HP12 VSDK IIGGTATGINQYPWLVIIEYPQ-LET----SRLLCGGFLISNKYVLTAGHCVKGPILEAGTP----KYVHLGEYNTTN-EGPDCVSSGAGQPDCNEG-IIRATIDEIIPHPDY
HP10 NPKC GVEASSNLVHONPWLGYLEYYRHGNI----VEVRCGATLIGPRHVVTAAHCVKKIRFSS------— IAVRLGEYDLES-N-PDCVR- -DICTDP-VVRIEVDDIFVHPDY
HP19 PIPL VVNGTPTLEGQWPWQIAVYQTQTVD-----NKYICGGTLISHKHIITAAHCVTR--KGSRRVV---NKNTLTVYLGKHNLRTSVDG— VQIKFVEKIILHPMY
HP17 SFSR VVGGVDAKLGDFPWMALLGYRKRTNP----TQWLCGGSLISSKHVLTASHCIHTKEQE —IDIFIKHMIKHEQY

HP1 AQGR ~FRVVEKVQHVDF
FG VITR IIGGGIATPHSWPWMVGIFKVN---P----HRFLCGGSIINKVSVVTAAHCLVTQFGNRQNYS---IFVRVGAHDIDN----SGTN—- -—-YQVDKVIVHQGY
FC RSPF IWNGNSTEIGQWPWQAGISRWLADHN---MWFLOCGGSLLNEKWIVTAAHCVTYSATAEI IDPN-QFKMYLGKYYRDDSRDDDYVQ- ~VREALETHVNPNY
FB GRGI IAGGVEAKIGAWPWMAAVFVKNFG-I----GRFHCAGSIISNKYILSAAHAFLIG-GRK-—--L--— —-—YPVKDVIIHPHY
easter LSNR IYGGMKTKIDEFPWMALIEYTKSQGK----KGHHCGGSLISTRYVITASHCVNGKALPTDWRL---SGVRLGEWDTNTN--PDCEVDVRGMKDCAPP-HLDVPVERTIPHPDY
Gd ESDS ADSLPSITRGSWPWLAAIYVNNLTS-----LDFQCGGSLVSARVVISSAHCFKLFNKRYTSN---EVLVFLGRHNLKNWNEEGSLA--===———-===—-— APVDGIYIHPDF

PAP-1 NGDR IYGGQITDLDEFPWMALLGYLTRTGS----TTYQCGGVLINQRYVLTAAHCTIGAVEREVGKL---ITVRLGEYDTQNS--VDCVD—
HPY KPSF AIGGRDTGPGEFPHMGAIGWKATIGT- WVFKCGSSLISNKFVLTARHCSKASSADTTIADPVPKIVRLGDKNIIDVLVNGALP

