
1 
PAE2867      ---------- -----MSLEL KEKESELPFD EQIINDKWRS KY---TPIDA YFKFHRQTVE 
MT_ACS1      ---------- --MSKDTSVL LEEKRVFKPH YTVVEEAHIK NW-------- --EAELEKGK 
Memar_1389   ---------- --MAEDFNVK LEEAKYYTPE ASCREQSWV- --------GD YNQAYREFLA 
Memar_0039   ---------- --MAETFAVK LEE-KCYYPD PRCKATAWT- --------PD YTRAYSEFLR 
MT_ACS2      ---------- --MRGQLDAL LREERIFNPD EELAENSNIR AWMDARGIGG YDELLERASS 
Mthe_1413    ---------- --MVYEKAEV SSQENVYRPA SDLVENSNVM QWMKRKGFRS EKELRAWCSE 
P27095       ---MLKLAGK EDKKLKTTVF QDETRIFNPP KELVEKSIVM QWMKKKGFKT EKEMRAWCSS 
Mthe_1196    ---------M AEETAKTAVL LEERRLFHPP KELVENSNVM QWMKKKGFKT EKEMREWCSK 
Mthe_1195    MTVEECHKMA EEKAATTAVL LEETRVFHPP KELAENSNVM QWMKKKGFTS EREMRAWTGQ 
Mthe_1194    ---------- MAETAKTAVL QEETRIFNTP QWIIEYSNSY QWMKKKGFKT EKEMREWCAQ 
AF2389       ---------- -MTMPGLESL LREERVFYPP KELAENSNIK QFMDKHGIKD EDELRKRALE 
FOSS5188.y2  ---------- ---------- ---------- ---------- ---------- ---------- 
Dvul_0401    ---------- -MSQERIESM MDEKRHFAPP ADSRGRAHV- -----SGEAA REALVRRAAE 
TTC0884      ---------- ---MDRLESV LKEERVFYPS EEFRKQAHI- -----KSEEE YQRLYEESVR 
STH881       ---------- -MDSKQFAAL LNEDRRFPPP AEFAARANV- ---------A DESLYEQAAR 
Dhaf_0467    ---------- -MEEKNLEAL LEEDRQFIPS EEFHKNALI- ---------Q SADIYEQGQ- 
CHY_0659     ---------- --MSDNFEAL LQESRIFEPP AEFKEKAKV- ---------A DLSLYEWAER 
 
 
            61 
PAE2867      N--LESFWES VAKEL--EWF KPWDKVLD-A SNPPFYKWFV GGRLNLSYLA VDRHVKTWRK 
MT_ACS1      D--HENYWAE KAERL--EWF RKWDRVLD-E SNRPFYRWFV NGKINMTYNA VDRWLDTDKR 
Memar_1389   D--PDGFWDC VAKEL--EWF QPWDRVK--E WNYPYARWFL NGKLNITHNC LDRHVYNQRR 
Memar_0039   D--PEGFWDR VAREL--DWF EPWDRVR--E WNYPYAKWFI NGKLNITTSC LDRHVAGGRK 
MT_ACS2      D--PEWFWDE MASEL--EWF RPYTRVL--E WEPPHARWFT GGKFNITYSA LDRHVMGL-R 
Mthe_1413    N--YVEFWDE MAKTY-ADWF VPYEKVL--E WNPPHARWFV GGKCNVAHNA LDRHARSWRR 
P27095       DEHYLEFWDE MAKTY-VDWH KPYTKVMD-D SEMPYFHWFT GGEINITYNA VDRHAKGAKK 
Mthe_1196    N--YVEFWDE MAKTY-ADWF EPYKQVL--D WKPPYAKWFV GGKVNMAYNA VDRHAKSWRR 
Mthe_1195    H--YIEFWDE MAKTY-ADWF EPYAQIL--E WKPPYARWFV GGKCNVAYNA VDRHAKGAKK 
Mthe_1194    N--YLDFWDE MAQTY-ADWF KPYTQIL--E WNPPYAKWFL GGKCNVAHNA VDRHAKSWRR 
AF2389       N--PEWFWSE MAKEVGIEWF SEPEKVL--E WDPPYAKWFV GAMYNIVHDA LDKQAE-LRK 
FOSS5188.y2  ---------- ---------- ---------- ---------- ---------- ---------- 
Dvul_0401    D--PEGFWGE RAAQL-IDWF RPWDTVLDAD MNEPRIEWFK GGRLNVAHNC LDRHVAGNRR 
TTC0884      D--PEGFWGR VASEL--HWF EPWRKVL--E GDLPHPKWFV GGKTNLSYNA LDRHVKTWRR 
STH881       D--REGFWAA QAERL--HWF RRWDKVL--E WNPPFAQWFL GGKLNVAYNC LDRHLQTHTR 
Dhaf_0467    ---SLGFWEE QAKQL--SWL SPWEKTL--E WNPPFAQWFV GGKLNASANC LDRHLQDWHR 
CHY_0659     D--FLGFWAD AAKDI--EWF LPFEKVLD-D SDAPFYRWYT GGKLNVSYNC VDRHTKSFRR 
 
