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Isolation and Characterization of an Antagonistic Endophytic Bacterium
Bacillus velezensis CB3 the Control of Citrus Green Mold Pathogen
Penicillium digitatum

Ji Hyun Lee, Mun Won Seo and Hong Gi Kim*
Department of Applied Biology, Chungnam National University, Daejeon 305-764, Korea
(Received May 30, 2012. Revised June 14, 2012. Accepted June 21, 2012)

ABSTRACT : In order to develop environment friendly fungicide for the control of citrus green mold (Penicillium
digitatum) using endophytic bacteria, the 21 bacterial isolates were isolated from citrus leaves in seven different
orchards in Jeju Province. Among the 21 bacterial isolates, S bacterial isolates presented antifungal activity against
green mold pathogen P. digitatum. The CB3 isolate, which showed the most strong antagonistic effect, was selected
through opposite culture against the pathogen. The rod-shaped, gram-positive bacterium CB3 was identified as
Bacillus velezensis based on morphological, physiological characteristics, 16S rDNA, and gyr 4 gene sequence anal-
ysis. The isolate CB3 showed strong antifungal activity against two citrus postharvest pathogen P digitatum. Citrus
fruits were treated by wound inoculation with P. digitatum pathogen, and the control efficacy of CB3 culture broth
was 66.7% (1 x 10° cfu/ml). In conclusion, The stability of CB3 and its strong antifungal activity also lead us to
believe that it has potential for application as an environment friendly biological control agent.

KEYWORDS : Bacillus velezensis, Biological control, Citrus, Penicillium digitatum

M B
AERE TP citrus®] I FALAR] AFE
Tk ofygl AMAIFHOZ citruse] HFEAQ A4 HAdHF
P, digitatum®l| ©|r SA3Fo1H 3 P italicumol| ©]g 3F
E3Fo|gl ot o] &4 A= AZsltk(Sharma
et al., 2009; Yu et al., 2010). 53] Penicillium3:°l 23t
A WAL 5 P digitatumol] 23+ A 3FoHof <
3k =42 90%° ©]=m(Maldonado et al. 2009), L%t
= P digitatumel &3 A3 go o] WA= SR8
SERECe RS

Z7)E AMARLZE citrusHd 8 &
Fols WAlsr] flste] 4 shEeke] ARgo] o
B e A WAE 218 HAde] WhHo R HAE
o] 98] AREEHSATHSmilanick et al., 2006; Ismail and
Zhang, 2004). v}t A4 WAL P digitarumol X
gstelgoto] ek AE A #F7F B HoEA W
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AFel EAFHo] A|7]E 02 (Harding, 1972; Bus et
al., 1991; Kinay et al., 2007), AAAH 2 8733} A%}
of gk o] =obgol wal kg FakEol ik &
H|ZFe] @7} oA Al H UL

oo we} 7ol ik PSS A7 AH|RL
TE YA R wuekEe] A QI oo tiqhd
o=z mAE Fod i B Ayt YL 9
, 53] & PAE o EA & yAEA A
& UV, &, 7180, 1% T 2N E A3
7¥X Bacillus spp.7t =& JAAEE 71k 4024 B
A7} AP EATHRomero ef al., 2007). AAZ B.
subtiliss ©1&-3F PAE AdA|7E sdkEo] FAEx A
U AHAEARA AEW BAC &85 o, B
velezensis®] 73-%- Fusarium A&l tfgh WA} s34
gk 2= WARAZEA 7Fs/do] BAE I Uth(Nam er
al., 2009; Roh et al., 2009). 2|3 = B. velezensis2}
59 olek= Bt = B. amyloliquefaciens®l| ©]
st AESH AR A9 7S ErfE dagoly,
5e] AR, vhte] crown rot WY QlollE TR
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Bacillus velezensis CB3&

32 o

Wl s A HIEoRA TS Q1A
T QS FEF, AFo] PGPREFE LFE] 7] ASE
o gt d7ARE Rugowx Waj A=A
A W ool vt FHA SHolA AT &
283 9lt}(Alvindia and Natsuaki, 2009; Kim ef al.,
2003; Kim et al., 2004; Kong et al., 2010).

