Supplementary Figure 2: CLUSTAL OMEGA DNA-PKcs METAZOA VERTEBRATE INVERTEBRATE

Supplementary Figure 2: Results of CLUSTAL OMEGA alignment of DNA-PKcs sequences from selected
vertebrate and invertebrate species. DNA-PKcs amino acid sequences from the organisms listed below were
analyzed by CLUSTAL OMEGA using the default settings.

A. The percent amino acid identity for each sequence in the alignment (from Clustal Omega).

B. Alignment of DNA-PKcs sequences. * represents identical amino acids (indicated in blue/bold), : represents
conservative substitution (indicated in blue) and . represents amino acid similarity, indicated in purple.
Unassigned amino acids are indicated by X. Major domains and regions of interest are indicated beneath the
alignments. The conserved DXXXXN and DFG motifs in the kinase domain are shown in red/bold. The human
sequence is highlighted in yellow. For additional information on sequences and phyla please see
Supplementary Table 1.

A.
Sequence Percent ID
HUMAN 100
PLATYPUS 75.07
TURTLE 71.87
ALLIGATOR 70.21
OSTRICH 69.69
CANARY 67.87
CAECILIAN 67.81
COELACANTH 65.4
STERLET 64.88
ESHARK 62.21
LANCELET 43.48
ACORN_WORM 42.81
STARFISH 42.6
SEA_ANEMONE 41.85
STONYCORAL 41.21
SEA_URCHIN 40.91
SOFTCORAL 39.86
OYSTER 39.34
SNAIL 39.34
PRIAPULA 39.26
ALVINELLA 39.25
TRICHOPLAX 38.87
CAPITELLA 37.26
SPONGE 35.54
SCORPION 34.38
TERMITE 30.27
SHRIMP 30.02
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CLUSTAL 0(1.2.4) multiple sequence alignment
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———————— MMGSELIGFVEVINSCI----SGNHLNKYIEAKSNISNIISYFE-DKRKRTD
———————— MAGGGREEELDLLLGKLQSFGPGNGQGDPDAAKDVIVDIAELLA-VDLTPAQ
—————— MNEITNSLHENILKLNDFI---KYQKD--EGHSSIYVIKDISEICLRGTLSEKD

————————— MARALQEQLAGLVSDT---RGQPGVVNARISHESIGNIGAICL-NDVNASD
————————————— MESRIESLWESL---HSSSP-QRYSYATEVASDLYSLCV-EQITESE
———————— MAASLLEDNLRSLNECL---TTADN-SSKEQADSIVADISQICI-NESTDKD
————————— MAATLEETLRSLHDQ------SGA-SAYNLANGLIADIRQICL-HEISEKD
————————— MASNLSQLLIDLHALL---NLQSL-HRGSNACDIASDITVLCL-QTASDAE
————————— MTDAISSRLLQLNELV---AEESP-LRGQESAEIARDLRAHCS-QLRDESE
——————— MARTVRIEDHVQTLLESL---PSDDREADPETAHSAVADLAHKCL-QDISKRD
—---MAGPRGAAADTLSAFSKLHHLL---SLSDVKSAAAESHSAVGSISRDFRCSSSSDSQ
MAQPGSCSVGAGGIQGNLHKLHSFL---NATDAKSAAVESHNLIGNLGQECM-VSKNENE
MAEEGGSPSAVEGVSGYLLKIHSSL---TVTDTKSAAIEISNIFGNLRQECL-VTSDENE
—————— MAGSGAGVRCSLLRLQETL---SAADRCGAALAGHQLIRGLGQECV-LSSSPAV
MSVPGVGGDSAVGVQGSLLRLHASL---SSKDPGLEAPVAQSLIRSLGEECV-TSSGDSV
—————— MAGSVPGPQGSLLRLQRFL---EAEDAGVSAVAAYQLIRGLGQECV-LSAGPAV
—————————— MAGVQQCLLQLHRCL---QPGDAGGSALHGYSLLRSLAETCL-ASLASGE
—————————————————————— MCS-------==————=—-—---ERKDVQADCV-F---ALP
-MAAALPVGGGGGIQGSLHQLSCAL---QDPDPGTAALRGYHLIRGVGEACV-TSTGDGA
———————————————————————————————————————————— MAALVPVV-IRTGDSA
————————— MTEVIDRYLNQLNSCL---KTLSSSRG-REAADICRDLRLYCI-ENINETQ
————————— MSDLLNRYLTHLHSL----PSLDAPHCGLDASNTVVDLGSFCL-ENVSSSE
———————— MPSSELQSKLAELLELL---DETPSQHTVEKCNNLIGEIQLICL-RTTSENE
——————— MAGSGSLEARLSELHALL---AESDHGHGAVEAHNLVADIAQICL-RHTAERD
———————— MAAAELQRHLAELHEVI---DSGGTAHGPETAQDLVVDIAQLCL-NQTRENE
———————— MATADLPVKLSELNGLI---STKSGLHVAEKAQDLVVDLGHLCL-RQLSENE
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-LDGAFTVLFDKKTGILQFIQKALKQDAFTEAIKESFTLLKQLIDVFKERMS—---CHVV
—-YDLYISQVL-GEKGIITFGRSVSKDQSFVEAKKSTLDVLKTLLDKEAQKIN----KYVD
—RSYVCSLILRKEDGFLHFLEEAVNTPSLKDSLIEALQFLNLFLINIGNKVV----QYGI
-LGCCCALLFSKETGITNFLKKVVQKDEFLDCKVDALKMLLALVVKYDKKLL----SYSL
—VDLAYSVIFNHETGLIKFLKKIIQNDEFEGCKCEILELLKTFISKFPGKVH----PYAV
-LAYSSSVLFNPDNGILKFLHDVTTLEEFASCKEELLKLLSNFVKNLSRRVL----SHIV
—IDLCCSVLFDKRKGLVSFLSETVTKEEFQTCKQKILEFLSEFVQRIGKKII----PYVF
—RDYCCSALFDKDIGIIAFLQKVAAKDEFQSTKTNLLDFIGDFLQKVGKKLL----PYAT
-KAYCSSALFGQDYGVVTFLRKSIGLDDLDKCKEDLLKLITAYMEKIGGKIS—----PYAV
LGARCSSILFDDKTGIIRFLHKTIANQEFVECKTELLKFLQSYLGQLNTRVN--—--PYAV
—-VDLTCSVLFSEDRGVLIFLRRAIPLDEFKLAKKELLQLLHSFINKGQTRIL----TYAV
-LALQSSMVFSKDTGLLVFLRKSLRFEEFRDSREDVLKLLSEVVERIGEAVG----RYAC
-LVLQTSLIFSKENGLLAFVRKSLNIEDFRDTREEALKLLTTFLDRIAHKVNGWEKNYAC
-LALHISLIFSKEIGLLIFLRKSLSSEEFRDNREEILKFLTAFVEKIGQKLN----PYAC
-LALQTSLVFSRDFGLLVFVRKSLNSIEFRECREEILKFLCIFLEKMGQKIA----PYSV
-LALQTSLIFSKEHGLLAFIHKSLGIEEFRDCREETLKFLCIFLEKIGQKVQ--—--PYAC
—QALHTSLVFSKEFGLPVFIRKSLDIEEFRDCREEALKFLCIFLEKIGQKIE----PYSY
—QALHLSLVFSQEYGLLVFIHRSLTIEEFRDCREEALKFLCVFMEKVGDKIH----PYAC
—AALHISLVFSQEYGLLVFIHKSLGIEEFRDCREEALKFLCAFLEKIGEKVH----PYAC
—RALQTSLVFSKDNGLLVFVRKSLSMEEFRECREEALKFLCAFLEKIGQQVH----PYAH
—QALQSSLVFSKDQGLLVFIRKSLSIEEFRDCREEALKFLCTFLEKIGQGVH----PYAC
-LAYCSSLLFNQDDGLITFVKAVVQLDEFAKCKEVILSFLAEYIAKVKTRIS----PYAT
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QIKDLCKTCILLEKKAEEKDKAFDVIQSVLENG---PWND-NLNVDELFDKLINPFKSNK
DIRKYTLYLYNVEKSTKVQAAALEVFCTLLAKCGSHIDIQ-EINVDQFIERLCIDIRS--
TVKDVVFSIFLRNQLAKVKILALSALIKVLELCSGAISSE-QFNLQKIVNKIIEYLAQA-
DLKDVSMSLFLRDRFAKVKVLALDLLIEVVTFVAGSEVAD-ELKISGIAEKLFTELVHS-
DVKDACLQLITRDRRARVKNNATPLLIELLKQTSGLPVAG-DLQVEGMIERLFKELIKS-
PITDVCVFIFMREKSAKVKNATLNLLINTLELCGKTEYSH-DLDIPKIADKFFQAALLP-
DIKDVCVSLFFRERLAKIKNLSVPVLAKVLELSVGSVNVQ-DLGIDKMINKFFMELTKS-
DIKEACVSAFSRDKYAKVKNSALGVLVKVLELTVGSPIRE-EMKIDNLVEKLFRELTKT-
QIKDVCISLFTRDKAARVKNATFPPLLQLLSSKLHSSVVE-ELAISKLVDKYMSACKQP-
AIKDICMKLLFQESSSKVKIETFLPLIQLMQTKLESSIID-EMDIPKLIDRYFKACLQS-
DIKDTCLAVFSRDRQADVKNATFPLLIKVLQLCRGSQTQA-KLDVPKLIDRYFNELTQS~-
DIKGTCVVVYTKEKAAKCKAAALDLLITLLHSKLSSSCLQ-QFKIGELFNKFYGDLSQK-
DIKDTCLVVYTKDRAAKCKVSALELLIKLLHI-TSPCLLQ-EFKVGDMFNKFYGDLAQK-
NVKLILFPVFFFF————-— FIFIFFTYLOQLLOSTKSPHCIE-EFKVSEMFNKFYGELAQR-
EIKNTCTSVYTKDRAAKCKIPALDLLIKLLQTFRSSRLMD-EFKIGELFSKFYGELALK-
DIKNTCVVVYTKEKAAKCKVPALELLIKVLQILKNSYEIE-ELKVKEIFNKFYSELGVK-
DIKSVCISVYSKDRAAKCKIPALELLIKLLQTLRSSRLME-ELKVGGIFNKFYEELALK-
NIKQTCLSVYIKERTAKCKISALELLIKLLHTLQRSCLME-EMKVGEIFNKFYEELAAR-
NVKQTCISVYTKERAAKCKIPALELLIKLLOQNLRRSCLME-EMKVGEIFNKFYGELATR-
DIKQTCISVYTKEKAAKCKIPALELLIKLLONLRSSFLME-ELKVGEIFNKFYGELAAR-
DIKQTCISVYTKDKMAKCKIPALELLIKLLONVQCSSLMG-ELKVGEIFNKFYGELAGK-
DIKDICLKLFTKDKNARVKNETFEVLLOQLFELKFEPTIVE-KLDVKNIVEKYFSACSQS-
EIKDICLKIFSQDHSNKAKAETLPLMAEILDVKLESSVVE-KLDVPKIFDKYFGACIQP-
DIKDVCLSLFTRDKMAKIKNRTFPILNKLLELTANTPVAK-ELGVSKLIDKYFSQLMQP-
EVKEVCMAVFSRDRLSRVKCATFPVLKKVLQLTIHSQLGD-ELRVSDMVDRMFLELTMK-
DIKDVCMSLYTRDKLAKVKAKTFPLVIELLKLTSGTRMDDEAMGVDAMLKKFFGELGQP-
EIKKICISAFMRDKSAKVKTKTFPVLIELLQRSASAQMEA-DLDIPKMIELYFEQLMQP-
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SNTMPAKVVQKHLHILGIIVHKYPECLRP-EETRLLLRIYLSELE-==——— MQTSHA-T-
—--AKGSTVLQHQLOTLGMLMYSYPONLRH--QSPLILKIFKGQLV-=====———— KHTGS
SSKITPTVKQQOAYYLLGISSRHYPDCMQL--CSERLLNWYLKDLK===——=— FHTTSN--Q
S-RHPSTVQQORMYQLLGVIAEMYPELMVR--HADRLVNMYVVTIK===——— KQMTSKTS-
P-KPAASVKAHIFHLLGVIAELFPEKMVR--GSDKLLNLYMTTLK===——— QEIESKTH-
T-KHSATIRGGIYHLLGVLCEWFPEHLVK--ISSRLIDIYMSNLK=-==——— SEMTVKKTK
VSKLPASVKESIYVILGLLAEIYPEHMTQ--YAGKLVDIYLRALK-———-— AEMTSKTK-
S-KLVPTVKGNIYFLLGVIAEVYPEDITQ--DSDRLVGLYVSALK===——— AEMTSKTK-
T-KYSSTVKSGMYSLLGTIAEKFPEYIMP--HAQQLLTIYLNTLK-==——— SQMTGKNT -
S-KQQSTVRFWLYTILGVFAEVFPEHMLG--NADRLISIYINLLN=-==——— SEMKSKGNK
S-RLTSTVKQGVYHLLGVIAESYPELMVA--YADKLISIYVNELK-==——— NQOMKSKTK-
S-KFPDTVLEKVYELLGVLAEVQPTEMLH--NSEKLFCAYLNELR-==——— VOMTSATR-
S-KIPDTVLEKIYELLGVLGEVQPSDMLN--NSEKLYRAYLSELK=-==——— SQMTSATR-
S-KLPDTVLEKVYELLGVLGEVQPSEMLH--NSEKLFRAFLGELK-—--——— TQMRSTTK-
K-KIPDTVLEKVYELLGLLGEVHPSEMIN--NAENLFRAFLGELK-——---— TQMTSAVR-
S-KVPDTVLEKVYELLGVLGEVQPSDMLD--NSEKLFRAYLGELK=-==——— KQOMTSTTR-
T-KITDTVLEKIYELLGVLGEVHPSEMLC--NSEKLFRAYLGELK=-==——— MOMTSSTR-
S-RIPDTVLEKIYELLGVLGEVQPSDMIN--NSEKLFRAYLRELK=-==——— TQMTSATR-
S-KVPDTVLEKIYELLGVLGEVQPSDMIN--NSEKLFRAYLGELK=-==——— TQMTSTTR-
S-KVPDTVLEKLYELLGVLGEVQPSDMVD--NSEKLFRAFLGELK=-==——— TQMTSATR-
S-RVPDTVLEKIYELLGVLGEVQPSDMLD--NSEKLFRAYLGELK=-==——— TQMTSATR-
T-KKKSSVSYGIYSLLGTLAEYFPEYMVD--KADRLVQIYVGVLK===——— AE-MRKSG-
V-KHSSTVKYWLFSLLGTIAKVFPECVIS--HSDHLVKHYVSVLKLENLIPMOMTRKTK-
S-KLAATVKHGIYHLLGVFAQYYPELMTK--YSDRLLNVYMKALK=-==——— DOMLSKTK-
S-QTTATVKSGALSLLGVISEVYPDLMVQKDHPDRLLKVYISMLK===——=— EQMESRTR-
S-KLSQSVKLGIYQTLGAFGEYYPQLMMH--YSDRLFNVLVSTLK===——— QOMTTKTK-
S-KLSQTVKQGIYCLLGVLAEIYPVLMSG--YSERLLSVYIATLN=-==——— QOMTSKTR-
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AVKYQITAGCLNGLTEFLYVFPLKPQE--KEARRIYDCVTAVARKHK-——-——— EMRVAPR
KPDLNALAGVLRGLALYLHHFPEGIDDDPQLFTELYKHIHKVLNPDL-~-~--NLPRRDAQR
KSESSIIVGCLQGLNEFMYQFPLQDTEDTEKAYQLFKFIRIILSKR-==-— DVKTYDMAK
KPDIPLITGSLKGLCHLLVHFTQSAEEEAAHSCDIYKYTCAAISKEA--NEKLSKYEMAE
EPEYVLIAGCLQGLTHFMVNFTQSADEGAEHAYSIYKYCVKTMDQ---~-NIKKKRYEMPK
KPELPIISGCLYGLTAYLNNFSQSASEGSVYAQDIYKYTRMAIDPLA----NLTRYEVPR
KPELSVISGCLEGLASCLVNFTED--EDSQNSYETFKFARMAIDPDI----NYTRYDVPR
KPEFPVIVGCLQGLTAYLVNFTQSSDEGSSHSYEIFNYARMAIDHKV----EFSKYDVPK
KLDMPVIYGCLRGLTSYLYNFTQSVEEESKYAADIYKYARLAIDPKV----ELPRYDLPK
SPDKQVIAGCLKGLSSYLVNFTQSAAEGSKFARDIYEFTRMAIDVQG----TLQRYDVPR
KPEYPVITGCLRGLTCYLNTFSQSADEGSGYARDVYDCVMRCTGQHL---SEIRRYDVAK
EPKFLVVSGCLRGLTALMINFTKSMEEDPKASKDIFDYALKAINPQI----DLKRYAVPL
EPKLPVVAGCLKGLTALMINFTKSMDEDPKSSKEIFDFALKAISPQT----EFKRYAVLL
EPKLSVVAGCLRGLTALMINFTKSVDEDPKTSKEIFDYAVMAISPQV----DLKRYAVPL
EPKLPVLAGCLKGLSSLLCNFTKSMEEDPQTSREIFNFVLKAIRPQI----DLKRYAVPS
EPKLSVVAGCLKGLTSLMINFTKSMDEDPKVSKEIFDYSVKAISPQV----ELKRYAVPL
EPKLPVVAGCLKGLSALMCNFTKSMDEDPQTSKEIFDFAVKAISPQV----DLKRYAVPL
GPKLPLVAGCLRGLVALMYNFTKSVDEDPQTAKEIFDFAMKAINPQV-~---DQKRYAVPL
VPKLPIVAGCLRGLAALMYNFTKSEDEDPQTSKEIFDFAMKAIRPQI----DQKRYAVQL
EPKLPVVAGCLKGLTALMYNFTKSMDEDPHTSKEIFDFAVKAINPQV-~---DLKRYAVPL
EPKLPVVAGCLKGLTALLYNFTKSMEEDPRTSKEVFDFSVKAINPQV-~---DLKRYAVPL
KPDMPVVAGCIRGLDSTLVNFTQSVNEGSIYAKNIYSFLRSAIDSKI----NYARYDVPR
KPDMLIIAGCLRGLTSYLTNFTQSVSEGSKFAKDIYTYGRMAINPQV----SLSRYEVPK
QAELPVVAGCLLGLTHLLVNFTQSVEEDGKHTLDIYKFASLAMDPST----QLLRYGVPE
KPEMLVISGCLEGLTHFLVNFTQSVEEGSAHSKDIYNFTRRAVSPQV----EMARYDVPK
KPEMTTVAGCLMGLSHLLVNFTQSVEENSKHCKDIYQYVTMSVDPGPYRSGTKPRYEIPK
KPELTVIAGCLTGLGHYLVNFTQSVEEGAKHSKDIYRFARMAIDPTV----DHTRYELNK
s ko2 k% P . .
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CALGLIQAHGGQLAKFLYDEYK---FWHEFLLKWINSAG-EDHKAGVSALDVFYNQVAST
AALELIHTHGAKFSSQLFEDCT---QVFQWFVKWCGSRNRDDHKAALPAMDTFIVVIANM
ASLTLLSSHASLLAQFLYEDSM---NIYKIIEIWTNHSNREVRSLGYNALDAVFKQISDM
SGLKLLAKHASQFNKFLLDEYK---IMYERLAFWCHHHNRVMMHLGFSAMEAFFKQISAH
ASLGLMAKHSAQMSDYLLDDFK---DLYETLSYWTNHNNREMAHIGMLALEDFLVQISSA
AGLSLISRHAAQFREYLVKDSE---HMYESLSSWSNHKNKECRVVAVNAIGSFFREVSTQ
AGLKLFSRHSAQFKSQLADDYQ---GMYQKLKSWSKHNNRELLHLGTAAMEAFLTQISEV
AGLQLFARHAGQFSQFLVDDYE---NMYTKLQAWSKHQONRDVLHHGVAAMDAFLRQIAEA
AGLNLIAKHAAQFCDYISREAE---ALYEVIYRWCRHRNRDIRAAAFHALEEIMKQIAEY
AGLNLLSRHAGQFQEYICTEHNVSLIVYPAIYRWCCHQNRETKYAALDAMDSFLKQVSEY
SALWLLAKHAAQLDRFLLADYK---AVYSCLRSWSRHHNRDVQIAGYAALEAVLKQIASV
AGLRLFTLHSSQFGTCLMDNYR---TVFEKMKKSCGHTNSEMKKASYSALESFLKQVAIQ
AGLRLFAKHAGQFSSCLMDNYR-~--SLYEVMSKWCGHTNIEMKKAGYHALEAFLKQVALL
AGLRMFALHANQFNTCLMDNYR---SLFETMSKCCGHANGELKRAGYAALENFLKQVAAM
AGLRLFALHASQFSTCLLDNYV---SLFEVLLKWCAHTNVELKKAALSALESFLKQVSNM
AGLHMLATIHASQFGSCLMDNYR-~--SLYEVMSKWCGHTNADLKKAGHLALESFLKQIASI
AGLHLFTVHASQFGTNLLDNYV---YLFEVMAKWCGHTNGELKKVAHSALDSFLKQISLM
AGLQLFIWHSAQFGALLLDNYV---SLYEVMCKWCGHTHPELKKASYSALDSFLKQISLM
AGLQLFGRHAAQFGTFLLDSYV---SLFETMCKWCGHTNQELKKAGHSALDSFLKQISLM
AGLHLFSMHAAQFGTFLLDNYI---SLFEVLSKWCGHTNAELKKGGHSALDSFLRQISLM
AGLRMFGLHAAQFGTCLLDNYV---MLFEVMSKWCGHTNVDLKKAGHSALDSVLKQISLM
AGLNFLARHASQYKEYLTKDYE-~--SVYNTLFDWCKRKNKELRVKGFAALEAFLKQVAEC
AGLYLFAKHSAQFKEYIAKDYE---VMYGDLYRWCKHHNKETSYAAYAAMEAFFQQISLY
AGLWLLAKHAPQFNKYLLDDHE---EMYDKLFSWCQHHNRDMKSAGYASLEAFLKQVASM
AALWLLAKHAAQFNEYLMNDYE---DMYRKLYEWSQHPNRDLKQAGYAALESFLKQISDM
AGLNLIRRHADQFNEYLYRDHE---MVYNRLKYWSHSHNSEMKWAGYDALQAFFKVVSHM
AGLNMFAKHSAQFGPYLYSDHQ---DLHEAFNKWSAHNNPAVKAVGFAAQEAFLQQIAEI
* s % . . . .
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LKDNTSE----TGHHVFLYFINFFKNKMLSSSTSSYDMKLVIKAFGLFAAPCRVYMTPQD
LELQAMED-DKRGVKIFKYLLQEYNKMLETS-ESTSKLSLAVKGYGLLSGACRQFLSPVE
LEQNYEDS---CKAEIFKFFIEKFQLMIKC-SENIRRVSTAIRGFGYFAKVCKLYLTEKD
LVLLANEG--RKERSIFMFFMEEFRKIMDNPESSSKEISLAIHGYGYFATPCRIFLSQDD
LVTKVKEG-NRKEGAVFKFFIQKFRDIMDNNSSGSKEIAIAIKGYGYFAAPCKLYLTPKD
ISDPSIS--RELGISNYKFFMKCFRSLMNDPDINHRLLSIAVKGYGHFAKPCRLYGSMED
LVTKAREG--KKEAAMFKFFVTRFKEIMENSSASAKEMSLAIRGYGLLAAPCREFLQQKD
ITEKAKRG--IKEGGIFKFFVQVFQTTMONSSASSKEVSMAVRGYGLFAAPCSIFLEPAD
LVNENDA----ANINIFKFFLKKFRSIIDSGSSDAKELAIAIRGYGYFAAPCKTLLKKDD

IVLDEA-———- EAVNPKEDFIQRFRAIIDSDSSTTQOMSIATIRGYGFFAKPCKLFMTAED
LVEGGEET-RQRDTIVFTFFVREFRTIIEA-GTDTRDVAIAVRGYGSFATPCKLFLSEAD
VAENAHLH-——-- KDKLEYIMQQFYDIIRTPESSMKELSIAIRGYGLFAAPCKAVN-SND
VAENAELH-———- KSKLEFFMRQFYTVIRTLDSSTKELSIAIRGYGLFAAPCKAVC-LGD
VAENAELH-———- KNKLEYFMKQFYGIIRTLDSSNKELSIAIRGYGLFAAPCKAVC-PED
VAKNAEMH-——-—-— KNKLQYFMEQFYGIIRNVDSNNKELSIAIRGYGLFAGPCKVIN-AKD
VTHDAETH-———- KSKLQFFMDQFYRIIRKLDSSNKELSIAIRGYGLFAAPCKVIN-AKD
VAKDVELH-——-- RSKLQYFMEQFYEIIRKIDSTNKELSIAIRGYGLFAAPCKVIN-PND
VAKDAELH-———- KSKLRFFMEQFYGTIRRMDSSSKELSIAIRGYGLFASPCKAIH-PED
VAKDAELH-——-- KSKLQFFMDQFYGIIRRMDSSNRELSIAIHGYGLFAAPCKAIR-SKD
VAKDAEMH-———-- KSKLQFFMEKFYDIIRKMDSSNKELSIAIRGYGLFAAPCKAIN-SKD
VAKDAEMH-———-- KSKLKFFMEQFYSIIRKMDSSNKELSIAIRGYGLFAAPCKAIN-SKD

LVTEDFET-TVECGDIFKYFIKEFRRIINSNESLTREISIAIRGYGYFAKPCKVFLKDED
FVGRHG---DKSDLAMFMYFIKTFRRIIDSVLSDTRQMAIAVRGYGYFSKPCKLFMQADD
LVEEGNKD-KRNKTTIFKAFIRKFRSIIDNRESGTREICIAIKGYGLFAAPCKLFLSEDD
LVARHEKENNKADLAVFKFFIREFRTIIDTTEAGTREMSIAVRGYGFFAAPCKMFLSESD
LVENADKK-RSSDVAVLKYFIKSFRSTIDDASSSSKSLSTAIRGYGVFAAPCKAFMKEAD
LVERAAKR-DASDMAVFRFFVKRFRDIIDNPQSDTRALSSAVRGYGYFAAPCKLFMTDDD

. HH : : : P32.3* 22 * :
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VLYMFTVVMQRAEQIYFKEG-—————— DISNADLONLPDYIESLSSIMRQLSAVTNEQLV
VHTMFSQVLTASQHAFYQSG——————— DMLENKLTNLPSYIESLAIIISNMDVVNSGILE
VKYMLNDVIKKSEQHCLNEE-—————— KILDERIQILPSFLDSLSSIVLQLQEISESSLN
VKFMFTEVMQRSEQMLIVQA-—————— EYLDDRITSLPHFLEALASIIKELSEVTDTLIL
VLFMFNEMLHRSEQLFLSGA-—————— EQNDDRIIGLHSFLGALASIVEELDQFSETFLF
LHFMFGEMVQRSEQLFLASVDFTTSSSSVAFEERFLLPTFIEALANISKEIQNLPDVCLS
VQFMFSEMITKSEQLYLSSDK—————— EDIEDKLYSLPSYLEALGNIIRQLDHVPETYAT
VTFMFSEMITKCEQEFLRTN—-—————— EPVHEKLSSLPDYLHALASIIKVVTKVSEVYAL
VRFMTMDLLQRSEQLFFID-———————— VNVDKIQYLPSFLEAFASILNILDEVNDTFTR
VKFMFTEMMQRSEQIYLRQS——————— EMQEDRVQQLPNFLEALSFIIEELDDISDGFLV
VQYMFTDMVVRSRQIFHSGE-——————— EMIDSRMVELPPLLEALASIVTELDQVSESFLA
VDFMYIELIQRCKOMYLTEA-—————— DTEDDNVYQLPSFLDSIASVIFHLDKIPGVYTP
VDFMYTELIQRCKOMYLTET-—————— DTEDDNVYQLPSFLDSIASVIFHLDRIPEVYTP
VDLMYTELIQRCKOMYLTET-—————— DTEDDNVYQLPSFLQSIASVLFHIDRIPEVYTP
VDFMYVELIQRCKOMFLTQT-—————— DTGDDRVYQMPSFLQSVASVLLYLDTVPEVYTP
VDFMYIELIQRCKOMYLTEA-—————— ETEDDNMYQLPHFLQSIASVIVHMDSIPEVYTP
VDIMYIELIQRCKOMFLTEA-—————— ETIDDHLFQLPSFLQSIASVLLHLDKVPEVYTP
VDNMYVELLQRCKOMFLTEA-—————— ETIDDHLYQLPSFLQSIASVIFHIDKVPEVYTP
VDYMYVELLQRCKOMYLTEA-—————— ETVDDHIYQLPSFLQSIASVIFHLDTIPEVYTP
VDFMYVELLQRCKOMFLTEA-—————— ETADEHVYQLPSFLQSIASVIFHIDTIPEVYTP
VDIMYIELLQRCKOMYLTEA-—————— ETADDNVYQLPSCLQSIASVIFHLDTLPEVYTP
IKYMFTSIIQMSEQMYFNDS——————— ELKEEKLONLPSFLEALGFIVEEIDEIPPAFLS
VRFMFSEIMQRSEQFYLSQS——————— DLSEDRAQHLPTFLEALSSIIEELDKISDSVLA
VKFMFNEMIQRSEQLYFSQN——————— ELVDETIPHLPSFLEALACIVRELDEVSDTFLS
VKFMFSEMMQRSEQLYFGTA-—————— DSMEDKVHHLPSFLEALASIVQHLDQLSDMFVT
VRFMFNEIILRSEQQFLVQG-—————— E---ERLSQLPTYLEALASIVGQLDTVSDTFLT
VKFMFTEMIQRSEQLYLQQG-—————— EVSDDKLNQLPNFLEALASIMRQLDVLSDSFQA
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ALQCLTVQLIENFPKLPKP--FHWLAIRAITVTLSSLAESGGTFLEEFLSNVVYQGIIRS
NVQQLSSALVEHFPLVSSF--KRFLAYRALFRLFFTVYNK-PGYFHEFLHTFVYKAIVLS
YLEKLAVFQIQNFPYLPSP--YHFLCYNSLIKLFLAVHSK-GPQFKGFLNKIIYQGIIRT
LVEKLILLLVEHSPKLPEK--LHYIFVVTILKVCFSLTPK-GSVFRSFISRFVYQALLRT
SLERLVVLQOMQVLPRLHVK--LHNQCYIALIRLFLGLALK-GSIFKGFLERIIYQSLIRS
SLOKLSVLLFHCYPFLSSH--VRYQGSVSLLKLIMAVSSI-PTSFKQFLSHIVYQGVIRS
SIERLMIILAENFPTIHQK--QHFFSVKSLLWVLITLMPK-GEVFSQVLSGFVFQMLIRT
TLERLLVLLLENIPTIYRG--FHFTCLKGILHLLIVLQSK-GSTFNKVLSGFVYQGLIRT
SLEKLTIVLFENFPYVINE--LHSLCYKSLFELLLALHSK-GAALKNFLSRVVYQGLIRT
SLERLIIVLFESFPRLSKS--AKYLCHKALVKMLINISAK-GSVLKNFLSEVVYQGLIRT
SLEQLVVLLFGNVPLLRRESRLDHRACGAVVRVLLALRSK-RATQRSLVKRVVFQGLLST
VLERLLVVQIDSFPLYSAR--MQPICCRSIVKVFVALAGK-GPVLWNFISTVVHQGLIRV
VLERLLVVQIDSFPQYSQR--MQPVCCRSILKVFIALAGK-GPVLWSFISTVVHQGLIRV
VLERLLVVQIDSFAQYSQK--MQPTCCKSIVKVFLALAGK-GPVLWSFISTVVHQGLIRV
VLEHLVVMQIDSFPQYSPK--MQLVCCRAIVKVFLALAAK-GPVLRNCISTVVHQGLIRI
VLERLLVVQIDSFSQYSVK--MQSVCCRSIIKVFLALAGK-GPVLWNFISTVVHQGLIRV
VLERLLVVQIDSFPQYSIK--MQSACCKAIVKIFLALAGK-GPVLWNFISTVVHQGLIRV
VLEHLVVLQINSFPQYTEK--MQPVCCRSIIKVFLSLSGK-GPVLWSFISTVVHQGLIRI
VLERLVVVQIDTFPQYSEK--MQSVCCRSIVKVFLALTGK-GPILWSFISTVVHQGLIRI
VLERLIVVQIDSFPQYSVK--MQSACCKSIVKVFLALAGK-GPVLWSFISTVVHQGLVRV
VLEHLIVMQIDSFPRYSEK--MQPVCCRSIVKVFLALAGK-GPVLWNFISTVVHQGLIRV
FLERLVVVLIEKFPELGRG--PQFICLKAMLKLFLALTTR-GASLKSFLSEIVYQGLIRT
CMERIVRVLFDKFAILNKG--GKFLCCKALIRVLFHLSSK-GAILRNFLSEIVYQGLIRT
SLETMTVILMENFPRFGKA--LHYTCYKSITAVLVALSPK-GATLRNFVSRIVYQGLIRT
SLERLVVVLFENFPRLGKK--MHLICQKAILKVLLALVPK-GATLRTFLSRIVYQALIRT
SLEKLVVLVFGSYPHQARS--SQWTSHSAILQILIALSAK-GTSLQGFLSRVVYQWILRT
ALERLVVVQVSSYPRVPNK--YQYLSHQAILLVLIALSSK-GATLKNFLSRVVYQALVQT

[ N-TERMINAL UNIT

CKHQIAIDVELQKG-=-======—————————— QFHENVFTYKDYIPLWKELLSVNNFQKR
CSHAPEVESSPGEQGSSWRG---KAGGGEEWKGLKNEVVTFSSYIPLWTALMVPEKVANI
CSYPVRFEIEAREENMS————===——— GDNLELKNPREITSKSYSSLWENLLYIVRNKEL
CSHPAVTTTFDDDGQE-———=====———— LDPEYRTRRITYKDYLNMWKCLLTCSRFKEL
CSHPIVLESQEAKSEN-——==———————— VDEVNLKVDVSYQDYLPMWKALLTAGKLKAL
CSLPVVIEAVQGDDSAVVT ——===——— AAPLADSNDKVMSYLDYVQLWIQLIDYKKLKGM
CSHPPLIETEDMTESN-——====——————— QSEQTGTKVTFKDFIELWDTLFNSPRIKEF
CSHPVVMGADENQEIS————==—————— TAETDLTVKQITYKDYLEVWSGLLESGKIKDL
CSHPVYVETDSDLNIS——=——==————— QODSVILETGPRISYKDYISLWKNLIQATEIKGL
CSHPVLLDEGPDVDKQ-—-———=————— VGVVTGSRSDQVTFKDYLPLWEHMLDKTKFKMY
CSHPVAMETSSVFSQN————=——— ADDVDDDFQERDPRNITYIDYMDMWRHLLGSDKMKGL
CSKPVLLPGEGTGRSESGLQ---QQSASEVMWTGKWRVPSYKDYLDLFRSLLNCGKMKEF
CSKPVVLTGEEGGQGGG-—---— QPVEKGQVHTGKWKVPSYRDYLDLFRNLLECDKMKDT
CSKPVPLSTEGIGKGGLQSEEEADPAAPGEVRTGKWKVPSYKDYLDLFRNLLECDKLKQS
CSKPVVLPKGP----ESESE---DHRASGEVRTGKWKVPTYKDYVDLFRHLLSSDQMMDS

