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Diversity of polyketide synthase genes, taxonomy and biological activities

of endophytic actinomycetes isolated from Thai medicinal plants.
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Abstract

One hundred actinomycete isolates were isolated from tissue of Curcuma lonea
Alpinia nigra Zingiber montanum Kaempferia marginata and Bosenbergia rotunda.
These isolates could be grouped using morpholosical, physiological, biochemical
characteristics including the antimicrobial activity into eight groups. The
actinomycetes in group | were closely related to Streptomyces iranensis (99.79%).
Group II were closed to Streptomyces graminisoli (99.55%). Group Il were closely
related to  Streptomyces neopeptinius (99.06%). Group V were closed to
Streptomyces  misionensis (99.86%). Group V were most closely related to
Streptomyces  iranensis  (99.65%). Group VI were most closely related to
Streptomyces bungoensis (99.86%). Group VIl were most closely related to Asanoa
ishikariensis (99.39%) and this isolate was proposed as new species in the genus
Asanoa, namely Asaoa endophytica sp. nov. Group Vil were most closely related to
Dactylosporangium sucinum (99.72%). In this study, all twenty seven actinomycete
isolates exhibited the neuritogenic and neuroprotective activities. Nine actinomycete
isolates displayed the significant neuritogenic and neuroprotective activities (15%) at
the concentration of 1 ng/ml. Potential use to these endophytic actinomycete
isolates need further study for antibiotic development.
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ATCC = American Type Culture Collection
B. subtilis = Bacillus subtilis

C. albicans = Candida albicans

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

EtOAc = ethyl acetate

IAA =Indole acetic acid

ISP = International Streptomyces Project

M. luteus = Micrococcus huteus

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

KL = microlitre
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Usinveidelsn (antagonistic pathogen) Taiou Ia Idifludniuaunedanin (biological
control) Lﬂmmawmmmmgu (metabolites) wﬁmfy‘lumanmmm uazfamunsotleadu
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TsaldduRvfinaniiuerdveyday enitududunuylunisdnmdennuduiudieg lu
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ﬁiiiJ‘IﬂﬂUN‘]ﬁlﬂuﬂﬂi]'mﬂ'liﬂﬁﬂﬂ"liﬂﬂJﬂll (primary metabolite) Llﬁ’JUQﬁHJ']iﬂNﬁﬂﬁ'li‘ﬂﬂﬂ

a

il (secondary metabolite) wxﬂuﬂawaamsﬁg‘mu“ (antibiotic) muﬂmﬁummumsmm
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maaqauwsaﬂeim @y Frudes (antifungal) UagMUUUATISY (antibacterial) Rine 150 luaw
k4 [
dad wSoluiy (Brunner uay Pertrini, 1992) vauns dioula I idude R lumsuns wwae it
01 uaziimmsodauaiunines i Tevesiald wazlumeasatudwdaraediuniu
niedosiunsifalsafivuresialdsuiefymunidode aunsdiouTlalwdlsznendae
o a LY | pr b4 ) & -
uuanGe 51 uasiendludvdn waunsowu 18 lufimieunayidaunTan (Swobel uaz
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Daisy, 2003) Lﬁmmmauiﬂ"Mﬁmﬁaagnszma?mﬁeﬁ‘ntauh"lvlﬁmwzﬁ%'nmsﬁn
o

Anga ¥ lumenisuwnd nsinuas uazgamInnssy lasasiduny lnivarowila 9y

a § a o [ : 4 ' y:{ i
0 f¥ug vdhuie onanliduiu uarmsdumadusse Aduwdle livumnididuas

u a

3
18nngfunsdieuTe lnls anfueulaTWdiuduumamimomnsddydmsunsdumnion
yiialnui ﬂizﬁmmwxwamuﬂﬂumssn‘yﬂsﬂiuwyﬂ dad uazity 18 uoded

uaﬂm'quﬂﬁmﬂuuuﬂmsmmsumﬂ'nnmsﬁsmau‘lﬂ (filamentous bacteria) HU5u54

wannfiuuazlaTaFu (Mol% G+¢) gandmuaiFounsuyaniialy winna1desas 55)
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‘weuaﬂmTuuuaw"lmewuﬁamﬁuaﬁﬁmﬂumnmmwaﬂTﬂﬁmﬂsmNmnwaammma

i'l‘/lﬂJLU'EJ‘}'jllu'JLﬂﬁUﬁ llﬂﬂi)'lﬂ'l«ll‘]fﬂu@ﬂﬂI‘lmUﬁ‘VlUG?Jﬂ'Iiﬁi'NLﬁNjU‘V]ﬂJ‘UNWﬂLﬁﬂ ﬂ'J’ILﬂ"urlﬂ

Youdas (Coyne. 1999) TﬂTawmwauaﬂmTuuvﬁ‘nuanym m‘iuwwumﬁwamumma
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Lﬁ'u'laammﬁnﬁﬁmww‘luuwia:ﬁwﬁuﬁf 1JNmuﬁuﬁmmsnﬁ%ﬁaﬂﬂimqﬁa:awﬁvw"lﬁ’f
(soluble pigments) (Miyadoh. 1997) erend Tt ndwIngfuiuglasaeadesuuy'ly
o1fuine e1vadraduadedifius aesy m“aﬁiNmJaimanmﬂumumﬂﬂﬂuumﬂm{u
aeos 15on31 Inflide (conidia) pduumdulooinia wievraagassatieadedniely
Tﬂsmﬂwmnymvﬂawawwavm’dﬂas'h 138091 aesus Sy (sporangium) (Coyne.
1999) mauaﬂﬂTunUﬁwuﬂﬂvasNﬁﬂasmaag“luamwmmaw"lnmm.,'dumamsmm un
meﬁmwumaaummuamemsmsm WU Hmseimsifivawe nqmwnmmvmm‘vuw
muzan adesvzenuazvenlududuly (Miyadoh. 1997) mauaﬂmeJtJﬁw'l:Jmmsn
Funsisuas’ld (photosynthetic) dungdisadiauuudase (saprophyte) Tnsonsyla
Tavedonisdesaarumsdunid Surewila iy luana Frankia WOIRLBYT AU IR AY
Au'limajaeluniseseulasion (Coyne. 1999)
uemiunwmﬂuwmnumcmmmsnwu"lﬂTﬂﬂm"lﬂ“lumumaau Walu o107 fiu
unash azneu uazvSnusnisudnsetiluiiotony miﬁ'uwmmﬂﬂiuuuzmmmﬁuaﬂ
'lumaweww (endophytic actinomycetes) Qnﬂuwumm{mmﬂq Tuﬂmg‘uu Hasnsee wafflu

nmuﬁnawmwﬂ‘m mamu‘lmy‘wﬂuwmﬂuwaﬁwwuﬂﬂu 19U Actinoallomurus acaciae
(Thamchaipenet et al., 2010), Actinoallomurus oryzae (Indananda et al., 2011), Actinophytocola
oryzae (Indananda ez al., 2010), Amycolatopsis samaneae (Duangmal et al., 2011), Kineococcus
gynurae (Duangmal et al., 2008), Leifsonia soli (Madhaiyan et al., 2010), Micromonospora
tulbaghice (Kirby and Meyers, 2010), Nocardicides caricicola (Song et al, 201 1),
Pseudonocardia adelaidensis (Kaewkla and Franco., 2010), Rhodococcus cercidiphylli (Li et al.,
2008), Saccharopolyspora endophytica (Qin et al., 2008), Streptomyces ‘alni (Liu et al., 2009),
Streptosporangium oxazolinicum (Inahashi et al, 2011) ﬂﬁﬂuW‘lJL‘If'EJLLEJﬂGIImJ Uﬁ'm’l
‘Ha1fmaw‘uuagﬂuwummw‘vmﬁmmmm)guam’ammumumﬁwsm Q "‘lfﬁ%wu‘lu
aa uaﬂmTumfmwmﬁuau“lmuawewwn nﬂuwummTumfluwaanmm‘va‘lfﬁ"l‘Hum
%Qlﬂuﬂiuiﬂ‘ﬁuﬂU'Nlﬂﬂﬂﬂf‘l'liﬁﬂ‘k!’ltw9llﬂiJ'I“]f\?ﬁ"li'VlﬂUﬂiJ‘lfuﬂclﬁiJ‘ﬂNE]‘V]‘E'VlN‘If'Jﬂ’I‘WfN
%mmSﬁnmx‘muaﬂﬂunUﬁﬂumawew‘v W'U'J'llll‘lfﬂ'U'Nﬁ'ﬂﬁﬁ'mﬁﬂwﬁ@ﬁ']iﬂﬂﬂﬂll‘lfuﬂ
1ﬁnwquﬁw1a‘van1wwu1ﬁu1% Llﬁ°“U'N‘]fuﬂNﬂ'ﬂUﬂ'lWﬁ'\?‘V]‘t'lwu'lll']WWIU'lﬂﬂlWB1‘51;.‘]118'1

a o ot
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swam'awqamwmmmqwﬁmumaq fg\l’JUL‘I{u ff'lil%'dﬂ'lﬂ'lllﬂ“]ﬂ.l“l/lllﬂﬂ%'\ﬂl‘b’ﬂ Streptomyces

sp. mmimmmqmﬂ1snsmumsa®nﬂm\1waaﬂi ﬁm"lﬁwmmwmusmuuﬂﬂnms

(Tadtong et al. 2007)
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umwuﬂuﬂsﬂwuiuuwmmsma"lu‘[mmu (Valois iagAmg, 1996) Eluﬁsm‘mﬁt‘f}aua
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TunisdrseFineguoawanii vy mm%’wmsﬁuﬁyamm?mmaaﬁaw WU Miseia
Lau"lqrmm1wumwauaaﬁmumsaumumm sazmsafemsauasunsn y (Hudu &
fmnssummummmmmﬂswﬂm‘l‘zﬂlsziu‘vu"1@‘11.4%10@1114 19U NS AIUNISUWNG
NNATUMSINYAS HAZN A IURATINNTSY FDE 19I5y ms 1 Tonilumsadrems
UFue LlﬂﬂﬁTuﬂJUﬁmﬂ‘uﬂmJLL‘UﬂTIﬁUYlﬁnHSﬂNﬁﬂﬁ15ﬂ§]‘ﬁ3u&"lﬂu1ﬂ1’lﬁﬂ (Birdy, 2005)
aﬁﬂﬁ‘mwwmaueﬂmTuuaawwamu nmmwmnnawmmmu‘[mmmwmﬂmquwﬁ
0N miﬂg‘muv‘wwaﬂTﬂm‘neuaﬂmTuuuawn‘nawﬂau TagmisysenouTndd Ing
(polyketide) uJumsnau'lwmm‘vauamiumﬁwaﬂwu uaziunguaisdszneuiinaany
wmﬂwawmmaTﬂsmmuaufmvm“lumsaanqmmwomw MsdunsIzia1sUseney In

"l'wmmfummsrmuﬂaﬁwmmaummmsiuﬂqn acyl-coenzyme A a2 2 M5usuawily

H »
08713 Tavmsveudidus e Tuildum uua (B-carbon) Lﬂuwﬂim (keto) 17tWB LABIUNA

]
=

AIZUIUMITIANTU (reduction) fny Indi wﬂmﬂaau"lﬂgfluﬂuﬂaﬂweuq mufinnyaIn
maﬂ‘unJuTﬂimsm«anmuuwf]uwuwewamsﬂs sNoUINEAINA  (Hopwood and
Sherman, 1990) n1saswmsﬂanumau%wmmwa 1o TWaR IndFuima (polyketide
synthase, PKS) canu mega-enzyme complex 13 ¥iin (class) fip type I, 1 g 111 mwau"lw
ﬂ\?ﬂﬁ’]')ﬂi“‘ﬂ@ﬂghﬂiﬂmu (domain) °)f\3‘1’1'l1’11ﬂ1/]9’]'1\?‘] l'W@LWlJﬂ'J']JJ'Hﬁ'lﬂﬂﬂ'lU‘UB\‘lIﬂJLﬁﬂﬁ
TawundnuesInda Inagsuna ae AlATUNT (ketosynthase, KS) 1eFansiuaesise
(acyltransferase, AT) oz TaUnSIe s 1a)shy (acyl carrier protein, ACP) (Hopwood and
Sherman, 1990 ; Simpson, T.J. 1995; Caffrey, 2003)

