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Chapter 3

Temperature is important
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Kinetic energy of 
reactants

Denaturation
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Kinetic energy of 
reactants

Denaturation

???????



Membranes
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cholesterol

how does this change?



Rainbow trout  -      ratio sat:unsats
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Ectotherms
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Ectotherms
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Ectothermic regulators
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Limits to regulation



Acclimatization
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Ectotherms can metabolically compensate 



In addition to Membranes - 

PROTIENS also can change with temperature 



Acclimatization



How is metabolic compensation achieved?

• Membrane adaptation

• pH (amino acid Histidine)

• Enzyme concentration

• Isoform regulation
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Tradeoffs



Ectotherms - extreme cold
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Ectotherms - extreme cold

Freeze Tolerance Freeze Avoidance

DORMANCY



Tolerance
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freeze 



Tolerance
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freeze 



Tolerance
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Tolerance
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increase glucose



Tolerance  
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Avoidance
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Avoidance 
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Avoidance
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Elevated temperature



26

Elevated temperature acute
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Heat Shock
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Heat Shock
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Heat Shock
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Heat Shock



Heat shock proteins
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