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Abstract

Sixty actimonycete strains were isolated from soil samples collected in Mae Wong
National Park of Nakornsawan province, Thailand. These strains were grouped using
phenotypic chemotypic and genotypic characteristics into 4 groups. Phylogehetic position,
chemotaxonomic analyses including some phenotypic characterisation revealed that the
representative strains in each group belonged to the members of the éenera
Streptomyces, Micromonospora Microbispora and Pseudonocardia. Here, we found the
strain NW8-21 showing morphological and chemotaxonomic characteristics typical of
members of the genus Pseudonocardia but which was genotypically and phenotypically
distinguishable from all recognized Pseudonocardia species. Therefore, the strains NW8-
21 was judged to represent a novel species of the genus Pseudonocardia for which the
name Pseudonocardia soli was proposed. Furthermore, the fermentation broths of these
representative strains were extracted with ethyl acetate and were tested for anti-microbial
activity. The results showed that more than 45% of actinomycete strains exhibited the
anti-microbial and neuroprotective activities. Antimicrobial assay-guided fractionation of
the ethyl acetate extract of representative actinomycete isolate NW8-21 yielded the

known compounds, Geldanamycin.
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A1BsUIgHyanvaluazAbe

ATCC = American Type Culture Collection
B. subtilis = Bacillus subtilis

C. albicans = Candida albicans

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

EtOAc = ethyl acetate

ISP = International Streptomyces Project
M. luteus = Micrococcus luteus

MHA = Mueller-Hinton Agar

nm = nanometer

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

S. aureus = Staphylococcus aureus

TSB = Triptic soy broth

UV = Ultraviolet

ML = microlitre

MRSA = Methicillin resistant Staphylococcus aureus
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¢he chloroform uaw saline 1h¥u chloroform lUsewelyiuis azanedhdne chloroform -
methanol Wasgaa1Iiet | spot asuu HPTLC (Merck Kieselgel 60 F254, 10x10 cm) ¥in1s
develop 2 #AN1 (two-dimensional development) 78 solvent system 2 %fin Fo
chloroform - methanol - water (65:25:4) uwag chloroform - acetic acid - methanol - water
(80:18:12:5) udaviusne 50% sulfuric acid auflgamgdl 150 ssriwaidea Wi 5 uit duna

spot MAnTu
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3.2.2.4 msamizeAUsznauvesnsaludiu (Cellular fatty acid)

wisy methyl ester wasnsaludu  Mnwadwiilaglalnsladieansazany
methanolic hydrochloric acid #igauumgdl 100 ssrneaidea Wunar 3 Falue wéafnde
Ulpsideusvies uallaTIziaae gas liquid chromatography

3.2.2.5 NM591A5124 Isoprenoid quinone
igaduisaiafie chloroform - methanol $as1dau 2 :1 UwASeaEh 1 Au INTUNTBILAE
vildiuds thdauilldasaraddng acetone wdvhliuSavsuuusu TLC (Merck. No. 1.05715
Kieselgel 60 F254, 20x20 cm) Wlathan3iasewiing HPLC

3.23  msiszidduuduudeidweludae 165 rRNA gene uwazmisiAsieviane

af

FIu1n13 (phylogenetic tree)

11 DNA fluenld unfisudina DNA Tudaa 165 RNA genelagld Universal
primer ﬁﬂﬂﬁﬁ?m‘lum’i‘m DNA Thermal cycler (GeneAmp PCR System 9700; Applied
Biosystems) 165 rRNA gene *7‘1Lﬁ'uﬂ‘%u1:u‘lo’fasgnﬁ1'iﬁu?qw§uaz’:m's'wﬁﬁqﬁumaiﬂﬂ'lﬁ ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem)
suihedlelnditldasgmimaiouiiou wasalignment Audwuiedlelndlugudeyaves
Genbank/EMBL/DDBJ Taeldf BLAST program waz alienment software (lunsaiiflé CLUSTAL W
program package) Shasstoyaiiu multi-data set wazadne phylogenetic trees u MEGA

software program version 2.1 uaﬁl.ﬂ‘i"lsﬁ{l'aa;;aﬁlﬁ

3.2.4 M531A518% DNA base composition (Tamaoka,1994)

3.2.4.1 msusn DNA uasvirldu3aws

\oadiely Yeast extract — Malt extract broth Wuwan 4-5 Ju wndufuden
\waduazddie saline-EDTA viligaduande lysozyme uaw Tris-SDS solution anvuafin
#28 phenol uag chloroform mAnznau DNA #18 cool ethanol /i RNA wazlusiu Tnans

a i ; wal a
A RNase solution Uag proteinase K wagifiu DNA #1357 —20 ssrwaidoa Tu ethanol

3.2.4.2 m3iaszi
w383 nucleoside a4 DNA usiazlalaian nnnislalaslad 10 pl heated DNA (1 mg/ml) fe
10 pl nuclease P1 vuiigumail 50 asrnivaidua iuan 1 §alus uaslelasladresie 10 pl

i o a - o v & o ey
alkaline phosphatase figamail 37 swwadea \unar 1 Filus udrTahlvirneidhe
HPLC
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3.2.5 Photobiotin labeling DNA-DNA Hybridization

3.2.5.1 Immobilization of DNA in microtiter plate

vega 100 pl vasarsazane heat — denatured DNA (1 pg DNA / well) 984 type
strain, control DNA (calf thymus %38 E. coli) uay DNA 783®® unknown ﬂui":'ﬁqmugﬁ 37
ssraded 2 Falus wdanarsavate DNA tuiie dwdae PBS Udeeliusiedl 45-60 een
\waldea

3.2.5.2 DNA labeling with photobiotin ( DNA probe )

wisuaIsazans DNA w89 type strain luvasm eppendrot \fuansazane
photobiotin waslvidniu udalunduiuds Waslliuddesiouasainuaen sunlamp i
0.1M Tris-HCL buffer (pH 9.0) uag n-butanol ushe vortex thuwlesit 12000 rpm i 20
Wil thansavaneduuuiin W n-butanol wasiuwAsdnads fsansazaneduuy th DNA fida
annudiludulmidion 15 widl liduedmiauashly  sonicate  udnhlusanAy
hybridization solution

3.2.5.3 Prehybridization

wgnssazaty prehybridization asudasvauues plate valiunu 1 dalue 4
gamgfid iy hybridize udmansagaeiliis

3.2.5.4 Hybridization

ViR Tazaneinay DNA probe 183 type strain avusiazvay Un plate e
usiunanadin Uliigamgliimunzay 12 $alue whaitsensavansil

3.2.5.5 Detection of biotinylated - DNA annealing to immobilized -
DNA

dlowansazate hybridize faudr drdie 0.2x55C 3 A% Wuasazany |
(Bovine serun albumin (Fraction V) , Triton X - 100, PBS) lii.l'l"fﬁ 30 aeFwaldea i 10
il wensazane | #iq

Colorimetric method : (Rua15agay streptavidin-peroxidase lu PBS fiu
0.5 % BSA Unfl 37 ssruwaidua uu 30 wiit udmansazansiie uavanedae PBS 3 Afa 9t
\Ruansasane tetramethyl benzidine — H202 Uit 37 swrigadva W 5-10 wifl audia
ansazanegdi udrinAnutueesdiag microplate reader (630 nm) waUffzeveansazany
2M H2504 ansavareazdeududndowdiraanduil 450 nm aeldmndasnis
A13ATUIM Homology % = (Vsample — Vcontrol / Vtype strain - Vcontrol) x 100

WAIINNSANET DNA relatedness asanunsofigaviiendnuaiveadold wndefiwudy

& o | = P o ") d w e & W [y gy w o
Wanuansienfmeiisenulisidude@nwiiedaduniielmidelu Tagldisnsdanina i
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3.3 psndiniiendnasuaznisafauends

