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An Antifungal Agent Produced by Bacillus thuringiensis BK4,

an Antagonistic Bacterium against Fusarium Wilt Disease of Tomato
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The optimum production condition for the antibiotic from Bacillus thuringiensis BK4 was deter-
mined, and the suppression rate of Fusarium-wilt by the butanol-extracted antibiotic was verified by
employing tomatoes in vitro and in vivo pot tests. Cell growth and antifungal activity were the best
when 0.5% xylose and 0.2% peptone No. 3 were given as carbon and nitrogen sources, respectively,
in the presence of SmM CaCl, The partially purified antibiotic successfully prevented Fusarium
oxysporum pathogen in pot experiments. When the pots were treated with both live cells and the
partially purified antibiotic, an additive-effect was seen in the suppression of Fusarium-wilt, but syn-
ergistic effect was not detected. The antibiotic, denoted BK4, purified by Sephadex LH-20 column
chromatography was eluted with a single peak at a retention time of 38 min. on prep-HPLC; Min-
imum inhibition concentration of the homogenous antibiotic was determined to be 50 ug/ml
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BK4 (KACC91160P)Z o]u] ¥ Ade)A |
e ASSH A Fusarium oxysporums Zsrshe 30473
PAER S Alsle Fepelth?

PAFA PREAY HHP 2. G A=A A
AVSR= B, thuringiensis BK42] AASLE 48] =] dF
AL ZABIA wiAle] AriEe gad, a9, 771
go] 79} FEd B2 FAER IS 2ARPINE 0.7%
K,HPO,, 02% KH,PO,, 0.1% (NH,),SO,, 0.05% Sodium
citrate, 0.01% MgSO;- TH,0, glucose 0.1% FAJo= A=
David minimal ¥jA]e]l 1089] g2t 1159 d2dE 77
0.19%¥ AH7tsle] wjgsl & FAMEES EvtE AlS38
F oxysporum®] ASAH &S SHs00n, @i} o]
AR9 uixe] 1339 F719S Hrlsle FASEe} 23Y
< Al

YA AAWEAL] AA. B. thuringiensis BKA7E ALrehe
AT FNEH] FAE 8] FAEF BKaYAHE Az
el wjA] BK4elA 37°C, 39 wi¥AIZ] wikedHS- 12,000
rpm, 15mindllA A4l st A5HE Bt FFY a-
butanotg H7lsle] 1587 NI A3 witAA v
AR FAFA FNEAS nbutanolEl 2 FEIHTL
& vE3 pbutanobeTHE FH3lH, ol A 129 SR/
A7rete] 1587 ANIAITIEA p-butanols- S8 FEHA]
e 4] PAYEA 9 BSES 5502 oA s
Al AABIATE o] HFE& 33] HAlsle I p-butanolE-S 7
F%71E 53 n-butanote 3] AASIL FHT HA
o 2848 A EE ARSI

FRFA FUEZF BK4e] HAE Sephadex LH-20, Diaion
HP-20 gel filtration column chromatography$} prep-HPLCZ
3ot =AY FWEZE BK4AE Diaion HP-20 column
(1X30 cm)ll loading 3+ ¥ MeOHE 0-100%7}A] gradientd}
Al TFEAM £88 W, 7} 853 MeOHE evaporator
2 AA 3 F oxysporum®l] W3t AFEHE paper discHS &
& izl dgHo] 9= E82 Sephadex LH-20 column
(1.5X50 cm)°ll loadingdtd 2 zHzFe] £ E-2 0.5 m/min®
flow rateZ 3mp Wgk3, AAEEYS Fol FUS =79
Sephadex LH-20 column®] T}A] loadingdl] E4do] e £F
S Fs%}. Sephadex LH-20 column re-chromatographyoi| A1
do AHEHL2 prep-HPLCE B3l ©Y peak= FA ST
AP Fig. 1914 YepiAch. oD

FAF4 FAEAY MICZA. Minimum inhibition
concentration(MIC) 22 prep-HPLCE ©]43ld T peak=
A § Bk BYRE S HATREE o8l WEIhR
7180 2 FE 5o BeES 98] AAT F 0-2,000 pg/
m/ 92 I ARSEIIT gt e JUEZ BK4E
5mm paper-discoll HAIAL F oxysporume] EAE 3|45
Sk PDA(potato dextrose agar) HIX] 9l &3 JA)gle]
PR 7|2 AT

In vivo pot test& T3 YA YPYEAS] A5 FE.
B. thuringiensis BK47} AAkele 374 JAEZS] BAls
AEE 98] BEvlEE 715 AER 319 in vivo pot AES A
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Culture broth
I Centrifuge (12,000 rpm, 4°C, 15 min)

| ]
Supernatant pellet

l Ext. with n-butanol 2 times
1

Aqueous layer

|
n-butanol Ext.
l Washing to H;0 (x3)

