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Figure S1. Cloning scheme of plasmids: (A) pDKEL, (B) pDKEL_cadA6a, pDKEL_cadA6b
A simplified structure of plasmids is presented, showing only relevant modules

|:| replication module: R6K origin of replication (ori R6K), pTA1060 replication system (rep G+)
I RP4 transfer module (mob RP4)

[_] resistance determinants: kanamycin (Km), erythromycin (Erm)
] multiple cloning site in lacZ gene (MCS lacZ)

Il cadmium resistance cassette: cadC, cadA6
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Figure S2. Chromosome synteny analysis of strains L. seeligeri Sr73 and L. seeligeri SLCC3954 (NC_013891)
visualized using EasyFig software.
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Figure S3. Phylogenetic tree of the RepA proteins of complete Listeria spp. plasmid sequences
available in GenBank database (as of 30th of August 2020) and pOX2 plasmid of Bacillus anthracis.
The tree was constructed in MEGAX based on 540 amino acid positions, using the maximume-likelihood
algorithm (Le and Gascuel model). The tree is drawn to scale, with branch lengths representing the
number of substitutions per site. Statistical support for the internal nodes was determined by 1000
bootstrap replicates. Presented RepA are from L. monocytogenes plasmids, unless indicated otherwise.
GenBank accession numbers of the nucleotide sequence of the plasmid and the RepA amino acid
sequences used for the phylogenetic analysis are given in parentheses. Plasmids sequenced in this
study are indicated in red. The RepA of pOX2 from B. anthracis was used as an outgroup.



CadA6a 1eoncens MSEQEMKT F NNVIRE L PBWIQGAKVINFGASKY YVQE - - - - - - QKENIKV 89
CadA6b 1 MPEQQSKLSEQEMKT F N -- QKENIKV 96
CadA6c 1 MSSEKAKLSEEEMKA F N -- QKENIKV 96
CadAl 1 ------- -MAEKTV L R -- SFTDPEHFTDHQSF IRK - -NWRE o1
CadA2 - - - -MSEKMTEKT L K -- RDD! NDEQV---RSKiS [IR- IAL 91
CadA3 1 ------ MSKASKQTT. M K - -NLRVTDEKDYSSKP - - -AKKESELKK - -NWHL 91
CadA4 1 MKKE L ND LMNTTLAFDKKDDNGLDEEEK IVHT - -YEPEVGVFPKQEYKKEP - - -TKNLSLKDNKIFLRL 93
CadAs 1 -MLKKE L RD| LMNTTLALDKKNDSGLDSK IVHK - -YEPEVDVFPKQEYKKES - - -ENNFNLKDNS IFFQL 94
CadA6a 90 Y ISALLLVI1sWFLGEQYBEEHIEPT 1GFAASTLHGEY SLF 1k srREK - T E 197
CadA6b 97 Y ISALLLV ISWFLGEQYBEEHILPTTGYAASILIGEYSLF 1K SRLN - T E 204
CadA6c 97 Y ISALLLVVSWFLGEQYBEEHVLPSIGYAASILEGEYSLF IKGLKNLSRLK - T E 204
CadA1 92 LLSGLF IAVGYASQ IMNGEDFYLTNALF IFAIFGEYSLFKEGFKNLLKFE -BTMET R 199
CadA2 92 11SLGF ILVAVISQLSLBEDHLLTKALY ILATI FDLFKEGFSDL IKLD -EsMEsS R 199
CadA3 92 VVSIIFIILAFISQNISBEDSTTTIILYVIAIVVGEFNLEKEGFANL IKLD -BTMES! R 199
CadA4 94VVGIIILIFAVIANMID INDWEKLA FLIIYAIL GDVLLKAIRNIFKGQV EIF T 202
CadAs5 95 VFGATIFV IAVIVNR IDDWMKLGLFLVSYAMLEGNVLLRAIRNIFKGQVEDENF TAEAVANMMLFYQIGHELFQDIAVKRSKKSHT 203
CadA6a u u

