PAGE  

SUBCELLULAR LOCALIZATION OF HSP90 IN RAINBOW TROUT IS INFLUENCED BY DEVELOPMENTAL STAGE AND ENVIRONMENTAL ESTROGENS
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Introduction

Hsp90 is thought to be one of the most abundant of the highly conserved heat shock or stress proteins (hsps), comprising 1-2% of all cytosolic proteins in mammals. This protein also has an important role in steroid signal transduction.  For example, it is thought that hsp90 is necessary for proper estrogen action in vivo by directly associating with the hormone-binding domain of the estrogen receptor maintaining it in an active conformational state (Cheung and Smith 2000; Fliss et al. 2000).  In salmonid fish, hsp90 is present in high constitutive levels and its expression increases in response to many stressors (Pan et al. 2000; Vijayan et al. 2003).  Unlike the situation in mammals, however, the subcellular localization of hsp90 is not known in fish, nor do we appreciate its role in estrogen signalling.  

In this study, we investigated the subcellular localization of hsp90 in juvenile and mature rainbow trout.  We also examined distribution of hsp90 after treatment of juveniles with the exogenous estrogens, 17(-estradiol (E2) and its mimic, 4-nonylphenol (4-NP).

Results and Discussion

Livers from juvenile and mature fish were separated into nuclear (N) and non-nuclear (containing cytoplasm, organelles, and membranes; COM) fractions.  Purity of each fraction was assessed by measuring the activity of the cytoplasmic enzyme LDH.  Not surprisingly, LDH activity in non-nuclear (COM) fractions was significantly higher than in nuclear (N) fractions in liver tissues of mature (one-way ANOVA, p < 0.05) and juvenile fish (unpaired, two-tailed t-test, p < 0.05).  There was very little LDH activity in nuclear fractions.

When comparing juvenile and mature fish, there was no significant difference in total protein within the nuclear (N) or non-nuclear (COM) fractions (Figure 1).  There was also no significant difference among juvenile treatment groups within the nuclear (N) or non-nuclear (COM) fractions (Figure 1).  Comparison between fractions, however, indicated that the nuclear (N) fractions had significantly less protein than the non-nuclear (COM) fraction in all groups (two-way ANOVA, p<0.001; Figure 1). Taking this into consideration, we expressed hsp90 as relative units per gram liver tissue (Figure 2).  
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Figure 1.   SEQ CHAPTER \h \r 1Total protein per gram of liver (μg/g) of cellular fractions from livers of mature rainbow trout (Oncorhynchus mykiss) or juveniles exposed (5 days) to ethanol, estradiol (E2), 40μg/L 4NP, or 80μg/L 4NP.  n = 6 for all groups. Bars represent mean + SEM.  Significant differences between fractions are indicated by * (p < 0.001). 
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Figure 2.   SEQ CHAPTER \h \r 1Total relative hsp90 levels in non-nuclear (COM) and nuclear (N) fractions of juvenile and mature rainbow trout (Oncorhynchus mykiss) exposed (5 days) to ethanol, estradiol (E2), 40μg/L 4-NP, or 80μg/L 4-NP.  Levels are relative to a standard fish run on all gels.  n = 6 for all groups except nuclear JuvEtOH and COM mature where n = 5 and nuclear Juv40NP where n = 4.  Bars represent mean + SEM.  Significant differences between cellular fractions in each group are represented by * (p < 0.05).  Significant differences among treatment groups for nuclear fractions are represented by + (p < 0.001).  A significant difference between the mature COM fraction and the JuvEtOH, JuvE2, and Juv40NP COM fractions is represented by ( ( p < 0.05).  
Total hsp90 levels in juveniles exposed to an ethanol control were not significantly different between the nuclear (N) fraction and the non-nuclear (COM) fraction (Figure 2).   In contrast, mature fish had significantly greater hsp90 outside the nucleus, as is the case in mammals.  Thus, it appears there is a developmental shift in hsp90 localization in fish, with juveniles expressing hsp90 equally in the nucleus and cytoplasm and mature fish expressing hsp90 primarily in the cytoplasm.  To our knowledge this phenomenon has not yet been shown in fish or any other organism.

Treatment of juvenile fish with exogenous estrogens (estrogen or 4-NP) also caused a translocation of hsp90 out of the nucleus into the cytoplasm indicated by the significant decrease in nuclear hsp90 in the treatment groups compared to the EtOH control (one-way ANOVA, p < 0.001; Figure 2).  These results indicate an estrogen-dependent shift in hsp90 subcellular localization with a movement of hsp90 out of the nucleus in juvenile fish when exposed to environmental estrogens.  This movement of hsp90 suggests important roles for this stress protein in estrogen signalling and possibly in the mechanism of endocrine disruption in fish.
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