CSKPVTLGKEGSGKGSPGSE---EPPVAEEVRIGKWKVPTYKDYLDLFRSLLDCDKMKES
CSKPVPFLKEAYGRDASESD---DSSAFGEVRVGRWKVPTYKDYLDLFRSLLNCDEMKDS
FSKPITFSKDFSVKETSGTE---EAFEAGEVGTQRSKLPTYKDYLYLFRSLLSCDTMKES
FSKPITFSKEYFGKKTSGSE---ESPAAGEAGAGKWKVPTYKDYLYLFRSLLNCDTMKES
CSKPITFSREIFGKEVSKLE---ESTTAGEVRTGKWKVPTYKDYLDLFRSLLNCDTMKES
CSKPIVFSREFDGKGASKSE---EPPAVGEVRTGKWKVPTYRDYLDLFRSLLNCDAMKES
CSHPVLLDEGVDAM-=——======———— EGVTEFDVRHISYKDYLELWECFLDGGQYKDQ
CSHPVILKEVNGESTIME-——====——— EREVYEGSTPNTSLKDYLELWEYLLDKDKLKDE
CSHPVVLEGEMYDV-----S-G-DE--TSDELLIDARKVSYKDYLDLWNHLLDSSQLRI-
CSHPNVIEGVTAEDEDLPVASG-EEGGEQQPQQOPPVKRFSYRDYLELWGNLLDSSRLKEL
CSFPVLLESGGD=-===——- EGE-EQRSDEMEIEQDSRRVSYKSFMDLWTRLLDSKFIKTS
CSHPVVLDGSPSID--HPVLGN-DDQDTEADILADARHITYKDYVKLWASLLDSTHVKEV
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ST—=————- SLTQTQLIVVKVYDKLVNTVLVLMKKLDLSTRKKTNIEAL---STSGGA--
KV----SGMPATVMTEMSNFIYSEFISCILEISEKLDLTTYKQNELQQQ---EEVSGS—--
NH----IGISLEDRHNLLQLIYDEIISVVLTLLKKLDLATTHSMQDSEIKDSNLK--———
KH----LGVGVEECQAFTEILYDELVSSILRVLDRLDLTCRDIVVDKDQ—-~—--DQDF—---
GQ----YNITAEQHRVLASAIYDELLSAMLKMISRLDLSSNSTDSESQP----STSE-——
GM-——-- DFDLELRQSTHQLVYSEFIQSLLNILRKLDFTTASTTEDGIMANEGEGGGG--
SV----ADISVEVRLALTEAVYDELINSVLRMLGKLDLTSQSSTEVAQQ---QEGPTSS~-
IQ----DGIGFAERDQLTHAVYNELMQAILKVISKLDLTSTTQRESE———-— TSGTEEE-
TLITT----DREHIIYVQRSLYNELLHSLOQRILLKLDLTSSQQTTIE-—————=—==— EE--
LLFQSLSLSDIEKRESLHELVYDELVGAILRITIHKLDLTSTKHGQQDLQ-~--VRDQPQ--
NE----LGVSMSDRKALTCCVYDEIVTSLMKIVGKLDLSTSKSTDPSQV---HDGSGGAS

GLVDT-LOMINLPLQSLNRLLYDEFIKSILKIIEKLDLSVEKQNQREEE---GSGDVS--
GFVDGAFDVRSSSLHSLNRLLYDELIKSILKIIEKLDLSVQKQSADEQE-~--GRSDAS--
ALVDETFGVVNSPLQOSLNRLLYDELIKSILKIIEKLDLNVQKQKVGDQE---GETDPS--
ILADEAFFSVNSSSESLNHLLYDEFVKSVLKIVEKLDLTLEIQTVGEQE---NGDEAP--
IFSDEVF-SVNSPLQSLNRLLYDELIKSVLKIIEKLDLTVEKQSVGEQQ---DASDED--

QL-DETFLIVNSPLQOSLNHLLYDELIKSVLKIVEKLDLNVEKQNTGEKD----ESEVS--
VFEDANFLTEKAQLQSLSRVLYDELIKSVLKIIEKLDLTVQKLDISEQD--~--GNAGD--
VLEDENFLAANSALKSLSRLLYDELLKSVLKIIEKLDLTVQKLNVNEQD--~--EDETD--
VLADETFLIANSPLLSLNRLLYDELIKSILKIIEKLDLTVQKLNVSEQD----ENEAG--
VFADENFLTVNSPLQSLNRLLYDELIKSILKIIEKLDLTVQKLTFSEQA----ESESG--
SI----MPKVSSLTQDIHRAIYDELIQAILKVAHKLNLSSFRDVETQDE---DLQTEQ--
SL----LGKQLEERKVMHGLVYDEMIRGILRIIHKLDLSSSKGSSAQEG---DILGKSSA
TD----IGLSPQDCKVLHNIVYDELIAAITRILGKLDLSSNKDGQLGNE---LSADPE--
SQ----WGVAVADRQAMHRMLYDELVTSVLKVIDKLDLTTSKQVETGNE---ELTADV--
EA----HGSSYAERLNIHTMIYNELIGGILKVLKKLDLSSNKHNEEEAS---TSGGVT--
QA----MGMNYADRRKIHIILYDELIFSILKILSKLDLTSNKDTTELQ-~-~--DQVAVD--

ok ) . . ek e o

N-TERMINAL UNIT ]

———————— SEADIPVLDPESGLEANNRKDFQVFINLVDLTRDVLMSVDCSQFEKWIQPFF
———————— DEGDPATSDPVSGLKAKVPKDFQVYMNVVSLLEKVLPLQSEDQLEPHIPRLV
————-QFETSELYSTVSDPFYGLQLSKPKDFRVFMNIVDFCKDLFISKHNELFEKWILIFG
———————— EASED--SVISNKKQPAKPKDYIVFINLVDFCQDLLPSVHKELFHKWLFTFG
———————— PALSDPSSDPLRGLHAVCPEDFILLTNLVELSRDLLPVTQTQKFSSWVFPFG
S———==- GGGDPVITSDPVLGRQPAVPKDFQIFINLVELAKKVIPSVSLSLFTPWILTFS
———————— NESEDVSSDPLHGMQPNKPKDFQIFINLVDFCREMLPEKHYKMFGKWLFLFS
———————— KSDITQSGDPVHEIEANRPMDFQVLINLVDFSRDLLVPKHFQYFEKWVFTFT
———————— TQSSEGTSNPVAGLKPNVPKDFQVFINIVDFTKALLPTTRTEFFLPWIFPFG
———————— EEQEETTSDPVAGLQPRVQKDFLVFINLVDFCKALLPGQSTDSFGRWVYVFG
SESP--—--- DAYSGGSDFADGLVPCRPKDFLVFFNLVEFTKDLLSTNQTALFRRWIYTYG
———————— NGNVIPTSDPAADLQPVKPKDFTAFVNLVQFSTELLLERHEEFFDQWVYRFG
———————— SSMLIPSSDPAANLQPSKPKDFTAFVNLVEFCSELLMKEHVDFFEQWVYGLG
———————— STIIIPTSDPAANLQPSKPKDFTAFINLVEFCRELLPEKHVEFFEPWMYGFG
———————— GVWMIPTSDPAANLHPAKPKDFSAFINLVEFCREILPEKQAEFFEPWVYSFS
———————— SALVIPTSDPAANLQPTKPKDFTAFVNLVEFCREILPEKHIEFFEIWVYTFG
———————— NLWVIPTSDPVANLHPSKPKDFTAFINLVEFCRDILPEKHVQFFEPWVYSFG
———————— SALVGPSSDPASNLQPTKPIDFIAFINLVEFCREILPEKHVEYFHPWVYSFG
———————— SALVVPTSDPASNLQPAKPTDFIAFINLVEFCREILPEKHVEYFNPWVYSFG
———————— SDLVVPTSDPASNLQPTKPKDFIAFVNLVEFCREILPEKHVEFFEPWMYSFG
———————— DVMIIPSSDPASNLQPAKPTDFIAFINLVEFCREILPKKHLEYFKQWVYSFG
PSSPDAPLLTTSGGTTDPISGIQPEAPKDFQIFINLVEFSRKILLKTKTKWFENWIYTFG
SDVPASATADKEVSLSDPVPGLQPKVPKDFLIFISLIEFCRCVLPNYCVTLFERWIYMFC
PGTSDGRSSPVTDLSSDPSSGLTPSKPKDFQIFINLVEFCRDFLPKRCPYYFERWVYTFG

SG====——- SODGTTSDPFAGLQAAKPRDFVVFINVVDFCRDLLPHHHPEYFQRWVFTVG
SD=—===——- LEGNTSSDPLEGLQPTKPKDFQVFINLVDFTKELLPTRQIHLFDPWVYRFG
SD=—===——- STEDASSDPLHGLHATKPKDFQIFVNLVDFCRDLLPANQPALFKQWVYRFG
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TERMITE YKVISESSNKPLVSGFYKLLTVALQLCDRLHYFSDYGDMLN-—————————————————— 667
SHRIMP WFFVTQSSLOPLVSAHYNATTTVLTCSROQTQFFSRK-——————————————————————— 685
SCORPION LEIIQFINKNPYISGFYKLITVCLTICKKTRYFQHVKKLKTKEEI - —————————————— 692
ALVINELLA HQLIVHSTMHPYVSGFYKLLSVSMTVASRIDYFQGIGKKIEREDANWCQDIKQTAIEDME 655
CAPITELLA HQOLILQSSKLPLVSGLYKMLTVCMQVASQISYFKEMNRQLKIETSD-———————— SIKME 691
SPONGE QEVVSLATRYPLVSGFYKLLTVCLSICNKTHFFDVHDLSGQGTGD-—-——————— DDV-—-- 701
OYSTER HTLILQSTEKPLVSGYYKLLAVSMKIANKLNYFQGMVSLSPVKK-—-————————— EVKME 690
SNATL HTVVVQSTEFPLVSGFYKLLAVTMKIANKLEYFKDIAVENSFKK-—————————— EEQMD 686
TRICHOPLAX KNLVLLSTRLPLVSGFYKLLEICMTISSSLSYFEDLNIETVTKCT-—————— IN-————-— 679
SEA_ANEMONE RDLIVSSSRFPVVSGFYKLLEVCMKICKRLRFFQYEVTA-————————————— D-————- 688
PRIAPULA HEVILLSTRWPVVSGLYKLLTVCLSICSSLQYFKAMRKVNDSQLH--———————— SEAME 707
ESHARK YELILRSTQFPLVSGFYKLLSATMKIAKKINYFKGVSTNTWKQCH-—-————————————— 702
STERLET HELILQSTRFPLVSGFYKLLSVSMKIAKRIKYFQGVSPRSCKTSP-—————————————— 705
COELACANTH HEVILQSTRLPLVSGFYKLLSVSMKIARKIKYFEGVSSKSCKQONS——————————————— 703
HUMAN YELILQSTRLPLISGFYKLLSITVRNAKKIKYFEGVSPKSLKHSP-—————————————— 695
CAECILIAN YELILQSTRLPLISGFYKLLSVAMKNAKRTKYFEGVSPKSHKKCP-—————————————— 704
PLATYPUS YELILQSTRLPLISGFYKLLSIATRNAKKMKYFEGVSPRSLKKSP-—————————————— 697
CANARY YELIVHSTRLPLISGFYKLLSVTMKIAKRIKYFEDISPRSLRRCP-—————————————— 694
OSTRICH YELITHSTRLPLISGFYKLLSVAMKIAKKIKYFEGVSPKSLRKCP-—————————————— 665
TURTLE YELIVQSTRLPLISGFYKLLSVAMKIAKKIKYFEGVSPKSYQKCP-—————————————— 703
ALLIGATOR YELITQSTRLPLISGFYKLLSVVMKIVKKIKYFEDVSPGTQKKYP-—————————————— 663
SOFTCORAL KELVVLSARFPLVSGFYKLLDIVMKISRKLDYFKGMTLKDVSTGC-—————— VD---DM- 696
STONYCORAL RDIIIMSSRFPVVSGFYKLLEVCMKMCEKLSFFKNIKAEKPDLK--————————— NENL- 707
ACORN_WORM HEVIVHSTRLPLVSGFYKLLSVCMTISQONIGYFQGINENAKVAVP——————— RHIEEKAS 707
LANCELET HALTILHSTRLPLVSGFYKLLSVCMTICTKVKYFKDLDTKLLSFS——-————————— EESMD 709
SEA_URCHIN HELTIQLSSQLPLVSGFYKLLTICMTMSRKTAFFKEVNPNVTFRTE--————— VNEEEPMD 704
STARFISH HEVILLSCRLPLVSGFYKLLTVCMNICTQIQFFKCIKPSDLSSQ-—-————————— EDSMD 702
. * . % * o . . %
| N-TERMINAL UNIT ]
TERMITE = = = =  ———mmmmmmmmmmm—m QPTEQKASYSLLCRFLQE-——————— LLIRLQQYKNDLQVACL 702
SHRIMP = e QODPEVETSTHLLMSYVRE-——————— LLQRCRQYRDQLLASCL 720
SCORPION = ———m——m—————— SMSEKDCLIAFELFAKFSRE-——————— VVIYLQQFKDELLASCI 729
ALVINELLA IDS—-————————-— LTDSDRSQREASFMLFSKFTKE-——————— VLVKLKQSKDDLLASCL 697
CAPITELLA MDE--———————— EFRTSTAQEEACFMLFTKFAKE-——————— VMTRLRQYKDDLLASCL 733
SPONGE = = ——————————— AMETEERTDRQSCYFLFSSFIKE-——————— VVVQMQQYKDDLLASCL 741
OYSTER VDS—-————————— DOQKADIHQRATCFQLIQKFTKE-——————— VLVRMKQYKDDLLAACL 732
SNATL VDE-————————— TGIDGQTEKHLTYILIKKFSEE-——————— VLVRMKKFHDDLLASCL 728
TRICHOPLAX  ———————————— AAAEAESTIDKYLCYLLYYKFYKE—-——————— VLVRLKQYKDDLHVSCL 719
SEA_ANEMONE = = ———-———————— DMEIVDTSDCTNCFILFRKFIKE-——————— VLIKMKQFKEDLLSSCL 728
PRIAPULA =  —————————— TDSPDAVDNAEILNCFTLFKKFSKE-——————— VLVKLKMFRGDLLVACL 749
ESHARK e TDPEKCACFALFGKFGKE-—-—————— VTIRMKQYKDELLVSCL 737
STERLET = = = = e —— EDPDKYACFALFAKFGKEVSTILGKEVSVRMKQYKDELLASCL 748
COELACANTH = = ————————————————— LDPEKYACFALFAKFGKE-—-—————— VCARMKQYKDELLASCL 738
HUMAN EDPEKYSCFALFVKFGKE-—-—————— VAVKMKQYKDELLASCL 730
CAECILIAN = —————m——m——— o ——— KDPERFACFALFAKFGKE-—-—————— VSAKMKQYKDELLASCL 739
PLATYPUS = = =  ————mmm—m————— ——— EDPEKYSCFALFAKFGKE-—-—————— VAVKMKQYKDELLASCL 732
CANARY = —mmmmmmmm— EDPEKSSCFALFVKFGKE-—-—————— VAAKMKQYKDELLASCL 729
OSTRICH = = =  ————mmmmm——o——— EDPEKSSCFALFLKFGKE-—-—————— VTAKMKQYKDELLASCL 700
TURTLE = = = = ——mmmmmmmmmmmm DDPEKSSCFALFAKFGKE-—-—————— VTAKMKQYKDELLASCL 738
ALLIGATOR = = = ————— o ———— EDPEKSSCFALFAKFGKE-—-—————— VAARMKQYKDELLASCL 698
SOFTCORAL  ———————————— ETDQLDFSDCRNCFILFHKFAME—-——————— VVVRMKQYKDDLKSSCL 736
STONYCORAL ~ =  ———————————— NLEIVDTSDCMKCFVLFHKFTKE-——————— IVVRMQQYKDDLLFSCL 747
ACORN_WORM ———————————— TKDMCTLADKVAAFHLFKKFTKE-——————— VLIRLKQYKDDLLASCL 747
LANCELET TEG-——————————— RDRPSEGQACFTLFRKFVKE-——————— VLVRLKQYKDDLLASCL 749
SEA_URCHIN VDDDSESTIATRTTPSNVSLSDKQACFILFSKFSKE-——————— VLIRLKQYKDDLLASCL 756
STARFISH IDL--—-- NFSSSSSCVSASDRCICFTLFAKFSKE———————— VLVRLKQYKDDLLASCL 749
. * . * . . . . % ek e
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ETVIAAPVALVVPLLPHAVPAFEVIFRVGRSMLPLARLGLSALDKWYCTLPS----HLVT
TLILHLPLCIVQEIFPQLVSPLOMALQLGVSYLPLAEVCILALQLWTKSLSQ----EILS
EVILSLPTEIVESEINILIPAVQISLQLGLSYLPLAMSCLDALETWLYSLPS----ELLK
LFILSLPYEIVITELHAIVPALQIALQIGYSYLPLANAALDALDTWSQKIPD----SMMK
GFILALPREITALDVTTFVPALQRSLEIGRSYLPLARTSLNTLESWSKSLPP----DVMK
HLILVLPKEMVVSDFKELIPATIKLALRIGMGYLPLAKSVMEALEKWTLYIVESDKMDTLQ
TFILTLPKEIVSEQMSSVVPAIQLTLSIGLGYLPLAMIALDALDYWSDTLPA----SVIR
TLILTLPKEIIAQQMSKIVPAIQLTFSVGLSYLPLAEVGLDSLVWWSQVLPP----EVLA
SLILALPYQLIQDDMALIIPAIKVSMNIGLSYLPLANAAIDALERWSSDLPQ----NIIG
SLVLSLPYEIVAVDVAAIVPALELTFKLGLSYLPLAQAGLAALEEWNASLPG----DVLR
QLVMALPYEIVVDIVPEIVPAVQVALKIGLSYPPMAHTTLDALEMWVANLPA----DVMQ
NFVLSLPHDITELDIKAYIPALQAAFKLGLSHTPLADAGLDALEDWSAHIPK----HIIQ
TFVLSLPHDIVALDIKAYIPALONSFKLGLSHTPLANTGLYALENWSQFIPK----YVMQ
GFILSLPHTIVELDVKAYIPALOMAFKLGLSYTPLADSGLDALEEWSNRIPK----WVLQ
TFLLSLPHNITIELDVRAYVPALOMAFKLGLSYTPLAEVGLNALEEWSIYIDR----HVMQ
IFILSLPHDIIMLDIKAYIPALQTAFKLGLSYSPLADAGLDALEDWSAYIPQ----YVIQ
TFVLCLPHDIIMLDIKAYIPALQOMAFKLGLSYPPLADVGLNALEEWSIYIPR----HVIQ
IFLLSLPHDIIMLDIKAYIPALQONAFKLGLSCTPMADLGLDALEDWSAHIPR~----HMMQ
SFLLSLPPDIIMLDIKAYIPALONAFKLGLSCIPMADLGLDALEDWSAHIPK-~---HIMQ
TFVLSLPHDIIMLDIKAYIPALONAFKLGLSYTPMADEGLDALEDWSAYIPK-~---HIMQ
TFVLSLPHDIIMLDIKAYVPALONAFKLGLSYTPMADVALSALEDWSSHIPK-~---NIMQ
QLVLSLPNELVLCDIDIIIPTLKTAFKLGLGFLPLAEAALDALDTWTAELPS----EILH
LVVLSLPLELVTLDLVSSVAALKLTFKLGLSYTPLAEAGLDALESWTTALPA----DKLK
FLVLALPHEIIASDVAAIVPALQTTFRIGLGYLPLAHAGLDALETWAFRLQH-~---NALQ
LLVLSLPHQIVQSEISTLVPALQTTFRLGLSYLPLAHAGLDALERWLLNLPR----SALE
FLILSLPHQVVENQVHDVIPALKTAFKLGLSYLPLAESGLSALQAWIRYIPS----DVLK
LLVLSLPHEIVQAEVAHLVPALOMTFQLGLSYLPLAETGLEALERWMLHLLP----DSLQ
.. * .. . . . % * o % . . % * . .

N-TERMINAL UNIT

PLLMQVLPYLDPFLRSQGVASGQDVII--EKELMVLGRRNRTNYSQNKKVA—-——-— R——-
EHMPHVLPLLLPYLRSQETGGEAEV---HTRVITVKMAFA----RQRRKVDQKKMK~-—--—
EHYCKLLPSLNDYFLASDNISLQPLKNIHT-——---— FTKQS---LVVKKKLPLKISQYKK-
PFYTDILQYLDPYLKSATDTDFSASAATDOMIILSTTKSNH--KFGRRKIPIKVLKQKRK
PFYEQLLPYLDAYLTSSADEKND—===——— TLSLVQKDPMK--KQGKKKIPVKLLKQTMF
CLVNEILPLLADYLKATSVQLKEEEDGGRG-——-—--— KQYAT--KRYAR---MKMVEKWS -

PFYPQILPCLDSYLKTMDQGADDVS—---ENTMEM-NKSKSG--KGRKK-LPVRILKGPK-
PHYANILPCLDSYLKTVDTGAEDVS---VETLVTVSSSKSK--YRGKK-LPVRLVKERKP

PYFSDILPCFDDYLKSSADDTTETLVEDSSKALK—-——-— AR--TGKAKKLP----VKVV-
RHLRNILPYLDGYLKSATDAVEEEQDQVSRRTATLRSTYSR--LGKILSLYYIDFVSKR-
PYYKQILPHLDGYLKTTEGADSVP—=——— TPTVAITSANAT--RGRKK-IPVKLLQGSG-
PHYKDILPHLDGYLKTAAF-NEAQN----NWEGMNINNPSR--KGGSK-VLFHHTKKSK-
PHYKDILPYLDGFLKTTASNDEEQN----NWEVMSLSRSTE--KGYGR-VLMRLLKKAK-
PYYKEILPCLDGYLKTSISAGDTPS----SWEVLRLSRASQ--KGDHK-VLIRLLKKAK-
PYYKDILPCLDGYLKTSALSDETKN----NWEVSALSRAAQ--KGFNK-VVLKHLKKTK-
PHYSEILPYLDGYLKTASSADEYQN----SWEVMRLSRAAQ--KGFNR-FLVQRLKKTK-
PYYKDILPCLDSYLKTTALSDETKN----NMEVTMLSRATQ--KGFNK-VVVRHLKKAK-
PYYKDVLPLLDGYLKSSTSTVESQN----NWEVRKLSQAAQ--KGRNK-VVIQRIRRAK-
PYYKDVLPLLDGYLKNSASTVEPQD----NWEVRKISRAAQ--KGFNK-VVIQHLRRAK-
PYYKDVLPLFDGYLKTTGSADESQN----NWEVRKLSRAAQ--KGFNK-VVIQRLKKAK-
PYYKDVLPLLDGYLKTATSPDEFQN----NWEVKKLSQAVQ--KGFNK-VVIQRLRKAK-
PYLREVLPQLDGYLKTASELETSNEKETKL-====——— RSR--KSGK----TKASKSSK-

PFLREILQCLDGYLTTLGDIQLHNE---CNTIVLITSSHHT--SRGRK-LPLKLLKMKP-
PYYKDILPCLDGYLKTVSDTNAENA---SSQTVSLTMTRTG--KRRNK-IPIRLLKPAT-
PHFPHILPYLDSYLQTAADTGSSSSSD-GFQTVSLTAASST--RGKRK-IPVKLLKAAA-
PYYAQVLPQLDGYLGAGSGSEDEGS---RPEVLVIQTASSR--VGRRR-IPSKLLKKAK-
PHLKVILPLLDGYLRGTITQGSDAADVVQTVTMASASSSGR--AGKRK-LPAKLIKGAS-
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KKITEHPESELSQLOHEIISFLGQLDSTTCLALLKDPQQ---EEDVIPWATCLQQPLVFP
-ESKRVEETAMQKIQLMILRLIGSLDPLLRLHTIP-QDPDTIASAAVRWNV--QKLVKFA
IKQTDLHESELIKVQHRILRFLGSVGNQYNFAMIS-ADKIKIHEVAVAWDINKQNHLKFY
TLSERNQESQLAEIRRRCVLLLGSLGGIVNNMLVK-SSTEQVTKSAMAWDN--VKHLKFH
-DAEKGKESELKEIQRKCVLLLGSLGGSINHALVF-GQTAN-PPDLVAWDS--DQHLKFD
EGLHQGSRDDITSVRRRILLLLGSLGGVVNESLSKVP----SQHSLVSWDS--DRRLGFA
TDSKQVFETQLAKVKQRVMTYLGRLGGEVNHALLS-G--SDVCEEAIAWDA--EQHLRFD
VDLDKGYESQLSVVKQKIVTYLGSLGGSMNFALLA-RREEEISRRAIAWDT--EQHLRFD
NPTGGSKDSPLAQVRLRIVQLLGRLGGNTNSLVIR-KGNDDGSSQAVAWDN--HKRLPFA
NILPQVGESSLVTIRVQILRLLGQLGGHTNLCLLG-SDGGVDSGSAVAWDT--VKHLPFA
R--KMAEDSALTTARMRIVRFLGGLGGANNISLIS-CDAEDIAKVAVAWDA--EKNLKFG
E-FLVSEDSAITAVRRRIVRLLGSLGGQNNRSLVTAVSAEEMMKRCIAWVT--EKPLSFA
R-FSLTEDSPTALVRRRVVRLLGHLGGQINRSLVTATSAEEMMKKFVAWDS--EKRLNFA
A-VSLNEDSSLGAVRGRVVRVLGSLGGQVNRSLVTAASSEEMMKKFVSWDT--EKRLSFA
N-LSSNEAISLEEIRIRVVQOMLGSLGGQINKNLLTVTSSDEMMKSYVAWDR--EKRLSFA
T-LSLDQDVSLASIRNRVVQILGSLGGQINQSLVTASCAEEMMKKYVSWDT--EKRLSFA
A-TAPVEDLSLESVRTRVVRLLGSLGGQINRNIVTAASADEMMKKCVAWDT--EKRLSFA
T-LSVDNSPSLQAVRTRVARLLGSLGGQINHNLITATSAEEMMKKCVSWDT--EKHLSFA
T-SL-VGDPSLEAVRTRVARLLGSLGGQINHNLITATSAEEMMKKCVSWDT--EKRLSFA
T-LSLEDNLSLEAVRTRVVRLLGSLGGQINRNLLTAASTEEMMKKFVSWDT--EKHLSFA
A-LSLNEDLSLEAMRSRVVQLLGSLGGQVNRSLVTAASEEEMMKKFVSWDS--EKHLNFA
RNPNEEENSPLNKVRHRILILLGTLGGKCNLGLLE-GGEGSVASSGIAWDT--KQHLSFA
QSQHOMTLTPLAKVRHKILRMFGGLGGETNILLLDNTGI--NSSNAVVWDT--ENHLTFA
Q--DGSDESPLTIVKLKIVHLLGLLGGSTNGYLLE-SSKEEIAKKAVAWDT--ENHLQFP
E-RNQVQESDLVKARLRIVRFLGSLGGHTNACLVTGLTAEDLAKRAVAWDT--QTHLQFA
D-NDQSQDSPLRSVQLQILRLLGSLGGSVNVGLLE-TSAQELSNVALAWDS--QPRLNFP
T-TGQTQDSPLRSVQLRILHLLGSLGGQTNAYLLE-TSAEEIAKVAVAWDT--QPRLQFA

: HE N HER HERS
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LPFKDMKLNINLEKLIPRVVELAMTSSDRYTRFTACELLHGIVMLILGSGQEAQTSHP--
TPFEHIKIDIYLDDLLPHVVDLAVNSSDRQTKVAASELLHSITIILMIGTGAQKSQETQL-
LPFIDVKLEIFLDKFLPRIVTLSTTASQRQTKVAACELLHAVVTFMVGCGAQQQPELQA-
VPFVDIKPVIYLDVFLPRVVEIATTSSECQTKAAACELLHSFVLYMLGRSSQQPKTKAAR
LPFLDIKTSIYFDAFLPKVVTLATVSSDRQTKVAACELLHSLVLLMLGRSASQPT—-———
VPFSDLKPEIYLDPYLPTVCELALSSSDRQTKVAACEFLHAAMLFVIGKGTQQSV--QK-
VPFMDMKPQIYFDPFLPRIVELATKSGDRQTKVAACELLHSLILLCVGRSATQPAR--E-
IPFFDMKPSIYFDPFLPHVVELATQSSNRQTKVSACELLHSLILYTLGRSAQQPGEIQK-
IPFQDMKPIIHLDPFLPRVVELATSSSDRQTKIAACELLHALVLYMIGRGAQQPGGTGS -
VPFQDMKPTIYLDPFLPRVVELATTSSNRQTKVAACELLHTLVLYMLGKGVTQPDVKKV-
VPFADMKPVIYFDVFLPRVTDLALSSSDRQTKVVACELLHALLLYILGTGAQQPDSIKS-
VPFMDMKPIIYLDSFIPRISELALSASDRQTKVAACELLHSVVAYTLGKGSQISEGQQE-
VPFADMKPVIYLDTFLPRITELALSTNDRQTKVAACELLHSVVVFMLGKGSQIPEGEKS-
VPFADMKPVIYLDSFLPRIAELALSSSDRQTKVAACELLHSVVVYMLGKGSQIPERCGG-
VPFREMKPVIFLDVFLPRVTELALTASDRQTKVAACELLHSMVMFMLGKATQMPEGGQG-
VPFVDMKPIIYLDSFLPRVTELALSTSDRQTKVAACELLHSMVVYMLGKASQMPEKDQS -
VPFAEMKPVIYLDVFLPRITELALSASDRQTKVAACEVLHSIVMFMLGKASQIPEGNQG-
VPFADMKPVIYLDLFLPHVTELALSASDRQTKVAACELLHGIVTYMLGKASQMPEGCQG-
VPFADMKPVIYLDLFLPRVTELALSASDRQAKVAACELLHSIVAYMLGKASQMPEGCQG-
VPFADMKPVIYLDLFLPRVTELALSASDRQTKVAACELLHSIVMYMLGTASQMPDGPPG-
VPFVDMKPVIYLDIFLPRVTELALSASDRQTKVAACELLHGLVMFMLGKASQMPEGRQG-
VPFQDMKPTIFLDPFLPRVVELATSSSDRQTKVAASEVFHSLVLFMLGKSVQIPDA-SS—
VPFQDMKPSIYLDPFLPRVVELAAKSSDRQTKVAACECLHSLVHYMLGKSVTQPQG-FK-
VPFMDIKPVICFDPFLPRVVELATTSSDRQTKVAACELLHSLVLYMVGRGAQQPDSTQV-
VPFMDMKPTVCLDPFLPRICELATTSSDRQTKVAACELLHSLVLYMVGQGAQQPGEMQA-
VPFVDMKPEIQLDAFLPRIVELALTSSDRQTKVAACEALHTLVLFMLGKGSQQPDQREA-
VPFVDMKPNIDLDRYLPRVVELALTSGDRQTKVAACESLHTLVLFMLGKGTQQPEQRQA-
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-DKYSELFRKLSLPLLKLGCDPDPAIHRLYNLLVLQLVHWYSSKFKLKSKEVEILIQTLM
KEPMAPLYRHIFSAMLRLACDPDHVTRQLFLTLSYQTTHWFTNNRNFENVDTMVLLEALM
IYSMKKLYKNVLPALLQLACDVDEVARKLFEPFTFQLIHWFTTKRMINSDETKQFVQVIW
GEEMDKLYQKLFPVLLQLACDTEQVARQLFGPLVMQLIHWFTSVMMFQSEGTKILLECIM
GNPMAAIYRKLFPQMLKLATDVEQVSROQLFEPLMLQITHWFTKSNNSHRPDTEALLNSLM
KNPMTKLYQKLIPVALQLACDVDRVAEQLFRPLVFOMIHWFTRNTQYESPDTVTLLEAIL
RYSMAPLYKKMFPSILQLACDVDLVTKQLFEPLLMQLITHWFTKNNKAESEESMALLDAIY
RNPMDSLYRKLFPALLSLSCDVEQVCRQLFEPLVKQLIHWFTGNKMAESPESMALLDSIF
VINYGNLYKKIFPAILTLASDVEQVSQOLFQPLVYQLIHWFTGNSNYESVETIALLNALL
ALPMONLWKKLIPVLLQLACDVERVSAQLFHPLVMQLIHWFTNNRKYESPETIALLDALL
KRPMSALYSRLFPVLLRLGCDVEPVAKQLFEPLVMQTIHWFTLNRMFESPETMCLLDAIM
—-TLYKLNROQLFPVLLRLGCDVDTVTRQLFEPLVLQLIHWFTSNRKFESRDTVAMLEAIL
TPPMYRLYKRIFPVLLRLACDVDQVTRQLYEPLVMQLIHWFTNNTKFESQDTVAMLEAIL
VPPMYRLYKRIFPVLLRLACDVDQVTRQLYEPLVMQLIHWFTNNKKFESQDTVAMLEAIM
APPMYQLYKRTFPVLLRLACDVDQVTROLYEPLVMQLIHWFTNNKKFESQDTVALLEAIL
LPPMYQLYKRTFPVLLRLACDVDQVTRQLYEPLVMGLIHWFTNNKKFESQDTVALLEAIL
SPPMYQLYKRTFPVLLRLACDVDQVTRQLYEPLVMQLIHWF TNNKKFESQDTVALLETIL
PPPMYHLHKRVFPVLLRLACDIDQVARQLYEPLVMQLIHWFTNNKKFESQDTVAFLEAML
PPPMYQLYKRIFPVLLRLACDVDQVTRQLYEPLVMQLIHWFTNNKKFESQDTVAFLEAIL
SPPMYQLYKRMFPVLLRLACDVDQVTROQLYKLLVMELIHWF TNNKKFESQDTVALLEAIL
SSPMYQLYKRTFPVLLCLACDVDQVTROQLYEPLVMQLIHWFTNNKKFESQDTVALLEAIL
KSPLEKLWKRVFPVVLQLACDVEQVSQQOLFRPLLFQLITHWFTNNKQYESPDTIILLETLL
KSPMEHLWKHVFPTLLQLACDVEQVSEQLFKPLVFQLITHWFTNNRKYETPETMALLDAIV
KAPMEKLYKKVLPALLQLSCDVEQVARQLFEPLLSQLITHWFTCNKKFESPETIAMLDAIL
KNPMTRLYKKVFPVLMQLACDVEQVARQLFDPLMMQLITHWLTNNRKFESEETITLLDAIM
KSPMNQLYKKVFPAVLQLACDVEQVARQLFEPLVMQLITHWF SGNKKYESDETSTLLNAIL
KSPMQHLYRRVFPALFRLSCDVEQVARQLFEPLVMQLIHWFTGNKKFESEETTALLNAML

. .« % * 3 . sk . sk% o ° e .

