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Biological Control using Bacillus toyonensis Strain CAB12243-2
against Soft Rot on Chinese Cabbage

Kim, Byung-Ryun - Park, Myung-Soo - Han, Kwang-Seop -
Hahm, Soo-Sang - Park, In-Hee - Song, Jae-Kyeong

Pectobacterium carotovorum subsp. carotovorum was found to be highly virulent
to various vegetables, including Chinese cabbage. The antibacterial isolate
CAB12243-2 was tested in a field bioassay for suppressing soft rot disease. The
nucleotide sequencing of the 16S rRNA gene identified, the CAB12243-2 strain
used in this study as Bacillus toyonensis. B. toyonensis CAB12243-2 inhibited the
pectate lyase process by soft rot pathogens, and used trehalose and glucose as
carbon sources. In field tests, the antibacterial isolate B. toyonensis CAB12243-2
suppressed soft rot disease with 73.0% control efficacy on the spring cultivar
“Norangbom” and with 68.9% efficacy on the fall cultivar “Bulam 3”. These
results suggest that B. toyonensis CAB12243-2 can be used as a biological control
agent for the control of soft rot diseases on vegetables.
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vl vl S A A2 24,229 haolH AZF ALFFS 1,764 EOE) A== A
F FoA 1F 9] F23 ZHEo|THMAFRA, 2016; Statistics Korea, 2017). HjF F-&
S Aol o WalE 1ty A Eio] Z Ha wHEE WA7E vl oy
W shueldl, H v A8 71338 e] 123 d&57-o FHE wistE o
Aol 511 9tk ZHEo| < FEskeE o8 Al FolA wlF FEHES 7 Y
ZIFHAE 2 S Bnk ofugt AAH o R FHLSA FESIL O H(Toth, 2005;
Tournas, 2005), B F& F2olu} A aHo] A F-9joll 31749 vhdo] AAA 27] A
A2 HAEA AR Ao 2 5 EFESHA Yo A3 oFFHE WtkKwon ef al., 2009).

W F-EHol 3= H
X3 (KSPP, 2009)%01 Qla1, ZAAEeE ofe} HIAZA] B¢kl s FHLsHA E2x3ta
21 2.1 (Kikumoto, 2000), pectate lyaseth= EAE A4Hste] 2549 AxHE FIA7=
545 7HA3 AtKToth ef al, 2003). ¥ F-EHe H YHES ANZOE 8% &
Sk, 20140 F T YL 6409 ool Del= Ao E F4 FHH(RDA, 2016), 2014
ZAE9] wlF Au) w7t Wi FEH IHFEL 173%= A ATHLee ef al., 2015).
S T8 BAAR SEE e EEoke JtTtutoldl AA F 23F0] 55
(KCPA, 2017)%0] o}, tif-io] F8FUA 7} FHRCE ot HT TP ol
A A= A WA BAIE T A AR Ao o] A tiste] B AT

7} 8= 31 Ati(McKenna, 2013; Chang et al., 2015). 53] P. atrosepticum™} P. carotovorum

o tZ Mo oE P~

-a
]

5.3:(0

DM TS Pectobacterium carotovorum subsp. carotovorumS-=

OF2 F23A Aol 849 JFo =z goFst A A3dAHS 5314 =3 (Panda ef al.,
2016), F-5H S Y07 Pentobacterium® Dickeya?;s HE2 ME X FAER] AT
Al (lipopolysaccharides)E W3IA A &4 HElo| 2ol A3HAF-& Ed3sH7] wfEoll(Pandin er
al, 2016) ¥iF 51 WAE st F&IYAE A7 oE AHEE A5 A WA
A 7F EAE THsAdel w9 Atk

