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Anhfungal Compound Produced by Bacillus sp. TBM912. Woo-Hong Joo*, Su-Ji Han', Young-Lak
Choi’ and Yong-Kee Jeong’. Department of Biology, Changwon National University, Changwon 641-773,
Korea, 'Department of Pharmacy, University of Pittsburgh, Pittshurgh PA, 15260 USA, *Faculty of Natural
Resource and Life Science, Dong-A University, Busan 604-714, Korea, *Department of Life Sczence and
Biotechnology, Dong-Eui University, Busan 614-714, Korea — A continuous enrichment culture procedure
was used to isolate bacteria from various soil sources capable of suppressing large patch disease of
turfgrass. Six isolates consistently suppressed large patch in turfgrass, and ranged in the spectrum of
extracellular enzymes that they expressed. The best disease- suppressing isolate, TBM912, expressed
protease, CMCase, and pectinase activity and inhibited the growth of Rhizoctonia solani and Botrytis
cinerea in vitro. Here we show that this strain also produces an antibiotic that was identified by TLC,
SDS-PAGE and HPLC analysis as lipopeptide.
Key words — Bacillus sp., antifungal compound, Rhizoctonia solani, Botrytis cineres, Disease-suppression
Pl Ee] st HEAL I AE 4 FHE T A Qo g EFugEo] Aidte A7l 9 a7l
o2 de AHR glon, detgont SATA, BAE A 249 29 9 gL AN 0F A7E vFHee
A, grtelezA 3 BFRALA S Bhol gaEel A0l Ak AT VYA 48 Astd B FAst
AAZ AHT T B ZHEE F lipopeptided] T4 Aol AAE aFHI Ut HZole AFFHH 7
22L& ez ogae &x9)o stAHGA A Hlws} HE o] §3to] lipopeptider] &2 i@ FAA 4
o BRAAL AAVAE 454 5ol 9T, I8 £ ol o|FoAm Yout B FH49 =Y o FAHY
Su pHIME 234 HNEe B93 44 2dqel 4 7o) ARsEe 27] BAd Bastch et 43 FE )
254 A5 ol§7bs et B3 e ATFAH M4 W ol§sel 71540l Holu A 8502 lipopeptide
o tated Earh glonz AEEHH WaLAd: f& A 24E LT £ A= Ve Adol 28t
ol 4%, b % ST Se2E Agde g ¢ YA 8T, dubold 5 ol 24 443
A AHE-E F ATH7]. 2 A lipopeptideA] A E A S 4 o, #4433 2 G2 B Fg5 S /A= lipope-
Ao BRI AT YL GUE FWAN AFHT  prded] BRE YAHE UEE AUUAE Yok 4
p=s EWAT A5 S marker2 3t EYCZRE o, g4
T FM QMR A} B gobs nl4EE  s9on, $EEAE o, 1 44 unsn vk
AU Bokzd WA w4 4ast 2h9 §TRE
¢ Azale 2% A2¥Uy Azel A8t Aol 38 cERERC
4 FqEuE #0 tste JspHez ﬂ#i" < WA i
oo o B SFEM 2 0429 23|
7 U2 Aoz JUHA St EAE BE SUHEH e A% Eolo e BAES A s WA A
FFoU% 22 558 APAH )gogziﬂa Eos} 5 13 Epe il $4SE Al 144
3] A7 o z o X
4% ¥ 537] A¢ Pohz lipopeptider] 24 ey 0 AHBIUSE AU SUa BU2 E2]
o - 2 14 Ausa. o5 oz 4udy 479 4%
JREET ¥ 4 UE 5 we ool Jomz ogd  © ) o
. - g - = % € 3 Z8leq 2 4 Aed o
e 4H5E ERY ALY ol $olth e e
e B Falol Ay FAHRAA QA T B BRI BReTE T Anmes 10
24 ool HES Eaha] ojekEo @ ALE T 9ok 04 zh:] 2 AE WA AFF Rhizoctonia solani AG2-2
3l g A K ¥
HA) lipopeptidesd] E2 =2 B2 EZo] By, 75 ¢ S} Botrytis cineriao] T FT BAo] Hold FIYES ¥
2] 8} 4 tH{5,6,10].
»Corresponding author
Tel : +82-55-279-7443, Fax : +82-55-279-7449 22 252 83 U §4 =4
E-mail : whjoo@changwon.ac kr Tz 2L 93 BaFzy 44384 448 A



194 Journal of Life Science 2004, Vol. 14. No. 1

o o7 zAg o8] £E MRLE % A 2
7 pH Aolel Be 239 4% S4& 2ARAT

16S 2|2EDNA g7| M9 23

Bo} &Y 2FFAE A5, & FFoA 944 DNA
2 225 primer 1 (5-GAGTT TGATC CTGGC TCAG-¥
[position 9 to 27 E.coli 165 rRNA]3} pri- mer 2 (5-AGAAA
GGAGG TGAT CAGCC-3'[position 1542 to 1525 E.coli 165
RNA)S AHe3te PCR YO R 165 2l RE DNAS 3%
AA 47\M9e AR o159 454 AsstE Ag
A 7izste] FFE FFFAT