DGITHPTDTALRDFSARCLHEFVVWSVKQGS—===——— HVNIKYVMKQIYSFCLHPCPSK
EGIVTANDPALRDVSAQCLAEFVKWSRKQCR--QQNSVSSNIKSIIKRIFSFCKHPSAFK
DGLVQSKDAVFRDFSARCLKEFVQWSIKQTSVREQEENPIGMNVVLNCLYNYSLHPNPYK
DGLVDPTNTALRDFSALCVHEFLOQWAIKQTTKKQLESSPYNVEMLMNWIYNLARHPSAFK
DGIVSPSDSAVRDFSAKCIREFLAWSIKQTSPKEMEAGPANPKRLLKRMYSLLEHPSSMM
EGIEHPTNASLRDFSAQCIKEFLVWSIKQTSKKQQERSPMNTKSLLKRLYSMSGHPSTAK
DGIIQPNDTALRDFCAVCLREFLKWSIKQTK--NVEKSPINAKSLLKRLYSYALHPGAFK
DGLVQODNTMLRDFAAQCLREFLIWSIKQTSKKAMETNPRNVTSILKRMQSFALHPSAFK
DGVIHSTDSALRDFCAKSLREYLHWSIKQTTKKQQEKTSNNAKSLLKRLYSLASHPSAIK
EGVVHPTDTSLRDFSAQCIREFLQWSIKQTSAKQLEKSPINIKSLLKRLYSLALHPNASK
EGIVDATDAALRDFCGSCIREFLIWSIRQTTVRQQERSPGNTKSLLKRMYSLALHPSAAK
DGIVDPVDSTLRDFCGQCVREFLKWSIKQTTPEQQAKSPANTKSLFKRLYSLALHPNTFK
DGVVDPVDSTLRDFCGQCVQEFLMWSIKQTTPKQQEKSPANTKSLFKRLYSLALHPNVFK
DGIVDPIDSTLRDFCGLCIQEFLKWSIKQTTPKQQESTPANTKSLFKRLYSYALHPGAFK
DGIVDPVDSTLRDFCGRCIREFLKWSIKQITPQQQEKSPVNTKSLFKRLYSLALHPNAFK
DGIVDPVDSTLRDFCGHCIREFLKWSIKQKTPQOMEKSPVNTKSLFKRLYSLALHPNAFK
DGIVDPVDSTLRDFCGQCVREFLKWSIKQTTPEQQEKSPVNTKSLFKRLYSFALHPNPFK
SGIVDPVDSTLRDFCGQCIREFLKWSIKQTTPRQQEESPANTKSLFKRLYSLALHPSAFK
GGITDPVDSTLRDFCGQCVREFLKWSIKQTTPKQQEKSPVNTKSLFKRLYSLALHPSAFK
DGIVDPVDSSLRDFCGQCVREFMKWSIKQTTPQQQEKSPVNTKSLFKRLYSLALHPNALK
DGIVDPVDSTLRDFCGQCIREFMKWSIKQTTPQQQEKSPVNTKSLFKRLYSLALHPNAFK
DGIVHPTDTALRDLSALALEEFLRWSIKQATKNQLEKSPINIKSLFKRLYSLATHPSANK
DGIVHPVDTSLRDFSAQCIKEFLOWSIKQSSEKQLEKSPINIKSLLKRLYSLALHPSASK
DGICHPTDTALRDFSAKCVKEFLYWSIKQTSKKTMEKSPINTKSLLKRLYSLALHPNVFK
DGLVHPTDTALRDFSSRCVREFLOQWSIKQTTPKQLEKSPINIKSLLKRLYSLALHPNPFN
AGIVHPTDTALRDFCARCISEFLRWSIKQTSKKQQEKSPINTKSLLKRLYSMASHPSAFK
DGVIHPTDTSLRDFSACCLKEFLKWSIKQTSKKQQEKSPINTKSLLKRLYSMALHPSSFK
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RLGAALVLNSVYTVLREEESVVNQFWLELLYHMVMNLSLSEETDSILGGQEQVVTAVNHI
RLGGALAWNSIYREIREDGQAVDIWTLDLLAHLMTSLDLAQVDDPALGTHEQTKSAINHI
RLGAALAFNSIYTIFREEESLVDKFTLEIAVHFIESLATAHYDDKILGTQDKCKQALNHL
RLGASLAFNSIYTIFREEDSLVDIFTFEIMVVFVESLATAHQDDKSLGTQKQAKQALSHL
RLGGALMFNSIYSVFREEDALVDQFSLQILSVLVNSLALAHRDDKSLGTQEQCKSALLHV
RLGAALAFNSIYTVLREEESLVDVFIIEMLVVMVNSLKLAHKDAQSIGTVDQCSLSLDHM
RLGAALAFNNIYTVFREDNAMVNLYTFQILVHFVESLATIAHEDESSMGTQTQCKMVLDHM
RLGAALAFNNIYMVFREEQSLVDRFTFQILVLFVESLGIAHQDEASLGTQEQCKKALEHV
RLGAALAFNNIYVVLREESTLVDTFIFEILVNYVNSLALSHTDEKSLGTQEQLSKALAHI
RLGASLAFNSIYTVFREERSLVDVFVLEILVTYLESLALAHTDDPAQGTQDQCSQVISHL
RRGATLVFNNIYTVLREEEMLVDTFIIEILVTFVDSLALAHNDEKSLGTQEQCAQALDHI
RLGAALAFNSLYREFRQESALVDQFIFEVLVVYVESLALAHADDNSLGTVQQCCDAIDHL
RLGAALSFNSIYRQFREESTLVDQFIFELLVIFVESLALAHTDEKSLGTLQQCSDAIDHL
RLGAALAFNNLYKEFREESALVDKFVFETLVVYMESLALAHMDEKSLGTVQQCCDAIDHL
RLGASLAFNNIYREFREEESLVEQFVFEALVIYMESLALAHADEKSLGTIQQCCDAIDHL
RLGAALAFNNIYREFREENALVDQFVFEILVVYLESLALSHQDEKSLGTVQQCCDAIDHL
RLGAALAFNNIYREFREEDSLVDQFTFEALVIFLESLALTHADEKSLGTIQQCCDAIDHL
RLGAALAFNSIYREFREENSLVEQFVFEALVVFLESLALAHTDEKSLGTAQQCCDAINHL
RLGAALAFNSIYREFREENSLVEQFVFEALVVFLESLALTHADEKSLGTTQQCCDTINHL
RLGAALAFNNIYREFREENSLVEQFVFEVLVVYLESLALTHTDEKSLGTVQQCCDAIDHL
RLGAALAFNNIYREFREENSLVEQFAFEALIVFIESLALTHTDEKSLGTTQQCCDAIDHL
RLGAALAFNNIYRVFREESSLVENFTIEILVTYLESLEMAHEDEISLGTQSQCIEVISHL
RLGAALAFNNIYTVFREEASLVDIFVLEILVNYLECLCLSHGDEEARGTQEQCVQVIIHL
RLGSALAFNSIYTVYREEDSLVDQFVLEILVIYINSLAMAHFDDKSLGTQEQCVRVVDHL
RLGAALGFNSIYRDFREESSQVDMFTFELLVTFVESLALAHHDEKSLGTQAQCVAVLTHL
RLGAALAFNSIYTIFREEEVLVDQFTFELLVVFVESLALAHHDDKSLGTQEQGSEVLKHL
RLGAALTFNHIYTVFREEDSLIDQFVCEILVTFVNSLALAHHDDKSLGTQLHGVEVLNHL

* k% * ok * s . . . . * e * . s kg

ERVLKEKASLFNKE-DNIRRKPPEFEGI~----LLKDAVSWLLLKCGTVQVECRHKCMELV
ERITIRVKSDLFQKK-SGQRRLPPGFGDG~----TLVDVLKWLFEQCGRPKALVRHTCMELL
ERIMEVKAKLLSKT-SKKRRPLRNINDS----ILPEVVEWILKNCGCLOQTECRHKCMELV
DRIIKKKADLLSCA-SKKRKKPKYWKEA----TLQICLCWLVRQCGRPQTECRHACMELV
ERILIKKQVTFNKD-SKQRIKPRGWRDA----NMTTAVRWLLRQCGRPQTECRHVCMRLV
SRIIKAKSSTCLSKANKNRRVPRGLKSA----DLSILTAWLLAQCGSIETEARKMCRKLL
ERIIKVKANVLSKE-DKNRTEPKQWSVV--—--KLDIAVRWLMRQCGRPQTDCRHACMKLV
EKIVCKRVDILRKP-SPHRKEPSEWSKQ----TLDIAVRWLVRQCGRPQTECRHACMQLM

ERITIKAKASTLNKE-SKNRRTPTGFM-TK-TVTLHHVVNWLVRQCGRPQTACRHQCMQLV
ERITIKTKATLLDKE-NKQRRIPRGFQMLD-SITLSHLIPLLIKLCGKPQTECRHQCMKLV
ERILRGKAHLLNKD-KKSRRRPKEFTDA----TLFTTVGWLLQQCGRPQTECRHKCMELV
NRIIKQKASALNKP--IKGRVPRGFPPDQ-PVSLKEVVMWLLTQCGRPQTECRHKCMVLF
KRITIKQKAASLNAEKTSRRRVPRGFPPDK-PVCLLDVIMWLLVQCGRPQTECRHKCMELF
KRITIEQKAPSLNKA--ATRRVPRGFSPDK-VFCLSDVVMWLLVQCGRPQTACGHKAMELF
CRITIEKKHVSLNKA--KKRRLPRGFPPSA-SLCLLDLVKWLLAHCGRPQTECRHKSIELF
KRIITHKAPSLNKT--LKRRLPRGFPSTKSSFCLSDLVPWLLGQCGRPQTECRHKAIDLF
KRITEKKHISFNEE--KNRRLPRGFPNAR-SVRLLDLVYWLLGQCGRPQTECRHKSIELF
KRITIKHKAPSLNKE--GKRRVPRGFPPTK-SVCLEDIVMWLLVQCGRPQTECRHKAMELF
KRITIKHKAPSLNRA--GERRVPRGFPATK-TVCLLDIVMWLLVQCGRPETECRHKSMELF
KRITIKHKASSLNKA--EKRRIPRGFPNAK-SVCLLDLVMWLLVQCGRPQTECRHKSMELF
KRITIKHKAPSLNKA--EKRRLPRGFQPAE-SLCLLDIVMWLMMQCGRPQTECRHKSMELF
ERIIVSKSSVLLNV-NKKRRVPRGFSAD--TTTLRHLIPWLVRKCGCSQTECRHQCMRLV
ERITHSRAQLLVKE-NHRRRIPRGFASQS-SITLIHMIPWLVKQCGRPSSECRHQCMRLI
ERITIRVKANMLNRT-SKTRRVPRDFNRDD-CPTLSHVVTWLLLQCGRLOQTECRHQCMILV
DRIITTKADLLNKH-SKVRRVPRGFDRES-PPTLPDLVTWLLQQCGRPQTECRHRCMLLV
ERIMRVKAALLNKE-SKNRRVPRGLPEDC-SPTLSHMVMWLMTQCGRPQTECRHQCMVLV
ERITIRVKADMLNKE-SKIRRIPREFPAGV-CPTLSMLVIWLLRQCGRAQTECRHQCMILI

oo . . . * % . *
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1134
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1130
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1130
1134
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1152
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YVLAPLLPV--CKSGSEFVSWYAAT--HSWTSIIRICEGSKE--——-— SGGITVTPTLKHL
ASLAPQVKG--CASVRDFIEKYVGI--SKLSEIVDILEGGGEA--KMGISYVKNPTASSK
FQLAPCLSG--FNGCKDYFSHLLET--KGKKFFLNCFESEMSN-—=====————— TVPSF

YSLSTSLPG--VKRPHDFFSAL-IK--GDKKYLLQRFESGMYCLKEEQHGISKRPKVTDM
CQLAPCVHE--INGARELFSVLLSQ--GNSEYFIQRFEFGMYSS—--ARMGLNQKPTMSRV

VQLAPPSSN--VVNIRMWIRKTIES--EGGNYFVTRFESHGH--—---- SGILKAPTLAPA
HQLAPCITG--IKSTKDYFQTFYKS--EKASYFINRFEGKQQ—-——--- KYGLLSCPEMTAV
YKLAPLIPG--ISSPFDYFKAALDI--QNASYFVVRFEGGGQV--GDRGGLCGHPTPSKV
YGLAPQLSG--VSTIQDWVKTIIGS--SSVITFFITRFEGGG--——— SKYGIGRYQTALDI
CQVTPLLHG--IGSAAIWMKNTHKE---HDSFFVRRFEGGGG----RGNGILTYPTLADM

CKLSMHQSKLPVKSAAEFFRLLLDL--HRAEYFIERFEAGGIP-GGATCLS---NQQEGF
YELVPLLPG--NKTPSCWLADVLKE--RGVSFLIGKFESAGSD-HAKCSGIIYQPTLKDL
YEFVPLLPD--NKSPASWLDDILKK--QGVAFLISRFESAGRE-DGGCSGILSQTTLHDL
YEFVPLLPG--KKSPAAWLDEVLKK--QGVSFLIQKFEGGGNT-DDRLSGILSQPTLCDL
YKFVPLLPG--NRSPNLWLKDVLKE--EGVSFLINTFEGGGCG---QPSGILAQPTLLYL
CKFIPLLPG--NKSPSSWLNDHLKE--EGISFIISRFEGGGSD-GDHQSGLIAQPTLCDL
YKFVPLLPG--NKSPASWLNDILKE--EGVSFLISRFEGAGTG-NDHLSGILVWPTLLDL
YEFVPLLPG--NKSPSSWLADTLKK--RTVTFLINKFEGGGTD-AKSPSGILSQPTLHGM
YEFVPLLPG--NKSPSSWLADVLKE--KGCSFLINKFEGGGRD-ADSPSGIFSRPTLHGI
YEFVPLLPG--NQSPSLWLGDLLKK--QGISFLINKFEGGGND-GDNLSGILSQPTLCDM
YEFVPLLPG--NKSPSSWLGDVLKK--QDSSFLINKFEGGGNQ-DDNLSGILSYPTLHHL
SVLAPLLPE--CSSVQTWMKKTVES--DGEDYFILRFECGFA----GKSGIQKHPTLSSI
SKLAPLLPG--VNSAADWMKKTHE---DHPSSFVHRFEGGGGG---GQKGIEQYPTLAHI
CKLIPLLPG--NNSASTWMHRTMAEKGRGPDYFITRFEGGGGK-GGHKTGISKHPTLNTV
CSFLPLLPR--KPSPQAWMKERLKE--DGPDFFITRFEGGGGK-TGHKSGIKKHPKISTM
YGLTSLLPG--RNTPATWMONTARE--RGAEYFVGRFEGGGHK--——— SGIQKQPTLASV
YKITPLLPG--HNTPQTWMONTLKE--KGPDYFVSRFEGGGVK-AASRSGISKYPTLSTM

*

RNEVALVYVVRWLRMVLTSFDCYVWLFGEELVKPSVLWGTEGLDNTSETRIFEAAVYFIQ
HIGSSLKDINIFLEALSASLDGYCWLIGQGIVPAAKLLNHSE-———-— LOLFSATTYFIN
NONDGLKPIINWLEGLHTMLDCYYWVFGQSVLKLSDIFNDAS---NRESKFFPSIEFFLK
CDRFALKSVLTWFDYLLCTLDCYTWIFGQSLINPSRILVVPD---EKGTVLFTVLSYFFD
QENFSLNAACTWFDLVLATLDCYTWVFGERLMSPNQILIASN---NKGTIIFQVLHHFME
—-—-PNINIAINWLQSLQAAVDNYRWLLKEQYVSPREIFSSTS———--— SSNLFKSIDHFLK
DSSFSVQNAVSWFDHYLAALDCYIWTFGESLLNPDDIFSGEG---RKQSKLLQAMQHFLS
AENFSLKAVLSWFDMLLAVLDCYCWVFGEGLLSPAKMFESSG---FKGTRVFSSLQYFVT
SDTFNLRSMKNWYDYFLAALDCYSWVFSEKMMSPEQIIGDKAQ--LGSCKIFGSIEFFLS

GGAFSLKETLLWFHYLLAALDCYTWVFGEQLLPPADLLRSKY-=——— SSVLFTSLSYFLS
EAPISMTTALSWFDHMLAILDCYTWVFSAKLLQPTALFAGGTG-KREERTCFAMVSDFMR
QEPFSVRAALQWMDMLLAALDCYNTFVRLAMVKPSELLGTSQ--——-— ETGFMKAMNFFLK
QEPFSLRAVLQWMDMLLAALDCYNTFIGLHLVKPHEVLGAKV—-=——— QSGFLKAIEFFIT
QEPFSLRAVVQWMDMLLAALDCYNTFIELRMINPREIFGTTS————— VSGFLRAVEFFLT
RGPFSLOATLCWLDLLLAALECYNTFIGERTVGALQVLGTEA-———— QSSLLKAVAFFLE
KEPFSLRAVVQWMDMFLAALDCYNTFIWMRAIKPNEILSTTT—-——— QSSFLRTCEFFLQ
EGPFSLRAVLQWMDMLLASLECYNTFIEEKTVKAHEILGTQA--——— KSSFLRAISFFLE
QEPFSLQAVMQWMDMFLAALDCYNTFFELOQMIKPDEVLGVNE--——— SSLFLKAVQFFLD
QEPFSLRTVMQWMDMFLAALDCYNTFFELRMIKPHEILGVNE--——— RSSFLKAVRFFLE
QEPFSLRAVVQWMDMFLAALDCYNTFIEQGMIKPNEILGTKM--——-— RSSFLRAVEFFLK
QEPFSVRAVVQWMDMLLAALDCYNTFIEQRMFKPENVLGTN=-===——— SSFLRAVEFFLE
NETFSLTTTKHWFDLVLAALDSYIWSFGQRLLTPSSIFQGKT--——— TSVLWRTLLYFIE

GGHFSLKETILWFEFVLAALDCYTWSFSEHLLSPSWVFTSSED-NEMPSVLLVSLKFFLS

DKTFSVKVASNWFDLFLAALDCYTWVFGEKLLGPIELFAGKA---NKPTNVFKSVDFFLS

DSTFTVKTAVSWFDLLLAALDSYCWVFGQRFLSPSDVLSGSG---KKPSQLFTALEFFLT

EQQFSVKATITWLEYLLAALDCYVWVLGESLLTPAAVFKTIKE--GKKSVLFQTIDSFMK

GQPFSVKLACSWFDHLLAALDCYTWVFGEKLLSPSVVYTATA---RRPSVLFQSLQYFLS
. . *

* . . :
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HVCHRDASSVTCLLSTDTK----DVLEITPWEAESFDRTKCFVTIRLLDMISTVLKSGEA
EMALLTVSEYMKNHDAF -————— ONAVATPYETEATAKLKCTVIVRLLDFVSVVLQEGPK
TLCIDFDQRVQAFFTHES----VKKQIFSPKEKDEYLRLNCFIIVRLINFVTTIVENYHL
KLAQGDIEKAAVLFGDK-—-=-—-—— PQOQIFTPWEQEEYNRSKCTVIVRTIDFLVVLLKNYQQ
ELAQEDISAAVKLFPKVAD----GSSIFTPREREDYNQTKCTVIVRTLSFICTMFGNYKT
CIALVGIEGVVNSPE-——————= VAMATSIHERGEYQRNKWCTIELLLTFIELLLTKHTS
QVVMEDMDEVGKMFRHEP————— LTDVYTPKERDEYNRTKCTAVVRTLNFFCVLVARSPS
EMALGDLSVAAKQFQRKA-———— EAVFFTPKEKDDYNKVKCTVLIRMWNFLTVLIARYPS
KLCLHSLDETVKLLYSK-S----TLQLFTPREIEEYNMCKCTTIVRLINFLAVLLQOMSPT
NLAMLGIQAAIKCFPKTTH----ITDVATPKEMDEYNRVKCTVIVRIMNFFTVLLQAYPD
PSGEERR-——====——- RRRRWADRRHVHPGEMEKYNRSKCMVVIRAMDLFSILLNMA--
TLARHDITAAEECFTLGV--—--- KGVLFSPREREEYNYCKCTIIVRIMEFACLILEGLQQ
ELAVQDISAAELCFSVGP——--—- KGALFSPKEREDYNYSKGTIIVRMMEFVSMVLENCQP
RLATQDITAAEQCFTAGS—----— KDTMFSPREREDYSYSKCTIIVRILTFVSMVLEKCQP
SIAMHDITIAAEKCFGTGA--—-—-— AGNRTSPQEGERYNYSKCTVVVRIMEFTTTLLNTS-P
KLCLHDITAAEQCFRTGP---—-- SGNIASPQEREDYNYSKCTIIVRIMEFVSMILENCQQ
RIAFHDITAAEQCFGTGS—----- KGSMFSPQEREEYNYSKCTIIVRIMEFATMLLNTY-Q
TIALHDIHAAEQCFDSSS—---- KGSMFSPQERDKYNYSKCTIIVRILEFVTVILEMCQQ
TIALHDIQAAEQCFDCGL--—--- KGSVFSPQEREVYNYSKCTIIVRSMEFVTMVLESCQQ
TIVLHDISAAERCFDTGS----- KGNMFSPQEREEYNYSKCTIIVRIMAFVSMILETCQQ
TIALHDIHAAEQCFYTKS—-—--- KDNVFSPQEREEYSYSKCTIVVRIIRFVSMILETCQQ

KLSLNGIEKAFECFPTTSDG--VNTHAFSPSEIQEYNRAKCTVLVRIIAFITLLLQOMNAK
HLAMFGITEATSCFTSGPS--RGMGDIFTPKEIDDYFRAKCTVIVRVLNFLTILLQDFPQ

KLALEDVYAAAKCITSSS—=--- AGLIFTPREIDDYNKYKCTAIVRLLDFISVLLAVHTK
KLALSDIDAAARCFESHG----- AATLFTPRETEDYNYGKCTVIVRIMDFFTVLLGAFPQ
VAQ-YDLFAFAK-———==—— GCGSMETAFTPREEEDYNRTKCTVIIRLFYFMGAMLGSHTK

SLSLLDITGAARGIEYGGSKTSAFHQVFTPRESEEYNQEKCTVIVRLWDFLTVLLENYAS
*

( M-HEAT/CIRCULAR CRADLE )

————— GCLPHSLLNLQLWQLIVACVLHPGSLGFDLYNTEVTDGLPKNLIQLLGVLQETLP
V--ASLLSQHSVWSATMFSLLTCCTLDPASVGFDIKDTEVSKHLPSRLEEILGILARRGP
Q-—-LNTIPSTFWSINFWNCIYSSVLNPKFLGFDMTDTYIFNQFPKETRTLLKVFYEYMP
D--SLKVIPDDFWSDSLWQTLASCVLTPSSIGFNMANMEILEKLPLQTQQLLTILKQKLP
E--SLKVIPTSFWSSNLWDTLLLAVLQPTQLGFNMGQVEVMNHLPEQTLGTLQILMRSLP
ETVSFEYVPDSLWSQELYTIVMDSLFYSSLVNTAPDDPSTAKRISEAAVSCLTAMCTSLP
S—-VKKLLPSEILGKDLWNLISMCVLQPSAVGFNLGDVEIIKNLPTEMEQLLKVLNAKLQ
E--AFKVIPQTLFCDDLWRLCIRCVVQPSSVGFNMGDIEIITKLPHEMMQVLKVLSKQLP
S--IIEGIPRQIWSQNLFEMIFLCILTPHQLGFNVGDIEVLEKLPQQMKDVCGLFQMKLP
Q--GFKIVPTSLWSDDLFTVVFSCALEPALIGFNVGDVEVIEKLPEQVSMTEAAWHISMF
——-SLQVIPDSTWSMELWDVVLLSVLDPTRVGFNMADIEVVEKLPEQTERLLIALSWKLP
D--CWKVLEKDLLNSDLFELIAMVVIDPTSIGFNMADVQVMKNLPNVCVKLLNAVMKS--
E--FWKLLEQNILNPTFFELITTTVCDPSSIGFNMADVEVMKNLPDICVRLLKALAKS--
D--LWKVLEKDLLTPALLELTVRTVCEPASIGFNTADVQVMKNLPEICVRLLKALMKS -~
E--GWKLLKKDLCNTHLMRVLVQTLCEPASIGFNIGDVQVMAHLPDVCVNLMKALKMS-—
D--FWRLLEKDLLNNNLVELTVLTVCDPSSIGFNVADVQVMKNLPDVCIKLLKGLMKS -~
D--TWKLLEKDLLNATFMELVVEIVCDPSSIGFNVADVQVMSNLPDVCVSVMKALKKS -~
D--FWKLLEKELLNASFIELVVMTVCDPSHVGFNTADVQVMKKLPDISVRLMKALMKS -~
D--FWKLLEKELLNASFIELLVMTVCDPSHVGFNTADVQVMKNLPDISVRLMKALMKS -~
D--FWKLLEKELLNANLIELLVRIVCDPANIGFNTADVQVMKNLPDVSVRLIKALMKS--
D--FWKLLEKELLNLNLIELLVVTVCDPSAVGFNTADVQVMKNLPDNTVRLMKALAKT -~
E--YLEIVPSELWTGKFFEALCTSVLEPQSLGFNVADLEVLEKLPEQTFELCKSLASKLP
E--TLKTLPPEFWSEDLFEVVLSCVLEPGVVGFHMGDVEVVEKLPEQTGVLCKLLVQRLS
D--LSKSIPLSFWSTNLFEVIVSCVLDPSSVGFDLADIEVISNLPKTTGQLLMFMTQKAP
D--AYKVVPDAVWKSPLYDMVVTAALEPTALGFNMGDVEIMEKLPQETKQLLLLMCRSLP
E--ALEVIPSKLWTGLFAEILCGCVLKPASLGFNMADTVIMNALPQTTNRVLDLLYTKLP
D--AVKVIPKSIWQDSLFDLVVTCILQPTVVGFNMADVEIMNNLPKTTRKLLRLMSTHLP

( M-HEAT/CIRCULAR CRADLE )
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SSQLEELNSELGKAVSSMQTDVLSNLQ-DSLR-~---NDKVTLEQRQLLKGLEILHKC-GM
SEVIGEYSDYLEKQLQK-PENDIIKMLPLSLS---ETAHINLRSRHVIEGIGILEKS-GW
KPLYNNFNEHLYEYL--ESKCNIYNLFPLNLN---DKDLKILEIQEMLLGYEQLIEN-KL
ONILVCFLDILKNMINSQGSADLFQLLPDKFD---ETKSEDLKLLQLVKGHEQLHLA-GL
RNLAQELIESVSRHLNM-SSCDLSSKLPIPLL---EPNQDYIQLRLLVSGFEQLNSA-GL
IDVKQNLIAYIASNINTGQTNNVINRLPVSYNEST-TSSGILLFNRLVQGHIYLAESNKC
PDVLAAMCKEFGRLL--QGDRDLSGLLSRPLD---DPSTDHVFLQQLVSGYQLLHSV-GL
LPERKELVKILEQEL--KGKGDLFGQIPISLT---SSSIDYTNLQQTVEGYCQLHDV-RI
KDKRELMIITLKELLSRNRSYNLPDLLPIRFDRDNELNIDFERLTFLIKGYKQLLTM-GI

LG-———mmm e FSRCNLFEKLPIPLAGE-DSRVDHLYLSHLVTGYKQLHAA-GL
NAPKKELHSRVARSL----SEKKYNILPRLPCLMTDTGDDTRYLSSLVCGYEQLYKA-EL
-PFKETLVDSVRKRITAQSIEALCNVD----LYSPGARTDHAGLRSILSACQQLHKA-DL
-PYKGQLEISMKRRISYKSVEELCGVD----LCNVDARSDRARLVFVLSACKQLHKA-GL
-PYKDTLEASIRKRITARSIKELCSVD----LYNPDARLDHIRLGSILSACKQLYDA-GL
-PYKDILETHLREKITAQSIEELCAVN----LYGPDAQVDRSRLAAVVSACKQLHRA-GL
-PFKNDLEFSIKKRITSESIKDLCDVD----LYNQDARHYHARIGSILSACKQLHKA-GL
—-PYKDALEGNIKKRVTAQSIEELCTVD----LYKPDARFDRPRLASILSACKQLORA-GL
-PYQESLKLCLKERITPQSLEDLCSVD----LFNSEARLDQVRFGAVLSACKQLQKS-GL
-PYKESLKLSLKERLTPQSLEDLCSVD----LFNSDARFDQVKYSAILSACKQLOKA-GL
-PYKESLELSIKDRITSQSIEELCSVE----LYNPDARFDHVRLSSILSACRQLHKA-GL
-PYKSSLELSIKKRITSHSIQELCSVD----LYDPDARFDRVRISSILSACKQLHKA-GV

KQFLIHLTTTLMSKISLGGRCNLFELLPLPLSGEECDQMDHTRLQLLVRGYQQLHRA-ET

GECLERLKGTLEKKIALGSHCNLFDQLPFPLSNPQEHQVDCLRLAYLVQGYQQLHCA-GL

GNVSSEMKKCLQEKLKPKSHMHLMNITPSILKGD-DKGINYVKLTHMVSGYEQLHKA-NL

SQOGALLKSQVAAKLSRRSSHDLFSHLPEVSAGV--AELDHVRLTLMVSGYQQLHNA-GL

TEQLKKLETVIHKRITASRSEDLFSILPMLFSNESDLGLDHVQLOQHLVNGYKQLQKA-KL

ANLRNNLSKAVTRSVTKSSHHDLTKLLQSMFGRDEGLTTDHGKLIHLVKGYEQLHQA~-NL
. *

M-HEAT/CIRCULAR CRADLE ]

LSHIVKELPNQYG-LDGNQIVKH---LFSALVEGQGDM-KRTVVLQPAAFSYAESLLKFA
LAKCN=-==—— VVSYSVAKELVDW---LC-GSIFKEQNLSVSGISPHPSLLKFLYTVMQLA
W----PKQONCNKSKKLACDMLSS---VWESCILETEIG-CCIPILNPSVLNFGKKMLTVA
LOSVLNK--SRQTESVSVQL === === m e e e e e e e e e e e e e e
LSNTLVS--KSS-EKLAEDLVNT---VFMGMVTAVDG-KPTLVNLSPVSQSLAEKMLTLA
LSDVLKSMGISEEESLAMRLYTNALTIIRGISSSPGDGT-PGYYMPPLHKLTGELLLKLG
LSKVSM--ATTLPD-LANKLLEY---VHSSLICVEGG-TKKSQTPSPTAQVTATRMLELS
LLEVLG--KHGQPEKLAELLFDS---VLKGITEKKDG-KDKTVSLSPAAHRFASQLLKLA

LKTTPADHK-———- DLIEKIMKS---V--VDCFRGREMNGDRTALSPAQQKVAAELLDLA
LMDVMLTRGSTKPLEYGSRLLNA---VYEGACRAAVRTSGSIIVLSPASHQLACKLLELA
LLPALQEAAPAL----PASLLTS---VFEGCTLSPRDGVSSLTGMSPSVRELGGRMLRLA

LNSAIDCEAGSLSSSLSLKLLSV---VYKGIAPGDERK--SLPSIDVSSKQLADGLLQLS
LNSALQSQAASFGLSLGSKLLSV---VYKGIAPGDERK--SLPSMDVSSRKLADGLLQLA
LNSAVQYQSGDFNLQLGSTLLSV---VYKGIAPGDERK--SLPSIDISSKRLADGLLQLA
LHNILPSQSTDLHHSVGTELLSL---VYKGIAPGDERQ--CLPSLDLSCKQLASGLLELA
LNSVLQSQTAGLQFTVGSKLLSV---VYKGIAPGDERK--SLPSLDISSKRLADGLLQLA
LHAAVHPQASHLQRPGSTKLLSV---VYKGIAPGDERQ--SLPSLEISSKQLASGLLELA
LHSVLHGQDEGSHFSVGSKLLSV---VYKGIAPGGERM--SLPCLDLSRKRLADSLLQLA
LHSVLHNQDEVPHFSLGCKLLSV---IYKGIAPGAERL--CLPSLDISKKRLADGLLQLA
LHSTLQSQGSGLHFTVGSKLLSV---VYKSIAPGDERK--SLPSLDISSKRLADGLLQLA
LHSVLQSQGSGLHFTVGSQLLSV---VYKGIAPGDERK--CLPSLDISSKRLADGLLQLA
LLPALAKEGEWSAEKCSEELLKS---VFQGFIVQDSD-VFRIVNLTPASRELAKKLLDLA
LLPALKAQARNASEEYAVKLFTA---VYDGVKPSLNVG-LQTVILDPASQHLASKLLDLA
LLPALQKTGMASGDKFSQQLLTA---VFESISTKQSN-SLIVSHLSPTAHELAVRLLDLA
LLPA---LGTNSGKSLASELVSA---VFKSMVTRKD-GHPTAASLPPSFHQLTGGLLQLA
LTRQT--TNQALS—=-——- ILDF---VMRGLVKRGENGQ-EARKMTPSEIDLGQRLLELA
LSAAT--TGHGSGSSFAVKLFIT---VFDSLTTSDEAGKLLQANLTPLSVELAESLLDLA

| M-HEAT/CIRCULAR CRADLE )

1426
1448
1457
1443
1465
1469
1460
1467
1457
1458
1478
1470
1486
1474
1463
1476
1467
1465
1435
1474
1432
1471
1494
1493
1496
1496
1503

1481
1499
1509
1461
1518
1528
1513
1521
1507
1515
1531
1525
1541
1529
1518
1531
1522
1520
1490
1529
1487
1527
1550
1549
1549
1544
1558
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FLLNKEVTTV-ICCIKEQASIQNPATH--————— SSVLHGDYFFVTFRSAILEHMLACFE
ITLDPKVKHHLLSWATNSDTVSGTSGQ-—===——— EVEKGSHVLSILGPKLIPQFLESPD
LKLDISSEDL-LKKLLDEQQLYVSNLK=-====—=— TKTRRGLIMFSTYQQEISLFAGINSK
FDVVFKNEDL-ISRLLDKSPVKNM-AV-—=——=— HSSSDHGAMFYACFKSTVNQHLVANCA
FOMGYPEKNL-VELIFNSNNIHGVSTS-———--— VQCSPHGTLFYAAFKSVVNLNFVKSVE
LELSDSVEPF-LLLVLSPAQSG-——===—— AGASFAAQDGLLLYITYSGLINNKLLLHIK
FCLGVQIKKV-VMCILDESMVEGTAKG--———-— YSQSHGELMFTAFKTTVSVHLAKAMA
FQLGLPAEKL-VEGILDIRIIQGLSLG-=====— IEYMLGDHFFTLFKTPISSHVAASS-
FELNETIDIF-FRYLLDETK--LY—-———- GDSNSATATLGMTLYYTFNSNINAFLAKVSN
FDLGIEVITI-FRRAVNILLIQMI--——— CFLFSDGSSVGAVFYTTFQASINTYLIKNAQ
FTMKVESDSL-LSLLFDDTRLLGVSAK-——===== QTTKGSMFYSTFGHEINNHLVGMAT

FSLGGQCEEL-VSLLLNTMELSVPLSG-ATQKNFITFSHGEYFYSLFSETINAELLKSLK
FSLGGQCKEL-VDLLLNSIMLSVPLSD-TSQKNFITFSHGEYFYSLFQETINSELLKNLD
FSFGLQOSGEL-VCLLLNRVTLSVPLSG-TSQRNFITFFHGEYFYNLFMETTNSELLRNLS
FAFGGLCERL-VSLLLNPAVLSTASLG-SSQGSVIHFSHGEYFYSLFSETINTELLKNLD
FDLGGQCDEL-VSLLLNTVKLSVPLSG-TSQRNIISFSHGEYFYSLFSETINTELLKNLN
FAFGGLCEEL-VSLLLNTVVLSVPLAG-TSQRNLISFSHGEYFYNLFSATINTELLKNID
FAIDEQCEEL-VSLLLNTVVLSVPLSE-ASQNQLMNFSHGQYFYSLFSETINQQLLKNLD
FAIDGQCEEL-VSLLLNTVVLTVPLLG-ASRKNLVNFSHGEYFYSLFSETINEQLLKNLD
FAFGGQCEEL-VSLLLNTMMLSVPLSG-TSQRSLISFSHGEYFYSLFSETINQELLKDLD
FAFGCQSEEL-VSLMLNTAMLSVPLSE-AAPRNLLSFCHGEYFYNLFSETINHELLKNLD