¥nsiasadely Seed medium (Yeast extract — Malt extract broth; pH 7.3) fussonlneldin
ndu tudssliuuedeangimugs 180 sausieunit figamgiivies u 4 u udiAseluamng
Production medium (Yeast extract — Malt extract broth iy 0.1% CaCO3; pH 7.8 uav
Yeast extract - glucose broth; pH 7.8) letfy 1% inoculum %83 seed medium asly
production medium tudsdlfuutedasiaginuds 200 seudeunit fgamgiivies WWuan 10
Su  dnhwmideinnsesiunszaenses Whatman No.1 tsusniandauthlauasigadeanan
fu arniuduilauins partition fu ethyl acetate 3 a¥s wdnitluszmelfukineldms
anAuiy veldansatameuludiu ethyl acetate (crude EtOAc extract)  iiplélunisweasuy
qvisUntleasadusramuasBndiuilunsasudnvasmanailudesdu

o a £
3.4 psafauazuenaTIUTENS
a o ‘{ o ) ¥ £y J!‘
thansafaveuildands 143 Tuneseuquinsihnmuasinnadnliléasusanise
a oy & 1 - a £ v 2 o0 £
walanslasinlasns i wasdlelsansesniliudi wieansuiaviouda Juiluasivaeugvivnie
= - J 13
Franmuasensuiavonely
a ¢ v = o o ¢ a S v
3.5 mangaigasiassanamaaiivazimuaendnualvasansuigndiuenla
° a £Ld v a 1 ad ] w
hasuIgvsweniiuniiessimlasaiileeBvnaalasalel  sawimendnwal
1 A 4 o H v = d o
WaEmAIATINeInIBn iRty WU gaviasuwman Wy weliamsawalasalalfesinanldlu
nsfinw laun
3.5.1 Ultraviolet - Visible (UV) spectrophotometry
a1 1 4 o ; =3 (e
Inmsganduuadluiimuenindu ultraviolet (200-900 unluwmg) ude visible
(400-800 wlums) ssvilvmswimyleaiduminliiindvieganauuadlutisdenan wyileidu
Ay 1 [3 = = 1 = [ L3
wiail laun wyjasuetia wileasendauazmyeszdilu (Judu
3.5.2 Infrared spectrophotometry (IR)
w - [ o " = 1 ]
InAmsgandunaslutisauiiady infrared (400-4000 cm-1) Fudutmuenepay
< ° P ) - - , c ]
voumaasavihbilianafiamsduaniiey  uwazanunsavendoyifeidusing  Fsdinis
< ° | y vo ) da d
duaziiouluguwuuiwmzdislafunduminnuasiiiauenraunis  wenanazldlunisfinwm
] c o o L = 1 at 2 ° ki = P H al ¢
wjilaiduivhliAamsgandunaudaassuildnsinlisdaietslumsmiendnuaives
1] o d - ar 1] - ar J ar
answiazyila  Wewindunsnnaianiivesansudazyinaviiendnuaiianisin  wavldidu
finger print Yava1TuuY o
3.5.3 Mass spectrometry (MS)

Y a a4 o 2
ﬁ']'u‘\'ﬂuﬂiﬂkﬂf}a L'Wﬂﬂuﬂu%m'iiﬂﬁﬂaiqﬁﬂﬂﬂﬁqi
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3.5.4 Nuclear Magnetic Resonance (NMR) spectroscopy
Wumedeivihlinsnidesadoveens  Tagazlddoyan 1-D NMR (1H NMR uaz
13C NMR) uaz 2-D NMR (\u COSY, HMQC, HMBC Jusu)  Svidwavoemiileritusineqlu
lassasvaziinanamumiinailusneu uay arsusu Tnsasuansliiiudual chemical shift vaq
Wsmeuwazasuauishumiuansaiuly uaz nsiin splitting pattern jULUUANeYg  Saudiedn
coupling constant agiliussdlsznatlumamlasiainwasans

3.6 MMAdEURNENITIA

hasadaililuvaaeugqrismsanindail

3.6.1 qusUnilaaduszam

mswzAsugadiaui

maéﬁﬁuLﬁ"mzgm-mstgm'iuafmmgamaéﬁn O-MEM (alpha minimal essential medium) 7
YiN13LEY 7.5% newborn calf serum (NBCS) way 2.5% fetal bovine serum (FBS) luusseine
5% CO2 figaumgil 37°C vms subculture 9n 2-3 Fu

mawdleniligadfidudnuasuulasuiduvadussamiidudn

ihwadidui s duiudiortuuuinmusmsdswdiu trypsin Wnaneduwadides 1h
wadun 2 * 10° cells/mL wnzdssluemndsusad O-MEM fivianisiiu 5% FBS wag 0.5 uM
all trans-retinoic acid (RA) T petridish YuIAusgUSNAT 100-mm UTIEINIA 5% CO2 7
gamail 37°C wadrnunguiulidnuasiu embryoid bodies yhmsAsuammn 2 Ju
wimnwzdsaduna 4 Yu imsnseane embryoid bodies Tnanafuwadinedeluien
udniieadilaly msdseuu microtiter plate Fvhmsideuinnaussie poly-L-lysine (4
50 pg/mL poly-L-lysine #iazanelu sterile phosphate buffer solution inasluisazvauues
plate tutian 1 Au umAsshasazatween  Uassliwinelased UV Tu laminar flow hood
Hunan 30 wiih) Taeunedseiiarumuiuiu 7 * 10° cells/mL (150 pl/well dmsu 96-well
plate uaz 1.5 mi/well duivewsmsdeadu O-MEM fivhaisiiiy 10% FBS Wuna 24
Falua Tu vssema 5% Co, ﬁqquﬁ 37°C antwhmsia 10 UM cytosine arabinoside
(Ara-0) adluasidsatad wasvhnswAsuawnn 2-3 Yu wadnwdsuuadluiduead
Uszamiialndiueiin faunsainiauldlunisvaseuluiuil 8 vesnmmndes
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NIINAEBUIATINTTOATINYBNTAAUTTEM
Wemarmudutuiivnsaudmiuihlunasovgvsuniloswaduszamsamaitamarnndu
Awvasansaindawwaduszameolyu Taevinsagaudeil

shansvedeuusaztiisnasatefes 10% DMSO/H20 iewseumaududusiaeg fu 5 A
Wudu iiide 200 M, 20 UM, 2 pM, 02 M, 0.02 pM dwFuldlunsveaeudsly Tnerdu
Lﬁuﬁuqmﬁwﬁtﬁu pududuiildlunisvegeuiia 10 uM, 1 uM, 0.1 pM, 0.01 uM, 0.001
M tl.asm'ms.'t’fnﬁwaaﬁ’w‘hasmaﬂ%’tﬂunﬁuﬁqﬁwazmamuqnﬁa 0.5% DMSO
Ahasazaeiieistuiinradudusiag drufu smedeutuaduszamiiauin udvuwadi
37 °C Tuussenmia 5% CO, Wuaa 18 Halus mindunsisnsamnissentinvesgaduszam
838 XTT reduction assay Tatlinguitliilasummaasuiiungumunuuasimualisngins
sentintasnduemunauAnidiu 100% vhmveseudn 3 A%t uiasadwegeuth 3 41 (0 = 3,

triplicate)

nmanagaugrsUntenwadussam ;
Aherrududuresamadeuiiaansaiilivaduszamiisnsinissendia (% cell viability)
N 100% umedeugvsuntlestaduszam Tnsasviliiaduszamifinanne oxidative
stress #7638 serum deprivation ¥nmsivansazansansveasulumnududuiifeinisnaaeuas
Wl msiAsawadilbildifudsn uiunsdsusadluussenna 5% CO, fgumpil 37°C u
na1 18 talus Feindnnissontinveagaddne XTT reduction assay lasfmualiisnsnnis
sontinventadfimsidedusnaisnvadiiudsuudlilésuameaey  (nduruay) diSam
nssentinAndu 100% vhnsvadeudn 3 A uwiazadndeud 3 41 (n = 3, triplicate)

msaaseidaya
aa = aal as 1 Vas 1 d
Wafiinisiieseilags student’s t-test Wisuiftsuunguauauitlilduasaaeuwasngudl
A’ A’ & = o o i = = 1 =l
wmrzideduesdsntadnidutiuashildfummagey  dwvued p < 005 Fediednd

dedAgneada
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uni 4

NaN15AILEUNSI8

Iehvimsiiusegniy Auvsugrenuuiniuing dwmiauasaissa dwvihns

A’ - o) =i -3 s 1 - L2 1 } 23 J - a
weniauwandlutiednmainuagiiimegreduuniaaudu nsa-wa wuilaweueadlusiudn

