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Abstract 

Research Title 	Diversity and antimicrobial activities of actinobacteria isolated from soil 

of Sichang island, Chonburi Province 

Research Scholar 	Dr. Wongsakorn Phongsopitanun 

Research Period 	2018-2018 

The aim of this study is to isolate the actinobacteria from soil samples collected 

from Sichang island, Chonburi Provicne for screening the novel actinobacterial species and 

antimicrobial activities of the isolates. In this study, 55 actinobacteria were isolated. On the 

basis of morphological characteristics and 16S rRNA gene analysis, they were identified into 

two genera including Nocardia (23 isolates) and Streptomyces (32 isolates). Interestingly, 

isolate SC052 and SC095, closely related to Nocardia xestospongiae ST01-07T  and 

Streptomyces viridosporus NRRL 2414T  with 97.8% and 98.3% similarity respectively, 

represented the candidate of novel species status. Based on preliminary antimicrobial 

screening, 22 Streptomyces isolates exhibited antimicrobial activity against tested 

microorganism. Furthermore, SC095, the candidate of novel Streptomyces species, showed 

activities against Gram-positive bacteria. This study represents that if we isolate the microbe 

from new habitat, it will lead to discover of the novel microbe which can be used for further 

studies. 
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1,1416ulaalltILLUflfilltIlAtlIVIS3.1110111.101filiEl ifialnif1111f191110111.11011.3.1111.1.101111,1U 

"11@fiiit'ULLUM7111.1U" ilf1711114111a@ n*rdalLtagifiLluunlannnilifivuon-riclutorltitoitiuMlialv  

nil 55 mol% tADmill'uLvtorriiiluumuirtifiailnInailAtiftati (mycelium)VRA"-a.41-10E1-1115ficirmi 

1911naLtAti;a4CtildfKur,Towunciilti ltiNTtilatinuils-rtetioliamiguivtorilLiain-mtlAIErumial 

aFi1S5 ]V1157 ed-11114-12.mingoicorai Bergey's Manual of Systematic Bacteriology Volume 5 Li@Aii 

ItuvumilLitiaimumiAliiLN 6 manihla Actinobacteria, Acidimicrobiia, Coriobacteriia, 

Nitriliruptoria, Rubrobacteria and Thermoleophilia tommiliAu 19 6uki 50 clri Liar, 221 etia 

(Ludwit et al., 2012) 

Substrate 
mycelium 

111tifi 2.1 llfivilmuii-Atiatialiamilltimoriliimiqa Streptomyces (Barka, et al., 2016) 

2.1 atiniarlaTuteaLaninuituniltie 

n910intnatinnylsitm4LiamilltavumfiaultiNTChili5eviltraifiLlun-ii "Polyphasic 

Taxonomy" ililen-arinitiFian-iIliviainvialuuLilutrItlunilawiuinu.ils-itt 

A'nlecutvrialuivitil otin51r751ruvi941.fiii kiwarevrAttilvrtl 

(phytogenetic analysis) i'llifitil'Uflil@BIY1F111101filitIVOVV1111 
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AttcuzvilatadililkutunlIgniIntinlails-utoluofinuivumilLiu 	A'nwararmicupu 

Litt A'nvtuz yi.urra IruirmolJoi nilvaluoi-141mitio56iar,i9u,vrtina4atlai vilticht (701 

2.2) lcuA'nt}nrevrwininfhtatalIlvitii 	f111693q1u pH qa11du,31.1 Su iiufrrniviihriititalin*Iolu 

o-rtirmaema nqui-mvultaulutrualloruoSC,i ualonnio-amatin-inimealufilhvritioi-mi 

61-rticuzn15LV3tutrual1A15trilowilli `lull 1966 Shirting ur, Gottlieb 

l'un-sPnwiLLemillumorihi'uluorla Streptomyces vu Lii@lifutlihTnilvitn,iu4NSumiguar, 
iln'gutafiiiIu-Ltufifilidlaratittitunilgntailivraleuriunlialitainion1Pinlurnmanviiiii 
ImmaTuificaiviAnd-nliinaltantiularionyulunilgnwikrKurvrieviiitavrholtafiiiitamfrititiu 
114.0@l1Tu (Shirting & Gottlieb, 1966) 

NfillunauvrmmiiiMuanvEur,g-ifiglunil'6)414untomiltuummiklulinzfritiaqa (genus) 
anvtutitlirtun-antintinluls-ruvymfirifigiktouomiattawrniu 	loit 
jurniein (diaminopimelic acid) itmulliviing 	 (mycolic acid) fie4.tnitag 

tiloninjwilata4nI1ifra5iiln (acyl type of muramic acid) etrilmt@Ttliginavneluitaitiag 111:191/Mvilao 

Two ~i1 (phospholipids) tat nwatilu (fatty acids)1uvJ 1970 Lecheyalier ligmanwithr.nativrm 

imilto4u.amiltuutmilatuatailn50914-nvunenivnglmi,t,@fiiii.uaufrriMuornilaituJoiliNnlo 
imatriluiESnuaznImat51tirdolen14LtaaliAti 8 nO (vnIlliit 2.1) lat42191.191f1utiln*J41'arem 
taTtlicinacivrunislumaSlivtlu 4 n*i (onINCI 2.2) vinituil 1977 Lechevatier 

@oithrn@trasoluilvISTIvataamiatimovitiOunOoi-141 azens.nuamn*rumloolvlSilmoramilii 

uarlaiiimpTugtovlooviiiihtawitualVruli 5 nO (V11141 2.3) 
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01-11-14114  2.1 IfibilvniTowt141,ta6,Lotlituummilau (Lechevalier & Lechevalier, 1970) 

Cell wall type 	DAP* 	lysine ornithine aspartic acid glycine  meso-DAP 	LL-DAP 	arabinose galactose 

I 	 - 	+ 	- 	+ 
II 	 + 	+** 
III 	 - 	 + 
IV 	 - 	 - 	 + 	 + 	 + 

V 	 + 	+ 	 - 

VI 	 + 	- 	 + 

VII 	 + 	+ 	- 	 + 

VIII 	 - 	 + 

*, nOilia-N@riiimiaLiii glycine; , DiV/VU hydroxyl DAP; +, mu -,11iwu 

w15i411 2.2 ItItartivailliman-itiluvegiuman'auu,wrilauflii meso-diaminopimelic acid 

(Lechevalier & Lechevalier, 1970) 

tin) 	 il-wilacilifuarnlo 

arabinose 	galactose 	madurose 	xylose 

A 	 + 	 + 

B 	 + 

C 	 - 

D 	 + 	 + 

4 
41'15'1511 2.3 tilormriaatvISUortiamamritlumififiCiti (Lechevalier et al., 1977) 

Phospholipid type 	 Polar lipid 

PIMs Pi PC PG PE PME GluNu DPG 

PI 	 + 	+ 	- 	v 	 - 	 v 

PII 	 + 	+ 	- 	v 	+ 	 + 

PIII 	 v 	+ 	+ 	v 	v 	+ 	 v 

PIV 	ND 	+ 	 v 	v 	+ 	+ 

PV 	ND + 	 v v - + + 

141.1981.1411: PIMs, phosphatidyl inositol mannosides; PI, phosphatidyl inositol; PC, phosphatidyl 

choline; PE, phosphatidyl ethanolamine; PME, phosphatidyl methyl ethanolamine; GluNu, 

glucosamine containing unknown phospholipids; DPG, diphosphatidyl glycerol; +, mu; ND, Li 
iiiaaja; v, Liutitou; -, Lim 
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Airn.ltur,m14.41.1,11m1 vanuri4 A'rviltur,o4f11.11tn@wJelrrulia4Fi4iiillcii .U11.7.uvvimtutailvii4 

nilA'nwiatirmlnuitarn11449u,un 

LLoniiittlivumilaulOaNITtii4annuillA-ALI-AlutounlIlomnflriuu3vatta 16S rRNA 'oat' 

And-nitud-rutlunouvrtinNiud-ruLAn (smatl subunit) To41,*ultroliitorilLiti 

011111C11411,g1,11tUUSTlekk.10@MAM.1 0111 www.ezbiocloud.net/ (Yoon et al., 2017) Via 

blast.ncbi.ntrn.nih.gov  L'iJuku tanwinfinllionitvigigyfrindanTaviNliscuinllonnIniiii 

L/114 MEGA 7.0 (Kumar et al., 2016) vikuifti 

2.2 niuTtitonutufmaimainvitnerviNguivita4u,sfigtaguniklelutlunifame 

LiamFfillawrilauhulvitfranurrruIgLau l'usluviLomiittavumfiLi'ml-rulvinji914fivi 

Larunitklvain (saprophytic)ImuilvouTaiki:ungltimoamoilhiniElvtaiutilAtfiiu 

'Au 1 niimiht@miiIuutwrilLimllantu 106  "i14 109  mai 
95 Likumniintuaga Streptomyces 	niI59twnrimafiguivufiii milanuntiruliati 

