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Abstract

One hundred and four actimonycete strains were isolated from tissue of zingiberaceous
plants. These strains were grouped using phenotypic chemotypic and genotypic
characteristics into 10 groups. Phylogenetic position, chemotaxonomic analyses including
some phenotypic characterisation revealed that the representative strains in each group
belonged to the members of the genera Streptomyces Micromonospora Microbispora
Planotetraspora Actinomadura Pseudonocardia and Jiangella. Here, we found the strain
(S1-12 showing morphological and chemotaxonomic characteristics typical of members
of the genera Micromonospora but which was genotypically and phenotypically
distinguishable from all recognized Micromonospora species. Therefore, the strain CS51-12
were judged to represent the novel species of the genus Micromonospora for which the
name Micromonospora costi 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 9.6% of actinomycete strains
exhibited the anti-microbial activity. Antimicrobial assay-guided fractionation of the ethyl
acetate extract of representative actinomycete isolate AG2-1, AG2-5, AG2-6 waz BR2-2
revealed the interesting "H-NMR profile that suitable for the chemical structure study.
Based on these results, it could be concluded that the tissue of zingiberaceous plants is a
one of interest source for the actinomycete investigation and should be represented an
excellent source for the discovery of bioactive compounds.




finAnssulseme
Unfingonu Ine
UNAREONIHITINGY
GAEILT
GRESTGTES]
GAPSTIRERE
fofuredydnysiuaziite
4 .
und 1 unih
d’ a as
uNAl 2 QU UASHANMS
d. ad o =Y
NN 3 FFMsAuTuNs

YN 4 NAMIAUTUMTITE

un#l 5 agumansIsuazderausuuz

1BNAN581984

MANUIN

ORI

13
63
67
71




CRESIGTFH]
31]‘?;

uaasanuusIn latvueude 1e laaa BR3-5 UUBIMI5 ISP2

—

2 ufmaﬁnmﬁwawﬁa"laimaﬁ BR3-5 14 phylogenetic tree
(NJ method) |

3 uamﬁﬂymﬂﬂiaﬁmmvﬁa%Tcmam AN2-5 UUBINYS ISP2

4 uaesausvoade 1o Tman AN2-5 UU phylogenetic tree
(NJ method)

5 meﬁﬂymﬂﬂiaﬁmawﬁa'lahmm AN2-10 UHD1113 ISP2

6 LLfTﬂW‘iWLLH"L({G‘IJ?NL‘T‘?E]"[EJI“I{LE‘M AN2-10 U phylogenetic tree (NJ method)

7 uﬁﬂaﬁﬂymﬂﬂiaﬁmmﬁﬁa%Tcmam AX1-5 UUBIMS ISP2

8 LLﬁmﬁumﬂwawﬁa%Tcmam AX14-5 UU phylogenetic tree (NJ method)

0 uanidnyazlnladiveuiele lman ZM2-6 yue T ISP2

10 waadumaveuse'le Tatan ZM2-6 UL phylogenetic tree
(NJ method)

11 uaasdnvazlalafivousele nian ANI-19 U1 THIS ISP2

12 LLfmaﬁumﬁwaavﬁe"lﬂmam ANI1-19 YU phylogenetic tree
(NJ method)

13 ugaednuasIalaflueadelolman CS1-12 UUBHMIS ISP2

14 uamsﬁmmiwaaﬁﬁa"laimam CS1-12 UU phylogenetic tree
(NJ method)

15 uansdnumzlaladlvoude’le Inan AG2-1 UNEIMT ISP2

16 ufmaﬁumﬁweuéa"laimam AG2-1 U phylogenetic tree
(NJ method)

17 meﬁﬂymﬂﬂiaﬁmawﬁa%Tcmaﬂ AN2-9 U915 ISP2

18 meﬁumﬂwawﬁa"laTmmm AN2-9 UU phylogenetic tree
(NJ method)

19 uansdnumzlalaflvoude’le Inian ASI-8 UNBIMNS ISP2

20 uanIduvlaveate le Tsan AS1-8 UM phylogenetic tree (NJ method)

