Supplemental material

Hemagglutinins of avian influenza viruses are proteolytically activated by TMPRSS2 in

human and murine airway cells

Dorothea Bestle'*, Hannah Limburg™, Diana Kruhl', Anne Harbig', David A. Stein?, Hong
Moulton?, Mikhail Matrosovich', Elsayed M. Abdelwhab?®, Jirgen Stech®, Eva Bottcher-

Friebertshauser™

1) Institute of Virology, Philipps-University, Marburg, Germany
2) Department of Biomedical Sciences, Oregon State University, Corvallis, USA

3) Institute of Molecular Virology and Cell Biology, Friedrich Loeffler Institute, Federal Research Institute for

Animal Health, Greifswald-Insel Riems, Germany

* contributed equally to this work

#Corresponding author: Eva Boéttcher-Friebertshauser
Institute of Virology, Philipps-University Marburg
Hans-Meerwein-Stral’e 2, 35043 Marburg, Germany
Tel: 0049-6421-2866019

E-mail: friebertshaeuser@staff.uni-marburg.de



Figure S1

1_A/duck/Bavaria/1/1977 (HIN1)
2_RA/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3NZ)
4_RA/Victoria/3/1975 (H3N2)
S_A/HongKong/1/€8 (H3N2)
€_A/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (HTN9)
10_A/Turkey/Ontario/€118/1968 (HSN4)
11_A/chicken/Emirates/R€6/2002 (H9N2)
12_A/Quail/Shantou/782 (H9N2)
13_A/Turkey/Wisconsin/1/1966 (H9N2)
14_A/Mallard/Germany/R2075/2007 (H1ON7)
15_A/DomesticDuck/Germany/R784/2006 (HL1N1)
16_A/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestRustralia/2576/1979 (HLSN9)
18_RA/black-headedGull/Sweden/5/1999 (HLEN3)

1_A/duck/Bavaria/1/1977 (H1N1)
2_A/Sentinel Mallard/Germany/S/RaS517K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3NZ)
4_A/Victoria/3/1975 (H3N2)
S_A/HongKong/1/€8 (H3N2)
€_A/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (H7N9)
10_A/Turkey/Ontario/6118/1968 (HSN4)
11_A/chicken/Emirates/R€€/2002 (HIN2)
12_A/Quail/Shantou/782 (H9N2)
13_A/Turkey/Wisconsin/1/1966 (H9N2)
14_A/Mallard/Germany/R2075/2007 (H1ON7)
15_A/DomesticDuck/Germany/R784/2006 (H11N1)
16_A/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestRustralia/2576/1979 (HLSN9)
18_A/black-headedGull/Sweden/5/1999 (H1EN3)

1_A/duck/Bavaria/1/1977 (HIN1)
2_RA/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3NZ)
4_A/Victoria/3/1975 (H3N2)
S_A/HongKong/1/€8 (H3N2)
€_A/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (H7N9)
10_A/Turkey/Ontario/€118/1968 (HSN4)
11_A/chicken/Emirates/R€6/2002 (HIN2)
12_A/Quail/Shantou/782 (H9N2)
13_A/Turkey/Wisconsin/1/1966 (H9N2)
14_A/Mallard/Germany/R2075/2007 (H1O0N7)
15_A/DomesticDuck/Germany/R784/2006 (H11N1)
16_A/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestRustralia/2576/1979 (HLSN9)
18_A/black-headedGull/Sweden/5/1999 (H1€N3)

1_A/duck/Bavaria/1/1977 (HIN1)
2_A/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3N8)
4_R/Victoria/3/1975 (H3N2)
5_A/HongKong/1/€8 (H3N2)
6_A/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (HTN9)
10_A/Turkey/Ontario/€118/1968 (HSN4)
11_A/chicken/Emirates/R€€/2002 (HIN2)
12_A/Quail/Shantou/782 (HIN2)
13_A/Turkey/Wisconsin/1/1966 (HIN2)
14_A/Mallard/Germany/R2075/2007 (HLON7)
15_A/DomesticDuck/Germany/R784/2006 (H11N1)
16_A/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestRustralia/2576/1979 (HLSN9)
18_A/black-headedGull/Sweden/5/1999 (H1EN3)

