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Supplementary Figures  

Figure SI1 Purification of recombinant FBP aldolase/ 
phosphatase of I. hospitalis from E. coli cells. SDS-PAGE 
of: lane 1, cells before induction; lane 2, cells after induction; 
lane 3, soluble fraction after ultracentrifugation at 100,000 × 
g; lane 4, supernatant after 30 minutes of heat precipitation at 
80 °C; lane 5, eluate after gel filtration; lane 6, eluate after 
MonoQ anion exchange chromatography; lane M, molecular 
mass markers (size in kDa). 

Figure SI2 Effect of pH on FBP aldolase (●) and FBP 
phosphatase (■) activities of the FBP aldolase/phosphatase 
from I. hospitalis. Error bars represent the standard deviation 
of at least two independent measurements.

Figure SI3 Heat stability of FBP aldolase/phosphatase 
from C. symbiosum and I. hospitalis. The C. symbiosum
enzyme was incubated at 97 °C (♦), 82 °C (▲), 67 °C (●) and 
the remaining activity was determined. For comparison the I. 
hospitalis enzyme (dashed line) was incubated at 97 °C.

Figure SI4 Temperature dependence of FBP aldolase/ 
phosphatase activity. The graph shows an Arrhenius plot of 
FBP phosphatase activity of the hyperthermophilic Ignicoccus
(▼) and the mesophilic Cenarchaeum (■) enzyme. 