— = 1l
oUeh sUBA %, Sl 4B ATsHE AulAe] A7 Ash 22le] 1 Yk E
=

S HlF FEHS UA ol wo ot WA ARyt gtom, Eoklx A& 24|

oA AES 3t o5 AIYo] = (Togashi e al., 2001) ZHEo|L} Fhxo] T =)
3l A7)2r AES7] w) Foll(Kikumoto, 2000) E 321 Q1 WA A A7} - F o) QA e F
o] F7tA B2 HEE =73 Y FEoItKChoi er al., 2010). WA HIZo= vl S

of ek A= X FAY WEe] AF3] 75 v
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Paenibacillus KPB3 T+ 5 3359 F8& A< o] 83 AEA WA A (Shrestha et al., 2009)
2 55% o)’de] A A &35 BTt Yo A= v 2] &4l (bacteriocin) S YA 3}
= YA Erwinia carotovora subsp. carotovora EAR 0] HF5 ©|-83sle] 313} kA9 f
ALgE WA B3 ER13F% tiKyeremeh et al., 2000). -2Vl A= BIH YA E. carotovora
subsp. carotovora’s ©]-&38tH 60.9%°] X WA EHRE I A7} BEJTHChung er
al., 2003). ©]9]e] AFEZ w5 FEH T s A AEL Ao Hate] g B2 A
TE°] FhHAH AT, Ut A A&stE A= obF] HuEA gt

mebx] B A v T2 dHE aFoR AAT # e MAES 2, A
st EA4E HAAS L A AL mAE A2, A=2 A &3 Sol e 2HE

271 #ske] AAsHAT

L 784 oA mAdE B 8 A

T8 A mAES] & s EY ANEE oM RYE, AEAY ZHEY 55
A 3Fe] 28319931, NA (nutrient agar) W | ol 4 F ATy ol oJ3te] BEe]ston £
H uA=ES wiF T8 A wikel 9% A3 Ar= 1A Ao 12 A
H v E-S NB (nutrient broth)d X] ol A oF 48~72A17F vkt & AAEE)5te] Aozl uj
oF

02

o] )-8 membrane filter (pore size 0.2ul)Z o F3}FA T} vl AL PYA (polygalacturonic
acid 1%, yeast ext. 1%, phenol red 0.001%, agar 1.5%)8] Al 200 ul & =23 & vj=] F%

of S FEW IS FHAIZ paper discE 2T 27C A oF 48~72A17F w3 3 4N
HCIZ A& A& St clear zoneo] BAHA = 75 ¥4 oA A== HAF A

kAT
2. A A E9 34 9 5473%

At mAES AFEAS 7] Y8 27t2F 1492r primer (Frank 5, 2008)% ©]-8-3}¢
tDNA 16S 32+ 44

technology Information (NCBI)2] BLAST (Basic Local Alignment Search Tool)E °©]-&3te] ¢
71 E& vl B8R 0 M, Bacillus < T2 &2 9714E3 4 Tamura 5(2013)°] 7l
W3t Molecular Evolutionary Genetics Analysis version 6.0 Z 21315 AR8-3}o] phylogenetic
treeS 2FAdSIA T =3, Hildebrand 5(1988)2] WH © 2 mineral salt agarol 4] arabinose,
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glucose, mannitol, pratinose, rhamnose, sucrose % trehalose 5o thgk T o] A4S ZALSH

A& WA &3 At FHGEFH7IEY W AIAEEA(330 ni)S ©] &3t
Aok A2 20 # v of HHHHZ o] &3te] 3 cm HolE A E U3 NB HjA|
oA 7242 vk w5 28 FS 10° cells/ml 52 Bt A 348ke] 5 ml &
FH4E skt s o 2210 cells/ml FE=Z 3435k w3 152 200 ml 2 10
o 14 33 A xS xﬂﬂl*ﬁ%ﬂr ‘%%ﬁ AE AFA T HHL 244702
st dxzA =z S& F3}141(1,000 ppm)E FHAEZ AT w52 F2 A=

