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A new Bacillus strain designated as MP56 producing antimicrobial substance has been isolated from the mud flat of
Korea. The strain MP56 was found to exhibit broad spectrum of antimicrobial activity against Gram-positive
pathogenic microorganisms and MDR (multi drug resistant) strains. The 16S rRNA sequence revealed that the MP56
was closely related to Bacillus subtilis with 99.93% homology. The optimal medium composition for production of
antimicrobial substance in the B. subtilis MP56 were 1% mannitol, 1% oat meal, 0.01% CaCl,. Antimicrobial
activity of the culture broth against different pathogenic strains was assessed using the antimicrobial spectrum. The
result suggests that Bacillus strain MP56 produces high quality antimicrobial substance that might be very useful to

|2 =

control varieties of pathogenic microbial growth.
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2EG7HA AT SEOA ARSE AT A Y A
S 2 QI3 theket Al WS 7H Alete] 88 A1 &
A WA At Bar A4 suiet F7F8ka {lrH(Alanis, 2005).
thekA| YA Altolli= MRSA (methicillin resistant Staphylococcus
aureus), VRSA (vancomycin resistant Staphylococcus aureus), VRE
(vancomycin resistant enterococci) 5-©] Atk MRSA 2] 72 1961
W g0l BT, o= 80 At RE HiiE]7] Al &bst
o A= Y g dig3 Yo 2 75 QIth(Turos er
al., 2002). 71&9] Staphylococcus aureus (FHEZEAS 149
74 penicillin, ampicillin, macrolides 52] FAATLOZ A&
7t 7Fs st o, A7) AAE0 2 13 oA WA o= lg)
of|&= vancomycin, teicoplanin, linezolid 5-2] SHIEZ o] AML-E]
3 ek 28y vacomycin®| Y} linezolid @) 7-$- ARE-E 7|71
H|5}e] oju] YAdato] tigt v} Hl3 Qlof ¢zt AZE o
< AFska ik meEbA, A WAHEE S8 A% At
AA9] ko] HAIS] Q|1 Ith(Woodford et al., 2000;
Drago et al., 2008; Hashizume, 2012; Long and Vester, 2012).
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Bacillus <5 9|RE = Bacillus subtilis= EA F4H2
Folut 2 oAl A=ty giiiEe] f71E88 Btk S48
7HAth E3 H S, A0 WA o] §E= nYEEN 1 &
|93} Qb do] e Q1= o] itk tha=Q] Bacillus < AYE2
EA] 2 sh= gL kit ABE S 71X bacteriocin, bacteriocin
like substances (BLS)E YA 4= QJth= Aot} Bacillus &
ugEo] Aikste ti#A Q1 FAYEH| = subtilin, surfactin,
fengycin, gramicidins, tyrocidine, iturine, bacitracin 5©] )t}
(Delcambe, 1950; Kluge et al., 1988; Nakano and Zuber, 1990;
Klein et al., 1993). ©]5-2 peptide AL &35h, A A
2 Wolx) gL A ZHEA ok FHS AT Slo]
ofef, BEejor Ael Sl A FA 2= A A7 Ak,
wehA 2 AFAES A WA Aol fad I8 22
& A8z Bacillus 4 455 g A8t AHAA <= &
g, #F T4 L JF YAz, I+ A5 AR
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o FeFA|7] 1, 10-10°9] B]AJul5=2 oA 3 A8kgch 345
A|ZE= 0.1 mlA 4% NaClo] Z3E MRS Ht v x| o] =3}
of 37°C ol A 48A17F Fk vl ATt BioF & Sto =2 et
Fe), A 59 Fejd EAR o Wt 25 Bacillusg AAE 5}
T wix]of 33 vEE =dste] ¢AlE v EelEkych £2E
Bacillus 3 3t /o] Hold FFE AW 3 18 &
A, 2417 2 oheFA] WA (MRSA, VRSA, VRE )& A9
TOo 2 AMget] 7 W 3t ABEHS YERE Bacillus
£ A9yt