-DVCADP-PQNIPIEAAYPHSGY
~KDRNIINIIVHPQY

HP8 NNDR IVGGIQTEIDEHPWMVLLRYDKPSG-----WGFYCGGVLISSKYVLTAAHCVKGSDLPPNWKL---SQVRLGEWNTSSQ--VDCVG— -DDCSQP-VQDIRIEQIVAHESY
HP7 GKPC GAEASPHLLHHNPWLVYIEYYRHQHL----TEIRCAGTLISSKHVVTAAHCVKKTRFSH ~GLCADP-LKKIAVSKIIAHSGY
HP20 LDHF VSGGFKEEMRMSPWHAGIYTKSATP-----YMQICGGTLIAKNVVVSAAHCFSESRQKPSVAN---YAVAVGKIYRPWNDAHDTG-— AQKSDVKEIIIPPRY
HP21 ADDL IIGGQNASRNEFPHMALLGYGEEPD-----VQWLCGGTLISENFILTAGHCISSRDIN--—-L: -—-YRIKKIHKHPEF
HP22 ADEL IVGGONASKNEFPHMALLGFGNEAF-----VIWSCGGTLISENFILTAGHCIGHRDAGR---V --YEIKTIHKHPEY
HP2 ADEL IVGGVNASRNEFPHMVLLGEFNTTTG--—--— ISWMCGGSLISEKFILTAGHCVMHKDFGD---V---KYASIGVLSRGEVT-PENT-—-—-—-—-—-————————-—— YKVKRSVRHPQY
HP13 ADSL IVGGKDADRNEFTHMVLLGFGEDPRK----VKWDCAGSLISEYFVLTAARHCVTSADSGN---V- —-—--YKISERFRHPSF
HP14 GTEL VLGGERAQFGELPWQAGIYTKNTRP-----YMQICGGALISSTVVLSAAHCFWVNDAVTPKEE---YAVALGKLYRPWQPKMVVEK— DQKSEIRDIHISPYF
HP15 VGNK IIGGNATAINEYPWLVIIEYEHPIEK----TKLMCGGALISGKYVLTAAHCVSGAILNEGTP----KFVRLGEYNITN-KGPDCVPSAFGDPDCTDD-MILAPIEEIIVHPEY
HP16 HTGL IVNGQPTKPGDWPWHAALYVLELSS-----LKYICGGTLLSKSMVLTAAHCVTI--RGVPRVA---55--LSVVLGKYNLIGGDIA---—==—————— TQEREVQEIIVHESF
HP3 NNVG IYGGHDISIEQAPFMASLRLNG-——————-' TDHYCGASVIHERFILTAAHCILPDRK---— —-VYDVEKIMKHEMY
HP4 PMVG VAGGHEIPISDAPFVASIIRYKNKTQP-KTTVMIFGGSVIHERFILTAAHCFLMYENLTS— —YEVEKVIIHENF
HPS5 ESDR IIGGNRTRLFEMPWMVLLSYQSGRR-—--~ TRLDCGGTLINEWYVLTAAHCVTS--LRSNLIL---THVILGEHDVEHD--PDCERS-DGNKYCAPP-IKTVTIEETIPHPRY
HP6 LDLH ILGGEEASLGEFPHMVALGFDNGGGE----YRFDCGGSLISNYYVLTAAHCIDTADREP---P---SVVRAGVVNIGGPAWDDETD-———-—————————-—— YRVAETILHPNY
PAP-3 VGNK IIGGNATDVDQYPWLTIIEYVK-TGP----IKLLCGGVLISGKYVLTAGHCLTGPVLQIGTP----TNVRLGEYNTKN-DGADCVTVEAGGMDCTEG-AVIVPIEKTIPHPEY
PPAE VGDK IVGGAPASIDSYPWLVVIEYVR-LER----TMLLCGGALISGKYVLTAGHCVKGGILDVGTP----KTVRLGEYNTTN-PGRDCVSVSAGGTDCTDP-LVKIGIEKTIPHPDY
Snake SVPL IKILIIVLHPKY
PCE TTTR SNP--IDFAVTSVKHHEHF

PPAF3 DDFK QDCVGS-GSYQYCSPP-PQDIGIESITSHPNY
PPAF1 EADK ILNGDDTVPEEFPWTAMIGYKNSSNF----EQFACGGSLINNRY IVTAAHCVAGRVLRVVGAL~---NKVRLGEWNTATD--PDCYG---AVRVCVPDKPIDLGIEETIQHPDY

Psh LVIH | IVGGYPVDPGVYPHMAAIGYITFG TDFRCGGSLIASRFVLTAAHCVNTDAN-T---P-~--AFVRLGAVNIENPD-HSYQD— ~IVIRSVKIHPQY
Nudel GDGR | IVGGSHTSALQWPFVVAIYRNG-- ~~PVSHVVVHQAY
PAP-2 FANK ILGGEATAIDQYPWLALIEYHK-LAE----IKLMCGGSLISAKYVLTAAHCVKGPILEKGTP----KNVRLGEYNTTN-NGPDCVPSDAGSQDCTEG-MVLAPIEQTIPHPKY
HP18  RRFA | SYNGQPAKRNEYPHMALLGYGDDQET----AQWLCGGSVISDQFILTARHCIFTNLLGP-- —~RFAALGILQRSDPVELWQV-————————=---———— YKIGGIVPHPQY
a . ... %a

