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Abstract Xanthomonas campestris pv.campestris (Xcc) is the causative agent of black rot, a disease that
severely damages cruciferous plants. However, there are no commercially registered chemicals or biologics
for the control of this disease. In this study, antibacterial activity against microorganisms isolated from soil
was evaluated using Xanthomonas campestris, a strain that causes black rot. Among them, strains with
excellent antibacterial activity and enzyme activity were selected and 16S rRNA sequencing was performed.
As a result, it was identified as the genus Bacillus and named Bacillus sp. B19-108. In order to secure the
maximum number of B19-108 bacteria, an optimal production medium composition was established, and a
slightly acidic pH condition and a culture temperature condition of 36°C were established. After powder
formulation of Bacillus sp. B19-108, the effect of inhibiting the occurrence of V-shaped yellow lesions, a
symptom caused by Xcc infection, was investigated using Chinese cabbage. As a result of the experiment, it
was confirmed that the range of V-shaped yellow lesions was reduced in the Bacillus sp. B19-108 treatment
group compared to the Xcc alone treatment group. Therefore, it is considered that additional studies such as
extended efficacy evaluation for cruciferous crops using Bacillus sp B19-108 strain and field tests in facility
cultivation are needed.
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Xanthomonas campestris pv. campestris (Xcc)= NAMS} A A9 271714 ", 2 WEE SHATEA A 23
FH(Brassicaceae) ZHEol A3l HlE| S FE AW 7o o M= Ao = Ui Uth(Velasco et al., 2013; Chan
SH(black rot)e] YolgoZ U#A Uti(Jacques et al., & Goodwin, 1999; Vicente & Holub, 2013). B3}, 724
2016). YREH O 2 Xanthomonas 42 £ wjF, Wl 1 Bl o8] AAE WWHS Pectobacterium caroto-

2, ), F 59 715 AEY o 2Fo Azt vorum 2 Pseudomonas marginalis®t 732 T2 HUFo]
A AES F e X8 7S 9L )= Shel(Williams,
*Corresponding author 1980; Cook et al,, 1952). 53] FES} LE7} £& 2|
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A oMol §8E Y AN JT SR 24

A, Z2AE AEe] A e R A7 2 A, =7
Az g 253 248 @ 74 o] AHET 9o (Ryan

ol
et al. 2011), X| B9} FHsto] HEro 318 A9} 3+
A& AHEdh= Aol 7hsg o)zl sHAIRE, o7 Xee
2 gk Aol FAE sl 552 AFel e Aotk
(de Aguiar et al., 2003; Gupta, 1991; Bhat et al., 2000). A
23 AR A FEE 2 AW 2UFS oot
At e S8ske A7 AL 9LOH (Kaur et
al, 2016; Sabir et al., 2017; Amini et al., 2018), A4
5e olgd en

=2+ Bacillus sp., Pseudomonas sp.
=1 dlstol tigk Ml B4E AST A A HL
A LH(Wulff et al., 2002; Mishra & Arora 2011; Macha et
al,, 2021), 71 AlElE =5t}

whx B A e AAlskd 2Ee & g HeH
SHE AT F Jde PAES 7H“L;}7] 23t Bl A
gk mAE tisted 724 Qo171 Xanthomonas

campestris pv. campestris ©| EHT’} SLE 444 A8s APt
Rom, o] F et Aol $T A5 MFE o8 =
EAFS A5t A28 5 e E dotr gttt

A ES WHHAE B
o mAES ARSI
0 5% NaCl 9mLe] YL
o] &3] -4’“0}41— e siMe AlE= LB
agarHHX] (DB Difco, France)dl] =238 37°Col|A] v a5
t}. 4847F & LB agar iR Fe|R oz npale o)
EAE Kol 435S 1A o2 Adste] &4sA 8
3IAth E2l¥ #5552 LB broth HiX| oA 48A|17F &
w23k 6(37OC 160 rpm) gt A AZS 93wkl s}
o5 BEFE ARtk Addde] ARSSE #5¢] RES
20% glycerololl EEFl] -80°C W&l HASPHA ARE-

