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Selection of Bacillus amyloliquefaciens CC110 for
Biological Control of Cucumber Downy Mildew Caused
by Pseudoperonospora cubensis
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ABSTRACT : In order to select antagonists for biological control of downy mildew of cucumber, 126 bacteria were isolated from
cucumber plants collected from several locations in Korea. Among them, Five isolates were selected as potential biocontrol agents
of cucumber downy mildew using a leaf disc bioassay method. In preventive and curative effect tests, the isolate CC110 was
found to be effective to control downy mildew on cucumber showing diseased area by 0% whereas that of control was
15.0~18.0%. A bacterium isolate CC110 was identified as Bacillus amyloliquefaciens subsp. plantarum based on phylogenetic
analysis using gyrB gene sequence. The culture liquid of isolate CC110 in TSB media were more effective for the control of the
disease than those cultured in LB, NB, and KB media in leaf disk bioassay. when undiluted liquid, two-fold, five-fold diluted
culture broth, and undiluted liquid, two-fold, five-fold diluted filtrate of isolate CC110 in TSB media were treated, diseased area
of cucumber powdery mildew were 0%, 3.0%, 8.0%, 0%, 4.0% and 7.0%, respectively, whereas diseased area in the control was
21.0%. In the cucumber seedling tests, when the culture broth of isolate CC110 in TSB media was treated, diseased area were
35.0%, whereas that of control was 82.0%. When B. amyloliquefaciens CC110 was treated four times at five-day interval in the
vinylhouse test, the control effect of cucumber downy mildew was higher than that treated three at seven-day interval.
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w 9lo] I} =T (National Institute of Agricultural
Science and Technology, 1997).

ol AEHATCZHE FiF S Fas] A%
Lo] gt o] Al FroMe AEEE A 318
FA ], vlgelae 2o]dl| 5~7Y 1HA 0 Z ANtAIE Al
AlX e} A W Fo= FAEskal Tt (Elizabeth et
al., 2011).

a8y 2o =wtH WAIE sk ARSSE S1kE) o
g, ol FAI2ERR], FEaAvY, SHEFrERZR],
FAEG, 2R gtE 90, vheA], 2R 2 v
zRau|e o] Z2E)7lH, WiX|olHgte]7tHrt Ui T
o1e] el Aol eRd 2102 8151910 Lebeda
et al., 2012).

olelgh f7 et dslekseke] A|&2] A0 2 sAAE
o] e} A3 AEHATe] FHOE A2 AEHS
A 7Rkol] th3t =2 (Tanaka and Omura, 1993; Russell et
al., 1995)7} Z:H121e] QB “EikE] tisk @77} Sl =]
FERAES 283 21820 B3 WA A9t
5] A|=%aL 1tk (Hornby, 1990). A AlA|Z o2 w2
5 149F0] TEE | WallTa Aol AR AL
A2 (Copping, 2004), ©|= FJAAENA Q] )} et
o] Aghd A T thF o 2 xj9f AEo] 7L Jlrk
(Fravel, 2005).

L0 =gtel] gk AEA WA A =3 5 Ex
25 Inula viscosa®] 2EFEE0] = 2] 54 U=
I IR Wols A 5 ol AEH AT B3t ot
3 Epem, i wisellA Relet Fid 24 gl
(allicin)©] Q0] =75 TS 50~100% SJAAZ1AL H]
Tl oln|i=ik BABAS] AEAYl FEAFES TX1S
2 =S A B3t tH(Lebeda et al., 2011).

U255 o]83 A+ ALl Bacillus subtilis$} Strepto-
myces sp.= L= *=71H, Pseodomonas fluorescens=. At
Te EYAEE B3 45 = A A BaE Rl
S Bo|t)(Tofazzal et al., 2013).

mEbA] B AFoxe %18 F wiE AES
$13+ed Bacillus amyloliquefaciens CC110 T5-5 ©]-8-3}
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&3 o B A58 HA, wiA] A, A eEst iR
AR B9 29 Ae) AEHS THskaA A4
3t
N= 3 38
AlE HdF
Qo] T (P cubensis)S = HE QS Q0] Au)
o AR BE 00| BolA] el TAIE

Al @Elo R Azsle] AT 20] L Huel A
Flol 4 Hele Sekew) PAed] Y 20°C 24T

ahol 12401 Fsol ZAREE W] ol 7-10
A WeFshEA Qo] Qo FHT TS ST
A 2o] 9ol sl ApiEe sheA A of
$3irh. 2o0] ATAE nEAYE (I 2lo]2)
7 em MILEE Hol k] o] (B
F3te] L0 ARG 2.0 DL ALEHAT.

