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Monosiga brevicollis XP_001743227.1
Salpingoeca rosettta EGD80959.1

Amphimedon queenslandica XP_003385441.1
Amphimedon queenslandica XP_003389565.1

Spongilla lacustris AEI55440.1
Spongilla lacustris AEI55441.1
Acropora digitifera XP_015768438.1

Acropora digitifera XP_015758951.1
Nematostella vectensis XP_001633545.1

Nematostella vectensis XP_001637059.1
Hydra vulgaris XP_004207525.2

Hydra vulgaris XP_012554922.1
Ixodes scapularis XP_002405234.1

Acyrthosiphon pisum XP_003247517.1
Laodelphax striatella ADR73029.1
Nilaparvata lugens AEL88648.1
Pediculus humanus corporis XP_002423597.1
Anopheles gambiae XP_321336.5
Aedes aegypti XP_001662200.1
Drosophila melanogaster AAM75067.1
Lucilia cuprina AF221067.1

Locusta migratoria manilensis ACY38588.1
Triborium castaneum NP_001034491.1
Bombus impatiens XP_003485039.1

Choristoneura fumiferana ACD84882.1
Plutella xylostella BAF47974.1
Manduca sexta AAL38051.2
Ostrinia furnacalis ACB13821.1

Ectropis obliqua ACA50098.1
Spodoptera exigua AAZ03545.1
Mamestra brassicae ABX56676.2

Triborium castaneum NP_001034492.1
Drosophila melanogaster NP_524209.2

Aedes aegypti AAF34699.2
Culex quinquefasciatus XP_001864594.1
Anopheles gambiae AAL23627.1

Pediculus humanus corporis XP_002423604.1
Ostrinia furnacalis ABB97082.1

Manduca sexta AAX20091.1
Spodoptera frugiperda AAS12599.1
Spodoptera exigua ABI96087.1

Trichinella spiralis XP_003378777.1
Meloidogyne artiellia AAG40111.1
Brugia malayi AAS77206.1

Caenorhabditis elegans NP_493682.2
Caenorhabditis remanei XP_003088165.1
Caenorhabditis brenneri EGT52730.1
Caenorhabditis briggsae XP_002632112.1

Trichinella spiralis XP_003375231.1
Caenorhabditis briggsae XP_002638694.1
Caenorhabditis elegans AAX62732.1
Caenorhabditis remanei XP_003090665.1

Dirofilaria immitis AAG39382.1
Brugia malayi AAG49219.1

Mytilus galloprovincialis ABQ08059.1
Pinctada fucata BAF73720.1
Atrina rigida AAY86556.1

Branchiostoma floridae XM_002602941.1
Xenopus tropicalis XP_002942397.1
Danio rerio XP_001921014.3

Oreochromis mossambicus LC072666 
Danio rerio CAK04860.1
Danio rerio CAK04859.1

Ciona intestinalis Type A LC072663
Ciona savignyi ENSCSAVT00000016740.10.1

Choanoflagellates

Sponges

Cnidarians

Ecdysozoans

Spiralians

Chordates
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b
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   1 MDARDRKESR SASVVHHISY KVMTELDELL EGRKMRRISV ASDGNCLYHA LAHQLSLQGV NHSYDEVRKA CVSYLQKNPR   80
  81 FGKIDWMRAV DTGETREEYL HRNSQDGEWS DDIMLMAASS AFGYVIKIVT LNETVNVLPN VKKYKPELVV AKISEYQYVS  160
 161 VEKKDGHANN MEASRTFVLK AKQNPSIKKT KKGTDVVHLD KRSKGKRGKA MNGPGLGPSK WDPDQESLLF GANDVEEEEE  240
 241 LPLYDRFTCE PPEDDSRTSS NVVKFFTKTF KLSSYLIFGG LLFGGALISK ACLMILVNSA KVYPSELNDQ SVKKDHDVIR  320
 321 AWSFIVILLM LLLPEVLTMM YSLYRIIMKA EPDMDMNTVI WGGFWEFLHA VGEGILFFKV LPYLDATVAL LMLPLVGIIP  400
 401 NCIHIQAKVT SITHNERRHS RTAKQRRIRD LVLAVVALVL QLCGLLVCFA CFFGDNWLRF FSLNYTYIWA FSGIVLTSCR  480
 481 YWENFVTGEF IFSKKFSIKA QTLQNKLDAT RFKTSFIFSL MKCGVLIGFC FLTFVVLENE TYTSNFVNLD TDPYSTARYN  560
 561 KIISLLSTSD GRVRTSDRND IIARLIYVFV TQGCCSFAAY FFGRVACLTL IQREAYAFPT VLVTPVIAAF SAALAVYRQA  640
 641 GGDKFNFLSF VGLGNTYKSV PNLSYYIDFN NKPFDNITDI GVLRGYWTGI VCVGLLFGWL SLILFTVFIW NSKHDRLQRT  720
 721 EVIFTKALYG GPLIDQVLML NRRQFESNYN KNQKALEEKQ DKKIEERRKS SSTRSRRRSS RRLTMTANHK FTPQLFLCAT  800
 801 MWHETEQEMT QILTSLMRLD KDQGSRRENS QKDPDYYNFQ IHVMFDDAME TPKGSTDIKT NKFVQQLCTL IPLAANKVDL  880
 881 GTGYDLSPPV IYPTPYGGRL EFILPHGNLM VVHLKDKAKI RHRKRWSQCM YMYYILGYLQ ATKKAYKLDD VFLLALDGDV  960
 961 DFQPHAVHLL LDRMKRNPDV GAACGRIHPT GSGPVVWFQK FEYAVGHWLQ KTAEHVLGCV LCSPGCFSMF RGSAIVDVNV 1040
1041 AKMYTTKATE ALHYVQWDQG EDRWLCTLLL KQGWRIEYSA ASDSYTFAPE EFKEFYNQRR RWGPSTMANI FDILMDAKLT 1120
1121 VKNNIYISWG YISYQIGLMV SSILGPATVV MIVQGAYQYV FHWSSAVALV VSLIPVIIFI ILCYTTSADT QVAVAGILTI 1200
1201 LYALVMMAVI VGVVGAMATN SILDPNNIFM IMLVGLYAFT GLVHPKELMC LIHGILYYLC VPSAFIFLMV YSLTNMNNVS 1280
1281 WGTREVKTAA PSGDDANVKA LEEVATQKGK SLQLGPNDGS IYDAPKSSEG YYSCGLGNLC QCALCISPQP VYQPVPTEVK 1360
1361 VTAPKSRKTE LQRRTTRHAR ESHFRKYSQA KARQITGMDV NDEQAQSIER RLSKKMSVAQ LRRISSKMGD SHLTTAKLRR 1440
1441 MSTQQRRMSK RSQSQHYPGS SEMSSEAAML SAELQEEQPD VNEEYFTDED DSENEDQDVG LDRLEEEGEE MLYWLIEGSL 1520
1521 EDGIIEYLDN DEREFWKYML SNYLYPLDEN KDEKARIKEN LRDLRNKMTG AYFLANALWL VLNFALQLTI TDISISFYIN 1600
1601 GEKMQVNPVS FLFLIFFLII LLIQFTCMLM HRWSTALHTL STTSLKWNDS RDGYKNVKQK DIENADIKQK RRKARGNGST 1680
1681 LNPITGDVLD KELPEAEDNF TFGSNERGRG ESNPTYDTIE AEHGVCMSSD ESDNGGYAEV TYNKKEPSSP MNPLFSGKPG 1760
1761 KGSLYGATAA ATNPTFELDM YSSQKDLIPT KTNIADVIHH LKPEDEVKPQ KHAHFAASSD DDEGNTSF              1828
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Ci-MACPF1
EGFMACPF

