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Screening of an Antagonistic Bacterium for Control of Red-pepper Anthracnose, Colletotrichum
8loeosporioides. Park, Sung Min, Hyuck Jun Jung and Tae Shick Yu*. Department of Microbiology, Keimyung
University, Daegu 701-704, Korea — Bacillus sp. KMU-991 was isolated from Oslo city soils at
Norway and shown a strong antifungal activity on red-pepper anthracnose, Collefotrichum
gloeosporioides. Bacillus sp. KMU-991 produced a maximum level of antifungal substrate under aerobic
incubation at 30°C, 180 rpm for 48 hours in TSB medium(initial pH 7.0) containing 1.0% mannitol and
1.0% ammonium chloride. Precipitate of culture broth by 30~60% ammonium sulfate precipitation ex-
hibited strong antifungal activity against C. gloeosporicides KACC 40804. Butanol extract of cultured
broth also shown fungal growth inhibitory activity against Fusarium oxysporum f. sp. radi-
cus-lycopersicic KACC 40537, Rhizoctonia solani AG-4 KACC 40142, Botrytis cinerea KACC
40573, Colletotrichum orbiculare KACC 40808, and Phytophthora cambivora KACC 40160 by

agar diffusion method.
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"o} C. coccodese FE.7]9, C. gloeosporioides= 344 of
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A WS o718t C. acutatum, C. dematium, Glomerella cin-
qulats & GEA k. Te) F7)E 154~18.7x3.8~4.2
me] YFFolH, &5Vt 31 AFErt £ dole #4
of Bd By Y A9 g H PEEBo T}
O W7 I L83 AL 4o gloeng nighd
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T gz delA YrH10,17,21].
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g Adst7] st dd HAEZE ol &3 FATAY A
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sp.[3,9,11,12,24],  Pseudomonas  sp.[14,15]9}  Streptomyces
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=290} OsloAl A9 EFAIE 10 g& HBF4 90 mld]
2o} 37T A 1083 AN F, Bacillusg ) #5358 £
Fst7) skl 80TolA 3087 EAEE 9t LB
agar(1.0% tryptone, 0.5% yeast extract, 1.0% sodium chlor-
ide, 1.5% agar, pH 7.0:02)u) X0 ©AI& 4o 2 wutslo]
7oA 397 BT ¥, FHY 2FES RN 3
A% @res @4 PUR ¥ 2FUAYTY
Colletotrichum gloeosporioides KACC 408048 WAE & &
4FE Adslr] ¢48le PDA(potate dextrose agar, 2.0%
dextrose, 0.4% potato starch, 1.5% agar, pH 5.6+0.2) plate]
A ) X oF(pairing culture)g A Alste] C. gloeosporioides €]
&S Adste dFES YAHOE APt AL
F5¢ o2 1 ¥E ASAAUE YHIE 5
g Awsly] 93t AEW AN FFolE A% 6 mm 27
9 culture discoll HE3d}e] 24T A 2447 wliS3H &, 6
cm Boj ol HEE dF& 4 HFSL 4TolA 7Y
g EA ASAANE ZAIEY. FATFFY C
glocosporioides= w&ENER FARFTIETY FxF &
v A &5 24 e (Korean Agricultural Culture Collection,
KACQ)AIA o} uho} ALE3SIT
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2a350| S5
FAF BAS dehle AuFs 254 922 2B
371 sto] Wejshd, Wesha, A4St S4e 2A1Y

o, ©& % A3E Bergey's manual of systematic bacteri-
ologyl8]¢t Wlzg ¥, 1 ZAA}g HlgoE APL kit
€ dgste] TR

{bioMerieux, France)

