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Two bacterial strains, named as LE17 and LE22, were isolated from traditionally fermented soybean products in
order to select lactic acid bacteria for the reduction of biogenic amines and harmful bacteria. Both strains were
identified as Pediococcus pentosaceus by 16S rRNA sequence analysis and additional biochemical tests. The strain
LE17 reduced the amines by 13.7% for histamine and by 25.9% for tyramine, when it grew in minimal synthetic
media containing 0.1% (w/v) histamine and 0.1% tyramine at 30°C for 48 h, while the strain LE22 reduced the
amines by 23.7% for histamine and by 15.7% for tyramine. Both strains also had broad inhibition spectra against
pathogens. Considering their properties, they could be used as starters for industrial soybean fermentation.
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Biogenic amines-2 1A oA A == vl 4= A 2 TR A0 A2 EUL B3HHTHCho ef al., 2006).
EHEA T4 E81Y dAEE B8l €8 43S olF Y Aoz = IE AEQJ] ZEF, A=, 24X FoA
Utk o2 wAEo| ot Aa T F &3] A==t amino biogenic amine ¥Fo| A UEh 20119 f4 A2 UH 4
acid decarboxylase ¥F-8-© 2 histamine, tyramineF2] monoamine £2] biogenic amine AAIE 3t projects: PP o

1} putrescine, cadaverineF2] diamine-& YA 3tchH(Karovicova
and Kohajdova, 2005). wehA] A1E-2 Z3) QA £ st=E J+=

& A 512 W= histamine &} -~ Y A5}t L2 =7], tyramine HI3FHEHFAO/WHO, 2013).

(BIAMFOOD #211441, 2008), 2013'd FAO/WHO 35 A&
7t2l9jo| A= o} U histamine 3-8 3= 200 mg/kg o=

2 G AT F5S 461, putrescine X} cadaverine-2 A 9k A& Y]o] biogenic amines2] 3RS Al §4~¢1 amino
nAE XS 53] W= 2] nitrosopiperidine, nitrosopyrrolidine acid decarboxylase /d 1} £3f E42l biogenic amine oxidase
p1pe: pyIT y 4

© 2 Ak 4= Qlth(Warthesen et al., 1975). g=2lo] A Fst

FAES wE YA, AR, 22, e, AR Fo2 o5
o E—r u| A& a5 S35) WHE0]X]7| & biogenic amines
I A Foll T AA o] AI7F = Sl oo whet2007d
é_]ﬁ_,] oFZolA x—] FQ g A1E-S tjAO 2 biogenic amine
g 2ABIA, O 2B} §H219] biogenic amines A3
Rue A% 4%, 44, A0 71 0|5 4
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Ao o8] ZA =l Amino acid decarboxylaseS Bacillus,
Lactobacillus, Proteus, Pediococcus, StreptococcusS E3Fsl= T
RO dha A9 nPIESolA A= Gl tyrosine decarboxylase,
histidine decarboxylase, ornithine decarboxylase, lysine decarboxylase
Y HEGE Ha Y FY oAt B, F FE, 25,
pH, At 5%, 4 ko g8 ¥FS L= AeE gzt
(Karovi¢ova and Kohajdovd, 2005). A2 A]&2] pHE &
FHA FAlO B EAS A Rl ] AEE Eole 98
= s, AFEE F3l FUE =0l 8 Yado|th s14]
T A R], ZEF, X2 59| Ua A Fof A WA= fA]



320 Ohetal.

Lactobacillus, Pediococcus, Streptococcuss-2 biogenic amines
MAro|| F A2 st= Ao Z B E It (Coton et al., 2010).
Biogenic amine& £3}|5}h= AME LS 2 L. plantarum (Capozzi
et al., 2012; Callejon et al., 2014)3} Pediococcus acidilactici
(Callejon et al., 2014)7} R = irh. A= HF AFollA
22|t B. licheniformis, B. subtilis, B. amyloliquefaciensS-°]
histamine, tyramine, putrescine, cadaverine< 23l|5l= o2
AH AR HKim et al., 2012a, 2012b), -FAHFo] 2J3t biogenic
amines £3] A= oF&] B v itk

