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A total of 10,753 oligotrophic bacteria were isolated from the cultivated soils of red-pepper infected by
Phytophthora blight disease in various regions of Korea (Chungju, Anmyon, Taean, Andong, Eumsung and
Goesan). Seven bacteria isolates among these collected resources were selected by the first screening of in vitro
antagonistic assay against major several plant pathogenic fungi including Phytophthora capsici. Finally, strain
7F was selected by pot assay for a possible biological control agent against Phytophthora blight disease of
pepper seedling in the greenhouse. Strain 7F was identified as Bacillus subtilis on the basis of its 16S rDNA
sequence analysis and as standardized biochemical characteristics assay kits such as API20 NE. In the
experiment of P. capsici zoospore infected red-pepper on the pot test, infection rate of red-pepper with none-
treatment to Phytophthora blight disease was 87%, while the rate was only 6% in the pot treated with strain
7F. This result indicated that the Bacillus subtilis strain 7F will be useful as a potential biocontrol agent for
Phytophthora blight disease of red-pepper.
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AdA ) EABHE AA vAE FE FolA HAAR v
AE-E Eeste] o] &3k F2 1% mlwke]Z YA 99%
of o]2 vt vAEES Qzte] A o] 8-& &
AL Ae AAolth ol#gl nAEES TYAHLE ol
3t ste B2 =850 JAHI 3, 7R 2
gE A EREY ATE AT YA F43] F
2ahe nAEo] tifEolied A v g5t
=87 F2ske Aol AR Fol v EAlsts
AHde] WAIHA e, sl 2 B 5 A Al
X3 A= AYY MF(oligotrophic bacteriayel] Wt A
77} 81+3] A7) 5 3 I tHOhata S, 1980; Whang =, 1988;
Kim &, 2005). 28] FUolAe olg AFE Aas
e R 7eA B e A AgsiAY olg9)
B B AgE SAd dig d+e v AA ol

uEA] 2 At 718 LolatA wgEE nAdE =
Ao BFE Awalr] oo ofF] o] nzgk A g ol
A A VAR ALS AR a3 Ao AET
A Ao AFA a3t de Al A¥aE Asia
2L ke Mg A 74 2 ATRRTH &
S AESIL & AERdde] e AESE WA
of &&sl7] Y FHoE AFE FYAL

M=

AR wiz] B2 FF, AYYE Al BEE 8 RA
Hixje} F3go] vjkE- wix]2+= PDA(Potato Dextrose Agar)
HIAIE 22t ARBBIRl e, R2A HiA]S] 24
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0.5 g; Proteose peptone, 0.5 g; Casamino acids, 0.5g;
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Yeast extract,

Glucose, 0.5 g; Soluble starch, 0.5 g; Na-pyruvate, 0.3 g;
K,;HPO,, 03g; MgSO,7H,0, 0.05g; distilled water,
1000 m/o|™ pH 7.0-7.28 23} w3, Ade 48
oo A, Asletd dds 9% EEAFEN Bacillus
subtilis(KACC 10854)¢} 2| & Y8 HWLAF P capsici
(KACC 40483), Colletotrichum gloeosporioides(KACC 40003),
Botrytis cinerea(KACC 40573), Fusarium oxysporum (KACC
40052), Rhizoctonia solani(KACC 40109), Magnaporthe
grisea(KACC 40425) 5-& 3= Ar8EXGAE (KACC)
2RY Egdol ARSI

AdF AlF 22 2 inviro 2 FAA. IF 94
of tigt Aatalag syl st el BAd F
5 35, 24, A4, 9 99, QL AR Hs A 1
P Yo guo] W EA & A 2l E
k2 AJF 3he] polyethylene vinyl bagoll ¥ § AH4

35 -

ojmla] - AL - FEA - BEF

1z

2 et 319 EYAE 1ol BEF omie ¥
3 A2oA 3087} shaking 3 F 1073 107 HE 3H
Blo] R2A HiA) O =8l 28°Cell A 1527 v oka)
of JAete Aldie Eelsidch Bad AGY Nae
20% ZFEAEo] H7FE R2A #A] o] Yol —70°Ce] 2
HAste] AN A EHAA e g 78S
7R ARG M-S Adst7] 98] PDAMA] AgolA 3
Ax wgd AE J4949 F3ole] g 1em 7H4
& T3 EeE AEE 7 Al de(10° CFUMmDE 1w/
4 loading ¥ ¥ 28°C 2714 347 UjX|ul Y 3P
A ARAAY BAE AR5 FESISh