11,L'am6'oa.ui 	0071.16111,W1S141111@lh (symbiosis) PuOirAlmtrilm`6.r ti 
rIaluirr,La tothrivitimAaluttilm uonTinilvtilii5iuliviimrin@ulkvitqa (marine sediment) 
vitLao-rd tozluainim EilCi.ltavidAokitoltamtiittaufriltioL/Futiu 

melltuutimilL107u1v4ficinPnwairwritnitiaikunliTinii-261Puutrun lorid-rulvicau 
•U@NITtrua4n-nAntritiamisittavuflikluAanilionlihitioaluvTu4LAufi4ifiviiLfidimvulliria.uiLatn-n.  
torilk1911,111111.1gagillflaf11711fIttilliadllglIA'') 

LALifilYititt Airuillavikunllaorkm-inqutingolaTifvuriufiLmuiln-ilkivitanfiatAtew,w1FwvAt 

uuniamiltutvorriiiluainumdlciatAui vtiu uomilluivufickitroloira (marine actinomycetes) 

figtilitififiCinifrihvil (peat swamp forest actinobacteria) Lo6itumorniluvritnn 	LizmAiti 

(endophytic actinobacteria) Ltuku 
nilfimuuntamizAtavtorild'EmiTulviatA@liPuliTi standard plating 

ailata-ma@9-14LLA'-JnI:Alu (spread) OTUL1091415 selective media iiiiirilLiimrrdhTtall'unlI 

ii.utiAniILaitrum-aatavumfiLluu.nuau (onymil 2.4) allalelffIlliit 

Streptomyces Ati?iTulv4 iliinilk11.111.61f1-15141i81Jill@thlfi@tinlILLE.Iflgovvielviliifralavainvtaiu 
to4AYolrintu vciu nileuihem111.1i'811 	 fliglI,S1'6111,14181 lt1101.111 

LISHTIEflillfillUIJOV-JoEiNtivunilueinkvolviainvialuTi. othaIf10411.1n9ludnihoEhltom 
Thuoiladi4fi 100 - 120 MittaLi180. 1 	vihrTiciiiuillofithulunillitiniwattlivumfiLiEwn 

Erin vilminfrna.imatiiliwufifitluOttiamfrouoloiLLoatiavufiilLimaimramarrilmakilau 
viTalatlai tion@intifniu5o1464.d.-aunIt kun-montoloUoiti@mItimonlitiEruilt 4.10km 
(Nonomura & Ohhara 1969) 

tlItivIcallinuLNIJItamilrornaroalt-rvialuvrilihinviv @inniltinwl4111J1J1r1f111PUMUtlaf1171 
ItiLitlficelliUME41.141V11j@d140101,i:11M114-264fIllAatilillTilfall,VM L/111 Actinomoduro rayongensis, 

A. syzygii, Asonoo endophytica, Dactylosporangium sucinum, Micromonospora fluostatini, M. 

humi, M. ebumean, M. siamensis, M. chaiyaphumensis, M. krabiensis, M. maritima, M. 

sediminicolo, M. spongicolo, Nocardia rayongensis, Nonomuraea syzygii, Phytohabitans 

koempferiae, Sphaerisporangium rufum Streptomyces actinomycinicus, S. chumphonensis, S. 
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stemonae, S. siamensis, S. andamanensis, S. krungchingensis, S. oryzae 	Verrucousispora 

andamanensis 	2.5) 

2.4 Selective media vtiltun'15kiltin66DaluivufillauT1noiwthitu5511.16rCii 

@0'1V1-1I affliJungutalo-rvm Lot-ivili-i101 

Arginine 

glycerol agar 

Arginine monohydrochloride 1.0 g; glycerol 12.5 g; K2HPO4  

1g; Fe2(504)3.6H20, 0.010 g; NaCI 1.0 g; MgSO4.7H20 0.5 g; 

CuSO4.5H20, 0.001 g; ZnSO4.7H20, 0.001 g; MnSO4  H20, 

0.001 g; and agar, 15.0 g; water 1 L 

El-Nakeeb & 

Lechevalier et 

al., 1963 

Carboxymethyl 

cellulose 

medium 

1.0% carboxymethyl 	cellulose 	sodium 	salt, 	0.1% L- 

asparagine, 0.1% K2HPO4, 0.0001% FeSO4.7H20, 0.0001% 

MnCl2.4H20, 0.0001% ZnSO4.7H20, 1.5% agar, pH 7.0 

Matsumoto & 

Takahashi, 

2017 

Humic acid 

vitamin agar 

Humic acid 1.0 g*; Na2HPO4  0.5 g; MgSO4.7H20 0.05 g; 

FeSO4.7H20 0.01 g; CaCO3  0.02 g B-vitamin**; agar 18 g; 

water 1 L 

Hayakawa & 

Nonomura 

1987 

Starch casein 

nitrate agar 

Glycerol (or starch) 10g; casein 0.3 g; KNO3  2g; NaCI 2 g; 

K2HPO4  2 g; MgSO4.7H20 0.05 g; CaCO3  0.02 g; 	FeSO4.7H20 

0.01 g; Agar 18 g; distilled water 1 L, pH 7.0-7.2 

Koster & 

Williams, 

1964 

Water proline 

agar 

1.0% proline, 1.5% agar, tap water, pH not adjusted Matsumoto & 

Takahashi, 

2017 

mitnyil: Selective media ii-ivii'vil@figuivunciLlud-rulviti@triniIiiitiErrtffftscruzoliativ 4f1911,4% 

/1@41.G711,1,0ML101111,101,6f1Ilin 	 cycloheximide 

(50-100 mg/l) nystatin (25-50 mg/l) VISa amphotericin B (30-50 mg/l) 

ummilLiuunuati 	novobiocin 25 mg/l visa nalidixic acid 10-25 mg/L. 

*aza9th 10 ml j€ 0.2 N NaOH 

**threnatiiho 0.5 mg 	thiamine-HCl riboflavin niacin pyridoixin-HCl inositol Ca- 

pantothenate idci paminobenzoic acid Liar 0.25 mg /1@1 biotin 

Ilaado 
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4111941111 2.5 iiim.1-14uniituLwAilLismuiTuftvaifiLLonlautlItivifilviu 

OtiliTNLIMPIFII111110117111,1E1 	 LIVIM4imiltin1116 	Lana-1169lb%, 

Actinomadura rayongensis 

Actinomadura syzygii 

Asanoa endophytica 

Dactylosporangium sucinum 

Micromonospora eburnea 

Micromonospora fluostatini 

Micromonospora humi 

Micromonospora siamensis 

Micromonospora 

chaiyaphumensis 

Micromonospora krabiensis 

Micromonospora maritima 

Micromonospora sediminicola 

Micromonospora spongicola 

Nocardia rayongensis 

Nonomuraea syzygii 

Phytohabitans kaempferiae 

Sphaerisporangium rufum 

Streptomyces actinomycinicus 

Streptomyces andamanensis 

Streptomyces chumphonensis 

Streptomyces krungchingensis 

Streptomyces oryzae 

Streptomyces siamensis 

Streptomyces similanensis 

Verrucousispora andamanensis 

Phongsopitanun et al., 2015a 

Rachniyom et al., 2015a 

Niemhom et al., 2016a 

Phongsopitanun et al., 2015b 

Thawai et al, 2005a 

Phongsopitanun et al., 2015` 

Songsumanus et al., 2011 

Thawai et al., 2005b 

Jongrungruangchok et al., 2008a 

Jongrungruangchok et al., 2008b 

Songsumanus et al., 2013 

Supong et al., 2013a 

Supong et al., 2013b 

Tanasupawat et al., 2016b 

Rachniyom et al., 2015b 

Niemhom et al., 2016b 

Mingma et al., 2014 

Tanasupawat et at., 2016a 

Sripreechasak et al., 2016 

Phongsopitanun et al., 2014 

Sripreechasak et al., 2017 

Mingma et al., 2015 

Sripreechasak et al., 2013 

Sripreechasak et al., 2013 

Supong et al., 2013` 

Syzygium cumini 

Boesenbergia rotunda 

ALmm.114)ra 

Pt.,111-mi 

Flu 

;14141:iLa 

Pah/limn 

Armm,114):Aa 

vleTtlivir,La 

vlutllws 
Syzygium cumini 

Kaempferia larsenii 

Oryza sativa 

;u111141 

;11.1 

mameatathitia 

;it! 