 
           121 
PAE2867      NKLAIEWEGE PVDENGYPTD RRKLTYYDLY REVNRVAYML KQNFGVKKGD KITLYLPMVP 
MT_ACS1      NQVAILYVNE RG-------D ERKLTYYELY REVSRTANAL KS-LGIKKGD AVALYLPMCP 
Memar_1389   NKVAIMWRGE TEE------E ERILTYRQLF QAVCRFANGL KR-LGVGKGD RVCIYMPVVP 
Memar_0039   DKPAIVWHGE SG-------E KRILSYEALH REVMRFANGL SS-LGVEKGD RVCIYMPLVP 
MT_ACS2      NRVAYIWEGE DG-------S IRKLTYYDLY REVNRIANAL KD-MGVSRGD RVSIYLPMIP 
Mthe_1413    NKVAYYFVGE PVG------D TRAITYYQLY RDVNKLANGL KS-LGVKKGD RVGIYLPMIP 
P27095       DKVAYIWIPE PTDQ-----P VQKITYGDLY KEVNKFANGL KS-LGLKKGD RVSIYMPMIP 
Mthe_1196    NKVAYIGVGE PLG------D VRKFTYGDLY REVNKFANGL KS-LGVEKGD RVSIYMPMIP 
Mthe_1195    DKVAYIFVPE PTDQ-----Q VRKITYLDLY KAVNKFANGL KS-LGVKKGD RVSIYMPMIP 
Mthe_1194    NKVAYYFVGE PVG------D TKTITYYQLY QAVNKMANGL KS-LGVKKGD RVSIYLPMIP 
AF2389       NKVAYIWEGE NG-------D VRKITYGELY REVNKLANAL KE-LGVKKGD RVAIYLPMIP 
FOSS5188.y2  ---------- ---------- ---------- ---NKLSNAI KS-MGIKKGD RIMIYLPMIP 
Dvul_0401    NKAAIIWQGE PEE------D VRVLTYQMLY DEVRRFAAVL RK-MGVHKGD RVSLYMPMIP 
TTC0884      NKAAIVWEGE PG-------E ERVLTYHDLW REVQRFANVL KR-LGVKKGD RVTIYLPMIP 
STH881       TKAAIIWEGE PG-------D ERVLTYLDLH REVCRFANVL RQ-MGVGKGD RVTIYLPMIP 
Dhaf_0467    NKAAIIFEGE NG-------D SQVLTYQDLH REVSKFANVL KA-NGVNKGD RVTIYLPMIP 
CHY_0659     NKAALIFEGE PG-------D SKILTYQELY REVNKFANVL KK-LGVQKGD RVTIYMPMIP 



           181 
PAE2867      ELPITMLAAW RIGAITSVVF SGFSADALAE RINDSQSRIV ITADGFWRRG RVVRLKEVVD 
MT_ACS1      ELVVSMLACA KIGAVHSVIY SGLSVGALVE RLNDARAKII ITADGTYRRG GVIKLKPIVD 
Memar_1389   EQIVAMLACA RIGAIHTVVF GGFGVSALNQ RITGTDAKVV VTADVTYRRG KAIPLKNIVE 
Memar_0039   EQVVAMLACA RIGAVHSVVF GGFGPDALAM RINDAKAKVL VTADVGYRRG KTVPLRELAS 
MT_ACS2      ELPIAMLACA RIGAVHSVVF SGFWAKAFRE RAADAGAKVA ITADAFYRRG KVIKLKETLD 
Mthe_1413    ELPVAMLACA KIGAIHVVVF SGFSAGALRE RINDAGARVL ITCDGSYRRG KPIPIKAQAD 
P27095       QLPIAMLACA KLGVSHIVVF SGFSSKGLMD RAAHCGSRAI ITVDGFYRRG KPVPLKPNAD 
Mthe_1196    ELPIAMLACA KIGAIHSVVF SGFSSKAYAD RVIDAESKIS ITVDGFWRRG KIVELKKQAD 
Mthe_1195    ETPIAMLACA KIGAIHSVVF SGFSAGGLQS RVLDAEAKVV VTTDGFYRRG KPLPLKPNVD 
Mthe_1194    ELPITMLACA KIGAIHSVVF SGFSAGGLQS RVTDAEAKVV VTSDGFYRRG KPLPLKPNVD 
AF2389       ELPIAMLACA KIGAIHTDVF SGFSPMALRD RINDAEAKLL ITADGFYRRG SVIHLKEDAD 
FOSS5188.y2  ELPISMLACA KIGAIHSVVF SGVSSLALRD RINDSEAKIL ITCDGFYRRG KTIPLKKQSD 
Dvul_0401    ELAVAMLACA RIGAVHSIVF AGFSAVSLQN RIHDCEAKVV VTADAVLRAG RRIPLKVNVD 
TTC0884      EAAIAMLACT RIGAVHSVVF GGFSAGALAD RIKDAEAKVL ITADGGFRRG GIVPLKQNAD 
STH881       EAAVAMLACT RIGAIHSVVF GGFSAESLRD RINDSRSKVV VTADGGWRRG NIIRMKQIVN 
Dhaf_0467    EAVISMLACA RIGAPHSVVF GGFSSEALRD RVIDAQAKAV ITSDGSFRRG NTIPLKDNTD 
CHY_0659     EAVIAMLACT RIGAPHSVVF GGFSSQALKD RIDDAKAKLL ITADGGYRRG SIVELKKNAD 
 
