3. Results
3.1. Sequence analysis of C. macrocephalus C3 cDNA

The partial cDNA sequence for C. macrocephalus C3 was obtained by RACE-PCR
and consisted of 4140 bp, comprising an incomplete open reading frame of 3933 bp and a 3’
UTR of 233 bp containing the poly A tail (Fig 1). The 3" UTR contained a consensus
polyadenylation signal (AATAAA) 18 bp upstream from the poly A tail. The incomplete
open reading fr;ame of C. macrocephalus C3 sequence encoded a part of protein consisting of
1311 amino acid residues. Three possible N-glycosylation sites were observed at amino acid

position 507, 599 and 978 (Fig. 1).

The deduced 1311 amino acid sequence of the partial C. macrocephalus C3 was
compared with the corresponding region of other known C3 sequences. As shown in Table 2,
the partial C. macrocephalus C3 had greater similarity to the corresponding part of C3s from
teleost fish (52-64% identity; 70-79% similarity) than to those of mammals (41-45% identity;
62-64% similarity).  Fig. 2 shows amino acid sequence alignment of the partial C.
macrocephalus C3 with the corresponding part of other known C3s using CLUSTAL X
program, indicating the conserved amino acids and several functionally important sites. The
alignment revealed that this part of C. macrocephalus C3 contained the partial 3 chain
located at the NH2-terminal end and the complete o chain located at the COOH-terminal.
The potential B-a processing signal of C. macrocephalus C3 (RKRR motif) was found to
align perfectly with the homologous position of other C3s. The cystein residues related with
disulfide bond between the B-o chains in human were conserved in C. macrocephalus C3.
Likewise, C. macrocephalus C3 possessed the factor 1 and C3 convertase cleavage sites (Arg-
Ser) as found in human, with the exception of the second factor I cleavage site (Arg-Thr).
Moreover, the thiolester site (GCGEQ) of C. macrocephalus was completely identical to
those of other C3s. The key amino acids for other complement proteins, such as factor B, and

factor H as well as properdin binding were also conserved in C. macrocephalus C3.



Table 2 Amino acid comparison between C. macrocephalus C3 and other C3s.

Species GenBank % identity/
Accession no. similarity
Common carp, Cyprinus carpio AB016210 64/79
Zebrafish, Danio rerio XM002660575 61/78
Rainbow trout, Oncorhynchus mykiss 124433 58/74
Japanese flounder, Paralichthys olivaceus AB021653 54/71
Spotted wolffish, Anarhichas minor AJ309570 53/69
Japanese medaka, Oryzias latipes AB025576 52/70
Norway rat, Rattus norvegicus NM016994 45/64
Cattle, Bos taurus AMO086793 45/63
Human, Homo sapiens AY513239 41/62
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AGAAAGGAGGGGCATTCAAATTGTAACATCACCCTACACCATTCAGTTCAAGCGAACCCCAAAATTTTTTAAACCAGGGATGTCATTCGATGTCACGGTT 100

ERRGI QI VTS ?PYTTIOQTFTE KT RTU®PZE KT FTFZK P G M S F DV T vV 33
TATGTGACCAATCCAGACCAGTCTCCTGCTGAAAATGTGGATGTGGTGGTCATGCCCGGTAATGTGAGAAGTCAAACCAAGAGTAACGGCATGGCCAAGG 200
Y v NP D Q S PAENV VDV V V M4¥ P GNUV R S Q T K S N G M A K Vv 67
TCATAGTGAACACAGAGGGAGGAGCCAGGACTCTAGACATAATTGCAAAAACCACAGTCCCAGGCATATTGGAGAAAAGACAAGCTGAGAACAAGATGAC 300

I VNTEGGAURTTULUDTITIOATZ KTTUV PG TI L E K R Q A E N KM T 100
AGCCCTGGCGTACACCACCAAAGGAAGCACTACCAATTACCTTCATATTAGTGTAGATGCTGCAGAACTGGCAATCGGTGATCAGATGAACATCAATCTA 400

A LAY TTZ XSG S TTNTZYTLUHTISVDAGATEL A I G D QMN I N L 133
CACTTTGGACAAAGCCTTGTCCAAAATCAAGATTTTACTTATTTGATCCTTAGTAAAGGACAAATTGTGAAAGGGGAGAGGTTTAAGAGGAAAGGACAAT 500
HF G Q S L V QN QQDFTVYTULTIUL S K G Q I VX G E R F KR K G Q s 167
CGCTGGTGACCTTGTCTCTACCCGTCACCAAGGACCTGCTTCCGTCATTTCGAGTGGTGGCATATTATCACATAGGATCCTCAGAGGTTGTGTCAGACTC 600

L vTUL s L PV TKODTILTULZPSTFIRVYVVATYYHI G §$ S E V V § D s 200
TATTTGGGTTGATGTGAAGGACACGTGCATGGGAAAGCTGAAACTGGATGTCAGGGAAAGTTTAAATGTCAAGAAATTATTTGAGCCTGGGGAAGAGTTC 700

I w v 3 vV K DT ¢C M G K L KL DV RETSTLNU VI KT KTLTFTETPTGE E F 233
CATCTCGTAGTTACTGGAGATCCAAAAGCCAAGGTTGGACTGGTAGCTGTTGATAAGGCTGTCTTCGTCCTCAACAAGAACCGACTGACACAGACCAAGA 800
H L V VT GDPI KA AIEKUV G LV AV DI KU BAVTFUV LN K N R L T Q T K 1I 267
TCTGGGACATTATTGAGAAACACGACACTGGCTGCACAGCTGGCAGTGGAAAAGACAGTATGGGGGTTTTCTATGATGCAGGTCTACTGTTTCAGTCCGA 900

W DI I EKHDTGCTAG S G KD S MGV F Y DA GL L F Q S D 300

TARAGCAGGAGGCACCACTGAGAGARCAGCTCCTGAGTGTCCTGCTCCGCCGAR AGAGCTGAGACACTAGTCCAGGTCCAGGARRAGCTG 1000

K A GG TTETURTA ATPETCTEPATP P K II.EII:.EI A°'E T L V Q V Q E K L 333
TTTGGTARATATTCCGGTGAACAGAAGCAARTGC TGTGCGGATGG TC TGARACACHICACH TACACATGTGAACGGAGAGCCTCGTATATTTTGG 1100
FGKYSGEOQZKOQCCADGTLTZ K OQNT RTLGTYTT CET RT RGASTZYTI L D 367
ATGGTGAAGAGTGTGTCAAGGCCTTGCTCGACTGTTG TARCGAGATCCARRAACG TAAGGACGACCAGAAAGACTTGTTGCATCTGGCTCGTAGTGATGA 1200

GEECVEKATFILDTCCNETILOQTE KT RTE KT DDTGOTE KT DTILTELUH TLATZRSTDD 400
TGATGATGATGACTATATAAGT TCTGATGAAAT TGTCACCCGGACACAGTTCCC TGARAGCTGGC TG TGGGAGGACATARACCTGCCAGCCTGCARAGGA 1300

bbbDY IS SDETVTRTO QTFT®PESUWWTLWETDTITNTILTGPGALTCEK.G 433
AACCTACCATGTGAATCRACAAGCTACACCTTGGACARACACGTATCTGAAAGACTCGATTACTACCTGGCAGATCCTAGCCATCAGTC TGTCCARGACTC 1400
N'LPCESTSYTILDNTJYTZLE KHDSTITTHWOQOTITULATISTILSKT u 467
ATGGCATCTGTGTGGCTGATCCCTATGARATAACAGTGGCARRRGACTTCTTTGTGGATCTCARGTTACC TTACTCAGCAGTACGCAATGAACAACTAGA 1500

GI cVvADPYETITYAKTDTEFTFUVDTLEKTELTPJYSATYVE RNETG GTLE 500
AATCAAAGCTATTCTGCATAACTTCTCCAATARACAACAARAGGTGCGTGTGGAATTC T TTGAGACAGAGCATGTTTGCAGTGCAGCCAGCARAARGAAG 1600

I K A I L H g:s F S N K QO0KV RVETFTFETTETHTVCSA- INZS K K K 533
AAATACCGTACCATAGT TARCGTTGACGCCAAGTCCACCAGATCCATCCCATATGTGATTATTCCCATGGAATT TGGGARCCACCAGATAGAGGTGCAGS 1700
KYRTIVNVDAEKSTRSTIPSYVTITIPMETFTGNTHTG OQTLTEV.CQ A 567
CTGCGAGTTCAACATTTCATGATGGAGTGAGGAAAACCCTAAAGGTGGTGTCTGAAGG TGTGCTAAC TGAACTCCCAGAACAAAATCTGGARC TARATCE 1800

A 'S STFHDGVRIKTTZLZ KTVVYSETGVYVTLTTETLTPTESOQRNTLE L e:s P 600
CTCTCGCTCACCTGGTGGCGTTCARGTTGTACATTTGAAGAGTGATATACCARATGGCCAGGTTCCARACAGTCCTGCARGCACATACATCTCTCTETCT 1900

S RSPGGVOQOVYHILEKSDTIPNGQ OQVTPNSTPASTSTYTIJSS VS 633
GGTGAGGAGGTGAGTCAGACCATCGAGCAGGCCATAAGTGGAGACT TCATGGGTCGACTGAT CGTACAGCCCACTGGCTGTGGAGAGCAGAACATGATCT 2000
GEEVSQTIEO QATISGDFMGRTLTIVUVOT PTG CGEGQNMTI.Y 667
ACATGACGCTGCCCTTGACTGCGACACGCTACTTAGATACCACTARGCAGTGGGAAGTAGTTGGCCTGCARCGACGTAGCGAGGCTGTCCARCACATTCA 2100

MTL®LTATRYLDTTE KO QUWEVVGLORE RSTET AVYVSOGQHTIO 700
ARCAGGATATACACGAGAGCTTACTTACCGTAAAGATGATGGTTCCTATGC TGCATGGGTACACAGACCCGGCAGCACCTGGTTGACAGC TTACGT TGOS 2200

T GYTRETLTYRIKTDTODGS YAATWVHT RTPGSTUWEILTAZY.UVa 733
ARAGTCTTTGCTCTGGCCAGTGACATCATTAGTGTAGATGARAATGTTCTC TGCAGTGCCGTGAAGTGGCTGATTCTARATGCACAGATGCCTGATGGCA 2300
KVEALASDTITISV DENVTILTCSA AV KTEHWLTILNGATQMGPD.GT 767
CATTTARAGARAGTGCTCCAGTGATTCATGCAGAGATGGTCGGTGATGTACGAGGCAAGGATGCTGATGCATC TC TGACAGCATTTGTCCTGATTGCCCT 2400