Oryza sativa 

tale 

'Au 

vlowvraa 

2.3 oilsentmovnii-arnuatniilitilztetilainuaniituwunitie 

taaataLufritiOuLtuiiilnintiruzqwSniiTtlhihtal (antibiotics) luvi141nA"4inI5 mri181 

treiralaqinamilfili@OuNviirtnaltrittilmA'-ataminLL@AilltiLL'unciL18 	avermectin 

actinomycin amphotericin B daptomycin erythromycin gentamycin kanamycin neomycin 

platensimycin rifamycin streptomycin tetracycline u vancomycin tAtith 	2005 Janos 

Berdy lifITUTIllimiamIr4ScilAuvislutiirentitnitv194:81.tyrw VIU'i9011@@fltilit1114fi'lfrisWIn 

a~tdY15E1 >1J na-ratiloy: 22,500 idinim 1918 10,100 tilmiLufakinkiDmiiitiumfifiCiu LLar411111.111111A1 

7,630 tioannwmamiatiti,umfitiulump Streptomyces Liluotlaatra (411I1mil 2.6) tirTWE114011 

@antivitvrAlnimileamnuomauLLIALitiliiLLafflaurinliA 2.7 
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41-11-1414  2.6 41117110-11@ontivitm-Ain-wicifimmilkintomiittaufifiniu4-uunonuoria (Berdy, 2005) 

Family Streptomycetaceae: 

Streptomyces 

Streptoverticillium 

Kitasatosporia 

Family Micromonosporaceae: 

8000 

258 

37 

Family Thermomonosporaceae: 

Actinomadura 

Saccharothrix 

Microbispora 

Actinosynnema 

Nocardiopsis 

345 

68 

54 

51 

41 

Micromonospora 740 Microtetraspora/Nonomuria 26/21 

Actinoplanes 248 Thermomonospora 19 

Dadylosporangium 58 Micropolyspora/Faenia 13/3 

Ampullariella 9 Thermoactinomyces 14 

Glycomyces 2 

Catenuloplanes 3 Family Mycobacteriaceae: 

Catellatospora 1 Nocardia 357 

Mycobacterium 57 

Family Pseudonocardiaceae: Arthrobacter 25 

Saccharopo(yspora 131 Brevibacterium 17 

Amycalotopsis/Nocardia 120/357 Proactinomyces 14 

Kibdellosporangium 34 Rhodococcus 13 

Pseudonocardia 27 

Amycolatopsis 12 Other species: 

Actinosporangium 30 

Streptosporangiaceae: Microellobosporia 11 

Streptosporangium 79 Frankia 7 

Streptoalloteichus 48 Westerdykella 6 

Spirillospora 11 Kitasatoa 5 

Planobispora 10 Synnenomyces 4 

Kutzneria 4 Sebekia 3 

Elaktomyces 3 

Excelsospora 3 

Waksmania 3 
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miii4ii 2.7 A'wEiwril@ontpitrithniviiiNktomtafilluagifiLiu (9T9italmin Barka et al., 2016) 

.., 	e.I nOtaminantivkaitiviupwaoi  4 Oemlearris 4 	... 	'Ai 	.. nOrtmaileanqvivaieniuqvirom 4 40ailaantpiti 
u 	4,1 	... nOalerviuqvirooilii-nutuniklu nOmitrhiciamallif-ani 

Verrucosispora spp. Abyssomycin Streptomyces nodosus Amphotencin B 

Streptomyces anulatus Actinomyans Streptomyces gnseochromogenes Blasticidin 

Streptomyces canus Amphomyan Streptomyces griseus Candicidin 

Micromonosporo spp Anthracycline Streptomyces spp. Carboxamyan 

Streptomyces conus Aspartocins Streptomyces venezueloe Chloramphenicol 

Streptomyces avermectilis Avermectin Streptomyces padanus Fungichromin 

Streptomyces venezueloe Chloramphenicol Streptomyces galbus Galbonolides 

Micromonospora spp. Clostomions Streptomyces violaceusniger Guanidylfungin 

Streptomyces gnseus Cycloheximide Streptomyces venezueloe Jadomycin 

Streptomyces orchidaceus Cyclosenne Streptomyces kasugoensis Kasugamyan 

Streptomyces roseosporus Daptomycin Streptomyces spp Kitamycin 

Soccharopolyspora erythraeo Erythromyan Streptomyces notalensis Natamycin 

Micromonospora purpureo Gentamicin Streptomyces tendae Nikkomycin 

Streptomyces hygroscopicus Hygromycin Streptomyces diastatochromogenes Oligomyan 

Streptomyces konamyceticus Kanamyan Streptomyces humidus Phenylacetate 

Streptomyces kitasoensis Leucomyan Streptomyces cacao' Polyoxin B 

Streptomyces loncolnensis Lincomycin Streptomyces canus Resistomyan 

Marinisporo spp Marinomyan Streptomyces lavendulae Streptothnan 

Streptomyces fradiae Neomycins Streptomyces canus Tetracenomyan 

Micromonospora spp. Netamicin Nocardia transvalensis Transvalenan 

Streptomyces niveus Novobiocin Streptomyces hygroscopicus Validamycin 

Streptomyces antibioticus Oleandomycin nOaluvTu0Smaisifitilli'a 
Streptomyces rtmosus Oxytetracycline Streptomyces antiboticus 9-13-D- 

arabinofuranosyladenine 

Streptomyces spp. Pnstinamycin Streptomyces hygroscopicus Hygromyan 

Streptomyces lindens's Retamycin Streptomyces spp. Panosialins 

Streptomyces mediterrano Rifamycin nOaluiriu4ra61ailmj7Ji31tiu 
Nocardra (undo Ristocetin Nocardio brasitiensis Brasilicardin 

Streptomyces ambofaciens Spiramycin Streptomyces filipmensis Hygromycin 

Streptomyces virginniae Staphylomyan Pentalenolactone 

Streptomyces endus Stendomyan nOoluriutiOntisnlrolut„iiii:Jr-Tu 
Streptomyces lydicus Streptolydigin Nocardia rubra Rubratin 

Streptomyces griseus Streptomycin Streptomyces olivoreticult Bestatin 

Streptomyces lavendulae Streptothnan Kitasatospora kifunense FR-900494 

Streptomyces aureofociens Tetracycline nOaitntli140ffitaultalifm-mn9luviviti 
Micromonospora spp. Thiocoraline Streptomyces spp. L-Asparaginase 

Amycolatopsis onentolis Vancomycin Streptomyces o(ivochromogenes L-Glutaminase 
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emaavvitialaoiv;i1urgtmomiittavunfiCititionwinn-iItiftlIttlittlifiliniumvitiLLA'164 

onnuni-ittltlIzqnglithritutrilvri4t-mtntton 	viluu-rdyruiitilt 

Ltlif11.1 1Jn1551FJA1u71 Streptomyces aureus 	S-34666 011.19Itle4bla11111f101 

macrotetrolides 	tetranactin, dinactin um; trinactin 

iLazkon (Ando et al., 1971; Misato, 1982) Streptomyces hygroscopicus Oluiumbi 

validamycin A 4i47Jtpettifitii4019161;un9IfntiquIlfuti9m@Atrtioltihanelumi') (Kameda, 1987) 

Streptomyces kasugaensis 2112.1110001 kasugamycin 	 Pyricularia 

otyzaelti4'n (Umezawa, et al., 1965) Streptomyces cacaoi var. asoensis Ouiltiam 

polymyxins rtieicivitlunileTutidialimaieJetrmilitigIfilueinuazwal37(Isono et al., 1965; Endo & 

Misato, 1969) tionvind2115lun0 macrotetrolides 440(@in Streptomyces via-turegu4til 

oil.mtliviluunilLaialuatvttiativaridviaiertrilm (Jizba et al, 1991) 

2.4 ohuviti4fiquatijiith:avicatitia4tnizlen 

vriz21111 6§U4ilf1V14111/1@l4ilviimtallia  illitriliktuitiSruUltanna 7.9 onliAramion ADEj 

ud-rilviErtanirmeWsiLlie 	i'lviorda0 1'4154144 13 Ncli t1A 12 81f111,14.11@llatIVITill 

1111.11.1.1,1 10 @lfil 48'11f+11 tiA 100 @Aril 51 St* 	 8 with Lnittnilmqj Lf1TrAl1nial 

LnlvtJSA Lniti-umanlif LnitlaiNG Ln1vE11FJv117 LnirAilfill laz mit illt10111,13% 

dTL111/4LtUf,11,11-1I/10111`U LLaVirifill518 Ill'Amin-retinfiquA'1013.711uuoulimqvAti Liatta7fitiku.thalti 

Pulti ifrifYIVIAlrihnalltpaltiffillft-111111fialli14111f11,11@l@lf1111M1fl*U1,111 
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vim 3 

3.1 triwilatiNihnlazniiktainu,agituumniCie 

'114-1'ortfat.jit  41117U 7 kl0tii4I@uiniu thkathatril 

.$11@thatieiluvillwillitIvutifil  110 00111,41MIEJV 1,§1.11,1a1 1 4-a1u4 

Siutanialiilin*mamaitutiumikitimitnn TinilfionuinkviimuTi serial dilution method touli 

humic acid vitamin agar TIM°7111_11J@TV11111U11,4@filiqC011,11J1,101L:61.10a1 7-14 i'llukoThLgantfitail 

3.2 rrni-olunuatlitimunilitie 

LiansTittworild'uilfimuunliivar iiintTlfnlcutnilLaicAugitaLat Afmlcur,vraturrulmu-rn 

