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xylose
Yellowish Brown

Zinc sulfate
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16S rRNA 16S subunit ribosomal ribonucleic acid
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Bk Black
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CPD Critical point drying

DAP Diamino pimelic acid
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FeSO, Ferrous sulfate

G Green

Gal Galactose

ISP International Streptomyces Project
K,HPO, di-potassium hydrogen phosphate
KNO, Potassium nitrate
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MRSA Methicillin resistant Staphylococcus aureus
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Aminoglycosides
Macrolides
Tetracyclins
Chloramphenicol
Lipopeptides
Rifamycins

Polyenes

Vancomycin
Streptomycin
Erythromycin
Chlortetracycline
Chloramphenicol
Daptomycin
Rifampicin

Nystatin

Amycolatopsis orientalis
Streptomyces griseus
Saccharopolyspora erythraea
Streptomyces aureofaciens
Streptomyces venezuelae
Streptomyces roseosporus
Amycolatopsis mediterranei

Streptomyces noursei
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Compound Probable biosynthetic route or Source organism Clinical phase status
Compound type
Bryostatin 1 Mixed PKS/NRPS Bugula neritina (bryozoan) 1

Halichondrin B

Discodermolide

Hemiasterlin (HT1-286)

Bengamide derivative

Agelasphin derivative

(KRN-7000)

Laulimalide

Sarcodictyin

Peloruside A

Salicylhalimides A

Thiocoraline

PKS2

PKS2

NRPS1

Mixed PSK/NRPS (LAF389)

Glycosphingolipid

PKS2

Terpene

PKS2

PKS2

NRPS1

Lissodendoryx sp. (sponge)
Discodermia dissoluta (sponge)
Cymbeastella sp. (sponge)
Jaspis sp. (sponge)

Agelas mauritianus (sponge)

Cacospongia mycofijiensis (sponge)
Sarcodictyon roseum (sponge)
Mycale hentscheli (sponge)
Haliclona sp. (sponge)

Micromonospora marina (bacteria)

preclinical

preclinical

preclinical

preclinical

preclinical

NRPS= nonribosomal peptide synthase ; PKS =polyketide synthase
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AINTNFN "’I Luﬂ\?'ﬂqﬂﬂ']ﬁ\ﬂu‘wqZ\ﬂﬁ‘@@ﬂf]V]ﬁV]r]\?m'Jﬂr]WVi?ﬂ@qﬁ“ﬂ{]sﬁquzqr}ﬂLL@V’]quNﬂsﬁWV]LLElﬂqqﬂﬂquvLﬂ NN
Wi_lmi“ﬁﬁmﬁLﬂﬂWULLﬁfJLﬂumuN’m LAZAININE9NIUU8Y Kelman wazatle (Kelman et al., 2005) WLIN LLﬂﬂaIu

B A AR NN N NN 65198190 8NO NENWTIN NN AMHIAINUATENINNANANLAINLII N AIDY

v aaw

AIINAAE AU IV AINBIIN LT UITLLTNANINZARY 7] NUBNMTBA INUMATAN ULLN  duTnadimzig

v
A AR

- < o & A VY a o a \ o , a
MSQSLHWSLZQEHQNWHV]DQ 3 1‘LA 4 m@qwuﬂ@mﬂmmmﬂuml,l,faﬂmiumsnmum‘mu °”| LL@tﬂuMﬂﬁ‘@’]ﬂ‘MN j@ﬂﬂLLﬂﬂm
Tude@nwanil (Das,et al., 2008:Ismet, et al., 2004: Jensen, et al., 1991: Solanki, et al., 2008) Lia3a7nly
QI v dl @ a a o :/I = dl =3 o dﬂl o aa 1

mLL'JmmwLﬂuw:L@ﬂwmmwmmwm‘lu@mma‘@ﬂmwmnmuu LL@tL?WﬂQ@’m%‘ﬂ‘W‘ULLUﬂV]Lﬂ‘ﬂIuﬂQNLL‘ﬂ
AR sl dn ldvanuanefiariuii (Weyland, 1986; Maldonado, et al., 2005a; Maldonado, et al., 2005b; Bull,

et al., 2005; Bredholt, et al. 2007;Anzai, et al., 2008; Solano, et al, 2009; Hong, et al., 2009; Prieto-Davo, et al,

' (2 £
=

2013) lnganznawnsamnzidassliiasgyuuanunnziamae lFsinetlu dunana Actinobacteridae lngianzasing

'
a i

S o oo e . o ¥ o a4 d <
Beuenmlusiednietluaaiined Actinomycetales Fadwiusnglunisfuwnansmaanivd  heengrasaly

(Kumar, et al., 2011, Zotchev, 2012)
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funzia uaztmzavianis Hundulazinasiias 2 A3 sauisaniegiuvastimeia Asualdiuniswauinig
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nanaaiia 1 lBLanR ludedniunnifaanesasudae Tulasanisi 3 uazlasNIT 4 BR9UNUINUASE
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2.1 flaeanNaNEnanan1985198192angNaTANINIULAAR LUNETN

Tunsiaasueniluiedniveliilfaiseangriiunnuniu wenanazauiueia uazaneiigees

' d’j ¥ o K o v a ¥ a o 3 a d” d’l dl o
UFAAZITRLAY S97UALTRAERIIARANNIINILNINANUANE | 112481 $9NNTHATANAN VTR LUTANINNITANA LD

ARlWTEEVTHALL 9| (Karuppiah, et al., 2013; Jung, HM,, et al., 2007) A NNM9ANEI28S Jung et al., (2007)

A

WuldAnEannzAimunzanlunsaine Vancomycin 189 Amycolatopsis orientalis (TalANA® Nocardia

Sy

orientalis , Streptomyces orientalis) {asannlunsuandgaannssniudslfiunnmniieney fe Uszuin 3.7
A A @o | A oA A A ] - ' o
g/ uarlumang Raresnnaafidiashiiuidame  wanuduledesluanmsniunaaanfuausing il
Py a P a . ~ = = P a
N9aaLaRae 1anssw Winanas Vancomycin N1n7igaRe 6.2+ 04 g/l 989a9N1AS soluble starch HuaNAR 5.6
+0.3 g/l wazdususallAe 1ResAae Com starch THnanaAR 5.2 + 0.3 g/l Aen19iaead 34 ° C Tuszau plant
scale 1n13Lein? AYNIE99RL 260-480 rpom  pH MMNNZaNA® pH 7 uaz ANBBNTIAUAYATY atl DO= 20-30 %
. 4 & g , . s P ~ > @Y
tension Tevianuailiiluans Amycolatopsis orientalis waztinfiainnamauanazimunzanlunsasneans fses
= o lﬂl o a Aﬂl a v 1 = = 1 a o
Anmiade anasivanzaniuduaiia lilewinuesiludenusiazatinlangeusadiingims uaziadt

FIN TNUANGnari

g o - a0 o o P PR
UANITNU ﬂ’]i@i’]\‘i@’]ﬂﬁ\lmﬂui@v}ﬂ@\‘iLLﬂﬂmTuJ\lﬂsﬁV} IW;IL’Q‘W’]:SLLL Streptomyces ﬂ\uﬂuﬁ@\‘im@\iﬂum

¥
o

paLANNTATNANINagne Y AzuanseaniIniTatios $aNIIN1SATLANAIN Quorum Sensing Tiilunisdesns

Aeludsransreue AR ude@n seua9nnnaes e lHinnsa519a1s visa liinsa519a138nHae (Shapiro,

£
o o b4

1998) AniwaniuGesisiesdnuiuusazaia 7l duiu

[-4

2.3 N15tUNENNN wanRluNgdneeLaIRans 1l lawan tiNa LA ARNISNANE WS

Q

o & = = o A qgva o = o a Ao
NIINALNUIUNIEIN ﬂq?Lﬂ@HuLLﬂ@\’i@qi‘W‘uﬁ;ﬂ??N ‘Vm'E]eL‘Wmﬁ@ﬂﬁm5iﬁ3~lsﬂ\‘imqﬂiﬂ@qﬂﬂﬂﬂm5LmNV]Nﬂ%
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o o ' \ o 1 Y a ada aa \ a A a o &
LL@X@ﬂ‘]ﬂmzﬂ\?ﬂ@']'.)’&']ll']?ﬂﬂqﬂﬂﬂﬁlﬂﬂﬂ?umﬂiﬂim ANHTINNH ﬂ'];‘l’mzl,l,mﬂm']\‘ivl,ﬂq’]ﬂL@NLN@Lﬂﬂﬂqﬁ‘ﬂ@qﬂWuﬁ;

Fen9n mﬂﬁuﬁ:ﬂmﬂ (mutant) ( http://www.biology.science.cmu.ac.th/lectures/202231/Mutation.html) N1
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A ¢ o A o

Tinanisnanesiug luqauvisdiii udndanisnazdoavin qauvisdnnanesiugininisa3eansluBuinmunn

= g

Auanidin aghaiiulidaian uarivanadsnazaimnsoninliqauvisdiianiananawig

Q

naAAnIINaeug ariinsasuulaaiansiugness (DNA) Tusedusing wanaszau Thun
) . = . o gal a o A A Py PN ~
1. Point mutation 117a gene mutation ilunisnaneiugniialuseatiluanassetiu lAun nsaiame 1is 1se

UWNUNUDULANE 1-2 1L

v
a K o

2. Chromosome mutation \lunnsnanaiugniiaduiulassad1elasTulas 1Hun 8unesdu (inversion) neualain

aAa

G4 (translocation) 8uLEa5T (insertion) AR (deletion) 1116


http://www.biology.science.cmu.ac.th/lectures/202231/Mutation.html)%20%20การ

. X o eada & A ° A A L v P
3. Genomic mutation W snateRugARATwlaaInawIulasTu N avalUvseis@ue THun gwaoas
(euploidy) LLﬂzLLﬂuﬂuW@ﬂﬂﬁ (aneuploidy)

THAYBINITNANN UG
o a o‘dl a o % A

ANNNINAUUNAINTTAVBUTAANIAANINAWUT LT 2 LuL As
1. NINAURNUFLDIIARINNY (Somatic mutation) HaRANINAARUILALIIARS1AN"E (somatic cell)
anwnueinaaiug liansnananeagusielil1s
2. MenaneugIasaasALRLS (germinal mutation) WatiannsnatsRufIuiagALRLS (germ cell) AN

-ﬂl o 9 U M1 ! %
Inaneiugazanisnaamengusiallls

- =

flaseinn linan1naawug ananstlads Taun

2

o 4

o o . . dci Y a o oal a A
1. %9 (radiation) smmmmﬂummmiﬂmﬁwugm 2 TUAABR

q

1, lonizing Radiation 114 54@0mn, Fe@ununn, S@end
2. Non-lonizing Radiation 11w 5@eansnllelam

= 3

g as L v A o o | o g a
2. @19 1w @13lAaTEu (colchicine) HuannliinTsiinauaugarealasiuloy nassnaiiinliinanan

1 1
P =l

N AN @15 lAAaa284 (dichlovos) NEANAALNAILAZN3IA8RA (paraquat) N IEANYATTNT Ad1N1709N
Tinanstiadnfzedtasiulonluauuardndli danenaaiufzedionaunanaatisiiuansnonz e
(carcinogen) KU d138sWaMendi (aflatoxins) ANn@as LR W aNsEansTy Wufu
o a o @ . . a = o gy a A A
3. maaBaaudlunszuaunisdunmziniaue (DNA replication) Bawaia dnannlfinanisivavizean
uanualugans wazinliiiianisaau (shift) 789a1DNA
TunuafiBansnateiufiufalulusesl DNA Svaansnaenandnuairhlds generation sia i1
AINNN3ANEA4Ea8Y Tanaka (2013) GelfAnwnisnanaiugaestiu moB NAvuAnnIsasweni lulafinluue
a o a | . a v a o a
AR ludeTnvaneTiin 1 Streptomyces, Streptopolyspora uazli Amycolatopsis  taainfudaluwaaz udemn

{nguua3 Gene cluster nangaiianALANN19aT A wAN L laviRu unknown 1w u Streptomyces

coelicolor, Streptomyces avermitilis, Streptomyces griseus, Saaachaopolyspora erythraea i

TumainBanunisasearsuauslulesin unisinliifianisnaieiug unesnisnaneiugaesty

rpoB AANNTINNNLTUIU RNA polymerase (RNAP) B-subunit Lme\imiﬂmﬂW’uﬁmmﬁu rosL ALANNNTOLNY

' £
a 1o

13110484 ribosomal protein S12 T9ALAIN1ION IATUNAILANNIFAGIS A1INRENN N 1HN191U (silent) BgiTh
p q 9 al G4

'
=

Tianunsanianuldl (active) wazlungafivinllgnisfunuansuenslulainlus o
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o

AEN9IAHNNTINE wazanuRiINmaaediiudeya
anulunIsaiiuniiay  Afudieys @ @a0UANEIANARTNNZIA  NWRNINAEYINT AN
WALFDRENNOUENITO LO AR LW TNWNIFN: Thanaaunianzdueantisnulnuainfiemn - Aamdnseees-

anwuzstattuilumy (8 fretne) warthsauiEnuen neaeuNaNIeRIndn gung nnlinuui

fuungedds uavidunlinaaegney mmuwﬁ\iﬁnwmzﬁq@ﬂ'wLﬂum’mﬂu‘iﬂ@u (9 FNRENN)  FINVIS
WOITNANNLENALNIZIIUDN NI AUALNBUIN T AUIINIALATATEIINT (7 Faeing) WazWedtinannnie
AN AIMTATNNT (5 Faeeing)

v

aa o a a o al o o 1 dgl
AAfuNTNe Jduneussiallil

3.1 msuanidauaznisnasaugnaasuaud lulainanidaauanmlusadninlaanasiiuaz/via an

a [ & [=3 o 1
nznaunzia (Arad1anasii laannnisinumradieanuaulasanig)

3.1.1 wenimeanNeastinnss waz/sise nenautieds Inald selective medium 3 B8a Actinomycete Isolation

Agar(Difco), ISP2 ( International Streptomyces Project 2) way Starch Casein Agar(SCA) LLHﬂL%@IﬁU?QW%LLﬁQ

v
o a a

ﬂﬁuﬁ%ma@uq%%ﬁUHdﬂau%?ﬂ (Methicillin  Resistant Staphylococcus aureus(Hospital strains), Candida

q
v

albicans TISTR 5239) fauindeliasnuazainataiuuaiunwizide lua wis ISP 2 (MATzLa 50%) L

Pgounn 30 °Ciflunan 47 du

v
o

3.1.2 p9aaauANAINITnluN9a3N9ans uweuRluleAnduas  MRSA uaz/ vise Candida albicans #ngl
5 Cross streak  Inenaesimananmludednynlalmasiuenliludasuuatuaims 1ISP2 Idnuladumileaasany

wdotiuaaliiasgy  Agouuni 30 °C Wluwan 57 du udevn@eneasy ( Bacillus subtilis, MRSA 21, MRSA

22 uay Candida albicans) Maesliiasnyluanamas a0y 18-24 o ANy Misulfiuansazans

McFarland 911181181 0.5 #1 Strek Adwaanile TWisslfainiuuuwinisasnyaesda wiatudeselingumngd

al

v
o

a = o < Aa &4, A 2o o Al =
Anan 24 dqlug LWRRTIRE Clear zone NiNATU (V]M’W\i@’]ﬂLLMQﬂW?LW?MﬂJ@QLLﬂﬂmtuNﬂsﬂV]) 9NN 1

acillus subtilis

MRSA 21

WaAR LTEN \| i MRSA 22

Candida albicans

2R 1 NNImMeFeLNIIasNNansE U sadenaaeuLiiasfiu #9838 Cross Streak



3.1.3 maaganmmirgUimednginenzeade ateldatled ensagdnmuzslingme wastiuinm
d@els Tnethuesdludednynleloannuenlinn @eeliasuuaiumnzima #1 30 °C Wuwan 47 44 udo

nIvadaLANHULN AU WIneNelindesqansarl uazniesqanssAlBiannseu

e
Aada Ay

g a o o Ay o P =2 o = ~
314 AENUBAR UNETNTIAT9ENI00NOVENR HFed319a1959AdRY 1NN NANIAMANHUEN1NTUATILN
dsznis Fasnisdesuensiiunasanfuey 6i1e i TnsidenunAnsnyianun 15 93iaRe  A16-1, CH54-8,

NS2-2, NS2-3, NS2-5, NS3-1, NS3-1, NS4-2, NS4-6, NS5-1, NS5-3, NS6-2, NS7-3, NS3-10, WN-POR-06

dal dgl a dl -ﬂl U Qr A U o v dgl ‘ﬂl 1

315 asadertanavlanaieanseengns  preatnarsnadng  Anan wndesluenmsmasinud

winzanlnepeTaiedunanisasnaznIsaieansuemnsatiafine ) ududenldemnsivanzanigaly

NaALNIENIUNIN NNz 25-30%  UNluE Shaker 1 30 °C uazign 9 110 rpm waan 7-10 31 uén
< Y aa y dl % % . 1 o dll a T a o

Vumassoedatumies  &19808 Nornal saline Aeuinaaslyl freeze dry W@ AaRLAs s tnanse s lu

IA99N197 4 LAZ LIRS LA LNLALLNDNIAN AW UADANT LAWY wazn1sAnTaeas19anslulazannsh 3

3.1.6 nauilentiwemi luladn fauaedansnlaleian (ultra violet, UV) mN335989 Ekwealor and Obeta

o

(2006) ua¥ATUEY Veerapagu et al., (2008) lnasirateizesuansludednndnaenty 6 aranuglalu tubend
Unautasnd@a wen (vortex) Mt waqtinluanennelfsadsamsnalaamdunan 15, 20 wax 25 W 1ie

ATLNUUAANARBANIdLa3(10-fold dilution) Nuaauaselu 24 Microwell plate waqtlinailasaaada 100 ul ve9

£
o ] '

ANINIAAAN9N 107 UAZ 107 NINABAILILAIWANUNT ISP2 (1 3 ©1) LN@@a 30 °C 1l1waan 3-4 31 fUnmansoe

Tnlafimasyuuauenms  Andeninlatinaivansddinfigaaesnisdesuas UV Matsing uivlilueimsiy

B2 uazli 20% glycerol iiansasaaasludumall wazinanisiiuSnE@ass e

3.1.7 VARBLNITATNANIEONNYBANNTRTINAERUEAN treatment AN ] FAaenistnendefidenudoainnis

(%
o o

nlinanesiug uazmeAumn Naesluenmamas ISP 2 (MANzia 50%)  1u flask 211A 1000 mi Liniwa s

Uunguund 30 °C AnEasay 110 sausiawdl iuwan 7-14 4 afpson ethyl acetate waz methanol1ise
dl dl = o 12‘9/ o=l ] dJ d‘ [~ v e

solvent MuuzaNdY  AIraaeUliaANT  (IziAesiudenasandsunii Weliulnasaurniantimanie

LA Eﬁ'm) ma‘mfmmu@mmmﬁﬁmqmﬁmmmﬁumﬁwmm@umﬁfﬁmm Lechevalier and Lechevalier (1980)

3.1.8 wisaNaANeANE A1AUILAT2Y 16S rRNA 81 deaiTei iaiseangns wiseliiansana luamaivan

dumelfiaiogh 30 °C Wwnan 3-4 Ju Wead@eanyuda WUEadA2833 centrifuge  UTLIa& b4 absolute ethanol

a

newdnliarian DNA WntFunns DNA wazyin DNA 19i3gvisfag Test Kit Waz run gel AnelLpsed autosequencer

q

b4

WATALATITIIMNANALILLIATRY 16S rRNA Suaeduans usiadn visaveadias (26S rRNA) NH29n19#@NE"

L4

3.2 NMEANHNNSIATUUDIERA WATNITHARLTARIEA

NMIANEINNILATEY waznTHARTaRads lnadanlddas BS 6-1, BS 6-2 waz AS1-8 augnlfannnzia

Piagnn v masaunaainyluatmsdunnsiazensssiaid (nntudes)  laadssuazAnsnisasnylu
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87919 YM uaznIngnudies sanviannaaeefase1nsiingu o i PDA, Czapek Dox, Corn meal fufiu i
AentBunumin Tuiladeniaaesiwiien fu A 7 30 °C Wunan 3 54 WianisAnenl3unn wasaiannge lusiu

ANNANNARIN1T24IATINGT 3

WLNBWE: 8113 ISP ( International Streptomyces Project) LiuanunsiiANHAMANHALNNIIATTY 19U8

a o a
AR LN

Starch Casein Agar lsznaufing Soluble Starch 10.0 g, Casein 1.0 g, K,HPO, 0.5 g, Agar 15.0 g WAz Trace

salt solution 1 ml Fl@A14NT 1 ABIT

ISP2 tsznaudiag Yeast Extract 4.0 g, Malt Extract 10.0 g Glucose 4.0 g HUINALW 1000 Ml WAL

Agar 15.9

ISP3 tUsenaufiog 41918, 20 g, Trace salt solution 1 mi( FeSO,.7 H,0 0.1 g, MnCl,. 4H,0 0.1 g,
Zns0,. 7H,0 0.1 g), Agar 15 g #nau 1000 ml

