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Introduction

Heat shock proteins (hsps) are a ubiquitous, highly conserved family of proteins, present within cells at constitutive levels, and upon exposure to stress are induced in order to provide protection against cellular insult (Feder and Hofmann, 1999, review).  As molecular chaperones, hsps are able to bind to denatured or unfolded proteins thereby providing cytoprotective benefits to the cell so that it may better cope with the stress (Hartl, 1996).  The molecular response of hsps has been described previously, however, information pertaining to how this induction of hsps benefits the intact organism is still lacking.  The rainbow trout, (Oncorhynchus mykiss) is an ideal organism for studying the cellular stress response.  Environmental stresses such as heat shock, have been shown to upregulate the expression of hsps in tissues of the trout (i.e. Currie et al., 2000).  Also, with fluctuating water temperatures and oxygen availability in aquatic habitats, possessing an intricate cellular stress response system could be critical for survival. 

 In mammals, it is thought that hsps protect the mitochondrial integrity and energetic status of cells during oxidative stress (Polla et al., 1996).  Furthermore, recent evidence suggests that the upregulation of hsps correspond with improved cardiac function (Sammut and Harrison, 2003).  Our objectives for this study were to investigate the possible targets of hsp protection within the heart of the rainbow trout by correlating expression profiles of certain hsps with metabolic changes that occur during an acute temperature stress.  Expression profiles for hsps were determined following in vivo experiments where trout were subjected to an acute heat shock.  Primary cell cultures of ventricular cardiomyocytes were also established in order to look at the in vitro expression of hsps and metabolic alterations that occur during heat shock.  Through comparing the in vivo and in vitro stress response, possible specific metabolic roles for hsps will be determined in tissues of the rainbow trout.

Materials and Methods 

Rainbow trout (n=44) were subjected to an in vivo heat shock of 3(C/hour, beginning at 13(C (ambient temperature) up to 25(C.  Fish were maintained at this elevated temperature for one hour and then the water was allowed to cool naturally back to ambient temperature.  Fish were sampled over the course of the heat shock and into recovery (0, 1, 2 and 24 h).  Hearts were sampled to measure hsp70, hsp90 and hsp30 expression by immunoblotting, along with metabolic parameters including heart [ATP] and [lactate].  In order to further elucidate possible targets for hsp protection within the heart of the trout, similar experiments will be conducted using a cell model.  A protocol for isolating ventricular cardiomyocytes has already been established.  Experiments are underway to correlate hsp expression with metabolic indices in these ventricular cardiomyocytes.  

Results and Discussion 

Hsp70 was significantly induced in the heart of the rainbow trout following a 1 h heat shock at 25(C (Fig. 1).  This corresponds with other studies that have shown hsps are induced at a set point that is determined in part by the magnitude of the stress and thermal history of the organism (Currie et al., 2000).  Levels of this stress protein remain elevated into the recovery period.  In contrast, hsp90 was not induced in the heart.  Given that hsp90 is involved in many signal transduction pathways and has many important roles during normal cell functioning, this stress protein may have a more critical constitutive role in the heart.  
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Figure 1.  Quantification of hsp70 in the heart of rainbow trout subjected to an acute heat shock (3ºC/h) or during a recovery period following the temperature stress.  Values represent hsp70 expression relative to a standard.  The asterisks indicate a significant difference from control (13ºC) (p<0.05; one-way ANOVA).  All values represent the mean + SEM.  

The in vivo heat shock did not significantly alter ATP levels in the heart (Fig. 2), although a slight decline at 25ºC was observed.  Lactate, an indicator of anaerobic metabolism was also measured in the heart.  Again, no significant alteration in this metabolite was noted over the course of the heat shock or into recovery.  The heart of the rainbow trout derives most of its energy from aerobic metabolism, however if available lactate may also be a preferred fuel source. 

I have shown that during an in vivo heat shock, hsps are upregulated in the heart indicating the initiation of the cellular stress response and this most likely confers a certain degree of protection during exposure to the stress.  The energetic status of the heart is maintained over the period of the stress and into recovery.  With metabolism maintained throughout this heat stress, it is tempting to speculate that hsps protect aspects of metabolic function.  Experiments are in progress to determine specific cellular targets for hsp protection within this tissue using primary cell cultures of ventricular cardiomyocytes and pharmacological inhibition of hsps.    
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Figure 2. Heart ATP concentrations from rainbow trout exposed to an acute heat shock (3ºC/h) or during a recovery period.  All values represent the mean +SEM (p>0.05; one -way ANOVA).    
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