15

17
18

20
21
23
24
26

27

29
30

32
33

35
36

38
39

41
42

44




a135U5yn1319

P
AN

1 msﬁﬁqwéwm%amwﬁa’%’wmnL%@LL@ﬂﬁIuﬁaﬁw

2 uanUasdadnuusueRuinetne uarTiasuerRluAviuenls

3 Snwarmaaie uasdugnineveadouseiluldmuuems ISP vliasey

4 wansdnwseaisEInen wevieiivondeueniluttdviuudasleluan

5 LLamqw‘é'Lum‘sé'U5\1mm?zg‘uquﬁuw?émﬂ?{aﬁﬁ'wmu‘lu%v'ul.a%aase?jmmﬁaEﬁ%
Agar disc diffusion '

45
50

58




° a o e d o
Arefedadnuaiuaziee

ATCC = American Tyﬁe 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

MRSA = methicillin-resistant Staphylococcus aureus
nm = nanometer

Ps. aeruginosa = Pseudomonas aeruginosa

SDA = Sabouraud Dextrose Agar

S. aureus = Staphylococcus aureus

TSB = Triptic soy broth

UV = Ultraviolet

VRE = vancomycin-resistant enterococci

UL = microlitre
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Compound Source Activity References
Diazepinomicin (ECO-4601) Micromonospora sp. Antibacterial Charan et al., 2004
Anticancer

Anti-inflammatory

Frigocyclinone Streptomyces griseus Antibacteria] Bruntner et al., 2005

Glaciapyrroles Streptomyces sp. Antibacterial Macherla et al., 2005

Gutingimycin Streptomyces sp. Antibacterial Maskey et al., 2004

Helquinoline Janibacter limosus Antibacterial Asolkar et al., 2004

Cebulactams Saccharopolyspora Antibacterial Pimentel-Elardo et al.,
cebuensis Antioxidant 2008

Komodoquinone A

Streptomyces sp.

Neuritogenic activity

Ttoh ez al., 2003

Marinomycins ‘Marinispora’ Antibacterial Kwon et al., 2006
Anticancer

Mechercharmycins Thermoactinomyces sp. | Anticancer Kanoh et al., 2005

leucyl-4-hydroxyproline Sreptomyces sp. Antitumour HemA ndez et al., 2004

SalinosporamideA (NPI-0052) | Salinispora tropica Anticancer Feling et al., 2003

Trioxacarcins

Streptomyces sp.

Antibacterial
Anticancer

Antimalarial

Maskey et al., 2004
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3.2.2.4 manszHesnilsznevusansaluiii (Cellular fatty acid)
LY o 9/
19301 methyl ester vaansa lusiu Mneradutalaelales ladasaisazans
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methanolic hydrochloric acid ﬁqmﬂgu 100 earuraFva duna 3 ‘i?’ﬂm udafnday
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Fannms (phylogenetic tree)
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3.2.2.8 Photobiotin labeling DNA-DNA Hybridization
3.2.2.8.1 Immobilization of DNA in microtiter plate
W@ 100 LU UDI0150LN1Y heat — denatured DNA (1 llg DNA / well)
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A 1 9 1 d’l 9/
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Smith
SIEREAYTET Kaempferia galanga L. uasugn | KG1-1,KG1-2, KG1-3
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BR3-5

L Planotetraspora phitsanulokensis A-T 1383" (FJ426332)
Planotetraspora thailandica BCC 21825" (AB370244)

— Planotetraspora kaengkrachanensis A-T 0875" (FJ426333)
‘ Pianotetraspora mira NBRC 154357 (D85496)

99

Acrocarpospora corrugata NBRC 13972 T (AB188150)

L 99 L Planotetraspora silvatica TT 00-51" (AB112082)
Acrocarpospora pleiomorpha NBRC 16267 T (AB006174)

91| —— Acrocarpospora macrocephala NBRC 16266 T (AB025318)
69_I—— Acrocarpospora phusangensis NBRC 108782 T (AB649124)
Microtetraspora malaysiensis JCM 11278 T (AB062383)

Microtetraspora glauca JCM 3300 ' (X97891)
— Microtetraspora fusca JCM 31837 (U48973)
Microtetraspora niveoalba JCM 3149 T (U48976)

100

97
— Planobispora longispora JCM 3092 T (D85494)
100 L—— Planobispora rosea JCM 31667 (AB028654)

a

Streptomyces ambofaciens NBRC 12836 T (AB184182)

514 2 uamsduviaveade le Totan BR3-5 DU phylogenetic tree (NI method)
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Microbispora rosea subsp. aerata ATCC 270987 (U48986)
L Microbispora rosea subsp. aerata ATCC 15448 T (U48984)
Microbispora rosea subsp. rosea ATCC 33326 (U48985)
Microbispora amethystogenes JCM 3021 T (U48988)
rLO — Microbispora rosea subsp. rosea IMSNU 22065 " (AY445647)

L AN2-5
wl Microbispora rosea subsp. rosea NBRC 14044 " (D86936)

