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Purification and Characterization of an Antimicrobial Substance from Bacillus subtilis HH28 Antagonistic to Bacillus
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A bacterium producing antimicrobial substance was isolated from cheonggukjang. The bacterium was identified as a strain of
Bacillus subtilis by 16S rDNA sequencing and designated as Bacillus subtilis HH28. The antimicrobial substance produced
from Bacillus subtilis HH28 was purified by 0-80% ammonium sulfate precipitation, DEAE-sepharose FF column chromatogra-
phy, and Sephacryl S-200 HR gel chromatography. The molecular weight of the purified antimicrobial substance was estimated
to be approximately 3,500 Da using Tricine sodium dodecyl sulfate-polyacrylamide gel electrophoresis and direct detection
analysis. Antimicrobial substance from B. subtilis HH28 not only inhibited B. cereus, but also Listeria monocytogenes and Vib-
rio parahaemolyticus. The purified antimicrobial substance was stable at 40-80°C, and between pH 2 and 8. Antimicrobial activ-
ity of the purified substance was completely destroyed by treatment of protease, proteinase K, and pronase E, indicating that it

is proteinaceous.
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g o E wEof TSt AFE Rujet AFEE et
3l AF BREAE Hrhg AF BEA = 8 BEA
o A HEAZF o T HEA = A Y =7oR
Q3 2ujAEO] 71H st FAlOIt). wabA HA BEA
gk Talo] F7keka QL ol HE A HEA o= 714,
AE FE5, 2] Biste FHEE Fol A

u| Ay go] YAitets FHEE-L2 tfF&o| vt ozt A4k
St Tl E= peptide’d 2 0lojA At Ee FEY
a3taso] o3 EajEuz AFoA G HAREAZ
AL 7Rss1e. i3 A ¢l & 19289 -§ARFCl Lactococcus
lactis7} RAF8}= nisin®| 2kl WY E bacteriocin® 2 19984
U= FDAS] S0 74 X 29 HAXZFREAZE AL
51 Qlo}. o]= frAttol AAdst= bacteriocino] HgH A+
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7F &3] o] Foj A& Weto] EitH12]. 2y f4akatol
MA 5= bacteriocin® Tt Bacillus species’} A4 = b
42 ook EAS /A B2 Y d48e A
ATH2].

Bacillus species7t A3l= FdEF L2 of23 o] &
=3t} Class 2 subtilin, sublancin 168, subtilosin A 5
o] &3 glom, FAAV G ARE HHEA & L7t Wt
o (post-translational modification) AJA € t}. Class II+=
13kDa Bt} 22 g o 2 3} pHol| HAstL B H &
NA A MY & L2 W37 gle A3 HEo|ER
A] coagulin, thurincin H, lichenin $9¢] £3%tt}. Class III
L 30 kDakEtt 2 BExgo 2 Fof 23t bacteriocin®] 1,
megacin A group©| o] &3It}H2]. o] or T =
antimicrobial peptides7} AT T3} DNA A Eof tf
3t AR HEo g HE537] 83519 bacteriocin - like inhibitory
substances (BLIS)Z &&t}. B. subtilis LFB1127} A5}
£ BLISE % A7 I 4+ ZFE AsfistaL[30],
B. subtilis MJP1o| AJA5+= BLISE= 13 A FI A9
P EZ 7HATH32]. ©] 9t Zo] Bacillus species7} 2§73
St FaEES TRVF oSt Ft M TE Wol AEA

ok ofy g} ohFet Ak ol A8 4 glen AL THE
A9 FF= o 2
WA oJorEitd ez AL 4 ok A AHESt
FAA Wdato]l HAEUA A Be TEY A&
A of bacteriocin® 2 A 52 = T o] F7Hsta
Q1 tH13]. Staphylococcus aureus?) 7338t 35 7t =
mersacidin [20]17} A A /4F 7L QlojA A H Y
Fo 2 AMRE 754 o] Q& subtilosin A [25]0]T.
F AR SAHEE 8T 4= Slrk HEA vAE
9 7159 2B S, HARE TAE A A
Abe Foi 9 A AHEStAL loh T o] H et AR
FAA o2 WARAE oA 2 UgoA= A
& 0|99 A FAISHL Q= Aol whaba] WA
&Y A At AFFX 0] e FAA A
A7F 7= QIth. Pattnaik 5[19]2] Bacillus licheniformis
7} AAFSt= lichenind 7H&9] A1) Hib5S dov|=
Streptococcus boviso| W3t oL 7FHA 1, thoFet O
E 7hEd & 4= glo] BhE] A Ao H8E & Sle
A 7hA L Qlokar Huska Qi

