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Wounadlutdudndiuu 22 lelwian ﬂmwﬂlﬁa’méhaﬂwmﬁa;ﬁaﬁws:na%a Wololuian
mawmmmaﬂnaﬂmuanwm syailulng welund wardlulnd lolu 4 nay ndnwue
@umuIuu phylogenetic tree aﬂwmsmaaunsmmummLLauaﬂwmumaMuiwd'uaaL'uamumu
luusas nanu,am:\1L°uammumﬂuauwﬂ-ﬂaaL'uauaﬂm"[unaawana Microbispora  Wa¥
Phytohabitans L‘UBLLQﬂG\IUMU‘WﬂHMW 1 fanueduadanulee Microbispora hainaensis UN
wamma‘sumuquﬂawﬂawmmmumﬂﬁidm jouaz 99 if L'nal,mﬂmiuuuawﬂauw 2 4AY
AdoATIRUTe Microbispora rosea subsp. rosea mnwammm mummmmmawmmmuu
2a3lelng Sovar 99.8 [Hauenadlududnngui 3 fauadiuadafuile Microbispora
bryophytorum mnmqmma'5:emFm;mmmawaqmmumﬂaialwm Yovar 99.6 \Wounaflulyd
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hrdlolng Souaz 99.04
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Abstract

One hundred and four actimonycete strains were isolated from tissue of zingiberaceous
plants. These strains were grouped using phenotypic chemotypic and genotypic
characteristics into 10 groups. Phylogenetic position, chemotaxonomic analyses including
some phenotypic characterisation revealed that the representative strains in each group
belonged to the members of the genera Microbispora and Phytohabitans. The
actinomycetes in group | were closely related to Microbispora hainaensis (99.7%). Group |l
were closed to Microbispora rosea subsp. rosea (99.8%). Group Il were closely related to
Microbispora  bryophytorum (99.6%). Group IV exhibited the closest relative to
Phytohabitans houttuyneae (99.04%). Here, we found the strain  BR3-1 showing
morphological and chemotaxonomic characteristics typical of members of the genera
Phytohabitans but which was genotypically and phenotypically distinguishable from all
recognized Phytohabitans species. Therefore, the strain BR3-1 were judged to represent
the novel species of the genus Phytohabitans for which the name Phytohabitans
kaempfereae sp. nov. is proposed. Furthermore, the fermentation broths of these
representative strains were extracted with ethyl acetate and were tested for neuritogenic
and neuroprotection activities. In this study, nine actinomycete isolates displayed the
significant neuritogenic and neuroprotective activities (40%) at the concentration of 1
ne/ml. Potential use to these endophytic actinomycete isolates need further study for

drug development.
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ATCC = American Type Culture Collection

B. subtilis = Bacillus subtilis

C. albicans = Candida albicans

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

EtOAc = ethyl acetate

ISP = International Streptomyces Project

M. luteus = Micrococcus (uteus

MHA = Mueller-Hinton Agar

MRSA = methicillin-resistant Staphylococcus aureus
nm = nanometer

Ps. geruginosa = Pseudomonas aeruginosa

SDA = Sabouraud Dextrose Agar

S. aureus = Staphylococcus aureus

TSB = Triptic soy broth

UV = Ultraviolet

VRE = vancomycin-resistant enterococci

pL = microlitre
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mnLmﬂuwﬂwu1nsnauwmawnLtm‘!'.uumumnw Fuudgmiifeiulsegasey
iy Tsedalowed lsewriAudu cenfuwildudnduduiy Fandgwidingn hiuganu
wenpuiarAua i ISemeuinlul Lwa'lﬁlmwanTsSﬂ‘mmuﬁiva'«qﬁmwLLa”Uaamﬂummmﬁau
Tulagiu Tnskuavnenisddouuamails fonam i lmionnundmInennsss s AT Ian
fiw fnivieadundd Wwovnl#nvuazussimlaasiieg dwmugduvidinduningInssssuya
Fdfyrlavdailaiua: ruanleagabdlutiagiu mmammsﬂg‘mu“Lﬂwiviwumwummﬂm
Fauandlumsed 1 msmammam‘lmmnmmauwsuuarmnLgamqmmﬂuaﬁ'dgmuuum fadl
swwqummmmeqmsmumaq fou a1slanuisTuTLenIINge Streptomyces sp.
ANNSOUARINNENTNTERUNSIBNYDILARUSE vamlefaududusgdvunluluand (Tadtong et
al. 2007) a’l‘imﬂmwwammﬂ%awmuﬂwwmﬂwmwamﬂﬂi@aﬁmaum'iaanqwa PRI
ansafunardnldielasnnndsafinUinugiunid wilslugduvddfldsumnuanlangs
mﬂ'lu{]aimuﬂaﬁ]auw3Ema’muaumfﬂ.uLsnaaw'wmmmmmauimlvm
A9 1 u.ammmu-uaammqmﬁmammwmnﬂauwwmmiﬂamvuw (Bérdy, 2005)

Source Antibiotics “Other Total Practically used Inactive
bioactive” bicactive (in human metabolites
metabolites metabolites therapy)
Bacteria 2900 900 3800 10~12(8~10) 3000 to 5000
Actinomycetales 8700 1400 10100 100~120(70~75) | 5000 to 10000
Fungi 4900 3700 8600 30~35(13~15) 2000 to 15000
Total 16500 6000 22500 140~160 (~100) | 20000to 25000
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sneulalndduarsiilesaidduifie 51% vy wmsmmwmﬁﬁuﬁummnﬁuLﬂuaﬂ‘{lwu‘ 38%
yonanigmuinarsddiuenidganeulalwinin 80% mﬁmq'nﬁmwvma*uw (Barbara et
al. 2002) FauTaprananlé Lau‘lmlm\LUuLmaaﬁﬁwmmanLmawumuﬂnamw’lumsavmm
mmynaumbﬂummwmimﬂmw,mmmw'm'\w L‘WE]u']l‘lﬂ'tjL‘U‘uﬁ'ﬁFIULLUU'LUﬂ’\‘iWGuU’IEJ'ﬂMM U
avraliAnUseloviumaaniduansisuasaly wonand meivmmlwaummwmrmaw
NTININGS wmauulwsmfﬂu'd'i s duumnasdfiinae mmun’mwaﬂum'ﬁmmmawaaL'ua
ouleleTERasd Ay ATamnsdanm
Microbisporae LUuLLaﬂmTumaawnawuawmmmmmaa’tmuamaw'ﬂm mmwmsmm
ludefeRewande Microbispora LﬂumwwaaLa'm'lwwwumwwmaiiﬂwwlm dawnde
Microbispora m;mnas’lmﬂmmuulwawnuma Ima‘Unma’awa M!Cn’ObﬁSpO!’O finnszaNLMm
agluiu weluld Tumd LALAIINEBUNIETTHYIADUY UsEyInTuaY 'num-uama Microbispora
‘I,u's wunﬂ‘uumnufmamamumw A wariinewesdunndouuinmtiun mafislania
Weruwulda Microbispora wm’lwummiLiua]wﬂms?1m-_nLma:.ﬁsswmmaa‘luwuanwm"ma
SEUUTALANAINULME IS TRV w‘nauulwﬂ.wwu,amqwsmammwmmmﬂmmaw
uaulasionn IiﬁU‘H']L‘T}'a Microbispora ﬁwm'mma’nakumsa MfCI’Obe,DO!’O NULANIANWIE
mL'wwuﬁimmLmuma‘mﬂmaauwiawwu'lummaauwﬂﬂua u,amqwﬁwwn'amwwmua.,muauﬂu
aﬁmwu'l.uw'uanulwsuuq LwaL‘uLUuwaawm:.mu'i.umias'ma'rivmﬂﬂamw'iumsmumhﬂmuaw
wulunanulng mammummﬂmnmmmau’hm ANITITENNIAIUAMURAINUANY LAY
aunsuAsTuvandIu Lwaﬁnmnmmn Foidenide LLa:ﬁnmqmsns"mumiaanua.,mwnﬂaa
adUsraMussansafaveuaangramlan wainie  Microbispora  AADAIUIUTIVTIM
aewug Microbispora 1nuUrTwummmaamnmﬂum‘sml'l_i'l.mﬂuLmaa'mmmu'lumsﬁnm
wardtuawaiunsaly mwumiﬂn'wﬂaU'luiﬂsan'ﬁua'mm'[,mnmm'iﬂuwm-ua Microbispora
wﬂ‘waiamawuswmmiawammsaannmsmwamwmmwamlﬂﬂﬁLUu’mmu'Lumwam
aﬁmmmumamswwmL{luawuﬂ'lw maamaw'}awoummﬂﬁ'nunnﬂ'munﬁﬂmu,un
LW’IZLgUQ aunims'mLuammaauqmsmammvwaawa MfC-”ObJSpO.”G anmw’amwwuﬂ
auanunsasaziuniaisnvewinidelny °lun'ﬁrsau'sm'rmaLnufmunﬁmaﬁwqusme
'TmmwmnLméaw%’wmns'luui::mmﬁ"'aaﬁ‘unﬂ.iu.fmm.ﬂ.m_iaa_x.maamagnniw.ﬁu.mﬂmm
ARavmannwatennsTan T wilafae



1.2 'mml's"ae.ﬂ }
1.2.1 WBlen mmaaﬂ Ltavmnmaunsmmwawﬁa Microbispora Fuonldanduuiiv
maamuﬂmaanwa Microbispora wmminwnmmiwquww'U’me
1.2.2 Lﬁaﬁwm'ﬁLﬁvmu,azaﬁmaﬁaﬁ’wmuamﬁmﬁm'ﬁa Microbispora u,l,a:mmaa'qué
nszfunstenuazundoagaduuuszam

1.3 YBUIUATRINUITY

m‘smaﬂsauavmenmimanulwsmmwawmmmmuamqwsmsnsvmumsaan'um
waduszanlau1vinnisuon dawden Anw1aynsuITIU Uas wmﬁaunwsmammwmqwa

Microbispora mawanau’lﬂamaﬂmuamawwu voulwaradlasn1sidudne a'\m-smwm-va

Microbispora wsaL'uaﬂau'lnamua'lm,uawaauuLwﬂmaawuaa 20 lolwian mn’mmnauma
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1.4 Usslprdiianadinazldsuvediasinisive

14.1 @wnsousnide Microbispora WiedenaulndiAsiiuanaqvinisnizdunisenyos
waduszam

1.4.2 a1snifunuTsaNimMaciuaynsuisuYes Microbispora #3p Fongulndifos
Lwa'l“uuJu‘uaua'luﬂﬁmmwmﬁmuaumaw

1.4.3 awmsnanmmsanwmumnmwmma‘uaa Microbispora Ffaden
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TspifendaatussuuUsyam (neurodegenerativedisorders) wu \sadalwes (Alzheimer's
disease) wulmmnw'luﬂww amalwﬂ’zﬂUivauﬂmmmamumﬁusLmvsan'mm'l.ﬂ
(cognitive dysfunction) maumm‘smm'immlsﬂwmﬂwamwuwaﬂsﬂaa“lfmua'smmmnmw