Microbispora corallina DF-32 T (AB018046)
I—{—_I\/hcrob:spora hainanensis 211020 T (FJ261972)
Microbispora siamensis DMKUA 245 T (FJ199993)
Microbispora rosea subsp. aerata ATCC 27099 T (U48987)
Microbispora rosea subsp. rosea NBRC 14876 ' (U48989)
94 L— Microbispora rosea subsp. rosea NBRC 14041 T (U48990)
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Planotetraspora phitsanulokensis A-T 13837 (FJ426332)
— Planotetraspora thailandica BCC 21825 T (AB370244)
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— Ianotetraspora kaengkrachanensis A-T 0875 (FJ426333)

39 Planotetraspora mira NBRC 15435 T (D85496)
Planotetraspora silvatica TT 00- 517 (AB112082)
Microtetraspora malaysiensis JCM 11278 7 (AB062383)

Microtetraspora glauca JCM 3300 ' (X97891)
wrotetraspora fusca JCM 31837 (U48973)
95 Microtetraspora niveoalba JCM 3149 T (U48976)
Acrocarpospora corrugata NBRC 13972 " (AB188150)
l_ Acrocarpospora phusangensis NBRC 108782 T (ABB649124)

Acrocarpospora macrocephala NBRC 16266 T (AB025318)
Acrocarpospora pleiomorpha NBRC 16267 T (ABO06174)

100

90
— Planobispora longispora JCM 3092 " (D85494)
oo L— Planobispora rosea JCM 3166 ' (AB028654)
Streptomyces ambofaciens NBRC 12836 T (AB184182)
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5U% 4 ugasdwmuveaie'le Tsan AN2-5 UU phylogenetic tree (NJ method)
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o9 | Actinomadura bangladeshensis 3-46-b3" (AB331652)

J_if Actinomadura chokoriensis 3-45-a/11" (AB331730)

} I——— Actinomadura napierensis B60 T (AY568292)

Actinomadura meyerii A288 T (AY273787)

‘—}64 — Actinomadura geliboluensis AB036 T (HQ157187)
soL— Actinomadura formosensis JCM 7474 T (AF002263)
—— Actinomadura xylanilytica BK147 T (FR692101)

Actinomadura verrucospora NBRC 141007 (U49011)
89 Actinomadura maheshkhaliensis 13-12-50 T (AB331731)
50 Actinomadura mexicana A290 " (AF277185)
Actinomadura madurae DSM43067 " (X97889)
Actinomadura pelletieri JCM 3388 T (AF163119)
[ Actinomadura livida JCM 3387 ' (AF163116)
‘— Actinomadura sputi IMMIB L-889 T (FM857483)
68 b 98 — AN2-10
[ L Actinomadura rugatobispora IFO 14382 (ARU49010)
51 Actinomadura vinacea JCM 3325 T (AF134070)
?L Actinomadura viridis IFO 15238 T (D85467)
| Actinomadura rudentiformis HMC1 T (DQ285420)
ssl— Actinomadura fulvescens IFO 143477 (U49005)

Actinomadura hibisca DSM 44148 (AJ420136)
Streptomyces ambofaciens NBRC 12836 T (AB184182)
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519 6 uaasdumisvouielo Twan AN2-10 UM phylogenetic tree (NJ method)
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100 | Pseudonocardia kunmingensis YIM 63158 (FJ817377)
70 [— Pseudonocardia sichuanensis KLBMP 1115 T (RM153789)

62 Pseudonocardia zijingensis 6330 ' (AF325725)
99 Pseudonocardia aurantiaca DSM 447737 (FR749916)
% Pseudonocardia alaniniphila YIM 16303 T (EU722519)
,—; 99 L Pseudonocardia yunnanensis IFO 15681 " (D85472)
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Pseudonocardia bannensis YIM 631017 (FJ817375)
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Pseudonocardia tetrahydrofuranoxydans K17 (AJ249200)
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Pseudonocardia halophobica DSM 43089 T (Y08534)

] 93
72 — AX1-5
84 Pseudonocardia yuanmonensis YIM 75926 T (JN656709)

[—— Pseudonocardia xishanensis YIM 63638 " (F.J817397)
L Pseudonocardia oroxyli D10 (DQ343154)
Pseudonocardia ailaonensis YIM 45505 " (DQ344632)

Streptomyces ambofaciens NBRC 12836 (AB184182)
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3U7 8 uaasduntisveude’le Taan AX1-5 UL phylogenetic tree (NJ method)
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75 Kribbella antibiotica YIM 315307 (AY082063)
66 r(: Kribbella koreensis LM 1617 (Y09159)

100 | {

Kribbella sandramycini KACC 202497 (AY253864)

