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: Abstract I \

/

This study was investigated for the purpose of the isolation and identification of antagonistic bacteria with
antifungal activity against plant pathogens. This bacteria denominated Bacillus subtilis KYS-10 and the optimum
growth condition were 4% sucrose, 1% yeast extract, 0.2% K,HPOy4, pH 7, 150 rpm, 30C, 8 day. The
antifungal activities against nine plant pathogens determined inhibition zone size by diffusion methods. The
results, G. zeae (scab) 70 mm and P. grisea KACC 40439 (blast), P. capsici KACC 40177 (phytophthora
blight) and C. destructans KACC 41077 (root rot of ginseng) 40~43 mm, and C. gloeosporioides KACC 43520
(ripe rot), C. gloesporioides KACC 40003 (anthracnose), S. shiraiana KACC 41065 (stem rot) and S. shiraiana
(mulberry sclerotial disease) 35~39 mm and F. Oxysporum KACC 44452 (bulb rot of ginseng) 28 mm. From
these experiment results, author suggest that Bacillus subtilis KYS-10 would be developed as a biological
control agent thorough the field experimet in the near future.
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Oomycete2:9)| phytophthora®3} phythium%E 45 2]
S st (Alexopouloos et al., 1997).

A&7} pathogen?] JEHAIE olafsl= Zlo] &34
BAS) 712k ofelfsh=d] Wl Sastth Almy} njEe
A5 AL-2 FA(mutualism), #H2]3-AY(protocooperation
commensalism), neutralism, 73K competition), amensalism,
parasitism¥} predation©] ¢JthBankhead et al., 2004). T
th9] AEH L commensalsm I} mutualismo] 93] &-vF
Hoh. MutualismE Rhizobium N3t AEE7H] Al &
25t mutualismo] 1= #HH(Kerry, 2000; Chisholm et al.,
2006), commensalism-> 4= Fof &= A= YA
2 o o] EAsiA ghowl A% ol el o 7
o7 Hro] Qlth(Katska, 1994; Chishom et al., 2006).
wehdl, A4S WA oS Age] B4uA % o)y
0 o AE of9A skt o] Hol J
th(Katska, 1994; Bull et al., 2002; Chishom et al., 2006).

AW ot gl TRt AT wA 9 ool Qe
AZ BE AFAEe] et Y Aoz AESH
Al Aol hste] Atgt A}, BE Aol B o
tE =Y 49 dA des FEsiti(Elad and
Baker, 1985; De Meyer and Hofte, 1997; Heydari et al.,
1997; Van and Nelson, 2000; Audenaert et al., 2002). 24
A W atoll diet 3t B4 e wAEe] ot
AA ALY AEY WY ALEE ASshe 1A
23k2r2 0 2t Flt(Lafontaine and Benhamou, 1996;
Silva et al., 2004). 25429l AgF2a-gof| o3t AY=oh4] v
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A= hyperparasitism© 2, ¢]-= BCA (biocontrol agent;
bacteria, hypovirus, facultative parasite, predator)of 2J3f
AP B S ANA AEY e AR Vires
= 2759 FAl 4% Z-45k1(Milgroom and Cortesi,
2004), Trichoderma<:2) 593o)(Benhamou and Chet, 1997),
Serratia marcescens (Ordentlich et al., 1988), Enterobacter
cleacae (Howell et al., 1988) U Verticillum lecanii
(Benhamou, 2004) 5 P]AEE A& £ 29 Ald
S 83)A]7)= A (cellulase®} chitinase)E AJAKSIo] Z+-9]
8 AL

WhE, 7P AEHoR AR WAl S ek AL
antibioticso] 2]+ mechanismo|t}. A9 tjHE 9] njHES
AL For bE vy A2 AdllstAd Fole A
E2& A Islam et al., 2005; Shahraki et al., 2009).
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al., 2008; Zang et al., 2008), Penicillium (Imamura et al.,
2000), Pseudomonas sp. (Lee and Kim, 2000; Jung and
Kim, 2004) Streptomyces sp. (Lee et al., 1990) 5 choFst
el ofsf AlE e Fshe A9 Ase JAIsH=
FAEHo] AT