ﬂ‘: _, at 1 J at 1 ] 4
vianua 60 lalwian nAuflsdaniissauanuunsa-malutig 6.72- 7.21 (a13197 5)

o <l s a e 1 o & ar o v
A5 1 LamsigasidunanvastasRuiled 1 LayTidteneanluds dniiuenla

Yilaves Wa
faoena Jania ey | seen swade
fiu uATaISIA | 6.84 NW8 NW8-21, NW8-22, NW8-23, NW8-24, NW8-25, NW8-26, NW8-27,
NW8-28, NW8-29, NW8-30, NW8-31, NW8-32, NW8-33, NW8-34,
NW8-35, NW8-36, NW8-37, NW8-38, NW8-39, NW8-40, NW8-41,
NW8-42, NW8-43, NW8-44, NW8-45, NW8-46, NWB-47, NW8-48,
NW8-49, NW8-50
mu‘Iu‘lﬁﬁeiaﬂ UATAITIA | 6.72 BR3 BR3-1, BR3-2, BR3-3, BR3-4, BR3-5, BR3-6, BR3-7, BR3-8, BR3-9,
dane BR3-10, BR3-11, BR3-12, BR3-13
fluvisy unsATIA | 7.21 S2 §2-1, S2-2, 52-3, S2-4, 52-5, 52-6, 52-T, $2-8, 52-9, 52-10
ﬁuf’nﬁ'« UATAISIA | 7.18 PP8 PP8-1, PP8-2, PP8-3, PP8-4, PP8-5, PP8-6, PP8-7
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%iaued Meaudunie
PTLEN Jamin swalde
Au UATAITIA | Nwa-21 Pseudonocardia
welulifides | uasanssd | BR3-1, BR3-2, BR3-3 Microbispora
aany
Au/Aunse UATAISSA | S2-1, 52-2, 52-3, 52-4, 52-5, $2-6, S2- | Micromonospora
7, 52-8, $2-9, $2-10, PP8-1, PP8-2,
PP8-3, PP8-4, PP8-5, PP8-6, PP8-7,
NW8-38, NW8-39, NW8-40, NW8-41,
NW8-42, NW8-43, NW8-44, NW8-45,
NW8-46, NW8-47
Aumuids | uasaissd | NW8-22, NWB-23, NW8-24, NW8-25, | Streptomyces

NW8-26, NW8-27, NW8-28, NW8-29,
NWB8-30, NW8-31, NW8-32, NW8-33,
NW8-34, NW8-35, NW8-36, NW8-37,
NW8-48, NW8-49, NW8-50, BR3-4,
BR3-5, BR3-6, BR3-7, BR3-8, BR3-9,
BR3-10, BR3-11, BR3-12, BR3-13
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4.2 msfnweynsuistuveutausaiTusiuin

4.2.1 dnwumaiilulnd

lusruaudousailuiodnienun 60 laluan easvasudnvazmailulndldus
dnvazmaduguine Snvasmeaisineuasduedl annsadaidesenidu 4 nquded

nguit 1 nduvesdensailutvaniliaaduloemaudadraduloansdduuas
nanefudduileainaves hiafrenningiazareluewmns avesidnuasdualefideniauu
wduloomis 1e3gleAuuemIs ISP2 (yeast extract — malt extract agar) L%a'lunq'nﬁ'
Usznauseide 27 lolatam Idur S2-1, $2-2, 52-3, 524, 52-5, 52:6, S2-7, 52-8, 52:9, 52-10,
PP8-1, PP8-2, PP8-3, PP8-4, PP8-5, PP8-6, PP8-7, NW8-38, NW8-39, NW8-40, NW8-41, NW8-
42, NW8-43, NW8-44, NW8-45, NW8-a6, N\ws-47 | fenguiliaiglfiiiaanududureande
geanorar 4 avundunsn-sin 6 fla 9 masmsuansawnlalugamaiigagei 40 asriealdea
ansaaeulwifidesaaoutl wariu Tsivluuy  uasimdluamls

UM 1. nuaz v uansdnurlelativoadaleloan PP8-1 uuems ISP2

calat o w

'n JUaveinelandesganssmiwuulduasieaudniimdensgs (400 wi)

ar = a # o o
ANPUSAYNITUITIULANTYBIL amw‘u’lunqum 1

ot 1 : - = - aala
wiugaduaadonguivsznautonsanganfin exaniiy uaznsalneziluiiiidnuuy meso

(cell wall type II, peptidoglycan type A1Y) wuﬁ'lmaneﬂﬁa lelad az510lua nuanlna usu
lua uae lslua (gﬂuuuﬁ'!maﬁﬁﬂ D) Wnmaviomalutead (whole-cell sugar) wurlaavhidna
wwviluaniiu  (phosphatidylethanolamine) lavlealw@Randigesea (diphosphatidylglycerol)
WoavAnadludvea (phosphatidylinositol) wazveavhdnadludvea wuulules
(phosphatidylinositol mannosides) Wumealnlalaendnuailuwad (edlWlalaviind 2) Fae
dnwaznneynsisnaliasinvusdugvingannsadudulein Wenquilegluana

Micromonospora
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myiaseidduivavasdudas 165 rRNA gene vaudsloluian PP8-1

Thmsieneididuiuadan 165 rRNA gene vaudouspdlufodn wuindeleluian
PP8-1 flmmimdrendiuide Micromonospora echinospora feseiumuAdEAG YU
nAlelnd (Gesimilarity) ¥osaz 99.4 fiszdiumandesiures bootstrap values uu phylogenetic
tree fifonas 67 (gﬂﬁ 2) wawas DNA-DNA hybridization sewinleleian PP8-1 waxiie type
strain ¥edna Micromonospora ﬁag’lﬂﬁﬁqmw phylogenetic tree (somonospora echinospora) AN
Wiy 70.8 %

72 Micromonospora terminaliae TMST" (KX394339
i

Micromonospora rosaria DSM 8037 LRQV01000286)
Micromonospora tulbaghiae DSM 451427 jgi 1058868)
Micromonospora endolithica DSM 443987 (AJ560635)
43 Micromonospora halotolerans CR18" (FN658652)

PP81
_F[—_ Micromonospora echinospora ATCC 158377 (U58532,
Micromonospora coxensis 2-30b287 AB241455,
Micromonospora maritima D10-9-57(HQ704071)
Micromonospora marina DSM 455557 jgi 1058878
— Micromonospora sediminicola SH2-137(AB609325,
Micromonospora aurantiaca ATCC 270297 (CP002162)
L Micromonospora citrea DSM 439037 X82617)
Micromonospora endophytic DCWR9:8-2"(AB981049,
Micromonospora auratinigra TT1-11TAB159779,
Micromonospora chaiyaphumensis DSM 452467 jgi. 1058876
Micromonospora sofi SL3-707 ABS81051,
Micromonospora sagamiensis DSM 43912 X92624)
Micromonospora eburmea LK2-10T AB107231)
4“4 Micromonospora fluostatini PWB-003"(LC033898)
Micromonospora yangpuensis FXJ60117GUQ02071,
Dactylosporangium aurantiacum NRRL B-80187(JNYJ01000122)
Actinopianes philippinensis DSM 43019 gi1085831)

s
0.0050

3111‘«1 2 ugnsumisvandalalaian PP8-1 uu phylogenetic tree (NJ method)
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ngufl 2 Wunqueeadowenilutivin Aaraudulseniedumeum uasdulsowmsdiviesen
hagau liadessadagiuans avesiidnsundunze Wigldiuuamns 15P2 Ussnaudae
\Ho 29 leleianAe NWS-22, NWB-23, NW8-24, NWB-25, NW8-26, NW8-27, NW8-28, NW8-29,
NW8-30, NW8-31, NWB-32, NW8-33, NW8-34, NW8-35, NWB-36, NW8-37, NW8-48, NW8-49,
NW8-50, BR3-4, BR3-5, BR3-6, BR3-7, BR3-8, BR3-9, BR3-10, BR3-11, BR3-12, BR3-13

Wenquillasglémmduduieundegianiasas 5 mnniunsa-aslutas 5-9 DNl
geaeTiaiglife 62 awrwaldea aunsoadieulniddesaniouts Tusiuluuuuasiaaiu us
lianunsosdlumsadululasild ausosdansaldnnimadlivaaauldidouynuia oy
i-lelaauazylasa mmiﬂnﬁmmivgﬁﬂgﬁﬁﬁqw‘éé’ué’amﬂﬁmﬂaaL{a B.subtilis, M.luteus,