CadA6b T T

CadA6c v T

CadA1 H Y

CadA2 L H

CadA3 QMIA v Y

CadA4 203 Y NLKV.DIKKIKPET 1MvABE NAlssKK

CadAs 204 YAINLK IGND IKKMKPET VMIDGE NAlssKK

CadA6a A VEYG 414
CadA6b L VTYS 422
CadA6c L VIYG 421
CadA1 A YIELT 417
CadA2 L FIATS 417
CadA3 L FIPYS 417
CadA4 T VNR] i ALNNVDTIV, SINISN 420
CadAs T L NRI 1 ALNNVDTHV SINTSN 421
CadA6a 415BNE----NELLI- MRKIBE ENGLNFNDVVVEE VKAKVNNEL LNGIEASIIENITRMQT EKE 517
CadA6b 423GNE - - - -NELMT - IRKAEENELNFNGVVIEE VKAKVNNVM EE-LYQSIESDRKQKITEMQT EEE 524
CadA6c 422 GNE - - - -NELMT - MRKAEENGSDF NDVMVED, VKAKVNNEM EE -LHGS IESDRKQK ITEMQ I KKE 523
CadA1 418 EATNIQHNKNY I - L IKYGETREMDLTS INVND IRGTMDGNT KELLASQFTDS IHRQVSDLQL A NQK 524
CadA2 418 SET - - - -DINYLS-TISSL LNeEDKTNVDYKS 1Q 1ED LTGIHQN IR SASVIE - -ETAVKVQYRQFQE A DEQ 519
CadA3 418 EHM - - - -DEQNSLSIITAL 1SKAM IDNVDYKS IE IDNES! VKGENING 1T -SQSISQTYQSLQK ESN 520
CadA4 421IFT»---E QL IE -YGAKA NP 1AM S - YGKEIEHSEL--DSYIE ISVL IKEKPVLABNEKEMKQ - - - - - - - - - HNIEYMSNSET VY IAIDNV 511
CadAs 422GFT - - - -EEQLVE -YGSKA NP 1AL sl - KSAYGKEVEHSEL - -DSY ISVKIDQKPVLAGBNEKEMKK - - - - - - - - - YNVGYTTNSET VY IAVDNV 512
CadA6a 518[TlsL NVM -fv L vVEVSD RGK - v 622
CadA6b 525 ILSL NN I -V VGVSDIKAD RSK - v 629
CadA6c 524 /ILSL NN I -Mv 1 DIRAD REK - V| 628
CadA1 525L1S1V H HEL KIE T QVGVSE IEGE KIN- 1 630
CadA2 520 [TLGV, A HKLSTEHT I LGV TEIKGD RTT - 1 625
CadA3 521 HKLETAHM 1 El DIKAE KQT - - V| 626
CadA4 512 FAGS A KSKBVQKV! AKELSLDEVYSE VDILEREENEEVDKG i 620
CadAs 513 FAGS A KSKBVQKMI AKELSLDEVYSE VDILEKEEAKELGKG i 621

CadA6a 623 S YTIK Al 703
CadA6b 630 S YTIK Al 710
CadA6¢c 629 S YTIK Al 709
CadA1 631 1 \ G Q FTVK Y 711
CadA2 626 \ G Q FIVR G 705
CadA3 627 \ G K| FIVN G 707
CadA4 621 TEA! VEMTBEP IAKAIDI SFTKKEV IEABG 700
CadA5 622 IEA! VEMTBEP IAKAIIDIAGFTKKEV IEAEA 701

Figure S4. Multiple sequence alignment of different variants of Listeria CadA proteins with key motifs

marked [78]. CadA1l (GenBank acc. no. WP_003728466.1), CadA2 (WP_003726381), CadA3 (WP_010989665.1),
CadA4 (WP_003744464.1), CadAS (WP_047584121.1), CadAba (plasmid pLIS4), CadA6b (plasmid

pLIS6), CadA6c (WP_031644256.1). Key motifs characteristic of the CadA protein family (CXXC; CPC; DKTGT)

are marked in red.



