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R+D+i PROJECT RESULTS 2020 (PID2020-113087RB-I00) 

 
TITLE OF THE PROJECT (ACRONYM): DEVELOPMENT OF A VACCINE BASED ON 
MEMBRANE PROTEASES AND SURFACE VARIABLE proteinS TO PREVENT 
SCUTICOCILIATOSIS IN TURBOT (Scophthalmus maximus) (VALESPRO) 
 
 
Objectives 
 
General objective 
 
The main objective of this project was to develop a vaccine made up of plasma 
membrane-associated proteins, which are involved in both infection and evasion of the 
host's immune response, and which could be key targets in the development of a vaccine 
capable of inducing protection against scuticociliates. Likewise, it will also seek to 
improve the knowledge of the humoral immune response induced by the vaccine, when 
administered intraperitoneally. 
 
Specific objectives 
 
Objective 1.- To complete the identification of genes encoding variant-specific surface 
proteins (VSPs) and leishmanolins in P. dicentrarchi and to evaluate the expression of 
these gen in virulent and avirulent ciliates.  
 
1. Characterization of the leishmanolysins of Philasterides dicentrarchi 
 
Originally, leishmanolisins (LSFs) were identified as plasma membrane-bound 
metalloproteases that were expressed on the surface of flagellate promastigotes of 
several species of the genus Leishamania. Several studies showed that this protein was 
very abundant in the membrane and that it had a size of around 63 kDa, which is why it 
was called p63 or gp63. Proteomic analyses revealed that these proteins were 
structurally related and conserved among the  most common Leishmania species  . 
Experimental studies carried out on this parasite revealed that leishmanolysin is a 
glycosylated membrane protein of the zinc-dependent metalloproteinase type. Likewise, 
leishmanolins have also been described as important virulence factors of the parasite 
due to their role in promastigote infection and resistance to the host immune response.  
The results of the sequencing of the genes related to the LSF family and the biochemical 
characteristics are presented in Tables 1-4. 
 
 

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF1) Genee, complete cds  
 
GENE: 1784 bp. 
Exons:1-40; 100-256; 324-385; 
446-736; 802-1034; 1093-1130; 
1200-1288; 1361-1515; 1592-
1784.  
CDS: 1257 bp 
protein: 418 aa  

Gene 
ATGATTTTAGGATCACCTGAACTATTAAAACTTACAAGAGGTATAGTCATTTAAATTGAGAAGTATAAATATTTAAAACA
AATAATAATCTTATTTTAGATCATTTTGGATGTGAAAGTGCCTAAGGAGCATAATTAGAAAATTAGGATGGAGATGGAG
ATACAGGATCTCACTGGGAAAGAACCCTATTTTATAATGAAGTTATGAACCCAAGTAGTATATAATCAGATTCTGTAAC
TTCGTTATTTACATTAGGTAAATATAAAAAATATATGCCATATTAATTAGATCTGAGTATTTAATATATTTTATAAACTCAA
CAGCATTTCTCAAAGATTCTAACTGGTATGCAGACATCGATTTTTCTTATAGCGAATCTATGTAGGTAAGAAATCAATTA
AACTTATTGAAAGTTGGAATAAGCCATATTTTTATTTAATTTTAGTGGGGATTAAAGAGAGGATGTGGTTTTTTAGATTC
ATGCGACAATTAATACCCTGAATTTAAAAAAGAAGGTACCAAATAATGTTCTTTTTATAATTTTGGTTATGGAACAGCTG
AAGTGGACAGTCATACCGATACTTGCGCCGTAGGTTCTATAGATACCAAATAAGACTGTACAAATCCTAAACATATATC
TACCTATGCCTCCTAAACTAATGAAAAAAATTCAGTCGATAGTAAATGCTTTTCTTCTAATTTAGTCAATTCTGGCTCAG
CTAGTTAAGCAGATTATGTACATAGAGTTTTTAAAATTAAAATTTAATTTTTATTATTAATTTTGTTTATTAAAATATTTAG
AGATGCTACTAATATGCCTGCAATGCCCAAGGATAAGTAGAAATTAAAATCACAGTGGGAGGTTAAGAAAAAGTATTA
ACCTGTACCAGTGATGCCTAGGTTTTATAAGCTCCTGCAGGAATGACTGGAACATTAACCTGTCCAAGAAAACTATCT
GAATTTTGTGATTTTCCTATTCCATGCGAAAATTATTGTAGTGAAAAAGGATACTGTTTGAGATAAAAAGGAGCAAGGT
AATTAATTCTAAATGAAGAACTTATTTATTCTATATCCTAATATTTTATTTAAAAGTAATTGCCATTGTATTTCTGGTTATG
CAGGAAAAGATTGTAAAATTATTATACTTATATATTTATGGATATTAAACTAAAAAATTAATTTATTATCTCCTTAAATAG
GTTCCGTTAAATGTGATGGATTTATAAATTCATCAAATCAGTGTGTGAATTCTTGTGGAGTAGGTTATTATTATGACTAA
GGAAGCAAAGTAAACATTTTTATTTAATAATATTAGGCTACTTAAATATTAAATTTTTACATATTTCCTATGATTCTACAG
GTGTGCGGAAAGTGTAATGCTACTTGTACAAATTGTAATGGACCTTTGTCTTCCTAATGTACTATTTGCATATAAGGGA
AGTTATCATATAGTGGATAGTGTGTAGATTCTTGCCCTAAAGGAACATATCATAAAAAAGAAGATAATTCTTGCTAGTA
AATTATAATATTTATATAAAAGAAATCAATTCTTTCGAAAATAAATTTTTTAATTCTTTATTAACTAATTTAGAAATTGTGA
CTAATCATGTACCAATGGATGTTCTAGATTAGCTAATAATTGTTTGGTATAACCTTTCGTTTATAAAGACAATAAGCACC
TTGCTTAAGAATTAGGAATTAAAGAAAAAAGCAGCAATTCTCAATTGAATATTTTTTCTATTATATTAACCGTTTTTATAA
TTATTCAATATATCCTTATTTGA  

CDS 
AATTAGAAAATTAGGATGGAGATGGAGATACAGGATCTCACTGGGAAAGAACCCTATTTTATAATGAAGTTATGAACC
CAAGTAGTATATAATCAGATTCTGTAACTTCGTTATTTACATTAGCATTTCTCAAAGATTCTAACTGGTATGCAGACATC
GATTTTTCTTATAGCGAATCTATGTAGTGGGGATTAAAGAGAGGATGTGGTTTTTTAGATTCATGCGACAATTAATACC
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CTGAATTTAAAAAAGAAGGTACCAAATAATGTTCTTTTTATAATTTTGGTTATGGAACAGCTGAAGTGGACAGTCATAC
CGATACTTGCGCCGTAGGTTCTATAGATACCAAATAAGACTGTACAAATCCTAAACATATATCTACCTATGCCTCCTAA
ACTAATGAAAAAAATTCAGTCGATAGTAAATGCTTTTCTTCTAATTTAGTCAATTCTGGCTCAGCTAGTTAAGCAGATTA
TAGATGCTACTAATATGCCTGCAATGCCCAAGGATAAGTAGAAATTAAAATCACAGTGGGAGGTTAAGAAAAAGTATT
AACCTGTACCAGTGATGCCTAGGTTTTATAAGCTCCTGCAGGAATGACTGGAACATTAACCTGTCCAAGAAAACTATC
TGAATTTTGTGATTTTCCTATTCCATGCGAAAATTATTGTAGTGAAAAAGGATACTGTTTGAGATAAAAAGGAGCAAGT
AATTGCCATTGTATTTCTGGTTATGCAGGAAAAGATTGTTCCGTTAAATGTGATGGATTTATAAATTCATCAAATCAGTG
TGTGAATTCTTGTGGAGTAGGTTATTATTATGACTAAGGAAGCAAAGTGTGCGGAAAGTGTAATGCTACTTGTACAAAT
TGTAATGGACCTTTGTCTTCCTAATGTACTATTTGCATATAAGGGAAGTTATCATATAGTGGATAGTGTGTAGATTCTTG
CCCTAAAGGAACATATCATAAAAAAGAAGATAATTCTTGCTAAAATTGTGACTAATCATGTACCAATGGATGTTCTAGA
TTAGCTAATAATTGTTTGGTATAACCTTTCGTTTATAAAGACAATAAGCACCTTGCTTAAGAATTAGGAATTAAAGAAAA
AAGCAGCAATTCTCAATTGAATATTTTTTCTATTATATTAACCGTTTTTATAATTATTCAATATATCCTTATTTGA  

Protein 
MILGSPELLKLTRDHFGCESAQGAQLENQDGDGDTGSHWERTLFYNEVMNPSSIQSDSVTSLFTLAFLKDSNWYADIDFS
YSESMQWGLKRGCGFLDSCDNQYPEFKKEGTKQCSFYNFGYGTAEVDSHTDTCAVGSIDTKQDCTNPKHISTYASQTNE
KNSVDSKCFSSNLVNSGSASQADYRCYQYACNAQGQVEIKITVGGQEKVLTCTSDAQVLQAPAGMTGTLTCPRKLSEFC
DFPIPCENYCSEKGYCLRQKGASNCHCISGYAGKDCSVKCDGFINSSNQCVNSCGVGYYYDQGSKVCGKCNATCTNCN
GPLSSQCTICIQGKLSYSGQCVDSCPKGTYHKKEDNSCQNCDQSCTNGCSRLANNCLVQPFVYKDNKHLAQELGIKEKSS
NSQLNIFSIILTVFIIIQYILI  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF2) Genee, complete cds  
 
GENE: 3536 bp. 
Exons: 1-267; 321-502; 560-
1003; 1068-1490; 1556-1898; 
1967-2523; 2624-2765; 2826-
3536  
CDS: 3069 bp 
protein: 1022 aa 

Gene 
ATGGAAACAACTCTTCATGAACTAGCCCATGCTTTGGTTTTCTCATCAGGAGCTCTGATGGTAGATTTTAGAGATACAG
AAGGAAATAAAAGAGGATTTCAGAATGTTATTCTATTAAACTAATTAATTAGGGGAAATAATTAAACCAACATATTGATC
ACTCCAGAGGTAAGAAAATTCACTGCTGAATTTTTCGACTGCGATTTAGTGTTAGACGACGCTTAAACCGACCCAGCT
TATAGAGGAATGTAATTAGAAAATTAAGGTGTGCATTTTCATTTATAACCCATATGAGTAGTATTTGTATGAATTTTAAT
CAGGGTTAAGGAAGTGCCGGAAGTCATTGGGAAAGAACTATTATGTATGACGAAGTAATGACTGCTTCCAGACTGGG
ATTTACTAAAAGCTTTTCGGCACTAACATTTGCGATATTTAAGGATTCAGGTTGGTATAAAGTAAATGATATTGAACCAT
CTAAAATTCTATGGGGATATAAGAAAGGGTATAAAATTATATAGTTTTTTTGTGGATAAATTAATATTTATTGTTCTTATT
TTAGTTGCATATTTTTAAAATATGGTTGCACACATCCCACTGTCAAATTTGAAGAGTTTTGCGTAATTGATGAATAACCT
TTTAATTAAAGCATTCAATGCTCAGGTTCCAGAGACAGTTTAGGAGAGTGTTTAATTTCCACAAGTCATTTGGCCTTTA
TGGATGCTAATTGTGGAATTGTCAATCCTTTTTCAAATGGTAGATGTTTTGAACCCAAAGATAGCGTTTTTGATCAAAG
TTATGCTGGCAGTGGATAAATATATAGGTATGCGGATTCTAAATGTTTTCACAGTACTATTGGAACAGTCGGGTAGGG
AACTAATTAAAAATGCTATTAATACAAGTGTTTGGAAGATTTGACTTTGGAAATAACATTAACATAATTCGGAAAAGGAG
TTTCTGTTCTATGTTATTATGAAGGATAGAAACATAGTGATTTGTTGAATTTGTAAAAAAAAAAAAAACCAAGGATTTATT
TTTAGTTATTATTATTAATTAAATAATAATGTTAGATCTGGATTTTTATCATGTCCTGATCCAGAAGCTTTTTGCAAATAA
GAAAAAAAATTCTGCCCAAATTGGTGTTAAGAAAATGGTTATTGTATGGATGGAAATTGTAATTGCACAAAGGGATGG
GGAGGCCTAGATTGCAGTTTAAAAGGAATAACTATTCCTTCGTGTAATAAAGATGGAAACACTATAGACACGTTATTTT
TAAATGAAAAATAAAATGAGTGTTATTCTGGGATTGGTTCCGACAAATGTTGCAACCCAGTTTTACCTGATAAATATTGT
AATAAATATGAAAATATATTTAATAGAGTGTGTGAAGCCTGCCATATATCTTGTAAAACGTGTTATGGGGGAGGTTCTG
ATAATTGCGCAAGTTGTCATGAAAGTCTTTATTTATTTAAAAGCTAGTGCAATAAATAATGGTATTTATCAATTGATTTTA
TTGTCATTATGATATAATTTTCGATGATTTTTTATTCTAAAATAGCCCCTAAGGTTATTTTTCCAATGCCGACAAAATATG
CTTAAAGTGTTAACCACCTACTGCCAAAACTACTTAAAATACAACTTCATCTCAATGTCTTTCATGTGTTGAATAGGGCA
AGTGCTCCGAGTGTAAAGACTTGAGATATTTGGATGATTTGGGAAGGTGTCTTTTGTCTTCAGAATGTGACAATAATTT
CCATCCCAAAAGAGACGATTACTCTAGAAGATGCTATGCTTAGTGTCCAAATACTAGAATCGAAAAAGGAAACTTATGT
GAAAGATGTGAAGAGGGTAAATATATGAATATTTCTATTTAAATATGTGTGGGTAAAAAACAATGTCCGGTAAATATTCT
AAATGAAATATTATTAATAAAATTTAATTTTTATCACTTTTATTATTCTAATTTTAGAATGAAACTTACCCAAATTAAAATG
AAAGAGTTTGTATGGATTGTCATAAAAACTGCGTTACCTGCTACGGTCCAACTTAAAATGAGTGCTATACTTGTGCTAA
TAATTACTTCTTTTACGGAAATAGATGTGTATCTAAATATGACTGTCCGGTGGGAAGTTATCCAGAATCAATATAAAAAA
AATGCAGAAAATGTGATTCAAGGTGCTTAAAATGTAATGGAGATTCTTATAATAACTGCAGCGATTGTGCATAAAATTT
CTATCTTTTCGAAAATTCGTGTATATCAGAATGCAACTAATCTGGATTTTATGCTGAAAAATCGACAAGAAAGTGTTAAA
AATGCCATGAATCTTGTAAAGAGTGTTTTAATCAATCAAAATATGGGTGCTTAAAATGCTAAACTGGGCAGGTGCTGAT
TCAAGGAAATGGAAAATTTTATTGTAATTTATCTTGCCCGTTAGGATTTTATAAGATTTTAAACAGATGTATAAAATGCC
ATCCAAATTGCAAAATATGCAGTTAAAAAACAGCTGACAATTGTATAAAATGCAAGTAGAAATGAATTAATATTTTTAAA
ATTCTATATATTTATATATTTTTAATAAATAAACTAACTTTTAAAATTTATTGAAAAAAAATAATATATTAATAGTAATAGAC
TCTTCTAATTAGAATATTTTTCCCCTGGATAGTTGTCTCCGAAATTGAAATGCTATAAATCTTGTCCATAAAACTATTAC
AGGGTTTAAAAAAATATTTAAAGTGGAGAAGAAACAATATTAAAAATGAATAATGTATATTTTTTTATGTTTGTATTTTAT
ATTTAATTTTCTAATATTCCATTGTTCTATAAGGCGTAAATTTAATCAGATGGTGAATAAGACAACTCGAACATTTACGA
GTATTATTGTAAGCCCTGCCATATATCATGTAAATTTTGTGAAGGACCACTCAGTACTTAATGTAAAAGTTGCAACGAA
TTCCTTTTTTTAGAAAATAATTAGTGTATTTAATAATGTTCTAATATATAAACTGCAGATTTTACATTAAGAATTTGTTTTG
CTTTAAGTCTTATTTAAAATTAAATTTTATTTATACTAATTTCTTTGATTTATACTAATTTCTTTGATTGCAATGATTTTATG
ATATATTAACTATACATATATTTCTAATATTATAAATATTTATTTATAAAAATGTACCATAAAATTAATCAAAATATAATTTC
TAATTCTATTTTTTTAATACTTTTCTTAAATAAAGATATAATAAACATAATATAACTATACTCATATAATGATAATTTATGCT
TAATATACAATTATACATTATTATTACTATATATTATTCTAAAAATAATAGTTAAAATCTTCTTTTTTTTTTATGGAAAATTC
AATATTAATGTAATTTATCAAATTACTATTTTTTACTGTTGCATTCTTCTCCTAATGTCTAAAAATAAAATTAGTAAATTTT
AAAATAATTATAAGTATTGTTTCACCTTGCTGAATAAAATATACTATACATTTTACCCAGTACTTTAAGTTATAGTTAGTT
CTAATTGA   

CDS 
AATTAGAAAATTAGGATGGAGATGGAGATACAGGATCTCACTGGGAAAGAACCCTATTTTATAATGAAGTTATGAACC 
ATGGAAACAACTCTTCATGAACTAGCCCATGCTTTGGTTTTCTCATCAGGAGCTCTGATGGTAGATTTTAGAGATACAG
AAGGAAATAAAAGAGGATTTCAGAATGTTATTCTATTAAACTAATTAATTAGGGGAAATAATTAAACCAACATATTGATC
ACTCCAGAGGTAAGAAAATTCACTGCTGAATTTTTCGACTGCGATTTAGTGTTAGACGACGCTTAAACCGACCCAGCT
TATAGAGGAATGTAATTAGAAAATTAAGGTGGTTAAGGAAGTGCCGGAAGTCATTGGGAAAGAACTATTATGTATGAC
GAAGTAATGACTGCTTCCAGACTGGGATTTACTAAAAGCTTTTCGGCACTAACATTTGCGATATTTAAGGATTCAGGTT
GGTATAAAGTAAATGATATTGAACCATCTAAAATTCTATGGGGATATAAGAAAGGTTGCATATTTTTAAAATATGGTTGC
ACACATCCCACTGTCAAATTTGAAGAGTTTTGCGTAATTGATGAATAACCTTTTAATTAAAGCATTCAATGCTCAGGTTC
CAGAGACAGTTTAGGAGAGTGTTTAATTTCCACAAGTCATTTGGCCTTTATGGATGCTAATTGTGGAATTGTCAATCCT
TTTTCAAATGGTAGATGTTTTGAACCCAAAGATAGCGTTTTTGATCAAAGTTATGCTGGCAGTGGATAAATATATAGGT
ATGCGGATTCTAAATGTTTTCACAGTACTATTGGAACAGTCGGGTAGGGAACTAATTAAAAATGCTATTAATACAAGTG
TTTGGAAGATTTGACTTTGGAAATAACATTAACATAATTCGGAAAAGGAGTTTCTGTTCTATGTTATTATGAAGGATAGA
AACATAGTGATTTGTTGAATTTATCTGGATTTTTATCATGTCCTGATCCAGAAGCTTTTTGCAAATAAGAAAAAAAATTC
TGCCCAAATTGGTGTTAAGAAAATGGTTATTGTATGGATGGAAATTGTAATTGCACAAAGGGATGGGGAGGCCTAGAT
TGCAGTTTAAAAGGAATAACTATTCCTTCGTGTAATAAAGATGGAAACACTATAGACACGTTATTTTTAAATGAAAAATA
AAATGAGTGTTATTCTGGGATTGGTTCCGACAAATGTTGCAACCCAGTTTTACCTGATAAATATTGTAATAAATATGAAA
ATATATTTAATAGAGTGTGTGAAGCCTGCCATATATCTTGTAAAACGTGTTATGGGGGAGGTTCTGATAATTGCGCAAG
TTGTCATGAAAGTCTTTATTTATTTAAAAGCTAGTGCAATAAATAATGCCCCTAAGGTTATTTTTCCAATGCCGACAAAA
TATGCTTAAAGTGTTAACCACCTACTGCCAAAACTACTTAAAATACAACTTCATCTCAATGTCTTTCATGTGTTGAATAG
GGCAAGTGCTCCGAGTGTAAAGACTTGAGATATTTGGATGATTTGGGAAGGTGTCTTTTGTCTTCAGAATGTGACAAT
AATTTCCATCCCAAAAGAGACGATTACTCTAGAAGATGCTATGCTTAGTGTCCAAATACTAGAATCGAAAAAGGAAACT
TATGTGAAAGATGTGAAGAGGGTAAATATATGAATATTTCTATTTAAATATGTGTGGGTAAAAAACAATGTCCGAATGA
AACTTACCCAAATTAAAATGAAAGAGTTTGTATGGATTGTCATAAAAACTGCGTTACCTGCTACGGTCCAACTTAAAAT
GAGTGCTATACTTGTGCTAATAATTACTTCTTTTACGGAAATAGATGTGTATCTAAATATGACTGTCCGGTGGGAAGTT
ATCCAGAATCAATATAAAAAAAATGCAGAAAATGTGATTCAAGGTGCTTAAAATGTAATGGAGATTCTTATAATAACTG
CAGCGATTGTGCATAAAATTTCTATCTTTTCGAAAATTCGTGTATATCAGAATGCAACTAATCTGGATTTTATGCTGAAA
AATCGACAAGAAAGTGTTAAAAATGCCATGAATCTTGTAAAGAGTGTTTTAATCAATCAAAATATGGGTGCTTAAAATG
CTAAACTGGGCAGGTGCTGATTCAAGGAAATGGAAAATTTTATTGTAATTTATCTTGCCCGTTAGGATTTTATAAGATTT
TAAACAGATGTATAAAATGCCATCCAAATTGCAAAATATGCAGTTAAAAAACAGCTGACAATTGTATAAAATGCAATAAT
AGACTCTTCTAATTAGAATATTTTTCCCCTGGATAGTTGTCTCCGAAATTGAAATGCTATAAATCTTGTCCATAAAACTA
TTACAGGGTTTAAAAAAATATTTAAAGTGGAGAAGAAACAATATTAAAAATGAATAATGCGTAAATTTAATCAGATGGTG
AATAAGACAACTCGAACATTTACGAGTATTATTGTAAGCCCTGCCATATATCATGTAAATTTTGTGAAGGACCACTCAG
TACTTAATGTAAAAGTTGCAACGAATTCCTTTTTTTAGAAAATAATTAGTGTATTTAATAATGTTCTAATATATAAACTGC
AGATTTTACATTAAGAATTTGTTTTGCTTTAAGTCTTATTTAAAATTAAATTTTATTTATACTAATTTCTTTGATTTATACTA
ATTTCTTTGATTGCAATGATTTTATGATATATTAACTATACATATATTTCTAATATTATAAATATTTATTTATAAAAATGTAC
CATAAAATTAATCAAAATATAATTTCTAATTCTATTTTTTTAATACTTTTCTTAAATAAAGATATAATAAACATAATATAACT
ATACTCATATAATGATAATTTATGCTTAATATACAATTATACATTATTATTACTATATATTATTCTAAAAATAATAGTTAAA
ATCTTCTTTTTTTTTTATGGAAAATTCAATATTAATGTAATTTATCAAATTACTATTTTTTACTGTTGCATTCTTCTCCTAAT
GTCTAAAAATAAAATTAGTAAATTTTAAAATAATTATAAGTATTGTTTCACCTTGCTGAATAAAATATACTATACATTTTAC
CCAGTACTTTAAGTTATAGTTAGTTCTAATTGA  

Protein 
METTLHELAHALVFSSGALMVDFRDTEGNKRGFQNVILLNQLIRGNNQTNILITPEVRKFTAEFFDCDLVLDDAQTDPAYRG
MQLENQGGQGSAGSHWERTIMYDEVMTASRLGFTKSFSALTFAIFKDSGWYKVNDIEPSKILWGYKKGCIFLKYGCTHPT
VKFEEFCVIDEQPFNQSIQCSGSRDSLGECLISTSHLAFMDANCGIVNPFSNGRCFEPKDSVFDQSYAGSGQIYRYADSKC
FHSTIGTVGQGTNQKCYQYKCLEDLTLEITLTQFGKGVSVLCYYEGQKHSDLLNLSGFLSCPDPEAFCKQEKKFCPNWCQ
ENGYCMDGNCNCTKGWGGLDCSLKGITIPSCNKDGNTIDTLFLNEKQNECYSGIGSDKCCNPVLPDKYCNKYENIFNRVC
EACHISCKTCYGGGSDNCASCHESLYLFKSQCNKQCPQGYFSNADKICLKCQPPTAKTTQNTTSSQCLSCVEQGKCSEC
KDLRYLDDLGRCLLSSECDNNFHPKRDDYSRRCYAQCPNTRIEKGNLCERCEEGKYMNISIQICVGKKQCPNETYPNQNE
RVCMDCHKNCVTCYGPTQNECYTCANNYFFYGNRCVSKYDCPVGSYPESIQKKCRKCDSRCLKCNGDSYNNCSDCAQN
FYLFENSCISECNQSGFYAEKSTRKCQKCHESCKECFNQSKYGCLKCQTGQVLIQGNGKFYCNLSCPLGFYKILNRCIKCH
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PNCKICSQKTADNCIKCNNRLFQLEYFSPGQLSPKLKCYKSCPQNYYRVQKNIQSGEETILKMNNAQIQSDGEQDNSNIYE
YYCKPCHISCKFCEGPLSTQCKSCNEFLFLENNQCIQQCSNIQTADFTLRICFALSLIQNQILFILISLIYTNFFDCNDFMIYQLY
IYFQYYKYLFIKMYHKINQNIISNSIFLILFLNKDIINIIQLYSYNDNLCLIYNYTLLLLYIILKIIVKIFFFFYGKFNINVIYQITIFYCCIL
LLMSKNKISKFQNNYKYCFTLLNKIYYTFYPVLQVIVSSN  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF3) Genee, complete cds 
 
GENE: 3107 bp. 
Exons: 1-474; 677-736; 796-
1652; 1723-2245; 2310-3107 
CDS: 2712 bp 
protein: 903 aa 
 

Gene 
ATGGAAACAACTCTTCATGAACTAGCCCATGCTTTGGTTTTCTCATCAGGAGCTCTGATGGTAGATTTTAGAGATACAG
ATGAAGTAGATAATAGAAATTTTCCTGATCTTATGCTGTCTTTTCATCCTATCTTTAGAAAGGAAACATAAATGTGTTCA
TAATTAACTTAAAAGAACAAATCATAAAAGACTCGATTAGCCAAGACCTGAACCTAGGGGAAGAAAATTGCAAGGATA
AAAATAAAATATCAGGGTGACATTTGACTACTCCTCTCTTGAGACTGTTCCTCTGGAATACGATTATGTAAAGAATGAA
ATTATTGAATAGTTAGATTTAGCTTCTAAGTTTTTCGGAGAAATGCTCAAAGTAGAGAGATTAACATATAATAACTACTT
TCCTGATTGGGGGTATGAACACAAATGTGTGGATGTTTTCCCTCATTAAGACGATATATAGTATGGAGTTCCCAATTCT
GATTTGCATATTTATGTGCACCACTATCATGATCCTAAAGATGGAGTTCTAGCATATGCTGATTCTTGTCACTGGACTG
TAAATTTTTTTTAGTTTTTTTGTTTTTTGTATGTACGTATATATAAGCAACCAAAATAATGAAATAATCATTATTAATTATA
TCTTTTAATTTAATTAGAAAAGTAAATATGTATATATAATAATATTAATCATTACACAAATATATTTAATAAAATAATTAATT
TTATACCATTTCTAACTTTTCGTTTATAAAAAAAAGGATGTCAATAGACCCTTGTTTGGAGGAATTACCTTTAATACTGG
AGTTTTTGAAGCTAGTGTAAAAACAATAATATTTTAAAATATTTAATTTTTATTAAAATCATTTTATTCGTTTAGGAAAAAC
ATAGACATGACCAATTTGAGGATAATTTTGAAACAATTTTACATGAAATCATCCATGTTTTAGGTTTTTCTGACGGAATG
TGGGAATATTTTATAAATCCTGCTACAGGCTTAGCTTATGGAAAAGACAATAAACCAGTGATAGTTTAGACCATAAGAG
GAAAGAAATCAAATATTCTTACCACTCCCAAAATAACAAAATTAGCAAGAGAGCATTTCGGATGTGATAGTCTACAAGG
AATCCAAATGGAAAATGAAGGAGGTGATGGTTCTGCAGGTTCTCATTTTGAAAGAGTCATTTTAGAAAATGAATATATG
ACTGCGAGTGCTATATCTCATGACGCGTCTCTGACTGCCTTTACCATTGCTGTGTTAGAAGATTCTGGGTGGTACGAA
TCTACAGGCATGAAAATCGATGAGATTGACTGGGGGAAGGGCCAAGGATGCAATTTTTTAACCTCTTGCGATGCTAAC
AACTTCAGAGAATTTGATTCTTCTTAAACGTAATGCAGTTTTTACCATTCTGGAGTCGGAACTGCAAAACCGGAATACG
ACGACTTTAATGATAATTGCAATATTACCTACATATATAGAGACAGTTTATGCTTAGATACCGATAATATCAGAAAAAAT
GATGATATTTATGGAAATGTGTATGGTTAGAACAATAGATGTTTTTACAGTAATATTTTCGACTCCTCACAAGGTACCAC
CACCTAAAGCGAAAGATGTCTACCTTGGGTTTGTAACAAAGATGGAACTGAAATTTCAGTTATCGTAGCTGGGGAAAA
GTATCCTCTTGATAAAGTTACAAATAAAGTAGATGTTTCAGCTAAGGGGTCCAATCAAAGGTAATCAATATATACACTTT
TTTCAGCTAAAAAAAAAATATTTATTTAAAATTTTTCTTTTAAAAAATAGACTAGAAGGATATGTCAAAGGACCAGAAGA
CTGGAATGCTTTCTGCAATACTTACCCCTTGACCTGTCCTAACTTCTGTTCTTCCCACGGGTATTGTTTAGGAAGACAG
TGTCACTGCGGATTAGATTACGCAGGGTCTGACTGCAATACTAAATGCGAAAATAATGGTTACATCTATAAAGGAAAAT
GCTTAAATTCTTAAGAATGTCCTGATGGTACTACCCTCAACTGGCCGTCCAAAGAGTGTCTACCCAATGAAAATAGCG
CTTCCTGTAATCCTGGGGATTTTAAATTCAACTAAGAATGTGTTTCTTCTTGTCCTGCAGGATACTTCAGAGAAGGAGA
TTCATGCCAAGCATGCAATTATTCTTGTCAATCCTGCACCACATACTAATTCTGTGAAACTTGCAAGGATGGATTTTAT
CTTTATGATAATAATGGCCTCAAATAGTGTGTTAATAAATGTCCCAAATACTACTATCCAAACAAAAATTAAGAGTGCAT
AAACTAGGCAATTTGTCATGTACAGCAATTTATTTATTTTTAATAATAAAACCAATAAACAAAATTTTTATTTTTTTTTTCA
GAAATCGTGCAAATACTGTGCAGTTTAAAATGAATGTTCTCTTTGCAGTGAAGGCGAGTATTTAAATGAAAATAAACTT
TGCTCCACCTGTATGTCTGTTTGTAAAACTTGTGAAAACTCCAATACCTGTGTTACTTGCGAGGCAAATTTGTTTTTCTA
CTAAAGCAAATGTCTGGGAAAATGTCCTCTTGGGTATGTTGCCAATTAGAAAAATGTATGCGAAGCATGTGCTACTGA
ATTTTGTGCACAGTGTTCTGCTGTCAACTCTTGCTACGAATGCTATACTGGATACTACTTAGAAATAAGCAACTAAACC
TGTGTAAAGTGTTCTTAAAACTGTTTTAACTGTACATCTAAAGAAAATTGCCTGACTTGTGCTTCAGGATCAGAAAGAG
TAACTAATGGTGATGGAAAAGTTGTATGTGCATTAAAATGTTTAGAAGGCTATTTCCTAAGTGGTGATAATACTACATG
CAATAAATGTCCAAATAATTGTCTTTAGTGTACATCATCTTAAGTATGCACCAAATGCTAAGAAAACACCTTTTTTGATT
AAAAATAAGGAATATGCCATCTTTGTAACAGACATTGTAAAACTTGTTCGGATACTAATGCCTGTTTATCTTGTGAAGAT
GAGTTACTTGAGCTTAATATAATGGGGAATCTTAGTTGTGTGTAAGAATGTCCTACAAATTATAAAAAGAAAAAAAACG
AATGTAAAAAAACTTCAAATTCTGGAAGTCCCATTTTATTGGCTGCTTTCAATATTTTGATAATTTTTATTTTTATCATAAT
CTGA   

