nocardia Wa¥ Micromonospora Petrolini et al.
(1991) lasesrunsuentoulalnfnieadludedndiuiu 1755 leloian 9ansiniea1uIu
205 #1019 156 viln wuinfesay 80 Wuana Streptomyces wazfindewuiduanadus
WU Micromonospora Actinoplanes Streptosporangium — Streptoverticillium — Wag
Saccharomonospora a1nn1shantaulalWinueaRlutedna1ns1nU11a1899
Coombs and Franco (2003) WUiWL%’aﬁLLﬂﬂlﬁﬁmagﬂuaqa Streptomyces Microbispora
Micromonospora and Nocardiodes uaﬂﬁ]’lfﬁi Cao et al. (2004) wag Tian et al. (2004)
ganudnoulalwinuendluiodnana Streptomyces wusnlundiey (Musa  acuminata)
WazU7
wulalwAnuendlusiodniuenld annsaadrsansufdruzuazansmiogivus 7
Juuselowila lne Vercesi et al. (1992) lafauen Streptomyces spp. 9MNEUANY VDS
grapevine berries afignilunisdudsBaduazanfiondeogludsuindonifioadty
Taechowisan et al. (2003) lénedeugrissuitesanioulalrfnueniludedndiuenls
$1uau 330 lelwian eiildnd1alideund nui1Sesas 0.6-13.2 fgndlunsdududes
Colletotrichum musae waw Fusarium oxysporum usnaniidemuieulalwinueniluse
dnana Streptomyces @111308319a15 fistupyrone ﬁﬁqm%‘“lumaé'fusgfaﬁlaiw LaraIINaY
munumbicins A B C uaz D filgviduuunig (broad spectrum) dewewuniiSe (Igarashi et
al., 2000 ; Castillo et al., 2002)
Fefusdidldieulalifnueniludedmmullufionaevin lunsAnwidlald
arwaulafuiivagulnslnefefivasdlsdanesandoavesivlundiegluiado 2.6



2.3 N15INTUNLDARLUIIBEN

LLaﬂmuﬁﬁl?ﬂVILﬁuLLUﬂﬁL%ﬁ{fﬂagﬂu class  Actinobacteria sub-class
Actinobacteridae order Actinomycetales lag Zhi et al. (2009) iﬁﬁmﬁmﬂwgl,wﬂﬁﬁﬂu
class Actinobacteria Tngl# 165 rRNA gene sequence W3suilsufiudaundnvatuonily
e gnutsesnifu 13 suborder way 42 families Aauansluguil 2.1

JUN 2.1 anuduiusvesaduilindlelndves 165 rRNA gene voaigaludufy

Actinomycetales



2.4 msigadienanualvasaulalwinuaniluivdn

nsiigatiendneel (dentification) vilagldiBn1sAnwieunsuisuiuunednin
(polyphasic taxonomy) eUsznaugaenisAnerdnwazn1efiiulnd (phenotypic
characteristics) n1sAnwIanwazLaldlnd  (chemotaxonomic characteristics) Way
nsAnwanwazn19Tlulnd (genotypic characteristics) %ammiaﬁmﬂsﬂumﬁwmwyj
(classification) veseulalulinuenilutednly Tneflsieaziden feil

2.4.1 msAneanwaznallulnd
dnwazmeillulnt Ao dnwaigsineg AUsngliiiu Wy dnumgmadugine
(morphological characteristic) anwazn13ta3ey (cultural characteristic) anwalENI9F AL
wazasITInen (biochemical and physiological characteristic) laan1sAnwanwuenI9wlu
Induesuwendlusfodn el

2.4.1.1 anwuENFugIuIned

woaRlusodndunuaiiFenfidnvarmeduguinoiunnaaiuinn
fanlumjuuaisoriindu nednwaemedugine fivundne Wy Fveaduleviadule
pmelaziduleemis ﬁmaﬁmi’mqﬁazmaﬁﬂﬁ (soluble pigment) NswANAIAUTBLEY
Ty msadraduloenia maunvsiveanduly waznisadeaves Aildnvuzuansnaiu Wy
AUBIaUas ALNUIvetaUss azn19seedIveaUes) é’ﬂwmzmaé’mgmimmﬁLLmﬂﬁm
fuilannsndanlddamnanyuenilutedvluseduanald (Shirling and Gottlieb, 1966)
Tngansonsagdnvazveadulouazavoslilngldndesqanssmififiiauddesszoring
(long working distance objective lens) fAdswene 40 11 LLazﬂé’aﬂagamsmﬂl,wudmmm
(scanning electron microscope) mm@ﬁﬁumLé’uﬁlsLLazﬁﬂJmim"’;’mqﬁazma‘fﬂéﬂmaL?ﬁyaa
woARLUTEANUUDINTAI ﬁsziﬂu International Streptomyces Project (ISP) (Shirling
and Gottlieb, 1966) Laniisudiu the NBS-ISCC Colour System (Kelly, 1958)

2.4.1.2 An¥ENIFIANLaLEITINEN
NINAARUANYENNTUATUAZATTINYT LU NITNAFBUAIINAINITA
Tunnsldviedesaaeduniding nsimdlumsn nsmegeuauainsolunsaiyd
g fifng Anuauisatunisasgyluanitzanulunsnanesedunie wagnissylu
onsfiillmdunaslsdanandudusing aunsathanlifigatiiondnuaivosuonilusodle
(Shirling and Gottlieb, 1966 ; Arai, 1975)



2.4.2 nmsfnwaneazmaaliind
Asiinsigiesduszneuvengaddnduiiugiureseynsuisiuiad
(chemotaxonomy) axnsathuldigatiendnualkazinduunuenfluded@nle (Komakata
and Suzuki, 1987) TaeAnwessdsznaumaniiluead Wy nsaezilu (amino acid) thea
(sugar) Tusfuriindidh (polar lipid) nsnlesiu (fatty acid) nsasferadn (mycolic acid) Su1a?
Tuu (menaquinone) wazosAUsENaUTDLUALUALOULD (DNA base)

(1) 29AUIZNOUVBINLILTAR

werfluieanintuvadiiusenoudiaiuuilalnawau (peptidoslycan)
Tassadiiugruvenduilalnaunulsenoudrenislulawmsn 2 4iin Tdun N-acetylmuramic
acid wag N-acetylglucosamine LLazﬁﬂiﬂazmuL%auagﬁU N-acetylmuramic acid lag
Fruunazsinveinsaesiluiinuazwandafulusendlufednudazsidn  ddlunisda
mavyuenrlulisdnazlidnualolguesvansalaeziilufiudn (diaminopimelic acid)
wariavaneda (N-acyl types) vainsndinsnfia (muramic acid) Ainuusamiagaduild
Tunsdnmnany Tnevinveansneriilusinag Anuuandunisisd 2.1 (Lechevalier and
Lechevalier, 1970) sfiavasnsnogiiluiinuluuuilalnaueuiidudoyainuddylunis
Jananyvasuenilutiedn Inensa 2, 6-lnesziluiiwdn (2, 6-diaminopimelic acid ; DAP)
Junseeilusdanisfiaunsanuldluuuilalnauay Tlolowes 2 wuu fie wuu LL uax
Wy meso Insluntfuwadueuanilufodnasinsalaesilufudnidlelunueslfiies 1
yiauiity s?fﬂmm3Lﬁu%ﬁmimﬁmMﬁﬂﬁuagﬁwﬁmmLLaﬂﬁiuﬂaﬁm AN190ATIADUNTA
lporilufidnldlaensinrginninead Ssleluwosvomnsn  laesdlufiudnazgnuen
Tnglgunulasuilans Wiuunszny (paper chromatography) wseldunulasunlansiiuuu
Lsuaf;ﬂ,aa (cellulose thin-layer chromatography) (Komagata and Suzuki, 1987)

a (3 a o/ [ al v
A15199 2.1 89AUTENOUMUANVDINT L TaaLDARLUITEEN

Cell wall | DAB | lysine | ornithine | aspartic | slycine | meso- | LL- | arabinose | galactose
type acid DAP DAP

| - - - - + - + - -

Il - - - - + +5* - - -

If - - - - - + - - -

vV - - - - - + - + +

Vv - + + - * - - - -

VI - + - + * - - - -

VII + + - + * - - - -
VIl - - - + * - - - -

UEMR : + AD LAAINITATINY, * Fip ©1anTIINUNTELUNY glycine,
** f9 9190 TI9NU hydroxy DAP, DAB fe 2,4-diaminobutyric acid,
DAP @9 2,6 - diaminopimelic acid
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2 danaesuaneluwad (Whole-cell sugars)

yiavesimainulugadidudoyadfngninluldlunissuunuasfigad
wndnvalveseniluiedn aunsansieaevriinvesimanmunnislueadlalnenis
Ansginniaead Suhmanmmunnglusadrgnueniaglfudulaslansfiuuunseany
(paper chromatography) w%aisﬁl,muimmimmﬂqumaaﬂaa (cellulose thin-layer
chromatography) (Komagata and Suzuki, 1987) lumsimsizinmanamainulugad
g‘dLLUUGUﬁWU@Qﬁ']maﬁwummiaﬁ'gsﬁ,ua‘ﬁLLuﬂé’ﬂwmzmqLﬂﬁmaqmﬁmaé (Lechevalier and
Lechevalier, 1970) fananslunsadi 2.2

ldl a goJ :.Il L2 a CY a 4" LY L3
M1319 2.2 JUkuutinvesdimananuanslulgadvesuendlufedndsndayad
Usznaumensalaezdlunianuuy meso

Diagnostic sugar
Type :
arabinose galactose madurose xylose
A + + - -
B - - + -
C No diagnostic sugar
D + - - +

3) lusiurdngien (Phospholipids)

woalnaln (phospholipids) lussduszneuvoudeviuiead damduiug
fon1sAuAuNIsIdIoenvesansi udeuead vealnaladdnvauzidunoufinidin
(amphipatic) LﬁawmiuiuLaqaﬁﬁgﬂﬁaummauﬁﬂ (hydrophobic) wazaiuiireuiii
(hydrophilic) FsUsznaushensaneanssn (phospholic acid) n53msnzsinlealnadladeusii
Tngldlasanlansuuunsuu1e (TLO) Anaewiuy 2 &if (two-dimention) #43m (spot) 8
WoalnaUausazudnfinsianuazsmeiuiious (reagent) ¥linfneg Tnevdinvesloalva
?JmﬁmwWummmelﬁﬂumﬁwmwmgmmLLaﬂmuﬁaﬁwlé’ (Komagata and Suzuki, 1987)
ImEJEULLuumanaaIwa?JmsLuL?iaﬁuL%aé (Lechevalier et al, 1977) uanslunns1ei 2.3
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A15199 2.3 viavasealWdatannuluwendlusdedn

Phospholipids
PIM PI PC PG PE PME | GluNu | APG DPG
type

I + + - V - - - V \
Il + + - V + - - V +
Il % + + \% % + - \% V
Y vV + - - \% \ + - +
V vV + - - \Y - + V +

nueng © PIMs, phosphatidyl inositol mannosides; Pl, phosphatidyl inositol;
PC, phosphatidyl choline; PE, phosphatidyl ethanolamine;
PME, phosphatidyl methyl ethanolamine; GluNu, glucosamine containing
unknown phospholipids; APG, acyl phosphatidyl glycerol;
DPG, diphosphatidyl glycerol; V, variable; -, absent; +,present

@) nsaladuluwag (cellular fatty acid)

nsalusiu (fatty acid) Wussdusznevveslusiuludoviuad Tnglutuiide
Vuaadanvaziluieniinidin (amphipathic) Ao Yanedamilausznaudiensanaanasn
(phospholic acid) #inuaudfasy zareu1le (hydroph|L|c head) wazUatedndranis
Usznaumensaluiu 2 ¢ mmmammiuavmam (hydrophobic tail) nsalusfhiludevu
waduwiseanidu 2 viin fie nnlusiudud (saturated fatty acid) uaznsnlusiulaidusy
(unsaturated fatty acid) ueaRlusiodnudazaniusaziidovinwadiusznoufensalusiy
insviiafu Inoguuuuvesnsalusfiuinuamisaldlunsdanuaanyvosuondludeodnls
(Komasata and Suzuki, 1987) auisawennsaladuiinuluivadlélaeldindasuia
lasulans il (gas chromatography, GC) warasiznyinvensaluduiisuiugiudeya
284 Microbial Identification System (MIDI)

(5) nindsmadn (mycolic acid)

nsasfonedn Ao nemlviufifiviueadainzegfuaiusuiumied 2 wagd
mgvl,amaﬂ%amwaeﬁum%‘uauﬁhLmu'ﬁi 3 (2-alkyl-3-hydroxy fatty acids) (gﬂﬁ 2.2)
UsznNaumenIsusu 24-90 axmoll ﬂﬂwuiuaqa Mycobacterium Nocardia Rhodococcus
uaz Corynebacterium nsasfoasdnagnueglunuaiiSeffiniusaduiod v @loluoives
nanlnoziluffianfuuuy meso Antuead waziiniaozsdlua waznuaninaniely
wad) nanteaednanunsnldlunisduundelussduanald nsafeaednfinuluntaeadues
wupiseiinansin 1wy lnaledlna (glycolipids) WludnlnaladaUn (phenolic glycolipids)
vselnalaudlaadn (slycopeptidolipids) (Komagata and Suzuki, 1987)
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R-CH-CH-COOH
|
OH R

UM 2.2 lassasnsvaansadunadn

(6) lelanwsussanlluu (isoprenoid quinone)

Tolgnsupeamiluy  JanudiAgymessuvvuddiaanseulunszuiuns
wela edluy (quinones) nanesdanuluwaduuaiise Telenduessadlunsiadinuldun
fign fio fuieiluu (menaquinones) (Ul 2.3) wazgdailuu (ubiquinones) wiavesniluy
wazdwIunievatlelaniuy (isoprene units) luanely wazszivveinsiinujiselalasd
Wiy (hydrogenation) vasiuszalunulgloleniy gnihunldlunsinduunuasiiaa
lONaNWAIYOILOAR IWTEEN N13RTIaATIERTTinvesmd luukasUSunamnisveslely wiuv
Ialneldaspunaanlnsiams (Mass spectrometry, MS) LaznUIIM e Teilaeldiaies
lasunnnsilveamvalaussauggs (high-performance liquid  chromatography, HPLC)
s2uAUn19lE ATl AT IR UUUHUUIITanndULHa (reverse-phase thin-layer
chromatography) @1u1503nsziailuuldegiesinds wazinseddasuilinnsmvesnas
aussourgedilduon wazmsradevasdUsznaviiiviimutes sauiesslddmiuns
Aas1zvialudludeUsanadls (Komagata and Suzuki, 1987 ; Collins et al., 1977)

JUN 2.3 Tassainavesiiunailuy

(7) asRUsznauvaLUaluALdULD (DNA base composition)
AoweUsznaumsiua 4 wia fe azaiiu (A) ndu G) leladu (O) uwazln
Ty (N Feanunsnianldlunsdnuunuagseyvlinveinendludednlussivana uazondae

)}

zylanessavaladd lnevaluasdusenaunugiuvestlunuuaisedusunanua G+C Aaud

all

Yova 25-80 GawenRlusipAniuiinaiva G+C Tuiluugs Jeanunsausnuenilusidnoon
MnuuafiSedug 18 uenaniosdusznouresualufiduevesaneiusifertuddarog
Tutauau (1 -3 mol% G+C) Frumiuunnsinsvesesdusznevvenualufduedsanuse
YBNAULANANNALUDIIUY LATEIUITAUBNANULANASIUSEAUAUTALS (Tamaoka, 1994)
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2.4.3 msAnwanwasmalulnd
doyaluarsiugnssn (DNA) veadeuvaiife finrmdrdysenisdnwinisda
ANy (systemetic) vosuuaiiaiduag1auin nsdavuianyvewuaiisedndoudny
foyanes 165 rRNA gene UuameRdue Wedumasiiaunisveantolasnsinsesian
AuliiutsanedTuinis (phylogenetic tree)

(1) anuiinadlalnduuaefiduevas 16S rRNA gene
A aAda a I Py ~ Aa & A v ) 2 v
adaiTinansvidaonalulndBaiuuinneNaziifduenadatefuunn wandills
Tulaufraneiu Islulvadulaswasiudng meluwas vuthndansizilusiu 1slulan
Usznaumelusaunazlsluluiaasidue (rRNA) Islulasiaansidue asralagademdaanna
Wuedulslulaiaonsiduedanseu (rRNA cistron) Tukuaiiisennaila drduila adlelng
Y84 rRNA  gene WUINHAMUAIAIEININ Wiz iITaunsuIuIuLAd s U TinalalnAay
a v = ' ya aaa ) = va o v aa & a
Wasuldtaeunn F9runemnuinegasddinaassnazdanulnadsiutsswazliullf duen
Aaneiu wendsidsuinnalelnalulslulataosiduedansounataiiu Amiumaeaaaiuil
ansaldiduniesinanulndlnssvnineddidinlaluszauana (genus) 294 (family) uag
dUAU (order)

(2) DNA-DNA hybridization
DNA-DNA hybridization JudSnmsdenlunisiuseuiisuiluuveade 2
anwwug Getlaqiiudl DNA-DNA relatedness figanindesay 70 gnltilunasinesuiu
drusumsimueaneiugliluaeiugifieddu (Wayne et al., 1987)
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2.5 asnfeginaznisdansizianmiegiiannuaniludedin

Huiinswudiuendluenaunsondnarsmisniidgninisdinmiivainuane
Tnglunduansoanguimatinmiiinanngdunidyssana 22,500 ¥daty nuiunanuend
Tusfodnuszanas 10,100 ¥dia (Berdy, 2005 ; Dharmaraj, 2010) Fsansiilaainueniludedn
ﬁ?umuimdié’mmﬂaﬂa Streptomyces %uﬂuaﬂaﬁwumiﬂi maﬁ‘;asiﬁ‘ﬂﬂiu%mmé’au
mummm’suaﬂsaamammiumimLLaﬂqu:J&Jawmwm (Dharmaraj, 2010) lngasngy
wdnfiuendlusodnasstuiiy fe a1slunguinddlng (Seway 40 vauanun) (Hranueli et
at, 2001) Tnglwddlndiduansyfogifilassadimainvanefauuuisumuozlsunin
(aromatic) TWauivawmusaalauiifllaseadavualvg (macrocyclic lactones) @ans
MEELARTUIINATAI UL (condensation) N8R0 TLAM (acetate) U1 1aLUA
(malonate) uaglnslnlowun (propionate) dsendunisyinauveseulsy Mdendt Indalnd
éziuma (polyketide synthases, PKSs) ) Faeululinanlnsdumatidusarmunnisdansige
ansmausnIsdenieudu (starter unit) wazwtesield (extender unit) AINLENIVE
A19A15UDU N385 UlUlATIASI987T SEAUTINTEUIUNITIANTU LLazmiéuqmmi
Hups1eat Wenmsviheueseuleindflnddumaduanansiianssuiumssodulasead
Tneweulasidue Funends 1wy ms@wyjﬂfﬂma (glycosylation) n1siAuvLLeTa (acylation)
n1siAuvyweafa (alkylation) kagnszuiun1seendndu (oxidation) virlvansindalnadl
Tnssadsfinanuane (Ridley and Khosla, 2009)

2.5.1 asnfegiingulnadalng
fegrvesasindatnanldduenivszansamlumendin ldun enufdaue
(erythromycin A, rifamysin S) mﬂﬂgﬁﬁ:uﬁu (rapamycin) 818113851 (amphotericin B)
v a . v & .. ' aal v
geUUTER (avermectin) wageinuLeL3s (doxorubicin) Ingnguuesansindflnanasneain
woadludedn sl

1) nqueslsuAnlndalng (aromatic polyketides)

arsnguililassairafuraumueglannin nsdwlvggndnnsgsilag
wuledindalnddumaningl 2 990 Streptomycetes (Rohr and Hertwec, 2010) #8814
arsezlsundninddlvaainuendludedn 1wu daunorubicin (i‘th?i 2.4) @1 Streptomyces
peuetius Faldiduedueaduzise (Weiss, 1992) @13n&Y tetracycl mes (i‘U‘Vl 2.4) 9710
Streptomyces Lﬂumﬂgmuvwaaﬂqmmw (broad-spectrum) aaﬂqwmwuaummimm
v (bacteriostatic) Inglugfudansdunszilusiu ( (Finlay et al., 1950 ; Sneader,
2005) Uagda1sngu pradimicins 310 Actinomadura spinosa way Actinomadura hibisa il
grsnslumsdudadesuaglada (Walsh and Giri, 1977)
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Daunorubicin Tetracyclines
JUN 2.4 Tassaievesansngueslsandnlnddlnanasieanueniludedn

2) nguuualastag (macrolides)

asnguiiilasaadusmuiaalnuruelng lassaeinilua naves
dhmaundouse é’hashwaamiﬂfjmLL:uﬂiﬂﬂaﬁﬁa%ﬂmﬂLLaﬂﬁiuﬁaﬁw LU erythromycins
(g‘dﬁ 2.5) 97 Saccharopolyspora erythraea %ﬂﬁ@mﬁuﬁmumiﬁ’]m‘%@LL'UﬂﬁL%‘EJLLﬂiiJ‘Uﬁﬂ
Tngeengnasudanisdauaszilusiu (E-Enshasy et al, 2008) avermectin (U9 2.5) Falet
910 Streptomyces avermectinius ifnannlunisatnesuaziiuansainuuas (Takahashi
et al, 2002) uawrapamycin (Ul 2.5) fquinagiduiu Sausnldatausnan
Streptomyces hygroscopicus (Vezina et al., 1975)

Erythromycins Avermectin

Rapamycin

UM 2.5 lassainsvesansnquuaalaslaniiaiiannienilusiodn



16

3) wuAlAsleAanlngdu (macrocyclic polyenes)
uelasleadninddu Wuamsnguuuelasladilassaiadiussdaduiuiuse
{Aemaneqa (conjugated double bonds) Froeswasanslunguil 1y amphotericin wae
nystatin (g‘dﬁ 2.6) 910 Streptomyces nodosus Wag Streptomyces noursei MINENNU %ﬂﬁ
Qmamﬁ’ﬁiumiﬁﬁm%@ﬂ Imaaaﬂqwéﬁwmamﬁamaé (Hazen and Brown, 1950 ; Ab-Satah,
1996)

Amphotericin B Nystatin

JUN 2.6 Tassasvesansnguuualasleadninddunasisanieniludedn

4) nauLaudeTY (ansamycins)
Tnssadevesansnduuounifodulsznausiseslsuninluds (aromatic
moiety) tieustefiuseaisoraniin (aliphatic chain) tnsasiausnlunguiifignéuny fo
rifamycins (E‘U‘ﬁ 2.7) 210 Streptomyces mediterranei Fefidnonmlunsiuidealse
(Margalith and Beretta, 1960) yonanilddl geldanamycin (gﬂﬁ 2.7) 70 Streptomyces
hygroscopicus Tifignsfuaduzisa (Vega and Maio, 2003) Iﬂﬂﬁﬁiﬂdmﬁgﬂé’al,ﬂswﬁm
neuleiindalndfumaniadl 1 (He et al., 2006)

Rifamycins Geldanamycin

U 2.7 lassasisvesansansnquueundeguiiaiannieniludedn
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5) ngulnadines (polyethers)
lassaisvesasiunguinddinesusenaumiedmes (ether group) 1NN
vik wuhaaamgluweadludedn Tasdqsuuunin waeiidnenmillansiulunsamunm
Fouvafi3edos) Usdn uazusida fregrearslunduil Wy monensin (3Ul 2.8) 170
Streptomyces cinnamonensis Wag salinomycin (gﬂﬁ 2.8) 910 Streptomyces albus W@
8§93 maduramycin 910 Actinomadura rubra (Droumev, 1983)

Monensin Salinomycin
JUN 2.8 Tassasvesansngungulnadmeinasisannueniludedn

6) nau enediynes
. I3 ' ada o v ¢ <

enediynes L‘IJ‘IJﬂEleﬂ’]i‘iﬂﬂﬁiill‘?ﬂﬁ]‘l/lllﬁﬂEJﬂ’]WIUﬂ']iG]’]L!L"’ZIﬁaNBLiﬂLLag
qﬁum%é LU neocarzinostatins calicheamicins esperamicins dynemicins lidamycin way
kedarcidin vJudiu daed1elassadisvesanslunguiuandlugud 2.9 lnearsnguilgn
duasgrunaneuleiindflndgumasiind 1 wuu terative uapdludednananiasianguil
laun Streptomyces Micromonospora Wag Actinomadura (Van-Lanen and Shen, 2008 ;
Horsman et al., 2009)

neocarzinostatins calicheamicins

JUN 2.9 1A59a319v83a13ngu enediynes ias1eanuenfludedn
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2.5.2 wulgduasdulnanlnaguma
oulwlinddlndduma anunsouvsnguldnudnuuglassaiiweaeulesii
unsneiu Tatloulsdivandgndaunsgiunandulndalnddua lnaoulsiuvseanidu 3
3Ua (Hill and Staunton, 2010 ; Hertweck, 2009) Fai

25.2.1 woulwlwdalndduma viafl 1 (type | PKSs) toulesllunguiianunsa
wuseantiilu 2 Useiam leun
1) modular type | PkSs oulediiflvunlvguaziinareniai
(multifunctional enzyme) Usgnaumenaigluna (module) wiazlunausenaumelaiuy
(domain) vidnegetios 3 lawu taun Ala@uma (KS) le@ansiuamlaisa (AT) wasiedaunas
wwoslUsiu (ACP) uazlunaniaazusznoufelaniiisdeaiuufizernisiinisnduves
vyfle dun Ala3dnma (KR flensna (OH) wazdludaddnma (ER) Fevimihfiaou
wiiAladulansenda (hydroxyl) 8luda (enoyl) wazdada (alkyl) audidiu lngenafinselud
Tnwunaifld arslnddlndidnaneildaneuleitoilasadaduumuuaniay
Fred19v09toulasld Ao n1sdaLAsyd erythromycin (gﬂﬁ 2.10) lngtoulay
6-deoxyerythronolide B synthase (DEBS) 13ua1nn15a319anendalndannuihesusu 1
lutana Ao propionyl-CoA Laznuigsiatin 6 lutana Ao methylmalonyl-CoA 1384
pudiumshereusarlunaeswailesauilunaanine Tnseulesidl 6 luga udas
Tunadlaumdn fo KS AT uag ACP uendnlawuvdniudlulugadl 12 5 way 6 dad
Towu KR Gehwihitsadwyalaluidunglensenda vsilunail a Sslawm DH ER was
KR siwthisiadnyAlaluidusiusyife uidmsulugad 3 lifllaww KR viliingAlaased
druvthuedunadl 1 Hulawuudulszneusme AT uag ACP iwihiidenieBudunas
wigsolRudusnitun? DEBS dwiivarsvedlunadl 6 flawnlvlowameisa (TE) ¥
nirivdosarslnddlndfidansiziiaieanysaiudndonfufursnanlanuves
6-deoxyerythronolide B (6dEB) mn‘tfu%qL%ﬁgjﬂizmumiﬁmLLUaﬂumauﬁw (post-
modification) IngieulwsBuillaldlnadalndduma ldun nmadunylansenda uaztheals
\Ju erythromycin A %Qﬁamﬁﬁﬁumﬂﬁ%aum&ﬂ (Donadio et al., 1991)
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3'1]17i 2.10 MsduATIZI erythromycin wazn1sisesdavesioulesl DEBS (Hopwood, 1997)

2) Iterative type | PKSs toulwsiusenausielauuiiSaasadu léun KS
AT DH MT (methyl transferase) KR waz ACP lngflundlaumnvhminfidauasisiansdnn
sgfun1sAnnszUINTIRAnFuaunsadsuudadidluudaznievesnisdunsiet lag
Tassaduansfiadaduisumueslanin 1wy a1sngu enediynes foghsvesioulssilunguil
Ao Madueeit lovastatin ewuluides (Uil 2.11)
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Lovastatin

JUN 2.11 M3duas1esi lovastatin wagnsiiesiaveseulesl (Hertweck, 2009)

2.5.2.2 woulwllnddlndduwma vindl 2 (type I PKSs) %50 Iterative
polyketide synthases Usznausnelauieimalsyfinfiinindisaiy lnowiasiamuazyi
wihiikeneenaniu Tnefioulvivdnie KS waz ACP dmsu KS avflasaniiefe KSy uaw
KSp Ine KSy vhmihissugfsennseuuiu daw kSp vimihfidu chain length
determination factor uaﬂaﬂﬂﬁﬁaﬂizﬂauﬁaﬂ KR uwag cyclase/aromatase Wieadan
wiuedlsunin oulededndasaieensindalnddng aunnuenidnue asiwanlngd
Fupmedldaneuleiieiliasadafuumueslsifnnatesetu fegreweeules]
Iuﬂﬁjmﬁ A N13&UATIE doxorubicin A0 Streptomyces peucetius (;J‘Uﬁ 2.12)

i o

H

—_— _,~“\K/
= 20000,

H,CO O OH 6\3

Acyl-CoA
9 x MCoA

ug
Doxorubicin

JUN 2.12 n1sduAsIeYt doxorubicin wagnisiseasivadiaulesl (Hertweck, 2009)

2.5.2.3 woulwdinddlnaduma ¥linfl 3 (type IIl) Usznaumelawu KS 1unan
i iseufsenisaivsiy wazliendy ACP lunisvinnu arunsavianulalnensean
ansnssudady CoA-thioester toulwsifinaneiuieulusignalau Juwma (chalcone synthase,
CHS) Favintinidunsienarsasiuvoanailiuess (flavonoid) Tudiy a15lnaalnad
duaszildnneulediarilassaiaduwmuezlsunfnuuinan fmegrswateulvdlungy
X a Y] ¢ . . - d'
il Al N13d1ATIZY naringenin chalcone Tuity (FUN 2.13)
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0 ¢
0 OH
N S.CoA — O
3xMCoA
HO

O OH

Naringenin
N S-CoA chalcone

0 O O O

HO

JUN 2.13 M3duATIZY naringenin chalcone warn1sisewivadeulsy (Hertweck, 2009)

2.6 NYATY

29439 1 Juitelued Zingiberaceae Miflaundnuniianlususiv Zingiberales i
fun¥nUseanel 52 @na 1NN 1,300 wlm (Delin and Larsen, 2000) wagluusewmelne
wuNTUTEII0 26 @na 300 vila (Larsen and Larsen, 2006) fivasrdaidufivasulnsid
nduvex (aromatic herb) WULﬁzyiuﬁuﬁﬂju%umegauLLazﬁaLﬂmgau Fafinnumainviane
wnluuauiedensTueenidedla fvsalmasrindamamaasugia lvamduwdad
WASBUNA 1 1Al FHOY BIMN3 LAZEN ‘vimasuﬁmﬁlsgﬂqﬂLﬂuiﬂﬂssﬁw%Lﬁulﬁﬁmmaﬂ Tuw9
hiﬁ'ﬂ‘ﬁ'Bi’mmﬁiwmwmaaﬁuﬁaﬁuﬁﬁmﬁ’uqm‘émﬂ%amwmaamiaﬁmmﬂﬁmaﬁ%a ey
qwﬁféummafﬂaumé qwﬁ‘@%uaumaﬁaiv qNEATLLLISS LLavqwﬁﬂsvmuiwLﬂmiuUUﬂMﬂuﬂu
(Norajit et al, 2007 ; Sekiwa et al,, 2000 ; Nguefack et al. , 2004 ; Jirovetz et al, 2003 ,
Scartezzini et al,, 2000 ; Negi et al,, 1999)

éhasmsuaqm%mﬁmeﬁﬁiimwaﬁlﬁmﬂﬁmqﬁ%aﬁﬁqwémﬁamw WU WSaINIINTes
e (Alpinia galangal) %aﬁqwé&%umﬁﬂ (anticarcinogenic) (Zheng et al., 1993) drsfumen
S2WYAIN Kaempferia galaneal ﬁﬁﬁqw‘éﬁmﬁaﬁ (Asolkar, 1992) ansiuenlgainviy
998 (Curcuma zedoria) A Ethyl-p-methoxy cinnamate ﬁqméé’u&mam%@@dmm
Trichophyton rubrum Aspergillus niger Aspergillus fumigatus Epidermophyton
floccosum Penicillium purpurogenum Saccharomyces cerevisiae Trignopsis variabilis
Microsporum gypseum  Sclerotium rolfsii  Geotricular candidae Wag Fusarium
oxysporum (Gupta et al., 1976) @nsibaanuiiudu (Curcuma longa) Feilesdusznaums
mﬁﬁﬁﬂﬂdﬁ turmerin Wuansiuuside anly warane1nsun (anti-allergic) wag curcumin
wuqmmuwaauvm WaTAIUN1TNLEY (Srimal and Dhawan, 1973 ; Wilken et al., 2011)
LLazuaﬂmnumeawmmumumﬂwuium5u’11ﬂslmﬂua'ﬁﬂwmﬂmgwsnmLéuaﬁflu,az
wuAilse (Velayudhan et al, 1994)
.oulalulsl (endophytes) Ao auvidiionduagnigludedovesiia InslideliAnnanssny
Tumnsaumens (Bacon way White, 2000) Anuduiusserninaeulalndiuivdvalswuy
Peiy Ly miagéamﬁmwuﬁwmﬁa (mutualism neutral symbiotic) %se A5ty
Ustindsteidielsm (antagonistic pathogen) Tnatoulalwdidusmuaumsdnim (biological
control)  1uuviaswesmsniend (metabolites) Aiddalumanisunmd  wazdlanunse
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Uoaulsalitiufiaiminduendveging  Snvadususuulunisfnefeenuduiudeneg lu
SITUAUNTTHAUENINNTHERANTUSUAN  (primary metabolite) umdsanunsondnans
R (secondary metabolite) Faunguveasufdug (antibiotic) NTAMENTRAIUNNT
a a o6 | v & . v a a . . A
L%ﬁyﬂuaqqaumaﬂaim 1WU AR (antifungal) LagAuLUATIEY (antibacterial) Ninelsa
Tupu & violuiiv (Brunner wag Pertrini, 1992) qaunidoulalndduionlivivdunsey
pofvondy  Lazdiaunsaduasunisiasyulavesiivlalaglunismseiutnudigdiuniu
= o a - a Yo A A a ¢ 1Y) a e ¢ )
wsedasiunsiinlsaivuraviialvituiivnyduvsdende aunsdioulalidusenausie
A a a o = A A a .
LUATISY 51 wazkanRluliedn Fwunsonulaluivieunnuiiauulan (Strobel wag Daisy,
2003) \esmneulalidenduegnszangluileony oulalidenssvawansiddnaninuly
Tumansunnd Manens wazgeannssy tnvansiaunulnivaieviin Wy e1ufdue e
fudie  enagliduiy  wazansiuwadunsy  iAunudelivuiniiduasiliunain
auvsdeulalild  dslweulalddaduunaminensdrdgdmsunisAumenyialniill
UsganSamiedunldlunisihunlsalunyed dad uazity ladueeed

worAlufodnifunuaiiFounsuuiniifinnsairaduly (filamentous bacteria) fUTuaiva
aniunazlelndu (Molde G+O) geninuuaiiiieunsuuiniill (nninfesas 55) a1unsn
assadoslfiflongluanneilivnnyay woaflutvandsnuusiiadoiuderiionininig
ahudulouasinisadiaes wiitinumsiuandsnides fe wadvedeusafluedy
Lififeruiundoaisdniiuiddiamnivsaslondaneaduesdesiifideviuiaedea
vonanildeusndlusfandedinisadradulefidaumdnninduleveades (Coyne. 1999)
TalaflvesnondludoaniidnwauesimeuasiinnuuanssanuuaiiFesidadu iesanlu
anmefigmirundsduiesufoing dulefnasadatuiuduiounduarivduilog
Tudofuemaidsnde Talatvesdensrilutfodnmansansiusanlvgfnunaqulufedu
Toermenidnuazifudunanis dleemsuazidulyomainidionyluldararoius
°uNmaﬁuﬁmmma%ﬁaﬁmi’mqﬁazawﬂfﬂﬁ(soLubLe pigrments) (Miyadoh. 1997) ious
ARl andlngduiuglasaiialesuuulioduine envaiadualedife alede vie
afuaosietudumesnlnglifdmioriuales Bonin 1afliie (conidia) eguuidiuleeinia
vidouanaenaaivaeimelulasiaiiidnvausadegaduievayesly Sonin avosuse
1383 (sporangium) (Coyne. 1999) LLaﬂaiuﬁsjﬁwﬁﬂ%a%aaﬂaiﬁaagﬂuamwLnﬂﬁauﬁlﬁ
wgaudonstyusidoaninuiadoumingausonisiatey wu Jarsemsifiee i
punnduarautuiivanzay alefazsenuazvenslududule (Miyadoh. 1997) wenily
Hodnluanansaduasizinasla (photosynthetic) d@uluaass@inuuudase (saprophyte)
aunsalasylalagenfenisdesaaieansdunse dunswiia 1wy luana Frankia zendeet
saduTnisuazdulilvgdislunsnsslulasiau (Coyne. 1999) uopdlulvdniinisnszang
fegunlusanefuiividluiu wanh duazess uardsanusonuldluiodeiy Sugendn
ulalnRAnuenilusiedn (endophytic actinomycetes) Ingteulalninuendludedndudn
madenmilsdmiuliiluundminensiianunsondnansoongnsmadanmiid pnaninauls
downannsanudeieulalwfinuendlutvdn ana Streptomyces uazidalonlalnfnuend
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TusfeAnmennanadu (Zhao et al., 2011) ueninifiissnumsdunuidooulaliinue
aRlusfodnaneiuslmiuazAunuasoongusmatineialvsiuuannanideoulalilin
wenRlusivdvluiivvangvila (Bieber et al, 1998 ; Castillo et al., 2002 ; Gu et al., 2006 ;
Duangmal et al,, 2008 ; Igarashi et al., 2007) a’ﬁﬁwﬁwﬁmamiﬁafmﬁaLLaﬂaIuﬁa?muaﬂ
mmmmqmﬂumiﬂgmuuu,m mmwmmwmmmimm@qqmmumm PRRIVIGREE
anunseduiiuenainide Streptomyces sp. anusauanignsUnileswadUszamldiiaanm
wmmmuuﬂu‘iuma (Tadtong et al. 2007) ‘Ui‘vmﬂ"Lmwwamulwﬂmmm%uwm
assw«mmqmwmﬂwma Ly uqmﬂumimumaam m fudetalsa Fuidenolsa
waide Sudimaesyendouuaiide dudininatguenteon dueyyadasy seiueins
Uan AuUnISENLaY LLauuq‘mﬁUﬂ‘ﬂmL.Lavﬂiu@ul,sdaaﬂiumw \Jusiu (Rahman, 2000 ;
Wilken et al., 2011 ; Lakshmanan et al, 2011) farufululdindeusadlusioaniiends
asﬂ,uLuaLaawsuauulwsmmmumﬂmamemﬂam (metabolic pathway) vesiivayulng
L.Laummmmamaﬁaaﬂqmmqmmwwﬂmmaﬂuwsdawl‘wimammiﬂaiwmiaaﬂqwﬁ
st meiinlndld (Zhao et al, 2011) TudlagtiusmAdeiiteAumansunteawaduszam
Mndenenilufoanudiistssulilintn wu Geldanamycin (Tadtong et al. 2007),
Flaviogeranin (Hayakawa et al., 2010) W8z 3-normeridamycin (Summer et al., 2006)
Mnmsdvdudeyanuinissmalnefiayulnsmars vinfiuanigvdundewaduszamléd
U Fdds Tnslamzeiu fvayulnsdinanidnsihidediefnwamuvainuaieves
ulaliin  woeRlusivdvegiosuin madndemariondvegiuiufivuuuiivmendelng
dodofinduundsileguasunasorns dmeulalwinueaflusiodnizdisainarmiond
vwiiafietiostuivnndenolsafieviednsfivdame anmsfnwamisgifiadisan
fimuazqduridludaiBofivnuiamisgivarsviafiadsnisayulnsiidumansaing
11NnszUINNTThdeTsindeiuniewmileutuivasyisgifiaiisaingdunidly
dodoiy JudufiinesnAniihasyisgifiadanfivayulng witiudioeasien
1nqdunisluiodedio fudumnivasyulnsdundnarsyiogifsians Undessaduous
Uszamld foraanfuiransduosairoviendnldaingdunidluidoidefivayulnsduls
duiu aduduiudesannsousnieulalfnueaflusodniiassarsmfondfions
Untonwaduausszamainfivayulngld flotusdunuundmingnsaunidiudenly
nsadeasniogifidgniundeasaduanstszainiy iesangdunidaunsasinis
wngiAssuasfiudinuuasdisnsnissgiinainiifivn fdunisaiisansyiogii
ansnsovildhensssiniitues uoailufbdndudegdunisiivssloviannsoatansd
Huufinsiudoamguodsai afvasdaaiunmaaiydulalituiie ndmeulsdlddes
aanedunsdans wardunerdeduselevuluwdvadnisnsslulasiau (Valois et al, 1996) Tu
sssumAnendlusiodniiewannsalunsaisansfiflunuimsedsuindouiininiuedeey
demnualumsmssdineguesmindu wu msadianssudinsaiguesdaidindu ns
aSeuluivansviafiedosaasansdunidang waznsadansduaiunisadey WHuduy
feRanssumaranansatinyssgndlivsslenilalunatedu wu manisdunisuwnd
VATUNITNEAT WENNEUERAINNTIY fragradu nstlulduseslovilunisasieans
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UfTue womdludedndunquuuaiiienaunsandnansufiuglauiniign (Birdy, 2005)

'3
a

aUfTuefideusnflufodnnaniy fenuvainansgaisdlassadiamaniiuazgns
Fanm ansufFrusiindelndeuondludednivatsngy lagarsusenoulndalng
(polyketide) Huasngulnaiidonsailugodnatrstu uasnlunduarssenaudiianna
mannnangiilasiaswazandilunseengrsnisdinmm nsduaseiarsuseneulnad
1‘1/1ﬁﬁ'umﬂmiL%amﬁamam%vaummmﬂumjm acyl-coenzyme A iag 2 msuauauu
g Insanduoufidandeduiisumiaum (B-carbon) HunyAle (keto) Lawe usena
{ianszurums3fndu (reduction) AingAlatl vinliudsulubumilsridudug n1siauyale
sofudulnseadrmdnduisuduiinivedeaisuszneuindalng (Hopwood  and
Sherman, 1990) ueaRlusioAnfudeqdunisianunsonuldlaeluludaun adou fily
917l A uwnaa Azneu wasuInasniwdnssiduiadedy msdunuweailusfudni
odwegluiiloifiofty (endophytic actinomycetes) gnéunuinniudes luiligtu uas
nszarweglunatsanavalsaddd Wedrulugdunuiuidearsiuslug iy
Actinoallomurus acaciae (Thamchaipenet et al., 2010), Actinoallomurus oryzae
(Indananda et al, 2011), Actinophytocola oryzae (Indananda et al, 2010),
Amycolatopsis samaneae (Duangmal et al., 2011), Kineococcus gynurae (Duangmal
et al,, 2008), Leifsonia soli (Madhaiyan et al., 2010), Micromonospora tulbaghiae
(Kirby and Meyers, 2010), Nocardioides caricicola (Song et al., 2011), Pseudonocardia
adelaidensis (Kaewkla and Franco., 2010), Phytohabitans suffuscus (Inahashi et al,,
2010), Rhodococcus cercidiphylli (Li et al., 2008), Saccharopolyspora endophytica
(Qin et al, 2008), Streptomyces alni (Liu et al, 2009), Streptosporangium
oxazolinicum (Inahashi et al, 2011), Jiangella alba (Qinet al, 2009),
Kibdelosporangium phytohabitans (Xing et al., 2012), Pseudonocardia antimicrobica
(Zhao et al,, 2012), Allonocardiopsis opalescens (Du et al., 2013), Streptomyces
zhaozhouensis (He et al., 2014), Sphaerisporangium rufum (Mingma et al., 2014),
Micromonospora lycii (Zhao et al., 2015) mn%’aga‘ﬁﬁuﬁumwé’alﬁwumaswmums
Funuitfealdlmianfivasdiinas nsdunuidonenfluoaniivainuanetuoeifuyia
vosiiifuuvasiioguaranumumusioasmiogififivadsiuluead ueadludydniiends
ofluilofefivfignAunuinualiidudeanauaralddlnigedniulselovdesnannde
msfnvdieldindsansyiondedalmififiqninedinings :nnsfnsdenenilutedvly
Jdodeiy wuhidouanaausondnarsyienivialafifiquimeianmitinala uae
vaviinddnenwgeiazthuniaunseiiolidugiinuilsald Wu Alnumycin (Bieber et
al., 1998), Cycloheximide (Huang et al, 2011), Antitumor anthraquinones (lgarashi et
al., 2007), Spoxazomicins A-C (Inahashi et al., 2011), Linfuranone A (Indananda et al,,
2013), Diastaphenazine (Li et al., 2015) Trehangelins A (Nakashima et al., 2013)