Kribbella jejuensis HD9 T (AY253866)
81

92 L—— Kribbella solani DSA1T (AY253862)

—— Actinopclymorpha rutila YIM 457257 (EF601829)

100 L Actinopolymorpha singaporensis IM7744 T (AF237815)
Jiangella alkaliphila D8-87 7 (AM422451)

— Jiangella gansuensis YIM 002" (AY631071)

50

100

Jiangella muralis 15-Je-017 T (FN645214)

% ULZMZ'G
59 L Jiangella alba YIM 615037 (FJ157186)

Streptomyces ambofaciens” NBRC 12836 (AB184182)
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310 10 uaasdumiseaie le Taian ZM2-6 w1 phylogenetic tree (NJ method)
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Micromonospora
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577 Micromonospora maoerensis NEAU-MES19 (KC469639)
m! — Micromonospora matsumotoense IMSNU 22003 {AF152108)
Micromonospora nfamycinica AM105 (AY561829)
77— Micromonospora wenchangensis 2602GPT1-05 (JQ768361)
4 Micromonospora haikouensis 232617 (GU130129)

Micromonospora krabiensis MA-2 (AB196716}
20|~ AN1-19
|31~ Micromonospora carbonacea DSM 43168 (X92599)
56 Micromonospora zamorensis CR38 (FN658656)
99— Micromonospora zeae NEAU-gq9 (KC287242)
1 Micromonospora jinfongensis NEAU-GRX11 (KC134254)
62 Micromonospora lupini Lupaci4N (AJ7839396)
2wl Micromonospora saelicesensis Lupac 08 (AJ783993)
Micromonospora chokoriensis 2-19(6) (AB241454)
9L Micromonospora violae NEAU-zh8 (KC161209)
_(_— Micromonospora mirobngensis WA201 (AJ626950)

9— Micromonospora siamensis TT12-4 (AB193565)

EI Micromonospora schwarzwaldensis HKI0841 (KC517406)
Micromonospora humi P0402 (GU459068)
!45 Micromonospora coxensis 2-30-b(28) (AB241455)

2325i Micromonospora purpureochromogenes DSM 43821 (X92611)

~— Micromonospora halophytica DSM 43171 (X92601)

u| Micromonospora chaicea DSM 43026 (X92594)

4 Micromonospora aurantiaca JCM 10878 (X92604)
BIL Micromonospora marina JSM1-1 (AB196712)
23| | Micromonospora mantima D10-9-5 (HQ704071)

99~ Micromonospora sediminicola SH2-13 (AB609324)

_Ddicmmonospora eburnea LK2-10 (AB107231)

6 Micromonospora narathiwatensis BTG4-1 (AB193559)
61 Micromonospora spongicola S3-1 (AB645957)

50 Micromonospora yangpuensis FXJ6.011 (GU002071)
U *— Micromonospora nigra DSM 43818 (X92608)

— Micromonospora pallida DSM 43817 (X92608)

88— Micromonospora inyonensis DSM 46123 (X92629)

73} — Micromonospora sagamiensis DSM 43912 (X92624)

Pl Micromonospora echinospora DSM 43816 (X92607)
Micromonospora fulviviridis DSM 43906 (X92620)
Micromonospora inositola DSM 43818 (X92610)

3 Micromonospora halotolerans CR18 (FN658652)

{ﬁ‘_,'_ Micromonospora chersina DSM 44151 (X92628)

6
l
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»
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w
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)

—

— Micromonospora rosana DSM 803 (X92631)
7 Micromonospora tulbaghiae TVU1 (EU196562)
li{} Micromonospora endolithica DSM 44398 (AJ560635)
Micromonospora coriariae NARO1 (AJ784008)
97— Micromonospora cremea CR30 (FN658654)
_[_ Micromonospora echinofusca DSM 43913 (X92625)
Micromonospora peucetia DSM 43363 (X92603)
Micromonospora citrea DSM 43903 (X92617)
0 Micromonospora auratinigra TT1-11 (AB159779)
[ | 36— Micromonospora chaiyaphumensis MC5-1 (AB196710)
Micromonospora echinaurantiaca DSM 43904 (X92618)
12— Micromonospora coerulea DSM 43143 (X92598)
61 Micromonospora kangleipakensis MBRL 34 (JN560152)
- Micromonospora viridifaciens DSM 43909 (X92623)
ﬁu— Micromonospora equina Y22 (JF812511)
33— Micromonospora avicenniae 2685R06 (JQ867183)
sot—o Micromonospora olivasterospora DSM 43868 (X92613)
Micromonospora pattaloongensis TJ2-2 (AB275607)