A2 2F

22 Bacillus 9] Ft8/d RS fiste] I3 2
234t Alacligenes faecalis ATCC 1004, Enterococcus faecalis
ATCC 29212, Bacillus subtilis ATCC 6633, Staphylococcus aureus
KCTC 1928, Micrococcus luteus ATCC 9341, Mycrobacterium
smegmatis ATCC 9341, Salmonella typhimrium KCTC 1925,
Escherichia coli KCTC 1923, Pseudomonas aeruginosa KCTC
1637, Enterococcus faecium ATCC 8043, Enterococcus cloacae
ATCC 13047, Staphylococcus aureus subsp. aureus ATCC
10537, Staphylococcus aureus KCTC 1928 (R209), Staphylococcus
aureus ATCC 6538pE SH=A1H-58F AT EXAAIE] (Korean
Collection for Type Culture, KCTC)oj|A4] £oF dto} ALg5}% 0
™, ThoFA] WAl MRSA (methicillin resistant Staphylococcus
aureus), VRE (vancomycin resistant Enterococci), IMP (carbapenemase
A4 imipenem UJ’d4h), ESBL (extended-spectrum B-lactamase
A= NSt BESH ngES AP AN B wot

AFEAT.

16S rRNA E7|ME 2M

MP56 7=2] 16S rRNA @74 Q84S 9|5} 27F (forward
primer, 5-AGAGTTTGATCCTGGCTCAG-3")¢} 1492R (reverse
primer, 5'-GGT TACCTTGTTACGACTT-3") 27§¢] primerZ

{ Bacillus mojavensis TFO 157187 (AB021191)
Brevibacterium halotolerans DSM 8802T (AM747812)
Bacillus subtilis subsp. spizizenii NRRL B-230497 (AF074970)

Bacillus subtilis subsp. inaguosorum NRRL B-23052T (EU138467)

[ Bacillus subtilis subsp. subtilis DSM 107 (AJ276351)

Strain MP56

= Bacillus tequilensis 10bT (HQ223107)
Bacillus amyloliquefaciens subsp. plantarum FZB42T (CP000560)
Bacillus methylotrophicus CBMB205T (EU194897)

Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 77 (FN597644)

Bacillus siamensis PD-A10T (GQ281299)
001

Fig. 1. Phylogenetic tree based on 16S rRNA nucleotide sequences
showing the position of strain MP56.

chFAU ol thet 3t B/dS 7HAl= B. subtilis MPS6 & 91

AREste] S a A A4 Hh-S(polymerase chain reaction, PCR)
< 3stgict. 274 H 16S IRNA §42H= GenBank o] E]H]
o] A9} v HAS)H 0o AT 22 neighbor-joining (Saitou
and Nei, 1987) W& 0]-83}9 2 21344 2= Jukes?} Cantor
(1969)9] A& o]-&53itt. AT 48 =+ 1,0003) ¥HE-Z 5
3} bootstrap 4] (Felsenstein, 1985)2 A A|5lo] E215}4i )

HIEN U5

MPs6 5-9] e A% I B4, 24 Al 9 et
AW Alatell hste] 2ABFEAT A|@t5= muller hinton
brothol|A 37C 222 ujsle] €5 McFarland B =7}
0.57} H=& zAsto] FAF AHgsHh 3 HE
2 paper disk diffusion method (Toama et al., 1978)°] w2} A
3tk A8 #5355 Muller Hinton agar Bj*]o]] 0.1 ml =2
33 MP56 w53=2] uj%Fl] 40 ulE paper disk (Toyo, 0.8 mm)
o ket 7 37°ColA Hjerstel UEbis A% A A|ge] 7]
2 FFEHE B

£ #79 iR RS Ao aAst] dage
mannitol, fructose, glucose, D-sorbitol, maltose, lactose %
sucrose= 7217+ 1% (wiv) =2 A7}51 MP56 #-5+2] A vk
HZ 1.5%4 4ET 5 37Cof| A 2447k, 150 rpm -2 21 ulj<f
STt vk Al B35t Staphylococcus aureus KCTC
1928 o] gt Bt S St Bl mE A&
852 v|walgrt ZAAY-L yeast extract, peptone, tryptone,
malt extract, beef extract, oat meal, soy bean meal, NH4Cl,
ammonium sulfate 52 Z}Z} 1% (w/v) S22 Z7}5F & g4
o] A= T FYsHA At 34 Y4aE CaCl, NaCl,
KCl, MgCl,, Na,HPO,, MgSO; @ MnSOs 5 7z} 0.01%
(wiv)3 H71ete] g9 AR 5 YsHA 35t