Tsadalmsosidulsagalvifinumnnlunduiasoglutituwsenuldifisdudosq Taadals
ma%lﬁmmﬂmsﬁL%aéﬂismwgﬂv‘hmamﬂa%aaaszﬁLﬁwﬁumﬂmsmﬁmﬁwaqméh-asim

aous (BAmyloid (B8)- induced oxidative stress) fatunsiosunisiinlsadajdluinng
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' ¥
a = a =

Fusyyadasziiazifindy (Kim et al., 2001) asfislqrunieawaduszaminmasnados
funviddnueyyadaseilinainanny  oxidative stress  Tsdsnalviwaduszamgnyinans
Fudufingrnnudidneiu  fdunmsientienansiifigvsdueyyadassfiaunadueyya
Sesrldd  Unnzdwmaliaswanduilgnsundlecsadussamiiisowuiy - mssenuasiy
UIUVDIMIUIUTZAM (neurite outgrowth) Hkasian1svIUTeIsTULUIZAM 1n8astl
disinsdedayanaszamle (Lin et al, 2009) tnglus1anieasdians nerve growth factor
(NGF) Fafuansidgaandinszduliiingains microtubule wageliiAnnssenuagidia
PUIUVDILIUIUTZAW (neurite outgrowth) (Yang et al., 2008) asviniaziiliaad
Uszamiluauasvamidiniy aqwa‘[msuwﬂiumwmmmLﬂm synapse lmnﬂsuu QUEGE
fypnalsramianfaldity  msfumansiifinuaudiedeadeiu  NGF dagannin
Yunldlunssnulsafiientostussuulszam  (neurodegenerative  disorders)  l¢t
msﬁmsnLﬁaé’ummsﬁﬁqméma’%ﬁmmiaaﬂLLavLﬁué’wmmauwuwﬁ“mw (neurite
outgrowth) Tudenldimadimzdes Wy PC12 (Zhang, 2007), PC12D (Wang et al., 2006)
uwaz N2A (Mak et al., 2000) \Wunuusaedunmmageu lngasianaannisiudeuulas
gﬂi'wuaﬁL%aéLLasmiLﬁ@LLmuaUﬁzmw%u uenanideinsmenuininiienead
wnsides P19 dudy murine embryonic carcinoma cell 1MnseAuUmEInTuLILAANTS
Wasuwadluidugaduszamaunldifuuuusiasdummagevgrdianaalddndae (Mak et
al., 2000) é’haéwqawsﬁﬁﬂwsﬁuwuiwﬁqwémalﬁtﬁmmiaaﬂLLazLﬁmﬁwmmamﬁumﬂssmw
(neurite outgrowth) U scoparone Juansfiuenldaniudenvessiu  Liriodendron

ulipifera Wu31@13 scoparone ALINTY 200 UM @unsaviiliaas PC12 1AAN15IeN
wazfiusuInveMIIUsEAM (neurite outgrowth) 16 (Lin et al., 2009) mi panaxynol
fuenlsann Panax notoginseng fanusavilviwad PC12D Ann1ssonLagtiindLILYes
uwusszam  (neurite outgrowth) Ifigudu  Tesnrmnduduiilinaiisfiande 8 M
dommnanunsovliurusUssamiiAatuiisueanniiandnde  (zhang, 2007) a1
1,4,5,6-tetrahydroxy-7,8-di(3-methylbut-2-enyl) xanthone ﬁLLEJﬂiéjmﬂLﬁalﬁ Garcinia
xanthochymus Aadudy 10 UM fanansaviiliisad PC12D iAnmssenuagiiuduiy
YoWIIUTZAN (neurite outgrowth)ldaufu (Wang et al., 2006) asfigreviiliinnis
sonuagiiusunuremusUszamuenanaznuldlufiouds Selsenunmsdunuasani
Mnleqdundd Wy wenRludeAniiondveglufunandeBefivgnéunuhiuwaliudude
anauavalidlvigs  Jadulszlevdedanndensnwiiieldndeansyionfvielvaii
QvEnEinmgs  nnsnwidenenludedvlufunuiififousanaaunsondnansyie
afwdelmiifgvimetanmiiala  uazurswiaddneamgsiaziuniaundeioldiu
g15nwilsald (Tadtong et al. 2007) asddafindsldaneulalvfinwendluisdvuenain
wansysLduansuitiusudy Sdimsnuindianansouanguiiusngg fewu a1seaniun
foduiinonannide Streptomyces sp. (Tadtong et al. 2007), Flaviogeranin (Hayakawa et
al,, 2010) wag 3-normeridamycin (Summer et al., 2006) mmaaLLamqmémiﬂizﬁumi
sonveneadUsvamls ayulnslnevareeiin wu fivisdds Tasameds e Wil wiu
mionzanduiivaulnsidasswanmesiivannvaty 1wy Sqnslunisiugadusds du
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Fotalse dnudenelsmnande  Sudnisasyuendouuaiide  Sudnisasyuendon
fueyyadasy seiuemstin Unleswaduszam wazdnunsdnau Wudu (Rahman,
2000 : Wilken et al, 2011 : Lakshmanan et al,, 2011) fianudululdndewennlusodn
flondvorluilaBofivayulnsasidusuluitiauunuolad (metabolic pathway) vesiia
auulns  wagannsondnansoongvsmatinmeinfiedefuiivayulnsvieannsoaiieans
aaﬂqw‘émﬁamwmﬁ@%ﬂﬁﬁ (Zhao et al, 2011) ﬁwlﬁﬁ%agulmmdwﬁ@uﬁ%ﬁﬁmm
thaulalunmshsndaneniiefnwinramainvane naonIudnnIasnyEnIsUntiousad
Uszanmanioulaliidnuendlusodn ddutligiudsfinmfnweynaisuveseulaliinue
aRlufodnifisndntos  Fednuazdusunzvesuvasilegordonussaumtonadeuali
aunsodunudeusadlulodnmennaeiuslnas mieaeRusiiaunsoadansyiond
¥iinlvaififgnsnednmiale



unil 3
A5N15ALUUIUIVY

< o 1 = < o a a U |
3.1 NISAUNIDYININY NN LLﬁSﬂ’]iLﬂUiﬂ‘U’]LEJUIﬂlWGIﬂLL@ﬂGIINﬁJEJﬁVI

3.1.1 NISNUADEIAY
< Y 1 = ca o a & A [ (Y
AURIBE1INYIATITININ 20 vllnarnuateiuily 8 Jwminveslszinalng
(m135199 3.1) Tngymsiiuieguiigndanuauysalusiranlsaasluganarainazernuay
Windugdesufuiinis anntuduavinesnaindiegieigiieinUssaziiudiegaied
9uMQH 4 BIMYALTYE JUNTLNWINNITUENLTD

3.1.2 nisuenaulalnfnwaaf ludedn

1% 1

FanUuduisdveanidu 4 diu laun 510 Wi adu wazlu 3nntduriinig

AALAAZTUAIUIATVUIN 1x1x1 LWURUAT UILAALTUAIUNAALAIAIAIEEITAZANE tween

De

[% '
1% ¥ o U

20 Aududugosay 0.01 Wunan 30 Wi wardsdeinduusaanidesiuiu 2 ade
Mntuinsrenandelnededsoniuea (ethanol) Audududesas 95 WWuan 10
U @ nsulunesannu) vse 13 Ui @EnSuniiwassin) waiaeniga1sasatelainey
lgluaanlsd (sodium hypochlorite) anuidutdusosay 1 Wuai 10 Wil @msuluuazan
#u) ve 13 uit @Ewsumiiuazsin) MntuddietinauUsdande s1ua 3 ase ua
Frog19fiiunswena Il oudadelnsafiusaainide Wutinduusiannieaslunay
\dntles gaansazanefildinAuasuueIvis starch casein agar (MMARUIN 1) BINITGAT
AnLUas humic acid-vitamin agar (N1AKRUIN N) LATDINTFATAALUAY soil extract agar
(Suriyachadkun et al.,, 2009; A1ANUIN A) ﬁLﬁmmﬂﬁ%ausmﬂmaﬁ%ﬂ (nalidixic acid)
ANLTUTY 25 Hadnsusieans luala@u (nystatin) ANLTUTU 50 Hadnsunedns uay
weluunily (terbinafin) Anududu 1 Sadndusedns tinildasdudruinensdelunds
qmﬁ’wamwaawummiﬁaﬁaéwamwﬁﬁwLﬁaﬂusqﬂmuau (control) UNaumzLiod
gaumall 30 exrwaded WWuan 30 Ju

VAU NS auATUNAN 30 Tuuda nseaeuLardnidenlaladl
ﬁuauauiﬂiwaﬂLLaﬂaiuﬁaﬁwmaiéfﬂé’amammﬁ%qsiaﬁ’mauéaiaﬁzmlﬂa (long working
distance) An§svene 400 Wi YieulaliAnueadlusodnudsufiuswiunayyiliide
‘U%Ej‘i/lé (pure culture) Tnedeauuems yeast extract-malt extract agar (ISP 2) (Shirling
and Gottlieb, 1966; AMAKNUIN N)
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LRERNTLY 9Ael unasiiti
Alpinia galangal AS1 nea1ntIva Janineysen
(Galangal ; ¥1) AG2 gnelveinu Jmingnssnd
Amomum krervanh AK1 auayulng duneersng fwiauasuien
(Cardamom ; n5¥314)
Alpinia nigra AN1, AN3 nznda guneUininin Jaiauuny3
(Kala ; n¥an) AN2 auayulnsnsuInemaninisunmg dunewdes Jwmiauumys
Alpinia purpurata AP1 auayulnsnsuInermansnisunmg sunewdes Jaminuumys
(Red Ginger ; T3UAY)
Amomum xanthioides AX1 auayulng guneewnsng fwmiauasuien
)
Boesenbergia rotunda BR2 gneaativans Jamineysen
(Fingerroot ; N58) BR3 gunalyeinu Jmingasnd
Curcuma longa L1 auayulng guneewnsng fwmiauasuien
(Turmeric ; wiiud) CL2 FUNONTENNFUIM FINInATEYS
CL3 g1naUseiunmy JinUTIAuYS
Curcuma parviflora CP1 gunelveinu Jmingnssnd
(N52438739M)
Curcuma xanthorrhiza X1 auayulng guneewnsng fwmiauasuien
(Iudnungn)
Curcuma zedoaria Cz1 gunelygrnu Jmingassnil
(Zedoary ; mﬁué’aﬁl)
Etlingera elatior EE1 aayulng uneesnsng Jmiauasunen
(Torch ginger ; m%an)
Hedychium coronarium HC1 gnelveinu Jmingnssid
(Butterfly lily ; uyuiad)
Kaempferia elegans KE1 gnelveinu Jmingnssid
(Iuund) KE2 810087y ys Jaminunusndl
Kaempferia ¢alanga KG1 auayulng dneewnsng fwmiauasuien
(Sand ginger ; W3¢ viaY)
Kaempferia larsenii KK1 gunersilatlml Yminguasysnd
(Us12577)
Kaempferia marginata KM1 gneiandy Jminguavenil
(Wszd)
Stahlianthus campanulatus SC1 gnelvednu Jmingassnd
(1upBNFL)
Zingiber montanum zZM1 aayulng duneensny Ywmiauasuien
(Phtai ; Twa) M2 awayulwsnsuivenmaninisunmg snewdes Jminuumys
M3 gunelygru Swmingassnil
Zingiber officinale 701 awayulng snneesninyg Jwmiauasunen
(Ginger ; ¥4)
Zingiber zerumbet 771 awayulng suneesning Jwdauasuien
(Shampoo Ginger ; nsz#ia) 772 gnoUsziunmy JinUTAuYs
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3.1.3 msusneeulalwinueadlusiedn

Fudnuneulalifinuendlusfoaniiuianiuda Ineidedunasnomsdes
(slant) yeast extract-malt extract agar ﬁqquﬁ 30 paAwaLTead tietAulidnen
(working stock) LLazL?}ymuua’lmiqmﬁmmaﬂ soil extract agar ‘ﬁqm‘ﬁﬂ”ﬁ 30 DALYy
w1 30 Yu lenseduliidoatisaves andudaduiuiididoniyfuadunaon iussy
ansarangndwesea (clycerol) Auludy 15 Wesidud LLé"gLﬁU%’ﬂmﬁqmmﬁ -80 99

wadua Feanunsadiunuldidunaiuu

3.2 msAnwaynsuIsuvaaulaliinuaniludesn
nsAnweunsuisuveneulalnfnuendludedn Uszneumenisfnudnuugnis
Wlulnd (phenotypic characteristics) n1s@nw1anwazn1stalulnd (chemotypic
characteristics) wagn1sAnwdnweadzn193lulnt (genotypic characteristics) lagtoulalw@n
wendlutAnimuaiiuenlfazgninundnmdnvauzmsiilulndifiorntufinseasdonvos
Ao (onifunsliundsmiveuasnaaeuinmsioulalwinuenlusioaniigndmden) ua
dnniigadiendnwallusedvana (genus) lneAnwdnwugdagiuineiuagiinsizndaiau
fndlalnduinn 165 rRANA gene Anidanidofiuraulalnsgainnanisfigaiendnwally
syivanauAnudnuwameillulng welulnd uazilulnd Wefigaliendnualluseiuatad

(species)

3.2.1 msaneanuwaznellulnd (phenotypic characteristics)
n1sfnerdnwazn1adllulnd lawn n1sfnvrdnvasdugiuiven
(morphological characteristics) n1sAnNwIANYALN15LATEY (cultural characteristics) Wag
NMSANYISNYUENIEITIN WAz TIAL (biochemical and physiological characteristics)
(Arai, 1975 ; Shirling and Gottlieb, 1966) Feflswaziden ﬁqﬁ

3.2.1.1 nmsAnwdnuwzdugIuIne,

ﬁ’n@uimlﬂ@mmm@luﬁ&%mﬁLwﬂlﬁﬁy’wmmLgawummsqmﬁmmm
soil extract agar 1n8735 crosshatch streaks (Shirling and Gottlieb, 1966) LLﬁaﬂuﬁqmwQﬁ
30 aALTALTEd WU 30 TU NaIIINUNRTIIganwuzvesalaiuaziduleaelindes
ﬁ;amiﬂﬂﬁﬁmuéﬁmizaﬂﬂa (Leica DM750, Leica, Germany) Aaei1dsueny 400 i1 1
Hefigndnidonuinsagdnvarduginenfindilaeilaladvendefisiyuuemagns
fautas soil extract agar 1pIBLFIBE1IANLATA5V8T toh et al. (1989) ntutAdouRn
feehsneaynanesdilagldinies ion coater uardesgiiendesqanssrididnnseunuy
d94n317 (scanning electron microscope) (JSM-5410 LV, JEOL, Japan)
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a

3.2.1.2 NISANYIANWAIZNISHIS

v
a

ns1edeUdnvaizn1siesyvoneulalinuoniludedniuenldtamun
IG]EJL%ENUH@WW]W]"NG] (Shirling and Gottlieb, 1966; A1AHWIN A) LALA 81115 yeast
extract - malt extract agar (ISP2) ©1%15 oatmeal agar (ISP3) ®1%15 inorganic salts -
starch agar (ISP4) 814135 glycerol-asparagine agar (ISP5) 81%15 peptone-yeast extract
iron agar (ISP6) 81115 tyrosine agar (ISP7) ®1%15 glucose asparagines agar 81113
czapek’s sucrose agar Wa¥®1113 nutrient agar ﬁqmwgﬁ 30 serwaldea Wunal 14 Tu
Wisuiinudvesiduleennie (aerial mycelium) t@uleens (substrate mycelium) wavd
mawmi’mqﬁasawﬁwlﬁ (soluble pigments) ﬁ’umwmﬁmmgm NBS/IBCC color system
(Kelly, 1964)

3.2.1.3 NISANYIANWAZNINEITINYILAST AL

3.2.1.3.1 anuaansatunisgeeuds (starch hydrolysis)
deneulaldfnueadludedniuenldfinunuuoinis
inorganic salts-starch agar (ISP4) (Shirling and Gottlieb, 1966; A1AKNUIN N) Afiudladu
uwdsAnsuey Uuilgnmgll 30 esrwaldea Wunan 14 Ju wansavanelelofiuasuuin
13 mnidoaninsndesutlsldasialeulasoulalad duuinuilligndesasiniiitu

3.2.1.3.2 muaansatunisgeslaaniu (gelatin liquefaction)
deneulaldfnuenilufedndvenldtorunluoinis
bouillon gelatin broth (Arai, 1975; A1ANWIN N) ﬁuﬁqmmﬁ 30 sralded WWuan 21
e}y msaa]waimﬂﬁwwaammmﬂﬂmqﬁqmmﬁ 4 perwaldua [Wuan 30 udl wndinsees
wanAussaslidnwazan mnlifinsdesinarfuemsasiidnwauzuds

3.2.1.3.3 ANUEN150 b N153AglLeSA (nitrate reduction)
Aoaeulalfnuendlugdedndinenldfanunlusimis
peptone KNO; broth (Arai, 1975; nAHUIN n) ﬁuﬁqmmgﬁ 30 peAwaled Wunan 14
Tu negeunssmglunsalagvien sulfanilic acid (MANWIN ) IIUIY 2 KEA LavaITazale
N,N-dimethyl-1-naphthylamine (n1ANUIN V) 31U 3 KeA mm%aﬁﬂflil,ﬂ?iaugﬂiwmm
(NO; ) WJululess (NO,) ﬁsuaqm‘mi%LU?UULﬂuﬁmmmﬁ%aﬁLLm

3.2.1.3.4 auanansatunisgeslusiuluuy (milk peptonization)
g a N o a A v o
Bewaulalndnwerfluesd@niwenlananualus1nisinan
skim milk Aududusaas 10 (MANWIN 1) Uuiigauigl 30 esmwaided [Wuan 14 Ju
mnipanunsagaslusAulunulaemsaziianuwaela
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3.2.1.3.5 msldunasasusu (carbon utilization)
Gonoulalilfinweaflusoaniigndnidanuuems basal
agar medium (ISP9) (Shirling and Gottlieb, 1966; A1ANWIN ) Fupuunasnnsuou
(carbon sources) Audutusosas 1 vuilgumgil 30 ssmueaidoa Wuna 14 Fu lag
uvidsnsuauildnaany T

YAAIUALLTIAU (negative control) fia lulldAuuvasAsUaY
YAMIUALLTIUIN (positive control) A9 D-glucose

D-cellobiose D-fructose D-calactose D-mannose
D-melibiose D-raffinose D-ribose D-salicin
D-xylose L-arabinose L-rhamnose Glycerol
Inositol Lactose Mannitol Sucrose

wisadveneulalWfinuondlufodnidesnisnageu Inedruaadieiingu
UsAani@esiuiu 2 seu Lilodsems yeast extract-malt extract agar 7ideldlunns
LA35Y88N ndntuazaredelutiinduusrainide tharsazatedeiilasuins 10
lulnsdns nonasuufemsiidesnsvaaeuudthlutuiigumad 30 esmwaldea e
14 Fu avrwalneUSsudiounmsinlyventeunemsiiiuuasensuousiasiieg funs
LAY UUIMTYARIUANLTIAULAEYAAITUANLTIUIN Tnetuiinuanisasiaaeusisil

1) mauln (positive utilization, +) \iel3auuemsiinuvasnsuaudildnaasuld
WINAUNIBANINYAAIUALLTIUIN

2) WAaUINBE19o0U (weakly positive utilization, w) LHBLISQYUUDINITNLANLNEAY

A1SUBUNLIMAaRUlAANINR M IYAAIUALLTIEULALIS )Y L UREN I8 TYARIUANLTIUIN
3) waau (negative utilization, -) WaLaSyuuoIMITANLRaIAITUBUNLENAZRULS

WiunTetaeNINYAAIUANITNAY

3.2.1.3.6 auaiunsalunisiadguuemsitilaieuaaslsdaing
L UUUs9°) (NaCl tolerance)
Geveulalilfnweailudedniivonldnmunuuenns yeast
extract-malt extract agar (ISP2) Ay NaCl amnuitadiufesas 1-15 Unilgamadl 30 s
waidea Wunm 14 Ju Sufinuansiaiaveaie

3.2.1.3.7 anuaunsalunisaiyuuemsisiaianudunsa-aaly
52AUMN9° (pH tolerance)
Foseulalidnuoniluoanduenldtammauuenms yeast
extract-malt extract agar (ISP2) AifiAnmidunsa-aeil 4 5 6 7 8 9 uaz 10 Vuilgaungd
30 perwaided e 14 Su Tufinnanisiasyuente
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32138 Armaiunsalunisiadyiguvnisieg (temperature
tolerance)
AevoulalWinuondludedniuenldnamunuueims yeast
extract-malt extract agar (ISP2) LLﬁaﬂuﬁquQﬁ 20 25 30 37 40 45 50 55 uay 60 99
wadea Wunan 14 Tu ﬁ’uﬁﬂmaﬂmﬁnﬁmﬁa

3.2.2 msAnwanuwazniaalulnd (chemotypic characteristics)
tieulalwinuendlusfedniigndndonuiisdluomg yeast extract-malt
extract broth ULLAZEIEIANIE 200 SOURBUNT (rpm) Tigauvindl 30 ssrwalTya 1Ty
a1 5 Yu antufuwadlnensdumiss uddaeaddeinduusanideduiu 5 afs
wazdunaugaTheviwadliuiddasldiaTeshuuuuudiBonuds (freeze dryer) isadiss
(freeze-dried cells) AilfnAnwdnvasmanlulniluinde 3.2.2.1 813227

3221 n1sitasazileleiueasvesnsalaosilufindniindaiaad
(diaminopimelic acid analysis)
dosLeaduiiavin 10 fadn¥u dae 6N HCL V3unms 1 faddns 7
gaungfl 100 sareaidoa wu 18 $2lus Yaoeialilnbu antunses wdniansazanedild
TUszmeliuielneiaden rotary evaporator avanefnogneiiuiaudanieiinduusuing 1
fiaddns wdhlusemeliuisdnads anvisazareiodefiufsdetiinduusuins 400
lulasans ﬁwmsa3mEJéﬁ’aaEJNLLazm'ﬁazmstmgm (2, 6-Diaminopimelic acid : mixture
of LL and meso isomer ANty 10 ladnsuseiladans) yeasuuuay HPTLC cellulose
(Merck, no. 5716) ¥u1a 10x10 tufiuns tiuky TLC Alfunduadudivinazaionay
methanol : water : 6N HCL ; pyridine Tusnsndan 80 : 26 : 4 : 10 fislSausviazanenan
waoufiluauisvauadismun (eeinveu 1 fadwng) seliwisudiiaasy (develop)
$13n 1 A%a thury TLC #ildandaniu (spray) §9 ninhydrin reagent (mMArwan @) sl
wérilusulugouandeu (hot air oven) figunail 100 sarwaldea Wulian 5 unil
pradeURvesansTiAntufisufiugavesansinsgunsalaesdlufiwdnleluuoseieg
(Komagata and Suzuki, 1987) lngqavesnsnlaozilufiwdnasfididondy Jeiumises
meso-DAP 98gfnin LL-DAP Wazgani1 3-hydroxy-DAP fauamalugud 3.1
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LL-DAP 4 : @)

meso-DAP ——»

@ <«— 3-hydroxy-DAP

Standard
Sample 1
Sample 2
Sample 3

JUT 3.1 dumdslelgiuesvensalaevilufiwdnuuusy HPTLC

3.2.2.2 mMsaAszivlavesiefaiindawad (cell wall acyl type)

goaduisnunin 10 Jadnsu e 6N HCL Usuas 100 lulasdng 9
a s < ) (%] < v o W I = | [y ¢l
gaunil 100 asrnwa@ea 1uian 2 ilus wdsanulanimedanlaldaddunaduil
U559 Dowex (CH;COO  form) m3uas 5 Lwuiiuns v (elute) meunauUsuIng 400
lulasdns 1 st musiegdindudsng 1 §addns 91uu 2 A9 Uaggavngveaiy 0.5 N
Cl Usuns 1 188805 913U 2 A5 thansazanglu fraction gavineU3uins 100 lulasns
Taaslunasanaaslinden Wuaisazaty DON reagent (n1ANWIN 9) USUns 2 Tadans
U liwdunaulidrfiunagiinnuiounionmall 100 samwaidoa WJuian 10 ul udli

< S a v A & Y a a a aa v Y v o
Lauiummmmwm WaLduLaLsn 2N H,50, Usuag 1.9 fadans wadwnauliigiu win
miavmwmaaw glycolylmuramlc acid mﬁavmwmmsmﬁamvLUaauLUuaﬁuuw o[
ﬂ’]ﬂ’]iﬂ@]ﬂauLLﬁQ‘VIﬂ'J’]ﬂJEJ’Dﬂﬁu 530 UNLULLAT @ "?J\‘]"\]uiJﬂ']ﬁ\‘lﬂ’J’] 10 (Komagata and Suzuki,

1987)

3.2.2.3 mﬁLﬂsﬁzﬁﬂjﬁwaaﬁﬂmaﬁ'\mmmﬂumaﬁ (whole-cell sugar

analysis)
gouwwaduiiaivin 50 fadndu @ IN H,SO, ﬁqmmﬁ 100 ®9AN
wades Wunan 2 alus Hlilndu udhuurnnudunsa-ans Tngldansavareduives
wusuulensenlas (Ba(OH),) aufidranudunse-aned 5.2-5.5 whansazareluduniosls
anpzneu wdnhdwlasuuuunsemeliuisiewede rotary evaporator lngifiuievnuea
1 89 2 viom adludedns wetestunisiinnes avarefegafiutudidisiindulsunns
400 lulasans vhansazanefiliuavarsazatstniainnsgiu nadudu 10 fadnsuse
1858n3) 9aUULHY HPTLC cellulose (Merck, no. 5716) 1A 10x 10 Loufung WIwHY
TLC ldfunguaslugvinazanenan n-butanol : water : toluene : pyridine $a51d31 10 : 6
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16+ 1 fulauiiazansnauadouiiluaudwouaditmun (haanveu 1 fadums) To
Tk finaasudidn 1 ase sy TLC Aldun3awudie aniline phthalate (nArwn
v) selvursudnilusufigumadl 100 ssanwaidea 1unan 4 undl nsraeugaLazdd
Antuiisufvansazaneimaimsgu Tnsthmadifsuuasueussnenwiniu 5 ozmey
axlvigadrasy 1éun ribose xylose uay arabinose duthniafifis uuativouogmeuviniy
6 DLHDYU ﬁ]ﬂﬁﬁgﬂﬁmﬁm lAwn rhamnose mannose glucose Wag galactose (Komagata
and Suzuki, 1987) fauansluguil 3.2

ansavanetniaunssy (radudu 10 fadniusefiaddng) wiemdu 2 nqu fadl
ﬂﬁjmﬁ 1 Usgnause galactose mannose xylose Wag rhamnose
ﬂﬁjzﬁi 2 Usznausie glucose arabinose uag ribose

Rhamnose | O O O O
O O O O© O |Ribose
Xylose | @ O O O | Madurose
Mannose | ©O @ O O O O |Arabinose
O O O O O |alucose
Galactose | © O
—9 ~— [QV A8} < _9
5§ ¢ v v o 8
o & & o
§ E E £ E &
n 8 & &8 & ©
%, EN

JUN 3.2 dumdsuagdvesmanmunnigluiwaguuuiy HPTLC

3.2.2.4 nmsiwneiluiuriiadda (polar lipid analysis)

nENLEaduFIi i 150 iadndy Auaisavatenay methanol
:0.3%NaCl aq. (100:10) USuns 3 fadans lurasanaasdinde) N petroteum
ether USuns 3 faddans waulymdidwduiian 15 und GURELE ANuFIUUUT u,a:]
petroleum ether aslunaudn 1 Jaaans Wwaan 5 wid mﬂuu@mmiaumamuuum %
ﬂ’nmaqummu 100 eeALgaldod UL 5 W LLa’JLL%IMLEJUSLHU'MQMMQZJMEN LAY
d19azanuNady chloroform:methanol:water (90:100:30) Usuas 2.3 Taddns wawauli
Wrfuuy 1 9alus wenwadeonandiulalaenistumissfiniiuga 3,000 seuseund Wy
a1 10 wiit graulatuadluvasaneassdulvl afndiumadidnafafemsazanonan
chloroform:methanolwater (50:100:40) U331a3 2.3 fiaddns u 30 undi udgadinlan
3lUiRuswAvalalunaoannasssulundneiu nauduladiladiu chloroform Usunns
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1.3 fadans wazthnduUianms 1.3 dadans udiharsazanediuansisemeliuionefg
Tulpsiau
ATANYAIRENMIBAITAYaIUNEN chloroform:methanol (2:1) Usuns 60 lulasans 1
aﬂiaxmalﬂ'ﬁ;mawul,t,m TLC (silica gel 60 Fysg Merck no. 105553) wuim 10x10
FURIAT $119U 5 WkY 1wy TLC fildunfinaasuuuu 2 i (two dimension) luszuush
inagaie (solvent system) 2 wila it
szuufvhazanedi 1 : chloroform:methanolwater (65:25:4)
szuufvihazanedl 2 : chloroform:acetic acid:methanolwater (40:7.5:6:2)
nsndevnvesluiusiaits Tnensdanuudy TLC urazusufieTiolaus (reagent)
ilasne fananadnuans Inemumisvedlufusiiafithuuwiu TLC defaastuuu 2
LaAnaFagUT 3.3
1) Phosphomolybdic acid (n1aruan ) iediaszsilasuianun @adiiGuid) Taels
AnuFeuiionmgdl 150 esrmiwaidea Wunan 10 unit vésndamiu
2) Dittmer and Lester reagent (n1ANWAN 9) tile3iAs1zvinealndln (phospholipid)
Favun (Fuiu)
3) Ninhydrin reagent (n1AKUWIN V) Wiediasei phosphatidylethanolamine (PE) W&
oUW 19U lyso-PE OH-PE wag methyl-PE Tnelvinnudeuiigumgil 110 ssmiwaidea 1oy
181 10 U NA9NAANY
4) Anisaldehyde reagent (n1ANWIN ) B3AIIEA glycolipids (AT I0UNADI) Ay

a

loffurfinduq (gadundu) lnelirnudouiioumgll 110 ssrnwadea \Wunan 10 wnil
NAIRINAANY
5) Dragendroff’s reagent (AAKUIN ) Wipdiasizsinealnalniidl choline Wudiulsyneu

(phosphatidyl choline)



A
DPG
© PME
@
c
§ @ OH-PE
v PG
: . @
PS
g @ N 0
Lyso-PE
@
PI@ o  ‘NpG
(@)
@—>piMs
1st dimension >

Ut 3.3 sumisaslusfurlinfidauuuiu TLC Aiflasatuuy 2 I
A1eio : DPG, diphosphatidylglycerol; PG, phosphatidylglycerol;
PME; phosphatidylmethylethanolamine;
PE; phosphatidylethanolamine;
OH-PE; hydroxyl-phosphatidylethanolamine;
Lyso-PE, lysophosphatidylethanolamine; PC, phosphatidylcholine;
PS, phosphatidylserine; Pl, phosphatidylinnositol;
PIMs; phosphatidylinnositol mannosides;

NPG, ninhydrin-positive phosphoglycolipids



3.2.2.5 mMsiaszesnlsznauveainsaluiu (cellular fatty acid analysis)
W3y fatty acid methyl ester (FAME) @113501501013§1U99
Sherlock Microbial Identification System (MIDI) (Sasser, 1990) Tnedamaduieimn 40
fiadndu adlunasavnasslundeafiazenn LAu saponification reagent (N1ANWIN )
U3uns 1 fiaddns udwaudeinies vortex wu 5-10 3wt andulinruousigamgd
100 oseigaidoa wu 5wt udamaudnads 5-10 Junit nduliaudouiigungd 100
osrniwaldoa wu 25 il Vinlviduiligamgiviessaenisurluth s methylation reagent
(MANUIN ¥) USunas 2 fadans udinaudieinieae 5-10 Jundl anntuldmnuseud
gaungfl 80 psruwaLdea u 10wt wiiliduiigamgdveslasudluth \fiu extraction
reagent (N1ANWIN ¥) U3u1aS 1.25 faddnT waskaudienIowaguiy 10 w1 32
arsavangauvuldadlunasanaaosdulul udmauiu base wash reagent (AMAKNWIN )
USuns 3 fadans Wuian 5 undl dinddaduldidun saturated sodium chloride
(n1anuan ) asllidndes Wdiuladuuuludmsieidendowialasuilans @ (gas
chromatography) Agilent 6850 series Il (Agilent Technologies, USA) Tagle HP-ULTRA2
column (25mx0.22mm id. x 0.33 pum (film) capillary column (Agilent J&W GC
Column, USA) & hydrogen 99.999% 1Ju carrier gas 8mn31n15kia (flow rate) 30 dadans
Aoundl & nitrogen 99.999% 10U makeup gas wazll air zero 99.999% FrggaLUadli
dm5u flame ionization detector é{’m%)UIUmﬂmqmwﬂuﬁ (temperature program) 1%
injector temperature 7 250 eeFngaLdYd @2 oven temperature Sudiudi 170 aan
walded mﬂﬁmﬁuqmwgﬁﬂu 288 asrwalded (Snsnsiiiu 28 esmwaluanouil)
Mé’anWﬂﬁ?uLﬁmqunﬂﬁLﬁu 310 esrnaaided (Sns1nsiiiy 60 ssrwaidadsewnd) udaia
Witgamad 310 ssmwadoa a1 1.25 undl uayld detector temperature 1 300
I LALgYa BeRUTENaUYeY fatty acid methyl ester zgnivSeulfigufiugIutoyaves
Sherlock Microbial Identification System (MIDI) version 6.1.

3.2.2.6 M5ATIERnsateaadn (mycolic acid analysis)

doslwaduinivmin 50200 fiadndy e 10% KOH lu MeOH
U3ums 2 faddns Mgamgll 100 esrmiwaidea uiu 2 alus @ 6 N HCL USunng 0.6
fadans naulmdiu wazainie n-hexane %39 petroleum ether U3uns 2 ladans 1ng
T¥nswen Wiludumiesdinaug 3,000 sousowd u 10 urdl anansaratedInuuldas
Tunasanaaesdulug afnaisarsazaroduanssnsn 1 ade arndulilduiadienig
Tulmsiau wdrarvanely benzene : MeOH : H,SO, (10 : 20 : 1) iﬁmm%fauﬁqmmﬁ 100
perealdoa w2 Falus (methylation step) leiuudmauisuns 2 faddns uay
afndne n-hexane Tnenswwen udrilutumiesdinuss 3,000 seudeund uiu 10 Wil
paansavarsduuuldlunasanaassdulml wdrataaisazardindreidnads s
asazaneilldsefinglulasiou udraza1eie n-hexane UTnaidntios gaasuuusu Silica
gel TLC (Merck 60 F254, 20x20 cm) finaaaUusu TLC fildadlusavhazanenay n-hexane
diethylether §m5187U 4:1 WAITUUNY TLC aruaduveslalonu (I,) wsodanunie
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50% H,S0, udrouiigaumndl 150 asengaided Wuan 5 uidl asianalagdunngnvesans
AT (Minnikin et al., 1975)

3.2.2.7 n15AIIZRAUIAIUY (menaquinone analysis)

afmwaduisdindn 100500 fadndu Frefrazatenay
chloroform:methanol (2:1) U3ums 20 Taddns uwpionvenfininuss 200 seusewd
Hunan 1 fu nsesfwadesnlagldnsyaunses whatman no.1 Wdiuladildunvinlius
Tneldia3es rotary evaporator iganniifinin 35 ssAlwalioa Ldrazalefie
acetone U31193 1 §addns gaansazateiunausnasuuusy silica gel TLC (Merck 60
F254, 20x20 cm) uddaaeulu 100% benzene asiadouLaUYDUIAIIUUAYTALES
dansnlaletaniinauenindu 254 unluluns 90 silica gel UFIUAYIINYUAUIDS
fiuredluy wudly acetone Usums 1 fadans antunseswasidiliuieefelulasiay
anvinvazatefieg eiiusiasie acetone (HPLC  glade) U3ums 100 lulasdns udaily
Aaszideaieslasunlnnflvennalaussaurgs (HPLO) Taegld COSMOSIL 5C;
(4.6x150 mm) column (Nacalai Tesque, Japan) lfavinazatenas methanol:2-propanol
(2:1) WBumlaiadoudl (mobile phase) muAusnIINTTlna (flow rate) 1 fiadansseuil uas
a5393Rdae UV detector fimmuenindu 270 uiluwns (Collins et al. 1977)

3.2.2.8 n15AT1zRsRUsEnauvasualufduLe (Analysis of DNA base
composition)
3.2.2.8.1 myatauazn1sviAoueliuIgvs
afafAduenuIsN1sNAALUaI9 1N Tamaoka (1994) Iagii
wulalnfnuenilulisdniigndAnienudeddue1ms yeast extract-malt extract broth vy
LATOLVENTIgUNYN 30 M waldid wIu 4-5 Tu ntwiuadadlunasnvuin 50
Jadans anawaane TE buffer (NAKWIN ) 2 A5 kazavaedaaaty TE buffer USunas
10 faddns nUUFY lysozyme 20 Taansu aslunauuavuily water bath Nigaungil 37
DIANYALTYE WY 3 TalUS MAIULLAN 10% SDS (MAKWIN ¥) USHInS 1 Jadans wainay
Tngndunaealuuiiung udruufgumngll 55 aergaldea U 30 Uil Uiy
phenol:chloroform (1:1, v/Av) (naNwIn ) waanaulaensginieiiaduan 5 wfl e
MdalusAunazdus dnludumisdinanmss 13,000 seusouil uiu 20 Wil gaansazany
v [y A& [ a 1 A a < v 1
FIUUULINENAY absolute ethanol MAUTALUUIUIAG 2 W1 LNBANALNBUALDULD 1YWY
Y o & A& v & £ v v =~ v v = a s a
WAINLAURLULBLA IR LI LAY awsiaalavatsadly TE buffer 13 (treat) ALduLe?
Iplu3gnsusimanensiows (RNA) uazlusiu laeifiu RNase A solution waz RNase T,
solution (NAKWIN ¥) USUIMS 500 way 5 Lulasans suansu dutuauly water bath 71
gaUNNH 37 B LUALTYE NAIINTUUFN proteinase K solution (A1ANWIN ¥) USuAs 100
lulasdns waruungungd 37 esanwaidea uu 3 Yalus Adalusiunazduq dagy
Y a2 aa a Yy v oa & a g
phenol:chloroform UW&INNAZNBUALDULDAILITNITNNEINITNFUDNATI azaufuelY
ansazany 0.1X SSC (nAnwIN ¥) uduiigamnll -20 sarwaldes
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3.2.2.8.2 MylATeiesrUsenaurasualufidue

dAduleAIINTY 1 Dadnsudelaaans USuins 20
lulpsans duaddutnfoauiu 30wt udwhliuasiuilaoulududadunat 5 i
doviAsuelffuaeiier thadueiungesde nuclease P, (MANWIN ¥) USuIAs 20
lulasans iguugd 50 osanwai@oa utu 2 92lus ndsandudosdie alkaline
phosphatase (n1ANWIN 9) UsN193 20 lilasdns ﬁqmmﬁ 50 DIANYATYE UIWTINAY 1N
Mdueidesudrluiinseideiaiealasunlnnifivesnaraussousgs (HPLC) Tagld
Cosmosil 5C5 (4.6IDx150 mm) column (Nacalai Tesque, Japan) lUsvinazananay
0.02 M NHzH,PO, : acetronitrile (20:1, v/v) Huandoud (mobile phase) gn31n5bua
1 fladdnsreund wasns193adne UV detector fianueniadu 270 wiluwns (Tamaoka
and Komagata, 1984) AuleiAUszNauvasfloueLfisuiuAlouenInsgIu (standard)
MUFATAIUAW %&ﬁtﬁmammgmﬁﬁ Ao Lambda DNA (Invitrogen, USA)

G+C mol% = 100 x (Gs/Gg+ Co/CR) ; S= Peak area of sample
(A/Agt Go/Grt Co/Cr + To/Tr) R= Peak area of standard

3.2.3 msAnwaneauznedlulnd (genotypic characteristics)
3.2.3.1 N159LAT1ZR 165 rRNA gene

3.2.3.1.1 MsannnLduLe

afamsuenIAsN1sNIRAwlasaIn Tamaoka (1994) Taen
ulalWinuenilutedniinenldimuauideduenms yeast extract-malt extract broth
UuLATRNLETigungll 30 ssAwaldea uiu 4-5 Ju LAvwadlunasalulasieudiiod
(microcentrifuge tube) Aun 1.5 Jadans arswaaniy TE buffer Lazavaiglu TE buffer
US11ms 380 faddns wiu lysozyme asllidntipauaiunly water bath ﬁqmm:ﬁ 37 94A1
wadua uy 3 $9lue naseInUL Wy 109% SDS Usunns 40 Tulasans waulidniulnenay
naoaluuiiung LLﬁaﬁmﬁqmmgﬁ 55 padwalded L0uLaan 30 Ui anduLiy
phenol:chloroform (1:1, v/v) (AAKNWIAN V) Tulsumswinivansazatelunass LaLvE19 e
Haduan 5 w1 Lﬁaﬁﬁmiﬂsauuaz?}m Wlutumiesfinuga 13,500 sousoundt uu
20 Wi mﬂﬂ?u@mmﬁazmaé’mwmmmzﬂau&ﬁmaﬁw absolute ethanol Miudnly
Usinas 2 wh MWursuiiuiumidueuddnssliuge Wourudazansly Mili-Q water
Lﬁuﬁqmmﬁ -20 aeAvaLTYE
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3.2.3.1.2 MafiuuSinaiidueves 165 rRNA gene
ifduefiataldunfinusunaaefdueudion 165 rRNA
gene #6133 PCR Ineld Tag DNA polymerase n1335n1583 Treek and Teuber (2002) 3
ansfildnanlu 1 reaction (100 lulasdns) Uszneudae DNA template Usuns 2 lulasans
Tag DNA polymerase (5 units/ul) (Invitrogen, USA) U3u1ms 0.5 lulasdns 10x
polymerase buffer (Invitrogen, USA) U3uas 10 lulasans 25mM MgCl, (Invitrogen,
USA) Usues 8 lulasdns 2 mM dNTP (Invitrogen, USA) Usunes 8 lulasdas 10 uM
forward primer (20F: 5-AGTTTGATCCTGGCTC-3) U3u1ns 8 lulasans 10 uM reverse
primers (1541R: 5-AAGGAGGTGATCCAGCC-3) U3uns 8 lulasdns waz Milli-Q water
Ysums 61.5 lulmasans ﬁﬂaﬂimauﬁlﬁmﬁﬂﬂﬁﬁ‘%mLﬁmﬁmuaLﬁuwﬁwiﬁé’ﬂﬂ‘%m 7100
thermal cyder (Bio-Rad Laboratories, USA) Iﬂaamwﬂmﬂﬂmma ¥UU AD initial
denaturation 1/1 94 pyANYALTYE 3 WY mﬂuumﬂgmmmmu 40 sou lagldaumngil
denaturation 7 94 esAwaLdya 30 3w annealing 52 DIFNTALTYE 30 JUT LAy
extension 72 sseaLdEa 90 Iunit 1ilevihUATeNATU 40 S0U Yigamadl final extension
7i 72 psmwadea Wil 5 wnd
Ymdnsel PCR (PCR product) fildusuns 3 lulasans uiasavaeulnefuuy
0.8% agarose gel finauddon SYBR® Safe DNA gel stain (Invitrogen, USA) (A1ANWIA )
Sl 0.5X TBE buffer (anarwan @) Tagldausnadndlui 100 Taas wiu 30 wift sty
79339uaU (band) 183 165 rDNA Tngldip3os Ultrastim® LED Illuminator (MaestroGen,
USA)

3.23.1.3 meviwaninst PCR (PCR product) Tiudam’

