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Actinomycetes produce diverse secondary metabolites which have the primary importance in medicine, agriculture
and food production, and key to this is their ability to interact with other organisms in natural habitats. In this study,
we have investigated the taxonomical and functional diversity of actinomycetes in fecal sample of rhinoceros beetle
larvae (Allomyrina dichotoma L.) by using culture-dependent and -independent approaches. For the culture-independent
approach, the community DNA was extracted from the sample and 16S rRNA genes of actinomycetes were amplified
using actinomycetes-specific PCR primers. Thirty-seven clones were classified into 15 genera and 24 species of
actinomycetes. For the culture-dependent approach, 53 strains were isolated from larval feces, of which 27 isolates
were selected based on morphological characteristics. The isolates were classified into 4 genera and 14 species, and
24 isolates (89%) were identified as the genus Streptomyces. Many of the representative isolates had antimicrobial
activities against plant pathogenic fungi and Gram-positive bacteria. In addition, most of the isolates (78%) showed
biochemical properties to hydrolyze cellulose and casein. The results demonstrated that diverse and valuable
actinomycetes could be isolated from insect fecal samples, indicating that insect guts can be rich sources for novel
bioactive compounds.
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AR AASIAL, 71 A A (substrate mycelium), 715 AL et al., 2007; Jog et al., 2012).

A|(aerial mycelium), £& ZX}(arthrospore), A} (sporangia) JAFE AE2A gy 3z = 72 87|88
59 550 728 FATI Hold 12 AZET AARE. Bl HEARE AUt AUCE THY AE 9T, 5
2 U Goodfellow, 2010). FAFE AR GC kol B, 5ok 59 2ABUL Baols BFAT] o8 S
8 Ho|o thofst FAS BG83 A2 a4l grEZDS QIth(Mccarthy and Williams, 1992; Kinkel et al., 2012). 4wt

oA GetHBérdy, 2005). EFF A1E, 4 2 =4k

BABIE R GHE P I 715 A TS AUT ek FoR gaFe] AXSHE AaEEe Eol7] thie] 437t
(Hopwood, 2006). 53] WHlo] AASHs o3} PMIBES A WAFS 72 Egosry Beg 497} gl aeu
;ue} el st Rslel, A YR B ek ol 43 vk, o A, B A

41000094 & % 75% ool AR BLEUT, F% W 5 A BE 4AAHA FAito] BE5T 917 uo]
xﬂ, ez, § 94 T ol RS st Haole deret ROl A WA Heletn Sict

(Hayakawa, 2008; Olano et al., 2009).
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£ 3ot =25 Fud= Ao g dEA k(Park er al,
2011). o]& %9 ®ujL} Aoll= theFgt nlg =0 FASHL 9l
o] 259 AR AtZFol F B T Ark(Scott er al.,
2008; Kikuchi, 2009; Seipke et al., 2012). £3], ZZE=2] AU
T2 Al AAstaA ozt ] E4S Aabske A
Tt o0 AT A ot A | EdsiA AtE L itk
(O’Brien and Wright, 2011; Seipke et al., 2011).

T3] FAAE Hol2 7]9+= 7Hu(fungus-growing ant;
Apterostigma dentigerum)+=Z}A12] 3]0 X AI81= Pseudonocardia
ST FABA - At Oh 5(2009)2 o] WAwto] FAAAE &
22l dentigerumycing AJ4lsl], Ho| 2 o] &= FFo| FA
AE 71484 FFo|2RE BEgithe AME 99l v ok &
ARt FRABA 7L vl=oll A 5 sF o2 Gz dRgd
(Dendroctonus frontalis) | A= WAE AT} Scott 5(2008)-2 ©]
L5 9] ' (mycangium) o] A ASH= Streptomyces7t S FAY
E742l mycangimycing gASto, {32 HolQl FFo] FAk
Al(Entomocorticium)7} 2 AZ=2 §3l Z50](Ophiostoma
minus)9hZ A A 0 2 Agitt= S HH FHEE 0|9
o LZo 2HE FAAL} T2 At YRS Hugh AL
T itk Kim 5(2013)-& 4% 2| (Copris tripartitus) 2] §-39|
A BEgt WA (Streptomyces)©| 4] HeLa A|Z 9] histone
demethylase & A3} tripartino|& AFE2L Ea)5le] B
D). oleid A7 ABBS 20N fe HARE]
oo §-80 hAHE U AT ALE EHH 9