S.aureus Wa¢ C.albicans %

= ) = &
JUN 3 n uansdnuaslalatuaznssiyventeleluian NW8-32 uuamis ISP2
v v ¥ Jd L 1
1 jUaveimeldndesganssminvulduasieiaudniimaeisgs (400 win)
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wisadvedenquilVsznaudionsanganiin esaniiu  uaznsnlaesilufdanuuy LL
(cell wall type 1) wuthmanglea lslua  nuaelna wazersiilua (uthaevmslueed
(whole-cell sugar) wulaavhaaaieniluaiiiu (phosphatidylethanolamine) lanean@fandiy
2388 (diphosphatidylglycerol) Waawifraduludviea (phosphatidylinositol) Weavih@Randia
838a (phosphatidylglycerol) uvealwlalmendnwalluwad Mednvusniseynsuisiuail

o ot = & e ¥ ; ) é’
wazdnwusadugAneansodudulad wenguilegluana Streptomyces

mMyIAseiEdUIUEYasTuYa 165 RNA gene vaudlalaleian NW8-32
dmsieneidifuiuavasdiuras 165 rANA gene veudeloluan NW8-32 fimu
pdwAdstude Streptomyces samsunensis wnildafesEiuANAd AR BsERUTIRaTe
Indt (Gesimilarity) Yauay 99.9 fiszsuanudeiiunes bootstrap values Uy phylogenetic tree
Jovaz 99 nawas DNA-DNA hybridization sewinslalgian NW8-32 uazio type strain ¥9%na
Streptomyces ﬁaq’lﬂﬁﬁqmu phylogenetic tree (Streptomyces samsunensis) AUV
872 % andeyaansoaguldindelelaan Nwe-32 WudealTdidentuiu Streptomyces

samsunensis

18
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Streptomyces sporoclivatus NBRC 1007677 (AB249934)

Streptomyces antimycoticus NBRC 128397 (AB184185)

- Streptomyces melanosporofaciens NBRC 130617 (AB184283)

66 _[ Streptomyces mordarskii NRRL B-1346" (EF408735)

79 Streptomyces castelarensis DSM 408307 (AY508511)

[ |—— Streptomyces yatensis NBRC 101000T (AB249962)

— Streptomyces geldanamycininus NRRL B-3602T (DQ334781)

65 | Streptomyces rhizosphaericus NBRC 1007787 (AB249941)

Streptomyces indonesiensis DSM 417597 (DQ334783)

98— Streptomyces griseiniger NRRL B-1865T (AJ391818)

Streptomyces cangkringensis D1 3p3T (AJ391831)

86 Streptomyces asiaticus A14P17T (AJ391830)

90} Streptomyces yogyakartensis NBRC 100779T(AB249942)
Streptomyces javensis NBRC 1007777 (AB249940)

og| |Streptomyces demainii NRRL B- 14787 (DQ334782)

Streptomyces endus NRRL 2339" (AY999911)

99| Streptomyces hygroscopicus subsp. hygroscopicus NRRL 2387"(AB231803)
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64 i&‘treptamyces sp. NW8-32
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gﬂﬁ 4 uanemumisvaadisleluan NWB8-32 uu phylogenetic tree (NJ method)
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= - = = o ot = Q‘J
asudndAsgll  magalgaslassaiamaeiivazimuaendnualvasdrsuigusivenld
% as o do o
Nniauandludsdnndaian
X o oo Y Y 1 oo o Lo ¥
Nniveuendludedvvianun 6 leluian  wuinYeussdluledvnguin 2 uangrsduda
a A’ a =l & Val = & 4’ o e 4}’
mM3esveteduvidvaaeulas Judanidedunulunguin 2 wvuwsdedluewsivan Yeast
d 1 13 d o =
extract-Malt extract vuwATBULEIMIMSISAY 200 SBUsBUTT Mgl 30 svANgaLYd
[ a o g ar o = = L ar , Coa J
$1u 20 des waninimindanatadeieficasdien Wasataneuluduefiaesfineveude
munungy 2 Ysina 239 adu levinnswusansaievenulutuieiiaezfnauvadeugussiu
= =l L3 s d‘v 5 = = = : 'l =t ¥
auvsdnuhasaiauangvisdudinisiesyuenuaiiGeunsuuin  uasiedasveaaeulan Fala
hwwihnsuenasivigvismemeiinuaanedulasinlanslasld Silica gel 60 wurmaynia
ﬂl Vs -] 1] s ]
0.063-0.2 nm Wuanw uazlifvhasanerauszwinpaslsvesuuasuviusalusnsidn 9
' 4 dyw a £ S ) P & wwoe
we 1 Wuwlaindeud Idansuiavs Nw3-2A USina 402.8 fadniu suandluzuil 9 sniuldvi
° £ L7 5 = a L=} e o & . .
msthans NW3-2A  wwndaugnanisdudinisiasgvenduvsdvegeudieds Disc  diffusion
' Ty L) o o & z s
WU @1TUIEVEMINGNIAIUTOEUBIT Bacillus subtilis ATCC 6633 Staphylococcus aureus
ATCC 25923 Micrococcus luteus ATCC 9341 uag Candida albicans ATCC 10231 6@
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YM fermentation broth (20 L) of Streptomyces sp. NW8-32

Fittered

(2399

Filtrate Mycelial cake
Extracted with ethyl acetate
Ethyl acetate layer
Concentrated to dryness
Ethyl acetate extract 3 *positive antimicrobial activity

< & @ R &
3UN 9 TumaunsanaansaIIniIvinueade Streptomyces sp. NW8-32
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Ethyl acetate extract (2.39 ¢)

(CHCl5-MeOH gradient)

Quick column chromatography

NW1 NwW2 NW3 Nwa NW5
190.0 mg 265.5 mg 1750 mg 52 mg 50.7 mg
Silica gel flash column
(CHCl3MeOH = 9:1)
NW3-1 NW3-2- NW3-3 NW3-4 NW3-5 NW3-6
453 mg 967.9 mg 2014 mg 100.6 mg 90.3 mg 92.4 mg
Silica gel flash column chromatography
(CHCl3:MeCH = 9:1)
NW3-2A NW3-2B
202.8 mg (@13UTYT) 267.8 mg

= & a £ o & a
3U# 10 -uumaumsuanawmqwﬁmnaﬁaﬂﬁmﬂm'l,u'ﬁ“utawaasﬂmmauﬁa Streptomyces sp.

NW8-32
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a3 NW3-2A Sidnvasdunsdfueuvies delemeiiwinluanasie ESTOF mass
Us1ng pseudomolecular fon peak 7 m/z 583.2544 (M+Na}+ Zanmnsnssugasluanalfifu
CooHagN,O5Na mnﬁayjawaa IR absorption spectrum uamslayavas 3,452 cm’ (OH
stretching), 1,691 cm (C=0 stretching) and 1,642 cm™ (C=O stretching, amide | band) il
Anszilasainaeiivesasiifemeda NMR wuin iz’éyjamq 'H NMR wanslivsuin s
NW3-2A Usznaulume 4 methyl protons, 3 methoxy protons, 2 methylene protons, 11
methine protons Wag 3 exchangeable protons dayana °C NMR asulfinansiusznauly
MmusmATueuIIY 29 e¥mey ndeyaves DEPTI35 waz HMQC annsassyviinues
ArsUBuaETs NW3-2A 181 ansiiusznaudae 4 methyl carbons, 3 methoxy carbons, 2
methylene carbons, 11 methine carbons wag 9 quaternary carbons uanmnﬁtﬁaﬁ‘nﬂiwﬁ
‘il’az.uja'tlaaﬁc NMR wm’qaﬁﬁuamé‘mfmuﬂaa 2 quinone carbonyl carbons, 1 amide carbonyl
carbon Way 1 carbamate carbon MnMaTeuiisudeyalugudeyaannsassyendnualves
astileidu arswanmuiedu (sed 7)

o Y )
E'dﬂ 11 uansdnwazlasIasavesas NW3-2A

1NNTUIETS  NW3-2A :u'mmaauqwéﬁmn1'i|.aﬁry*ua~w§aqﬁuw?ﬂ'maau wuinaﬁﬁuamqw‘é
E':'Ué'?ﬂﬂ'l'm?mﬂtlm:,%a clinical methicillin-resistant Staphylococcus aureus, Micrococcus
luteus ATCC 9341, Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633 uay
Candida albicans ATCC10231 fissduamududutiosiign (MIO) densiasayii 1, <0.05, 0.12,
7.5 uag 15 pg ml-1 MUaIRY
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o v 1 13 1 S
AT 6 m‘suﬁﬂmﬁawﬂagaﬂm H and "C-NMR 321719875 NW3-2A Lazaisiaaeiuiledy

