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Antifungal Activity of Bacillus vallismortis 1A against Phytopathogen

Mi-Hye Lee, Soo-Jin Kim', Chang-Muk Lee’, Hai-Joon, Chang, Jae-Seon J. *ang3,
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In order to isolate novel oligotrophic bacteria exhibiting antifungal activities, soils were collected from
pepper-cultivated fields of Yeongyang, Jecheon, Nonsan, Eumsong and Goesan area in Korea. From soils in
pepper cultivated area, a total of 9,354 strains were isolated as oligotrophic bacteria by the R2A dilution
method. Among 9,354 oligotrohic bacteria candidates, 1A strain was selected by screening against
Phytophthora capsici causing phytophthora blight of hot pepper in the greenhouse and field. The strain was
identified as Bacillus vallismortis based on its 16S rDNA sequence and key characteristics as compared with
those of authentic cultures of B. vallismortis(KACC 12149) and B. mojavensis(KACC 12096). The strain
showed broad spectrum of antibiotic activity in vitro test, as revealed in its strong inhibitory activity to the
genera Phytophthora, Collectotrichum, Botrytis and Fusarium, but not to Rhizoctonia and Magnaporthe. In
pot experiments, infection rate of hot pepper in the non-treated pots was about 89%, while it was only 29%
in the pots treated with 1A strain. The result indicated B. vallismortis 1A is a potential biocontrol agent for

phytophthora blight of hot pepper

Key words: Biological control, Oligotrophic bacteria, Phytophthora blight
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=™, W7 S8 W=7 f1EA 5l Hlst
o ZENEIE W2 59 FHol o FAEAS ©]
Sot FFal A i 2 AgeAES o] &t A
E4 WAlo] dlgt A7t skl R T
A gl A= 2001 A EF 2, 200590 A
stebz ool ek S ol mtE e wal o]l o
gk A7 et A R Eo dA v AE E
oFo] FE o] AlFEI T}

e ATNE s dAIsS Ad AEE
= THAHSE {83t ol&sta Aoy tgs v
A& ZA HlatH dF mAETre] o] &I 9l
= Aot HAAR mAES FEste ol&FHE A
= 1% mgtolth, AAl AP de= vAERE 4
TE ATE IF2A0A 553 T8k A Eol
i ol AsE: FFzdstel A HoA 54
st Aol AAE7E Fo vy EAg s A
WAHA g, e B EY 5 AAAEACN £
3 = A9 Al (oligotrophic bacteria)ol] thek A
T77F & AR E 3 v (Ohata et al, 1980:

Whang et al, 1988: Kim et al, 2005). ©]& # % %A
Al F2371E @ A EEEAT s e=
HjoFol ZEA] FAU wigTol AEEe] HEes
7F B7] wEol BF == AgEy 54 g
T7} v &8 A4 o] th(Nikitin et al,, 1985).
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g3 9% 712 A7E AU

Eok AZ z{F], ufX|=M 2 microbial strain 2] &
el AaA#s wEatr] st A5 4 F5 A
A, T5 A TEs=a A9 A5 EGAA 99
o] W ER] ¢Fe YFo] TIEYS UNOR sl
A8 E A #3F3 polyethylene vinyl bagel] @& & 4

= o
- o =
A2 guetgth WAL AT Fegow
Aok Al R2A WA 9 AAF wkgoz

R2AWI A 9] ZA & Yeast extract, 0.5g: Proteose
peptone, 0.5g: Casamino acids, 0.5g: Glucose, 0.5g:
Soluble starch, 0.5g: Na-pyruvate, 0.3g: K2HPOu4,
0.3g:; MgS0s 7H20, 0.05g; distilled water, 1000mle]™
pH 7.0-728 Z7gstdch Fgh, AdE Ao A
g, Asstdy dIdS AT EFFATFEA B
vallismortis KACC 12149, B. mojavensis KACC 12096
o} A A P. capsici KACC 40483, Colletotrichum
gloeosporioides KACC 40003, Botrytis cinerea KACC
40573, oxysoporum KACC 40052,
Rhizoctonia solani KACC 40109, Pyricularia grisea
KACC 40425 5& @=sdrdEEEAE (KACC)
EHE & Wol AREEFTh

