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Supplementary Information Figure 1. Clustal-Omega alignment of diverse 

archaeal (coral), eukaryotic (green), and bacterial (blue) FttA-homologues. 

BLASTp searches of the T. kodakarensis FttA protein (WP_011250379.1; TK1428) 

against all bacterial genomes revealed full-length homologues – containing both KH 

domains and the metallo-beta-lactamase (MBL) fold – in candidate species of 

Rokubacterium, Wolfebacterium, and Staskawiczbacterium, as well as Tenericutes 

bacterium and Desulfuromonadales bacterium C00003096. It should be noted that all 

Mollicutes (e.g. Tenericutes sps.), all Cyanobacteria, and some Firmicutes are devoid of 

obvious rho homologues 12. Many eukaryotic CPSF73 proteins contain C-terminal 

extensions not found in archaeal or bacterial homologues; an exception is the YSH1 

protein of S. cerevisiae. Conserved (.), well-conserved (:), and invariant (*) residues are 

noted. An active center histidine (H255 in T. kodakarensis) is highlighted in red. 
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WP_011250379.1_Thermococcus_kodakarensis                ----MIRRETFVDDILKEIREIIVQMVPREAGITDVEFEGPELVIYVKNPEAMMKDGELI 56 
WP_048048997.1_Methanosarcina_mazei                     ---------MPIEDVLLDLKHKIEKNLPAGVTITDVEFEGPQLVLYTEEPRKFADDGNII 51 
WP_004044063.1_Haloferax_volcanii                       --------MSSVDKQLENLKAEITNELPRDISVSDVKYEGPELVVYTRDPKKFAQNGDLI 52 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           ----------MVYLMNNIIIKEILSQLP-EEKISDACFEGANIVLYTKDKEFFLDNNGLI 49 
OLC36512.1_Thaumarchaeota_archaeon                      MQRKTQQR---ELSPAPNIMGTILQSIPKEADVTKIDYEGPRIAIYTKNPRYLMEHNEVI 57 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       ------MIFVSSEDSLNAIMEIIRNTLPPTTDISQIEYEGPEIAVYTKNPKILEDNGNIL 54 
TAL51517.1_Nanoarchaeota_archaeon                       ---------------MSKIIKEILKQIP-EDKISDAQFEGANIVLYTKDKEFFVNNEGLI 44 
WP_011007526.1_Pyrobaculum_aerophilum                   -------------MSFVE-IENKVKAILSGIEIVKVNYEGPNLCIYVKRPTED--VIDMI 44 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           MPSPRLGQTRQPETIQSKIIQVILQHVPKEAEITRVEFEGPRLAIYTRKPEILLSQSYIV 60 
WP_014513953.1_Sulfolobus_islandicus                    -------MNRLASLNRINTISLIYS-ELKDLGITRIEYEGPTIAVYVKKPTMVTEKGEVI 52 
WP_011277529.1_Sulfolobus_acidocaldarius                ------------MSIRLNIVNAIYNGMPKEAGISKIDFEGPEIAVYVRNPAVV--DGETV 46 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        -----------------MELEDVKSRLPKTAMITKTLFEGSDIVFYTKNKDFFVNGSSDI 43 
OLC64863.1_Candidatus_Rokubacteria_bacterium            ---------MTIEDILNDARSVVKKVVPDHVEITQVDFEGPTIVIYTKNMEVFAESNDLV 51 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       ---------MPAEATLLALKRRITELLPPDVSVTGVEFEGPELVLYTEDTQRFVDDGALV 51 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           ---------MNCKLIETEILEKVRNALP-QEAISRVELEGSELIVYTKDRDFFVKHEETV 50 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      ----------------MELLKN-ITDRL-KGKITEASFEGANVVLYTDDAEFFRRGSGKI 42 
RKX64688.1_Tenericutes_bacterium                        ---------MGIEETLSELRQRIRKNLPVGVTISDVEFEGPELVIYTKEPRKLADNGEIV 51 
NP_057291.1_Homo_sapiens                                ------------------------------------------------------------ 0 
NP_650738.1_Drosophila_melanogaster                     ------------------------------------------------------------ 0 
NP_502553.2_Caenorhabditis_elegans                      ------------------------------------------------------------ 0 
NP_013379.1_Saccharomyces_cerevisiae                    ------------------------------------------------------------ 0 
                                                                                                                     
 
WP_011250379.1_Thermococcus_kodakarensis                KNLAKVLKKRISVRPDPDILLPPEKAEELIKQLVPPEAEITNISFDPSVGEVLIEARKPG 116 
WP_048048997.1_Methanosarcina_mazei                     RNLAKELRTRIAMRPDPRVLATPEDSISIIEEVVPKESVISSYYFDPDSGEVIIEAEKPG 111 
WP_004044063.1_Haloferax_volcanii                       RKLASKLRKRITVRPDPDVLSDPREAEPKILSVIPEEAGVTDLDFHIDTGEVVIEAEKPG 112 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           RKIVNDIKKRVELRPDPAITLDIEDAEKLIKSVIPEEAGVDKIIFDPQRSRVIIEAEKPG 109 
OLC36512.1_Thaumarchaeota_archaeon                      SNMVNVIKKRIVVRTEESIRKSEEESRQILTQMLPKDAELQGTFFDTATGEMTIEIKRPW 117 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       KNLAKKLRKRIVVRSDPSVRRDKEETANYIRTLVTDESEITKVTFDENMGEVTIEAKKPG 114 
TAL51517.1_Nanoarchaeota_archaeon                       RKIVDDIKKRVELRPDPKITSDPVKAEEEIRKIMPPEAGVSNVVFDPARSQVIIEAEKPG 104 
WP_011007526.1_Pyrobaculum_aerophilum                   GEVAKTLKKRVILRVDPSNRASEKTASKVIREVLSD---VEDVVFENN-GDVYIYLAKPL 100 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           SDIVSLIRKRITLRSDPEIRMKPEEAERFIRSIVPPEAEITNITFDENIGEVVIEAKKPG 120 
WP_014513953.1_Sulfolobus_islandicus                    KKIAKDIKKRIIIKADPSVRKDKKEAVEIIKKIVPTEAEIVDIKFDDDLGEVLIKAKKPG 112 
WP_011277529.1_Sulfolobus_acidocaldarius                KKIAKEIKKRVVVKADPKSRKDKEETKEIIKNIVPQEAQIIDIKFDDELGEVLIKAKKPG 106 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        KALVSEIRKRINLRPDQSITLAEDKAREKIRTIVPKEAEIQDILFEPEFGKVIILAQKPG 103 
OLC64863.1_Candidatus_Rokubacteria_bacterium            RQIAQQLRRRIVVRPDPSLLASQEDAEKIIREVIPPEAQITGVYFETETGEVTIEALAPG 111 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       RTLAKELKKRISVRPSSDILMDPEKASKAIHEIIPEEGGIKDIYFDMDKAEVIIEAEKPG 111 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           RQVVDQLKKRIEVRPEAAICLSQEATKKRIMELVPAEANIKNIYFEEERSLVIIAAEKPG 110 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      KEIVNEIKKRIELRADKKILKDAEETEKEIRKSIPEEAEITNIIFDNYRSIVIIEAKKPG 102 
RKX64688.1_Tenericutes_bacterium                        RSIAKDVRKRIVIRPDKSVLYDPADATAAIEKIAPSDAGITDYCFDSDTGEVMIEAEKPG 111 
NP_057291.1_Homo_sapiens                                ------------------------------------------------------------ 0 
NP_650738.1_Drosophila_melanogaster                     ------------------------------------------------------------ 0 
NP_502553.2_Caenorhabditis_elegans                      ------------------------------------------------------------ 0 
NP_013379.1_Saccharomyces_cerevisiae                    ------------------------------------------------------------ 0 
                                                                                                                     
