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Abstract: In order to study the heavy metal resista
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ood-borne Listeria monocytogenes and its resistance genes, an insertion
sequence harboring a cadmium (Cd) resistance gene casse yand an arsenic (As) resistance gene cassette, arsD1A1R1D2R2A2B1B2,
from a single Listeria monocytogenes.EM3 strain’ was identified in this experiment. The cadmium and arsenic resistance of the strain were
measured by agar dilution method, and polymerase chain reaction (PCR), DNA analysis, and bioinformatics analysis were used to identify the
structure of the insertion sequence and analyze the genetic islands harboring similar genes from different species. This strain exhibited a low
level of cadmium resistance an
cadA2, or cadA3. The cadmiu

1D2R2A2B1

as sensitive torarsenic. The strain harbored genes cadAd4, arsAl, and arsA2, and did not harbor genes cadAl,

ance gene cadAC4 could mediate the low level of cadmium resistance, while the arsenic resistance gene
cassette arsD1 t expressed, or its expression was suppressed. The length of the sequence was 36629 bp, and it was
highly con ed.‘s insertion sequence was identified for the first time in food-borne Listeria monocytogenes in an Asian country. The arsenic
resistance gene ette had a variety. of locations and could be composed of different genes.
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Table 1 Primers used for Cd and As resistance genes

AR HEE2 HE )37 A% Gl EEEC
cadAl cadAl1-F CAGAGCACTTTACTGACCATCAATCGTT L28104 [17]
cadAl1-R CTTCTTCATTTAACGTTCCAGCAAAAA 128104 17
cadA2-F ACAAGTTAGATCAAAAGAGTCTTTTATT AADRO01000058 [17]
cadA2 cadA2-R ATCTTCTTCATTTAGTGTTCCTGCAAAT AADRO1000058 [17]
cadA3 cadA3-F TGGTAATTTCTTTAAGTCATCTCCCATT AL591977 ) 17]
cadA3-R GCGATGATTGATAATGTCGATTACAAAT AL591977 'l 7]
cadM cadA4-F (P1F) GCATACGTACGAACCAGAAG 101000005.1 [17]
cadA4-R(PIR) CAGTGTTTCTGCTTTTGCTCC T AFGI01000005.1 [17]
AroAL arsA1-F(P2R) CAACTTTGACCCTGTGGAG I AFG101000005.1 [17]
arsA1-R(P2R) CTTTCCATTCAATCACTGCG AFGI01000005.1 [17]
ArSA? arsA2-F(P3R) CAACCAGATCAGTTACCATTAAC NC 003383 [17]
arsA2-R(P3R) TGCTTCTCCAGAGATTTC;{CTG NC 003383 [17]
P4F ACATTGCGAGAACAC&'G NC _002973.6 [17]
P4R GATTTATCGGCGCAATGA NC _002973.6 [17]

P4F P2F P3F PIF
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Fig.1 Genetic organization of the ca: 35 kb genetic island
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Table 2 Primers used for the sequencing of the 35 kb island identified in this study

HEZEZ0S A5l (5-3") A8 KE BN
H3 TTAGGGAAGACTAGCTGATG 217617 2317 this study
H4 ATCCGAATCGTATTTATCTC 219934 this study
H2 TGCGGTCTCATTCTCATCTA 219753 1926 this study
H1 GAGACTCCTTGACGGCTGAT 221679 this study

