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Antipathogenic Activity of Bacillus amyloliquefaciens Isolated from Korean Traditional Rice Wine
Hyunsu Sim and Myoung-Dong Kim*
Department of Food Science and Biotechnology, Kangwon National University, Chuncheon 24341, Republic of Korea

The presence of bacterial strains showing antagonistic activity to common pathogens found in a variety of
fermented foods in Korea was explored. A bacterium inhibiting the growth of pathogens such as Aspergil-
lus terreus (KCTC6178), A. flavus (KCTC6984), Staphylococcus aureus (KCCM12214), Escherichia coli
0157:H7 (KCCM40406), Bacillus cereus (KCTC1012), Cryptococcus neoformans (ATCC208821), Salmonella
typhimurium (ATCC19430), and Listeria monocytogenes (KCTC3569) was isolated from Makgeolli, a Korean
traditional rice wine. The strain showing high antipathogenic activity was identified as B. amyloliquefa-
ciens based on the nucleotide sequence of the 16S ribosomal RNA gene. Compared with B. amyloliquefa-
ciens KCTC1660, whose genome has been sequenced, the isolate exhibited significantly low activities of
starch-degrading enzymes and high resistance to high temperature and low pH.
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AN OB ol AA; Aol AIFE AL QlTk[22]. wEkA, ol 3 ZAIE
A2s7 fstel @0l HaTel AFE A= AEEY

AFAANE % e olagol EA5}5 1 % o 4004 (biological control agents)®] AHE] 2T glcHo).
T HAEL A, TE 2L AEA F8 0}‘451 2 22 B2 F79 Bacillus & #3750 3¢ 5=
Z Qth[23]. £3], Bacillus cereus, Staphylococcus aureus, AAGl= AL HG5H 9l Ao E RuEd Qlth2]. o]
Listeria monocytogenes, Escherichia coli O157H7 18|11 3 4352 94 Ad B394 T30l 45 A3
Salmonella typhimurium 52 A& A dATE HAdF 3= XA Hepo|=of e g ELES AT += %

oz AZE FAaHolE, AHAA 5L §WditH18,26]. tH26,28]. F dHA A FEO]ERE iturin, surfactin,
Cryptococcus neoformans, Aspergillus terreus 12|31l bacillomycin, fengycins 123 mycosubtilin S©] JT}[4, 15].
Aspergillus flavus 5 ZAAA o] £3] EAst= A & B. amyloliquefaciens= Bacillus 4| 43= IH¥A Al
Po|2A ARAZ, AYERALE, 557 49 52 4% 2O A2 NS 2T HAL T ASE olAa)
she A2 BAFGITHT, 17, 19]. HA = o7 fald v 4E9 Ld(rhizosphereyE FAst=H 719fste AL
£ A|o3}7] 9519 sulphonamide, cotrimoxazole, quinolone YA UTH29]. B. amyloliquefaciens< iturin, fengycin,
a3 ol Aot 2 A FEES T2 A bacilysin 183 surfactin 53 22 A fEo| =R 7
goh22]. 22U o] #3t FA BFetoFE o AMg L Sty AYEAL YA S g Ao HUEQITH11, 29)]. Benitez

ot g Eo] AT FAA Y gt WS S31A717] o 5219 A+ Ao W2 B. amyloliquefaciens LBM5006
4+3F= A niger, Fusarium graminearum ~12]1L Cercosporina
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E HFo|AE E. coli 0157:H7 KCCM40406 & H]
2% olg F7 g2l he HRAA ENE Be
L anxde BEAFORRY Betn 4REHE 24
stoiet
ERIEE
#5279

Fallatel digt BSAA o] ST FFE K]
Asto] FUEE HRS AolA A, G4, 9%, A7
T 4439 HaAES s 2% AR 1 gZ 10 ml
of @7 424 A40.85% NaCDo] deket 5, Mo 5
2 3)A35le] 114 v X (MRS, TSA; BD Diagnostic, Franklin
Lakes, NJ, USA)e| E2+5t9th[5]. akat Bjx| 37°Co) A
48A17F v st &Y HeE SHE g & WA HjX|(TSB,
MRS; BD Diagnostic)o| A 48A17F vjSk & -80°Co]| =3}
Gt} g2t FF 9 FaldS = v AERFLYAE KCTC,
Daejeon, Korea)Q} 3t njAE HZAEECCM, Seoul,
Korea)2H5 FFdrol AHE-3t¢ith(Table 1).