il
o
ox
ol
ok

o
1o
ol
Jlm N

jﬂ

Ly
ry
2

30630 cnolm 3HMEO R WHE W S0FE AT, WIS WUF AF 30U F WF
22 2SN AY FES BulF FF 3w heuF FF BY 35 043
A3, Bl RN AL AR 7 A% wAE A2l A7)o] WE PA EFE, 1Ll A
E BulFelq $4% GvE nel AeEe Adsiel oA @ W ARsAY
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Al wAAEE WA tigt AT EAH A T8 I Ve A
T S EX 2 33T Pectate lyase= 2= W Uol ALYE EHls=
B AR oI, o] GA0] AL of o} ofel wal WA FFekel xtol7t e A
o2 dHA JtHZucker et al., 1971; Chen et al., 1998). Wt WS F-EH 2] pectate
lyase &4 PYA v Aol A vjFel S of clear zone P2 &Rl 7Ha3tr] w &oll(Fig.
1A), ©] clear zone A4S JA|st= FF+= 5 FEH TH7|ZES JASt= Aoz F
GEhAth ARbE CABI2243-2 ¥+ Bl o] d& PYA iAo =23 & 754 Ik
3 % pectin &3l Aol A A EHE AS SIS A A(Fig. 1B), ©] ¥+FF
He| A= A a7 HdA o A&t
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Fig. 1. Suppression activity of Bacillus toyonensis CAB12243-2 against soft rot bacteria on PYA.

Degradation of pectin by Pectobacterium carotovorum subsp. carotovorum (A), and inhibition of pectate
lyase process by B. toyonensis CAB12243-2 (B).

2. A% m e 34 o SAAA

AdbE CABI12243-2 #72] 16S rRNA gene 37141 € (1,429bp)> NCBI2] GenBank®ll 5
E(SEWE MG256760)3t5 3L, AlESHE AXZE A A3} Bacillus toyonensis (CP006863)
9] 16S rRNA @71 L7 99% 58S Bt o] ¥+ 5355 A T35 743 v
A E-L3Y(KACC)®N Bacillus sp. (1B S KACC92027)2 7Bt AL, v T2 WA A
Bacillus sp.2 53155(#A10-1765304) 3l o B =& 53l B. toyonensisZ 43}
A $FCHFig. 2). B. toyonensis Bacillus cereus group®l| &3t= w24 7159 ALE 7}
AFAZ HE-g-S 2H3le] WMale]l €88 wol=d %ol o] &% H(Jiménez ef al., 2013;
Santos et al., 2017) ©1¥ HA o] FUY WA JAEAE Y= A E B EUTH(Kantas er
al., 2015). 3k o] 2 lipase, cellulase, chitinase &/d°] A= FF=2 st &8714]7}
702 H7}E 31 JAITKTallur ef al., 2016) 2] & ¥ WAQIAE &9 HuE opr Q)
T:]- B. toyonensis CAB12243-2 52| Bt 02 A] T o] 842 arabinose, mannitol, pratinose,
thamnose, gucrose 5= ©]-83FA X3}, glucose®} trehaloses ©]-83t] 52 7134
ot} 1A 15-37C AEe ZTYe on Moo ALo] 7hsan HA S LxE 05
30ColaL, pH 5.0~7.5 Wl A o] 7Hsstlal H 4 pHE 5.5~6.59H(Table 1). ©]2]
g "3% E4dom Al 757 AFStE 2% i vk Al A3 vjg o2 AgLle] T
el EA4E 7HA S-S G0 5 ATh
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ABZ240208 = T9 AB240208
Bacillus taiwanensis FJAT-14571 KF040588

82 Bacillus aquimaris KCTC 3903 CLG 48663
100 %8 E Bacillus vietnamensis B-23880 CLG 48530
Bacillus haikouensis C-89 KJB68191

8 —— Bacillus marisfiavi JCM 11544 LGUED1000011
4100|r Bacillus shackletonii LMG 18435 LJJC01000006

Bacillus acidicola 105-2 AF547209
DQ448745 5 CNJ796 PLO4 DQ448745

JC Bacillus zhanjiangensis J5SM 099021 HM460354
1 100 54 Bacillus halmapalus DSM 8723 X76447