Al AR AE4gel 48T 4= Sirt. g Y anAE
< YAREAZF A7HEA g3 a9 7T AX=
‘fresh foods™s Y3ttt mets] HAFHEEAZ AHEE 5
%A+ bacteriocin®]] th3t T4 o] FF8tL Slch A& =
antimicrobial peptides P45 [26, 27], paenibacillin [6] &)
I AR o)A B2 g Bacillus brevis7t JAsHs FAF 9
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3}

& A peptide 50| YTHT.

HA 2 AL gt Z-goltt. Bacillus species’}
ARSI S, I Aol = bacteriocine ‘biocontrol
agents’Z AREE 4= Qlth. ol & S0f R oA £
3t Bacillus thuringiensis NEB170| AJ A3} bacteriocin
< 2F IS ES AEY AR AN AEY 4
B ATEE =909l

oebA & Aol B=7gol £27 Bacillus subtilis
HH287} /3t= dad=2d9 FA 2 EAS FETLEHN

A7 Aol AL s ARSI g

=

M= X 'TH

T TY
£ 4P AR ABHOR A2 3FH L o

£ Al
2% o AR A S ol&ste st ndES £
7] Aokl AR AP AR 2248 BRAeAS
[0.85% (w/v) NaCl|9} 1:9 H] &2 £33t &, homogenizer
(Stomacher 400, Seward, England)2 1027 #2335}t
Agols AzsgT. o] AgAS BFYAGLE AR
343t & tryptic soy agar (TSA; Difco, Detroit, MI, USA)o]|
100 wl¥ A7hste] =ehshal 37°Col A 1447t &<k vl gt

3 U4 Pee 248 s

fu

HZE 2 57

Ao AHgE 9 A+ B. cereus KCCM 12667+ tryptic
soy broth (TSB, Difco, MI, USA)°| 1% (viv) &Z35}4]
37°Co| A 24A17F Ft vttt &2 u]AE9] B. cereus
off thet 842 paper disc WH[29]& A8t 215t
At} B. cereuss 0.4% (viv) 23 tryptic soy soft agar
£ £%3 o)A o] 27 8 mm2| paper disc (Advantec,
Toyo Roshi Kaisha Ltd., Japan)E 231 JA4EZL
50 ul& 2 743le] 37°Co A 12A]7F ot wjokat & YA =
Fgo AFFE HES

e e s

FHEE Yetdl= 29 4375 53317] HAsiA I
ahx, Aslsietd 543 48 544X At 3
et S I% 9T A BEL et At
stA 542 API 50 CHB kit (bioMerieux, Marcy IEtoile,
France)% AH43to] 4970] Shaglol gt ol 842 Ak
a1, API 50 CHB database V3.0(http://apiweeb.biomerieux.
com B3 FHAIE Foch FHH FHL 165
ribosomal DNA €714 8 B3l Aoz Ha] nPyE 9]
chromosomal DNAE template2 universal primer¢l 27
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forward primer (5-AGAGTTTGATCATGGCTCAG-3)%}+
1492 reverse primer (5'-GGATACCTTGTTACGACTT-3")
£ AH&-3tY 16S rDNA gene 475 FE51lch 5249 <&
1,400 bp®] fragmentE T-vector (Invitrogen, Carlsbad,
CA, USA)o|| A3A|A F& A& & T-vector sequencing
primerE E3) F7]4 €& £45}13, BLAST search program
£ 0]83}9 GenBank (NCBI)Q ribosomal DNA gene
sequence®} ¥ FA 3} ).