FDLGLKIESV-LHCILNKSCLADAKGS-==—====— SSTVGMVFYQTFHNTIEHLLIKNSS
YDLGLQFNYL-MESIMEDSND-=-—=——=—===—=— NPGSSCGCTFYRIFQTSINGFFIERAN
FLLASQSKEL-VSCLMNKTPVKTGRVD-————— SSAGYCGLSFYSHFKVPINTQLAQHGQ
CQLHPQGHDL-LDCVMNKTPLMTGGGK-==——— KSSTFQGMVFFSTFKSCICQQLIKTCA
FQLGVQTNSL-IDCLLETTPVVSSTRSLTSKLSASQTSLGVLFLTTYKQPIMDQLVKHGQ

FLLGIEAKML-VSCLLDKTALFSGRS-=======— STSKGAVFYTTFKTKLNGEMAVQAQ

*

M-HEAT/CIRCULAR CRADLE ]

HSVSCLIKDISANNVQWVISTVTEILQYYAKIRKSKHQ--DSTTLCAFERSIVNHWNKLS

DALSRCVEMIREGRFLPAMGFASALLTCLIRNADIRK-———— KYSVKVVQSFLKHWPTLA
HFISSLMNNINKSKTT-VLKILVGILDSIGKVKEFRY————— RYGKDIINSIMCQWSRLQ
EFLDHLLKWAHDETTT-VGCILISMLEYIRQDRQLRK——-——— NLGSSVIKALLDRWFRLH
KFVPLLMRHLEANGET-LSSVLIGIAESVISDRPLRK—--——-— SHGKMVSRAIVSQWSSLS
MAIDVLLKNAKTHPQQ-VSVILNLLLEYVQKDFKINNNNNNKETVETLCTELISHWQDLS
QAVPVLCEHAQKQCYR-VMSILVTMVDTVSKDKNLRK——-——— QISANVVTSVVEKWKSIS
DVVSLLMNKATVDPHR-VCNVLVAMLENVAQDRRIRK-———— SNGPRIVDMVASKWHHLE
RCLPMILDLAASKSFM-ISGILSGLLDFILRDRGLRQ—-——-— SKGIHISKKILSSWNSLK
SHIPQLVSMATSYSSH-VCSILNSILDQFNRDKTSRK————— RYGSVVCASIVNSWEVFS
VLIPKVLDRINNRESV-VMTILTDLLDQVGKDRETRK-———-— RYGSGVVNTVLQCWGHLR
SAVTQLMRSASENPKM-VSTVLNGMLDQSFRDHTVRK————— TQGVLLVSAVLTNWTRLE
TTVAQLMKSAAENPKM-VSMVLNGMLDQSFRERSVRK————— TQGSQLVGGVLGSWTSLQ
TAVSQLMNSAAENPKM-VGAILNGLLDQSFRNRTVRK-———— QQGSQLVDTVLONWTKLS
LAVLELMQSSVDNTKM-VSAVLNGMLDQSFRERANQK——-——— HQGLKLATTILQHWKKCD
TAILQLMKSSVDNPRM-VGTILNGMLDQCFRDRTVRK-———— QQGVKMVIAVLQONWKKLD
TAVLELMKSSVDNAKM-VGTILNGMLDQSFRDRIVRK—-———— QQGEKLVDAILQNWKRLD
VFIVRLMKSSISNPQM-VGSILNGMLDQSFRDRAVRK—-———— QQGAKLVTAVLRNWEKLD
VIILQLMESSVSNPQM-VGSILNGMLDQSFRERTIRK-———-— QQGVKLVTAVLRNWKRLD
VAILQLMKSSVDSPKM-VGTILNGMLDQSFRERAVRK—-———— QQGIKLVTAVLRNWMRLD
VAILQLMKSAVDNPRM-VGTILNGMLDQSFRERTVRK-———— QQGMKLVTAVLRNWMRLD
EHLPKILEYNRDEAQW-VSSTVIALLDSMVKDKELRK-—-—--— MNGRKMTTVLLESWERLS
IHMANILMKAASSPFL-VLSLLNGILDQVIRDKILRT--—--— RNGSSFVAVLLNNWTSFE
EVVPLLLRHVVADSTI-VSTILNGLLDHITNNRELRK--—--— KKGLTVHAAILSNWSSLK
ESLPVLLQQLTAEPVW-VGSILHGLLDHLAKDKTLRK--—--— KEGAALCDSLLQSWPKLA
DTVYELSNRVREDRGT-IGMIIYGLLEHAVGNREIRK-———— RYGMAIYSAVLTQWDTLS
KVIPLLVREGGKDVTV-VSSVLNGLLDYLTSSREVRR————— THGMSVHSAILTQWDILM
. . *
( M-HEAT/CIRCULAR CRADLE )

1533
1551
1561
1513
1571
1579
1565
1572
1559
1569
1582
1583
1599
1587
1576
1589
1580
1578
1548
1587
1545
1578
1597
1602
1602
1603
1608

1591
1606
1615
1567
1625
1638
1619
1626
1613
1623
1636
1637
1653
1641
1630
1643
1634
1632
1602
1641
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1651
1656
1656
1657
1662
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SFVEGNS---EQVYQLLGLVVNLARIMPQPDRGLA---RCEALQKWVITQLTSRDLQLHY
AQAGKTS---LHQDSVLSLLSSLFLIDREGTIKSHCTSSRSDMVVFYNGLLADAKVELQA
QCLEESC-DIDLONDIITLITKMFLIDSSFIKGNVN-YDSNSIFFSFITLLQKSEMSLEF
AWWHGESATKETQSMALNILTKMILIDSKAVCNVQQ-KGFSHMFDMYLNMLVDKRLSLSF
VWWSESTASLDTKMVAITLLTKLMQIDSTVIIDVKN-KSFYYVFKMFLGLISDKNNTLQF
LWWEDGS-K-DLKSAAVTLLQKITALKPKLLLKSAD--VSKPLVDMYTAMIGDEKLELNF
SWCLA-T-P-ELHSMAMLLLTKLVLLDSKVVTDSSS-GHFPEVFETYLSMLTEKKTTLSV
SWWQAGS-S-DLQOGLAVLLLTKLLLVDSKAVLNVEK-SHFTTVFTSYCTILAEKKTNLAF
CWWLTPD-AQDLLQISVNILNKCLTLDPQFATQSND-SSFETVFNFFLSLLSGTSTSLAF
SLWDMSS-SSELKQALLEIMKKLLLSDPKCLIDPAK-PAFQIVLKMFTSVEFDDKNLTLTF
DLWVATS-TPDRKDMLLMLLRKLLLIDSSVATKGSH-SAHRDVYDTYCCLLVDAGTSLAF
SWWSENS-SAESKMAVLTLLSKVLQIDSSVSFSSNH-EAFAMVFHTYTTILTDSTLALNL
SWWASSS-SAESKMAALTLLSKVLQIDSSVSFNTSH-LAFAVVFSTYTTLVTDSTLPLNL
SWWIRSS-SPESKMAALTLLSKVLQIDSSVSFNPNH-AAFPAVENTYTTLLTDQTLALNL
SWWAKDS-PLETKMAVLALLAKILQIDSSVSFNTSH-GSFPEVFTTYISLLADTKLDLHL
SWWDKNS-APESKMAVLTLLAKVLQIDSSVSSNAHH-EAFSAVEFNTYTSILTDQKLGLNL
TWWAEDS-TPESKIAVLTLLAKVLQIDSSVSSNTNH-AAFSAVFNAYTSLLIDKKLGLNL
GWWAKGS-SAESKMALLTLLAKVLQIDSSVSFNTNH-EAFTAVFNTYTSLLTDONLGLNL
SWWAKGS-APESKMAVLTLLAKVLQIDSAVSFNTNH-EAFTAVFSTYTSLLIDQONLDLNL
SWWAKDS-APESKMAVLTLLAKVLQIDSSVSFNTNH-EAFSAVFNTYTSLLIDRNLGLNL
TWWAKDS-APESKMAVLTLLAKVLQVDSSVSFNTKH-EAFFAVFNTYTSLLVDONLGLNL
HWWENGG-EEL-KRSTAILIRNILIVDPKCLSEVK---SSRGMFKTYNGLLKDKTITLTV
IFWRTHS-AMDLRHSILMILKKMLILDPAKVTDCNR-LTFPSLFEMYLLYLKDKSTTLAF
SWWSEGA-THDQRSSTLILLKKLLQIDSKFASDPTH-AAFKPVFDMYLNMVTDSNTSLAF
PWWEEGA-LQDSKSTALTLLRKILIIDSQVSRDPAH-PAFQPVFTMYLDMLTDSRSTLPF
NL-—————- GQEDDFMLNLMKKVLQIDFKFATDPTH-PTFRPVFNQYLSMLRDSKKSLAW
GGLKKGC-STDLQSFALLMLRKLLQIDAKFVSDTTH-PVFSSVLEAYSFMLTDASTSLTF

. *

( M-HEAT/CIRCULAR CRADLE )

KSRALDLLVCLAG--PQEDTNQELRSALOQTLREQHFPQLSTELHSGSVGYSGFVNAFRKI
KIKVLKLLPFFFT--MGEDIAKSVSEALEMLSLNHFPLHSTEFSEGGARDREYHQAICET
KICVLDLLPFFLC----DAFLCKVQAALNDLFTNHFPLYSSELKPGSSQYNDYHLAFTKL
KSNVLDILAFFCS--LPEDYIWQLKEKLERFVDNNFPQKSDQYRKGSPKYNEYIISFNKI
KTRVLDLLIFFCN--LPAEENKQLESCLNQFVADCFPMSSLEFHAGSQQQKCYITALDRL
KAVMIDLLPSFLLLSSP-EHQSQLKGSLNRLVSLQFPLTSSELPAGGPLLNEYTNIIEKL
KCKILELLPFFAT--LPEPHLKKLKRSLDRLVADHFPIKSTDLPESSPHFKDYIAAIDRL
KNRALDVLPFFAA--VPDAKL---KDVLDGLVADNFPLRSSELTKGTPRFVDYISAIDKL
KKYVLDLLHFFLV--SSDKRIRELREHLDRMIVDKFPLKSAEFVVGSPDYNDYVACIDKL
KSRAVELFPYFKN--LPDNYQSQLKSCIDTLVTDNFPLKSTEFIPGSPRYNDYIATLDKL
KTRVMELLHFYCE--LPEQETTKLRENLDRMVADFFPLRSSDFIVGSPKYHDYVAAMSQL
KSQAMIILPFFAH--LPEENLAVLRHALDQFVAAHFPMKSDEFPKGTLKYNNYVDAIKKL
KSQALIILPFFTN--LLGSTLADLHNALEVLVASHFPMQSDEFPKGTLRYNNYIDSIKKF
KSQAVIVLPFFTN--LPEDHLADLKNALDQLVAFNFPMKSDEFPKGTLKYNNYVDCIKKF
KGQAVTLLPFFTS--LTGGSLEELRRVLEQLIVAHFPMQSREFPPGTPRFNNYVDCMKKF
KSQAIIILPFFTN--LTGDSLNDLKNALDQLVAFNFPLKSDEFPKGTLKYNNYVDCVKKF
KSQAVLILPFFTN--LTGDRLNDLKNALEQFVAFNFPMNSDEFPKGTLRYNNYVDCTKKF
KGQAVIILPFFTN--LTGEKLNDLKNALDQLVAFNFPMRSDEFPKGTLKHNNYVDCTKKF
KSQAMIILPFFTN--LTGEKLNDLKNALDQLIAFNFPMRSDEFPKGTLKHNNYVDCTKKF
KSQAVIILPFFTN--LTGDRISELKNALDQLVAFNFPMKSDEFPKGTLRYNNYVDCTKKF
KSQAVVILPFFTN--LTGERLKELKDALDQLVAFNFPMKSDEFPKGTLRYNNYVDCTKKF
KIQCLELLPCFTSATIPSEQTEALRSALKTLIADNFPLSSKEFNENNPKYSDYIAALDKI
KGQVLELLPYFTK--STEEYLRRLKEGLNAFVTNNIPLKSTEFVTGGPQYNDYVQTIDKL
KSRVLEILYFFTR--IPEQELSLLQGRLNRLIADNFPLKSSEFVVGSPKYNDYVAAFGKI
KSQVLDLLPFFTV--LPQTQLAELKARLDRMVADNFPLKSAEFPAGSSKYNDYVGAVTKL
KTQVLDVLYFFAN--VPEKEEKELKSALDLLVANHFPLKSTDLEAGSPRYNDYIMALNKI
KAQVMDVLFFFTS--LPDGEQTKLRSALDRLVADNFPLNSSEFRVGSPKYIDYAGALNKI

* e e . %k * g .

( M-HEAT/CIRCULAR CRADLE )
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LRGLEESGSCVILLSVVAMAASES-QHVLEDQIQKSLQIFIKRLEDK--QQVKAIEAVFK
LTALELSLSPILLQFVVNLFCRED-KHRYEEVMHESLEKFMKKLPLL--KQQETLKHIYD
LIALELTGNEMLLKFVIQIMCRES-THLLEENIQKCLKKLCKRTDSN--KERLIAEVPLK
LSALELSGNLMLLELLISIICKEE-AHAEEEHIQKTLTKMAKRLPVD--KQKPAIEVPYR
LLAMELSGSLMLLNLIISVICKEV-KHTHENAIQSAFQRFIKRLPKD--KHKLALDVPYK
CNSLVASGSLVLLELIINIMCREV-RHVCEEKIQTSLHQFISKLSED---GVDALKFVYE
LTSLELSGSEMLLELLISIFCREP-KHVYETKILESINRFTRRVPAA--KQKSMVDVAYN
LSALELSSSLVLLELLISIFCREEGRHVHEDAIQQSLNTFTARLPAE--KQKDALDVPYK
LANLIKSGNLMLLEVLISVMCREK-KHAYEEQIQKSLLLFISSLIPKDA--LGALDVPFK
LVTMVTSGSLVLLQVITAVLCREE-RHVHEEEIQKSLAAFIQRLAPSSSLVKGAVDVTYR
LDVMEVSGSTMLLRLVISIVCRES-KHAMHDQLQTSLSRFIHRLSAD--KQKLAADSGYS
LDALELSQSPMLLKLMIAILCRDS-RHVMEEGFQVCFQRLAKTGSCE--KQVALLEAVYG
LDALELSQSPMLLKLMTGILCRDN-KHVMEELFQTCFKRIARRGSCE--KQVSLLDTVYQ
LDALELSQSPMLLRLMTEILCRDS-KHCLEELFLRCFKKIVRRGSCD--RQVTLLDTVYK
LDALELSQSPMLLELMTEVLCREQ-QHVMEELFQSSFRRIARRGSCV--TQVGLLESVYE
LDALELSQSTMLLKLMTEILCRDT-KHFMEELFLTSFKRIARRGNCD--KQVALLETVHD
LDALELSQSPMLLQLMTEILCRDQ-RHFMEELFQMSFKRIARRSGSA--KQVALLEAVHG
LDALELSQSPMLLQLMTEILCRDN-RHFMEDLFQASFKRISRRSPTD--KQVLLLDTVHK
LDALELSQSPMLLQLMTEVLCRDH-RHFMEGLFQASFKRISRRSNSD--RQVVLLDTVHK
LDALELSQSPMLLQLMTEILCRDH-RHFMEDLFQTSFKRISRRSSYE--KQVVLLDTVHK
LDALELSQSPLLLQLMTEILCRDH-RHCMEDLFQTSFKRVIKRSDCN--KQVVLLDTVYK
LSALVISGSLMLFDLLISIVCREE-SHSHEEEIQIQFAKFIKRLKLQ--QARKALDICFD
LAAFVNSRSLILLEVLIAIFCRER-QHVHEDQIQQSFIAFIQRLHPEPDQAKAAMDVCLS
LSALVISGSLMLLELLISIMCREP-KHVCEDQIQASLITFIKHLPAD--KQKPAVDVAFD
LSALELSSSLMLLELLISVMCREA-KHVMEDDIQTSLSRFIKGMGAD--RQKPALDIPYG
LTSLVMSGSLMLLELIISILCRDD-KHSYEDKIQGALSSFAKRLPSE--KQSAAANIPFE
LTAMVLSGNLMLLEIVISIMCRDE-KHAYEDEIQESLAAFIKRLPEE--KQTAAFGVAYQ

: HEO S : HE * . : : .

( M-HEAT/CIRCULAR CRADLE ]

VFVD--DQYDPSVRLGCAQRFVRPLLQGCRRSAAREFYRHCIQDLQGMLNVTLDCRGQLQ
MYND-PTCIKQNLRYNIMDLVLTPLLQQAEAVPTQONFLLTVISAVMAGMSAPVHGRSDE-
MFLE-DELYPSDMRIHIIEKVFRVILGMISKITLKYFFIDHIKEIMQIVKSKRKS----S
IFCN-ESTFKNAHRRAALERVCVTLLRAVSVPALKEFFYDHIKDIMFSIELQFSQL--SV
IFSQ-EGRFTNNQRRAACEKVSLSLMRLVHSSALTEFYCEHIKEIMKIIEAKPTKAPEHA
MFKN-DKDFPVAAVKGIGERLCVPLFTECSSAVLLEFFVLKISDVMCIMEAKLARVTDPK
IFCQ-EKLYPGEVRRTTIEKVALPILRLVHKSALLEFFTDHMGDLRTTVEAKLVKGS--G
IVFC-ESGFQDMIRRTTLERVCLPILRCVHKAALIEFFLDHILDLMRIVEQNLAKGPESI
MFVD-DKSYRPDIRRAAIERVCLPMLQKASLKITKDFYVSHIKEIMDIIETKLVKTA--D
IFTN-ERDHTSNVRLAVLDRVSVTLLCNASKAGVSEFFSSHVKEIMEITIEAKQLKTYDPG
ILAE-EGNFPGEIRRSCLDNVVLLLLRQCCHHAVVEFFRCHLVEIIGIIEAKVVKLPERQ
MFEN-EGGLSNIARQSVMDRSLLTLITHCSLDALKEFISKIIKDAMGILQSRFTKTSESS
MFQON-DELHSNTARQAVLDRSLLTLTLHCSSDALKEFFCTTVGDIMGTLQARFTKSSEST
MFQD-EGLLSNTTRQAIMDRTFLTIMLNCSIDALKEFLCKNILDVMGTLQARFTKSNESA
MFRK-DDPRLSFTRQSFVDRSLLTLLWHCSLDALREFFSTIVVDAIDVLKSRFTKLNEST
MFKT-ENLWSNTTRQTIVDKSLLILIWHCSLDALKEFFCKIITIHTMDTLKGRFTKSNELA
MFLR-DDHLSSTTRQAFVDRSLLTLLLHCSLDALKEFFYRIIVGAMDMLKSRFTKSNEST
MFQS-EELLSNAARQAFVDRSLLTLLWHCSLDALRVFFGKIIVEAMDTLNSRFTKSHEHT
MFQS-EDLRSNVTRQAFVDRSLLTLLLHCSLDALREFFGTIIVQAMDTLNSRFTKSNEST
MFQS-EALLSNATRQAFVDRSFLTLLLHCSLDALKDFFSKIVLEAMDTLKTRFTKSNESA
MFQS-ESLLSNVTRQAFLDRSLLTLLLYCSLDALKEFFSKIVVEAMDTLKSRFTKSNETV
VFTKKDTEYRNLTRRAAIDKVCLVLLRASSTSVFREFYVDHIKNIMEITETRFSKATDSV
IFFN-ERDYQTHSRRAVIERICITFLLKTSTTARRAFYQDQIQKLMSVLEAKELKPTDPN
VFHK-ENVYPNDIRRAALERVGLPLLRLVDIPTLSTFFISHVNQIMNTIEAKQIKVPESS
IFRR-EGSFPNEIRRSALERVCLPMLRLVHPAALTEFFTDHIREIMDIIGAPQTKAGEAS
IFKQ-DKRYSKEIRKAAIQRVCIPLLRQASRDATVTFYKGHIHDIISVLEARLTKNPVPA
IFCQ-ENSFSKEIRRAAIERVCIPLMRLAGVKALSSFFKECIKNIGGIIDAKTIKAPETV

: : : * : :
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1798
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TEHQLVGRIGAWNILEPLFVHLESSELESKECVITAAAFPGA---VKTGKEL-ISDLTSR
QHKTLVTKVGSFMILQIMYSKLPREKLFAPGSEINAAFRPGD----QSGKEL-TKEIFRY
NEIQLVSKIGAFQLIEILYTYLSKEEVS-KESQINCSY—-——=——===—— GKEL-TREATGF
SESQMVTKLCNFELLEVMYSRLTREEVRSKNSTINQKYCYPK--TDVEGKEL-TAAITKA
FEAQLTSKIGCFELLEVMYSRLPNTDVNSKDSSINKSFCSPK--IPDTGKEM-NLTITKV
LECQLVHKSCCFQFIEILYTRLPSSLISSMESTVNTAYCNGS---PQTGKEL-TQAITKC
LENQLTSKLCCFQLLELMYGRLSKEEVFGKSSVINKKFCEVKSVNVDTGKEM-TQVIMRT
LKTQLTSKVCCFQLLEVMYSRLSREEVNSLSSEINKKVCFGK---PETGKEM-TQKIIKA
LENQLISKLGSYKLMKLMYSKLSKQDVNTAESSIVKAYTGRP---TEDGKEI-TKSITKA
FESQLVSKMCAFRMIEVLYSRLGKAELNSPQSSINLAYCPN----DNTGKEL-TKAITKS
YESQLISKICSLKLLELMYACLPKEDVYGKDAALGQVFLASR---PAGSKEL-TPVITRL
FDNQLTRKIGCYKLLEVTYIRLPKDDIYSEDSKINRAFHSSS---NMEGNKLLSKSLLKL
FETQLTKKNGCYKLLEVLYSRLPKEDVYSKESLINQAFCRPN---KAEGNEL-SKSLLKS
FDTQVTKKTGCYKLLEVMCSRLPKDDIYSEQSRINQAFHGSC---SAQRNGL-SKTLLKL
FDTQITKKMGYYKILDVMYSRLPKDDVHAKESKINQVFHGSC---ITEGNEL-TKTLIKL
FDAQIMMKMSYYKMLEVMYSRLTKEDIYSKGSRINQAFHGSS---NAEGNEL-TKILVKS
FDTQVTKKLGYYKMLEMMYSRLPKDDVHSKESRINRAFHGSS---VIEGNEL-TKTLIKS
FDTQVTKKMGYYKLLEVMYVRLSKEEVYSKDSKINQAYRGSM---SVEGNEL-TKTLIKS
FDTQVTKKTGYYKVLEVMYVRLSKEDVYSKDSKINQAYCGSI---SVEGNEL-TKTLIKS
FDTQVTKKMGYYKILEVMYSRLSKEDIYSKDSRINQAYQGST---NVEGNEL-TKTLIKS
FNTQVIKKMGYYKILEVLYSRVSKEDVHSKDSQINQAYQGTT---NVEGNEL-TKMLIKS
FESQLVSKLCCFKLLALLYARLEKTDVSSMESRINRAYNN-D---VKTGKEL-TMAITKA
FESQVTSKLCCFKLVEILYSQFSKSELNTLESTINKAYVGGD---VKTGKEL-TLAITKA
FETQLVSKIGCFELMEVLYSRMTKEELNTPQSKVNKIYCRDS---VKSGKEM-TMALTKI
LRTQLTNKLCCFQLLETMYSRLPKEEVNTPPSRIVRAYKGEE---VKAGNEM-TTAITKF
FENQLVSKICYFELIEVLYSRLSKDDLNSKDSALNREYRHGN---VEKGNEM-STALTKA
FONQLVSKTCCFQLVELMYSRLVKEDLFSMDSAINKAYTN-D---VKTGKEM-TQALTKA

( NUC194 )

AYKYRSETLHDNLTGNVQLVELFRQSQCAAFNTLVAIISNVKCELRFFTGLLFSENKAK-

AAK----ISKGELRHDQTHAELRRLCACAAYNAITAVLACVQONDLRFYTNFLFSANPTKG
AIA----ARKENLEGESISKEFCRKYCCAAYNAVIAIICCTQTDSKFYSTFLFQENFAKG
AHH----TKRENLQGEPVFLELQRQYRCAAYNTLIAVICCTQTEIKFYNGFLFSENINMG
SNA----TKGENMNGETLLIPLRRALHCAAYNTLIAALICTQKEKKFYTAFLFTENPAKN
CHG----AKSEDLHGDRTHYETRRQYHCHAYNTLMSVISCTQSKPQFFVGFLFKEDVVKG
AHE----AKGEDVRGETSCVELRRQYHCAAYNLLIAVLSSTQTDAKFYTAFLFKEDEAKG
ANN----AKSEDTRGDFMVTELRRQYHCYSYNLLIAIICCVQNEHKFYKGFLFQDNTSKG
AHA----CKSDDLRGETRSVELHRQCCCAAYNALISVISSTQTEMKFYTVFLFTENVARK
AHA----AKSEDMRGETVAFELRRQLHCAAYNALLALISCTQTELKFYTAFLFNENPVKG
CYD----ACREDMRGERALLELRRQYHCTAYNVCVASVSRTKTEPVYYSSLLLQENPAKG
CYD----AFTENMTGEKQLLEKRRQYHCAAYNCIMAVVTCIFTEAKFYQGFLFSEKAEKN
CFD----TFTENMAGETQLLEKRRKYHCAAYNCAITVISCSFNETKFYQGFLFSEKPEKN
CYD----EFTENMAGETQLLEKRRQYHCAAYNCAIAVISCIFTESKFYQGFLFSEKPEKS
CYD----AFTENMAGENQLLERRRLYHCAAYNCAISVICCVFNELKFYQGFLFSEKPEKN
CYD----SFSENMAGETQLFEKRRQYHCAAYNCAIAVISRAFTDAKFYQGFLFTEKTEKN
CYD----AFTENMAGETQLLEKRRQYHCAAYNCAIAVISCVFNETKFYQGFLFTEKPEKN
CYD----AFTENMAGESQLLEKRRQYHCAAYNCAIAVISCVFTESKFYQGFLFSEKSEKN
CYD----AFTENMAGESQLLEKRRQYHCAAYNCAIAVISCVFTESKFYQGFLFTEKTEKN
CYD----AFTENMAGESQLLEKRRQYHCAAYNCAIAVISCVFTESKFYQGFLFTEKPEKN
CYD----AFTENMAGESHLLGKRREYHCAAYNCAIAVISCVFTESKFYQGFLFTEKPEKN

AHA----AKSENMQGETVLLPLRREYHCSAYNALISVISRTQTLLKFYNGFLFSEDLSKG
ARA----ASIEDMRGETVALELRRQFHCAAYNALVALICCTQTDLKFYVAFLFSENPIKG
AHA----AKGEDIRGESVLVELRRQYHCAAYNALVAIVSCTQONDIKFYNGFLFAENHAKG
GHA----AKSEDLRGETGLLDLRREFHCAAYNALIAIISCTQTDMKFYTAFLFQENTAKG

ALG----ARNEDCRGETVAVELRRQFHCAAFNCSAAITISCVQDNIKFYNAFLFSENHAKG

CHA----AKSEDIRGETNALELRRQFHCAAFNALIAIISCTQTDIKFYNAFLFSENTAKG
. . * * o ok . . .. . %

( NUC194 )
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EVPWGKLVNCNKEYALALDWEEIPARRKQLVSIRCQARAQRRETLG-—===——=— FASQSV
EVIWECLVDCSRNLEFDVEINFKPASKKRFVAVROKLRETAREEGA-——==——=— VVAGTV
EYIWENIIDLNKEYTFPIELDT-IERRRKFISVRHENRELNSNKTLN-—====—=—— FASSL
ECLWDNLVDQQKEYEFPVELONPHHK--KLVAIRSEHRESE-==NT—===——— DSSLPSV
QLHWNNIVDQDVVYEFPLEMENPIERRKKFVSIRTSVRDVDPSDEP——==——— TGPASSV
QLLWDNIIDCEKKYEFQVDFEAPLKRRKQITSIRDDLKQSTAAGNSS--GSPSSSPSTRP
QFVFDNLLDKDKAYVFSSELKAPLSRKKQYVSIRNEVKESNSQONGE——=———— ADEGESS
QFLLENIVDRDQKYEFPLELESQFERKKKFVAIRSEMQEKQS-————===——— DKDGAIS
QFLWENLIDMEREYAFEIELSYQDKQKTTFRSLREQSRSSVSSESADEAD--SGIAMAPS
QFLLDNLIDTDRKYEFEVELSTPLERKKQMTSIRINARVQS--DQVEEAL----SQGRSV
QLLWDNIIDCHRRYGFDRELSAPLQRKRQFVAIRTAVREIDRDADGQ-—-——— GAPLPSV
IFIFENLIEAHRTYNFPVEIEVPLEKKRRFISIRKEAREAGDGDSG-—=======—=— EP
QFIFENLIDAKHTYSFPVEIEVPLERKKKYVAIRKEARQGGEGDSD-=========== EP
LYILENLIDMKCSYNFPIEIEVPIEKKRKYVAIRKEARGSTIGDLD-======—=—===— EP
LLIFENLIDLKRRYNFPVEVEVPMERKKKYIEIRKEAREAANGDSD-======——===— GP
LLIFENLIDLQRCYTFPVEVEVPLERKKKYVAIRQEARNTANGESD-==========— AP
LFIFENLIDLKRCYTFPVEIEVPMERKKKYIAIRKEARDSVNDNSD-======—=—===— EP
LLIFENLIDLKREYTFPVEIEVPLERKKRYIAIRKEARDAGNSSQD-=======—==== EP
LLIFENLIDLKRQYSFPVEVEVPLERKKRYIAIRKEARDSGNGNED-======—=—==== EP
LFIFENLLDLKHRYSFPVEVEVPMERKKRYITIRKEARDAVNRDSD-======—=—==== EP
LLIFENLIDLKHQYSFPVEIEVPMERKKRYIAIRKEARDTVNGGPD-======—=—==== EP
QFLLDNLVDCTKKLHFEMELSAPLDKRTLLTSIRCEARATRMNSSEN-=———— YEHGVSL

QLLLDNLVDCNRTYTFEVELSAPLERRKQFRMQAR---IPSPKENSL--EESAGRTGLSI
QFFLDNLVDADKVYHFEIEMESPMERKKKFVAIRKEVRDASEEDDLQDSAVGL-YGTGGV
QFLLDNLVDTNKLYQFDAEFSAPVSRKKQFVSIRQELRGODSPEAG-=========== SS
QFLLDNLVDPKKEYGFAIEMDAPVERKKRFVAIRTQARETNTPEES——=———— GYVSGPA
QFLLDNIIDITKNYSFEIEMNAPMERKKRFVSIRNQIQDTVAGSSSQQSDSGIEMSGYTG

( NUC194 ]

RYIPSASQYLFDSTLNEDVTLFDFSTSVVSTEARPGHDEK-==————————— - ——

QYM--ASHYLSDSSLREDMSQFDFNNSVVLAMSQTEKSSER-———— VIGA-——====——=
KYA--PSQYLSDSSLSDDVSQFDFSSSELAFSQDMKNKNRKEEI - === === —————————
NYL--ASQYLADSSLMDDVSQYDFTVSVQTSSYTSTPSSKKHKHSRLTKG-———-— NSK-
HYL--ASQYLAGSSLSTDVSQFDFGSSMVSSADSSFDNQR-———===——————————— S-
RYI--SSQYLSDSSLSTDVSQYDFTLPHHHQYGSVGG----GAS——====——— TESSSI-
SLHL-ASQYLADSSLHEDLNQYDFTATPQ--MSEGSPREKVLTV-==—==———— RKSSYT
SYHL-ASQYLTESSLSEDLSKYEFTVSGSAQNTSGIPKTKASLR-====————— KNSSY-

YHL--SSQYLADSSLNEEISQFDFNSSTVQGYSENN-SIKQIPT-——====———=———=—=—
RYL--SSQYLADSSLSEEVSQFDFSTPVQVNIINYL-KR-====————mm - ——

HYL--ASQYLADSSLSEDLSRYDFNVSTQIRERGD———--- PRAERKPEGEAEEQEEEAAM
QYLS-SQSYMADSSLSEEMSQFDFSTGVQSFSYNSQ---DPRGH-———====————— AVR
HYLS-SQSYMADSSLSEEMSQFDFSTGVQSFSYSSQ---DPSAR-—===———————— AAR
QYMS-SQSYMADSSLSEEMSQFDFSTGVQSFSYSSQ---NRAAA-———————————— VVH
SYMS-SLSYLADSTLSEEMSQFDFSTGVQSYSYSSQ---DPRPA-———————————— TGR
HYLS-SQSYMADSSLREEMSQFDFSTGVQSFSYSSQ---DPTAA-———————————— QFH
HYLS-SLSSMADSSLSEEISQFDFSTGVQSYSYSSQ---DVKST——===—————=—=—= GYH
KYLA-SSSYMMDSSLSEEMSQFDFSTGVQGFSYSSQ---DVTAS————=——=————— STR
KYLP-SASYMMDSSLSEEMSQFDFSTGVQGFSYSSQ---DVTAS————=——=————— SPR
QYLP-SASYMVDSSLSEEMSQFDFSTGVQSFSYNSQ---DPTAS———=—===————— SIH
QYLP-SASYMVDSSLSEEMSQFDFSTGVQSFSYNTQ---DPTAT-———====————— SAR
RYL--SSQYLADSSLCEEVSQFDFSTPIQALSQSESTEQD-IA-———— GG--—-E-——-—-

HYM--YSQYLADSSLSEDISQCDFSSPIQVHSGTEA--RQPLY-=——-—————————————
RYL--SSQYLADSSLSEEISQFDMNTGCLYWHTNLCMSIFACCMLHVLPH-——==—==———

RY---MQOSYLAGSSLSEDISQFDFTSGTQVKHSQTFSSTQERYSQASQG-—————— SSRL
HYL--SSQYLSDSSLSEDVNQFDFSSSVRHFGSSM-ESQRDGGSQGSQGS----QRPGSM
RYL--STQYLANSSLSEDIQQFDFSGGVQQFNASI-DKDQSLSQRSSVPH-—————— IKK
. * o %k .. ..
$2056
( NUC194 )
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—————— T----PKESGAESTEVILESDDLNMHECMATLCGVIEHMVDQGISPTPDAETKD
————————— NEMGG---VLMPVHMDQSDYNGHEVMANLTAVINHMVDAEIMVLHKGDTVP
——-DSNPSNEAKDDDLVSNITVELEIDDLNQHECMNSLTMLVQHMEKIQLL ===~ SSSP
EDKDVLDTEVTVQGDY—-——-~ VEIEMDELNKHECMAPLIGLLKHMARNNITPSVTKGETP
RESSIEVPDVVLKEHY-——-— IEMEMDALNQHPCMAALSALLQHMKLNQITPEVEKGSKP
———-DEDSGNSQEASSYVVSEEQLEEDDLNIHECMTPLMKLLDHMIINKITPAPSGD--S
DEEDDTDTKVMVEDDY————— VELEMDELNQHEGMANMIALLKHMQRAKIIPLVESG-VV
———--GGDNKVRLDGDY-==~~ VELEMDALNSHECMAPLVALLKHIHKNNIFPAAQSDASS
——-RETGDSEKAKTIINKFADEELELDDLNKHECMEALLTLLDHMAVNKINPAIEKDTTP
————— TGKPDQLG-EDSYEIGEDVEMDELNSHECLTKICSLLTHMKESNISPQPDKGALP

DVNEEESGSATLAGDY---—-- VEMEMDELNQHECMASMVALINHLATTVCP--IQAASSP
SRRKEQAELSVVQSDI————-- MELEMDELNQHECMPAMIALINHMORNNITPQVEEGKTP
GRRRERVE-SLVQDDV—-———— VELEMDELNQHECMASMTALLNHMORNNITPKVDEGTVP
SRRKERTE-SVVQDDV—=——— MEFEMDELNQHECMAAMTALINHMORNKITPQVEEESGP
FRRREQRD-PTVHDDV-———— LELEMDELNRHECMAPLTALVKHMHRSLGPPQGEEDSVP
SRKREHPE-FTVQEDV-———- MEFEMDELNQHECMAAMTGLIKYMQKTQITPKVEEGTVP
FKRREYRD-PVTQSDV—-=——— LELEMDELNQHECMATMTALIKHMQNNQITPKVEEGSGS
FRRKEPTE-YKVLNDE—-———-— MELEMDEFNQHECMASMTSLIKHMERNQITPKVEEGTVP
FRRKEPTE-YMALDDD————— TELEMDELNQHECMASMTTLIKHMQRNQITPKVEDGTVP
FRRKEPTE-SMDPDDL—-—~-- MELEMDELNQHECMASMTTLIKHMORNQITPKVDEGIVP
FRRKESTE-SMVLDDE—-———-- MELEMDELNQHECMTAMTTLIKHMORNQITPQVDEGAVS

———-NSGTPASPKESDSDISSEELEMDELNRHDCMTTLVGLINHLVKNKISPQPEQGKEA
-KLNESSSTAEQTDDWYEVSEDTLEMDDLNRHESMAKMISLLKHLVDKKISPEQVKDVPP

FVFSLLPPSAFVKGDY-———- LEMEMDELNLHECMSNMTALLKHMKRNKVTPEVAKGTVP

OARQQODSSVNIHGDF————— LEIEMDELNQHECMSSMSAVLQHMARNNITPQVQKGAAP

ASRQDSKPVFSPGGEY————— LEMEEDALNQHECMAAMTGVLKHMTNNKINPDITKATKA

RYSNEETPTVVVQGEY————— TIEMESDALNQHECMASLTAVLKHMQANKITPEIPEGSKA
. * % . . .. ..