 
           241 
PAE2867      AALEKATGVE SVIVLPRLGL KDV----PMT E--GRDYWWN KLMQGIPPNA YIEPEPVESE 
MT_ACS1      EAILQCPTIE TTVVVKH-TD IDI----EMS DISGREMLFD KLIEGEGDRC --DAEEMDAE 
Memar_1389   EAVVNAPSVE RIVILRRDDD KPV----ELH P--EMEVDYY DLMEGVEREC --PAEPMDAE 
Memar_0039   EALAHAPGVE RVVVLRR-ET PAV----ELD P--DREVDYA DLMARAAPDC --PAEPMDSE 
MT_ACS2      MVADEIPSLE RVIVADR-MG EDV----SMV D--GRDIYWS EAVEGMDDEC --PCQELDPE 
Mthe_1413    EALQDAPSVE RQIVYRR-TG QSI----EWK D--GFDIWWH ELVKNQPDEC --ETLQMDSE 
P27095       EAAGGAPSVE KIIVYKR-AG VDV----SMK E--GRDVWWH DLVKGQSEEC --EPVWVDPE 
Mthe_1196    EAIQDAPTVK HQIVYKR-TG QDI----PWN K--DRDIWWH DLVKDQPAEC --ETEQLDPE 
Mthe_1195    EAVQNAPSVE KVVVVKR-AG LDV----PMK E--GRDIWYH ELVANQPDEC --ETEKMDSE 
Mthe_1194    EAVQNAPSVE KVVVVKR-VG LDV----PMK E--GRDIWYH DLVKDQPAEC --YTEELDPE 
AF2389       KALEDAPSVE KVIVARR-IG LDV----PMK E--GRDYWWD DVTRNQPKEC --ETEVMDAN 
FOSS5188.y2  EALKDAQSIE NVIVFKR-TG EEV----PWN A--NIDNWWH AVTEKESDFC --ETEIMDSE 
Dvul_0401    EAVRQCPSVE KVVVVNR-GG LEV----TME E--GRDLWWH EVMADRTLDV DRPCEEMDAE 
TTC0884      EALKDATSVE HVVVVRR-TG EEV----PWT P--GRDHWWH ELMEAAPDRC --DPESMEAE 
STH881       EAVVDCASVE KVIVVKR-IG HESLVEHGWH P--GRDHWYH TLMRNAPVTC --PVEEMDAE 
Dhaf_0467    IALDGVDCVE HVFVIQR-TK QTV----QMK E--ERDLWYH EEMAKASPVC --PAEPMDAE 
CHY_0659     AALEGETTIE KVVVVKR-TG QEV----PMT E--GRDYWYH ELMADAALYC --EPEQCDAE 
 
 
           301              ** 
PAE2867      HPSFILYTSG TTGKPKGIVH DTGGWAVHVY ATMKWVFDIR DDDIFWCTAD IGWVTGHSYV 
MT_ACS1      DPLFILYTSG STGKPKGVLH TTGGYMVGVA STLEMTFDIH NGDLWWCTAD IGWITGHSYV 
Memar_1389   DPLFILYTSG TTGSPKGIVH TCGGYMVGTY YTTRHVFDVK DNDIYWCTAD PGWITGHSYG 
Memar_0039   DPLFILYTSG STGAPKGIVH TCGGYAVGTY YTTRHVFDVK ENDVYWCTAD TGWITGHSYI 
MT_ACS2      DPLFILYTSG TTGKPKGVVH THGGYAVGVS STYRFVFDVK DQDIWWCLAD IGWITGHSYI 
Mthe_1413    DPLFILYTAG AGGKPRGVVH AHGGFCVGPA YTTSWVFDIK DTDVYWSTAD IGWITGHTYI 
P27095       HRLYILYTSG TTGKPKGIEH ATGGNAVGPA QTLHWVFDLK DDDVWWCTAD IGWVTGHSYI 
Mthe_1196    HRLFILYTSG TTGKPKGIEH AHGGYCVGVP QTLHWVFDLK EDDVWWCTAD IGWITGHSYI 
Mthe_1195    DRLFILYTSG TTGKPKGIEH VHGGYCVTPA QTTHWVFDLK DDDVWWCTAD VGWITGHSYV 
Mthe_1194    DRLFILYTSG TTGKPKGIEH AHGGFCVGPA YTTAWALDVH EEDVYWCTAD CGWITGHSYV 
AF2389       DILFILYTSG TTGKPKGVMH AHGGYAVGTA ATLKFVLDLK ENDVYWCTAD IGWITGDSYI 
FOSS5188.y2  DRLFILYTSG TTGKPKGIEH VHGGYSVGIA NTLSFVFDLK DDDVYWCAAD IGWITGHSYI 
Dvul_0401    DMLFILYTSG STGKPKGVVH TTGGYLTYAA HTTQWVFDVQ DDDVYWCTAD IGWITGHSYI 
TTC0884      EPLFILYTSG STGKPKGVLH TTGGYMTYVY YTTKLVFDLK DEDVYWCTAD VGWITGHSYV 
STH881       DPLFILYTSG STGKPKGVLH TTGGYLTQVA ATTKYVFDLK DEDVYWCSAD IGWITGHSYV 
Dhaf_0467    DMLFILYTSG TTGKPKGVVH TTGGYMVGVS TTHRWVFDLK EEDVYWCTAD VGWITGHSYI 
CHY_0659     DMLFILYSSG TTGKPKGIQH TTGGYLVGVH TTFKYIFDYR EEDIYWCTAD IGWITGHSYI 