71

Micromonospora pisi GUI 15 (AMS44497)

Micromonospora polyrhachis NEAU-ycm2 (KC139400)
9 Micromonospora sonneratiae 274745 (JQ619535)
[—— Micromonospora rhizosphaerae 211018 (FJ261956)

88

f
K

Streptomyces ambofaciens NBRC 12836 (AB184182)

311 12 yaasdumtlsveude'lo Tman AN1-19 U phylogenetic tree (NJ method)
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519 16 uerasdumsveade lo Tsan AG2-1 VU phylogenetic tree (NJ method)
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317 20 usrasdumisveudie le Tman ASI-8 Uu phylogenetic tree (NJ method)
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S AU Unmunsduds (aduns)
do | duiu | E s B, Ps, M C MRSA | VRE
coli | aureus | subtilis | aeruginosa | luteus | albicans
AG2-1 | 1 mg/ml - 27 22 - 33 - 30 20
AG2-5 | 1 mg/ml - 23 29 - 25 - 25 27
AG2-6 | 1 mg/ml - 20 20 - 25 - 22 20
AN2-9 | 1 mg/ml - - - - - 8 - -
AN3-6 | 1 mg/ml - 29 23 - 35 7 30 22
BR2-2 | 1 mg/ml - 22 20 - 35 - 18 20
KG1-1 | 1 mg/ml - - 12 - - - - 15
ZM3-2 | 1 mg/ml - - 10 - 22 - 11 14
ZZ1-3 | 1 mg/ml - 25 19 - 30 8 28 18
Z72-1 | 1 mg/ml - 31 26 - 42 9 35 23
HUEITe B. subtilis ATCC 6633 E. coli ATCC 25922

M. luteus ATCC 9341
S. aureus ATCC 25923

Ps. aeruginosa ATCC 27853

C. albicans ATCC 10231

MRSA fi® Methicillin resistance Staphylococcus aureus (MRSA) DMST 20654

VRE fip Vancomycin-resistant enterococci (VRE) Enterococcus Jecium ATCC 51559
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An endophytic actinobacterial strain CS1-12%, was isolated from a leaf of Costus
speciosus. The single spores were observed directly on the substrate mycelia. The
cell-wall peptidoglycan of this strain exhibited meso-diaminopimelic acid and 3-OH-
meso-diaminopimelic acid. Arabinose, glucose, ribose, xylose and rhamnose were
detected as whole-cell sugars of the strain. The diagnostic phospholipids of this strain
were  phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol,
phosphatidylinositol, phosphatidylinositol ~ mannosides.  The predominant
menaquinone were MK-10(Hg), MK-10(Hg), MK-9(H;) and MK-10(Hs). The main
components of cellular fatty acids (>10%) were is0-C;s.g, anteiso-Ci7.0, i80-Cyg,
anteiso-Cyso. The G+C content of the genomic DNA was 72.8 mol%. The data of
16S rRNA gene sequence analysis showed that strain CS1-127 should be classified in
the genus Micromonospora and closely related to Micromonospora fulviviridis DSM
439067 (99.3%). The physiological, biochemical and chemotaxonomic properties
including the DNA-DNA hybridization result exhibited that strain CS1-12T could be
Jjudged as a novel species for the genus Micromonospora, for which the name
Micromono;vpora costi CS1-127 sp. nov. is proposed. The type strain is strain CS]-12T

(=BCC 58124T =NBRC 109518").
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The genus Micromonospora  Orskov (1923)  belongs to the family
Micromonosporaceae. The type species is Micromonospora chalcea. The single spore
produced directly on the substrate mycelium and the absence of aerial mycelium are
the dominant morphological characteristic of this genus (Kawamoto, 1989). Members
of the genus Micromonospora exhibited meso-diaminopimelic acid in the cell wall
and arabinose and xylose as a characteristic sugar in the cell hydrolysates. The
phosphatidylethanolamine is the characteristic phospholipid in the membrane.
Recently, several new species of the. Micromonospora were proposed, ie.
Micromonospora polyrhachis (Xiang er al., 2014), Micromonospora violae (Zhang et
al., 2014), Micromonospora Jinlongensis (Gao et al., 2014), Micromonospora zeae
(Shen et al., 2014). In the course of our investigation for novel actinobacteria from the
tissue of Thai medicinal plants, we successfully isolated a strain, designated CS1-127
that exhibited the morphological characteristic typical of members of the genus
Micromonospora but showed the phenotypic, genotypic and some chemotaxonomic
properties distinguishable from all type strains of the genus Micromonospora. So, we

propose the strain CS1-127 as a novel species of the genus Micromonospora.