ﬂizvﬂuﬂ15ﬁ01ﬂ51$ﬁﬁ15ﬂ5 ﬂﬁ)UIWﬁﬂ‘lWﬂUﬂ'ﬂUﬂ'g’IUﬂﬁﬂﬂ?Jﬂi“‘U’J‘L!ﬂ'li'L’NLﬂT! 14
ﬂiﬂ"lwuawun (long chain fatty acid) (Hopwood and Sherman, 1990) Taunszuaunis
LGETGERE 14nsm‘lwuuu%vnmsmmumswmuTﬂmeu"lcnwﬁﬂ f® fatty acid synthase (FAS)
Tﬂﬂﬂ‘liﬁdlﬂ51:,"}1151Jﬁ)1ﬂTmiJu (domain) acyltransferase (AT) ummmsmu (starter unit) fin
acetyl-CoA wums"uau 2 EMF]@N lM‘VI‘]Jil.')tull‘*lj'LJ phosphopantetheine Y84 acyl carrier protein
(ACP) 1NaRusY thioester mﬂuu ACP mawuamsmu‘iﬂmau"lwnaﬂ B-ketoacylsynthase
(KS) udd AT 9211 MUuABIRY (extender unit) A® malonyl-CoA Hala15U0Y 3 prapy (SIGE
ACP ‘YI’JNEN LLﬁ’JLﬂﬂﬂS"iJ'J‘uﬂﬁ decarboxylative condensation L‘Tf’r)ll acetyl-CoA 19111

s 4 g
malonyl-CoA 4 ACP 8momrsusuiifianumuiiviy - MSVBUIN malonyl-Coa Tny
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Adamisueuseny 1 amau'luiﬁ*ummsuau"lﬁaan'lqm mnuumj Tﬁﬁﬁmﬁmmmm
mﬂniumumsmn‘yu 3 ‘uuﬂau fio ketoreduction dehydration 118 enoyl reduction ‘U‘HE)U'N
GIE)L'LIEN Tﬂmau"lw ketoreductase (KR) dehydratase (DH) uay enoyl reductase (ER) °]>’\11‘1Jﬂ Uu
ﬂnﬂiﬂuu“lmfluﬂn"laﬂsanma WUB2E uazWusHAtY mudigy udrBsndudgmsidon
malonyl-CoA anmmumumnanmmumﬂuafmmusa'u wildmonsaluiuiiduuam,
AAMHIT A ummﬂaaﬂnm"lwuﬁwan Taunsvharuueueulal thioesterase (TE)
#I961I5Y palmitic acid Faiin1u017 16 A15UEY L0 stearic acid ¥R 18 M15VOU 1Ty
A

MsdunIERas Inda Indoes TURTLLIUMSANY AdI0RUASEUIUMITUATIZ RS A
Tuudananluuds Tnoe ooyl polyketide synthase (PKS) ua lunssuiun1sad1a Inss

"lmuummsmaan“lwmmsmuuazwuaumamw‘nmnwmum1 acetyl-CoA liag malonyl-

T
=t

CoA N1 lumsadensalutiy 4918un butyryl-CoA, isobutyryl-CoA, methylmalonyl-CoA,
ethylmalonyl -CoA, acetoacetyl-CoA, propionyl-CoA, benzoyl-CoA 1a% haxanoyl-CoA Lf!uﬁ’fu
uefmmunswmunwsﬂﬂwmawnﬂimmm zlinielulnld diifervvzidalynsuiteay
Fume lfiAaanumaranmemalnssadiewesans Taomyjfilnoronseguisetngn
1ﬂauu1xﬂaa"lﬂxﬁuwnﬂan‘vueu 9y Lﬂauu'lﬂzﬂmm"lamancm Tou KR n5enlaon iy
Wuszg Tav KR ung DH wiedou lidhuiusuiesnn kr DH uoz ER TaseardreuesIn
Al IndiTadl side chain finarnuaiy uaﬂ%mﬁystereochemistry o myilanruiina 1difanay
unnremelnssaiovesTuagagae u‘}amuiwﬁﬁ"lwﬁﬁamﬂ:ﬁ'm?aﬁﬂm‘f;awiaﬁmﬂma
1A01fANSZUIUNIT  lactonization M wasumaunanlnu  (lactone ring) %39n17iAa
NIZUIUNTT aromatization IMITUIUM UL 151131 (aromatic ring) #70619975 IWaf 1N
Tassadrathursumunan Tnundo Tnds lndyiad | (Type 1 polyketide) 1éiun 15 Tungy
unnalaslad (macrolide) nag Inday (polyene) dmiuTnssadrafifursumaves Tsundnuse
Twad Indwilad 2 (Type 11 polyketide) 18UA tetracycline (iag antracycline WUy ®da910 ¢
'Numuiwaﬂ"lmuaa Tunadaulnges FiinszuumsAautaanionds (post-modification)
18un msmwnmma (glycosylation) msiAunsilansenda (hydroxylation) MsAunywia
(methylation) 3onyHladsudun W T ludumiadag ¥0915 Inad Indiie 1 as fuil
frwmﬂumse@ﬂqwﬁﬂﬁuym (Hopwood and Sherman, 1990; Simpson, 1995)
Luaw1nﬁ1sﬂszﬂauTwaﬂ"Iwmﬂufmﬂs nawummnmﬂnawwwImm%’wm
muumu‘lwmnuwmnumsfré'nmsﬂs.,naﬂwaﬂ‘lwﬂ (polyketide synthases; PKSs) §4i]
fmmmnmanuaunqammmmew%’wuawum nwsﬂﬂﬂsaavﬁamu‘lﬂ"Mcammﬂmiu

ar

uﬁwmummmmsniuﬂ156%’10zm'Iwaﬂ"lwm‘uaamummsn‘m‘lﬂTﬂtflmnsvmumsma
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¥1luiana fe mmnnﬁauﬁuﬁtﬁmsﬁ'mﬁumsa%’nmaﬂs:nauTwﬁﬁ"lwﬁ (polyketide
synthase genes) 1t 14 Inswe s umzae Tawunsn cfmﬂu?‘ﬁmsﬁmmmﬁ’ﬂﬂsmL‘Tf’ya"lé'iu
syozady Uszndausanu uavmmmmmmmna1ﬂﬂmwaaﬁunm'1ﬁy"lﬁ'

Aayuns Inevargada wu iy wienzar Ina sz waznszane Juity
mxu"lwsmasswqmmwmwmfmaw U uqm‘lumsmuwaamsa Mudoselse g
wanaimmausu fmmmmsmaammmﬂmsu Uuuammsm‘ummasw fueyyadss
5“‘01Jf:)1ﬂ151hﬂ uawmumsaﬂmu L‘fl'umu (Rahman, 2000 ; Wilken ez al., 2011 ; Lakshmanan
et al., 2011) nmwxﬂu‘lﬂ"lmmsauaﬂﬂTu:uaawnmﬂaag“lumawaw‘mmu"lwwmm'au
T3 mumue Tad (metabolic pathway) ¥oINBayUlws uazaNsondnaIseengning
mn1w=1fuﬂmmzmuw‘muu'lww5ammsnammsaaﬂqmmNmmw‘ruﬂ'lwu"lﬂ (Zhao
etal,2011) m’lwwwnu"l‘wsmamzﬂ‘uwwnmmmﬁu“l%“lumsummmwmauiﬂ In@nue
AR Tuladn cm‘lui']im‘uuﬁaﬁmiﬂﬂmauﬂsmmummuiﬂ"lwﬂnuaﬂﬂTumﬁmwaa
@nfey rodnvazsus uwwmammmmgmﬁﬂmnﬁsswmuammwa“lwmmmﬂuwu

nfau,aﬂmTumﬁwﬁwmﬁwwuqTﬂmmvmsaﬁwwuwmminﬁswmsmunwuﬂiﬂﬂﬂ

R . pr——————— b it i
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3.1 MafudIed1s matenesmsfu Yy se
3.11 msfiudaedis
e thefiyenglns wu vy misnzat Tua s1zih wognsvang fifimsign
Taolsil9msiadl Tanifudediesin1gay s1dy wozly vesRyd Tnwufudaurgredae
azo1n iy 13 fgangd 4 sssurnidon sunseisfeduneuntsuonide
3.1.2 msuonide
(1 ﬁwmi‘vslanahrfeu?nmﬁyuﬁwm111 d1fu 510 wozm$rwe sty Taovwdag
#0m1385010 tween 20 ANt Tovaz | uazé’w’hmfmguﬁﬂﬁmm‘f’fya ey
ueanesadnduduiounz 95 (95% alconol) sazuradlumsozarslmdon s lnas sy
(sodium hypochlorlte) Anutududsoay 1 mﬂuuﬁ'nmuumauﬂﬂﬂmm‘va
(2) uwumumeawmmmmﬂanmwauﬁa uwaldazidvalas 19059518910
o mnuuﬂﬂmsawaww"lﬂﬂsmm 0.1 fladfing 1nSra9UULIMNS Humic acid vitamin agar
starch casein agar [1Q2 Soil extract agar mmumsﬂg‘mm uﬁ'J'Ull‘YlE}mﬁgil 30 BIRUT DT
e 21-30 Sy
MAVINVUATUIAIN M UR v‘hmsﬁ'mﬁanTﬂTaﬁﬁxﬂuﬁnym:mwwwwﬁyaua
Ad luedn TﬂtmsafnﬁﬂymﬂﬂTauma‘lmnaawaﬂﬁﬁuwmauzﬁ £02N15MIUF (Long
working distance lens) innuuuamwa“lnmamuumms Yeast extract-Malt extract agar
3.13 msmmnyn‘mma‘w%
wmwm‘usnmmaiusﬂuuuammauq (slant) *nam‘nnu 4 BesusAF U 10 ld
4 working stock ua~mmsmmﬂywmwa'l'a“l‘mﬂunmmumamsmuaa‘lumsa 2010
15% glycerol mqmwnn -80 DwUTAUTYE tnznmsifulugUuuy lyophilization
3.2 msmmaavuazmmﬂmmmm1ﬂwmwm?yuﬁxﬁ'm%aﬁﬁmnfr%'nmsﬂiznaniwﬁﬁ

=

Indlueulalwdnuenilusivin

321 msasnaevduinsadestiumsadremsssnen Ingalng

0 genomic DNA fuen'ld mmuﬂsmm DNA luse PKS gene type 1 1ag PKS
gene type 2 Tﬂu‘lwgnsmgnh‘lwammsﬁ (polymerase chain reaction ; PCR) &414 wswn{
JUNIE mnuumanaauﬂimm DNA Tu%33 PKS gene type 1 1D PKS gene type 2 Tae3 gel

electrophoresis azARIADALOY (band) 'nmmuﬂu DNA lusq PKS gene type 1 uag PKS




11

gene type 2 ‘Ll‘ll“] MRS purify nmﬂﬂauaﬂu TA cloning kit (fermentas) 111 positive clone
mﬁﬂﬂIﬂU‘I‘K plasmid miniprep restriction enzyme

o

3.2.2 mmmﬂwmﬂumﬂaia"lm (sequence analysis)
UIDNA A lduvihmsSinssimaduiiangTelng (DNA sequencing) ud21h
drauiandlelndfi 18 BLAST. lugudeyaves NCBI tazdariumunmn Phylogenetic tree

3.3 ﬂ]iﬁﬂy1ﬂuﬂ5&|’)ﬁ1‘u‘uﬂﬂwﬂ

¥
@

ilagerunsfnvidnyaezee quosusedd
33.1 dnyagmadugiuinn MINTey o33 Inowasiuad
ma%ﬁauﬁ’nymzmamm?mTﬂmﬁyw%yauummsﬁﬁmuﬂag”lu International

Streptomyces Project (ISP) ¥Haf19 9 Tau33 Crosshatch streak (Shiring and Gottlied, 1966)
asmalasgnisiesy mauawmaﬂﬂiaumuuu ﬁ‘uaaTﬂTnumumauausaﬂ?ﬂqﬁmaw
m‘lﬂmuvﬂunswmyﬁmmmu (The Jacal Color Card L2200, Japan Color Research Institute)
fnI990 nymw‘ummuiuuaun1sas1mﬂasmﬂxwﬂuﬂ Simple inclined coverslip (Williams and
Cross, 1977) m:ﬁmanymwmmemtmaamammuuawmwaa‘uaﬂymwaﬂaweu%ﬁ’w
Scanning  Electron Microscope (SEM) Tﬂmﬁms‘uaaﬁuﬁm?aaﬁei{fa?mmmﬁm{uaz
walulad ymasnseivmSness 5ﬂymz1nNﬁ?ﬁwmuaz%amﬁv‘hmsmaﬂﬁaumsama
ufls nasaarelnduy msamoeaglas msaaroTusiuluny (Williams and Cross, 1971)
MIAMURIAU M5TAT AT (Arai, 1975) mswin lalasioudaIid nsnaamwaitiu ms
NURUNYU MINUInAD mswummxflunm -1 wazms 1umndenrs ey (Shiring  and
Gottlieb, 1966) mnmsﬂﬂmm"mmsn‘aﬂﬂam‘vmﬂunaumaq tazhdmmuusudousas
nquandninluthusio 1y

