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163 rDNA-PCR and RFLP Analysis for rapid Identification of Spoilage
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The aim of this study was to isolate and identify the spoilage bacteria in the low salt cucumber brine. The PCR amplicons
comprising a portion of the 16S rRNA gene of the isolated colonies were directly sequenced and the untrimmed whole
sequencing resuits of the unknown strains were aligned with the type strains using BLAST of NCBI. Then Sequence Aligner
and Sequence Match of RDP confirmed the outcome. The identified isolates were eight species and belong to three
genuses: Clostridium, Lactobacillus, and Bacillus. The RFLP pattern of the 16S rRNA gene of isolates verified the identified
species. From now on the complex spoiling process of law salt fermented cucumber could be analyzed using the isolated
species individually or with certain combinations.
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Fol EEE Y3 AAAE wFO0]F  (Fermented
cucumber slurry : FCS)& AR5l 9o WEE Zr4o}
AEolE fdo] A7 2530 cm Fx 9 29| NaClg
H71Qel @3 Lacobacillus plantarum MOP3(10)Z  10°
ciuml FEZ FHFotd AFeAT. & 279 FH T
pH7} 3.4 A=2 HolAH 2o]Ed B2 Zm vy
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Universal PrimersE 0|28t 16S rDNAS| ==

DNA9] ZZ& $13t PCR2 Breidi(5)9] W& wgtow
AME-gH primere 168 1DNAS] FFXge| HEE F
universal primer’<]l bakllw$t bak4(12-14)5 AR&3FH T}
A W3k primer, bakllws E. coli 168 tDNA2] 8-25 9] x]j
25 E  AGTTTGATCMTGGCTCAG A golw, dwrsk
primer, bakd4i= E. coli®] 1522-1540 X FFEE
AGGAGGTGATCCARCCGCA e zZt=d. 442 168
RNA f-3zl9] ¢ £o FFAMGY HAEHoz AT
PCR Jhg< 100 wlo= F/ 70 ul <o) 10 x PCR
buffer (Promega), 10 pl ; 25 mM MgCl, (Sigma), 10 ul ;
dNTP (Promega), 1 pl ; DNA, 4 ul ;
1 ul (5 Ujul, Promega)?} &1L

Tag DNA polyemerase,
ol7)o) 7z} primer, 50

pmol (2 ul) (Sigma-Genosys Biotechnologies Inc., Woodland,

TX)o] H7l& %t PCR ¥H3-& RoboCycler 96 Gradient
Temperature Cycler (Stratagene, La Jolla, CA)9l| 4] 94°CZ 5

B7he] #EdAH15E AR F 1 ul ¢ Taq polymerases}
75 ul19) Wvld 2dS AVledth FEHAH L 94°C, 1%
; 55°C, 5% 72°C, 2B-& 253 Aldsgon 712°C, sE
6°C, 5%-2.2 wZg gyt

Hstgaxe|et MM
PCR BAES] Afdas: Age 44 te 53508 ME
B4 AF F i AP ALY Al A wAde
Hel® ZE o FolA *1051‘%*43 slor & #g 3] 9
Hynon T WA NEEY Fde T FHe) ¥R
ZHE 2T daabase MEAHRE 0] L3 ATFEAL X
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8o band<] H‘M a7} *ﬁ e EEE Hol:

AgEAsich & HA MEEHeR FHE 779 %

< 93 A= Rsa 1 o]l Sau3A 13} Hinf 18 2] 5t{ )
MERA e PCR AAHES QlAquick Gel Extraction Kit

(Qiagene Inc, Valencia, CA)S.2 A% & & Davis Sequencing,
LLC(Davis, CA)E H®u] ABI 377 DNA Sequencer2 A4
S}9.0™ primerts PCRAASE SU3 A& A3 .
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79| £e|e} PCR

WE 0 o]& (FCS) wixlo] HEE AlET 1047 €438 #
& SRAS} MRA 7oA 274 ZHA 1EHHH°k% 53t
MLA M 278, B SLAJAE 19F0.2 BE 46%¢] Fo)
Bk SLAYA B Fo ol Hlo}ai MLAo| A
50% 0] 2o Fo] Halg AL MLAJE @Agoz SLAY)
e fle TEES 2t 5 48 522 e 84 diel
g3 AJztgel 16S ribosomal DNAE HilE 2B $oz8
B 9o]X) DNAS FFHOZ universal primerZ ©]4-3+ PCRE
A FZ£5ck PCR HAEL E coli 165 1DNAS] 8-259]3|
of SYEHE bakllw (AGTTTGATCMTGGCTCAG)SF 1522-
15409 &9=)E bak4 (AGGAGGTGATCCARCCGCA) Alolg]
SHo AN A7|YE AE ddE HE LK Fx ¥Y
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Figure 1. PCR products.
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ol gel ol AME HusHzn FLI
A Aoz BT 0% AIRASET. BAe
g wol 7] 700800 MAL HFIFOo =M, 1.5Kbe) 168
ribosome AR} A EL Bakllwd} Bak4$ ARE-3F oF W3k
o] A#4E RS o FYY FHHE FEX A HAA
2 3% & 99T B4 A3 dola Ad9 o Wil
A primer BRo MEE FAHUNOoW BakdE AT I
wrer AAdEQ AgEd= EMBOSS (European Molecular
Biology Open Software Suite(16))-2 o]&3ta] AR ZFQ A
dE HEste gyt