TN TFY NZY EHsuH 524 2 XA

Agtge] A3rF 9 shies HdA AT AxHs
ol2uE B4 o 44 AsS Fato doldt=
AFol G A ATHIZIL WA Red FF 2L
712e wal7) 918 7k dPor AxY Rud Hio
ARGE} §goz ARHE FI&A I (agar diffusion
method)©. 2 pectinase, cellulase, CMCase, xylanase, chitin-
ase @ protease 4 55 FAsIAH411].

SnEd9 F&

LB i #u) =] 250 mlo] F2E AMEjFs 4< 1/100 vol.
o] BA HZste] 37Co] 180rpm O 2 3YU7H AgujF3t R
ok W) ket FZZ 6,000 rpm, 4T A 10 ¥7+ A E2) 5t
FEae dol Fulg HTEATN AT

gREde 22l ¥ fyHel

REFFo HIA S QAR v g pH 200] &
Y72 Fdag 7t o B A 4THN FAE
SAA DA F, FAASRAT AL B JHAEE 104
9] methanol2 Fg3te 23 §, 2% st FE49
23228 AU AZB 2FFFL 594 HATY 2
shsee 8tolsly] 93t inhibition zone Al ol A3t Tt

29 $7529 AT ASAS E4& disc 24 inhi-
bition zone®.2 ZABIAT 0% RYd 232ES 2%
methanolo]] ¢ silica gel columng Ah-§3tod methanol 2
A £2AAA 4 mie] £ £ gen, 22 4 £9Y
gae =R39ct. 283 Thin layer chromatography
(TLO)o} 2}3ke] chloroform/methanol/water (65:25:4)2]
AN gl g AHgate] 22, UV Exi3tel A #&3}3 1L, nin-
hydrin G4z 24 L AJeko g B zALg g on, if
%39 lipopeptide?] surfactin (Sigma, Co.)& High Perfor-
mance Liquid Chromatography (HPLC), SDS-PAGEZ &4
o 8 FTEAL 2HAh HPLCE §¢ surfacting 4
ol Hypersil BDS C18 94z o] o] 8 H 3, acetonitrile/
water?] AN &(60:40)% ©JFFLE £ 05 mle] flow

rate ZAA FaH Ak
a9 pa

S4s70ME TBM 9129 MUESHE

A9E QYN BB FF FolA FFBAC AR
AAS] FEBT $58 FF2A TBM 9129& Fste] o]
3] Ade] Aurste] ALEstTh 0|59 FAEALE Al
AZH vl An A0 2 AEHAFQ Rhizoctonia solani
9} Botrytis cineread]] th3te] Tk $4¢ FEEAE e
5 3ol8 4= 9¢lal(unpublished data), Fig. 1, 21419} 2
o] Agd FFBAL Uehlo] $57FZ HEsin

Ay FFo Ag - s E B4 2AG 2RE Ta-
ble 1o Jehien, ol 1¥%A, endospore A,
catalase k4 o] AAol] 71%3to] Bergey's manualel o
2 242 H@3) B 2%, 5 Bacillus £ Re2 4

Fig. 1. Inhibition of plant pathogenic Rhizoctonia solani on PDA
agar by strain TBM 912.

Fig. 2. Inhibition of plant pathogenic Bofrytis cinerea on PDA
agar by strain TBM 912.



Table 1. Biochemical and physiological characteristics of iso-
lated bacterium

Characteristics Bacillus sp. TBM 912
Gram strain +
Cell shape short rod
Endospore +
Colony color white
Catalase +
Glycerol
Erythritol

D-arabinose
L-arabinose
Ribose
D-xylose
L-xylose
Adonitol
8-methyl-D-xylose
Galactose
Glucose
Fructose
Mannose
Sorbose
Rhamnose
Dulcitol
Inositol
Mannitol
Sorbitol
a-methyl-D-mannoside
a-methyl-D-glucoside
N-acetyl glucosamine
Amygdalin
Arbutin
Esculin
Salicin
Cellobiose
Maltose
Lactose
Melibiose
Sucrose
Tregalose
Inullin
Melezitose
Raffinose
Starch
Glycogen
Xylitol
Gentiobiose
D-turanose
D-lyxose
D-tagatose
D-tagatose
D-fucose
L-fucose
D-arabitol
L-arabitol
Gluconate
2-ketogluconate
5-ketogluconate
ONPG
Arginine
Lysine
Ornithine
Sodium citrate
Sodium thiosulphate

