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ABSTRACT

In order to screen the antagonistic bacteria which inhibit the growth of the plant
pathogen, Penicillum expansum, we isolated an effective bacterial strain and investigated
into the antifungal activity of the antagonist and it's identification. The eleven strains of
bacteria which strongly inhibited P. expansum were isolated from the nature, and the
best antagonistic bacterial strain designated as KB22, was selected. The antagonistic
strain KB22 was identified to be the genus Bacillus subtilis based on morphological and
biochemical characterization. The KB22 showed 55.9% of antifungal activity against the
growth of P. expansum, By the treatment of the culture broth and the heat treated
culture filtrate of it, the B. subtilis KB22 showed 90% and 15% of antifungal activity,
respectively.
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AZ7A ] A2 ubA| B3] AEEA wiAlel]l 38 AT FE EA A Al Wl digk
Zo] FHE o]Fo] girh, 2ol uldl 3t o] FAE Al ol gk AAEEE WAle 4
o AT} vinjat AAo|U ool tigh TS ZAl A AR Mol ol2io|l, a7
1 AAEQ ol SlojA] 85 FAEE ov] ulgy Fof T2 AHElE ¥ w2 FAWL ol F
ol7 Aol =g AA| 1 Sjsiis Eolxe]l Hhio) gt Fslirc} £4lo] rkm s,

MEATAAL g 3 39 &AL 5~50% v 2 oldeE FEH, AR
Az2p A Astelt, 53] MEEATNAME AL AR A4 153 38 ¥4 S
Qg & ¢4 Yehiz g,

22l FARE didk 2R 3 EAlG 1S40l gt 9de] UuijlY] Aol Ha
da?, $2949 HAAMHNE FARXEZ o] BA FIolHE 2o et FAE A3ela
ek, B3l BAE S AL QA7) digell oS AL Hof, g ALk A
U Hagte g A83r Tkl e A 5dAe] 36l gt @77t AR E Folsla Qich
Alckrt g2k AL Rk oAl A4 YT B A Yl I Agol Adte] wEAl
Zodch, ol digh uigte g A Wallol] it ABEEH WAl S EA sk AEEH
uhAle] AE 7ol Wilson 5761 olaild AdFmHgled, 1 79l B 329 AT 7
9 So| 4 1EEAC}. ol AEEHA Aol A3k QAFol|A = Pseudomonas, Bacillus
=0 H1F”, Trichoderma 59 &%o)® —12)3 Debaryomyces, Crytococcus, Candida $9J
au9) 23 o|85 3 glon, o|H3 ABEIH WAl A& A o WA Tte Egol
AES I Ik,

B2 AFAE A} Fuji F58 A sl FE2FFodd Baia HAgn|AEE ol
Lalo], AETH oz wAlsly] S TS Felsled A A AARsaA .

0. #k 2 ik

. FESWO| WD 2o ¥ WY HY

Ay B4 AR F FEFgold E4S el BAle Al WIR el HAE £
A5 Belsto] TAsIe. Aet FEIFold wute 2 e FEFHO|E Eelsly] fste] A
dAjuke] Fo AR E HA] gAsA WA 9 ZAEE Wik AAFlsted HAEE
Basiginl®, w3 w2333 5Y7)r)$Y(NASTI ; National Agricultural Science and
Technology Institute) 3 WellAT4(HL Horticultural Crop Institute of Research and
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Development) 258 AThHUF-& Fok ol B AgAlly Eeldh AT vz HE9
ot W_AFE FElsy] fsled AFE wuke 0T, AUEE 0% ol ahe gkl 3
A7 FA H2g ¥ o =28 T0% ethanol 3 5% sodium hypochlorite(NaOC)2A] %9
Abgsla wldd AeEulA][potato dextrose agar(PDA) medium + streptomycine 200p
1/ml, pH 3.0Jl ®k=22& S2F3 26T -2ulelrloly 2~3U7k wileksted F&(colony)
< PAAA LTS Felsisick(Fig. D).

Wash and surface-sterilization
(70% ethanol, 5% NaOCI)
i
Rinse in saline solution (0.85% NaCl)
|
Place on fungi selection medium
(PDA +streptomycine 200p 1/ml, pH 3.0)
l
Sporulation and pure culture
Fig. 1. Isolation of fungal apple pathogen from apple tree

2, MAN2RE FE0ldREs

=

I EH o g RE] nBES FElsly] Slstod At IS F4sla o1 TS Adrs
Hato] 1 A AL 4Rl 23l plate count agar(PCA)wiA|ol =2 &lm, 25
A 48A)17F et F el colonyd sl Aol v)AEE B}, w3l Bk
ZHE u|AE B2lE AN AX2HE 5~20cme] EokS A2sln sAgay ol Eokus

& olgslel Y FRE Heldich, 23 AR Raubi®e A3 RS tris-HC! buffer
solution(pH 7.5) 100mlel} Y51 Agkaoek-g 108 A= AARE & vizlulel] S0l HjYE-S
Aet4d440.85%, NaCDE 3|43l ¥ vi|[nutrient agar(NA) platelell 34sln ¥
=82 =7 3%ich. NA platest 30C g2l (incubator SW-901)ellA 24~36417+ A%
HiFt & F5E Felsto] Alulilo] Baslgich, FelE o AEL dobxalRll] HZEslod
wiekstar 2 colonyE HAAIA HATe] A Ayl Agsigict,

a
5 o 2

.

