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Antifungal Activity of Paenibacillus sp. IUB225-08 Against Colletotrichum gloeosporioides
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ABSTRACT : Bacterial strains isolated from diseased red pepper fruits showed inhibitory effect on mycelial growth
and spore germination of Colletotrichum gloeosporioides. The bacterium was identified as Paenibacillus sp. based
on its physiological, biochemical characteristics and MicroLog analysis and named Paenibacillus sp. ITUB225-08. The
bacterium showed the highest level of antifungal activity C. gloeosporioides when cultured at 25°C for 60 hrs in
LB broth with initial pH of 7.0. The butanol fraction from culture extract of Paenibacillus sp. IUB225-08 effectively
inhibited the mycelial growth and spore germination of C. gloeosporioides than any other agricultural chemicals
tested. Pepper fruits and seeds treated with spores of C. gloeosporioides showed symptoms, while those treated with
the culture extract and C. gloeosporioides together did not show any symptoms. Therefore, the culture extract of
Paenibacillus sp. TUB225-08 have a potential for biocontrol agent of red pepper anthracnose.
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oA 20069 116,914 tono] SO, 2011 77,110
ton®. & W 7% TH(Statistics, 2011). £3] AFEAH
a5=o] drjjol] whysie] gakere] 1kt FEA S o
St BEAWe] Q9 FFE Colletotrichum — acutatum,
Glomerella cingulata, C. coccodes, C. capsici, C. dematium
I C. gloeosporioides 5°] RiE o] St} ol& F C
gloeosporioides= Y9730 Z¢atm, A AN E Fol
HAEE $07 B1% 3 ¢tk (Hadden and Black, 198).
35 9o AlZk(Bernstein et al., 1995), Z7](Smith and
Black, 1990) 3! Th& B& ZHao] B¥E TN T8
sk Al B Yo Z Baryo] Qi o]dl| C. gloeosporioides
E WAIsH] Sl HI7EA] AtA] ARg-o] BRstE o] 9}

A, opAlol Tig ulgel A F7ksbl B, okl
AR Uehlle #& AFEATIY) skl BaAle] AL

SHE O solul HUA Egely 71T ¥ B2 &
o] Al FFE g IAHEAZE A o). FHE
FEUEAE Tkl g s AE5A 549
Ake] bAS Feb] flsl P ES] AdkaA
B3k 218 AQ1 A= A=A Aol =AY
th(Kim et al., 2008; Li and Choi, 2009). 2P &S
olga A=W WHAISH] % WL Trichoderma
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Bacillus spp. 52 Alit32} Streptomyces spp. 52| B+
o] A= Uth(Hardar et al., 1979; Yoshie et al.,
1993). 3] Trichoderma harzianums EFol| 2]k X
ﬂoﬂ}\i o] @2 Sclerotium spp.oll 2|5l WA= 2 E
aA o7 WA|SFR 2™, Bacillus subtilis CMB32
7 P AY2Fst lipopeptides Iturin A, fengycin and surfactin
A 59 FAEZ| Colletotrichum gloeosporioides®| T
3 =2 WAEHNE HAvs BHu% JAtHMumpuni ef
, 1998); Kim et al., 2010). AAZ B. subtilisE ©]&
5“ WS WAlsk] Qs JiEs mAE AAES
Kodiak(Gustafson), Botkiller 50] Azor =25
21351 F2 ZXAYAY F3 T Qi Fojuxg
AR A= Ach(Fravel et al., 1998; Brannen
and Kenney, 1997).
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P07 BAS AN 73 PeIARE NA
(Nutrient agar; beef extract 0.3%(w/v), peptone 0.5%(W/v),
agar 1.5%(w/v), Difco, USA)S ARE-3lo] 25°CollA] vk
skt A =2E AAer] 913k viAl 2= LB(Luria-
Bertani; tryptone 1%(w/v), yeast extract 0.5%(w/v), NaCl

0.5%(w/v), Difco, USA)E ©|-&3}o] 25°ColA] 180 rpm,
48717k Bl sileH, xS Agsk7] f1eh A