Strain CS1-127 was isolated fiom a leaf of Costus speciosus collected from the herb garden in
Nakornnayok province, Thailand. A Leaf of this plant was gentle rinsed with tap water for three
times and was surface-sterilized with 70% ethanol for 10 min and subsequently with absolute
ethanol for 2 min in the sterilized bottle. A leaf was removed ﬁ‘om the bottle and dried on
sterilized filter paper followed by surface-sterilization with 6% sodium hypochlorite and a few
drops of tween 20 for 5 min. Then, the plant tissue was rinsed with sterilized distilled water for 5
times and finally the surface-sterilized leaf was ground in sterilized distilled water, and the

suspension was spread on starch casein agar (SCA) [0.1% sodium caseinate, 1% soluble starch,
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0.03% K,HPO,, 1.8% agar, pH 7.0-7.5] supplemented with 25 mg I' nalidixic acid and 50 mg 1!
cycloheximide and incubated at 30°C for 2] days. The final rinsing water was spread on SCA as
the control plates. The Micromonospora colonies were selected and purified by repetitive cross-
streaking on ISP2 medium [(nternational Streptomyces Project, ISP 2 medium); Shirling &

Gottlieb, 1966] and was preserved by freezing at -80 °C and freeze-drying,

Morphological properties of strain CS1-127 grown on 1/10 strength starch casein agar
were observed by scanning electron microscopy (model JSM-5410 LV; JEOL). The
sample for scanning electron microscopy was prepared as described previously

(Thawai et al., 2005).

The phenotypic properties were performed using several standard methods and
compared with those of the phylogenetically closed reference strains. Cultural
properties were examined using 14-day cultures grown at 30°C on various agar media.
The colour of the colonies was determined using the ISCC-NBS colour charts
standard sample no. 2106 (Kelly, 1964). The test for gelatin  liquefaction,
peptonization of milk, nitrate reduction and starch hydrolysis were performed by

standard methods of Araj (1975) and Williams & Cross (1971).

The temperature (15-55 °C), pH (4-12) and NaCl (0-10 %w/v) tolerances for growth
were determined on ISP 2 medium for 14 days. The utilization of various carbon
sources was done by the method of Shirling & Gottlieb, 1966. The results are

indicated in detail in the species description and Table 1.
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The freeze-dried cells of strain CS1-127 used for chemotaxonomic analyses were
prepared from cultures grown in ISP 2 broth on a rotary shaker (180 rpm) at 30°C for
5 days. The preparation of cell wall peptidoglycan was done by the methods of
Kawamoto ez al. (1981), and the determination of amino acid composition in cell wall
was performed using the previously TLC method described by 'Lechevalier &
Lechevalier, 1980. The method of Uchida & Aida (1984) was used for analysis of the
acyl group of muramic acid in the peptidoglycan. The reducing sugars of cell
hydrolysates were performed according to the methods previously described
(Komagata & Suzuki, 1987). The determination of phospholipid types in cells were
analyzed using the standard method of Minnikin et al., (1984). The cellular fatty acid
profile analysis was performed using GLC according to the instructions .of the
Microbial Identification System (MIDI), Sherlock version 6.0 (Kampfer &
Kroppenstedt, 1996; Sasser, 1990). The types of cellular fatty acid were identified

using the RTSBAG6 database of the MIDI system (Sasser, 1990).

The presence of mycolic acids was investigated using the method of Minnikin et al.
(1975). The extraction method of isoprenoid quinones were followed by the method
of Collins ef al. (1977). The analysis of isoprenoid quinones were performed using
reverse phase HPL.C equipped with a Cosmosil 5C; column (4.6 by 150 mm; Nacalai
Tesque, Kyoto, Japén) at a flow rate of 0.6 mL/min. A mixture of methanol and 2-

propanol (2:1, v/v) was used as the elution solvent.

Genomic DNA used for the G+C content analysis and DNA-DNA hybridization was
prepared according to the method described by Tamaoka (1994). The G+C content of

the DNA was analyzed using the standard HPLC method of Tamaoka & Komagata
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(1984). Lambda DNA (Invitrogen, USA) was used as the standard. DNA-DNA
hybridization was done using the method reported by Ezaki et al. (1989). The
colorimetric method of Verlander (1992) was used for determination of DNA—DNA

relatedness (%) value.

