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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, G)-11, G-
12), three bacterial strains (GJ-1, GJ-11, G)-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 CJ-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 fungi, 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] v Ao el gl Jal 7t S (Hwang,
1995). LA o] WAIE 3l ASH= 7283 8otk
oo g AEHYTEY A 57 FHEY, EY
A3 a3 BEGF - A=) woF 2 2 AEAl 2419
BAE dov|x . HL 59 f7ls & 18 T4k
5 dssp] e ETHS A5 AEHA BE
Fokel Ziatet W ardo] F53ka At (Jung et al., 2005).
weba] FERAE-S o] 85 HESH WA7E F2 dijh
©2 A Q). old FEr =S T el
&4 chitinase, B-1,3-glucanase®} 22 7ol &
Zofl o8l AEHATe] MEEe 2erTe §aE
(Shin, 2000; Han et al., 1999), 58| Eo] AWrksl= s+
R dA=Z ofsf 2 A= A5 Al
A7 &A82-8-(Chung and Kang, 1990; Kim and Kim,
1994), F-8PAEe] BHlsk= & (Fe™) A% 2=
siderophoreJ4tel] oJsl| 21EH o] A5-& Aslisl= 7
A AAE (Lim et al., 2002) 5 A 37}A7} LA
AT}, siderophore 4ol &3 A2 A28 B A
S AT, 713AEe] 2 AR S35
02 M) §S FEIA ol FHBE F B 5

e vl B A= WAl O BH(Glick et al,



1999). T3, QIAkE- F7] Q1A HE| = B Al8EE
21&0] HS= oFo|R|nt, ge- RRo] B-83} &|o] A&
AR R F48 4 gl Eot. o]gk ik S
SR 7HAS =Y ¥R ofuEt EY v T M
HAEHNE H E vt mepr e fREAAES EY
o] U W84 QLS B2 AE] A 23
21 FLdo= 7HEsNA Qo] FFE YEs] st A
ZA=Zg0= B 4 Ath(Ahmad et al., 2009; Kim and
Kim, 2006; Lee et al., 2004).

b B AT A 15 AW 2 EellA H
WS AN A PAE F e g 3
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AT ARRRE GRS Belal] Slele] B
A& 1g2 AE]294(NaCl 0.85%) 9 mLoll HEsl
test tubedl] 107°9] F=E 3]44&}o] 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, USAJH
Aol =ated 28°CollA] 2U%E v st Ml - Tl
2~33] A% Al ks Fal o ekt o
H TF= 20% glycerololl HEFSI] deep-freezer(-70°C)
o Bytet ATE Petdet. FEr8ES] 15
o et w2 A7 fJste] AAATE TFEA]
-2~ V8A[VS juice 10%(w/v), CaCO, 0.001%(w/v), agar
1.5%(w/v)JFI A1 E AH8-3HATE.

elzo] Myt
& Bl A8NAESY SAF SEe AE
A3k Phytophthora capsici KACC 44716), Rhizoctonia
solani(KACC 40146), Pythium ultimum(KACC 42265),
Fusarium solani(KACC 44891)% 5384 w4724t
AYRAlE R Foo} & A7) ALY,

SHHEME St K E0|ME MU
Aute o] YIS A I9E veArA|dA] 7
A7F wjkE pFEeHEe] AL Aol A cork borer(E
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I3} agar diskE AT 18] AdtkE
LB A8l =] 28°C, 200 rpm &2 &

Tk slekdle] O.D 3k 0.82 g4Il 7|91%S 1
' agar disc®t 5 cm BoJZl 3oll 8 mm®| paper discE
U FEPAE vitES A7t 20 wLd HESHAT o]
T 25°ColA thRSF F FAE = HaTe] dAMES A
g ZARBEY F8AdS At Add s
o]-g-8}e] R. solani, P. ultimum, E solani®l| T3} 3}-E-Ad
T Yo R Sl
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Siderophore 4 ZN

e 7529] siderophore 2438 Yoh 7] 913l Chrome
azurol sulfonate(CAS, sigma, USA) assayS AHS-314T}. CAS
HH8NL ZF/S 50mLol|l CAS 60 mge =¢|11, HCIH-E-H
(10mM) 10mLell 2.7 mg®] FeCl, - 6H,0% v}, 1212
73 mggl HDTMA (Hexadecyltrimet-hylammonium brom-
ide)E ST 40 mLol| o] Wlo] Eo7HA] B&e5 fal,
Al -gels Egkete] a9t Auslid. s S 750 mi,
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 33+ -8 (pH 6.8)
< 1%t Barsle] 50°CE AR F FYIE) = CAS BE8
< 7ol A &55F A7t plateol] ¥ste] CAS &
RIS FHISFATE CAS B R]ol] Ak 5= vy
< 8mm®| paper discoll 22} 20 uL A HIBIH oM,
controlZ LB HAR|S ALLEFATE 28°C QI o]E ol 2
U7t vl F orange halo zone ¥4 FF-E TSl
siderophore A4t AF-E A&}