t=9 njAEo] Hojst= AR HH Y AL nAEY tAt
Aol o7& gol7] Hgo 4 nAEY 92 Fas)r}
Z 2 $3= HlSH(Kim et al., 2011b)2} HAJeong et al., 2014) 2]
Al 77 +Z2E B 94 ANES. 2 5ol A Lactobacillus,
Pediococcus, Leuconostoc, Weissella, Enterococcus7}, EAo]
A Tetragenococcus7} 32 LZAE QHKim et al., 2011a, 2011b;
Jeong et al., 2014). 0| 9] &2 WIS A)Z o]oFEoLA %] ©] GRAS
(Generally Recognized As Safe) o3¢ 4| &= biogenic amines
Baj5Eol 20 S o SAL AW 4k TRE Bels
o]}, Nagoya &9 Aol ujet 32 ALE-2E | BajoF ok
AZoA, $El= 3 EZFMABERA AFE 0] AF
AR A e 2 A AT AR 4 153E ol F
=8 979 E7E FAUh

3

sl

THE L

Ao 2 Az 15052 9%, 1, 15gS 1S
1 g& %3}l 0.9 ml MRS (de Man, Rogosa and Sharpe)
broth (BD, USA)Z 83| E&39c}. 2 34N 0.2 mlE
3] MRS agar (BD, USA) EHo|| =w5}o] 28°C ol A 24471 j
¥t 3t plate WollA 5Y 52 Al wjs7] e et
Fej7Ldolgt H 55 Bkt

Biogenic amines =5l 2| 1X} Ayt

A A =5 $15}o] 382% 2] 5 5 biogenic amines-2 AY
Aa}A] ok F2= AHkS ©)5) B3 Bover-Cid and Holzgpfel
WR(1999)S ARSI &, pH 5.30.2 A% uj g vl =] (0.4%
yeast extract, 0.05% Tween-80, 0.02% MgSO4, 0.005% MnSOs,,
0.004% FeSOs, 0.01% CaCOs, 2% agar, 0.006% bromocresol
purple)ES Eadt1l 0.1% 9] histidine¥} tyrosineS 242} F-o-4]
° 2 Hrletgl). o] g viRlof #-& 4E3te] 30T oflA] 244]
2 slerelgon] o] % Alo] wisb) gk Wk A,
Adt 5 £ histamine ¥} tyramineS A YO Z k= 24 g
A ¥iX)(2% glucose, 0.1% histamine, 0.1% tyramine, 0.04%
MgSO04, 0.9% K,HPO,)ll E3}e 30C, 48417 vl & g
& W 85S st

Biogenic amines 2352 &0l

A #32] biogenic amines2] £3] 53 AFF o= HA

3}7] ¢35 HPLCS =359t AWdS2S 0.1% histamine}
tyramineo] T3 & T4 Bix|ol|A] 30C el A 48A17F B2t
HjQF 2 16,000 x gof| 4] 1087 A4l £ & 51t HPLC 24
= AT F=AS B2 EBAIF™-(PST, 2005)2] YRS
HEPsto] AR &, A5 100 plof 100 ul opA|E] &
3l%l 1% dansyl chloride, 50 ul 23} Na,CO;, 50 pl W £&F
E£34 1,7-aminoheptaneS &0} 45C oA 1AX7F S=A|5t
AlZict. o] g4l 50 ul 10% proline &4 g o 7<) 9] dansyl
chloride & A A%t ¥, 0.5 ml diethyl etherE Y1 & 4o} 38
F 29 45 v 2o} diethyl ether §HiE FLEAIF T ©]
£ 200 pl acetonitrile®]] 5] HPLC £-4]of] AR5}t HPLC
= GA AH O Z C18 Capcell pack (Shiseido, Japan; 4.6 mm x
150 mm, 5 um), ] 542 0.1% formic acid”7} -&3% H.O (A)
2} 0.1% formic acid”7} -£3|= acetonitrile (B)2 AFE-3}91L =
T AAR= 0-108, A:B=45:55; 10-158, A:B=35:65, 15-25%,
A:B=20:80; 25-30& A:B=10:90, &8 2 1 mlo|le 10
pl AEE FYUAH AR 5%5(Cs) A o3 2ttt
(Sméla et al., 2003).

