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Extended ABSTRACT ONLY - DO NOT CITE
The euryhaline killifish Fundulus heteroclitus lives in brackish water estuaries and salt marshes along the east coast of North America, and thus experiences daily and seasonal variations in environmental salinity. As a result, killifish must frequently modulate the flux of Na+ and Cl- to maintain ion balance. Recent work in our laboratories have examined the control of ion flux after transfer to dilute freshwater in this species. After transfer from near-isosmotic brackish water (10 ppt) unidirectional Na+ influx rate increases progressively, reaching levels 5-fold higher than immediately after transfer (Fig. 1) (Scott et al., 2004b). This is preceded by elevated Na+,K+-ATPase (1a mRNA expression, suggesting that the resultant increase in enzyme abundance contributes to the observed changes in flux (Scott et al., 2004a). The direct role of Na+,K+-ATPase in mediating these changes in ion flux is further supported by data collected from different killifish populations. Intraspecific variation exists between northern and southern populations of killifish after freshwater transfer, such that northern killifish increase Na+,K+-ATPase expression and activity to a greater extent shortly after transfer. These differences in Na+,K+-ATPase regulation were shortly followed by reduced Na+ influx in southern killifish (Scott et al., 2004b).
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Due to the important role Na+,K+-ATPase gene regulation appears to play in modulating Na+ flux in freshwater, we examined how cortisol mediates the expression of this enzyme in killifish gills. In fish that were not subjected to salinity transfer and held in brackish water, increasing cortisol levels coincided with increased Na+,K+-ATPase (1a mRNA expression. In both sham and cortisol-injected (75 (g/g fish weight, intraperitoneal injection) fish, expression of this gene increased 7-14-fold above untreated controls 24h and 96h after injection. Furthermore, increased expression persisted to 96h in sham-injected fish, even though plasma cortisol had returned to levels typical of untreated fish. 

In fish that were transferred from brackish water to freshwater, cortisol antagonism inhibited the normal increase in Na+,K+-ATPase (1a mRNA expression (Fig. 2). Sham-injected fish transferred to freshwater increased expression of this gene nearly 3-fold above sham-injected brackish water controls. While RU486 (glucocorticoid [GR] receptor antagonist) injection had no significant effect on expression, spironolactone (mineralocorticoid receptor [MCR] antagonist) inhibited Na+,K+-ATPase (1a mRNA expression by approximately 30% compared to freshwater-transferred sham-injected controls. These data suggest that cortisol may increase Na+,K+-ATPase expression at least partially via MCR-mediated gene transcription.

We localized MCR in killifish gills by immunocytochemistry using a polyclonal antibody raised against human MCR. The receptor localized primarily to Na+,K+-ATPase-immunoreactive cells in both apical and sub-apical regions of the gills. Furthermore, staining of the gills with this antibody was distinct from staining patterns observed for GR. It is therefore unlikely that the MCR antibody was cross-reacting with killifish GR. Distinct localization of this receptor to Na+,K+-ATPase-immunoreactive cells supports current suggestions that MCR mediates the stimulatory effect of cortisol on ion absorption across fish gills in freshwater (Sloman et al., 2001).

In summary, our work suggests an important role for Na+,K+-ATPase gene expression in mediating Na+ uptake across fish gills. Cortisol appears to regulate whole-gill Na+,K+-ATPase (1a mRNA abundance, and likely does so in part via MCR. Future work will assess whether the effect of cortisol in fish gills is due to increased transcription of Na+,K+-ATPase (1a mRNA or proliferation of Na+,K+-ATPase (1a expressing cells.
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Fig. 1. Na+,K+-ATPase (1a mRNA expression and unidirectional Na+ influx after transfer of killifish from near-isosmotic brackish water (BW) to freshwater (FW). Expression was measured by real-time PCR and data are relative to elongation factor 1(. Flux was determined by monitoring the disappearance of 22Na from the water. * Significant difference from time-matched BW control (expression) or from initial influx (p<0.05).





Fig. 2. Na+,K+-ATPase (1a mRNA expression in the gills of killifish 96h after transfer to either BW or freshwater (FW), injected 5 days previous with either vehicle, RU486 (0.1 and 1.0 (g/g), or spironolactone (0.1 and 1.0 (g/g). Expression was measured by real-time PCR and data are relative to elongation factor 1(. * Significant difference from freshwater-transferred sham (p<0.05).
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