2o Allomyrina dichotoma L.)= G HH = (Coleoptera)
F oK Scarabaeidae) Z5-F =) o]0t 2K Dynastinae) ol &5H=
LSO 2 3=, 48, S, ek SR o E23tHKim, 1998).
oA WHZ7|7HA] 8-97M & AL, 452 347 BES
oh RAEY Bomo] AAstn ws 9 ok o=t g AL
St glom o 2FE0) HshiA A 9 LA} Bl
ZH 4 A e ZFolth(Kim and Kang, 2005). & Zoll= 4=
Fdol 3ol 49 A7 4 o= a5% Adrt g,
g EY AlEaz &gsiEe A7 A=ER St
(Chung et al., 2013). o]2|3t o| 52 FpF ol F83 4l
7 Edolu MAES BN = e BESAEAY 747
ot wekE

£ AFolM e AeFdo] 439 B vy e
Aol Tk S BASH, B W e B A WS
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LS| K52 AME U AR ®HF
TEAZA S sdTETY FEvBET NI ARRERA A
LZFol(Allomyrina dichotoma 1.)2] 3% % 3ulg]& & 4]
Hof| AR ARG 2= 25T, AY=7(16 h Light: 8 h
Dark), &= 70% W= sto, Fpo) daFiro = ¢
A Bk B(18x12%14 cm)ol A 3 vkl AR SHch AR

A5Bo] 55 WARY by W AFBY 157

ARl $5 AHSF SRR 7Auo] jZshs AT B
&7 AR RE 208 ol Eeto] BAo] A8t

Community DNA £ % HiMA E0| PCR HIZ

HujgFH o 2 WAd-S &S] Y34 16S rRNA §-4%
of Bolxo2 AFSRE F 4] ChE PCR primer ALE3HY
Th(Stach et al., 2003; Schifer et al., 2010). Y=(-80C) A=
HE Fgdo] §-5 B AR oA FastDNA® Spin Kit for
Soil (MP Biomedicals, USA)E 0]-83}%] community DNAS 5
Z3}o] PCRO g o2 ALE35tth A HA] primer set-2 Stach
£(2003)0] B8k A 2 A SC-Act-235a520 (5'-CGCGGCCT
ATCAGCTTGTTG-3")2} SC-Act-878aA19 (5'-CCGTACTCC
CCAGGCGGGG-3') primerE ARE3}o] th2F 640 bp2] PCR Ak
ES YAt T WA primer setS Schifer 5(2010)0] E15k
Ao ZA Com2xf (5-AAACTCAAAGGAATTACGG-3")%}
Ac1186r (5'-CTTCCTCCGAGTTGACCC-3') primerZ ARE-35}
of tj=F 270 bp =7]9] PCR 4HE-3 A/ 3tct. PCR ¥H3-9] 24
2 2X Top premix (Enzynomics Inc., Korea) 10 ul, 10 pM 9]
forward / reverse primer Z} 1 ul, HO 7 ul, DNA A]Z(20 ng/ul)
2 PCR tubed] Y1 2 E73HTH PCR HHg-L 05C ofl 4] 287
initial denaturation 3o, 30 cycle WFHE=3J © 2 denaturation
95C oA 30%, annealing 452, extension 72°C 1¥& 52 3§
3 & 72°C of| ] 5E-7F final extensiondl= XA 2 2 AA|5}% T}
o] annealing 2=+ A A primer (S primer) set= 69C ]| A,
= A primer (C primer) set+= 59 C o] 4 ~3§35}3it}. PCR &
AFEL A7|gF5 o2 F13t T o] QIAquick® PCR Purification
kit (QIAGEN Inc., Germany)E ©]-83}o] AA|5}tt.