ISP4 1Jsznauing Soluble starch 10 g, K,HPO, 1 g, MgSO, 1g, NaCl 1 g, (NH,),SO, 2 g, CaCO, 2

g,trace salt solution 1 ml, Agar 20 g, HUINAL 1000 ml

ISP5 Usznaufiog Glycerol 10 g, L-Asparagine 1 g, K2HPO4 1 g, Trace salt solution 1 ml (mﬁ@u ISP3)
Agar 15 g,1nau 1000 ml pH 7.0-7.4

ISP7 (Tyrosine agar), L-Asparagine 1 g, L-Tyrosine 0.5 g, K,HPO, 0.5 g, MgSO, 0.5g, NaCl 0.5g,

Trace salt solution 1 ml, Agar 20 g, Hnau 1000 ml

ISP8  isznaufine Beef extract 3 g, Peptone 5 g, KNO, 1 g, Agar 15-20 g 1104 1000 ml, pH 7.0
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UNN 4. WAN1SIAE

vy s o o A d e a2 oA dave o o o J
s lAuFetnaieLandawe AR lus@nNsEn e lid1niuinsanisidei 3 wazlnsanisi 4
YBILNLNNTAITEANIZIIU(WR91N) nnedauan(taa) wazthaneian (Runznew) Tuanneuen dandn
= = a |0y o o o a‘ll o o a s
WATATEITNTT (T 2556) Lsnaulnudihiemadaudnscaes Mhoeausadnguns(uncnan) (U2557) uaz

menan(wesin)asiaguns (0 2558) 1Huansil
1 WENLEALAARUNETN ANWAWINZLA WAz AN ANaULNDI8aY 2. YWAN 3. UASATEITNIT

11 Bvansuen@eusndluie@nannesimeiauasainazneuhmeiuaodnes o, 1uen Smda
UAIAIATININT TAEFLNEIINANNINNEIIL 23 Fathg IN1zdauen 16 fethe uazannmelay 8. aey 7
faeeine inueN@aLuemns 3 1inAe ISP2, SCA uat Actinomycete Isolation Agar WU waAR lusie@nann
Wastiinnzsn 2 lelman annimydsuanny 2 lelmien uasthaaaunuienilusiedn 52 lalaan a1ntiui

Faliitegns uaz iuinemealu e mnsfudea (slant culture) wazh -40 °C WasraninIzaunLuLe

'
a a

a0 oo A o | A & . o o A a0 oA A &
ﬂmtullf;leﬂm ﬂ’ﬂW'ﬂ\?uqﬂ?ﬂW'ﬂﬂNQ\? LL@z‘V\I'ﬂ\iuqﬂLLﬂﬂ muWﬂ\iu’]@'}ﬂLm:')\mﬂﬂWWULLﬂﬂﬁltuuﬂsﬁV} ﬂ’ﬂ‘V\l'ﬂ\?uqﬂQ@

129 uazrashmnu@mn  uananiidawusmziaioaan 1 alaannasiduaseeanizay

v
.
a

b. WayhduasaIninzu

a. WeashAsnyvieaduage aannizdauen

Py & Ao e
AINN 2 a way b WassanduIuenEme

o

o nll ay & 1 o d”
c. Washngnandudwan ] NAUUINENLTA

a

12,  Anmimeadesnseangnaniedanin aawdaniuenla
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v v L3 o
o A = A

L%”ﬂLmﬁﬁ‘[uﬂﬂ%mnvlﬂ‘ismamﬁwu NNEHA NI AziNIANEeengEEanLIecsu
Tneiannz ansdinuqawyid wax #u Candida albicans Aeqawvad imegey iy MRSA, B. subltils, C.
albicans Lﬂuﬁ”’amﬁmﬂaﬂﬁﬁuLﬁu§ﬂHﬁL%”@ Thailand Institute of Sciences and Technology Research (TISTR)
Fansideadeuenntultdnlfiesouue s 1SP2 Wiuaan 5-7 54 i 30° C rieunsmeseudnga cross

streak technique

WN_POR-06-1

27 3 weAR e ENLUA U ZITe AN YT LA UUATASITNIT IN1eTauenuazin1ea U lEi@es (RB-POR2-1) Aspergilus

tubigensis

v
o o

thideuenrluladnnletmaniing mﬁ’fl,ﬁu?qw%rl,lﬁqmmmﬂumm@ﬂqvﬁ; ude deunafide  uac
8ai Candida albicans wefide Bacillus subtilis TISTR 008, Methicilin Resistant Staphylococcus aureus
(MRSA 22, Hospital strains), Candida albicans (TISTR 5239)5’mﬂ’1?l,§ﬂ\‘n?‘ﬁyﬂLL'E]ﬂﬁiuﬂﬂ%ﬂlﬁ'ﬁﬂ;auuﬂ’mq?
ISP2 1lunan 57 44 @ 30° C AeunnsmARBUARLAR cross streak technique LailFanniia 3 Smdnliinan

I~ I~ . 20 o o o Y ' o o - Ly A
A1TNN 3, 4 UAT ANTNN 5‘W‘1_JQ’1LL@ﬂﬁ]TuﬁJﬁlsﬁ‘VmLLﬁIﬂIm@Wﬂﬂ’WﬂﬂL@u@\‘mqﬂuﬂi‘ﬂi‘ﬁi?ﬂi‘ﬁ‘ﬁﬂﬂu‘m\ﬁﬂﬂQﬂN

v a a

wanuaneuaznudndauluniaieanseengrsdudawiedls  weuanliludrewiraduueiludeniiniein

q

TnalannzagENANUAINAINIATTEaY WATTNNG  TanUueAR ude@nlu Family — Micromonosporaceae il

'
ot o =2

doulnn) uazdounniulalaliniddn  vise &n a1 Fadudnwoeiduendnenizeuensludednngus
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A13eN 3 uanRudanflduendedisminant e ludwmdnuasisssns AuantRnedugIneunlsznis

ALMANLRANIARBNTINTAE uaznBTan el

. Antibiosis to
o & L )
& < S 3 S a c (diameter of zone, cm)
a < S o 2 = = 8
@ g < S > S — ©
w - Q (% w < [ o
S T o 2 s ° s s 9
2 | 5 | B 5 5 | 2 3 9 2 = N &
< < 8 < 8 O @ = N N kS
5 3 o » 3 3 &S g
04 s . ifi
5 T < s Identified
NS1-1 - - - - Unidentified
NS1-2 W Bn Meso-DAP 1.5 0.5 - - Thermoactinommyces
NS1-3 LL-DAP - - - - Streptomyces
NS1-4 + O LL-DAP Ara, Gal 2.6 2.2 2.2 1.5 Streptomyces
NS1-5 W Bn Meso-DAP 1.2 - - B Thermoactinommyces
NS1-6 + D Bn Meso-DAP - - - - Micromonospora
NS1-7 Meso-DAP | Xyl, Ara - - - - Micromonospora
NS1-8 LL-DAP - - - - - Streptomyces
NS1-9 + G Y LL-DAP - 2.0 - - - Streptomyces
NS2-1 LL-DAP - - - - - Streptomyces
NS2-2 + W Bn Meso-DAP - 0.5 0.3 Nocardiopsis
NS2-3 G Bn LL-DAP - - 0.5 0.3 - Streptomyces
NS2-4 - - - -
NS2-5 G Bn Xyl, Gal 0.5 0.5 0.5 -
NS3-1 W DY S Meso-DAP | Gal 2.0 - 2.0 - Stretoalloteichus
NS3-2 + W Y S LL-DAP Gal 2.2 - 1.6 - Streptomyces
NS3-3 + W YBn S LL-DAP - 3.0 - - 0.5 Streptomyces
NS3-4 - - - -
NS3-5 BkBn YBn LL-DAP - - - - 2.8 Streptomyces
NS3-6 Meso-DAP Gal - - - -
NS3-7 - BkBn Meso-DAP Xyl, Ara - - - 0.2 Micromonospora
NS3-8 W P Meso-DAP - - 2.0 - Nocardiopsis
NS3-9 W C Meso-DAP 1.5 - - - Nocardia
NS3-10 W PY LL-DAP Gal, Ara - - 2.2 - Streptomyces
NS3-11 + W Bn Meso-DAP - - - - Thermoactinomyces
NS3-12 + Bn Meso-DAP | Xyl, Ara - - - - Micromonospora
NS4-1 WBn LY LL-DAP - - - - 2.8 Streptomyces
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N § é % 2 . i Antibiosis to
o | £ S| ¢ 2 z S 2 .
312§ ol ¢ - Sl 22|28 ¢
<1318 8| & ° Sle | 2|53
© dentified
NS4-2 + W BnPk Meso-DAP | Gal,,Man, Rhm | 1.0 - - - Streptoalloteichus
NS4-3 + DBn DBn h, R LL-DAP - - - - - Streptomyces
NS4-4 + + G WG LL-DAP Gal, Man 1.5 - - 1.2 Streptomyces
NS4-5 - - - -
W-
NS4-6 >G Bn R,h,l LL-DAP - 2.0 1.5 1.0 0.2 Streptomyces
NS4-7 + + WG Y LL-DAP - - - - - Streptomyces
NS4-8 + + G G LL-DAP - - - - - Streptomyces
NS4-9 - - - -
NS4-10 + W W R,ZZ | Meso-DAP 3.5 2.0 - - Nocardiopsis
NS4-11 - - - -
NS4-12 + 2.5 25 1.0 -
NS4-13 - - - -
NS4-14 + G Bn R, h LL-DAP - 1.0 1.0 1.0 Streptomyces
NS5-1 + GBn - - - -
NS5-2 - - - -
NS5-3 + + W PkO R, h LL-DAP 1.9 1.5 - - Streptomyces
NS5-4 + WBn | Bn S LL-DAP Gal 3.2 2.0 - - Streptomyces
NS5-5 - - - -
NS5-6 - - - -
NS5-7 - - - -
NS6-1 + w Bn Meso-DAP 1.0 1.0 1.0 - Nocardiopsis
NS6-2 + + LG YBn R, S LL-DAP - - - - 0.3 Streptomyces
NS7-1 - - - -
NS7-2 - - - -
W-
NS7-3 + + >G WY R.,h LL-DAP - 1.0 1.5 1.5 0.5 Streptomyces
NS7-4 - - - -
NS7-5 - - - -
WN- O-
POR06-1 + >Bk single | Meso-DAP Ara, Xyl Micromonospora
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2. wsniFauandludsdnananimeaidnouniewan uazanthmaauludmdnguns  meada

AN5RANONE WATMTANHIAMANLANUATUDINTUTAR

wsethenasifivliaininizuan Amdngung A1uan 5 e NIUENTaLUeINg 3 1HnAe

ISP2, SCA WAz Actinomycete Isolation Agar Aaensdnewasinfneaiimzialansi@e wazsinmafouanaas

[ o
a ]

Wasnfoadanages 70% 30 AU HnTudlunestn dszannd 1 nFu ninsanieainmanda 5 ml ua'li
viRunfaumInUALNNTlasinuas WaTudiunavidaaanaznay 1 linla aum 100 pl geasuladunumn
inoculate A4LUANURNUNIYA 3 1A (triplicate) naeliiiaatu waatildng 30 °C wWlunan 4 dland Tnedanm
g o & & a v a A a ° v a < @ o & &
@aLuaIUeIMINAUANY  @eueaR uEENNRIyLNAIUaTinnn wenitEgns was iuinemeiyly a1ms

A1 (slant culture) e ldlun1amaseudusiald uazi -40 °C iaiuinwnluszazano

19N 4 ueAR uEEnaInWestiinIzian AadRguNg NanANEMBLLEILATALIENLTRANIANIBUTRE

[}
o) 2} © hiosi
o 8 g © § N e Antibiosis to

o £ | & 0 Z2 |z 5 g

[0} > o > © — ©

w < 9 (% n < © % %)

o | s B - 5 ° z S 2 N S

@ 5 @ © 5 2 ) 9 ) N Q

< | 5 5 2| 8 o Z 3 & S
1} [} &) L .
S % & s |dentified

PORO1_LK_1 + OBn OBn S Meso - - - - -
PORO1_LK_5 - + C RO S Meso- Ara,Man,Xyl - - -
POR02_LK_3 - + S Meso- Ara,Man,Xyl - - -
POR02_LK_4 - + O O S Meso- Ara,Man,Xyl - - -
POR02_LK_5 - + CO CO S Meso- Rhm,Glu, Xyl - - -
PORO03_LK_2 - + OBn BnBk S Meso- Gal, Glu - - -
PORO03_LK_3 - + OBn BnBk S Meso- Gal - - -
PORO3_LK_4 - + OBn OBn S Meso- - - - -
PORO3_LK_7 - + OBk OBk S Mes- Man,Gal, Xyl - - -
PORO03_LK_8 - OBk OBk S Meso- Gall - - -
PORO03_LK_9 - + OBn OBn S Meso- Gall 0.2 -
PORO3_LK_10 | - + (0] (0] S Meso- Gal, Man, Xyl | - - -
PORO0O3_LK_11 - OBn OBn S Meso- Ara, Gal - 0.04 | -
PORO03_LK_12 - + OBn OBn S Meso- - - -
PORO03_LK_14 - + LO LO S Meso- Rhm, Gal, Xyl - - -
PORO0O4_LK_1 - + DO DO S Meso- ? - - -
PORO0O5_LK_3 - + O 0 S Meso- Gal, Xyl - - -
PORO0O5_LK_5 - OBn OBn L- Gal, Xyl - - 0.2
PORO5_LK_6 - + OBn OBn S Meso Ara, Man - - -
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° a oy A o = o ' o a o = o a
"Q’mﬂ’]ﬁ‘u’]LL’ﬂﬂMTHNWWWILLﬂﬂiﬂuNWﬂﬂH’]@ﬂmegﬂi"]\i mmmgﬂmwm aneuedraaduluiacanns

ngw aled winlfdalaudn dounnnuduearlusi@niuen lfarnwasitsnainmenani  uleaslusiadn

v £
o o a o A o

TunAA Micromonosporaceae ludawluey uaziierhandnmenisadanseangrsdudsqauvizdilowiu foe

33 Cross streak technique finudn lireanugnaduds anazlalsian PORO3_LK 9, PORO3_LK_11 uaz

@ v

POR05_LK_5 fianunsauaninnaanstudaliidniios

v v
o o a1

FITWA 5 WAAINNITUENITBNE AR IEEN A nthaeaudIndngunsATd 2 uazaniInmadeunVEaudise

a A o
AUNIE
Antibiosis against
g =
5 E | 8| & o
3 S = > Q 2
% 8 © IS g) < < e »
] = s} o 3| = Q = % 2 o ]
£ 5 IS © © ) = k= = 3 N Q
2 = ® 7 2| @ s & El S p e 3 2
£ © o 5 %]
s ° 5 g 2| 8 3 o 2 3 4 3 ®
< 2 @ < @ S| & O @ o % = wi S
CP-PH 2-2 SCA - + Meso-DAP - - - -
CP 3-1 M4 - + Single Meso-DAP - - - -
CP 3-7 M4 - + Single Meso-DAP - - - -
CP-PH 3-2 SCA - + Single Meso-DAP - - - -
CP-PH 3-8 SCA - + Single | Meso-DAP - - - -
CP-PH 3-9 SCA - + Single Meso-DAP - - - -
CP-PH 3-12 | SCA - + Single Meso-DAP - - - -
CP-PH 3-13 | SCA - + Single | Meso-DAP - - - -
CP-PH 3-14 | SCA - + Single | Meso-DAP - - - -
CP-PH 3-15 | SCA - + Single | Meso-DAP - - - -
CP-PH 3-16 | SCA - + Single | Meso-DAP - - - -
CP-PH 3-17 | HV - + Single | Meso-DAP - - - -
CP-PH 3-18 | HV - + Single | Meso-DAP - - - -
CP-PH 3-19 | HV - + Single | Meso-DAP - - - -
CP 8-4A M4 + Bn | Spiral | LL-DAP + + + +
CP 8-4B M4 + Bn | Spiral | LL-DAP + + + +

HANNIANHIANTBRNONEANNUWEAR ILNETN wazn1adealuemaman 2eame i lfandsudagunswudn
Hanz leloian CP8-4A uaz CP8-4B Wit Wigvduds uuaiFaunsuuinuas C. albicans fitanaaey

= yyo & A a - ' AWy o A o
@Qi@quqL@ﬂ\uW@N@mLsﬂ@@ LL@%’&’]?‘Jﬁuﬁmuﬁﬂﬂ'ﬂu VL@‘E‘HL@[:*IWLNMNQL’QT]M]L@‘ﬂﬂuﬂm%@ﬂunﬂﬂum



3. wansusnidauarnludedinansunznauihmaauinusiinlusmwinssaasuaznisagay

AMANLANILARIDINTITAA

19w 6 waARuie@nuenFlusann thaaaulinudinieen a. szees AUENTENIdgIWInNeILNg

dsznisuazpuaniiniuaivesisaad

Actinomycete ID Aerial Substrate Soluble Cell wall | Sugar in whole Identified
mycelium mycelium pigment DAP cells

RY 2-20 - (0] - Meso-DAP Ara, Xyl, Rham, | Virgisporangium
Man

RY 2-21 = (0] - Meso-DAP Ara, Xyl Micromonospora

RY 2-22 = (0] - Meso-DAP Ara, Xyl, Rham, | Virgisporangium
Man

RY 2-23 - (0] - Meso-DAP Ara, Xyl Micromonospora

RY 2-24 - (0] - Meso-DAP Ara, Xyl, Rham, | Virgisporangium
Man

RY 2-25 - (0] - Meso-DAP Gal, Xyl, Ara, | Virgisporangium
Rhm

RY 2-31 - LY - Meso-DAP Ara, Gal, Xyl Salinispora

RY 3-32 - LO - Meso-DAP Gal, Ara, Xyl Salinispora

RY 3-33 - (0] - Meso-DAP Gal, Xyl Spirilliplanes

RY 3-37 - (0] - Meso-DAP Ara, Xyl Micromonospora

RY 3-43 - Bk - Meso-DAP Gal, Xyl Spirilliplanes

RY 7-86 - (0] - Meso-DAP Gal, Xyl Spirilliplanes

RY7-87 - (0] - Meso-DAP Gal, Xyl Spirilliplanes

RY8-80 A1 - YBn - Meso-DAP Xyl, Ara Micromonospora

RY8-80 A2 - YBn YBn Meso-DAP Xyl, Ara Micromonospora

RY 8-80 B1 WG WG YBn Meso-DAP

RY 8-80 B2 Bn YBn YBn Meso-DAP

RY 8-81-B1 G YBn YBn Meso-DAP Gal, Xyl

RY 8-83-A G YBn YBn Meso-DAP Gal , Xyl

RY 8-83B1 G Bn Bn Meso-DAP Gal, Xyl

RY 8-83-B21 RBn Bn Bn Meso-DAP Gal, Xyl

RY 8-83-B22 DBn Bn Bn Meso-DAP Gal, Xyl

RY 8-83-B31 BkBn RBn RBn Meso-DAP Gal, Xyl

RY 8-83-B32 BkBn RBn RBn Meso-DAP Gal, Xyl
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unnewme): Bk= Black, Bn= Brown, BkBn= Blackish brown, DBn = Dark brown, G= Gray, LBn = Light brown, O= Orange, LO=
Light orange, LY= Light yellow, RBn= Reddish brown, Meso-DAP= Meso- Diaminopimelic acid, Ara= Arabinose, Gal —

Galactose, Man= Mannose, Rhm= Rhamnose, Xyl= Xylose

HARINNNTILAINEAARANTRNI AR TA] wAZN19RIIRRANT T LTealARNaT 9 TRLe AR TuNE

o A P Ay a \ o o o o ] P a0 o o
sﬂﬂﬂLLﬁﬂvLmsLWN VNVIVLQQ’mUiL’JmﬂW’]ﬂL@u @QMQ@?NW? LAZANUNIATLEAINWLINAIUNINLLAN LﬂuLL@ﬂquNﬂsﬁV} sLu

nﬂ;u Family Micromonosporaceae (Maldonado, 2005a) gniulelmani CP-8-4A uay CP-8-4B  Miflunupiiise

v v
o o o

luAtia Streptomyces UA¥A3NANIRBNY MBS LEILLATIEUWAY Candida albicans HANN

4. MSANMANHULNNAUFIUINEUAEMTANANANTAN M EMWEATLNUsENNS

o

m@mimm@@ﬁnwngﬂéwmqﬁmiﬁuﬁmﬁﬁmﬂqL%y@ LenRluiedndidents %amm@qmﬂﬁmﬁm%mmﬁ
(light microscope) liufiaadiss uazisiensatng ‘Emmﬁym‘l,ﬁm?muumummi ISP2 71 30 °C iluan 5-7 5
riaw fix Hagl gluteraldehide \unan 1 Au(risfaagiiiweds Lﬁ@iﬂiﬁqmma) uiadehydrate theanfaada
neged wWesiiussing < (30%, 50%, 70%, 85%, 95% uaz absolute ethanol ) udarinliiuiiafiaeis freeze dry ¥se

A3 Critical point drying (CPD) ABUAADLAILND LLE\?Q&]?’J@@]%QEH&'@\? Scanning electron microscope (mwﬁ 4)

WD= fimm  EHT=1000KV

) VL
WD= fimm EWT=1000kvV  Signal A= SE1

Mag= 250KX WD= 12mm  EHT=1500kv  Signal A=SE1

—_ Meg= 200KX  WD= {imm  EHT=1000kv  Signal A=SE1




Mag= 500KX

WD =

EHT = 10.00 kv

Signal A = SE1

Mag= 200K X

WO= 11mm

EHT = 10.00 kV

Signal A = SE1

CH54-5
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— Mag= 550K X WD = 10 mm EHT=1500kV  Signal A= SE1

