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Changes in gene expression are likely to play a critical role in acclimation to a changing environment. Indeed, there is a rapidly growing body of literature implicating quantitative changes in gene expression as an important factor during acclimation to environmental change.  However, less is known about the role of qualitative changes in gene expression, such as switching between alternative forms of a protein (or isoforms) under different environmental conditions. 

Isoforms are proteins that have the same functions but different primary sequences (and presumably somewhat different characteristics). Isoforms can arise via gene duplication, alternative splicing, or alternative promoter usage.  Organisms that have undergone recent genome duplication events may make extensive use of environment-specific isoforms encoded by multiple genes.  For example, Baldwin and Hochachka (1970) demonstrated, in one of the earliest studies on the potential role of isoform switching as a response to environmental change, that rainbow trout express variant isoforms of the enzyme acetylcholinesterase when acclimated at high and low temperatures.  

In mammals and other diploid vertebrates, the Na+/K+ ATPase, or sodium pump, exists as multiple isoforms with tissue-specific distributions.  In fish, the Na+/K+ ATPase is known to play an important role in osmoregulation, being expressed at high levels in the gill.  In fact, in euryhaline fish, Na+/K+ ATPase activity typically increases in response to salinity transfer.  Together, these observations suggest the possibility that isoform-switching might play a role in acclimation to changes in environmental salinity in fish.

To address this question, we cloned several isoforms of the Na+/K+ ATPase alpha subunit from a representative diploid euryhaline fish, Fundulus heteroclitus, and from an ancestrally tetraploid anadromous fish, Oncorhynchus mykiss.  Using a degenerate PCR strategy and cDNA derived from a variety of tissues, we identified four Na+/K+ ATPase isoforms in F. heteroclitus (Semple et al., 2002; Scott et al., 2004, and unpublished data), and five isoforms in O. mykiss (Richards et al., 2003). Complete sequences of all of the O. mykiss isoforms, and two of the F. heteroclitus isoforms were obtained using RACE-PCR. Although this is not an exhaustive survey, since several additional isoforms are known from zebrafish, these isoforms are a representative sampling of the Na+/K+ ATPase isoforms that are expressed in the tissues of adult animals. Isoform-specific PCR and northern blotting were used to determine the tissue-specific distributions of each isoform.  In F. heteroclitus, only two isoforms were expressed at appreciable levels in the gill, while in O. mykiss four isoforms were expressed in the gill.

Quantitative real-time PCR was used to assess changes in the expression of these isoforms in the gills of F. heteroclitus and O. mykiss following alterations in environmental salinity.

In F. heteroclitus, only one isoform changed in expression in response to alterations in environmental salinity.  When fish were transferred from brackish water (10 ppt) to seawater (35 ppt), this isoform underwent a transient increase in expression, peaking at 3-fold greater than controls at 24 hours following transfer.  When fish were transferred from brackish water to freshwater, this isoform underwent a sustained increase in expression, peaking at 6-fold greater than controls at 6 days following transfer (Scott et al., 2004).

In O. mykiss, the expression of two isoforms changed in response to alteration in environmental salinity.  Transfer from freshwater to 80% seawater resulted in an approximately 2-fold increase in the expression of the Na+/K+ ATPase 1b isoform, while transfer to 40% seawater caused a slight decrease in expression.  In contrast, transfer to either 40% or 80% seawater resulted in an almost 10-fold decrease in the expression of the Na+/K+ ATPase 1a isoform (Richards et al., 2003). 

Thus, unlike the situation in F. heteroclitus, in O. mykiss there is a switch between the “seawater” Na+/K+ ATPase 1b and the “freshwater” Na+/K+ ATPase 1a isoform following seawater transfer.

We have subsequently confirmed that this switch from a seawater to a freshwater isoform occurs in many species of salmonid fish, including Arctic charr and Sockeye salmon (unpublished observations), suggesting that this mechanism of isoform-switching is pervasive among the salmonid fishes.

Differences in the primary sequence of these isoforms are localized in areas that determine the cation binding affinity of the protein, suggesting that these isoforms of Na+/K+ ATPase may have specializations for their functions in freshwater and saltwater, respectively.
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