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59 34 bggd 24, 7 2 40 #3 AFE FAE ShohLee, 2006;
Lee et al, 2008; Lee and Lee, 2008). 93 n] A &2 e 37} QIS A X
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Rep-PCR& 16S rRNA A T 165-23S spacer regiono] o3+ restriction
analysis Bt EHo] ¥ dasirtal B aEQk(Vila et al, 1996).
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DSM 12652'%  x3tatgivh. Hol, Marmoricola aequoreus Lee 20079}
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Micromonosporaceae ¥}+= Krasil'nikov 19389 <& HSo = 7|&HAL
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(Ara and kudo, 2007d)7} 324 o2 QG E At 3k Ara et al. 2008a°] <3
Catellatospora koreensisol 4] Catelliglobosispora koreensis@= Catellatospora
tsunoensisol X1 Hamadaea tsunoensis® 7N % 3L Ara et al. 2008bol <3|

Pseudosporangium©®] B3 H At A A 7MA| Micromonosporaceae = 2071 2
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Fig. 1. Sampling site of Jejuscoria near Darangshi oreum
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Fig. 2. Scoria samples of different colors collected from layers of Jejuscoria.
(A), red layer; (B), brown layer; (C), reddish-brown layer; (D), yellow brown

layer; (E), black layer.
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Fig 3. Serial dilution method for isolation of Jejuscoria bacteria

Collection @ jeju



2.1.2. Stamping "9

FH v olgse]  FAFAIQ

cyclohexamide (50pg/mDE ¥ WG FuAw=x] (SCA)F FFu= (ISP 2
medium; YEME)o| 9& zglWA 7-83) H& 5 30 °CollA] 3-743F wj ksl

o,

Fig 4. Stamping method for isolation of Jejuscoria bacteria
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21.3. &g #A

Table 1. Composition of starch-casein agar (SCA)

Ingredients

Amounts

Soluble starch
Casein

KNO;

NaCl

CaCOs3

KH>PO,
MgSO4-7H20
FeSOy4:7TH-0
Agar
Cyclohexamide

Distilled water

10g

0.02g

2g

0.05g

0.01g

18¢g

50mg (50ug/ml)
1L

Table 2. Composition of ISP 2 medium (YEME)

Ingredients

Amounts

Yeast extract
Glucose

Malt extract
Agar
Cyclohexamide

Distilled water

4g

dg

10g

18g

50mg (50pg/ml)
1L

Collection @ jeju



Table 3. Composition of nutrient agar (NA)

Ingredients Amounts
Beef extract 3g
Peptone og
Agar 1bg
Cyclohexamide 50mg (50ug/ml)
Distilled water 1L

o
Ab
ot
1%
)
A
iy
of\
ot
o,
Q
—t
(@)
=2,
o
s

A stamping W o colonyE A7 3st

=
YEME¢®l 2-33] Ao wjdstart. &

= A= Y EAS 7E3 3 20%
(v/v) 28A &4 dgstn 242 Y&

AHA T 52 YEME®| 3-5¢ wjgst & 2249 AAgS 7E31¥ Y T3k o
5 AR A S ISP 4 medium (Difco) A% 79 vl & E o] Ak

3} 713 AF (substrate mycelium) A2 &4 7] =39t}

Plateo] wWid® ZF2UE FTFHFAA AEHAAA 43 dvld  (AFX-IIA,
Nikon)¥} %38+ dn7Z (ALPHAPHOT, Nikon)S EelA 543 Jeg = gelst
Aok 2 SFA A Tl fste aEdAS ST aHdAae
[e=]
=

Color Gram 2 kit (bioMérieux)< ©]83te] A& slide glassol

dlo
o,
!
o
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=
<N
fru
S~
B=)
wm
=
S
Q
=}
5
o
fr
w2
S
¥
)
oo
2
&
ofr
ol
rlr
B=)
o
ftlo
ol
:(,)‘:4
+
o
o}
ol
s
)

Ay

£

4., B2 E
4.1. DNA<] +#+2 (1)

DNA #8+ Wizard Genomic Purification Kit (Promega, USA)& A}-&3to] &
2] &tk Manualol we} plated] #Wjfe #AE WeS o4 50 mM EDTA
S 240ulell #AEAIZI F lysozyme (10mg/ml) 60ulE % il vortex ste] 37 °C

AX AEHS S8 Al Nuclei lysis (NL) €< 300
ul €31 80 °CollAd 583F Wl § A2oA 333+ HA AlFHTE RNase A
(Amg/mDE 3ul¥ i AstE 2-3H 49°9] 37 °CellA 1AIZE Wi A AHA RNAE
A A3 & d A A= protein precipitation solution (PPS)S 200ul ¥ L 30
Z7F vortex AT A5 5-10E37F WX Fo |AEZ (12,000 rpm, 5%)

YAl AFetE R e HouA

of 1AZF &<k ik Al

L

st A= 600ul=  isopropanol 600ulell

DNA7Z} 71+ A& &2l a1 o g2 (12,000 rpm, 30%) o 4
THNS el 70% ethanolZ 2¥ A H3IA T A2olA] Hx $of HAHE Yo

buffer 50-100plS ¥ il A2 A HAch 1-29 Fo DNAZF €4 3]
& AL 3eldt Lo UV-Vis Spectrophotometer (UV mini 1240, Shamdzu) &

DNA %5 Z4381 =7} 34 E DNAE 4 °Coll R #3k3t)
42. DNAS #2 (2)

Wizard Genomic Purification Kit (Promega, USA)= #Zst7] I TFAIAA
WAddtoly  G+C  FEe BAS 3 #FES JAMEE FEA
chromosomal DNAE F&3Fth YEME| Atislel @4 colonyE <l 3 &
YMG broth (0.4% vyeast extract, 1% malt extract, 0.4% glucose, pH 7.0)° #H

& 3te] shaking incubaterol A 39zt vjFstdch Fooio A = S uj
— 11 —
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el 10 ml= 50 ml falcon tubeo] ¥ A2 (3500rpm, 10%)3FaL A=<
AA F SHF=E 13 AR AxHe &31A7]17] 918 TE buffer 10 mlE
231 lysozyme (Sigma)S 20-25mg A7}t Al 30 °Coll 1A17F WA 7| HA] B
ERA AolFdd. @Md A= A4S 7I£e® EDTA (50mM), SDS
(0.5%)¥} protenase (100ug/u)E 23 55 °Coll A 4-10A1 7+ vl skt DNA
= 2 HHE 98iA phenol 10 mlE ¥ HFE=HA £ 3 IAEY (3,500
rpm, 15&)8FA e Aol 2023F WA Foll 7R AT FES Edd tips
2 50 ml falcon tube® =Zth. A FIof 281 100% ethanol¥} 3M
sodium acetate (600ul//¢Z < 10 mDE FH7tste] stz F=glA E5o4 3
Aol DNAE gelsiitt. #o] 2"l tips o83 242 DNAE 1.5ml tubel
%% % spin-down (12,000 rpm, 10%)stAt}. Al H S 918 70% ethanol 400ulE
HA7Fste] Ast= 2-33] 442 F spin-down (12,000 rpm, 10%)3tth A5 dS
Hela mydzdie] FfelA 108 A= Axsto] ethanols A7 gttt RNAE
AA37] Ys] TE buffer 1.4 ml= Y31l RNase (dmg/ml)<S 10ulE #7}she] 37
°Coll A 1A1zF wiksldth AFE 2 AAS 93] 1.5 ml tubeol] 700ul % ¥

+ 3 phenol 600plE Yt A2 &5 % microcentrifuge (MICRO 17TR,
Hanil science)oll Al 4A1&E7 (12,000 rpm, 5&)3ATh A= 600uS M2
1.5 ml tubeol ¥ il chloroform: isoamylalchol (24:1)S 600ul Y3 J3st= 442
T AAEE (12,000 rpm, 5#)3tE FA S 23] WHESIATH A4S 400ulE M=
< 1.5ml tubeo] ¥ il 100% ethanol 800ul2} 3M sodium acetate 24ulE ¥ il 4
st2 2-33] =& £ dAEE (12,000 rpm, 30x)3h ASAE HA F 70%
ethanol 400nlE #7}sle] 2-33] 442 3 A48 (12,000 rpm, 30%)3Fe] A
sttt AEdE Wi & oy dxdo] 302-1A1%F x5S ethanols Al A g

DNAE 2olA =3

rlo

F HAAR %o w2} TE buffer 100ul 7] # 22 #7}a}to]
th 129 Feo DNAZE €3] & AL A% Fo UV-Vis

Spectrophotometer (UV mini 1240, Shamdzu)® DNA §x=Z2 =43¢t}

4.3. Repetitive DNA 5% (Rep-PCR) ¥ &4

_12_
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Repetitive DNA 5309 o]£% oligonucleotide primer== BOX AIlR
(5'-CTACGGCAAGGCGACGCTGACG-3)<S @Y primer® AM&3st3ith 54
DNA (50ng) 1pl, BOX AlR (100pmol/ul) primer 0.3ul, dNTP mixture
(Promega, 2} 10mM) 09ul, DyNAzyme (Finnzymes, 2.5U/ul) 1.0ul, 10X
DyNAzyme buffer 3.0ul, H-O 23.8ulZ 0.2 ml PCR tubec]l ¥ & &3 &
95 °Coll A 7E7F ¥k3-3l t}S 95 °Coll A denaturation 13, 52 °Coll A annealing
1%, 65 °ColA extention 8%S 303 HHESa, 65 °CollA] 1643+ final
extention®] Z74 2 & PCR (GeneAmp 27200, Applied Biosystems) HF3S 1A
3kt PCR SE2HE2S 0.8% agarose gelolA H7]9% (Powerpac Basic,
Bio-Rad)dle] 22l &9ltt. Rep-PCR producte] #7195 (Buffer—circulated

system)- 2.0% agarose gels AF&3I 3L 10 °CollAl 70V, 18A1F &<F G343}

2t DNA marker: 1kb BenchTop ladder (Promega)E AFg&3tich. 94
ethidium bromide (10mg/ml) 100ulE 1XTAE buffer 1Le| Y3 10737+ & A5}

Act GAsE AL UV Ao fxE gzl (C-3020 zoom, Olympus)ES 7}A]
a1 FZste] #F ZZo] aF3 DNA fingerprintE Atk A o]m X =
BioNumerics (ver 3.0; Applied Maths, Belgium) 22135 %3 DNA band

patterng Wl #4353 UPGMA#H 9] dendrogram< 24 3} 31 tH(Fig. 5).

@%& g--%b

Primers, dNTPs -
Tag polymerase Amplification

Genomic DNA

AN

EII:!M

Cluster Analysis
Electrophoresis Image Pattern Analysis & Library

Fig. 5. Method of Rep~PCR genomic DNA fingerprinting
—_ 13 —_
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44. 16S rRNA Fd2 &%

16S rRNA F3d2 F2o] o]8% primers 27F (E. coli numbering 8-27;
5 -AGAGTTTGATCCTGGCTCAG-3') primere} 1492R (E. coli numbering
1492-1511; 5'-AAGGAGGTGATCCAGCCGC-3') primerg AF&3tth F=4
DNA (50ng) 1plell 27 forward primer (100pmol/ul) 0.5ul, 1492 reverse primer
(100pmol/ul) 0.5ul, dNTP mixture (Takara, Z& 2.5mM) 4.0ul, Go Tag DNA
polymerase (Promega, 5U/ul) 0.25ul, 5X Colorless Go Tag buffer 10.0ul, H-O
33.75u1% 0.2 ml PCR tubeol] ¥ 2z E33st & 95 °ColA] 5%t whg-3k th &
94 °Col| 4] denaturation 1+, 55 °Coll A4 annealing 1+, 72 °CeollA extention 3+
S 30 HREESar, 72 °CollA] 20%-7F final extention®] 2722 PCR (GeneAmp
27200, Applied Biosystems)Wkg2 AAlstAth. PCR T%AHES 0.8% agarose

gelol Al 719 % (Powerpac Basic, Bio-Rad)3dle] &<l 3} it}

45.16S rDNA PCR S34H=9 AA 2 5% 54

PCR

o|\

Z 259 AA = Wizard PCR Preps DNA Purification System Kit
(Promega)& AF&3iA AA| sttt Protocolel wEkA 15 ml tubeol] direct
purification bufferE 100ul ¥ 32 PCR S ZAHES #718to] vortex sttt o 7]

o resin 1 mlE #H7lsk & 18 oo 3¥H vortex 3} Th Mini-column¥}

syringe barrel 972 3 & vacuum manifold (Promega)ol 4 <3ttt Resin
3} PCR £Z2HE 2352 syringe barreld] #7138k 3 aspirator (Jeio tech)Z&
o] &3le] &ANS Wil 80% isopropanol 2 mlS ¥ il 13] A|F 3}l syringe
barrelE AAS T  AZE 15 ml tubedl mini-columns Y3 YA EE
(12,000 rpm, 2%) At A2 WA & 2L 1.5 ml tubeol] mini-column
< B3 TFT 2040plE B 208FF A=elA TivEd dAEE (12,000
pm, 20%)3% o] &=HS AEZE 1.5ml tubeo] WL -20 °ColAd UA BEBA3A
o} AAE PCR $Z4HE2 508 34 3 UV-Vis Spectrophotometer (UV mini

1240, Shamdzu) 2.2 %2 =AU}
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AAE 16S rRNA FAxE ma=zAd 9 #F3de] ABI Prism BigDye
Terminator cycle Sequencing kit®} automatic DNA sequencer (model 3730x1)
£ ol&3ste] FHAY dVIAEEs AAsEATE A E 16S rRNA #F42 ¢71A4

2 BLAST (Basic Local Alignment Search Tool) search program= ©]-83}

o] NCBI (National Center for Biotechnology Information)®] Genbank database
o AR E7IME S Haste] M A&y FoE YEUeE AMEdS g9

sttt 2 Ao oA AAE A4 LT} databaseoll A IFHE HE AAE

A 7149 PHYLIP program (ver 3.5c¢; Felsenstein, 1993)el 32 &%¥ Clustal X
multiple alignmentZ A 23}t st4 Agl& Jukes and Cantor (1969) "
S o] 83le] A4Sl neighbor—joining W% (Saitou and Nei, 1987)2 ©]-& 3}
AsFE AA3AT Tree topology AFHAHS HAZFsHZ] $1ske] 10003 2
replicationg A -&3F bootstrap #4] (Felsenstein, 1993)S 3}t 50% ©] Ao
bootstrap #+< A=49 nodeol YEFWTE T3 Juke and Cantor (1969) W<
o &3l A AL EtA AZE v Al didste] @714E FARE o
.

Sequence similarity (%) = {3/4 x exp (-4/3 x distance) + 1/4} x 100

o1
}—A
N
R
®)
2.
=
o
Hm
:
olr
o
1

Colloidal chitin #|ZZ ¢ 15g¢] chitin (Sigma)< 35% HCl 150 mlel] &l
A7 4 °Coll 24A13F WAstAt. AZE o Hste] HAS FEEUL FHF
15LE 9Y& & 4 °Col 12A1%F ¥x]&}e] colloidal chiting FHAA AL AZ=HS
4 °Cel =9 2L= pH 5.00]d°] =5 wkEste] A#ste]

o HE HHAZ £ aspiratorZ S HE A AL G2 sts AL s H

=z
RS
o
2
)

Hoh 718" B& wixl= 0.12% colloidal chitin @ 3F-%  wj#] (Chitin—Yeast
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extract agar; CY medium)& AF&3t9 0. CY medium< 0.7% K.HPO4 0.2%
KHoPO4, 0.1% (NH4)2S04, 0.01% MgSO4 7TH20, 0.05% sodium citrate, 0.1%
yeast extract®} 0.12% colloidal chitinS %3 pH 7082 A ¥ 15% agar=
Hol Azstgn. 1A HAuAA CY mediumol] &3 #FES 20ul HF 3t
o] 30 °CollA 353t viF 5 A Fold AP FEee] F5F=2A chitinase

AolA g3 FFE52 YEME H HEste] 3-5¢7 wigstAnt oA 359
A o} "1 slo] m7)E =A37] 98] 0.3% top agarS AFESFATE 0.3%
top agart= %9 YA (nutrient broth; peptone 5g , beef extract 3g ,
1000 mDE 50 ml 53 & 0.3% agar (Difco)S Yail 5943 stk
F Aol 50 °C7HAl A Th 590nmol Al &3 =7F 092 =AW AlY Tl
Penicillum italicum 1mlE YL 3 FadiolA & 3 9o H HZF3F plate
of 1% HAA FArh 30 °ColA 2-39 A3 F A AT T AA S
A AR5 #Este] 7|55kt

nAEe] FE 9 TEA> FsAnA, 94 dAvAdY B3 Az d9A
(Transmission Electron Microscope; TEM)S o] &3l &&= sttt #AAEA
WAte] 2z JE P wjd-2 FAF dAAN 7 (Scanning Electron Microscope

; SEM)< o] &3l #zetd).