— Mag = 5.50 KX WD= 10 mm EHT=1500kV  Signal A= SE1

EHT=1500 kv Signal A= SE1

pa
PORO03-LK

WD= 10mm  EHT=1500KV  Signal A=SET Mag= 4.00K X

_5-

i)
-14 PORO5-LK

Mag= 200KX WD= 9mm 1 = WD= §mm

EHT=1000Kv  Signal A=3SE1

Streptomyces CP 8-4 A Virgisporangium RY2-2

a4 aawann nneléndas Scanning Electron Microscope T@duaniludednanntisiansing 1 WBnaneils Streptomyces
A1-3, A3-3 (*7;m"]umiLu‘T‘imﬁﬂﬁﬂawﬁuﬁﬁmLm UV u&n), Streptomyces CH54-5, A16-1 thanaiau NS3-3, NS3-7, NS3-10,
NS4-3, NS4-6, NS6-2, NS4-14, CP8-4 A,RY2-22 LL@:“?]IPL%@’W]WQQ‘L{’] POR02-LK-2, POR02-LK-5, POR03-LK-7, POR03-LK-8,
PORO03-LK-14, waz POR 05-LK-5
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[% 1
o o a el

NNIAINRALUDAR WTETNT Hian90angnBtudaqauisdna - LayMIeas 19819 ueLyaBATEA AN

[
o A a o

= -ﬂld 1a a o -ﬂl d’l b4 i o o = Y o A =3
WQL%@LL@QWIHNETWWN@QL@N uazueni ludedniuanga s ludlusmdnuasATassusnd 1AARLRaNuIANEN
o = o & o = = v o -dl dl
AMANLANINANTAINUILTAR LL@&QM@HHNSTQLﬂN‘LI’]\TJJi‘ZSﬂ’]i IRHARIANINHANNINARRN 7 UAZNNA 7
n:ll a L = o 5 da/ -:ll b4 oi/ a n:'ll N vy nﬁgj o o
N9 8 uaAINARATZINIAT N gTaTa IFannWasin Uinnnizian LW'ﬂlﬁiﬂﬂ@H@N’mﬂuﬂqﬂ?ﬂﬂ’]?

tevanatinlussAuana

4.1 HANNTATIAFDUAMANHUY NINNNTUATNLNNUTZNNG TaILaAR UL EENTAENe A198UEI9aUnTE

v
o «

a o = = a o o A gy o a A 4 v
AN 7 ﬂm@ﬂ‘]:rmmn%ﬁ%%ﬁ’)Lﬂlli_l"]\‘iﬂi‘tﬂ’ﬁ YRILAAR LUHETNN AT mmum%umﬂ WLAT/UTB @W?ﬁ]"]%'ﬂiéﬁ;ll@

Rl
1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15

Character
Production of Red | Yello | Yellow-
diffusible pigments W brown
Growth on sole carbon
source (1% w/v)
L-Arabinose + w + - - + + - w/+ w/+ + +
D-Fructose w/- + + - - + + - w/+ - w/+ +
Meso-Inositol + w + w/- - + + - w/- w/+ + w/+
D-Mannitol W w + w/- w/- + + - w/+ w/+ + +
D-Raffinose W + + w/- w/+ + + - w/- w/- - -
D-Rhamnose + + w/- w/+ + + w/+ w/+ - w/+ +
D- Sucrose + + + + w/- w/+ + - W+ + + w/+
D-Xylose w + + - - w/+ + - W+ - + +

e © w= weak, 1= A16-1; 2= CH54-8; 3= NS2-2; 4= NS2-3; 5= NS2-5;

6= NS3-1; 7= NS3-1; 8= NS4-2; 9=

NS4-6; 10= NS5-1; 11= NS5-3; 12= NS6-2; 13= NS7-3; 14= NS3-10; 15= WN-POR-06

4.2 NATBINSANHIAMNIUNITANUDIDIMNTTUARN ] ABNITIASE / R155IATRAL UDILAARLUNETN

a0 oA A gy o S o g a . A =
LLﬂﬂquNﬂsﬂmm’&?qﬂiﬂﬂqmq LL@%@W?@@ﬂqWﬁWﬂ @mﬂu’m’]Lmlﬂuﬂ’mqﬂumma a'| LNAANIIAITN

]

o o

mmmu‘Lunm@?ﬁcy‘Lummﬂﬁmfuj uTaAnINIENsRdRg - Ieedadenanuendlultdniisidnns
L‘-ﬁﬁyLﬁuimlﬂﬁLﬁﬂﬂﬁumﬁ”ﬂ\ﬂummi Glucose-Yeast, ISP2, ISP3 (Oat meal agar), ISP4 (Inorganic Salt
Starch), ISP5 (Glycerol-Asparagine), ISP7 (Tyrosine Agar) Waz ISP8 uafinnaed 8 TagidenAnEainue
ARTTEN A1-3, A3-3, CH554-8 waz A16-1 Taiiluuepiludednienlfanavsads a. 90173 uaziuenly

v
o

Tnlannihaneau Sswdaunsdzsssnsa suisanuilslaloiannlfaininizdauen  nsAnEnaEsd azinli

o

=2 ==II o dy a = =d| ' =ﬂ| a dy d’j ‘ﬂl = a a
NTIUINBRIUITN LMNW’&NﬂUﬂ’WL@EQLL@ﬂﬁ]iuﬂJﬂsﬁWVl’&qﬂ AAUNAZANITRENLTNIUNINAU WA ANHIRNTULAURDANT
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A o

- = a v o a N a A a o A Ay
BAUN TN ’ﬂﬂL@@ﬂi‘]ﬁQu’lﬂm ﬂ’]VLNN'NLLm\i wedreweTdirananla eudn fiduwemsluladnnaseaisaan

v
o o

P = e a = o a
VEINANINYiTaRaNAdn A RSN NTEUENAIE ("N 5, 6)

= N = I T a0 o o =
ANTNN 8 WANITNAKALNITIATEY LLZ\]%ZWJ@QNﬂQMQWLﬂ@ﬂu1ﬂ°ﬂ@QLL@ﬂ[”lIuNﬂsﬁ‘W LUDIWNTTUARNIN ]

Isolate ID | Glucose-Yeast | ISP2 ISP3 ISP4 ISP5 ISP7 ISP8

extract (Oatmeal) (Tyrosine)
A16-1 +++ P/P ++++ PR ++ W/W ++ CW/C ++C/P ++ W/P ++++ G/PBn
CH54-8 ++  CWILY ++++Bn/BnY +++ WP/WP + C/C ++ C/C +++ BnR/BnR ++ W/LY
NS2-2 ++++ LBn/Bn ++++W/BnY ++++ Gn/LBn ++|- C/C +++Bn/Bn ++++ Bn/DBn ++++Bn D ring/ same
NS2-3 ++++ W/BnY +++ W/LY +++ LG/LG + C/C ++ W/LG +++ G/ LG ++ W/W
NS2-5 ++++ W/BnY ++++ GBn/BnY | +++ CBn/CBn + C/C ++ W/LG +++ W/ LG +++ W/W
NS3-1 ++++ LY/LY +++ C/ LBnY + C (no aerial) NA ++ WC/WC | +++ CY/CY ++++ LY/LY
NS3-2 ++++ W/BnY ++++ W/ WY + C (no aerial) NA ++ WC +++ CY/CY ++++ WLY/LY
NS4-2 +++ LBn/Bn +++ Bn/ BnY ++ Bn/.Bn + C/IC + C/IC +++ BnP/BnP +++ Bn/Bn
NS4-4 NA ++++ Bn/BnY NA NA NA NA NA
NS4-6 ++++ LBn/ LBnY | NA + C/IC +C +++ CLBn | +++ PBn/PBn +++ Bn/Bn
NS5-1 ++++YLbn/same | + C/C +++ WC/C +C +C NA ++++ LBn/LBn
NS5-3 +++ WY +W/C ++ W/W NA + W/W ++ W/W ++++ WILY
NS5-4 NA ++++ W/LBn NA NA NA NA NA
NS6-2 ++++ WY +++ WC/C +++ Cno aerial | NA +++C +++ LY ++++ CLBn
NS7-3 ++++W/Y ++++W/Y +++ w/C NA +++ C +++ LY/LY ++++ LY/LY
NS3-10 ++++ W/BnY ++++ W/WY +++ WC NA ++ W/WC NA ++++ LBn/LBn
NS4-14 +++ C +++ C NA NA NA NA ++++ W->LY/LY
WN-POR-06-1 | ++ Bn no aerial ++++ OBk +++ BnY NA ++ LBn +++ OLBn ++++ O->Bk

wnewn: + liddesasny ++ winylda  +++ Wsnytuiungns ++++ 193 uazhinan Bk=black, Bn= brown, C= cream, CY=

cream yellow, G= gray, LG= light gray, LBn= light brown, W= white, WC= whitish cream,LBn= light brown, O=orange, P=pink,

Y=yellow, NA= not applicable




23

i 5 NIRTNIHAZNNIATNANTNATAL LURMNTHARN (a=Actinomycetes Isolation Agar, b= ISP2, c=ISP3, d= ISP5, f=

Starch Casein)194 WaARTe@N CH 54-5 uay A3-3

NN 6 MIATTYUAZNNIATINAN9T9ATRE LaMNITTiARNg 1es ueARludedn  A16-1, a UBISP2, b Uu Actinomycete

Isolation Agar, ¢ U Starch Casein Agar, d UU ISP5

@ Ny o ' a A N e X - Ao ) A = :
@ZL'VINVLWHWL@HQW TUAUNBRIRTINNT m“ﬂ‘ﬂﬂuﬂummﬂﬂﬁ‘znﬂummmrﬁlmmi‘wﬂummmmmum UNARBNNT

\sTYFL LA NNNTAA&51959A3RN RS Ue AR TWTREN

£
o o a

4.3 HAAMNNISANHINITIATY WASNITREWNANTDANONBLUEIRAUNZEN pH 6T

v
o o

! 2 i o« 1 &
anfilfiAnRenmeNaseaseana s/ :aAdng 1A umeaeLgBdLEsqaunEd MRSA 21, MRSA 22,
MRSA 39 uaz C. albicans 7 pH 7, pH 7.5, pH 8.0 uaz pH 9.0 [WAANHIANUNIZANTAY pH AaNITIa3tyuas
nedseanseennye duds IHuadinianed 9 uanldnudiuensludtdndsuluaiaslinlumans o pH saumi

nsasvanseangnatan ey 7 pH nlAwdwa Alddanasanisa$ns uidineaiansléin ull pH azgatia 8.0
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=

2 7 a, b Tasunlnunsnaesnirasinaiinesinnnanieli whole-cell hydrolysates a89ian lue@ni

v v
wen@aliann thaneawlu Amdnssans Sdaguns way ¢ usdIuaINWetIERIINIZAN AIUTATNNS
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Glycine

Meso-DAP

AN 8 a, IArun RN 1B9N1TIAIITY DAP ANUT ilmasvedlen i ladnaininisuan b, Tasunin

a f!)s, d' & a o
LNTNTAINTILATIZTENAaNNL W whole-cell hydrolysates VRILIARLAAR lUNBTNANNNIZUAN

dl dl =3 Yo a o a dl b4 031 a
uaanlasunTaunsnlunn # 8a uazn i 7c azwinlfdnuemmlude@niuanldannwastintiion
v 1 1 v
in1zuaniiis § Diaminopimelic acid AfluaAlsznaunnissasein Meso-DAP uaz & glycine wazlunmaiilu
l v 1
agAlsznaLnangTialaganIzesNeEe Ymna Xylose, Arabinose, Mannose WAy Galactose %ﬂLﬂuqm&uﬂﬁ

UDIHILTARIBSUO AR BTN TUNGN Micromonosporaceae
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meNen 10 weARlusieEniuen fainthaiamudandaguneaiausnuarauananiedugudneuielsznis

WATNNLANUDINTIITAR

Actiinomycete | Aerial Substrate Soluble Cell wall DAP Sugar Pattern |dentified
D mycelium | mycelium pigment

CP 2-2 - O - Meso-DAP Ara, Xyl Micromonospora
CP 3-7 - LO - Meso-DAP Aa, Xyl, Gal Salinispora

CP 3-8 - LY - Meso-DAP Ara, Xyl Micromonospora
CP3-9 - BkO - Meso-DAP Ara, Xyl, Micromonospora
CP3-12 - BkO - Meso-DAP Ara, Xyl, Rham, Man Virgisporangium
CP3-13 - LO - Meso-DAP Gal, Ara, Xyl Salinispora
CP3-14 - (0] - Meso-DAP Ara, XYI Micromonospora
CP3-15 - OBn - Meso-DAP Ara, XYI Micromonospora
CP3-16 - (0] - Meso-DAP Ara, Xyl Micromonospora
CP3-17 - LO - Meso-DAP Ara, Xyl, Gal Salinispora
CP3-18 - (0] - Meso-DAP Ara, Xyl Micromonospora
CP-PH-3-22 - O - Meso-DAP Ara, Xyl, Rham, Man Virgisporangium
CP8-4A DBn Bn Bn LL-DAP Gal Streptomyces
CP8-4B DBn Bn Bn LL-DAP Gal streptomyces

5. NMSIALNEaLaARluNEENUTNIMNNINNaN1sANAENS  iNadamadse liidulAsanng 91 3 wash 4 4 usy

NIMARBLINVETININEY (antioxidant) wazdins1ziingalasii (119197 11)

a

a0 o A o A A a - A Py d‘ ° g
LL@ﬂquNﬂsﬁWV]ﬂﬂﬂmL@@ﬂLW@N@mLEﬁ@ﬂLE‘quN']ﬂL'Wﬂﬂﬂmﬂiﬂﬁ\']ﬂ']?w 4azn 3 Imﬂqzu’]ﬂql@ﬂ\‘i

luaynaiman ISP2 438 Glucose yeast extract luinan 10-14 44 # 30 asAgadaad wen@aialiianniaAn
110 rpm WLLTAR AReRT centrifuge WENITAS LATAIUTRIBIMNTALITERNAINTL  iNeARsesflinngm

lusi waz asuwauneanduawst wedadumadidlen  Telduniuwemd luwdadnsalid (nneh 11)
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AN99n 11 waeR ednd ifanaen BwalfiasameBunnminietingainseanisi 3 waslazanisi 4 1ian1s

AAFITENTIANU LAZATUDURDBNT WAL

Isolate 1D Fatty acid Antioxidant analysis Crude extract(g wet

analysis wt/ medium (ml)

a o o a
LaARTWLdEN [NAUNYT

CH 54-5 Cell Cell and medium 88.74/2,250

CH54-8 Cell and medium 75.55/1,500

waARA TN AntaL

C15-1 Cell Cell and medium 35.30/700

A16-1 Cell Cell and medium 18.56/1,000

weARtTEEN AN WATATEIINIIT

NS1-2 Cell Cell and medium 14.22/500
NS2-2 Cell Cell and medium 73.15/500
NS2-3 Cell Cell and medium 5.56/500
NS2-5 Cell Cell and medium 12.33/250
NS3-6 Cell Cell and medium 17.91/250
NS3_7 Cell Cell and medium NA/250
NS3-10 Cell Cell and medium 14.28/400
NS4-2 Cell Cell and medium 12.78/250
NS4-4 Cell Cell and medium 5.44/250
NS4-6 Cell Cell and medium 67.5/2,250
NS4-10 Cell Cell and medium 7.57/250
NS4-14 Cell Cell and medium 41.64/1,000
NS5-1 (Glucose-Yeast extract) Cell Cell and medium 29.51/250
NS5-3 Cell Cell and medium 6.54/250
NS6-1 Cell Cell and medium 1.95/250
NS6-2 Cell Cell and medium 33.2/250
NS7-3 Cell Cell and medium 16.19/250
NS7-4 Cell Cell and medium 35.8/1,000

PO b
waAR ludaTnLanaInWastin

WN-POR -2-1 ACT Cell Cell and medium 27.82/250

WN-POR-06-1 SCA Cell Cell and medium 142.19/1,250

RB-POR-02-1 (Aspergillus) Cell Cell and medium 49.53/1,250
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51 mMeiRzekanituladnlEanunnn wasnsANMUENMEsENANENUABUNSNAEWUE

L 12
o o a

g a o < ° v a o L6y a g v ~

naidsuealudednTuliunomonay  dwmfualiaiinudn Wignedudann  lddsiemeuuniite
Ineanizsiaiin MRSA \Iefiadl Candida albicans viseaannvadudvdeatnglaasnmily sonvisuenmludedng
1isandnnuseansd visedl soluble pigment AxAEONNNTUANMNIREAUTOUTHIUNN AZYNADNNINARBLNNS
Py P A = a o a a aa o & ' = Py
wenlueITiAFg ) INeANEINRTTYLATNNIATNEN YA NITUA1TAN 45192 NeunaziaeslulENIaman
13U Tnedenaiaiaieansiiunnunaealiuenyng ISP2 @113 Oatmeal Wa¥81113 Starch Casein Agar 1agl
e 71 30° C daeld 7 41 wudn eawns 1SP2 uenwsideyndaanunsnsiylin uazateaiseengms i
NINN9127918 Oatmeal WATAIMNT Starch Casein  AIIUNNTALILEINIUNINTWNEATAA1IRENNIMARBLIGNEN
Fannaesueam ludedvasiiaueai lultdnAn@enien uasiuenimelflud Ae A3-3, CP-PH 3-2, CP-PH3-
12, WAz CP8-4 A (20.6 g/ 3) azidealuenyns ISP2 (Malt extract-Yeast extract) WeinivaliianniAnAanuasay

110 rpm WA 7-10 34 WBUEad Fedt centrifuge WENKIAR WATAIUIBIDNMNIALLTRRBNAINAN  LiNe

ApmeitBunungaledy war ansuaueantuaud lnodaduaaditdonldadalnsanis? 3 uaz 4 (M19199 12)

A & e - ac o o o any - & & P oA = o 9
AT NN 12 uqﬁuﬂLeﬁ@@LL@ﬂﬁlIuNﬂsﬁV] LL@zm’]ﬁ'@ﬂmWVLﬂ'ﬂ"]ﬂLsﬁ@@ /ANMNTALNETR  ISP2 NAUNAZLUULIIUIAIILAN

uv

Actinomycete ID wtin ad (g) wwinansanafla

(wetwt) AR (mg) medium (mg)
CH 54-8 23.4 g 27.3 mg 19.7 mg
CP -PH-3-2 5749 31.2 mg 20.3 mg
CP-PH-3-12 5.0 g. 30.0 mg. 22.2 mg
CP 8-4-A 28.1¢ 170 mg 54.6 mg
RY 2-20 84 g 170 mg 54.6 mg
A3-3 11 culture madium 0.7977 g NA

52 msulgaiiuanfiulednlinananug seeussaansilalaian (ultra violet, UV)

Fnsdnin Ifimenansiugiiaauas UV azi atlefaasi@ann expose siawas UV luszes 30 9. 7

A1 15, 20 LAY 25 WA Laatinale i expose @3 UV (Ekwealor and Obeta, 2006; Veerapagu et al., (2008 )

LANALNLUANUENMNIINNZaNTEA (ISP2) wasantiu@aliiesoi 32°C uda avmmadeudniaanialail

q

2

J A oy A S . 4 c nyy Ly A .
109178714319 8198 udungn (uszaznafideawin i) Rdanauivlifaenilan uiadasnanisainaismm
TulailutFunne 250 mi (3 41) FINLEAR LAZAINBNWNTIRLNIES &8 methanol LAz ethyl acetate MNANAL

waziBaue Uiy NN9a39ansANNLeAR LT NAauAay expose Aaead UV IENARIAI97199 13
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o oy A a0 o o o & o v He v A \
@qﬂﬂqﬁ‘ﬂﬁ'zﬁluiﬁlﬂj@LL@ﬂquNﬂ’ﬁﬂ 6 A18NUN ﬂmf;lwuiﬁmﬂmiﬁﬂﬂ?da@@mﬁiﬁﬂL@[ﬂ‘Vl?%EI:Lmem\‘i °'|

a q

al

4 A 15, 20 WAL 25 W7 waddaaenialaiiimeinisaseddinngs 18uA MUCP-PH-3-2 71 25 1, MUCP-

q

' 1
al

PH-3-12 71 25 W%, MUCP-8-4-A 71 15 11, MUCH54-8 #1 25 141#, MUA3-3 11 20 W1# way MURY2-20 71 15 1

WNWALNLUENMNT ISP2 Unguuni 30 evmaaded Wioan 4 4

q

-

a o dl ¥ o d' o v [ A a rd‘ =2 Y v
waARlwsir@nf liinmtaainlinaesiug AzgnIAeNNIFTENTAA LN AN N lENAe

oa g a o o = o= A o P o o .
qanssifaiannsau  laanisidesueni ludtdniazdnm Tinesvasnaiealad uuaiwns 1ISP2 wAsaINil fix
faaansnguaiantas 1 A Avsssaeanmiineiasiieananumadion §anaaed 30%, 50%, 70%, 85%,
95% uaz absolute alcohol W lUnn Hmaguiie (freeze dry) udnasanudnenesnewdnenalfindes faluning