PCR 4t20| S22 ¥ HIIME &AFY

A5 A| &= TOPO® TA cloning kit (Invitrogen, USA)S
0]8-5}4] ligation 3 One Shot® TOP10 Chemically Competent
E. coli (Invitrogen)o| €%4 WHHo g F2Ys19E 29
AFE 200 plE ampicillin (Wako, Japan)©| 100 ng/ul9] =2
323 LB agaro]] =@t & 37 CollA] 16A]7F F<t v skt
v 2| AFe] 28 UE-2 ampicillin®] Z3HE LB broth 3 mlof] H&
3t & vljof51o] AccuPrep® Nano-Plus Plasmid Mini Extraction Kit
(Bioneer, Korea)E ©]-83}9] PlasmidE Eastgch Ea=
Plasmid+= Genotech A{Korea)]| 2]Z|5}¢] insert2] 7148
AR5 2% 971492 EzBioCloud (http://www.ezbiocloud.
net; Kim et al., 2012)94 #&#F53 H714EY 4548

JrEdol £5 39He 9 £ £ AR 1 g& starch
casein agar (SCA) vjz|o] 34 Haalgct. 28°CollA] 1447t
HjoFslH Al SCA Hi] Ate]l FAE WAF ZEUS Hesto]
oatmeal agar (ISP3) Hjj x| o] Aths}e] 147} vjFste] &= &
ZatAct <5 BelE WHAFELS Antony-Babu 5(2010)9]
¥ el color grouping S 435t EFFES Pz o=
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sl &, 7 #3358 aerial spore mass color, reverse
color, diffusible pigment coloro] 7|4lsle] e oz B=3)

%t

22| #F2| DNA & U 16S rRNA STX ME #H

Color grouping& E3f Agst ojF WAFES 212} trypic
soy broth (TSB) 3 mlo]] 37} ujeksted PureHelix™ Genomic
DNA Prep Kit (NanoHelix, Korea) 2 genomic DNAE &3}
Ftt. o] genomic DNAE £ 22 Kim 5(2012)9] 4o =2
27F (5'-AGAGTTTGATCCTGGCTCAG-3")2} 1492R (5'-AA
GGAGGTGATCCAGCCGC-3') primerS AF&3}o] PCR ¥H
< Y3 SFH PCR AHE2 A ¥ Genotech A{Korea)
o 95t F71A GBS ZAA5+Y AL, EzBioCloud (http://www.
ezbiocloud.net; Kim et al., 2012)o| A EEH#FET G714 <
9] 5/ vl wstsTt.

HrIME 24 U ASS Ay

ujfobg o2 Baa AR HAIZel 165 RNA $27
ZIMET MO 2 o BT B9 16S rRNA 4R}
A71 8L GenBank (http://ncbi.nlm.nih.gov)o] SZ3FATh
(KF194292~KF194355). EzBioCloudo] A AFEAdo] =9d &
Fa551 AR F7IALE9) alignmento]= CLASTAL X
(Thompson et al., 1997)& A3} MEGA program version
4.0 (Tamura et al., 2007)2] neighbor-joining (Saitou and Nei,
1987) B of| o8] AleE Adst3itt 1,0003] ¥ bootstrap
£4](Felsenstein, 1985) 53 Al$4=2] H34S H7lsH4itt
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I d 5 2] St A=Y
YA FHo|(Colletotrichum gloeosporioides KACC 40804,
Fusarium oxysporum KACC 40037), &%X(Candida albicans
Tu 164, Saccharomyces cerevisiae 6A), H|lw-(Escherichia coli
DSM 5698, Staphylococcus aureus DSM 20231, Bacillus
subtilis DSM 10)2 AR HAF2 A3t} C. gloeosporioides
9} F. oxysporumol| ti3t 2/ HAL in vitro F424 &
QI o] whg} potato dextrose agar (PDA; Difco Co., USA) Hjj %]
of AAATE 747 FET T NFELFTE HAFsto FA
FHell F4E ASAAH(clear zone)] Z7]o] whet G4
2 =45tk 8X(C. albicans, S. cerevisiae)2} AlTH(E. coli,
S. aureus, B. subtilis)] qgt IS A8 Y3 44 YM
broth (Difco Co.), LB broth (Difco Co.)ol| HAAwF 1 ml& Z+
ZF AE ok B ol Al #2<} ] wljgsto] oA =4
o] ASAA Y Z7]° wiet FHBAE =55 AT ok
g o] #F9 o|&} YAEE AT FARE HESH] Y8l
Al Kim 5-2011)9] ¥Ho w2} NRPS (Non-ribosomal peptide
synthetase) 2} PKS-I (Type I polyketide synthase) 2 Z}o] &

