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Pediococcus pentosaceus

Sulhee Lee and Young-Seo Park*

Department of Food Science and Biotechnology, Gachon University

Abstract

The genus Pediococcus belongs to the lactic acid bacteria and includes 15 species which are used in the food indus-
try as both starter and probiotic cultures. The importance of Pediococcus spp. is due to their use as starter cultures
in fermented meat as well as to their presence as the natural microbiota in vegetables. The availability of P pen-
tosaceus in the food industry increases the need for reliable molecular techniques for strain identification. To date,
the reliable molecular methods for definite identification at strain level of microorganisms used in food industry has
not been developed. Molecular identification based on suitable marker genes could be a promising alternative to
conventional molecular typing methods such as ribotyping. In this study, the applicability of seven housekeeping
genes gyrB, pyc, pgm, leuS, glnd, and dalR in combination with the pgi gene in multilocus sequence typing of P,
pentosaceus was assessed. Sequencing and comparative analysis of sequence data were performed on 6 strains iso-
lated from various vegetables. In addition to 17 sequence types, two new sequence types were identified and these
fortified sequence types and seven marker genes allowed for a clear differentiation of the strains analyzed, indicating

their applicability in molecular typing.
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A AHgE o] $hEt(McCartney, 2002), 2+2te] 7]
e, A, s el golA, FEs ATt
71wl AU A= Ad U,
AR, A gol weba] wf-g- zZpo]7F k. o] FollA
ribotyping, PFGE, polymerase chain reaction-denaturing
gradient gel electrophoresis (PCR-DGGE) (Muyzer et al.,
1993), t-restriction fragment length polymorphism (t-RFLP)
(Marsh, 1999; Dunbar et al., 2001) < &AL EA| vt
aL7ke] AgHleh e A AlZke] FHAL B4 Il B
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A AP o] W2 o] Ath(Higgins et al., 1982;
William et al, 1993; Gancheva et al, 1999; Ventura &
Zink, 2002; Healy et al., 2005).
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Gevers et al.,, 2001). MLST -2 H20A] DNAGA] oF
6-8711 2] housekeeping F+FAFS] 714

MLST database]] 43 &
gtste] sequence type (ST)S 243t ol th(Homan
et al., 2002).

Pediococcus spi= AR ste fakto gz ALY Azt
FES he Aot go] AREEL, YR A4 TRl
QY 2Z ALEEo] X2 Y QFEE A|Zo|| AFREHE 2E
Hao] 835 faktolth metx 2 AFdA = i
Q1 Pediococcus sp.21 P pentosaceuss Tt E2|¥o=E
FH &3 & MLST £42 83l P pentosaceus2]
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B Ao AVE-EH P pentosaceus’s FrEZ ZH}o] Q Bl
£-3)(Seongnam, Korea)ollA & 12575 EFHkon, o]
T4TE9 #2192 ON-82A, ON-1882 <43, GO-005,
GO-0082 3}, SC27, SC12+= A7, RP-008, RP-0032 3L
ZF, TA-027, TA-035= &, 218|322 SP-019, SP-0262 AL+
2 F 6579 el dS AREekith

Genomic DNA £2]

P pentosaceusZH-E] genomic DNAS #2317 ¢]35}¢]
P pentosaceus®] T F =S Lactobacilli MRS Al %]
(Difco, Detroit, MI, USA)oll FHZF3led 37°Col A 164 7F
AR sk vl 3 mLS 16,100xgol A 1E7F 94
Laete] #AE T, AeHS AASIA o] F
Al 1mLe TEN 2+Z84(10mM Tris-HCI, pH 7.6, 1
mM EDTA, 10 mM NaCl)2 #7}ste] dgrela, A48