1 PCR product 1vuSan $1neld FavorPrep " PCR
purification kit (Favorgen, Taiwan) a1 PCR product Usunns 100 lulasdas Taaslu
naenlulasigunsiinauie 1.5 lulasdns Wy FADF Buffer USunss 500 lulasans uaanas
Tiidniu gransazansasly FADF column #ifi collection tube 9ntutlutiumisad
ANLLE7 14,000 SoURBUNT U1U 30 Funit wansazanelu collection tube 714 WAIE1Ee
Wash Buffer U3uas 750 lulasans drlutlumissfianns 14,000 seusowdt wiu 30
Uil mansarareiudrdludumdosdnadeuny 3 und Wileld FADF column usis 219
FADF column Tunasalulasiwuiindsuln vediduelaeven Elugation Buffer Usunms
25 lailashng wddedisld 2 unit udaduieauu 2 wiit ivABuedldioumnd 4 vie -20
DIALYALTY
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3.2.3.1.4 msmarnuiianalelnaves 165 rRNA gene
th PCR product iudansuddsluiemeimdduianile
n# (sequencing) 7i First BASE Laboratories Sdn Bhd (Malaysia) 1ag/ld BigDye®
Terminator version 3.1 Cycle Sequencing Kit (Applied Biosystems, USA) L%JaﬁLLEJﬂiéf
Hunazldlnsies 518F (5'-CCAGCAGCCGCGGTAATACG-3") wa 800R (5'-TACCAGGGTA
TCTAATCC-3") dauidoiiunaulavzifinlnsiues 27F (5-AGAGTTTGATCMTGGCTCAG-3")
hag 1492R (5’-TACGGYTACCTTGTTACGACTT-3")

3.2.3.1.5 myiasgianuilanalolnaves 165 rRNA gene Lagns

A5 1UHUNNAETINUINTT (phylogenetic tree)
thdrduianalelndvesnlnsiuefundendeiulagld
1Usunsy cap contig assembly Tu BioEdit (biological sequence alignment editor)
software  (http://www.mbio.ncsu.edu/bioedit/bioedit.html; Hall, 1999) mﬂﬁmz‘q
funtsvesdeniinnulnaifselaeldlusunsy BLAST (Altschul et al, 1997) iisufu
gﬁusﬁa;ﬂaﬁﬁﬁaﬁﬂaﬁuiéjwaﬂ (type strains) 11 EzTaxon-e server (http://www.
ezbiocloud.net/eztaxon; Kim et al., 2012) ¥1n159nL389 (alignment) awuiandlelnad
lefudiuihnalelndfidadonaingiudeyaves EzTaxon tngld CLUSTAL W version 1.81
(Thompson et al., 1994) lu BioEdit software PnTuaUTesing (gap) wavindlelvadily
ansaszyrinlaeen gavneasisununmaigiimuinislegld neighbor-joining (Saitou
and Nei, 1987) Tu MEGA 7 software (Kumar et al., 2016) Fermpnuidosiy (confidence
values) gnimualag bootstrap (Felsenstein, 1985) I@&ﬁwmsejmﬁuaﬁ’mu 1000 A%3 1
Aauilndideaty (similarity) fudieaeiusiilndifsstunniian 1neld EzTaxon-e server

3.2.3.2 manadue-adwe lauslawdu (DNA-DNA hybridization)
thAduLeUTqysTNIUNNSYINGIY RNaseA RNase T1 Wag Proteinase
K (gviadie 3.2.2.8.1) uagazanglu 0.1X SSC wFnaruidudunazainuuignsfeinios
NanoDropTM Lite Spectrophotometer (Thermo Scientific, USA) Imﬂ%ﬂ'ﬂ@ﬂﬂﬁuumﬁ
AILETIAAY Aggy WAT Aggo TIANUBI Aggo/Aoso ﬁLumwammia&ﬁde 0.56-0.59

1) msfraaninsuduenglnlnlule@u (DNA labeling probe with

photobiotin)
Mey DNA solution (1 mg/ml) USu1as 10 lulasdns du
photobiotin solution (1 mg/ml) Usuws 15 lulasans Tunaenlulasiwunsinnwuin 1.5
fadans udrsuuiuds anndudessonasanuasnlil (sunlamp) v 30 wiFt g 0.1 M
Tris-HCl buffer pH 9.0 (A1ANWIN 9) USuns 100 lulasdns udinidn free photobiotin
sonlaenauiu n-butanol Usuns 100 lulasdns wdrfuwilesdi 12,000 seusownd wiu 20
Juft ndsndugaasarareduuuiis f1de free photobiotin muAsdnaRudnads anty
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Prluduludfenuiu 5 urd tleasuiatvinlifuasiuilanei1alutiunds wduhy
hybridization solution (n1ANWIN 9) Usuns 10 Wlasans wanlianiu

2) 4unesuni1sleuslniadu (Photobiotin labeling DNA-DNA
hybridization)
Fupounslevslaeduinidsnisues Ezaki et al. (1989) gt
DNA (10 pg) veaitafifesnismnaey iWoaewussnsds uaz DNA 81989 (1 mg/ml of calf
thymus in milli Q water) sndaludidoauiu 10 unt wasiliBuasiuilaeauuiuda
ML 2xPBS (nANUan ) Uunns 500 lulasans 0.1M MgCl, USu@s 100 lulasans
wazthnduunenidoaduliiiuiinasay’ 1 Gaddes wdmalidriu Buarsazaneild
U310 100 lalasdns asluudazvguuedlulasinan (Nunc-immuno' plate, MaxiSorp'
surface; Thermo Fisher scientific, Denmark) LLazmgﬂﬁLﬁiﬂﬂaﬂmﬁqmﬂﬂuﬁ 37 p9ALYALTUd
Wy 2 $2lus mansazaneiis wdauiy prehybridization solution (AMARWIN T) U31As 200
lulasans aduusiazvgy uavUuflgumgil 53-55 ssmiwaides w1 1-2 9l Nt
prehybridization solution e udniy hybridization solution U3u1ms 100 lulasans asld
uwnudl thluduiigumndl 53-55 ssmwaldoa (Mulnmugasiuans) um 15-18 2l

Hybridization temperature = (Tm-45) °C
Tm = 69.3 + [%G+C] x 0.41

3) MINTIIINSATUTRIRAOULE (detection of biotin-containing
hybrids)
insanslalasivanusagausieg 0.2X SSC buffer (A1AKWIN )
U3uns 200 lalasAns $1uau 3 ads ndmindudiy solution | (AnARWIN B) U3aAT 200
lailasAns Unilgumnd 30 esmieaidoa utu 10wt uduarsazatsdis Wi solution |
(AR 9) U3unms 100 lalasing Uuilgumgdl 37 esmiwaldea uiu 30 unil udadns
llaswavusiazsquine 1X PBS (n1Anuan 9) Uuns 200 lalasng $1uau 3 ade 9ty
st solution Il (MARLAN %) U3anas 100 lulaséns Unfigauvndl 37 esrwaidea uiu 10
Wl veaufisenveteuleilaedia 2M H,S0, Usuns 100 lulasdns (Verlander, 1992)
thansazanelululasinanluindnsgandunasiininueniadu 450 uiluwns feoiedes
Microplate Reader (Microplate !\/\anagerR 4.0, Bio-Rad Laboratories, USA) A1u204A1508
avAuAdBARIueIRBue Mugns Gl

% similarity of DNA = [(X-N) / (P-N)] x 100
X: pfitnlauesiiduefidesnsaaau

P; A7 inlavesiduemdulnsu (probe)
N; A Tnaleuesdueldianuduiusiuaidueidesnsnageu (calf thymus)
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3.3 m'imaaquéma%qmw (biological activity)

u%au‘imivxlmmwﬂmiumaawLL&JﬂlmmwmmLa 89lua19s yeast extract-malt extract
broth US11ms 100 faaans tunaranuuin 500 uaaam UULﬂﬁaﬂLGUEﬂWNlILi’J 200 59UHD
U9l ‘qucu‘viq:u 30 pemwalded Wuan 14 Yu afndminidede ethyl acetate 31U 2
pds udmiansadaluduillussmedieedos rotary evaporator fignmndl 40 ssrniwalTed
thansafanenu (crude extract) Aildlunadeugmdnisdann ldun qm%‘éhut,%jaaﬁuﬁé
Escherichia coli ATCC 25922 Pseudomonas aeruginosa ATCC 27853 Bacillus subtilis
ATCC 6633 Kocuria rhizophila ATCC 9341 Staphylococcus aureus ATCC 25923
Methicillin  resistance aureus (MRSA) DMST 20654 Vancomycin-resistance
Enterococcus fecium (VRE) ATCC 51559 wag Candida albicans ATCC 10231 mmlﬂu
Nenowaa (cytotOX|c activity) Vero cells (African green monkey kidney) yona N
aﬁﬂﬂmﬁa’mﬁﬂm“dﬁwmﬂﬂﬂLa@ﬂ‘LI’WIG]ﬁE)UE]VIGGHUL‘UEmE]Iiﬂll’la’lLiEJ Plasmodium
falciparum strain K1 LLaui]VlﬁGﬂumaanuLiﬂ 2 %ila Av KB-oral cavity tay NCI-H187-
small cell lung TnsdanageuiivosufURn1snsramarseenqniniadanin qudug

9

JenssukazinAluladdin1nwsian@ (BIOTEC) Useinelne

331 MIAABUAMBFNUA AN (antimicrobial activity)

thansataveruaneulalnfinueadludedniuenldiamaumageugnsdiy
Hoqaunislngis disc diffusion (Lorian, 1980) Tnsmnaeuffugduvis 8 via deitlénanaly
drediu vimmeaeulaeidsauuafifeunems Muller Hinton agar (n1AkwAN n) figannd
37 ssrniwaud Wunan 24 $2lus daudaiassuuems Sabouraud dextrose agar (SDA)
(nARwIN n) Aigaumnll 30 esmwaldea uiu 48 Falua wipnasazaeLTousazeialy
asavans 0.85% NaCl ildanuguifisuyindu McFarland No. 0.5 (1x10° CFU/m) uéald
Iuddtheids (swab) asuuems Muller Hinton agar Waz Sabouraud dextrose agar
Mntusgarsasaianetudie methanol Iifinududu 1 fadnsusediadans uazgn
ansara1euTung 20 lulasdns veanasuuuiy disc (Whatman, UK) tuiaduriugugnas
6 fadwns Wowidausiu disc asuuiiemns Tduku disc daudn methanol wazen
ﬂgﬁmuv (ampicillin ceftazidime gentamicin pemcdlm ey nystatin) LUummmumaU
LAYYAAIUALTIUINALAWY UnauevnTigamndl 37 esrmealdua u 18-24 Halus
dwdunuaiiFe uar 30 esrmiwaidoa utu 48 $alas dvdudad anianalagnvuiadusiiu
AUINAIYDIVIIAIEUSS (inhibition zone)
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33.2 msnndeugrsiudenelshutanSe (anti-malarial activity)

thansadaneuanieulalinweadludedniigndadenumaaeugniduie
nalsAunasy Plasmodium  falciparum (K1, multidrug resistant — strain) Tneides
Plasmodium falciparum $11385n15U94 Trager and Jensen (1976) Fadusluems RPMI
1640 medium 3 HEPES (N-2- hydroxyethylpiperazine-N’-2-ethanesulfonic acid) A4
i 20 fadluans NaHCO; eandidiu 32 Sadluans waz human serum Aignnszdusie
aw¥eu @iaidenunsiosay 3) audiduiesas 10 luduugamad 37 esrmisaidua 7
Audunaziifennsuelaeenledaudududenas 3 shasdedenniulagldormsi
dunauvendindenunsianlviiednwssdunmsasyvenvad wmaaqu%‘mié’ugu%yaﬁa
1saunan3elagd microculture radioisotope technique A1135n15U9¢ Desjardins et al.
(1979) Tnenaudindenunmnudududosay 1.5 Fududindenundiinsindomnae
(parasitemia) fisvez early ring stage $ovay 1 Usuas 200 lulasans Widuiatuemsid
asafaveruiideansnaaeudsazansly 1% DMSO (Ananduduanying 0.1%) Usuns 25
1lasdns Wuan 24 %’ﬂm mﬂﬁ?wﬁmauwamaq hypoxanthine (Amersham, USA) uag
culture medium U3ans 25 lulasans asluudazvau udaniluvmdunan 24 dalus sedu
N159UFNUVDY hypoxanthine ﬁamaa’mfé’hsJmiﬁ’uﬁum%’ﬂﬁamjwaﬂmwﬁiymmL%adaiiﬂ
1a5e Fwmsraaeulagldindos TopCount microplate scintillation counter (Packard,
USA) Tnerndesaznisiasayendenelsaunanismual dlasldduaramsiusouniives
amazﬁgﬂ treat (CPMy) LLazamazﬁlﬁgﬂ treat (CPM) m3gne

% parasite growth = CPM{/CPMy x 100

Tneanunsaulanannedosazuainisduds (9 inhibition) asil fe
1. mnawnsesududelatesninfesay 50 LLaﬂ\‘i’jWlijﬁi]ﬂ/lééhm%aﬁaiiﬂﬂﬂmL%EJ (inactive)
2. mnansadududeldihiuntennninfesay 50 LLamamqmamumaﬂdmmmLia
(active) Frazssunadiumanududuvesasataeruiiaansadudimsadyveadone
Isaunanselasosay 50 (1Cs)

nsnaaeuiild 0.1% DMSO ilugnaIUAILTIAY (negative control) dautn
AIVALLTIUIN (positive control) LLazﬂ'ﬁmmL%@JﬁﬁuﬁuammmuamLﬁ‘z‘muaﬂﬁaflmiaé’us"qums
WSguenideladesas 50 (Cy of positive control) 714 @e dihydroartemisinine A21x
gy 2.79 wiluluans uay mefloquine AuLudy 0.0440 lulasluans
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333 msmaaqu%‘é’u&maémﬁq (anticancer activity)

hansafaneuanieulalifinuoadlufedniigndnidenumaasugnsduds
waauzi3e 2 viln Ae KB cell line (epidermoid carcinoma of oral cavity, ATCC CCL-17)
waz NCI-H187 (small cell lung carcinoma, ATCC CRL-5804) ¢35 Resazurin microplate
assay (REMA) (Brien et al., 2000) lngLiiutadeas logarithmic growth phase uidaanslu
fresh medium WildAnandudu 3.3x10" wadsefiaddns Wuansatnneruiidesnisnageu
$039973 0.5% DMSO USinas 5 lulasdns uavansazatswwadusuing 45 lulasdns ady
380-well plates Tniuhlusluguuiidifwasveulaeenlediosay 5 figungf 37 asmm
waldea nasanusdusyeziian 5 Tu 1Ay resazurin solution AmdNdy 62.5 lulasnsy
sofladdnsusums 125 lalasans adluudazvian wasuuilgamadl 37 ssmwaidea 10y
DA 4l Todayaaunigeaisalwus (fluorescence signal) Tneldip3os SpectraMax M5
multi-detection microplate reader (Molecular Devices, USA) fiaruenindu 530 wae
590 UILULLIAT ﬂ'ﬁaaawaqmié’ugmﬁlﬁﬁzymmL%aéﬁwmmléfmmqm

% Inhibition = [1- (FU/ FUQ)] x 100

FUr fie Aadevesmiigrigeslsalwus (fluorescent unit) 31nannigildansarn
FUC fie Andevesmiigngesisaisus (fluorescent unit) 9MNan18AIUAN

waonnsnUSunafinevavesnnaududuresansataveuiiiions 3 wi
$1uru 6 Anududy wazvnAmuiduvesEsataveuiEnsadudinisiasyve e
1§%oaaz 50 (IC50) fewA3es SOFTMax Pro software (Molecular Devices, USA) Ing
annsaulanasnadovazvesmssud (% inhibition) eerail Ao
1. mnannsadudueaduzdldiosnintosay 50 uamiilifigvddufuadusne (inactive)
2. winannsasudugadunsaldvhiundonnninfesay 50 uanvindorssudueaduzise
(active) Fsazsneaunadudesazuoenstiuds (% inhibition) waduzisa

nsvadeuild  0.5% DMSO ugnaruaudsau (negative control) dautn
AIUANLTIUIN (positive control) mehmmLﬁé’fmﬁuﬁumﬁqﬂmuqmL%qmﬂﬁmmsaé’ugq
waauzise KB cell line lasowag 50 (ICs, of positive control) s ellipticine AmINLLTLT
3.39 lulasniuseiiadans wag doxorubicin AutdNTY 1.16 lulasnsudedaddns wazen
aududurosgnatvaudsuaniianunsadudneaduzse NC-HI8T 1iesay 50 Ae
ellipticine ANy 3.51 lulasnsurediadadns wag doxorubicin A3 dNTYW 0.140
lulasnduseiiadans
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3.3.4 msnedeuANIduivsewas (cytotoxicity)

thansafanenuaneulaliinweadluvandiuenldiamnimageuaanauniu
Nwro Vero cells (African green monkey kidney fibroblasts, ATCC CCL-81) 1ng735 green
fluorescent protein (GFP)-based assay (Changsen et al., 2003) FaUSuansiSecuaiive
agduitusfuUinasadiiviosonsy Tnsanunsoudanaaina1iosazvaanisduds o
inhibition) lé#ail A mnanunsadufuwadldiiesnindesas 50 uanslifiauduiivie
Vero cells (non-cytotoxic) wimnanunsadudamadldwinfuniemnnnindesas 50 uanaindl
Auduiiuse Vero cells (cytotoxic)

3.3.5 NSzLaggaanauin (MacPherson et al., 1995)
wagnauiazgninzideduemsdeusadelin - O-MEM  (alpha  minimal  essential
medium) AYNNSLAN 7.5% newborn calf serum (NBCS) way 2.5% fetal bovine serum

(FBS) luussennia 5% CO, figamadl 37°C vmns subculture 9 2-3 Yu

nmswteni i wadnaudasuudasividuaaduszamiauidn (MacPherson et al.,
1995; Parnas and Linial, 1995 )
dmasiauiiesyduiuiefuuuinasusmnsdewndiy  typsin - Wnanedueed
Fien thiadan 2 X 10° cells/mL wnzidesluemsidosead O-MEM Finsiia 5% FBS
way 0.5 UM all trans-retinoic acid (RA) Tu petridish vuiawdunugudnans 100-mm
Us3BINA 5% CO, Tigaumindl 37°C iwadazsmnguiuiidnwazidu embryoid bodies ¥
mawAsuonan 2 u vnnmizdsndunm 4 u vinisnszans embryoid bodies
T duwadinewsliin udniwadiléll wnsdesuy microtiter plate #ivinns
waouRIN1IUEmY  poly-L-lysine (1% 50 Le/mL  poly-L-lysine favanely sterile
phosphate buffer solution Anastuusiaziauues plate Wuan 1 fw udiresi
asazangesn Uassliuianeldssd UV Tu laminar flow hood Wunar 30 wif) lay
wneidosfienumuuiy 7 X 107 cells/mL (150 HUL/well &y 96-well plate uag 1.5
mL/well dmSuormsinzdendy o-MEM fivi M3in 10% FBS 1@uman 24 Falus
Tu ussema 5% CO, figamgil 37°C 9MiwiiN1dn 10 M cytosine arabinoside (Ara-
Q) adluomadenead wasvhmadsuewnmn 23 fu wadesBeuuadludumad
Uszsanmuiialadiuesdn flauysandosldlumnaaeuluiud 8 YBINTIIZADA

NSNARBUDATINITIINTINVBILgAaUSZE™ (Tadtong, 2013)
demaududuiimnzaudmsuilunagevgrsunionvadusvamsmiaiemeanudy
fwvasensafinsewadlszamaoll Tnevhnsnagousad
Aansneaeuuiazeiaiaateie 10% DMSO/H,0 WawSenanandudusineg fu 5 A

UL AItiAD 200 UM, 20 UM, 2 UM, 0.2 UM, 0.02 UM dmsulglunisvaaeusnsly lng
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mmLsﬁusﬁuqmﬁwﬁL‘flummLsﬁm%’uﬁisﬂumwmaauﬁa 10 UM, 1 UM, 0.1 UM, 0.01 UM,

0.001 UM uagaaduduvesivinazareilfilunguiiagareaiunufie 0.5% DMSO
A58 e MeSINTUNAMUTNTUAISS TAU N meduiUaaUsTamMAEUIN WaUL

wadd 37 °C Tuussenia 5% CO, Wua 18 Hilus Mnifunsragdnsmasendinues
wadUszameneds XTT reduction assay Ineldnguilildsuamaaeulunauniunuuas
MuualienIIN1sIenTinvesnguaruaNAndy  100% yhmmageut 3 adt udazads
maausgﬁ 3 {fq (n = 3, triplicate)

nﬁswﬂaauqméﬂnﬁaqLsuaéﬂsza'm (Tadtong, 2013; lacovitti, 1997; Lé6pez-Maderuelo,
2001)

Shiennudituresaageufianunsarlfeaduszaviisnsimssendin (% cell
viability) 31nn31 100% snneaeugsunilogadusyam Insasviliisaduszanmiinaniie
oxidative stress #1835 serum deprivation Yhnsiivansazarsansnaadeuluaududud
FoansnagevadiUluewnsiasavadildldfudsy waumedsavadluusseina 5% CO,

foamadl 37°C Wunan 18 Flue Faindnsinssendinveawadae XTT reduction assay
lafmualidnsnnissentin - veuraafiisidedusimsiaeusaaiindsuudlulisuans

' IS5 aAa a < o 9 ] ! &
nAgeU  (NQUAIUAN) UORTINNTIOATIRAALUY 100% YINNISNAERULT 3 A9 UWAAZATY
neaaudl 3 91 (n = 3, triplicate)

nsiATILIvoya

¥adAnsieeilagds student’s t-test Wisuiisuiunguaueuiilallisuamagey uaz
naunedsduemsidsaedilifudsuarllldfuasmaaey fuua p < 0.05 3ile
fdedAynIeada

mswmaaquélumiqan%aaqua‘dsza'm ((Tadtong, 2013; Tangsaengvit, 2013)
AnermnudiduresanmageuiiainsoviiivadUsamildnnnissentin % cell
viability) 1nandn 100% wwedeu (anudududeafuilinaaeuqrsunieavaduszam
uazThmsnageulamzasikanigvsuntioneaduszamldifianvinity)  wardunadnuns
yamenmvenYad  nedunansiiuturesnasadusramuay/ Mo Anuemifiiuiy
VoIl sEamnelandeganssal  TIENUTIIIUMIIUTEAM LaTAIAINY IS
Uszanm ledsaniwaduszam 30 wad Wisuifisuiunguanuauitlildfing iduansveaey
TngldansinM  quercetin - Suduansiinefinismeamuinduansifgnilunstelhiannis
sonvaansIUszamiuiinIuAuGIuIN

nsiATILYivoya
lHafifinsieeilagds  student’s ttest wWisulsuiunguanupunlilasuaimegeu
MUUAAT p < 0.05 DO NTNYEAYNIIEDA
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3.4 N1903573%1 (detection) wazAnuwialrunainnane (diversity) vasdu
Inanrlnadumaysiiai 1
3.4.1 1305999 (detection) BulndAlnddumayiiad 1

3.4.1.1 msesntuulnsiues
vinseanuuulnsiuesusiia ketosynthase (KS) domain we98ulnad
Inddumarind 1 Wneldaduiedlelndluuinusindnanniteuenilufedniusnglu
g1utoyares NCBI website (http://www.ncbi.nlm.nih.gov/) Insaenwuuiu degenerate
primers fauandluangedl 3.2

A1519% 3.2 arnuihndlelvaveslnsiues (primer sequences)

Primer name Amplicon size Primer sequence (52 3)
KS-F 740-780 bp GAGCCSCACARCGGCTSBTKCRTCA
(sense strand)

KS-R TGGCCSAKRTTGGWCTTSASGGWGCC
(anti-sense strand)

weme . S = C¥IB G

R =A#i0 G
B =C¥aGuioT
K =Gusa T
W=A%0T

3412 mafiudsnamduelagds PCR

MefLUsamdueuinaflsdumalauy mndlulindisueveeu
TalWAnuemdlusfoandiuenldiomme (vt 3.2.3.1.1) 1peds PCR vlagin3ey reaction
mixture FaUsznausedludndidwe (100 wilunfusolulasdas Ysuims 1 lulasdns
primer (10 lulasdns) vfinaz 0.5 lulaAsdns Tag DNA polymerase (5 giinsialulasdns)
(Thermo Scientific, USA) Usums 0.25 lulaséns 10X Tag buffer (Thermo Scientific,
USA) Usums 2.5 lulasdns MeCl, (25 fiaaluans) (Thermo Scientific, USA) Usuns 3
lulasdns dNTP mixture (10 fadluans) Usuns 0.5 lulasdns 100% dimethyl sulfoxide
(DMSO) U3uas 1.25 lailasdns uaz Milli-Q water U3unns 15.5 lalasdng wianswaud




aq

iAo ndindaufidueseiniss DNA Engine DYAD ALD 1244 thermal cycler
(MJ Research Inc., USA) Iﬂﬂqmwgﬁﬁw Ao initial denaturation 7 95 seAwALTYd 5 WT]
nHuU AU 35 sou Tasusazsauldgumgiiiie denaturation 7 95 a3
waldea 30 3undl uile annealing 71 61 sarwaldua 40 Uil uaziiie extension i 72
psrwalTya 60 Junfl levhuASe1asu 40 seU Uugmmgiiile extension sougAved
72 samwaided wiw 10 Wil dndaswe PCR AildUsuns 5 lulasdns winsisdeuauin
TaguanuuLRueznIlsd Anududy 1% Tudwies 1X TAE (nanuln ¥) Tagldaanumng
fndlndl 100 Taad Wi 40 w1l desaameansazane ethidium bromide 1uiian 10 w1l
niunsaguueiignies (740-780 bp) vewanstasi PCR 7l

3.4.2 msAnwIAMURAINUae (diversity) ¥a8ulwanlnadumauiiaf 1

3421 nmsviuaadue PCR Iﬁﬁqwé (PCR product purification)

yiwdn St PCR Tiu3avs Tngld QIAEX Il gel extraction kit (Qiagen,
USA) Wilngsinasndaiminlunaenlilaseussiosaun 1.5 Sadans iy Buffer QX1 Tu
U3u1ms 3 wheeaea titeazansoznilsa 91ntuiin QAEXI beads USunms 10 Tulasans
(vortex w1 30 Jundineuld wieldldnnnznow) wawanlidfuseindes vortex wisliiu
fudidute thlutufigamgll 50 ssmwai@ea w1y 10 Unfl wag ¥n1s vortex 1)n9 2 U
e it QIAEXII agluannransazane lnedvesansazaeaziludindes Mniidduviesns W
LA 3M sodium acetate, pH 5.0 Usuas 10 lulasans uasnanliigni) W&ty
Puilesdl 13,000 soUREUIT WU 30 SuT] @ﬂdaﬂaﬁﬂmlﬁﬁ%mm AYANYNENDULA IR
#e Buffer PE U319 500 lulasans s1uau 2 ase fensneuliutedieay wiu 10-15 undl
videaunsetadsududan nduazansly Mili-Q water Tngldiadas vortex udatiluiy
WABeT 13,000 S0UADWNT UIW 30 FuIil Qﬂd’miaé?ﬁqﬁmiazmaﬁLSuLaaﬂwaaﬂé’ﬂm
TngldTin 1iusnuiigamagdl -20 ssmwaidoa

3422 mslrauuidue (ONA cloning)

¥nsideuse (lsation) AMdwedildainnansiue PCR fufdueoning
(vector) lag/ld TOPO TA cloning kit (Invitrogen, USA) lagtasas TOPO cloning reaction
mixture USamsgs 6 lulasang daseneusne wandnet PCR Usuns 4.5 lulasans salt
solution Usuns 1 lulasans way pCR™8/GW/TOPO® vector U5unas 0.5 Tulasans wew
TOPO cloning reaction mixture Tia1/uLU1 LLazﬂmﬁqmmgﬁﬁaqmu 1 §alue ndsniiu
11 TOPO cloning reaction mixture mmaﬂa%w%’wsj Escherichia coli pauiviunag (£.

coli DH50L ayadudu 10° waddeiiadans) 7idusuins 100 lulasans 133 heat-shock
(Sambrook and Russell, 2001) Tnesufiisenmauiumaduuiudou 10 undt arnduly
aufoud 42 esrwaldoa uiu 30 Ui wdndUlUIUuLT LR 1Ry S.0.C
medium (Invitrogen, USA) 311015 900 lulasdns waniluwgnfiannuda 200 sauseuwnil
MUANRAMATITA 37 esrmwaldua uiu 1 $alu thansazarewaduTuins 100 lilasans
azduissdiuiinge udiazanowadlnldusuns 100 lulasans Yiwadisdasdiuun
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\NABAIUNEINT LB agar 7iAN spectinomycin anandudu 50 lulasnsudedadans udiuy
flgungil 37 ssmwaldua Srudu Aadenlaladila3gyuuaiuemnsdiuiu 12 lalad an
Feoslue1ms LB broth i spectinomycin aududu 50 lalasnSusiedadans Usunmns
5 fiadans Uniigungfl 37 esmiwaldea Tufuuuiaienudn (200 seusiow) didefiAes
Inatanaadamduelutunouseld

3.4.23 msananataiinmdue (plasmid DNA extraction)

ananarafinaouelagld QlAprep Spin Miniprep kit (Qiagen, USA)
Tnedumisaiiofiunsnowmadues £ coli fildsunisansduaslunasalulaswunsindauin
15 fiadans (danuids 12,500 seusoundt wiu 3 uidl) antuazanenduly Buffer P1
U3ums 250 lalasdns wdiu Buffer P2 USums 250 lulasdns wisleadunnlnondu
waenlin 4-6 A%y aunsiliansazatonduanla antunauiu  Buffer N3 U3unas 350
lulasans Inendunasaldun 4-6 ade titeldlusiudeanin wdhludumisaiousn
avnoulUsiueandl 13,000 seusoundl w10 und 1gUWnaadiulagieasly QlAprep spin
column ﬁawagﬂu collection tube ﬁﬂﬂﬂum"”jmﬁ 13,000 58UABUNT YU 1 WP kAN
YOIUNAIN L‘ﬁaiﬁaLﬁﬂL@Qﬂ@?ﬂ@QUULLﬁUL@JNLUiuﬁagﬂuﬂaﬁmﬂﬁ]’mﬁlmam Buffer PE
Usums 750 Talasans wlutiumiesd 13,000 seusoun? wiu 1 undt udwmwosmaiita
diefstheananfidue nduliuviesdn 1 unil itefinveavariiindsog dromodud
Maslunaenlulasunsihdsulug Wiy Mili-Q water Usu1es 30 lulasans awmsaianans
Aodaiudmaly 1 udt Wiludusissiieuga 13,000 seuseund uiu 1 und nanadaidy
19ALYNVLRONN Lﬁu%’ﬂmﬁqmmﬁ -20 aeALYaLTYE

3.4.2.4 nsgeenanaila (plasmid digestion)

n1emsraaeuiudulnddluddunayiadl 1 funsnegly
pCR™8/GW/TOPO® vector yilaunisdosmstouluifnidiinig Bspl143l (Sau3Al) (Thermo
Scientific, USA) shennsusideal digestion reaction USannsaws 15 lalasans dausznause
nuclease-free water Usuns 12.75 lulasans 10X Buffer Bsp143l Usuins 1.5 lulasdns
plasmid DNA U3uas 0.5 lulasans wag Bspld3l Ysuns 0.25 Wlasans waulmaniu
019 whunfigamgd 37 ssrwaida uu 2 dalus wendudufiueiigndes vusynlsa
Mududu 2 Wedidud Ty 1X TAE buffer (marwan 2) fiausedndglniln 100 Thad 1Ju
a1 60 Wil antudendiduielu ethidium bromide solution w1y 10 w17 udamsraglag
THA389 UV-transilluminator (Ultra-Violet Products, UK) tdan@egefiuansauinesiisy
et Tinszsimasuianalelnsludunousiold

3425 nsmanuianalalng (DNA Sequencing)
dnarafinfiduiedaluiinsizinigisduiiandleluddi First BASE
Laboratories Sdn Bhd (Malaysia) lngld BigDye® Terminator version 3.1 Cycle
Sequencing Kit (Applied Biosystems, USA) Tlaflwsiuas M13F (-20) (5-GTAAAACGACGGCC
AGT-3") way M13R (-24) (5' GGAAACAGCTATGACCATG 3')
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3.4.2.6 mMywasziasuidandlolna

Minsuntadsuiianalelnanie BioEdit (biological sequence
aligcnment editor) software (http://www.mbio.ncsu.edu/bioedit/bioedit.html ; Hall,
1999) Tngauasuiindlelvsludiuresimnesosn tidwuiiadlelndiildluuvaswa
(translation) Judunsnezilundrdumardunseeziluiindrefulagldlusunsy Blastx
Ty NCBI web site (https://blast.ncbi.nlm.nih.cov/Blast.cgi) udrthanduezilumanduan
Wiguiisuauduiusiulagiinisdnsesdeya (alignment) 998 CLUSTAL W version
1.81 (Thompson et al., 1994)Tu BioEdit software IntuaUTeing (gap) Wa2d39
WNUAINITMUINTS (phylogenetic tree) Tnald neighbor-joining (Saitou and Nei, 1987) Tu
MEGA 7 software (Kumar et al., 2016) ArALLdosiu (confidence values) Qﬂﬁmuﬂiﬂa
bootstrap (Felsenstein, 1985) Imw‘hmsajmﬂuﬁmu 1000 A

3.5 mansindariiutBinaiiandnansuaznisanauandns
yhmadeueniludeaviuidedofivauulnsudaznguly Seed medium (Yeast extract -
Malt extract broth; pH 7.3) Usidedliuuaiesvginnuda 180 seusieund flgnmgiivies
w4 Su udaudseeluems Production medium (Yeast extract - Malt extract broth i
B3 0.1% CaCOs; pH 7.3) Inaldis 1% inoculum w83 seed medium asli production
medium  Uuidedliuuadonugnmmds 200 seusdeunit figumnivies Wuna 10 Yu
timinideunnsasiunszatunsas Whatman No.1 iileusniondiutilauasisadesnan
fu antuhdauilausing partiton fu ethyl acetate 3 ass wdahluszmeliuis
meldnsanausiu agldansatnneulugiu ethyl acetate (crude EtOAC extract) 910ty
thlugrsmsnileswadUszam  Wevsunanisesngrisagyhnsidenansaiavenuiiuans
qisiATianluLenliuianideld

3.6 MsafauazuenasIvuIans

thansatnewdildande  13.1.5  Tunedevnndnmsdinmuaziunadaliléas
Uiavdsomeadanidlasnlnsns il uasideldmsesndudn vioasuiaviud Fuily
nyIvdeUgMENITININBsanUTavSHelY

3.6.1 m3figatignslasiaiomanivas fmuaendnualvesasudavduonld

thansudavsfuenlduieneimlassairslaeisnsaelasalad ST
londnwal uazvAAsinemeamiddny 1wy ganasuvar 1udu mademsaiUalasala
Yitagrhanldlunisinu Teun

3.6.1.1 Ultraviolet - Visible (UV) spectrophotometry

farimsgandunasluriernnuenady  ultraviolet (200400 wiluiimg)  udis
visible  (400-800 unluwms) agiilimsiudayflaiduiviliAndvieganduuasiugis
fanam syilaridumantl 1un mimsueta wilansondaussmjorilu WWudu


https://blast.ncbi.nlm.nih.gov/Blast.cgi
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3.6.1.2 Infrared spectrophotometry (IR)
SaAnsgandunaslurisruiindy infrared (400-4000 cm) Badutisniuen
Auvesuasiansnsavhlsluanaiinnsduasiiiou  wazanusavendeyileidusineg el
msduaziiouluguuuudimsdloldFundinuanuasiifiruemadunis - usnanazldly
msfnwvgiladduivinliAansgenduuasudaaniuildazsianldsrBaiiorslunsm
lonNanwyalvedaTusiazviln \flosndursusnaUaniuresansudasyinasiiiendnuali
ez waglidu finger print vosanstue 14
3.6.1.3 Mass spectrometry (MS)
ymimdnlnana iledusugnslassainsvesans
3.6.1.4 Nuclear Magnetic Resonance (NMR) spectroscopy
Gumadaiivilinsuidassaiwesas  legaslidoyaain 1-D NMR (H NMR
way “C NMR) way 2-D NMR (1u COSY, HMQC, HMBC 1{ug) ansnavaaylendu
meqlulassaieasiinadodunisvedusnon  way  asueu  lagavwanslidiudue
chemical shift vaslusaoukazaAsUaLTiswAna1eTulY waz n15iAn splitting pattern
JULUUANY 590891 coupling constant auiduesAusznaulunismilassasnwesans
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¥ '

4.1 n1swenaulaluinwaaflulisdnainnyl9das
1nN1seenaulaliAnweaRluisandlIag19iw19A3991WIU 20 ¥iia MAUIINNUNA

D.

=

n199 T 8 FwminvesUsemalve loun aese1 wunYS Unusill aszys wasuen Usiduys
903511l warguas sl Faudstudiuiiegrseeniu 4 dau Ao Tu d1du i uagsn
annsaneneulalifnuealutednlisiuau 109 loluan TeazBunsanandlunsad 4.1

Mnnansueneulaliinueadlufoanainfivndds nuinudruvesiivnsddeitanunsa
wontoulaliAnueadluiodnlinndign Ao 510 9w 67 lelan (Fevay 61) i 27 lely
\an (Jovay 25) d1du 11 lelaian (3osay 10) wavly 4 lelvian ($eway 4) Miions
Hoununuvdsilegordenussumivesenilutvin fo fu fiusendlutdniiondey
iuﬁﬂLLwémzmaLGﬁ’]VLUﬁ%uehuﬁ%ﬁﬁmmlné’%mﬁuﬁumnﬁqm AB 970 GANIABLAGT a1AU
warly muddy woalusodnmardaunsodigiidlimadestanietuduillauuniu
29990% (Kaur et al., 2015) FeaonadaaunUATeves Saini et al (2016) fvnsusniouls
TWRnuoaRlusednaintuaiusin ardu wazluwes Syzyeium cumini (W3) danuindovas
56 voudousnldaindudiusin fiflesdesas2 whiuduenldanlu Wuisafufunuise
904 Passari et al. (2015) fivhnsuenieulalwfinueailudedn s1uau 42 Telsan lean
Fudruinayulng 7 Sudm wutuenldansninniian Ges 52) déu (Gesas 21) Tu (Gos
av 14) aen ($eway 7) wazAulu (Bevaz 5) wavuonaniddenndesfuaulseves
Taechowisan et al. (2003) fmsuenieulali@nuenflusiodnaniivayulns 36 viin el
Wy9ATaTIu0Y 2 ¥lla (Zingiber officinale L. way Alpinia galanga L.) WNUIMENTOLE
$1uru 330 lelatan Tnsusnldansinunniian (Fovas 64.2) sesasndelu (Fevay 29.9)
uazasu (Sevag 6.4)
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4.2 nsAnwYNINISINVBLRULALWANLEARTUSIBEN
mnmsfigationdnuaiveadelussiuana (genus) Tnsfinuwidnuasdugiuineuay
Ainsziduianalelnsues 165 RNA gene nuineulalwfnuendludedndiuenlasiuu
109 lolaan (Wunendlusfodniidnoglu 6 294 (family) #uA Micromonosporaceae
Jiangellaceae Pseudonocardiaceae Streptosporangiaceae Thermomonosporaceae
wae Streptomycetaceae wualu 15 ana (genus) liun Jiangella (2 lolwan) Asanoa
(1 lelatam) Dactylosporangium (1 lelaian) Jishengella (7 lelaian) Micromonospora
(12 1oletan) Phytohabitans (1 leleian) Kutzneria (1 lolaian) Saccharopolyspora
(1 lolatan) Microbispora (17 lelwian) Nonomuraea (5 lolaian) Planotetraspora
(1 lolwian)  Sphaerisporangium (2 lelaian)  Streptosporangium (2 lolaian)
Actinomadura (3 lolwian) wag Streptomyces (53 lolwian) Fawanslunnsed 4.1 LLazgﬂﬁ
4.1 TavenFevazmnundnendsasirfuiiandlolns (similarity) funnfignueaeulaludn
wonRlusedniuenldlusaslolmaniuameiusénads (type strain) uandlumsnei 4.2
nuansueneulalv@nueafludedn nulnaenadesiuuITeves Taechowisan et
al. (2003) Aanansanenieulaliifnuesdlusivdnanfivayulnsvansviauaznuitegluana
Streptomyces 11N i g0 389983UN Ao Microbispora Nocardia &g Micromonospora

%

& = o Ao a A v A v
wananlinsfnyiluasalifianunsoseneulalndinuesiludednluanaduy lndnvangana
o a % v & | a N o a A % a ca o A
HINNANUILAD hansbiiuIeulalifnwaaflusdednuanlaainivlesdvslunsatining
GRVRLGR

Ul ldnwerdlutsaniwenlaNaiun wulinanuIusesas 37 (40 Tolwuian) Lans
A1 % similarity vedanuiiandlelnandeudiein (Mninsesay 99.5) Waiflsuivaneiug
9198slugutoya ulalninwaeflusuandeiuduldudualydlivg Sealdnlnadeadla
] ¢ & & - ca \ o < - X v
puItnTueulalnansadutoulaludlufivnddeuinou wisg1alsiniy nsAnwlasnuly
gj ‘é’ o 1 A [ -V 1
A3atl 819awtlugatTdlng fandna
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NYWAT S | Sudauiley ananuenld Suauie
A0E9NY fiuenld
Alpinia salanga () 2 3N Streptomyces 9
Amomum krervanh 1 19U Saccharopolyspora 1
(NFE1) Streptomyces 1
Alpinia nigra 3 xR Jishengella 1
(hegan) Streptomyces 2
Streptosporangium 1
3N Actinomadura 1
Jishengella 1
Nonomuraea 3
Microbispora 2
Micromonospora 5
Sphaerisporangium 1
Streptosporangium 1
Streptomyces 8
Alpinia purpurata 1 A Verrocosispora 3
(Vaun9) Streptomyces 1
30 Micromonospora 1
Amomum xanthioides 1 ! Jishengella 1
(5)) A3 Streptomyces 1
Boesenbergia rotunda 2 XE Asanoa 1
(GQEERRE)) Streptomyces 1
30 Kutzneria 1
Microbispora 1
Planotetraspora 1
Curcuma longa A3 Microbispora 2
(i) 310 Actinomadura 1
Jishengella 2
Streptomyces 2
Curcuma parviflora 1 Tu Jishengella 1
(N32138791) 19U Streptomyces 1
370 Streptomyces 1
Curcuma xanthorrhiza 1 Tu Streptomyces 1
(1udnungn)
Curcuma zedoaria 1 ARy Micromonospora 1
(viiudon)
Etlingera elatior (nvaN) 1 370 Streptomyces 2




A15199 4.1 ulaliAnuerfludsiuenlaainivisdtesinmnge (so)
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NY29AY s | Fudaudiy \Woanaiiuenld Suauie
P ERNTLY uenld

Hedychium coronarium 1 3N Nonomuraea
(WINId) Streptomyces 4
Kaempferia elegans 2 19U Dactylosporangium 1
(IuunAY) Wi Jiangella 1
Microbispora 3
Streptomyces 1
3N Microbispora 2
Streptomyces 1
Kaempferia ¢alanga 1 19U Micromonospora 1
(WUs1guau) 370 Actinomadura 1
Streptomyces 1
Kaempferia larsenii 1 Tu Micromonospora 1
(Wszs1A) Phytohabitans 1
WG Microbispora 1
370 Microbispora 1
Kaempferia marginata 1 370 Microbispora 2
(Wszdn) Sphaerisporangium 1
Streptomyces 1
Stahlianthus companulatus 1 aduy Micromonospora 1
(Iuneniiv) Nonomuraea 1
Zingiber montanum 3 aeu Streptomyces 1
(lwa) xR Jiangella 1
Micromonospora 1
Streptomyces 1
3N Streptomyces 5
Zingiber officinale 1 XE Microbispora 1
@9) Micromonospora 1
N Streptomyces 1
Zingiber zerumbet 2 amu Streptomyces 1
(nszite) W Microbispora 2
Streptomyces 1
370 Streptomyces 1




~ Microbispora

ANG11 } Nonomuraea
An27
ol Ani-s6

:)— Streptosporangium
a0 ]-— Actinomadura
<= 1 Jiangella

cr11 Jishengella

s ——» Phytohabitans
xer2 ——> Dactylosporangium

o | ANI-27 — Asanoa

012 ™ Micromonospora

Saccharopolyspora
~ Kutzneria

> Streptomyces

/

Y

Bacillus subtilis DSM10 (AJ276351)

