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Abstract

Seventy one actimonycete strains were isolated from soil sample collected in Phu Sang
National Park of Payao province and the tissue of Zingiber officinale and Curcuma
zanthorrhiza, Thailand. These strains were grouped using phenotypic chemotypic and
genotypic characteristics into 5 groups. Phylogenetic position, chemotaxonomic analyses
including some phenotypic characterisation revealed that the representative strains in
each group belonged to the members of the genera Streptomyces, Micromonospora
Herbidospora Amycolatopsis and Actinomadura.. Here, we found the strain PS42-9,
DH51B-4-3 and PCWR-4-6 showing morphological and chemotaxonomic characteristics
typical of members of the genera Herbidospora Amycolatopsis ‘and Actinomadura,
respectively but which was genotypically and phenotypically distinguishable from all
recognized Pseudonocardia species. Therefore, the strains PS42-9, DH51B-4-3 and PCWR-
4-6 were judged to represent a novel species of the genus Herbidospora Amycolatopsis
and Actinomadura for..which-the name 'Herbidospora soli- sp. nov., Amycolatopsis
rhizosphaerae sp. nov. ua¥ Actinomadura rubra sp. nov. were proposed. Furthermore,
the fermentation broths of these representative strains were extracted with ethyl acetate
and were tested for anti-micrebial activity. The results showed that more than 40% of

actinomycete strains exhibited the anti-microbial activity.
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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 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

UL = microlitre

MRSA = Methicillin resistant Staphylococcus aureus
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asneaidod 1Tuan 18 $alus udnilu spot Uuusu TLC (Merck No. 5716) Develop #ie
methanol - water - 6N HCl - pyridine(80:26:4:10) 19 0.5% ninhydrin solution Tu n-butanol
wuudalimudeud 100 swmiwaidea 2-3 uril iilag spot MinTuiiuiy standard

3.2.2.2 M5A5IER Whole cell sugar

isaduianlalaslading 1IN H2504 igumgd 100 svrwadea uw 2 Falue

fdbiluudaTain Ba(OH)2 wazdiu pH eglutae 5.2-5.5 dilutuwies gaeramazaiednuy



(supernatant) 3vinlwuis azaredidaet avmiu spot @duu cellulose TLC plate develop
M butanol - water - pyridine - toluene (10:6:6:1) Wuéa® acid aniline phthalate Uil
9ol 100 BrwadEd U 4 Uil ey spot AU standard

3.2.2.3 N15AsIEY Polar lipid

ieaduisiilfinada polar lipid #e methanol Tigaumal 100 ssritaLdoa
Wuan 5w AdliBuudaaninsede chloroform nsesnnuead (debris) san ¥ins partition
#w chloroform Wag saline 13144 chloroform  lUssweliusie azanednsne chloroform -
methanol UaAAA13#I8EN spot aduu HPTLC (Merck Kieselgel 60 F254, 10x10 cm) ¥n1s
develop 2 #iAN3 (two-dimensional development) 678 solvent system 2 %fia A
chloroform - methanol - water (65:25:4) uaz chloroform = acetic acid - methanol - water
(80:18:12:5) wiaviudae 50% sulfuric acid suflgamnil 150 asrigaifed Wuan 5 unit duna
spot Anty

3.2.2.4 mylaszviesrlsznauvasnsaluiy (Cellular fatty acid)

W3sU methyl  ester gainsaleiu anwadureleslalasladisaisazare
methanolic ' hydrochloric acid - figamgil 100 asrwaidsa iuiian 3 Falie wdnadnsne
Ulnsideudnes usliassiaay gas liquid chromatography

3.2.2.5 NM7UATIEY Isoprenoid quinone
diraduiainme chloroform = methanol 8m31aau 2 -1 viaSeuwen 1 AU Intunsetuay
vidlviwis vhduilldazatedisg acetone uailUSausuuLIY TLC - (Merck, No. 1.05715
Kieselgel 60 F254, 20x20°cm) [othuasazvidhe HPLC
13.2.3 mylAsnzidrnuiuaiuaeiowelutig 165 rRNA gene wavnsinseiaed) Tauinis
(phylogenetic tree)

11 DNA. 7ienly uriierSuna DNA - Tuga 165 rRNA genelagly Universal
primer ﬁ'lllﬁﬁ?tl'ﬂum‘%m DNA Thermal cycler (GeneAmp PCR System 9700; Applied
Biosystems) 165 rRNA gene WitnSanailfivzgmiiliviqusuasinssidiuwaladly Asi
PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem)
dwiuiandlelnaflfazgniiniauisuiioy uasalignment Audavihrdlalndlugudeyaves
Genbank/EMBL/DDBJ Tneild BLAST program wa alignment software (lunsditild CLUSTAL W
program package) Y1assdayailiu multi-data set uazai1a phylogenetic trees 1u MEGA

software program version 2.1 Ltaﬁmi'lsﬁ‘t'l’agamﬁ



3.2.4 NM159LASI9Y DNA base composition (Tamaoka,1994.)
3.2.4.1 M3ugn DNA uasviilvuiaws

tgamga‘[.u Yeast extract — Malt extract broth ({utian 4-5 Ju aﬂﬂﬁuLﬁULﬁaq
waduasiwie saline-EDTA vihliwaduandie lysozyme was Tris-SDS solution 1ntiuada
ahe phenol Wax chloroform anAznau DNA 678 cool ethanol  A18m RNA uazlusiu Tnsnas

WU RNase solution wa proteinase K uazfiu DNA fils137 20 ssrwaidea Tu ethanol

3.2.4.2 MSWATIEN
Wwien nucleoside w84 DNA usiazlelaam 37nnaslalaslad 10 pl heated DNA (1 mg/ml) e
10 pl nuclease P1 ﬂuﬁqquﬁ 50 a9 wwaea 1unat 1 il wazlelasladiadie 10 ul

2 P a - ) ¥ = o a v
alkaline phosphatase - figaungil 37 asrneadea 1ulaan 1 Falus uddahlviwnssise
HPLC

3.2.5 Photobiotin labeling DNA-DNA Hytridization

3.2.5.1 Immabilization of DNA in microtiter plate

MEm 100 pl 98sa15a8A18 heat — denatured DNA (1 g DNA / well) 984 type
strain, control DNA (calf thymus %38 E. coli) wag DNA 184188 unknown ﬂul’ffﬁqcuwﬂuﬁ 37
asralded 2 49lue Wdamansazany ONA - i aane PBS . Udaalwiui i 45-60 o
waldea

3.2.5.2 DNA labeling with photebiotin ( DNA probe )

MIBNAITAZAIY DNA- U84 type = strain luwaan eppendrot tRNd1TazaY
photobiotin wasliighi winhlurmslududs DediBudidesdngiasninaes sunlamp L
0.IM Tris-HClL buffer.(pH 9.0)-uaz n-butanol - tusiae vortex Juwdnei 12000 rpm uu 20
uil thansaganesuuuite Wi n-butanol wazthuigsinads fansazatetuuy 1 DNA #ifa
aanudludiludnien 15 uiit ilWduedisniauestdily sonicate  udilunauiy
hybridization solution

3.2.5.3 Prehybridization

vend15asaty prehybridization aswsaswguues plate vuliutu 1 Falus 4

nafidmsu hybridize wimansazaneilng
3.2.5.4 Hybridization
VeRaITavaeTiNaY DNA probe %84 type strain aauﬁiazwqu Un plate Mg

' - 1 ywd - o » & ¥
wiunana@in valingamagliivanzay 12 4alue udrilansazanell



3.2.5.5 Detection of biotinylated — DNA annealing to immobilized — DNA

idlewmatsazany hybridize  #awda &1988 0.265C 3 ada iiuasazae |
(Bovine serun albumin (Fraction V) , Triton X — 100, PBS) Uyl 30 a9Algalded U 10
wit wiansazane | i

Colorimetric method : \Ainai5azane streptavidin-peroxidase 1w PBS A 0.5
% BSA Unfl 37 asaeaifed u1u 30 w1l udunarsazateiia uasd1adae PBS 3 At 9t
d15azans tetramethyl  benzidine - H202 Uudl 37 ssrwa@ea uau 5-10 et 9uie
ansazaredih wdrlamutuvesdiie microplate reader (630 nm) neafiSedsasazane
2M H2504 ansazaeasasuuiindawdrinaaudui 450 nm 9ldaiigens
A13AUI Homology % = (Vsample = Vcontrol / Vtype strain = Vcontrol) x 100