Cisx<As
Ais
RFs (Z} tyramine, histamine 2] response factor)
= (Aiss/Ass) x (Css/Ciss)

Cs=RFsx

Aiss, AHEETHNA] WHEEEA0] 7LwH; Ciss, 4
FRETANN WREZEDY 55 Ass, AT B FA A
tyramine = histamine 2] 33 H3A]; Css, A TF A oA
tyramine = histamine %%=; Ais, W5 EEEZ 93 HZ;
As, A& 13 W2 Cis, Y5 5L 5=

Multicopper oxidase XX} &tol

Biogenic amines¢l histamine, tyramine, putrescine-Z aldehyde
9} ammonia 2 E-3]5}= amine oxidase -&-HAAE A&7 Y3l
MRS 4] 24 A|7F vl k3t F 2k 2 colony PCRS =33} th

Z 9321 Pediococcus pentosaceus ATCC 257452] copper
amine oxidase -3-AAHGenBank accession no. NC_008525
region: 555105-556634)E 7]&2.& A3t PCR primer= Zf
7} 5'-ATGGTTTGGCTGCCATGGTG-3' (forward primer), 5’
-CGATCGCGACACTTTCGTCC-3' (reverse primer) §lil PCR
295 58 & HA], 30 cycles (95C 1&,55C 12, 72T 18),
72°C final extension <=0 2 2x815}it}. PCR Ak20] &7 A de
Bigdye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems
Inc, USA)E ARESHY] =519, EEFF2] copper amine
oxidase -GAA} 7] AL} )= CLUSTAL OMEGA (Sievers
etal., 201 1)S AFE3} T

ot 4 Amls
e 4 IA S-S s fs A fAE
MRS Hjz] el 30°C of| 4] 48417t HlF5taL 16,000 x gofl 4] 1087



G Ealote] A5AS HJch Falt WiRE S8l Bacillus cereus
vjoFel 200 pl= chromogenic polymixin B-methoprim agar
(CPMA) (oxoid, UK) plate®ll, Micrococcus2} Pseudomonas Zt
HljFe 200 pl+= Nutrient agar plate®]l, Staphylococcus, Escherichia
coli, Enterococcus faecalis, Listeria monocytogenesis 2+ Bl|oF
9 200 pl+= Luria-Bertani (LB) agar plateo]] =25l th 6 mm
2] 74 2] H paper disc (Toyo Roshi, Japan)E =23t EHo| &
25 A AR I A9 20 S 717} Baslel 37C ol
18412} ¥ ¥, paper disc -919] Ergke] 217]8 Zgstaict
Sl o) BAo] T P2E ANER BS99l 10
0C oA 1087 A=t 7 Wzt & gA 94 g A2
1,000 units 2] proteinase K= 1 ml2] A|&9] A7} & 50C oA
3087k 28] 5t A BE zFzh AFR-8}o paper disc diffusion assay
& Saysige.

o= 88

A5}elA EAo] w2 £A& API 50 CHL kit (bioMérieux,
France)& AH8-5t0] Al manualol weh B4, Fojxl A}
E-2 on-line bacteria databaseQ] apiwebsoftware (bioMérieux)
£ ARgSto] ERaY] At B4 vl AN § 535}
Atk 165 RNA $4712] 971 Aol o3t AL e
universal primer=Z 27F (5-AGAGTTTGATCCTGGCTCAG-
319} 1492R (5-GGTTACCTTGTTACGACTT-3)S ARE-3}]
165 IRNA $772 %25}, 0] PCRAHES HA|at & 7]
A EE =3ttt o] A7) AEE ©]-&35ke] BLASTN search
(Zhang et al., 2000)2} Ribosomal Database Project (version 11)
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9] SeqMatch programof| 4| A/ g YA =7} FE BE 759 16S
RNA F34% Q71 ES UL, |71 AE3e] A4% vlas
93l CLUSTAL W (Thompson et al., 1994)& AR AlS
T B4E 4559 168 IRNA §3% 71852 FEste
chromatogram @] B} 2RO 2 gapo| FATIE A BASH
& Tamura-Nei modelo]| 7]%3%F Maximum Likelihood =}
(Tamura and Nei, 1993)& A&-310] 35}5ch, Akat zkzbe]
AsolA 2zt BEAo tiet $AA AF=E AEstr] fsi
bootstrap E-41-2 1,0003] A&}l o, A% EX 3} bootstrap
HA42 MEGA program (Tamura et al., 2011)2 A3}t