A 2= FAA7T 2= R] 252 PDA(potato dextrose agar,
potatoes infusion 20%(w/v), Bacto dextrose 2%(W/v),
Bacto agar 1.5%(w/v), Difco, USA)E A&-3}51 T},
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LA A S/FT7F 293U
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o | L~ NAHIA] 7} S0 petri-

Bog 724 W Z 25°CoA] 484
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7] 1=l 3’——%"“ A S A OF|= Colletotrichum gloeo-
B WA =gl Rt
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o TALYE x|l MY
of| A v‘f‘.‘\’/] 5t MldEo°] C. gloeosporioides T~
S JAe=A] ZAFsl7] 9@l PDA wjA]ol|A] 7Y )
&3t TFeA o] FAAIE A7 S mmel cork borer
2 A3k 5| PDA WA Fdell &4 JEE Tl
20 mme] 7HAOS R Fi1, 25°CAlA 5U7F Xt &
A7) A A (Inhibition zone)E T2 ZA6to] 3+t
Tt =2 MlES L3 th(Schiewe and Mendgen,
1992; Victor and Editor, 1991).

T AFEA o] ZApdole] oA
o] & g ALet] el LFEA A HAME Al
AAEE vepd ZH7te] #4355 LBuiA] HE st
25°ColA 180 rpmCE 2% F<t FEMgS & dojx
HjFed S 10,000 rpmOZ 30%7F YAEE](VS23STM,
Vision Co., Korea)st ¥ A5 50 uLE paper disc
(Avantec, 8 mm, Toyo Roshi Kaisha, Ltd. Japan)ell 44,
AW #¢] 2} FEFel (1~5 x 10° conidia/mL)°] 1 mL3
Z% PDA viX|9] Tl e 25°CAlA 3 71 nj
&gk 7 AAA XY (inhibition zone)2] 73S TR =
Aste] xApe] Wolg A sk M-S sttt

g Yiste 7o 3

A A M-S A 3E7] flEl Bergey’s
Manualoll whe} 28AA WAAXEAAA | FH), 54, &
Halls o el - A5 SA4E 74 ]'AA—D:](HOH
et al., 1994), o]¢}= HYE= Biolog(Biolog, Inc. USA)AL
¢] Biolog MicroLog 3, 4.01 versiong ©]-83fc] Aute
AdS HAETHoE S

HiZAoM FEIES 2EE 0|88 SFER FE
?‘%&% o] AAHe flal] At 72 LBulA|of HE3h
25°ColA 180 rpmOE 7247k FoF A& ujgsk &

[e)
H°k° < 10,000 rpmOE 307F AAHEE](VS23STM,
VISIOH Co., Korea)dt ¥ butanol} 2(1:1)Z 33| W= 53
FeE SRS 3)9ste] H57]1(N-1, Tokyo Rikakikai
Co., Japan)= 7Y 53 &
Korea)dte] IFEA Y ol g S48 Uehll= %é%
FE3IAth(Fig. 1).
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Culture medium
centrifugation (10,000 rpm, 30 min)
Precipitate Supernatant

extracted with 50% butanol

Butanol layer

concentrated in vaccum
on a rotary evaporator

Butanol fraction

Fig. 1. Extraction procedure of butanol fraction from culture
medium of Paenibacillus sp. TUB225-08.