Phosphate solubilizing M ZHH

& PldEel 8 e el 2=e) ARl
AR G 9] TS dEe] of AAEREN
£ JehisA] Qolur] flsle] 284 elte] 05%7} 23
%l 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, 5= 1 L] HIAE o]-83t & 14 A3
< 31t} Pikovskaya's agar HiZ|ol X|F 8 mm 9| filter
papers 23l g 752 vitl-S 20 uL HE STt
28°C SlFFHolE]ol] 297t vl FSaL clear zone B/ 5
JA7HE 84S AR

16S rDNA 241 St RE0|YE SH

A TS ] #8165 (DNA §71MEs &
At AHFFE 1B broth HIAlOl FE3l]  shaking
incubator®ll 28°C, 200 rpm.© 2 H|U3I93T}. DNAS F2317]
218l Wizard genomic DNA purification kit(Promega, USA)®]|
7l=d el me} DNAS F=319th. =% genomic
DNA®°IA 165 rDNA 7-2-& 55317 $151°] universal 518F(CC
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AGCAGCCGCGGTAATACG), 800R(TACCAGGGTAT CTAATC
O) Zelo]mE AF8-8l] PCRaI ST PCRAHES] ER1S: S}
& 1% agarose geloll 71719531 EtBr soulutionol] go] &24gH
3 UVelld] ERISKAL Fragment DNA purification kit(Intron,
Korea)oll 71 whol et gel elutions- F73J3l$itt. DNA
sequencer= Solgent Co. Ltdol] 78 SJ=|ei o, A7 NS
A Ails vis SPANEFSPYRAE [National Center for
Biotechnology Information(NCBI)]®] BLASTN.© & Genbankl ‘5
Er] A7 MG AFEAL v wEle] TS =461tk

T oo o= =TT

2 i

Holx| %— AR A
BE iﬁﬁﬁ}oﬂ Z 36091719 UV(HE' ZEUE 7
5 9“2131 = Ei‘/]J )\ﬂ%l-_q_ 2ok E.,J 6&5]]61—7(4 E3
F 12709 a2Fo & AEFIAT. o &
SH 1270 32 Aze] thE ol theted 29 A78e
a5l Fig. 12 1270] & w5 FolX P capsici®]
AL ARS Al Bakane B )9 wF(Fig.
1A, 1D, 1E)%} ZA&-58o| glv U3t 75 (Fig. 1B, 1C)E&
Hol 31 vk A¥ad 144 Al rekele], 23E
H7E = e EF (G-, GJ-11, GJ-12)9F Baart
S 2719 TF(GJ-49) GJ-5)F e 2 Adslad

i

Siderophore M ZHH
g -8R E2] siderophore B4 73S CAS assay
= S5t 3Tt CASHiR|ol] AvtE EgAA |l
elS @31 28°CollA] 293F v siderophore €30]
=2 = A4S Aelo]EEZR siderophores FHISH
Aol 23 A (Fe™)3 23 Hof F240] 23
Aoz wshgogH Bl & 5 At g sa
% GJ-13% GJ-5 @57} CAS Hl| Aol A orange halo zone
S 333] A BAdste] siderophore 40| &2 =
SRI= T (Fig. 24, 2C). ¥Hdel GJ4, GJ-11, GJ-12 T+
k7] siderophore /3588 Ao, GJ-1, GJ-5 ¥+
o} BlarafA vl A2 A0 2 LpERSTH(Fig. 2B, 2D, 2E).

Phosphate solubilization 4 ZH&

RIS EUFO Ui QAS HesIA A
o] 4171 o188 5 3 SR =82 Pk b A 5

T2 B84 Qi) 0.5%7}F 33 Pikovskayas agar W[ A]
£ o]83ted I B4 S ekt Pikovskayd's agar
HjA]2] Q1 AR EaflalA] =W viRPdel A clear zoneS &

“”F— AL B = gloh Ak GI-L, GJ-5, G- g
£4 S Baflehs B4 B9, GJ48 GJ-11 T
T FAo| = A= YERITHTable 1).