 
WP_011250379.1_Thermococcus_kodakarensis                LVIGKNGETLRLITQKVHWAPRVVRTPP-----IQSQTIYSIRSILQTESKDRRKFLRQV 171 
WP_048048997.1_Methanosarcina_mazei                     LVIGKHGATLREITKQIGWIPKVVRTPP-----IKSRTVKNIREFMRNNLKERKEILKTV 166 
WP_004044063.1_Haloferax_volcanii                       MVIGRHGSTLREITQKVGWTPEVVRTPP-----IESSTVSNVRNFLKQEREDRRRILERT 167 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           LAIGKQGDILREIRKKTLWVPLIRRKPA-----IRSQLIENIRAVLYQNSDYRRKFLDKI 164 
OLC36512.1_Thaumarchaeota_archaeon                      LLNNAEVFNMVDLVSKTGWRVRIRKATT-----AQSQTIQTINYNLKISSTERSKHLRQV 172 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       LVIGKLGANLRSIRMETLWRPIVVRTPP-----IDSKTVKIVRHMLKTERGVQKEILLRI 169 
TAL51517.1_Nanoarchaeota_archaeon                       LAIGKQGSILREIREKTFWVPFIRRTPA-----IRSVLIENIRAVLYQNSEYRRKFLHKV 159 
WP_011007526.1_Pyrobaculum_aerophilum                   R-EKEIKSATREIFVKTGWRAVIESGVPKDRVKLPTHEIVGVRHIFHSAYAQRMELMESL 159 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           LVISKNGATLQEIIKVTKWRPRILRTPP-----IPSKIIAHIRHYLYQEVKERQRILRSV 175 
WP_014513953.1_Sulfolobus_islandicus                    LVIGKGGSLQQRIFAETFWKAEIVREPP-----IRSRTYDSILEHIYNETEYRAKILKVF 167 
WP_011277529.1_Sulfolobus_acidocaldarius                LVIGKGGSIQQKIFAETYWRPIIVREPP-----LKSRTYDGVLTHIYNETEYRAKALRVF 161 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        IVIGKTGETLREIKKETFWNPEIQRMPG-----FRSKIVNKAREIVHEEAKYRQQFLNKI 158 
OLC64863.1_Candidatus_Rokubacteria_bacterium            MVIGRHGSVLNEIKKRIGWAPKVVRTPP-----IPSKTVEEIRQYLRTINDERQVFLKQV 166 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       LVIGTHGATLREVAKEIGWRPNVIRAPP-----IQSPIIKSIRRYLREESDFRKSFLKKV 166 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           LVIGRGGETFRQIRAETFWVPRIERVPP-----IKSDVIDGIRKVLHQEVKFRKEFLNKI 165 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      MVIGKRGIILDELKHKTFWSPQVQRSPA-----IKSKIVENIREVLYANNNYRRRFLNSV 157 
RKX64688.1_Tenericutes_bacterium                        LVIGQHGSMLREITRYIGWTPKVVRTPP-----IESSTIKNVRHVLRESLDERKQILREL 166 
NP_057291.1_Homo_sapiens                                ------------------------------------------------------------ 0 
NP_650738.1_Drosophila_melanogaster                     -------------------------------------------------------MTQAT 5 
NP_502553.2_Caenorhabditis_elegans                      ------------------------------------------------------------ 0 
NP_013379.1_Saccharomyces_cerevisiae                    ------------------------------------------------------------ 0 
                                                                                                                     