           361 
PAE2867      VLGPLLMGAT EVIYEGAPDY P---QPDRWW SIIERYGVTI FYTSPTAIRM FMRYGEEWPR 
MT_ACS1      VYGPLLLGTT TLLYEGAPDY P---DPGVWW SIVEKYGVTK FYTAPTAIRH LMRFGDKHPK 
Memar_1389   VYGPLLNGAT CLIAEATPDY P---DPGTYW DLIEEYGVTI FYTAPTAIRM FMRVGEEWPD 
Memar_0039   VYGPLEVGTT VVLAEGTPDY P---DPGAYW RLVQDLGVTI FYTAPTAIRM FMRVGEEWPA 
MT_ACS2      VYAPLIEGAT SVIYEGAPDH P---DPGRIW SMVERYGVSI LYTAPTTVRL FVKYGDKWPE 
Mthe_1413    VYGPLCLGAT SVMYEGSPDY P---DFGRWF QIIEDYGVSV IYTAPTAIRM FMKEGEEWPR 
P27095       VYAPLILGMT SLMYEGAADY P---DFGRWW KNIQDHKVTV LYTAPTAVRM FMKQGAEWPD 
Mthe_1196    VYGPLSLGAT SIIYEGSPDY P---DFGRWW SIIEEFGVNV LYTAPTAIRM FMRAGEQWPA 
Mthe_1195    VYGPLCLGAT SILYEGAPDY P---DFGRWF SIIQEHKVSV FYTAPTAIRM FMKAGEQWPQ 
Mthe_1194    VYGPLCLGAT SILYEGAPDY P---DIGRWW SIIEEYGVSV FYTAPTAIRM FMKAGDQWPK 
AF2389       VYAPLILGAT SVIYCGVPDY P---KPDRWW EIIEKYGVTV FYTAPTAIRM FMRLGEEWVE 
FOSS5188.y2  VYAPLILGVT SVMYEGSPDY PRLIDYGKW- --IEKYKVSV FYTSPTAIRM FMKFGESHIQ 
Dvul_0401    VYGPLALGAT SLMFEGVPSW P---SPDRFW RIVEKFRVNI FYTAPTVVRA LMREGTDWTE 
TTC0884      VYGPLLNGAT TVMYEGAPNW P---EPDRFW RIVDKYGVTV FYTAPTAIRS FMKWGEGWPG 
STH881       IYGPLANGAT TLMYEGAPDY P---DRGRIW EIIQKYRVNI FYTAPTLIRS FMRWGEGWPS 
Dhaf_0467    VYGPLANGAT VLMYEGSPDY P---NRDRFW EIVEKYKVTI LYTAPTAIRT FMKWGPQYPQ 
CHY_0659     VYGPLSNGAT VVLYEGAPDW P---QKDRFW EIIEKYRVNI LYTAPTAIRT FMRWGEKWPK 
 
 
           421        ^ ^ *                              * 
PAE2867      KHDLSTLRII HSVGEPINPE AWRWAYRVLG NEKVAFGSTW WMTETGGIVI SHAPGLYLVP 
MT_ACS1      RYNLESLKIL GTVGEPINPE AWMWYYRNIG REKCPIIDTW WQTETGMHLI APLP---VTP 
Memar_1389   RYNLSSLRIL GSVGEPLNPE AFEWFYRTIG KDRCPIVDTW WQTETGMHMV TTMI---GEP 
Memar_0039   KYDLSTLRVL GSVGEPLNPE AFEWYYRAIG GGRCPIVDTW WQTETGMHMV TTMI---GEA 
MT_ACS2      KYDLRTLRIL GSVGNPINPE AWMWYYRTVG GGRCPIMDTW WQTETGMHII TPLP---VTP 
Mthe_1413    KYDLRSVRLM GSVGEAMNPD AFLWWRKHVG NDWAPIMDTW FQSETGCHVI APLP---ITP 
P27095       KYDLSSLRLL GSVGEPINPE AWMWYREHIG RGELQIMDTW WQTETGTFLN SPLP---ITP 
Mthe_1196    KYNMKCLRLL GTVGEPINPE AWVWYRKNIG RDELQIMDTW WQTETGTFIG SPLP---ITP 
Mthe_1195    KYDLSSLRLL GSVGEPINPE AWIWYRKYFG SDRCPIMDTW WQTETGCFVV SPLP---ITP 
Mthe_1194    KYNLKSIRIL ASVGEPLNPE AYVWFRNNIG GGQAPIIDTW WQTETGCHVI APLP---MTP 
AF2389       KHDLSSLRIL GSVGEPINPE AWYWYYKHIG KERCPIMDTW WQTETGHFIV TPLP---VTP 
FOSS5188.y2  KHNLDSIRLL GSVGEPINPE AW-------- ---------- ---------- ---------- 
Dvul_0401    RHDLSSLRVL GSVGEPINPE AWMWYHTHIG KGRLPIVDTW WQTETGGIMI SGLPY--ATT 
TTC0884      KHRLDSLRLL GTVGEPINPE AWLWYYHVIG KGRCPIVDTW WQTETGGIMI TTLPG--AHA 
STH881       KYDLSSLRLL GTVGEPINPE AWMWYHKHIG GERCPIVDTW WQTETGAIMA TPLPG--VVH 
Dhaf_0467    SRDLSSLRLL GSVGEPINPE AWMWYYKYIG GERCPIVDTW WQTETGMIMM TPLPG--ITS 
CHY_0659     GRDLSSLRLL GTVGEPINPE AWIWYHEHIG GGRCPIVDTW WQTETGMIMI TPLPG--VIP 
 