6.1.1. &3 A& A4 (TEM)= ol &3 @

il

_16_
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Aol AAs 98 AR Setols 28 2E 0

chloroform)ell A2 @3th &7] Fo 4 & A2 Fefol= Feps A W

TS FodT F E Sl FAoR MM AXuE ol Gridg A A el &
B paperol]l 2o AZoA 24A7F AxAFh @nE #ES 9] et

S AM (negative staining)S 3FATh Zdo]EcA] wiUdE HAZS FHF

parafilmel] 20ul Hojrmsth, A X o] AR grids Eojrmd & 2

6.1.2. FAF AAF A7 (SEM)S ol &3 oz

TAR A WA SEMS ol &8t 2o dHE A vl = ISP 2,

3, 4,5, 6 ¥ 7 medium (Shirling and Gottlieb, 1966) %2 oatmeal-nitrate agar
(Prauser and Bergholz, 1974)°] 30 °C, 14-30¥7F 8l3FAth 1% osmium
tetroxideE 7FAl L 1AIZF &<t AT & IR WHEZAR dA7F 2o =
agar block (1 mm®)< Zgkt}. 25%, 50%, 75%, 95%, 100% ethanol® 25%, 50%,
75%, 100% isoamyl acetateZS 2082 ztdHE ©@EA|FHT. @<4" Al8E CPD
(critical point dryer)Z ©o]-&3lo] AZXAIZAIL A FE+= stubol = #¥ 1 Osmium
Plasma Coater (OPC80T, FILGEN)E o|&3to] 1007+ =8 (Awo=z Y
(coating)dt & SEM (JSM-6700F, JEOL) holderell =31 33}t

6.2. Oxidase, catalase &4 2 Azl Asstsy 54 4

Oxidase 4% 1% (w/v) tetramethyl-p—-phenylenediamine &g colony®l
Hojreg] & 10-16% oW H A (purple) & WHalH A (positive) = 7] =
stk Catalase 842 3% (v/v) HoO2E colonyd] Eojrmgl S w 7]EZ7} WA

3t S 44 (positive) o2 T3

Aea 542 wiA, 2% (4, 10, 20, 30, 37 ¢F 42 °C), pH AFH 9 (4.1-12.1),
— 17 —
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NaCl A (0-12%, v/v)& A3

(bioMérieux, France)ZE ©]&3tith &©4AY o]852 ISP 9 medium (Shirling
and Gottileb, 1966)< o] &3ttt Z+7t filter Wi+ ¥ ©53% (carbohydrate) ¥}
4372 (alcohols) E2 HF 5=7F 1% (w/v) ¥ =5 3l 7]4F (organic acid)

2 01% (w/v) H=% st JFL2S YMG brothell Al 30 °C, 543t vl <

Aststd 548 API Kit ZYM# 20E

T Hud SFFE 2-3xE AMAHske] AFEskth tHET (controD) ot B H =
£ Hluste] A o] &R E AASAT B85S 04% hypoxanthine, 0.4%

xanthine, 0.5% DL-tyrosine, 1.0% casein (skim milk), 0.5% chitin, 0.4% elastin
7} 05% CM-cellulose (Gordon et al., 1974; MacFaddin, 1980)< ©] &3} %t}

S|
o

6.3. 34 =

o
M

6.3.1-G+C = 2A

DNA<2] G+Cg =2 A2 Mesbah et al (1989)°] 7]=¥ ®Ho| wel #4243}
Atk AR FHE $3te] DNA &9 251 (2-25pg)S 51 719 & Ajue] o
S o gAY o47]d9 30 mM sodium acetate buffer (pH 5.3) 5ul, 20 mM
ZnSO, 5ul, Nuclease P1 (US Biological) &< 5ul& ¥al 37 °Coll 247t ¥k
A AT A="HZ (ester)2F= 7171 $18] 0.1 M glycine/NaOH buffer (pH
10.4) 5pl, alkaline phosphatase (Roche) &9 5ul& ¥ il 37 °C, 6413+ HE-SA]H
oh A8 (12,000 rpm, 1) Fol & F 3 60pls vialdl @i 4 4
2 (Supelcosil™  LC-18-S, Supelco)S ©]43te] HPLC (Spectrasystem,
Spectra-Physics Co.)Z =243ttt olsid A7) &vl= 0.03M NHH2POs (pH
5.3) buffer : methanol = 97.5 : 25 A filter o F A&t G+C &
F EAete] U2 sl2Ead WAY ge the A ¥olA HddE ekl
t}.
(G+C) mol % = {1/(1+dA/dG) x 100 + 1/(1+dT/dC) x 100}/ 2

_18_
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6.3.2. Diaminopimelic acid (DAP) &4

Peptidoglycan®l] < #]3}+= diaminopimelic acid (DAP)2] &H (form)E Z A3}
7] 9l8to] Staneck and Robert (1974) "HS wstth 5Z271x% 4 30 mgs
screw cap tubeo ¥ il 6N HCI 1 mlE #7}3F & 100 °C, 1823t &et 7F=& 3l
(hydrolysis) AlZAth AAEE (12000 rpm, 5%) Fo A=9dS  rotary
evaporaterol| A AZAI ALY, FFHFE 2-338] A &3sa 15 ml tubeo] %7 3 1IN
NaOH= pH 7.0e.= ZA3At. Cellulose HPTLC plate (Merck)ol] standard
o} A HAs] ANEw (methanol : water : 6N HCI : pyridine = 80 : 26 :
4 : 1002 ¥3% chamberd]l ¥ AMAAG. &7 Fold 2 T 02%
ninhydrin & ¢ (0.2g ninhydrin/ 100ml water—saturated butanol)S # t}. plate
= 100 °Col A 5#7F 7143k & isomer (LL-, meso- %+ 3-OH) formE #H=
Skt ¥FHF  (standard) .2 L-ornithine (sigma), L-lysine (sigma),
L-24-diaminobutyric acid (sigma), LL-DAP (sigma) 12|31 meso-DAP

(sigma)E SHFFol dgAIAA A&t

6.3.3. Whole—cell sugar %]

ol
3R
v
offt
iIh3
M
BN
4
N
(98]
S
3

(9]

ftlo
—
ol
=5
=)
o5
(@)

3
offl,
K
o
o
=
juny
@
—
2
o
fatid
N
X
o

tubeZE parafimC & A FH&EA (120 °C, 15%) st A& (3000
pm, 108) & A4S A2 15 ml tubeol] 274 12 M ammonia &< 200ul
3} 2-octanol= bSul A7F A tE o7 sodium borohydride €< (100mg/3M
ammonia 1 mD<E 200ul H7}s1 vortex ¥ 40 °C, 1A17F o wks A F )

Gacial acetic acid 200plS #7}sle] wHES A3A| 7| AbstE HEg E3te

==

4

Z 200ulE A2 tubed] =&t n-methyl-imidazole 300ul®} acetic anhydride
2 mlE #7bste] vortex stk A2l 43 ¥ F7F5 5 mlot dichloromethane
1 mlE #7138t vortex & AAE (3000 rpm, 10%)3FI ). Aspirator®2 A&
o} AASIL stFHES 1.5 m

1 tubeol ¥ 3 Centra vac (VS-802, vison)o. 2 &

_19_
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Azstget. Ax9 A8 dichloromethane 50plel 3¢l 3 QAAE7 (12,000
pm, 5%) gtk FE=AS vial o &7 & SP™-2380 Capillary column
(30m x 0.53mm x 0.2um, Supelco)e] #2t¥  Gas chromatograph (6850,
Agilent)oll /] A3kttt 5% (standard)> L-rhamnose (sigma), D-ribose

(sigma), D-arabinose (sigma), D-xylose (sigma), D-mannose (sigma),

D-galactose (sigma) ¥ D-glucose (sigma)Z dichloromethaneol] 5oJA] A}-&3}
At

6.3.4. Menaquinone (MK) % polar lipid ¥4

Qe dd AEe] Az

iu}

Al A<l menaquinone F3-< Collins (1985) W
S o] &3 HT. FAAZE A 50 mgS 15 ml tubeol ¥l M1 €9 (methanol
© 0.3% NaCl = 100 : 10, v/v) 2 ml®} petroleum ether 2 ml 7} ¥ vortex 3}
Attt Tube 37 7] (rotamix)oll ¥ i 60 rpm, 30&E7F E£8A71 F A EY
(3000 rpm, 5%) Atk A=AS 15 ml tubeo] Wil Ay AXA| Ak Hob 2l

i ot ol petroleum ether 1 mlE ¥ 303 ¢ Al 5 AAE (3000

g2+ €9 (chloroform : methanol = 2

hypersil  column (Thermo)e] &2  HPLC (Spectra)® &4 3stAth
(Kroppenstedt, 1985). A7} £wl= Acetonitril (Merck) : Tetrahydrofuran
(Jensei) = 7 : 3 &4 AREadth RS FA 7S £4S A &
A #d FEs W F=8k] 48R

Polar lipid #%< 934 menaquinone F=& & Ho} I+ 3=dS 100 °C, 5
w7F rEEra T Ao A% & L1 89 (chloroform : methnol : 3% NaCl
=90 : 100 : 30, v/v/v) 23 ml 7} 3} vortex § tube ¥ A7|oA 1A &
skt AAEg (3000 rpm, 5%) F FFHE AMEE 15 ml tubedl] &7t
Fe st L2 &9 (chloroform : methnol : 3% NaCl = 50 : 100 : 40,
v/v/v) 0.75ml 23l vortex ¥ tube 3| 7]oA 307t &SI AT

(3000 rpm, 5%) & AT HS U9 tubeo &AHTH L3 &4 (0.3% NaCl 1
— 20 —
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¥ L4 €9 (chloroform) 1.3 ml ¥l vortex 3F & A% (3000 rpm, 5%&)3}
91t} Aspirator® F=RE A A FL =HE 15 ml tubed &7
Azx7)A 9L 7tete] Ax AAYMinnikin et al., 1977). AZx¥ Algs &
o} (chloroform : methanol = 2 : 1, v/v)ol =< % 2D TLC (silica gel plate,
Merck) 2 #4383ttt ARl A (chloroform : methanol : water = 65 : 25 : 4,
v/V/ VR 12 AN AAAM g5l 132 T AN B (chloroform : acetic acid
- methanol : water = 80 : 15 12 : 4, v/v/v/v)E o] &35l A/ AFHY. &=L
0.2% ninhydrin reagent ¢} zinzade reagent® ZFA 1 FASAT. 0.2%

ninhydrin reagent:= ©}v 7] (-NHp)E ¥ 3} lipidES AE3H7] 938 24 A

oko 7 M Bz} (purple)S WY ninhydrin®] positivedt lipidES #H&E
21t} Zinzade reagent™ X phospholipidS AZ3l7] 913 A|eFo g ¥ S uj

=
gtk (blue) M7d-& W positivest o2 AdetAtt TTHFE (standard) S
= diphosphatidylglycerol (sigma), phosphatidylcholine (sigma),
phosphatidylethnolamine (sigma), phosphatidylglycerol (sigma) 2

phosphatidylinositol (sigma)& A}-& 3} 33 T}

6.3.5. Fatty acid 4

FAF A BAFe BE A5 37 59D A, A7 e n Lol we

sl £ alkaline methanolysis W% (Minnikin et al., 1984) 2.2 fatty acid methyl
esters (FAMEs)S A% % F&3ch A% 74 50 mg = 15 ml tubed] ¥
15% (v/v) tetrabutylammonium hydroxide (TBAH) 2 ml& #7}ste] 75 °C, 3
AZE 7tE & A2ddA 203 WASES TR Todomethane  (Aldrich)  25ul3%
dichloromethane (Jensei) 2 ml % 7}3}o] tube rotatoroll A4 1A17F &3sk & 4
2] (3000 rpm, 5%) 3ttt} Aspirator = AEAS AA I & FFd 6%
aqueous HCl 2 ml®} 574 2 mlE #H7F5o] vortex skt fA4lE2 (3000
rpm, 54) $ aspirator & AE NS AA FAT 2 FE=HL 1.5 ml tubedl

AN AEFAE AlHL B4 Ao hexaned =21 F AFE-3FA U
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A Ede zAoZ wA x| wjdd T HE

R4

;‘oé
id
=2
M
Bt
X
0
ot

=

S o] 83t 250 mg =9 ¥AE 15 ml tubeo] ¥ =Tt} Saponifications ¢ 3
A reagent 1 €9 (sodium hydroxide 9.0 g, methanol 50 ml, T 50ml) 1
mlE #7bste]l 5-10 Z3F vortex @ F 100 °ColA 5%+ Fw3 thg thA
vortex (5-10%) 3+ % 100 °CollA 2587+ w3ttt Methlylatione # A
A A& reagent 2 (6N HCI 52.0 ml, methanol 44.0 mDE 2 mlE A 7}5h9]
vortex (5-10%) % 80 °CollA| 25%7F &3 & 4 AFHTh Extractions +
HA A&l reagent 3 (hexane 50.0 ml, methyl-tert butyl ether 50.0 ml)<
1.25 ml ¥ 107k EFsto] stFds AAsIATE #pA S & base wash ©
A+ Al HA A& reagent 4 (sodium hydroxide 1.2 g, &5 1000 mD)= 3
ml& H7bske] 5&3F skl AAEE (2000 rpm, 5%) AT FFH (R
&) F)S GC sample vialZ %71 & &4 271X 4 °Cel B# gtk

9 F 7k wHow %3 FAMEs = "AE A4 (HP 58901 &

Hm

MIDI, Hewlett-Packard. Co.)% 413} t}.
6.3.6. DNA-DNA hybridization

DNA-DNA homology 42 =9 DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH)®ll 9] 8fe] =413} th. DNA-DNA
A%z A3dS 93 genomic DNAX French press cell (Thermo Spectroni)<
7FA a1 #2813 2L hydroxyapatite®l 4] chromatography = A #l| @l tH(Cashion et
al, 1977). DNA-DNA hybridization& Huss et al. (1983)¢] WS migtow W
F ¥ De Ley et al. (1970) el ofsA = At 1 ko] 70% w| vt =
A 28 bacteria®] & (species) .2 K1 2 4 dtH(Wayne et al., 1987).
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1. Jejuscoria Pl E 9] &= Hg

—
—
o
)
=
o2
)
=2
lo,
o,
Y
4
-
A\
o

FaujAlo]l A4k 3Aue degds dHojmeA =wd & ARE @
colony®] & Al A AT AW T FouidEoldta sk HduA
o Yetd 44 =24 = 30-30071 ]t

JukA 0 @ bacteria= EY 1g@ 10° A% CFU/gS Helth 13y, Ees
Jejuscoria®l  EE  AlZolA  10°-10'¢] CFU/gE R 53], A= C
(reddish-brown colored)®} A& E (black colored)o 4]+ colony 2}74el| w&
diversity7} 4 A @ =k kA v Ao 23t colony e & A Ao

7} vA] gkt (Table 4).

Table 4. Colony forming unit per gram (CFU/g) of Jejuscoria samples on

solid medium

Sample Color of Jejuscoria Medium CFU/g No. of isolates

A Red SCA 990 X 10° 32
NA 650 X 10°

B Brown SCA 3.10 X 10 25
NA 1.02 X 10

C Reddish-brown SCA 199 X 10 6
NA 1.64 X 10

D Yellow brown SCA 1.87 X 10" 30
NA 1.46 X 10

E Black SCA 410 X 10° 7
NA 135 X 10°
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Sh
L)
!
lo
=)

o

¥ 54
57H¢] scoria Mol ZEel® wiF e wAd=E F 100 T 2 A
2 FFE59 colony®] A+ ISP 2 mediumel A yellow, orange, cream, pink
T brown o ®  oefstA vEtgtow s 630 ol eSS

& TR aFgETe] A A 2xste ZAo® Ueuth AsdEE B2
AA R (red)@ BAIE (brown)dl A= g 80% ol A et A=

Bl whH DAIE (vellow brown)oll A= ZZHdA o] 66%= Tha =74 &3

3t Aol #FHAT U A CAE (reddish-brown)¥ EAl & (black)dl A& &
g8 757 FA A FAEA aHFFAdTH ATl wESIT. 54

A= F 4T T 47dF7F 58S YERE. UM A 160 F =
SteptomycesS E§tsli= A A] HEA ol 2R 3]

= ket (rod-shaped)e] 70¢7F ##E AL 3 (coccus)®] 14iF7F #2FH
At TFALES A= 16708 HFFE cover glassE ©@2 F AAA dAnjFgog
AFZEFIT. 2AAES] FEH= A F (rectiflexibile), &8 & (hooked) %
WAMY  (spiral)S ®ATH 4719 TFEE EATE AAC] HA X @A 7] A

(substrate mycelium)%t ¥z % 1 tH(Table 5-9).
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Table 5. Phenotypic characteristics of Jejuscoria A (red colored) strains

No. Strain No. Gram stain Color of colony on ISP 2 medium Morphology Motility
1 Sco-A01 Cream +
2 Sco-A02 Cream +
3 Sco-A03 Cream +
4 Sco-A04 Cream +
5 Sco-A05 Cream +
6 Sco-A06 Cream -
7 Sco-A07 Cream -
8 Sco-A08 Yellow -
9 Sco-A09 Vivid greenish-yellow +
10 Sco-Al10 Vivid-pink -
11 Sco-All Cream W
12 Sco-Al2 Cream ”
13 Sco-Al5 Cream

14 Sco-Al6 Light-yellow

15 Sco-Al7 Brilliant orange-yellow

16 Sco-Al8 Brilliant greenish-yellow

17 Sco-A19 Cream -
18 Sco-A20 Cream e
19 Sco-A21 Cream -

20 Sco-A22 Brilliant greenish-yellow

21 Sco-A23 Cream

22 Sco-A24 Cream

23 Sco-A25 Strong-yellow

T W P W™ X OO PP DWW DD DB OH DD OO DT DT T
I

24 Sco-A26 Brilliant-yellow

U9 Z 9 v 9 W W©W Z Z YW Z2 Y W W WYY W W YW WY W Y Z 2Z2 WMWY Y Y Y T T

25 Sco-A27 Vivid-pink R +
26 Sco-A28 White/vivid orange-yellow only SM Nd
27 Sco-A29 None or white/green Hook Nd
28 Sco-A30 None or white/green only SM Nd
29 Sco-A3l1 None or white/green Spiral or hooked Nd
30 Sco-A34 Cream R -
31 Sco-A35 Light-yellow R +
32 Sco-A36 Vivid-yellow C -

P, Gram-positive; N, Gram—negative; R, rod-shaped; C, coccus; S/SM, spore/substrate mycelium
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Table 6. Phenotypic characteristics of Jejuscoria B (brown colored) strains

No. Strain No. Gram stain Color of colony on ISP 2 medium Morphology Motility
1 Sco-B01 P Pink or gray/olive black Hooked Nd
2 Sco-B02 P Pink/strong orange-yellow Rf Nd
3 Sco-B03 P Gray/olive black Rf Nd
4 Sco-B04 P None or white/deep-yellow Rf Nd
5 Sco-B05 P White/deep-yellow Rf Nd
6 Sco-B06 R Light-yellow R -
7 Sco-B07 P Brilliant-yellow 7 +
8 Sco-B08 P Vivid orange-yellow R -
9 Sco-B09 P Brilliant-yellow R +
10 Sco-B10 P Vivid-yellow R —
11 Sco-B11 P Brilliant greenish-yellow R +
12 Sco-B12 N Yellow R +
13 Sco-B13 P Gray/olive black Hooked or spiral Nd
14 Sco-B14 P Brown Only SM Nd
15 Sco-B15 P Deep-yellow Rf Nd
16 Sco-B16 P Cream R e
17 Sco-B17 N Cream R +
18 Sco-B18 N Vivid greenish-yellow R i
19 Sco-B19 P Brilliant-yellow R +
20 Sco-B20 P Deep-yellow Only SM Nd
21 Sco-B21 1o Vivid orange-yellow R +
22 Sco-B22 P Brilliant-yellow G +
23 Sco-B23 W Cream R +
24 Sco-B24 P None/light yellow Rf Nd
25 Sco-B25 P Gray or pink/olive black Rf Nd

P, Gram—positive; N, Gram-negative;R, rod-shaped; C, coccus; Rf, rectiflexibile; S/SM, spore/substrate mycelium; Nd, not determined
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Table 7. Phenotypic characteristics of Jejuscoria C (reddish-brown colored)

strains
No. Strain No. Gram stain Color of colony on ISP 2 medium Morphology Motility
1 Sco-C01 P Pale orange-yellow C -
2 Sco-C02 N Cream R -
3 Sco-C03 N Light-yellow G +
4 Sco-C04 R Pale yellow R +
5 Sco-C05 P Vivid greenish-yellow e +
6 Sco-C06 N Strong yellowish-pink R -

P, Gram-positive; N, Gram-negative; R, rod-shaped; C, coccus; Nd; not determined
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Table 8. Phenotypic characteristics of Jejuscoria D (yellow brown colored)

strains
No. Strain No. Gram stain Color of colony on ISP 2 medium Morphology Motility
1 Sco-D01 P Vivid-yellow C -
2 Sco-D02 P Brilliant-yellow C -
3 Sco-D03 P Brilliant-yellow C -
4 Sco-D04 P Vivid-yellow R +
5 Sco-D05 N Vivid orange-yellow R +
6 Sco-D06 j: Vivid-yellow R -
7 Sco-D07 N Vivid-yellow R +
8 Sco-DO08 N Vivid-oragne R +
Sco-D09 N Brilliant-yellow R +
10 Sco-D10 N Vivid-orange R +
11 Sco-D11 N Light-yellow R =
12 Sco-D12 P Deep red-orange R -
13 Sco-D13 N Light-pink R -
14 Sco-D14 P White or Gray/pale-yellow Rf Nd
15 Sco-D15 N Light-yellow R 3
16 Sco-D16 N Light-yellow R +
i/ Sco-D17 N Strong-yellow R +
18 Sco-D18 N Strong-yellow R +
19 Sco-D19 N Vivid orange-yellow R -
20 Sco-D20 N Vivid orange-yellow R 3
21 Sco-D21 P Cream R -
22 Sco-D22 N Moderate-yellow R +
23 Sco-D23 N Moderate-yellow R +
24 Sco-D24 N Strong yellow R +
25 Sco-D25 12 Light-brown R -
26 Sco-D26 N Pale-yellow R +
27 Sco-D27 N Light-pink R -
28 Sco-D28 N Light-pink R -
29 Sco-D29 P Strong-yellow R +
30 Sco-D30 N Light-yellow R +