33.2 ﬁnmﬂmanummqaunsmmumwaanre (Komagata and Suzuki, 1987)

3

sz sudousas "laTcmamiummimm Yeast extract — Malt extract YU
LR ﬁqmnnwm Huna 4 5u mﬂuummsmmmaaiﬂums centrifuge Uazvi1ly
0 dut 1 1018A 108U (Freese drying) uwaaum"lﬂwﬂaaumqwﬂsmﬁmxﬂﬁmawﬁye
Sait
(1) msunsredmiuyad
AIIVUOV Diaminopimelic acid ‘U@QL‘KE) IﬂUEJE)UﬁmEJL“IfﬁaLm\‘Iﬂ’JU 6N HCI 9

100 eeruaigva ifunm 18 1 Tua ydanily spot UULAU TLC (Merck No. 5716) Develop
#y methanol - water - 6N HC] — pyridine (80:26:4: 10) 19 0.5% ninhydrin solution 1% n-butanol
wuua'fl‘nmmiauw 100 Sﬁ?ﬂl‘]fﬁl"lfﬂﬁ 2-3 ‘Lﬂ‘ﬂ lW@ﬂ spot ‘Vllﬂﬂ;}’ul“/lUUﬂU standard

(2) MsunTIeH Whole cell sugar




tuaadudan lalaslad@ao 1N 1 S0, Tigamydl 100 permaiFun ym 2
2 1ue AeltBuudaTody Ba(OH), wazUsy pH ag?uma 5.2- 5 s v Tfhundos AALD1
msawmumuuu (supernatant) mm‘l‘Hum avmummam mﬂuu spot ANUU cellulose TLC
plate develop A butanol - water - pyridine - toluene (10:6:6:1) WUAIW acid aniline phthalate
auwamvmn 100 ‘E)Qﬁ'll‘]f'ﬁl“]fﬂﬁ U4 ‘um WIU‘U spot ‘Vlulﬂﬂ‘lJ standard
(3) M5AUATILH Polar lipid
u11mﬁallﬂﬂﬂ‘lﬂﬁ1ﬁﬂﬂ polar lipid Al methanol ‘VlQiLl‘HﬂlJ 100 BIFUYDIT Y o
nJunm 5 WU wﬂwwuumanmmmu chlmoform nsmmmcxaa (debris) @®n M1n1s
partition @38 chloroform 1AL saline 1 chloroform  11szimelduda azarudday
chloroform - methanol uagzmmsﬁ'zadn spot AU HPTLC (Merck Kieselgel 60 F,e, 10x10
cm) Mg develop 2 N19M14 (two-dimensional development) A20 solvent system 2 ¥1@ 79
chloroform - methanol - water (65:25:4) uae chloroform — acetic acid - methanol - water
(80:18:12:5) umwumv 50% sulfuric acid ouwamﬂgu 150 pemuraiFud iunm 5 wiit
dune spot mnmm
@) msAnnzdesiszasuuesnseluiy (Cellular fatty acid)
IA3UN methyl ester ¥8In3A Uty wwadutelaelelas laddomisazay

a

methanolic hydrochloric acid wemnnn 100 ENP{M‘IfﬁL‘]fEJﬁL‘UuL’m'l 3 ‘lf'JTiJG umanﬂma

Yas@oudines ua’nmsunma gas liquid chromatography
(5) MsuRTIER Isoprenoid quinone
u'llclfﬁmlﬁdﬂ'ﬂﬂﬂ'lﬂ chloroform - methano] Eﬁi']ﬁﬂ]u 2:1 ‘U'HL’F]SENWUW 1 ﬂu
nmfunse it hd i 18az01061870 acetone i W T qn iUy TLC
(Merck. No. 1.05715 Kieselgel 60 F,,,, 20x20 cm) iitoviw 1305154816 HpLC
333 msngdi IR v ruuT RS e g 165 rRNA gene LagnIsinszvay
s (phylogenetic tree)

111 DNA #uten'18 s idtuSyin DNA 11933 16S rDNA Tag14 Universal primer
mﬂgnim‘lumsm DNA Thermal cycler (GeneAmp PCR System 9700; Applied Biosystems)
16S rDNA mwnﬂsmm"lmwafwn°1wmqwﬁua~'amﬂ:ﬂammvaiﬂﬂi‘r ABI PRISM BigDye
Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem) ﬁ1ﬁuﬁ3ﬂaiallwﬁﬁvlﬁ
wWnnsSowfiou uaz  alignment nuamumﬂaTa'lﬂﬂiumumauamaa
Genbank/EMBL/DDBJ  Ingle BLAST  program g alignment software (‘luﬂsmu%f
CLUSTAL W program package) maawaymﬂu multi-data set uaraig phylogenetic trees

lu MEGA software program version 2.1 uax%mswﬁ%’ayaﬂﬁ'

12



3.3.4 MsURTIEH DNA base composition (Tamaoka,1994.)
(1) mMsuwn DNA uazsih WuSani
Boudoly Yeast extract — Malt extract broth 1fuinan 4-5 §u 1nthuduiden
Fadu0ed19890 saline-EDTA Mifwaduangqy lysozyme (8% Tris-SDS solution ﬂmﬁuﬁﬁ”ﬂ
@28 phenol 148 chloroform ARAS N® DNA 30 cool ethanol f158 RNA wazTusdu Taonas
1AY RNase solution LT proteinase K tazifiy DNA w"lﬂ'l'm -20 Do 1u ethanol
(2) mMsunTIEH

13U nucleoside U84 DNA usiag o Tyian vnmslelastad 10 [ heated

]
=

DNA (1 mg/ml) 828 10 HI nuclease P, 1iufigaingil 50 essuvaiden Hunat 1 99704 uas
lolasladsodan 10 [ alkaline phosphatase figaungfl 37 serniaigus {huaa 1 $lug
udr¥ a0 l3ins 12980 HPLC
3.3.5 Photobiotin labeling DNA-DNA Hybridization
(1) Immobilization of DNA in microtiter plate

WA 100 L1 Y99T1582079 heat - denatured DNA (1 g DNA / well) ¥84 type
strain, control DNA (calf thymus 159 E. coli) u'ﬁu DNA maax‘na unknown uu"l%'mmwnu 37
BIMUTUTE 2 72 Tug udauna130zat DNA Yuia §13890 PBS WasoIfutedi 4s- 60 B9FN
LRG|

(2) DNA labeling with photobiotin ( DNA probe )

IAS8NT150%070 DNA 189 type strain 1UNABA eppendrot AUTITAZAY
photobiotin Meru 1Hid 1A ud231 e usius e Aarh 13uddesdrouraninmasa sunlamp
1AL 0.1M Tris-HCI buffer (pH 9.0) 4% n-butanol YU vortex i‘]umwm 12000 rpm WU 20
UM wmsa‘”mwuuum 183 n-butanol Lm*"i"luxmuaemma s azanevuyy 111 DNA
fis Aananudd I lusiudon 15 i i ldiiuediasaadunziinly soricate ud i I way
iy hybridization solution

(3) Prehybridization

MUATIALAY prehybridization ANMAATHQUUDY plate 17y | F1Tua 7

RUHMQUAMIY hybridize udamatsazateiing
(4) Hybridization

wumwsazmuﬁwan DNA probe 94 type strain muﬂ'ax‘nqu Ua plate A

usvwanerdn vy igamodfimngay 12 497y udaiamsazaed

(5) Detection of biotinylated — DNA annealing to immobilized — DNA
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demaisazaw hybridize 79u&2 &13870 0, 2xSSC 3 a1 dumsazans |
(Bovine serun albumm (Fraction V) , Triton X — 100, PBS) 'uu"l'm 30 BIFUBALTFY UI1U 10
W mansazan 1 7a

Colorimetric method : IANAITAZa1Y streptavidin-peroxidase 14 PBS fiy 0.5
% BSA Ui 37 oerniaiu 1w 30 wai udammsazawiia uazdreda PBS 3 A%e 91010
IANDITAZDY tetramethyl benzidine — H,0, Y4l 37 essuwaifoa wiu 5-10 W vziia
msazm@i udriannuduuesddan microplate reader (630 nm) HgalHAseIdae
@300 2M H,80, msazmsezdoumudimiewudaiannusud 450 nm PALERL
ApanTg
-V

MIAIUIN Homology % = (V A% =V aro) X 100

sample control type strain

HA9IANISANYT DNA relatedness wansoRguliendnvaivoude'ld vin
L‘mmwmf]umammﬂmwmmﬂfmswam"l’mtﬂuﬂmﬂnmmmﬂmuum‘m‘lwuma”lﬂ Tay
1935 nsefing 1o
3.4 msninmendnms HAESMITANAUENETS

FmsEsadeluenis ISP2 (Yeast extract — Malt extract broth; pH 7. 3) umam"l'mu
IS RAUVIINNLIEL 200 sam}aum mqnmnu 30 DR UFAFON UM 14 S Yo 1vh
N5 partition 1Y ethyl acetate 3 f158 wdnh lilszmeudemolgnisananusy os 1Aasaia
nowludau ethyl acatate (crude EtOAc extract) ¥adeasadild Tnaaevgniniedniu
3.5 msmaauqmmammw

maaﬁﬂﬂﬂ"lﬂ‘lﬂmﬁavqmma‘mmw il

4

]
o o

Sy a o
351 gniaugaunid
umnanw"lé’f‘lﬂwﬂﬁauqmmuqa‘vwiﬂm agar diffusion (Lorian, 1980)

!

aﬁmsmﬂﬁauwumaumu 9 mwmmmmsmumewn Mueller-Hinton Agar (MHA) Liag
Sabouraud Dextrose Acar (SDA) 'dmmummsmmwammmamu Tﬂﬂ“l‘m‘nawmawuﬂ

LﬂEJ’Jﬂ‘U(I'H‘U@l 3 'Ll'll‘b”l’)'Vlﬂ’di)‘lJN’diJﬂ‘lJH'llﬂﬁ’éJVlﬂS'lﬁ%1ﬂl‘b’ﬂuﬁ?ﬂiﬂiﬁnﬂ?Wﬂ‘quWﬂﬂ‘U

McFarland standard No. 0.5 141fWug5 ﬂﬂﬁmnx‘m‘qmﬂmumuaatmmsuu"l'smawu

L4

< a - a o o o o
31?715“‘110535!71?]1‘(?11]57?(1]']ﬂl‘r}a VINUUUT  disc V]”Uﬂﬁ"]iaxa?ﬂm@ﬂﬁ’ISﬂ'ﬂﬂ‘ﬂg{ﬂﬁﬂ’li

k4 I 3
naTeUYTIIM 20 WiAdisc wa“lv’fuﬁ'mﬁ'nwawumﬂﬁwaaamwﬁ“g%amﬁavaguavﬁw

disc control It 1@ azaeaiiniforfuiildas LAWAITANA uwamﬁnﬁ 37 eFuF T o e

Kl

nJumn 1 qu m'mwaTﬂfnmaumuﬂuunmmmmm‘ra"lnmsmsamﬁ'umuﬁuunmwm

disc (inhibition zone) %Qllﬂﬂ\‘iﬂ’l’mﬂ'liﬂiﬂm@ﬁﬁ'l5'ﬁ’ﬂﬂ111ﬂ'liﬂ'l‘uﬂ?il%iﬂlﬂlﬂﬂl‘b”éﬂ’lﬂﬁﬂﬂlm

azyile
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3.52 mIusnuozasnmevesilszneumuniifiesduveats adany

tﬂﬁﬁﬂﬂ"HU'lUWllﬂ‘U'lﬂL‘IfE)LLE]ﬂGII‘Nllﬂﬁmm'ﬁ“‘lfuﬂ Ll'llJ"ILLEJﬂ'éNﬂ'iJS neUMAUALl

mam‘u TaolEmatianalasu Tans ¥l 9y TLC uagigaliondnvalnendsenounmiuni

mmmumummﬂma spectroscopy 19U 'H-NMR
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4.1 ﬂ'lﬂﬁﬂ(;hBEthmzﬂ'lillﬂﬂ!'ﬁﬂ
3 o g o [l 9 a’l ] ] ° o
llﬂ‘ﬂ']ﬂ'lﬂﬂﬂﬂ')@ﬂ'l\?ﬂu‘llﬂu wusnea ‘l‘Wﬁ L‘lJi'lglh URTNISHIY UINININITHEN