\wadUsy a’mnnwawmnaumaﬁ?"wwmwwnmimumm'uaeLum -orlunoes ( ﬂAmyloud

ﬂA)— induced oxidative stress) muumsﬂmnummn@ﬂiﬂmuﬂwmsmuauuaaasumv
ey (Kim et al., 2001) mBE_J'NEHiWMﬂ’IﬁﬂuWU’}’le}Wﬁ%?ﬂﬂﬂﬂmL'Uﬁ’ﬁ‘d'iuﬁ'm Wy a1snau
curcuminoids 3 A wwulwuu%u TAwn  curcumin  demethoxycurcumin  Wag
bisdemethoxycurcumin LLamqw%‘ﬁwaqyaﬁaSsﬁw?}% DPPH radical scavenging assay A
fnin3mniiug w3 Oltocopherol wazansotlasfuiwad PC12 uax HUVEC 9anmnseauli
WinNN1Ie oxidative stress Y [)’A (1-82) l@e35 MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium  bromide) reduction  assay WUl EDsy @Y curcumin,
demethoxycurcumin, Wag bisdemethoxycurcumin sig PC12 cell ldun 7.1 = 03, 4.7 *
0.1, 35 + 0.2 He/ml uazmo HUVEC cell leiun 6.8 = 0.4, 4.2 £ 0.3, uaz 3.0 T 0.3 Llg/ml
auandy Tuvued ol-tocopherol feuidudu 50 pe/ml Wwawnsodesiuead PC12 uas
HUVEC annnisnsesuliiAnnie oxidative stress 483 FA (1-42) 1 (Kim et al., 2001) &13
wquaﬂnﬁau‘uaaﬂsvmwmmaamﬂaaanquﬁmuauuaaasmmﬂmnam?u oxidative
stress Fedsmalvilgaduszamgniiaty sauinaisnuadiedy Fodunnsdandnenans il
guiddusyyadaseiiannsadueyyadasylan vnardmalvansvardulgviuntousad
Jsvamiiadiouiu nswnuaniusuIuYeLuuIUsEam (neurite outgrowth) dHaRBNTS
YasueessruuUszaty lasastiadunsdsdyanulssamld (Lin et al, 2009) laglu
sumuasdas nerve growth factor (NGF)  Fafuansiifiquant@nseduliiinisais
microtubule WazraglMiAnnTsInLARIRNIILILTDLYUIUTEAM (neurite outgrowth) (Yang
et ol., 2008) @swaadasvlFeadUsTamTnruaUssa sty dwalissuulszamanse
fn synapse  Wuandu n"ridaﬁmmﬁmﬁﬁsawwﬁamﬁﬂﬁﬁ%u nsduMansATin LR
ARNBARINY NGF fozannsodurldlunisinulsaifeadesfussuulszam
(neurodegenerative disorders) 10 mﬁnmLﬁaﬁummsﬁﬁqw‘é‘mU'lﬁn,ﬁmmsaamxamﬁu
IUVBIUIUTEAW  (neurite  outgrowth) Sufionlfwadmziies wu PC12 (Zhang,
2007), PC12D (Wang et al.,, 2006) waz N2A (Mak et al., 2000) LﬁuLLuumaaﬁumsmaau
Tmfmz’mwamnmiL\JaUuuﬂmgﬂiﬂwaawmau,aum'immu‘uuaﬂsxmm‘uu ysnanddadinng
spsufnmstieneadinzdss P19 Faflu murine embryonic carcinoma cell 1nszsy
SrimAuelhanmsEsuwadufusadussamnlfifusuuieodunismaasugns

FinalEEnEn (Mak et oL, 2000) FapgaansifinstunuindigstasliAnnisenuasiity
U VDIMULIUTEATW (neurite outgrowth) LU scoparone Juansiuonléanndenuesdu

Liriodendron  tulipifera wuinas scoparone awdudu 200 UM anunsovivliiead PC12



Aan1seenuaziiusiuiuueweuseam (neurite outgrowth) 1@ (Lin et al., 2009) s
panaxynol fwonléan Panax notoginseng fianusovinlvilwad PC12D mmmaaanu.avl.wu

o

SuuuBILILIsEam (neurite outgrowth) Widuiu Tnsamiiuduilinaiingndo 8 pm
SomnanusovinlfususUssamiAeduiimuenuniigndndiy  (Zhang,  2007) @13
1,4,5,6-tetrahydroxy-7,8-di(3-methylbut-2-enyl)  xanthone Ausnleaindieldl  Garcinia

xanthochymus Aty 10 PM Aawnsovidlfiead PC120 anseonuaziiuduILYes
wrusUsEam (neurite outgrowth)leiguiiu (Wang et al., 2006)

ﬂﬁﬂUW‘ULLE]ﬂWIﬁJlJEJﬁViwa’IﬂEJiJEJ‘LUWaLEJBW'U (endophytic actinomycetes) nﬂmuwumn‘uu
S it waznseanvegluvansanavaiualiid L‘ziamu'lwmmuwmﬁuL'namawué'luu
Wy Microbispora  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
(Duanemal et al., 2008), Leifsonia soli (Madhaiyan et al, 2010), Micromonospora
ulbaghiae (Kirby and Meyers, 2010), Nocardioides caricicola (Song et al.,, 2011),
Pseudonocardia adelaidensis (Kaewkla and Franco., 2010), Rhodococcus cercrdfphyl!i
(Li et al., 2008), Saccharopolyspora endophytica (Qin et al., 2008), Streptomyces alni
(Liu et al., 2009), Streptosporangium oxazolinicum (Inahashi et al., 2011) MsFuNULED
LLBﬂGlIUEJEJﬂV]ﬂMﬁ’!ﬂWﬁ’]U‘UUDEIHU“UUQ‘UDQW'UWEUULmﬁd'ﬂaﬂLhﬁuﬂ'}'l;JWUW']uWE!ﬁWiVIWEmﬁﬁﬁ'U
atretuluad LLaﬂm‘[uuanmmuaﬂmuawaww0nﬂuwuuuuﬂumﬁuwaanauavaﬂ%
mum aaLUuU‘S"TwuaEJ']au’:nmam'iﬂﬂmmalmmmaﬁwmanmuﬂwuwquﬁwmmmwaq
'nrmﬁﬁm:m'uaLLaﬂmTuuﬂaw'LuLuamaw“u wmmL‘Uamaaﬂaa'\msmwammwmenwuﬂw i
mqwﬁmammwmmauh u.a'"uN‘uummnamwa\maummwwmmama‘l‘mﬂumsnm‘l'iﬂlm
m'imﬂmwwamlmmm'uaaa'uwitmanmmmmqwmdumwgmuuLLm gefis1891uNdaanunse
meqwamumq'] Foiy ansRan Ul BUNLENIND Streptomyces sp. AHITNRARN
qwﬁm'imuqum*saaﬂ'uaaL‘uaaUE:a'mlmwmmL'Umus.,muuﬂu‘[nm'i (Tadtong et al. 2007)
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3.1 mafiudegn Msuenuazmsdienid (Aenuivimsvasoyiiudeya - Angiveeans
anumalulagwszasundninaummsainnszUs)

3.1.1 mstfuiegne msuonide uaznisdnidenide

3.1.1.1 fegivayulnsililumsuenide microbispora
fvanulnsildlunisidolsun ey (Curcuma longa) Fsdsrbsufunuansidvdnisnseduns
senveaadUszam Tnodenfivayulnsfiimsugnlaglilvansied luwedmiasngd s 5
fhathe Tneifudhegredwilsfiu dumdedu uarluvasisiladuiudrundrsdetharom
FuliTonmgd 4 ssmieadva sunsevisdstunsunisuonide

3.1.1.2 msuam%a

Uiegnairannde 13.1.1.1 indedulufindontunn 1 x 1 wuiwes wesurluaisazats 0.1%
Tween 20 e 30 Judt andudredohndutsimannide 2 pdh thdudufisudady 95%
(v/v) ethanol Junar 10 wiit deasunaitedegrefeuurluansazats 1% sodium
hypochlorite i 10 uift udrdstihnduusmnde 2 aé e 5w (V3ee19Usy
nsswiimummnay) Sudufieildazgninnualubndulseandeuiinu 02 faddes
UAINABAIULDIMNT starch casein agar AnaueUfTus thawe sz sl luguy
muRNEnMglA 30 asraldva Wunan 21 Yy Wersunawinsfenfulaladniidnvusaes
Bouondlududn lnomsadnuulelaiinnglindesganssalifiaudszoznisvineugs  (Long
working distance lens) Rl’m'sfuLLEJm'T;a’LﬁU%ijéuummi Yeast extract-Malt extract agar way
Audslilurasnomisidos (YM stant) ieldlunisvaasusioly

3.2 msfnwieynsuisiurande (@ouivhnsveaesifiudeya - Auyivenmans anvu
walulagnszasunandnaummisaiansz )

vilngodunsindnunesng quedafid

3.2.1 SnwuENNAUFINAINGT N5y asTIveuarduadl

mswaaué’nwmsmamsm%‘nﬂmULgauﬁawmmﬁﬁﬁwumaq'lu International  Streptomyces
Project (ISP)  wllmaneq 1ne38 Crosshatch streak (Shiring and Gottlied, 1966) ms2analaug
nsiady euardvalaladfuuy ﬁ‘uaaiﬂiaﬁﬁméwLs.azsmi’mqﬁa:maﬁﬂﬁtﬁwﬁ’unismwﬁ
uW3FM (The Jacal Color Card L2200, Japan Color Research Institute) as29ganwuyvady
louagnisadwadeidmemata Simple inclined coverslip (Williams and Cross, 1977) 3730
Snvnurveniofundomansiauarasvseudnsuraloiveaions Scanning  Electron
Microscope  (SEM)  Tagdmsvesuiiniasiioldvinemansuasmelulad  punansal
WIIMENERY anwurmasTinewasundvinnnsasisasunisaatsuls nsaaneladiu nisaany
waglaa nsaanelusAuluun (Williams and * Cross, 1971)  nsaanglaatdu msImdlumm
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(Arai, 1975) manugaumgd manunda nMavuerslunsa-ane waznisldunasansuau (Shiring
and Gottlieb, 1966) 2 nmsAnwdazannsodanduideitiungusneg wanhunuenlonie
WoitiinuaniRisuusasnausnfnuludusely

3.2.2 AnwamauiFviseynsiisnuaiivaads  (Komagata and Suzuki, 1987)
ﬁwnmwwmﬁu&mL'“uuar?f'umuLwiaxnejulummima'a Yeast extract - Malt extract UuiA3AREN T
guvndivios Wunan 4 Ju sniwhmsifueadlnenstumissuesiilieaduiameldnmudu
(Freeze drying) thiaduislunaasumsaynsuistuindvondessd

3.2.2.1 MmyAseindaead
57388 Diaminopimelic acid vaads lnudoeaanowaduiadng 6N HCL 7 100 perwalfea
Wuna 18 4alus udnily spot uuwiu TLC (Merck No. 5716) Develop #38 methanol -
water - 6N HCl - pyridine(80:26:4:10) 14 0.5% ninhydrin solution Tu n-butanol wWuudalw
Au3oud 100 ssmwadoa 2-3 undi Lieg spot Afsdudisuiu standard

3.2.2.2 N153LATIEY Whole cell sugar
Uwaduviewlelasladme 1IN H,S0, ﬁamwnﬁ 100 asrneadva ww 2 Falus Aelidundade
\fiy Ba(OH)2 LLﬁ""Uﬁ‘U pH_ au'lu'tm 5.2-55 m"lﬂﬂum*ma AALBANSAYAeEIUUY (supernatant)
aviliuds azanegrdaeth aantu spot a3uu cellulose TLC plate develop ¢t butanol -
water - pyridine - toluene (10:6:6:1) Wuéne acid aniline phthalate aqumﬂqu 100 94fn
waldua uu 4 Ui sy spot TlATY standard

3.2.2.3 NTUATIEA Polar lipid
dnaduafleunaia polar lipid s methanol ﬁqmwgﬁ 100 pernwadoa (Junan 5 undt e
Thbuuaaiamasie chloroform nseanInwad (debris) 8an vins partition #ae chloroform
uaz saline 1hiu chloroform usswmeluds azanusdae chloroform - methanol IGEEERY
A98 spot aauu HPTLC (Merck Kieselgel 60 F254, 10x10 cm) %13 develop 2 #immia
(two-dimensional development) 678 solvent system 2 ¥ia As chloroform - methanol -
water (65:25:4) wag chloroform — acetic acid - methanol - water (80:18:12:5) udWusae
50% sulfuric acid aufigaumgdl 150 srwaldua (Wunan 5wt dune spot MAnTy

3.2.2.4 MsiATeiosdUsEnauaInIalusiu (Cellular fatty acid)
Witn  methyl ester wpnseludu  nwaduilaulalasladiisaisazate methanolic
hydrochloric acid figaumail 100 ssrwadsa Wuan 3 92l udadedhe Tesdeudnes
WAAASTITAAY gas liquid chromatography

3.2.2.5 MTUATIIN Isoprenoid quinone _
vwadusieanacie chloroform - methanol §ns1dIu 2 o1 vuiedeawEn 1 Ay 9ntunsosuas
vidliuks  hahufilfazanedisng acetone wdwhlviudavduuuiy TLC (Merck. No. 1.05715
Kieselgel 60 F258, 20x20 cm) ipthaniinsieidne HPLC

3.2.3 MfiATERauUaUUAEAOuBUYI3 165 rRNA gene warnns
AAsERaneITUUING (phylogenetic tree)
11 DNA Fluenlsl sfinuiunn ONA Tutae 165 RNA genelasld Universal primer viufiisenlu
\A304 DNA Thermal cycler (GeneAmp PCR System 9700; Applied Biosystems) 165 rRNA



gene "ﬁLﬁuﬂ%m’\ﬂ.ﬂ.ﬁl\"{lzgﬂﬁﬂﬁu%?jw%‘uﬁﬁmﬂzﬁﬁﬁﬁuwﬁiﬂﬂl‘if ABI PRISM BigDye Terminator
Cycle Sequencing Ready Reaction Kit (Applied Biosystem) ﬁwﬁuﬁ’mﬁ‘[dwémﬁ%zgnﬁw
mMaSsuiioy uazalignment Audviuinadlelndlugiudayaves Genbank/EMBL/DDB) Tmeld
BLAST program Wag alignment software (lunsfiild CLUSTAL W program package) 91889
Joyailu multi-data set uaza¥is phylogenetic trees u MEGA software program version
2.1 uasdineitoyadils

3.2.4  nTIATIEY DNA base composition (Tamaoka,1994.)

