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PDELTHEESLALIDQITEFGRPYPHLIMTGGDVL
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PGELTTEEGKKLLEEISQFGK--VVVVFTGGDPL
PSELNTEESRKLLEDIARFGK--VVIVEFTGGDPL
PGELNTEESRKLLEDIARFGK--VVIVFTGGDPL
PGELSTEESKKLLEDIARFGK--VVIVEFTGGDPL
PGELSTDEGKRLIEQLPEFGKPTPVLILTGGDPL
PGELNTEEGKRLIEQVASFGDPKPLLVITGGDPL
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PGELTTEEVKSLVDDLASSGV--KLFVISGGDAL
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PDELTTAEGKRLLDSAAEFGD-GQLVVLSGGDPM
PSELSTAEGKQLLTDAAAFGD-GQLVVLSGGDPL
PDELSTEEGKRLLNDAATFGD-GQLVVLSGGDPL
PDELSTAEGKALLDQASEFGD-GQLVVLSGGDPL
PDELTTAEGKRLLDQAADFGD-GQLVVLSGGDPL

YRDAGAKA--DEELNTVEGKALITEIAKAGEF--KIMIFSGGEPL

ALELSTSEAKMLIDQVKQAGS--PVLILSGGEPL

YVDAGTREA-PGVLSTDEALGVLDRIRATGT--PVVVLSGGEPL
YVDAGEKEA-DRVLSTQEALSVIDQIRAIGK--PVVVLSGGEPL

GDELSTGEIKGLIKEIAPMGA---MLIISGGEPL

RCSSDMDAA-EGDFNTEEAFKLIDDICEVSK--PVMVLSGGEPL
RCSSDMEAA-SGDFTTEEAFKMIDDICEVSK--PVMVLSGGEPL
RSSSQIEVVEHPDFSYEEAKRVLRDIHSYAN--PVIVLSGGEPL
RSSSKLEIKGHPDFSLDEAKRVLDDIHSYAD--PVIVLSGGEPL