CDS 
ATGAAGTAGATAATAGAAATTTTCCTGATCTTATGCTGTCTTTTCATCCTATCTTTAGAAAGGAAACATAAATGTGTTCA
TAATTAACTTAAAAGAACAAATCATAAAAGACTCGATTAGCCAAGACCTGAACCTAGGGGAAGAAAATTGCAAGGATA
AAAATAAAATATCAGGGTGACATTTGACTACTCCTCTCTTGAGACTGTTCCTCTGGAATACGATTATGTAAAGAATGAA
ATTATTGAATAGTTAGATTTAGCTTCTAAGTTTTTCGGAGAAATGCTCAAAGTAGAGAGATTAACATATAATAACTACTT
TCCTGATTGGGGGTATGAACACAAATGTGTGGATGTTTTCCCTCATTAAGACGATATATAGTATGGAGTTCCCAATTCT
GATTTGCATATTTATGTGCACCACTATCATGATCCTAAAGATGGAGTTCTAGCATATGCTGATTCTTGTCACTGGACTG
ATGTCAATAGACCCTTGTTTGGAGGAATTACCTTTAATACTGGAGTTTTTGAAGCTAGTGAAAAACATAGACATGACCA
ATTTGAGGATAATTTTGAAACAATTTTACATGAAATCATCCATGTTTTAGGTTTTTCTGACGGAATGTGGGAATATTTTA
TAAATCCTGCTACAGGCTTAGCTTATGGAAAAGACAATAAACCAGTGATAGTTTAGACCATAAGAGGAAAGAAATCAA
ATATTCTTACCACTCCCAAAATAACAAAATTAGCAAGAGAGCATTTCGGATGTGATAGTCTACAAGGAATCCAAATGGA
AAATGAAGGAGGTGATGGTTCTGCAGGTTCTCATTTTGAAAGAGTCATTTTAGAAAATGAATATATGACTGCGAGTGCT
ATATCTCATGACGCGTCTCTGACTGCCTTTACCATTGCTGTGTTAGAAGATTCTGGGTGGTACGAATCTACAGGCATG
AAAATCGATGAGATTGACTGGGGGAAGGGCCAAGGATGCAATTTTTTAACCTCTTGCGATGCTAACAACTTCAGAGAA
TTTGATTCTTCTTAAACGTAATGCAGTTTTTACCATTCTGGAGTCGGAACTGCAAAACCGGAATACGACGACTTTAATG
ATAATTGCAATATTACCTACATATATAGAGACAGTTTATGCTTAGATACCGATAATATCAGAAAAAATGATGATATTTAT
GGAAATGTGTATGGTTAGAACAATAGATGTTTTTACAGTAATATTTTCGACTCCTCACAAGGTACCACCACCTAAAGCG
AAAGATGTCTACCTTGGGTTTGTAACAAAGATGGAACTGAAATTTCAGTTATCGTAGCTGGGGAAAAGTATCCTCTTGA
TAAAGTTACAAATAAAGTAGATGTTTCAGCTAAGGGGTCCAATCAAAGACTAGAAGGATATGTCAAAGGACCAGAAGA
CTGGAATGCTTTCTGCAATACTTACCCCTTGACCTGTCCTAACTTCTGTTCTTCCCACGGGTATTGTTTAGGAAGACAG
TGTCACTGCGGATTAGATTACGCAGGGTCTGACTGCAATACTAAATGCGAAAATAATGGTTACATCTATAAAGGAAAAT
GCTTAAATTCTTAAGAATGTCCTGATGGTACTACCCTCAACTGGCCGTCCAAAGAGTGTCTACCCAATGAAAATAGCG
CTTCCTGTAATCCTGGGGATTTTAAATTCAACTAAGAATGTGTTTCTTCTTGTCCTGCAGGATACTTCAGAGAAGGAGA
TTCATGCCAAGCATGCAATTATTCTTGTCAATCCTGCACCACATACTAATTCTGTGAAACTTGCAAGGATGGATTTTAT
CTTTATGATAATAATGGCCTCAAATAGTGTGTTAATAAATGTCCCAAATACTACTATCCAAACAAAAATTAAGAGTGCAT
AAACTAGGCAATTTGTCATAAATCGTGCAAATACTGTGCAGTTTAAAATGAATGTTCTCTTTGCAGTGAAGGCGAGTAT
TTAAATGAAAATAAACTTTGCTCCACCTGTATGTCTGTTTGTAAAACTTGTGAAAACTCCAATACCTGTGTTACTTGCGA
GGCAAATTTGTTTTTCTACTAAAGCAAATGTCTGGGAAAATGTCCTCTTGGGTATGTTGCCAATTAGAAAAATGTATGC
GAAGCATGTGCTACTGAATTTTGTGCACAGTGTTCTGCTGTCAACTCTTGCTACGAATGCTATACTGGATACTACTTAG
AAATAAGCAACTAAACCTGTGTAAAGTGTTCTTAAAACTGTTTTAACTGTACATCTAAAGAAAATTGCCTGACTTGTGCT
TCAGGATCAGAAAGAGTAACTAATGGTGATGGAAAAGTTGTATGTGCATTAAAATGTTTAGAAGGCTATTTCCTAAGTG
GTGATAATACTACATGCAATAAATGTCCAAATAATTGTCTTTAGTGTACATCATCTTAAGTATGCACCAAATGCTAAGAA
AACACCTTTTTTGATTAAAAATAAGGAATATGCCATCTTTGTAACAGACATTGTAAAACTTGTTCGGATACTAATGCCTG
TTTATCTTGTGAAGATGAGTTACTTGAGCTTAATATAATGGGGAATCTTAGTTGTGTGTAAGAATGTCCTACAAATTATA
AAAAGAAAAAAAACGAATGTAAAAAAACTTCAAATTCTGGAAGTCCCATTTTATTGGCTGCTTTCAATATTTTGATAATT
TTTATTTTTATCATAATCTGA 

 Protein 
MKQIIEIFLILCCLFILSLERKHKCVHNQLKRTNHKRLDQPRPEPRGRKLQGQKQNIRVTFDYSSLETVPLEYDYVKNEIIEQL
DLASKFFGEMLKVERLTYNNYFPDWGYEHKCVDVFPHQDDIQYGVPNSDLHIYVHHYHDPKDGVLAYADSCHWTDVNRP
LFGGITFNTGVFEASEKHRHDQFEDNFETILHEIIHVLGFSDGMWEYFINPATGLAYGKDNKPVIVQTIRGKKSNILTTPKITK
LAREHFGCDSLQGIQMENEGGDGSAGSHFERVILENEYMTASAISHDASLTAFTIAVLEDSGWYESTGMKIDEIDWGKGQ
GCNFLTSCDANNFREFDSSQTQCSFYHSGVGTAKPEYDDFNDNCNITYIYRDSLCLDTDNIRKNDDIYGNVYGQNNRCFY
SNIFDSSQGTTTQSERCLPWVCNKDGTEISVIVAGEKYPLDKVTNKVDVSAKGSNQRLEGYVKGPEDWNAFCNTYPLTCP
NFCSSHGYCLGRQCHCGLDYAGSDCNTKCENNGYIYKGKCLNSQECPDGTTLNWPSKECLPNENSASCNPGDFKFNQE
CVSSCPAGYFREGDSCQACNYSCQSCTTYQFCETCKDGFYLYDNNGLKQCVNKCPKYYYPNKNQECINQAICHKSCKYC
AVQNECSLCSEGEYLNENKLCSTCMSVCKTCENSNTCVTCEANLFFYQSKCLGKCPLGYVANQKNVCEACATEFCAQCS
AVNSCYECYTGYYLEISNQTCVKCSQNCFNCTSKENCLTCASGSERVTNGDGKVVCALKCLEGYFLSGDNTTCNKCPNN
CLQCTSSQVCTKCQENTFFDQKQGICHLCNRHCKTCSDTNACLSCEDELLELNIMGNLSCVQECPTNYKKKKNECKKTSN
SGSPILLAAFNILIIFIFIII 

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF4) Genee, complete cds  
 
GENE: 2851 bp. 
Exons: 11-70; 144-213; 264-
576; 638-858; 917-1091; 1155-
1203; 1274-1387; 1450-1494; 
1556-1849; 1918-2016; 2127-
2354; 2622-2851 
CDS: 1908 bp 
protein: 636 aa 
 
 

Gene 
ATGATTTAAAATGAATTTATGACAGCTTCTGTTATTTCAACCGATGCAGTAATGTCTAAATTTTCTTTAGGTAAAAATTTT
TTTTTGAATATCAATAATTGTAATATAAATTAAAATATTTTTTATTATAGATATAAATACAGCTCTTCTAAAGGATTCTAAT
TGGTATAAAGATGTAAAAGTAGATGATTTCGGAGAAGATTCTCTTTAATGGTTATTCATTTGTTAATTTAAGATATTCTA
ACCCATTTGTTATTTCGTAGGGGAAAAGGAAAAAAGAAAGAATTTTATGAGAATATAACTTGCAAAAAGGCTGATGGAT
CACTTTACGATGAATATTTCCCCGGTGATATGGAAGTGGAAGATTAATGTGATTTTCATCACTTTGGGTTCGGAACTGC
TACCAAACCAACTTTTATTAGCCAATGTAAAGTCATTTCTCTATACAGTAATGCAGACTGCACCAAACCTGAAAATGAC
GATAATGCCGAAAGTTATGGTAAAACATTTGAAAAAAAAGGAATTAATAGCAAATGTTTTATGAGTACTATTAACAACAC
TAGTTTTAGATCTTACGTAAATAAATTAAAAATTATTTTAAAATTTTGCAAAATATTTTAATAATTAATAATTTAAGAAATG
CTATCAATACTATTGCGACAGCAATTAAAATCTTGTGATATAATTTATGTAAAAAGGAAGTGATATTGAAGTTGGAAAAC
TTATTTGCGACTAAAGTAACCAAGGTCAAGAAATTAATGCCCCACCAGGAATGACAGGAAAATTAAAATGCCCTAATA
GTATTGCAACTTTTTGCGGATTGCCAGTTCCATGCCCTAACTATTGTTCTGGAAAAGGGTACTATTAGAATTTTACAAA
TGTTAACAAATTTATTTAAATATAATATATTTAATAGATATTGCTTAAGAAAATATGAAGGATAGTAAGTAAAAGGAACCT
GTCACTGTGTTGATAAATAAGGAGGTTATGATTGCAGTATTTAATGCGCTTCTGGGGAATATGTTCTTGAACATAAAAA
TACATGTACCGCTGTTTGTCCTGCTGGATATACCAAAAATGATTATAACAGAGTAATATTTAATTAAAATTACTTCATCA
TCGAATAATAACTCATTTTTTAAATTTTATTTAAGGTGTGTGTATTAAATTAATGTCATGGAAACTGTAAATATACTTGCA
CAGGTAAAAACTATAATTCTAACAGACAATTACAAGTAATATCTTTATATAAATATTTTTTTAAATAAAATAGGTCCTAAT
GAAAGTGATTGTACAGATTGCCCATAAGGAAAATACTTTCATAACAAATAATGTGTTTATAGTTGTCCTACTGATTTTTA
CAGTATTGATGGAAAGAATTGCAAAGGTATTTTTTTTTTTTATTGCAAATTTCTTTTTTTATTAACAACTTTAAAATATATA
TTAGAGCTTGTACCAATAATGCAAATTCCGGAAAAGAATGTATAGAAATGTGTAAAACTTATAATTGTAGTATATTTAAT
GTATATATAACAAAATAAACTTTTTAATATAGAAACTGTTAGACTACAAGATAATATACCTGTAGTGAAATATGATGGAG
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TGGAAAAAAACATTTGTCCTCTATTTTTCAGTGAAAACGATGCTCATGTAATTTGTAAATCTTTAGGAAAAGCTACCTTT
AAATCCTATAAGATAGATGCCACTTGTTCTAGTTCTGTATAGGGGTATATAATTTCAAATGTAGGTTGTAAAGGAGATG
AGGAGAATTTGGGAAAATGTTATAAAATATTTACTTCTTTATGCGAAAGTACTAAGTGTGTTGAAGTCATATGTGATGAA
TCATTATGTAATTAAATAATAATATTTCTTATTCTAATTTTTCATGTATTAATATTAAATTCCTATTATCTTAAGCGCCGTC
AGCTTTAGTAGAGAGTTCTTTGAGACTTGTTTCTTAAGATAAGGCTTTATTAGTTTACCATAATAATTCTTTCGGAGGAA
TTTGCTTTAAAAGTATATTTCTATATTAAAATCATTTTAATAATAACATCATTTATCACTAAATGAATATATATATATATTAT
TTCTATTTATTGATTAAAATTTCATTAATTTTACCAAAGACATTTCATAAAATGAAGGAAATACAATTTGTAAATAATTGG
GATACGATAAATTTCTTTCCTTAGATACCACTTTATGTCCTGAAAAAAGCTATATTGAATCATTAAAATGTTCCTAAGTAT
AAAATAAAATATCTGAATGTGTTGTAGTGTATAAAGACAACACGGACTGTGGACCTTAATAATGCCTAAAAATCACTTG
CTAAAAAGAGTAGAAATAACAGGACCGTAATTTGTCTAATATCTAACATTTTAATAGAAATAATAAAGTTTTTTTTTTATA
TTAATTTTGTTTTTTCCATAAAAGGAGCATTAAAATTATAATTTTTATTATTAGTTTTAATACCAATTTTACCATATTAATTC
TAAATCAAGTACAAATTCTAAAAAAAAAATATGAATTAAAAATAAGTATAAATAAAACATGAATTTTAGAATTACTGAAAA
TTATTTTAATATATAAGACATAAAGTAATAATTATTTTATTCTTATAGCTATATCTAATGCAAAAGATGTTATCAAAAAGAT
TGACATCAAACTAGATGGAATATATTTAGTTCTTGCCTACCTATTTGGAGCTTCTATAGTATTTACAATTGCTATATGCT
GCGTTGCAGGAAAGGTTATGTCCCAAGGAGATTATGAGGTCAAAATAAAGGTCAAAAAAGGAGATCCTACAGAAGTA
GATGCTGGAGATGAAGAAGCTGAATTTAATAATGACTGA  

CDS 
ATGATTTAAAATGAATTTATGACAGCTTCTGTTATTTCAACCGATGCAGTAATGTCTAAATTTTCTTTAGCTCTTCTAAAG
GATTCTAATTGGTATAAAGATGTAAAAGTAGATGATTTCGGAGAAGATTCTCTTTAATGGGGAAAAGGAAAAAAGAAAG
AATTTTATGAGAATATAACTTGCAAAAAGGCTGATGGATCACTTTACGATGAATATTTCCCCGGTGATATGGAAGTGGA
AGATTAATGTGATTTTCATCACTTTGGGTTCGGAACTGCTACCAAACCAACTTTTATTAGCCAATGTAAAGTCATTTCTC
TATACAGTAATGCAGACTGCACCAAACCTGAAAATGACGATAATGCCGAAAGTTATGGTAAAACATTTGAAAAAAAAG
GAATTAATAGCAAATGTTTTATGAGTACTATTAACAACACTAGTTTTAGATCTTACAAATGCTATCAATACTATTGCGAC
AGCAATTAAAATCTTGTGATATAATTTATGTAAAAAGGAAGTGATATTGAAGTTGGAAAACTTATTTGCGACTAAAGTAA
CCAAGGTCAAGAAATTAATGCCCCACCAGGAATGACAGGAAAATTAAAATGCCCTAATAGTATTGCAACTTTTTGCGG
ATTGCCAGTTCCATGCCCTAACTATTGTTCTGGAAAAGGATATTGCTTAAGAAAATATGAAGGATAGTAAGTAAAAGGA
ACCTGTCACTGTGTTGATAAATAAGGAGGTTATGATTGCAGTATTTAATGCGCTTCTGGGGAATATGTTCTTGAACATA
AAAATACATGTACCGCTGTTTGTCCTGCTGGATATACCAAAAATGATTATAACAGAGTGTGTGTATTAAATTAATGTCAT
GGAAACTGTAAATATACTTGCACAGGTCCTAATGAAAGTGATTGTACAGATTGCCCATAAGGAAAATACTTTCATAACA
AATAATGTGTTTATAGTTGTCCTACTGATTTTTACAGTATTGATGGAAAGAATTGCAAAGCTTGTACCAATAATGCAAAT
TCCGGAAAAGAATGTATAGAAATGTAAACTGTTAGACTACAAGATAATATACCTGTAGTGAAATATGATGGAGTGGAAA
AAAACATTTGTCCTCTATTTTTCAGTGAAAACGATGCTCATGTAATTTGTAAATCTTTAGGAAAAGCTACCTTTAAATCC
TATAAGATAGATGCCACTTGTTCTAGTTCTGTATAGGGGTATATAATTTCAAATGTAGGTTGTAAAGGAGATGAGGAGA
ATTTGGGAAAATGTTATAAAATATTTACTTCTTTATGCGAAAGTACTAAGTGTGTTGAAGTCATATGTGATGAATCATTA
TCGCCGTCAGCTTTAGTAGAGAGTTCTTTGAGACTTGTTTCTTAAGATAAGGCTTTATTAGTTTACCATAATAATTCTTT
CGGAGGAATTTGCTTTAAAAACATTTCATAAAATGAAGGAAATACAATTTGTAAATAATTGGGATACGATAAATTTCTTT
CCTTAGATACCACTTTATGTCCTGAAAAAAGCTATATTGAATCATTAAAATGTTCCTAAGTATAAAATAAAATATCTGAAT
GTGTTGTAGTGTATAAAGACAACACGGACTGTGGACCTTAATAATGCCTAAAAATCACTTGCTAAAAAGAGTAGAAATA
ACAGGACCCTATATCTAATGCAAAAGATGTTATCAAAAAGATTGACATCAAACTAGATGGAATATATTTAGTTCTTGCCT
ACCTATTTGGAGCTTCTATAGTATTTACAATTGCTATATGCTGCGTTGCAGGAAAGGTTATGTCCCAAGGAGATTATGA
GGTCAAAATAAAGGTCAAAAAAGGAGATCCTACAGAAGTAGATGCTGGAGATGAAGAAGCTGAATTTAATAATGACTG
A  

Protein 
MIQNEFMTASVISTDAVMSKFSLALLKDSNWYKDVKVDDFGEDSLQWGKGKKKEFYENITCKKADGSLYDEYFPGDMEVE
DQCDFHHFGFGTATKPTFISQCKVISLYSNADCTKPENDDNAESYGKTFEKKGINSKCFMSTINNTSFRSYKCYQYYCDSN
QNLVIQFMQKGSDIEVGKLICDQSNQGQEINAPPGMTGKLKCPNSIATFCGLPVPCPNYCSGKGYCLRKYEGQQVKGTCH
CVDKQGGYDCSIQCASGEYVLEHKNTCTAVCPAGYTKNDYNRVCVLNQCHGNCKYTCTGPNESDCTDCPQGKYFHNKQ
CVYSCPTDFYSIDGKNCKACTNNANSGKECIEMQTVRLQDNIPVVKYDGVEKNICPLFFSENDAHVICKSLGKATFKSYKID
ATCSSSVQGYIISNVGCKGDEENLGKCYKIFTSLCESTKCVEVICDESLSPSALVESSLRLVSQDKALLVYHNNSFGGICFKN
ISQNEGNTICKQLGYDKFLSLDTTLCPEKSYIESLKCSQVQNKISECVVVYKDNTDCGPQQCLKITCQKEQKQQDPISNAKD
VIKKIDIKLDGIYLVLAYLFGASIVFTIAICCVAGKVMSQGDYEVKIKVKKGDPTEVDAGDEEAEFNND  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF5) Genee, complete cds 
 
GENE: 2790 bp. 
Exons: 1-325; 385-448; 520-
1380; 1451-1817; 1883-2143; 
2208-2465; 2527-2790 
CDS: 2400 bp 
protein: 800 aa 
 
 

Gene 
ATGTTGGGAGCTGAAAGAGAACAAATGAGAATCACTTTTGATTTCATAGAATCGGGAACTATCACCCCAGAAAGCTTA
AAAGTTAATAGACTCATGTAAAATAACAAATTCCCTTAACATTGGGAAAAATGTTTGTATACTACTGTACCTGAAAGACA
TAAAACTGAAGGAGTTCCCAATTCTGATTTGCACATATTTATTGGATTCTTTGATAATAATGAATCTAATACTATTGCTTA
TGCCTCTTCTTGTTTATAGGATGTATTAATTATATAACTATTTAGAAGCGATTTTCTAATAAACATTTTATATCATATTAG
GAAGAGTACCAAAAGACCTCTATACGGAGCTTCTGATTTTAACTTAGCTTATTTAGACAAGGAGGTATTAATCTTATATT
AAATATTCTTGTGTTTAAAATGATTATTTTAATTTTAATTTTTTATAAGTTTAGGCTACCGATGCTGATTTTGAAAACTACT
TTGAAACTGTAGTCCATGAACTAACTCATATTCTTAGTTTTTCTCACCACAAAATCTATGATTTCATCGATCCTGCCACT
GGAAAATCATACAATGAAGGGTCTTAAACTGATAAAACTCCTATTGAAAAAGAAGTTATCAATGGAAAAGATACTCTTT
GGGTAACTACCCCTAAAGTTTAATAAATGGCCAGAGAACACTATGGTTGCCCCACCATCAAAGGAATCTAATTAGAAA
ATGATTACGGTGGAGGATCTAGAAACTCTCACTGGGAAAGATCAACTTTTGAAAATGAATACATGAATGCTATGCACT
CAGGACATGATGCTGCCATCAGTAAGTTCACTTTTGCTCTTTTAGAAGACTCTGGTTGGTATACTCCCACCTATGAATA
CTTAGATGAAGTATCATGGGGAAAGGGTAAGGGATGCGATTTCCTTTACACTTGTGATCCTAAAAAACACAGAGAATT
TGATAATTCTTAAAACTACTGCAGTTATTATCATAACTTCATCGGTTACCACTCTATTCCTGATGATGAAGAAGAAAGAG
CCATCAAATAAAAACTTATAAATGTCTGTACTTTAGCTATAGATTTCCTTTCCAAAAGCTTAAGAAAATAAACTTGTCAC
GCCTTTTAATCTGTAAGTACTGAATGTACTGATGTGAGAAGAAAAGATTAGCCTTGGAATGGAAATACTTTCTCTGAAT
CTAGTAAATGCTTTGAAAGTAATATTATAGATAATAATGAAAGAAGAAGTAATTCTGATGGATTCAGATGCCTAAATTAT
TAATGTAATGAGAATGGAGGCATTGATGTATATGTTAAAGGTTAAAGATATCCTATCGATAGAGCTACCAACAGAGTGT
AAGTCATACCTAGAGGAAAGAATGACAGGTATAATCTAGATAATTTTATACTTTATATTTAATAAAACTAGATATTTAAAT
ATTAATATGTAATAAAGTTTGGAAGGATATATTTAGGGTCCTGAAGATTGGGATGCTTTCTGTAACTCTTACCCTAAAG
CTTGTCCTAAATTCTGCAGCTCTAACGGATACTGTGTTGGAAACTAATGTCACTGTGGAAAAGACTATGCTGGCGTTG
CTTGTGATGTATACTGCCCAGGGGACAACTATGCCTTAGAAGGAAAATGCTTAAATAGTAAACAATGTCCTCCAGGAA
CTACTTTCCAAAAGACATCTAAAAGTTGTGTGCTTCCTCCTAAAAGAAGAGAACCCTGTAAATAGGGAGAAGTAGAAC
ACAATGATAAATGTGTGAGTGAATGTCCAGTTTCTCACTTCAAAGGAGCTGAATTCTGTGAATAATGCATAGTAATTTT
ATTTATTTCCTTGCAAATATATAGTTCGATTTATAATTTCCTTTTATTTTTTTTTAGTATAACTGTGAAAATTGTAGTGATA
ATACTACTTGTGATAAGTGTTTTGATGGTAAAATACTTTCAAATGATAAAACTCAATGCAGAGATTGTGTTGAAGGTTGT
AGCAGCTGTACTGGAAACACATGTCATTATTGTGAATCTGGATACACTCATTAATATGATTCTGATCCTTTATCTAGAAA
TTGGATAATTTCTTGTGTTAAAACTTGTCCTAACACTCATTATATGGCTAATGAAAGAGATTGTTTGCCTTGCTAAGTAA
ATAAAAAAAAAAATACCTAAATTTCTATTTATCTGAATTTTATATTTATAATTATTTTAGTCTAACTGTGTATAATGTACTT
CTCATTCTTCATGTTTAGCCTGTGATACTGGATACTACCTTAATTAAGGATATTGCTAAAAAATGTAATGTACTATTGAA
AACTGCAAAACCTGTGATGGAAGAAATGATTGCTTTGAATGTAAAGAAGGGTACGAAAGAAAAGAAGTTAATGGATAA
GTTCAATGTGTTGAAAAAATAGTTGTTGAATGTAAACCTTGGTAATATGTTAAGAATAATGAATGTTTCGAATGTGCTGT
AAAATATATTAATCTATTTAAATAATTTTATAAAAATCTAAAATCCATAATTTCGATAGTATCAATGCTACAGTTGTTCCAA
TGGAAGCACTTGCGATTCTTGCTATGCTACTTATTATTATGATAAGGAATAAAAAGATTGTTTAAAATGTTCTAACAACT
GTACTTCTTGTGAAAATTCCACATATTGCAGATACTGCAGAAATAATGCTGTGCTATTAAATCAGGCAGATGGAAGCAG
AGTTTGTGTTGATTAATGTCCTGCCGGATATAAATTAAGTGATAATGAAGACATAAGATTCAGAGAATGCTTAAAAGAA
TGA   

CDS 
ATGTTGGGAGCTGAAAGAGAACAAATGAGAATCACTTTTGATTTCATAGAATCGGGAACTATCACCCCAGAAAGATAA
GCCATCAAATAAAAACTTATAAATGTCTGTACTTTAGCTATAGATTTCCTTTCCAAAAGCTTAAAAGTTAATAGACTCAT
GTAAAATAACAAATTCCCTTAACATTGGGAAAAATGTTTGTATACTACTGTACCTGAAAGACATAAAACTGAAGGAGTT
CCCAATTCTGATTTGCACATATTTATTGGATTCTTTGATAATAATGAATCTAATACTATTGCTTATGCCTCTTCTTGTTTA
TAGGATGAAGATACCAAAAGACCTCTATACGGAGCTTCTGATTTTAACTTAGCTTATTTAGACAAGGATGCTACCGATG
CTGATTTTGAAAACTACTTTGAAACTGTAGTCCATGAACTAACTCATATTCTTGGTTTTTCTCACCACAAAATCTATGAT
TTCATCGATCCTGCCACTGGAAAATCATACAATGAAGGGTCTTAAACTGATAAAACTCCTATTGAAAAAGAAGTTATCA
ATGGAAAAGATACTCTTTGGGTAACTACCCCTAAAGTTTAATAAATGGCCAGAGAACACTATGGTTGCCCCACCATCA
AAGGAATCTAATTAGAAAATGATTACGGTGGAGGATCTAGAAACTCTCACTGGGAAAGATCAACTTTTGAAAATGAATA
CATGAATGCTATGCACTCAGGACATGATGCTGCCATCAGTAAGTTCACTTTTGCTCTTTTAGAAGACTCTGGTTGGTAT
ACTCCCACCTATGAATACTTAGATGAAGTATCATGGGGAAAGGGTAAGGGATGCGATTTCCTTTACACTTGTGATCCT
AAAAAACACAGAGAATTTGATAATTCTTAAAACTACTGCAGTTATTATCATAACTTCATCGGTTACCACTCTATTCCTGA
TGATGAAGAAGAAAGAAGAAAATAAACTTGTCACGCCTTTTAATCTGTAAGTACTGAATGTACTGATGTGAGAAGAAAA
GATTAGCCTTGGAATGGAAATACTTTCTCTGAATCTAGTAAATGCTTTGAAAGTAATATTATAGATAATAATGAAAGAAG
AAGTAATTCTGATGGATTCAGATGCCTAAATTATTAATGTAATGAGAATGGAGGCATTGATGTATATGTTAAAGGTTAA
AGATATCCTATCGATAGAGCTACCAACAGAGTGTAAGTCATACCTAGAGGAAAGAATGACAGTTTGGAAGGATATATT
TAGGGTCCTGAAGATTGGGATGCTTTCTGTAACTCTTACCCTAAAGCTTGTCCTAAATTCTGCAGCTCTAACGGATACT
GTGTTGGAAACTAATGTCACTGTGGAAAAGACTATGCTGGCGTTGCTTGTGATGTATACTGCCCAGGGGACAACTATG
CCTTAGAAGGAAAATGCTTAAATAGTAAACAATGTCCTCCAGGAACTACTTTCCAAAAGACATCTAAAAGTTGTGTGCT
TCCTCCTAAAAGAAGAGAACCCTGTAAATAGGGAGAAGTAGAACACAATGATAAATGTGTGAGTGAATGTCCAGTTTC
TCACTTCAAAGGAGCTGAATTCTGTGAATAATGCATATATAACTGTGAAAATTGTAGTGATAATACTACTTGTGATAAGT
GTTTTGATGGTAAAATACTTTCAAATGATAAAACTCAATGCAGAGATTGTGTTGAAGGTTGTAGCAGCTGTACTGGAAA
CACATGTCATTATTGTGAATCTGGATACACTCATTAATATGATTCTGATCCTTTATCTAGAAATTGGATAATTTCTTGTG
TTAAAACTTGTCCTAACACTCATTATATGGCTAATGAAAGAGATTGTTTGCCTTGCTAATCTAACTGTGTATAATGTACT
TCTCATTCTTCATGTTTAGCCTGTGATACTGGATACTACCTTAATTAAGGATATTGCTAAAAAATGTAATGTACTATTGA
AAACTGCAAAACCTGTGATGGAAGAAATGATTGCTTTGAATGTAAAGAAGGGTACGAAAGAAAAGAAGTTAATGGATA
AGTTCAATGTGTTGAAAAAATAGTTGTTGAATGTAAACCTTGGTAATATGTTAAGAATAATGAATGTTTCGAATGTGCTT
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ATCAATGCTACAGTTGTTCCAATGGAAGCACTTGCGATTCTTGCTATGCTACTTATTATTATGATAAGGAATAAAAAGAT
TGTTTAAAATGTTCTAACAACTGTACTTCTTGTGAAAATTCCACATATTGCAGATACTGCAGAAATAATGCTGTGCTATT
AAATCAGGCAGATGGAAGCAGAGTTTGTGTTGATTAATGTCCTGCCGGATATAAATTAAGTGATAATGAAGACATAAG
ATTCAGAGAATGCTTAAAAGAATGA   

Protein 
MLGAEREQMRITFDFIESGTITPERQAIKQKLINVCTLAIDFLSKSLKVNRLMQNNKFPQHWEKCLYTTVPERHKTEGVPNS
DLHIFIGFFDNNESNTIAYASSCLQDEDTKRPLYGASDFNLAYLDKDATDADFENYFETVVHELTHILGFSHHKIYDFIDPATG
KSYNEGSQTDKTPIEKEVINGKDTLWVTTPKVQQMAREHYGCPTIKGIQLENDYGGGSRNSHWERSTFENEYMNAMHSG
HDAAISKFTFALLEDSGWYTPTYEYLDEVSWGKGKGCDFLYTCDPKKHREFDNSQNYCSYYHNFIGYHSIPDDEEERRKQ
TCHAFQSVSTECTDVRRKDQPWNGNTFSESSKCFESNIIDNNERRSNSDGFRCLNYQCNENGGIDVYVKGQRYPIDRAT
NRVQVIPRGKNDSLEGYIQGPEDWDAFCNSYPKACPKFCSSNGYCVGNQCHCGKDYAGVACDVYCPGDNYALEGKCLN
SKQCPPGTTFQKTSKSCVLPPKRREPCKQGEVEHNDKCVSECPVSHFKGAEFCEQCIYNCENCSDNTTCDKCFDGKILS
NDKTQCRDCVEGCSSCTGNTCHYCESGYTHQYDSDPLSRNWIISCVKTCPNTHYMANERDCLPCQSNCVQCTSHSSCL
ACDTGYYLNQGYCQKMQCTIENCKTCDGRNDCFECKEGYERKEVNGQVQCVEKIVVECKPW QYVKNNECFECAYQCY
SCSNGSTCDSCYATYYYDKEQKDCLKCSNNCTSCENSTYCRYCRNNAVLLNQADGSRVCVDQCPAGYKLSDNEDIRFRE
CLKE  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF6) Genee, complete cds  
 
GENE: 2834 bp. 
Exons: 1-255; 322-1178; 1247-
2072; 2139-2834 
CDS: 2634 bp 
protein: 878 aa 
 
 

Gene 
ATGCTTCTCGTAGAAAGATTGACTGAAAATAATTACTTCCCAGAATGGGGTAGATAAGATAAATGCATGGAAACATACC
CTCCTGAAAAAGATATTAAAGAAGGAGTCGCTAATTCAGATCTCCACATTTATGTTTCTCATTATCACGACCCTAAAGA
TGGATATTTAGCCTTTGCTGATTCATGCCATTGGACTTCATACAATAGACCAATTTTTGGAGGAATTACCTTTAACACC
GGAGGATTTTTAGCAAGTGTTAAAATTAATTTTTAAATTTAAACATTTAAAGTACCAAAAATTAAATTCTATTAAATTTAA
GAGGGAAAATACAGAAATGACTATTTTGAAGACAATTTCGAAACAGTAGTACATGAAATTATGCACGTAGTAGGATTTT
CCAACGGAATGTATGAATACTTCATTAACCCTGCCACTGGAAAAGCTTATGGAAAGGATAACAACCCTTTGATTTTTAA
AACCATTAGAGGATAAAAAACTGGAATTCTTACTACCCCCAAAGTAACAAAATTAGCCAGAGAGCATTTCGGGTGCCC
CACTTTAGAAGGAATTCAAATGGAAAATGAGGGAGGAGATGCCTCTGCAGGAGCCCACTTCGAAAGAGTAGTCTTAG
AAAATGAATTTATGACCGCTGGTGCCATTGCTCATGACGCCCAACTCACCGACTTCACCATGGCTGTTTTAGAAGATT
CTGGATTTTATGAATCGACAGGAATTAAATTAGATACTATTGACTGGGGAAAAGGACAAGGTTGCAACTTTTTGACTGA
ATGCACAGCAGGAAAATACAGAGAATTTGACAGTTCCGCCGCCCAATGCAGTTTCTATCACTCTGGAGTCGGAAGAG
CTGCCCCCGAACTGGACTATTACAATGACAACTGTAATATCACTGCCATTTATTACGACAGTTTGTGCTTTGACACCAA
TAATATCAGACCTTTAGACCCCGTCAAAGGAAATGTATACGGAATAAACAACAGATGCTTCTACAGTAATATAATTGAC
ATAGAACAAGGACCTACCACTGATCTCCAAAGATGTCTTCCTTGGGTTTGCAATGAAGACGGAAGCTAAGTATACATA
ATCGTCGGAGGAGAAAAGTACGCCATTAACAAAGCTACCAACAAAGCCGACATAAAAATCTAAGGATAAAACACCAG
GTAAATATTAACAACAATTTATATGAAAATTGTATATAATTAAGTAATTTTTTGACTATAATTTTCAGATTAGAAGGTTAT
GTAAATGGTCCTGCTGACTGGCAAGGTTTCTGTAACACTTACCCCTTACAGTGCCCTAATTTCTGTTCAGCTCACGGA
TATTGTTTGGGAAGATAATGCCACTGTGGAGTAGGATACGCCGGATCTGATTGTAGTATTTAATGTGGAGGAAACAAC
TATTTGCACAATGGAACATGCCTTAACTCCTAAGTTTGCCCAGATGGAACTACAGCCAACAAATATACCAAAGAATGTA
TAAAAAACCCTGATCCCGCACCCTGCTCCGAAGGATAATTCAAACACGCAGGACAATGCGTTTCTTCTTGCCCTGACC
ACTTCTTTAAGGAAGGAAACTCCTGCCAAGCCTGCAATTACTACTGCCAAACTTGCTCCGGATACCAATTCTGCGACA
CTTGCAGAGAAGGATTCTACTTGTTCCAAGCCAACGGAAAGAAAGAGTGCATTACCAAATGCTTGAAAGGAACCACTT
TAGACCAAAAGAAAAATGAATGTATCGACAACAATTTATTGCCTTGCCCCAACCAGAACGAATTCAGACTCCAAGGAA
AATGTGTAACCCAATGTCCTTCTAAGTTGTTTAGATTAAACAATTCTTGTGTAAATTAATGTCCTGAAAAATACTACTCC
GCCGCTCAATTATGCTAAAAATGTGATGATTCTTGCAAGACTTGCTCTTCCGGAAATGCTTGTGATACCTGCGAATTAG
GATTGTATTAACACACAGTTTAGTCCAATAAACAATGCCTTTCAAAATGCCCTGAAAACTTCTACGGTTCTTCTAACTTT
TAATGTATCGATTAATCCATTTGCGATGTAAAATTTAACTAAAAACTATATAAATATAAACAACTTTTTATTAATTCAAATA
ATAAATTAAAGAAATCCTGCTAAAGTTGCGAAAACTCTTCATCCTGTGTCTCCTGTAAACCCGATTTTTACTCCCACAA
CTCTCAATGTTTAACAAAATGCCCCGTTGGTTTCGGAAATAACCAATAAAAACAATGCTAAGTCTGCTCTAATAATGAT
ATATGTGAAGAATGTTCAGATGTAAATACTTGTACCAAATGCAAATCAGGACATTTCTTAGACTCTAGCAAAGGAACTT
GTGTCAAATGTTCCAACTTATGCAAAGAATGCACTTCTTCAACTAAATGCTTATCTTGTGAAGTTGAATCTGTAAAAGTT
GAAAATGCAGAAGACGGAACTGCTAAGTGCGTTAAAAATTGTAAGGAAGGAGAATTCCTGGATGAAAAATCTGCTACC
TGTGAAAAATGCCCCAAAAATTGTCTTTCTTGTAAAAATGCCAACTCTTGTACCAATTGTGGACAATAATCTTTCTTAGA
CAAGGAAAAATGTGTTGAATGCAATCAACTTTGCAAAACCTGCTCTCCTGATAATTCTTGTCTTACCTGTGAAGACTAA
GCATTTGAATTCTATATCCAAAAATAACTCGTTTGTGTAGATAAATGCCCTGCTGAACATAAACTGGAAGGAAGTAAAT
GTGTTAAATCATTCTCTGGAATTTTGAATTTTGCTTATATTTTGGTTCTCACAATTATAGTTATTTTGATTTGA  