[}
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i

Al OdE 22| & 2

20104 49 12¢00l] =) ks, 7, 3, A, &
Z, & T Qo] A GAA A3 0] IS AHHI
of Qo] 5 10% AetHAEF ol 3023t &
=alo] AR 33 FARE & A LR vkste
80°CollA 1027 A|2]$t T3 1/10 Tryptic soy agar Bl A]
(TSA, Difco.)oll =23} 20°CellA] 297t vl 3t &
FUE Relate], T 20°CollA A2 TSAR||e] &4
vkt A2 g HEFEUE AZ2- TSAuX|] o] 28}
o] 28°CollA vt WA E 20% glycerol -B-Hol] FolA
-70°C A28 5110l HashHA A8t

e

AlE O|dEe| WEZH

Q0] HEAlE HIEEAVIE (MEel2)E 474 7 cm B
dX¥Eo] Hol Auitr] Qo] (& ks )E HEslio
A AEigE o] S AT AR AT
TSA Hi=Jell 28°CollA] 23t Mg & & Z2U S wol
o] Tryptic soy broth BJX](TSB, Difco.)ell ©]2l5}od 28°C
oA 150 rpmO-2 24A13F B FBIATE. vl deF TFE 2%
719} Qolel] {7 A2Jat sAIE Fof] Qo] IS A7 25
mmE o] FHXET 24x24 cm®] HET A ¥
3L 20°CE 23} kol 12A13H &g5o] A= vl
G710l Hol 79 Fofl gt o] M AE-S AT

Mg njdEe 3

CC110 T5¢] E73H] ASE4S Hlslide grB 74
2 A7 E 2L o183t =, CCl10 T2 Aol
2] PureHelix™ Genomic DNA Prep Kit (Nanohelix Co.,
Korea)Z =3 DNAS UP1¥} UP2r Z&Fo] ™ (Yamamoto
and Harayamaet al.,, 1995)% ©]-83}> PCR= 53l gyrB
TS SF3IAT. 5F AHE TA] UP1F UP2r pri-
mer2} DNA sequencing kit (BigDye terminator Cycle Se-
quencing Ready Reacions v3.1, Applied Biosystem, USA)
S ARE3te] HhSA1Z] £, 3700 Genetic Analyser (Applied
Biosystems)Z 1,489 bpe] 971X E-& A3 BTt
o}l A71ME FAREE NCBIQ] megablastE 53] A4k
SR, FATAIE E4817] f18k] CLUSTAL W prog-
rams ©]-8-8tq A7 LS FE3 $ MEGA version 5.1
Z 273 (Tamura et al., 2011)S o83l A ESTE
2333, branch®] 842 1,0002]] resampling (boot-
strap value)S &3t ZARSIAT.
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M Ol 4=e| SEY, de| Mslstd S4=At

FEIEE] 542 TSA wiAolA] 1~29 B wj g &
1.5% agarose”} $iAl IRE Eefo|= =gk HEshal,
4317 (DM2500, Leica)S A3 1,000819] vl&=2
DRI} AL 013 BAEA 2R, o)v] FA)
7t U=d a5 vl AIRES S BB TAAA B
k.