2www.nature.com/nature

doi: 10.1038/nature08884 SUPPLEMENTARY INFORMATION

                                         10        20        30        40        50        60        70        80        90       100                   
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
Aciduliprofundum boonei 1       ------------------MDKITISLIKADVGGWPGHSTVHPDLIETAKEALQKAKDEHILEDFHVTGVGDDLQLIMTHRKGVDSEEIHK-LAWNTFEKA  
Aciduliprofundum boonei 2       ------------------MDKITISLIKADVGGWPGHSTVHPDLIETAKEALQKAKDEHILEDFHVTGVGDDLQLIMTHRKGVDSEEIHK-LAWNTFEKA  
Aeropyrum pernix                ---------------MSEGRTTTVSVIKADIGSLAGHHRVHPDTILAASRVLAEAKRKGVIKSFYVTNAGDDLQLIMTHFKGVDNPEIHE-LAWTAFREA  
Aquifex aeolicus                -------------------MKVTLSVIKADIGGFVGHSSTHPDVVNAVREHVEKEVEKGNLIDCDILTCGDDIAIVMTHTHGVDAELVHK-IAWDAFMKG  
Archaeoglobus fulgidus          ------------------MRKVTVSLIKADVGSVAGHTTVPDELKKAAEENLKNAVDSGLIIDFRVFNAGDDLELLMTHDKGVDSEEIHR-LAWETFEKA  
Bradyrhizobium japonicum        -------------------MRLTLSVIKADVGSVGGHTKPSSRMMATVEGEVAKAICNGLLIDGFICHTGDDIAIIMTHTRGEGSSEVHQ-LAWKTFLAA  
Caldivirga maquilingensis       -----------------MAPKTTVSVIKADIGGIPGHAWVHPKILEYASSRLREAVKSGLLIDYYVFNVGDDMSLLMTHTKGIDNPEIHG-LAWSVFKEA  
Candidatus Desulforudis audaxv  -----------------MDKTVTLSVIKADIGGFVGHSGVHPELLEKAKGILSG---SPLLIDFHVTHVGDDINLILTHELGRNNGEIHQ-LAWDTFVAC  
Candidatus Korarchaeum cryptof  ------------------MVRTTVSVIKADIGGLAGHHIVHPKLKEIAASELAEAKSSRIIEDFYITSVGDDLQLIMTHRKGVDSSEVHG-LAWNTFKKC  
Candidatus Methanoregula boone  ------------------MPKTTISVIKADVGSFPGHSRAHPKLLETAAQMLRAE-RGKLLLDSFVTHCGDDLELVMTHSHGANSEAVHR-LAWNVFAEC  
Carboxydibrachium pacificum     -----------------MS-KITLSVIKADIGGYVGHTDVHPDLLEVAKKMLKEK--GDMLIDFHVTRVGDDIQLIMTHREGVDSEKIHK-LAWDTFLAC  
Carboxydothermus hydrogenoform  -----------------MG-KITVTVIKADVGGFVGHSSVHEELLATAREQLAK---SPLLVDFHVTHVGDDINLIMTHRQGVDSEEIHK-LAWDTFVAC  
Cenarchaeum symbiosum           -------------------VRITVSAIKADVGGIGGHTLPSSGLLDAVRRKVS--SSS-LLIDHYIGYCGDDVHIVMTHTRGTDNSDIHK-LAWDAFMEG  
Coxiella burnetii               -------------------MEITLSAIKADVGSIGGHTQPSIEMLQAVQQSLQKNIDSGLLIDGLVTFTGDDIAIICSHQQGLNNEDVHVGFAWQAFLAA  
Dehalococcoides ethenogenes     -------------------MKVTLSVIKADIGGFVGHSDSHPQCLVRAEKHLAEAKKNGMLIDYHITKCGDDLQLVMTHQKGINNKVIHE-MAWDTFVSC  
Dehalococcoides sp.             -------------------MKVTLSVIKADIGGFVGHSDSHPQCLARAEKHLAEAKKKGMLIDYHITKCGDDLQLIMTHQKGINNKVIHE-MAWDTFVSC  
Desulfurococcus kamchatkensis   -----------------MGMKITLSVIKADLGSIAGHHMPHPDQLAAVTKMLAEAKQKGLIVDFYVTHVGDDIQLIMTHTKGPDHPDIHG-LAWDAFKAA  
Hydrogenivirga sp.              -------------------MKLTLSVIKADIGGYVGHSATHPEVVETVKNVAEQEKEKGNLIDVSILTCGDDIAIVMTHTHGVDNELVHG-IAWNAFERG  
Hydrogenobaculum sp.            -------------------MKITLSVIKADIGGYVGHSCTHPDVVKTTEEYVRKFVGN-LIIDLKVLTCGDDIALVMTHQHGVDSEKIHK-LAWDAFSAG  
Hyperthermus butylicus          ---------------MGEERRVTISVIKADIGSIAGHHKVHPDTIAAATRVLAEAKRKGTIIDFYVTHVGDDLQLIMTHRKGVDSPEIHG-LAWEAFKKA  
Ignicoccus hospitalis           -----------------MAQKTTISVIKADIGSLAGHHTVHPDCMAAASRVLAEAKKNGVINDFYVTHVGDDLILIMTHTKGVDHPDVHG-LAWEAFKKA  
Metallosphaera sedula           -------------------MRSTVSVIKADIGSLAGHHVVHPDTMAAANRVLAEAKRQGIILDYYITNVGDDLELIMSHTRGELDTKVHE-TAWDAFKEA  
Methanobrevibacter smithii      -------------------MKTTVSVIKADIGSVSGHCVAHPDLMDICDEVLAEALETNILTDYYISRCGDDIDLIMTHRNGEENEEVHE-TAYNAFMKA  
Methanocaldococcus jannaschii   -------------MSRMENNKVTISVIKADVGGLCGHTLAPDELLEACEAVLEEAVD-EIILDYYVTRCGDDIDLIMSHKLGCDNEKVHG-LAWRAFEEA  
Methanococcus aeolicus          ----------------MNGEKITLSVIKADVGGLCGHTSAPEELMDACEFVLEEALD-ELIIDYYVTKCGDDVDLIMTHQKGTDNKEIHG-LAWSAFEEA  
Methanococcus maripaludis       -----------------MEEKVTLSVIKADVGGLCGHTLAPEELLDAAEYVLENALD-ETLIDYYVTNCGDDIDMIMTHKKGTDNEEVHK-LAWTALEEA  
Methanococcus vannielii         -----------------MQEKITMSVIKADVGGLCGHTLAPEELLDAAEYVLENALD-EILIDYYVTNCGDDIDLIMTHNKGTDSEEVHK-LAWDAFEEA  
Methanococcus voltae            -----------------MEEKITVSVIKADVGGLCGHTLAPIELLDAVEYVVENAVD-ETLIDYYVTNCGDDIDIVMTHNKGTDNDEVHK-LAWDALTDA  
Methanoculleus marisnigri       ------------------MVKTTVSVIKADIGSFPGHSRTHPKILEVAARRLKEA-EGSILIDSYVTHCGDDLELIMTHTKGEDNEEIHK-LAWDIFMEC  
Methanopyrus kandleri           -------------MVSVAEEKVTVSVIKADVGGFPGHSEVHPDLLEACEGVLEDAVD-EVIIDYYVTRCGDDIDLIMTHTRGEDDEKVHE-LAWNAFQEA  
Methanosaeta thermophila        ------------------MSKVTVSLIKADVGGWPGHASVHPALIDKAEEVLSEAKSAGTLIDFKVMACGDDLELLMTHRLGTDEAEIHA-IAWETFEKA  
Methanosphaera stadtmanae       -------------------MKTTVSIIKADIGSVGGHAVTHQKLKDKCNEYLSNAKEEGLLTDFYITNCGDDIDMIMTHTNGTDNEEVHK-LAFDTFMAG  
Methanothermobacter thermautot  -------------------MKTTISVIKADVGSVAGHAVAHEALKKKCDEILAGAKETGILEDYYITNCGDDIDLIMTHRNGEENEEVHQ-TAWNAFREA  
Moorella thermoacetica          -----------------MGERITLSVIKADIGGFVGHSSVHPRLLETAERYLAE---SKLLIDYRVAHVGDDIDLIMTHKYGVDCPEIHH-LAWNVFLQC  
Natranaerobius thermophilus     -------------------MKITLSIIKADIGSIGGHLQPSDKLLNTIEEHLNSYGND-QFIDFYLGYTGDDVFILLTHRKGINNRQIHQ-LAWDTFMVG  
Nitrococcus mobilis             -------------------MKITLSIIKADIGAIGGHMAPSARLVETVRRHVLETSGD-LLLDSYLSYTGDDIAMLLTHNRGTADKAVHQ-LAWDALMAG  
Nitrosopumilus maritimus        ----------------MENMKITVSVIKADVGGVGGHTKPSDGLLDAIRNTVK--NSADLLIDYYIGYCGDDTHIVMSHTHGVDNQQIHK-LAWDAFMAG  
Pelotomaculum thermopropionicu  -----------------MGSKVTVSVIKADIGGFVGHSSVHPELLETARGILAG---SPLLIDFHVTHVGDDINLIMTHDGGKDNGEIHQ-LAWETFSSC  
Petrotoga mobilis               ------------------MEKVSVSLIKADVGGIPGHSTVHPKLKEKASECLAEAKEKGLLVDYRVLHVGDDLQLLMSHRKGIDSEEIHK-LAWETFEAA  
Picrophilus torridus            -------------------MKVTISHIKADIGSLPGHTTVFEPVVDAVEDYIKSNGKN-IISDYRISHIGDDIQITMVHNHGVDNPDVHG-LAWNAFKAG  
Pyrobaculum aerophilum          -------------------MKITVSIIKADVGGFPGHAHVHPKMLEYAAAKLKEAQRKGVIIDYFVYNVGDDISLLMTHTKGEDNPDIHG-LAWETFREI  
Pyrobaculum arsenaticum         ------------MRLITTLMKVTVSIIKADVGGFPGHAHVHPKMLEYAAAKLKEAQKRGAIIDYFVYNVGDDISLLMTHTKGEDNPEIHG-LAWETFKEI  
Pyrobaculum calidifontis        -------------------MKVTVSIIKADVGGFPGHAHVHPKMLEYAAAKLREAQRRGVIIDYFVYNVGDDISLLMTHTKGEDNPEIHG-LAWETFKEV  
Pyrobaculum islandicum          -------------------MKVTVSIIKADVGGFPGHAYVHPKMLEYAAAKLKEAQRKGVIIDYFVYNVGDDISLLMTHTKGEDNPEIHG-LAWETFKEV  
Pyrococcus abyssi               ---------------MAVGEKITISVIKADVGGWPGHSRVHPALIEKAKEVLSEAQKEGTIIDFYVTYAGDDLQLIMTHKKGVDSPEVHG-LAWEAFKKA  
Pyrococcus furiosus             ---------------MAVGEKITISVIKADVGGWPGHSRVHPALIERAKEVLSEAQKEGTLIDFYVTYAGDDLQLIMTHKKGVDSPEIHG-LAWEAFKKA  
Pyrococcus horikoshii           MVINSINWLFSEVVAMAVGEKITISVIKADVGGWPGHSRVHPALIEKAREVLSEAQKNGTIIDFYVTYAGDDLQLIMTHKKGVDSPEVHG-LAWEAFKKA  
Roseiflexus castenholzii        -----------------MAAELTISCIKADVGGFVGHSAIHPALKDEAGRQLEIARRHGLLIDFHVTACGDDLGLLMTHRLGVDNHDIHR-LAWDVFDIC  
Roseiflexus sp.                 -----------------MAAELTISCIKADVGGFVGHSAIHPALQDEAGRQLEIARRRGMLIDFHVTACGDDLGLLMTHRLGIDNHEVHR-LAWDVFDIC  
Saccharopolyspora erythraea     --------------------MVTLSIIKADTGGFVGHSAVHPEMVTEARDAVSTAVGDGLLLDGKVASCGDDLSLIMTHERGADAEEVHS-FAWDVFGRT  
Staphylothermus marinus         ---------------MSEGEKITLSIIKADVGSMSGHVMPHPDQLAAATKVLAEAKQKGLLIDFYVTHVGDDIQLIMTHRKGVDAPEIHE-LAWNAFQAA  
Sulfolobus acidocaldarius       -------------------MKTTISVIKADIGSLAGHHVVHPDTMAAASKVLAEAKSQSLLIDYYITHVGDDLELIMTHTRGELDTKVHE-TAWNAFKEA  
Sulfolobus islandicus           -------------------MKTTLSVIKADIGSLAGHHVVHPDTIAAANKILAEAKRNNVISDYYITYVGDDLQLIMTHNRGELDTKVHE-TAWNAFKEA  
Sulfolobus solfataricus         -------------------MKTTLSVIKADIGSLAGHHVVHPDTIAAANKILAEAKRNNIISDYYITYVGDDLQLIMTHNRGELDTRVHE-TAWNAFKEA  
Sulfolobus tokodaii             ------------------MMKTTISVIKADIGSLAGHHIVHPDTMAAANKVLASAKEQGIILDYYITHVGDDLQLIMTHTRGELDTKVHE-TAWNAFKEA  
Syntrophus aciditrophicus       -------------------MKTTLSIIKADVGSVGGHIRPSERLIQEVKNFVVEKGQG-VISDFFISHTGDDIAILLSHSRGKGDGIIHQ-LAWDAFVTG  
Thermoanaerobacter pseudethano  -----------------MS-KITLTVIKADVGGFVGHTDVHPELLEIAKKHLKEK--GKMLIDFHVTRVGDDIELIMTHREGIDNEEVHK-LAWDALWSC  
Thermoanaerobacter tengcongens  -----------------MS-KITLSVIKADIGGYVGHTDVHPDLLEIAKKMLKEK--GDMLIDFHVTRVGDDIQLIMTHREGVDSEKIHK-LAWDTFLAC  
Thermococcus barophilus         ---------------MAVGEKITISVIKADIGGWPGHHKVHPALIEKAREILSKAKEEGTIIDFHVTYCGDDLQLIMTHKKGTDSPDIHG-LAWETFKEA  
Thermococcus gammatolerans      ---------------MAVGEKITISVIKADIGGWPGHSRVHPQLIETAEEILAKAKEEGTIIDFYVAYAGDDLQLIMTHKKGVDSPDVHG-LAWKAFEEA  
Thermococcus kodakarensis       ---------------MAVGDKITISVIKADIGGWPGHSRVHPQLVETAEDVLSKAVEDGTIIDFYVATCGDDLQLIMTHKRGVDSPDIHG-LAWKAFEEA  
Thermococcus onnurineus         ---------------MAIGEKITISVIKADIGGWPGHSRVHPQLIEAAEEVLAKAKEEGTIIDFYVAYAGDDLQLIMTHKKGVDSPDIHG-LAWKAFEEA  
Thermococcus sp.                ---------------MAVGEKITISVIKADIGGWPGHSRVHPQLIETAEEILAKAKEEGTIIDFYVAYAGDDLQLIMTHKKGVDSPDVHG-LAWKAFEEA  
Thermofilum pendens             -------------------MRITVSLIKADVGGLAGHVVVHPKLEELARKRLEEARETGLLIDFYVYHVGDDLQLLMTHTKGENNAEIHK-LAWDIFVEV  
Thermoplasma acidophilum        -------------------MKVTISHIKADIGSLPGHSIVDEKVMARIQEYIEDHGKN-LISDFRMAHVGDDAQITMVHTKGIDSSEIHE-LAWNAFKAG  
Thermoplasma volcanium 1        ------------------MMKVTISHIKADIGSLPGHSLVDEKVMERIREYIEDHGKN-LVSDFRMAHVGDDAQITMVHTKGVDSEEVHE-LAWNAFKAG  
Thermoplasma volcanium 2        -------------------MKVTISHIKADIGSLPGHSLVDEKVMERIREYIEDHGKN-LVSDFRMAHVGDDAQITMVHTKGVDSEEVHE-LAWNAFKAG  
Thermoproteus neutrophilus      -------------------MRVTVSIIKADVGGFPGHAHVHPKMLEYAAAKLKEAQKRGVIIDYFVYNVGDDISLLMTHTKGEDNKDIHG-LAWETFKEV  