Plu-MACPF

TgPLP1

AvTX-60A

Hs-MPEG1

Hs-Perforin

Hs-C6
LR CCP FIM

C2
TM

MABP

TSRSP

a !"""""""""""""""""""""""""""""""""""""""""""""#$$"""""""""""""""""""""""""""""""""""""""""!$$$ Strand A Strand B Strand C
 38 CRVSGWSGWSGCSVTCGQGTQTRSRYVTVNPANGGAGCPGLTETKTCSISKQN     90
 91 CVVSSWSSWGVCSQSCGSGSQTRTRHVTVNPAHCGSACPSLKDTRGCTGTQCPVN  145
146 CQVSSWSAWGSCSVSCGDGTHSRTRHITANPAYGGDSCPATVEHEKCVVPKQD    198
199 CVVSSWSSWGVCSQSCGSGSQTRTRHVTVNPAHCGSACPSLQDSRGCTGTQCPVN  253
254 CQVSSWSAWGSCSVSCGDGTHSRTRHITVNPAYGGDSCPATVEHGTCVVPKQD    306
307 CVVSSWSSWGVCSEACGPGSQNRSRVIIVATDHCGAACPPLQDSQGCTGIQCPVD  361
362 CQVSSWSDWSDCSVSCGEGTITRTREVKVYPEYGGKVCPHLHEKDECSISQQD    414
415 CEVSPWTLWSECSGSCSNATITRSREITTQSSGCGKACPSLSQTNSCIPSSCVKD  469
470 CVVGEWSDWTDCSESCGTGVELRYREITQVSEYGGDECPKLTEEKSCSVPQID    522
523 CEVSKWSTWGQCSTTCGPGIHQKTRTIVHESEGCGKSCPMLEETKPCKNLFCEAEC 578

c

C VWt NcM C VWt NcM
%$

#$
&$

'$

($

d

Ci-MACPF1   580 DETKIPNAEV VGEGLDVATL VKTVPL--LD NS---KNNGY CDTVYYK-DD DVTYQMPYNL ETF-LPVEHE ITSFEVKS-Q KSLAALLEDM 661   Hs-C6       183 KYNPIPSVQL MGNGFHFLAG EPRGEV--LD NS---FTGGI CKTVKSS-RT SNPYRVPANL ENVGFEVQTA EDDLKTDF-Y KDLTSLGHN- 264  Hs-Perforin  34 SHKFVPGAWL AGEGVDVTSL RRSGSFP-VD TQRFLRPDGT CTLCENALQE GTLQRLPLAL TNWRAQGSGC QRHVTRAK-V SSTEAVARDA 121  Hs-MPEG1     17 AKSGKPSGEM DEVGVQKCKN ALKLPV--LE VL----PGGG WDNLRNV-DM GRVMELTYSN CRTTEDGQYI IPDEIFTI-P QKQSNLEMN-  97  AvTX-60A     19 EALCSPIENT STSNKDNDKE TEHIEIS-AK PSG-ISRGAL GQGFEIHRED LLSKQFEATG EKIFEDLPMD ECTVTTTLGT IERDDSFYNS 106 TgPLP1      459 ATKTVPAINY LGAGYDHVRG NPVGDPSSMG DPG--IRPPV LRFTYAQNED GVSNDLT-VL QPLGGYVRQY VACRQSET-I SELSNLSDY- 543    Plu-MACPF    21 IRDRNYFRKL SLFDDTVIAG AEMIGTS-YD VFG--KYCNV GSCMNSLFDE RKINASEDNF KKVTILGKTL KVPYYIDC-- YSVGDLKYT- 104  
Ci-MACPF1   662 QENIQNKHEY AG-TSEQLPL IHEA---VPY ATAGNNSLIE KLILGSHDNE YKY-FSIRAV AIIAEFKLKD N-DLILNPEF KSSLDNLP-- 743    Hs-C6       265 -ENQQGSFSS QGGSSFSVPI FYSS---KRS ENINHNSAFK QAIQASHKKD SSF-IRIHKV MKVLNFTTKA K-DLHLSDVF LKALNHLP-- 346    Hs-Perforin 122 ARSIRNDWK- VGLDVTPKPT SNVH---VSV AGS-HSQAAN FAAQKTHQDQ YSF-STDTVE CRFYSFHV-V H-TPPLHPDF KRALGDLP-- 201    Hs-MPEG1     98 -SEILESWAN YQ-SSTSYSI NTEL---SLF SKVNGKFSTE FQRMKTLQVK DQA-ITTRVQ VRNLVYTVKI NPTLELSSGF RKELLDISD- 180AvTX-60A    107 TESLYQSVAS STKISGSLKG AYTLG--VSV AAVTNNIASS EEEVQGLSLN LKA-YSMSSI LKKNCVNTKP L-SKDLVSDF EALDSEIT-- 190 TgPLP1      544 QNELSVDASL QGGDPIGLNS FSASTGYRDF AKEVSKKDTR TYMLKNYCMR YEAGVAQSNH FKWNVTLAFA AGVSQLPDVF DAHNPEWACS 633  Plu-MACPF   105 -NASGESIES YQSNISSKSR IKGN---YLF FSASLKVDFD TDSLTDFENA FSR-IQYTYD LYILKSSAEA L-KEFLKESV KTALDKAD-- 186  
Ci-MACPF1   744 -VEYNEK--- MYMD------ ---ILNQYGT HYYTKGIIGG -KYEYIYEYS EAALDDSGLT DKEQRKCLEN EARIEF-LGE DASIRNIKCS 818  Hs-C6       347 -LEYNSA--- LYSR------ ---IFDDFGT HYFTSGSLGG -VYDLLYQFS SEELKNSGLT EEEAKHCVRI ETKKRV-LFA KKTKVEHRCT 421  Hs-Perforin 202 -HHFNASTQP AYLR------ ---LISNYGT HFIRAVELGG -RISALTALR TCELALEGLT DNEVEDCLTV EAQVNIGIHG SISAEAKACE 280  Hs-MPEG1    181 RLENNQTRMA TYLAEL---- ---LVLNYGT HVTTSVDAG- ---AAL--IQ EDHLRASFLQ DSQSSRS-AV TASAGLAFQN TVNFKFEENY 256AvTX-60A    191 -KPWKLSSWK KYKV------ ---LLEKYGS HIVKESISGS SIYQYVFAKS NQKFNHRSFT ---VKACVSL AGPKNA---S KVGFAG--CT 262 TgPLP1      634 AEQWRQDQNA EACTKTNVPI WISFIEQFGT HFLVRLFAGG ---KMTYQVT AKRSEVEKMR ----NMGIDV KTQLKMQLGG VSGGAGQGTS 716Plu-MACPF   187 -TEEDMN--- D--------- ---LFNTWGS HFLSGVVMGG ---CAQYSSS TNKYTSNLTN SFDVVAAASF AGFIGLSART GNSFMED-IK 256  
Ci-MACPF1   819 N--LGKSRT- LFTNAATSAV SFVSGGN-PV IAETLN-INS G-----AKKF VKWMNSIPSN PAILNYK-IS PISELVGPRV SHANVTRQNL 897  Hs-C6       422 TNKLSEKHEG SFIQGAEKSI SLIRGGR-SE YGAALA-WEK GSSGLEEKTF SEWLESVKEN PAVIDFE-LA PIVDLVR-NI PCAVTKRNNL 507  Hs-Perforin 281 EKKKKHKMTA SFHQTYRERH SEVVGGHHTS INDLLFGIQA G-----PEQY SAWVNSLPGS PGLVDYT-LE PLHVLLD--- -SQDPRREAL 360 Hs-MPEG1    257 T--SQNVLTK SYLSNRTNSR VQSIGGV--- ---PFY---P G------ITL QAWQQGITNH LVAIDRS-GL PLHFFIN--- --PNMLPD-L 322AvTX-60A    263 G-VSQQEIEQ SSSQSMIKKL -VVRGGK-TE TRASLIG-EL D-----PDQI NKFLIEAETD PSPIQYK-FE PIWTILKNR- -YVGTEHFAK 340  TgPLP1      717 S---KKNQSS SEYQMNVQKE TLVIGGR--- --PPGN--VS D-----PAAL AAWADTVEEL PMPVKFE-VQ PLYHLLP--- ---VEKQEAF 784 Plu-MACPF   257 KFRSASNIKT HAIGGDLSRF DPF-GGATSA DQPSAEEIAA A-----KKAF EDWKASVPNA PELVNFADSN PLTGIWELC- -SDRTQKAKL 338  
Ci-MACPF1   898 EMALLHYMQE YN                                                                                      909Hs-C6       508 RKALQEYAAK FD                                                                                      519Hs-Perforin 361 RRALSQYLTD RA                                                                                      372Hs-MPEG1    323 PGPLVKKVSK TV                                                                                      334AvTX-60A    341 AVNLEQFYKG FL                                                                                      352TgPLP1      785 KQAVTFYSKS VG                                                                                      796Plu-MACPF   339 KKHFETVWAP AE                                                                                      350