9

]
EHT=1000kv  Signal A= SE1

EWT =1000ky  Signal A= SE1 fag = Signal A = SE1

¥
o o

= a0 oo Ay < a Ao o a o = o qu o & Y
NINN 9 LL'ﬂﬂquNﬂsﬂNW@Tqﬂﬁqiﬂﬂﬂquﬁ UENRUNTEY LL@:M?WM@‘@H@@M: WquqLﬁuﬂQuqluﬂﬂr]ﬂwuﬁ; AVEILAN UV :

CP-PH 3-2, CP-PH 3-12, CH 54-8, CP 8-4 A, A3-3 llay RY 2-2
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dl oy % o :/, dy d’l a v ' v A v o al o e
13N 13 u’muﬂﬂﬂﬁ‘@ﬂﬂmﬂﬂuﬁ@qﬂﬂqﬂﬂﬂx‘iL‘ﬂ’ﬂLL'ﬂﬂﬁ]IuNﬂﬁTWlﬂ@uLLﬂzﬁﬂﬂmi‘V]ﬂ’)il’i\m'ﬂ@ﬁl‘i"ﬂ'ﬁ’m@ﬁl

TeueAiluly | thwingnsainanniaad (g/250ml) | wminieded1sainannanunsiag squiuTing1sannianne (g/250
T e ( g/250 ml) mi)

fauyisn Uv NN UV fauyisn UV A VI UV fAauyisn UV PRI VTN UV
CP-PH-3-2 0.082 0.114 0.059 0.058 0.141 0.172
CP-PH-3-12 0.020 0.124 0.033 0.065 0.053 0.189
CP-8-4-A 0.142 0.194 0.063 0.064 0.205 0.258
CH54-8 0.103 0.153 0.060 0.086 0.163 0.239
A3-3 0.158 0.170 0.068 0.069 0.226 0.239
RY2-20 0.121 0.084 0.063 0.051 0.184 0.135

ANNINARDUT

WA 10 N19EENTIAdAL 1eduenRlulEdn A3-3

NRINWRENFeUad UV 20 WA Lua g ISP2

TOURAR UNETEN 6 THA NTNIMTENINAELEY UV @9ulnnudngdseansle

Wna luszAunile anduadaiende  RY 2-22 7 @59ansanas Wathieyanlfunasadunsnuis uanssaly

NN 11

Crude extrac

0.3

t 9/250 ml

1 2

3 a4

5 5]

H CP-PH-3-2
= CP-PH-3-12
o CP-8-4-A
HCH54-8
mA3-3
®RY2-20

1=Cbefare Uv; 2= C after Uv 3= M before UV, 4= mafter UV 5 total C+M

before LW ; 6= total M after UV

dl o dl o v :/l & dy lﬂy ' dl o o dl ° v
217 11 1Bunudsaianeunaia lianisraditad wazaNnamnnaeada naunsmientn uasuaaniawilaatinfoeugs UV



32

5.3 N19A929RALRIALSENALARIRSENARENARA Thin Layer Chromatography

TunnTusnansanan lEannue AR TuTeEn Tmaﬂﬁmmﬁm'ﬁliﬁmqrﬂmuul,l,r:iu TLC (silica Gel 60) Taaiszuy
siavinazaneiu paalivlefu : umues Tu Shdu 9.5 0.5 ilefiansanen R, 184NgNaNsainaNLe AR e
Inreuuazvaayindafsdsanslalaian wudh weadludedn MUCP-PH-3-2 liflnnsaiaansfiden R, 0.6267
wapRTtEN MUCP-PH-3-12 finsasanmunnaiiadunslusaduazuanizad nanaie Snnsasansiiilen R

o

0.1831, 0.2958 uaz 0.7500  waARuTedn MUCP-8-4-A At lugadifufinsainsansuinaiinduia 6 1ila
Feanniadiuazenaiaeaide THun ansfiilen R 0.1710,0.5658, 0.6316, 0.6842, 0.7434 uax 0.8158 ueARTE
Tnaia MUCH54-8 Rnnsaineanseensnueniaadunneiiain liur ansfiilen R 0.2222 uaz 0.2986 uemdlue
Fnavia MUA3-3 finnsainsanawilentuide A3-3 uay ueaRlusludnsia MURY2-20 lifin1sareansiislen R

0.5067, 0.7333 LAY 0.8267 LAAIAINING 12 WATA1I9N 14-16

23 12 TAasunInunIy 289N1TANEIRIUIN component ANTATALEWE AR BTN AULAZUAT ANHNULEs UV
= - o a o p o A o & A A o o
AT 14 LAASASALTYNALIIANTAN AN LTAUAAR W TNNaWMHaNIN NauAUmaNtaqtinfoeLas

UV UA2989 CP-PH-3-2, MUCP-PH-3-2, CP-PH-3-12 Laz MUCP-PH-3-12

A1 R, 284 components
CP-PH-3-2 MUCP-PH-3-2 CP-PH-3-12 MUCP-PH-3-12
AR YA | LIas UAE | Has UNAEN | Las TABIN
component

1 0.0933 0.2267 0.0933 0.2267 0.0486 0.1127 0.0422 0.1250
2 0.1467 0.2800 0.1467 0.2867 0.1250 0.1901 0.1197 0.1944
3 0.400 0.4133 0.2606 0.1831 0.2778
4 0.6267 0.3944 0.2958 0.4167
5 0.5000 0.514
6 0.7500
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AN3190 15 WARIBNALILNALUBIANTAN ANENLUBLAA A LS ENAauMTRENUN WeUA T aNuiientinfaenas UV

WAI289 CP-8-4-A, MUCP-8-4-A, CH54-8 lay MUCHS54- 8

A1 R, 284 components
CP-8-4-A MUCP-8-4-A CH54-8 MUCH54-8
component LHRN UL LA\ WAL LIAN UL LIAN UIRNEN
1 0.2763 0.3882 0.1710 0.3816 0.2361 0.3403 0.2500 0.2222
2 0.7368 0.2763 0.7237 0.3611 0.4167 0.3611 0.2986
3 0.8421 | 0.5658 | 0.8421 0.4861 0.3403
4 0.6316 0.5694 0.4306
5 0.6842 0.4861
6 0.7434 0.5694
7 0.8158

R399 16 LAANB9ALITZNALIANAN AT AN LUBILA AR N BN AaWwwtianti suium@anmtantinfoengs UV

WA789 A3-3, MUA3-3, RY2-20 WAy MU RY2-20

A1 R, ifnuaadls
A3-3 MUA3-3 RY2-20 MURY2-20
component — — — —

“Tas Wides | e Wdes | ed Wides | ed WAL
1 0.4306 0.1528 0.4167 0.1667 0.0667 0.2533 0.0533 0.2667
2 0.6389 0.2222 0.6389 0.2222 0.1400 0.3933 0.1333 0.4000
3 0.7361 0.3194 0.7292 0.3194 0.8267 0.4400 0.8133 0.4533
4 0.4028 0.4167 0.5067
5 0.4861 0.5000 0.7333
6 0.7361 0.7500 0.8267
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6. NIFANEIAIAULLA B9 16S rRNA gene LNAIULUNTUA

IHnenuennluiedniligns vsnsaineansueui lulafinfianunsoainsanseangwns lfiuan e

v
o o

aNnsneengneuRauvEdlAnaraatia visalinisaivansueuReanduauintnaula unatn DNA amaAy

\wg 2949 16S rRNA 81 THuwn A1 -3, A3-3, A16-1, CH54-5, CP-8-4 A, CP58-4-21, NS3-2, NS3-10, NS1-4, NS7-3,
uazaas BS 6-2, AS1-8 wudweai luie@ndiuunniduuens lusle@nluaia Streptomyces iaviumaniii SK 08-

o o o

5 uaz 845 A1-8 Hansuiualndmaeriu Rhodotorula mucilaginosa (Famn1319% 17) Teansuiug salallfumeuns

AT 17 wemmiudedn uardafnanuunainfaanisAnenanAuig 194 16S rRNA gene,

Isolate ID Length of Score % identity Description
nucleotide Bit Raw Plus/plus

A1-3 Full sequence - - 99.79 Streptomyces indiaensis NBRC 13964"

A3-3 Full sequence - - 99.85 Streptomyces indiaensis NBRC 13964"

A16-1 Full sequence - - 99.101 Streptomyces indiaensis

CH54-5 Full sequence - - Streptomyces indiaensis

CP8-4A 1512 2665 | 1443 100 Streptomyces lannensis strain TA4-8 16S rRNA gene,
partial sequence.

CP58-4-21 1472 2706 | 1465 100 Streptomyces parvulus strain HY 026 16S rRNA gene,
partial sequence.

NS 3-2 1487 2719 | 1472 100 Streptomyces qinglanensis strain 172205 16S rRNA gene,
partial sequence.

NS3-10 1487 2689 | 1456 100 Streptomyces qinglanensis strain 172205 16S rRNA gene,
partial sequence.

NS1-4 1518 2702 | 1463 100 Streptomyce sp. 13(2013) 16S rRNA gene, partial
sequence.

NS7-3 1487 2695 | 1459 99 Streptomyces qinglanensis strain 172205 16S rRNA gene,
partial sequence.

SK08-5 1508 2680 | 1451 100 Micromonospora sp. NEAU-CF28 16S rRNA gene, partial
sequence.

Yeast A1-8 628 1112 | 602 99 Rhodotorula mucilaginosa strain  KDLYC24-1 internal
transcribed spacer 1, ,partial sequence; 5.8S rRNA gene
and internal transcribed spacer 2, ,partial sequence

Yeast BS 6-2 | 577 1035 | 560 99% Pichia jadinii CBS1600' partial sequence

=)

wanewn  SK0s-5 Llwimed i lusiarninnzain lulasenis 3, NS 4-1 ldildiaya Hasan primer neaanudiaya

Tnau
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2. fidA

ANWNTIAS Y UDILTAREAR

AnLaeaNdas a1esug BS6-1 uar BS6-2 deusnliarnanadamyia (unuaw) wusiuuuulunisEudnem
nMsRENITAA AN A eI LANFA1eR U Tnedeaialiang Synthetic (Yeast Malt Extract Medium, YM)

a PR o = o o
LASRNUNTETINTNA ﬁdluiw:;Lj‘wﬁluuﬂ’ﬂﬂ’mmu@@ﬂ sﬁ\jLﬂuQ@@qLﬂﬂ@V]\i

2.1. nM51asyIaada BS 6-2 luaimsiaaada YM

i 13 andas BS6-2 naldindes

Inverted Microscope uasaianwniznasy/ gilld

WAy

AMNNIANINITIAIYIedde BS 6-2 Tuannaniaaada YM taafamuninasnauinaeadaidung

120 dalad azIAENIUENANETAT 1NN ULAANAAARULANUILITAS WIANTIRAARINNNTIL AL aI 18 9A0
ANIUNAANe lEnasananalunni 14

25
25

)

Tnaad (waax10meliadans) wasatamlunann

20
20

15

TafAnsualiafans

i

£ 1
wag Ll asiaueLog nagag

10

2 P
HIMUA TR

43

[ 2 y T T =0
0 24 48 72 96 1z0

1 ¢l

¥ . . = . . .
=t—ipna3aad waanagad —Mdwnwwad ——darudunsadie

M 14 Niestyeeade BS 6-2 Tuanmnaianeda YM

' '
a A

ANNALBNIENANETANT WU UINNUNA asang N ARaIsawaga TN 24 Wuduliliieaszeazinan

' '
al o 1 o o '

nsaeainay Tnaanasgeiigadalueh 120 H1unutanasasdivindy 2.536+0.02 Faaniusiaiadans Tutag

a

2 v v
" o al o =< A

srazaaTmasadanaiuiuszazinaianuusadiuind Inaduuadiiaiuios | leszazioa i

NIALIANTY TORNTUgIgATaTaeT 120 Tnadiaruauaasiviany 2.025x10” assadadans
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v
o

AuFuAtAuLluNIAABNARAIFaLATa NN 24 LazEisanatiesrazina lun1sRsa Ty Tasen

o

AunInAsanasRngadalued 96-120 TellAranuilunsasied 5 doutuiniuaanagediii wudidBunns

'
o

agadaluai 120 Inefiiunnuueanagadiviniuienss 2.13+0.01

e

a & o
2.2. ﬂ’]ﬁ‘LQ%‘m‘_,‘ll'mL%’ﬂ BS 6-2 alu’ﬂ']u']il,@ﬂ\iL%’aﬂ'\ﬂqj'\uﬂﬂﬂiu SM30

v £
a

AMNNIANEINI9IATYIa9da BS 6-2 luanmadaadaningiugenlu SM30 lnafaniunisiasnyisiule

a9i@alnan 120 GalH9 WAZNIN1I9ALE NN ANEIANT 1N ULAANAAAS WUSNUIULEAR NIANTIRARH

naasuilasresrnasilungasng lenasatanalunini 15

ALHURILLDE Hi.m'dﬁ

agia
Srunuwad (wadx10®moiiading) wase1authinsasi

URaani1na

0 24 43 72 926 120

a ()

——saadfag waanagad —B druruwad ——awnudunsanig

N 15 naiRstyaasde BS 6-2 luatmadaadaningudeslu SM30

(2 '
a a

o & Aa o \ g Aa o P <
@ﬁﬂmmmﬁu’]mu’]mmmﬁﬁ WU'JWL@M’]M‘L&’]WM@M@@M Lﬂﬂizﬂzmﬂqiuﬂqﬂ@ﬂqLWN"ﬂu 1@?1‘].@‘&1’104

v
' o a =<

WmNasANTAAAIgeaaTaliag 72 TaHLFNaaTRadinaL 1.343£0.01 HaAnuseNaAANT NaUAZENANTY

P v
< ol a K

Tuszezinansenn lngszaznaNiBunuiinasicfanasnngariuilussazioameaiunia ua s8NNI W

' v
a K

4940 TURNTUIN 6.35 x10° HaANTHABNARARNT NAIRINTUINUIWTAR BHANANLHEIaZIIAN I TIALNTY

v '
o o

AMFUA1IANNLTLNIARANIBNARRIAILATA TN 24 LarEeanaaiaszazinanlunIsasa NI Tnsen
A duNInsIaARIAgAtalied 48-120 TeilArAnnuidunsnn1ei 4 doutiunnueaneaedaedide BS 6-2 1u

anuNasEanInT I uEes 1y SM30 tldnuiBunieanaaadsaustalualsnnedaluen 120

2.3. NN2LasdLda BS 6-2 Tuanaldadaningudeslu SM30 ininimnsasneuiidinrresniiailsausiu

AR

AINNNTANENN9AITYT00TE BS 6-2 Tuanvnaideadaningiudeslu SM30 AMinisnaaaainingu
P ] o o A o = o o as a a  a g o o
fagaannauidiniArasmdiatiiausudn il Tnafaaunisasyiauinreadaidunat 120 49lus wazianng

FPBUIUINANETAT IFNIULDANDHAS ULAUIBLTAR NERNTIRARINNTTLABLLL A 89AN AN NTIWNTAANS

IFnamawanaluniIng 16



37

tiaagns)

¢

LAUA L aRNoaaR

AansuAoNAnaN

q

¢

3
o ¢ < § 1 @ oo ' ) '
ArMTuan (efxl0tdaiiaaang) wasaaaadunandig

v.
WA aTA
wazila

B

o] 24 48 72 96 120

e (Falu)

——nanadRad waanagad —B-dwiwwad ——ataudunsadia

N 16 Msieatyaeade BS 6-2 luanmaidaadaninaiudaslu SM30 AninisnsasnauindiniAsasmdail

ANAUER 1R

' v
s 1 a K o =

o U!/ aa 0’1 aa & dl = u” a s
AnnednlEuInianasaod wuan dsunuinanasaadivnaugagadalusi 48 TnatiBunnsinanasnadg

a9

Winri 2.486+0.09 HadnFusedadans neunazEnanasludaluem 72 deliliniutiinashcfanasangai

1.434+0.03 Hadniusaiadans iussazinafeaiunauIuaadinaugiqe Inadauaugadiviniy 2.4 x10°

IARFENARANT UAIAINUUINUIBTARABE" ARAUNBIZEZLIAN TUNITALNTY

v '
o

ANFUAIANHLTUNIARANIBNAR ARSI LATA TN 24 LarEsanaaHaszazinan lNITasL RN TatRn

AulunIAsganasangadalued 120 ddAANEluNIAcNe 5 douilsunuueanagesuedime BS 6-2 1u
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1. R1AULLE UB9 16S rRNA gene

>A1-3 Streptomyces indiaensis
TCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGG
GTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATACTGACCACT
GGGGGCATCCTTGGTGGTCGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGC
TCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
GGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGG
TTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGTT
GTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTG
GTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGG
AGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAAC
ATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGG
AATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACA
TACACCGGAAACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCG
TGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTC
ACGGGAGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAC
ACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGAT
TGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCG
GGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGA

>A3-3 Streptomyces indiaensis

ACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAG
TAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATACTGACCACTGGGGG
CATCCTCGGTGGTCGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTCACC
AAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGG
CAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTA
AACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCG
GTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGGTTGTGAA
AGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTA
GCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGA
AAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCC
ACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACAC
CGGAAACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA
TGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGG

AGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTG
CTACAATGGCCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGG

TCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCT
TGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGT

CGAAGGTGGGACTGGCGTTGGAC

>54-5 = Streptomyces indiaensis

GCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAAGCCCTTC
GGGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGA
CAAGCCCTGGAAACGGGGTCTAATACCGGATACTGACCATCTTGGGCATCCTTGATGGTG
GAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTAGTTGGTGAGGTAATGGC
TCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCT
GATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGG
AAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCG
GCTTGTCGCGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGC
AGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATAT
CAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAA
AGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACT
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AGGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTG
GGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGLCGG
AGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGA
AACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTG
CCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAA
GGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAAT
GGCCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAG
TTCGGAATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATC
AGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAA
GTCGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGG
ACTGGCGATTGGGACAAT

>A16-1= Streptomyces indiaensis

CGTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCG
GGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGAC
AAGCCCTGGAAACGGGGTCTAATACCGGATACTGACCATCTTGGGCATCCTTGATGGTGG
AAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTAGTTGGTGAGGTAATGGCT
CACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG
ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGA
AGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGG
CTTGTCGCGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCA
GGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATC
AGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAA
GCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTA
GGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGG
GG-AGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGLCGG
AGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGA
AACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTG
CCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAA
GGTGGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAA
TGGCCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCA
GTTCGGAATTGGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGA
TCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGA
AAAGTCGGTAACACCCGAAAGCCGGTGGCCCAACCCCTTGTGGGAAAGGAGCTGTCGAAA
GTGGGACTGGCGATTGGACA

>141216-34_MO7_PL_4-1_Actinomycetes_518F.ab1 1001

GGGGGGTACGTTGTTCCGGATTATTGGGCGTAAGAGCTCGTAGGCGGCTTGTCGCGTCGGT
TGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTA

GGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTG
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GCGAAGGCGGATCTCTGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGG
GCAACATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCGGGGGAGTACG
GCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGC
TTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACGCCGGAAAGCATCAGAG
ATGGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTG
AGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTGCCCGCAGGCCCTT
GTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAAAGTGGGGACGACGT
CCAGTCATCATGCCCCTTATGTCTTGGGCTGCGCACGTGCTACAATGGCCGGTACAATGAG
CTGCCATACCGTGAGGTGGAGCGAATCTCAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGC
ACTCGACCCCATGAAGTCCGAGTCGCTAGTAATCGCAGATCAGCGTTGCTGTCCGTGAATA
CGTTCCCGGGGCCTTGTACACACCGCCCCGTCACGGTACGGAAAGTCGGTAACACCCGGAA
GCCGGTGGTCCTAACCCTTGTGGAAGGAGCTGTCGAAGATGGACTGGCGAAGACACACTTA
GGAAGGGAGGGGCCATCAAATAACACAAAAAAAAAG

>141216-34 007 PL 4-1 Actinomycetes 800R.abl 786
TTCGGTCTTTTCGCTCTCAGCGTCAGTATCGGCCAGAGATCCGCCTTCGCCACCGGTGTTC
CTCCTGATATCTGCGCATTTCACCGCTACACCAGGAATTCCGATCTCCCCTACCGAACTCT
AGCCTGCCCGTATCGACTGCAGACCCGGGGTTAAGCCCCGGGCTTTCACAACCGACGCGAC
AAGCCGCCTACGAGCTCTTTACGCCCAATAATTCCGGACAACGCTTGCGCCCTACGTATTA
CCGCGGCTGCTGGCACGTAGTTAGCCGGCGCTTCTTCTGCAGGTACCGTCACTTGCGCTTC
TTCCCTGCTGAAAGAGGTTTACAACCCGAAGGCCGACGTCCCTCACGCGGCGTCGCTGCAT
CAGGCTTCCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTG
TCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGGTGAG
CCACTACCTCACCAACAAGCTGATAGGCCGCGGGCTCATCCTGCACCGCCGGAGCTTTACA
CCGTCAAGGATGCCCAAGACGGTCATATCCGGTATTAGACCCCGTTTCCAGGGCTTGTCCC
AGAGTGCAGGGCAGATTGCCCACGTGTTACTCACCCGTTCGCCACTAATCCCCGGCCGAAA
CCGGTTCATCGTTCGACTTGCATGTGTTAAGCACGCCGCCGGCGTTCGCCTGACAGTAAAA