+5753

Ho3t 459 g4 DNAE 5 ml2] TSBBD Diagnostic)
B zjof| A} 24Xt vRekRE & 2ESHGITH20]. g #9165
rRNA 9 ¥ 9] £Z2 518F(5-CCAGCAGCCGCGGTAATACG)
2} 800R(5-TACCAGGGTATCTAATCC) Z&}to|HE ARE-3}
HTh6l. $E3 16S rRNA AR g H7|AEL
National Center for Biotechnology Information(NCBI,
Bethesda, MD, USA)2] BLASTE A3l E #3942] A

Table 1. Strains used in this study.

Name Strain No  Culture conditions

Bacillus amyloliquefaciens MBE1283 TSA, 37°C
Bacillus amyloliquefaciens KCTC1660 TSA, 37°C
Bacillus amyloliquefaciens KCTC2105 TSA, 37°C
Bacillus amyloliquefaciens KCCM12090 TSA, 37°C
Bacillus amyloliquefaciens KCCC12091 TSA, 37°C
Bacillus amyloliquefaciens KCCC12092 TSA, 37°C
Bacillus cereus KCTC1012 TSA, 30°C
Staphylococcus aureus KCCM12214 TSA, 37°C
Listeria monocytogenes KCTC3569 LB, 37°C

Escherichia coli O157:H7 KCCM40406 LB, 37°C

Salmonella typhimurium ATCC19430 LB, 37°C

Cryptococcus neoformans ATCC208821 YPD, 30°C
Aspergillus terreus KCTC6178 PDA, 25°C
Aspergillus flavus KCTC6984 PDA, 25°C
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< Hasty Bedt 58 s H[1], ATEs
2 2 3 (neighbor-joining method)[25]& AF&-3}o] ZHA]
st
AX

PS4 AR

289 759 FHEA A% well diffusion HH [14]S
HEgsld £3P3FRT}. B. cereus KCTC1012¢2} S. aureus
KCCM12214+= TSA(BD Diagnostic), L. monocytogenes
KCTC3569, E. coli O157:H7 KCCM40406 123 S.
typhimurium ATCC19430 o5+ LB(5 g/l yeast extract,
10 g/l tryptone, 10 g/l NaCl), C. neoformans ATCC208821
F+= YEPD(10 g/l yeast extract, 20 g/l peptone, 20 g/l
glucose) Hi Aol A] 24A17F WSt & B F/H-2 AT
T 105 BE NZSE Afdte] 2o e A&l A
A3 Fauf R of =k ich. BEuiA] = A2 A 3027t
Az F A7 ¢ 8 mmo| A7|E wellE TEIL YT HiA]
2 wellE A2 F 2R WiAE 23 welld] 2T #+3
£ 24717t wfjokste] A vl 50 plE FAE ¥ 30°C E
= 37°Co|A] 24417t vkt on, A A e 2
71 Hlaste] gteE Brkskith

A. terreus KCTC6178 X A. flavus KCTC6984 oF+=
potato dextrose broth(PDB; BD Diagnostic) B x]o]] HE3}
of 25°CollA 44zt wifstict. FAE ZAE B+ S/
2 23] A3 T 2087 223K (Vex130, Sonics & Materials
Inc., Newtown, CT, USA) A3l #2333t &, FANS
potato dextrose agar(PDA; BD Diagnostic) Hj x| of] =gt
& HiH £o0] f23(8 mm, Duksan, Ansan, Korea)S 2
HA7) 7 27 WAL 20 pl WSl 25ColA] 5U7E ]
oFatol FFEL B

ARE 2484

B. amyloliquefaciens #52] a-amylase E484-L Park
2119 HHE MFste SASAY. 475 M AE
(1%, wiv) o] 29z H7HE ujA|[21]9] 27]53%
(ODgop)7F 0.10] E =5 F3to] 37°CollA 24A|7F &<t
et 3 AARE(16,060 x g, 5E)5t] 33t AT
Za4H0 8 ALGS] AAGYS ST Ao
7}

