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The areas of Photobiology with which | have been con-
cerned include studies of photoreception, particularly the
mechanisms of photoreceptor proteins in vision, and in the
photosynthesis of halophilic bacteria, but also phototaxis of
photosynthetic bacteria, and topics such as photoreactivation.

My recent research in vision, began with isolation of a
cDNA fragment of bovine rhodopsin, followed by the cloning
of cDNA or genomic DNAs of visual pigments of lamprey, kil-
lifish (medaka), goidfish, frog, lizard and chicken. From these
results it was possible to estimate amino acid sequences and
to discuss the functions of certain amino acid residues.

Four kinds of monoclonal antibodies were prepared
against bovine rhodopsin and were used to analyze the local-
ization of rhodopsin in the retina, other tissues and cultured
cells.

As the exon-intron organization of vertebrates was ex-
pected to be conserved, partial cDNA fragments were ampli-
fied by PCR with oligonucleotide fragments, encoding the
highly conserved amino acid sequences located at the ends
of exon 4 of rhodopsin, as primers and genomic DNAs as
templates. The amino acid sequences estimated from the
nucleotide sequences of the obtained DNA fragments were
classified into five groups: protope, deuterope, tritope, quartope
and quintope. Human red and green sensitive visual pigments
belong to protope, and human rhodopsin and blue sensitive
pigments to deuterope and tritope groups, respectively. A
phylogenetic tree constructed with the identities of amino acid
sequences suggests that an ancestor protein of visual pig-
ments first diverged into protope and another group, which
subsequently separated into two sub-groups. Each sub-groups
then separated again. The phylogenetic tree constructed with
almost complete amino acid sequences of vertebrate visual
pigments reported so far suggests the branching occurred
sequentially, that is, in the order protope, tritope and quintope,
followed by finally by separation of the quartope and deuterope
groups. The inconsistency between two phylogenetic trees
may suggest that the branching happened differently at the
exons. Lamprey rhodopsin separated after branching of the
quintope and quartope groups, suggesting that the branching
of visual pigments occurred at an early stage of vertebrate

evolution and that primitive vertebrates may have had genes
encoding five visual pigments with different absorption maxima.
Mammals have lost two kinds of genes and primates have
obtained their three color-system very recently by separation
of the protope group gene into red- and green- sensitive vi-
sual pigments. Birds such as the chicken have not lost any
genes during the process of evolution and so still possess
five kinds of visual pigments.

Visual cells of vertebrates are usually classified into rods
and cones, which show quite different responses to light: rods
function in twilight vision and cones in daylight and color vi-
sion. It is therefore expected that these cells possess differ-
ent molecules in their photo-transduction systems. S-modulin
controls rhodopsin phosphorylation in a calcium dependent
manner. An S-modulin homolog, $26, has a high amino acid
sequence homology with chicken visinin and is expressed in
cone cells. The molecular phylogenetic tree of S-modulin and
its homologs suggests that they can be classified into two
groups: one for rods and the other for cones. Arrestin is a
protein which arrests the transduction of light-activated rhodop-
sin. We amplified partial DNA fragments with retinal cDNAs of
various vertebrates by PCR and deduced partial amino acid
sequences. The phylogenetic trees constructed from these
deduced amino acid sequences suggest that arrestin ho-
mologs are also classified into two groups: again one ex-
pressed in rods and the other in cones. We have also cloned
cDNAs encoding other proteins functioning in the process of
visual transduction such as phosphodiesterase, guanylate
cyclase and rhodopsin kinase and again obtained results sug-
gesting that all these proteins are classified into two distinct
groups. We conclude that rods and cones contain homolo-
gous molecules with different amino acid sequences and that
the differences may help to explain the differences in the light
responses of rods and cones.

In addition to rod cells, medaka has four types of cone
cell arranged in a mosaic pattern. By in-situ-hybridization with
cRNAs of medaka visual pigments, we demonstrated that the
principal and accessory cones possess red- and green-sen-
sitive visual pigments, respectively and that long and short
single cones possess blue- and uv-sensitive visual pigments.