 
WP_011250379.1_Thermococcus_kodakarensis                GRNIYR--KSEYKSRWIRITGLGGFREVGRSALLVQTDESYVLVDFGVNIAALKDPTKAY 229 
WP_048048997.1_Methanosarcina_mazei                     GRKIHR--ECTSKDQWVRVTALGGCKEVGRSCFLLSTPESRILIDCGVNVGSDE---NMT 221 
WP_004044063.1_Haloferax_volcanii                       GRQIHR--EQLSDDEWVRITTLGCCREVGRASFIVSTPETRILVDCGDKPGSD-----DV 220 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           GHRIYDGWIREKKNEWIRVSYLGGARQVGRSCLFLQTPESRILLDCGVNIAS-D--KDAY 221 
OLC36512.1_Thaumarchaeota_archaeon                      GEQIFR--PKLSEDAEVSLITLGGFSQVGRSCMLLTTHESKILVDCGVNPGA-RSPMEAF 229 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       GKRIHR--PVIFKDTAIKLTALGAFREVGRSCLLVQSNESTVLVDCGLNVGS---PTEPF 224 
TAL51517.1_Nanoarchaeota_archaeon                       GERIYDSWVREKREGWVRLSYLGSAREVGRSCILLQTNESRVLLDCGINIAA-NSPDLAY 218 
WP_011007526.1_Pyrobaculum_aerophilum                   ARYIHQ--EPVVKEGPITVTFLGAAMEVGRSAILVSTTESNVLLDCGLKPAQN---DEEF 214 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           GDRIFR--APIYKSQEVLVTFLGGFRQVGRSAILVRTRESSVLIDCGINPGT-ANPEDSF 232 
WP_014513953.1_Sulfolobus_islandicus                    GERIHR--ETVFQDKYVRITALGGFLEVGRSAVLVETPESKVLLDVGLNPSANMFGEKLF 225 
WP_011277529.1_Sulfolobus_acidocaldarius                GERIHR--DILFKDRFVRITGLGGFNEVGRSAVLVETPESKILLDVGLNPSV-SYGEKLF 218 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        GQKIQL--KKGSKEGWVRFSALGSFGEVGRSCIFLQTKESKVLLDCGVNTGS-N---EMN 212 
OLC64863.1_Candidatus_Rokubacteria_bacterium            GRRLAR--EVPPGENYVRITALGGFRQVGRSAALLSTRDSKVLIDCGVLISED----NGS 220 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       GRRIYR--DKSKEDEWLRITALGGCREVGRNSFLLSTPETRILIDCGVSVGS-----EGT 219 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           GEKIFS--ERKTNRDWIRIIPLGGFRQVGRSCLLIETPKSKVLIDCGIAPGG-QG-ADAF 221 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      GKKIYEDWDPKRTDEWIRLTFLGAARQVGRSCVLLQTPNSKVLLDCGIDVSS-QG-EDKF 215 
RKX64688.1_Tenericutes_bacterium                        GEKIHR--SITSPDNWIRITALGGCREVGRSCFLLSTPETRVLIDCGINVGADDH--GGT 222 
NP_057291.1_Homo_sapiens                                ---MSA--IPAEESDQLLIRPLGAGQEVGRSCIILEFKGRKIMLDCGIHPGLE--GMDAL 53 
NP_650738.1_Drosophila_melanogaster                     --GDAR--MPDEESDLLQIKPLGAGQEVGRSCIMLEFKGKKIMLDCGIHPGLS--GMDAL 59 
NP_502553.2_Caenorhabditis_elegans                      ----ME--EEGDNSDSLCFTPLGSGQEVGRSCHLLEYKGKRVMLDCGVHPGLH--GVDAL 52 
NP_013379.1_Saccharomyces_cerevisiae                    --------MERTNTTTFKFFSLGGSNEVGRSCHILQYKGKTVMLDAGIHPAYQ--GLASL 50 
                                                                        . .  **   :*** . ::      :::* *   .          
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WP_011250379.1_Thermococcus_kodakarensis                PHFDAPEFRYVLDEGLLDAIIITHAHLDHSGMLPYLFRYKLFDGPIYTTPPTRDLMTLLQ 289 
WP_048048997.1_Methanosarcina_mazei                     PYLYVPEVF---PLNQIDAVIVTHAHLDHQGLVPLLFKYG-YEGPVYCTPPTRDLMVLLQ 277 
WP_004044063.1_Haloferax_volcanii                       PYLQVPEAL-GSGANSLDAVVLTHAHLDHSALIPLLFKYG-YDGPIYTTEPTRDLMGLLT 278 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           PYLEAPEFN----INDLDAVVLTHSHLDHCGFIPYLYKYG-YRGPVYCTAPTRDVSALLL 276 
OLC36512.1_Thaumarchaeota_archaeon                      PRLDWPNIT----LDELDAVVISHAHLDHTGFLPVLFKYG-YKGPVYCTEPTLPMMNLIQ 284 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       PLFDLPVFD----IDSLDAVICTHSHLDHSGMIPYLFKYD-YDGPIYSTLPTRHLSTMLQ 279 
TAL51517.1_Nanoarchaeota_archaeon                       PMLEAPEFD----IQKLDAIILSHAHTDHCGFIPYLYKYG-FKGPVYCTPPTRDISALLM 273 
WP_011007526.1_Pyrobaculum_aerophilum                   PLLDLID------IDRLDAVVLTHAHMDHVGCLPFLFKYG-YKGPVYMTDPTKYQAFILL 267 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           PRIDLNEFD----LSSLDAVIISHAHLDHCGLLPLLYKYG-YDGPVYCSEPTLSLMALLQ 287 
WP_014513953.1_Sulfolobus_islandicus                    PRLDIDQLK----IEELDAVVITHAHLDHCGMVPFLFKYG-YEGPVYTTVPTRDIMALMQ 280 
WP_011277529.1_Sulfolobus_acidocaldarius                PRIDIDQVK----LEDIDAVVITHAHLDHCGMVPLLFKYG-YEGPVYMTPPTRDIMALAQ 273 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        PYIDAPEFD----LESLDAVIISHAHLDHSGFAPYLYEYG-YKGPLYTTLPTRDVMTLLQ 267 
OLC64863.1_Candidatus_Rokubacteria_bacterium            PYLNAPEVM---PLGSIDAVVITHAHLDHSGLVPALYKYG-YDGPIYTTPPTRDLMSLLQ 276 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       PYLYVPEVT---PLSDIDAVVITHAHLDHTGLVPLLFQYA-YDGPIYMTQPTRDLMVLLL 275 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           PLLTTKEFD----PAELDAVIISHAHMDHVGFVPYLFEYG-YEGPLYCTTPTLDLFALLD 276 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      PIFNIPEFD----INQLDAVIISHAHIDHVGMVPFLYKMG-YKGPVYMTLPTRDISSLLA 270 
RKX64688.1_Tenericutes_bacterium                        PYLYIPEVS---PITHLDGVVVTHAHLDHCGLVPLLFKYG-YRGPVYATPPSRDLMALLQ 278 
NP_057291.1_Homo_sapiens                                PYIDLID------PAEIDLLLISHFHLDHCGALPWFLQKTSFKGRTFMTHATKAIYRWLL 107 
NP_650738.1_Drosophila_melanogaster                     PYVDLIE------ADEIDLLFISHFHLDHCGALPWFLMKTSFKGRCFMTHATKAIYRWML 113 
NP_502553.2_Caenorhabditis_elegans                      PFVDFVE------IENIDLLLITHFHLDHCGALPWLLQKTAFQGKCFMTHATKAIYRMLL 106 
NP_013379.1_Saccharomyces_cerevisiae                    PFYDEFD------LSKVDILLISHFHLDHAASLPYVMQRTNFQGRVFMTHPTKAIYRWLL 104 
                                                        *               :* :. :* * ** .  * .     : *  : :  :         
 