SGELDTDASFRLLDQIAETGS--PIVILTGGEPL
DGELDTDQSFALLDQIAEVGR--PITIILTGGEPL
NDELTTEESFRLLDQIREVGQ--PIIILTGGEPL
KDELTTQESFTLLDQIREVGQ--PIIILTGGEPL
PGEFSTDEAKALIDTFPDVGN--PIIIFTGGDPM
PGELSTAEAKALIDTFTEVGK--PIIIFTGGDPM
EGELSTSEAKHEFVDEIVEMGD--PILILTGGEPL
AGELTTDEAKHFIDEVASIGK--PILILSGGEPL
EGELTTEEAKHFIDEVVELGK--PILILSGGEPL
EGELTTEEAKHFIDDVVELGK--PILILSGGEPL
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MRKDEWDLARYSISKGIRTLVAPSVTPLLTEEKIKKMKEIGIIGMSLSLDGARAETHDST
MRRDEWRILEYAVSQGLRVAVAPSVTPLLTREVVRRMARMGVARISISIDSGLPEVHDAT
LRSDIWDITAYAKGKGLRLAVAPAVSPNLTEDKVKKLAELGVDGVSISLDGSRPEIHDGI
SRDDIFELMDYAKSLGLIVSIAPAPSYRLNEDTIKNIKN-SALYMSISLDGYKPETHDWL
SRSDIFELMEYAKSLGLVVSIAPSPSHRLDDETMKMISN-YARYMSISLDGATPQTHDWL
SRSDIFELMEYAKSLGLVVSIAPSPSHRLDDETMKIISN-YARYMSISLDGATSQTHDWL
SRSDIFEIMEYAKSLGLIVSIAPSPSYRLRDETMKMISN-YARYMSISIDGATSQTHDWL
MREDIFELIDYAKSLNVPVAVSPTVSEKLLSDNVID-ELRRVSSVSVSLDGASPTTHEYI
MRNDLFDLIDYANQLGVPTSLAPAVSPNLNQEALKAVREHGVKSISISLDGAREETHDEL
MRNDLEFDLVDYAVQLGVPTSLAPAVSPNLSPETLKATREHGVKAISISLDGAREETHDET
MRADLFELVDYANSLGVPVSLAPAVSKSLDDEALRRIKSSGVKSISISLDGATAETHDEL
MRSDLFELIDYANSLSVPVSLAPAVSPNLNTETLKLIKESGVKSISISLDGARPETHDETI
MRADLFELVDYANSLSVPVSLAPAVSPNLTPEVMKEMKQAGVKSVSISLDGAFPETHDEL
KRDDIFEILEYSSAK-ITTALSPSGSR-INVEVAKRIKDTGVSMVSISVDGP-EEIHDEF
MRDDVTEITISHAAEKGFRVAIAFSGTEKATEEKLRELKEAGVARVAVSIDGSDEEKHDSFE
KRDDLVELVRYGTKQGLRMTLTPSGTEALTPDNIAALVDAGLOQRMALSVDAP-ATAHDREFE
ARPDTVELVEHGTDCGLRMTVTPSGTASLTPTAIEALADAGVAQFAVSIDGATPTTHDEF
ARDDLLELVSYGDDQGLRMTITPSGTQSLTADRIEDLADAGIRRMALSLDGATRESHDRE
ARGDLPELVEYGTEQGLRMTLTPSGTNSITPERLAELDDAGLRRLALSIDGGDSDAHDTEF
VRDDVTELVEYGTRQGLGMTLTPSGTESLTPERIEALQDAGLRRMALSLDGGDADSHDAF
MRPDIIELVAHAKSKGLRPVEGTNGTL-ITLEMAKRLKTAGALAIGISLDSVDVAKHDRF
LRDDIFEIAEYGTQRGLRMAIGTNGTL-IDDRTAVRLAGAGVRKAAISLDSADPGVHDRE
MRDDLCTIARYGTDRGLRMVMGTSGYF-LDRPMAARLKEAGIRAAATISLDSADPAVHDSFE
LREDMYDIARYGTEQGLRMVMGTSGYL-IDQETAAKLKEAGIRAVAISLDSKDPATHDAF
LRODVFEVARYAAGSGVRVSLASNGTL-ITPEIVDRILLSGISRVSISLDGASAKTNDAT
LRKDIWEIAQYGTDKGLRMCMATNGTL-ITDEICQKMKEVDLKMVSLSLDGSTAAIHDDE
MRPDIFEIAEYGTSKGLRMCMATNGTL-ITDEVCAKMNKADIKMVSLSLDGSTAEIHDDFE
LREDVFDIAAYGTNLGLRMCLATNGTL-VTEDTCRLIKESGIKMVSLSIDGATAAVHDNFEF
LREDIFDIATYGAGLGLRMCMATNGTL-VNQEVCRGMKESGIKMVSLSLDGASAATIHDDF
LRPDIFDIAAHGTSNGLKMVMAPNGTL-ITEESAKKMADAGISRISISIDGATREDHDSE
LRADIFDIAKYGDNLGLRMVMAPNGTL-ITPQIAEKMAASGIRRISASIDGATKEFHDKE
LRDDIFDIAAYGDKIGLRMVMAPNGTL-LNEDNVKRLIKSGIKRISVSLDGSTAASHDAF
LRDDIFDIAAYGDKIGLRMVMAPNGTL-LDEESVTRLMKSGIKRISVSLDGATAASHDAF
MRGDVYELIAYATDKGLRCVMSPNGTL-ITPEHAQRMKASGVQRCSISIDGPDAASHDAF
IRPDVYELVAYAHSKGLPCAFSPNGTL-ITPETAQKIKNAGVNRCSISIDGADAASHDSFE
VRKDVYETARYATDKGLRVALATNGTL-LNDGVVKKLKDAGVQRVSISIDGSTAQTHDDF