¥ ;2 £ ]
weuead Tudodin wui 18Feuend Iusdniamua 100 1o Tariam (a15148 2)

P = o A ' o &y a v oo o v
7137190 1 HEPTI00LI0UA I NHUSUDINYA IS Lmti‘ﬂﬁL‘HBLL@ﬂﬂIUMU’d‘VWNLUﬂqﬂ

¥iAveq v
fia9619 A28879 svmde
vfu AG2 AG2-1 AG2-2 AG2-3 AG2-4 AG2-5 AG2-6 AG2-7 AG2-8
AG2-9 AG2-10 AG2-11 AG2-12 AG2-13 AG2-14 AG2-15
AG3 AG3-1 AG3-2 AG3-3 AG3-4 AG3-5 AG3-6 AG3-7 AG3-8

AG3-9 AG3-10 AG3-11 AG3-12 AG3-13 AG3-14 AG3-15

AG4 AG4-1 AG4-2 AG4-3 AG4-4 AG4-5 AG4-6 AG4-7 AG4-8
AG4-9 AG4-10 AG4-11 AG4-12 AG4-13 AG4-14 AG4-15

AGS AGS5-1 AG5-2 AG5-3 AG5-4 AG5-5 AG5-6 AGS-7 AGS5-8
AGS5-9 AG5-10 AG5-11 AG5-12 AG5-13 AGS-14 AG5-15
AG5-16 AG5-17 AG5-18 AG5-19 AG5-20 AG5-21 AGS5-22
AG5-23 AG5-24 AG5-25 AG5-26 AG5-27 AGS5-28 AG5-29
AGS5-30

LTI PN AG6 AG6-1 AG6-2 AG6-3 AG6-4 AG6-5 AG6-6 AG6-7 AG6-8
AG6-9 AG6-10 AG6-11 AG6-12 AG6-13 AG6-14 AG6-15

NITWY BR3 BR3-1

Twa KE] KE1-1

nlsgdh PR2 PR2-1 PR2-2 PR2-3 PR2-4 PR2-5 PR2-6 PR2-7 PR2-8
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42 msfinmeynsadisuveuieueniTuiiin

‘lummuwmmmTumﬁwwm 100 1o ot memsa%aauanymvwmlTu"lmﬂ
18un dnwae ENNTUTIUING M15Ty anyueNeassInowazduad aiisode nzim%

vomitiu 8 nquds]

ngui 1rfJunzjmmrf}’auaﬂmuﬁuﬁwﬁﬁ%’mﬁ'u‘lﬂamwﬁmé‘awmimamm (grayish
greenish yellow) a51udulveiniedimionon (greenish gray) laifinsadrasaning ads
aesiffnunsdadunio U 1) dsznoudromndnsim 13 Tolawan Téun AG2-1
AG22 AG2-3 AG24 AG2-S AG2-6 AG2-T AG28 AG2-9 AG2-10 AG2-11 AG2-12 AGI-13

AG2-14 AG2-15

b d [
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FONGUT NN OTYUUDINIS yeast extract-malt extract agar (ISP2) ffinudiudy

Vet g a

%Bdiﬂﬁﬂﬁdﬁﬂqﬂﬂiﬂﬂﬁ‘” 7 mm“lu‘mammzﬂuﬂsﬂ ﬂ'N“/l‘Wl@‘]f 5-10 amnnnmﬁﬂ‘wmsm"lﬂ

y a

A0 45 DA T T UA aunsadesaatontle Tusauluuy sy mamu‘lﬂ ua luewase

¥
.’U s

LﬂaauTuLmiwxﬂu'lu'lﬂsw"lﬂ TuIaRaRms YRR iutamsinsaueude S aureus,
B. subtilis, M. Luteus, methicillin resistance Staphylococcus aureus (MRSA) uay vancomycin

. g y
resistance Enterococcus fecium (VRE) 14

(M )

142396
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20 1 FouendTuduinle Tvan AGo-1
v
ey @) ﬁnym:TﬂTaﬁmu‘%uaﬂmTuﬁmm'l'e)Tcmam AG2-1

f) oUes (MdsvsunIn 400 1)

anunrvmgnﬁmﬁmmwmmamzmu‘lunau‘n 1

wuomaa‘umwaﬂauuﬂsmnaumunmﬂamuﬂ oz01ly uaznsalaosi Tunisn
HUY LL (cell wall type 1) wummaﬂaiﬂﬁua 2 lsTun Lﬂummamﬂuﬂ'lwma (whole-cell
sugar)  WuWeawidaaten1luaidiy (phosphatidylethanolamine) laveavhdfaniivesen
(diphosphatidylglycerol) WB’CTWM?Iaﬂm‘D'BSEla (phosphatidylglycerol) LﬂuWaﬁTvI"lmJﬂ
ndnyelluwad Tvenzve sl Gee agluraedonns 70.9-71.7 davdnuaizmg
mgﬂsmmummza:anymzmaﬁmgmﬁmmmmmﬁuﬁu”l@’f:h L‘ff'yaﬂq’nﬂyegi'luﬁqa
Streptomyces

msamﬂ:wmﬂmvmawmm 165 rRNA gene ¥oaiioloTsian AG2-1

L‘b’@li@ﬂﬂTuNUﬁi’I‘lﬂTmaﬂ AG2-1 mammsamﬂvnmﬁuma‘lu‘ma 16S rRNA gene
wunianuadiondety Streplomyces iranensis HM 35" mfmqﬂ Audrdunnuadionfeues
und e lng (% similarity) $ouns 99.79 m:ﬂummmanwaamsmm (bootstap values) 1Ju

TWIIAUING (phylogenetic tree) Joune 88
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65" PR2-6

Streptomyces bungoensis NBRC 15711 T (AB184696)
Streptomyces galbus DSM 40089 T (X79852)
Streptomyces longwoodensis LMG 20096 T(AJ781356)
Streptomyces capoamus JCM 4734 (AB045877)
Streptomyces corchorusii NBRC 13032 T (AB184267)
AG4-1

82— Streptomyces neopeptinius KNF 2047 T (EU258679)
Streptomyces panaciradicis IMR-8 T (KF971876)
Streptomyces rhizophilus JR-41 T (HQ267989)
Streptomyces graminisoli JR-19 T (HQ267975)

AG3-1

Streptomyces jiujiangensis 1X) 0074 T (KF938657)
Streptomyces shenzhenensis 1721157 (HQ660226)

54

871 AGS-1

9N~ Streptomyces phaeoluteichromatogenes NRRL B-5799 T (AJ391814)
Streptomyces misionensis NBRC 13063 T (AB184285)

99 Streptomyces diastaticus subsp. diastaticus NBRC 3714 7 (AB184785)

N

S Streptomyces gougerotii NBRC 3198 T (AB184742)
Streptomyces rutgersensis NBRC 12819 T (AB184170)
Streptomyces violaceusniger NBRC 13459 T (AB184420)
Streptomyces yogyakartensis NBRC 100779 T (AB249942)
Streptomyces javensis NBRC 100777 T (AB249940)
Streptomyces rapamycinicus NRRL 5491 T (EF408733)
AG6-1

82| AG2-1

8

Streptomyces iranensis HM 35" (F1472862)

0.01

Micromonospora maoerensis NEAU-MES197 (KC469639)

31U 2 uaasdunuaveads 1o latan AG2-1 UM phylogenetic tree (NJ method)

Y= [~ ' 4:’ a o o & oy k) P : &
faun 2l‘lJ‘Nﬂi}ﬂﬂlﬂdlﬂfﬁllﬂﬂﬂiuﬂﬂﬂﬂ'ﬂﬁiNlﬁutlﬂ'm'l/ﬂiﬁ‘u’lﬁﬂ’ﬁﬂl{mﬁ@d (light yellowish

Y 3 p @ i
brown) 75 19/dulee M etdU1 (white) 7519590 3AQ HiMAB 0N (grayish yellow) 731910 5H

o a o { a o -~ '
tdnwazdadunie Ua 2) Yszneudasamidnsiuai 15 lelaan 18us AG3-1 AG3-2

AG3-3 AG3-4 AG3-5 AG3-6 AG3-7 AG3-8 AG3-9 AG3-10 AG3-11 AG3-12 AG3-13 AG3-14

AG3-15

t 4 k4 .
(FOARUUAIMNTONTYUUBING yeast extract-malt extract agar (ISP2) Hilanududuvsunie

gagaldndeovas 6 Ty lugrsnnuunse-srefifiier 4-10 gungiqegaiindoydde 40

-~ 1} - 0", - 1 1 d‘
par sy amsagasaateutle TUsauluuy srunamaidu'ld udliawisanlseulue

da o7 ada

o ¥
sndululas18 hindamsnAoginfonitudmsnsyveudeydunsiilimanoy
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31U 3 Weusnd TudodnleTman AG3-1

¥
n uaz v) dneuelnlativeuveusad lutsdnle Tman AG3-1

f) aes (Mdwe1enIW 400 1%17)

anyaeynsdIsuAive uredmUlungud 2

ada

miugadusadenguiltszneudasnsangmiiin axaniiv uaznseleezd uRiian

HUY LL (cell wall type 1) wm{mmﬂgiﬂﬁ muaa laa uunlua usuTua uazls Tue du
diarananualuirad (whole-cell sugar) nuneaviaAatent Tuariiy
(phosphatidylethanolamine) laWeav @danaireseoa (diphosphatidylglycerol) WeaWianand
19390 (phosphatidylglycerol) tazWoa W 1naad U luTaoa (phosphatidyinnositol) Wured
I ladaendnueiluend Sissasvesdfimue 6rc  oglugaedovas 70.9-71.7 &
anyuzgneynIuIsaluasdnyurndunuinamunsstuiu1d x%antju‘ffag'”lu

TR Streptomyces
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MIARTIEHINVIUTVOEUTII 168 rRNA gene voaitololaian AG3-1

Wousnd TusiudnloTaian AG3-1 detinsdins ¥ s uwaluge 168 rRNA gene
wudilnuadenasiy Sreptomyces graminisoli JR-19 T 1 nfiga fawdrdunaundionds
voiiandTo'Ing (% similarity) $ova 99.58 Hszduaudethiuuesnisitd (bootstap values)

VUMEIIRUINT (phylogenetic tree) 88z 98

65 AG2-6
Streptomyces bungoensis NBRC 157117 (AB184696)
Streptomyces galbus DSM 40089 T (X79852)
Streptomyces longwoodensis LMG 20096 T (A1781356)
Streptomyces capoamus JICM 4734 T (AB045877)
Streptomyces corchorusii NBRC 130327 (AB184267)
AG4-1
82— Streptomyces neopeptinius KNF 2047 T (EU258679)
— Streptomyces panaciradicis IMR-8 T (KF971876)
[~ Streptomyces rhizophilus JR-41 T (HQ267989)
50 Streptomyces graminisoli JR-19 " (HQ267975)
og| AG3-1
81 Streptomyces jiujiangensis 1XJ 0074 T (KF938657)
54— Streptomyces shenzhenensis 1721157 (HQ660226)
87 AG5-1
2 Streptomyces phaeoluteichromatogenes NRRL B-5799 T (AJ391814)
Streptomyces misionensis NBRC 13063 " (AB184285)
99 Streptomyces diastaticus subsp. diastaticus NBRC 3714 T (AB184785)
0 Streptomyces gougerotii NBRC 3198 T (AB1 84742)
Streptomyces rutgersensis NBRC 128197 (AB1841 70)
Streptomyces violaceusniger NBRC 13459 T (AB1 84420)
Streptomyces yogyakartensis NBRC 100779 T (AB249942)
Streptomyces javensis NBRC 100777 T (AB249940)
Streptomyces rapamycinicus NRRL 5491 T (EF408733)
AG6-1

99

88— Streptomyces iranensis HM 357 (F1472862)
Micromonospora maoerensis NEAU-MES19" (KC469639)

p————
0.01

+ 3
U 4 uanadumisveads o Toiam AG3-1 DU phylogenetic tree (NJ method)

D.