Bacillus tiansheniiYIM M13235 KF811034
Bacillus cohnii MBRC 15565 BCUWO1000190
Bacillus herbersteinensis D-1-5a AJT81029
_t Bacillus flexus NBRC 15715 BCYD01000224
Bacillus ginsengisoli DCYH3IHQ224517
Bacillus butanolivorans DEM 18926 LGYAQD1000001
52 Bacillus kochii WCC 4582 FN995265
Bacillus purgationiresistens D522 FREE6703
100 Bacillus mycoides DSM 2048 ACMUO1000002
Bacillus weihenstephanensis NBRC 101238 BAUY01000083
Bacillus wiedmannii FSLWS-0169 LOBC01000053
ga[ Bacillus thuringiensis ATCC 10792 ACNFO10001586
Bacillus toyonensis BCT-7T112 CPO0GEE3
B0 Strain CAB12143-2
Bacillus cereus ATCC 14579 AEQD16877
Bacillus anthracis Ames AED16879
Bacillus pseudomycoides D3M 12442 ACMX01000133
Bacillus gaemokensis KCTC 13318 LTAQO1000012
Bacillus bingmayongensis FIAT-13831 AKCS01000011
. —————— Bacillus manliponensis BL4-6 F1416490
- ——————— Bacillus cytotoxicues NVH 391-98 CPO00764
58 Bacillus furiculus MAFOD1 AB049195

1 Bacillus panaciterrae Gsoil 1517 AB245380
100 Bacillus acidiceler CBD 119 DQ374637
L Bacillus luciferensis LMG 18422 AJ419629

n
(=]

]
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E

100

—
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Fig. 2. Phylogenetic tree based on comparison of the 16S rRNA sequence indicating the
position of B. toyonensis CAB12243-2.

The phylogenetic tree was generated using the neighbor-joining method. Bootstrap values, expressed as
percentages of 1,000 replications, are given at branching points. Bar shows two nucleotide substitution

per 1,000 nucleotides.
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Table 1. Biological characters of B. toyonensis CAB12243-2
' Sugar utilization Temperature () pH
Medium i i
Available Unavailable (optimum) (optimum)
Arabinose
Mannitol
§ Trehalose 15~37 5.0~7.5
Mineral salt agar Sucrose
Glucose . (25~30) (5.5~6.5)
Paratinose
Rhamnose
3. AER WA 57 AY
PEWTL wFE wlFe BUIE wiEe] FESE 2 TN RESo] veh}
I fFo 2 MHHATHFig 3A, 3B). 3FAITE B. toyonensis CAB12243-25 ™ AX3 ZE
]

< A=l FHo] AxA Ha o] FAH A ST
(Fig 3C). =& w5} £ 35 5o FEHTS i WiFolAe Bdd HT A%
A Al 7}7“’ 2 73%9] WA BHE BYoy BT HE FAE AlY WAV 61.6%2
el Al ztol 7t g7 ‘q]—‘?—f’ﬂ BAHCE HE T At ¥ HA FeE Ao Aty
ATHTable 2). 7R B 338 vl AlgolA = B AE AN E AHE &
Yt om ojufe] WA Eﬂr— 68.9%% 1|9 $-3} tHTable 3). #lF 212 HEZ
WA AT A3 Z Shrestha 5(2009)3 Tsuda 5(2016)2 Lactobacillus 455 A&ste] 55~
62%2] 7 WA ELANE Attt & ATl B 1oyonensis CAB12243-2 &7+ HHY
68.9~73%°] FEW WAl EIHE BAFQl=d], olH T WA &3] Aol= Bacillus EF7F
ZAE A7) vl v 27 ol A2 H o] T4 Welo] WS 7R AV AE
s 2959y el Ao AZH E o2 AT Kyeremeh S(2000)S HH U4
Erwinia carotovora subsp. carotovora 52| bacteriocin &4 S ©]-&3I 1L, Zhao 5(2013)=
HIW A E. carotovora subsp. carotovora7t WFEERE ojue} e} o7 A AZHE O
FE2H dAL UGy Hyusy st

ARt 27 A AL F e DAY ATE ol FoAAA Fshoh

phenylalanine ammonia-lyase (PAL) &4 =
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Table 2. Effect of treatment methods on the control of B. toyonensis CAB12243-2 against
soft rot on Chinese cabbage ‘Norangbom’ in field

