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The natriuretic peptide system of fishes is implicated in the maintenance of osmotic and cardiovascular homeostasis through effects on tissues including the blood vessels, heart, gut, brain, kidneys and gills.  While there are a number of extracardiac sites of natriuretic peptide expression, the major circulating forms are secreted from the heart.  For some years, the known suite of natriuretic peptides in fishes had been limited to atrial natriuretic peptide (ANP), ventricular natriuretic peptide (VNP) and C-type natriuretic peptide (CNP).  These peptides exert their effects via four natriuretic peptide receptors (NPR): the guanylyl cyclase (GC) receptors, NPR-A (for which 2 subtypes have been identified in medaka, Oryzias latipes) and NPR-B, and the non GC receptors, NPR-C and NPR-D (Toop and Donald, 2004).  Recently, however, other members of the natriuretic peptide family have been identified in fishes, including four separate CNP genes (CNP-1, CNP-2, CNP-3 and CNP-4), which differentially activate the two NPR-A subtypes in medaka, and NPR-B (Inoue et al., 2003).  Also, BNP has now been found in the sturgeon, Acipenser transmontanus (Kawakoshi et al., 2004) and is presumably present in other fish species.  However, not all fish appear to possess the full complement of natriuretic peptides.  Consequently, the history of natriuretic peptides in bony fishes is more complex than originally thought.

We have studied the mRNA expression of NPR-A and NPR-B in the gills of freshwater (FW) and seawater-acclimated (SW) rainbow trout, Oncorhynchus mykiss, using standard semi-quantitative RT-PCR, with NPR expression normalised against the expression of β-actin. (Fig. 1).  NPR-B expression was greater in SW then in FW gills (Student’s t-test, p<0.05).  NPR-A expression between treatments did not differ statistically, although the trend is also for greater expression in SW.  These data contrast with those from the Japanese eel, Anguilla japonica, in which NPR-B mRNA expression was greater in FW gills (Katafuchi et al., 1994).

[image: image1.emf]Fig. 1 Trout gill NPR-A and NPR-B mRNA expression
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We also examined the abilities of eel and trout ANP, amidated eel ANP, trout VNP and trout CNP (now known to be a CNP-1) to stimulate GC activity in the gills of the same fish using an in vitro GC assay, followed by measurement of cGMP (Fig. 2, Callahan et al., 2002).  

[image: image2.emf]Fig. 2.  SW trout gill guanylyl cyclase activation by eel and trout 
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All natriuretic peptides stimulated GC activity above basal at concentrations of 10-7 M and 10-6 M.  In SW gills, trout CNP elevated GC activity to a greater extent than trout ANP or VNP, but was not different from the eel peptides.  In FW gills (data not shown), trout CNP elevated GC activity to a greater extent than trout ANP.  Salinity had no effect on natriuretic peptide stimulated GC activities.  In medaka, CNP-1 stimulated GC activity in the NPR-A homologue, OlGC7, at 10-7 M and 10-6 M but not the second NPR-A homologue, OlGC2, which was activated only by CNP-3 (Inoue et al., 2003).  It is possible that trout CNP is activating both NPR-A (an OlGC7 type) and NPR-B at the two higher concentrations, accounting for the increased cGMP production by CNP over trout ANP and VNP.  We have not obtained sufficient trout NPR-A cDNA sequence to determine which NPR-A we have partially cloned.  The enhanced GC receptor mRNA expression in SW gills over FW gills (Fig. 1) does not appear to correlate with results from the GC assays (Fig. 2 and Callahan et al., 2002).  Probably, this is because the mRNA is not reflecting the protein receptor pool, or, the GC assays are not sensitive enough to reveal subtle changes in NPR complements in different salinities.

The promiscuity of trout NPRs has previously been noted (Toop and Donald, 2004).  This is in contrast to the strict selectivity of Japanese eel NPRs for eel natriuretic peptides (Takei et al., 1989; Kashiwagi et al., 1999, cited in Callahan et al., 2002).  We have found that this promiscuity of natriuretic peptides for homologous and heterologous peptides is common among fish species.  We have also observed, along with others, that CNP is the strongest stimulator of GC activity in the gills (Toop and Donald, 2004).  Now that we know bony fishes can possess up to four CNPs, plus ANP, VNP and BNP, it is perhaps easier to understand why gill NPR-GC can be stimulated almost equally by a range of natriuretic peptides.  That CNP is the most potent stimulator of GC at higher concentrations is probably due to its ability to activate several receptor types.  Given the complex nature of the natriuretic peptides in bony fish, it will be interesting to see if there are other NPR in the gills of fishes.
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