@-11411 yeast-malt agar (ISP2) (Shirling & Gottlieb, 1966) ImuilonfitruaiviiI ISP2 TiniTuthalti 

wiluitutnqiuvLQ,171 30 Ncani,taaua vikinal 14 lu vintivtitTuilait@liii.aumniri (aerial mycelia) S 

halliEll,H11415 (substrate mycelia) nilai'-mailS (soluble pigment) tiateT4inciAlltur 

vi-aturrerouinlacrinkAlavillmtlivtrutial (Olympus CH model) 

niIimin DNA °N41.wfifittimotikluoh nilutiOluiWolu 165 rRNA gene sequence 

analysis vlimudemtaguafiauivunfikitialltia-roil.  ISP2 broth irrtliatilluon-nzon.ilfinyiLLI-] 

180 Iouoivinil fiqtuvujiiiioltiitinai 4-7 'Yu @in&ieruihotillmai 1 ilaShl ldlumaavaattimi 

TAh4111.1901 1.5 DaSSoll Iii-J5141,tagihullin5milimalni,484-ntruolumf4 

5941774LLAViviich Tris-EDTA buffer (TE buffer) 4-itnti 300 lailmISon iLaram aluminium oxide 

thirNingai-rultaAmiouLLA'AuLtaehriumntmeili micromixer (IEDA) kunai 90 luifi 

ailazalu phenol:chloroform (1:1) trivim 300 b..blISoll uSTASnma@olthii 1 will 

via@m11.1.6tavdtmci 14,000 SethiVUTA1  L§uvaai 15 trill 	 lArt?ivia@onettimii114 

	

ul-nfolu sodium acetate 3M 	1 114 10 

ethanol IiiinvileolLvilteloilataitritiviliiiimiithistiLertSi -20 Nfl'lltaLigue L§unai 30 'oil 

	

-it-viitrail.r761.104fluAlli 14000 Ivoioulfi 	10 inci DNA mmun@uukay:ii-rudinawaom 

timmazaitrbondkiviaavni4uP-1594viaomii-au ethanol (95% v/v) frIntig0144 

diati4g1,65-AiLiianli 50 tutfilSocIlifioar,aiu DNA airnitativinill DNA 	4 NpratavVue 

nilifiu4-ruluritruintit 16S rRNA 	 polymerase chain reaction (PCR) 

universal primers Fi@ 20F (5.GAGTTTGATCCTGCTCA 3') lot 1500R (5‘GTTACCTTGTTACGACTT 

3') (Suriyachadkun et al., 2009) 	PCR product waittlyngivitrilAt@lvAmag capillary 

standard sanger sequencing (MACROGEN, Korea) giiivalfiggvigifthr,cintenVirtiat.inllutItilm 
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eumpfliguutififitiluilKoliionliamini  Basic Local Alignment Tool (BLAST) touditnaunifiti 

sniatimp Ezbiocloud (Yoon et al., 2017) iLarlifi5inim2l1a3JeTu6Ym77ta1uinimaged6amiii,6un 

1911fi tilift 	MEGA 7.0 (Kumar et al., 2016) 

3.3 niwiffinlauanitimusail'aellficivigoliulaiii 

LioniittavufifkiEvinlattLacinterilkricefionlaltim6iiitilailmilalkutmai co-cultivation 

loorriliimitmumalultumfiCituukuvrtinowriami7 yeast-malt medium 01fIl1tJl17AltillE141.4a 

Ltunai 14 	iL5-AmiiivoNtinitimuu liusi Bacillus subtilis ATCC 6633 Escherichia coli ATCC 

25922 Staphylococcus aureus ATCC 25923 Pseudomonas aeruginosa ATCC 27853 u 

Candida albicans ATCC 10231 ciilwmPuLangailafroitturuniklufi'ilioli li3JT11.1tviitL4011 37 @4f(1 

LtaAtot.t.unai 24 4-atuluillouivnutTuf_11 LLomill'utvumfiCitritamqvitkuuthaifiCitiiinua.uvii@ 

unnruiniiiiiiilm@zqnfing@nanotimenloanqvitoialt1 

3.4 niultillemaangititirmV-Iniviainu,atilitutronlatritivollanlii 

imaltmumilauc4,nifouhnvgjniguati production medium 1.A:.Liri ISP2 broth 54 broth 

az 301 broth (irfiNuln n) fianiundi 180 Ivuoivuici qiumfg  30 @APIlltaiiimit§unal 14 

aimluvziinilatimailunivivalaillor,,hoivilivia-atmeli ethyl acetate Tit- iluthalIetiolusiki 

ethyl acetate InviwiatiqvitiiTuNaivoiulti 

3.5 nilvivizauqmikuleilivammatitnitnutmanitutwfifiatidelsulan 

?M06114811.111041,4011,06.11111,LUMMErrficpionknwaril-nnviiaoutiotimuTi agar disc 

diffusion TouintinilAo 

3.5.1 i>cataikilvaiviavinivulsilvi Bacillus subti(is ATCC 6633, Escherichia coil ATCC 

25922, Staphylococcus aureus ATCC 25923, Kocuria rhizophila ATCC 9341 Pseudomonas 

aeruginosa ATCC 27853 u. Candida albicans ATCC 10231 IMInfliALIE11.1911911E111.11R1V117 

Mueller Hinton agar (MHA) Latifriiiitiltrumvm potato dextrose agar (PDA) itl 30 alflimaamo 

48 ii'14.14 qiniititi-itivflalalualIataiu 0.85% NaCl (w/v) acratifrnwiraiwiitTuOilmiami 

Inolniu McFarland no 0.5 atliierntorruaaukihitiluniImmaau 

3.5.2 imisammatiommuitivoymnufniLLihriltt 10 	 wurtiumum 

a95atalufitau 20 laiimISrfiliru paper disc itruimill'udlial'utinail 6 	6657tl4 paper discli 

tozvti@l@inni5Pnwrdifiun9Ifimnl@lcivitoiTtqailyiLdolii‘uAl4.1i4lairnim 

watiquiiwan (positive control) Lioilirm-ruquAllau (negative control) tatijailmitmatnntJaali 

(false positive) 10181111MerfV11.13.11:231MJIME110)149aZOlUltiltitYllaZalUalIatiGIVIEJTLIVIEJOIMILI 

usiu paper disc IM@ENLiitukni-iitiviovativii'autiti paper disc 16114bOloilUeilIVING1111E11U 
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3.5.3 Iiithi\A-CAISiltiailigtma@ugevioVvirilimiEniVi 

viz nuilamilatAiwym MHA 	 PDA 	 paper disc iknimaamilil 

tuenvniio-mmui-raithiliii 30 81carnsdatiihm1 48 411114 TInilulmfincuiPuiilfiaimirwozym- u 

luvrtheilaktivil 

3.6 niurruintnerieviu4tanituuunilau 

75 lyophilization Algirmivilifitifnvl@EINIMEJ 10-15 iimfuLteplitunmfiLlemiti*u4iillAlve, 

ialtiluItitimiioiwthailfiqvuvitji3 -20 81PYloiaLftluo tolatirmataiunviivIaa 1()% (v/y) 

liolriuniluiontutomagwineZnil-mitil (cryoprotectant) Sidiffla9EFILfilfnifi 
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UVIT1 4 

4.1 nilLerutbeehuarmilgomunuatiffiltuutifiCie 

Aui- wall 7 oi-a@dil likinultatruivatuoiNiluuLnizA171 ulaitri4 12 fiagni*Lii 2560 011.11ID 

iimuunamiliunficiiiulii4Tu-ru 55 1.661,am imuAtil'uLnuSetiliTh-narinratahrtioiLizfiautwufiiiati 

laZIEI 66.1 x 104  CFU oiaPaTLITU 1 f155J (mil-miti 4.1) 

4.1 oi-moninvoi-aptillkluinizSi4otiordatfificanLiivanPnwi 

•̀hrip-ruii ofiumilsrow,i,firromi 411.11111,1,0MiatinfillaElfifTGI 

LW 	(18Itiam) 

f11111141111.1.1111/A4 

1 uomorrynriaaminkt 13°10 15 N 100°48'17E 13 102 x 104  

2 1114:648901111111511 

laaavin5-1 

13°10'10-N 100048'16' E 6 55 x 104  

3 .tia4L111111G1 13°09'47-N 100°47'55-E 4 52 x 104  

4 141.1111114algt111144 13°08'54-N 100°48.33-E 4 74 x 104  

5 C1164111"14 13°085-N 100°48'02"E 15 70 x 104  

6 V1181011 13°0737-N 100°48'37"E 7 54 x 104  

7 N'illY141,1115111 13°08.46-N 100°48'58-E 6 56 x 104  

Ilf111Z1,11.11.101VM humic acid vitamin agar 

4.2 eintramiNgcuruimeiumnilivitrameniittunfnlauficToutiniti 

antaren9lainpuoivtivemii4i/Jauemiiitaufigaufgou,un'Am.rau 55 lattiarn 

2 LiioilaiItu-4inguni9Auslulviulaia.molti4lanillumorklufifiolumnidiaaniAti 

21M411;11@ n4ariti 1 4n7u 23 lottiam 'Mid SC138 SC139 SC142 SCXX SC001 SC008 SCO25 SC033 

