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Inhibition of Pathogenic Bacteria by Pediococcus pentosaceus
Strain SH-10 Isolated from Hard Clam Meretrix meretrix Sikhae

Dong-Min Shin, Hee-Dai Kim', Jae-Geun Koo and Kwon-Sam Park*

Department of Food Science and Biotechnology, Kunsan National University, Kunsan 573-701, Korea
Department of Biotechnology and Biomedicine, Chungbuk Provincial College, Okcheon 373-807, Korea

In this study, we investigated the mechanism of inhibition of pathogenic bacteria by Pediococcus pentosaceus
strain SH-10 isolated from hard Clam Meretrix meretrix sikhae. When P. pentosaceus SH-10 was co-cultured in
MRS broth with pathogenic bacteria, including Bacillus cereus, Listeria monocytogenes, Salmonella choleraesuis
and Staphyloccus aureus, no viable pathogenic cells were detected after 18 h of incubation. However, pediocin
or a pediocin-like bacteriocin was not detected in cultures of P. pentosaceus SH-10 by the agar diffusion method.
Organic acids were produced in MRS broth in proportion to the incubation time of P. pentosaceus SH-10. These
results indicate that P. pentosaceus SH-10 inhibited the growth of pathogenic bacteria by lowering the pH of the
growth medium through the production of organic acids, including sodium lactate, sodium acetate, and sodium ci-

trate.
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A7) (probiotics)2t AT} 713e] AU FEe] Selg 7
Ato] %5 A7l Folat BT Fi Aokgle ul4Eol
2}al R. Fullerol] 93} A 2]7} A|ot=| A th(Fuller, 1989). XY+
Az AiEE o] AR-EIL = i Eele
Bifidobacterium spp., Lactococcus spp., Streptococcus spp.,
Bacillus spp., Enterococcus spp. 2 &1L EOID:](Guamer and
Schaafsma, 1998), ¢]& "|A&E2 YAF L G5Ato] vl 2] 2
g kol ek 3ol Alol T AR S-S A 5
7} 97 wjRo|ch(Fuller, 1989). A#Al= ) #30] 734
Aeks QAR 7153 7 T 2L 2 A BAE 2
Tk ek Ao AR 59 37| SHshe IellA

AL FEA Sl o) F7) gk AlobA] A7 mek ok

Lactobacillus spp.,

ol A Azkekal A stofof gtk =3 Ak Wofl A 83t
IS HEfofof sh thekRt @Al ofl it Wde] qlew
/o] gl B vl Eoloof gt

Al F7HA ezl BatA o] =8 7]Folle sl tigt Fu
Ald+4=2] eF43KLidbeck and Nord, 1987), $143hy ¥ Y
9] 241 A|(Fernandes et al., 1992), 8% Z|2HE2] A5}
(Suzuki and Kaizu, 1991), 0] @ H|E0] HUES-2] G- 2
F¥a o] 84 9] gFAiH(Fernandes et al., 1992), &F &3} 4 &+
WA gdztaol ot 24| oA A K Goldin and Gor-
bach, 1984) gl d|glyl T} - ol §-8 82 0] 3 So] H
alw]o] qlct.
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ATA] BYES fHihto] 52 o] R gl AAolth S
o A et B Sl ele) § W s 0E
TAFORNE S5 SAES Belstol

oHEO 2 o oA} Sl tmelo] FusiA MAH T i
A% o]t} (Kang et al., 2001; Ha et al., 2004; Kim et al., 2005;
Shin et al., 2008; Lim and Im, 2009). %% 8] =AFA E 10
A FARE O tiRh anlRpe] AR Al aLE 91l 20114 sHEE7]
e SARE Al A WS AW SRR EEEstel
CHMIFAFF, 2010). wgha] SARIA A= A diAlE2
2A FEA FolRt nES AgH o Fod 4 Q= A
oA 2] i 9l o] g-oke] ¥l At7E ShUEHA| K| 1L
Q&= AAoltH(Lee et al., 2008; Kim et al., 2010; Park et al.,
2010). HtA|7F YA EHZﬂ‘jX‘EH 7“*" W= ol froll=
FAAE AU A2 F BS FAIsk=tl vl A
= AW AR 2tE B Eeol 2 Bk ofy e} A
] A0 A W B 5ol BA7F §17] wiizolth(Isolauri
etal., 2001).