(AR}

1.8 ml9] 1%(w/v)e] 7}84 AL Duksan)S TH-5-3t
2434 (50 mM, pH 6)°] 0.2 mle] 2F AN A7}t
PRS2 oA 30& F&F vhg-5t Tt whgo] TR H
d 0.1 ml& #3}o] 1 ml9) 3,5-dinitrosalicylic acid &
100°Col Al 1087F §HEAIZ1 & 570 nmol A FF=E
AstATH16]. 24 (1 unit) 7HgA AE o2 HE
& 5% 1 umole?d] SHAFE Aot A9 GO = FY
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Glucoamylase E48AL Liu 5[12]9 ¥ WY
ZA4sA} 7HA "]-E'?( %, wiv)o] Bt o %'17}‘_ s
AufR|of| A 24A17F 5o Wi %St B. amyloliquefaciens w5
B gl & A2 (16,060 x g, 52)8k 3|47t 45
= 2A2NO0Z AEE] Ao S SASHAT. =AY
9}%0_11(10 mM, pH 5.0, 0.1 ml)of] 2&AN0.7 m)I} 1%(w/v)
7heA A (0 2 m)E A7l ZH vre L T oA 308 &
<t BhEA l T 100°Co| A 108 &<t 7HEste W& $4
A7l & L=t AFI)E (YD Diagnostic, Yongin, Korea)S
Abgsle] AAE Zx=do] 9FS 2439t Glucoamylase
B2 1 unit)2 7HA ARCEZRE 12 52 1 umole
o Z=gE A a2 oz Y5ttt

EABA EA0) A48 A WF A5 Fo] Bl 5
T Bradford Dye Reagent(Bio-Rad, Hercules, CA, USA)E
olg3tel AZATL AAG 2ANA ZRFHOo0 B 5
== 34 % bovine serum albumin(Biosesang, Sungnam,
Korea)yg o|-&sto] HAFAS A stATH5].

lo

HAREE 2

B. amyloliquefaciens MBE1283 #F2] ASEAS A}
5t7] 9]sko] TSB v Ao 27] AIZEFFE7t 0.10] HES
WS PR TS 25°Col A 557 AT WA
&5 SAsHE w9 27] pH7F A A4l A=

= 'é‘
Qe ZAS7] Aetel Qb BF(100 mM)E AHE3}
o] pH 3,4, 5,6, 7, 8 ¥ 98 2T} 45°Col|A] ulj s}

48

Aot RS EE d7| 2 AR S o5 WA Y 5%
£ (ODw0E 302 ohe 2ol0] AL, P2T FHE
SAA AR7F 2 A B. amyloliquefaciens KCTC1660 o
#2418 A8,

SAAE

HE 54L 33 vhEst gl on A A 2= SPSS(v. 21,
IBM, Armonk, NY, USA)E o] &35} 21 Duncan® o=
HeAgH 27 Y-S AASHA
2ot na
ARl o] & zs]-i]-br}\-] Hlul =)

A AR oA $% 4479 FaAF o2 B o
F F FolMel dist ASGA 249E Hol= Lactobacillus
plantarum< B £3 A3 53 FFolof gt 5
A A4S {3 B. amyloliquefaciensE B £33 12 H4S
st 1 5 A oA £33 MBE1283S &2
B FFE SN2 43 Bolo] el FEHO A%
2 PSS YESTH

MBE1283 #52] 16S rRNA §-4A} F7|ES o] &3}
o BE TZFED WAL AFEE FHT 2, /1E
of R1% B. amyloliquefaciens®t w-¢ =& AEA
(99%)= UEtH Ath(Fig. 1). whekA MBE1283 #5+&
amyloliquefaciens MBE12832.2 W 3l1 n|EXLAIE

[oZ

&

Bacillus amyloliquefaciens KCTC1660 (NC014551)
Bacillus amyloliquefaciens MB1283 (KU500609)

Bacillus licheniformis DSM13 (AE017333)
Bacillus halodurans ATCC27557 (KC884852)

Bacillus anthracis ATCC14578 (K020169)

Bacillus megaterium ATCC14581 (GU252112)