WP_011250379.1_Thermococcus_kodakarensis                QDFIEIQHMNG--------VEPLYRPKDIKEVIKHTITLDYGEVRDIAPDIRLTLHNAGH 341 
WP_048048997.1_Methanosarcina_mazei                     LDYIDVAAKEG--------KKIPYESGMVAKTLKHTIPLDYEEVTDIAPDIKLTFHNAGH 329 
WP_004044063.1_Haloferax_volcanii                       LDYLDVASKEG--------RTPPYESEMVREAIKHTIPLEYGDVTDIAPDVKLTFHNAGH 330 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           IDYIKIMRSNG--------KEPIFTIDDIKEMVKHTICLDYNEVSDITPDVRITLYNAGH 328 
OLC36512.1_Thaumarchaeota_archaeon                      LDAIKVAAAQG--------KVPLYSERDVKQVMKQTIPLSYGTVTDISPDIKLVFSNAGH 336 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       LDYIQITEKEG--------KICPYKKGDVKDAVLHTIPLQYGEVTDIAPDIKLTLHNSGH 331 
TAL51517.1_Nanoarchaeota_archaeon                       IDAVKIQRSEN--------KEPLYTTEEVKEFVKHTITLDYGEVTDITPDIRITFYNAGH 325 
WP_011007526.1_Pyrobaculum_aerophilum                   SDYVELKEREG--------LQPSYSKADIETVIYHTITLDYEEVTDIAPDIKLTFYDAGH 319 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           LDYLDVLSREG--------IQPPYDQKDVREMILHTIPLRYGVVTDIAPDIKLTLHNAGH 339 
WP_014513953.1_Sulfolobus_islandicus                    LDSLDVVEKEG--------KPLPYSAKEVRKELLHTITLDYGEVTDIAPDIRLTFYNAGH 332 
WP_011277529.1_Sulfolobus_acidocaldarius                LDALDVAEKEG--------RPIPYTAKEVRRELLHTITLDYGEVTDIAPDVKLTFYNAGH 325 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        LDFIDVLQRET--------GKAPYTSMGIKNAIKHSITLDYNEVCDITPDMRLTFQNAGH 319 
OLC64863.1_Candidatus_Rokubacteria_bacterium            IDFIKVAMGEA--------RKSPYDSSNIRKAVANTIPLKYGETTDIAPDVRLTFQNAGH 328 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       LDYLEVAAREG--------NKIPYKSSRIRDAIRHTIPLKYGDVTDISPDVKLTLYNAGH 327 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           LDYIDVAQKNG--------VNPAYTVKGVKEAVRHSISLEYGEVSDVAPDVRLTFQNAGH 328 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      LDFIGVAYKQA--------EKPLYSSTDIKEMVKHSICLNYNEVTDVTSDIRITFYNAGH 322 
RKX64688.1_Tenericutes_bacterium                        IDYIDVANKEG--------RRIPYSSEMVREALKHTIVLDYGSVTDIAPDMKLTLHNAGH 330 
NP_057291.1_Homo_sapiens                                SDYVKVSNISA--------DDMLYTETDLEESMDKIETINFHEVKEVA-GIKFWCYHAGH 158 
NP_650738.1_Drosophila_melanogaster                     SDYIKISNIST--------EQMLYTEADLEASMEKIETINFHEERDVM-GVRFCAYIAGH 164 
NP_502553.2_Caenorhabditis_elegans                      GDYVRISKYGGP------DRNQLYTEDDLEKSMAKIETIDFREQKEVN-GIRFWPYVAGH 159 
NP_013379.1_Saccharomyces_cerevisiae                    RDFVRVTSIGSSSSSMGTKDEGLFSDEDLVDSFDKIETVDYHSTVDVN-GIKFTAFHAGH 163 
                                                         * : :                 :    :   . :   : :    ::  .:::    :** 
 
WP_011250379.1_Thermococcus_kodakarensis                ILGSSIVHLHIGNGLHNIAITGDFKFIPTRLFEPAVSRFPRLETLVMESTYGGSNDYQMP 401 
WP_048048997.1_Methanosarcina_mazei                     ILGSAISHFHIGDGLHNVVFTGDYKYEKTRLFDPAVNKFPRVETVISEATYGNANAFQPA 389 
WP_004044063.1_Haloferax_volcanii                       ILGSAVSHFHIGDGLYNVAFSGDIHYEDTRLFNGAVNDFPRVETLVLESTYGGRNDYQTD 390 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           ILGSSMVHMHVGNGLHNIVYTGDMKFGKTRLLDIAVTKFPRVETLMIESTYGGRENILQS 388 
OLC36512.1_Thaumarchaeota_archaeon                      ILGSASCHFHIGNGNHNFVYSGDLKYGKSMLFESASWNFPRIETLLIESTYGAKEDIQAT 396 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       ILGAALVHLHYGEGAHNLVVTGDFKFQKTRLLESATVNFPRLETLVTEATYGGKKDEIPS 391 
TAL51517.1_Nanoarchaeota_archaeon                       ILGSAMTHLHIGNGLHNLLYSADSKYAKTSLLDPAVTDFPRLESLMIESTYGGRDCIAVT 385 
WP_011007526.1_Pyrobaculum_aerophilum                   EIGSAMAHLHIGNGRYNILYTGDFKYGKTRLLNRAANKFKRVEMLIMESTYGGRDDVQPP 379 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           ILGSAIIHLHIGEGLHNIVYTGDFKFAKTMLLESAVASFPRIETLIMEATYGSSEDVMPP 399 
WP_014513953.1_Sulfolobus_islandicus                    ILGSAMAHLHIGDGKHNIVYTGDFKYAKTKLLDKANTEFPRVDTLIMETTYGAQD--QPN 390 
WP_011277529.1_Sulfolobus_acidocaldarius                ILGSAMAHLHIGEGLHNVVYTGDFKYARTKLLDKANDEFIRVDTMIMETTYGAHD--QEN 383 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        ILGSALTHIHIGEGLHNLLYTADLKFGPTKLLEPAYMGFSRIESMILESTYGAPKDIIPS 379 
OLC64863.1_Candidatus_Rokubacteria_bacterium            ILGSAVAHFHIGDGLYNVAMSGDIKFEKTWLFNPAVNKFPRLETLVLESTYGGYHDIQPS 388 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       ILGSSVVYFHVGNGLHNIAFSGDIKYERTFLFDPAFNGFPRLETLIMESTYGGANDMQPP 387 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           ILGSALVHLHIGEGMHNIVYGLDQKFARTNLLEPAFTDFQRCETLIIESTYGGVADIQPP 388 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      VLGSAMVHINIGNGSHNLLYTGDYKFMRTRLLEPATIYFPRLESVITESTYGAKEDVLPP 382 
RKX64688.1_Tenericutes_bacterium                        ILGSAVAHFHVGDGLHNVVFTGDFKYEKTRLFDSAINNFPRAETVIMEATYGGPNDFQPP 390 
NP_057291.1_Homo_sapiens                                VLGAAMFMIEIA--GVKLLYTGDFSRQEDRHLMAAEIPNIKPDILIIESTYGTHI--HEK 214 
NP_650738.1_Drosophila_melanogaster                     VLGAAMFMIEIA--GIKILYTGDFSRQEDRHLMAAEVPPMKPDVLITESTYGTHI--HEK 220 
NP_502553.2_Caenorhabditis_elegans                      VLGACQFMIEIA--GVRVLYTGDFSCLEDRHLCAAEIPPITPQVLITESTYGTQT--HED 215 
NP_013379.1_Saccharomyces_cerevisiae                    VLGAAMFQIEIA--GLRVLFTGDYSREVDRHLNSAEVPPLSSNVLIVESTFGTAT--HEP 219 
                                                         :*:.   :. .    ..    *        :  *       : :: *:*:*         
 