2] Song et al.(2011)& ® '5;./516}] o] Ea)at SALFS o
Ao 2 AR ZA L] 7S 5t A3} Pediococcus pen-
tosaceus SH-107-F= A, %EW , TRk 23Aoll oy
gt Ui/, biofilm /45 3 U Al 2] &5 AAls 5ol H
oL} A=A A 712 9] 7hs/dS BaLstSith. P pento-
saceusw= AA| T A TR oot I FA =
A, AFEHAY Lt o2 2 A peptide?] pediocin 2 AY
AFslH, pediocine YA Alt Foll A% 25 oFA O Listeria
monocytogenes Y Staphyloccus aureus ©f] 312 0 2 285}
o}l B x| o] Qlck(Fleming et al., 1975; Cintas et al., 1998;
Osmanagaoglu et al., 2001; Wu et al., 2004). Pediocine #] &
Zpe] Y A4S AY+= Class la bacteriocin© 2 F2] A2
AlEZH S AAISAY Al 2dol| & FAste] et &
= YEeRH(Sablon et al., 2000: Hechard and Sahl, 2002:
Bauer and Dicks, 2005), pediocing & 3}6l= F-4AR= &
HEA 0 2 plasmid DNAY|| operon FE|Z EAgtttal H 15
o] QltHMiller et al., 2005). & A-1= WA ol ] £2]5t
B Aol digh

Omli

Pediococcus pentosaceus SH-101+72]
a8 o] 7]zt Tslo] Aot

Mz d

o3 H X

A FE WA o) Al B2l Pediococcus pentosa-
ceus SH-10 #F5 A3 2 H(Song et al., 2011), 3H=
u| A5 R ZAEL| A SE3E Bacillus cereus KCCM40138,
Enterobacter acrogenes KCCM12177, Listeria monocyto-
genes KCCM40307, Salmonella choleracsuis KCCM11806,

SERES 601

Staphylococcus aureus KCCM12214 ¥ Vibrio cholerae
KCCM41626 5-2] ¥4 o5+ P, pentosaceus SH-109]| 2]
oAl s HESH] % 2t o= ARESHAL: frAt
9] HljoF v R 2+ Lactobacilli MRS (Difco, USA) ]
Al s A A S ARESER O, HAA 52 v gel=
Brain heart infusion (Difco, USA), Brilliance Bacillus cereus
agar (Oxoid, UK), LPM agar (Fluka, Switzerland), XLD agar
(Difco, USA), Staphylococcus 110 agar (Difco, USA) &
TCBS agar (Difco, USA)E AH8-3}It). ZF A= 35T ol A
A = T Hi st ATk

A5 AE-L MRS brothe] H

A I fARFS Sk & YA Y] WskE 576t
HESIAT). fraktal 459 B T2 Zzre] 23t i

ofl ] sk uj et & fakt Tt WA Fol HEE i 10°
- 10" CFU/mL7} ¥|=2 %43}o] MRS broth0ﬂ zzg 453t
WA 0, 6,12, 18 2 24 A7k ok &
g SAs e Yk Aﬂ&ﬂ&

of E5te] 35Tl A 24417k et
w5 S sto] Bl

Pediocin SXXte| &0l

Pediocin -5-AA} 2212 9J3t primers= 7]£2] ® 17 (Shin et
al., 2008)5 #1L5}o] Bioneer (Daejon, Korea)ol 2= g4
A tH(Ped-F, 5'-TTGTGATGAAAAAAATTGAAAAAT-
TA-3' @ Ped-R, 5'-GCATTTATGATTACCTTGAT-
GTCC-3"). PCR Hh-g-of+= Takara kit (Japan)& AR8-5}%S
o, PCR HH3-94.2 0.5 uL (2.5 U) Taq polymerase, 5.0 uL Tag
polymerase buffer (10 %), 4.0 uL 2.5 mM dNTP, 34.5 uL
dH,09] 20 pmol®] Z} primer 2.0 pL%} 2.0 uL.o] =% DNAE
71515k DNA $22 95T 587k 13] ¥Ad3aL, 95°C 30
%, 55T 30% 9@ 72T A 182 303 wHEsleich. PCR =
ZANE-2 1.5% agarose gel (Sigma, USA) oA 7] 95 &
ethidium bromideZ GM3}o] DNAS] ZZ o] HE 3lolsHy