Astey £ &gk # 4. AdE AU AT
e, Astetd 548 Z2AFSH] 918 API 20NE kit ©|
43} t}. Tryptic Soy Agar plated|A] 72 streakingd}il
28°C 270l A uige 9] FEEL 0.85% NaCl 40 m/
o @gsle] API 20 NE kit(Biomerieux, Inc.) testES 42}
AL 1 AFE APIOIA AlF-dh= U(www.APLcom)2]
databased F3 41513}, ©| & EUIE Bergey's Manual
ARG o]gste] FAHeATh

AR

of Systematic Bacteriology
(Holt &, 1994).

16S rDNA 5% ¥ 5. Chromosomal DNA &+
benzyl chloride H'H 2.2 F3J A tH(Miyagawa 5, 1993).
Aol TE buffer(100 mM Tris HCI, 40 mM EDTA pH 8.0)
500 W= H71ete] dEAIZ] £ 10% sodim dodecyl sulfate
(SDS) 100 u/9} benzyl chloride(Katayama chemicals Co.)
300 wWE F7isted 50°Co A 3027 WEEAIHTE o] F
4°C, 13,000 pmellA 1587 94 £l 45 Hd 3M
sodium acetate(pH 5.2) 10 WS H7tste] 2 E3g & 2
3Jof} A4 phenol/chloroform/isoamyalcohol(25:24:1) extraction
£ FYsigrt. AFH R Aol AHF dol) FH 2-
propanols 71§ F 4°C, 3047 ¥4¥ielsle] DNAE
AAANI|ZL 70% ethanolE 23] A& 3 thg AFAZR A
Ao HFHOE 0w FFFE H78t DNAS &
AR ™ 0.8% agarose geldl A A 71 F(Mupid-2,
TAKARA Co.)st &Rttt DNA ¥ 58 &
A8l7] 213l spectrophotometerZ 260 nme} 280 nmel] A
FH=E 2489k 223 DNAZYH 16S tDNA gene
< Z¥3517] 93k DI1(5-AGAGTTTGATCCTGGCTCAG-
3%} P2(5-ACGGCTACCTTGITACGACTT-3") primerE

-85} (Zhu 5, 1993; Au, 1995) 94°CollA 587+ ¥iA
A7 5 94°CAlA] 13, 30°CollA 1430%, 72°CollA 2%
7k 34 cycleZ PCRES 333t PCR SX%4A4E F
1.5~1.6 kboll 853 AH-E 0.8% agarose gel, 0.5XTAE
bufferll 4] 100 VE 3087+ 1719 &3 ¥ ethidium bromide
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| 1587 GAst] UV FZoA 313+ Qiagen
PCR Purification Kit(Qiagen Inc)Z A A|stA T 2 E
DNAE ARE2F AwAfe] ulg} PCR 2.1 Topo TA Vector
system(Invitrogen)el| subcloning} it

16S rDNA 337 £4. F714<E &4 ABI 3700
(Perkin Elmer, Co.) 7]71& ©]&-3l%=dl $Hl€E cloned
template vector &<l =38 M13 Forward, M13 Reverse
primerE #12+8 =, Big Dye 2ul, 5x €% 1 ul, primer
(1. 6pmol/ul) 1 ul, template(250~500 ng) 6 W& PCR tube
o] Wi E§T 3 PCR(ABI 9700)3t3ch. PCR 71
95°C 10+ ¥ denaturation 96°C 102, annealing 50°C 5%,
extension 60°C 4% XZASZE 25cycles F3t
termination 72°C 10+, soaking 4°C=E 3ttt 2 5 10w