AAAACTCAAAAACAACCTTGGTCCCGGGCCAAGTCCTTCCCCTAAAAAACCCCC

aauugaas 16SrRNA gene aas wandlusiadn CP-8-4 A

>141216-34 CO09 CP 8-4-A Actinomycetes 800R.abl 751

GGGCTTCTTTTCGCTCTCAGCGTCAGTAATGGCCCAGAGATCCGCCTTCGCCACCGGTGT
TCCTCCTGATATCTGCGCATTTCACCGCTACACCAGGAATTCCGATCTCCCCTACCACAC
TCTAGCCTGCCCGTATCGACTGCAGACCCGGAGTTAAGCCCCGGGCTTTCACAATCGACG
CGACAAGCCGCCTACGAGCTCTTTACGCCCAATAATTCCGGACAACGCTTGCGCCCTACG
TATTACCGCGGCTGCTGGCACGTAGTTAGCCGGCGCTTCTTCTGCAGGTACCGTCACTTT
CGCTTCTTCCCTGCTGAAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCGTC
GCTGCATCAGGCTTTCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCT
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GGGCCGTGTCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGC
CTTGGTGAGCCGTTACCTCACCAACAAGCTGATAGGCCGCGGGCTCATCCTGCACCGCCG
GAGCTTTCCAACCTCCCAGATGCCCGGGAGGCTCGTATCCGGTATTAGACCCCGTTTCCA
GGGCTTGTCCCAGAGTGCAGGGCAGATTGCCCACGTGTTACTCACCCGTTCGCCACTAAT
CCACCCCGAAGGGCTTCATCGTTCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCGTC
CTGAGCGGGGAAAAACCTTAAAAAAAATCCC

>141216-34 A09 CP_8-4-A Actinomycetes 518F.abl 995
GGGGGGTACGTTGTTCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCG
ATTGTGAAAGCCCGGGGCTTAACTCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTGTG
GTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACC
GGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGAGGAGCGAAAGCGTGGGGAGCG
AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTTGGCGAC
ATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCG
CAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTA
ATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAACATCCAGAGAT
GGGTGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGA
GATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTGCCAGCAGGCCCTT
GTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACG
TCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAATG
AGCTGCGATACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGT
CTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGT
GAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCG
AAGCCGGTGGCCCAACCCCTCGGGGAGGGAGCTGTCGAAGGTGGGACTGGCGTTGGACAT
TAGCGGGGGGCCCCCGCGCGAGAGAGAAGAAAAAG

ANALLLIATRY 16S rRNA gene CP58-4-21

>151116-55 G05 CP58-4-21 907R.abl 886
ACCAGTGGCTCTCCAGGCGGGGCACTTAATGCGTTAGCTGCGGCACGGACAACGTGGAAT
GTTGCCCACACCTAGTGCCCACCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTT
CGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTATCGGCCCAGAGATCCGCCTTCGCCACC
GGTGTTCCTCCTGATATCTGCGCATTTCACCGCTACACCAGGAATTCCGATCTCCCCTAC
CGAACTCTAGCCTGCCCGTATCGACTGCAGACCCGGGGTTAAGCCCCGGGCTTTCACAAC
CGACGTGACAAGCCGCCTACGAGCTCTTTACGCCCAATAATTCCGGACAACGCTTGCGCC
CTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGGCGCTTCTTCTGCAGGTACCGTC
ACTTTCGCTTCTTCCCTGCTGAAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCG
GCGTCGCTGCATCAGGCTTTCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGG
AGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTC
GTCGCCTTGGTGAGCCATTACCTCACCAACAAGCTGATAGGCCGCGGGCTCATCCTGCAC
CGCCGGAGCTTTCGACCTTCACAGATGCCCGTGAAGGTCAGTATCCGGTATTAGACCCCG
TTTCCAGGGCTTGTCCCAGAGTGCAGGGCAGATTGCCCACGTGTTACTCACCCGTTCGCC
ACTAATCCCCACCGAAGTGGTTCATCGTTCGACTTGCATGTGTTAAGCACGCCGCCAGCG
TTCGTCCTGAGCGGTAAAAAAATCTAAAAAGGTCGGGGGTTTCGGC

>151116-55_E05_CP58-4-21_785F.ab1 737

GGCCGACTGTGGGATAGGGTGTGGGCACATTCCACGTTGTCCGTGCCGCAGCTAACGCAT
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TAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGC
TTGACATACACCGGAAACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGT
GCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC
CCTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGEG
GTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTG
CACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGCAAGGTGGAGCGAATCTCA
AAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCT
AGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCC
GTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAG
CTGTCGAAGGTGGGACTGGCGATTGGGACGAAGTCGTAACAGGTAAAACCCGTAAAAAAG
GGGGGGCGGGTTGATTT

ANALILLATAY 16S rRNA gene CP58-6-5

>151117-35_K01_CP58-6-5_907R.ab1 910

CTACGTTGCGTCTCCAGCGGTGGACTTAATGCGTTAGCTGCGGCACGGACAACGTGGAA
TGTCGCCCACACCTAGTTCCCAACGTTTACGGCGTGGACTACCAGGGTATCTAATCGTG
TTCCCTCCCCACGCTTTCGCTCCTCAGCGTCATTATCGGCCCAGAGATCCGCCTTCGCC
ACCGGTGTTCCTCCTGATATCTGCGCATTTCACCGCTACACCAGGAATTCCGATCTCCC
CTACCGAACTCTAGCCTGCCCGTATCGAATGCAAACCCGGAGTTAAGCCCCGGGCTTTC
ACATCCGACGCGACAAGCCGCCTACGAGCTCTTTACGCCCAATAATTCAGGACAACGCT
TGCGCCCTACATATTACCGCGGCTGCTGGCACGTAGTTAGGCGGCGCTTCTTCTGCAGGTACCGTCACT
CACGCTTCTTCCCTGCTGAAAGAGGTTTACAACCCGAAGGACGTCATCCCTCACGCGGCGTCGCTGCAT
CAAGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTC
CCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGGTAGGCCATCACCCCACCAAC
GAGCTGATAGGCCGCGGGCTCATCCTGCAACGTCGGAGCTTTCCACACGTATCCCATGCAGAAAGCCGT
CCTAAACGGTATTAGACCCCGTTTCCAGGGCTTGTCCCAGAGTGCAGGGCAGATTGCCCACGTGTTACT
CACCCGTTCGCCACTAATCCCCGGCCGAAACCGGTTCATCGTTCGACTTGCATGGGTTAAGCACACCGC
CAGCGTTCGTCCTGAGCAGTTTTAAAATCTAAAAGGGGGGGGAAATATAAAGGGGAGAAGAGGGGAAAA
AAGG

>151117-35 101 CP58-6-5 785F.abl 1190

TGACAAATATGGGACTAGGTGTGGGCGACATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTTCC
CCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAG
CATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACATCGGAAAACTCAGGAG
AAGGGTGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTG
GGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCGGGTTATGCCGGGGACTCACAGGA
GACTGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCT
GCACACGTGCTACAATGGCCGGTACAATGAGCTGCGAAGCCGTGAGGTGGAGCGAATCTCAAAAAGCCG
GTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGC
ATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACC
CGAAGCCGGTGGCCCAACCCTTGTGGAGGGAGCCGTCGAAGGTGGGACTGGCGATTGGGACGAAGTCGT
ACAGGGGAAACCCGAAAAAAAGGTTTAGGTTAAGTAAATGAAATACAGAATCATAAAACAGCGACCAGA
AAAGCGCCCCCCGCCATGGGGGGGGCCTCCCGAAAATCTACGCACCTCAACGGCCCCCTCGAGGGAATA
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CAAAACCCCCCCTTTTAAACCTGATCGCTGGCCGTAGAAATAGAGGAGACCAGGAGGAAGGAACCCACC
GAGCGCTGAATTAACAAAAAGAAATAAAAAAGCTCAAATAGGATATTTTGAACCCACCACAAGTACCGG
GAAAAACTATGGGGGGCCCCCTAGGTAAAAATGGGGGGGGGEGGEEGGGCCTAGAGCGGAGCTGGGGEGEEE
GTTTTTTCGTGTGAGTAATGGATAAAACTAGACGGATCTTCCCCCGGTGAGAAAAAGAGGGTATAACAA
AAGGTACTGGGAGGCGGTCATCCCGGAACGGCCGGCGGAGCTAAGAGTAACTAGGGAAGGGAAAGCCCA
TATAATGTGATAATTTT

ANALLLATAY 16S rRNA gene NS3-2

>151116-55_005 NS3-2_907R.abl 896
CAGCCATTGGCTCTCCAGGCGGGGACTTAATGCGTTAGCTGCGGCACGGACGACGTGGAATGTCGCCCA
CACCTAGTTCCCAACGTTTACGGCGTGGACT\ACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTC
GCTCCTCAGCGTCAGTATCGGCCCAGAGATCCGCCTTCGCCACCGGTGTTCCTCCTGATATCTGCGCAT
TTCACCGCTACACCAGGAATTCCGATCTCCCCTACCGAACTCTAGCCTGCCCGTATCGAATGCAGACCC
GGGGTTAAGCCCCGGGCTTTCACATCCGACGCGACAGGCCGCCTACGAGCTCTTTACGCCCAATAATTC
CGGACAACGCTCGCACCCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTGCAG
GTACCGTCACTTGCGCTTCTTCCCTGCTGAAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGG
CGTCGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCC
GTGTCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGT\CGTCGCCTTGGTAGGCCAT
CACCCCACCAACAAGCTGATAGGCCGCGGGCTCATCCTGCACCGCCGGAGCTTTCCACCACCAGACCAT
GCGGCCGGTGATCATATCCGGTATTAGACCCCGTTTCCAGGGCTTGTCCCAGAGTGCAGGGCAGATTGE
CCACGTGTTACTCACCCGTTCGCCACTAATCCACCACCGAAGCGGCTTCATCGTTCGACTTGCATGTGT
TAAGCACGCCGCCAGCGTTCGTCCTGAGCAGTTTCAAAACTCTAAAAGGGGAAAAAAGAAAAAAAANAA
A

>151116-55 M05 NS3-2 785F.abl 718
CGGGCGCAGGTTTGGGACTAGGTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAAGT
TCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCARAGGAATTGACGGGGGCCCGCACAAGCGGCG
GAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAAGCGCTG
GAGACAGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATG
TTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCAACTCTTCGGAGGTTGGGGAC
TCACGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGT
CTTGGGCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATGCCGTGAGGTGGAGCGAATCTCA
AAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGC
AGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGARAGTCG
GTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAATCGTCGAAGGTGGGACTGGCGATTGGG
ACGAAGTCGTAACAAGGTAAACCGTAAA

ANALLILIATEY 16S rRNA gene NS3-10

>151116-55 A07 NS3-10 785F.abl 1332

CGGCCAGTGGGACTAGGTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAAGTTCCCC
GCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCA
TGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAAGCGCTGGAGAC
AGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGG
TTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCAACTCTTCGGAGGTTGGGGACTCACG
GGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGG
GCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATGCCGTGAGGTGGAGCGAATCTCARARAG
CCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATC
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AGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAAC
ACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAATCGTCGAAGGTGGGACTGGCGATTGGGACGAA
GTCGTACAGGGGAACCCCCGGAAAAATGGCGGCCCCACCGGGGATTGGGACCCCCTGGGGCGGAACTTG
GGGACCAAAAATGGCGGCATTCCGGCGGGGGGGGGCCCCCCCGTAGTAGTTGGGGGCCCCCACCCCCCC
AGCCACCGGGGATTCCCCTAAACCCCCCAGGTCGGACCACCCGGCGTCTTCACGAGCAACGAAGAAGGG
GAACCGGGGGGCACCAACACCCCGGGGGCGATACTACCGTTGAAGCTCGGGGTAAGGGCGCCTGAACTG
GGGAAATATTCTTCACCCCACCGGGTAACAGGCAACCGAAAAGGAGGACACCCCCCCGGGGAAATTAAG
AACCCCCCCCGCGGGEGEGEGEEGAGGGCECCGGAAACTGGCCGGGCGGGCAGGGGGATGGCGGGGGAAAGA
CAAACTGCTAGCCGGAGGGTGGTTAGTCCGCCGGCCGAAAAAAAAAAAAAAGGAGGAGGGAATACCCCA
AAACCAGGGGGGGGGGCCCTCATTTTTCATCCGTTCGCCGGTGTCCCGGCCCGGGACTTAGGGGTGGGT
GGGGGGGACGCCCCCCCCGTGACAGTAAAAGAACACCCCGCAAAGAGGGCCCCCCGGAAGGGLCGLCGGGA
AGGGGCAACCAGGCAAAAAGG

>151116-55 C07 NS3-10 907R.abl 1458
ACGAGTCGGCTCTCCAGGCGGGGACTTAATGCGTTAGCTGCGGCACGGACGACGTGGAATGTCGCCCAC
ACCTAGTTCCCAACGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGC
TCCTCAGCGTCAGTATCGGCCCAGAGATCCGCCTTCGCCACCGGTGTTCCTCCTGATATCTGCGCATTT
CACCGCTACACCAGGAATTCCGATCTCCCCTACCGAACTCTAGCCTGCCCGTATCGAATGCAGACCCGG
GGTTAAGCCCCGGGCTTTCACATCCGACGCGACAGGCCGCCTACGAGCTCTTTACGCCCAATAATTCCG
GACAACGCTCGCACCCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTGCAGGT
ACCGTCACTTGCGCTTCTTCCCTGCTGAAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCG
TCGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCC
GTGTCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGGTAGGCCA
TCACCCCACCAACAAGCTGATAGGCCGCGGGCTCATCCTGCACCGCCGGAGCTTTCCACCACCAGAC
CATGCGGCCGGTGATCATATCCGGTATTAGACCCCGTTTCCAGGGCTTGTCCCAGAGTGCAGGGCAG
ATTGCCCACGTGTTACTCACCCGTTCGCCACTAATCCACCACCGAAGCGGCTTCATCGTTCGACTTG
CATGTGTTAAGCACGCCGCCAGCGTTCGTCCTGACGAAAAAAAAAAAATCATATAGAGGGGGGCGGG
GAACCCGGGGGTCAAACAGGCGGAAAAAAAATAGAGAACACCGAAAAAGAATTTTTTAAAGGGGGGT
GAATAAAATCACCGGAAAAGAGCGGAGAAAAAAAGGAGCCCCCCCGAGGGGGGGGGGGGTAGAAAGG
GGGGGGGGGGGCGGTTGCCCAGGCAGGGTGCTTTGAGGTGAGGCAGTGTTGAGGTCAGGCACCCAAA
AAAAGTGTAAAACACCCCGGGGGGGEEGEGEGEGGTGCCCCCCAAGCCCCGCCCGAGGGGGGGGGGAGGE
GGTGCAGGAGGAGGGGAAGAAAGGGGGAAGGGCCCCCCGAAAGGGGGGEGGEEEGEGGGGGGGGAAARAA
AATCGGGGGTTAAGTGACCCAGGACCCCCTTTTTGGGGGGGGGGGGGGGACGCCCCCCCCCAGCGAA
GGCCACCGGGGAGAGACGGAAGAAATTGAGGAATGGGGGGGTGGATGGGTGCGTGGGAGGGGGGGGEE
AGGAGGGAAAAAAAGCGGAAAGGAAGGGGGGGGGGGGGGAAAGAAAGAAAAGGGGGGGEGEGEGEEEEEEE
GGGGGGGGGGCCCCCTTCCCAACATGACCCAAAACGG

>151116-55_M07_SK08-5_ 785F.abl 749

GACGCAGTTGGGCGCTAGGTGTGGGGGGCCTCTCCGGTTCCCTGTGCCGCAGCTAACGCATTAAGC
GCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGACATGGCCGCAAAA
CTGTCAGAGATGGCAGGTCCTTCGGGGGCGGTCACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTCGATGTTGCCAGCGCGTTATGGE
GGGGACTCATCGAAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGE
CCCTTATGTCCAGGGCTTCACGCATGCTACAATGGCCGGTACAATGGGCTGCGATACCGTGAGGTG
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GAGCGAATCCCAAAAAGCCGGTCTCAGTTCGGATCGGGGTCTGCAACTCGACCCCGTGAAGTCGGA
GTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCC
GTCACGTCACGAAAGTCGGCAACACCCGAAGCCGGTGGCCCAACCCTTGTGGAGGGAGCCGTCGAA
GGTGGGGCTGGCGATTGGGACGAAGTCGTACAGGGGAAAACCCGAAAAAAAGAGGGGGGGGGCAAG
GGGGGAGAGGGGGGGGGGGGEGEGE

>151116-55_007_SK08-5 907R.abl 911

ACAATGGGGTATCCAGGCGGGGCGCTTAATGCGTTAGCTGCGGCACAGGGAACCGGAGAGGCCCC
CCACACCTAGCGCCCAACGTTTACAGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCAC
GCTTTCGCTCCTCAGCGTCAGTATCGGCCCAGAGACCCGCCTTCGCCACCGGTGTTCCTCCTGAT
ATCTGCGCATTTCACCGCTACACCAGGAATTCCAGTCTCCCCTACCGAACTCTAGCCTGCCCGTA
TCGACCGCAGGCCTGGGGTTGAGCCCCAGGTTTTCACGGTCGACGCGACAAGCCGCCTACGAGCT
CTTTACGCCCAATAAATCCGGACAACGCTCGCGCCCTACGTCTTACCGCGGCTGCTGGCACGTAG
TTGGCCGGCGCTTCTTCTGCAGGTACCGTCACTTACGCTTCGTCCCTGCTGAAAGAGGTTTACAA
CCCGAAGGCCGTCATCCCTCACGCGGCGTCGCTGCATCAGGCTTCCGCCCATTGTGCAATATTCC
CCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCA
GGCCGGCTACCCGTCGTCGCCTTGGTAGGCCATCACCCCACCAACAAGCTGATAGGCCGCGAGCC
CATCCCAAGCCGAAAAACTTTCCACCAAACACCATGCGGTGCAAGGTCATATTCGGTATTAGCCC
CGGTTTCCCGGGGTTATCCCAAAGCCTGGGGCAGGTTGCTCACGTGTTACTCACCCGTTCGCCGC
TCGAGTACCCCGAAGGGCCTTTCCGCTCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCGTCC
TGAGCGGAAAACAAAACTCATAAAAGGGCCCCCGGACCTTTTTTTAAACTTTCATAAAAAAAAT
AC

>151116-55 EO7 PL1-4 785F.abl 1391

CCCCCGGGGGGATAGGTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAAGTG
CCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGC
GGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGG
AAAGCATCAGAGATGGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCT
CGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTGCCAGCAG
GCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGACGA
CGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAATGAG
CTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAA
CTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTC
CCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCA
ACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACTGGCGATTGGGACGAAGTCGTAAGGGGGAA
CCCCCAAAAAATACATAACACCAAAAAAAAAACCCCCCCAAAGCCACCCACCAGGGCCCAAAAA
ACCCCCCTTTCCCCCCCCGGGTGCCCCCCCTGAAAGCTGGGAGCCTTACCACCGCCATCCACGG
GGAACTCCCAGAACCCCCCAACAACAATACCCATAGCGCGCCCGGTACACGCTCGGAAAACCCC
GGGGGAAAAAACCCCCGGGGCCTTTCTACACACCCAAACCGAAAGCGGCCCCCCGAAAAAAACG
CTTTCAACCCCCCCATAAAAACTAACGGGAAAACAGGCTTCTCGCACCCCCCGTACGAAAATCC
GGGGGGGGGGEGGEGEGGGEGCACACTAATGCACGCGGAAGGGGCCCTTTCTTGGCCGGGGAGGGGGA
CCACAAACCGTATAGCGCCTTGCCCCCCCCCCCCGCGCAAAAAAAAAGGGGGGGAGAACACCCC
CAACGGGGGGGGCGGLCCCCCGGCCCCCCCGATCCGCACCCACCGTTCTGCGCGCGGLCCCCCGGA
ATAACGCCGGACCTCCAAAGCCAGAAAACGTACAGGGTTAAAGGGGGCCCCCCCCCCCCCAGAT

53



GGGGGGGCCCCCCCCCCCCCAAGGGGGGAAAACGAAGGGGGCCGGGGCGGEGGGCTCTAATAGA
GCCACCCCCCCCCCAGGAAACGGGAGGTAAGGTGAGGGGGAGGCCCC

>151116-55_G07_PL1-4 907R.abl 885

CCGTGGGGGTAATCCCAGGCGGGGCACTTAATGCGTTAGCTGCGGCACGGACGACGTGGAATGT
CGCCCACACCTAGTGCCCACCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCC
CCACGCTTTCGCTCCTCAGCGTCAGTATCGGCCCAGAGATCCGCCTTCGCCACCGGTGTTCCTC
CTGATATCTGCGCATTTCACCGCTACACCAGGAATTCCGATCTCCCCTACCGAACTCTAGCCT
GCCCGTATCGACTGCAGACCCGGGGTTAAGCCCCGGGCTTTCACAACCGACGTGACAAGCCGC
CTACGAGCTCTTTACGCCCAATAATTCCGGACAACGCTCGCGCCCTACGTATTACCGCGGCTG
CTGGCACGTAGTTAGCCGGCGCTTCTTCTGCAGGTACCGTCACTTTCGCTTCTTCCCTGCTGA
AAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCGTCGCTGCATCAGGCTTTCGCCC
ATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGT
GGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGGTGAGCCATTACCTCACCAACA
AGCTGATAGGCCGCGGGCTCATCCTGCACCGCCGGAGCTTTCGAACCGCTTGGATGCCCAAGC
GGGTCAGTATCCGGTATTAGACCCCGTTTCCAGGGCTTGTCCCAGAGTGCAGGGCAGATTGCC
CACGTGTTACTCACCCGTTCGCCACTAATCCCCACCGAAGTGGTTCATCGTTCGACTTGCATG
TGTTAAGCACGCCGCCAGCGTTCGTCCTGAGCCTGTTCCCAAACTCTAAAGGGTGGGGGTTTA

