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Anadromous salmonids contend with hyperosmotic stress as juveniles during seaward migration from their natal freshwater stream.  This osmotic stress is more acute in routine aquaculture practice, in which juveniles are directly transferred from freshwater hatcheries to netpens in full salinity seawater (@ 1100 mOsm).  Plasma osmolality can rise from 316 mOsm/kg to > 500 mOsm/kg in 24 – 48 hours.  Individuals incapable of regaining osmotic/ionic homeostasis die, or grow at a reduced rate.  A variety of osmoregulatory mechanisms have been demonstrated to be involved in adaptation of salmon and other teleosts to the marine environment.  The most well documented of these is the branchial Na+/K+ ATPase antiport pump (
Here we report, on the upregulation of several novel genes in tissues of Atlantic salmon (Salmo salar) exposed to osmotic stress in vitro or in vivo.  Previous investigations in our laboratory demonstrated upregulation of heat shock protein (hsp)70 following exposure of salmon to hypersaline conditions (

Smith et al.1999) QUOTE "Smith et al. (1999)" .  Additionally, mRNA coding for hsp90 accumulated in branchial lamellae, but not in kidney, in response to osmotic stress in vitro and in vivo (Pan et al., 2000).  

Several novel cDNAs were isolated from branchial lamellae exposed to osmotic stress using differential expression analysis of mRNA and cloned.  Nucleotide sequence analysis of the first clone indicates that the cDNA codes for a 21 kDa protein (Shop21; Pan et al., 2002) with 98% identity to Rbx1, an E3 ubiquitin ligase; the protein also contains a novel 81 amino acid domain at the NH terminus not found in Rbx1.  Moderate hyperosmotic stress (24h at 550 mOsm/kg) increased Shop21 transcript 10-fold in branchial lamellae whereas no upregulation was observed under more severe stress (>800 mOsm/kg).  Expression of the gene also was observed in heart and kidney.  Replacement of NaCl with mannitol, but not glycerol, also elicited an increase in shop21 mRNA.  Inhibition of the MAPK and MEK signal transduction pathways failed to blunt the Shop21 response during hyperosmotic stress.  Shop21 mRNA also accumulated during thermal stress, but to a lesser extent than hsp70 mRNA.  
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Fig.1. Northern blot showing upregulation of Shop21 in isolated branchial lamellae cultured in media supplemented with NaCl for 24 h.

A second clone contained a 1.3 kb transcript with an open reading frame of 618 nt coding for a 205 amino acid protein with a molecular weight of 21.5 kDa.  The putative protein possesses a high degree of identity (>70%) with cold inducible RNA binding proteins (CIRP) of mammals and amphibians and contains a single RNA recognition motif (RRM), high glycine content and conserved flanking motifs (Pan et al., 2004).  The gene coding for salmon glycine rich RNA binding protein (SGRP) was upregulated in response to hyperosmotic stress of branchial tissue.  Maximum levels of expression were observed at 24 h in vitro and 48 h in vivo.  Exposure of isolated lamellae to heat stress did not stimulate accumulation of SGRP transcript.  Of significance was the absence of an increase in expression of SGRP in response to cold stress ((T= 5 and 12o for 12 and 24 h).  These findings suggest that endothermic salmon inhabiting boreal waters lack CIRPs similar to those of mammals and amphibians and that SGRP likely has a more prominent role in adaptation to hyperosmotic stress. 
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Fig 2.  Deduced amino acid sequence of SGRP illustrating features: RNP1 and RNP2 (RNA Recognition Motif elements) in bold italics, RRM associated motifs in bold, RGG boxes underlined and italics, nuclear localization sequence (Nucl) underlined.  Predicted secondary structure is designated in the key.  

The results of these investigations suggest that a complex array of branchial mechanisms, similar to those observed in the renal system of terrestrial mammals, are involved in adaptation of salmon to seawater.  Ongoing research in our laboratory seeks to further characterize the functions of these and other genes using a variety of approaches including identification of binding proteins with a yeast-two hybrid system and localization of GFP-fusion proteins. 
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