The zebrafish purpurin gene and its expression in
the retina during optic nerve regeneration
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Abbreviations ;| CNS, central nervous system; DIG, digoxigenin; GCL, ganglion cell layer; IgG, immunogloblin G;
INL, inner nuclear layer; ONL, outer nuclear layer; OS, outer segment; PFA, paraformaldehyde; RBP-4, retinol binding

protein-4; RGCs, retinal ganglion cells
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Fig.1. Homology of deduced nucleotide and amino acid
sequence between goldfish purpurin and zebrafish BC059516
clone. Upper trace, GF: goldfish purpurin in sequence. Lower
trace, ZF: zebrafish RBP4 like mRNA in sequence (GenBank
accession number BC059516). An underline in the N-terminus
of the zebrafish sequence shows signal peptide for secretion. A
dotted line in the goldfish amino acid sequence shows site of
synthetic peptide for making anti-peptide antibodies”. A short
vertical bar between goldfish purpurin and zebrafish RBP4 like
mRNA indicates the identical nucleotide.
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Fig. 2. Northern blot analysis and I situ hybridization of purpurin mRNA in the zebrafish retina at various time intervals after optic nerve
transection. A) Total RNA (2 g) from zebrafish retina were electrophoresed, transferred to nitrocellulose membrane and hybridized with
%2Plabeled purpurin cDNA. Vertical bar in each histogram shows the mean+S.E.M (n=4). * p < 0.05 as compared with control. B) Retinal
sections from various days after optic nerve transection were hybridized with anti-sense probe (a-e) and sense probe (f). (a) control; (b) 1
day; (c) 3 days; (d) 5 days; (e) 10 days; and (f) 3 days after axotomy. Arrowheads in b, ¢, and d indicate positive signal. OS, outer
segment; ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer in this and subsequent figures. Scale bar = 502 m
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Fig.3. Change and immunohistochemical staining of purpurin protein in the zebrafish retina after optic nerve transection. A) 60ug of
retinal proteins from zebrafish retina at various days after axotomy were loaded on SDS gel, transferred to nitrocellulose membrane and
reacted with anti-purpurin peptide antibody. Vertical bar in each histogram shows the mean+S.E.M (n = 5). * p<0.01 as compared with
control. B) Retinal sections from zebrafish retina at various days after optic nerve transection were incubated with the anti-purpurin
peptide antibody: (a) control; (b) 3 days; (c) 5 days; (d) 10 days. Arrowheads in b and c indicate positive signal. Scale bar = 50 m
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Fig.4. Nucleotide sequence of zebrafish purpurin gene. Total 4.2 kbp genomic DNA for zebrafish purpurin was sequenced. Position at +1
In this figure, 1.9 kbp 5'flanking DNA and 2.3 kbp transcriptional region were shown. There were
many consensus sequences of binding site of transcriptional factors for retina-specific opsin gene (NRE, OTX-1, CRX, E-opsin-1-like,
Ret1/PCE-1-like) in the presumed promoter region of 5’ flanking region. Note a partial omission of nucleotide sequence at position -1493
to-794 and -593 to -344. A presumed TATA box was positioned at -54 from the cap site. The translation start codon, ATG was positioned at

indicates the transcription start site.
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ACCAGTTCCCAGGCCTATCTGGCTAACATATGCTGAATTAGCAGTATCAG
NRE
GATTGGTAGGGCACAGGTAATGTCACACTACAGCACTGAGATCAGTTGGC
TCAGACGCAACAGTCACCTCAATGAACTTTGCTCTGGTGGGGTAATCCAG
TATCATATGCATCCATACTGCCATTAGTATATTTGATAAGTTCCATTACA
TTGTGCATATTTAGGTCCGGTTTAAACCTATATTGGGAATGCTGCCCCCT '
TTTGAATGCTAATATGTTATCACAATGTTCACCTTTATTACCTCTCTTGC
ACAATATTCAGCACAATCTCATGTAAAAGTACTTGTATAGCCTGGCTTAT
GTGTATAGTTAAGCATCTTATAGTTAATGTTCGTTAAGCATAGGTTTTTA

GTA--650bp- -AGA
/

AATAATAGTTTCTATGTCCAGTGTTGTGTTTGTATTTCTGATTAATTTAT...
———
OTX-1
ACATGTAATCATAGATATATTATGGTATATTCTAGATTTTGTTTGGTAAA
CRX
GTCTTTTTTTTTAGTACACAAATATGCTATTATTAAAAAGGCCCTCTTTA
ACCTTATGAAACTGATCACACCACATAAATCTTCAACAATGTGCCAAGTA

TCT--250bp--CAG

CCTTCTTACATAACAGACTCTTATAAAAAAAAAGCAGCTTTGTAATCACA. .
CRX

CAACCTAATAACATTTCATAATGCAGTGCATAACACAATAACACAAATAA

E-opsin-1-like
TGCTAGCAGACTGATTCTTTTAGCTTTGCTTCCAGATGTGATTGGATTGC
TTAAACAAAGTCTCACCGTATTCAACTGAGTTGCATAAAGCTTTAATTGT
TTTTTTGGCAAGCATGGGAGGGTTCAACCGAGAAGCCAGATTACAGTGAG