3.2.4.1 Msusn DNA uazvilsiuians
{Hoadely Yeast extract - Malt extract broth WHunan 4-5 $u sntufuiseaduardreme
saline-EDTA vhlMiwaduanda lysozyme war Tris-SDS solution annuaiagie phenol uat
chloroform mnmgnau DNA 698 cool ethanol  fdn RNA waslusiu leaunisiiu RNase
solution wag proteinase K uazifiu DNA Fl37 —20 pamugalgiua lu ethanol

3.2.4.2 NMTIATIEN
insgu nucleoside w89 DNA waaglaluian 3nnslelaslad 10 pl heated DNA (1 me/ml) diae
10 ul nuclease P1 Unfigumgfi 50 ssAwadoa (unan 1 $alus uaclelnsladsiose 10 ul
alkaline phosphatase flguugll 37 ssmieadsa uar 1 $ale uddniluiinsside
HPLC

3.2.5 Photobiotin labeling DNA-DNA Hybridization

3.2.5.1 Immobilization of DNA in microtiter plate
viem 100 pl vosarTacany heat - denatured DNA (1 ug DNA / well) w84 type strain, control
DNA (calf thymus 38 E. coli) uay DNA 29388 unknown Uuhmamvmu 37 DaFwalTLE 2
Halus udumansavane DNA duiis S1adan PBS Useeliuedt 45-60 asriaidoa

3.2.5.2 DNA labeling with photobiotin ( DNA probe )
\W3BuANIAYAIY DNA Y84 type strain Tumasn eppendrot \fiuaisaxany photobiotin waslvid
fu wdluansluiuds DenBiudrdesdnouasainvasn sunl amp Ay 0.1M Tris-HCL buffer
(pH 9.0) k¥ n-butanol Jude vortex {}um’mm 12000 rpm w1y 20 W1 Tansazatstuuy
m WAy n-butanol LLa.,f!mmmanﬂia maﬁavaﬁm‘uuu U1 DNA wmmaa'mnmlﬂmu'l.um
Won 15wl vilidueenasiasuanihly sonicate udninlunauiu hybridization solution

3.2.5.3 Prehybridization
WUAAIAZANY  prehybridization adusasnauYes plate udliuw 1 42lue wammnuawsu
hybridize u&mansavanediing

3.2.5.4 Hybridization
wonasazaLTinas DNA probe w9 type strain asusazwau Un plate dousuwanadn valsd
gouupiivangan 12 Filas udieansazansd



3.2.5.5 Detection of biotinylated-DNA annealing to immobilized-DNA
dowansarany hybridize M Adan 0.2xSSC 3 ade duansazans | (Bovine serun
albumin (Fraction V) , Triton X - 100, PBS) Unli# 30 ssmeaided wiu 10 Wit warsazay |
s
Colorimetric method : Winaisazaly streptavidin-peroxidase Tu PBS ﬂ'u 0.5 % BSA Uit 37
DIANTALTA U 30 W Lammmﬁavmam wardnaday PBS 3 ay avndulBuansazany
tetramethyl benzidine - H,0, Uufl 37 ssrwala uy 5-10 ui azifinansazatedn uwan
Tmamduvesdinyg  microplate reader (630 nm) wyaUifzenshsaisarals 2M  H2504
asararsanUdouduiiviowdinnudud 450 nm aelderfidanns
NN3ATUINM Homology % = (Vsample - Vcontrol / Vtype strain - Vcontrol) x 100
wa9INN3ANYT DNA relatedness aramnsofgationdnuaiveadold winideiinuiluded
wanssniiredssnulisiiudedinsiiedasuundsludsely lneld3smsdiinanun

3.3 maviindefuliinaiiendnansuarnisadiuenans (amuﬁﬁwmiwmaaa/ﬁwﬁm&a - AN
mueans antduneluladnszosuindusinummsaianseds)
vmsidsadaueriluibiviuidodonvmpuinsihiauls dldanlannisdosi 1 Ty Seeo
medium (Yeast extract — Malt extract broth; pH 7.3) Uuiateliuuiaisaegianuds 180 seu
siow? Aigrumpivies uiu 4 Fu udiBuaraluons Production medium (Yeast extract — Malt
extract broth Tifisl 0.1% CaCOy; pH 7.3) ) lagiAn 1% inoculum 03 seed medium aslu
production medium Unidsdliuueionginnus 200 sousound figumgiivies Wuan 10
fu dnbwindennsessiiunszanunses Whatman No.1 LWEJLLEJﬂLEJ"E?!'JUU"I.I.ﬂi.LauL‘ﬂﬂﬁE}E}ﬂ‘R]‘Wﬂ
fu 9nthuniannilanwings partition i ethyl acetate 3 Afe udnhlusemeluraneling
anauey agldansadauuuludiu ethyl acetate (crude EtOAc extract)  ludlunaseaddun
wtlu MeOH ua CH,Cl, mudrdu 9ndusamenisliainuiu wasihdudivdouwinsasnge
EtOAC 3 At vxldansatavevludiuvensad LU'iauma‘u:mﬁmw'm1w=uaemsanwmu'[u
duvanilauavdiuranad mmmLaaﬂmianwmwquﬁmqmmwwmu'ﬂms.an'lwmams
moll
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3.4 MIAaaUaNEMITIAIW

3.a.1qwénixﬁumwaﬂu.azﬂﬁﬂﬂﬁamaéuwawﬁsam
3.4.1.1 Mawsdsuvaduszamivauiin
mateiiieradussamiauiunlfduiuusasslunisveasy
AT beaEREU
- waéﬁﬁmﬁ’ngmwwzLgm'i.ummﬁgamaﬁwﬁm O-MEM (alpha minimal essential medium)
fivnnsidin 7.5% newborn calf serum (NCS)uay 2.5% fetal bovine serum (FBS) luussuna
5% CO, fionavgdl 37°C vms subculture ¥jn 2-3 $u(29)
mswdsnhligadRauiivdouulasiuduadussamigu
- dneadRauiieiyduiuisituuuiinusmnsdoandy trypsin 1%
nanenduleadiien dieadun 2 x 10° cells/ml wzidesluowisdesead Q-MEM Fvinasidy
5% F8S uaz 0.5 pM RA Tu petridish vuredusiugudna’s 100-mm ussene 5% CO, W
gl 37°C wadarsaunguiuildnvuziu embryoid bodies ¥inmsiasuommn 2 u(29)
- vinwzidsanduae 4 fu Winsnseane embryoid bodieslinanady  wadidvasely
We udniewadilalumnzidsun microtiter plate vnsiARauRnnivurday poly-L-lysine
(4 50 pg/mL poly-L-lysine fiazanelu sterile phosphate buffer solution wivasluusiazvay
994 plate WJuan 1 Au udrrostharsaratseanudesluianeldsd UV Ty aminar flow
hood Turian 30 wi) Tnemnzdosiira iy 7 x 10° cells/mL (150 pl/well w3y 96-
well plate lunsns19indnsnTsendindie XTT uazl.s mL/well & w3y 6-well plate Tunas
asraguuweUssamanglindes gavssed) Tasldomnsmndsady  OCMEM fivinisiin 10%
FBS 1Wuan 24 42lue Tuussenia 5% Co2 'ﬁamwnﬁ 37 °C
- \@iY 10 uM cytosine arabinoside (Ara-C) aﬂua’lmmauamaa LLa“W&mSLUaﬁJummiwn 2-3
Tu maaavmaammaduL'dumaa'u'svmw favysamiouldlunisveasuluiudl 8 wosnns
wautam(29 30)
3.4.1.2 mineasugvilumsten Unlas wazifiuduiuveauauatsyam
witnasvaEUgVslunIs kAT RLS LN RIS EA ™
- dameasuurazsiinuatauiieivaraefivuiray ewsoy Anududus ey
(stock concentration) 71 2 mg/ml uax 20 ng/mi dwiulilunisvaasurely wagldmvhazany
Junaumiuau
MAABUMIG VI UNTSIBNLALIRLS U NI LTS E AW
- dhansaraefesstuiimudududingn rmeasuiuwadUsramREUET
Batuainmsmiisihwadiauidadu embryonic carcinoma cells A28 all trans-retinoic
acid ifmn1s differentiate Uiy wadUsTAMAAUIUGPSIN0RI NS TRRTInvR YA
Useamaaeds XTT reduction assaylasldsivinas awrﬂunénmumu m’amwﬁ’wﬁ’u'lum'smaauﬁa
100 pe/ml Wause duenuduwrawaduszamluy mammmmmmwmu 1 ng/ml Wile
'UivLuuasmmwammmamaamuam Ymaveaau 3 A% urszadinsmaaouea 3 91
- ynfiesdudud 1 ne/ml danunsavinlfieadussamiisnsnisseniin
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(% cell viability) uannIMmsawiniu 100% U MARBURBIAENTEUNAZNWIIENINIBATNYDA
wad  lesdanmnisiiufurentuneadlsyam  waramle  mmgniiRuiureLsUssam
melindesgavssat wazdudsuneusszam  wae/MiomueNTe LT A MY 30
\wad nnsanuiuiensiinetiedos 3 vinadlidiy wdnaeieonuduiuy
wrusdsvamiai wasenmenedy Wisuifouiundueussilllddnsiuarveasy Tngld
a3 geldanamycin  aduasitrednisnenuinduansiiiignilunisigliiAnnseenuasiiy
IuuvesrusUsrawiiugaaluAuvnauIn Q’?ﬁ’aﬁmsmmpwﬁmﬁag}'uﬁa

- winasanailalaawnsanseiuliiianiseenvesususszamlioe dwmeaasumenudiu
fraiwadUszamsalu lngveasufiaududuniag 5 armududy %quﬂumnmﬁwﬁuﬁmamau
ﬁmuL-uu*vumU’mumﬂumsmaaquﬂun’manu,auqummu‘uaammmumw yinnsvaaau 3
At udazafninamaaeuth 3 9 udenudy  Avade 1050 WathdeyauiuTeudieu
therapeutic index (TI)



=
uny 4
o = I
HanN1IANUUNITIVE
= o " -g
41 MENUA2981ILAZNISUENLYD
Ievinmsiusegnviiviunndmia 91933 uunys myauys wsruasaiogseuavaseyi

Unnviniswanitiouenniudsdn wuilddsueadludodvsvue 22 loloan seuanslunisnd 2

= - & e ' 1 - v o v
A9 2 LARISIUATLIDUAYDINYRIDEN {Lﬁ:ﬁWﬁL‘UBLL@ﬂmIUEJUﬂWWLlUﬂIm

vlinvoIny . . x

- T = = A W

Fanaly FoInenenans
yiuu Curcuma Longa Linn. Y3 RT1-1-1, RT1-1-2, RT1-1-3
YUY Curcuma Longa Linn. uunys NT2-5-1, NT2-5-2, NT2-5-3
Yufu Curcuma Longa Linn. aysen AT1-1-1, AT1-1-2, AT1-1-3, AT1-1-4
Ut Curcuma Longa Linn. nRIuYs KR2-2-1, KR2-2-2, KR2-2-3, KR2-2-4
iudu | Curcumna Longa Linn. uunys INT2-T=t; NT2-7-2, MT2:7-3