AJe]slsld EA9Z2A1olA] Catalase 8732 3% (v/v) hyd-
rogen peroxide 845 "ol 7|ZHhEo] FAHFFZ,
oxidase &/d 1% (w/v) tetramethyl-p-phenylenediamine
(bioM)= o]-&ste] ZAsIGTH 7120 S
AnaeroGen sachet pouches(Oxoid, England)E ©]-8-5}<
28°CollA] 273t vl ket 5 A7t drt. T (10% skim-
med milk, w/v), AE(1.0%, wiv), X2 (1.0% tributyrin),
254> (CM-cellulose, 0.1%, w/v), 718 (0.5%, w/v)S] 71
H3)'5-2 Smibert & Krieg(1994)2] ¥Hol F3) S35}
HjQF 74 Fof] I3 pHel w2 S 9= 0.5 7F
A citric acid/Na,HPO,(pH 5.02} 6.0), NaH,PO,/Na,HPO,
(pH 6.59} 8.0), Tris/HCl (pH8.5%} pH9.0), Na,CO,/Na
HCO, (pH 9.59} 10.0) (Gomori, 1955)2] $ZHE 0]-83
o Al@stait. A 2RSS 10~55CE - viY7]
oA 2U%F wiYF & AFARE ARG ek T
A5 9= NaCls vl Aol 718l 1% IFEASE 0~16%=
A5 3 TPt

1):3

MU ZFo| HiX|ZSFE 20| = 2 X S3F At

HiRIERE Qol=gdHo] ek =S et ni=
GBS A7 7 cm BIEEE o} Jdutiti] ols
Eate] 299719] Qo1& ARSI A5 TSB, LB
(Luria-Bertani), KB(King's B broth)2} NB(nutrient broth,
Difco) HIAEE 28°ColA] 120 rpmOE 24A)17F XIEhul ek
ST, 253719 o] Rl udelS A EskaL 54
7k F 27 25 mm $! AHE TR0 24524 cm AFFE
go|Ed| 7|RIER-S 2o} ZHI0IE U] 55 A &
o Qo] o AHE IBF 1Mo = vidstt. =
< 5 AR IARES FAst] IAPRE 1x10° mI'E
st Ado] 24 WAGE v, Q0] o A T
o mgtie] FArd AEAS 10w FHEA, 20°C
B A8l sl 1223 g50] AR = 3270l
ol 79 Fo] ket e] R AS-S ARSI

o

Mk ZFo| TSBHIX[O|AM HHRFSH X2|HEHE 20| =2
B U o 1t AL

Ak #5= CC1102 TSBER|) o]2)3}ke] 247F 28°Coll
2] 150 rppm O 2 Zehl i) YA1%-2] (8000 rpm, 10°C,
30i-)3FATE. vt Lo, onjlw) sujel o 2 ujj kool
S AN oujln} sujed o Z B XSG}, M3 (cell) = 1x10Y
ml, 5x10’/ml, 1x10’/ml, 5x10°/ml, 1x10°/ml F=HEE 2.0]

w

e A gt Fof] Ao} 2ol o] HHS vHEojA Wit
T TAFS 1x10°/mlS 10 pl¥ HHF3I, 20°C &
719M FFe-2 37l 12413 ZARIAA A2 8Y ]
et HRPAAES AR

20| F=0f CHst = L ofX| S A}

A& F7NFEE FEFEHE)} BEALE (Kt
°|9)E 11E HIEE T35l A7 7 cm HIEEES] Hol
2/t Q0] (F R )E Tt Ao A Auls)
Gt 293712] Q0] FHol T CC1102 TSBHEIA||A] Hj
e v FH-S B StaL 5A1E Fol] w kst et
S 35 ARSI A A AR 1x10° mi!
2 ZAste] 2o 2417 MRS, Lol et TS vl
FAS AP 29719 o] AEA AT HEo=
- AEst AiEE 100%0]H, 20°CE 283 HEd
of] goi 78 Fof| Qo] =gty o] WHHZAE-S ZARSIA

H|LSIRAZRIOA MiRFo| 2|2t
Lty WM X §3 A}
frej2doll A SHS 359719 Awnt}r| Qo) & H
S Aol AAste] Qo] wetro] WAE] %
W 5 TSBElA| O vFste] 59 7H4 43]¢} 7 7H4
33] 390 2 AEslal, ZoHA|Z U ER 225314
LO0OHHES- 7 7FA o 2 33] 3ukE.0 2 He]sle] HF A7)
74 ol Q0] Wty o] WRFAAE-S ARSI

N
el
_||
4>
4
to
=]

zm 2 o

=2|2Fe| 20| ol W X S0 TAL

#-8]3 -5 Tryptic Soy Broth HlJA] (TSB, Becton, Difco.)
of] o]2l&}ed 28°Coll A 150 rpm OS2 2417 w31, 2
H719] o] YAAS o83 AEHFS AFelA e
T2 vjges BrAlgsial =aBds HEshe o
Ao e w57t A o] WAsA] U,
s AEekL Eeld] WS Agehs A58
Fol|Me TF CC1105 AQlgF B dF+ =xigo] &
A3t 1 CC110S A3 TH(Table 1).

