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Lactic acid bacteria are generally recognized as beneficial probiotic organisms. Recent studies revealed
that the potential of probiotic strains was essentially dependent on the bacterial-binding and adhesion
capabilities to gut epithelial cells and the hydrophobicity of the cell surface. In this study, we screened
some indigenous lactic acid bacteria from Kimchi and selected one lactic acid bacterium as a potential
probiotic based on its cell surface hydrophobicity. Analysis of the 165 rRNA gene sequences of probiotic
isolates indicated that the selected isolate (BCNU 9070 strain) was a member of Pediococcus pentosaceus.
P. pentosaceus BCNU 9070 showed resistance to bile acids and acidic pH. The P. pentosaceus BCNU 9070
strain also inhibited the cell growth of six food-borne pathogens including Listeria monocytogenes and
Shigella sonnei. In addition, the P. pentosaceus BCNU 9070 strain expressed bile salt hydrolase activity
and showed an ability to assimilate cholesterol in vitro. On the basis of these results, P. pentosaceus
BCNU 9070 is considered to have probiotic potential for applications in functional foodstuffs.
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ZAFeE7] Y8l 24417 A EE 1 mle] Wi FA-S 0.3%, 0.6%
TEE 1.0% (w/v)9] oxgall (Sigma Co., USA)OI E3Eof 9l
=9 ml«] MRS brothdll 7}7y AES § 48417 & 79
TAJEAE o] &3 27@’5}9‘3\9—”1 HEatel £
FHA B2 WFd s 2T o2 AHSH7].

2lEFe ad £8  SEHS

HEH o2 Add dFE xylene, ethylacetae 3 chloro-
formS AHE-3l Sjjof] Baste ARE Ao zH AXE
FUSAES ARG a2 $APLS Dolyedt
Rosenberg®] W< W& ale] AAat4tH17,18]. At &3

GTFA AT 5T B ATE §3

Auto—aggregatlon (%)=[(OD1—OD2) / (ODy)x100]
ODi=27] F3}% #
OD=7%2te) A7 FRE A%

[

EalTFe| gmd ZA

A Z2E=59 Bacillus cereus ATCC 14579, Listeria mono-
cytogenes ATCC 15313, Staphylococcus aureus ATCC 6538,
Escherichia coli ATCC 10798, Shigella sonnei ATCC 25931 9
Salmonella  typhimurium ATCC 14028 12]a dF<
Aspergillus niger ATCC 46959} Candida albicans ATCC 10231
off theh At 3‘%@! S AR AL EFE 37°Ce
A 24A7F B e & FAE A AR T 022 pm membrane
)= (Mllhpore Membrane Filter, Ireland)Z o} 7}st AJ5 4 &
ity S4S AT ABE ARSI 42t HAERTTL
el o] EX]HHXM] 80 u2] Bj5 Aol F54E 8 mm paper
discE 22FL 37°Col A 12413 i g & AEAAdS 5
Al e AR

[}

r

2alZFe s 2y

FAA 74Ae disc diffusion methodZ =R 38 th
[9]. #8149 #F4HFS MacFarland scale 052 HA3H 0
™, MRS agaro] 100 pl 33t =Z3lAc} Fikto] &
ZE wjAe v ¥E HFH FAA paper discE: &
F 37CoA 247 Wi et A A BEE

ZAFeH ST

Bile salt hydrolase (BSH) &d & ZIAHE Sats
S

Bile salt hydrolase (BSH) €/ <
odeoxycholic acid sodium salt (Sigma, Deisenhofen,
Germany)$} CaCl, (0.37 g/1)7} &+ MRS agaroll X735
o A 10 nE EFF H 48410 Mg F 24 JAE

F=05% (w/v)<] taur-
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o] 4 RE FAgit12]. 121 FH2HE F359 A
2 4L w3t vl YA S 3 mM ZH 2EH E0] F+E MRS
broth 100 mlel] HE(10° cfu/mIY) g 3 24417 Sk wjokatgl
ok YAE2](10,000% g 10%, 4°C)5te} A 459 1 mlol
95% g2 3 mlZ} 0.5 M potassium hydroxide 2 ml& 7}t
1087 60°C 2420 A ‘3}3/\]7313} Hexanes 3713}
AL 1027F Aol WA F hexaneF s 3|5ato] AA7b2s)
oA A7) 3 ZH]Eo] o-phthaladehyde (0.5 mg)& <
HA7betAth o] & A 2 mlis 7HsE ¥ 1027 vHAIA
oH 550 nmo A FHEE FHto A& FHZHE FE
st at212].

942%° FATE M= o4
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= Woﬂ A= BCNU 90497} §-2H5©] 62.9%, Leuconostoc sp.