D1
D2

D4
D`D3

Ci-GFM1      1 MKTQFVFMGC LVLASITQGI SESQNEQRNK RNIGELDIPD SLLSIQHQSQ SQVSVSCDPP CANGACVGEN QCKCEEGYSG PACNEFECTE   90
Ci-GFM1     91 SCGHGKCVAP NTCECNTGWG GESCHTATCD DECLNGGSCS APNTCTCLKG WSGDNCGSAV CDVKCANGGT CDSPNVCLCK QGYQGTLCQI  180
Ci-GFM1    181 AQQPGCKFPF EYNGELYMTC TTVDATDGQP WCSTTTAFEG DKKICDFTSM CSAADQKLEI PGECGKFYEC ADDMTVSVVP CPAGTVFNAL  270
  
Ci-GFM1    271 VGGCDTADNV PMCKDDASQG PTKGEDSTTV PAPTHSSNVC SYWEKENFYT FDGALFASSG RCNYQLVSDC VG--NTFDIS LSFTSG----  354 
Hs-MUC2     25                   TEG RTR------- ---YHGRNVC STWGNFHYKT FDGDVFRFPG LCDYNFASDC RGSYKEFAVH LKRGPGQAEA   87 
Hs-VWF      23                   AEG TRG------- ---RSSTARC SLFGSDFVNT FDGSMYSFAG YCSYLLAGGC QK--RSFSII GDFQNG----   79

Ci-GFM1    355 --GNPSLKLT SQTGVSVVVT GGKAYNEGEE -IAIPSLSNG FSLYKLPNTD YTIINSSA-G FAVAWSGNDN FFIAVHNKNL VGHLCGLCGN  440 
Hs-MUC2     88 PAGVESILLT IKDDT-IYLT RHLAVLNGAV -VSTPHYSPG LLIEK--SDA YTKVYSRA-G LTLMWNREDA LMLELDTK-F RNHTCGLCGD  171 
Hs-VWF      80 --KRVSLSVY LGEFFDIHLF VNGTVTQGDQ RVSMPYASKG LYLET--EAG YYKLSGEAYG FVARIDGSGN FQVLLSDR-Y FNKTCGLCGN  164 
 
Ci-GFM1    441 FNGFTVDDMV PKYGETPTTN VETLMDSWLL ASGEECTTG- -TSTDYCGLL TTQQLSDIAK VCAEVVTGLS FTSCN--VPT SVLEETCVRD  526
Hs-MUC2    172 YNG------L QSYSEFLSDG V--LFSPLEF GNMQKINQPD VVCEDPEEEV APASCSEHRA ECERLLTAEA FADCQDLVPL EPYLRACQQD  253
Hs-VWF     165 FNIFAEDDFM TQEGTLTSDP YD-FANSWAL SSGEQWCERA SPPSSSCNIS SGEMQKGLWE QCQLLKSTSV FARCHPLVDP EPFVALCEKT  253

Ci-GFM1    527 LCQCEGDYKD CLCASATHYS KLCVATGANV KEWRTDKFCP KSCPNGMVYS ECGTACPRTC KNKGLMHMCA SLCVDGCFCP AGTILD-VG-  614 
Hs-MUC2    254 RCRCPGG-DT CVCSTVAEFS RQCSHAGGRP GNWRTATLCP KTCPGNLVYL ESGSPCMDTC SHLEVSSLCE EHRMDGCFCP EGTVYDDIGD  342 
Hs-VWF     254 LCECAGG-LE CACPALLEYA RTCAQEGMVL YGWTDHSACS PVCPAGMEYR QCVSPCARTC QSLHINEMCQ ERCVDGCSCP EGQLLD-EG-  340 

Ci-GFM1    615 -GCVAEEECS CSHLGEVYSS GQKRTEDCRE CTCNGGSWSC TDLMCAGECS ATGDPHYQTF DGSSYSFNGD CRYVLATDSC GSGSNYTFAV  703
Hs-MUC2    343 SGCVPVSQCH CRLHGHLYTP GQEITNDCEQ CVCNAGRWVC KDLPCPGTCA LEGGSHITTF DGKTYTFHGD CYYVLAKG-- --DHNDSYAL  428
Hs-VWF     341 -LCVESTECP CVHSGKRYPP GTSLSRDCNT CICRNSQWIC SNEECPGECL VTGQSHFKSF DNRYFTFSGI CQYLLARD-- --CQDHSFSI  425

Ci-GFM1    704 VVENVKCEAS DSGSCTKSAT IVIKNALKET KYKLKQEGVV GVDENDVTLP YTHGDISIMR LSS--MMVQV KTSNGIEVDW DGEMRLYIRL  791 
Hs-MUC2    429 LGELAPCGST DKQTCLK--T VVLLADKKKN AVVFKSDGSV LLNQLQVNLP HVTASFSVFR PSSYHIMVSM AIGVRLQVQL APVMQLFVTL  516
Hs-VWF     426 VIETVQCADD RDAVCTRSVT VRLPG-LHNS LVKLKHGAGV AMDGQDVQLP LLKGDLRIQH TVT--ASVRL SYGEDLQMDW DGRGRLLVKL  512 