Table 1. MLST primers for Pediococcus pentosaceus

sto] v &S A AT SET ¢%5-89(20% sucrose,
50 mM Tris-HCI, pH 7.6, 50 mM EDTA) 500 uLE #7}3s}
o #EslaL, 50 ule] lysozyme (60 mg/mL in TEN &3
29 wiv)aZ 3 uLe] RNase A&NE H7Fste] 37°ColA
INZFEQE WA ZA T o] ¥kg &Aoo 25 uLe] SDS
(25%, wiv)2F 20 pLe] proteinase K& #7}ste] 2 2H
Al Egstar, 37°ColA 3027 RESAI AT ¥H T8 F
AccuPrep Genomic DNA Extraction kit (Bioneer, Daejeon,
Korea) 2] GC binding buffer 400 pLE 3 713ke] 60°C
o] Al 1037F WESAIZ] 3L, 200 ple] iso-propanols 3713}
of 2AEYA EFstdnt ¥l column tubeoll &7
A AR E S5t DNAES columndl] A7), 500
puL2] washing buffer 13} washing buffer 25 X202
H7kste] =734 DNAYRS: @2l %, 50 pLe] B+ 33
SHTE DNAE §&315Th

MLST &4

P. pentosaceus®] MLST #41& 913t PCR2 47| =74
o2 Fz]¥ genomic DNAE template DNAZ AF&-3}S]
37, Table 161 YERH 770€] marker 8 2Hgyr, pye, pgm,
leuS, gin, dal, pgi)E SFA1717] 913 primers A 213k
PCRE 33t Th. PCR AccuPrep PreMix (Bioneer,
Dagjeon, Korea)s AFEsle] 3 F37F 20 uL7t = =5
3} 3L, My Cycler (BIO-RAD Laboratories, Hercules, CA,
USA)Z HESA1Z o, PCR 272 94°CollA] 285<t |
cycle, 95°COllA 20%, 56°CellA] 30%, 72°CelA] 30% %
Aol 35 cycle, 2] WA ©AIR 72°ColA TR ZE vE
SAIZTE PCR AHE9] H714 9 AX-> Macrogentk(Seoul,
Korea)oﬂ 9] 3l ABI PRISM 3700 DNA Analyzer&
o]-g-ate] FaatTt. FA1E H71A 22l homology 412

BioEdit program (Tom Hall Ibis Biosciences, Carlsbad, CA,

. . Standard
Gene Primers Protein Sequence (5’ — 3°) Alleles len;?h e(lrbp)
eyrB F AGGGTGATTCTGCCGGTGG
grB oyrB R Gyrase B ACCTTGTCACCCATCAACAT 6 462
c pyc F Pyvruvate carboxvlase AACAATTGCGGGCTAAAATG 9 603
Py pyc_R Y y GGCGCAGGTTGGTATACTGT
pgm F TTACGAAGAAAATGGCGAC
pgm pgm R Phosphoglucomutase AATTTCAAAACATCCGCTTT 8 321
leuS_F GGGTGGAACGGTAGTTGCTA
leuS leuS R Leucyl-rRNA synthetase GCGAGAGAAGACCCAGTCAC 10 522
glnA F . AATCAATGGTTCAGGGATGC
glnA alnA R Glutamine synthetase TTGACGGTAAGAAGCCCATTC 5 495
dalR_F . TGTCGAACTGGCTAATGCTG
dalR dalR_R Glycil-tRNA synthetase CATGTAATGTTCGCGAATGG 10 570
; pgi F Glucose-6-phosphate ATCGGTGACCGTGACTTCTC 9 417
pg pgi R isomerase ATCAAATTGCGACGACCTTC

(PubMLST, 2015)
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USA)S o] &3, A71M 8] 572 Clustal X (http:/
/www.clustal.org/clustal2)2} Mega 5 program (Center for
Evolutionary Functional Genomics, The Biodesign Institute,
Tempe, AZ, USA) 2]} phylogenetic treeZ 2Hd 511
dn g na