( NUC194 )

—--AALPPWMESMRKCLSDYS--QPRNIRLFLLKIILNVESKFHPYAHHWMNSILKAITD-
KATDVPQWMTLVQQKLDSAD--TPRNVKLFLLRVMMNNARIFEPYAAHFVSTILTCLVD-
—-KEIPKWLDNLCKKLEDYS--VHRNIKLFLTKLFINNAEIFKPYAVFLLQPLINLILN-
——-ASLPTWMSNIKNKLQCPS--TSRNTRLFLVKLIINTEEVFKPYAKDWFGPLVQIITR-
——-SSMPDWMKNIHDKIKNSD--TQLNIRLFLAKVILNGESVFRPYASFWFQPLVALAT -~
—-PEMPPWMTPLHKRMTDSR--TGRNIKLFIVRLITNRPKIFQPYAKHWLPVLTQFILSG
——-PELPAWMKNLNDKLRSPR--THNNIKYFITKLIINTAEIFRPYARDWIRPLTQLIIS-
——QDMPQWMVFLHDKMTKNTGSDTLNIRLFIAKLIINTSEIFQPFARLWLRPLCQLILS~-
——-SEMPSWMVALRKKASDHT--TNRNIKLFIAKLIINRPKIFRPYAKFWLVPLIQLIV--
—-KDMPSWMSALHKKLTNFE--THLNIQLFIAKVIINQSQVFEPYARFWLSPLMELILKL
——-AHMPAWMELLHGKFSHVE--TPLNVRVFIARLVVLCAHAFRPCAASWLAPLMHLVVN-
——-QELPPWMKFLHGKLGNSS--IPLNIRLFIAKLIVNSEEVFRPYAKEWLGPLLQLVVS-
——-ADLPPWMKFVHGKFGNAS--THLNIKLFIAKLIINTEEVFRPYARHWLGPLLQLVVS-
—-VELPPWMKFLSHKLANPA--TPLNIRLFIAKLVINTEEVFRPYAKHWLGPFLQLVVS-
—-RDLPSWMKFLHGKLGNPI--VPLNIRLFLAKLVINTEEVFRPYAKHWLSPLLQLAAS~-
——QDLPPWMKFLHGKLGNTS--TPLNIRLFIAKLIANTEDVFRPYAKQWLGPLLQLVVS-
—-TNLPPWMKFLHGKLANPL--GALNIRLFLAKLIANTEEVFRPYARHWLGPLLQLVVS-
——-ADLPLWMKFLHGKLGNPS--VPLNIRLFIAKLIVNTEDVFRPYAKHWLGPLLQLVVS-
—-VDLPLWMKFLHGKLGNPS--VPLNIRLFIAKLIANTEDVFRPYAKQWLGPLLQLVVS-
—-RDLPPWMKFIHGKLGNPS--MPLNIRLFLAKLIVNTEEVFRPYARQWLGPLLQLVVS-
—-VALPPWMKFLHSKLGNPS--VPLNIRLFLAKLIVNTEEVFRPYARHWLGPLLQLVVS-
—-NEMPPWMSYLHKKLSHHS--SELNVRLFIAKLITNLPEVFEPYAKFWLDSLMELILL-
—-TDMPAWMAPLHKKIASSS--THLNIRLFIAKLIINEAKIFEAHAKFWFNPLMELILQI
—--HELPGYMSYLQKKLSGPS--TNPNVKLFIIKLIINAEEVFRPYAKFWLAPLMEWILG-
—-KDMPPWMSCLNKKLGGSS--THKNVKLFLAKLIVNNEEVFRPYARFWLSPLMEMIVR-
—--EEMPQWMSGLQKKLSSQS--TEHNIKLFIVRLVINAQDVFQPYARFWLSPLMQFLAG-
—--SEMPGWMASLQKKLTSQS--THVNIKLFIARLIINNNEVFTPYARFWLSGLLQLLIS-

sk s . L .. * * .

NUC194 ]
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———-GV————- VG--RAPNYLLSDTVAMLADWCRKTTSLPAKSDHHLVSQLLYLLISKVHH
-—-GT-———- IG--DKINYFFCDVMVMVMGWGSKAVPQDTVMGRNIVGRVLRYLCMNTPQ
—==AT=-=—=—- FG--REINYFILDLMVVLLSWSSIAIPEDSSIGRHAASGLLEFLMSKCFH
-—-GD————- LGT-NGINYMISDLTITLLSWHTVAIPEDNSADKAMACQLLKVLVASCHH
——————————— NM-GGLNYFSLDIIVTLLSWHEIATPEETTVDIAMTSHLVKYIVQNCYH
DSTAGMGGAVGGGENGLDYFTVDAIATMLSWSSTAIIED----RFLGSQLLEYIMLRSNH
-—-GL-————- F-—-TGLNYFVIDVIVTIMSWHQVAIPQDTVEDRAMSSRLVEFVMGYVYN
——-TS————- LCD-NGINYFIMDLLVTMLSWHSTAVPQONSSTERAMASRLVEFLVRNVHH
-——-EG-———- KES-DGIHYFIVDLMIILLSWADVAIPKDVD-EILQANRLMEFLMRNAFY
IEEEG---—- ENK-RGLNYFVVDLLVTILSWATTAIPEDSYGDRHLASRLLQTVMRRTHH
———GN-———- CGVAAATHSLTADVVVVMLSWTPVARPQDNMTERSLASRLLEFLMRNARH
———GN-———- NGG-DGIHYMVVEIVVTVLSWTSVATPKGNMKDEILANRLLEFLMKNSFH
———GN-———- NGG-EGIHYMVVEIVVTVLSWTSLASPKGNTRDEILANRLLEFLMKNAFY
———GN-————- NGG-EGIHYMVVDIVVTVLSWANIAAPKGNTRDEILANRLLEFLMKNTYH
—==EN-—-—-- NGG-EGIHYMVVEIVATILSWIGLATPTGVPKDEVLANRLLNFLMKHVFH
———GN-———- NGG-DGIHYMVVEIVVTVLSWANVATPAGLAKDEILANRLLEFLVTHSFH
-—-GE-———- NGG-EGIHYMVVEIVATVLSWISIATPTGVTKDELLANRLLEFLMKHVFH
———GN-———- NGG-EGIHYMVVEIVVTILSWTSVATPKGNIKDEILANRLLEFLMKNAFH
———GN-———- NGG-EGIHYMVVEIVVTLLSWTSVATPKGNIKDEILANRLLEFLMKNAFH
—=—-RD==—=—- NGG-EGIHYMVVEIVVTLLSWTSVAAPKGNIKDEILANRLLEFLMKNVFH
—=—=-RD==—=—- NGG-EGIHYMVVEIVVTLLSWTSVASPKGNVKDEILANRLLEFLMKNTFH
—==PT=————- FKN-SELNYFVIDIVVTMLSWSSVTIPEDSYSSRRLTSRLLEYLMETCNH
KDTEP-——--— AGT-EGINYFIVDLVVTLLSWSTTAIPEDSHNDRHLASRLLGFLMSRTRH
-—-GQ—-———- TGG-DGIHYMIGDIVVLMLTWSAIAKPEAGD--RILASRLVEYLMHHTHH
-—-GE-———- ASG-EGINYFIVDLLVTMLSWGPVAIPEDSAMGRALTSRLLHFLMANAFH
-—-GQ—-———- QOG---GINYMVLDIMLVMLDWSTLAVPEDNR----LASGVLRFLMKNSYH
———GN-———- TGG-EGIHYMVVDVVVVLLGWVTVAIPEDKR----LANRLLEFLMHFCHH
. . . * . .. .
( NUC194 )

DRRDVFKHNLELIRTVVELWKPNFDIPVQLLYDMIMKHDRKDPTVSEPGIQVAAIILANR
TRADIFKYNLDVVRSVVECWKSLLTVPYTVIYSLMEVKDGA-EREVEAGLQLLGIILANG
IRKDVFRNNLEMIKTVVQCWKERLDIPTYIIFESMRNLDTK-VKDNIVGIQLFGIVVSNG
DSQQILKNNLELLKVLVEVWKPRLEVPTNILYENFSHYDLK-TKRNMTGIQMTGVILANG
ONRQIMRNNLEVLKTLVEAWKSTIRIPTQDIYENFIDREDK-GKRNVVGLQIVGVFLANG
KNRSILRNNLEIVRTMVELWKDKIDIPTRVLYDQFSNSDKS-TVSNLSGIQLVGIAVANE
DTRPVYRNNLELLKTLLQVWKDRVEIPYNIVYKHLKQPDET-KKESCVGIQLMGVVLSAK
ETRAIFRNNLEMLKTLLECWKDCIEIPYQEVYNQLKMPDPS-SKSSLIGIQVLGVIMTCN
PNRSVLRNNIEIIKTAVELWKNHIEIPYRIIYKNFSNPDKD-KKDNSTGIQCLGLVVANG
ENRAVFKNNLEIVKTMVEVWRERVTVPTKVIYEALSNPHPD-KKDNATGIQLLGVVLANK
ATMSVFRNNLEITIKTLVECWRDRVDVPSQVIYENMCAGDIT-MRDNSVGVQLLGVVVANN
EKTAVFRHNLEIIKTVVECWKDCLSVPYSLIFSRFSSTDPN-SKDNSVGIQLLGIVLANN
DKRAVFRHNLEIIKTVIECWKDCLAVPYSLIFDRFSGKDPN-SKNNSVGIQLLGIVLANN
EKRAVFRHNLEIIKTVVECWKDCLAVPYSLLYQRFSGKDPN-TKDNTVGIQLLGIILANN
PKRAVFRHNLEIIKTLVECWKDCLSIPYRLIFEKFSGKDPN-SKDNSVGIQLLGIVMAND
EKRAVFRHNLEIIKTVVECWKDCLSIPYRLIFERFSNGNTN-SKDNSVGIQLLGLILANN
QKRAVFRHNLEIIKTVVECWKDCLSIPYRLIFEKFATGDPN-TKDNSVGIQLLGIVLANN
PKRAVFRHNLEIIKTVIECWKDCLSIPYSLIFQRFSSGDPD-TKDNSVGIQLLGIVLANN
PKRAVFRHNLEIIKTVIECWKNCLSIPYSLIFEKFSGGDPN-TKDNSVGIQLLGIVLAND
QKRAVFRHNLEIIKTVVECWKDCLSIPYRLIFEQFSGGDPN-TKDNSVGIQLLGIVLANN
QKRAVFRHNLEIIKTVVECWKDCLTVPYRLIFEQFSGGDPD-TKDNSVGIQLLGIVLANN
PTRSIFKNNLEVIKTFVEVWKERIDVPYKLIYERFSNASVN-TKENSVGIQLMGVIVANK
RHRSLFRNNLEIVKSVVEIWKSILHVPAEVIFNSFSDPDPV-KKDNAVGIQLLGVVVANG
SNRQVLRNNLEMVKTVVELWRDCIEVPSRVIFEAFSGKDPK-GKENATGIQLLGVILSNQ
KTRAVMRNNLELIKTAVECWKTRVEVPTKVIHDQLCGSDAS-SKANSVGIQLLGVVLANQ
ERKSVMKNNLEVIKTLVECWKDVIDVPTRVIYESLODRSPD-KKDSAVGIHLLGVILANN
SNRQVLRNNLEMIKTLVECWKEIISVPTSVIYRILATPDPD-VKDSSTGLQLLGIVLANG
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Supplementary Figure 2: CLUSTAL OMEGA DNA-PKcs METAZOA VERTEBRATE INVERTEBRATE
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LEPWSST----- GKLQFLRALLRNID-TEKRSIFQSSAEVAGMALELLAANGSGMLEGDD
LPPYTVD--SETEKKRCESLVIRLLG-AHYASVYGAAAEVMGLILKYTSQKDGSV--EAL
LDPYQNT--SRIDKISYLKTLTVNLK-NKYKEIYESASEVCGMSMKYYFDKDDDV-YSEF
LSPYRPN--SGVDKDRFYKNLAKNMQ-HTSKAVYMSSAEVVGMALKHMTETEKEEDDKTW
LSPWQPD--AEVSKDRFYQYLAMNMN-QPDKQVYSASAEIVGMALSSLQON---TESDKEW
LNPYDTNTAGSLDQGLYYKIFVNNLT-FKYKLIYAAAAEVLGMIMKRMAESYDPF-LDRL
FPPYAPT--APVDQEKFFTTVAQYMR-NRYKAVYAATAEVVGMIFKHLAEKDRQT-EGTF
YAPYGPS--ASVDRNRYFTTLASSMT-NSSKMIFAAAAEVVGMVFAYLADKENET-DGQF
LSPYRYD--VEVDEM---LALAENLQ-FKYKEVYEAVAEVLGMIMKHLASVKKET-EGPI
IHPFSSD--SSVDENTFYTALSDNLT-FKYKDVHAPAAEVSGMLMKYLIEERKVT-ECSL
LPPYSHT--TAVDSEKFFQAIVRCLA-NKYKEVYAAAAEVLGMILHRMVEREDEEAEGAL
LSPYVPK--CEIGYERYFQRLVYNISLTRYKEVYAAAAEVLGLVLHYFAENEKQV-DGLV
LPPYDPK--CGIDSESYFQALATNISFGRFKDIYAAAAEVIGLIMQYLAKNEKQL-EGPI
LPPHDPT--CSIDMESYVKALANNLSFTRYKEVYAAAAEVLGLVLQYRAEKEKEL-GGPI
LPPYDPQ--CGIQSSEYFQALVNNMSFVRYKEVYAAAAEVLGLILRYVMERKNIL-EESL
LPPYDPK--CGIDVERYFQALANNIALTKYKDIYLAAAEVLGLALHYVAEKEKTL-EGPL
LPPYDPK--CGIDSARYFQALANNLSLVKYKEVYAAAAEVLGLTLQYVSEKETML-EDST
LPPFDPK--CEIDRVRYFQALTSNMGLLKYREVYAAAAEVLGLALQYIAERENIL-EDPV
LPPFDPK--CEIDRVRYFQALISNMGLLKYKEVYAAAAEVLGLALRYVAERENIL-EDPA
LSPYDPK--CEIDSVRYFQDLANNMSLIRYKEVYAAAAEVLGLILQYMAEKENIF-EGPV
LPPYDPK--CEIDSTRYFQALVNNMALLKYKEVYAAAAEVLGLTLRYIAEKENIT-EGPI
ITPFKPG--CGVDEKRFYQDLVKNLS-FKYKDVHGAAAEVIGMILKYLSEENDKESCDGL
LFPVTSD--STIDEDRFYGTLVNNLT-FKYKDVHAAAAEVIGLLMMQLAKVKKIF-DGPL
LPPYRDT--CGIDKDRFYTTLSANLS-FKYKDVYAASAEVVGV-MKYMAEKEKVT-DGTF
LPPFNPSTSGNIDREQFFSAVAKNLQLTRYKDVYAAAAEVIGMIMKYMADVEKVT-EGSF
LHPLSPT--CDVDADRFYSALASNID-NRYKAVHGAAAEVIGMAMKQMAENDKIT-DGRL
LHPIDKA--SDIDEERFYAALSYNLK-NRYKMVHAAAAEVIGMAMKQKADVDKVT-DGFL
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AE-FLSGIVDKLNL---TKDQSKDKFLTCLFAVQEYYPRIVD====—————mm———————
ED----AVVKRVTEL---TVKMQGQGLTCIYNIHKHYPSFVK-==————mm - ———
CK----IVKTEISSL----- NAKDQYLTCLYKINTHFPIFIDS——=====——————————
HKEFIDHISSLLIGF---QSNKPDRFISCVYGMOLHFPTIAD-—=====———————————
CRAYGDNIQKMLLGI---HGNKPDQFLTCVHCIQKHFSAFVE-—=———————————m———

EE----MVGEQLFKLSQPLEKSEDKFITCLHKITLCYNKIVP-==———-————————m———
HD----YVVNLMNSL---QQSNPGNFLLCIHRMHLHYPPIAD-—====————————————
HS----HVESVL-———-- GKVAPHNFLVCVHCIHRHYPPMAD-—====————————————
FD----YVTQHLSSMVSAGRMDVARFILCLYRVQLHYPIIAD-=—====————————————
IA----LVEAKLSPMATKGGKDIGKFITCVHRLOQLNYPRIVD-==—————mmm———————
RD----AVVTAMSTL---HADAKQNFIVCLQKMTLHYPATIADREVMTAVSDRYLGQVCGD
HD----LIAKELKQL---QQSKEDKFIVCLSKIVKNYPPFADR-=====———————————
FD----FTVKELKHL---QONTKEDKFVECLSKVVKNFPPLVD-====—————————————
ID----SVVRELKQL---QSIKEDKFIVCLSKIVKNFALLAD-===——————————————
CE----LVAKQLKQH---ONTMEDKF IVCLNKVTKSFPPLAD-—=——==———————————
FD----CVIKELKQH---QNAKEDKFIMCLNKVVKNFSPLAD-—====————————————
CE----LIVKQLKQH---ONSREDKFIVCLNKAVKNFPPLAD-==——==———————————
YD----CVIKQLKHH---ONTQHDKFIQCLNKVVKNFPPLAD- == ———————————————
YD----CVIKQLKHH---ONTQODKFIQCLSKVVKSFPPLAD- == ——==———————————
YD----CVIKRIEQH---QSTKEDKFIVCLNKVAKNFPPLAD-=————————————————
YD----CVVKQLKQH---ONTKEDKF ILCLNKVVKTFPPVAD- === === === ————————
SG----LLNEKLSS----MTKDLDKFILCVHQLOQIHFPPIVD-=====————————————
HD----MVGQKLLSLVNRAKPELDKFITCVHKLKLNYPPIVD-===——————————————
HD----NVFREISSS---QSSRPEVFITCIYKVQLYYKPFTD-======———=————————
HT----QVERYLLPL---QVNQQODVFLTCVHKIHLHFPPFAD-—====————————————
HE----VTYKELSQLH-LGSGKEVIFITCLHKIHLHYPVFTD-=====————————————
HS----IVTSELTKI---SEIKPDVFVTCIHKLHFHYPEFAD-—==——————————————
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AFMNHVLFHLPKTYGIFRTMCLKIVYSRLEILGDDTYAEMKSKNLFKTLSDRDPDQONLA
RLINKLLNLLPKLYGIHRKNVLECLIAHSATM-EDIYLHLKEQNLLDILAKKEASTQLVA
SFLNKILYMLPNVHGIFRKQILEIINSHVENI-ENAFAELKNQGLLNMLEHRDESIQFSS
GFLAKVLFILPKVHGEFKTHSLEILONRISQI-DNAFLEMKSKGISDILSQRNEANQHAA
RFIHKVLFMLPGLYGVFRTYALEITAAGIENI-EGAFVEIKNKNIIGILRERDELSQLMS
RFVEKLLFLLPSLQGVFRSSCLEILDTQADVQ-PQFYLKLKDKGFHTMISHRDEATQTAS
RFMNRLLFVLPNLHAEFRNRCLEIVLTRIDTL-ENVYVELKSKGLLAFLTHRDDETQVIA
RFLNKLLFMLPGLHGEFRVQCLEVIMGCIEQL-DDAFRELQSKGLLNFLTQRDEDTQIVA
RFVNKVLFLMPSLYGEFKTKCLEIILARADHI-KELYTELRNKGLKDMLLHRDESKQQVS
RFMKHIMFHLPTIHGVFKAQCLEIVLSRVSDI-PDLFTELRSKGLNVMFEHRDEGVQVAL
RLMSKLLFMLPSLQGSFRSQCLEVILTRVAHT-QONLFLELKSKGFLGMITHRDEATQLAS
RFLNQVFYLLPKLHGVLKTHCLEVVMHRAETI-IDIFQELKNKNFVQIMSYSDEERQRIC
RFLNAVLFLLPKLHGVLKTHCMEILMSRAEEV-TDIYLQLKSKDFAQIMSHRDEMRQRVC
RFMSVVFFLLPKLHGVLKTHCLEVVMSRAEEI-PDIFLQLKSKDFIQLMNHRDDARQRVC
RFMNAVFFLLPKFHGVLKTLCLEVVLCRVEGM-TELYFQLKSKDFVQVMRHRDDERQKVC
RFMTVVLFLLPKLHGVLKTYCLEVVMCRAEEI-PDLYIQLKSKDFNQIMSHRDDDRQKVC
RFLNAVFFLLPKLHGVMKTFCLEVVLCRAEEI-TDLYLQLKSKDFAQVMRHRDDERQRVC
RFMNAVFFLIPKLHGVMKTYCLEVIMCRAEEV-PDLHLQLKSKDFIQIMNHRDDERQRVC
RFMSAVFFLIPKLHGVMKTHCLEVIMCRAEEI-TDLHLQLKSKDFLQIMNHRDDERQRVC
RFMNAVFFLIPKLHGVLKTYCLEVVMYRAEEI-TDLYLQLKSKDFIQVMSHRDDERQRVC
RFINAVFFLLPKLHGVLKTSCLEVVMCRAEEI-TDLYLQLKSKDFMQVMNRRDDERQRVC
GFINQILFVFQHVHAQFKTLCLEIILSRVGVI-PNLFLELKTKGFLNTLTHRDEATQVAC
RFVNQILFTLPSVHGDFKSYCLEILCSRVEHI-PNLFTELKGRGLKEMLSQRDDGIQIGV
RFINKLLFMLPQIHGQPKTYALEVVLGRVDSI-DKIFLEMKNKRILEMLRHRDETIQLVS
RFVSKLLFMLPKLHGIFRTHCLEVIRGRVNVI-DNLFLELKTRNFLGMLTHRDDGLQAIV
RFMNKLLFMLPSIHGQPKTECLQIITARIEHI-DNAFIEMKNKNILALLTHKDEADQLTS
HFTNKLLFMLPSLHGQPKTLCLEVVASRVSHI-PNIFLEMKSKGIVELLTHRDEGTQLVS

H HE- . 2 HEH e o3 3 2 H H *

M-HEAT/CRCULAR CRADLE

LSIVHKMVPHLKPEQLEELVHE-ICKFETQRSVKCRSVMYEILKWIYDHCQDIGG—-———
LOLVNAVMPRLTPSQLLYFMPG-VVAFASHPAPSCRETMYDVLFWVYDNFSNNDT—-————
LNITIQKLLKELDIDKMLNVFPI-ISKVHKSAETICRKVMYEIMMHAYEKFNTKNG--—-—-—
LRLVKGLCNQLKPAEILYLLPV-LTEFASHPSASCRAQMYNILMWIYDNYRDDDGT-—--—
LKITRRLLEKLEASQLLYLLPA-ICEISDLSSVLCRREMYQILMWCYDNYKDEAQS———-—
LSIVQKLLVQLTNDQLSEIVPILIASFSKHGSIQCRIVLYNILMRVYNKLCTDDQSESD-
LKIVKSIQSKLQPSEVSELLPL-ICGFCVSPSIPCRNVMYDILMWVYDNYREDES—-———
LGIVNAMVPKLSATELQTFLPA-ITGFSNHPSVTCRQIMMKILMWTYDNYRDNES—=———
LDLVRAMLKNLDISQILYLAEL-VATFKTNPSAACRQKMYGIFMWIYDTFRQEIDK~--N-
LKITIQGLLEKLKMSEIEYVVPS-IATMATSSSTACRELIYDIFMWVYDTYRSDETFRNE-
LHITNALLSSLSPGELLFLLPA-VTSIGTHPRAPCRQLMYDILMWVYDSYRDSEG--——-—
LDIVYKIIAKLKAEEVKVFLVP-VIAFISHPSPVCRERMYDILMWIYDNYRDAES-QSD-
LDIVHKILAKLKPVELKELLIS-VTAFTTHPSPVCRERMYDILMWIHDNYRDPES-QSD-
LDIVYKIMFKLKPVEMKEFLVA-VTGFISHPSTVCRERMYEILMWIHDNYRDQES-QAN-
LDITYKMMPKLKPVELRELLNP-VVEFVSHPSTTCREQMYNILMWIHDNYRDPES-ETD-
LDITYKMLPKLKPMELGELLNT-VVTFSSHPSPMCRERMYDILMWIYDNYRDPES-QAN-
LDITYKMLAKLKPGELRELLNV-VVEFISHPSPVCREQMYNILMWIHDNYRDPES-QAD-
LDIVHKMLSKLKPLELKELLPG-VTGFISHPSVMCRQRMYDILMWIYDNYSDPES-QAD-
LDIVYKMLPKLKPLELKELLPG-VTGFISHPTVICRQRMYDILMWIYDNYSDPES-QAD-
LDIVYKMLPKLKPLELRELLPG-VTGFISHPSPVCRERMYDILMWIYDNYRDPES-QAE-
LDITYKMLSKLKPLELRELLPG-VTGFISHPSPVCRERMYDIMMWIYDNYRNSES-QAD-
LRITILGRLSQMSVGDIQTLLPS-VTDFLSSKSVACRGLMFDILIWIYDTYRFDETFKNED
LRITKHLMKKLTIPELKFIFPL-LTSFVSHPNLLCRDLMYDIFIWIYDSYRADEAFQAE-
LKIVNSMLKRLNEEELLYLMPT-VVSFSKNLSPACRETMYDILTWIYDNYKDEES-ST--
LOIVYALLQKLKVEELLYLLPS-VAAFASHPAPECRRTMYDIMMWIYDNYREEAS-QQE-
LKLVDGMLPKLKPSELRYLLPA-VKDFVSHPSPSCRDTMYSILMWIYDNYRDEDK-REG-
LKLVNAMLPNLKPDEILYLLPP-VRTVFNLPSPACREVMYDILMWIYDNFRDEES-RTE-
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————— VLIEEAKGILLKGLRDDDPHLODSIFEYWNSDAQQRDASTSDRLLFILTDLYCPA
-EDGHQLESQARGVLLRAVKEEDAALRQIVLNFWLQGAR-SMTLT-QCLLHILRKMYSPE
—IKEKEISRYAKEMLLHGLADSDLTLRLTVHNFWSQNNH-LPAETFSRIKAVLQKMYSPE
-DT-EQITQSVKETLLRGLSDKDIKNRVTLONFWSHSTR-LPDSTVDRLVALLETMYSPA
—-ESRDEIITLTKDVLLRGLSDDDLTNRLTVQONFWSHETR-LPGETVERLVAMLEAMYTPS
—-DSVKMIRSISRDQLLLGLGDESNEVKLKMYEYWNQESN-LSSNTLDRLTQLLVTLYSKK
-ETADTIMQQTKESLLKGLGDEDMQCRLLVQNFWSSETR-VPGNTLDRLVAMLEAMY SPV
-KEGQEIMKVTQESLLQGLCDDNLHCRLTMQONFWSSESR-LPDGTVDRMISILEAMYTPG
-DETKQLINFCKDQLLQGLNDSSEENRLQLINFWSNNNR-LPSGTLERLSSVLYALYSPN
-EGSEEILATAKDYLLRGLADDNKILKLKLONFWSDETR-LPNTTLERLVDVLRAMYSTN
-EEEDKLASLARDSLLQGLNDSDDSLRMIVTNFWSHATR-LPTQTLPRLLAIAQTLYSPA
—-PDSKAVFVTTKDTLLQGLTDDNPALQLYVRNFWGHENR-LPTGTHDRLMAILRSMY SNK
—-SVSTEVFNLAKETLLQGLTDENQGLOLYVRNFWSHESR-LPTSTLERMLVVLRSLYSSK
—-NESREVLKLASEVLLQGLTDENPGLOLYVRNFWSDENR-LPVGTLDRMLVILKAFYCNK
—-NDSQEIFKLAKDVLIQGLIDENPGLOLIIRNFWSHETR-LPSNTLDRLLA-LNSLYSPK
—-DDSQEVFSRANDVLLQGLIDENAGLOLTVRNFWSDETR-LPVVTTDRMLALLNSFYSPK
-EESREVFKLAKEILLQGLVDENHGLOLIVRNFWSNETR-LPSNILDRMLA-LNSFYSTK
-DDSREILKVAKEVLLQGLIDENAELQLIVRNFWSHETR-LPTNTLDRMLSLLSSFYSTK
—GDSQEVLKLAKEILLQGLTDENAELQLIVRNFWSDETR-LPANILDRMLALLNSFYSTK
-EESQEVFKLAKEMLLQGLMDENSGLOLIVRNFWSDETR-LPTNTLDRMLALLNSLYSTK
-EDSQEVFKVAKEMLIQGLTDEISELQLVVRNFWSDETR-LPTNTLDRMLALLNSFYSTK
SEGSEDVLCRTKNVLLQGLADENKEMRLKLRNFWSDETR-LPNSTLERLVQVLRAMYSPI
-EGSADILADAKDHLLQGLADDHRDLOLKLRNFWSDEAR-LPGTTLERLVEVLRALYSTT
———-AAEVLSMTKEILLQGLSDEESYLRLRVSNFWSHETR-LPVGTLDRMVSMLECMYSPD
-S-AGRVLGTAKDCLLQGLSDEESYLRLLVONFWSHETR-LPTGTLERLVAMLECMHSPR
—QODGDEALSIAKDTLLQGLSDODNYLRLRVSNFWSHETR-LPKETLERLISMLGCMYSPG
-DGADDILCMAKDTLLQGLSDEEASHRLRVSNFWSHETR-LPTGTLERLVAMLECMYSPG
* o PR . . .

HER . :

M-HEAT/CIRCULAR CRADLE )
1y LGYSTQYLLEATAGTP
SE DS F m — — m o e LOMATYVLLEATRHSA
IEHMFSSDECFTLYISLIVDNFWSNEKRLPLGTVERLIALMKNMLQYSTFLLMEMTSKSP
SEHQY — — — — — o LTYATNLLLEMTSRSP
PELHY = = — — — m o e LSYATNLLLEMTTKSS
T E T QF — — = — = LYHATNLLLELTSRSP
T ERQF = — = = — LSYATNLVLEMTSKSP
SECNY —— o e LSYATNLLLEMTSKSP
AESEF - m o LSYSTNLILELTSRSP
TEQQY = — = = = LSYTTNLVLHLTSFSP
TEPHF - — —— e LSYATYLLLOLTSLSP
TETQY = — — — — — o LSIATNLLLEMTSRSP
TEAHY m — — — m o o e e LSLATNLLLEMTSRSP
TETQY = — — — m — o LSLATNLMLEMTSRSP
T EVHF — = — —  m LSLATNFLLEMTSMSP
B 1c) - o LSLATNFLLEMTSKSP
TEMHY — = — — — m e e e LSLVTNFLLEMTSKSP
TETH Y m = — —  m e e e LSLITNFLLEMTSKSP
TETQY = — — — — o LSLITNFLLEMTSKSP
TETQY = = — — o LSLATNFLLEMTSKSP
TETQY — — = — = LSLATNFLLEMTSKSP
PESE Y — — — — — — m o e e LSYTTNLLLHLTSQSP
TE T QY — — — — = — LSYTTNLILHLTSLSP
AENQF — - — LSYATSLLLEMTSKSP
TEPQY ——— — e LSYCTNLLLEMTSRSP
PENRY = = = — — m o e e e LGYATNLLLEMTSKSP
TEHQY — — = = = — LSYASSLLLEMTSKSP

* . * HE
[ M-HEAT/CIRCULAR CRADLE ]
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DYNQKIFKEPLQKCQFEDFR-MLLSWRAQNATV-APMFADTLASQLIQTQSL—======—
DYQRNIFDQPLTECKFREMK-VSTAWRARHASM-IPMFAETQASNDTSLNSLLSYT--QG
DYNLKIFQNPLSTCAFQONYA-ISSSWKKRHATL-TPWFVDSLSSAASFSDTS—=====——
DYKRPIFEHPLSDCKFKDFH-VRQSWRQRHSTM-TPMFVDTQSTQTSSDGSS——===———
DFNRVLFDTPLSECKFQDFA-VSSTWYQRHAAM-TPMFLDTQSSQSNDS————=====——
DYNRVLFDTPLSECRFEDYKEIDLSWQQRHLQM-TPLFAATQLSQTQSDTG-——=====—
DYQREMFESPLEDCKFQDYN-VKSSWKQRHAAM-TPLFANTMATQSMMDDD———====—=—
DYDRQIFEHPLSECTFRDYS-VQSSWRQRHAVM-TPLFAVIQGSETMEDVE - ———=—==———
DYKLSIFDHPLSECKFHDYN-VNYSWQYRHAMM-TPLFAATQLGSQGSMASF ——===———
DFERLMFEQPLSECKFEEYP-IDYSWQQRHVVM-TPLFAATQGSTQSHSQ-———====——
DYKELVFTQPLSDCKFQDYN-IATSWQSRHAAL-TPLFTETQASQASSTQQT ————==———

DYTREMFEYPLSECKFQDYN-IDSSWQQRSTIL-TPMFVETQATQNSSRSQS—————— QE
DYTRDMFEYPLSDCKFQDYI-IDSNWRHRSTVL-TPMFVETQVTQGGTQYHT - =~~~ QD
DYTREIFEHPLSECKFQDYI-IDSNWRHRSTVL-TPMFVETQASQSTARFRS—————— QE
DYPNPMFEHPLSECEFQEYT-IDSDWRFRSTVL-TPMFVETQASQGTLQTRT - ————— QE
DYTREMFEHALSECKFQDYT-IDSNWRYHSTVL-TPMFVETQASLSASRYRS——=——— QE
DYSRHIFEHPLSECKFQEYT-IDSNWRFRSTVL-TPMFVETQASQSALRSRS————=— QE
DYSRKIFEHPLSECKFQDFV-VDSSWRYRSTVL-TPMFVETQASPSTHRNLS—————— QE
DYSRKMFEHPLSECKFQDFV-IDSSWRYRSTVL-TPLFVETQASQSTNRSLL——===— QE
DYSRKMFEHPLSECRFQDFT-IDSNWRYRSTVL-TPMFVETQATQSAKRNRS —————— QE
DYSRKIFEHPLSECRFQDFI-IDSNWRYRSTIL-TPMFVETQASQSASRKRS—————— QE
DFGRLIFEQPLSECKFQDYE-INFAWQQRNSTM-TPLFVSTLMPSGSSQSS———===== F
DYERLMFEQPLSECRFEEYQ-IDYSWQKRHLAM-TPLFAATQGSHGSGMTPT-——--- Q--
DYKREIFEHALSECKFEDYQ-IDHSWKRRHAAISTPMFVETQSTQIGSDSQ-——====——
DFSREIFQHPLSECRFQDVQ-IDHSWKQRHVAM-TPMFVETQSSHPASSQSQA-———— Qs

DFKREIFEHPLSACKFEGVQ-IDHSWRQRHAAISTPKFVETQVGQSQGSI-RGSPSSQSM
DYKREIFEHPLSECRFQDVT-IDHSWKQRHLAISTPMFVETQSSQASSGSQSQSPPDS—--
* s . .