1_A/duck/Bavaria/1/1977 (H1N1)
2_A/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3NZ)
4_A/Victoria/3/1975 (H3N2)
5_A/HongKong/1/€8 (H3N2)
€_A/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (H7N9)
10_A/Turkey/Ontario/€118/1968 (HSN4)
11_A/chicken/Emirates/R€6/2002 (HIN2)
12_A/Quail/Shantou/782 (H9N2)
13_A/Turkey/Wisconsin/1/1966 (H9N2)
14_A/Mallard/Germany/R2075/2007 (H1ON7)
15_A/DomesticDuck/Germany/R784/2006 (H11N1)
16_A/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestRustralia/2576/1979 (HLSN9)
18_A/black-headedGull/Sweden/5/1999 (H1EN3)

1 10 20 30 40 50 €0
| | 1 | | I I

~MEVKLFVLFCTFTALKAD-TICVGYHANNSTDTIVDTVLEKNVIVIHSVNLL
---MATIYLILLFTAVRGD-QICIGYHSNNSTKKVDTILERNVIVTHAQDIL
MKTVIALSYILCLTFGQDLPGNDNSTA-TLCLGHHAVPNGTIVKTITDDQIEVINATELV
MKTIIALSYIFCLVFAQDLPGNDNNSTATLCLGHHAVPNGTLVKTITNDQIEVINATELV
MKTITALSYIFCLALGQDLPGNDNSTA-TLCL LVKTITDDQIEVINATELV
————— MLSIVILFLLVAESSSQNYTGNPVI( TMVKTLTDDQVEVVTAQELV
~MEKIVLLFAIVSLVKSD-QICIGYHANNSTEQVDTIMEKNVIVIHAQDIL
~MIAIIVLAILARAGKSD-KICIGYHANNSTTQVDTILEKNVIVIHSVELL
-MNTQILVFALIATIPTNAD-KICL KVNTLTERGVEVVNATETV
~-MEKFIATAMLLASTNAYDRICIGYQSNNSTDTVNTLIEQNVPVIQTMELV
-METISLITILLVVIASNAD-KFCIGHQSTNSTETVDILTETNVEVIHAKELL
-METISLITILLLVTASNAD-KICIGHQSTNSTETVDTLTETNVPVIHAKELL
-METKATIAALLMVIARNAD-KICIGYQSTINSTETVDTLTESNVEVIHTKELL
—-MYKVVVIIAL DKICL VVKTLTNEHEEVINATETV
—————————— -MKKTLLFATIFLCVKAD-EICIGYLSNNSTDKVNTIIENNVIVISSVELV
-MIALILVALALSHTAYSQITNGTTGNPIICLGHHAVENGT SVKT LTDNHVEVVSAKELV
= ~MNTQIIVILVLGL ICI TKVNTLTERGVEVVNATETV
-MVIKVLYFLIVLLSRYSKADKICIGYLSNNATDTVDILTENGVEVISSVDLV