HUZ B M
AT BAY ANS AT NRHAS HE5] 3kl

LB broth (1.0% tryptone, 0.5% yeast extract, 1.0% sodium
chloride), NB (nutrient broth, 0.5% peptone from meal,
0.3% meat extract), PDB (potato dextrose broth, 2.0% dex-
trose, 0.4% potato starch), TSB (trypticase soybean broth,
1.7% digest of casein, 0.3% soytone, 0.5% sodium chloride,
0.25% dextrose), 18]31 YM broth (yeast malt broth, 0.3%
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yeast extract, 0.3% malt extract, 0.5% peptone, 1.0% dex-
trose)S A Z5 o pHE 7002 ZAF &, 121TC A 15&
Zt A3 ALY LB brothe] B Y F2UE HES)
I 30T oA 24417 vl okste] Aujokal & Az e, Z
zto] AZ-Zelaze Muejdd 100 plE FFE F, 30T,
180 rpmol A 24717 WISt AT 4 & RAMEH)
9sted Zzte] wikelg 10,000 rpm, 1083 4T A A4 E
g st FAZ FAA 7 &, agar diffusion methodE o] &
o] FAFFE vlg] HF3dE PDA plated] 45 20 1l
Z A3 paper disc (¥ 6 mm)E P31, 4Tl 747 H)
FuA BT BEE 2AHLTH

N2 o] dste] BE FEFE 27| st oA
g 712 A o) Auf st s FESE F 24,30, 37,
2 45T A 180 rpmO 2 247t wl st 7o A&
g 3T 84& 2AE A

27] pHY| W3] W& Y 2AE7] Y3
9] pHE 3.0~10002 22t 245t L& &
Fste] zAFEET

ST 2FY MM [ B4
Bage Aol g2 #AF 249 AN AT 9T

tose, maltose, mannitol, soluble starch, sorbitol, 7181 su-
crosed 712 A 242 1.0%4 bk b w& T
84¢ Jetd pHZ 248 F A3 At

A299 9FE 2ASHY] Hske golM 2AtE g2 Y
1.0%E 7)1BuAd /e &, A49CE ammonium
chloride, ammonium phosphate, ammonium sulfate, beef
extract, bactopeptone, bactotryptone, corn steep liquor
(CSL), malt extract, polypeptone, urea, Z12] X yeast extract
£ 77} 1.0%4 F7bstal pHE 24ste] U WHes
ZAF AT

SIZlE SEMM O|X]= HiLA[Zte] HEt
24~7277b5 ¢ AEE 235 w3k F, 242 7o) w)
4d-& sampling 3} B FAIZ el WHE FAT BAHS FA
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sulfateE 0~30%%} 30~60% 52 H7lsh &, 4ToA 12
AZE AAEEA gRdE EAS AAAA 4ToAA 10,000
rpm, 2083F AL o JFagt H4d E2E &%
©] 100 mM Tris-HCl buffer (pH 8.0)2 &AE3l1 4TolA 24
A7 2ot 2438190k C gloeosporividese] EAHE Y
(5.52x10° spores/ml)& 50 mle} PDBo| AE3t1 F%9| 3

o EAS 722 Frhete AT A4S AL o

ume?] butanole F7tete} AT A& LS LR ©
A1 G E B)stal 50T olstel M Adde

7 $4¢ 2A9ATh 248 22 394 2t EoE
A E&H& o}7|8}= Fusarium oxysporum KACC 40037, v}
45 & of7|5t= F oxysporum KACC 40052, B Q&
YulEW-E o}718 = Rhizoctonia solani AG-1(IA) KACC

40101, &9} 71888 & op7|st= R. solani AG4 KACC
40142, AtHUE QW& o}7)sle Phytophthora camvibora
KACC 40160, EvlEd] ZAW-§ o}7|sl= Fusarium oxy-
sporum  KACC 40537, #vu] AuFggo|8& ofr]|ste
Botrytis cinerea KACC 40573, 3¢ &AW E opr)dle
Colletotrichum orbiculare KACC 40808, 58} oJZFR& 71 < of
7184 F. oxysporum KACC 40902, 5~8tol] AW L of7|3l=
Monosporascus cannonballus KACC 40940, 2% H24 54
W8 o}7]5e Botrytis fabae KACC 40962, R.2]o] AW L o
7V8be Fusarium graminearum KACC 41040, 212} 31 Botrytis
aclada KACC 41297: 5% Ahg-31 % th.