B MEE ol &3 Fo #<le =13 NCBI (National
Center for Biotechnology Information)] gapped alignment
programQ] BLAST (Basic Local Alignment Search Tool),
22.6(16-18)& o] &3IH T ©] A& GenBank9} &7 EMBL
(European Molecular Biology Laboratory), DDBJ (DNA Data
Bank of Japan), PDB (Protein Data Bank)% 2] database®} &1
S50l EAHQATHIY). Table 1S £%% BLAST A%
Qo3 AT TEHE ZTEL Y5 =2 bit scoret EF
00 Yehiez £ A=E Eiv wed Zie
oA ribosomes] §dA Auwre AFHez pese
RDP (Ribosomal Database Project-I)oll 4| Sequence Aligner,
v1782 4 A28t} 20). Sequence Aligners 2003 69
AF FA 34362 FFo] YW small subunit rRNAs A&
AEE o)]&3 AUTRL, 22). Table 2= Sequence
Aligner8] Z3jolu] & £& BLASTY =& A} o
T dAsAT

Sequence Aligner=Z 4] ¢F 800 @7] Zole] HE&EA Axt
E ol d8939S o, S_abxe UYE9  Lactobacillus
brevis L6322 ErER D377859) 419 0.548¥-¥] Bacillus
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cereus ATCC10702% 918z BCY15053¢] 0.9467171¢] o
&g W oelA UEbdthTable 29 A4 ). ¥hde] RDP
9] Sequence Match (v 2.7)2 o]&3le], 24 E HEddAns}
A5 F&9 database M EHE Hlwsle] $AF]) YA
st RES dolle Bdle NEY Zoh HolAs
2 S ab (similarity index)gto] Z71EL HAFH g
(Table 29 S5 &). D37785 3 &5 A3 oA AH
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Table 1. The output of BLAST

GenBank Identifier/Accession # | Organism 16S rRNA bit E value
(bp) score

2il49130jemb}X68176.1|CBAT43 Clostridium 1513 1029 0.0
butyricum

2i[49133lembjX68179.1|CBDSM7 | Clostridium 1510 1267 0.0
beijerinckii

2i|28271521]emb|AL935258. 1§ Lactobacillus 1519 1390 0.0
plantarum

2i[2342500]dbj|D37785.1§ Lactobacillus 1503 898 0.0
brevis

21/14583099)gb|AF385770.1| Lactobacillus 1518 1380 0.0
casei

2i|7621503|gb|AF243146.1| Lactobacillus 1517 1398 0.0
rhamnosus

£i|10129890|dbj|AB048252.1) Bacillus pumilus 1548 1275 0.0

2il27803693|gbiAY 1767711 Bacillus cereus 1500 1285 0.0

Table 2. Output of sequence align and sequence match at RDP

Sequence Align output Sequence Match output

Short-ID | Intact input Trimmed or | Perfect matched Full name
Sequence (bp) |matched sequence|sequence (bp) /
/ S_ab (bp) / S_ab S_ab
C.beijeri2 823 /0.776 650/0.920 400/1.000 Clostridium
600/0.926 beijerinckii DSM 791
500/0.973 (.
C.butyric2 | 840/ 0.610 448/0.922 200/1.000 Clostridium butyricum
400/0.913 ATCC 43755
300/0.908
L.pentosus | 843/0.847 575/1.000 Lactobacillus pentosus
JCM 1588
D37785 839 [0.548 381/0.877 - Lactobacillus brevis
300/0.887 L63
200/0.878
100/0.804
D86517 773/0.864 696/0.920 100/1.000 Lacrobacillus casei
578/0.961 subsp. casei ATCC
496/0.977 393 (T).
383/0.971
300/0.962
221/0.948
L.thamnos2 |  855/0.806 552/0.976 313/1.000 Lactobacillus
500/0.973 rhamnosus JCM 1136
400/0.982 {T).
AB020208 | 837/0.780 527/0.940 100/1.000 Bacillus pumilus
500/0.946 OM-F6
400/0.969
300/ 0.960
200/ 0.964
BCY15053 | 772/0.946 700/0.946 400/1.000 Bacillus cereus
600/0.946 ATCC10702
500/0.950
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Qo oz AW 2039 HEe BF 3% &34E 8
Zo7 ‘1”35] ov 5L ZZ Clostridium  butyricum,