CDS 
ATGCTTCTCGTAGAAAGATTGACTGAAAATAATTACTTCCCAGAATGGGGTAGATAAGATAAATGCATGG AAACATAC
CCTCCTGAAAAAGATATTAAAGAAGGAGTCGCTAATTCAGATCTCCACATTTATGTTTCTCA TTATCACGACCCTAAAG
ATGGATATTTAGCCTTTGCTGATTCATGCCATTGGACTTCATACAATAGACCA ATTTTTGGAGGAATTACCTTTAACAC
CGGAGGATTTTTAGCAAGTGGAAAATACAGAAATGACTATTTTG AAGACAATTTCGAAACAGTAGTACATGAAATTAT
GCACGTAGTAGGATTTTCCAACGGAATGTATGAATA CTTCATTAACCCTGCCACTGGAAAAGCTTATGGAAAGGATAA
CAACCCTTTGATTTTTAAAACCATTAGA GGATAAAAAACTGGAATTCTTACTACCCCCAAAGTAACAAAATTAGCCAGA
GAGCATTTCGGGTGCCCCA CTTTAGAAGGAATTCAAATGGAAAATGAGGGAGGAGATGCCTCTGCAGGAGCCCACT
TCGAAAGAGTAGT CTTAGAAAATGAATTTATGACCGCTGGTGCCATTGCTCATGACGCCCAACTCACCGACTTCACCA
TGGCT GTTTTAGAAGATTCTGGATTTTATGAATCGACAGGAATTAAATTAGATACTATTGACTGGGGAAAAGGAC AAG
GTTGCAACTTTTTGACTGAATGCACAGCAGGAAAATACAGAGAATTTGACAGTTCCGCCGCCCAATG CAGTTTCTATC
ACTCTGGAGTCGGAAGAGCTGCCCCCGAACTGGACTATTACAATGACAACTGTAATATC ACTGCCATTTATTACGACA
GTTTGTGCTTTGACACCAATAATATCAGACCTTTAGACCCCGTCAAAGGAA ATGTATACGGAATAAACAACAGATGCT
TCTACAGTAATATAATTGACATAGAACAAGGACCTACCACTGA TCTCCAAAGATGTCTTCCTTGGGTTTGCAATGAAG
ACGGAAGCTAAGTATACATAATCGTCGGAGGAGAA AAGTACGCCATTAACAAAGCTACCAACAAAGCCGACATAAAA
ATCTAAGGATAAAACACCAGATTAGAAG GTTATGTAAATGGTCCTGCTGACTGGCAAGGTTTCTGTAACACTTACCCC
TTACAGTGCCCTAATTTCTG TTCAGCTCACGGATATTGTTTGGGAAGATAATGCCACTGTGGAGTAGGATACGCCGG
ATCTGATTGTAGT ATTTAATGTGGAGGAAACAACTATTTGCACAATGGAACATGCCTTAACTCCTAAGTTTGCCCAGAT
GGAA CTACAGCCAACAAATATACCAAAGAATGTATAAAAAACCCTGATCCCGCACCCTGCTCCGAAGGATAATT CAA
ACACGCAGGACAATGCGTTTCTTCTTGCCCTGACCACTTCTTTAAGGAAGGAAACTCCTGCCAAGCC TGCAATTACTA
CTGCCAAACTTGCTCCGGATACCAATTCTGCGACACTTGCAGAGAAGGATTCTACTTGT TCCAAGCCAACGGAAAGA
AAGAGTGCATTACCAAATGCTTGAAAGGAACCACTTTAGACCAAAAGAAAAA TGAATGTATCGACAACAATTTATTGC
CTTGCCCCAACCAGAACGAATTCAGACTCCAAGGAAAATGTGTA ACCCAATGTCCTTCTAAGTTGTTTAGATTAAACA
ATTCTTGTGTAAATTAATGTCCTGAAAAATACTACT CCGCCGCTCAATTATGCTAAAAATGTGATGATTCTTGCAAGAC
TTGCTCTTCCGGAAATGCTTGTGATAC CTGCGAATTAGGATTGTATTAACACACAGTTTAGTCCAATAAACAATGCCTT
TCAAAATGCCCTGAAAAC TTCTACGGTTCTTCTAACTTTTAATGTATCGATTAATCCATTTGCGATAAATCCTGCTAAA
GTTGCGAAA ACTCTTCATCCTGTGTCTCCTGTAAACCCGATTTTTACTCCCACAACTCTCAATGTTTAACAAAATGCCC
CGTTGGTTTCGGAAATAACCAATAAAAACAATGCTAAGTCTGCTCTAATAATGATATATGTGAAGAATGT TCAGATGTA
AATACTTGTACCAAATGCAAATCAGGACATTTCTTAGACTCTAGCAAAGGAACTTGTGTCA AATGTTCCAACTTATGCA
AAGAATGCACTTCTTCAACTAAATGCTTATCTTGTGAAGTTGAATCTGTAAA AGTTGAAAATGCAGAAGACGGAACTG
CTAAGTGCGTTAAAAATTGTAAGGAAGGAGAATTCCTGGATGAA AAATCTGCTACCTGTGAAAAATGCCCCAAAAATT
GTCTTTCTTGTAAAAATGCCAACTCTTGTACCAATT GTGGACAATAATCTTTCTTAGACAAGGAAAAATGTGTTGAATG
CAATCAACTTTGCAAAACCTGCTCTCC TGATAATTCTTGTCTTACCTGTGAAGACTAAGCATTTGAATTCTATATCCAA
AAATAACTCGTTTGTGTA GATAAATGCCCTGCTGAACATAAACTGGAAGGAAGTAAATGTGTTAAATCATTCTCTGGAA
TTTTGAATT TTGCTTATATTTTGGTTCTCACAATTATAGTTATTTTGATTTGA  

Protein 
MLLVERLTENNYFPEWGRQDKCMETYPPEKDIKEGVANSDLHIYVSHYHDPKDGYLAFADSCHWTSYNRPIFGGITFNTG
GFLASGKYRNDYFEDNFETVVHEIMHVVGFSNGMYEYFINPATGKAYGKDNNPLIFKTIRGQKTGILTTPKVTKLAREHFGC
PTLEGIQMENEGGDASAGAHFERVVLENEFMTAGAIAHDAQLTDFTMAVLEDSGFYESTGIKLDTIDWGKGQGCNFLTEC
TAGKYREFDSSAAQCSFYHSGVGRAAPELDYYNDNCNITAIYYDSLCFDTNNIRPLDPVKGNVYGINNRCFYSNIIDIEQGP
TTDLQRCLPWVCNEDGSQVYIIVGGEKYAINKATNKADIKIQGQNTRLEGYVNGPADWQGFCNTYPLQCPNFCSAHGYCL
GRQCHCGVGYAGSDCSIQCGGNNYLHNGTCLNSQVCPDGTTANKYTKECIKNPDPAPCSEGQFKHAGQCVSSCPDHFF
KEGNSCQACNYYCQTCSGYQFCDTCREGFYLFQANGKKECITKCLKGTTLDQKKNECIDNNLLPCPNQNEFRLQGKCVT
QCPSKLFRLNNSCVNQCPEKYYSAAQLCQKCDDSCKTCSSGNACDTCELGLYQHTVQSNKQCLSKCPENFYGSSNFQCI
DQSICDKSCQSCENSSSCVSCKPDFYSHNSQCLTKCPVGFGNNQQKQCQVCSNNDICEECSDVNTCTKCKSGHFLDSSK
GTCVKCSNLCKECTSSTKCLSCEVESVKVENAEDGTAKCVKNCKEGEFLDEKSATCEKCPKNCLSCKNANSCTNCGQQS
FLDKEKCVECNQLCKTCSPDNSCLTCEDQAFEFYIQKQLVCVDKCPAEHKLEGSKCVKSFSGILNFAYILVLTIIVILI  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF7) Genee, complete cds  
 
GENE: 2870 bp. 
Exons: 1-50; 116-263; 345-524; 
604-666; 737-956; 1018-1384; 
1442-1693; 1761-2145; 2208-
2870 
CDS: 2328 bp 

Gene 
ATGACCCATGATCACTATATTGAACCGAGCAATGATATGAACTCCAGAAGGTATATATATATTGTTTAAAACTATATCTA
ATATGAGTTTTGTATCAAATAAATTATAATTTTAGAGAGTTACAAAGTACTGAATACGAACCTTTAAGAGTAACCTTTGA
CTTTTCTAGTTTAGATTCTTTAGCATCATCAAGGCCTGCAGTTATTGATTACATTAAAAGATAGTGTAATATGGCAGCTT
AGTTTTTGGCCTAAAACTTAAGAGTAAATTAAAAATTTGAGTATTTTATTATTACTGATACCAAAGGTTTTTTATATAAAA
CTTAAACACTTTTTTTTTCAAAGGTAGTAAGAGTTTAAGGAAATAACAAATTCCCTGCTTTTTACTCTAAATGTTAGGGA
TCTGCTCCTCCTTAAAATGATAAAGATGTTGGTATTCCTAATTCTGACTTGCACATCTATATTTCCCACTACGAAGATTC
TGAATCCTCCACTCTTGCTTTTGCTGGAGCTTGTGCTTTGACCGTAAGAAGTTTATTTTTATAAACTATAAAAGTGAACT
CATAATATAGAAATGTATTAATTATAATATAATTTAATTAAGGGATACAATGGAAGACCTACTTTCGGTAGAGCTACTTA
CAATCTTGCTAAGATTTCATAAAATGTAAGTTTATTATTATTTCATATAATATTATATTGTTTACCTTTTACATATATTTCT
AATCAACTATTAGCCTTCTCATGAAGACTTTGAAGATGATTTAGAAACAACTCTTCACGAAATTACTCACGTTTTAGGGT
TTGGAAGTTGGATGTATTAATACTTCATTAACCCCGCTACTGGAAAAGCCTATGGAGAAGGTAATGAACCCATTGTTAC
CGAAACTATTAGAGGTATCAGTACCTAAATATTTGCTACCCCTAGAGTTTAAGAAGTTACAAGAAGATACTTCGGTAAT
TTTTAATTTTATTAACTTTTTAAATAATTTATTCTTATAATATTTTTCACTCTTAGGATGTTCTACCGCTAAAGGAATGCAA
TTAGAAAACTAAACTGACTCTAAAAATTCTCACTGGGAAGCTACTGTTTTATATAACGAATTTATGTCAGCTAGAGCTGT



6 
 

protein: 776 aa 
 
 

TAGTGGAGATGGAGCTTATTCAGCTTTCACTTTTGCTTTATTAGAAGACTCTGGATGGTACAAAGCTGTTCACGAAAAT
GCTGATGATTTACAATGGGGAAAAAATTAAGGATGTGATTTCTTAACTTCTTGTGATCCTAACAAATTCAGAGAATTCA
GAAATAGCAGCAGCCAATGTGATTTCTTTAACAAAGGTATAGGATACTCAACTGTTGAACAATACACTGATAACTGTAG
TGTTCCTAAGATATATAATAACAGGTATATTAATAATTTTTAACAAAATTTTAGAAATATTTATTTTTCAATTATTAATAGA
CACTGTTCAGATACTACATAAGCTGGTGGAAATGATTAATACTTCGGATTCCATTGGGGACAAGAGAGTAGATGTTTT
GAAAGTAATATCGTAGACAGAAGAATTACCAGCCACTCTTATTCTGATTAAAGATGTATGAAATATGAATGTACTGCTC
AAGGAGGAATTGATGTTTACGTACAAGGAGTTAAATATACTATTGATAGAACTACTAACAAAGCAAGCGTATCCCCAAA
AGATGCTAACAAATAGTAATAATTTAATTAATATAAATATGAAGCCTAACAAATCCTAATTATTTTAATTTTCAATTTTTAG
TATCAGCGGAGAAGTCAATGGTCCTGCTAACTGGGATGATTTCTGTAATAACACTCCTCAATATTGTAAAAATTTCTGC
AGCTCTCAAGGATATTGTTTAAGATAAAAATGTAATTGTATATTGGACTTTGCTGGAGAAGATTGTAGTATTAGTTGTCC
CAATGGTAGCTATGTTCACAATGGATAATGTTTGAACAATAAAAGCTGTCCCTCTGGTTTCTAAGTCAACCAAGGAACT
AAAGTTTGTGAAGTATCCTCTTCTTCTAATAATGGAAATGAAGGAAACAATGGAAATAATGGAAACACCAATGCCAATG
GATGTTTATTGACTTAAGTTCTCCACGAAGGAAACTGCATTAGTGTTTGTCCAGTTGGATACTATGCCGTAAGAATATT
TAAACATAAAAAATAATCAATAAATCAAATTAATTTAAATATTAAATATAGGATTCTGATAAAAACTGCCAAAGATGTAAC
GCCACTTGCTTAACTTGCAACGACAATTCTACTTGTTCTAGTTGTACCGAAGGATCTTTCTTAAACTCTAGTAAATAATG
TACTGTTTGTCAATAGGGATGCCAAACATGCAATAACGGAACCTCATGTTAATCCTGTACCGCTTCTTACAAATCATTA
ATTGATTCTAATGGATAATTATTATGTTTGAACTAATGTCCTTCCACTCACTTCCTTTAATAAAGCCAATGTTTAGCTTGT
AATTCAGGATGTTCCAGCTGTTCTGATAGTTTGTACTGTTTGACATGTTCAAGTTCTCATTACAAATATGAAACAAATGG
AAAAATACAATGTTTGGTTTCTTGTCCTGAAGGTTATTAAGCTGACGGAAACAGAGTTTGCCAATAACAAACTACCTAA
CCTACTACTTGCAAAAGCAATTAATATTAAAATGAACTTGGAGAATGTATTGACTGTCACTATAGTTGTAAGACTTGTG
GAGATTCAGCATATAGAGTTTATAATTAATGTACTTCTTGTTTTGATGGATTCTATTTAACTGTTTGGAGAAGTGGAAAA
GGAAGATGTTATAACAGATGTTACTCAGGATACACCTTAATTGGAGACAAATGTCTTAGACCTGATTAATAGTGA 

CDS 
ATGACCCATGATCACTATATTGAACCGAGCAATGATATGAACTCCAGAAGAGAGTTACAAAGTACTGAATACGAACCT
TTAAGAGTAACCTTTGACTTTTCTAGTTTAGATTCTTTAGCATCATCAAGGCCTGCAGTTATTGATTACATTAAAAGATA
GTGTAATATGGCAGCTTAGTTTTTGGCCTAAAACTTAAGAGTAGTAAGAGTTTAAGGAAATAACAAATTCCCTGCTTTT
TACTCTAAATGTTAGGGATCTGCTCCTCCTTAAAATGATAAAGATGTTGGTATTCCTAATTCTGACTTGCACATCTATAT
TTCCCACTACGAAGATTCTGAATCCTCCACTCTTGCTTTTGCTGGAGCTTGTGCTTTGACCGGATACAATGGAAGACC
TACTTTCGGTAGAGCTACTTACAATCTTGCTAAGATTTCATAAAATCCTTCTCATGAAGACTTTGAAGATGATTTAGAAA
CAACTCTTCACGAAATTACTCACGTTTTAGGGTTTGGAAGTTGGATGTATTAATACTTCATTAACCCCGCTACTGGAAA
AGCCTATGGAGAAGGTAATGAACCCATTGTTACCGAAACTATTAGAGGTATCAGTACCTAAATATTTGCTACCCCTAGA
GTTTAAGAAGTTACAAGAAGATACTTCGGATGTTCTACCGCTAAAGGAATGCAATTAGAAAACTAAACTGACTCTAAAA
ATTCTCACTGGGAAGCTACTGTTTTATATAACGAATTTATGTCAGCTAGAGCTGTTAGTGGAGATGGAGCTTATTCAGC
TTTCACTTTTGCTTTATTAGAAGACTCTGGATGGTACAAAGCTGTTCACGAAAATGCTGATGATTTACAATGGGGAAAA
AATTAAGGATGTGATTTCTTAACTTCTTGTGATCCTAACAAATTCAGAGAATTCAGAAATAGCAGCAGCCAATGTGATT
TCTTTAACAAAGGTATAGGATACTCAACTGTTGAACAATACACTGATAACTGTAGTGTTCCTAAGATATATAATAACAGA
CACTGTTCAGATACTACATAAGCTGGTGGAAATGATTAATACTTCGGATTCCATTGGGGACAAGAGAGTAGATGTTTT
GAAAGTAATATCGTAGACAGAAGAATTACCAGCCACTCTTATTCTGATTAAAGATGTATGAAATATGAATGTACTGCTC
AAGGAGGAATTGATGTTTACGTACAAGGAGTTAAATATACTATTGATAGAACTACTAACAAAGCAAGCGTATCCCCAAA
AGATGCTAACAAATATATCAGCGGAGAAGTCAATGGTCCTGCTAACTGGGATGATTTCTGTAATAACACTCCTCAATAT
TGTAAAAATTTCTGCAGCTCTCAAGGATATTGTTTAAGATAAAAATGTAATTGTATATTGGACTTTGCTGGAGAAGATTG
TAGTATTAGTTGTCCCAATGGTAGCTATGTTCACAATGGATAATGTTTGAACAATAAAAGCTGTCCCTCTGGTTTCTAA
GTCAACCAAGGAACTAAAGTTTGTGAAGTATCCTCTTCTTCTAATAATGGAAATGAAGGAAACAATGGAAATAATGGAA
ACACCAATGCCAATGGATGTTTATTGACTTAAGTTCTCCACGAAGGAAACTGCATTAGTGTTTGTCCAGTTGGATACTA
TGCCGATTCTGATAAAAACTGCCAAAGATGTAACGCCACTTGCTTAACTTGCAACGACAATTCTACTTGTTCTAGTTGT
ACCGAAGGATCTTTCTTAAACTCTAGTAAATAATGTACTGTTTGTCAATAGGGATGCCAAACATGCAATAACGGAACCT
CATGTTAATCCTGTACCGCTTCTTACAAATCATTAATTGATTCTAATGGATAATTATTATGTTTGAACTAATGTCCTTCCA
CTCACTTCCTTTAATAAAGCCAATGTTTAGCTTGTAATTCAGGATGTTCCAGCTGTTCTGATAGTTTGTACTGTTTGACA
TGTTCAAGTTCTCATTACAAATATGAAACAAATGGAAAAATACAATGTTTGGTTTCTTGTCCTGAAGGTTATTAAGCTGA
CGGAAACAGAGTTTGCCAATAACAAACTACCTAACCTACTACTTGCAAAAGCAATTAATATTAAAATGAACTTGGAGAA
TGTATTGACTGTCACTATAGTTGTAAGACTTGTGGAGATTCAGCATATAGAGTTTATAATTAATGTACTTCTTGTTTTGA
TGGATTCTATTTAACTGTTTGGAGAAGTGGAAAAGGAAGATGTTATAACAGATGTTACTCAGGATACACCTTAATTGGA
GACAAATGTCTTAGACCTGATTAATAGTGA TTGCTTATATTTTGGTTCTCACAATTATAGTTATTTTGATTTGA  

Protein 
MTHDHYIEPSNDMNSRRELQSTEYEPLRVTFDFSSLDSLASSRPAVIDYIKRQCNMAAQFLAQNLRVVRVQGNNKFPAFY
SKCQGSAPPQNDKDVGIPNSDLHIYISHYEDSESSTLAFAGACALTGYNGRPTFGRATYNLAKISQNPSHEDFEDDLETTL
HEITHVLGFGSWMYQYFINPATGKAYGEGNEPIVTETIRGISTQIFATPRVQEVTRRYFGCSTAKGMQLENQTDSKNSHWE
ATVLYNEFMSARAVSGDGAYSAFTFALLEDSGWYKAVHENADDLQWGKNQGCDFLTSCDPNKFREFRNSSSQCDFFNK
GIGYSTVEQYTDNCSVPKIYNNRHCSDTTQAGGNDQYFGFHWGQESRCFESNIVDRRITSHSYSDQRCMKYECTAQGGI
DVYVQGVKYTIDRTTNKASVSPKDANKYISGEVNGPANWDDFCNNTPQYCKNFCSSQGYCLRQKCNCILDFAGEDCSISC
PNGSYVHNGQCLNNKSCPSGFQVNQGTKVCEVSSSSNNGNEGNNGNNGNTNANGCLLTQVLHEGNCISVCPVGYYADS
DKNCQRCNATCLTCNDNSTCSSCTEGSFLNSSKQCTVCQQGCQTCNNGTSCQSCTASYKSLIDSNGQLLCLNQCPSTHF
LQQSQCLACNSGCSSCSDSLYCLTCSSSHYKYETNGKIQCLVSCPEGYQADGNRVCQQQTTQPTTCKSNQYQNELGECI
DCHYSCKTCGDSAYRVYNQCTSCFDGFYLTVWRSGKGRCYNRCYSGYTLIGDKCLRPDQQ  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF8) Genee, complete cds 
 
GENE: 1773 bp. 
Exons: 1-359; 440-694; 769-
1087; 1156-1338; 1411-1773 
CDS: 1479 bp 
protein: 493 aa 
 
 

Gene 
ATGCAACTTGAAGAATATGGAGGTACTGGATCAGCTGGTTCTCATTGGGAGCGAGTTATTCTTGAAAATGAATACATG
ACAGCAAGCGCCATTTCTCACGATGCTGTATACTCTAAATTTACTTTTGCCTTGCTAGAAGACTCTGGATGGTACCAG
CCTTCATATGAAAGTGTAGATGAAATCGATTGGGGGAAAGGAAGAGGATGTGAATTCTTAGAAAGTTGCGATAATAAA
TTTCCTGAATTTAACGATTCCGAATACCATTGTAATTTCTATCACTCCACTGGATTAAAAATAATTCCTACAAATAAAGA
TGTTTTTGCTGACAACTGCAGCATGGGAATTTTAATCACAAACTAGTAACCTAATTTATTTATTATTGTTATGAATAATG
CTTGTTTTTTTATATAATTTTTAAATATTTTAATTGTTACCAAAGTAATTGCATTAATCCATCTAACGCCGGGAACAATGA
TTAATACACTGGAAATTTCTTTGACTTGTAGTAAAGCAGATGTTTTGACAGTAATCTTATTTCCACCAAGTTATCATAAC
ATACTTTTAAAGATGTTCGATGCTTCAAGTATGAATGCACTAGTGATGGAGGTATTGATGTATTTTTGGCTGGGGAAAA
ATATTCAATTGATAAATAAAGCAACAAAATAGATGTGCTTCCTAAAGGATCAAACTAATTGTAATATTATAAAAAATTTAT
AATAATAATAATTTATCAGGTGTATAGTTATTTTCAATATTTTTACCTTATAGTCTCAAAGGATACGTAAATGGACCCCAA
GATTGGAATGGATTTTGCAAAACTTACCCTACTCCTTGCAAAAACTATTGCAGTTAGAATGGATATTGTTTTGCTAAATA
ATGCCACTGCAGTGAAGGATTTGCAGGTTCTGATTGCTCCATTGCATGTGCCAATAACAACTATGTTAAAGATGGAAC
ATGTTTGAACAGTAAAAATTGTCCTCCTGGATCAATTTTGTAGCCTGCATTTAAAGAATGTATACAATGCACTTCTTCTC
AAGTTTATTACAATGGATAATGTCAGACAAGTTGTCCTAACAAATATTATCCTGTAATAATAATATTAATATTACTGCTTT
AGTATATATAATAGTTACATTTTATACAATATCATTTTAGGATGGCTAAAAAATATGTTAACCCTGCAAAGCTGGATGTG
GTACTTGTGAAAATGGAATTAGTTGTCTGACTTGTGAAGTTGGAAAGTTTAAGTATGAGAAAAGTAATACTATTATCTAA
TGTTTGGACAATTGCCCAGCTAAAATGTTTTCAGGTTCTTAATAAGTTTGCTAAAATTGCGACGTAAGCATTTTGTTTAT
TCATTTATTTGATTGACGAAAGAAATAAATATAATTAAAAAATTTATATTCATAGTCTTCTTGTTTAACATGTTCTAATGC
CGGTTCTTGTAGCACATGTGAAGAAGGAAAATATACAACAGGTTCTTCTCTTTGCGAAAAATGCATGTCTGGATGTGG
TTCGTGTAATAATGGAAGTACTTGTAAGTAATGTGAATAAGGAAAAGCTAAATATGAAAATGATTAAAAATAAACAAGTT
GTGTTGATTCTTGTCCTGGAACCCATGAAAATAAAAATGGAATTTGTTATTTAAAAGATAAATCATCTGACAATCCTGGA
AACTCAAACCCCGCGAAAGAAAATACAACAAAATTAGTTTCAAAAATTTTAAATTTTGGATTGATAATAAGTATTGCTTT
AATATAATTCTTGTTCTGA   

CDS 
ATGCAACTTGAAGAATATGGAGGTACTGGATCAGCTGGTTCTCATTGGGAGCGAGTTATTCTTGAAAATGAATACATG
ACAGCAAGCGCCATTTCTCACGATGCTGTATACTCTAAATTTACTTTTGCCTTGCTAGAAGACTCTGGATGGTACCAG
CCTTCATATGAAAGTGTAGATGAAATCGATTGGGGGAAAGGAAGAGGATGTGAATTCTTAGAAAGTTGCGATAATAAA
TTTCCTGAATTTAACGATTCCGAATACCATTGTAATTTCTATCACTCCACTGGATTAAAAATAATTCCTACAAATAAAGA
TGTTTTTGCTGACAACTGCAGCATGGGAATTTTAATCACAAACTATAATTGCATTAATCCATCTAACGCCGGGAACAAT
GATTAATACACTGGAAATTTCTTTGACTTGTAGTAAAGCAGATGTTTTGACAGTAATCTTATTTCCACCAAGTTATCATA
ACATACTTTTAAAGATGTTCGATGCTTCAAGTATGAATGCACTAGTGATGGAGGTATTGATGTATTTTTGGCTGGGGAA
AAATATTCAATTGATAAATAAAGCAACAAAATAGATGTGCTTCCTAAAGGATCAAACTAATTTCTCAAAGGATACGTAAA
TGGACCCCAAGATTGGAATGGATTTTGCAAAACTTACCCTACTCCTTGCAAAAACTATTGCAGTTAGAATGGATATTGT
TTTGCTAAATAATGCCACTGCAGTGAAGGATTTGCAGGTTCTGATTGCTCCATTGCATGTGCCAATAACAACTATGTTA
AAGATGGAACATGTTTGAACAGTAAAAATTGTCCTCCTGGATCAATTTTGTAGCCTGCATTTAAAGAATGTATACAATG
CACTTCTTCTCAAGTTTATTACAATGGATAATGTCAGACAAGTTGTCCTAACAAATATTATCCTGATGGCTAAAAAATAT
GTTAACCCTGCAAAGCTGGATGTGGTACTTGTGAAAATGGAATTAGTTGTCTGACTTGTGAAGTTGGAAAGTTTAAGT
ATGAGAAAAGTAATACTATTATCTAATGTTTGGACAATTGCCCAGCTAAAATGTTTTCAGGTTCTTAATAAGTTTGCTAA
AATTGCGACTCTTCTTGTTTAACATGTTCTAATGCCGGTTCTTGTAGCACATGTGAAGAAGGAAAATATACAACAGGTT
CTTCTCTTTGCGAAAAATGCATGTCTGGATGTGGTTCGTGTAATAATGGAAGTACTTGTAAGTAATGTGAATAAGGAAA
AGCTAAATATGAAAATGATTAAAAATAAACAAGTTGTGTTGATTCTTGTCCTGGAACCCATGAAAATAAAAATGGAATTT
GTTATTTAAAAGATAAATCATCTGACAATCCTGGAAACTCAAACCCCGCGAAAGAAAATACAACAAAATTAGTTTCAAA
AATTTTAAATTTTGGATTGATAATAAGTATTGCTTTAATATAATTCTTGTTCTGA   

Protein 
MQLEEYGGTGSAGSHWERVILENEYMTASAISHDAVYSKFTFALLEDSGWYQPSYESVDEIDWGKGRGCEFLESCDNKF
PEFNDSEYHCNFYHSTGLKIIPTNKDVFADNCSMGILITNYNCINPSNAGNNDQYTGNFFDLQQSRCFDSNLISTKLSQHTF
KDVRCFKYECTSDGGIDVFLAGEKYSIDKQSNKIDVLPKGSNQFLKGYVNGPQDWNGFCKTYPTPCKNYCSQNGYCFAK
QCHCSEGFAGSDCSIACANNNYVKDGTCLNSKNCPPGSILQPAFKECIQCTSSQVYYNGQCQTSCPNKYYPDGQKICQP
CKAGCGTCENGISCLTCEVGKFKYEKSNTIIQCLDNCPAKMFSGSQQVCQNCDSSCLTCSNAGSCSTCEEGKYTTGSSLC
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EKCMSGCGSCNNGSTCKQCEQGKAKYENDQKQTSCVDSCPGTHENKNGICYLKDKSSDNPGNSNPAKENTTKLVSKILN
FGLIISIALIQFLF 

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF9) Genee, complete cds  
 
GENE: 2427 bp. 
Exons: 1-90; 203-350; 414-480; 
569-674; 741-840; 887-994; 
1047-1258; 1327-1420; 1469-
1671; 1735-2427  
CDS: 1821 bp 
protein: 607 aa 
 

Gene 
ATGAGAGTGACCATTGACTTTACAAGAATAAATAATGTAACGAATGCTTCATTTAAAAATGCTATGATAGATGTAGTAAA
TGTAGCTGCTGTAATATTTTAATTTATTTGTTAAATTTAAATTTATATAAAACTAATAAAGAATTTATTTAATATAAAAAAA
TACCAATTATTACTTAGTTTTTTTTGTTGTTTTTTTATAGAAATAAGTAAGTGATATTTTTATGGTATACCCTGAAGATGTT
ACTATCAAAATAAAGAATTAATAGTGGATTGAAGGATATGAAAGTCTTTGCGAATCAATTTTAGAAAAGGAAGGAATTA
GAATTTCAGCTTTTGATAAAGATCCTGGTATATTATTATAAATTTCCTCAATTAAATTCAAGAATATCATACCATATATAT
TTAAAAAAGGTATTTCTCAAAGTGATTTGCACATTTATGTTAGCTATGTAGATTTGAAAGGCAAACCTGAAAATGAGTAA
AACAAATAATATTTTAATATTATAAATGCAATTATCATTTAATTAATTAATAAAAATAATAAAAAACAATTTTAAATTAATAA
GATAATTTAAAGTATAAGGACAGGCATGTTCATGGATTAATGATAGAGCTTTAGTAGGATATTTGAAATTAAACCTTGA
CTGGTTCACTACAAATTTTTCTGGAACTGTAAAACAAATAAATATATAAAATTAAATAAAAATTTATCATTAAATATGTGA
TAAAAAATGTTAGGGTTTAGAATTTGAATACTTTTCTGAATCTGTTTTGCATGAATTATTTCACATTTTAGGGTTTGGAG
CAGATAATATTCCCTTTTTCAGAAACAAAGAAGGTTTAAACTAAGACAACATCGAATATATAAAAATATAATATAAAAGG
ATTTAAAATGACGGAAGACGAAGTAAAAGCCATTTATAAAACTTAAAAAGTAAGAGGAATTGATACACCCATTTTGAGT
TCTGAAAATGTGCTAAAGGCAGTTAGAGGTAAGAATTAAAATTAAAAATAAAATTATACAATATTTTTTTTGCTTTCTAGA
ACACTATGGATGTGAAACGGCTAGTGGAGGGCATTTAGAAAATGAAGGAGGTTCAGTTGGGTAACATTGGGACCGAG
TAATGTTTTTCAATGATATAATGGGGCCCACAGAAGTGTAGGATGATGCTGTAGTTTCTCCCATAACTTTAGCTTATTTT
GAGGACACTCACTGGTTTGCTGAAGTAAACATGGACAAAGCTGAACAAATGCAAGTAAAAAAAAATAATAAAAAATTTA
TTGAAAACGATAATTTTATTTATATATTTTATCTGTTTCTAAGTGGGGAAAAGGAAGAGGATGCAAATTTTTTGATTCTT
GTGATAGTACCTTCCCTGAATTTAAGTAAACCACTGACCCTTAATCATGCACATTTTGTAGTCAAATGAACATACAGTA
TTAATTTTATTTATATATAAAATAAGATCATTATGGAGCTGGAACTTCTCAAGTCGATAAATACAGCGACACATGTCCTA
TTAGTAAGGTGATTCCTGAGACTGTATGCCAAAACCCTAAAAATGCTAATGCAGTAAATGATGAATTTACAATGGAAAA
ATACAGTAGATTGAGTAGATGTTTCGATTCCAATTTTATAACTGCTGGTAAAGTTTCAACTAAAAGTTAAGTAAACAAAC
ATAATCAAAACCAGTGTATATTAACTAAAATCCAAAATTTTTATAACAAATAGAGATGCTATGAGTTTTACTGTGACAGA
GAAAAAAAAGAATTGACAATATATTTGAGTGACAAATTAGGAGGATAAGAAGCCATCAAATGCACGTCTGATGCATAA
GTTCTGACACATGGTCTTGTAACAGGAACTCTAAACTGCCCAAAATCTATTGCAGAATTTTGTGATTTTCCCATTCCTT
GTCCTAACTACTGCTCTTAAAAGGGATATTGCTTGTATTAAAATGGAAGAAGCACATGTCATTGCATTGAGGGATATGC
CGGTCTAGAATGTCAAAATAAATGTTTTGGAATAATGGATTAAGATGGAAAAAAATGTCTAGATGGTCCCAATTGCCCT
GATGATAAATAATATACTGATGGATCTAAACAATGTCAGCCATGCCATAGCTCCTGTACCAAATACTGTAACGCGTATG
GAGAAACCGGATGCAGAGATTGCAAATAAGGTTACTATCAATTAGGATCTTAATGTGTCTCTAATTGTGGTTCTGGTAA
ATTCGCTAATAATGCTACAAGAAAATGCGATGATTGTCACCAAAATTGTAATGGAGAATGTATAAGATCTAGTACTAAC
TGTATATTTAAAACGAAAATAGATTCTGGATAAACAATTATTGGTTTGAAATCTAATATAGTATAAGCACTATCTATTTTG
AGTATAGTAATAGCTATGGTTGCAATTTTGTGA  