WP_011250379.1_Thermococcus_kodakarensis                REEAEKRLIEVIHQTLKRGGKVLIPAMAVGRAQEIMMVLEEYARVGGI-----EVPIYLD 456 
WP_048048997.1_Methanosarcina_mazei                     LKDAEKHLQMVVKNTIERGGIAVIPAFAVGRSQEVMIVLEESIRKGLI----PEVPVYLD 445 
WP_004044063.1_Haloferax_volcanii                       QQDSEERLIEVINETYDRGGKVVIPAFAVGRSQEIMLVLEEAMRSGKI----PEMPVHLD 446 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           RKECENEFADIIKRTIDRKGKILVPVLGSGRAQEVLLIVENMIRNGKI----EKVPVFID 444 
OLC36512.1_Thaumarchaeota_archaeon                      REEVEGAFVKSVNETLRNGGKVLIPIPAVGRAQELMMVINQYMKLGQL----MEAPVFTE 452 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       RHESEQELVNLINTTLMRGGKMLIPVLAVGRAQEIIIILEEMIAKKRI----EAVPVYVD 447 
TAL51517.1_Nanoarchaeota_archaeon                       KEESDEYLAVVIKNTIARGGKILIPTLGVGRSQEIMMIIVNLIRAGSI----DAVPVFID 441 
WP_011007526.1_Pyrobaculum_aerophilum                   RVEAENALAKHVSDAVTRGGKVLIPAFSTGRGQEILYILNKMMEGGLI----PRVPVYVD 435 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           RPEVEARFVSIVRETLNRGGKVLVPVLAVGRAQEIMLVLDQHIRNGSL----PEVPIYID 455 
WP_014513953.1_Sulfolobus_islandicus                    REESELELLEIINKTLNRGGKVLIPVLAVGRGQEIMLIINDFMKKKLI----PEVPVYLT 446 
WP_011277529.1_Sulfolobus_acidocaldarius                REESEAKLIDIINKTISKGGKVLIPVLSVGRGQEIMLVINDAMKNKKI----PEVPVYIT 439 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        KREADMNLMEVIKRTINRKGKVIIPAFAVGRAQEVMVVLADEYSRGEL-----EVPVYLD 434 
OLC64863.1_Candidatus_Rokubacteria_bacterium            RHEAAQQLKEVIRRVLTRGGKVLVPVFAVGRSQEVMLVLEDAMRNRQI----PEVPIYLD 444 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       RREAEKNLKDAIVKTIERKGKVIIPAFAVGRSQEVMIALEG-----MD----LEVPVYLD 438 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           RQETERMFLDAVNKTMEAGAQVLIPSFAVERAQEMMTILATN-----N----FQYPVYLD 439 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      RREAEEKFIDLTNMTIERGGKVLIPELGLGRAQETMLIIEDAIKRGRM----KKIPVYID 438 
RKX64688.1_Tenericutes_bacterium                        RNVAEKNISEIVKRTIERGGKVLIPAFAVGRSQDVMLVLEEAMRKKRI----EQVPIYLD 446 
NP_057291.1_Homo_sapiens                                REEREARFCNTVHDIVNRGGRGLIPVFALGRAQELLLILDEYWQNHPEL---HDIPIYYA 271 
NP_650738.1_Drosophila_melanogaster                     REDRENRFTSLVQKIVQQGGRCLIPVFALGRAQELLLILDEFWSQNPDL---HEIPIYYA 277 
NP_502553.2_Caenorhabditis_elegans                      RAVREKRFTQMVHDIVTRGGRCLIPAFAIGPAQELMLILDEYWESHQEL---HDIPVYYA 272 
NP_013379.1_Saccharomyces_cerevisiae                    RLNRERKLTQLIHSTVMRGGRVLLPVFALGRAQEIMLILDEYWSQHADELGGGQVPIFYA 279 
                                                               :           .  ::*  .   .*: :  :                *:.   
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WP_011250379.1_Thermococcus_kodakarensis                -GMIWEATAIHTAYPEYLSKHIREQIFHEGYNPFLNPIFKSVANSR--------ERQDII 507 
WP_048048997.1_Methanosarcina_mazei                     -GMIWEATAIHATHPEYLNNDLRKLIFQKGQNPFLSECFKPVDSHE--------ARQKII 496 
WP_004044063.1_Haloferax_volcanii                       -GMIWEATAIHTTYPEYLRDDLRDRIFHEDENPFLAEEFNHIDGGE--------EERQDV 497 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           -GSVWDITAIHTAYPEFLNSIVRKQIFHKDQNPFLSEIFKRVGSQK--------ERTQVI 495 
OLC36512.1_Thaumarchaeota_archaeon                      -GMISEATAIHEAYPEYLARDLRQKILETDENPFDSEYFTNIEHSD--------AREEPL 503 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       -GLISEATAIHTTHPEYLNKELRDRIFHQGNNPFLSPFFTQVDSSN--------ARQDIV 498 
TAL51517.1_Nanoarchaeota_archaeon                       -GMVWDVTAIHTAYPEYLNAATRRLIFHKDQNPFLHEVFREVGSVK--------ERMQVI 492 
WP_011007526.1_Pyrobaculum_aerophilum                   -GMIVETLNVYLMYPHYLNPEVAEEIY-GGVNPFTTSGSVVIVDRAKRVEDRINQVAKIA 493 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           -GMVNEVTAIHTAYPEYMSKELQNMILHEDVNPFQSEYFVNIKNAG--------ARSEVL 506 
WP_014513953.1_Sulfolobus_islandicus                    -GLVDEVTAIHNAYPEWLGREVREEILYKDENPFTSEHFKRIEGYK-----------EDI 494 
WP_011277529.1_Sulfolobus_acidocaldarius                -GMVDEITAIHTAYPEWLSRELREAILYRDENPFMSEFFKRIEGYK-----------EDI 487 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        -GMIWNATAIHTTYPEFLSRRLQNQIFHQNNNPFSSEVFKRVASMN--------ERKSVI 485 
OLC64863.1_Candidatus_Rokubacteria_bacterium            -GMIWEATAIHTAYPEYLNSQLRTQIFQTGENPFLSPMFKRVETSD--------MRSNIC 495 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       -GMIWEATSIHTAYPEYLNKKLKNSIFQ-GENPFLSDIFVQVDDSE--------KRKSII 488 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           -GMIWDANGIFTAYPEYLSRQMQKSIY-GGEDPFKNEIFKRIASQA--------DREKAW 489 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      -GMIWDINAIHTAYPDFLNNKLRALTF-QDKNPFTSEIFSRVGSSE--------ERKNVI 488 
RKX64688.1_Tenericutes_bacterium                        -GMIWEATAIHTTHPEYLNSDLRNQIFHKGMNPFLAECFVKVDSQK--------MREDLL 497 
NP_057291.1_Homo_sapiens                                SSLAKKCMAVYQTYVNAMNDKIRKQIN--INNPFVFKHISNLKSM------------DHF 317 
NP_650738.1_Drosophila_melanogaster                     SSLAKKCMAVYQTYINAMNDRIRRQIA--VNNPFVFRHISNLKGI------------DHF 323 
NP_502553.2_Caenorhabditis_elegans                      SSLAKKCMSVYQTFVNGMNSRIQKQIA--VKNPFIFKHVSTLRGM------------DQF 318 
NP_013379.1_Saccharomyces_cerevisiae                    SNLAKKCMSVFQTYVNMMNDDIRKKFRDSQTNPFIFKNISYLRNL------------EDF 327 
                                                         .   .   :.  . . :             :**       :               .   
 