QUi 3 Lﬂumjmaavf?aueﬂmuﬁuﬁwﬁa%'wLﬁ’uiaamwﬁmﬁmam%mamm (grayish
greenish yellow) a$1aduloe1nading (medium gray) ligresandng adadefffidnuusy
Saifwnfeon U 5) Ysznoudaomndnduau 1s loTwan 1un AGH1 AGA2 AGHS
AGd-4 AG4-3 AG4-6 AG4-7 AG4-8 AG4-9 AG4A-10 AGH-11 AGH-12 AGd-13 AGA-14 AGA-15
L%@ﬂtjuf:mmsnm?muuumms yeast extract-malt extract agar (ISP2) Riflnudusd

yoandegaga lafifovas 10 Sy lurianuiunsa-aefifiey 510 gungigganndy
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f) oo (Mdsus1onin 400 1)

é’n‘ymzaunsu‘iﬁmmﬁmmﬁ?aé]’umﬂunduﬁ 3
wﬁawaﬁmawﬁaﬂdmﬁyﬂszﬂauﬁwmﬂﬂgmﬁﬂ peafiu uaznsalaed Tuniian
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8uTudnoa (phosphatidyinnositol) iHunen I ladaendnuelhuwad HesazvesSuanua
G+C agluganiovas 709-71.7 Mednyurneeynsuisnuaduasdnsueniaduginn

k4 ¥
awnsotuduldn ienquilegluana Streptomyces

71531A51LHENVIVTUDIEUTIS 165 rRNA gene vousololwian AG4-1

N5 IEH AR UILEVEITUIA 165 IRNA gene vouib0 10 Tman AGa-1 Wudriiay
AROAAIM Streptomyces neopeptinius KNF 2047 1nniiga davdduanuninondevesiiang
To'lna (% similarity) founz 99.06 ﬁSSﬁUﬂ’)‘lm‘?;mj'u‘UENﬂ'liﬁv% (bootstap values) YUY

33U (phylogenetic tree) fovag 82

65 AG2-6

Streptomyces bungoensis NBRC 157117 (AB184696)

Streptomyces galbus DSM 40089 T (X79852)

Streptomyces longwoodensis LMG 20096 T (AJ781 356)

Streptomyces capoamus JCM 47347 (AB045877)

Streptomyces corchorusii NBRC 130327 (AB184267)
AG4-1

82— Streptomyces neopeptinius KNF 2047 T (EU258679)

Streptomyces panaciradicis IMR-8 T (KF971876)

Streptomyces rhizophilus JR-41T (HQ267989)

Streptomyces graminisoli JR-19 T (HQ267975)

AG3-1

Streptomyces jiujiangensis JXJ 0074 T (KF938657)

Streptomyces shenzhenensis 1721157 (HQ660226)

98

54
87] AG5-1
99 Streptomyces phaeoluteichromatogenes NRRL B-5799 T (AJ391 814)
Streptomyces misionensis NBRC 13063 T (AB1 84285)
99 Streptomyces diastaticus subsp. diastaticus NBRC 3714 T (AB1 84783)
10 Streptomyces gougerotii NBRC 3198 T (AB1 84742)
Streptomyces rutgersensis NBRC 12819 T (AB1841 70)
Streptomyces violaceusniger NBRC 13459 T (AB1 84420)
Streptomyces yogyakartensis NBRC 100779 T (AB249942)
Streptomyces javensis NBRC 100777 T (AB249940)
10 Streptomyces rapamycinicus NRRL 5491 T (EF408733)
o1| [ AG6-1
g2 AG2-1
88— Streptomyces iranensis HM 35T (F1472862)
Micromonospora maoerensis NEAU-MES19T (KC469639)

0.01

gllﬁ 6 LA umusveuie o laan AG4-1 YU phylogenetic tree (NJ method)
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65 AG2-6

Streptomyces bungoensis NBRC 157117 (ABI 84696)

Streptomyces galbus DSM 40089 T (X79852)

Streptomyces longwoodensis LMG 20096 T (AJ781356)

Streptomyces capoamus JCM 4734 T (AB045877)

Streptomyces corchorusii NBRC 130327 (AB1 84267)
AG4-1

82%— Streptomyces neopeptinius KNF 2047 T (EU258679)

99— Streptomyces panaciradicis IMR-8 T (KF971876)

— Streptomyces rhizophilus JR-41T (HQ267989)

50 Streptomyces graminisoli JR-19 T (HQ267975)
ogl~ AG3-1
81 Streptomyces jiujiangensis JXJ 0074 T (KF93865 7)
34— Streptomyces shenzhenensis 1721157 (HQ660226)
871 AGS-1

V- Streptomyces phaeoluteichromatogenes NRRL B-5799 T (AJ39181 4)
Streptomyces misionensis NBRC 13063 T (AB184285)
99 Streptomyces diastaticus subsp. diastaticus NBRC 3714 T (AB184785)
100 Streptomyces gougerotii NBRC 3198 T (AB184742)
Streptomyces rutgersensis NBRC 12819 T (AB1841 70)
Streptomyces violaceusniger NBRC 13459 T (AB184420)
Streptomyces yogyakartensis NBRC 100779 T (AB249942)
Streptomyces javensis NBRC 100777 7 (AB249940)
Streptomyces rapamycinicus NRRL 5491 T (EF408733)
AG6-1

88~ Streptomyces iranensis HM 357 (F1472862)
Micromonospora maoerensis NEAU-MES197 (KC469639)
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MIAATEHNIAVIVTUBIEUYIA 165 rRNA gene vouvelolwan AGS-1

o o
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v 2 o T a Y o w Y < a a
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1] ) . v
Ind (% similarity) $ouaz 99.65 Hszduanudesuveanisfiie (bootstap values) VU
s (phylogenetic tree) founy 82

65 AG2-6

L Streptomyces bungoensis NBRC 157117 (AB184696)

Streptomyces galbus DSM 40089 T (X79852)

Streptomyces longwoodensis LMG 20096 T (AJ781356)

Streptomyces capoamus JCM 47347 (AB045877)

Streptomyces corchorusii NBRC 13032 T (AB1 84267)
AG4-1

Streptomyces neopeptinius KNF 20477 (EU258679)

Streptomyces panaciradicis IMR-8 T (KF971876)

Streptomyces rhizophilus JR-41 T (HQ267989)

Streptomyces graminisoli JR-197 (HQ267975)

AG3-1

Streptomyces jiujiangensis JX1 0074 T (KF938657)

Streptomyces shenzhenensis 1721157 (HQ660226)

98

54
8771 AG3-1
98- Streptomyces phaeoluteichromatogenes NRRL B-5799 T (AJ391814)
Streptomyces misionensis NBRC 13063 T (AB184285)
99 Streptomyces diastaticus subsp. diastaticus NBRC 3714 T (AB184785)
100 Streptomyces gougerotii NBRC 3198 T (AB184742)
Streptomyces rutgersensis NBRC 128197 (AB1841 70)
Streptomyces violaceusniger NBRC 13459 T (AB184420)
Streptomyces yogyakartensis NBRC 100779 T (AB249942)
Streptomyces javensis NBRC 1007777 (AB249940)
Streptomyces rapamycinicus NRRL 5491 T (EF408733)
AG6-1

88= Streptomyces iranensis HM 35 T (F1472862)
Micromonospora macerensis NEAU-MES197 (KC469639)
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31N 10 udrasdumisveude lo Toagn AGs-1 yu phylogenetic tree (NJ method)
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(whole-cell sugar) wuWeavhaaaeni Tuatiiu (phosphatidylethanolamine) laWoaW1Afana
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65 PR2-6
Streptomyces bungoensis NBRC 157117 (AB184696)
/ Streptomyces galbus DSM 40089 T (X79852)
Streptomyces longwoodensis LMG 20096 T (AJ781356)
89 Streptomyces capoamus JICM 47347 (AB045877)
U= Streptomyces corchorusii NBRC 13032 T (AB184267)
AG4-1
827 Streptomyces neopeptinius KNF 20477 (EU258679)
Streptomyces panaciradicis IMR-8 T (KF971876)
Streptomyces rhizophilus JR-41 T (HQ267989)
Streptomyces graminisoli JR-19 T (HQ267975)
AG3-1
Streptomyces jiujiangensis JX1 0074 T (KF93 8657)
Streptomyces shenzhenensis 1721157 (HQ660226)

98

54

87 AGS5-1
B Streptomyces phaeoluteichromatogenes NRRL B-5799 T (A1391814)
Streptomyces misionensis NBRC 13063 T (AB184285)
99 Streptomyces diastaticus subsp. diastaticus NBRC 37147 (AB184785)
o Streptomyces gougerotii NBRC 3198 T (AB184742)
Streptomyces rutgersensis NBRC 128197 (AB184170)
Streptomyces violaceusniger NBRC 13459 T (AB1 84420)
Streptomyces yogyakartensis NBRC 1007797 (AB249942)
Streptomyces javensis NBRC 100777 T (AB249940)
10 Streptomyces rapamycinicus NRRL 5491 T (EF408733)
01| AG6-1
2 AG2-1
88= Streptomyces iranensis HM 35 7 (F1472862)
Micromonospora macerensis NEAU-MES197 (KC469639)

—
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3N 12 umasiumisveude 1o Twian PrR2-6 L1 phylogenetic tree (NJ method)
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75 - Micromonospora chaiyaphumensis MC5-1 T (AB196710)
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Phytohabitans suffuscus K07-0523 T (AB490769)
99T Asanoa hainanensis 2101217 (FJ155992)
Asanoa siamensis PS7-2T (AB59793 )
97 BR3-1
9 Asanoa iriomotensis TT 97-02 T (AB112081)

57 Asanoa ferruginea DSM 44099 ™ (X93199)
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U7 14 uansdumiseude'le Tsian BR3-1 UU phylogenetic tree (NJ method)
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Catenuloplanes indicus IMSNU 220997 (AJ294717)
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saf— Dactylosporangium aurantiacum DSM 431577 (X93191)
Dactylosporangium maewongense MW2-25T (AB495209)
Dactylosporangium siamense MW4-36 T (AB529446)
Dactylosporangium lutewm BK51 T
Dactylosporangium turidum BK63 T (F1973605 )
Dacylosporangium tropicum KB2-4 7 (AB454508)
53 Dactylosporangium salmoneum NRRL B-16294 T (FI973607)
Dactylosporangium matsuzakiense DSM 43810 T
100— Dactylosporangium vinaceum DSM 43823 T
971~ KE1-1
Dactylosporangium sucinum RY35-23 T (AB872783)
Dactylosporangium thailandense DSM 431587 (X92630)
Dactylosporangium darangshiense DLS-44 T (FM88223 1)
Dactylosporangium fulvum DSM 43917 (X93192)
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99

98 Dactylosporangium roseum DSM 439167 (X93194)
991 Asanoa hainanensis 2101217 (F1155992)
Asanoa siamensis PS7-27 (AB59793 1)
" Asanoa iriomotensis TT 97-02T (AB112081)
3 Asanoa ishikariensis IMSNU 22004 T (AJ294715)
Asanoa ferruginea DSM 44099 T (X93199)

Actinoplanes philippinensis NBRC 13878 T (D85474)
Actinoplanes utahensis NBRC 132447 (AB037012)
Actinoplanes regularis DSM 431517 (X93188)
Actinoplanes missouriensis NBRC 13243 T (AB037008)
Micromonospora mirobrigensis WA201 7 (AJ626950)
Micromonospora siamensis TT2-47 (AB193565)
Micromonospora chalcea DSM 43026 T (X92594)
Micromonospora halophytica DSM 431717 (X92601)
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Streptomyces ambofaciens NBRC 128367 (AB184182)

37 16 uamsdumisveade'le Tsan KE1-1 1y phylogenetic tree (NJ method)
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4.2 nﬁmmaanuazmsﬁnymamwa1nwmwmﬁuﬁtﬁm%qf‘fvnﬁa%'mniﬂszﬂav‘[w