Pediococcus pentosaceus2| MLST 244

P. pentosaceus®] MLST 418 91¢t primere} ZH7}e]
W 2SS Table 19 YERARITH MLST 2415 €
St marker A2 E grB, pyc, pgm, leuS, glnd, dalR,
pgi 5 & TNE AMEsIE =, 222 marker FAAES
5-1070¢1 W FHAAES AU AN THPubMLST,
2015). e 12709 o thg MLST marker 5%
S FEZ 3o agarose gel A71953 A3+ Fig. 19
YERAATH AREE 1275 ZH2tol] thate] BE marker -
AAE0] FHo] Hol H719E Aol Hebstoy, pgm
AAE AL e 6709 marker f+314Fe] Z7]% PubMLST
database (PubMLST, 2015) 2] =Z7]9}= golst Aoz
el 28y olE 12@F FoA 63 F(ON-82A,
ON-188, GO-005, GO-008, RP-003, RP-008)2 174 3}
marker XS] ek F7IME S B Ay F35E
A= E marker AR Ao g2 AHE o] MLST
A o] o]-&3Faitt.

MLST sequence type2| &4

EX0] AFEH 6452 MLST marker F-22F2] g &
AR FRE A48 98t ald 7] marker F37t
o} A 7EA] el Y RS 71X LS ol &3t
phylogenetic treeZ 23St A= Fig. 201 YRS, 9]
Aol W} AAE sequence type= Table 20l 2] 31
ot BYE 60 F EFE dalR A= S O {2,
gind F+324= 41 E 7471 grB 2= 3W Ui|
272, leuS T2 SH Y AR, pgi A= 49
g 42 ppe A= 6 " RS YA
AU A0}, pgm AR ASo]= ON-188 F7
A5 6 Y s AU UYL, e 452 21
e FA2E AU A= ol & o] &35t sequence
types A S A 7159 sequence typedt YRIBHA] %=
A Z-& sequence typel = FRIF It wEbA ON-188
F9] sequence types 18HSZ, UHA] FFE2] sequence
types 19902 A4 5} THPubMLST, 2015).

Martino et al. (2013)> o8 T/ FEdo=H
295F9] P pentosaceus @55 wElste] 18P 54
bacteriocin AAF JH-5 ZASIA AL, MLST #4& 53}
177019] sequence type2 &2lste] gyrB A= 671, pye
FAA= 9N, pgm FAA= 80, leuS FA A= 1071,

ON-82A ON-188 GO-005

M 1 2 304 58 68/E 28 SRARRCRoR /e 2 3 4 M

GO0-005 GO0-008 sc27
i G 7 1l 238 445 67 A2 84567 M

SC12 RP-008
M1234567123456_7.M

RP-003 TA-027
ISR Ss 16 W 1 2 34 576 W W

TA-035 SP-019

M1 2 3 4 56 7 12 3 4.5 6 7 M

Fig. 1. Agarose gel electrophoresis of MLST for P. pentosaceus
strains. M, 100 bp DNA ladder; 1, Pgi; 2, Pgm; 3, Pyc; 4, GyrB;
5, DalR; 6, GInA; 7, LeuS.

gind 322 5, dalR A= 1070, pgi FAA= 9
Mol dE Az EATS Barsklth B3 sequence
type7te] HFAE FA}Ete] MLST &40 A€ 7719
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gyrB 3 GO-008 leus
GO-005 gyrB leuS 5
ON-188 gyrB ON-188 leuS
RP-003 leuS
ON-82A gyrB G0-005 leuS
RP-003 gyrB L leus2
RP-008 gyrB " luss
leuS 6
— B e leuS 3
gyrB 5 leuS 1
ayrB 2 leuS 8
o8 1 leusS 4
0.0:030 0.02)25 0.0&)20 0.0:015 0.0&)1 0 0.02)05 0.02)00 é fa jt é ; i :;
ON-188 pgi
ON-82A pgi
GO-008 pgi RP-003 pgm
RP-008 pgi pgm 2
G0-005 pgi 60-008 pgm
RP-003 pgi GO-005 pgm
pgl4 RP-008 pgm
pgl 7 pgm 1
1 pgl 1 | Pgm 6
pgl 2 1 ON-188 pgm
pgl 8 pgm 5
pgl3 pgm 3
pgl 9 — pgm 8
pgl 5 T pgm 4
pgl 6 L pgm 7
2?5 2’.0 1 ?5 1?0 0?5 0’.0 1 fo o?a o:.e o:.4 o=.2 o=.o
ON-188 pyc
RP-003 pyc
ON-82A pyc
GO-005 pyc
GO-008 pyc
] RP-008 pyc
pyc 6
pyc 5
— .
pyc 3
pyc 8
—
— pyc 2
——pyc 4
S pyc 7
e N B