YU phylogenetic tree (neighbor-joining method)
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T

—— | Streptosporangiaceae
i}_ Thermomonosporacea
;’—_ Jiangellaceae

—— | Micromonosporaceae
| Pseudonocardiaceae
TN

>— Streptomycetaceae

sUN 4.1 AnuduRusnIsansITauIn1svasaulalnAntenflutednNuenlanaun
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A19199 4.2 AdprarANARERRsTetaIRUTiAaLalng (%similarity) veaeulaliin

weaRludpaniiuenlanuaneiugonsds

9 aewugdedeitindiAssanniian Ysimilarity | AU817 (bp)
KE2-3 Jiangella muralis DSM 45357" 99.31 1508
ZM2-6 Jiangella alba DSM 45237 99.93 1437
BR3-1 Asanoa ishikariensis DSM 44718" 99.37 1495
KE1-1 Dactylosporangium fulvum RY35-23" 99.72 1503
AN1-5 Jishengella endophytica 202201" 99.64 1432
AN1-14 Jishengella endophytica 202201" 99.21 1406
AP1-2 Jishengella endophytica 202201" 99.10 1473
AX1-4 Jishengella endophytica 202201" 99.44 1475
CL2-1 Jishengella endophytica 202201" 99.10 1473
CL2-5 Jishengella endophytica 202201" 99.65 1475
CP1-1 Jishengella endophytica 202201" 99.22 1411
AN1-19 Micromonospora oryzae CP2R9-1" 100 1478
AN1-32 Micromonospora schwarzwaldensis HK10641" 99.43 1405
AN1-37 Micromonospora tulbaghiae DSM a5142" 99.50 1420
AN2-6 Micromonospora chokoriensis DSM 45160 99.51 1478
AN3-10 Micromonospora mirobrigensis DSM 44830" 99.86 1417
AP1-5 Micromonospora wenchangensis CCTCC AA 2012002" 99.51 1475
Cz1-1 Micromonospora tulbaghiae DSM45142" 100 1472
KG1-3 Micromonospora tulbaghiae DSM45142" 99.50 1417
KK1-2 Micromonospora yasonensis DS3186" 99.44 1474
SC1-2 Micromonospora tulbaghiae DSM a5142' 100 1436
ZM2-2 Micromonospora carbonacea DSM 43168’ 99.93 1464
Z01-2 Micromonospora maritima D10-9-5 100 1475
KK1-3 Phytohabitans houttuyneae K11-0057" 99.03 1485
BR3-4 Kutzneria buriramensis DSM 45791 99.64 1432
AK1-2 Saccharopolyspora spongiae CMAA 1452" 99.93 1439
AN2-5 Microbispora rosea subsp. rosea ATCC 12950" 99.43 1415
AN2-7 Microbispora rosea subsp. rosea ATCC 12950" 99.50 1413
BR3-3 Microbispora rosea subsp. rosea ATCC 12950" 100 1478
CL1-1 Microbispora rosea subsp. rosea ATCC 12950 99.58 1481
CL2-2 Microbispora rosea subsp. rosea ATCC 12950 99.65 1479
KE1-2 Microbispora rosea subsp. rosea ATCC 12950 99.93 1444
KE1-3 Microbispora bryophytorum NEAU-TX2-2' 99.44 1480
KE2-2 Microbispora rosea subsp. rosea ATCC 12950 100 1412
KE2-4 Microbispora bryophytorum NEAU-TX2-2' 99.71 1407
KE2-5 Microbispora rosea subsp. aerata ATCC 15448" 99.22 1465
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A19199 4.2 AdprarANARERRITeaIRUTiAaLalneg (%similarity) veaeulaliin

Xl v = Y o v §Y a I
wepAludednuenlanuaneiugeada (se)

9 aewugdedeitindiAssnnitan Ysimilarity | AU817 (bp)
KK1-10 Microbispora bryophytorum NEAU-TX2-2' 99.51 1432
KK1-11 Microbispora bryophytorum NEAU-TX2-2' 99.37 1479
KM1-1 Microbispora bryophytorum NEAU-TX2-2' 99.65 1473
KM1-2 Microbispora bryophytorum NEAU-TX2-2' 99.51 1478
Z01-7 Microbispora rosea subsp. rosea ATCC 12950 99.58 1479
Z71-4 Microbispora hainanensis 211020' 99.79 1410
272-2 Microbispora bryophytorum NEAU-TX2-2" 99.45 1480
AN1-27 Nonomuraea kuesteri NRRL B-24325' 99.45 1482
AN1-36 Nonomuraea jabiensis AG036" 99.28 1431
AN3-11 Nonomuraea angiospora IFO 13155 98.68 1369
HC1-7 Nonomuraea bangladeshensis 5-10-10" 99.93 1480
SC1-1 Nonomuraea dietziae AJ278220" 98.82 1488
BR3-5 Planotetraspora phitsanulokensis AT-1383" 99.71 1444
AN1-28 Sphaerisporangium rufum R10-82" 100 1411
KM1-3 Sphaerisporangium krabiense AT-0308" 99.28 1440
AN1-26 Streptosporangium saharense 5G20' 99.63 1355
AN3-5 Streptosporangium terrae VRC21' 99.30 1492
AN2-10 Actinomadura rugatobispora IFO 14382 99.27 1403
CL3-1 Actinomadura rugatobispora IFO 14382 99.27 1400
KG1-2 Actinomadura bangladeshensis 3-46-b3" 99.31 1509
AG2-1 Streptomyces iranensis HM35' 99.79 1444
AG2-2 Streptomyces hyaluromycini NBRC 110483’ 99.93 1485
AG2-3 Streptomyces bungoensis DSM a1781' 99.03 1483
AG2-4 Streptomyces phaeoluteichromatogenes NRRL 5799" 99.86 1482
AG2-5 Streptomyces iranensis HM35' 99.65 1415
AG2-6 Streptomyces bungoensis DSM a1781" 99.86 1489
AK1-1 Streptomyces sclerotialus NRRL ISP-5269" 98.41 1486
AN1-8 Streptomyces tuirus NBRC 15617" 99.44 1482
AN1-12 Streptomyces shenzhenensis 172115 99.93 1482
AN1-18 Streptomyces leeuwenhoekii c3a’ 98.76 1482
AN1-25 Streptomyces misionensis DSM 40306 99.71 1393
AN1-29 Streptomyces amphotericinicus 1H-SSA8' 98.53 1434
AN1-38 Streptomyces ginglanensis 172205" 99.93 1484
AN2-3 Streptomyces angustmycinicus NRRL B-2347" 100 1486
AN2-9 Streptomyces sioyaensis NRRL B-5408" 99.72 1492
AN3-4 Streptomyces amphotericinicus 1H-SSA8" 99.65 1484
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A19199 4.2 AdprarANARERRITeaIRUTiAaLalneg (%similarity) veaeulaliin

Xl v = Y o v §Y a I
wepAludednuenlanuaneiugeada (se)

9 aewugdedeitindiAssnnitan Ysimilarity | AU817 (bp)
AN3-6 Streptomyces iranensis HM35" 99.65 1415
AP1-1 Streptomyces griseoruber NRRL B-1818" 99.65 1486
AP1-3 Streptomyces adustus WH-9' 99.31 1486
AP1-4 Streptomyces cyaneus NRRL B-2296' 99.36 1439
AS1-1 Streptomyces carpaticus NBRC 15390 99.79 1446
AS1-6 Streptomyces chattanoogensis NRRL ISP-5002" 99.10 1488

Streptomyces diastatochromogenes NRRL B-1698' 99.10 1488

Streptomyces lydicus NBRC 13058 99.10 1488
AS1-8 Streptomyces misionensis DSM 40306 99.93 1485
AX1-2 Streptomyces nigrescens NBRC 12894 99.93 1489

Streptomyeces libani subsp. libani NBRC 13452 99.93 1489
BR2-1 Streptomyces diastaticus subsp. ardesiacus NRRL B-1773' 99.65 1484

Streptomyces coelicoflavus NBRC 15399 99.65 1484
CL2-6 Streptomyeces sioyaensis NRRL B-5408" 99.72 1486
CL3-4 | Streptomyces adustus WH9' 99.31 1486
CP1-2 Streptomyces xylanilyticus SR2-123' 100 1440
CP1-6 Streptomyces capoamus JCM a734’ 100 1483
CX1-1 Streptomyces parvulus NBRC 13193 100 1483
Cz1-3 Streptomyces cinnabarigriseus 15360" 99.17 1483

Streptomyces canus DSM 40017 99.17 1483
cZ1-4 Streptomyces wuyuanensis CGMCC 4.7042" 100 1478
EEL1-2 Streptomyces jiujiangensis JXJ 0074 99.31 1480
EE1-8 Streptomyces sanglieri NBRC 100784 99.38 1483
HC1-4 Streptomyces hydrogenans NBRC 13475 100 1484

Streptomyces daghestanicus NRRL B-5418" 100 1484

Streptomyces albidoflavus DSM 40455" 100 1484

Streptomyces violascens ISP 5183 100 1484
HC1-8 Streptomyces lannensis TAG-8" 100 1481
HC1-9 Streptomyces psammoticus NBRC 13971" 99.93 1484
HC1-10 Streptomyces glomeratus LMG 19903 99.93 1487
KE1-4 Streptomyces adustus WH-9' 99.31 1486
KE2-1 Streptomyces camponoticapitis 2H-TWYE14' 99.65 1484
KG1-1 Streptomyces wuyuanensis CGMCC 4.7042' 99.86 1475
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A19199 4.2 AdprarANARERRsTetaIRUTiAaLalng (%similarity) veaeulaliin

Xl v = Y o v §Y a I
wepRAludednuenlanuaneiuge1asa (se)

9 aewugdedeitindiAssnnitan Ysimilarity | AU817 (bp)

KM1-5 Streptomyces hydrogenans NBRC 13475 100 1484

Streptomyces daghestanicus NRRL B-5418" 100 1484

Streptomyces albidoflavus DSM 40455 100 1484

Streptomyces violascens ISP 5183 100 1484
ZM1-1 Streptomyces xylanilyticus SR2-123" 99.17 1487
ZM2-1 Streptomyces griseorubiginosus DSM 40469" 99.38 1483
ZM2-9 Streptomyces cinereospinus NBRC 15397" 99.10 1482
ZM2-12 Streptomyces racemochromogenes NRRL B-5430' 99.79 1481

Streptomyces polychromogenes NBRC 13072' 99.79% 99.79 1481
ZM3-2 Streptomyces wuyuanensis CGMCC 4.7042" 100 1475
ZM3-3 Streptomyces collinus NBRC 12759" 99.93 1438
ZM3-9 Streptomyces griseorubiginosus DSM 40469" 100 1483
Z01-8 Streptomyces albidoflavus DSM 40455" 99.79 1484
Z71-3 Streptomyces amphotericinicus 1H-5SA8" 99.65 1427
ZZ1-7 Streptomyces nigrescens NBRC 12894 100 1486

Streptomyces libani subsp. libani NBRC 13452 100 1486
772-1 Streptomyces iranensis HM35' 99.65 1485
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4.2.1 29A Jiangellaceae

[

Usenaume 1 ana fe Jiangella Fallseawiden ¢iail

(1) @na Jiangella

ulalvAnuerfludedndiuiu 2 leloian laun KE2-3 way ZM2-6 @51a1du
Teomsifuaeenuasduletnuanin (frasment) Wuwrisduviowien asaduleanie
16 uilinunsa¥isaved (3Uf 4.2) iflelasquueimis 1SP2 e adulediaasumdes
Ry (strong yeLlovwsh brown) Lardv119uas (yellowish white) (MaRuIn A) laiadna
iammmnaumsmwummimaawmum ANWUTNITIATYUUBINTANE) WaATlUAIAKLIN
3 ansawaseyldfionmgil 20-30 ssrwaldea usdlolalan ZM2-6 Le3glaTigumgiigean 37
ssmwaia Aanudunsa-ssiiaialdeglurag 6-10 waganunsonuindeanududuios
az 0-7 ¢ dullelman zM2-6 muldigeaaianududiuiesas 8 annsndesaansutls lusiy
T wagdidlumsald wildanunsagevaansmarfuls (115197 4.3) 9NnTIATIZREEy
fndlelnnaveg 165 rRNA gene wuinlalaian KE2-3 way ZM2-6 dal1uAatenanu
Jiangella muralis DSM 45357' 99.31% uay Jiangella alba DSM 45237 99.93%
PUEIFU (113797 4.2) NMTUATIEI phylogenetic tree wuiia 2 lolmaniidnogluana
Jiangella (gﬂﬁ 4.3)

3Uil 4.2 dnvaradoiuasiduloveslelaian KE2-3 () uay ZM2-6 (1) nelandesqansanil
finafuauddesszezlna (1 (long working distance) (ANdsvene 400 i) mmstguu
81413 soil extract agar
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61ﬁ ZM2-6
95 |~ Jiangella alba YIM 61503 (F)157186)
53 ; ; T
M/ongello muralis 15-Je-017 (FN645214)
54 KE2-3
o Jiangella alkaliphila D8-87' (AMd22451)
7 Jiangella mangrovi 35Ma-07' (AB976540)
ER — Jiangella gansuensis YIM 002" (AY631071)
100 [ Haloactinopolyspora alba YIM 93246 (FJ969846)
100 Haloactinopolyspora alkaliphila EGI 80088 (KF040422)
81

Phytoactinopolyspora endophytica EGI 60009" (KP271925)

[ Micromonospora pisi GUI 15T (AM944497)

100 Micromonospora pattaloongensis TJ2-2" (AB275607)
93
6 ;E Micromonospora polyrhachis NEAU—ycmZT (KC139400)

95 L Micromonospora sonneratiae 274745 (JQ619535)

[ Pseudonocardia alaniniphila YIM 16303 (EUT22519)
L ) )
100 Pseudonocardia seranimata YIM 63233 (FJ817379)

‘ Goodfellowiella coeruleoviolacea NRRL B-24058' (JNYI01000138)

Streptomyces ambofaciens NBRC 12836 (AB184182)

0.0100

gﬂﬁ 4.3 wansnunusuadlelaian KE2-3 Way ZM2-6 Ul phylogenetic tree (neighbor-
joining method)

4.2.2 9A Micromonosporaceae
Usegnounie 5 ana ledun  Asanoa  Dactylosporangium  Jishengella
Micromonospora Wag Phytohabitans @ilsvaziden el

(1) @na Asanoa

ulalinuorflusiodndiuiu 1 lelaian Ae BR3-1 assavesrotuduans
@Iuavesuinnii 10 alesnoany) Uuﬂmmaqﬁmﬁgaﬂaﬁﬁuumgu%aﬁgﬁﬁuuﬂmmqmﬂ
10115 Liadaduleennia (3U7l 4.0) lea3gyuuenns ISP2 avaraduleemsdda
(deep orange) LLaza%fNiqﬂi’mqﬁazawﬁwﬁa”uLéﬁ’mammq (strong reddish orange)
(MANUIN A) FNYULNITIATYVUDIWITAINY LaAIluUNIANLIN mmmwéﬁyiéfﬁqmmﬁ
20-40 psmwaidea Aanudunsa-maieiayldeglutis 5-10 waganunsanuindeniny
WuduSesay 0-2 e awnsagevaansuteuazlusiuluuuls waldauisagssaansiaansiu
war3imdlumsals (m3197 4.3) nmsheseiaisuianalelnsuas 165 rRNA gene WU
finnundreadafu Asanoa ishikariensis DSM 44718 99.37% waza1nn1534AT1Z %
phylogenetic tree wuindnegluana Asanoa (gﬂﬁ 4.5)
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JUN 4.4 dnvazalesuasidulevedleloian BR3-1 n1eldndesganssaliidenuiauddes

sguzlna (long  working  distance) (MMasweny 400 1i1) FUATYUUDINNT soil

o

extract agar

99 [ Micromonospora auratinigra TT1-11' (AB159779)
[

75 Micromonospora chaiyaphumensis MC5-1' (AB196710)

57 Polymorphospora rubra TT 97-02" (AB223089)

Krasilnikovia cinnamomea 3—54(41)T (AB236956)

72 78| [ Couchioplanes caeruleus subsp. azureus DSM 44103 (x93202)

90‘

Pseudosporangium ferrugineum 3.44-3-19' (AB302183)

Phytohabitans suffuscus K07-0523' (ABA90769)

499';7 Asanoa hainanensis 210121 (FJ155992)

Asanoa siamensis PST-2' (AB597931)

97 BR3-1
9 4,7 Asanoa iriomotensis TT 97-02 (AB112081)

57 Asanoa ferruginea DSM 44099" (X93199)

Asanoa ishikariensis IMSNU 22004 (AJ294715)

Catenuloplanes indicus IMSNU 22099 (AJ294717)

0.0050

g'ﬂﬁ 4.5 uanssinuunisvedlelaian BR3-1 uu phylogenetic tree (neighbor-joining
method)
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(2) @na Dactylosporangium

ulalWinueadluded@ndiuiu 1 loluian fAs KE1-1 dn1sasalassaing
dnwaiznau (globose bodies) aguuduloninis lilasraduloeinia (3Uf 4.6) Welaiauy
915 1SP2 azaiadulueimsdmdessey (pale yellow) (Manuan A) liadassaingd
azawﬁwummsmaaunmﬁm ANWULNITRIYUUOIMITANY LandlunAIANLIN § @10150
wiyldfgunnfl 20-40 esmwaldea Armadunsa-rnsiladgldegludis 5-10 uas
aunsanunaeanudNtuiesay 0-2 ¢ awnsadesaaionds TUsAuluul wavanunsasaag
Tuwsald wililaunsagevaaeanduld (s19ft 4.3) Mnmsiesgigiduiedlelndues
165 rRNA gene wuinfinnuadiendsiu Dactylosporangium sucinum RY35-23" 99.72%
La¥INNITIATIZN phylogenetic tree wuirdnegluana Dactylosporangium (g‘d‘ﬁ 4.7)

JUN 4.6 dnvazalesuavidulevedlelaian KE1-1 areldndesanssalildenuiauddes
3

A
N6
szuzlna (long working distance) (AM§39818 400 1911) 9123 UUDINT soil

extract agar



58

Dactylosporangium aurantiacum DSM 43157T (X93191)

Dactylosporangium cerinum NEAU-TPGA' (KF928748)

52 Dactylosporangium maewongense MW2-25" (AB495209)

76

Dactylosporangium siamense MW4-36" (AB529446)

Dactylosporangium luteum BK51' (FJ973604)

Dactylosporangium salmoneum NRRL B-16294' (FJ973607)

81 77 Dactylosporangium tropicum KBZ—4T (AB454508)

[ Dactylosporangium matsuzakiense DSM 4381 0' (X93193)

100 Dactylosporangium vinaceum DSM 43823 (X93196)

Dactylosporangium luricdum BK63' (FJ973605)

97 KE1-1

Dactylosporangium sucinum RY35-23' (AB872783)

59

— Dactylosporangium solaniradicis NEAU-FJL2" (KT208368)

[ Dactylosporangium darangshiense DLS-44" (FM882231)

{ Dactylosporangium fulvum DSM 43917' (X93192)

97 Dactylosporangium roseum DSM 43916' (x93194)

Dactylosporangium thailandense DSM 43158 (X92630)

Verrucosispora gifhornensis DSM 44337' (Y15523)

0.0050

3‘1]17; 4.7 uwanssinuusvedlelaian KE1-1 Ul phylogenetic tree (neighbor-joining
method)

(3) @na Jishengella

oulaliinuweailudisdndiuiu 7 lolawan lown AN1-5 AX1-4 CL2-5 CP1-1
ANI-14 AP1-2 Way CL2-1 a¥wauedidensusnnansguuiduloomsifidnuazunniafiy
lia¥adulenia (U7 4.8) Weigyuuenms ISP2 avaadulenTadumdesanla (vivid
orange yellow) lUauflsddundessou (pale orange yellow) (nMAuwIN A) iﬁ,ia%'wim’?mqﬁ
avanetuuoIIIAdeUYNlia ANunzMaTIYULE WA LanluAIANLIN 3§ A1H130
Lﬂ%zgiéfﬁqmmﬁ 20-40 psmwadea uill 2 loloan Ao AP1-2 way CP1-1 lilaunsoraseyil
gangil 20 samwadeals uazleloian AX1-4 l3glafigamadl 20-30 earwaTea
Aanuunsa-meiianansaeialdeglutas 6-10 lelaan annsanuindernududuios
az 0-5 ¢ usiil 3 lelaian Ao AX1-4 CL2-1 wag CP1-1 vundeldgegaiiannududuiiiosios
g 2 4 uaz 3 mua1eu Mnleleananunsodesanendaaglusiulunuls wiliaunsosaad
Lumsala wasdl 3 loloian Aa AN1-14 AP1-2 uaz CL2-1 @1unsagaeaany Landuls (11379
7 4.3) nnFieszidduianalelvdues 165 rRNA gene nuiteulalifinueniluiedy
waniifimundnendetu Jishengella endophytica 202201 99.10-99.56% (An31971 4.2)
9INMT AT phylogenetic tree wuindeis 7 iaIGziLamﬁé’maqu’Luaqa Jishengella (g‘dﬁ
4.9)
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fn U

A 3

Q) Q
U

Ul 4.8 dnunizaUosuazidulovedleloian ANT-5 (n) ANI-14 (W) AP1-2 () AX1-4 (4)
CL2-1 (3) CL2-5 (R) wag CP1-1 (v) meldndesanssauiiveiuiauddessseslng
(long working distance) (fAdswens 400 L¥1) F9LA3QYUUBINIT soil extract agar
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AP1-2
89
CL2-1
95
AN1-14
53 - CP1-1

r AX1-4
[ Jishengella endophytica 202201" (EU560726)

60 || AN1-5
66" CL2-5
| Xiangella phaseoli NEAU-J5' (JQ073732)

Verrucosispora endophytica A-T 7972" (MF033262)

71£Verrucosi5pora gifhornensis DSM 44337' (Y15523)
84

73 Verrucosispora maris AB-18-032' (AY528866)

— Verrucosispora fiedleri MG-37' (JQ423921)

66 Verrucosispora lutea YIM 013" (EF191199)

6 tf Verrucosispora sediminis Ms426" (EU870859)
59 { Verrucosispora andamanensis SP03-05' (JX524154)

75 Verrucosispora wenchangensis 234402' (HQ123435)

Verrucosispora giuiae REIG7' (EU427445)
93 Verrucosispora sonchi NEAU—QY3T (KT633950)

B B Salinispora pacifica sCNR-114" (DQ224161)

og| [ Salinispora arenicola ATCC BAA-91 7' (AY040619)

76 Salinispora tropica CN BA40' (AY040617)

|: Micromonospora pattaloongensis TJ2-2' (AB275607)

64 Micromonospora sonneratiae 274745T (JQ619535)

| [ Micomonospora eburnea LK2-10' (AB107231)
\

57 Micromonospora zamorensis CR38' (FN658656)

[ Plantactinospora sonchi N EAU—QYZT (KM108473)

T

98 Plantactinospora veratri NEAU-FHS4' (KF888635)

Prauserella rugosa DSM 43194' (AF051342)

0.0100

Ul 4.9 uanssiumisvadleletan AN1-5 AN1-14 AP1-2 AX1-4 CL2-1 CL2-5 uag CP1-1
YU phylogenetic tree (neighbor-joining method)

(4) @na Micromonospora

ulaliAnueafludisdndiuiu 12 leloian lawa AN1-19 AN1-32 AN1-37
AN2-6 AN3-10 AP1-5 CZ1-1 KG1-3 KK1-2 SC1-2 ZM2-2 uay ZO1-2 a%ﬁaaﬂa%lﬁmagjuu
dloemns ldadaduleennia (Uil 4.10 uae 4.11) ewaSayuue s 1SP2 azaiadule
gmsifiddundes (vivid orange yellow) lUaudsdidennznen (deep olive green)
(manuan #) Svanglelaananuisnaiisssaingiiazatedn nefidndesduseu (pale
orange yellow) lUaufisdil@enugnon (moderate olive green) ANYULNITATYUUDING
#1499 uamdlunianuan 1 nanglelatanannsaadyldfiguvniiqean 40 ssmnwaides uaydl
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a

waelelgiananunsaasylanaumgiaan 45 asenwaidoa Ties 1 lolaian Ao AN3-10 9

Y Y 9
= 1

\w3nldfgumgiigean 37 ssmwaldea Aanuidunsa-aeiiannsadyldegluag 5-10
uay 6-10 ansnsanuindegegananuiduduiesas 3-5 ynleluianannsadesaansutauas
Tusfuluuld Weduunn (eniiulelean AN2-6 AP1-5 uay CZ1-1) a@wnsagosaais
waniuld wandoynlelewan (onuiu Cz1-1) iaunso3idlumsald (ms1e 4.3) 99003
Ainszvidduianalelnsues 165 RNA gene wuinoulaldnuonilusfodnmaiilnag
AdeAdefuana Micromonospora (99.43-100%) (1151471 4.2) LA¥IINN1TILATIEI
phylogenetic tree wutnita 12 leleaniidnogluana Micromonospora fauandluzud 4.12

f
f d
9 Q

Ul 4.10 dnvazavosuazidulovesiolaian AN1-19 (n) AN1-32 (3) AN1-37 () AN2-6 (4)
AN3-10 (3) waz AP1-5 () nneldnassqanssauiisieoniuiauddesssezlng (long
working distance) (fnd3ue18 400 1) FILIIYUUDINIT soil extract agar
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il U
A |
R Q

Ul 4.11 dnwazavosuazidulevesleloian CZ1-1 (1) KG1-3 (@) KK1-2 (A) SC1-2 (4)
ZM2-2 () uag Z01-2 () neldndesganssauisenuiauddessserlng (long
working distance) (M&sve1y 400 1) FULAIQYUUDINIT soil extract agar
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Micromonospora chokoriensis 2719(6)T (AB241454)
Micromonospora violae NEAU-zh8' (KC161209)
Micromonospora taraxaci NEAU-P5 (KCA39463)
Micromonospora profundi DS3010' (KFA94813)
Micromonospora saelicesensis Lupac 09" (AJ783993)
Micromonospora ureilytica GUI23 (FN658641)
Micromonospora noduli GUI43‘ (FN658649)
Micromonospora vinacea GUI63' (FN658651)
Micromonospora jinlongensis NEAU-GRX11' (KC134254)
amorensis CR38' (FN
Micromonospora zeae NEAU-gq9' (KC287242)
Micromonospora lupini Lupac1dN' (AJ783996)
Micromonospora luteifusca GUI2T' (FN658633)
Micromonospora parathelypteridis NEAU-JXY5' (KU997023)
AN2-6
AP1-5 .
Micromonospora wenchangensis 2602GPT1-05 (JQ768361)
Micromonospora rifamycinica AM105' (AY561829)
Micromonospora mangrovi 2803GPT1-18' (JQ836668)
Micromonospora harpali NEAU-JC6' (KJ609003)
Micromonospora oryzae' (AB981052)
AN1-19 ‘
Micromonospora krabiensis MA-2 (AB196716)
69 ZM2-2 B
99 Micromonospora carbonacea DSM 43168' (x92599)
Micromonospora coxensis 2-30-b(28)" (AB241455)
Micromonospora halophytica DSM 43171" (x92601)
Micromonospora purpureochromogenes DSM 43821" (x92611)
Micromonospora luteiviridis SGB14' (FN658669)
Micromonospora phytophita SG15' (FN658661)
AN3-10 .
88 Micromonospora mirobrigensis WA201" (AJ626950)
Micromonospora siamensis TT2-4' (AB193565)

Micromonospora nickelidurans K55' (HQ174560)
Micromonospora palomenae NEAU-CX1' (KF887911)
Micromonospora haikouensis 232617T (GU130129)

Micromonospora matsumotoense IMSNU 22003 (AF152109)
Micromonospora fulva UDF-1' (F1772077)

Micromonospora maoerensis NEAU-MES19' (KC469639)

91 Micromonospora vulcania NEAU—JMZT (KF956808)
AN1-32 :
Micromonospora schwarzwaldensis HKI0641' (KC517406)
Micromonospora humi P0402' (GU459068)

Micromonospora chalcea DSM 43026 (x92594)
701-2 B
Micromonospora maritima D10-9-5° (HQ704071)
Micromonospora marina JSerlT (AB196712)

Micromonospora aurantiaca ATCC 27029 (CP002162)
Micromonospora sediminicola SH2-13' (AB609325) .
Micromonospora peucetia DSM 43363 (X92603)

Micromonospora nigra DSM 43818 (X92609)

Micromonospora spongicola S3-1' (AB645957)
Micromonospora zhanjiangensis 2902at01" (K)742700)

60
61

Micromonospora ebumea LK2-10 (AB107231)
Micromonospora inositola DSM 43819 (x92610)
Micromonospora terminaliae TMS7T (KX394339)
Micromonospora chersina DSM 44151r (X92628)
Micromonospora endolithica DSM 44398T (AJ560635)
Micromonospora coriariae NARO1' (AJ784008)
98 Micromonospora cremea CR30' (FN658654)
Micromonospora halotolerans CRlBT (FN658652)
Micromonospora costi C51- 12r (AB981048)
Micromonospora fulviviridis DSM 43906 (x92620)
Micromonospora narathiwatensis BTGA-1 (AB193559)
Micromonospora rosaria DSM 803" (X92631)

Micromonospora tulbaghiae TVU1 (EU196562)
Micromonospora echinospora DSM 43816' (X92607)
Micromonospora inyonensis DSM 46123' (x92629)
85" Micromonospora sagamiensis DSM 43912" (x92624)
AN1-37

KG1-3

Micromonospora yangpuensis FXJ6.011' (GU002071)
Micromonospora chaiyaphumensis MC5-1" (AB196710)
Micromonospora citrea DSM 43903 (x92617)
Micromonospora echinofusca DSM 43913 (X92625)
Micromonospora echinaurantiaca DSM 43904r (X92618)
Micromonospora viridifaciens DSM 43909 (X92623)
Micromonospora pallida DSM 43817 (x92608)
Micromonospora avicenniae 268506 (J867183)
Micromonospora fluostatini PWB-003" (LC033898)
Micromonospora soli SL3—7QT (AB981051)
Micromonospora coerulea DSM 43143T (X92598)
69 Micromonospora kangleipakensis MBRL 34 (IN560152)

Micromonospora auratinigra TT1-11' (AB159779)
Micromonospora endophytica DCWR9-6-2' (AB981049)
Micromonospora equina Y22 (JF912511)

KK1-2 B
Micromonospora yasonensis DS3186 (IN989295)
Micromonospora olivasterospora DSM 43868 (x92613)

Micromonospora thizosphaerae 211018’ (F1261956)

Micromonospora pattaloongensis T12-2' (AB275607)
Micromonospora ovatispora strain 27015\M05T (JQB36686)
Micromonospora pisi GUI 15 (AM944497)
Micromonospora polyrhachis NEAU-ycm2' (KC139400)
89 Micromonospora sonneratiae 274745 (JO619535)
Catellatospora citrea DSM 44097T (X93197)

71l

m—
0.0050

Ul 4.12 uansshumisvasloluian AN1-19 AN1-32 AN1-37 AN2-6 AN3-10 AP1-5 CZ1-1
KG1-3 KK1-2 SC1-2 ZM2-2 way ZO1-2 UU phylogenetic tree (neighbor-joining

method)
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(5) @na Phytohabitans

oulalifnuoalusiodndau 1 leloan fio KK1-3 ad1eavesifioasy
nauLazaUasaeend (nndn 10 aued) (5UT 4.13) letadguueimns ISP2 arudule
9IM158LMA09LTU (strong yellow) a%f'miqﬂi’mqﬁazmaf’]ﬁmﬁaﬂéau (pale yellow)
(MARWIN A) EnYaizASTULeMNTAeY wanslunANuIn ¢ a1ansaLasqldfigamand
20-40 psrnaaidea Araadunsa-reiadglieglurag 6-10 uazannsanuindoniy
Widuiovaz 0-3 anunsadesaatsutinazlusiuluuuls ualdausodesaaisiaanfuiaz
Shadlunsald (1319fl 4.3) annsieszididuiandlelndues 165 rRNA gene wuindl
AuAEERdsiu Phytohabitans houttuyneae K11-0057 99.03% WwazainnsiasIzs
phylogenetic tree wuindnegluana Phytohabitans (;J‘Uﬁ 4.14)

JUN 4.13 dnwazaleiuazidulevedlaluian KK1-3 nreldndesganssmud
syeglna (long working distance) (AMa99e1e 400 1911) FUATYUUDINT soil

SNIGIGGRN

extract agar



65

6a [ KK1-3
61 Phytohabitans houttuyneae K11-0057" (AB663560)
84 Phytohabitans suffuscus K07-0523' (AB490769)

Phytohabitans flavus K09—0627T (AB663558)

86\;

Phytohabitans rumicis K1 1-0047" (AB663559)
Jishengella endophytica 202201 (EU560726)
7 Micromonospora endophytica DCWR9-8-2" (AB981049)

Micromonospora pattaloongensis TJ2-2' (AB275607)

50 [ Micromonospora olivasterospora DSM 43868 (X92613)

78 Micromonospora rhizosphaerae 21101 8' (FI261956)

j Verrucosispora sediminis Ms426" (EU870859)

99 \; Verrucosispora wenchangensis 234402 (HQ123435)

Streptomyces ambofaciens NBRC 12836 (AB184182)

0.0100

gﬂﬁ 4.14 wananuvisvesloloian KK1-3 Uy phylogenetic tree (neighbor-joining
method)

4.2.3 ¢ Pseudonocardiaceae
Usznausg 2 dna laun Kutzneria wag Saccharopolyspora %sisneaziden

De
De

(1) @na Kutzneria

wulaliAnuenilufodnsiuay 1 loloan Ao BR3-4 aSuduloernafiuan
nauafuiefny wazadieaUesfiiguiy (sporangium) dnwaznavegiiuaevesinuyales
vuneIUULdUleaInIA (gﬂﬁ 4.15) dewaSayuuens 15P2 aasaduleevnsdvdessen
(pale yellow) uaza$radulyernedun (white) (nMarwan ) annsaadisiaingiazais
ﬁﬁ?imﬁawumm'ﬁ ISP5 ISP7 W@z glucose asparagines agar ANWAUENITRIYUUDINIT
#1199 uandluniasuan § ansnsanasayldfiaamgil 20-45 ssmiwaiea Aanudunsn-end
Wigylaagluyie 4-10 warzanunsanundenuiutuiovay 0-3 e awnsagesaaiunls
wandu warlusfuluuald wildanunsosmdlunsald (15197 4.3) 91nn1simszidadu
andlelunveg 165 rRNA gene WUINSANUARI8AGIAY  Kutzneria  buriramensis DSM
45791" 99.64% WALaINNTIATIZH phylogenetic tree wuirdnogluana Kutzneria (3U7
4.16)
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L3

JUN 4.15 dnvazavesuavidulevesleloian BR3-4 meldndesganssel

Anpiulauddes
sgwuzlna (long working distance) (M&99818 400 1911) FUASYUUDINIT soil

extract agar

82 Lentzea waywayandensis JCM 9114" (AB020029)

I

Lentzea albida IFO 16102 (ABO06176)

Lentzea kentuckyensis NRRL B-24416 (DQ291145)
Lechevalieria deserti C68' (EU551682)
100 ' Lechevalieria atacamensis C61' (EU551684)
Actinosynnema pretiosum subsp. pretiosum NRRL B-16060' (AF114800)
Actinosynnema pretiosum subsp. auranticum NBRC 15620T (AB303364)
Saccharothrix coeruleofusca NRRL B-16115' (AF114805)
Saccharothrix longispora NRRL B-16116' (AF114809)
Umezawaea endophytica YIM 2047’ (KP984506)
100 Umezawaea tangerina MK27-91F2" (AB020031)
100 Kutzneria albida NRRL B—2406OT (EF543522)
b Kutzneria viridogrisea JOM 3282 (US8530)

98 — Kutzneria chonburiensis SMC 256" (KJ191120)

Kutzneria kofuensis NRRL B-2406 1 (AF114801)

| [ BR3-4

88 — Kutzneria buriramensis A-T 1846 (JF935275)

97

100 Crossiella cryophila NRRL B-16238 (AF114806)

Crossiella equi NRRL B-24104' (AF245017)

73 Goodfellowiella coeruleoviolacea NRRL B-24058" (DQ093349)

86 [ Actinoalloteichus hymeniacidonis HPAL 77T (DQ144222)

100 L Actinoalloteichus nanshanensis NEAU 119" (GQ926935)

Streptomyces ambofaciens NBRC 12836 (AB184182)

0.0100

gﬂﬁ 4.16 uansiuvisveslaletan BR3-4 uu phylogenetic tree (neighbor-joining
method)
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(2) @na Saccharopolyspora

wulali@nueailudedndiuiu 1 lelsan fe AK1-2 asraduloenmsidl
Snwazuandainu wazidulednuandn (fragment) Huvioudug (gﬂ‘ﬁ 4.17) dlaiasgyuuy
9195 ISP2 a1aiduloensdvnenmdes (yellowish white) (MArwn A) liadassaingd
azawﬁwummimaaunﬂmﬁm ANWULNITRIYUUOIMITANS LandlunAIANLIN § @10150
wiyldfgungil 20-37 esmwaldea Armadunsa-rnsiadgldegludis 6-10 uas
anunsanuindenududuiosas 0-14 1a awnsagesaatsnds waifu wazlusiuluuula
wilia503aadluesnld (m19197 4.3) annshasziddisuiandlolndues 165 rRNA
gene NUARINUAEIEARITU Saccharopolyspora spongiae CMAA 1452 99.93% wag
NNTIATIEN phylogenetic tree wuinegluana Saccharopolyspora (;J‘Uﬁ 4.18)

JUN 4.17 dnwuzavesuasidulovadleloan AKL1-2 neldndesganssaiiiseduiauddes
szuglna (long working distance) (&9818 400 1911) FULATYUUBINIT soil

extract agar
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—

100 | Saccharopolyspora hirsuta subsp. kobensis JCM 9109' (EU267029)
Sacchoropo lyspora jiangxiensis WlZ (EF143926)

76 Saccharopolyspora antimicrobica 105- 00074" (EF693956)

Saccharopolyspora indica VRC122" (JX411621)
88 . .