TRPDVFEIARYGTDAGLRVVLATNGTL-LTPEIVEKLRAAGVQRLSVSIDGANAETHDNF
TRSDVFEIARYATDAGLRVVLATNGTL-LTPELVEKLRAAGVQRLSVSIDGATAKTHDEF
TRTDVFEIARYGTDAGLRVVLATNGTL-LTPEIVKKLRDAGVQRLSISLDGATAKTHDEF
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RGINGIFERTVELMNEFVKKDVGMFLQINTAVMRDNVEELPEVFKLITDAGVDAWEVEYLT
RGVPGTFKASVNIVREA-LAAGLPVQINTTVMKPTVDSLPETLKLLLDLGVDVWEVEYVV
RGTSGVFEKTLWAIKTF-QEYGVRVQVNTAVMRDNVHDLADIAALLLKLGVKVWEVEYLV
RGF-GNYRYAINGIKLG-LKYGIQVQVNTLVWKRSYEELPYIAKLLKDLGVKVWEVFFLI
RGL-GSYKYALRGIELG-LKYGIQVQVNTLVWKKSYSELPFVVKLLKEMGVKIWEVEFFLT
RGL-GSYKYALRGIELG-LKYGIQVQVNTLVWKKSYSELPFVVKLLKEMGVKIWEVEFFLT
RGL-GSYNYALRGIELG-LKYGIQVQVNTLVWKKSYSELPFLVKLLKELGVKVWEVFEFFLT
RNRNGVFELTLKAISSL-LKAGVKVQVNTTFMKLNVHELPLIVKVLKDLGVYTWEVFFLI
RGVAGSFRDTVAVIKTA-VDMGIQVQVNTVVWRKSLTELPEVAKLITDLGVRTWEVEFFLI
RGVPGSFRNTLAAIKAA-VDAGVQVQVNTVVWRKSLPELPEVVKLITDLGVKTWEVEFFLT
RGVPGSFAETVSAIKRA-LDLGISVQVNTVVWKKSLSELPDVAYLLRRLGVKVWEVEFFLT
RGVPGSYKETVNAIKTA-VELGVSVQVNTVVWRKSLAELPEVAYLLKNLGVKVWEVEFFLT
RGVPGSYKETVTAIKTA-VEIGLPVQVNTVVWKKSLGELPDVAYLLKNLGVKIWEVEFFLI
RGVRGAFKMAKQAVDSL-HEVKLPVQINSTISRYNVDHLOQELRKTVEALRPVYWDVEFMLI
RGVRGTFRMSMMATIENA-KKAGLPFQINTTVTRENIEDLPNIARLCLELGAVMWDVEFEVV
RGEAGSFERTREAAEAA-RDAGIPLOTNTTVCATTVETLPAVREFVAEVGAVLWSVEFLV
RGEAGSFERTLRAARAI-RELGVPLQVNTTVCADTVEALPAIRDLVAELGVALWSVEFLV
RGEE-SFESTLEAAEAA-SEAGLPLOQINTTVCAETVDELPAIRDRVRDLGAVLWSVEFLV
RGESGSFEATMAAAEAA-RNLDIPLOQINTTVCAETVEQLPAIRDLVADLDAVLWSVEFLV
RGESGSFEATLAAAEAA-RETDLPLQINTTVCAETVDQLPAIRELVADLGAVMWSVEFLV
RATPGAWQGAVQGMRNC-RQOAGLPFQIHTTVVDWNYAEVETLTDFAIKEGALAHHTFFLV
RGVAGAWERAVAGIEAC-RDAGIPVQVHTTVTLONHRDLEGIAEFGESLGVRDFQFFFLV
RGVSGAWERAVAAIKNC-TEEGIGVQINMTAVRPAAGDIESVVALGKNLGVRDYQVEFPV
RGLDGVWEKATKAIGHC-HDAGIAVQINMSVMRSAISEVEDLIGLGTSLGVHDYQLFFPI
RG-EGSFDLALRGIRAL-S-GRVEFQINMTITPANIDELDPILDLAEREGAAAAHIFFMV
RSSPGAFEGTIRGAETL-KRNGIKFLVNSSEFTKRNOQDDIGATFKLAKGLGATAWYMEMIV
ROCPGAFEGVKRAAETL-TRNGIKFLINSSFTKRNQHDIANTFKLAKSLGATAWYMEMIV
RNQPGAFTGTMHAIELF-NTHQIDFLVNSSFTRRNKEEAPKIYEMVKTLGATAWYLFMIV
RTQPGAFDGTMNAIKLF-NENNIPFLINSSFTRRNKKEAPKIYQLVKELGATAWYLFMIV
RGVDGAYEGALRGAELA-KEAGIDFQINTTVTRLNMEQLPRIMALAESIGAVAHHIFLLV
RGVDGAFDAAIRGIEYV-KAAGIEFQINTTITKTNLDQIPKILELAEELGAAAHHIFLLV
RGLDGAFDRAVNGIKTA-KAAGLEFQINTVITKTNLNEIPAILALAESLGAAAHHIFLLV
RGVDGAFDRAINGIKIA-KAAGLDFQINTVITKTNLDEISAILTLAESLGAAAHHIFLLV
RGVPGAFEQSMRGIGYL-RDAGIEFQINTTVTRDNLHSFKDIFKLCERIGAVAWHIFLLV
RGVPGAFEASMRGIEYL-KAAGVPEFQINTTVTRNNLTSFKKIFELCERIGAAAWHIFLLV
RGVPGAFESSMRGIEYL-KAGGLGFQINTTITKRNIDEIPAILEIATNIGAEAHHIFLLV
RGMPGAFERTLAGIEVL-RKADFPFQINTTVSKRNLEEITKTFELAKELGAVAYHVFFLV
RGVPGAFDRTLAGIEVL-RKDGFPFQINTTISRRNLEEIPKTFELAKDLGAVAYHVEFFLV
RGVPGAFERTLAGIEIL-RKADFPFQINTTISRRNLEEIPKTFELAKELGAVAYHVEFFLV

