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Purification and Characteriztion of an Antifungal Antibiotic from Bacillus megaterium KL 39, a Bio-
control Agent of Red-Papper Phytophtora Blight Disease. Jung, Hee-Kyoung and Sang-Dal Kim*,
Department of Applied Microbiology, Yeungnam University, Gyeongsan 712-749, Korea — For the biological
control of Phytophthora blight of red-pepper caused by Phytophthora capsici, an antibiotic-producing plant
growth promoting rhizobacteria (PGPR) Bacillus sp. KL 39 was selected from a local soil of Kyongbuk,
Korea. The strain KL 39 was identified as Bacillus megaterium by various cultural, biochemical test and APT®
and Microlog® system. B. megaterium KL 39 could produce the highest antifungal antibiotic after 40 h of
incubation under the optimal medium which was 0.4% fructose, 0.3% yeast extract, and 5 mM KCl at 30°C
with initial pH 8.0. The antifungal antibiotic KI. 39 was purified by Diaion HP-20 column, silica gel column,
Sephadex LH-20 column, and HPLC. Its RF value was confirmed 0.32 by thin-layer chromatography with
Ethanol:Ammonia:Water = 8:1:1. The crude antibiotic KL39 was active against a broad range of plant patho-
genic fungi, Rhizoctonia solani, Pyricularia oryzae, Monilinia fructicola, Botrytis cinenea, Alteranria kiku-
chiana, Fusarium oxysporum and Fusarium solani. The purified antifungal antibiotic KL.39 had a powerful
biocontrol activity against red-pepper phytophthora blight disease with in vivo pot test as well as the strain B.

megaterium KL 39.
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Davis minimal medium(K,HPO4 0.7%, KH;PO, 0.2%,
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glucose 0.1%)°ll glucoseZ A| A7 1052] =4
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Fig. 1. Inhibition of the growth of Phytophthora capsici by Bcil-
lus sp. KL39 on PDA. Left, Bcillus sp. KL39; Right, Phytoph-
thora capsici.
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Table 1. Identification of Bacillus sp. 39 on their physiological
and biochemical characteristics.

Characteristics Bacillus megaterim Strain KL39
Morphology® Rod Rod
Gram stain + +
Motility + +
Catalase + +
VP -

Acid form glucose + +
L-Arabinose d d
D-xylose d d
D-manitol d d
Gas from glucose - -
Hydrolysis of  casein + +
gelatin + +
starch + +
Utilizaion of citirate - -
Nitrate reduced of nitrite d +
Formation of indole - -
Growth at pH 6.8 nutrient broth + +
Growth at 10°C + +
30°C + +
40°C d +
50°C - +
API® CHBS0 test Bacillus megaterium (67.6%)

Biolog (Microlog®4.01C) system  Bacillus megaterium (97%)

+; 90% or more positive, —; 10% or less negative, d; 11-89% positive,
a; Observation with transmittance electron microscopy (TEM, 10,000).
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AEAL] 549 AEA E-dA, Bavhiz) 2 i)
EAUAE dolR7] $15ked AmiconAle] Centriprep®-10.2
2 B213F 10,0007]5F22. B. megaterium XL 39 w1k A
FHE EAeL ARALR o] P capsiciol HgE 24739
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Table 2. Characteristics of the antifungal substance of Bacillus
sp. KL.39 which suppresses P. capsici.

Fraction Inhibtion rate
Culture filtrate 100(%)
Butanol ext. sol 435
Inhibition by High M.W.(>10K)fraction 41
Inhibition by low M.W(<10K) fraction 48

Heating(80°C, 20 min) of low M.W(<10K) fraction 46

*Inhibition percentage ={1 — (mycelial growth of treatment/myce-
lial growth of control)}x100.
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Table 3. Hydrolytic enzymes produced by antagonistic bacte-
rium KL39.

Enzyme Substrate Activity

Chitinase Colloidal chitin 7 (U)
1,3-glucanase Lamirarin 2

Cellulase CMC? 91

*1 unit of 1 pug produced reducing sugar for 1 hr reaction deterimi-

nate with DNS method.
#: Caboxy methyl cellulose.
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Table 4. Culture conditions of Bacillus megaterium K1.39 for the
maximal production of antifungal antibiotic KL.39.