=

AR A

ol

P. pentosaceus SH-107-5-7} A= G4 W G434
ZAFBH7] 9181e] API ZYM kit (BioMerieux, France)E AR
513t} 5= Lactobacilli MRS JZAH) <] ol 4] 31524} wlj ok
3t & A E 3]431o] PBS (phosphate buffered saline, 137
mM NaCl, 2.7 mM KCI, 10 mM Na,HPO,-2H,0, 2.0 mM
KH,PO,, pH 7.4)Z dE}s}o] Mcfarland B = 5-6 0.2 233}
ot e -2 ZYM kit Z} cupuleo]] 65 pLA H-=53}a1 37
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Table 1. HPLC instruments and analysis conditions for organic
acids

Item Analysis condition
HPLC system Waters 515 HPLC
Detector Waters 2489 UV/visible detector

Column temperature  40°C

Flow rate 0.6 mL/min
Column Aminex HPX-87H 300x7.8 mm (Bio-Rad)
Injection volume 20 pL

Mobile phase 4 mM sulfuric acid

CollA] 4X17E vjoket 3 A kR EAAS 2ASAT,
274 24

Lactobacilli MRS brotho]] P pentosaceus SH-102 % &
35CofA AR ufgshEA wig7HAL 0, 6, 12 B 24417t -9
HjFeH-S- 8,000 rpmoflA] 1027 L4l E&ste] A5HS 3
5101 0.45 uM membrane filter= ¢ ¥}8}3L 71 oS- high
performance liquid chromatography (515 series, Waters,
USA)Z 714k w2 2 AEsiaieh AH717], 29 2 &
A %2712 Table 10 AJAIEFTE f-714F 241 913t 224
2 A3} sodium acetate, sodium citrate 2 sodium lactate -
Sigma (USA) A|l&-& A5t

Pediocin Mits ZE

Pediocinf§ A4S 7]Z 2] Wb (Shin et al., 2008) 7t HY
sto] HESIA T Lactobacilli MRS brothol| P. pentosaceus
SH-103t5 sl 35ColA FA| st ek 12,
24 19 48417k 9] WjoFlS 8,000 pmel A 287 141 %
shol A%olS Bj45}9ie). AHEOLe | N NaOHE AMgalo]
pHE 6.52 2A43}3! 0.45 uM membrane filter= o] 7}3t T2
A% AA7IA B8ttt s iR U Al
£ 10010' CFUMLS] 57} 5|52 wjao] 4 & s}
sttch. A28 AR 39 e punchS AHgete] 4
7 3 mm 27]9] L S of7]o] B4 59 20 L
2 Eato] 35COIA 24417 o} 5 WA Al A
2 pediocin A 9 T2 A =LA

P. pentosaceus SH-10 #F2| HM Mz Axls
hE

AR o3t U4 Al oA Z1 Aol AR (S
$714L H,0,%)0] A4, Hee] o Al e ahar e ale] A4,

Table 2. Inhibitory of pathogenic bacteria by co-incubation with
Pediococcus pentosaceus strain SH-10

Co-incubation (h)'
0 6 12 18 24
B. cereus 2.2x10° 3.9x10° 7.2x10* <30 <30
L. monocytogenes 1.1x10° 2.8x10° 1.2x10* <30 <30 8.2x10°
S. choleraesuis 2.7x10° 7.3x10° 4.3x10* <30 <30 3.2x10°
6.5%x10° 1.3x10" 4.3x10° <30 <30 4.8x10°
'Each strain was grown with pathogenic bacteria in MRS broth.
*Only pathogenic bacteria were grown in MRS broth after 24 h.

Control?

Strain

3.4x10

S. aureus

AU A A 224 A4 Sol oA rReid and
Burton, 2002). P. pentosaceus SH-100] 2]+ /43 Al+H(B.
cereus KCCM40138, L. monocytogenes KCCM40307, S.
choleraesuis KCCM11806 ¥ S. aureus KCCM12214)9] A
Zol A 588 P pentosaceus SH-102} ZFzHo] WAl Alatat
o 9 i 3 B At wt Wsk= 5453 Table
20] UrEpd Hie} gho] Zhzhe] Bl Alal-a MRS brotholl A
24X 7F = wi Bt E H$-, w4 3.4 10" CFU/mLoY| A
4.8 % 10°CFU/mL®] M2 == 3ir}.