Thermoproteus tenax             -------------------MKTTISIIKADIGGWPGHAWVHPKMLELAAERLREAQRRGLIIDYFVYNVGDDISLLMTHTKGENHPEIHG-LAWETFKEV  
Thermus aquaticus               -------------------MRITLSVLKADIGSVGGHTLPSPAVLAAVKEVVEEAKGS-LLLDAYVFHIGDDIVLLLSHTRGVAHPAIHE-LAWKAFREG  
Thermus thermophilus            -------------------MKVTLSVLKADIGSVGGHTLPSRKVLAKVEEVVREEVGR-LLLDAYVFHIGDDIVLLLSHTRGVRNQEVHA-LAWKAFREG  
uncultured crenarchaeote        -------------------MKITVSVIKADVGGIGGHTKPSDGLIKAIRDTVE--NSGDLLIDHYIGYCGDDTHIVMTHRHGVDNEKIHK-LAWDAFMAG  
uncultured marine crenarchaeot  -------------------MKITVSVIKADVGGIGGHTLPSDGLLNAIRKTVK--DAGDLLIDHYIGYCGDDSHIVMTHTKGIDNKEIHQ-LAWNAFMAG  
uncultured marine crenarchaeot  -------------------MRITISVIKADVGGIGGHTLPSEGLLNAIRKTVK--DAGDLLIDHYIGYCGDDSHIVMTHTKGIDNKEIHQ-LAWNAFMAG  
uncultured marine crenarchaeot  -------------------MRITVSVIKADVGGIGGHTLPSDGLLNAIRKTVK--DAGDLLIDHYIGYCGDDSHIVMTHTKGIDNKEIHQ-LAWNAFMAG  
Consensus                       -------------         T S IKAD G   GH                         D      GDD      H  G      H - AW        
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Aciduliprofundum boonei 1       TA-VAKELKLYGAGQDLLKDAFSGNIRGMGPGIAEMEITER------KSEPIVAFMMDKTEPGAFNLPIYRIFADPFNTAGLVIDPSMHDGFKFEVWDIM  
Aciduliprofundum boonei 2       TA-VAKELKLYGAGQDLLKDAFSGNIRGMGPGIAEMEITER------KSEPIVAFMMDKTEPGAFNLPIYRIFADPFNTAGLVIDPSMHDGFKFEVWDIM  
Aeropyrum pernix                TK-VAKDLGLYAAGQDLLSDAFSGNIRGLGPGVAEMEFVER------PSEPIVVFMADKTEPGAFNLPLYKIFADPFNTAGLVIDPRLHDGFIFEVLDVF  
Aquifex aeolicus                TE-VAKKLKLYGAGQDLLTDTFSGNVKGMGPGVAEMEFEER------PSEPVIVFFADKTSPSAWNLPLYEMFADPMNTAGLVIDPKMHDGFTFEVLDVY  
Archaeoglobus fulgidus          AG-IAKELKLYGAGQDLLKDAFSGNVRGLGPGVAEMEFTER------KAEPVIAFMMDKTEPGAFNMPIFRMFADPFNTAGLVIDPTMHQGFVFEIWDIK  
Bradyrhizobium japonicum        TS-VAKTSGLYGAGQDLLADAPSGNIRGAGPGVAELSFDHS-LSGARPAESFMVFAADKCGPGAYNLPLYLAFADPMYCAGLMLPPMIK-GFRFHVIDMD  
Caldivirga maquilingensis       TENYAKKFKLYGAGQDLLKDSFSGNVRGLGPQVAEMEFEER------PSEPLIIFAADKTEPGAYNLPMYKIFADPFNTAGLVIDPQMHGGFRFEIIDVY  
Candidatus Desulforudis audaxv  TE-VAKKLKLYGAGQDLLGDAFSGNIKGLGPGVAEIEVVER------KSEPVIVLMADKTEPGAWNLPLYRIFADPFNTIGLVIDPNMHGGFNFEVRDLI  
Candidatus Korarchaeum cryptof  AD-AAKELGLYGAGQDLLKDAFSGNLRGMGPGVAEMEFEER------PSDPIVVFMADKTEPGAFNLPIFKIFADPFNTAGLVIDPKLHSGFIFEIMDVI  
Candidatus Methanoregula boone  TK-VAKRFKLHGAGQDLLAEAFTGDIRELGPGVAEMEFEER------ESDPVLIFMADKTGPGAWNFYLYKIFADPFNTPGLVLDPALSGGFVFEVHDTV  
Carboxydibrachium pacificum     TE-RARELKLYGAGQDLLKDSFSGNIKGMGPGVAEMEFEER------KSEPVVIFIADKTEPGAWNLPLYKMFADPFNTAGLIIDPSMHQGFKFEVYDMY  
Carboxydothermus hydrogenoform  TE-VAKKLKLYGAGQDLLADAFSGNVKGLGPGIAEMEFFER------TSEPIIVFAADKTEPGAWNLPLYKMFADPFNTIGLVIDPKMHEGFKFEVLDLL  
Cenarchaeum symbiosum           TR-VAKEEGLYGAGQDLLRDSFSGNVKGMGPGVAELEFEER------ANEAFTVFAADKTEPGAFNYPFYRMFVDSLSNTGLIVNKSLAEGVVINIMDVS  
Coxiella burnetii               TE-VAKEQGNYGAGQDLLVDAPSGNVRGAGPGVAEIEFTLNPKSNYRPAESFMIFAGDKCAPGAFNLPLYLVFCDPMHNGGILLNPKIHLGWVFTVIDMD  
Dehalococcoides ethenogenes     TE-VAKELKLYGAGQDLLCDAFSGNVKGMGPGVAEMELEER------PSEPIIIFMADKTSSGAWNLPLYKMFADPFNTIGLVIAENMHDGFSFEVHDVK  
Dehalococcoides sp.             TE-VAKELKLYGAGQDLLCDAFSGNVKGMGPGVAEMEIDER------PSEPIIIFMADKTSSGAWNLPLYKMFADPFNTIGLVIAENMHDGFSFEVHDVK  
Desulfurococcus kamchatkensis   TK-VARELKLYAAGQDLLSEAFSGNVKGLGPGVAELEMEER------EAEPVITFHADKTEPGAFNLPLFRVFADPFNTAGLVIDPKMHDGFVFEVYDVF  
Hydrogenivirga sp.              TE-VAKKLKLYGAGQDLLTDAFSGNIKGLGPGVAEMEFEER------PSEPVIVFFADKTSPSAWNLPLYEMFSDPMNTAGLVIDPKMHDGYTFEVLDVY  
Hydrogenobaculum sp.            TE-VAKKLKLYGAGQDLLTDAFSGNIKGLGPGVAEMEFEER------PSEPVIVYFADKTSPSAWNLALYEMFASPMNTAGLVIDPKMHEGFTFTVLDVY  
Hyperthermus butylicus          AE-VAKELGLYAAGQDLLSDAFSGNVRGLGPGVAEMEFVER------PSEPIVVFMADKTEPGAFNLPLYRIFADPFNTAGLVIDPRMHDGFKFEVLDVL  
Ignicoccus hospitalis           AE-VAKELGLYAAGQDLLSDAFSGNVRGLGPAAAEMEIEER------PSEPIVIFAADKTEPGAFNLPLYKIFADPFNTAGLVIDPRLHDGFVFEVVDVF  
Metallosphaera sedula           TK-VSKELGLYAAGQDLLSDSFSGNLKGMGPGIAELDIEER------PSEPIAIFMADKTEPGAFNLPLYKMFADPFNTAGLVIDPTMNEGFKFEVLDVY  
Methanobrevibacter smithii      TE-RARELKLYGAGQDLLSDTFSGNIKGMGPGVAEMEFKER------PSDPVLVYCCDKTEPGAFNLPIFKMFADPFNTAGLVIDPSLHDGFKFEVFDVI  
Methanocaldococcus jannaschii   TK-VAKELKLYGAGQDLLADSFSGNVRGMGPGCAEMEFVER------KSEPIVVFCCDKTDPTAFNYPLFKMFADPFNTAGLVFDPSMISGFKFEVHDVV  
Methanococcus aeolicus          TE-VAKELKLYGAGQDLLSEGFTGNVKGMGPGCAEMEFVER------PSEPVIVFCSDKTDPAAFNLPFYRMFADPFNTPGLVYDKKMQTGFDFDVLDIY  
Methanococcus maripaludis       TE-VAKELKLYGAGQDLLSNSFSGNVKGLGPGCAEMEFVER------PSEPVVVFCCDKTDPAAFNLPFYKMFADPFSTAGLVYDPSMTSGFRYEILDVF  
Methanococcus vannielii         TS-VAKELKLYGAGQDLLSNSFSGNIKGLGPGCAEMEFVER------PSEPVIVFCCDKTDPAAFNLPFYKMFSDPFSTAGLVYDPSMASGFRYEVLDVM  
Methanococcus voltae            TD-VAKELKLYGAGQDLLSDSFSGNVKGLGPGCAEMEFVER------RSEPLVVFCCDKTDPAAFNLPFYKMFSSPFNTPGLVFDPSMTEGFKYEVMDII  
Methanoculleus marisnigri       AG-LAKEMKLYGAGQDLLGDAFSGNVKGMGPGVAEMEFEER------GSDPILVFMADKTEPGAWNYFLYKIFADPFSTSGLVIDPSLHDGFTFEVHDVI  
Methanopyrus kandleri           TK-VAEDLKLYGAGQDLLSDAFSGNVRGLGPGAAEMELVER------PSEPIIVFCCDKTEPSAFNLPLFRIFADPNNTAGLVLDPSMHDGFEFEVHDVI  
Methanosaeta thermophila        TA-EAKSLKLYGAGQDLLCDAFSGNIRGMGPGVAEMQFTER------DAEPLVAFMMDKTEPGAFNLPIFRMFADPFNTAGLVIDPSLHNGFIFEIWDIL  
Methanosphaera stadtmanae       AE-VAKGLKLYGAGQDLLSDTFSGNIKGMGPGSAEMEFKER------GSDPVFAYCCDKTEPGAFNLPLFRMFADPFNTAGLVIDPSLHGGFDFEVYDVI  
Methanothermobacter thermautot  TD-VARGLKLYGAGQDLLSDTFSGNIKGMGPGCAEMEFKER------PSDPVIIFCCDKTEPGAFNLPLFRMFADPFNTAGLVIDPSLHNGYEFEVFDVV  
Moorella thermoacetica          TE-VARELKLYGAGQDLLSDAFSGNVKGMGPGVAEMEFEER------KSEPIIVFAADKTEPGAWNLPLYKMFADPFNTIGLVIDPKMHQGFRFEVYDLI  
Natranaerobius thermophilus     TA-TAKKQRLYGAGQDLLSDSFSGNIKGLGPAVAEMEIEER------ENEPFLVFTADKTDPGAYNLPLYLSFCDPMHNPGLLLSPKIGDGFTFTVMDVS  
Nitrococcus mobilis             TE-VARAQGLYGAGQDLVQEAFSANVRGMGPAVAEMEIDER------PNEPFLFFAADKTDPGAYNLPLYLAFADPMNTPGLILSQKLAQGFRFVIMDVT  
Nitrosopumilus maritimus        TQ-VAKEEGLYGAGQDLLKDSFSGNVKGMGPGVAEMEFEER------PNEAFTVFAADKTEPGAFNYPIYRMFVDALSNTGLIVNKNLADGVKINIMDVE  
Pelotomaculum thermopropionicu  TK-IAKKMKLYGAGQDLLADAFSGNIKGLGPGLAEMEFEER------NSEPIIVFMADKTEPGAWNLPLYKMFADPFNTIGLVIDPKMHKGFLFEVHDLI  
Petrotoga mobilis               TK-IAKELKLHGAGQDLLSDAFSGNIKGMGPGIAEMEFTER------GSETLVAFMMDKTEPGSFNFPIYKIFADPFNTAGLIIDPLLIDGFIFEVWNIK  
Picrophilus torridus            TE-VAKKYGLYGAGQDLLKDAFSGNVKGMGPGVAEMEITPR------KSEPFIVYMMDKTEPGSFNYPIYKMFGDPFNTPGLVIDPNMHAGFKFEVWDII  
Pyrobaculum aerophilum          TEQVAKKYKLYGAGQDLLKDAFSGNVRGMGPQVAEMEFDER------PSEPLVVFAADKTEPGAFNLPLYKMFADPFNTAGLVIDPSMHEGFIFEVLDVV  
Pyrobaculum arsenaticum         TEQIAKKFKLYGAGQDLLKDAFSGNVRGMGPQVAEMEFEER------PSDPLIVFAADKTEPGAFNLPLYKMFADPFNTAGLVIDPSMHEGFIFEVLDVV  
Pyrobaculum calidifontis        TEQVAKKYKLYGAGQDLLKDAFSGNIRGLGPQVAEMEFDER------PSEPLIAFAADKTEPGAFNLPLYKMFADPFNTAGLVIDPSMHEGFLFEVLDVV  
Pyrobaculum islandicum          TEQVAKRYKLYGAGQDLLKEAFSGNIRGLGPQVAEMEIEER------PSEPIVVFAADKTEPGAFNLPLYKMFADPFTTAGLVIDPSMHEGFIFEVLDVI  
Pyrococcus abyssi               TE-VAKELALYGAGQDLLKDAFSGNVRGLGPSVAEMEITLR------KSEPIVTFHLDKTEPGAFNLPIFRMFADPFNTAGLVIDPKMHMGFRFEIWDIL  
Pyrococcus furiosus             TE-VAKELGLYGAGQDLLKDAFSGNVRGLGPSVAEMEITLR------KSEPIVTFHLDKTEPGAFNLPIFRMFADPFNTAGLVIDPKMHMGFRFEIWDIL  
Pyrococcus horikoshii           TE-VAKELGLYGAGQDLLKDAFSGNVRGLGPSVAEMEITLR------KSEPIVTFHLDKTEPGAFNLPIFRMFADPFNTAGLVIDPKMHMGFRFEIWDIL  
Roseiflexus castenholzii        TR-VAKELKLYGAGQDLLKDAFSGNVRGMGPGIAEMTIVER------LSEPIIVFFADKTSAGAWNLPLFRMFADPFNTAGLVISPAMHEGFRFRVLDVR  
Roseiflexus sp.                 TR-VAKELKLYGAGQDLLKDAFSGNVRGMGPGIAEMTIVER------PSEPIIVFFADKTSAGAWNLPLFRMFADPFNTAGLVISPAMHDGFRFRVLDVR  
Saccharopolyspora erythraea     TG-IAKRLGLYGAGQDLLSDAFSGNLRGMGPGYAELEFTER------PSEPVVCFLADKTEPGAWNLPLYKIFADPFNTAGLVIDAKMHAGFRFEVYDLF  
Staphylothermus marinus         AK-VAKELKLYAAGQDLLSDAFSGNVRGLGPGVAEIEMVER------KAETVITFHADKTEPGAFNLPIFRIFADPFNTAGLVIDPRMHEGFIFEVYDVF  
Sulfolobus acidocaldarius       AK-VAKELGLYAAGQDLLSDSFSGNVRGLGPGVAEIEVEER------PSEPIAIFMADKTEPGAFNLPLYKMFADPFNTPGLVIDPTMHNGFKFEVLDVY  
Sulfolobus islandicus           AK-VAKDLGLYAAGQDLLSDSFSGNLRGMGPGIAEMEFEER------PAEPVVIFMADKTEPGAYNLPLYKIFADPFNTAGLVIDPTMHEGYKFEVLDVY  
Sulfolobus solfataricus         AK-IAKDLGLYAAGQDLLSDSFSGNLRGMGPGIAEIEFEER------PAEPVVIFMADKTEPGAYNLPLYKIFADPFNTAGLVIDPTMHEGYKFEVLDVY  
Sulfolobus tokodaii             AK-VAKDLGLYAAGQDLLSDSFSGNVRGLGPGVAEMEIEER------ASEPIAIFMADKTEPGAYNLPLYKMFADPFNTPGLVIDPTMHGGFKFEVLDVY  
Syntrophus aciditrophicus       TK-VAKEQGLYGAGQDLLKDSFSGNVRGMGPAVAEMEFEER------PNEPFLFFAADKTDPGAYNLPLYLAFTDPMYNSGLILSPTMNKGFRFVIMDVE  
Thermoanaerobacter pseudethano  GE-KAKELKLYGAGQDLLKDSFSGNIKGLGPGVAEMEIEER------KSEPVIIFMADKTEPGAWNLPLYKMFADPFNTVGLAIDPNMHQGFKFEVYDMI  
Thermoanaerobacter tengcongens  TE-RARELKLYGAGQDLLKDSFSGNIKGMGPGVAEMEFEER------KSEPVVIFIADKTEPGAWNLPLYKMFADPFNTAGLIIDPSMHQGFKFEVYDMY  
Thermococcus barophilus         TK-TAKELGLYGAGQDLLKDAFSGNIRGMGPGAAEMEITIR------KSEPIVTFHMDKTEPGAFNLPIFRMFADPFNTAGLVIDPNMHMGFRFEIWDIR  
Thermococcus gammatolerans      TK-VAKELGLYGAGQDLLKDAFSGNVRGMGPGVAEMEITLR------KSEPVVTFHMDKTEPGAFNLPIFRMFADPFNTAGLVIDPKMHMGFRFEVWDIL  
Thermococcus kodakarensis       TK-VAKELGLYGAGQDLLKDAFSGNVRGMGPGVAEMEITLR------KSEPVVTFHMDKTEPGAFNLPIFRMFADPFNTAGLIIDPKMHMGFRFEVWDIL  