* s %k * ok ok . . . * %
ABCDE Loop starts 2577 T2609

( | ABCDE LOOP

SGTGEHTGAGPLLRAT-QASLAFQPIIE-—~-QS————-———~ GS-SIGSL-—---—---

SDTNMETDGPAGVQAT--QOANVFSATQA-————— PGATYNWVTDSTFDTTLADMEYEATH

----- VKNIDEQIRST-VDVREFDPTIQD----QASKKAFNWLTQT-SIDTLGDWGS -~~~

—-—-DGGSTSPIQLRAT-QDVQQFTATQG---VGTSKGPYDWLTQS-SIDTFADSD———-—
——-PDAGLSTGQLRAT-QDAAQFTQTQA---DGSSKGPYNWLTQS-SLDTFSDSQN——-—

—————— SIGTGMLRATVQQSLAFTPTQ------GQESSYNWMTPSAQS---VDYSV—-—-—
—————— ESYSGEIRAT-QDAQQFTATLD-----ASKAPFNWLTGS-SLDTFTDYST----
—————— DSLRGGVRAT-VDVEQFTATME----TGSNAPFNWLTQS-SLDTFADASL-—---
SLSGSSSTDEHLLRATQSTNLQFTPTQD——————— TDARNWLDPSSVDKSIQSYAAFLQQ
--GGSL--EPGALRAT-QLRVEFSPIMD----QSLSQAFDWLNPSSQADSVQSFTV—-—-—
—---VAAAMQTGEIRAT-QVVPEFTATQD---VAGGRSTYNWLTQSSSIDTFADQSL—-—-~—
GSLTAQGTIGGLVRGI-QTHYEFTPTQN----PDAR-NFNWLTGN-SLDTFAEYSL--—--
—-—-SPQGTIGGQVRAT-QAQLEFTQTQA----AGRRSSFNWLTGG-SIDTLSEYSL——--
GPEQVQGSLGGQVRAT-QVQFDFTPTQON----TGIRSSFNWLTGS-SVDTFAEYSL—-———
GSLSARWPVAGQIRAT-QQQHDFTLTQT----ADGRSSFDWLTGS-STDPLVDHTS————
GSFPAQSSLGGQVRAT-QQQYEFTPTQON-~---IGGRNSFNWLTGN-SIDTLAEYGV-——-—
GLLPGQGLLLGQLRAT--QQYEFTPTQON----TDGRNSFNWLTGS-SVDTFTDYPG-——-—
RSLSPSGSVRGQVRAT-QRQYEFTPTQH-~---GSGRSSFNWLTGS-SIDTLAEYAV—-———
RSPSTSGSGGGRVRVI-QQQYEFTPTQON-~---ISGRSSFNWLTGN-SIDTLAEYMV—-——-—
GSLSTQGSLGGQVRAT-QQQYEFTPTQON~-~---VNGRSSFNWLTGS-SIDTLAEYTV—-———
GSLSTPGSQGAQVRAT-QQQYEFTPTQON-~---MSGRKSFNWLTGS-SIDTLTEYTV-———
GSHSMDITDGGQLRAT-QONP-QF SMIQTAGATGPTAQTYDWLNPS-SLDTSQSS-S————
--ESMSVDGSPGLRAT-QONL-QFTPTQD----QRRSTAFDWLNPT-QESNLQPSQS——--

—-—-SFIETIGNQVRAT-QDV-QF SATQ---EVDGKKTAYNWLTG--SQDTFSEF-S——-—

LSQGGQDTLGGQLRAT-QODVLQFTATQ-~--ASAAPKNAYNWLTQS-SLDTFADY-S————

TSSGMSMGGGGQLRAT-QATQNFTATQ-DNAASSHKNGYNWLTG--SQDTFADY-S——-—

—————— SLSRGEIRAT-QDAHQFIATQQLDAVASRKNAYNWLTG--SQDTFADY-S——-—
.

* *

T2638 T2647

ABCDE LOOP )
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2674
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-PSF—————- SLSSSLLFTTGSSFENQRK-—————=—— SYKMGPGFGSSKLQPIPEVSDE
AP—————- TQGSTSGLIFNVGASGQKDRRRF —====————— KRPGIGNSRMRPADE-PDG
————————— SSTSSSLLFTIGSDTKKIPN------===—=—====-IDENNRN-------SNQ
-VNMS----TETQSSLLFTIGATSSKSAPSHRQR---VQQORPGPRFGKHSLQQGKA-GNR
-LTLA----TQSESSLMFTVGSSRIKS———=====—=— SKKTPGSEFGQRKVRSDVR-VS-
-PSFTVGATPTSDSSLLFTRPTMRPPL-————==—— KNPL—-——-—- RISAERLGKV---GES
—===V---GSETSSSLLFTVGTQDMALRTGLK--——— PKRKPGPGFGRPR———--— A-GAS
———==-M---ETNSLSSLLFTVGSSSKGADSKTRVATRHHHTGTGSNFGKQMARTERT-GNS
SLSST---SSETSSTLLFLSSKSPRQ-——-— RPL---QMKPLSKDFGQQKLSSETA-SQP
——--G---SSEAQSSLLF--GTKPRA-——--— SQR---SLKPVPHDFGSRRLAPTQS-DSQ
-SSVS---SISSSSSSSPYSSPSADHH--——====—————— ETPTE-AKRRGAT---GEE
-PSLA---SEPGSSSLLVFSRWSERL--——— HRP---AKKPVGPDFGKKRLALP---GDE
-PSSA----DSVSSSLLVFGKRGDKS—-——— QQA---ARKPVGSDFGKKRLGLP---GDE
-PSSS----ESLASSLLAYGKRSEKS—-——— QRA---AMKPVGPDFGKRRLALP---GDE
-PSS—=—=—————n DSLLFAHKRSERL-——--— QRA---PLKSVGPDFGKKRLGLP---GDE
-PSSS----ESLSSSLLFASKKSEKS———--— RRT---SLKPLGPNFGKKRLGLP---GDE
-PTSS----ESLST-LLFTHKKSSRT--——— QKA---GFKPLGPNFGKKRVGLP---GDE
-PSSS----ESLSSSMLLVSKRSEKF-———— KQA---TFKPVGPDFGKKRLGLP---GDE
-PSFS----ESLSSSMLLVSKRSEKF--——— KQS---AFKPVGPDFGKKRLGLP---GDE
-PSSS----ESLSSSMLFVSKRSEKS———--— QRA---TLKPLGPNFGKKRLGLP---GDE
-PSSS----ESLSSSMLFVNKRSEKS———-— QRG---TLKPVGPNFGKKKLGLP---GDE
-ASFS---VGSQPSSLLFKSNPNMRRF - ————— K---TLRPQSEQPST—--——— SSA-AQS
-FAMA---STQTQSLLLFSTSQSHKRR-————— K---MLKPVPGDFGSQKLSQASS-SRI
-SSTG---TETSQSSLLFTIGTTKKKA-————— I---TRKPVSSGFGKDKMGAG---KDQ
-VPLG---TE-TQSSLLFTTDASKKVAKARR-—=—=——— LKPVGPGFGSDRLSAG---RDQ
-SSSS----A-SESSLLFTMGSLPKRTAQGFRGV---K---QDAGAGGSRD-====————
-TSSA----S-DQSSLLFTLGASKKM-GRGRQGV---SKTATDAGFGKEKLQSDQP-RGR
ABCDE LOOP

VDS-=————= RSDRLAPNLHRRFLRRDDQ--KRIFHASREIQRSARQQELEQERGRRLEA
NDA-—————- ADTMQSKLIRRRFVKNQDREKQSIYFAKIEERRSKLREKLEKERKFRREA
DTSK-NKIEKLSSSNTFHLRRRFLKDREK--SRLHFIRMEMRKQQLRQEREKEQKKQREG
NDS—====== DDGLEILQLKRRFIKDSGD--RSAYFARREARQRATIREEIAQEQRQRREN
AMD——————— EANKEIMRLKRRFIHDQES--TARFFMKRNVRMKKMREDIQREQKMKREH

EG---GETKEEKRKQVLQLKKRALKDKEM--VSSFFAMNEARKKMRREELKKQRRAARQS
SKPAERSRNEDQDSEMYRLKRRFLRDEEQ--TKTYFIKRHTRLEKMREEALREQKSRREH
AGPK-NDNNTPDEDNVWKLRRRFLKDRST--ASKYFARREIKEKSKREERLKQQRLRREN
-0S--0SVS-QPSSSLNHLRRRYIKSEMA--NNAFYAKRERRKKQLREEILKQQKIAREN
-QAT-PAMG-SQQQEILRLKRRFTKDSQT-KDRQYFIRMHEKKROMLOOTQSRLKAARES
PREE-ASAA-GGGDDVMRLRRRFLKDQEQ--TRVFFARREARRKQRREEAETLSRQRREG
VDSK-TKGIVDQRADILRLRRRFLKDREK--VSLIFAKRGIREQRAEQKIKTEKRMERDA
VDSR-TKVK-DQRADILRLRRRFLKDQEK--VSLIYAKKGVREQKQAKENVAEQKLKREA
VDSR-TKVA-DQRLDILRLRRRFLKDQEK--VSLIYARKGVQIQKEEQKMKAELKMKQDA
VDNK-VKGA-AGRTDLLRLRRRFMRDQEK--LSLMYARKGVAEQKREKEIKSELKMKQDA
VDSK-AKGI-DDRSDILRLRRRFLKDQGQ--ISKIFVRKGVAEQKREKEITAERKMKRDS
VDSK-TKGI-EERTEILRLRRRFLKDQEK--LSLIFAKKGVVEQKREKEIKSELKMKHDA
VDSK-TKGI-EERAEILRLRRRFLKDQDK--LSLIYARKSLAEQKREKEIKSELKMKYDA
VDSK-IKGI-DERAEILKLRRRFLKDQEK--LSLIYARKGVAEQKREKEMKSELKMKHDG
VDSK-AKGI-DERAEILRLRRRFLKDQEK--LSLIYARKGVAEQKREKEIKSELKMKHDA
VDST-TKDI-NERAEILRLRRRFLKDQEK--LSVIYARKGVAEQKREKEIKTELTMKRDA
DDPS-NENS-SQLONIRKLKRRFVKDRKE--TDVYFAKKEIARQKLRTESVQRQKVAREN
SSHQ-SQDP-NEKKEILKLKRRFLKDQSQ--ISAFFAKQALKRNKFREQALQRQKAAREG
TDST-EDTS-QTDREIMRLKRRFLKDQEA--SRAFFARREIRLKKMREEAQKEQKLRRHN
TDGR-AAED-SQQSEIMRLKRRFLKDQDV--TKAYHARRQIRMOQKMREERVKEQRAKRGN
KEAR-KAPS-EGEKEVQRLKRRFMKDQSS--QSAFFAKRATRQKELREEVQKSQRERRFA
DEVD-AKQS-GEDKKINRLKRRFLKDHSS--SQAYFARREMKRKQLKEKILEEQRERKFS

Had :

ABCDE LOOP
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NIASFREYRSGDFPDIEISYSAIIKPMOQELAKRDAAVARHLFVLLFDGLLGELYD-=——-—
QVTMYRQYRVGELPDVQIPHRALIGPLOALSQRDEKVARLLFEVLAQGVINSAGTAMHHR
QVTIYRQYRIGDLPDIEINYSSIIVPLOALAQHDDEICRMLFQSLILSVCCYMKSNQ-VT
QVILYRKYRIGDLPDIQIEYFNIIAPLOALAQKDSRMAMLLLSTLFEAIHAELVTV--CA
QVTMYRQYRTGDFPDIQIKYSFLIAPLOALAQRDSTIAKLLFVAVFQAIFTQIESEKTER
YVVMYRKYRMGELPDIQIKHSELIRPLOALAQNDSGLARLLFCSLFNSIFSQLDHLLTEE
QVTMYRKYRKGDLPDIQIKYSYIIAPLOAVAHRDSSVAKLLFGAIFKGIFSKMDEVKTER
QVTLYRRYRIGDLPDIQIKYSYIIAPLOALAHRDNTIAKLLFGAVFKAIYQEMDKVKTDQ
KVVMYRKYRDGELPDIQIKHSELIAPFQALAQVCYLDQNYRY---VNLSVNDLVENFNDE
QVVMYRRYRAGDLPDVQIKHSELIAPLQOAVAQCDSTLAKQLFSVLVQAILSQMDEKLTEQ
QVXMYRKYRIGDXPDVQIQFCHLISPLOALAQRDARVAQLLFSSLCDGVVRRAGDTATER
KVTLYRSYRFGDLPDIQIKYSSLIAPLOALAQKDHSLAKQLFSALFSGILEEVHKSKTA-
QVTLYRSYRQGDLPDIQIQHSSLIAPLOALAQRDPTLAKQLFSSLFSGILIEMEKSKSQS
QVTLYRRYRQGDLPDIQIHYSSLIAPLOALAQRDPTLAKQLFSNLFTGILTEMEKSRSDS
QVVLYRSYRHGDLPDIQIKHSSLITPLOAVAQRDPIIAKQLFSSLFSGILKEMDKFKTLS
EVTLYRSYRHGDLPDIQIAYSNLIAPLQAVAQRDPTLAKQLFSSLFFGIMKEMDKLKSSS
QITLYRSYRQGDLPDIQIEHSSLITPLOAVAQRDPTLAKQLFSSLFAGILKEIDKFKSQS
QVTLYRSYRVGDLPDIQIEYCSLIAPLOGLAQKDPTFAKQLFSSLFSGIFHEVKKSKHPS
QVILYRSYRVGDLPDIQIEYSSLIAPLOGLAQKDATFAKQLFSSLFTGILREVEKSKTPS
QVTLYRSYRQGDLPDIQIEYSSLITPLOGVAQRDPPLAKQLFSSLFTGILKEMNKFKNPS
QVTLYRSYRQGDLPDIQIEYSSLITPLOGVAQRDPTLAKQLFSSLFTGILKEMENSKSPL
KVVMYRKYREGDLPDIQIKHSDLITPLOALAQCDSYIAKQLFSGIFRGIFSQIDENVTDT
AIVMYRKYRSGDLPDIQIKYSELIAPLQALAQCDNTFAKQLFSALFRGIFSKIDEKLPER
MVTLYRSYRQGDLPDIQIKHMYLIAPLOALAQRDTAIARQLFSSLFCGVFAQIAEEKTER
LVTLYRQYRVGDLPDIQIKYSYIIAPLOALAQRDSMLARLLFSSLFRGIFEEIENVKTER
QVTMYRQYRTGDLPDIQIKHSDIIAPLOALALRDSTLSRLLFSALFRGILARIGDMCTDG
TVTMYRRYRTGDLPDIQIKYSDLIAPLOALAQRDASLARLLFSSLFRGIFSEIEEVKTER

sk kk kg kkgak | sk kK

FAT begins 2801

| YRPD MOTIF
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12784
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EKEVYTQKVQKAMGSIVSTTKDYTTMVMGAVMEIALCHSRYITLQAEDITTVSRFSGLLA
EEQEWNQELHEALNGILSSSYMCCPQMLRTVLHLMINN--DVRTNPESLTAACLGSRLEA
EYSEFCRSLSSALNEILKKSVHYHPQLVAFCYECLNCDVKEMDIDYEQICTASQASHKQS
DNRSIHARISNSLNTMLSTTNQYYAPFINCILHMAYSNIHNLTLEPSNISSACLTGLQQP
ESQSLVAKIESSLNKILETSTQYFSPFIGCVLEIAYLFPKQLKLQPGVVSTVCNMSDQQP
DAAATKGVIEGNINTILDCSTQYYPPFIGSLQDICYYEN-SLKIKPPSITTSSLASKQEF
EVQETIQQIQKSIGVVLTTSIQYFTPFISCLLDVLYSLRSKLKVDVSDVSSAAMFGNIQP
EMEETKEKISDSLGRMLSTSIHYFTPFMGCVMDILHTLRSSLKVEVSELSIAAKISNLQP
DAAETKAEIKASLSNIVKKSKHYFPPLIACVQDICYQQK-ELSIQSSFASVASLASSQQP
DAEKTVTDIQGALDNIMTSSTQFYPPFISCIEDICYHKS-MLKVQPSSVSTASLASLQQP
DVDATMEKLSEAVSVMASSSTSYFSPFIGCLLDVCYRNISILRLDPAVVTTVSQTSMQON
ETKDISKQLVENFNYLLKATTLNFPPFVACIQDMSCQHKDLLGLDSTSVRSTSLASLQQP
EKKRITEEILGDMNNFLSKTTVYFPPFVTCVQDMSYRHKELLNIEPSSVSSSCLASLQQP
ERKTILLELLGNFNGFLSNTTVYFPPFVTCIQDMSYQHAELLNLDPASVSASCLASLQQP
ERKNNITQKLLODFNRFLNTTFSFFPPFVSCIQDISCQHAALLSLDPAAVSAGCLASLQQP
EMKDITQKLLADFNRFLNITTSYFPPFVACIQDMSYHHTELLNLDPSNVSTSCLASLQQP
EKRNITLKLLQDFNHFLSSTVSFFPPFISCIQEMSFQHTELLNLDANCVSTSCLASLQQP
EKNAIVQKLLNDFNNFLSMSLSYFPPFIACIQEMSYQHRELLELDSANVSTSCLASLQQP
EKKIIIQQLLKDFNQFLSMSMSYFPPFIACIQEMSYQHRELLELDSANVSTSCLASLQQP
EKNCITQELLONFNRFLSMTVSYFPPFIACIQEMSYQHRELLDLDSATVSTSCLASLQQP
EKTHIVQKLLONFNDFLSISVSYFPPFISCIQEMSYQHKELLDIDSTSVSTSCLASLQQP
OADEIFRDIQDALNNMITSSTQYFPPFISCIQNVCYNEG-KLSLEAGKVTTASIGSLQQP
EAASVTSDLRSAMNHMLSSSTQFFPPFISSIQDICFHECKLRSVDSASVSTACLTSLQQP
ESEEIIKNINEHLNSMLSNSTQYFSPFIGCIEDIAYHNCKELMLDAQGISTASLISQQQP
EAEDLTEQISRFLNTALSNSEKYFPPFISSLQEICYREPRKLSPDASVIQQTGVISLQQP
ETELHVKGIERHLNQMLTDSNQFDPAFISCMLEIGFYHSEQLTLDPAAISQSCLTSRQLL
EAESTKVEINRHLNTMLSTSTQYFPPFISCVQEISYYHSEQLTLVPSTISTASLTSQQMH

LGCLSLEEILIQKDTVSE-AGSSKRSKTFE---PSTEEILWLSLADLYKHMDEWDVVRGI
LGILVLERQALLSKRGEEPHPARKKMRKDAEALS-QDDSLWLSIAEMYKNLNMWDVVRGV
LGILLLEDHLICYNNFKS-SNPAKRIKLNKPLIS-DELSIWLKMAEIYKSLSDYDSVHGI
MGIMLLEKMLIHAENP-T-CQPSKK-HRTIGPQVSRDINVWLELAKLYKSIGDYDTLKGI
LGILLLEEGLLHSPED-Q-SPASKRSRRDRSSRITQDTEPWLELAKLYKSISDYDVLRGI
TGIMLLEKQLLLNVD--S-SKSAKRSRTNKSN---EVTETWIELARLYKSLEDYDVLHGI
LGICVLEEQLISQDE--D-ERPSKRGRSDNAVVS-TDTLSWIELARLYKSVKEYDVLLGI
LGIEVIEERLITEDSG-G-ARPSKRSRYDVTPVT-KDDMOQWIELAKLYKSLGEFDVLHGI
IGILLLEKQIMHLDT--E-EPPSKRIKT--SSAS-EATSNWIELSKLYKSIGYYDVLRGI
MGILLLEKQLLSQEA--E-PKSHKRMRTEHSPSS-DTTAAWLELAKLYRSVEEFDVLHGI
LGIVLLEKMLMQGACDDE-SRPAKRMRAGSGMGVSQHTDTWIELARLYKSLGDYDTLHGI
MGILLLEKSLIHSTTN-E-EPPTKKARGRQELPPDTDVARWIELATLYRSLGDYDVLRGI
MGILLMEESLIKGLVP-E-EPPAKRARGRRELPPD--TARWIHLAKLYRSLGDYDVLRGI
MGVLLLEQGLIQLLAA-E-EPPAKRARGRKELPPD--TIRWLELAKLYRSLGDYDVLRGI
VGIRLLEEALLRLLPA-E-L-PAKRVRGKARLPPD--VLRWVELAKLYRSIGEYDVLRGI
VGILLLERSLMSLVDT-E-EPPRKKMRGKTELSPD--VVRWIELAKLYRSLGDYDVLRGI
VGILLLEQALIRLGPP-E-EPSSKKRRGKPQLPPD--VVRWIELAKLYRSVGEYDVLRGI
MGILLLERALMALSPA-E-EPPSKRMRGRTELPPD--VIRWIELAKLYRSLGDYDALRGI
VGILLLEHALISLSPA-E-EPPSKRVCGRAELPPD--VIRWIELAKLYRSLGDSDVLRGI
VGILLLEQALTRLSSE-E-EPLSKRMRGRAALSPD--VIRWIELAKLYRSVGDYDVLRGI
VGILLLEQALIHLSTI-E-EPPAKRMCGRTELSPD--VIRWIELAKLYRSVGDYDVLRGI
TGIMLLEKQILOMAEDPG-ERPRKRQKTGGNPSP-ESTATWIELSKLYKSVEDFDVLQGI
IGIMLLEKQLLEIEGK-S-QNSRKRAKTSTVPPS-EVTTCWIELSKLYRSVGDYDVLRGI
LGLLLLEEYLVQKSGE-E-ERSRKRPRGSASLLS-QEISTWIELSRLYKDLDNFDVLRGI
IGIVLLEEQLVQKAGV-E-EPRSKRARTSSSPVS-AETATWIELARLYKSLGDFDVLQGI
IGIRVLEEVLIKKSGD-D-ERSRKRARTSRPESN-QEMSTWIELARLYKAMGEFDVLRGI
IGIRLLEENLIQKPWQ-E-EKSAKRARFVSREPS-PEISTWIELARLYKALGDFDAVQGV

* Hd *3 *: 13 *y * 3 %3
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FHKYLNC-GENVHKALKWETSGHWDKARMEYEAALSSM=-==———— DDQODGLSDYYYEALY
VOGKLGAIKEETQKALEAEATNNHVKAFLLYRQSLDTT-DWEE--EPLAAENRLWEEWYS
FSNSLNI-QEETKQALEFESRGEYLLAVKIYSKLYDQT-EWSAE-EPNQAEIDLWDNAIL
FGSKLGT-KEITLEAMEAEMSGDYQTAVQLYYKALVCT-DWDE--EPDELEKDFWDASSL
FSSQIGS-KPATRLAIEAETRGDYRSALQLYNESLAKE-EWDDGEHPTEAEINMWDSSRI
FTNLDDT-KDVTRKALEAEERGDYLTALNLYKKAIDF--DWPQGESPPQVEEDLWEDSLL
FSGRIGT-QDITKEAVQOMEARGDYYKAVKLYNQALSCN-DWDE--NPPTIEVDMWDESRM
FSGMLKT-KEVTQLALIEESHSEYKAATALYNKALESA-DHDP--RPLEAEIDLWDESRM
FSGHLGT-KDITQRALEAESRHDYAAAVKYYNQAMDCS-SWPDG-EPQAEEEDLWEISRL
FSDHIGT-KPITRLALEAEARGDYAQALKIYNEAMSCD-DWSS--KPQQQEEDLWDDARM
FNDKIGT-QTCTQEALQAEASCDYKLARKLYQRALEM--EWGESEGPGQGERDLWDISLM
FSEKIGT-KPLTHTALLAEAKSDYAEAVRLYDQALNTE-EWMDG-NPMETEKDFWEIAAL
FSGKIGA-KSITSMALQAEAKSDYAEAVKLYNEALNTE-EWTDG-EPAEAEKDLWEIAAL
FSGMIGT-KQVTQKALLAEAKSDYSEAVRLYDEALNVE-EWPDG-EPTEAEKDFWELAAL
FTSEIGT-KQITQSALLAEARSDYSEAAKQYDEALNKQ-DWVDG-EPTEAEKDFWELASL
FSGKIGT-KPHTKDALLAEAKSDYATAAKLYDEALNMP-DWSND-EPTEAEKDFWEVAAL
FSGEIGT-KHVTQIALLAESKSDYSEAAKQYNEALNMQ-HWEDG-EPSEAEKDFWELAVL
FSGKIGT-KEITQKALLAEARNDYAEAAQYYDKALSQE-DWQDG-EPTEAEKDFWELASL
FSGKIGT-KEITQKALLAEARSDYATAAKHYDEALSKE-DWQDG-EPTEAEKDFWELASL
FSGKIGT-KEITQNALLAEARSDYAEAAKQYDEALSKQ-DWPDG-EPTEAEKDFWELASL
FSGRIGT-KEITQKALLAEAKSDYVEAVKQYDEALSKQ-DWSDG-EPSEAERDFWELASL
FNSHIGT-QSITKDALEAEGRGDYTEALKLYSQATNCD-EWPAGSSPLQAEEDFWDDSIL
FTGHIGT-KDITREAMEAEARGDYSQALKLYNEAIGTDDVWIKE-ELRQEEEDLWDVSRL
FSGKVGT-QPVTREALEAEASANYQKAANLYDEALGCT-DWPDG-RPEQVEEDLWDDCRL
FSRKVGT-QTVTYEALEAEARGDFKKAVELYNQAMQET-EWPDP-QPLAVEEDLWDDSRL
FGALIKT-KDVTQEAIQAESRGDYESALELYSKAIS-S-DWGPD-GVAREEEDFWDEARL
FSACIGT-HEITKTALEAEARGDYSTALKLYNQAFE-M-DWDEG-AVSQVEEDLWDESRL

. R . * * :

KCLAHLSDWKGLNNQVRR=-===== QVENNLDQLWTDEWLQEKLLPQILLSEIQMMLDKGV
NCAAILGQWSELENFVEKRFLODDDGEVDLNRVWLLPKPTATALPALVHSKLMNILDGSE
QOCYDYLTQWDLLQLSIIN-RLDENQKQPNLNKIWEEPYYQENYLPFLIKSKLKLLIENR-
HCYEHLTQWNKLLECTLT-NLDD-VRSANLDRIWEDTYYQDTYLPYLIHSKLKLLLENGE
ECAENLTQWRDVETLST----SD-LEGSSLSAVWDSTYHQEVYLPPMLRSKIKLILNGDT
NAYSHLTKWKDLEKASTC-NIGE-ETNSKLEQLWKDSYCQEHYLPFVLSSKLKLWCTDD-
ECLDNLSQWKELEGVAMS-GIS----SNSISQVWKDTYYQEHYLPYIIRSKVKLMLQGDG
ECLNRLTEWTKLEMVTTD-ALSQ-EGEISLASVWDDTYYMETYLPYLIRSKLKLLLHGDE
ECLYNLTQWDKLEYLSLV-NVD-NNDPPSFDKIWEDNYYQENYLPLFLKSKAKVMCENDL
QCFANLAKWGDLEEYSKT-GVDDEGNPPDLDKIWTDTYLQEHYLPFIMRSSIKLICEGEE
QCLDRLTDWTALDAHTKECLIPEGSSEADLQLLWEDTYYEENHLPFVMRARLKRLLVEG-
ECYNHLTEWKALEYCSTV-NIDD-KTPADIENIWSDTFYQETYLSYMIRSKVKLLQSGE-
ESYSHLTEWKSLQYCSTV-NIDD-SSPADLEKIWGDPFYQEAYLPYVMRSSVKLLQLGE-
ECYSHLTEWKALEYCSTV-NIDD-KTPADLENIWNDPFYQETYLPYLMRSKVKLLLLGQ-
DCYNHLAEWKSLEYCSTA-SIDS-ENPPDLNKIWSEPFYQETYLPYMIRSKLKLLLQGE-
ECYNRLTEWKPLEYCSTV-NIDD-SKPADLNKIWNDPFYQETYLPYMIRSKVKLLLQGK-
ECYNHLTEWKSLEYCSTV-NIDS-ESPPDLNKIWNDPFYQETYLPYMIRGKLKLLLQGG-
ECYDHLTMWKSLEYCATV-NIDS-GKPPDLSKTWNDPFFQETYLPYIIRSKLKLLLSGE-
ECYDHLTEWKSLEYCATV-NIDS-GQPPDLNKTWNDPYYQETYLPYIIRSKLKLLLNGE-
ECYNHLTEWKSLEYCSTV-NIDS-GQPPDLNKTWSDPFYQETYLPYIIRSKLKLLLHGG-
ECYDHLTEWKSLEYCSTL-NIDS-EQPADLNKTWSDPFFQETYLPYIIRSKLKLLLHGG-
ECCRRLTLWDKMDHNCIV-NFDEANGVLDLNQIWRDDYYKEHYLPFLLCSKTKKFCIGD-
QOCLADLTKWKELEKCSVE-SIDD-KNPPDLDKVWSDTFYQEHYLPHLITSKLKLQCQGS-
OCYEQLTDWQKLEQASTI-NIDD-NDPPDLDKIWDDTYYQEHYLPYVIKSKLKLLMEDDD
QCYDHLTQWKNLYEVSTV-NIDE-DSPPNLDKMWDDTYFQEHYLPFTIRSKLKLLLEGE-
QCCNQLTKWDDMESFSTD-QIEG-KGSNDLSQIWNDDYQQEIYLPYMMRSKLKRLMEGS -
NCCNQLTQWKELQNYSTV-NIDD-NSPHDLGKIWSDTFYQELYLPHMMRSMLKQLMEGG-
*

* * . * .
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DSKREQFLQQVDRWLRDRDKSDYLSSHYCEELAAIFLIQDKLDQAQHQVEHSLTMFLDSW
—-TDGNLIAFIDQSMGDHRHRSMLEGDLPLQLGVLAAHQEKFEQANVYANTATSMTLLTL
—-NDQSLLCFIDSALKEENKKKYLEENFSEELALLYIIQENYDRAQYYSQLCLQDFLKEW
—-—-GODDLATFIDNAMKVTERRALLESQYSVELALLYIWQEEYDRAMSHVDQAIQLFLONW
—-—-SODNLLSFIEESLKTPVHKAFIEGSFSSELALVCIHQELYDKAKHYANMSLQAFIQDW
——-SDHGLASFLDKSLSEEANRSVLESHYPQELTLSYVLRDDYDRAYYYLSLSLKAKQQIW
—--DQQPLLTFIDDCMKQTEQKALIESRYSEELALMYIWQADYDRARHYSTLATQQFLLDW
--KQQSLLSFIDDSMKNPQHRAHLESRYCEDLALMYVWQKNFDLARHYARLAVQSFFQDW
—-AGSDDFIQYLNKSLANDEHLSVLENRHCDCLALIHVLLEKYDRARYYLDFSIQKFLQDW
—-—--RPCFLEFLRHSMMNEERKAFLESRYGDDLALLFILRDDYGRARYHVTNCFQAFLKDW
—-ARDQTLLSFVDAATGHPDRRAVIETWHGEELALLYIVQGDYTRARHHAARCLQAFLRDW
—-VDQSLLTFVDRAMKVEQRKAVIETYYSQELSLLYILQDDVDRAKYYINNCMEVFMQONY
—-PDQSLLTFVDNAMKVEERKSIIETSYSQELSLLYILQGDFDRAKYYVNNCMQVFMQONY
——-GDQSLLTFIDNAMKVEERKALLETHYSQELSLLYILQDDFDRAKYYVGNCMQVFMQONY
——-ADQSLLTFIDKAMHGELOQKAILELHYSQELSLLYLLQDDVDRAKYYIQNGIQSFMQONY
—-DDQSLLTFIDNAMKVEQRKALLETNYNQELSLLYILQDDFDRAKYYIDNGIQVFMQSH
—-SDQSLLTFMDEAMKKEKQKTLIETHYSQELSLLYILQDDFDRAKYYIDYCIQIFMQONY
—-NDQTLLTFIDEAMKTEQKKAIIEMHYSQELSLLYILQDDFDRAKYYISNGMQIFMQSY
—-NDQTLLTFIDEAMKTEQKKAIIEMRYSQELSLLYILQDDFDRAKYYISNGLQIFMQSY
—-NDQSLLTFIDEAMKIEQRKALIEMYYSQELSLLYILQDDFDRARYYISSGMQAFMQONY
—--SDQSLLTFIDEAMKIEQRKALIEMHYSQELSLLYILQDDFDRARYYISNGMQVFMQONY
—-RDEVFFNFIFDSLKNEERKVYLENKYSDILALLFILDEDYDRARYYTSICLQAFLEDW
—--GDMTLNEFVAKAMKTSERAALLRSRYSDSLALMYVLQDNCDSASYYAALSEQSFLSDW
-TDDQSLLTFIDKSMQHKERKALIENRYSEALAMLYLLOQDDYDRARYYTANCIQSFLQDW
—-MDQSLLNFVDSAMQKPDRKALLESRYCEELAMLYLYQDDYGRAKYYVGNCTDAFLQEW
--EDDSLLGFIDSSAKDQEKRVILESRYTEELAALSILKEDYNRAKYYLANSTSSFLQEW
--EDETLLQFIDASMSDADKRAFLEARYSEELSTLYTIQEDYDRAMFYLANCRQSFLHDW
. . . * *