Clostridium  beijerinckii, Lactobacillus plantarum, Lactobacillus
brevis, Lactobacillus casei, Lactobacillus rhamnosus, Bacillus
pumilus, Bacillus cereus©) Tt
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Table 3. The calculated fragment size of the identified strains by
GeneTool

Rsa 1 fragment size
C. buryricum | 403, 356, 264, 174,

Sau3A 1 fragment size |Hinf 1 fragment size
962, 287, 237, 10, 6 992, 325, 185

148,145,10
C. beijerinckii | 448, 405, 353, 148, 1196, 287, 10, 6 989, 325, 185
145
L. plantarum | 906, 355, 149, 146 1365, 175, 10, 6 976, 377, 203

L. brevis 906, 355, 148, 146 | 1126, 239, 174, 10, 6| 891, 377, 117, 85,
85

L. casei 888, 355, 146, 132 | 698, 340, 168, 132,
116, 55,12

699, 340, 298, 167,
12

976, 286, 186, 73

L. rhamnosus | 884, 355, 146, 131 976, 355, 185

B. cereus 485, 406, 354, 146, | 813, 298, 238, 86, 6 | 976, 336, 104, 25
50

B. pumilus

501, 453, 406, 149, | 695, 296, 187, 175, | 605, 372, 334, 203,
18, 12 119, 51, 10, 6 25

Figure 2. Hinf 1 digestion, M: 100 bp ladder, 1: C. butyricum,
2: L. plantarum, 3: L. brevis, 4. L. casei, 5. B. pumilus, 6. B.
cereus.

Table 32 RDP2] database M EHHEZ ulgtoz 3lo
PCRo A A}83F % primerol] #Fal= MY Alole] AR
2 GeneTool 2.023)0 P&Hste] zZ+ztel AaagisAE A
HE w AE 5 e dHY £9 dolE BRAFa 9
o). #3, Fig. 24 PCRAYAES Hinf I, Sau3A 1, Rsa 12

Agsld HdAZ doid AnE BoFa v T =
B3 8 w], RDPY] Databased] ¢&9 HEE uHlgxtoZ 3
7bgel dzte AA PCRBZES ol &F Bl
gx)star Aok ok 2 kA fosjep & 2 L
brevis& Hinf 12 A3 A3 Fig. 2, lane 3)l A= A 7
o og W= o]2fe] 200-300 bpAlolel] AFFAA] EH
e Ago2 Qs A2 YzZHE F Y d e
7b o Holxm 9lowm, I A HeololA & @] Hx9
Zolut Sy F Afv F2 HAZol7t 50 bpRUE H
e HHEE7EE agarose gel FolAe F FHEEHA =

= Holt}t. o]8 RO E B pumilus®] Sau3A 1 8] A}
o X (Fig. 3, lane 5) dluke} W=z Holx 187 bpel 175
bp H#Ho) 1o C. bejjerinckii, L plantarum, L. brevis, L.
casei 52 Rsa I AT 713 2 HHAFg 44 148

bp<e} 145 bp, 149 bpe}l 146 bp, 148 bpe} 146 bp, 146 bpe}
132 bp So] BF
= Holth

FAEA 43 e WER e

Figure 3. Sau3A 1 digestion, M: 100 bp ladder, 1: C. butyricum,
2: L. plantarum, 3: L. brevis, 4: L. casei, 5: B. pumilus.

Figure 4. Rsa 1 digestion, M: 100 bp ladder, 1: L. rhamnosus,
2: L. plamtarum, 3: C. beijerinckii, 4: L. plantarum, 5. L. brevis,
6: L. plantarum, 7: L. plantarum, 8: B. pumilus, 9: B. pumilus.
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#QH 8F el A ZAWAE PR AREANA
ALE 16s r(RNA -4z 4 ¥9E2 EBI (European Bioinformatics
Institute(24))¢]  Clustal WQRO)ZA FAS Hlms I
Phylogram .2 8135} $] th(Fig. 5).

e
B.cereus
_:L plantarum

L. brevis
L. casei
L. rhamnosus

Figure 5. Phylogram tree graph of identified eight isolates.
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