Zo 3 g

Yszso MY 2 55

EdNgERH ¥ dF FAA SA32 F 2 5
Hopgol Nz FUHOIAE 48 TFE YAHoT N
Ak 2FeEAE L ofy|sh= C. gloeosporioides KACC 40804
of g Aed & HEs}r] 938te] PDA plates] ] tf X uj
% 3ted 4ToA wjFlHA AKE Asfste Ao wd
HolA& 8 #35 YA oz syt Add @5 F
AN M C. gloeoporioides?] tate 7+ w2 AFAANE Y
Bhle 352 33702 48T KMU9Iel?) P93
At KMU-91& 23949 rod formo 2 WA EAE
Hatgon 48 e d¥0z HAAY EAS AN
e mucoid typeo]§ 1, %W smoothdlF ot Fe &
vehy A ekgrth KMU-9912 5 7)4 Ald 22 catalase, gel-
atin liquefaction, 18] 3 nitrate reduction &o F49H3-&

> oph Of

Vel $1.0.™, Bergey's manual of systematic bacteriology
o} B3 A3} Bacillus sp.8 59 cHTable 1). API 50
CHB i 578 kitg A}g3te] 507} 9] ol gk A s}ats)
EAS 2ZAE F, APl 20E kit Azl A API
LABplus(V.333)Z2 1 02 #13t A, Bacillus amyloli-
quefaciens$t 99.8% 9] 454 Ve .01} 16s rDNA se-
quence®} 7o wth Ase wlw A7 HE8ho] Bacillus
sp. KMU-9912 %35 CH(Table 2).

7|8 A& 498}7] 9ste] LB broth, NB, PDB, TSB, 1
213 YM brothE tigdo g g7 843 ¢9 458 24
g Az} TSBE AHEE A9 18 mm2 /M3 52 337
248 Yetfden g2 wxe B¢ TSB vlustgs
o 83% o]ste] BAE Yetl At 79 $4& TSBo A 7}
¥ AR ZAEAT NBY Z 9o 337 842
TSB] 67% 2 UERIR o A& 88% 2 A&7 A7 &
29 A e e Aoz ddEitkTable 3).

2 U pHo| IIE 77 SEY it

ke ol we FAF FFo AN AFE 2
9)ste] TSBS 7|Eu)A 2 3t Bacillus sp. KMU-991& 24,
30, 37, 21.2] 3 45°C oA 180 rpm, 2447+ W k3 A7}, Table
49} o] 30TAHA 7V} F5d FAF B4L Jeieh
30CE A g2 gL oNE gAF 40| tha 1)
Hlg Ao g zAlg o, 37T ALde T 483
0T Bt ot 2L mulg Ao g Yeldon 24T
o B3t vulE FGAF F4E JeERRAT o A
£ v ZE 0 Bacillus sp. KMU-9917} A2behe A7 &

Table 1. Morphological and physiological characteristics of

KMU-991
Characteristics KMU-991
Morphological:
Colonies form White-yellowish, smooth
Endospores produced +
Gram staining +
Motility +
Shape of a cell rod
Physiological:

Citrate utilization

+

Gelatin liquefaction

Indole test -
Nitrate reduction +
Production of catalase +
Production of oxidase -
Voges-Proskauer test -
20T Growth
37°C Growth
52C Growth




Table 2. Biochemical characteristics (carbohydrates utilization)
of Bacillus sp. KMU-991

Characteristics Result  Characteristics  Result
Glycerol - Salicine -
Erythritol - Cellobiose +
D-Arabinose - Maltose -
L-Arabinose + Lactose +
Ribose - Melibiose -
D-Xylose +  Sucrose +
L-Xylose - Trehalose +
Adonitol - Inuline -
B-Methyl-xyloside - Melezitose -
Galactose - D-Raffinose -
D-Glucose + Amidon +
D-Fructose +  Glycogene +
D-Mannose +  Xylitol -
L-Sorbose - Gentiobiose +
Rhamnose - D-Turanose
Dulcitol - D-Lyxose -
Inositol - D-Tagatose -
Mannitol + D-Fucose -
Sorbitol + L-Fucose -
a-Methyl-D-mannoside - D-Arabitol -
B-Methyl-D-glucoside + L-Arabitol -
N-acetyl glucosamine - Gluconate -
Amygdaline +  2-Keto-gluconate -
Arbutine - 5-Keto-gluconate -
Esculine +

Table 3. Antifungal effect in different culture broth of Bacillus

sp. KMU-991
Media Growth Inhibition zone
! (OD660nm) (% mm)

LB 1.70 15

NB 1.75 12

PDB 0.62 13

TSB 1.99 18

YM 1.43 10

Bacillus sp. KMU-991 was incubated at 30C, 180 rpm for a
day. C. gloeosporioides KACC 40804 was incubated at 24°C for
7 days and antifungal effect was assayed by agar diffusion
method of 20 ml bacterial culture broth.