63 Bacillus atrophaeus JCM9070 (AB021181)
99 Bacillus subtilis DSM10 (AJ276351)
49
r Bacillus thringiensis ATCC10792 (GQ911556)
100 ||
531 Bacillus cereus ATCC14579 (AE016877)
e | Bacillus pumilus ATCCT061 (NR043242)
100 1 Bacillus safensis ATCC BBA-1126 (NR041794)
—_—

0.01

Fig. 1. Neighbor-joining phylogenetic tree showing relationships between B. amyloliquefaciens MBE1283 and related strains.
The tree was constructed from an alignment of the full-length sequence of 16S rRNA gene from various Bacillus strains. The number
on the nodes correspond to the bootstrap percentages based on 1,000 pseudoreplicates. The bar denotes the relative branch length.
The 16S rRNA sequences are identified by their GenBank accession number in parentheses.
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Fig. 2. Antipathogenic activity of B. amyloliquefaciens strains against Cryptococcus neoformans ATCC208821 (A), Listeria mono-
cytogenes KCTC3569 (B), Escherichia coli 0157:H7 KCCM40406 (C), Salmonella typhimurium ATCC19430 (D), Bacillus cereus
KCTC1012 (E) and Staphylococcus aureus KCCM12214 (F). 1, MBE1283; 2, KCTC1660; 3, KCTC2105; 4, KCCM12090; 5, KCCM12091;

6, KCCM12092; 7, negative control (TSB).

o 7|E3lFHTHKCTC18343P).

MBE1283 #3-2] 3434

B3l st B. amyloliquefaciens MBE1283 w52} B.
amyloliquefaciens t 27 #FEXCTC1660, KCTC2105,
KCCM12090, KCCM12091, KCCM12092)¢] &AL
| W3} tH(Table 2). MBE1283 &5+ 2 Aol A AR&3H

£ ool tia BSA 24E Ui ichFig. 2). C.
neoformans ATCC2088213} S. aureus KCCM122147} =
TH iR Y e, 2R ARG AFELS oFFE AS
A &gl UetuhA] ¢RI MBE1283 5= o=
Fgt AsAsge] FAESAT. B. amyloliquefaciens
KCCM12090 #3+= L. monocytogenes KCTC3569, E. coli
0157:H7 KCCM40406 18]1L S. typhimurium ATCC19430
o sl A&AA AE Yehf ey MBE1283 #39] A
A o vls] Atz o2 u|eksttt. B. cereus KCTC1012
9] AL ANgof ARG B E B. amyloliquefaciens w50l ¢
ato] AJLo] AAE Y oY MBE1283 #37F Atjd o= 7}
T =2 A5YA 242 Uit

A. terreus KCTC61789] tit B. amyloliquefaciens 45
o] FFBAS AAT 23, MBE1283 #59 KCCM12092
FTrol 4gagen ol ST OE 2FES 4
3}2] 9F9rCH(Fig. 3A). A. flavus KCTC69840] that 378
A 2% A, MBE1283 #78 A3 o] 022 o]
A E FRE ASANES 1T 4= lth(Fig. 3B).
ZIE2 A3 B. amyloliquefaciens KCCM12090, 12901

Fig. 3. Antifungal activity of B. amyloliquefaciens strains
against A. terreus KCTC6178 (A) and A. flavus KCTC6984 (B).
1, MBE1283; 2, KCTC1660; 3, KCTC2105; 4, negative control (TSB);
5, KCCM12090; 6, KCCM12091; 7, KCCM12092; 8, negative control
(TSB).

)31 12092 #F E3 A flavus S-S Aoy
Al AL vu|gt Ao g RoE ot FAEF B 2
I}, B. amyloliquefaciens MBE1283 #3%= 629 S-3ld3}
29| 3l FFolof tis FHEAS et on, 539 &
T USRS W FHA L2 4% FAEHS E
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Fig. 4. Enzyme activity of a-amylase (A) and glucoamylase (B)
for B. amyloliquefaciens strains. Cell-free crude enzyme solu-
tion was obained by centrifuging B. amyloliquefaciens strains
grown in synthetic medium supplemented with soluble starch
(1%) at 37°C for 1 day. Different letters indicate significant differ-
ence between means.

gt o3 A= B. amyloliquefaciens”} A. flavus S
oheFet Bl ¥/ A9tk Ranjbariyan 5[22]
9] AT E 19} SASATE B, amyloliquefaciens7} ©] &gt
=0l thal A 2HE Yebe A2 B. amyloliquefaciens
7} XAl iturin, fengycin = surfactin®} Z+-2 X3 ¥
gto] =7}t falt S S Adfsy] Yoz deETh11].