Saccharopolyspora hirsuta subsp. hirsuta ATCC 27875 (U93341)

Saccharopolyspora hordei DSM 44065 (FN179275)

Saccharopolyspora hattusasensis CR3506 (JN989298)
. T

Saccharopolyspora spinosa DSM 44228 (AF002818)

70154 [ Saccharopolyspora phatthalungensis SR8.15' (GQ381309)

Saccharopolyspora shandongensis 88’ (EF104116)

Saccharopolyspora thermophila 21 6 (AF127526)
100 - Saccharopolyspora subtropica T3 (KM114900)

Ji Saccharopolyspora cebuensis SPE 10- 1 (EF030715)

Saccharopolyspora halophila YIM 90500 (DQ923129)

Saccharopolyspora flava AS4.1520" (AF154128)
78

Saccharopolyspora tripterygii YIM 65359 (FJ214364)

Saccharopolyspora pathumthaniensis 5582 (HMO67865)
, 6 r Saccharopolyspora dendranthemae KLBI\APl3<j5T (JO819260)
Saccharopolyspora endophytica YIM 61095 (EU814512)
[ AK1-2
94 ~ Saccharopolyspora spongiae CMAA 1452' (KX037095)

100 | Saccharopolyspora erythraea NRRL 2338’ (AM420293)
Saccharopolyspora spinosporotrichia AS.198" (Y09571)

1 Saccharopolyspora taberi DSM 43856' (AF002819)
100 [ Saccharopolyspora gloriosae YIM 60513 (EU005371)
L Saccharopolyspora gregorii NCIMB 12823' (X76962)

Saccharopolyspora halotolerans TRM 45123’ (KC295227)

[

Saccharopolyspora rosea IMMIB L-1070 (AM992060)

‘ Saccharopolyspora rectivirgula ATCC 335 15' (X53194)
Saccharopolyspora cavernae YIM 01235’ (KF177334)

64 { Saccharopolyspora lacisalsi TRM 40133' (JF411070)
- . U

97 Saccharopolyspora gijiacjingensis YIM 91168 (EF687715)

Saccharopolyspora ¢hardaiensis Hs3' (KC427277)

Streptomyces ambofaciens NBRC 12836 (AB184182)

0.0100

Uﬁ 4.18 wansmuuisveslalagian AK1-2 uu phylogenetic tree (neighbor-joining
method)

4.2.4 A Streptosporangiaceae
Usznounie 2 d na Toun Microbispora  Nonomuraea  Planotetraspora
Sphaerisporangium wag Streptosporangium dsisivaziden fail
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(1) @na Microbispora

wulalWinueadludsd@ndiuiu 17 lolaian laun AN2-5 AN2-7 BR3-3
CL1-1 CL2-2 KE1-2 KE1-3 KE2-2 KE2-4 KE2-5 KK1-10 KK1-11 KM1-1 KM1-2 ZO1-7 ZZ1-4
way 772-2 ahadulsonsiifdnuusuanisinuuazaisaeddeguuiuyalasdug vu
duleanae (gﬂ‘ﬁ 4.19) dewwSayunems 1P2 adaduledmidetenden (pale greenish
yellow) lUauiisdirnia (moderate  brown) (aAkuaN A) Wodumnluaiiesaningi
avanei dnwairnisaiguue g uandluninuuan | annsaaiyldfigamnaiigean
55 ssrneaLdea Arnnuidunsa-ansiiadgldeglutag 5-10 wag 6-10 awsanuindels
geganmadnduiosas 4 ynleluiananunsndesaasudald waziieuynlelaan (oniiy
771-8) annnsagesaatslusiuluuuls d@ruuinlianisagesaaiviaaiiu (niu AN2-7
KE1-3 wag KE2-4) wazldasnsaimdlunsale (@i AN2-7 KE2-2 KE2-4 way ZZ2-2)
(M15797 4.3) 91nMSIRTIsaRuTinalelnsuas 165 rRNA gene nuinfinanuadieadetu
ana Microbispora (99.22-100%) kaza1NN15IkATIEI phylogenetic tree wuininegluana
Microbispora (gﬂﬁ 4.20)

Ul 4.19 dnvauzaveiuaviduloveslelaian BR3-3 (n) KKI-10 (v) ZZ1-4 (A) uay
772-2 (3) aeldndesganssaufdenuiauddesszeslna (long working
distance) (Adae1e 400 1) F9LATEYUUDINIT soil extract agar
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KE2-4
62
272-2
KE1-3
KK1-10

HJ KK1-11

2 KM1-2
Microbispora bryophytorum NEAU-TX2-2' (KF886293)

91 L Microbispora camponoti 2C-HV3' (KR261651)

KM1-1

Microbispora amethystogenes JCM 3021 (U48988)
54 S Microbispora rosea subsp. aerata ATCC 15448 (U4g984)

| |AN2-5
AN2-7
CL1-1
{ z01-7
- ZZ1-4
1 CL2-2
Microbispora rosea subsp. rosea IFO 14044 (D86936)
08 BR3-3
KE1-2
4 79
KE2-2
{ Microbispora hainanensis 21 1020" (FJ261972)

92
Microbispora siamensis DMKUA 245’ (F1199993)

KE2-5
Microbispora corallina DF-32' (AB018046)

Planotetraspora thailandica BCC 21825 (AB370244)

’7 Planotetraspora phitsanulokensis AT 1383" (FJ426332)

Planotetraspora kaengkrachanensis A-T 0875" (FJ426333)
54 Planotetraspora mira IFO 15435' (D85496)
86 L Planotetraspora silvatica TT 00-51" (AB112082)

99 [ Microtetraspora fusca IFO 13915 (U48973)
99 Microtetraspora niveoalba IFO 15239' (U48976)

99 — Microtetraspora glauca DSM 43311 (X97891)

Microtetraspora malaysiensis Ha7-7' (AB062383)
L Herbidospora cretacea IFO 15474" (D85485)
Herbidospora daliensis 0385M-1" (AY749433)

Herbidospora mongoliensis MNO08-A0118' (AB530492)

94 [ Herbidospora yilanensis 0351M-12' (DQ246623)

Herbidospora sakaeratensis DMKUA 205' (FJ199995)

52
81 Herbidospora soli P542-9" (AB649125)

Actinomadura madurae DSM 43067 (X97889)

0.0050

UMl 4.20 uansiuvisvedleloian AN2-5 AN2-7 BR3-3 CL1-1 CL2-2 KE1-2 KE1-3
KE2-2 KE2-4 KE2-5 KK1-10 KK1-11 KM1-1 KM1-2 ZO1-7 ZZ1-4 uag ZZ2-2 Uy

phylogenetic tree (neighbor-joining method)



71

(2) @na Nonomuraea

ulalifnueniludedndiuiu 5 loluian laun AN1-27 AN1-36 AN3-11
HC1-7 wag SC1-1 a¥wavedaesduvuduloena (3Uf 4.21) illewdyuueims ISP2 9
auduledimaesdou (pale yellow) luaudisdssiag (purplish black) (n1ARWIN A) BN
loloianliadresniningiinzated Siftesleluan SC1-1 fadressaingiiazarsirdmniag
(purplish gray) UN@1915 ISP3 SNWMLN1TLATYUUBINITAHI kanIluAIANWIN 3 Yiane
loluananusaiasajlifigumgiigean 20-40 uay 20-45 ssruealdoa Araudunsa-anad
annsaniyldoglurig 5-10 snifulelman AN3-11 waz HC1-7 Tiasgylalurag 69 uay
6-10 MUy druannannsanuindegeaaiiniaidutuiesas 3 ynleluanannsades
aanguds WsAnluuy wavanusasmdluwsala uazll 3 lolaian Ao AN1-27 AN3-11 uaz
HC1-7 anunsagesaaslaanduls (M5197 4.3) anmsiaszsidduindlelndves 165
'RNA gene wuineulalwinuendludedvinaidiinauadreadsfuana Nonomuraea
(98.82-99.93%) (115197 4.2) UAZINATIATIZI phylogenetic tree wuiii 5 lelmant
dnoefluana Nonomuraea Fauandluguil 4.22

Ul 4.21 dnvazavesuaziduloveslelolan ANI-36 (1) AN3-11 (1) HC1-7 () uag
SC1-1 (1) aeldndesqanssauiinenuiauddessseslna (long working
distance) (&ae1e 400 1) F9LATEYUUDINIT soil extract agar
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AN1-27
Nonomuraea kuesteri GW 14-1925' (AJT46362)

Nonomuraea fuscirosea NEAU-dhts' (KC417350)

66~ Nonomuraea maheshkhaliensis 16-5-14' (AB290014)
HC1-7

Nonomuraea bangladeshensis 5-10-10' (AB274966)
Nonomuraea coxensis JCM 13931 (AB505224)
Nonomuraea wenchangensis 210417' (FJ261959)

80
Nonomuraea gerenzanensis ATCC 39727" (AJ582011)

Nonomuraea jabiensis AG036 (HQ157186)

Nonomuraea helvata NBRC 14681 (U48975)
Nonomuraea polychroma IFO 14345 (Ua8977)
Nonomuraea fastidiosa IFO 14680' (U48844)

Nonomuraea thermotolerans 3-33-98' (KJ027601)

Nonomuraea spiralis IFO 14097' (U48983)

Nonomuraea angiospora IFO 13155' (U48843)
Nonomuraea pusilla IFO 14684 (U48978)

63
AN1-36

Nonomuraea maritima FXJ7.203' (GU002054)

Nonomuraea turkmeniaca DSM 43926 (AF277201)
Nonomuraea antimicrobica YIM 61105 (FJ157184)

Nonomuraea rubra DSM 43768 (AF277200)

Nonomuraea candida HMC10' (DQ285421)
Nonomuraea jiangxiensis FXJ1.102' (F)418910)

Nonomuraea zeae ND5' (KR106591)
Nonomuraea soli YIM 120770' (JF742631)

Nonomuraea recticatena IFO 14525' (U48979)

Nonomuraea roseola IFO 14685’ (U48980)
Nonomuraea africana IFO 14745 (U488a2)

Nonomuraea dietziae DSM 44320' (AJ278220)

SC1-1
.
Nonomuraea monospora PTT08 (FJ347524)

Nonomuraea thailandensis KC-061' (AB720113)

Nonomuraea syzygii GKU 164 (KF667499)
Nonomuraea purpurea 15MA-01' (LC148616)
Nonomuraea solani NEAU-Z6' (JQ073731)

Nonomuraea rhizophila YIM 67092' (HM755723)
Nonomuraea rosea GW 12687 (FN356742)
Nonomuraea shaanxiensis NEAU-st1’ (KC287247)

7

84

Nonomuraea salmonea DSM 43678 (X97892)
Nonomuraea endophytica YIM 65601' (GU367158)
Nonomuraea longicatena NRRL 15532" (AB018787)

Nonomuraea indica DRQ-2" (KM522835)
Nonomuraea muscovyensis FMN03T (JN896617)

Nonomuraea rhodomycinica NRA-ASCO7' (LC082232)

Nonomuraea roseoviolacea subsp. carminata IFO 15903 (AB039961)

Nonomuraea roseoviolacea subsp. roseoviolacea IFO 14098 (AB039959)

84
Nonomuraea cavernae SYSU K10005' (KY788340)

Nonomuraea glycinis NEAU-8B2C19" (KY328642)

74 Nonomuraea guangzhouensis NEAU-2J3' (KC417349)
Nonomuraea ceibae XMU 110" (KX024666)
Nonomuraea flavida YN-5-1' (JX467533)

Nonomuraea ferruginea IFO 14094 (Ua8sas)

93 Nonomuraea harbinensis NEAU—ynBlT (KC306503)
Thermopolyspora flexuosa DSM 43186' (AY039253)

0.0050

iﬂﬁ 4.22 uansnunusuaslolyian AN1-27 AN1-36 AN3-11 HC1-7 uay SC1-1 Uy

phylogenetic tree (neighbor-joining method)



73

(3) @na Planotetraspora

wulaliAnuendlusiodndnau 1 lelwian fio BR3-5 aduadeiffigauey
vuiugaUesuuindu Fangluussavassiuiu 4 aved (Uil 4.23) ilewdnuuoims P2
afaduloonmsunioumdes (yellowish white) (manuan a) liadrsssaingiiasanstiuu
91 INAAUY YA dnYaEATULe IR wanslunANuIn ¢ ansaaseyled
gaumgdl 20-37 ssmwaldea Amnuidunsa-rsiasaildegluta 5-10 uazaunsanunde
Aanudutuievay 0-1 1o anunsadesaatsudinazlusiuluuuls wiliauisadesaane
wandukayIfdlunsald (19197 4.3) anmsienzidduianalelndues 165 RNA
gene NUARINUAEEARITU Planotetraspora phitsanulokensis AT-1383" 99.71% wae
NNTIATIEN phylogenetic tree wuirinegluana Planotetraspora (;J‘Uﬁ 4.24)

JUN 4.23 dnvazavesuaviduleveslelaan BR3-1 megldndesganssaiiiveduiauddes
syeglna (long working distance) (AMas9e1e 400 1411) FUATYUUDINT soil

extract agar



74

90 [ Microbispora hainanensis 21 1020 (FJ261972)

91 ‘ Microbispora siamensis DMKUA 245" (F1199993)

Microbispora corallina DF-32' (AB018046)

Microbispora amethystogenes JCM 3021" (U48988)
91 Microbispora rosea subsp. aerata ATCC 15448' (U48984)

Microbispora rosea subsp. rosea IFO 14044" (D86936)

[ Microbispora bryophytorum NEAU-TX2- 2' (KF886293)

59 1

97 Microbispora camponoti 2C-HV3' (KR261651)

BR3-5
Planotetraspora phitsanulokensis A-T 1383 (FJ426332)

Planotetraspora thailandica BCC 21825' (AB370244)

Planotetraspora kaengkrachanensis A-T 0875' (FJ426333)

85 80 { Planotetraspora mira IFO 15435 (D85496)
. ) T

99 Planotetraspora silvatica TT 00-51 (AB112082)

70 [ Acocarpospora macrocephala IFO 16266 (AB025318)

99 Acrocarpospora pleiomorpha R-3 1" (ABO06174)

Acrocarpospora phusangensis PS33-1 8 (AB649124)

Acrocarpospora corrugata DSM 43316’ (X89941)

ﬂspom cretacea IFO 15474 (D85485)
[ 94 66 . N T

Herbidospora daliensis 0385M-1 (AY749433)

Herbidospora mongoliensis MN0O8-A01 18" (AB530492)

63 [ Herbidospora yilanensis 0351M-12" (DQ246623)

75 Herbidospora sakaeratensis DMKUA 205" (FJ199995)

P

88 Herbidospora soli PSA2-9" (AB649125)

Microtetraspora malaysiensis Ha7-7" (AB062383)

[ Microtetraspora glauca DSM 43311 (X97891)

88
97 4‘7—/\/ﬁcmt@traspomfusco IFO 13915' (U48973)
93 Microtetraspora niveoalba IFO 15239" (U48976)
Streptosporangium roseum DSM 43021' (CP001814)
-
0.0050

glh’?i 4.24 wanseuwmnusveslalaian BR3-5 Ul phylogenetic tree (neighbor-joining
method)
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(@) @na Sphaerisporangium

oulalifnueafludisdndiuiu 2 loluan laun ANL-28 wag KM1-3 a3
avesegnelugeviumsananuuduloeinia (3Uf 4.25) Wewasyuuems ISP2 azairadule
13T endas (yellowish pink) (awuan ) laadiesantngiiagaistihuueimis
naaeuynYiln dnvaznTaiyuLeIMIIingg wansluaanuln 1 igldeamaiigagn 20-
40 way 20-37 ssmwaliea awddu Aanudunsa-siiannsaaialieglugig 6-10
anunsanundegeaeiiaududusosar 3 uay 2 nudidu v 2 lelmanausagosaans
wlauaglusAuluuuls leloian AN1-28 lianunsagesaansiaaifuls diulelaian KM1-3 L]
a1u303mgluasald (1151991 4.3) 91nnsiieszidisuiandlolndues 165 rRNA gene
wuineulalwinueniludednmaniiininuadendsiu Sphaerisporangium rufum R10-82"
100% Wag Sphaerisporangium krabiense AT-0308" 99.28% (915197 4.2) WAZIINNTT
AAT1ER phylogenetic tree Wy 2 Iaimamﬁ%’magﬂuaqa Sphaerisporangium $aLan4

Tuguit 4.26

anwzavosuavidulovoadaloloian AN1-28 (n) way KM1-3 (1) anglanass
JanssAuisienuauddessveslng (long working distance) (fdsveny 400 i)
F193UUDIMT soil extract agar



3

v

76

76 KM1-3
94 Sphaerisporangium krabiense A-T 0308’ (HM037365)

— —— Sphaerisporangium siamense SR14.14" (HM043727)

77| ——— Sphaerisporangium album YIM ag782’ (EU499344)

AN1-28
1

00 ' Sphaerisporangium rufum R10-82' (AB842299)

Sphaerisporangium cinnabarinum DSM 44094 (x89939)
Sphaerisporangium dianthi NEAU-CY18' (KF764483)
Sphaerisporangium melleum 3—28(8)T (AB208714)
Sphaerisporangium viridialbum DSM 43801 (x89953)

Sphaerisporangium corydalis NEAU-YHS15' (KF956807)

Sphaerisporangium flaviroseum YIM 48771 (EU499338)

{ Sphaerisporangium aureirubrum NEAU-GQTH1-3' (KM094177)

99 Sphaerisporangium rubeum 3D-72(35) (AB208718)

0.0050

Actinomadura madurae DSM 43067T (X97889)

Ui 4.26 uanwiuvisvetleloian KM1-3 waz KM1-28 Ui phylogenetic tree (neighbor-

joining method)
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(5) @na Streptosporangium
ulalndnueadlusivdndiuiu 2 loluan laun AN1-26 waz AN3-5 @519
alesegnelugeviumsananuuduloeinia (§Uf 4.27) dewasyuuemis ISP2 azairadule
pwnsfifidima (brown) afaduleeniadumouvmy (pinkish white) (Maxwan a) sl
a%’wﬁmi’mqﬁazawﬁwummimaaunﬂ%ﬁm SNWAZNITLATYUUDINITANNY Lanslu
AARLN 3 193aliNgumgiigean 20-40 ssmwailea ranadunsa-Asfianansaaiald
ogluie 5-10 aunsanundegegaiiannduduiosss 2 annsadesaaiouts Ladu
TWsanluunwazdidlunsald snviulelsan AN1-26 ldanunsagesaaaudlsld (@151
4.3) 9nmsiaszansuiiandlelnaves 165 rRNA gene wudteulali@nuendlusivdn
méﬁfﬁﬂmuﬂéj’lmﬁﬂﬁu Streptosporangium  saharense SG20'  99.63%  way
Streptosporangium  terrae VRC21' 99.30%  (M15797 4.2)  wAraINnITIATIY

(% '
1Y I

phylogenetic tree WUIY 2 Iaimamﬁmagiuaqa Streptosporangium é’mamﬂugﬂd
4.28

s

anwazalasuazidulvveatololaan AN1-26 (n) waz AN3-5 (1) n1gldndes
Janssaufdenuiauddessseglng (long working distance) (M&3weny 400 i)
F41930UUDINIT soil extract agar



3

v

78

99 Streptosporangium kronopolitis NEAU-ML10' (KF956805)
Streptosporangium sonchi NEAU-QST' (KF928747)
Streptosporangium longisporum DSM 43180' (X89944)

Streptosporangium shengliense N EAU-GHT' (KC513503)

Streptosporangium taraxaci NEAUprZfOT (KM000840)

Streptosporangium nanhuense NEAU-NH11' (KF146932)

Streptosporangium purpuratum CY-151 10' (AF191735)

Streptosporangium yunnanense CY-11 007" (AF191733)
Streptosporangium jiaoheense NEAU-Jh 14" (KM000836)

Streptosporangium subroseum CY-T1 13" (AF191734)

Streptosporangium oxazolinicum K07-0460" (AB594818)

[ Streptosporangium amethystogenes subsp. amethystogenes DSM 43179T (X89935)

88 ~ Streptosporangium amethystogenes subsp. fukuiense JCM 10083" (AB537172)

Streptosporangium lutulentum NEAU-FHSN 1" (KF887910)

85

85 { Streptosporangium corydalis NEAU-Y6' (KF956806)
99 — Streptosporangium fenghuangense NEAU-hd-3' (KF982694)

Streptosporangium canum HBUM 17001 8' (AY996844)

99 r Streptosporangium album DSM 43023' (X89934)

Streptosporangium roseum DSM 43021' (CPO01814)

67 Streptosporangium vulgare DSMA3802' (X89955)

Streptosporangium anatoliense N9999T (HQ157194)

Streptosporangium carneum DSM 44125T (X89938)
63 [ Streptosporangium pseudovulgare DSM 43181 (x89946)

95 Streptosporangium sandarakinum GW-12028 (JX977118)

Streptosporangium nondiastaticum IFO 13990 (U48994)

55 [ Streptosporangium becharense SG1' (KU593506)
99 Streptosporangium subfuscum NEAU-TWS)J 13" (KF913196)

Streptosporangium fragile DSM 43847 (X89942)

68 AN3-5
Streptosporangium terrae VRCZlT (JX082289)

93 [ AN1-26
53 | .
Streptosporangium saharense SG20 (KT581983)

Streptosporangium violaceochromogenes DSM 43849" (X89951)

[ Streptosporangium algeriense 169' (KP974644)

98 Streptosporangium jomthongense 30EHS' (J0922513)

0.0050

Actinomadura madurae DSM 43067 (X97889)

Uit 4.28 uansuvtisvadloleian AN1-26 uag AN3-5 UL phylogenetic tree (neighbor-

joining method)
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4.2.5 %A Thermomonosporaceae

[

Usenaume 1 ana Ao Actinomadura 3aiiseazidun Al

(1) @na Actinomadura

ulalninueadlusivdndiuiu 3 loluan laun AN2-10 CL3-1 wag KG1-2
aaduloamsuanuauaduisi waraisadesanedu vuduloernia (U7 4.29) e
L3 YUUDINIT ISP2 a]za%fmé’uiammiﬁﬁ?ﬁuuml,%’u (strong pink) lUaudsndsadionsous
(light yellow green) (nanwan 7) loleian KG1-2 mmiaa%ﬁaiqﬂi’mqﬁazmaﬁﬁmﬁaqam
Weeuwnn (grayish greenish yellow) uue11s ISP7 1a ANYULNITATYUUDINITAL
wanslunianuIn  awnsasayldigamgiigean 20-40 esrwaidua usloloian KG1-2
ansasnlefigaumaiigean 50 ssmwaidea Amnuidunsa-rsiianansanieldoglugig
5-10 uag 6-10 annsavuindogeanienudidiudesas 5 usleluian KG1-2 nundeldgean
fanuduiudevas 6 ansagesaaswds waifu WWsiuluuy uagdfadlunsald sniy
Telaan KG1-2 Wiannsadevaasaaduld (sl 4.3) :inmisieseidiuianalelng
299 165 rRNA gene wuiteulaln@nueadludednlolasian AN2-10 way CL3-1  Au
AREARIAY Actinomadura rugatobispora IFO 14382' 99.27% uarlelwan KG1-2 ey
AREARIAU Actinomadura bangladeshensis 3.46-b3 99.31% (137197 4.2) 91NA13

AT phylogenetic tree wudms 3 laleaniidnegluana Actinomadura fauandlugui
4.30

(3

nuazavasiazidulovantalolaian AN2-10 () waz KG1-2 (@) Aeldndes
anssAufnenulauddessraglng (long working distance) (M&sweny 400 in)

sUTl 4.29

S D

PAIYUUDIT soil extract agar



Actinomadura jiaoheensis NEAU-Jh1-3" (KM000835)
Actinomadura sporangiiformans NEAU-Jh2-5' (KM000834)
Actinomadlura viridis IFO 15238' (D85467)
Actinomadura vinacea JCM 3325 (F134070)
Actinomadura rugatobispora IFO 14382 (U49010)

98 CL3-1 .
Actinomadura adrarensis ACD12 (KU356942)

Actinomadura hallensis H647-1' (DQ076484)

Actinomadura sputi IMMIB 1889 (FM957483)

Actinomadura yumaensis JCM 3369 (AF163122)

Actinomadura alkaliterrae D310AT' (KT876993)
Actinomadura catellatispora AS 4.1522' (AF154127)
99 Actinomadura livida JCM 3387' (AF163116)

Actinomadura chibensis IFM 10266

98

Actinomadura syzygii GKU 157'

Actinomadura pelletieri JCM 3388' (AF163119)

Actinomadura darangshiensis DSLS-70" (FN646682)

Actinomadura meridiana DLS-45' (FN646663)

Actinomadura formosensis JCM 7474" (AF002263)
Actinomadura geliboluensis AB036" (HQ157187)
Actinomadura latina DSM 43382

Actinomadura madurae DSM 43067' (X97889)

[ Actinomadura napierensis B60' (AY568292)

KG1-2

Actinomadura meyerae A288‘

Actinomadura bangladeshensis 3-46-b(3) (AB331652)

99 Actinomadura chokoriensis 3-65-a(11)’ (AB331730)

Actinomadura xylanilytica BK147'

Actinomadura macra IFO 14102' (U49009)
Actinomadura glauciflava AS 4.1202" (AF153881)
Actinomadura maheshkhaliensis 13-12-50"

Actinomadura mexicana A290' (AF277195)
Actinomadura citrea IFO 14678' (U49001)
Actinomadura luteofluorescens IFO 13057
Actinomadlura coerulea IFO 14679" (U49002)

85 Actinomadura verrucosospora NBRC 14100 (U49011)

Actinomadura algeriensis ACD1' (KT259320)
Actinomadura sediminis YIM M 10931" (JF272484)
Actinomadura cremea JCM 3308’ (AF134067)
Actinomadura apis M17-1" (AB557596)

90 Actinomadura rifamycini IFO 14183 (U49003)
Actinomadura fibrosa ATCC 49459"

Actinomadura nitritigenes DSM 44137

Actinomadura fulvescens IFO 14347"

90

Actinomadura montaniterrae CYP1-18'
60 Actinomadura rudentiformis HMC1' (DQ285420)
Actinomadura atramentaria IFO 14695 (U49000)

Actinomadura rayongensis RY35-68'
Actinomadura flavalba YIM 61435
Actinomadura kijaniata DSM 43764" (X97890)
Actinomadura namibiensis DSM 44197"
Actinomadura hibisca DSM 44148' (AJ420136)
Actinomadura gamaensis NEAU-Gz5' (KT989505)
Actinomadura rupiterrae CS5-AC15' (FM210337)
Actinomadura oligospora ATCC 43269 (AF163118)
Actinomadura keratinilytica WCC-2265" (EU637009)
Actinomadura miaoliensis BC 44T-5' (EF116925)
97 Actinomadura rubrobrunea IMSNU 22166’ (AJ293711)
100 Actinomadura viridilutea IFO 14480" (086943)
Actinomadura echinospora DSM 43163' (AJ420135)
Actinomadura umbrina JCM 6837" (AF163121)
Actinomadura amylolytica YIM 77502" (AB859253)

80 Actinomadura cellulosilytica YIM 77510' (AB859254)

63

53

[ ActnomaduaalbaYiu a5681' (DQ985164)
Actinomadura scrupuli R-AC121' (FM210339)

sUf 4

Y

Nonomuraea pusilla IFO 14684’ (U4B9T8)

30 uansiunusvedloluian AN2-10 CL3-1 waz KG1-2 UUW phylogenetic

(neighbor-joining method)

80

tree



81

4.2.5 %A Streptomycetaceae

[

Usenaume 1 ana fe Streptomyces Bailseazidun Al

(1) @na Streptomyces

ulaliinueafludedniiuie 53 lelowan laud AG2-1 AG2-2 AG2-3
AG2-4 AG2-5 AG2-6 AK1-1 AN1-8 AN1-12 AN1-18 AN1-25 AN1-29 AN1-38 AN2-3 AN2-9
AN3-4 AN3-6 AP1-1 AP1-3 AP1-4 AS1-1 AS1-6 AS1-8 AX1-2 BR2-1 CL2-6 CL3-4 CP1-2
CP1-6 CX1-1 CZ1-3 CZ1-4 EE1-2 EE1-8 HC1-4 HC1-8 HC1-9 HC1-10 KE1-4 KE2-1 KG1-1
KM1-5 ZM1-1 ZM2-1 ZM2-9 ZM2-12 ZM3-2 ZM3-3 ZM3-9 ZO1-8 ZZ1-3 ZZ1-7 ey
7721 ahadulsemsunnuruaduisiuuaraiaduloeniaiinumn afsauesiise
fuduaneenn Tneain 53 leluan wunsiSessvesates 3 suuvy ldun alesafidnuay
#33 (JUT 4.31 n uaz 1) aleiniidnunzadnogunzye (JUA 4.31 A uaz 1) aleinildnuas
Hunden (3U 4.31 9 waz 2) dnvazvoudule ales uazlalatvosusazloluanuansly
AANLIN A FazdnuaenisiasyuueImsane waaslunianuwin 9 dulnganansaasyla
flgaumgfl 20-90 ssmiwaldoa Aaandunsa-smsieiylddulngegludi 510 waz
ansovundennuduiugeaniosay 14 Woifouimmnaiusagesaneutuarlusiuly
willd wazdusnannsagosaaeaaiuld wazduiuieuimilsannsadidlumsnle
(P15 4.3) 91nnsIRTIsaRuTinalelnsuas 165 rRNA gene nuinfinauediendeiu
ana Streptomyces (98.41-100%) ULagaINN1TILATIEN phylogenetic tree wuitdnaglu
ana Streptomyces (gil‘ﬁ 4.32)
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il U
A |
Q) Q

gﬂﬁ 4.31 dnvazavssuazidulovesleluan CZ1-3 (1) HC1-4 (1) AG2-4 (A) ZM2-12 (1)
AG2-1 (3) uag AG2-2 (1) neldnaesganssauiidenuiauddesszezlng (long
working distance) (M&sve1y 400 1) QY UUDINIT soil extract agar



Streptomyces daghestanicus NRRL B-5418' (0Q442497)

Streptomyces violascens ISP 5183' (AY999737)

Streptomyces hydrogenans NBRC 13475 (AB184868)

Streptomyces albidoflavus DSM 40455 (Z76676)

KM1-5

HC1-4

201-8 B

Streptomyces naganishii NBRC 12892 (AB184224)

ZM2-9 .

Streptomyces cinereospinus NERC 15397 (AB184648)

Streptomyces coeruleorubidus ISP 5145 (AJ306622)

4] |zm3-3 .

| Streptomyces collinus NBRC 12759" (AB184123)
Streptomyces violaceochromogenes NBRC 13100' (AB184312)

Streptomyces thinghirensis 510 (FM202482)

1 Cp1- B
4snepramy<es xylanilyticus SR2-123' (LC128341)

ZM1-1 .
Streptomyces phaeoluteichromatogenes NRRL B-5799" (11391814)
AG2-4
AN1-25
AS1-8 |
Streptomyces misionensis DSM 40306 (FNTD01000004)

AN1-8 .
Streptomyces tuirus NBRC 15617' (AB184690)
THexta |
Streptomyces parvulus NBRC 13193 (AB184326)
X
Streptomyces malachitospinus NBRC 101004 (AB249954)
v
Streptomyces diastaticus subsp. ardesiacus NRRL B-1773" (0Q026631)
BR2-1 R
Streptomyces coelicofiavus NBRC 15399 (AB184650)
ASL-
Streptomyces harbinensis NEAU-Da3' (JQ750974)
Streptomyces carpaticus NBRC 15390 (AB184641)
Streptomyces spongiicola HNMOOT1 (KT327868)

Streptomyces wuyuanensis CGMCC 4.7042  (jgi.1085054)
AN1-18
Streptomyces leeuwenhoekii C34 (LN831790)
Streptomyces chiangmaiensis TAG-1 (AB562507)

* Streptomyces lannensis TAG- ‘Y(Aasszsos)
Streptomyces rameus LMG 20326 (AJ781379)

" He-o
' Streptomyces glomeratus LMG 19903 (AJ78175¢)
Streptomyces somaliensis DSM 40738' (AJ007403)

Streptomyces yogyakartensis NBRC 100779 (AB249942)

Streptomyces iranensis HM 35' (FJ472862)

Streptomyces panacagri Gsoil 519" (AB245388)

AN1-29

*Streptomyces qinglanensis 172205’ (HQ660227)

Streptomyces chattanoogensis NARL ISP-5002 (LGKG01000206)
Streptomyces ydicus NBRC 13058’ (AB184281)

Streptomyces diastatochromogenes NRRL B-1698 (LIQL01000147)
Streptomyces ramulosus NRRL B-2714 (DQ026662)

jtreptomyces decoyicus NRRL 2666  (LGUU01000106)

5| Streptomyces sioyaensis NRRL B-5408" (DQ026654)

CL2-6

AN2-9 N

Streptomyces angustmyceticus NRRL B-2347° (MUAY01000275)
Streptomyces caniferus NBRC 15389 (AB184640)

AN2-3

Streptomyces hygroscopicus subsp. slebosus CGMCC 41873 (HQ204456)
Streptomyces ibani subsp. libani NBRC 1352' (AB184414)
Streptomyces nigrescens NBRC 12894 (AB184225)

* | Streptomyces polychromogenes NBRC 13072 (A3184292)
Streptomyces racemochromogenes NRRL B-5430 (DQ026656)
ZM2-12

HC1-9 |

Streptomyces lanatus NBRC 12787' (AB184845)

AN1-12 R

Streptomyces shenzhenensis 172115' (HQ660226)

Streptomyces graminisoli JR-19' (HQ267975)

AG2-2 .

Streptomyces jiujiangensis JXJ 0074 (KF938657)

EE1-2 .

Streptomyces hyaluromycini NBRC 110483' (BCFLO1000051)
ZM3-9 .

Streptomyces griseorubiginosus DSM 40469 (KQ948757)

Streptomyces pseudovenezuelae DSM 40212' (KQ948163)
Streptomyces adlustus WH-9" (LC026279)

Streptomyces cyaneus NRRL B-2296' (AF346475)

AP1-4

Streptomyces neopeptinius KNF 2047' (EU258679)

Streptomyces capoamus JCM 4734’ (ABDASETT)
Streptomyces longwoodensis DSM 41677 (KQ948572)
AG2-6 .
Streptomyces bungoensis DSM 41781 (KQ948892)
CZ1-3 B
Streptomyces canus DSM 40017' (KQ948708)
T

Streptomyces griseoruber NRRL B-1818" (LIQ501000280)

P1-1 .
" Streptomyces cinnabarigriseus 15360’ (MF536523)
KE2-1 .
Streptomyces caeruleus NRRL 2466T (DQ442532)
Streptomyces camponoticapitis 2H-TWYE14  (KP784807)

Steptomycesprammotcs R 1397 (48164554

Streptomyces atratus NRRL B-16927" (DQ026638)
* " Streptomyces sanglieri NBRC 100784 (AB249945)
Bacillus subtilis DSM10' (A1276351)

Ul 4.32 wansiunisvesioulaliifinuendlufodndiuou 53 leluian vy
tree (neighbor-joining method)
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AN5199 4.3 AnuaENNEsTINeLazTeivaaeulalinteadludedniwents

Audntunde (fovaz) Audunsa-ang gaungil (0) I3 (3 13
Qe & |
o] © © hol)
3155 |2
o N
I 9 3|3 |2
1 2 3 6 7 8 9 10 [ 11|12 | 13 | 14 | 15 6 7 8 10 | 20 | 30 | 37 | 40 | 45 | 50 | 55 | 60 g g % >
ce |5 | S
< >
)
4
1. Jiangella
KE2-3 + |+ |+ + 1+ - -=-1-1-1-1-1- + |+ |+ + |+ |+ |- -]1-|-|-1-|1+|+]|-1+
ZM2-6 + |+ |+ + |+ + |- -1-1-1-1-1- + |+ |+ + |+ |+ |+ |- -] --1-|+]|+]|-1+
2. Asanoa
BR3-1 + |+ | - - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|-]|-
3. Dactylosporangium
KE1-1 + |+ | - -l =-1-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |- - - -|+]|+]-]+
4. Jishengella
AN1-5 + |+ |+ -l =-1-=-1-=-1=-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |- - - -+ +]-1]-
ANI1-14 | + | + | + - -'-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|+]|-
AP1-2 + |+ |+ - -l-=-1-1-1-1-1-1-1- + |+ |+ + |-+ |+ |+ |- - -] -|+|+]|+]|-
AX1-4 + |+ | - - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ - -]|-|-|-1-|1+|+]-1|-
CL2-1 + |+ |+ - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|+]|-
CL2-5 + |+ |+ - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|-]|-
CP1-1 + |+ | + -l =-1-1-1-1-1-1-1-1- + |+ | + + -+ |+ |+ |- -|-|-1+]+]-1-

v8



AN9199 4.3 ANBUENNEITINE LAz AivauaulalnRnLenRlusdnNkente (sa)

Audntunde (fovaz) Audunsa-ang gaungil (0) I3 (3 13
Qe & |
o] © © hol)
3155 |=
o N

I 9 133 &
1] 2 6 | 7|8 |9 |10|11]12]|13]|14]15 6 | 7|8 10 |20 | 30 |37 |40 [ 45|50 | 55|60 | S | & % 3
ce |l g | 3

< >

)

=

5. Micromonospora
AN1-19 | + | + - =-'=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - -] -+ ]|+ -
AN1-32 | + | + - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ ]|+ -
ANI1-37 | + | + - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ -+
AN2-6 + | + - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|-]|-
AN3-10 | + | + - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |- - - -] -|+|+]|+]|-
AP1-5 + |+ -l =-'=-1-1-1-=-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]-]|-
CZ1-1 + |+ -l =-1-=-1-=-1=-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - - -+ ]| +] -]+
KG1-3 + |+ -l =-'=-1-1-1-=-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |- -+
KK1-2 + |+ - -'-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |- -+
SC1-2 + | + - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - -+
ZM2-2 + | + - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|+]|-
Z01-2 + | + - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|+]|-
6. Phytohabitans

KK1-3 + | + -l =-1-1-1-1-1-1-1-1- + |+ | + + |+ |+ |+ |+ |- -|-|-1+]+]-1-

G8



AN9199 4.3 ANBUENNEITINE LAz AivauaulalnRnLenRlusdnNkente (sa)

ANuNTUNGe (Gpuay) AN duNIA-ang 213133
o] af afl af
— (el (e aNl
o © ® pol)
> (e o« o)
o N oY} Y =5
i@ 2 (3|3 g
1|23 |a|5|6|7 |89 |10|11]|12{13]18[15|4|5]|6]7]S8 S| |3
| =
-
=)
=
7. Kutzneria
BR3-4 |+ |+ |+ |-|-|-|-|-|-/-|-1-|-|-|-[+|+|+]|+]+

8. Saccharopolyspora

AKI-2 | + |+ |+ |+ |+ |+ |+ ]|+ ]|+ |+ |+ ]|+ ]|+ ]| +|-]-|-|+]|+]|+

9. Microbispora

AN2-5 |+ |+ |+ | - -1-|-1-1-|1-1-|-1-1-|-1-|++]+]|+

AN2-7 | + |+ |+ |+ |- |- |- -

BR3-3 [+ |+ |+ | -|-|-|-1|-

CL1-1 |+ |+ | -|-|-1-1-1-

ckz-2 |+ |+ | -|-|-1-1-1-

KE1-2 + |1+l +|--'-1-/-1-1-/-1-|-{-|1-/-1+|++]+
KE1-3 + |1+ -1-1-/-1-/-/-1-/-1-|-{-1-/-1-|+1+]+
KE2-2 + |1+l +|--'-1-/-1-1-/-1-|-{-|1-/-1+|++]+
KE2-4 + |1+ -1-1-/-1-|/-1/-1-/-1-|-/-1-/-1-|+1+]+
KE2-5 + |+l -1-1-1-1-1-1-1-/-/-/-/-/-|/-1-|1+1+1]+

98



AN9199 4.3 ANBUENNEITINE LAz AivauaulalnRnLenRlusdnNkente (sa)

Audntunde (fovaz) Audunsa-ang gaungil (0) I3 (3 13
Qe & |
o] © © hol)
212G ;A
o N
I 9 3|3 |2
1] 2 6 | 7|8 |9 |10|11]12]|13]|14]15 6 | 7|8 10 |20 | 30 |37 |40 [ 45|50 | 55|60 | S | & % 3
ce |l g | 3
< >
)
=
KK1-10 | + | + - =-'=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - -] -+ -|-
KK1-11 | + | + - -l-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - -] -+ -|-
KM1-1 + | + - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - -+
KM1-2 + | + - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - -+
Z01-7 + | + - - =-1-1-1-1-1-1-1- + |+ |+ S I S e I I S R I I I S A I
714 + | + - - =-1-1-1-1-1-1-1- + |+ |+ S I T I I S O I I (S I
772-2 + |+ - -'-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ ]+ - - -+ ]+ -+
10. Nonomuraea
AN1-27 | + | + - -'-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ ]|+ + |+
AN1-36 | + | + -l =-'=-1-1-1-=-1-1-1-1- + |+ |+ + |+ |+ |+ |+ ]+ - - -+ ]+ -+
AN3-11 | + | + - -l-=-1-1-1-1-1-1-1- + |+ |+ -+ |+ |+ |+ |- - - -+ ]|+]|+]|+
HC1-7 + | + - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ |- - -+ ||+ |+
SC1-1 + | + - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -|+]|+]| -+
11. Planotetraspora
BR3-5 + | - -l-1-1-1-1-1-1-1-1- + |+ | + + |+ |+ |+ -|--|-1|-1+]+1]-1-

.8



AN9199 4.3 ANBUENNEITINE LAz AivauaulalnRnLenRlusdnNkente (sa)

ANuNTUNGe (Gpuay) AN duNIA-ang gaumnnd ('0) SI3213 (3
Qe & |
o] © © hol)
3155 |2
o N
I 9 3|3 |2
1 2 3 6 7 8 9 10 [ 11|12 | 13 | 14 | 15 6 7 8 10 | 20 | 30 | 37 | 40 | 45 | 50 | 55 | 60 g g % >
e |3 |
=
)
=
12. Sphaerisporangium
AN1-28 | + | + | + - =-'=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -|+]|+]|-|+
KM1-3 | + | + | - - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |- - - -] -|+|+]|+]|-
13. Streptosporangium
AN1-26 | + | + | - - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -|+]-|+]|+
AN3-5 | + | + | - - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ +]|+ |+
14. Actinomadura
AN2-10 | + | + | + -l =-'=-1-1-1-=-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ ]|+ + |+
CL3-1 | + | + | + -l =-'=-1-1-1-=-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ ]|+ + |+
KG1-2 | + | + | + + -1 -=-1--1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ ||+ - -+ -+

88



AN9199 4.3 ANBUENNEITINE LAz AivauaulalnRnLenRlusdnNkente (sa)

Audntunge (fovaz) Audunsa-ang gaungil (0) I3 (3 13
Qe & |
o] © © hol)
> c ™ o)
o NS
I 9 3|3 |2
1] 2 6 | 7|8 |9 |10|11]12]|13]|14]15 6 | 7|8 10 |20 | 30 |37 |40 [ 45|50 | 55|60 | S | & % 3
|3 | =
3
=

15. Streptomyces
AG2-1 + |+ + 1+ - -=-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - -] -+ ]|+ -
AG2-2 + | + + -1 -1--1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ ]|+ -
AG2-3 + | + + |+ |+ |+ |+ - --]-1|- + |+ |+ + |+ |+ |+ |+ - - -] -+ ]|+ -
AG2-4 + | + - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ |- -+ -+
AG2-5 + | + + -1 -1--1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - - -+ |+ +
AG2-6 + |+ -l =-'=-1-1-1-=-1-1-1-1- + |+ |+ + |+ |+ |+ |+ ]+ - -+ -
AK1-1 + | + + |+ |+ |+ |+ |+ ]+ -]-]- + |+ |+ + |+ |+ |- -|-1-1-|-1+1]+1]+]-
AN1-8 + |+ S T S T S I S I I I + |+ |+ + |+ |+ |+ |+ ]+ - - -+ ]+ -+
AN1-12 | + | + + 1 -1-1-/-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ ]+ - - -+ ]|+ |+
AN1-18 | + | + - -l-=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - - -+ ]+ -+
AN1-25 | + | + + |+ + | -|-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ |- - -+ ||+ |+
AN1-29 | + | + + |+ |+ |+ |+ - --1-1|- + |+ |+ + |+ |+ - -|-|-|-1-|+|+]|+]|-
AN1-38 | + | + S T S T A S I S A S B + |+ |+ + |+ |+ |+ |- - -|-1-|+|+]-1|-
AN2-3 + | + + |+ |+ |+ |- =--]-|-1- + |+ |+ + |+ |+ |+ |+ - -] - -]+ |+]+]|-
AN2-9 + | + -l =-1-1-1-1-1-1-1-1- + |+ | + + |+ + |- -|-1-1-|-1+1]+1]-1"

68



AN9199 4.3 ANBUENNEITINE LAz AivauaulalnRnLenRlusdnNkente (sa)

ANuNTUNGe (Gpuay) AN duNIA-ang gaumnnd ('0) SI3213 (3
Qe & |
o] © © hol)
> c ™ o)
o NS
I g 3|3 |2
6 7 8 9 10 [ 11|12 | 13 | 14 | 15 6 7 8 10 | 20 | 30 | 37 | 40 | 45 | 50 | 55 | 60 g £ % >
ce |5 | S
< >
)
2
AN3-4 - =-'=-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ -] - --1-|+|+]|+]|+
AN3-6 + 1+ - -=-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ ]+ |- - -+ |+ + |+
AP1-1 - - =-1-1-1-1-1-1-1- + |+ |+ + |+ |+ |+ |- - -1 -|+]|+]|+]|+
AP1-3 + |1+ -1-|-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ +]|+ |+
AP1-4 + |1+ -1-|-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ +]|+ |+
AS1-1 + |+ + |- -1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|-]|-
AS1-6 S T S T S I S I I I + |+ |+ + |+ |+ |+ |+ - - - -|+]+]| -+
AS1-8 + |+ |+ === - + |+ |+ + |+ |+ |+ |+ ]+ - - -+ ]|+ |+
AX1-2 + |+ + |+ -] -]--1-1- + |+ |+ + |+ |+ |+ |- - --1-|++]|+]|-
BR2-1 S T S T S S A S I S i I + |+ |+ + |+ |+ |+ |+ ]+ - - -+ ]|+ |+
CL2-6 + |+ |+ |+ -] -]--1-1- + |+ |+ + |+ |+ |+ |- - --|-|+|+]|+]|-
CL3-4 + -1 -1--1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ ]|+ +]|+
CP1-2 + |+ |+ |+ |+ - --1-1|- + |+ |+ + |+ |+ |+ |+ - - -] -+ ]|+ +]|+
CP1-6 + |+ +|-|-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - -+ +| -
CX1-1 + |+ |+ |+ |+ == -|-]- + |+ |+ + |+ |+ |+ |+ - - -+ ]|+ |+]+

06



AN9199 4.3 ANBUENNEITINE LAz AivauaulalnRnLenRlusdnNkente (sa)

ANuNTUNGe (Gpuay) AN duNIA-ang gaumnnd ('0) SI3213 (3
Qe & |
o] © © hol)
> c ™ o)
o NS
I 9 3|3 |2
6 | 7|8 |9 |10|11]12]|13]|14]15 6 | 7|8 10 |20 | 30 |37 |40 [ 45|50 | 55|60 | S | & % 3
|3 | =
=
)
=
CZ1-3 + |+ |+ === - + |+ |+ + |+ |+ |+ |+ ]+ |- - -+ |+ + |+
czZ1-4 + 1+ - -=-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] - +|+]|+]|-
EE1-2 + |1+ -1-|-1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ +]|+ |+
EE1-8 + |+ + |- -1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |+ - - -+ |+ +
HC1-4 + |+ |+ |+ |+ - --]-1|- + |+ |+ + |+ |+ |+ |+ |+ - - -+ |+ +
HC1-8 + -1 -1--1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - -] -+ +]|-]|-
HC1-9 + |+ -l =-1=-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ ]|+ + |+
HC1-10 - | - -l =-1=-1-1-1-1- + |+ |+ + |+ |+ |+ |+ ]+ - - -+ ]|+ |+
KE1-4 + | - -l -1-1-1-1-1- + |+ |+ + |+ |+ |+ |+ |- -+
KE2-1 - | - -l -1-1-1-1-1- + |+ |+ + |+ + |- -|-|-|-1-1+1+]-1-
KG1-1 + |+ + | -|-1-1-1-1-1- + |+ |+ + |+ |+ |+ |- - --|-|+|+]|+]|-
KM1-5 + |+ |+ |+ |+ - --1-1|- + |+ |+ + |+ |+ |+ |+ |+ |- - -+ ||+ |+
ZM1-1 + |+ |+ |+ |+ - --1-1|- + |+ |+ + |+ |+ |+ |+ |+ - - -+ -]+ -
ZM2-1 + |+ +|-|-1-1-1-1-1- + |+ |+ + |+ |+ |+ |- - -|-|-|+|+]|+]|-
ZM2-9 -l =-1-1-1-1-1-1-1-1- + |+ | + + |+ |+ |+ |+ |- - -|-1+]+]+]+
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AN9199 4.3 ANBUENNEITINE LAz AivauaulalnRnLenRlusdnNkente (sa)

Audntunde (fovaz) Audunsa-ang gaungil (0) I3 (3 13
Qe & |
o] © © hol)
> c ™ o)
o NS
I 9 133 &
1|23 |45 |6 |7 |89 |10|11]12]13|14]15 6 | 7|8 10 |20 | 30 |37 |40 [ 45|50 | 55|60 | S | & % 3
|3 |

=

)

=
IM2-12 |+ |+ |+ | - |- |-1-|-1-1-/-1-1-1-1- + |+ |+ + |+ |+ |+ |+ - - - -+ +]|+]|+
ZM3-2 S I S T S S I S e R I e I e e e B I + |+ |+ + |+ + |- -]|-|-|-1-|+|+]|+]|-
ZM3-3 o I T S S I S I R I S S I e B B B e + |+ |+ + |+ |+ |+ |+ - - - -+ +]|+ |+
ZM3-9 + |+ |+ |+ |+ |+ ]+ |+ - == ---1- + |+ |+ + |+ |+ |+ |+ |+ -+
Z01-8 S I T S S I S R S S I I B e e + |+ |+ + |+ |+ |- -1-|-|-1-|+|+]|+]|+
Z71-3 + |+ |+ |+ |+ |+ - =----1-|-1-1- + |+ |+ + |+ |+ |+ |- - - -] -|+|+]|+]|-
Z71-7 + |+ |+ |+ |+ |+ |+ |+ ]+ -1-|-1- + |+ |+ + |+ |+ | - - - -1 -1+ +]|+]-
772-1 + |+ |+ |+ |+ |+ |+ |- =--=-|-|-|-|-1|- + |+ |+ + |+ |+ |+ |+ |+ - - -+ |+ ]+ ]+

