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Are heat shock proteins reliable indicators of general stress in fish?
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Fish are exposed to environmental, physical, and biological stressors in nature, as well as under conditions such as aquaculture or angling. In response to such stressors, fish undergo a series of biochemical and physiological changes in an attempt to compensate for the challenge and, thereby cope with the stressor. PRIVATE 
The initial Primary Response represents the preception of an altered state and the  rapid release of catecholamines (CATS) from chromaffin cells and cortisol from interrenal cells, into the circulation. The Secondary Response comprises the various biochemical and physiological effects associated with stress, and mediated to a large extent by these stress hormones. The Tertiary Response represents whole animal and population level changes associated with stress.  Thus, chronic exposure to stressors can lead to decreases in features such as growth, disease resistance, and  reproductive success. There are differences in the stress responses among species (see Vijayan and Moon, 1994), and differences among stocks of the same species in their tolerance to applied stressors.  

The Cellular Stress Response is characterized by the induction of a  family of proteins referred to as the heat shock proteins (HSP). HSPs are a family of highly conserved cellular proteins that have been observed in all organisms (Feder and Hofmann, 1999), including fish.  There are three major families of HSPs: HSP90 (85-90 kDa), HSP70 (68-73 kDa), and low molecular weight HSPs (16-24 kDa).  In the unstressed cell, there is a constitutive production of these proteins that are required in various aspects of protein metabolism to maintain cellular homeostasis.  

In fish, the induction of various HSP families have been reported in cell lines, primary cultures of cells, as well as in various tissues from whole animals.  While the majority of these studies have focused on the various effects of heat shock, there is increasing interest in the physiological and protective role of HSPs following exposure of fish to various environmental stressors.  For example, increased levels of various HSPs have been measured in tissues of fish exposed to bacterial pathogens and environmental contaminants, such as heavy metals, industrial effluents, pesticides, and polycyclic aromatic hydrocarbons.  It is noteworthy that while many indicators of fish stress, such as plasma cortisol concentration, are altered by handling and sampling procedures, Vijayan et al. (1997) demonstrated that handling stress does not alter levels of hepatic HSP70 in rainbow trout (Oncorhynchus mykiss). (See our review: Iwama et al. 2004 for references)

A complete understanding of the mechanisms underlying the sensing of a stressor and the regulation of HSPs is far from clear.  Studies on HSP70, the most widely studied HSP, have demonstrated that the regulation of HSP70 gene expression occurs mainly at the transcriptional level. Analysis of HSP genes and a comparison of heat shock regulatory elements from a variety of organisms led to the identification of a palindromic heat shock element (HSE), CNNGAANNTTCNNG.  It has been demonstrated that HSP induction results primarily from the binding of an activated heat shock transcription factor (HSF) to HSE upstream of HSP genes.  Since most of the HSP genes do not contain introns, the mRNA is rapidly translated into nascent proteins within minutes following exposure to a stressor.  Slowly, genomic sequences for HSP70 are being elucidated in fish, including rainbow trout (O. mykiss), medaka (Oryzias latipes), zebrafish (Danio rerio), and tilapia (Oreochromis mossambicus). Heat stress-related increases in mRNA levels have been documented in all these examples.  (See our review: Iwama et al. 2004 for references)

It is our opinion that the use of HSPs as reliable indicators of a generalized stressed state in fish is premature. We base this on our knowledge to date that the HSP response, like the neuro-endocrine response, can be highly variable, depending on species, tissue, and the experimental or environmental condition. Furthermore, the sensitivity of HSP expression can also vary with the species, developmental stage, and season. Therefore, in order to use the HSP response as a reliable indicator of stress in fish, it is essential to understand the relationship between the stress response and tolerance of fish and the cellular stress response. We must know whether a change in HSP level is simply indicative of a normal adaptive response, or a signal that a stressed condition exists. Accordingly, the main limitation of our present knowledge lies in the scarcity of data available on the significance of HSPs within the whole animal.  
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