Thermococcus onnurineus         TE-IAKEFGLYGAGQDLLKDAFSGNIRGMGPGIAEMEITLR------KSEPIVTFHMDKTEPGAFNLPIFRMFADPFNTAGLVIDPNMHMGFRFEVWDIK  
Thermococcus sp.                TK-VAKELGLYGAGQDLLKDAFSGNVRGMGPGVAEMEITLR------KSEPIVTFHMDKTEPGAFNLPIFRMFADPFNTAGLVIDPKMHMGFRFEVWDIL  
Thermofilum pendens             TEKVSKPLKLYGAGQDLLKDTFSGNIKGMGPGCAEMEFEER------RSEPILVFSADKTEPGAWNYKLYRIFADPFNTAGLIIDPAMHSGFIFEVVDVY  
Thermoplasma acidophilum        TE-VAKKLGLYGAGQDLLKDSFSGNLKGMGPGVAEMEINER------PSEPFIVYMMDKTEPGAFNLPIYKMFADPFNTPGLVIDEAMHSGFRFEVWDVI  
Thermoplasma volcanium 1        TE-VAKKLGLYGAGQDLLKDSFSGNLKGMGPGVAEMEITER------PSEPFIVYMMDKTEPGAFNLPIYKMFADPFNTPGLVIDETMHEGFRFEIWDVI  
Thermoplasma volcanium 2        TE-VAKKLGLYGAGQDLLKDSFSGNLKGMGPGVAEMEITER------PSEPFIVYMMDKTEPGAFNLPIYKMFADPFNTPGLVIDETMHEGFRFEIWDVI  
Thermoproteus neutrophilus      TDQIAKRFKLYGAGQDLLKDAFSGNIRGMGPQVAEMEFEER------PSEPIIAFAADKTEPGAFNLPLYKMFADPFTTAGLVIDPSMHEGFIFEVLDVV  
Thermoproteus tenax             TEKIAKKFKLYGAGQDLLKDTFSGNIRGMGPQVAEMEIEER------PSEPVITFAADKTEPGAFNLPMYKMFADPFNTAGLVIDPAMHEGFLYEVLDVY  
Thermus aquaticus               TE-VAKREGLYGAGQDLLKDAFTGNLHGLGPQVAEMEFAER------PSEPFMVLAADKTEPGAFNLPLYLAFADPMYSSGLLLSPELRPGFRFRIMDLA  
Thermus thermophilus            TE-VAKAEGLYGAGQDLLKDAFTGNLHGLGPQVAEMEFTER------PAEPFMVLAADKTEPGAFNLPLYLAFADPMYSSGLLLSPELRPGFRFRIMDLA  
uncultured crenarchaeote        TQ-VAKDEGLYGAGQDLLKDSFSGNVKGMGPGVAELEFEER------PNEAFTVFAADKTEPGAFNYPIYRMFVDSLSNTALIVNQSLASGVVMNIMDVE  
uncultured marine crenarchaeot  TK-VAKEEGLYGAGQDLLKDSFSGNIKGMGPGVAEMEFDER------PNEVFTVFAADKTEPGAFNYPIYKLFVDALSNTGLIVNKSLAKGVNINIMDVE  
uncultured marine crenarchaeot  TK-VAKEEGLYGAGQDLLKDSFSGNIKGMGPGVAEMEFDER------PNEVFTVFAADKTEPGAFNYPIYKLFVDALSNTGLIVNKSLAKGVNINIMDVE  
uncultured marine crenarchaeot  TK-VAKEEGLYGAGQDLLKDSFSGNIKGMGPGVAEMEFDER------PNEVFTVFAADKTEPGAFNYPIYKLFVDALSNTGLIVNKSLAKGVNINIMDVE  
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Aciduliprofundum boonei 1       EHKK-----VIMHSPKEMYDLLALIGAKSRYVIKRVYATESNPKVKGEVVAVVSTEKLYQIAGEYIGKDDPVALVRAQSGCPALGEVLEPFAFP-HLVSG  
Aciduliprofundum boonei 2       EHKK-----VIMHSPKEMYDLLALIGAKSRYVIKRVYATESNPKVKGEVVAVVSTEKLYQIAGEYIGKDDPVALVRAQSGCPALGEVLEPFAFP-HLVSG  
Aeropyrum pernix                EGKA-----VELRAPEEIYDLLALIGTPSRYVVKRVYRKS-----DREIAAVVSSERLSLIAGRYVGKDDPVMIVRAQSGFPAVGEVLEPFAFP-HLVAG  
Aquifex aeolicus                TGKA-----VKLNTPAEVYDLLALIGSVGKYVVKNVYRNYD-----GEIAATASTQRLSLIAGQYVGKDDPVLIVRAQSGFPAVGEILEPFARP-WIVEG  
Archaeoglobus fulgidus          ESKR-----VFMRTPEEMYDILALIGGKSRFVIKRVYPKEGGKLPADEPVAVISTEKLYEVAGEYVGKDDPVALVRAQSGLPAVGEVLEPFAFP-HLVSG  
Bradyrhizobium japonicum        NTAG--DSLLELDAPDDSYHIAALLRDNERFGIDRIISRTHG-----EVVVAVSAQRLHAIAGKYTGKDDPVAIVRNQGIFPAPEEIISPFAKA-HFVGG  
Caldivirga maquilingensis       EGKV-----YLLDAPEHIYTILGLIGTPGRYIIRRVYRRS-----DLTQAAVVSVERLNLIAGRYVGKDDPVAIVRAQHGLPAVGEVLEAFALP-HLVEG  
Candidatus Desulforudis audaxv  AHKK-----IIFSAPEDIYDMLVFIGAPGRYAIKRVFHKAN-----GQIAASSSTQRLNLMAGRYVGKDDPVCIIRCQSGFPAVGEVLEAFARP-HLVSG  
Candidatus Korarchaeum cryptof  ESKV-----VELSSPEDMYDILSIIGTPSRYVIKRVFRKV-----DREIAASISTTRLSLIAGKYVGKDDPVAIVRAQAGFPALGEILEPFSFP-FLVAG  
Candidatus Methanoregula boone  AKRM-----ITFSCPEESYSLLAYIGSSSRYVIKYVFKRD------GTIVASTSTQRLNLTAGKYVGKDDPVMIVRAESGFPSMGEVLEPFTVP-VLVAG  
Carboxydibrachium pacificum     EGKK-----IVFNTPEELYDMLVFIGATGRYCIRKVYTKN------NEIAAVSSTQRMNLMAGKYIGKDDPVLIVRCQNGLPAVGEVLEAFANP-HLVFG  
Carboxydothermus hydrogenoform  ENKK-----IIFNTPEDLYDLLVFIGAPGRYCVKSVYTKA------GEIAATSSTQRLNLMAGRYIGKDDPVLIVRCQSGLPAVGEALEPFARP-HLVSG  
Cenarchaeum symbiosum           --KA---RTARLVLWEDKPTIEAALMYPGRFVVSSVET-RDG-----EPIASASTDRLHNIAGTYVGKDDPICLVRTQKRFPATEEAGSCFNNP-HYVAG  
Coxiella burnetii               YKGEDEDRIIQLSVPERSWDVAALLQNPDRYAVESIRSRYKPE----EQVVSVSATRLHNIAGKYTGKDDPIAIIRSQGIFPAPEEIIEPYSTINQIISG  
Dehalococcoides ethenogenes     ESKG-----ISFNTPEEIYDMLVFIGAHSRFAIKSVSTR-K-----GEIAAVSSTQKLAFLADRYVGKDDPVCIVRAQGSFPAVGEILEPFAQP-YLVEG  
Dehalococcoides sp.             ESKG-----ITFNTPEEIYDLLVFIGAPSRFAIKSVSTR-K-----GEIAAVSSTQKLALLAGRYVGKDDPVCIVRAQGAFPAVGEILEPFTQP-YLVEG  
Desulfurococcus kamchatkensis   EGRS-----VLLKSPEEMYDILALIGTPGRYIVRRVYRKS-----DNLLAAVVSVERLNLIAGRYVGKDDPVAIVRAQHGLPAVGEVLEAFSFP-HLVAG  
Hydrogenivirga sp.              TGKA-----VRLSTPAELYDLLALIGSVGKYVVKNVYRDYD-----GEIAATASTQRLSLMAGQYVGKDDPVMIVRSQSGFPAVGEILEPFARP-WIVEG  
Hydrogenobaculum sp.            TGKA-----VKLNTPSELYDLLALISSASKYVVKEVHRNID-----GEIAAVASIQKLSLIAGQYVGKDDPVMIVRTQSGFPAVGEALEPFARP-WIVEG  
Hyperthermus butylicus          EGKY-----VVLNAPEELYDLLALIGTPSRYVIKRIYRKR-----DNEIAAVVSVERLNLIAGRYVGKDDPVAIVRAQSGFPAVGEILEPFSFP-HLVAG  
Ignicoccus hospitalis           EDKG-----VHLNTPEELYDLLALIGTPSRYVIRRVFRK------DGKIAAVVSVERLNLIAGKYVGKDDPVMIVRAQSGFPAVGEVLEPFTFP-HLVAG  
Metallosphaera sedula           EGQS-----VVLNSPEEMYSLLGLIGTPARYVIRRVYRKA-----DNMIGSVTSIERLNLIAGKYVGKDDPVLIVRLQHGFPALGEALEAFSFP-YLVPG  
Methanobrevibacter smithii      EHRK-----VILNCPEEMYDLLALIGSTGRYVIKRVWKK-NGE-----IAAAISTERLNLMAGEYVGKDDPAAIVRAQSGFPANGECVEPFAFP-HMVSG  
Methanocaldococcus jannaschii   GHKK-----VFLDTPEEMYMLLALIGDYEKYAIKRVYRRRDNE-----IAAVVSTEKLNYIAGEYVGKDDPVAIVRAQSGFPAVGEVLEPFANP-HFVPG  
Methanococcus aeolicus          QNKK-----ILLNTPKETYQLLALIGNLETYSVKSVYRARDGE-----IAATCSADKLSKVGGKYVGKDDPVAIVRPQSGMPSVGEILEAFAKP-HMVPG  
Methanococcus maripaludis       AHKR-----VFLDAPEELYSLLALIGNTEKYAVKRVYRRKDNE-----IAAVCSSEKLNMIAGEYVGKDDPVAIVRAQSGFPAVGEVLEGFANP-HLVAG  
Methanococcus vannielii         EHKR-----VFMDTPEETYSLLALIGNTEKYAIKRVYRRKDNE-----ITAVCSSEKLNMIAGEYVGKDDPVAIVRAQSGFPAVGEILEPFANP-HLVAG  
Methanococcus voltae            DHKR-----VLMSTPVETYSLLALIGNLERYAIKRVYRGRDNE-----IAAVASSEKLNMMAGEYVGKDDPVAIVRAQSGFPAVGEILEAFANP-HLVSG  
Methanoculleus marisnigri       KKRK-----ILFNTPEESYSLLAYIGAPSRYVIKYVWKRN------GLIGASTSTQRLNLMAGRYVGKDDPVMIVRAQSGFPAVGEVIDPFRTP-ILVAG  
Methanopyrus kandleri           DQKK-----VILKCPEEMYDLLALIGQTQRYAIKRVYKKGDGDE-AERIAAVTSTERLNLIAGEYVGKDDPVAIVRCQSGFPAVGEVLEPFTFP-HLVAG  
Methanosaeta thermophila        DHKK-----VFMSCPEEMYNILALIGAKSRYVIKRVYPKPGGKLPSEEPVAVVSTEKLYQTAGTYVGKDDPVALVRAQSGLPALGEVLEPFALG-HLVSG  
Methanosphaera stadtmanae       ENRK-----VVMSCPDEMYDLLALIGSTGRYVIKRIFRRSDNE-----IAAAVSTDKLNLMAGKYIGKDDPVAIVRSQSGFPAGGETSEPFAFP-HLVSG  
Methanothermobacter thermautot  EHKK-----VTMACPDEMYDLLALLGSISRYVIKRIHRRDDGE-----IAASVSTERLNLMAGKYIGKDDPVAIVRAQSGFPAAGEVVEPFAFP-HLVGG  
Moorella thermoacetica          KNER-----VEFSLPEELYDLLVFIGAPGRYCIKSVYSKTT-----GEIAAVSSTQRLNLMAGRYVGKDDPVCIVRCQSGLPAVGEALEPFANP-HLVAG  
Natranaerobius thermophilus     HTEQ--DRIIQLNTPEDIYNLAALLRDNERFVVESIHSRKSQ-----EQAAAASTTRLHHIAGKYVGKDDPVLLVRVQSHFPAVGEILSPYSIG-HYVAG  
Nitrococcus mobilis             HTAC--DRVIELVAPEELYDIAALLRDPQRYVVESVWSRTSG-----EQAAVVSTSRLRDIAGKHTGKDDPVLLIRTQMHFPSTGELLAPFQVG-HFVAG  
Nitrosopumilus maritimus        --KA---QIAELQLWEDKPTIEAALMYPGRYVVDSVTT-KDG-----EPILAASTDRLHNIAGTYVGKDDPICVVRTQKKFPATEEVGSVFNNP-HFVAG  
Pelotomaculum thermopropionicu  ENKK-----ITFSCPEELYDMLVFIGAPGRYCIKSVYHKET-----GEIAATSSTQRLNLMAGRYVGKDDPVLIVRCQSGFPAVGEALEPFANP-HLVSG  
Petrotoga mobilis               ERKR-----IFLKCPEDLYLLLSLIGAKSKYVIKRVFPKDSSPLPKDEPAVVVSTEKLFFIAEKYVGKDDPVALVRAQSGLPALGEVLEPFSVP-YLVSG  
Picrophilus torridus            EGKR-----IMLSLPEQTYDLLALIGSKGRYVIKRVYTKEEHTKLPAENVAVISTDKLSFIAGEYVGKDDPAAVVRIQSGLPAAGEALEPFANS-YLVSG  
Pyrobaculum aerophilum          EHKV-----YLLKTPEESYYLLGLIGTTGRYIIRKVFRRA-----DGAPAAANSVERLSLIAGRYVGKDDPVMMVRAQSGLPAVGEILEAFSHP-HLVHG  
Pyrobaculum arsenaticum         EHKV-----YLLKTPEEAYSLLGLIGTTGRYIIRKVFRKA-----DGAPAAANSVERLSLIAGRYVGKDDPVMMVRAQSGLPAVGEILEAFAHP-HLVHG  
Pyrobaculum calidifontis        EHKV-----YLLKTPEDAYSLLGLIGTTGRYIVRKVFRRA-----DGAPAAANSVERLSLIAGRYVGKDDPVMMVRAQSGLPAVGEILEAFAHP-HLVHG  
Pyrobaculum islandicum          EHKV-----YLLKTPEDSYSLLGLIGTTGRYIIRKVFRRS-----DGIPAAANSVERLSLIAGRYVGKDDPVMIVRAQSGLPAIGEILEAFAHP-HLVHG  
Pyrococcus abyssi               EHKK-----VIMNSPEEMYDILALIGAKGRYVIKRVYPKEGHPIPKDEPVAVVSTEKLYEVAGEYVGKDDPVAIVRAQSGLPALGEVLEPFAFP-HLVSG  
Pyrococcus furiosus             EHKR-----VIMNSPEEMYDILALIGAKSRYVIKRVYPKEGHPIPKDEPVAVVSTEKLYEVAGEYVGKDDPVAIVRAQSGLPALGEVLEPFAFP-HLVSG  
Pyrococcus horikoshii           EHKK-----VIMSSPEEMYDILALIGAKSRYVIKRVYPKEGHPVPKDEPVAVVSTEKLYEVAGEYVGKDDPVAIVRAQSGLPALGEVLEPFAFP-HLVSG  
Roseiflexus castenholzii        KGET-----ITLSTPEEMYDLLVFIGAPGRYVVESITAKST-----GVIGAVSSTQRLALIAGRYVGKDDPVCIVRAQGEFPAVGEVLEPFTMP-HIVEG  
Roseiflexus sp.                 KGTT-----ITLSTPEEMYDLLVFIGAPGRYVVERVTAKST-----GAIGAVSSTQRLALIAGRYVGKDDPVCIVRAQGEFPAVGEVLEPFTMP-HIVEG  
Saccharopolyspora erythraea     EEKR-----IWFDCPSELYEMLMFIGAPARYVIHSVESKTL-----DEQAVATSTQRLSLIAGKYVGKDDPVMIVRCQSGLPALGEVLEPFAFA-YTAGG  
Staphylothermus marinus         EGKS-----VKLSAPEEMYDILALIGTPSRYVVRRVYRKS-----DNLQAAVVSVERLNLIAGKYVGKDDPVAIVRAQHGLPAVGEVLEAFSFP-HLVAG  
Sulfolobus acidocaldarius       QGEA-----VVLNAPQELYDLLALIGTPSRYVIRRIYRSE-----DNLLGAVVSIERLNLIAGKYVGKDDPVTIVRLQHGLPALGEALEAFTLP-HLVPG  
Sulfolobus islandicus           EGES-----IILNTPEETYDLLALIGTPSRYIVRRVYRKA-----DNLQASVVSVERLNLIAGKYVGKDDPVMVVRAQHGLPALGEILEAFTVP-YLVPG  
Sulfolobus solfataricus         EGES-----IMLNTPEESYDLLALIGTPSRYIVRRVYRKA-----DNLQASVVSVERLNLIAGKYVGKDDPVMVVRAQHGLPALGEILEAFTVP-YLVPG  
Sulfolobus tokodaii             QGEA-----VMLSAPQEIYDLLALIGTPARYVIRRVYRNE-----DNLLAAVVSIERLNLIAGKYVGKDDPVMIVRLQHGLPALGEALEAFAFP-HLVPG  
Syntrophus aciditrophicus       YTEG--DRVIELNAPEDIYDIAALLRDNERFVVEAIYSRSTG-----DIAVSVSTTRLHNIAGKYTGKDDPVMLVRVQGTFPATGEVLAPFNIG-HFVAG  