247} 9l &
HRAB{AC| 8] U ST MM BF M

A Asfigte] AdoA =% ARE ot 70 8
A A TA S-S 0|8t #FF MRS iR o =ste
37C oA 48A17F B2 viFat it v & St 2 =he] 3
o, 4 52 P8 EA ol wet oF 2059 Bacillus w55 A
sttt 4= 29 Bacillus 45 5 18 ¢4, =4 A+ &
chobA]l YWAZMRSA, VRSA, VRE 5)of 953 23] SA4L
Hol= #35 Adste] MPs6o|2ta Py stithFig. 2). I+
E4& A= Bacillus & d5 vl5, AA, B 5 OFSE
2o EE7 HuE gl otk AHe A 23 =4 A4t
Bacillus w520 T3t 21 Itk (Chang and Yang, 2007;
Moshafi et al., 2011; Choi et al., 2012).
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< B3 AT} B subrilis©} 99.93% &5/ 0] om, Algst
X © 2 B. subtilis subsp. subtilis DSM 10"9} G-A}et F32 3
Q1= ATHFig. 1).
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Table 1. Inhibitory spectrum of B. subtilis MP56.

Test organism Susceptibility

Gram-negative
Alacligenes faecalis ATCC 1004 -
Salmonella typhimrium KCTC 1925 -
Escherrichia coli KCTC 1923 -
Pseudomonas aeruginosa KCTC -
Enterococcus cloacea -
Gram-positive
Bacillus subtilis ATCC6633 -
Micrococcus luteus ATCC 9341 -
Mycrobacterium smegmatis ATCC 9341 -
Enterococcus faecium
Staphylococcus aureus KCTC 1928
Staphylococcus aureus subsp. aureus ATCC 10537
Staphylococcus aureus KCTC1928 (R209)
Staphylococcus aureus ATCC 6538p
MRSA 693E
MRSA 4-5
MRSA 5-3
MRSA S1
MRSA S3
MRSA U4
MRSA P8
MRSABI15
VRSA(MRSA2-32)
Enterococcus faecalis ATCC 29212
VRE 2 -
VRE 3 -
VRE 4 -
VRE 5 -
VRE 6 -
VRE 82 -
VRE 89 -
VRE 98 -
IMP 100 +
IMP 102 +
IMP 120 +
+
+

I T S R T T

IMP 123

IMP 129

ESBL LMH-B1 -
ESBL LMH-P3 -
ESBL LMH-S1 -
ESBL LMH-U4 -
ESBL LMH-W1 -

Activity was expressed as the diameter of inhibition zone against infectious
strains. -, no inhibition zone; +, above 1.2 mm.

