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Purification and Characterization of Antibacterial Compound Produced by Bacillus subtilis MJP1.
Yim, Eun Jung, Eun Ju Yang, and Hae Choon Chang*. Department of Food and Nutrition, Chosun Univer-
sity, Gwangju 501-759, Korea - Antibacterial compound from Bacillus subtilis MIP1 was purified using C18
Sep-Pak cartridge, ion exchange chromatography, and gel filiration chromatography. The purified antibacte-
rial compound showed antibacterial activity against Listeria monocytogenes, Bacillus subtilis, Staphylococcus
aureus subsp. aureus, and Enterococcus faecalis. The purified antibacterial compound was found to be stable
at 100°C for 5 min and in the pH range of 3.0~9.0, but it was unstable at pH 10.0. It was inactivated by pro-
teinase K and pronase E, and heat treatment at 121°C for 15 min, but it was stable with lipase and a-amylase
treatment, which indicated its proteineous nature. Ultra performance liquid chromatography and electrospray
ionization tandem mass spectrometry analysis were used to identify the purified antibacterial compound and
confirmed the existence of two peptides (3356.54 Da, 3400.5244 Da).
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Bacillus 42 Gram %A, 7Ht, 37430 olEE A
e AR gl AAHLE Fa3 75 F shEA,
kst §ae) SRS o= Fa)3eal A9 25].
Bacillus ;0] AFH 22 FQ33) #F2 FEH: o] f2:
W2 ASA|7he) uhE g2 HEFT|9) 25| xR
2 ofe] wt A& Hu]3}3L, Bacillus subtilis B Bacillus
licheniformis & 452 AlF 2 oAk ol A9 Aol
o] ¢HAsE GRAS w|AEE QA=Y wFo|eh21].

Bacillus 4-2- 7| 2427} v} vkt A peptideE
AArs=H], XF7HA] B2 bacteriocins-o] ¥ ILE QI TH?2,
17, 26, 28]. H<Z 44 ¢ AT 2HEH QA"
bacteriocine 2} FAK] A9 B8 715A ulFell Ceksl o
T} o] FoIA I Q= AA o|THs6, 12, 19]. 2By A
o] AAksH= w1F-E-2] bacteriocin AHdo]/2] pHE A
97 2AE7] diel AR A 88 7esAdel
A kol lel k7). ool Wksle Bacillus 0] ABAYs=
bacteriocine B-2 M99 pH ¢S el S
HeldH10, 23]. 2222 Ak o8] GRAS vIAEQl
Bacillus 40| QA= bacteriocing ©]- 83 AQ AF &
A, AEY F54 5, 715 AR ZURSel H3 A
Aol |7 9 N2 AALEjel|A AR gl A B
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Suels ABLEAFo] FH3} o]E FE A2
bacteriocin At A1 FUIAEE A 4 Qe L S
AU et o] g 2AE vieke g QAo Fadpe F
W95 s 9 S 713l A 2% bacteriocin®] B3 Y
2 F838 FAlolv}. B Q7L #FZHF Bacteriocin-
like substance(BLS)E AAFsl= B. subtilis MIP1-& #2]%}
3 g e B BAS AL o] 28 dF Akt
= BLS7} 27 Al gl BAje] ok 3w 84 B
FAF S BAZ Yol AHeA st vt Qe
[27]. ololl & AFolM= B. subtilis MIP1o] Akl = BLS
Z AT A AL 2] -AARIE 1 §A4E

A 33k,
ME %

B. subtilis MJP12] B S HietatESeio| o]

B. subtilis MIP1 7 2(colony) & 71& SmL LB "l %]
(Luria-Bertani media: 1% bacto-tryptone, 0.5% yeast extract,
1% sodium chloride)el] 3E3te] 37°CellX 24417 5=t A
wekA1Z] F, 100 mL LB ¥l 1%(viv) A& F, 37°C
oA 2447 E<t Baorslsic). B. subdilis MIP12] Ewajok
oL 4oCol|l A DA1E-2](9,500xg, 15 min)dte] Fu|7 AH%E
& 0.22 um membrane filter(Advantec MFS, Bunkyou,
Japan)2 A|73led il dEA-E EHBHAT.
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Solid Phase Extraction(SPE) &