Fusarium

M M7 22| L invio 878 AE £349
EGANE l1gd FEF 9n S Y ALdA 3087
shaking & % 10°% 10" ¥E 34 3te] R2A HjXA
of = Sl 28 CollA 157k vl okste] AAdste
Algirs st 28E AdS AdS 20% 2
ZAEo] A7t R2ZAWIA O] Yo -70Ceol Yo B
ato] ALgsATH
FEE AGSF Ads o AEHYE 79
T8E 712 Mg AEstr] 913 PDAMIA] Zdol A
A4 Aol dFA4S Fa
AGF A (109 CFU/m) S 1WA loading g 5 28
32 7)o A 397+ thx]u ek A A] inhibition zone

MEE IS MTe SH
2| =tetd ol o|gt S AddE AYE Al

e Ad, g ZASE7] 98 API
20NE®} APl 50CHE o]&3stSth 28°C &7l A
2 vj ke #9 single colonyS 0.85% NaCle] 40miel]
Herslo] API 20NE test® 3314

50%F 9 B4 9o] ZdH APl 50CHE zHzh s&wr
Hell o] Aste] Aslst AALE AAEA . AP
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Holx= FAolw, APIA AlFse <
(www.APLcom)¢] databaseE &3l A3ttt ol &
EEHE Bergey’'s Manual of Systematic Bacteriology
A ole o]83le] =AY tH(Holt et al, 1994).

16S rDNA Y7|MY &AM Chromosomal DNA +#
?l & benzyl chloride ¥y oz 3 3 Aot
(Miyagawa et al.,1993). ##A el 5004 ¢ TE
buffer(100mM Tris HCl, 40mM EDTA pH 8.0)& A
7teled Z HEAIZl & 100 9] 10% sodim dodecyl
sulfate(SDS) ¢} 300u €] benzyl chloride(Katayama
chemicals Co.) & F7}sle] 50CoIA 3027 wkg-A1Z
o} A 10u194 3M sodium acetate(pH 52)& #H
7Vete] & &3k 3 4°C, 13000 rpmol A 1587 4
AiEate] EEE AedE MEE tubeE &713
% %2 phenol/chloroform/ isoamyalcohol (25:24:1)
gl e H7FET inversion & 4 C, 13,000 rpmel A
5wz f4%e AT Ea® Azl
chloroform/ isoamyalcohol (24:1) H7}3led 23] A g
sttt HFAHORE Lol AAFdd FEF 2-
propanolg 7}k & 3087 A Xsle] DNAE HA
AN Z#TH AHA DNAZS 70% ethanolZ A X th
Az AT AFAo2 5049 BEFaE A7k
o DNAE F&3}9 719 % (Mupid-21, Cosmo Bio
Co)o & 323&Tth DNA x99 &5 ZH3}7)
9 &t spectrophotometer® 260nm &} 280nmol A &
Br2 =59

B3 DNAE—,—H 16S rRNA genes T E3}7]
el fD1(5-AGAGTTT GATCCTGGCTCAG-3") 3
rP2(5-ACGGCTACCTTGTTACGA CTT-3") primer
o] &3} (Zhu et al, 1993: Au, 1995) 94°CollA] 5
b A 5 94CelA 13, 30CelA 1302,

Coll A 287k 34 cycleZ PCRS F33tth PCR
ZZAE £ 15~16kbo I dHE 08%
agarose gel, 05XTAE buffero] A 100V, 25mA=Z 30
w7 1719 %F38H ethidium bromided] 15%7F 94
sted UVoellA #<l3tY Qiagen PCR Purification
Kit(Qiagen Inc.) 2 A= é}oﬂ o},