3. d¥oldEw Uy % =3

A AP WA ASE ARl FL PDA wiAE ol8aiar, widrivle] wioke
£ 9A] 5T AR FFolo] Aol kgt 252 widsle] WA AFe Agoll 2yat
RBEZ0NA ATl i A o] 58 AT F55 Fsisich. A3F by
PDA Z3hulR] Fotoll HATE HEste] 25T Lol UA7F AR vkt £ o Feio)] 2
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g3t TFE SEoll HITte] 25T W9l EEdX 79 AE ulgkslHA A A (inhibition
on)E WANE FEE AdEos e, AAAES PDA FHAGNA BaTeh
7900 HAekEA MAT Tcolony)S] AL HHsto] TARTsh wmsle] wr gz
vehisteh.

AgEAAEe] AL Aol oisiy Aol 81 KBRE FAs] sl
Bergey’s mannual of systematic bacteriology”, Microbiological method®, The procaryotes?
o] vl ojslo] mlAYEe] e AA, wioky A o A S A

ZAdtS AESYES A4S FEFFolol uld AstES ZHEsy] YA PDAulRA|o] P.
od okl Al (nutrient broth ; NB)ollA] 24X 7F ufjek
3k Ak 0.5m AFEsIe). Agkdo] AXH P expansume 25C wF71ollA 7U7F uljok

Axelsk At wigkNe] FEFHololl digt Zatelo] UeXE Felsly] e, HA At
T S odokulA (nutrient broth ; NB)ollA 24417F wllokst 3 #AIS AAS] sl LA1Ee)
(12,000rpm, 10min, 47C)sked ARG Q-2 F 121C(1.37I1DolA 1587 g5 dd T2 3
it FEFHolE PDAuRI A4 slget 3 = P expansumel] 0.5m& A3 A4E
slod 25C wiFTIoNA TAT widsted ZAdg FH2ie dizTele oA AEF vlaslgl).

. FE5 3 B

1. AAA=FE ol dEel Ea

L AL YTE ADARRE L) Sfdled AF Ao $09 AE Sl
At 7ol Helsto] BAFFE 3,00004% Belelirt. Eeld nl4ge dokuAdl A%
1ol colony® AT £ 104 HaebA BT 29 AN AEsietch

2. ¥ERT| WA 22l ¥ £+

AgAM] Fo ATRAQ dohE A% el HoksAe wx gAstA W g

JH 2 wiuhs aFste] Alzke] wiell FETFHFolMATFQ Penicillum expansums H-els)

32 K
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o, gt Belgt Sele Atelld FEFFole AYAY BT 2o Fo B 49 a4

3. FERToILT st 2eojdEe] Hg

A AT el A AR E FALE Eckelt HollA £l vl dE 2,50001%
7he-dl At FEFo] Wl ¥t AdnjdEE At A= 29 20l vehide. 1
HollA] B wuieh o] A3t KBRY AdHo| 7M} w3 Zloz velger KBIY,
KB45, KB2) +A41% ZAgaE HoFgict,

Fig. 2 . Inhibition effects of antifungal bacteria KB22, KB19, KB45, KB20 against apple pathogen,
Penicillum expansum(PE) on Potato Dextrose Agar(PDA) plate for 7 days at 28T.

Table 2014 H& nie} Zo] KB22+ At FEgdolddel tidk MAgo] 55.9% = 7}
2 953 u|APEQ oz Jepdorn, 1 ohgo@ KBI9G1.5%), KB45(50.0%), KB20
(4.1%)=AE A= o] Foivh, B Aolla] Feldh ZAgu|AEe kg Fgol} AEHAF
of dsiAs AdHe] & Ao Azbdrt. wekd B8t o] A7 AYAA Agte] £
vlsle AYEAS el AAkle AP BAE 73 Q75 sl Zles Az

Table 2. Zone of inhibition*(%) of the each antagonists against apple pathogen, Penicillum
expansum on PDA media for 7 days at 28T.

|solated microoganisms KB22 KB19 KB45 KB20
Pathogen

Penicillum expansum 55.9 51.5 50.0 4.1

T
Zone of inhibition*(%) = X 100

NT ; colony diameter of no treatment(mm)
T ; colony diameter of treatment(mm)
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4. 287 =3

Ao Aol disiAl Aol 8 ¥R KB2E E437] Hste] vl
el A4, wlokd B4 9 Qi 44 58 FAERS A £ 3, 4 ¢ e, A%
0] B2 FA4E AAY A Bacillus sp. 2 FRAXUCT.