Position NW3-2A" Geldanamycin
Oc (ppm) 8y (ppm), mult, U/ in Hz) Oc (ppm) O, (ppm), mult®
1 168.21 - 169.1 -
2 132.24 - 1332 -
2-Me 1231 1.79,3H, s 12.2 191, 3H
%3 127.89 6.79, d, (12) 1284 6.95, d
4 116,11 6.43, t, (12, 11) 125.7 6.56, t
5 1322 5.23, t, (11, 10) 1378 5.80, t
6 82.23 4.15, d, (10) 81.6 4.34,d
6-OMe 593 3.30, 3H, s 56 3.22, 3H,s*
7 80.62 511, brs 80.6 4.86, brs
7-OCONHZ 154.75 4.75, NH,, brs 156 6.45, NH,, brs
8 128.1 - 132.6 =
B-Me 124 1.65, 3H, s 125 1.61, 3H, brs
9 13494 5.72, d, (10) 131.9 551,d
10 31.29 263, m 32.1 3.61
10-Me 12.66 0.95, 3H, d, (1) 233 0.97, 3H, d“
11 744 351, m 719 320"
11-OH - 3.11, OH, brs - S
12 82.88 337, m 80.2 3.07*
12-OMe 56.75 3.33,3H, s 56.5 3.23,3H, s*
13 34,74 1.78, 2H, m 31 1.45, 2H, brs
14 27.97 1.64, brs 26.6 1.91
14-Me : 23.04 0.96, 3H, d (6) 13 0.76, 3H"
15 3283 2.49 2H, m 317 242, 2H, m
16 125.41 - 128.1 242, m
17 151,73 - 156.4 -
17-OMe 61.68 4.11 3H, s 61 3.93,3H, s
18 181.74 - 183.6 =
19 110.6 7.24,5s 1109 702, s
20 135.78 - 139.6 -
21 185.62 - 183.1 =)
NH - 8.70, NH, brs - 9.14, NH, brs
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aobserved in CDCl, and recorded at 300 MHz (*H) and 75 MHz (°C).
bobserved in DMSO-dé (Omura et al., 1979)
cobserved in DMSO-d6 (Rinehart, Jr. And Shield, 1976)

* ¥ # interchangeable signals

ot =3 4 s of JI
NaNISNAFaUIRTIN1SIINT I AYaLTaaUsTallalAsudsannaInde

actinomycetes

ansanaiuansingalunsilfeadusvamisnsmssentisannnin 100% ldurasaiaan
\Welelaiam NW8-32 (iarandudu 1 ng/ml wandlefinsanmuifuiivdewaduszammwuin
ansaim NW8-32 uansmnuiuiwaeisaduszamiion (Cs, > 10 pe/ml) FufudlewSouiiieu
therapeutic index (T)) sgwinmududuiiannsaviligadussamiisnsnissendinldunnia
100% fumnududuiinelimuiiuivdewadussamuds Judendiss NW8-32 uhmsdnmn
auannsalunsnsefumMeenvasusUsEamiimdudu 1 ng/ml dely

=1 w a o4 v v Y &
13199 7 WaRHan1sAdaudnsINSIentinussadusramidislasuasanaannde
actinomycetes funulungusieg

safnvaute anututy (Gawazn1ssandin £ SEM)
WusnsInssandin anuluie
PP8-1 (nguil 1) | 10 ng/mL (52,67 + 1.03%) > 10 pg/ml (85.02 + 1.01%)
NW8-32 (ngaifl 2), | 1 ng/ml (12841 + 0.97%) > 10 pg/ml (7.10 + 1.22%)
#15 NW3-2A
BW3-3 (ngufl 3) | 10 ng/ml (68.05 + 1.11%) > 10 pg/ml (78.36 + 0.23%)
NW8-21 (ngufl 4) | 10 pe/ml (89.21 + 0.11%) > 10 pg/ml (42.78 + 6.44%)
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£ 3 sl 5 :
HanN1TNAgaugNs neuroprotective activity -uaamsannmmﬁa actinomycetes

< < ; L3 v £ .
AN B UAMINANITVNAABUONS neuroprotective activity ¥838138NMANLT8 actinomycetes

Funulungusiieg

#1580 favazdnsnmiseninvauvaduszam £ SEM
PP8-1 (nq’uﬂ 1) (10 ng/ml) Limmaaumazgvsvedanmliunans
NWB8-32 (nguil 2, 515 NW3-2A) 97.23 + 1.21

(1 ng/ml)

BW3-3 (niiuﬁ 3) (10 ng/ml) Linasaumszguimedanmuiunans
NWB8-21 (na:uﬁ' 4) (10 pg/mb Linagaumsizgusnsdaningn
0.5% DMSO in O-MEM 31.16: 3:63*

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

10%FBS

Control (0I-MEM + 10%FBS) 100.00 + 0.00

u v ) o I = £
yndeyaagUldiansadn  NWe-32  dmududu 1 ngml  dlgvsundentaduszam
(neuroprotective) Ingansadannuiinaunsaldesiuaduszamldlimennmsiinannisinion

- s 2 : 4 1aiaf o Y . v =
aandatu (oxidative stress) nMssaeluanzlifidsu (serum deprivation) lfegnail

ar o aa A al ; dd a aw J -J

usdAgnadinllanFauiiguiunguauauiimziagduewnsiiineiudiu  wasnqueaiuaud
& a el

wnzidssluamsiliiud s
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unil 5
djunansidouasdaiauauus
msﬁmuam%auaﬂﬁiuﬁaﬁwmno‘ﬁaeiwmsﬂauﬁumnu%nzqumuuﬁwwﬁmmﬁ Janinuasanssh
annsausnidausadluduividiomn 60 leluan ivinsAnvdnuaemiflulng Taurdnsas
dugnAven maly d@iseiner Fuell aunsednndudeueniluleivmennesndu 4 nau
Andenmunurasusazngudnwanvasmaalllng uasilulnd wul
nquit 1 Hudsusedlutivivitlisiadulsainia  uavaiwavsieeguundiluans
Tngmss f8nvazmaalilniuasiTulnigusuindudeana Micromonospora
nduil 2 WeuerRlusloAniasuduluermedvneun aadulsemmsdmdssemhna i
ahusningilazangluems avesiidnuuniuaveseniduluasvefnuundulonniriidnuae
mqmiu'lwﬂuasﬁ‘iu‘lwﬂﬁué‘whLfJuri'??aaqa Streptomyces
nguil 3 Hudsuesdlutiviviiairadulvenialulmdvmenty  dlsenavdesen
thma wasdnunzalesiiug fnvasmaelilniuasiulndtuiuindudedna Microbispora
nqul 4 Wudbuerflusiodn fadadulsonadin wahaduloemsihmaseu i
aiesningiazagluewns afvaleaimensen fdnvusmaslilniuesTulndtusuindu
L'Aﬁ’aaqa Pseudonocardia
vnideuenilusioandieiu wuihdsleluan Nwe-21 fifmeduadwesdduiua
lud23 165 rRNA gene TnélABiu Pseudonocardia endophytica #igsefurUAEIEAGRIYEY
&wuilndlelng (Ysimilarity) fasaz 98.7 fiszdumruidesiures bootstrap values uu
phylogenetic tree fi¥auay 88 sliamzidnuwasmaiiulng wlilnduasiTulnd aunsefudy
Windeloluan  Nwe-21  fifudeatddlmiluana  Pseudonocardia  Taelwidedn
Pseudonocardia soli
msfnegrsneinmdesfureatoueniludednia 60 lolaan #1838 Acar disc
diffusion Ineldeduvidveasy As  Pseudomonas aeruginosa ATCC 27853, Micrococcus
luteus ATCC 9341, Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633,
Escherichia coli ATCC 25922 Waz MRSA  wuin Asafemenuluiulafinesinnvendenguil 2
uanaqudnauimasiquenterduvitneaeuld  TasannsadududeuuaiGounsiuanidu
v msfnymanseengrismetanmanidesumilunguil 2 FauansqisruqBuvIonn
wuin Wedunmilunguil 2 awnsnsdnanseanunivdy Geldanamycin) 1§ venvnians
NW3-2A Tildlusgduanandudu 1 uilunfudeliadins Swanwvtuntensaduszamanansie
AUATER lnsanusaviibilgadussamiitinsennanneamnuaienléne 97.23% + 1.21
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uenRluitdniAutazasadansiflassaionaniuanlminida
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NANGAAINIIUIY (Output)

UNAINIIY
1. Thawai, C. 2017. Pseudonocardia soli sp. nov., isolated from the mountainous soil.