L 7 5 AR 2 Ao 2 b6
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FW 7709 Lol AFT citrus He] X
5\_%} % Nutrient agar(NA) wj=]ol] z}z} 37]j¢] A
=7 30°C 27104 24~48A17F wFsiiTt. i
@%Zﬂi—ra FEHE s EEEka, E‘E]a oS A
22 NAHIR 2 o2 2} Aldiele] @ S2UE st
Aok, gk WA T8 A7 %EFL P, digitatum
< PDAWIA] oA tixuffete] d4ddS 2te 7§
55 12F ALs P‘ﬁ‘:} 7+ 58 F F2E Tl
Hj o] golgt 5 FEWAAMHFLE Adsiion, &
Zld 45 20% glycerol S0 &Este] deep-freezer
(<70 °C)yoll B3I T}

T rE,

= —101’ tlo o
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Mutsl MR SH

NA Hj#] Aol Ae] colony FEfEA B 28 S
Bae] Awae W 54 deista, A Fe)
AL Ale] H57oll o] ARE-E&= API kit(BioMeriex,
France)S ©]&ste] A3}ehs] 45 AAsitt. 223
HTh Gagk 245 flele] 71 16S IDNAE S3ske
Universal Primer 27F/1492R (AGAGTTTGATCMTGGCTCAG/
GGYTACCTTGTTACGACTT)E o] &3l 43 Az}
o} Fei, Aslsty 54 BEURE o] -8 WAAES
At Bacillus < MTFLE FAHIAL, Baczllus & A9
wo} Jogt 540] 7Fsst gr 4 FRAAE A5 S
Primer gyrA-f / gyrd-r (CAGTCAGGAAATGCGTACGICCTT /
CAAGGTAATGCTCCAGGCATTGCT)S ©]8-3 tHChun
and Bae, 2000).

16S tDNA 722} F
denaturation 94 C/4O.L, annealing 55 °C/40%, extention
72 °C/1%, final extensione 72 °C/1087F S=3ls}sit}.
gryd §AF S22 $13) initial denaturation 94 °C/5%,
denaturation 94 °C/40%, annealing 55 °C/40%, extention
72 °C/1%, final extension 72 °C/15%-7F AA13FATE PCR

3. © initial denaturation 94 °C/5%-,
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AL (F)ulaRAY) sequencingS 2|3 3, National
Center for Biotechnology Information(NCBI)2] Basic
Local Aligment Search tool(BLAST)E ©|-&3}e DNA
tloly wol2o} fAkgE H7IM LS Blastnh. H71A

£ PHYDIT program version 3.2(Chun, 1995)% ©]&
3t A E3I9 L Neighbor-joining tree= PHYLIP 3.57c
Package(Felsenstein, 1985)8 AM8-3tod Kimuras 2-parameter
model(Kimura, 1980)ell 23l 2Md3alslem  1,0005]<]
bootstrap 45 &3l NI EE H7FeIAT

CB3zZF2| & gy S

Ante Ak WMl CB39 7 Aol thet
S Brls7] s AR P digitatums A
At P digitatum dAPIER} A HFS 2.5 cm
S =2 PDA HiAdelA tiA] s AASAL Ol
S 25°ColA wiFEt F A3l o3k HEHAL
inhibition zone®| A°lE 43It

Z71Ho 2 guAQ F AW WAF P digitatum
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7|2uiX] R =7| pHO|| [ME EXF & A WSEAL