An e o@

d

M

.
MEr TE

2% Adst LE173 LE22 459 -2 MRS g of
A B w2 o] SEIQl= AP R A5k H= A7 = A oF
1-2 mm$it}. RDP (Ribosomal Database Project)2] SeqMatch
Z2IHE B9l F 9 16S rRNA {43 G7] A8 71
7k B FFEE AT ¥ MEGA programol| A A8 =S
B4tk LE173 LE22 #5= P. pentosaceus DSM 20336
I 71 W7k 2 BAI(Fig. 1DE 16S rRNA -2742] E7]
A A5AL 2121 99.5% (1,408 bp/1,415 bp)2}99.6% (1,414
bp/1,420 bp) Tt LE173} LE22 w59 16S rRNA §-ZA}F U
1,420 bpe] 7] MBS A% wlmat Ak 324 Zo]7}k 915
I, I F 2304 A712A(LE22)3} 1320|4871 X|2HAC)
o] WA= glct. API 50 CHL kito] &J3t 50 F579] A3kshs 3

0
0

o
o
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LE17 (KM 288714)

LE22 (kM 2887 15)

Pedioroccus pentosacews DEM 203367 (AJ306321)
Pediococcus acidiactic DSM 202847 (AJ306320)
Pediococcus lofif WGRI 051007 (AB362985)
Pediococcus stifesii LMG 230827 (AJ973157)
Pediococcus argentinicusT (AMFOS7EE)

Pediococcus claussenii DM 148007 (AJB21558)
Fediococcus pansulus JCM 53897 (D88528)

89 — Pediococcus inopinatus DSM 202857 (AJ271383)

93 3 Pediococcus damnosus DEM 203317 (AJ318414)
5 Pediococcus ceflicolz Z-87 (AYS56738)
100 6 Pediococcus ethanoiidurans I-87 (AYDAE7E3)

¥

Lactobaciiius brevis strain ATCC 148697 (NRO44704)
Lactobacilius casel ATCC 3347 (KC429784)

495,—\%9.'3391!& confusa strain JCM 10337 (NRO40816)
¥Wei koreensis KACE 155107 (NRO7E058)

r.".euconos{oc mesenteroides strain KNUCO3T (AY264360)

100 Lt euconostor mesentersides sub sp. mesenteroides ATCC 82937 (KC429780)

T
0.02

Fig. 1. Phylogenetic tree constructed from comparative analysis of 16S rRNA gene sequences showing the relationships of LE17 and LE22 with
other type strains. Bootstrap values (percentage from 1,000 replicates) are indicated at the nodes. The scale bar indicates the nucleotide change

per site.
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Table 1. The carbohydrate fermentation patterns of the isolated strains,
LE17 and LE22, using API 50 CHL strips

Substrate

LE17

LE22

Table 2. Degradation of histamine and tyramine by the biogenic
amine-degrading strains after 48 h of culture in minimal synthetic
medium supplemented with histamine (0.1%) and tyramine (0.1%)

Control
Glycerol
Erythritol
D-Arabinose
L-Arabinose
Ribose
D-Xylose
L-Xylose
Adonitol
B-Methyl-D-xyloside
Galactose
Glucose
Fructose
Manose
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
Trehalose
Inulin
Melezitose
Raffinose
Starch
Glycogen
Xylitol
Gentiobiose
D-Turanose
D-Lyxose
D-Tagatose
D-Fucose
L-Fucose
D-Arabitol
L-Arabitol
Gluconate
2-Keto-gluconate
5-Keto-gluconate

R e S

+ + +

. Degradation (%)
Strains - - -
Histamine Tyramine

Control 0 0

LES 10.43 £ 0.05 15.71 £0.01
LE 10 -0.86 +0.14 15.05+0.23
LE 11 19.03 £0.15 17.84 £0.12
LE 13 10.74 £ 0.06 16.51 £ 0.08
LE 15 13.76 +£ 0.09 8.73 £0.20
LE 17 13.71 £ 0.05 25.89 +£0.08
LE 20 -4.80+0.20 8.81+0.11
LE 22 23.66 £ 0.02 15.64 +0.13

A} A3}= Table 19]] 29F=|) 2™ ZF99.9%2} 99.9% 2]
P. pentosaceusZ 57 =1t} Homofermentative 2F&