, :

YUY Curcuma Lonega Linn, aseys SR3-3-1, SR3-3-2, SR3-3-3, SR3-3-4
\Doavuneun | Kaempferia larsenii guasws il | KK1-3




4.2 msAnwieynsuistuveadousailudviv
4.2.1 anwuniailulngd
ludaudsusailufodniomn 22 lelaian ensivasudnwaemeiTulndly 18
fnwuenadugIuive) Shvusniaivineuasiued annsadndesondu a ngusd

ngudt 1 (Duveuerdluledn dasraduloenafvnouvuyuasidulsomnimady Liadese

L)
[y =

Tmgiazansluemns uaradnavesifnvuzseiudugiiauuduloeinia (Uil 1) Wolunguil Wiy
1#fluuemas 1SP2 1SP3 wax Nutrient agar WslunguiUssnausaedo 9 lelean éun RT1-1-1,
RT1-1-2, RT1-1-3, NT2-7-1, NT2-7-2, NT2-7-3, NT2-5-1, NT2-5-2 Wag NT2-5-3
L%@ﬂfﬁﬁﬁ@?mléfﬁmmrﬂ'u%’wamnﬁaqaqmgaua: 2 lurafita 5 fia 10 mapAauaILIsH
wiglalutasenmgiigeandt 55 ssmeadua liansndaraatoaiu uiausadovaautuas

TsAuluuy safduansaddeuluwmsnlndululasyils (15197 3)

= o - &
UM 1 0 uazr 9 uansdnwrlalativoatolalean RT1-1-1 yusmns ISP2
A Uaveinmelindasqavssmivuuliuashoiaudiiifdeogs 400 )
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Snwauzeunsuistuaiiveadonaunulungud 1

winwadveadonguivszneussleluwaivesnsalassiluudnuuy meso wurhanals
Tua wuulua lelaa nglaa wazunglsa (Uuvuieiavin 8) Wuhaatenusluead wy
diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG)
uazwoalwalaiidilinsulasearafivssnauianglareniiu (GluNw) unealwalsluwad (Iwand
dUaviind 4) Mudnsusmeynsinuaiasinvamednguineaunsofuduliindenguileg
Tuar}a Microbispora

MIATITRERUIUAYRIEUYIY 165 rRNA gene vaadalolwian RT1-1-1

YINSUASIEVEITULUAYE 165 RNA gene saadousnilutiodv wuinidelelsian RT1-1-
1 fimuededaiuiie Microbispora hainanensis 211020 #tsefuA LA EAEIweETUTIAS
ol (%similarity) Yosae 99.7 fisedunudoriunes bootstrap values uu phylogenetic tree i
fowax 38 (U7 2)
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RTI-1-1

RTI-1-2
RTI-1-3
NT2-7-1
NT2-7-2
NT2-7-3
NT2-5-1

NT2-3-2
NT2-5-3

87

31

38
Microbispora rosea subsp. resea 1FO 140447 (D86936)

Microbispora corallina DF-327 (AB018046)

Microbispora hainanensis 2110207 (F1261972)

Microbispora siomensis DMK UA-2457 (F1199993)
Microbispora amethystogenes ICM 3027 (U48988)

24

Microbispora rosea subsp. aerata ATCC 154487 (U48984)
Microbispora bryophyviorum NEAU-TX2-27 (KF886293)
Microbispora mesophila ICM 31517 (AF002266)

54

96 Microbispora thailandensis NN276"7 (HM043728)

——Planotetraspora thailandica BCC 21 8257 {AB370244)

‘L— 837 (FJ426332)
82

- Planotetraspora kaengkrachanensis A-T 08757 ( FJ426333)

_L—Pn'a'no.'en'a_fpora mira IFO 154357 (D85496)

94 “Planotetraspora silvatica TT 00-517 (AB112082)

i[—Micrarelrasparaﬂ.'sca IFO 139157 (U48973)
M

a

Planotetraspora phitsanulokensis A-T 13

74

n

99 icroteiraspara glauea DSM 433117 (X97891)
Microtetraspora malavsiensis Ha7-7" (AB062383)
Herbidospora yilanensis 0351 M-12PT (DQ246623)
% Herbidospora daliensis 0385M-1PT (AY749433)
5|

Herbidospora osyris YIM 65077 (FJ214356)
100 —Herbidospora cretacea |FO 154747 (D85485)

0.005

Actinomadura madurae DSM 430677 (X97889)

U 2 wanadumisveadoleleiam RT1-1-1 Uy phylogenetic tree (NJ method)
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neud 2 Wudauerilusivin fahuduloennedeneummuasduleamsindossuuy Tl
aduneingiavarsluemis warahiaveiidnvussetudugiauudulsaina (Uil 3) Jelu
naudl Wildfuuemns 15P2 uax isPaelunguiUsznaudeido 8 lolman Wun SR3-3-1, SR3-3-
2, SR3-3-3, SR3-3-4, KR2-2-1, KR2-2-2, KR2-2-3 uay KR2-2-4

L‘?‘i'aﬂfjuﬁw‘%mié’ﬁmmLﬁuﬂwaamﬁa@oqm%’aaaz 3 lugaafitey 5§ 10 paanIuaINIso
wingldlutngungiigeaet 40 ssrnwadoa llawsogesamuaniiu wiausatosamaoutiua
Tusivluu safslimansowdsulumsmiidululasils @i 3)

= v - &
UM 3 n uar 9 wamsdnwrlalatvasdalolean SR3-3-1 vuewns 1SP2
A Jadeimalindasganssmiuvuliuasiheoaudififamenegs (400 win)
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Snwauzeynsuisurdivesdosunulunguil 2

nluaduendenguivsznoudelelewesvesnsalaasdilufiwdnuuy meso wuthmals
Tua unulua lalaa nglea uazunglsa (guuuvdianaviin 8)  Hudmadovualusad wy
diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG)
uagwoalwalafidslinswlnssadrefivsenausenglaeniu (Gluny) dunealwaUsluwad (Inansd
alavilndi ) mednwurmesynadnueiuarinvamedug wiveranunsaduduldindenguioy
'l'uar}a Microbispora

MsiessdiiuIUaYesButag 165 rRNA gene vaadalaleian SR3-3-1

¥ IRTIERANRULLATIS 165 rRNA gene vaaitausnRlusiodn wuindelolean SR3-3-1
fauadondetuide Microbispora rosea subsp. rosea A SEAUAIUARILASIUDIEPUTHIATLD
Tnsl (%similarity) Soeaz 99.8 'ﬁizﬁummﬁaﬁuwa bootstrap values Uu phylogenetic tree 7
Youar 100 (U 4)


Lib
Textbox

Lib
Textbox
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KR2-2-1

KR2-2-2

KR2-2-3

IKR2-2-4

SR3-3-1

SR3-3-2

56 SR3-3-3

SR3-3-4

——Microbispora rosea subsp. rosea 1FO 140447 (D86936)
Microbispora bryophviorum NEAU-TX2-2T (KF886293)

Microbispora coralling DF-327 (AB018046)

100

__EMlcrobrspora hainanensis 2110207 (FI261972)
86 Microbispora siamensis DMK UA-2435"7 (F1199993)
Microbispora amethystogenes JCM 3027 (U48988)
Microbispora rosea subsp. aerata ATCC 154487 (U48984)
Microbispora mesophila JICM 31517 (AF002266)
Microbispora thailandensis NN2767 (HM043728)
Planotetraspora phitsanulokensis A-T 13837 (FJ426332)
Planotetraspora thailandica BCC 218257 (AB370244)

98

Plancieiraspora kaenghkrachanensis A-T 08757 ( F1426333)
Planotetraspora mira IFQO 154357 (D85496)

68
89 -Planotetraspora silvatica TT 00-317 (AB112082)
100 Microtetraspora fusca IFO 139157 (U48973)
100 Microteiraspora glauca DSM 4331 I (X97891)
Microtetraspora malaysiensis H47-77 (AB062383)
_(-5:?_ ———Herbidospora yilanensis 0351M-12PT (DQ246623)
o Herbidospora daliensis 0385M-1PT (AY749433)

5| Herbidospora osvris YIM 65077 (FJ214356)
100 =Herbidospora cretacea IFO 154747 (D85485)
Actinomadura madurae DSM 430677 (X97889)

0.005

guﬁ 4 uanssiuvisvedeleluian SR3-3-1 uu phylogenetic tree (NJ method)
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nduit 3 Hudousnailuliudn fadraduluonniadeniouruy uwaziduleewmsyuwdu liasnesn
Sngiavaneluomis uazaivaUaildnwnzseiudug fnvuduleatnia (sUit 5) Weolungui 1winy
l@Ruuamns ISP2 uax |SP31.'?:"a'[unﬁuﬁﬂs:nauﬁwu‘ﬁua ¢ loloiam loun AT1-1-1, AT1-1-2, AT1-1-3
hay AT1-1-4

L*‘ﬁvanEj':uﬁuw‘ifylﬁﬁﬂ'mJL'tTm'J'u'ummﬁaqa?jm%’auas 3 lutefiion 5 fia 10 maomauaLnse
winldlugasgumgiigeand 45 ssmiaidva ldawnsodosaasnaiu wiausngosaansutiouae
Tusiuluuy saufeaunsowdsulumsvlidululasild (s 3)

= o - &
UM 5 0 uar v uansdnwrlaladueatoleluian AT1-1-64 yuamas ISP2
A Uavesmeldndaaganssmivuulduashuaudffifdamensge (400 win)



20

dnwuzaynsuistuedvoadofunulungud 3

nlsgadveadanguivsznousalalamainmselaoziufadnuuy meso wurhmals
Tua unulua lalea nglea wazaglsa (Uuuudmiasin B  Wudhanadonualuiad wy
diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG)
uazwealvdlefidilinsiulassairafivszneumenglreniu (Glunw) uwealwaleluead Inand
AUnvdad 4) ﬁwé’numzmaagnsu‘imumﬁLmsé’nwmmaﬁmﬁwﬁwmmmsa?xué‘ﬂéﬁwL%uanfjuﬁag
'l‘uaf]a Microbispora

o

NTIATIEVAIRULUELDIEUYIY 165 rRNA gene vaudalaleian AT1-1-4

s msedEduluaYae 165 RNA gene vaudiouondlulidn wuindololuan AT1-1-4 Sy
aduAdatule Microbispora bryophytorum  aagsziuAINAaIEARIvaIasuaaalalng (%
similarity) Sovaz 99.6 fisviunudesiua bootstrap values uu phylogenetic tree fi¥ovay 20

(Ui 6)
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59

76

82

51

Microbispora amethyvstogenes JCM 3027 (U48988)
Microbispora rosea subsp. aerara ATCC 154487 (U48984)
Microbispora bryophytorum NEAU-TX2-27 (KF886293)
Microbispora rosea subsp. rosea 1FO 140447 (D86936
Microbispora corallina DF-327 (AB018046)
_,—A-.’icrobispom hainanensis 2110207 (FJ261972)

67

Microbispora mesophila JCM 3151 i (AF002266)
e P

38

53

100

95 l——Mfcr'obrspom thailandensis NN276T (HM043728)

Planotetraspora phitsanulokensis A-T 13837 (F1426332)

Planotetraspora kaengkrachanensis A-T 08757 ( FJ426333)

- EP!anaterraspor-a thailandica BCC 218257 (AB370244)

Planotetraspora mira IFO 134357 (D83496)
78
9

6 —Planotetraspora silvatica TT 00-517 (ABI 12082)

i{_—-Micrmen'mpomﬁuca IFO 139157 (U48973)
39 M

icrotetraspora glawca DSM 433117 (X97891)
Microtetraspora malaysiensis H47-77 (AB062383)

——Herbidospora vilanensis 0351M-12P7 (DQ246623)

Herbidospora daliensis 0385M-1PT (AY749433)

- ?erbtdospor'a osvris YIM 65077 (FI214356)

100 “Herbidospora cretacea IFO 154747 (D85485)

0.005

Actinomadura madurae DSM 430677 (X97889)

U7 6 uanshundswoadelolatan AT1-1-4 yu phylogenetic tree (NJ method)