NUGLNG : +, Positive reaction; -, Negative reaction; w, Weakly reaction
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nsanwluadadlddmdendeiiiuusldududeadddlnl (Gesimilarity snin 99.5%)
Pnuvasfivfivhaulasiuag 3 lelean Ao BR3-1 KK1-3 wag SC1-1 Jwenldainniives
n3z11Y (Boesenbergia rotunda) TuveatUs1es1@ (Phytohabitans kaempferiae) wagainu
Y9991UADNAY (Stahlianthus  campanulatus) A1UEINY mmmiﬁﬂmaummmmwu
RARGR (potyphasm taxonomy) LW@VI’mﬁWﬁﬁ]uLE}ﬂaﬂ‘iﬂm%@\‘iL%@IUE“@‘UEHJ"U& Tagdl
uandun fai

1. dnwazuas Asanoa endophytica BR3-1"

MnnsAnudnuvaurmedusuinemuineulali@inueadlufednaieiug BR3-1'
asnavesdetuduae @winavesuinndt 10 alesseas) vulatgvesinugavasuun
fudsiunlaenssiniiemns ldafaduleennia adaduloewnsddu (deep orange)
LLaza%ﬁasﬂﬂi’mqﬁasmafwﬁﬁwﬁmamm (strong reddish orange) ilaia3gyuuems ISP2
(’gﬂﬁ 4.33) SNYUENITAIYUUDINITANNE wanslun1ANTIN mmmii’fﬂfﬁma D-glucose
cellobiose D-xylose mannitol Wa¥ sucrose L“meWia'\iﬂﬁuaulﬁﬁﬁwna D-mannose
D-galactose L-rhamnose D-ribose L-arabinose Way D-fructose liitipe waldanunsaly
glycerol myo-inositol raffinose melibiose D-salicin I lactose Wuunaamsueula
aunsagevaarsutatarlusiuluunle ualdanusadevaasaatdulayimglunsnla
(5197 4.3) W3y leTigamaiigean 40 ssrmwaoa Aanudunsa-anaiiaiayldogludas
5-10 uazansanuIndogeandinududiudesas 2 1

NUSLwadUTENOUAIEY  meso-DAP  uag 3-OH-DAP  ¥Hav03.08avaIntlagas Ao
glycolyl afinvostiunailuu (menaqumone) fnuifussdusznoundn e MK-10(H g) WY
WU MK-10(Hy) siavesimanmuanielumad (whole cell sugar) finu fie glucose
mannose rhamnose ribose Wag xylose lashuniingldn (polar lipid) Fnudussdusynoulu
waa Ae diphosphatidylglycerol  phosphatidylglycerol — phosphatidylethanolamine
phosphatidylinositol phosphatidylinositol-mannosides  Wealwalafilinsiuwiin 4 0
waglusuadidailinsueie 3 A asalusuiinuluwadusznouse iso-Ciee 150-Cyso
anteiso-Cys5q anteiso-Cy7¢ 150-Ciag i150-Ci79 Ci70 C74M8C Cipo Ci612-OH Cigg HhAY
i50-C154G (1157991 4.5) lnunsnsloasan (mycolic acid) dUsunaiuaninfiuiazlelndy
(G+C content) Sovay 71.4

lesananeiius BR3-1' fldanundiendewesdduiindlelndues 165 RNA gene
1naiu A. ishikariensis (99.39 %) A. iriomotensis (99.31%) A. siamensis (99.17 %) A.
ferruginea (98.84%) waz A. hainanensis (98.71 %) Waza1NNITILATIZY phylogenetic
tree wuirdnogluana Asanoa (U 4.34) Wefnweynsuisudiouivansiiugdnsdslu
ana Asanoa Wuliangug BR3-1' Sanuuansnsainaneiugensde duandumsed 4.4
LazaINNANTIIANEINISARuvesaI8RLdule (DNA-DNA hybridization) senindaneiug
BR3-1' Auaneugsndsluana Asanoa favun wuidnegszuinsdosay 21.3-45.8 (3n9d
4.6) Bainine cutoff Fsfianfenar 70 (Wayne et al, 1987) andoyasismuniianuns
fuduldinarewug Br3-1 1duuealuiednadddlndluana Asanoa Taslsidodn
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Asanoa endophytica @ngWuiénads Ae BR3-1' (BCC 66355 uag NBRC 110002) Aauen
Ignmiwes Boesenbergia rotunda Fufuandaingnssnil Uszinelne Fadeyavesany
Wug BR3-1' dild3unisafiusiaslua15d15 International Journal of Systematic and
Evolutionary Microbiology (Niemhom et al., 2016) Tnodundsusniistoarunisny
wenRlusitAvana Asanoa luileidoi

Ui 4.33 dnvarysduguinenvesaneius BR3-1
(n uag ) dnwaglalatduue s ISP2 seugiian 14 Tu
(m) SnwnuzidilouazaUasnmelindeganssatiiretuiauddesszerina
(long working distance) (f&sweng 400 1¥11)
(3) anwandulowazavainelindesganssmididnaseunuudosnsin (SEM)
(Masue8 5,000 L¥11)
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99 Micromonospora auratinigra TT1-11' (AB159779)
75

Micromonospora chaiyaphumensis MC5-1 " (AB196710)

57 Polymorphospora rubra TT 97-42 " (AB223089)
Krasilnikovia cinnamomea 3—561(41)T (AB236956)
12 78 Couchioplanes caeruleus subsp. azureus DSM 44103 (X93202)
90 Pseudosporangium ferrugineum 3-44-a-19 " (AB302183)

Phytohabitans suffuscus KO7-0523 ! (AB490769)
Asanoa hainanensis 210121 (FJ155992)
Asanoa siamensis PST-2 (AB597931)

97 Asanoa endophytica BR3-1 ' (LC032127)
02| [ Asanoa iriomotensis TT 97-02 " (AB112081)
571 Asanoa ferruginea DSM 44099 ' (X93199)

Asanoa ishikariensis IMSNU 22004 (AJ294715)
Catenuloplanes indicus IMSNU 22099 ' (AJ294717)

P
0.005

d' U v s £ 1 T o v s v a .
JUN 4.34 uanspdruduiusvesateius BR3-1 Auaneiugeneds (type strain) luana

Asanoa Uu phylogenetic tree (neighbor-joining method)



ﬂ. [ 1 U 6 T o . 6 v a .
M19199 4.4 SNYLAULANGIYBIEEILS BR3-1 Auaneiugansds (type strain) luana Asanoa

A. ishikariensis

A. iriomotensis

A. siamensis

A. ferruginea

A. hainanensis

Snunie BR3-1 . ; T ; -
NBRC 14551 NBRC 100142 PST7-2 NBRC 14496 210121
3-OH-DAP + + - N N ]
Whole-cell sugar Glu, Rha, Rib, Man, | Glu, Gal, Rha, Rib, | Glu, Gal, Man, Xyl | Glu, Rha, Rib, Man, | Glu, Gal, Rha, Rib, | Glu, Rib, Man, Xyl
Xyl Man, Xyl, Ara Xyl Man, Xyl, Ara
DNA G+C content (mol%) 714 71.1 69.0 72.3 71.5 70.3
Nitrate reduction - - - W - +
Gelatin liquefaction - + - - - +
Coagulation of milk - + - - - +
Maximum NaCl tolerance (%, w/v) 2 3 2 2
Maximum temperature (°C) a0 30 30 37 37 37
Carbon utilization :
Glycerol - - - w - w
myo-Innositol - - - - - +
L-Rhamnose W W - + + W
D-Raffinose - + + w + -
D-Melibiose - + + + + w
D-Salicin - - W - + ,
Lactose - + - + + +

MBS © +, Positive reaction; -, Negative reaction; w, Weakly reaction; Glu, glucose; Gal, galactose; Rha, rhamnose; Rib, ribose; Man, mannose; Xyl, xylose;

Ara, arabinose; DPG, diphosphatidylslycerol; PG, phosphatidylslycerol; PE, phosphatidylethanolamine; Pl, phosphatidylinositol,

PIMs, phosphatidylinositolmannosides; GL, glycolipid
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A15199 4.5 psAUsznouvesnsalufuneluwaduosaeiiug BR3-1 fuanesiugensds (type strain) luana Asanoa

Yinvansaludu

YSunaunsalesiuy (Gevaz)

A. ishikariensis

A. iriomotensis

A. siamensis

A. ferruginea

A. hainanensis

BR3-1' | T T 1 |
NBRC 14551 NBRC 100142 PS7-2 NBRC 14496 210121

Saturated fatty acids
Ciso 2.0 1.5 33 1.9 2.0 3.0
Ciro 2.8 1.4 5.5 7.5 1.7 3.3
Cus0 0.4 0.7 0.9 0.9 0.6 1.0
Unsaturated fatty acids
i50-Cy54 G 0.1 1.3 0.3 1.0 0.2 0.2
Cig1 20H 1.8 - - - - -
Ci74 08C 2.3 0.2 1.0 0.4 1.5 0.8
Branched fatty acids
i50-Cyg0 4.9 3.5 2.7 1.2 3.9 3.6
i50-Cys0 24.7 27.8 24.9 32.9 16.8 24.9
anteiso-Cys, 152 29.1 33.9 31.1 28.1 30.3
i50-Cy40 32.6 14.6 10.2 5.4 24.3 16.5
i50-Cy7. 3.6 5.5 3.2 5.2 3.2 4.6
anteiso-Cy7q 7.0 12.9 12.2 12.1 13.7 10.3

eI« laBAAdlue1MNT yeast extract-glucose broth vulATaNE MR 30 asmwaldyd Ui 5 Tu

L6



AN9197 4.6 Haves DNA-DNA hybridization sewinaanesiug BR3-1' uavaneussnds (type strain) luana Asanoa

' 14 =8 o a < v
ATAUARIYARINUVDINLDULD (3B8AL)

d — A ishikariensis A /riomotens/i A siome?sis A ferrugineoT NBRC | A ha/'noneTnsis
NBRC 14551 NBRC 100142 PST7-2 14496 210121

BR3-1' 100 218+ 1.0 118+ 1.7 281+ 1.0 295+ 27 154 +1.2
A. ishikariensis NBRC 14551" 158 + 2.6 100 54126 314+ 21 213+ 21 317+ 1.1
A. iriomotensis NBRC 100142 180+ 4.3 6.8+ 1.0 100 157+ 1.5 15.4 + 3.0 3727
A. siamensis PST-2" 345+ 1.6 31.5+29 31.6 £ 6.7 100 295+ 22 265+ 1.0
A. ferruginea NBRC 14496" 21.6 £59 277+ 36 19.7+21 323+ 13 100 13.1+£ 2.0
A. hainanensis 210121 213+ 4.6 236+ 2.6 8.4+ 6.7 193+ 13 234 +.1.8 100

86
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2. dnweuzuas Phytohabitans kaempferiae KK1-3T

MnnsAnudnvarmedusuinemuineulalifinueadlufodnaioiug kk1-3'
ahasaUefifensunanuazalesatssny (rnndt 10 aved) Avesauediiou aaduls
9IMNIALNADUTY (strong yellow) a%ﬁﬁmi’mqﬁazm&Jﬁ’]ﬁmﬁawau (pale yellow) iile
193 YULEINT ISP2 (SUT 4.35) Enwaiznsiadnuuemseneg uaasluaianian ¢ ansnsaly
‘13;’1{51’]@ D-cellobiose D-glucose D-mannose D-xylose L-arabinose L-rhamnose &g
sucrose tHuunasniveuld 19ana D-fructose D-galactose Way lactose lavlae umlil
a1u1501% D-melibiose D-ribose D-salicin glycerol mannitol Wag myo-inositol Huunaa
Asusula awnsageaansudenazlusiuluunle ualiamisadesaatslaifunassnag
lumsnld 13glefigamaiigean 40 sswaidoa Amnuidunsa-ssiiaieldeglugis 6-10
uazansavundogeaniirudiutudosas 3 16 (sn9di 4.3)

NUSLwadUTENOUMIEY  meso-DAP  uag 3-OH-DAP  ¥HAv03.0TavaIntlagas Ao
slycolyl winvesfiunadluy  (menaquinone) finuifuesruseneundn Ao MK-10(H)
MK-10(Hy) 1z MK-10(H,) siiavestnmarnamanieluwad (whole cell sugar) 7wy Ao
glucose mannose rhamnose ribose galactose Wag xylose gULLUU%@Qi‘Uﬂu%ﬁﬂﬁ%?ﬁWU
Usznauaay diphosphatidylglycerol phosphatidylglycerol phosphatidylethanolamine
phosphatidylmethylethanolamine phosphatidylinositol phosphoglycolipids Wealnala
flinsvwda 7 90 wazlafurdadindilinsueda 6 90 nanlufuiinuluead 5 %)
Usenoumie anteiso-Crro 150-Crso anteiso-Cizq Cigo WY is0-Cieq bINUNSANBABAN
(mycolic acid) fUsunavanniuuaglaladu (G+C content) Sozag 71

awiug Kk1-3' daenuadendevesdifuiinadlolndves 165 MNA gene Tndfu
P. houttuyneae BCC 48147  (99.04%) P. suffuscus DSM 45306 (98.97%) P. flavus
NBRC 107702 (98.62%) wag P. rumicis BCC 48146 (98.14%) wagannn1siinsizi
phylogenetic tree wuindnagluana Phytohabitans ('gﬁﬁ 4.36) Lﬁ'aﬁﬂmawmﬁmmﬁw
fuanesiusdsdaluana Phytohabitans wuinaneug KK1-3' finnuusnsiaainanesiug
§1984 Fauanslupsned 47 wazainwanisAnwinindigiuvesatsdifule (DNA-DNA
hybridization) s¥minsaneiug KK1-3' fuaneviugdrsddluana Phytohabitans Viamua wu
A1egI¥NIeTeyay 14.3-38.1 (M157971 4.8) Fasinnanan cut-off delanFosaz 70 (Wayne et
al,, 1987) mﬂsﬁazﬂaﬁaumﬁmmsa@ué’uﬁ’hmaﬁuﬁ kk1-3" [ Hunomdluseanatidinily
d@na Phytohabitans Tnglsidadn Phytohabitans kaempferiae awaﬁuéé’w%a fio KK1-3'
(BCC 66360 waz NBRC 110005) dmusnldainluzes Kaempferia larsenii Fafuan
Faminguasnesidl Usewalne Tedoyavesansiug kk1-3" dldfunsifiaiasluansans
International Journal of Systematic and Evolutionary Microbiology (Niemhom et al.,
2016) Tneidunsausniisenumsnusenilutvdnana Phytohabitans Tulssmelve
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-

St /a56%09

Ul 4.35 dnwarysduguinenvesaneiug Kki-3'
(N wag v) anvaglalatiuueImis ISP2 szgiian 14 Ju
() dnvazidulonavavoinelindesqanssmifinetuiauddesszolna
(long working distance) (f&ueny 400 1)
(1) anvaundulowazaveiniglindesganssmiBidnaseuwuudosnsin (SEM)
(fedavene 5,000 i)
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65 Phytohabitans kaempferiae KK1-3' (LC031774)
2 Phytohabitans houttuyneae K11-0057" (AB663560)
82 Phytohabitans suffuscus K07-0523" (ABA90769)
Phytohabitans flavus K09-0627' (AB663558)
86 Phytohabitans rumicis K11-0047" (AB663559)
[ Jishengella endophytica 202201 (EU560726)
77 Micromonospora endophytica DCWR9-8-2" (AB981049)
£ Micromonospora pattaloongensis TJ2-2' (AB275607)
51L17 Micromonospora olivasterospora DSM 43868' (X92613)
Micromonospora rhizosphaerae 211018" (FJ261956)
| [ Verrucosispora sediminis MS426' (EUST0859)
99— Verrucosispora wenchangensis 234402 (HQ123435)
Streptomyces ambofaciens NBRC 12836" (AB184182)

94

93

R
0.01

a ¥ o YA T o U sY a .
JUT 4.36 uansnnuduiusvesaisiug KK1-3 Auaiewugensde (type strain) luana

v

Phytohabitans U4 phylogenetic tree (neighbor-joining method)



ﬂ. [ U £ 6 T o % & Y a . .
M19197 4.7 SNYEANLLANAIYRIENEIWES KK1-3 fuaneiiugansds (type strain) luana Phytohabitans

. T P. houttuyneae P. suffuscus P. flavus P. rumicis
AN KK1-3 BCC 48147T DSM 45306T NBRC 107702T BCC 48146T
Phosphatidylmethylethanolamine + - - + -
Whole-cell sugar Glu, Gal, Man, Rha, Rib, | Ara, Gal, Man, Rha, Rib, Glu, Gal, Man, Rib, Xyl Ara, Glu, Gal, Man, Rib, Ara, Glu, Gal, Man, Rha,
Xyl Xyl Xyl Rib, Xyl
DNA G+C content (mol%) 71 73 73 71 72
Nitrate reduction - - +
Gelatin liquefaction - w w - w
Maximum NaCl tolerance (%w/Vv) 3 2 2 1 1
Maximum temperature for growth (°C) 40 40 37 30 30
Enzyme activity :
Esterase (C4) - w w - w
Esterase Lipase (C8) - w - - -
Valine arylamidase - - - - +
(-galactosidase - - - - +
O-mannosidase + - - - -
Carbon utilization :
D-Fructose w + + + +
D-Galactose w + + w w
D-Ribose - - - w -
D-Salicin - w - w -
Glycerol - + + - +
Lactose w w - - +
Mannitol - + + + +

4



AN51971 4.8 WAYBI DNA-DNA hybridization sewinganesiug KK1-3' wazaneusénsds (type strain) Tuana Phytohabitans

] v =2 o a & Y
ATAUARIYARINUVDINLDULD (5DEAL)

mﬂﬁué K13 P. houttuyneTae P. suﬁ‘uscusT P. flavus : P. rumicisT

BCC 48147 DSM 45306 NBRC 107702 BCC 48146

KKl—Z‘ST 100 289+ 15 333+22 147 + 4.1 204 £ 22

P. houttuyneae BCC 48147 314+24 100 328 +54 273+43 145+ 10

P. suffuscus DSM 45306 38.1 £ 0.9 2713+ 15 100 313+ 35 329 +34

P. flavus NBRC 107702" 312+ 0.8 235+ 14 294+ 29 100 255+69
P. rumicis BCC 48146" 229 + 0.6 192+ 1.1 143 +34 16.2+5.0 100

¢01
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3. §nwazuas Nonomureae stahlianthi SC1-1'

MnnsAnudnvaurmedugiuinemuineulalifinueadlusodnaisiug sc1-1'
a%waﬂa%maguasjumﬁuiammﬂ?mn (white) BhvesaUasvyusy ﬁ%ﬂﬁLﬁNi?J@’]Wﬁﬁﬁ’]W]ﬁ
aauaumaaa (nght yelLovvlsh brown) lUaudsdniiag (purpllsh black) muaaﬂuawmam
7o aiwiqmmwauawmaLmamma (purplish grey) ioLA3eyUUDIMIT ISP3 (i‘U‘Vl 4.37)
SnvarnsasyuLeIae waadlunaruan ¢ @wnseldiinia cellobiose D-fructose
D-glucose D-galactose D-mannitol D-mannose melibiose D-ribose D-xylose
L-thamnose  glycerol wag myo-inositol  1Juunasprsuoula wildiinena raffinose
D-salicin L-arabinose lactose Wag sucrose tatioy a@unsagovaatsuts lUshuluunlag
Sndlumsnld wildanunsagosaateinanduld (nseft 4.3) Lﬁ]imlwammmm 37 936
wadea Arpudunse- mwmmlmaa’lumq 5-10 LLavmmsawumaaamwmmwmu
Sovay 3 1a

NUwaaUIENOUAIY meso-DAP ¥finvado8aveiniawad Ae acetyl ¥flnvasiun
aluu (menaquinone) finuiliupsAusznaundn fie MK-9(H,) uaz MK-9(H,) BiAUDNANG
ﬁy’awmmﬂumaa‘ (whole cell sugar) finu fie glucose madurose mannose rhamnose
WLag ribose lmﬁuﬁuﬁmﬁ%’aﬁwu Ao diphosphatidylglycerol  phosphatidylethanolamine
hydroxy-phosphatidylethanolamine phosphatidylinositol phosphatidylinositol-
mannosides ninhydrin-positive phosphoglycolipids ninhydrin-positive phospholipid
woalwlnaladUniilinsiuadn 1 9a vealuldalailsinsviin 4 90 lnaladlndilinsruvde
2 39 wazlogudildnsrveia 1 0 asalugfufinuanluwadusenousng  iso-Cre
10-methlyCy7o 8% Ci74M6c  Linunsatiamnan (mycolic acid) AUsunavaniniulay
laln@u (G+C content) Seway 70.7

aneug SC1-1 Timnuadendesadiuiandlelndves 165 ANA gene Tndru
Nonomuraea dietziae DSM 44320 (98.82%) Nonomuraea africana IFO 14745'
(98.58%) Nonomuraea jabiensis AG036 (98.43%) Nonomuraea endophytica YIM
65601 (98.36%) Nonomuraea angiospora IFO 13155T (98.29%) Nonomuraea roseola
IFO 14685T (98.23%) waz Nonomuraea recticatena IFO 14525 (98.23%) uaxainnis
518 phylogenetic  tree  wuindnegluana Nonomuraea (3U#l  4.38) 1ilofnwn
ounsuAsuiisuiuaeiugiedluana Nonomuraea MndlAssiulu phylogenetic tree
wudaeug SC1-1 flanuuansiisananeiugnads fauandluasned 4.9 wazainua
nMsAnwINsngiuesaefidue (DNA-DNA hybridization) sgnin9aneiug SC1- 1 A
amwuﬁawaﬂuaﬂa Nonomuraea Afinnalndifesiu wullenagseninedosay 18.8-29.0
(M157971 4.10) Fewndnen cut- oﬁ‘ FalenSeway 70 (Wayne et al., 1987) mﬂﬁuauamumu
annsoduduldinaetus sc1-1" iunerdlusivanatTdlmiluana Nonomuraea Taglside
91 Nonomuraea stahlianthi @1e7ugens8e fie SC1-1' (BCC 66361 waz NBRC 110006)
danenldanaiuves Stahlianthus campanulatus dafuandmingassill Usemelne
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=& v o e T &Y ve Sa s .

P390y av03d18WUg SC1-1 HlasunsAnunaslunsans Intemational  Journal — of
Systematic and Evolutionary Microbiology (Niemhom et al., 2017) Ingidusigeaunisnu
ulalnAnueniluddnaniivasdaasiuginulareudiaies

Ul 4.37 dnwazynadugiuinenvesanesiug SC1-1'
(n wag v) anwaglalatiuueImis ISP2 szugiian 14 Ju
(m) dnwnuzidilouazaloinelindesgansimiiretuiauddesszeying
(long working distance) (f&ueny 400 1)
(1) anvandulowazaleiniglindesganssmiBianaseunuudosnsin (SEM)
(fedavene 5,000 i)
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66 [ Nonomuraea monospora PT708" (FJ347524)
0 Nonomuraea thailandensis KC-061" (AB720113)
Nonomuraea syzygii GKU 164" (KF667499)
95 Nonomuraea solani NEAU-Z6' (JQ073731)
Nonomuraea rhizophila YIM 67092" (HM755723)
57 89 {Nonomuraea rosea GW 12687 (FN356742)
75 ‘Nonomuraea shaanxiensis' NEAU-st1' (KC287247)
Nonomuraea stahlianthi SC1-1" (LC032126)

53

Nonomuraea dietziae DSM 44320" (AJ278220)

Nonomuraea africana IFO 14745' (U48842)
[ Nonomuraea recticatena IFO 14525 (U48979)
Nonomuraea roseola IFO 14685 (U48980)
Nonomuraea soli YIM 120770 (JF742631)

93

99

Nonomuraea zeae' ND5' (KR106591)
94 Nonomuraea ferruginea IFO 14094 (U48845)

‘Nonomuraea harbinensis' NEAU—ynSlT (KC306503)
Nonomuraea ceibae’ XMU 110" (KX024666)

‘Nonomuraea guangzhouensis' NEAU-ZJ3' (KC417349)
92 Nonomuraea indica DRQ-2' (KM522835)

Nonomuraea muscovyensis FMNO3' (UJNB96617)
‘Nonomuraea rhodomycinica’ NR4-ASCOT" (LC082232)
Nonomuraea roseoviolacea subsp. carminata IFO 15903" (AB039961)

57

91 Nonomuraea roseoviolacea subsp. roseoviolacea IFO 14098" (AB039959)

Nonomuraea maritima FXJ7.203" (GU002054)
Nonomuraea antimicrobica YIM 61105 (FJ157184)

Nonomuraea jiangxiensis FXJ1.102" (FJ418910)
Nonomuraea candida HMC10' (DQ285421)
Nonomuraea rubra DSM 43768' (AF277200)
Nonomuraea polychroma IFO 14345' (U48977)
Nonomuraea turkmeniaca DSM 43926 (AF277201)
Nonomuraea endophytica YIM 65601" (GU367158)
Nonomuraea longicatena NRRL 15532" (AB0O18787)
Nonomuraea salmonea DSM 43678" (X97892)
84 [ Nonomuraea fuscirosea NEAU-dht8' (KC417350)
Nonomuraea maheshkhaliensis 16-5-14" (AB290014)
" Nonomuraea kuesteri GW 14-1925' (AJ746362)
Nonomuraea gerenzanensis ATCC 39727 (AJ582011)
Nonomuraea jabiensis A4036" (HQ157186)
Li Nonomuraea helvata NBRC 14681" (U48975)
Nonomuraea spiralis IFO 14097" (U48983)

71 Nonomuraea angiospora IFO 13155 (U4assa3)
. T
68 Nonomuraea pusilla IFO 14684 (U48978)

64 Nonomuraea fastidiosa IFO 14680" (U48844)
erans 3-33-98" (KJ027601)

Nonomuraea thermotol

Nonomuraea bangladeshensis 5-10-10' (AB274966)
95 L[ Nonomuraea coxensis JCM 13931' (AB505224)
Nonomuraea wenchangensis 21 0417" (FJ261959)

85

Nonomuraea flavida YN-5-1" (JX467533)
Thermopolyspora flexuosa DSM 43186' (AY039253)

P
0.005

a o v & o & T o o fY a .
JUN 4.38 wanspnuduiusussateiug SC1-1 Auaieiugensds (type strain) luana

Y

Nonomurea U phylogenetic tree (neighbor-joining method)



ﬂ. [ 1 U 6 T o . 6 vV a .
M19199 4.9 SNYaLAULANA1YRIEERLE SC1-1 Auaeiuga1sd (type strain) luana Nonomureae

anwaz sc1-1" N. dietziaeT N. Ofrl'COnaT N. roseolaT N. recticatenf
NBRC 14309 NBRC 14745 NBRC 14685 NBRC 14525

The pH range for growth 5-10 5-10 6-10 6-10 6-10
Nitrate reduction + - - . -
Carbon utilization :

D-Fructose + + + - _

D-Galactose + w +

D-Melibiose + + +

D-Raffinose w - + - -

D-Ribose w - - W _

Glycerol + + - + +

Mannitol w - - . -

Sucrose w - + + ,

WUNLNR : +, Positive reaction; -, Negative reaction; w, Weakly reaction
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AN9197 4.10 Haves DNA-DNA hybridization s¥minganesius SC1-1" uazaneusenada (type strain) Tuana Nonomureae

] v =2 o a & Y
ATAUARIYARINUVDINLDULD (5BEAL)

mﬂﬁuﬁ: scid’ N. d/'ez‘ziaeT N. ofr/canaT N. roseolaT N. rect/catenTa
NBRC 14309 NBRC 14745 NBRC 14685 NBRC 14525
SCl—lT 100 270+ 2.1 232+ 3.1 18.8 + 0.9 22.1+09
N. dietziae NBRC 14309T 297+ 04 100 378+ 7.4 385+ 2.7 42.6 + 1.7
N. africana NBRC 14745T 282+ 1.1 379+ 29 100 28.6 + 1.0 29.2+0.9
N. roseola NBRC 14685" 20.7£19 453 £ 6.2 26.6 £ 4.3 100 414+ 18
N. recticatena NBRC 14525 19.7+9.0 48.6 £ 3.9 251 +53 449 £33 100

807
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4.3 ﬂ']'iVlﬂﬁE]Ui]VléVI'N%’)ﬂ’]W
431 MavAdeUgNEUTAuYSE
MNMsANIMEFuNSESyesAwEdnoulalinueafdedniuenldan
Wy 9AT99 U 109 Telatan 1nedd Disc diffusion wudwmiaﬁwmﬂu%’uLaﬂaau%mmm
wulalninuearludeanidiuau 27 leluan (Sesay 25) iJi]‘VIﬁH‘UEJ\‘Iﬂ’]iLﬁ]iiUSUEN‘\]auWiEJaEJ’N
How 1 wie lushwauiid 23 lolwan (Gevay 85) wandgrssufinisiasyreadeuuniise
WNSUUIN LU Bacillus  subtilis  ATCC 6633  Kocuria  rhizophila  ATCC 9341
Staphylococcus aureus ATCC 25923 Methicillin resistance Staphylococcus aureus
(MRSA) DMST 20654 wag Vancomycin-resistance Enterococcus fecium (VRE) ATCC
51559 1§ uazsuau 12 lelaan (Sevaz 44) uanmsdudinisiaiayves Candida albicans
ATCC 10231 ¢ wiliifieulnlilfinuenilufodnleluanlaaefiaunsadudinisaiyves
WUATILTBUNTNAY AD Escherichia coli ATCC 25922 wag Pseudomonas aeruginosa ATCC
27853 ¢ (15197 4.11) Tnewflofiansanannnanisvaaeuuds nuineulalwinwendsiedn
91U 13 loleian (Fovaz 48) lon KE1-1 AN2-10 CL3-1 AG2-1 AG2-5 AG2-6 AN1-38
AN3-6 CP1-6 KE2-1 KGI-1ZM2-9 uas ZM3-2 dlqvidnuideqdunisiuunina (broad
activity) funuafieunsuuinuatesin saumauaiieunsuuinieen sy 8 lelwan
(Foway 30) l#un BR3-4 AN2-7 ZO1-7 Z72-2 AKI-1 AN3-4 ZZ1-3 uag Z72-1 Sanduuy
AAefunuaiiBounsuuanvanssinsiuadad 5w 4 lelman (Gevay 15) laud AN2-9
AX1-2 CL2-6 uag KM1-5 Slgvduuuianis (specific activity) fufad uwazisnou 2 lolean
($owaz 7) 1dun AN1-19 uaz CL1-2 fgvSiamietuiuafideunsuuin 1 viin Ae Bacillus
subtilis
432 mnageugrssuitenelsauna3 (anti-malarial activity)
mﬂﬂ’ﬁmaauqm‘éiumiéf’m%aﬂ'aiimnmL%ﬂ Plasmodium falciparum @ne
fug K1 Gaduaeiugiifosmatevia (multidrug resistant strain) vesansanane1uan
wulal@nueriluiedniivenldan Alpinia ealanga (1) idmdanuidnwsuau 7 loly
\an wuansatanetuveslelaan AG2-1 AG2-5 way AG2-6 dnansadnuidenelsaunanise
16 Tnefien ICso AiD 0.03 0.15 wag 0.02 lulasnsuseliadans mua1du lngynaruauduan
Ao dihydroartemisinine Wag mefloquine #A1 1Cs, 0.00079 uwag 0.01665 lulAsnsuse
1aaans auaau
4.33 mimaaqu%‘é’ugmaémﬁq
mﬂmsmaaqu%‘hmsé’ué’j’jﬂLsuaémL%Waqmsaﬁ’wafmmﬂLauim"l,waﬂLLaﬂa
Tusfednfiwenléann Alpinia salanga (@) Aidmdenun@nediuau 7 lelean wuiiasadn
veruvedlelean AG2-1 AG2-5 uay AG2-6 @nnsadudueaduziialen (NC-H187-small
cell lung cancer) lg TnadiAn ICs, Aiv 0.40 0.27 wag 0.27 lulAsnsuneiiadans auaau
SodieufugnaiuamiBuin wuiivie 3 lelean Wikafind ellipticine @sfian 1Cs, iy
351 lulasnSudefaddns wazlinalndi@esiu doxorubicin @9i@n ICs, 1MARU 0.140
lulasnSusiefiadans uenanilansatavervvedlolean AG2-1 AG2-5 waz AG2-6 Ssanasn
FudavaduziGetosin (KB-Oral cavity cancer) ¢ TnedlAn ICy, Ao 3.31 3.72 uav 0.04
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audiu Tnewdewfisufuyaaiuaudauin wuinlelsian AG2-1 AG2-5 TinalndlAsariy
ellipticine #9610 ICs iU 3.39 lulasnsurefiaddns wazlelaian AG2-6 linadini
ellipticine wag doxorubicin (ICs, Wiy 1.16 lulasniudediadans)
434 msvegounulufivaeitan

Mnmsnedeuruluiiuse Vero cell vasansatanenuluduefisesdinnves
wulaliRnuendlugsdniiuenldanfivasddesuay 109 Toloan wuirdwau 76 lelsan
($ovaz 70) lifinnudufiviewwad (113197 4.11)

MNUANMINAFUNYEFUNTITreteqaunid wuineulalifnuenfdudni
fguiduteqdunisdiunndnegluana Streptomyces (19 loleian) so3a3u1Ae
Microbispora (3 lalatan) Actinomadura (2 leleian) Dactylosporangium (1 lolaan)
Micromonospora (1 leolwian) way Kutzneria (1 loleian) @onndednusieauues Bérdy
(2005) fisr891ui1 Streptomyces Wuanafiaivarseangrinnadiniwldunniian sesam
R Micromonospora LLazaqaiﬂiuﬂ WU Microbispora Actinomadura Dactylosporangium
Kutzneria iduduioradunee Streptomyces Huanafifidnsnmlunisasisansesn
qrismednmlalutiinasnnuasrainvans esnanansawialdluaniizuazemsvie
#199 waztluidoanaiifusernsanniian

a [y

Lﬁ@L‘U%EJ‘ULﬁEJ‘UNaﬂﬂiﬂﬁﬂ@quéﬁﬂuﬁ@@ﬁu%gé unansnageuALduiuse
wad (cytotoxicity) wudﬂa‘mamﬁ:ﬁqwéﬁmﬁaqﬁw?éﬁﬂﬁmmLﬂuﬁwiamaa’miwﬁmﬁ’u
Tnewdloguinuareadodifiquidudeqduvisiomndiu 27 Telean duwuindinudy
Nenotwadninie 21 laluan (Govag 78) unllduiu 6 lolgian (Sovay 22) laun AN2-7
AN2-10 CL3-1 KE2-1 KM1-5 way zM3-2 filiflnrudufiviewad Sadein 6 lelaan i
Juideiiunaulafivsih luAnwssluudvesnmsimuiiielfidududogdunianlisany
Duiwiuwadlusanieveadsuen

PNMTNAADUVENTININVBIENTATANEIURIN Streptomyces Tuenldan
Alpinia galanga (@1) fifmdenun@nwsiuau 7 lelwan wuind 3 lelean loud AG2-1
AG2-5 Waz AG2-6 fgniuuuning (broad activity) TnaflgniafuuunailiSewnsuuan
wuATiSeunsuuInes Werslsaunanis waduziSien wavwaduziSwacn udnuind
cytotoxicity @udesn 4 lelman (AG2-3 AG2-4 AS1-6 uaw AS1-8) wuinliil bioactivity
wazlaifl cytotoxicity aghalsnulgein Streptomyces #a 7 lolsiand lUAnwIALAIL
venevesuiiiofestunsadsensusznaulndilnslusunousely
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4.4 N15ASIAIMTULNAAMATUWNEBTAN 1
nNaNISLUSINuTUInAAInedumariaf 1 USiad KS domain an3luindaLdus

©

[

vougoinenlananualagltfiaiusisnlnsiues (degenerate primers) LAz ATIZiNANS Y

=.

6

#@e15nlalagigiaadianlnslnsda Awined1agun 4.39 nuenlinauinfAelindniueiiid
p15ivuInUTEINA 740-780 bp 911U 61 leleian 910 109 lelwian (Speag 56) (M15199
4.11)

)}

750 bp —»

JUN 4.39 MlATEnaniunigenslagisadiaalnslisda
a7 1 Ao 1 kb DNA ladder
Wi 2-5 A Fegwandusgensildannsiinusnaiulnaalnaguma
a7l 1 Tneuaddl 4 6 uaz 8 Wushegreilinauan

WeSuuigunan1snaaaugMaawdegduvsdiuranisnsivaeu Bulnaalnaguma

'
a =

viad 1 Fauanslugudl 4.40 wuinainnduuesieulali@inueadlufodnisiqnidy
Heqdunddaau 27 leluan (Gosay 25) nsrawudu S1uam 25 leluan (Govay 23) ifies
2 lelean fo AKI-1 uay ZM3-2 finsralainuBudsnan Ssenavenliigriiugaunidues
i1 25 lolaan duildiedostvansusznoulnddlng daudn 2 leluian dudugndniing
wananstunguau dudelelaandinsanudy udlifgnidudegdunis Govas 33)
Jululdindemdrienvadsaseengniniedinmlungulndalnfiidquinisdanindu
venimilornguisduaduriiviaiinnnannemanzdssdtlivanzaudniunsaiieans
pongus lasnduvesoulalninuenflusodnluanandihiomadundueulalwinuenily
fodndiurauladluAnwinismaasugniniadanmedndug uaznisinwaniaglunis

wzidssieliausananansniigmsnisdinwsaly
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109 lolwian
\

33% 23% 2%
(36 loloan) (25 lelowam) (2 loluian)

a

PKSI (+) VIBANUNITITYVRAYRYAUNTY

[y

JUN 4.40 Uan9AUFUITUSURINANITNAADUANTAIUTBRUNIEAUNANITATIVERUEY
Inddlnagunayiad 1

4.5 msAnwANREINanevaBulnaR IndIumasin 1

mMsfinwmumanuatevesdulndninadunasiad 1 vlueulalfnweafluiednd
Hunguide Streptomyces 1 7 leloian #o AG2-1 AG2-3 AG2-4 AG2-5 AG2-6 AS1-6
way AS1-8 fiuenléann Alpinia galanga (31) 31U 2 21989 S?faLﬁUMﬂ%’wi’ﬂqmmﬁLLaz
Fninogsen Tnsddruau 3 leloian qnimetanin dsiuandliluiade 4.3 msnwia
vannvanevesiy vilasthduiiduevesduiiudin KS domain uvinisiaau laglalaay
favn 43 via vdeyadisuiaedlelndildnnusiaglaaumulasdidudidunsnosily
WAIESINUNUAIN phylogenetic tree (gﬂﬁ 4.41) waziSvuiisunulndlAesnuaifunsnes
fluiusnglugiudoya fauandlumsisi 4.12

MnHaMsAnwIANLMaINane vty nuilEBuiiunnsnaiuiomn 43 3in Tnewade
W& Streptomyces 1 lolaian nuuiifiddunsnerilufivansafiusiuau 6 vin lagloly
anfidarumainuanevesdusniian fe AG2-5 Fsldduundu 11 e uagloluan
B9 WU AG2-1 AG2-6 waz AS1-6 Anuindimnumainnanevesdulu 8 6 waz 9 ¥l
aud1du a1nnsmaaesiinaaldnmaelsnins wesfioenuuunn SUsEansaiies
weftasdufuBupnunainuans luvadeadulolaian AG2-3 AG2-4 uay ASL-8 Iy
vannvangvesiumniianall Tneusazlelsannuiuiios 3 9da eradumszidemani
Fruruvinvesduiion M%aﬁuﬁmmﬁﬂwaqqsﬁalmLmai“ﬁaaﬂqumlaimmmﬁ’uléf
usnNINUT Streptomyces leleandisnetu wiewenldaniiluituiieuaz STt
wuBuleglu clade 1fieru 19y lelatan AG2-6 no.10 wag AS1-6 no.3 deeaLAnldainnis
anevendulululsu (horizontal gene transfer)



397l 4.11 uansgvagudsnsiainentondunsfeis acar disc diffusion mnudufiustewad uaskansnsramBulnaRnASumayTad 1
Y PKST | anuduiie Lé'wi'mquénmﬁ%aw‘%nmé’ué’?&nwm’%mﬂaqL??aqaw?é (Hadiung)
ana A gene CRILED E. coli S. aureus B. subtilis P. aeruginosa | K. rhizophila | C. albicans MRSA VRE

Jiangella KE2-3 - Non-cytotoxic - - - - - . - .
ZM2-6 - Non-cytotoxic - - - - - - - ;

Asanoa BR3-1 - Non-cytotoxic - - - - - - . -

Dactylosporangium | KE1-1 + Cytotoxic - 15 12 - 16 - 14 10
AN1-5 - Non-cytotoxic - - - - - - - .
AN1-14 + Non-cytotoxic - - - - - - - -
AP1-2 + Non-cytotoxic - - - - - - - -

Jishengella AX1-4 + Non-cytotoxic - - - - - - - -
CL2-1 - Non-cytotoxic - - - - - - - .
CL2-5 - Non-cytotoxic - - - - - - - .
CP1-1 - Non-cytotoxic - - - - - - - .
AN1-19 + Cytotoxic - - 10 - - - - -
AN1-32 + Non-cytotoxic - - - - - - - .
AN1-37 - Non-cytotoxic - - - - - . - ,
AN2-6 - Non-cytotoxic - - - - - - - .

Micromonospora AN3-10 - Non-cytotoxic - - - - - - - -
AP1-5 + Non-cytotoxic - - - - - - . -
Cz1-1 + Non-cytotoxic - - - - - - . .
KG1-3 + Non-cytotoxic - - - - - - - .
KK1-2 - Non-cytotoxic - - - - - - - .

et
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LYY

A9199 4.11 WAAINSE

N13L930YVDUTDAUY

N ¢ Y

5 agar disc diffusion Auuiivrewas waznan1snsadulndalnadumasing 1 (se)

U8 UMY
" PKS | Anuluiy Lﬁuﬁﬁuquénaﬂwmﬁnmé’u5@msm’%zy%aqL%aqauﬁé (Hadiung)
ana e gene Aowwan E. coli S. aureus B. subtilis P. aeruginosa | K. rhizophila | C.albicans MRSA VRE
SC1-2 + Non-cytotoxic - - - - - - - .
Micromonospora ZM2-2 - Cytotoxic - - - - - - - B,
Z01-2 - Non-cytotoxic - - - - - - - .
Phytohabitans KK1-3 - Non-cytotoxic - - - - - - - -
Kutzneria BR3-4 + Cytotoxic - 7 17 - 10 20 9 10
Saccharopolyspora | AK1-2 - Non-cytotoxic* - - - - - . - ,
AN2-5 + Cytotoxic - - - - - . - i,
AN2-7 + Non-cytotoxic - - 10 - 8 11 - -
BR3-3 - Non-cytotoxic* - - - - - - . -
CL1-1 + Non-cytotoxic* - - - - - - - .
CL2-2 + Non-cytotoxic* - - - - - - . -
KE1-2 - Non-cytotoxic - - - - - - - -
Microbispora KE1-3 + Non-cytotoxic* - - - - - - - .
KE2-2 - Non-cytotoxic - - - - - - - -
KE2-4 + Non-cytotoxic* - - - - - - . -
KE2-5 - Non-cytotoxic - - - - - - - -
KK1-10 + Cytotoxic* - - - - - - - .
KK1-11 + Non-cytotoxic* - - - - - - - .
KM1-1 - Non-cytotoxic - - - - - - . .
KM1-2 + Non-cytotoxic - - - - - - . .