A g 16S tIDNAE F3 S22 ABI PRISM BigDye
Terminator Cycle Sequencmg Ready Reaction Kit
(Applied Biosystems) & Al&3le] dA71MgS A4S
% th. Sequencing PCR BigDye 54, 3.2umM 27F (5~
AGAGTTTGAT CCTGGCTCAG-3) primer 14,
16S rDNA sample 1u (90ng)ell EZo] 20u 7} H &=

E Ha3d 33 =/FFE sequencing PCR tubeol] ¥

‘

—_

H

S A ]

S Z4do wEt cycle sequencing ®F
. 96C el A 30%, 43'Cell A 30%, 60
Coll A 427k 25 cycle2 T3ttt o]FA Lozl
PCR 4hEo] -20Ce] EE¥ 100% ethanol 50u 2k
3M sodium acetate(pH 5.2) 2uE H7}sk 3 13,000
rpmol| Al 3087 HAAIZATE 2501 9] 70% ethanolS
o] &3t M s AXAIZ] F TSR(template
suppression reagent) 20u & H7}sFe] 95CoA 28
%< denaturation ¥ F 45 oA YA
ABI PRISM 310 Genetic Analyser (Applied
Biosystems) & AF&-3}e] 16S rDNAES
o},

d71Ee 454> DDBJ/NCBI/GenBank
database®] Blast program= ©] &3] H] 3R L
7F Q71 E

sequencing 3} 1

9] alignment= DNA Plus version 3.0

sequence alignment program(Scientific and
Educational Software)g o] &3l HHEZ AHFY
I, MEGA version 30 <38 A3y <A A
FAFe) AFEFAY A0S 24 5AcHSaitou et

al., 1987).

B. vallismortis 1A #32| nFEow oAx|ga A
2Fo] 9@ TRY AR EgRF PHo
AgsAs. TFAEe TAAL FEds] 9eol
oat meal agarol|A] 1FY F<F widsty oA 17d
£ BAUE sl FAAd AL FEAAT,

FAgORRE $E4E 4E A7 A AC
"1 307 A Ag &Avk. =3I, AHAdE B

vallismortis 1A #F+ R2A HAA ) A]9)| single colony
£ H=3 & shaking incubator(180 rpm, 28°C)olA]
547 vk Skt Cell harvestE fal YAE
(5000 rpm, 15%)E 8t Aseds HEil 10 mM
MgSOs buffer® resuspension S}

@u. 1% AuasE Bas) Asted QAo
TFEHED S 600 B AYRE FFVFAY
3 feEeddn A% ARon HES MwE B
vallismortis 1A #T(lo" CFU/ml)Z pot(4 em X 4 cm
X 45 )% 4n ¥ FEEF AH BF 847 3%
T FFI9Y 3210 spores/ ) 4Am A E g
HEspe] TRy WHE fEabgon WAL

%1_. [elNe] o
SH5 A F WA 1Y P f78098
TR MANA 4 sbsd A#Fe THTHOR e
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al.,1980: Ishida, Y. and H. Kadota, 1981: Whang et
al,1998). AGER FH EYANEE FAIHHL
2 Ak AR R2A wjA]of] wjFt A3 F 9,354
7 B EAen EEE AGE Aol g
(P. capsici) A%% A4 AMFLE AA
H OAA AGIASE F 12 X
Wol| tate] 371789 A FAlFol L
iste] Ao A== AE #HF &
(Table 1 5
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A W+ (Colletotrichum gloeosporioides), &7] W&
o) ¥ (Botrytis cinerea), EVIE AlE 24 (Fusarium
oxysoporum), 14+ Z+EHW (Rhizoctonia solani), B =
W (Pyricularia grisea) S 2 EW Ao hdt g7 &
ZAE A EH(Table 2). i AR dF5
o
kst AL HAuT I#Y 1AF
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7} gram positive, 7Y3. 2. W, Bacillus )
1 TSB HiA| el A A2
A Age e B
8t FAL 1A #F9 genomic DNAZFH
15kb =7]9] 16S rDNAE PCRZ FZ3lo &4 A
A8t sequencing ¥ Blast search WX #4] 3l
W I A3} B vallismortis?} 99% 2] FABAE EF

Wtk AgERsd 4243 Figo 1 oA B

o

o 17
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Table 1. Antifungal activity of oilgotrophic bacteria isolates obtainedfrom rhizosphere soil of pepper plants against Phytophthora

capsici causing phytophthora blight.