F Fol A< BCNU 90827} 65.2% % 7} =4 Yehst
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Fig. 1. Cell surface hydrophobicity of Pediococcus pentosaceus
BCNU 9070 strains. Error bars indicate standard errors.
X-and Y-axes ~

Cell surface hydrophobicity (%)

2 pH 25909 ¥e& pH
EE TR ey
catalase=4 o]u% fructose, lactose, mannose, raffinose 7-4
gy A85S 7HAE Ao g YEbsthTable 1). 165 25
£ DNA ¢7|M4€9 E4Z3E NCBI BLASTE o] &3
Pediococcus 453 7354 ZAVAT, Pediococcus pentosaceus
9} 99% <] 4EAE BolH AFTHLZE Pediococcus pentosa-
ceus®] subclusterd &3 #FH OS2 Pediococcus pentosaceus
BCNU 907022 ™3} th(Fig. 2).

Table 1. Physiological properties of Pediococcus pentosaceus
BCNU 9070

BCNU 9070
Gram'’s staining +
Catalase -

Characteristic

Oxidase -
Optimum growth temperature () 37C
Growth pH 2.5-9.0
Growth NaCl (%) 3-10%
Utilization of carbohydratesl)
Arabinose

Cellobiose

Fructose

Galactose

Glucose

Lactose

+ 0+

+ + W

Mannose
Mannitol
Raffinose

+

Rhamnose
Sucrose -
Xylose -

1 oy . . . .
)+: Positive reaction, *: doubtful reaction, -: negative reaction

BONLUSATO

P pentosacens LMG 114887 (AJ305321)
P folii NGRI 051007 (AB3G2985)
B sifesii LMIG 230827 (AJ973157)

P cranssenii DSM 148007 (AJ621555)

P argentinicas LMG 239997 (AMTIYTHE)

P inopinats LMG 114097 (AJ271363)

P damnosns LMG 229567 (AJ318414)

P ethanolidurans 2-97 (AY 56789

P siamensis JCM13997T {AB2ZSEIST)

P cellicola LMG 22956 T (AY956TRE)

F halophifus 1AM 16767 (DE8668)

P wrinaecgui IFO121737 (DET6TT)

'T'

Fig. 2. A phylogenetic tree, showing the position of Pediococcus
pentosaceus BCNU 9070 among the Pediococcus species.
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P. pentosaceus BCNU 9070 Bglucosidase, ﬂglucoronidase,
tryptophanaseg} 7o OLEJ/H o] q.oq g FYgE GAE A
A gkortt ek FIAMFER & A urease, indoled}
phenylpyruvic acidE /4354 agoH ALY p&d4d
e GEhiA etk Bk 5L, FANAIE 2 &

P42 AR ol AAHoT Talo Qs FFEA

ot

ehAAdel & Ao 2 o7 tHTable 2).

oHEY ZAL

27] AEFFE 81413 log cfu/ml= 391 W pH 5.09]
AE AR S At Oﬂ A 82 log cfu/mlZ YFS B2 ¢
%o pH 4.09] AN4FAFE A= BCNU 9070 #F= 9
G A Fe ASE e pH 25004 4A13F H o] A
T 8.04 log cfu/ml= FIH glom Ha 2oz vhe o
&t et A o] uf§- 3 Ao=w ilo];]oh;].(lzlg 3) =

)\]. =T

Aboll A thZz-9k Hlwd w) 03%, 0.6%, 1.0%2] &
A F7kel A& st o Ul 7EA L 9l 3%8}
o Z 9L ux g RAow p:l-o]goi;}_(lzlg 4).
B2 BCNU 9070 755 HAAZ o2 St o] 3t &49_:%

L.l

WA o9} P. pentosaceus BCNU 90705 23] At w4
210 ml YA f Ao 18~24A17F Al Fated EAIH A AE-s}
Aok AFEwo Wt ayE S A B, cereust
L. monocytogenes®l 242+ 11.87+0.71 mm, 14.21+0.52 mm<] ¢
Agg Vet o S aureusel] thdtelE 11.7240.73 mm, E.
colid A= 11.01£021 mme] A3 Yepf gl E3 S
sonnei, S. typhimurium®] o3t Z7ZF 11514074 mm,
12.69+0.11 mm9] A EA S 7HA= A2 I A 1
23 #5720 A. niger, C. albicans®l W3t = 247} 12.05+0.35

Table 2. Haemolytic activity and production of harmful en-
zymes and metabolites in Pediococcus pentosaceus
BCNU 9070

BCNU 9070

Heamolysis2)
Bglucosidase
Bglucuronidase
Tryptophanase
Urease - -
Gelatinase - -
Indole + -
Phenylpyruvic acid - -

YPositive control: E. coli ATCC 10798

+: Positive reaction, -: negative reaction
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Fig. 3. Acid tolerance of Pediococcus pentosaceus BCNU 9070.
Colony forming unit of Pediococcus pentosaceus BCNU
9070 in pH 2.5, 3.0, 4.0 or 5.0. 4: pH 25, O: pH 3.0,
A: pH 40, l: pH 50.

