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Botrytis cinerea, Colletotrichum gloeosprioides, Fusarium oxysporum, Phytopthora capsici, Pythium ultimum,

Rizoctonia solani)ell W8] JdFAEL ZHAES A=

QA T Y F(Alternaria panax)® AAFHAH L7

(Colletotrichum gloeosprioides)ll 748t Bd8A & vebll: KM1-1535F7F ALH A KM1-15 FF¢] 16S
rDNA 9714 9 (1,311 bp)S A 3l A 5314 91X 2 H E3 234, Bacillus koguryoae' (AY 904033)2} 99.6% 9
A%4& e 5o} APl S0CHE KitE AH§-8be] 3 23 %5-¢l] o 3l Bacillus koguryoae” (AY904033)9} W] L -
E3 A3 KM1-15 3F% L-arabinose, celobiose, inulin, D-turanose 94 98-8 Yehi &= A 2] 314 E-Aj o] gal
Helth F 2 AL 2 = 15:0 anteiso (35.78%), 17:0 anteiso (17.97%) & 31421, 13:0is03-OH, 14:0is0 3
OH, 15:0is0 3-OH, 18] I 17:0i50 3-OH ¢} -2 T3t ¥R 3 AWAtS -f-3h= SA S Jebidt. AT
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KACC 41088), 11594 T (Phytopthora capsici, KACC 40476),
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CHE Kit (BIOMERIEUX, France)S ©]&3le] 497) 3 23152
ZAb - vl e o (24, 28), 1EA 3FE protein, starch,
clulose, lipid, ZZ8]aL chitinol] th3l 7l eS A9
RE =4 AFolE 002% beef extract, 0.01% NaCl, 0.02%
peptone, 0.01% yeast extracts 7|ZHI A2 AE-3}A T Protein
7RSS 23871908 1% (wiv) skim milkS F7Fstaa,
starch 715352 0.5% soluble starchE 7180, A2k

Table 1. Plant pathogenic fungi used in this study

Plant pathogenic fungi Nature of adisease

Alternaria panax Foliar blight and black rot

(KACC42141)
3%&%228&? Gray mold rot
CO”aOtEIi(CRLé:mnOi des Anthracnose
FUS(alf( klg&%um Fusarium wilt
Ph{EKIQ% CaYFg a Phytophthora blight
Pﬁlucr:nclﬂg%;“ Damping off
Fﬂ(ﬁg&ﬁ%”‘ Damping off
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O 1Kl solution& AHE-8FATHS, 15). Cellulose E3ls
o= 0.4% (Wiv) carboxy methyl cdluloseZ 371815301,
ko 2 0.1% Congo red 248 A-831%91, lipase 7FEdl5S
24317 93] 1% (whiv) glyceryl tributyrate (TBN)7} S-+-%
gum arabic solution= 718 TH14). 22]aL chitin 715315
< 1% (wiv) wet colloida chiting 7Fsle] ARE-SIATHR).
719) 7} 718& F71eh wiR)ol BeldFE HEsh 28°CollA 7
A7F kst & P Fske] A7) w2} 18} S5
o tigt 728l 52 HFFATH2, 9).

N
> ol

TH X EA =S 2N

TAA A B8 9)3le] TSB (Trypticase Soy Broth)E 10*
W2 A3l agar 1.5% F7Fg HauA]e] dAE HEsaL
28°CollA 3Gzt weket & thi=r]e] dAIE Fstaint. 3t
oA oF 50mg (wet weight)S- teflon-lined screw cap tube (13X
100mm, pyrex)oll %71 %, Ikemoto & Miyagawae] i (18,
279 Q& FARHARE methyl esterdt AA &3 ZHE
2F methyl estere] #-2Jolli= Microbia Identification System
(MIDI; Microbia 1D, Inc., Newark, USA)S- o]-8-51e] 2-233}%th.