Microbispora siamensis DMK UA-245" (F1199993)
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nduft 4 \Judeueniluiniiaiiudulvoniafuuaraiaduloavnsinies a$19senTmi

zagluemsfiviesnn adaveilifnuusduavsnuanden (Uil 7) Weolunduil wigldiuy
9113 ISP2, ISP 3, ISP 6 uAr nutrient agar \elunauivsznousude 1 lolean 1Hun  KK1-3
L'?J"ana'uﬁm'%rylﬁﬁmmrﬁwﬁwaqmﬁaqqqm”aaas 2 lugemiey 5 fa 10 masnsuamnsnaiyld
luvgungiigeaed 40 swmuwaidea liansnsndevaansinaniu wiamsngasaasutls sl
uy safisldanunsowdsulunmlidululasmld (s g)

U7 0 e v uansdnvurlaladveadaloleian KK1-3 yuaimis 1SP2
A guavesneldndesganssmivuulduashoaudifimdmenegs (200 win)
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é’nwm:aunsuﬁmumﬁwmLﬁaﬁaumﬂunﬁuﬁ 4

muwnaa*uamanauuﬂ‘s noustlalgwaivainialaeeiluiiudnuuy meso  way OH-
meso Wag Lysine wumma glucose, mannose, rhamnose, ribose Wag xylose Lﬂummammum
lulwad wu diphosphatidylglycerol, phosphatidylelycerol, phosphatidylethanolamine,
phosphatidylmethylethanolamine, phosphatidylinositol, phosphatidylinositol mannosides
Modnsaeniseynauisuaduazdnsamsduguineransafusuliindongudogiuana
Phytohabitans
MIIATIEAIRULIUETD B LTS 165 rRNA gene vaadinlaluian KK1-3
YmsiATIevdIRuILAaYae 165 rRNA cene wpadousmilusivin wuindelelaian KK1-3 Saann
pdepdatiuide  Phytohabitans houttuyneae  Mus¥AUAIUARIBATIVRIETUTIAALELNA
(%similarity) Sovaz 99.04 ﬁizﬁum'}m%aﬁuﬁad bootstrap values U phylogenetic tree #i¥ou
ay 72 (suﬁ 8) navd3 DNA-DNA hybridization sewinelelaian KK1-3 way L'TYE) type strain U03anNa
Phytohabitans wasﬂnawamuu phylogenetlc tree :Jmafﬂu‘v'n 14.7% + 4.1 -38.1% = 0.9 910
°uauammmasﬂlmwLmalalmam KK1-3 LUuwaaU'ua"[m'uaaana Phytohabitans 33lavinn1sanuw
manuscript  @MIUANNWILAISAS International Journal of Systematic and Evolutionary
Microbiology (IJSEM) ludaiios Phytohabitans kaempfereae sp. nov., an endophytic

actinomycete isolated from the leaf of Kaempferia larsenii

72|, Phytohabitans kaempfereae KK1-3"
81~ Phytohabitans houttuyneae K11-0057" (AB663560)
77~ Phytohabitans suffuscus K07-0523" (AB490769)
_— Phytohabitans flavus K09-0627" (AB663558)
56 73‘— Phytohabitans rumicis K11-00477 (AB663559)
981, Asanoa hainanensis 2101217 (F1155992)
~ Asanoa siamensis PS7-27 (AB59793 1)
99 [ Asanoa ferruginea DSM 440997 (X93199)
M 7?1_|— Asanoa iriomotensis TT 97-027 (AB112081)
' \‘ 71 Asanoa ishikariensis IMSNU 22004 (A]294715)

Jishengella endophytica 202201" (EU560726)

|
I
' 4 90, Dactylosporangium aurantiacum DSM 43157 T (X93191)
‘ - Dactylosporangium vinaceum DSM 438237 (X93196)
‘ Dactvlosporangium fulvum DSM 439177 (X93192)
|
o —  Actinoplanes philippinensis NBRC 13878 (D85474)
69, T Actinoplanes abujensis A40297 (HQ]S‘/] 83)
79 - Acrmop!anes deccanensis NBRC 139947 (AB036998)

TR S T R Streptomyces ambofaciens NBRC 12836 (AB184182)
001
s 8 wamIAUMise T e leTman KK1-3 Ly phylogenetic tree (NJ method)

Dactvlosporangium thailandense DSM 431587 (X92630)
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A3 5 SNWENITIDSYUDUTILDAR LT BENULDINITAINY

Isolate no. Media Growth Color of upper surface Color of reverse surface Color of soluble pigment
(aerial mycelium) (substrate mycelium)

RT1-1-1 ISE2 Good Medium white Dark Reddish brown =
ISP3 Good Pinkish White Grayish Reddish Orange =
ISP4 Poor Medium Gray Medium brown -
ISP5 Poor Medium Gray Medium Gray -
ISP6 Moderate - Light Olive Gray -
ISP7 Poor Medium Gray Medium Gray -
Glu.A. Poor Medium Gray Medium Gray -
Cz.sucrose | Poor Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -

RT1-1-2 ISP2 Good - Dark Reddish Gray -
ISP3 Good Pinkish White Grayish Reddish Orange ~
ISP4 Poor Medium Gray Medium Gray =
1SP5 Poor Medium Gray Medium Gray -
1SP6 Moderate - Light Olive Gray -
ISP7 Poor Medium Gray Medium Gray -
Glu.A. Poor Medium Gray Medium Gray -
Cz.sucrose | Poar Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -

RTI1-1-3 ISP2 Good - Dark Reddish Gray -
ISP3 Good Pinkish White Grayish Reddish Orange -
I1SP4 Poor Medium Gray Medium Gray -
ISP5 Poor Medium Gray Medium Gray -
ISP6 Moderate - Light Olive Gray -
ISP7 Poor Medium Gray Medium Gray -
Glu.A. Poor Medium Gray Medium Gray -
Cz.sucrose | Poor Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -
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Isolate no. Media Growth Color of upper surface Color of reverse surface Color of soluble pigment
(aerial mycelium) (substrate mycelium)

NT2-5-1 1SP2 Good - Dark Reddish Gray -
ISP3 Good Pinkish White Grayish Reddish Orange -
ISP4 Poor Medium Gray Medium Gray -
ISP5 Poor Medium Gray Medium Gray -
ISP6 Moderate = Light Olive Gray -
ISP7 Poor Medium Gray Medium Gray -
Glu.A. Poor Medium Gray Medium Gray -
Czsucrose | Poor Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -

NT2-5-2 ISP2 Good - Dark Reddish Gray -
ISP3 Good Pinkish White Grayish Reddish Orange -
ISP4 Poor Medium Gray Medium Gray -
ISP5 Poor Medium Gray Medium Gray -
ISP6 Moderate - Light Olive Gray -
ISP7 Poor Medium Gray Medium Gray -
Glu.A. Poor Medium Gray Medium Gray -
Cz.sucrose | Poor Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -

NT2-5-3 ISP2 Good - Dark Reddish Gray -
ISP3 Good Pinkish White Grayish Reddish Orange -
1SP4 Poor Medium Gray Medium Gray =
ISPS Poor Medium Gray Medium Gray =
ISP6 Moderate - Light Olive Gray -
ISP7 Poor Medium Gray Medium Gray -
Glu.A. Poor Medium Gray Medium Gray -
Cz.sucrose | Poor Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -




M5 5 ANBUZNIIIYVDILTOUDARLLTEENUUDIMNIANNY (#1D)

[solate no. Media Growth Color of upper surface Color of reverse surface Color of soluble pigment
(aerial mycelium) (substrate mycelium)
NT2-7-1 ISP2 Good - Dark Reddish Gray -
ISP3 Good Pinkish White Grayish Reddish Orange &
ISP4 Poor Medium Gray Medium Gray -
ISP5 Poor Medium Gray Medium Gray -
ISP6 Moderate - Light Olive Gray =
ISP7 Poor Medium Gray Medium Gray =
Glu.A. Poor Medium Gray Medium Gray -
Cz.sucrose | Poor Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -
NT2-7-2 ISP2 Good - Dark Reddish Gray -
ISP3 Good Pinkish White Grayish Reddish Orange -
ISP4 Poor Medium Gray Medium Gray =
I1SP5 Poor Medium Gray Medium Gray -
ISP6 Moderate - Light Olive Gray =
ISP7 Poor Medium Gray Medium Gray -
Glu.A. Poor Medium Gray Medium Gray =
Cz.sucrose | Poor Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -
NT2-7-3 ISP2 Good - Dark Reddish Gray -
ISP3 Good Pinkish White Grayish Reddish Orange -
ISP4 Poor Medium Gray Medium Gray -
ISP5 Poor Medium Gray Medium Gray -
ISP6 Moderate - Light Olive Gray =
ISP7 Poor Medium Gray Medium Gray =
Glu.A. Poor Medium Gray Medium Gray -
Cz.sucrose | Poor Medium Gray Medium Gray -
N.A. Moderate White Light Olive Gray -




AST 5 AnwarnTaiyresdeleaflulsdvuue msnneg (me)

Isolate no. Media Growth Color of upper surface Color of reverse surface Color of soluble pigment
(aerial mycelium) (substrate mycelium)
SR3-3-1 ISP2 Abundant Pinkish White Strong Yellowish Pink -
ISP3 Good Pinkish White Dark Yellowish Pink -
ISP4 Poor White White -
ISP5 Poor White White -
ISP6 Good Pinkish Gray Grayish Yellowish Pink -
ISP7 Poor White White -
Glu.A. Poor White White -
Cz.sucrose | Poor Yellowish White Yellowish White -
N.A. Good Pinkish White Pinkish Gray -
SR3-3-2 ISP2 Abundant - Strong Yellowish Pink -
ISP3 Good Pinkish White Dark Yellowish Pink -
ISP4 Poor White White -
ISP5 Poor White White -
ISP6 Good Pinkish Gray Grayish Yellowish Pink -
ISP7 Poor White White -
Glu.A. Poor White White 2=
Cz.sucrose | Poor Yellowish White Yellowish White -
N.A. Good Pinkish White Pinkish Gray -
SR3-3-3 ISP2 Abundant - Strong Yellowish Pink -
ISP3 Good Pinkish White Dark Yellowish Pink -
1SP4 Poor White White -
ISP5 Poor White White -
ISP6 Good Pinkish Gray Grayish Yellowish Pink -
ISP7 Poor White White =
Glu.A. Poor White White -
Cz.sucrose | Poor Yellowish White Yellowish White -
N.A, Good Pinkish White Pinkish Gray -
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[solate no. Media Growth Color of upper surface Color of reverse surface Color of soluble pigment
(aerial mycelium) (substrate mycelium)

SR3-3-4 1SP2 Abundant - Strong Yellowish Pink -
ISP3 Good Pinkish White Dark Yellowish Pink -
ISP4 Poor White White =
ISP5 Poor White White -
ISP6 Good Pinkish Gray Grayish Yellowish Pink -
ISP7 Poor White White -
Glu.A. Poor White White -
Cz.sucrose | Poor Yellowish White Yellowish White -
N.A. Good Pinkish White Pinkish Gray -

KR2-2-1 ISP2 Abundant - Strong Yellowish Pink -
ISP3 Good Pinkish White Dark Yellowish Pink -
1SP4 Poor White White -
ISPS Poor White White -
ISP6 Good Pinkish Gray Grayish Yellowish Pink -
ISP7 Poor White White -
Glu.A. Poor White White -
Cz.sucrose | Poor Yellowish White Yellowish White -
N.A. Good Pinkish White Pinkish Gray -

KR2-2-2 ISP2 Abundant - Strong Yellowish Pink -
ISP3 Good Pinkish White Dark Yellowish Pink -
ISP4 Poor White White -
ISP5 Poor White White -
ISP6 Good Pinkish Gray Grayish Yellowish Pink -
ISP7 Poor White White =
Glu.A. Poor White White =
Cz.sucrose | Poor Yellowish White Yellowish White -
N.A. Good Pinkish White Pinkish Gray -
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Isolate no. Media Growth Color of upper surface Color of reverse surface Color of soluble pigment
(aerial mycelium) (substrate mycelium)

KR2-2-3 1SP2 Abundant - Strong Yellowish Pink -
ISP3 Good Pinkish White Dark Yellowish Pink -
ISP4 Poor White White -
ISP3 Poor White White =
1SP6 Good Pinkish Gray Grayish Yellowish Pink -
ISP7 Poor White White -
Glu.A. Poor White White -
Cz.sucrose | Poor Yellowish White Yellowish White -
N.A. Good Pinkish White Pinkish Gray =