£ 1.5m!/ EP tubed]l &7]3 3M sodium acetate(pH 7.6)
1ul94» AEYZE 100% oAeHE 25 wE W Lol 20
W2 R F 13,000 pmol Al 153 Y48 5te] DNAE
FANZT 45 AS WE L 70% cold IEHE 100 w/Z
T AXG & AdeoM 212=AF T ©] $ TSR(template
suppression reagent) 20-25 u/Z A 5451(6}01 95°Cel| A
287 HEEAI7|5L Eolld A8 H, vEA R E automatic
DNA sequencer® fragment sequencingdFith. @714 € ¢
3572 DDBJ/NCBI/GenBank database$] Blast program
< o] &3t v g e Z FrIAEY alignment=
DNA Plus version 3.0 sequence alignment program
(Scientific and Educational Software)S: ©]&3le] WH=2
) €8} aL, MEGA version 3.0 =% Aol o7 s}
AAF Ao AZEFEH Y9x5 AA s cH(Saitou
5, 1987).

I3 9y AE AR AdaFel A% 23 9y o
A&e BdAF PR A8 HCho F, 2006).
23 g BAH TIPS 235171 $18kd oat meal
agarl Al 15 FF MYt Al 13Y F9t 3 A
& st FEAbde 348 fEsiit fEApdesR
H §F22 UEA1717] 938 4£°CoA 3087 A2 22
stact. =¥, AEE B subtilis TF 55 R2A A

Aol single colony® %3 % shaking incubator(180
rpm, 28°C)oll A 57+ vkttt Cell harvest®: $3f €
AE2(5,000 pm, 158)E 3t 45 AL B2 10mM
MgSO, buffer2 10° CFU/m/e] H =& | dAgslgrt. s
A, 25 99 JARAE A5 -‘H?‘l AF FE
o FE AFFA(FD)E 60Y T AAEE
AFEAHE FreEleddA] AT, FEe Al
subtilis TF #3(10° CFU/m)E pot(4 cmx4 cmx4.5 cm)
ZF am 7] d EY FH B S9 3Y &

WOﬁriSSL'

Z AT FFAH10* spores/mlyE 4 mA Ego HEs
o 3F Ay Wi FEIATE olF 25 oy dAA
=5 2597 AR
2o nE
A A dig A} A3 AL 2 A
AHEE ARG A2 Gl Fo] AL #FANAM A

5 7Fes A &, A 1EET ”13’&4 7] gad-g 3
F3t wiKjoll A 4] shse M-S WeH(Ohta 5, 1980;
Ishida®} Kadota, 1981; Whang &, 1988). ©|21gt A9 %¥
AggHE 2 AAZA v B2 vAEe UFE X
371 W&ol Al A¥ddg 2 FgEo] Frh Ed A
AE AAZ ALE B 5 AR F=rt vl ot
YA d717t wolAls Aol 7] Wi A gt
& Z0F oFo] Hrp A9HE £YE 13 29 E
F NEES FRIAROT APF WK<l R2A wiRe] =
et Ast, F 10,753 @57 EEEYeH EaldE A
F Ao 313 AP capsic)l et A3E AL
A v oz AASINY. EelE AA g AaE
S A wigste] AaAS 13} s A a3 9y
o st 366702 AFYF Mol LF I F A8E
A&t th(Table 1). 53], ¢4, B X5 EYAIME
3 el tis] 7t +++o) e 7 é‘} =
15-262F7F F8] Ao $4, &5 Bl A fole
A3 &g 7 e dFt 7~9ﬂ~ FSk
o} ol& <, EIQ AFe] A EYAIR AH Al L

%MW Bol WAel= Avkd o]£4H 9¢
TRE W, ¢tE, 4 EYY ¢ 2

l°o

Argel A EEEI] A 597 NEIE AW
WER] AL HzbET tetA 23 9 e A%
H2 T @58 Eele -Asﬂ*i T3 el 4
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o 4 ok PetETh

A ZA3te] 3 spectrum. g
AE THE AQYE M F UEA 7 @5 sty
IF QU ol9)9] T4 AENAY AaEd 25 ¢
AYHH(C. gloeosporioides), 27 ALFFo1EF(B. cinerea),
EnE NESSHI(E oxysporum), A4t ZEHF(R. solani),
B TG H(M grisea) T et FFEAHE FAEA
THTable 2). A& #4552 15 Yo sl e 73
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Table 1. Regional distribution of antifungal oligotrophic bacteria

Number of isolates by the diameter of clear zone formation®

Areas obtained

1t 4+ R None

Chungju 4 4 - 100 2859
Anmyon 10 5 11 68 1876
Taean 12 14 3 52 2072
Andong 4 5 23 - 1454
Eumsung 2 5 12 - 1372
Goesan 4 6 15 - 1630
Total 36 40 110 180 10387

A degree of fungal growth suppression by oligotrophic bacterial strains was measured according to the diameter of clear zone caused by fungal
growth inhibition: +: 1~2 , ++: 3~4, +++: 5~6 and ++++: 7 mm or above.