FKESA®PVIHEAEMVYVGDVRGE KTDATDASTILTA ATFEFUVTLI AL 800
GCARGAAGGAARCCACCTCTGTGCCAAATTAGTCGGAAGTCTTCCAGRAGC T TCCAGARRGGCCACTGAATAT TTGGAGCGAAGACTCCCCTCACTGACA 2500

Q EGNHILCAKTLVYVGSLPETGBAST REKSATETYTLTET RT RTELTDPSL T 833
AATCCGTATGCCATAGCAATGTCTTCCTATGCC TTGGCCAATGC TGGCARATTTGACARATCCCATC TGCTGCAAGCTTCCTCTGGAGATGGAGCTTATT 2600
NPYATI AMSSYALANAGTE KT FTDTE KSHTLTLGOGASSSGDGCR AT YW 867
GGCAAGTTGCTGGAGGGCATCACTTCACTCTGGAGGCARCGGCATATGCCTTACTGGCTCTAGTARARGTARAGGAT TTTGATGCGGCAGGARAAGCAGT 2700

Q VAGGHHTFTLESBATA ATYA ATLTLATLVYTZE KTVYIKTDTFETUDGEATZETEGTEKGAV 900
TCACTGGCTTAATAGGCAGAGTAGTCCATATGGAGGTAGTGGCACTACCCAGTCARCCATCATGGTGTTCCARGCAGTGGCTGAGTACTATAAGCAAGTA 2800

HWLWNRIOSSPYGGSGTTOQSTTIMVYFOQAVYVA ATEJYJZYTZ KTSO.V 933
AGAGATCGTCAGAATGTTGACTTGGATGTTGAAT TGAGTGTGAGTGGACGARGTCGCCCCATCGCATGGARGTTCAGCARGAGCAATGCACATCTCACAC 2900
RDROQONWVDILDVETLSTVSGHRSRTPTIATWTE KTESTZ KTSNTA aATHETLTR 967
GCACAGACAAGGTTCAGCTCAAGCAAGAGT LIAATGT TACTGCTAAGGGTTCIGG TGCTGGAGT TCTCARAGT GTATACACTTTACTATGCARGACCCAT 3000
T DKV QLI KGO QE F VTAZKGSGAGVTILZ KJVYTTELZYJYATERTPI 1000
AGRAAAGAAGAGTGACTGCACAARGT TTGATC TATC TGTTCARATGARAAGGGAACGAGAAG TATCANACGCAGATGCTCAAGARAGTTATGAGGTTATC 3100

EKKsSsDGCTXKTFDTILSV QME KT REET RTEVSNATDA AG G ESTZYTEUVTI 1033
ATTGACCTTCTGTTTAAGGATGCAAACAGAGATGCCACTATGACTGTTT TGGATATTGGCTTACTGACAGGAT TTGTAGTGGATGARAATGACCTTACAG 3200
I DLLFKDANRDATMTVTLDTIGTILTLTGTFJUVTVDEHNTDTLTE 1067
ARCTARCCAGTGGAAGAGATAAATACATTCAGAAGTT TGAGATGGATAAGCAGCT TTCAGAACGAGGCTCCCTCATCATT TATTTAGATARGGTATCACA 3300

LTS GRDIEKYTIOQKTFEMDTE KTOQTLSTETRTGSTLTITITYTILDZEKTUVS H 1100
CACTAGRGCAGACAGGATTGTTT T TAGAGTGCACAAGATAACCAATGTAGCTTTGCTCCAACCTGCTGGTATCACCGTGTACGAGTATTATTCTCOAGGS 3400

TRADRTIVFRVYVHEKTITNU VATLTLO QT PAGTITUVYTEJYSZ YSSope 1133
GAACGCTGTGTGAAGTTCTACCATCCTGTAARGAAAGATGGAGCCCTAAACAGAT TG TGCAGTGACCAGGAGGGTCTGTGTCAGTGTGCTGARGARARCT 3500
ERCVEKTFYHPVEKEKDGALNTE RTILTCESODOTET GTLTEC O CRA ATETERN.C 1167
GCAGTATCCAGAARARACAGRARATCGATGAGARAGAACGTGAGAAGARAGC TTGTGATGCC GGCATGGAT TACGTGTACAAAGTCARAGT TCTARATCT 3600

ST QKKQKTIDETZKETRTETKTEKA EATCTDAEGDMTDTYUVY KV KVTLNL 1200
GGACCCGAGCCCARACACAGATTTCTATGARATGAAGATTGAAGAGGTCCTTARAGAAGG TTCTGACCARGATGTACATGACARAGTGAGGARCTTCATG 3700

D PS P®NTDFJYEMEKTIETEVULZKTETGSTDODTVTHTDEKTYVTRTUNF M 1233
GGTCATGCTAACTGCAGGGAGTCTTTTGGAT TCARACAAGGCARGAGC TACCTCATCATGGGCCGGAGCATTGATC TACCARGGATAGACGGARAGTTGE 3800
CHANCREST FGOGTFIKOQGEKSYLIMGRSTIDTILTPRTITDGTEKTL.Q 1267
AGTACATCTTGGGTGAGCAGACGTGGATTGAATACTGGCCARCARAGCAGGAAGG TCARACC ARAGAATACARAGATAGC TACATTGGCATCARCTCATT 3900

Y I LGEOQT®WTIETY®W®WPTZKO QEG GO QTTE KTET YE KTDSTYTIGTIN.SL 1300
GTCTCAAATGCTTACTGAAT TTGGATGCACTACATAAGCATATGTCACT TGTTTC TGTACARCTTTAT TTTTTTTTCTTTCCTATTGC TG TGATGOTGAA 4000

S QM ULTTETFGT CTT - : 1311
TTTGTGCTCTTCACTCACCTTAACAACTATCACCTTATACTAACGTTACTTC TAARATGTAARAGT TTTTAAAG T TTTTTAGTGTTATCGARAAAGGCAA 4100
TAATTGAATAAAGTATTTCAATATTAGTTCAAARAAAAAR 4140

Fig. 1 Partial nucleotide and deduced amino acid sequences of C. macrocephalus C3. The predicted glycosylation sites are indicated by circles.
The potential B-o chain processing signal is enclosed in square. The putative cleavage sites for C3 convertase and factor I are shown in underlined
italic letters and bold italic letters, respectively. The thiolester site is underlined. The polyadenylation signal (AATAAA) is shown in bold letters
at the end of 3° UTR.
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V bisulfide bond between & and § chain
Human €3 5¢V
Mousa C3

Human €3 ~-PSGIPIVTSPYQIHFTKTEKYFKPGMPFDLUVEVTNEDGS PAYR-VPVAVQGEDT~
Mouse C3 ~ERSGIPIVTSPYQIHFTKT PKFFKPAMPFDLMVEVTNEDGS PAS K=VLWTQGSN-

Rat C3 ~ERSGIPIVTSPYQIHETKT PKEFKPAMBEDLMVEVTN PDGS PARR-VRVVTQGS D~ Rat €3 --
2igcl ~ERTGIPIVTS PYQIHFTKTPKEFKPAMP FDLUVYVTN PDGS PARH~ 1 PVWTEDFK~ Pig €3
Cattle c3 ~ERTGIPIVTSPYQIHFTKTPKEFKPAMPEDLMVYVTNPDGS PARH- I PVVTQGSN - cattle c3 sc
Chicken €3 -QRSGIRIVTSPYTIHETHT PKYFKRGMPEDPTVYVTNPDNS PAAAGI PVKADNFQ~ Chicken €3 1ci
Cobza_c3 ~EQGGIHIVTS PYQIYETKT PKYFKPGMPYELTVYVTNPDGS PAAH-VPVVSEATH~ Cobra C3 c
Xenopus €3 -EIECINIVITPYKILETRTSKYFKPGMPEDMMVYVTN EDGS PARR-TTVAAE PGN~~ Xenepus €3 pe
Trout C3-1 ~EKRGIQIVTSPYS ILEKRTPKYFKPGMPEDVSVYITNPDNS PAIGVEVEVT PDH. Trout C3-1 24 —— --
Trout €3-3 ~EKKGIFIVKSPYS IHFKKTPLYFKPGMPYDISVYVTN BDDS PAKDI DVEASHKHQQ Trout c3-3 TeH
Trout C3-4 -EKKGIFIVKSPYS IHFKKTP PYFKPGMPYDVSVYVTN 2DDS PAKDIDVEVLOKDOR - Trout c3-4 TCUGLVRML PYCAEPHRLVVTLCSSHIYHS PRESGVQPVSTLSTVIPMCLS PPLKNGS LLCYYFSVEVLHSGLLKHDLRL
Tloundar-C3  -ELRGIQIVKSPYTIHFRKTPKYFKRGHTEDIVVEVTNPDETPAQGVAVVVDEGA-~ Flounder €3  SCHG-- - -
Wolffish-C3  -ELRSIQIVKSPYTIHETKTEKYFKPGMSFDVAVEVVNPDGS PAGNVRVVVNPGE Wolffish C3  SCMG--
Medaka C3-1  -ELRGIQIVKSPYTITFKRTPKYFKPGMS FDVAVEVLNEDES PAGNIPVVVT RGP Medaka €3-1  scl
Medaka €3-2  -ELRGIQIVTSPYTITEKKTPKYFKPGMS FDVAVEVLNPDES PAVNTPVVVT PGP Medaka C3-2 -
Carp c3-B1 ~ERRGIQIVTSPYTIHFRKT PQFFKPGMPEDVSVYVTNPDQT PAVNVEVEVN= - PG Carp G3-81 TCM wm———
Carp €3-82 ~ERRGIQIVTSPYTIHFRKTPHFEKPGHMPFSVSVYVTNPDQT PAVKMEVEVN~ - PGG - Carp €3-82 TC
Carp C3-8 ~ERRGIQIVTSPYS IHFKKTTQF FKPGMPEDVS VYVTNPDQTPAVNVEVEVVGSQGT -~ Carp C3-5 cHG e -
Zebrafish €3 ~ERRGIRIVTSPYTINFKKTAQFFKPGMPEDVS IYVTNEDET PAQNVIVEVN~=pPGG-~~nn Zebrafish C3  TCMG
Catfish c3 ~ERRGIQIVTS PYT IQF KRT PKEFKPGMS FDVTVY VTN PDQS PAENVDVVVM= ~ BGN= =~ VRSQT catfish ¢3 T
Lanprey €3 -ELVGIRIVESRYQITATKTSRYFKAELPY F IQVEVRNADGS PSKEVDVVAKVQVG= == m= mmmmmmmm 2o e e §NT Lamprey €3 LCKS -
Hagfish €3 ~ILDOIRIVASPYSIKSKWTVPEEFKPGVPY IYKVLVLNEDGS PASGVPTKVS S FDSSGNW = -~ ~~== ===~ ITQKRKT Bagfish C3 SCHA
Amphioxus €3  ~VLTSVRFETSPERIGYDLTATHFKPGLPFLVKLTLTYPDTKPAQDI PVRVSATAL I PGQDRIVILG-~~RNNEHNSDTT Amphioxus €3 VCRS
Sea urchin C3  SINTKAIFVDSPYKFSTKRTVQHFKAGLNLQVKLDLTEANGDVAPNVPYNVIATATLRDGSEELLRRPDIAGGGEEISNT Sea urchin €3 KCRQI