Ci-GFM1    792 DSLWRNRVCG LCGNFNGKAT DDMKTPQSIV ETNPASFGNS WKVSSEC-AA VPSIPESCSA NQEKIEEANQ LCDVIKS--D VFKPCHQVVD  878
Hs-MUC2    517 DQASQGQVQG LCGNFNGLEG DDFKTASGLV EATGAGFANT WKAQSTCHDK LDWLDDPCSL NIESANYAEH WCSLLKKTET PFGRCHSAVD  606
Hs-VWF     513 SPVYAGKTCG LCGNYNGNQG DDFLTPSGLA EPRVEDFGNA WKLHGDCQDL QKQHSDPCAL NPRMTRFSEE ACAVLTS--P TFEACHRAVS  600

Ci-GFM1    879 YELHYSMCRS DVCGCSG-DN CMCSSLSDYA RKCVERGVVI Q-WRS---NT TCGVTCESGL EYRECGGDCV SKCSTLG--G IMCDRMCHP-  960 
Hs-MUC2    607 PAEYYKRCKY DTCNCQNNED CLCAALSSYA RACTAKGVML WGWREHVCNK DVG-SCPNSQ VFLYNLTTCQ QTCRSLSEAD SHCLEGFAPV  695 
Hs-VWF     601 PLPYLRNCRY DVCSCSDGRE CLCGALASYA AACAGRGVRV A-WRE---PG RCELNCPKGQ VYLQCGTPCN LTCRSLSYPD EECNEACLE-  685 

Ci-GFM1    961 -GCYCPQNLY LNDDGTCVEM EKCGCIYQGV KYTAGEAMET SSTVCECKDG LMTCHD---- ---------- ------KQEA PSCEEPLVYI 1029
Hs-MUC2    696 DGCGCPDHTF LDEKGRCVPL AKCSCYHRGL YLEAGDVVVR QEERCVCRDG RLHCRQI--- ---------- ------RLIG QSCTAPKIHM  766
Hs-VWF     686 -GCFCPPGLY MDERGDCVPK AQCPCYYDGE IFQPEDIFSD HHTMCYCEDG FMHCTMSGVP GSLLPDAVLS SPLSHRSKRS LSCRPPMVKL  774

Ci-GFM1   1030 DCVSSSGTAC QD----TCQS KKTFCMAESC VAGCGCPEGT IKDENTNTCV KPDQCSCTHN GQVYEPNSVM SPDSCNDCTC VEGGWSCTEM 1115
Hs-MUC2    767 DCSNLTALAT SKPRALSCQT LAAGYYHTEC VSGCVCPDG- LMDDGRGGCV VEKECPCVHN NDLYSSGAKI KVD-CNTCTC KRGRWVCTQA  854 
Hs-VWF     775 VCPADNLRAE GLECTKTCQN YDLECMSMGC VSGCLCPPGM VRHENR--CV ALERCPCFHQ GKEYAPGETV KIG-CNTCVC QDRKWNCTDH  861 

Ci-GFM1   1116 ACPAECSAVG DPHFTSFDGL RYNFQGACSY VMSQDFCNNK T--GGFRVIV ENIPCGNNGV TCTKSVTVHL YNVVIKLTKG DGEPVVSESV 1203
Hs-MUC2    855 VCHGTCSIYG SGHYITFDGK YYDFDGHCSY VAVQDYCGQN SSLGSFSIIT ENVPCGTTGV TCSKAIKIFM GRTELKLE-- DKHRVVIQ-R  941
Hs-VWF     862 VCDATCSTIG MAHYLTFDGL KYLFPGECQY VLVQDYCGSN P--GTFRILV GNKGCSHPSV KCKKRVTILV EGGEIELF-- DGEVNVKRPM  947

Ci-GFM1   1204 SIGSPAPPSG FQYNIRKGSI YYIVETNNGL SVLWNKENAA KVQLQPNYMG QVCGLCGNYD GDTGNDFQTR DGDIAVNPND FGNDWKTDDT 1293 
Hs-MUC2    942 DEG-----HH VAYTTREVGQ YLVVESSTGI IVIWDKRTTV FIKLAPSYKG TVCGLCGNFD HRSNNDFTTR DHMVVSSELD FGNSWKEAPT 1026 
Hs-VWF     948 K-------DE THFEVVESGR YIILLLGKAL SVVWDRHLSI SVVLKQTYQE KVCGLCGNFD GIQNNDLTSS NLQVEEDPVD FGNSWKVSSQ 1030

Ci-GFM1   1294 CPDG-----T RDPNPCLESP ERAPWAEKKC AIINSEVFAE CHAKVDPTHY YDNCMYDTCG CNFGGDCECF CTAVAVYAQE CAAAGVCINW 1378 
Hs-MUC2   1027 CPDV-----S TNPEPCSLNP HRRSWAEKQC SILKSSVFSI CHSKVDPKPF YEACVHDSCS CDTGGDCECF CSAVASYAQE CTKEGACVFW 1111 
Hs-VWF    1031 CADTRKVPLD SSPATCHNNI MKQTMVDSSC RILTSDVFQD CNKLVDPEPY LDVCIYDTCS CESIGDCACF CDTIAAYAHV CAQHGKVVTW 1120

Ci-GFM1   1379 RNNEVCPVMC EVFNPGFGSS YDNETCEWKY NACGNPCPPT CDNPN--PTN CPWGSLEGCY VSC-KDDEVW DEIKNKCIPK SECPVVTTTT 1465
Hs-MUC2   1112 RTPDLCPIFC DYYNP----- --PHECEWHY EPCGNRSFET CRTINGIHSN ISVSYLEGCY PRCPKDRPIY EEDLKKCVTA DKC        1187 
Hs-VWF    1121 RTATLCPQSC EERNLR---- ENGYECEWRY NSCAPACQVT CQHPE--PLA CPVQCVEGCH AHC-PPGKIL DELLQTCVDP EDC        1196

Ci-GFM1   1466 PVITTTTTEK TTTTTEVTTT TPEPEIITTT PEVTHPDEEI TTTTPKWCNC VDSDGIAHSP GETWPLRNDE SLCVDLTCVE EAPGVCKTES 1555 
Hs-MUC2   4199                                              THTSTAP-- IAELTTSNPP PESSTPQTSR ---STSSPLT ESTTLLSTLP 4242
Hs-VWF    1873                                              SGFVRIC-- MDEDGNEKRP GDVWTLP-DQ --CHTVTCQP DGQTLLKSHR 1916

 

Ci-GFM1   1556 VDTTVKCTAE NKPTCLNGFP AVAVTDGCSC QWECQCYCFG QGDPHFFTFD GKYYPFQGNC TFVLSRDMNE HHSNHPHDYE IWMENEACPE 1645 
Hs-MUC2   4243 PA------IE MTSTAPPSTP TAPTTTSGGH TLS-PPPSTT TSPPGTPT-R G---TTTGSS SAPTPS---- --TVQTTTTS AWTPTP--TP 4313 
Hs-VWF    1917 VN----CDRG LRPSCPNSQS PVKVEETCGC RWTCPCVCTG SSTRHIVTFD GQNFKLTGSC SYVLFQ---- ---NKEQDLE VILHNGACSP 1995

Ci-GFM1   1646 APETTCTRKM TIRYGPTHVV LYKNYTFTVN GGNLKHRAQM PYTFGDIRIE LRGFNLFYVT IPDLGITLTY TGLDYSWSLI VPYSVYFNKT 1735
Hs-MUC2   4314 LSTPSIIRTT GLRPYPSSVL ICCVLNDTYY AP---GEEVY NGTYGDTCYF VNCSLSCTLE FYNWSCPSTP SPTPTPSKST PTPSKPSSTP 4400
Hs-VWF    1996 GARQGCMKSI EVKHSALSVE LHSDMEVTVN G----RLVSV PYVGGNMEVN VYGAIMHEVR FNHLGHIFTF TPQNNEFQLQ LSPKTFASKT 2081