Ret1/PCE-1-like
GATTTCTACAAACGGATTAACCGTAGATTTAAGAACCCTATTTAGTCACA
AGAAGTGAAAATAATCAATAACCCTGTCTGTGGAGTTGE GGGC
CRX TATA box

TCTTGGTCAGTTTAGACAACNCAGCCTTGTGGAGAACCACARLA

GAAGGATCCTACACTACTAAAACCATTCTTTCATTCATTCAGGACATCAT
INTRON I GTA--124bp--CAG

CAAAACAAGCAG..AATGGGATTTTACAAGTTTGCCCTGCTGGTGGTTTTCC
start
TGTCATACATTGAGCGCTGTTTTTCTGCATCCTGCGCAGTAGAGAGTTTT

INTRON II GTA--102bp--TAG

ACAGTCAAGGACGACTTTGACCCCAAGAGG...TATGCAGGCAAATGGTACGC
TCAGCAGAAGAAAGACCCAGAGGGACTCTTCCTCCAGGACAACATCTCTG
CCGAATACACAATCGATGATGATGGAACCATGACTGCCTCGTCCAAGGGC

INTRON III GTA--1057bp--TAG

CGAGTAACTCTTTTCGG...ATTCTGGGTTGTGTGTGCTGACATGGCTGCCCA
GTACAGTGTGCCTGACCCTACCACTCCTGCCAAGATGTTCATGAACTACC

INTRON IV GTC--94bp--AAG

AAGGCCTGGCAAGCTACCTGTCTAGCGGAG..GTGACAACTACTGGGTCATC
GACACCGACTATGACAACTATGCCATTACCTATGCTTGCCGCACTCTGAA
GGATGATGGCTCATGTGATGACGGATATTCCCTGGTCTTTTCACGTAACC
CCCGTGGCCTGCCTCCAGCAATCCAGCGTCTTGTGCGCCAGARACAAGAT

INTRON V GTA--118bp--CAG

GAGATCTGCATGGCTGGTCAGTTCCAGCCTGTGCTGCAGTCTS...GTGCTTG
CIAAACTGTTTGAGGARACAAAAAGGGATTCCTTTTGCGTGCTGGCATAR
stop
GAAGCGGATTCTGGGGCCATTCCATTTCAGCGCTGTAGAGGTGCATGTGT
GCATCAGGGAGCCTAAGATCTTTGAAGT TATCTCAAGGGAATGTTGTATT
CTGTAAAGTGTCTATGACAATAAATATTTTTTAAACAAAR

poly A signal

+188, and the stop codon, TAA was positioned at +2147. Note a partial omission of nucleotide sequence of each intron.
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Fig.5. A structure of zebrafish purpurin gene. Structure of 1.9 kbp 5'flanking DNA and 2.3 kbp transcription region was shown in a
reduced length. The transcription start site was positioned at +1. Thin vertical bars in the 5’ promoter region show retina specific
consensus sequences and TATA box. Closed squares in the transcription region show exons. The purpurin gene had 6 exons and 5
introns. Exon 1 was untranslational. The translation start codon was within exon 2 and the stop codon was within exon 6. Note a long
nucleotide sequence (1 kbp) of intron 3. A polyadenylation signal AATAAA was positioned at +2314 in exon 6.
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Abstract

Recently, we cloned goldfish purpurin cDNA, whose expression is upregulated during the early stage of optic nerve
regeneration, as a trigger molecule for fish optic nerve regeneration. Here, we identified an 854 bp complete zebrafish
purpurin ¢cDNA containing 591 bp open reading frame (196 amino acids residues) from high sequence homology (>90%) to
goldfish purpurin cDNA. The increase of purpurin transcripts was confirmed in the zebrafish retina after optic nerve injury.
The level of purpurin mRNA rapidly increased 1-3 days and then rapidly declined by 10 days after nerve injury. The cellular
localization of the increased mRNA levels was limited to the photoreceptors. The level of purpurin protein rapidly increased
3-5 days and then rapidly declined by 10 days after optic nerve transection. These results strongly suggest that the purpurin is
also a candidate molecule for triggering the optic nerve regeneration in zebrafish. Furthermore, we cloned for the first time a
4.2 kbp genomic DNA for zebrafish purpurin with the goldfish cDNA probe. The 4.2 kbp genomic DNA was constructed 1.9
kbp 5°flanking upstream region and 2.3 kbp transcriptional region. The purpurin gene had 6 exons and 5 introns. Exon 1 was
untranslational and the others, exons 2 to 6 contained protein coding region. In the presumed transcription regulatory site of
1.9 kbp 5’flanking region, there were many consensus sequences of retina-specific opsin gene such as OTX-1, NRE, CRX, E-
opsin-1 and Retl/PCE-1. To further elucidate the molecular mechanism for the initiation of fish optic nerve regeneration,
such a genomic information of the interesting gene in zebrafish might be essential.



