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The organismal response to a stressor is usually determined by measurement of plasma hormone and metabolite levels in fish. Specifically, plasma cortisol and glucose and lactate levels are commonly used as indicators of the primary and secondary stress responses, respectively, in fish. In addition, we know that molecular responses can be a very sensitive and reliable indicator of cellular stress in fish. This is based mostly on the expression patterns of stress-responsive genes and proteins in cells, including heat shock proteins, cytochrome P450s and metallothioneins. Also, these molecular responses correlate well with cellular defense capacity to cope with the stressor. However, few studies have focused on the gene expression patterns to stressors at the organismal level in fish. Also, it is likely that there are other genes/pathways that are activated either in a stressor-specific and/or non-specific manner, but yet to be discovered in fish.

With this in mind, we are using a targeted cDNA microarray, developed specifically for rainbow trout as a tool to examine the gene expression patterns in response to stressors in fish. The ability to simultaneously monitor the expression of hundreds to thousands of genes makes cDNA microarrays an extremely powerful tool in physiology and environmental toxicology.  Our cDNA microarray incorporates a battery of ~150 well characterized trout genes representing various aspects of cellular physiology, including endocrine axes, growth and metabolism, iono- and osmo-regulation and immune and stress response pathways. Also, we have validated the cross-species reliability of this microarray for use with most salmonids.  

Using this trout cDNA microarray, we are characterizing the molecular responses to acute and chronic stressor in rainbow trout. The acute stressor consisted of a 3 min handling disturbance followed by recovery over a 24 h period, while the chronic stressor fish were confined at very high density for the entire duration. Fish were sampled at 1 and 24 h post-stressor exposure. These studies were also repeated with fish fed RU486 (a glucocorticoid receptor antagonist) to tease out the role of cortisol in the regulation of stress-responsive genes in rainbow trout.  Our results clearly point to a gene expression pattern that was very distinct; several genes showed transient elevation post-stress, whereas others remained elevated over the entire period. We are currently using quantitative real-time PCR to confirm the magnitude of up- or down-regulation of genes seen with microarrays. These studies will pave the way for establishing a stress-responsive gene expression database for trout. Also, it will allow identification of novel stress-responsive pathways for further functional characterization using proteomics.   
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