 
           481 
PAE2867      MKPGTNGPPL PGFEVDVVDE NGNPA-PPGV KGYLVIKKPW PGMLHGIWGD PERYIKTYWS 
MT_ACS1      LKPGSVTKPL PGIEADVVDE NGDPV-PLGK GGFLVIRKPW PAMFRTLFND EQRYIDVYWK 
Memar_1389   MRPGFAGKPI PGVVADVVDM AGNPC-PPGT GGLLVVREPW PSMMRTIWND DERYCK-YWN 
Memar_0039   MKPGFAGKPI PGAVVDVVDR TGKPV-PPGT GGFLVIREPW PAMLRTVHGN DERYCA-YWN 
MT_ACS2      LKPGSAGKPF PTVIADVVDD EGRSL--RGS GGHLVIKTPW PAMFRTLFRE PERYVDAYWS 
Mthe_1413    LKPGSPAFPL PGYNVDLLDV NGRAV-GPGE SGNIVLTAPW PTMLRGIYGE PEKLREIYYD 
P27095       LKPGSCTFPL PGYDISILDE EGNEV-PLGS GGNIVALKPY PSMLRAFWGD KERFMKEYWQ 
Mthe_1196    LKPGSCTFAL PGYSMDVWDE AGKPV-PPGE GGNIVILEPY PSMLRDFYKD PDRYFRTYWE 
Mthe_1195    LKPGSPTFPL PGFNTDIYDE DANPV-PPGQ GGNIVNPTPW PSMLRAFYKD PERYMKEYWQ 
Mthe_1194    EKPGSVAFPL PGFNTDIYDE DGNSV-PLGY GGNIVQKTPW PSMLRAFFRD PERYMKEYWQ 
AF2389       LKPGSATKPF PGIEADVFDD SGNSLYGKNV GGYLVIKKPW PGMLRGVWRN PERYFKTYWE 
FOSS5188.y2  ---------- ---------- ---------- ---------- ---------- ---------- 
Dvul_0401    LKPGSATQPL PGVDAAIVRP DGSPA-GPNE GGHLVIRKPW PGMLRGIFGS PERYRSTYFE 
TTC0884      MKPGHAGKPF FGVVPEILDG EHRPVENPDE GGHLCITRPW PSMLRTVWGD PERFLQQYFS 
STH881       TKPGSTTRPF PGIEMAVVNE EGQEV-PPGA GGYLVVKSPW PSMLRTVWGD PDRYVSTYFG 
Dhaf_0467    LKPGSCTVPF PGVRIEVVDS AGHPV-PKGG GGYLAIKEPW PAMLRNIYGD PARFERTYFG 
CHY_0659     TKPGSATKPF PGVEADVVND KGEPV-PPGQ GGYLVLKKPW PAMLRTLYGD PERYKNTYWS 



 
 
           541 
PAE2867      RF------PG MFYAGDYAIK DKDGYIWVLG RADEVIKVAG HRLGTYELES ALISHPAVAE 
MT_ACS1      QI-----PGG VYTAGDMARK DEDGYFWIQG RSDDVLNIAG HRIGTAEVES VFVAHPAVAE 
Memar_1389   TV------PG CYTAADLAVK DKDGYIMVIG RSDDLIVVAG HNIGTAEVES ALVSHEAVAE 
Memar_0039   TI------PG CYTAGDLAVK DEDGYIMVLG RADDLIVVAG HNIGTAEVES ALVSHDAVAE 
MT_ACS2      TF------PG IYLSGDVARI DEDGYFWIQG REDDVLNVAG HRISTAEVES ALVSHPDVVE 
Mthe_1413    YYWSI--KPG IYLSGDRARR DADGYWWILG RIDDVLKVAG HRISNAEVES AALSHPNVAD 
P27095       FYWDVPGRRG VYLAGDKAQR DKDGYFFIQG RIDDVLSVAG HRIANAEVES ALVAHPKIAE 
Mthe_1196    TYWNV--RAG TYLAGDKGRR DEDGYFWIQG RIDDVIKVAG HRIGNSEVES AAVSHPKVAE 
Mthe_1195    MYWDI--RPG VYLAGDKATR DKDGYFFIQG RIDDVLKVAG HRISNAEVES ALVSHPAVAE 
Mthe_1194    MYWDI--KPG TYLAGDKATR DKDGYWWIQG RIDDVLKVAG HRISNAEVES AAVSHPAVAE 
AF2389       KF------KD VYLTGDAARV DEDGYFWIQG RLDDVLNVAG HRIGNSEVES ALVSHPAVSE 
FOSS5188.y2  ---------- ---------- ---------- ---------- ---------- ---------- 
Dvul_0401    RF------PG MYESGDGART DTDGYFWIMG RLDDVINVSG HRMGTAEVES ALVAHPSVAE 
TTC0884      QH------PG VYFSGDGAKR DKDGYYMILG RVDDVLNVAG HRLGTMEIES ALVAHPAVAE 
STH881       RF-----GHQ VYFTGDGAKR DEDGYYWIIG RVDDVINVSG HRIGTMEVES ALVDHPLVAE 
Dhaf_0467    NW------PG VYFPGDGAKW DKDGYFWILG RVDDVINVSG HRIGTMEVES ALVDHPSVAE 
CHY_0659     KF------PG WYFTGDGAKK DEDGYFWILG RVDDVINVSG HRIGTMEVES ALVEHPLVAE 
 