>151116-55 I07 PL7-3 785F.abl 740
GGGGAGGTGGGACTAGGTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAAG
TTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACA
AGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACA
CCGGAAAGCGCTGGAGACAGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGT
CAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGC
CAGCAACTCTTCGGAGGTTGGGGACTCACGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGG
GGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTA
CAATGAGCTGCGATGCCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGG
GTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTG
AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGC
CGGTGGCCCAACCCCTTGTGGGAGGGAATCGTCGAAGGTGGGACTGGCGATTGGGACGAATCG
TAACAGGAAAAACCCGAAAAAGAAAAACCCCACGGTTTTTAATCCCC

>151116-55 K07 PL7-3 907R.abl 917
GCCGGGGGATCTCCCAGGCGGGGACTTAATGCGTTAGCTGCGGCACGGACGACGTGGAATGTC
GCCCACACCTAGTTCCCAACGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCC
CCACGCTTTCGCTCCTCAGCGTCAGTATCGGCCCAGAGATCCGCCTTCGCCACCGGTGTTCCT
CCTGATATCTGCGCATTTCACCGCTACACCAGGAATTCCGATCTCCCCTACCGAACTCTAGCC
TGCCCGTATCGAATGCAGACCCGGGGTTAAGCCCCGGGCTTTCACATCCGACGCGACAGGCCG
CCTACGAGCTCTTTACGCCCAATAATTCCGGACAACGCTCGCACCCTACGTATTACCGCGGCT
GCTGGCACGTAGTTAGCCGGTGCTTCTTCTGCAGGTACCGTCACTTGCGCTTCTTCCCTGCTG
AAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCGTCGCTGCATCAGGCTTGCGCC
CATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTG
TGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGGTAGGCCATCACCCCACCAAC
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AAGCTGATAGGCCGCGGGCTCATCCTGCACCGCCGGAGCTTTCCACCACCAGACCATGCGGLC
GGTGATCATATCCGGTATTAGACCCCGTTTCCAGGGCTTGTCCCAGAGTGCAGGGCAGATTGC
CCACGTGTTACTCACCCGTTCGCCACTAATCCACCACCGAAGCGGCTTCATCGTTCGACTTGC
ATGTGTTAAGCACGCCACCAGCGTTCGTCCTGAGCAGTTTCAAAACTCTAAAAGGGGGGTGGT
TTTGTAAGGTGGGTCTGTCCTAAAACTTTCTGTCA

>151116-55 _M07_SK08-5 785F.abl 749
GACGCAGTTGGGCGCTAGGTGTGGGGGGCCTCTCCGGTTCCCTGTGCCGCAGCTAACGCATTA
AGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGE
ACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGACA
TGGCCGCAAAACTGTCAGAGATGGCAGGTCCTTCGGGGGCGGTCACAGGTGGTGCATGGCTG
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTCGAT
GTTGCCAGCGCGTTATGGCGGGGACTCATCGAAGACTGCCGGGGTCAACTCGGAGGAAGGTG
GGGATGACGTCAAGTCATCATGCCCCTTATGTCCAGGGCTTCACGCATGCTACAATGGCCGG
TACAATGGGCTGCGATACCGTGAGGTGGAGCGAATCCCAAARAGCCGGTCTCAGTTCGGATC
GGGGTCTGCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGE
GGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCC
GAAGCCGGTGGCCCAACCCTTGTGGAGGGAGCCGTCGAAGGTGGGGCTGGCGATTGGGACGA
AGTCGTACAGGGGAAAACCCGAAAAARAGAGGGGGGGGGCAAGGGGGGAGAGGGGGGGGGGE
GGGG

>151116-55 007 SK08-5 907R.abl 911
ACAATGGGGTATCCAGGCGGGGCGCTTAATGCGTTAGCTGCGGCACAGGGAACCGGAGAGGC
CCCCCACACCTAGCGCCCAACGTTTACAGCGTGGACTACCAGGGTATCTAATCCTGTTCGCT
CCCCACGCTTTCGCTCCTCAGCGTCAGTATCGGCCCAGAGACCCGCCTTCGCCACCGGTGTT
CCTCCTGATATCTGCGCATTTCACCGCTACACCAGGAATTCCAGTCTCCCCTACCGAACTCT
AGCCTGCCCGTATCGACCGCAGGCCTGGGGTTGAGCCCCAGGTTTTCACGGTCGACGCGACA
AGCCGCCTACGAGCTCTTTACGCCCAATAAATCCGGACAACGCTCGCGCCCTACGTCTTACC
GCGGCTGCTGGCACGTAGTTGGCCGGCGCTTCTTCTGCAGGTACCGTCACTTACGCTTCGTC
CCTGCTGAAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCGTCGCTGCATCAGG
CTTCCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCA
GTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGGTAGGCCATCA
CCCCACCAACAAGCTGATAGGCCGCGAGCCCATCCCAAGCCGAAAAACTTTCCACCAAACAC
CATGCGGTGCAAGGTCATATTCGGTATTAGCCCCGGTTTCCCGGGGTTATCCCAAAGCCTGG
GGCAGGTTGCTCACGTGTTACTCACCCGTTCGCCGCTCGAGTACCCCGAAGGGCCTTTCCGC
TCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCGTCCTGAGCGGAAAACAAAACTCATAA
AAGGGCCCCCGGACCTTTTTTTAAACTTTCATAAAAAAAATAC

sautaaalalnavdiane D1/D2 uu 26S rDNA aastiansia BS6-2 uaz AS 1-8

>BS6-2 (583 nucleotides)

AAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCGGCAAAAGCTCAAATTTGAAATCTGA
GGCTTTCAGCCCCCGAGTTGTAATTTGAAGATGGTGTTCTGGCGCCGGCGCCCTGTCTACGTTC
CTTGGAACAGGACATCGCAGAGGGTGAGAATCCCGTCTGGCGGGGCGGCCTGGCTCCGTGTAGA



GCGCCATCGACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAGTGGGTGGTAAATTCCATCTAAA
GCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACAGTGATGGAAAGATGAAAAGAACTTTG
AAAAGAGAGTGAAAAAGTACGTGAAATTGTTGAAAGGGAAGGGTATTGGATCAGACTTGGTGCT
GTGCGAATAGCGGCCCTTCTTGGGCTGCCCACTCGCACTCCACCGGGCCAGCATCGGTTTGGGC
GGCAAGACAATGGCGGGGGAACGTGGCACTGCTCTCGGGCAGTGTGTTTATAGCCCCCGCTGAT
GTTGCCTGCCTAGACCGAGGACTGCGGCTTCTGCCTAGGA

Sequence AS1-8

>141216-34 105 AS 1-8 Yeast ITSl.abl 1230
GGGTATCAGGNATAGAGACGTCAACTTAACTNTGGAGTCCGAACTCTCACTTTCTAACCCTG
TGCACTTGTTTGGGATAGTAACTCTCGCAAGAGAGCGAACTCCTATTCACTTATAAACACAA
AGTCTATGAATGTATTAAATTTTATAACAAAATAAAACTTTCAACAACGGATCTCTTGGCTC
TCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAAT
CATCGAATCTTTGAACGCACCTTGCGCTCCATGGTATTCCGTGGAGCATGCCTGTTTGAGTG
TCATGAATACTTCAACCCTCCTCTTTCTTAATGATTGAAGAGGTGTTTGGTTTCTGAGCGCT
GCTGGCCTTTACGGTCTAGCTCGTTCGTAATGCATTAGCATCCGCAATCGAACTTCGGATTG
ACTTGGCGTAATAGACTATTCGCTGAGGAATTCTAGTCTTCGGATTAGAGCCGGGTTGGGTT
AAAGGAAGCTTCTAATCAGAATGTCTACATTTTAAGATTAGATCTCAAATCAGGTAGGACTA
CCCGCTGAACTTAAGCATATCATAANCCGGAAGGAAANNGATCNTNNAGNGNATATNNGGAC
GTCCAACTTAACTTGGAGTACGAACTCTCACTTCTAACACTGTGCACTTGTTTGGGATTAGT
AACTCTCGCAAGAGAGCGAACTCTCATTCACTTATAAACCAAAGTCTATGAAATGTATTAAA
TTCTTATAACAAAATAAAACTTTCACAACGGATCTCTTGGCTCTGCATCGATCAAAGAAGCA
GCGAAATGCGATAAGTAATGGTGAATTGCAAAAATTGTGGAATCATCAATCTTTGAACGCAC
TGGCGCTCAGGGTAATTCCTGGAAACAGGCTGGTTTGAATGTCAGGAAAACTTCACCTTCTC
TTTTTTAAAAGATGGAAAAAAGGGTTTGGGGTTTTTGAGCGCGTCCTGCCTTTCCACGCTTA
CCTCTTTGAAAAGGAATAAACACCGACTCCAAATTCGGAAAGGACTTGGGGGAAAAAAAACA
ATTCCCTGAAGAAAATCATTCTCTCCGGTAAAAAACCCGGGGTGGGGTTATAAAGGGAAGCC
TCCTCAAACAAAAAAACCTCCTTTTTTAAAAAAAAAAATCTTAAACTACGGGGAGGAAAACC
CCCCAAAATTAAAGACTACACATATAGAGGGGAGGAAAAAAAAAAATTNTNT

>141216-34 K05 AS 1-8 Yeast ITS4.abl 677
AAAAAGCCCGTATTGGTAGTCTACTTGGATTTGAGATCTAATCTTAAAATGTAGACATTCT
GATTAGAAGCTTCCTTTAACCCAACCCGGCTCTAATCCGAAGACTAGAATTCCTCAGCGAA
TAGTCTATTACGCCAAGTCAATCCGAAGTTCGATTGCGGATGCTAATGCATTACGAACGAG
CTAGACCGTAAAGGCCAGCAGCGCTCAGAAACCAAACACCTCTTCAATCATTAAGAAAGAG
GAGGGTTGAAGTATTCATGACACTCAAACAGGCATGCTCCACGGAATACCATGGAGCGCAA
GGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTC
GCTGCGTTCTTCATCGATGCGAGAGCCAAGAGATCCGTTGTTGAAAGTTTTATTTTGTTAT
AAAATTTAATACATTCATAGACTTTGTGTTTATAAGTGAATAGGAGTTCGCTCTCTTGCGA
GAGTTACTATCCCAAACAAGTGCACAGGGTTAGAAAGTGAGAGTTCGGACTCCAAGTTAAG
TTGGACGTCCTATATTCACTAATGATCCTTCCGCAGGTCACCCTACGGAAAAGGGCCTGTC
CCTTAACGGTTTCGGTTACCTAGTTAGCGGCTCTTGCCACCTGTCGCCGGCTTGCGCGTTT
GGGTTTCTGGCGTAATGATCCAACACCGCCCGTCT
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Anti-MRSA and antioxidant activities of actinomycetes isolated from marine sponges

Type of presentation: N/A,

Actinomycetes are gram positive bacteria in which many bioactive compounds are generally
produced. Over past decade information on the diversity of actinobacteria in marine habitats has
grown considerably. In this study, morphological and chemical characteristics of wall chemotype
were investigated for a rapid method of basically classification. The location of sediment sampling
areas were in Chonburi and Bang-pakong mangrove forests in the east and Nakhon Si-thamarat
mangrove in the west of the Gulf of Thailand, including marine shallow water coastal area in the
east coast. The sediment samples were pre-treated with dry heat at 1000 C for 1 h before dilution
and spreading on selective medium plates, incubated at 300 C for 4 weeks. Morphological study
was observed both under light microscope and scanning electron microscopy. The results
revealed that most active isolates from Chonburi mangrove area were Streptomyces with
rectiflexibile, spiral and hook spore chain types, while the isolates from Bang-pakong and the
west side of the Gulf manifested various different morphological types. The active isolates from
marine sediments mostly produced single spore chain type on short or long sporophores or
produced in a bundle of Micromonospora and Salinispora, respectively; including a few white
spore mass Streptomyces. The electronmicrographs of many isolates could reveal more different
morphological detail to consider they were same or different species. Apart of morphological and
chemical characteristic studies, some of representative actinomycetes were selected to identified
by 16S rRNA gene sequencing. The active isolates from mangrove and marine sediments are
moderately diverse in genera, but clearly shown they are morphologically diverse and are rich
sources to screen for valuable bioactive compounds.

Acknowledgements: The financial support from the NRCT through the Burapha University budget
was gratefully acknowledged.
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Morphological study of antimicrobial actinomycete producing isolates from marine
sediments
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Actinomycetes are gram positive bacteria in which many bioactive compounds are generally
produced. Over past decade information on the diversity of actinobacteria in marine habitats
has grown considerably. In this study, morphological and chemical characteristics of wall
chemotype were investigated for a rapid method of basically classification. The location of
sediment sampling areas were in Chonburi and Bang-pakong mangrove forests in the east and
Nakhon Si-thamarat mangrove in the west of the Gulf of Thailand, including marine shallow
water coastal area in the east coast. The sediment samples were pre-treated with dry heat at
1000 C for 1 h before dilution and spreading on selective medium plates, incubated at 300 C
for 4 weeks. Morphological study was observed both under light microscope and scanning
electron microscopy. The results revealed that most active isolates from Chonburi mangrove
area were Streptomyces with rectiflexibile, spiral and hook spore chain types, while the
isolates from Bang-pakong and the west side of the Gulf manifested various different
morphological types. The active isolates from marine sediments mostly produced single spore
chain type on short or long sporophores or produced in a bundle of Micromonospora and
Salinispora, respectively; including a few white spore mass Streptomyces. The
electronmicrographs of many isolates could reveal more different morphological detail to
consider they were same or different species. Apart of morphological and chemical
characteristic studies, some of representative actinomycetes were selected to identified by
16S rRNA gene sequencing. The active isolates from mangrove and marine sediments are
moderately diverse in genera, but clearly shown they are morphologically diverse and are rich
sources to screen for valuable bioactive compounds.
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BIODIVERSITY OF ANTIMICROBIAL PRODUCING ACTINOMYCETES IN COASTAL
MARINE SEDIMENTS

'Rattanaporn SRIVIBOOL, “Trisukon MALI and ‘Rawiwan WATANADILOK
Email: rattanap@buu.ac.th
(1Research Division,Institute of Marine Science, Burapha University, Thailand
2Department of Microbiology and Parasitology, Faculty of Medical Science, Naresuan University)

Abstract
Coastal mangrove sediments were collected and isolated for antimicrobial producing actinomycetes.
The study areas were in Chachoengsao, Chonburi and Nakhon Si Thammarat Provinces.  Out of 12
samples, 5 from Chachoengsao , Chonburi and 7 from Nakhon Si Thamarat gave a total of 102
isolates, 47 from Chachoengsao and Chonburi and 55 from Nakhon Si Thamarat. It was found that 7
actinomycetes recovered from Chachoengsao and Chonburi were active to either Candida albicans or
Methicillin Resistant Staphylococcus aureus (MRSA) tested while there were 27 active isolates from
those recovered from Nakhon Si Thamarat. By chemical analysis of wall diaminopimelic acid and
sugar pattern including morphological studies revealed that the active isolates were moderately
diverse in genera level and were more diverse in species level from both areas.

Keywords: Antimicrobial, actinomycetes, mangrove
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Abstract

Mangrove forest ecosystems are rich in microorganisms including actinomycetes. In this study, 24
sediment samples were collected from mangrove areas in Nakorn Si-Thamarat, Chumporn and
Rayong provinces on the east coast and west coast of the Gulf of Thailand. Actnomycetes were
isolated by several selective media, then were characterized and screened for antimicrobial and
antioxidant activities. Actinomycetes were recovered in total 83 isolates from the 3 provinces, 55 from
Nakorn Si-Thamarat, 16 from Chumporn and 12 from Rayong mangrove sediments. The
actinomycetes recovered from Nakorn Si-Thamarat mangrove were rather diverse in different family,
which were mainly Streptomyces, Micromonospora, Nocardiopsis, Streptoalloteichus and some
unidentified genera; where as those found from Rayong and Chumporn mangroves were rather
diverse mainly in same family in Actinoplanetes: Virgisporangium, Micromonospora, Salinispora and
Spirilliplanes in which the colonies are small and in orange, brown or black which could differentiate to
each other by chemotaxonomy and morphology studies. Although in Rayong and Chumporn
mangrove areas did not obtain many anti-microbial producing strains as those obtained from Nakorn
Si-Thamarat, we believed that by other method of antimicrobial investigation more antimicrobial
producing strains would be found. Antioxidant activity by selected isolates from all areas reveal
actinomycetes recovered from mangrove areas are potential source of lead antioxidant compounds.

Keywords: Actinomycetes; mangrove sediments; antioxidant; antimicrobial
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The use of marine yeasts in larval rearing is now one of the economic technological inputs in
the production of natural live feeds for zooplanktons or shrimp larvae. They are cheap to produce and
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can be grown using low cost carbon source from agricultural products. In the present study, the two
marine yeast isolates AS1-8 and BS 6-2 were cultured on 4 types of media: potato dextrose broth
(PDB) , Czapek Dox broth, cornmeal, and black lentil meal. The yeasts were cultured by shaking at
110 rpm, 30°C, for 72 h and cells were harvested by centrifugation. Nutritional analysis of the two
yeast isolates were analysed: protein, crude fat, fatty acid and ash. Total lipid was investigated by
extraction of 0.1 g dried yeast cells with chloroform:methanol (2:1, v/v) containing 0.1% butylated
hydroxytoluene. Total lipid was obtained by filtering the lower layer through anhydrous sodium sulfate.
Fatty acid methyl esters (FAMES) were prepared by total lipid transestersxification and measured by
gas-liquid chromatography. The individual FAMEs was identified by comparison to known standards.
The results showed that both yeast isolates AS1-8 and BS 6-2 contained some high amount of
palmetic, oleic and linoleic acids and some amount of a-liolenic acid. Oleic acid was produced in BS 6-
2 and AS1-8 in highest amount, 38.63+0.38%TFA and 32.94+0.34%TFA, respectively when cultured
on cornmeal broth whereas palmetic acid was produced in high amount in both isolates and on every
kind of medium used. Interestingly, the yeast isolate AS1-8 contained high amount of protein when
cultured on black lentil meal (50.56+019 %) and PDB (40.41+057%), while yeast isolate BS 6-2
contained 41.53+0.04 % and 29.69+0.18 % on PDB and Czapek dox broth, respectively. The crude fat
content in cells of the two yeast isolates was high when cultured on cornmeal medium, 5.16+0.01% for
AS1-8 and 7.78+0.28 % for BS6-2. Although polyunsaturated fatty acids were found in trace amount,
the two essential fatty acids for marine aquatic lavae, linoleic and a-linolenic were found. The
nucleotide sequence of D1/D2 domain of 26S rDNA of the two yeast isolates were analysed and AS1-
8 was closest to Rhodotorula mucilaginosa with 99% similarity and BS6-2 was closest to Pichia jadinii
with 99.13 % similarity.

Keywords: Marine yeast, Nutrition, Fatty acids
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Abstract

Marine microorganisms have been investigated for decades for novel natural anti-cancer
products that are hard to formulate by traditional synthesis. Streptomyces are a prolific source of
secondary metabolites used in clinical cancer therapy such as daunomycin, doxorubicin, bleomycin.
This study Streptomyces A16-1 was isolated from coastal soil in Chonburi, Thailand. Cytotoxic
activity and apoptotic mechanisms were investigated with partial purification of crude red pigment of
the strain. The fractionates were applied to human nasopharynx cell lines (KB cells) and peripheral
blood mononuclear cells (PBMCs). Percent cell viability was assessed by MTT assay. The apoptotic
effects were evaluated by DAPI nuclear staining, agarose gel electrophoresis, mitochondria staining
and Caspase-3 activity.

Of 21 fractions, fr7-9, fr10-12, and fr13-16 displayed strong inhibitory effects against KB cells in a
dose-dependent manner but less effective against PBMCs. Fraction fr7-9 showed the greatest effect
with ICsq values of 0.04+0.005, whereas fr10-12, fr13-16 and doxorubicin were, 0.20+0.02,
0.55+0.05 and 1.35+0.23 ug/mL, respectively. Morphological observations showed cell shrinkage,
irregular in shape with cytoplasmic granules. Molecular mechanisms of cell death were associated
with mitochondrial transmembrane depolarization, chromatin condensation and DNA fragmentation as
well as sub G1 fraction of cell cycles. Furthermore, the induction of apoptosis in KB cells was
mediated by activated caspase-3 which was significantly diminished in a caspase-3 inhibitor.