Alte] kel Aget Hzel 7R E Adstaat
dutdg o g AMi o] ARE-E= Luria-Bertani Broth
(LB, 1% Tryptone, 0.5% Yeast Extract, 1% Sodium
Chloride), Nutrient Broth(NB, 0.3% Beef Extract, 0.5%
Peptone), Tryptic Soy Broth(TSB, 1.7% Tryptone, 0.3%
Soytone, 0.25% Dextrose, 0.5% Sodium Chloride, 0.25%
Dipotassium Phosphate), Potato Dextrose Broth(PDB,
0.4% Potato Extract, 2.0% Dextose), Molasses Broth(MB,
3% Molasses, 0.3% Ammonium Chloride, 0.1% Yeast
Extract, 0.02% Disodium Phosphate 0.2 g, pH 6.7)& &
Aol 7t A ) S-S ARSIk Aoyl
LB Brothdl] 1®20] AZE3s}a] 30 °ColA 1247 FERA]
A FHEA e, ZF wiA o 1%(viv)E =S FFstaL o
= A-HE7] (150 rpm/30 “Cyell A vl Fated vl kel F-9
dAFS AT FE 1287 P02 £7 51 (0D,
600 nm) AFH =5 I3},

27) pHOl B JFS ZANS A WA 2AE 7]
HiZ] €] pHE 4~971A] 7—1‘7L zAste] gt 23
S HE3 % 30°C, 150 rpmollA BHjFshEA] 7247
B 12417 d¥ 2 A E=(0DA, 600 nm)E FALsH
At

=

l‘

r“r

U3 NI YNED U

A7 e AEFES: 2S99 FeE 1mm A



120 o|lA |

=

(<)

Table 1. Morphological, biochemical and carbohydrates fermentation characteristics of Bacillus velezensis CB3 isolate

Characteristic Characteristic
Physiological property Sorbose - Trehalose +
Colony morphology Undulant round, cream Rhamnose - Inulin -
Cell shape Rods Dulcitol - Melezitose -
Gram reaction + Inositol + Raffinose -
Carbohydrate Mannitol + Starch -
Grycerol + Sorbitol - Glycogen -
Erythritol - Adonitol - Xylitol -
D-arabinose - Galactose + Gentiobiose -
L-arabinose + Glucose + D-turanose -
Ribose + Amygdalin + D-lyxose -
D-xylose - Arbutin + D-tagatose -
L-xylose - Esculin + D-fucose -
Methyl-B-D-xylopyranside - Salicin - L-fucose -
Methyl-,D-mannopyranside - Cellobiose + D-arabitol -
Methyl-a,D-glucoside + Maltose + L-arabitol -
N-acethyl-glucosamine - Lactose + Gluconate -
2-keto-gluconate - Melibiose - Fructose +
5-keto-gluconate - Sucrose + Mannose -

+, Positive; —, Negative.

olo] A 3¥HE F37 350 ml volume®] Z#}2E &
ol 0™ Be H, P digitatum®) EAEEN | x 10°
spores/mlS 7H FHOl| FE AT 3417 7 7+ A2+
HE CB39 HlFed, 1x10°% 1x 10, 1x10°cfu/ml&
7 qWol| EFsn. 283 oA 2 A Aty
o] 7H& A4 WAA R Ae3lE T e s A%
23S B AFEEES 1,000 ppmOZ A2 3te] ¥lws}
ack Ael &, doE e 23°C, 7Y AR 7 UE
of WA 7HE ZARI o™ AEe 3utEoa 3= Q).

9 & (Disease incidence, %) =

AT x A4 x HE )} x 100

90: T 1: 1-5%, 2: 6-20%, 3: 21-50%, 4: 51%°]%
WA 7HControl value, %) =

{1-A 272 WP (%) FA 272 BHE (%)} x 100

~—

-

Znt A nF
dagFe 2 ¢ My
Citrus% S1025H 21709 WAAl#S Eelstalor

228 WAFS PDAMA Aol P digitatumz} T

GAA AL T AL FHE st 134 A

et 2 A3t 21719 WA 5 70e] #F7F clear

zones FASAT. 2 F F& 7 A WA P

digitatum®)| 73T FHLE Holn g5 Y *

g wE CB3 o5& A3l AR F8aFE Awst

ek

CB3 @32 &4

CB3 ¥FE NA lA] AollA4] undulant round3+ cream
Aol colonys v 1 YA HFOE SISO,
49717 ©pstEe] B AR5 Fot] Bacillust-g 578
5= API 50 CHB kit& ©]-&3ato] 2413 23 -8 4%
v EAA L] A2 7P dE] ARSI U= Bacilluss:
7} FAReE B4 o] ER1% AT (Table 1).