Genomic DNA used for 16S rRNA gene amplification was prepared as described by

(Suriyachadkun et al., 2009). The sequence of the PCR product was obtained using
universal  primers  27F (5’-GTTTGATCCTGGCTCAG-3’), 350F (5
TACGGGAGGCAGCAG-3"), 780F (5-GATTAGATACCCTGGTAG-3"), 1100F (5"
GCAACGAGCGCAACCC-3"), 350R (5-CTGCTGCCTCCCGTAG-3"), 780R (5
CTACCAGGGTATCTAATCC-3") and 1492R (5'-GGTTACCTTGTTACGACTT—3’)
(Lane, 1991). The nearly complete 16S rRNA gene sequence of strain CS1-127 was
pairwise aligned using the EzTaxon server (Kim et al., 2012). Partial sequences of the
165 rRNA genes of recognized Micromonospora species were obtained from the
GenBank/EMBL/DDBJ  database for multiple alignment analyses using the
CLUSTAL W programme, version 1.81 (Thompson et al., 1994). The alignment was
manually corrected to eliminate gaps and adjusted prior to the construction of a
phylogenetic tree. The phylogenetic tree was constructed using the neighbor-joining
(Saitou & Nei, 1987), maximum parsimony (Fitch, 1971) and maximum-likelihood
(Felsenstien, 1981) methods in the MEGA 6 software (Tamura er al., 2013). The
evolutionary distances used in neighbor-joining method were calculated using the
Kimura two-parameter model (Kimura, 1980). The confidence values of the clusters

were judged using the bootstrap analysis (Felsenstein, 1985) with 1,000 re-samplings.



137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

1827

1583

154

1565

156

157

158

159

160

161

Strain CS1-127 grew well on ISP2, ISP 3 and nutrient agar, moderately on ISP 6,
weakly on ISP 4, ISP 5, ISP 7, czapek’s sucrose agar and glucose-asparagine agar.
The colour of the colonies of this strain grown on these media was brilliant orange to
pale orange yellow. Aerial hyphae were not observed. Soluble pigments did not
produce on any of the media tested. Strain Cé 1-127 produced single spore on the tip
of the substrate mycelia on 1/10 strength starch casein agar at 30 °C for 21 days (Fig.
1). Spore of this strain exhibited a rough and nodular surface (Fig. 1) and were non-

motile.

Chemotaxonomic properties of strain CS1-127 indicated that this strain belonged to
the genus Micromonospora. Cell walls of strain CS1-12" contained meso-
diaminopimelic acid and 3-OH-meso-diaminopimelic acid. The cell wall acyl type
was glycolyl. The strain contained arabinose, glucose, ribose, xylose and rhamnose in
whole-cell hydrolysates. The predominant menaquinone was MK-10(Hs) (49.6%),
MK-10(Hs) (15.9%), MK-9(H,) (15.6%), MK-10(Hs) (13.9%) and small amount of
MK-10(H>) (4.1%) and MK-9(Hs) (0.9%) were also detected. The main cellular fatty
acids in cells (>1%) were i50-Cs:0 (25.9%), anteiso-Ci7. (23.2%), i50-Ci6:0 (15.4%),
anteiso-Cisg (12.5%), 150-C17.0 (9.6%), Cy7¢ (3.5%), 10-methyl-C;7. (1.5%), Cig
(1.4%), Cis0 (1.3%) and Ciz1 o8¢ (1.2%) (Supplementary Table S1). Mycolic acids
were absent. The characteristic phospholipids  are diphosphatidylglycerol,
phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol,
phosphatidylinositol mannosides, five unidentified phospholipids and one unidentified
lipid (Supplementary Fig. S1). The G+C content (mol%) of the DNA of strain CS]-

127 was 72.8%.
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The almost complete 16S rRNA gene sequence of strain CS1-127 (1,503 nt) was
compared and deposited in DDBJ database. The 16S rRNA gene sequence tree
constructed by the neighbour-joining (Fig. 2), maximum-parsimony (Supplementary
Fig. S2) and maximum-likelihood (Supplementary Fig. S3) methods confirmed the
taxonomic position of strain CS1-127 that this strain was a member of the genus
Micromonospora and formed a monophyletic clade to M fulviviridis with high
boostrap value (81%, 71% and 71%, respectively). The result oobtained from
EzTaxon-e analysis also indicated that strain CS1-127 belong to the genus
Micromonospora, being most closely related to the phylogenetically Micromonospora
species, M. fulviviridis DSM 43906" (99.3%), M. inositola DSM 438197 (98.8%), M.
sagamiensis DSM 439127 (98.8%), M. echinaurantiaca DSM 439047 (98.7%), M.
inyonensis DSM 461237 (98.7%), M. pallida DSM 43817 (98.6%) and M
echinospora DSM 438167 (98.2%). On basis of the morphological, chemotaxonomic
and phylogenetic properties, this strain should be classified in the genus

Micromonospora.