Methanol 50 mLEZ 3434170 ¥ 32} 254 50 mLE
A A4 columnd]l C18 Sep-Pak cartridge(Waters
Co., Boston, MA, U.S.A.)el 200 mLe] weJAFEo0S E3}
AA 2 BAES FHA7)T 50 mLY 33 SRR
Al M3 | methanol(HPLC-grade, Fisher Scientific,
Fair Lawn, NJ, US.A) 5mLE Ah&3}e] CI8 Sep-Pak
columrell E3% AP AESE 25470 MethanolE. £
Z% A8 speed vac(Centra-Vac VS-802, Vision, Bucheon,
Koreay& °]-8-3te] 49l methanots $H43] A A3l
ZH|¥l AZA8E 20 mM Tris-HCI(pH 8.5) =) =
o o2 AA|ol AME-slg

lon Exchange Chromatography(IEC) &

20 mM Tris-HCI(pH 8.5) £kl =41 SPE AHA| &2
0.45 um syringe filter(Advantec MFS, Bunkyou, Japan)®
A7) F Bradford W (312 ol 43ted A2 ) i
oF& A=kslglel. SPE A A A &: FPLC(Fast Protein
Liquid Chromatography) system{(AKTA Prime plus, GE
healthcare Bio-sciences, Uppsala, Swedeny2 AR-3le] IEC
AAZE Al §4 4 mL/min® 20 mM Tris-HCl €
(100 mLyS H33} A]7] Hi Prep™ 16/10 DEAE FF
column(GE healthcare Bio-sciences, Uppsala, Sweden)ol|
435 mg/mLe] YA F=F A SPE A4 Al8EF 2 mL
loading3lde}. ©]E- 80 mLY] 20 mM Tris-HCl $H5o0=2
FAE ¥, FY 45 260 mLoll 0 M~0.65 M NaCl¢]
718715 Fo] £2A4171 ¥ 100 mLe 1 M NaClE 548}
At ojvf 8EEA-L 280 nmellq 1 FH=E A8l
i 23RS 34l S51 B3-S MW<1000%)
dialysis membrane(Spectra/Por®, Spectrum Laboratories,
Rancho Dominguez, CA, U.S. Ay AME3le] &8t ¥ 5
A7z, AR A8 20 mM Tris-HCI(pH 8.5)
939 | mis) S FFPHS D F o Y A
Ar B2 ARSBRI

Gel Filtration Chromatography(GFC) &

GFC AA|¥= FPLC system(AKTA Prime plus)3lol| A Hi
Prep™ 16/60 Sephacryl™S-100(GE healthcare Bio-sciences,
Uppsala, Sweden) columng ARS-3}e] Al a)3lgic), S5
{20 mM Tris-HCI(pH 8.5)/0.15 M NaCl} 120 mLZ 3§
32171 columnel] 2 mL A2 E (YA EE: 0.36 mg/mL)
loading gt ¥ FLEY 180 mLE ARE3led 0.5 mL/min
o] #4522 GFCE A3t} GFCAl AAE-L 280 nm
M 1 FHEE FAs AAEDE I GFCE A
g3t RIS MW<10002] dialysis membraneS- AHE- 3}
o] FAAIZ ¥ FA7AZs] 20 mM Tris-HCI(pH 8.5) <+
el Fo FFAA L Slsiiet. A o) Held F

22 opa] FAdg weE 2% GFCE Algsisiet.

N-ch ofo| .ttt MEEY

AAF A EE tricine-SDS-PAGE[20]2 3}}2] band7}
Aeg BRIg F N opn| Al HEEA9] ARE AR
sl Nt oju| Al ¥4-2- Edman degradation W el
2} 3] Pricise 491 HT protein sequencer(Applied Biosystems,
Wilmington, DE, U.S.A.)°ll PTH analysis column(2.1x
220 mm, Applied Biosystems, Wilmington, DE, US.A))