cadA6c TCTAGTGAGAAAGCAAAACTATCT G 140
cadA6b CCTGAGCAGCAATCAAAATTATCC G 140
cadA6a R - G 119
cadAl S - G 113
cadA2 .- - c| 122
cadA3 S - A 122
cadAd - --ABGABMGHG - - ------------- Al 107
cadds  IBEGTT - -GARARBGGARN- - - - - - - - G AR A 110
cadA6c A cBARGGGTA|

cadA6b A CAGAGAGT A

cadA6a A CBARAGHTT!

cadAl u TCTTTTACT!

cadA2 | TC

cadA3 T GAG|CACTG

cadAd 108 AATGAATACGACGTTAGCATTTGAT] | TGGTG] u TIAA AA|

cadAs 111 AATGAATACGACATTAGCT CTEGA c TGATG! TRCAAARAA

cadA6c ACEGTCHAT - - 373
cadA6b 263 GGAAGCNAARAGAAAACATTARAGTATARA - - - - - - - -~ === --oo- CCAE- - 373
cadAéa 242 GGAAACHAARAGAAAACATIAMGG T CTARA - - - - - - -~~~ - - oo oo CGAT - - 352
cadal  236|CTGACCHTCRATCGTTITARTAGAAAARRRTGG - - - - - - - - - ATGEACTATT ------ AT TG 364
cadA2 ABGE------------ A 358
cadA3 236 CTAAGABAGHAT CCTTT CIRTARGAAAARTTGG - - - - - - - - - CAACTATCATCTTGTARGT 364
cadA4 AGATTTTTCTTCGAC| GEGTTATTCTTAATCA 376
cadAs GTATTTTCTTTCAGT AATTAGGACTTTTCTTAGTHAGCHACE 379
cadA6c ccaTe(] 77 A ccf 519
cadA6b GCATCC) TTA; c 519
cadA6a GcATCC) TTA TG 498
cadAl - AG! TTEIG 504
cadA2 TTGGCA| AA TTGHA 504
cadA3 - AA AT TTGHA 504
cadAd c AA CIATT TlT u TTGC! 513
cadAs AGCRATTEGT cBceGTTGCC] 516
cadA6c A c| A

cadA6b T A A

cadA6a u A A

cadAl ACGCTCGGGCACCH

cadA2 IGAGAAAC!