Table 4. Effect of growth temperature for producing of anti-
fungal substrate

. Growth Inhibition zone
Temperature(C) (OD660nm) (& mm)
24 1.69 14
30 2.30 18
37 2.28 13

45 1.83 8
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Table 5. Effect of initial pH for producing of antifungal sub-

strate
H Growth Inhibition zone
P (OD660nm) (Z mm)
3 . _
4 1.20 10
5 2,25 12
6 2,19 14
7 2.30 18
8 213 17
9 1.68 14
10 1.45 10

Table 6. Effect of various carbon sources for producing of an-
tifungal substrate

Carbon sources Growth Inhibition zone
(OD660nm) (¢ mm)
Control 1.91 18
Arabinose 2.23 23
Fructose 1.89 21
Glucose 1.92 21
Glycerol 1.97 22
Lactose 2.16 23
Maltose 2.19 19
Mannitol 2.19 24
Soluble starch 2.26 23
Sorbitol 2.27 21
Sucrose 2.20 16
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FAF Aol Z7tEe AL R FAH AT L& maltose
Ayde @29 AU6HA 4 dETS vug g A
zol & Ve A] ¢k o.H, sucrose?] 7-$-o mannitol-&
A7V Weh waste] 23%, zFe HusdE o
11%9) &77 &4¢] AsHe Ao2 ZAHA. ol g
A5 B290F mamitole HISRE W AR T3
gAF 4L e A2 Y sucroseE H7bsHE W Bz
7ug e $AT BES deidty v o] 59 1
1f4]9e FEsHY. A5 Aol arabinose, soluble
starch, 712 1 sorbitol & F7}5} 9 & u 7}7‘} UG53 =4S
e Ao g Ao, HUs gAY FodA] F2T 2
Aol 7HE A ZAHE sucrosed] Zfolle F4L F5
Aoz ZAEU. Glucoses}) glycerol-& 71 0_?_01]:
z7e Blad o 7o A& & Ao & YA ko
U g gL 3 A3 Aoz AU °l?—13"
A%e wwoz 7o 243 §A7 B4 4e AZ 3
Z@AA A Frie A& AU+ AUt

; o 1o
=2

nf&

X7 ST YAl 0jxi= 23 W HLAIZI
FR

gAd A9 AAH AK) pAe A4 FEge =
Abst7] 9jste 712 Ao §A90 2 1.0% mannitols 3
7He &, ZAzte] AAYS 1.0%4 e 23 Table 734 2
gt} AA L0 ammonium chloride® #A7}319 L o 7}
F 453 gAF 84S Y2 polypeptones 7}
S FARE Az F27 TS Jeith 29

UM Z2ATG Ba99] Fede BE2A FE #, 77
Aago) 3o ArHog FAF &4l Z-@“\?'F}b

o2 zAgQon, 53] beef extractZ H7t3 ALole
72499 vug o 61%-4 |

ammonium sulfateE H7}&

Table 7. Effect of various nitrogen sources for producing of
antifungal substrate

Nitrogen sources Growth Inhibition zone
(ODssonm) (2 mm)
Control 240 24
Ammonium chloride 2.38 27
Ammonium phosphate 228 17
Ammonium sulfate 2.38 20
Beef extract 241 16
Corn steep liquor 247 20
Malt extract 2.32 23
Bactopeptone 2.36 20
Polypeptone 244 26
Bactotryptone 237 22
Urea 2.26 23
Yeast extract 2.38 18

et Aa 27 vlug golx 67%< 33
YEATH 459 Brde AvFes G5
£& 3= Aog ZAHRNLSH corn steep liquorE A7}
g Al P FEE AR E Ste AR ZAEAG