£ AHE3ted A

Liquid Chromatography(LC)& O|&8} Electrospray ioni-
zation tandem mass spectrometry(ESI-MS/MS)
LC-ESI-MS/MSE- ol-83le] A3t MF 2o A
WHA gL eislaat sl FHI A Rel AlESk) 120
o #JFBhe trypsind 37°CelA 12417F B3 A=) & &, A
A% peptide fragmentE Hybrid mass spectrometer system
(Q-TOFII, Manchester, England)$- o] 83} X431t

Ultra Performance Liquid Chromatography(UPLC)E 0|
ZEl Electrospray ionization tandem mass spectrometry
(ESI-MS/MS)

A FAF LS UPLCe 23 ESI-MS/MSE A8
3hdTt. Trypsing 2 ug/ul F=2. 37°ColA 12A]7F 54t
2] 8t A]E % Synapt HDMS(high definition mass spec-
trometry™) (Waters Co., Boston, MA, U.S.A.YE AM-3}eq
o] &35k ARk FAsAH

olol=dt =MEYN

ARG B ofnjxAl AL dohir] #13le] U
ZAA A&l 6N HCl| 1% phenols A7}l A4S
A2 105°Co A 2047t < digestion A% F AccQ-
Flour Reagent Kit(Waters Co., Boston, MA, U.S.A)= +
=43} 3] obnlAl $A712 BHSAS A7)
amino acid analyzer(Waters 2690, Waters 747, Waters Co.,
Boston, MA, U.S.A)), columne AccQ-Tag(3.9x150 mm,
Waters)S- AH8-3150}.

o) &5 uE Eel

B. subtilis MIP1 2% AAIEAS] 2o F5 A4S dof
B7] $)8ted wave scannings A8I5e. I AAES
32} E5 1 mLoll =<l F Ultrospec 2100 pro(Amersham
Biociences, Uppsala, Swedeny& AM8-3le] 190 nm-E] 900
nme] WY WollA 1 nm D2 HAFrss SAs

Hr el Mz 829 ¥y
2% A9 AT B pH, &5 3 AF 5LAe
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A3k PAS ZARIIE. pHoll tidt 3ke FAtel7) ¢
3] pH 3.0(50 mM glycine-HCI), pH 4.0(50 mM sodium
acetate), pH 5.0(50 mM sodium acetate), pH 6.0(50 mM
sodium citrate), pH 7.0(50 mM Tris-HCl), pH 8.0(50 mM
Tris-HCI), pH 9.0(50 mM glycine-NaOH), pH 10.0(50 mM
glycine-NaOH) $H-88-%- 5N HCF} 5N NaOHE ¥A3}
o WY $4 xR AAEE 7 pHE 9389 2+
7Zh S3A1A 37°CoA A7 B)E AEE F 2 #34e &
A3t

259] S dolr| flald FA Az AAEE 20
mM Tris-HCI(pH 7.5) &5l 32l F 4°C, 30°C, 50°C,
70°CellA 244)7F, 100°CollA SE} 304 22T 121°CHA]
155 ot Aejst F AT SAE A8

FAne) oJ8kg- obolRy] #1517 proteinase K(EC 3.4.32.64,
Sigma Co., St. Louis, MO, U.S.A.), protease(type I, Sigma),
pronase E(type XIV, Sigma), trypsin(EC 3.4.21.4, Sigma),
o-chymotrypsin(EC 3.4.21.1, Sigma)2 50 mM Tris-HC
I(pH 7.5)/10 mM CaCl, $+%F 4o}, lipase(EC 3.1.1.3, type
VII, Sigma)¥ 50 mM Tris-HCI(pH 7.0)/10 mM CaCl, &
ZFHol, o-amylase(EC 3.2.1.1, type VIII, Sigma)¥ 50
mM sodium phosphate(pH 7.0)/10 mM NaCl $+&le]] 10
mg/mL7t HEE Fulsdet. AAEo trypsin, a-chy-
motrypsing 1 mg/mLe] FE2 25°ColA 6A17HE A2]3}
I, R EAEE 2 FEE 37°CM 642 Alsis
oh AelE Bt 100°Ce0A 58 E3E Bod B84 A7)
F, AL T AL SAH dETEE AAE
o] EA4 94 20 mM Tris-HCI(pH 7.5) 254 H7}s)
of FY3 2R AHg ALz ARk