ENSHNGKLCSLNGIAPLOLGKCNVAGWILGNPECDLLLTANSWSYIIETSNSENGICYPG
EKTHNGKLCKLNGI PPLELGDCSIAGWLLGNPECDRLLTVPEWSYIMEKENPRNGLCYPG
QSSSTGKICN-NPHRILDGRACTLIDALLGDPHCDVFQNE-TWDLEVERSNAFS-NCYPY
QSSSTGKICN-NPHRILDGINCTLIDALLGDPHCDGFQNE-KWDLEVERSKAFS-NCYPY
QSSSTGKICN-NPHRILDGIDCTLIDALLGDPHCDVFQNE-TWDLEVERSKAFS-NCYPY
ESQNLPELCP-SPLRLIDGQTCDIINGALGSPGCD-HLNGAEWDIFIERPNAVD-TCYPF
EKKHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPG
ENQKEERFCKI LNKGPLDLRGCTIEGWLLGNPQCDLLLGDQSWSYIVERPTAQNGICYPG
ERTNIPRICS-KGKRTVDLGQCGLLGTITGPPQCDQFLEFSA-DLIIERREGSD-VCYPG
ETEKHPAYCNTDLGAPLELRDCKIEAVIYGNPKCDIHLKDQGWSYIVERPSAPEGMCYPG
HTEHNGMLCATTLGHPLILDICTIEGLIYGNPSCDPLLEGREWSYIVERSSAVNGICYPG
HTEHNGMLCATNLGHPLILDICTIEGLVYGNPSCDLLLEGREWSYIVERSSAVNGICYPG
HTEHNGVLCATDLGHPLILDTCTIEGLIYGNPSCDILL YIVE YPG
ESTSLKRLCM-KGRSHKDLGNCHPIGMLIGT PACDLHLTG-TWDTLIERENAIA-YCYPG
ETEHTGSFCSINGKQPISLGDCSFAGWILGNPMCDDLIGKTSWSYIVEKPNPINGICYPG
ETNHTDELCP-SPLKLVDGQDCDLINGALGSPGCDR-LQDTTWDVFIERPTAVD-TCYPF
EITGIDKVCT: GSCGILGTIIGPPQCDLHLEFKA-DLIIERRNSSD-ICYPG
ETNHTGTYCSLNGISPIHLGDCSFEGWIVGNPSCATNINIREWSYLIEDPNAPNKLCFPG

EFIDYEELREQL KFEIF! TTKGVIARCSYS YRNLLWIT
SFNDYEELKHLLSSVIHFEKVKI LPK-DRW-TQHTTTGGSRACAVS-GNPSFFRNMVWLT
DIPDYASLRSIVASSGTLEFITEG---FIW-TGVIQNGGSSACKRG-PANGFFSRLNWLT
DVPDYASLRSLVASSGTLEFINEG---FNW-TGVIQNGGSNACKRG-PDIGFFSRLNWLY
DVPDYASLRSLVASSGTLEFITEG---FIW-TGVIQNGGSNACKRG-PGSGFFSRLNWLT
DVPDYQSLRSILANNGKFEFIAEE---FQW-NTVKONGKSGACKRA-NVNDFFNRLNWLYV
DFNDYEELKHLLSRINHFEKIQIIPK-SSWSSHEASLGVSSACPYQ-GKSSFFRNVVWLI
VLNEVEELKALIGSGERVERFEMFPK-STWAGVDTSSGVIRACPYN-TGSSFYRNLLWII
KFVNEEALRQILRESGGIDKEAMG---FTY-SGIRTDGATSACRRS--GSSFYAEMKWLL
SVENLEELRFVFSSAASYKRIRLFDY-SRW--NVIRSGTSKACNASTGGQSFYRSINWLT
NVENLEELRTLFSSARSYQRIQIFPD-TIW--NVIYIGTSKACS-———-! DSFYRSMRWLT
NVENLEELRTLFSSASSYQRIQIFPD-TIW--NVIYTGISRSCS-----GSFYRSMRWLT
NVENLEELRSLFSSAKSYKRIQIFPD-KIW--NVIYSGTSRACS——---] NSFYRSMRWLT
ATVNEEALRQKIMESGGISKISTG---FIYGSSINSAGTTKACMRN-GGNSFYAELKWLV
TLENEEELRLKFSGVLEFSKFEAFTS TAACKF' FRNMVWLI
DVPDYQSLRSILASSGSLEFIAEQ---FIW-NGVKVDGSSSACLRG-GRNSFFSRLNWLT
RFTNEEALRQIIRESGGIDKESMG---FRY-SGIRTDGATSACKRT--VSSFYSEMKWLS
ELDNNGELRHLFSGVNSFSRTELISP-NKW--GDILDGVIASCRDN-GASSFYRNLVWIV