Thermoanaerobacter pseudethano  GHKK-----IIFETPEDIYDMLVFIGATGRYCIRRVYTKN------NEIAAVSSTQRMNFMAGKYIGKDDPVLIVRCQNGLPAVGEALEPFANP-YLVAG  
Thermoanaerobacter tengcongens  EGKK-----IVFNTPEELYDMLVFIGATGRYCIRKVYTKN------NEIAAVSSTQRMNLMAGKYIGKDDPVLIVRCQNGLPAVGEVLEAFANP-HLVFG  
Thermococcus barophilus         EHKR-----VIMNSPEEMYDILALIGAKSRYVIKRVFPKEGHKLPKDEPVAVVSTEKLYEIAGEYVGKDDPVAIVRAQSGLPALGEVLEPFAFP-HLVSG  
Thermococcus gammatolerans      KHKR-----VILNTPEEVYDLLALIGAKSRYVIKRVYPKEGHPIPKDEPVAVVSTEKLYEIAGEYVGKDDPVAIVRAQSGLPALGEVLEPFAFP-HLVSG  
Thermococcus kodakarensis       EHKR-----VILNTPEELYDLLALIGAKSRYVIKRVYPKPGHPIPENEPVAVVSTEKLYEVAGEYVGKDDPVAIVRAQSGLPALGEVLEPFAFP-HLVSG  
Thermococcus onnurineus         EHKR-----VILNTPEEIYDLLALIGAKSRYVIKRVYPKEGHKISKDEPVAVISTEKLYEIAGEYVGKDDPVAIVRAQSGLPALGEVLEPFAFP-HLVSG  
Thermococcus sp.                KHKR-----VILNTPEEVYDLLALIGAKSRYVIKRVYPKEGHPIPKDEPVAVVSTEKLYEIAGEYVGKDDPVAIVRAQSGLPALGEVLEPFAFP-HLVSG  
Thermofilum pendens             EHKS-----VKLSTPEESYDLLALIGTPGRYVVKRVYRKS-----DGEIAAVSSATRLSLIAGRYVGKDDPVLIIRAQHGFPATGEVLEAFAFP-HLVAG  
Thermoplasma acidophilum        EHKA-----IFLDAPEYLYDLLALIGSKERYVIKRVYTKKENKKLPEENVAVISTDKLSLIAGKYVGKDDPAAVVRIQSGLPAAGESLEAFAFP-YLVSG  
Thermoplasma volcanium 1        EHKA-----IMLEAPSDLYDILAMIGSKSRYVIKRVYTKPAHKKLPDENVAVISTDKLSLIAGKYVGKDDPAAVVRLQSGLPAAGESLEAFAFP-YFVSG  
Thermoplasma volcanium 2        EHKA-----IMLEAPSDLYDILAMIGSKSRYVIKRVYTKPAHKKLPDENVAVISTDKLSLIAGKYVGKDDPAAVVRLQSGLPAAGESLEAFAFP-YFVSG  
Thermoproteus neutrophilus      EHKV-----YLLKTPEDAYSLLGLIGTTGRYIIRKVFRRA-----DGAPAAANSVERLSLIAGRYVGKDDPVLLVRAQSGLPAVGEVLEAFAHP-HLVHG  
Thermoproteus tenax             EHKV-----YLLKAPEDIYSLLGLIGTTGRYIVRRVYRRS-----DGAPAAAVSVERLNLIAGKYVGKDDPVAIVRAQHGMPAVGEVLEAFAYP-HLVHG  
Thermus aquaticus               QTER--DSYIELDAPERLYDIAALLRDSHRFAIASIWSRKYG-----EVAAVVSTTRLRNIAGRYVGKDDPVALVRTQKIFPATEEFGPPFALA-PFVAG  
Thermus thermophilus            QTER--DSYIELDAPERLYDIATLLRDSHRFAIESIWSRKHG-----EQAAVVSTTRLRNIAGRYVGKDDPVAIVRTQKIFPATEEFGPVFALA-PYVAG  
uncultured crenarchaeote        --KA---EIAELRLWEDKPTIEAALMYPGRYVVDSVYT-KEG-----EPILDASTDRLHNIAGTYVGKDDPIMLVRTQKNFPATEEVGSMFNNP-HFVAG  
uncultured marine crenarchaeot  --EG---KIANLSLWEDKPIIEAALMYPGRYVVDSVHT-KDG-----EPILDASTDRLHNIAGTYVGKDDPICLVRTQKNFPATEEAGSVFSNP-HYVAG  
uncultured marine crenarchaeot  --KG---KIANLSLWEDKPIIEAALMYPGRYVVDSVYT-KDG-----EPILDASTDRLHNIAGVYVGKDDPIFIVRTQKNFPATEEAGSVFSNP-HYVAG  
uncultured marine crenarchaeot  --EG---KIANLSLWEDKPIIEAALMYPGRYVVDSVYS-KDG-----EPILDASTDRLHNIAGMYVGKDDPICIIRTQKNFPATEEAGSVFNNP-HYVAG  
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Aciduliprofundum boonei 1       WMRGSHNGPLMPVSIKQ----------AHCTRFDGPPRVAALGFQVAN-GKLVGP-VDLFDDPAFDRARETAQYIADYMRRHGPFEPHRLPLEEMEYT-T  
Aciduliprofundum boonei 2       WMRGSHNGPLMPVSIKQ----------AHCTRFDGPPRVAALGFQVAN-GRLVGP-VDLFDDPAFDRARETAQYIADYMRRHGPFEPHRLPLEEMEYT-T  
Aeropyrum pernix                WMRGSHHGPLMPVGLKD----------SKVSRFDGPPRVIALGFQVKN-GELIGP-ADLFDDPAFDEARRQAQMIADYIRRHGPFMPHRLGPEEMEYT-T  
Aquifex aeolicus                WMRGSHNGPLMPVSFED----------ARPSRFDGPPRVIGAGYQLAN-GKLIGP-ADMFKDPAFDKARQVAQDMADILRRQGIFEPHRLPAEEMEYT-T  
Archaeoglobus fulgidus          WMRGSHNGPIMPVPFKY----------SKCTRFDGPPRCIAAGFQLAN-GKIIGP-VDMFDDPAFDYTRQKAMEIAEYMRRHGPFEPHRLPSEDMEYT-T  
Bradyrhizobium japonicum        DARGSHVMPLMPVPLNT-----------PVTGMYCLPIVSCVGFSIDREGRFAESYTDFFDNPAWDEVRRRAQRKAIEMRSQGWSGAAMLPYSELEYG-G  
Caldivirga maquilingensis       WMRGSHTGPLMPGKFVSIDPANKIAMGPKMTRFDGPPKVGALGFQLHE-GYLEGP-VDMFDDPAFDFSRQIAAFITDYIRRMGPIMPHRLPPEEMEYT-T  
Candidatus Desulforudis audaxv  WMRGSHSGPLMPVSVTN----------SCPTRFDGPPRVVALGFQLAQ-GKLIGP-QDMFDDPAFDRARALCNEIADYMRSLGPFEPHRLPLDEMEYT-T  
Candidatus Korarchaeum cryptof  WMRGSHAGPLMPVSERD----------ARPTRFDGPPRIVALGFQVKD-SKLIGP-SDLFSDVAFDETRRMANFIADYMRRHGPFMPHRLGPEEMEYT-T  
Candidatus Methanoregula boone  WMRGSHNGPLLPVGLCD----------ANCTRFDGPPRVVCFGFQVAN-GALVGP-ADIFDDPAFDRVRARCNELADTIRAQGPFEPHRLSAGEMEYT-T  
Carboxydibrachium pacificum     WMRGSHTGPMIPVSLED----------AVPTRFDGPPRVCALGFQLKE-GKLIGP-QDLFKDIAFDSARKKALEIADYMRTLGPFEPHRLPLQELEYT-T  
Carboxydothermus hydrogenoform  WMRGSHSGPLMPVSVAD----------ATPSRFDGPPRVIALGFQLAD-GKLIGP-QDFFADKAYDRAREMALMIADYMRSLGPFEPHRLHLEEMEYT-T  
Cenarchaeum symbiosum           NTRGSHHMPLMPVRLNS-----------PASINFCIPIVEALVFSMH-EGRLTGP-FDGFSTPDWDDVRRTATRRAHAMRRQGFVHPATLVPDELEYAEG  
Coxiella burnetii               DARGSHNMPQLPVPINT-----------PVTGPYCHPLISALGFSMNKQGKFAGRYVDFFAGSAWDYARYVSQRRAAEIRRQGFMGIAMAQEAEIAYT-G  
Dehalococcoides ethenogenes     WMRGSHNGPIMPVSIED----------STPTRFDGPPRVTALGFQLSN-GMLIGP-RDMFKDKSFDNARQKSLDMADMMRSHGPFEPHRLPLEEMEYT-T  
Dehalococcoides sp.             WMRGSHNGPIMPVSVED----------STPTRFDGPPRVTALGFQLSN-GMLIGP-RDMFKDKSFDNARQKSLDMADMMRSHGPFEPHRLPLEEMEYT-T  
Desulfurococcus kamchatkensis   WMRGSHHGPLMPVPMRY----------ARVTRFDGPPRVIALGWNISN-GKLIGP-ADLFDDVAFDETRRLAQFIAEYMRRHGPFMPHRLGPEEMEYT-T  
Hydrogenivirga sp.              WMRGSHNGPLMPVSFED----------ARPSRFDGPPRVIAAGYQLSS-GKLVGP-TDMFRDPAFDKARVRAQDMADILRRQGIFEPHRLPAEEMEYT-T  
Hydrogenobaculum sp.            WMRGSHNGPIMPVGFED----------ATPSRFDGPPRVIAAGFQIAN-GMLVGP-RDMFKDKAYDYARKVASDIANILRRQGIFEPHRLPSEEMEYT-T  
Hyperthermus butylicus          WMRGSHWGPLMPVSLRD----------AKCTRFDGPPRIVALGFQVTK-GKLIGP-VDLFDDPAFDEARRLAQQIADYMRRHGPFMPHRLGPEEMEYT-T  
Ignicoccus hospitalis           WMRGSHNGPLMPVPVRD----------ARPTRFDGPPRVIALGFQVKN-AKLVGP-SDLFDDPAFDEARRTANKVADYIRRHGPFMPHRLDPSEMEYT-T  
Metallosphaera sedula           WMRGSHYGPIMPVSQRD----------AKATRFDGPPRLIGLGFNVKN-GKLTGP-SDLFDDPAFDETRRMASVITDYMRRHGPFMPHRLEPTEMEYT-T  
Methanobrevibacter smithii      WMRGSHNGPMMPVSEQD----------ANPIRFDGPPRVIGLGFQVSD-AKLIGP-VDLFDDPAFDPTREESARIATYIRRHGPFEPHRLPAEEMEYT-S  
Methanocaldococcus jannaschii   WMRGSHWGPLMPVGEED----------ATPTRFDGPARIIALGFQVCD-GMLIGP-NDLFADKGFDKAREKALEMADIIRRMGPFQPHRLPATMMEYT-T  
Methanococcus aeolicus          WMRGCHWGPLMPVGEDD----------ANPTRFDGPPRIFALGFQLSK-GRLVGP-NDFFADVGFDSARKKALEMADMIREMGPFQPHRLSESMMEYS-S  
Methanococcus maripaludis       WMRGCHFGPIMPVAEED----------AMPARFDGPARVMALGFQLSH-GRLVGP-NDLFADKSFDKAREKALDMAEMMRSMGPFMPHRLPESMMEYT-S  
Methanococcus vannielii         WMRGCHFGPIMPVAEED----------ARPARFDGPARVMALGFQLSK-GRLVGP-NDLFADKSFDKAREKALDMAEMMRSMGPFMPHRLPETMMEYT-S  
Methanococcus voltae            WMRGCHWGPMMPVGEED----------AMPSRFDGPARIMALGFQLSK-GRLVGP-NDLFADVAFDKARDKALEMAEMMRSMGPFQPHRLPESMMEYT-S  
Methanoculleus marisnigri       WMRGSHHGPFMPVGVCD----------ANCTQFDGPPRVICLGFQVCN-GKLIGP-ADMFDDPAYNRVRDQCCELSSLLRAHGPFEPHRLSLEEMEYT-T  
Methanopyrus kandleri           WMRGSHNGPLMPVSEEE----------AHPTRFDGPPRIIALGFQLRN-GELVGP-QDLFADPAFDRAREIANEVADYIRRHGPFQPHLLSEEELEYT-T  
Methanosaeta thermophila        WMRGSHNGPLMPCAFED----------AHPTRFDGPPRVIAAGFQLCN-GLLIGP-VDLFADVAFDLTRMRVLEITDYMRAHGPFEPHRLPLEDMEYT-T  
Methanosphaera stadtmanae       WMRGSHNGPLMPVSQAD----------ARPVRFDGPPRVIGLGFQVSE-AKLIGP-VDMFADPAFDDARNTATKVANYMRRHGPFEPHRLPADEMEYT-S  
Methanothermobacter thermautot  WMRGSHNGPLMPVAQRD----------ATPVRFDGPPRVIALGFQVAD-CKLVGP-VDMFDDPSFDRSRQLASEVAEYMRRHGPFEPHRLPSDEMEYT-S  
Moorella thermoacetica          WMRGSHIGPLMPVGLDQ----------SAPTRFDGPPRVVAMGFQLSG-GRLVGP-QDFFGDVAFDKARQTANEIASYLRSLGPFEPHRLPLEDMEYT-T  
Natranaerobius thermophilus     FMRGSHHGPLMPVKKNT-----------TVSYFDGPPMVNALAFCVS-EGKLTEP-VDCFDQPFWDHIRDKVSRKSLDLREQGFSGPAMLPYSELEYG-G  
Nitrococcus mobilis             GLRGSHNMPLMPCPLNT-----------PVSYFDGPPTVTCAAFACH-EGRLTEP-VDAFAHPFWDSVRERTAAKAMEIRRQGFFGSAMLPMAQLEYT-G  
Nitrosopumilus maritimus        NTRGSHNMPLMPVKLNS-----------AATINFCIPIVEALVFSMH-NGKFTGP-FDGFSTPDWDLIRERATEKAMAIRSQGFIHPATLVPSELEYAEG  
Pelotomaculum thermopropionicu  WMRGSHSGPLMPVSVAQ----------SNPTRFDGPPRVVALGFQLSD-GKLHGP-QDFFADPSYDLARQKANEIASYMRSMGPFEPHRLHLEEMEYT-T  
Petrotoga mobilis               WMRGSHNGPLMPVSFKD----------AQCTRFDGPPRVIAAGFQISH-GNFIGP-IDLFDDPAFDLSRKKALELADYLRVQGPFEPHRLPPEEMEYT-T  
Picrophilus torridus            WMRGSFNGPLMPVGIKN----------SRMTRFDGPPRVAALGFVLKD-GRLAGP-VDMFDDIAFDYARTKALEMADYLRRMGVFEPHRLPDDDMEYT-A  
Pyrobaculum aerophilum          WMRGSHAGPLMPARFISVDPERRIAIGAKMTRFDGPPKVGALGFQLHD-GYLEGA-VDLFDDPAFDYVRQVAAQIADYIRRMGPFQPHRLPPEEMEYT-A  
Pyrobaculum arsenaticum         WMRGSHAGPLMPARFISIDPEKRIAIGAKMTRFDGPPKVGALGFQLHD-GYLEGG-VDLFDDPAFDYVRQVAAQIADYIRRMGPFQPHRLPPEEMEYT-A  
Pyrobaculum calidifontis        WMRGSHAGPLMPAKFYHIDPEKRIAIGPKMTRFDGPPKVGALGFQLHE-GYLEGA-VDMFDDPAFDYVRQVAAQIADYIRRMGPFQPHRLPPEEMEYT-A  
Pyrobaculum islandicum          WMRGSHAGPLMPARFVSIDPERRIALGPKMTRFDGPPKVGALGFQLHD-GYLEGG-VDLFDDPAFDYVRQTAAQIADYIRRMGPFQPHRLPPEEMEYT-A  
Pyrococcus abyssi               WMRGSHNGPLMPVPLKY----------ATPTRFDGPPRAVALGWQISPEGKLIGP-VDLFDDPAFDWARQKALEITDYMRRHGPFEPHRLPLEEMEYT-T  
Pyrococcus furiosus             WMRGSHNGPLMPVPLKY----------ATPTRFDGPPRAVALGWQISPEGKLIGP-VDLFDDPAFDWARQKALEITDYMRRHGPFEPHRLPLEEMEYT-T  
Pyrococcus horikoshii           WMRGSHNGPLMPVPLKY----------ATPTRFDGPPRAVALGWQISPEGKLIGP-VDLFDDPAFDWARQKALEITDYIRRHGPFEPHRLPSEEMEYT-T  
Roseiflexus castenholzii        WMRGSHYGPLMPCRIGD----------AHPGRFDGPPRVIALGFQIAE-GRLIGP-RDMFDDPSFDEARRLCNVIADHLRRHGPFEPHRLPMEEMEYT-T  
Roseiflexus sp.                 WMRGSHYGPLMPCRVGD----------AHPGRFDGPPRVIALGFQIAE-GQLIGP-RDMFDDPSFDEARHLCNVIADHLRRHGPFEPHRLPMEEMEYT-T  
Saccharopolyspora erythraea     CMRGSHHAPMMPVSTGD----------AHPARFDGPPRVVALGFQVHE-SKLIGP-RDLFDDPSFDRARAQCNEVMDYLRRHGPFEPHRLPLEDLEYT-T  