E9F U Bacillus sp.& 2159 A& =228 F+= plant
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Gerhatdt et al. (1994) 2] 5
5}& ] 7 (Nikon, FK-ITA, Japan)
#0) AU 9B B
9J3}e] 2.0% phosphotungstin acidZ negative FAs}o] A
24 n) 7 (Hitachi S-4800, Japan)S o] 3ko] #a-a1¢]0.
1, glucose nutrient agar HJj%], skim milk HJjZ], Luria-Bertani
iz ol A A& H2he] Fe|, 27], M2 & WEsHL,
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ZARRY| floted wtAlE
%%3}o] HPLC (HITACHI, L-300,

=

HloF & crude DNAS

Japan)= B4} tE A3 column-2 comosil 5C18¢|H
0.2 M NH4H,PO; : acetonitrile (10 : )2 2313t Suj &
ARE819] 1.0 mL min" 4 §2A17]4 UVIVIS spectrophotometer
(SPD-10A, Shimadzu, Japan)Z AFE3Fe] 270 nmojA] &

Ashalry.

16s rDNA sequencing
HO0

16s tDNA 8747} E4-2 BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, USA)E A}&5}¢]
PCRE 35}oit}. vRS2 AL 94 Co A 187} denaturation,
60Co A 18 30%7} annealing A|71 & 72CojA 187k
225 F 30 cycle WHESIIT AF

43} primer+= 27F (5'AGAGTTTGACMTGGCTCAG)%}
1492r (STACGGYTACCTTGTTACGACTT)®|3it}. Amplified
fragment (16s TDNA region)S pGEM T easy vectoro] 4}
015}11, host cell2 E. coli DH5aS ARgslo] dubzol

molecular cloning®®# o] 2J5}o] transformation A7l &,

extention 3}9j 01, o]

Wiard Plus SV miniprep DNA purification system-& ©]-&
5o plasmid®] Mini-preparationA]7] 1., automated DNA
sequencer (Applied Biosystems, USA)E AM-5}¢] sequencing
SHTE Alignment= Clustal X (ver. 1.8) softiwareS AR5}
o] sequenceE rDNA ©]x
similarity 4H(%)& 7-8}%th 3 advanced blast searchE

&3to] 471 ES wlaLstylt.

25 315} alignmentdt &

23] Fxo| H% Y £ MY

Tl e gad, dad, 7129 o 3 pHE Hat
AZIRA 0] WA 2AE AAelsion], M, Tuk
R, SES W8 A7E4 HA9 48208 45,

Table 1. Phytopathogenic fungi used for screening of antifungal activity of B. subtilis KYS-10

Strain No. Scientific name English name Korean name
KACC 40003 Colletotrichum gloesporioides Anthracnose a3 BPA A
KACC 40177 Phytophthora capsici Phytophthora blight I At
KACC 40439 Pyricularia grisea Blast H =gyt
KACC 43520 Colletotrichum gloesporioides Ripe rot EE SRS
KACC 41065 Sclerotinia sclerotioum Stem rot A ALt
KACC 44452 Fusarium oxysporum Bulb rot of ginseng olA} M XS
KACC 41077 Cylindrocarpor destructans Root rot of ginseng olA} M XS

- Scleromitrula shiraiana Mulberry sclerotial disease ot A

- Gibberella zeae
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glsto] FAIE AAL e w2 Fugt A &)
PDAHZ]of| cup cylinder (8x8 mm)E F4of &&=l &
7¥stel 30C, 79071 v} % FAH oAlge] A4S 245
of A+ e BrFekelch

e

2o ¥ 2
23] F5o| He U HYEE S

Al R] oA 2] EAJLS potato-dextrose agar (PDA), glucose
nutrient agar medium, skim milk medium, Luria-Bertani

medium 5 F4] iAol A A 5L Hglom, PDA

Fig. 1. Cultural characteristics of B. subtilis KYS-10 on the PDA.
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Nz A < B50kl £5
o] gt Ak AA AN A2 FHAL 2740l