Incubation temperature 30°C
Intial pH pH 8.0
Incubation time 40 hour

0.4% fructose
0.3% yeast extract
5 mM KCl

Carbon source
Nitrogen source
Salt source

Antibiotic producing
medium
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Catmrifngatiun
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‘ Extraeted with n-butanol
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on a rotary evaporator
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Dion HP-20 gel cahmn chromatography
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I T 1
0%draction NY%draction 100%draction
Ist Sephadexlﬁ[—lﬁ gel filtration

T I ] T | 1 1
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Sifica ge!ciu'omatography

Frl fr2 &3 ﬁvt er fxﬁ fr‘? PrS
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[Artiotic K35 |

Fig. 2. Purification of antibiotic KI.39 from culture broth of B.
megaterium KL 39

AWelR)o) B, megaterium KL 392] 10 L wijoFa-S- 44l¥=]
& F 93 Aol T n-butanots H7Fsled BAEA
S n-butanolF 22 o|YA| 7 F o]y FTLHEAE
50°C o|slol|A] =8} TFA] 100% methanolell 0] o]
Z FPA AAE A3 3z FAEAL] ZAA Y=
3|4sigdet. ol S0 %2 o= E£4-Z Whatman No.2
2 filtrationdle] A|Asle] S84 Ex=) w18 B4 %
Zhol] dted ARHS Hld A% 7o) fof & gl
QAchFig. 2).

o] 7144 EA-$ Diaion HP-20 &3 chromatography
(2.5 cmx75 em)Z E3) 0%, 50%, 100% methanolZ. 8-
A|AE A7} 100% methanolel] $F% F-RoA o729
AL 2l & 4 92 olF 50°CHA St w5t
o] Sephadex LH-20 gel chromatography(2.5 cmx10 cm)&
5 min/ml —/‘\—Ei A Bl 371 B4 £33k Eklaield

A B-88 %o} silica-gel chromatography(2.5 cmx75 cm)
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£ 5 minml $=2 AA3le] FEEE AHH S testdt
ZAEAE FHsle] FAEES Fol 50°CellA ZjFeSst
o] ©}A] 23} Sephadex LH-20 gel chromatography(2.5 cm
x75 cm)E 5 min/ml 452 AA3}] ammonia:water: EtOH
(1:1:8)% °]5A2ZE. silica-gel prep TLCE iodine vaporZ
WA gk A2k RE| 0349 2 EAGS A 5 Ul
(Fig. 2, 3). &Y F2] EAL 70% acetonotliled -S|=2
C18 column®# reversed phase HPLCA | A 1587 £4
73} retention timee] 3.28<] © peakE S F UATH
(Fig. 4).

N8 S$EFM SUEFE K39 &y
AAE FAAEA ] EA} dole] A AUA FAF A

Fig. 3. Thin layer chromatography of the active fraction puri-
fied from 2nd Sephadex LH-20 gel chromatography. *Detec-
tion of the antibiotic KL39 on TLC under iodine vapor (Rf =0.34
with Ammonia: Water : Ethanol=1:1:8).

Fig. 4. HPLC pattern of the antibiotic KL39 purified from
B.megaterium KL39.
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5 JAIFR= AJAE 22 8 P capsici®] 54}
£ 3j3le] = 3 PDAC] AAE AEA KL39S o
Al 26l 150 pugs 31 28°Cel|A] wiekA|Zl Ax) 2 8
AEH-L P capsici IR} LolE A8l o] Ab7|g) 22
FTER o7 2z FPEAE FFAIE gz 2o
22 HZE P capsici®] MFHTE PDAC AE3le] 28°C
oM FAES] AAE 24} & Anp B Y EAL a5
A ALY K= AT (Fig. 5).

Srimy SMEFE KL392 EEIF spectrum

B A3t Aakshe 244 58] AEA KL3%:=
Y37 AL FF WAL M. froeticola, AR FFo| T B.
cinerea, =R P oryzae, BrXHF C. gloeosporioides,
7|83 R solani, 1= T F oxysporuma} v 7
2T A, kikuchiana, 5T F solani@ 742 7FE A
=HUA AFe] FAF S-S 73] Adsle] Esist &
AE B, E3] B. cinerea, F oxysporumell )3t 1
%}H o] P capszczlil:]- 1:-] 15].0:‘ B A5 u_] 3‘1—1\33
2o /\]"—‘- 3 A Zstolule] Wa] WAl s o]-Lr e
o] &S F4 & 4 AvK(Table 5).