MBE1283 +5-9] A E-&3] a2

7 A EE s &R ol A B. amyloliquefaciens
dTES WFe T 34t A5AS At 39 A2
B3 BAHE =43¢t MBE1283 #59 % o-amylase
a4 0] 11,791.46 £ 387.37 U/mg protein® 2 A F o]
AFRSE B. amyloliquefaciens® 714 ¥ &2 e
I (Fig. 4A), 484 0] 7P =319 B. amyloliquefaciens
KCTC1660 @57} et W & 2%H4(262,331.80 £ 4063.09
U/mg protein)®] ¢F 4.5%0] Fst= AH o2 uf & T
24S YEt ST
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Fig. 5. Enzyme activity of a-amylase (A) and glucoamylase
(B) for B. amyloliquefaciens MBE1283 at an indicated tem-
perature. Different letters indicate significant difference
between means.

MBE1283 #3F9| glucoamylase &A¥A L 571.05%
35.97 U/mg protein® & | 272 A2-3F KCCM12090
F(544.86 £ 35.81 U/mg protein)?} KCCM12092 +3
(535.03 £ 15.52 U/mg protein)?] EA&A T} AR 52
Ye Ith(Fig. 4B). Glucoamylase 4842 KCTC1660
437 7V =& a 4848 JEMY91th(1,260.43 + 35.97
U/mg protein). B. amyloliquefaciens MBE1283 o5+ T
22 AEE #FE HIgko] Wj$ 2 c-amylase T
A4S UEHR 24 glucoamylase 4842 2 tj2F
59 AP ekt

weba & ATl EejE #3165 rRNA £ E7
AES 7|22 BAshH 7120 R1H B. amyloliquefaciens
SF AEA 0l 00% TS FASAT HEEH BB

Nzoz By |Ee] FRokE T HREHL Y A
o= 2YEM A4 FHE TFW 27149 A7t e

T ASE HHE I
2 ot o w2 MBE1283 739 AR R G484
B7kst7] 95te] 40°C K-¥ 75°C7HA] thekdt & o A

foi o



234 L ZA5¢cHFig. 5). MBE1283 F2L 40°Co] A
305.23 + 16.07 U/mg protein® 2 7}4 XL o-amylase &
234 UER o M-S L5 27184 BTl §
o)A o 7 Z7}5}e 55°Co| A 71 =2 a-amylase 848
41(21,396.66 + 720.76 U/mg protein)= YEFH ST 60°C
o|4o® Vg2 =7}t FUtstHA &40 AastT 7]1&
o R th49 B. amyloliquefaciens 33 ¢ o-amylase
of EAg4o] TLAN BAO Sl Sk ATt
S AF5HA MBE1283 #5F9] o-amylase 84S E HHS2
£} $7K48 BABA0] S7HHE AL & % ANCHBL

KX
=
+

AFSHA BHS-2 &7t FUHE S aagdo] foFor St
StELU 65°C o] F5E &0l 43| asto] 75°Col A
35.62 + 20.45 U/mg protein® & 7} ¥ 4848 U
Bt 21}, Glucoamylase & AEAL 60°Co| A 714 =4
UEFGTH627.19 £ 27.28 U/mg protein). o-Amylase$}
glucoamylase 25 =2 HIS 2o A £&9 &4
2 §ABAOL T0°C ol oA & Tl FA3 e

=9t

428 A% A3 WiFRE 25°CAAE F FF BF R
< HAZESEE e Ath(Fig. 6A). WiF2% 30°Ce}
35°Co| Al KCTC1660 @52 B84 =E= 742 1.24 £0.07,
1.28 £ 0.03(1/h) 2 MBE1283 #3(0.74 £ 0.02, 1.01 +0.02
(Uh)Ech 9802 ot 2V Wi 45°Coll A=
MBE1283 #%7} KCTC1660 ¢ HETH AE oz =2 n
AEEEE Udegglen 50°C o]4o Al KCTC1660 o+
L 4AeHA) 23 vk MBE1283 235 55°Co A = A%
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Fig. 6. Influences of temperature (A, pH 6.0) and pH (B, 45°C)
on specific growth rate of B. amyloliquefaciens strains. Cells
were grown in TSB at an indicated temperature and pH. Spe-
cific growth rates were determined at an exponential growth
phase (W : MBE1283, (: KCTC1660). Different letters in indicate a
significant difference between means. ND: not detected.