131} P pentosaceus SH-102} &3t vjoFad 745 459 1
A At B FAIZE 7ol whet frasietr vl e 18417 &
o= AHE ¥ A YItH(Table 2). ©]= P pentosaceus SH-100]
Aibshe Adete e Uetl= S22 24, 25 714,
TAESEpaa )l sl A Alate AFEEE A o= AT
ct.

P. pentosaceus SH-102| A &N

B Al WA 713 AESH] Q1 AuAdE e
2 P, pentosaceus SH-10a+57} oJ® &4 TS LR34
= API ZYM kitE AR&-5to] 4 =513t} Table 3o Lrebd vE
2} 20| P pentosaceus SH-10w5= 19579 a4 5 8% &
9] a4 gAo] WEE ATt Leucine arylamidase?} valine ar-
ylamidase+= tF2 G450 vs| A4kFo] s=ot ¢F 40 nmol 4
=&, naphtol-AS-Bl-phosphohydrolase= 30 nmol, crystine
arylamidase, B-glucuronidase, lipase 2 N-acetyl-B-glucosa-
minidase:= 10 nmol& A= Ao 2 upotw it 181
acid phospatase + ¢F 5 nmol-& AJAFS= 21 0 &2 A it}
API ZYM kitE ARE-350] P pentosaceus?] AL =74
gt 7129 A A3t ¢l7] wiZoll P pentosaceus SH-102}
Hje = ot A& fARE 20 & o 4HTh Lim et al.
(2007)0] X118} Lactobacillus salivarius CPM-7%} H] i3] B
H, P pentosaceus SH-10 571 AAs= 40 2 =1,
salivarius CPM-79]|| H]3}] 231 G Ao = 2fo] 7} wgltt,



Table 3. Enzyme activities of Pediococcus pentosaceus strain SH-
10 by API ZYM analysis

Result'
0

Enzyme

Control

Alkaline phosphatase
Esterase (C4)

Esterase lipase (C8)

Lipase (C14)

Leucine arylamidase

Valine arylamidase

Crystine arylamidase
Trypsin

a-chymotrypsin

Acid phospatase
Naphtol-AS-BI-phosphohydrolase
a-galactosidase
B-glucuronidase
B-glucosidase
a-glucosidase
N-acetyl-3-glucosaminidase

a-mannosidase

O O N O O N O B =~ OO DN OO 00 N O O O

a-fucosidase

'0, 0 nmol; 1, 5 nmol; 2, 10 nmol, 3, 20 nmol; 4, 30 nmol; 5, 40 nmol.

Table 4. Production of organic acids in MRS broth by incubation
time

Concentration of organic acids (mg/100 mL)

Time (h) - - - -
Sodium citrate  Sodium lactate  Sodium acetate
0 252.9 2242 843.8
6 271.6 780.7 889.1
12 3114 1518.4 909.3
24 265.5 1822.1 1424.2
P. pentosaceus SH-107%F2| pediocin A4ts2]

ZE

P. pentosaceus+= B}E| 2] 2412] U2 pediocing AYAHSH
o1l B3 E o] Q1o (Fleming et al., 1975; Wu et al., 2004;
Shin et al., 2008), pediocin L. monocytogenes 9 S. aureus
oF -2 A5 A4 Altoll thoto] A4S Ehditkal 12
J1E]o] Iek(Clintas et al., 1998). P pentosaceus SH-10++
9] pediocin A4t o - 9l Bd-& H E 57| 21510] MRS broth
ol P. pentosaceus SH-10-+5 5310 35Tl A 4] vijef

Alto] oA 712 603
30 7.0
25¢ 165

160
20}
g 155
Q 15} T
Q.
© 150
104
145
05r {40
0.0 35
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time (h)

Fig. 1. Relation of cell growth and pH of Pediococcus pentosa-
ceus strain SH-10.