~-KKGTSYPKLSKSYTNNKGKEVLVT TAXEQQSL YV YNRRF
—--KKGSSYPVAKGSYNNTSGEQMLI IWGIHHPNDEAEQRTLYQNVGTYVSVGTSTLNKRS
~-KSESAYPVLNVT JKLYT! TNQEQTNLYVQASGRVIVSTRRSQQTI

—--KSGSTYPVONVIMPNNDNSDKLYIWGVHHPSTDKEQTDLYVQASGKVIVSTKRSQQTI
—--KSGSTYPVLNVIMPNNDNFDKLY IWGVHHPSTNQEQTSLYVQASGRVIVSTRRSQQTI
= YPLONLT ‘ARLYT! TDTEQTNL’ TVSTQTSQISV
—-KKNSTYPTIKRSYNNINQEDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRL
-KTKSARYPVIKGTYNNTRNQPILYFWGVHHPPDTNEQNTLYGSGDRYVRMGTESMNFAK
SNTDDARFPOMTKSYKNTRKS PALIVWGIHHSVSTAEQTKLYGSGNKLVIVGSSNYQQSF
~KKKPDTYDFNEGAYVNNEDGDIIFLWGIHHPPDTKEQTTLYKNANTLSSVITNTINRSF
—--QKSGAYPVQDAQYTNNRGKSILFVWGIHHPPTDTEQTNLYTRTDITTSVMIEDLNRTF
—-QKSGFYPVQDAQYTNNRGKSI LFVWGIHHPPTYTEQTNLYIRNDTTTSVITEDLNRTF
--HKSNSYPFQNAHYTNNERENILFMWGIHHPPTDTEQTDLYKNADTTTSVITEDINRTF
SKSEGQNFPQTTNTYRNTDTTEHLVMWGIHHPSSTQEKNDLYGAQSLSISVGSSTYQNNF
--HQSGTYPVIKRTFNNTKGRDVLIVWGIHHPATLKEHQDLYKKDSSYVAVGSETYNRRF
~KATNGNYGPINVIKENTGSYVRLYL JTDLYKVATGRVIVSTRSDQISI
SSMNNQVFPQLNQTYRNTRKE PALIVWGVHHS SSLDEQNKLYGTGNKLITVGSSKYQQSF
~KNKNGKYPVIKGDYNNTTGRDVLVLWGIHHPDTETTAINLYASKNPYTLVSTKEWSKRY

TPEIAARPKVRGQAGRMNYYWILLDQGDTITFEATGNLIAPWYAFALNK-

IPNVGSRPWVRGLSSRISIYWI IVKPGDILVINSNGNLIAPRGYFKMR:
IPNIGSRPWVRGLSSRISIYWI IVKPGDVLVINSNGNLIAPRGYFKMR-—
VPNIGSRPWVRGQSGRISFYWIIVEPGDLIVFNTIGNLIAPRGHYKLNN-
VEPRIATRSKVNGQSGRMEFFWIILKPNDAINFESNGNFIAPEYAYKIVK-
SPEIAARPAVNGQRGRIDYYWSVLKPGETLNVESNGNLIAPWYAYRFVST:
VPSPGARPQVNGLSGRIDFHWLMLNPNDTVIFSFNGAFIAPDRASFLR-—
QPNIGPRPLVRGQQGRMDYYWGILKRGETLKIRTNGNLIAPEFGYLLKG~

KPVIGPRPLVNGQLGRINYYWSVLKPGQTL IRPWYGHILSG: SH
KPVIGPRPLVNGLQGRINYYWSVLKPGQTL IAPWYGHVLS VSH
KPVIGPRPLVNGQQGRIDYYWSVLKPGQTLRIRSNGNLIAPWYGHVLIG--—-~~---] ESH
VPVVGARPQVNGQSGRIDFHWILVQPGDSITFSHNGGLIA LT GR