(%

aninalueulalW@nmeanTusiuin
mnmsmmﬁauﬁuﬁﬁ%’nmsﬂssnauiwﬁﬁ'lmf(polyketide synthase ; PKS) ¥4 3

yiin 18un PKSI, PKSH uaz PRSI Tasldimaiie polymerase chain reaction (PCR) WU

TNN50ATIvEEUNY Fu PKSI Tuded g ¢ gy 90 8 Ny uArsmey luwuTu PRSI

-4 T é o d'
waz PKSHI luFongulame Fawauansdensied 4

< & oAy aa e a
13197 4 “ﬁﬂ\?ﬂﬁfn5ﬂ73ﬂﬁ@ﬂﬂuﬂ5513ﬂ15ﬂ53ﬂeuTwaﬂ"h’lﬂ (PKS) TUAN

AR08 PKS 1 PKS 11 PKS I
AG2-1 + - -
AG3-1 - - .
AG4-1 + - -
AGS5-] + - -
AG6-1 + - -
PR2-6 + - -
BR3-1 3 3 '
KEI-1 + - -

1013 Inauu PRSI Nasrenuludefin gy 91U 5 g 1aunde 1o Txan
AG2-1, AG4-1, AGS "1, AG6-1 unz PR2-6 Lavhimimdrduiland To Ind (Sequicing) vo1dy

#lnauld s’mmmmmwmﬂﬂawmawu Tnon139i1 Phylogenetic tree |dnadauaaslunmn
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9% [ AG6-1 no.4
99 AG6-1 no.11
AG2-1 no.!
AG2-1 no.8
AG6-1 no.7
AG6-1no.8
AG2-6 no.3

r AG6-1 no.6

99 L AG6-1 no.10

AG6-1 no.l
AG6-1no.12

99 [‘ AG2-1no.2

s

99

: : AG2-1 no.11
5?’ yvi AG2-1no.3

99 L AG6-1 no.5

AG2-1 no.6

99 [~ PR2-6 no.5
L PR2-6 no.6

99 1 PR2-6 no.1
61? 4 L PR2-6 no.2
99 AG4-1 no.4
99 |- AG4-1 no.1
58— AG4-1 no.2

PR2-6 no.10
AG6-1 no.9

99

AGS5-1no.4

99 r AG5-1 no.l
9L AGS-1 0.3

20

UM 17 wamsnwduiusuestu PKSI vindesiua 5 lolman phylogenetic tree (NJ
method)
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IS8 uanmunﬂu WU’J'\ZTﬁ?(ﬂﬂﬁU']‘iﬂu‘]fulﬂﬂﬁ DEHIAN (mmwuw l Nﬁaﬂill/
nada anT) ‘uaawmmu 4 ﬂﬂiJ "lmm ﬂﬁﬂJ‘Vl 1 ﬂmJ‘Vl 5 ﬂﬁlJ'Vl 6 1m~nanw 8 fﬂlﬂiﬂﬂ'ﬂﬂ\‘lﬂﬁ
k4

L%?QJ‘UE)\H‘D'EJLLU?]‘VIL‘EULLﬂill‘U’Jﬂ "lmm Bacillus subtilis ATCC 6633, Micrococcus luteus ATCC

a

9341, Siaphylococcus aurens ATCC 25923, methicillin resistance Staphylococcus aureus
(MRSA) DMST 20654 a2 vancomycin resistance Enterococcus Secium ATCC 51559 18 &a
AT N

d‘ o aa 4 & yar o J
AN 5 LlﬁﬂQNﬁﬂ'li‘Vlﬂﬁ?J‘U'ﬂﬂi']ﬂ'155E)ﬂ‘b")ﬂ‘llﬂQl‘lfﬁﬁ‘l.liz’ﬂ'“l‘l’mJE]vlﬂi‘lJﬁ'liﬂ'ﬂﬂil'lﬂl‘lfﬂ

endophytic actinomycetes ofT”.umu“lunfjmhm

49

o 1 wurhgudnaavesTnndus @aduns)

TUIYD
E.coli | S. aureus | B.subtilis | P, aeruginosa | M. luteus | C. albicans MRSA VRE

AG2-1 - 10 12 + 11 - 10 14
AG3-1 - = b 7 B - - -
AG4-] - - e 7 P - - -
AGS5-1 - - 3 Y & = 3 -
AG6-1 - 16 20 v 25 - 17 18
PR2-6 € 8 8 3 12 - 14 10
BR3-1 - i - g - - - -
KEI-1 - 9 10 3 16 - 14 10

4.5 ﬂ'lillﬂﬂlmzﬂﬁ‘.l‘i]ﬂé)‘Ui‘Nﬂ'lJi“ﬂﬂ‘U‘YIN!ﬂN!UENﬂ‘N'Ui’Nﬂ'li'dﬂﬂ'ﬁﬂﬂl

o

o
TUM 18 TLC chromatogram of crude extract of AG6-1




Nniausrilutudnimun 100 Tolyian wumwauaﬂm‘[uuaamnauw 5 wandqws
aummmsm‘uawuaaaumammamﬂmm waanwamuwu’lunauw 5 mm%mm‘lumms
Wi Yeast extract-Malt extract UULﬂ‘iSdL‘lJU’]ﬂ’J'\MLi')SEJU 200 souRBUT wammu 30
DIAIYATYA mmu 20 8n3 washhmindenatndeeiasssinn 1mmsanmwaw’£u°uu
Lawaa"‘mmmaamamumunau 5 Yunm 2.11 n$y 1911/1wmsu.wmianmmu'lwuLawaau‘u
mmmwmaaUqwﬁmunaumawmwmsanmLLamqwﬁaummsmmmLmﬂmmmﬁmmn"l,mm
iNlﬂ‘lJ’lJJ’WI’]ﬂ’]iLLEJﬂﬁ’]ﬂVIUSﬁ‘VIﬁﬂ’JEJL‘Vlﬂ'uﬂLLWﬂﬂﬂBﬁiﬂﬂﬁJ’ﬂﬁﬂiﬁWIﬂEJI‘Zi Silica gel 60
YMBYMA 0.063-02 nm uansl uarldivhasanonausewinaaslsweBLAs LY
wealudasidm 9 se 1 Wuandoud lmmsusawﬁ AG6-04C-1 Yl 106.8 fadinih
Mntuldvhnisiiens AG6-04C-1 m'vmaaquﬁmswmmsmmawaumamaaumms
Disc diffusion wun msmawﬁmnmammmaumL*UE) Bacillus subtilis ATCC 6633
Staphylococcus aureus ATCC 25923, Micrococcus luteus ATCC 9341 16

50



i e i ot e e

YM fermentation broth (20 L) of Streptomyces sp. AG6-1

Filtered

Filtrate Mycelial cake

Extracted with ethyl acetate

Ethyl acetate layer

Concentrated to dryness

Ethyl acetate extract” *positive antimicrobial activity

Q2.11g)

31U 19 umeumsafinmsnimimsnveuie Streptomyces sp. AG6-1
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Ethyl acetate extract (2.11 g)

Quick column chromatography

(CHCI3-MeOH gradient)

AG6-01 AG6-02 AG6-03 AG6-04 AG6-05
288.0 mg 356.5mg 1.05¢g 192 g 305.2mg
Silica gel flash column
(CHCI3:MeOH = 9:1)
AG6-04A!  |AG6-04B AG6-04C AG6-04D AG6-04E AG6-04F
55.3 mg 267.9 mg 431.4 mg 321.6 mg 240.3 mg 120.4 mg

Silica gel flash column chromatography

(CHCI3:MeOH = 9:1)

|

AG6-04C-1 AG6-04C-2

106.8 mg (M1305qn?) 1678 mg

i Q’: o QI s 0’: - d
31 20 vuRRUMIRMIUIgNE NI AianeuSueiaesFinnveauiie Sirepromyces

sp. AG6-1
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a17 AG6-04C-11Anwnuiflunsddnanimdes Lﬁ@%l,ﬂm:ﬁﬁwﬁnimaqaﬁm ESI-TOF mass
ﬂ?’]ﬂg pseudomolecular ion peak ﬁ m/z 583.2667 (M+Na)" %Q@’\N’\ﬁ‘ﬂ?:g@FlitﬂJLﬂQﬂlﬁLﬂu
CyH N,O Na mn‘ﬁm&mm IR absorption spectrum me'ﬁ’mﬂa‘nm 3,450 cm' (O-H
stretching), 1,689 cm” (C=0 stretching) and 1,649 cm™ (C=0 stretching, amide | band) Lfl‘"ﬂ
Arnsilasaieniaiisasansisaematia NMR Wudn doyan1e 'H NMR ugnsliiney
71 417 AG6-04C-11sznaulUsqe 4 methyl protons, 3 methoxy protons, 2 methylene protons,
11 methine protons AT 3 exchangeable protons 'legmm ®C NMR ﬂ@ﬂiﬁ’ﬁ"lﬂ’)?ﬂﬂixﬂﬂum
Maes1RANFLIBUS LAY 29 BrAeN AndiayaTes DEPTIS uas HMQC aunsasEyTiinged
AFUBUTRIANT AGE-04C-11H9n Anstilszneudng 4 methyl carbons, 3 methoxy carbons, 2
methylene carbons, 11 methine carbons A% 9 quaternary carbons 148 nmnﬁtﬁﬁmmxﬁ@ga
299"°C NMR WU"J")@’I?&LL&N@O&JQJ’N‘HN 2 quinone carbonyl carbons, 1 amide carbonyl
carbon UAT 1 carbamate carbon AINNsiFuLfisudeyalugndeyaaansasziondnwal

103873 1ATW aslamuledu (angned 7)

FU% 21 uansdnunuslasaainareasns AG6-04C-1

ANNITUIAIT AG6-04C-1 mmmqu?{"wumm‘én&m'au%mﬁuw?ﬁmmmu widnansi]
LL@@QI]VI%?;TU&QH’]?L@?‘QJ‘II’NL%’r] clinical  methicillin-resistant Staphylococcus  aureus,
Micrococcus luteus ATCC 9341, Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC
6633 UAE Candida albicans ATCC10231 ﬁszﬁummrﬁwﬁuﬁ@aﬁqm (MIC) sansiadeydl 1,

<0.03, 0.5, 4 WA 16 pg ml” AANASY

53



m15190 6 msnfSouifoudoynves 'H and "C-NMR szniiams AG6-04C-1 unzmsnan i
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Position AG6-04C-1° Geldanamycin
&, tppm) 8,, (ppm), mult, (/in Hz) 3. (ppm) 8, (ppm), mult®
1 167.91 - 169.1 -
2 134.56 - 133.2 -
2-Me 12.5 1.89,3H,s 12.2 1.91, 3H
3 126.89 6.89,d,(12) 128.4 6.95,d
4 126.11 6.53.1, (12, 11) 125.7 6.56,1
5 136.2 5.83,t, (11, 10) 137.8 5.80,t
6 81.23 4.25,d,(10) 81.6 434,d
6-OMe 573 3.25,3H.s 56 3.22, 3H, s*
7 81.62 5.14, brs 80.6 4.86, brs
7-OCONH, 155.75 4.80, NH,, brs 156 6.45, NH,, brs
8 133.1 7 132.6 -
8-Me 13 1.75,3H, s 12.5 1.61, 3H, brs
9 132.94 5.77.d, (10) 131.9 5.51,d
10 32.26 273, m 32.1 3.61
10-Me 12.66 0.93,3H,d.(7) 233 0.97,3H,d"
11 72.6 3.48, m 71.9 3.20%*
11-OH - 3.01, OH. brs 3 -
12 80.91 3.35.m 80.2 3.07*+
12-OMe 56.75 331, 3H,s 56.5 3.23,3H,s*
13 34.74 1.73,2H, m 31 1.45, 2H, brs
14 27.97 1.63, brs 26.6 1.91
14-Me 23.04 0.92, 3H, d (6) 13 0.76,3H"
15 32.83 241,2H,m 31.7 242,2H, m
16 127.39 - 128.1 242, m
17 156.73 \ 156.4 -
17-OMe 61.68 4.08,3H, s 61 3.93,3H,s
18 183.85 - 183.6 -
19 111.6 7.22.s 110.9 7.02,s
20 137.84 = 139.6 -
21 184.68 - 183.1 -
NH - 8.67, NH, brs - 9.14, NH, brs

*observed in CDCI3 and recorded at 300 MHz (1H) and 75 MHz (130).