3 g B ohve}l AU FgolH, AESHAE AT 108549} Blwate] 2ALEISATE AEHEHE EAL potassium
44 JeEMIAT 12HE A9 dif2y A8 #5375 mtrate, esculin, gelatin, 4-nitrophenyl-D-galactopyranoside
& 2 AW 15 @AW et A e BIle 5 sigEsishe PSS 2312w, Lryptophane, D-
o, 10H9} 7EE ©] 92 79 tsire A AgE-s glucose, L-arginine, urea®] & ARFSol& SANSS B
Vel A gksith B3 12D 75 AP E A &g < gt g4 o]4AL mannose, mannitol, N-acetyl-
2 ZEEG W =9YE Aslae A BE AY glucosamine, maltose, gluconate 5¢ & ©| &5}t
HdgFol ulste] 7t AdgeEe HYrth

TF @58 FA. L5 GHEY oz tE 4EW
Lol g E dgdeg liol% 7F w50l tiste &
AL AN A A o2 BEAS A o] =

AY A Bacillus$oA £ -’r‘- U ZHdE g Kol
I uRew Ans #F E]‘Ziﬁ‘r(Fig- D). 2FEN A3
gram positiveZ 83 Z.2.7, TSB wjAol|A 2t of A
A EAE F2Y W dA9T 2R ESY T4
2 genomic DNAZH-E ¢F 1.5kb Z7]1¢] 16S IDNAE
PCRE ZEO}@} 4 AABLL 27F primerE ©]&-314]
sequencing % Blast searchﬁ}“% B 223 A3, Fig, 20 e :
AN He ‘3]'9]' o] AZEFEAOR B subdlis?t 7V S S = TTTEmm
dAA7E B sle 2AEA O] e s whd Fig. 1. Transmission Electron Microscopy feature of Bacillus
o= Qg AzerE 8BS FHEAF9 B subtlis KACC subtilis strain 7F. White box indicates reference bar.

Table 2. Antifungal aspects of the selected oligotrophic bacteria to the major plant fungal disease

Degree of clear zone formation®

Indicator strains D D A = oH = v
Phytophthora capsici At et et e At At Aot
Colletotrichum gloeosporioides -+ - - ++++ ot S At
Botrytis cinerea -+ ++ ++ ++ _ _ i
Fusarium oxysporum -+ A At ot - - e
Rhizoctonia solani NT + NT et - - T
Magnaporthe grisea NT + NT _ + _ +

*A degree of fungal growth suppression by oligotrophic bacterial strains was measured according to the diameter of ¢lear zone caused by fingal
growth inhibition: +: 1~2 , ++: 3~4, +++: 5~6 and ++++: 7 mim or above. NT and - means Not Treated and no effect, respectively.
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Bacilius subtifis subsp, subliisNBRC 1371(T) AB271744
Bacilus mojavensisIFO 15718(T) ABO21191

Bacilus sublifis subsp, spizizeniNRRL B-23049(T) AFO74970
Bacifus valismortis DSM 11031(T) AB021198

Baciflus amvioliguafaciens ATCC 23350(T) X80805

Pasnibacifius fentimorbus ATCC 14707(T) X60622

Pasnibacius popifias ATCC 14706(T) XE0633

Bacitlus sonorensisNRRL B-23154(T) AF302118

00 Bacillus aerius 24K(T) AJ831843

95 | Bacitus fcheniformisDSM 13(T) X68416
Bacilus safensisFO-036b(T) AF234854

Bacillus aerophilus 28K(T) AJ831844

4{ Bacifus alftudinis 41KF2b(T) AJ831842
o Bacifius stratosphericus41KF2a(T) AJ831841
Bacillus shackiatonifl MG 18435(T) AJ250318

0.005

Fig. 2. Neighbor joining phylogenetic tree analysis of Bacillus subtilis strain 7F using 16S rDNA sequences.

