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Application of 16S rDNA PCR-RFLP Analysis for the Rapid Identification of Weissella Species. Lee,

Myeongjae, Kyeung Hee Cho, and Jong-Hoon Lee*.

Department of Food Science and Biotechnology,

Kyonggi University, Suwon 443-760, Korea — A polymerase chain reaction (PCR)-restriction fragment length
polymorphism (RFLP) analysis was applied to detect and identify ten Weissella spp. frequently found in kim-
chi. The previously reported genus-specific primers designed from 16S rDNA sequences of Weissella spp.
were adopted but PCR was performed at the increased annealing temperature by 4°C. The sizes of amplified
PCR products and restricted fragments produced by Alul, Msel, and BceAl endonucleases were well corre-
spond with the expected sizes. W. kandleri, W. koreensis, W. confusa, W. minor, W. viridescens, W. cibaria, and
W. soli were distinguished by 4/ul and Msel and W. hellenica and W. paramesenteroides were identified by
BceeAl. W. thailandensis was distinguished when restriction pattern of other species was compared but identi-

fied by the single use of Mspl.
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25 3] HEA RE QAT DA AR A2}

= e AR o8 ARt FR7h wEelAH, A
ol wlekl, #7A S5 THIATE 5 AFelw
219 FAel| @GS vIAE FRF 84 T shel A
AR %aﬂa nlAEe g A HE A e ¥
2 g S TALE ARE ], AFAAY 8 Sl
uje} §-E ]7}4 7117178 AR %Eii & A Al
2 *3% Alell A& A= A1, 23], FEAA2
A TA3E S8 fAlE ‘Eoﬂ*is&} 7‘01 g FAREE

ZAAE] Ft(starter) 22 A7kt E Al =7} AB=
[5, 9, 14].

1939 AAEE A= vzl dgt A77F AFoE B
% o] F, 1984 Mheens} Kwon®] R I1[26]5 A|2to 2
QA E Bofahs v ALl gt @7k Ao 2
81 =] o] Leuconostoc, Lactobacillus, Lactococcus, Strepto-
coccus, Pediococcus 450l <:31= okl fAlTSo] A4t
o) BefRtee Abel WeAR, SAael s
FAHF =, Leuconostoc -2 W& _:J]‘ﬂ] —ri AEE L A

Z=7] o|Zl|= Lactobacillus £°] 71& ZAoR ¥ IE]
aAoH18, 24, 26, 30]. &3], 2= leuconostocs =, B

47} Leuconostoc mesenteroides® -7, E 57|
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e Zol|l A @2 47} Lactobacillus
plantarumﬁi EA =, Le. mesenteroides= Rl F]

Hosl= Fod o2 b plantarume A T2 Q1A
ﬂaiv} 18, 26].

200051 o] Foll= A5 A 81 (phylogenetic) ¥4 Al o]
gt m|AEe FAe] d¥t3l F3, DGGE(denaturing
gradient gel electrophoresis)[20, 27], T-RFLP(terminal re-
striction fragment length polymorphism) [29]¢} Z-& F-=}
B e Slat ey HelEE FEEA el A=Yl
< Bt ok}, microarray £ 0] ZXARE ATl &
Sl 2], el W Aelshe B4l A% WA FHHol
oA A A7l e AEe] EEH] 78 B
g AAEg e Fagat Aol digk <lAe] HeA|

a2 9lar, 7)) HArER] gk ohofst fAkde] A
Foll Fofsl= o2 Yehde}2, 6, 7, 15-17, 19, 20, 27,
29, 33].