& 84 assay

B. subtilis MJP1®) GFCE %3 A& A7 At
2% AAES] FFE(PHA, spectrum)S spot-on-the-
lawn test[9] Wl ol3le] SAsoct. FEA A4S $
3t Z4zre) ZbpAl A2 LB %= brain heart infusion
(BHI, Difco Laboratories, Detroit, MI, U.S.A.)ILA] ul] X] o]
1x10° cfu/plateZ. =431}, ool ATAHANES 214 &=
Aoz 3M sl 27 10 Ly spottingdt F, 37°Coll A
35 wjoksted AR ol (A Al Tl N3 A
A3 3H(clear zone)o 2 1 A4S 2. AT &
A A7 e A AAES 322 il 345l A
Al Aal Aslighs FAAsHE 0 SN 48 F
&L, of Fhell 1 mLell sdele BAHAITE F3led AUML
2 el

B. subtilis MJP19] SPE AAE& IECE 8 AA A
453 9] peak®] A AT, FRT) paper disk
method[24]5- AHE-3le] &A819 Y. & B. subtilis ATCC
66332 LB #iAJol] 1x10° cfu/plate®. =U3}31, Aspergillus

petrakii PF-1-% potato dextrose agar(PDA, Difco Laboratories,
Detroit, MI, U.S.A)¥1A] 20 mLell ZAE 5x10° cfu/mLZ
A 7}8ked petri disholl & F 229 A7 8 mm paper
disk(Advantec, Toyo Roshi, Bunkyou, Japan)Z- wiA]$] e
=1 20 mM Tris-HCl ¢33 Z2te] 84S 100 uL
R AR 7eldet. ZAAMTE(B. subtilis ATCC 6633)
& 37°CeM 247k <Y, A58l (4. petrakii PF-1)
E 30°ColA 48217k B4t W okste JEA HEt A%
AR g QA ARS FAsIg

4 % n#

lon Exchange Chromatography(IEC) |

B. subtilis MIP1] AAbsh= AT £4-& A8 9
aod ok AFES SPE AAIS F IECHA A8= A3}
4}, DEAE columne AH$-3}¢] anion exchange chroma-
tographyZ AA13150& o column®] resinol] 2314 2
20 mM Tris-HClol| 3501 12 219) peaks} resinel]
A3 5 0 M~0.65 M2 NaCl 3=7E & 77elA &
29 VY peakE 4& § AT Fig. 1-A). o] A 7H¢]
peakE-& 77t dialysis membraneS: AHE-3te] A 3 F
I 8L g AF peak 13F peak 40l AT
FAo] FFHYT, peak 5olME AT A Tte] HAH
SIvhFig. 1-B). 34T BAJe] Eld )9 77 FellA
DEAE column®] resinol] A&sh= peak 49FS §43}aL o]
2 3242 & F oL A9 A A AE=E A3
et

Gel Filtration Chromatography(GFC) x|

IEC RAZ Aaste] B5% 3T FAo] Sl peak 4
F7he 54 ¥ 1% GFC AAE Alslls o) 719 peak
< A& 4 rhFig 2-A). 2 peakell |3l 771
& Az A3 § 2 3AE 97E ERIET GFCE F
slo] 2" 2709 peak F peak IFFIelARE |77} el
9] 3l(Fig. 2-B), o] TF2HihE Eel GFC 23 AAIE Al
8198 W Fddt peakE B& 4 AUSHFig. 3-A). GFC 2
2} AAE B3l Foiz FY peakZHE] FAF GrE
ol & 4 U= (Fig. 3-B).

