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Over the past several decades, considerable research has focused on elucidating the role of heat shock proteins in protecting the integrity of cellular protein pools during exposure to stressors (Lindquist 1986).  Indeed, we now know that Hsps play an important role in the cellular response to natural fluctuations in the environment (Feder and Hofmann 1999; Basu et al. 2002).  This may in part be due to the role of Hsps in inducible stress tolerance, or the capacity of one stress to increase an organism’s tolerance to a subsequent stressor (Kampinga et al. 1995).  This phenomenon is well documented under laboratory conditions; however, there is little information on the significance of inducible stress tolerance in nature.

The rocky intertidal offers a particularly good environment in which to examine stress tolerance strategies in a variable environment.  The periodicity of environmental change in the intertidal zone raises interesting questions regarding the phenomenon of inducible stress tolerance in nature.  It is possible that exposure to a low tide period that is particularly stressful may induce a series of responses that will protect the organism from subsequent low tide exposures.  Our previous work examining inducible stress tolerance in tidepool sculpins (Oligocottus maculosus) suggests that the Hsp70 response is one mechanism involved in this increase in stress tolerance (Todgham et al. 2004).  In addition, examination of the time frame of protection conferred by exposure to a mild stressor raises the possibility that inducible stress tolerance may have a role in the natural environment and that the Hsp response may be structured to reflect the periodicity of the tidal cycle.  

The main objective of this study was to take what we have learned about inducible stress tolerance in tidepool sculpins in the lab and apply it to fish in the field to determine whether tidal cycle plays a role in modulating stress tolerance in intertidal organisms and whether the environmental change inherent in the intertidal zone imparts some degree of rhythmicity to the heat shock protein response.  

We first investigated differences in thermal and osmotic tolerance among tidepool sculpins collected from the field (tidepool and subtidal) and those acclimatized to constant laboratory conditions (11°C, 32 ppt) for 2 weeks.  We then examined whether these differences were associated with differences in the induction profiles of a suite of Hsps (Hsp70, Hsp90 and Hsp60) during a 24h recovery period (sampling at 0h, 8h, and 24h recovery).  
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Sculpins acclimatized to laboratory conditions for 2 weeks experienced 57% and 50% mortality when exposed to severe thermal (3h, 28oC) or osmotic (2h, 90ppt) challenges, respectively (Figure 1).  However, sculpins collected from both tidepools and the subtidal zone, and challenged within 24 hrs of capture, experienced no mortality when exposed to the same heat shock.  

Osmotic tolerance of sculpins collected from the subtidal zone was not significantly different from that of lab-acclimatized fish, whereas tidepool-collected sculpins were more tolerant, experiencing only 28% mortality.
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There were no notable differences in the Hsp70 or Hsp60 response between groups; however, there was a strong association between elevated levels of Hsp90 in the field groups and an increased thermal tolerance (Figure 2).

These results suggest that exposure to daily fluctuations in environmental conditions imparts a certain degree of natural stress tolerance to tidepool sculpins and that sculpins in nature differ in their Hsp response, particularly the response of Hsp90, compared to their lab-acclimated counterparts.  
In order to further explore the effect of environmental variability on stress tolerance, we investigated whether the periodicity of environmental change associated with the tidal cycle structures the Hsp response of sculpins.  By artificially simulating the temperature cycling of a mid-intertidal tidepool (10 ( 22oC), we began to examine the natural rhythm of Hsps in the tidepool sculpin every 6h over 2 tidal cycles.  This past summer at the Bamfield Marine Sciences Centre we investigated whether this Hsp rhythm exists naturally in tidepool sculpins inhabiting intertidal pools and whether this rhythm decays upon transfer to constant ambient ocean conditions.  We found that there was a moderate rhythm in hsc70 mRNA that cycled in phase with the temperature cycles and that hsp70 mRNA peaked with peak cycle temperature.  There was no natural rhythm seen in fish acclimated to constant temperature.  Therefore, upon removal from the intertidal zone into a constant environment, there was decay in the natural rhythm of the Hsp response.

Conclusions

These investigations into the cellular stress response of intertidal fish have provided novel insights into mechanisms that may facilitate survival in this variable environment.  Within the literature, the plastic nature of the Hsp response and its involvement in inducible stress tolerance has raised some fundamental questions regarding the environmental regulation of these protective processes.  This study begins to directly address the role of environmental history in structuring the Hsp response and the importance of a variable environment in conferring stress tolerance above what is genetically fixed.
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