SR EE Yot =Eo| pH

Wi x]2] 27| pH7} Paenibacillus sp. TUB225-08%] &
4EZ At wXs a5 oty $8] LBuiA
100 mLel IN HCIZ IN NaOHE ©|-&3te] pHE 4.0~
10.002 2Hs & & HFHL 25904 180 rpmS =
TAZE A& w ke 5wl 3]rate] 10,000 rpmS
2 3087 YEE(VS23STM, Vision Co., Korea)d+ 3
FeReE BYsla 54712 & $EE 345t pHe
ztole] whE o] AT gt S AT
Mt =Eo| wjy2E W AlZt
2H& 918 Paenibacillus sp. TUB225-08 o
HA wjFEe}t WA TS Holry] 915 LB Hl
mL7} 0l sHtEetaTel #& HEsia bl
Z}z}F 20°C, 25°C, 30°C, 40°CE %= 5 180
moll A 72A17F S9F R vttt 7o AR EE
3333 5=A] (Ultrospec 2000, Pharmacia Biotech, England)
ARE-EF] 660 nmollA] S48ttt v o] it ui kY
& 3]%3ke] 10,000 rpm o2 3087 PAIE2] (VS23STM,
Vision Co., Korea)dt] 5 3|4 v FEHEE
83 § o5 o]&at] AFEA YA HAF AAFAA

o} sEA}e] wolela] w3ke] Aol Abgsteich
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C. gloeosporioides®] @ 37 A

HjFls FERER st dojxl =3 A¥Ee
FoFe] &g v|wslr] 98] carbendazim, benomyl,
folpet, iprodione, polyoxin D zinc salt, polyoxin B,
trifloxystrobin 5 7&°] ¥ IH=HE YAl
Fo MjgAS FEEE st dolxl BHE Axs

| S0t gREw)
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3 247} 10 pg/mL, 100 pg/mLe] FE2 2As I
3 PDA #jA19] €571 50°CY w) B 2 4S F petri
dishell o] ZETh. @)% PDAIA 25°C, 5 2+ wjk
St C. gloeosporioides FAHAIE Bdd 27 5 mme]
cork borerZ Hwst & zhzto] Fokul HEbg FEE0]
ol wiRle] Fdoll HESIAL 25°CelA 5UZH

wjFste] zzte] FAlE Ftade] A oA a9
£ mm 9912 S35

C. gloeosporioides®] IR0l A

Paenibacillus sp. TUB225-08 57} Auj=x]ol|A A
A e A Al ko] AFEAHA ZApdold
n 2= 3345 ZABP] 913 C. gloeosporioidesS] XA}
Aol S 1~5 x 10° conidia/mL7} H == FH|sle] PDA
Hizloll 1 mLA SE2A EFete] HESATh AlEEAL
)= cabendazim, iprodione, benomyl, folpet, polyoxin
D zinc salt, polyoxin B, trifloxystrobin 5 72| &=}
HjFS Fehe R F85te] dojzl E2S 100 pg/mLe]
FER 50 uLA paper discoll Al §, IFEA o] E
47} AFE PDAMjA| 9] gl HFstal 25°ColM 3
ot wleFsle] AA A (inhibition zone)e] A7HL =
Akt
Yog ES 0FEX0 chet
FEAE 0.5%2] ArAUEFOZ 3
S5 W 28 FAE H 6417 B
C. gloeosporioides®] XA} HErN
mLe| F=olA IAIZE A7 Ths Aol
agal o] FAE FEE E3Eo] 6AZF
petri-dish Woll @2 A4l of74x] $lof &2
70%, 2% 25°C] & AJefellA] 1447 #Este] Tt
ol Jel & ZAFSHIAT
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70% ethanol® ¥ HA
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o] = 30 uL He F 70%2] FF=rt A==
FAo ¥ 25°ColA 10 &RF wjeFate] a3l A
st e A ZAFst HH(Manandhar et al.,
1995).
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A EA ] dolE Ashs #FES et o F
7V 943 @345 Yelll= Paenibacillus sp. TUB225-
08< T Adsisict

N A
o

&
[ oot ob

YUERH Mg A
5743171 98l Bergey’s Manualoll we} A}
, Ag] - slekd 542 Table 13} 2t} o] 4=
Gram ¥ o2 Z7AFI7doH, WAxA 34,
540l 1o, catalase ¥4, D-glucose, D-xylose, D-
mannose Y& %52 HUA| T D-arabinoset WA &
Tk EESE casein, gelatin 7RSS A4S ARSI,
NaCl 2~7%¢%} A% 20~45°CollA A4S HAch 2
2|3 Biolog kitE ©]-8&t 543 A3 AFEAH o]