IPVISTRPKVNGQAGRMIFYWI IVKPGESITFESNGAFLAPRYAFEIVS—
VENIGSRPRVRNQSGRISIYWILVNPGDSIIFNSIGNLIAPRGHYKISK-
SPSPGARPKVNGQAGRIDFHWMLLDPGDTVIFTFNGAFIAPDRATFLRSNAPSGIEYNGK




1_A/duck/Bavaria/1/1977 (HIN1)
2_A/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3NZ)
4_A/Victoria/3/1975 (H3N2)
S_A/HongKong/1/68 (H3N2)
€_A/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (H7N9)
10_A/Turkey/Ontario/€118/1968 (HSN4)
11_A/chicken/Emirates/R66/2002 (HIN2)
12_A/Quail/Shantou/782 (H9N2)
13_A/Turkey/Wisconsin/1/1966 (HSN2)
14_A/Mallard/Germany/R2075/2007 (H1ON7)
15_A/DomesticDuck/Germany/R784/2006 (HLIN1)
16_R/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestRustralia/2576/1979 (H15N9)
18_A/black-headedGull/Sweden/5/1999 (HLEN3)

1_A/duck/Bavaria/1/1977 (HIN1)
2_A/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3NZ)
4_A/Victoria/3/1975 (H3N2)
S_A/HongKong/1/€8 (H3N2)
€_A/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (H7N9)
10_A/Turkey/Ontario/€118/1968 (HSN4)
11_A/chicken/Emirates/R66/2002 (HIN2)
12_A/Quail/Shantou/782 (HIN2)
13_A/Turkey/Wisconsin/1/1966 (HSN2)
14_A/Mallard/Germany/R2075/2007 (H1ON7)
15_A/DomesticDuck/Germany/R784/2006 (HL1N1)
16_A/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestAustralia/2576/1979 (H15N9)
18_A/black-headedGull/Sweden/5/1999 (HLEN3)

1_A/duck/Bavaria/1/1977 (HIN1)
2_RA/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3NZ)
4_A/Victoria/3/1975 (H3N2)
S_A/HongKong/1/68 (H3N2)
€_R/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (H7N9)
10_A/Turkey/Ontario/€118/1968 (HSN4)
11_A/chicken/Emirates/Ré€/2002 (HIN2)
12_A/Quail/Shantou/782 (HIN2)
13_A/Turkey/Wisconsin/1/1966 (HSN2)
14_A/Mallard/Germany/R2075/2007 (H1ON7)
15_A/DomesticDuck/Germany/R784/2006 (H11N1)
16_R/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestAustralia/2576/1979 (H15N9)
18_A/black-headedGull/Sweden/5/1999 (HLEN3)

1_A/duck/Bavaria/1/1977 (HIN1)

2_RA/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3N8)
4_A/Victoria/3/1975 (H3N2)

S_A/HongKong/1/68 (H3N2)
€_R/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/RAnhui/1/2013 (HTN9)
10_A/Turkey/Ontario/6118/1968 (HEN4)
11_A/chicken/Emirates/R€€/2002 (HIN2)
12_A/Quail/Shantou/782 (H9IN2)
13_A/Turkey/Wisconsin/1/1966 (H9N2)
14_A/Mallard/Germany/R2075/2007 (H1ON7)
15_A/DomesticDuck/Germany/R784/2006 (H11N1)
16_A/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestAustralia/2576/1979 (H15N9)
18_A/black-headedGull/Sweden/5/1999 (H1€N3)

1_A/duck/Bavaria/1/1977 (HIN1)

2_A/Sentinel Mallard/Germany/S/RaS17K/2007 (H2NS)
3_A/duck/Ukraine/1/1963 (H3N8)
4_R/Victoria/3/1975 (H3N2)