NAINNANY1 DNA relatedness ﬁ]::mmsnﬁq%ﬁmné’nﬁnﬁﬂmL%alﬁ wineinuiiu

& 4 ' d A o i e d o e & s Yoo wd
L‘UE]'VILLGIﬂﬂ'NmﬂViLﬂEl:Ji']EN’]lﬂ‘)il'lLUUﬂﬂ%ﬁﬂ'd’lLWa‘uﬂ%’luuﬂt‘ﬁalwuﬂaw Iﬂﬂiﬁ')ﬁﬂ’liﬂﬂ’mﬂq?u'\
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71 lelgian R ndusegnanisesuandunsa-andutae 6.84- 7.14

A1 1 LaRssIasldundnuaEYaIRLiIe 1 uassTaTawenRlussanTiuenle

viiavas TV
fapta i ey | dadn siade
U NTUNW . zo4 Z0a-1, 704-2, 704-3, 7ZO4-4, Z04-4, Z04-5, ZO4-6, Z04-7,
Z04-8 Z04-9, ZO4-10, ZO4-11, ZOA-12, ZO4-13, ZO4-14,
Z04-15, Z04-16, Z04-17, ZO4-18, Z04-19, Z04-20, Z04-21,
Z04-22, 704-23, Z04-24, Z04-25, Z04-26, Z04-27, Z04-28
Tutnungn QPR - Cz8 CZ8-1,(Z8-2, CZ8-3, CZ8-4,CZ8-5,CZ8-6, CZ8-7, CZ8-8, CZ8-
9, CZ8-10, CZ8-11, CZ8-12, CZ8-13, CZ8-16, CZ8-15, CZ8-16,
CZ8-17, CZ8-18, CZ8-19, (78-20, CZ8-21, CZ8-22, CZ8-23,
CZ8-24, CZ8-25,C78-26,(Z8-27, CZ8-28, CZ8-29 -
fiu Wl 7.14 PSAZ | PSA2-1,PSA2-2, PS42-3, PS42-4, PSA2-5, PS42-9
AuvdlowsIn | | awsTys | 6.84 DH51B- | DH51B-4-1, DH51B-4-2, DH51B-4-3, DH51B-4-4, DH51B-4-5,
i 4 DH51B-4-6
AUV E!wssguu‘% 7.01 PCWR-4 | PCWR-4-5, PCWR-4-6

LTkp!
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FUAYB

P RERY

Fandn

o &
L GINR]

- &
Tyasiaynalye

AJUNW

Z04-1, Z04-2, 704-3, Z04-4, 704-
4, Z04-5, 704-6, ZO4-7, ZO4-8
Z04-9, Z04-10, Z04-11, Z04-12,
Z04-13, Z04-14, Z04-15, 7Z04-16,
Z04-17, Z04-18, Z04-19, Z04-20,
Z04-21, 204-22, Z04-23, 7Z04-24,
Z04-25, 704-26, Z04-27, Z0O4-28

Streptomyces

Tudnungn

NN

CZ8-1, CZ8-2, CZ8-3, CZ8-0,CZ8-5,
CZ8-6,C78-7, CZ8-8, (Z8-9, CZ8-

10, C78-11, CZ8-12, CZ8-13, CZ6-~

14, CZ8-15, CZ8-16, CZ8-17, CZ8-

18, CZ8-19, CZ8-20, CZ8-21, CZ8-

22, CZ8-23, CZ8-24, CZ8-25, CZ8-

26, C78-27, CZ8-28, CZ8-29

Micromonospora

a

fu

NELEN

PS42-1, PS42-2, PSA2-3, PS42-4,
PS42-5, PS42-9

Herbidospora

AUUSLIASIN

117

ANTIYT

DH51B-4-1, DH51B-4-2, DH51B-4-3,
DH51B-4-4, DH51B-4-5, DH51B-4-6

Amycolatopsis

AUUSLIUITIN

Im

<l
anIIUYT

PCWR-4-5, PCWR-4-6

Actinomadura
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4.2 MsfnaUNIIsIUTeLYaLDAR lueEy
4.2.1 anwauveillulnd
Tudruaudeswenfludadnianua 71 Teleian wWensivdavanwaznieillulvdlans

ot 2 =y o = = = o Ig' J o é‘
ANWUSNIEUTIUING ANYULNNATTIVE Az T A annndnessnidu 4 NGUAIU

ndadl 1 nguveaiauerilutiviniiaiadulsomedumuaraznanaduiihmaesusule
orgnniy afadulsonsiimasou Lighseningiazangluamns avesiidnuasiuaes
aenaeIe LTy lAAuLeMIT ISP2 (yeast extract — malt extract agar) L%'a'lumiuﬁ'
Usznaudaeite 28 leluian 1duA 2041, 704-2, 704-3, Z04-4, Z04-4, 7045, Z04-6, ZOA-T,
Z04-8 Z04-9, 704-10, Z04-11, ZO4-12, Z04-13, Z04-14, 704-15, Z04-16, Z04-17, ZO4-18,
Z04-19, Z04-20, Z04-21, Z04-22, 704-23, 704-24, Z04-25,.Z04-26, Z04-27, Z04-28 L%’a
ﬂduﬁtﬂ?ﬁg’lﬁ'ﬁmﬂutﬁmﬁumaqtﬂﬁaqaijﬂ%’aaas 5 aaniunan-an 6 31 9 pasnuaIaRSLE
Tugamgiigegnil 40 asrniwaida anusaasmeuleifidosaaouts waniu Wsiduuy  uas
Fdlumanld

o Y o &
U 1. n uanwnvslalalivaadalelgian ZO4-1 uuewns ISP2

v v v oo w ]
v juadeimaldinaasganssmituulduasheaudniifdmeasgs (400 i)

af -3 =i o 1 4
anum:aqnimmummmL%amuuu'lunqm 1
ar L3 J I : v - =l aoda

wlugadventenguillsznausmensangailin svarilu uaznsalaesiludiiianuuu  LL
(cell wall type 1) wuumausulua nglaa lslua wazessilua Juthmavimusluiead
(whole-cell sugar) wunsav@naleyluaiiiu (phosphatidylethanolamine) lawsavffanale
8788 (diphosphatidylglycerol) Waaw@Ranalwasea (phosphatidylglycerol) uviaalwlals
ndnwalluad  shednvazneynsisuaiivavdnvusnisdugineaunsaduduls
\Wenquilegluana Streptomyces
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AsAlAsIEiEAULUEYIEUYe 165 rRNA gene vaudaleluian Z04-1
Ievihmsieseidduiuatns 165 rRNA gene vaudousadlusidn wuindeleluan
704-1 fimwmnadendiuide Streptomyces carpaticus NBRC 15390" #resedupInundend
vasewiuindlelng (Gesimilarity) osaz 99.89 fiszsuruidesiuves bootstrap values Uy
phylogenetic tree fisavay 100 wawas DNA-DNA hybridization sgwinalelatan Z04d-1 LLHSL%’EJ
type strain vesana Streptomyces ﬁag’[nﬁﬁqmuu phylogenetic tree (Streptomyces
carpaticus) fifnwiriu 92.4 % andeyasnunsaaguldindelelaan zoa-1 Wuidealddidaty

flu Streptomyces carpaticus

Streptomyces hiroshimensis NBRC 3839 (AB1 84802)

Streptomyces cinnamoneus NBRC 128527(AB1 84850)
Streptomyces abikoensis NBRC 13860T(AB1B4537)

treptomyces tateyamensis DSM 41969 (AB473555)
Streptomyces xinghaiensis S187"(EF577247)
Streptomyces rubrus Sp080513KE-34"(AB473557)
Streptomyces glauciniger NBRC 1009137 (AB249964)
Streptomyces sparsus YIM 90018"(AJ849545)
76 Streptomyces fuirus NBRC 15617 (AB184690)
3 : Streptomyces eurythermus ATCC 14975 (D63870)
Streptomyces glaucus LMG 19902(AJ781332)
21 frepfomyces asterosporus NRRL B-243287(AY999902)
= 100 |Streptomyces calvus ISP 50107(AY999780)
Streptomyces radiopugnans R97'(DQ912930)
—%'I: Streptomyces thermolineatus DSM 414517(268097)
——————— Streptomyces sodiiphilus YIM 80305"(AY236339)
Z04-1
100 |Streptomyces carpaticus NBRC 15390"(AB184641)
Streptomyces cheonanensis VC-A46' (AY822606)
Streptomyces aomiensis M24DS4"(AB522686)
Streptomyces hainanensis YIM 476727(AM398645)
Nocardia xishanensis JCM 12160 (AY333115)

r 74

1&

62

e
0.01

31]1‘"1 2 uanshwnisueadeleluian Z04-1 uu phylogenetic tree (NJ method)
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nguit 2 Wunduueadeuendluisnilliaaduleemeauiaradiluennsivdedy assn
Togduwdaduems  avesiidnvandudenisuuduloonnslaense Wigldduuewmns Isp2
Ussnauseidle 29 leluanfie (Z8-1, C28-2, (783, CZ8-0,CZ8-5, CZ8-6, CZ8-7, CZ8-8, CZ8-
9, CZ8-10, CZ8-11, CZ8-12, CZ8-13, CZ8-14, CZ8-15, CZ8-16, CZ8-17, CZ8-18, CZ8-19, CZ8-
20, CZ8-21, (Z8-22, CZ8-23, CZ8-24, CZ8-25, CZ8-26, C78-27, CZ8-28, CZ8-29