           601 
PAE2867      SAVVGVPDAI KGEVPIAFVV LKQGVAPSDE LRKELREHVR RTIGPIAEPA QIFFVTKLPK 
MT_ACS1      AAVIGKADPI KGEVIKAFLI LKKGHKLNAA LIEELKRHLR HELGPVAVVG EMVQVDSLPK 
Memar_1389   AAVIGKPDAL KGNTIKAFVI LRNGQKPGEK LRNDLVYHVR MTLGPIAIPS EIDFVDSLPK 
Memar_0039   AAVIGKPDPL KGNVIKAFVT LCVGVSPGDG LTDDLARHVR KSLGPVAVPA EIEFMDRLPK 
MT_ACS2      AAVVGKPDIL RGEEIAAFVT LRDKVEPT-R LKGVLREHVR REIGPIASPS YIEFVEDLPK 
Mthe_1413    AAVIGRPDKV KGENIILFVV LKEGINPSEE LKKDIRNHVR ATMGPIAMPS EVYFVSAIPK 
P27095       AAVVGKPDEV KGESIVAFVI LRVGNEPSPE LAKDAIAFVR KTLGPVAAPT EVHFVNDLPK 
Mthe_1196    AAVIGKPDPV KGEVIIVFAI LREGVQESEE LKKDIAKHIR ETLGPVAMPE AVYFVKDVPK 
Mthe_1195    AAVIGKPDEV KGEVIVAFVI LREGVKESED LKKELAKHVR SVLGPVAYPE IVYFVKDVPK 
Mthe_1194    AAVIGKPDEV KGEVIVAFII LKEGVQESED LKKDIAKHVR SVLGPVAYPE IVYFVKDVPK 
AF2389       AAVVGKPHEV KGEAIV---- ---------- ---------- ---------- ---------- 
FOSS5188.y2  ---------- ---------- ---------- ---------- ---------- ---------- 
Dvul_0401    AAVVGMPHAV KGEAIYAYVT LGADAEETEE LRAELRAWVR KEIGPIATPD VLQFAEGLPK 
TTC0884      AAVVGRPDPV KGEAIVAFVT LKEGHTPSDA LKEELRAHVA KVIGPIARPD EIRFTDALPK 
STH881       AAVIGRSHAV KGQAITAFVT LKEGRRGTPD LVDELKQHVV TKIGALARPE EIYFAADLPK 
Dhaf_0467    AAVIGKNHEV KGQALACFVT LKEGIEITPD LEDELKKHVA KKIGALARPD DIFFTAELPK 
CHY_0659     AAVIGKSHEV KGQAIAAFVT LKEGVEGTPE LVQELKQFVA QKIGALARPD DIFFTAELPK 
 
           661 
PAE2867      TRSGKIMRRL LKAVATGAP- -LGDVTTLED ETSVEEAKRA YEEIKAEMAR T 
MT_ACS1      TRSGKIMRRI LRAREEGED- -LGDTSTLEE ---------- ---------- - 
Memar_1389   TRSGKIMRRV LKAQELGMD- -PGDISTLEE ---------- ---------- - 
Memar_0039   TRSGKIMRRV LKARELGMD- -PGDISTLEE ---------- ---------- - 
MT_ACS2      TRSGKIMRRV IKAIVRGED- -VGDVSTLSN PESVSMLEDR VRTF------ - 
Mthe_1413    DRTGKPVRAV IKAKALGAA- -LGDTSSVIN KDAIDAIPAI ---------- - 
P27095       TRSGKIMRRV VKARALGNP- -VGDISTLMN PEAVDGIPKI V--------- - 
Mthe_1196    TRSGKIMRRV IRAKAMGQP- -VGDISTLAN PEAVDAIPKI V--------- - 
Mthe_1195    TRSGKIMRRV IKAKALGNP- -VGDISALAN PEAVDAIPLI K--------- - 
Mthe_1194    TRSGKIMRRV IKAKALGKP- -VGDISALAN PESVENIPLI V--------- - 
AF2389       ---------- ---------- ---------- ---------- ---------- - 
FOSS5188.y2  ---------- ---------- ---------- ---------- ---------- - 
Dvul_0401    TRSGKIMRRI LRKIAAGATS EFGDTSTLAD PGVVSDLIEG RLQLTGR--- - 
TTC0884      TRSGKIMRRL LRQIAAGEKE IKGDTSTLED RSVVERLKEG A--------- - 
STH881       TRSGKIMRRL LRDIAEGRA- -LGDTTTLAD PNVVAQLRQQ YESQEAG--- - 
Dhaf_0467    TRSGKIMRRL LRDIAEGRA- -IGDTTTLAD ASVVNTLKAN YQE------- - 
CHY_0659     TRSGKIMRRL LRDIAEGRA- -LGDTTTLTD PAVINKIKEQ YKDEG----- - 



 
 
Figure S1 
Alignment of ACS sequences used to construct the phylogenetic tree displayed in Fig. 2. The four 
residues forming the acetate binding pocket (71) are indicated by asterisks, and two residues diagnostic 
of a strong preference for acetate as a substrate (42) are indicated by the symbol ^. Download 
Figure S1, DOC file, 0.046 MB. 
 