SC053 SC109 SC122 SC141 SC152 SC155 SC164 SC178 SC179 SC180 SC058 SC049 SC055 SC052 

tat SC009 rinilOiNaitotlaiittanukuuutitilu@inifitorfinilumnifroolduluaivm 

2 4- u-ru 32 Mittam 'AA SC169 SC081 SC079 SC097 SC205 SC119 SC060 SC038 SCO26 SC201 

SC069 SC203 SC083 SC085 SC002 SC094 SC098 SC108 SC113 SC189 SC127 SC145 SC196 SC193 

SCO28 SC074 SC191 SC112 SC006 SC107 SC095 u.ar, SC030 iltillgi'imilfmitl@imAiuM34uwith 

ainlfluatlairiun-moinvint@wiulumil (a91114.0 4.2) 

ainiaajahrtilvitnidosiktafiatuun'lltionOil 1 31A'fitrtur,filufig4t-iumniinularla 

Nocardia uazuomiituumovitil5en4ai 2 fIA'ntrart,TIA'9up154riumrisniaolefla Streptomyces 
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4.3 nillttitiltrumatiFitutrunciagmaliiihrdingu 16S rRNA 

@innifionmr,Q1Puihmgol.vigto4gitruitatu 16S rRNA 

ailmt-ii'mummiituLiumfinitriiikuunlifoanviku 2 nOlvicgio 

n*.ril 1 iimninfrt.au 23 lginam loittfi SC138 SC139 SC142 SCXX SC001 SC008 SCO25 

SC033 SC053 SC109 SC122 SC141 SC152 SC155 SC164 SC178 SC179 SC180 SC058 SC049 SC055 

SC052 tor, SC009 rimilwaiums4t-Tto3nint@umpiquilumflauffla NocardiatunOriliiimiu 

4-lumg4ihorla Nocardia lirOullnutrelavilti 7 

1. Nocardia amamiensis 4-ru-ru 4 'tattoo go SC138 SC139 SC142 itat SOo( 

2. Nocardia bhagyanarayanae 4-nnu 14 'tattoo go SC001 SC008 SCO25 SC033 

SC053 SC109 SC122 SC141 SC152 SC155 SC164 SC178 SC179 ttaz SC180 

3. Nocardia lijiangensis 411n1.1 1 16211A0c1 g@ SC058 

4. Nocardia neocaledoniensis 411.111.1 1 lattuoi h SC049 

5. Nocardia testacea 411.1711 11ARILMI ;10 SC055 

6. Nocardia xestospongiae 4-1117U 11A111,009 h SC052 

7. Nocardia xishanensis churn 11,ginafi h SC009 

2 fiennininrau 32 totttoolgui SC169 SC081 SC079 SC097 5C205 SC119 SC060 

SC038 SCO26 SC201 SC069 SC203 SC083 SC085 SC002 SC094 SC098 SC108 SC113 SC189 SC127 

SC145 SC196 SC193 SCO28 SC074 SC191 SC112 SC006 SC107 SC095 tt,or, SC030 ilfM10161Elt154f71.1 

aanintaufga Streptomyces OlrlinlunOiloluiltAiwuniiivilu 13 aThilel 	S. canaries 

(1 lgium), S. capoamus (1 l)ittacill S. coeru(escens (2 lottiam), S. djakartensis (1 1,oltiam), 

S. enissocaesilis (1 'tattoo), S. flavoviridis (1 tatttoesi), S. g(aucescens (1 tattoo), S. globosus 

(2 tatatitam), S. hawaiiensis (1 tattoo), S. iakyrus (1 'tattoo), S. indiaensis (2 tattoo), 

S. leeuwenhoekii (1 tattoo), S. levis (2 tattoo), S. longispororuber (2 tattam), S. luteogriseus 

(1 tattoo), S. neyagawaensis (1 tattoo), S. purpurascens (1 'tattoo), S. rameus (1 tattoo), 

S. spinoverrucosus 	(2 lattLaoi), 	S. spiralis (1 lalttam), 	S. spongiae (1 	tattoo), 

S. viridochromogenes (1 'tattoo), S. viridosporus (1 tottLoo), S. viridosporus (1 tottLa) tot 

S. yogyakartensis (1 loicam) iimja@ln BLASTn search tolglgiAlfigtotoguivatt 165 rRNA gene 

tolumogautuorgtilutifigOlontaIVIIIMV1f1111:11WhIliVilli V11191ill  4.3 
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.1 	a. 	v 
911111Y1 4.3 wa BLASTn search TIN 16S rRNA gene TallomituutifiviouvimononLm 

No. 

Isolate 

no. Top-hit taxon similarity (%) Length (nt) 

Accession 

no. 

1 SC138 Nocardia amamiensis NBRC 1021021  99.93 1462 LC435631 

2 SC139 Nocardia amamiensis NBRC 1021021  100 1454 LC435632 

3 SC142 Nocardia amamiensis NBRC 102102T  99.35 1401 LC435633 

4 SCXX Nocardia amamiensis NBRC 102102T  100 1457 LC435634 

5 SC001 Nocardia bhagyanarayanae VRCO7T  99.44 1466 LC435635 

6 SC008 Nocardia bhagyanarayanae VRCO71  99.58 1460 LC435636 

7 SCO25 Nocardia bhagyanarayanae VRCO71  100 1398 LC435637 

8 SC033 Nocardia bhagyanarayanae VRCO71  100 1400 LC435638 

9 SC053 Nocardia bhagyanarayanoe VRCO71  99.44 1466 LC435639 

10 SC109 Nocardia bhagyanarayanae VRCO7T  100 1414 LC435640 

11 SC122 Nocardia bhagyanarayanae VRCO7T  100 1400 LC435641 

12 SC141 Nocardia bhagyanarayanae VRCO71  99.93 1394 LC435642 

13 SC152 Nocardia bhagyanarayanae VRCO7T  99.72 1452 LC435643 

14 SC155 Nocardia bhagyanarayanae VRCO71  100 1396 LC435644 

15 SC164 Nocardia bhagyanarayanae VRCO71  99.79 1485 LC435645 

16 SC178 Nocardia bhagyanarayanae VRCO7T  100 1427 LC435646 

17 SC179 Nocardia bhagyanarayanae VRCO7T  99.9 1468 LC435647 

18 SC180 Nocardia bhagyanarayanae VRCO71  100 1463 LC435648 

19 SC058 Nocardia lijiangensis NBRC 1082401  99.75 834 LC435630 

20 SC049 Nocardia neocaledoniensis JCM 12604T  99.93 1388 LC435649 

21 SC055 Nocardia testacea NBRC 100365T  99.65 1484 LC435650 

22 SC052 Nocardia xestospongiae ST01-071  97.84 1415 LC435651 

23 SC009 Nocardia xishanensis NBRC 101358T  99.17 1466 LC435652 

24 SC169 Streptomyces canarius NBRC 134311  99.2 1461 LC435653 

25 SC081 Streptomyces copoamus JCM 47341  99.65 1469 LC435654 

26 SC079 Streptomyces coerulescens ISP 51461  99.77 1288 LC435655 

27 SC097 Streptomyces coerulescens ISP 51461  99.44 1474 LC435656 

28 SC205 Streptomyces djakartensis NBRC 154091  99.71 1423 LC435657 

29 SC119 Streptomyces enissocaesilis NRRL-B 100 1469 LC435658 

163651  

30 SC060 Streptomyces flavoviridis NBRC 127721  99.17 1471 LC435659 

31 SC038 Streptomyces glaucescens NBRC 127741  99.61 1325 LC435660 

32 SCO26 Streptomyces globosus LMG 198961  100 1445 LC435661 

33 SC201 Streptomyces globosus LMG 198961  100 1047 LC435662 

19 



orn401 4.3 wa BLASTn search 11N 16S rRNA gene Imu,@fituutolfiCiErilifimuunlii (oi@) 

No. 

Isolate 

no. Top-hit taxon similarity (%) 

Length 

(nt) 

Accession 

no. 