Staphylothermus marinus         WMRGSHHGPLIPVPQRY----------ARVTRFDGPPRVMALGWNIAK-GRLIGP-VDLFDDVAFDETRKLGVQIAEYMRRHGPFMPHRLGPEEMEYT-T  
Sulfolobus acidocaldarius       WMRGSHYGPLIPVSQRD----------ARATRFDGPPRLIGLGFNVKN-GKLVGP-SDLFDDPAFDEVRRLANTITDYMRRHGPFMPHRLEPTEMEYT-T  
Sulfolobus islandicus           WMRGSHYGPLMPVSQKD----------ARATRFDGPPRLVGLGFNIKN-GKLVGP-TDLFDDPAFDEVRRTAVIIADYIRKHGPFMPHRLEPQEMEYT-T  
Sulfolobus solfataricus         WMRGSHYGPLMPVSQKD----------ARATRFDGPPRLISLGFNIKN-GKLVGP-TDLFDDPAFDEVRRTAVIIADYIRKHGPFMPHRLEPQEMEYT-T  
Sulfolobus tokodaii             WMRGSHYGPLMPVSQRD----------AKATRFDGPPRLLGLGFNVKN-GRLVGP-TDLFDDPAFDETRRLANIVADYMRRHGPFMPHRLEPTEMEYT-T  
Syntrophus aciditrophicus       FMRGSHTGPLMPVKMNS-----------GISYFDGPPIICCLAFCVH-KGKFTEP-ADAFDHPYWDYIRNNVARKATEMRAQGFSGAAMLPYSELEYG-G  
Thermoanaerobacter pseudethano  WMRGSHNGPMIPVSLED----------AVPTRFDGPPRVCALGFQLAE-GKLIGP-QDFFKDVAFDNAREKALEIADYIRKMGPFEPHRLPLEELEYT-T  
Thermoanaerobacter tengcongens  WMRGSHTGPMIPVSLED----------AVPTRFDGPPRVCALGFQLKE-GKLIGP-QDLFKDIAFDSARKKALEIADYMRTLGPFEPHRLPLQELEYT-T  
Thermococcus barophilus         WMRGSHNGPIMPVPLKY----------ATPSRFDGPPRAVALGWQISPEGKLIGP-VDLFDDPAFDWARQKALEITEYMRRHGPFEPHRLPLEEMEYT-T  
Thermococcus gammatolerans      WMRGSHNGPIMPVPMHQ----------ANPTRFDGPPRVVALGWQISPEGKLVGP-VDLFDDPAFDYARQKALEITDYMRRHGPFEPHRLPLEDMEYT-T  
Thermococcus kodakarensis       WMRGSHNGPLMPVPMHQ----------ANPTRFDGPPRVVALGWQISPEGKLVGP-VDLFDDPAFDYARQKALEITEYMRRHGPFEPHRLPLEEMEYT-T  
Thermococcus onnurineus         WMRGSHNGPIMPVPMHQ----------ANPTRFDGPPRVVALGWQISPEGKLVGP-VDLFDDPAFDYARQKALEITEYIRRHGPFEPHRLPLEDMEYT-T  
Thermococcus sp.                WMRGSHNGPIMPVPMNY----------ANPTRFDGPPRVVALGWQISPEGKLVGP-VDLFDDPAYDYARQKALEITEYMRRHGPFEPHRLPLEDMEYT-T  
Thermofilum pendens             WMRGSHTGPLMPVPLR----------YAQCTRFDGPPRVVGLGFQLHD-GRLEGP-VDLFDDPAFEMTRRMAEEVADYMRRHGPFMPHRLGPEEMEYT-T  
Thermoplasma acidophilum        WMRGSFNGPLMPVGMKD----------AKMTRFDGPPRVVALGYVLKS-GKLEGP-VDMFDDPAFDYARRVAGEMTDHLRRMGPFEPHRLPDQEMEYT-T  
Thermoplasma volcanium 1        WMRGSFNGPIMPVSMKD----------AKMTRFDGPPRVVALGYVLKG-GKLEGP-VDMFDDPAFDYARRVAGELTDHIRRMGPFEPHRLPDQEMEYT-T  
Thermoplasma volcanium 2        WMRGSFNGPIMPVSMKD----------AKMTRFDGPPRVVALGYVLKG-GKLEGP-VDMFDDPAFDYARRVAGELTDHIRRMGPFEPHRLPDQEMEYT-T  
Thermoproteus neutrophilus      WMRGSHAGPLMPARFISVDPERRIAIGPKMTRFDGPPKVGALGFQLHE-GYLEGG-VDLFDDPAFDYVRQTAAQIADYIRRMGPFQPHRLPPEEMEYT-A  
Thermoproteus tenax             WMRGSHAGPLMPMKFYSIDAEKRIAVGARMTRFDGPPKIGALGWQLHD-GYLEGP-VDLFDDPAFDYTRQLAAMITDYIRRMGPFQPHRLPPEEMEYT-S  
Thermus aquaticus               DTRGSHHLPLMPVKANT-----------PASTFFCVPMVCALGFSLK-EGRLTGP-VDLFADPVWDAVRAKVVEKAQEMRRQGFYGPAMLPMEELEYT-G  
Thermus thermophilus            DTRGSHHMPLMPVRANT-----------PASTFFCVPMVCGLAFSLR-EGRLSEP-VDLFADPVWEAVRAKVVEKAQEMRRQGFYGPAMLPMEELEYT-G  
uncultured crenarchaeote        NTRGSHNMPLMPVKLNS-----------AASINFCIPIVEALVFSMH-NGKLVGP-FDGFSTPDWDYIREIATKKAITIRSQGFIHPATLVPSELEYAEG  
uncultured marine crenarchaeot  NTRGSHNMPLMPVKINS-----------AATINFCIPIVEALVFSMH-NGKLTGP-FDGFSTPDWDYIREIATKKALTMRSQGFIHPATLVPSELEYAEG  
uncultured marine crenarchaeot  NTRGSHNMPLMPVKINS-----------AATINFCIPIVEALVFSMH-NGKLIGP-FDGFSTPDWDYIREIATKKALAMRSQGFIHPATLVPSELEYAEG  
uncultured marine crenarchaeot  NTRGSHNMPLMPVKINS-----------AATINFCIPIVEALVFSMH-NGKLTGP-FDGFSTPDWDYIREIATKKALAMRSQGFIHPATLVPSELEYAEG  
Consensus                         RG    P  P                                           - D F     D  R          R  G      L     EY     
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                                        410       420       430       440    
                                ....|....|....|....|....|....|....|....| 
Aciduliprofundum boonei 1       LPKVLTKLKDRFEKIQ------------------------  
Aciduliprofundum boonei 2       LPKVLTKLKDRFEKIQ------------------------  
Aeropyrum pernix                LPEVLKRLKDRFKPVEMGY---KPKVKHE---SGEAADVD  
Aquifex aeolicus                LPKVLKKLENRFYDTEV-EKLSEEQKIEKEDMD-------  
Archaeoglobus fulgidus          LPKVLEKLKGRFEEV-------------------------  
Bradyrhizobium japonicum        FRDTVSGLLKRFRLRDDRKPEAAE----------------  
Caldivirga maquilingensis       LPQILSTLKPIPVEEYERNRLKYISEKISPVAIAGGSTGD  
Candidatus Desulforudis audaxv  MPLVMSKLKDRFIDLRLSKTKS------------------  
Candidatus Korarchaeum cryptof  LPEVLKKLEGKFRHE-------------------------  
Candidatus Methanoregula boone  LPAVEKELENRWKLLKE-----------------------  
Carboxydibrachium pacificum     LPHLMEKLKDRWEKD-------------------------  
Carboxydothermus hydrogenoform  LPLVLEKLKDRFVKA-------------------------  
Cenarchaeum symbiosum           YRSRMDVLDSKMVPLKDSGPAGTGR--AYEDPD-------  
Coxiella burnetii               LVDTWKKLDDEFELRKNG----------------------  
Dehalococcoides ethenogenes     MPQVSKKLAGRFKPLED-----------------------  
Dehalococcoides sp.             MPQVSKKLAGRFKPLKD-----------------------  
Desulfurococcus kamchatkensis   LPLVLEKLKDRFVKSEEEAKVVKKHSDMLSGS--------  
Hydrogenivirga sp.              LPKILKKLENRFYDIEE-QRLDKDQVIEKEDMD-------  
Hydrogenobaculum sp.            LPKVIEKLSSRFFDVDNNVSSDKSNMLVKEDMD-------  
Hyperthermus butylicus          LPQVLEKLKNRFAEAKDYEKYIKPKIKKSELLTG-EETHD  
Ignicoccus hospitalis           LPQVLERLKDRFKPVKDLP---VPKVKHSEMLSGAEEAHD  
Metallosphaera sedula           LPTLIEKLKPRFKKE---EDVKKAKPSVYTSKDQGMD---  
Methanobrevibacter smithii      LPGVMAKLEDRFEDME------------------------  
Methanocaldococcus jannaschii   VPKVLEALEDRFIPLEGLELIEEGGITRKDRGDVE-----  
Methanococcus aeolicus          IKKVLADLEDRFVPNEKH-EVVDKLTY--DVEDQS-----  
Methanococcus maripaludis       VPKVLAQLKDRFIDMEETCECKIDELR--ERGDME-----  
Methanococcus vannielii         VPKVLAQLKGRFIDIDENCGCKIDQIR--NRGDME-----  
Methanococcus voltae            VPKVLKTLESRFEEIPEN-NCKLEKTT--DRGDLE-----  
Methanoculleus marisnigri       LPGVEKQFKDRWEDLPE-----------------------  
Methanopyrus kandleri           LPDVLKKLEDRFEDLEE-----------------------  
Methanosaeta thermophila        LPHVLKRLAERFEPAE------------------------  
Methanosphaera stadtmanae       LPGVLEKLEDRFEDM-------------------------  
Methanothermobacter thermautot  LPGVLEKLGDRFEDME------------------------  
Moorella thermoacetica          MPEVMAKLKNRFVKVDHRDDREPAAEELGAK---------  
Natranaerobius thermophilus     ITHKMEELEKRFDFR-------------------------  
Nitrococcus mobilis             VAERIEQLRERFQNRTE-----------------------  
Nitrosopumilus maritimus        YRARMDVLESKMKPMEGTD-SSGDRKENYEDPD-------  
Pelotomaculum thermopropionicu  MPEVSKRIKDRFEKLR------------------------  
Petrotoga mobilis               LPGVLKKLETRFEELE------------------------  
Picrophilus torridus            LPKILEKLSSKFEKLSDLNELKEVQ---------------  
Pyrobaculum aerophilum          LPKILAKIKAYPADQYEKERRKYVEALVKGQKAEEAH-HD  
Pyrobaculum arsenaticum         LPKILAKIKAYPADKYEKERRKYIEAIVKGEKVGESQ-HD  
Pyrobaculum calidifontis        LPKILAKIKSYPADQYEKQRRKYVEEAIKGTPVEHSQ-HD  
Pyrobaculum islandicum          LPKILAKVKSYPADQFEKERKKYIEAVVKGVKAEETQ-HD  
Pyrococcus abyssi               LPGVLEKLKDRFEPIE------------------------  
Pyrococcus furiosus             LPGVLEKLKDRFEPIE------------------------  
Pyrococcus horikoshii           LPGVLEKLKDRFEPIE------------------------  
Roseiflexus castenholzii        LPEVMKKLADRWQPVNGHAVSPEQVAYQ------------  
Roseiflexus sp.                 LPEVMKKLADRWQPVNGHAVSGEVVETLPASVAS------  
Saccharopolyspora erythraea     MATLEKRLADRWQPMVEAAVPVPR----------------  
Staphylothermus marinus         LPAVLEKLKDRFVKT-EEVHVIKRHSALLSGTSEEEHD--  
Sulfolobus acidocaldarius       LPIILEKLRSRFKKE---SDVYKVKESIYSKEKSGPSGD-  
Sulfolobus islandicus           LPLVIEKLKNRFKKE---TDMYKTKPSVYSHESSHE----  
Sulfolobus solfataricus         LPLVIEKLKNRFKKE---TDMYKTKPSVYSHESSHE----  
Sulfolobus tokodaii             LPLILEKLKDRFKKE---SDVYKAKESIYAKEESQGHD--  
Syntrophus aciditrophicus       IVEKMKILDERFKVRG------------------------  
Thermoanaerobacter pseudethano  LPHVVKKLQGRWKEE-------------------------  
Thermoanaerobacter tengcongens  LPHLMEKLKDRWEKD-------------------------  
Thermococcus barophilus         LPGVLEKLKDRFEPL-------------------------  
Thermococcus gammatolerans      LPGVLKRLEERFEDIE------------------------  
Thermococcus kodakarensis       LPGVLKRLTDRFEPIE------------------------  
Thermococcus onnurineus         LPGVLKKLEERFEDIE------------------------  
Thermococcus sp.                LPGVLKRLEERFEDIE------------------------  
Thermofilum pendens             LPSVLEKLKAR-----------FVPAEAE-----------  
Thermoplasma acidophilum        LPVVMEKLKDRFVDIEKETLAK------------------  
Thermoplasma volcanium 1        LPAVVEKLKNRFVDIEKQEVAK------------------  
Thermoplasma volcanium 2        LPAVVEKLKNRFVDIEKQEVAK------------------  
Thermoproteus neutrophilus      LPKILAKVKPYPADQYEKDRKKYIEAVVKGAKVEESQ-HD  
Thermoproteus tenax             LPKILAKIQSFSADDYEKNRQAYIKRALASAGLVEAQSHD  
Thermus aquaticus               IAERLKELEREFS---------------------------  
Thermus thermophilus            IAERLKALEREFS---------------------------  
uncultured crenarchaeote        YKARMSVLESKMKPMKKEDKSNTDRKENYEDPD-------  
uncultured marine crenarchaeot  YKAVMDVLHSKMKPIQDQQ-QNDQRKESYEDPD-------  
uncultured marine crenarchaeot  YNAIMDVLHSKMKPIQDQP-QKDQRKESYEDPD-------  
uncultured marine crenarchaeot  YKDIMDVLHSKMKPVQAQP-QNDQRKESYEDPD-------  
Consensus                                                                 