I R Ik TG T o i T S S e S S S e S S e T I L . =

+ 4+ 4+ 0 o

Urea
Tryptophane
Sodium pyruvate
Kohn's gelatin
NIT
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5" CGTTGTAAAC GACGGCCAGT GAATTGTAAT ACGACTCACT ATAGGGCGAA TTGGGCCCGA CGTCGCATGC 70
TCCCGGOCGC CATGGCGGCC GCGGGAATTC GATTGAGTTT GATCCTGGCT CAGGACGAAC GCTGGCGGCG 140
TGCCTAATAC ATGCAAGTCG AGCGGACAGA TGGGAGCTTG CTCCCTGATG TTAGCGGCGG ACGGGTGAGT 210
AACACGTGGG TAACCTGCCT GTAAGACTGG GATAACTCCG GGAAACCGGG GCTAATACCG GATGTTTGTT 280
TGAACCGCAT GGTTCAGACA TAAAAGGTGG CTTCGGCTAC CACTTACAGA TGGACCCGCG GCGCATTAGC 330
TAGTTGGTGA GGTAACGGCT CACCAAGGCA ACGATGCGTA GCCGACCTGA GAGGGTGATC GGCCACACTG 420
GGACTGAGAC ACGGCCCAGA CTCCTACGGG AGGCAGCAGT AGGGAATCTT CCGCAATGGA CGAAAGTCTG 490
ACGGAGCAAC GCCGCGTGAG TGATGAAGGT TTTCGGATCG TAAAGCTCTG TTGTTAGGGA AGAACAAGTG 560
CCGTTCAAAT AGGGCGGCAC CTTGACGGTA CCTAACCAGA AAGCCACGGC TAACTACGTG CCAGCAGCCG 630
CGGTAATACG TAGGTGGCAA GCGTTGTCCG GAATTATTGG GCGTAAAGGG CTCGCANGCN GTTTCTTAAG 700
TCTGATGTGA AAGCCCCCGG CTCAACCGGG GANGGTCATT GGAAACTGGG GAACTTGAG. .ovvcrerecrscesnesnns 199

GCTAACGCAT TAAGCACTCC GCCTGGGGAG TACGGTCGCA AGACTGAAAC TCAAAGGAAT TGACGGGGGC 784
CCGCACAAGC GGTGGAGCAT GTGGTTTAAT TCGAAGCAAC GCGAAGAACC TTACCAGGTC TTGACATCCT 84
CTGACAATCC TAGAGATAGG ACGTCCCCTT CGGGGGCAGA GTGACAGGTG GTGCATGGTT GTCGTCAGCT 94
CGTGTCGTGA GATGTTGGGT TAAGTCCCOGC AACGAGCGCA ACCCTTGATC TTAGTTGCCA GCATTCAGTT 94
GGGCACTCTA AGGTGACTGC CGGTGACAAA CCGGAGGAAG GTGGGGATGA CGTCAAATCA TCATGCCCCT 1064
TATGACCTGG GCTACACACG TGCTACAATG GGCAGAACAA AGGGCAGCGA AACCGCGAGG TTAAGCCAAT 1134
CCCACAAATC TGTTCTCAGT TCGGATCGCA GTCTGCAACT CGACTGCGTG AAGCTGGAAT CGCTAGTAAT 1204
CGCGGATCAG CATGCCGCGG TGAATACGTT CCCGGGCCTT GTACACACCG CCCGTCACAC CACGAGAGTT 1274
TGTAACACCC GAAGTCGGTG AGGTAACCTT TTAGGAGCCA GCCGCCGAAG GTGGGACAGA TGATTGGGGT 1344
GAAGTCGTAA CAAGGTAGCC GTATCGGAAG GTGCGGCTGG ATCACCTCCT TTCTAA 3" 1400

Fig. 3. 16S rDNA partial sequence of Bacillus sp. TBM 912.

N

Fig. 4. Detection of pectinase by agar diffusion method. Fig, 5. Inhibition of plant pathogenic Rhizoctonia solani on PDA
(middle : Bacillus sp. TBM 912) agar by purified antifungal compound.
(left: 100 ul (20 pg), right: control (1 M NaOH))

Fig. 7ol vebitt. o] 24 Bacillus sp. TBM 9127} AJAts)
£ HEAY §FEAY FAY) surfacind] BAZ FHY AL DY Bopld 233 Uz 8aye) 9e RS
AT 2 gdEn

B AP A4E BARFE 59, 9% L 3U 0B mAgom B HelRFe 94 AN 34E 48
FHlAM &89 7tsHel ¥ TFEM AHHeE 17} o] BEeolE dFol B3 UL YF(FA)d= FF ot



66 kDa
45 kDa
29 kDa
24 kDa

20 kDa

14 kDa

sample

Fig. 6. SDS-PAGE of isolated lipopeptide.
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Fig. 7. HPLC spectra of isolated lipopeptide.
It had a retention time of 5.3 min, standard surfactin
had a retention time of 5.3 min. Separation was ac-
hieved on a Hypersil BDS C18 reverse-phase column.
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