N-2iet ofolicdt MUEY

AAE A& tricine-SDS-PAGE[20]Z & ¥ Edman
degradation ¥}ol] 28 Nt olulieAl MARAE A=
3}gd 21}, N-teto] blocking®le] obn|=At MEE &IE
4 9lgiv}. N-ggdo] blocking®le] obn|xeAl A 9-S &AE
4 9= AL N-@wo] glutamined! 79 R group®]
cyclize®) &} pyrrolidone carboxylate(pyroglutamate)®} =7
v}, N-Zghe] acylation, carbamylation %3 methylation©]
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Fig. 1. DEAE-ion exchange chromatographic purification of antimicrobial compounds from B. subtilis MJP1 and their antimicro-
bial activities. A. Elution profile. Peak 1~5 was eluted by a linear NaCl gradient (0~0.65 M) for 65 min with flow rate 4 mL per min. (=),
protein profile; (-+-), NaCl gradient. B. Antimicrobial activities by paper disk mothod. Left: antibacterial activity against B. subtilis ATCC
6633. Right: antifungal activity against A. petrakii PF-1. 1, peak 1; 2, peak 2; 3, peak 3; 4, peak 4; 5, peak 5.
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Fig. 2. First gel filtration chromatogram of peak 4 in Fig. 1. A. Elution profile. B. Antibacterial activity by spot-on-the-lawn test. Peak I
and peak II fractions were diluted (2x) serially and assayed their antibacterial activities against B. subtilis ATCC 6633.
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Fig. 3. Second gel filtration chromatogram (GFC) of peak II in Fig. 2. A. Elution profile. B. Antibacterial activity by spot-on-the-lawn
test. The arrow pointed peak was diluted (2x) serially and assayed antibacterial activity against B. subtilis ATCC 6633.
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Fig. 4. Tricine-SDS-PAGE and electrospray ioniztion tandem mass spectrum of the purified antibacterial compound from B. subti-
fis MJP1 using ultra performance liquid chromatography. A. Tricine-SDS-PAGE of the purified antibacterial compound after Coo-
massie brilliant blue G staining. Lane 1, molecular weight markers; lane 2, the purified compound., B. Mass spectrum of the purified

compound using UPLC.

¥ 7% Edman WM& W5l wiEeletx d¥A o
[14]. =3} Edman sequencing ¥'H-& dehydro?t7] ¢} 72
B7] ZF ofuxAbe] ol A$ Brlssicia deEix|x g)
£, sublancin 168[18]¢] 7F%l thioether ring®} cerein 7B
(167} 714l disulfide bridge Z-2 £A W] Aol osf vt
et s glvh o 2lgt 9 N-U] blocking
groups AAZ 5 G FA N 24 S 2]

Bhar whA yRe) olnjeAM IS BA sk WY Tl Q)
‘:}[8 13, 22].

ATNME ARG AT B N ofnjieAl A
°§,_ NE 2eld 4 91571 Wil LC-ESI-MS/MSE AHE-
3o peptide fragmentE o83 A H-A DS 3t
JA}p sl ont o] BAMMOR % peak’t A& HA oo}
AAR AT Bde] WEAEE 2 & 4 ¢
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Ultra performance liquid chromatography(UPLC)E 0|8
8t Electrospray ionization tandem mass spectrometry
(ESI-MS/MS)

B Aol AAR B, subrilis MIP1 AT AAEL o
2 w2 A AL F3led (Fig. 1~-3) Y peak® e}
WL, o) tricine-SDS-PAGE AN E 94 bandZ HedA
SHFig. 4-A). °) HAY B 347 BAFS A
$13led UPLCE o]43le] ESI-MS/MSE Al 8191S o o
¥ peaks} band2 Heil A EIM F e} Exjfo] A
2 o2 peptide 1(M.W.: 3356.54 Da)3} peptide 2(M.W.:
3400.5244 Day'} 7&= 5t (Fig. 4-B). o|¢} e Azjzy
Bl B. subtilis MIP122XE] 2] F /|2 peptide= 7
£ 50 o) xeAlel] AFIAE 2ol9] peptideH, ¢ 4
Ak ol A7) 9 $AH B4E AP A2 4 o
o} 22 54 fEell £ Aol AR A F g ER
2 AAE AXNY Byl ot AAe wl$ A1 F e
peptide’} E44€ A2 vepd Ao AY7Eoizld.