& - wal v oW - W ' ' -
WenduileSglanmnudnduveandegegaiosas 5 Arunlunsa-arslutag 5-9 gamgi
a a v =l [ b Ly a
geaniiadgleine 37 ssrnwaided Liausaadaueulunifdesameuts Tusiuluusuwazieaniu
-t s - - - ) Lo & - & 5
wazimdlumsadululasldl aunsandnansnfsginfqusdudansiaioyuends  Bsubtils,

M.luteus, S.aureus 19

U 3 0 uansdnvaslalatiuosninaiyvesteleluan CZ81 vuawns 1SP2
4 v v . ¥ iy da o w ]
v suadesmeldndesanssminuulduasssiaudiniiiduetsg (400 i)



anvazeynsisuailvewadunlundud 2

wﬂ'maéﬂaaL%aﬂdﬁﬁﬂssnauﬁaﬂniﬂnqmﬁn azailu uazninlneziluiddnuuu meso
(cell wall type Il, peptidoglycan type A1Y) wu*:fnmanqiﬂa lolaa ozs10lua usulua uae
Tsluadudmanusluad (whole-cell sugar) nunaamARaleniluaiiiu
(phosphatidylethanolamine) lavaalWifandigesea (diphosphatidylglycerol) Weavdinaslu
@nea  (phosphatidylinositol) uazwean Anadludvea wwululed  (phosphatidylinositol
mannosides)  Duradlwlalnendnvalluiead  Mednwasnseynanisnuaiivasdnvaenis

o a & e v & b, "
daugnivenannsadudulddn Wenguilegluana Micromonospora

MsAaseiaRuIUaYRIdUY29 165 TRNA gene vaudeloleian CZ8-1
vnisieseidduiiaesdutas 165 rRNA cere  vaudololaian CZ8-1 fiew
AdemdatuLie Micromonospora cremea DSM 45599" unfignfesERURILAREARITEY
dduilandlelnd Gesimilarity) favaz 99.9 fiszdumrmnFesiures bootstrap values Uy
phylogenetic tree fi3atay 98 Havas DNA-DNA hybridization s#w3aslelolan CZ8-1 uaxide
type strain ¥83d@na Micromonospora ﬁaq‘[ﬂé’ﬁqﬂuu phylogenetic -tree (Micromonospora
cremea) fifuviniu 94.3% andeyaamsnaguldtisleluan cz8-1 Wndeatiddeiuiu

Micromonospora cremea

15



Micromonaspora chokoriensis JCM 13247 (A
Micromonospora saelicesensis DSM 44871 (
Micromonospora lupini JGM 16031 (AJ78399
Micromonospora mirobrigensis JCM 13240 (
Micromonospora siamensis JCM 12769 (AB19
Micromonospora carbonacea DSM 43168 (X852
Micromonospora krabiensis JCM 12869 (AB1
Micromonospora matsumotoense JCM 9104 (A
Micromonospora rifamycinica DSM 44983 (A
Micromonospora sp. LCS1-10 (AB560968)
Micromonespora humi JCM 15292 (GU459068)
Micromonospora aurantiaca JCM 10878 (X92
Micromonaspora marina JCM 12870 (AB19671
Micromonospora chaicea JCM 3031 (X92594)
Micromonospora halophytica DSM 43171 (X9
Micromonospora coxensis JCM 13248 (AB241
Micromonospora purpurecchromogenes JCM 3
LEAicromonuspma ebumea JCM 12345 (AB1072
Mis s narathi is JCM 12384
Micromonospora rasaria DSM 803 (X92631)
Micromonospora tulbaghiae DSM 45142 (EU1
Micromenospora inyonensis DSM 46123 (X92
Micromonospora sagamiensis DSM 43912 (X9
Micromonospora echinospora DSM 43816 (X9
Micromonospora fulviviridis DSM 43908 (X
Micromonospora inositola JCM 6239 (X9261
Micromonospora chersina JCM 9459 (X92628
Micromonospora endolithica DSM 44398 (AJ
Micromonospera coriariae DSM 44875 (AJ78
Micromonaspora cremea DSM 45599 (FNG5865
124 98 | cZ81
Micromonospora nigra DSM 43818 (X92608)
" Micromonospora pallida DSM 43817 (X82608
3 Micromonospera echinaurantiaca DSM 43904
66 Micromonospora viridifaciens DSM 43909 (
4 14{-——— Micromonospora echinofusca DSM 43913 (X9
Mi 10spora peucetia DSM 43363 (X8260
Micromonospora coerulea DSM 43143 (X9259
Micromonospora citrea DSM 43903 (X82617)
Micromonospora auratinigra JCM 12357 (AB
Micromonospora chaiyaphumensis JCM 12873
Micromonospora yangpuensis NBRC 107727 (
82 Micromonospora olivasterospora DSM 43868
Micromonospora rhizosphaerae DSM 45431 (
48 Micromonospora pattaloongensis JCM 12833
94 Micromonospora pisi JCM 17025 (AM944497)
59 Actinoplanes durhamensis NBRC 14914 (AJ2
4,,—,‘_‘ Actinop palleronii NBRC 14916 (AJ27
97 Actinoplanes uf is NBRC 13244 (AJ277
Asanoa ferruginea NBRC 14486 (AF152108)
% Asanoa iriomotensis NBRC 100142 (AB11208
7 Asanoa ishikariense NBRC 14551 (AJ294715
Dactylosporangium vinaceum JCM 3307 (X93
'—w{{TWWW aurantiacum NBRC 12592
85 Dactylosporangium maewongense JCM 15933
Streptomyces ambofaciens NBRC 12836 (AB1

33

52

0.01

gﬂﬁ 4 uansduvisvaadelaluan Cz8-1 Ul phylogenetic tree (NJ method)
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ngud 3 \Dunduuandeusailulvdn Nadduleemanazatesdnm  adhaduleemnsd
wisweun il Wiadnsningiazareluemns afvavediunquanensadunssgnuuidule
8115 Le3glARUURIMIT ISP2 uaw Oatmeal agar \Welunguilil 6 lalviande PSa2-1, PSa2-2

PS42-3, PS42-4, PSA42-5, PS42-9

r

& it vl v - v a ¥ A
Wwenguilwilglanmududureaniegegadonar 1 winluthmrubunsa-aned 6-9

a 4 a vy = ' '
gamligsaaniasgylafie 30 ssmivalded amnsadesaansudiwazanagnauluuy uwilianunse

3 U
aa

Sdluasy wardule

Jun 5 n uansinwuslalativeadeleluan PS42-9 yuas 1SP2
< v oW v v a0 o '
9 gUavasmelindesganssaiuuulduasineiaudniifdwensgs (400 i)
A gUadeinmelindesgansmiidanseu
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dnvazeynadsnuaiiveadadaunulungud 3
wilieadvaadonduiiisenoudonsalaesilufiinuuy meso (cell wall type 1)) wu
thaanglaa szs1dlua wanlua nglss waglslua Wuhmanomelugad (whole-cell sugar)
wuraanARaleniluaiiu (phosphatidylethanolamine) lavedlviARaniivesea
(diphosphatidylglycerol) WeavhaRawateniluaiiiu  (phosphatidylmethylethanolamine)
uazlansendweavhAnateyiluaiu (Hydroxyphosphatidylethanolamine)  (Juwaalnlaila
wndnualluead (ealwlalaviad 2) Mednvasmeeynadstuaiiuassnuasmedugniine

o v & A s
annsaduduladn Wenguilegluana Herbidospora

myAaneidduluavasiiutag 165 rRNA gene saudslaluan PSa2-9
Ifhnsiinmeidduiuavesdutia 165 RNA gene vauidslolalan PSA2-9 wuiniau
pderdaiuide H sakaeratensis DMKUA 205 ghessdumnuadnendmasdisuinadlelng
(%similarity) Yosag 99.1 Tazsuanudeiiuves bootstrap values U1 phylogenetic tree fiso
az 84 waved DNA-DNA hybridization sswinslalaian PS42-9 uauidie type strain 8%dna
Herbidospora ﬁaq‘iné’ﬁqmuu phylogenetic tree (Herbidospora sakaeratensis) fiawviaiu
39.7% ndayeannsoaguliindelelaen Psa2-9 udeatdlmiluana Herbidospora 33L&
iim3AiuRlu15875 Internatioant Journal of Systematic and Evolutionary: Microbiology