o]l primerE AR5t} PCR ¥H-3-F =351 %{ct
£ #59 A A4S E45] HEiA AERL
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28C oM TUZE iR F =rake] Dlo] et BY £EL
ARSI AEZ 2 A 8 X]&= CMC (carboxymethyl cellulose)
2% stock -§H& R2A agar vjA]of] E3}5te] A|=38}c). o5
Hi%F 3 0.1% congo red= HH Y2 FUSIAL, 30 30 1
M NaCl solution© 2 1587 A5l E3Le] 37|18 =45}
Atk 7}A191 ¥R skim milk 25 g/250 ml& 115C o] 135,
modified Bennett’s agar 250 ml- 121°C o] 1587 2z} 71
Fohn 45C2 49 5 Tgskd Azsach 19 s
modified Bennett’s agar 500 ml-2 HA £33 T 60CE 2=
£ =21 3 Bacto casitone 0.2 g, chitin 0.25 g, MgSO4-7H,0 0.1
g, CaCl,-2H,0 0.1 g, agar 1.2 g/100 ml& A&0 2 BEF3}9
R ECros

I~}
i)

Tt
HIBHREON fSt Chosy 2

Frddol 759 =W ANEREFE FEF community
DNAS #50.2 WHAl] 165 rRNA SH7Hek Sodox 7
23} primerS AFg5}o] PCREF 23}, SC-Act-2352520/SC-
Act-878aA19 primer (S-primer) set > 2X-E| clone 167}, Com2x{/
Ac1186r primer (C-primer) setS-Z X ¥ clone 2171& It
Zr clone?] 16S rRNA -4z} G714 8-& EzBioCloud H]o]g
H|o]| AF 0]-8-3}0 primer setE £ 2709] A55E A/dstaL B
2Edo] 3 Bl & WATe) by S BT (Figs. |
and 2).

S-primer set B3 AL 16749 GIHLL BERE A7)
At 93.3% NN 99.9% 2] 45 S Hom, 7 4714 Azt
P e SRS VRS 127h0] 5771 ANED 2 7
F= vhAA 107)] 2.2 EFEHck(Fig. 1). & Streptomyces
&3 Leifsonia ) &3t G71480) 3702 7 WAL, 2
Q)0 Actinomadura, Celluomonas, llumatobacter, Microbispora,
Mycobacterium, Saccharopolyspora, Thermobispora, Thermopolyspora
9] &of sigsh= F7IAEol 12704 AT hEEe] 714 E
o] FEFF2}97.0% o9 AFALS B O llumatobacter
2:0]] 43t clone S05+&= 93.3%, Mycobacterium 49| 453t clone
S102 95.5%2 B4l Hlid Wokth. 16719 @714 %
clone S02= Cellulomonas chitinilytica®] &452} 99.5% 2]
AEE Bed, o] d5= AEZ oA, A 7|HS 23
3l= S8 o] Y= Ao Z B ETHYoon et al., 2008). Clone
S07, S082}99.4% ©] A 5-A-& E2l Actinomadura keratinilytica
o E2FFE At Balote] T L A2AOR o|§T
4= Q1th(Puhl et al., 2009). Clone S02, S07, S083} Al5Ao] =
° REFFEL 1% Eu|oA BejE ASolt} 3, o] clone
ol A&E A2 Ay WY dAlte] 23R ¢ &
7] g Ao 2 FE) Edt clone5T 22 A5 2
ol H|x 455 Thermopolyspora flexuosa DSM 43186",
Actinomadura  keratinilytica WCC-2265", Thermobispora
bispora DSM 438337, Streptomyces thermoalcalitolerans
NBRC 163227 52 n= 48 & 257} 45-60C o] sdal