CDS 
ATGAGAGTGACCATTGACTTTACAAGAATAAATAATGTAACGAATGCTTCATTTAAAAATGCTATGATAGATGTAGTAAA
TGTAGCTGCTAAATAAGTAAGTGATATTTTTATGGTATACCCTGAAGATGTTACTATCAAAATAAAGAATTAATAGTGGA
TTGAAGGATATGAAAGTCTTTGCGAATCAATTTTAGAAAAGGAAGGAATTAGAATTTCAGCTTTTGATAAAGATCCTGG
TATTTCTCAAAGTGATTTGCACATTTATGTTAGCTATGTAGATTTGAAAGGCAAACCTGAAAATGAATAATTTAAAGTAT
AAGGACAGGCATGTTCATGGATTAATGATAGAGCTTTAGTAGGATATTTGAAATTAAACCTTGACTGGTTCACTACAAA
TTTTTCTGGAACTGGTTTAGAATTTGAATACTTTTCTGAATCTGTTTTGCATGAATTATTTCACATTTTAGGGTTTGGAG
CAGATAATATTCCCTTTTTCAGAAACAAAGAAGGATTTAAAATGACGGAAGACGAAGTAAAAGCCATTTATAAAACTTA
AAAAGTAAGAGGAATTGATACACCCATTTTGAGTTCTGAAAATGTGCTAAAGGCAGTTAGAGAACACTATGGATGTGA
AACGGCTAGTGGAGGGCATTTAGAAAATGAAGGAGGTTCAGTTGGGTAACATTGGGACCGAGTAATGTTTTTCAATGA
TATAATGGGGCCCACAGAAGTGTAGGATGATGCTGTAGTTTCTCCCATAACTTTAGCTTATTTTGAGGACACTCACTG
GTTTGCTGAAGTAAACATGGACAAAGCTGAACAAATGCAATGGGGAAAAGGAAGAGGATGCAAATTTTTTGATTCTTG
TGATAGTACCTTCCCTGAATTTAAGTAAACCACTGACCCTTAATCATGCACATTTTATCATTATGGAGCTGGAACTTCT
CAAGTCGATAAATACAGCGACACATGTCCTATTAGTAAGGTGATTCCTGAGACTGTATGCCAAAACCCTAAAAATGCT
AATGCAGTAAATGATGAATTTACAATGGAAAAATACAGTAGATTGAGTAGATGTTTCGATTCCAATTTTATAACTGCTG
GTAAAGTTTCAACTAAAAGTTAAAGATGCTATGAGTTTTACTGTGACAGAGAAAAAAAAGAATTGACAATATATTTGAGT
GACAAATTAGGAGGATAAGAAGCCATCAAATGCACGTCTGATGCATAAGTTCTGACACATGGTCTTGTAACAGGAACT
CTAAACTGCCCAAAATCTATTGCAGAATTTTGTGATTTTCCCATTCCTTGTCCTAACTACTGCTCTTAAAAGGGATATTG
CTTGTATTAAAATGGAAGAAGCACATGTCATTGCATTGAGGGATATGCCGGTCTAGAATGTCAAAATAAATGTTTTGGA
ATAATGGATTAAGATGGAAAAAAATGTCTAGATGGTCCCAATTGCCCTGATGATAAATAATATACTGATGGATCTAAAC
AATGTCAGCCATGCCATAGCTCCTGTACCAAATACTGTAACGCGTATGGAGAAACCGGATGCAGAGATTGCAAATAA
GGTTACTATCAATTAGGATCTTAATGTGTCTCTAATTGTGGTTCTGGTAAATTCGCTAATAATGCTACAAGAAAATGCG
ATGATTGTCACCAAAATTGTAATGGAGAATGTATAAGATCTAGTACTAACTGTATATTTAAAACGAAAATAGATTCTGGA
TAAACAATTATTGGTTTGAAATCTAATATAGTATAAGCACTATCTATTTTGAGTATAGTAATAGCTATGGTTGCAATTTTG
TGA  

Protein 
MRVTIDFTRINNVTNASFKNAMIDVVNVAAKQVSDIFMVYPEDVTIKIKNQQWIEGYESLCESILEKEGIRISAFDKDPGISQS
DLHIYVSYVDLKGKPENEQFKVQGQACSWINDRALVGYLKLNLDWFTTNFSGTGLEFEYFSESVLHELFHILGFGADNIPFF
RNKEGFKMTEDEVKAIYKTQKVRGIDTPILSSENVLKAVREHYGCETASGGHLENEGGSVGQHWDRVMFFNDIMGPTEVQ
DDAVVSPITLAYFEDTHWFAEVNMDKAEQMQWGKGRGCKFFDSCDSTFPEFKQTTDPQSCTFYHYGAGTSQVDKYSDT
CPISKVIPETVCQNPKNANAVNDEFTMEKYSRLSRCFDSNFITAGKVSTKSQRCYEFYCDREKKELTIYLSDKLGGQEAIKC
TSDAQVLTHGLVTGTLNCPKSIAEFCDFPIPCPNYCSQKGYCLYQNGRSTCHCIEGYAGLECQNKCFGIMDQDGKKCLDG
PNCPDDKQYTDGSKQCQPCHSSCTKYCNAYGETGCRDCKQGYYQLGSQCVSNCGSGKFANNATRKCDDCHQNCNGE
CIRSSTNCIFKTKIDSGQTIIGLKSNIVQALSILSIVIAMVAIL  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF10) Genee, complete cds  
 
GENE: 2814 bp. 
Exons: 1-193; 246-509; 632-
694; 828-868; 928-984; 1049-
1099; 1170-1276; 1333-1502; 
1557-1858; 1929-2033; 2099-
2316; 2371-2488; 2545-2814 
CDS: 1959 bp 
protein: 653 aa 
 

Gene 
ATGCAATTAGCAAGAATATTCATAGCAATTCTATTGTTATGTATTACTATAGGAGTAATATCTCACAAATAAGGATGCAA
ACATTACGAAAACTTACCTCAGCATTGGAAAGATCATATTGAATATAGGAAAAATGTTATAGAATAATACAAAATAGAAA
GAGAAAAAACAGGATATAGATCAGCTGATCAAGGTAAAACATTATTTAATAAGACTAGTTTTGTATAATTTTTTTAAATT
ATCAGTGCCTAGAAGAAATTTAGCTACCCCTTAGCCTTTGAGAGTTACTTTTGACTATTCAAGAATTTAGAACTTGCCA
TCTTAAGAATCTAAAGATGCTATTACAGGAGCTTTAGAAATATCAAAAAAATATATTGCTGATTTACTAAAAGTCGAGCC
TTTAACATCTAATATAGTGGTTTCAGATAATGCCGGTCCTGCTGATTTAGGATAGTGCGTTGCTAAATTAGATACTTAAT
ACAGCATAAGTAATGCTGATAAAACCACAGGTTCAATATAATTAACATGGTACTGTACCAAATACACATAGCAGTAATA
AATTAATCCCATGTTGTTAATATTATTTTATAAAATAGTAATTCTTAATTTTATAATTTTATTTATTATATAGGAATTGCTAA
TAGTGATTTACATATATATGTTACCTGGAATAATGCTAATGACCAATCTTTAGGTAAATATTTCTATCAATTTATTTATAT
TTTAATACTGATAATAATATTTATCTTCTTATGCCAAAAAATTAATTAATGAATTTTCCAGTATTATAATATCAAACAAAAC
ATATAAATTTTTTTAATTAATAGCTTATGCGCAAGCCTGTTAGTATAAAAACTATAGAGCAATTGTAAGAAAATTCAAATT
TAATATTCTTAGTGATTTATCATTATTTTTCTTTTAAAAAAGGTTGGATAGATTAATTTCAATTATAAATGGTTCTTAGATG
AATATAATCCTAAATCAGTATAAATATAAATAAATATACGCAGTTTATTTAAAATAATTTTGAAATAAAAATATAATAAAG
GGAGCCTCATTTGAATATAATCTTGAAACTAGTTTGCATGAACTTTTTCACGTAAAAATATCATAAATAGAAATATATTTT
ACCAAATAGAAATAGAAATAATTTTATTTGTATTAATTAGGTTTTAGGTTTCTCAAGCAAAGAAATCGACCACTTCTTAG
ATAATGCTGGAAATGTAATAGATAATGCAACAAAGAATCAAATAAAGAACACGAATTATTAGTGGAAGTAATCACTTAA
AATTTAAACGTCTAATATGATCTAATTTAAATTTTTTTAATAAGTGGAAAGACTTCTATCGAACTAAAATCAACTGAAGTC
GCTAAAGTAGCTTAAGAATATTTCAAATGTAATACTATTACAGGAGCTTTGATGGAAAATGAAGGTGATTAAGGTAGTA
AAGATGACCACTGGGAGAGATCATTAATGTACAACGAATTTATGACAGCTTCCGGTACATATTTATATGTGATTATATT
AATATGCTAACGTCATTATTTAATAAAAGGAATTTAAAGTGACGGTGTTATTTCTAAGTTTACGTTAGCTTTCTTCAAAG
ACTCAAATTGGTATAAAGAAGTCAACATGGATATGGCAGAAGATATGTAATGGGGATTTGAATAAGGTTGTGATTTTTA
CAATTAAATTTGCAATGGAGTCAACCAGTACCCCGAATTTACTAAAGAAACAACTGATACATGCTCTTTCCATCACTTT
GGAATAGGAAAGGGTACCGCTGAAACATTCACTGATGGATGCAAGATTGTTTCAATTTATAAAAATCTACACTGTACTG
ACACAGCCAACTTTGTAATATTAATTTACTAGTTTTCATTATTTTTTTATCTCTATTAAGTAAAATAATTATTTGTATATAC
AGAAAGAAAACCCACATAATTATACAGGAGAAAAATTTGATATCCAAAGTAAGTGTTTTGAAGGTACTTTAATAAAATCA
GGTTTATCCTCATATGCTCTTTAGTAGGTAATAAATAAATTAATAGACACATTTAAATTTAAATTTTTTACTATTTAATTTG
TTTATATTAGAGATGCTATAATTACAAATGCCTAAATAATGTGGTTTATATCTAAGTTGGAGAATTCAATTTAAAGTGCA
CCAAAGACAGCGAAGTATTAAAAGCCCCTCTTGATTATTAAGGATAGTTAACATGTCCTAAAAATTTAAAATCATTTTGC
AACTTCCCCGTACCTTGCAAAAATTATTGCAGTAACAAGGGATATTGTCTTAGGAAAGGAGGAATCAGGTAATATATAT
TTTTATTATATTTCTAAATTTTATTTTTAAAATTTAAAAATAGTAAATGCAAGTGCATTGATGGATATTAAGGTTTAGATTG
CAGTGTTTAGTGCCCCAGCGCTGTATGTACATAAAGTGCAGACTGCAAAACTGGGGAAACTTATGATGCAGGAACTA
GAGTATACACTTTTTTTAGAATAAAATTATTATTTATAGAAATTTAAAAATCTATTAGACCTGTAATAAATGTCATGATTCT
TGCCCTGATTCATGCACTGGTCCATCTCAAAGTGAATGCACAGTATGCCCTTCCGGAAAGGTCTTGGCAGGAAATAG
CTGCGTTGATAGTTGTCCTAAAGGTAGTCAAGTTGTTGGATAAATTTGTGAAGTATGTGATACCTGTCTTGACGGAAAT
AAACCAAATACAGGAGACTCTTCAATTCTAAGCAATTCAATACCTCTTATTATTGCATTAATTGTTATTTTATAAACTTTA
ATAATGTGA   

CDS 
ATGCAATTAGCAAGAATATTCATAGCAATTCTATTGTTATGTATTACTATAGGAGTAATATCTCACAAATAAGGATGCAA
ACATTACGAAAACTTACCTCAGCATTGGAAAGATCATATTGAATATAGGAAAAATGTTATAGAATAATACAAAATAGAAA
GAGAAAAAACAGGATATAGATCAGCTGATCAAGTGCCTAGAAGAAATTTAGCTACCCCTTAGCCTTTGAGAGTTACTTT
TGACTATTCAAGAATTTAGAACTTGCCATCTTAAGAATCTAAAGATGCTATTACAGGAGCTTTAGAAATATCAAAAAAAT
ATATTGCTGATTTACTAAAAGTCGAGCCTTTAACATCTAATATAGTGGTTTCAGATAATGCCGGTCCTGCTGATTTAGG
ATAGTGCGTTGCTAAATTAGATACTTAATACAGCATAAGTAATGCTGATAAAACCACAGGAATTGCTAATAGTGATTTA
CATATATATGTTACCTGGAATAATGCTAATGACCAATCTTTAGCTTATGCGCAAGCCTGTTAGTATAAAAACTATAGAG
CAATTGTTGGATAGATTAATTTCAATTATAAATGGTTCTTAGATGAATATAATCCTAAATCAGGAGCCTCATTTGAATAT
AATCTTGAAACTAGTTTGCATGAACTTTTTCACGTTTTAGGTTTCTCAAGCAAAGAAATCGACCACTTCTTAGATAATGC
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TGGAAATGTAATAGATAATGCAACAAAGAATCAAATAAAGAACACGAATTATTAGTGGAATGGAAAGACTTCTATCGAA
CTAAAATCAACTGAAGTCGCTAAAGTAGCTTAAGAATATTTCAAATGTAATACTATTACAGGAGCTTTGATGGAAAATG
AAGGTGATTAAGGTAGTAAAGATGACCACTGGGAGAGATCATTAATGTACAACGAATTTATGACAGCTTCCGGAATTT
AAAGTGACGGTGTTATTTCTAAGTTTACGTTAGCTTTCTTCAAAGACTCAAATTGGTATAAAGAAGTCAACATGGATAT
GGCAGAAGATATGTAATGGGGATTTGAATAAGGTTGTGATTTTTACAATTAAATTTGCAATGGAGTCAACCAGTACCCC
GAATTTACTAAAGAAACAACTGATACATGCTCTTTCCATCACTTTGGAATAGGAAAGGGTACCGCTGAAACATTCACTG
ATGGATGCAAGATTGTTTCAATTTATAAAAATCTACACTGTACTGACACAGCCAACTTTAAAGAAAACCCACATAATTAT
ACAGGAGAAAAATTTGATATCCAAAGTAAGTGTTTTGAAGGTACTTTAATAAAATCAGGTTTATCCTCATATGCTCTTTA
GTAGAGATGCTATAATTACAAATGCCTAAATAATGTGGTTTATATCTAAGTTGGAGAATTCAATTTAAAGTGCACCAAA
GACAGCGAAGTATTAAAAGCCCCTCTTGATTATTAAGGATAGTTAACATGTCCTAAAAATTTAAAATCATTTTGCAACTT
CCCCGTACCTTGCAAAAATTATTGCAGTAACAAGGGATATTGTCTTAGGAAAGGAGGAATCAGTAAATGCAAGTGCAT
TGATGGATATTAAGGTTTAGATTGCAGTGTTTAGTGCCCCAGCGCTGTATGTACATAAAGTGCAGACTGCAAAACTGG
GGAAACTTATGATGCAGGAACTAGAACCTGTAATAAATGTCATGATTCTTGCCCTGATTCATGCACTGGTCCATCTCAA
AGTGAATGCACAGTATGCCCTTCCGGAAAGGTCTTGGCAGGAAATAGCTGCGTTGATAGTTGTCCTAAAGGTAGTCA
AGTTGTTGGATAAATTTGTGAAGTATGTGATACCTGTCTTGACGGAAATAAACCAAATACAGGAGACTCTTCAATTCTA
AGCAATTCAATACCTCTTATTATTGCATTAATTGTTATTTTATAAACTTTAATAATGTGA   

Protein 
MQLARIFIAILLLCITIGVISHKQGCKHYENLPQHWKDHIEYRKNVIEQYKIEREKTGYRSADQVPRRNLATPQPLRVTFDYSR
IQNLPSQESKDAITGALEISKKYIADLLKVEPLTSNIVVSDNAGPADLGQCVAKLDTQYSISNADKTTGIANSDLHIYVTWNNA
NDQSLAYAQACQYKNYRAIVGQINFNYKWFLDEYNPKSGASFEYNLETSLHELFHVLGFSSKEIDHFLDNAGNVIDNATKN
QIKNTNYQWNGKTSIELKSTEVAKVAQEYFKCNTITGALMENEGDQGSKDDHWERSLMYNEFMTASGIQSDGVISKFTLAF
FKDSNWYKEVNMDMAEDMQWGFEQGCDFYNQICNGVNQYPEFTKETTDTCSFHHFGIGKGTAETFTDGCKIVSIYKNLH
CTDTANFKENPHNYTGEKFDIQSKCFEGTLIKSGLSSYALQQRCYNYKCLNNVVYIQVGEFNLKCTKDSEVLKAPLDYQGQ
LTCPKNLKSFCNFPVPCKNYCSNKGYCLRKGGISKCKCIDGYQGLDCSVQCPSAVCTQSADCKTGETYDAGTRTCNKCH
DSCPDSCTGPSQSECTVCPSGKVLAGNSCVDSCPKGSQVVGQICEVCDTCLDGNKPNTGDSSILSNSIPLIIALIVILQTLIM  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF11) Genee, complete cds  
 
GENE: 2286 bp. 
Exons: 1-199; 258-410; 471-
658; 714-800; 857-976; 1031-
1206; 1263-1454; 1512-1587; 
1643-1858; 1923-2286 
CDS: 1773 bp 
protein: 591 aa 
 
 

Gene 
GGTATTAGATGACCTTGTTTCTGTTTGGACAGAAGAAGAAATTGAGGCAATGAATTACAGTAGAGATAAATCATTCAAA
CATAAATGTGTTCACGATTCTATTGTTGATAAAAATGAAAAATACGAGAAAAAACATTCCAAAATCATAAATAAGTTAAA
TTCAGAAAAAGTATAGAAACATAAGGAAACATCGTCCTGGGTAATTTTAGTTAATGTTTTTAAATATTTTATATAAAAACT
TAAAAATAATTTTATAGTAGCCTATTAGATTCCATGTTAACTTTGAAAATATAGAAAAAGGTGACATCCCCTAAAAGGAT
GTAGATTTTATAAAAAATAAGCTTATTCCCGCAGCAAAGGCTTATTTTGAAACCACTTTTAATGTTTAAAGATTAACTTA
GCCAATTATCGTATTTTTATTAAATTATTATTAGTTATTATTTTGATTTTGATTTTTTTTTTTATTAAAGCCTAGTAAGTATT
ATACTTAATATGGAAAATTATGTAATGGAGAAACTCCTGTACCTAAAAGTCTCTATAGTGGAGTAGATAATGCCGATAT
GGTTATGATGATTACAGCTAAATATGCTCCTAATGAGACATACTTAGCTTACGCTTCAAAATGCTATCAAGGAGAATAG
GAATTAAAATCTTTAAGGTAATTTCTTTCTTAAAATTTTTACCTATTAAACATTATTAATAACTTTAATTAGGCCTACGATG
GGATTTTTCTTAATAAATGCAGCTTATTTAGAAAAATCACTCAATGCCAATAGATGGTTTACGTGGATTGAGACTTCGTA
ATATAAATTTTATAAAAAAGAAAAAAAAACAATAATGTATAAATTATATATAGAATTCATGAAATGATGCATGCTATGGGA
TTTTCAAAAGGATAATTCTAAAACTTTTAAAATGGAAAAATTGGATTAAATTCCGCCGGTTAATACTTCTTTATGGGACC
TAAAACAGTTAAGTAACCATTTTACTTATAATAATAATAAATAACTATCGATTTTAAATATTCTAGCTATGGTAAATTATAT
TATAAATGTAATAATGTAAATGGAGTCCCTATAGAATAAAATGGAAGTAGTGGGTCTGCAGGATCTCATTGGGAAAGA
GTAGCTCTTGGGAATGAGGGAATGACTGCCTCTGATTTCGGAGATGCTGTTTTTAGTGAGTTTACTTTAAAACTTTTCG
AAGGTACTTACTAATTACATATGAACTAATTATACCCATACTTAATTTTATTAAAATAGACTCAGGATGGTATACCTATAA
TGAAGGTAATGCTTAGTAATTGGTTTGGGAAAAAGGAGCGGGATGTAATACAATGCAAGGATTTTGTGATAAAGCTTC
TTTCGAACACAGCTGCACTGAAGGAATCAAGGGATGCAATTTTGACTATTCTGCCAGAGGAATTTGTGTTTCTGGAGA
TACCTTTGCTCCTAGTACTCAATTGTTAATTTTAATTTTATTAATTAATTTTATTTTTTATGAATTCAAAGATTGCCCCTAT
TATGCTGGATATAGCAATGGACATTGTGAGTATGATACTTTTAATGCCAACTTATCTAACAATTTGTAATAATATATTTTA
AACAGTCTCGCACAGTTAAATAAACAATTTCTTTAATAGAGGAGGTGAAGTATCGACTGATGCTAGATGCTGGGTAGT
AACTAGTTAAAATTAATATTCAGGGGAAGTTAGATCAGCATGCTATAAAAGTAGATGTTCAGGAGAAAAACTTGAAGTT
TTCTTTTTCAATAAGTGGTATACTTGTGAATAAAATGGATAAATTATATCTCAAAATGGTATTTCTATAAGATGTCCCCC
AAAAGTGATATTTTGCTCGTATATATTTTTTATCGTATCTATTATAGAAATAATAATTTATATTCCATTTGTTATAATATAG
AGTAGAATCTGACTGTCCCAATTCATGTACAGCTCAGGGAACCTGTGTCGATGGAAAATGCAATTGCTATAATGGTTA
CGCAGGTACAGATTGTTAAAGGAGATCTGGATAAAAAAATTAAAAAAAAACTTCATCTGAAACAAATTTAGGGAATGGT
ACAAGACCAACAAGTAGCGGATCTTAAACTTATTGCTTGACTAGCAGAGGAGATTACTTGGGTAAATACCAAAATAAG
TATTATTGCTGTAACAAAGAAGAAGGAAAATGTTGTGGTATTTATTAATATCCAAAATATGGATATTGTTATTGTCTTCC
TGGATATGTTGTCAATAGCTTATTAAATGTATGTGAGCTTAAACACTGA  

CDS 
ATGGTATTAGATGACCTTGTTTCTGTTTGGACAGAAGAAGAAATTGAGGCAATGAATTACAGTAGAGATAAATCATTCA
AACATAAATGTGTTCACGATTCTATTGTTGATAAAAATGAAAAATACGAGAAAAAACATTCCAAAATCATAAATAAGTTA
AATTCAGAAAAAGTATAGAAACATAAGGAAACATCGTCCTGGTAGCCTATTAGATTCCATGTTAACTTTGAAAATATAG
AAAAAGGTGACATCCCCTAAAAGGATGTAGATTTTATAAAAAATAAGCTTATTCCCGCAGCAAAGGCTTATTTTGAAAC
CACTTTTAATGTTTAAAGATTAACTTAGCCAATTATCCCTAGTAAGTATTATACTTAATATGGAAAATTATGTAATGGAGA
AACTCCTGTACCTAAAAGTCTCTATAGTGGAGTAGATAATGCCGATATGGTTATGATGATTACAGCTAAATATGCTCCT
AATGAGACATACTTAGCTTACGCTTCAAAATGCTATCAAGGAGAATAGGAATTAAAATCTTTAAGGCCTACGATGGGAT
TTTTCTTAATAAATGCAGCTTATTTAGAAAAATCACTCAATGCCAATAGATGGTTTACGTGGATTGAGACTTCAATTCAT
GAAATGATGCATGCTATGGGATTTTCAAAAGGATAATTCTAAAACTTTTAAAATGGAAAAATTGGATTAAATTCCGCCG
GTTAATACTTCTTTATGGGACCTAAAACAGTTAACTATGGTAAATTATATTATAAATGTAATAATGTAAATGGAGTCCCT
ATAGAATAAAATGGAAGTAGTGGGTCTGCAGGATCTCATTGGGAAAGAGTAGCTCTTGGGAATGAGGGAATGACTGC
CTCTGATTTCGGAGATGCTGTTTTTAGTGAGTTTACTTTAAAACTTTTCGAAGACTCAGGATGGTATACCTATAATGAA
GGTAATGCTTAGTAATTGGTTTGGGAAAAAGGAGCGGGATGTAATACAATGCAAGGATTTTGTGATAAAGCTTCTTTC
GAACACAGCTGCACTGAAGGAATCAAGGGATGCAATTTTGACTATTCTGCCAGAGGAATTTGTGTTTCTGGAGATACC
TTTGCTCCTAATTGCCCCTATTATGCTGGATATAGCAATGGACATTGTGAGTATGATACTTTTAATGCCAACTTATCTAA
CAATTTAGGAGGTGAAGTATCGACTGATGCTAGATGCTGGGTAGTAACTAGTTAAAATTAATATTCAGGGGAAGTTAG
ATCAGCATGCTATAAAAGTAGATGTTCAGGAGAAAAACTTGAAGTTTTCTTTTTCAATAAGTGGTATACTTGTGAATAAA
ATGGATAAATTATATCTCAAAATGGTATTTCTATAAGATGTCCCCCAAAAGTGATATTTTGCTCAGTAGAATCTGACTGT
CCCAATTCATGTACAGCTCAGGGAACCTGTGTCGATGGAAAATGCAATTGCTATAATGGTTACGCAGGTACAGATTGT
TAAAGGAGATCTGGATAAAAAAATTAAAAAAAAACTTCATCTGAAACAAATTTAGGGAATGGTACAAGACCAACAAGTA
GCGGATCTTAAACTTATTGCTTGACTAGCAGAGGAGATTACTTGGGTAAATACCAAAATAAGTATTATTGCTGTAACAA
AGAAGAAGGAAAATGTTGTGGTATTTATTAATATCCAAAATATGGATATTGTTATTGTCTTCCTGGATATGTTGTCAATA
GCTTATTAAATGTATGTGAGCTTAAACACTGA    

Protein 
MVLDDLVSVWTEEEIEAMNYSRDKSFKHKCVHDSIVDKNEKYEKKHSKIINKLNSEKVQKHKETSSWQPIRFHVNFENIEKG
DIPQKDVDFIKNKLIPAAKAYFETTFNVQRLTQPIIPSKYYTQYGKLCNGETPVPKSLYSGVDNADMVMMITAKYAPNETYLA
YASKCYQGEQELKSLRPTMGFFLINAAYLEKSLNANRWFTWIETSIHEMMHAMGFSKGQFQNFQNGKIGLNSAGQYFFM
GPKTVNYGKLYYKCNNVNGVPIEQNGSSGSAGSHWERVALGNEGMTASDFGDAVFSEFTLKLFEDSGWYTYNEGNAQQ
LVWEKGAGCNTMQGFCDKASFEHSCTEG  
IKGCNFDYSARGICVSGDTFAPNCPYYAGYSNGHCEYDTFNANLSNNLGGEVSTDARCWVVTSQNQYSGEVRSACYKSR
CSGEKLEVFFFNKWYTCEQNGQIISQNGISIRCPPKVIFCSVESDCPNSCTAQGTCVDGKCNCYNGYAGTDCQRRSGQKN
QKKTSSETNLGNGTRPTSSGSQTYCLTSRGDYLGKYQNKYYCCNKEEGKCCGIYQYPKYGYCYCLPGYVVNSLLNVCEL
KH  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF12) Genee, complete cds  
 
GENE: 2517 bp. 
Exons: 1-137; 203-512; 623-
682; 744-1603; 1664-2018; 
2079-2378; 2461-2547 
CDS: 2079 bp 
protein: 693 aa 
 

Gene 
ATGAAATAGATAATTGCACTAGTTGTAGTTCTTACTTTATTTTGCCAGTCAAATTGCCTATATCATTATTGCTAGCACAG
TGCTAGAGAAAATACGGCTTTTATAATAGAACCTAGATAATTTAGCTATACTGAGTTGTAAATAATTTTAGTTTTTTGTTT
TTTTTCTAAATATAAAACATTAAATAATTAATATTTAAAAGAGATCCACACCATCCTTTAAGAATAACCTTCGATTACTCT
TCTATCCCTGATAATTTTGCCCAAAGAGATTATATTATTCGCTTGTGTAATTAAGCTTCTCTATTTTTCAATAGAAATCTA
TAAGTAGTTACTGAACATGCAGAGCAGAATAATTAATTTCCAAATGTTTAGGGAGTATTTTGTGGAACTAAATAAATTCC
AGAATAAGATAAAAGTGTTGGAATCAAATAATCTGATCTACATATTTATGTTGGAACATTCACTCACGGATAGAACAAT
GCTCTTGCTACTTCTGGTGTTTGCGTTTTGGTATATTTTACAATTTAATTCCTATTTATTTTTGTTTTTTATGATATTAATA
TATTTACTTATCTTATTAAATTAAATTGATTCTAACTTCATATTATTAATATATTTAGGGTAGAGCAACAAAAAGACCATC
ATTTGGATATTTAAATATTAATACCTTTCACTTAAGTGTAATAATAAAAGTATAAGAAACTTTTATTAAATCGAAAATTTCA
TTATATTATATAAAAGACAATTGGAGATACAGGAAAGGAAAAGGATTATGAAGATTATTATGAAGGAATTATCCATGAA
ATGTTCCATGTATTAGGATTTTCCTAATCTCTGTTCCCCCATTTTAAAAATAGCTTGACTTTTGAAAACAAAATTGTAAG
AGGTTAGCCTACAACTTGGGTAACATCTCCAAAAGTTAAGGAAGTGGCTCGCAAGCACTTTAACTGTACTGATGCTAT
TGGAATGTAATTAGAAAATTATAATGGAGACAACAATGAAAACCAACATTGGAAAAGAGTTTTACTGAATAATGAACTT
ATGACTGGAAATTACCAAAGGCCTTTTGGATTGGTATCTATATTTACATGGGCCTTGTTAGAAGATTCTGGGTGGTACT
TTCCTTCCTATTAATTTATGGATGAAATCGAATGGGGAAAAGATAGAGGCTGCAGTTTTTTAGATAGTTGTGATCCGAA
TAAGTTTAGAGAATTTTAGCCTTACAATGGAAGAAACCATGTATATTATTGTAATTTTTATTATTCTGCAATTACTCGTTC
TCATTAGCTTGGAGAGACTTAGGGAGAATGCTAAATTGGTACTGATTACTTAGATTGTTAAGATCCAGGAAGTGGATA
ATAGTATGATCATTTGACTTTAAATATATATTCATAGCAAAGTAGATGCTTTAACAGCGACATAATTAACACCAACTTGC
TTACCGGAAATGAAAACATGATTAATCTATTACATTTTTCTTCAAGATGCTATTAATATGAATGCACAGATACGGGGATA
GATGTGATAATTAGTAACAAAAGATTTCAGATAAAAAATGGAGAAACATAAGTATATATTAAATCATCATCCCCGACGG
AAGAGTATACATTTATTTATTACCTTTGAATTTATTTATATTATATATTAATAAATTTCTTTAGAATTGCAGGAACTATATA
TGCTCCAGAAAATATTGATGCATTTTGTAATCGAATCCCATAACCCTGTTTAAATTACTGTAGTAGAAATGGGTACTGC
TATGGAGGAACATGTCACTGCGATACAGACTATGCAGGTGAAGACTGTTCTATTTAATGTGCCAATGGAAATTACGTC
TACAATGGGGTGTGTTAAAACGAAAAGAGTTGTCCTGAGAACACTTTATTTAACTCTCAAACTAAATAATGCTATATAG
GACAACCTTGTCCAGAAGGATAAGTTAAATTCGGACATAACTGTGTTTCAGAATGTCCTCATAAGTATTTTTAAGGTGG
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TCAATCATGTGTACCCTGCTTGGTAATTTAAATCATAATTAAAAAATCATTAAAATACTATATTTTATTTATATTAATCTAG
CCTGGTTGTGAATTTTGTTCCTCACAAAACACATGTCATATTTGTTCTGTGGGATATGTTCCCGACTATTATCATAAAAC
CTGCTCAAGATGCTGGAAAGGTTGTGCATAGTGTGATGGTAACAACTGTTAATAGTGTGAGCCTGATTATTTTCCTTAT
GATTCAAAATCAATCATACTAGTTGATGCTGAAAGTAAAAAAACTATTAGTTACTATACACGATAATGTGCTAATCCTTG
TCCTGCTGATTCCATTTTTATTGAACAGTAATAAAAGTGTAATAGATGTGATTTCCAAATTGTAAAGCCTCTTAATATTT
CTATATAAATGAATTAATAAATATATTATATCTTATACTATTTAATTATTTTTTAAATTCAAGTATAAAGGATGTAAAAGAT
GCAGTGAAACTGAATGTTTTTGGGGATAGGGACCATGA   

CDS 
ATGAAATAGATAATTGCACTAGTTGTAGTTCTTACTTTATTTTGCCAGTCAAATTGCCTATATCATTATTGCTAGCACAG
TGCTAGAGAAAATACGGCTTTTATAATAGAACCTAGATAATTTAGCTATACTGAGTTAGATCCACACCATCCTTTAAGA
ATAACCTTCGATTACTCTTCTATCCCTGATAATTTTGCCCAAAGAGATTATATTATTCGCTTGTGTAATTAAGCTTCTCT
ATTTTTCAATAGAAATCTATAAGTAGTTACTGAACATGCAGAGCAGAATAATTAATTTCCAAATGTTTAGGGAGTATTTT
GTGGAACTAAATAAATTCCAGAATAAGATAAAAGTGTTGGAATCAAATAATCTGATCTACATATTTATGTTGGAACATTC
ACTCACGGATAGAACAATGCTCTTGCTACTTCTGGTGTTTGCGTTTTGGGTAGAGCAACAAAAAGACCATCATTTGGA
TATTTAAATATTAATACCTTTCACTTAAGTACAATTGGAGATACAGGAAAGGAAAAGGATTATGAAGATTATTATGAAGG
AATTATCCATGAAATGTTCCATGTATTAGGATTTTCCTAATCTCTGTTCCCCCATTTTAAAAATAGCTTGACTTTTGAAAA
CAAAATTGTAAGAGGTTAGCCTACAACTTGGGTAACATCTCCAAAAGTTAAGGAAGTGGCTCGCAAGCACTTTAACTG
TACTGATGCTATTGGAATGTAATTAGAAAATTATAATGGAGACAACAATGAAAACCAACATTGGAAAAGAGTTTTACTG
AATAATGAACTTATGACTGGAAATTACCAAAGGCCTTTTGGATTGGTATCTATATTTACATGGGCCTTGTTAGAAGATT
CTGGGTGGTACTTTCCTTCCTATTAATTTATGGATGAAATCGAATGGGGAAAAGATAGAGGCTGCAGTTTTTTAGATAG
TTGTGATCCGAATAAGTTTAGAGAATTTTAGCCTTACAATGGAAGAAACCATGTATATTATTGTAATTTTTATTATTCTG
CAATTACTCGTTCTCATTAGCTTGGAGAGACTTAGGGAGAATGCTAAATTGGTACTGATTACTTAGATTGTTAAGATCC
AGGAAGTGGATAATAGTATGATCATTTGACTTTAAATATATATTCATAGCAAAGTAGATGCTTTAACAGCGACATAATTA
ACACCAACTTGCTTACCGGAAATGAAAACATGATTAATCTATTACATTTTTCTTCAAGATGCTATTAATATGAATGCACA
GATACGGGGATAGATGTGATAATTAGTAACAAAAGATTTCAGATAAAAAATGGAGAAACATAAGTATATATTAAATCAT
CATCCCCGACGGAAGAAATTGCAGGAACTATATATGCTCCAGAAAATATTGATGCATTTTGTAATCGAATCCCATAACC
CTGTTTAAATTACTGTAGTAGAAATGGGTACTGCTATGGAGGAACATGTCACTGCGATACAGACTATGCAGGTGAAGA
CTGTTCTATTTAATGTGCCAATGGAAATTACGTCTACAATGGGGTGTGTTAAAACGAAAAGAGTTGTCCTGAGAACACT
TTATTTAACTCTCAAACTAAATAATGCTATATAGGACAACCTTGTCCAGAAGGATAAGTTAAATTCGGACATAACTGTGT
TTCAGAATGTCCTCATAAGTATTTTTAAGGTGGTCAATCATGTGTACCCTGCTTGCCTGGTTGTGAATTTTGTTCCTCA
CAAAACACATGTCATATTTGTTCTGTGGGATATGTTCCCGACTATTATCATAAAACCTGCTCAAGATGCTGGAAAGGTT
GTGCATAGTGTGATGGTAACAACTGTTAATAGTGTGAGCCTGATTATTTTCCTTATGATTCAAAATCAATCATACTAGTT
GATGCTGAAAGTAAAAAAACTATTAGTTACTATACACGATAATGTGCTAATCCTTGTCCTGCTGATTCCATTTTTATTGA
ACAGTAATAAAAGTGTAATAGATGTGATTTCCAAATTTATAAAGGATGTAAAAGATGCAGTGAAACTGAATGTTTTTGG
GGATAGGGACCATGA   