SHUEE KL392t HEMT Bacillus megaterium KL
399 in vivo ZEE gol

I13(Capsicum annum)s N4 7| FAEZ sto] 28°C,

Fig. 5. Antifungal activity of the purified antibiotic KIL39
against the zoospores germination and mycellium growth of P
capsici on PDA. Left, Inhibition of the zoospores germination of
P, capsici: Right, Inhibition of the mycellium growth of P. capsici.

Table 5. Antifungal spectrum of the antibiotic KL 39 against
various plant pathogenic fungi.

Plant pathogen fungi Main host ?lant Inhibition
plant disease rate (%)
Alteranria kikuchiana Pear Black spot 66
Pyricularia oryzae Cavara Rice blast 46
Botryis cinerea Berry Gray mold 72
Fusarium solani Ginseng Root-rot 56
Fusarium oxysporum  Cucumber  Fusarium wilt 100
Rhizoctonia solani Cucumber  Dampimg off 40
Phytophthora capsici  Red pepper Blight 66
Monilinia fructicola Prunnus Brown spot 68

Fig. 6. In vivo antifungal activity of B. megaterium KL 39
against Phytophthora blight of red pepper. Left, P. capsici vs B.
megaterium K139; Center, Only P. capsici infected; Right, Anti-
bioitic KL39 (1 mg) vs P. capsici.

70% F55 TR 235410 P capsici®] A
3)43}e] 3507H/m 1 43e] 545 5 ml ¥5 HES F
IS opZ|AI7] F o A AS5S AAEE A3 B
megaterium KL 393} 244} 45¢] 3HAEA KL39 1 mg
£ A= & A3 FAEAEA ohe} A3t 75 A
THellA & MAEle FAHS AR sk (Fig. 6). W)
M B dFe FAEAY] Ao o8t eAego g n)Ay
SAA A, Ayt 289 wjokd o2 AA| 32 v}
HE 7= S ¥Rt o) 2 FAERS 3w
A $5H o3} == 15302 AASE ZAA $5o &
A2 AR ZE Eofol H4A] Aol T8I L3 € 7}
$Ae] ok Aks s

2 o

3 A B &gt 3] ENA ) A3t
o 3 -14‘}"‘1 2| AR A AT P capsici 5
< Asle ol s AAES sk A

5 ﬂH%‘@V—‘L Ak, AslelA] Ags API®(CHBS0)
2 Biolog(Microlog®4.01C) A 28-S o]-83le] A8 Az}
B. megaterium®} 97% o|Ak dxsle] HEH o2 Aty 2
M dS B megaterium KL 392 wy3teich. B
megaterium KL 399 P capsicil] H3F 232 dol| ekAs}
31 n-BuOHel| FZ&¢] HE AE2M W EA=} fojo 3
ZHA G2 Foll ol RG] Al BT A EY e
Bl f el cellulaseel] €8t Ao 2 =g} AYFF
B. megaterium KL 397} AAbsh= 2FA HPE2L- p
capsici®] EIAPEole} FAMIA ol E 8-S vjFH 2 04%
fructose, 0.3% yeast extract, 5 mM KCI (pH 8.0)2 %3
g uiRlellA] 30°C, 40417F wiekalsd S o) 2 Akl o] Fo)
AE el Diaion HP-20 column, silica gel
column, Sephadex LH-20 column3} HPLCel] 23 A&



g AAG o AR FYELL TLC plate Aol A]
Ethanol: Ammonia:Water(8:1:1)2 % 7§ Z =} RF value?}
0.32% e, ddEd2 AR FYEAS KL39
2 gedsidet. s A3 YE B, megaterium KL 399}
A" FAEA KL39Z 7T T3HE 7)FA1ER 310 in
vivo pot A1@ A3} I1FAEHF P capsiciell Q& FtEE
Aol digt A3H o= F 71X BF TFow wiAlY
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