* . *

continued on next page

180
191
202
183
183
183
183
188
195
195
195
195
195
179
183
197
189
189
190
189
176
190
185
208
175
187
187
183
183
194
201
201
201
197
235
182
185
185
185



Igni 0397
APE 1655
Hbut 0035
ST0127
M1425 1048
SS01631
5501840
Cmag 1900
Pisl 0113
Tneu 1901
Pcal 1716
PAE0596
Pars 2255
Msed 0512
AF 2413

NP 1546A
VNG 1185G
Hlac 1215
rrnAC3489
Hmuk 1679
LRZ99 07755
Memar 0879
Mboo 0958
Mpal 2626
Mthe 1135
C0624 00890
Dace 3005
CSA32 02305
DSY57 04415
B5M56 04105
DSCW_66730
DEB50_ 09370
CSA25 02885
DVU 0855
Ddes 0287
Mbur 1233
Mbar A1458
MA 0573

MM 1737

LTGRASKDLD--LTKDEYWDVSNEFLYDASKY-GKTTIRTTEGPFFRVVYRLRTVLDEMGK
PTGRAARILD--LTPSEWEDVSNYLYDASRY-GV-LVRTVEGPMFRRIALTRRLLENMGL
PVGRAQLELN--LTPEEWEDVSHFLYEASKY-GL-VVRTSEGPMFRRVAITRMLLELAGK
PVGRGTLELD--IPREKYKDVIDFLVEVSRY-NI-VVRTVEAPFFRRAKLEYKEV-—-——-—
PVGRGTTELD--IPRDKYKDVIDFLVEATRY-DL-VVRTVEAPFFRRAKLEYTPATT---
PVGRGTTELD--IPRDKYKDVIDFLVEATRY-DL-IVRTVEAPFFRRAKLEYTPATT---
PVGRGVIELD--IPKEKYKDVIDFLVETTRY-DL-VVRTVEAPFFRRAKLEYTPSTI---
HVGRGIELEA--LTPEETEDVVNVLYDVSKY-GF-TVRTVEAPFYRRVVLHRYAFENNE I
VAGRAKEELD--ITPEEYEAAVQFLVDVSTY-GL-QVRTVEAPFYRRAKLERLEG-—-—-—-—
VIGRAREELD--ISPEEYEAAVQFLVDVSTY-GI-QVRTVEAPFYRRAKLERLEG-—----
VTGRAKEELD--ISPAEYESAVQFLVDVSTY-GF-QVRTVEAPFYRRAKLERLRG-—-—---
VIGRAKEELD--ITPEEYEAAVQFLVDVSTY-GF-QVRTVEAPFYRRAKLERLKG-—-—---
VIGRAREELD--ITPEEYEAAVQFLVDVSTY-GF-QVRTVEAPFYRRAKLERLEG-—-—-—-—
PTGRATKEMM--ITSEQAEEVMRTITKW-RM-EGLNVRMTCAPYLVRVMNEMGVVR-—-—-—
PTGRAKAEMM--PTPQOFEDVLCWLYDLSKK-TGLNVKSSAATHLRRIELMRDRGE-—---
PVGRGQILDP--IQPERAESVLEWLQDVSEA-APFGVKTTEAPHYRRVALQRNGSA-—-—--
PVGRGRALDP--VSPARAEEVMAWLDGVARS-EAFGVKTTEAPMYRRVRAQRGGDG-—-—--
AVGRGRILEP--IAPERAEDVMEWLHGVAES-EPFGVKTTEAPFYRRVGLOSDGD—----—
PVGRGRVLTP--IDPERAERVLKWLHEVSDE-ASFGLKTTEAPHYRRVAMEQQDEG—-—--—
PVGRGRVLTQ--ISPDRAERVMEWLHEVSES-EPFGLKTTEAPHYRRVTIERERDG----
PTGRAVNIEQETLKAEQYEKLLHRIMTKQQOQO-VAIELKPTCAPQFMRIAKQLGVK--—---
PTGRGKEVVD--ISPEMYESLIRRILRLRAD-RGLSIRPTCAPQYVRIAAGMGLP-----
PTGRAGGTGP--ENPREYEDVIRRVLLKYCD-SNVNLRPTCAPQFRRIAADLGVT--—-—-—
PTGRARQIEP--RSPEEYEEMIRRILIRYRD-SRINIRPTCAPQFRRIADECGIA-—-———
PTGRGRAV--ECISPEMQRSLLE---RIASEERSIEIRPTCAPQYGRVLMEKKGS-----
PTGRGEEIMNELITKEDYEEILSWHYEQEKNEDDILMRPTCAPHYYRIVPQOMAKAEGVDF
PTGRGEEIMNELVSKEDYEEILSWHYEQEKNEDDILMRPTCAPHYYRIVPQOMAKAEGVDF
PTGRGEDIMAELIPEEEYEDILNWHYDMETEESDLLVRPTCAPHYYRIVLORSKEEGSRE
PTGRGEEIMEELIPESEYEDMLNWHYDMEKKESDMLVRPTCAPQYYRIVLORAKKEGEKE
PTGRGREMAEQAISAQDYENTLNWEYDQOKI-SSLOLKATCAPQYYRVLROQRARMENISV
PTGRGKYIVDQAIDAESYESTLNWEYDQREK-TSLOLKATCAPHYYRILRQRARDEGKTI
PTGRGKYIVDTAIDAKEYEETLNWEYDQRDK-TSLOLKATCAPHYYRILRQRAKADGKKV
PTGRGKYIVDTAIDAKEYEETLNWEYDQRDK-TSLOQLKATCAPHYYRILRQRAKAEGRKV
PTGRAAGLSDQVISAAEYEEVLNWEYDFRKT-TSMHLKATCAPHYYRIMRQRAKEEGVSV
PMGRAAGLADQVITAQEYEDVLHWLYDFRKT-TKMHLKATCAPHYYRIMRQRAKEEGVSV
PTGRGKELENEEIPPAEYERVLNWEYDQOKH-VKIQLKATCAPHYFRIMROQRAKREGTEV
PTGRGDE--SDEVSPADYERILHWFYEMQKE-SKIQLKATCAPHYFRIMRQQAKKEGIEI
PTGRGEE--SDEVSPADYERVLHWEFYDMOKE-SEIQLKATCAPHYFRIMRORAKKEGIET
PTGRGEE--SDEVSPADYERVLHWEFYDMOKE-SEIQLKATCAPHYFRIMRORAKKEGIET
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GPE-ELGVGELYYKLRERLEELMGPVP-—-—-—-— HGPPKQKRAPSAYTRDGYGIIFVAY
DWRNRLRPGSLYHKLARKTLELLG--D-=-—-—=—=~ PPGEARAQTTGTRDGKGVIFVSN
NPDEALNTGPLYRQLVSRLRQLLG--E—-—-—-—--- PQGKPLASTTGTRDGKGVIFVSY
——————————— KNELIRKLKELLG--E—----—--—---SKSPVDKSILPTRDGAGVIFISY
—————————— NDNELVSTLRELLG--E----------PVKEADKSTILPTRDGAGVIFIGY
—————————— NDNELVSTLRELLG--E----------PVKEADKSTILPTRDGAGVIFIGY
—————————— KSNELVSKLRELLG--E--------—--PVKDVDKSVLPTRDGSGVIFIGY
N--IKPNLGPLYRQLYEGLIKVMGNEP—-—-—-——-— PKLTKRPMVARTRDGDGIIFVAY
--—-KTYDSPLYRKLVGRLRELMG—-P-—-——-—-—- PRRGIDPTIVPTRDGFGIIFVAY
--—-KTYDSPLYRKLVERLGELMG--P-—=--=-—-—- PRRGVDPTVVPTRDGFGIIFVAY
----KAYSDLLYDKLVARLRELLG--P-—=--=-—-—- PQRGVDPTIVPTRDGFGIIFVGH
--—-REFGHPLYNQLVERLRNLMG-~-P-—=--=-—-—- PVRAVDPTIVPTRDGFGIIFIAY
--—-RIYDHPLYLOLVDKLRKLLG--P-—-——-—-—- PTRGVDPTIVPTRDGFGIIFVAY
et LP-—-——————- PDKNYGRRSVNGARGEMAGNGYAFVAY
----MPAVGELYYRLLERIEDFPEGEGIVVAGGHGKSLSTDGIRRAIGITDGRGMFFISH
e et LR DAPDADATGRRGGITAGDGFAFVSH
————————————————————————————————————————— APQRRAGVTAGDGFAFVSH
——————————————————————————————————————— EEATRRRGGITAGRGFAFVSH
- S SGLKRRMGIRAGKGFAFVSH
it AGENDGLQORRTGIRAGQGFAFVSH
————————————————————————————————————————— M-RFSKGELAGTGYCIISP
————————————————————————————————————————— VAEGERGCTAGIRYCRIDP
————————————————————————————————————————— KPDWGRGCIAGISYCRIYA
————————————————————————————————————————— NPAWGRGCLAGITYCRIFA
————————————————————————————————————————— QARTAGGCIAGIRFVFISR
ERRSL—= == == === === ——————m—m—m TFSTGGGKGCIAAQTICLIDC
KRRST,— === == == === === ————— e TFSTGGGKGCIAAQTICLIDC
RRRSL—————————————————— oo KFSTGGSKGCLAGQLICLIDV
KRRNL—=————————————— oo KFSTGGSKGCLAGQLICLIDV
SFKTH=—=—= == === ———m e GLD-AVTRGCLGGVSFCFISH
SFESH-—=—= === ——m oo GLD-AVTRGCLAGTGFCFISH
SFETH-—=—=—— === - ———— e GLD-AVTRGCLAGTGFCFISH
SFKTH-—=——————————————— oo GLD-AVTRGCLAGTGFCFISH
TPDNF—————— === ———— oo GMD-AMTRGCLGGTGFCFISH
TPENF —— === — === ———— e GMD-ALTRGCLGGTGFCFISH
TVKTH= === === == — = —————m o e GYE-AMTRGCLGGISFCFVSS
SVKTH-—-—=—=—=—= === ——m o e~ GYE-AMTKGCLGGTGFCFVSS
SVKTH-—=—=————————m oo GYE-AMTKGCLGGTGFCFVSS