Protein 
MKQIIALVVVLTLFCQSNCLYHYCQHSARENTAFIIEPRQFSYTELDPHHPLRITFDYSSIPDNFAQRDYIIRLCNQASLFFNR
NLQVVTEHAEQNNQFPNVQGVFCGTKQIPEQDKSVGIKQSDLHIYVGTFTHGQNNALATSGVCVLGRATKRPSFGYLNINT
FHLSTIGDTGKEKDYEDYYEGIIHEMFHVLGFSQSLFPHFKNSLTFENKIVRGQPTTWVTSPKVKEVARKHFNCTDAIGMQL
ENYNGDNNENQHWKRVLLNNELMTGNYQRPFGLVSIFTWALLEDSGWYFPSYQFMDEIEWGKDRGCSFLDSCDPNKFR
EFQPYNGRNHVYYCNFYYSAITRSHQLGETQGECQIGTDYLDCQDPGSGQQYDHLTLNIYSQQSRCFNSDIINTNLLTGNE
NMINLLHFSSRCYQYECTDTGIDVIISNKRFQIKNGETQVYIKSSSPTEEIAGTIYAPENIDAFCNRIPQPCLNYCSRNGYCYG
GTCHCDTDYAGEDCSIQCANGNYVYNGVCQNEKSCPENTLFNSQTKQCYIGQPCPEGQVKFGHNCVSECPHKYFQGGQ
SCVPCLPGCEFCSSQNTCHICSVGYVPDYYHKTCSRCWKGCAQCDGNNCQQCEPDYFPYDSKSIILVDAESKKTISYYTR
QCANPCPADSIFIEQQQKCNRCDFQIYKGCKRCSETECFWGQGP  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF13) Genee, complete cds  
 
GENE: 1744 bp. 
Exons: 1-803; 884-1238; 1299-
1595; 1688-1744 
CDS: 1512 bp 
protein: 504 aa 
 
 

Gene 
ATGTTTCACGTATTGGGATTTTCCTAATCTCTTTTTCCCCATTTTAAGAATAGCTTGACATTTGAAAATAAAATCAATATT
GAAAGTGGAAAGCCAACTACTTGGGTAACATCTCCTAAAGTCAAAGCCGTGGCTAGAAACCACTTTAGTTGTTAAACA
GCTATAGGAATGTAGTTAGAAAATTACAACGGAGACAACAAAGAAAACCAGCATTGGGAACGAGTACTATTAAATAGT
GAGCTCATGACAGGAAATTATGAACGAACTTTTGGAATTGTTTCTATTTTTACATGGGCACTGCTAGAGGATTCTGGAT
GGTATATACCAAATTATGAATTTATGGATGACATTCAATGGGGAAAAGGCAAGGGCTGCCTTTTTTTAGATATTTGCAA
TCCTACTTATTTTAGAGAATTTTAACCAAAATGGGGATATTCTAAATAATATTTCTGTAGCTTTTATTATTCTGCAGTTAC
TAGTCTTCACCAGCAGGGATATACTACTGATAAATGTCCAATCGGCACGGAGGTAATAGACTGCTAAGATCCAGGAAG
TAAGGGAGGGTTTTACGAACATTTGTTTCCAAATGTTTATTCTTATTAAAGTATGTGCTTTGAAAGTAATGTTACAGATT
ATAAAAAATTGCAAGGAAACGAAAAATTATATTTAGTACCAGGGTTTTCTTCAAGGTGCTTTTAATATGAATGCACTAAT
ACTGGATTAGATGTGATAGTTAAAAACTAAAGGTATACCTTTCAGTAAGGTGTATCCATTAAAGTTAATATAACATCTGA
AACAGAAAAGTAAATAATCATTAATTGAATATTTTTACAAATTAATATGTATTCATTAATTTTATATTTATCTATTACTTCT
ATTTCAGCATTACAGGAATAATATAACCTCCTGAAAATATTAGTGCCTTTTGTAATCAATTCCCTAAGCCTTGCTTAAAT
TATTGCAGTAGAAATGGATACTGCTATGCAGGAACATGTCACTGCGATCCAGATTATGCAGGAGAAGACTGTTCTGTT
TACTGCGCCAATGGAAACTATGTATATAATGGTGTTTGTCGAAATTACAAGAGTTGTCCAGAAAATACTCTCTTCAACT
CTTAAACCAAAGAATGTTATACTGGGTAACCTTGTCCTGAAGGATTGGTTAAGTTAGGACATAATTGCGTTTCAAAATG
TCCAATAAGATATTTTAAAGGTGGCCAATCATGTGTACCTTGCATGGTAATTTCAATATTAATTATATATTGGTTTAATAA
TAATTTTTTTTTAAAAATTTTTAAGCCTGGATGTGATTATTGCAAATCATAATTTTATTGTGATTTTTGTTCAAAGGGATTA
ATTCCTGATTACTATCACAAAACTTGCTCAAGATGCTGGAAGGGCTGTGCAGAGTGTAGAAATAATGAATGTATTTATT
GTGAACCAGGTTATTTCCATTACGTTGCCAAAATATACAAGTCATTTGATCCTATTATAATAACTGAATATAATTTTCTTA
TGCAATGCGCAAATCCATGCCCTGTAGATTCTATATTCATTTAATAAATTAATTAGTGTTTAAGATGTGATTTTGTAATA
GTAAAAAATTTCTTTAAATTAATTTAGAATAATTTTTGTTTAATTATATATGCAAAAATTGTTAATTTTATTTGTTATTATTA
TATTTTAAGCATTTGGGGTGTAATAGATGCAATGAAACTGAATGTTTTTGGGATACAAGTCTATGA  

CDS 
ATGTTTCACGTATTGGGATTTTCCTAATCTCTTTTTCCCCATTTTAAGAATAGCTTGACATTTGAAAATAAAATCAATATT
GAAAGTGGAAAGCCAACTACTTGGGTAACATCTCCTAAAGTCAAAGCCGTGGCTAGAAACCACTTTAGTTGTTAAACA
GCTATAGGAATGTAGTTAGAAAATTACAACGGAGACAACAAAGAAAACCAGCATTGGGAACGAGTACTATTAAATAGT
GAGCTCATGACAGGAAATTATGAACGAACTTTTGGAATTGTTTCTATTTTTACATGGGCACTGCTAGAGGATTCTGGAT
GGTATATACCAAATTATGAATTTATGGATGACATTCAATGGGGAAAAGGCAAGGGCTGCCTTTTTTTAGATATTTGCAA
TCCTACTTATTTTAGAGAATTTTAACCAAAATGGGGATATTCTAAATAATATTTCTGTAGCTTTTATTATTCTGCAGTTAC
TAGTCTTCACCAGCAGGGATATACTACTGATAAATGTCCAATCGGCACGGAGGTAATAGACTGCTAAGATCCAGGAAG
TAAGGGAGGGTTTTACGAACATTTGTTTCCAAATGTTTATTCTTATTAAAGTATGTGCTTTGAAAGTAATGTTACAGATT
ATAAAAAATTGCAAGGAAACGAAAAATTATATTTAGTACCAGGGTTTTCTTCAAGGTGCTTTTAATATGAATGCACTAAT
ACTGGATTAGATGTGATAGTTAAAAACTAAAGGTATACCTTTCAGTAAGGTGTATCCATTAAAGTTAATATAACATCTGA
AACAGAAAACATTACAGGAATAATATAACCTCCTGAAAATATTAGTGCCTTTTGTAATCAATTCCCTAAGCCTTGCTTAA
ATTATTGCAGTAGAAATGGATACTGCTATGCAGGAACATGTCACTGCGATCCAGATTATGCAGGAGAAGACTGTTCTG
TTTACTGCGCCAATGGAAACTATGTATATAATGGTGTTTGTCGAAATTACAAGAGTTGTCCAGAAAATACTCTCTTCAA
CTCTTAAACCAAAGAATGTTATACTGGGTAACCTTGTCCTGAAGGATTGGTTAAGTTAGGACATAATTGCGTTTCAAAA
TGTCCAATAAGATATTTTAAAGGTGGCCAATCATGTGTACCTTGCATGCCTGGATGTGATTATTGCAAATCATAATTTTA
TTGTGATTTTTGTTCAAAGGGATTAATTCCTGATTACTATCACAAAACTTGCTCAAGATGCTGGAAGGGCTGTGCAGAG
TGTAGAAATAATGAATGTATTTATTGTGAACCAGGTTATTTCCATTACGTTGCCAAAATATACAAGTCATTTGATCCTAT
TATAATAACTGAATATAATTTTCTTATGCAATGCGCAAATCCATGCCCTGTAGATTCTATATTCATTTAATAAATTAATTA
GTGTTTAAGATGTGATTTTGTAATACATTTGGGGTGTAATAGATGCAATGAAACTGAATGTTTTTGGGATACAAGTCTA
TGA    

Protein 
MFHVLGFSQSLFPHFKNSLTFENKINIESGKPTTWVTSPKVKAVARNHFSCQTAIGMQLENYNGDNKENQHWERVLLNSE
LMTGNYERTFGIVSIFTWALLEDSGWYIPNYEFMDDIQWGKGKGCLFLDICNPTYFREFQPKWGYSKQYFCSFYYSAVTSL
HQQGYTTDKCPIGTEVIDCQDPGSKGGFYEHLFPNVYSYQSMCFESNVTDYKKLQGNEKLYLVPGFSSRCFQYECTNTGL
DVIVKNQRYTFQQGVSIKVNITSETENITGIIQPPENISAFCNQFPKPCLNYCSRNGYCYAGTCHCDPDYAGEDCSVYCANG
NYVYNGVCRNYKSCPENTLFNSQTKECYTGQPCPEGLVKLGHNCVSKCPIRYFKGGQSCVPCMPGCDYCKSQFYCDFC
SKGLIPDYYHKTCSRCWKGCAECRNNECIYCEPGYFHYVAKIYKSFDPIIITEYNFLMQCANPCPVDSIFIQQINQCLRCDFVI
HLGCNRCNETECFWDTSL 

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF14) Genee, complete cds  
 
GENE: 1502 bp. 
Exons: 1-70; 144-205; 276-572; 
627-868; 937-1227; 1316-1502 
CDS: 1149 bp 
protein: 383 aa 
 

Gene 
ATGTTTTATAATGAATTAATGAATCCTGCAGGTATTTAATCAGACTCTATAACTTCTAAATTCACATTAGGTATACTAGC
ATATAATATTAAATACTTAAACAAAGATATATCAAATTAATTCAATAAATTGCATATATATAGCTTACCTAAAAGATAGCA
ACTGGTACGCAGATGTAGACTTATCTTTTGCTGAAAGTTTCTAAGTAAATTTATTGATTTTATTAACTTTTAATATATAAA
AAGCAAATTGAATAAAAATTAAATCATATTTAGTGGGGAAAAAATAAAGGGTGTGATTTTCTTTCAAGTTGCTCAAGTTC
CTATCCCGAATTCACAGAACTTTCTATAAAATAAACCTGTACATTCTATCATTTCGGAATTGGATATGGAAAGACAGAT
GACTTCTCTGACGATTGTCCCATTGCCACTCTTTATACAAACACTGACTGTACGAATCCTTCTCATCTGCCAACCCACG
CACCACGAACATACGAATCATTTTCTTCCTAAAGCAAATGTTTTGATTCCACATTTATTTAAAATGGATTTTCTTCTTCTT
ATACTTCCTAAGTAATAAGTTAATTAAATATTAAATTTAATAAAAATTTAATATCCAATTTTTAGAGATGCTACAAACATTA
ATGTGTAAATAATGGAAATTCTATAGAGATCACTCTGTAAAATGGAGGAACTGAATATAAAATTACATGTAACAACAAT
GGAGAGGTTATATAACCACCGAATTTATCAGGATTGGTAGGGTAACTCACATGTCCTCAAAATATAAGTGAATTTTGTT
CATTCCCAGCTCCTTGCGAAAATTATTGTTCTTCCAATGGATATTGTCACAGAGTAAATGGAAAAAAGTACAAATAATT
AATTTATTATTTATTTAATACCAAAATAAATTTATATTTTTAAATTTATTTATAAGTTCTTGTTATTGCTTAAACGGTTATAC
AGGAAGTGATTGTTCTACCAAGTGTGATAATTTCGTAAACTAAAGTGGTTAATGTGTAAACTAATGTGATTCCAAACAA
TATTATCATTTGGGAAATAAAATTTGCTCGTAGTGTCATTCAAATTGTTAGTAATATTGTTCAGGGCCTACTTAAAATGA
TTGCAGAAAATGTCCCTAACTTTAATTCAATGACAACGGAACTTGTGTCCAACAGTGTCCCCAAGGAAAATATGCAGAT
AAAAATTCTGGAGATTGCTTAAATTGGTATAAAATTATTTATTATTATAACTCAAAATGTAAGTATATATTTATTAATTATA
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TAACTATACAGAAATTGCTCATCCAATTGTAGCTCATCCAATTGTAGTATTGGGTGCATAAGGGAAAGTGATAATTGTT
TGATTTTATCTAAAGAATATCAAAATAATGACGCTGTAAAAAAAGACACAAACTCGAATAGTAAGGGAGAAATTGGTTA
GTCTTTTTATTTATTTATGGTTGTTTTACTATATTTTATAGTTTCTACTTTACTTTATTGA  

CDS 
ATGTTTTATAATGAATTAATGAATCCTGCAGGTATTTAATCAGACTCTATAACTTCTAAATTCACATTAGCTTACCTAAAA
GATAGCAACTGGTACGCAGATGTAGACTTATCTTTTGCTGAAAGTTTCTAATGGGGAAAAAATAAAGGGTGTGATTTTC
TTTCAAGTTGCTCAAGTTCCTATCCCGAATTCACAGAACTTTCTATAAAATAAACCTGTACATTCTATCATTTCGGAATT
GGATATGGAAAGACAGATGACTTCTCTGACGATTGTCCCATTGCCACTCTTTATACAAACACTGACTGTACGAATCCTT
CTCATCTGCCAACCCACGCACCACGAACATACGAATCATTTTCTTCCTAAAGCAAATGTTTTGATTCCACATTTATTTAA
AATGGATTTTCTTCTTCTTATACTTCCTAAAGATGCTACAAACATTAATGTGTAAATAATGGAAATTCTATAGAGATCAC
TCTGTAAAATGGAGGAACTGAATATAAAATTACATGTAACAACAATGGAGAGGTTATATAACCACCGAATTTATCAGGA
TTGGTAGGGTAACTCACATGTCCTCAAAATATAAGTGAATTTTGTTCATTCCCAGCTCCTTGCGAAAATTATTGTTCTTC
CAATGGATATTGTCACAGAGTAAATGGAAAAAATTCTTGTTATTGCTTAAACGGTTATACAGGAAGTGATTGTTCTACC
AAGTGTGATAATTTCGTAAACTAAAGTGGTTAATGTGTAAACTAATGTGATTCCAAACAATATTATCATTTGGGAAATAA
AATTTGCTCGTAGTGTCATTCAAATTGTTAGTAATATTGTTCAGGGCCTACTTAAAATGATTGCAGAAAATGTCCCTAAC
TTTAATTCAATGACAACGGAACTTGTGTCCAACAGTGTCCCCAAGGAAAATATGCAGATAAAAATTCTGGAGATTGCTT
AAATTGCTCATCCAATTGTAGTATTGGGTGCATAAGGGAAAGTGATAATTGTTTGATTTTATCTAAAGAATATCAAAATA
ATGACGCTGTAAAAAAAGACACAAACTCGAATAGTAAGGGAGAAATTGGTTAGTCTTTTTATTTATTTATGGTTGTTTTA
CTATATTTTATAGTTTCTACTTTACTTTATTGA  

Protein 
MFYNELMNPAGIQSDSITSKFTLAYLKDSNWYADVDLSFAESFQWGKNKGCDFLSSCSSSYPEFTELSIKQTCTFYHFGIG
YGKTDDFSDDCPIATLYTNTDCTNPSHLPTHAPRTYESFSSQSKCFDSTFIQNGFSSSYTSQRCYKHQCVNNGNSIEITLQ
NGGTEYKITCNNNGEVIQPPNLSGLVGQLTCPQNISEFCSFPAPCENYCSSNGYCHRVNGKNSCYCLNGYTGSDCSTKC
DNFVNQSGQCVNQCDSKQYYHLGNKICSQCHSNCQQYCSGPTQNDCRKCPQLQFNDNGTCVQQCPQGKYADKNSGD
CLNCSSNCSIGCIRESDNCLILSKEYQNNDAVK  
KDTNSNSKGEIGQSFYLFMVVLLYFIVSTLLY  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF15) Genee, complete cds  
 
CDS: 2319 bp 
protein: 773 aa 
 

CDS 
ATGATAATTAAGGAAAAGTTAATTAATGTCTGCACTTTAGCTATAGACTTTCTTTCTAAAAACTTAAAAGTGTAGAGACT
CTAAAAGAATAATATATTCCCGGACTATGAAAAGTGCTTATACACTACTGTTCCTGAAAAATACAAACGTGAAGGAGTT
GCTGATTCCGATTTACACATTTTTATCGGATTTTTCGACAACCCTGAATCTAGTACCATAGCCTACGCATCATCTTGTAT
TTAAGATGGAGATACCAAAAGACCACTCTTTGGAGCCTCTGACTATAACTTGTCCTTTATGAGTGCTGATGCTGATGCT
TTCGACTTCGAAAATTATTTCGAAACAGTCGTGCACGAACTAACTCACATTCTTGGATTTTCTCGTGGTATGTTCGATT
AATTTATCGACGCTTAAACTGGAAGACCTTTCGTTGAAGGTAATTTGGAACTCAGATCTCCCGTAGAAAAGGAAGTCA
TTAATGGAAAGGACACCCTTTGGCTCACCACTCCCATCGTCTAGCGAATGGCAAGAGAACACTACGGATGCTCCTCTT
TGAAAGGACTCCAATTAGAAAACGATTACGGAGGAGGATCTAGAAATTCTCACTGGGAGCAATCTACCTTCGAAAACG
AGTTTATGAATGCCATGCACTCTGGTCATGATGCTGTCTACAGTAAATTTACTTTCGCCGCTTTGGAAGATTCCGGTTG
GTACAAGCCTACCTATAAATACCTAGACGAAGTTACTTGGGGAAAGGGGTAAGGATGTGATTTTTTGTATACTTGTGA
CCCTAATAAGCATAAAGAATTTACCAATGAAACCTAGTTCTGTAGTTTCTATCACAACTACATCGGAAATCATTATGTGC
CTGAAAACGAAGAAGATAGAAGAGCCTAAGTATGTCATGTTTTCTAATCTGTTTCTGCTGATTGCACAGATATAAAGAG
AAACAATTAGGATTGGAGCGGAAACACCTTCAGTGACAAAAGTAAATGCTTTGATAGCAACCTTTCAGATGGGTCGGG
AAGAAGTTCTTACGGAGATCATAGATGTCTGGAGTACGAGTGTACTAAAAAGGGAGGAATAAATGTTTTAGTAAATGG
ATAAAAATACAAAATTGACAGAGAAACTAATAGAGTCTATGTAAGACCAAGAGGAAAAAATACTTCATTAGAAGGATTT
ATTTAAGGACCTGAAGATTGGAATGCTTTCTGTAATATTTTCCCCAAAGCTTGTCCCAAATTCTGCAGCTCCAATGGGT
ACTGTGTCGATAACTAATGTCACTGCTTACCTAATTTTGCAGGAGTAGGTTGTGACGTATATTGTCCTGACGGAAATTA
TGTATTCCAAGGCAAATGTATATATACCAAAAGATGTCCTGTAAATACAACCCTCCAAGAAACCTCCAAAGAATGTTTA
GAAGAAAAAGAAGAACTATCCTGTAAACACGGACAAGTTATACTCGATGAATAATGTGTGAATGAATGCCCCGCCTCC
TACTACAAAGGAGATGAATATTGTGAATACTGCATCGCTCAATGCGAAGTTTGCAATGATGAAAACACCTGCGAATAA
TGTAAAACAGGCTTGATCCTCTCTAGTGACAAAACCTAGTGCAGAGAGTGTGAAGAAGGATGTTCATCTTGTTCT  
AGAGGAAACTGCCACTCTTGTGAACCAGGATATATTACAGAACTCCACGATGATCCTTTGAGTAGAGATTGGATTATG
AAATGTGTGAAAGAGTGCTCAGATTCTCACTACAAATAATAAAGATATTGTCTTCCTTGCATGGCTTAAAACTGTGCTA
AATGTTACAGTGCTTATGAATGTGAGGTATGCGCCGAAGGATATCAAAGAAATTACTAAGGATACTGTGAAATGCTATA
GTGTTATATTCCTAATTGTGATGTTTGCGAAAATAACTAAATCTGTTCGCAATGCAAAGAAGGATACACACTGAAAAGA
GAAAACGGAGCAGATTAATGTGTAGAAATATAAGCTGTTGAATGTAAGCCCTGGCAATATATTCAAAACAACGAATGT
CAAGAATGTTAGTACCAATGCTATAGATGTTCTGACGGTAATTCTTGTGATTCTTGTTACTCTGGATACTACCACGATG
CTGCCCTTAGAGATTGCGTTAAATGTACCGGTTTGTGTGCTTCTTGCAACAGTGCTTCTAATTGCAGAATATGTAAAGA
AAATGCCTATCTTTTATAACAAGATGATGAAAATAACATTTGTGTCGAAAGATGCCCTCCCGGATACAAAGCTATTATA
AACAGATCAACTGGAAGAGGGGAATGTCAAAGAGAATGA 

Protein 
MIIKEKLINVCTLAIDFLSKNLKVQRLQKNNIFPDYEKCLYTTVPEKYKREGVADSDLHIFIGFFDNPESSTIAYASSCIQDGDT
KRPLFGASDYNLSFMSADADAFDFENYFETVVHELTHILGFSRGMFDQFIDAQTGRPFVEGNLELRSPVEKEVINGKDTLW
LTTPIVQRMAREHYGCSSLKGLQLENDYGGGSRNSHWEQSTFENEFMNAMHSGHDAVYSKFTFAALEDSGWYKPTYKY
LDEVTWGKGQGCDFLYTCDPNKHKEFTNETQFCSFYHNYIGNHYVPENEEDRRAQVCHVFQSVSADCTDIKRNNQDWS
GNTFSDKSKCFDSNLSDGSGRSSYGDHRCLEYECTKKGGINVLVNGQKYKIDRETNRVYVRPRGKNTSLEGFIQGPEDW
NAFCNIFPKACPKFCSSNGYCVDNQCHCLPNFAGVGCDVYCPDGNYVFQGKCIYTKRCPVNTTLQETSKECLEEKEELSC
KHGQVILDEQCVNECPASYYKGDEYCEYCIAQCEVCNDENTCEQCKTGLILSSDKTQCRECEEGCSSCSRGNCHSCEPG
YITELHDDPLSRDWIMKCVKECSDSHYKQQRYCLPCMAQNCAKCYSAYECEVCAEGYQRNYQGYCEMLQCYIPNCDVC
ENNQICSQCKEGYTLKRENGADQCVEIQAVECKPWQYIQNNECQECQYQCYRCSDGNSCDSCYSGYYHDAALRDCVKC
TGLCASCNSASNCRICKENAYLLQQDDENNICVERCPPGYKAIINRSTGRGECQRE  

Philasterides dicentrarchi 
leishmanolysin family protein 
(LSF16) Genee, complete cds  
 
GENE: 3646 bp. 
Exons: 1-134; 223-562; 648-
710; 781-1634; 1699-3646   
CDS: 3339 bp 
protein: 1113 aa 
 

Gene 
ATGAAATTCGCACTAACATCTATCTTCTTCATTTTAGTATCTCTTTTCCAACTCTCTTTTGGATCAGGACACGATTGTAT
GCACAACGAATTGGATATTGTCCTTTAAGAAACTAATATAAACGACTAAAATTAGTAAATTATAATTCTATTTATAAATAG
ATGTATTAGAATTTAGAATTTTGTTTTTTATTTTGTGTATTTATTAATATTGATATTAAAGAGGGAGATTGCTTTAAGAAC
AAAAAATGGAACCCATAAGAGTAACTTTCGGAACTGGGGCTTTGGATAATATTCCCGAAGAGTATGCTCCAGTTAAAA
AACAGATTGTGACCTAGTTAGAGTTATCTGCCAAATTTTTCAATGAAAATTTGAATGTTTTAAGACTTACTTCTAACAAC
AAATTCCCTGATTGGAAAGAAGACTGTGGAGATGTCATTGTACCTACCAACTCTACTGACAAAGTCGATGGAATTGCA
AATTCAGATTTGCATATTTATGTAGATCATTTTACCAATGCTACTAGAAGTACTTTGGCTTATGCTTCTGCTTGCTTAAT
TAGAGTAATTGTTTTTACAAATGATAAATTAAATCAAAATTTTTTAATCAATTCTAATGCTTAACTTTAATATTATTATAAA
ATTACAGAGCGCAGATAAAAGACCAATTTTCGGAAGAGTTGCGTTCAATTTGGCTAAATTCGATCTAGCAGTAATTAGA
TAAAAAATATTAATTTATCAAACAAATGAAAATACCATTACCATTTAATATTTTTTAATAGAAAATTAACTAACACCAAGA
ATTTGAAGACAACTTAGAAACCGTATTACATGAGTTAACTCACGTTTTAGGATTCTCCAAAAGTATGTATTCTTCTTTCA
AAAATCCTTTAACTGGAGCTCCCTACGGAGATGATAACAAACCAGTGATTACTAAAGTTATTAGAAATATTGAAACCTA
AATTCTGACTACTCCCAAAGTACTAGAATTGACCAGATAATATTACGGATGCCCTACCGCCGAAGGAATGTAATTGGA
AAATGAAGGGGGTTCGGGATCTGCTGGTTCTCACTGGGAAAGAGCTGTAATAGAAAATGAATACATGACTGCCACTG
CAATTAGTCACGATGCAGTTATTACTGATTTCACTTTCGCCTTGCTTGAAGACTCAGGTTGGTATGAAAAATCAGCCAT
AAAAACTGATAAAATTGATTGGGGAAAAGGAAAAGGATGTAACTTTTTAGAAAGTTGCAATCCTGACGAATTCAGAGAA
TTCAACACCGCTCCCAAATAATGTAACTTCTATCACTCAGGAATGGGATATGTTAAACTTGACTCGCCAGGAACTTACA
ATGATAAATGCCATATTACCTCAATTTGGAGTAATAGACACTGTAAAGACCCCAATAATGCATCAAGTTTTGATCAATAT
TCTGCCAACTCCTATGCTGAATAAAATAGATGCTTCAACAGTAACATAGCCTATTAATAAACTTCTAGTACTCCTTTGAG
ATGTCTCTCTTATGAATGCACAAAGGGAGGAGAAGAAATCTCAGTCATTGTAGCAGGAGAAAAATATGCCTTTGATAA
AGAAAGTAATAAAGTTACTCTTGTTAAAAAGGGAAAGAATGACAAGTAAATTAAAAATTAATTAAATTTTATAAAACAAA
TAAATAAATATTTGTTTTATTTAAAATAGATACGAAGGGTCTATTGAAGCTCCTGAAAATTGGGACGCTTTCTGTAACAG
TTATCACAAACCCTGCCCCTCATTCTGTTCTTCCAACGGATACTGTTATGCTGAAGAATGTCACTGCGACTCTAAACAT
GCTGGAAAAGATTGCAGTATTGAATGTGTTGATGGAAACTACGTTTTCTAAGGTAAATGTTTGGATTCATAAACCTGTC
CTGATGGAACTGTAGTGAACAAACCCACCAAAGAATGTGTTTGTCCTTCAGATCAATTTATGCACAACGGAGCTTGTG
TTTCTCAATGTCCTGAATTCCACTACGGAAAAGAGGGATCCTGTTTCGAATGTGATTCTTCTTGTGCCACCTGTTCAGA
ATCTCAATTTTGTTTAACCTGTAAAGAAGGCTTCAACTCTCTTACCTTAAATGGAAAAACTGATTGCTACTAAACTTGTC
CCGAATAATATACGAAAACTGATGACAATAAATGCAAAGCCAACTGCTTGCCCACTTGTCTTGATTGTGTTACTCCCTA
CGATTGTACCAGTTGCGTTAAGGGAAAATACTTGAAATCTAGCGACAGATACTGCCACGATTGTTTAGAAGGATGTGA
AGATTGCACCGAATAAGAATGCAAAGTCTGCTTGTCTGGATACTACAAACTCAATGGACAATGTGTGTAAGAATGTCC
TTAAAAATATTACGTTTCCGGAAGTGACTGCGTTTCCTGTGCTGATAACTGCACCGGCTGTTCCGAAGCCTTATATTG
CAGCGAATGTTCAGCTGACTCTCACAAATTATTCAATTCTTCCTCTGACAAATTCGAATGTGTTTCAGCCTGTCCCAAA
GGCACCTACTTGAATGCTGATAACAACACCTGTACAACCTGTAGTGAACACTGTACTGAATGTTCTTCCGCCACTGAG
TGCACTGAATGTCAATAAGGATATGAAGTCAAAGACGGCCAATGTTCTTACATAATTGTTTGCATTGACAACTGTGACG
TTTGCACTACTGAATCTGACTGCCAATCCTGTAAAGTCGGACATAATCTTCACCAAGTGCAAGGTGTTTTGCAATGTGT
TGACAAATGTCCTGAAAACTGGTTCGGAAACTCGTGCAGAACTTGCACCAAATGCCCTGAAAACTGTACCGACTGTTA
ACAAAGTTTGGGATAAGAATGTGAAGTCTGTCAAGACGGATTCCAATTGAGTTCTGATAAAAAATGCATAAAATGCCA
GAAAAATTGCAAGTCTTGCTCCTCCAGTGAATCGTGCACCGTCTGCGAAGACAAATTCTACAGCTACAACGATGGAGT
CAACACTTCTTGTGTGGCTGAATGTCCTCACTCCACCTATGCAGATGGAGAAAGCAAATCTTGTGAAAAATGTTCTGA
TTAATGTGAAAAATGTGTATCAAAAAGCGAATGCATCACCTGTAGTGAAGGTCATTTCCTCAATCAACAAACTCAAACT
TGTGAAAAATGTGGAATCAATTGCTTAAAATGTAGTAACAGTTAAACCTGTTTAGTCTGTGTGAATGGAACTGAATACA
GAAGAAAAAGAGACCATGTAATTTGTAGATCTCATTGCCCCAAAGGTCAATACAGTAATTAACATAGTACTTGCTCTCA
ATGTCCTTCCTTTTGTACCTCATGTTCCGATGAAAATACTTGTGACGAATGTGCTAACTCTTCTTATTTCAACAGTTAAA
CTAATAAATGTATTAAATGTGATCAAGATTTGTGTGCTGAATGTGCTCCTGAAGACGTTTGTACTAAATGTATTAGTCAT
ACTTACTAATTATATCATGAAGACAAATTGGTCTGTCTTAATGAATGCCCCAAAGGATATACACCTAGTAATAAAAGAAT
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CTGTAAATAAAATTAATAAACTAATGGAGCTTCAATTGTTTACTTCGCATATGCTTTACTTTTGATTGTTGGAGCTTTATT
ATGA   

CDS 
ATGAAATTCGCACTAACATCTATCTTCTTCATTTTAGTATCTCTTTTCCAACTCTCTTTTGGATCAGGACACGATTGTAT
GCACAACGAATTGGATATTGTCCTTTAAGAAACTAATATAAACGACTAAAATTAAGGGAGATTGCTTTAAGAACAAAAA
ATGGAACCCATAAGAGTAACTTTCGGAACTGGGGCTTTGGATAATATTCCCGAAGAGTATGCTCCAGTTAAAAAACAG
ATTGTGACCTAGTTAGAGTTATCTGCCAAATTTTTCAATGAAAATTTGAATGTTTTAAGACTTACTTCTAACAACAAATTC
CCTGATTGGAAAGAAGACTGTGGAGATGTCATTGTACCTACCAACTCTACTGACAAAGTCGATGGAATTGCAAATTCA
GATTTGCATATTTATGTAGATCATTTTACCAATGCTACTAGAAGTACTTTGGCTTATGCTTCTGCTTGCTTAATTAGAAG
CGCAGATAAAAGACCAATTTTCGGAAGAGTTGCGTTCAATTTGGCTAAATTCGATCTAGCAAAAATTAACTAACACCAA
GAATTTGAAGACAACTTAGAAACCGTATTACATGAGTTAACTCACGTTTTAGGATTCTCCAAAAGTATGTATTCTTCTTT
CAAAAATCCTTTAACTGGAGCTCCCTACGGAGATGATAACAAACCAGTGATTACTAAAGTTATTAGAAATATTGAAACC
TAAATTCTGACTACTCCCAAAGTACTAGAATTGACCAGATAATATTACGGATGCCCTACCGCCGAAGGAATGTAATTG
GAAAATGAAGGGGGTTCGGGATCTGCTGGTTCTCACTGGGAAAGAGCTGTAATAGAAAATGAATACATGACTGCCAC
TGCAATTAGTCACGATGCAGTTATTACTGATTTCACTTTCGCCTTGCTTGAAGACTCAGGTTGGTATGAAAAATCAGCC
ATAAAAACTGATAAAATTGATTGGGGAAAAGGAAAAGGATGTAACTTTTTAGAAAGTTGCAATCCTGACGAATTCAGAG
AATTCAACACCGCTCCCAAATAATGTAACTTCTATCACTCAGGAATGGGATATGTTAAACTTGACTCGCCAGGAACTTA
CAATGATAAATGCCATATTACCTCAATTTGGAGTAATAGACACTGTAAAGACCCCAATAATGCATCAAGTTTTGATCAA
TATTCTGCCAACTCCTATGCTGAATAAAATAGATGCTTCAACAGTAACATAGCCTATTAATAAACTTCTAGTACTCCTTT
GAGATGTCTCTCTTATGAATGCACAAAGGGAGGAGAAGAAATCTCAGTCATTGTAGCAGGAGAAAAATATGCCTTTGA
TAAAGAAAGTAATAAAGTTACTCTTGTTAAAAAGGGAAAGAATGACAAATACGAAGGGTCTATTGAAGCTCCTGAAAAT
TGGGACGCTTTCTGTAACAGTTATCACAAACCCTGCCCCTCATTCTGTTCTTCCAACGGATACTGTTATGCTGAAGAAT
GTCACTGCGACTCTAAACATGCTGGAAAAGATTGCAGTATTGAATGTGTTGATGGAAACTACGTTTTCTAAGGTAAATG
TTTGGATTCATAAACCTGTCCTGATGGAACTGTAGTGAACAAACCCACCAAAGAATGTGTTTGTCCTTCA GATCAATTT
ATGCACAACGGAGCTTGTGTTTCTCAATGTCCTGAATTCCACTACGGAAAAGAGGGATCCTGTTTCGAATGTGATTCT
TCTTGTGCCACCTGTTCAGAATCTCAATTTTGTTTAACCTGTAAAGAAGGCTTCAACTCTCTTACCTTAAATGGAAAAAC
TGATTGCTACTAAACTTGTCCCGAATAATATACGAAAACTGATGACAATAAATGCAAAGCCAACTGCTTGCCCACTTGT
CTTGATTGTGTTACTCCCTACGATTGTACCAGTTGCGTTAAGGGAAAATACTTGAAATCTAGCGACAGATACTGCCAC
GATTGTTTAGAAGGATGTGAAGATTGCACCGAATAAGAATGCAAAGTCTGCTTGTCTGGATACTACAAACTCAATGGA
CAATGTGTGTAAGAATGTCCTTAAAAATATTACGTTTCCGGAAGTGACTGCGTTTCCTGTGCTGATAACTGCACCGGC
TGTTCCGAAGCCTTATATTGCAGCGAATGTTCAGCTGACTCTCACAAATTATTCAATTCTTCCTCTGACAAATTCGAAT
GTGTTTCAGCCTGTCCCAAAGGCACCTACTTGAATGCTGATAACAACACCTGTACAACCTGTAGTGAACACTGTACTG
AATGTTCTTCCGCCACTGAGTGCACTGAATGTCAATAAGGATATGAAGTCAAAGACGGCCAATGTTCTTACATAATTGT
TTGCATTGACAACTGTGACGTTTGCACTACTGAATCTGACTGCCAATCCTGTAAAGTCGGACATAATCTTCACCAAGT
GCAAGGTGTTTTGCAATGTGTTGACAAATGTCCTGAAAACTGGTTCGGAAACTCGTGCAGAACTTGCACCAAATGCCC
TGAAAACTGTACCGACTGTTAACAAAGTTTGGGATAAGAATGTGAAGTCTGTCAAGACGGATTCCAATTGAGTTCTGA
TAAAAAATGCATAAAATGCCAGAAAAATTGCAAGTCTTGCTCCTCCAGTGAATCGTGCACCGTCTGCGAAGACAAATT
CTACAGCTACAACGATGGAGTCAACACTTCTTGTGTGGCTGAATGTCCTCACTCCACCTATGCAGATGGAGAAAGCAA
ATCTTGTGAAAAATGTTCTGATTAATGTGAAAAATGTGTATCAAAAAGCGAATGCATCACCTGTAGTGAAGGTCATTTC
CTCAATCAACAAACTCAAACTTGTGAAAAATGTGGAATCAATTGCTTAAAATGTAGTAACAGTTAAACCTGTTTAGTCTG
TGTGAATGGAACTGAATACAGAAGAAAAAGAGACCATGTAATTTGTAGATCTCATTGCCCCAAAGGTCAATACAGTAA
TTAACATAGTACTTGCTCTCAATGTCCTTCCTTTTGTACCTCATGTTCCGATGAAAATACTTGTGACGAATGTGCTAACT
CTTCTTATTTCAACAGTTAAACTAATAAATGTATTAAATGTGATCAAGATTTGTGTGCTGAATGTGCTCCTGAAGACGTT
TGTACTAAATGTATTAGTCATACTTACTAATTATATCATGAAGACAAATTGGTCTGTCTTAATGAATGCCCCAAAGGATA
TACACCTAGTAATAAAAGAATCTGTAAATAAAATTAATAAACTAATGGAGCTTCAATTGTTTACTTCGCATATGCTTTAC
TTTTGATTGTTGGAGCTTTATTATGA  