S A 52 BAEJTH(Wang ef al., 1996; Kim er al., 1999,
Goodfellow et al., 2005; Puhl et al., 2009), 1 2]¢] clone S04
o} §AFSE Saccharopolyspora hordei DSM 44065"= 60°C,
clone S113} ARt Microbispora hainanensis 21 1020™= 50°C
A Ago] 71535t Aoz B E It Goodfellow et al.,
1989; Xu et al., 2012).

C-primer set-2 ARE-5F] G2 21719 clone 71X EL &
2% Q71 ATH 89.0%004 99.6%9] AHEAS YR Ao
2 IEon, 7 ArIAeT AP B A4S ehhs
107} AT ol Sgshes 14719 227571 A= A chFig.
2). Streptomyces 9] &3= cloneo] 77|=Z 7P Wk,
Xylanimicrobium <3} Leifsonia 4:9]] £} clone®] Z}Z} 37]|9]
ic}. 21 Qo] Nocardioides <5 27V, Actinomadura, Caloribacterium,
Mycobacterium, Microbispora, Phytohabitans, Xylanimonas <
ol Z¥z} 1714 9] cloneo] ZFHE Ut hEZ9 cloneS0] AlF
k20 2 7P 7k B3 A50497.0% o] e e
O} Caloribacterium £9]) &3t clone C18-2 91.3%, Nocardioides
2:0]] &3t clone C112 93.8%, Phytohabitans 4:9] <3t clone
C10 89.0% = A&/do] Wrh(Fig. 2). AME ¥|x +3 5

100| S15 (KF194328)

9 9 S14 (KF194320)
—‘ S13 (KF194319)
100

62— SO1 (KF194322)

99

1 S03 (KF194316)

6
0.02
4'(")"52 (KF194317)
55

Thermopolyspora flexuosa DSM 43186" (AY039253)

S12 (KF194327)
99
100" Thermobispora bispora DSM 43833T (CP001874b)

o8 |:Sll (KF194318)

100~ Microbispora hainanensis 2110207 (FJ261972)

Actinomadura keratinilytica WCC-2265" (EU637009)
o Too| |07 (KF194325)

971508 (KF194326)

100] S04 (KF194314)

Saccharopolyspora hordei DSM 44065 (FN179275)

- 3 {SI()(KFI9432])
100

Mycobacterium saskatchewanense ATCC BAA-544T (AY208856)