WP_011250379.1_Thermococcus_kodakarensis                DSGEPAIIIATSGMLVGGPSVEYFKQLAPDPKNSIIFVSYQAEGTLGRQVQRGLREIPIV 567 
WP_048048997.1_Methanosarcina_mazei                     QNPQPCVILATSGMMNGGPVVEYFKAFAEDPRNTLVFVGYQADGTIGRRIQKGWKEIPMT 556 
WP_004044063.1_Haloferax_volcanii                       ADGDQAIILSTSGMVTGGPIMSWLRHVGPDPKSRLVFVGYQAQGTLGRRIQNGWDEIPVN 557 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           EETGSCIILATSGMLVGGPSVQYLKQLADNPKNTLLFVCYQGEGSLGRRIQRGEKEMSVD 555 
OLC36512.1_Thaumarchaeota_archaeon                      -REGPCIIMATSGMLEGGPVLEYFKNIAPIQKNKILFVSYQVNGTLGRRVLDGSRQVSVM 562 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       -EGGPCIILATSGMLQGGPSVQYLRGLSDDPNNTLLFVSYQVEGTLGRRIQKGFRDFSIQ 557 
TAL51517.1_Nanoarchaeota_archaeon                       EETGPCVILATSGMLTGGPSVEYLKHLGDNAKNSLVFVSYQGEGSLGRKIQRGEREFNIP 552 
WP_011007526.1_Pyrobaculum_aerophilum                   QSEEPAVIIAPHGMLNGGPVVDYFAQLAHDERNKLIFVSYQAEGTLGRRILNGEREFVIK 553 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           -EGSPCIILATSGMLEGGPAIEYFRELAPDPKNTVILVSYQIEGTLGRRIQSGAKDVTLI 565 
WP_014513953.1_Sulfolobus_islandicus                    AKGEPSIILATSGMLNGGPAVEFFKTMAPDPKNAIIFVSYQAEGTLGRKVRDGAKEVQIL 554 
WP_011277529.1_Sulfolobus_acidocaldarius                AQGEPSIIIATSGMLNGGPAVEFFKNMAHDTRNSIVFVSYQAEGTLGRKVRDGAKDIQIL 547 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        ENKEPCVILTTSGMITGGPIMEYLKCLAYDNKNTLVFIGYQAEGTMGSRIQKGWRDIPMT 545 
OLC64863.1_Candidatus_Rokubacteria_bacterium            DDVEPCIVLATSGMMSGGPVLEYFKSWADNPLHALLFVGFQSEGSLGRRIQREAREITLT 555 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       GDGEPSIILATSGMLNGGPVLEHLKGLAGDEKNTLVFVGYQAEGTLGRRIQKGWDEIQLA 548 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           -ENKPCVIMSTSGMLTGGPAIEHIKQLAENPNNLLLFASFQAEGTLGKKIQKGWTEIPIG 548 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      -EGGPCVVLATSGMLAGGASVEYFKEFAVNEKNSLIFVCYQGSGSLGRQVQDGAKDIRLN 547 
RKX64688.1_Tenericutes_bacterium                        SNIDPAIIISTSGMMNGGPIMEYLKAFAPDEKSTLIFVGYQAEG---------------- 541 
NP_057291.1_Homo_sapiens                                DDIGPSVVMASPGMMQSGLSRELFESWCTDKRNGVIIAGYCVEGTLAKHIMSEPEEITTM 377 
NP_650738.1_Drosophila_melanogaster                     EDIGPCVIMASPGMMQSGLSRELFESWCTDPKNGVIIAGYCVEGTLAKAVLSEPEEITTL 383 
NP_502553.2_Caenorhabditis_elegans                      EDAGPCVVLATPGMLQSGFSRELFESWCPDTKNGCIIAGYCVEGTLAKHILSEPEEIVSL 378 
NP_013379.1_Saccharomyces_cerevisiae                    QDFGPSVMLASPGMLQSGLSRDLLERWCPEDKNLVLITGYSIEGTMAKFIMLEPDTIPSI 387 
                                                             .::::  **: .*   . :           ::  :  .*                 
 
