
 

 

ZitB Eco        --------------------------------------MAHSHSHTSSHLP-EDNNARRL 21 
ZitB Sty        --------------------------------------MAHSHSHADSHLP-KDNNARRL 21 
CzcD Bsu        --------------------------------------MGHNHNEG--------ANKKVL 14 
CzrB Sau        --------------------------------------MSHSHHHDHMHSHVTTNNKKVL 22 
CzcD Rme        ------------------------------------MGAGHSHDHPGGNE-------RSL 17 
Znt2 Rno        MASRSFFGALWKSEASRIPPVNLPSVELAVQSNHYCHAQKDSGSHPNSEKQ---RARRKL 57 
Cot1 Sce        --------------------------------------------------MKLGSKQVKI 10 
Zrc1 Sce        --------------------------------------------------MITG-KELRI 9 
Znt1 Rno        -------------------------------------------------MGCWGRNRGRL 11 
Znt1 Mmu        -------------------------------------------------MGCWGRNRGRL 11 
Yiip Eco        ----------------------------------------------MN-QSYGRLVSRAA 13 
P34  Rre        ----------------------------------------------MDTNSRNRLIKSAS 14 
                             1                 23 
ZitB Eco        LYAFGVTAGFMLVEVVGGFLSGSLALLADAGHMLTDTAALLFALLAVQFSR-RPPTIRHT 80 
ZitB Sty        LFAFIVTAGFMLLEVVGGILSGSLALLADAGHMLTDAAALLFALLVVQFSR-RPPTVRHT 80 
CzcD Bsu        LISFIMITGYMIIEAIGGFLTNSLALLSDAGHMLSDSISLMVALIAFTLAE-KKANHNKT 73 
CzrB Sau        FISFLIIGLYMFIEIIGGLLANSLALLSDGIHMFSDTFSLGVALVAFIYAE-KNATTTKT 81 
CzcD Rme        KIALALTGTFLIAEVVGGVMTKSLALISDAAHMLTDTVALAIALAAIAIAK-RPADKKRT 76 
Znt2 Rno        YVASAICLVFMIGEIIGGYLAQSLAIMTDAAHLLTDFASMLISLFSLWVSS-RPATKTMN 116 
Cot1 Sce        ISLLLLDTVFFGIEITTGYLSHSLALIADSFHMLNDIISLVVALWAVNVAKNRNPDSTYT 70 
Zrc1 Sce        ISLLTLDTVFFLLEITIGYMSHSLALIADSFHMLNDIISLLVALWAVDVAKNRGPDAKYT 69 
Znt1 Rno        LCMLLLTFMFMVLEVVVSRVTASLAMLSDSFHMLSDVLALVVALVAERFARRTHATQKNT 71 
Znt1 Mmu        LCMLLLTFMFMVLEVVVSRVTASLAMLSDSFHMLSDVLALVVALVAERFARRTHATQKNT 71 
Yiip Eco        IAATAMASLLLLIKIFAWWYTGSVSILAALVDSLVDIGASLTNLLVVRYSL-QPADDNHS 72 
P34  Rre        YLSVTTALIILSIKLYAWVVTDSQSILAALIDSMLDITSSFINLIALRFAL-QPPDHHHR 73 
 