129"



A1919% 4.11 LAAINSE

(%
LYY

jSLdN

N13L930YVDUTDAUY

N ¢ Y

HNIY

35 agar disc diffusion Auduiivreas waznan1snsandulndalnadumasing 1 (se)

. PKS | anuduiie Lé'usi'mquénmwaw%nmé’u5@msm’%zy%aqL%aqauﬁé (@adiung)
ane e gene Aowwan E. coli S. aureus B. subtilis P. aeruginosa | K. rhizophila | C.albicans MRSA VRE
Z01-7 + Cytotoxic - - 9 - 8 10 - -
Microbispora Z71-4 + Non-cytotoxic - - - - - - - -
272-2 + Cytotoxic - - 10 - 8 9 - -
AN1-27 - Non-cytotoxic - - - - - - . -
AN1-36 + Cytotoxic - - - - - - - -
Nonomuraea AN3-11 - Non-cytotoxic* - - - - - - - -
HC1-7 - Non-cytotoxic - - - - - - - .
SC1-1 - Cytotoxic* - - - - - - . -
Planotatraspora BR3-5 - Non-cytotoxic - - - - - - - -
Sphaerisporangium AN1-28 - Non-cytotoxic - - - - - - . -
KM1-3 + Non-cytotoxic - - - - - . - ,
Streptosporangium AN1-26 + Non-cytotoxic - - - - - - - .
AN3-5 - Cytotoxic - - - - - . - ,
AN2-10 + Non-cytotoxic - 7 - - 17 - - _
Actinomadura CL3-1 + Non-cytotoxic - 7 - - 14 - 7 -
KG1-2 - Non-cytotoxic* - - - - - - . -
AG2-1 + Cytotoxic - 29 31 - 30 - 28 26
Streptomyces AG2-2 - Non-cytotoxic - - - - - - . .
AG2-3 + Non-cytotoxic - - - - - - - .
AG2-4 + Non-cytotoxic - - - - - - - -

G11
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LYY

A1919% 4.11 wanIgnSEUEY

N ¢ Y

N15L930)V0LYDAUNIENY

5 agar disc diffusion Auduiivread uwaznan1snsadulndalnadumasing 1 (se)

. PKS 1 | anuduiuse Lé'usi'mquénmwaw%nmé’u5@msm’%zy%aqL%aqauﬁé (@adiung)
ana A gene waa E. coli S. aureus B. subtilis P. aeruginosa | K. rhizophila | C. albicans MRSA VRE
AG2-5 + Cytotoxic* - 16 20 - 25 - 17 18
AG2-6 + Cytotoxic - 21 22 - 25 - 23 20
AK1-1 - Cytotoxic - 7 7 - 7 9 7 -
AN1-8 - Non-cytotoxic - - - - - - . -
AN1-12 - Non-cytotoxic - - - - - - - -
AN1-18 + Non-cytotoxic - - - - - - - -
AN1-25 + Non-cytotoxic - - - - - - - -
AN1-29 - Non-cytotoxic - - - - - - . -
AN1-38 + Cytotoxic - 7 7 - 7 - 7 -
Streptomyces AN2-3 - Non-cytotoxic* - - - - - - . -
AN2-9 + Cytotoxic - - - - - 25 - .
AN3-4 + Cytotoxic - - 7 - 9 7 - _
AN3-6 + Cytotoxic - 21 26 - 30 - 24 21
AP1-1 - Non-cytotoxic - - - - - - . -
AP1-3 - Non-cytotoxic - - - - - - . -
AP1-4 + Cytotoxic* - - - - - - - .
AS1-1 - Cytotoxic - - - - - - - .
AS1-6 + Non-cytotoxic - - - - - - - .
AS1-8 + Non-cytotoxic - - - - - - - .
AX1-2 + Cytotoxic - - - - - 11 - -

911
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A1919% 4.11 wanIgnSEUEY

N13L930YVDUTDAUY

N ¢ Y

366638 agar disc diffusion Amnudufivsawwad waznansasBulnaalnsdumariin 1 (o)
Y PKS | Anuluiy Lé'wi'mquénmwaw%nmé’ué’?amsm'%zuumaqL%aqaw?é (Hadiung)
ana A gene Aowwan E. coli S. aureus B. subtilis P. aeruginosa | K. rhizophila | C.albicans MRSA VRE
BR2-1 - Non-cytotoxic - - - - - - - -
CL2-6 + Cytotoxic - - - - - 14 - ;
CL3-4 - Non-cytotoxic - - - - - . - ,
CP1-2 + Cytotoxic* - - 8 - - - - .
CP1-6 + Cytotoxic - 9 14 - 13 - 10 11
CX1-1 - Non-cytotoxic - - - - - - - -
Cz1-3 + Non-cytotoxic - - - - - - - -
cz1-4 - Non-cytotoxic - - - - - - - -
EE1-2 + Non-cytotoxic - - - - - - - -
Streptomyces EE1-8 + Cytotoxic - - - - - - . -
HC1-4 + Non-cytotoxic - - . - . - . :
HC1-8 + Non-cytotoxic - - - - - - - .
HC1-9 + Non-cytotoxic - - - - - - - .
HC1-10 - Cytotoxic - - - - - . - ,
KE1-4 - Non-cytotoxic - - - - - - . -
KE2-1 + Non-cytotoxic - 13 9 - 13 : 12 :
KG1-1 + Cytotoxic - - 17 - - - - 10
KM1-5 + Non-cytotoxic - - - - - 10 - .
ZM1-1 - Non-cytotoxic - - - - - - - -
ZM2-1 - Non-cytotoxic - - - - - - . .

L17
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A1919% 4.11 wanIgnSEUEY

N13L930YVDUTDAUY

N ¢ Y

HNIY

5 agar disc diffusion Auuiivrewas waznan1snsadulndalnadumasing 1 (se)

" PKS | | anuluiivde Lﬁuﬁﬁuquénaﬂwmﬁnmé’u5@msm’%zy%aqL%aqauﬁé (Hadiung)
ane e gene Lrag E. coli S. aureus B. subtilis P. aeruginosa | K. rhizophila C. albicans MRSA VRE
ZM2-9 + Cytotoxic - - 8 - 18 - - 10
ZM2-12 - Non-cytotoxic - - - - - - - -
ZM3-2 - Non-cytotoxic - - 11 - 17 - 10 -
ZM3-3 + Non-cytotoxic - - - - - - - -
Streptomyces ZM3-9 - Cytotoxic - - - - - - - -
Z01-8 + Non-cytotoxic - - - - - - - -
771-3 + Cytotoxic - 18 20 - 26 8 18 15
Z71-7 + Cytotoxic - - - - - - - -
772-1 + Cytotoxic - 20 19 - 15 8 11 14

MU : B. subtilis ATCC 6633
K. rhizophila ATCC 9341
S. aureus ATCC 25923
MRSA @8 Methicillin resistance Staphylococcus aureus (MRSA) DMST 20654
VRE fi® Vancomycin-resistance Enterococcus fecium (VRE) ATCC 51559
* gnsanpazanglauisaiulu 100% DMSO

E. coli ATCC 25922
P. aeruginosa ATCC 27853
C. albicans ATCC 10231
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AN51991 4.12 LanIANSPYaZANNAAI8ARITBIEIRUNIABEITUUSIIM KS domain Aunsaeziluiidudiulsznauvednddlnsdumaving 1

@SR nanan

S E coli | e % %‘u“lugnu%’ayjaﬁ“lné’tﬁm (Accession no.) L, B L@NE1581994
clone no. (aa) similarity ’J’]ﬁ]%:’ﬂi’]iﬂ’]ﬂ&lﬂiﬂ
guvoya
AG2-1 1 259 95 MerC [Streptomyces violaceusniger] (ABJ97439) Meridamycin Sun et al., 2006
2 259 95 NigAll [Streptomyces violaceusniger] (ABC84457) Nigericin Harvey et al., 2007
260 95 polyketide synthase [Streptomyces sp. PRh5] (EXU68742) Nigericin Yang et al., 2014
Nocardamine
5 258 96 type | polyketide synthase [Streptomyces sp. PRh5] (WP_051573878) Unknown -
6 259 95 hypothetical protein M271 49110 [Streptomyces rapamycinicus NRRL 5491] | Rapamycin Baranasic et al.,
(AGP61184) 2013
8 260 78 polyketide synthase, partial [Streptomyces roseocinereus] (BAH67129) Unknown -
9 257 95 type | polyketide synthase [Streptomyces sp. PRh5] (WP_051573878) Geldanamycin -
11 259 96 modular polyketide synthase [Streptomyces sp. PRh5] (EXU68741) Nigericin Yang et al., 2014
Nocardamine
AG2-3 1 250 91 type | polyketide synthase [Streptomyces diastatochromogenes] Unknown -
(WP 094219157)
2 258 90 type | polyketide synthase [Streptomyces diastatochromogenes] Unknown -
(WP_094219157)
4 258 90 type | polyketide synthase [Streptomyces diastatochromogenes] Unknown -

(WP_094219157)
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AN51991 4.12 LaAAIANSRIAANNAAI8ARITBIEIRUNIABEITUUSIM KS domain Aunsaesiluiidudiulsznauvednddlnsdumarind 1 (#9)

@SR nanan

S E coli | e % fulugudeuaiilndides (Accession no.) L, B LONE1581999
clone no. (aa) similarity i ’ ’J’]ﬁ]%:’ﬂi’]iﬂ’]ﬂ&lﬂiﬂ
guvoya
AG2-4 1 257 96 type | polyketide synthase [Streptomyces misionensis] (WP_074993663) Unknown -
3 257 96 type | polyketide synthase [Streptomyces misionensis] (WP_074993663) Unknown -
a4 253 73 hypothetical protein [Streptomyces sp. NBS 14/10] (WP_089504844) Unknown -
AG2-5 1 260 99 polyketide synthase [Streptomyces sp. 211726] (ARM20284) Azalomycin Xu et al., 2017
3 260 97 NigAll [Streptomyces violaceusniger] (ABC84457) Nigericin Harvey et al., 2007
4 260 97 polyketide synthase [Streptomyces sp. NRRL 30748] (ABC87511) Meridamycin He et al., 2006
5 261 98 polyketide synthase [Streptomyces sp. PRh5] (EXU68742) Nigericin Yang et al., 2014
Nocardamine
6 260 97 polyketide synthase [Streptomyces rapamycinicus NRRL 5491] (AGP57750) Rapamycin Baranasic et al.,
2013
7 261 95 hypothetical protein M271 46360 [Streptomyces rapamycinicus NRRL 5491] | Rapamycin Baranasic et al.,
(AGP60637) 2013
8 261 96 hypothetical protein M271 46355 [Streptomyces rapamycinicus NRRL 5491] | Rapamycin Baranasic et al.,
(AGP60636) 2013
9 247 93 hypothetical protein M271 05860 [Streptomyces rapamycinicus NRRL 5491] | Rapamycin Baranasic et al.,
(AGP52798) 2013
10 260 97 polyketide synthase [Streptomyces rapamycinicus NRRL 5491] (AGP57750) Rapamycin Baranasic et al.,

2013

0ct



AN51991 4.12 LaAAIANSRIAANNAAI8ARITBIEIRUNIABEITUUSIM KS domain Aunsaesiluiidudiulsznauvednddlnsdumarind 1 (#9)

o o v e v a1snaalvdiiang . -
e E. coli A28 % au“lugnumayjaw‘lnamm (Accession no.) . Y - LONE1391989
clone no. (aa) similarity ’J’]ﬁ]%:’ﬂi’]iﬂ’]ﬂ&lﬂiﬂ
guvoya
AG2-5 11 260 96 polyketide synthase [Streptomyces sp. NRRL 30748] (ABC87511) Meridamycin He et al., 2006
12 260 93 HbomAll [Streptomyces hygroscopicus] (AAY28226) Herbimycin Rascher et al,,
2005
93 GdmAIl [Streptomyces hygroscopicus] (AAO06917) Geldanamycin Rascher et al,,
2003
93 GelB [Streptomyces hygroscopicus subsp. duamyceticus] (ABB86409) Geldanamycin Jin-Chul et al,,
2008
AG2-6 1 258 97 type | polyketide synthase [Streptomyces bungoensis] (WP_061917030) Unknown -
2 258 97 type | polyketide synthase [Streptomyces bungoensis] (WP_061917030) Unknown -
3 259 80 polyketide synthase, partial [Streptomyces hygroscopicus subsp. Unknown -
hygroscopicus] (BAH67162)
5 258 96 type | polyketide synthase [Streptomyces bungoensis] (WP_061917030) Unknown -
6 258 97 type | polyketide synthase [Streptomyces bungoensis] (WP_061917030) Unknown -
10 261 97 type | polyketide synthase [Streptomyces bungoensis] (WP_061917030) Unknown -
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AN51991 4.12 LaAAIANSRIAANNAAI8ARITBIEIRUNIABEITUUSIM KS domain Aunsaesiluiidudiulsznauvednddlnsdumarind 1 (#9)

@SR nanan

S E coli | e % fulugudeuaiilndides (Accession no.) L, B LONE1581999
clone no. (aa) similarity i ’ ’J’]ﬁ]%:’ﬂi’]iﬂ’]ﬂ&lﬂiﬂ
guvoya

AS1-6 1 260 83 type | polyketide synthase [Amycolatopsis australiensis] (WP_072480211) Unknown

2 260 76 polyketide synthase, partial [Streptomyces blastmyceticus] (BAH67198) Unknown

3 260 98 type | polyketide synthase [Streptomyces bungoensis] (WP_061914689) Unknown

4 259 79 polyketide synthase, partial [Streptomyces hygroscopicus subsp. Unknown

hygroscopicus] (BAH67162)

6 260 7 polyketide synthase, partial [Streptomyces sp. ID05-A0263] (BAH67886) Unknown

7 258 75 polyketide synthase, partial [Streptomyces sp. ID05-A0089] (BAH67675) Unknown

8 260 80 polyketide synthase, partial [Streptomyces blastmyceticus] (BAH67371) Unknown

9 260 76 polyketide synthase, partial [Streptomyces sp. ID05-A0082] (BAH67666) Unknown

10 260 83 type | polyketide synthase [Amycolatopsis australiensis] (WP_072480211) Unknown
AS1-8 1 260 98 type | polyketide synthase [Streptomyces misionensis] (WP_074995146) Unknown

2 260 99 type | polyketide synthase [Streptomyces misionensis] (WP_074995144) Unknown

9 260 97 type | polyketide synthase [Streptomyces misionensis] (WP_074995146) Unknown
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Inaalnagunasiin?l 1 Ul phylogenetic tree (neighbor-joining method) 74

Streptomyces spp. Fwenlgainad (Alpinia galangal)
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nsafauasuenasyfsgiivaseianiaen

v

Ethyl acetate extract (2.18 g)

Quick column chromatography

(CHCI3-MeOH gradient)

AG2-01 AG2-02 AG2-03 AG2-04 AG2-05

288.0 mg 356.5 mg 113 ¢ 192 ¢ 305.2mg

Silica gel flash column

(CHCI5:MeOH =9:1)

AG2-04A)| AG2-04B AG2-04 C AG2-04D AG2-04E

55.3 mg 267.9 mg 101.4 mg 321.6 mg 120.4 mg

A19LFANT

mumuﬂmwﬂmsusqmmﬂmsﬁﬂﬂw&miu%ummaz%mmama Streptomyces sp. AG2-1

815 AG2-04 C manwm“mumaauaumam Lua'al,ﬂs']“wu'munimanamﬂ ESI-TOF mass U310
pseudomolecular ion peak i m/z 583.2667 (M+Na)' szj\‘ia'm']imuuamimana‘lﬂLﬂu
CooHagNo,OgNa mn%agmaa IR absorption spectrum LLaﬂwagamaa 3,450 cm1 (O-H
stretching), 1,689 cm_1 (C=0 stretching) and 1,649 cm-1 (C=0 stretching, amide | band)
dotiaszilasearomaniivasasiifaemaia NMR wudn dagavns 'H NMR wanslinsudn
815 AG2-04 C Usznaulufae 4 methyl protons, 3 methoxy protons, 2 methylene
protons, 11 methine protons waz 3 exchangeable protons Yayanis C NMR ayuladnans
iusznauludlesigansuausiuru 29 azaeu andoyaves DEPT135 wag HMQC #13n9032Y
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yiavasAiuauvaEs AG2-04 C 1§41 arsilusznaudae 4 methyl carbons, 3 methoxy
carbons, 2 methylene carbons, 11 methine carbons a2 9 quaternary carbons uanmn*ﬁ
Lﬁaam‘s'lxﬁ‘ffaga*‘ummc NMR wuiﬂﬁﬁsﬁuamﬁiymﬁu%m 2 quinone carbonyl carbons, 1
amide carbonyl carbon uwag 1 carbamate carbon mnmsuﬂ%auLﬁﬂﬂ%’ayjaiugﬁu%’aga
snansnszylendnuaivesansiléidu mswanundedu (s 7)

U7 21 uamednunelaseaievassns AG2-04 C



A9 e Fauiisudeyates 'H and "C-NMR 551919819 AG2-04 C UAz151AAAUNTETY
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Position AG2-04C"* Geldanamycin
6(7 (ppm) 61—1 (ppm), mult, (J in Hz) SC (ppm) 8H (ppm), mult’
1 167.91 - 169.1 -
2 134.56 - 133.2 -
2-Me 12.5 1.89,3H, s 12.2 1.91,3H
3 126.89 6.89,d, (12) 128.4 6.95,d
4 126.11 6.53,1,(12,11) 125.7 6.56, t
5 136.2 5.83,1, (11, 10) 137.8 5.80, t
6 81.23 4.25,d, (10) 81.6 4.34,d
6-OMe 57.3 3.25,3H, s 56 3.22,3H, s*
7 81.62 5.14, brs 80.6 4.86, brs
7-OCONH, 155.75 4.80, NH,, brs 156 6.45,NH,, brs
8 133.1 - 132.6 -
8-Me 13 1.75,3H, s 12.5 1.61, 3H, brs
9 132.94 5.77, d, (10) 131.9 5.51,d
10 32.26 2.73, m 32.1 3.61
10-Me 12.66 0.93, 3H, d, (7) 23.3 0.97,3H, d"
11 72.6 3.48, m 71.9 3.20%*
11-OH - 3.01, OH, brs - -
12 80.91 3.35,m 80.2 3.07**
12-OMe 56.75 3.31,3H,s 56.5 3.23,3H, s*
13 34.74 1.73, 2H, m 31 1.45, 2H, brs
14 27.97 1.63, brs 26.6 1.91
14-Me 23.04 0.92, 3H, d (6) 13 0.76, 3H"
15 32.83 2.41,2H, m 31.7 2.42,2H, m
16 127.39 - 128.1 2.42, m
17 156.73 - 156.4 -
17-OMe 61.68 4.08, 3H, s 61 3.93,3H,s
18 183.85 - 183.6 -
19 111.6 7.22,s 110.9 7.02,s
20 137.84 - 139.6 -
21 184.68 - 183.1 -
NH - 8.67, NH, brs - 9.14, NH, brs

‘observed in CDCI3 and recorded at 300 MHz (1H) and 75 MHz (13C).

"observed in DMSO-d6 (Omura et al., 1979)

‘observed in DMSO-d6 (Rinehart, Jr. And Shield, 1976)

* ** # interchangeable signals
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NANISNARAUDRTINITTAATIATDILEaRssda mNalasugIsnwanla

a17anANLAAIANEAIWILNNINN AR Us2a nASRIIN1772ATIANINNGT 100% LHuA AG2-04 A

(NAIMNLNAY 10 ng/ml), AG2-04 B (NAMNLINALW 10 ng/ml), AG2-04 C (MANHLAINTU 1 ng/ml),
dl v v dl v v dl a [~

AG2-04 D (MAanudindin 10 pg/ml), AG2-04 E (MAanudindin 10 ng/ml) wazilanaisainmanuiili

NeslaasLszamnuingaisanniing udasauiiluissamadlszamngn (1C,, > 10 ug/mi)

patiielBauiiey therapeutic index (T1) szninapnNdindunansan limadlssanians
aa v 1 % v 2 dl 1 % [~1 a 1 s % =) A =

N1398ATIR NN 100% AuAsdndunnalfimnuduissamadlszanids asaandiies

AG2-04 C ¥MN1ANEIANAINITD lUNNINsERuNssanaasuaeilszarniaudindy 1 ng/ml
sl

ANSINLAAIHANIINAZALERIINTIRATIRTIATEAR s e lFTUAN a7

&15ANA ANLINDUY (5REAZNI9IAATIA + SEM)
WANBRSINNT5RATIA AN WA
AG2-04 A 10 ng/ml (111.37 £ 4.03%) > 10 ug/ml (95.90 + 5.10%)
AG2-04 B 10 ng/ml (109.21 £ 1.09%) > 10 pg/ml (114.75 + 6.49%)
AG2-04 C 1 ng/ml (129.19 + 1.66%) > 10 pg/ml (80.30 + 6.11%)
AG2-04 D 10 pg/ml (101.58 + 6.44%) > 10 ug/ml (129.78 + 6.41%)
AG2-04 E 10 ng/ml (100.50 + 4.21%) > 10 pg/ml (94.89 + 4.00%)
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4.3 HAN1TNAAAL neuritogenic activity UAAIA1TH AnaINLTa endophytic actinomycetes

AT INLAAIHANITNAAAL neuritogenic activity UBIAIFANAAIN Bl endophytic actinomycetes

RTIVANIN Gt T Ky
A15ENA neuritogenicity
ANNNENAURILAUILTERIN (um) £ SEM FTUIUADILAUIUSEAN (LHU) +
SEM
AG2-04 A (10 ng/ml) linagauinszgnaniesdininiunans
AG2-04 B (10 ng/ml) linagauinsrzgnaniesdininiunans
AG2-04 C (1 ng/ml)’ 98.72 + 8.14* 418 +0.18%**
AG2-04 D (10 pg/ml) linagauwsIzananIeEanInen
AG2-04 E (1 ng/ml)T "l&'mmﬂ'auLw-i'l:qwﬁmq%’qmwﬁﬁ
1 nM quercetin 88.33 + 2.06%"** 2.57 +0.64%**
0.5%DMSO in O-MEM + 10%FBS 62.53 +5.40 1.98+0.10
Control (&-MEM + 10%FBS) 46.79 + 3.52 1.78+0.13

*p < 0.05 whauWauiu control; **p < 0.05 Whauiauiy 0.5%DMSO in 0-MEM +
10%FBS

"avsinnsmegasiiiesann Tl n8na; 1 quercetin 1l positive control

andayanudn 419817 AG2-04 C NANEINGU 1 ng/ml NoMENsLHUNITBNUATINAIUIY

. .. g a o Yy 1A
WILALITAM  (neuritogenicity)  Ip@NIHAINIIINA I uIUTRIWI sz A M Ifnened
WdNATYNNatAlenFaUeIAINguAILAN LAZNANAINATAIEAILAN LAZAINITOIN

o o

Tiwawatszamenaninndinguacuani i liiuaimeasueteiiibdAnyniana



(@) (b) (c)

(d) () (f)

a

suuansdnEnign N anmasEadlsramAAuinn e lindesqansseil (Mdwene 100 W) Amnzideaiungn 18 dalus luusseania 5% CO2 Agnungd 37 °C Wannaausian (a) aiFu

a

fa3nnaall [control] (b) 1 ng/mL AG2-04 A (c) 1 ng/mL AG2-04 B (d) 1 ng/mL AG2-04 C (e) 1 ng/mL AG2-04 D waz (f) 1 ng/mL AG2-04 E
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4.4 NANTTNARAUONS neuroprotective activity ABIRI1TNUEN LA

L

AT NLUAAINANITN ﬂ@’ﬂ‘i.li]‘ﬂ% neuroprotective activity 10987970an 1§

A15ANA

5R8aaASINISTANTIAURIIARLUTZEIN + SEM

AG2-04 A (10 ng/ml)

lunagauinazgnaniesdininiunans

AG2-04 B (10 ng/ml)

lanagauinarzgnamedaniniunans

AG2-04 C (1 ng/ml)

72.87 + 1.12%**

AG2-04 D (10 pg/ml)

lunagauLIns1zgnaENIsTanINeN

AG2-04 E (10 ng/ml)

lanagauinwazgnanisdaninen

0.5% DMSO in 0-MEM

35.26 + 4.23%

Oa-MEM

4112 £2.75%

0.5%DMSO in Q-MEM +
10%FBS

102.13 + 1.81%

Control (O.-MEM + 10%FBS)

100.00 = 0.00

andeyaaglléidnars AG2-04 € fmndindu 1 ngml NgrsUnilesadilszamn

(neuroprotective) lagansarinnnatinatnisnilasiugaslszamliliinnsannisfinaniag

= a o . . g 1N o . . P
LATEARANTGLATLS (oxidative stress) "]’mﬂ’]?LW’]%L@EIQIH@JW’]QZ%JN%?N (serum deprivation) 1@

1 a o o [ % aa dl a o 1 dl d” dld a Ao
@ﬂ'\\imuﬁl@qﬂfyﬁﬂﬂ\mt’mm@&ﬁﬂuLWHUﬂUﬂQNﬂQUQNWLW'W%LZ\]?;I\‘]EL‘LA@’]M']‘J‘V]Nﬂ’]’iwmsﬁill

| dl da/ dl ra Ao
HAZNANALIANTINZIAL Tua a7 AN TN




unii 5
A3UNANITIVLLASVBLEUD Y

(%

nsinelundsilannsousneulalinuenilutednsuan 109 lelaanldandudqu
U d1du i wagsn vesiimaedlaiikiumsende suau 20 wiin Fufuldainnaeiuiilu
8 Jawmdavestsunelneg laun aysen wunys Unusid aszys wasuien Us13uys ansonll
warguaTIvendl nmsiigaiendnuaidesiu lnemsfnudnvauzmeilulniuagiinge
dafuianalelndues 165 RNA gene nuidunenadlusedniidneglu 6 294 liun
Jiangellaceae Micromonosporaceae Pseudonocardiaceae  Streptosporangiaceae
Thermomonosporaceae Wag Streptomycetaceae Tasuuadu 15 ana loun Jiangella
Asanoa Dactylosporangium Jishengella Micromonospora Phytohabitans Kutzneria
Saccharopolyspora Microbispora Nonomuraea P(anotetrospora S,Ohaerlsporang/um
Streptosporangium Actinomadura Wag Streptomyces mLLma“aﬂamﬂwmv mu

1. ana Jiangella \Juneadlusivdniairaduloomsiduaessnuazidulofnunniin
(fragment) Juwrisduniouriven aaduleenniald uilinunsadeades Uszneuse
Fosuau 2 Telowan lun KE2-3 uay ZM2-6

2. ana Asanoa \Junerdlusivaniiairsavedroruduas @dwuuavosinnnii 10
aladsoas) vulansvesiugalesvundudsytumlaonseainiaeinis ldadradule
91mAl Usznousneidesiuau 1 lolwan fe BR3-1

3. @na Dactylosporangium Junerdluiedniiadralassadsdnvaznay (slobose
bodies) aguuidulooms liaadulsernma Usznoudedednu 1 leloan Ao KE1-1

4. ana Jishengella \Junenilusiodniiaiatesifesusanaueguuduloeimsiil
Snvazuannein lahaduleenia dszneudheilesiuau 7 Telwan léa ANL-5 AX1-4
CL2-5 CP1-1 AN1-14 AP1-2 uay CL2-1

5. @na Micromonospora \unealusivaniiaisaUesideroguuduloeims liais
dulsemia Useneudedesiusu 12 lelowan Toun ANL-19 AN1-32 AN1-37 AN2-6
AN3-10 AP1-5 CZ1-1 KG1-3 KK1-2 SC1-2 ZM2-2 ay ZO1-2

6. ana Phytohabitans iHunenflutivdnilasisisaledifersunanuazatosasn
(nn 10 ades) Ussneusiedesiuau 1 lolwan fo KK1-3

7. ana Kutzneria \Junoadlusiodniiaiaduloenaiiunnuauaduiaiiu uazaiis
aUasffigeiy (sporangium) dnwaiznasegiivansvesinugatesuunenuuduloeinia
Usznousieitesiuu 1 lolwan fo BR3-4

8. ana Saccharopolyspora \uneadlusfsaniairadulsevnsifidnuazuanisii
wazsiuaniin (fragment) Wuvieudug Yszneusiadesou 1 lelaan fo AK1-2

9. ana Microbispora \Juuealusisdniiairaduloermsfifidnwausunnisiuuas
aduaveideguuiugasdun vuidulsenia Usznoudedediuiu 17 lolwan léun
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AN2-5 AN2-7 BR3-3 CL1-1 CL2-2 KE1-2 KE1-3 KE2-2 KE2-4 KE2-5 KK1-10 KK1-11 KM1-1
KM1-2 ZO1-7 ZZ1-4 wag Z72-2

10.@na Nonomuraea \Juuneadlufedniiadrsavesarsduvudulveinia
Uszneuseitesiun 5 lolaian TéuA AN1-27 AN1-36 AN3-11 HC1-7 uae SC1-1

11. @na Planotetraspora Li“jJuLLaﬂaiuﬁsJﬁwﬁa%mﬂa%ﬁﬁmﬁuasjuuﬁwmaﬂa%summ
& 'mwiumia]aﬂaimu’m 4 aues Usznoudeifesuau 1 lolewan fe BR3-5

12.@na Sphaerisporangium L'duu,aﬂ@ﬂlum&Javmaiwaﬂasagmﬂuqmumqﬂauuu
Guloana uledlgelusuaasfiuuasaduiy Ysenaudetedwou 2 lolaan téun
AN1-28 gy KM1-3

13. @na Streptosporangium \Huuenilusioniiaisavesognelugsiuaysinsnan
vudleanme Usznouseiesuau 2 lelwan Tiui AN1-26 uaz AN3-5

14. ana Actinomadura \Hueadlusidniairadulsemsuanuuaduisiu uay
a¥rsavedansdus vuduloanna Uszneusedesiuiu 3 lelaan léun AN2-10 CL3-1
oy KG1-2

15.ana Streptomyces (Wuueadlusfodniiairadulyomsuanuvundufaiunes
afadulgoniadsunamin afsavesvainvaie JULuU 1oy avosanssnfidnvuenss
adosfifdnunradnosungue avesiitdnuvusfunde Usznoudeidosiuau 53 Teluan
oA AG2-1 AG2-2 AG2-3 AG2-4 AG2-5 AG2-6 AK1-1 AN1-8 AN1-12 AN1-18 AN1-25 AN1-
29 AN1-38 AN2-3 AN2-9 AN3-4 AN3-6 AP1-1 AP1-3 AP1-4 AS1-1 AS1-6 AS1-8 AX1-2
BR2-1 CL2-6 CL3-4 CP1-2 CP1-6 CX1-1 CZ1-3 CZ1-4 EE1-2 EE1-8 HC1-4 HC1-8 HC1-9
HC1-10 KE1-4 KE2-1 KG1-1 KM1-5 ZM1-1 ZM2-1 ZM2-9 ZM2-12 ZM3-2 ZM3-3 ZM3-9
Z01-8 ZZ1-3 ZZ1-7 wag Z272-1

INN15ANYIBYNTUISTIURUUNDENIEN (polyphasic taxonomy) vastoulalu@n
wondludedniidamdonuisiuiu 3 leleian Léun BR3-1 KK1-3 wag SC1-1 nuindu
wendluednadddiniuaglidedn Asanoa endophytica Phytohabitans kaempferiae
way Nonomuraea  stahlianthi  snudhdiu edeyaveaeulalrlfnuondlusfodnaneius
Ana1lasun1TANNNLUA1987S International Journal of Systematic and  Evolutionary
Microbiology (Niemhom et al., 2016a ; Niemhom et al., 2016b ; Niemhom et al.,
2017)

nmsAnYIYEFiunsaSyUeAunIeds disc diffusion vasansataneuluty
faerdinnainmiminveseulalifinwesiludedniuenldfmunsiuag 109 loloan lne
lfydunsgnaasy 8 villa Ao Bacillus subtilis ATCC 6633 Escherichia coli ATCC 25922
Kocuria rhizophila ATCC 9341 Pseudomonas aeruginosa ATCC 27853 Staphylococcus
aureus ATCC 25923 Candida albicans ATCC 10231 wag Methicillin resistance
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Nonomuraea stahlianthi sp. nov., an endophytic actinomycete
isolated from the stem of Stahlianthus campanulatus
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Abstract

A novel endophytic actinomycete, designated strain SC1-17, was isolated from sterilized stem tissue from Stahlianthus
campanulatus collected in Udon Thani province, Thailand. The isolate formed short chains of spores on aerial mycelium and
presented meso-diaminopimelic acid in the cell wall peptidoglycan. Glucose, madurose, mannose, rhamnose and ribose
were observed as sugars in the cells. The cell membrane phospholipids were phosphatidylethanolamine,
phosphatidylmethylethanolamine, hydroxy-phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol,
phosphatidylinositol mannoside and ninhydrin-positive phosphoglycolipids. The major menaquinones were MK-9(H,) and MK-9
(H,). The main cellular fatty acids were is0-C14.9, 10-methyl Cy.9 and Cq5.qwéc. A high G+C content (70.7 mol%) was present in
the genomic DNA. The taxonomic position based on the 165 rRNA gene sequence analysis revealed that strain SC1-17 belonged
to the genus Nonomuraea and shared the highest 16S rRNA gene sequence similarity value with Nonomuraea dietziae DSM
443207 (98.82 %), followed by Nonomuraea africana IFO 147457 (98.58 %), Nonomuraea jabiensis A4036" (98.43 %), Nonomuraea
endophytica YIM 656017 (98.36 %), Nonomuraea purpurea 1SM4-017 (98.34 %), Nonomuraea angiospora IFO 131557 (98.29 %),
Nonomuraea roseola IFO 14685" (98.23 %) and Nonomuraea recticatena IFO 14525" (98.23 %). On the basis of the DNA-DNA
hybridization relatedness and including the physiological and biochemical characteristics, strain SC1-1" should be judged as a
novel species of the genus Nonomuraea, for which the name Nonomuraea stahlianthi sp. nov. is proposed. The type strain is

strain SC1-17 (=BCC 66361"=NBRC 110006").

Genus Nonomuraea was first described by Zhang et al. [1]
and belongs to the family Streptosporangiaceae. The type
species is Nonomuraea pusilla corrig. [2]. This genus gener-
ally forms extensively branched substrate and aerial myce-
lia. Hooked, spiral or straight chains of spores are observed
directly on the aerial mycelium. The typical chemotaxo-
nomic properties of this genus are: meso-diaminopimelic
acid in peptidoglycan; madurose as the diagnostic sugar
in cell hydrolysates; diphosphatidylglycerol, phosphatidyl-
ethanolamine, hydroxylated phosphatidylethanolamine,
ninhydrin-positive phospholipid and sugar-containing
phospholipid as the major phospholipids in cell membrane;
MK-9 (H,), MK-9 (H,) and MK-9 (H,) as the predomi-
nant menaquinones, and 10-methyl C,;., and is0-Cy¢.¢ as
the main fatty acids in cells. Members of this genus have

been found in a variety of samples, i.e. soil [3], marine
environments [4], cave soil [5], mangrove rhizosphere [6]
and plant tissue [7]. In the List of Prokaryotic names with
Standing in Nomenclature (www.bacterio.net/nonomuraea.
html), this genus currently contains 42 species and two
subspecies. A new species, Nonomuraea rhodomycinica,
was reported recently [8]. In the course of screening for
endophytic actinomycetes from medicinal plants in
Thailand, we isolated strain SC1-17, which was genotypi-
cally and phenotypically distinguishable from all type
strains of the genus Nonomuraea. Thus, we describe the
strain SC1-17 as a novel species of this genus.

Strain SC1-1" was isolated from a stem of Stahlianthus cam-
panulatus collected in Udon Thani province, Thailand. The
rough surface stem sample of this plant was washed in tap
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water and then cut into small pieces (0.5-1 cm? each). After
cutting, the samples were washed in sterile 0.1 % Tween 20
for 30 s and then washed twice in sterile distilled water. The
plant samples were surface-sterilized with 95 % ethanol for
10 min and subsequently with 1% sodium hypochlorite for
10 min, and then washed five times in sterile distilled water.
Finally, the surface-sterilized samples were ground with
a small amount of sterile distilled water by using a sterile
mortar and pestle. The suspension was plated on humic
acid-vitamin (HV) agar [9] supplemented with 25 mg 1!
nalidixic acid, 50 mg 1~" nystatin and 1 mg 1~" terbinafine
and incubated at 30 °C for 30 days. The final washing water
was spread on HV agar as the control plates. The colonies
of actinomycetes were removed from the isolation plate and
purified on yeast extract-malt extract agar [International
Streptomyces Project (ISP), ISP2 medium] [10]. The pure
culture was preserved by freezing at —80°C and freeze-
drying.

In order to determine the morphological characteristics,
strain SC1-17 was cultivated on modified soil extract agar
[11] at 30 °C for 30 days. The colonies of the strain were first
observed by light microscopy and then by scanning electron
microscopy (model JSM-5410 LV; JEOL). The samples for
scanning electron microscopy were prepared according to
the method of Thawai et al. [12].

Standard methods were used for observing the phenotypic
characteristics. 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) including glu-
cose-asparagine agar (ISP5 with 1% glucose replacing glyc-
erol), Czapek’s sucrose agar [13] and nutrient agar (Difco),
were used to investigate the cultural characteristics. The col-
ours of the substrate mycelia, aerial mycelia and spores were
judged by using ISCC-NBS Colour Charts, Standard Sam-
ple No. 2106 [14]. Reduction of nitrate to nitrite and
decomposition of casein, gelatin and starch were deter-
mined by using the methods described by Arai [15] and
Williams and Cross [16]. Utilization of carbon sources was
performed on ISP9 supplemented with 1% carbon sources
at 30 °C for 14 days. The temperature tolerances (15, 20, 25,
30, 37, 40, 45 and SOLC) were determined on ISP2 agar
over 14 days. Tolerance of NaCl (0-5 %, interval of 1 unit)
and pH range (3-11, interval of 1 pH unit) for growth were
determined on ISP2 at 30°C for 14 days. The results are
shown in the species description and Table 1.

Chemotaxonomic analyses were conducted by using freeze-
dried cells obtained from culture grown in ISP2 broth on a
rotary shaker (200 r.p.m.) at 30°C for 5 days. The isomer of
diaminopimelic acid in the cell wall was determined by
using the method of Hasegawa et al. [17]. The acyl type of
muramic acid in the peptidoglycan was examined by using
the method of Uchida and Aida [18]. The composition of
cellular sugars was investigated by using the method of
Komagata and Suzuki [19]. The phospholipids in the cell
membrane were extracted and analysed by two-dimensional
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thin-layer chromatography (TLC) according to the methods
proposed by Minnikin et al. [20]. Fatty acid methyl ester
analysis was performed by gas-liquid chromatography
(GLC) according to the instructions of the Sherlock Micro-
bial Identification System (MIDI) version 6.2B [21, 22] with
the TSBA6 mipI database. Mycolic acids were tested using
the silica gel TLC method recommended by Minnikin et al.
[23]. Menaquinones were extracted from freeze-dried cells
by following the procedure of Collins et al. [24] and were
analysed by high performance liquid chromatography
(HPLC) using a Cosmosil 5C;g column (4.6x150 mm;
Nacalai Tesque). Mixtures of methanol and 2-propanol
(2:1, v/v) were used as the elution solvent.

Genomic DNA was extracted using the method of Tamaoka
[25]. The method of 16S rRNA gene amplification and its
sequencing were performed according to Thawai [26]. The
G+C content of the DNA was determined using the HPLC
method of Tamaoka and Komagata [27]. Lambda DNA
(Invitrogen, USA) was used as the standard. The DNA
hybridization was performed in microdilution-well plates
according to the method of Ezaki et al. [28].

The 16S rRNA gene sequence similarity value of strain SC1-
1" (1485 bp) was reported with sequences of the type strains
in the EzTaxon-e server (http://eztaxone.ezbiocloud.net/)
from Kim et al. [29]. The multiple alignment of the sequence
data was analysed using cLusTAL w within BioEdit version
7.1.3.0 [30]. The phylogenetic tree was constructed by using
the neighbour-joining (NJ) method [31] with distances com-
puted by using Kimura’s two-parameter model [32],
the maximum-parsimony (MP) method with subtree prun-
ing regrafting (SPR) and bootstrap statistical testing (1000
replicates) [33], the maximum-likelihood (ML) method [34]
with nearest-neighbour interchange (NNI) and distances
computed by using Kimura’s two-parameter model in MEGA
6 software [35]. For the NJ and ML analyses, the complete
deletion option was chosen before constructing the topology
of the tree. Bootstrap analyses were used to evaluate the tree
topology by means of 1000 resamplings [36].

Strain SC1-17 grew well on ISP2, ISP3 and ISP6, moderately
on nutrient agar, and weakly on ISP4, ISP5, ISP7, Czapek’s
sucrose agar and glucose-asparagine agar. The colour of
substrate hyphae on these media was light yellowish brown
to purplish black. White aerial hyphae were observed on
ISP2, ISP4, ISP5, ISP7, Czapek’s sucrose agar and nutrient
agar but a pale purplish blue aerial mycelium and a purplish
grey soluble pigment were detected on ISP3 medium. Gen-
erally, strain SC1-17 produced short straight chains of
spores (3-4 spores per chain) directly on aerial mycelia
An irregular spore surface was observed (see Fig. S5).

The chemotaxonomic properties of strain SC1-1" were the
same as those of members of the genus Nonomuraea. The
isomer of diaminopimelic acid in the peptidoglycan was
meso-form. The acyl type of the cell wall peptidoglycan
was acetyl. Whole-cell hydrolysates contained glucose,
madurose, mannose, rhamnose and ribose. The major
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Table 1. Differential characteristics of strain SC1-17 and its closest phylogenetic neighbours in the genus Nonomuraea

All phenotypic data were determined in this study. +, Positive; —, negative; w, weakly reactive.

Characteristics Strain SC1-17 N. dietziae N. africana N. roseola N. recticatena
NBRC 14309" NBRC 14745" NBRC 14685" NBRC 145257
Colour of substrate mycelium on ISP2 medium Purplish black Orange Deep orange Orange Pale orange
pH range for growth 5-10 5-10 6-10 6-10 6-10
Nitrate reduction + - - - -
Carbon utilization:
D-Fructose + + + - -
D-Galactose + w w + w
D-Mannitol + - - - -
Melibiose + w + w
Raffinose w - - -
D-Ribose + — - w -
Glycerol + + - + +
Sucrose w - + + -
menaquinones were MK-9(Hy) (72.67%), MK-9(H,) 14745, N. roseola IFO 14685" and N. recticatena IFO

(21.35%) and a small amount of MK-9(Hg) (5.98 %) was
observed. Is0-Cig.9, 10-methyl C;;., and C;;.;w6c fatty
acids were detected as the major cellular fatty acids (see
Table S1, available in the online Supplementary Material).
Mycolic acids were absent. The diagnostic polar lipids
in the cell membrane were phosphatidylethanolamine,
phosphatidylmethylethanolamine, hydroxylated phosphati-
dylethanolamine, diphosphatidylglycerol, phosphatidylino-
sitol, phosphatidylinositol mannoside, ninhydrin-positive
phosphoglycolipids, ninhydrin-positive phospholipid, an
unidentified phosphoglycolipid, four unidentified phospho-
lipids, two unidentified glycolipids and four unidentified
lipids (see Fig. S1). The G+C content (mol%) of the geno-
mic DNA was 70.7 %.

Analysis of the nearly complete 16S rRNA gene sequence of
strain SC1-17 revealed that the strain was a member of the
genus Nonomuraea and shared the highest 16S rRNA gene
sequence similarity value with Nonomuraea dietziae DSM
443207 (98.82%) followed by Nonomuraea africana IFO
14745" (98.58 %), Nonomuraea jabiensis A4036" (98.43 %),
Nonomuraea endophytica YIM 65601" (98.36 %), Nonomur-
aea angiospora IFO 13155" (98.29 %), Nonomuraea roseola
IFO 14685" (98.23 %) and Nonomuraea recticatena IFO
145257 (98.23 %). The taxonomic position appearing in the
phylogenetic analysis based on 16S rRNA gene sequences
showed that this strain was placed in a distinct clade with N.
dietziae, N. africana, N. roseola and N. recticatena with
a high bootstrap value of 93 % in the NJ tree (Fig. 1). This
position was confirmed by the results obtained from all
three tree-making algorithms (NJ, ML and MP) (see Figs S2
and S3). Thus, all four phylogenetic relatives were selected
for DNA-DNA hybridization experiment and phenotypic
comparison.

The differential characteristics (Table 1) of the phylogeneti-
cally related species, N. dietziae DSM 44320", N. africana

145257, were the colour of substrate mycelium (see Fig. S4),
the utilization of D-fructose, D-galactose, D-mannitol, meli-
biose, raffinose, D-ribose, glycerol and sucrose, and the abil-
ity to reduce nitrate to nitrite. Additionally, the DNA
relatedness values between strain SC1-17 and the closely
related species were 18.840.9 % to 29.04+0.4 %, which are
lower than 70 % of the recommended threshold value for
the delineation of genomic species [37] (see Table S2).