KR2-2-4 ISP2 Abundant - Strong Yellowish Pink -
ISP3 Good Pinkish White Dark Yellowish Pink -
ISP4 Poor White White -
ISP5 Poor White White -
ISP6 Good Pinkish Gray Grayish Yellowish Pink -
ISP7 Poor White White -
Glu.A. Poor White White =
Cz.sucrose | Poor Yellowish White Yellowish White =
N.A. Good Pinkish White Pinkish Gray -

ATI-1-1 ISP2 Abundant White Moderate Yellowish Pink -
ISP3 Abundant Pinkish White Grayish Yellowish Pink -
1SP4 Poor Yellowish White Yellowish White -
ISP5 Poor Yellowish White Yellowish White -
ISP6 Good - Grayish Yellow -
ISP7 Poor Yellowish White Yellowish White -
Glu.A. Poor Yellowish White Yellowish White -
Cz.sucrose | Poor Pale Greenish Yellow Pale Greenish Yellow -
N.A. Moderate White Pale Greenish Yellow
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Isolate no. Media Growth Color of upper surface Color of reverse surface Color of soluble pigment
(aerial mycelium) (substrate mycelium)

ATI1-1-1 ISP2 Abundant White Moderate Yellowish Pink -
ISP3 Abundant Pinkish White Grayish Yellowish Pink -
ISP4 Poor Yellowish White Yellowish White -
ISP5 Poor Yellowish White Yellowish White -
ISP6 Good - Grayish Yellow -
ISP7 Poor Yellowish White Yellowish White -
Glu.A, Poor Yellowish White Yellowish White -
Cz.sucrose | Poor Pale Greenish Yellow Pale Greenish Yellow -
N.A. Moderate White Pale Greemsh Yellow -

ATI1-1-2 ISP2 Abundant White Moderate Yellowish Pink -
ISP3 Abundant Pinkish White Grayish Yellowish Pink =
1SP4 Poor Yellowish White Yellowish White -
ISP5 Poor Yellowish White Yellowish White -
ISP6 Good - Grayish Yellow -
ISP7 Poor Yellowish White Yellowish White =
Glu.A. Poor Yellowish White Yellowish White -
Cz.sucrose | Poor Pale Greenish Yellow Pale Greenish Yellow -
N.A. Moderate White Pale Greenish Yellow -

ATI-1-3 ISP2 Abundant White Moderate Yellowish Pink -
ISP3 Abundant Pinkish White Grayish Yellowish Pink -
ISP4 Poor Yellowish White Yellowish White -
ISP5 Poor Yellowish White Yellowish White -
ISPG Good - Grayish Yellow -
ISP7 Poor Yellowish White Yellowish White -
Glu.A. Poor Yellowish White Yellowish White -
Cz.sucrose | Poor Pale Greenish Yellow Pale Greenish Yellow -
N.A. Moderate White Pale Greenish Yellow -
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4.3 NANISNAEIUIASTINISTENTIRVDNadUsTa e ldsua1TanAaINLYe

endophytic actinomycetes

ansanafLansinonwlunsinlieadussamilsnsinssondinuinnit 100% Ifudansataanide
lolowam RT1-1-1 (Faudiudu 1 ng/ml), SR3-3-1(fiAnsududiu 10 ne/ml), AT1-1-1(finrmdudy
1 ne/ml), KK1-3(Famdudu 10 pg/mb wandeRarsananudufviawadussammuiansania
RT1-1-1 wansmwifufivsawadussamiinn (ICo > 10 pe/ml) Fafudiawioudiou therapeutic
index (T1) szwinmududuiiauisaviTliieadussamisninissendinliunnnit 100% fuary
Fuduiinelinufiuivsawadussamuds Judenfiss RT1-1-1 wwhnsfnwauaunsalunis
nsERuNsENTBuTUIsEA MR LY 1 ng/ml diply

ANS9N 5 LEAINANITVAABUERSINNSTORTIRYBIradUstamdlalesuaisanaanniie
actinomycetes funulunausiigg

ansafinuonile AMULTNTY (5oBaZN1550ATIN + SEM)
Wudnsnssendin AU
RT1-1-1 (ﬂfjuﬁ 1) 1 ng/ml (142.37 + 2.03%) > 10 pe/ml (75.02 £ 4.01%)
SR3-3-1 (ngu#l 2) | 10 ng/ml (102.11 + 1.07%) > 10 pg/ml (110.25 + 3.22%)
AT1-1-1 (ngufl 3) | 10 ng/ml (101.01 + 1.00%) > 10 pg/ml (95.36 = 2.33%)
KK1-3 (ngudl 4) | 10 pg/ml (99.78 + 6.44%) > 10 pg/ml (129.78 + 6.44%)




v
4.3 WanNTMAgdU  neuritogenic  activity = UB4ETTANAINLTD endophytic

actinomycetes

A1519% 6 LAAILANITNAADU neuritogenic activity ve3a13aARIINYD endophytic
actinomycetes funulungumeg

36

d158na neuritogenicity

AUUIIVDILVUIUTEAMW (um) £ SEM FuruvauvuIUIEam (1dU) + SEM
RT1-1-1 (1 ng/ml)’ 100.60 + 4.56* 3.07 +0,22%%
SR3-3-1 (10 ng/ml) 111'1/191aauLWiq:qwéwﬁa'ﬁqn'}wU’lunaw
AT1-1-1 (10 ng/ml) ‘la.hnﬂaa'uLwﬁ:nwémq“i'l':mwmunm
KK1-3 (10 ng/mU linesouimszqninisianmiiunans
1 nM geldanamycin 102.11 £ 9.06*** 312+ QT
0.5%DMSO in OI-MEM + 10%FBS 5943 +6.12 198 +0.12
Control (Q-MEM + 10%FBS) 42 .89 + 359 1.1+0.15

*p < 0.05 WSbuwWisuiu control; **p < 0.05 W3sufisuiu 0.5%DMSO in O-MEM +
10%FBS

1 a < v 1 : <, ;
MINIsVAaBUILBIRN T Adng; 14 geldanamycin tUu positive control

ndoyanuin asafavendolelaan RT1-1-1 Ammududu 1 ng/ml Sqvinseduniseen
wasiuSIuIULILITEAW (neuritogenicity) Tnsansainanssaiius ururowsuUszam
WethdifdAymadfdenSeudieutunduaiuny wanguAazaeAIuAY  UaY
annsaviliurusdszamenannningueanuauilalasuasvaaevetisiituddgmnada
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T-1-1.14 TW/Bu T (2) [)o13u03] NERVULLBRIEIT (1) ac.b:omssou__
Do LE mmsa.mm 20D %S WLuLaLLnn) treed g1 rmnﬁmsams_\ﬁw (LW1 00T BLARLELY) wEEm.ﬁ,mmcﬁmrc_@:mwsrmnwvmmp;mp;rc_wrc?_\saﬁcmzﬁ._._ 11 uww
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4.4 WANTNAFDUNS neuroprotective activity YDIETANARNLTYD actinomycetes

A15197 7 LARINANITUAABUNNS neuroprotective activity ¥94a715aA91NWD actinomycetes AN

lungusing

a13enn $ovardnsIN1TTanYinuauYaalsdaIm + SEM
RT1-1-1 (ngufl 1) (1 ng/ml) 74.37 £ 1.14**

SR3-3-1 (nf;'a.lﬁ 2) (10 ng/ml) luineaaunsizquansdanmuiunans
AT1-1-1 (ngufl 3) (10 ng/m) inagoummzgnanedanimuiunans
KK1-3 (najaﬁ'i 4) (10 pg/mb lajwﬂaamwsnzqw‘ﬁ“mﬁqmwﬁﬁ
0.5% DMSO in O-MEM 31.16 £ 3.63%

a-MEM 41.18 £ 3.23*
0.5%DMSO in O-MEM + 100.22 + 1.21%

10%FBS

Control (O-MEM + 10%FBS) 100.00 + 0.00

»ndeyaasuledinaisatn RT1-1-1 fimnududu 1 ne/ml Sgvdundoeaduszam (neuroprotective)
lnsasaiaynedeanunsalesiuraduszamlilvinnganmsifinannunionsandindu (oxidative
stress) NMszadluan1Lliffy (serum deprivation) lfegeiidudfyniadfdaioudiou
fungueuauiitmzdeduswnsiiinaiuiiy wasnguamuauiionzdoduamisflidudiy wasan
NANSYIARBUOYSMUBYLAdasE annsnduduldiinalnmangriuntlewsadusramuasansada
viavumd LilsiAmnanguisueyyadaszuasansaria
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4.4 NANITVAADUONDALOUNADETY (anti-oxidation) waaaﬁanﬂmnwa actinomycetes

iv

A3 8 LARIKANTINAADUNVEAUBLYaTAsY (anti-oxidation) YBeansafnaINYe endophytic
actinomycetes funulungumeg

#5600 % Inhibition at 50 ug/ml + ICsq (pg/ml)
SD ,

RT1-1-1 (nguft 1) 12.53 £ 0.11 1NN 50 pg/ml

SR3-3-1 (nguii 2) 10.26 + 1.01 1NN 50 pg/ml

AT1-1-1 (nui 3) 24.99 + 355 1NN 50 pg/ml

KK1-3 (nguii 4) 12.00 £ 1.21 1NN 50 pe/ml

500 pg/ml gallic acid 94.21 + 0.33 lulevihnisvaasu

mnﬁanaasﬂlo‘w”jwmmﬁ’m*uaaL?'uuaﬁ’aLmuwnna’uLLamqwéﬁ'\uauuaﬁaiulﬁﬁaammﬁax.ﬁauﬁ’ua'\s
w35 gallic acid R]'m‘UEluﬁWU’)’]ﬂ’]iﬂﬂ@‘UENL'ﬂi}ﬂ’JLL‘V]'UﬂaLI"Vl 3 (AT1-1-1) uuuamqwsmuauuaaa'ﬁu
mnwaﬂ mmmaaﬁ'saﬂm'uaawamu.munaw 1 (RT1-1-1) na:m 4 (KK1-3) LLavnam 2 (SR3-3-1)
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A novel endophytic actinomycete, designated strain KK1-3T, which formed single
spore and long chains spores (more than 10 spores) was isolated from surface-
sterilized Kaempferia larsenii leaf coliected from Ubon Ratchathani province, Thailand.
The isolate contained meso-diaminopimelic acid and hydroxyl diaminopimelic acid in
the cell-wall peptidoglycan. The whole-cell sugars contained glucose, mannose,
rhamnose, ribose and xylose. The characteristic phospholipids were
phosphatidylethanolamine, phosphatidylmethylethanclamine, phosphatidylglycerol,
diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides. The
predominant menaquinane were MK-10(H8), MK-10(H6) and MK-10(H4). The
predominant cellular fatty acids were anteiso-C17:0 and iso-C16:0. The G+C content
of the genomic DNA was 71 mol%. Phylogenetic analysis using 16S rRNA gene
sequences revealed that strain KK1-3T should be classified in the genus
Phytohabitans. The similarity value of sequences between this strain and the closely
related species, Phytohabitans houttuyneae BCC 481477 (99.04%), Phytohabitans
suffuscus DSM 45306T (98.97%), Phytohabitans flavus NBRC 1077027 (98.62%) and
Phytohabitans rumicis BCC 48146T (98.14%). The DNA-DNA hybridization result and
some physiological and biochemical properties indicated that strain KK1-3T could be
readily distinguished from its closest phylogenetic relatives. On the basis of these
phenotypic and genotypic data, this strain represents a novel species, for which the
name Phytohabitans kaempfereae sp. nov. is proposed. The type strain is strain KK1-
3T (=BCC 66360T =NBRC 110005T).
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A novel endophytic actinomycete, designated strain KK1-3T, which formed single
spore and long chains spores (more than 10 spores) was isolated from surface-
sterilized Kaempferia larsenii leaf collected from Ubon Ratchathani province,
Thailand. The isolate contained meso-diaminopimelic acid and hydroxyl
diaminopimelic acid in the cell-wall peptidoglycan. The whole-cell sugars contained
glucose, mannose, rhamnose, ribose and xylose. The characteristic phospholipids
were phosphatidylethanolamine, phosphatidylmethylethanolamine,
phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol and
phosphatidylinositol mannosides. The predominant menaquinone were MK-10(Hs),
MK-10(Hs) and MK-10(H<). The predominant cellular fatty acids were anteiso-C)70
and is0-Cieo. The G+C content of the genomic DNA was 71 mol%. Phylogenetic
analysis using 16S rRNA gene sequences revealed that strain KK1-3" should be
classified in the genus Phytohabitans. The similarity value of sequences between this
strain and the closely related species, Phytohabitans houttuyneae BCC 481477
(99.04%), Phyvtohabitans suffuscus DSM 453067 (98.97%), Phytohabitans flavus
NBRC 1077027 (98.62%) and Phytohabitans rumicis BCC 48146 (98.14%). The
DNA-DNA hybridization result and some physiological and biochemical properties
indicated that strain KK1-3T could be readily distinguished from its closest
phylogenetic relatives. On the basis of these phenotypic and genotypic data, this strain
represents a novel species, for which the name Phytohabitans kaempfereae sp. nov. is