ZitB Eco        FGWLRLTTLAAFVNAIALVVITILIVWEAIERFRT-PRPVEGGMMMAIAVAGLLANILSF 139 
ZitB Sty        FGWLRLTTLAAFVNAIALVVITLLIVWEAIERFYT-PRPVAGNLMMVIAVAGLLANLFAF 139 
CzcD Bsu        FGYKRFEILAAVINGAALILISLYIIYEAIERFSN-PPKVATTGMLTISIIGLVVNLLVA 132 
CzrB Sau        FGYKRFEVLAALFNGVTLFVISILIVFEAIKRFFV-PSEVQSKEMLIISIIGLIVNIVVA 140 
CzcD Rme        FGYYRFEILAAAFNALLLFGVAIYILYEAYLRLKS-PPQIESTGMFVVAVLGLIINLIS- 134 
Znt2 Rno        FGWQRAEILGALLSVLSIWVVTGVLVYLAVQRLISGDYEIKGDTMLITSGCAVAVNIIMG 176 
Cot1 Sce        YGWKRAEILGALINAVFLIALCVSILIEALQRIIAPPVIENPKFVLYVGVAGLISNTVGL 130 
Zrc1 Sce        YGWKRAEILGALINAVFLIALCFSIMIEALQRLIEPQEIQNPRLVLYVGVAGLISNVVGL 129 
Znt1 Rno        FGWIRAEVMGALVNAIFLTGLCFAILLEAVERFIEPHEMQQPLVVLSVGVAGLLVNVLGL 131 
Znt1 Mmu        FGWIRAEVMGALVNAIFLTGLCFAILLEAVERFIEPHEMQQPLVVLSVGVAGLLVNVLGL 131 
Yiip Eco        FGHGKAESLAALAQSMFISGSALFLFLTGIQHLISPTPMTDPGVGVIVTIVALICTIILV 132 
P34  Rre        FGYEKLQDLTIFSQSIFFFASAFFVGFSSVKSLFEKTKPENISDGTTVMYVCIFLTIILV 133 
 
ZitB Eco        WLLHH------------------------------------------------------- 144 
ZitB Sty        WILHR------------------------------------------------------- 144 
CzcD Bsu        WIMMS------------------------------------------------------- 137 
CzrB Sau        FFMFK------------------------------------------------------- 145 
CzcD Rme        ------------------------------------------------------------ 
Znt2 Rno        LALHQS------------------------------------------------------ 182 
Cot1 Sce        FLFHDN-DQEHGHGHGHSHGGIFA-DHEMHMPSSHTHTHAHVDGIENTTPMDSTDNISEI 188 
Zrc1 Sce        FLFHDH-GSDS--LHSHSHGSVESGNNDLDIESNATHSHSHAS-LPNDNLAIDEDAISSP 185 
Znt1 Rno        CLFHHHSGEGQGAGHGHSHGHGHGHLAKGARKAGRAGGEAGAPPGRAPDQEPDQEETNTL 191 
Znt1 Mmu        CLFHHHSGEGQGAGHGHSHGHGHGHLAKGARKAGRAGVEAGAPPGRAPDQ----EETNTL 187 
Yiip Eco        SFQRW------------------------------------------------------- 137 
P34  Rre        FYQTY------------------------------------------------------- 138 
                                                                          4 
ZitB Eco        -------------------------------------------GSEEK-NLNVRAAALHV 160 
ZitB Sty        -------------------------------------------GSDEK-NLNVRAAALHV 160 
CzcD Bsu        -------------------------------------------GGDTKNNLNIRGAYLHV 154 
CzrB Sau        -------------------------------------------GGDTSHNLNMRGAFLHV 162 
CzcD Rme        ---------------------------------------MRMLSSGQSSSLNVKGAYLEV 155 
Znt2 Rno        -------------------------------GHGHSHGHSHEDSSQQQQNPSVRAAFIHV 211 
Cot1 Sce        MPNAIVDSFMNENTRLLTPENASKTPSYSTSSHTIASGGNYTEHNKRKRSLNMHGVFLHV 248 
Zrc1 Sce        GPSGQIGEVLPQSVVNRLSNESQPLLNHDDHDHSHES------KKPGHRSLNMHGVFLHV 239 
Znt1 Rno        VANTSNSNGLKADQAEPEKLRSDDPVDVQVNGNLIQESDSLESEDNRAGQLNMRGVFLHV 251 
Znt1 Mmu        VANTSNSNGLKADQAEPEKLRSDDPVDVQVNGNLIQESDNLEAEDNRAGQLNMRGVFLHV 247 
Yiip Eco        -------------------------------------------VVRRTQSQAVRADMLHY 154 