Diaion HP-20
Elution 0% MeOH to 100%

Sephadex LH-20 (x2)
Elution 50% MeOH

Prep-HPLC

Antibiotic BK4

Fig. 1. Isolation and purification procedure of antifungal antibiotics
BK4 produced by Bacillus thuringiensis BK4.
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z2 oxsl 35, 3000 /ml 4Ee EAE Sml BE
HES ) 197 FAAESIE o716l B thuringiensis BK4<]
4 107 cfivmiot FAEA BK4E 500 pg/mio] T2 bzt
S5m A olg Fg2dFdolM 71484 FTIHoR
WS ERISHATESE S EnfE A|ESH e WUAI7L A
e URTE AR AR &2 potet F oxysporum®]
EA B3 potE HlwsR] %RE e, WAl
At PHEE BKAE T MHF e d5oE Ae
73¢9} vlwst] WAL 9 452 AHEmESE st
I Y 58 AL JedBR)EadE Bdigien, o] ZE 4F
< 33 WRAYES sl

S by

a3 & oF

PR YAED A AR, A FAEES
ABAVER= B, thuringiensis BK42] & Fusarium’] SAYEZ 9]
AL HAMAZAS ZARE A SGAY0 R 02% xylose, A
2992 05% Proteose peptone No. 3& H7ISIHE&W F
oxysporum®l] TSt A&Ho] 713 #9ker, 02% xylose, 0.5%
Proteose peptone No. 32 B4 AAYE IAST 1359
77194 77} A7k E W 0.5mM CaClb E017F wiA]e]
A FAEZ Aol 7FE Z9kt(Table 1, 2, 3, Fig. 2).

GHH, Table 1914 H= AAEH ©4U0F MaltoseS H7H
gt uiA oA FABAF] 7HE BRAL AFEE xyloseE 3
7HI9S wEte SUAIT, 80%e)de 2 AgEs 1Y
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Table 1. Effect of carbon sources for the production of antifungal
antibiotics from B. thurengeinsis BK4

Carbon Sources Cell Growth (cfu/m/) Inhibition rate (%)
None 3.4x10° 0
Glucose 4.4x10° 225
Maltose 4.4x107 80.2
Fructose 4.7%x10° 19
Lactose 3.9x10° 16.5
Xylose 3.1x10’ 85.2
Starch 10.5x10° 25.1
Arabinose 6.2x10° 21.2
Saccharose 6.9x10° 30.5
Galactose 5.4x10° 9.1
Mannitol 4.9x10° 12.2

Table 2. Effect of nitrogen sources for the production of antifungal

antibiotics from B. thurengeinsis BK4

Nitrogen Sources

Cell Growth (cfu/m/) Inhibition rate (%)

None 24x10° 0

(NH,),5,04 5.6x10° 17.2
Tryptone 42x10° 11.1
Malt extract 4.7x10° 225
Proteose peptone No. 3 5.1x10’ 67.7
Yeast extract 4.1x10° 30.6
(NH,),HPO, 4.1x10° 25.1
Na,HPO, 3.2x10° 11.1
NaNO; 4.9x10° 109
Urea 4.4x10° 3.8
(NH,),SO, 3.9x10¢ 19.1

Table 3. Effect of inorganic salt sources for the production of
antifungal antibiotics from B. thurengeinsis BK4

Inorganic salt Sources

Cell Growth (cfw/m/) Inhibition rate (%)

None 1.6x10° 2

FeCl;6H,O 4.8x107 55
BaCL,2H,0 4.1x107 38.4
RbCl, 5.2x107 60
Na,HPO, 4.9x107 42.1
CaCO; 4.8x107 64.9
ZnSO, 3.4x107 23
MgS0O,7H,0 3.2x107 11.1
KCl 5.5%107 70.2
LiCl 5.1x107 65.8
K,HPO, 3.9x107 15.5
NaCl 5.6x107 65
CaCl, 6.1x107 83.2
Pb(CH;COO),3H,0 4.7x10° 16.7

o} R, FAAA A xyloset 2 Z}o]7) Gl ERIE A
=A< F oxysporumel] W3t ZA&Fo] xyloseE T
2 398 wrt ¥ 082 B thuringiensis BK49] FAYEH
At AR 24N FAYS xyloseR AT
YAFAH FAERDY A MIC 4. B thuringiensis
BK49] vjoRElS nbutanol2 74 FAAELE FE3
3 Diaion HP-20 columng F3 #2]3Iih 50% MeOH &
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Fig. 2. Effect of xylose and proteose peptone No. 3 concentration
on the production of antifungal antibiotics.
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Fig. 3. Sephadex LH-20 gel filtration column chromatography of
the antibiotic BK4.
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Fig. 4. HPLC chromatogram of the antifungal antibiotic BK4.
column, C18; solvent, methanol; flow rate, 0.5 pg/min.