Ci-GFM1   1736 EGLCGVCNND QGDDFTTRKG TVVKDIEIFG ESWLVYNESK HCFKEDNKTC F-PAAPECDV ITSDVFKDCH ALVDPEVYLK ICRFDTAQCG 1824 
Hs-MUC2   4401 SKPTPGTKPP ECPDFDPPR- -QENETWWLC DCFMATCKYN NTVEIVKVEC EPPPMPTCSN GLQPVRVE-- ---DPDGCCW HWECDCY-CT 4482 
Hs-VWF    2082 YGLCGICDEN GANDFMLRDG TVTTDWKTLV QEWTVQRPGQ TCQPILEEQC LVPDSSHCQV LLLPLFAECH KVLAPATFYA ICQQDS--CH 2169 

Ci-GFM1   1825 NYSYCEALYG YARICQHAGV CVDWRTDSIC PMECGDDEIY M---ACQPNC EQTCDNFISG EQCASEEVVE GCFCPPGTVL DGGECVAEET 1911 
Hs-MUC2   4483 GWGDPHYVTF DGLYYSYQGN CTYVLVEEIS P-SVDNFGVY IDNYHCDPND KVSCPRTLIV RHETQEVLIK TVHMMPMQVQ VQ---VNRQA 4568
Hs-VWF    2170 QEQVCEVIAS YAHLCRTNGV CVDWRTPDFC AMSCPPSLVY N---HCEHGC PRHCDGNVSS --CG-DHPSE GCFCPPDKVM LEGSCVPEEA 2253

Ci-GFM1   1912 CTDCVDADGN IFGYGESWVS ENASCTICSC MEGQNVVCTN KPCSPGWTDA VPSCHSCFVP ELERGSDPCC PTYKCVCNYE LGKGDDECDV 2001
Ci-GFM1   2002 VTIPTCDPGY IPVQTNPGKC IPSYECTCNA SRNPCPVPPT CGELEHLVST DGECCPTYKC VCNKCPDNGP SCGVCQNTLT TVDKCDCKHY 2091
Ci-GFM1   2092 TCENKGVCNI NGTEKLPGDS WNTDPCTTCT CHETSVDNDG CYNVGCVVMS CSTYCPPCST YTPVAGQCCG MCVQTACSVA DENNSTQCKP 2181
Ci-GFM1   2182 IGDHWQDLDK CISSICVANP NGHTTVTTAP ITCPPVAMPT CTPCYKIATY TEDCCEKYHC IPDDVCCLSG PAIKLPGETW EPDACNECQY 2271
Ci-GFM1   2272 TNNMNHTSGF HVVDCSPKPC PPFDIDDCVS HGGQSALSDD GCCMHCVANV CVDAKNQTHS FGENWYPDVC TICSCVAGHE IVCNPVTCPP 2361
Ci-GFM1   2362 SKQAPMNCAP CEVPLRRLSS DPCCPQYDCV CNYELIKGEP NCDAVPVPKC PPGYVASQTN VGQCIPDYDC FCNKSRNPCP EAPECPELHE 2451
Ci-GFM1   2452 LVTTETECCP LYGCVCKKCN EAPTSYSPCQ DAITTIDACG CRHVTCQSKN ICYVDDVAHL PGDIWNPDVC TQCVCQSDVT NPDTACHVES 2541
Ci-GFM1   2542 CFAQSCDPTC PPCHDYVVGA GECCGTCVQR ACQVAGANGT VECKNVGDNW WYESTCEQYM CTTDNDGNIG IVEVAYACPV PEVPTCSSCY 2631
Ci-GFM1   2632 KLESYVEGCC SKLRCVQENV CCADGMGKLP GSTWAPDACH LCQCTEDKDL DTGFLAEQCY HNPCPPFDSD ACVANGGTVI SSDDGCCLKC 2721

Ci-GFM1   2722 QETECFECDK RMSTKPEYML VDGCASNEPV SLSYCDGFCR GHYFWT-D-H GAENDCSCCN PTSTATRVVS MKCKNGTEVQ YSFTDVLSCG 2809
Hs-MUC2   5072    RVP-CST -VPVTTE-VS YAGCTKT--V LMNHCSGSCG TFVMYSAKAQ ALDHSCSCCK EEKTSQREVV LSCPNGGSLT HTYTHIESCQ 5153
Hs-VWF    2720    EEPECND -ITARLQYVK VGSCKSEVEV DIHYCQGKCA SKAMYSIDIN DVQDQCSCCS PTRTEPMQVA LHCTNGSVVY HEVLNAMECK 2805

Ci-GFM1   2810 CTAT-CTPNP PTVTPAPETP APTTTAPEAP VPTTTVPVKP TPTTEETGSG ETTVPEAPVT TTTVPVKPTP NN                    2880
Hs-MUC2   5154 CQDTVCGL                                                                                           5161
Hs-VWF    2806 CSPRKCSK                                                                                           2813
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Supplementary Figure 5. Protein components of Ciona barrier membranes. (a) Domain 

structure of Ci-MACPF1. MACPF domains (yellow) are essential for cytolytic activities in 

different biological contexts14. Hs-C6, human complement factor 6; Hs-Perforin, human 

perforin; Hs-MPEG1, the common ancestor of C6 and perforin; AvTX-60A, a nematocyst 

toxin of the sea anemone Actineria villosa; TgPLP1, an egression and virulence factor of the 

apicomplexan malaria pathogen Toxoplasma gondii and Plu-MACPF, a bacterial MACPF of 

Photorhabdus luminescens. SP, signal peptide; TSR, thrombospondin type 1 repeats (cyan); 

EGF, epidermal growth factor-like domain (magenta); CCP, complement control protein 

domain; FIM, factor I/membrane attack complex domain; C2, Ca2+ dependent membrane-

targeting domain and MABP, multi-vesicular body 12-associated beta-prism domain. (b) 

Alignment of 10 TSRs of Ci-MACPF1. TSRs form three-stranded folds stabilized by inter-

strand interactions15. Lines below sequences denote predicted interactions between conserved 

residues (cyan) and cysteines (magenta). The predicted disulfide bonds follow the pattern of 

TSR subgroup 2, which binds to extracellular glycosaminoglycans. (c) Alignment of MACPF 

domains. Sequence ID follows a. Conserved residues for all or animal sequences are 

highlighted in red or yellow, respectively. Despite this low level of similarity, a common 

folding pattern and conformational changes underlying cytolytic functions are conserved 

between the human and bacterial sequences14. Blue regions correspond to clusters of helices 

in Hs-C6 that insert into the cellular lipid bilayer. (d) Heterologous expression of VCBP-C in 

E. coli (left panel, silver stain; right panel, Western blot). Wt, !C, !V and Nc (negative 

control) consist of two lanes: left, cell lysate and right, purified protein. M, marker. (e) 