P34  Rre        -------------------------------------------VIKKTGSEIVKADKLHY 155 
                  5 
ZitB Eco        LGDLLGSVGAIIAALIIIWT---------------------------------------G 181 
ZitB Sty        MGDLLGSVGAIVAALIIIWT---------------------------------------G 181 
CzcD Bsu        ISDMLGSVGAILAAILIIFF---------------------------------------G 175 
CzrB Sau        IGDLLGSVGAITAAILIWAF---------------------------------------G 183 
CzcD Rme        WSDLLGSVGVIAGAIIIRFT---------------------------------------G 176 
Znt2 Rno        VGDLLQSVGVLVAAYIIYFKP--------------------------------------E 233 
Cot1 Sce        LGDALGNIGVMLSAFFIWK------------------------------------TDYSW 272 
Zrc1 Sce        LGDALGNIGVIAAALFIWK------------------------------------TEYSW 263 
Znt1 Rno        LGDALGSVIVVVNALVFYFSWKGCTEDDFCVNPCFPDPCKSSVELMNSTQAPMHEAGPCW 311 
Znt1 Mmu        LGDALGSVIVVVNALVFYFNWKGCTEDDFCTNPCFPDPCKSSVEIINSTQAPMRDAGPCW 307 
Yiip Eco        QSDVMMNGAILLALGLSWY----------------------------------------G 174 
P34  Rre        FTDLLTNVIVIISINLSDY----------------------------------------F 175 
                    6                           7      8                  910 
ZitB Eco        WTPADPILSILVSLLVLRSAWRLLKDSVNELLEGAPVSLDIAELKRRMCREIPEVRNVHH 241 
ZitB Sty        WTPADPILSILVSVLVLRSAWRLLKDSVNELLEGAPVSLDINALQRHLSREIPEVRNVHH 241 
CzcD Bsu        WGWADPLASIIVAILVLRSGYNVTKDSIHILMEGTPENIDVSDIIRTIEGTE-GIQNIHD 234 
CzrB Sau        WTIADPIASILVSVIILKSAWGITKSSINILMEGTPSDVDIDEVITTIKKDS-RIQSVHD 242 
CzcD Rme        WAWVDSAIAVLIGLWVLPRTWILLKSSLNVLLEGVPDDVDLAEVEKQILATP-GVKSFHD 235 
Znt2 Rno        YKYVDPICTFLFSILVLGTTLTILRDVILVLMEGTPKGVDFTTVKNLLLSVD-GVEALHS 292 
Cot1 Sce        KYYTDPLVSLIITGIIFSSALPLSCKASKILLQATPSTLSGDQVEGDLLKIP-GIIAIHD 331 
Zrc1 Sce        RYYSDPIVSLIITIIIFSSALPLSRRASRILLQATPSTISADQIQREILAVP-GVIAVHD 322 
Znt1 Rno        VLYLDPTLCIIMVCILLYTTYPLLKESALILLQTVPKQIDIKHLVKELRDVE-GVEEVHE 370 
Znt1 Mmu        VLYLDPTLCIIMVCILLYTTYPLLKESALILLQTVPKQIDIKHLVKELRDVD-GVEEVHE 366 
Yiip Eco        WHRADALFALGIGIYILYSALRMGYEAVQSLLDRALPDEERQEIIDIVTSWP-GVSGAHD 233 
P34  Rre        WF-VDPLFGVVISLYIFHSSYSLFKKAFKNLVDHELPEQDRQKIISIVNNHL-GAKGMHE 233 
                      11                                                  12 
ZitB Eco        VHVWMVG-EKPVMTLHVQV-----IPPHDHDALLDQIQHYLMDHYQIEHATIQMEYQPCH 295 
ZitB Sty        VHVWMVG-EKPVMTLHAQV-----IPPHDHDALLERIQDFLMHEYHIAHATIQMEYQMCH 295 
CzcD Bsu        LHIWSITSGLNALSCHAVVDD--QLTISESENILRKIEHELEHKG-ITHVTIQMETEAHN 291 
CzrB Sau        CHVWTISNDMNALSCHVVVDH--TLTMKECELLLENIEHDLLHLN-IHHMTIQLETPNHK 299 
CzcD Rme        LHIWALTSGKASLTVHVVN----DTAVNPEMEVLPELKQMLADKFDITHVTIQFELAPCE 291 
Znt2 Rno        LHIWALTVAQPVLSVHIAI----AQNVD-AQAVLKVARDRLQGKFNFHTMTIQIESYSED 347 
Cot1 Sce        FHIWNLTESIFIASLHIQLDISPEQFTDLAKIVRSKLHRYGIHSATLQPEFITREV---- 387 
Zrc1 Sce        FHVWNLTESIYIASIHVQIDCAPDKFMSSAKLIRKIFHQHGIHSATVQPEFVSGDVNEDI 382 
Znt1 Rno        LHVWQLAGSRIIATAHIKCED-PASYMQVAKTIKDVFHNHGIHATTIQPEFASVGSKSSV 429 
Znt1 Mmu        LHVWQLAGSRIIATAHIKCED-PASYMQVAKTIKDVFHNHGIHATTIQPEFASVGSKSSV 425 
Yiip Eco        LRTRQSG-PTRFIQIHLEMED--SLPLVQAHMVADQVEQAILRRFPGSDVIIHQDPCSVV 290 
P34  Rre        MKTRYAG-QKAFIQCHLEMDG--NMSLYNAHKISDEIAFEILQEFPEAEIIIHQDPFGIE 290 
 