By 16S rRNA gene sequence analysis and BLAST matching from GenBank database revealed
Streptomyces A16-1 was 99.101% similarity to Streptomyces indiaensis.

On chromatograms there were at least 8 components in fr7-9, the strong cytotoxic activity and cell
apoptosis might cause by a synergistic effect of some or all components while little cytotoxic effect on
PBMCs was found which was a good sign. Streptomyces A16-1 might have many promising active
compounds for cancer chemotherapy. Further efforts to identify the structure and to explore the
therapeutic strategy are necessary.

Key words: Apoptosis, Streptomyces, DNA fragmentation, mitochondrialdepolarization, caspase-3
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Anti-MRSA Activity of Streptomyces A16-1 An Isolate From Coastal Soil.

IRattanaporn Srivibool and *Subuntith Nimrat
(J Institute of Marine Science, Burapha University, Chonburi 20131, Thailand. : Faculty of Science,
Burapha University, Chonburi, 20131. Thailand.)

ABSTRACT

Methicillin-resistant Staphylococcus aureus, MRSA, is any strain of Staphylococcus aureus that has
developed resistance to beta-lactam antibiotics, which include the penicillins (methicillin, dicloxacillin,
nafcillin, oxacillin, etc.) and the cephalosporins. It is also called multidrug-resistant Staphylococcus
aureus and oxacillin-resistant Staphylococcus aureus (ORSA) and difficult to be treated in several
infections in humans. Streptomyces A16-1, an antimicrobial producing strain, isolated from coastal
soil was cultured on ISP2 (International Streptomyces Project 2) medium for 3 days before anti-
MRSA activity was investigated by cross streak method. Twenty-nine strains of MRSA isolated from
pus, sputum, urine and hemolymph of patients were test organisms. The result showed that all the
MRSA tested strains were inhibited by Streptomyces A16-1, except MRSA SP83. Ethyl acetate crude
product of Streptomyces A16-1 separated by TLC and bioautography assay revealed that the strain
produces many active compound against MRSA SP22. Partial purification of the crude product was
carried on by silica gel column chromatography and 21 fractions were collected. After concentrated,
anti-MRSA activity of each fraction was detected by bioautograpgy assay. It was revealed that 6
components of fraction 6, 5 components of fractions 7-9 and 2 components of fractions 10-12, and
fraction 5 were active components against MRSA P45. All the results showed that Streptomyces
A16-1 produced many active compounds against various strains of MRSA isolated from patients. By
16S rRNA gene sequence analysis and by morphological studies, Streptomyces A16-1 was 98.961%
similar to Streptomyces spinoverrucosus.

KEYWORDS: Anti-MRSA, Actinomycetes, Streptomyces, MRSA
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INTRODUCTION

Staphylococci are amongst the most hardy of the nonspore forming bacteria and can survive
significant adverse environmental conditions. They can be easily cultured from dessicated clinical
material, even after several months, are relatively heat-resistant and can tolerate high salt
concentrations. S AUREUS is one of the most prevalent of this genus and has been a recognized
pathogen in humans for centuries (Wad Vogel ,2000).

MRSA is any strain of Staphylococcus aureus that has developed resistance to beta-lactam
antibiotics, which include the penicillins (methicillin, dicloxacillin, nafcillin, oxacillin, etc.) and the
cephalosporins. Strains unable to resist these antibiotics are classified as methicillin-sensitive
Staphylococcus aureus, or MSSA. The development of such resistance does not cause the organism to
be more intrinsically virulent than strains of S. aureus that have no antibiotic resistance, but
resistance makes MRSA infection more difficult to treat with standard types of antibiotics and thus
more dangerous.y

Generally, reservoir of S. aureus in human body is the anterior nares, although other sites
such as the groin, axillae and perineal area have been described as well. Approximately 20% to 40% of
the adult population may be colonized at any given time, depending on a number of local and
epidemiological factors. On an individual basis, about 30% of the adult population will be chronic
carriers, 50% will be intermittent carriers and another 20% do not seem to become colonized. If the
mucous membranes or the skin barrier are breached from trauma or surgical intervention, S AUREUS
may enter the soft tissues and establish an invasive infection. This background make us understand
why S AUREUS continues to be a major human pathogen that infects both healthy hosts in the
community as well as compromised hosts in the hospital (Payne, et al., 1996; Sanford, et al., 1994).

The emergence of MRSA in Canada is a phenomenon in last 2 decades, raising considerable
concern because this type of S. AUREUS would cause infections difficult to treat in the outpatient
(Conly, et al.,2003). In Thailand, the National Antimicrobial Resistance Surveillance Thailand (NARST)
program, studied an overview of the

antimicrobial susceptibility patterns of important Gram-positive bacteria from between2000 and 2005
as well as the clinical implications. It was found a constant occurrence of methicillin-resistant S. aureus
(MRSA) was noted during this period (Mootsikapun et al.,2009). NARST reported that MRSA
contributes significantly to either healthcare-associated or hospital acquired infections in Thailand.
Further more, MRSA is also associated with community-acquired infections in western countries. The
data of NARST surveillance indicated that MRSA constantly contributed 24% to 27% of all S. aureus
clinical isolates from most hospitals during the study period, except from certain university hospitals
where the percentage ranging between 30% and 60%. Thus, from now on searching for more other
type of antibiotics to conquer MRSA would be an urgent task.

Actinomycetes are well known having produced thousands of bioactive compounds. In the
past two decades, however, there has been a decline in the discovery of new lead compounds from
common soil-derived actinomycetes. Recently scientists started searching various extreme ecosystems
such as deep sea, forest, mountains and deserts for the discovery of novel actinomycetes and novel
antibiotic compounds (Jensen, et al., 2005; Valan, et al., 2008; Radhakrishnan, et al., 2007). The
purpose in this present study was to find new antibiotics or bioactive compounds from actinomycetes
isolated from Thai coastal soil.
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Naorungrote, et al. (2011) reported that out of different 64 isolates of ACTINOMYCETES
isolated from soil samples in Nakhon Si Thammarat, 19 exhibited anti-MRSA activity in which 10
isolates could inhibit all tested MRSA. Some isolates exhibited the anti-MRSA activities on both agar
plug and agar well diffusion methods and from taxonomic studies all these isolates belong to
Streptomyces: Streptomyces sp. CFJ2, Streptomyces antibioticus strain 1022-257, Streptomyces
flaveolus strain NRRL B-1334, Streptomyces psammoticus strain NBRC 13971 and Streptomyces sp. B26
(Naorungrote, 2011). Up to present, actinomycestes still be a prominent group and promising
bacteria for scientists to search for novel antibiotics and other new effective bioactive compounds.

EXPERIMENTAL AND METHODS

1. Isolation and purification of Actinomycetes

Streptomyces A16-1 was isolated from tropical coastal soil in Chonburi Province, Thailand, on
Starch Casein

Agar. The soil was pretreated at 55° C for 30 min before spreading on the agar medium, then
incubated at 32 °C for a week. The colony was purified on the same medium after appearing on the
isolation plate, kept at room temperature, 25 °C, for further studies and preserved in 20% glycerol at
-40 °C.

2. Preparation of MRSA test strains.

All tested MRSA were isolated from patients’ specimens: pus-, sputum-, urine- and haemo-
culture, and classified by standard method as described in Holt et al. (1986), Colle et al. (1996) and
Hakim et al. (2007). Tested MRSA were streaked on Tryptic Soy Agar, incubated at 30°C for 24 hours
and concentration adjusted as 0.5 Mcfarland (10® CFU/ml) in Tryptic Soy Broth before use.

3. Preliminary anti-MRSA activity study.

Anti-MRSA activity was investigated by cross streak method after Streptomyces A16-1 was
cultured on ISP2 (International Streptomyces Project 2) medium for 4 days and extended the
incubation time for another day before the result was read.

4. Extraction and partial purification of crude bioactive compounds.

Streptomyces A16-1 was cultured in ISP2 broth, 100 rpm reciprocal shaked, at 30° C for
10 days. Separated cells and medium by centrifugation before crude compounds were extracted by
methanol and ethyl acetate, respectively. The crude compounds were preliminary separated by thin-
layer chromatography on silica gel plate. Partial purification of the crude product was continued
through silica gel column chromatography, eluded by chloroform, chloroform:methanol = 95:5, 90:10,
80:20 and 70:30, respectively. Fractions were collected, 50 ml each, and solvents were concentrated
by evaporation.

5. Bioautography assay study.

Antimicrobial activity to MRSA of the partially purified compound from TLC was tested by
bioautography method. The concentrated crude, partial purification, products were spot on TLC (Silica
Gel 60, 4x4.5 cm), separated with chloroform and methanol and placed on agar medium plates pre-
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swabbed with MRSA P45. Left the separated component spots well absorbed at 4° C for 4 h and
incubated for another 24 h after the chromatograms were taken out, and the inhibition zones on agar
plates were observed.

6. Morphology and molecular studies.

Streptomyces A16-1 was streaked on ISP2 medium plate, incubated at 32° C for 3-4 days
and examined both under inverted light microscopy and scanning electron miroscopy. Aerial,
substrate mycelium and spore chain type, including ultra structures of the strain were noticed.
Molecular study was performed by analysis of 16S rRNA gene sequencing and the BLAST matching
from GenBank sequences data base.

RESULTS AND DISCUSSION

Preliminary test for anti-MRSA activity of Streptomyces A16-1 to 29 strains of MRSA: MRSA SP1, MRSA
SP5, MRSA U7, MRSA P9, MRSA H16, MRSA SP21, MRSA SP22, MRSA SP27, MRSA SP31, MRSASP37,
MRSA SP39, MRSA SP41, MRSA SP45, MRSA SP47, MRSA SP58, MRSA SP61, MRSA SP64, MRSA P65,
MRSA H78, MRSA SP78, MRSA SP79, MRSA SP83, MRSA P86, MRSA SP86, MRSA SP89, MRSA
P90,MRSA SP117, MRSASP120 and MRSA SP138, revealed clear inhibition zone mostly in range of 10-
15 mm from the Streptomyces streak. Only MRSA SP86, MRSA SP78 and MRSA SP41 that the
inhibition zones were lesser from the range, 4mm, 6 mm and 7 mm respectively. Partial purification
of the crude product gave 21 fractions, but fraction 7-9, 10-12, 13-16, 17-19 and 20-21 showed a
similar pattern of components on the chromatograms. Anti-MRSA P45 activity was revealed by
bioautography assay. Six and 5 component spots from fraction 6 and fraction 7-9 show anti-MRSA
activity, 2 component spots from fraction 5 and fraction 10-12 as well. These data indicated that
Streptomyces A16-1 produced many bioactive compounds inhibited to various sources of MRSA. Data
from morphological and molecular studies revealed Streptomyces A16-1 having 98.961 % similarity to
Streptomyces spinoverrucosus.

CONCLUSIONS

As Streptomyces A-16-1 capably well inhibited all MRSA tested isolates, it is a promising strain
to be developed for further anti-MRSA antibiotic production or for further pharmaceutical study.
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Abstract

The use of marine yeasts in larval rearing is now one of the economic technological inputs in the production of
natural live feeds for zooplanktons or shrimp larvae. They are cheap to produce and can be grown using low cost
carbon source from agricultural products. In the present study, the two marine yeast isolates AS1-8 and BS 6-2
were cultured on 4 types of media: potato dextrose broth (PDB) , Czapek Dox broth, cornmeal, and black lentil
meal. The yeasts were cultured by shaking at 110 rpm, 30° C, for 72 h and cells were harvested by
centrifugation. Nutritional analysis of the two yeast isolates were analysed: protein, crude fat, fatty acid and
ash.Total lipid was investigated by extraction of 0.1 g dried yeast cells with chloroform:methanol (2:1, v/v)
containing 0.1% butylated hydroxytoluene. Total lipid was obtained by filtering the lower layer through
anhydrous sodium sulfate. Fatty acid methyl esters (FAMES) were prepared by total lipid transesterification and
measured by gas-liquid chromatography. The individual FAMEs was identified by comparison to known
standards. The results showed that both yeast isolates AS1-8 and BS 6-2 contained some high amount of
palmetic, oleic and linoleic acids and some amount of a-liolenic acid. Oleic acid was produced in BS 6-2 and
AS1-8 in highest amount, 38.63 + 0.38%TFA and 32.94 + 0.34%TFA, respectively when cultured on cornmeal
broth whereas palmetic acid was produced in high amount in both isolates and on every kind of medium used.
Interestingly, the yeast isolate AS1-8 contained high amount of protein when cultured on black lentil meal (50.56
+ 019 %) and PDB (40.41 + 057%), while yeast isolate BS 6-2 contained 41.53 + 0.04 % and 29.69+ 0.18 % on
PDB and Czapek dox broth, respectively. The crude fat content in cells of the two yeast isolates was high when
cultured on cornmeal medium, 5.16 + 0.01% for AS1-8 and 7.78 + 0.28 % for BS6-2. Although polyunsaturated
fatty acids were found in less amount, the two essential fatty acids for marine aquatic lavae, linoleic and a-
linolenic were found. The nucleotide sequence of D1/D2 domain of 26S rDNA of the two yeast isolates were
analysed and AS1-8 was closest to Rhodotorula mucilaginosa with 99% similarity and BS6-2 was closest to
Pichia jadinii with 99.101 % similarity.

Keywords: marine yeast, nutrition, fatty acid


mailto:rattanap@buu.ac.th

68

INTRODUCTION

Yeasts are a rich source of proteins and B-complex vitamin. They have been used as a supplement
in animal feeds to compensate the amino acid and vitamin deficiencies of cereals, and are
recommended as a substitute for other ingredients in fish[ll. Marine

microorganisms, including yeasts, live in extreme environments in which a unique of functional
biomolecules could be potential provided!(?] In the ocean, 71% of the earth surface, many genera
of yeasts can be found such as: Candida albicans, Candida tropicals,Candida membranifaciens,
Debaryomyces hansenii, Geotrichum sp., Pichia capsulata, Pichia fermentans, Pichia salicaria,
Rhodotorula minuta, Cryptococcus dimennae, Yarrowia lipolytica, Saccharomyces cerevisiae and

Rhodotorula mucilaginosal34556l.

The benefit for aquaculture field was that marine animals or larvae usually prefer live feeds that
would be good for reduction of water quality problem. Yeast products (live yeasts) are
frequently used as feed ingredients in aquaculture because of the nutrition valued, which include
protein, lipids, B-vitamins etc. The current study investigated percentage of protein and crude fat,
including fatty acid profiles when cultured in various media.

MATERIALS AND METHODS

2.1 Two yeast isolates: AS1-8 and BS 6-2 which were selected to use in this study and were
identified molecularly by comparing nucleotide sequence of D1/D2 of 26S rDNA gene. Four
culture media were used to culture the yeasts: potato dextrose broth (PDB), Czapek dox broth,
cornmeal and black lentil (Vigna mungo L.) meal.

2.2 Yeast culture and sample preparation: The isolate of AS1-8 and BS6-2 were originally
recovered from samples of coastal sand sediment collected at Ang Sila (13220’ 21.08” N, 100055’
27.28” E) and seawater at Bangsaen beach (13° 16’ 56.82” N, 100° 54’ 54.42" E), Chonburi
Province, Thailand, respectively, and held within the yeast collection maintained at Microbiology
laboratory, the Institute of Marine Science, Burapha University, Thailand under the accession
code AS1-8 and BS 6-2. For the current study, the yeasts were cultured in PDB, Czapek dox,
cornmeal and black lentil meal media, and cell density of the 24h inoculum was 3x108
cells/ml(viable count). Each medium was inoculated by 2 ml inoculums/250 ml medium in 1000
ml flasks and reciprocal shaken at 30°C. Cell mass of each isolate in each medium was collected
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by centrifugation at 8000 rpm, 4°C, for 5 min and cell pellet was washed twice with 0.85% NaCl
and then subjected to a second round of centrifugation under the same conditions. After
decanting the supernatant, the pellet was allowed to dry at 60°C for 18 h.

2.3 Crude Fat and crude protein analysis

2.3.1 Crude fat

Crude fat in the sample was determined by Soxtec™ Systemsl’l. Approximately 1 g of sample
was wrapped in filter paper, placed in fat free thimble and then introduced in the extraction tube.
Weighed, cleaned and dried the receiving cup was filled with petroleum ether and fitted into the
apparatus. Turned on water and heater to start extraction. (1-2 hr) Transferred the cup into
drying oven at 103°C for 1/2 hr. The cup was cooled in a desiccator and weighed.

2.3.2 Crude protein

Protein in the sample was determined by Kjeldahl method. The samples were digested by
heating with concentrated sulphuric acid (H.SO4) in the presence of digestion mixture. The
mixture was then made alkaline. Ammonium sulphate thus formed, released ammonia which
was collected in 4% boric acid solution and titrated against standard 0.1 N HCI. Total protein was
calculated by multiplying the amount of nitrogen with appropriate factor (6.25) and the amount
of protein was calculated.

2.4 Fatty acid analysis

Fatty acids were analysis according to Christie,2003[8l. Once dried, 0.1 g from AS1-8 and BS6-2
were ultra-sonicated in 20 ml ice-cold chloroform:methanol (2:1, v/v) containing 0.1 % butylated
hydroxytoluene for 20 min before the liquid fraction was transferred to a separating funnel. The
residual matter was then subjected to a second round of extraction after which the liquid portion
was transferred to the separating funnel. To separate the non-lipid phase, 0.88% (w/w) KCI
(approx. 25% of the total sample volume) was then added to the separating funnel, agitated to
mix the contents, and then left until the solution separated into two layers. Total lipid was
obtained by filtering the lower layer through anhydrous sodium sulfate before evaporating the
collected fraction. Fatty acid methyl esters (FAME) were prepared from the total lipid by
subjecting samples to acid-catalysed transesterification by adding 1% sulphuric acid and then
incubating them at 500C for 16 h. Gas-liquid chromatography (Agilent Technologies GC7820A4,
USA) was then used to determine the FAME, with individual FAMEs being identified by
comparison to known standards (Supelco 37-Component FAME Mix Supelco, USA). The FAMEs
were split injected through a wall-coated capillary column (HP-Innowax column, 30 m x 0.25 mm
id, 0.25 pm film thickness (Agilent J&W, USA) and detected via a flame ionization detector (FID).
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Helium gas was used as the carrier at a constant flow rate of 1.2 ml min-1. The temperature
program used was an initial 150°C for 0.5 min, increasing to 170°C at a rate of 5°C min!, hold at
170°C for 10 min, then increasing to 190°C at a rate of 3°C min-!, and, then hold at 190°C for 28
min. Temperatures at the injection and detection ports were 230°C and 250°C respectively.

2.5 Statistical analysis

All data are presented as the mean + S.D.

RESULTS

By comparing the nucleotide sequence of D1/D2 of 26S rDNA gene of the isolate AS1-8 and
BS6-2 with the data base in GenBank, AS1-8 was closest to Rhodotorula mucilaginosa with
99% similarity and BS6-2 was closest to Pichia jadinii with 99.101 % similarity. When
cultured the yeasts in various media, it was found that amount of protein and crude fat
accumulated in cells were different. R. mucilaginosa AS1-8 could accumulate highest amount
of protein when was cultured in black lentil meal (50.56+0.19), whereas crude fat was highest
accumulated when was cultured in cornmeal (5.16+0.01) as shown in Table 1.

Table 1 Percentage of crude protein and crude fat of Rhodotorula mucilaginosa AS1-8 when cultured
in various media.

NA= Not applicable as the yeast grew very slowly and scarce.

Medium As1-8
%Protein %Fat % Ash
mean+SD mean+SD mean+SD
PDB 40.41+£0.57 | 1.91%0.17 1.11+0.01
Cornmeal 14.57+0.09 | 5.16+0.01 3.73+0.08
Czapek Dox NA NA NA
Black lentil | 50.56+0.19 | 2.32+0.43 1.04+0.03

The yeast isolate BS6-2 which was
identified Pichia sp., protein was moderately
high accumulated in cells when was cultured in
PDB and black lentil meal(41.53+ 0.04 and 41.91
+0.43, respectively). Interestingly, fat was
accumulated in high percentage in cells when
cornmeal medium was used in both Pichia BS6-2
and Rhodotorula mucilaginosa AS1-8 (5.16+0.01
and 7.78+028, respectively) as shown in Tablel
and Table 2.

Table 1 Percentage of crude protein and crude fat of Rhodotorula mucilaginosa
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Table 2. Percentage of crude protein and crude fat of Pichia BS6-2.

medium BS6-2
%Protein %Fat %Ash
mean+SD mean+SD mean+SD
PDB 41.53+0.04 | 0.34%0.01 6.83+0.16
Cornmeal 14.51+0.18 7.78+0.28 0.53+0.06
Czapek Dox | 29.69+0.18 | 0.17+0.01 8.20+0.25
Black lentil NA NA NA

When dried cells of the yeast R. mucilaginosa AS1-8 and Pichia BS6-2 were continued to study
fatty acid profiles, the results from the analysis of gas-liquid chromatography were shown in
Figure 1 and Figure 2. R. mucilaginosa AS1-8 is an oleaginous yeast but not the Pichia BS6-2.
When cultured in cornmeal broth R. mucilaginosa AS1-8 accumulated the highest C18:2n6, 19.15
+0.45 %TFAs(total fatty acids), whereas C18:3n3 was accumulated in lesser amount, 1.27 + 0.14
% TFAs.