1408.46         TTVSNIAAALAED-GKKVLVVGCDPKADTTRNLVGRKIP-TVLDVFRKK--GPDNMELED 
FS40622.45      TTVSNIAAALAED-GKKVLVVGCDPKADTTRNLVGRKIP-TVLDVFRKK--GPDNMELED 
2826344         TTVSNIAAALAED-GKKVLVVGCDPKADTTRNLVGRKIP-TVLDVFRKK--GAENMKLED 
150014349       TNVSNIAAALAES-GKKVMVIGCDPKADSTRNLMGRKIP-TVLDALRKN--GANNLELED 
44732           TNVGNMAAALAED-GKKVLVVGCDPKADSTRTLMHGKIN-TVLDTFRDK--GPEYMKIED 
L34             TTTQNMAAALAHFNDKKVLIHSCDPKADSTRMILRGMMQTTIMDTLREE--GEDEITLEK 
L48             TTTQNMAAALAHFNDKKVLVHGCDPKADSTRMILRGMMQTTIMDTLREE--GEDEITLEK 
K10             TTTQNMAAALAHFNDKKVLIHGCDPKADSTRMISRGMMQTTIMDTLREE--GEDEITLEE 
ctd005.70       TTTQNMAAALAHFNDKKVLIHGCDPKADSTRMILRGMMQTTIMDTLREE--GEDEITLEK 
ctd005.15       TTTQNMAAALAHFNDKKVLIHGCDPKADSTRMILRGMMQTTIMDTLREE--GEDEITLEK 
ctd005.17       TTTQNMAAALAHFNDKKVLIHGCDPKADSTRMILRGMMQTTIMDTLREE--GEDEITLEK 
L37             TTTQNMAAALAHFNDEKVLIHGCDPKADSTRMILRGMMQTTIMDTLREE--GEDEITLEK 
L9              TTTQNMAAALAHFNDKKVLIHGCDPKADSTRMILRGTMQTTIMDTLREE--GEDGITLEK 
L53             TTTQNMAAALARFNDKKVPIHGCDPKADSTRMILRGMMQTTIMDTLREE--GEDEITLEK 
1408.9          TTQQNTAAAMAHYFSKKVMIHGCDPKADSTRLILGIKMQETIMDTLREL--GEDEVTLDK 
L63             TTQQNTAAAMAHYFSKKVMIHGCDPKADSTRLILGIKMQETIMDTLREL--GEDEVTLDK 
L8              TTQQNTAAAMAHYLSKKVMIHGCDPKADSTRLILGIKMQETIMDTLREL--GEDEVTLDK 
1408.31         TTQQNTAAAMAHYFGRKVMIHGCDPKADSTRLILGIKMQETIMDTLREL--GEDEVTLDK 
1408.44         TTQQNTAAAMAHYFGKKVMIHGCDPKADSTRLILGIKMQETIMDTLREL--GEDEVTLDK 
1772570         TTQQNTAAAMAYYHGKKIFIHGCDPKADCTRLVLGGVAQTTIMDTLREL--GEDAVTAEN 
19915040        TTQQNTAAAMAYYHGKNVFIHGCDPKADCTRLALGGVPQTTIMDTLREL--GEEAVTVDN 
1854552         TTQQNTAAAMSYFHGKNVMIHGCDPKADSTRLILGGKMQTTMMDTLREL--GEGACTPDK 
2622682         TTQQNTAAAMSYFHGKNVMIHGCDPKADSTRLILGGKMQTTMMDTLREL--GEVACTPDK 
132663323       TTTQNTVAAMAHFHDKKVFIHGCDPKADSTRLILHGKQQVTMMDTLREK--GEDECTPDK 
150011527       TTTQNTVAAMAYFHDKKVFIHGCDPKADSTRLILHGKQQTTMMDTLREK--GEDECTPDK 
A1.2            TTTQNLAAALAHYYGKKVMIHGCDPKADATRLILGGKPQETVLDVLREE--GEENVTLDK 
B1.32           TTTQNLAAALAHYYGKKVMIHGCDPKADATRLILGGKPQETVLDVLREE--GEENVTLDK 
1408.30         TTTQNTAAALAYYYKLKGMIHGCDPKADSTRMILHGKPQETVMDVLREE--GEEGVTLEK 
118197434       TTTQNTAAALAYYYKLKGMIHGCDPKADSTRMILHGKPQETVMDVLREE--GEEGVTLEK 
A1.46           TTCQNTAAALAYYYKKKVMIHGCDPKADATRMILHGKPQDTVMDVLREE--GEEAVTLER 
E1.54           TTSQNVAAAAAYYFKEKVMIHGCDPKADATRMILHGKPQETIMDIIREE--GEEALTLEK 
44623           TTTQNTAAALAYFFDKKVMIHGCDPKADSTRMILHGKPQDTVMDVLREE--GEEAVTLEK 
150014559       TTTQNMAAALAHFLGHKVMIHGCDPKADSTRMILHGMGQNTVMDVLRDE--GEDAITLEK 
1537.15         TTTQNLSAALAYINDAKVMIHGCDPKADSTRMILHGLHQSTIMDTMRDE--GED-FELED 
1537.52         TTTQNLSAALAYFNDAKVVIHGCDPKADSTRMILHGLHQSTIMDTMRDE--GED-FELN- 
1537.102        TTTQNLSAALAHFNDAKVMIHGCDPKAGSTRMILHGLHQSTIMDTMRDE--GED-FELED 
L74             TTTQNLSAALAYFNDAKVMIHGCDPKADSTRMILHGLHQSTIMDTMRDE--GED-FELED 
L7              TTTQNLSAALAYFNDAKVMIHGCDPKADSTRMILHGLHQSTIMDTMRDE--GED-FELED 
216814          TTSCNISVALAKR-GKKVLQIGCDPKHDST-FTLTGFLIPTIIDTLQEKDYHYEDVWAED 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
1408.46         IVFEGFGGVYCVESGGPEPGIGCAGRGVITAVDMLNRLGVFEELKPGVVIYDILGDV 