Mg ojdEe SH

A9 CC110 752 gyrB 34 714 LGS o]8-3t
e ASEAS 8% A3, Bacillus amyloliquefa-
ciens subsp. plantarum FZB42' 19} FABAZ} 718 =
At (Fig. 1).<A dFEH] A7IME FARE E4olM=
B. amyloliquefaciens subsp. plantarum FZB42'?} 97.7%, B.
siamensis KCTC 13613 T9}= 96.5%, B. amyloliquefa-
ciens subsp. amyloliquefaciens DSM 7"9}= 95.5%<] 971
Age] YAttt Wk CCllo v= 7 Als
w47 A7IME FARE B4l 719kt Bacillus amylo-
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Table 1. Control effect of five isolates against cucumber downy mildew caused by P. cubensis in leaf disk bioassay

% diseased leaf area”

Control
CC110 $2-1 $2-3 Y1-3 Y20-3 Control
Preventive” 0 0 0 0 0 18.0
Curative® 0 0.8 0.8 1.2 1.2 15.0

“Tnvestigation was made 7 days after inoculation of P. cubensis (1x10°/ml).
”The bacterial suspension was treated onto cucumber leaf disks before inoculation of P. cubensis.
? The bacterial suspension was treated onto cucumber leaf disks after inoculation of P. cubensis.

100 |Strain CC110
100 —iBaciIlus amyloliquefaciens subsp. plantarum FZB42T (CP000560)
Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7T (FN597644)
ZBacillus siamensis KCTC 136137 (KC608573)
Bacillus mojavensis BCRC 171247 (DQ309297)
Bacillus vallismortis BCRC 171837 (DQ309298)

87 45

76 100

100 { Bacillus subtilis subsp. subtilis 168T (AL009126)
93 Bacillus subtilis subsp. spizizenii BCRC 173667 (DQ309299)

99

|
0.05

Bacillus atrophaeus BCRC 171237 (DQ309296)

— Bacillus sonorensis BCRC 174167 (DQ309300)
100 — Bacillus licheniformis BCRC 117027 (DQ309295)
Bacillus pumilus KL-052 (AY167878)
Bacillus cereus ATCC 145797 (AE016877)

Fig. 1. Phylogenetic dendrogram constructed from a comparative analysis of gyrB gene sequence showing the relationships bet-
ween strain CC110 and related Bacillus species. Bootstrap values (expressed as percentages of 1,000 replications) are shown at
branch points. Bar, 5 substitutions per 100 nucleotide positions. Bacillus cereus ATCC 14579" (AE016877) was used as an outgroup.

liquefaciens subsp. plantarum=. 57J= St}
CC110 79 AAser 54 A 25, 13 &

2E B3 53k oke Ao=E AU CCllodT
o] I2R= BRI (ellipsoidal)©]al G HEZe] & F-2fo
A} A5} 39 CC110 5= pH 5.0~10.0, 2% 10
~55°C, FEE 1~15%2] HollA B5o] 73Tt BEg
AR FHAI9), CM-AEEQ 2, ARtel S 715 Ra) s 5= Q)
a1, A2k 395, catalase, oxidase 43S 7FA]3L AT}
e o]84 AJ8ol| A= glucose, arabinose, mannose,
mannitol, N-acetyl-glucosamine, maltose, gluconate, mal-
ate, citrate 59 7]&S ©]-83 4= JATH(Table 2, Fig. 2).