TR
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arsA1F CAACTTTGACCCTGTGGAG 221413 1446 [17]
arsA1R CTTTCCATTCAATCACTGCG 222859 [17]
QT1 CGCACCAACAGGTCATACAC 222514 1975 this study
QT2 TTCCCTCTAAATGGTCCTAC 224489 this study
arsA2F CAACCAGATCAGTTACCATTAAC 224231 1678 [17]
arsA2R TGCTTCTCCAGAGATTTCTTCTG 225909 [17]
S1 TTATGAATCTATGCGACTAC 225715 this study
S2 CTTCCTCTGTATTTCGTCTA 228273 2538 this study
S3 TCATTATCGTTTACCGCAGC 228011 this study
S4 GTTAGAGGCGAGCATTTGGG 229868 Y thissstudy
S5 TGTAATAAGGGCGTAACTGG 229762 1683
S6 GTCCCAACTAAGATACTCCT 231445
S7 TATGGGCGGCTTCTCCTATA 231436
S8 AATAACGCTAACTTCAACCA 232713 - Y
cadA4F GCATACGTACGAACCAGAAG 232758 y 1114
cadA4R CAGTGTTTCTGCTTTTGCTCC 233872
T1 CACTAACAGAGGGAGTATTT 233795 1696 this study
T2 AAAGGACACCGAGAATACGA 23549 this study
T3 CATAACGATAATCATAGCCT 23526 1260 this study
T4 AAACCTTATGCTTTACTCAA 236521 this study
TS AAATAGTAGTGAGGGGAAGA 236757 1696 this study
T6 ATTTGATATTGACAGTTTCC 237599 this study
ATCTAATGCCAGAACA% 237483 1260 this study
GTTATGCTTTGACCGA 239202 this study
GTACGAATCCGACTAC 239104 this study
CTATTTAACCGAGTTG/:;(Q / 240630 1326 this study
TATGCCCAAATACAAAGGTC 240559 this study
TTCGCAAAGAACAAACCACA 242053 17 this study
G GAAAGGCTGTAGAAA 241961 this study
T CTATCTTGCTCCT 243337 1364 this study
AAXTAG TGGCTGGGTG 243328 this study
CTAAAAGCACGACAAGCAGG 244983 1653 this study
AGGAACTCCTGAGCCACTAT 244956 2525 this study
TCAAGAGCCACTTCTACTGC 247481 this study
TACGAACGCCTGTATCTGGT 247388 1898 this study
CAAAATCGGAAAAATGAAAT 249286 this study
GATAGTTGGGAAGGGTGGTA 249305 1847 this study
TTTGGACATCCCACTTATCT 251153 this study
TTTTGAAGATAAGTGGGATG 251147 2002 this study
TTACCATTTACTCCAGGTTT 253169 this study

HR51TR

BB % M R 2 B A 25

AW, WK 2 fon, FIEAETRE LM3 1
Cd A1 As 1 MIC {E 45124 70 pg/mL #1250 pg/mL.
o B 4 i 52 5k R Bl e, R B AR ASS 7 cadAd,
e arsAl Fl arsA2 3£ [H . £ NCBI #5414 Standard
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Nucleotide BLAST 7741, &5HR%KW: MHLSH Rtk
Scott A(GenBank accession no. AFGI01000005.1),
cadA4, K arsAl il arsA2 FE K [EEME N 100%.
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e ca. 35 kbrisland harboring arsenic and cadmium resistance cassettes in L. monocytogenes LM3

LB, LE TSI RRTARNZARE;, &K kR TR

SR RATIE, SR ARIK ], KR 2 KK 3.
\ HEZSHTAEE LM3 o 35 kb SN FESIRCEBRIRIME 547
able 3 Analysis of nucleotide homogeneity in the 35 kb island from L. monocytogenes LM3

A A B KE/bp =4 % nt ) bt A% GI
1 803~1993 1191 Phage integrase 100.00 AFGI01000005.1
2 4 2073~2279 207 Hypothetical protein 100.00 AFGI01000005.1
3 2901~3101 201 Hypothetical protein 100.00 AFGI01000005.1
4 3167~3571 405 RNA polymerase subunit sigma-70 99.99 AFGI01000005.1
5 3588~4047 459 Hypothetical protein 100.00 AFGI01000005.1
6 4315~4626 312 Transcriptional regulator arsD1 100.00 AFGI01000005.1
7 4646~6385 1740 Arsenical pump-driving ATPase arsA1 100.00 AFGI01000005.1
8 6476~6769 294 ArsR family transcriptional regulator arsR 1 100.00 AFGI01000005.1
9 6771~7142 372 Transcriptional regulator arsD2 100.00 AFGI01000005.1

BTR
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10 7275~7640 366 ArsR family transcriptional regulator 100.00 AFGI01000005.1
11 7676~9418 1743 Arsenical pump-driving ATPase arsA2 100.00 AFGI01000005.1
12 9501~10577 1077 Arsenic resistance protein ArsB1 100.00 AFGI01000005.1
13 10607~11662 1056 Arsenic resistance protein ArsB2 100.00 AFGI01000005.1
14 11683~13356 1674 Dehydrogenase 99.99 AFGI01000005.1
15 13381~13560 180 Hypothetical protein 100.00 AFGI01000005.1
16 13638~14573 936 ABC transporter 100.00 AFGI01000005.1
17 14566~15336 771 ABC transporter ATPase 100.00 AEGI01000005.1
18 15675~16031 357 Cadmium transporter 100.00 AFGI01000005:1
19 16048~18150 2103 CadA4 100.00 AFGI01000005.1
20 18302~19327 1026 Cell wall protein 100.00 AFGI01000005.1
21 19314~21101 1788 Hypothetical protein 100.00

22 21114~23636 2523 ATPase .00

23 23651~24340 690 Hypothetical protein - 10!