Protein 
MKFALTSIFFILVSLFQLSFGSGHDCMHNELDIVLQETNINDQNQGRLLQEQKMEPIRVTFGTGALDNIPEEYAPVKKQIVTQ
LELSAKFFNENLNVLRLTSNNKFPDWKEDCGDVIVPTNSTDKVDGIANSDLHIYVDHFTNATRSTLAYASACLIRSADKRPIF
GRVAFNLAKFDLAKINQHQEFEDNLETVLHELTHVLGFSKSMYSSFKNPLTGAPYGDDNKPVITKVIRNIETQILTTPKVLELT
RQYYGCPTAEGMQLENEGGSGSAGSHWERAVIENEYMTATAISHDAVITDFTFALLEDSGWYEKSAIKTDKIDWGKGKGC
NFLESCNPDEFREFNTAPKQCNFYHSGMGYVKLDSPGTYNDKCHITSIWSNRHCKDPNNASSFDQYSANSYAEQNRCFN
SNIAYQQTSSTPLRCLSYECTKGGEEISVIVAGEKYAFDKESNKVTLVKKGKNDKYEGSIEAPENWDAFCNSYHKPCPSFC
SSNGYCYAEECHCDSKHAGKDCSIECVDGNYVFQGKCLDSQTCPDGTVVNKPTKECVCPSDQFMHNGACVSQCPEFHY
GKEGSCFECDSSCATCSESQFCLTCKEGFNSLTLNGKTDCYQTCPEQYTKTDDNKCKANCLPTCLDCVTPYDCTSCVKG
KYLKSSDRYCHDCLEGCEDCTEQECKVCLSGYYKLNGQCVQECPQKYYVSGSDCVSCADNCTGCSEALYCSECSADSH
KLFNSSSDKFECVSACPKGTYLNADNNTCTTCSEHCTECSSATECTECQQGYEVKDGQCSYIIVCIDNCDVCTTESDCQS
CKVGHNLHQVQGVLQCVDKCPENWFGNSCRTCTKCPENCTDCQQSLGQECEVCQDGFQLSSDKKCIKCQKNCKSCSS
SESCTVCEDKFYSYNDGVNTSCVAECPHSTYADGESKSCEKCSDQCEKCVSKSECITCSEGHFLNQQTQTCEKCGINCL
KCSNSQTCLVCVNGTEYRRKRDHVICRSHCPKGQYSNQHSTCSQCPSFCTSCSDENTCDECANSSYFNSQTNKCIKCDQ
DLCAECAPEDVCTKCISHTYQLYHEDKLVCLNECPKGYTPSNKRICKQNQQTNGASIVYFAYALLLIVGAL  

 
Table 1.- Nucleotide sequences corresponding to the genes of the leishmanolins (LSF) of P. 
dicentrarchi and their corresponding transfer to proteins. The table also includes information 
about the size of the Gene, CDS, and protein. 
 
 

LSF1 
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LSF2 

 
LSF3 

 
LSF4 
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LSF5 

 
LSF6 

 
LSF7 
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LSF8 

 
LSF9 

 
LSF10 
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LSF11 

 
LSF12 

 
LSF13 
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LSF14 

 
LSF15 

 
LSF16 

 
 
Table 2.- Schematic description of the geneses encoding the LSFs, the mRNAs, the proteoforms 
of the expressed proteins and the modeling of the proteinss based on their homology using the 
Expasy web server. 

https://www.expasy.org/
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Table 3. Amino acid identity matrix between the different LSFs of P. dicentrarchi. 
 

 
Table 4.- Summary of the main biochemical and genomic characteristics of the LSFs of P. 
dicentrarchi  
 

• Expression of leishmannolysins during infection  
 

Standard 
name  

MW  pI  VSP 
domain  

Signal 
peptide  
   

Transmembrane  O-sites  Genee  
(bp)   

mRNA  
(bp)   

Exons/  
introns  

LSF1  45806.08 5.34 Yes None Yes Yes 1784 1257 9/8 

LSF2  117193.02 7.92 Yes Yes Yes Yes 3536 3069 8/7 

          

LSF3  225018.15 4.94 Yes None Yes Yes 2809 2433 5/4 

LSF4  68634.30 8.40 Yes None yes Yes 2632 1866 12/11 

LSF5  91197.18 5.31 Yes None None Yes 2790 2400 7/6 

LSF6  97237.18 5.42 Yes None Yes Yes 2834 2634 4/3 

LSF7  70517.85 5.46 Yes None Yes Yes 2851 1909 12/11 

LSF8  86013.61 5.56 Yes None None Yes 2870 2328 9/8 

LSF9  54129.34 5.33 Yes None Yes Yes 1773 1479 5/4 

LSF10  45140.65 5.00 Yes None None Yes 1854 1118 10/9 

LSF11  67863.50 5.34 Yes None Yes Yes - 1821 - 

LSF12  40155.26 5.15 Yes None Yes Yes 1394 1095 6/5 

LSF13  66470.53 7.59 None None None Yes 2286 1773 10/9 

LSF14  65831.37 8.93 Yes None Yes Yes 2138 1832 5/4 

LSF15  57781.41 6.03 Yes None None Yes 1744 1512 4/3 

LSF16  42555.05 5.24 Yes None Yes Yes 1502 1149 6/5 
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Table 5.- Expression of P. dicentrarchi LSFs  during infection using a transcriptomic analysis of 
mRNA expression at different times of infection (1-4 h). In green are indicated the LSFs that are 
overexpressed and in red those that are underexpressed. 
 
By means of a transcriptomic analysis using massive sequencing (NGS) we have verified 
that most LSFs are overexpressed after infection, indicating that they are probably 
proteinS associated with virulence, in this case, of strain I, which is a strain of high 
virulence. 
 
 

• Characterization of surface variable proteins (VSPs) of Philasterides 
dicentrarchi 

 
Variable surface glycoproteins (VSPs) are glycoproteins that are densely packed 
on the cell surface of most protozoa. In some parasitic microorganisms, mutually 
exclusive changes in the expression of these antigenous organisms have been 
shown to allow the parasites to evade the host's immune response. It is widely 
assumed that antigenic variation in protozoan parasites is achieved by 
spontaneous emergence within the population of cells expressing antigenic 
variants that escape antibody-mediated cytotoxicity. It has been widely reported 
that antibodies against VSPs are cytotoxic and may protect hosts from infection. 
Therefore, it appears that VSP-mediated antigenic variation is a tunable process 
between the host and the parasite. 
 
The main characteristics of in vitro VSPs  are: 
 
1. Present in all isolates 
2. Only one VSP per trophozoite 
3. VSPs change spontaneously in vitro 
4. The rate of change depends on the VSP and the isolate 
5. VSPs differ in their resistance to trypsin and chymotrypsin 
 
In the present project, we have identified 8 VSPs in P. dicentrarchi whose 
characterization is presented in Table 6. 
 

Ciliate: Up-
Down

regulated
membrane-
embedded
proteases

related genes
during

infection (1, 2
and 4h)

Gene nameLog Fold changeName

1h

Leishmanolysin -like peptidase13.0222215LSF18

Leishmanolysin -like peptidase6.66019971LSF17

Leishmanolysin -like peptidase4.63653377LSF12

Leishmanolysin -like peptidase2.78970774LSF15

Leishmanolysin -like peptidase-3.341468301

Leishmanolysin -like peptidase-7.49960275LSF13

2h
Leishmanolysin -like peptidase56.7174342LSF13

Leishmanolysin -like peptidase15.9960053LSF18

Leishmanolysin -like peptidase6.39724179LSF12

Leishmanolysin -like peptidase5.93652415LSF17

Leishmanolysin -like peptidase3.478134178301

Leishmanolysin -like peptidase-5.42524079LSF15

Leishmanolysin -like peptidase-19.3446574LSF16

4h

Leishmanolysin -like peptidase18.3686417LSF16

Leishmanolysin -like peptidase13.7957243LSF18

Leishmanolysin -like peptidase12.0971403LSF12

Leishmanolysin -like peptidase5.54326522LSF17

Leishmanolysin -like peptidase-29.9741977LSF13
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Philasterides 
dicentrarchi variant-
specific surface protein 
VSP1 

protein 
MFQTSILLQKFCIFDVYLLKSNNLLQYQILILNQKLRKQINQRKTMKLAILIIGVILLQGSFAA
YDQACTNNLGCTANKCEAGNLKCDAAQCKAGYTRDAATEICNANNCTTLGTTDPNKG
QCTTCKAWSLLTTGACVAKNCATADAGGDTSKCATCNAGYTLDATTKLCSMDNCTTG
EADAIKCTTCATGYKVKVDKTACVKQVDGCATDKTGEDGVCTECKLGFTKSTDGKTCT
GSIANCTEYETATTCKVCATTHAASTDKKACVTKVDNCSEYNATECTKCASGYTVKDKK
CEKGSSSSSASALVFSAAIISVAAALI

 
Number of amino acids: 322 
Molecular weight: 33808.68 
Theoretical pI: 8.31 
Grand average of hydropathicity (GRAVY):-0.080 
 

Philasterides 
dicentrarchi variant-
specific surface protein 
VSP2 

protein 
MFKKIALLALFLAVVFSACTVGEGGCTACNSEADPACTACDAAENYFIKEGACVLITGCT
AATAGVCDTCDKAKFYFKKANNTCDLQTGCKTYAADACTGCDQTNSYYPKTASDFSV
CKLIKNCKTVVEQKCTACADAVTTTHSIQEGECLKTCLKDQKHNADKTDCVADTEKVNG
IVGCTAQADGADAATKCKTCKTGTSLATSATKCVTDVQNCQTYNDTECQTCKTGFKLN
TTTKACDVDTSSSSSAIVSASLAVILAVFALAL 
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Number of amino acids: 267 
Molecular weight: 27775.56 
Theoretical pI: 5.47 
Grand average of hydropathicity (GRAVY):0.036 
 

Philasterides 
dicentrarchi variant-
specific surface protein 
VSP3 

protein 
MFKKIALLALFLAVVFSACTVGEGGCTACNSEADPACTACDAAENYFIKEGACVLITGCT
AATAGVCDTCDKAKFYFKKANNTCDLQTGCKTYTGDACTACDDTKSYIPKVADNFSEC
KLLTNCKTVVEQKCTACADAVTTTHSIQEGECLITCKSNEKHNADKTACEADAEKVNGIV
GCITKPDGADADTKCKACKTGTTLATSATKCVTDVQNCQTYNDTECQTCKTGFKLNTT
TKACDADKSSSSAIVSASLAVILAVFALAL 
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Number of amino acids: 266 
Molecular weight: 27707.53 
Theoretical pI: 5.17 
Grand average of hydropathicity (GRAVY):0.018 

Philasterides 
dicentrarchi variant-
specific surface protein 
VSP4 

protein 
MFKKIALLALFLAVVFSACTKDTAGCICTGTGSTETCTCDKATFYFENSKNVCVQLTGCK
SYASDACTACDEVKFYYPKTTTDFSVCKLITNCKTVVNQKCTACADDAPKTHSIQEGEC
LITCLKDQKHNAAKTACVADTEKVNGIVGCTAKADGADADTKCKTCKTGTSLATSATKC
VTDVQNCQTYNDTECEQCNTGFKKNTSTKACDADAAQNVNGIVGCITKAEGTDADTKC
KACVDGKTLATSATKC 
 

 
Number of amino acids: 252 
Molecular weight: 26485.08 
Theoretical pI: 7.22 
Grand average of hydropathicity (GRAVY):-0.189 
 
 

Philasterides 
dicentrarchi variant-
specific surface protein 
VSP5 

protein 
MLKKIPLIALFLVFVFSKCEDGKNGCTTCEDADNCDVCDQANFYFKKADKNCDLQTGCK
TYAADACTACDETKFYFPKIANDFSECTLFSNCKTVVDQKCTACADAVTATHSIQEGEC
LKICLKDQKHNADKTACEADAEKVNGIVGCTAKADGADADTKCKTCKTGTTLATSAIKC
VTDVQDCKTYNDTGCELCNSGFKLNAATKACEAEGEATENINNISGCTAQADGADAAT
KCKTCKTGTTLATSATKCVTNVQECQTYNDTGCEKCKTGFKLNTTTKACEADNSSSSS
AIISASLTVFLAVCSLAL 
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Number of amino acids: 311 
Molecular weight: 32803.99 
Theoretical pI: 4.99 
Grand average of hydropathicity (GRAVY):-0.210 
 

Philasterides 
dicentrarchi variant-
specific surface protein 
VSP6 

protein 
MFKKIALLALFLAVVFSQCTEGTTGCICIAKEDDHNCLCDTTTYYFIQDSACVLLTGCKTA
SKSAVCSACDEEKFYYPKTSTDFSVCKLIKNCKTVVNQKCTVCAEAVSTTHSIQEGECLI
TCKSYEKHNADKTACEADPEMVNGIVGCITKAEGADAETKCKACVDGKTLATSATKCVT
DVKDCQIYNDTGCEQCKTGFKLNTTRVCDVDKSSSSAIVSASLAVILAVFALAL 
 

 
Number of amino acids: 234 
Molecular weight: 24989.76 
Theoretical pI: 5.46 
Grand average of hydropathicity (GRAVY):0.119 

Philasterides 
dicentrarchi variant-
specific surface protein 
VSP7 

protein 
MLKKITLLSLFLAVAFSACTVGSGGCTACNQELVPACTACDETKYYFLKDGACVLLDKCI
GAPNGVCNQCDETNFYFLKDDACVFIYGCAFTDDAGACTTCHEDRSYFPKTQNDASV
CKLLTNCKTVVDQKCTACADAVNTTHSIQEGECLKTCEKDQKHNAEKTDCVADIENVN
NIVGCTAKAEGADADNKCKICKTGTTLAISTTKCVTNVKDCQTYNDTGCDKCKTGFKLN
TTTQACDVDKSSSSSSSAIVSASLAVILAVFALAL 
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Number of amino acids: 269 
Molecular weight: 28505.40 
Theoretical pI: 5.02 
Grand average of hydropathicity (GRAVY):-0.005 
 

Philasterides 
dicentrarchi variant-
specific surface protein 
VSP8 

protein 
MFKQIALLALFLAVVFSVCADGQNGCTTCADANDCQVCDQANFYFLKVNKTCDLQTGC
KTYAGDACTACDETKFYFPKIANNFSECKLFSNCKTVVDQKCTACADAVTASHSIQEGE
CLKTCLKDQKHNALKTDCEADPEKVNGIVGCTAKADAPNATTQCKTCKSGTTLAISATK
CVTDVQNCQTYNDTGCNECKTGFKLNSSTKACEAEGGASENVNNIAGCTAQADGANA
ATQCKTCKSGTTLAISATKCVTDVQNCQTYNDTGCEQCNTGFKLNTTSKACEVDAAQN
VNNIVGCTAKADGANADTKCKTCIAGTTLATSATKCVTNVKDCQTYNDTGCEKCKTGFK
LNTTSKACEQDKTSSSSTASSAIVSASLAVILAVFALAL 
 

 
Number of amino acids: 389 
Molecular weight: 40558.64 
Theoretical pI: 5.84 
Grand average of hydropathicity (GRAVY):-0.178 
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Table 6.- Biochemical and genetic characterization of variable surface glycoproteins (VSPs) 
identified in Philasterides dicentrarchi. 
  
As can be seen in Table 6, VSPs are glycoproteins that have some transmembrane 
domain.  
 
 
Objective 2.- To design recombinant proteins and peptides of VSPs and 
leishmanolins, taking into account the intraspecific variations observed in the 
different strains.  
 
Throughout the project, several plasmid constructs were performed for the expression of 
leishmanolins and VSPs in yeast and in human cells HEK 293 (Table 6) 
 
 
Species  Recombinant protein 
Saccharomyces cerevisiae VSP1 

VSP2 
Chimeric LSF5-LSF14 / VSP1-
VSP3 
VSP8 
Chimeric VSP1-VSP2-VSP3-VSP4-
VSP5-VSP6-VSP7-VSP8 

Kluyveromyces lactis Chimeric LSF5-LSF14-VSP1-VSP3 
VSP8 

Komagataella pastoris (sin. Pichia 
pastoris) 

VSP8 
VSP3 

Chimeric 

HEK 293 (human cells) VSP1 
VSP1-VSP8 

  
Table 7. Expression of recombinant antigens in the yeasts Kluyveromyces lactis, Saccharomyces 
cerevisiae, Pichia pastoris and in human embryonic human kidney cells HEK 293. 
 
For the expression of recombinant proteins in K. lactis yeast,  we have used the secretion 
strategy (Fig. 1) using the protocol presented in Figure 2 and using the pKLAC2 
expression vector (K. lactis Protein Expression Kit, New England Biolabs). 
 
 
Building Recombinant Proteins in Yeast 
 
Kluyveromyces lactis: 
 
As indicated above, in this project we have designed a series of plasmid constructs to 
be able to express surface proteins in expression vectors in yeasts: 
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Figure 1. Graphical model representing the processing and expression of recombinant proteins 
secreted by the yeast Kluyveromyces lactis.  
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Figure 2. General description of the method of expression of recombinant proteins in K. lactis. 
 

 
 
Figure 3. pKLAC2 expression vector used for the production of recombinant proteinS in K. lactis. 
 
 
 
Chimeric protein production 
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Figure 4. VSP and LSF proteins used in the design of the chimeric recombinant protein PQLeish2 
expressed in K. lactis yeast. 
 
We have designed plasmid constructs for the expression of a polycistronic 
(chimeric) protein containing two LSF fragments (LSF5 and LSF14) and two 
VSPs (VSP1 and VSP3) that we call PQLeish2_TRITAG that we have previously 
selected based on the prediction of their immunogeneicity using antigenic peptide 
prediction bioinformatics programs - 
http://imed.med.ucm.es/Tools/antiGeneic.pl- and an immunogenic epitope 
database (IEDB) https://www.iedb.org/home_v3.php (Fig. 4). In the protein 
design, the fragments were separated through the insertion of KK separators (Mol 
Immunol. 2019;106:1-11.  DOI: 10.1016/j.molimm.2018.11.019) and a signal 
peptide corresponding to the protein T2A of the trichocyst matrix was included 
(sequence ID: AWX67865.1). In the plasmid construction we have also included 
in the c-terminal region a tag, the peptide TRITAG (MTFSVPIS), which is 
recognized by a monoclonal antibody that we have developed in our laboratory 
called US9 (Mol Immunol 2004; 41(4): 421-33. DOI: 
10.1016/j.molimm.2004.03.032). The amino acid sequences and their 
proteoforms and the prediction of their 3D structure are schematized in Figures 
4-6.   
 
The nucleotide sequence corresponding to the chimeric protein 
PQLeish2_TRITAG was cloned into the pKLAC2 expression vector using a pair 
of primers shown in Fig. 7 and subsequently amplified in  competent E. coli  strain 
DH-5a bacteria (Fig. 8). The cloned pKLAC2 vector was digested with the 
restriction enzyme SacI I to linearize the vector (Fig. 9) and insert it into 
competent yeasts that were selected for their ability to grow in an auxotrophic 
medium containing acetamide (Fig. 10). 
 
 

http://imed.med.ucm.es/Tools/antigenic.pl-
https://www.iedb.org/home_v3.php
https://doi.org/10.1016/j.molimm.2018.11.019
https://doi.org/10.1016/j.molimm.2004.03.032
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Figure 5. Design of a chimeric protein containing VSPs 1 and 3 / LSFs 5 and 14 and carrying a 
label at the c-terminal end constituted by a peptide present in the gp53 protein of the nematode 
Trichinella spiralis that is recognized by the monoclonal antibody US9 (TRITAG). 
 
 
 

 
 
Figure 6. Prediction of the 3-D structure of chimeric recombinant protein PQLeish2_TRITAG 
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Figure 7. Cloning of chimeric recombinant protein PQLeish2_TRITAG in the expression vector 
pKLAC2. 
 
 
 

 
 
Figure 8. Amplification of the pKLAC2 plasmid containing the recombinant protein gene 
PQLeish2_TRITAG in E. coli.  
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Figure 9. Digestion of the cloned pKLAC2 vector with the sequence PQLeish2_TRITAG and 
digested with the SacII enzyme  to create a linear expression cassette inserted into the K. lactis 
genome. 
 
 

 
 
Figure 10. Transformation of competent K. lactis  cells with the linear expression cassette 
and selection of colonies in yeast carbon base medium (YCB) containing acetamide 
(axotrophy mutant selection method). 
 
 
After the transformation of K. lactis yeasts  and incubation in auxotrophic medium 
containing acetamide (Fig. 10), we selected 10 positive colonies that were incubated in 
YPGal culture medium at 30ºC and in agitation at 250 rpm for 4 days. The culture 
medium was tested to determine the production of the recombinant protein by the chosen 
colonies by means of a DOT-BLOT immunoensium using an anti-TRITAG monoclonal 
antibody (label initially added to the construction). The colonies that react in the 
nitrocellulose strips were selected as yeasts producing the chimeric protein PQLeish2 
(Fig. 11). 
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Figure 11. Verification of the heterologous expression of the recombinant protein PQLeish2 by 
yeast colonies that have formed colonies on the acetamide selection plates. 
 
The selected colonies were tested for the identification of colonies containing an 
expression cassette correctly integrated into the yeast geneome (Fig. 12) by PCR. 

 
Figura 12. Integración del cassete de expresión 
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Figure 12. PCR used for identification of transformed colonies in which the PQLeish2 expression 
cassette has been correctly integrated into the K. lactis genome. 
 
 

 
Figure 13. Expression of the recombinant protein PQLleish2 using different culture media on day 
5 of incubation.  
 
 
Colonies 1 and 10 that presented a cassette of integration in multiple copies in the yeast 
geneome (Fig. 12) were used to optimize the production of recombinant protein using 3 
culture media containing 3% glycerol as a protein stabilizer gene (Fig. 13). As can be 
seen, the maximum production occurred after 5 days of culture using YPGal medium 
(Fig. 13). 
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Figure 14. Confirmation of the recognition of the recombinant protein PQLeish2 by DOT-Blot by 
sera from mice immunized with inactivated complete ciliates emulsified in Freund's adjuvant. 
 
Transforming yeast colonies secrete the PQLeish2 protein into the culture medium; 
however, a proportion of the protein produced by yeast is maintained intracellularly and 
is not secreted (Fig. 14). 
 

 
Figura 15. Inmunoensayo ELISA para la detección de anticuerpos anti-PQLeish2 por rodaballos 
vacunados con ciliados inactivados de las cepas I1 y S6.1 de P. dicentrarchi. 
 
The recombinant protein PQLeish2 produced by K. lactis is recognized by the sera of 
mice immunized with the whole ciliates of P. dicentrarchi. Anti-strain I1 antibodies 
recognize the recombinant protein better than anti-strain S6.1 antibodies. This result is 
fully explainable because the construction of the recombinant protein was carried out 
based on the amino acid sequences of the I1 strain. 
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Figure 16. ELISA assay to determine the degree of recognition of inactivated anti-ciliated turbot 
antibodies of strain I1 on total antigens of I1 and S6.1. 
 

 
 
Figure 17. ELISA assay coating the wells with the  recombinant protein PQLeish2 versus rhodobal 
sera immunized with whole ciliates of strains I1 and S6.1. 
 
 
The antigenic difference between strains I1 and S6.1 is also demonstrated because 
turbot immunized with whole ciliates of strain I1 recognize antigens of the self-strain 
better than antigens of strain S6.1 (Fig. 16). However, VSPs 1 and 3 and LSFs 5 and 14 
appear to be no different between the two strains (Fig. 17). 
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Figure 18. ELISA assay to determine antibody levels of turbot immunized with different 
concentrations of the  recombinant protein PQLeish2 against total antigens of ciliates of strain I1.  
 
To obtain a significant anti-P. diencentrarchi antibody response, turbot must be 
immunized with doses of the recombinant protein PQLeish2 greater than 200 µg/mL (Fig. 
18). 
 
 

 
 
Figure 19. Concentration of the  recombinant protein PQLeish2 containing the TRITAG tag from 
K. lactis culture medium  ultrafiltered through a 10 kDa membrane and precipitated with saturated 
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ammonium sulfate (SAS). For the detection of the  recombinant protein, the monoclonal antibody 
US9 that recognizes the TRITAG peptide was used. 
 
In order to obtain the highest possible concentration of the  recombinant protein 
PQLeish2 to be used for vaccination trials, the culture medium was ultra-concentrated 
by means of tangential ultrafiltration (lateral (Vivaflow® Tangential Flow Filtration (TFF) 
cassettes). Once the culture medium containing the  recombinant secretion protein had 
been ultrafiltered  , it was precipitated by 63% saturated ammonium sulfate (SAS). As 
can be seen in Figure 19, tangential ultrafiltration followed by precipitation with SAS 
significantly concentrates the  recombinant protein that, following these methods, can be 
used for the production of the vaccines used in the protection experiments. 
 
As can be seen in Fig. 14, the colonies of the yeast K. lactis secrete one part of the  
recombinant protein PQLeish2 and the other part is stored intracellularly. Taking 
advantage of this circumstance, we have designed a vaccination experiment in which 
they analysed its effects on the following parameters: 
 
1. Growth 
2. Cytotoxic effect (complement)  
3. Antibody production 
4. Protection 
 
 
TURBOT VACCINATION EXPERIMENT WITH CHIMERIC RECOMBINANT proteinS 
PQLeish2 
 
1. VACCINE COMPLETE CILIATES = 5X106 ciliates / mL = 5X105 ciliates / fish 
2. PROCESSED YEASTS = 20 mg/mL = 2 mg/fish 
3. CHIMERIC RECOMBINANT protein = 10 mg/mL (SAS) PRECIPITATE = 1 

mg/fish (approx. 700 μg/fish). 
4. CONCENTRATION OF ADJUVANT IN THE VACCINE = 50% 
5. VACCINE COMPLETE CILIATES = 5X106 ciliates / mL = 5X105 ciliates / fish 
6. PROCESSED YEASTS = 20 mg/mL = 2 mg/fish 
7. CHIMERIC RECOMBINANT protein = 10 mg/mL (SAS) PRECIPITATE = 1 

mg/fish (approx. 700 μg/fish). 
8. CONCENTRATION OF ADJUVANT IN THE VACCINE = 50% 
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Table 7. Vaccination trial with 6 groups of fish with different combinations, including groups 1) 
PBS, 2) inactivated whole ciliates and adjuvant, 3) yeasts presenting  intracellular chimeric 
protein, 4) yeasts and adjuvant, 5) protein obtained from the supernatant (PQLeish2) and 
adjuvant, 6) yeasts plus protein from the supernatant and adjuvant.  
 
Table 7 presents the experimental groups vaccinated with different vaccine formulations. 
The fish were vaccinated with two doses of vaccine on day 0 and 30, and the serums 
were obtained on day 60 post-immunization. On this day, the fish were also 
experimentally infected with 2x105 ciliates and the mortality obtained was recorded daily 
to determine the levels of survival and protection obtained after the administration of 
these vaccines. 
 
1. Growth 
 

 
 
Table 8. Weights of vaccinated turbot obtained at the end of vaccination in the trial outlined in 
Table 7. Different letters indicate significant variations in fish weights. 
 
After the completion of the experiment, the effect of the different vaccines on fish growth 
was first evaluated. Altered fish weight could be related to adverse side effects of the 
vaccine that could affect animal welfare and also the commercial profitability of the fish. 
As shown in Table 8, vaccines that exclusively have the oily adjuvant M763A VG do not 
adversely affect fish growth; However, fish vaccinated with yeast and oily adjuvant have 
very low growth levels, indicating that the formulation of vaccines with these two 
components together negatively affects fish growth. 
 
 
2. Cytotoxic effect (complement) 
For the evaluation of the vaccine, the different vaccination experiments included for the 
first time a test to analyze the ability of the sera to cause the destruction/death of 
trophozoites through antibody-mediated cytotoxicity (AMC). Ciliates were incubated with 
various dilutions of serum at 25°C and the percentage of dead ciliates at 24 h of the S6.1 
and I1 strains was determined. As can be seen in Tables 9 and 10, sera from fish 
vaccinated with inactivated whole ciliates and Montanide M763A VG oily adjuvant 
generated the highest CMA activity. However, sera from yeast-vaccinated fish containing 
the recombinant protein PQLeish2 did not significantly increase CMA compared to 
controls immunized with PBS.  
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Table 9. Level of antibody-mediated cytotoxicity (CMA) (destruction of ciliates by complement 
activation) of sera from turbot vaccinated with different vaccines on ciliates of the SP6.1 strain. 
The cytotoxicity values presented in the table indicate the maximum dilution of the serum (titer) 
that produces a 100% mortality of P. dicentrarchi trophozoites. The right-hand column shows the 
average of the reverse dilution that kills 100% of the ciliates at 4 h. The greater the dilution of the 
serum, the greater the parasiticidal activity of the serum. In the right-hand column, groups with 
different letters (a, b) indicate that there are significant differences between groups. 
 
 

 
 
Table 10. . Level of antibody-mediated cytotoxicity (CMA) (destruction of ciliates by complement 
activation) of sera from turbot vaccinated with different vaccines on ciliates of the I1 strain. The 
cytotoxicity values presented in the table indicate the maximum dilution of the serum (titer) that 
produces a 100% mortality of P. dicentrarchi trophozoites. The right-hand column shows the 
average of the reverse dilution that kills 100% of the ciliates at 4 h. The greater the dilution of the 
serum, the greater the parasiticidal activity of the serum. In the right-hand column, groups with 
different letters (a, b) indicate that there are significant differences between groups. 
 
3. Antibody production 
 
When the levels of antibodies induced by vaccines composed of inactivated ciliates and 
transformed yeasts were analyzed, it was found that only vaccines with inactivated 
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ciliates generated significantly higher levels of antibodies than those injected only with 
PBS (Fig. 20). 
 
 

 
 
Figure 20. Antibody levels, determined by ELISA, in the serum of turbot vaccinated with 
inactivated ciliates emulsified in Montanide ISA 763 adjuvant (S6.1 + M763). Yeast processed 
with the recombinant PQLeish_VSP-flag (Lev_T) or emulsified with M763 (Lev_T + M763), the 
recombinant combined with montanide (PQLeish-VSP + M763) and a combination of yeast, 
recombinant and montanide (Lev_T + PQLeish-VSP + M763). The values represent the mean ± 
standard deviation (SD). Bars with different letters mean statistically significant differences 
between groups. 
 
 
4. Protection 
 
When the level of protection of the vaccines formulated in the oily adjuvant Monatnide 
763 AV was analyzed, it was observed that only turbot vaccinated with inactivated ciliates 
were significantly protected from experimental infection, while all other groups of fish 
vaccinated with yeasts expressing the recombinant protein were not protected and,  
even, mortality levels were significantly higher than controls (Fig. 21). As a relevant fact, 
turbot that presented sera with the highest total antibody levels and the highest CMA 
response were those that presented the greatest protection against ciliate.  
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Figure 21.  Cumulative mortality, as a function of time (days), in the 6 groups of fish after 
experimental infection. Turbot was injected with: PBS, inactivated ciliates + Montanide 763 (Cil + 
M763), yeasts transformed with the recombinant protein Leish-VSP (Lev_Tr), recombinant protein 
Leish_VSP + Montanide 763 (Leish_VSP+M763), transformed yeasts + recombinant protein + 
Montanide 763 (Lev_Tr +Leish_VSP+M763). Different letters (a-e) indicates statistically 
significant differences between groups. 
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Saccharomyces cerevisiae: 
 
 

 
 
Figure 22.- Design of recombinant proteins in the yeast Saccharomyces cerevisiae. The YepFlag-
1 plasmid was used for the constructions. 
 