Based on the phenotypic and genotypic data, it is concluded
that strain SC1-1" can be distinguished from all recognized
Nonomuraea species. Therefore, this strain should be judged
as a new species of the genus Nonomuraea, for which the
name Nonomuraea stahlianthi is proposed. The type strain
is strain SC1-1" (=BCC 66361"=NBRC 110006").

DESCRIPTION OF NONOMURAEA STAHLIANTHI
SP. NOV.

Nonomuraea stahlianthi (stah.li.an’thi. N.L. gen. n. stahlian-
thi of Stahlianthus, referring to the isolation of the strain
from Stahlianthus campanulatus).

Gram-stain-positive and mesophilic actinomycete. The colour
of substrate hyphae is light yellowish brown to purplish black,
depending on the culture media. Short chains of spores form
on white aerial mycelium. The surface of spores is irregular.
Purplish grey soluble pigment is produced on ISP3 medium.
Utilizes cellobiose, D-fructose, D-glucose, D-galactose, D-man-
nitol, D-mannose, melibiose, D-ribose, D-xylose, L-rhamnose,
glycerol and myo-inositol as sole carbon sources, weakly uti-
lizes raffinose, D-salicin, L-arabinose, lactose and sucrose. Posi-
tive for peptonization of milk, hydrolysis of starch and nitrate
reduction. Gelatin liquefaction is negative. Optimal tempera-
ture for growth is between 30-37 °C. No growth is observed at
45°C. The maximum NaCl concentration for growth is 3 %
(w/v). The pH range for growth is 5-10. The cell wall peptido-
glycan contains meso-diaminopimelic acid. The acyl type of
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66 Nonomuraea monospora PT708" (F)347524)
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Fig. 1. Neighbour-joining tree [31] based on almost-complete 16S rRNA gene sequences (1485 nt) showing the relationships between
strain SC1-1" and all other members of the genus Nonomuraea. Thermopolyspora flexuosa was used as an outgroup. Asterisks (*) indi-
cate the branches of the tree that were also found using the maximum-parsimony and maximum-likelihood methods; hashes (#)
indicate the branches of the tree that were found by using maximum-likelihood methods; and crosses (x) indicate the branches of the
tree that were found by using maximum-parsimony methods. The numbers on the branches indicate the percentage bootstrap values
of 1000 replicates; only values >50 % are indicated. Bar, 0.005 substitutions per nucleotide position.
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the cell wall is acetyl. The predominant menaquinones are
MK-9(H,) and MK-9(H,). The characteristic whole-cell sug-
ars are glucose, madurose, mannose, rhamnose and ribose.
The phospholipid profile contains diphosphatidylglycerol,
phosphatidylethanolamine, phosphatidylmethylethanolamine,
hydroxy-phosphatidylethanolamine, ~ phosphatidylinositol,
phosphatidylinositol mannoside, ninhydrin-positive phospho-
glycolipids, ninhydrin-positive phospholipid, unidentified
phosphoglycolipid, four unidentified phospholipids, two
unidentified glycolipids and four unidentified lipids. Phospha-
tidylcholine is not detected. The major fatty acids are iso-
Cis.00 10-methyl Ci;.o and C;;.;w6c. Mycolic acids are
absent. The G+C content of the DNA is 70.7 mol%. The type
strain is SC1-1" (=BCC 66361"=NBRC 110006"), which was
isolated from the stem of Stahlianthus campanulatus collected
in Udon Thani province, Thailand.
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Jishengella zingiberis sp. nov., isolated from root tissue of

Zingiber montanum

Chitti Thawai,"?* Ya-Wen He® and Sarin Tadtong*

Abstract

A novel actinomycete, strain PLAI 1-17, which formed spiny single spore directly on substrate mycelium was isolated from
root tissue of Zingiber montanum. The isolate contained meso-diaminopimelic acid and 3-hydroxydiaminopimelic acid in the
cell-wall peptidoglycan. The acyl type of the cell-wall muramic acid was glycolyl. The whole-cell sugars of strain PLAI 1-17
were glucose, arabinose, xylose, ribose and a trace amount of mannose. The membrane phospholipids were
diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine and phosphatidylinositol. The
major menaquinone was MK-9 (H,). The main cellular fatty acids were iso-Cy5.¢9 and C;7.,w8c. The G+Ccontent of the
genomic DNA was 70.6 mol%. 16S rRNA gene sequence analysis revealed that strain PLAI 1-17 was a member of the genus
Jishengella and had the highest 165 rRNA gene sequence similarity to Jishengella endophytica DSM 454307 (99.2 %). Based
on the data of physiological and biochemical tests, including the result of DNA-DNA hybridization, strain PLAI 1417
represents a novel species of the genus Jishengella, for which the name Jishengella zingiberis sp. nov. is proposed. The type

strain is PLAI 1-17 (=TBRC 7644"=NBRC 113144 "),

The genus Jishengella was proposed as a new member of the
family Micromonosporaceae [1] in 2011. Until now, this
genus comprised only one species, Jishengella endophytica.
Originally, this species was isolated from the root of Acan-
thus illicifolius. The colour of colonies is vivid orange to dull
orange. Single spores on substrate mycelium are detected.
The chemotaxonomic properties, i.e. meso-diaminopimelic
acid in cell wall; xylose, mannose, arabinose, ribose and glu-
cose as the characteristic whole-cell sugar; MK-9(H,), MK-9
(Hg), MK-9(Hg) and MK-10(H,) as the major cell
menaquinones; and phosphatidylethanolamine, diphospha-
tidylglycerol, phosphatidylinositol mannosides and phos-
phatidylserine as diagnostic membrane phospholipids; are
the important characteristics of this genus [1]. In this study,
we found a Jishengella-like strain from the root tissue of
Zingiber montanum. Polyphasic approaches were used to
characterise the strain as a novel species of the genus
Jishengella.

Strain PLAI 1-17 was isolated from the root of Zingiber
montanum, a well-known herbal plant of Thailand. The iso-
lation procedure and the maintenance suggestions of
Niemhom et al. [2] were used for this study. Briefly, the

sample was gently washed in tap water and cut into small
pieces. After cutting, the samples were surface-sterilized
with 95% ethanol for 10 min and subsequently with 1%
sodium hypochlorite for 10 min, and immediately washed
in sterile distilled water five times. Finally, the surface-steril-
ized samples were ground with 0.5 ml sterile distilled water.
The suspension (0.1 ml) was spread on humic acid-vitamin
(HV) agar [3] supplemented with 25 mg 1" nalidixic acid
and 50 mg 1~ ! nystatin. The final washing water was spread
on HV agar as the control plates. The pure culture was pre-
served by freezing at —80 °C and freeze drying. For the mor-
phological observation of spores, strain PLAI 1-17 was
cultivated on International Streptomyces Project (ISP) 2 agar
at 30°C for 30days and a scanning electron microscope
(JSM-6610 LV, JEOL) was used for this experiment. The
cultural characteristics of the strain were tested on several
ISP media (ISP 2-7), glucose-asparagine agar (ISP 5 with
1% glucose replacing glycerol), Czapek’s sucrose agar [4]
and nutrient agar (Difco). To assign the colours of the sub-
strate mycelia and soluble pigments, chips from the Inter-
Society Color Council-National Bureau of Standards colour
charts were used [5]. The physiological and biochemical
properties, i.e. nitrate reduction, gelatin liquefaction, acid
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production, urease activity and decomposition of casein
(1%, w/v), adenine (1%, w/v), CM-cellulose (1%, w/v),
hypoxanthine (0.5%, w/v), starch (1%, w/v), tyrosine
(0.1 %, w/v) or xanthine (0.5%, w/v) were characterised
using the standard methods of Arai [6], Williams and Cross
[7] and Gordon et al. [8]. Nitrogen source (1 % w/v) utilisa-
tion was carried out using a basal liquid medium containing
0.5g D-glucose, 0.05g MgSO,. 7H,0, 0.05g NaCl, 0.001g
FeSO,.7H,0, 0.01 g K,HPO, and 1 1 distilled water (pH 7.2)
and the inoculum was cultivated at 30°C for 14 days.
Growth at 10, 12, 15, 20, 25, 30, 37, 40 and 45°C and in
NaCl (0, 1,2, 3,4,5,6,7,8,9, 10 % w/v) were performed on
ISP 2 agar for 14 days. The pH range (pH 4.0-11.0 at incre-
ments of 1.0 pH unit) for growth was tested at 30 °C in ISP2
broth. For testing the catalase and oxidase activities, 3 % (v/
v) hydrogen peroxide and 1% N, N, N’, N'-tetramethyl-p-
phenylenediamine dihydrochloride solution were used for
these experiments, respectively.

All chemotaxonomic tests of strain PLAI 1-17 were per-
formed using cells grown in ISP 2 broth on a rotary shaker
(200 r.p.m.) at 30 °C for 5days. The isomer of diaminopi-
melic acid in the cell wall, acyl type of muramic acid and the
whole-cell sugars were evaluated using the standard meth-
ods described by Hasegawa et al. [9], Uchida and Aida [10],
and Komagata and Suzuki [11], respectively. The menaqui-
nones in the cells were extracted using the method of Col-
lins et al. [12] and were analysed using high-performance
liquid chromatography [13]. Phospholipids were extracted
and evaluated by the protocol suggested by Minnikin et al.
[14]. Fatty acids were extracted and methylated according
to the methods of Sasser [15] and Kdmpfer and Kroppen-
stedt [16]. A gas chromatograph (6890; Hewlett Packard)
with the Microbial Identification software package based on
Sherlock Aerobic Bacterial Database (TSBA6) was used for
analysing the fatty acids. The presence of mycolic acids was
investigated by using the method of Minnikin et al. [17].

16S rRNA gene amplification was conducted using genomic
DNA extracted by the method of Tamaoka [18]. The 16S
rRNA gene amplification and sequencing were performed
as described by Thawai [19]. G+C content of the genomic
DNA was analysed by the method of Tamaoka and
Komagata [20]. The DNA-DNA hybridization was carried
out according to the procedure of Ezaki et al. [21].

The EzBioCloud (www.ezbiocloud.net/) server [22] was
used for calculation of the sequence similarity values and
also used as the source of 16S rRNA gene sequence data for
phylogenetic tree reconstruction. All 16S rRNA gene
sequences of strain PLAI 1-1" and the representative taxa of
the member of the genera, i.e. Jishengella, Verrucosispora,
Micromonospora, Phytohabitans, Xiangella and Actinocate-
nispora were aligned using CLUSTAL_w multiple alignment
mode within BioEdit version 7.1.3.0 [23]. The neighbour-
joining [24], maximum-likelihood [25] and maximum-
parsimony [26] algorithms in MEGA 6 programme [27] were
selected for reconstruction of phylogenetic trees. To calcu-
late the evolutionary distances, Kimura’s two-parameter
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model was used [28]. The complete deletion option was
chosen before reconstructing the topology of the tree. Boot-
strap value analysis based on 1000 replicates was used for
evaluating the robustness of the topology of the phyloge-
netic tree [29].

Strain PLAI 1-1" exhibited good growth on ISP 2, ISP 3 and
ISP 4, moderate growth on ISP 6, Czapek’s sucrose agar and
nutrient agar, poor growth on ISP 5, ISP 7 and glucose-
asparagine agar. Pale orange to strong orange substrate
mycelia was observed on these media. Aerial mycelia were
not observed. Pale yellow soluble pigment was found on ISP
2 medium. Colonies became increasingly dark brownish
with age on ISP 2 and ISP 3 media. Spores with spiny surfa-
ces were borne singly on substrate mycelium (Fig. 1). The
morphological characteristic of this strain is similar to those
of the genus Jishengella [1]. The closest relative, J. endophy-
tica DSM 45430", unlike strain PLAI 1-17, does not produce
any soluble pigments in ISP 2 medium and does not grow
on ISP 3 medium [1]. The spore surface of strain PLAI 1-17
is useful for discriminating between the strain and J. endo-
phytica DSM 45430", the nearest phylogenetic relative.
Strain PLAI 1-17 was aerobic, Gram-stain-positive, catalase-
positive and oxidase-negative. Based on the differences of
the physiological and biochemical characteristics such as
the decomposition of tyrosine, the growth on the presence
of 4% (w/v) NaCl in ISP 2 medium, the maximum tempera-
ture for growth, the acid production from carbon sources
and the utilization of DL-aminobutyric acid, L-methionine,
L-threonine and L-valine as sole nitrogen sources clearly
separated this strain from J. endophytica DSM 45430". The
detailed phenotypic characteristics of strain PLAI 1-17 are
given in Table 1 and the species description.

The chemotaxonomic data of strain PLAI 1-17 confirmed
that the strain was a member of the genus Jishengella. The

Fig. 1. Scanning electron micrograph of the spiny spores borne singly
on substrate mycelium of strain PLAI 1-17 grown on ISP 2 agar for
30days at 30°C. Bar, 1um.
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cell wall of strain PLAI 1-17 had meso-diaminopimelic acid
and 3-hydroxydiaminopimelic acid as the diagnostic dia-
mino acids. The acyl type of the cell-wall muramic acid was
glycolyl. The strain contained arabinose, ribose, xylose, glu-
cose and a trace amount of mannose in the whole-cell
hydrolysates. Arabinose, mannose, xylose and ribose were
common sugars in the cell hydrolysates of J. endophytica
DSM 45430" [1]. The major menaquinone was MK-9(H,)
(76.0 %), whereas MK-9(H,) (9.5%), MK-9(Hg) (7.9 %),
MK-10(H,) (4.7%), MK-9(Hsg) (1.5%) and MK-10(H)
(0.4 %) were detected as minor components. This major

Table 1. Differential characteristics of strain PLAI 1-17 and its closest
relatives

Strain: 1, PLAI1-1T; 2, J. endophytica DSM 45430"; 3, Verrucosispora gif-
hornensis DSM 44337"; 4, Verrucosispora maris DSM 45365'. All phe-
notypic data were determined in this study. +, Positive; —, Negative; w,
Weakly positive.

Characteristic 1 2 3 4
Presence of 3-hydroxydiaminopimelic + — - -
acid

Decomposition of:

Tyrosine - + + +
Adenine — — + +
Xanthine — — + +
Urease activity - - + -
Peptonisation of milk + + - -
Maximum NaCl tolerance (%w/v) 4 2 3 5
Temperature range for growth (°C) 12- 10- 20- 20-
40 45 40 37
pH range for growth 4-11  4-11 7-9  7-10
Acid production from:
Adonitol - + - -
Cellobiose + + - -
D-Fructose + + — —
D-Glucose + - + +
D-Galactose — + + -
D-Mannitol + + - -
Melibiose - + - -
D-Ribose + + - —
D-Xylose + + — +
D-Xylitol + — - -
Dextran — — - +
Glycerol — — - +
Lactose — + —
Sucrose + - -
Nitrogen utilization:
DL-2-aminobutyric acid — + + w
Hydroxyl proline — — - +
L-Cysteine + + -
L-Methionine + - - -
L-Phenylalanine + + w +
L-Serine + + + -
L-Threonine - + +
L-Valine - + +
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menaquinone was similarly reported in the only one type
strain of the genus Jishengella, J. endophytica DSM 45430".
The predominant fatty acids (>10%) of strain PLAI 1-17
were is0-C;5.¢ (38.0%) and C;,.,w8c (10.3%; Table S1,
available in the online version of this article). In this experi-
ment, we found that strain PLAI 1-17 had the same pre-
dominant fatty acid that is found in its closest neighbour.
Diphosphatidylglycerol, phosphatidylethanolamine, phos-
phatidylglycerol, phosphatidylinositol, phosphatidylserine,
two unidentified phospholipids and one lipid were reported
as polar lipids in the cell membrane (Fig. S1). These polar
lipid components were also found in J. endophytica DSM
45430" with the exception of phosphatidylinositol manno-
sides. Mycolic acids were not found. The G+C content of
the genomic DNA was 70.6 mol%. In contrast, some chemo-
taxonomic properties, i.e. the presence of 3-hydroxydiami-
nopimelic acid in cell wall and the absence of
phosphatidylinositol mannosides are important evidence
for differentiating between strain PLAI 1-1" and its nearest
relative, J. endophytica DSM 45430

The nearly complete 16S rRNA gene sequence of strain
PLAI 1-1" (1411bp) was first analysed using EzBioCloud
server (www.ezbiocloud.net/). The result obtained from this
server exhibited that the strain was closely related to J. endo-
phytica 2022017 with the highest 165 rRNA sequence simi-
larity value of 99.2% followed by Verrucosispora
gifhornensis DSM 44337 (99.0%), Verrucosispora maris
AB-18-032" (98.9%), Verrucosispora sonchi NEAU-QY3"
(98.9%), Verrucosispora fiedleri MG-37" (98.8%) and
Micromonospora fluostatini PWB-003" (98.8 %). The neigh-
bour-joining tree of strain PLAI 1-17 (Fig. 2) confirmed the
taxonomic affiliation of this strain due to strain PLAI 1-1"
forming a distinct clade with J. endophytica 202201,
Although a low bootstrap value (<50%) between both
strains was observed, however, the cluster of the members
of the genus Jishengella was clearly separated from the clus-
ters of the closest genera, Verrucosispora (80 % bootstrap
value) and Micromonospora (52 %). This indicated that
strain PLAI1-1T was a member of the genus Jishengella and
was phylogenetically different from those of members of the
genera Verrucosispora and Micromonospora. In addition,
the phylogenetic position of the strain in the maximum-
likelihood (Fig. S2) and maximum-parsimony trees (Fig. S3)
demonstrated that strain PLAI 1-17 could also be differenti-
ated from its closest genera. Furthermore, strain PLATI-1"
could be readily distinguished from the most closely related
genera by its chemotaxonomic properties. Members of the
genus Verrucosispora were reported to have the 2d fatty acid
type of Kroppenstedt [30], in contrast to the genus Jishen-
gella, which was of type 3a [1] while the genus Micromono-
spora exhibited type 3b. In addition, strain PLAI1-1" and J.
endophytica DSM 45430, unlike V. gifhornensis DSM
443377, contained 10-methyl C,;.o(Table S1). The diagnos-
tic reducing sugars were also a significant point for discrimi-
nating the novel strain from its closest genera. Strain
PLAI1-17 comprised xylose, arabinose, ribose, glucose and a
trace amount of mannose as characteristic sugars, which
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71|: Phytohabitans kaempferiae KK1-3T (LC031774)

Actinocatenispora thailandica TT2-10T (AB107233)

Fig. 2. Neighbour-joining tree based on almost-complete 16S rRNA gene sequences (1411 nt) showing the relationships between
strain PLAI 1-17, the Jishengella species with validly published names and members of the genera Verrucosispora, Phytohabitans, Xian-
gella and Micromonospora. Actinocatenispora thailandica was used as an outgroup. Asterisks indicate the branches of the tree that were
also found using the maximum-parsimony and maximume-likelihood methods. The numbers on the branches indicate the percentage
bootstrap values of 1000 replicates; only values >50 % are indicated. Bar, 0.01 substitutions per nucleotide position.

was similar to J. endophytica DSM 45430". On the other
hand, the diagnostic sugars of the genus Verrucosispora are
xylose and mannose [31, 32] and the genus Micromono-
spora have arabinose and xylose as diagnostic sugars. Hence,
the chemotaxonomic results and the analysis of 16S rRNA
gene sequence showed that strain PLAI 1-1" was a member
of the genus Jishengella and was clearly separated from the
genera Verrucosispora and Micromonospora. Nevertheless
the phenotypic data showed that the novel strain could be
delineated readily from the type strains of Verrucosispora
species, notably from its nearest phylogenetic neighbours,
V. gifhornensis DSM 44337" and V. maris DSM 45365"
(Table 1). Unlike V. gifhornensis DSM 443377, strain PLAI
1-17 revealed negative results for the decomposition of tyro-
sine, adenine, xanthine and also urease activity. Moreover,
the peptonisation of milk, pH range for growth, the utilisa-
tion of L-methionine, L-threonine, L-valine and the acid
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production from cellobiose, D-fructose, D-mannitol, D-
ribose, D-xylitol andsucrose, were effective data for discrimi-
nating the strain from both close relatives, V. gifhornensis
DSM 44337" and V. maris DSM 45365 It was interesting
that the growth in the acidic condition (pH 4-5) and at low
temperature (below 20 °C) were useful phenotypic charac-
teristics to separate several members of the genus Verruco-
sispora from the members of the genus Jishengella [33].
Furthermore, strain PLAT 1-1" showed low levels of DNA-
DNA relatedness to J. endophytica DSM 45430" (48.9
10.9%), V. gifhornensis DSM 443377(42.6£1.2%) and V.
maris DSM 45365 (38.240.5%) (Table S2). These values
were lower than 70 % the cut-off level for assigning strains
to the same species [34]. It is evident from the phenotypic
and genotypic properties that strain PLAI 1-17 is represen-
tative of a novel species of the genus Jishengella, for which
the name Jishengella zingiberis is proposed.
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DESCRIPTION OF JISHENGELLA ZINGIBERIS
SP. NOV.

Jishengella zingiberis (zin.gi’be.ris. N.L. gen. n. zingiberis of
Zingiber, referring to the isolation of the strain from Zin-
giber montanum).

A Gram-stain-positive, mesophilic, oxidase-negative and
catalase-positive actinomycete that forms a single spore
borne on the substrate mycelium. The spore surface is spiny.
Aerial mycelia are not detected. Colonies on ISP 2 medium
are strong orange and become increasingly dark brownish
with age. Pale yellow soluble pigment is produced in ISP 2
medium. Peptonization of milk, gelatin liquefaction and the
decomposition of starch are positive. Nitrate reduction, ure-
ase activity, decomposition of adenine, CM-cellulose, hypo-
xanthine, tyrosine and xanthine are negative. Acids are
produced from cellobiose, D-fructose, D-glucose, trehalose,
D-mannitol, D-ribose, D-xylitol, D-xylose and sucrose, but
not adonitol, dextran, D-galactose, melezitose, glycerol, L-
rhamnose or lactose. Utilizes L-arginine, L-asparagine, L-cys-
teine, L-histidine, L-methionine, L-phenylalanine, L-proline
and L-serine as sole nitrogen sources, but not DL-2-amino-
butyric acid, hydroxyl proline, L-threonine and L-valine.
The temperature for growth is between 12-40 °C. The opti-
mum temperature for growth is 30°C. No growth is
observed at 45°C. The maximum NaCl concentration for
growth is 4 % (w/v). The pH range for growth is pH 4-11.
The cell-wall peptidoglycan contains meso-diaminopimelic
acid and 3-hydroxydiaminopimelic acid. The acyl type of
the cell-wall muramic acid is glycolyl. The predominant
menaquinone is MK-9(H,), while MK-9(H,), MK-9(Hy),
MK-10(H,), MK-9(Hg) and MK-10(Hg) are present as
minor components. The characteristic whole-cell sugars are
arabinose, xylose, ribose, glucose and a trace amount of
mannose. The polar lipid profile contains diphosphatidyl-
glycerol, phosphatidylglycerol, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylserine, two unidentified
phospholipids and one unidentified lipid. The major fatty
acids are is0-Cys.o and C;;.;w8¢c. Mycolic acids are absent.
The DNA G+C content of the type strain is 70.6 mol%. The
type strain is PLAI 1-1" (=TBRC 7644 =NBRC 113144").
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Jiangella endophytica sp. nov., an endophytic actinomycete
isolated from the rhizome of Kaempferia elegans

Nantawan Niemhom," Chanikul Chutrakul,? Chanwit Suriyachadkun,® Sarin Tadtong® and Chitti Thawai'®*

Abstract

An endophytic actinobacterium, designated strain KE2-3", was isolated from surface-sterilised rhizome of Kaempferia
elegans. The polyphasic approach was used for evaluating the taxonomic position of this strain. The taxonomic affiliation of
this strain at genus level could be confirmed by its chemotaxonomic characteristic, i.e. the presence of LL-diaminopimelic
acid in the cell peptidoglycan, MK-9(H,) as the major menaquinone, iso-Cq4.g, anteiso-Cqs.q, is0-C14.¢ and iso-Cq5.q as the
predominant fatty acids in cells, and the presence of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and
phosphatidylinositol mannoside in its membranes. Based on 165 rRNA gene sequence analysis, strain KE2-3" was identified
as a member of the genus Jiangella and showed the highest similarities to Jiangella muralis DSM 453577 (99.3 %) followed by
Jiangella alba DSM 452377 (99.2 %), Jiangella alkaliphiliaDSM 450797 (99.0 %), Jiangella gansuensis DSM 44835" (98.8 %) and
Jiangella mangrovi 3SM4-07" (98.6%). However, the draft genome sequence of strain KE2-3" exhibited low average
nucleotide identity values to the reference strains (85.5-90.2 %), which were well below the 95-96 % species circumscription
threshold. The DNA G+Ccontent of genomic DNA was 72.3mol%. With the differences of physiological, biochemical and
genotypic data, strain KE2-3" could be discriminated from its closest neighbour. Thus, strain KE2-3" should be recognised as
a novel species of genus Jiangella, for which the name Jiangella endophytica sp. nov. is proposed. The type strain is KE2-3"
(=BCC 66359"=NBRC 110004").

Genus Jiangella [1] is a group of Gram-stain-positive, aerobic
and non-acid fast actinomycetes that form short mycelial frag-
ment or elongated rods. The cell-wall structure contains LL-
diaminopimelic acid incorporated in the peptidoglycan with
the presence of MK-9(H,) as major the menaquinone. At
present, five species, Jiangella gansuensis [1], Jiangella alkali-
phila [2], Jiangella alba [3], Jiangella muralis [4] and Jiangella
mangrovi [5] are reported as members of this genus. Isolation
of the genus has been reported from various types of natural
samples including desert soil [1], cave soil [2], mangrove soil
[5], cellar wall [4] and plant tissue [3]. In the course of search-
ing for non-Streptomyces strains from Thai medicinal plants,
strain KE2-3" was isolated from the rhizome tissue of Kaemp-
feria elegans and was taxonomically characterised as a novel
species of the genus Jiangella.

Strain KE2-3" was isolated from surface-sterilised rhizome
of Kaempferia elegans, collected from Pathum Thani prov-
ince (14° 6’ 52.9194” N 100° 23" 8.1234” E), Thailand. The
healthy rhizome sample of this plant was washed in tap
water to remove dirt and then cut into small pieces (1 cm”
each). After cutting, the sample was washed in sterile 0.1 %
Tween 20 for 30 s and then washed twice in sterile distilled
water. The sample was surface-sterilised with 95 % ethanol
for 13 min and subsequently with 1% sodium hypochlorite
for 13 min, followed by washing in sterile distilled water
three times. Finally, the surface-sterilised sample was
ground with sterile mortar and pestle with 0.5 ml sterile dis-
tilled water, and the suspension (200pl) was spread on
starch casein agar (SCA; 10 g soluble starch, 2g KNO;, 0.3 g
casein, 2 g K,HPO,, 0.05g MgSO,-7H,0, 2g NaCl, 0.02g
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The DDBJ accession number for the 165 rRNA gene sequence of strain KE2-3" is LC032128. The whole genome shotgun project has been deposited
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Table 1. Differential characteristics of strain KE2-3" and its closest phylogenetic relatives

Strains: 1, KE2-3"; 2, J. muralis 15-Je-017" [4]; 3, J. gansuensis YIM 002 [1]; 4, J. alba YIM 61503" [3]; 5, J. alkaliphila D8-87" [2]; and 6, J. mangrovi
3SM4-07" [5]. *Data from Suksaard et al. [5]. +, Positive; —, negative; w, weakly positive.

Characteristic 1 2 3 4 5 6
Gelatin liquefaction — + + + +
Nitrate reduction + - - - -
Maximum NaCl tolerance (%w/v) 10 5 10 3 6
Maximum temperature for growth (°C) 35 40 37 45 37 37
pH range for growth 6-10 6-9 6-9 6.5-9 6-10 6-8
Acid production from:*
Adonitol — w - - - w
L-Arabinose w - - w +
Cellobiose w - w w +
D-Galactose - — — - +
D-Glucose — + w w w +
Lactose — — — — — +
D-Mannitol - - - - + -
L-Rhamnose + w + - + +
D-Ribose + + — + + —
D-Xylose - w - w -
Sucrose + + — w w W
The presence of mannose in cell hydrolysates + — - — +

CaCO;, 0.01g FeSO4-7H,0, 15g agar, 1000 ml distilled
water, pH 7.0) supplemented with 25 mg 17" nalidixic acid,
50 mg 1~ nystatin and 1 mg 17" terbinafin and incubated at
30°C for 30days. The final washing water was spread on
the same agar medium as the control plates. The pure cul-
ture was preserved by freeze-drying at —80°C.

Cell morphology of strain KE2-3" was observed by using
scanning electron microscope (JSM-6610 LV, JEOL) after
cultivation on International Streptomyces Project (ISP) 2
medium at 30°C for 21days. To determine the colour of
substrate and aerial mycelia, including soluble pigments, the
strain was cultivated on various ISP media (ISP 2-7) [6],
glucose-asparagine agar (ISP 5 with 1% glucose replacing
glycerol), Czapek’s sucrose agar [7] and nutrient agar
(Difco) and the colour was compared by using the ISCC-
NBS colour charts [8]. Testing for growth at different tem-
peratures (10, 15, 20, 25, 30, 37, 40, 45 and 50°C), and 0-
10 %, w/v NaCl (at increment of 1%) was determined on
ISP 2 agar for 14 days. To determine the pH range (4.0-11.0
at increment of 0.5 pH unit) for growth, the strain was culti-
vated at 30 °C in ISP 2 broth for 14 days. Other biochemical
and physiological properties of the strain, i.e. nitrate reduc-
tion, acid production, gelatin liquefaction, hydrolysis of
casein (1%, w/v) and starch (1%, w/v), were evaluated by
using the methods of Arai [9], Williams and Cross [10], and
Gordon et al. [11].

General chemotaxonomic characteristics for investigating
the taxonomic affiliation of the genus Jiangella were evalu-
ated. Dried cells for chemotaxonomic analyses were
obtained from the strain grown in ISP 2 broth on a rotary
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shaker (200 r.p.m.) at 30°C for 5 days. The cell-wall diami-
nopimelic acid isomer was determined using the standard
method of Hasegawa et al. [12]. Whole cell reducing sugars
were analysed by the protocol of Komagata and Suzuki [13].
The membrane polar lipids were extracted according to the
methods of Minnikin et al. [14] and analysed by following
the two-dimensional TLC technique of Collins and Jones
[15]. Menaquinones were extracted from the dried cells by
the protocol described by Collins et al. [16] and then were
detected by HPLC [17]. The fatty acids were prepared and
analysed according to the standard method of Sasser [18]
and Kampfer [19]. The composition of fatty acids was
detected by gas chromatography (6890, Hewlett 107 Pack-
ard) with the Sherlock Aerobic Bacterial Database (TSBAs6) in
the Microbial Identification software package.

Extraction of genomic DNA was performed by following
the method described by Tamaoka [20]. The protocols of
Thawai [21] were used for 16S rRNA gene amplification
and sequencing. To determine the G+C content of the geno-
mic DNA, the standard method of Tamaoka and Komagata
[22] was used. The DNA-DNA hybridization tests were
conducted using the method of Ezaki et al. [23]. The
almost-complete 16S rRNA gene sequence of strain KE2-3"
(1508 bases) was first compared and the sequence similarity
value was calculated through EzBioCloud (www.ezbiocloud.
net/) [24]. cLusTAL_w multiple alignment mode within Bio-
Edit program version 7.1.3.0 was used for alignment of the
16S rRNA gene sequences of the strain and all type strains
of the genus Jiangella. Phylogenetic trees were reconstructed
using the neighbour-joining (NJ) [25], maximum likelihood
(ML) [26] and maximum parsimony (MP) [27] algorithms
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in the MEGA6 programme [28]. Kimura’s two-parameter
model [29] was selected for calculating evolutionary distan-
ces. The complete deletion option was chosen before recon-
structing the tree. A bootstrap value analysis based on 1000
replicates was used for evaluating the robustness of the
topology of the phylogenetic tree [30]. Genomic DNA for
whole-genome sequencing of strain KE2-3" was extracted
from 3-day-old cultures grown in ISP 2 broth at 30 °C and
was purified following the protocol of the GeneJET Geno-
mic DNA purification Kit (Thermo Scientific). The genomic
DNA of strain KE2-3" was sequenced using an Illumina
HiSeq 2000, MiSeq 1TB platform (Novogene AIT Geno-
mics). The resulting 2x 150 bp paired-end sequencing reads
of strain KE2-3" were de novo assembled by using SPAdes
[31]. The genome of strain KE2-3T was annotated using the
PROKKA pipeline [32]. JSpecies was used to calculate the
average nucleotide identity [33]. The digital DNA-DNA
hybridization values between the genome of strain KE2-3"
and the most closely related species were calculated using
the Genome-to-Genome Distance Calculator, version 2.1
[34]. To predict gene clusters for natural products, the anti-
SMASH programme was used [35].

Strain KE2-3" grew well on ISP 2, ISP 3 and ISP 7. Moder-
ate growth was observed on ISP 4, ISP 6, nutrient agar and
CzapeKk’s sucrose agar. Poor growth occurred on ISP 5 and
glucose-asparagine agar. No soluble pigment was observed
on any media tested. This strain formed light yellowish
brown to orange brown substrate mycelium. Scant white
aerial mycelia were observed on ISP 2 and nutrient agar
after 21 days of cultivation at 30°C. Both aerial and sub-
strate mycelia fragmented into elongated or short rods (Fig.
S1, available in the online version of the article). These mor-
phological characteristics were generally found in all mem-
bers of genus Jiangella [1-5]. Unlike J. muralis DSM 453577
and J. alba DSM 45237, strain KE2-3" grew in the presence
of up to 7% NaCl. The pH and temperature for cell growth
were in the range of pH 6-10 and 15-35°C, respectively.

Other physiological and biochemical properties that dis-
criminated strain KE2-3" from the closest type strains of
genus Jiangella are provided in Table 1.

Chemotaxonomic characteristics of strain KE2-3" were sim-
ilar to those of all member of the genus Jiangella. LL-Diami-
nopimelic acid as the diagnostic diamino acid was observed
in the cell-wall peptidoglycan of this strain. A major amount
of menaquinone, MK-9(H,) (95.7 %), with small amounts
of MK-9(H,) (2.8 %) and MK-9(Hg) (1.5 %) were detected
in cells. Both chemotaxonomic properties described above
are commonly observed in all validly described Jiangella
species [1-5]. Strain KE2-3" contained glucose, ribose,
mannose and rhamnose as reducing sugars in cell hydroly-
sates. The sugar content of the strain made it different from
the diagnostic sugars reported in J. muralis 15-Je-017",
which is designated as the closest relative [4]. Several polar
lipids, ie. diphosphatidylglycerol, phosphatidylglycerol,
phosphatidylinositol, phosphatidylinositol mannoside, four
unidentified phosphoglycolipids and three unidentified
phospholipids were present in the membrane of strain KE2-
3T (Fig. S2). These polar lipids are usualljy found in J. mura-
lis 15-Je-017" [4] and J. alba YIM 61503" [3]. The fatty acid
profile comprised major amounts (>10%) of iso-Cis.o
(25.9 %), anteiso-Cy5.¢ (17.9 %), is0-C,4.¢ (11.3 %) and iso-
Cis.0 (10.7%). Other fatty acid details are provided in
Table S1. The four major fatty acids mentioned above are
commonly reported in the two closest Jiangella species, J.
muralis 15-Je-017" and J. alba YIM 615037, with different
proportions.

The similaritjy values of the 16S rRNA gene sequence of
strain KE2-3" was reported using EzBioCloud (www.ezbio-
cloud.net/) [24]. Most close_l{y related values were obtained
from J. muralis DSM 45357" (99.3 %), J. alba DSM 45237"
(99.2%), J. alkaliphila DSM 45079" (99.0 %), J. gansuensis
DSM 44835 (98.8 %), and J. mangrovi 3SM4-07" (98.6 %).
The phylogenetic affiliation of this strain, as shown from
the neighbour-joining (Fig. 1), maximum-likelihood (Fig.

;ggt— Jiangella alba YIM 615037 (FJ157186)
0.005 45 Jiangella muralis 15-Je-017" (FN645214)

ﬁF—
95

Jiangella endophytica KE2-3" (LC032128)
. Jiangella gansuensis YIM 0027 (AY631071)
Jiangella alkaliphila D8-87T (AM422451)

* ?!—— Jiangella mangrovi 3SM4-07T (AB976540)

Haloactinopolyspora alba YIM 932467 (F1969846)

[+

toob— Haloactinopolyspora alkaliphila EGI 80088 (KF040422)

Phytoactinopolyspora endophytica EGl 60009" (KP271925)

Fig. 1. Neighbour-joining tree based on almost-complete 165 rRNA gene sequences showing the relationships between strain KE2-3",
the Jiangella species with validly published names and members of the genera Haloactinopolyspora. Phytoactinopolyspora endophytica
was used as an outgroup. Asterisks (*) indicating the branches of the tree that were also found using the maximum-parsimony and
maximum-likelihood methods. The numbers on the branches indicate the percentage bootstrap values of 1000 replicates; only values

>40 % are indicated. Bar, 0.005 substitutions per nucleotide position.



https://doi.org/10.1601/nm.9333
https://doi.org/10.1601/nm.20353
https://doi.org/10.1601/nm.14602
https://doi.org/10.1601/nm.9333
https://doi.org/10.1601/nm.9333
https://doi.org/10.1601/nm.9333
https://doi.org/10.1601/nm.20353
https://doi.org/10.1601/nm.20353
https://doi.org/10.1601/nm.20353
https://doi.org/10.1601/nm.14602
https://doi.org/10.1601/nm.9333
https://doi.org/10.1601/nm.20353
https://doi.org/10.1601/nm.20353
https://doi.org/10.1601/nm.14602
http://www.ezbiocloud.net/
http://www.ezbiocloud.net/
https://doi.org/10.1601/nm.20353
https://doi.org/10.1601/nm.14602
https://doi.org/10.1601/nm.14047
https://doi.org/10.1601/nm.9332
https://doi.org/10.1601/nm.27077
https://doi.org/10.1601/nm.9333
https://doi.org/10.1601/nm.20360
https://doi.org/10.1601/nm.27101

Niemhom et al., Int J Syst Evol Microbiol 2019;69:454-459

Table 2. Genome characteristics of strain KE2-3" and its closely relatives in the genus Jiangella

Attribute Strain KE2-3T J. muralis J. alba J. gansuensis J.alkaliphila
DSM 453577 DSM 452377 DSM 44835" DSM 45079
(=15-Je-017") (=YIM 61503%) (=YIM 002%) (=D8-87%)
Genome size (bp) 7 843 465 7266157 7681 885 5585780 7716 600
G+C content (%) 72.3 72.3 72.8 70.9 72.1
N50 298984 324980 3325316 5585780 7716 600
Number of contigs 89 76 4 1 1
Number of coding sequences 6996 6617 6954 5166 7132
RNA genes 64 52 54 51 53
Genome coverage 62.9% 100.0x 332.0x Unknown 223.0x
DDBJ/EMBL/GenBank assembly accession number QVAI00000000 GCA_001270745.1 GCA_900106035.1 GCA_000515395.1 GCA_900105925.1

S3) and maximum-parsimony results (Fig. S4), showed that
strain KE2-3" was a the member of the genus Jiangella.
Although strain KE2-3" revealed a high similarity of 16S
rRNA gene sequence to J. muralis DSM 453577 and J. alba
YIM 61503", low average nucleotide identity values of draft
genomic sequences (85.5-90.2 %) with well below the 95-
96 % species circumscription threshold [36] were observed
between the novel strain and its closest relatives. In addi-
tion, digital DNA-DNA hybridization analysis revealed low
DNA-DNA relatedness values (<51 %) between strain
KE2-3T and its closest relatives (Table S3), which was less
than the 70 % cut-off point for assigning strains to the same
species suggested by Wayne et al. [37]. Interestingly, the
result of wet DNA-DNA hybridization (Table S2) exhibited
a similar result to digital DNA-DNA hybridization analysis.
De novo assembly of the genome sequencing data of strain
KE2-3" resulted in 89 contigs, an N50 of 298kb and a
genome coverage of 62.9x. The draft genome of strain KE2-
3" was 7843465 bp in total and was deposited to GenBank
with the accession number QVAI00000000 (Table 2).
According to the draft genome sequence, the genomic DNA
G+C content of this strain was 72.3 mol%, which was close
to those of the type strains of species of the genus Jiangella
[1-5]. Of the 7206 genes predicted, 64 of them were
assigned to RNA genes (60, 3 and 1 were predicted as
tRNA, rRNA and mRNA genes, respectively). In addition,
6996 genes were identified as protein-coding sequences.
Moreover, the results obtained from the antiSMASH server
revealed that strain KE2-3" contained several putative bio-
synthesis gene clusters including type III polyketide syn-
thase (T3PKS) genes. Others were associated with the
synthesis of saccharides, fatty acids, siderophores, thiopep-
tide, bacteriocin, pristinamycin and lantipeptide com-
pounds. The T3PKS gene found in this strain had 100 %
similarity to the alkylresorcinol biosynthetic gene cluster
from Streptomyces griseus (GenBank accession AP009493,
positions 548 718-5 51 330). Further studies are required to
elucidate the mechanism for antibiotic production, which
could facilitate biotechnological applications of this strain.

The gene composition of strain KE2-3" differed from the
other four type strains of the genus Jiangella (Table S4). For
example, strain KE2-3" possessed genes encoding gellan
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lyase, glycerol dehydrogenase, endo-1,4-beta-xylanase/feru-
loyl esterase as well as pristinamycin IIA synthase subunits
A (snaA gene) and B (snaB gene). The pristinamycin IIA
synthase subunits A and B were used to catalyse the oxida-
tion of the proline residue of pristinamycin IIB (PIIB) to
pristinamycin IIA (PIIA). Both genes were also found in
Streptomyces pristinaespiralis [38, 39]. Interestingly, among
the four other type strains of the genus Jiangella, only strain
KE2-3" possessed genes encoding pristinamycin ITA
synthase.

Considering the physiological, biochemical and DNA-DNA
relatedness data, strain KE2-3" should be considered as a
novel species of the genus Jiangella, for which the name
Jiangella endophytica sp. nov. is proposed.

DESCRIPTION OF JIANGELLA ENDOPHYTICA
SP. NOV.

Jiangella endophytica (en.do.phy’ti.ca. Gr. pref. endo within;
Gr. n. phyton plant; L. fem. suff. -ica adjective suffix used
with the sense of belonging to; N.L. fem. adj. endophytica
within plant, endophytic, pertaining to the isolation of the
type strain from plant tissue).

Cells are Gram-stain-positive and aerobic. Light yellowish
brown to orange brown substrate mycelia are observed.
Both aerial and substrate mycelia are fragmented into
short or elongated rod elements. White aerial mycelium
forms scantly after 21 days cultivation on ISP 2 medium.
No soluble pigment is produced in any test culture media.
Hydrolysis of starch, casein and reduction of nitrate is
positive. Gelatin liquefaction is negative. Acids are pro-
duced from culture grown in L-arabinose, cellobiose, D-
galactose, glycerol, melibiose, L-rhamnose, D-ribose,
sucrose and D-fructose, but not adonitol, dextran, D-glu-
cose, myo-inositol, lactose, D-mannitol, melezitose, raffi-
nose, D-salicin, trehalose, D-xylose and xylitol. The growth
temperature is between 15-35°C while the optimum range
is 25-30°C. Maximum NaCl for growth is 7% (w/v). The
pH range for growth is pH 6-10. The cell-wall peptidogly-
can contains LL-diaminopimelic acid. The major menaqui-
none is MK-9(H,), while MK-9(H,) and MK-9(H¢) are
minor components. Glucose, ribose, mannose and
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rhamnose are detected as reducing sugars of the cell. The
polar lipid profile contains diphosphatidylglycerol, phos-
phatidylglycerol, phosphatidylinositol, phosphatidylinositol
mannoside, four unidentified phosphoglycolipids and three
unidentified phospholipids. The main fatty acids (>10 %)
are is0-Cj¢.¢, anteiso-C;s.q, i50-C;4.¢ and iso-C;s.o. The
DNA G+Ccontent of the type strain is 72.3mol%. The
type strain is KE2-3T (=BCC 66359"=NBRC 110004").
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