proposed. The type strain is strain KK1-37 (=BCC 66360 =NBRC 1100057).
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Genus Phytohabitans (Inahashi et al., 2010) is an actinomycete that belongs to the
family Micromonosporaceae. Phytohabitans suffuscus, the type species of the genus
Phytohabitans, was first isolated from the root tissue of orchid and reported as an
endophytic actinomycete. After that, the others three new species of the genus
Phytohabitans, Phytohabitans flavus, Phyvtohabitans rumicis and Phytohabitans
houttuyneae were subsequently reported by the same scientist (Inahashi ef al., 201 2).
These three latter species were isolated from the tissue of the root of orchid Rumex
acetosa and Houttuynia cordata, respectively. All members of the genus
Phytohabitans produced branched and not fragmented mycelia with single spore
and/or long chains spores (more than 10 spores) directly on their substrate mycelia. D-
glutamic acid, glycine, D-alanine, meso-diaminopimelic acid and L-lysine are
detected as the cell wall peptidoglycan. Galactose, glucose, mannose, ribose and
xylose are found in the whole-cell sugars. The acyl type of the peptidoglycan is
glycolyl. Phosphatidylethanolamine is the caharacteristic phospholipid in the cell
membrane. Major menaquinones are menaquinones are MK-9(Hg), MK-9(Hg), MK-
10(Ha), MK-10(H¢) and/or MK-10(Hsg). The range of G+C content of the genomic
DNA is 71- 73 mol% (Inahashi er al., 2010 & Inahashi et al., 2012). During
investigation of novel endophytic actinomycetes from Zingiberous plant in Thailand,
we successfully isolated an endophytic actinomycete strain, designated KK1-37,
showing morphological and chemotaxonomic characteristics typical of members of
the genus Phytohabitans but distinguishable from all recognized Phytohabitans
species by genotypic and phenotypic properties. In this time, we describe the
taxonomic characterization of strain KK1-3T and describe it as a novel species of the

genus Phytohabitans.
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Strain KK1-3" was isolated from a leaf of Kaempferia larsenii collected from Ubon
Ratchathani province, Thailand. Briefly, a healthy leaf sample of this plant was
washed in running tap water for 5 min to eliminate dirt and then a leaf was cut into
small pieces. After cutting, the sample was rinsed in sterile 0.1% tween 20 for 30 sec
follow by washing in sterile distilled water for two times. The surface-sterilization
was carried out by soaking the sample in 95% ethanol for 10 min and subsequently
with 1% sodium hypochlorite for 10 min and then washing in sterile distilled water
for three times. Finally, the surface-sterilized sample was ground with small amount
of sterile distilled water, and the suspension was spread on starch casein agar (SCA)
(10 g soluble starch, 2 g KNOs3, 0.3 g casein, 2 g KaHPO4, 0.05 g MgS04.7H20, 2 g
NaCl, 0.02 g CaCOs, 0.01 g FeSO4.7H20, 15 g agar, 1000 ml distilled water, pH: 7.0]
supplemented with 25 mg I'' nalidixic acid, 50 mg I"! nystatin and 1 mg I"' terbinafin
and incubated at 30°C for 30 days. The final washing water was spread on SCA as the

control plates. The pure culture was preserved by freezing at -80 °C and freeze-drying.

Strain KK 1-3" was cultivated on soil extract agar plate at 30°C for 30 days. The plate
were morphologically observed using light and scanning electron microscopy (model
JSM-5410 LV; JEOL). The scanning electron microscopic samples were prepared by

the method of Thawai et al., 2005.

Strain KK1-3" grew well on ISP 2, ISP 3, ISP 6 and nutrient agar, moderately on ISP
4.1ISP 5 and ISP 7, weakly on czapek’s sucrose agar and glucose-asparagine agar. The
colour of substrate hyphae on these media was strong orange yellow to brilliant
greenish yellow. White aerial hyphae were observed on ISP 7 and czapek’s sucrose

agar. Pale yellow soluble pigment was produced when strain was cultivated on 1SP2
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agar medium. Strain KK 1-37 formed both single and long chain spores (more than 10
spores) on soil extract agar at 30 °C for 30 days (Fig. 1). These morphological data

were similar to those reports of Inahashi er al., 2010 and Inahashi et a/., 2012.

Cultural characteristics were tested on several standard media such as International
Streptomyces Project 2-7 media (ISP2-7 media) (Shirling and Gottlieb, 1966)
including glucose-asparagine agar, czapek’s sucrose agar and nutrient agar at 30 °C
for 14 days. The colour of colonies was determined using the ISCC-NBS Colour
Charts standard sample no. 2106 (Kelly, 1964). The hydrolysis of various compounds
was examined using the basal medium recommended by Gordon et al. (1974). The
range of temperature for growth (25, 30, 37, 40, 45 and 50°C) was performed on yeast
extract-malt extract agar [(International Streptomyces Project, ISP 2 medium);
Shirling & Gottlieb, 1966] for 14 days. The NaCl (0-5% w/v) tolerances were
determined on ISP 2 medium at 30 °C for 14 days. The pH (4-10) range for growth
was carried out using buffer system described by Xu er al. (2005). Carbon source
utilization was done using ISP 9 medium (Shirling & Gottlieb, 1966) supplemented
with a final concentration of 1% of the carbon sources. Gelatin liquefaction,
peptonization of milk, reduction of nitrate and hydrolysis of starch were examined
through cultivation on various media described previously (Arai, 1975; Williams &
Cross, 1971). The results of cultural, physiological and biochemical characteristics are

given in detail in the species description and Table 1.

Dried cell used for chemotaxonomic analyses were obtained from cultures grown in
yeast extract-malt extract broth on a rotary shaker (200 rpm) at 30°C for 5 days. Cell

wall peptidoglycan was prepared and hydrolyzed by the methods of Kawamoto er al.
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(1981), and the isomer of diaminopimelic acid was examined using one-dimensional
thin-layer chromatography (Lechevalier & Lechevalier, 1980). The type of acyl group
in muramic acid of the peptidoglycan was performed by the method of Uchida & Aida
(1984). The reducing sugars from whole-cell hydrolysates were analyzed by the
cellulose TLC method of Komagata & Suzuki (1987). Phospholipids in cells were
extracted and analyzed according to the methods previously described (Minnikin et
al., 1984). Cellular fatty acid analysis was performed using GLC according to the
instructions of the Microbial Identification System (MIDI) Sherlock version 6.0
(Sasser, 1990; Kampfer & Kroppenstedt, 1996) with the TSBA6 MIDI database.
Mycolic acids were investigated using the method of Minnikin er al. (1975).
Menaquinones were extracted by the method described previously (Collins et al.
1977) and analyzed using HPLC equipped with a Cosmosil 5C;g column (4.6 x 150
mm; Nacalai Tesque). A mixture of methanol and 2-propanol (2:1, v/v) was used as
the elution solvent. The G+C content of the DNA was conducted using the HPLC
method of Tamaoka & Komagata (1984). Lambda DNA (Invitrogen, USA) was used

as the standard.

Chemotaxonomic characteristics of strain KK1-3T were consistent to those of
members of the genus Phytohabitans (Inahashi er al., 2012). Cell wall of this strain
consisted of D-glutamic acid, D-glycine, D-alanine, meso-diaminopimelic acid,
hydroxydiaminopimelic acid and L-lysine. Glycolyl was the acyl type of cell wall
peptidoglycan. Glucose, mannose, rhamnose ribose and xylose were found as the
reducing sugars in whole-cell hydrolysates. The major menaquinone was MK-10(Hs)
(46.2%), MK-10(Hs) (41.4%) and MK-10(Ha) (12.4%). In this study, we found that

anteiso-Ci7.0, is0-Cig.0, anteiso-Ci7.1, Cig0 and iso-Cie:1 were major cellular fatty acids
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(>5%) component in cell (Supplementary Table S1). Mycolic acids were absent. The
diagnostic  phospholipids ~were  diphosphatidylglycerol,  phosphatidylglycerol,
phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol,
phosphatidylinositol mannosides, six unidentified phospholipids and one unidentified
lipid (Supplementary Fig. S1). The G+C content (mol%) of the genomic DNA was

71%.

Chromosomal DNA was isolated from cells grown in yeast extract-malt extract broth
according to the method of Tamaoka (1994). DNA-DNA hybridization was carried
out in microdilution-well plates, as reported by Ezaki er al. (1989). DNA-DNA
relatedness (%) was determined by using the colorimetric method (Verlander, 1992).
The 16S rRNA gene was amplified using the universal primer, 27F (5°-
AGAGTTTGATCMTGGCTCAG-3") and 1492R (5°-
TACGGYTACCTTGTTACGACTT-3") (Lane, 1991). The temperature profile for
PCR was as follows: initial denaturation at 94 °C for 3 min; 40 cycles of 94 °C for 30
s, 56 °C for 30 s and 72 °C for 90 s; and final extension at 72 °C for 5 min. The PCR
products were sequenced using universal primers 27F (5*-
GTTTGATCCTGGCTCAG-3", 350F (5-TACGGGAGGCAGCAG-3"), 780F (5'-
GATTAGATACCCTGGTAG-3", 1100F (5-GCAACGAGCGCAACCC-3"), 350R
(5'-CTGCTGCCTCCCGTAG-3"), 780R (5'-CTACCAGGGTATCTAATCC-3") and
1492R (5'-GGTTACCTTGTTACGACTT-3") (Lane, 1991). The nearly complete of
16S rRNA gene sequence of this strain was pairwisely aligned using the EzTaxon-e
database (Kim er al, 2012). Partial sequences of the 16S rRNA genes of recognized
species of the genus Phytohabitans were obtained from the GenBank/EMBL/DDBJ

databases for multiple alignment analyses using the CLUSTALW program, version
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1.81 (Thompson et al., 1994). The alignment was manually corrected prior to the
construction of a phylogenetic tree. The phylogenetic tree was conducted using the
neighbor-joining (Saitou & Nei, 1987) with genetic distances computed by using
Kimura's 2-parameter model (Kimura, 1980), maximum parsimony (Fitch, 1972) and
maximum-likelihood (Felsenstien, 1981) methods in the MEGA 6 software (Tamura
et al., 2013). The confidence values for the clusters were calculated using bootstrap
analysis (Felsenstein, 1985) with 1,000 resamplings. The values for sequence
similarity among all recognized Phytohabitans species were determined using the

EzTaxon-e database (Kim et al., 2012).