Lo M A ) . N
Suman €3 QGDGVAKLS INTHRSQKPLS ITVRTKKQELSEA~ EQATRTMGAL PYSTVGNSN~NYLHLSVLRTELRPGETLNVNFLLRM Buman €3
Mouse C3 QDDGVAKLS INTPNSRQPLTITVRTKKDT L PES = ROATKTMEAHPYS TMHNS N~NY LHL SVSRMELKPGDNLNVNEHLRT Mouse C3
Rat c3 QODGVAKLSVNTENNRQPLT ITVRTKKEGI PDA-ROATRTMGAQRYS TMHNSN~NY LHL SVSRVE LKPGDNLNVN FHLRT Rat €3
Rig C3 QEDGVAKLS INTPDNRNSL PITVRTEKDGI PAA-POAS KTMHVL PYNTQGNSK~NY LKL SL PRVELKPGENLNVNFHLRT Pig 3 TLVVKGGG=-KQDKQHRPGQONTLE IQGERGARVGLVAVOKGVEVLNKKNKLTQRR IWNDVVEKAD IGCTPGSGKD
cattle €3 QDDGVAKLS INTQNKRD PLTITVRTKKDN I PEG~RQATRTMGALPYNTQGNSN-NYLHLSV PRVELK2GETLNVNFHLRT Cattle €3 TLVVKNGG~-KEEKHHRPGQQITLKIEADCGARVG LVAVDKGVEVLNKKNKLTQRK IWDVVEKAD IGCT PGSGRN
Chicken €3 QRDGTAKLVLNMPANKNSVPITVRTDQKDL PPE-RQASRQIVAEAYQS QGNSG-NY LHLAVGASQVQPGDNL PINFHLKS Chicken €3 ~SLVVRGASE=-ADNRVHEPRT PMRLH I EGDHKAHVGLVAVDKAVYVLN- KNKLTQSKVWDTVENSDIGCT PGSGRN
Cobra €3 LSDGTAKLILNTPLNIQSLPITVRTNHGDL PRE- RQATKSMTATAYCTQGGS E~NYLHVAITSTE IKPGDNL PVNENVRG Cobra €3 TLVVKGASS -RDDRIQXPGAAMKIKLEGDPGARVGLVAVDKAVYVLNDKYK I SQAKIWDT IEKSDEGCTAGSGON
Xenopus €3 QADGTTRLTMNTREDIDRLHITVKTKDPVL PAA-RQATATMTATAYR PSKAQG-NYLHIS IAGSETKPGENT PVNENIRI Xenopus €3 TLSVTGDKD-RDNAIQT PGS PMKLKLRADHKS YVGLVAVDKGVYVLNSKFKNTQKKVHDS VEKSD1GCT PGSGAN
Trout C3-1 RANGFAKIPLNTVASATELVITVKTKDPGDPRQ=QTGGGTMKAL PYRTS -~ TK-NFLHVGVDSNELKIGD P TKIDLNLGP Trout C3-1 SLKVTSTR===- PKASYEPRRAFSLTITGDPGAKVGLVAVDKGVYVLNS KHRLTQTK IWDT LEKHETGCTAGGGAD
Trout C3-3 HENGIAKMT INTCVGTAEL PITVKTNVNGLROD-RQGTOMMTAKPYKSKDNSQ-NY THINTHSAEVKIGERLKVDLS LGS Trout C3-3 -SLKVDAVS - -~ PRASYARGAEVTLSVIGDS EARVGLVAVDNGYYVLNDKNRLTQTK IWDMIEKHDTGCTAGS GMD
Trout C3-4 HDNGIAKITINTRAGDSEL PITVTTKVDGLGDD - RQGTQNMTAKPYQTKDNSQ-NY THIKIHSTDVK IKDQLTVDLS LGS Trout C3-4 CVPYCRLKVKDVR~~~HSGSYABCKRVTLS 1 16 DPGAKVGLVAVDKGVYVLNDKSRLTQTK IWDMIEKHDTGCTAGSGMD
Flounder C3  AANGFAKLTVNTMAGVARLPVTAKTNOPLIPLA-RQAEATMTALPYNTK--SN-NYIHIGVDTAELELGDNLKVNLNLKK Flounder C3 PAPS YEPRKMFGLKVTGYPEAMVGLVAVDKGYYVLNNKHR ITQKKVWD I 1EKYDTGCTPGGGKN
Wolffish €1 AANGLAKLTINTVAGNQRLPINAKTNDPGILPE-RQASASMVASPYTTT-~SK-NYIHIGVDTAELELGDNLKINLNLNR Wolffish C3 AINSYEPRKMEVLKVTGDPDATVGLVAVDKGVYVLNNKHRLTQKKVWD IVEKYDTGCT PGGGKD
Medaka C3-1  AANGMARLTINTATQDERLSISAKTDDPGISLN-RQAEATMCANQYSTN--SK~TYTHIGVDTPEVKLGDNLKVNLNLNK Medaka €3-1 PAASYEPRKMESLKY TVGL YVLNSKHRLTQRKI! TGCTPGGGKN
Madaka C3-2  AANGVARLTINTATTAGGLSISAKTDDPNISPN-PQAGATMGANQYSTN-~SK-TY IHTGVDTPEVKLGDNLKINLILNK Medaka C3-2 PGTANEPRRLFGLKVSGDPGATVGLVAVDKGVYVLNS KHRLTQKK IWDEVEKEDTGCT PGGGKN
Carp c3-E1 RANGIAKVTVNTPGGS PTLAITAKTKDPE IKDERQQAEKRMTAQAY I PKGGSN-NYLHIGI DAAELQI S DRMKVNLNTGO Carp C3-81 KMNTYGTGDEVKLQITGDPGAKVGLVVVDKAVQVLN- KNRLTQTQIWDVIEKHDTGC TAGGGKD
Carp c3-82 RONGIAKVMVNTRGGS STLEITAKTKDPKLGDD~QQAVRTMTAQAY I PKDGSS -NYLHIGI DARELQ IGDSMTYNLNTGQ Carp C3-B2 TLOTEVKHKE - KINTYGTGNKVELQ I TGDPGAKVGLVVVDKAVQVLN~ KNRLTQTKIWDV I EKHDTGCTAGGGRD
Carp €3-5 KHNGIAKVTVNTLGGSSTQEITAKTKDPQLRON-QQAVKKMIAHAY 1 PKDASKKNY LHIGIDAAE LOMGDSMKVE LNTGQ Cazp C3-s KLQVKVKD==~KMNTYDTGDEVKLE ITGDPGAKVGLVVVDKAVQVLN- KNRLTQTQ IWDVIEKHDTGC TAGGGRD
Zebrafish C3  KANGIAKVTVNTQGNVLTQEITAQTKDPDITDE-EQAVKKMIAHAYVPKGGSK-NYLHIGIDAAELE IGDQMKVNINTGY Zebrafish €3 KLKLQVKN-~~ KQNNYNTGE EVKLQ 1SGDPGARVGLVVVDKAVHVLN- KNRLTQTKIWDV 1 EKHDTGC TAGGGRD
Catfish c3 KSNGMAKVIVNTEGGARTLDI IAKTTVPGT LEK~ROAENKMTALAYTTKGS TT-NYLHISVDAAELAIGDQMNINLHEGD catfish c3 KLKLDVRESLNVKKLFEPGEEFHLVVTGD PKAKVGLVAVDKAVEVLN-KNRLTQTKIWD I TEKHDTGCTAGSGKD
Lamprey C3 IN2QKMRTDSNGLTSFTVT PPNVNQLTVAVRTDERHR PNEQGELVYTAQKYASAS YMHIDVAR - IMRLGETLNVELTAKT Lampray c3 ~QVSLSLKGRD= === TLEPKAMLTLDLIGE PDARVGLLAVDQAVY LT TEDTGCTAEGGAG
Bagfish €3 MDNGIAMOT INTARNSKKLNIKVQTEDERLEQS -QQAEAS FT IAS Y5 S P-~~SGS F IHLNAHREVKS PGEHTVEDVE TKS Hagfish c3 ~=-~=~KL5LDVAG~=~GKRLES PRDNVNFDLSGES DSWVAVGVVDKAAYVLDKKNKLTANKVYKAMEAS DLGC SVGSGKT
Amphioxus €3  NQYGQASETVDVEPGTQTLTVTAKTEQVGL PVAHQAQENFEATPYQS PSGSYLLVRVLQRGR =~ ~=-VPVDEAIDVEAVY Amphioxus C3 KVMVSSTEDVE PCEQANIEVNADPNS LVGLLAVDQAVY LLNNYNRLT SQKMFQAMAKY DQGCG PGGGRD
Sea urchin C3  DDQGGVSMVLNVQSSITSIHIVAATHDRQYENN-QADISEEVSPGVSANGHDYLVIRPONTDDORNLNVDVSTDFL IQRIG Sea urchin €3  --PQLSLDILPRNVGPERDVYEPNGQIQVEVTAPIDSHVGLLAVDKAVYLLRDKDRMGKQKMYERMRS YDTGCGPGGOON