AALNPSSHNL--RTKQLLDLOKTAELKACLAFATNGEHSK-QE--LLAKELVKRWNKNVP
SQYSVLTPNP--LLDTLONVQLLTELSDCLNNVKYADRDFYSS---KVKQTVTSWKKQKC
SSLNVLMPII--RKTKLOSLOKHIELQEFLNFIDTYRN-IDE---YHFKNLTDRWLKRYP
AGLDALMSNS--RLHHLRTLOKLTEMHEFLQF IMKNKH-S--ISFMQSVIQANAWMRRSP
ANLSTTRTST--RATKLOQKLOEFTEMQEFLSVIKTTSG-E--DFPRQIDRTLHKWEARSP
SVODGISSSTGAVSSTVQSLORLTEMNEFITFMKSNDN-FSSP--GPVNNLLRKWRKRFP
SSTDSLMSVS--RKSQLORLOPLVELQEFLSFMASEGN-FTSV--TPANSLIERWQARAL
SSTDSLMTAS--RTHCLOQRLOPLLELQEFLDFVADKNN-FTSF--EPSHQLIARWEQRYP
SALDSTLLYS--RASKLQSLOTLTEMQEFLQFMDDGRN-FESV--TPVLSLISKWSTRFP
SGLSSMMVSS--RASKLQSIQKITEMQEFLEFVVKEGK-LLK---KTLEDLFSRWSVRFP
ASLDALMLAS--RAARLRSLOKLTEMNEFLDAITATPDAFTRN--DTARALVDRWMDHMP
SSIDTLLHQS--RLTKLQSLOAVTEMODFLHFISKEYN-FISE--VPLRKLLRTWTGRYP
SSIDTLLPGS--RLTKLQSVQALTEIQDFLNFMTKD----VSQ--TSLKSLIRIWTDRYP
SSIDTLQHKS--RLTKLQSVQALTEMODFLGFISKPDH-LNSR--ASLRRLLRNWSDRYP
SSIDVLLHQS--RLTKLQOSVOALTEIQEFISFISKQGN-LSSQ--VPLKRLLNTWTNRYP
SSIDTLLNKS--RLTKLQSVQALTETKDFIHFISKPSN-LTSQ--TSLKRLLRIWSSRYP
SNIDALLLQS--RLTKLQSVQALTEIQDFTNFISRPSN-LSSQ--ASLKRLLRIWTNRYP
SSIDSLLYQS--RITKLQSVQALTEIQDFINFMTKRSN-LASE--ASLKRLLRTWTSRYP
SSTDTLLHQS--RMTKLQSVQTLTEIQDFIHFMTKTSN-LASQ--ASLKRLLRIWTSRYP
SSIDTLLHQS--RLTKLQSVQALTEIQEFINFISKPSS-LASQ--VSLKRLLRIWRSRYP
SSIDALLHQS--RLTKLQSVQALTEIQDFINFMREPSN-LASQ--ASLKRLLRIWTSRYP
SGLDSIMTSS--RSAHLQSLOALTEMQEFLDFISHEDN-FSTIS--SVKSLLKRWSSREP
AGLDSNLRSS--RSIKLQSLOKITEMQEFLEFIAEEGN-F--SSPMPVLSLLNKWYSRLP
SGTDTLMGTI--RSSKLQCVQKLSEMQEFLTFITNERN-FDEHK--PVSDLISKWTKRLP
SGMDRLMTSS--RAAKLQSLOKLTEMQEFLELISNDRN-F--ETPWPVTRLLEKWSSRYP
SGLGPLMLTS--RLSKLQDIQKLTEAEQFLQLANKPFS-EGLKS--SATRLVSDWSRNLP
SGLGPLMISS--RRAKLQCIQRLTEKQNFLKLAIKPDL-QEAIGCQKSLELLDRWSGCHL

g * *
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SA-FDSLLRWDIRAMYRKKFTNRIDQMLENT —===—=—— GA-——— e
RIDDNPL-MTQCLASYRDLYLHLMEKKLPED-——=—==—— S—mmmm e
DI-FDSVNIWDDIIMNRSLYMEKIVSKLQETNNQSTSFSLEESMDTSIVD-—=====—=— S
DPVVDPTTIWDDVMSYRILYLDQMAQHLKNI —===—=—— SK-mmm e
DRLLDSVVIWDNIILNRNVYMDHFAEHLTSI-—===——— DA-——mm—mmm e
DPKLDPVPIWDDIITTRWMMLRKISTKLQDS—===—=—— VLSQQCEYLLDDDG=======—
HPLLDTEAVWDNVVTNRMVFLDHISNRLSTS—===—=—— LV-—mmmm e e KKE
HVQLDLVDIWDDVVTNRNVYMDKIRDQOMLSS—===—=—— NL-——————— oo MEE
NEVIDPINVWDDVIVNRCMYLRKILLQYRVIQTAFT--STEDSME--IDGEDRVIYT---
NSKLHPISVWDDVITNRRIFGLTVC-======—==— V--YRPDSMD--VDGEWS-CPS—--
HPTLDPVSIWDDTVINRCLYMDHLSRHFHGN=-===——— (0] o
DAKMDPMSIWDDVITNRCFFLDKIQERLVSV====——— QADESME--VDREGEVETRMEV
DAKMDPMNVWDDIITTRCFFLDKIAGKLTNS —===——— EADNSME--VDGGEDTGVKMEV
DAKMDPVNIWDDIITNRCFFLDKIQEHLCKV—-===——— PADESME--VDGEGDASPRMDV
DAKMDPMNIWDDIITNRCFFLSKIEEKLTPL-—-————— PEDNSMN--VDQDGDPSDRMEV
DSKMDPMNVWDDIITNRCFFLDKIREKLPHF ———=———— QADDSME--VDGGGDASDRMEL
DAKMDPMNIWDDIITNRCFFLSKIQEKLAGL-====—— QADDSME--MDGGGDTTDRMEL
DAKMDPMNIWDDIITNRCFFLDKLQEKLPSD====——— QANDSME--VDGEYSAGDQMEV
DAKMDPMNIWDDIITNRCFFLDKLQEKLPRD====——— QANDSME--VDEKDDIGDQMEA
DDKMDPMNIWDDIITNRCFFLGKIQEKLPNI——=———— QADDSME--VDGRGDVGDKMET
DAKMDPMNIWDDIITNRCFFLDKIQEKLLNV=—===—=—— QADDSME--VVEAGDIGDEMEV
DPKLHSVGVWEDVMTNRSVFLDKILLKFGQS—===——=— SQ-=———————— LHSSEDSMEI
HPILHPIGVWDDIVTNRVLFMSKFLOQKFEAM=-—————— GA-————————- EERSGIC---
DVKRDSTNTWDDVITNRVFYLRKLFQKSGDA—-—=———— ME-———=————~ G-=-D-=——-
DNRMDPISVWDDIIANRCLYLDKLNDKFEQM=-===——— AD-————————— RGVLD--TEV
DPKRDPISVWDDVTQYRCLYMDKLCNLLGDS—=====— GG GGGGGDSMET
DSKKDPINIWDDVVSNRLLYMDKLGSRFIRS—===——— ES————eme——o QOAGE---—--

. *

EPNSYFDSEKFLKEQRLKMKLKFVEAALLQOGNLQVAVKHLKWSQQIAKE--LKADHHWIN
—-—--ESEGMDDIFNEHKVNFRLKQAEAANQONNFPVALKQMKATFNLVKG--VKNKTLHIE
——-KI----DPFGKQRVVMSLAQVDAASLQGNHSVARKLLKSAKDLVKV--VDSEELSVL
——--SSCSVDSMMKNENINMFMRAADAARTQSNYPVAENYLKIVEKSILKDFPDNYFIQLR
EDAMEEDEEDLFLASKIHLRLKMADSSCHKRNHKLALNILADIHKNYRD--KENEILNLE
————— DHDSSIFEDIKLRQQLKLAHSCQEQNNFNLTLRILKETYSKCKR--EKSELLVVE
———-FPALKKRIAEEEVSLYLKLADTARLQSNYPVAIKHLRQTLYHINQELDKDELLTVK

———-VDALRERITREEVALQLKMVQAAREQSNFPVAHRYLRESLKSIED-———-— NLHVK
—————— AGSDPFLEQKFNLFLAYQQSAMQORNPQVALKHLRTTNQLLK--KLDSDSLAVQ
DK-EEEDINMAIRSCKFNMKLKMAESGTKQONNFAVAMKLLKELHKES----KARDDWAVK
DE--PEDVGSMIRGCKFSMKLMMADSARKQONNFSVATKLLKELHRES----KNQEDWLVR
DE--EPNISAMVQSCKFNMKLKMAESARKQONNFSVATKLLKELHRES----KSREECLTR
QE-QEEDISSLIRSCKFSMKMKMIDSARKONNFSLAMKLLKELHKES----KTRDDWLVS
GG-EEEDITSMIKSCKFNMKLKMVESARKONNFSVAMKLLKDLHRES----KTRDDWSVR
EK-QEDDIYSMIESCKFSMKMKMIESARSOQNNFRVAMKLLKDLHRES----KTKDDWLVR
DQ-QGENTIHSMIKSCKFNMKMKMIESARKONSFAVAKKLLKDLRKEA----RWREDWLVR
DQ-QGEDISSMIRSCKFNMKMKMIESARKQONSFSVAKKLLKYLHREA—----KTREDWLVR
DM-QEEDIHSMIRSCKFNMKMKMIESARKQONSFSVAMKLLKDLHRES----KTREDWLLR
DQ-QEDNIHSMIRSCKFNLKMKMIESARKONSFAVAKKLLKDLKRES----KTRDSWLVR

DGLNTTQLEEIFLRERVLFSLRLSEVATGQVNFPVAKKQLQSSLHLIRDRLKNDSELEVL
-L---DDIKDKFFKQEVELKLCMANAAKEQGNYAVAHRCLKEALYKI---PQGNENLNIS

DG---QAMVNAISKDKLLMELKLVDSVSQQONNFGVAEKYLKRNCADA----RDDDAWRLI
GG---EPFSHRAQREQFLLRLVLADSAREQANFPVALKHLKNTLKDF----TEDDPLRLR
ED---QKFDDLVRREKVLLSMKMADSACQQOANFCVAAKHLKSTHRGL----VEFEDLRPA
EE---TALEKRILRERLWLELKMADSACQQOGNFSVAQKHLKATHGSL----SAHEDLKPK
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3207
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CSLAYSKAKWLQAQLK--NTTDEKLKLGLDSWSVIEDQR-—====—————— - ——— FEQ
FYFLMAETHILRGQGK----QTDRLKYLVEAWAKYLGRVSSM—-———-— SILDQNPRVEIQ
CIHLYCKIDLKKAK---NONYPEQLDTLLCA-HKQLAKLDLH-=-———-— FPKKLDVSTMN
CYHEWTRIQHKKCKVA-SLTTNEKIKALIET-MNVLEQ--=====———— RAVDDSRVKCS
FTHSHANANKRKCASG-SEP-SERLNLLVEV-KKRLDKCSES————--— STLKLNAALLCD
WLHSLIKVRLDRIH---QDPSPTDMEAVISL-TCQMDNFKGRLGGSGKGAISS-KPFISQ
WSHLYAKTHQLSAMSADTDWTNDIFSSVITT-IDRLGKFKDS—————— SLFEREAGLGRR
WSHLYATTHQKKALSCSGIWSKDMLYNVLST-LDPLSKVAES——==—— KMLREKPALGMR
WTHIYTKVHCDKSL---LTPPDERLKTLLTA-NSQFEKVKDL-—-==-— SVILENTTLMRE
WTHAYAVTQQKKAH---GLMAIDAVQTALST-VSKLGKP-SI—-—==-— NTLANDPVIALR
WTHSYVRTWQQIATGH-QRDSADRLHRLLDT-IKELDKHAGK-——-—--- AVLHQQRGLARE
WTHTYSRLSHRRSQ---RQARPEQVVTVLKS-IPLLVEI-NV-===—— DYLNTHTRILRD
WVHSFSRFSHTRSH---TQSSSEQILTVLKT-IPLLEER-KI-==—=—— DYTKATTRIVRD
WVHSYSRFGHSRSQ---SQSCPERIQTVMKT-ISLLEES-KA-————— DYLNKNTRALRD
WVQSYCRLSHCRSR---SQGCSEQVLTVLKT-VSLLDENNVS—————— SYLSKNILAFRD
WIHSYCHYTHSRSQ---SQTSPDQVLSVIKT-VSLLEET-KA-—==—— DYLRENTREFRN
WNHNYCRCSHSQSQ---SQSSPEKILTVLKT-VSLLDDN-LS—====— SYLSKNIVASRN
WNYAYCRFTHSSSR---NLSCPERVLSVLKT-ISLLEDT-KS—===-— DYLSKNIMAFRN
WNYAYCRFTHSCSR---NQSCPEQVCSVLKT-ISLLEDT-KS—===-— DYLSKKVTAFRN
WNHSYCRFSHSRSQ---SQONSPEQMLTVLKT-ISLLDES-KS—===-— DYLSKNIVAFRN
WNHSYCHVSHSSCQ---TQSSPQQILTVLKT-VSLLDEN-VP———==—— DHLSKNIEILRN
WTHSYGDLNCKKCP---NLLPSEAVDTAISA-LDQLDKIKDS—===—— KVLQENASTGIR
WSHTYAEVHFRKIQ---TLTAVGAVETALLV-AGQLDKFSAS———==—— KILEIEPLRGIQ
WTLSYARLHQKKCL---TLPPSKRVINLLTT-LDQLGMFTEG-======—=— CEPSYRKQ
WTHCYARLHQKKAS---LLTGADKLNNVLTT-FEQLDKFSSC-—==—- RVFEEDLAVAKQ
WTHSYVSMTQRKAL---LLKPYERITSLLKA-LDHLGKLPVS—===—— HNLGSDLFLLCD

WTHSYVQMNQQOKIL---TIELKEQVMTLLTT-FDPLAKLSNT ——==—— PALTGDYCLTRH

YPMLHAETLQHVSVMAAGILQQLEQQPGVLTKLPA-—————— AEVKKLADRIG-APDCSQ
YLKLESHLCLE-===——— ICRAIQDMGDDWTEDNQYMQVL~-~--=SKKFE-————— NANGK
HYLLQSEITEM--———-- AADIVKYNDVHA-—————————————— EKIQELTDTFSIQSK
QHILQGQALFQ-===——— LISLLKDDIHVLDEYRN=-=—====— EI----QONITH-CGTYDH
QHLLOQGEHLVT—===——— MATILQNQVKDIDALDQ-=———=— KLLEKITESVG-SPALSH
HHVLLGKLLNK-=——=——— MAEIFATPEDGMLALSA---LSNDGNTKLNSLIGG-TPSTST
HFVLLGQAFGL-=———-— LVKGVQSENCFSS-LSD=—====== KNSEKIMGISK-ASKLNP
HMILESRTFDA--————— VVTGLMSVGNLEE-LGD=-==——-— KTCEKLQQYTK--SPLNK
HLLLRSRLLDM=-==—=—==— TSKILAESDASIL-———-— DLLNEKKESLYQLANV-NQHDSK
HHILRSRCFDI-=————— LTDATAGAGRSTLATYKLICLINQPVDKSYCPCNV-CLQ---
NLLLKGRSIEA-—-==——=— VAREVLTRPASLHTLPA-—-——-— AT--REKLSLVAG-AREHDH
ONTLLGSSYCI-===——— LADALNKEPTCLQRIKE—-——--— DQ--AERVIEHSG-SSSEEI
ONILLGTTYHI-===——-— MANALTRDGLALEHIGE--—--- DK--AGKVLDLLG-TTSDNL
ONILLGTTYNI-===——— IANALNKTPTSLQDIGE-———— EK--ARKIQDLSG-AQSDHP
ONILLGTTYRI-===——— IANALSSEPACLAEIEE--——— DK--ARRILELSG-SSSEDS
ONLLLGTTYSI-===——— IANALCKDPRCLQRIDK==——- NK--ADKVLQLSG-TMSENP
QKLLLGTTYRI—-===——— MANALSKEPASLEQIER-———-— NK--ARKVMELSG-ASFDNV
ONLLLGTTYQI-===——— MANALSQDPRCLEQIEK-—-——— EK--ARKISLISG-ESLENP
ONLLLGTTYRI—-===——— MADALSHDPRCLEQIEE--——— EK--ARKVSVLSG-ESLESP
ONLLLGTTYHI-===——— LASALSKDPGCLEKIEE----- EK--ARKVVMLSG-ERPENS
ONLLLGTTYRI-===——— MAVALSKDPRCLVELEE-—-—-—-— DK--VRKVSMLSG-EKPDSP
HHLLKSRNLDA-=-———==— ITNVLSIPGTW--DSLE--——— KEAKEKLHGLCSS-KNPEQL
HHILRSKTFDI-=————— LCKAMLDGGVVIATLES———--- QAKN-ALVKLCRI-DETESQ
HEILSGRSCHL-=-———-— VAQTIQEAGDDIFDVIH--——- LKCRKS—===——=—— LRSLIE
HHTLTSLSYEI-=————— VAHALIQEGGAILTGLK--—-— DTRHAQLLTAAGV-SPDTSV
HRILTSKTYQS—=———-- MASALQEEKGEMLTRLS--—--- DAGKLDKLLSKAE-CQESKP
HHTLTSKSYDL—-=————— VAIAIQKGGADILTGLR-=-——— NVGKLDKLLGLVG-QNATRP

*
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DTLMONLKQYGLSSLKTAAEVVTP—====————— RGNSEQAVAKAYLQVAKYCRAHSNTS
ESWQRELLSCSYKSLQLAVNCAEGKLVKS-DALNQDDSKKSDSDAHLALVKYCEECVIKW
SKLEIDLFCKNYEYKCRAIDIIQEVEQK—-——-— MIEFDQATIGETYFKFANYCNKILRMQ
EKVIMKLTEECYRQMKAAVFVASDSSC-=======— SDTDKINMAHMALVSYCDTYLRQS
QEIVASLHEAAYNSFKSGVGVAAS--Q-====——=—— PESVCVNKAYMSLVHFCDQVLRQR
KAISEGLWIQALSSFNAGVRSGTTLNP—===——— LTKDPVPTVQSLEELFGFCDNALRQE
RELARCLVEEGYNQMRKSLSYDGRG-======—=— TRTCRYGLEEAYLALAQYCNKFLRMA
GDLIKELIHHGYESLRKVISEVPED-—===——— SSRDAVCLQQODVQLALAKYCDKYLRLA
EKIAAKLTSHACQALHQAV-————— KAS———-- KEERGGSSYIEAMMMMVNFCDDILRHE
—--IVSQLITRSFTSLQEANKAAKQAATS————— SSDGSTTCMVEAMMAMVPFCDRALRRK
TALVSGLISAGFRELREAVDVGDEEESSASLAS—=————— SPSAAHVAMASYCDYFLRVR

QEVVIGLHRKTLHYLERAVRKAEEEVQSL---AGEHVDIAGVIEAYVNLANFCDRCLREK
EQVVVGLHRKALQHLONAVKKAEEELQSR---STEHIDIPGAIEAYMTLVNFCDKRLREE
EQIVISLYRKALSYLQTAAKKAEEQVQSR---STEHIDVAGVIEAYMTLVDFCDKRLREV
EKVIAGLYQRAFQHLSEAVQAAEEEAQPP---SWSCGPAAGVIDAYMTLADFCDQQLRKE
DEVAASLFKKSFHYLDSAVKKAEEEVQSR---AMENVDTTGVIKAYMTLVDFCDTHLLKK
QKVIAGLHRRAFQYLTHAVRKAEEEEQSH---SSEHVDTGGVIDTYMTLVDFCDKHLRNE
KKVLAGLNKKAFQCFSCAVRKTEEEVQSS---SVDHVDMVGVVDAYLTLISFCDQYLRRE
EKVLAGLNKRAFQCFSSAVRKSEEEVQSH---SMEHVDVAGVIDSYMTLVGFCDQHLRRE
EKVIAGLNKKAFQYFSTAVRKAEEEVQSH---SMEHVDLTGVIDAYMILVDFCDKHLRKE
EKVIASLNKQAFQYFSNAVRKAEEEMQSR---TMEHVNLTGVIDAYLTLVDFCDKHLHKE

DKILGHLTTKSFTTLQRAIKIAQTNENN----QKNAESVRNLVTSSMTMANFCDRLLRMK
KKVVSDLMTRSFVSLQOSATIKAAKNAEGK-—-——— CNTTQTSGTVDAMIAMVNFCDNCLRKK
ALIVNGLONKAHEYFKKGVKLASDEEDA-————— IDMDREGVIDAYVSMATFCDKMLKQQ

DQTISSLLQKGHACLQKAVKLASDEEKA---RQDTSLDKSGIVDAFMAMVGFCDKILRHQ

EKVCQSLFMKSKKYLDDAVGTIKLDPASHSLSSSAKREEQSMAKAHMALVSFCDQLLRQQ

EQICSTLYSKAYSELKQAVSLADKDDA-————— VTSQSERSMTEAYMALVSFCDRMLRLK
*

s *

RE-—————mmmmmm e DNFGTDIVTSILRAMRYGSKDARQLFPCLLQLPGLDTS
KDH---———————— - VDVSQYSKSLMVSVLRAMANGSRDAHFHFPRLINLMNEDAS
EEEEKTLS-————=—=—=———- LSFETYPSVLTNSLLNALKNGNLNAIKLFPRLLQIIEVYPD
ENDESGQK-———===== ILPVLSSFPAAVTVSLLAAMKNNCSEARQRFPRLLOLTEQYPE
ENDEISGT--——===—= KCESEEDFPLALVTSLLSAMKNSSKDARQLFPRLLOQIIERFPQ
DHDDEQST-======—==— GLDTKSFPSIIINHTLTAMSLGSSKARELFPRLLOQLVEAHPD
EDDTDKESLNLS—-==——— KECQKNFPETITVCLLNAMKLDSMEARQRFPRLLOLVEMYPE
EENDGL----VA-==——— SESMEVFPATAVKCLLDAMRAGSAEALERFPRLLHITIEHYPD
EDGRANQ----- PKGL---IDTKIFPEVIIRYTLEAMAYNSMDARQRFPRLLQIVERNPN
EDESDGPSFIISPFGLHYEFVFQRFPEFVVRYVLKAMEHGSEEARNRFPRLLQIVELYPH
EDDGTTV-=—==——————— LPTDGYAETVITSLLRAMALGSSEARDSFPRLLQLVDLYPD
EESATAIN-—-——===——=— FSEQQTFPACVVEKILKAMKYNSKEARLKFPRLLOIVKLYSA
EESAEVST-——====——— FSELPTFPAVVVDTMLKALKLNSKEARLKFPRLLOITELYPA
EESAEVSH-————=—=———- FSELQTFPAVVVENLLRALKLNSREARLKFPRLLOIVELYPA
EENASVID--==—===——— SAELQAYPALVVEKMLKALKLNSNEARLKFPRLLOITERYPE
EDTTAVID-————————— HSHLQQFPTIVVEKMIKSLKLNSKDARLKFPRLLOIVELYPA
EEGTSVID-——====——— AVVLQAYPALVVEKMMKALKLNSREARLKFPRLLQIIERYPE
EEGLLEIN-—-—====——— TVDLQQFPAIVVEKMIKALKLNSREARLRFPRLLOITERYPA
EEGLLEIN-—-—====——=— TADLQLFPAIVVEKMIKALKLNSREARLRFPRLLOITERYPA
EEGSSDVS—=—=====—— ALDLQTFPAIVVEKMIKALKLNSRDARLKFPRLLQIIERYPA
REGLSDIS-=——====——— AVDLQTFPTIVVEKMIKALKLNSREARLKFPRLLQIIERYPA
EEDSEQTP-————===——— RLDMKLFPGIVIRFVLKSMAFESAEARQKFPRLLOLVELYPG
EVSVAPVE-—————————= VDTKLFPGIVVRYMLKSMCYSSKEARQKFPRLLQIVHKYPD
EQNEDGAV-———==—— SRSSKSPSFPRSVVFHLLKALKLNSVEAIQRFPRLLQIVETYTD
EDDEEGTE-——====——— LSSIPGLAAAVVSNLLQALRHDSPEARQRFPRLLOLVEIYPD
DDDDCNPD========— YLPLMEAYPSTVVNSTLQAMNLNSPEARQHFPRLLOLVEKYPD
ESDEVPMT-———===—— YLPQTDNFSQTVVHYTLKAMHYSSQEARQRFPRLLOLVEACPD
. * k% Kkess
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-LSELFHKESSAVPVWMFLGWVNQLLACLGTPVGPVLHDIILRLAETYPQSLIYAFQLSR
-LLSSFKEEYEKVPIWMFLLWLSHILIYVDKVPGPALQPVVERLAAEYPQAVIYPFGISK
-TIPEFIAKSKVVPCWMFLSWINQLLTLLDKPEATAVQYIIKEIGTNFPNALVYPFKLSY
-NMSLFIQKTSSVPTWMFLGWISQITALLDKPESPAIQDILKRLAVEYPQAVVYPFKMSC
-TREVFIRKSRDIPAWMFLGWVSQICAILDKPESSATIHEILLNIADIYPNALVFPFKLSN
—TMDLMINKSSTIPCWMFIGWINQMIALVDKPESRAVHDILIRIADTYPQSLYYAFRMSS
—-IRSTFVEKSGQVPCWMFIMWISQMMALLDKPEGSTVHHILTELAETYPQAVVYPFKLSS
-TTDMFLKKSETIPSWMFILWISQMMALLDKHQAHAVRPIILRIATEYPQAIVYPFHISQ
-TIDGFMRKSSAIPSWMFIGWISQMMAILDKPEARAVQEILFRIADEYPQAIIYAFKVSN
—TLDSFVKKVETVPCWMF IGWINQMVALMDKKEARAVHGIVTEIAKNYPQALCYAFKVSS
-TLPLLTSKVESVPCWMFIGWISQMVALLDKREARAVQGILLSIAESYPQALIYPLNLSR
ETLDLMKKEVSSVPCWQFIGWINQMMAELDKKEAVVVQHIIEEIADSYPQAIVYPLMISS
ETLDLMAKEVSSVPCWQLIGWISQMMALLDKEEAVAVQHVIKEIAEYYPQAILYPFMISS
ETLDLMAKMGGSVPCWQFIGWISQMMALLDKKEAVAVQHIVEKIAESYPQAIVYNFMISS
ETLSLMTKEISSVPCWQFISWISHMVALLDKDQAVAVQHSVEEITDNYPQAIVYPFIISS
ETLDLMTREVSSVPCWQFIGWISQMMAMLDKKEAVAVQHIIEDIADAYPEALVYPFMISS
ETLDLMTQEISSIPCWQFIGWISQMMAVLDKEEAVAVQHTIEEIADNYPQAIVYPFMISS
ETLGLVTQELSSVPCWQFIGWISQMMALLDKDEAVAVQHTVEEIANTYPQALVYPFMISS
ETLGLVTRELSSVPCWQFIGWISQMMALLDKDEAIAVQHTVEEIANTYPQAITIYPFMISS
ETLGLMAREISSVPCWQFIGWISQLMAVLDKEEAVAVQHTVEEIANSYPQAIVYPFLISS
ETLSLMAQEISTVPCWQFIGWISQMMAVLDKDEAVAVHHTVEEIAHNYPQAITIFPFMISS
GDIEAFKRKSSDVPCWMFIGWISQMVALLDKRESHAVQGILQDLAKHYPQALLYPLKISA
-TLEAFVKKAADVPCWMFIGWINQMMAIIDKPEGKAVHGIVSEIAKRYPQALWYPFKISS
-TMDTFVELTSETPCWMFLGWIGQOMLALLDKVESISVQGILLEIANNYPQALVYPFKVSS
-TMDLFIEKVSHVPSWLCISWLGOMVALLDKPEAVAVHGILTRIAQEYPQALVYPLKISS
-TMQSLVKKASIIPSWMFIGWISQMVALLDKPESLAVQGILKATIAKDYPQALVYPFKISS
-TMQLMIKEVSDVPCWMFIGWISQMVALLDKPEGPAVHGILTDIAYEYPQALCFPFKISS

* % s % .. . . sk . H s %*

EKYNLESGHV--SLKALVDQLASLLFTD---PVIDIFLRAFSCLGQPRKMLYHFVEKLEQ
QQYNFSS-HEGKLAKAMCDKVEALLSSH---KLLHQFVSAMSLMVVPSIACKDAIQNVLQ
EMYKFPDTLQGKENKEFVMKLKSSLSQL~-~--KLVDEFVNALDSLSVPELLYKEYFKEILQ
DGYKFSNDEQGKKAKAVMIRVNEELSKN---PLIGKFINALEQLGQPDSLFKDWYQNLEW
HNYKFTSDAVSSKSKSVCDRLHQMLSKN---PLIDRLIFSLEMMHEPAVIIKDWIMDMKN
SGYKFGHNNS--EGKELFEKLKEKLQS----QLMDEFIAALEQLNSPELAWKDWYDNELK
EGYKFTNKKD----EAFVTKLGSTLGDE-QLPLVPKFISALEHMSQPDQIFKDWFDDTRL
ESFTFGSTAEDRRNKQGIEELDALLSEE-RVPLVRTFISALEQFSQPVQOMFQDWSRDITK
EQYTFEETSVGRQONKTAVSKLSSKLQL----PLIESFVRALEQLSQPDLVFKDWVDEVKG
EQFVFDSSPEGNTNRKAVERIRKLLES----PLMDSFIAALEQLHNPEMAFKDWCDGEIK
EHYTFTVDAAGAEAEAYLHRLLATLSTCMDMSQLQQLVASLEQLSSPHMLFSDFVADARP
ESYTFEQTARGNTNKEFVERLKNKLDKG---GMVEVFINSLEQLSNPDMLFKDWVDNFRS
ENYVFEDSATGHRNKEFVARLKSQLDKG---GVVKNFIDALQQLTNPEMLFKDWVEDVKK
ESYSFEESPKGKKNKEFVARLKSELDKG---AVVEDFIHALEQLTNSDMIFKDWVDDVRN
ESYSFKDTSTGHKNKEFVARIKSKLDQG---GVIQDFINALDQLSNPELLFKDWSNDVRA
ENYSFEDTATGHKNREFMLRIKSKLDKG---GMVQDFIQSLEQLSNPDMIFKDWIEDMKN
ENYSFKDTSAGHKNKEFVTRIKSKLDKG---GVVQDFIQALEQLSNPEMLFKDWVEDIKI
ESYCFKDTAAGCKNKEFVERIKNKLDRG---GVVQDFVHSLEQLSNPVMIFKDWAEDVRN
ESYSFKDTVTGCKNKEFVERIKKKLDRG---GVVQDFVHSLEQLSNPMMLFKDWTEDVRN
ENYSFKDTATGHKNKEFVARIKSKLDRG---GVIQDFVHALEQLSNPVMLFKDWVEDVKN
ENYSFKDTATGHKNKEFVTRIKSKLDRG---GVIQDFVQALEQLSNPEMLFKDWVDAVRN
EQFKFGGSIEEQKNKKFVESLNESLSF----PASDDLIQALEQLTNPEMVFKDWMDEVKV
EHFVFENSEDGKANEEAVKRLRSSLEH-~---PLLDDFIAALEMLTNPEMVFRDWCEGPMK
ENFSFENTVTGKRNKEKVSQLAAILDNV---PLVMHFICALEQLTNPEHICKDFTDDVLV
ENFEFEDSVTGRRNQEAVTSLKKTLSVIY--SLVDKLIGGLEQLSHPDQLFKDWGDDADL
EDFKLGDKSKEKQRKDAVKEIEDILSTV---PLVENLTLALQRLTHPGFIFKDWISVIN-
ESFTFDESNTGRKNASAARKIGAILESI---PLLDDFICALEQLNNPEFVFKDWADDVMK

PR . * . . .
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LLN-—-==——-— AKRPNCDSLHHMYDTMMKELFPSSYGKIHG---AL——————————— FKDI
EKD-——————————— KQKMEEGLSEIVSEFLKVQNRSSKGNAE-——————————— EKGEA
MKK-——————— DKGDKNEIVKLYKKLCHELFNYNPRDKMK—=———————— e —— E
KECFSQ---PEK--NKTHILTMYKDMYDQLLATET--———————————————————— NDK
AKGPGG---SSQSLSMAYVKERYQELYKELLCIESEDGSL-—-——— Y- SDSADCSM
PLVGS---VTVPKRDKNAIKRVWEQMYSQLLETRSGLGDK---SLYG-————— GSPSLQK
KFM-—=———- KNKPDKKAMKEEYQIMYKKVLEFTETVGRGASQ----RSQTEETLSMVDK
ILE-——————- KRP-AAEIKKKYKEIYDMLLEMPHKGEQSGTQ-————— AQQTSFGAVSM
L————————— KKKSGSIAESIRICYQKLRDGLLVDASNESE----AASSLTSGELIEF
QLL-——————- QTKNKKAIKEAFRSIYKQLFDSSVNRATDSSQ-—————————— PAAEEM
LIM-————————— TRRADFPARFRKIYASLFDTTRRSQEE-——————————————— PGGR
KLE-—=————-— KK-ENKTQLKNLYSEMYSNLANAG-————————————————————— APGI
ELE-——=——- KPKTDKKLLKNMYEEMYSALGNPR-————————— e —— CQGI
ELD-—-=—=—=—- KPQRNKANLKRMYEEMYANLGNLR-————————————————————— APGL
ELA-—————— KTPVNKKNIEKMYERMYAALGDPK-—————————— e —— APGL
ELA-—————- KSQRNKNNIKKLYEEMYMNLGNLK-————————————————————— APGI
ELT-—————- KTPINKNNLKRMYEGMYKTLGNLK-————————— e —— APGL
ELS——————- KPQRNKKKLKEMYERMYKNLGNLE-————————————————————— SPGL
ELV-—————- KTQRNKNKLOQDMYERMYRNLGNLE-————————————————————— APGL
ELG-=-=————- KTQRNKNNLKEMYEGMYRNLGDLQ-——-——————————————————— APGL
ELG-—————- KAQKNKAKLKEMYEGMYGNLGNLQ=-——————————m e — ASGL
LLS———————- TKGNAVKIRESYGEMSKKLLNVKKR——————————————— GTNSDGLEF
QLLED----QIKRNDSQAVKQCFGAMFQLLMDCRKRTKS———————————— GSQTRGTES
PALRAR-——————— NPTAVKKAVEGLYTRVFDSKRQSSQD---SLF-SEDSDAVTQSLPF
KRLLKVDPKKRTKEDKVTIKRLYDEMYDSLLDFRSASQDSSMSSLFGSQSSDLESQSVGF
SKM—————- NSKERDHPAIKQEYQQLYQQLFES—-—————— GGR----QGGPSSSSQTVEP
PLL-=-==—- NVAKRDKNKIRQACHEIYMNLINHRSTVTDTGAG----SSQDSQSSPSVGF
( KINASE )