0

st &M =M (Agar well diffusion assay)
2 AR AR HeAeH HAde Ao ENH &
°oh?%% Xanthomonas campestns PV. campestris KACC10377
FE AMSIATE 45 20% glycerol mediumS *FQOP
04 80°CellA A7, E.—"]’o]’?\iﬂ[' Tt welE A E
o] &2 agar-well diffusion assays A-8-3te] 493}

SAtHOwen & Palombo, 2007). 4S8 HAdA Xcc
o] w100 g Nutrient agar (NA, Difco, MI, USA)
platecl] ¥ & HHAH spreaderz XHol| wAsA =H3t
%, d49 tip (6-8mm diameter)S AFE8le] agar¥ O
wella AT Z42ke] wellell 22E aFE2 Mgd S
100 pLE& 7H2t 71stal, agar 2 v ol Eo] SHIEES 4
2ollA 12717 WA ST, 2421 plate= 30°CellA] 484
7F ok vt o, agar well & Xce KACC10377
#72] Aol AsfE= clear zone®] Z7|(mm)E A3t
o &89 A7)E Al tH(Fazeli et al., 2007). P4
o] HFEA % LB broth A HIAE 24 xR
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amylase % cellulase TS
1% skim milk (Difco, USA)E %73+ LB agar A %H
o well TH=Z, 7} wellol] ¥2]9 zF #5 H°k°“§ 100
plA 523810 30°ColA 48A17F HEg-3te] Ealles A%
o] Ao g ZAFEIATE Amylase B4 391 starch agar
(0.3% beef extract, 1% soluble starch, 1.2% agar) BjA]
(Difco, USA)2] 7+ welle]l E&¥ 7t @5 widel S 100
ul® B3] 30°Cel|A 48417F B3t H lugol solution
(Sigma, Swizerland)S.Z GAl Hall5S oASke] 27
°2 ZARIA. Cellulase B4 3918 98t 1% CMC
7} £ LB agar #1A] X9 wellS THE, 7} wellol
HFE 2 o5 wgaS 100 pl¥ 55k 0°coﬂ/«1 48
AIZE lE F 0.1% congo red® 30i7F @A, IN
NaCIZ2 AlF gk 5 Uephd Agke] 2702 ZASIGIT

16S rRNA ¥7|MYEE 0|88 ?FEH

el 45 ATERIAY xS Fs] flsto]
16S ribosomal RNA gene®] internal transcribed spacer 1,
5.8S ribosomal RNA gene3} internal transcribed spacer 25
xEehe A7IMES BT Ak 1452 16S rRNA
sequenceE “Genebank” databasec] ETFAE T2 S
o-gslo] 7|Eol Bire o} vluwste] =& s U
il Z1S skl
HiQF =740 MHE D|¥E 7 HE £F

10-45°C 2= 27 2 pH 3.0-8.0 27X wjoke zhzt
o] mAE YA EL LB agarti o] =Eek | 37°Co) A
24X 7F vt %Lfr WSS Skl 9, wijAl AR
£ (Yeast extract, U155, Glucose, (NH,),SO,, MgSO,-7H,0,
K,HPO,, KH,PO,, FeSO4 H,0, MnSO,H,0)*] s ®
skate] wieF & 5, Zzke] Wstel] v oo HskE Sl