P, Gram—positive; N, Gram-negative; R, rod-shaped; C, coccus; Rf, rectiflexibile; S/SM, spore/substrate mycelium; Nd, not determined
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Table 9. Phenotypic characteristics of Jejuscoria E (black colored) strains

No. Strain No. Gram stain Color of colony on ISP 2 medium Morphology Motility
1 Sco-E01 N Cream R -

2 Sco-E02 N Brilliant-yellow R -

3 Sco-E03 N Deep-orange R +

4 Sco-E04 N Vivid-yellow R +

5 Sco-E05 N Moderate-yellow G +

6 Sco-E06 L Deep-orange R +

7 Sco-E07 P Light-yellow C +

P, Gram-positive; N, Gram-negative; R, rod-shaped; C, coccus; Nd; not determined
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2. Rep~PCR < ©]€3F Jejuscoria W Alv+H ¢ AlEstd a4

2.1. Rep~PCR pattern®] 4]

gus
rO
-
=
o
rlr
=
oz
o
i)

€ Jejuscoria®l A FH e]d #FE5° DNAE 16S
rRNA 32 7149 24 Aol AEekA AA A< bacteria®l #4384 < v}
FEe Heotetrl 918l Rep-PCRe FadAth 72 #FolA Ze2l3k DNAE
BOX AIR (5'-CTACGGCAAGGCGACGCTGACG-3') primerEs ©]&3lo PCR
S 3 ¥ DNA fingerprintingS 94Utk 942 o]n A= BioNumerics (ver 3.0;
Applied Maths, Belgium)E %3] DNA band patterne Hlul A &la n|AE
AZEFEHE 2ol 2 IF OIS AESAT. 4 dFE59 pattern £45
Z3] UPGMA#EH 9 dendrograms AR FAIEE 2 9. FA=
65% ©]’32] FFolA grouping 3 A, H24 (A; red)ol A EEl¥d F 337 F
5& 28 Rep—group (Fig. 6), 22 (B; brown)olAl #&#¥ & BHFELS 21
Rep- group (Fig. 7), 442 (C; reddish-brown)ollA ®#£3¥ F 6752 6
Rep- group (Fig. 8), &Z (D; yellow brown)olA #El¥ % 30T 22
Rep- group (Fig. 9), 18] #HAA (E; black)dlA #8l¥ F 7T74F52 6719
A2 THE Rep-groupl & EFH At} (Fig. 10). Scoriadl A #8¥ & 1007+
£ & band pattern F-AFE 65% o] el A 7970 Rep-group . & # 5 A th(Fig.
11).
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Fig. 6. Dendrogram of Rep-PCR DNA fingerprints of Jejuscoria A (red

colored) bacteria
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Fig. 7. Dendrogram of Rep~PCR DNA fingerprints of Jejuscoria B (brown

colored) bacteria
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Fig. 8. Dendrogram of Rep-PCR DNA fingerprints of Jejuscoria C

(reddish-brown colored) bacteria
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Fig. 9. Dendrogram of Rep-PCR DNA fingerprints of Jejuscoria D (yellow

brown colored) bacteria
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Fig. 10. Dendrogram of Rep-PCR DNA fingerprints of Jejuscoria E (black

colored) bacteria
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Fig. 11. Dendrogram of Rep—PCR DNA fingerprints of Jejuscoria bacteria
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3. Rep~PCR W& strain® 16S rDNA 714 < & A

3.1. Jejuscoria A (red colored) W Ali5 e A%Es4

|

3

22 M (red) Jejuscoria®lA 83 32719 #FE T HE AFES HE
A7IMd A3 A Actinobacteria, Fimicutes®t Proteobacteria® 3719 &
(phylum)e] 3¢l =HAr}.  Proteobacteriadl=  a—Proteobacteria <+
-Proteobacteria =~ 2712  Z(class)S R AT} Actinobacteria  (phylum)/
Actinobacteria (class)/ Actinomycetales (order) ol Corynebacterineae,
Micrococcineae, Propionibacterineae ¢}  Streptomycineae® 4712 o}=
(suborder)E WEIW ATt thA], Corynebacterineae®l ¥ Nocardiaceae (family)/
Nocardia (genus)oll 1+ (A28)5 UEUAT. A28 FAMA WAl
Nocardia niigatensis IFM 0833 (AB092565) <} 98.9%<] 16S rRNA 74z}
A7 A EE B
Micrococcineae®| = Intrasporangiaceae (family)/ Terrabacter (genus)ol| 13t
T (A15)9} Micrococcaceae (family)/ Arthrobacter (genus)el| 1575 (AO01,
A02, A03, A04, A05, A06, A07, Al7, Al18, A19, A20, A21, A22, A233 A34)E
o] &g HAT olE ¥F F 5u T (A02, A06, Al8, A22¥ A23)E2 69.8% ©]
A+l Rep-PCR band pattern®. = &4 H ATt AlS= Terrabacter tumescens
DSM 20308" (X83812)¢} 99.0% 16S rRNA &2 d71449 fFAIEE B
Arthrobacter %3 F52 A. defluwii 4C1-a" (AM409361), A. globiformis DSM
20124" (X80736), A. nitroguaiacolicus CCM 4924" (AJ512504), A. oryzae
KV-651" (AB279839)% A. ramosus DSM 20546" (X80742) Alo]o] 98.9-99.9%
165 rRNA 384 f471M<d FA=S el
Propionibacterineae®| = Nocardioidaceae (family)/ Marmoricola (genus)®l 1
5  (A36), Nocardioides (genus)l 275 (A08T} A25)E0°] 7 HUYx EF
#F9  M. aurantiacus DSM  12652" (Y18629), N. furvisabuli SBS-26"
(DQA411542), N. platarum NCIMB 12834" (AF005008)¢} Z+7} 98.1%, 97.9% -1
2lan 97.4%9] A7 FAHES Bt
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Streptomycineae®| = Streptomycetaceae (family)/ Streptomyces (genus)°l 3
TTE (A29, A30¥ A3l)e] & HAUTE A29%= S, cinerochromogense NBRC
138227 (AB184507)3 A30S S. capoamus JCM 47347 (AB045877)3 100% 7]
Ad FAIEES Bk WA, A31S S panayensis JCM 5042" (AB045859) 2}
99.0% AL FAEE UERAT elld AR A28E XA AAME
(red)oll A 43t 9] AL WddS Eelskaith

Fimicutes (phylum)/ Bacilli (class)/ Bacillales (order)oll<= Bacillaceae
(family)/ Bacillus (genus)dll 43t 23+ (All¥ Al12)9F Paenibacillaceae
(family)/ Paenibacillus (genus)ol 3t 13 (A16)7F £ Ah AllS B
velezensis BCRC 14193" (EF433408)3 99.9% AM=2 Al2% B, subtilis
BCRC 14718" (EF423597)% 100% A71A4 #FAMEE Rtk Al6S P. jamilae
CECT 5266" (AJ271157) %} 99.2% 97144 fA =S 2ich

a-Proteobacteria (class)/ Rhizobiales (order)oll=  Methylobacteriaceae
(family)/  Methylobacterium  (genus)dl  £3t= 295 (A10% A27)¢}
Sphingomonadales  (order)/  Sphingomonadaceae  (family)/ Sphingomonas
(genus)oll &3t 175 (A09)7F BTt Al0% A278 M. tardum RB677"
(AB252208)¢} 100%, A09E S. azotifigens NBRC 15496' (AB217473)¢F 99.9%
A7 A EE EAH

B-Proteobacteria (class)/ Burkholderiales (order)/ Oxalobacteraceae (family)
ol = Burkhoderia (genus)el| 135 (A24), Herbaspirillum (genus)ol 13
(A35)9} Masillia (genus)oll 137} E£3+E ATt A24%= Candiatus Burkholderia
verschuerenii 19750204" (AY277699)<} 99.2%, A3b+ H. seropedicae DSM
6445" (Y10146)9} 97.19% Z12]lal A26° M. brevitalea byr23-80' (EF546777)%}
= B3% A7IAE FAIEE HATHFig. 12 & Table 10).

ol \F2M(red) Jejuscoria®l A TAHE F 3279 wF T 23T (71.8%)7}
Actinobacteria A-&woll &3st9lal, 2b7F 3T (94%)%  Bacilli A& T, a
~Proteobacteria A&+ 183l [(-Proteobacteria Al&woll &3k= Ao gl
Aok =3k 7709 E (order) ¥ ob& (sub-order), 10702l 3} (family)<} 137

o] Z(genus)S UEFHTH ##EE FE3 16S rRNA FA2 71449 bus &
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Ng BN EF TN TEEt AR For Bud bsa 9
g deEel Ak FF mEEFEH P A 4se 24 9 DNA-DNA

hybridization &4¢] Fa = ojof & Aolth Cream S Wil = colony=

0

b gl

>
g
Mo
1%
i)
&
(e}

o] Wol] ¥ A7 3} Arthrobacter (genus)oll
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Table 10. The phylogenetic relatives of Jejuscoria A (red colored) strains

No. of Taxonomic X X Sequence

Isolate affiliation Closest relative species similarity Rep-Group
A28 Actinobacteria Nocardia niigatensis 98.9% 13
Al5 Terrabacter tumescens 99.0% 38
AQ07 Arthrobacter defluvii 99.9% 22
A19 Arthrobacter defluvii 100% 23
A01 Arthrobacter globiformis 99.4% 21
Al7 Arthrobacter nitroguaiacolicus 99.0% 7
Al8 Arthrobacter nitroguaiacolicus = 7
A22 Arthrobacter nitroguaiacolicus e 7
A02 Arthrobacter oryzae 3 1
A03 Arthrobacter oryzae 99.2% 5
A04 Arthrobacter oryzae 99.9% 1
A0S Arthrobacter oryzae 99.2% 3
A06 Arthrobacter oryzae - 1
A21 Arthrobacter oryzae 98.9% 36
A23 Arthrobacter oryzae - 78
A34 Arthrobacter oryzae 99.3% 78
A20 Arthrobacter ramosus 99.7% 27
A36 Marmoricola aurantiacus 98.1% 47
A08 Nocardioides furvisabuli 97.9% 34
A25 Nocardioides platarum 97.4% 57
A30 Streptomyces capoamus 100% 6
A29 Streptomyces cinerochromogense 100% 53
A3l Streptomyces panayensis 99.0% 73
All Bacilli Bacillus amyloliguefaciens 99.9% 56
Al2 Bacillus subtilis 100% 30
Al6 Paenibacillus jamilae 99.2% 14
A10 a-Proteobacteria Methylobacterium tardum 100% 4
A27 Methylobacterium tardum 100% 3
A09 Sphingomonas azotifigens 99.9% 72
A24 B-Proteobacteria Candiatus Burkholderia verschuerenii 99.2% 63
A35 Herbaspirillum seropedicae 97.1% 77
A26 Massilia brevitalea 98.3% 50
Total 4 21
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97 Nocardioides oleivorans DSM 16090 (AJ698724)
96 Nocardioides ganghwensis JC2055" (AY423718)
Nocardioides hwasunensis HFW-217 (AM295258)
Nocardioides fugvisabuli SBS-26" (DQ411542)

001 98 Strain Sco-A08" (FN386702)

100 a
Strain Sco-A25" (FN386714)

Marmoricola aurantiacus DSM 126527 (Y18629)
Strain Sco-A36" (FN386723)
Marmoricola aequorens SST-45" (AM295338)
86 Marmoricola bigeumensis MTSL 05" (EF466120)
Nocardia niigatensis IFM 0833 (AB092565)
Strain Sco-A28" (FN386717)
Nocardia nova IFM 10265 (ﬂAB162790)
87 streptomyces capoamus JCM 4734" (AB045877)

928 Strain Sco-A30 (FN386719)

85

100

Streptomyces lincolnensis NRRL 2936 (X79854)
Streptomyces griseus KCTC 9080" (M76388)
Streptomyces vinaceus NBRC 134257 (AB184394
95 | Streptomyces cinerochromogenes NBRC 13822" (AB184507)
Strain Sco-A29 (FN386718)

Strain Sco-A31 (FN386720)

Streptomyces eurythermus ATCC 149757 (D63870)
Streptomyces panayensis JCM 50427 (AB045859)
Streptomyces albidoflvus DSM 404557 (Z76676)
Arthrobacter pascens DSM 205457 (X80740)
Arthrobacter ramosus DSM 20546" (X80742)

Strain Sco-A04 (FN386699)

Strain Sco-A21 (FN386712) T
Arthrobacter polychromogenes DSM 20136 (X80741)

Arthrobacter oxydans DSM 20119 (X83408)
Arthrobacter oryzae KV-651 T (AB279889)
Strain Sco-A03 (FN386698)
Strain Sco-A05 (FN386700 :
Arthrobacter globiformis DSM 20124 (X80736)
Arthrobacter sulfonivorans DSM 140027 (AF235091)
Strain Sco-A34 (FN386721)
Arthrobacter defluvii 4C1-a’ (AM409361)
Strain Sco-A01 (FN386697)
Strain Sco-A19 (FN386710)
98L strain Sco-A07 (FN386701) :
100~ Arthrobacter nitroguaiacolicus CCM 4924 (AJ512504)

91 Strain Sco-A17 (FN386709)
— Strain Sco-A20 (FN386711)

Terrabacter tumescens DSM 20308" (X83812)
SS|L Terrabacter terrae PPLB" (AY944176)
Terrabacter lapilliLR-26" (AM690744)
Terrabacter aerolatus 5516J-36" (EF212039)
70 Strain Sco-A15 (FN386707)
Bifidobacterium bifidum KCTC 3202" (U25952)
Bacillus velezensis BCRC 141937 (EF433408)

9g|Bacillus subtilis BCRC 1471 8" (EF423597)
Strain Sco-A11 (FN386705)
Strain Sco-A12 (FN386706)

Bacillus licheniformis DSM 13" (X68416)
Bacillus pumilus TUT1009" (AB098578)

Bacillus flexus IFO15715' (AB0211 85)
Bacillus circulans ATCC 4513" (AY724690)
100 100 100 ,Paenibacillus jamilae CECT 5266 (AJ271157)

Strain Sco-A16 (FN386708)

L paenibacillus agaridevorans DSM 1355" (AJ345023)

74

50
92

65

100

100

100

53— Massilia brevitalea byr23-80" (EF546777)
Strain Sco-A26' (FN386715)

Massilia aurea AP13" (AM231588)
Naxibacter haematophilus CCUG_38318" (AM774589)
85— Naxibacter varians CCUG 35299" (AM774587)
Massilia aerolata 5516S-11" (EF688526)

100 "4y Herbaspirilum seropedicae DSM 64457 (Y10146)
Strain Sco-A35" (FN386722)

Herbaspirillum autotrophicum |IAM 149427 (AB074524)

63
100

100

100 100

Strain Sco-A24" (FN386713)
Burkholderia cepacia ATCC 25416 g_M22518)
Xanthomonas campestris LMG 568" (X95917)
100 | sphingomonas azotifigens NBRC 15496' (AB217473)
Strain Sco-A09 (FN386703) .
Sphingomonas yabuuchiae GT.C 868" (AB071955)
Sphingomonas insulae DS-28" (EF363714)
Sphingopyxis witflariensis W-50" (AJ416410)

100 g7{Methylobacterium tardum RB677" (AB252208)
100 _ r|Strain Sco-A10 (FN386704)
100 Strain Sco-A27 (FN386716)
Methylobacterium salsuginis MP17 (EF015477)
Methylobacterium adhaesivum AR277 (AM04Q1 56)
Thermotoga maritima DSM 3109 (M21774)

99

Fig. 12. Neighbor-joining tree based on 16S rRNA gene

Sco-A (red Jejuscoria) bacteria. Numbers on branch nodes

Nocardioides nitrophenolicus KCTC 0457BP" (AF005024)
Nocardioides kongjuensis KCTC 190547 (DQ218275)
Nocardioides simplex KCTC 91 06" (AF005009)
Nocardioides plantarum NCIMB 128347 (AF005008)

Streptomyces hygroscopicus subsp. limoneus ATCC 214317 (X79853)

Lactobacillus delbrueckii subsp. delbrueckii ATCC 9649 (AY050172)—

190 candidatus Burkholderia verschuerenii 19750204" (AY277699)

euL9)OROUNOY

sonowi4

eLI9}oR(038}0.d

sequences of

are bootstrap

values expressed as percentages (1000 resamplings). Bar, 0.01 substitutions

per nucleotide position.
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3.2. Jejuscoria B (brown colored) W A+ 3¢ A==

J|m

3

ZEA (brown) Jejuscoriadll Al 2] 3F 25702 HFE FolA HE AFES GV
Aqd B3 A3 Actinobacteria 9+ Proteobacteria®l 2712 & (phylum)o] 2+
Ql Itk Proteobacteria®l <= a-Proteobacteria ¢+ y-Proteobacteria 2712 7
(class)S  HAv}t.  Actinobacteria  (phylum)/ Actinobacteria  (class)/
Actinomycetales (order) o = Corynebacterineae, Micrococcineae,
Micromonosporinea, Propionibacterineae <} Streptomycineae® 5712 o}=
(suborder)& YERU LT

Corynebacterineae®| = Mycobacteriaceae (family)/ Mycobacterium (genus)©l
273 (B08¥ B21)7t ## =itk B08T B21S M. wolinskyi ATCC 700010"
(AY457083)3 97.0%°] 16S rRNA Fxdx @744 FAIEE EAT B2l&
B08¥ Rep-PCR band pattern fAF=7} 83.6% = L3t =2 543U
Micrococcineae® <= Intrasporangiaceae (family)/ Phycicoccus (genus)ol 13t
T (B23), Microbacteriaceae (family)/ Microbacterium (genus)ol| 15 (Bl11)
2} Micrococcaceae (family)/ Arthrobacter (genus)oll 235 (B063} Bl)ES X
sttt B23S P, dokdonensis DS-8' (EF555583)3 98.7%, Bl11< M.
hydrocarbonoxydans DSM 16089" (AJ69R726)7} 995%, B06 A. defluvii
ACl-a" (AM409361)% 100% 183 B16<° A. oryzae KV-651" (AB279889)%}
99.8% FAME @71 ES KAt
Micromonosporinea®| = Micromonospraceae (family)ol| <38t= 130 (B14)7}
B2 5931 Catellatospora chokoriensis 2-25(1)T(AB200231)9F 95.8% <7144
FAEE YEtd T e 971449 FARRe BidE 55 S5 384 54