Tnelddadn Herbidospora soli sp. nov., isolated from soil

18
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—2L# 96 EAcrocarposwra macrocephala TFO 16266" (AB025318)

95#

&4
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Herbidospora soli PS42-9" (AB649125)

Herbidospora sakaeratensis DMKUA 205" (FJ199995)

Herbidospora yilanensis NBRC106371" (DQ246623)
Herbidospora cretacea IFO 15474" (D85485)

Herbidospora daliensis NBRC 106372" (AY749433)

Herbidospora mongoliensis MN08-A0118" (AB530492)
Acrocarpospora corrugata DSM 43316" (X89941)
. Acrocarpospora pleiomorpha R-31" (AB006174)

#

Acrocarpospora phusangensis PS33-18" (AB649124)
Planotetraspora mira IFO 15435" (D85496)
Planotetraspora silvatica TT 00-51" (AB112082)
Planotetraspora kaengkrachanensis A-T 0875" (FJ426333)
Planotetraspora phitsanulokensis A-T 1383" (FJ426332)
79°— Planotetraspora thailandica BCC 21825 (AB370244)

—— Microtetraspora malaysiensis H47-7" (AB062383)

*

Microtetraspora glauca DSM 433117 (X97891)
;,;_ﬂcmremspom fusea IFO-13915" (U48973)

96 Microtetraspora niveoalba IFO 15239" (U48976)

__E Sphaerisporangium flaviroseum YIM 487717 (EU499338)
98 Sphaerisporangium viridialbum DSM 438017 (X89953)

. . T
# { Planobispora longispora IFO 13918 (D85494)
1

00— Planobispora rosea JCM 3166" (AB028654)
_ __Eﬂeptosporangium carneum DSM 44125" (X89938)
100

Streptosporangium vulgare TFO 13985 (U48999)

0.01

Streptomyces ambofaciens NBRC 12836" (AB184182)

g‘dﬁ 6 uﬁmﬁ'\uwﬁwau%’a‘laimaﬁ PS42-9 uu phylogenetic tree (NJ method)
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Amycolatopsis coloradensis DSM 44225 (MQUQO01000038)
98 |1 Amycolatopsis umgeniensis UM16" (DQ110876)
Amycolatopsis thailandensis JCM 163807 (NMQT01000085)
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_———l—,d»wmlmapsis bartoniae SF26" (HQ651729)

794 Amyeolatopsis marina CGMCC 4.3568" (jgi.1076316)
100* I:

Amycolatopsis palatopharyngis |BDZT (AF479268)
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gd'?; 8 udnwuisaudsleluan DH51-4-3 Uy phylogenetic tree (NJ method)
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Aetinomadura coerulea TFO 14679" (U49002)

Actinomadura verrucosospora NBRC 141007 (U49011)
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70 Actinomadura hibisea NBRC 15177" (BCRO01000158)
N aca pusilia TFO 146847(T)
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31]‘5'1 10 uansiumisvaadisloluaian PCWR-4-6 Uu phylogenetic tree (NJ method)
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1. Sodium-caseinate agar (SCN)
Sodium caseinate
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KoHPO4
MgSO,
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2. Yeast extract-malt extract agar (YMA), ISP medium no.2

Yeast extract
Malt extract
Glucose

Agar

pH 7.3

3. Oatmeal agar, ISP medium no. 3
Oatmeal

Agar
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0.02
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4. Inorganic salts-starch agar, ISP medium no. 4
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MgSO,.7H,0
NaCl
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(NH4),SO4

CaCO,

Trace salts solution (A)
Agar

pH 7.0-7.4

0.2
0.2
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2.0

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

Glycerol

L-Asparagine

KoHPO,4

Trace salts solution (A)
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6. Tyrosine agar, ISP-medium no. 7
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L-Asparagine (Difco)

K,HPO,

MgSO,4.7TH,0

NaCl

FeS04.7H,0

Trace salts solution (A)
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Trace salt solution (A)
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Distilled water
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0.1
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0.05
0.01
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0.1
100

50

A3U

nsa
fiadans

51



7. Peptone KNO; broth

Peptone 1.0 a3y
KNO, 01  n3u
NaCl 05 a3y
pH 7.0

8. Carbon utilization medium, ISP medium no. 9

Carbohydrate 1.0 nSu
(NHg), SO, 0.264 n3u
K;HPO,.3H,0 0.565.. n3u
KH,PO, anhydrous 0.238 nSu
MgSQ4.7H,0 0.1 niu
Pridham and Gottlieb trace salts (B) 0.1 = ladams
Agar 4% N3y
pH 6.8-7.0

Trace salts solution (B)

CuSQ4.5H,0 0.64 AN
FeSQq.7H.0 0.11 sy
MnCl,.4H,0 079 n3u
ZnS04TH,0 0.15 n3n

9. Boullion gelatin broth

Peptone 107 sy
Meat extract 05 . niu
NaCl - 05°  n3u
Gelatin 15.0 Ny

pH 7.0-7.2



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
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14. Production medium

Yeast extract
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Malt extract
CaCO;,

pH 7.3
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30
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1.0
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1.5

0.4
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0.4
04
1.0
0.1

nsy
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nsu
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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
Asparagine
K:HPO,
Bacto-agar

pH 6.8-7.0

17. Nutrient agar
Meat extract
Peptone
NaCl
Agar

18. Czapek’s sucrose agar
Sucrose
KsHPO,
MgSO,
KCl
FeSO,
Agar
pH 7.0-7.2

19.phosphate buffer
KH,PO4
Na,HPO,
DW.
4 KH,PO, Wudnusuitay

1 nsu
0.05 A3y
0.05 n3u
1.5 . nsu
1 AL
1 n3u
0.1-0.2 N3y
1.5 A%y
3 N3
0.1 sy
0.05 A%
0.05 " n3u
0.001 n3u
1.5-1.7 N3y
0.680 n3u
0.71 n3u
1 @n

3.6

0.1

N5
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20. Humic acid Vitamin Agar

Humic acid 1 n3u
Na,HPO, 0.5 niu
KCl 1.71 nsy
MgSO,.7TH,0O 50 fiadndu
FeSO,.7TH,0 10 fiadn3u
CaCO, 20 fiadniu
Vitamin B 10 Nadany
Agar 15.05u
DW. 1 dng

pH 7.3

wnda 3 Wastdud
** Humic acid-avaelu 1048, 0.2N NaOH

**\itamin B

Thiamine-HCL 10 dadniy
Riboflavin 10 fladniy
Nicothinate 10 fiadnsu
Pyridoxine-HCl 10 fiadn3y
inositol 10 dadniu
Ca-Pantptrenate 10 fadniu
p-Aminobenzoate 10 Jadniu
d-Biotin 5 fladn3u

DW 200 {adans
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Herbidospora soli sp. nov., isolated from soil
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Abstract

A novel actinomycete strain PS42-9", which formed short chains of spores borne on the tip of long sporophores arising
from the substrate mycelium, was isolated from soil in Phu-Sang National Park, Phayao province, Thailand. The isolate
contained meso-diaminopimelic acid in the cell-wall peptidoglycan. The whoale-cell sugars of strain PS42-97 were glucose,
madurose, mannose, rhamnose and ribose. The characteristic phospholipids were phosphatidylethanolamine,
phosphatidylmethylethanolamine, hydroxyphesphatidylethanolamine and ninhydrin-positive glycophospholipids. The major
menaquinone was MK-10{H,). The main cellular fatty acids were Cq7.;w8¢c and Ci7.0- The G+Ccontent of the genomic DNA
was 71.5 mol%. Phylogenetic analysis using 165 rRNA gene sequences revealed that strain PS42-97 should be classified in
the genus Herbidospora and was closely related to Herbidospora sakaeratensis DMKUA 2057 (99.10%) and Herbidospora
yilanensis NBRC 1063717 (98.61 %). The result of DNA-DNA hybridization and some physielogical and biochemical properties
indicated that strain PS42-9" 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 Herbidosporasoli sp. nov. is

proposed. The type strain is PS42-97 (=BCC 446909 =NBRC 1087807).