FEZ

o
o

1 Data represent mean+SD of three separate experiments

74 P. pentosaceus+= 7| & 2] pentose ] L-arabinose, D-ribose,
D-xyloseE 0148 &= Q= EA2 7t Dobrogosz and DeMoss,
1963). w}abA Asket 247 ABSHE RS Telelel 25
£ P. pentosaceus LE17 (GenBank accession no. KM288714)
9} P. pentosauceus LE22 (KM288715) 2 Z}z} H s} th

Biogenic amines X{Zi&} #FEo| At

Amines H715HE e YEFOR ALSSIEE amine £
fs2io] 41 S Rr ZuA GRASS] EGHE $AHFE Adshe
Zo] e o 8l F=e] F4] F¢t |71/ amines 2343
of 93t pH W3S indicator WAS F3] &<213t H, biogenic
amines Bt 2 ol 2 WA §-E SIS Balo2
859 FE Relahirh. o] AMIEL YFHo|x] QAT
o] AR ARl aminesd] ARG 4 SBL A5
RIsk=d] 183} tt. Monoamine$] histamineX} tyramine ]|
gt Az e sklel] 15 850 FEE PALO2 HPLC
2 A Aasd AR FYt d4Ye= 0.1%
(w/v) histamine™} 0.1% tyramine©] 7} |24 A vl x| o) A
HloF - E4j5 Az, 2+ 32%0] ek histamine T tyramine ] -4
Lo 202 W ATHTable 2). O}S % LE22 F59] 72 histamine
2 Hat 23.7%, tyramine= 15.7%7} 74 ¥, LE172] 73§
histamine-2 13.7%, tyramine-2 25.9% 7} 24313tk A% 45
of I3t AA| A Q1 THA-E-2 histamineo|| A 10-24%, tyramine ]| 4]
8-26% WAL v 2E Y5 SYUFF2] histamineX} tyramine
& AT B S o B e w oA o]
9 747} A #EER] gol(Table 2), biogenic amines2] £
37} ol FeEgol elajATt dofuithe AL SIS, K
ZeFol|A B3t Lactobacillus plantarum ENOLAB Lb132
T 0.004% (w/v) histamine E+ tyramine®| FH7}d Z=F
oflX Zzt 28.4%, 14.7%9 TWALES BT, L plantarum
ENOLAB 1b98 HFoME Zzt 25%, 27.8% HAEQch
(Callejon et al., 2014). A3t vl N} amine ] S =7} A2 &
2 w5 Xt amine 23l 522 A Hlwd = IR LE17 2
22 T3 E3F Lactobacillus2} 7+-2 amine oxidase E4Jo] 9IS
Ao g AUt E=Fo|A EHPE L. plantarum J163}



Pediococcus acidilactici CECT 59302 biogenic amines 53} 2t
£ g AR wd A3} laccase?] Y21 multicopper
oxidase (MCO)?1 A2 2 BPE| Gl 11, 0|52 histamine, tyramine,
putrescine& 238 4= AT Callejon et al., 2014). AT 4

Biogenic amines A7 7|53} 73t A8l 52& Al Ad FAkE 323

E % histamine¥} tyramine®] tal] 7Ago] &9kd LE173}
LE22 ¢35 tAF2 2 multicopper oxidase 21X} 2] §-5F
£ PCRZ XAVt F #5F 2% Pediococcus pentosaceus
2 FAEeng HFE #3572l P. pentosaceus ATCC 25745

9] putative multicopper oxidase F-AAE 7|F S 2 primersE
A5}l PCRS 433ttt P. pentosaceus ATCC 257459]
putative muicopper oxidase 2Z % %2 CD-Search program
(Marchler-Bauer and Bryant, 2004)2.2 EX31-S w 37[9]
cupredoxin domaing EZ§3h= A a4 Bt A7|9F
T A1 F I 25 94 PCR 4HE 27191 591 bp $1X| oA
WE=(Fig. 2)7} YEHHL, ©]§ PCR AHEY] 97] A8 P
pentosaceus ATCC 25745 multicopper oxidase -2} U] 548
bp A7 AE GG 94.3% 3573(ZH 517 bp/548 bp)= LIEt
o]5 §AR} o] W © 2 biogenic amine®] E3E A2 AF
EAckFig. 3). 21U F #F7} ABAFSH= biogenic amine -3
BA7HARAR o] FHAAZEE YHHEA = Gez 7[do o
T2 ST IS =9 IS S8 HEE Ut Sl

bp

1000

500

M ol 2d s
A4 8% {AMFE 3 histamine} tyramine o] E3 H]-&o]
BHA 2 FE LE17 9 LE22 w55t o2 YA Rl