A s B MEE £ (genus) & X e 7leA dvka of Azt

M

Propionibacterineae®| = Nocardioidaceae (family)/ Nocardioides (genus)l

st= b5 (B10, B07, B09, B19¥ B22)5<S %3t} B102 N. furvisabuli
SBS—26T (DQ411542)¢} 99.0%, B07, B093 B19E N. oleivorans DSM 16090"
(AJ698724)7F Z+7F 98.4, 983 1¥]al 984%<] H7IME FAIEE HATH H3
B22E N. kongjuensis KCTC 190547 (DQ218275)¢}F 97.0%9] @714 4 FALEES
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e AT
Streptomycineae®| = Streptomycetaceae (family)/ Streptomyces (genus)ol <
sk 107 (B15, B24, B05, B20, B04, B01, B02, B03, B13¥} B25)5°] &%
2Tt o5 HFF = BO03, B249} B25= 75.1% ©]4+¢] Rep-PCR band pattern -+
Ab=ol olef A 16S rRNA 32 714 d 4S5 FdstA Fi =4 A
EF=THFE S caeruleus NBRC 128047 (AB184160), S. griseus KCTC 9080"
(M76383), S. lincolnensis NRRL 2936" (X79854) 1#]1 S. vinaceus NBRC
134257 (AB184394)9} 98.8-100%9] SAIEES HYrh £ 10357} Streptomyces
2 Y AA R Rep-PCR¥} 16S rRNA 32 47149 &4 A7 71& &
Bzl 5F o Fgeld = Ui
a-Proteobacteria (class)/ Sphingomonadales (order)/ Sphingomonadaceae
(family)/ Sphingopyxis (genus)°l &3t 195 (B12)7F #8%HAh Bl12E S
witflariensis W-50" (AJ416410)3} 96.1% 97144 fFA=S ®woith
y-Proteobacteria (class)/ Pseudomonadales (order)/ Pseudomonadaceae
(family)oll == Pseudomonas (genus)el 135 (B17)3} Xanthomonadales (order)/
Xanthomonadaceae (family)/ Stenotrophomonas (genus)®l 1+ (B18)7} 3+
9tk B17S P frederiksbergensis SS17° (AB365797)9F 99.9%, BI8< S.
maltophilia LMG 10857" (AJ131117)9} 99.7%°] 97142 FAI=Z JERRSATH
(Fig. 13 & Table 11).
o] ZA (brown) Jejuscoria®l A #al® F 25709 FF T 27 FE (88.0%)
o] Actinobacteria A&l &3tFom, 29T (8.0%)+= y-P
T 183 17 F (4.0%)= a-Proteobacteria Al=w-0 438 Zlo] el Qi)
w3 879 E(order) ® oFE (suborder), 10709 I (family)$t 1070¢ £
(genus)S YEbUTH #HEE =537 16S rRNA §34 971449 vlas £3 7
ERBXS EA BuF FoA 120F7F MEE £ (genus) 2 £ (species) o

wug b5y gvkn Busel Aok Bl4E Xakshel @AE S A

roteobacteria A=
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Table 11. The phylogenetic relatives of Jejuscoria B (brown colored) strains

No. of Taxonomic X X Sequence

Isolate affiliation Closest relative species similarity Rep-Group
BO8 Actinobacteria Mycobacterium wolinskyi 97.0% 40
B21 Mycobacterium wolinskyi - 40
B23 Phycicoccus dokdonensis 98.7% 31
Bl11 Microbacterium hydrocarbonoxydans 99.5% 29
B06 Arthrobacter defluvii 100% 61
B16 Arthrobacter oryzae 99.8% 46
B14 Catellatospora chokoriensis 95.8% 71
B10 Nocardioides furvisabuli 99.0% 17
BO7 Nocardioides oleivorans 98.4% 15
B09 Nocardioides oleivorans 98.3% 20
B19 Nocardioides oleivorans 98.4% 66
B22 Nocardioides kongjuensis 97.0% 9
B15 Streptomyces caeruleus 98.2% 28
B24 Streptomyces caeruleus - 28
B05 Streptomyces griseus 99.3% 59
B20 Streptomyces griseus 99.9% 24
B04 Streptomyces lincolnensis 98.8% 48
BO1 Streptomyces vinaceus 99.9% 25
B02 Streptomyces vinaceus 99.7% 68
B03 Streptomyces vinaceus - 26
B13 Streptomyces vinaceus 100% 26
B25 Streptomyces vinaceus = 26
B12 a-Proteobacteria Sphingopyxis witflariensis 96.1% 58
B17 y—Proteobacteria Pseudomonas frederiksbergensis 99.9% 37
B18 Stenotrophomonas maltophilia 99.7% 33
Total 3 17
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81 phycicoccus aerolatum 5413S-25" (EF493848)
64 Phycicoccus bigeumensis MSLTOST (EF466128)
Phycicoccus dokdonensis DS-8 (EF555583)
Strain Sco-B23" (FN386744)
Phycicoccus aerophilus 5516T-20" (EF493847)
Terrabacter terrae PPLB' (AY944176)
Lapillicoccus jejuensis R-Ac013" (AM398397)
100 [Microbacterium hydrocarbonoxydans DSM 16089" (AJ698726)
Strain Sco-B11 (FN38673}32
Arthrobacter oryzae KV-651" (AB279889)
82 Strain Sco-B16 (FN386738)
Arthrobacter polychromogenes DSM 20136" (X80741)
93| [ Arthrobacter globiformis DSM 20124" (X80736)
Arthrobacter sulfonivorans DSM 14002" (AF235091)
100 Arthrobacter defluvii 4C1-a' (AM409361)
100" Strain Sco-B06 (FN386728)
Arthrobacter nitroguaiacolicus CCM 4924 (AJ512504)
Streptomyces vinaceus NBRC 13425 (AB184394)
100|Strain Sco-B02 (FN386725)
Strain Sco-B13 (FN386735)
Strain Sco-B01 (FN386724)
Strain Sco-B05 (FN386727)
Strain Sco-B20 (FN386742) .
Streptomyces griseus KCTC 9080 (M76388)
Streptomyces microflavus NRRL B-2156] (DQ445795)
Streptomyces caeruleus NBRC 12804" (AB184160)
100— Strain Sco-B15' (FN386737) .
Streptomyces hygroscopicus subsp. limoneus ATCC 21431 (X79853)
Streptomyces capoamus JCM 4734" (AB045877)
Streptomyces lincolnensis NRRL 2936 (X79854)
Strain Sco-B04 (FN386726)
ol Streptomyces eurythermus ATCC 14975' (D63870)
97 Nocardioides oleivorans DSM 16090" (AJ698724)
Nocardioides ganghwensis JC2055" (AY423718)
Nocardioides furvisabuli SBS-26" (DQ411542)
00-Strain Sco-B10" (FN386732)
Nocardioides hwasunensis HFW-21" (AM295258)
100, Strain Sco-B19" (FN386741)
Strain Sco-B09' (FN386731)
Strain Sco-B07' (FN386729)
Nocardioides nitrophenolicus KCTC 0457BP' (AF005024)
Nocardioides kongjuensis KCTC 19054" (DQ218275)
Nocardioides simplex KCTC 9106" (AF005009)
Strain Sco-B22' (FN386743)
L Nocardioides plantarum NCIMB 12834" (AF005008)
100 [ Mycobacterium wolinskyi ATCC 700010" (AY457083)
Strain Sco-B08" (FN386730)
82 Catellatospora citrea IMSNU 22008 (AF152106)
10020 Hamadaea tseunoensis IMSNU 22005 (AF152110)
66 Strain Sco-B14" (FN386736) 4
Catelliglobosispora koreensis LM 042" (AF171700)
Bifidobacterium bifidum KCTC 3202" (U25952)

100 ,,Pseudomonas frederiksbergensis SS17" (AB365797) —,
100 ﬂ Strain Sco-B17 (FN386739) .
Pseudomonas pseudoalcaligenes LMG 1225 (Z76666)
100 Pseudomonas flavescens B62" (U01916)
100, Stenotrophomonas maltophilia LMG 10857" (AJ131117)
—100|j3train Sco-B18 (FN386740)
100 Xanthomonas campestris LMG 568" (X95917)
99 Sphingomonas azotifigens NBRC 154;36T (AB217473)
__ESphingomonas yabuuchiae GTC 868 (AB071955)
o 100 Sphingomonas insulae DS-2T8T (EF363714)
E|——Sphingopyxis witflariensis W-50" (AJ416410)
Strain Sco-B12" (FN386734) _
100 Lactobacillus delbrueckii subsp. delbrueckii ATCC 9649 (AY050172)
Paenibacillus agaridevorans DSM 1355 (AJ345023)
Thermotoga maritima DSM 31097 (M21774)

100

74

59

100

eu9)oRqOUIOY

96

61
100

100

77

B119)2e(098}0.id

0.1

Fig. 13. Neighbor-joining tree based on 16S rRNA gene sequences of Sco-B
(brown Jejuscoria) bacteria. Numbers on branch nodes are bootstrap values

expressed as percentages (1000 resamplings). Bar, 0.1 substitutions per

nucleotide position.
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3.3. Jejuscoria C (reddish-brown colored) W AliF5 o A %34

J|m

3

22 (redish-brown) Jejuscoriaol Al #2]3k 6712 5 FToAA E +F
52 d7IM4E BA3 A Actinobacteria¥t  Proteobacteria®l 2719 &
(phylum)e] &el¥ A}, Actinobacteria (phylum)/  Actinobacteria (class)/
Actinomycetales (order) o = Corynebacterineae, Micrococcinea<}
Propionibacterineae®] 3712 o}% (suborder)E S YEFU AT}

Corynebacterineaed| = Nocardiaceae (family)/ Rhodococcus (genus)el 13-
(COL7F 2 =Y R. ervthropolis MPU33" (AB334770)3 99.9% 47144
A2 E HAY.  Micrococcinea®l = Micrococcaceae (family)/ Arthrobacter
(genus)oll 13t (C04)7F 76.4%°] Rep-PCR band pattern FAIEES wlE O 2
A049 22 Fo2 FAHAJY. A C05& 16S rRNA F3A 971449 #44
I A363  100% UXstE RHo=w Felxolx  Propionibacterineae/
Nocardioidaceae (family)/ Marmoricola (genus)o| M2 o2 o At}

a-Proteobacteria (class)/ Rhizobiales (order)dlli=  Methylobacteriaceae
(family)/ Methylobacterium (genus)®l <3l 15 (C06)9t Rhizobiaceae
(family)/ Sinorhizobium (genus)®ll 43l 10 (C02)7F =2 H Atk C06 M.
salsuginis MP1" (EF015477)9} 99.7%, C02+ S. terangae LMG 7834 (X68388)
¢} 96.5%9 A7IME FAIEES E AT

y—Proteobacteria (class)/ Pseudomonadales (order)/ Moraxellaceae (family)/
Enhydrobacter (genus)el 135  (C03) E  aerosaccus LMG 21877"
(AJ550856) 7 99.6%6°] 4714 4d FAEES HEFW A HH(Fig. 14 & Table 12).

o] A (reddish-brown) Jejuscoria®lX SAHE F 6702 +F T 3+
(50%) 7} Actinobacteria A& a9 &3l oW, 23F (33%)E a-Proteobacteria
AT 283 17F (17%)= y-Proteobacteria 7|0 &3+ o] ¢ 5
Aok =3 5709 E(order) ¥ o}E (suborder), 670 ¥} (family)2} 6712
(genus) S YHEATE #HE FE7 16S rRNA F34 7144 vlus &3 7

TEAS FIA 60T FTolA 20T MRS T (species) o HiE JheA
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Table 12. The phylogenetic relatives of Jejuscoria C (reddish-brown colored)

strains

No. of Taxonomic X X Sequence

Isolate affiliation Closest relative species similarity Rep-Group
C01 Actinobacteria Rhodococcus erythropolis 99.9% 52
C04 Arthrobacter oryzae - 1
C05 Marmoricola aurantiacus 98.1% 79
C06 a-Proteobacteria Methylobacterium salsuginis 99.7% 45
Cc02 Sinorhizobium terangae 96.5% 76
C03 y—Proteobacteria Enhydrobacter aerosaccus 99.6% 62
Total 3 6
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gg[Sinorhizobium terangae LMG 7834 (X68388)
99 | L Sinorhizobium saheli 7837" (X68390)
100 Strain Sco-C02" (FN386746)

—— Rhizobium leguminosarum bv. viciae ATCC 10004" (U29386)
100 26 [Methylobacterium salsuginis MP1T (EF015477) a

100[Strain Sco-C06 (FN386749)
100 Methylobacterium tardum RB677" (AB252208)

Methylobacterium adhaesivum AR27" (AM040156)
100 [Enhydrobacter aerosaccus LMG 21877" (AJ550856)
86 Strain Sco-C03 (FN386747)

72) L pseudomonas frederiksbergensis Ss177 (AB365797)

eLI9}98(09}0.d

99

4150 | 100 Xanthomonas campestris LMG 568" (X95917)

100 Limnobacter thiooxidans CS-K2" (AJ289885) 8

Burkholderia cepacia ATCC 25416 (M22518)

100 Lactobacillus delbrueckii subsp. delbrueckii ATCC 9649" (AY050172)

Paenibacillus agaridevorans DSM 1355' (AJ345023)

67 —Marmoricola aurantiacus DSM 12652" (Y18629)

60| —Strain Sco-C05 (FN386748)

85 Marmoricola aequorens SST-45" (AM295338)
100| ——Marmoricola bigeumensis MSL 05' (EF466120)
Nocardioides plantarum NCIMB 12834 " (AF005008)

92
86 Nocardioides simplex KCTC 91067 (AF005009)

elis}oRqOUNOY

98 100 |Rhodococcus erythropolis MPU33" (AB334770)

100 Strain Sco-C01 (FN386745)

Streptomyces griseus KCTC 9080" (M76388)

Bifidobacterium bifidum KCTC 3202" (U25952)

Thermotoga maritima DSM 3109" (M21774)

0.1

Fig. 14. Neighbor-joining tree based on 16S rRNA gene sequences of Sco-C
(reddish-brown Jejuscoria) bacteria. Numbers on branch nodes are bootstrap

values expressed as percentages (1000 resamplings). Bar, 0.1 substitutions per
nucleotide position.
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3.4. Jejuscoria D (yellow brown colored) W Alvr-8 2] A%

£

A B4
A (yellow brown) Jejuscoria®lA #&]3k 3070 #FE5 FToA tiE 5
5o AUMdE EA3 A Actinobacteria, Firmicutes, Proteobacteria®}
Deinococcus—Thermus® 47§¢] i (phylum)°e] &% AT}, Proteobacteria®l =
a-Proteobacteria®t [B-Proteobacteria 2712 7F(class)S H S th

Actinobacteria (phylum)/ Actinobacteria (class)/ Actinomycetales (order) ©l

-

= Micrococcinea, Propionibacterineae®t Steptomycineae® 3712 o}&
(suborder) &S YE ST

Micrococcinea®| = Intrasporangiaceae (family)/ Terrabacter (genus)ol 13t
(D21)¢} Microbacteriaceae (family)/ Cutobacterium (genus)ol 135 (D29)7}
2=t D21 T, tumescens DSM 20308" (X83812)¢} 99.3%, D29% C
flaccumfaciens TMG 3645" (AJ312209)} 99.6%<] 71449 FAI=E w4t}
Propionibacterinea/ Noacardioidaceae (family)ol= Marmoricola (genus)el 2
5 (D013} D06)2F  Nocardioides (genus)oll 13+ (D04)7} &2 At} D01
M. aurantiacus DSM 12652" (Y18629)9} 98.7%¢] #7149 HA=E H

o\
[o
fu
B K

D06S 71.0% Rep-PCR band pattern f-AI=S Hl® O 2 A363 &
& AT

Steptomycineae® = Streptomycetaceae (family)/ Streptomyces (genus)ol| 13t
= (D14)7F 2593 S. scaabrisporus NBRC 1007607 (AB249946)9} 95.9% <]
F7IME A EE BA

Firmicutes (phylum)/ Bacilli (class)/ Bacillales (order)/ Bacillaceae (family)/
Bacillus (genus)dll %3t 135 (D25)7F B89 B circulans ATCC 45137
(AY724690)¢F 100%°] A= A7 DS WER AT

a-Proteobacteria (class)ol+=  Rhizobiales (order)/ Methylobacteriaceae
(family)/ Methylobacterium (genus)oll 3= 333 (D13, D273 D28)<}
Sphigomonadales (order)/ Sphingomonadaceae (family)/ Sphingomonas (genus)
of &3l 135 (DIO)7F BT D273 D28 M. adhaesivum AR27"
(AMO040156) 3 98.9%, D13 M. salsuginis MP1" (EF015477)3 99.9%¢] 7]
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12

Ad FAEE JeERR T DI0S S, insulae DS-28" (EF363714)3 99.7%°] ¢

7148 FAEE BT

[B-Proteobacteria (class)/ Burkholderiales (order)/ Oxalobacteraceae (family)
ol = Herbaspirillum (genus)ol| 275 (D199} D20)9} Massilia (genus)oll 14t
= (D05, D07, D08, D09, D11, D15, D16, D17, D18, D22, D23, D24, D263} D30)
7} EalE 9k D199 D20 H. autotrophicum TAM 149427 (AB074524)<}
97.4%, Massiliad 3= B TF5L M. aerolata 55165-117 (EF688526) 7}
97.6-99.5%° A7l E FAIEE HEUWIAT o #F5 T S5HEFES 67.1% ©]
’F2] Rep~PCR band pattern A= 2d]A &4 = A}
Deinococcus—Thermus (phylum)/ Deinococci (class)/ Deinococcales (order)/
Deinococcaceae (family)/ Deinococcus (genus)ol Z3sle= 13¢5 (DI2)= D.
yunnanensis 7' (DQ344634)3 99.8%° ¢71M4d FAI=E HITHFig. 15 &
Table 13).

ol A (yellow brown) Jejuscoria®lAl HAE F 3070¢ #+5F F 167
(53.3%)+=  [B-Proteobacteria A&l &3t er, (rF  (26.7%)+=
Actinobacteria A&, 43t (13.3%)+= a-proteobacteria A&+, 1775 (3.3%)
= 47 Bacilli$t Deinococci A5l &3t A2 82l Ao, T3

870 E(order) % o}E (suborder), 9709 ¥} (family)2} 117019 <(genus)E<

bt #E® 253 16S rRNA §47 ¢71449 HaugE £33 A4S
FaA 30T FolA 9T MEL F (species)O®2 HiE JhsA vt

gaEo] Ak 2 AR 2T} yellows Wil 3= colony 52 ®o] el o
F A} AV E B AT Massilia (genus)oll &3t #5550 B AL
o F gk adA gE AN HU Proteobacteria®) &t dFE9 H| S

=7 vEbs
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Table 13. The phylogenetic relatives of Jejuscoria D (yellow brown colored)

strains
2((;;;2 ’I;?EEI;::;C Closest relative species 381:111111:11‘11(‘:; Rep-Group
D21 Actinobacteria Terrabacter tumescens 99.3% 8
D02 Lapillicoccus jejuensis 99.2% 35
D03 Lapillicoccus jejuensis - 35
D29 Cutobacterium flaccumfaciens 99.6% 11
D01 Marmoricola aurantiacus 98.7% 16
D06 Marmoricola aurantiacus = 47
D04 Nocardioides oleivorans 98.4% 67
D14 Streptomyces scabrisporus 95.9% 19
D25 Bacilli Bacillus circulans 100% 41
D27 a-Proteobacteria Methylobacterium adhaesivum 98.9% 55
D28 Methylobacterium adhaesivum 98.9% 65
D13 Methylobacterium salsuginis 99.9% 64
D10 Shingomonas insulae 99.7% 2
D19 B-Proteobacteria Herbaspirillum autotrophicum 97.4% 70
D20 Herbaspirillum autotrophicum 97.4% 39
D05 Massilia aerolata 99.5% 12
DO7 Massilia aerolata 99.4% 42
D08 Massilia aerolata 99.4% 12
D09 Massilia aerolata 99.2% 54
D11 Massilia aerolata 99.1% 69
D15 Massilia aerolata 99.2% 60
D16 Massilia aerolata 2 60
D17 Massilia aerolata = 60
D18 Massilia aerolata E 60
D22 Massilia aerolata - 49
D23 Massilia aerolata 97.6% 49
D24 Massilia aerolata 99.5% 60
D26 Massilia aerolata 97.7% 52
D30 Massilia aerolata - 60
D12 Deinococci Deinococcus yunnanensis 99.8% 74
Total 4 15
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98 —Nocardioides oleivorans DSM 160907 (AJ698724)
Nocardioides ganghwensis JC2055" (AY423718)
Nocardioides hwasunensis HFW-21" (AM295258)
'g— Strain Sco-D04" (FN386752)

