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Antifungal Activity of Bacillus sp. GJ-1 Against Phytophthora

capsici
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ABSTRACT : Phytophthora capsici is one of major limiting factors in production of pepper and other important crops worldwide by
causing foliage blight and rot on fruit and root. Increased demand for the replacement of fungicides has led to searching a promising
strategy to control the fungal diseases. To meet eco-friendly agriculture practice, we isolated microorganisms and assessed their beneficial
effects on plant health and disease control efficacy. A total of 360 bacterial strains were isolated from rhizosphere soil of healthy pepper
plants, and categorized to 5 representative isolates based on colony morphology. Among the 5 bacterial strains (G)-1, G)-4, GJ-5, GJ-11, GJ-
12), three bacterial strains (G)-1, GJ-11, GJ-12) presented antifungal activity against P capsici in an fungal inhibition assay. In phosphate
solubilization and siderophore production, the strain GJ-1 was more effective than others. The strain GJ-1 was identified as Bacillus sp. using
16S rDNA analysis. Bacillus sp. GJ-1 was also found to be effective in inhibiting other plant pathogenic fungj, including Rhizoctonia solani,
Pythium ultimum and Fusarium solani. Therefore, the Bacillus sp. GJ-1 can serve as a biological control agent against fungal plant pathogens.
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o] VR AL el o3l )87}t F7Fekot (Hwang,
1995). 5o} HAE 93l AMEE= F2Es sekE
oo g AEHATES A 57 FHY, EYY
st 18jar BEY - 2RE9] woF 2 2 AVEA] 299
FAE doy|a Qo HE B f7ls & 18 T4k
5 Aosh] wiel I3Eeds A AEA0 AE
eke] k) B g o] F53laL ATH(Jung et al., 2005).
R FEHAAES o835k AESH A7 £ it
S AAEI Yot o]Hg FEPAES i e
23l &A% chitinase, B-1,3-glucanase®} £ 7l &
2ol o3l AlEH el AlxYS EAlT= SiE-
(Shin, 2000; Han et al., 1999), f-&F|Eo] AAitsh= &
A FAEA o3l 23 AEHdTe] AsS A3
A71= A28 (Chung and Kang, 1990; Kim and Kim,
1994), F8RAEC] HHIShE EH(Fe™) v AFEZEY
siderophoreJ4tell &Js)) 21EH o] AS-S Aslish= 7
A2 AGAE-(Lim et al, 2002) 5 A 3717} LA
ATh. siderophorerditoll o3t A% Aakahg-2 B4 2
AHS AAZIH, 715AEY 2 AReEs S3%
S 2A 2] S St sl FEEES FH E 5
A= WS- EHR1 AESH WA Ho |t (Glick et al,



1999). TS, QM2 F7] Q1A FEE Bkl Al8E=
21 E-0] P ROl ANk, B2 Fio] 583} o] 21E]
AFHo 2 358 & giAl It oS ik B
SR 7HAS Y BNl ofye} EY HISEHAANE
JENE E T Ut b e FErES EY
o] FlahH 84 QA B2 A=Y A A3
9l gL &S 219) TRE N3 3] A
AE=AaINE B 4 At (Ahmad et al, 2009; Kim and
Kim, 2006; Lee et al., 2004).

A £ Age AZgE 15 A 291 EYlA |
S oJAlEh AMalehe PAE F 259 tigh &
T&AJo] =11, siderophore®] YAk o] <=5, QlAak
o So] Be REvBES AU SAsie] 5
=3t

M=z 3 S8

=
A2 IS Uehlls f8v8=SE Eelshr] #1std
ABHSE HolA e F3AS aF AR =k
AEE AFIskrt. oA ARAR & 4°Col Hashd

HHX| & v =24

AAS AEZERE FERBES EElsk] st EF
AR 1gS AEAEF(NaCl 0.85%) 9 mLoll Fgsiar
test tube®l] 10°] FE== 3]4I5}0] NA[Nutrient agar; beef
extract 0.3%(w/v), peptone 0.5%(w/v), agar 1.5%(w/v),
Difco, USA], LB[Luria Bertani Agar; tryptone 1%(w/v),
yeast extract 0.5%(w/v), NaCl 0.5%(w/v), Difco, USA]H}
Ao =ste] 28°CollA] 293F vttt vl F THA]
2~33] A= Al wids &l o et it
H 5= 20% glycerolol] Y5t deep-freezer(—70°C)
o Byety AFE it FErEY 19
o gk xS HGsh] flste] AL A
22 VBA[VS juice 10%(w/v), CaCO, 0.001%(w/v), agar
1.5%(w/v) [EI A& ARS-SHATE.