24 24343~24681 339 Hypothetical protein 100 AFGI01000005.1
25 24682~25701 1020 Hypothetical protein 99.99 AFGI01000005.1
26 25706~26080 375 Hypothetical protein 100 AFGI01000005.1
27 26077~26562 486 i 100 AFGI01000005.1
28 26575~27876 1302 100 AFGI01000005.1
29 28251~29687 1437 Cell division protein FtsK 99.99 AFGI01000005.1
30 29704~30102 399 Hypothetical protein 100 AFGI01000005.1
31 30118~30438 321 Hypothetical protein 100 AFGI01000005.1
32 30498~33191 2694 agen-binding protein 100 AFGI01000005.1
33 33392~34453 1071 y, tical protein 100 AFGI01000005.1
34 34434~36107 1695 thical protein 100 AFGI01000005.1

% 4 48 35 kb N DI S NS EEE S

Table4 Information of L, monocytogenes harboring 35 kb island

A FE E8 KR ) IRk A% Gl

WSLC 1018 e 3EE pc) 99.9% CP013285.1
WSLE1033 (ATC 7) 4d #t K 4o 99.9% CP013289.1
WSLC104 4d wt K 4o 99.9% CP013289.1
5&1 042(ATCC 23074) 4b & Afn 99.9% CP007210.1|
Astr, 81-0861 4b Ik Sz 99.9% CP006874.1
SLCC2378 de 2 E R 99.9% FR733644.1
J1-108 PN Wi 99.9% CP006596.1
J1-220 4b £0E 1% & 99.9% CP006046 .1

SCOttA 4b £E 193 99.8% AFGI01000005.1

AHFFON BRIGZEHRE R LM3 i NP HI 251
BEAT 2 Ao MR B3 45 B KR 1R Scott A(GenBank
accession no. AFGI01000005.1)f7 %) ¥ i1 5| 4t —
PCR SR ortfr, SIWINAR 1, M4m0 45 5 mT 4,
I — 3RS 36629 bp HIRZTFEZF4. #E NCBI
s 2 Standard Nucleotide BLAST 73047, LX) 4h
W 3 13K 3 B, AT HI5 RIGZEHRER Scott

A(GenBank accession no. AFGI01000005.1) 1] 35 kb
FENFHEA 99.8% A1« 1IN FHIELE 34 M
TR, AR oR i DR B W TR AR S il . AR 2
R SRR ZIAm N T H 73 N IX 38 1 (1~4314 bp)y X
1, 2(4315~18150 bp)FH[X 4, 3(18151~36107 bp). Xk
1 SRR SHE, BAEE, M sigma K7, X
32 NI 2R &, S i 52 2 R & arsD1A1R1D2
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LA R B R
T 1‘ #i Standard Nucleotide BLAST 45
AN FFEI o 8589 5 8 I BR E CE2(GenBank
accession no. P010062);”é@1213%1‘@1‘ﬁ L, X3 1
(1~5653 bp) HIX ek 2 #7345k (10805~17065 bp)
H5EHEKE CE2 M4t /A7 %(Gene Bank accession
no. CP010062)[FJ51EZ 99.9%. 5 B2 M 18 LM3
FAENTFHIML, BMERE CE2 Yetafk F&1 arsAl
S cadAd EE R, A arsD2R2A2B1B2 ik [,
dehydrogenase Z:E 200 bp (UL, ANE LM3 fiA
JPH X3 3 #4r . LM3 H 35 kb #i N 751 B CE2 )
EHVEE A AT (phage integrase) MAFLLA H 4=

T 245 R R 2 B R £ B A B
R R R,

2.3 HRW % AR RAELE 2 AL AT

A1 A I B 2 B A 0o B S R AT i 52 L
il cadAC FERG S 14MIEE . 78 Mullapudi™ VA1
Xul'P2E A F 5, 45 MIC {8 KT 70 pg/mL [ Bk
FATTH R - Lee S 7RI T IGER 7> B 14 135 #k 4b 7
A 2 MR B OB 1) B/ NV TR B, RIS Y cad AL
cadA2 5§, cadA3 [ B i 148 MIC {4 140~180 pug/mL;
e cadAd [IEERESE MIC 1H4 70 ug/mL, 455K
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