SVKTH= === === == ———m oo oo GYE-AMTKGCLGGTGFCFVSS
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Igni 0397
APE 1655
Hbut 0035
ST0127
M1425 1048
SS01631
SS01840
Cmag 1900
Pisl 0113
Tneu 1901
Pcal 1716
PAE(0596
Pars 2255
Msed 0512
AF 2413

NP 1546A
VNG 1185G
Hlac 1215
rrnAC3489
Hmuk 1679
LRZ99 07755
Memar 0879
Mboo 0958
Mpal 2626
Mthe 1135
C0624 00890
Dace 3005
CSA32 02305
DSY57 04415
B5M56 04105
DSCW_66730
DEB50 09370
CSA25 02885
DVU 0855
Ddes 0287
Mbur 1233
Mbar A1458
MA 0573

MM 1737

NGDVYPSGF
KGLVYPSGF

LPYKVGNVREASLKEIYQONSKALKMIRDPSNERPP
LPYPVGDVRKSSLKEIYQSSPELEGLRK-AVEFKGR

NGTVYPSGFMPYPLGNIRVKSLVEIYRENLILKRLRG-ARFEGR

NGDIYPSGF
NGDVYPSGF
NGDVYPSGF
NGDVYPSGF
NGDVSPSGF
DGTVYPSGF
DGTVYPSGF
DGTVTPSGF
DGTVHPSGF
DGTVHPSGF
DGTVYPCGF
IGEVYPSGF
TGELFPSGF
TGAVYPSGF
TGEAYPSGF
TGEVFPSGEF
TGEMYPSGF
KGIVQPCAY
TGEVTPCPY
NGDVTPCPY
NGDVTPCPY
TGDVFPCGY
FGNLKPCSY
FGNLKPCSY
DGNILPCSY
DGNVLPCSY
VGIVQPCGF
TGIVQPCGY
VGRVQTCGF
VGRVQTCGF
TGQVQPCGY
VGQVQPCGY
TGDVQPCGY

LPLKLGNVREDRLIDVYRNSELLKMIKA-GKLKGK
LPLYLGNVKKESLVDIYRKSEVLKKIKD-SRFEGK
LPLYLGNVKKESLVDIYRKSEVLKKIKD-SRFEGK
LPLYLGNVRKESIVDIYRKSEVLKITIKD-GREDGK
LPIKLGNVKEESLVKIYRENPVLLRIRR-GEYGGR
LPYPLGNVRRRSLVEIYREHPLLOKMRR-GEFGGR
LPYPLGNVRRRSLVEIYRDHPLLOKMRR-GEFGGR
LPYPLGNVRKRRLVDIYRNHPLLVKMRR-GEFEGR
LPYPLGNVRKQSLVKIYREHPLLLKMRR-GEFGGR
LPYPLGNVRRQSLVEIYRNHSLLOKMRR-GEFGGR
LPIPAGNVRFRRFSEIYEQSPVFKSLREPSKLGGK
LPIVAGNVRNTSLKEIYYSSEIFVNLRDPDRLKGK
LPKSAGNVTDSDLVSLYQDSTLFESLRDRDRLKGK
LPSSAGNVRERSVVDSYRNSELFQRLRDTEALTGK
LPESAGNVHDRSIVDIYRNGDLFESLREPDRLKGK
LPKSAGSVREESVVDIYRDSPLEFQQLRDDDALTGK
LPESAGNVRSEGVVDLYRESALFQRLRDDSALEGK
LNIPAGNVRETPEFSEIWRDNAVENRLRNQ-PLQOGG
LPLGLGNIRRTPFAEIWNGSEVFAALRSGEGLRGK
LPVSAGNVRDIPFDRIWNESHLFHALRDPNRLTGK
LPVSAGNVRTTPFSEIWNNSPLFAALRDPSRLTGK
FPLSAGSIRDRSEFSEIWSSSPLLNDLRER-RLKGR
FHSSVGNVKQIPFKELWENNKVENDLRDESKYKGK
FHSSVGNVKQIPFKDLWENSKVENDLRDESKYKGK
FPLSDSNIRDKSFKDIWENSPLLTDMRNESQYKGS
FPKAAGNIRSQSFODIWENSTLFHELRDEFKSYKGS
LELNCGDVTSQHFGEIWRDSVIEFNNLRNYDMLGGK
TDVKCGDITRDTFGHVWRNSPVFLKLRDFKQLEGK
LDVTCGDIKTSHEFKDVWENSEVENKLRDENNLEPK
LDVTCGDIKTHHFKDVWENSDVENKLRNENNLDPK
LELDCGNVRNTPFPEIWRKSEHFRQFRTQEEYTGK
LELDCGNVRQTPFPKIWRESKHEFLQFRDQOSCYSGK
LPVIAGNIKEKSFKEIWEDSVLENDLRDYDKLGGK

VGKVFPCGYLPVLAGNIREQPFREIWENAEVFRKLRDPEELKGK!