Nocardioides furvisabuli SBS-26" (DQ411542)
Nocardioides nitrophenolicus KCTC 0457BP" (AF005024)
Nocardioides kongjuensis KCTC 190547 (DQ218275)
Nocardioides simplex KCTC 9106" (AE005009)
Nocardioides plantarum NCIMB 128347 (AF005008)
Marmoricola aurantiacus DSM 126527 (Y18629)

Strain Sco-D01" (FN386750)
Marmoricola aequorens SST-45" (AM295338)
Marmoricola bigeumensis MSL 05" (EF466120)
Streptomyces albidoflvus DSM 404557 (Z76676)
Streptomyces panayensis JCM 50427 (AB045859)
Streptomyces eurythermus ATCC 149757 (D63870)
Streptomyces griseus KCTC 90807 (M76388)
Streptomyces scabrisporus NBRC 100760" (AB249946)
Strain Sco-D14" (FN386761)
6 - Terrabacter lapilli LR-26" (AM690744)
Terrabacter aerolatus 5516J-36" (EF212039)
90 Terrabacter tumescens DSM 203087 (X83812)
Strain Sco-D21 (FN386765)
Terrabacter terrae PPLBT (AY944176)
Phycicoccus dokdonensis DS-8" (EF555583)
99 rLapillicoccus jejuensis R-Ac013" (AM398397)
Strain Sco-D02 (FN386751)
100 [Cuﬂobacterium flaccumfaciens pv. flaccumfaciens LMG3645" (AJ312209)
Strain Sco-D29 (FN386772)
Bifidobacterium bifidum KCTC 3202" (U25952) —
Deinococcus grandis DSM 3963" (Y11329) -
Deinococcus indicus Wt/1a" (AJ549111)
Deinococcus yunnanensis 7° (DQ344634)
Strain Sco-D12 (FN386759)
Deinococcus apachensis KR-36" (AY743264)
Deinococcus hopiensis KR-140" (AY743262)
I— Deinococcus sonorensis KR-87" (AY743283)
78 57 90 Marinithermus hydrothermalis T1" (AB079382)
73 (o] ithermus profungus DSM 149777 (AJ430586)
100 95 100 Th aquaticus YT-1' (L09663)
l Vulcanithermus mediatlanticus TR" (AJ507298)
Meiothermus ruber ATCC 35948 (Z15059)
Thermotoga maritima DSM 3109" (M21774)
100 Bacillus circulans ATCC 45137 (AY724690) -
Strain Sco-D25 (FN3867687)
Bacillus flexus IFO15715° (AB021185)
Bacillus licheniformis DSM 13" (X68416)
Bacillus pumilus TUT1009" (AB098578)
Paenibacillus agaridevorans DSM 13557 (AJ345023)
Lactobacillus delbrueckii subsp. delbrueckii ATCC 9649" (AY050172)
o6 120 Strain Sco-D28" (FN386771) =
——E_| Strain Sco-D27 (FN386770)
Methylobacterium adhaesivum AR27" (AM040156)
100 96 ) Methylobacterium salsuginis MP1" (EF015477)
Strain Sco-D13 (FN386760)
100 Methylobacterium tardum RB677" (AB252208) a
62 100 - Sphingomonas insulae DS-28" (EF363714)
Strain Sco-D10 (FN386757)
Sphingomonas yabuuchiae GTC 868" (AB071955)
Sphingomonas azotifigens NBRC 154967 (AB217473)
Sphingopyxis witflariensis W-50" (AJ416410)
Massilia aerolata 5516S-11" (EF688526)
Strain Sco-D07" (FN386754)
Strain Sco-D24" (FN386767)
84| Strain Sco-D05 (FN386753)
Strain Sco-D08 (FN386755)
98} Strain Sco-D09 (FN386756)
Strain Sco-D26" (FN386769)
Strain Sco-D15 (FN386762)
79l Strain Sco-D11" (FN386758)
Massilia brevitalea byr23-80'r (EF546777) B
Strain Sco-D23" (FN386766)
Massilia aurea AP13" (AM231588)
Naxibacter haematophilus CCUG 383187 (AM774589)
100 68— Naxibacter varians CCUG 35299" (AM774587)
62 21— Strain Sco-D19" (FN386763)
Strain Sco-D20 (FN386764)
Herbaspirillum seropedicae DSM 64457 7§Y10146)
Herbaspirillum autotrophicum |IAM 14942 (AB074524)
Limnobacter thiooxidans CS-K2" (AJ289885)
Xanthomonas campestris LMG 568" (X95917) —
Escherichia coli ATCC 117757 (X80725)

93
0.1

88

elig)oeqOUOY

81 5

100

98

100

snway-snasosoulaq

100
53
89 100

sanoIwIl 4

62

e119)28(09)0.1d

87

74

Fig. 15. Neighbor-joining tree based on 16S rRNA gene sequences of Sco-D
(yellow brown Jejuscoria) bacteria. Numbers on branch nodes are bootstrap
values expressed as percentages (1000 resamplings). Bar, 0.1 substitutions per

nucleotide position.
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3.5. Jejuscoria E (black colored) W A+t A %3t

J|m

3

2732 (black colored) Jejuscoria®l Al &3t 771 5 FAAA WiE &
2 Y7 EA3% A3 Actinobacteria®t Proteobacteria®] 27019 # (phylum)
o] el qlt}. Proteobacteria®l= a-Proteobacteria®t [-Proteobacteria 271 2]
Z(class)s H A
Actinobacteria (phylum)/ Actinobacteria (class)ol = Actinomycetales (order)/
Propionibacterineae/ Nocardioidaceae (family)/ Nocardioides (genus)el| 13F5
(E06)7F 27 = N. exalbidus RC825" (AB273624)9F 99.7%°] HAIEE K
At Rubrobacteridae (subclass)/ Solirubrobacterales (order)/
Patulibacteraceae (family)/ Patulibacter (genus)ol 43t 1305 (E07)7} +2
%113l P. minatonensis KV-614" (AB193261)¢} 99.7% <] fAH=E ®.Gth
a-Proteobacteria (class)oll+=  Caulobacterales (order)/  Caulobacteraceae
(family)/ Brevundimonas (genus)®l &3t 13t (E03)et Caulobacter (genus)
o &&= 1¢F (E02)7F 85t E03S B. nasdae GTC 1043" (AB071954)
¢} 99.9%, E07S C henricii ATCC 152537 (AJ227758)3 99.4%¢] FALEE
B} 21Tt Rhizobiales (order)/ Rhizobiaceae (family)/ Rhizobium (genus)el 1
#F (E01)= R loti R8CST (U50164)9F 99.6%2 fAME =S Sphigomonadales
(order)/ Sphingomonadaceae (family)/ Sphingomonas (genus)l 43l 195
(E04)= S. yabunuchiae GTC 868" (AB071955)3 99.1%¢] A= 1 ¢lth.
B-Proteobacteria  (class)/  Burkholderiales  (order)/  Oxalobacteraceae
(family)/ Massilia (genus)ell <3t E05 571 £8 Ao} o #FE 70.1%
9] Rep-PCR band pattern FAF=S vl o= D073 53 F (species) &=
HtE A (Fig 16 & Table 14).
o]’ A (black) JejuscoriadlX EAE F 7S TF T 4vF (57.1%)7}
a-Proteobacteria A&l £3tRow 29F (286%)= Actinobacteria A%
T, 13 (14.3%)= [B-Proteobacteria A0l 43t Aoz el mdt
3k 6709 E(order) 2 o}% (suborder), 6709 I} (family)2} 7709 4 (genus)
=5 YETh

Hr

i
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Table 14. The phylogenetic relatives of Jejuscoria E (black colored) strains

No. of Taxonomic X X Sequence

Isolate affiliation Closest relative species similarity Rep-Group
E06 Actinobacteria Nocardioides exalbidus 99.7% 43
E07 Patulibacter minatonensis 99.7% 10
E03 a-Proteobacteria  Brevundimonas nasdae 99.9% 32
E02 Caulobacter henricii 99.4% 18
E01 Rhizobium loti 99.6% 45
E04 Sphingomonas yabuunchiae 99.1% 7
E05 B-Proteobacteria  Massilia aerolata = 42
Total 3 7
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951 Nocardioides oleivorans DSM 16090" (AJ698724)

0.1 g3|—Nocardioides ganghwensis JC2055" (AY423718)
Nocardioides hwasunensis HFW-21" (AM295258)

75l Strain Sco-E06 (FN386777)

Nocardioides furvisabuli SBS-26" (DQ411542)

Nocardioides simplex KCTC 9106" (AF005009)

Nocardioides plantarum NCIMB 128347 (AF005008)

97

100

Marmoricola aurantiacus DSM 126527 (Y18629)
Streptomyces griseus KCTC 9080" (M76388)
Bifidobacterium bifidum KCTC 32027 (U25952)

99

eLI9joRqOUIOY

100 52 — Conexibacter woesei DSM 14684" (AJ440237)
Solirubrobacter pauli B33D1" (AY039806)

54
100 [Patulibacter minatonensis KV-614" (AB193261)

100

Strain Sco-E07 (FN386778)
Thermoleiphilum album ATCC 35263 (AJ458462)

100 [ Caulobacter henricii ATCC 15253" (AJ227758)

100 Strain Sco-E02 (FN386774)

76 100 IBrevundimonas nasdae GTC 1043" (AB071954)

Strain Sco-E03 (FN386775)
Methylobacterium adhaesivum AR27" (AM040156)

100 ’Rhizobium loti R8CS' (U50164)

100 Strain Sco-E01 (FN386773)
Rhizobium leguminosarum bv. viciae ATCC 10004" (U29386)

Q
e119)2eq093}0.d

100

1001 Sphingomonas yabuuchiae GTC 868" (AB071955)
59 Strain Sco-E04 (FN386776)
s Sphingomonas insulae DS-28" (EF363714)

Sphingomonas azotifigens NBRC 15496" (AB217473)

100

Sphingopyxis witflariensis W-50" (AJ416410) n
Escherichia coli ATCC 11775" (X80725)

Fig. 16. Neighbor—joining tree based on 16S rRNA gene sequences of Sco-E
(black Jejuscoria) bacteria. Numbers on branch nodes are bootstrap values

expressed as percentages (1000 resamplings). Bar, 0.1 substitutions per

nucleotide position.
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4. Jejuscoria bacteria®] %] &4

tda] A9 Scoriaoll A 2 E 100752 Wi F 7He gk Al 9 Rep-PCR¥ 16S
rRNA #4312 d719S 143 A3 Actinobacteria, Bacilli, Deinococci, a-,
B~ y-Proteobacteria®] 671 A& ol A ATE 58%+= Actinobacteria® -
HE o] FE Aoz FaEdon 20%y B-Proteobacteria® el Q1L 14% =
a-Proteobacteria, 4%+= Bacilli, 3%+ y-Proteobacteria 133 1%+
Deinococcioll %8t 2o ®  Yetwth(Fig. 21). ASEA 23 14789 =
(order) ¥ o}% (sub-order), 1770 3} (family) 228]3 30702l % (genus)o 2
TAEAL. o] Ralwl £ (genus)S Arthrobacter (1835F), Massilia (163
), Steptomyces (147+5F) 18] 1 Nocardioides (97F5F) <o 2 YERGTH Table

15). Algd=z BW, A (redA &% cream M-S %= Arthrobacter’}, B

P

Y= Nocardioides®t T A A

o

(brown)A| 2+ yellow AMAFS

Streptomyces?} o] H3E3tAM  Actinobacteria o] 70% ol A

>

b 9k D (yvellow-brown)Al 5+ vellow & orange A4S W= Massilia 1+
FEo] ol EIX3FoA  Proteobacteria TFo] 60% o] YERGE
(reddish-brown)¢} E (black)A 5= #2771 B4 A 7 2FHE=E T3

wESFL AAT

@

t

Gammaproteobacteria
Deinococci

Betaprote

(14%)

Bacilli
(4%)
Fig. 17. Biodiversity and structure of bacterial community of Jejuscoria
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Table 15. Category of Jejuscoria strains according to taxonomic hierarchy

Taxonomic Order or X
affiliation suborder Family Genus A B C D No.
Actinobacteria Corynebacterineae Mycobacteriaceae Mycobacterium 2 2
Nocardiaceae Nocardia 1 1
Rhodococcus 1 1
Micrococcineae Intrasporangiaceae Terrabacter 1 1 2
Lapillicoccus 2 2
Micrococcaceae Arthrobacter 15 2 1 18
Microbacteriaceae Cutobacterium 1 1
Microbacterium 1 1
Intrasporangiaceae Phycicoccus 1 1
Micromonosporineae  Micromonosporaceae  Catellatospora 1 1
Propionibacterineae  Nocardioidaceae Marmoricola 1 1 2 4
Nocardioides 2 5 1 9
Rubrobacterineae Patulibacteraceae Patulibacter 1
Streptomycineae Streptomycetaceae Streptomyces 3 10 1 14
Bacilli Bacillales Bacillaceae Bacillus 2 1 3
Paenibacillaceae Paenibacillus 1 1
a-Proteobacteria  Caulobacterales Caulobacteraceae Brevundimonas 1
Caulobacter Il
Rhizobiales Methylobacteriaceae  Methylobacterium 2 1 3 6
Rhizobiaceae Rhizobium 1
Sinorhizobium 1 1
Sphingomonadales Sphingomonadaceae Sphingomonas 1 1 3
Sphingopyxis 1 1
B-Proteobacteria  Burkholderiales Oxalobacteraceae Burkholderia 1 1
Herbaspirillum 1 2 3
Massilia 1 14 16
y-Proteobacteria  Pseudomonadales Pseudomonadaceae Pseudomonas 1 1
Moraxellaceae Enhydrobacter 1 1
Xanthomonadales Xanthomonadaceae Stenotrophomonas 1 1
Deinococci Deinococcales Deinococcaceae Deinococcus 1 1
6 14 21 30 32 25 6 30 100

A, red; B, brown; C, reddish-brown; D, yellow brown; E, black scoria
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5. 168 rRNA f44 47199 #4& F3 RepPCR ®49 1%

16S rRNA 32 97|14 E& #2438+ Rep-groupd A& HES 2 A3

dAe= FEe JAAAR B2 groupd FEol AT EAEAT o] AL

T-38Fal specific target sequenceWt 5 3%3}7] 918k Zo] ofye} Ao AL
BOX AIR %< universal primerE ©]83}o 3 bandE SZ3t Aoln=
712 ©tE PCRo| Hl&] PCR condition® &S @Wo] ®wrom amplify error?
A= =oh =3, #93 o] GebAW patterno] YERUA! 7Y WE S
oA 2 AAREO = oAl Hlwwt Vhs stal @ o 2 F (species)
#5 (strain)®] FHo] 715322 16S rRNA 44 4714 d9 e
E o2 AE7F ojob & Foln. g, the A2 FE 2Ed g2

B7} 5 HW Bt 3&Aola Al

By
1o,

ol
-
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Chiting #alist= dF= F 10025 Foll 18FF=2 dEetstth A =7

= lem v9ko] 83, lem ©1 2cm v Rko] 53 Z1E]3 2cm ©| %l 57

-

-

SttFE FIHAHTable 16-20). thH-io] dAMS AAste Streptomyces©] il
Psudomonas, Stenotrophomonas®} Lapillicoccus® 5% XSHE At 53], A
 AFor HuE 7ksAo] U= Noardioidesol| &3t w5 F 37}

2352 el Qe (Table 17).

AEAY T FHE TEANTI= FEFTol (Penicillium italicum)®ll 3k 3

==

1AL 37 JASS eIt Table 16-20). Paenibacillus©l 3= 1
TF7F 2cm ©o]/3e] JAES YEFYAT. A A
s B7] fElA = o] &, (2004004 TlEH AAH dFujgsie] dgo=

teptomyces®l| %3l= 1

4
oo N
©
0
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Table 16. Screening for bioactive compounds of bacteria isolated from red

Jejuscoria
No. Strain Tax-o-no-mic Bacterial name Chitin- Anti—-fu-ngal
No. affiliation degradation activity
1  Sco-A01 Ac Arthrobacter globiformis - -
2 Sco-A02 Ac Arthrobacter oryzae - -
3 Sco-A03 Ac Arthrobacter oryzae - -
4 Sco-A04 Ac Arthrobacter oryzae * -
5 Sco-A05 Ac Arthrobacter oryzae F -
6  Sco-A06 Ac Arthrobacter oryzae = -
7  Sco-A07 Ac Arthrobacterdefluvii - -
8  Sco-A08 Ac Nocardioides sp. nov. - .
9  Sco-A09 Alpha Sphingomonas azotifigens - ;
10 Sco-Al0 Alpha Methylobacterium tardum - -
11  Sco-All Bac Bacillus amyloliguefaciens - &
12 Sco-Al2 Bac Bacillus subtilis N -
13 Sco-Al5 Ac Terrabacter tumescens - -
14 Sco-Al6 Bac Paenibacillus jamilae - T
15 Sco-Al7 Ac Arthrobacter nitroguaiacolicus - =
16  Sco-Al8 Ac Arthrobacter nitroguaiacolicus - i
17 Sco-Al19 Ac Arthrobacter defluvii - 1
18  Sco-A20 Ac Arthrobacter ramosus - C
19 Sco-AZ1 Ac Arthrobacter oryzae . -
20 Sco-A22 Ac Arthrobacter nitroguaiacolicus - &
21 Sco-A23 Ac Arthrobacter oryzae - -
22 Sco-A24 Beta Candiatus Burkholderia verschuerenii - -
23 Sco-A25 Ac Nocardioides sp. nov. b -
24 Sco-A26 Beta Massilia aetniterrae sp. nov. i -
25  Sco-A27 Alpha Methylobacterium tardum = -
26  Sco-AZ8 Ac Nocardia sp. nov. = -
27  Sco-A29 Ac Streptomyces cinerochromogense - -
28 Sco-A30 Ac Streptomyces capoamus + ++
29  Sco-A3l Ac Streptomyces panayensis - -
30 Sco-A34 Ac Arthrobacter oryzae - -
31 Sco-A35 Beta Herbaspirillum sp. nov. - -
32 Sco-A36 Ac Marmoricola korecus sp. nov. - -

Ac, Actinobacteria; Alpha, a-Proteobacteria, Beta, B-Proteobacteria;, Bac, Bacilli

size of inhibitory zone or clear zone: 0-lcm, +; 1-2cm, ++; >2cm, +++
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Table 17. Screening for bioactive compounds of bacteria isolated from brown