T3k AEg TS ot TAESHE A4S AA
NS wl 16S rDNA A} B2 Bacillus velezensis
9} 99.7%%] FAFEE H$THdata not shown). Lz}
Bacillus subtilis complex 7F2] 16S rDNA 992 A=
7F o9 o B2 oS Hgek 7o s 8 grd

Bacillus pumilus (EU138655)
B. licheniformis (AF272017 )
B. tequilensis (EU138625 )
52! B. vallismortis (AF272025)
100 B. inaquosus (EU138633 )
45 B. subtilis (AJ586399 )
100 ™ B.subtilis (AJ586408 )
100 59 B. velezensis (EU138632)
CB3
100 o B. velezensis (EU138627)
B. amyloliquefaciens (AY212973 )
68| 100 g velezensis (EU138612)
B. mojavensis (AY599914)
0.1 100 B. atrophaeus (AF272016)

Fig. 1. Phylogenetic tree based on gryd gene sequence
comparison showing the position of Bacillus
velezensis CB3 isolate among related species of the
genus Bacillus.
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Azre] 9471 B4 (Kim, 2005; Nam ef al, 2009)0l]A]
%= B. velezensisSt 99.9%°] =& FAEE ETHFig. 1).
FH & AFAA B. amyloliquefaciens2t T8 P 2§33 o]
FAFSE B. velezensisE B. amyloliquefaciens®] #7823
ooz W3l vl ok (Wang et al., 2008), CB3 o
F= FHTH, Asietd 54 9 SR ESH EA0lA
B. velezensisSt =& FAIES HPovE HEHOF B
velezensis®. 57333l Bacillus velezensis CB3Z Y43}
AT},

CB3 ©F9| &7 spectrum % &7 &M EM

CB3 4+ & AAHA P digitatumel vj$- 7323t
FF24E B tHFig. 2). WALFS 53] CB3 Tl
o5 8ol JAE P digitatum®] dAF GRS HvlH
o= AFFS W, vIEFA Y HALY] Bl AFEAT
(Fig. 3). Lee(2010y= CB3 w59 AR A de=
45 B. amyloliquefaciensZ25-8] 712t ZAF Al A
Aol ol & S8 o dHIt S, &+ AdS <l
3k v} Aok, CB3 @0l iM% P digitatums £33}

Fig. 2. In vitro antifungal activity of Bacillus velezensis CB3
against citrus postharvest pathogen Penicillium
digitatum.

=dl(data not
17873491 Aol 7kt

=740 [ME ZF2 4=

kgl 57EA] wiA] ol Tk CB3 w71 A2 Nutrient
brotholl A= 24717 vl Fofl o] AL EE Yehlle
OD 600%te] w9~ 52 X & 7]E3sh=t| ¥l molasses
broth’doll A= F17F 718 =d=tl, 53] 12~241]7F A}
olof FARQl F7HE Ho aHAQl +F ASo| HAzy
AT}, Bacillus spp.2t B. subtilis®] 735 24A17Y, B.
amyloliquefaciens= 30~ 7kl Z7; H L= e] Aol B
2(Yu et al, 2002; Kim at al., 2006; Lee et al., 2008)%
upe} o] HiF F 24~36A1710l 7 HIABSS HLl B.
velezensis CB3 45 73 FARGE A4S 1 &
ASATE.

B9, A A4S ¥2l molasses brothol 4] - A
& AFS A, A=TF =2 pH 4~5914 AL A&}
3o drtEldo] okl pH 9oM = A8 weF

N

ot 3 pH 6~82] T4 HLlCIA o o] s

Fig. 3. Antagonisms of Bacillus velezensis CB3 against P

digitatum in opposite culture on PDA. A: Mycelial
swelling, B: Cell lysis.