AA7[0f ME S BEEAL

27 ©ABEL glucose minimal medium (0.002%
ammonium molybdate, 0.003% CaCly 2H0, 0.0002%
FeSO,7H,0, 1% Glucose, 0.7% KoHPO,, 0.15% KHyPO,,
0.05% MgSO,47H;0, 0.004% MnSO44H20, 0.5% yeast
extract) 500 mlo] 1% (v/v) HZ3}e] 40°C oA 180 rpm S
2 @ubstel okt 0-144A17H5 <k We vjokats £
Ot spectrophotometer (VersaMax ELISA Microplate Reader,
Molecular Devices Sunnyvale, CA, USA)Z 660 nmo] A
ERES 2yste] YL THL 123, YA B2 3
# BHE SRSt B4 7he 2 ol P ml
Z AU (activity unit)2 Z33tch. AUE I EZE 24
W AAH oz 545l FUBE FAE AT 4uS
o] G4zke Fsta, o] e 1 mlZ FAEHE Zholl F3te
AUMmlZ A4t

SAEZEo| 22| Y MA|
Ak o] A E-S glucose minimal medium 500 mlof| 1%

=2
(viv) &3t 40°Col A 3 &< wfekstalet. A nlgE
o] wjjof A5 Hol A RES 80%2 ZItT 7HA] H7LEt
L, 4°Co| A 12417 FF A & 422 (20,000 x g,
4°C, 302)3te] & AHES 10 mM Tris HCl &34
(pH 8.0)9) &3jA1 AT 1822 EA Y MWCO 6-8 kDa cut-
off, Spectrum Laboratories, Inc.) 2 & 4°Col|A 1247 F<t
E4& 3 & DEAE-sepharose fast flow (Pharmacia,
Biotech. AB Uppsala, Sweden) column (25 X 400 mm)¥}
Sephacryl S-200HR (Pharmacia) column (15X 960 mm)
2 o ko] AASAT. 24 £3) T FFL 280 nm
2 SASYL, 47 SRS S BAo] EASHE
By APstol $AAZ sheeh. RE FABRL G0
3 Ao WAL Haztety] YA 4°Col A =38t

FTH17). FHE- AR 50 ulof| biuret reagent (0.75 mmol/l
cupric sulfate, 94 mmol/l sodium hydroxide) 550 W& &
3311 25°Col| A 1087F ¥ A]Z1 &, Folin and Ciocalteu’s
phenol reagent (Sigma Co., St. Louis, MO, USA) 25 ulE
Y 25°Col| A 3082 &< ¥-SAIFTH 12 spectro-
photometer2 725 nmol| A SZE=E &A3to] YEFUR L,
R &AL bovine serum albumin (BSA; Sigma Co.)E A}
Fahget.

HP2Y EARY 5

FFE22 9] Bxe 24517 Yl Tricine-sodium dodecyl
sulfate polyacrylamide gel electrophoresis (Tricine-SDS-
PAGE)E =33} Hth[21]. 20% polyacrylamide gelE AF-&
&tod 100 V2 bAI7E B¢t H7]19% & £ silver staining kit
(Amersham Biosciences AB Inc., Sweden)2 HM 3t &
A}2F marker= ultra-low range molecular weight marker
(1,060-26,600 Da, Sigma)2 AT}, Tricine SDS-PAGE
E 3T T Tt FASEUA FAs7] Y3l direct
detectionS 3} TH3]. Tricine SDS-PAGESH polyacrylamide
gel& 25% (v/v) isopropanoli} 10% (v/v) glacial acetic
acid®] & 2A17ES 1Y S 5t B FHRTE 64]
7H=9t wash 3 & B. cereus KCCM 126677} =25 vl %]
of &L 40°Col| Al 6AIZt vjeFsle] Fe] 75 &
St

Skt spectrum XA}

Bacillus subtilis, B. licheniformis, B. cereus®] HJ|%u}j x|
+ TSB, Staphylococcus aureus, Salmonella Typhimurium,
Pseudomonas aeruginosa, Shigella flexineri, S. sonnet,
S. boydii, Escherichia coli O157:H79] H]|%FHl| X| = nutrient
broth (NB, Difco, MI, USA), Vibrio parahaemolyticus+
2.5 % (wiv) @3UEFo] L3E TSBHjAE AHE-sHT
Streptococcus mutans, Listerta monocytogenest Brain