=1

2] Ago] 7H58tgom, catalase OF4), oxidase FA 2
starch, caseing 7H28f5t%. 21, cellulose 7} 8l
S Aolgitt. E3L indole AYAHsS ZHal 13lA, arginineT}
peptone © 25 NH;2 A4St 9] o84S AEd
A7}, glucose, sucrose, raffinoseE 2+ 0]-85F ) Glucose
£ HIRE YR GOoREE 4R Akl o, BE oA
gas+ AJAFE R OFQITH(Table 4).

Table 2. Cultural characteristics of B. subtilis KYS-10

. white, abundant,
colonies

mucilage
form irregular
Agar medium margins serrate
elevation flate
density translucent
growth settlement
Broth medium clouding slight
sediment flaky

Table 3. Morphological properties of B. subtilis KYS-10

Shape/arrangement short rod/chains
Cell size 0.2 x 1.0 gm
Motility non-motile
Flagella unconfirmed

Spore positive, central

Gram strain positive

Morphological properties were examined after cultivation for
192 hours of isolated B. subtilis KYS-10 at broth medium of
the initial pH 8.0.
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Table 4. Physiological properties of B. subtilis KYS-10

Temperature range for growth
pH range for growth

NaCl tolerance for growth
Catalase

Oxidase

Lecithinase

Lipase

Phenylalanine deamination
Hydrolysis of starch
Hydrolysis of casein
Hydrolysis of celluose
Hydrolysis of esculin

Indole production

Levan formation from sucrose
NH3 production from arginine
NH3 production from peptone
Gelatin liquefaction
Methyl-red test
Voges-Proskauer reaction
Nitrate reduction

Action on milk

Coagulation

Peptonization
Oxidation-Fermantation test

Growth on nutrient plat

15~45C
5.0~9.0
<10%
+
+

+

Fermentation

+

— : negative, + : positive

EE BRI S
7RsAdol w2 Ao waEsl
e #5498 deEiA got
SAE 5o Aoz wohdEr

SRS SX

O ~
542 4

>~

I}, BacillusZYQ

3y HEof ofst &5

& & = HolFY 7}

B. subtilis KYS-102] EAAESHA EXZALO|A Bacillus
subtilisg 15 thE FEaet i Al W2 fAES b
Ehol, Rt 3 A4S 57 Slsto] Hel@Eo] G+C
mole YA, §44 WALAS FHATL G+C mole B

" e . ¥
NGIRT 5.0kV 10.9mm x15.0k SE(M)

Fig. 2. Morphology of B. subtilis KYS-10 by SEM.

F& Table 55 AR stof BAF A3} G FF2
31.4%oH, Co gk oF 22.7%2 G+C mole T
°F 54.1%= Yt ol= YR C2 Bacillus sp.o] 57
7 AR AR JeRYQIth ol B. subtiis W B. lamtus
9 mole % G+C9| gt FARHI O, B. subtilisE ¥]
31 subtilis group?| 32~42%9M= AFFSE xpolE Ho
Bacillus 2] M2¢ 02 stk

16s tDNA 344} alignmentE 33t A3}, 1480bps2] &
71 9& AAs}al 1 AIHE Table 59 Yepfigicy. o] A3}
2HE o] #5= Bacillus&ol £3= AlF o2 BPE o
o, AFEE B, subtilis®) BEFF 98% FAIES e}
ol 7 77k dtolet & 4 glou BAESH fAke
AE A 2 F9 Folgtn B $E ik auz 2 A
oA Eej3t Fdt B4 5= Bacillus 49 N2 %
o2} mekstol Bacillus subtilis KYS-100]2} §43}%a,
TE3F Neighbor-joining methodo]] 2]8}0] Al%5<(phylogenetic
tree)E 2HJ $IhFig. 3).
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2 Bacillus amvaliquefaciens
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_lj unknown 4
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& Eacillus 5p. BIHE 52