(Table 3). W&t BEEFF HlAstq BW TF 45
BZEA5 B subtilis$h ThR-E-2] AJ5}81A ubg-o] X
slHLuE o] FFE HAFHOFE B subtilis TFE B
stk

B. subtilis TF Z9) in vivo WA &5} A, x|
Foz Mg AP ES TF FF7F ZF Iy o
8 B oA dAZ 2 AEE HAge] deA &
o15l7] S8 7148 I35 thF2R 3t in vivo
testE AA18ATH 60Y Ax Agk & F-1o) B subtilis
7F(10° CFU/m/) 4 mi& ESDF JF3t 39 F 15
Ao 2 N (10* spores/ml) 4 miS HEEIN L
o ZTEE 10mM MgSO,Z A& sk 259U7F

B A RS AT AFAQ 1F oy
259 7] R AAE ) AL 1
w2y 7R 2E gusiRe @de] veher
53] iz A HE F s49¥H 23 9ol Yt
W] AlZslx 7Y ol Folle F43] oo EFIA
15871 76%, 25871 87%7HA 2] ol &2 B ATHFig.
3). ®¥A0l B. subdlis TFE HES AgFolMe HE &
209 7M1 As L gue] WA o] YelR] gghe
™ 25YclAoF 6% w|REe] e oW &S Mo IF o
ol tisl gLt WA a7t S-S & 4 U}, Bacillus
Zo] YR g AEZHES Eadhe 49 cellulase,
amylase, glucanase & AJ4Fsh Wt o2l (Grau 5, 2001;
Phister &, 2004) iturin, surfactin?} bacillomycin 52| &
27+ lipo-cyclopeptide#] 9] A EZH-L AYatgiria &
2] JtH(Maget-Dana 5, 1994; Bais 5, 2004; Tsuge 5, 1996;
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Table 3. Comparison of Physiological and biochemical properties
of the Bacillus subtilis strain 7F with B. subtilis standard strain
KACC10854

Characteristics

7F
+

KACC10854
+

Potassium nitrate
L-tryptophan

D-glucose (fermentation)
D-glucose (assimilation)

|
I

L-arginine

{
|

Urea

Esculin ferric citrate

Gelatin
4-nitrophenyl-#D-galactopyranoside
L-arabinose

D-mannose

D-mannitol

N-acetylglucosamine

D-maltose

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

Potassium gluconate
Capric acid

|
|

i
i

Adipic acid
Malic acid
Trisodium citrate
Phenylacetic acid

+ o+
+ +

Roongsawang 5, 2002; Spadaro &, 2005). & d3+& ¥
ato] A B subtlis TF @55 dWELE e Ald
of Hlsl] AA wjF Al WE TS EE, ¢ SHE=RY

T o, 1 D

=]
=
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Fig. 3. Biocontrol effects of the Bacillus subtilis strain 7F to
Phytophthora blight disease. All values were mean + S.D (n=3).

sl = (REWs}, GEFEF, pH 5) B2 Y522 A
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22 £ oy B3 & A7 TF FFe e 3 3
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o A JPsAe EoEr) £33 o] 7o 3 99 Az}
9] 9 E4E ¥, Y 4 MEL biopesticides®]
MEEA o] 7€t

2% eyel AR F7, A, B9, OF, 84 27
F ool A WA 10,7537F¢) NG
t}. o|& F Phytophthora capsicie
Q

WA 7S Hol= 7F @&t A
DNAG 71 243} API20 NE 71EE 53 A, A
3}etd ¥4 5319 Bacillus subtilisZ S8 ATE 2L
= 9y ¥AE AP 23 45 3K GAH A, X
259 F 2T 2F 9y oY H|go] 87%d °lE=
HhAe] 7F 538 A et e @A 6% oH
&g B

ZAtel 2
¥ ATE FUARTHATY AT EANE

08-4-12-9-1)A1 9ol 28] ol Fo] Ao olo] FAE =
gu,
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