The genus Herbidospora [1] is a member of the actinomy-
cetes which produce short chains of spores borne on the tip
of long sporophores arising from the substrate mycelium,
and belongs to the family Streptosporangiaceae. The type
species is Herbidospora cretacea. Generally, this genus
exhibits meso-diaminopimelic acid in the peptidoglycan,
madurose as a characteristic sugar in whole-cell hydroly-
sates and phosphatidylethanolamine as the diagnostic phos-
pholipid in membrane. At the present time, the genus
Herbidospora contains five species: Herbidospora cretacea
[1]; Herbidospora yilanensis and Herbidospora daliensis [2];
Herbidospora sakaeratensis [3] and Herbidospora mongol-
iensis [4]. Members of the genus Herbidospora are com-
monly found in soil [2-4]. During investigation of novel
actinomycetes from soil samples in the northern area of
Thailand, we isolated a strain, P$42-97, exhibiting morpho-
logical and chemotaxonomic characteristics typical of the
members of the genus Herbidospora but which was geno-
typically and phenotypically distinguishable from all type
strains of the genus Herbidospora species. Thus, the poly-
phasic characterization of strain P$42-9" is presented.

Strain P$S42-9" was isolated from a soil sample collected
from the Phu-Sang National Park in Phayao province, Thai-
land. 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 1h. The treated soil was serially diluted to 10~>
concentration in 0.01 % sterile sodium lauryl sulfate in dis-
tilled water and spread on humic acid-vitamin (HV) agar
[5] supplemented with 50 mg 17" nalidixic acid and 50 mg
1" nystatin. The colony of actinomycetes was purified on
yeast extract-malt extract agar (International Strepfomyces
Project, ISP; ISP2 medium) [6}. The pure culture was pre-
served by freeze-drying.

To observe the morphology, strain PS42-9" was cultivated
on soil extract agar at 30°C for 30 days. First, the colonies
of this strain were observed by light microscopy and then
by scanning electron microscopy (model JSM-5410 LV;
JEQL). The samples for scanning electron microscopy
were prepared according to the method of Thawai ef al
[7]:

In order to determine the phenotypic characteristics, several
ISP media (ISP 2-7), glucose-asparagine agar (ISP 5 with
1% glucose replacing glycerol), Czapek’s sucrose agar [6, 8]
and nutrient agar (Difco) were used in the study of cultural
characteristics. ISCC-NBS Colour Chart standard sample
no. 2106 was used for determining the colour of substrate
mycelium, aerial mycelium and spores [9]. The standard
method of Arai [10] and Williams and Cross [11] were cho-
sen for testing nitrate reduction and the decomposition of

Author affiliations: 'Department of Biology, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand;
2Actinobacterial Research Unit, Faculty of Science, Ki ng Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand.

*Correspondence: Chitti Thawai, Chitti.th@kmitl.ac.th
Keywords: Herbidospora soli sp. nov.; actinomycetes; 165 rRNA gene.

The DDBJ accession number for the 165 rRNA gene sequence of strain PS42-9" is AB649125.
Two supplementary tables and four supplementary figures are available with the online Supplementary Material.

002503 © 2017 IUMS



Niemhom and Thawai, Int J Syst Evol Microbiol

gelatin, starch and casein. The temperature (10, 15, 20, 25,
30, 37, 40, 45 and 50°C), NaCl (0, 1, 1.5, 2, 3, 4, 5, 6 and
7 % w/v) and pH (4-11, interval of 1 pH unit) tolerances for
growth were determined on ISP 2 agar for 14 days. Utiliza-
tion of carbon sources was performed on ISP 9 supple-
mented with 1% carbon sources at 30°C for 14 days. The
results are shown in the species description and Table 1.

Biomass used for chemotaxonomic analyses was obtained
from cell culture grown in ISP 2 broth on a rotary shaker
(200 r.p.m.) at 30°C for 5days. The isomer of diaminopi-
melic acid in the cell wall was analysed using the protocol of
Hasegawa et gl. [12]. The determination of the acyl type of
muramic acid in the peptidoglycan was conducted by fol-
lowing the method of Uchida and Aida [13]. The whole-cell
sugars were evaluated using the method of Komagata and
Suzuki [14]. The polar lipids in the cell membrane were
extracted and analysed by the methods proposed by Minni-
kin et al. [15]. The fatty acid composition was investigated
by using a gas chromatograph (GC) and fatty acid methyl
ester extraction was performed and analysed using the stan-
dard MIDI protocol [16, 17] with the TSBA6 MIDI database.
Mycolic acids were determined using the method suggested
by Minnikin et al. [18]. To evaluate menaquinones, freeze-
dried cells of strain PS42-9" were extracted by the method
of Collins et al. [19] and analysed by high-performance lig-
uid chromatography [20].

Table 1. Differential characteristics of strain PS42-9" and the closest
phylogenetic relative, H. sakaeratensis NBRC 1026417 and H. yilanensis
NBRC1063717

All other phenotypic data were determined in this study. +, Positive; —,
negative; w, weakly positive; Glu, glucose; Gal, galactose; Rha, rham-
nose; Rib, ribose; Mad, madurose; Man, mannose.

Characteristic Strain H. H.
P842.9"  sakaeratensis  yilanensis
NBRC102641"  NBRC
106371%
‘Whole-cell sugar Glu, Rha,  Glu, Rib, Mad, Glu, Gal,
Rib, Mad, Man* Rib, Mad,
Man Mant
The presence of hydroxyl- + - -t
phosphatidylethanolamine
Gelatin liquefaction - - +
Maximum NaCl tolerance 1 1.5 1
(% wiv)
Maximum temperature for 30 40 40
growth (°C)
The pH range for growth 6-9 6-9 6-10
Carbon utilization:
L-Arabinose w + -
L-Rhamnose w - +
Cellobiose + w —
D-Xylose w + -
Glycerol w —~
Sucrose w +

*Data for the reference species were taken from Boondaeng [3].
tData for the reference species were taken from Tseng [2].

The method of Tamaoka [21] was used for genomic
DNA extraction. The 165 rRNA gene amplification and
sequencing were conducted according to the procedure
described by Thawai [22]. The G+Ccontent of the geno-
mic DNA was judged by the standard method of Tam-
aoka and Komagata [23] with Lambda DNA (Invitrogen)
used as the control. The DNA-DNA hybridization was
done by following the procedure described by Ezaki et al.
[24].

The 165 rRNA gene sequence similarity value of strain
PS42-9" (1450 bp) was calculated based on pairwise align-
ment using the EzBioCloud server (www.ezbiocloud.net/)
[25]. The 16S tRNA gene sequences of strain PS42-9" and
all type strains of the genus Herbidospora were aligned using
CLUSTAL W multiple alignment mode within BioEdit pro-
gram version 7.1.3.0 [26]. The phylogenetic dendrograms
between strain PS42-9" and the closely related strains were
reconstructed using the neighbour-joining (N]) [27], maxi-
mum-likelihood (ML) [28] and maximum-parsimony (MP)
methods [29] in the MEGA 6 software [30]. A distance matrix
was computed by using Kimura’s two-parameter model
[31]. The complete deletion option was chosen before
reconstructing the topology of the tree. The stability of the
topology of the phylogenetic tree was evaluated using the
bootstrap method with 1000 repetitions [32].

Strain PS42-9" grew well on ISP 2, ISP 3 and ISP 7, moder-
ately 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 greyish greenish
yellow. White spore masses formed on ISP 2, ISP 3, ISP 4,
ISP 5, ISP 7 and Czapek’s sucrose agar. Soluble pigments
were not produced on any of the media tested. Strain PS42-
9" formed a group of short chains of spores borne on the tip
of long sporophores arising from the substrate mycelium on
soil extract agar at 30 °C for 30 days (Fig. S1, available in the
online Supplementary Material). The morphological charac-
teristics of this strain are similar to those of the genus Herbi-
dospora [1].

The cell walls of strain PS42-9" contained meso-diaminopi-

melic acid as the diagnostic diamino acid. The acyl type of
the cell-wall muramic acid was N-acetyl. The reducing sug-
ars in whole-cell hydrolysates were glucose, madurose, man-
nose, rhamnose and ribose. These sugars, with the
exception of rhamnose, were observed in all members of the
genus Herbidospora [1-4]. The predominant menaquinone
was MK-10(H,), while MK-10(H;) was detected as a minor
component (89:11). This result was identical to several
Herbidospora species (1, 3, 4]. The major cellular fatty acids
(=5%) were C,7.,w8c, Cy7.q, 10-methyl-C;7.¢, Cy6.9 and
is0-Cy6.9 (Table S1). Mycolic acids were absent. The polar
lipid profile was characterized by the presence of phosphati-
dylethanolamine (PE), phosphatidylmethylethanolamine
(PME), hydroxyphosphatidylethanolamine (OH-PE) and
ninhydrin-positive glycophospholipids (Fig. S2). Three
types of phospholipids, PE, PME and ninhydrin-positive
glycophospholipids, were generally found in the members
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of the genus Herbidospora [1-4]. In contrast, OH-PE was
especially detected in strain PS42-9". The G+C content of
the genomic DNA was 71.5 mol%. Chemotaxonomic char-
acteristics of strain PS42-9" were similar to those of mem-
bers of the genus Herbidospora.