[e)=e)} KN
AR

ShuAl HR7A] 12, 24410 B 48X17) 0] HjoFol g 845
ol 652 A/ Alatoll thet BSA A A/ 72 pediocin
of & SHolahgich. i 12, 24411 W 48417F Hjopal )
ol gl B AN 3] 65 e YU (B cereus, E.
aerogenes, L. monocytogenes, S. choleraesuis, S. aureus 2
V. cholerae)°l| tht Al 520l ] WaEA] FUTh(AH}
o] AA]). wh2kA] PCR assay® pediocin-G-A2H2] 8918 AE
stE oLt ol 27]9] DNA 42 SE 54| 9kt o= P
pentosaceus SH-10 w5+ pediocin -4} 0| 25 #5£0]7]
T2l pediocin®] AHAFEA] gh= A0 BHRIE FCH(ZE Y} 1]
A|AD). P. pentosaceus+= w5=0l| u}2} pediocin®] AJArFo|
& AL gl A9} Qv T Uele wal faizte) A4

o 2J3ths 7]9] €1 A K Diep et al., 20062+ L3Ik,

P. pentosaceus SH-102| H{LFAZto| W2 pHO
3t

P, pentosaceus SH-10 5= pediocing AJAFSIA] k20
T Etstal HHg Aol gt ESA| FEo] $=3k o]
e 28 714t Aatel wE viA| o] pHASHY 7ol =
thar gekE] o] v A7k w2 pH H3HE A E5F3ITE MRS
brotholl P. pentosaceus SH-107-55 3 &3}0] 35CoA A
vl FSFH A 2A17F THA 0. 2 24XX74A] o FA1 2} pH W=
AESIATHFig. 1). v 5412 i 4417 E tleAl o s 5
Al517] AlZFsto] 10417 Sofli= B Aol et ok A9 4F
g E FAISHITh o S410l wE pH ¥sk= 7] ufA] 9]
pH= 6.500| 4] A|2Fsto] ot F-4] 3} H] 2| 5ko] pHi= 7h4x5o] vl
%F 6A17F 3 pHE 5305, 1247t Fofl = 4.132] pHE LrERY
oo, ujok 24A17F T 2] 9] pH= 3.9093c}. B kA ZF AT
ol w2 pH A51= P, pentosaceus SH-107} A= 288 &
714k o5t At e

iid

F e
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Fig. 2. HPLC chromatogram of organic acids.

P. pentosaceus SH-100| MAtSt= 7|Ate] Mzt

P, pentosaceus SH-10a57} AJAksh= -71412] 57 9 &
£ MRS brothol] P pentosaceus SH-10-2 v ¥ A wjjoF
0, 6, 12 4 2447k 3.9] ufjeFl] Fof A= sodium citrate,
sodium lactate ¥ sodium acetate &2 HPLCZ =43}
ek, A= 9 el AN £ACE EAT A sodium
citrate, sodium lactate 2 sodium acetate EF52 9] HAESA|
7H2 8.097, 12.717 9 154870 &= 3AchFig. 2). v
Y 59| sodium citrates= Hj FA|IZFo] A }stol e 27]EEql
252.9 mg/100 mLe} B]wEHH 6, 12 2 2447t v ofoof A 2]
sodium citrate =7} o9 u|u]3}¢ith. Sodium acetate2]
iR 52] 275 843.8 mg/100 mLo|H, uijoF 6 2 124]
2k 3 vjogolel o) 5 27t mek A Rol7} glglont
24A|7F HljokeHol A 9] = 1424.2 mg/100 mLE 27]% %=
of vJsf] 1.78) Z7Fsl5tt. webAl sodium acetatet= P, pento-
saceus SH-109] wjok27]oi= AAI%Fo] Aot wlake7)(4
A7)l F7 sk G714ke. 2 By 2ick. Sodium lactate2)
WA %e] 7] 2242 me/100 mLo| o1t BfeFAIie
wleste] 4402 St 4FE ol vjoF 2441 T
o= 1822.1 mg/100 mLE %7|%=0] of guj o]4ke] 27}
B S TH(Table 4). A3}4 2 P pentosaceus SH-107} 2§45}
= 714t 5 sodium lactate= B F27]H-E] F7]9] o] 27|77k
A 71 ol A= iz o] pH Astofl 7H F8.51A 218
ghohar ek

uigA) Sljof| A B2]3t P pentosaceus SH-107+5= pediocin
= AAFSHA] ol e B skal WA At =3 uiest
A= o YA Algtoll et HS5q A Fo] L3t olf=
sodium lactate 52| 7|4k A4t &gt uiA] 5 pHE| AHd3H
of| o} B Mlatol AbEsk= A o= 2Q1E Gl

Al AL

£ AT 20124 TAV L ARSI T4 S AT
A)9le] ofate] 2 E|gl 0w, o]o] ZHAF =T,

M
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