S_A/HongKong/1/68 (H3N2)
€_R/Mallard/Germany/1240/1/2007 (H4NE)
7_A/Vietnam/1203/2004 (HSN1)
8_A/Turkey/Germany/R€17/2007 (HEN2)
9_A/Anhui/1/2013 (HTN9)
10_A/Turkey/Ontario/€118/19€8 (HSN4)
11_A/chicken/Emirates/Ré€/2002 (HIN2)
12_A/Quail/Shantou/782 (HIN2)
13_A/Turkey/Wisconsin/1/1966 (HIN2)
14_A/Mallard/Germany/R2075/2007 (H1ON7)
15_A/DomesticDuck/Germany/R784/2006 (H11N1)
16_A/Mallard/Gurijev/263/1982 (H14N3)
17_A/Shearwater/WestRAustralia/2576/1979 (H15N9)
18_A/black-headedGull/Sweden/5/1999 (H1€N3)

Figure S1: Amino acid sequence alignment of all HAs used in this study. The cleavage site is

SGIITSDAPVH-NCDTRCQTPHGALNSSLPFQNIHPITIGECPKYVKSTKLRMATGLRNV
SGIMKTEGTLE-NCETKCQTPLGAINTTLPFHNIHPLTIGECPKYVKSERLVLATGLRNV
SSIMRSDAPID-TCISECITPNGSIPNDKPFONVNKITYGACPKYVKONT LKLATGMRNV
SSIMRSDAPI-GTCSSECITPNGSIPNDKPFQNVNKITYGACPKYVKQNTLKLATGMRNV
SSIMRSDAPID-TCISECITPNGSIPNDKPFONVNKITYGACPKYVKONTLKLATGMRNV
STILNTAIPI-GSCVSKCHTDKGSLSTTKPFONISRIAIGDCPKYVKQGSLKLATGMRNI
STIMKSELEY-GNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNS
GAVFKSNLPIE-NCDATCQTIAGVLRTNKT FQNVSPLWIGECPKYVKSGSLRLATGLRNV
SMGIQSGVQVDANCEGDCYHSGGTIISNLPFONIDSRAVGKCPRYVKQRSLLLATGMKNV
GRIIQNEDIPIGNCNTKCQTYAGAINSSKPFONASRHYMGECPKYVKKASLRLAVGLRNT
GRILKTDLN-SGNCVVQCQTEKGGLNSTLPFHNISKYAFGTCPKYVRVKSLKLAIGLRNV
GRILKTDLT-SGNCVVQCQTEKGGLNSTLPFHNISKYAFGTCPKYVRVKSLKLAVGLRNV
GRILKTDLN-NGNCVVQCQTEKGGLNTTLPFHNISKYAFGNCPKYVGVKSLKLAVGLRNV
GLGIQSDAPIDNNCESKCFWKGGSINTRLPFONLS PRTVGQCPKYVNKKSLMLATGMRNV
GKLFRSELNIE-SCSTKCQTEIGGINTNKSFHNVHRNT IGDCPKYLNVKSLKLATGLRNV
STVLKSDKRI-GSCTSPCLTDKGSIQSDKPFQNVSRIAIGNCPKYVKQGSLMLATGMRNI
SLGIQSDAQIDESCEGECFYSGGTINSPLPFONIDSRAVGKCPRYVKQSSLPLALGMKNV
GRIFQSGVRM-AKCNTKCQTSLGGININKT FONIERNALGDCPKYIKSGQLKLATGLRNV
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PSI-QSRGLFGAIAGFIEGGWIGMIDGWYGYHHONEQGSGYAADQKSTONAIDGITNKVN
PQI-ESRGLFGAIAGFIEGGWQGMVDGWYGYHHSNDQGSGYAADKESTQKAIDGITNKVN
PEK-QTRGLFGAIAGFIENGWEGMIDGWY( DAADLKSTQRAATIDQINRKLN
PEK-QTRGIFGAIAGFIENGWEGMIDGWYGFRHONSEGTGQAADLKSTQAAIDQINGKLN
PEK-QTRGLFGAIAGFIENGWEGMIDGWYGFRHONSEGTGQARDLKSTQAAI DQINGKLN
PEK-ASRGLFGAIAGFIENGWQGLIDGWYGFRHQNAEGTGTAADLKSTQAAIDQINGKLN
PQI-ETRGLFGAIAGFIE DKESTQKAIDGVINKVN
PQI-ENRGLFGAIAGFIEGGWIGMIDGWYGYHHENSQGSGYARDRESTQKAIDGITNKVN
PETPKGRGLFGAIAGFIENGWEGLIDGWYGFRHONAQGEGTAADYKSTQSAIDQITGKLN
PSV-EPRGLFGAIAGFIEGGWSGMIDGWYGFHHSNSEGTGMAADQKSTQEAIDKITNKVN
PAR-SSRGLFGAIAGFIE Y DRDSTQKAIDKITSKVN
PAR-SSRGLFGAIAGFIE DRDSTQKAIDKITSKVN
PAV-SSRGLFGAIAGFIEGGWPGL! ADKGSTQKAIDKITSKVN
PEIMQGRGLFGAIAGFIE ¢ NAQGTGQAADYKSTQAAIDQITGKLN
PAI-ASRGLFGAIAGFI! INGWYGEY EGTGIAADKESTQKAINQITSKVN
PGK-QRKGLFGAIAGFIENGWQGLIDGWYGFRHONAEGTGTAADLKSTQAAIDQINGKLN
PEKIRTRGLFGAIAGFIENGWEGLIDGWYGFRHONAQGQGTARDYKSTQAATDQITGKLN
PSV-GERGLFGAIAGFIEGGWPGLINGWYGFQHONEQGTGIAADKASTQKAIDEITTKIN