VGEVYPCGY
VGEVYPCGY
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Igni 0397 AYSY-—-———————————————— FKDPFGHDPAGKLPEVLESL-DPQVVEEALRPFGRAKXs 393

APE 1655 AYSY-————————m— - TGDPLGEDPAGAYRPGEFRSLLQELGVGEADVYGLVEXs 403
Hbut 0035 AYAV-———————m——m TGKPFGEDPA@QPYRPGTFSVMVSKLGVRVENVVREIEXs 415
ST0127 AYAV-—————mmmmm YGDPLAEDPAGPY-—————————— e ——— 347
M1425 1048 AFAV-————————————————— YNNPFAEDPMEPY - —————————— e —— 350
S501631 AFAV-————————————————— YNNPFAEDPMEPY-———————————————————————— 350
5501840 AFAV-————————————————— YNNPFAEDPMEPY-———————————————————————— 350
Cmag_1900 AYAE------------------ YGDPLAEDPAGVYSPGTIRLPESTLSP-—————————~- 382
Pisl 0113 AFAY-————————————————— FKDPLAEDPAQTIYSPPL————————————————————— 370
Tneu 1901 AFAY-—-——————————————~— FKDPLAEDPAQVYKP-—————————————————————— 368
Pcal 1716 AFAV-=————————————————— FKNPLAEDPAQVYIPSSWKSVEMTR-———————————— 378
PAE(0596 AFAY-————————————————— FKDPLAEDPAGVYKPHRNL——————————————————— 372
Pars_ 2255 AFAY-—-——————————————~- YKDPLAEDPABIYKPT——————————m e —— 369
Msed_0512 AFSL-——===———————————— TENFMDEDPFETYVPRTLRVRA-——————————————— 347
AF 2413 AYAV-————————————————— HGDYLAEEPCEIYIPQSSR-—————————————————— 375
NP_1546A AYAV-————————————m— - TGDPLASDPLEAYRPSGYDGPLPDRQAAADR-—————— 371
VNG_1185G AYAT-———-—-——=-—-—-—-—=- TGEPMASDPLEPHVPDGYDGPLPDROATADD——————— 356
Hlac 1215 AFAT-————————————————— TGDPLESDPLEPYVPDGYDGELPPTLKDGFEGSTSAPX, 367
rrnAC3489 AYAT---——————————————- TGDPLAADPLEDYRPDGFEGSVPDQHPAD————————— 357
Hmuk 1679 AYAA-——=—=————————————— TGDPMGSDPLESFVPDEYDGPLPATHGERVPTD--——— 364
LRZ99 07755 AYYY———mmmmmm - HGDYMAEEPWELYHGRKGY——————————————————— 330
Memar 0879 AYGVIQE--—-——=—=-——~ RSGTGDCLAEDPWELYEPGVR-——————————————————— 349
Mboo 0958 AYRGAEAFSSRWCDGLLKPSAIAGELCAEDPWEPYEPGGS———————————————————— 356
Mpal 2626 AYRQEDAASPLWCDGLATPDIVNGEICGEDPWEPYQPPDVIP-————————————————— 381
Mthe 1135 AYAL-—=—=——==—————————~— TGDYLGEDPTEAWRGSIG-——————————————————— 325
C0624 00890  ADAV---———————-———————- YGDYMQQEPFENYVPERMRKKMHKEAEEMAPK —————~ 369
Dace_3005 ADAV-=——=—————————————— YGDYMAEEPFENYIPRKTRLRMEKEAAENRGE —————— 369
CSA32 02305  AYAM---—---—————-———-—---—- TGDYMAEEPFETYQPSRKMRTQL-—————————————— 356
DSY57_04415 AYAV-————————————————— TGDYLAPEPFESYQPK-————————————————————— 349
B5M56_04105  AYEA--—---——---------- TGDYLAEEPLEVYQPAKQSQPL-————-—————————— 364
DSCW_ 66730 AYEA-————————————————— TGNYMAEEPLEAYQPEKAAPC-———————————————— 370
DEB50_ 09370 AYEA-————————————————— TGNYLAQEPLETYQPPRH-——————————————————— 367
CSA25 02885  AYEA---—-—————————-—--——- TGNYLAQEPLETYQPARHKSAV-———————————————— 371
DVU_0855 AYNM---——————————————- SGDHMAEEPLESYKPRRMTPCR-——————————————~— 367
Ddes_0287 AHSM--—===—=—————————— DGDHMGEEPLETYIPAKMRKKGRDGKSGEEK——————— 414
Mbur 1233 AYAA-————————————————— TGDYMAEEPY@TIYNPR-————————————————————— 346
Mbar A1458 AYAA---—-————————————- TGDYLEEEPY@IYRPGKK-——————————————————— 349
MA 0573 AYAA-————————————————=— TGDYLEEEPY@TIYRPGKK-——————————————————— 349
MM 1737 AYAA-————————————————=— TGDYLEEEPY@TIYRPGKK-——————————————————— 349

* -k K

Figure S1. Amino acid sequence alignment of AhbD sequences from different archaea and sulfate-
reducing bacteria. Conserved N-terminal cysteine residues coordinating the RS cluster are
highlighted in violet purple, C-terminal cysteine residues in raspberry, and partially conserved
cysteine residues of the full SPASM maotif in salmon. Sequences are specified by gene numbers.