: . . . *e . . . “ he -
B-a chain link motif

Suman C3 DR-AHEAKIRYYTYLIMNRGRLLKAGRQVREPGQDLVVLE-LS ITTDFIPSFRLVAYYTLIGASGQREVVADSVHVDVKD N YAGVESDAGLTFTSSSGQG-~ - TAQRAELQC PQEAARRRRS - ~VQLT YP-KEL ENEM
Mouse €3 DP~GHEAKIRYYTYLVMNKGKLLKAGRQVREPGQDLVVLS~LPIT PEFIPS FRLVAYYTLIGASGQREVVADS VWVDVKD Mouse €3 YAGVEMDAGLAFKTSQGLG -~ ~TEQRADLECTKRAA VoL JYTDKGL DIRM
Rat c3 DA~GQEAKIRYYTYLVMNKGKLLKAGRQVREPGQDLVVLS ~LPIT PEFT SFRLVAYYTL IGANGQREVVAL SVWVDVKD Rat C3 YAGVEMDAGLTEKTNQGLG -~ - TDQREDBECAKPA L QYTDKG TPM
rig C3 DP-GYQDKIRYETYLIMIKGKLLKVGRQPRESGQVVVVLE-LTITTDFT 2SFRLVAYYTL IAANGQREVVADSVWVDVKD 2ig €3 FAGVETDAGLAFKSSKGLG---TPQRADLEC PKPA oL LGQYS NEM
Cattle C3 DP~GEQAKIRYYT YMIMNKGKLLKVGRQYREPGQDLVVLP-LTITSOF I PSFRLVAYYTLINAKGQREVVADS VWVDVKD X hef ca YAGVETDAGLTLKTSQGLE -~ - TSQRADPQE PQPATRRRRS - - ~VQL KAGQYS-SDL
Chicken C3 NRDDVRKSVS YFTYLILSKGHIVHVGRQPREGDQS LVTMS ~LPVTANL I PS FRIVAYYHVKRG=---E1IADSVWVDVKD Chicken €3 QVGVFADAGLSLTSNVNIN---TEQRSEVQCAK PAKRKRRS -~ ~VRLI QAE CEDGIR
Cobza €3 NANSLN-QIKYFTYLILNKGKIFKVGRQPRRDGONLVTMN-LHITPDLI PS FREVAYYQVGNN- - - ~ E IVADSVWVDVKD Ehanc NLGVEEDAGLALTTSTNLN---TKQRSAAKC PQPANRRRRS S~ ~VLLL DS KASKAAQFQDCGLRKCCEDGMH
Xenopus €3 TDAGVQNL ICQFTYL IMSRGRIVKVGRQARQPGQR FVTMS - LSVTEALT BS FRIVAYY IVT SG-GARDVVSDS LWVDVVD Xenopus €3 SEGVFSDAGLALQTSEGTN~-~TAQRSEAHC PAPAGRRRRS S -~ VAT TE TKAGKAS £ YK-DKAKKCCLDGHO
Trout €3-1 TT-18---NHDLTYMFLSRGQLVKVGRFKR-QGNALVTLS -VPVSKELLPSFRIVAYY- Trout €3-1 NMGVEYDAGLVFETNTAKG=~~TGIRTDPSCPVSS -RRRR-~-AVT IS DVITSMAS KYHG—LAKECCVDGHR:
Trout €3-3 SP-AAQHSKHEITYLILSKGQLIS SQRLEWRKGQGLYNTHYLTVNKEMI PSFRIVAYY~ frout c3-3 SMGVFYDAGLVEA TRERTVSSCPVNS ~RRRR~~-AVT INDVVTTLAS Q¥ IG- L ERGCCMDGHR.
Trout €3-4 SB-ARQNDNHEITFLILSKGQL INSQKIEWNKGQGLMS LB~ LMVNKDMI BS FRVVAYY -~~~ HVGQNEVVSDSVWIDVKD Trout C3-4 SMGVFYDAGLVEAENTAKG- - ~TPQRTVS5C PVNS -RRRR~ - ~AVTVNDVGTTLAS QY TG—LERQCCMDGHR.
Tloundexr ¢3 ~DTDITYLILSRGQLIQSGRYRT-RGQVLISLI-IPITKVMLPSFRIVAYY- Flounder C3 SMSVFYDAGLLFES SAASG=~~TPYRQELKC PYPA-RRKR-~~ATTVMNVTTTLVNKYKNELQRECCSEGMK:
Wolffish c3 “HTDITYLILSRGOAGEQRPYRA-EGQILISLI-VPVTKENLAS FRITAYY~~~-HTUSYEVVSDSVWVDVKD Wolffish €3 GMGVFYDAGLMFEFNTASGDSGTPYRRELKCPAPS-RRKR---ATTIMDVTTSLLSQYKDQLQSDCCLDOGHK
Medaka C3-1 NODITYLITSRGQLVKEGRYKT-RGQVLISLI-1PVTQEMLESFRIIAF Y~~~ ~HPSDNEVVSDSVWVDVKD Madaka €3-1 GLSVEFDAGLLFESSTASG - ~TVYRQEKKCAARS -RRRR - - -AST IMDVRTTLLS QYKEDLORECC LDGUK
Medaka C3-2  QP-SG---SKDITYLITSRGQLVKFGRYKT-IGQVLISLI~IPVTQENLPSFRITAFY=~~~HPSHNEVVSDSVWADVTD Medaka C3-2  GLSVFFDSGLLEESSTASG-~-TVYRQEKKCAAPF~RRRR--~ASTIMDVRTTLLSQYNEDFQRECCLDGMK=~=DS PV
Carp C3-81 SB-GVK--DQDYTYMILSKGQIVKVOREKR-KGQSLVTLP~VIVIKDMY BS FREVAYY -~~~ HVG - LEVVSDSVWVDVKD Carp €3-H1 SMGVETDAGLMFESNGAGG=~ ~TNTRTMPEC PKTS KRKRR~ -~AES LLQITSTLAGKYTG- ELKQCCVDGMR
Carp €3-82 IP-GVT~~GQDFTYMILSKGQIVKAVRFKR - 2GQS LYTLS ~VPVTKOMAPS FREVAYY - - -~ HVGSSEVVSDS IWVDVKD Carp C3-82 SMGVETDAGLMEVSNTAGG- =~ TNTRTVEECP THAKRKRR- =~ AENLLQI TGT LAGKYSG-ELKQCCVDCMR.
carp c3-3 DQDYTYMILSKGQIVSVDRFKR-RGQS LVSLP-VPVTKDMVPSFREVAY Y- —--HVGSSEVVSDSVWVDVKD Carp €3-5 RMGVETDAGLMFQSNTAGG- - ~TNIRTMPEC PKPS KRRRR =~ RES LLKITS TLAEKYSG—ELKQCCVDGMR
Zebrafish €3 D@DYTEMILSKGQIVKIDRFKR-QGQALITLS -GPVTKEMY RS FREVAY Y~~~ HVGANEVVS DSVWVDVKD Zebrafish C3  VMGVFSDAGLMFESNTAGG=--TDTRLNPECPDPPKRRARRRESENLRTITATLAGQYAD-GQRQCCIDGHK~
Catfish c3 LVQ-~NCDETYLILSKGQIVKGERFKR-KGQS LVTLS - LPVTKDLLPSFRVVAY Y~~~ ~HIGSSEVVSDS IWVDVKD Catfish C3 SHGVFYDAGLLFQSDKAGG- =~ TTERTAPECPAP BKRKRR - -~ AETLVQVGEKLFGKY SG- EQKQECADGLK——- ~QNRL
Lamprey €3 TQ--~LNAVTHFTYMVLTRGVIVKTNRKTKESGGG BSNVR~12 1T POMARRFRELAY Y~ —-- 1LPGGEIVADSVTVEVTE Lamprey €3 AQGVFSDAGLALITSKGLN--~TTDRSE 1GC PKVESRKRR =~ -~ QLSMLOIRREAEKYTQEFRKCCVDOLK ~
Sagfish €3 AA-=~KDHVLHENYLMISNGKIHNFLQEGRKGDTTSVS LL~~~LTPELVPQFRLVAFF~~~- ILPSGELVADS I1 IDVKD Bagfish c3 GPLVERDAGLAIMAKET KDPGCPNGH LVLEIATEKASTYP~AELRKCCRDAAL~~

Amphioxus~C3 TK=~==QNDIQSYNYMVVTRGQVTLQGKIVRQGGVLKTITF-~RT5AVMAPISRLIVYY~
Sea urchin-C3 TT--~GDQDIDLHFLC ITGGKVVLEGVQRS ISAAGTNLAL - -TIRAYMAPQMRLIVYY~
o . :

INLQGEVVADSTLLEIEN Amphioxus €3  SANVEKDAGVTVLTNTQLS~-- PAVRSNAGCGGQS ~RRRRDL
VTMDGSVIADSLLLGVEE Sea urchin €3 TAQIFKDCGMTVLTNAGLD--~VPIREDVECMDEDTRRER~~—
Lrite i : * ‘

QNSLEAKVMEENETLQP-CCMDGQC~~~-~WDPL
~SIDRDQLCLYDPTYLADCLADKPRLRRVLTEG

Fig. 2 Alignment of C3 amino acid b C phalis and other known sequences. The 1311 amino acid q of C. macr halus C3 (Catfish C3, Genbank accession no. AB636135) was aligned with the
corresponding part of Homo sapiens C3 (Human C3, Genbank accession no. K02765), Mus musculus C3 (Mouse C3, Genbank accession no. NMO009778), Rattus norvegicns C3 (Rat C3, Genbank accession no. NMO016994), Bos tanrus C3
(Cattle C3, Genbank accession no. NM001040469), Gutlus gullus (Chicken C3, Genbank accession no. NM205405), Nuja nuja (Cobra C3, Genbank accession no. Q0331), Xenopus tfropicalis (Xenopus C3, Genbank accession no. BC168633),
Oncorkynchus mykiss (Trout C3-1, Genbank accession no. P98093), 0. mykiss (Trout C3-3, Genbank accession no. U 61753), O. mykiss (Trout C3-4, Genbank accession no. AF271080), Paralichthys olivaceus C3 (Flounder C3, Genbank
accession no. AB021653), Anarhichas minor C3 (Wolffish C3, Genbank accession no. AJ309570), Oryzas latipes C3-1 (Medaka C3-1, Genbank 2 ion no. NM_001105082), 0. latipes C3-2 (Medaka C3-2, Genbank ion no.
NM_001105083), Cyprinus carpio C3-H1 (Carp C3-H1, Genbank accession no. AB016210), C. carpio C3-H2 (Carp C3-H2, Genbank accession no. AB016212), C. carpio C3-S (Carp C3-S, Genbank accession no. AB016213), Daniv reriv C3
(Zebrafish C3, Genbank ion ne. X 75), Letl un juponi C3 (Lamprey C3, Genbank accession no. AY359861), Entatretus burger (Hagfish C3, Genbank accession no. P98094), B; hi belcheri (Amphi C3,
Genbank ion no. A ), and Strongylocentrotus purpuratus (Sea urchin C3, Genbank accession no. NM214521) using the CLUSTAL X program. Conservation of amino acid identity is shown with an asterisk ‘** whereas *:’ and
icate high and low levels of amine acid similarity, respectively,
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Fig, 2 (continued).
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MTEDAVDAERLKHLIVT RfGCGEGNMIGMTRTVIAVHY LDETEQWEKFG - LEKRQGALEL TKKGYTQOLAFRQPS SAFAR
MAEDAVDGERLKHLIVT®; IGMTRTYIAVHYLDQTEQWEKEF G- 1 EKRQEALELIKKGY TQQLAFKQPSSAYAA
MAECAVDGERLKHL IVT P$GCGEQNMIGMT PTVIAVHYLDQTEQWEKE G- LEKRQEALEL TKKGYTQQLAFKQPS SAYAR
MVECATDGDRLKHLIGTP! MIGMTRTVIAVHYLDSTEQWEKFG-LEKRQEALEL TKKGYTQQLAFRQKNSAFAL.
MTELAIDGERLRHLIQT P$GCGEQNMIGMT PTVIAVHYL DS TDOWEKEG- LEKRQES LEL IRKGYTQQLAFRQKSSAYAA
LVEKATDGTKLKHLIVTP: 1GMTBTVIAVHYLDSTMOWETEG- INRRTEATELTRKGYTQQLAYRKEDGS FAA,
IIENSIDGSKLNHLIITP: ITMTPSVIATYYLDATGQWENLG-VDRRTEATKQIMTGYAQQMVYKKADHS YAR
MVEDAT LIVVPAGCGEQNMISTTPSVIATRYLDYSGOWERIG-VNRREQALKNIKQGYAQQMT YRKEDNS YAA
LVEQAISGDSLGSLIVQP MIYMILEVIATHYLDNTKKWEDIG-LDKRNTAIKY INIGYGPQLAYPKEDGS YAA
TIEAAISGSPLGDLL MIGMTLPLS PHITWTRENTWDKVG - LERRNQAVS Y IQRGYEQELAYRKKDGS YAR
TIEAAISGS PLGDLLGQPHGC LPLIATLYLDETKOWDKVG~LERRKEAVNE I KMGYEQEMAYRKADGS YAT
LVENAISGQSMGTLIYQP! MIHMTLPVIAATYLDKTNQWETVG-FQKRNEALQHIKTGYTNELAYPKKDGS FSV
LVENAISGTSLGS LIKQPYGCGEQNMITMT LBV IAAIYLDKTNQWETVG~ FEKRKEALQHITTGYKRELNYRKEDGS FAA
LVENAISGKSMGTLIYQP3GCGEQNMIHMTLRVIAT IYLDKTNQWEAVG- FQKRAEALQHIKTGYTNELAYLKGDGS FAV
LVENAISGKSLGTLIKQP: TLBVIATTYLDKT VG-FQKRDEALQHIKTGYNNELAYIKNDGS FAT
TVEQAISGDEMGRLIIQPRGCGEQIMIGMTLPVIATHYLDSTNQWETVG ~MERRNEATNHINAGYQRQLG YRKS DGS YAR
TVEQAISGSFMGRLIVQPSGCGEQIMIGNTLRVIATHYLDS TSQWETVG-FERRNEAINHIRTGYQLQLGYRKSDGS YAA
TVEQAISGDFMGPLIVQP$GCGEQNMIGMT LY IATHY LDNTNQWEAVG - IQRRTEALNHIRTGYQPQLT YRKS DGS YAA