M LE17 LE22

Fig. 2. PCR amplication of the putative multicopper oxidase gene
of strains LE17 and LE22. M is a DNA ladder.

gi| 116431818 555 105-556634 GET TTEGCTGCCATGETGATTET CARAGRCEACCATERAGE CRECCTGCCATTE COARGE 540
17 === mmssses ses =G GGATTET CAAAGACEACCATGAAGE CAGC CTRCCATTG CCANGE 45
2 === === === === ——G TGATTGT CARA AGACEA CCATGAAGE CAGC CTGCCA TTG COAAGE 45
*
i 1164918182 555105-556634 HACTAT GGCG TTARCGATATTCCAGT CAT TTT GCARGATCGACGT TTT CACGAARACAAT 600
17 ARG TAT GECG TTGRCGATATTCC GET CAT TTT GCARGACCG GLGT TTT CAT GRG ARCAAC 105
22 RACTAT GECATTGACGATATTCCGET CAT TTT GCARGACCHGLGT TTT CAT GAGARCAAC 105
Fok A
5i| 116491818 555105 -556634 CAGTEEGRCT ACCEGECTEATTATGATCC TEGACGGETET THC TEEGCLARCCGCAATEATT EED
17 CAGTEGGACT ACCEGECTGATTATGATCC TEACGETGT THE TEGGCCARCT GLAATGATT 165
22 CAGTGGEGACT ACCHGECTGATTATGA TCC TGACEE TET THE TEEG CCAACT GCAATEATT 165
#i| 1164918182555 105-556634 AACGET ACAATCARTCCCT ATTT TGATGT CACCACGCARRAGETC COETTGCAT TTTCTA 720
17 RACGET RCARTCARTCCCTATTT TGATET CAC CACGCAARAGETC COGTTGCGT TTTCTE 225
22 RACGET ACARTCARTCCCT ATTT TGATET CACCACBCARRAGETC CGRTTECAT TTTCTE 225
gi| 116491818555 105-556634 GAT GET GCTAATCECC GTGAATGEECH GTTGCATTTTTCTAATERC TTACCATTT ACELAR Tal
17 GAT GET GCTAATCGCC GTGAATGGCEGTTGCATTT TTCCGATERCCTGCCATTT ACGLAR 285
2 GAT GET GETAATCHCCATGARTGGLGGTTGCATTT TTCCGATGRC CTGCCATTT ACGLAR 285
Aeoldokk %
gi| 1164918182 555105-556634 ATTGET GGAGATGGCT CAT TGTTACC GGATCCGET CAAATT CACCCAT CTAATGCTAACT 440
17 ATT GECEGEE ATGECT CAC TETTACE BGAGCC GET CRAATT TRCC CAT TTGATGCTEACT 345
22 ATT GECGGEGEEATGECT CACTETT ACT BEAGCE GET CRAATT TRCCCAT TTGATGCTGACT 45
dokckcick kb 0 dokkolok: okl
i 116491218555 105-556634 TGT GCT GRGC GTGCCG ARG TGAT TET TGATTT TGECCAATACCAT GRAGEC GAT GTEGTT 00
17 TGTGET GAGC GTACCG ARG TEAT TGT TGATTT TEECCAATACTAT GAAGEC GAC GAGGTC 405
22 TGTGCT GAGC GTACCGARGTGAT TAT TGATTT TARGCCAATACCAT GAAGEE GAC GRGGTC 405
LA - 2 4
1] 116491818 555105 -556634 HCCTTATATACGGATGATGTGOCATT GTTARAGTT CCGLAT TCAT GCGTTCARACCEGAT 960
17 ACCTTATATACGGATGATGTRCCATT GLTRRAGTTCCGCAT TCAT GEGTTCARACCEGAT 55
2 RCCTTRTATACGGATGATGTGCCATT BCTARAGTT CCGCAT TCAT GCGTTCAAR CCOGAT 465
i 116491218555 105556634 CAGACAACTT TGCCTGATARGTTGTT CEACET GARGGCACC AGTGGTT GAT CCREATT TG 1020
17 CAGACT ACCT TGCCTGATARGTTGTT COATET GAAGGCACCABTGGTT GACCCEGCTTTE 525
22 CAGACTACCT TGCCTGATARGTTGTT CGATGT GARGECALCAGTGGTT GACCCGGCTT TG 525
Sokokoick ok obok ok kol

