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EXTENDED ABSTRACT ONLY – DO NOT CITE

The euryhaline killifish Fundulus heteroclitus lives in estuaries and experiences rapid salinity fluctuations. Killifish (northern population) acclimated to 10% seawater (NaCl ~ 55 mM) and transferred to either moderately hard freshwater (FW; NaCl ~ 0.9 mM) or 100% seawater (SW) achieved rates of Na+ and Cl- exchange, measured radioisotopically, which were approximately stable from 12 h through 7 days post-transfer (Wood and Laurent, 2003). Hourly flux rate measurements were examined for the 0-12 h post-transfer period in detail. Immediately after transfer to FW, Na+ influx rate falls, while Cl- influx rate drops to zero. Thereafter, Na+ influx rate increases moderately and achieves stable levels typical of FW-acclimated fish by 2 h, while Na+ (Fig. 1) and Cl- efflux rates decrease progressively, becoming stable by 8 h. However, Cl- uptake from FW does not occur and remains negligible, even after long-term FW acclimation. Thus unlike Na+, whole body Cl- balance remains negative, suggesting that Cl- homeostasis during freshwater residency must be maintained by dietary rather than gill uptake, similar to the well-known situation of the eel in freshwater (e.g., Grosell et al., 2000). After transfer to 100% SW, Na+ (Fig. 1) and Cl- efflux rates rise progressively, achieving stable levels typical of SW-acclimated fish by 8 h. Na+ and Cl- influx rates are initially greatly elevated, but 
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Figure 1. Unidirectional Na+ efflux rates after transfer of killifish from 10% SW to either FW or 100% SW. The horizontal lines indicate the rates in fish long-term acclimated to the two media.

then decrease to stable but still elevated levels typical of SW-acclimated fish by 3 h. Thus overall, acclimated rates of influx and efflux are achieved rapidly, at 

most within 8 h post-transfer.

Gill surface morphology changes with similar rapidity after transfer to FW, exposing chloride cells whose apical surfaces are equipped with microvilli. In contrast, gill morphology remains unaltered after transfer to SW. Gill chloride cell mitotic rate, measured with the BRDU technique, increases greatly 10-14 h after transfer to FW, but remains unchanged after transfer to SW. 

In view of the more marked physiological and morphological changes upon transfer to FW than to SW, we focussed on gene expression (by real-time PCR analysis) and biochemical changes accompanying the FW transition. Of particular interest was a comparison of gill versus opercular tissue, for the latter has often been used as a surrogate model for the gill, yet it fails to actively take up Na+ from FW when mounted in vitro (Marshall et al., 1997). In both tissues, there is rapid, persistent (12 h – 7 d) up-regulation of 14-3-3.a mRNA and down-regulation of CFTR mRNA, which would comprise a mechanism to reduce Cl- efflux. Furthermore in both tissues, Na+,K+ ATPase activity remains unchanged after transfer to FW, in accord with unchanged  Na+,K+ ATPase (1a mRNA levels. V-type H+ATPase and NBC (NaHCO3 co-transporter) mRNA levels remain similarly unchanged as a result of transfer, but both of the latter are expressed at much lower absolute levels in the opercular epithelium than in the gill tissue. NHE-2 (apical Na+/H+ exchanger-2) mRNA is transiently up-regulated in the gills at 12 h after transfer to FW, yet is undetectable in the opercular epithelium. There is also a rapid, persistent up-regulation of CA-2 (carbonic anhydrase-2) in gills after transfer, but a down-regulation of CA-2 in the opercular epithelium (Fig. 2), as well as a much lower absolute expression level of this gene in the latter. 
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Figure 2. Changes in CA-2 (carbonic anhydrase-2 mRNA levels) in (a) gills and (b) opercular epithelium of killifish after transfer from 10% SW to FW.  BW data represent control animals left in 10% SW.

Taken together, these observations likely explain the mechanism of active Na+ uptake at the gills and its absence at the opercular epithelium. Furthermore, NHE-3, often implicated in acid-base regulation, is down-regulated in the gills yet up-regulated in the opercular epithelium after transfer, reinforcing the view that these two tissues behave very differently in FW. 
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