= Lactobacillus &

20001 I?‘“’l AAARE Aol F5HoE dFE
U T8 WS 1) 7180 FaEgI AT e g QA

A9 Le mesenterozdesﬂr Lb. plantarumB.c}= Weissella
koreensis 52| Weissella < 2 Lactobacillus sakei7} &
2Xof FA glo] AR FA Fefd= AL =
Aot} 2) 3 27] W F7]e] WEE Frshe Ao
a2l Le. mesenteroides &= Le. kimchii 2 Le. inhae
o} 22 Algt o459} Le. citreum, Le. carnosum, Le. gasi-
comitatum, Lc. gelidum, Lc. lactis®} 72 ©}F3t Leu-
conostoc & Ao ARl Fodsle] LF Tl =
A4S YR dd= A, 3) olu] 2719 ZAkE A=
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A EAT[24, 3010 Lb. plantarume] A-LEHAA 7
Z5A] g=vhar A= vk A, Lb. plantarum®] 237
o] &Xof FA| oS ol AUE AA|AAME HE F
718 HEeR W] F3ie H 52 = 4 AUHH19]
olg|gt AXPE A=A Akt AFA L] W3l g9lo =
16S ribosomal RNA 82K(168 rDNA) 97|14 9E o|-43t
AFEA Y ERAAL =ol o2 Akt A2
H3EH10, 31], 2 Sl e AR A 2 <k &
T2 ARl o8 WA s A TAY AL A9 2
e = 7 Aok =3 #A9] A= A+ E
H3led 20°C o)Ak x| HWEE AYAFA| R, F29
ATAREE] Aol 7 AR FFFAMS Z13Y3)
3L gle] A2olA AAHe] Q= FAHEEe] F2 #2E
7] w2 FAETH19]. 53], AAFARE 7% sl ol
o] 7} & oIS F 29l 2= (Collins S[10]°] 7]
Lactobacillus 4:22 27599 93 FARE 2 Le. para-
mesenteroidesS M2 Weissella 422 A3 AS &
ol BAEA wHEL =9 Aol FejEl AR
I A T, 2] FERETCE QA FHAW A Le
mesenteroides®] 73 571 D& A2 FAHE T wt
& 37)9] F93F Lb. plantarums ¥53t Lactobacillus <
AR A= 2577t S AR FAHY, ol F
AH= Peissella 02 AYFT o2 FARHG A28
Weissella 4-2] AR} 7 A AxER] F28 9] 3
U2 AZE = W koreensisZ} S ATl oJEiA] AlES
2 SEue Aol AR FFFore] AEAE AA
o & 5 9l

AN AEEE vAE FolAM Deissella <o) 278}
 vFe] B Earse] 71l aet Axdae} i
3t Weissella 2] A& 2] F8A o] F& F7Is1aL 9l
o}, 5, AR} BRI Weissella <ol g HFA <l
Aol A A=A el ot Alg, A Esl
Weissella 9] 2] 2 AW e] g=|ofof st
2 Bo] wE At nAE A U HAEE 95
A RS Beld o FF31: PCR AEH o] ®e o]
3L 9l3L, 16S rDNAZ} E4-rAALR 71 who] AR
o}, sIA|ek, Ak 7o 16S tDNA €7|Mdo] &=
g 7HAL IAY B rlAEe] TA AEE A
7350l 16S rDNA7} EAFAAZ H3sH#] ook
FEo] RuE gJuh3, 28, 32]. o]t FAIHe] B
$18ll, PCRell o8t #4742 5353 55 24k
A E A Ao w2 DNA 2] I3 A (polymor-
phism)& 7 g3 PCR-RFLP(restriction fragment length
polymorphism)7} BhFgh v]AZ2] 2l 5l whE $Ael o]-6-
=37 ¢leH13]. ©]7] Jang S[12} amplified ribosomal DNA
restriction analysist ARDRA)YS- ©| 83t 1052] Weissella <
frakre] A4 A Bash vt glu. 2ev HEg el

)

32

N
of

mlomﬂF‘

lo ot K orlo Rt oo Ju

B F W koreensis [21]12}% W, soli [25], W. ghanensis
[4V} A EFo 2 SZESIL, W, kimchii [8]= W. cibaria
9} FU3t heterotypic = THE] W, cibariaZ &=
2 TH11]. T=3F GenBank databaseel] 16S rDNA 971414
(AY040669)°] 5= W hanite= A2 W, koreensis
o} YUt ALz FPHe] AFHeR FFHA o &
S 2MEkAL e 20109 89 AN Weissella <ol 13
ol S5

ol B AFAE[22] W soliZ} F=AF FAR]of| A 7
ZEAL, A AR 2R EHE AEEA deve 972
FH= AA ZHo] W soli D Weissella & =2 A4 A
gt 22| FAHEES o838 A A e S A
E3kal gle}. wE3F 7)Ee)| B %l Jang $[12]2] ARDRA 4=
3] Al, Weissella % 52 oA FFd 243 PCR
primerZ} AFE-8= Tug polymerasedl] ™z} B]5<]%]e] band
7} F5EE A gelsldr]el 2% PCR 2713 AHE
220] ARGl digt o] Y FE Tt £ AFeME A
2N M F2 HAEHE= 1052 Weissella & FAHES] whE
54l 16S rDNA PCR-RFLP 2AHS #4843t A7= B
gt