Heart Infusion broth (BHI, Difco), Candida albicans=
Yeast Mold broth (YM, Difco, MI, USA), Aspergillus

flavus, A. fumigatus, Rhizopus oryzae, Mucor circinelloides,
Penicillum camemberti~= potato dextrose agar (PDA,
Difco) Hj 2| & Ab-&-5to] v st Aoz AR +F
FE2 AL E (KCTC), Th-5 Y BEAHAIE (KACC)
a3 =u A EEEAE KCCM)O A EF T ThHTable
2). 4= = C. albicans= 30°C, A. flavus, A. fumigatus,
R. oryzae, M. circinelloides, P. camemberti= 25°C, U™
A #EZ 37°CAl A st o] 5 5ol het 23
< 29 43 i FATAY A EE J-AAS AR5
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23193l paper disc FHO] EWglo] 27 o2 vmalgrt.

ol

b 22 T
28 71 -2 Nicolas 5[16]9] HH o2 =353t
B. cereus KCCM 126672 TSBo|| 5% (v/v) FZE38E & 247+
g wjoFet g o] FHFEZB2 AUmMDE H7Hstg L
FHELAE I7IHA &2 B. cereus I FHE 2 F o2
AHESE T e JA7E 3 1247 % X v ki
2A 7t A 0 2 A5 SAsHH

0!

gta 2ol oty

F=d9 pH LS 5457 Al pH 2.0-4.02
0.1 M glycine-HCl &+%-8 9%, pH 4.0-6.02 0.1 M sodium
acetate &89, pH 6.0-8.02 0.1 M sodium phosphate
#4549 pH 8.0-10.02 Tris-HCl &4F5E 42 A3 T
ZtZ+o] pH &3&4 3 ZA FHEL S 1015 ngi =%
sto] HjF2 &=l 40°Co A 12417 AT & A& Ft S
He AT faToRE FFEAS Xdﬂo}Xl Fe
Z+7+o] pH &8 M AR5 FH4EZ Y 29 A
& 335 it JAT TIETL 0000 124
A% T 2E FFRAS ST
Z}'% a49] °§5ok ZF@ 37] 3l lysozyme (EC 3.2.1.17,
Sigma), o-amylase (EC 3.2.1.1, Sigma), lipase (EC 3.1.1.3,
Type VII, Sigma), trypsin (EC 3.4.21.4, Sigma), protease
(EC 3.4.24.31, Sigma), Proteinase K (EC 3.4.21.64, Sigma),
pronase E (EC 3.4.24.4, Merck)E 10 mM sodium phosphate
H5&H(EH 7.0)9 4 mg/mlo] HE=E FH|sHHTh FAR
FEdo] 449 B4F 2 mg/ml F716ke] 37°ColA 30
Fob YA T A HEIYS ST,

gEeY 230 g2l % 5Y

WHO 2 Azt A A2 of AHES
4% 95 Ad A 4 . TSA WA 1442
Fulre ¥, ol ge] Uehe BRSHAD T oA
of Regto] BEEHUS. B. cereuso]] 3t It A2,
YILHO HY £E LT 13 AL

Belat DS TS Pk 1 Y 7Hgols], API
50 CHB system< ©]-83F To]&A4 ZAIS 3 54 43
L Bacillus subtilis® A= Jch. 2ot A3 =4S 9
3} 16S rDNAQ] H7] 8-S AA3taL, GenBenkol 52
H o2 439 71 E 5 vt 23 B. subtilis@} 98%
o 54 BAh wEtA, AEdEF = B. subtilis2 F7
%131, B. subtilis HH28Z Y3} ch.

_\ﬂ,
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Fig. 1. Growth and antimicrobial activity of Bacillus subtilis
HH28 in the glucose minimal medium.