0D 625nm

0 2 4 6 12 H 30 30 2 48

Time (hr)

Fig. 4. Bile acid tolerance. Bile acid tolerance was measured by
cultivating Pediococcus pentosaceus BCNU 9070 in MRS
broth containing 0%, 0.3%, 0.6% or 1.0% oxgall at 37°C
for 48 hr. l: control, 4: 0.3%, A: 0.6%, @: 1.0%.

mm, 14.31£1.20 mm2] A &2 Yl o] AHF S toz
s AgAFe} FYA FoEdES YERNSt(Table 3).

iz
BCNU 9070 = that 441 Sl el 44
of st e AT 5 AxH FAAAA pen-
icillin G, ampicilin? aminoglycosideZ] 33 4|<] gentamicin
o tste= WS YERY A2 tetracycline, erythromycin,

clindamucin, lincomycin % Chloramphemcoloﬂ o= 2

FAE 7= AoZ YERTHTable 4).

274 ¥ SESZEAM

AEgFo] AZRESHE FA8 Gt Sufol 25
v v EaA5o2 FA IS4l xylene, ethylacetae, chloro-
form®] gufoll x| 212} 90%, 88%, 52% ] F-A5-S YR Ak
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Table 3. Antimicrobial activities of Pediococcus pentosaceuis
BCNU 9070 against food-borne pathogens and fun-
gal strains

D

Strains Inhibition zone (mm)

B. cereus ATCC 14579 11.87+0.71”
L. monocytogenes ATCC 15313 14.21£0.52
S. aureus ATCC 6538 11.72+0.73
E. coli ATCC 10798 11.01+0.21
S. sonnei ATCC 25931 11.51+0.74
S. typhimurium ATCC 14028 12.69+0.11
C. albicans ATCC 10231 14.31+1.20
A. niger KACC 40280 12.05+0.35

Upaper disc 8 mm
Each value in the table represents the mean value+standard
deviation (SD) from three trials.

Table 4. Antibiotics susceptibility of Pediococcus pentosaceus

BCNU 9070
Disc conc. BCNU 9070"
Ampicillin 10 ng R
Chloramphenicol 10 ng S
Clindamucin 2 ug S
Gentamicin 10 ng R
Lincomycin 2 g S
Penicillin G 2 ug R
Streptomycin 10 pg S
Tetracycline 30 ng S

DR: resistant, S: sensitive.

Table 5. Aggregation activity of Pediococcus pentosaceus BCNU

9070
Aggregation (%)
Strain Time
1 2 3 4 5
BgCOI;T(l]J 15.7+0.8 21.4+4.2 37.0+28 44558 61.4£37

(Fig. 5). 18]3 S TFA 2% B A FTF? Pediococcus
pentosaceus BCNU 9070= 1A MR 15.7% <] A7H-A5E
Hyon Az Aol 214% 2 Vel HAFH o2 542
% BCNU 9070 &< 275 614%=2 574 5 A
(Table 5).

Bile salt hydrolase (BSH)EA % ZEAHEZE Ssls

BSH indicator agaroll 4] 48] 7t v k3t A}, 34 A A S
o] AAo] gelEe =g BCNU 9070 #3+ BSHEA S 7}
A3 Ye AR A FAHOE E FH2HE
FE SAs FY2HE F35(%)S AP 759

288 2AsFATE BONU 9070 T35 24417819 64.5%
o Mg =& FY2HE T35S Uellen 79 F4%

100

90 _I_ _I_

80

0 F
60 F
o | i
40 F
30 F

20 F

Microbial adhesion to solvent (%a)

10 F

Hexadecane xylene Ethylacetate Chloroform

Fig. 5. Cell adhesion capacities were measured by cultivating
Pediococcus pentosaceus BCNU 9070 in PBS buffer con-
taining 50% hexadecane, 50% xylene, 50% ethylacetate
or 50% chloroform.