ofo| =ttt =MEN

B. subtilis MIP122XE] AAE 752 (Fig. 3)9] o}
Al S BA% A3 B subtilis MIP1 FAFER-L
FAE oln| Al F glycineS 7HA @ol F-fale]on,
alanine, leucine, isoleucine, proline 52| B¥]=A] A Q9] o}
mxeAl o] 2 Aoz e} 2548 71 peptided!]
£ 4 4 2 TK(Table 1). B. subtilis MIP1 M| FEA &
AA %A F C18 Sep-Pak columnel] FH= o] 294 &
Agde] FAH L ol B ofu|xAl 2A] BN Azle) F
A&-E o 4 Uit Lanthionine®}t 22 modified ©}v)x
ARE FAEA] Ao, cysteind} tryptophand- ofm] A}
EAFH AF A Ab ZEeEEol] 23t protect A2 S 814
ol &R et

Table 1. Amino acid composition of the purified antimicrobial
compound from B. subtilis MJP1.

Amino acid pmole Mole %
Asx? 88.38 15.50
GIx® 21.07 3.70
Ser 17.89 3.14
Gly 136.47 23.94
His 0.00 0.00
Thr 15.18 2.66
Arg 0.00 0.00
Ala 91.88 16.12
Pro 49.23 8.64
Tyr 1.13 0.20
Val 24.40 428
Met 0.00 0.00
Ile 56.34 9.88
Leu 61.66 10.82
Phe/Lys 6.67 1.17
Cys ND* ND°
Trp ND* ND*¢

Total 570.3 100.05%

2Asx, the sum of asparagine and aspartic acid.
YGlx, the sum of glutamine and glutamic acid.
°ND, not determined.

&M= 2&2| scanning

GFC 22} AAE2] 2 5 IS Uolir] flsled 190
nm 78 900 nm®| WM wave scanningS A3 3}
o|2H5E] B. subrilis MIP1¢] AJAsl= Al &4 3¢
o F43bE Fig. 5ol4 vl viel 3o 289.0 nmol
o o]u] FAEE 1.1412 Yl

siiE 2ae| ok
HAY AT EDE pH 3,058 pH 9.07x] cjelo)

2.000 3
£289.0 nm,
1.500 R
8
B
£ 1000
7]
)
<L
0.500
0.000
200 400

600 800

Wave length (nm)

Fig. 5. Wave scanning of the purified antibacterial compound from B. subtilis MJP1. Wave scanning condition: wavelength(nm),

190~900; scan step, 1 nm; scan speed, 1800 nm/min.
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Table 2. Effect of pH, heat and enzyme treatment on the antimi-
crobial activity of the purified compound from B. subtilis MJP1.

Antimicrobi —
Treatment ntimicrobial activity

(AU/mL)
3.0 6,400
4.0 6,400
5.0 6,400
pH 6.0 6,400
7.0 6,400
8.0 6,400
9.0 6,400
10.0 1,600
4°C, 24 hr 6,400
30°C, 24 hr 6,400
50°C, 24 hr 6,400
Heating 70°C, 24 hr 1,600
100°C, 5 min 6,400
100°C, 30 min 3,200
121°C, 15 min 0
Proteinase K 0
Pronase E 0
Protease 1,600
Enzyme Trypsin 3,200
0-Chymotrypsin 3,200
Lipase 6,400
o-Amylase 6,400

*B. subtilis ATCC 6633 was used as a sensitive strain.

A A TS Felslgti(Table 2). AR A B subrilis
MIP19] ¥iekdEle] pH A AR [27RIME pH 3.0%
Bl pH 5.0701¢] #HSlelxe A BAdo] 2h4 slglon
pH 6.09141 pH 10.0 F3tlA P33 ehdols ¥ g}
vt oloh B A7) B subtilis MIP1 AT S22 A&
s aE pH EA oA v|aelg S | £ o
TolA AAR AT o] o W pH HlelA A
o 35S & & Uitk

AR AF AL 4°C, 30°C, 50°CHlA] 2447 X
S} 100°CAA 5% AeME 9715 a2 F8iq.
70°Cell A 24X7F Aol Al el H719) 25%AH =5 e}
W52, 100°CeA 303 Xl e d7ke] 50%4
=5 vehfgl e, 121°CHA 158 54 2] Aol 97}
7} A3 2AHS 3ol (Table 2). HHRoAM Hugl
e dEdel 2= ok AY A 2718} vlE A, A M)
AE 50°C o)) 2=olME 97t 50%e) A} ZH4slel
ol2gt Hrle] 121°CHA 158 A2 A7 = g2 §)
sle] Al 9710 50%S FRIskE 2lolE #2E = sie