Conservation of cysteine residues in Ci-GFM1, human MUC2 (Hs-MUC2) and human VWF 

(Hs-VWF). Alignments are made for D1 (cyan), D2 (yellow), D`D3 (magenta), D4 (green) 

and CK (blue) with corresponding regions of Hs-MUC2 and Hs-VWF. Domains in each 

assembly are boxed. Cysteines are highlighted in red. Of the 157 cysteines of Ci-GFM1 in the 

aligned regions, 151 are conserved with at least one of the human sequences. The 5 cysteines 

that form intermolecular disulfide bonds in Hs-MUC2 and Hs-VWF are conserved in Ci-

GFM1 (highlighted in yellow). 
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a BRAFL68947    1 MATRRRNAKD IELTLEKRGE DYKKKVEAVK TKEKAPPKWP GACKLLLSIV LFLVIISCLG FGKVSVISIT QCLAQARFEN RTYTPPSHNI   90
BRAFL118918     ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------  
Om-CHS1       1 -------MED LRERGKKREG RHRDTWDPFQ LNPAGAEKEE KRRCFQLAQH LVAVLVG-LA VLAAAVVAKG SLLVLSTLS- ---SPMSR--   76

BRAFL68947   91 TIVQSCEDEQ PEPIINMILL ILMVPYGITL LRCLWVTGCR GVYPWPTWTA IGVGLLASTA EVFALGLFML EALTTVKSAL GILLMNSIYA  180 
BRAFL118918     ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------       
Om-CHS1      77 ---RSPKEKQ --FYMLMLMF CLVFPNFLVF LKSLWRCSFK SFVP-PKMKI MGFICLIEVL VSLGTSVLVL VVMPQFDVLT NLFISGGVCI  160 

BRAFL68947  181 MQIFFQLVYE CYKFVRPHKT GERPPSWKKL LTFLLADCLG IAAFVTIVYF SSMEGNDPDG WWKV-PLCVL LISTAWSPVI QKLQTRTRNS  269
BRAFL118918     ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------    
Om-CHS1     161 VSAIMQIIFR ----LQRDNW KIVFPICSLI LTSIGYCMLG IDYYVRVTSY VDRQGSDCYI YVALGIFSSL LVSLCWWENS LQATNRMQDT  246

BRAFL68947  270 GTKDAESSRI NTKEQHPNED EDDVMDISKR KDGRLTSSLI TSFWKLLLTP AVVT-LYVWL YQIFWLPGYN SVFLEQWLML SRKTKHSNRK  358 
BRAFL118918     ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------       
Om-CHS1     247 LS-QLDGFRD FVFVISSILR ILVIGAVYLI YHKLIAKTIL WDNFVLRDGE LLKTGLVLFF LQAFCSAACH WFGVVACKIH SVRMSFALPL  335

BRAFL68947  359 QFVRRAKTIR NACVYVCSTM YHESEEEMEQ LLISLRGIAN DLQDEANRHF ESHIFFDGGC KQGQPSRWAL QLMALIDKT- MCPP-GEVT-  445
BRAFL118918   1 ---------- ---------- ---------- ---------- ---------- --------MA STG-PHR--- ---ARLN--- -SPY-GWTA-   19
Om-CHS1     336 CCTGPAMLLL GIVLFFTLGW KLDNGTKSES -IIEFCDKLL YLN-TKNTSV VLLELTRSMC RTSLNSHYFQ WPFSMLALEG VCMWSGFVTC  423

BRAFL68947  446 IFNGL--SCE KWETPYGLQF CWTVGARKMS FNVHLKDNSK VRAKKRWSQV MYMSYVLDYL AN--YNPLGM SSGAILDDDI EASSPKKSTS  531
BRAFL118918  20 SFD----DSQ ----PY-IQV --DLGETKMV TGVVTQGKP- --GEDQWVR- ---SYTIQYQ --------GQ DVGSI----- ---S-RLGTT   74
Om-CHS1     424 TYYVWKIKVQ RIERTSQLFV RRLYESAFID LSLLLNTKMK VPKAKTQESH DEMQKCVIYL CATMWHETYD EMLKILTSMF RLDRYRGDPK  513

BRAFL68947  532 -TFERSGPHR ARLNGSSCWT AEEDGLQYIE GHPHADEWVK SFEIRYLDKS TARSGATTAL GDGA-WRRYG EGPDGDVKTF NITPTSGNDA  619
BRAFL118918  75 -SVK------ --------WD TYSEG---VD GEP-TTKWWR S-----LN-- -------TII -----FKVFT GNSDSD---- --TP------  114
Om-CHS1     514 EEHKDCFDFE CHILMDDAFM TDDDTNKRLV NTY-VNDLIH VVIEVYRVFT NKEPDDVSII ETPYGGRLMF VLPEGNMLYV HLKDKLLIR-  601

BRAFL68947  620 VRVLLEEPIE TRYLR----- IY------PL QS--NGSCSM RFE----ILG HHIADN---- L--ENTYLLV TDADVKFTPE AAKALLDITA  686
BRAFL118918 115 VKHYLKKPIC TRYLK----- IC------PT PGDWHNACSM RLE----ILG YNPEDK---- L--DNTYLLV TDADVKFNPD AAKALLDITA  183
Om-CHS1     602 NKKRWSQIMY MYYLLGWKGY IVKNPSKIPQ LNNFSRASLV SLDSETFVLP QYDNDNKRKF ISDDNTYILA LDGDTDFHPK AVILLVDRLR  691
BRAFL68947  687 RDPAVGAVCA RTHPMGSGAV AWYQIFDYAI GHWLNKAANN VLGTVLCCPG CFSVYRAKAV RDG--LAEYS THVTKANEFL VKDMGEDRWF  774
BRAFL118918 184 RDPAVGAVCA RTHPLGTGAV AWYQIFDYAI GHWLNKCANN VLGTVLCCPG CFSVYRAKAV KNT--LPTYC THVTKANEFL IKDMGEDRWL  271
Om-CHS1     692 MYDNVGAACG RIHPTGMGPM VWYQKFEYAV GHWLQKTAEH VFGSVLCSPG CFSLFRGSAL MDDHILKRYS TTAQRAQEYV QYDQGEDRWL  781
BRAFL68947  775 CTLLVESGWK LEYSAVSEDS TFCPETFDEF FKQRRRWLPS TVANLVLVIQ KWKTLVTKNS NISRLFILYQ LLLLLSTLIG PGTCMLLISG  864
BRAFL118918 272 CTLM------ ---------- -----TFDEF FKQRRRWLPS TVANLVLMIQ KWQTMVKNNN NISRLFILYQ LLLLFSTLIG PGTCCLLVSG  340
Om-CHS1     782 CTLLLQQGWR VEYNAASDAY TNSPQEFEEF YNQRRRWGPS TLANTLDLLH SGPETVKRNE SISRIYVFYQ MFTVGSSILG PASVTLMIAS  871
BRAFL68947  865 GMAVAYGVDP VISMVLLVLT SVAFALLCLK TNQNVQLQIA KILTFAFAVV MAAVTVGTAT DIAKGLSNP- --ASSNSTGG -DVVLLPIPI  950
BRAFL118918 341 GLNYAYGVSV TVSMVLLVLT SVAYAMICLY TSQNFQLQMA QVLTFVFAIV MAAVTVGTAR EVVEGLSGPP PLPTDAPTPD PDALVLPVPV  430
Om-CHS1     872 AFQFVFRLTG TLSIIVACVP PVFYILICFL TKSNTQITIA GIMSVLYAFL MTASFFSIIG DMVIQ----- ---------- -QTFLTP---  942