"observed in DMSO-d6 (Omura et al., 1979)

‘observed in DMSO-/§ (Rinehart, Jr. And Shield, 1976)

*,**# interchangeable signals
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’s’f?ﬂwaﬂ1‘5’3%21!&@25‘11@@146&&%3

msfausnifausailulfonandedieiuaiy misnsar Ina wWeedh amsari
msme??aLLaﬂﬁIuﬂaﬁwlﬁﬁowum 100 lolwan  uagldvihnmsdnudnvusduguineuas
M3 aionyi waLmﬂmiuuaawLLUnlmuummsnmm‘lmmumms yeast extract
malt extract agar uavasraduluomns (substrate mycelium) lulnudivaes &1 wasihaia
asraduloainia (aerial mycelium) lulnudvn wasdim waduenguliasraduluenie
anwmu‘umauaimmnﬂaawamsﬂumUnwaa‘ummmmw 400 i uanwm“maﬂumuma
vanguiaduinden manaulmoawuwmuma mmamﬂwaumsa LLauwamanaummmsn
aswqiﬂsqmwwmwmsanaﬂnaiuauaﬁh ‘manwmzmnmvmmsmmnaumauamiumaawa
oniiu 8 nau 0

nduft 1 iunduuendeusailutsiniisiradluewnsdmioweudsronm gt
wulvemadimendess  liadiesiedng  afvwaveiifdnwasdadundsy wuidian
ASBARINY Streptomyces iranensis HM 35 mm?'{qm mudduaNRdAdevesianile
nd (% similarity) Yovas 99.79

nduil 2 Junquvendausailuivivdiasraduloomsithnneumdes adaduly
IMAdYY  adusiningfindoseun a¥uavessiifdnvariadunis wuiidiaoy
AREARAY Streptomyces graminisoli JR-19 1nfign fediunundioaierostinadle
nel (% similarity) ¥ouay 99.58

ndsidl 3 Hunguupadousailudniiatadiloomsimioseneremum a3
iuloomadin Liasseadng adravesiifidnuastndungsr wuindim uadoadaty
Streptomyces neopeptinius KNF 2047 wniian Medduaedeniwostianiloling
(% similarity) Sotaz 99.06

nguit 4 u‘Juna‘ummL"i'?auaﬂﬁiuﬁaﬁwﬁa%’wLé’u’Lammsﬁmﬁmam"ﬁmawm ase
Lﬂu'lsmmﬂmmaumq Liadesendng aswaﬂaiwLsmmanmﬂuawauq LLavmaUmwma
LU"LJTUW“‘UE) wuidanuaduadafiy Streptomyces  misionensis NBRC 13063 mmnaﬂ
maa"mummmmmawawmﬁiﬂm (% similarity) $98ay 99.86

nguil 5 LUunamaawjaLLaﬂquuaawwaswLau'lammsamamauwmamm asne
Léfu'tammﬁama Lifinsadaseaing adreavesiishuusdnduniss wuhiiany



‘
=

AdeAdaiU Streptomyces iranensis HM 35 ' wniian Medrruauadenisvesiinaile
Indl (% similarity) $eeaz 99.65

nesl 6 Wunguueadeuoailuiviniadradulownsdindoan asaduloonmed
1 ainsndngdiviesdeu afvavesitidnvusiadunder wuindaundieadetu
Streptomyces bungoensis NBRC 15711 ' wniign fediuauadedestedlelng
(% similarity) Sovay 99.86

nau 7 LﬂunﬁmmK??aLLaﬁﬁIuﬁa%wﬁa%’mﬁulummsﬁﬁum’fu liasraduleennia
ﬁswiommaauammo aswaﬂammmanuwumﬂmdaauumwmaswmmmau B3y
wummnmmm'ﬂauwva WUIANAA LRSI Asanoa ishikariensis IMSNU 22004T
1nfign Feddumuadoadwes thnslelng (% similarity) $08a¢ 99.39 uaswuinde
uLUuwaaU%‘lmuluaﬂa Asanoa  uarlddnuvadluinsans USEM  lude Asanca
endophytica sp. nov.

naui 8 Lfluna'u‘uaaL‘?JvaLtaﬂﬁiuﬂaﬁwﬁa%'wL?Tu'lammiﬁmﬁaadau Tuasadule
oA wagliadesndng afulasadufiesiionitnalua vei ‘Nl.lﬂﬂ‘UﬂJuLUUiUﬂﬁiJ
wudlimuadeadeiu Dactylosporangium sucinum RY35- 23" mmnam PEAIRUAIY
Adendwesiin Adlolng (% s:mllarlty) Jo8aY 99.72

ammsmmaauauwammwsznau‘lwaﬁ‘lwﬂ (polyketide synthase ; PKS) 3
vila Toun PKSI, PKSIL uag PKSI Tnaldinadia polymerase chain reaction (PCR) wu7n
AMNIOATINEOUNY Bu PRSI Tuidosuau 6 NaN 910 8 nau uansasaeuliwuy PKSI
uag PKSIII ‘lm‘uanau'lmaa

miﬂnmmmsaanqmsmammwmnwamt.mu'lunaw 5 muamqwsmuaauw%’ j
Fidwuh wamuwu‘lunaw 5 aunsandnansivaniulodu (geldanamycin) 18 97neu3se
i W'meummmﬂmaaL‘uauaﬂmiuuaawmmuawamu‘uuu wianzan wa wWsevh fadu
wswmnivnmﬂmuavmmsnm’Lmemuastuanm"l'uLwaL'Uuummﬂumswmmmamnm«men
lorelulusunean

Fatduauy
‘Mﬂﬂ’li’J'ilEJﬂN‘uﬁ’uJ'ﬁﬂﬂUWUL‘UE]LLE]ﬂCﬂIUJJEJﬁ‘V!‘VIﬂJﬂ'J’uJﬁ'm’liﬂﬁiNﬂﬁi‘ﬂmﬂﬂlﬂu
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Abstract: A novel Gram-stain-positive, non motile endophytic actinomycete, designated strain
BR3-1T, which produced spore chains borne on the tip of short sporophores was
isolated from the rhizome of Boesenbergia rotunda collected from Udon Thani
province, Thailand. This strain was investigated for its taxonomic position using
polyphasic approach. The strain contained 3-hydroxy-diaminopimelic acid and meso-
diaminopimelic acid in the cell-wall peptidoglycan. The whole-cell sugars contained
glucose, mannose, rhamnose, ribose and xylose. Phosphatidylethanolamine,
phosphatidyiglycerol, diphosphatidylglyceral, phosphatidylinositol and
phosphatidylinositol mannosides were found as the characteristic phospholipids. The
predominant menaquinones were MK-10(H8) and MK-10(H6). The major cellular fatty
acids were is0-C16:0, iso-C15:0 and anteiso-C15:0. The G+C content of the genomic

-DNA was 71.4 mol%. On the basis of 16S rRNA gene sequences analysis revealed

that strain BR3-1T belonged to the genus Asanoa and was most closely related to
Asanoa ishikariensis (99.39%), Asanoa iriomotensis (89.31%), Asanoa siamensis
(99.17%), Asanoa ferruginea (98.84%) and Asanoa hainanensis (98.71%). The DNA-
DNA relatedness value between the strain BR3-1T and its phylogenetically closest
relatives were in the range of 15.4% + 1.2 to 45.8% + 2.6. In addition, some
physiological and biochemical properties indicated that strain BR3-1T could be readily
distinguished from all type strains in the genus Asanoa. Thus, strain BR3-1T should be ‘
represented as a novel species, for which the name Asanoa endophytica sp. nov. is
proposed. The type strain is BR3-1T (=BCC 66355T =NBRC 110002T).
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A novel Gram-stain-positive, non motile endophytic actinomycete, designated strain
BR3-17, which produced spore chains borne on the tip of short sporophores was
isolated from the rhizome of Boesenbergia rotunda collected from Udon Thani
province, Thailand. This strain was investigated for its taxonomic position using
polyphasic approach. The strain contained 3-hydroxy-diaminopimelic acid and meso-
diaminopimelic acid in the cell-wall peptidoglycan. The whole-cell sugars contained
glucose, mannose, rhamnose, ribose and xylose. Phosphatidylethanolamine,
phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol and
phosphatidylinositol mannosides were found as the characteristic phospholipids. The
predominant menaquinones were MK-10(Hs) and MK-10(Hs). The major cellular
fatty acids were is0-Ci6.0, is0-Cis:0 and anteiso-Cis:0. The G+C content of the genomic
DNA was 71.4 mol%. On the basis of 16S rRNA gene sequences analysis revealed
that strain BR3-17 belonged to the genus Asanoa and was most closely related to
Asanoa ishikariensis (99.39%), Asanoa iriomotensis (99.31%), Asanoa siamensis
(99.17%), Asanoa Jerruginea (98.84%) and Asanoa hainanensis (98.71%). The
DNA-DNA relatedness value between the strain BR3-17 and its phylogenetically
closest relatives were in the range of 15.4% = 1.2 to 45.8% + 2.6. In addition, some
physiological and biochemical properties indicated that strain BR3-17 could be readily
distinguished from all type strains in the genus 4sanoa. Thus, strain BR3-17 should be
represented as a novel species, for which the name Asanoa endophytica sp. nov. is

proposed. The type strain is BR3-17 (=BCC 663557 =NBRC ] 100027,
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The genus Asanoa (Lee & Hah, 2002) belongs to the family Micromonosporaceae. The type
species is Asanoa ferruginea. Members of this genus usually form spore chains borne on the tip of
short sporophores from the agar surface. This genus exhibited the main chemotaxonomic
characteristics such as meso-diaminopimelic acid and 3-OH diaminopimelic acid in the cell wall,
MK-10 (Hs, Hs) as the predominant menaquinones, the diagnostic fatty acid type 2d
(Kroppenstedt, 1985) and phosphatidylethanolamine is the diagnostic phospholipid in the
membrane. In the present time, the genus Asanoa contained five species: Asanoa Jerruginea
(basonym Catellatospora Jerruginea; Asano & Kawamoto, 1986) Asanoa ishikariensis (formerly
Catellatospora ishikariense; Lee & Hah, 2002), Asanoa iriomotensis, Asanoa hainanensis and
Asanoa siamensis. The members of this genus nomnally distributed in the various soils ie.
mangrove soil, peat swamp forest soil and rhizosphere soil (Tamura & Sakane, 2005; Xu et dl,,
2011; Niemhom et al., 201 3). In this paper, we describe the polyphasic characterization of strain
BR3-1T which isolated from the rhizome tissue of Boesenbergia rotunda and describe it as a novel

species of the genus Asanoa.

Strain BR3-17 was isolated from the rhizome of Boesenbergia rotunda collected from
Udon Thani Province, Thailand. The healthy rhizome sample of this plant was washed
in tap water until without the soil debris. Then, the rhizome was cut into small pieces.
After cutting, the tissue of rhizome was washed in sterile 0.1% tween 20 in water for
30 sec followed by washing twice in sterile distilled water. The sample was then
surface-sterilized with 95% ethano] for 13 min and subsequently with 1% sodium
hypochlorite for 13 min and then washed in sterile distilled water for three times.
Finally, the surface-sterilized rhizome tissue was ground with sterile distilled water in
the sterile mortar and pestle after that the suspension was spread on starch casein agar

(SCA) [10 g soluble starch, 2 g KNOs, 0.3 g casein, 2 g K>HPO,, 0.05 g
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MgS04.7H20, 2 g NaCl, 0.02 g CaCO0s, 0.01 g FeS04.7H:0, 15 g agar, 1000 ml
distilled water, pH: 7.0] supplemented with 25 mg I"! nalidixic acid, 50 mg I'' nystatin
and 1 mg I'' terbinafin and incubated at 30°C for 30 d;ays. The final washing water
was spread on SCA as the control plates. The colony was transferred and purified on
yeast extract-malt extract agar [(International Streptomyces Project, ISP 2 medium);
Shirling & Gottlieb, 1966] and was preserved by freezing at -80 °C and freeze-drying,
Morphological characteristics of strain BR3-1T grown on modified soil extract agar
(Suriyachadkun et al., 2009) were observed using light and scanning electron
microscopy (model JSM-5410 LV; JEOL). The preparation of scanning electron

microscopic sample was followed as described previously (Thawai et al., 2005).