VEQAISGSFMGQLIVQPAGCGEQNMIFMTL, PV IATHYL DS TNQWEALG~MKRRDEAIGHIKTGYNRQQAYRKEDGS YAA
T1EQAISGDEMGRLIVQP! IYMTLRLTATRY LDTTKQWEVVG-LQRRSEAVQH IQTGYTRELTYRKDDGS YAA
TMVNCLOAKS ISHLICTPTGCGEQNMIKMAPTTLTLIYLDSVQEWEKIG-LHRGEEATAFLKQGYSRELS YRKADHS YAA
TIQNTLKGSKISNLLRLPI TS ITVMVARYLHRSD; QLKKRS FDEITSGFASQLTYRKPDYSYAA
TITTTIGG- -LGTLLRLPTGCGETMIKLAPNVYVLS YLECTDQITKDV =~~~ EEKAYDE IRQGYNKQLSHRRPEGCFSV
ASTUPIGG- ~LOHLVRQPRGCGEQTMIYLAPTLEVYCYLIAVGS DTAEQ~ -EARI'{DYIADGVARELTYRQDNGAYM
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Buman C3
Mouse C3
Rat €3

®ig €3
Cattle C3
Chicken €3
Cobra €3
Xenopus C3
Trout C3-1
Trout C3=-3
Trout C3-4
Flounder C3
Wolffish C3
Medaka C€3-1
Medaka C€3-2
Carp €3-81
Carp C3-E2
Caxp C3-§
Zebrafish C3
Catfish c3
Lamprey C3
Bagfish C3
Amphioxus €3
Sea urchin €3

Buman €3
Mouae €3
Rat €3

Pig C3
Cattle €3
Chicken €3
Cobra c3
Xenopus C3
Trout €3-1
Trout €3-3
Trout C3-4
Flounder €3
Wolffish €3
Medaka C3-1
Modaka C3-2
Carp c3-81
Carp C3-B2
Carp C3-s
Zebrafish C3
Catfish €3
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TAFVLIALGEAKDICEPRQ--VNSLLRS INKARDFLADYYLELKRPYTVAIAGYAL-
TAFVLIALHEAKDICEAQ--VNSLGRS IARAGDELENHYRELRRPYTVAIAAYAL~-
TAFVLSALCESQKICKNY~-VKSLDGS IAKAS DYLSRKYCSLTRPYTVALTSYAL
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TAFVLIAMCEASSVCEQS~--VNS LPGSMAKAVAYLEKRL PHLTNPYAVAMTS YAL.
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TAFVLIAMCEAHT FCTNYDGLSEL POSMKKAMQYLESQNGYLTNPYSVAMTS YAL~
TAFCLIAMCESRTLCAAT ~VNSLPGSVEKSVLYLERRLESLTNPYAVAITSYAL
DGLLPHCHAGSRTVCTAT~-VNSLHAS IGRAVVYLERRLPSLTN®YAVAMTS YAL:
TAFCLIAMQESRSLCSAT--VNTLPGS I DKAVAYLEKRLPRLTNPYAVAMT S YAL:
TAFCLIAMCESRSVCEGY- - INNLPGS INRAVAYLEKRLPSLTNPYAVAMTS YAL
TAFVVIAMGEAREICGG--5VGSLHDS IKKAVVELEGRLPQLTNPYAVAMTS YAM

TAFVVIAMQEAREIC ~AKESLHERTRKAVAYLEGRLSQLTNPYAVALT S YAM: ANEN
TAFVVIAMQEGREICAG ~SVASLQESIRKAVSFLEGRLPQLTNPYAVAMTS YAM= -~ mssmmme—— ASEN
TAFVT IAMQEGRELCGA~~ IVGSLPES TRKAVS FLEGKLNKLTNPYAVALTS YAM AGAD
TAFVLIALQEGNHLCAK-~LVGSLPEAS RKATEYLERRLPSLTNPYAIAMS SYAL===mammmaaccmmae =~===ANAG
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TAFVLISLLESRNLLVP=--ANQKI DEAIGKATEYLVTQVENIDRVYDKALVTSALRESAS ==VGTANGKLWE ~DRNEDGT
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RLKGHLLNKFLT QLYNVEAT SYALLALLQLKDFDFVPPVVRWLNEQRYYGGGY
KLEEPYLGKELNT QQLYNVEAT YALLALLLLKDFDSVPPVVRWLNEQRY YGGGY
KLEEPYLTKFLNTAKORNRWEE PGQQLYNVEAT SYALLALLLL! DSVPRVVRWLNEQRY YGGGY
KLDEPFLNKLLSTA GQKLHNVEAT: YALLALLVVKDEDSVPPIVRWLNEQRY YGGGY
KLEGQRLTKFLNTAKEKNRWEE PNQKLYNVEAT === mmm o e o o SYALLALLARKDYDTTPPVVRWLNEQRY YGGGY
KLNSE -~KVLMKESKDGT! TYNIEGT SYALVALLCMEKAELTGPVVRWLAQQNYFGGGY

RLNDIp-=RVLMAAST YNARTHNIEGT: YALLALLKMKKFAEVGPVVRWL IDQKYYGGTY
KLPNT--KKLMSVS [GDTHWE £ PGKRE LS LEMT == m= m e m e o m SYALLTLLKMKEYG PTGGIVRWLNEQRY YGAVY
KLNKETLLKEAS B~~QLDHWPVPGGYQYTLEAT ~~ -~ =~SYALLALVKVKAFEEAGPIVRWLNKQKKVGGGY
KLNCS ILFKHS ST~ ~DRTHWPVS ENHLLTLEAT PSTL~ ~EATAYALLALVKAGAFEEAGP IVRWLKS QGFQRGGD
KLNKT ~AYALLALVKAGAYEEAGRIVRWLNRLGEKGGEE
RLNKI ~AYALLALVKTKDFEKARPIVRWE SQQQKVGGGY
KLNG! ~AYALLALVKAKAFEEARPVVRWENKQQKVGGGY
KLNRPILYKFVSP-~ELTHWRVPGKHLFTLEAT~ ~AYALLALVKTKSFEDARPVVRWENQQQFVGGGY
KLNRQILYKEVSP-~ELSHWPVPGRHVFTLEAT~ ~AYALLALVKTKS FEDARPVVRWENQOQFVGGGY
KLNKBILMKYSSQHEAGRSWTVPGQMHHSLEAT— ~AYAVLALVKAKDFDKAGEAVHWLNROKSHYGGS
KLNKDILMKHSTQRGAGRSWTVPGQHHHS LEAT ~AYAVLALVKAKDFDRAGEAVHWLNRQQSHYGGY
KLKNDILMRHS TQQEAS RSWTVPGQHHHSLEAT AYAVLALVRDRDE HWLA. YGGY
KLNKAVLMKE S TKGEAGT YWNVPGOQYHTREAT ~— ~SYAVLALVKARDFNAAGEAVHWLGS QHYS YGGS
KEDK$HLLQASSG~~DGAYWQ TLEAT- AYALLALVKVKDFDAAGKAVHWLNRQSS PYGGS
~PESE MHSSWKKLENRTTFESKGHRYNKAEETSMVLRMSAISVEATAYGLLT‘{LRHKDYESARGWDWLTEQRNYGGGF
KVTHMRTLKTSGLQTEELI AAVES T YGLLAAICHEEGE TAEKATNWLSQSATFGGYE
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#wnan <3
Mouse C3

Rat c3

®ig €3
Cattle €3
Chicken C3
Cobra €3
Xenopus C3
Trout C€3-1
Trout €3-3
Trout C3-4
Flounder €3
Wolffish C3
Medaka C3-1
Medaka C3-2
Carp c3-81
Carp C3-82
Carp C3-5
Zebrafish c3
Catfiah C3
Lamprey €3
Bagfish €3
Arphioxus €3
Sea urchin €3

NSRYWEADASS IADGQQPYWYTRIKPSAIAVETT- AYALLTQMHIGDIQYSNPIVVWLTQQRNSAGGE
GAVSRTPDDANYEDGSQPFWLQRKPSAIEIETS - ~GYALLAQLALLDYCKAGKIALWLSKQQNDGGGE
: .o - .