Bacillus sp. KB2E 7] £54¢ 2% 4 9 W4 ez 4est 2Tl A5
s 9w ELE FA4shs Gram S T22A Akl A3led starch E3le-2 UKL, catalase
7} A, citrate: %4, nitrate reduction %4, indole HAR= S4oIict. Methyl red ¥H3-2
A4, VPuREE oAl Jelgen, HSAELS K/AdNxe 2 s FEFER, xviose,
mannitol arabinose7} PALZ Jehdrh, ¥ Aol Feidt 5 vla I Bacillus
subtilise ¥l ZAEZE 73 Geistd, Aeld o AREE Aol 79 FYd AoE Kt o
23t AnE EiE Bergey's manual of systematic bacteriology, microbiological method Soll
7159 5 715l Wl KB2 ¥ Bacllus subtilis B2 1 QT8 FA=I90ct,

Table 3. Characteristics of antifungal bacteria KB22

— Strain Bacillus subtilis KB22
Characteristics

Cell diameter > 1.0um - -
Spores round - -
Endospore + +
Gram stain + +
Form rod rod
Sporangium swollen - d(+/-)
Parasporal crystals - -
Catalase + +
Voges—Proskauer test + +
pH in V-P broth

{6 d(+/-) d(+/-)

>1 - -
Acis from

p~Glucose + +

L—Arabinose + +

p-Xylose + -

p~Mannitol + +
Gas from glucose - -
Hydrolysis of

Casein + +

Gelatin + +

Starch + +

Symbols : -, 90% or more are negative ; +, 90% or more are positive : d, 11~89% are positive
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Table 4. Characteristics of antifungal bacteria KB22.
Strain

Characteristics Bacillus subtilis KB22

Utilization of
Citrate
Propionate - _

Degradation of tyrosine - -

Deamination of

phenylalanine

Egg-yolk lecithinase - d(+/9

Formation of
Indole - -
Dihydroxyacetone ND ND

NaCl and KCI required - -

Allantoin or urate required - -

Growth at pH
6.8, nutrient broth
5.7

Growth in NaCl
2%

5%
7%
10%

Growth at
5C
10t
30T
40T
50
55¢
65°C - -

Growth with

I t d d

ysozyme presen

+ +
+

g+ ++

d(+/-)
ND

o+ 4o
o4+ oot

Symbols : -, 90% or more are negative ; +, 90% or more are positive : d, 11~89% are positive :
ND, no data available

5. AT Axof oftt F2FT0I AYR|23

Agee AXNYE o FETFoldl g A¥HE ZHEs] 98, PDA#IAe] P.
expansums AFsto] A gy ¥ iRl (nutrient broth ; NB)ollAl 24417 wiok
gk ZAdkFg 0.5m AXset. AgHdo]l 4XH P. expansums 25T wigZlolA 747 i
sl g FAg dizTe) vlasislth. Fig, 3olld B wiel o] FEgsto|WAddF
oA A& Bacillus subtilis KB22 MgNE 4Esle] 25TollA AFY vigkslg o) F&2
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FRoHATY P. expansum®] AY5o] 90%01d AAEIAct. webd] £ d7ol4 e 2
e AFY Adbll AEAE wol] FEFFEE WA & F e A g

Fig.3. Growth inhibition of Penicillum expansum by antagonistic bacteria. P, expansum were
grown on PDA at 24hrs and treated by antagonist, Bacillus subtilis KB22.

6. FXelE 2T thYNo| FEZH0IY AR[=3

7ol Aol AR Y] ARE Yolry] fvlel A wiokRE 2 zlslo]
AgHEE Al WA, A widBe] Axels Bacillus subtilis KB22E A od okl
A(nutrient broth ; NB)oljA4] sikst & FA& HAFeHo g AlAsa 4AAE Felsisd
o}, FEFFol= PDAuAll HEslo] widdr ¥ dxulgt A vkl A4 ArEslod
A AEE AHE Ay oF 15% P59 ZLEHS HolFo] glwo] Bulsl= AgEAo] of
A5 Aol FAHTE BoiFUrKFig.4).

T~
m\m

Fig.4. Growth inhibition of Penicillum expansum by heat treat culture broth of antagonistic
bacteria. P. expansum were grown on PDA at 25T for 24hrs and treated by heat
treat{121T, 15min) culture broth of antagonist, Bacillus subtilis KB22.
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o] =2 1995 2ol gl AE ol AFsiglen] old] A=},

V. =

A ARgol] s FEFFoYA ol uidt A BEL 2] Ssle] AiAZEE
TEES Eeleld Penicillum expansumel) W& 284 A7 TAGT. Az
Bl 2 3,00009F2) nAEFolA FEFHolHAT tielo] ZgEe] S48 uj B 1%}
Hog 11F Ausisiad, olgolA siak Aol Hojuk njAYES HFH oz KBRE A
Welgdck, Age] 73 KB229] Hepd A4, wlgkz 4 gl el W3k 42 £
zAkstoy vl AES A Bacillus subtilis?d 4ARF Foi A= Haldl 7}
Bacillus subtilis KB22v 233 ol%ol tdh 55.9% 9] =& AAA"e Bdon gk
AellA - Penicillum expansum AE ¥ Agelel dxelqt Ag-Faikls Malsigie
717¥0%2 15%°)4 284HE RoiF),

£ ol ow

F90] : AU TF, Penicillum expansum, 28082 Bacillus subtilis KB22
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