Xanthomonas campestris pv. campestristll tHet Bacillus sp. B19-1089] XaHEt
e o e 2459, Zn o &
ZE UMz 4% =22 E 7Fo e 4 S48 ZE
HjE FAk= 5x10 & Ad FE(70 mL/pot, HEAD) Wt Bkl vidE 2 FeElE Uehll= 6059 Al
o] Yo EHNE 5535, u}o]é;zﬂ@li)f—— Y9y ¥E Y| straing #2]35199.2.H, 77} B19-53~1128.0. 2 s3It
A gEetal e gFdolA At A7t dotst 605 At strainol] thet 732438 HAFQA Xee @7
T 459 s AME fEE 159 44 9emét =°] 85 ek et 24 AS AR, 12F strain oA =+t S U
cm STk ZEO| §7 A2 § 27 Feb Apiste] WA Bl A 18k, Table 19 Aelskith. Xeeol
Aol ARSI FHE AEdE a9 HeNed WA th&le] B19-1089] inhibition zone2 29 mm=z £2H 60%
T5 AP 4550 FAFHRSC, BUFE 0%, day  #FE FToA M 2 i S AL, 2L gEeR
el AAsia e, A8 2 Xee A B19-101 (28 mm), B19-111 (27 mm), B19-112 (27 mm) &
B19-104 (25 mm)<] 4711¢] strain°ﬂ/‘1 25 mm ©]732] inhibi-
tion zoneg YERI T} HE3H B19-82 (23 mm), B19-61 (22
mm) % B19-106 (20 mm)—J inhibition zone 20 mm ©]/¢
Z4¥30er, 15mm o3| inhibition zoned e
W strain® B19-66 (18 mm)¥} B19-110 (16 mm)e] It}
o [¢]

night 12417} 7
(Control (1)), 75 HElF 1(Xec + x1000), &5 H&]E
2(Xee + x500) B 3 HE)2 3(Xee + x100)2] 470,
% 10004, 500

I 9 gz2e 7 A H% ’ﬂ‘ﬂaﬂ% o wgd
o
Z;ﬁ 1§ 2] = ine
Z22]3 B19-103 (14 mm)Z} B19-109 (8 mm)ol4E 15 mm
o]} A inhibition zoneE YFEFATE ©] & 20 mm ©]4+H¢]
87l strain®] thskd Xee 5

& B A8 (~10° C-F-UmL)O2 THe &
vl 21004 3]A3ke] Xee @ WG HE
28k, 255 thA] ehi 13] AHzlste] F 23] A5k
o} Xee #E 71800 BarE WS W ste] Xttt s
(Islam et al., 2017). Wi5 ¥o] EFELE IS AL851o inhibition zoneS YERH
AAE U3, o] HEo| AZRE BojEd 1/62 34E Xec ujeFo] = plate®] wellel]l Bk 200, 150, 100, 50
+7 WA S 3YACR 33 FESIh 7 XE & uLE A2|g ¥ inhibition zone®| Z7|& ZA43to] &
2~3%el A 200-300 mLA 4 5k 3087 719 E29l g TS el A 2 I 3449, 8%
o, 308 F Xee HE 919 4 AEE AT 9] strain FEEH O E Xeeoll tigh P+ 2438 ERA
©y(Table 2), 4% strain (B19-101, B19-108, B19-111 2
B19-112)¢] 7% 100uL &% *2)A] AAE inhibition
HEE nAEY] gy B zone®| TFZ strain®] 200 uL &% 2|9} Hlaste] fAle
e A 3715 JeRfo] Xeeol tigh dst g3yt 2uo)d 58
Ao dd=ETh 2 F B19-101 2 B19-108: w2 &
15 mm ©]A] inhibition zoneS FERJE

%(50 pLyllM =

A2
°- WLl tfat
Microsoft Office Excel 2016 =1

A2

qAEHE

3 A atlrh. RE A3 33 whE dsleon, 7 gt
& Wt gk £ EFWUAK(Standard deviation, SD)Z A 3F T}

101 103
14+03 25+0.8
112

Fig. 1. Patching using tweezers in the leaves of Chinese cabbage. For the Xcc inoculation, the leaf edges were clipped with forceps
104
27+03

61 66
22+03 18+0.8 23+£0.9
108 109 110
8+0.7 16+04 27+0.6

and applied gauze to the clipped area
Table 1. Agar diffusion susceptibility of Xanthomonas campestris PV. campestris KACC10377 to B19 strains
82
28+0.3
111

B19 series
106
20+(0.7

Inhibition zone (mm)”
20+09

B19 series
¥ Diameter (mm). Each value is expressed as mean value + standard deviation (n=3)

Inhibition zone (mm)
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Table 2. Agar diffusion susceptibility of Xanthomonas campestris PV. campestris KACC10377 to B19 strains