STl AP0 ME ety

B. subtilis HH289] AJ&-o] W2 3484 EAS Z/\]-o]-
HohFig. 1). A& 4 23, WiF 1242714 di=
Al7]0] 3L 24X ZE7HA] AA| 710l 1 o] F AFE 7] 9 E%OP
A & 5 Atk B. cereusol| gt FHEAZS Ao off
F7]1 Q1 OAIZHRE YA E o AFE7] Y 60417 7 =2
4 (80 AU/l 5.

o stgEZ o] goFYo] nZEE A7) 2AEE A
bol & A7e) §FBA Eak AL 12407k o 52
FE@gol et 28 ¥ 4 drHze), B3 FYH
P &2 A171Q1 60X E Aol TRE A 1444
GUVIA Bl FAFA AT FARE AS FAT 4

th. WA Guo 5[5]9 B. licheniformis B11°] A Abst=
bacteriocin - like substance (BLIS)= 8% & 20A]7H0] A]
ot $of Aol FAashar, B3 Yang 5(32]9 I E
A& s FATte] ZAojof whet Aol Aadte= A
glg 4= Qi

m\l

izr_\;&_ﬂl:i
N, ool

skRE ol 2a| o x|
B. subtilis HH289] v ¥A5< 500 ml& 0-80% A
5 A% & azotgEady Yoz AR stEch 3t
I 2% A A &Z2 DEAE-sepharose fast flows AMg-3}o]

ol w3 IRAEIH TS AAFEL, 0-1 MY 0|7}
£ A5t A EAS §E5 AT (Fig. 2). o] ¥ 2
2RI A B0 e 28 143-156WS AT &
sephacryl S-200HRS AF&3le] A A 2utE 1T E 314
th(Fig. 3). A ARutEI o FFBAo| Y& 2T 46-
56 Zol AAH FFEAZ ALsact. FFEA AR
o] ATE Table 19 Ve, 19.7819] A =2} 38.4%9]
TE2 ZAEH AT

Fﬂ

o

nlo l



Antimicrobial Substance from Bacillus subtilis HH28 antagonistic to Bacillus cereus 397

5} B2 5] o =AE
AR FHEA Y BAFE 5457 I8 Tricine SDS-
0.9 400 — 1M
0% —NaCl

* | -e-Protein T

0.7 | o Antimicrobial activity 300 3
é‘ 0.6 5 _
SE z |2
~ -200 2 L
£ o4 I =
2 8 Q
g 03 2|2
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02 | 0 2
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0 0 L oM

z8

Fraction number

Fig. 2. lon exchange chromatography of the antimicrobial
substance from Bacillus subtilis HH28 on the DEAE-sephar-
ose FF. The DEAE-sepharose FF ion exchange column (25 x
400 mm) was equilibrated with 10 mM Tris-HCI buffer (pH 8). The
column was eluted with a linear gradient of 0-1 M NaCl in 10 mM
Tris'HCI buffer (pH 8) at a flow rate of 1 ml/min. The volume of
each fraction was 5 ml.

0.7 - 2000
-e-Protein
0.6 -O-Antimicrobial activity ¢
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fraction number

Fig. 3. Gel chromatography of the antimicrobial substance
from Bacillus subtilis HH28 on the sephacryl S-200HR. Seph-
acryl S-200HR column (15x 960 mm) equilibrated with 10mM
Tris-HCI buffer (pH 8). The column was eluted with 10 mM Tris-HCI
buffer (pH 8) at a flow rate of 0.5 ml/min. The volume of each frac-
tion was 2 ml.

PAGEE AA8t9 1, &4 %%’——3— 013}7] 93l direct
detection Hﬂa 235Gt AA Y FFEZY AV 9E

T} direct detectionS $F AT}Z2 ‘%EE7]- 0}1,]-0].1_ I 99
Frgo] FHES SAsHH(Fig. 4). EZF markerd} A&
o) o] 54 & vl metel FFEAS BAFol o 5,500 Dad
2 dsi9ct.

B. subtilis7} Al A FHFEZ F 9F 3,500 Da 2}
FS 7HRX = AL lantibiotic] <3} subtilin, subtilosin
A, sublancin 168, ericin S 5©] T}. Subtilin pentacyclic
peptide FHE|Z 3,319 Dao|1L[24], ericin S= 3,442 Dao|H
subtilind} 47]9] opw|ieAt 27|19k h 23 wj-$- FARSE £
£ 7}A E3[23]0|t}. subtilosing 3,399 Dal & post-
translational modification E3] macrocyclic & Ej7} =
[15], sublancin 1682 3,877 Dao]il F7]9] 0|33} Ao