The phenotypic characteristics were examined by using several standard methods.
Cultural characteristics were performed using 14 day cultures grown at 30°C on
various agar media. The ISCC-NBS Colour Charts standard was used for colour
determining (Kelly, 1964). The effect of temperature for growth (15- 50°C) was tested
On yeast extract-malt extract agar for 14 days. The NaCl tolerances (0-5%w/v) were
examined on ISP 2 medium at 30 °C for 14 days. The pH range for growth (pH 4.5-
10.5 at intervals of 0.5 PH units) was determined in ISP2 broth. The ISP 9 medium
(Shirling & Gottlieb, 1966) supplemented with a final concentration of 1% of the
carbon sources was used for testing of carbon source utilization, The peptonization
and coagulation of milk, gelatin liquefaction, hydrolysis of starch and nitrate
reduction were tested through cultivation on various standard media as described by
Arai (1975) and Williams & Cross (1971). The results are given in detail in the

Species description and Table 1.
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Biomass for use in chemotaxonomic determination was obtained from cultures grown
in yeast extract-glucose broth on a rotary shaker (200 rpm) at 30°C for 5 days. The
isomer of peptidoglycan in cell wall was analyzed as described previously (Kawamoto
et al., 1981), and the amino acid composition was determined by thin layer
chromatography (TLC) followed by the method of Lechevalier & Lechevalier, 1980.
Acyl group of muramic acid was analysed as described by Uchida & Aida (1984). The
type of sugars in whole-cell hydrolysates were examined by method of Komagata &
Suzuki (1987). The type of membrane phospholipids were performed as described
previously (Minnikin ez al, 1984). Fatty acid in cell was extracted following the
method of Sasser, 1990 and was determined by GLC according to the instructions of
the Microbial Identification System (MIDI) Sherlock version 6.2B (Kampfer &
Kroppenstedt, 1996) with the TSBA6 MID] database. Mycolic acids were done using
the method of Minnikin et al. (1975). Menaquinones in cell were extracted. by the
method of Collins et al. (1977) and were analyzed by HPLC equipped with a
Cosmosil 5Ciz column (4.6 x 150 mm; Nacalai Tesque). A mixture of methanol and

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

Extraction of genomic DNA was done according to the method of Tamaoka (1994).
The G+C content of the DNA was determined using the HPLC method of Tamaoka &
Komagata (1984). Lambda DNA (Invitrogen, USA) was used as the standard. DNA-
DNA hybridization was conducted in microdilution-well plates, as reported by Ezaki
et al. (1989). DNA-DNA relatedness (%0) was determined by using the colorimetric
method (Verlander, 1992). The 16S rRNA gene was amplified using the universal
primer, 27F (5 -AGAGTTTGATCMTGGCTCAG-3 ) and  1492R  (5'-

TACGGYTACCTTGTTACGACTT—3’) (Lane, 1991). The temperature profile for
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PCR was as follows: initial denaturation at 94 °C for 3 min; 40 cycles of 94 °C for 30
s, 56 °C for 30 s and 72 °C for 90 s; and final extension at 72 °C for 5 min. The PCR
products were sequenced using universal primers as described previously (Thawali,
2015). Pairwise alignment of almost complete 16S rRNA gene sequence of strain
BR3-1T and the values for sequence similarity among all recognized Asanoa species
was analysed using the EzTaxon server (Kim et al, 2012). The 16S rRNA gene
sequence was multiply aligned with the sequences of all type strains of the genus
Asanoa in GenBank/EMBL/DDBJ databases using the CLUSTAL W programme
version 1.81 (Thompson et al., 1994). The alignment was manually verified and
adjusted prior to the construction of a phylogenetic tree. Phylogenetic analysis was
conducted using the neighbour-joining method (Saitou & Nei, 1987) based on
evolutionary distances calculated using the Kimura two-parameter model (Kimura,
1980), maximum parsimony (Fitch, 1972) and maximum-likelihood (Felsenstien,
1981) methods in the MEGA 6 software (Tamura et al, 2013). Confidence values

were conducted using bootstrap analyses (Felsenstein, 1985) with 1,000 resamplings.

Strain BR3-1T grew well on ISP2 and ISP 3, moderately on ISP6 and nutrient agar,
weakly on ISP 4, ISP 5, ISP 7, czapek’s sucrose agar and glucose-asparagine agar.
The colour of substrate hyphae on these media was deep orange to pale orange
yellow. Aerial hyphae were not produced. A strong reddish orange soluble pigment
was produced on ISP2. Strain BR3-17 produced spore chain on the tip of the substrate
mycelia on modified soil extract agar at 30 °C for 30 days (Fig. 1). This
morphological characteristic was consistent with their classification in the genus

Asanoa (Lee & Hah, 2002).
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Chemotaxonomic characteristics of strain BR3-17 were similar to those of members
of the genus Asanoa. The cell walls of strain BR3-1T contained 3-hydroxy-
diaminopimelic acid and meso-diaminopimelic acid. The acyl type of cell wall
peptidoglycan was glycolyl. The reducing sugars in whole-cell hydrolysates were
glucose, mannose, rhamnose, ribose and xylose. The predominant menaquinones were
MK-10(Hs) (56.92%) and MK-10(Hs) (26.96%), small amounts of MK-10(H,)
(7.55%), MK-9(Hs) (5.79%) and MK-9(Hs) (2.78%) were also present. The cellular
fatty acids profile contained iso-Cisy, is0-Cis:0, anteiso-Cis;, anteiso-Ci7.o, i50-Cia.0,
is0-Ci7.0, Ci70, Ci71 08¢, Cigo, Cig:l 20H, Cigo and is0-Cis1 G (Supplementary
Table St). Mycolic acids were absent. The diagnostic polar  lipids were
diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylinositol mannosides,  four  unidentified
phospholipids and three unidentified lipids but phosphatidylcholine is not detected
(Supplementary Fig. S1). The G+C content (mol%) of the genomic DNA was 71.4%.
This data was consistent with the chemotaxonomic properties of the genus Asanoa
(Asano & Kawamoto, 1986; Lee & Hah, 2002; Tamura & Sakane, 2005; Xu er al.,

2011; Niemhom et al., 201 3).

Almost complete 16S rRNA gene sequence was obtained for strain BR3-17T (1,495 nt).
Based on 16S rRNA gene sequence analysis, strain BR3-1T exhibited a close
relationship with members of the family Micromonosporaceae and formed a
monophyletic cl.uster with the genus Asanoa (Fig. 2). The relationship between these
strains was supported by the results from the neighbour-joining, maximum-parsimony
and maximum-likelihood methods. This strain was most closely related to Asanoa

ishikariensis (9;9.39%), Asanoa iriomotensis (99.31%), Asanoa siamensis (99.17%),
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Asanoa ferruginea (98.84%) and Asanoa hainanensis (98.71%). Based on the
morphological, chemotaxonomic and phylogenetic data, this strain should be judged

as a member of genus Asanoa.

On the basis of chemotypic and phenotypic properties, strain BR3-1T was clearly
distinguishable from the reference strains, A. ishikariensis NBRC 145517, 4.
iriomotensis NBRC 1001427, 4. siamensis PS7-2T, 4. Jerruginea NBRC 144967 and
A. hainanensis 2101217, In particular, our strain has 3-hydroxy-diaminopimelic acid
in cell wall whereas this diaminopimelic acid were not found in A. iriomotensis
NBRC 1001427 and 4. hainanensis 2101217, Galactose was not detected in cell-
hydrolysates of strain BR3-1T but presented in cell-hydrolysates of its closest relative
strains (4. ishikariensis NBRC 145517 and 4. iriomotensis NBRC 100142T).
Furthermore, the ability to reduce nitrate to nitrite, liquefy gelatin, coagulate milk, the
maximum NaCl and the maximum temperature for growth and the utilization of
glycerol, D-mannose, D-galactose, myo-inositol, L-rhamnose, D-celiobiose, D-ribose,
L-arabinose, D-fructose, D-raffinose, D-melibiose, sucrose, D-salicin and lactose
clearly distinguished strain BR3-1T from all reference strains of the genus Asanoa.
The DNA relatedness values among strain BR3-1T and all reference strains of the
genus Asanoa, A. ishikariensis NBRC 145517 (45.8% % 2.6), A. iriomotensis NBRC
1001427 (38.0% =+ 4.3), A. siamensis PS7-2T (34.5% % 1.6), 4. Jerruginea NBRC
14496T (29.5 + 2.7) and A. hainanensis 2101217 (21.3 + 4.6) (Supplementary Table
S2) were below 70% cut-off point recommended for the assignment of strains to the

same species (Wayne et al., 1987).
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From the phenotypic, chemotaxonomic and genotypic data of strain BR3-17
mentioned above, it could be distinguished from all recognize Asanoa species, which
supports its classification as a novel species of the genus Asanoa, for which the name
Asanoa endophytica is proposed. The type strain is strain BR3-17T (=BCC 663557 =

NBRC 1100027,

Description of Asanoa endophytica sp. nov.

Asanoa endophytica [en.do.phy’ti.ca. Gr. pref. endo within; Gr. n. phyton plant; L.
fem. suff. -ica adjective suffix used with the sense of belonging to; N.L. fem. adj.
endophytica within plant, endophytic pertaining to the isolation of the type strain from

plant tissues].

Cells are Gram-stain-positive, mesophilic and non-motile actinomycete that forms the
spore chain borne on the tip of the extensively branched substrate mycelia. The colour
of soluble pigment on ISP2 is strong reddish orange. Utilizes D-glucose, D-cellobiose,
D-xylose, mannitol, and sucrose as sole carbon sources, weakly utilizes D-mannose,
D-galactose, L-rhamnose, D-ribose, L-arabinose and D-fructose, but not glycerol,
myo-inositol, D-raffinose, D-melibiose, D-salicin and lactose. Peptonization of milk
and hydrolysis of starch are positive but gelatin liquefaction, nitrate reduction and
coagulation of milk are negative. The maximum temperature for growth is 40°C. The
maximum NaCl concentration for growth is 2% (w/v). The PH range for growth is 5-
10. The cell wall peptidoglycan contains 3-hydroxy-diaminopimelic acid and meso-
diaminopimelic acid. The acyl type of the cell wall is glycolyl. The predominant
menaquinones is MK-10(Hs) and MK-1 O0(Hs). The characteristic whole-cell sugars are

glucose, mannose, rhamnose, ribose and xylose. The polar lipid profile contains
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diphosphatidylglycerol, phosphatidyiglycerol, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylinositol mannosides,  four  unidentified
phospholipids and three unidentified lipids. The fatty acid pattern consists of is0-Ci6:0,
is0-Cis:0, anteiso-Cis.p, anteiso-Ci70, is0-Cia:q, 180-Ci70, Ci7.0, C17:1 w8c, Cis.0, Cie:l
20H, Cig0 and iso-Cis G. Mycolic acids are absent. The G+C content of the DNA
of type strain is 71.4 mol%. The type strain is BR3-17 (=BCC 663557 =NBRC
110002™), which was isolated from a rhizome of Boesenbergia rotunda collected from

Udon Thani Province, Thailand.
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Figure legend

Fig. 1. Scanning electron micrograph of strain BR3-17 grown on modified soil extract

agar for 30 days at 30°C. Bar, 5 pm.

Fig. 2. Neighbour-joining tree (Saitou & Nei, 1987) based on almost-complete 16S
rRNA gene sequences (1,495 nt) showing the relationships between strain BR3-17 and
the Asanoa species with validly-published names. Catenuloplanes indicus IMSNU
22099 T was used as an outgroup. Asterisks (*) indicating the branches of the tree that
were also found using the maximum-parsimony and maximum-likelihood methods;
and hashes (#) indicating the branches of the tree that were found in the neighbour-
joining 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,

Table 1. Differential characteristics of strain BR3-1T and all type strains of Asanoa

species.

Supplementary Fig. S1 Polar lipid appearing on a two-dimensional thin-layer
chromatograms of strain BR3-1T.

(A) Phosphomolybdic acid’s TLC chromatogram; (B) Dittmer & Lester’s TLC
chromatogram; (C) Anisaldehyde’s TLC chromatogram; (D) Ninhydrin’s TLC
chromatogram; (E) Dragendrof’s TLC chromatogram; Abbreviation: DPG,
diphosphatidylglycerol; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; PI,
phosphatidylinositol; PIMs, phosphatidylinositol mannosides; PL, phospholipid; L,

lipid.
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Supplementary Table S1. Cellular fatty acid composition of strain BR3-1T and
all type strains of Asanoa species.
Cultures were grown in yeast extract-glucose broth on a rotary shaker at 30°C for 5

days.

Supplementary Table S2. DNA-DNA relatedness among the strain BR3-17 and all

type strains of Asanoa species.
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Fig. 2. Neighbour-joining tree (Saitou & Nei, 1987) of Click here to download Figure Fig. 2. Neighbour-joining =
strain BR3-1T tree (Saitou & Nei, 1987) of strain BR3-1T.pptx
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Supplementary Fig. S1 Polar lipid appearing on a two-dimensional thin-layer
chromatograms of strain BR3-1".

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

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