Fig. 2. UPGMA dendrograms for 6 P pentosaceus isolates sequenced for MLST.
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Table 2. Sequence types of MLST for P pentosaceus strains
Allele type
Strain yp Sequence
dalR glnA 2B leuS pgi pgm pye Type
ON-188 5 4 3 5 4 6 6 18
ON-82A 5 4 3 5 4 2 6 19
SP-008 5 4 3 5 4 2 6 19
SP-003 5 4 3 5 4 2 6 19
GO-008 5 4 3 5 4 2 6 19
GO-005 5 4 3 5 4 2 6 19
target FrA2= FAAF W Ajzgo]l AYSHA] FUAT A oFA7EA] WA JA &S sequence types 1T
AAT Azgel FUAI BAHALE AT, 5 AL Ao poHy
sequence typed} | A7bll= =2 ATHAE Jof A2
F724 ATl &38k= sequence types FUI HE|PoE Lo of
2 felEe v v ol
B A MEA ¥ sequence type 182 dalR 71 Pediococcus %2 §-2F2] $F S(genus) 2 15%(species)

ko] s dHFHAL, gind FAAe 49 /A4
grB 322 3 Y FHAY, leuS FAAFe] 5 HH A+
A7}, pgi TS 4H HEFHAY, pgm FA7Fe] 691 O
HHAAL pye F122] 68 HH A7 SRSk AL
2, sequence type 18%1 = FItoAl 2]¥E ON-188
7 Holl SR SHA] %ot sequence typedt wE] AT A
#ABAE BT 4 gIAth Sequence type 19 dalR
AALe] sH NHFHAL, ghd 5322 48 g /AR,
grB T2 3 YKL, leuS AR SH iy
A2k, pgi AR 40 KA, pgm FAAES] 29 o
HHAAL pye 422 6 dHFAAP7E EAlsE AL
2, % 547 TAA 1#FE FHENH, 285 Lt
2RE, YHA 2#¢FE F2FEH E22E A0R et
Lol EAeh= Ao E e

HAAM7IA P pentosaceus dF2] MLST £24L Martino
et al. (2013)°] F=3&Fe] 17709] sequence types 213t
e AQdetH 7 A7t e, ¥ A7E Fst 17
70¢] sequence type ©]&]ol] F7F= 2712] sequence type©]

SRt RS WO EZN P pentosaceusd] w7 2 F
AL % A AR tFdS G F AT P
pentosaceus ©]9]9] ThE FAitol tisk MLST 49|
< ATES HW, Sun et al. (201502 T BFe] W
g fAFoZHE g L helveticus®] population

structureS MLST #4]& 7]wro g & Aol & 1170
o] fFAAE B4 v ok

2 AFEHAE MLST #4HL vi-¢ 7hdstarl 4l&g
WHoR nAlE B/ 2 F4E A% {83 fAA A
el Aoz LA O™, P pentosaceusS] 735 64FE
/g e2 MLST 45 & 23 A574 A A9 17
702] sequence type ©]&]o] F7F= 2712 sequence type©]

ezl v Boh B2 475 SR MLST

=] o o)
NS

o] EA st AFAPANA LB #F e ZEulo] Q
2 FFZ AFREY. Pediococcus 452 Ha 8o e
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golrle] olgAo] Fulgel wet oS ¥4 % BHY
T Qe BReHSE slge] 27T Atk AFAA 4

BEL Y

2ol Aok A marker
574 WHel ribotyping?
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