34 SC069 Streptomyces hawaiiensis NBRC 127841  99.52 1471 LC435663 

35 SC203 Streptomyces iokyrus NRRL ISP-54821  99.86 1402 LC435664 

36 SC083 Streptomyces indiaensis NBRC 13964T  99.31 1486 LC435665 

37 SC085 Streptomyces indiaensis NBRC 139641  99.93 1473 LC435666 

38 SC002 Streptomyces leeuwenhoekii C34T  99.38 1461 LC435667 

39 SC094 Streptomyces Levis NBRC 154231  100 1410 LC435668 

40 SC098 Streptomyces Levis NBRC 154231  100 1459 LC435669 

41 SC108 Streptomyces longispororuber NBRC 134881  99.44 1468 LC435670 

42 SC113 Streptomyces longispororuber NBRC 134881  99.43 1452 LC435671 

43 SC189 Streptomyces tuteogrtseus NBRC 134021  99.65 1457 LC435672 

44 SC127 Streptomyces neyagawaensis NRRL-B 30921  99.59 1491 LC435673 

45 SC145 Streptomyces parvulus NBRC 131931  98.96 1455 LC435674 

46 SC196 Streptomyces parvulus NBRC 131931  99.86 1467 LC435675 

47 SC193 Streptomyces purpurascens NBRC 130771  99.45 1472 LC435676 

48 SCO28 Streptomyces rameus LMG 203261  100 1412 LC435677 

49 SC074 Streptomyces spinoverrucosus NBRC 142281  98.93 1428 LC435678 

50 SC191 Streptomyces spinoverrucosus NBRC 142281  99.17 1482 LC435679 

51 SC112 Streptomyces spiralis NBRC 142151  99.01 1122 LC435680 

52 SC006 Streptomyces spongiae Sp080513SC-247  98.92 1393 LC435681 

53 SC107 Streptomyces viridochromogenes NBRC 31131  99.36 1409 LC435682 

54 SC095 Streptomyces viridosporus NRRL 24141  98.27 1487 LC435683 

55 SC030 Streptomyces yogyakartensis NBRC100779T  99.51 1432 LC435684 

Leotligiktihfi5Igvioita4 16S rRNA gene en1LizfiguilwifiCiEdommilKomufiliati 

ILfilirviernaLvTugviill'Iminnmivroi'auvittaga (type species) iti8Avrau,oPlatatoriliimitri9 23 

1D1/1Laci1 ii4-Iwuni,Natla Nocardia ay,11.1 node LgEnfillfTUglumutalaninvamqa Nocardia tau 

aq1u Glade iguwitifTwilt,vmaigaetimori Nocardiaceae uonwinii LiamFataamfititAluiti 32 Wed 
. 

Lam 111q9Liumt 'tarp Streptomyces Wi'D tau Glade 	LgEntl11riusii-aumumnint@47154 

Streptomycetaceae LLaz@itu node LAu-arituitinninTolaqa Streptomyces (Vii 4.1) TulwaniI 

Iflyrrilifrn1J?urugvilerIt11u1n1Mt4ihaTuNatol BLASTn search untAnwcur,m94Acu519U7lit1'1 LLat 

erarmaitili-haniAtuivumladifiononlkinviite,H1AmniffnialatrIvicOologa Fla Nocardia 

uar, Streptomyces 
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Strepternyces admen= NBRC 139647 (A8184553) 
Streptomyces oksus NRRL1SP-5482T (99001000092) 

95 SC199 

SC085 
SC203 

SC069 

Streptomyces cossulescensISP 51461(87999720) 
SC083 

Streptomyces kepoporonear NBRC 134897 (A8184440) 
Streptomyces leamenhowts C347 (LNB31790) 

50002 

SC145 
SC079 

SC193 
SC097 
SC106 
SC113 

SC196 

Streptomyces pewee NBRC 131937 (A8184326) 

Stmeonvices spnoverrucosus NBRC 142281(88184578) 
SC060 

Streptomyces purpurascens NBRC 130777 (8E4174859) 
Streptomyces flavasocks N8RC 127727 (88184842) 
Streptanyces kfteognseus NBRC 134027 (A9194379) 

Seeptomyces Immense NBRC 127847 (A8184143) 
27 	SC074 

SC191 

SCO28 

Streptomyces roman LUG 203281(8)791379) 
SC107 

Streptomyces ondochromegenes NBRC 31137 (58184728) 
75  SC038 
52 Streptomyces paucescens NBRC 127741(A9184843) 
97 SC095 

Streptamyces vrelospone NRRL 24147 (1)(1442556) 
SC119 

* Streptomyces enesocaesks NRRL B-163657 (D0026641) 

SC205 

63 StrePtomYces chultartensis NBRC 164097 (89184657) 
SC112 

SO81911mYces sprain NBRC 142157 (83184575) 
SC094 

SC096 

Sirepternyces less NBRC 154231(A9104670) 
99 SC169 

77 Streptomyces cameos NBRC 134311 (813184396) 
SC081 

Streptomyces capoarnus JCM 47341(88045977) 
sox* 

StreebsnYces Wong.,  S8090513SC-247 (89498741) 
67 es SC127 

Streptomyces neyagaweensts NRRL B-30921 (UOVV01000075) 
Kstasatespona setae 0580541 (5193332) 
	Seeptacodohlus alms DVS 417531 (AF074415) 

sis 

 
50026 

	SC201 
Streptomyces globose LA4G 198961 (AJ781330) 

Streptomyces albus DSM 403131(51821802) 
50330 

es Streptonoces yogyakartense NBRC 100791(89249942) 

	Thennomonospora curvata 60 159337 (1)86945) 
as 	Achnomadura madame 0511 493677 (X97889) 
	 Nocardsopess dassenvis DS1.1 431117 (X97896) 
	lacraespora roses1F0140441 (D86938) 

99 i 	Moreteraspora pause GSM 433111(X97891) 
91 	 Franke ale AC141451 (10674376) 
	 Geodermatophius afncanus DM 454227 04E654560) 

	 MKrornanosOore deltas 1)9.4 4302871%92594) 
	 Pseudonocardes thennophia NRRL 8-19787 (88589218) 

23 	 Corynebectenum aptavanse NCTC 113977 (X84248) 

	 NYcObestenum tuberculoses 1437RVT (X58890) 
so SC049 

se 

Os 

Family Streptomycetaceae 

Nocarde neocaledoteensts KM 126047 (CLG 48665) 
	 SC055 

iNocarde testacea NBRC 1003661(85001000040) 
SCXX 

Nocarcla anemones NBRC 1021027 (805901000338) 
	 SC142 

SC139 
SC138 

50309 
INocarde eshanervas NBRC 1013581 (80CF01000101) 

— Nocania sestospongee ST01-077 (813973879) 
50301 

SC008 

50325 

4 5C033 
SC053 
SC109 

SC122 
— SC141 

95 
SC152 
SC155 
SC164 

SC179 

SC180 

SC052 
SC179 

Nocarde blegyanarayanae VRC077 (JX076651) 
bbcrococcus keen 051/ 206301(8)536199) 

	 Actarlonrices boos ATCC1361137 ()(81061) 
Btfidobactenum bides KCTC 32027 (1725952) 
&lake subtle ID5A1101 (1)276351) 

Family Nocardloceae 

ItIfit 4.1 phylogenetic tree lin4 
fr1111g1.411611114 '111.1.0AKU11Uf1lil5EJ 

Ylh
.v  

i'4vrivruatil 

fT'Uoilmerut NatlaluivIhL18FIC71111 

11101MEI 

95  s 



4.4 manitiawunilatrileitiiivatutivraftvai 

ltin-antriatinuls-romumfifiLl'udiavoitiwillallnac4f-ha'4ntrikutmfriltiumENT.t.t4 

Inierar-ilautTuliilomn-tsvilieruvritrunilti-ifitakalTharoworriliitioilnd-rafitiamiuftnA'aitil 

(DNA-DNA hybridization)lumtlittlummi4a010-turitt41,419euligouni-tijatiaz 70 wiii@i9a-iti 

kiiii'l&iwu&i,§tantriulvili (Wayne et al., 1987)%il 2006 Stackebrandt 	Eber 

fr]galiiitifitvii14 DNA-DNA hybridization u, 16S rRNA gene similarity 1,1,MIU'i'll3i@tiAltal 

/1841111f11111.1UOM1E1Y7114iiiitilflY11.1f1A'10f154/1@4 16S rRNA gene otin-1-1 98.7% 1.1914htifitid'aillv4vt,' 

viviliifITILIvIheitaktialThawfin-i-ti'euar, 70 Ailic.ilunl5Anwwil4tilkill111,1@fliittilltlflfiliEgilti 

iht4lvaiainpii 16S rRNA gene talottLaviiiiipiliiin'il 98.7% 

inn11;nwifriivivinviaitivnlilumt811,1,@milluWuniiititruLnitg6811 

wiriluofiiittauftfitluaailotttamAa SC052 tor, SC095 rornlifiAciumSlftiNgikuihnggviiVingia 

16S rRNA gene iTti Nocardia xestospongiae ST01-07T  to 97.84% tot Streptomyces 

viridosporus NRRL 2414T  vi 98.27% vi-mg-qiu AiltrulmallgistavriklilfinAatflifvfil@tvilu 

toftroittwunfititm-turiu41,141i 

@inA'nttgutaraturulmuilatinatiq SC052 ain-mii'14LifulummlitniltaninOlt,til 

A'nwcur,Luvraitolt.iireeitla Nocardia tot' lailll.am SC095 fin-mi-matiaituthluain-tritanwfur, 

(spiral type) eii46tItaf1lcur,Lowiten1Lfiltaitia Streptomyces 

'Affitilur.vnAuiulmulillifitig-ikiilm5talvikis t,-atu 16S rRNA gene ZwanutalailleIcatA 