Pactor I cleavags 205

GSTGATFMVEQALAQYQKDAPDHQELNLDVS LOLPSR-SSKITHRIHWESASLL! EETK-ENEGFTVTAEGKGQGTLSV
GSTQAT FMVFQALAQYQTDVPDHKDLNMDVSFHL P R=SSATTFRLLWENGNLLRSEETK-QNEAFS LTAKGXGRGTLSV
GSTCATFMVFQALAQYQTDVPDHKDLNMDVSLHLPER-S5 PTVFRLLWESGSLLRSEETK-QNEGFS LTAKGKGQGTLSY
GSTCATFMVFQALAQYQKDVEDHKDLNLDVS IHLPFR- SAPVRHRILWESASLLRSEETK~ENEGETL TAEGKGGGTLSV
GSTCAT FMVEQALAQYQKDVRPDHKELNLDVS 1QLP R~NSAVRHRILWESASLLRSEETK- ENERFTVKAEGKGQGTLSV
GSTCAT ILVFQALAQYHVALPRHVELNLDVSVLLP] RR-ANAITYRIENNNALVARSAETK-LNED ETVKAEGTGKGTMTV
GQTCATVMVFQALAEYEICMPTHQDLNLDIS IKLP, ER-EVPERYS INDRNAVQARTVETK~ LNEDFTVSASGDGKATMT I
GSTCAT IVMFQALAQYQTDVPGLNELNLDVS LHLPER. ~QCPLTYRINLDNALLARSAETR~ LNQDEVVKAKGKGGGTIRV
GSTCSTIMVFQAVAEYWSHVKDLKDEDLNINLEVAS! =ASVTKWS INNKNQFHTRTDKVNS IDKDLTVKASGNGEATLSV
SSTCSTIMVFQAVAEYMAKAGKVKD IDLNVDIDISS: ~TEVVKWSFSKSTALLTRT DKVQ~QHDNETVTAKGTGLGELLY
SYTQAT IMVFQAVAEYKMKAGKVKD IDLNVDIDIT! GR-ACVIKWS FNKRNALLTRS DKVM- LEEN FTVTAKGTGQGGLLYV
GSTCATIIVYQAVAEYWAAAKEF-EYDLNVDILLEER-S KPEKIVLNADNS YTTRTSKINDINQDVKVTAKGTGEATVTIH
GSTCATILVYQAIAEYWASAKE P~EYDLNVDILFT, 5R~SRPDKENFNRNNHYATRT S K INDIHQNMTYTASGSGEATLTHU
GSTQATIIVYQAVAEYWANAQEP~EYDLKVDLILL P K=-SKPDKYEFNRENS YATRTSKI KDINKDIKVKATGSGEAVLKHM
GSTCATIIVYQALAEYWTNAQEP-QYDLKVDVLLPEK-5 KPDKYQFTRENS YATRTSNIKN INKDIKVKATGSGEAVVNM
GTTCQAT IHVFQAVAEYRTQVKDRQNFNLDVELSV)\-’R—GKPV'RYTIKRENAHLTRS DRVD-INKEFNVTARGTGTATLSY
GTTQSTIMVFQAVAEYRTQMKDOQNFNLEVELSVES GR-SRPVRYT IKKANAHLTRS DRVD- INQEFNVTARGTGTATLSV
GTTQATIMVFQAVAEYRTQVKLTQNENLDVELSVALR-S KPVRWTFKRDNAHLIRS DRVE -~ INKDFSVTARGTGKATLSYV
GTTQ}\TIM’VE‘QAVAEYRTQVKDSQNFNLEVELAVE-;R-SKPSRY’PIKRDNRHVSRS DKVD- INKDFNVTAKGTGKATLSV
GTTCSTIMVEQAVAEY YKQVRDRQNVDLDVELSVS! bR~SRPIAWKE SKSNAHLTRTOKVQ- LKQEFNVTAKGSGAGVLKV
GSTCSTILALQAMSQYKMDSSSQAPINVQLEITS P {(N~-NFEKKMKITEETREVQEPHKIP-PGGN ITVKALGRGTFTLSI
QSTCOTVMALQALTGFESCQSRMKKMDLS FKIRAE. :NGVFDKEFQITNDNAFVQI\'PFKVP—V'HGQLTVTASGTGQG] LTE
VSTCDTVVALQALSSYEGS ~TKVDPTQFTCQMTSD} 'DLDYNEEIHVDKDNALINQEK’I‘}\P—VGGKLFLSTSGTGIGQNQV
VS PCDTVVALQALAKYTER~PEFNTIEMNC BVAT?QI PLHRYHIGNDNAKVQEEVDVS PS~IGRS LTEDSRGTGVAKANY
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Mouse C3
Rat €3

Pig c3
Cattle C3
Chicken C3
Cobza C3
Xenopus €3
Trout C3-1
Trout C3-3
Trout C3-4
Flounder C3
Wolffish €3
Madaka C3-1
Medaka C3-2
Carp €3-H1
Carp c3-82
Carp €3-§
Zebrafish €3
Catfish C3
Lamprey C3
Hagfish €3
Amphioxus €3
Sea urchin €3
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Mouse C3
Rat C3
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Cattle C3
Chicken C3
Cobra C3
Xenopus C3
Trout C3~-1
Trout C3-3
Trout C3-4
Flounder €3
Wolffish c3
Medaka C3-1
Medaka €3-2
Carp c3-m1
Carp €3-82
Carp €3-s
Zebrafish C3
Catfish C3
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Hagfish C3
Amphioxus €3
Sea urchin €3
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Pig €3
Cattle C3
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Wolffish c3
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Carp c3-81
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Lamprey C3
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Amphioxus €3
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Fig. 2 (continued).
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IYLDKV! HSEDDC‘LAFKVHQYE’NVELIQPGAVKVYAYYNLEESCTRFYHPEKEDGKLNIG-CRD— ~ELCRCAEENCFIQKS
IYLEKI HTEEDCLTFKVHQYFNVGLIQPGSVKVYSYYNLEESCTRE“{HPEK’DDGMLSKLCHS-—EMCRCAEENC FMQQS
IYLEKICHSEEDCLSFKVHQFFNVGLIQPGSVKVYSY\’NLEESCTR! YH: SKLCHN~=-EMCRCA FMHQS
IYLDKISHTLEDC ISEKVHQYEFNVGLIQPGSVKVYS YYNLDESCTRFYHPEKEDGMLNKLCHK=--EMCRCAEENC FMHHD
IYLDKVSHTVEDCLS FKVHQY FNVGLIQPGAVKVYSY YNLDETC IRFYHPDKEDGMLSKLCHK~~DTCRCAEENC FMHHT
IYLDKVSHQVEEC IAFRAHQHFQVGLIQPASVIVYSYYKI DDRCTREYHPDKAGGQLRKICHG-~EVCCAEENCFIRVKK
I‘{LDKVSHSEDECLHFKIHPO{E‘EVGFIQPGSVKVYSYYNLDEQCTKFYH PDKETGLLNKICHG--NICRCAEETCSLLNQ
LYLDKISNTEEECVKEYAHQYFEVGEIQPASVTVYDYYTPENRCT KFY LGRICQD--DICRCAEENCFMQQQ
LYLDKVSHKLEDRIS FKIHP.VQEVGVLQPAAVSVYEYYNQ-)\'RCVKFYHPQREGGTLSRLCLG DVCTCAEESCSMQKK
IYLDQVS, KLADKVAFRIHKVQDVGLLQPVGVTVYEY YAQENRCVKEYH PNKKDGTLNRLCQE~~DVCRCAEESCSFQKK
IYLDQVSFKL PDKVAFRlHl'\'VQDVGLLQPVGVTVYEYYAOENRCVKFYHPLKKDGTLNRLCQD DVCRCAEESCSYQKK
IYLPKVSHTRPEE ITFRV'HQmKVGVLQP}\AVSV‘{EYYDQ—TQCVQF'{HPQRKAGQLLRLCRN- ~EECTCAEENCSMQKK
IYLEXVSHTRPEE ITERVHQTLKVGVLQPAAVSVYEYYDQ-TRCVKEYH PERKAGELMRLCRN~-HECTCAEENCSMQKK
IYLCKISHTRPEEIS FRVQQTMEVGVLQPAAVSVYEYYEQ-T PCVKFYHPEREGGQLLKLCKD: DECTCAEENCSMQKN
IYLDKVSHTRPEEIS FRVQQTMEVGVLQPAAVSV’YEYYEQ-TPCVKF‘{HPEREGGQLLQLCRD DECTCAEENCSMQKN
LYLDKVLRKE PQRLAFRMHKMLNVGVLQPAAVTIYEYYS PNARCTKFFHPERADGAISRLCKG DLCQCAEENCSYQKK
LYLDKVSHKEKEVISFRMHQMLDVGLLQPAAVTIYEYYS PDARCRKFYHPERTDGATYRLCKG~ DLCYCAEENCSYQKK
LYLEKVLHREKER IAFRMHKIQNVGLLQPAAVTIYEYYS PDARCTKFFHPEREDGALYRLCKG=~DMCQCAEENCS YQKK
LYLKMVSNKES ERIAFRMHKMLNVGLLQBAAVTIYEYYS PNARCTKYFHPER-EGVIYRLCKG—'DHCQCAEENCSLQKK
IXLDRVSHTRADRIVERVHKITNVALLQPAGITVYEYYS PGERCVKFYHPWKDGALNRLCSDQEGLCQCAE ENCSIQKK
IYLCKVSSTEDYCFAFKIKQMLRS DMIQPVTASVYDYYS PQDKCTRFYNLPGGYVELS PLCQN-~DLCQCVEVSC PAKKP
LYLDKVNKDEKNCVGERLNQVFESNLVL PVTATVFEYYE PDFRCSKSYHPKMEVNPDASCHGN---ICNCLQRHCVELKG
LYFPEITS-EEICVSI RMKRVMLVGAVQPVPVSVYDYYQPDU\CTTFYHPGQGS PLLATLCDG-~SQCVCAEGKCPKETS
FYLDTIHSDEDLCETFSAES DVVVGNVOAAAVHVYDY YDPEKSCT I FYKPGDGSALLSTLCSE=~NECICSGGSLEYCNI
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DD+~KVTLEERLDKACEPG-~~-VDYVYKTRLVKVQLSNDFDEYIMAIEQT 1KSG-SDEVGVGQQRTFIS P~ IKCREALK
QE--KINLNVRLDKACEPG~~-~VDYVYKTELTNIELLDDEDEYTMT IQQVIKSG~SDEVCAGQQRKE ISH= TKCRNALK
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EE-~EVTLDDRLERACEPG~-~--VDYVYKTRLLKKELSDDFDOYIMVIEQI IKSG-SDEVQVGQERRE ISH- IKCREALK
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DN--PITVNERIDLACKPG ~VDYVYKVKVVATEETPSHONY IM5 ILTV IKMG-TDENPGGSNRT EVS K~ KQURDALS
QK~~KIDLGLRIQKACACN==~-VDYVYKTKLLRIEEKDGNDIYFMDVLEVIKGG~TDRNAQAKARQYVSQ~ RKCQEALN
IEG-KITPEMRINMACAPG-~~~VDEFVYKATLTEVQES ENFDNYVMT IRKVIKQG~TDQE PEEKTRNFISH- IKCRKALA
~G=-~EP-DVQRIDKACGAG-~--LDYVYKATVVDSKLTTHTDTYTVKIDLVIKPG-TDEGVEGKNRD FMGL~AYCREALG
HG=~DMSKVKLLDKACEAG=~-~~MDYVEKASLVNATLESYTDTYLME IKR] IKEG-TDLLLNGEKRLFLAH~ PSCRKALD
LG--DVSEIKLLDKACESH=-=~~MDYVFKASMVNATLESYTDTYLME IKMI IKEG=TOLVLEGGKRLFLAH~ PSCREALD
~G-~KISNDQRIEKSCETTPTSKIDEVYKVRLEEFTDGGSTDIYTMRILEGIKEGS YDVAPQGKLRTFLS Y~QHCRESLD
~E~~QVSNDQRTAKVCETELNNKIDFAYRVGLEEFTDGLSTDIYKVRVLQVIKEGS KOVGPLNKERTLLS Y~ PHCRDPLD
~G--QISNDERTSKICESTESSKIEYAYKVLVEDVVQKPS IDIYAMRVODS IKEGS TDVGPRGKLREFLS Y- PHCRDALN
—G-'QISNBEPTSKICESTES SKIEYAYKVLVEDVVQKPS IDIYAMRVQDS IKEGS TDVGPMGKLREFLS Y- PHCRDALN
~N--H. MDYVYKVK MDLQQDADIYDLEVEQVLKEG~TDVDVEGKRRPFLAR- PTCRNHLG
—N-—RVSDZBRE‘NRACEAG- ~MDYVYKVTVVGMDLKQDS DI YDMKVEQVLKEG~TDVDVEEKVRPFLAR- PSCREYLG
~N=--HVEDDERFNKACEAG- -~ -MDYVYKVKVVGMDLKKDS D 1YEMKVEQVLKEG-TDEDVEGTVRTFLAR~ PSCREHLG
=G-=GFKDEERNIKAC ESG- =MDYVYKVKVKDMELAADADI YOMEVEQVLKEG-TDQVIEGQVKS FLGR- PSCKESLG
=Q--KI ~MDYVYKVKVLNLDPSPNTDFYEMKIEEVLKEG- SDQDVHDKVRNFMGH-ANCRESEG
KmSITVLHRQBAACVAG ~IDYAYVGIVDNRTEVRS FVYYTVNIQTVIKSGGDQAICPKAIRLFIVT~RSCDGRLG
~YVFIIGVTKVTKTASYININAALKTVLKKGMDQAINVGARRS FVIP~MHCGKNLN
~CLDYAFRVIVMEVRQEGS FDRISMIVES PIKKGLDDVEDGEERVEFWKRKTCSGLQLVE
~HSSYALKIRIDEVEIKEGFRICKFTVLNEIKTGDEDVPHQAQRQLF INEGCDC PKVKG