Hel| 23S Bl Al A9 #5(GJ-1, GJ-11,
GJ-12)°llA] 51derophore 52 o] HoUal phosphate
solubilization 4°] U= GJ-19] A 16s rDNA E7]A]
NS B ST F4E G714 Y-S NCBI2| Gen
Bank®] BlastN database$} DNA $17|x €S v|wslE Ay}

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.
.
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.

A

Table 1. Phosphate solubilization ability of selected rhizobacteria
strains on Pikovskayd’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)
B. megaterium (HM771671)

0.005

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
G o t+ +++
GJ-4 - - B
GJ-5 - _ _
GJ-11 T _ .
GJ-12 - _ B
Control - _ _

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

Bacillus species®l| Z78= B. subtilis, B. amyloliquefaciens, B.
licheniformis 2} 99% ©’d =& FAIES Kol HFHoE
At F-8vAE GJ-12- Bacillus sp.2 B3I THFg, 3).

GJ-1 ©Fe| e Hel

WBE FEUYE G TR 1% 2 olsle] 58
HIAE goln 7] flste] ikA| A=A
HEdS ARG AlEH A F O 2= Rhizocto-
nia solani, Pythium ultimum, Fusarium solanis AM8-3151
o} 1 A3 AdE G20 AE G)-1 TEE AWl
P capsici®t ClEo] Wt7dol|l &31S0= Pythium ultimum
o= =2 AAIS Hon, Tt g@xlate] &3+ R
solani®} Aol 3= E solaniol] e =2 2
A4S BT (Table 2). GJ-11 W5 P capsicioll 23
238 ®¢) WhHl| (Fig. 1D), P ultimumell= 238a 37} {1
= Zo=Z Uepdtt. sEAR R. solani®t F solaniol] W3]
Mo 2gEads 2¥). GJ-12 75 GJ-4, GJ-59 5
SHA| R. solani, P ultimum, E solani ol TthajA Zelax}
7} = A2 VeI TtH(Table 2).

L. |

35 oPET-E Hulg] ofsf wE At
Z Ayl BHE doy|y| Wi v &
tH(Bowers et al., 1990). 213 GHTre] WAIE sl AFEE
= 9Al= metalaxyl, dimethomorph, tebuconazole 123l
benomyl 5°| Ao}, A3 Te] AlEZR] EHoE 8t
221 WAE at7]el B2 oeR°] Ath(Hwang and Kim,
1995; Davidse et al., 1981). < 313} Fofo] Awdt w2
Q18] E 229 wokd 2 A 2 5o $84
¢l AT op7|=ar o] F-E8RBES o] 83 MESHA W
A7} 7P v 2e A 0 2 iR T Qloh

oo B AFollAe nFHHel| ME HolA| = U
st IFAIA] AE ZEANA Awsl d5E FolA
GJ-1, GJ-11 183 GJ-12 #57} 2FS9Hwe] AL A5
AAE Yeil= 2daapt sle 2E SRS Akl
Aareh= SASEEL BacillusSollM] B2 77| 31sg=| %o
2] MazElE Fellshs @40 cellulase, amylase, glucanase
& (Phister et al, 2004)2} iturin, surfactin?} bacillomycin 5]
lipo-cyclopeptideZ| 2] &WE2E AW FCHBais ef al, 2004
Spadaro et al., 2005). WA FHE F-8F1E Bacillus sp.
GJ-1:2 A= WAl 83 et AlE e B3 GJ-1
WFe IFAHE 8 Tt oplel, P ultimum, R. solani, 1
23l F solani®t 728 F2 AEHYH HeiNE =&
Z2%ES BT Aol ARSE AEHATES AR TE
ERIE s Hdwol7] hEel GJ-1 a2l 23
Fi= Fye 2HEQDS yRIthal AWE 4 Qo). G-l
T=e] Agka el gk F7HQ1 A GJ-1 T A
Sk AMEEE T Bl st olafie} &8 SHolA Fast
o] & Aolgt Als ot