gi| 1164918182555 105-556834 CCAGTTCGCC ATGTTG TGATEOAGEE AAT GEACGARAGTAT CECGATC GAT GAT ARAAAA 1080
17 CCAGTTOGCC ACGT TG TGATE A === ================eccssscocsasos===x 543
22 CCAGTTCGCC ACGTTGTEATEOA === === === === === mmm mmmmmmem oo e 543

Aokokokoio dolobkok bRkl bkl okl

Fig. 3. Partial sequence comparison of putative multicopper oxidase gene in strains LE17 and LE22 with that of Pediococcus pentosaceus ATCC
25745 (GenBank accession no. NC 008525: 555105-556634).
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Table 3. Inhibitory spectra of two isolates, LE17 and LE22, exhibiting
antibacterial activity

Inhibitor zone} (mm)

Pathogenic strains

LE17 LE22
Bacillus cereus KACC 13066 11.52+0.87 10.73£1.03
Pseudomonas aeruginosa KACC 10259  8.37+0.48  8.19+0.13

Micrococcus luteus KACC 11306
Staphylococcus aureus KACC 10778
Escherichia coli KACC 13821
Enterococcus faecalis KACC 11304
Listeria monocytogenes KACC 10764

10.44+0.23  9.83+0.20
14.82+2.65 15.41+1.69
7.23+0.66  7.04+0.39
10.92+0.55 10.40+0.35
10.37£1.02  9.80+0.56

1 Data represent mean+SD of three replications

Foll thet G B4 AT T ATHS Table 30] £FElo]
Gtk ¥ AR o) 2 B e B A AN 5
3] Staphylococcus aureus KACC 107789 t)gt 541 #3f 5
o] ok fAtY Tt TS F= frAlel % pH 2t
bacteriocins 2§ wfZolth. W2 pH W $(pH 2-4)o4 &= 54
g 4= Q1= E. faecalis2] WA EXJ(Nakajo et al., 2006)2 12 &

o, T #3= bacteriocinsS A5t E. faecalisol T3t 3+
4E Uehlle Aoz #d= ik I+t 2] bacteriocins
A 7R s el wloF AEAE A2te 7 ASE B
o] B2 Staphylococcus aureus®} Listeria monocytogeness
Ao 2 paper disc diffusion assayS 433} chFig. 4). TAE
S| at AFzolel ofs) AYE EEL vlme At ol
= QIR 11 271 7F FAE QAL Staphylococcus2] 7% 314
Aze] B oto] 22 HeEo| BT AT} YL 3
Azl 3} 0]& 0.20 um filter (Toyo Roshi, Japan)of| A 3HH T
ofmigt role] Ee 1] Aolr} gz Ho Hol, 43
of Fo) nbgo] ojgt £ A4 5L WAE st Eg
BiF A5 HE 100 C oA BA 2 & A| &2} proteinase K& A
3 A& B et G0l S A Got FtEZ o] Tl
o] obd 7F544-& AARIT}. Pediococcus 4:0] W= bacteriocins 2]
73 Class Iao]] &3h= AEX}A peptideZA] pediocin PD-1,
AcH/PA-1, SM-1, SA-1 59] -7} A5}, £3] A& ¥4
u|AEF2 A Gram(+) Al#Ql B. cereus, C. perfringens, Listeria
species, S. aureus®] 3l &t 5L Xdth(Papagianni and
Anastasiadou, 2009). 5t G413} peptide 24 121°C 2] 714 A

Fig. 4. Antibacterial effect of differently treated culture filtrate of the strain LE17 (upper) and LE22 (lower). (A) Culture supernatant without
treatment; (B) filtrate of supernatant with 0.20 /m filters; (C) culture supernatant diluted 2-fold with MRS medium; (D) culture supernatant diluted
4-fold with MRS medium; (E) culture supernatant heated at 100°C for 10 min; (F) culture supernatant treated with proteinase K (20 U in 20 ul) at 5

