GLYCEROL PRODUCTION BY RAINBOW SMELT 

PROVIDES FREEZE RESISTANCE 

TO ALLOW WINTER FORAGING
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Rainbow  smelt (Osmerus mordax) is a small fish that actively feeds under the sea ice at temperatures as low as -1.8ºC.  Freezing is avoided, in part, through the production of glycerol that acts in a colligative manner.  During winter, plasma glycerol levels may reach in excess of 500 mM. Glycerol is constantly lost across the epithelial, at a rate of about 10% of body stores per day, therefore production must continue on a sustained basis. During the winter, glycerol production is fueled by dietary carbohydrates and protein. Fish injected with 14C-glucose, pyruvate, alanine, or HCO3 produce 14C-glycerol. In animals sampled over a season, there is a linear correlation between the activity of liver phosphoenol pyruvate carboxykinase (PEP CK) and alanine amino transferase (AlaAT) versus plasma glycerol level. These data imply an active conversion of amino acids to glycerol via the lower part of the gluconeogenic pathway. At the three carbon level the pathway is from dihydroxyacetone phosphate (DHAP) to glycerol 3-phosphate (G3P) to glycerol catalyzed by glycerol 3-phosphate dehydrogenase (GPDH) and glycerol 3-phosphatase, respectively, as evidenced by i) much higher in vitro activities of these enzymes in liver of rainbow smelt than comparable fish that do not produce glycerol, and ii) a linear correlation between liver GPDH activity and plasma glycerol levels, over a seasonal period.

Under laboratory conditions, rainbow smelt may be induced to synthesize glycerol by decreases in water temperature. Glycerol production is triggered when water temperature is decreased from 8ºC to about 5ºC and may be induced to occur in either the fall or winter, thus ruling out photoperiod as an important determinant of glycerol production.  During the transition period there is an initial accumulation of DHAP, followed by a decrease in concentration in association with an increase in the mass action ratio across the glycerol 3-phosphatase reaction. Glycerol accumulation is associated with increases in the activity of GPDH and AlaAT suggesting increases in gene expression within a period of 2 weeks following the decrease in temperature. 

Liver cells from rainbow smelt maintain viability for at least 72 hours in primary culture and produce glycerol in a linear fashion.  Cells isolated from fish maintained at warm temperature (8ºC) and immediately incubated at 0.4ºC synthesize glycerol without additions to the basic media or with glucose, pyruvate, or aspartate in the media.  Yet cells prepared from warm adapted fish do not produce glycerol when incubated at 8ºC.  Cells prepared from winter acclimatized fish synthesize glycerol but only at about 1/10 the rate that cells forced to make the temperature transition do.  Thus, the transition from warm to cold temperature alone results in the activation of metabolism which leads to the channeling of substrate to glycerol. Low rates of glycerol production by liver cells prepared from winter acclimatized fish, suggest that once glycerol levels are achieved rates of production are minimized.

The high freeze resistance allows rainbow smelt to invade water of low temperature and forage for food. The lower the temperature, the higher the glycerol must be, the higher the glycerol the greater the loss to the environment through diffusion which in turn places a higher demand on continuous synthesis.
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