wel@e] My

S5 BPE fevaEEel BAF 59S AA)
5} Phytophthora capsici(KACC 44716), Rhizoctonia
solani(KACC 40146), Pythium ultimum(KACC 42265),
Fusarium solani(KACC 44891)E T&Z318H w474}
YHRAB R Fgtol £ A7 ARt

2 S8 f30|dE| MY
A o) S AR IRIE] VveARlA|ellA] 7
H e IFHe] TAL AeRoA cork borer(%]
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7 5 mm)Z F2|8F agar diskE ARSI 18]aL ke
52 22 LB AAIA] ¢ 28°C, 200 rpm -2 ZIE 1]
FtaArt. vl e] O.D s 082 AL 7|9 g
A" agar disc®} 5cm HoJZ] ol 8 mm] paper discE
FaL F8rAE widde 22 20 p¥ HESI ©f
3 25°ColA iRl 3 W Welie) S A
AE 2AR FddS AsIlt. At 35S
o]-83}d R. solani, P ultimum, F solani®l T3} Sl&HA]
= 508 o= Selskc.

Siderophore 4 Z{&

2 9] siderophore 8495 dolR7] 913 Chrome
azurol sulfonate(CAS, sigma, USA) assayS AF8-3}53T}. CAS
AEENL FFHS 50 mLol| CAS 60 mgs =031, HCIE-Y
(10mM) 10 mLll 2.7 mg®] FeCl, - 6H,0Z =t} 181l
73 mg2] HDTMA (Hexadecyltrimet-hylammonium brom-
ide)& 7 40 mLol| =50 o] So7HA] $== sfal,
Al golls Egkste] a1jt st U S 750 m,
Minimal Media 9 salt 10X stock solution 100 mL, agar 15 g,
Pipes 30.24 g, 10% casamino acid -8 30 mL. 20% glucose
stock?} NaOH stock®} vitamin 52 E33+ 8 (pH 6.8)
< I BHEE] 50°CE A7 F- FHIS) = CAS HEE
< 710l WA == 37181 platecl] 25811 CAS 3
THIAE FRISHAT. CAS B Aloll e d5= oy
S 8mm9| paper discoll Z7F 20puL A HEIIHOH,
control2 LB HAIAIE ARS8, 28°C QfHlolE ol 2
U7t 8l F orange halo zone A FE TSI
siderophore A4+ & F-5 AT

Phosphate solubilizing &4 Z4H

& PldEe] H8 dite] ®alE A= A
AR FFAS 2lo] TS Y9 sl AEERa
S Wehl=A] Eolidr] flslo] 8-84 kel 0.5%7F 9
% Pikovskayas agar[Ca,(PO,) 5g, glucose 10g, (NH,),SO,
0.5g, KCI 0.2g, MnSO, 0.1 mg, FeSO, 0.1 mg, yeast extract
0.5g, agar 15g, 57 1 L] HIAIE o83l &4 24 A3
< 33t} Pikovskaya's agar HiA|O] AE 8 mm 9] filter
papers Zal A 9] v RS 20 pLA HESHA
28°C A5fH|olEfel] 2L7F v FSIaL clear zone F/43 -5
MR A4S AT