HP12  LKPN--NFYEQHDIALIRLKVWAPRT-EFIRPICLP-KIDHTL-----SLP-PNYKFQVAGWGRYYQDFVNKI ~FKASEVKLHVDVPYVNHGDCQRKLRTIPNLYKLSNGI
HP10  —------- DGKEHDIAVLRLKEDAPYT-DFIRPICLP-SGYLED-----N---=-- VIFSAAGFGEIPLSGM--- ——-YTKVKKIIPLPNWDVAECRAAYQ------—-—-==-—
HP19 -ASTFTSDLAILELRESVTYS-NWVQPACLWPDNAINL-----SNV-IGKKGSVVGWGFDETG-V-- -ATEELSLVEMPVVDTETCIRSYSE--

HP17 NP- KAYTNDIGILVLEKEVEFS-DLIRPICLPKTSELRS AATHLQVVQLPVVSNDYCKQAYRN- -
HP1 EIS- NYHHDIAILKLDKPAIFN-TYVWPICLPPPGLSIE HSHVLMEVSFPIWTHONCIEVHTN- -
FG KH- HSHYYDIGLILLSKPVEYN-DKIQPVCIPEFNKPHV ~NLN--NIKVVITGWGVTGKATE- KRNVLRELELPVVTNEQCNKSYQTLP -
FC DP-----GNLNFDIALIQLKTPVTLT-TRVQPICLPTDITTR- --EHLKEGTLAVVTGWGLNENNTY-- --SETIQQAVLPVVAASTCEEGYKEAD--

FB VE----- KENYNDIAIIELKEELNFT-DLVNPICLPDPETVTD-----PLK--DRIVTAAGWGDLDFS-GP— -RSQVLREVSIPVVPVDKCDQAYEKLNT -

easter IPA---SKNQVNDIALLRLAQQVEYT-DFVRPICLPLDVNLRS-----ATF-DGITMDVAGWGKTEQLSA-- —-SNLKLKAAVEGSRMDECQNVYSSQ---

Gd NS---QLSSYDADIAVIILKDEVRFN-TFIRPACLWSGSSK- —-TEYIVGERGIVIGWSFDRTNRTRDQKLSSELPGKKSTDASAPKVVKAPIVGNAECFRANAH--

--LA-TGNDVFVAGWGKTLSGKS———============— SPIKLKLGMPIFDKSDCASKYRNL—
LGKEAILTGWGVVESGGK-- TISPELQAAVVDIIDTPQCEQLLSRYCN-

PAP-1 SDN---NKNRKDDIALVRLTRRAQYT-YYVKPICLAHNNER-
HP9Y

HP8 -SNF-DGLEMEVAGWGKTETRTE- —SDVKLKVRVPVVSRRLCKSVYERV -
HP7 —-T-----ATFTASGWGVIPFDGH- YSDTKKILLLPNWGIAECKAAYS- -
HP20 —EQLRVGNTGKVAGWGLTGEDAR- PSQVLRAAILPSVTIDKCIDESPV- H
HP21 —GANILQKVVLNKFSTFECILQYP-—
HP22 —-PNTYHDIALLELDRRVLLD-ALTKPACLHTGDPIG- —SAEILQKVQLNKFSTYDCLIHFA-—
HP2 —-IDVYNDIAVIELEKEVTLD-AFTVPACLHVGDPID- —PSDVMQKVIVKKIRKVTCQRDYPG—
HP13 —~VSDILQKVTLKKYRSRICKAIFP-—
HP14 LGR---TNNYQNDIAVVILETTIVYK-PHIRPVCLNFDIQFEK: —PSQVLKVVKLPYVDVLQCISQSPQ-
HP15 —DRF--DLDKRHDIALIRLKIYAPYT-DFIRPICLP-KVDYSQ-----SPP-ADLSFYVAGWGRYIENTTAKI —YRRSSVKLHVEVPYVVRDQCQAAIRTIP
HP16 -LPP-GRMYGTVVGWGFDNSD-T— -LTPQLQOQVKLPKVSEVNCIRSNPL- =
HP3 N-----YTTHDYDICLIKLKTNLTFS-AKVNKIDLADRSVRLK-— —ISNNLQQVTIPIISTFSCCLKYLK--— =
HP4 NPNNNMSLAFSHDIALLKLKEKYCLHEMYLNSLADKDLEIVP- —FKDTTASISRDKP-IDECK-MYP-— =
HP5 N---—- SKTFADDIALLRLSEPADFNLDNMKPLCLPLTLQLQT —-SSVLLSVSLPILSKDECETAYKG— =
HP6 TR-—--— REKYHDVALLRLDRPVQFS-STLNAVCLFSSNENP- -KSSKLLKADVVVVPSDKCGESYTN--