ZitB Eco        GP-----------DCHLNEGVSGHSHHHH------------------------------- 313 
ZitB Sty        GP-----------DCHLNQTPSGHVHHH-------------------------------- 312 
CzcD Bsu        HD-----------NAILCQPKMEKQRDHHHH----------------------------- 311 
CzrB Sau        HD-----------ESIICSGTHSHSHNHHAHHHAHVH----------------------- 325 
CzcD Rme        QA-----------DAAQHFNASPALVGSKSLAAGGN------------------------ 316 
Znt2 Rno        MK-----------SCQECQGPSE------------------------------------- 359 
Cot1 Sce        ------------TSTERAGDSQGDHLQNDPLSLRPKTYGTGISGSTCLIDDAANCNTADC 435 
Zrc1 Sce        RRRFSIIAGGSPSSSQEAFDSHG-NTEHGRKKRSPTAYGATTASSNCIVDDAVNCNTSNC 441 
Znt1 Rno        VP--CELACRTQCALKQCCGTRPQVHSGKEAEKAPTVSISCLELSENLEKKPRRTKAEGS 487 
Znt1 Mmu        LP--CELACRTQCALKQCCGTRPQVHSGKDAEKAPTVSISCLELSENLEKKARRTKAEGS 483 
Yiip Eco        PR----------------EGKRSMLS---------------------------------- 300 
P34  Rre        EH----------------VKYREYIVR--------------------------------- 301 
 
ZitB Eco        -------------------- 
ZitB Sty        -------------------- 
CzcD Bsu        -------------------- 
CzrB Sau        -------------------- 
CzcD Rme        -------------------- 
Znt2 Rno        -------------------- 
Cot1 Sce        LEDH---------------- 439 
Zrc1 Sce        L------------------- 442 
Znt1 Rno        VPAVVIEIKNVPNKQPESSL 507 
Znt1 Mmu        LPAVVIEIKNVPNKQPESSL 503 
Yiip Eco        -------------------- 
P34  Rre        -------------------- 
                                     

 
 



Figure 1: Multiple alignment of the CDF family proteins. The residue # in each 
protein is indicated by the number presented at each end of the line. Mutated residues in 
bold print are indicated by the number on top 1: E35, 2: H53, 3: M54, 4: H159, 5: D163, 
6: D186, 7: E214, 8: D221, 9: H240, 10: H241, 11: G248, and 12: C294). The accession 
number of each protein is as follows. ZitB Escherichia coli: P75757, CzcD Ralstonia 
metallidurans: CAA67085, Yiip Escherichia Coli: P32159, P34 Rickettsia rickettsii: 
P21559, Cot1 Saccharomyces cerevisiae: P32798, Zrc1 Saccharomyces cerevisiae: 
P20107, Znt1 Rattus norvegicus: Q62720, Znt1 Mus muculus: Q60738, Znt2 Rattus 
norvegicus: Q62941, CzcD Bacillus subtilis: C69612, CzrB Staphylococcus aureus: 
BAB43232, ZitB Salmonella typhi: Q8Z8B6.  


