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In-vitro experiments revealed that pineal seabream arylalkylamine-N-acetyltransferase (sbAANAT2) activity decreased in response to light exposure. On the other hand retinal sbAANAT2 activity increased in response to light exposure of cultured retinas. Increased activity of seabream retinal arylalkylamine-N-acetyltransferase (sbAANAT1) activity in response to light exposure occurred also in vivo. These results led us to hypothesize that sbAANAAT1 is not being controlled by the well-known proteasomal-proteolysis mechanism and might play an important role in the rapid adjustment of the retina to the appearance of light. Differences between photic-regulation of sbAANAT-2 in-vivo vs. in-vitro are suggesting an interaction between the retina and the pineal gland in fish.

In fish, individual photoreceptor cells in the pineal organ and retina contain complete melatonin rhythm generating systems. In the seabream this includes a photodetector, circadian clock, and melatonin synthesis machinery (Ron and Okimoto, 1999); some other fish, such as the trout, lack a functional clock. The melatonin rhythm is due in part to a nocturnal increase in the activity of the arylalkylamine-N-acetyltransferase (AANAT) that inhibited by light (Klein et al., 1997).

In preceding work done in our laboratory we have showed that light exposure at midnight decreases the abundance of sbAANAT2 protein and activity. This phenomenon is blocked by inhibitors of the proteasomal-degradation pathway (Falcon et. al, 2001). If pineal glands are maintained under light at night, treatment with these inhibitors increases AANAT2 activity and protein. Organ culture studies with the seabream also indicate that the light-induced decrease of AANAT2 activity is prevented when proteasomal proteolysis is blocked. A cAMP-dependent pathway protects AANAT2 protein from degradation. These results provided us a clue to understanding how light regulates the daily rhythm in melatonin secretion in fish photoreceptor cells and provides evidence that proteasomal proteolysis is a conserved element in the regulation of AANAT in vertebrates.

In most vertebrates, only a single AANAT gene exists. However, lately, in a work done in our laboratory, two AANATs have been identified in the gilthead seabream (Sparus aurata): sbAANAT1, more closely related to AANATs found in higher vertebrates, is specifically expressed in the retina; sbAANAT2 is specifically expressed in the pineal organ (Figure 1).

In this work we examined the differential activity of the two sbAANATs in the pineal and retina of gilthead seabream (Sparus aurata) and their regulation by the circadian and annual clock. Consequently, we characterized and compare the two sbAANATs enzymatic activity and melatonin production for over one year while rearing the fish under ambient photoperiod.  In addition, we conducted short terms in vivo and in vitro experiments where either fish or pineal gland and retina were exposed to bright light during the night. 

In an in vivo, annual experience, every two months we sampled 6 fish every 3 hours during 24 hours (Figure 2). The fish was raised under normal ambient photoperiod. We took samples of retina, pineal gland and blood. We measured five parameters: plasma melatonin, retinal and pineal melatonin level by direct extraction of the organ, and both AANAts activities. The results indicate of a rhythmic daily melatonin level, high at nigh time and low at daytime, with a significant change according to the different day length during the year. The AANATs activity results were not significant, and showed some picks around dusk or dawn.  Therefore, we have performed an in vivo and in vitro experiments in which we supplied 75 minutes of artificial light pulse during mid night and measurements were taken as described above. 

The results indicate on an increase in retinal sbAANAT1 activity in response to light exposure (in both in vivo and in vitro experiments), while pineal sbAANAT2 activity decreased in the in vitro experiment, as accepted. Interestingly enough sbAANAT2 activity increased in the in vivo experiment. The quick decrease in sbAANAT2 as a response to light exposure was explained earlier by the process of proteosomal proteolysis. These results led us to hypothesize that sbAANAAT1 has an important role in the rapid adjustment of the retina to the appearance of light. One the other hand, our in vivo results point at a more intricate system, which might have an effect on the sbAANAT2.
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Figure 1. Sequence analysis of seabream AANAT1 and AANAT2. 

(A) Comparison of deduced amino acid sequences of sbAANAT1 (GenBank Accession No. AY33402) and sbAANAT2 (GenBank Accession No. AY33403). Residues linked by vertical lines are identical; vertical dots indicate similarity. Putative PKA target sites are underlined. Conserved histidines which form a catalytic site are labeled with dots. The N-terminal lysine which is assumed to serve as an ubiquitination site is boxed. Conserved residues which are hypothesized to form the hydrophobic substrate binding pocket are labeled with asterisks. Residues within the substrate binding pocket that are different in sbAANAT2 are labeled ‘$.' 

(B) Dendrogram showing the phylogenetic relationships of seabream AANATs to other AANATs. Peptide sequences were used to generate the dendrogram; all residues up to andincluding the N-terminal PKA site, and residues including and following the C-terminal PKA site (see A) were removed prior to alignment. Sequences were aligned using Clustal W and the dendrogram was generated using Phylip software. The tree was rooted with yeast (Saccharomyces cerevisiae) as the outgroup. GenBank accession numbers for the peptides used to generate the dendrogram: human (Homo sapiens; NP_001079); rat (Rattus norvigicus; NP_036950); chicken (Gallus gallus; AAB40942); Xenopus-1a1 (Xenopus laevis; AY316296); Xenopus-1a2 (X. laevis; AY316297); zebrafish-1 (Danio rerio; AAQ54582); zebrafish-2 (D. rerio; NP_571486); puffer fish-2 (Sphoeroides nephelus; AAL73048); pike-1 (Esox lucius; AAD21316); pike-2 (E. lucius; AAD21317); trout-1 (Oncorhynchus mykiss; BAA34809); trout-2 (O. mykiss; AAD25333); seabream-1 (Sparus aurata; AY33402); seabream-2 (S. aurata; AY33403); and yeast (S. cerevisiae; NP_010356). The number following each fish label identifies the form of AANAT to which that sequence belongs.
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Figure 2. Plasma melatonin at 3-hour intervals in seabream (n=4 to 6) sampled at 2-month intervals for over one year. Mean values are shown for clarity without standard errors. The shaded area shows the light phase.
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