LH-20 column®] 50% MeOHE ©|5422 sl o] BAE=2
S oA E2lsidh Fig 39 Aet 7o) Sephadex LH-20
column re-chromatographyS 53 4241 £ AL
geld £ YU, °l13 prep-HPLCE 53] retention time©]
38 ming] B peak FAEAL AL F AAUNFig. 4).
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Table 4. Antifungal acivity of the antibiotic BK4 against FE
oxysporum for the determination MIC

Antibiotic BK4 Antifungal activity*
500 pg/m! +
100 +
50 -
10 -
5 -

*The antifungal activity was mearsured by disc-paper method. Simbols:
++, strongly antagonistic (>3 mm inhibition); +, weakly antagonistic
(<3 mm inhibition); -, not antagonistic.

Fig. 5. Fusarium wilt suppression by the antifungal activity of the
antibiotic BK4 on F oxysporum infested tomato. A, B, C, D, F
oxysporum; E, F, G, H, F oxysporum + antibiotic BK4.

Fig. 6. Mixed antifungal activity of the antibiotic BK4 and B.
thuringiensis BK4 on the fusarium wilt by E oxysporum. A, F
oxysporum; B, F oxysporum + antibiotic BK4; C, F oxysporum + B.
thuringiensis BK4; D, F. oxysporum + antibiotic BK4 + B. thuringiensis
BK4; E, no treatment.

VA, B. thuringiensis BK47} Aoksle &34 8=
MICZ% -2 prep-HPLCOIA & &Y peakS ©)-834

i ar
Table 404 B RAXE IYEZ BK4S E oxpsporuncl o
& MICE 50 pg/misich.

YA JBEAY B WAs BFE. B thuringiensis
BK47} A3kl @27 IWEASY ErtE AlSZHd dig
WA TS in vive pot testE 53] HEdA stYTh B
thuringiensis BK49] vl g X2jetd-g oo} 2AA%
AEdE Aetds o FAHEYFE YR RE EvE ASS
8o AL Jello] 2eAe v, A9 244 AER
< 77 A AdFM e BErfE AESE] ¥AS e

W] elgtor 75% ol de] WArtE ERl & 4 UUATHFig. 5).

24 YHEA BK4s}t v|FEA|A ] WEHY. B dF
AE °lv] in vivo pot AENA ERIE A&l gk WA
52 WIE B thuringiensis BK4 k=t A SYEAH
BK4E HW&Azsl] 244 JYEHAZRE 4& = U &
A YA Ee) nAERAERE 48 ¢ de g A
35 FA Helat Al=sigch ok 24A FPEE
& @502 A S Aol AT vlusld & 458
AA skl BEAS W EvlE AlEEE £ o AYsH
WA = de e 224 stk AdxdE 9] Al
5 ARF A Tl sk AAlskaem gl 74
o A FAEH] wee 247 7P w2 S vE

E 107 cfvml, 500 pg/m/Z 3mA, HEOZ 6miE BFH
F3Ath. 2 A3 HF 3YTTE EVE AIESH tid A
ZTHIEMESS BR1E 5= SJen, 7|l s EiR)as=
IR ZaIthFig. 6). o2 AHAZ & o vy} =
A dAEZ BK4S HEAMA widd e Aot 2AA
FREZY] T HES 2AT oot don 73 Eld
EntEe] BEo ik suoF & Zo|th E3 AT 1l
F- AEAJA BEE AAE AT fA71E #Eksle
HE&EHE AT & Aol

= 5

EnEXESY WAlIFF2 Bacillus thuringiensis BK4<] &
4] AEAe] qRdERAS Ry, IEZ BK4
& ZAA FFAM in vitro, in vivo pot AEL S HA E
o E AlESHe dig EGY BAYEE HFIA B
thuringiensis BK4= BUO = 0.5% xylose, YO Z 02%
peptone No. 3, SmM CaCLE H7I8l9S ol EvfE AlE2H
TRl Fusarium oxysoporunl Wt 31843t gA AL o]
7V £9kom IS, B thuringiensis BK47} AJabste
A FAEZ BKAE A N4 in vivo pot AE-S =5
EntE ASL8HA F oxysoporun®l gk Aol gy}
= AL AISF}. B. thuringiensis BK4S] IA9} ZA A4
o] FAEZ BKAE WEAT 1S A4S g dEo=
AE8ISE ol vlst A7HEIMESE gR1Ed = s
o, 71D AS(HEFEI= FAskA Esth B
thuringiensis BK47F AJ¥sk= 848272 BK4E Sephadex LH-
20 column chromatography®} prep-HPLCE- 53] retention
time®] 38min?l GUAEAZ FAL F iAo, A A
E4¢] MIC(Minimum Inhibition Concentration)Z& 233+ A3}
50 pg/mieIATE.
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