16S rDNA 242 S8t 30|42 3

Abel 5 T4 $181¢] 165 rDNA 7 IMES &
A8laitt. NS LB broth HiAlel F3}] shaking
incubator®l] 28°C, 200 rppm.©& HiUBISITH DNAS 5317
$13l4] Wizard genomic DNA purification kit(Promega, USA)]|
7l el wel DNAS F=319th. 5% genomic
DNASIA 168 rDNA -2 555}7] 15}19] universal 518F(CC
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AGCAGCCGCGGTAATACG), 800R(TACCAGGGTAT CTAATC
C) Zelo]HE ARg3l] PCR3ISIO M PCRAHES] SRS 98}
& 1% agarose geloll 717]3-531] EtBr soulution®l] o] gk
% UVellX] ERISIalL Fragment DNA purification kit(Intron,
Korea)ol| 7% ¥Hol| w2} gel elutions 57333193t} DNA
sequence= Solgent Co. Ltd®l| 5782 =130, A7 M+
A Avl= vls FHRBEFTSEANE [National Center for
Biotechnology Information(NCBI)}2] BLASTN.2Z Genbank®l| ‘&
E4 G7 NG A3 vasted AihtE 5gsIsth

2 1
f801YEe| 22| ¥ 25 U
03Py FshE molx] ghor] mFAA 2
a= ‘14

WAEE AFHTIA F 3609449 PAE F2UE &

gom, ols FEY Y Mda} vef Fo] e 54
7IEe R F 12709 27O = AEFIIAT. oF

Sk 127 252 Z¥zte] uiik el viste] 2k AR
TSR Fig. 12 1271¢] i3 7 SoNX P capsici®]
TAN AGS AAllshs d3aas Bel 3719 o (Fig.
1A, 1D, 1E)9} d3Fso] fl= U3k ¥ (Fig. 1B, 10)&
Hof 31 Qo Z3da ) 47 Ayl 7elte], 23a
7} A= NS T(GJ-1, GJ-11, GJ-12)9F A&gar}
= 209 TF(GJ-49} GJ-5)F RO =2 Adkalt.

Siderophore &4 ZH

ARkl F-87)XE9] siderophore /d 7S CAS assay
ool ATt casHiAlol] At EFAARE o
Fol-S- W31 28°Collq 23T il siderophore €4J0]
2 e 7% ZEo|EEASR] siderophoreE #H]S1]
CASHi Al 231 H (Fe™) o 28| Ho] FE40] 23l
Ao el oaH Z21 & = Ut e s
% GJ-13} GJ-5 T57} CAS BlX]ellA] orange halo zone
S 333] A B3t siderophore 440 &2 T2
RIS (Fig. 24, 2C). #HHel GJ-4, GJ-11, GJ-12 ¥+
k7] siderophore S48 ®A oW, GJ-1, GJ-5 W=+
o} Bl alsfA] w9 A2 310 = R TH(Fig. 2B, 2D, 2E).

if o2 flo

H

Phosphate solubilization &4 ZH

TEHES EYY G QS THESIAA A=
o] A o8& & A k= 28-S k. weEbA A 5
T2 584 Qato] 0.5%7F 33 Pikovskaya's agar HIJX]
£ o83t QHE- 24 7RSSt Pikovskayas agar
HIR|] Q1 -5 EalakAl = vl ol A dlear zones ¥
ke s & 4 stk A8 GJ-1, G5, G- T

GJ-1 52| 83

15 GHel A3AS Bl Al e T (G-, G-11,
GJ-12)F 1A siderophore &35 ] FoJUal phosphate
solubilization &3°] U= GJ-191] tHallA] 16s rDNA 714
S Bl s E4E F71MES NCBI®] Gen
Bank®] BlastN database$} DNA 37|14 ES- vlwslE 2w}

Fig. 1. Inhibition of mycelium growth of Pytophthora capsici
by the selected rhizobacterial strains on V8A medium at 7
days after inoculation. (A) GJ-1, (B) GJ-4, (C) GJ-5, (D) GJ-
11, (E) GJ-12, (F) control.

D
\\\\

Fig. 2. Orange halo zone formation of the siderophore produced
by selected rhizobacterial strains in CAS medium. (A) GJ-1, (B)
GJ-4, (C) GJ-5, (D) GJ-11, (E) GJ-12, (F) control. Bar =4 mm.

Table 1. Phosphate solubilization ability of selected rhizobacteria
strains on Pikovskaya’s agar medium

Isolates Phosphate solubilization ability*
GJ-1 p
GJ-4 A
GJ-5 p
GJ-11 A
GJ-12 p
Control A

‘ P=present, A=absent
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GJ-1
Bacillus amyloliquefaciens (GQ903336)
B. subtilis (FJ644629)
B. subtilis (EF428251)

B. licheniformis (AY947531)

B. cereus (JX506728)
B. subtilis (KC146707)
B. thuringiensis (AM779000)

—

0.005

B. megaterium (HM771671)

Fig. 3. Phylogenetic tree by neighbor-joining method based on 16S rDNA sequences of Bacillus strains. The scale bar

represents 0.005 nucleotide substitutions per site.