Figure SI5 Multiple sequence alignment of FBP aldolases/phosphatases. The conserved lysine 232 and tyrosine 348 

assumed to participate in the catalytic cycle are highlighted with yellow boxes. The conserved stretch of 5 amino acids 

mentioned in the text is marked by a box. The alignment was made by using CLUSTAL W implemented within BioEdit 

software (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). 



7www.nature.com/nature

SUPPLEMENTARY INFORMATIONdoi: 10.1038/nature08884

Supplementary Tables 
Table SI1 Distribution of putative aldolase and FBP phosphatase genes among completely sequenced archaeal genomes. Red columns indicate missing genes, green columns present genes (cut off value = 1E-45). 
The organisms are grouped and marked by a colour code as in Fig. 2. None of the archaeal genomes contains a classical FBP aldolase of class I or class II and columns were therefore omitted. In contrast all Archaea 
except very few methanogens and halobacteria possess the FBP aldolase/phosphatase gene (formerly designated archaeal type V FBP phosphatase). Most of the genomes lacking the FPB aldolase/phosphatase gene 
contain the gene for a classical FBP phosphatase (class I or II; expect values in these cases are partially higher than 1E-45 and therefore marked red/green). Only few Archaea possess an additional FBP phos-
phatase/inositol monophosphatase belonging to class IV phosphatases. Aldolases are also required in the biosynthesis of aromatic amino acids. Some Archaea use the classical pathway with 3-deoxy-D-arabino 
heptulosonate 7-phosphate (DAHP) synthase [EC 2.5.1.54] as key enzyme; those are lacking the gene coding for 2-amino-3,7-dideoxy-D-threo-hept-6-ulosonic acid (ADH) synthase, which is the key enzyme of an 
archaeal pathway1. ADH synthase has also low FBP aldolase side activity2, which, however, is too low to explain growth. Note that the genes coding for FBP aldolase class IA and ADH synthase are closely related and 
most BLAST searches result in the same hit for both genes (marked in light blue). Only a few Archaea possess FBP aldolase of class IA that are highly similar to the characterized Themococcus kodakarensis enzyme. It 
appears that the halobacteria and the methanogens that lack FBP aldolase/phosphatase contain another FBP aldolase, which is only distantly related to these class IA enzymes3,4 (and therefore require an additional 
monofunctional FBP phosphatase, see above). The parasitic Archaeon Nanoarchaeum equitans does not have a gene for any aldolase or phosphatase and is unable to synthesize any building blocks.

Expect value Accession Expect value Accession Expect value Accession Expect value Accession Expect value Accession Expect value Accession Expect value Accession
Hyperthermus butylicus DSM 5456 2E-151 A2BK38 1E-03 A2BLL5 7E-01 A2BMF5 2E+00 A2BJB7 4E-01 A2BJP9 9E-01 A2BK32 9E-10 A2BKY6 
Staphylothermus marinus F1 6E-147 A3DMZ2 2E-89 A3DPX0 6E-42 A3DPX0 5E-01 A3DL12 1E-02 A3DLZ5 1E+00 A3DP90 2E-17 A3DLZ5 
Thermofilum pendens Hrk 5 4E-135 A1RWM6 3E-75 A1S0R3 2E-43 A1RYF8 2E-02 A1RY24 1E+00 A1RWN0 2E-02 A1RZK1 3E-18 A1RWN0 
Ignicoccus hospitalis KIN4 I 9E-147 A8A9E4 5E-03 A8A8T8 2E-01 A8A9U2 2E-88 A8ACG0 1E-03 A8A9C4 3E-01 A8A8G2 2E-17 A8A9C4 
Sulfolobus tokodaii str.7 8E-133 Q975V5 9E-32 Q96Y18 3E-39 Q96Y18 1E-82 Q96Y97 7E-02 Q974W3 4E+00 Q96XZ9 5E-23 Q974W3 
Sulfolobus acidocaldarius DSM 639 1E-131 Q4JAX4 4E-03 Q4J8L3 4E-04 Q4JAA6 2E-82 Q4JC77 3E-01 Q4JA88 2E+00 Q4J732 1E-23 Q4JA88 
Sulfolobus solfataricus P2 4E-131 Q980K6 6E-32 Q97U03 6E-40 Q97U03 6E-81 Q980J0 1E+00 Q97W26 8E-02 Q97UU7 1E-24 Q97W26 
Metallosphaera sedula DSM 5348 6E-129 A4YIZ5 4E-30 A4YDB2 6E-34 A4YDB2 7E-81 A4YHW4 3E-01 A4YH84 2E-01 A4YEC0 3E-25 A4YEF6 
Pyrobaculum arsenaticum DSM 13514 8E-131 A4WH89 3E-03 A4WHH6 6E-02 A4WLK8 3E-76 A4WMN6 3E-02 A4WLT3 1E-01 A4WI68 2E-11 A4WLT3 
Pyrobaculum calidifontis JCM 11548 1E-130 A3MSD2 7E-04 A3MSN0 5E-02 A3MVZ4 5E-75 A3MUK0 2E-01 A3MXA8 9E-01 A3MXY9 2E-07 A3MUT7 
Pyrobaculum aerophilum str.IM2 1E-130 Q8ZY51 6E-03 Q8ZUF0 2E-01 Q8ZTD9 6E-77 Q8ZW76 2E-02 Q8ZTW9 2E-02 Q8ZXH3 8E-09 Q8ZTW9 
Pyrobaculum islandicum DSM 4184 6E-130 A1RTR7 8E-03 A1RU66 3E-04 A1RR49 7E-78 A1RVE5 9E-02 A1RRP5 4E-01 A1RQS8 2E-11 A1RRP5 
Thermoproteus neutrophilus V24Sta 1E-129 B1YAL1 8E-03 B1YB89 3E-04 B1YBY3 7E-78 B1YD68 7E-02 B1YBE0 3E-01 B1YCY7 9E-12 B1YAE3 
Caldivirga maquilingensis IC-167 2E-129 A8MDX2 3E-43 A8ME80 9E-43 A8ME80 5E-88 A8MCY6 7E-03 A8MBQ0 2E-01 A8MA18 9E-24 A8MBQ0 
Aeropyrum pernix K1 3E-146 Q9YD03 6E-75 Q9YG90 5E-43 Q9YG90 2E-86 Q9YEJ7 3E-01 Q9YBZ2 3E-01 Q9YCT0 4E-17 Q9YAZ7 
Pyrococcus abyssi GE5 0E+00 Q9UZ48 5E-148 Q9V2I6 6E-38 Q9V2I6 1E-132 Q9V1I0 3E-01 Q9V1Z6 8E-01 Q9V2J4 8E-66 Q9V1Z6 
Pyrococcus furiosus DSM 3638 0E+00 Q8U359 2E-152 P58314 2E-38 P58314 3E-147 Q8U0A9 4E-01 Q8TZT7 7E-01 Q8U1B5 4E-66 Q7LWG3 
Pyrococcus horikoshii OT3 0E+00 O58501 1E-150 O57840 8E-41 O57840 3E-01 O59284 8E-01 O59523 8E-01 O57790 8E-62 O59523 
Thermococcus onnurineus NA1 0E+00 B6YTP6 2E-150 B6YWC8 3E-36 B6YWC8 2E-127 B6YX08 6E-03 B6YWS0 4E-01 B6YTQ1 8E-69 B6YWS0 
Thermococcus kodakarensis KOD1 0E+00 Q8NKR9 6E-163 Q8J308 3E-39 Q8J308 4E-126 Q5JFX0 5E-02 Q5JH93 4E-01 Q5JH57 2E-68 Q5JH93 
Thermoplasma volcanium GSS1 5E-141 Q978E7 6E-03 Q979Y3 1E+00 Q97AM4 2E-71 Q978P0 6E-02 Q97AJ1 5E-01 Q97CM1 3E-02 Q97BS9 
Picrophilus torridus DSM 9790 6E-140 Q6L0W0 1E-01 Q6KZ36 2E-01 Q6L2P2 1E-75 Q6L278 9E-01 Q6L0F7 2E+00 Q6L1X1 2E-02 Q6L1J9 
Thermoplasma acidophilum DSM 1728 2E-139 Q9HIB3 3E-03 Q9HKS5 3E-01 O74110 3E-69 Q9HLI1 4E-01 Q9HJ30 2E+00 Q9HL37 2E-01 Q9HIV4 
Archaeoglobus fulgidus DSM 4304 8E-163 O28830 2E-40 O30128 1E-94 O30128 1E+00 O28479 1E+00 O29233 9E-01 O28856 9E-32 O30298 