% mju fd oo

N

Table 1. Physiological and biochemical characteristics of the
isolated Paenibacillus sp. [lUB225-08

Bacterial Isolates

Characteristics
1UB225-08
Morphology rod
Motility +
Catalase
Anaerobic growth
MR test -
VP test +
Acid from p-glucose +
p-arabinose -
p-xylose +
p-mannose +
Gas from glucose -
Hydrolysis of casein +
gelatin +
starch -
Utilization of citrate -
Deamination of phenylalanine -
Nitrate reduced to nitrite -
Formation of indole
Growth in NaCl 2% +
NaCl 5% +
NaCl 7% +
NaCl 10% -
Growth at 20°C +
35°C +
45°C +
50°C -
55°C -
60°C -

+, 90% or more of strains are positive.
-, 90% or more of strains are negative.

A4S el Al Paenibacillus sp.2 <1 o]
Paenibacillus sp. TUB225-082 3} T, Paenibacillus
22 Bacillaceae#2] Bacillus 9 &3] U2, 1993
d o] 16S rRNA #F47F d714<Ee s 27=
Bacillaceae 2. 25 ET|= 2 (Ash ef al., 1993),
Paenibacillus %= P. polymyxa(Nielson and Sorensen,
1997, Zengguo et al., 2007.), P. elgii(Wu et al., 2010.), P.
validus(Heyndrickx et al., 1995.), P. chibensis, P. peoriae
(Von der Weid et al., 2003), P. koreensis(Chung et al.,
2000), P. ehimensis(Lee et al., 2004.), P. amylolyticus, P
illinoisensis 2 P. chibensis(Shida et al., 1997) P.
alginolyticus(Lee, 1995), P. kobensis(Martin et al., 2003)
59 Fo] B HATh T3 Paenibacillus & M-S
chere PRla A PAEAL AnaTiT 24 Ao
(Nielson and Sorensen, 1997; Slepecky and Hemphil,
1991; Budi et al., 2000). Paenibacillus polymyxa®] Y+
Sh= fusaricidin type®] FRFEZLLS FAZE F&E
= Leptosphaeria maculans®l 332 YERY M (Beatty
and Jensen, 2002), Paenibacillus macerans PM-17} A§4F
st 24 Wd =8WS YO7|= Pyricularia oryza®l
AEX WA EA7T Ao (Bae ef al., 2000.), =22l
mattacin®| P. koreensis Mol 2]& A== Zlo] BiE
v} 1TH(Chung et al., 2000).

Hjz]e] %7] pH B MY 2571 dK+E
B3o] u2HGong et al., 2003)
pH7F ARIF=4e] Ak mA= a3E AN A3
2] 742 pH 8.0 oA 7 =4 vebsten, 3+t
E2o] YA pH 7.0004 78 43819 THFig. 2). g
o] #FE HA WYL 25°C8] Ao g Vet wet
A ARIFEE ] S S8 H A wiF 2712 pH 7.0
3} 25°CoIA] 60A17F Bl sl A o2 el ThFig. 3).
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Fig. 2. Effect of initial pH on the cell growth of Paenibacillus
sp. IUB225-08 and inhibition of mycelial growth on
Colletotrichum gloeosporioides.
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20°C 25°C

Cell growth (ODsso)
=
Inhibition zone (mm)

6 12 24 36 48 60 72
Time (hr)
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Time (hr)

30°C 40°C

Cell growth (ODsso)
N
=
Inhibition zone {mn)

6 12 24 36 48 B0 72
Time (hr)
- 0 - Inhibition zone

6 12 24 36 48 60 72
Time (hr)

# . Cell growth

Fig. 3. Effect of incubation temperature and period on cell
growth of Paenibacillus sp. ITUB225-08 and inhibition
of mycelial growth on Colletotrichum gloeosporioides
cultured in LB medium. : Cell growth -- : Inhibition
zone