Figure S2

anSME_CPEO635 6 LLIKPASSGENLKETYEFYHSLSDNRNVKSYGIMRDEVLESMVKRVLNE--ADGHCSFAF 63
SuiBisTRSU 108 ELVIYPSMY@DLKEGFE@FLANREDRN---——————— AKPAKDWERILRQAKDNGVLSVSI 157
POQE KLEPN 13 WLLAELTYREPLQOEPYESNPLDFARQDK-—-—————-— ELTTEQWIEVFRQARAMGSVQLGFE 64
MFTCiMYCTU 21 CLTWELTY LAGVHELSSSG-KRDPG-—-—-=-——--— ELSTRQCKDIIDELERMQVFYVNI 71
DVU_0855 22 LIAWEVTRSE@NLAGKHE@RAEAHMEPYPG-—-—-—-—-—-—- EFSTDEAKALIDTFPDVGNPIIIF 73
Ddesio287 60 LIAWEVTRSENLAGKHERAEAHPEPYPG—--=-——-—— ELSTAEAKALIDTFTEVGKPIIIF 111
Mbur_1233 7 LIAWELTWGENLAGVHERGSSTSEIPEG-—-——-———-— ELSTSEAKHFVDEIVEMGDPILIL 58
Mba:_A1458 10 LIAWELTA LNEVHERGASTSSVPAG--——-——-—- ELTTDEAKHFIDEVASIGKPILIL 61
. * *x %k * .
anSME_CPE0635 OGGEPILAGLEFFERLMELORKHNYKNLKIYNSLOTNGTLIDESWAKFLSENKF-LVGLS 122
SuiB STRSU LGGEPTRYFD-IDN----LLI--ACEELKIKTTITTNAQLIKKSTVEILAKSKYITPVLS 210
PQQE_KLEPN SGGEPLTRKD-LPE----LIR--AARDLGFYTNLITSGIGLTESKLDAFSEAGLDHIQIS 117
MFTC_MYCTU GGGEPTVRPD-FWE----LVD--YATAHHVGVKFSTNGVRITPEVATRLAATDYVDVQIS 124
DVU_0855 TGGDPMMRGD-VYE----LIA--YATDKGLRCVMSPNGTLITPEHAQRMKASGVQRCSIS 126
Ddes 0287 TGGDPMIRPD-VYE----LVA--YAHSKGLPCAFSPNGTLITPETAQKIKNAGVNRCSIS 164
Mour 1233 TGGEPLVRKD-VYE----IAR--YATDKGLRVALATNGTLLNDGVVKKLKDAGVQRVSIS 111
Mbar A1458 SGGEPLTRPD-VFE----IAR--YGTDAGLRVVLATNGTLLTPEIVEKLRAAGVQRLSVS 114
anSME_CPE0635 MDGPKEIHNLNRKDCCGLDTFSKVERAAELFKKYKV-EFNILCVVTSNTARHVNKIYRYF 181
SuiB_ STRSU LOTLDSKLNFELMGVR--PD--RQIKLAKYFNEVGK-KCRINAVYTKQSYEQIIELVDEC 265
PQOE_KLEPN FQASDEVLNAALAGNK--KAFQQKLAMAKAVKARDY - PMVLNFVLHRHNIDQLDKIIELC 174
MEFTC_MYCTU LDGATAEVNDAIRGT---GSFDMAVRALQNLAAAGFAGVKISVVITRRNVAQLDEFATLA 181
DVU 0855 IDGPDAASHDAFRGVP--GAFEQSMRGIGYLRDAGI-EFQINTTVTRDNLHSFKDIFKLC 183
Ddes 0287 IDGADAASHDSFRGVP--GAFEASMRGIEYLKAAGV-PFQINTTVTRNNLTSFKKIFELC 221
Mour 1233 IDGSTAQTHDDFRGVP--GAFESSMRGIEYLKAGGL-GFQINTTITKRNIDEIPAILEIA 168
Mbar A1458 IDGANAETHDNFRGMP--GAFERTLAGIEVLRKADF-PFQINTTVSKRNLEEITKTFELA 171
anSME_CPE0635 KEKDFKFLQFINCLDPLYEEKGKYNYSLKPQDY-TKFLKNLFDLW-~—--~ YEDFLNGNR 234
SuiB_STRSU IENKIDRFSV-ANYSEVTGYTKIKKK-YDLADL-RRLNEYVTD-~~--YITQREANLNFAT 318
PQOE_KLEPN IELEADDVEL-AT-———————————————————— COFYGWAFLNREGLLPTREQIARAEQ 212
METC_MYCTU SRYGAT-LRI-TRLRPSGRGTDVWADLHPTADQQVOLYDWLVSKGERV-—————————— L 228
DVU_0855 ERIGAVAWHI-FLLVPTGRAAGLSDQVISAAEY-EEVLNWFYDFRKTTSMHL—-—~~ KAT 236
Ddes_ 0287 ERIGAAAWHI-FLLVPMGRAAGLADQVITAQEY-EDVLHWLYDFRKTTKMHL—~—~~ KAT 274
Mpbur 1233 TNIGAEAHHI-FLLVPTGRGKELENEEIPPAEY-ERVLNWEYDQOKHVKIQL---~~ KAT 221
Mbar_A1458 KELGAVAYHV-FFLVPTGRGDE--SDEVSPADY-ERILHWFYEMOKESKIQL----~ KAT 222
anSME_CPEO635 VSIRYFDGLL-—--—--— ETIL--1G-——-——-— KSSSCGMNGTCTCQFVVESDGSVYPCDFYVLD 282
SuiB_STRSU EGCHLFTAYP-—-—-- ELINNSIEFSEFDEMYYGCRAKYTKMEIM--SNGDILPCIAFLGV 371
POQE KLEPN VVADYRQKMAASGN-LTNLLEFVTPDYYEERPKGCMGGWGSIFLSVTPEGTALPCHSARQL 271
MFTC_MYCTU TGDSFFHLAP-—-—-=-———=———— LGQSGALAGLNMCGAGRVVCLID--PVGDVYACPFAIHD 275
DVU_0855 CAPHYYRIMRQRAKEEGVSVTPDNFGMDAMTRGCLGGTGFCFIS--HTGQVQPCGYLEL- 293
Ddes_0287 CAPHYYRIMRQRAKEEGVSVTPENEFGMDALTRGCLGGTGFCFIS--HVGQVQPCGYLEL- 331
Mbur_1233 CAPHYFRIMRQRAKREGTEVTVKTHGYEAMTRGCLGGISFCFVS--STGDVQPCGYLPV- 278
Mbar_A1458 CAPHYFRIMRQQOAKKEGIEISVKTHGYEAMTKGCLGGTGFCFVS--SVGKVFPCGYLPV- 279
* *
anSME_CPEO635 KWRLGN-IQDMTMKELFETNKNHEFIKSSFKVHEEGKK] KGGCRRCRDSKEDSD 341
SuiB_STRSU NQTKON-AFEKDLLDVWYDDPLYGGIRSFRTKNSKE@LS EGGCYVNLIKEKSPE 430
POQE KLEPN PVAFPS-VLEQSLESIWYDSFGEFNRYRGYDWMPEPERS FGGCRCQAFMLTGSA 330
MFTC_MYCTU HFLAGNVLSDGGFONVWKNSSLFRELREPQS-AGAEGGS RGGCMAAKFFTGLPL 334
DVU_0855 ——DCGN-VRNTPFPEIWRKSEHFRQFRTQEEYTGKEGP -GGCRARAYNMSGDH 349
Ddes_0287 —-—-DCGN-VRQTPFPKIWRESKHFLQFRDQSCYSGKEGE -GGCRARAHSMDGDH 387
Mbur_1233 —-—IAGN-IKEKSFKEIWEDSVLENDLRDYDKLGGKEGR -GGCRARAYAATGDY 334
Mbar_A1458 --LAGN-IREQPFREIWENAEVFRKLRDPEELKGKEGI -AGCRARAYAATGDY 335
. . .. . * * * *
anSME7CPEO635 LELNYYEQOSYKEFFEYAFPRLI-————-- NVANNIK-—-—-—-—-—=—""""="—"—"——————————— 370
SuiB_STRSU YFRDSVEQL———— === —m e e e e 439
POQE KLEPN DNADPVESKSPHHHKILEARRE-—-——-- AACSDIKVSQ----LQFRNRTRSQLIYQTRDL 380
MFTC_MYCTU DGPDPEEVQOGHSEPALARERHLPRPRADHSRGRRVSKPVPLTLSMRPPKRPC--N-ESPV 391
DVU 0855 MAEEPLESYKPRRMTPC——-—-—-— Rem—m oo 367
Ddes 0287 MGEEPLETYIPAKMRKK--————~~ GRDGKSGEEK——=—==—==—=———————— 414
Mbur 1233 MAEEPYT YNPR———— === === = — —— — o o o o 346
Mbar_ A1458 349