SVIEKMNTQFTAVGKE FNNLERRIENLNKKVDDGFLXVWI YNAELLVLLENERTLDFHDS
SVIERMNTQFEAVGKEFSSLEKRLENLNKKMEDGFLDVWT YNAELLVLMENERTLDFHDS
RVIEKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENONTIDLADS
RVIEKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDS
RVIEKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDS
RLIEKTNEKYHHIEKEFEQVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDVIDS
SIIDKMNTQFEAVGRE FNNLERRIENLNKKMEDGFLDVWI YNAELLVLMENERTLDFHDS
SIIDKMNTQFEAVDHEFSNLERRIDNLNKRMEDGFLDVWI YNAELLVLLENERTLDLHDA
RLIEKTNQQFELIDNEFNEVEKQIGNVINWIRDSITEVWSYNAELLVAMENQHTIDLADS
NI FEVVNHEFSEVEKRINMINDKIDDQIEDLWAYNAELLVLLENQKTLDEHDS
NIIDKMNKQYEIIDHEFSEVETRLNMINNKIDDQIQDVWAYNAELLVLLENQKTLDEHDA
NIVDKMNKQYEIIDHEFSEVETRLNMINNKIDDQIQDIWAYNAELLVLLENQKTLDEHDA
NIIDKMNKQYEVIDHEFNELEARLNMINNKIDDQIQDIWAYNAELLVLLENQKTLDEHDA
RLIEKINTEFESIESEFSEIEHQIGNVINWIKDSITDIWIYQTELLVAMENQHTIDMADS
NIVDRMNINFESVQHEFSEIEERINQL DIWSYNAQLLILLENEKTLDLHDS
RLIEKTNEKYHQIEKEFEQVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDVIDS
RLIEKTNKQFELIDNEFTEVEQQIGNVINWIRDSLTEIWSYNAELLVAMENQHTIDLADS
NIIEKMNGNYDSIRGEFNQVEKRINMLADRVDDAVIDIWSYNAKLLVLLENGRTLDLHDA