WP_011250379.1_Thermococcus_kodakarensis                -GED--GRTEVINVNMEVHTIDGFSGHADRRELMSYVARVRPRPERIITVHGEAHKCLDL 624 
WP_048048997.1_Methanosarcina_mazei                     -GKN--GSTEMLKMNMEVQVVDGFSGHSDRRQLMEYVKRMQPRPERVFTEHGDEKACVDL 613 
WP_004044063.1_Haloferax_volcanii                       -GRDSMGRSDTLKLKMDVETVDGFSGHADRQGLENFVKTMNPRPEKVLCVHGDERSVQDL 616 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           -G-----SKEITQIKMEVDTMEGFTGHSGRKELLNFVYRCDPKPKKIIVNHGESSRCLDL 609 
OLC36512.1_Thaumarchaeota_archaeon                      -GKE--GKIEVININCSTEKLDGFSGHSDYNQLMSYVHRLRPKLRRVIVNHGERRKCENL 619 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       -DAR--GRSQAVRMKLDVQTIEGFSGHSSRSQIMSFIRKVKPKPERVLTNHGEAAKCVGL 614 
TAL51517.1_Nanoarchaeota_archaeon                       -GQG--GRQETFKVKMEIHTIEGFSGHSNRQQLLNFVYRATPKPKKVLVNHGENSRCLDL 609 
WP_011007526.1_Pyrobaculum_aerophilum                   -SL--VGGESKINMRMEVVSIPGFSGHSDRRELMKYVEHMEPKPKKIVLIHGEPSKIISL 610 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           -NPE--GKVEVINVKMRVESVEGFSGHSDRNQLLNYVRRLTPRPHRVIVGHGEKSKCLEL 622 
WP_014513953.1_Sulfolobus_islandicus                    -DRD--GRVESIQINMEVEAVEGFSGHSDRRQLFNFLRTIEPKPKNIILNHGEASAIKAF 611 
WP_011277529.1_Sulfolobus_acidocaldarius                -DRD--GRVENIKVNMEIGVVEGFSGHSDRRQLLAFLRNLNVKPKNLVLNHGEPSAISSF 604 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        -END--GTKHMLKIEAEVETVEGFSGHSDRNQLINYVAKLRSKPDRIFLNHGERSKSLNL 602 
OLC64863.1_Candidatus_Rokubacteria_bacterium            -DR---GQPLTLPIKLDVETIDGFSGHSDRLQLLNYVGTMEPRPERVIVNHGEEFKCSDL 611 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       -D-E--GKIRNVKIKMDIHTVDGFSGHSDRNQLVEFVRGIKPLPSKVMCMHGENNKCLAL 604 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           SGNN--GKPQTIQLKMQVQTIEGLSGHSDRNQLMSFIHRLAARPDRVIVCHGEATKAVEF 606 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      -TD---GKDEFVKVNMEVHTSKGLTAHAGRNELMAFFKKINPKPRKVMVMHGEVSKCLDL 603 
RKX64688.1_Tenericutes_bacterium                        ------------------------------------------------------------ 541 
NP_057291.1_Homo_sapiens                                S-----GQ--KLPLKMSVDYI-SFSAHTDYQQTSEFIRALK--PPHVILVHGEQNEMARL 427 
NP_650738.1_Drosophila_melanogaster                     S-----GQ--KLPLNMSVDYI-SFSAHTDYQQTSEFIRLLK--PTHVVLVHGEQNEMSRL 433 
NP_502553.2_Caenorhabditis_elegans                      S-----GE--KLPMRMQVGYV-SFSAHTDYHQTSNFVKALK--PPHLVLVHGELHEMSRL 428 
NP_013379.1_Saccharomyces_cerevisiae                    N-----NPEITIPRRCQVEEI-SFAAHVDFQENLEFIEKIS--APNIILVHGEANPMGRL 439 
                                                                                                                     
 
WP_011250379.1_Thermococcus_kodakarensis                SSSIHK--------KFGISTRAPNNLDAIRLK---------------------------- 648 
WP_048048997.1_Methanosarcina_mazei                     ASSVYK--------KLKIETRALTNLETVRLL---------------------------- 637 
WP_004044063.1_Haloferax_volcanii                       SSALYH--------DYNMRTFAPKNLETFRFK---------------------------- 640 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           ASSIHK--------LNRVETAAPRNLEAIRLK---------------------------- 633 
OLC36512.1_Thaumarchaeota_archaeon                      ASSIHR--------MFRIQTTCPQVQEGLRLL---------------------------- 643 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       ASVIHK--------RLKIDTRSLVNGETIVLR---------------------------- 638 
TAL51517.1_Nanoarchaeota_archaeon                       ASSIHK--------MFRIETVAPRNLDAVRLK---------------------------- 633 
WP_011007526.1_Pyrobaculum_aerophilum                   ATSIEL--------KYKITTIIPKVGERIRAL---------------------------- 634 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           SSTIQR--------IFKIESRAPENLETIRLY---------------------------- 646 
WP_014513953.1_Sulfolobus_islandicus                    ANYIRDDR-----LGYKPFIYTPAILDSLRVA---------------------------- 638 
WP_011277529.1_Sulfolobus_acidocaldarius                KRLVESGK-----IKGIDNVYAPKILESIRTI---------------------------- 631 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        ASTLHR--------MFKVETSVPSNLDAVRLK---------------------------- 626 
OLC64863.1_Candidatus_Rokubacteria_bacterium            ASGLYK--------KFGLEARAPMNLETIRLK---------------------------- 635 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       ASGIHK--------KFNIDTVAPMNLETLRLV---------------------------- 628 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           ARAVHK--------NFRVETHAPRNLEAIRLK---------------------------- 630 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      ASSIYR--------INRMETNVPRLLETINLR---------------------------- 627 
RKX64688.1_Tenericutes_bacterium                        ------------------------------------------------------------ 541 
NP_057291.1_Homo_sapiens                                KAALIREYEDNDE--VHIEVHNPRNTEAVTLNFRGEKLAKVMGFLADKKPEQGQRVSGIL 485 
NP_650738.1_Drosophila_melanogaster                     KLALQREYEADAS--TDIKFYNPRNTHAVDLYFRGEKTAKVMGSLAAKNSEVGSKLSGVL 491 
NP_502553.2_Caenorhabditis_elegans                      KSGIERQFQDD-N--IPIEVHNPRNTERLQLQFRGEKTAKVIGKLAQRVPENNETISGVL 485 
NP_013379.1_Saccharomyces_cerevisiae                    KSALLSNFASLKGTDNEVHVFNPRNCVEVDLEFQG------------------------- 474 
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WP_011250379.1_Thermococcus_kodakarensis                ------------------------------------------------------------ 648 
WP_048048997.1_Methanosarcina_mazei                     ------------------------------------------------------------ 637 
WP_004044063.1_Haloferax_volcanii                       ------------------------------------------------------------ 640 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           ------------------------------------------------------------ 633 
OLC36512.1_Thaumarchaeota_archaeon                      ------------------------------------------------------------ 643 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       ------------------------------------------------------------ 638 
TAL51517.1_Nanoarchaeota_archaeon                       ------------------------------------------------------------ 633 
WP_011007526.1_Pyrobaculum_aerophilum                   ------------------------------------------------------------ 634 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           ------------------------------------------------------------ 646 
WP_014513953.1_Sulfolobus_islandicus                    ------------------------------------------------------------ 638 
WP_011277529.1_Sulfolobus_acidocaldarius                ------------------------------------------------------------ 631 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        ------------------------------------------------------------ 626 
OLC64863.1_Candidatus_Rokubacteria_bacterium            ------------------------------------------------------------ 635 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       ------------------------------------------------------------ 628 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           ------------------------------------------------------------ 630 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      ------------------------------------------------------------ 627 
RKX64688.1_Tenericutes_bacterium                        ------------------------------------------------------------ 541 
NP_057291.1_Homo_sapiens                                VKRNFNYHILSPCDLSNYTDLAMSTVKQTQAIPYTGPFNLLCYQLQKLTGDVEELEIQE- 544 
NP_650738.1_Drosophila_melanogaster                     VKRDFKYHLLAPSDLGKYTDMSMSVVTQRQSIPWGSSLSTLELLLDRIGAGCVEV-LEA- 549 
NP_502553.2_Caenorhabditis_elegans                      VKNNFSYSIMVPEELGSYTSLRISSLEQRMSVHYSGSLKLLIFNLQQLNDDACLIQNIKL 545 
NP_013379.1_Saccharomyces_cerevisiae                    ------------------------------------------------------------ 474 
                                                                                                                     