FS40622.45      IVFEGFGGVYCVESGGPEPGIGCAGRGVITAVDMLNRLGVFEELKPDVVIYDILGDV 
2826344         IVFEGFGGVYCVESGGPEPGVGCAGRGVITAVDMLNRLGAFEELKPDVVIYDILGDV 
150014349       IVFKGFGETYCVESGGPEPGVGCAGRGVITAIDILNRLEAFETIKPDVIIYDILGDV 
44732           IVYEGFNGVYCVESGGPEPGVGCAGRGVITAVDMLDRLGVYDQLKPDVVIYDILGDV 
L34             IMQTGYGGIRCVESGGPEPGVGCAGRGIITAINLMEEHDGYAD-DLDFVFFDFLGDV 
L48             IMQTGYGGIRCVESGGPEPGVGCAGRGIITAINLMEEHDGYAD-DLDFVFFDVSGDV 
K10             IMQTGYGGIRCVESGGPEPGVGCAGRGIITAINLMEEHDGYAD-DLDFVFFDVLGDV 
ctd005.70       IMQTGYGGIRCVESGGPEPGVGCAGRGIITAINLMVEHDGYAD-DLDFVFFDVLGGV 
ctd005.15       IMRTGYGGIRCVESGGPEPGVGCAGRGIITAINLMEEHDGYAD-DLGFVFFDVLGDV 
ctd005.17       IMRTGYGGIRCVESGGPEPGVGCAGRGIITAINLMEEHDGYAD-DLDFVFFDVLGDV 
L37             IVQTGYGGIRCVESGGPEPGVGCAGRGIITAINLMEEHDGYAD-DLDFVFFDVLGDV 
L9              IMQTGYGGIRCVESGGPEPGVGCAGRGIITAINLMEEHDGYAD-DLDFVFFDVLGDV 
L53             IMQTGYGGIRCVESGGPEPGVGCAGRGIITAINLMEGHDGYAD-DLDFVFFDVLGDV 
1408.9          VMKIGFGGIKCVESGGPEPGVGCAGRGVITAINLMEEHVAYED-DVDFVFFDVLGDV 
L63             VMKIGFGGIKCVESGGPEPGVGCAGRGVITAINLMEEHGAYED-DVDFVFFDVLGDV 
L8              AMKIGFGGIKCVESGGPEPGVGCAGRGVITAINLMEEQGAYED-DVDFVFFDVLGDV 
1408.31         VMKIGFGGIKCVESGGPEPGVGCAGRGVITAINLMEEHGAYED-DIDFVFFDVLGDV 
1408.44         VMKIGFGGVKCVESGGPEPGVGCAGRGVITAINLMEENGAYED-DVDFVFFDVLGDV 
1772570         VINTGFDGIKCVESGGPEPGVGCAGRGVITAINLMEEMGAYSE-DLDFIHFDVLGDV 
19915040        VVNTGFKGIRCVESGGPEPGVGCAGRGVITAINLMEELGAYSD-DLDFVHFDVLGDV 
1854552         VIETGFGGIRCVESGGPEPGVGCAGRGVITAITLMERHGVYEN-DLDFVFFDVLGDV 
2622682         VIETGFGGIKCVESGGPEPGVGCAGRGVITAITLMERHGVYEK-DLDFVFFDVLGDV 
132663323       VIEVGFGGVKCVESGGPEPGVGCAGRGVITAITLMEQHGVYED-DLDFVFFDVLGDV 
150011527       VIETGFCGVRCVESGGPEPGVGCAGRGVITAITLMEQHGVYED-NLDFVFFDVLGDV 
A1.2            VVKIGFGGIRCVESGGPEPGVGCAGRGVITAINLMEELGGYPD-DLDFLFFDVLGDV 
B1.32           AGKIGFGGIRCVESGGPEPGVGCAGRGVITAINLMEELGGYPD-DLDFLFFDVLGDV 
1408.30         IRKVGFGGILCVESGGPEPGVGCAGRGVITAVNLMIELGGYPD-DLDFLFFDVLGDV 
118197434       IRKVGFGGILCVESGGPEPGVGCAGRGVITAVNLMIELGGYPD-DLDFLFFDVLGDV 
A1.46           VRKVGFGGILCVESGGPEPGVGCAGRGVITAVQMMIDLGGYPD-DLDFLFFDVLGDV 
E1.54           VRKVGFCGILCVESGGPEPGVGCAGRGVITAVQKMMELGGYPD-DLDLLIFDVLGDV 
44623           VRKIGFKDILCVESGGPEPGVGCAGRGVITAVDMMRELEGYPD-DLDNLFFDVLGDV 
150014559       VRKQGFGGIYCVESGGPEPGVGCAGRGVITAVDTMRELEGYPD-DLDNLFFDVLGDV 
1537.15         VRMIGFKDIHCVESGGPEPGVGCAGRGAISAVQSMIDLEGYPD-DLDYLFFDVLGDV 
1537.52         VRMIGFKDIHCVESGGPEPGVGCAGRGVISAVQSMIDLEGYPD-DLDYLFFDVLGDV 
1537.102        VRMIGFKDIHCVESGGPEPGVGCAGRGVISAVQSMIDLEGYPD-DLDYLFFDVLGDV 
L74             VRMIGFKGIHCVESGGPEPGVGRAGRGVISAVQSMIDLEGYLD-DLDYLFFDVLGDV 
L7              VRMIGFKDIHCVESGGPEPGVGCAGRGVISAVQSMVDLEGYQM-ILIISSLMFLEM- 
216814          VIYKGYGGVDCVEAGGPPAGAGCGGYVVGETVKLLKELNAFDE--YDVILFDVLGDV 
 
 
Figure S2 
Alignment of partial dinitrogenase reductase (NifH) sequences that were used to construct the NifH 
phylogenetic tree in Fig. 4. Sequences from the Lost City and other hydrothermal vent environments 
are identified by their clone names; all other sequences are identified by their GenBank accession 
numbers. Download Figure S2, DOC file, 0.029 MB. 
 

 