Quinone &4

o] &3t AEXFAZRE ADEFES FE3}1L, ©]E dlicage
TLC platedl] Z7i3te] BFEAR FY3 RE 2= bands &
o1, A)F3t] AABIATE. ©] quinone EFE-S Collins 52 %
M7yl wheh Zzte) #EE243 A HPLCE ol8ste] zizt
o] BAES FFSATHS, 9).

DNA G+C &2 &X

AAE DNAE FF/ol &arA TEE 350~500 ug/ml=
243} 52 243 DNAEY 20u1S microtubes] # &}
100°Coll A 1087t FAISH &, D5 ollA] F43] Wt W
X713 20u9] nudesse P1E 3718l 50°CollA 1A17E WS-
Slar 20 ple] akaiphosphatase §-9-8- 718led 37°CollA] 1A13E
S & ZA)3 A|§ 2 HPLC (LC-10AD vp, Shimazu, Tokyo,
Japan) = &-213HATHE, 26).

FAHXIB0|E(SEM)E 0| 28 MIZHEN ZH&
FAPAAE N B2 plaed] FAE FEUS F4)0= )
A2 T2l & 25% glutarddehydecl] o] 4°CollA 15~244]7F
S¢F A3 43 ¥, 01 M phosphate buffer (pH 7.0)2 1054 3
3] A|H3E THS 1% osmium tetroxideS Ho] 4°CollA 2X|7F =
ot T34 Jt}, g% Al 50% ethanolollA] 100% ethanol
A e=2}FH o2 ARl 3 50% Isoamyl acetate (isoamyl
acetateadcohol=1:1)2 102 59+ EE3| A]7]11, 100% Isoamyl
acetate® 5% < HAAZ] thE Critica Point Dryer (CPD
030)E AN AZAIZIT AxE A|RE Al F2HA]
71 % Sputter Coater (SCK 005)2 ©]&3lo] FO & coaingsh]
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FAPAARAR o2 BA3ATH).

22| #F2| 16SrDNA PCR &=

T WlgE 9Y colonys FHOZ ARESt] AH PCR 5
Z5 31t E. coli 16S rDNA H-3E-2] conserved sequenceZ
122 3 27F, 5-AGAGITTGATCCTGGCTCAG-3 primers}
1492R; 5-AAGGAGGTGATCCAGCCGC-3 primers ©]-8-3l3ith
(20, 22). PCR2 27 Forward primer, 1ul; 1492 Reverse primer,
1ul; EF-Tag polymerase (Solgent co., Korea), 0.25ul; dNTR
1ul; 10x buffer, 5ul; band doctor, 5ul; H,0, 36.75ulE 0.2ml
PCR tubedl] 231 2z &3t & ATCHA 583 ¥kg-3 v
94°Coll A denaturation 1%, 55°Col|A] anneding 1%, 72°Coll 4]
extention 132 308] WkE-Sla, 72°Col|lA] 1087} find extention
o] %70 % PCR (GeneAMPR PCR System 9700, Applied
Biosystems) WH8-S AT PCR SFt=e H79E
(Mupid-21, Gel documentation system, Bio-Rad)sle] F= o §-
£ Ik

N
B

22| @F2| 16SrDNA 7|M Y 24

AAg 165 IDNAS F3S=Z ABI PRISM BigDye
Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystems) & Al&-3te] A7IXES AR SATE Sequencing
PCRZ BigDye 1.3ul, T7 primer 1ul, 16S rDNA sample 1l
(100 ng), 2x buffer 34l Hit SFT 133uE & &3
T cyde sequencing AAI8HATE PCR 2HE2 100% ethanol 50
w2t 3 M sodium acetate (pH 5.2) 2ulE 3 7F3F & 22,040xg
oA 25%-7F JHAF)L, 250 ul2] 70% ethanolZ Ml Hdte] A=z
A1Z] 3 HiDi Formamide 20ulE #7}Fske] 95°Coll A 2% &9t
denaturationdt & A-5-9jollA WZ}A|7]21 ABI PRISM 310
Genetic Analyser (Applied Biosysems)S AR&-3}e] 16S rDNA
(500~580 bp) A7 ES A 3IATH®).