PKKLRELTCRDLEEKACN-
DPCPGPYTRIDLEGTACAS

LEEKKHYLMVGLSSDFWGEKPN=-~-LSYIIGKDTWVEHWPEEDECQDEE -~ ~NQKQCQDLGAFTESMVVEGC PN
LQKGKI(YLMWGLSSDLWGEKPN- =~=TSYIIGKDTWVEHWPEAEECQDQK~~~YQKQCEELGAFTESMVVYGCPN.
MIGL TSYTIGKDTWVEHWPEAEECQDQK-

NQKQCEDLGAETETMVVFGCPN
LKEGGHYLVWGVSSDLWGEKPN NQKQCQDLANESENMVVFGCPN
LKEGAHYLVVWGVSSDLWGEKPK: ~ISYIIGKDTWVELWPEAEECQDEE~~~NQKQCEDLANETENMVVFGC PN
LQKGQDYLVWGLAS DLWVTGSR: ~FSYLISKDTWLEAWPLEESCQDAD~~~LQPLCQDFTEFSDNLVLFGCPT
LKLDNDYLIWGLSSDLWPMKDD~~~~ISYLITKNTWIEPWPNEDECQDEE === FQNLCODFAQLSNTLTIFGCPT
MQLNRDYLIWGVTGDLWKCPDG=~~=~YSY T IGKDTWIEWWP| JRE--~NLDLC ET LEIVGCPN
LMQGKT YMIMGKSEDLHRVEDKGLLQYKYVLGEQTWIEYWPSQQECTSRD-~~YREVCLGIDEFINQITT FGC PV

LEEGQS YLLMGDTAALIQSGDR ~FEYVLGERTWIESWPTSDECS I¢G-~PTRERCLEINDEVHVMENEGCVN
LKEGQSYLLIGOTADLIQS-VT: ~DRYVLGERTWIEYWPTSDECNMQDQEKTRKRCLE L YDFVHEMQS EGCVN
LGKGKMYLIMGTSKDIHRDDQN-~ESYHYVLGERTWIEYWPTEAECQTEE~~~HRPTCLGLQRQMVQQYLLFGCQQ

Wolffish €3 LRTGNNYLIMGASTD1YRDDQA-~QSHQYVLGERTWIEYWPTDKECQTEE--- YRRTC LGMAEMVEQYRVEGCNQ
Medaka C3-1 LOKGKTYLIMGSSRDIHKDEKQ-~LTYQYVLGERTWIEYWPTAEECQGDE- ~~HRATC LGLDEMLEQERVFACQQ
Medaka C3-2 LLKGKTYLIMGSSRDIBRDEKK-~QTYQYVLGERTWIEYWPTAEECQGLE--~HRDTCLGLDEMLEQYRVFACQQ
Carp C3-81 LVKDKSYLIMGRSVDLPDLGGS ~LOYIFGEQTWIEYWPTRQESQTRE~-~HRDRY IGISDLQNS LLKEGCAT
Carp C3-B2 LLEGKSYLIMGRSVDLPELRGS ~LQYVFGEQTWVEYWPTIEESSTRE---HRERYNGIAKLNNSLLSYGCST
Carp C3-8 LVKGKSYLIMGKSVDLPKLGGS ~LQYIMGECTWVEYWPTREESQTRE--~HRDRY IGISDLENS LRKEGCAT
Zebrafish C3 FVQGKSYLIMGKSTDLPKLGGS ~LQYILGEQTWIEYWPTSGESKSAE--~-HRDRY IGITELENMLTKEGCAT
Catfinh [} FKQGKSYLIMGRSIDLPRIDGK: ~LQYILGEQTWIEYWPTKQEGQTKE-~~YKDSYIGINSLSQMLTEFGCTT

c3 METPRQYLL TKDKND QYVL EQWET N QAFCAIKREYEFSMQIQGCSS
Bagfish C3 VS PGDIYLVMGHMHNAHWRNSDR--~~TQYVLTSDTWFEKFPLESVCRLBS-~--PPASCQUSENFKGCSLKG=-~~

Amphioxus €3
Sea urchin c3

G~==-TTYLLMGKDGTKYTDEQGF -DSFRYVITEQSFVAEWPTGAKAERKK-~- FKRVADKFQQLADKIFLQGCTT
RNIGGTFLLVGQKSLKYTTEQGE~ERYRYVYGPTSKL.EFWPATRKARNAA=-~VFDKLVAF EAQMAPASACSNEN

Fig. 2 (continued).



3.2. Sequence analysis of C. macrocephalus C8y cDNA

The full-length of C8y ¢cDNA consisted of 886 bp comprising a 5" untranslated region
(UTR) of 100 bp, an open reading frame of 633 bp, a stop codon of 3 bp and a 3' UTR of 150
bp containing the poly A tail. The 3’ UTR contained a consensus polyadenylation signal
(AATAAA) 16 bp upstream from the poly A tail (Fig. 3). The open reading frame encoded a
protein consisting of 211 amino acid residues. N-terminal segment included a high
proportion of hydrophobic amino acid residues and therefore the first 24 amino acid residues
were predicted to be a signal peptide by the SignalP program. The mature C. macrocephalus
C8y consisted of 187 amino acids with molecular mass of 21.64 kDa. No potential N-
glycosylation site was observed in C. macrocephalus C8y after the NetNGlyc program

* analysis.

A BLASTX homology search revealed high similarity to C8y from fish and mammals,
and much lower to other known lipocalins (Table 3). Multiple alignment of amino acid
sequence alignment of C. macrocephalus C8y and other known C8y indicated three
conserved cystein residues that involved in formation of disulphide bond in most C8y

proteins (Fig 4).
"3.3. Phylogenetic analysis of C. macrocephalus C3 and C8y

Phylogenetic analysis of C. macrocephalus C3 with C3 molecules from other species
was performed using the Clustal software, based on the deduced amino acid sequence
alignment of the C3 a-chains. The resulting tree showed that all the bony fish formed a
cluster (Fig. 5). C. macrocephalus C3 were grouped with zebra fish and carp C3 indicating
that the walking catfish (belong to order Siluriformes) and these two fish species (belong to
order Cypriniformes) were phylogenetically close species. However, among these three

species, zebra fish and carp, which belong to the same order, are strongly genetically related.

The amino acid sequence alignment of full-legth C. macrocephalus C8y with other
members of lipocalin family was used to generate a phylogenetic tree. The unrooted
thlogenetic tree obviously indicated that C. macrocephalus C8y is more closely related to

C8y of fishes and mammals than to other lipocalins (Fig. 6).
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Table 3 Amino acid comparison between C. macrocephalus C8y and other known

lipocalin proteins.