 
 
 
 
 

 

YEpFLAG-1 plasmid, previously linearized by digestion with XhoI and SacII (NZYTech) 
 
AAC AGC ACA AAT AAC GGG TTA TTG TTT ATA AAT ACT ACT ATT GCC AGC ATT GCT GCT AAA 
GAA GAA GGG GTA CCT TTG GAT AAA AGA GAC TAC AAG GAT GAC GAT GAC AAG GAA TTC CTC 
GAG CCC GGG AGA TCT ATC GAT GGA TCC GGG CCC GTC GAC CCG CGG TAA GCG GCC GCT GAT 
CCG TCG AGC GTC CCA AAA CCT TCT CAA GCA AGG TTT TCA GTA TAA TGT TAC ATG CGT GAT 
CCG TCG GAC TAC AAG GAT GAC GAT GAC AAG Péptido Flag 
 
Primer_F_secuenciación: 5’ C AGC ACA AAT AAC GGG TTA TTG 3’ 
Primer_R_secuenciación: 5’ CGG ATC ACG CAT GTA ACA TTA TAC 3’ 
 
DISEÑO DE PRIMERS EN YEpFLAG-1 
Forward: 
Sin FLAG 
5´ AAA GAA GAA GGG GTA CCT TTG GAT AAA AGA ATG TTC GTT TTC TTG GTC CTG 3´ 
Con FLAG en N-terminal 
5’ AAA AGA GAC TAC AAG GAT GAC GAT GAC AAG ATG TTC GTT TTC TTG GTC CTG 3’ 
Sin FLAG + US9 (Triquina) en N-terminal 
5’ AAA GAA GAA GGG GTA CCT TTG GAT AAA AGA ATG ACT TTT AGT GTT CCA ATT AGC ATG 
ACT TTT AGT GTT CCA ATT AGC 3’ 
Reverse: 
Sin Tag en C terminal 
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Determination of the adjuvant effect of Saccharomyces cerevisiae yeasts, using 
ciliates or VSP proteins generated intracellularly in yeasts  
 
After the analysis of the different VSPs, we have observed that VSP8 is a main 
component of one of the families of VSPs, which includes 7 components of it (from VSP2 
to VSP8), and that it could be a good candidate for inclusion as an antigen in recombinant 
vaccines. In this experiment, WT yeasts (wild-type) or transformed yeasts have been 
included, which include the recombinant protein VSP8 located at the cytosolic level. The 
methodology used to express this protein is outlined in Fig. 22. In this construction, the 
original Flag tag of the YepFlag-1 plasmid was replaced by the TRITAG (MTFSVPIS 
peptide) tag at the N-terminal end. The VSP8 used in the experiment is included below: 
 
>VSP1_sequence_DNA 
ATGTTCAAGCAGATTGCTTTGTTGGCTTTGTTCTTGGCTGTTGTTTTCTCTGTTTGTGCTGATGGTCAAAACGGTTGTACTACTTGTG
CAGATGCTAACGATTGTCAAGTTTGTGATCAAGCCAACTTCTACTTCTTGAAGGTTAACAAGACTTGTGACTTGCAAACTGGTTGTAA
AACTTATGCTGGTGATGCTTGTACAGCTTGTGACGAAACTAAGTTCTACTTCCCAAAGATCGCTAACAACTTCTCTGAATGCAAGTTG
TTCTCTAACTGTAAGACCGTTGTGGATCAAAAGTGTACTGCTTGCGCTGATGCTGTTACTGCTTCTCATTCTATTCAAGAGGGTGAAT
GTTTGAAAACCTGCTTGAAGGATCAGAAACACAACGCCTTGAAAACTGATTGTGAAGCTGATCCAGAAAAGGTTAATGGTATCGTTGG
TTGTACTGCTAAAGCTGATGCTCCAAATGCTACTACTCAATGTAAGACTTGTAAGTCCGGTACTACTTTGGCTATTTCTGCTACTAAG
TGTGTTACCGATGTGCAAAACTGTCAAACCTACAATGATACCGGTTGTAACGAATGCAAGACTGGTTTCAAGTTGAACTCTTCTACTA
AGGCTTGCGAAGCTGAAGGTGGTGCTTCTGAAAATGTTAACAATATTGCTGGTTGTACCGCACAAGCAGATGGTGCTAACGCTGCTAC
ACAATGTAAAACATGCAAATCTGGTACAACCTTGGCTATCTCAGCAACAAAATGTGTGACTGATGTCCAAAATTGCCAGACTTATAAC
GATACTGGTTGTGAACAATGTAACACCGGATTCAAATTGAACACTACCTCAAAGGCTTGTGAAGTTGATGCTGCTCAAAACGTGAACA 
ACATTGTGGGTTGTACAGCAAAGGCTGACGGTGCAAATGCTGATACAAAGTGTAAGACATGTATCGCAGGTACTACCTTAGCTACTAG
TGCTACAAAATGCGTTACCAACGTTAAGGATTGTCAGACATACAACGACACAGGATGTGAAAAGTGTAAAACGGGTTTCAAGCTTAAC
ACCACTTCTAAGGCATGTGAACAAGATAAGACCTCTTCTTCTTCAACTGCTTCTTCTGCTATCGTTTCTGCTTCTTTGGCAGTTATTT
TGGCTGTTTTCGCTTTGGCTTTG 
 
>VSP1_sequence_protein 
MTFSVPISDGQNGCTTCADANDCQVCDQANFYFLKVNKTCDLQTGCKTYAGDACTACDETKFYFPKIANNFSECKLFSNCKTVVDQKC
TACADAVTASHSIQEGECLKTCLKDQKHNALKTDCEADPEKVNGIVGCTAKADAPNATTQCKTCKSGTTLAISATKCVTDVQNCQTYN
DTGCNECKTGFKLNSSTKACEAEGGASENVNNIAGCTAQADGANAATQCKTCKSGTTLAISATKCVTDVQNCQTYNDTGCEQCNTGFK
LNTTSKACEVDAAQNVNNIVGCTAKADGANADTKCKTCIAGTTLATSATKCVTNVKDCQTYNDTGCEKCKTGFKLNTTSKACEQDKTS
SSSTASSAIVSASLAVILAVFALAL 
Number of amino acids: 369 
Molecular weight: 38391.88 
Theoretical pI: 5.59 
 

 
Figure 23. CDS proteoform corresponding to VSP8 designed for intracellular expression in S. 
cerevisiae yeast. 
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Figure 24. DOT-BLOT assay to determine the expression of the recombinant protein rVSP8 in 
the culture medium and/or intracellularly inside yeasts. For the concentration of the protein, 
tanGenecial ultrafiltration and precipitation with saturated ammonium sulfate (S.A.S.) were used. 
 
As can be seen in Fig. 24, the recombinant protein rVSP8 is expressed intracellularly in 
S. cerevisiae and can be easily concentrated by precipitation in SAS. This protein is 
recognized by the mAB US9 that recognizes the TRITAG label and by serum from mice 
immunized with inactivated ciliates. 
 

 
 
Figure 24. Dot-Blot: recombinant protein rVSP8-TRITAG expressed by several transforming 
colonies of S. cerevisiae. For the detection of the recombinant protein, the US9 mAB was used. 
The control was used with the chimeric tripeptide T3 containing the epitope TRITAG (MTFSVPIS 
KK VTKAYEKARDRA KK AVPESIDWDYYYVTEVKNQGQC) 
 
 
To achieve optimal expression of the recombinant protein, two culture systems were 
used: Culture 1. A primary culture was performed directly in YPHSM production medium 
inoculated with a culture grown in YPD medium (Yeast Peptone Dextrose) and scaled 
up to 1 L with the production medium. The culture was incubated for 72 h. Cultivation 
2. A primary culture was performed in the tryptophan non-auxotrophic medium (CM-TRP) 
and transferred to 1 L of the YPHSM (yeast peptone high stability expression medium) 
production medium. The culture was incubated for 96 h.  As can be seen in Fig. 24, the 
maximum concentration of recombinant protein is obtained after the culture of the yeasts 
using system 2. 
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Vaccination trials 
 
In order to simplify the production of recombinant vaccines, in this assay we used as an 
antigen the transformed yeasts themselves containing the recombinant protein rVSP8 of 
P. dicentrarchi. The experimental design of vaccination is presented in Table 11. 
The protocols for administering the vaccine, obtaining serums, cytotoxicity analysis and 
experimental infection were similar to the previous experiment. 
 

 

 
 
Table 11. Groups used in the experiment. Groups: 1, PBS; 2, inactivated ciliates + Montanide 
adjuvant 763; 3, WT yeasts (wild-type, unprocessed); 4, yeasts processed with VSP8; 5, wild-
type yeasts + inactivated ciliates; 6, Yeasts transformed with VSP8 + inactivated ciliates. 
 
1. Growth 
 

 
 
Table 12. Average weight of the fish in each group. Fish groups: PBS, inactivated ciliates + 
Montanide 763 (Cil + M763), wild-type yeasts (Lew_WT), VSP8 processed yeasts (Lev_Tr), 
unprocessed yeasts + ciliates (Lev_WT + Cil), processed yeasts + ciliates (Lev_Tr + Cil). 
 
At the end of the experiment, the fish from all the experimental groups were weighed and 
it was observed that there were no significant differences between them (Table 12). 
 
 
2. Cytotoxic effect (complement) 
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Table 13. Level of antibody-mediated cytotoxicity (CMA) (destruction of ciliates by complement 
activation) of sera from turbot vaccinated with different vaccines on ciliates of the S6.1 strain. The 
cytotoxicity values presented in the table indicate the maximum dilution of the serum (titer) that 
produces a 100% mortality of P. dicentrarchi trophozoites. The right-hand column shows the 
average of the reverse dilution that kills 100% of the ciliates at 4 h. The greater the dilution of the 
serum, the greater the parasiticidal activity of the serum. Fish groups: PBS, inactivated ciliates + 
Montanide 763 (Cil + M763), wild-type yeasts (Lew_WT), VSP8 processed yeasts (Lev_Tr), 
unprocessed yeasts + ciliates (Lev_WT + Cil), processed yeasts + ciliates (Lev_Tr + Cil). In the 
right-hand column, groups with different letters (a, b) indicate that there are significant differences 
between groups. 
 
When analyzing the CMA capacity of turbot sera vaccinated against the S6.1 strain of P. 
dicentrarchi , we observed that the groups vaccinated with ciliates inactivated in M763 
oily adjuvant, ciliates inactivated with wild yeasts and with inactivated ciliates and 
transforming yeasts have a significantly higher CMA activity than the other groups tested 
(Table 13). These results indicate that both the oily adjuvant and the yeasts (wild or 
processed) have adjuvant capacity increasing the CMA activity in turbot serums. 
 
 
3. Antibody production 
 
The level of antibodies produced by turbot vaccinated with inactivated ciliates and oily 
adjuvant M763 was the highest of all the groups tested. Likewise, antibody levels in 
rhodobal sera vaccinated with inactivated ciliates and wild or transformed yeasts also 
produced an above-control antibody level (PBS), but significantly lower than those 
vaccinated with inactivated ciliates and oily adjuvant, indicating that yeasts also have 
adjuvant activity, but quantitatively lower than that of the oily adjuvant (fig. 25). 
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Figure 25. Antibody levels, estimated by ELISA, in the serum of turbot injected with PBS, 
inactivated ciliates + Montanide 763 (Cil+ M763), wild-type yeasts (Lew_WT), transformed yeasts 
(Lev_Tr), unprocessed yeasts + ciliates (Lev_WT + Cil), or with transformed yeasts + ciliates 
(Lev_Tr + Cil). The bars indicate the mean ± standard deviation (SD) (n= 5).  Only the group 
injected with whole ciliates and Montanide 763 showed significantly higher antibody levels than 
the control group (PBS). Groups with different letters (a-c) indicates that there are significant 
differences between groups. 
 
 

 
 
Figure 26. Levels of antibodies present in turbot serum against total polysaccharides extracted 
from a total ciliate extract. The serums tested were as follows: turbot serum injected with PBS 
(PBS), with ciliates + Montanide ISA 763 (Cil+M763), with unprocessed yeasts (Lev_WT), yeasts 
processed with VSP8 (Lev_T VSP8), unprocessed yeasts + ciliates (Lev_WT + Cil) or yeasts 
processed with VSP8 + ciliates (Lev_T VSP8 + Cil).  
 
As in the previous case (Fig. 25), the ciliate and Montanide M763 groups, unprocessed 
yeast and ciliates and transformed yeasts and ciliates showed higher levels of antibodies 
against oligosaccharides than the rest. 
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4. Protection 
 
 

 
Figure 27. Cumulative mortality in turbot groups after experimental infection. The groups 
tested were: PBS, ciliates + Montanide ISA 763 (Cil+M763), unprocessed yeasts 
(Lev_WT), yeasts processed with VSP8 (Lev_T VSP8), unprocessed yeasts + ciliates 
(Lev_WT + Cil) or yeasts processed with VSP8 + ciliates (Lev_T VSP8 + C). Groups with 
different letters (a-c) are significantly different from each other. 
 
With regard to the experiment of protection after infection of fish with a dose of 2x105 
ciliates/fish of the S6.1 strain, the groups that presented the greatest protection were 
those vaccinated with yeasts (wild or processed) and ciliates or with inactivated ciliates 
and oily adjuvant M763 (Fig. 27). From these results it can also be deduced that there is 
a very good correlation between the protection results and the generation of CMA (Table 
13). On the other hand, a good correlation is also observed between the levels of anti-
polysaccharide antibodies (Fig. 26) and the protection obtained (Fig. 27), suggesting that 
an important part of the response generated in turbot against P. dicentrarchi is mediated 
by antibodies that recognize polysaccharides. This response, which is normally ignored 
in most studies of vaccination against scuticociliates, could be more relevant in protection 
than one might think. 
 
 
Construction of recombinant VSPs proteins in S. cerevisiae and protection 
assays with synthetic peptides 
 
Two plasmid constructions were designed in the YEPflag-1 vector containing CDS 
corresponding to VSP1, VSP2 and a chimeric protein containing antigenic fragments of 
all P. dicentrarchi  VSPs for their intracellular expression in the yeast S. cerevisiae. In all 
cases, the TRITAG tag was added at the n-terminal end to detect the recombinant 
protein by the monoclonal antibody US9. 
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Chimeric recombinant protein containing all VSPs (expressed as S. cerevisiae):  
 
VSP1 (68 aa): 
LQGSFAAYDQACTNNLGCTANKCEAGNLKCDAAQCKAGYTRDAATEICNANN
CTTLGTTDPNKGQCTT  
VSP2 (140-229; 90 aa): 
TTTHSIQEGECLKTCLKDQKHNADKTDCVADTEKVNGIVGCTAQADGADAAT
KCKTCKTGTSLATSATKCVTDVQNCQTYNDTECQTCKT  
VSP3 (102-134; 33 aa): DDTKSYIPKVADNFSECKLLTNCKTVVEQKCTA  
VSP4 (46 aa): 
KDQKHNAAKTACVADTEKVNGTAKADGADADTKCKTCKTGTSLATS  
VSP5 (175-239, 65 aa): 
IKCVTDVQDCKTYNDTGCELCNSGFKLNAATKACEAEGEATENINNISGCTAQ
ADGADAATKCKT  
VSP6 (63 aa): 
KSYEKHNADKTACEADPEMVNGIVGCITKAEGADAETKCKACVDGKTLATSAT  
VSP7 (52 aa): 
KTVVDQKCTACADAVNTTHSIQEGECLKTCEKDQKHNAEKTDCVADIENVNN  
VSP8 (41 aa): LKDQKHNALKTDCEADPEKVNGTAKADAPNATTQCKTCKSG  
VSP9 (20 aa): NGYKTNNNEACTACDETKFY  
 
484 aa recombinant protein including all VSPs and with -KK- separators and the 
TRITAG label:  
MTFSVPISLQGSFAAYDQACTNNLGCTANKCEAGNLKCDAAQCKAGYTRDAA
TEICNANNCTTLGTTDPNKGQCTTKKTTTHSIQEGECLKTCLKDQKHNADKTD
CVADTEKVNGIVGCTAQADGADAATKCKTCKTGTSLATSATKCVTDVQNCQT
YNDTECQTCKTKKDDTKSYIPKVADNFSECKLLTNCKTVVEQKCTAKKKDQKH
NAAKTACVADTEKVNGTAKADGADADTKCKTCKTGTSLATSKKIKCVTDVQD
CKTYNDTGCELCNSGFKLNAATKACEAEGEATENINNISGCTAQADGADAATK
CKTKKKSYEKHNADKTACEADPEMVNGIVGCITKAEGADAETKCKACVDGKT
LATSATKKKTVVDQKCTACADAVNTTHSIQEGECLKTCEKDQKHNAEKTDCV
ADIENVNNKKLKDQKHNALKTDCEADPEKVNGTAKADAPNATTQCKTCKSGK
KNGYKTNNNEACTACDETKFY 
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Figure 28. Proteoform of the chimeric recombinant protein containing the antigenic fragments of 
all VSPs. 
 
 

 
Figure 29. DOT-BLOT assay to determine the expression of the recombinant proteins rVSP1 and 
rVSP2 in the yeast S. cerevisiae. The transforming yeasts were cultured in YPHSM production 
medium for 4 days from a tryptophan-free CM plate. Several colonies were selected and grown 
in CM-Trp medium, yeasts were disrupted with zirconia balls, 100 µL of the supernatant was 
added to a nitrocellulose strip and the strip was incubated with the monoclonal antibody US9.  
 
The recombinant proteins containing the CDS of the VSP1 and VSP2 proteins expressed 
in the yeast S. cerevisiae were tested by a Dot-Blot immunoassay against the 
monoclonal antibody US9 that specifically recognizes the TRITAG tag carried by 
recombinant proteins. As can be seen, several colonies isolated from the selective 
medium generate a positive signal in the immunoassay indicating that yeasts are 
producing these proteins (Fig. 29). 
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Figure 30. Dot-blot analysis of chimeric protein expression containing antigenic fragments of P. 
dicentrarchi  VSPs in several S. cerevisiae yeast colonies  using the US9 antibody that specifically 
recognises the TRITAG tag carried by the recombinant protein. 
 
By means of a dot-blot assay, the expression of a chimeric protein containing fragments 
of all VSPs has been tested by  transformed S. cerevisiae yeasts. As can be seen in Fig. 
30, all the colonies tested give a positive signal in Dot-blot indicating that they are 
producing the chimeric protein. 
Next, we designed an experiment in which we intend to evaluate the protective response 
induced by vaccines containing yeasts expressing the recombinant proteins VSP1 and 
a chimeric recombinant protein containing antigenic fragments of all the VSPs of P. 
dicentrarchi (Table 14), and compare it with combinations of yeasts and inactivated 
ciliates and also with synthetic peptides generated from the 8 VSPs of the ciliate (Table 
15). 
 

 
Table 14. Experimental groups used in vaccinations that include the number and weight achieved 
by the fish at the end of the experiment. Cyl: inactivated ciliates; M763: Montanide ISA 763 
adjuvant; Lev_VSP1: S. cerevisiae yeasts transformed with Gene encoding variable surface 
protein 1 (VSP1); Lev_VSPs: yeasts of S. cerevisiae transformed with a nucleotide sequence 
encoding a protein of 484 aa and including all VSPs; Lev_WT: unprocessed wild yeast. In the 
design of this experiment, 7 groups of fish have been used, whose number and final weights (in 
grams) are indicated in the table. 
 

 
Table 14. Amino acid sequences of linear peptides predicted by the Bepriped tool of variable 
surface proteins (VSPs) identified in P. dicentrarchi. The peptides were chemically synthesized 
and coupled to limpet hemocyanin (KLH) as a carrier protein. 
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1. Growth 
 
As shown in Table 14, vaccinations do not significantly affect fish growth. 
 
2. Cytotoxic effect (complement) 
 

 
Tabla 15. Efecto citotóxico del suero de los rodaballos vacunados mediados por anticuerpos 
(CMA). Para realizar el ensayo se realizaron diluciones seriadas de los sueros a partir de la 
dilución ¼ y el título fue calculado como la dilución máxima del suero que provoca el 100% de la 
muerte de los ciliados. Los resultados se expresan como los valores enteros medios ± la 
desviación estándar de la media (SD) de los títulos. Las letras iguales indican que no existen 
diferencias estadísticamente significativas y las letras desiguales indican diferencias 
estadísticamente significativas (P < 0,05). 
 
The results of the CMA activity of the sera of the vaccinated turbot indicate that only 
vaccination with inactivated ciliates in oily adjuvant generates significant CMA activity 
(Table 15). Neither turbot vaccinated with yeast containing VSP1 nor turbot vaccinated 
with yeast containing the chimeric recombinant protein with all VSPs generate a 
significant CMA with respect to control (PBS). 
 
3. Antibody production 
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Figure 31. Membrane surface antigen antibody levels Generated by vaccinated fish determined 
by ELISA after spectrophotometer reading at 450 nm. The bars indicate the mean absorbance 
values (n=10) ± the standard deviation from the mean. Uneven letters indicate statistically 
significant differences (P < 0.05) between groups. 
 
In this experiment, the maximum antibody levels against surface antigens are 
obtained with the vaccination of inactivated ciliates in oily adjuvant M763; 
however, antibody levels in the groups vaccinated with yeasts containing the 
VSPs are significantly increased compared to the control (PBS) but turbot 
vaccinated with the peptide mixture containing sequences of all the VSPs in oily 
adjuvant do not generate a significant level of antibodies (Fig. 31). 
 
 

 
Figure 32. Production of anti-epitope glycan antibodies by vaccinated fish determined by a 
capture ELISA using solid-phase-coupled rabbit IgG and an anti-FITC-Peroxidase antibody to 
resolve the enzyme immunoassay. The bars show the mean absorbance values at 450 nm ± the 
standard deviation (n=10). 
 
When the antibody response generated by turbot vaccinated with inactivated ciliates and 
M763 oily adjuvant was analyzed, with yeasts transformed with the VSP1 and with yeasts 
containing the chimeric protein containing fragments of all the VSPs, the levels of 
antibodies generated against carbohydrate epitopes increased significantly; however, 
vaccination with chimeric peptides of the VSPs did not generate antibodies against 
glycan epitopes (Fig. 32). 
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4. Protection 

 
 
Figure 33. Cumulative survival rate of vaccinated turbot determined within 15 days of 
experimental infection. Uneven letters indicate statistically significant differences (P <0.05) 
between experimental groups. 
 
The results of the vaccine protection experiment (Figure 33) indicate that fish vaccinated 
with inactivated ciliates and Montanide ISA 763 have the highest survival rate, followed 
by the group of fish vaccinated with inactivated ciliates and the wild yeast of S. cerevisiae. 
Fish vaccinated with yeasts transformed with VSPs and with inactivated ciliates and 
yeasts transformed with VSPs also have a certain degree of protection but less than 
experimental groups 2 and 7. On the contrary, groups vaccinated with synthetic peptides 
+ Montanide ISA 763 and with yeasts transformed with VSP1 do not produce any 
protection in the fish against infection with P. dicentrarchi. 
 
 
Komagataella pastoris (sin. Pichia pastoris): 
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CDS: VSP8-EGFP 
 
MTLSFAHFTYLFTILLGLTNIALADGQNGCTTCADANDCQVCDQANFYFLKVNKTCDLQTGCKT
YAGDACTACDETKFYFPKIANNFSECKLFSNCKTVVDQKCTACADAVTASHSIQEGECLKTCLK
DQKHNALKTDCEADPEKVNGIVGCTAKADAPNATTQCKTCKSGTTLAISATKCVTDVQNCQTYN
DTGCNECKTGFKLNSSTKACEAEGGASENVNNIAGCTAQADGANAATQCKTCKSGTTLAISATK
CVTDVQNCQTYNDTGCEQCNTGFKLNTTSKACEVDAAQNVNNIVGCTAKADGANADTKCKTCIA
GTTLATSATKCVTNVKDCQTYNDTGCEKCKTGFKLNTTSKACEQDKTSSSSTSGGGGSGGGGSG
GGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPT
LVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRI
ELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTP
IGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYKYMGSGSQTRLPLG
KLVFAIMAVACNVIFS- 
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Figure 34. Plasmid construction for expression of the VSP8 protein of P. dicentrarchi in the yeast 
P. pastoris, components of the vector, sequence of the recombinant protein and its proteoform, 
containing the signal peptide, the glycosylation sites and 2 transmembrane domains. 
 
 
We have expressed several VSPs proteins of P. dicentrarchi that present a high degree 
of glycosylation in the yeast P. pastoris because it has been shown that this yeast is 
capable of producing a higher degree of fidelity in glycosylation than in the case of the 
yeast S. cerevisiae which usually generates hyperglycosylations in recombinant 
glycoproteins. In this case, we have expressed a polycistronic CDS containing the 
glycoprotein VSP8 of P. dicentrarchi and the green fluorescent protein EGFP. The design 
of the polycistronic protein has been carried out with the aim of expressing it in the yeast 
membrane. Once the yeasts have been transformed, we have corroborated that the 
protein is expressed in the cell membrane (Fig. 35). 
 

  
Figure 35. Microphotographs showing the location of the green fluorescent protein that is co-
expressed with the VSP8 of P. dicentrarchi. 
 
Once it was verified that the design of the plasmid constructs for expression in the yeast 
membrane were correct (Fig. 35), we went on to design a new construct containing the 
CDS of the VSP3 protein (Fig. 36). 
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CDS: TRITAG-POLIHIS-VSP3 
MTLSFAHFTYLFTILLGLTNIALAMTFSVPISHHHHHHKIIQQKCSKKSPYQLSSQLLFSL
PARKNTNLQIFYNYNFLNFCFYERVGEGGCTACNSEADPACTACDAAENYFIKEGAC
VLITGCTAATAGVCDTCDKAKFYFKKANNTCDLQTGCKTYTGDACTACDDTKSYIPKV
ADNFSECKLLTNCKTVVEQKCTACADAVTTTHSIQEGECLITCKSNEKHNADKTACEA
DAEKVNGIVGCITKPDGADADTKCKACKTGTTLATSATKCVTDVQNCQTYNDTECQT
CKTGFKLNTTTKACDADKSSSSAIVSASLAVILAVFALAL 
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Figure 36. Plasmid construction for expression of the VSP8 protein of P. dicentrarchi in the yeast 
P. pastoris, vector components, sequence of the recombinant protein and its proteoform, 
containing the signal peptide, glycosylation sites and 2 transmembrane domains. 
 
 
Construction of recombinant proteins in eukaryotic cells 
 
Target HEK293: 
 
Cell line 293 is a permanent line established from a primary human kidney embryo 
transformed with human adenovirus E1A DNA expressed in these cells and involved in 
the transactivation of some viral promoters, allowing these cells to produce very high 
levels of protein. 
Initially, we proceeded to fine-tune the HEK293 cell transfection by incorporating the 
CDS corresponding to the green fluorescent protein into the plasmid construction (Fig. 
37). 
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Figure 37. Expansion of green fluorescent protein (EGFP) in HEK293 cells.  
 

 
Table 16. Expression of green fluorescent protein (EGFP) in HEK293 cells. Fluorometric 
quantification of fluorescence emitted by transfected and non-transfected HEK293-F cells with 
the pRP[Exp]-CAG>3xNLS/EGFP plasmid at 46 and 96 h post-defection. Each well contains 105 
cells in Free Style medium and fluorescence quantification was performed in triplicate.  
 
As can be seen from the results obtained and presented in Table 16, maximum 
fluorescence (maximum expression of the EGFP protein) is obtained after 48 h of culture 
and, after 96 h, the cells practically stop expressing this protein. 
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Figure 38. Effect of the transfection reagent on the expression of the polycistronic protein T2A 
(extrusome protein) / green fluorescent protein EGFP. 
 

 
Table 17. Quantification of fluorescence emitted by HEK293 cells transfected with the pRP[Exp]-
EGFP-CMV>{T2A} plasmid at 24 and 48 h using TurboFectTM (ThermoFisher Scientific) and 
FuGENEE 4k (FUGENEE)® transfection reagents. 
 
In a subsequent experiment, it was intended to determine the transfection efficiency for 
the expression of a polycistronic protein composed of the extrusome protein  of P. 
dicentrarchi (T2A) and the green fluorescent protein (EGFP) using two transfection 
reagents: TurboFect and FuGENEE 4k (Fig. 38). When the fluorescence results emitted 
by the cells transfected with both reagents were analyzed, it was observed that the 
FuGENEE 4k reagent is the one that generates the best transfection of HEK293 cells 
(Table 17). 
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Figure 39. Expression of green fluorescent protein (EGFP) in EPC (Papulous Cyprini Epithelioma) 
cells of bighead carp (Pimephales promelas) using the expression plasmid in eukaryotes 
pRP[Exp]-CAG>3xNLS/EGFP. 
 
We have also performed an additional transfection experiment using the FuGENEE 4k 
transfection reagent in carp papular epithelioma (ECP) cells for the expression of the 
green fluorescent protein. In this experiment, 7 and 10 µL of reagent and 2 µg of plasmid 
construction were used from cells kept in MEM medium (with Hank's salts) and without 
fetal bovine serum. The mixture of the transfection reagent and plasmid DNA was carried 
out in FreeStyle medium (Gibco). From 24-48 h onwards, the expression of the EGFP 
protein was observed; however, the transfection levels obtained in these cells are lower 
than in HEK293 cells, indicating that additional optimization experiments are still needed 
to improve the efficiency of the expression of recombinant proteins (Fig. 39). 
 

 
 
Figure 40. HEK293 cells transfected with the pRP[Exp]-EGFP-CMV>{VSP1-VSP8} plasmid. 
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Figure 41. HEK293 cells transfected 2 µg of pRP[Exp]-EGFP-CMV>{VSP1-VSP8} plasmid and 8 
µL of the transfectant agent FuGENEE 4k at 48 h of culture. 
 
 

 
Figure 42. Expression of chimeric proteins VSP1-EGFP and VSP1-VSP8-EGFP in HEK293 cells. 
 
In a subsequent experiment we designed two polycistronic plasmid constructs containing 
protein VSP1 and proteins VSP1/VSP8 and, as a marker protein, EGFP. In the case of 
the VSP1-EGFP construct, a CDS containing a signal peptide and a transmembrane 
domain was designed for the expression of chimeric protein in the cell membrane (Fig. 
42) and, in the case of chimeric protein VSP1-VSP8-EGFP, a plasmid construction 
without signal peptide was designed for the transfected cells to produce the recombinant 
proteins intracellularly (Fig. 42). In addition, protein VSP1-EGFP should be expressed 
glycosylated, while VSP1-VSP8-EFGP should be expressed without the presence of 
glycans. In both cases, the transfected HEK293 cells efficiently produced proteins at 48 
h of culture (Figs. 41-42). 
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We vaccinated fish with HEK293 cells expressing VSP1 proteinS and chimeric VSP1-
VSP8 protein (Fig. 42) and determined CMA and antibody production against the S6.1 
strain. 
 
 

 
 
Figure 43. Antibody-mediated cytotoxicity Generated by rhodobal sera immunized with 
inactivated Ciliates of P. dicentrarchi -strain S6.1-, HEK293 cells expressing the recombinant 
proteinS VSP1 and VSP1-VSP8 and PBS (Control). Uneven letters indicate statistically significant 
differences (P < 0.05) between groups. 
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Figure 44. ELISA assay to determine the level of anti-S6.1 antibodies by PBS-vaccinated turbot 
sera (control), inactivated ciliates of the S6.1 strain, HEK293 cells expressing protein VSP1 and 
VSP1-VSP8. The bars express the mean values ± standard deviation (n=5) and the different 
letters indicate statistically significant differences (P<0.05) with respect to the control (PBS). 
 
Los resultados de la vacunación con los ciliados inactivados y con las células HEK293 
que expresan las proteins VSP1 y VSP1-VSP8 indican que únicamente los sueros de 
los rodaballos vacunados con ciliados inactivados generan anticuerpos que generan 
citotoxicidad frente a los trofozoitos de P. dicentrarchi (Fig. 43). Por el contrario, cuando 
se testaron los sueros de los rodaballos vacunados para determinar el nivel de 
anticuerpos frente a los antígenos totales de la cepa S6.1, se observó que todos los 
grupos generan niveles de anticuerpos significativamente más elevaThe results of 
vaccination with inactivated ciliates and HEK293 cells expressing VSP1 and VSP1-VSP8 
proteinS indicate that only sera from turbot vaccinated with inactivated ciliates generate 
antibodies that generate cytotoxicity against P. dicentrarchi  trophozoites (Fig. 43). On 
the contrary, when the sera of vaccinated turbot were tested to determine the level of 
antibodies against the total antigens of the S6.1 strain, it was observed that all groups 
generated significantly higher levels of antibodies than the control (PBS) but not 
significantly different between them (Fig. 44). 
 
 
Objective 3.- To develop a vaccine formulation containing biodegradable adjuvants that 
generate protection against homologous and heterologous serotypes.  
 
Vaccination trials with biodegradable adjuvants  
 
In this project we have also tested the effect of two adjuvants admitted for 
veterinary use: a) Montanide ISA 763A VG oily adjuvant and b) Montanide gel 02 
PR -Seppic-. Montanide ISA 763A VG adjuvant is a formulation of non-mineral 
oil in water and Montanide gel 02 PR adjuvant is a polymeric adjuvant consisting 
of sodium polyacrylate gel particles in water. Both adjuvants have been developed 
for use in parenteral vaccines. 
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Figure 45. Cytotoxic effect and level of antibodies present in rhodore sera immunized with a 
fraction of total polysaccharides (POL) obtained from trophozoites of P. dicentrarchi, a 
recombinant protein of the extrusome of P. dicentrarchi protein (T2A) expressed in HEK 293 cells 
and inactivated ciliates (S6) formulated in Montanide ISA 763 A VG (M.A.) oil adjuvant and in 
Montanide gel 02 PR (GEL). The bars show the means ± standard deviation (n= 5). Asterisks 
indicate statistically significant differences from control. 
 
The results shown in Fig. 45 indicate that the vaccine formulated with inactivated ciliates 
and adjuvant Montanide gel 02 PR stimulates the highest levels of antibodies and AMC. 
 
 
Isolation of membrane glycoproteins anchored to glycosyl-phosphatidylinositol 
(GPI) 
 
Many eukaryotic cell proteins are anchored to the cell membrane by covalent bonding to 
glycosyl-phosphatidylinositol (GPI). These proteins lack transmembrane domains, have 
no cytoplasmic tail, and are therefore found exclusively in the extracellular portion of the 
plasma membrane. Molecules anchored to glycosylated phosphoinositol are a 
structurally diverse family of proteins that includes: protozoan coat components, 
activation antigens, complement regulatory proteins, adhesion molecules, membrane-
associated enzymes, and many other glycoproteins. In the final phase of this project, we 
have evaluated the immunogenic capacity of GPI-anchored glycoproteins of P. 
dicentrarchi and evaluated their potential usefulness for the development of a vaccine 
against scuticociliasis. To obtain GPI-bound glycoproteins, we have used the enzyme 
phospholipase C and the protocol used to obtain this antigenic fraction has been 
optimized to obtain it in the ciliate P. dicentrarchi. 
To obtain the glycoproteins linked to GPI, we have used the enzyme phospholipase C 
and, in a first experiment, the enzyme concentration and incubation time were optimized 
to determine the maximum extraction of glycoproteins anchored to GPI. 
 

 
 
Table 18. Evaluation of the extraction level of GPI-anchored glycoproteins (gli-GPI) by different 
concentrations of phospholipase C (PLC) by incubating the ciliates (5x107 ciliates/mL) with the 
enzyme at 30ºC and at different times. 0.5 µL of PCL corresponds to 0.05 U. 
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Figure 46. Morphology of P. dicentrarchi  trophozoites incubated with different concentrations of 
PLC at various times. 

 
Figure 47. SDS-PAGE (12.5%) under gli-GPI reducing conditions extracted with different 
concentrations of PLC and at various incubation times. 
 
As can be seen in Table 18, the optimal conditions for obtaining the maximum PLC 
concentration and incubation time ratio without affecting the viability of the ciliates (Fig. 
46) was 0.05 U/mL of PLC and an incubation time of 30 min. In all cases, the polypeptide 
profile is very similar (Fig. 47). 
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Figure 48. CMA and total antibody levels in rhodobal sera vaccinated with inactivated ciliates 
(S6), with inactivated ciliates and treated with PLC (S6+PLC) and gli-GPI (S6-GPI). The bars 
indicate the means ± SD (n=5). Different letters indicate statistically significant differences 
(P<0.05). 
 