=22 232 ASE =Y

AX % 16S IDNA #7141 ¥€¢] homology= DDBJ NCBI/

Alternaria panax

Strain KM1-15
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GenBank database®] BLAST programs ©]-&-3te] M| w3}$ith
Z+ GrIMde] A5A-e dignment CLUSTAL X dgorithmZ ]
B3t HERE JYsiglon Alere A4S 29 Al 9
Asled 273 TH29).
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838l F 26872 wrwElait) ols BelHTES A
3L

DA Fgo]Q QA YT (Alternaria panax), AWEgo]
3 (Botrytis dinereq), <4HERA W1 (Colletotrichum  gloeos:
prioides), X152 Y (Fusarium oxysporum), LT
(Phytopthora capsici), Q14HEEEH A (Pythium ultimum), 20|
EA=H U (Rizoctonia solani)? 242 tiAHi S Sl 2%
S AESAL. G HE A KM1-15057} QA FH
W (Aternaria  pana)@ A4 ERA Q1 (Colletotrichum
gloeosprioides)el] tiall 71 At eSS Yeplle AeE
Z A= thFg. 1). 53], Alternaria panax$} Colletotrichum
gloeosprioides= Skl HS doy)E HAF o R, B Ao
Ak KM1-1505+= S ESllA] 223 EZAlg oz it
W gAA ] 8TV w5 ASE AlsE)

KM1-15 32| 16SrDNA Y7 |MH &4

KM1-15aFl thsle] 16S rDNA G71A <G (1,311 bp)yS 23
ste] A5 YRS HESISTE. 16S IDNA 971X E A3E
NCBI/ RDP/ GenBank2] databases} 3574 ¥Ing 3 & A%
5 ZAJ%E 23 Badillus 70l 4:51%9.2.H, Bacillus koguryoae'
(AY904033)¢} 7+ 7M7he- 33 A=ls U UTHFg. 2)
(21). 53} Bacillus £l &3 2AEE3} KM1-15 59| #
AF=E ZAKS A} Bacillus koguryoae” (AY904033)2} 99.62%
o] 7MY w& AEAEE YEMIITE KM1-15 752 971X Y

Colletotrichum gloeosporiodies

Fig. 1. Antibictic activity of strain KM 1-15 to Alternaria panax and Colletotrichum gloeosprioides.
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Fig. 2. Phylogenetic relationships of strain KM 1-15 and generaBacillus based on similarities of 16SrDNA. The phylogenetic tree was constructed
using the neighbor-joining method. Bootstrap values ard shown at nodes. Scale bar, 1 nucleotide substitutionsin 100 bases.

(1,311 bpy GenBankell accession no. AB298532% 553159t}

KM1-15 72| stst2 7
o785 KM1-159] A%4F methyl esterol] tha o3| A Ak-s-
3 Ay, FQ AMECZ 150 antdso (35.78%)2F 17:0
anteiso (17.97%)5 TatAom, KM1-15 759 ZATA ol
AR A= Bacillus &l &3he FFdTE5 dAATAE 4
& wwdk A3}, 130 iso 3-OH, 14:0 iso 3-OH, 150 iso 3-
OH, 183l 17:0 iso 3-OH9} 22 tofst 48 Awtks &
frole 55¢ 548 Uit =5 fdgd o2 7 fAL
I Bacillus koguryoae™] 7-¢-, QA 4to] 15:0 iso} 15:0
anteiso= KM1-15 -9} zlol& B o, thE Bacillus & X
TUTEAE 22 235 Yehlle 2& g1 4 ATt o]
of & Avf= Atk #2 ol WiEe g 22 Bacdllus
ol Ealrjete wiYkzdol wet Ak Aol gt =
o] 719} 2L 2Jol7t HAX= Aoy, o) Ato g A
g3k 540] o Hrke A& AAFITHEI0).