In order to determine the genotypic properties of strain KK1-3", an almost complete
16S rRNA gene sequence (1,485 nt) was analyzed. This result showed that strain
KK1-3T belongs to family Micromonosporaceae and was a member of the genus
Phytohabitans. The strain formed a clade with Phytohabitans houttuyneae K11-00577
with moderate bootstrap value (72%) in neighbour-joining tree (Fig. 2). This
taxonomic position in phylogenetic tree was supported by the standard tree-making
methods, maximum-likelihood (Supplementary Fig. S2) and maximum-parsimony
methods (Supplementary Fig. S3). Strain KK1-3T showed the highest 16S rRNA gene
sequence similarity values to Phytohabitans houttuyneae BCC 481477 (99.04%)
followed by Phytohabitans suffuscus DSM 453067 (98.97%), Phytohabitans Aavus
NBRC 1077027 (98.62%) and Phytohabitans rumicis BCC 481467 (98.14%). On
basis of the morphological, chemotaxonomic and phylogenetic properties, this strain
should be judged as a member of the genus Phyrohabitans and may present a novel

species of this genus (Inahashi e al., 2012).
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The phenotypic characteristics and DNA-DNA hybridization experiment of strain
KK1-3T was also determined. Four reference strains of the genus Phyrohabitans,
Phytohabitans houttuyneae BCC 481477, Phytohabitans suffuscus DSM 453067,
Phytohabitans flavus NBRC 107702" and Phyrohabitans rumicis BCC 481467 were
selected to compare for these characteristics because of their close phylogenetic
relationship with strain KK1-3". Distinct phenotypic characteristics between strain
KKI-3" and all closed relatives are shown in Table 1. These results potentially
indicate that strain KK1-3T possesses some distinct characteristics that separate it
from other closed related species, P. houttuyneae BCC 481477, P. suffuscus DSM
453067, P. flavus NBRC 1077027 and P. rumicis BCC 48146, In particular, the type
strains of genus Phyrohabitans contained phosphatidylethanolamine as the diagnostic
phospholipid in their cell membrane but strain KK1-37 presented both of
phosphatidylmethylethanolamine and phosphatidylethanolamine in its membrane.
Additionally, the ability to reduce nitrate to nitrite, the ability to liquefy gelatin, the
maximum NaCl and temperature for growth, the utilization of D-fructose, D-
galactose, D-ribose, D-salicin, glycerol, lactose and mannitol are the phenotypic
evidences for discrimination between strain KK1-3T and the closely related species.
Furthermore, the DNA relatedness values between strain KK1-3T and the closely
related species, P. houttuyneae BCC 481477, P. suffuscus DSM 453067, P. flavus
NBRC 1077027 and P. rumicis BCC 48146 range from 14.7 + 4.1% -38.] + 0.9%,
which is well below 70% cut-off point recommended for the assignment of bacterial

strains to the same genomic species (Wayne et al., 1987) (Supplementary Table S2).

From the phenotypic, chemotaxonomic and genotypic data of strain KKI1-37

mentioned above, it can be distinguished from all recognize Phytohabitans species,



222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

which supports its classification as a new species of the genus Phytohabitans, for
which the name Phytohabitans kaempfereae is proposed. The type strain is strain

KK1-3T (=BCC 66360" =NBRC 1100057).

Description of Phytohabitans kaempfereae sp. nov.
Phytohabitans kaempfereae [ka.emp.fere’ae. N.L. gen. n. kaempfereae of
Kaempferia, referring to the generic name of Kaempferia larsenii which the strain is

isolated].

Gram-staining-positive, mesophilic actinomycete that forms single spores and long
chain spores. The surface of spores is smooth. Pale yellow soluble pigment is
produced in ISP2 medium. Utilizes D-cellobiose, D-glucose, D-mannose, D-xylose,
L-arabinose, L-rhamnose and sucrose as sole carbon sources, weakly utilizes D-
fructose, D-galactose, and lactose, but not D-melibiose, D-ribose, D-salicin, glycerol,
mannitol and myo-inositol. Peptonization of milk and hydrolysis of starch are
positive. Gelatin liquefaction and nitrate reduction are negative. Optimal temperature
for growth is between 30-37°C. Maximum temperature for growth is 40°C. The
maximum NaCl concentration for growth is 3% (w/v). The pH range for growth is 6-
10. The cell wall peptidoglycan contains D-glutamic acid, D-glycine, D-alanine,
meso-diaminopimelic acid, hydroxydiaminopimelic acid and L-lysine. The acyl type
of the cell wall is glycolyl. The predominant menaquinones is MK-10(Hs), MK-
10(He) and MK-10(Hs). The characteristic whole-cell sugars are glucose, mannose,
rhamnose, ribose and  xylose. The  phospholipid profile  contains
diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine,

phosphatidylmethylethanolamine, phosphatidylinositol, phosphatidylinositol
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mannosides, six unidentified phospholipids and one unidentified lipid but
phosphatidylcholine is not detected. The fatty acid pattern consists of anteiso-Ci70
(32.2%), is0-Cig:0 (31.4%), anteiso-Ci7. (5.7%), Ciso (5.3%), iso-Cien (5.0%), Cisa
w9c (3.5%), 150-Ci7.0 (3.1%), anteiso-Ciso (2.7%), is0-Ciso (2.5%), is0-Cigo (2.0%),
Cier 20H (1.9%), Ciso (1.0%), Ci70 (0.7%), is0-Ciao (0.7%), Ci71 w8c (0.5%),
anteiso-Cig.0 (0.5%), Ci9.0(0.2%), 10-methyl Ci70 (0.2%), Cia0 (0.1%) and Cig) w53c
(0.1%). Mycolic acids are absent. The G+C content of the DNA is 71 mol%. The type
strain is KK1-3T (=BCC 663607 =NBRC 110005"), which was isolated from the leaf

of Kaempferiu larsenii collected from Ubon Ratchathani province, Thailand.
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Figure legend

Fig. 1. scanning electron micrograph of strain KK1-3T grown on soil extract agar for
30 days at 30°C. (a) Single spores; bar, 5 pm. (b) Spore chains; bar, 5 pum.

Fig. 2. Neighbour-joining tree (Saitou & Nei, 1987) based on almost-complete 16S
rRNA gene sequences (1,485 nt) showing the relationships between strain KK1-37,
the Phytohabitans species with validly-published names and members of the genera
Asanoa,  Actinoplanes,  Dactylosporangium —and  Jishengella.  Streptomyces
ambofaciens was used as an outgroup. Asterisks (*) indicating the branches of the tree
that were also found using the maximum-parsimony and maximum-likelihood
methods; hashes (#) indicating the branches of the tree that were found in the
maximum-parsimony methods; and crosses (x) indicating the branches of the tree that
were found in the maximum-likelihood methods. The numbers on the branches
indicate the percentage bootstrap values of 1,000 replicates; only values >50% are
indicated. Bar, 0.01 substitutions per nucleotide position.

Table 1. Differential characteristics of strain KKI1-3T and all type strains of
Phytohabitans species.

*Data for the reference species were taken from Inahashi et al. (2010, 2012). All other
phenotypic data were determined in this study. +, Positive; -, Negative; w, Weakly
reaction; Ara, Arabinose; Glu, glucose; Gal, galactose; Man, mannose; Rha,

rhamnose; Rib, ribose; Xyl, xylose.
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Supplementary Fig. S1 Polar lipid appearing on a two-dimensional thin-layer
chromatograms of strain KK1-3.

(A) Phosphomolybdic acid’s TLC chromatogram; (B) Dittmer & Lester’'s TLC
chromatogram; (C) Anisaldehyde’s TLC chromatogram; (D) Ninhydrin's TLC
chromatogram; (E) Dragendrof’s TLC chromatogram; Abbreviation: DPG,
diphosphatidylglycerol; PG, phosphatidylglycerol; PME,
phosphatidylmethylethanolamine; PE, phosphatidylethanolamine; PI,

phosphatidylinositol; PIMs, phosphatidylinositol mannosides; PL, phospholipid; L,

 lipid.

Supplementary Fig. S2 Phylogenetic tree based on the nearly complete 16S rRNA
gene sequences of strain  KKI1-3T and other genera of the family
Micromonosporaceae. The tree was reconstructed with the maximum-likelihood
method. Strepromyces ambofaciens was used as an outgroup. Numbers on branches
represent the bootstrap values as the percentage of 1000 replicates. Only values >
50% are shown. Bar, 0.01 substitutions per nucleotide position.

Supplementary Fig. S3 Phylogenetic tree based on the nearly complete 16S rRNA
gene sequences of strain KKI1-37 and other genera of the family
Micromonosporaceae. The tree was reconstructed with the maximum-parsimony
method. Streptomyces ambofaciens was used as an outgroup. Numbers on branches
represent the bootstrap values as the percentage of 1000 replicates. Only values >
50% are shown.

Supplementary Table S1. Cellular fatty acid compositions of strain KK1-37

Cultures were grown in yeast extract-malt extract broth (ISP 2) on a rotary shaker

(200 rpm) at 30°C for 5 days.
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Supplementary Table S2. DNA-DNA relatedness among the strain KK1-3T and all

type strains of Phytohabitans species.
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Figure 1 (B) SEM pic of KK1-3

Click here to download Figure B spore chain of KK1-3_5.tif s
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(E)

Supplementary Fig. S1 Polar lipid appearing on a two-dimensional thin-layer chromatograms of strain KK1-
2T, (A) Phosphomolybdic acid’s TLC chromatogram; (B) Dittmer & Lester’s TLC chromatogram; (C)
Anisaldehyde’s TLC chromatogram; (D) Ninhydrin’s TLC chromatogram; (E) Dragendrof’s TLC
chromatogram;  Abbreviation:  DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PME,
phosphatidylmethylethanolamine;  PE,  phosphatidylethanolamine; PI,  phosphatidylinositol;  PIMs,

phosphatidylinositol mannosides; PL, phospholipid; L, lipid.
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w Dactylosporangium fulvum DSM 439177 (X93192)
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Streptomyces ambofaciens NBRC 128367 (AB184182)

i

Supplementary Fig. S2 Phylogenetic tree based on the nearly complete 16S rRNA gene sequences of strain
KK1-3T and other genera of the family Micromonosporaceae. The tree was reconstructed with the maximum-
likelihood method. Streptomyces ambofaciens was used as an outgroup. Numbers on branches represent the
bootstrap values as the percentage of 1000 replicates. Only values > 50% are shown. Bar, 0.01 substitutions per

nucleotide position.
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™ Dactylosporangium fulvum DSM 439177 (X93192)
{ Dactylosporangium thailandense DSM 431587 (X92630)
[ Actinoplanes abujensis A4029 (HQ157185)
Y S Actinoplanes deccanensis NBRC 139947 (AB036998)

= Actinoplanes philippinensis NBRC 138787 (D85474)
EE— Streptomyces ambofaciens NBRC 128367 (AB184182)

Supplementary Fig. S3 Phylogenetic tree based on the nearly complete 16S rRNA gene sequences of strain
KK1-3T and other genera of the family Micromonosporaceae. The tree was reconstructed with the maximum-
rarsimony method. Strepromyces ambofaciens was used as an outgroup. Numbers on branches represent the

bootstrap values as the percentage of 1000 replicates. Only values > 50% are shown.



Supplementary Table S1. Cellular fatty acid compositions of strain KI(1-3"

Cultures were grown in yeast extract-malt extract broth (ISP 2) on a rotary shaker (200 rpm) at 30°C for 5 days.

Fatty acids® KK1-3T
Saturated fatty acids

Ciao 0.1
Ciso 1.0
Civo 0.7
180 53
Ciow 0.2
Unsaturated fatty acids

150-Cie | 5.0
Ci6120H 1.9
Ci7 e8¢ 0.5
Cis1@sc 0.1
CisaBc 3.5
Branched fatty acids

anteiso-Ciag 0.1
i50-Cia0 0.7
i50-C)s0 2.5
anteiso-Cso 2.7
i50-Cie0 314
150-Ci70 31
ant¢:50-Ci7.0 322
anteiso-C 7 5.7
Ci70 10-methyl 0.2
150-Cis:0 2.0
anteiso-Cjog 0.3

* Values are percentages of total cellular fatty acids.



Supplementary Table S2. DNA-DNA relatedness among the strain KK1-3T and all type strains of

Phytohabitans species.

Strains DNA-DNA binding (%) with labelled DNA from*:
1 2 3 4 5
1. KK1-37 100 289+1.5 33.3+£22 14.7 £4.] 204+22
2. P. houttuyneae BCC 481477 | 31.4+2.4 100 32.8+54 273 +4.3 145+ 1.0
3. P. suffuscus DSM 453067 38.1+£09 273+ 1.5 100 31.3+£3.5 32.9+3.4
4. P. flavus NBRC 1077027 31.2+0.8 235+ 1.4 29.4+29 100 255+6.9
5. P. rumicis BCC 481467 229+0.6 192+ 1.1 143+3.4 16.2+5.0 100

*average =+ standard deviation of five replications of DNA-DNA relatedness data.
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