No of isolates with activity of inhibition dismeter’

Areas obtained

+H++ +++ ++ + None
Yeongyang 3 12 31 103 2,859
Jechon 4 8 20 68 1,900
Nonsan 0 2 4 12 1,769
Eumsong 2 5 12 37 1,454
Goesan 2 5 12 29 1,372
Total 11 32 79 249 9,354

! Suppressive effects of fungal growth by oligotrophic bacterial strains was measured according to the diameter of clear zone caused by inhibition of fungal

growth; += 1-2 and ++=3-4 and +++=5-6 and ++++=7mm or above

Table 2. Antifungal activity of oilgotrophic bacteria strains plant pathogenic fungal under in vifro conditions.

Degree of inhibitor clear zone activityT

Indicator strain

1A 6C 2A 4F 9H
Phytophthora capsici -+ +++ +H++ +++ +++
Colletotrichum gloeoosporioides +++ + + - +
Botrytis cinerea +++ + + ++ ++
Fusarium oxysporum +++ + ++ + ++
Rhizoctonia solani ++ + + - -
Magnaporte grisea + + - - -

! Suppressive effects of fungal growth by oligotrophic bacterial strains was measured according to the diameter of clear zone caused by inhibition of fungal

growth; += 1-2 and ++=3-4 and +++=5-6 and ++++=7mm or above
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B. vallismortis, B. mojavensis®Z}

Bacillus mojavensis RO-H-1T(AB021198)

1A
Bacillus vallismortis DV1-F-3T(AB021198)

Bacillus licheniformis NRRLNR S-1264T(X60623)

5

| Bacillus akibai 1139T(AB043858)

Bacilius atrophasus NRRLNRS-213T(AB021181))
89 |Paenmaor!lus polymyxa LAM13419T(AB0426063)

Bacill i i RLB-14393T(X60605)

DSM15402T(AJ493660)

Bacillus megaterium|AM13418T(D16273)

100| Bacillu:

DSM5271T(AJ238041)

Bacillus thuringiensis ATCC 10792T(AF290545))

| Bacillus flexus IFO15715T(AB021185)

76 L Baciilus pseudomycoides DSM 12442T(AF013121)

Bacillus simplexDSM1321T(D78478)

0.01
—

Fig. 1. Neighbour-joining tree based on 16S rDNA sequences
showing the phylogentic position of 1A strain and selected
Bacillus species. Bootstrap values of 1000 analyses are shown at
the branch points. The scale bar represent 1 nucleotide substitution
per 1,000 nucleotides of 16S rDNA sequence.

Table 3. Morphological and biocheminal characteristics of the strain.

g gAAst RAE st 218E Y4
. B. licheniformis, B. subtilis, B, akibai 2}%= -FA}

Gepge AEAos A, s 549
F 4+ B. vallismortis KACC 12149, B,
mojavensis KACC 120969} B]w&}o] ZA} 3Rt AY
3183 EAX L potassium nitrate, esculin, gelatin, 4-
Fasleie P

0 O_u
lo rot ;R

o R

nitrophenyl-D-galactopyranosideE 7}

WSS "W ow, L-tryptophane, D-glucose, L-
arginine, urea®] AW SAANSS Bt &
29 o] €42 mannose, mannitol, N-acetyl-
glucosamine, maltose, gluconates¢] @& o] &3 Aot
(Table 3). webA, EFdF Blwste] BH 1A o
FE5 B. vallismortis®t A9 22 H&S HIOoU B

mojavensis 2k urea, N-acetyl-glucosamine, maltose
S oA B3 O wee HaA HEHOE 1A
T+ B. vallismortis &=