Mz o GH

whe SR Aol AR A AR A elA ] A
Zo] RIE Weissella 4 10%(Table 1) ¥ Leuconostoc <
7% (Le. carnosum KCTC3525", Le. citreum KCTC3526",
Le. gelidum KCTC3527", Lc. kimchii KCTC2386", Lc.
lactis KCTC3528", Lc. mesenteroides subsp. dextranicum
KCTC3530", Lec. subsp. mesenteroides
KCTC3505M3} Lactobacillus 65(Lb. brevis ATCC148697,
Lb. curvatus subsp. curvatus KCTC3767, Lb. graminis
KCTC3542", Lb. plantarum KCTC3108", Lb. pentosus
KCCM40997", Lb. sakei subsp. sakei KCTC3603")& Al
Azl o] 5 EF(type) TF5< Korean Collection for
Type Cultures(KCTC), Korean Culture Center for Micro-
organisms(KCCM), ATCC the global bioresource center=
He] sl a3y W koreensis Rdae ESTF
2 55| el BV AR B AN g=A A
2258 A F2] T W koreensis KK0101 455
ARSI} FARFFE-2 MRS broth(Difco, USAYS A
ate 30°C m| 3714 A3l wiedaisdom, A=) A
Zoll= S 1.5%(wiv) H7Fskde

Aol AHg-8t 5752 total DNALE MRS vl =] ol A
30°C, 24417} vioFst A 25-E] Genome DNA extraction
kit(Axygen, CA, USA)S Al-4-3led FZ31 . Weissella
% #552] 168 tDNA 535 913 PCR primer:= Jang
S[12]°] 33t forward primer S-G-Wei-0121-a-S-20(5’-

mesenteroides



CGTGGGAAACCTACCTCTTA-3")$} reverse primer S-G-
Wei-0823-a-A-18(5-CCCTCAAACATCTAGCAC-3) 2 A}
8319937, Solgent(Daejeon, Koreapl|A A|=lsleict. PCR HE
$-ol|= T3000 thermal cycler(Biometra, Germany)S A&
3l o™, 50uL Hh--AlelE= 20ng template DNA, 0.1
mM dNTP, 1.25 U Tag polymerase(RBC Bioscience, Taipei,
Taiwan) 2 7+ primerE 1.0 uME- 78l 22271
95°Coll A S¥7F dR|7kd F, 95°C 148-7F WA, 65°C 14
annealing, 72°C 1:27Fe] F3H-s- A& 303 W38k,
upRete g 72°Cel| A 727t AElEt F vk S vt
S ¥ 535 PCR A2 1% agarose gel Aol|A] 7935
3o #elslel 2™, Gel & PCR purification kit(Solgent)E
o]-83le] primerl] 28t SFOZE A== F 727 bp F7]
o] ©A-S AAEIEE. AAISE HH2 AGFEA Alul, Msel,
BceAl(New England Biolabs, Ipswich, MA, USA)E A}$-
3fo] A k3l olS, 4% agarose gel(NuSieve 3:1 Agarose,
Lonza, UK)& °]-83te] 47|98 kit AAI S5
o AlgtaA: X2lel o8 A== DNA =9 oSl =
Webcutter 2.0 program(http://bio.lundberg.gu.se/cutter2/)=
ARSI

2 =

Jang 5[12]°] B33k vk-&-327 9 Weissella 4 5-°]%
PCR primerE °]-8-3}¢] PCRS 33 A3}, v] 5o =l
DNA whe] g4 550t Annealing 252 45 %
3Pt A7}, 4°C =4 AT 65°C, 15-2] F7le] £ AlgdAl
of| Al AMS-sE B4 W Z]Ale] Mt A oE el AjZ
A A3 PCR HFEZ A 1052 Weissella <5, 632
Lactobacillus &, 7%2] Leuconostoc & F+AHTF2] total
DNAZE- template® genus-specific PCRS 38+ A3}, oF
727 bp 2719 <A} 5F ko] Weissella & Tl ATk
Eo|dg o2 &= ch(data not shown).

Webcutter 2.0 programa ARE-3}ed 727 bp SF=tH U
o] AgtEa A9 S oS53 ZI(Table 1), Jang &
[12]0] AR&EF AZYE A Mnll, Msel, BeeAl % Mnll2] 735,
Y B AR E 7FA AL 9le] 100 bp o] 3fe] = e
g5 A= dEel Alstas M2 F vehis 2] A
gsl z7] Felel] ool e AL el AlgE
3L 3 AlgkaAe] o3 A== o] Z7]E Webcutter
2.0 programs °©|-83td TSt A3}, Alul> MnllZ} 5
S Weissella 48 31522 T-E31A|9h, 134 bp oAk
DHS A7) witel] T =719 Tl Sl A=
A A=A FFAES AuleE A2d A2, 1059
Weissella 75+ 5=, W. kandleri, W. koreensis®] FZAFE2
A=A kol UMz 553 e FEEHE @Y
band2 el =k, W confisa, W hellenica, W. minor,
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=~}