Diseased plant Control efficacy
Treatment
%) (%)°
Pre-inoculation® 71.1 & 20.0
Post-inoculatuon® 34.1 b 61.6
Pre-/Post- inoculation 24.0 b 73.0
Oxolinic acid WP* 21.0 b 76.4
Untreated 88.9 a -

. diseased plant of treated plot
Control efficacy (%) = 1 - — x 100
diseased plant of untreated plot

®Spray with B. foyonensis CAB12243-2 on the Chinese cabbage leaves 3 times with 10 days interval before
inoculating the P. carotovorum subsp. carotovorum

“Spray with B. foyonensis CAB12243-2 on the Chinese cabbage leaves 3 times with 10 days interval after
inoculating the P. carotovorum subsp. carotovorum

4 WP: Wettable powder

¢ Values designated by the same letter are not significantly different by Duncan’s multiple range test (P<0.05).

Table 3. Control efficacy of B. toyonensis CAB12243-2 against soft rot on Chinese cabbage
‘Bulam 3" in field

Diseased plant Control efficacy
Treatment
(%) (%)
B. toyonensis CAB12243-2 8.3 b° 68.9
Oxolinic acid WP 6.1 b 77.2
Untreated 26.7 a -

diseased plant of treated plot

* Control efficacy (%) = 1 - - x 100
diseased plant of untreated plot

> WP: Wettable powder

°Values designated by the same letter are not significantly different by Duncan’s multiple range test (P<0.05).

ol AT A= YO =2 B royonensis CAB12243-201 ThFsk A g3t 7] <o) /AEHA
< A5 iF] A7) T GuAdE Bn ofye; A2 A EYES AY T uhke HHe
Z o3 FENY UA 83 Eotd ASE dAdHEth O8al wulj et 7hel 5o A
ARelA FAE P& 22 88.9%% 26.7%= w4 & AHol7k AT o] AL A
gk oll o3t Ao E FHlF Al7]dle W 9F 2EE st AlA W] )7 AY
-

N
ol A o4, WiFe WE AL BAOR BT} sl o] FolA TfHel FE
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o] Wy slAo] A E 7] wEo|th kA B toyonensis CAB12243-29F & Agn| Y&
o] Ao}l A, A7 Ajgd o] Z2Ho] o] FojXH WA &= FFE Ao Els

B. toyonensis CAB12243-2 757} A &3} =S A5 7715 o5 Auisrte] 7598 ¥
ol AH T = 5 ol WAYSt= P carotovorum subsp. carotovorum®l &g+ B2 |
e
[e]

AR T8 PANE FUAS g0l WA PN o R YHB MF TE

e ARsFo gAY 5 e Roz uH,

Fig. 3. Development of soft rot symptoms inoculated with P. carotovorum subsp. caroto-
vorum on Chinese cabbage ‘Norangbom’(A), ‘Bulam 3 (B), and suppressed
symptom by the treatment of B. toyonensis CAB12243-2 in greenhouse test.

V. o L+]

Pectobacterium carotovorum subsp. carotovorum->- W55 X33 Tl FE2] ALZE 7
3 LS Yeid =27 A 83 HJAS Foke] w5 e dARIAE AEE
CAB12243-2 5+ 16S rRNA gene2| 714 <Q 354 422 Bacillus toyonensis=. 21
H A, B. toyonensis CAB12243-2 v+ T2 w9 Al 28-S A8t sad
O & glucose®} trehaloseE ©]-§3tAth E3F o] FF+ ‘widw FFTOE FHIF AW Al
3%, ‘BEU3T FFOE JHEHF A Al 68.9%°] 2 WA AFHE Bt olHg A
E B. toyonensis CAB12243-2 75 A A7Fo F-EH ol thet 8342 AEH PAAZ &
8ol 7hsd Ae &UT 5 AAgTH

[Submitted, October. 26, 2017 ; Revised, January. 9, 2018 ; Accepted, January. 15, 2018]
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