FFE WUHL AEAY 59

=2 3 B. vallismortis

B. vallismortis 1A 32| TFEoY AxEa o)X
Hjgko g MdtE AdguAEd 1A #3571 ZF9HY
of tisll Bk oA AA=Z I AESH BAFo

Characteristics 1A

B. vallismortis
KACCI12149

B. mojavensis
KACC12096

Morphological

Motility Rod

Gram staining
Sporefoemation +
Aerobic growth

Rod Rod
+
+ +
+

Biocheminal
Potassium nitrate +
L-tryptophane -
D-glucose -
L-arginine
Urea -
Esculim
Gelatin
4-nitrophenyl-D-galactopyranoside

+ + + 4+

D-glucose
L-arabinose

D-mannose
D-mannitol
N-acetyl-glucosamine
D-mannitol

+ + + 4+ o+

Potassium gluconate
Capric acid -
Adipic acid

Malic acid +
Trisodium citrate -
Phenylacetic acid -

Lo+ o+ o+ o+
+ o+ 0+ + o+ 4+

+ + + 4+ o+
.

+; positive, -; negative
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A=A Bletr] fla 7154

=
3te] in vivo testE AHAISAH 60Y AX= A& IF
#+

o
F AEST 39F nFwe 2R A=A (104
spores/m) 4m HZE 39
MgSOi2 A3 !

=
Ak AFA TFAY FHOE 3Fe] Aus}

2
)
o

©

2 W oo wEn 2/REe o
o AL Gge 2 4 ARed 59 Rz
A% WE F 5AVE FGHol thehbr] AzsA
79 olFolt FA olyEel LA 15UAE

= ¢ ﬂﬂl 29%77}21 ol &S ioq 1?—9%%01]
g3t HAgAI}T deS 2
A EFF ol Jte

= o
o 2

o

=
PR
X
0,

x4 370 #5<
Bacillus, Tricoderma, Pseudomonas &= V"R &% 20 2
7150l Holyd AL Bacilluso|th, Bacilluse R 9
AETHESE B33 &9 cellulase, amylase,
glucanase =& A4+gd Bt oty (Grau et al,
2001: Phister et al., 2004) inturin, sufractin}
bacillomycin 59| &AFA JFAEH IS s+ o
Y ARAE = A AFSETH(Vanittanakam et al,, 1986:
Hiraoka et al.,, 1992: Tsuge et al, 1996:
Roongsawang et al, 2002; Spadaro et al, 2005).
Bacillus sp.== YHFH o2 TS 5o vls] YA 6] <F
Al ke SA % IR g AR £2 g4 T2
2 03 Eok HEA otAAHOo R ZEo| 22T 4

901 Bl EEFe A AL S50l Erh
100 r
SN S
2 —e- control
Q
g
b
2
()
@
o
a

5 7 10 15 20 5
Days after inoculation

Fig. 2. Disease progress curve for disease severity and
incidence of Phytophthora blight of pepper treated by MgSOs
buffer(as control) and potential, antagonistic bacterium, 1A
strain, in the greenhouse. Suppressive effects of oligotrophic
bacterial strain against infection by Phytophthora capsici on 9-
week-old pepper plants in green house.
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A 7te &4
™ 16S rDNA ¢ EF+#F(B.
&% A, Asiety d¥de= B
vallismortis2 #EF4 HAW. 1AFT
Al 9] 3t 7  Phytophthora,
Collectotrichum, Botrytis, Fusarium w=olA Z Y7
e B4e deil 13 FEALNN BET
7} 89% 4w WEEL Wel WHe] 1A Ael ol A
= 20%9 WS dehgel TR ARFes
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vallismortis, B.
mojavensis) S ©]
= Rhizpctonia,
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