FRB 3582-3675

QEYRKRLEKAES---NIKCG--NKKVL-———— KDICFIKEKLKYI-——————————— IQD
YTRODRAKKQMAEAFTKAFGENLKKAKSLSI-RDIQRELGSMGRVLQ——————— LSPEEM
RKLHLKVAKVCGSVVFSEFGKDGNKLISMPL-KEASVKYETLLKKITT-———————— MSE
GPYRTRFAEKYRRDFNHAFGTGGEKLQQFTY-AKFQEEGNKILQ--KI-———————— NNF
GPYRSDFVKQFISQFDEYFGKMGSKIPGLTF-MKVLSWLSDKSEKVKK-———————— AFS
GARQKTFAQAYAKNIEDKFGKGGAKIISMSG-TQLASAFNEVYNKMRES———————— LNK
GKYPKKFAERFKKDVDSCFGKNGEKILDMSF-SKLAGAYKKVYKDMD—————— FEVKEKN
GEFHRRFAEVFKNEFDNHFGVDGSKLVTMTA-KEFSGILRNLQ--AQ—-————— FEKHKAD
GSHKRRFIQHFGKVIEQYFGKDGSKLQSMKA-SDFEKIASRLIQEIS—————————— GKI
GPFRKKFSKEHASRFENIFGKDGEKLVNMSL-KTAK—-———— L--—-KQ-————————— QMV
GRYWSVFTRTWAREVEEKCGRDGSKLLAMAA-ADANQVLSALGKEMK-————————— TKA
GAFRRRFVTGFKKKIDQHFGKDGLLLLNMNL-KAFNVAVGQIMET-———————————— QK
GAFRKKFAQHFSKEFDKTFGKGGAKLFDMKH-DAFRKASDSLWGSISE-——————— EQKK
GSFRSNFVKAYGKEFERVYGKRGEKLLDMKS-SDFFKVSDQLLTSMR——————————— KF
GAFRRKFIQTFGKEFDKHFGKGGSKLLRMKL-SDFNDITNMLLLKMN-—————————— KD
GEFRRRFVQAHAKDLDTHFGKGGSKLVDMKE-DAFAKTAYSLFNNMR-—————————— GS
GAFRKRFIQAFGNEFDHHFGKGGSKLLOMKL-SDFTSITNSLNSKMK—-—————————— ES
GMMRKRFIQAFGKDLDHHFGRGGSELLNMKT-SDFDAIANSLHSKMI-—————————— KT
GLLRRRFIQAFGKDFDHQFGKRGSKLLNMKA-SDFDAITSALLSKMT-—————————— KS
GLFRKRFVQTFGKDFSSHFGKGGSKLLDMKA-DDFNRIAFSLLSKMK——————————— D-
GLFRRRFIQAYGKEFDTQFGKGGSKLLDMKD-NEFIKIVNALLAKMR-—————————— DG
GSIRRKFAQEFSGNVVKVCGEDGSKIIDMSI-KAFESAMKTTNEKM-——————————— KA
GPFRTKFAQEFANEVQRIFGKEGEKLVGVKM-TDFSKWCRDIQQKMVKF ———————— RNR
GPFQKKFASDFVKPFQKRFGERGCKILSMQHQKEFMNFRNEVDQLMR—————————— KKK
GPFRRRFAQQFAKECEKMFGKDGSRILDMKE-KEFMKLKSGLQNMMGDFYRKAFPREKAN
GPYWKKFGREWQKRFDSSFGQDGSKLAAMDY-KTWSKLROQDI ——————— CAKMTP----G
GNFRRRFAQEWQKKFEAAFGKDGTKVIDMQL-KTFSEHYGKL-——————— YKEMAAK---R
*
( KINASE )

FRB 3582-3675

3507
3576
3609
3546
3600
3661
3613
3618
3629
3624
3647
3642
3647
3641
3625
3644
3632
3633
3603
3642
3600
3644
3666
3652
3689
3672
3689

3545
3628
3659
3594
3650
3712
3666
3669
3678
3665
3696
3688
3698
3689
3673
3692
3680
3681
3651
3689
3648
3691
3717
3702
3748
3720
3738
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Supplementary Figure 2: CLUSTAL OMEGA DNA-PKcs METAZOA VERTEBRATE INVERTEBRATE
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IKPPVQLKDYSPWLSEFQGGKHCFLELEIPGQYTGESKPLIQHHVKIAGFKQTVVPMKTL
RKLPRQLKAYSPWLANFQASKY-SEVLELPGQYTGMSKPLPEYHVKISSFDENVLLMSSM
MNKEAKLRDFSDWLSEFHSIKY-SEDIEIPGQYTGKRKPIPEHHVKICNFDQKVDILSSL
EKPPEDIAEYSEWLANFQGCEF-DQEIEIPGQYIGKAKPLPQYHTKISSFHSVVKTLQSM
NKQPRKLKEYSQWLAEFQAGNH-EASLEIPGQYTGEVCPLPEYHAKISSFDSQVTVLRSL
FSSSALLKDYSPWLDTFRQEDY-LQVIEVPGLYDGRSKPLPEYHAKITRFDAKVLILSSL
LKPPANLKDYCQWLANFNPSIQ-GKDLEIPGQYDGVKKPMPEYHIKVVGFDQRVKVMTSI
LTPPTNIGKYCSWMANFNPNHE-SRELEIPGQYDGLRKPMPEYHVKVAGFDERVLVMSSL
KNRPENLKEYCPWLSNFQAANF-TYSIEVPGQYTGRSKPLPEYHLKIASFGERLLVLKSTI
SKPPGNLKEYSPWLTNFQADSH-AQKLEVPGQYTGQSKPMPEYHVNIAGFDEKVLVLASI
ADSPGNLKEYSTWLTDFHSSPA-TCQIEIPGQYRGRSKPMPEYHVKIAGFDEKVLVMKSL
PEPPGNLKEYSPWMSNFKPQFL-GNELEIPGQYDGKCKPLPEYHAKITGFDERVKVMSSTI
EKEPGNLKEYSPWMSNFKPEVL-RNELEIPGQYDGKCKPLPEYHARITGFDERIKVMSSM
QOREPGNLKEYSPWMSQFKPEFL-RNELEIPGQYDGKSKPMPEYHAKITGFDERIKVMAST
SKPPGNLKECSPWMSDFKVEFL-RNELEIPGQYDGRGKPLPEYHVRIAGFDERVTVMASL
QPEPGNLKEYSPWMSNFKPEFL-RHELEIPGQYNGRSKPLPEYHVKISGFNERVKVMSSTI
SKPPGNLKECSPWLSDFRVEFL-RSELEIPGQYDGKGKPLPEYHAKITGFDERVKVMASI
HKEPGNLKECSPWMSEFKAEFL-RSELEVPGQYDGKGKPLPEYHAKISGFDERISVMESL
HKEPGNLKECSPWMSEFKAEFL-RNEIEVPGQYDGKGKPLPEYHVRISGFDERIKVMESM
QKEPGNLKECSPWMSDFKAEFM-RNELEIPGQYDGKSKPLPEYHAKISGFDERIKVMEST
QKEPGNLKEYSPWLSEFKAEFW-RNELEIPGQYDGKGKPLPEYHAKISGFDERIKVMESL
KKFVGNLKDYSPWLANFQTQSE-TIQLEIPGQYSGQSKPLPEYHVKVAGFGEKVKAMSSL
TPPPGNLKEYSPWLSRFQSNNF-THTLEIPGQYKGKTKPLPEYHVKIVGFDEKVQVLPSI
MSAPGNLREYSPWLSDFQPINY-EKELEIPGQYKGRSKPLLEYHVKIAGFDEKVKVMSSL
CYAPGLLKDYCPWLSDFNPLDY-DRELEIPGQYTGKVKPLMQYHAKIAGFDQRVKVMSSL
KDDPGNLKEYSPWFTAFQTLR--GDELEIPGQYDGSKKPLPAYHVKIAGFDETVLTLSSL
RDPPGNLKEYSTWFSDFQQLSY-DRELEIPGQYGGKSKPLPEYHVKIAGFDEQVKVLSSM

: . *2 *. thokd * & *3 HE * : HEE

( KINASE J

RLPLQVTIFGSDAKEHQYLVKFGEDLRQDQRIEQLFNLMNKILDQDPTCRHRN--LSITT
RVPMRIIIRGDDEKEYKFLVKWGEDLRTDQRMEQMFTLMNSIYARSPLCTKASSVPSLDT
TKPRCLTIRGNDQKDYKFLVKSGEDLRQDSRIEQLFDVMNDIYQCNAICFQNK~--LKLET
RKPKRIVIRGNDQKEYPFLVKGGEDLRLDQRIQQLFGLMNEIFSHASKCHQYN--LQLRT
RMPKSIVIRGNDEKEYKFLVKGGEDLRQDQRVQQVFNLMNEIYANDANCHARR--LQLKT
RKPKRLTIIGDDTREYMFLVKGGEDLRLDQRIEQLFETMNKVLSDDPICSQRR--LNLRT
RKPKRITIRGNDEREYHYLVKGGEDLRQDQRIEQLFFLMNQALESDPACKQRN--LKIKT
RRPKRITIRGNDEKDYHYLVKGGEDLRQDQRIEQLFVLMNKVLEKDPVCKARR--LVLKT
RKPLRLTVQGDDEKEYLFLVKCGEDLRLDQRIEQLFCVMNEILAQDSICSQQD--LRLRT
RKPKRVTIRGDDERDHMFLVKGGEDIRLDQRIEQLFCMMNEVMSEDPACSQRN--LRLRT
RLPKRITIRGHDENEYMFLVKGGEDLRQDQRLEQLFDIMNRSLDADAACRQRA--LRLRT
RKPKRLIIRGNDEKEYPFLVKGGEDLRQDQRIEQLFEVMNIILSRDAACSQRS--LQLKT
RKPKRLIMRGNDEREYPFLVKGGEDLRQDQRIEQLFDVMNIILSRDATCSQRN--LQLKT
RKPKRLIIQGNDEREHPFLVKGGEDLRQDQRIEQLFEVMNIILSQDAACSQRN--LQLKT
RRPKRIIIRGHDEREHPFLVKGGEDLRQDQRVEQLFQVMNGILAQDSACSQRA--LQLRT
RKPKRIIILGNDEKEYPFLVKGGEDLRQDQRIQQLFDVMNIILSQDAACSQRN--MQIKT
RKPKRIIIRGHDEREYPFLVKGGEDLRQDQRIEQLLDIMNIILSQDAACSQRN--MQLKT
RKPKRITIRGSDEREYPFLVKGGEDLRQDQRIEQLFDVMNIILSQDATCSQRN--MQLKT
RKPKRITIRGSDEQEYPFLVKGGEDLRQDQRIEQLFDVMNIILSQDAACSQRN--MQLKT
RKPKRINIRGSDEREHPFLVKGGEDLRQDQRIEELFDVMNIILSQDAACSQRN--MQIKT
RKPKRIIIRGSDEREYPFLVKGGEDLRQDQRIEQLFDVMNIILSQDASCSQRN--MQIKT
RAPKRITILGNDEREHTFLVKGGEDLRLDQRIQQLFGLMNDVMRDDAACHQRN--LSLKT
RKPKCLIIRGDDEKDHMFLVKGGEDLRLDQRIEQLFGLMNDIMANDSACSQRG--LRLRT
RKPKRLTIRGNDEKEHNFLVKGGEDLRLDQRIEQLFGIMNDILALDAACSQRS--LKLVT
RKPKRVTIRGDDERDHPFLVKGGEDLRQDQRIQQLFDIMNDILTLDPACSQRQ--LRIRT
RKPKCITIRGNDEMDYPFLVKVGEDLRMDQRIEQLFCIMNSILAQDAACSQRG--LTLTT
RKPKRIVIRGNDEHDYSFLVKGGEDLRLDQRVEQLFRIMNSILEQDSTCSQQG--LQLVT

* . s * * s skkk Kkkkok Kk koo * % * ek

( KINASE J

3605
3687
3718
3653
3709
3771
3725
3728
3737
3724
3755
3747
3757
3748
3732
3751
3739
3740
3710
3748
3707
3750
3776
3761
3807
3778
3797

3663
3747
3776
3711
3767
3829
3783
3786
3795
3782
3813
3805
3815
3806
3790
3809
3797
3798
3768
3806
3765
3808
3834
3819
3865
3836
3855
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YQVVPLSSHLGIIQWVDGTEALKGLMLGVLDKNEKESYK——==—— KSCEEHCKWISKPCN
YQVIPLSLRVGILOWVDSTQPLKDFINDSYRENETKCYGE-————— ARALY————————-—
YQVIPLTTKIGLIEWVDNTNVLGSFLKDAMTDKEKESFR----ESDPKMTFYKFLLSKTN

YQVIPMTTRIGLIEWMKNTKTLKEILYETFTKEEK---EFFISPNGPRYDYAKWMGVPIR
FQVIPMTPRLGMIEWLKNSCTLKDFLRQGCSDVSWEQIQNKNLPNNPANLLCQWIGDSSN
YSVIPVTPRVGLIEWVRNTMPLKDFIQLSDPEKKSLPA-—===——— ASKMNQKWLEQKFG
YQVIPMTSRVGLIEWMNDTIPLKEFLICNLTEQEAKFVS—=——=——— GNLHNSWIMKLSK
YQVIPMNTRVGLIEWMSNTIPLKEFLLNAMTEKERTAYF---GENGPSQLHYKWLPKLPK
YQVIPITQRLGLIEWMKNTITLKEFVTDAMEDHEKQHYL--SSQNSPHQLYSKWLGKFGS
YQVIPMTQRVGLIEWLKNTKPLKELLHIAATESEKQAMV--VRRKTKNMLDL-======—
YAVVPMSTRLGLLEWVPRTKPLKQLLQEAMTQQQYDAYY--SYSMNPVEHFNKWAATALT
YQVIPMTSRLGLIEWLDNTCTLKDFLSSNITEETQSRRQ—-———— QEVLPKYREWLQKMAG
YQVIPMTARIGLIEWLENTCTLKEFLFDRMTEEERKHCK-——-—-— RPAESYMEWLSKVAG
YQVIPMTTRIGLIEWLENTCTLKEFLSNAMTEEERTNYETLSPKKGPKAQYNEWLTKMAG
YSVVPMTSRLGLIEWLENTVTLKDLLLNTMSQEEKAAYL--SDPRAPPCEYKDWLTKMSG
YQVIPMTTRLGLIEWLEATNTLKDFLYNSMSEAEQENCS--S----TTKHYKDWIQKMGR
YQVIPMTTRLGVIEWLENTCTLKELILKSMSEGEKAAYE--SNPKGPVHEYSEWLYKMSK
YQVIPMTTRLGLIKWLENTCTLKEFLKNSMSEEEDINYY---SPRGPRATYSEWLSRMGG
YQVIPMTTRLGLIKWLENTCTLKEFLKNSMSEEEDFNYS---SKKGPRATYNEWLSKMGG
YKVIPMTTRLGLIEWLENTCTLKNFLMESMSEEEKDDYH---SRKGPRIMYSDWLSKMAG
YQVIPMTTRLGLIEWLPNTCTLKNFLHSNMSEEEKADYC---SEKGPLFAYNEWLSKMAG

YKVIPMTSRIGVIEWLENTTVLKEFIRNGLSETENETFD--TI----GYKHNKWIVEKFP
YQVIPMTPRVGLIEWMNNTKPLKGVLNSAMTKAENDHYI--GP-NGAGACYRNWIDKFKG
YEVIPMTPRIGIIEWVDHCLPLKVFLSEAMTKNERSHYA--NT----RLDHHTWVDKMVK

YGVIPMTSRVGLIEWMONTTPLAGFLENAMTTREQEAFL--HQ-RLPLIDFDAYVHRLGG
YQVVPMTPRLGILEWVKRTTTLKDFITRSMTEAEHKVYT--SRTTGPVALFTTWLQKFCQ
YEVIPMTPRLGMIEWAQNTTTLKEFLHLAMTEQEGNAYN--SR-HGPRYQHSEWVDKYAK

g *eky, sekRisgk * ot

( KINASE )
P QCSFYEKYGEAHMKYSPEETSAEFRKKVNMIPWDIMRRALQRLSVSPESYFILR
————————— GKNENYTVAKKAKKRDVIKAYEEVVNKIPWDVLRRGLVRMSSSTEGFFSLR
S———-RDKSIPLLYENIYKI-ADTEVNKKFTECINMIPWDLFRRAFLKFSSSLEAFVILR
D-————- IGKPKPYQVSYSKNTRSDAITNFLKRENLVPWNLARRAYQTMAVSPEAFFVLK
T—————- ROMIENYRKCYQKYSRNETLNAFKKREAMVPWDMLRKSYQKLASSPESYFVLR
G—————- SNYVNWYYEMYKKLKADEVKKEYRRIVSAVPWDLLRRSLISLASTSESFLLLR
D-————- PRDVQOGYMOMYLKYNMTETRRELQKKENIIPWDLSRRAFHKMSTSPEAFHVLR
K- TDWGLIYGQVYQNYSKTETMKEFRIKESKVPWDLSRRALQHLSTSPEAFHFLR
A-—m———— GGPVYMYQSMYRKAKRSEVENHFKFRENSVPWDLLRRGFVALSASSEAYLMLR

——————— TLRILFDITIISREANRTDTESEFKKKQAQVPWDLLRRAFQQLAASPEAYLTLR
ASESKRAASHVKLYARTFVQCSKSDTVRSFRERESMVPPDLLRQAFLRLSASPEAFLALR

R—————- KDMFLRYPTMYLKASRTETVTAFRTHEQAIPGDLLRRAFIKMSTTPEAFLALR
K—————- EKGIAQYITMYKTAKRTETVRAFRNVEHHVPEDLLRRAFMKMSTTPEAFLSLR
Ge————- SVGPQRYGSMYKRASRTETVMAFRSVESLVSRDLLRRAFTKMSTSPEAFLTLR
K ssssss HDVGAYMLMYKGANRTETVTSFRKRESKVPADLLKRAFVRMSTSPEAFLALR
Commmm DNISRYEYMYRRASYTETVVAFKARENLVPGDLLRRAFTKMSTTPEAFLTLR
K-mmmmm= ODFGAYMLMYKHASRTEAVTAFRNRENRVPGDLLRRAFVKMSTRPEAFLALR
K- AQGISRYHAMYRNASRTEAVTSFKSRESSVPEDLLRRAFVKMSTSPEAFLALR
K————— AQGVPRYHVMYRNANRTETVMSFKSRESSVPEDLLRRAFVKMSTAPEAFLSLR
K—————- ENGIARYKTMYSRANRTETVLSFRNRETSVPGDLLRRAFVKMSTAPEAFLSLR
G-———- KIEDFARYMPMYKRASRTETVMSFRNRENRVPEDLLRRAFVKMSTAPEAFLSLR
V---NGNKHIINNYYPMFKKASREVIERKFRELOQNLMPHDALRRSFMRLASSPEAFLTLR
D————— PRNPSRFYGEMFKKANRTETERSFTQKQALVPWDLLRRAFLQLAVSPEAFFILR

HV--GDRTSHCVRYGELYKVASRTEILKKFQDLHTQVPWDALRRAFQRLSSSPEAFLTLR
TV--K-NDPWGKVYGSLYQKASRTDVTLAFRQVQSKVTWDIMRRGYLOMSSCPEAFLTLR
T---D-G-NITKLFTEAYKKANETETIKAFREREAKLPWDLLRRGFMQLSASPEAFLTLR
G---N-QSNHGVRYGAVYRHANYTDTVKCFRSWEALVPWDLMRRAFIQLSASPEAFLTLR

HH *.2 *3

( KINASE ]

3717
3792
3832
3768
3827
3881
3835
3843
3853
3832
3871
3860
3869
3866
3848
3863
3855
3855
3825
3863
3822
3862
3891
3873
3922
3894
3912

3772
3843
3887
3822
3881
3935
3890
3897
3907
3885
3931
3914
3923
3920
3901
3916
3908
3909
3879
3917
3877
3919
3946
3931
3979
3949
3968

38
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QSFACSYAVLCIAHWLLGIGDRHLSNILVSVKDGRCVGIDFGSAFGTAT--QFLPVPELM
SAFAVSYAALCISQWLLGIGDRHCSNSLVSLKTGRVIGIDFGHHFESAV--QFLPVPELM
YNFITSHAVLCISQWLLGIGDRHTGNFLVSTTTGIEVGIDFGHAFGTAT--QFLPIPELV
TNFTTSHAQLCVCHYILGIGDRHLSNFMVDLQSGRMIGIDFGYAFGSAT--QFLPIPELM
GNCATSHALNCISAYIMGIGDRHLSNHMVDLINGKMIAIDFGHAFGSAT--QFLDIPELI
CTFIQSLSVINICQYILGIGDRHLSNFMVDMETGQLVGIDFGHAFHSAT--QFLPLPELM
CKCASTHALISICQYVLGIGDRHLSNFMINLKNGEMVGIDFGHAFGSAT--QFLPIPELI
CEMLTSHAVLCICHYLLGIGDRHLSNFMVNGRTGHMVGIDFGHAFGSAT--QFIPVPELM
SHFARTHATVSICHYLLGIGDRHLSNFMIDRLTGGMIGIDFGHAFGSAT--QFLPLPELM
THFARTHACICICQYVLGIGDRHLSNFLVDMRTGGLIGIDFGHSFGSAT--QFLPVPELV
THFIKSHATLSVCHYVVGVGDRHLSNFMVSQEDGGMVGIDFGHAFGHSHPRCCLPIPELM
SHFASSHALMCISHWILGIGDRHLSNFMVNLETGGMVGIDFGHAFGSAT--QFLPVPELM
SHFTCSHALMCVSHWILGIGDRHLSNFMINMETGGMVGIDFGHAFGSAT--QFLPVPELM
SHFASSHALMCISHWILGIGDRHLSNFMINMETGGMVGIDFGHAFGSAT--QFLPVPELM
SHFASSHALICISHWILGIGDRHLNNFMVAMETGGVIGIDFGHAFGSAT--QFLPVPELM
SHFASSHALICISHWILGIGDRHLSNFMINMETGGMVGIDFGHAFGSAT--QFLPVPELM
SHFARSHALLCVSHWILGIGDRHLSNFMINLETGGMVGIDFGHAFGSAT--QFLPVPELM
SHFASSHALMCISHWILGIGDRHLSNFMINKETGGMVGIDFGYAFGAAT--QFLSVPELM
SHFASSHALMCISHWILGIGDRHLSNFMINKETGGMVGIDFGHAFGSAT--QFLPVPELM
SHFASSHALMCISHWILGIGDRHLSNFMINMETGGMVGIDFGHAFGSAT--QFLQVPELM
SHFTSSHALICISHWILGIGDRHLSNFMINTETGGIIGIDFGYAFGSAT--QMLPVPELM
AYFARTYGCMTICHYILGIGDRHLSNSMVDLKQGRVIGIDFGHAFGSAT--QFLPLPELM
SHFASSHACLCICQYILGIGDRHLSNFLVDMETGGMIGIDFGHAFGSAT--QFQPLPELM
GHFATSHALLCICQYILGIGDRHLSNFMISLDTGAMVGIDFGHAFGSAV--ELLPVPELM
SHFTTTHATLCIAQYVLGIGDRHLGNFMIDLESGGMVGIDFGHAFGSAT--QHLPVPELM
AHFARSHAVLCICQYILGIGDRHLSNFLVSLETGGMVGIDFGHSFGSAT--QFLPIPELT
SHFARSHAVICICQYILGIGDRHLSNFLISLKTGGMIGIDFGHAFGSAT--QFLPVPELM

saakakkkk ks * g kkkk kg sk g

KINASE )

G (I)GDRHXXN IDFG T3950

3830
3901
3945
3880
3939
3993
3948
3955
3965
3943
3991
3972
3981
3978
3959
3974
3966
3967
3937
3975
3935
3977
4004
3989
4037
4007
4026
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Supplementary Figure 2: CLUSTAL OMEGA DNA-PKcs METAZOA VERTEBRATE INVERTEBRATE
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PFRLTPHIVSLLQPLE--ETGLFRETMIHCLRTLRNNYDMLLATMEVFVQEPSIDWLEFA
PFRLSPQIVNVFQPIG--QVGMLKEIMVSALGALQESRHVLTAVLEAFVKEPTKDWLDFV
PFRLTNQYLNLMLPLK--EKGVIEATMISALSALRDNADILLNTMDIFIKEPTVNWQENA
PFRLTCQLRNLMLPLR--EKGLFESTMIHVLRALRDNQDIIINTMDVFIKEPSLDWKQNA
PFRMTROQLRNLLLPLR--EKGVIEGTMVHSLRALRQHKEQLISTMDVFIKEPSLDWQNAA
PFRLTPQFVNLLLPHK--VSGQLRSCMIHTLRALRHSPTLLLNTMDVFIKEPSLEWESNA
PFRLTRQLRNLMMPLQ--VHGLMESTMIHTLRALRNNCDLLLNTMDIFVKEPSVDWLVNA
VFRLTRQIVNLGLPFK--VKGLLENTMIHVLHALRQNHDLLLSTMDVFVKEVSLDWLQFA
PFRLTROMLNLMLPLR--ENGQLKCSMVHTLRALRNKPDLLVNTMDVFIKEPSLDWQNFA
PFRLTRQFTNLLLPLK--ESGLVRNTMIHVMRALRGNHELLLNTMDVFVKEPSLDWQMFA
PVRLTRQFLOLLLPHEGQRRGLLYQTMVHTLRALRDNHRLLLNTLDVFIKEPSIDWKATA
PFRLTRQILNLMLPMK--ESGLIRSIMVHGLRAFRLDPDLLLSTMDIFVKEPSLDWKNLE
PFRLTRQFLNLMLPMR--ESGQIYSVMVHSLRAYRADPDLLINTMDVFVKEPSLDWKNFE
PFRLTSQFLNLMLPMK--EQGLLYSVMVHALRAYRANPDLLLNTMDVFVKEPSLDWKNFE
PFRLTRQFINLMLPMK--ETGLMYSIMVHALRAFRSDPGLLTNTMDVFVKEPSFDWKNFE
PFRLTRQFVOQLMLPMK--ESGLIESVMVHALRAYRTDPSLLITTMDVFVKEPCLDWNNFM
PFRLTRQLINLMSPMK--ESGLVYSVMVHALHAFRTDPDLLLNTMDVFVKEPSLDWKNFE
PFRLTRQFVNLMMPVK--EWGLIYSVMVHALRAYRSDPDLLISTMDVFVKEPSLDWKNFE
PFRLTRQFVNLMMPVK--EWGLIYSVMVHALRAYRADPDLLISTMDVFVKEPSLDWKNFE
PFRLTRQFINLMLPMK--ESGLIYSVMVHSLRAYRTEPDLLVSTMDVFVKEPSLDWQNFE
PFRLTRQFINLMLPMK--ESGLIYSIMTHALRAYRKDPDLLINTMDVFVKEPSLDWKNFE
PFRLTRQICNMMEPLR--VSGQLQSTMVYTMRALRNNHEILLNTMDVFVKEPSLDWQNFA
PFRLTQQFVNLMLPLK--KSGTLQSVMIHTLRALRSNHDLLLNTMDVFIQEPSLDWQVYA
PIRLTRQIVNLMTPMK--EDGLILSTMVHGLRALRNNPDLLLNTMDVFVKEPHLDWQKRA
PFRLTROMLNLLLPLK--ESGLLQSTMVHVLRALRSSPNVLINTMDVFIKEPHLDWKNFA
PFRVTRQIINLMLPMK--IDGVLQSTMVHTLRALRQNHELLVNTMDVFVKEPSLDWKCFA
PFRLTRQIVNLMLPFK--KEGILQSSMVHTLRALRQNHELLINTMDVFIKEPSLDWKTNA
* *

JRee . . * . . . . s koo%k (g

KINASE )
SRHESLNKK-———————————— SHEESQTWYPQQKLDLAKLKLEGANPVTI
QKQEGDT--————————————— o ——— QDSKVELFSSKRIELLNDKLSDINPAYI

LKQKRIIGKVDENVDSDINIYPGNTESDDPNHSECDFNWYPKQRILFAKRKLEGINPCYI
MRELNQMQSCDENHED-IGIRCTVAYVICVPELMTDPHWYPKAKVAFACRKLNGHNPAHI

KKEIQAMSNRKEDT-——————————————— SKLTLDSQWFPKEKVNIVRQKLEGSNPSHV
KKQALAQ-———————————— o —— KINTDDNTWYPKEKVNICRKKLLGFNSSHL
EKQMNEMKVE-——————————————————— VSPEDEVQWYPKEKIEYVKRKLRGDNPVCI
ERQMRGGMGP-——-————————————————— KDADEDMRWYPKQKIETAARKLKGDNPSYI
NRONAKQGL-—-——————————————————— KTESDDFSWYPREKVTFAKRKLKGANPAFV
RKQAEDQHME-—————————————————— IGMYYEDLTWYPREKVLTAQRKLKGANPAFV
ERLADKDIHSN-———————— - — —— ESDQGEQVQEWYPKQTIGVARSKLIGANPAHI
LKOMKKGGTW-————————————————— NKDVNTREIHWYPMQKVRYARRKLEGANPAAT
LKOMKKAGSW—————————————————— SEAVNTNEINWYPMQKVNFARRKLEGANPAVI
LKQLKKGGSW—————————————————— TKEVNTKEVNWYPVQKVKCGRQKLEGVNPIVI
OKMLKKGGSW—————————————————— IQEINVAERKNWYPRQKICYAKRKLAGANPAVI
LKQLKKOQGTW-————————————————— TKKVNTAEKNWYAVQKVNCARRKLAGTNPAITI
TKMLKRGGTW—-——————— e — —— TRAVNTADTNWYPLQKISYAKRKLTGTNPAITI
ORQLKKGGTW-—————————————————— IKEINTSEVNWYPLQKVNYVRRKLTGANPAII
ORQLKKGGTW-————————————————— IQEINTSEVNWYPLQKVSYVKRKLTGCNPGRI
LKQLKKGGTW-————————————————— SKEVNTAEINWYPLQKVNCAKRKLAGANPAVL
LRLLKKGGTW——————— e —— LKEVNTCEVNWYPLQKVNCVKRKLAGSNPAAT
RKQAEKQKLN-——————————————————— LNDMTDLAWYPKEKINSAKRKLKGENPAEI
RKQAKTQGIN-———————————————————— EEEQKADWYPKQKVQSAWRKLEGFNPAYV
KSDASKYGDA—-——————— e —— AEDANEMIERYAKDRINNARRKLQGANPCHI
AKQMDKG—-—-—-——————— Me————— VGEDDDLDDISWYPREKIKFAAKKLQGVNPTHI
VKQADYQKLS———————————————————— EDSREDISWYPKKKIKFAKMKLQGVNSTYI
SKQAKAQKDAGRVLEG-Q—-—-——————— SDPDGNSLDESWYPREKVNFAQKKLEGANPSDI

. . * % * .
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3959
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4023
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Supplementary Figure 2: CLUSTAL OMEGA DNA-PKcs METAZOA VERTEBRATE INVERTEBRATE
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TTEELKAGFKDSK----YLAKFLECVKGH--NSVRSQMPSYQLLPEEQVDSLLDQATDYN
TLWAVSQN--KFVAKQKAYENLKQAVLGDRGESVRASVGERGLSTHQQVDILLEQATDPN
TKEELRLGHSNKP----IFQRLTDVCLGDRK-SLRQNLPKNGLSVKQQVKSLIDQATDSG
TRDELVQGHKGKT----YCCKAAKVVLGDPEHDIRAKLPPKCLTVEEQVACLINQATDGN
MRAELALGQLGSY----- LKYFVIVLMGDKQADIRARLPADGLSSEEQVAALLNLATDPN
MLIDLEHGFKNKP----EFKYLKGILLGDSSTNLRARVGKRCDSVEDQVDCLIDHATDSN
SREELKLGHSKKP----AFPALERVLQGDKRENVRAQLPASGLTVEQQVAALIDQATDPN
TRDELRIGHLRNQ----ALKDFEKVALGDVQDNIRARLKEKGLTEEQQVAALIDQATDPN
TRDELRLCHHL-==———==— SILESFALGDKQYNERARMPADNLSVEDQVTCLIDQATDPN
TRQELELGHRRRS ----WFRNLQSACLGDRRHNVRAQKEENELTSEAQVDCLIDQATDVN
TKAELALGHRKHE----ALKQMTNVVLGDPRSDLRAQLPPEGLTVEQQVQCIIEQATEPS
TRDELQLGHETTE----AYKSYVAVAMGDKEHNIRARVPEDGLSVEIQVDCLIDQATDPN
TSEELKLGFEKSP----AYQSITAVAQGEKEHNVRAREAPQGLSVETQVECLIDQATDPN
TCNELQLGHEKLS----AYQSYLAVVKGDPDHNVRAREVKEDLPVETQVACLIDQATDPN
TCDELLLGHEKAP----AFRDYVAVARGSKDHNIRAQEPESGLSEETQVKCLMDQATDPN
TCDELELGHEKSV----AYKEMKAVAMGDKTHNVRAREPKDGLTEEIQVKCLLDQATDPN
TCDELRLGHEKVP----AFGDYISVARGSKDHNVRARQPEEGLSEEQQVQCLIDQATDPN
TCDELRLGHERSP----AYNDFAAVARGNSNHDIRAKEPEDGLSEETQVRCLIDQATDPN
TCDELRLGHEKSP----FFSDFVAVARGNAAHNTRAKEPEDGLSEETQVKCLIDQATDPN
TCDELRLGHEKSP----AYKEYVAVAQGSRDHNIRAKEPEDGLSEEIQVRCLLDQATDPN
TCEELRLGHEKSL----AYRDYVAVARGTRDONIRAKEPEDGLTEETQVKCLIDQATDPN
MKQDLESGHKKAG----YYEEMLSVLLGDKQHNQRARHYV--NTVENQVACLIDQATDPN
MRDDLQLGHSKQS----WYKQMESVCLGDRNANVRAREPESGLSVESQVSCLIDQATDAN
TRDELKMNMNIKK---HYCTGYIDVCMGDKKYSMRTREPATGLSVEKQVACLVDQAIDPN
TKAELQLGHKNLP----WFKSFCLVAMGDGGKDVRAQKPAEGLSVEDQVACLIDQATDPN
TKAELEMGPHSKDARDAPFLKALKSTCGGNTESKRAQSKSKGLSVEDQVACLIDQATDPR
TQRELALGHSRNP----AFSATIKEVVKGDRSQNIRASSPKSGLSVETQVECLIDQATDPN
H * * * % e e e Kk o
( KINASE [ FaTC]
ILGKTWQGWEPWM 3993
ILGRSWIGWDPFL 4065
ILSRIYFGWDPWF 4131
ILSRVFCGWEPWM 4066
ILGRTFAGWEPWV 4109
VLGRTYGGWEAWV 4157
IVGRVWGGWEPWM 4115
ILGRAWGGWEPWL 4122
ILGRTWQGWEPWM 4127
ILGRAWEGWEAWV 4111
LLGRTWVGWEPWM 4163
ILGRVWEGWEPWM 4141
ILGRVWVGWESWV 4150
ILGRVWEGWEPWM 4147
ILGRTWEGWEPWM 4128
ILGRVWEGWEPWM 4143
ILGRTWIGWEPWM 4135
ILGRVWEGWEPWM 4136
ILGRAWEGWEPWM 4106
LLGRVWEGWEPWM 4144
ILGRVWAGWESWM 4104
ILGRTYHGWEPWV 4142
ILGRTWQGWEPWV 4170
ILGRAYEGWEAWV 4158
ILGRTWQGWQSFM 4205
ILGKTYQGWEPWV 4178

ILGRVYAGWEAWM 4203

kg

FATC

3980
4052
4118
4053
4096
4144
4102
4109
4114
4098
4150
4128
4137
4134
4115
4130
4122
4123
4093
4131
4091
4129
4157
4145
4192
4165
4190
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