ZHHfH Dt HEIES E&/Zo| ZEXEol x|

Paenibacillus sp. TUB225-082] wlj&Fo 3} wjjofel-&-
ee-2 B335t 52| C gloeosporioides AL T $F 2
oA S EAS A3 FEeE FY3 24 xA %
o} oA o] ujFlel Hs) 28 o) E=A kst o
ZHX Paenibacillus sp. TUB225-082] w]gd S REte=E
T EElg Edde 3l 29E vYeile 2

A=
B
ur

=

Fig. 4. Inhibition zone of spore germination of C.
gloeosporioides by culture medium of Paenibacillus
sp. [UB225-08. A; Control, B; Crude culture extract
of Paenibacillus sp. 1UB225-08 cultured in LB
medium, C; Butanol fraction extracted from crude
culture medium of Paenibacillus sp. IUB225-08.

Table 2. Inhibition of mycelial growth and spore germination
of C. gloeosporioides by agricultural chemicals and
butanol fraction from the culture medium of
Paenibacillus sp. ITUB225-08

mycelial growth®  spore germination”

Treatment Diameter (mm) Inhibition zone
10 uL 100 uL.  diameter (mm)
Control 40+04  40+0.4 0
Butanol fraction 25+0.5 15+0.4 23+0.7
Carbendazim 28+1.0  25+1.4 15+0.5
Benomyl 26+0.7 19+0.5 12+0.7
Folpet 40+0.5  40+0.3 0
Iprodione 25+0.7 18+0.7 10+0.4
Polyoxin D zinc salt 38+1.0  36+0.7 0
Polyoxin B 39+0.8  36+1.0 0
Trifloxystrobin 26+0.7 19+£0.4 13+0.5

*Mycelial growth was measured 5 days after incubation at 25°C.
"Spore germination was measured 3 days after incubation 25°C.

dito] vyl mis ol gHrEo] tke As 21T
T UATH(Fig. 4).

AlEH st REIZ 2E29| X7 Y

C. gloeosporioides®] TA37 A

Paenibacillus sp. TUB225-08 w57} R o|A] AJ2ksk
Ao| C. gloeosporioides®] A} A7l gk oA g3}
2AbsE7] 918l 2=l X WAle] de] AREE L
= 759 % Feg BYEY a5 vt
A7} Table 29 7Fo] 22te] 59 100 pg/mL 5%
2 At wiA A C. gloeosporioides®] T HAIE vl
S w thztoll Bls carbendazime 37.5%, iprodione
£ 55%, benomyl¥} trifloxystrobin 5 ZFZF 52.5%<]
TAMYTo] oA =92, polyoxin D zine salt2} polyoxin
Be ARl ZH2E 10% <Al = AL, folpets A 2] gh
izl M= ARl S A=A it o]l H]E]
Paenibacillus sp. TUB225-08 vl S Hetgz H3s)
EAS AEg oA FAMIES 62.5%7F A E|o] Al
Fsofol| vl a7t ¥4 YERSTHTable 2, Fig. 5).

3o

C. gloeosporioides®] XA ol A

Paenibacillus sp. TUB225-08 w7} Aikste £ 0]
C. gloeosporioides®] XAPEolol] vlX|= G35 14 317]
A8l 7 Fo] sk} FeeE B33 B2 o83 1
SR o] 2} wold ] HAES a3 A3, iprodione,
folpet, polyoxin D zinc salt, polyoxin B & 4%2] &
IFeA o] 2} dols e A Kshes Ao
2 Uit Al ARES AFEAY #Fe olE Fo
sl 100% A&dES YeERZ AeH, carbendazim,
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10ug/m¢ 100ug/me

10ug/m¢ 100ug/me

Fig. 5. Mycelial growth of C. gloeosporioides on PDA
medium treated with butanol fraction extracted from
culture medium of Paenibacillus sp. 1UB225-08 and
agricultural chemicals. Mycelial growth inhibition of
the butanol fraction and agricultural chemicals (10 pg/
mL and 100 pg/mL) were measured after incubation
for 5 days at 25°C. A; Control, B; Butanol fraction, C;
Carbendazim, D; Benomyl, E; Folpet, F; Iprodione, G;
Polyoxin D zinc salt, H; Polyoxin B, I; Trifloxystrobin.