Int. J. Syst. Evol. Microbiol. (In press) (Impact factor = 2.14)
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AIANUIIN

I |
gnI91%13La89LYD

grsemnsiasadeusasuindeluiivienlagléihndy 100 fadans awnsdanlvgjiei
Jelneldmudulethiou 15 veuddamsniiy feumai 121 ssrnwaidva Wunan 15 uni
sniumswismhmalunismaaeunisldundsnisusy Tnsldmasdousidorigamad 110 sen
waidea Wuiaan 10 unil .

1. Sodium-caseinate agar (SCN)

Sodium caseinate 02 - N3y
Glucose 01 nfu
K;HPO, 0.02 n3y
MgSO, 0.02 n3u
Agar 1.5-1.8 N3y

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

Yeast extract 0.4 n3u
Malt extract 10 . Al
Glucose 0.4:2- n5y
Agar 1555 gl
pH 7.3

3. Oatmeal agar, ISP medium no. 3
Oatmeal 20 .
Agar 1.8 0%y

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

Soluble starch 1.0 nsu
KHPO, 0.1+~ %
MgS0,.7H,0 ol EARERE

NaCl 0.1 Asu
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(NHq)zSOq 0.2 ﬂ%ll

CaCOs 0.2 N3
Trace salts solution (A) 0.1 {adang
Agar ; 20 e

pH 7.0-7.4

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

Glycerol £0° n
L-Asparagine 0.1 nfu
K;HPO, 0.1 nfu
Trace salts solution (A) 0.1 iaddns
Agar 20 n3u

6. Tyrosine agar, ISP medium no. 7

Glycerol 1.5 A%y
L-Tyrosine (Difco) 0.05 nsu
L-Asparagine (Difco) 01 n3u
K:HPO, 0.05 n3u
MgSO,.7H,0 0.05 n3u
NaCl 0.05 A3
FeS0,.7H0 0.01 N3y
Trace salts solution (A) 0.1 iadans
Agar 20— %
pH 7.2-7.4
Trace salt solution (A)

FeS0,.7TH,0 01 nsu

MnCl,.4H,0 01 niy

ZnS0,.TH,0 0.1 A

Distilled water . 100 #adans
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7. Peptone KNOs broth

Peptone 1.0
KNO, 0.1
NaCl 0.5
pH 7.0

8. Carbon utilization medium, ISP medium no. 9

Carbohydrate

(NHg), SO,

KoHPO4.3H,0

KH,PO,4 anhydrous

MgSQ,.TH,0

Pridham and Gottlieb trace salts (B)
Agar

pH 6.8-7.0

Trace salts solution (B)
CuS04.5H,0
FeSO0s.TH,0

MnCl,.4H,0

ZnS0,.TH,0

9. Boullion gelatin broth
Peptone
Meat extract
NaCl
Gelatin
pH 7.0-7.2

n5u

AU

1.0
0.264
0.565

0.238

0.1
0.1
1:5

0.64
0.11
0.79
0.15

1.0
0.5
0.5
15,0

Ay
nsy

nsy

A3
N3y
Ay

n3u
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10. Peptonization and Coagulation test medium

Skim milk (Difco)

11. Mueller-Hinton agar (Difco)

Beef infusion from
Casamino acid, Technical
Starch

Agar

pH 7.3

12. Sabouraud’s dextrose agar (Difco)

Neopeptone
Dextrose
Agar

pH 5.6-5.8

13. Seed medium

Yeast extract
Glucose
Malt extract
pH 7.3

14. Production medium
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Malt extract
CaCo,

pH 7.3
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15. Peptone-yeast extract iron agar
Bacto-Peptone Iron Agar, dehydrated (Difco)
Bacto-Yeast Extract (Difco)
pH 7.0-7.2

16. Glucose asparagines agar

Glucose 1 n3u
Asparagine 0.05 n3u
KoHPO, 0.05 nu
Bacto-agar £5::2 - nsy
pH 6.8-7.0

17. Nutrient agar

Meat extract 1 Asu
Peptone 1 n3u
NaCl 0.1-0.2 N3
Agar 15 ngl

18. Czapek’s sucrose agar

Sucrose 3 n3u
K,HPO, 0177 Af
MgSO, 0.05 03U
KCl 0.05 a3y
FeSO, 0.001 3y
Agar 1.5-1.7 n$u
pH 7.0-7.2

19.phosphate buffer
KH,PO, 0.680 N3
NayHPO, 0.71 n3u
DW. 1 dng
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20. Humic acid Vitamin Agar

Humic acid
NayHPO,
KCl
MgS0,.7H,0
FeSO,.7TH,0
CaCo,
Vitamin B
Agar

DW.

pH 7.3

\nde 3 Wasldud

1054

0.5 N5y
1.71 n3u
50 fiadn3u
10 fadn3u
20 fadnsu
10 fiadans
15 nsu
1am3

** Humic acid avatglu 10 ua. 0.2N NaOH

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

10 fadnsu
10 fladinsy
10 fiadniu
10 fiadnsy
10 fadn3uy
10 fadniy
10 fiadn3u
5 flaan3u
200 fiadans
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characterized using a polyphasic approach. Based on 16S rRNA gene sequence
analysis, the strain reveals the closest relationship to Pseudonocardia endophytica
YIM 56035T with the highest 16S rRNA gene sequence similarity value of 98.7%
follows by P. nantongensis KLBMP 1282T (98.0%). The chemotaxonomic properties
i.e. arabinose and galactose as the diagnostic reducing sugar in cell, MK-8 (H4) as a
major menaquinone, iso-C16:0 as the main cellular fatty acid component and
phosphatidylethanolamine, phosphatidylmethylethanolamine, diphosphatidylglycerol,
phosphatidylglycerol, phosphatidylinositol, phosphatidylcholine as the characteristic
phospholipids, confirmed the taxonomic affiliation of the strain that was consistent with
those of the genus Pseudonocardia. Several phenotypic differences and DNA-DNA
hybridization results (less than 40% relatedness value) indicate that strain NW8-21T is
considered to represent a novel species of the genus Pseudonocardia, for which the
name Pseudonocardia soli is proposed. The type strain is strain NW8-21T (=BCC
58125T =NBRC 109519T).
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A novel actinomycete strain NW8-21T was isolated from mountainous soil in
Mae-Wong National Park, Nakornsawan province, Thailand and was
taxonomically characterized using a polyphasic approach. Based on 16S rRNA
gene sequence analysis, the strain reveals the closest relationship to
Pseudonocardia endophytica YIM 560357 with the highest 16S rRNA gene
sequence similarity value of 98.7% follows by P. nantongensis KLBMP 12827
(98.0%). The chemotaxonomic properties i.e. arabinose and galactose as the
diagnostic reducing sugar in cell, MK-8 (H4) as a major menaquinone, iso-Cis:0
as the main cellular fatty acid component and phosphatidylethanolamine,
phosphatidylmethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol,
phosphatidylinositol, phosphatidylcholine as the characteristic phospholipids,
confirmed the taxonomic affiliation of the strain that was consistent with those of
the genus Pseudonocardia. Several phenotypic differences and DNA-DNA
hybridization results (less than 40% relatedness value) indicate that strain NWS$-
217 is considered to represent a novel species of the genus Pseudonocardia, for
which the name Pseudonocardia soli is proposed. The type strain is strain NW8§-
217 (=BCC 58125" =NBRC 1095197).