CC110ZF2| HIX|ZSR/Y 20| o'y L x| 2 =AL

B. amyloliquefaciens CC110T54] HJA|FFE Q0=
ol 3l AE714 A3} LB(Luria-Bertani)?} KB(King's B
broth)Hl Aol A B ke v Fdd oA s wWhsA|
SFUAAIRF wjFel o] sulf 3] Rl x| TSBERA] ] vl A K.
o} 2o Qo] grHo] RSt (Table 3). 1B EE 4%
o] wjjA] FollA] ol WA o] L& TSBEAIE A

kst

CC110=3=2| TSBHHX|GIA HiEt XME|HENH 20| =z
& 4 x| St

249k CCL10v5-5 TSBEl Ao o] 2lske] 27T 28°CellA]
150 rpm O = IRl Faste] 4HEE] (8000 rpm, 10°C, 30:2)
S}, w2 dH, 2uf ol s} o = mljefo] RS 2o,
20 Az}, sufjl oz 84 X JStal, M| (cell)= TEHE
Lo0] Qo] HFste] AEAGS <k A} ujgd A<} vl
FANA oA ST FETE Qo] vt A
o] Batom | cell oMM cell 557} HE52 Q0| =t
o] uleko] WokR|uh, cello] 1x10°/ml 22 9.4%, 5x
10"/mi Z2]7-olA 10.0%, 1x107/ml ©|3} A2 = 4]
7ol =ty WAo] Hisssie] WA ERTE Ao giit
(Table 4). 18]EZ CC110752] v YFHolut} uljefo]A-S
o|-gsh= WS AYlstt.

20| F20f CHEH = Ll x| S1 TA
Qo] S wglS X3t 2997]9] 20] AEA
of BY HEst] Aol 100%0]H 20°CE 243
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Table 2. Phenotypic characteristics of B. amyloliquefaciens
CC110

Characteristics Strain CC110

Sporangium bulging -
Spore shape Ellipsoidal
Spore position Terminal
Cell size > 3(um) -
Growth range
pH 5.0~10.0
NaCl (%) 1~15
Temperature (°C)
Anaerobic growth -
Hydrolysis of:
Starch +
Casein +
Carboxymethyl cellulose +
Gelatin +
Lipid -
Chitin -
Nitrate reduction +

Oxidase activity +

+

Catalase activity

Carbon assimilation
Glucose
Arabinose
Mannose
Mannitol
N-Acetyl-glucosamine
Maltose

+ o+ o+ o+ o+ o+ 4

Gluconate
Caprate -
Adipate -
Malate +
Citrate +

Phenyl-acetate -

+, positive; —, negative.

Table 3. Suppression of downy mildew on the cucumber leaf
disk treated with B.amyloliquefaciens CC110 cultured on
various media

% diseased leaf area 7 days after treatment
TSB LB NB KB
Cultured liquid 4.0 0 11.0 0

5-fold of
cultured liquid

Media broth 22.0 24.0 24.0 25.0

Treatment

Control

3.0 10.0 20.0 22.0 22.0

Fig. 2. Phase-contrast micrograph of sporulating cells of B.
amyloliquefaciens CC110.

Table 4. Suppression of downy mildew on the cucumber leaf
disk treated by treatment with various cultured liquid, super-
natant liquid and cells in TSB of B. amyloliquefaciens CC110

Treatment Dilution (x) Infected area (%)
Cultured liquid 0 0.0
x2 3.0
x5 8.0
Supernatant liquid 0 0.0
of cultured liquid 2 40
x5 7.0
Cell 94
10.0
21.0
20.0
19.0
Control - 21.0

HEodol dol 7450 Q0] maty TS A A
CC 1107539] Hljokb =217} 35.0%, F-x2+71 82.0%
egtro] MAYEtY 57.3%2] WA S-S YERNSITH (Table
5, Fig. 3).