1 2 3
(Da)
26,600
17,000 ==
14,200 S
6,500 -_
3,500 ‘

Fig. 4. Tricine SDS-PAGE and direct detection of purified anti-
microbial substance from Bacillus subtilis HH28. Lane 1,
Ultra-low range molecular weight marker (26,600 Da, Triosephos-
phate isomerase from rabbit muscle; 17,000 Da, Myoglobin from
horse heart; 14,200 Da, a-Lactalbumin from bovine milk; 6,500
Da, aprotinin from bovine lung; 3,496 Da, insulin chain B.); Lane
2, Purified antimicrobial substance eluted by sephacryl S-200HR;
Lane 3, Gel overlayed with Bacillus cereus KCCM 12667.

Table 1. Purification summary of antimicrobial substance produced by Bacillus subtilis HH28.

Steps’ Volume Total protein Total activity ~ Specific activity Purification Yield
(ml) (mg) (AU/mI) (AU/mg) (fold) (%)

Culture broth 500.0 1,159.6 40,000 345 1 100.0

AS 3.0 101.1 30,720 303.8 8.8 76.8

IEX 2.0 49.2 20,480 416.3 12.1 51.2

GF 1.5 22.6 15,360 678.5 19.7 384

*AS, ammonium sulfate precipitation; IEX, ion exchange chromatography; GF, gel chromatography
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2 9 A4 lanthionine®] 3= o] = FE[18]=2 LA
‘ilt}.

Ao FFEA 9 FE 25 gosty] Y3 ot
lc*P AEE& 24 3¢l Edman la 4]& N Y3tgct 18
U N-terminal©| block®]o] ofm]i=4k Hoﬂ < 2317 28}
AL, wehA 259 £ A7 FFELY AAT T2 £
o] Q3 Aoz BE et

gkt spectrum

B. subtilis HH280| BAst= F4& é«l A A %
F%o], Axo gt AT Table 20 2ok o] YUt
Paper disk method& &3t &+ A4S 3% 243, 1
g A #F2 B. cereus KCCM 12667, KCCM 11204,
KCCM 40168, KCCM 40935, B. licheniformis KCCM
11237, B. subtilis KCCM 11314, Listeria monocytogenes
KCCM 4030791 o2 A3 &4< Uetiien, 53] B.
cereus?}t L. monocytogenes2] &4do] & AL &2l & 4 gl
o}, 2% A F| AL Shigella boydii KCCM 416490] oF
3t AE AL YEMYR, Vibrio parahaemolyticus
KCCM 119659141 2 A3} B4 trehgich. 290

o]¢} AH A= S0l §ISiTh

WEE29) Bacillus spp.7} A= bacteriocine 13 &
At AAISHA Zotal I FET T2 A8, o
E Eo] ALAoA B S B. subtilis W429] A &% B.
cereus$}t L. monocytogenes®| & F24S YA 1
#? Adols 84 ). 22y & 979 FtE
2L % A9 V. parahaemolyticus®] 52 SAS H
S of ZL Aol Sk AFEL Yosle oz I
g8A qloen, o AF F YA AFA £4% B
subtilis NT-67} o]of gt ?'%} Aol JSE Bt 9l
tH31]. = I1F FAA 5 AFY 4S5 B. cereusst
Ao5% B8 4 A EAAE @ AA AE5E B9
7%= L. monocytogenes®] Tt grd-&Alo] uf-L L4310] A
4 AE HEAZ AT AT 2 ATE Y Ao A
ST 2 AR R Al -85HA 28-St B. subtilis
9} B. licheniformis®] tigt F&/dE 7FAL QAT 1 &
Kol h9 2ol 2 FFL mAA| R Ao Aw gt

2A1 7t F3F i FSE B. cereusol] ZAIT FHFEZDS HIL

Table 2. Inhibitory spectrum of antimicrobial substance from Bacillus subtilis HH28.