SC052 tor, SC095 ti-mIttuLi61,Laniiitimorili,luenti*ulhaltiega Nocardia 	Streptomyces 

otiati-th (Ttiii 4.2) 

IAA 2010 Takeda tor,fituzignwifimAYTti611115190.nmsnaniniwitia Nocardia 

gyrB gene atliwanllItmlinificinxy,@onnn'il 16S rRNA 

gene lunilnilTilLrie-hfilltvlfrraiiirkugvnli-Tvann-ilt8Agetitaffi SC052 fiwiliTTintootia 

Nocardia IriugottalVikiii']fiSligvlit01 gyrB gene vitril 1@letam SC052 i'maqIu Glade 

alEr)fil.liTtl N. araoensis DSM44729T  to N. beijingensis JCM 10666T  4i bootstrap winn'il 50 

muultin-nAntrivilailinurIntiti45ntilmattat§tarmiitiftvalltioinfot4-itiluk41,5enifiLLYILITN 

a0,9011186113J1gf1W11,11iEJULVIUU016J (111911 4.3) 

Iii@ILA5TAM11.1h1itliV114551/1.11frlItalg4ll,a91 SC095 Nuniimutqa Streptomyces 

111.1MT1110161E1f1541104 16S rRNA gene 41.1.1-ru 29 ?iguittigi,Lar.03.ninitiml; Streptomycetaceae 

wu'illatenaffi SC095 oilti Glade IGlel afiufiv S. ghanaensis NBRC 15414T  star, S. viridosporus 

NRRL 2414T  YIFII bootstrap Linnii 50 01.41:Itilt.in9Ignwl@tinulk1uLi45nbmtrimol@zii@46Sana01 

amvititilintriuwriitrueftiThitiam SC095 viall1 (rhi 4.4) 

22 
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48 

Nocarde pneumonia* JCM 121197 (30498098) 

53 	Nocarde amemienels DSM 450681 (P1765061) 
20 	  

6 	Nocarda !matfett DSM 446607 (A13450770) 

— Nocarda nitwit W92417 (FJ765060) 

69 	Nocarda gamkensis DSM 449561 (00496112) 

961— "boards arthritidis DSM 477311 (AB450769) 

— Nocants bedngensis JCM 10866T (60496127) 

100 j— SC052 

84 	Nocarde amends DSM 447297 (00498129)  

Nocarda xestosponpme ST01-077 (LC169505) 

5C052 cluster 

93 

74 

	'boards paucharans ATCC BAA-2787 (G04trotring 

Nocarda breOcatene ATCC 153337 (60496084) 

	Nocarda pipritangens JCM 118841 (AB450800) 

	Nocarda speluncee DSM 45978T (60984384) 

Nocardia cameo MCC 88471 (A8450782) 

Nocarde lavorosea JCM 33327 (00496113) 

Nocardia teetscsa JCM 122351 (00496091) 

	Nocarda "Janata JCM 122361(00496094) 

97 	r  Nocardia Marrincerphila 202GMOT (1W856181) 

1001- Nocardla espadneyensis FMN161 00040835) 

	Nocarda tanagers's DSM 447041 (FJ765082) 

Nocardia broadens(' ATCC 192961(00496125) 

	Notarthe takedenais JCM 133131 (G0498092) 

103 91 	 

7 

60 

92 ii Nocardia (wends JCM 132811(00496106) 

Me Nocardia farcinlca ATCC 33181(00496115) 

Nocarda exalbida JCM 128671 (00496117) 

Nocarde puns DSM 445997 (00496095) 

2 

4 

332. 

74 

23 

56 

24 

32 

timed* shlmolusensis JCM 121221 (00496093) 

1001 	Nocarda *pens* JCM 121211(00496110) 

99 	Nocardia ignores DSM 44496T (60496109) 

	Nocarda ceishijiensts JCM 115081(00498124) 

75— Nocardle neocaledonlensis DSM 447177 (00496101) 

80 1 	Nocards rtizosphiserthabitane KLBMP $00391 (MF375908) 

	Nomads asteroid's A7CC 192471 (00496120) 

	Nocarda thallandca JCM 123561(00496090) 

— Nocardia lumina" DSM 444897(00498114) 

	8.5.Nocarcle alba 091.4 446847 (00496130) 

Nocardia salmonlcida DSM 404727 (00496138) 

99 Nocardia cummIdelens DSM 444901 (AB450783) 

81 Nomads sob DSM 4448e7 (A8450808) 

	Nocarde vermicdata JCM 123547 (00498087) 

Nocarda (unarm JCM 145481(00496111) 

100 	Nocarda (Sangamon" KLBMP 500271(17688628) 

	Nocarda abscessus ATCC 13A-2797 (00496132) 

Nocarde paeudimaccing DSM 434081(00496096) 

97 Nocarda "Angered DSM 449337 (00496105) 
100 
	

Nocardia xlshanensis JCM 121601 (00496085) 

Nocarda amikacinitelerans W99087 (14(4444071) 

Nocarde unibnnls JCM 32241(00494098) 

Nocarda crassostratie JCM 105001 (A8450779) 

Nocarda olltkIsciniarum ATCC 148291(60496100) 

	Nocardia addwrans W98841 (00984363) 

Nocarda Inotamensis DSM 446577 (00496108) 

100 L Nocardia yemsnashiensis CISM 446697 (60496134) 

	 Nocardia pseudobrasillensis A1CC 515121 (00496097) 

	 Nomads shinanoneners IFM 114567 (LC103187) 

	 Nocarda nigatensis DSM 446701(00496135) 

40 	 Nocardia hashunensis CFHS00671 (MF075231) 

100  Nocarda combs JCM 123517 (00496122) 

65) 	Nocarda sadder. ATCC 439931 (A8450805) 

too L Nocardia widacei AMC 498731(00498066) 

Nocardia blecklockiee AMC 7000351(00498128) 

	Nocarda vatireana DSM 444457 (00496119) 

fig r  Nocarde note A1CC 337261(60498102) 

811 	Nocarda Mews JCM 133741 (00496116) 

— Nocarda aticana DSM 444911(00496133) 

19 — Nocardia natant" NBRC 100933 (80464382) 

Nocarda carmdoensis DSM 445467 (00496123) 44 
99 A13450793 11 Nocardia buczeklse DSM 448771 

100 Nocarda acbensis JCM 123521(00496128) 

Nocarde transusiensis ATCC 68651(60496089) 00 

Nocarde mexicana DSM 44952 (00496104) 

	Nocardia rayonpensis RY45.3 (LC096133) 

	Nocarda veccInt AB450014T (AB450814) 100 
Nocardia miyunensre JCM 128601 (00496103) 

89 Nocardajandriensis JCM 128811 (00496107) 

r  Nocardia Mimosa JCM 1098111 

150 1— Nocarde anaemise DSM 448211(00496131) 

	 Nocania nine. W98127 (G0984362) 

	Mycobacterium tuberculosis ATCC 272947 (00247736) 

4.3 neighbour joining tree 

vlln gyrB gene itmlottiam SC052 

tiumninimordolaqa Nocardia 

uar,14 Mycobacterium 

tuberculosis ATCC 27294T  ithl 

outgroup 

103 

48 	 
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92 Streptomyces afncanus CPJVR-HT (AY208912) 

33  Streptomyces afhaniensis NBRC 128317 (AB184847) 

17 	Streptomyces hauedensis NBRC 127841(A8184143) 

Streptomyces udaceus NRRL B-28671 (KL569104( 

99 Streptomyces rosernidaceus ISP 52771 (AJ399484) 

7 	Streptomyces turns NBRC 156177 (A8184690) 

Streptomyces brisitiensIs NBRC 101283T (AB249981) 

	Streptomyces znaresistens K427 (AGBF01000432) 

Streptomyces sprain NBRC 142151 (AB184575) 

Streptomyces fumigabsderoticus NBRC 12999T (AB184248) 

Streptomyces cwpinensis NBRC 142147 (AB184574) 

Streptomyces leas NBRC 154231 (AB184670) 

Streptomyces azureus ATCC 149217 (DF968281) 

Streptomyces caeleshs NRRL 24187 (X80824) 

7 
	Streptomyces minutisderoticus NBRC 130001 (AB184249) 

Streptomyces ce8ulosae NBRC 130277 (AB184265) 

Streptomyces captlispirabs NBRC 142227 (A8184577) 

Streptomyces gancidicus NBRC 154121(A8184660) 

Streptomyces pseudognseolus NBRC 129027 (AB184232) 

Streptomyces i,verraenrs NBRC 134041(A13184381) 

S reptomyces **Mews NBRC 154097 (A8184657) 

Streptomyces asterosporus NRRL B-243287 (AY999902) 

99 Streptomyces cabin ISP 50107 (AY999780) 

Streptomyces dinoUndis NBRC 12772T (AB184842) 

99 Streptomyces pdosus NBRC 128071 (AB184161) 

j— Streptomyces funbriatus NBRC 154117 (A8184659) 

	Streptomyces atrourens NRRL 13-163577 (00026672) 