NVRNLYEKVKSQLRNNAKE IGNGCFEFYHKCDDECMESVKNGTYDYPKYSEESKLNREET
NVKNLYDKVRMQLRDNAKE LGNGCFEFYHKCDDDCMNSVKNGT YDY PKYEEESKLNRNE L
EMNKLFEKTRRQLRENAEDMGNGCFKI YHKCDNACIESIRNGTYDHDIYRDEALNNRFQI
EMNKLFEKTRRQLRENAEDMGNGCFKI YHKCDNACIGSIRNGTYDHDVYRDEALNNRFQI
EMNKLFEKTRRQLRENAEDMGNGCFKI YHKCDNACIESIRNGTYDHDVYRDEALNNRFQT
EMNKLFERVRRQLRENAEDKGNGCFEI FHKCDNNCIESIRNGTYDHDVYRDEAINNRFQI
NVKNLYDKVRLQLRDNAKE LGNGCFEFYHKCDNECME SVRNGTYDYPQYSEEARLKREET
NVKNLYEKVKSQLRDNANDLGNGCFEFWHKCDNECIESVKNGTYDY PKYQDESKLNRQET
EMDKLYERVKRQLRENAEEDGTGCFEIFHKCDDDCMASIRNNTYDHSKYREEAMONRIQI
NVKNLFDEVKRRLSANAIDAGNGCFDI LHKCDNECMET IKNGT YDHKE YEEEAKLERSKT
NVNNLYNKVRRALGSNAME DGKGCFELYHKCDNQCMET IRNGT YNRRKYKEESRLERQKT
NVNNLYNKVKRALGSNAME DGKGCFELYHKCDDQCMETIRNGT YNRRKYKEESRLERQKT
NVNNLYNKVKRALGSNAVE DGNGCFELYHKCDDQCMET IRNGTYDRQKYQEESRLERQKT
EMLNLYERVRKQLRQNAEEDGKGCFEIYHACDDSCMESIRNNTYDHSQYREEALLNRLNI
NVRNLHEKVRRMLKDNAKDEGNGCFTFYHKCDNECIERVRNGT YDHKEFEEESKINRQEL
EMNKLFERVRRQLRENAEDQGNGCFEIFHQCDNNCIESIRNGTYDHNIYRDEAINNRIKT
EMNKLYERVRRQLRENAEEDGTGCFEIFHRCDDQCMESIRNNTYNHTEYRQEALQNRIMI
NVRNLHDQVKRILKSNAIDEGDGCFNLLHKCNDSCMETIRNGT YNHEDYREESQLKRQET

DGVKLESMGV-YQILATY-STVASSLVLLVSLGAISFWMCSNGSLQCRICI
KGVKLSNMGV-YQILAIY-ATVAGSLSLAIMIAGI SLWMCSNGSLQCRICI
KGVELKSG---YKDWILWISFAISCLLLCVVLLGFIMWACQRGNIRCNICI

QGVKLTQG---YKDIILWISFSISCFLLVALLLAFILWACQNGNIRCQICI
SGVKLESIGI-YQILSIY-STVASSLALATMVAGLSLWMCSNGSLQCRICI
ESVKLENLGV-YQILAIY-STVSSSLVLVGLI LAMGLWMCSNGSMQCRICI
DPVKLSSG---YKDVILWFSFGASCFILLAIVMGLVFIC TICI
NGVKLEENTT-YKILSIY-STVAASLCLAILIAGGLILGMONGSCRCMFCI
EGVKLESEGT-YKILTIY-STVASSLVLAMGFARFLFWAMSNGSCRCNICI
EGVKLESEGT-YKILTIY-STVASSLVLAMGFAAFLFWAMSNGSCRCNICI
EGVKLESEGT-YKILTIY-STVASSLVLAMGFARFLFWAMSNGSCRCNICI
NPVKLSSG---YKDIILWFSFGASCFVLLAVVMGLVFFCLKNGNMRCTICI
EGVKLDSSGNVYKILSIY-SCIASSLVLAALIMGFILWACSNGSCRCTICI
NPVILTMG---YKDIILWISFSMSCFVFVALILGFVLWACONGNIRCQICI
NPVKLSSG---YKDVILWFSFGASCVMLLAIAMGLI FMCVKNGNLRCTICI
EGIKLKSEDNVYKVLSIY-SCIASSIVLVGLILAFIMWACSNGNCRENVCI

indicated by an arrow. The alignment was generated with Geneious prime.