LEEEPYEIYRPGKK ~ == === = = = = = — = = e e e e e e e e e

Figure S2. Amino acid sequence alignment of AhbD with the SPASM domain-containing Radical
SAM enzymes anSME, SuiB, PqqE and MftC. Cluster-coordinating cysteine residues are highlighted
in color as in Figure S1. Sequences are specified by UniProt entry names or gene numbers.



Figure S3
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Figure S3. EPR Cw X-band spectra of the dithionite reduced AhbD variants Auxl (left) and Auxll
(right) recorded before (blue) or after (black) iron-sulfur cluster reconstitution. Spectra were recorded
at T = 13 K and Pww = 1 mW. All other experimental parameters are given in the main text.



Figure S4

a Auxl reconstituted b Auxll reconstituted

—Exp —Exp
—Sim —Sim
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c Auxl not reconstituted d Auxll not reconstituted
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Figure S4. EPR Cw X-band spectra of the oxidized AhbD variants Auxl (a, ¢) and Auxll (b, d)
recorded before (c, d) or after (a, b) iron-sulfur cluster reconstitution. Spectra a and b were simulated
(red line) with gy; gy; 0. = 2.016; 2.010; 1.973 and gyx; gy; 9. = 2.026; 2.007; 1.998, respectively.
e) shows the signal of ‘free’ Fe(lll) at g = 4.3 contained within the reconstituted AuxI variant. Similar
spectra with the same intensity of the peak at g = 4.3 were obtained from the other samples. Spectra
were recorded at T = 13 K and Pww = 1 mW. All other experimental parameters are given in the main

text.



Figure S5
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Figure S5. HPLC analysis of enzyme activity assay mixtures containing AhbD wt (top), variant
RS/Aux! (middle) or RS/Auxll (bottom). a, HPLC separation of tetrapyrroles extracted from enzyme
activity assay mixtures after 3 and 6 hours of incubation. FeCopro elutes at a retention time of
22.1 min, the monovinyl-intermediate at 31 min and heme at 37.8 min. b, HPLC separation of SAM
cleavage products formed after 3 and 6 hours of incubation. SAM and 5'-dA elute at retention times
of about 5 and 18.9 min, respectively.



Table S1

Table S1. Oligonucleotide primers for site-directed mutagenesis of the ahbD gene.

Primer designation

Sequence (5' — 3')!

Mbar_C23A_C26A_rv

CTTGCACCACGAGCATGAACAGCATTCAGATTACAACC

Mbar_C23A_C26A_fw

GGTTGTAATCTGAATGCTGTTCATGCTCGTGGTGCAAG

Mbar_C256A rv

AACCGGTGCCACCCAGCGCACCTTTGGTCATTGCTTC

Mbar_C256A_fw

GAAGCAATGACCAAAGGTGCGCTGGGTGGCACCGGTT

Mbar_C274A rv

GAACCGGCAGATAACCCGCCGGAAAAACTTTACCAACGC

Mbar_C274A fw

GCGTTGGTAAAGTTTTTCCGGCGGGTTATCTGCCGGTTC

Mbar_C312A_C315A_rv

CTTTTTTATACTCGGCGATGCCAGCTTTACCTTTCAGTTCTTCC

Mbar_C312A_C315A_fw

GGAAGAACTGAAAGGTAAAGCTGGCATCGCCGAGTATAAAAAAG

Mbar_C321A rv

CACGACAACCTGCCGCAACTTTTTTATACTCGGCGATG

Mbar_C321A fw

CATCGCCGAGTATAAAAAAGTTGCGGCAGGTTGTCGTG

Mbar_C324A rv
(for Q5 Kit)

ACTTTTTTATACTCGCAGATG

Mbar_C324A fw
(for Q5 Kit)

TTGTGCAGGTGCTCGTGCACGTG

1 Mutated codons are underlined.