Table 2. Antifungal effect of selected rhizobacterial strains
against other fungal plant pathogens

Fungal plant pathogens
Isolates Rhizoctonia Pythium } _
solani ultimum Fusarium solani
GJ-1 +++ ++ +++
GJ-4 _ B ~
GJ-5 _ - ]
GJ-11 . ~ .
GJ-12 _ ~ )
Control - _ .

‘Determined by measuring the average diameter of clear zone of
inhibition, — = no inhibition; + =0.5 to 1 cm; ++=1.1 to 2 cm; +++=2.1
to 3cm.

Bacillus speciesll <3R= B. subtilis, B. amyloliquefaciens, B.
licheniformis 2} 99% ©1d =& FAIEE B HEHo=
At F-8vAE GJ-12 Bacillus sp.2 "8 8313 tHFig. 3).

GJ-1 ©Fe| ey Hel

A F-8AE GJ-1 Y] 15 9 o]9]] A&
HIAE Golir] fiste] Al A=A/ ol gk
eSS AR, AEH A TS 2= Rhizocto-
nia solani, Pythium ultimum, Fusarium solanis A-8-3}%]
o, 1 A7 Ak F-8WE )1 Te ]
P capsici®} TlE0] W7ol &3l Pythium ultimum
N e BPIS HHO, A ATl S R
solani®} APg+toll E3U= E solaniol] heixE =2 2
GA3-E HH{TH(Table 2). GJ-11 ¥ P, capsicioll= 23
/dS HQl WHH (Fig. 1D), P ultimumedll= A&7} ¢l
= Aoz ettt SR, R. solani®t E solaniol] 3l
Me Agans Bt GJ-12 T GJ4, GJ-59F 5Y
A R. solani, P ultimum, F. solani o H3|A] Z2&aw}
7} fle A= YR TH(Table 2).

- |

3 A bkl ofs) wE AJF Woll IFE
2 AutEo] HE Jo7)7] wiEd wid 2 #A1E 4ol
T} (Bowers et al., 1990). 21+ SH2] WA 915l AR
+ 2HAl= metalaxyl, dimethomorph, tebuconazole ~12]3L
benomyl 5°] Ao}, A o] ALAR] SHoE a3}
21 WMAIE b)) B ofewo] th(Hwang and Kim,
1995; Davidse et al., 1981). - 818} FoFe] Hxdt =22
I8l B A=9] ok 9 AEAl 2 59 g4
1 FAIE op7|=aL Qo] 8 BES o835 BESH] W
A7y 7P vk g A O 2 iR ALl

olof] & AFollMe 1FGHol IS HolA| F= A
A IFAPNNA] AE ZEANA A 35 oA
GJ-1, GJ-11 183l GJ-12 T5F7} a5 T TA A5
AAE Yl 2Rt e e RIS Altol
ksl A= Bacillustoll X B A7) 2= om
Tt AaEES- Hllshe 8490 cellulase, amylase, glucanase
5 (Phister et al, 20042} iturin, surfactin?} bacillomycin <]
lipo-cyclopeptideA|®] &A=2S ALK (Bais et al, 2004;
Spadaro et al., 2005). WEFA S E 87X Bacillus sp.
GJ-1:2 AW WAl 83 7t AlsETh B3 GJ-1
T~ I B vt opJg}, P ultimum, R. solani, L
23l E solani®} 22 T8 A YTe] dEidE =2
23S Bt Aol AR AEHYTE2 AE HE
TRIE SElds Meol7] Wil GJ-1 dY 2%
Be FHe 2ERS 7RRIdal 49E 4 ok G-l
9] Z2ekaael digk #7191 7<= GJ-1 d57F A4
sk A= E 8ol g olalel &8 SHAM Ta
o] & Aolgt AlRH T

Siderophore= 2]&-2] A A o] & (Fe™)S Ae¥
o= FFote] g o] d o] F5E Weldte N
AU WS TARIZITE 71E A7l siderophoreS]
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oy