A FEE 1% (W/v)7F A sto] 147 vigFate] 2stR.om
A= Fig. 31 Zth MP56 5+ mannitol¥} sucroses O 2
£ JAEZ AASS Byt Fructose, glucose, lactose
= 75 AL SITHFLY FEE AAbsol vy Wk
ot A4 wE FYED P4 AES A3 fr1ELEe
FAEAY Yo AAH R 2 aTE Kol §H, 7]
age PR Ao ofF WAL g AeR Ko g
AEZ] Pibol| f71dago] BIHOR 2ol= AL L +
AReH 7] A4 5 oat mealo] 7 =2 HYEA AP4tA
= UeiglthFig. 4). 77184 9 25877 FEA
At 1) 2= F3ES HES}F7] 3| mannitol 1%, oat meal 1%
o 0.01%2) £7127 9 B34S Wrlete] TAZ A4l B
T A8 519100, AHe Fig. 5o vhehigich. o)A vhehy
"o} Zo] CaCl & AMSSHEE ) 71 93t I EE BabsS
UeRJ it NaCl, KCl, MgCl,, Na,HPO4, MgSO4 ¥ MnSO;
£ 371 A= FYER 459 AeE HolX|&= Fsith
ol/da Zo] MP56 #2 34 B4 A4ES % 2 F wjA =
A2 mannitol 1%, oat meal 1%, CaCl, 0.01% %t} Bacillus
subtilis MP56-& 2|2 o272 0 2 wljoFet uj wljofA|7to] I
S PAto| n| 2= FFE HESI] Al 27, 249 ¥isl pH
H3}= Fig. 60 e Tt 3 S22 10470 2 4
AtE]Glom o] 48A7HA] AR o] |AH T
Yoo 5(2007)0] 5%}t Bacillus 4 w5+ 48 A7 vl g5 &4
o] 25| WolA 12364171 H HOPATHO 2 WS
I3 Seo 5(2010)0] E-E3t Bacillus lichemiformis KJ-92] 73
2 4ERYA R et FFLL 24-60A1700] Lt A
o2 msitt. & ATolN Hele B TARE olgla
A A AAE Aol Bacillus subtilis sp. MP56 455 12-
48 A7t v Fsto] ARG o] v A S A e 2 Alm Tt

SRy gt
I FA 2 A E tHAWAEEE deE

Fig. 2. Antimicrobial activities of the isolated Bacillus subtilis
MP56. (A) Staphylococcus aureus ATCC10537, (B) MRSA 5-3,
(C) VRSA (MRSA 2-32), (D) IMP 100.



MP56 o5 v g 2 St S 2ARE AT, 3% S lle
FeAE BolR] sttt a8y 23 12l Staphylococcus
aureus KCTC 1928, Staphylococcus aureus subsp. aureus
ATCC 10537, Staphylococcus aureus KCTC 1928 (R209) &
Staphylococcus aureus ATCC 6538pol|A A4S E4c) E3)
22 2 YA SR A E2]E] MRSA (Methicillin Resistant
Staphylococcus aureus) T3 923} imipenem WA 559
& ZeAdeS E¥ckTable 1). Kim $(2010)2 Bacillus
polyfermenticus KJS-20| 4] macrolactin A 82 42 AA|5}t
&] macrolactin A, 7-O-malonyl macrolactin A, 7-O-succinyl
macrolactin A, macrolactin E @ macrolactin F&] ;LZ& {5
stgon E3] 322 gAIEZ 2] macrolactin A, 7-O-malonyl
macrolactin A, 7-O-succinyl macrolactin A= 439 MRSA,
VREY]| a7t8 02 JZAAAE et lrt. E3F Aunpad and
Na-Bangchang (2007)2 Bacillus pumilus strain WAPB4 w5+

Inhibition zone (cm)
R
1
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Fig. 3. Effect of carbon sources on antimicrobial activity of culture
broth of the isolated B. subtilis sp. MP56. 1, fructose; 2, lactose; 3,
sucrose; 4, maltose; 5, mannitol; 6, sorbitol; 7, glucose; 8, MRS medium.
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Fig. 4. Effect of nitrogen sources on antimicrobial activity of
culture broth of the isolated B. subtilis sp. MP56. 1, yeast extract; 2,

peptone; 3, tryptone; 4, oat meal; 5, beef extract; 6, soy bean meal;
7, malt extract; 8, NH4Cl; 9, ammonium sulfate; 10, MRS medium.
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AAFSR B £ % MRSA, VRE 22 Q4 250 E7}e)
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Inhibition zone (cm)

Fig. 5. Effect of metal ion on antimicrobial activity of culture broth
of the isolated B. subtilis sp. MP56. 1, MgCly; 2, MnSOy; 3, CaCly;
4, KCl; 5, NaCl; 6, Na,HSO4; 7, MgSOy; 8, none; 9, MRS medium
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Fig. 6. Production profiles of antimicrobial substance from the
culture broth strain B. subtilis sp. MP56. Dry cell weight (-@-),
antimicrobial activity (-L_-), pH (- A-)
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