Ton
T
re

il

J

an
2
Z

o
02
fol

OA
“Yes -0

B19 series (uL) 61 66 82 101
50 11+£0.6 11+08 10£0.8 1504
_ 100 13+0.3 12+0.8 13+£0.3 17+0.1
Inhibition zone (mm)?
150 15+£0.6 13£0.5 14+0.3 18+0.3
200 20+0.5 15+£0.3 16 £0.3 21+£03
B19 series (uL) 104 108 111 112
50 11+02 16 £0.5 14+0.3 13+£0.3
. 100 13+£0.3 19+£0.3 16 £0.3 15+0.1
Inhibition zone (mm)
150 15+£0.2 20+£0.3 17+0.4 17+0.3
200 19+0.5 22404 20+£0.6 20+0.1
Y Diameter (mm). ® treated volume, Each value is expressed as mean value + standard deviation (n=3).
Table 3. Enzyme activities of isolated B19 strains
B19 series (uL) 61 66 82 101
Portease b B 22+0.5 25+0.3
Enzyme activity zone (mm)” Amylase _ _ 23+0.6 24+03
Cellulose _ _ _ _
B19 series (uL) 104 108 111 112
Portease 26+0.5 27+0.1 25+0.8 25+0.1
Enzyme activity zone (mm) Amylase 25+0.6 25+0.3 23+£0.3 23+£0.6
Cellulose _ B B B
“Diameter (mm). ”No clear zone. Each value is expressed as mean value + standard deviation (n=3).
AS BT % AT e T OE 0]YE F4 HE
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2 AA" B19-108] th3d+ 16S rRNA H7]4ES ©

1%—r

%m}g%ﬁ—aﬁ a4 BgslERd aad gEii e a4
A o= 659 strainoﬂ/ﬂ

o] 3} = Thunz
walaz, EP%} Ra|fd el ¢4
o

- ==

ol ide] AFE Q9FsPH, 6052 Al strain 5 Xccoll o
sk gt Bdo] 5% 8% strains AW o, o] E9

a2 B4 =H43 25(B19-61 2 B19-66)S A3
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Table 4. Changes in the number of Bacillus sp. B19-108 according to temperature and pH

. pH
Strains
3.0 4.0 5.0 6.0 7.0 8.0
B19-108 43x10°+£0.19 53x10°+ 0.2 1.0x10°+ 0.6 1.2x10°+£ 0.6 1.1x10°+ 0.5 3.2x108+£0.2
. Temperature (°C)
Strains
10 20 30 36 40 45
B19-108 43x107+0.3 53x108+ 1.0 1.4x10°+£0.3 1.5x10°+£ 0.2 1.0x10°+ 0.5 6.2x108+ 0.6

IViable cell counts (CFU/mL). Each value is expressed as mean value + standard deviation (n=3).

Table S. Changes in the number of Bacillus sp. B19-108 according to the composition of the medium

Medium ingredients Contents (%)

Yeast extract 0.1 0.3 0.5 1.0 2.0
Soybean 0.1 0.3 0.5 1.0 2.0
Glucose 0.5 1.0 2.0 2.5 3.0
(NH,),SO, 0.1 0.2 0.3 0.4 0.5
MgSO,-7H,0 0.02 0.05 0.1 0.15 0.2
K,HPO, 0.02 0.05 0.1 0.15 0.2
KH,PO, 0.02 0.05 0.1 0.15 0.2

FeSO,-H,O 0.002 0.005 0.01 0.02 0.04

MnSO,-H,O 0.002 0.005 0.01 0.02 0.04

Strain Viable cell counts (CFU/mL)
B19-108 1.0x107+£0.5 5.3x10°+ 0.6 1.3x108+0.8 1.1x108£0.8 1.3x108+0.3

Each value is expressed as mean value =+ standard deviation (n=3).