Jejuscoria
Strain Taxonomic X Chitin Anti-fungal
No. affiliation Bacterlal name degradation activity
1 Sco-B01 Ac Streptomyces vinaceus + -
2 Sco-B02 Ac Streptomyces vinaceus + -
3 Sco-B03 Ac Streptomyces vinaceus ++ -
4 Sco-B04 Ac Streptomyces lincolnensis ++ -
5 Sco-B05 Ac Streptomyces griseus ++ -
6  Sco-B06 Ac Arthrobacter defluvii - -
7 Sco-B07 Ac Nocardioides sp. nov. - -
8  Sco-B08 Ac Mycobacterium sp. nov. - 5
9 Sco-B09 Ac Nocardioides sp. nov. + =
10 Sco-B10 Ac Nocardioides sp. nov. - =
11 Sco-Bl1 Ac Microbacterium hydrocarbonoxydans - -
12 Sco-Bl12 Alpha Sphingopyxis sp. nov. - -
13 Sco-Bl13 Ac Streptomyces vinaceus + =
14 Sco-Bl4 Ac Allocatelli globisporascoriae gen. nov. - =
15  Sco-Bl15 Ac Streptomyces sp. nov. - =
16 Sco-Bl16 Ac Arthrobacter oryzae B =
17 Sco-Bl17 Gamma Pseudomonas frederiksbergensis ++ k.
18 Sco-Bl18 Gamma Stenotrophomonas maltophilia +++ -
19 Sco-B19 Ac Nocardioides sp. nov. i+ -
20 Sco-B20 Ac Streptomyces griseus +ai -
21  Sco-B21 Ac Mycobacterium sp. nov. = -
22 Sco-B22 Ac Nocardioides sp. nov. ++ -
23 Sco-B23 Ac Phycicoccus sp. nov. - -
24 Sco-B24 Ac Streptomyces sp. nov. + -
25 Sco-B25 Ac Streptomyces vinaceus + -

Ac, Actinobacteria; Alpha, a-Proteobacteria;, Gamma, y-Proteobacteria

size of inhibitory zone or clear zone: 0-lcm, +; 1-2cm, ++; >2cm, +++
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Table 18. Screening for bioactive compounds

reddish-brown Jejuscoria

of bacteria

1solated from

No. Strain Tax-o-no-mic Bacterial name Chitin- Anti—-fu-ngal
No. affiliation degradation activity

1 Sco-C01 Ac Rhodococcus erythropolis - +

2 Sco-C02 Alpha Sinorhizobium sp. nov. - -

3 Sco-C03 Gamma Enhydrobacter aerosaccus - -

4 Sco-C04 Ac Arthrobacter oryzae 3 -

5  Sco-C05 Ac Marmoricola korecus sp. nov. B -

6  Sco-C06 Alpha Methylobacterium salsuginis - -

Ac, Actinobacteria, Alpha, a-Proteobacteria; Beta, Gamma, y-Proteobacteria

size of inhibitory zone or clear zone: 0-lcm, +; 1-2cm, ++; >2cm, +++
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Table 19. Screening for bioactive compounds of bacteria isolated from yellow

brown Jejuscoria

No. Strain Tax-o-no-mic Bacterial name Chitin- Anti—-fu-ngal
No. affiliation degradation activity

1 Sco-DO01 Ac Marmoricola scoriae sp. nov. - -
2 Sco-D02 Ac Lapillicoccus jejuensis - -
3 Sco-DO03 Ac Lapillicoccus jejuensis +++ -
4 Sco-D04 Ac Nocardioides sp. nov. - -
5  Sco-D05 Beta Massilia aerolata F -
6  Sco-D06 Ac Marmoricola korecus sp. nov. o -
7 Sco-D07 Beta Massilia aerolata = =
8  Sco-D08 Beta Massilia aerolata - -
Sco-D09 Beta Massilia aerolata - a2
10 Sco-D10 Alpha Shingomonas insulae - -
11 Sco-DI11 Beta Massilia aerolata - -
12  Sco-DI12 Dei Deinococcus yunnanensis 3 =
13 Sco-D13 Alpha Methylobacterium salsuginis i -
14 Sco-Dl14 Ac Streptomyces sp. nov. - =
15 Sco-D15 Beta Massilia aerolata - -
16 Sco-D16 Beta Massilia aerolata - .
17 Sco-D17 Beta Massilia aerolata - -
18  Sco-D18 Beta Massilia aerolata + =
19 Sco-D19 Beta Herbaspirillum scoriae sp. nov. B -
20  Sco-D20 Beta Herbaspirillum scoriae Sp. nov. B 3
21 Sco-D21 Ac Terrabacter tumescens - -
22 Sco-D22 Beta Massilia scoriae Sp. nov. - -
23 Sco-D23 Beta Massilia scorige Sp. nov. - -
24 Sco-D24 Beta Massilia aerolata . -
25 Sco-D25 Bac Bacillus circulans 4 -
26 Sco-D26 Beta Massilia sp. nov. 3 -
27 Sco-D27 Alpha Methylobacterium sp. nov. - -
28 Sco-D28 Alpha Methylobacterium sp. nov. - -
29 Sco-D29 Ac Cutobacterium flaccumfaciens - -
30 Sco-D30 Beta Massilia aerolata - -

Ac, Actinobacteria; Alpha, a-Proteobacteria, Beta, B-Proteobacteria; Bac, Bacilli; Dei, Deinococcus

size of inhibitory zone or clear zone: 0-lcm, +; 1-2cm, ++; >2cm, +++
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Table 20. Screening for bioactive compounds of bacteria isolated from black

Jejuscoria
Strain Taxonomic X Chitin Anti-fungal
No. affiliation Bacterlal name degradation activity
1  Sco-E01 Alpha Rhizobium loti - -
2 Sco-E02 Alpha Caulobacter henricii - -
3 Sco-E03 Alpha Brevundimonas nasdae = -
4 Sco-E04 Alpha Sphingomonas yabuunchiae = -
5 Sco-E05 Beta Massilia sp. nov. e+ -
6  Sco-E06 Ac Nocardioides exalbidus - =
7 Sco-E07 Ac Patulibacter minatonensis - =

Ac, Actinobacteria, Alpha, a-Proteobacteria; Beta, [-Proteobacteria

size of inhibitory zone or clear zone: 0-lcm, +; 1-2cm, ++; >2cm, +++
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7. Marmoricola % &2 4 7/

71 224 54

5

N

711, EEF

AA7HA B Marmoricola® %+ w52 3%olth. A -Asst #4 9
A uar B8 9ElA] M. aequoreus JCM 1381272 JCM (Japan Collection of
Microorganisms), M. aurantiacus DSM 12652"= DSMZ (Deutsche Sammlung
von Mikroorganismen und Zellkulturen GmbH), M. bigeumensis KCTC 19287"
& KCTC (Korean Collection for Type Cultures)oll 4] z+zh EoFukorr) F &
FE5 Y-S 9 R2A agar (Difco)2t ISP 2 mediumel A 30 °C, 347t #
&t et

_
O
e

o,

712 9H 2 wiFE 5

Sco-A36"7 Sco-DO1'E 13 <A, oxidase-S4, catalae- %4 2L 54 0]
§1E T (coccus)ol Atk TEMS o] &3 #3 A3} Sco-A36'e ZA7|]= A7
o] 1.1-1.2 yme]i Sco-D01'& 0.6-1.0 ume] % tH(Fig. 18). ISP 2 mediumol A
30 °C, 59 wi¥ & A#F A3} colonyE vivid-yellow MAS ww, 7Fed7) &
=313l (convex), 7FEAE 7 &2 €43 (circular) o] F3 1%tk Colonye] =
7]+ 0.1-0.2mmo] it

(a)

. i (b)
. .

05 um

1ym

Fig. 18. Transmission electron microscopy of Marmoricola isolates. (a) strain

Sco-A36"; (b) strain Sco-D01". Bar, 1 ym and 0.5 um, respectively.
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713. A g AsietA 54

Sco-A36"¢] A== 4-37 °Colar A% pHE pH 6.1-12.1019 30 °Ce} pH
6.1-10.1e14 A S HAAh 2% (w/wv)e g% F&=7t4 AFstaoh
Casein®} esculin< 7}5F83] 3}l DNA, starch, xanthine, tyrosine,
hypoxanthine®} CM-cellulose= w32 ddAA 4 HESS HAt API ZYM
strips &2 BA3 &4 o8& Ao A= alkaline phosphatase, esterase lipase
(C8), leucine arylamidase, valine arylamidase, acid  phosphatase,
naphtol-AS-BI-phosphohydrolase, a-glucosidase®?} B-glucosidase®] t3ajA]+=
3k dAS JEPA o cystein arylamidase®}t trypsing kg &A1 S L ERY

t}. HFAH esterase (C4), lipase (Cl4), a-chymotrypsin, a-galactosidase, [

32

—galactosidase, [B-glucuronidase, N-acetyl-B-glucosaminidase, a-mannosidase
23l a-fucosidase= =4 WSS YEMATH APL 20E strips ©]83 a4
olf5 E ©Frgl o]f Ao A= voges-proskauer reaction 12 il gelatinase
= %A WSS HJQOo} B-galactosidase, arginine dihydrolase, lysine
decarboxylase, ornithine decarboxylase, citrate utilization, H>S production,
urease, tryptophane deaminase, indole production, nitrate reduction 1]l
utilization of glucose, mannose, inositol, sorbitol, rhamnose, saccharose,
melibiose, amygdalin <& arabinose: &4 wH$S H it}

Sco-D01"¢] A== 10-37 °Colar 8% pHE pH 5.1-12.1¢17 30°Ce pH
81-11L1e1A A S BTt 3% (w/v)e] A s=7tA sttt DNA,
casein 183l  esculin> ZF4Rs] Skl al starch, xanthine, tyrosine,
hypoxanthine —2#]1. CM-cellulosex Fa| 2 doA SA W3S HATE API
ZYM strips@ 2 43 &4 o]g Ao A = alkaline phosphatase, esterase
lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase,
naphtol-AS-Bl-phosphohydrolase, a-glucosidase®?} B-glucosidase®] t3ajA]+=

3k FAS JEhA o cystein arylamidase®t trypsing k3 &A1& L ERY

i)

32

t}. HFAH esterase (C4), lipase (Cl4), a-chymotrypsin, a-galactosidase, [

—galactosidase, [B-glucuronidase, N-acetyl-B-glucosaminidase, a-mannosidase
—_ 66 —_
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23l a-fucosidase= =4 WSS YEMATH API 20E stripg ©]83 a4
ol 85 % ©ag o]g A3 o Ai=B-galactosidase, voges—proskauer reaction L
3l  gelatinasex= YA WS H YOSy arginine dihydrolase, lysine
decarboxylase, ornithine decarboxylase, citrate utilization, HS production,
urease, tryptophane deaminase, indole production, nitrate reduction L@l
utilization of glucose, mannose, inositol, sorbitol, rhamnose, saccharose,
melibiose, amygdalin®} arabinose + <4 W3S ®Hth uwx] A3}t

EAEL Table 220 YER T}

72. 33 BFA 54

721. G+C ¥

Sco-A36"e 71.0 mol%, Sco-D01' 72.0 mol%¢ DNA G+C ¥#e ®ltt
(Fig. 19). Marmoricola ¥+ W52 72.0-729 mol% M2 G+C ghaFo] H a1

A Urz et al, 2000; Lee, 2007; Dastager et al, 2008). webr 7o &o] %
E2 5o Ft(Mesbah et al, 1989).

(@ | o
| Retention Time §
60 60
dC dG |
> 40 dT dA 40 >
E E
8 L)
20 = -~ 20
8
| g J“
o ~
0 5 10 15 20 25 20 35
Minutes
Detector 1-254nm
Results
(Reprocessed)
Name Retention Area Height Area Percent Integration
Time Codes
dC 2.612 379527 68557 21.76 MM
dG 7.663 882202 62537 50.58 MM
dT 8.790 186240 12086 10.68 MM
dA 20.618 296081 8349 16.98 MM
— 6 7 —
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(b) = = =

107 Retention Time
dc dG ‘
dT dA
2 5 2 2
£ ™ E
8 5
(=] o
- g }
8 8 i
0 & < Lo
B >
0 5 10 I 15 20 25 7—70
Minutes
Detector 1-254nm
Results
(Reprocessed)
Name Retention Area Height Area Percent Integration
Time Codes
dc 2.992 64089 9664 20.61 MM
dG 9.458 163249 9983 5249 MM
dT 10.562 28538 1670 9.18 MM
dA 26.197 55154 1228 1773 MM

Fig. 19. G+C contents of genomic DNA of strains Sco-A36'(a) and
Sco-DO1"(b)

7.2.2. Menaquinone

Propionibacterineae (suborder)/ Nacardioidace (family)®] Marmoricola <l
A E FFF(species)E9 F% menaquinone?d FAFE> MK-8(Hy ol th(Urzi
et al, 2000; Lee, 2007; Dastager et al, 2008). °o]¥H oA Hgx
Marmoricola %9 ¥85%, Sco-A36" 7 Sco-DOlI'®E ZFES57 U3
menaquinone profileS R FtH(Fig. 20). £FE59 peak A4S 93] =z

T2 Marmoricola aequoreus JCM 13812' & A}-8319 T}

(a) .| i e  wK. |
2 Retention Time = MESS (LIS o8
40 . - 40
= % 2
E ! E
20 1 -20
0 -0
0 2 4 6 8 10 12 14 16 18 2
Minutes
Detector 1-254nm
Results
(Reprocessed)
Name Retention Area Height Area Percent Integration
Time Codes
2.393 89422 22224 8.40 MM
6.320 160666 9402 15.09 MM
9.570 814849 50147 76.52 MM
— 6 8 —
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MK-8(H4) = oo

400 -

mAU
N
=]
5]
5.563
mAU

I 200

2578

o
6822

g - T T T T T =T T T T
(o] é 4 6 8 10 12 14 16 18 20
Minutes

Detector 1-254nm

Results L
(Reprocessed) %
Name Reten ;- - Area Integratum
=3 I“‘k es
e B EE s 248319 22291 gla
- 5.563 931257 87841 91
6.822 7355057 539596

Fig. 20. Menaquinone profile of strains Sco-A36'(a) and Sco—DOlT(b) by
HPLC

7.2.3. Polar lipid

=%

F5% (standard)Z 37 TLC #24 A3 Sco-A36'# Sco-D0l' FFE]
F=wol+ diphosphatidylglycerol, phosphatidylinositol, = phosphatidylglycerol,
phosphatidylcholine 22|32 3k 7§ ] unknown phospholipid”’} &4 3} tH(Fig.

Fig. 21. Polar lipids profile of strains Sco-A36'(a) and Sco-D01%(b) by TLC.

DPG, diphosphatidylglycerol; PC, phosphatidylcholine; PG, phosphatidylglycerol; PI,

phosphatidylinositol; PL, unknown phospholipid.

_69_

Collection @ jeju



7.2.4. Fatty acid

Ak BAS 98] Sco-A36'T Sco-DO1Te  ®E FFQ M. aequoreus
JCM 13812T, M. aurantiacus DSM 126527 18] M. bigeumensis KCTC
192877 ¢} 7 R2A agar (Difco)ell Al 30 °C, 54 7F wjeFal At Sco-A36'¢] A
WAE FAAEE Cieo (181%), Cizmade (13.6%), Cigia9c (12.0%) 1213l Cigialc
and/or i-Ci502-OH (10.3%6)%1 ¥FA, Sco-DO1'S Cigo (27.7%), Cisia9c (25.9%)
123 10-Methyl Cigo (10.2%)°] Tk HE, Sco-A36'S FAR LR Craalk,
Sco-DO01"2 10-Methyl Ciso8 EF3le] the EFE FE3% 29 H(Table 21).

Table 21. Cellular fatty acid compositions of strains Sco-A36", Sco-D01" and

the type species Marmoricola

Taxa: 1, Strain Sco-A36T; 2, Strain Sco-DO017; 3, M. aequoreus JCM 138127; 4, M. aurantiacus
DSM 126527; 5, M. bigeumensis KCTC 192877, Values less than 1% of total fatty acids are
not shown. -, Not detected or not described. Major compositions (>10%) are shown in bold.
*Summed features 4 and 8 contained Cig1w7c and/or i-Cis:02-OH and Cigiwllc and/or unknown

18.756, respectively.
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Fatty acid 1 2 3 4 5
Saturated fatty acids
Ciz2o - - 29 1.0 -
Cigo 2.4 - 1.2 1.3 1.2
Ciso 8.4 2.1 1.1 1.1 2.1
Cieo 18.1 27.7 30.2 37.0 6.8
Cizo 7.0 2.0 1.1 - 3.8
Ciso 1.5 1.9 2.3 2.1 14
Branched fatty acids
1—Cigo - - i - 4.3
i-Cis0 . . - = 55
ai-Ciso - - - - 3.3
1-Cieo . 2.5 - 1 27.6
1-Ci6:03-OH - = - - 3.0
i-Ci70 - . - - 35
ai-Cizo - ¥ - - 5.9
ai—Cigo = 3 6.3 3.3 -
Unsaturated fatty acids
1-CienH = = 1 - 1.3
i-Ci7109¢ 2 - 1 - 1.8
Crzaw8c 13.6 3.6 2.5 2.0 6.9
Ciz1a6¢ 3 1.0 1 - 2.3
Ci6:12-OH r = 1 - 3.5
ai—Ci7109c - 3 1 - 1.0
Cig109c 12.0 25.9 26.4 27.0 4.2
Cigzabic 1.3 - 3 - -
Hydroxy fatty acids
Ci5:02-OH 1.6 = = - -
Cis02-OH 71 8.0 43 4.7 -
Ci7:02-OH 3.0 1.1 - = -
10-Methyl fatty acids
Ciso 158 1.1 1.7 2.0 -
Ciro 4.1 18 3 - 2.2
Ciso 3.4 10.2 71 54 -
Unknown 9.521 - - 1.1 - -
Summed feature”

4 10.3 6.0 8.2 9.9 2.6

8 - - - - 1.3

— 71 —
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Table 22. Differential phenotypic properties of strains Sco—A36T, Sco-D017"

and Marmoricola species

Taxa: 1, Strain Sco-A36"; 2, Strain Sco-DO01%; 3, M. aequoreus JCM 13812%(data
from Lee, 2007); 4, M. aurantiacus DSM 12652 (data from Urzi et al, 2000 and this
study); 5, M. bigeumensis MSL-05"(data from Dastager et al, 2008 and this study).
All strains are positive aesculin hydrolysis and catalase test, alkaline phosphatase,
esterase lipase (CR), leucine arylamidase, a-glucosidase and B-glucosidase. Negative
for oxidase test and urea hydrolysis, lipase (C14), a-galactosidase, B-glucuronidase,
N-acetyl-B-glucosaminidase, a-mannosidase and a-fucosidase. PI, phosphatidylinositol,
DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PC, phosphatidylcholine; PL,
unknown phospholipid; SF4, Cigiw7c and/or i-Ci502-OH; TSBA, tuberculostearic acid;

+, Positive; -, negative; w, weakly positive; Nd, not determined.
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Characteristic

1

2

3

4

5

Colony color
Morphology

Motility
Temperature range (° C)
Growth range for NaCl (%)
pH range

Nitrate reduction
Gelatin liquefaction
B-galactosidase
H2S production
Degradation of:
DNA

Starch

Casein

Xanthine
Tyrosine
Hypoxanthine
Utilization of :
D-Arabinose
Dextran
D-Fructose
D-Galactose
D-Glucose
D-Lactose
Maltose
D-Melezitose
D-Raffinose
L-Rhamnose
L-Ribose

Salicin

Sucrose
D-Trehalose
Adonitol

Glyerol
D-Sorbitol
D-Xylitol
Acetate

Citrate

Malate

Succinate
Tartrate

DNA G+C content (mol%)

Polar lipids

Major fatty acids (>10%)

Source of isolation

Vivid yellow

Single, pairs or

clusters
Non-motile
4-37
0-2.0
51-12.1

+

+

71.0
DPG, PC, PG,

PL PL
Ciso, Ci7108¢,

Cig1a9c, SF4

Volcanic ash

Vivid yellow
Single, pairs or

clusters
Non-motile
10-37
0-3.0
6.1-12.1

+

b

72.0
DPG, PC, PG,

PL PL
Cigo, Cis1a9c,

TSBA

Volcanic ash

Yellow
Single, pairs or

clusters
Non-motile
10-37
0-7.0
51-12.1
+
N
e

4

Nd

+

724
DPG, PC, PG,

PI,
Ciso,

Cig1a9c

Beach sediment

Orange
Single, pairs or

clusters
Non-motile
18-28
05-2.0
5.1-8.7

w
Nd

+

+

72.0
DPG, PG, PI,

PL
Cieo,

Cign1a9c

Marble

Lemon yellow
Single cocci

Motile
20-37
0-7.0

6.0-12.0
+

+

729
DPG, PG, PI,

PL
i-Cigo
Agricultural

soil
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73. AlSEA

oW ¢1ol A AA ¥ Sco-A36' 9 Sco-D01"¢] A<l ¢hdE 165 rRNA H A4
A7IA4d (1425 nt 9F 1426 nt)E2> Marmoricola 43 THE 57

A3 v ¥ A}t Neighbor-joining 2.2 AEF (tree)S A3 A3 EoFE
& Marmoricola 49 =53+ 2709 sublineageE & A& thH(Fig. 22). o] A3}
= 67%2} 54%2] bootstrap #E ¥ maximum-likelihood®} maximum-parsimony
AF (tree)ell oJalA A=A = At

Fig. 22. 16S rRNA gene sequence tree showing phylogenetic position of
strains  Sco-A36" and Sco-D01' with the radiation encompassing
representatives of the family Nocardioidaceae. The tree was constructed from
evolutionary distance matrix by using neighbor—joining method (Saitou and

Neil, 1987). The sequence of Streptomyces griseus KCTC 9080T(M76388) served as the

outgroup. Asterisks indicated branches that were also recovered using maximum-likelihood
(Fitch, 1971) and maximum-parsimony (Felsenstein, 1981) trees. Bootstrap values (expressed as
percentages of 1000 replications) >50% are shown at branch points. Bar, 0.01 substitutions per

nucleotide position.