An almost-complete 16S rRNA gene sequence was
obtained for strain PS42-9" (1450 nt). The result of 165
rRNA gene sequence analysis showed that the strain
exhibited a close relationship with members of the family
Streptosporangiaceae and the strain formed a separate line
of descent in the phylogenetic cluster of the genus Herbi-
dospora (Fig. 1). The relationship between strain P$42-97
and all type strains of the genus Herbidospora was sup-
ported by the results from the NJ, MP (Fig. S3) and ML
methods (Fig. S4). 16S rRNA gene sequence similarity
values showed that strain PS42-9 was closely related phy-
logenetically to H. sakaeratensis DMKUA 2057 (99.10%),
H. yilanensis NBRC 1063717 (98.61%), H. cretacea IFO
154747 (97.98%), H. daliensis NBRC 1063727 (97.71%)
and H. mongoliensis MN08-A0118" (96.71 %). Based on
the morphological, chemotaxonomic and phylogenetic
data, this strain should be classified in the genus
Herbidospora.

Strain PS42-9" could be differentiated from the closely
related species, H. sakaeratensis and H. yilanensis, on the
basis of several phenotypic differences, i.e. the ability to lig-
uefy gelatin, the maximum temperature for growth, the
maximum NaCl tolerance, the pH range for growth and uti-
lization of L-arabinose, L-rthamnose, cellobiose, D-xylose,
glycerol and sucrose. Furthermore, DNA-DNA relatedness
values between strain P$S42-9” and these two closely related
species ranged from 31.5+4.3-39.7+3.8%, which is well
below 70 % cut-off point recommended for the assignment
of bacterial strains to the same genomic species [33]
(Table S2).

Base on the polyphasic evidence, PS42-9" should be
assigned in the genus Herbidospora as Herbidospora soli sp.
nov. The type strain is PS42-97 (=BCC 46909"=NBRC
108780").

DESCRIPTION OF HERBIDOSPORA SOLI
SP. NOV.

Herbidospora soli (so’li. L. neut. gen. n. soli of soil, referring
to the soil as the isolation source).

" 0.01

# *

100

jdospora soli PS42-97 (AB649125)
Herbidospora sakaeratensis DMKUA 205" (Fi199995)
Herbidospora yilanensis NBRC106371T (DQ246623)
Herbidospara cretacea IFO 154747 (DB6485)
Herbidospora daliensis NBRC 1063727 (AY749433)
Herbidospora mongoliensis MNO8-A0118" (AB530492)
1 Acrocarpospora corrugata DSM 433167 (X89941)
T Acrocarpospora pleiomarpha R-317 (AB006174)

BTy E’EAcmrpospora macrocephala IFO 162667 (AB025318)

Acrocarpospora phusangensis PS33-187 (AB649124)
Planotetraspora mira IFO 164357 (D85496)
Planotetraspora silvatica TT 00-517 (AB112082)
Planotetraspora kaengkrachanensis A-T 0875" (F1426333)
Planotetraspora phitsanulokensis A-T 13837 (F1426332)
Planotetraspora thailandica BCC 218257 (AB370244)
Microtetraspora malaysiensis H47-77 (AB062383)
o0 Microtetraspora glauca DSM 433117 (X07891)

E;'ELM‘cmterraspora fusca IFO 189157 (U48973)

96 Microtetraspora niveoalba IFO 15239" (U48976)

_E Sphaerisporangium flaviroseum YIM 487717 (EU499338)

98 Sphaerisporangium viridialbum DSM 438017 (X89953)
< Planobispora longispora IFO 139187 (D85494)
Planobispora rosea JCM 3166 (AB028654)
___Ef!reptosporangfum carneum DSM 441257 (X89938)

100 Streptosporangium vulgare IFQO 13985" (U48999)

Streptomyces ambofaciens NBRC 128367 (AB184182)

Fig. 1. Neighbour-joining tree [27] based on almost-complete 165 rRNA gene sequences (1450 nt) showing the relationships between
strain PS42-97, the Herbidospora species with validly published names and members of the genera Acrocarpospora, Planotetraspora,
Microtetraspora, Planobispora, Sphaerisporangium and Streptosporangium. Streptomyces ambofaciens was used as an outgroup. Aster-
isks (*) indicate branches of the tree that were also found using the maximum-parsimony and maximum-likelihood methods: hashes
(#) indicate the branches of the tree that were found by using the maximum-parsimony method. The numbers on the branches indicate
the percentage bootstrap values of 1000 replicates; only values >50 % are indicated. Bar, 0.01 substitutions per nucleotide position.
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A Gram-stain-positive, mesophilic actinomycete that forms
short chains of spores borne on the tip of long sporophores
arising from the substrate mycelium. No soluble pigment is
produced in test culture media. Peptonization of milk and
hydrolysis of starch are positive. Gelatin liquefaction and
nitrate reduction are negative. Utilizes cellobiose, D-fructose,
D-galactose, D-glucose, D-mannose and mannitol as sole car-
bon sources; weakly utilizes L-arabinose, L-thamnose, glyc-
erol, sucrose and xylose as sole carbon sources, but not b-
ribose, melibiose, raffinose, D-salicin, myo-inositol and lac-
tose. The temperature for growth is between 15 and 30°C.
The optimum temperature for growth is 30°C. The maxi-
mum NaCl concentration for growth is 1% (w/v). The pH
range for growth is 6-9. The cell-wall peptidoglycan con-
tains meso-diaminopimelic acid. The acyl type of the cell-
wall muramic acid is N-acetyl. The predominant menaqui-
none is MK-10(H,); MK-10(Hg) is present as a minor com-
ponent. The characteristic whole-cell sugars are glucose,
madurose, mannose, rhamnose and ribose. The polar lipid
profile contains phosphatidylethanolamine, phosphatidyl-
methylethanolamine,  hydroxyphosphatidylethanolamine
and ninhydrin-positive glycophospholipids as diagnostic
polar lipids. The major fatty acids (>10 %) are C,5,;w8¢c and
Cy7.0, while 10-methyl-C;7.¢, Cy6:0, i50-Cy6.0, 20H-C;5. 0
20H-Cy7.0 Ci3:00 Cra:00 20H-Cy6.0, 180-Cy5.05 Crs.109¢,
‘lSO—C]_?:g, C18:0= C16:1W7C, IO*methyI-Clg:g TBSA, 10-
methyl-C .o and iso-C,4. are detected as minor compo-
nents. Mycolic acids are absent.

The type strain is PS42-9" (=BCC 46909 =NBRC 108780"),
which was isolated from soil of the Phu-Sang National Park
in Phayao Province, Thailand. The DNA G+C content of
the type strain is 71.5 mol%.
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A novel actinomycete strain DH51B-4-3T, which formed the long chains of
spherical spore borne on the tip of sporophores arising from the aerial mycelium
was isolated from rice rhizosphere soil. The isolate contained meso-
diaminopimelic acid in the céll-wall peptidoglycan. The whole-cell sugars of
strain DH51B-4-3T were arabinose, galactose, glucose, rhamnose and ribose. The
phospholipids in membrane were phosphatidylethanolamine,
phosphatidylmethylethanolamine, diphosphatidylglycerol, phosphatidylinesitol.
The major menaquinone was MK-9 (Hy4). The main cellular fatty acids were iso-
Cie0 and cyclo-Ci7:0. The G+C content of the genomic DNA was 68.2 mol%.
Phylogenetic analysis using 16S rRNA gene sequences fevealed that strain
DHS51B-4-3" should be classified in the genus Amycolatopsis and closely related to
Amycolatopsis dongchuanensis YIM 75904" (98.06%) and Amycolatopsis sacchari
DSM 44468 (97.77%). The result of DNA-DNA hybridization and some
physiological and biochemical properties indicated that strain DH51B-4-3T 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 Amycolatopsis rhizosphaerae sp. nov. is proposed. The type strain
is DH51B-4-3" (=TBRC 6029 =NBRC 1125097).