benomyl, trifloxystrobin 5 32| &S A 2]dk wj=]o]
Aol Aol AA|ge] Zol7t ZbzE 15 mm, 12 mm, 10
mm=E Ueht E218] oy} Fofe] oz AA|E= Ao
2 YEeRt}. Paenibacillus sp. TUB225-08 o2 0%
NS Herez B33 EZo] xa) dole] AAF o=
23 mmZ UER} 2} dolod A g7t Ago) ALgek 2
€ &l gl =A UEFsth(Table 2).

DESR| e BRFEW| Y
SFAYFS] EAE PEF 2EEA] e

>

Paenibacillus sp. TUB225-080] A4tale S22 o]
2HE ZARSIATH AFEA ALY TS HEHA &
& R Wols} FAld ZEIF EhikebA] F4d =R
ARz Ao, C gloeosporioidess %53
FANA = FA7E FofishaA wjSollA RuleH S/l
AT AL G & Aok & AFE A= Lee
(19957} a5 2ke] £, vl 2 AdolM G cingulata,
C. gloeosporioidesSt C. dematiume 2|31, o]& 0]
A mEsY g RHulgHS dozivty B
A vl AR Zlo R AR ET FekE 28 2F

)

A)

Fig. 6. Seed germination and seedling rot of pepper plants
inoculated with the butanol fraction of the crude
extract of Paenibacillus sp. IUB225-08. A; Control, B;
C. gloeosporioides (1 x 10° conidia/mL), C; Butanol
fraction of the crude extract of Paenibacillus sp.
TUB225-08 (100 ug/mL).

< A & izl vls Ao ol =gA
A AATE TR Wolste] 2RE Pt Wol WA
sS4 v AS #FS + UATH(Fig. 6). Park er al.
(2000)°l 2JatH AP AES A EA 2ol dgHe=
Agote] WE G820 WAlshs 7P oAl WY
o] FAMEehe BHast A AIAIFSRE AdskE A=
A T 650 TAAEE PAE AAR dEA 2

(Fravel et al., 1998). o8 H AHS Eg) JA2ES
A 2¥sl= Ho] WS Paenibacillus sp. TUB225-08 &
£ olgdl FEO Wl qAs] % TAH YA T4
AGAZe] ARGl tsiX = 3el7F D e sirhal Al ET

B

o 3 A e I

JFe} FE IFE 70%2] NEHEE FHS
3t & gog HFAHE WAL, C gloeosporioides?] EAF
gl | x 10° conidia/mLE 30 pL HE3F 5 Ao 4
ZAAY. H2te] A5 SAHARE HESA,
Yt 2T o] AAE W ATl AFEA A
HES 5 100 pg/mL 5 HEe BEIES 30
£ FAFsknh. JASATE Ed 2 A2
FE 25°C7F FAEE 70%2] FACA 10 ZF u)
T BAge A oHE ARSI Bl 109
gloeosporioides®] EAE JES d2LoAAM =
Aol wAEId oY HEkeg FEES AEs AY
AFEA o] AR ko)l Paenibacillus sp. TUB225-
08 7} iAol #H]g Sdoll= AFEAYF] FAL
A Z2pe] S AT & e FHEY A= A

o

o
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)
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Fig. 7. Effect of antifungal activity against C. gloeosporioides
treated with butanol fraction of the crude extract
of Paenibacillus sp. TUB225-08. A; Control, B;
C. gloeosporioides (1 x 10° conidia/mL), C; C.
gloeosporioids (1 x 10° conidia/mL) + butanol fraction
of the crude culture extract from Paenibacillus sp.
TUB225-08(100 pg/mL).

o] WA, &3t feiMe dor ¥ S 5
e s Aol dadt Jlo =z AREtHFig. 7)

kO

U 25 AR eIA ZFEAEAR] C. gloeosporivides
o thall #ARE oIt EApdel A o] $-gk #E A
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