Isoprencid quinone &2} w4147, KM1-15 T5= menaguinone
< FRska ARem HPLCH g FEHEA A, MK-70]
100%= HEEo] EFTdTEY o] T8 A=ToZ FHHIA

¢

iy

1=)
Rl

31, G+C FE 437%2 =K Table 2).

KM1-15 #Fo| SEfstd 54

S1APHF 1 AT (Alternaria panaxX)@ 14FERA B €7 (Colleto-
trichum gloeospricides)oll osl] 743t 43=-& Yehd KM1-15
o] FEUFHL ALFE 5485 AT DNB B2kl
Aol FAE FEYS] 54 Ag = o] E7FF <l FHEo
FEUZF AL, AAn] st A2 E HEe A9
oF 0.7x2.3ume] 7ol #ZEATHFg. 3).

KM1-15 350 M2|8hs % A51etx| 54

T E2238HE protein, starch, cdlulose, lipid, 2] 3L chitinell
3t 7 el eS 243 A3, protein 7SS AR BiRd
Hehd Frgke] F7]= 8 mmelleH, sarche] 739 9 mmE
proteins} starchel] & 7lREEse] 95 548 Uebach
(Fig. 4). APl 50CHE KitZ ©]-&3lo] KM1-15 #5379 & 238l
S ZASE A3, glycerol, L-arabinose, ribose, D-xylose, glucose,
fructose, mannose, mannitol, sorbitol, o-methyl-D-glucosde,
amygdalin, arbutin, esculin, sdlicin, cdlobiose, maltose, melibiose,
sucrose, trehadlose, inulin, raffinose, starch, glycogen, gentiobiose,
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Table 2. Some characteristics of strain KM 1-15 and related Bacillus species

Strain 1 2 3 4 5 6 7 8 9 10 n
Branched chain fatty acid
i-14:0 1.63 26.7 113 2.46 0.98 144 0.15 131 0.7
i-15.0 3.69 18.0 318 29.27 305 24.6 22.33 15.02 30.01 28.87 56.9
i-16:0 6.56 15.6 2.36 44 4.06 2.56 31 349 442 04
i-17:0 355 9.59 9.01 14.43 8.92 497 8.64 6.99 52
a-15:.0 35.78 26.0 154 40.19 36.48 375 4251 51.36 37.31 37.75 234
a-17:.0 17.97 6.9 9.38 7.06 12.07 1253 14.83 12.37 13 35
i-17:1wbc 0.62
i-17:1w7c 051 167 155 345 1.99 123
Fi-15:1 051
16:1cis5 1.28
i-17:1cis7 0.65
30Hi-13:.0 0.73
30H i-14:0 054
30H i-15:.0 054
30Hi-17:0 071
Quinone system MK-7 MK-7 MK-7 MK-7 MK-7  MK-7 MK-7 MK-7 MK-7 MK-7 MK-7
G+C content (mol %) 437 11.2 45 415475 434435 43 413 41-43 46 46 40

* Datafrom Ko et al., 2006

Strains: 1; KM1-15, 2; B. koguryoae, 3; B. cibi, 4; B. subtilis, 5; B. amyloliquefaciens, 6; B. vallismortis, 7; B. mojavensis, 8; B. atrophaeus, 9; B.

sonorensis, 10; B. licheniformis, 11; B. pumilus

A

Fig. 3. Scanning electron micrograph (SEM) of strain KM1-15.

18]3l D-turanoseE w3lekE 54S UERNATHTable 3). AlE
st o=z wl$ FAFSE Badillus koguryoae®] 73-9- gaactose,
inostol, N-acethyl-glucosamine,  xylitol, gluconate, 5-keto-
gluconate] FWHe-S UFERAL O U, KM1-15 d5+ 5/3%hs
< Yehiith whE KM1-159] 7% L-aabinose, cdlobiose,
inulin, D-turanosedll = FAHH-S UERARIS U, B. koguryoae=
SARES B Ao ZE w9 AR R8FH &
Aol 2pol7t U AT 7 AT