70 1
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4 035

Cholesterol assimilation (%)
0D 625nm

102
1 01
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Fig. 6. Cholesterol assimilation. []: cholesterol assimilation (%),
W cell growth (OD 625 nm).
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Lactobacillus, Lactococcus, Leuconostoc 12 3l Pediococcus 2}
2 A diRE AFA7FEEA vs AFY%F A
% (USA Food and Drug Administration)®] ¢S w2
GRAS (generally recognized as safe)w5-°|TH7,14]. BCNU
9070 #F+ =9 AANZRY B3} Pediococcuss dF=
A GRASe &3tm QAfral A B7F Aol M= Qb g Ao
Z IAHRAT FEAPS 5 Bk FFe A1

FZo] gy

oleig A% WL fa
5 g4 AY F e 59 lofo
pH 35904 87.74%] AEES RPoH 03% FEe ﬂ%—ﬂ

oA 114.01% ] BEES YEPATIIL B3 E Pediococcus sp.
GS4 [7]19) A9} FAFSHAl Pediococcus pentosaceus BCNU
9070 ¢HEAol B FFE FAEUY. E3 fakrY L



acidophilus, L. gasseri, L. thamnosus, L. reuteri7} pH 3.0¢] A1
0.01%~683%2 HEEH 0.15% =9 FFAAM 10.3% ~
574%< HEES 7HA I YS[3,18]3% HlwEY tha S48
HEAES YeEpAth 2822 AdE BCNU 9070 #5<
A gENA & AESYS VAL e AR @
o HEZ A AREAA MY FHIL THsE AR
o JH .

£ Aol A AHE E Pediococcus pentosaceus BCNU 9070-
AFE5T 3% 2FFAMT B. cereus, L. monocytogene <}
S. aureus 181 3% IHSAAT E. coli, S. sonnezQ‘r S
typhimuriumol] st FTBFE 7EA 3 QAT ol F fr
o] AAbete 14} A= Sl #HAakstaA gt f714F 5o
AT A&HS dAse 9T ke o2 ¢HA ‘E} X
St RE 9] fAbto] Aakste T3 bacteriocindl] #3F
T ASAAFE AAS g AFAY ?EOM]H Q EH;HH E]
JAR-y

rulo

oEl"

gl pud

Pediococcus mczdllactzcz P. pentosaceus ! P. paroulus 5| %
8k bacteriocing Ay AFslH[4], §3] P. acidilactici7} A 3}sh=
Hof g3 pediocin AcH (PA-1)7} 421 bacteriocin©]
t}8]. o]9}#o] BCNU 9070 5= f714+3} bacteriocin 53
sl A4S dAlste AoR ATHER P8
EAY 1S AT =2AAY FxEHA B AFHR
F7HAT7E g E.

Pediococcus pentosaceus BCNU 9070w 3714 gAY A o] WA
< 7ML e AL R SAH UL Lactobacillus, Pediococcus,
Leuconostoc sp.®| A vancomycin®] gt W4 S 1#3 54
o2 7HAE Aol Bad vl Qui18]. 2 A 24
of Fiktel Besitte Bk slov, A dHe £
T AW BAtEY 28 S ERAA Ed ¥ s Tdste &
&0 it olel YA HA JEHM‘Q’\ g Fojg
AN AREE vEFAYd EuS FAY e A AEE
L 5o AWTF] WE B =28 & % 9}4 a9
B BCNU 070 &7} 7HA& F8AWE 542 AA T4
Al FoAgate] e 2l Zanto] Q HA AAZA FE A

[‘ﬁ

#48 L} 9 45 S Aow 435
w3 Az AE BRY 54 F 5L £54S A
AZ ERS P53 d3ge] Tk @77t BT Hgle
4493

W, A7 SRS G4 BHS A% ol QBERHL

g Ao Fa3k 80| 18], L. rhamnosus GG
£ 533%9 AFA4E 7AW caco2 A E I RS
113%% B vp gk ik ofy2t 51.3% 9] £54S 7HA]
) 1A 59} A7 5 0] 83%Q) P. acidilactici ET 349] ca-
o2 E BH52 137%=E o]E ZEuo] QE X FEQ L
rhamnosus GGH.t} 438 A0 & ‘/}E}‘z&‘ﬂr[w] upEkA] 9
v sk :q] %6‘1—24 © 2 BCNU 9070 #F= =& _,__r}\h,]. o 21
& /M AR EAsol ¢4 R dddr
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Akt o] BSHE B354 Balldozyi JudAolA #
Ao HEES EoF BSHEAS 7HAE S A
FY2HE FEE LAALOEZN AAJME 83 AL
2 BuE 3 oH11]. BONU 9070 75 % BSHEA S 7HA
ZY2HESE TS 22472 WA 2 gEFate] g
bgAel S FFo|BE A AF Al ZEZupo] Q2
TF2A 5 FH2HE 49 7eAE el Aoz
o 4t}

2 dAFoMe HAZFE 23 Pediococcus pentosaceus
BCNU 90709} &4 A| Wé, o8, 2U2HEFS &

sto] ZAFBIGON, e pHSE BEAA A 2 A8
s 408 15 A7 Zadolonl s BFEA ATE
S8 % 99

ZAte 2

B ATE R Hes &R FRATATY A
2 #48 A7AR.
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