PAP-3 -NPI--SRTRRNDIGLIRLKEMAPFT-DFIRPICLP-SLDLTQ ~SSNVKLHVQLPFISYERCQPSYAVON
PPAE -QPY--HFLRKHDIGLIRLQSIAPFT-DFIRPICLP-STDYTV: ~R-SSKIKLHVTLPFVQRDVCEANQKPLRN-
Snake SAYYHDIALLKLTRRVKFS-EQVRPACLWQCGAP- ~KSNALRQVDLDVSPQMTCKQIYRKER

PCE ATYLNDIAILTLNDTVTFT-DRIRPICLPYRKLRYD: SSAVLREVOLPIWEHEACRQAYEKDLN-
PPAF3 EKS---SRGVENDIALIRLARPVNRN-KYVQPICLPLPTER-
PPAF1l VDG---SKDRYHDIALIRLNRQVEFT-NYIRPVCLPQPNEE-
Psh VG-— ~-NKYNDIAILELERDVVET-DNIRPACLHTDATDPP------~ S--
Nudel ER-- RSMRNDLSLLRLLNPLOFN-RWVKPICLPDKGRTTVGDDWIWGPVEHTLCTVVGWGAIREKGP-—
PAP-2 -KPY--SLNKQHDIALIRLRTFAPRT-DFISPICLP-KIDYAQ-----SPP-SAFSLYVAGWGRYIQDVEAGI

HP18 KS----- PIKYHDIALLKTENKIKFN-ENVLPACLFIEGRVGG-- SEQAKATGWGALGHK-QT--
*, 4 %

~APP-VNFTLYAAGWGAVSTSQP-—

~RSKILLRAGLELVPLDQCNISYAEQPG—
—SSDPMRQVIVPIR--KKCTDPEDQ----
~YRSSKIKLHVNVPFVDNERCLGGVR-~-
—---AADVLQVVDLQKFSDEECGSTYR-~-
b

HP12 KVSVNVTLWNGQLCAGGVAGKD
HP10 —---DIVLPQKIICAGGKLGED:

SCKGDSGGPLMYENE— RKYTAVGMVSYGL

GECGI-
VHCGT----KGYPGVYTSVLDYLEWIETTVMI

GGYPGVYTNIYPYLPWIKATIRE

HP19 —--FFIRFTSEYTYCAGYRDGTS-- ——-ARQNEFRCDPSHYVVFTDLAKFLPWIKQSIYDY

HP17 —-YTQOKIDERVLCAGYKNGGK-- —-KGCAEA----GFPGVYSRVTNFMPWLQEKVLGHA

HP1 ~ —————- SIFDESICAGGHEGGR-- ————-SGRWAVVGIVSWG-— —-VRCGE----PNHPGIYTRVDKYIGWIMENARF

FG FSKLNRGITNDMICAGFPEGGK-- —-TTGRVKIVGVVSFG-— ——-FECAR----PNFPGVYTRLSSYVNWLQEITFGQSLASLFEVVPIFIPE
FC —--LPLTVTENMFCAGYKKGRY-- —-TERRWVLEGIVSWGSP —-SGCGK----ANQYGGFTKVNVFLSWIRQFI

FB —SL-KNGITNNFLCAGLEEGGK-- DACQGDSGGPLMLVNN-—--——===~ T-RWIVVGVVSFG--— —-HKCAEE----GYPGVYSRVASYLDWIAKVTNSLDHAVTN
easter ----DILLEDTQMCAGGKEGVD-- —SCRGDSGGPLIG----L-DTNKV-NTYYFLAGVVSFGP- —-TPCGL----AGWPGVYTLVGKYVDWIQNTIES