Bacillus sp. B19-108 #5-5 wl37] ek H Ao =4 Ak 28]l Xee HEol 93 HIo] FFE Fuig siv]
< a7 flste] AHAEE wiA] RS e Hel 9t FAE o3t AAE W wlF o EFE A=
afo] wjeF gk &, ZHzhe] sl thE w4 WskE SAsaL £ 2o BAY 15 2 AR VKA AES Jdst
Table 59 A5t 24847}, Yeast extract 0.3%, thF2 ATHFig. 1). Xceoll &3 42 GUS THOZ 9502
0.3%, Glucose 1.0%, (NH,),SO; 0.2%, MgSO, 7H,0O 0.05%, e vAE g wul A7)E Aos BuET Qo] wiE
K,HPO, 0.05%, KH,PO, 0.05%, FeSO,-H,0 0.005% 2] A R *ML S wuke] A 7 B 9IS Sl
3 MnSO,H,07} 0.005% S+ Hjz] ZAcA wj%dd ST XecE JES SYAHTH ARE 2o FETH
Bacillus sp. B19-108 &7} = ZA =90t} o]} 7o A wguke] FAdo] FEE] 7] AR o, 149 o] FHE
Bacillus sp. B19-108 @5+ 91| & wjxAdEo] E13l A whke] Wt Frlsle OW—% IR F UATh
£ iRl HEslL, pHE Mt A Alol= A Xee T %ﬂv—_L(Control ()9 75 8iF el 30~80% H
36°C MiF =04 wjF Al Hoie] #5E5 grd 91% QlellA VAR A wite] Wlﬂ"ioﬂﬂ(n%), o] F 9
ALEE A M B o] 50% HAE HFHAL, 1712 7}

ANAME 70% ool A2 Al winks #2e - 9
22| E 0|4 S0l st WHSHEZEME) THFig. 2). Fig. 2014 A& 5= 91%0], Bacillus sp. B19-

ARt AHEQl WiFE ol &ate] o] et 108 vl o] &3 EI AFL FEHE 54ste] A
Bacillus sp. B19-108 50l thal AW HHA| 832 Al VAR S] 3 Hulo] Xee ©5 A2 (Control (+))7}
7180l HarE WS wdste] MeYsigitt. B Ao e Hlwste] A4 H97F 22 A ER1E 4 ok 2T Al

AR o R FF g ol e s o =& 100081 (1 g ¥/ 1000 mL DW) 3&jsle] Ag)st <] 7
H= H43817] 9381 Bacillus sp. B19-108 &5 ¥l & T, ch Aol 2af mF o] 30~40% HoNA A
cell?b 4 71xg &, TR st &2 AF(~10" S AT 4 ek =3 S00uH(2 g 2/ 1000 mL
CFUMLYS ©HEon, 22 g 58 Fu3 3P| DW) s]Asto] A2k iLoﬂ*i 2] ANAAA 30% HE
sl Aoy HAF Xee HF 15Y Aol Hzs} o] A wiuto] AAEoH, e A] A eM = AR
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Fig. 2. Effect of Bacillus sp. B19-108 on the symptom of block rot disease in the leaves of Chinese cabbage inoculated by Xcc
(Xanthomonas campestris PV. campestris KACC10377). A: Non-Xcc (only treated H,O), B: Control (only treated Xcc), C: group 1
[treated Xcc and 1000 fold dilution (1 g powder/ 1000 mL H,0)], D: group 2 [treated Xcc and 500 fold dilution (2 g powder/
1000 mL H,0)], E: group 3 [treated Xcc and 100 fold dilution (10 g powder/ 1000 mL H,O)].

A W BEo A ZALS slolat 2=
(10 g #2/ 1000 mL DW) 8]A]3te] 22|gh 9] A4, 1
Hel FRANA 30% 1Sl A Hto] AAEHI o, 1
w2 A A = ANCE FAE W oY= Z
S BRI = S THFig. 2).

2 AFolA AHS-E Bacillus sp. B19-108 in vitro %
TE A3 A3 deA3H 1 Y Al Xeeoll g
o] S Ae AT 5 gldlon, FF A
AEAA AXHEHE dWAET F e MEZLE A
B4 UAAN L] 2ol E F AS AR AlEHTh

:;I‘

& AP FHFTAET AUCR FHEFTY
F71%719% 7199 ZEntelg 2 3 WaEe A7)
ALY (120087-5)2] 21903} KRIBB 71336411 9] 2] ¢)
o o]Fol AYYrt,

r*° m{> _x>
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