0°C for 30 min. Amount of soaked sample on the paper disc was 20 pl.



o St FAE AY IHE FAE 4= 7] W2l 4Ee B
EA2A FAA 7Hs7dE 7R ¢ink. Kingeha 5(2012)2 P.
pentosaceus®] 3t 57} L. monocytogeness A-E&X O 2 kA
AR eH o] F37} AAreh= g+t E2-2 pediocin AcH/PA-1
I} 228 B 71354t} Cytotoxin K, non-hemolytic enterotoxin,
hemolysin, cereulide 52| AAl @ JLEEAE A= B
cereusi=AAA ) £ ¥ oh gt ZAFP P02 Fof & AY7]
o, AFFEAAE AF A SRS s 2007
BE 2E Z7 AEFA B cereus 72 3EFEES 1 x 10°
CFU/g olst= TAJstgch v, 3 84 S5 By A=
(HACCP)7} B&ER] & gt AF AF A2GA 47l
A A FE/NAAT} A3 B. cereus T M-S W)
7} o2& Aotk Gram(+) f3llF=ol tall 3t spectrum
o] YL o] SAAES WA starterZ ARSI, AHE0] QXY

S Fohetl mas & 5 3le Aol

fllo
ol

amylase 2} protease 2] F3U <! Bacillus 0| A|qt, Fu|Q} Huj
2o A AL sk AL AR fANFoIth 23t &
AR, Z=F, 95, (2 5 FH DR A2 A
%]0 & Pediococcus 48 w5 QHRAd o] g o] Q1S B oy
2} probiotic 224 A H 58S Hr} w3 Qltk(Shukla and
Goyal, 2014). Biogenic amines2 ZrAA]7]|1 FA|of] o]
s F2 JA 55 7ML P. pentosaceuss 22 E4E& Ad
Bacillus 43} 7| %792 APt AFAHAEE =ol=t
aHY Aot} EF AF EA 10-12% E 5=t pH 4.2-
8.29] W 9|0l & FASh= P. pentosaceus®| LHHA v £/
(Tanasupawat et al., 1993)2 1T ), AF Lk (starter) O 2
» o] dFE2 AT AMEE 4= Ak @A AEYorEA
X7} AR AE H7HE -4 (http://fse.foodnara.go.kr/origin/
search_data_list.jsp)ol| W= Pediococcus &5 % P. pentosaceus,
P. acidilactici, P. halophilus Tt0] GRAS #F2 1A%k Qi)
5 7572] biogenic amines A 73H= Y81 HolM 54
3t ZhAolct. AR a2 Bacillus, Aspergillus, 85, 34
FE 7h0] 45 2TH 4] BAS S8kl 2o v R
o At Fo] Mz Bakxoz elajsleh. uetA biogenic
amines o] AZHEHE AR of 2l A W] FR vAE
Bacillus, Aspergillus, 2 E% 3t 18]sjjof 3t} o]Z 93)
Q2= AF F9 AlHFSZA] biogenic amines®] A73HE B.
subtilis, B. licheniformis, B. amyloliquefaciens w555 X13]
2oHKim et al., 2012a, 2012b). &S 2 amine AJAJ o] A 73HH
Aspergillus$t ARFFES A3t § o] 752 &3ty
E3H U A E 5= 74-F, biogenic amineo] aH HE FHRE E
< 9 AR AT @A) o] fANEE AFDE Bacillus
FHEI T vslel W HHEE AT ol

Biogenic amines A%t 7|52 i3l A3l 5 2& AN A ikt 325

x
&

2
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i

F A]&0)| A biogenic amines A7 7153 S8l A3l 5
& SAl A fARE A fl8), Ao s Az
SR AR RE 250] 278 Belaldch Asetd £ 0
165 IRNA §207 917] ABE B4 A3 o5 F& AkE2)
Pediococcus pentosaceus® SR E| T AAYOZ 0.1% (w/v)
histamine®} 0.1% tyramine©] A7} &4 34 ulj=|of|A] 30°C,
4BAIZE WIS T 0 amine RAT AT, LER 52 3
histamine-2 23.7%, tyramine-2 15.7%7} Z+43F ¥, LE179]
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