cadA3 T ATG

cadAd 514 ARG CITT| AAAGTTGGA

cadAs 517 ARG TIRGT AAAATTGGA

cadA6c AG] Al 811
cadA6b AG] 811
cadA6a G 790
cadAl A 796
cadA2 u c 796
cadA3 A c 796
cadAd ATETCRT] 805
cadAs GT@CCHRT] 808
cadA6c ] 957
cadA6b c 957
cadA6a ci 936
cadAl T 942
cadA2 c 942
cadA3 TATA 942
cadAd u 951
cadAs i 954
cadA6c AGCC A 1100
cadA6b AGTG A 1103
cadA6a AGCG A 1079
cadAl GAAACGIGEG 1088
cadA2 AATA | 1088
cadA3 GACAC 5 1088
cadAd TCTGAT GGG 1097
cadAs TCTGAT GG T 1100
cadA6e ACKCT] 1246
cadA6b 1104 Al AGcce 1249
cadA6a 1080 A ACATT] 1225
cadA1 1089 T TGGGC 1234
cadA2 1089 T TCATT! 1234
cadA3 1089 Al TGGAC 1234
cadAd 1098GC AACARTG 1243
cadAs 110167 AACA 1246
cadA6c 1247 u 1377
cadA6b 1250 u 1380
cadA6a 1226 u 1356
cadAl 1235 c 1377
cadA2 1235 c 1368
cadA3 1235 c 1371
cadAd 1244 C; c 1371
cadAs 1247 C! i 1374
cadA6c 13786 TGAAAGTG - - - A 1509
cadA6b 13816 TGAAAGTG - - -A 1512
cadA6a 13576 .- 1491
cadA1 1378 A ACTGACT - 1512
cadh2 1369 A H 1505
cadA3 1372 AT A AARTCTCAAA - G 1500
cadAd 1372 - - 1489
cadAs 1375 - TTC 1492
cadA6c 1510 HAGATITACAGAAA u 1653
cadA6b 1513 HAGATTACTGAAA G 1656
cadA6a 1492 BATATITACTCGTA c 1635
cadA1 1513 CAAGTGAGTGACT u TcTGHGC 1658
cadA2 1506 iCAA u cCACAAGTTGTCA 1643
cadA3 1501 BCTTACCAATCAT u T CATAAATTABBG c 1646
cadAd 1490 GC: GTIC C TAAG GTIAA TG cl 1619
cadAS 1493 GCTGGTHCG G ITANGAG CAAABE CGIRTCRRAR 1622
cadA6c 1654 -8 G A BRGCH * NEAGE TEETAAT G Ac ARC T8 A A C TG ABTGEE A A CIA A i T 66 T T T CHGHA T A TAG AGETEH T A c i * B8AG/A G Bl TRRA T fijc ARET T CARTARRGAACH - - - - - - - - - CcARE 1789
cadA6b 1657 - WEAGIEG ATG Cl{GACAGE TGATAA C AA CGARCTEECACAGCCATTEGARAACRAGT CGGTGETTCTGATATTANAGCTGATFTA T ACCAGARGATAAG TG ARTT TCATTARAGAACT - - - - - - - - - CAAR 1792
cadA6a 1636 - WEGG I A TG CliG AGAGE TEATAAT CAAAGARCABET T CGGCARTIGG ARAAT TG AGGAGETTCTGAT ATTANAGCTGA CIRTA T ACEAGAAGAT AR CTAARTTACATTARAGAACH - - - - - - - - - CAAR 1771
cadA1 1659 AINE T AR T AT T G AG T 66 CEATAA c CAG c cCACABEG CAAGCARTTEG c CACHGGHGGGTGRTTCTEAAATAGHAGG TEAGIETAATGEECCARGATARACTAGATTACATTARACAGTH------ - - - 1795
cadA2 1644 C} G ACTGAAATAARAGG AGA T CIFAA G BB T CARGA A RAATTAGATT CGARTARAGCGTH - - - - - - - - - AATH 1780
cadA3 1647 CJNGT AR T AT T i A AGAGE A BATAAT AR TG A CACABEACAGTTTATABG T AAGGAAAT CGG CGRTTCTGATATAANAGEAGAAFTA A TG EEAG ARGATARACTTACTTACAT CARAGAATH - - - - - - - - - 1783
cadAd 16206 TCATRAGA TGAAAATGAGGAAGTTGACA 1765
cadAS 1623 G Al AT CGCAGAC] IAGAGGCTAAGGA TT.GGAA 1768
cadA6c 1790GT cB8A A

cadA6b 1793 AT d A

cadA6a 17726T u A

cadA1 1796 A u

cadA2 1781 c c|

cadA3 1784 A A

cadAd 1766 AAC u u

cadAs 1769 AAC Al i

cadA6c 1936 u Al T Al C|

cadA6b 1939 TATACC T T

cadA6a 1918 TATACC c G

cadA1 1942 1T CACGG! A TClTT

cadA2 1927 T TCATTG! u TCRAC

cadA3 1930 TTCATTG! A ATRAC! cmT

cadAd 1912AIAGIC TTCAABTTTT CTTTTHAACTCRTEGTGCATTC

cadAs 1915 ABAGEC TGCAGBATTT CTTTTMAACTCRTEGGGCATTT]

2106

Figure S5. Multiple sequence alignment of different cadA gene variants: cadA7 (GenBank acc. no.L28104.1),

cadA2 (AADR01000058.1), cadA3 (NC_003210.1), cadA4 (CM001159.1), cadA5 (NZ_CP007459.1), cadA6a (plasmid pLIS4),
cadA6b (plasmid pLIS6), cadA6c (NZ_PQHI01000019.1). Primer pair binding positions for different variants of cadA genes are

outlined in red (forward) and pink (reverse).