Rhodotorula AS1-8
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Figure 1 Fatty acid composition of Rhodotorula mucilaginosa AS1-8, express as percentage of total fatty
acids-%TFAs, when cultured in various media.

Although the non- oleaginous yeast Pichia BS6-2 could accumulte in total more amount of SFAs;
C18:2n6 and C18:3n3 were accumulated less than those from R. mucilaginosa A1-8, and Czapek
Dox was suitable medium for these essential fatty acids accumulation, Fig 1 and Fig 2. Meanwhile,
in both genera of yeasts, some other fatty acids from C12-C20 were scarcely detected and some
were none when cultured in some media.



72

Pichia BS6-2
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Figure 2 Fatty acid profiles of Pichia BS6-2 when cultured in various media.

DISCUSSIONS

It was clearly shown that protein, fat, and fatty acid composition accumulated in cells of R.
mucilaginous AS1-8 and Pichia BS6-2 varied according to the source of nutrition. In this current
study, although both genera we investigated here lacked of the high-value nutritional oils such as
docosahexaenoic acid (DHA-C22:6n3), eicosapentaenoic acid (EPA-C20:5n3), gamma linolenic
acid (GLA-C18:3n6) and arachidonic acid (ARA) still we found that both genera, R. muciaginosa
AS1-8 and Pichia BS6-2 accumulated essential fatty acids, a-linolenic acid or ALA (18:3n-3) and
linoleic acid or LA (18:2n-6) and each genus of yeast accumulated different amount of these high-
value fatty acids according to the culture medium. These essential fatty acids form the starting
point or are precursors for the creation of longer and more desaturated fatty acids, which are also
referred to as long-chain polyunsaturated fatty acids (LC-PUFA). It is generally known that human
and animals can not synthesis these essential fatty acid and these have to be derived from diet, so
these yeasts are still useful for marine animals feeds as both genera accumulate high amount of
protein, especially when culture in PDB or black lentil meal. Anyways, other conditions such as
temperature and the ratio of C/N in culture medium should be investigated further when scale
upli2],

It has been reported that astaxanthin, a carotenoid compound, has a wide range of

pharmacological properties including antioxidant and antimicrobial activity and


https://en.wikipedia.org/wiki/Alpha-linolenic_acid
https://en.wikipedia.org/wiki/Linoleic_acid
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reducing risk of certain cancers and cardiovascular diseases [91011]. Apart of protein, fat, B-
vitamins that are great benefit for feed in marine aquaculture, like

other species of Rhodotorula,R. mucilaginosa AS1-8 in this current study has carotenoid
accumulated in cells as well which would be a good characteristic for further study.
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Abstract

Mangrove forest ecosystems are rich in microorganisms including actinomycetes. In this study, 24 sediment
samples were collected from mangrove areas in Nakorn Si-Thammarat, Chumporn and Rayong provinces on the
east coast and west coast of the Gulf of Thailand. Actnomycetes were isolated by several selective media, then
were characterized and screened for antimicrobial and antioxidant activities. Actinomycetes were recovered in
total 83 isolates from the 3 provinces, 55 from Nakorn Si-Thammarat, 16 from Chumporn and 12 from Rayong
mangrove sediments. The actinomycetes recovered from Nakorn Si-Thamarat mangrove were rather diverse in
different family, which were mainly Streptomyces, Micromonospora, Nocardiopsis, Streptoalloteichus and some
unidentified genera; where as those found from Rayong and Chumporn mangroves were rather diverse mainly in
same family in Actinoplanetes: Virgisporangium, Micromonospora, Salinispora and Spirilliplanes in which the
colonies are small and in orange, brown or black which could differentiate to each other by chemotaxonomy and
morphology studies. Although in Rayong and Chumporn mangrove areas did not obtain many anti-microbial
producing strains as those obtained from Nakorn Si-Thammarat, we believed that by other method of
antimicrobial investigation more antimicrobial producing strains would be found. Antioxidant activity by selected
isolates from all areas reveal actinomycetes recovered from mangrove areas are potential source of lead
antioxidant compounds.

© 2015 Published by Burapha University.
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Introduction

Actinomycetes, gram positive bacteria with high G+C content, occur widely in both terrestrial and aquatic
environments; many species are saprophytic and are important in soil ecology [Zhao et al., 2004]. As other soil
microbes in sediment, actinomycetes play an important role in organic matters decomposition and mineral
recycling. Importantly, they have contributed a wide range of biologically active compounds, notably antibiotics
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for clinical use and as therapeutic agents. Of the 3000+ microbial products possessing some biological activity as
listed by the Antibiotic Literature Database (ABL) - Bioresearch Italia Database, the greatest contribution are
made up of those isolated from actinomycetes [Lazzarini et al., 2000], many of which are from the genus
Streptomyces. The search for novel actinomycetes and the discovery of new antibiotics for use within the medical
industry is driven by the development of resistance among a number of pathogens [Bernan and Grensteun, 2004]
and the emergence of new disease conditions [Taylor et al., 2001]. However, over the last few decades, the rate of
new compounds being discovered from common, soil-derived actinomycetes has declined and focus has shifted
investigating the vast and largely unexplored marine environment. Several studies have indicated that a diverse
community of actinomycetes occur within marine sediments, even at considerable depths [Jensen and Lauro, 2008;
Maldonado et al., 2005b; Pathomaree et al., 2005; Bredholdt et al., 2007] and that these may provide a new source
of novel antibiotic compounds [Fiedler et al., 2005; Hernandez et al., 2004; Hong et al., 2009; Imada, 2005]. The
search for novel antibiotics is sustained by the challenges imposed by antibiotic resistant pathogens on human
health [Bernan et al., 2004] and by the emergence of new diseases [Taylor et al., 2001]. The purpose of the current
study was to conduct a preliminary search for the distribution of actinomycete isolates that have potential
antimicrobial producing strains from mangrove sediments collected both sides the Gulf of Thailand and to evaluate
their antibiotic and antioxidant activities.

Materials and Methods
Sampling of sample sediments

Sediment samples were collected from three main mangrove forests both east and west of the Gulf of Thailand
in Nakorn Si-Thammarat, Chumporn (n=9, Ban Natung, Ban Nacha-ang, and Park Canal; Rayong (n=8) All
sites being along the western and eastern margins of the Gulf of Thailand. From mangrove forest ecological
systems connected to the sea, 24 samples were taken and kept in sterile plastic bags. In each case, the sediment
sample was taken from the sediment surface close to rhizosphere of plants at the mangrove site with a spatula.
The samples were then transferred to the Bangsaen Institute of Marine Science (BIMS) for processing and
actinomycete isolation.

Isolation methods

Sediment samples were pretreated in two ways: heated for 1 h at 100°C and/or 30 min treated with 1.5% phenol
before isolation [Nonomura, 1988; Hayakawa, 1990; Hayakawa, et al., 1991; Hayakawa, 2008]. Each treated
substratum sample was processed, diluted with natural sea-water at 10" and 10 of 10-fold dilution prior to
inoculation on the selected isolation media. The selective media used were: starch casein agar (SCA),
actinomycete isolation agar (AlA) and malt extract-yeast extract medium (ISP2) for samples from Nakorn Si-
Thammarat- and Rayong-mangrove sediments; and SCA, M4 and humic acid vitamin agar (HV) for samples from
Chumporn-mangrove sediments. An equal volume of natural seawater was added to all isolation media. All
isolation media were supplemented with 25 pg/mL novobiocin and 50 pg/mL nystatin to prevent the growth of
other Gram-negative bacteria and fungi. The isolation plates were then incubated at 30°C and checked at regular
intervals over a 4 week period for the appearance of actinomycete colonies. Actinomycete colonies appearing on
the plates were subsequently purified and then kept on agar slants for subsequent investigation of antimicrobial
and antioxidant activities and also in 20% glycerol which were then stored at -80°C for longer term
preservation.

Screening of antimicrobial activity

The antimicrobial activity of all isolates were tested against Bacillus subtilis TISTR 008, Staphylococcus
aureus TISTR 517, MRSA22 and Candida albicans TISTR 5235 provided by Thailand Institute of Scientific and
Technological Research, TISTR, using the cross streak technique. The actinomycete isolates were cultured for 4-6
days at one side of the cultured plates before the 18 h test strains, 0.5 McFaland, were perpendicular streaked
across by sterile cotton buds and continued incubation for another 24 h period.
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Screening of antioxidant activity

Some pigmented and/or antimicrobial producing isolates were selected to investigate for antioxidant activity.
To achieve the amount of secondary bioactive metabolites using, the actinomycetes isolates were cultured in ISP2
medium for at least 3 L at 30° C and shaken at 110 rpm for 7-10 d. After a 7 or 10 day incubation period, the
mycelium and culture broth were separated by centrifugation. Actinomycete cultured medium was extracted
by ethyl acetate, in separating funnel, shaken for a few minutes, and then the solvent layers were evaporated
under vacuum (Buchi RE111). The crude extracts were then transferred into small vials using sterile Pasteur
pipettes and dried with N, gas. Antioxidant activities of the components were preliminary investigated by
thin layer chromatography technique, by DPPH radical [Alessandra et al., 2002].

Morphological characteristics

The inclined coverslip technique [Williams et al., 1989] was used to observe the type of spore chains, the
aerial and substrate mycelium that were produced by each actinomycete isolate from each sediment sample. Some
of the antibiotic producing strains were selected for further examination by scanning electron microscopy to
determine the ultrastructure of the spore chain morphology and the ornamentation of the spore surface.

Chemotaxonomical study

The isomeric forms of diaminopimelic acid (DAP) and diagnostic sugars in whole-cell hydrolysates were
determined by thin layer chromatography as described by Lechevalier et al., 1973. The strains were identified to
genera according to Williams et al. [1989] and Maldonado et al. [2005a].

1. Results and Discussion

Actinomycetes recovered from all areas were obtained in total 83 isolates, 55 from Nakorn Si-Thammarat, 16
from Chumporn and 12 from Rayong mangrove sediments. The mangrove area in Nakorn Si-Thammarat is
located some distance in land and the sediments are wet and dry according to the high and low tide each day,
anyway the soil sediment is rather fertile with more plant debris and materials than the mangrove in Chumporn
and Rayong provinces in which the areas are next to the sea with sandy sediments. Actinomycetes found from
Nakorn Si-Thammarat mangrove were diverse in Family and genera and Streptomyces were dominant, whereas
those found in Chumporn and Rayong mangroves were mainly in Family Micromonosporaceae (Table 1).

Identification into genera of the recovered isolates were done by morphological study and chemical analysis of
cell wall DAP, including sugar pattern in whole-cell hydrolysates (Fig 1). In this study in land mangrove area was
inhabitant of some other rare actinomycete genera such as Thermoactinomyces, Micromonospora, Nocaardia,
Nocardiopsis, Streptoalloteichus and some unidentified genera whereas the outer mangroves which connect to the
sea less Streptomyces and many genera in Family Micromonosporaceae were found. In Chumporn mangrove, 2
isolates of potentially antibiotic producing Streptomyces were found among the rare actinomycetes, whereas all
isolates recovered from Rayong mangrove were members of the Family Micromonosporaceae, but rather diverse
in genera anyway (Table 1).

Out of 55 isolates recovered from Nakorn Si-Thammarat mangrove, 27 isolates were antimicrobial producing
strains, mostly to gram positive bacteria, 4 isolates to both gram positive bacteria and C. albicans and 4 isolates to
only Candida albicans (Table 2). On the other hand, those recovered from Chumporn and Rayong mangrove
sediments rarely produced antimicrobial substances by cross streak investigation which might be the active
metabolites were not water soluble or were still inside cell membranes.

Table 1. Some morphological and chemical studies of representative isolates recovered from all areas. (Williams, et al., 1989 and Maldonado,
et al., 2005a)
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Isolate Aerial Substrate DAP e  Sugar Pattern Identified

ID mycelium mycelium type

NS1-2 w Bn Meso- o - Thermoactinomyces
DAP

NS1-4 Gy LO e Ara Gal Unidentified

NS1-5 w Bn Meso- o - Thermoactinomyces
DAP

NS1-6 none DBn Meso- e - Micromonospora
DAP

NS1-7 none C Meso- e Xyl Ara Micromonospora
DAP

NS2-2 w Bn Meso- o - Nocardiopsis

NS2-3 Gy Bn DAP . - Streptomyces
LL-

NS2-5 Gy Bn DAP * - Streptomyces

L[]

NS3-1 w DBn Meso- e  Rhm, Man, Gal Streptoalloteichus
DAP

NS3-2 W YBn LL- o Gal Streptomyces
DAP

NS3-3 W YBn LL- . - Streptomyces
DAP

NS3-5 W->Gy BnBk LL- °« - Streptomyces
DAP

NS3-7 W->Gy YBn LL- « - Streptomyces
DAP

NS3-8 W PkBn Meso- e - Nocardiopsis
DAP

NS3-9 w Cc Meso- e  Ara, Gal Nocardia
DAP

NS3- w PkBn LL- « - Streptomyces

10 DAP

NS3- W Bn Meso- e - Thermoactinomyces

11 DAP

NS3- none Bn Meso- e Xyl, Ara Micromonospora

12 DAP

NS4-1 WBn LY LL- « - Streptomyces
DAP

NS4-2 w PkBn Meso-  Gal, Man, Rhm Streptoalloteichus
DAP

NS4-4 Gy WGy LL- Gal, Man Streptomyces
DAP

NS4-6 W->BnGy Bn LL- Gal Streptomyces
DAP

NS4-8 Gy Gy LL- - Streptomyces
DAP

NS5-1 LGy Bn LL- - Streptomyces

DAP



Table 1. (continued)

. Isolate Aerial Substrate DAP . Sugar Pattern . Identified
ID mycelium mycelium type
. NS5-3 LGy Bn LL- - . Streptomyces
. NS5-4 WBn Bn DAP Gal . Streptomyces
LL-
DAP
. NS6-2 LGy YBn LL- - . Streptomyces
DAP
e CP22 none 0 Meso-  Xyl, Ara, Gal e Salinispora
DAP
e CP3-1 none LO Meso-  Xyl, Ara, Rhm, Gal, Man e Virgisporangium
DAP
e CP- none 0 Meso-  Xyl, Ara, Rhm, Gal, Man e  Virgisporangium
PH3-2 DAP
e CP- none BkO Meso- Xyl Ara e Micromonospora
PH3-9 DAP
e CP- none BkO Meso-  Xyl, Ara, Rhm, Gal, Man e  Virgisporangium
PH3- DAP
12
e CP- none LO Meso-  Xyl, Ara,Man, Gal e  Salinispora
PH3- DAP
13
e CP- none 0 Meso- Xyl Ara e Micromonospora
PH3- DAP
22
. CP8-4 Bn Bn LL- - . Streptomyces
A DAP
e RY2- none LBn Meso-  Xyl, Ara, Rhm, Gal, Man e Virgisporangium
20 DAP
e RY2- none LBn Meso-  Xyl, Ara, Rhm, Gal, Man e Virgisporangium
22 DAP
e RY2- none OBn Meso-  Xyl, Ara e Micromonospora
24 DAP
e RY2- none OBn Meso-  Xyl, Ara, Rhm, Gal, Man e Virgisporangium
25 DAP
¢ RY3- none Bk Meso-  Ara, Gal, Xyl e  Salinispora
32 DAP
e RY3- none BkBn Meso-  Gal, Xyl e  Spirilliplanes
37 DAP
e RY7- none OBn Meso-  Gal, Xyl e  Spirilliplanes
8 DAP
e RYS- none OBn Meso-  Gal, Xyl e  Spirilliplanes
3 DAP
e RYS- none OBn Meso-  Gal, Xyl e  Spirilliplanes
8 DAP
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Note: NS = Nakorn Si-Thamarat; CP = Chumporn; RY = Rayong; Ara = arabinose; Gal = Galactose; Man = Mannose; Rhm = Rhamnose;
Xyl = Xylose; Bk = black; BkBn = blackish brown; BKO = blackish orange;Bn = brown; BnGy= brownish gray; C = cream; DBn = dark
brown; Gy = gray; LGy = light gray; LO = light orange; LY = light yellow; O = orange; OBn = orange brown; PkBn = pinkish brown; W =
white; WGy = whitish gray; YBn = yellow brown.
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Fig 1. Chromatogram showed the diagnostic sugar pattern in some of isolates recovered from Rayong and Chumporn
mangroves.

Table 2. Antimicrobial and antioxidant activities (ICsp) in some of the isolates recovered from Nakhon SI- Thammarat,
Chumporn and Rayong mangroves.

. Isolate e  Colorof . Colorof e  Antibiosis to (Distance of inhibition zone, mm) . 1Cso DPPH
ID scavenging

. e  spore e  substrate B. . MRSA21 e MRSA22 C. . (ng/mL)

mass subtilis albicans

. NS1-2 e C . RO . 15.0 e 50 . - « - . NA

e NSI1-4 e Gy e O e 260 e 220 e 150 . e NA

. NS1-5 e W . Bn . 12.0 °« - . - « - . NA

e NS1-9 e Gy e Y e 200 °« - °« - °« - e NA

. NS2-2 . w . Bn . - . 5.0 . 3.0 . - . 337.3+34.2

. NS2-3 . Gy . Bn « - e 50 e 30 « - e 56.6+0.4

. NS2-5 . Gy . Bn e 50 e 50 e 50 « - e 64.8+1.2

. NS3-1 . W . DY . 20.0 . - . 20.0 . - . >400

. NS3-2 o W o Y o 220 °« - . 16.0 °« - e >400

. NS3-3 o W e YBn e 300 °« - . - e 50 . NA

e NS3-5 e  BkBn e YBn °« - °« - « - e 280 e NA

. NS3-7 . Gy e YBn * - o - . - e 20 e >400

. NS3-8 o W . P * - °« - . 20.0 * - . NA

e NS3-9 « W e C e 150 °« - °« - °« - e NA

. NS3-10 o W . PY °« - °« - . 22.0 * - . NA

. NS4-1 . Bn . LY °« - °« - . - o 280 o NA

e NS4-4 e Gy e WGy e 150 °« - « - e 120 e  >400

e NS4-6 e W.>BnGy e Bn e 200 e 150 e 100 e 20 e 329.9+57.5

e NS5-1 e Bn e Bn . . . . e  >400

e  NS5-3 e WGy e Bn e 190 e 150 °« - *« - e 190.3+5.9

e NS54 e LBn e Bn e 320 e 200 °« - - - e  >400

. NS6-2 . Gy e YBn « - o - . - e 30 e  >400

. CP- . none . (0] . - . - . - . - . 133.1+4.0
PH3-2

. CP- . none . BkO . - . - . - . - . 329.9+7.9
PH3-9

e CP84A e Bn e Bn e 150 e 130 e 130 e 80 e >400

. RY2-20 . none . LBn . - . - . - . - . 294.23+7

Ascorbic e . . . . . . 2.8+0.11
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Note: - = inactive; NA = Not applicable; NS = Nakorn Si Thammarat; Bn = brown; Bk = black; BkBn = blackish brown; BKO = blackish
orange; BnGy= brownish gray; C = cream; DY = dark yellow; Gy = gray; LY = light yellow; LBn= light brown; O = orange; P= pink; PY =
pinkish yellow; RO = red orange; W = white; WGy= whitish gray; YBn = yellow brown;.

The DPPH radical scavenging assay is commonly employed in evaluating the ability of antioxidants to
scavenge free radicals. The more rapidly the absorbance decreases, the more potent the antioxidant activity of the
extract due to its hydrogen atom donating ability. Among the isolated of actinomycetes were screened for
antioxidant activity using 1,1, diphenyl-2-picryl hydrazyl (DPPH) stable radical scavenging. The ethyl acetate
extracts of NS2-3 and NS2-5 exhibited strong DPPH radical scavenging activity at the 1Cx, value of 56.6+0.4 and
64.8+1.2 pg/mL, respectively. The extracts of CP-PH3-2 and NS5-3 showed good antioxidant activity whereas the
five extracts of NS2-2, NS4-6, CP-PH3-9, CP-PH3-13 and RY2-20 were less active. However, the scavenging
activity of extracts was less than that of standard ascorbic acid (ICsy 2.84+0.11 pg/mL). The result of this study
indicated that the crude extracts have the proton-donating ability and they are potential source for isolation of lead
antioxidant compounds to reduce free radical induced tissue injury.

It has been estimated that the actinobacteria usually found only a small fraction of the bacteria flora in the
marine [Goodfellow and Williams, 1985], but consequently, it was found up to 9% in marine sediments [Bull et
al., 2005]. In this finding, more different genera and more diverse of actinomycete morphology were found in the
inland mangrove sediments than those found in marine sediments. There was convincing evidence that
actinomycetes were adapted to marine habitats [Moran, et al., 1995; Mincer et al., 2002]. From our finding, in
marine sediments, Streptomyces were scarce whereas members of Micromonosporaceae were abundant and often
found. Although the isolates in member of Micromonosporaceae did not show the ability of antimicrobial
metabolites by cross streak, other methods of investigation are necessary as many reports found novel active
compounds from this group of actinomycetes [Romero, et al., 1997; Fiedler et al., 2008, Williams, et al., 2005 and
Jensen et al, 2007]. However, these results revealed that Thai mangrove sediments are a good source to search for
both active antimicrobial and antioxidant compounds from both rare and non-rare species.
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