Taking into account the possibility that the VSPs and leishmanolisins of P. 
dicentrarchi are part of the gli-GPI and that the obtaining of this fraction is highly 
conservative while maintaining the native structure of these components, we 
have carried out an experiment of turbot vaccination to assess its potential 
protective capacity. Montanide gel 02 PR was incorporated as an adjuvant in the 
vaccines. As can be seen in Fig. 48, the CMA activity of the sera of turbot 
vaccinated with gli-GPI was the highest and significantly higher than that 
generated by the sera vaccinated only with inactivated ciliates. This result is also 
repeated in the case of the determination of total antibodies by ELISA (Fig. 48). 
 

 
Table 19. ELISA-capture of the gli-GPI of P. dicentrarchi with the lectins WGA  (Triticum vulgaris 
lectin), ConA (Canavalia ensiformis lectin) and PNA (Arachis hypogaea lectin). UR3: turbot anti-
Ig monoclonal antibody; DAKO: anti-mouse Ig rabbit antibody conjugated with peroxidase. SR: 
immunized turbot serum. 
 
GPI-coupled proteins are captured by the WGA lectin which has an affinity for N-
acetyl-β-D-glucosaminil residues and N-acetyl-β-D-glucosamine oligomers, by 
the ConA lectin, which has an affinity for α-D-mannosyl and α-D-glucosyl terminal 
residues, and by PNA, which has specificity for β residues of -D-Gal(1-3)-D-
galNAc (Table 19). The binding of GPI-coupled proteins by lectins indicates that 
they are ciliate membrane glycoproteins. 
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Figure 49. Effect of the reduction of disulfide bonds on antigenicity in turbot and mice of gli-GPI 
determined by Western-blot analysis. lanes1-2: inactivated a-ciliates (mouse); lanes 3-4: 
inactivated a-ciliates (turbot); lanes 5-6: a-GPI (turbot); lane 7: SDS-PAGE GPI reduced; lane 8: 
SDS-PAGE GPI not reduced. Mw: Molecular weight markers (kDa). antigen: GPI-S6 treated 
(reducing buffer) and untreated (non-reducing buffer) with DTT (+/-DTT). Inactivated a-ciliated 
mouse serum: 1:500. Inactivated a-ciliated turbot serum and a-GPI: 1:50. 
 
Finally, we have conducted a study on the immunogenicity of gli-GPIs. As can be 
seen in Fig. 49, while the antibodies produced in mice vaccinated with inactivated 
ciliates recognize several polypeptides present in the gli-GPIs under both 
reducing and non-reducing conditions of these proteins, turbot; however, the 
antibodies produced by turbot vaccinated with gli-GPI only recognize unreduced 
proteins and this recognition occurs mainly in proteins with a size range of 55-
100 kD (Fig. 49). Currently, we are carrying out an identification of these proteins 
through mass spectrometry analysis and we are also developing an experiment 
to determine the level of protection of these gli-GPI in turbot by vaccination in fish 
farms and subsequent experimental infection. 
 
 
Objective 4.- To evaluate the immune response generated by the vaccine.  
 
 
 
Evaluation of the immune response generated by the vaccine against P. 
dicentrarchi 

 
The analysis of the immune response was carried out in turbot weighing 60 g, which 

were immunized with different antigens from P. dicentrarchi, or with other antigens, as a 
comparison. To determine antibody (IgM) levels, serum (at 30 and 60 days after the first 
dose) and peritoneal fluid (at 7, 14 and 21 days after the first dose) were obtained. To 
study the immune response in the spleen and in the clusters of cells and vaccine that 
are generated in the peritoneal cavity, samples were obtained at 4, 7, 14, 21 and 30 days 
after the first dose, and at 7, 14 and 21 days after the second dose. Cell populations (B 
IgM+ cells, B IgT+ cells, and CD4-1 and CD4-2 cells) were studied by 
immunofluorescence and in situ hybridization.  
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 Immunization of turbot with Philasterides dicentrarchi antigens and other 
antigens, used comparatively, generates the production of specific IgM against 
these antigens in the peritoneal cavity and in the blood  

 
We have analysed the levels of antibodies in the blood and peritoneal fluid of turbot 

vaccinated with one or two doses of vaccine. For comparison purposes, we use three 
antigens; Philasterides dicentrarchi (whole ciliates, as described in the project), 
phycorerithrin and NP-KLH (4-hydroxy-3-nitrophenylacetyl (as hapten) and limpet 
haemocyanin); the latter two antigens have been used as a model in numerous 
immunisation studies in fish and mammals. We observed a significant increase in serum 
specific IgM levels 14 days after the administration of the first dose (Fig. 1), obtaining 
results similar to those described in other immunization studies in fish (Esteve-Gassent 
et al., 2004; doi: 10.1016/S1050-4648(03)00036-6. The presence of IgM in serum in the 
groups immunized with the different antigens indicates that the immunization has worked 
correctly, and that we can analyze the changes in the spleen cell populations belonging 
to these groups of fish. In the case of peritoneal fluid, we observed an increase in specific 
IgM levels at 7 days (Fig. 2). Although there are very few studies on the dynamics of IgM 
production in the peritoneal cavity after immunization by this route, it has been observed 
that B cells migrate rapidly to the cavity after immunization, with a significant increase 
from day 6 of the first dose (Castro et al., 2017; doi: 10.1016/j.dci.2017.01.012; Granja 
and Tafalla, 2019; doi: 10.1016/j.fsi.2017.10.003 ); indicating a rapid adaptive response 
at the immunization site. Antibody levels in the cavity increase over time, reflecting a 
response like that obtained in serum. The studies carried out in this project, by 
immunofluorescence and in situ hybridization, on the cell and vaccine clusters generated 
in the peritoneal cavity of vaccinated turbot show abundant IgM+ and IgT+ B cells in 
these clusters a few days after immunization. We do not know if the Igs that appear in 
the cavity come from these cells, but given their abundance in the cavity it is very likely 
that they come, at least in part, from the B cells present in the clusters. We do not know 
the origin of these B lymphocytes, although judging by the intense proliferation of these 
cells in the spleen, as we will see later in memory, it is possible that this is their origin. 
On the other hand, Granja and Tafalla, 2019 (doi: 10.1016/j.fsi.2017.10.003) describe 
two populations of IgM cells in the peritoneum of rainbow trout; these two populations 
could be equivalent to B1 and B2 lymphocytes, described in the mammalian peritoneal 
cavity; B1 cells are predominant, which produce polyspecific antibodies. Whether a part 
of the IgM that we detect in the cavity is produced by this type of lymphocytes is 
something that needs to be investigated to better understand how this response occurs.  
 

 

https://doi.org/10.1016/S1050-4648(03)00036-6
https://doi.org/10.1016/j.fsi.2017.10.003
https://doi.org/10.1016/j.fsi.2017.10.003
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Fig. 1. IgM levels (measured as absorbance) in immunized turbot serum at days 0 and 
30. Specific IgM against the antigens used can be detected from 14 days onwards, and 
their concentration is increased up to 60 days. Bars with different letters mean 
statistically different groups. The groups used were PBS, PE (phycoerythrin), P. 
dicentrarchi and NP-KLH. The fish were immunized at days 0 and 30. 

 
Fig. 2. IgM levels (measured as absorbance) in the peritoneal fluid of immunized turbot 
at days 0 and 30. Specific IgM against the antigens used can be detected from 7 days, 
and their concentration is increased up to 37 days. Bars with different letters mean 
statistically different groups. The groups used were PBS, PE (phycoerythrin), P. 
dicentrarchi and NP-KLH. The fish were immunized at days 0 and 30. 
 
Intraperitoneal immunization with P. dicentrarchi antigens induced an increase in 
IgM+ and IgT+ B lymphocytes in the cell clusters and vaccine generated in the 
peritoneal cavity 

As previously mentioned, intraperitoneal immunization generates the formation of 
vaccine cell clusters that adhere to the viscera or peritoneal wall. We have studied the 
populations of IgM+ and IgT+ B lymphocytes. In addition, using anti-PCNA antibodies, 
we evaluated whether B lymphocytes proliferated in the cavity.  From day 4, we observed 
the presence of IgM+ B cells, whose number increases over time. Within the B IgM+ 
cells, we have observed cells with intense labelling and cells with weaker labelling, 
similar to that described in trout (Granja and Tafalla, 2019; doi: 
10.1016/j.fsi.2017.10.003) (Fig. 3). These B cells appear scattered in the cluster of cells 
and vaccine, at a much lower density than that observed in the spleen. However, 
although the density is low, the clusters of cells and vaccine are spread throughout the 
cavity so the final number of B cells in the cavity can be very high, although it is difficult 
to determine by the distribution of these clusters. IgT+ B cells are very scarce in the first 
two weeks, but their number also increases over time. Some of the IgM+ and IgT+ B 
cells are PCNA+, indicating that they are proliferating (Fig. 4A, B). 
 
 

https://doi.org/10.1016/j.fsi.2017.10.003
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Fig. 3. Immunofluorescence image of a cluster of cells and vaccine in turbot vaccinated 
with P. dicentrarchi (day 60), showing IgM+ (red) and IgT+ B lymphocytes (green). Scale: 
100 μm. 
 

 
 
 
 
Fig. 4. A) Immunofluorescence image of a cluster of cells and vaccine in turbot 
vaccinated with P. dicentrarchi (day 60), showing B IgM+ lymphocytes (red cytoplasm) 
in division (PCNA+, in green).  B) IgT+ lymphocytes (green cytoplasm), PCNA+ (purple). 
Scale: 10 μm. 
 
 
Immunization of turbot intraperitoneally generates important changes in the 
spleen, resulting in the transport of antigens to this organ and a marked increase 
in the populations of B lymphocytes (IgM+ and IgT+) and cells that express cd4-1 
and cd4-2. 
 

Turbot has two cd4 genes: cd4-1 and cd4-2 



71 
 

Prior to the analysis of cell populations expressing cd4 in vaccinated and 
unvaccinated fish, we have identified and characterized cd4 genes in turbot. Cd4-1 has 
a coding region (cds) of 1410 nucleotides, 469 aa, and cd4-2 has a cds of 1080 
nucleotides, 359 aa. When comparing the amino acid sequence with those of humans, 
chicken, frog, zebrafish and the spotted catan (Lepisosteus oculatus), we observe that 
all CD4 and CD4-1 proteins possess four immunoglobulin domains. CD4-2 of the spotted 
catan and zebrafish have three domains, while that of turbot contains only two (Fig. 5). 
Phylogenetic analysis shows that CD4-1 and CD4-2 form clades with homologous 
proteins in other fish species, while other vertebrates, which possess only CD4, form a 
separate clade. However, cd4 and cd4-2 have a more recent common ancestor than 
cd4-1 (Fig. 6). We have also analyzed synteny, finding that cd4-1 and cd4-2 appear 
together on the same chromosome and share adjacent genes with other fish species 
and with cd4 from other vertebrates. These data suggest that turbot possesses two cd4 
genes and that these, which we have used for in situ hybridization studies, are 
homologues of cd4-1 and cd4-2 from other fish species.  

 
Fig. 5. Structure of CD4-1 and CD2 proteins from fish and CD4 from humans, chickens 
and frogs. All CD4 and CD4-1 proteins have four extracellular immunoglobulin-like 
domains, a transmembrane and an intracellular region. CD4-2 of the spotted gar and 
zebrafish contain three domains, while that of turbot has only two.  
 

  
 
Fig. 6. Phylogenetic analysis of CD4, CD4-1 and CD4-2 of vertebrates, obtained using 
MEGA X with the maximum likelihood method. The tree is drawn to scale, with branch 
lengths measured in number of substitutions per site. The GeneBank access numbers 
for each stream are not included in the tree.  

https://fishbase.mnhn.fr/summary/SpeciesSummary.php?genusname=Lepisosteus&speciesname=oculatus
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Fig. 7. Analysis of the synteny of the cd4, cd-1 and cd4-2 genes in several vertebrates. 
The data were obtained from Ensembl and Geneomicus. The CD4-1 and CD4-2 genes 
of fish are located together on chromosome 1. The cd4-1 and cd4-2 turbot genes are 
flanked by several genes common to the three species analyzed. In the case of other 
vertebrates, these genes are also located in a position close to cd4. Double bars indicate 
the presence of other non-homologous genes found at the human locus GAPDH to TPI1. 
The arrows represent the direction of gene transcription. 
 

Unimmunized fish have underdeveloped centers of melanomacrophages 
(MMC) and associated lymphoid tissue (SLA) 

IgM+ and IgT+ B cell populations in the spleen of control fish were analyzed by 
immunofluorescence and in situ hybridization. Cells expressing cd4-1 and cd4-2 were 
identified by in situ hybridization. Cell proliferation was analyzed using an anti-PCNA 
antibody. The white pulp was poorly developed in the spleen of juvenile non-immunized 
turbot (60 g), although lymphoid cells were identified in the wall of the blood vessels and 
associated with melanomacrophages centres (MMC). 
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Fig. 8. Unimmunized fish spleen. A) Micrograph of a histological section stained with 
hematoxylin/periodic Schiff's acid (PAS) showing a center of melanomacrophages 
(MMC) and a lymphoid aggregate associated with MMC (SLA). The blue ellipse delimits 
the area occupied by both structures. Melanomacrophages contain PAS-positive 
material in the cytoplasm. B-D) Double-labeled immunofluorescence and confocal 
microscopy of spleen sections. The cores (blue) were stained with DAPI. B) IgM+ cells 
(large yellow arrow) can be observed on the walls of an ellipsoid and on a sinusoid. Very 
few PCNA+ (small arrow) cells were observed and the IgM+ B cells were mainly PCNA−. 
C) MMCs and adjacent lymphoid tissue (SLA), which contains several IgM+ and PCNA+ 
cells (large yellow arrow). The yellow ellipse delimits the area occupied by the MMCs 
and the SLA. The small arrow shows the nucleus of an IgM-PCNA+ cell. D) MMC and 
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SLAs containing very few IgT+ cells (large yellow arrow) and one IgT-PCNA+ cell (small 
yellow arrow). IgT+PCNA+ cells (small white arrow) are also shown. E) In situ 
hybridization in turbot spleen. Igm-expressing B cells appear surrounding an MMC and 
scattered in the red pulp.  Cells expressing cd4-1 are scattered throughout the spleen 
(arrow, insert), although they are rare. The cores (blue) were stained with DAPI.  F) In 
situ hybridization of the turbot spleen.  Cells that express cd4-2 appear exclusively in 
MMCs.   
 
MMCs are rare, small, and contain PAS-positive melanomacrophages, but the number 
of melanin granules is generally very low (Fig. 8A). Some of the MMCs had a small group 
of lymphoid cells adjacent to them (Figs. 8A-D). Clusters of IgM+ cells were found along 
the periarteriolar areas and in the ellipsoidal walls (Fig. 8B). They were also found near 
the thin walls of the venous system, especially those located in the centre of the organ. 
The highest concentration of IgM+ cells was found in the lymphoid aggregates adjacent 
to the MMCs (SLAs), and the cells are scattered or clustered, but in very low numbers 
(Fig. 8C). IgM+ cells were also found scattered in other areas of the spleen. IgM+PCNA+ 
cells were present in some SLAs, indicating some cell proliferation activity (Fig. 8C). 

IgT+ cells are very scarce. Occasionally, IgT+ cells were observed in very low 
numbers in SLAs (Fig. 8D) and scattered in very low numbers in other parts of the spleen, 
usually near the walls of blood vessels. Like IgM+ cells, a small proportion of IgT+ cells 
are also PCNA+ and were most found in SLAs (Fig. 8D).  

In the spleen of unimmunized turbot, cells containing cd4-1 transcripts were 
scarce and with very low transcripts per cell. In this group of fish, cells containing cd4-1 
transcripts were distributed in the red pulp of the spleen. Similarly, cells with cd4-1 
transcripts were occasionally found in SLAs, which were poorly developed (Fig. 8E). In 
this group of fish, cd4-2 transcripts were only found in the melanomacrophages of the 
MMCs (Fig. 8F).   

 
 

Melanoma Centers (MMCs) and Associated Lymphoid Aggregates (SLAs) 
of the Spleen Undergo Major Changes in Immunized Fish 

The most evident morphological changes in the spleen in response to vaccination 
were found in MMCs and SLAs, with a notable increase in cell size and number in both 
(Fig. 9A). At days 4 and 7, a marked increase in the size of MMCs and SLAs was 
observed in vaccinated fish. Although the response was heterogeneous, some of the 
SLAs were several times larger than in control fish on days 4 and 7 (Figs. 9B, C, D). On 
days 0 and 60 (30 days after the booster dose), the mean MMC size was 29.02±7.5 and 
63.58±12.3 μm, respectively, in fish immunized with P. dicentrarchi. The MMCs of the 
vaccinated fish were less compact and more disorganized than in the controls on days 
4, 7 and 37. The MMCs contained PAS-positive material and, at those sampling times, 
cells with similar morphology and dyeing characteristics were also found in the SLAs. 
MMCs and SLAs appear to share the same compartment, as a discontinuous layer of 
flattened cells often appears surrounding these structures. These cells appear to 
separate the MMCs and SLAs from the red pulp (Figs. 9C, D). Over time, the CMMs 
became more compact forming an oval to rounded structure (Figs. 9E, F). 
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Fig. 9. Micrographs of spleen sections stained with hematoxylin/eosin (A-E) or 
hematoxylin/periodic Schiff's acid (PAS) (F). A) Spleen of an unimmunized fish showing 
small centers of melanomacrophages (MMCs), delimited by a blue circle, and 
inconspicuous SLAs. B) Spleen of a fish sampled on day 4 after vaccination with P. 
dicentrarchi and adjuvant showing a large MMC (blue line) and a very well-developed 
SLA (delimited by a yellow line). C and D) Day 7 after vaccine administration. The MMCs 
and SLA are bounded by elongated cells that form a compartment (yellow arrows) 
separate from the red pulp. E) Day 21 after vaccination. Vaccinated fish showed large 
MMCs, but SLAs decreased in size, compared to spleens obtained on day 7. F) Fish 
immunized and then injected with P. dicentrarchi (15 days after injection) showing a 
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compact MMC with melanomacrophages containing PAS-positive material. The SLA, 
well developed in this group, contained cells with PAS-positive material, probably 
melanomacrophages (black arrow). Elongated cells were observed separating the MMC 
and SLA compartment from the red pulp (yellow arrows).   
 
The antigen is found in cells isolated in SLAs and MMCs 

The antigen used to immunize fish was found mainly in the MMCs at 4 and 7 dpi, 
and in numerous cells located in the SLAs, between lymphoid cells, although we could 
not identify the cell types that carried this antigen (Figs. 10A, B). Antigen-containing cells 
were also seen scattered in other parts of the spleen. The changes generated in MMCs 
and SLAs by vaccines containing P. dicentrarchi, NP-KLH or PE were apparently similar. 
 
Vaccination induced a drastic increase in the number of IgM+ cells in SLAs  

To assess the effects of vaccination of fish on the spleen, turbot was immunized 
intraperitoneally with a vaccine containing the ciliated parasite Philasterides dicentrarchi, 
with NP-KLH or with PE and adjuvant. Samples were obtained at 4, 7, 14 or 21 days 
after the injection or at 7, 14, 21 and 30 days after the second immunization. In addition, 
some fish belonging to the group that received two doses of the P. dicentrarchi vaccine 
were experimentally infected with ciliate and sampled on day 14. The major vaccine-
induced changes in the turbot spleen affected MMCs and SLAs. The changes in SLAs 
came very quickly. At day 4, SLAs showed a noticeable increase in the number of IgM+ 
cells, and most of them were IgM+PCNA+, indicating that they were actively proliferating 
(Fig. 10C). A similar image was observed on day 7, with SLAs containing many 
IgM+PCNA+ B cells (Fig. 10D). MMCs tend to be oval or rounded in shape, but lack B 
cells, although some IgM+ was often found surrounding the centre, especially the area 
in contact with SLAs. In SLAs, we do not find a clear distribution in light or dark areas 
and the proliferation of B cells seems to occur throughout the structure. IgM+ B cells 
were also found in other parts of the spleen, normally surrounding blood vessels like 
ellipsoids, but in small numbers and some of them were also in mitosis at day 7. The 
SLAs also contained IgM-PCNA+ cells, indicating that other cell types are proliferating 
as well, although the cell types undergoing this proliferation were not identified. IgM-
PCNA+ cells were also found scattered in other areas of the spleen but appeared in 
clusters on the walls of large blood vessels. On day 7, a few cells containing IgT 
transcripts or IgT+ cells were also found among the cells containing IgM+-positive 
transcripts or surrounding the SLA zones, but in very low numbers (Fig. 10E). The levels 
of transcripts in these IgT cells were much lower than in IgM cells, and neither by 
immunofluorescence nor in situ hybridization was it observed that the IgT and IgM 
transcripts colocalized in the same cell. Cells containing cd4-1 transcripts accumulated 
in the SLA zones at 4 and 7 dpi, usually mixed with B cells (Fig. 10F). It is unknown 
whether they migrate from surrounding areas or proliferate in SLAs, although a high level 
of cell proliferation was observed in SLAs.  
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Fig. 10. Confocal microscopy. A, B) In situ hybridization images in the spleen of turbot 
injected with PE and adjuvant and sampled on day 7 p.i. Phycoerythrin occurs in MMC 
(white arrow) and SLA (blue arrows) melanomacrophagess. IgM-expressing cells 
(yellow) appear mainly in SLAs but were also observed scattered in other parts of the 
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spleen. C, D) Immunofluorescence images with double labeling of IgM (red) and PCNA 
(blue) of fish vaccinated with NP-KLH and adjuvant. On days 4 (C) and 7 (D) p.i., the 
spleen showed highly developed SLAs, containing numerous IgM+ B lymphocytes and 
many of them were also PCNA+, indicating that they were proliferating (white arrows). 
The MMCs are delimited by a dashed yellow line. E, F) In situ hybridization in the spleen 
of fish immunized with NP-KLH. The igm, cd4-1, and igt transcripts appear in yellow, red, 
or green, respectively.  On day 7 p.i., numerous cells containing IgM transcripts were 
mainly located in SLAs. Cells with CD4-1 transcripts are abundant and mixed with Igm-
containing cells (see Figure F, insert). Some cells expressing IgT were also found in 
peripheral areas, but in small numbers (blue arrows). In all the figures, the cores were 
stained with DAPI.   
 

In addition to their location in the MMCs, cells containing cd4-2 transcripts were 
found in very low numbers in the SLAs, and are probably MM. The size of the SLAs 
decreased considerably over time, with 76.6±21.3 and 16.6±4.1 IgM+ cells per SLA 
being found at 7 and 21 days after booster injection (Fig. 12A). The number of IgM+ cells 
also decreased over time in SLAs, and IgM+PCNA+ cells were also scarcer (Fig. 11B). 
IgT+ cells were also scarce and could be found mixed with IgM+ cells in the SLAs or in 
peripheral regions (Fig. 11B). Cells containing CD4-1 transcripts were not very abundant 
and tended to appear mixed with B cells (Fig. 11B). 

Relevant morphological changes were also observed in the spleen of fish 
sampled at days 7, 14 and 21 after the booster dose. As on day 7 after the first dose, a 
clear increase in the complexity and size of MMCs and SLAs was observed, compared 
to those of fish injected with PBS (Figs. 12C, D). Interestingly, using both 
immunofluorescence and in situ hybridization, we have also found IgT+ cells in some of 
the SLAs (Fig. 11E, F). Cells containing cd4-1 transcripts were abundant and mixed with 
IgM+ cells in the SLAs or dispersed in other areas of the spleen (Fig. 11E). SLAs 
decreased considerably in size over time, decreasing the layers of cells surrounding the 
MMCs, being especially evident at 21 days after immunization.  
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Fig. 11. Confocal microscopy. Immunofluorescence (A, C, D, E) and in situ hybridization 
(B, F) imaging of spleen sections. A) Fish immunized with NP-KLH and sampled on day 
14 showed an SLA containing numerous IgM+ (red) cells, some of them PCNA+ (white 
arrows). On day 14, SLAs are typically smaller than on day 7. B) Similarly, SLAs from 
the same group of fish showed a lower number of B cells expressing IgM (yellow) and 
CD4-1 (blue arrows) than on day 7. IgT-expressing cells (white arrows) contained fewer 
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IgM-expressing B cells (yellow). IgT-expressing cells (white arrows) mixed with IgM cells 
were also observed.  C, D) On day 37 after immunization with P. dicentrarchi (7 days 
after the second dose of vaccine), an increase in the size of SLAs and the number of 
IgM+ B cells in this structure and dispersed by the spleen was again observed, with 
notable differences with the PBS group. E) In addition to IgM+, we found a notable 
increase in the number of IgT+ cells in SLAs, which are usually mixed with IgM+ cells. 
F) On day 37, cells with igm transcripts were abundant in the SLA, usually mixed with 
cells containing cd4-1 transcripts (red arrows). As in immunofluorescence, cells with igt 
transcripts (green arrows) were also found in the SLA of this group of fish. In all figures, 
the cores were stained with DAPI, and the dotted circles delimited the CMM. In all the 
figures, the cores were stained with DAPI. 
 

At 14 days, B cells containing IgM transcripts were abundant surrounding the 
ellipsoids and were scattered in other areas of the spleen (Fig. 12A, B). Some of the 
SLAs contained IgT+ B cells and some of them were PCNA+, indicating that they are 
proliferating (Fig. 12C). CD4-1 cells were scattered, often mixed with B cells containing 
igm transcripts (Fig. 12D). By day 60, most CMMs contained a compact group of MMs. 
The SLAs of immunized fish were higher than those of fish injected with PBS. The SLA 
areas were rich in IgM+ B cells, although IgT+ cells were also observed and, 
occasionally, IgT+ B cells were more abundant than IgM cells in some of the SLAs (Fig. 
12E).  IgM+ B and IgT+ cells were also observed scattered throughout the spleen, 
although the former were much more abundant than the latter. Finally, we studied the 
spleen of vaccinated fish that were infected with P. dicentrarchi. The fish that survived 
the infection showed an intense proliferation of cells distributed throughout the spleen, 
but which mainly affected SLA cells (Fig. 12F). Unsurprisingly, many of the IgM+ B cells 
were also PCNA+ (Fig. 13A). However, we have also observed IgT+PCNA+ B cells in 
SLAs, suggesting that IgT cell proliferation may also occur in these areas. Using double 
labeling with anti-IgM and IgT or by in situ hybridization, we found that most SLAs 
contained almost exclusively IgM+ B cells, but some contained a mixture of IgM+ and 
IgT+ B cells (Figs. 13B-D). 
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Fig. 12. Confocal microscopy. In situ hybridization (A, D) and immunofluorescence (B, 
C, E, F) images of spleen sections of fish sampled on day 14 after administration of the 
second dose of vaccine (A-D), on day 30 (E), or of fish recovered from infection (F).  A) 
Turbot immunized with phycoerythrin. Cells containing IgM transcripts (yellow) appear in 
the SLA surrounding the melanomacrophages centers (blue circles), on the walls of the 
ellipsoids (white arrow), and scattered by the red pulp.  B-E) Fish immunized with P. 
dicentrarchi. B) At this time of sampling, SLAs are less developed than at 4 or 7 days 
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after immunization. The figure shows some IgM+ B cells (red) surrounding the center of 
melanomacrophages (MMC, yellow circle) and some of them are PCNA+ (white arrow).  
C) The SLAs of the immunized contain some IgT+ B cells (green) and some of them are 
PCNA+, indicating that they are proliferating. The yellow circle shows the MMCs. D) Cells 
containing IgM (yellow) and cd4-1 transcripts in an SLA, which appeared mixed with cells 
containing CD4-1 transcripts in an SLA. E) On day 30, some of the SLAs contained IgM+ 
cells (red arrows) mixed with IgT+ cells (green arrows). The fish recovered from the 
experimental infection, which had been previously vaccinated, showed a high degree of 
proliferating cells distributed throughout the spleen, and especially in the SLAs. The 
CMMs are outlined in yellow and the CMM+SLAs in white. In all the figures, the cores 
were stained with DAPI. 
 

Using dual labeling with anti-IgM and IgT or using in situ hybridization, we found 
that most SLAs contained almost exclusively IgM+ B cells but a few of them contained a 
mixture of IgM and IgT B cells (Figs. 13B-D). 
 

 
Fig. 13. Confocal microscopy. Immunofluorescence (A, C, D) and in situ hybridization  
(B) imaging of spleen sections of fish surviving experimental infection with P. dicentrarchi 
(day 14). These fish were previously immunized with two doses of a vaccine containing 
the parasite and infected on day 30 after the second dose. A) Lymphoid tissue 
associated with MMCs (SLAs) showing IgM+ B cells, some of them proliferating (white 
arrows). B) Section of the spleen showing cells containing igm (yellow) and igt (green, 
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white arrow) transcripts. In this case, both groups of cells were separated, but in other 
SLAs they appeared mixed. C) SLAs that contain numerous IgM+ B cells but lack IgT+ 
cells.  The MMC is surrounded by a blue line and the MMC+SLAs are surrounded by a 
white line. D) SLA containing mixed IgM+ (red) and IgT+ B cells (green, white arrow). In 
all the figures, the cores were stained with DAPI. 
 
 
CONCLUSIONS OF THE EXPERIMENTS CARRIED OUT IN THIS PROJECT 

1.- In this Project we have identified and molecularly characterized 16 leishmanolisins 
(LSFs) that are expressed in P. dicentrarchi, all of them being glycoproteins. 
P. dicentrarchi expresses 8 proteins that contain domains common to variable surface 
proteins (PSVs) characterized in other protozoa.  Like LSFs, all identified VSPs are 
glycosylated. 
3.- Both VSPs and LSFs are located on the surface of the ciliate and can be considered 
as relevant antigens when generating vaccines against this parasite; However, we have 
observed that there is a differential expression of these glycoproteins during infection, 
which makes it necessary to test them one by one, and this generates a very high number 
of combinations that makes it difficult to carry out all the required protection experiments, 
since it is necessary to know the previous result to design the new vaccination trial and 
this is obtained.  at least every 3 months.    
4.- The system of expression of recombinant proteins based on VSPs and LSFs through 
the secretion strategy in yeasts has been shown to be very inefficient. The intracellular 
and/or yeast membrane expression of recombinant proteins is a more practical strategy 
to achieve a vaccine because yeast expressing recombinant protein can also enhance 
its immunogenicity because it has an intrinsic adjuvant effect.  
5.- To advance more quickly in the search for protective antigens, chimeric recombinant 
proteins have been generated consisting of peptides of VSPs and LSFs that have been 
used in the vaccination of fish. From a theoretical point of view, the use of chimeric 
proteins would have the advantage of testing, in a single vaccination, several VSPs and 
LSFs and this would allow us to have more complete information on which VSPs/LSFs 
are potentially involved in protection. Unfortunately, the protection results indicate that 
no significant protection is observed in fish vaccinated with these chimerical constructs 
versus controls. These results also highlight the complexity of designing proteins made 
up of peptides that may not contain the relevant epitopes in protection, even using 
bioinformatics tools for predicting antigenic peptides. In addition, in addition to the 
difficulties described, there is a lack of knowledge of the amount of protein needed for 
immunization, which should therefore also be optimized. 
6.- In the protection experiments using the different vaccine formulations, in which the 
levels of cumulative mortality achieved after the experimental infection were determined, 
the results of the assays to determine the level of specific total antibodies generated by 
the infected fish and the results of the levels of antibodies involved in antibody-mediated 
complement cytotoxicity (AMC) were also included. In this regard, although there is 
usually a good correlation between the level of total antibodies and the protection 
obtained; however, the CMA trial generates results that predict with great accuracy those 
groups whose vaccination will generate the highest degree of protection in the fish. 
7.- Vaccines formulated with peptides from all VSPs and conjugates to the limpet 
hemocyanin transporter protein (KLH) did not generate significant levels of antibodies 
against the total proteins of P. dicentrarchi,  nor did they generate antibodies that 
increased the CMA against trophozoites, so we think that the strategy for the production 
of vaccines formed by synthetic peptides does not seem adequate to generate an 
effective vaccine against scuticociliatosis. 
8.- Although yeasts could produce translational modifications at the level of glycosylation 
of proteins, this glycosylation may not coincide with the glycosylation presented by ciliate 
glycoproteins. In this regard, we have also generated recombinant proteins for 
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expression in expression systems in mammalian cells (specifically in human HEK293 
cells). In this case, recombinant proteins that express VSP1 in the cell membrane of cells 
and a chimeric protein composed of two VSPs (1 and 8) that is produced intracellularly 
were tested. In both cases, although these recombinant proteins generated a high total 
antibody response against the parasite; however, the CMA response generated was not 
significantly different from the control, which indicates that these vaccines probably do 
not generate protection against P. dicentrarchi infection. 
9.- The formulation of the vaccines with adjuvants allowed for veterinary use by 
parenteral route, as is the case of the Montanide ISA 763A VG oily adjuvant and the 
adjuvant in the form of sodium polyacrylate gel (Montanide gel 02 PR) generated a good 
total antibody and CMA response; however, the 02 PR gel adjuvant seems more suitable 
due to its ease of administration and apparent better assimilation by the fish, producing 
fewer side effects than the oily adjuvant. 
10.- Since the VSPs and LSFs proteins are located on the cell surface and are most 
likely part of the glycoproteins coupled to the lipids of the cell membrane and, specifically, 
to the glycosyl-phosphatidylinositol (GPI) -gli-GPI-, we have developed a protocol for the 
extraction of these membrane glycoproteins by treatment with the enzyme 
phospholipase C. The presence of these glycoproteins in this antigen fraction is also 
confirmed by their recognition with lectins (e.g. WGA, ConA and PNA). After vaccination 
of turbot with vaccines containing GPI-coupled glycoproteins and Montanide gel adjuvant 
02 PR, we have found that vaccinated fish generate very high levels of both total 
antibodies and antibodies involved in CMA, even in values higher than those induced by 
inactivated ciliates. On the other hand, the antibodies induced by gli-GPI in turbot are 
mostly of the conformational type that exclusively recognize epitopes on native 
glycoproteins of a size between 55-120 kDa. This last aspect could explain the difficulty 
in obtaining protective vaccines using recombinant proteins due to the more than 
probable inability to generate native proteins in the expression systems in yeasts and/or 
mammalian cells that have a conformation identical to ciliate proteins. 
11.- Finally, from our point of view, it would be necessary to carry out an in-depth 
glycoproteomic study on these glycoproteins to determine their true nature and to verify 
the role, not only of the protein portion, but also that of their associated sugars on the 
protective response that would be vital to develop an effective vaccine against 
scuticociliatosis in the future. In this regard, we believe that we are close to achieving 
the goal of achieving such a vaccine to prevent and control scuticociliatosis. 
12. At the immune level, the results of this work allow us to conclude that turbot presents 
lymphoid tissue microstructures associated with melanomacrophages (MMC) centres 
like those described in trout capable of processing the antigens from vaccinations.  
13.- Turbot has associated lymphoid aggregates (SLAs) organized in the spleen. These 
SLAs contain B cells (IgM and IgT), CD4-1 and CD4-2 cells, cells with antigens, and cells 
with high proliferating activity, especially B cells, constituting a niche where activities 
such as those found in germinal centres can occur. Like germinal centres, turbot SLAs 
are transient structures, which can develop very quickly after immunization and, after 
reaching a certain size, gradually decrease.  
On the other hand, we have observed a discontinuous layer of flattened cells surrounding 
the SLAs and MMCs, suggesting that these structures form a separate compartment 
from the red pulp.  
15.- MMCs also increased in size after immunization and contain MM, which expresses 
cd4-2, with these antigens. However, it is necessary to establish the relevance of MMCs 
in the immune events that occurred in SLAs, as the former are surrounded by capsules 
in turbot and other fish species.  
16.- Finally, IgT+ cells were also found in the turbot spleen and their presence in SLAs 
increased over time, suggesting that the spleen could also be a site of IgT production 
after immunization. 

 