Although the G+C content (mol%) of the DNA and the predominant phospholipid of
strain CS1-127 are similar to the phylogenetically closest relatives, M. fulviviridis, M.
sagamiensis, M. echinaurantiaca, M. inyonensis, M. inositola, M. pallid and M.
echinospora but some phenotypic and chemotaxonomic characteristics shown in
Table 1 could discriminate strain CS1-12T from the phylogenetically closest relatives,
M. fulviviridis, M. sagamiensis, M. echinaurantiaca and M. inyonensis. In particular,
the strain CSI-127 presented meso-diaminopimelic acid and 3-OH-meso-
diaminopimelic acid in its cell wall peptidoglycan while 3-OH-meso-diaminopimelic

acid did not observe in cel] wall peptidoglycan of M. fulviviridis, M. Sagamiensis, M.
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echinaurantiaca and M, inyonensis. On the other hand, the composition of reducing
sugar of cell-hydrolystaes of strain CS1-12T was different from M. fulviviridis in term
of arabinose, rhamnose and ribose, Additionally, strain CS1-127 exhibited MK-10
(He) as a predominat isoprenoid quinone in cell while M. Julviviridis, M. sagamiensis,
M. echinaurantiaca and M. inyonensis presented MK-9 (Hs) and M. pallida exhibited
MK-12 (Hg). In contrast to the closest relative, strain CS1-127 utilized D-cellobiose,
D-galactose, D-mannose, D-melibiose, D-xylose as the sole carbon sources.
Furthermore, the result of DNA-DNA hybridization clearly distinguished strain CS1-
12" from its phylogenetically closed relatives because the low DNA relatedness
values (18.3% + 1.2-24.5% + 0.8) was observed, which was below 70% threshold for
species delineation as reported by Wayne et al., 1987 (Supplementary Table S2). It is
evident from phenotypic, chemotaxonomic and genotypic data that strain CS1-12T
represents a new species of the genus Micromonospora ahd the name

Micromonospora costi is proposed for the strain.

Description of Micromonospora costi Sp. nov.

Micromonospora costi (cos'ti. N.L. gen. n. costi, of Costus, a botanical genus).

Gram-stain-positive, mesophilic actinomycete that forms single spore directly on the
substrate mycelia. No soluble pigment is produced in any test culture media. Nitrate is
not reduced to nitrite. Utilizes D-glucose, D-mannose, D-galactose, D-cellobiose, L-
arabinose, D-fructose, D-raffinose, D-melibiose, D-xylose, mannitol, sucrose and
lactose as sole carbon sources, but not glycerol, myo-inositol, L-rhamnose, D-ribose,
and D-salicin. Peptonization of milk, hydrolysis of starch and gelatin liquefaction are

positive. The maximum temperature for growth is 45°C. The maximum NaCl
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concentration for growth is 4% (w/v). The pH range for growth is 5-10. The cell wall
peptidoglycan contains meso-diaminopimelic acid and 3-OH-meso-diaminopimelic
acid. The acyl type of the cell wall is glycolyl. The predominant menaquiﬁones is
MK-10(Hs). The characteristic whole-cell sugars are arabinose, glucose, ribose,
xylose and rhamnose. The phospholipid profile contains diphosphatidylglycerol,
phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol,
phosphatidylinositol mannosides, five unidentified phospholipids and one unidentified
lipid but phosphatidylcholine is not detected. The cellular fatty acid pattern (>1%)
consists of is0-Cjs.9, anteiso-Cj7., i80-Ci6:0, anteiso-Cis.g, i50-Ci70, Ci70, 10-methyl-
Ci7.0, Ci6:0, Cig0 and Cy7.; w8e. Mycolic acids are absent. The G+C content of the
DNA is 72.8 mol%. The type strain is CS1-127 (=BCC 58124" =NBRC 1095 18D,
which was isolated from a leaf of Costus speciosus collected from the herb garden in

Nakornnayok province, Thailand.
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Figure legend

Fig. 1. Scanning electron micrograph of strain CS1-127 grown on 1/10 strength starch

casein agar for 3 weeks at 30°C. Bar, 1 pm.

Fig. 2. Neighbour-joining tree (Saitou & Nei, 1987) based on almost-complete 16S
rRNA gene sequences (1,423 nt) showing the relationships between strain CS1-127
and the Micromonospora species with validly-published names. Catellatospora citrea
subsp. citrea IMSNU 22008" 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, 0.005

substitutions per nucleotide position.
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