Key words: Amycolatopsis, Actinomycetes, 16S rRNA. gene, rice Rhizosphere soil
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Genus Amycolatopsis [1] is a member of actinomycetes that form squarish to rod-
shaped fragments on substrate and aerial mycelia, and belongs to the family
Pseudonocardiaceae. The type species is Amycolatopsis orientalis [2]. Typically, this
genus exhibits mesb-diaminopimelic acid in the peptidoglycan, arabinose and
galactose as a  characteristic sugar in  whole-cell  hydrolysates,
phosphatidylethanolamine as the diagnostic phospholipid in membrane. The major
menaquinone is generally MK- 9(H4). The genomic DNA G+C contents range from
66 to 73 mol% [3, 4, 5]. Several environmental sources i.e. volcanic soil [6], ocean
sediment [7] and plant tissues [8, 9] including human specimens [10] have been
reported as the habitat of the members of the genus Amycolatopsis. At present time,
the genus Amycolatopsis contains more than 70 species with valid names (List of
Prokaryotic names with Standing in Nomenclature, www .bacterio.net) including the
recent two novel species, 4. deserti [11] and A. albispora [12]. In this study, strain
DH51B-4-3" was taxonomically characterized as a novel species of the genus

Amycolatopsis.

Strain DH51B-4-3" was isolated from rice rhizosphere soil sample collected from the
paddy field in Suphanburi province, Thailand. The soil sample was air-dried at room
temperature for 5 days. The dried soil sample was then ground and heated at 100 °C
for 1 h. The treat soil was diluted 1000-fold with 0.01% sterile sodium lauryl sulfate
in distilled water and then 0.2 ml of the diluted sample on humic acid-vitamin (HV)
agar [13] supplemented with 20 mg 1" nalidixic acid and 50 mg I"' nystatin. The
isolation plates were incubated at 30°C for 10 days. The colony of strain DH51B-4-3T

was selected and purified on yeast extract-malt extract agar (International
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Streptomyces Project, ISP2 medium) [14]. The pure culture was stored in 20%, w/v

glycerol suspension at -80 °C.

Strain DH51B-4-3T was cultivated on ISP2 agar at 30 °C for 14 days. Then, the
arrangement of spore was first observed by light microscopy and in a scanning
electron microscope (model JSM-6610 LV; JEOL). To evaluate the phenotypic
characteristics, several International Strepfomyces Project (ISP) media (ISP 2-7),
glucose-asparagine agar (ISP 5 with 1% glucose replacing glycerol), Czapek’s sucrose
agar [15] and nutrient agar (Difco) were used to study for the cultural characteristics.
The colours of the aerial and substrate mycelia and any soluble pigmenté were
recorded using the chips from the ISCC-NBS colour charts [16]. The standard method
of Arai [17] and Williams & Cross [18] were chosen for testing the nitrate reduction
and the decomposition of gelatin. Growth at various temperatures (12, 15, 20, 25, 30,
37, 40, 45 and 50°C) and NaCl (0, 1,2, 3, 4, 5, 6, 7, 8,9, 10% w/v) were determined
on ISP 2 agar for 14 days. pH range (4.0-11.0 at increment of 1.0 pH unit) for growth
was tested at 30 °C in ISP2 broth. pH was adjusted with citric acid/sodium citrate (pH
4.0-5.0), KH2PO4/NaOH (pH 6.0-8.0) and NaHCO3/Na>COs (pH 9.0-10.0). Catalase
activity was observed by bubble production after the application of 3 % (v/v)
hydrogen peroxide solution. Test for oxidase activity was done by oxidation of 1 % N,
N, N’, N ’-tetramethyl-p-phenylenediamine dihydrochloride. Acid production, urease
activity and hydrolysis of casein (1 %, w/v), adenine (1 %, w/v), CM-cellulose (1 %,
w/v), hypoxanthine (0.5 %, w/v), starch (1 %, w/v), tyrosine (0.1 %, w/v) or xanthine
(0.5 %, w/v) were tested by the method of Gordon et al [19]. Nitrogen source (1%

w/v) utilization was evaluated by using a basal liquid medium containing 0.5 g D-



85
86

- 87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

109

glucose, 0.05 g MgSO4. 7H20, 0.05 g NaCl, 0.001 g FeS04.7H;0, 0.01 g K2HPO4and

1L distilled water (pH 7.2).

Biomass used for chemotaxonomic analyses was obtained from cell culture grown in
ISP 2 broth on rotary shaker (200 r.p.m.) at 30°C for 5 days. The isomer of
diaminopimelic acid in the cell wall was analysed using the protocol of Hasegawa et
al. [20]. Analysis of acyl type of muramic acid in the peptidoglycan was performed by
the method suggested by Uchida and Aida [21]. The method of Komagata and Suzuki
[22] was used for the whole cell sugar experiment. The polar lipids in the cell
membrane were extracted and analysed by the methods proposed by Minnikin ef al.
[23]. The fatty acids were analyzed following the method of Sasser [24] and Kampfer
[25]. The cellular fatty acids were saponified, methylated and extracted according to
the protocol of the  Sherlock Microbial Identification System  (MIDI). The
composition of fatty acids in cell was examined using gas chromatograph (GC) (6890;
Hewlett 107 Packard) with the Microbial Identification software package based on
Sherlock Aerobic Bacterial Database (TSBAG6). To detect the menaquinones in cell,
the freeze-dried cells of strain were extracted by the method of Collins et al. [26] and

were analyzed by HPLC [27].

Genomic DNA for 16S rRNA gene amplification was extracted using the protocol of
Tamaoka [28]. The 16S rRNA gene amplification and sequencing were performed
using the method suggested by Thawai [29]. The method recommended by Tamaoka
and Komagata [30] was determined for the G+C content of the genomic DNA
analysis. The DNA-DNA hybridization was done by the suggestion of Ezaki ef al.

[31].
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The sequence similarity value of strain DH51B-4-3T was calculated through
EzBioCloud (http://www.ezbiocloud.net/) [32]. To compare 16S rRNA gene
sequences between strain DH51B-4-3T and the reference type strains, the EzBioCloud
server was used for the source of 16S rRNA gene sequence data. The 16S rRNA gene
sequences of strain DH51B-4-3" and all type strains of the genus Amycolatopsis were
aligned using CLUSTAL W multiple alignment mode within BioEdit program version
7.1.3.0 [33]. The phylogenetic tree was reconstructed using MEGA 6 [34]. The
neighbor-joining [35], maximum likelihood [36] and maximum parsimony [37]
algorisms were used for the tree reconstruction. The Kimura's 2-parameter model [38]
was used to calculate evolutionary distances. The complete deletion option was
chosen before constructing the topology of the tree. A bootstrap value analysis based
on 1,000 replicates was used for evaluating the robustness of the topology of the

phylogenetic tree [39].

Strain DH51B-4-3" exhibited good growth on ISP 2, ISP 3, ISP 4, ISP 5 and ISP 7,
moderate growth on ISP 6, nutrient agar and glucose-asparagine agar, poor growth on
Czapek’s sucrose agar. Pale yellowish brown substrate hyphae and light gray to
medium gray aerial hyphae were observed on these media. Spore masses were
abundantly formed on ISP 2, ISP 3, ISP 4 and nutrient agar in gray to grayish black
colour. No soluble pigment was found on any of the media tested. Strain DH51B-4-3T
produced the long chains of spherical spore borne on the tip of sporophores arising
from the aerial mycelium on ISP 2 agar at 30°C for 14 days (Supplementary Fig S1).
The morphological characteristic of this strain is similar to those of the genus

Amycolatopsis [1]. The spore shape of strain DH51B-4-3" is clearly different from
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Amycolatopsis dongchuanensis JCM 180547, the closest phylogenetic relative that
produced the ovoid spore-like structure on ISP 2 medium [40]. Strain DH51B-4-3T
was aerobic, Gram-stain-positive, catalase-and oxidase-positive. Strain DH51B-4-3T
could be differentiated from the closely related species on the basis of the phenotypic
characteristic differences i.e. oxidase activity, hydrolysis of starch and nitrate
reduction, maximum NaCl for growth, acid production from several carbon sources
and assimilation of methionine. The detailed phenotypic characteristics of strain

DH51B-4-3" are given in the Table 1 and species description.