W. kandleri
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W. paramesenteroides
W. thailandensis
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| } | ! }

W. kandleri W, hellenica W. confusa
W. viridescens W. paramesenteroides W. cibaria
W. thailandensis
w. soli

‘ W. koreensis ’ W. minor

Digest with BceA 1

! }

W. kandleri
W. helleni w. . w .
W. confusa

W. minor

W. viridescens
W. thailandensis
W. cibaria

W. soli

Fig. 1. PCR-RFLP profiles after the digestion of Weissella-spe-
cific PCR products with Alul, Msel, and BceAl endonucleases
(A) and the schematic presentation of restriction patters (B).
Lanes: M, 100-bp DNA ladder (Solgent, Korea); 1, W. kandleri
KCTC3610%; 2, W, koreensis KK0101; 3, W. confusa KCTC34997,
4, W. hellenica KCTC3668"; 5, W. minor KCTC3604%; 6, W,
paramesenteroides KCTC353 1% 7, W, thailandensis KCTC3751%;
8, W, viridescens KCTC3504T; 9, W, cibaria KCTC3817%; 10, W,
soli KCTC3789%.

W. viridescens, W. paramesenteroides, W. thailandensis=
593} band SFAS- JeRNSAL, W cibaria®t W, sol7} 5
A8k band FdE HEPIAEH(Fig. 1). AIgHEA Mselel 2]
st Ak =9 ASAF}, Weissella 4 TF=°] SLFSE
ol 2 A2 A= STk Table 1). FZAES] Msel
2] A3}, W koreensis®y W, minors ZYZFe] 4F Eo]%
¢l band FAE YeWIG L, W kandleri®t W, viridescens,
W. confusa®} W. cibaria, LZ|3 W, hellenica, W, para-

mesenteroides, W. thailandensis, W. soli7} Z+7Zt 543k

% o



458 LEE et al.

Table 1. List of Weissella strains used in this study and the expected sizes of the digested amplicons by Alul, Msel, and BceAl

endonucleases.

Species Strain No. Accession Alul (bp) Msel (bp) BeeAl (bp)

No. RP FS RP FS RP FS

W, cibaria KCTC3817T AJ295989 504 223/504 86/480 86/247/394 216/390 174/216/337
W. confusa KCTC3499T AB023241 134/504 134/223/370 86/480 86/247/394 216/390 174/216/337
W, hellenica KCTC3668T X95981  134/504 134/223/370 480 247/480 216/339/390 51/123/216/337
W, kandleri KCTC3610T  X52570 - 727 86/480/506 26/86/221/394 216/390 174/216/337
W. koreensis KKO0101 - 727 65/86/480  21/65/247/394 216/390 174/216/337
W, minor KCTC3604T AB022920 134/504 134/223/370  480/506 26/221/480 216/390 174/216/337
W, paramesenteroides KCTC3531T AB023238  134/504  134/223/370 480 247/480 150/216/339/390 51/66/123/150/337
W, soli KCTC3789T AY028260 504/716 223/504 480 247/480 216/390 174/216/337
W, thailandensis KCTC3751T AB023838 134/504 134/223/370 480 247/480 216/390 174/216/337
W, viridescens KCTC35047 AB023260 134/504 134/223/370 86/480/506 26/86/221/394 216/390 174/216/337

RP: restriction endonuclease cutting points in the amplicon.

FS: the sizes of the digested amplicons by Alul, Msel, and BceAl endonucleases.

- 1 no cutting point.

band S viellel, AT} At AATE Fels
Gok(Fig. 1). AZFEA BeeAISZ XS W hellenica}
W. paramesenteroides?} 5°]2¢] band 42 UeRle] &
Qe band L Vel UiA] s39) #5470 TR
HckFig. 1). 335 727 bp &9 A& A2 F, &
2Pt A 7)ed-5 AF}(Fig. 1= Webcutter 2.0 program= ©|
B3te] 353 A3 (Table 1)2 H413] |31l o™, Fig.
1-Bell= AlgHE A Aol 23] veh= band 5 A=
3] =413} sj3teh,

B AFA] A3 AlSEA 332 £ ] Ao E=
Weissella 4 w72] A|gtH el F-5o] 7FsaAIRE, 770 =
= AN ADELE o-£5te] band PS Ve @
E #532] Fele] 753t Aoz JePdh. W kandleri, W,
koreensis, W. confusa, W. minor, W. viridescens, W. cibaria,
W, soli= AlulZ} Msel®] AFE-22 FAo] 7153t 7o &