4B o] 5% PR by W AFBY 159

o= Adehe Bolols B HASIT Qi FFF0| o
QJ3itt. Clone C22¢} 99.6% 9 A5AE& H<Ql Xylanimonas
cellulosilytica XILOT'= B3 Ho|x Hajg F3zaA ZHs
cellulase?} xylanase®] EA4Jo] =THRivas et al., 2003). Clone
C07, C08, C20¢} 99.6%2] AFsAS HQl Streptomyces
thermovulgaris2) 739 5@ 5= TISTR1948 > 2 KL E] xylanase
£ Baste] AjF oz o]g3hy] g Avt SE AT
(Chaiyaso et al., 2011). Clone C19, C233} =2 A5AS 22l
Xylanimicrobium pachnoda VPCX2'=  ZE%o|(Pachnoda
marginata) %2 oA 2] =11 xylanase 2} endoglucanase
SFA)-S- 7}A] 21 @Itk Stackebrandt and Schumann, 2004). Cazemier
5(2003) Fo] Y FU vBE BELE 2ARIEL, &
A = A EoiE e v8E 28E E45kgeH, 1
2HE o] #FE Aed o= Ee|stqitt. C primer setE A
sto] Aol clone 5] ¢ EEFFEE S-primer seto]| A Ho
A clone 53 vHR7 1| = S @49 B4 Bl Aol Hgkth
S-primer set2 Z3] FoJR 16719] clone52 10719] £, 12
el FET =2 AES B AL, Cprimer set 53 @oixl
21719 cloneE-2 10719] &, 14719] FEH E& ASALS B

Streptomyces cacaoi subsp. cacaoi NBRC 127487 (AB184115)

Streptomyces thermoalcalitolerans NBRC 163227 (AB249909)

100 I: S02 (KF194323)
Cellulomonas chitinilytica X.bu-bT (AB268586)

Leifsonia kribbensis MSL-13" (EF466129)
S06 (KF194324)

991 S16 (KF194313)

87 Leifsonia kafniensis KFC-22T (AM889135)
[ S05 (KF194315)

R - N .
100 Hlumatobacter fluminis YM22-133" (AB360343)

Fig. 1. Phylogenetic tree of uncultured actinomycetes and related actinobacterial type strains based on partial 16S rRNA gene sequences. The
sequences were amplified by using SC-Act-235aS20/SC-Act—878aA19 primer set. Numbers above branches indicate bootstrap values of
neighbor-joining analysis from 1,000 replicates. Scale bar corresponds to 0.02 substitutions per nucleotide position. Rhodothalassium salexigens

ATCC 35888 (D14431) was used as outgroup in this tree.
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Ak T 2] primer set 2.2 A7 clone 50| Z52] 22 57[19]
WA S(Actinomadura, Leifsonia, Microbispora, Mycobacterium,
Streptomyces)oll 31z AC2 eton] B3, 27]e) BE
F(Leifsonia kribbensis MSL-13", Microbispora hainanensis
211020"7F ZEZR o2 =0 AT NS vyt AFFOZ, u
sep oz Aae] Bl cobdS Brhske Aol YolH F
primer set®] BR53-2 SARSH A0 2 gotE ) ol C-primer
set2 E’SH Ao]Z clone o] G7|AEE©] 270 bp AE=2 Zrof AF
ool $H Aol AT, /1% W FEote) AHEA o
M & thh WA YeRd $HAH-E Bk Schifer 5(2010)
Aol A ARE-EE T primer set®] B2 52 vt vE gtk

= PH A] X+ 2194 2 S-primer set-2 19145, C-primer set->
19845 EA5I3l o, FE5H o2 vehd BHdt 42 1804
o|$th. & primer set- Zro] ARG ¢ HA HE WAL &2
200400, o] = 7] 5 95%] HFSR A olch. TrepH T
primer set& FAIo] AHg-aHe Ho] Hr} Faba el chopy B4

Hpoletn & 4 gk
H5EYol 45 oPYIME RAES Ho|2 ohu, A%

A= AR R 52 YEAA e dE Fe Y
o]& 3tH(Kim and Kang, 2005). H|ujFd H S35 2l
HPA-]-?]-Q] %-H?‘sl- c]-Okle- —mf]s]- EJ}___] ol /\4%1 o] Tlzlb—].
Ho| & Ad}el=d| o] WA ST 75 AT Aol
gl ASHTE E3 Ho| 2 ARS-EE= Fhro] aL2olA a7}
FY=]7] 2o, S22 =7t vjnd 22 Had=o] e &
Astad Ao 2= =4