H|LSRAZ UM MURFo| X2(ZH ¥ SI+H 20|
Lol 2 X 3 ZAL

HIE3R-2 Tl A] Qo] leqro] WSty Mol ==
CC1102 TSBERX|OA wjkste] s5d 744 43] 2|7}
19.9%, 7¥ 7¥A 33] 227} 24.1%, HERHAIE 7Y 7+4
33] )3}t 3stekA| tul R R 2 Z=31A| 7} 12.4% 12]al
T2 7} 42.8% LAY TH(Table 6).

ol A= 2o] v HAol TSBrlA|A] vl kgt ul
&l A2]oll X B. subtilis B29w=7} AArEn} 219 (Lee
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Fig. 3. Control effect of downy mildew on the cucumber seedling treated with CC110 isolate. A, B. amyloliquefaciens CC110; B,

control.

et al, 2010), 2=oM= 5 =g o] AEZ WA
Pseudomonas fluorescens”t sevt ¥ o] IS <A}
om GEA Ry Ao} ] Aelste] WAl At
£ S7MIFHHAL 31T (Umesha et al., 1988). B3 S5
T =1 AEA WAl Trichoderma spp.2}F Bacills sub-
tilis 175 E8A219} A 2 AFA 7 A EAE T
7F= A} (Sadoma,et al., 2011). Z18]al X% =r ol sk
AEZ WA 2 o] 2ol A 7|AYRA T O Z fumonisin 41
S A/JS= Fusarium proliferatum®) =xt1] F-ARd
AL F2sigithe 977 s Atk (Stuart et al., 1996;
Shlomo et al., 2001). B. amyloliquefaciens subsp. plantarum
o] Al EAste] HAE cyclic lipopeptides (bacillomycin
D, fengycin, iturin, surfactin), dipeptide (bacilysin), side-
rophore(bacillibactin)®} polyketides(bacillaene, difficidin,
macrolactin)®] FA7} ofe] FHEES At 2=
Aol et gt a AEAEES 7HAL Qo] A
A A4S FIAIE r8EE mIgENEO
T2 AFEo] 7Fsslckar skt (Borriss, 2011; Borriss
R. et al,, 2011; Lee et al., 2012).

B Aol A A8 B. amyloliquefaciens CC1107F%
ole} fARE FtEd A RS 7 4 o] A=
WA 98 FFE AAEY, F500 Q0] el
3t 28712 A7 Bash EA-lM FdAeHu=
T ok $Al 7] AElehd ol el gk BEZ
WA a9E ST e AR AR ET

A (@)
= i

Pseudoperonospora cubensisOll 2]t Q0] =gt o] A&
2 WAE St Qo] AR Qo] AEA 12605
EBIAT. 1 FollA & A AEHA F3ke] suE
Aakslgict. cel10dFE Lol ot A 8ad 7
oA 3] Wo] AR FRAANE FA 2= 15.0~18%
o] WSt CC1107% gyrB gene sequence

Table 5. Control effect of B. amyloliquefaciens CC110 against
downy mildew in the cucumber seedling

Infected area (%) Control efficacy
Control (%)

820b 57.3

B. amyloliquefaciens CC110
35.0 a”

“Means, followed by a common letter are not significantly differ-
ent at the 1% level by DMRT.

Table 6. Control effect of B. amyloliquefaciens CC110 on cu-
cumber downy mildew when it was treated at different appli-
cation intervals and times in the vinylhouse

Treatment Day interval Treated times % lesion area”
B. amyloliquefaciens 5 4 19.9 ab”
CCLo 7 3 24.1b
Dimethomorph WP
7 3 12.4
(x1,000) a
Control - - 428 ¢

“Results were obtained seven days after final treatment.
"Means, followed by a common letter are not significantly differ-
ent at the 1% level by DMRT.

240l oJ8te] Bacillus amyloliquefaciens subsp. plantarum
ST CC110TF5 TSBEA|ollA] vl g5k i <
& LB, NBS} KB #j Ao A ujjkeh v me} Qo] gt
i Ao] Fo] axbo]nt. CC110dFE TSBHiAIoA
gk vl ekehe} loh, aufo} sl B4Rk X2l 0%,
3.0%2F 8.0% 12|31 vjFed s Ao, 2nfje} sull 543
)Tl A 0%, 4.0%2F 7.0% =vrro] WS, KA

= 21.0% TSI 20 FEAHNAN CcCllotTE
TSBHIA] A B gt v F )& Qo] teqtro] 35.0% LA
SR FAEE 82.0% WASHITE. W8 Aol
Qo] gt it B. amyloliquefaciens CC11005-5 5
A 744 43] A2} 74 744 33] AyEn WAl Edt =
o}

f

52
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