 
WP_011250379.1_Thermococcus_kodakarensis                ------------------------------------------------------------ 648 
WP_048048997.1_Methanosarcina_mazei                     ------------------------------------------------------------ 637 
WP_004044063.1_Haloferax_volcanii                       ------------------------------------------------------------ 640 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           ------------------------------------------------------------ 633 
OLC36512.1_Thaumarchaeota_archaeon                      ------------------------------------------------------------ 643 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       ------------------------------------------------------------ 638 
TAL51517.1_Nanoarchaeota_archaeon                       ------------------------------------------------------------ 633 
WP_011007526.1_Pyrobaculum_aerophilum                   ------------------------------------------------------------ 634 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           ------------------------------------------------------------ 646 
WP_014513953.1_Sulfolobus_islandicus                    ------------------------------------------------------------ 638 
WP_011277529.1_Sulfolobus_acidocaldarius                ------------------------------------------------------------ 631 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        ------------------------------------------------------------ 626 
OLC64863.1_Candidatus_Rokubacteria_bacterium            ------------------------------------------------------------ 635 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       ------------------------------------------------------------ 628 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           ------------------------------------------------------------ 630 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      ------------------------------------------------------------ 627 
RKX64688.1_Tenericutes_bacterium                        ------------------------------------------------------------ 541 
NP_057291.1_Homo_sapiens                                ---------KPALKVF---KNITVIQEPGMVVLEWLANPSNDMYADTVTTVILEVQSNPK 592 
NP_650738.1_Drosophila_melanogaster                     ---------ERKLRVF---GCIELTVEQKIIVMEWQATHVNDVYADAVLACIMQSELGGT 597 
NP_502553.2_Caenorhabditis_elegans                      KEISKKGSVTQAITVFQGKVNVTVYGNDHVVVVRWDSNPVYDMYADSVVAAILHAQANPV 605 
NP_013379.1_Saccharomyces_cerevisiae                    ------------------------------------------------------------ 474 
                                                                                                                     
 
WP_011250379.1_Thermococcus_kodakarensis                ------------------------------------------------------------ 648 
WP_048048997.1_Methanosarcina_mazei                     ------------------------------------------------------------ 637 
WP_004044063.1_Haloferax_volcanii                       ------------------------------------------------------------ 640 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           ------------------------------------------------------------ 633 
OLC36512.1_Thaumarchaeota_archaeon                      ------------------------------------------------------------ 643 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       ------------------------------------------------------------ 638 
TAL51517.1_Nanoarchaeota_archaeon                       ------------------------------------------------------------ 633 
WP_011007526.1_Pyrobaculum_aerophilum                   ------------------------------------------------------------ 634 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           ------------------------------------------------------------ 646 
WP_014513953.1_Sulfolobus_islandicus                    ------------------------------------------------------------ 638 
WP_011277529.1_Sulfolobus_acidocaldarius                ------------------------------------------------------------ 631 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        ------------------------------------------------------------ 626 
OLC64863.1_Candidatus_Rokubacteria_bacterium            ------------------------------------------------------------ 635 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       ------------------------------------------------------------ 628 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           ------------------------------------------------------------ 630 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      ------------------------------------------------------------ 627 
RKX64688.1_Tenericutes_bacterium                        ------------------------------------------------------------ 541 
NP_057291.1_Homo_sapiens                                IRKGAVQKVSKKLEMHVYSKRLEIMLQDIFGEDCVSV-KDDSILSVTV-DGKTANLNLET 650 
NP_650738.1_Drosophila_melanogaster                     NLKGATKQT--KSEDSRFRECLIETLQDTFGDNCVPKMFEGDLLPVTV-SGKRAEINLET 654 
NP_502553.2_Caenorhabditis_elegans                      PDKYLP----SNSSFPQFNTAIEGMVKHICGDDVSIVMSERGLLAQFEEDGRRLLVEGSS 661 
NP_013379.1_Saccharomyces_cerevisiae                    ------------------------------------------------------------ 474 
                                                                                                                     
 
WP_011250379.1_Thermococcus_kodakarensis                ---------------------------------------------- 648 
WP_048048997.1_Methanosarcina_mazei                     ---------------------------------------------- 637 
WP_004044063.1_Haloferax_volcanii                       ---------------------------------------------- 640 
OIO62505.1_Candidatus_Woesearchaeota_archaeon           ---------------------------------------------- 633 
OLC36512.1_Thaumarchaeota_archaeon                      ---------------------------------------------- 643 
OLS12352.1_Candidatus_Lokiarchaeota_archaeon_CR_4       ---------------------------------------------- 638 
TAL51517.1_Nanoarchaeota_archaeon                       ---------------------------------------------- 633 
WP_011007526.1_Pyrobaculum_aerophilum                   ---------------------------------------------- 634 
RLI34429.1_Candidatus_Bathyarchaeota_archaeon           ---------------------------------------------- 646 
WP_014513953.1_Sulfolobus_islandicus                    ---------------------------------------------- 638 
WP_011277529.1_Sulfolobus_acidocaldarius                ---------------------------------------------- 631 
RLG13324.1_Candidatus_Nanohaloarchaeota_archaeon        ---------------------------------------------- 626 
OLC64863.1_Candidatus_Rokubacteria_bacterium            ---------------------------------------------- 635 
OEU57241.1_Desulfuromonadales_bacterium_C00003096       ---------------------------------------------- 628 
OGM94118.1_Candidatus_Wolfebacteria_bacterium           ---------------------------------------------- 630 
OGZ62538.1_Candidatus_Staskawiczbacteria_bacterium      ---------------------------------------------- 627 
RKX64688.1_Tenericutes_bacterium                        ---------------------------------------------- 541 
NP_057291.1_Homo_sapiens                                --RTVECEEGSEDDESLREMVELAAQRLYEALTPVH---------- 684 
NP_650738.1_Drosophila_melanogaster                     --LAISCAEDDV----LRQMLNTTVQKLHQTLVSAL---------- 684 
NP_502553.2_Caenorhabditis_elegans                      DGPVMMGGDDPMDDPTTSHLLQNLTEKMRQIVTTNTEVNEIDDMEC 707 
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Supplementary Information Figure 2.  SDS-PAGE of total cell lysates derived from 

T. kodakarensis strains IR5 and TS559 grown in the absence and presence of 

NaF. 10 µg of total protein from each strain grown in the absence or presence of 4 mM 

NaF was resolved via SDS-PAGE prior to transfer and quantification of FttA-levels via 

Western blots as shown in Figure 4, panel h (n = 3). Lane M contains Magic Mark 

protein ladders identified by molecular weight in KDa.   
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