BRAFL68947  951 STLYFFLIIG IFIVTALLHP TEFFCLFHGI WYLFCLPSGY LLLTIYSICN LNDRSW-AEE PATE------ -E-------- -R------P- 1016
BRAFL118918 431 STIYFLTIIA IFIVTALLHP TEFFCLIHGI WYLFCLPSGY LLLTIYSICN LNDRSWGTRE GKTVGSGKSW TEIWWSFVDA MRRCCNCGPT  520
Om-CHS1     943 TGLFLISMAI MYLITALLHP EEFFLIIYGL MYFICIPSGY LLLTIYSLVN MNNVSWGTRE TNKGGVE--- -QKKLHNLLC DKTCRCCCWD 1028

BRAFL68947 1017 ---QSPPALP PKTLPPLPPK RR---RKVTF DPNDS---LP DEP----VMG AVARRT--MT QKRWFRRRNK ESLARRASRK HSNWRMSYQD 1091
BRAFL118918 521 QEVEDQNAEE IQSEPPTPTQ AKPPPTPLVE DPAEEEEEAA DKPKRKKGFG AVAFSIGQLG RKGWFKPRTG QSMARRATRK QSAWRRSLLD  610
Om-CHS1    1029 MKIQVTQETE RLIFQQLAGQ IT---QHIPV NAITQ----N ETP----LHP ALMLEP--HT RQDTKKEEAK EEVERPLVDD LRKNAAKSSD 1105

BRAFL68947 1092 TDRVGVEMWL PDKMREKYAQ KFLDHGYDDT SFIAGMKESD LEFIGVDKMH RPEILRQIDK LSEYAIDVKV PDTVEEWLDQ IGLEQYNDKF 1181
BRAFL118918 611 TDKLSTAMWL PAEFKDRYLN SFLQHGYDDT TFIAGMSDGD LEFIGVTKIH RPALLREIDK LSEYQIDIKV PETVEEWLDM IGLEKYNDKF  700
Om-CHS1    1106 LGSSSSDDGA ENKSMSSSDE EDSDHDHDDD YMIR-----E AEIPAADWVH -PVKEEFLKK LTYFNMKRNL QEQIRYALRN KDYDEVCEDL 1189

BRAFL68947 1182 VYDAYDVASL VNLEEQQIRE NLGIVKTAHV KRMLVAISHL RHPSETDEMI DRVKKVISDN VKSRRMQDLD EEHVKYREYK FWNRVRDAAL 1271
BRAFL118918 701 VYEGYDVTSL VNIEEQQIRE NLGINKAAHV KRMLIALSKL RHPSELDERI DKVKKVVS-K LTTQKMENVS QDHVRYRENR FWAKLRNKCI  789
Om-CHS1    1190 VLM---LTDT LNVELNSVGP E-DVLSDYQL EELQLALNRQ ARQTLKTNRM EKLEKRVK-L AIEKTLAAPQ VQKLEENEND FWNKLIERYL 1274

BRAFL68947 1272 KQDYGVFNNN VGLKEQLVEL RNSWLIVLFV SNALWLTLIL TLASQAN--L QLKRSNIFSS ---SNKVLDT NPLGLVFLVV FGFILIIQFL 1356
BRAFL118918 790 KQDYGVFSQN VGLKEQLEEL RNSWLIILAV SNALWLTLIL TLAQQAN--L QL-------- -------LGT NPLGLVFLSV FGCIIVIQFL  862
Om-CHS1    1275 KPITHSKEHQ EEVNRELKSL RNKAVFLYFI INVLWVVATF FLQAIGNDVI SIKIPKYYPN GTKSDEFLKV EPLTLMFLLS FAVLLIVQFL 1364

BRAFL68947 1357 AMLVHRAWTV VHMLARIRNL WEKLDTEDTV GQKG-GQAG- T-TSRIPDAM PATSRRGFDD AIYQNEAFEG DGENPPVYES VSSF       1437
BRAFL118918 863 AMLVHRVWSL MHLLARVKYP WQRWEDDVTV PTPDPGADGQ TKTSDVKAKM -MTINETAEE EVYDNPMVET DDQ--PVYDD PNTL        943
Om-CHS1    1365 AMLYHRVYTL IHVVS-YRSS EKNYKEKE-- -EEDTGDGHF IMENPAHNEI FLTTEDL--- ---------- ---------- ----       1417
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Supplementary Figure 6. Intestinal chitin synthesis in the lancelet, B. floridae, and the 

ray-finned fish, O. mossambicus. (a) Alignments of putative chitin synthases of B. floridae, 

BRAFLDRAFT_68947 and BRAFLDRAFT_118918, and of O. mossambicus, Om-CHS1. 

Cyan, yellow and magenta denotes transmembrane, chitin synthase and sterile_alpha_motif 

domains, respectively. Motif sequences of chitin synthases are typed in red. (b-c) In situ 

hybridized cross-sections of B. floridae showing chitin synthase expression in the hepatic 

cecum (HeC) and the intestine (In). (d) Toluidine blue-stained cross-section of B. floridae 

showing an axenic space (double-headed arrow) between the gut epithelium and the barrier 

membrane that encloses ingested microbes (Mi). Bacterial breaches are observed in the right 

half of the axenic space. (e) A TEM image of bacterial breach. An arrow indicates microbes 

outside a barrier membrane (*). (f) An SEM image showing microbial attachments to the 

outer surface of the barrier membrane (arrows). (g-h) Gastrointestinal tract of O. 

mossambicus (g, coiled form; h, extended form). St, stomach; HeL, hepatic loop; PMC, 

proximal major coil; GaL, gastric loop; DMC, distal major coil; TeS, terminal segment; Re, 

rectum. An arrow denotes the cardia. (i) In situ hybridized sagittal section showing expression 

of Om-CHS1 in the epithelium of intestine (In). Stomach is demarcated with dots. Es, 

esophagus. (j) Enlargement of the boxed area in i. (k-p) In situ hybridized cross-sections (k, 

HeL; l, PMC; m, GaL; n, DMC; o, TeS; p, PMC with sense probe). (q) RT-PCR of Om-

CHS1. This composite figure shows the results of RT-PCR for Om-CHS1 and 18S rRNA, 

together with gel separation profiles and RINe values of RNA samples. Br, brain; Gi, gill; He, 

heart; Li, liver; Ki, kidney; Mu, muscle; Sk, skin. (r) Alcian blue-stained cross-section of 

PMC. The villus epithelium (Ep) is covered with a mucus layer (double-headed arrow), as in 

DMC. Asterisk denotes a barrier membrane. (s-t) CBD&DAPI-stained cross-sections of PMC 

(s, Phase-contrast; t, fluorescent). A chitinous membrane (green) separates digesta microbes 

(blue) from the mucus layer (double-headed arrows), as in DMC. Di, digesta. Scale bars (b-

d,j-p,r-t), 100 µm; (e,f), 5 µm; (g,h), 1 cm; and (i), 1 mm. 

 

 

 

 

 

 

 



 

Supplementary Table 1. Protein components of the surface matrix of chitinous barrier 

membrane of C. intestinalis Type A. This table summarizes the results of LC-MS-MS 

proteomic analysis of Ciona barrier membranes. The list is sorted with normalized protein 

scores. Details of the top three proteins are shown in Figure 3 and Supplementary Figure 5. 

This list contains 4 MACPFs and 2 VCBPs. 



 

 

Supplementary Table 2. Bacterial composition of the gut microbiota of O. mossambicus. 