_74_

Collection @ jeju



0.01

73

100

54

88 Nocardioides oleivorans DSM 16090" (AJ698724)
9% Nocardioides ganghwensis JC2055" (AY423718)
100 — Nocardioides exalbidus RC825" (AB273624)
" Nocardioides hwasunensis HFW-21" (AM295258)
——— Nocardioides furvisabuli SBS-26" (DQ411542)

100 —— Nocardioides albus KCTC 91867 (AF004988)
66 * — Nocardioides luteus KCTC 9575" (AF005007)

61

B Nocardioides panacihumi Gsoil 61 6 (AB271053)

7 Nocardioides marinus CL-DD14" (DQ404093)
Nocardioides insulae DS-51" (DQ786794)
Nocardioides simplex KCTC 9106" (AF005009)
100 Nocardioides aromaticivorans H-1" (AB087721)
o * Nocardioides nitrophenolicus KCTC 0457BP' (AF005024)

= | 74 Nocardioides kongjuensis KCTC 19054" (DQ218275)

Nocardioides fonticola NAA-13T (EF626689)
66 Nocardioides pyridinolyticus KCTC 0074BP" (U61298)
100 —|

Nocardioides aquiterrae KCCM 41647" (AF529063)

5

*

*

Nocardioides hankookensis DS-30" (EF555584)

| _%_: Nocardioides terrigena DS-17" (EF363712)

Nocardioides sediminis MSL-01" (EF466110)
8 Nocardioides lentus KSL-17" (DQ121389)

Nocardioides agariphilus MSL-28" (EF466113)

Nocardioides bigeumensis MSL-1 9r (EF466114)

Nocardioides aestuarii JC2056" (AY423719)

92

Nocardioides plantarum NCIMB 128347 (AF005008)

87 — Nocardioides salarius CL-Z59" (DQ401092)
ﬂ‘ENocardioides basaltis J112" (EU143365)

Nocardioides marinisabuli SBS-12" (AM422448)
Nocardioides dokdonensis FR1436" (EF633986)

Nocardioides kribbensis KSL-2" (AY835924)

Nocardioides aquaticus DSM 1 14397 (X94145)

Nocardioides koreensis MSL-09" (EF466115)

Nocardioides alkalitolerans KSL-1" (AY633969)
Nocardioides daphniae D287" (AM398438)

98

80

67 Marmoricola aurantiacus DSM 12652" (Y18629)
Strain Sco-D01" (FN386750)

Marmoricola aequoreus SST-45" (AM295338)
54 Strain Sco-A36" (FN386723)

Marmoricola bigeumensis MSL 05" (EF466120)

100

Nocardioides jensenii KCTC 9134 (AF005006)
Nocardioides dubius KSL-104" (AY928902)
— Aeromicrobium erytherum NRRL B-3381" (AF005021)

*

L Aeromicrobium fastidiosum KCTC 9576" (AF005022)
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74. 16S TRNA 32 d7144E FA= (%)

Juke and Cantor (1969) & o] &siA AlitdE X2 AgE o] &3t A7
Ad FAEES 73 A3} Sco-A36'S M. aurantiacus DSM 1265279} 98.0%,
M. aequoreus SST-45"9} 97.7% Z1#]1 M. bigeumensis MSL 05' ¢} 96.6%
S yetWtH(Table 23). ##E Nocardioides £9 %% w553 91.4-955%
o ExEZ vt #3, Sco-DO1'S M. aurantiacus DSM 12652 ¢}
98.6%, Sco-A36'¢t 978%, M. aequoreus SST-45'¢ 976% 1L M.
bigeumensis MSL 05'¢} 959% < UEFWTHTable 23). ##E  Nocardioides
%9 ¥F FTEYE 916-96.3%9 EXE JERY AT

Table 23. 16S rRNA gene sequence similarity values of strains Sco-A36"

and Sco-D01" with the phylogenetic neighbors

Closest neighbors Strain Sco-A36" Strain Sco-DO1T
Marmoricola aurantiacus DSM 12652" (Y18629) 98.0 98.6
Marmoricola aequoreus SST-45" (AM295338) 97.7 976
Marmoricola bigeumensis MSL 05" (EF466120) 96.6 95.9
Strain Sco-A36" 100.0 97.8
Strain Sco-DO01" 97.8 100.0

7.5. DNA-DNA hybridization
16S rRNA 3= 97144 4 A3 (Fig. 223 Table 23)& vtgo= 7%

A8 =3 DNA-DNA homologyE =439 th Sco-A36" I M. aequoreus
JCM 13812"= 165-259%9] < ztal Sco-DO1'T M. aurantiacus DSM
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12652 = 30.2-35.4%9] #-& YERNATHTable 24). o] FHE2 70%K T Bt7] )
ol Marmoricola %2 M=Z§ % (species) .z Hi 2 4 At Wayne et al,
1987). Sco-DO1'¥#} M. aequoreus JCM 13812', Sco-DO1'#} Sco-A36"<]
homology: Sco-D01'¥ M. aurantiacus DSM 1265272 47144 §A1= Hr}
7] el SA45A FdtH(Table 23).

Table 24. DNA-DNA relatedness between strains Sco-A36', Sco-D01' and

their closest relatives

Closest neighbors Strain Sco-A36" Strain Sco-D01"
Marmoricola aurantiacus DSM 12652" - 30.2-35.4
Marmoricola aequoreus JCM 13812" 16.5-25.9 -

7.6. Marmoricola %9 %1% Sco-A36"# Sco-D01'¢] 7]%

Gram-positived}1 coccoid FEE z2t= T /9o AR #FE, Sco-A36'
Sco-DO1"E AT e 08 (VAshHo=REH 4% AR EE By
4

A} CellE2 3714, oxidase-o4 L8] 3l catalase- ¥/ o]t} Colonys2 v+

=

3 bedrt B dgoln A3e yellow otk F e #FEE wE A

Yo EAZAQl LL-diaminopimelic acidE 7FHt. Menaquinone® T4 &2

L

MK-8(H,) o] iz A k9] = 22L& phosphatidylinositol,
diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine a8 Al
unknown phospholipid& 2=t A4 profileg2> *3F 2 Hx3t A
10-methyl ¥ hydroxyle ze AWIES EFedth. DNA G+C e
71.0-72.0mol% ©]3ltk. 16S rRNA 32 97144 &4 23 M=z #5752
Nocardioidaecae #4393 Marmoricola %ol4  F 719 =

sublineages< AU 259 IFE39 DNA-DNA homology #E-
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bacteria® £& FRFE 70% Rk AR wopth oo s1e® mHAFH A
7o} DNA-DNA FFst A3 d3E vg o= 28552 Marmoricola %9 2

MY MZE £ (species) 52 AAXT. 5 °]E2 Marmoricola korecus sp.

5

nov. (type strain Sco-A36'= KCTC 19596'= DSM 22128") z28a
Marmoricola scoriae sp. nov. (type strain Sco-D01'= KCTC 19597"= DSM
22127") o= AotE ),
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A ¥AE (fatty acid)= W& 384 5AS vluwstr] @A Hamadaea
tseunoensis IMSNU 22005 ¢} Catelliglobosispora koreensis JCM 10976'2 ¥

FiFe Agatach

812 dH & wiFT 5

o

Colony= ISP 2, ISP 3, ISP 4, ISP 5 medium —L2]3l oatmeal-nitrate agar©l
A 2 Aeka ISP 63 ISP 7 mediumeol A= oFebAl A& st & wdd 7|+
AF (substrate mycelium) ¢lel ZAE0] 1 At&o] @Y =2 FZE A oA
Bl (Fig. 23). 71% wAFE (aerial mycelia)2 white 242 wjojA ISP 3,
ISP 5 18] 3 oatmeal-nitrate agaroll* =& A 2 Gt Colony2] background A4
A& light-brownol A brown® & UEFSEI colony FHE HA = MAE ISP 3

3} oatmeal-nitrate agarol A% brown MA4-S veER QLT

)

SEI 10.0k¥  X7,000 1um WD 6.4mm

Fig. 23. Scanning electron microscopy of strain Sco-B14"
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8.1.3. ‘S?E, DH, NaCl m}xé lg_l %3H% _1_—-:__1'_}\3

Sco-Bl4"e] AALE=E 20-30 °Colx A% pHE pH 7.1-8.1°19 0% (w/v)<]
AdE FE=7HA AAEATE Starch®t esculine 7FE38] 319132 DNA, casein,
xanthine, tyrosine, hypoxanthine¥} CM-cellulose:x= &3] A &4 WSS

Bl

82. 8384 54

O

82.1. G+C ¥ &

Sco-B14"& 701 mol%< DNA G+C =S HATHFig. 24). o] #e ##=
TE59 G+C FF (70-72 mol%) WLl &3t th(lee et al, 2000; Lee and
Hah, 2002; Ara and Kudo, 2006; Ara et al., 2008a).

Retention Time

dC

9.477

dG

mAU

20 - 20

mAU

10.600
26.177

o
3.007
o

Detector 1-254nm
Results

(Reprocessed)
Name Retention Area Height Area Percent Integration
Time 2 Codes
dC 3.007 242957 39983 24.61 MM
dG 9.477 454915 27751 46.07 MM
dT 10.600 113535 6635 11.50 MM
dA 26.177 175951 4126 17.82 MM

Fig. 24. G+C content of genomic DNA of strain Sco-B14"
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8.2.2. DAP

TLCZ diamino acid #4138+ 23 DAP9] isomer (] & A)+= 30H-forme] 3l
tH(Fig. 25). 30H-form isomer?] s4& ¢lste] 30H-forme z2te a2l
Catellatospora citrea IMSNU 22008'2 A}t tHLee et al, 2000; Ara et al,
2008a).

Fig. 25. The isomer of diaminopimelic acid in cell wall of strain Sco-B14" by

TLC

8.2.3. Whole—cell sugar

GC® ®A3 ZH3 Sco-Bld'e= EAZQ whole—cell sugar® glucose,
rhamnose, ribose, xylose, arabinose, galactose 1% 31 mannoses X3} th

(Fig. 26). Arabinose®} xylose?] <&#]& Micromonosporaceae 3o A%5%E Eo

TEY T5d 545 YHEth(Vobis, 1989).
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Injection Date : 3/2772009 5:49:50 PM Seq. Tine : 3
Sample Name : S-Bl4 Location : Vial 3
Acg. Operator : sdlee Ing = i
Inj Volume : 4 nl
Sequence File : C:\HPCHEM\1\SEQUENCE\090327-2.8S
Method : C:\HPCHEM\1\METHODS\SUGAR.M
Last changed : 3/27/2009 10:33:22 AM by sdlee ey
[ FID1 A, (SUGAR\003F0301.D) 1
PA ] =8
b
2250 - ‘\
] I |
2000 I ‘
1750 il
\i |
1500 | |
I |
1250 | |
1 1“
1000 | ‘i‘ s ‘
g \
BN
750 ‘ | |
500 | ’ Rhm i Gal Glu
‘ ‘ Rib Ara Xyl Man o |
8 28 8 o B
250 - 5 28 2 88 e
1 = 7 y i s
| /\ N =
IASNA: .. e S 2.\ A\ A
0 T - 3 = i
2.5 5 7.9 1 _ min

Fig. 26. Characteristic whole—cell sugars of

8.2.4. Menaquinone

=z H o
TAAES

Menaquinone 2]

MK-10(Hy) o] 3 2

strain Sco-B14' by GC

(49%) =

minordt A

MK-9(Hs), MK-10(Hs) 2} MK-9(Hg) 7} <=t S th(Fig. 27). =2 ¥]&2 24 : 18 :
9% YElt. MK-10(Hy) peak 82 93l Catelliglobisispora koreensis JCM
10976" (Lee et al., 2000; Ara et al, 2008), MK-9(H)S} MK-9(Hs) 4 S 3]
Actinomadura spadix DSM 43459" (Goodfellow, 1989) 121 MK-10(Hg)ZE ¢

3| M= Asanoa ferruginea IFO 14496' (Lee and Hah, 2002)<

g3kt

40 Retention Time

MK-9(HE) 10,

3 dF=2 A

i "= N
8
mAU

2 20 ()
£ MK-9(H4) I A MK-10(H§6)
10 e
B wa &
©._02. o g
(- 2 e
0 g 0
o
T g
0 2 4 6 8 10 12 14 16 18 20
Minutes
Detector 1-254nm
Results
(Reprocessed)
Name Retention Area Height Area Percent Integration
Time Codes
2.570 242641 34973 64.33 MM
7.855 31210 2534 828 MM 9(H4)
8.635 12248 1048 325 MM 9(H6)
Q2T 63740 4362 16.90 MM 10(H4)
10.238 23867 1404 6.33 MM 10(H6)

Fig. 27. Menaquinones
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8.2.5. Polar lipid

Polar  lipid A®<S ®+4%3%  (standard)® &4 B3 Ay
diphosphatidylglycerol, phosphatidylethanolamine 12|31 phosphatidylinositol<
E3F5L tHFig. 28). ©] A5 Lechevalier et al. (1981)o] <3 & 5o ulz}
/] PII phospholipid typeo 2 U}E}E oz t(Table 26).

Fig. 28. Polar lipids profile of strain Sco-Bl4" by TLC. PG, phosphatidylglycerol;

PI, phosphatidylinositol; PE, phosphatidylethanolamine.
8.2.6. Fatty acid

Fab BA1S 9)ElA] Sco-Bl4'= Catelliglobosispora koreensis JCM 10976"
amadaea tsunoensis IMSNU 22005" 317 H9s oz g 2@ F=
F BA5Th Sco-Bl4T o AWk FARL 1-Ciso (212%) T Ciro (12.3%)
zt =t} (Table 25). o] AEES Kroppenstedt (1985)9] #5HFo] wabA 3b typel
2 e ol XItH(Table 26).

A

ok

S
=
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Table 25. Cellular fatty acid compositions of strain Sco-B14" and

phylogenetic neighbors

Taxa: 1, Strain Sco-B14T; 2, Catelliglobosispora koreensis JCM 109765, 3, Hamadaea
tsunoensis IMSNU 220057, Values less than 1.0% are not shown. 1, 1so; ai, anteiso; —, Not
detected or not described. Parentheses are from Ara et al. (2008a). Main compositions (>10%)
are showed in bold. " Summed features 3 and 8 contain i-Ci502-OH and/or Cisa7c and Cioio

11c and/or unknown 18.756, respectively.

Fatty acid 1 2 3
Saturated fatty acids
Ciso 6.5 - (=) 1.2 (1.0)
Ciso 3l 2.8 (1.2) 34 (3.1)
Cizo 12.3 1.7 (1.2) 11.3 (7.6)
Ciso 38 6.0 (2.6) 46 (2.9)
Cigo 3.0 - (=) 1.0C-)
Branched fatty acids
1-Cigo 1.2 4.0 (10.8) -(-)
i—Ciso 21.2 7.2 (85) 19.9 (29.5)
ai-Ciso 6.6 3.3 (37 4.1 (88)
i-Cig0 7.5 40.1 (44.5) 16.2 (10.4)
ai-Ciso - - (S 1.1 ¢ -)
i-Ci7o 2.8 2.2 (1.7) 5.6 (5.4)
ai-Cizo 8.4 10.4 (6.6) 13.2 (15.6)
1—Cigo y 4.1 (3.0) 1.0 (=)
Unsaturated fatty acids
Ci612-OH - 3.8 (29) 29 (=)
i-Cie B - (8.6) - (=)
i-Cie1H = 19 ( -) - (=)
Cir106¢ - - (=) - (2.7
Cim08c 2.2 19 @) 1.0 (1.7)
i-Ci71a9c 1.3 (& ) - (=)
ai-Ciz1a9c - 1.0 (1.5) - (=)
Cig1a9c 1.0 14 (-) - (=)
10-Methyl fatty acids
Cizo 8.2 22 (-) 6.3 (3.6)
Cigo 3.2 - (=) 2.7 (1.5)
Ci9o 1.8 - (=) - (=)
Summed feature’

3 - - (=) - (2.0)

8 2.1 - (=) - (=)
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Table 26. Differential characteristics of strain Sco-B14' from the other