100 SC095 

Streptomyces ghanaensis NBRC 154141 (A8184662) 

no 	Streptomyces undosporus NRRL 24141(00442556) 

97 43 

00100 

40 

Streptomyces prasinospons NRRL 8-124317 (D0026655) 

90 Streptacidiphdus anmyonensis AM-117 (D0904546) 

92 L Streptaudiphrlus melanogenes SB-13347 (00994689) 

Streptandiphilus neutnnimicus NBRC 1009211 (AB249949) 
99  

97 L Streptacidiphdus rugosus AM-167 (D0904547) 

— Streptaudiphilus parguensis NBRC 1009207 (A8249948) 

98  r  Streptandphilus durhamensis FSCA677 (J)(484798) 

	Streptacidphilus hamsterleyensis HSCA14T (KC111778) 

	Stredacidphilus oryzae 1H497 (D0208790) 

gs 	Kitasatospora gansuensis HKI 03141 (AY442265) 

71 	— Kdasatospora atroauranhaca NRRL 8-242821(D0026645) 

	Kitasatospona azaticus F0138031 (U93312) 

	Kitasatosporta setae JCM33041 (1193332) 

—10tasatospore arboriphda HKI 01897 (AY442267) 

Kitasatospata gnseola JCM 33397 (093320) 

84 	Krtasalospora annacea SK-3255T (AB022875) 

	Kitasatospora cheensanensis YC757 (AF050493) 

Actinoalloteichus cyanognseus IFO 144551 (AB006178) 

43 

2tlii 4.4 neighbour joining tree win 16S rRNA gene tolloitiLavi SC095 tivarAnitifiliu 

p4iufigsrua4 16S rRNA gene Vitilft 	 Streptomycetaceae Actinoalloteichus 

cyanogriseus IFO 144551  craiitti out group 

25 



4.5 niliftinlaqviiknileiviteipluta4uanaluuudi'Lluiiifintenlii 

w1nn15fimnIoNvitkruNailvirja4kutaluoatuutmiil5tiihuunliivit71 Streptomyces 

491.111,1 22 latcam win 32 loicatimaimqvitkulailmitiftuninmaou FivILMatiaz 68.8 1181 

Streptomyces fifionviniii Imu Streptomyces itigmtkulailm4itau 21 lolcomugiomqvitiferu 

wufifiLluanurtran g-revqvItkuinfrilatununtorliaoirriyii 27:1 3 u. 7 Wean 011116-41111 

er1J15cumimqvitD111dlailvin0A'An&nli uan@ind Nocardia vilattLatmilKonisnlauniIAntriiiili 

amqvgihulailvik1Strviltitilunilvimon (on194ii 4,4) 0.1-2E194T11.11,YrIaGfililun -mmava 

ugialtiVii 4.5 

firm11911  4.4 qvikitqailvetiouofiguummilatifigonwaii 

No. 	Isolate 	Genus 	 Inhibition area (mm) 

no. 	 S. sureus B subtilis 	K. 	E. coil 	P. 	C. 

rhizophila 	 aeruginosa albicans 

1 	SC138 

2 	SC139 

3 	SC142 

4 	SCXX 

5 	SC001 

6 	SC008 

7 	SCO25 

8 SC033 Nocardia 

9 	SC053 

10 	SC109 

11 	SC122 

12 	SC141 

13 	SC152 

14 	SC155 

15 	SC164 

16 	SC178 

17 	SC179 

18 	SC180 

19 	SC058 

20 SC049 

21 SC055 

22 SC052 

23 SC009 

26 



4 
Vri1101 4.4 cogii-rulailmo4u,milltiwunfiLidifionitinli (via) 

No. Isolate 

no. 

Genus Inhibition area (mm) 

S. 

sureus 

B 

subtilis 

K 

rhizophila 

E. 

coil 

P. 

aeruginosa 

C 

albicans 

24 SC169 - - 

25 SC081 - - 

26 SC079 - 

27 SC097 2 2 8 

28 SC205 30 30 30 

29 SC119 30 30 30 30 5 7 

30 sC060 

31 SC038 - 

32 SCO26 Streptomyces - 

33 SC201 7 - 

34 SC069 26 10 30 

35 SC203 7 15 7 - 2 

36  SC083 30 25 25 - 7 

37  SC085 20 2 - 

38 SC002 - - 

39 SC094 2 7 11 - 2 

40 SC098 8 8 11 2 

41 SC108 - - 3 

42 SC113 3 

43 SC189 21 18 30 

44 SC127 30 30 30 - 

45 SC145 5 - 30 

46 SC196 32 40 40 - 

47 SC193 25 31 31 - 

48 SCO28 - - - 

49 SC074 14 15 8 3 

41 SC108 3 

42 SC113 3 

43 SC189 21 18 30 - 

44 SC127 30 30 30 - 

45 SC145 5 - - 30 

46 SC196 32 40 40 - 

48 SCO28 

27 
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4.6 niINntricivitkulgiivenoilotiontEnutaivanituwumfiLlegiovluftvniciAiluenlA 

lun-ilAntriiiiaaltaumfaithifrivriluitharitiii.ufl.vaiamiuvT1144@ SC052 lot SC095 

etiAlMon.winn9IfiginloNvItihulailidelkwtriiikiitillmitiovi SC095 taimqvitkrulartnitil 

ltin-imia@u Aa B. subtilis K rhizophila Liaz S. aureus 

tiliumntvigtraulailwumMOtiowiEnumblaittam SC095 LilatiThailimillumnoiNfi'Ll 3 

vilmwtrii ailationm-ruvinvviilvivo-arailmamqvi4kuNamonrinnoildivatititi'unilgoinIN 

1,(JrNill.1 atii411ArimmviialuitimvityruTinalm15uviatatrrdlimunicinalitutiviilbiothriti (0)9111 

4.5 ilatVili 4.6) 411@milut,mi:saAAt.151.1,nautm-wmilEilifidraoion-ivicim-mantivitvill 

ihnivi @thilitionadiativ-ilativimErrullifiv-tuu-i@AktiunauvrilLMIAINilLilmuliwifrilt) thin layer 

chromatography ilaitli ethylacetate : Hexane 1:1 vfluivi?IiAlvuiliarli UV iii  254 ItituaniItu 

n-r1o45-miativityila4fithunatiiTtirutammotiomuTuTinaminliimutilori6"ntitur,mbtAlh 

Lin:salmi-1 TLC chromatogram etl@MITING1VIEJ11.1V1no- mil 301 medium 1.11mniaurTuila 

B. subtilis ifflEiTi bioautography iqui1diAitiutiu64c1 Rf = 0.07 i'Ailfrioinmuli-i-iNfitlIznati 

IMOlItuuvrualactrilatjulocu Rf AndTAtialleiiiiii,unil@@ntivitilutIN.Auviig (Vtitil  4.7) tviti 

ifokiactlido-anurilithi@e@oart6oun-nutino-illitilvitvialifluvomoi 

vill'ilil 4.5 qvitif-ruailvitala-mitimvientiainumplatiummiiiitilottLam SC095 fillIJIA.11711 0.4 

riaSniiiviahiri diaklltia-rviilfitanvillriti 3 ttim 

4' 
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6114171kitte 

Humic acid vitamin agar 

Humic acid 	1 	g 

Na2HPO4 	 0.5 g 

Ka 	 1.71 g 

MgSO4.7H20 	0.01 g 

CaCO3 	 0.02 g 

B-vitamins* 

Agar 	 18 	g 

Distilled water 	1000 mL 

pH 7.2 

*0.05 mg /IN thiamine-HCl, riboflavin, niacin, pyridoxine-HCL, inositol, Ca-

pantothenate, p-aminobenzoic acid, um 0.5 mg ¶J biotin (Yiikawfignitiltilol) 

Yeast extract - malt extract agar (ISP2 agar) 

Yeast extract 	4 	g 

Malt extract 	10 	g 

Glucose 	 4 	g 

Agar 	 18 	g 

Distilled water 	1000 mL 

pH 7.0-7.2 

Yeast extract - malt extract broth (15P2 broth) 

Yeast extract 	4 	g 

Malt extract 	10 	g 

Glucose 	 4 	g 
Distilled water 	1000 mL 

pH 7.0-7.2 

54 medium 

Soluble starch 	 20.0 	g 

Glycerol 	 5.0 	g 

Defatted wheat germ 	 10.0 	g 

Meat extract 	 3.0 	g 

Yeast extract 	 3.0 	g 

32 



CaCO3 	 3.0 	g 

Tap water 	 0.5 	L 

Artificial seawater 	 0.5 	L 

pH 7.4 - 7.8 

301 medium 

Soluble starch 	 24.0 	g 

Glucose 	 1.0 	g 

Peptone 	 3.0 g 

Meat extract 	 3.0 	g 

Yeast extract 	 5.0 	g 

CaCO3 	 4.0 g 

Distilled water 	 500 	mL 

Artificial seawater 	 500 	mL 

pH 7.0 

( 
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