HA40] o3RS AFHLS 9] amylaset lipase 5] X2
e AAES] AT Aol 2AFA] dsken}, Tzl
F-&| EA9] proteinase K, pronase E 52] Agjol|x= &4
o] 23] AAIESAL trypsin, o-chymotrypsin, protease -

o] Aol B8] 50% oA HAaTE A3 H(Table
2). AR NAM[27] B. subtilis MIP1 w52 4 oFA
2] AZPA] amylase I lipase X2 v= AT o] 24
HA gokert, Al A" wE thrieis] 44
TFollMe 97t hAls] 2AEE Z9E 1313 v} 9ld
o]:= el s el ulsle] AA-E-2- H2)F bacteriocino] T
A= 552 Aelo)] 2R trypsin, o-chymotrypsin, pro-
tease 59 EAo) AiF oz kYT A2 AR, o)
A2 wiokted ) AAER o] AAAA AY
A7 s FAIEE AR Hedzld, o]Ake] Ag A= te]
B. subtilis MIP12- 23 €]e] AAg Ao E4L Fojr}
2o} Agle] AT BAol J3FE FA| 4= peptideFH
& 4 4 9lsiek

B AFo)A B. subtilis MIP1SZ. 38 2] - AAg &
Ad B4 EA2(Fig. 1-peak 4) 2AF 3356.54 Dad}
3400.5244 Da2] ¥ N9 peptide® FAEHW o] F 79
peptidel= "¢ AR 5AE A 3 EAUS 3]
v} gle}. et B. subtilis MIP1Z oA 2ol = o} & 34|
T E2E AAEE & 7 5 2 dFelMEs IECE(Fig
1) 53t B. subtilis MIP12] M7 49 &e) - AA 34
oA F 72] peak(peak 1, 4pllA AT+ EAdo] FAFY
21} peak 1 b2 AQAIFIAL peak 47hE 5 DAL A
AABZ ARG o Vel AReA ¥S1El B subtilis
MIP1S2 FE]9] wjefA5lS o83 Al B2 oy
A A8 An2719) 2 A7) AT B4 AAES] A
A3 A ZH(Table 2)2) x}o] 2. FE] peak 1(Fig. 1)s] 4
= AT B B dFolA] E2] - AAE peak 4ol
EA e AT 2= bA o2 EAGSTE, 74
amino acid, ¥4 A ) AW EAYE FHE 5 9
Aot olAw 22 AFA==E He B subtilis MIP1S 3
o= F I o] EAo] ME o2 AT BHERS A

AT FA4E e

g spectrum

B. subtilis MJIP12.2 H&] AAQ AT 49 37 &
A& Gram FAT 65 Gram 2T 458 Y2 E &
AVt el B subtilis MIP1.ZHE]Q] MF EAS
Listeria monocytogenes ATCC 191139l sl 7} 7338 3
FEAE el 559 B. subtilis ATCC 66339 TlsiA
= g2 3L Jepdel ol Yol Staphylococcus
aureus subsp. aureus ATCC 29213, Enterococcus faecalis
ATCC 292129 WM Al A o] BA=YS. 220t
Gram FA T Fol| A Streptococcus mutans ATCC 25175,

Micrococcus luteus ATCC 135132} Gram Al Esche-
richia coli ATCC 25922, E. coli O157:H7 ATCC 43895,

Pseudomonas aeruginosa ATCC 27853, Salmonella enterica
serovar Typhi ATCC 194300]] ti3jrx: o] FHa=#] ¢
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Table 3. Inhibitory spectrum of the purified antimicrobial compound from B. subtilis MJP1,

Microorganism

Indicator species

Antimicrobial activity (AU/mL)

Bacillus subtilis ATCC 6633 6,400
Listeria monocytogenes ATCC 19113 12,800
Gram-positive bacteria Staphylococcus aureus subsp. aureus ATCC 29213 3,200
Enterococcus foecalis ATCC 29212 3,200
Micrococcus luteus ATCC 13513 0
Streptococcus mutans ATCC 25175 0
Escherichia coli ATCC 25922 0
G . . Escherichia coli O157:H7 ATCC 43895 0
ram-negative bacteria
Pseudomonas aeruginosa ATCC 27853 0
Salmonella enterica serovar Typhi ATCC 19430 0

*Activity was expressed as the antimicrobial activity (AU/mL) using spot-on-the-lawn test against each sensitive indicator.

keh(Table 3).