BLAST match GenBank % identity/
Accession no. similarity
C8y (Zebrafish, Danio rerio) NM200863 50/68
C8y (Rainbow trout, Oncorhynchus mykiss) NMO001124408  44/68
C8y (Human, Homo sapiens) NMO000606 36/59
C8y (House mouse, Mus musculus) NM027062 36/56
o-1-Macroglobulin (Cattle, Bos taurus) BC102637 30/54
o-1-Macroglobulin (Human, H. sapiens) NMO001633 25/48
Prostaglandin D-synthase (Zebrafish, D. rerio) ~ NM213634 22/46
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ACGCGEGACAGGCAAC AGCAACAACCARACACTGTAGCGGTGGTTTTAGTGCATAATAGA o
GTGTTCTGTTATAARTGALARCGTGRAATAAGTGTGGAGGTATGTTGCGTGTGTGCGTCTA 129
¥ L RV € ¥ Y
TTTGTCTCTAGTCATTTIGTTCGGGTTTTAGTCTCTGGGAGCCTCTGGATGGAAGACGAAC 184
L $ L v I b L ¢ F 3 L W E P ¥ P G R R T
TCGATACAGCCRAAACCRACCCARACCAGARARABAAGCCAATTGAGGRGATCOTTCCAGC 244
R ¥ 8 Q T N P W Q@ K K K P I E E I ¥ P &
TCAAGACATTGATTTC AATAAGTTGAGTCGARAGTGGTATCTGCTAAGTGTGGCTTCAAG 308
¢ P I P F W K L 8 G K ¥ ¥ L L 38 ¥ A& 5 R
ATGTAAGTACCTTTTAGAACATSGTTTTALAGTGGAGGGCACCGTCATAACTATGTTTGC 540
¢ X Y L L £E H ¢ F K V¥V E ¢ T ¥ I T H F A
BACCTGACTCACCCTAATGCACCAATCCALGTCGAGCACCTTCACCRAAACTCARTTATCAGTG 43¢
P D 8 P W A P I Q ¥V 8 T F T KL M Y O C
TTGGGAGATCARACAGAAGTEACGAGACCTCACAGAATTITCGCCCGCTTITTACTAARAGC 430
¥ E I KR ¢ ¥ ¥ E T $ @ M L ¢ R F L L K 4
AAAGATACCAGTGARGAACACTGAGATCATTATTGTAGRARACAAACTACAACTCTTACGC 340
K I P ¥ X ¥ T E I T I ¥ E T B ¥ N 8 ¥ A
CATTTTACTTTACAAGCAGATGAACAAGCTCCCCATGARACTTTACGGCCGCACCCUAGA o0
I L L ¥ ¥ ¢ B ¥ KL P B KL ¥ 6 R TPF E
GATCGCTGARAGTATCOTGCATRAAATT TGAAGACATGOOCALAARALACRAGATCTGGCCCT 669
I 4 E 8 1 ¥ p X F E D K 2 R K ¢ P L & L
GGATGTTGTTITTCCAGTITCCTACTTATGGATTTTGTCAGTCTGCAGACRAGGAACATAC T2
P ¥ ¥V P © F P T ¥ 6 F C ¢ 858 A D XK E H T
GCTCGTAATGGCCTGRAGAGGATTGTTTIGTGATAGAAGTCTTTGGATATGACGGCTTCA 728

L v H &a *

TCGTACCAGAATGCATIAGCACAAGRACCGATTTCCGACGTGGTAGAALTAATTAACART 548
ABAACTCTGCCATTTCTOCCALAARARARARARAARARAAARARAAR 8¢

Fig.3 Full-length nucleotide and deduced amino acid sequences of C. macrocephalus C8y

cDNA
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I ——— e MLPPGTATLLTLLLAAGSLGQKPQRPRRPA 30

Human Csy

Trout Csy 1 MTGVWQCVTMLMVVCVCLWGSAEAIGGAKSRPRPQRRPPKK~PKV 44
Zebrafish Csy 1: MIRFWLYL-FFVLACLSFW~-~~EPVETRRARYKPEPPKPKKTETQ 41
Catfish Csy I: MLRVCVYLSLVILLGFSLW---EPVDGRRTRYSQTNPNQKK=-~-~~ 38
Human Csy 31: SPISTIQPKANFDAQQFAGTWLLVAVGSACRFLQEQGHRAEATTL 75
Trout Csy 45 NPIDDTPPAQNIDIQOMGGPWYLVNAASKCNFLMKNGLKVEATVM 89
Zebrafish Csy 42. KAIDTLAPGONINIDQMSGKWHLLTVASRCKNLLESGFKTESTSL 86
Catfish Csy 39: KPIEEIVPAQDIDFNKLSGKWYLLSVASRCKYLLEHGFKVEGTVI 83

.* * e . * Kk ok .'* * * . * . * ok
Human Csy 76: H-—~VAPQGTAMAVSTFRKLDGICWQVRQLYGDTGVLGRFLLQAR 117
Trout Csy 90: TLTSPSSQNPTLSVSTTTRLNHQCWEILQAYTITPTPGRLVLNGS 134
Zebrafish Csy 87: T---WNITADTVTVGTVRKLNFVCWEIKONYMKTKTPGOLFLKGK 128
Catfish Csy 84: TMFAPDSPNAPIQVSTFTKLNYQCWEIKQKYETSONLGRFLLKAK 128
*.* -*_ **_‘ * Kk o *. *
Human Csy 118: DARGAVHVVVAETDYQSFAVLYLERAGQLSVKLYARSLP-VSDSV 161
Trout Csy 135: RPLLNTDIVIGESDYSSYAVFYYOKQGOLTMKLYGRSKDTLSEAT 179
Zebrafish Csy 1290 RPSDNVDIMVLETDYSTYAMLVFKRAEKITMKLYGRSGE-VPDNI 172
Catfish Csy 129: IPVKNTEIIIVETNYNSYAILLYKQMNKLPMKLYGRTPE-IAEST 172
*..* ..* . e .***.*.
Human Csy 1622 LSGFEQRVQEAHLTEDQIFYFPKYGFCEAADQFHVLDEVRR- 202
Trout Cgy 180: LDKFEDLAEKKGLGLAYVFAFPNYSHCESVDKDHVINCVPTC 221
Zebrafish Cgy 173 VDKFEDRAKTENLGLDVVFQEFPDYGFCESAEKVLDLT-~--- 209
Catfish Csy 173: VDKFEDMAKKQDLGLDVVFQFPTYGFCOSADKEHTLVMA--- 211
* Kk * * kK% % *
A e ..4 .....

Fig. 4 Amino acid sequence alignment of C. macrocephalus C8y (Catfish C8y, Genbank
accession no. AB474962), Danio rerio C8y (Zebrafish C8y, Genbank accession no.
NM200863), rainbow trout C8y (trout C8y, Genbank accession no. NM001124408) and
Homo sapiens (Human C8y, Genbank accession no. NM027062). Conserved Cys residues

are indicated with arrows.
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Seaurchin C3
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Hagfish C3
Kenopus C3

Pig C3
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Rat C3

Mouse C3
CobraC3
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Fig. 5 Phylogenetic relationships of C3 proteins from different species. The tree was

conducted by the neighbor-joining method based on the deduced amino acid sequences of

C3s aligned in Fig. 2.
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10

Fig. 6 Unrooted phylogenetic tree various lipocalins. Amino acid sequence aligments of Bos
taurus o-1-microglobulin (BA-1-M), Danio rerio o-1-Microglobulin (DrA-1-M), Homo
sapiens o-1-microglobulin (HA-1-M), Oncorhynchus mykiss o-1-microglobulin (TA-1-M),
D. rerio prostaglandin D-synthase (DrPtgDs), Oncorhynchus mykiss prostaglandin D-
synthase (TPtgDs), Xenopus laevis prostaglandin D-synthase (XPtgDs), Clarias
macrocephalus C8y (CC8G), D. rerio C8y (DrC8G), H. sapiens C8y (HC8G), Sus scrofa C8y
(PC8G), Orytolagus cuniculus C8y (RC8G), Oncorhynchus mykiss C8y (TC8G) were used to
generate the tree by the Phylip program.
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2.5. Tissue distributions of C. macrocephalus C3 and C8y mRNA

Tissue expression profiles of C. macrocephalus C3 and C8y mRNA were studied by
RT-PCR. As shown in Fig. 7 and Fig. 8, C. macrocephalus C3 and C8y mRNA expression
was detected mainly in liver (lane 4). Expression was also observed at low level in brain
(lane 1), heart (lane 2) and muscle (lane 7) for C. macrocephalus C3 and in kidney (lane 3),
spleen (lane 5), intestine (lane 6) and muscle (lane 7) for C8y. Expression of B-actin used as

internal control was observed in all tested tissues.

C3

B-actin

Fig. 7 Expression of C. macrocephalus C3 gene in various tissues. Lane 1, brain;
lane 2, heart; lane 3, kidney; lane 4, liver; lane 5, spleen; lane 6, intestine; lane 7,

muscle; lane 8, ovary. M indicates the molecular weight marker (100 bp. ladder).

[B-actin

Fig. 8 Expression of C. macrocephalus C8 gene in various tissues. Lane 1, brain;
lane 2, heart; lane 3, kidney; lane 4, liver; lane 5, spleen; lane 6, intestine; lane 7,

muscle; lane 8, ovary. M indicates the molecular weight marker (100 bp. ladder).
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2.6. Developmental expression of C. macrocephalus C3 and C8y mRNA

The expression levels of C. macrocephalus C3 and C8y mRNA were determined
during catfish development at 1, 3, 5, 10, 20 and 30 days after hatching. C. macrocephalus
C3 and C8y expressions were detected at all tested ages. Both C. macrocephalus C3 and C8y
were found to be expressed at a low level at 1, 3 and 5 days post hatching. Strong
expressions were observed at 20 and 30 days after hatching. Over all, transcripts of C.

macrocephalus C3 and C8y gradually increased as development progressed (Fig. 9).

C3

C8y

B-actin

Fig. 9 Semi-quantitative RT-PCR analysis of C3 and C8 in the different larval stages

of C. macrocephalus. M indicates the molecular weight marker (100 bp Ladder).

2.7. Expression of C. macrocephalus C3 and C8y mRNA in fish larvae

Localization of C. macrocephalus C3 and C8y mRNA expression in fish larvae were
determined by in situ hybridization. Fish larval sections were prepared and hybridized with
the sense and anti-sense probes for C. macrocephalus C3 and C8y mRNA. Hybridization
performed with the C. macrocephalus C3 anti-sense probe showed staining of hepatocyte

cells (dark purple hepatocytes) (Fig. 10), whereas no hybridization was observed in any
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sections using the C. macrocephalus C8y anti-sense probe.  There was no staining of the

control sections hybridized with the C. macrocephalus C3 and C8y sense probes.

Fig. 10 Expression of C. macrocephalus C3 mRNA in liver hepatocytes performed by

in situ hybridization with anti-sense probe (A) and sense probe (B).

2.8.  The relative expression levels of C. macrocephalus C3 and C8y mRNA after B-glucan

administration

The expression of C. macrocephalus C3 and C8y transcripts was examined in catfish
fingerlings fed with B-glucan for 1, 3, 7 and 14 days. Semi-quantitative PCR analysis
showed significant up-regulation of C. macrocephalus C3 mRNA in all B-glucan feeding
groups (Fig. 11), compared to the 0 day unstimulated group (P<0.05). The highest level of
(C3 gene expression was observed in catfish fingerlings fed with -glucan for 7 days. There
was no difference of the expression levels of C. macrocephalus C8y mRNA between [3-

glucan feeding groups and the 0 day unstimulated control (data not shown).
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Fig. 11 Relative expression of C. macrocephalus C3 in liver from C. macrocephalus
administered with B—gluban. Fish were collected at 1, 3, 7 and 9 days post B-glucan feeding.
C. macrocephalus mRNA levels were determined by semi-quantitative RT-PCR and
standardized according to the respective (-actin mRNA levels. Statistically significant

differences are indicated by different letters (p < 0.05).
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