Korarchaeota Candidatus' Korarchaeum cryptofilum' OPF8 4E-138 B1L6Y4 1E-31 B1L3I0 2E-68 B1L3I0 1E-01 B1L5U2 2E-02 B1L7E3 3E-03 B1L606 4E-19 B1L7E3 
Methanocaldococcus jannaschii DSM 2661 2E-138 Q57747 2E-39 Q57843 1E-157 Q57843 7E-06 Q58465 1E+00 Q58629 6E-03 Q59058 3E-145 Q57573 
Methanosaeta thermophila PT 1E-164 A0B8T5 3E-39 A0B6T4 1E-98 A0B6T4 7E-01 A0B831 7E-01 A0B7F6 3E-01 A0B7W5 1E-24 A0B7F6 
Methanopyrus kandleri AV19 4E-147 Q8TWS8 1E-45 Q8TVI0 1E-98 Q8TVI0 2E-03 Q8TW00 2E-02 Q8TUS9 8E-01 Q8TZ66 3E-16 Q8TXD3 
Methanobrevibacter smithii ATCC 35061 3E-144 A5UKU2 4E-41 A5UJ83 2E-100 A5UJ83 2E-01 A5UNX1 4E-01 A5ULK6 8E-01 A5UMK2 4E-27 A5ULK6 
Methanothermobacter thermautotrophicus str.Delta H 1E-142 O27721 5E-40 O26679 7E-100 O26679 1E+00 O26359 5E-02 O26957 2E-01 O27345 1E-34 O26957 
Methanosphaera stadtmanae DSM 3091 4E-138 Q2NGI0 2E-40 Q2NHZ5 1E-92 Q2NHZ5 5E-01 Q2NES6 5E-02 Q2NEP7 1E-01 Q2NE22 4E-26 Q2NEP7 
Methanococcus vannielii SB 8E-132 A6URV3 2E-35 A6USC8 3E-126 A6USC8 2E-01 A6UQX3 4E-01 A6UNC9 1E-01 A6UPZ5 6E-33 A6UQD2 
Methanococcus maripaludis C7 3E-131 A6VIV6 2E-38 A6VJZ0 2E-123 A6VJZ0 7E-01 A6VG04 4E-01 A6VHA3 9E-02 A6VFG7 5E-38 A6VH74 
Methanococcus maripaludis C6 6E-129 A9A6N7 1E-38 A9A799 3E-124 A9A799 5E-01 A9AAL1 9E-02 A9A8X5 5E-02 A9A6L4 2E-37 A9A9H5 
Methanococcus maripaludis C5 1E-128 A4FZM1 9E-39 A4FYB3 3E-124 A4FYB3 2E-03 A4FX91 3E-01 A4FZN7 1E-02 A4FZ84 4E-37 A4FW34 
Methanoculleus marisnigri JR1 1E-126 A3CVU2 2E-35 A3CV32 3E-86 A3CV33 1E+00 A3CSW0 5E-01 A3CRU3 1E+00 A3CV42 4E-27 A3CU50 
Methanococcus aeolicus Nankai-3 6E-126 A6UTE1 2E-38 A6UTT2 6E-122 A6UTT2 2E-03 A6UU34 5E-01 A6UWJ7 1E-01 A6UUR1 3E-33 A6UUH3 
Candidatus ' Methanoregula boonei 6A8' 2E-118 A7I8R8 7E-37 A7I8L4 4E-85 A7I8L3 8E-01 A7I4N3 5E-40 A7I8R6 4E-01 A7I9F0 7E-26 A7I808 
Cenarchaeum symbiosum A 3E-78 A0RV30 2E-30 A0RU26 1E-66 A0RU26 5E-02 A0RW97 2E-01 A0RY53 3E+00 A0RUT2 4E-24 A0RY53
Nitrosopumilus maritimus SCM1 1E-78 A9A3J9 2E-35 A9A236 6E-70 A9A236 6E-05 A9A1R0 1E-01 A9A571 4E+00 A9A3P9 5E-27 A9A336 
Halobacterium salinarum R1 2E-01 Q9HR83 2E-36 Q9HSB8 5E-56 Q9HSB8 9E-02 Q9HSA5 4E-33 Q9HRI1 4E-02 Q9HMY3 9E-04 Q9HQ12 
Natronomonas pharaonis DSM 2160 6E-01 Q3IU14 9E-39 Q3ISJ8 7E-57 Q3IQC5 1E+00 Q3IRY6 2E-36 Q3ISJ9 6E-02 Q3IMG5 4E-05 Q3INW7 
Halorubrum lacusprofundi ATCC 49239 8E-01 A7D4Z3 2E-35 A7D0X8 9E-62 A7D5Z7 2E-02 A7D548 4E-37 A7D0X9 5E-02 A7D5W9 7E-08 A7D579 
Haloarcula marismortui ATCC 43049 1E+00 Q5V7U6 5E-34 Q5V141 3E-62 Q5V141 3E-01 Q5V062 3E-37 Q5V3Z1 2E-03 Q5V574 2E-14 Q5UWP9 
Haloquadratum walsbyi DSM 16790 5E+00 Q18GE8 2E-29 Q18DY5 2E-59 Q18DY5 5E+00 Q18JZ9 7E-29 Q18J03 2E-02 Q18H53 3E-17 Q18K59 
Candidatus ' Methanosphaerula palustris E1-9c' 1E-37 B6YGY8 1E-34 B6YE91 5E-82 B6YE92 3E-01 B6YFK4 7E-44 B6YGY7 4E-01 B6YBT0 1E-26 B6YDG5 
Methanocorpusculum labreanum  Z 9E-06 A2ST38 8E-33 A2SU09 6E-89 A2SU09 4E-01 A2ST91 6E-46 A2ST39 7E-02 A2SU08 1E-28 A2SQJ7 
Methanospirillum hungatei JF-1 1E-02 Q2FR28 1E-33 Q2FQ50 2E-83 Q2FQ49 3E-01 Q2FQE3 3E-45 Q2FM20 1E+00 Q2FPW5 1E-27 Q2FQ94 
Methanosarcina acetivorans C2A 5E-01 Q8TKB8 5E-39 Q8TTJ2 6E-100 Q8THC6 8E-01 Q8TPB1 6E-02 Q8TKQ4 5E-60 Q8TRM3 3E-32 Q8TKQ4 
Methanosarcina barkeri str.Fusaro 5E-01 Q46E66 3E-41 Q46EG1 6E-101 Q46DZ9 2E-01 Q466R1 5E-02 Q46AH4 5E-59 Q46BG5 3E-34 Q46AH4 
Methanococcoides burtonii DSM 6242 7E-01 Q12WA3 6E-39 Q12UJ6 8E-104 Q12UJ6 2E-02 Q12VN6 6E-01 Q12XM3 4E-56 Q12WA4 1E-33 Q12XM3 
Methanosarcina mazei Go1 2E+00 Q8Q058 7E-38 Q8PWG2 4E-101 Q8PXE9 1E+00 Q8PY62 6E-02 Q8PTD2 2E-58 Q8PUZ7 2E-33 Q8PTD2 
uncultured methanogenic archaeon RC-I 8E-01 Q0W3C1 2E-38 Q0W650 1E-94 Q0W130 2E-01 Q0W4D3 8E-03 Q0W1B8 1E-01 Q0W4U0 2E-15 Q0W1B8 
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FBP phosphatase class II FBP phosphatase class IV
OrganismGroup

FBP aldolase/ phosphatase FBP aldolase class IA ADH synthase DAHP synthase FBP phosphatase class I
Thermococcus kodakarensis Thermococcus kodakarensis Methanocaldococcus jannaschii Pyrococcus furiosus Escherichia coli Escherichia coli Methanocaldococcus jannaschii
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Table SI2 Purification of recombinant FBP aldolase/phosphatase of Ignicoccus hospitalis from E. coli cells. 1 U = 1 µmol min-1. 

Step Total protein / 
[mg] Activity / [U]

Specific 
activity / 
[U/mg]

Yield / [%] Purification   
[-fold] Activity / [U]

Specific 
activity / 
[U/mg]

Yield / [%] Purification   
[-fold]

1.8 0.14

0.31

0.55

1.0

47

1.2

0.9

Aldolase activity

Heat-precipitation 13.3 3.2 0.24 100

____________________________________________________________

1.0 100

____________________________________________________________

3.7 1.5 0.41 46 1.7

Phosphatase activity

4.0

63 2.3

MonoQ 1.6 1.1 0.70 34 2.9

Gel filtration
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Table SI3 PCR primers and conditions used for amplification of the FBP aldolase/phosphatase gene from different organisms. The restriction sites introduced by the primers are underlined. 

Organism Gene ID and 
synonym Forward primer Reverse Primer Restriction 

sites 
Annealing 

temp. / [°C] 
Elongation 

time 
Expression 

vector Affinity tag Plasmid 
name 

Ignicoccus 
hospitalis 

5563123 
Igni_0363

AGATATAC-
CATATGCCCCTAGTGGC

CCAG 

GCAGAAGCTTGTGGA-
TAAGGGTAG NdeI/HindIII 60 

2 min 
35 sec 

pT7-7 - FBP_I.hosp-
X-pT7-7 

Ignicoccus 
hospitalis 

5563123 
Igni_0363

AGATATAC-
CATATGCCCCTAGTGGC

CCAG 

GCAGAAGCTTGTGGA-
TAAGGGTAG NdeI/HindIII 60 

2 min 
35 sec 

pET16b 
(Novagen) 

His10 

N-terminal 
FBP_I.hosp-
X-pET16b 

Sulfolobus 
tokodaii 

1458230 
ST0318

GCGCCGCGGGGCATAT-
GATGAAAACTACTA-

TAAG 

GGCGGGCGGCGGGTCTA
GATAAATTAAGATAAAG NdeI/XbaI 40 

4 min 
55 sec 

pT7-7 - FBP_S.tok-
X-pT7-7 

Metallosphaera 
sedula 

5104211 
Msed_2259

GCCGCCGGCATATGA-
GATCTACTGTTAGTG 

CGGCCCAAGCTTTGTTT
ATCGTCGAG NdeI/HindIII 50 

4 min 
50 sec 

pT7-7 - FBP_M.sed-
X-pT7-7 

Thermoproteus 
neutrophilus 

6164372 
Tneu_0133

AACC-
TATCCCATATGCGGGTT

ACGGTTTCC 

CCCTGGGAAACTCTA-
GACTCCTCCGACCTCAC NdeI/XbaI 55 5 min pT7-7 - FBP_T.neut-

X-pT7-7 

Thermoproteus 
neutrophilus 

6164372 
Tneu_0133

AACC-
TATCCCATATGCGGGTT

ACGGTTTCC 

CCCTGGGAAACTCTA-
GACTCCTCCGACCTCAC NdeI/XbaI 55 5 min 

pET16b 
(Novagen) 

His10 

N-terminal 
FBP_T.neut-
X-pET16b 

Thermoproteus 
neutrophilus 

6164372 
Tneu_0133

CTGAGAGTGCAC-
CATATGCGGGTTACGGT

TTCC 

ACGCGCCACATC-
TCGAGGTCGTGTTGA-

GAC 
NdeI/XhoI 55 

4 min 
55 sec 

pET23b 
(Novagen) 

His6 

C-terminal 
FBP_T.neut-
X-pET23b 

Thermococcus 
kadakarensis 

3235025 
TK2164

CCGGTGGTTCATATGGC
CGTTGGAGATAAG 

GAACA-
GAAGCTTGCTGGAAAT-

CACTCGA-
TAGGCTCGAACC 

NdeI/HindIII 60 
4 min 
40 sec 

pT7-7 - FBP_T.kod-
X-pT7-7 

Methano-
thermobacter 
marburgensis 

RMMA00378 
chromo-

some_326124
_325027 

GGGCCGGCTGGAGGTGT
ACATATGAAAACAAC-

CATTAGTG 

CGCGGTGTGGGTGGAAG
CTTCTTTAATC-

CATGTCCTC 
NdeI/HindIII 60 

4 min 
40 sec 

pT7-7 - FBP_M.mar-
X-pT7-7 

Moorella 
thermoacetica 

3831377 
Moth_2266

GGGCAAG-
GAGGCTGTGCTCATATG

GGTGAAAGGATTAC 

AGCGGAATTCCGGCCTA
TTTGGCTCCC NdeI/EcoR1 60 

4 min 
40 sec 

pT7-7 - FBP_M.thac-
X-pT7-7 

Thermus 
thermophilus

2776039 
TTC0616

AGGAGGTGAGCATAT-
GAAGGTCACCTTGAG 

AAAGTGAA-
GAAGCTTGACCCGGGAG

CC 
NdeI/HindIII 55 

4 min 
40 sec 

pT7-7 - FBP_T.ther
m-X-pT7-7 
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