The chemotaxonomic data of strain DH51B-4-3" confirmed that the strain was a
member of the genus Amycolatopsis. The cell walls of strain DH51B-4-3" had meso-
diaminopimelic acid as the diagnostic diamino acid. The acyl type of the cell-wall
muramic acid -was N-acetyl. Arabinose and galactose were observed as the
characteristic reducing sugars in whole-cell hydrolysates. Additionally, glucose,
rhamnose and ribose were also found in cell. Arabinose and galactose were reported
as the characteristic reducing sugars of the genus Amycolatopsis [1, 2, 3]. The major
menaquinone was MK-9(Hs) (82.7%) while MK-9(Hs) (12.8%), MK-9(Hz) (2.1%),
MK-10(Hs) (1.6%) and MK-10(H2) (0.8%) ‘were found as’'a minor components.
Several Amycolatopsis species_i.e. Amycolatopsis echigonensis [6], Amycolatopsis
marina [ 7], Amycolatopsis endophytica [8], Amycolatopsis jiangsuensis [9] exhibited
MK-9(Hs) as the predominant menaquinone in cell. Thus, this report confirmed that
the strain was similar to those of Amycolatopsis species in case of the main
menaquinone in cell. The major fatty acids (=20%) of the new strain were is0-Cie:0
and cyclo Ci7.0 (Supplementary Table S1). The highest amount of iso-Cie:0 (30.3%)

found in strain DH51B-4-3" was similar to those of the major fatty acid component
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reported in several type strains of the genus Amycolatopsis [6, 7, 8, 9, 10, 40].
Mycolic acids were not found. The polar lipids comprised diphosphatidylglycerol
(DPG), phosphatidylethanolamine (PE), phosphatidylmethylethanolamine (PME),
phosphatidylinositol (PI), one glycolipid, one unknown phospholipid, two ninhydrin-
positive lipids and nine lipids (Supplementary Fig. S2). The G+C content of the

genomic DNA was 68.2 mol%.

16S rRNA gene sequence of strain DH51B-4-3" (1,411 bp) was analysed using
EzBioCloud (http://www.ezbiocloud.net/) server. The result revealed high sequence
similarity to species belonging to the genus Amycolatopsis. The highest similarity was
found to Amycolatopsis dongchuanénsis YIM 759047 (98.06%) and followed by
Amycolatopsis ' sacchari DSM. 44468 (97.771%). A phylogenetic tree, based on
neighbourjoining analysis [35] of Amycolatopsis 16S rRNA gene sequences, is shown
in Fig. 1, and the extended tree, ML [36] and MP [37] are available as supplementary
material in IISEM Online. Several reports in Amycolatopsis taxonomy revealed that
the strains showing more than 98.5% of the 16S rRNA gene sequence similarity value
have been exhibited the DNA-DNA hybridization value below than 70% [7, 8, 40].
Additionally, the taxonomic reports of Stackebrandt [41] and Keswani [42] confirmed
the relationship between both important taxonomic value mention above that the
bacterial strains having low 168 1RNA gene sequence similarity value (<97%) was
not considered necessary to confirm the new lineage by DNA-DNA hybridization.
Even though, strain DH51B-4-37 was confirmed for the new species of the genus
Amycolatopsis by DNA-DNA hybridization experiment. The result exhibited that the
range of DNA relatedness value between strain DH51B-4-3T and both closely

relatives, Amycolatopsis dongchuanensis JCM 180547 and Amycolatopsis sacchari
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JCM 112727 was 19.9%+0.7 to 27.1%+0.7 which was less than 70% cut-off point
suggested for the assignment of bacterial strains to the same genomic species [33]
(Supplementary Table S2) [43]. With these taxonomic data, strain DH51B-4-3T merits
classification as a novel species of the genus Amycolatopsis, for which the name

Amycolatopsis rhizosphaerae is proposed.

DESCRIPTION OF AMYCOLATOPSIS RHIZOSPHAERAE SP. NOV.
Amycolatopsis rhizosphaerae (thi.zo.spha.e’ra.e. Gr. n. rhiza root; L. n. sphaera a
ball, sphere; N.L. n. rhizosphaera rhizosphere; N.L. gen. n, rhizosphaerae of the

thizosphere, pertaining to the soil from which the type strain was isolated).

Cells are Gram-stain-positive, mesophilic, catalase and oxidase positive actinomycete
that forms the long chains of spherical spore borne on the tip of sporophores arising
from the aerial mycelium. No soluble pigment is produced in test culture media.
Peptonization of milk, gelatin liquefaction, nitrate reduction, urease activity, the
hydrolysis of starch, tyrosine and hypoxanthine are positive. Hydrolysis of adenine,
CM-cellulose and xanthine are negative. Acids produce from D-cellobiose, D-
fructose, D-glucose, ‘D-mannose, D-mannitol,. D-ribose, D-xylose, glycerol, L-
rhamnose, sucrose but not D-galactose, D-raffinose, D-salicin, L-arabinose and
lac';ose. Utilizes DL-2-aminobutyric acid, L-arginine, L-asparagine, L-cysteine, L-
phenylalanine, L-proline, L-serine, L-threonine and L-valine as sole nitrogen sources,
but not L-methionine. The temperature for growth is between 15-45°C. The optimum
temperature for growth is 30°C. No growth is observed at 12°C. The maximum NaCl
concentration for growth is 5% (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
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muramic acid is N-acetyl. The predominant menaquinone is MK-9(H4) while MK-
9(Hs), MK-9(Hs), MK-10(Hs) and MK-10(H?>) are present as a minor component. The
characteristic whole-cell sugars are arabinose, galactose, ribose, glucose and
rhamnose. The polar lipid profile contains diphosphatidylgljrcerol,
phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol,
one glycolipid, one unknown phospholipid, two ninhydrin-positive lipids and nine
lipids. The major fatty acids (>10%) are iso-Cie.0 and cyclo Ci7.0. Mycolic acids are
absent. The DNA G+C content of the type strain is 68.2 mol%. The type strain is

DH51B-4-3T (=TBRC 6029" =NBRC 112509").
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Figure and Table legends

Fig. 1. Neighbour-joining tree [35] based on almost-complete 16S rRNA gene sequences
(1,411 nt) showing the relationships between strain DH51B-4-3T, the Amycolatopsis
species with validly-published names and members of the genera Actinophytocola and
Actinomycetospora. Actinopolyspora halophila 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 wvalues. >50% are indicated. Bar, 0.01

substitutions per nucleotide position.

Table 1. Differential characteristics of strain DH51B-4-3" and the closest
phylogenetically relative, 4. dongchuanensis JCM 18054" and 4. sacchari JICM 112727,
All other phenotypic data were determined in this study. +, Positive; -, Negative; w,

Weakly positive.
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Supplementary Fig. S1. Scanning electron micrograph of strain DH51B-4-3T grown on ISP2
agar for 14 days at 30°C. Bar, 10 pm.

1 4 mm




Supplementary Fig. S2 (A) Polar lipid appearing on the two-dimensional thin-layer
chromatograms of strain DH51B-4-3T

(A) Phosphomolybdic acid’s TLC chromatogram; (B) Dittmer & Lester’s TLC chromatogram; (C) Anisaldchyde’s TLC
chromatogtam; (D) Ninhydrin’s TLC chromatogram; (E) Dragendrof’s TLC chromatogmm, Abbreviation: PE=
plicophistidisthanolnin: PMEL-phosphatiyimetiyisthanolatiing NPT = ninhydrin positive lipid; GL = Glyeolipid; PL,

phospholipid; L, lipid.
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Supplementary Fig. S3 Phylogenetic tree based on the nearly complete 168 rRNA gene sequences (1411 nt) of strain DH51B-4-
3T and other members of the genus Amycolatopsis. The tree was reconstructed with the maximum-likelihood method.
Actinopolyspora halophila DSM 43834T 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 (1411 nt) of strain DH51B-4-
3T and other members of the genus d4mycolatopsis. The tree was reconstructed with the maximum-parsimony method.
Actinopolyspora halophila DSM 43834 was used as outgroup. Numbers on branches represent the bootstrap values as the
percentage of 1000 replicates.
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Supplementary Table S1. Cellular fatty acid composition of strain DH51B-4-3T

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

Fatty acids Strain DH51B-4-3"
Saturated fatty acids

Cizo 0.5
Cis0 1.1
Cieo 8.7
Ci6:0 3-OH 0.6
Ci70 04
Ci7.0 2-OH 0.4
Ciso 27
Unsaturated fatty acids

Ci61 G 2.7
Cie:1 @6C 22
Cig1 @©7c 1.2
anteiso-Ci7:1 @9¢ 0.4
Cis:1 o7c 1.5
Cis:1 @9c¢ 0.4
Branched fatty acids

150-C14:0 0.7
iso-Cis:o 6.4
anteiso-Cis:o 2ol
150-Ci6:0 30.3
anteiso-Cie:0 0.6
iso-Ci7:0 5.2
Ci70 cyclo 229
anteiso-Ci7:0 8.2
is0-Ci7.0 30H 0.4
is0-Cig:0 0.3




Supplementary Table S2. DNA-DNA relatedness among the strain DH51B-4-3T and its closest
phylogenetic neighbours in the genus Amycolatopsis.

Strains DNA-DNA binding (%) with labelled DNA from*:
1 2 3
1. DH51B-4-3" 100 27.1+£0.7 21.4+0.9
2. A. dongchuanensis JCM 180547 25.3+0.6 100 46.2+1.2
3. 4. sacchari JCM 112727 19.9+0.7 45909 100

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