Gd FRSLSSNRTFCAGIQAEERDTHQSGASIYTGISGAGLFIRR- NNRWMLRGTVSAALPAVETPDAESSHKLCCKNQYIIYADVAKFLDWITAFVI

PAP-1 —GAELTDKQICAGGVFAKD-- -TCRGDSGGPLMQ----R-RPEGI-W---EVVGIVSFG-- —-NRCGL----DGWPGVYSSVAGYSDWILSTLRSTNV

HPY —-RKWCGLQEHQLCAGKLAGGV-- DACQGDSGGPLQVKISLP---ITTQGTLSHVIGVTSFG-— —-VGCALP----NLPGIYTRVSSFIDWIEENVWKQ

HP8 —---ERLITDKQLCAGGVEGKD-- -SCRGDSGGALMG----Q-APSAN-N--WLVVGVVSYGP- --SPCGT----PGWPGVYTRVGAFMDWILSKLRP

HP7 —----SIYLPDGIICAGGEEGVD-- RIELWGVTSFGN- —-THCGT----KDSPGIYTKVIDYLDWIQEVSASN

HP20 —-AFRSYITGDKICAGYNNGTA-- -GVDRFFLRGIVSTSN- --TAEEHG-CNIYTWATFTHLLRHEHLVKAVVPDVEEACSPKSS-40aa
HP21 RLMSQGFDVNSQMCYGDRSQSK-- —--NCMWLIIGVTSFG-- --KACGFI----GEPGIYTKVSHYIPWIESVVWP

HP22 ROGTRGFDKDTQICYGHKSQAK-- --NCMWLVLGVTSFG-- --KKCGSI----GEPGMYTKVSHYVPWIESIVWP

HP2 NCMYLVIGVTSGG- KGCALR: NRPGLYSKVSHYLDWIESIVWP

HP13 TLVSHNYDEKTQLCFGGYNDTQP- NCMYLILGVTSGG- RGCAWR----GKPGLYSRVSHYISWIESVVWR

HP14 —-AFRPYITGDKICAGFANGTG: -LTERYYLRGIVSTAH TSNEA--CNAFALTTFTNILSHEHFIKRFWTDEY

HP15 E---NIVFRSGQICAGGVLGQD-- —--ETRKYEVVGIVGSGA- --QECGQ----PGIPGVYTYIYEYLPWIRQNIRV

HP16 —-FFSRLLTDHKFCAGYTNGTS-- --SRTDGPICNPNYYGLFTDVAKFRGWVSRHL

HP3 —--VRHAITSRMFCAG-EQGKD-- LPGVYTKISAMLPWINDNIKKNL

HP4 ——--WACKDEICIKSYNKGS-- —-MPTIHTKISFLRPWIDENIRKNLQDHKLT
HPS5 —TVQLSDKQLCAGGVRDKD-— GGFPGVYTNVASYMDWILDNMHT

HP6

PAP-3

PPAE

Snake

PCE

PPAF3 —~NKIINDKMICAGGLKGKD-- -AG-NAQFYIEGIVSYG-— —--AICGT----EGFPAIYTRVSDHLDWIKQNVRV

PPAF1 —GVRVRSSQLCAGGEKAKD-- -—-A-NQQFFLEGLVSFG-— ——-ATCGT----EGWPGIYTKVGKYRDWIEGNIRP

Psh RLLKQGVI-DSLLCAIDQKLIA-- —-DGMYTIMGVISSG--— --FGCATV----T-PGLYTRVSSYLDFIEGIVWPDNRV
Nudel —-ADEFYLAGVVSHG-- ~-NGCAR----PQEFGVYTRVTLYLDWLEMATTPRLLP-50aa
PAP-2 ----NISLWKGQLCAGGVSGKD-- --EICGQ----QGIPGVYTNVHEYLPWIKATIKA

HP18  RHLPQGYDSATQMCYGDKGKLN------MDTCEGDSGGPLQFQNSSL- --DACGFA----GGAGMYTRVSYYIPWIESVVWP

b c * kx * c . .
Sequence alignment of the catalytic domains of Manduca sexta HPs and other arthropod serine proteinases with known functions. Completely conserved amino acid residues are indicated by
“*”_and conservative substitutions by “.” underneath the sequences. The cleavage activation site is marked by “|”. The paired letters (a-a, b-b, c-c) indicate the disulfide linkage in the catalytic

domain that are conserved in all S1 serine proteinases. Cysteines possibly involved in interdomain disulfide bonds are marked with “#”. C-terminal extensions in HP20 and Nudel are not shown.