Bacillus thuringiensis7} A A+8}+= bacteriocing! tochicin
2] 75 FZAE As) XS Jepdoia 2 aE T gle
W[17], Bacillus cereus”} AAYE = cerein7[1515} B. subtilis
7} AAFS}E= subtilin[11], subtilosin A[1]¢] - Gram ¥
A 848 Bddx BaEgle) o] $Je = Bacillus
o] AJAFE}E= thuricin 7[4], entomocidus 9[5] S
monocytogenes, Sireptococcus pyogenes, P. aeruginosa$}:
2 Wl rAES AR 315 g4

RARNX B. subtilis MIP1 WS-SR B subrilis?} L.
monocytogenes?ll W3l 71 715t 43S el S
aureus subsp. aureusS} E. faecalisol| A )X = -84
< Yepide. 2 29 Gram P 2 Gram 47 o
dME S el d9keH27]. B subdilis MIP1 #jek
SN B subtilis?t L. monocytogenesolX EL31A 713
73 S Ve SAEH27), B 979 2a] - A4
FAFEA-L L monocytogenesll skl 714 738 d3%
32 e Tk(Table 3).

olke] AFANZNE] B. subtilis MIPILE F&] A=
AT £ bacteriocine]™ Dol <Hsl Hxleko] 4000
Da °]3le] A FAJo] et AT FolA L
monocytogenes®ll 7V 733 BAE Ho|= Ex) Zog B
B bacteriocin class Ila®] 5243 frAkslel 2 4~ gle},

v

o [e]3
AL =

B. subtilis MIP10] AAFs= SFEAL e - AA3P)
{13t SPE, IEC, GFCE £3 AAE sl AA=
AT 42 tricine SDS-PAGENA] 3h}2) bandy S 3+
Ql 3 F NG opn| Al MEHEAHE 319 01} N-grho
blocking Fo] 1 MEE ¥Ag 4~ ¢igiet. olo =2 WiRA
& UobE7| 97 LCE |43 ESI-MS/MSE- A a5l
S WREANLEE 93 4 91913, UPLCE o] &3 ESI-

MSMSE Ale§st A3 sl 84 B2 Bxlege] nll5-
AL 2709) peptide(3356.54 Da, 3400.5244 Da)7} &)
e Bsjc,

AL AT 229 3 spectrumS 2AMEE AF L
monocytogenes?l| 7V 738k @S ehie o]ele] B
subtilis, S. aureus subsp. aureus, E. faecalis 52| Gram
TN S e AAR B subrilis 3|
T £ pH 3.0%H pH 9.0 HHlelME A3t o
4°C, 30°C, 50°CellA 24A17F, 100°ColA 5% <t vf$- oF
AsGT, 70°CelA 24 A7}, 100°CellA] 305 5t 2]
TFZHE G717 2Rasle] 121°C01AM 158 B3 A2)e 7
ZHlME Q7P 98] AAEE. B4 gPgA AlgelAM
AAE AT A AT DYRS A o] FalH o]
A7}E A e, lipaset o-amylaseelrs FERE vt
Rt o| 25 AR AT F-e] W2 pH HelelA
AL, ¥R T2 ExoME BAAS RS S
T2 o dden, YR a0 s FHEE
bacteriocinyd-2 EHelsisict. '

B AFZ E3led B subtilis MIP1 S 2H-E] 2] - A
H bacteriocin class a7 EA34 AV, B, subrilis
MJP1-& £ 2] bacteriocin 0] 9ol E & A F EA}
A A AR FYE & & AdHk
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