4 Bacillus ampoliquefaciens
i Bacillus amyaliquetaciens
' Bacillus amuoliguefaciens

Eaillus sp. MP-1

» Baillus subtilis

Eacillus sp. FE1612

Fig. 3. Phylogenetic tree for bacteria strain of B. subtilis KYS-10 on the basic of 16S rDNA sequence similarity.
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B. subtilis KYS-10% Z]Au[jofyz7(Table 5)0|A] Hjok
3;5‘_’ 1‘:'l:ﬂ°_]-—,1L0" I:HE]— '6]—7(]-} /\éLQ. E;‘E 401—0‘—11} /U Bio_]
ol tigt A Aslige] A7]= G. zeae(W FEw80l%)
70 mme] A& Asfehe Yebfo] 7 w2 I 24
B, P. grisea KACC 40439(H =45
KACC 40177(239%+h), C. destructans KACC 41077
(AR SH) 40~43 mm9| A5 Aojghe Vi o
), C. gloeosporioides KACC 43520(2=&tA" ), C.
gloesporioides KACC 40003(LFEHA ), S. shiraiana
(L)L 35~39 mm| AYSA S-S LFER o]l
HHbH, F. Oxysporum KACC 44452(Q14A3 8] -S4
28 mm YA SEE Hoj thE AR ddtE W s
As2e K Table 6). ©]= B. subtilis AH18 (Kim
and Woo, 2008)2 1AW, B. subtilis B-4228 (Lee
and Park, 2004) QA A S| S Helth= B
15 sile vl A A% FUske dicke) F3olell B.
subtilisF0] A5 A 24E Uehdith= Hiiek dAjskgl
th. ®3h, B subtilis7t W =EHAY SHAY e
Magnaporthe grisae PB1 W A&, wjyg], £x29] 4
S 0Hsl= S sclerotioum®] TI5}e] 10 mme] A3l EHA
Hh= ® 1l (Zang et al., 2008)2} B. subtilis7} G. zeae
W FE-argolgat)ol theto] 22.14 mm o] A 34
Fe o= E3(Lui et al., 2005) ¥ Capsicum annum L2
Phytophythora blighto]] sl 10 mm (Lee, 2008), F.
oxysporum©] th3}e] 35 mm (Chebotal et al., 2009) 52|
Aol Hlg] & As] BAHS = AS Eelstsith B.
subtilis% o] 9] A& B. coagulans (Katarzyna et
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Table 5. Optimum condition for antifungal activity and the
cell growth of B. subtilis KYS-10

Inoculation size 3% (v/v)
Agitation speed 150 rpm
culture time 8 day
Temperature 30C
Sucrose 4% (W/v)

Yeast extract 1.0% (w/v)

KZHPO4 0.2% (W/ V)

pH 7.0

Table 6. Antifungal activity of B. subtilis KYS-10 against
phytopathogens at optimum culture condition

Scientific name Strain No. . .M)fcerlal
inhibition (mm)
Colletotrichum KACC 40003 3620251
gloesporioides
Phytophthora capsici  KACC 40177 42.2+0.208
pyricularia grisea KACC 40439 43.1+£0.100
Colletotrichum KACC 43520 37.240251
gloesporioides
Sclerotinia sclerotioum KACC 41065 36.1+£0.152
Fusarium Oxysporum  KACC 44452 28.1£0.152
Cylindrocarpor KACC 41077 40.2+0.200
destructans
Sclerotinia sclerotioum 35.1+0.100
Gibberella zeae 70.0+£0.152
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al., 2002), B. amyloliguetaciens (Kim et al., 2001), S.
humidus (Hwang et al., 2001), P. fluorescens (Hassan et
al., 2010), T. harzianum, S. nouresi (Zivkobic et al.,
2010) 59] Aol B]3) 7 A BHS 2 A0 3l
sttt weba, 2 AY At B subtilis KYS-109] wjjoF
010“011 203 Tl Ro] AASHE 24 HAFEAle] EAfETHE
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BAte| 2
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