Microorganisms

Indicator species

Antimicrobial activity

Gram-positive bacteria Bacillus cereus KCCM 12667 +++
Bacillus cereus KCCM 11204 ++
Bacillus cereus KCCM 40168 +++
Bacillus cereus KCCM 40935 +++
Bacillus licheniformis KCCM 11237 +
Bacillus subtilis KCCM 11314 +
Listeria monocytogenes KCCM 40307 +++
Staphylococcus aureus KCCM 12214 -
Streptococcus mutans KCTC 3065 -

Gram-negative bacteria Escherichia coli 0157:H7 ATCC 35150 -
Pseudomonas aeruginosa ATCC 27853 -
Salmonella typhimurium ATCC 19855 -
Shigella boydii KCCM 41649 +
Shigella sonnei KCCM 11903 -
Shigella flexneri KCTC 2008 -
Vibrio parahaemolyticus KCCM 11965 +++

Mold Aspergillus flavus KACC 41809
Aspergillus fumigatus KACC 42590
Rhizopus oryzae KACC 40256
Mucor circinelloides KACC 40245

Yeast Candida albicans KCCM 11282

—, no inhibition zone; +, below 10 mm; +, below 13 mm; ++, 13-15 mm; +++, above 15 mm.

http://dx.doi.org/10.4014/kjmb.1411.11003
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12
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0 - : ‘o)

0 2 4 6 8 10 12
Time (h)

Fig. 5. Inhibition mode of antimicrobial substance from Bacil-
lus subtilis HH28. Opened circle, Bacillus cereus KCCM12667
culture with purified antimicrobial substance; closed circle, Bacillus
cereus KCCM12667 culture without purified antimicrobial sub-
stance.

3t 3 247k whol| B. cereus7t AR AL 0 5 9%
tH(Fig. 5). 2A1 7t &<t vjSF3t B. cereus®] A5 8.4 log
(CFUMmDO A B. subtilis HH280] JA3t= FHEAL H
7} & 2X7F Foll= B. cereus®] ZEYE FRISHA] £t o]
23t 235 Hol & Aol A AT FHEEL B. cereus
o] o gt A28 (bactericidal action)©] 1S 2135} T}
Kindoli 5[10]9] =74olA £2|3t B. subtilis H279] 3t
B4 =3 4FFES 511, 1,600 AUMIS A PS o
12X|7F 59t A A 3] L. monocytogenes7} AHE &= A2 &
QA 4= At 2 E AT FFEHLS 32 AUmlS
A sto] 2417t WOl B. cereus7t BT AFRE I 1247 F
¢ FAEHE AR Hop FHEHY AdEgo] s A

=
A2 pH 2-8714] 100%2] Fd&4S F4 3141, pH 99|
A= 50%E pH 1094 = 25%2 a0l Z2stach
(Table 3). pHO] F3F O 2 B. cereus? AXS A&gt A
A ZRlst7] Yot frFo 2 A4F§A o FHTY A
S AASE =Y L&A R Q3 B. cereus?t A 3l = A
gttt o] AT Kot B Ao FHEAL FU|HET
A o Aol o e A FAF = 93t Lee
3

[14]¢] B. subtilis SC-8°] Jst= =22 pH 394]

Table 3. Effect of enzyme treatment, heat and pH on the anti-
microbial activity of B. subtilis HH28.

Treatment Residual activity (%)
pH
2 100
4 100
6 100
8 100
10 25
Heat
40°C 100
60°C 100
80°C 12.5
100°C 25
Enzyme
lysozyme 100
a-amylase 100
lipase 100
trypsin 50
protease

proteinase K

o O o

pronase E

2 S AAR FAEES 40-80°C= 1241t
¢ HASRIL, 100°CE 1A A F9f & FHBA
= S 40-60°CollA 1247 5 ®AIgE £, 100%
o A& FHBEe FABHAL, 80°CoAA 124 7HF ¢t

A gt S, 12.6%=2 & @ AJo] ZAast¢lth(Table 3).
Lee F[14]°lA 80°Ce} 100°ColA 1A17F #2814 of B.
cereus®l] gt /o] 24 =t Kindoli 5[11]¢] 7
S 60-80°Col| A 1585 ¢ WAL o &4 o] 50%
7} A, 100°C 108 HA3HS u 20%Z L.
monocytogenes®| /o] Hastatt. ol A= B
of & A9 A2 229 gt kPOl =S ¥
= itk

A Za &4 trypsin®] A 2|2 50%2 Pt B0l

¢

4 Bojazl o FRBA0| a4sER
2Y2 Yy BYYL B3t
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