Key words: Pseudonocardia soli sp. nov., Actinomycetes, 16S rRNA gene,

Mountainous soil
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Genus Pseudonocardia [1] is the one of important group of actinomycetes because
several members in this genus are well-known sources of secondary metabolites that
can be developed as a resource for biotechnology [2, 3]. Several Pseudonocardia
species normally distribute in many varieties of soil [4, 5, 6, 7]. At present time, the
genus contains more than 50 species including P. nigra [8], the latest novel species.
Since mountainous environment differ greatly from another terrestrial habitats, the
biological characteristics of actinomycetes and their distribution are expected to be
different from those of soil actinomycetes. In the programme for investigation of
novel actinomycetes from the mountainous soils, the actinomycetes strain NW8-21T
was isolated. This strain shows the morphological and chemotaxonomic typical of the
members of the genus Pseudonocardia but the phenotypic and genotypic
characteristics are completely separated this strain from all type strains of the genus
Pseudonocardia species. With these reason, strain NW8-21T should be judged as
novel species of the genus Pseudonocardia for which the name Pseudonocardia soli

Sp. nov. is proposed.

Strain NW8-21" was isolated from a soil sample collected from the Mae-Wong
National Park, Nakornsawan province, Thailand. The soil sample was air-dried at
room temperature for 14 days. The dried soil sample was then ground and heated at
100 °C for 1 h. The treat soil was serially diluted to the 10 concentration in 0.01%
sterile sodium lauryl sulfate in distilled water and spread on humic acid-salts vitamin
agar (HV) [9] supplemented with 20 mg 1" nalidixic acid and 50 mg 1" nystatin. The
colony of actinomycetes was purified on yeast extract-malt extract agar (International
Streptomyces Project, ISP2 medium) [10]. The pure culture was preserved by freeze-

drying.
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To observe the morphology, strain NW8-217 was cultivated on soil extract agar at 30
°C for 30 days. First, the colonies of this strain were observed by light microscopy. To
prepare the samples for observing under scanning electron microscopy, a cultured
agar block (3 cm? x 5 cm?) was fixed with the vapor of 2% osmium tetroxide for 2
hrs. Then, the samples were gently washed with sterile distilled water. The
dehydration step was done through a graded ethanol series [30%, 50%, 70%, 95%
each for 10-15 min, finally followed by 100% ethanol (10 min) for three times]. After
that, the dehydrated samples were dried using liquid carbon dioxide in critical-point
dryer (model EM CPD300; Leica). Finally, the specimens were stuck on the stub and
were coated with gold using a sputter coater (model SCD040; Balzers, Germany). The
specimens were observed under a scanning electron microscope (model JSM-6610

LV; JEOL).

The cultural characteristics of the strain were examined on several International
Streptomyces Project (ISP) media (ISP2-7), glucose-asparagine agar (ISP5 with 1%
glucose replacing glycerol), Czapek’s sucrose agar [11] and nutrient agar (Difco). To
determine the colour of substrate mycelium, aerial mycelium and spores, the standard
colour charts (ISCC-NBS) was used [12]. To characterize the nitrate reduction, the
decomposition of gelatin, starch, casein and the acid production, the strain and the
reference strains were cultured on the media preparing by the method of Arai [13],
Williams & Cross [14] and Gordon [15]. The growth on various conditions, i.e. the
temperature (10-50 °C), NaCl (0~7%, interval of 1 unit) and pH (4-11, interval of 1

pH unit) tolerance, were determined on ISP2 agar for 14 days. Urease activities were
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performed according to the method previously described by Smibert & Krieg [16].

The results are showed in the species description and Table 1.

For chemotaxonomic analyses, strain NW8-21T was grown in ISP2 broth on rotary
shaker (180 r.p.m.) at 30°C for 5 days. The biomass of the strain was prepared by
harvesting the cultured broth by centrifugation (8000 x g for 10 min) and then the cell
pellets were washed five times with sterile distilled water. The washed cells were
dried in the freeze dryer. The cell wall diaminopimelic acid was analysed using the
protocol of Hasegawa et al. [17]. The acyl type of muramic acid in the peptidoglycan
was carried out using the method of Uchida and Aida [18]. Reducing sugars in cell
were studied according to the standard protocol of Komagata and Suzuki [19]. The
extraction method and two-dimensional TLC technique suggested by Minnikin et al.
[20] were used for analyzing the polar lipids in membrane. The cellular fatty acids
were evaluated according to the protocol of the Microbial Identification System
(MIDI) [21; 22] with the TSBA6 MIDI database. Mycolic acids were determined
using the method suggested by Minnikin er al. [23]. Isoprenoid quinones were
extracted according to the method of Collins et al. [24] and analysed by HPLC. The
HPLC solvent system was methanol/2-propanol (2 : 1, v/v) at a flow rate of 0.6 ml
min’’.

Extraction of genomic DNA and the 16S rRNA gene amplification and sequencing
were done as described by Tamaoka [25] and Thawai [26], respectively. The G+C
content of the genomic DNA was examined according to the standard HPLC method
of Tamaoka and Komagata [27]. DNA-DNA hybridization was done using the

fluorometric microwell method suggested by Ezaki ef al. [28].
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The 16S rRNA gene sequence similarity value of strain NW8-21T (1,478 bp) was
calculated based on the pairwise alignment using the the EzBioCloud server
(http://www.ezbiocloud.net/) [29]. CLUSTAL W multiple alignment mode within
lBioEdit program version 7.1.3.0 [30] was used to align the 16S rRNA gene sequences
of strain NW8-217 and the closely related members of the genus Pseudonocardia.
Phylogenetic trees were constructed using the neighbor-joining (NJ) [31], maximum-
likelihood (ML) [32] and maximum parsimony methods [33] in the MEGA 6 software
[34]. Distances between sequences were calculated by the Kimura's 2-parameter
model [35]. A bootstrap analysis (1,000 replicates) was evaluated the robustness of

the tree topologies [36].

Strain NW8-21T grew well on ISP 2, ISP 3 and ISP 7, moderately on ISP 5, weakly on
ISP 4, ISP 6, Czapek’s sucrose agar, glucose-asparagine agar and nutrient agar. The
colour of substrate hyphae on these media was pale yellowish white to yellowish
brown. White aerial mycelium is observed on ISP 2, ISP 3, ISP 4, ISP 5, ISP 7 and
Czapek’s sucrose agar. Soluble pigment was not produced on any of the media tested.
Strain NW8-217 formed the long chains of rod shaped spores borne on aerial
mycelium (Supplementary Fig S1). The morphological characteristic of this strain is

similar to those of the spore morphology of genus Pseudonocardia [1].

Several chemotaxonomic data of strain NW8-21" confirmed the affiliation of this
strain to the genus Pseudonocardia. The cell walls of strain NW8-21T contained
meso-diaminopimelic acid. The acyl type of cell wall peptidoglycan was acetyl. The

reducing sugars in whole-cell hydrolysates were arabinose, galactose, glucose and
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ribose. The two reducing sugars, arabinose and galactose, were generally found in
members of the genus Pseudonocardia [5, 6, 8]. The menaquinones were MK-8(Ha)
(94.9%) and MK-9(Hz) (1.1%). The high amount of MK-8(Hs) is usually observed in
Pseudonocardia species [6, 8, 37]. The major cellular fatty acids (>3%) were iso-Cie:0
(68.4%), is0-Ci6:1 H (9.3%) and iso-Ci4.0 (3.6%) (Supplementary Table S1). The fatty
acid, iso-hexadecanoic acid (iso-Ci¢.0), is generally reported as major component fatty
acid in the members of Pseudonocardia [4, 5, 6, 7, 8]. Mycolic acids were absent. The
diagnostic phospholipids, diphosphatidylglycerol (DPG), phosphatidylglyceroi (PG),
phosphatidylethanolamine =~ (PE),  phosphatidylmethylethanolamine (PME),
phosphatidylinositol (PI), phosphatidyl choline (PC), were found in this strain. These
phospholipids commonly found in the membrane of Pseudonocardia species.
(Supplementary Fig. S2), [5, 38]. The G+C content (mol%) of the genomic DNA was

70.9%.