Table 2. Inhibition zone of Bacillus amyloliquefaciens strains against pathogens.

Inhibition zone (diameter, mm)*

Microorganisms

MBE1283 KCTC1660 KCTC2105 KCCM12090  KCCM12091  KCCM12092
B. cereus KCTC1012 920+0.60° 650+033°  420+£0317  623+042° 720+035°  7.20+032°
S. aureus KCCM12214 1042+0.82°  425+042°  430+036° 3324028 320+035®°  223+0.29°
L. monocytogenes KCTC3569 885+ 045 3254026 345+030°® 420+037° 336+023®  250+0.30°
E. coli 0157:H7 KCCM40406 724+033°  334%036° 320+£040° 335+031°  420+036°  1.20+0.29°
S. typhimurium ATCC19430 834+0.42° 320+028°  325+030° 330+032°  430+030° 1.3440.26°
C. neoformans ATCC208821 925+035% 830+040¢ 625+038° 660+035°  7.20+060°  254+0.30°
A. terreus KCTC6178 8.45+0.42° nd** nd** 2274030  3.10+045° nd**
A. flavus KCTC6984 1825+ 1.21¢ nd** nd** nd** 3204038  6.83+045°

*Averages and standard deviations from three independent experiments were shown. Means within each row with different letters

are significantly different (p < 0.05).
**nd: Not detected
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ssict.

Bz 9] 7] pHE ZA35}3 MBE1283 @39 v A<
=2 Z43}¢th(Fig. 6B). MBE1283 #== pH 59141 97}
A AAstgen pH 604 7HE 2 HAZEE=(156T4
0.03(1/h)yE UetHSlen, pH 5ollAl= H]Ad4<45=71 1.30 £
0.02(1/m)2A AdiF ez 7hF Fe +&& et 2
U 212 A8 KCTC1660 #3= pH 5941 A%
sk2] Fstglen, Wiz o] 27] pH7} oA & HAAREE
7t F7Veke A% UEH T 53] pH 8ol|A] B4
7} 1.82+0.05(1/h)= MBE1283 #-39] BIAA4E(1.43 £0.06
AmyET §oHo 2 o £2E Yehigc ARHoR
MBE1283 #F+= 4344 AR27} 422 KCTC1660 w30}
H] 3 aL2of Tt o] #4513 W pHo A= & 4%
stlow wjFE = 45°C, Wi A pH 6914 AF&=7} 747
93,

7129 B. amyloliquefaciens @5 #HHE A+ = B.
amyloliquefaciens7} A 2] 2 EH]3}+= amylase, phytase
T & protease T & Aoy AEAS £7 a3 a8
AlEH datol tigt a7t F2 o] Fo|FTh3, 10, 13].
J8u & Ao A Aol obd A faliE 4
FE i Al 9 HLA Aol dig A4S Breke
A1LE $3sle] HA g ZEE 223 B. amyloliquefaciens
MBE1283 w59 £% 4 84S AAstg e A&
sfof e oA d o sz v gTE
= 2A& &35l 7|£9) E1E B. amyloliquefaciens 75
= Aoldt ASEAS Hole A U &5 ZHA
A A 3= (next generation sequencing) 7| 5= ©]
of AA FHA @71 LS A st +39 ey
< ETTH AL BN 2 E840] 7
t}.

£ oo
i ox ot

)

Ok
=

FUEE BT AT A TadE PR RE et
23

[e)
T LA
amyloliquefaciens MBE12832 W= #3292 Galdol o
g ASAA 24, AEE 248 9 ASELS A

8559 gzl Bt A% AL A 23, 92
oA B2E B. amyloliquefaciens MBE1283 #5+= T2
B. amyloliquefaciens @550l H|3] FJH o2 =2 {3
+ A5AA 84S Ut B. amyloliquefaciens
MBE1283 #F9] a-amylase AL 2 dFEX
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