Siderophore= 2159 ZHX F o] (Fe™)S HEF]
o2 Foate] e 2] A o] FE el =M
AU S AT 712 ARl siderophore®]

el QIHAE
i 2o

A= o7l
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A3 78 Hol= Pseudomonas?oll 5= RIAEC| 2
TS oA Al R ope} ARSI Ak Qo
A7} AT (Katiyar and G. Reeta, 2004; Kwon et al., 2004).
2]31 auxin®} siderophoreE- &A1l AWAFE= Bacillus subtilis
ol g 7= HA=ACHKIm ef al, 2006). ol £ 1l
Al CASHALE ©]-8-%F siderophore®] A4bsels vl gt A7}
A F-8v8E GJ-1, GJ-5 F T57} siderophore2] Edo]
ol 22 & 4 120K, PR, Lok o) G 2
Aol ABE wie) AEHN o] 25l ¢l
© & YERIA siderophore 2730l 2131 A& o] 24
ATl Qlo] HaARl Heke- drtar v d 4= Jirt

218 A7l Fash g 7hetl Fash 93
A T sl QU(P)2 FE 34, Q1IAE, phytates 55
T3eH, Al Edo] Eis] dofuks AR ol 4
Eof 71 2ol a1t (Ahmad et al., 2009). 212+
7183} wEo] Hold FérdEe EY Mol EAlsk=
E8A QRS 7183A AEAVE fslER vhEolF
= gL 3 B AFollA 284 1Akl 0.5%7F 29
¥ Pikovskayas agar Wi o]-8-3t] A= GJ-1¢] ¢l
A7HEsRE o] 7R HoldE & 7 ATk wEkA £
g EREAAT T 2Rl A% daEds e
W™ siderophoreE AJ2Hslal ¢I4b7h8s} SEo] Hojd
TEPE GJ-1s Akt ATE G-l T59] 168
rDNA @71X 85 &2418 23 Bacillus species®l &al=
B. subtilis, B. amyloliquefaciens, B. licheniformis < w]-5-
=2 AE4E B Bacillus sp. 2 WWHEIIATH At
Bacillus sp. GJ-1 ¥~ D5 WMok ope}, a5
B3} RS dodle Al AEHEYA Ael=
Hold 3zt B4 B oMW, =& siderophore 244
s8I RS s EE Ve Ae e W, f-8¢
Td=2A &8 7hsAs gl & & Al A8H<]
AETH AR NS 98, GJ-1 5] ZAelA
o] B85 AR 2IEZA galo] gk T/ A+
7} QgiE|ojor & Aojg} ALEErt

ol
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Phytophthora capsicie 150 9H-& oA -2ut
Bk ozt A AAH o 4%t siE = taEH <
AEAo|t. HE SAEARE 3ot woks tiAlske
FEPIAES ol 89 A= WA 7P v Ag
A e g diFEI It} 2 AFtollX= a1l 3
Sl HolA| o= AT nFAuiA] TN EHAE
& AFste] EFZAATE BT F 36001512 F
Ae FZUE EHaiioH, ol 249 A2y} met
o Fee 5L VIR T 1209 /o E AR
TRt 1 5 RS dotry] ffsf AT in
vitro A@AA 1FPET] 2FEAE B G-, G-,

GJ-12 55 #EEtlon Z23aayt gl 45 (G4,
GI-5% txres Addslolnt. Adww sTal thsj]
sidero-phore®] &3-S HA% A3} G113 GJ-5 F d57F
CAS HlZ|elA] orange halo zoneS ZLA| 8433} siderophore
£ B Bulshe T SRR 12l B ¢
4 QRIS FleSNA o] ARVENE Lol
phosphate solubilization €732 AAe A} GJ-1, GJ-5, GJ-12
Tk e ohelel e s ek isich. mebd
P, capsici®l] 738+ 3i2/3S VFERNM siderophoreS A4kl
R4} o] Holyt {014 G11g HEHow A
st #HE A G155 3785 Bacillus sp.E
WS Bacillus sp. GJ-19] 2&8=18~2 Rhizoctonia sola-
ni, Pythium ultimum, Fusarium solani®ll t$F A& 4] X
WoME 2 E3E YEAT. WebA Bacillus sp. GJ-1
< A= AR 2FqiTe el UE EY 4
S8 2t Ao o] & 7RAI7E /1S Ao = AT

aAl9] 2

B ATE 20119% Addish sk 249 B
284 FFATARI A7A (FAEZ: Pj0093242013)2]
21 el| 213l g =] o)zl AT
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