Almost complete 16S rRNA gene sequence was obtained for strain NW8-217 (1,478
nt). The strain exhibited a close relationship with members of the family
Pseudonocardiaceae and formed in the phylogenetic cluster of the genus
Pseﬁdonocardia (Fig. 1). The phylogenetic position of strain NW8-21T in NJ, ML and
MP tree-making algorithms with high bootstrap values (88-95%) revealed that this
strain was most closely related to P. endophytica (Supplementary Fig. S3 and S4).
The taxonomic position of strain NW8-21" was confirmed by the value of 16S rRNA
gene sequence similarity because this strain shared the highest 16S rRNA gene
sequence similarity with P. endophytica (98.7%) followed by P. nantongensis

(98.0%). With these reason, the two closest type strains of the genus Pseudonocardia,
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P. endophytica and P. nantongensis, were selected for comparing the phenotypic

characteristics and DNA-DNA hybridization.

As summarized in Table 1, strain NW8-217 was readily distinguished from the closely
related species, P. endophytica DSM44969" and P. nantongensis NBRC108677". The
strain, unlike P. endophytica DSM44969", produced acid from L-arabinose, L-
rhamnose, D-raffinose, D-cellobiose, D-mannitol, D-mannose, D-xylose, glycerol and
myo-insitol. Additional, the maximum temperature for growth of strain NW8-21" is
30°C whereas P. endophytica DSM44969" could grow at 37°C as maximum
temperature. In contrast, P. nantongensis NBRC108677", unlike strain NW8-217,
reduced nitrate to nitrite, exhibited the urease activity, did not produce acid from D-
raffinose, D-cellobiose, D-mannitol, D-mannose, glycerol and myo-insitol.
Furthermore, the result of DNA-DNA hybridization between strain NW8-217 and
these two closely related species ranged from 30.8 + 0.4% - 39.3 + 0.5%, which is
well below the 70% cut-off point for the assignment of bacterial strains to the same
species [39] (Supplementary Table S2). Thus, on the basis of phenotypic,
chemotaxonomic and genotypic data, strain NW8-21" merits classification as a novel
species of the genus Pseudonocardia, for which we propose the name
Pseudonocardia soli sp. nov. The type strain is strain NW8-21T (=BCC 581257 =

NBRC 1095197).

DESCRIPTION OF PSEUDONOCARDIA SOLI SP. NOV.
Pseudonocardia soli [so’li L. gen. n. soli of soil, referring to the soil as the isolation

source].
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Cells are Gram-stain-positive, mesophilic actinomycete that forms branched substrate
mycelium. White aerial mycelium and the long chain of spores are observed on ISP 2-
7 media. No soluble pigment is produced in any test media. Hydrolysis of starch is
positive. Peptonization of milk, gelatin liquefaction, hydrolysis of tyrosine, the
production of urease and nitrate reduction are negative. Acid is produced from D-
cellobiose, D-fructose, D-galactose, D-glucose, D-mannose, D-mannitol, L-arabinose,
L-rhamnose, glycerol, sucrose, D-xylose, D-ribose, D-melibiose, D-raffinose, D-
salicin and myo-inositol. Optimal temperature for growth is between 25-30 °C. No
growth at 35 °C. The maximum NaCl concentration for growth is 7% (w/v). The pH
range for growth is 5;10. The cell wall peptidoglycan contains meso-diaminopimelic
acid. The acyl type of the cell wall is acetyl. The predominant menaquinones is MK-
8(Hs) and small amount of MK-9(Hz) is also found. The characteristic whole-cell
sugars are ribose, arabinose, glucose and galactose. The phospholipid profile contains
diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine,
phosphatidylmethylethanolamine, phosphatidylinositol, phosphatidyl choline, two
unidentified phospholipids and seven unidentified lipids. The fatty acid pattern (>1%)
consists of is0-Cie0, i50-Ci6:1 H, i80-Ci4:0, C17:1 @6c, Cis:1 @7¢, Ci7:1 @9¢c, Cieo, iso-
Ciso, is0-Cizo, anteiso-Ciz.o, is0-Ciso, 10-methyl-Ciso, 10-methyl-Ci70. Mycolic
acids are absent. The G+C content of the DNA is 70.9 mol%. The type strain is NW§-
21T (=BCC 46909" =NBRC 108780"), which was isolated from soil of the Mae-Wong

National Park in Nakornsawan Province, Thailand.
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Figure and Table legends

Fig. 1. Neighbour-joining tree (Saitou & Nei, 1987) based on almost-complete 16S rRNA
gene sequences (1,450 nt) showing the relationships between strain NW8-21T, the
Pseudonocardia species with validly-published names and members of the genera
Actinomycetospora, Actinoalloteichus. Actinopolyspora halophile was used as an
outgroup. Asterisks (*) indicating the branches of the tree that were also found using the
maximum-parsimony and maximum-likelihood methods. The numbers on the branches
indicate the percentage bootstrap values of 1,000 replicates; only values >50% are

indicated. Bar, 0.01 substitutions per nucleotide position.

Table 1. Differential characteristics of strain NW8-21" and the closest phylogenetically
relative, P. endophytica DSM44969" and P. nantongensis NBRC108677".
All other phenotypic data were determined in this study. +, Positive; -, Negative; w

b4

Weakly positive.
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Supplementary Fig. S1. Scanning electron micrograph of strain NW8-217 grown on soil extract
agar for 30 days at 30°C. Bar, 1 pm.
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Supplementary Fig. S2 Polar lipid appearing on the two-dimensional thin-layer chromatograms
of strain NW8-21".

(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; PC, phosphatidylcholine; PI, phosphatidylinositol; PL, phospholipid; L, lipid.
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Supplementary Fig. 83 Phylogenetic tree based on the nearly complete 165 rRNA gene sequences (1450 nt) of strain NWg8-217
and other members of the genus Pseudonocardia. The tree was reconstructed with the maximum-likelihood method.
Actinopolyspora halophile DSMA43834T was used as outgroup. Numbers on branches represent the bootstrap values as the
percentage of 1000 replicates. Bar, 0.01 substitutions per nucleotide position.
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Supplementary Fig. S4 Phylogenetic tree based on the nearly complete 16S rRNA gene sequences (1450 nt) of strain NW8-217
and other members of the genus Pseudonocardia. The tree was reconstructed with the maximum-parsimony method.
Actinopolyspora halophile DSM43834" was used as outgroup. Numbers on branches represent the bootstrap values as the

percentage of 1,000 replicates.
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Supplementary Table S1. Cellular fatty acid composition of strain NW8-21"

Cultures were grown in yeast extract-malt extract broth on a rotary shaker at 30°C for 5 days.

Fatty acids Strain NW8-21" P'Ifsnlgg::;v;;?fa
Saturated fatty acids

Ci20 3-OH 0.4 <
Ciso 0.1 i
Ciso 1=3 1.1
Ciro 0.6 4.2
Ciso 0.3 0.9
Unsaturated fatty acids

Cis:1 07c 2.3 =
Ci61 @9¢ - 22
Ci7.1 @6c 24 ~
Ci71 8¢ 0.7 =
Ci71 @9 1.0 el
Cig1 @9¢ 0.2 32
Branched fatty acids

is0-Cyz9 0.6 -
is0-Cy3. 0.2 -
is0-C40 3.6 1.8
is0-Cjs 1.4 13.6
anteiso-Cjs.o 0.2 -
i50-Cie:0 68.4 44.0
iSO-ClG;{) 3-OH 0.3 =
iso-Cis1 H 9.3 72
is0-Ci79 1.2 3.2
anteiso-Ci7: 1.7 2.1
is0-Cig.0 1.6 2.6
10-methyl-C1g.0 12 5]
10-methyl-C;7 1.0 147
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Supplementary Table S2. DNA-DNA relatedness among the strain NW8-21" and its closest
phylogenetic neighbours in the genus Pseudonocardia.

Strains

DNA-DNA binding (%) with labelled DNA from*:

1 & 3
1. NW8-21" 100 387+ 1.1 30.8+0.4
2. P. endophytica 393+0.5 100 38.1+0.8
DSM44969
3. P. nantongensis A0 35.7+04 100
NBRC108677"

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