Micromonosporaceae genera

Taxa: 1, Sco-B14T; 2, Actinocatenispora (Thawai et al., 2006); 3, Actinoplanes (Vobis, 1989;
Stackebrandt and Kroppenstedt, 1987, Horan and Brodsky, 1986; Goodfellow et al., 1990,
Tamura and Hatano, 2001); 4, Asanoa (Lee and Hah, 2002); 5, Catellatospora (Asano et al.,
1989; Lee et al., 2000; Ara and Kudo, 2006); 6, Catelliglosispora (Lee et al, 2000; Ara et al.,
2008a); 7, Catenuloplanes (Yokota et al., 1993; Kudo et al., 1999); 8, Couchioplanes (Tamura et
al., 1994); 9, Dactylosporangium (Thiemann and Beretta, 1967, Sharples and Williams, 1974); 10,
Hamadaea (Asano et al, 1989; Ara et al., 2008a); 11, Krasilnikovia (Ara and Kudo, 2007d); 12,
Longispora (Matsumoto et al., 2003); 13, Luedemannella (Ara and Kudo, 2007a); 14,
Micromonospora (Ara and Kudo, 2007b); 15, Pilimelia (Kane, 1996); 16, Polymorphospora
(Tamura et al., 2006); 17, Pseudosporangium (Ara et al., 2008b); 18, Salinispora (Maldonado
et al., 2005); 19, Spirilliplanes (Tamura et al., 1997); 20, Verrucosispora (Rheim et al., 1998);
21, Virgisporangium (Tamura et al., 2001). TAccording to the classification of Kroppenstedt
(1985). *According to the classification of Lechevalier et al. (1981). Ara, arabinose; Gal,
galactose; Man, mannose; Rhm, rhamnose; Rib, ribose; Xyl, xylose; Glu, glucose; +, Present; -,

absent; Nd, not determined.
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Genus Sporangium Spore Diamino Whole-cell Fatty Major Phospholi DNA
motility acid(s) sugar(s) -acid menaquinone(s) pid type' G+C
type' (MK-) content
(mol%)
1 - - 30H-DAP Glu, Rhm, 3b 10(Hy) PIL 70.1
Rib, Xyl,
Ara, Gal,
Man
2 - - meso-DAP Ara, Gal, 3b 9(Ha,e) PIL 72
Xyl
3 + + meso-DAP Ara, Xyl 2d 9(Hy), 10(H,) PII 72-73
4 - - meso-DAP Ara, Gal, 2d 10(He,s) PII 71-72
Xyl
5 - - meso-DAP, Xyl, Man, 3b 9(Ha) PIL 70-71
30H-DAP  Gal, Ara,
Rhm, Rib,
Glu
6 o - meso-DAP Rhm, Man, 3b 10(H,) PII 70.4
Xyl, Gal,
Glu
7 - + L-lysine Xyl 2c 9(Hs), 10(Hg) PIIL 71-73
8 - + L-lysine Ara, Gal, 2c 9(Ha) PII 70-72
Xyl
9 + + meso-DAP Ara, Xyl 3b 9(Ha,6,8) PII 71-73
10 - - meso-DAP, Xyl, Gal, 3b 9(He) PII 70
30H-DAP  Man, Rib,
Ara, Rhm,
Glu
11 - - meso-DAP Gal, Man, 2d 9(He,4,8) PII 71
Xyl, Ara,
Rib
12 - B meso-DAP Ara, Gal, 2d 10(H4,6) PII 70
Xyl
13 + - meso-DAP Xyl, Gal, 2d 9(H,4,2,8) PII 71
Man, Rhm,
Rib, Ara
14 - 2 meso-DAP Ara, Xyl 3b 10(Ha,s), 9(Happ) PIL 71-72
15 + + meso-DAP Ara, Xyl 2d 9(Ha,2) PIL Nd
16 - - meso-DAP Xyl 2a 10(Hg,1), 9(Hg0) PII 71
17 - - meso-DAP, Ara, Gal, 2d 9(Hs) PIL 73.6
30H-DAP Glu, Man,
Rib, Xyl
18 - - meso-DAP Ara, Gal, 3a 9(Hy) PII 70-73
Xyl
19 - + meso-DAP Ara, Xyl 2d 10(Hy) PII 69
20 - - meso-DAP Man, Xyl 2b 9(Hy) PII 70
21 + - meso-DAP Ara, Gal, 2d 10(Hy,6,8) PII 71
Xyl
—_ 86 —_
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83. AlEEA4

Sco-B147¢] Al ¢hxlg 165 rRNA F4x 47144 (1424 nt)e] A4 = Ax
Micromonosporaceae 3ol %39 £E59 FFFE3 HLFHAT. 16S rRNA
FH2A A7 LS BRSO ®E  neighbor-joining AlES4 (tree)E A3 A
Micromonosporaceae *}2| Catelliglobosispora <3} Hamadaea < A}old] S5
3t AT TS FASAG(Fig. 29). © AETTFS  maximum-likelihood £+
maximum-parsimony Al%E4 (tree)oll A= BTl Treed AFH == 72%9

47% bootstrap 7S & LERRET

Fig. 29. 16S rRNA gene sequence tree showing phylogenetic position of
strain Sco-B14" with the radiation encompassing representatives of family

Micromonosporaceae. The tree was reconstructed by the using neighbour-joining method

(Saitou and Nei, 1987). The sequence of Nocardia asteroides DSM 43557" (X80606) was used
as an outgroup. Asterisks represent the branches also found in both maximum-likelihood
(Fitch, 1971) and maximum-parsimony (Felsenstein, 1981) trees. Bootstrap percentages based
on 1000 replications are indicated at nodes (only values above 40% are shown). Bar, 0.01

substitutions per site.
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80

0.01

99[ Catellatospora citrea IMSNU 22008" (AF152106)
98 ' Catellatospora coxensis 2-29(17)" (AB200232)
98 ) Catellatospora methanotrophica IMSNU 22006" (AF152107)
%0 Catellatospora chokoriensis 2-25(1)" (AB200231)

L&

74 Catellatospora bangladeshensis 2—70(23)T (AB200233)
) 72 Catelliglobosispora koreensis LM 042" (AF171700)
42 :| 47 Strain Sco-B14" (FN386736)
Hamadaea tseunoensis IMSNU 22005" (AF152110)
Longispora albida NRRL B-24201" (AB089241)
Luedemannella helvata 3—9(24)T (AB236957)
61— Dactylosporanguium aurantiacum DSM 431 577 (X93191)
S Virgosporangium ochraceum YUB55-43" (AB006167)
99 Couchioplanes caeruleus subsp. caeruleus IFO 13939" (D85479)
62

— Pseudosporangium ferrugineum 3-44-a-1 9’ (AB302183)

- ~‘ — Krasilnikovia cinnamoneum 3-54(41 )T (AB236956)
Spirilloplanes yamanashiensis IFO 15828" (D63912)

Micromonospora chalcea DSM 43026" (X92594)

— Salinospora arenicola CNH643" (AY04061 9)
——— Catenuloplanes japonicus IFO 14176" (D85476)

1 Asanoa ferruginea IMSNU 22009" (AF152108)
Verrucosispora gifhornensis DSM 443377 (Y1 5523)

Polymorphospora ruber TT97-42" (AB223089)

Pimelia terevasa DSM 43040" (X93190)

Actinoplanes philippinensis DSM 43019" (X93187)

Actinocatenispora thailandica TT2-10" (AB107233)

Nocardia asteroides DSM 43557 (X80606)
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84. 16S rRNA A d71-E FA= (%)

Sco-B14' %} Micromonosporaceae o E3t¥ £59 3 ZE7 16S rRNA
A7IME FAE e Catellatospora 42 %+ TEI 95.0-95.7%, Hamadaea
tseunoensis®} 94.8%, Longispora albida®} 94.7% 18]l Catelliglobosispora
koreensis¢t 94.1%< YERUHSAT thE £59 FET 90.0-94.2%9] FAF
L5 Bt (Table 27).

=2
M

Table 27. 16S rRNA gene sequence similarity values of strain Sco-B14' with

the phylogenetic neighbors

No. Closest neighbors Strain Sco-B14T
1 Catellatospora chokoriensis 2-25(1)T(AB200231) 95.7
2 Catellatospora methanotrophica IMSNU 22006 (AF152107) 95.6
3 Catellatospora citrea IMSNU 220087 (AF152106) 95.5
4 Catellatospora coxensis 2-29(17)"(AB200232) 95.4
= Catellatospora bangladeshensis 2-70(23)T(AB200233) 95.0
6 Hamadaea tseunoensis IMSNU 22005 (AF152110) 94.8
7 Longispora albida NRRL B-24201T(AB089241) 94.7
8 Polymorphospora ruber TT97-42"(AB223089) 94.2
9 Catelliglobosispora koreensis LM 042" (AF171700) 94.1
10 Luedemannella helvata 3-9(24)" (AB236957) 94.1
11 Micromonospora chalcea DSM 430267 (X92594) 93.9
12 Spirilloplanes yamanashiensis 1IFO 15828T(D63912) 93.9
13 Virgosporangium ochraceum YUB55-43"(AB006167) 93.9
14 Actinoplanes philippinensis DSM 430197(X93187) 93.8
15 Verrucosispora gifhornensis DSM 443377 (Y15523) 93.8
16 Asanoa ferruginea IMSNU 22009T(AF152108) 93.7
17 Krasilnikovia cinnamoneum 3-54(41)" (AB236956) 93.7
18 Dactylosporanguium aurantiacum DSM 431577(X93191) 93.5
19 Pimelia terevasa DSM 43040" (X93190) 93.4
20 Pseudosporangium ferrugineum 3-44-a-19T(AB302183) 93.4
21 Salinospora arenicola CNH643T(AY040619) 934
22 Catenuloplanes japonicus IFO 14176 (D85476) 93.2
23 Couchioplanes caeruleus subsp. caeruleus IFO 139397(D85479) 93.2
24 Actinocatenispora thailandica TT2-10T(AB107233) 90.0
— 89 —
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85. Micromonosporaceae ] 214 @ 2% Sco-Bl4'e] 7]%

Az AT Sco-BlA'E AFY 28 (MDA FHE sz E Y
el EAY. O f7IAIE JEA RG] & ddE 7]t AL (substrate mycelium) <
A} (aerial mycelia)= °FshAl AR +544S 2474 & &

A ApERGe] 50l HiA FWfel g FAHAIRTE 9 52 Fe5s
g [} S © T = T |

oftt
oX,
ol
ol
32
=
N
ole
BT

il
©

FolA WA T Colony 2 background A4+ light brownol 4] brown=
A FH2 HAE MAheE ISP 3 medium?} oatmeal-nitrate agarol] A7+ 32+

Atk 16S rRNA 44 d71449e ngoz 3 AEREA Ay Sco-Bl4'e

RS

Micromonosporaceae 3ollA  7]£e] ©WE genusol X3HA &= 55T
lincageZ A5ttt Sco-Bl4'# Micromonosporaceae o9l X3tE &59] 7
= ZE23 16S rRNA A7 E FAE S Catellatospora £ Tw 25X
95.0-95.7%, Hamadaea tseunoensis2} 94.8%, Longispora albida®} 94.7% 1] il
Catelliglobosispora koreensis®t 94.1%S YEMAT. UH X £59 35+ FE
= 90.0-942%E Atk oY FFERFEH SAES o] TFTt
Micromonosporaceae 2] ¥3Hth= ZS YEeEIHAT. 30H-DAP isomers
MExEdo] EAAHe diamino acid® 2ril  whole—cell sugars< glucose,
rhamnose, ribose, xylose, arabinose, galactose 18 3l mannoses 33}t

Al

ke
=

9] =4 b | (polar lipid)2 diphosphatidylglycerol,
phosphatidylethanolamine 13 3L phosphatidylinositol©] $3t}. Menaquinone®]
RS MK-10(Hy)o) L fatty acids® FAEES i-Ci509 Cio ©)¥ DNA G+C
2 70.1mol%<S B At 3R 545 ASRASA datae] 23
o] By+5 7|+ &# 2 Micromonosporaceae ¥} (family) 4% (genera)9
#7 T @A FEsAT. of7ld Vlsd AlSE A4 datagt s}
X EAMNES ulEoZ Sco-Bl4'E  Micromonosporaceae 9 MZE &
(genus) % & (species)S UYENAL. TF o|F2  Allocatelliglobispora

scoriae gen. nov., sp. nov.2. 2 A FE AT},

_90_

Collection @ jeju



2 d4e AFE e A9 o@d 5 A9 AT A Fol
(Jejuscoria) & AMAHE=R A st vl 7t nAlES 23 & Rep-PCRY

16S rRNA 34 A7 <E 24 S8 kA o] A= § ddde &

oh gk A F LAY chitin Bl TS A A SAEES FHEA T
57 A4e] scoriadl A F 100 T wjF sk wAEo] FE AN &
52 colony® M4+ yellow, orange, cream, pink =% brown 52 = teF
sHAl vEtstow g TS 63¢ ol A TS 3TdF ol &%
HdZo = F 4ddF FolA 47757 +5AHES UHeUAT 759 d="H+= 70
#F7F HF (rod-shaped)o) 1t #ZE Q2 14757 F+1F (coccus)e) Aot L

]_
2oL wALE AAdske 16719 w579 ZAANES FEH= A ¥ (rectiflexibile),

-

Rep-PCR 48 TalA 7 w54 ZEgk DNA® band patterns H il &

T34 gFAe HAESAT. 727 #FE59 DNA fingerprinting pattern
248 3 UPGMAEH© dendrograms ZA A FAI=S ZASATE #
AL 65% o] oA grouping 3 A I, 3HAH Fo] nAEES FoA
(A; red)oll A 2870¢] Rep-group, &4 (B; brown)oll Al 2171 Rep-group, 4%

A (C; reddish-brown)oll 4] 670 ¢] Rep-group, 322 (D; yellow brown)el Al 22

~

7Nl Rep-group, 22832 AHAA (E; black)o 4] 672 A< 2 t}E Rep-groupl =
EHFEAY. 289 £ 1007 F AAZS grouping BS Wl 79719 Rep-group o &
W E AT

tda] A9 Scoriaol A el E 100752 Wi F 7Hs g Al e Rep-PCR¥ 16S
RNA F42 471449S s 3k A3} Actinobacteria, Bacilli, Deinococci, a-,
G- y-Proteobacteria®l 67 A-&ato] SISl 58% % Actinobacteria® -
HAE olF+= ALRE FRHAem 20%= [-Proteobacteria= 1= il 14%+
a-Proteobacteria, 4%+ Bacilli, 3%+  y-Proteobacteria 133 1%+

Deinococcidll &3t Ao 2 velyth AEEA 23 14709 & (order) ¥ o} =
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(sub-order), 17702 3} (family) 22 3L 30702 & (genus)o. & T4 E At Zo]
B2o® £ (genus)S Arthrobacter (1875), Massilia (1615), Steptomyces

(147+) 128]3 Nocardioides (97 5) =22 YEGTH A28 2 B A (red)

-—

A&+ cream M-S 2= Arthrobacter”}, B (brown)A 5+ yellow 23S 7zt

~
= Nocardioides®t TAFAEA  HAQ Streptomyces?t  Ho] WX E}

o] A
Actinobacteria &5l 70% o]/ Z8l¥ 3tk ¥HE, D (yellow brown)Al & &

vellow %-& orange M-S W& Massilia w5752 X339 A Proteobacteria

B5Fao] 60% o]A YEMSTE C (reddish-brown)9} E (black)Al &5+ &8 F7}

Streptomyces©| 1. Psudomonas, Stenotrophomonas®} Lapillicoccus® +E5% X
At AL T FAE FANT= FEFFO] (Penicillium italicum) ol
e FFLAEE 3TV JASS YErH AT Paenibacillus©l £3et= 15
9} Steptomycesol £3F= 13757} 2cm o] Aol o A|8ES e QLT
Rep-PCR¥# 16S rRNA 37 @7 dS nteg o= g AleEA 23 31d+
b EFEFEY A dd 2 AdP-Asst 24, stebd 54 4 aga
DNA-DNA hybridization &A1& &3t A4 755 &4 A= & (genus)
= & (species)oZ 72 7tsAd & YENWLH. o] &

< ZTTTFEY 96.9-986%°] @VIME FAE, Ael-Astes 544 vl 3y
2 DNA-DNA relatedness #t (16.5-354%)< vl®S = Marmoricola korecus
sp. nov. (type strain Sco-A36' = KCTC 19596" = DSM 22128") 12|
Marmoricola scoriae sp. nov. (type strain Sco-D01'= KCTC 19597"= DSM
22127h) 0.2 A rE o). w3 Micromonospraceae (family)dl|l 43= 3 Bl4

EETFED} 95.8% oI5 % AVINY FAE, ABRA elw 8eA

rr

E4 (DAP, sugar, menaquinone, polar lipids % fatty acid) #4] v E %3}

ﬂl

MZE % (genus) @ F (species)oZ A 2@ BF HYrh #5F olEL

Allocatelliglobispora scoriae® A ¢+%] 31t}
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<Summary>

A study of microbial diversity and bioactive

compounds from Jejuscoria bacteria

Dong Wan Lee

(Supervised by professor Soon Dong Lee)

The aim of this study was to investigate the diversity of the culturable
bacteria of Jejuscoria collected nearby Darangshi oreum in Jeju Island, based
on Rep~PCR DNA fingerprinting and 16S rRNA gene sequence analyses, and
to screen for antifungal and chitin—degrading activities from them. Also, some
of the isolated strains was designed to be described as novel bacterial species
through the classification and identification of them by a polyphasic
taxonomic approach.

A total of 100 culturable bacteria were isolated and maintained from five
Jejuscoria of wvarious colors. The isolates were characterized by colony
pigmentation such as yellow, orange, cream, pink and brown. Among them,
63 strains were Gram-positive and 37 strains were Gram-negative. Of 84
strains tested, 47 strains were motile. Morphological characteristics were
variable depending on strains. Most of them (70 strains) were rod-shaped and
14 strains were coccoid-shaped. The actinomycete strains including 16
1solates produced well-developed substrate and aerial mycelia, on the tips of
which spore chains were arranged in rectiflexibiles, hooks or spirals.

DNA fingerprints obtained from genomic DNA of isolates using repetitive

sequence-based PCR were compared for evaluating genetic diversity. The
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Rep-PCR DNA fingerprints of 100 bacterial strains constituted 79 Rep-groups
and were divided into 28 Rep-groups for red-colored Jejuscoria (A), 21
Rep-groups for brown-colored Jejuscoria (B), 6 Rep-groups for
reddish-brown Jejuscoria (C), 22 Rep-groups for yellow brown Jejuscoria (D)
and 6 Rep-groups for black-colored Jejuscoria (E) at the level of more than
65% similarity.

On the basis of the comparative analyses of Rep—~PCR DNA fingerprints and
partial 16S rRNA gene sequences, 100 isolates were divided into 6 major
groups: Actinobacteria (58%), [~Proteobacteria (20%), a-Proteobacteria
(14%), Bacilli (4%), y-Proteobacteria (3%) and Deinococci (1%). Among
Actinobacteria, more than 70% of actinobacterial strains were mainly
distributed in red-colored Jejuscoria (A) and brown-colored Jejuscoria (B) in
that many cream-colored Arthrobacter spp. were isolated from A sample, and
yvellow—colored Nocardioides spp. and Steptomyces-like spp. were isolated
from B sample. Among strains belonging to the Proteobacteria, more than
60% proteobacterial strains, most of which were designated as yellow— or
orange-colored Massilia spp., were distributed in yellow-brown Jejuscoria (D).
On the other hand, reddish brown Jejuscoria (C) and black-colored Jejuscoria
(E) evenly contained representatives of all the major groups, albeit with small
number of the isolates.

The isolates having chitin-degrading activity were 18% of a total (18
strains). Among these, 8 strains showed the diameters of clearance zones less
than lcm, 5 strains the diameters ranged from 1-2cm and 5 strains the
diameters above than 2cm. On the other hand, only two strains showed
anti-fungal activities against Penicillium italicum (mold of tangerine): one
was Paenibacillus sp. (strain Sco-Al6) and the other was Steptomyces sp.
(strain Sco-A30).

It was strongly suggested that 31 isolates were candidates of new genus or

species based on the analyses of Rep~PCR DNA fingerprints and 16S rRNA
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gene sequences. Among them, strains Sco-A36" and Sco-D01"  were
described as members of two novel species of the genus Marmoricola on the
basis of the 16S rRNA gene sequence similarity (95.9-98.6%), phenotypic
features and low DNA relatedness values of 16.5-35.4%, for which the names
Marmoricola korecus sp. nov. (type strain Sco-A36"= KCTC 19596"= DSM
22128") and Marmoricola scoriae sp. nov. (type strain Sco-D01'= KCTC
19597"= DSM 22127") are proposed. Also, strain Sco-B14" was described as
a member of novel genus of the family Micromonosporaceae based on the
low 16S rRNA gene sequence similarity (<95.8%), phylogenetic evidence and
chemotaxonomic characteristics such as the isomer of diaminopimelic acid,
menaquinone, polar lipids and fatty acid, for which the name

Allocatelliglobispora scoriae gen. nov., sp. nov. is proposed.
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