Q= A}, W, hellenica, W. paramesenteroides, W. thailan-
densis®] 735, 37 ZFS] 168 tDNA A o] 97% o] 4t
22w ot Alul H Mselell 2JsiME F2=A] e 7
o= Jebhgdol. a8Y W hellenica, W, paramesenteroides
= BeeAlol ]3| 5 50]H<l band Fde] vehtr] 9
:l:°ﬂ F oo FRo] 7VsElATt. W thailandensisS] 73,
H Al ARS-sE AlFEA Alul, Msel, BeceAl B0 &
3] =322l band WA PR AUAEE MR 9
T Adt Fe vnE B8 78| 7Fsske L
T‘H‘/]— AEA Msple AM83VH W thailandensis= 727 bp
FZALE0] 442/606 bpoll AAZS- 7R3 gle] 121, 164,
442 bp 2719 YA #5553 TEEE band FS LE}
o] A48 F-H-o] 7F53lc)(data not shown).
B 23| A] #-83l PCR-RFLP A= Weissella & 0
o] FAell A8kl 2ol DNA fingerprinting A3}] v

Table 2. The restriction pattern analysis derived from the digestion with 4/ul, Msel, and BceAl endonucleases.

Alul (bp) Msel (bp) BceAl (bp)
No. Species 727 134/223/ 223/ 26/86/  21/65/  86/247/ 247/ 26/221/ 216/174/ 51/123/ 51/66/123/
370 504 221/394 247/394 394 480 480 337 216/337  150/337

1 W. kandleri (0] (0] (0]

2 W. koreensis (0] (0]

3 W.confusa (¢ (¢} (¢}

4 W. hellenica (0] (0] (0]

S W. minor (0] (0] (0]

6 W. paramesenteroides (¢ o o

7 W. thailandnsis (0] (0] (0]

8 W.viridescens (0] (0] (0]

9 W. cibaria (0] (0] (0]

10 W, soli (0} O O

The sizes of the digested amplicons by A/ul, Msel, and BceAl endonucleases are summarized in table.



slo] Wk BelS 9J8led 3FC] AFHEAL Aol o3} F
ZAHER HE] o]z DNA ©He] =7|2 #53 W= A
2]3} eh(Table 2). W, soli®] & &l Table 2°] AH&-&
A, Alul Aol e FFAEENE 223 2 504
bpe| THe] A7) Aol W cibaria?t TEHA] e=rt.
Ty FEAE] Ao MselS A AHL3ohd, W
cibaria’= 86, 247, 394 bpY] ©H-& WA I, W solix=
247, 480 bpe| THS Al 257 840 ARl EE
whE A o] 7FsElek. W confusa®l Z-Folli= Alul A
osllM 58] e T Tt 134, 223, 370 bpo] &
HE WA, Msel X2l osA 55°] #5534 o
86, 247, 394 bp®] TS AAF| wtell H7|dF Tl
veh s S5 F27] F91S Fdled whE $Ae] 753t
o}, 2 A3 AxzXE] A3} Table 2= Weissella & 1
o] whg A A8 7lsd Aoz s

o OF
- =

168 rDNA 5<]% PCRZ} SFAHES] A|gHEA A7 F,
veh s ©e] 2715 BA3H: PCR-RFLP ¥44S 7
A vl AEEE= Weissella < 05 1052 A48}
3 A3t A L8180t Weissella 4 45 16S tDNA
o] Bo]x FFoll 7]Fe] Hard PCR primerS AH8-819]
A5k, annealing &= 7|&2] 271H Y 4°C =74 AA
65°Coll A4l PCRE 33l FFAE-2 o4=714l 727
bpel LA stF o] AZEA Alul, Msel, BceAl2] *2]E
Salo] vehd o] =71k AR EL AR9IH BAow
By A3 o) =7)9 X ]t. W kandleri, W,
koreensis, W. confusa, W. minor, W. viridescens, W. cibaria,
W. soli= AZEA A} Msel2] AFHE-22 F-Ho] 7153}
e, W hellenica, W. paramesenteroides®] 73-%-, BceAl
< AR8sbd S99l 1ol 7Fssldvh. W thailandensis
o] 7%, B Aol|A AMEEE AIZEE A Alul, Msel, BeeAle)
ofal S92 band FAHS b ekAE e 0%
o] Aok oA HlE FI el Huen, AgtEs
Msple AR8-3PH A& A o~ Sl

#AS| =

2 A= 20099 % FH7 ISR @AM E: 109175-
2)°] z|dof] 23 o] Foizl ALZE o]o) =R
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