2 AFolA Fo] A 7IAF EGoZRE EEE KMI-
15 T A4l BE dodle T Ao (Alternaria
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<

£
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o
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!
X
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A (Colletotrichum gloeosprioides)ol] 7173
eIt AT HES dod|e
Alternaria panax= HFEol| 93t Ads= R F7134
dog At oftollAy Wo] MAEh HME =0t WE Aol
EAolt}. It AR o BfAg S49] Hixdo] A
I 207 WAEAAN 27|71 A e AR det A st
<d B2E3 71 w5 F7] il o] o ed=H
=715 Ball A A7k BEE WErt Ao R Az
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25t JAEA o] A= HAEZ ] HIEd o3 =
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Table 3. Carbohydrate fermentation of strain KM1-15 by APl 50CHE
Kit

Typestrain of

Carbohydrates B. koguryoae

Srain KM1-15

Glycerol + +
Erythritol - -
D-Arabinose - -
L-Arabinose
Ribose + +
D-Xylose + +
L-Xylose - -
Adonitol - -
B-Methyl-D-xylopyranside - -
Galactose - +
Glucose + +
Fructose + +
Mannose + +
Sorbose - -
Rhamnose - -
Dulcital - -
Inositol - +
Mannitol + +
Sorbitol + +
o-Methyl-D-mannopyranside - -
a-Methyl-D-glucoside +
N-Acethyl-glucosamine -
Amygdain
Arbutin
Esculin
Sdicin
Cellobiose
Maltose
Lactose - -
Mélibiose
Sucrose
Trehdose
Inulin
MeeZitose - -
Raffinose
Sarch +

+ o+ 4+ o+ o+ o+

+ + 4+ o+

+

Xylital -
Gentiobiose +
D-Turanose

+
i
Glycogen + +
¥
¥

D-Lyxose - -
D-Tagatose - -

SHEG =YY 2uld Y 1] RS 54 61

Table 3. Continued
Carbohydrates SranKM1-15 TBkaeogljf:/ga";

D-Fucose - -
L-Fucose - -
D-Arabitol - -
L-Arabito - -
Gluconate - +
2-Keto-gluconate - -
5-Keto-gluconate - +

* Datafrom Ko et al., 2006
+; Fermented, - ; Not fermented.
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ABSTRACT : Isolation and Taxonomical Characterization of Srain KM 1-15 with Antibiotic Activity
from Pine Mushroom (Tricholoma matsutake) Basal Soil
Yun-Ji Kim* and Kyung-Sook Whang"?* (‘Intitute of Microbial Ecology & Resources,
2Department of Biotechnology, Mokwon University, Dagjeon 302-729, Republic of Korea)

Two hundred and sixty-eight bacterial strains were isolated from pine mushroom (Tricholoma matsutake) basal
soil. In the course of screening for antifungd activity against seven plant pathogenic fungi (Alternaria panax, Bot-
rytis cinerea, Colletotrichum gloeosprioides, Fusarium oxysporum, Phytopthora capsici, Pythium ultimum, Rizoc-
tonia solani) of isolates, strain KM1-15 showed strong antibiotic activity against Alternaria panax and
Colletotrichum gloeosprioides. In determining its relationship on the basis of 16SrDNA sequence, KM 1-15 strain
was most closdly related to Bacillus koguryoae' (AY 904033) (99.62%). When assayed with the APl 50CHE Kit,
unlike Bacillus koguryoae, it is positive for utilization of L-arabinose, cellobiose, inulin, and D-turanose. Results of
cdlular faty acid andlysis showed that major cdlular fatty acids were 15:0 anteiso (35.78%) and 17:0 anteiso
(17.97%). In particular, hydroxyl fatty acids such as 13:0 is0 3-OH, 14:0is0 3-OH, 15:0is0 3-OH, and 17:0is0 3-
OH were only restricted to strain KM 1-15. DNA G+C content was 43.7 mol% and quinone system was MK-7

(100%) in strain KM1-15.