This table summarizes the results of a 16S rRNA gene analysis at the level of bacterial 

divisions, orders and genera. Items are sorted by dominance following the order of aquarium 

water, food, stomach, anterior intestine (hepatic loop) and posterior intestine (distal major 

coil). Coloring correspond to Figure 6c: White, gammaproteobacteria; gray, 

alphaproteobacteria; green, betaproteobacteria; red, fusobacteria; blue, bacteroidetes; and 

yellow, verrucomicrobia. 

 



 

Primer name Sequence 

16SrRNA_27f agagtttgatcctggctcag 

16SrRNA_1491r ggttaccttgttacgactt 

16SrRNA_907r ccgtcaattcctttragttt 

Chs_Sep02fw1 atgtatttcagtgacagaaatg 

Chs_Sep02fw2 gatggatgcaaagcttacag 

Chs_Sep02fw3 ctctactacctatgtgtgcc 

Chs_Sep02rv3 ggcacacataggtagtagag 

Chs_Sep02rv2 aagacgctgcaaaatggg 

Chs_Sep02rv1 cactggttgaaaacgcgtaag 

Chs-v2_5R1 tgcccgccactgcaacctgcgtatc 

Chs-v2_5R2 ttccacaagcagctccaacatccggatt 

Chs-v2_3R1 agtcaggcaaaagcaagg 

Chs-v2_3R2 ccgaatgtcgaaacgaagtc 

Chs_3Race_Apr04 atggggaccttccacaatggcaaa 

Chs_5Race_Apr04 ccctggacaatcataacaacagttgcgg 

Chs5R_Sep14_01 acaacagttgcgggaccaag 

Chs5R_Sep14_02 ctgtaagctttgcatccatc 

Chs5R_Sep14_03 ccattgtggaaggtccccatc 

Chs5Utr1_T2-1_R_392-412 ccctaactccagagtcctatg 

Chs5Utr2_T2-1_R_411-431 tggtgtacctggtcataagac 

Chs5Utr3_Kgr05.134.3.1_313-331 agagtcctatggtgtacct 

Chs5Utr4_Kgr05.134.3.1_407-426 aactttagggtttgctctgt 

Chs3Utr1_T2-2_gwR_326-345 acgcataaatgacacctacc 

Chs3Utr2_T2-2_gwR_344-364 cctacattgatgtatgggcgt 

Chs3Utr3_T2-2_gwR_435-455 aagtgcgagtggtaagcaaag 

Macpfpf45_5Utr_f1 gatattttgtgcattgtgttgcctatagtgtac 

Macpf45_5Utr_f2 cctatagtgtacaaaaatgaagattcacacaac 

Macpf45_Atg_f1 atgaagattcacacaacagtattactgctg 

Macpf45_Stp_r1 ttatgcatcacttctgtcacactggcttcc 

Macpf45_Stp_r2 agcagttgtaatctccatttggcatctt 

Macpf45_3Utr_r1 gcatacataggatcatgtaattataaacaattagttc 



Macpf45_3Utr_r2 gcgaaatttcataaaagcatacataggatcatg 

Vcbp_ifv-pCold_f gtaatctctgcttaaaagcacagaatctaagatccctgccatttg 

Vcbp_ifv-pCold_r accgccacgaccttcaatgtgatggtgatggtgatgcactttatg 

Vcbp_ifi_22_f gaaggtcgtggcggtatcgtggaacaggaagtggatgttaccctg 

Vcbp_ifi_349_r ttaagcagagattacttaattgtttttcagggtaccacacggtgccg 

Vcbp_ifi_278_f gaaggtcgtggcggtgaaatcatcagtgaaaacgatcgtaac 

Vcbp_ifi_280_r ttaagcagagattacttagatgatttcaaccaccgtagattttgcatcgg 

GfmM47_f1 atgaagactcagtttgtcttcatgggatgc 

GfmM47_f2 gcttctatcacgcaaggtatcagtgaatcac 

GfmM47_f3 cactactgagtattcagcatcaatcacaaagtc 

GfmG38_f1 atggttcggtttacaagattaactgtttatg 

GfmG38_f2 ccctacccattcatcaaacgtatgcagttac 

GfmG37_f1 atgttggcagcccgtgcgcaaatatttgtctttg 

GfmG37_f2 ggagttgtacaaagtcagcgacaatcgtc 

GfmG37_r1 ttagttgatcaaatcattcatctctttggccaaatc 

GfmG37_r2 cgcacaacgctctgtaagtcttcggtgtcatc 

GfmG37_r3 cggtgtcatcgaagttaagcaaagtttgcagctgatg 

GfmG37_rCk1 ttgtgggggttggttttactggtacagtggttg 

GfmG37_rCk2 aggtagcggtacacccacaagataaaacatcg 

GfmG37_rCk3 tcattgaaacaactctggtagccgtggaag 

Gfm5Utr1f caatgtcacacgcaaatgtaactgc 

Gfm5Utr2f atcagtgtgcaaaattatacgaagc 

Gfm5REx1f atgaagactcagtttgtcttcatgg 

Gfm5REx2f caaaatgaacaacggaacaagcg 

Gfm5REx3f cctgactcactactgagtattcagcatc 

Gfm5REx4f tcgaatgcacagagagctgtgg 

Gfm5REx5f aatggaggttcgtgctcagc 

Gfm5R-100r cgtttgatgaatgggtaggagcag 

Gfm3Race100f ccctgcactacatgtacgtgcc 

Gfm3Race250f ccatcttgcggagtttgtcaaaac 

Gfm3Race300f gaacacctcgtttcaaccgacg 

Gfm3Race400f gtacattcccgtccaaaccaatc 

Gfm3Race_Tm65 aagcagtggtatcaacgcagag 



Gfm3RaceNst_Tm65 agcagtggtatcaacgcagagtac 

Gfm3Race dT30 aagcagtggtatcaacgcagagtacttttttttttttttttttttttttttttttn 

GfmCk3Race_1f cgtctgttgtgccgatggaatgg 

GfmCk3Race_2f atgccctccattcgattctgatgc 

Gfm3Race_Tm56r aagcagtggtatcaacgcagag 

Gfm3RaceNst_Tm58r aagcagtggtatcaacgcagagtac 

GfmEx322-323_f1 gtgtgtgtgtcaatcagacgtcaccaaccccgatactgc 

GfmEx322-323_f2 gtcaatcagacgtcaccaaccccgatactgcatgtcatg 

GfmGrail405lastEx_r4 gttgttaggggttggttttactggtacagtggttgtggttaccggtg 

GfmCkx_3i_r3 ccagtttcttcagttgtaggggttggttttactggtacagtggttgtgg 

GfmEx3toCk_r2 ggtacagtggtctcaccagaaccagtttcttcagttgttaggggttgg 

GfmEx3toCk_r1 ccagaaccagtttcttcagttgtgggggttggttttactggtacagtgg 

OmChs1_f1 gattccaaacagaggtattcatttgctgtattcatcatg 

OmChs1_f2 aacagaggtattcatttgctgtattcatcatggagg 

OmChs1_r2 gatatcttaaagtgctatacagtcacagcggatgttta 

OmChs1_r1 cttaaagtgctatacagtcacagcggatgtttatactac 

OmChs1_Rt_f tccttgtgctggtggttat 

OmChs1_Rt_r agttatctcgctgtagtctgaat 

 

Supplementary Table 3. List of primers 
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