Table 2. Control effect of Bacillus velezensis CB3 with different concentration against Penicillium digitatum on citrus

Treatment
Disease incidence” (DI, %) Control value (CV, %)
P digitatum
1 x 10 spores/ml Culture filtrate 333 55.6
1 x 10°cfw/ml 31.3 58.3
1 x 10" cfw/ml 31.3 58.3
1 x 10° cfu/ml 25.0 66.7
Chemical control Sporgon 14.6 80.7
Control 75.0 -

*Results were obtained 7 days after inoculation at 23 °C.
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doftom, 53] pHeolA 7P Aol s-sislet. A
A3E F3lA pH 62 molasses broths CB32] 4
ez AAsnt

L O

#2 MY LNz HE
At CB3 #79 g A T3y g S
971 flall 53 2ol CB3 +F

N FFE ATt AL T 54
T2 JFT § B7HEAoN = Bk A2 2wl
oJolo A 55.6%, 1x 10°cfuml X2]oNA 66.7%2] vl
A4 WAZEF YRS TH(Table 2).

Bacillus%2] #5+= WEAH WS 7HE 4= ¥
doke tisEA ] a2 Fe] Aoz AYESH A ¢
Agse}l AASe] B FHES 7KL UTHHandelsman
and Stabb, 1996). 2 Z B. subtiliss ©)-&3F Y& 2+
A7 AEEe] ZEE glon, & At 552
B. velezensis¢t HT L3 dFEs At = B
sire oln S
oxysporum, Colletotrichum musae 123l F verticillioides
59 v A= dstol tigh AE3HA AR E=A 9] 7t
SAo] ¥Eo] dtk(Alvindia and Natsuaki, 2009; Kim
et al., 2004; Nam et al., 2009). W2t P digitatum®)| T
sted 7t S Hole CB3 o5l Bacillus®
o e A F5 B2A Frhe e 715 S
st= A slaL Algst, AAstE & A vl &5
= AR EA ARl 7FsE Ao AtRHE. g
AR vt 218 mdEEeke] ¢4 WAzt 7

50%cl =343 Je dejste] B o 2 AY Ay
=& AV w9 EEEAS w71 o]

Z BAEHE AE F IS AR AdET 4
O 8A F& N ThsA ol ZItE T AR A5
T, Rsef T I setEeke® Qg EAA
A71ek AAAH S Z S gk AHRte] Q12 FTtE
Hd sheksokd e JiE S TR AeEeel 78
W= dAolA aHAe] 88} P S REEAIE S 2l
© s Aeweke] AT side] F4A dHolth
wEha] £ AFoA B AFgAAFS AEFFe R
A g &t 28 USs AR AztEr

ok
)

W

4o 02 o 02 Y

amyloliquefaciens®| sclerotiorum, F

o

o
ad

off 1o 9

Lo ox A2 AN R 1> Lb
1
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~
A

EAQ 2 S FFolY (Penicillium digitatum) Y5
Ag AEFoks Mdstaa AFed 7 Hrde2 7
B A E citrus HollA] 21552 WAAFS 23k
2 F e Alsto] STl P digitatumol| 3=t
S verdl o, dijgelA 7 e dered

< X2l CB3 #57F ALE St CB3 ¢5+ 7Hdd 9
O FNge =z A - Aslked 5439 grA {4

=

(<)

A7IME X0 o8 Bacillus velezensis® 573 = ATt
CB3 5= 12 A7 WA Penicillium digitatum®l)
e a4 JeERIITE 1 x 10’ spores/mlel] o] =
= 2FE9 P digitatume 7o) HHEAULS wol =,
1x 10°cfu/mle] CB3ell 23 WAEI= 66.7%= S
=it B AFA, Bacillus velezensis CB32] 9] 3}
7Je A 5 1HE o 58 3 A gA|A=A
u$- 7Hx7F & Ao = FhdE

dAlel 2
SUFAAETL71 GBS BY R

= =
F AN AR AFIHAFARE: 109065-3)2] A9
o oJs] FaP=lolxl Zolm, ool ZIAF=gHLTh
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