Mo MEHX HHQF W CIFY BN
Bl 5 B ARAA F 53¢ YAl
% Restgn. dAHos Reld WATS g color
grouping Fol FEH L2 FARE 25 ERsIch 1 2
I 53709 dFE= 107H94 multi-membered groupI'—} 671
5 B 16709 a5z ERESIT

e
>

single-membered group -5

0.02

77

87

C07 (KF194294)
100 | C20 (KF194307)
C08 (KF194298)
Streptomyces thermovulgaris NBRC 16609" (AB249975)
[ C16 (KF194303)
76| 100 | Streptomyces lavenduligriseus NBRC 13405T (AB184382)

Streptomyces naganishii NBRC 128927 (AB184224)
C25 (KF194312)

100 | C21 (KF194308)
C24 (KF194311)

r C17 (KF194304)
100 ' Microbispora hainanensis 2110207 (FI261972)

100 ’— C09 (KF194299)
Mycobacterium tokaiense ATCC 272827 (AF480590)

fy
C11 (KF194301)
99 Nocardioides jensenii DSM 20641" (Z78210)

100 | C22 (KF194309)
Xylanimonas cellulosilytica XILO7T (AF403541)

C05 (KF194293)

C19 (KF194306)

9 Xylanimicrobium pachnodae VPCX2T (AF105422)
75 1C23 (KF194310)

100 | C04 (KF194292)
Actinomadura viridilutea IFO14480 T (D86943)

Phytohab suffuscus K07-0523 T (AB490769)

4@3‘_E C13 (KF194295)
98 Nocardioides maradonensis RP-B30 T (FM998000)

C12 (KF194302)

L, kri A
89 C02 (KF194296)
971C03 (KF194297)

e

MSL-13 T (EF466129)

4{

C10 (KF194300)
[ CI8 (KF194305)

100 Caloribacterium cisternae SGL43 T (JF262044)

Fig. 2. Phylogenetic tree of uncultured actinomycetes and related actinobacterial type strains based on partial 16S rRNA gene sequences. The
sequences were amplified by using Com2xf/Ac1186r primer set. Numbers above branches indicate bootstrap values of neighbor-joining analysis
(>50%) from 1,000 replicates. The Scale bar corresponds to 0.02 substitutions per nucleotide position. Rhodothalassium salexigens ATCC

35888" (D14431) was used as outgroup in this tree.



(A& \]A|A]). L || A] aerial spore mass color7} light brown
o] reverse color”} yellow, soluble pigmentE FAJSHA] Q=
group®] 147 #32 7P W3tth Fejd ER7|Ee] wet 53
TF 3 EH 455 WAL 27435 FE A8ty 16S
IRNA $8A19] 974 @S Baala ey 9 Asehy 5
A& 2t

AarE 277#2] 165 IRNA $37F 974 €S EzBioCloud
dolellol o)X AUE fAF FEET ABRE B4 A
T4 Tepe BAsTFie 3). 248 971G S
FEAF7H) ASA-298.7-100.0% 2] ®H Ll 9lglem, HW23
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Fig. 3. Phylogenetic tree of representative isolates and related actinobacterial type strains based on almost full length of 16S rRNA gene
sequences. Numbers above branches indicate bootstrap values of neighbor-joining analysis (>50%) from 1,000 replicates. The scale bar
represents 0.005 substitutions per nucleotide position. Rhodothalassium salexigens ATCC 35888" (D14431) was used as outgroup in this tree.
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Table 1. Antimicrobial and biochemical properties of representative isolates.
+, positive; -, negative; the results of antimicrobial activities and hydrolysis test were determined by measuring the width of clear zone. +++,
over 7 mm; ++, 3 mm-7 mm; +, | mm-3 mm; w, under | mm. FO=Fusarium oxysporum KACC 40037; CG=Colletotrichum gloeosporioides
KACC 40804; CA=Candida albicans Tu 164; SC=Saccharomyces cerevisiae 6A; EC= Escherichia coli DSM 5698; SA=Staphylococcus aureus

DSM 20231; BS=Bacillus subtilis DSM 10.
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