MUl THE BAT BUT 45E 24 3kl
B A ¢l TSBe| 1.0% mannitol®} 1.0% ammonium chloride
g 748 ¥, pHE 7002 2330l 1~390 248 29
2947 Wit W MY =& &R $498 e ey
gYgel e F1F 49 Aol UEhA 43te
W, 29¢ 1947 743 #A 2AEArHFg. 1)

gz 249 ZFH ¥ & spectrum

Bacillus sp. KMU-9910] AJatsles F2F E2E ZAA
sto] Axujte E3F C. gloeosporioides] A&l v]XE F
& AT oA AR 2002 W FA S Axs}
o] 297t Bacillus sp. KMU-991-g ksl wjorel-g 0~
30%9} 30~60%2) ammonium sulfate2 Z+z7t T 3A|7 &
FAs 244 BE2E HFHoE Igsdt IS
2% 50 ml PDBo)| 5 kst 24T, 150 rppm o2 747
g & A2FFS S 29 WigFdd) 30~60% am-
monium sulfate AAEE X3 Ao 03 go] AZFH
& IR g2+ 2 79 Tris-HC buffer (pH 8.0)
= i]a] & 729} 0~30% ammonium sulfate F AL
& B4 07 g9 AdxFHFS FUsAT. Tt 30~60%2
ammonium sulfate A AEL X8ty 3458 AL 3
A E2E 348 + dve AL FU T F 5130en o
A% C. gloeosporioides®] A-&& iz} vlwg o 57%
AsE ge FoR 7‘*}51?1‘:}

geks ZHEHYA FFolo] dhdt Bacillus sp. KMU-991
9] &Ad B4 spectrumE FAH7] Y3he] butanols o]
&3t AT BAE Fested AT A9 2 24

=

Fig. 1. Fungal growth inhibition of Collefotrichum gloeosporioides
by Bacillus sp. KMU-991 cultured broth (incubated for
2 days).



Table 8. Antifungal effect of butanol extract of Bacillus sp.
KMU-991 cultured broth

Plant pathogenic fungi Inhibition zone

(2 mm)
Botrytis cinerea KACC 40573 24
Colletotrichum orbiculare KACC 40808 24
Didymella bryonize KACC 40669 18
Fusarium oxysporum KACC 40037 16
Fusarium oxysporum KACC 40052 15
Fusarium oxysporum KACC 40537 21
Phytophthora cambivora KACC 40160 22
Rhizoctonia solani AG-1 KACC 40101 15
Rhizoctonia solani AG-4 KACC 40142 22
Sclerotinia scleotiorum KACC 41065 20

© 2 Bacillus sp. KMU-991Z wj ¥& 3, wj kol o x5}
© A4 E4< butanold °] &3ty
fusion method® #U¢ 2, g FEH LG FHold
W3t g2 FAF B4& UehllE R AU 53]
F. oxysporum f. sp. radicus-lycopersici KACC 40537, R. solani
AG-4 KACC 40142, B. cinerea KACC 40573, C. orbiculare
KACC 40808, 18]3 P. cambivora KACC 401600) tf3}ed <k
3% AT GAS vdelen, 28 ge AEHdY F
Fold st x dAF A4S F< & S UAcHTable 8).
ol AAESE o T o FEWYY Fold W
vl EAAE Bacillus sp. KMU-991% o] &8 4 & Aol
T 7bsAE 398 4 Aden A8 nreAH
AT WAA A A% 2L, AP 59 %
g 2ALE JYT o Aolth

2 o

=29°]¢] Oslor] A9 EFAE25E Fele Bacillus
sp. KMU-991& o]&38l nFeAH T Colletotruchum
gloeosporioides KACC 408040] tj 3t &2l SA4& 913 wjok
zA¢ ZAYD FAF 249 UL 7)2e)A) 2 TSB
& AME-3lgoey A 9o g 1.0% mannitold} AAgog
1.0% ammonium chlorideZ #7}5tg e W 713 =& &=
T A4S Jehido wjgzAdo2E 30C, 180 rpm, 484
ZojgatAs W g e dXE 848 Jehdd 30~
60% ammonium sulfate FHES A7}1819-S¢ W) /1% 43
g &7 E4& JE Q.27 butanol g o] £31e] wj g
Fo EAste AT EAS st g FEH LA
Fgolo] g spectrumg FAMgH A3} B. cinerea KACC
40573, C. orbiculare KACC 40808, F. oxysporum f. sp. radi-
cus-lycopersici KACC 40537, P. cambivora KACC 40160, 18
I R. solani AG4 KACC 40142 59 W3l & AT
274¢ Jehisioh
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