=
Can

XS 7ISH Hole PseudomonasEel] &3= vjAEo] 2
EHUTS A A1 BNt oUE} A EAER] Eae Qi

fr

A77F T (Katiyar and G. Reeta, 2004; Kwon et al., 2004).
12J31 auxin} siderophoreS- SN AAFSK= Bacillus subtilis
o] T A% BALHATH(Kim ef al,, 2006). ©]o] £ A0
] CASHIAIE ©]-83} siderophore?] A4S Hlwsh Az}
ARk F-80A8E GJ-1, GJ-5 F =7} siderophore] €go]
Hold AS & = AT AR, G137 €9 G5 #
ATl A% 7)) AE el visiA Adakgo] |l
= A2 YR} siderophore A0 ]38t A1EHd7te] 4
Szl glo] W9 A4S Pk i 4 ok

g el AR dUL Heel ERT S 5
A T sl QI(P)2 F= 3AF, IR, phytates 5=
sl Azido] Be] Aol A o1 4
Eof 73 2o| skrE o1tk (Ahmad et al, 2009). 1Ak
7188} 9] Hold f-8rAES ESF el Exsh=
874 kS 7HESIA AEAVE Fekes el
= 9 gt 2 AFelA] B84 Qo] 0.5%7F &
% Pikovskayas agar HJA|E ©]8-3te] At GJ-10] <l
A7HEER o] 7P HoldE: & o AT wEbA #e
g EFTAAT 5 15wl g s v
W™ siderophoreE AYAFstaL QL7 HES)E 58o] Hojd
FEVEE GJ-12 Adgsisirh. e GJ-1 759 168
rDNA 9711 E8& 493+ 23} Bacillus species®l] 3=
B. subtilis, B. amyloliquefaciens, B. licheniformis 2} V-5
=2 58S B Bacillus sp. 2 HHEIIATH AEE
Bacillus sp. GJ-1 v 15T Bt ofue}, Ba=
I RS HS doT)e WA A A=
Hojd X E44S RYomH, =& siderophore T4
S8 SRS vEk S e o, -8
PAEEA 28 Thede g9 @ Sl A8
A=sH BAIA = TS f8l, GJ-1 TF] EAellA
o] 3% AR Z2FEA Fo) tig FUHAQI A
7} K13 ojof ¢ Zlole} Alm .

q Q2

it

b

Phytophthora capsiciv= 2150l S-S IO A
i} ofjel 2 AAAOE A sk T vEAl
NEETon. Rz BARAR St 5o )
FAPES o8-8 AL WAL K v
A RO tFEIL ). B dAexle 259 1
35 HolA] oFe AR aFAA AN ERA R
£ At EGZAAES EElakidth. & 3609452 vl
e F2UE EEsioH, ol 2249 423
o FEH 548 7IeeE ¥ 1wl aFoE AR
Ttk 1 5 RS dotry] ffsl AAEE in
vitro AN 3Gl ZFEAE Bl G-, GJ-11,

GJ-12 5 TEfslier] 23aapt gle a5 2G4,
G-5E HEreR Aldsislnt. AdE swsel disky
sidero-phore®] &S A4 4% g1 GJ-5 F+ =7
CAS HlZ]ol|A] orange halo zoneS Z1A| B/d3}] siderophore
£ Bo] ek dE I 18al EYTY] ¢
4 e TIESIA Aee AEETE Hele
phosphate solubilization &3S 7S A%} GJ-1, GJ-5, GJ-12
7 F 873 Vel vk Eels =S e ATt whEtA]
P, capsiciol] 733+ S-S RN siderophores AJAFs}aL
MRSt THo] Hold F-8RE G- HFH o= A
sl HE AdE GJ-1dTS 5451 Bacillus sp.&
W31}, Bacillus sp. GJ-12] 8218~ Rhizoctonia sola-
ni, Pythium ultimum, Fusarium solani®l gt 21Er</d %1
ToANE F2 53 YeplAeh. WA Bacillus sp. GJ-1
< S ARIR R8-S Eel] tE BEY 4
YA T Al o8- 7EAIE e Ao g A

#dANo| =2
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