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IB426 Exam III Study Guide 
 
 Glacial Histories of the Polar regions 

1. Antarctic glaciation: Continental drift of southern land masses, geological evolution of 
the Antarctic region.  How did Antarctica become isolated?  What is the name of the 
oceanographic barrier? When was the onset of Antarctic sea-level glaciation.  

2. Arctic glaciation: What are the three Milankovitch cycles? How do they affect incident 
solar energy on Earth, and cyclic Ice Ages.  Understand the hypothesis of disruption of N. 
Atlantic oceanic conveyor belt leading to expansion of Arctic ice sheet. When was the 
onset of the most recent Arctic glaciation episodes? 

 
 Solute concentrations and freezing points of water: 

1. Relationship between osmolar concentration and colligative f.p. depression. 
2. What happens when freezing occurs in cellular fluids?  Why is intracellular freezing   

detrimental to cells and tissues? 
3. At what temperature will your (human) blood freeze? Also frogs, teleost fish, 

elasmobranch fish, insects in general? 
4. What are the common small cryoprotective molecules some overwinter insects synthesize   
 to depress colligative freezing point? 
5. Freeze avoidance strategies:  Examples.  Definition and concept of supercooling? How 

do overwinter insects achieve supercooling? How do some cold water fish achieve 
supercooling?  Definition of  in situ freezing point of water.  Why is deep water ice-free?  

6. Given known osmotic concentration of a body of water, and of the body fluids of fish, do 
you know how to determine whether the fish would or would not freeze in that water in 
the winter? 

 
 Freeze avoidance by means of antifreeze proteins:   

1. How was fish antifreeze protein discovered to be blood-borne macromolecules? 
2. What is the antifreeze property? I.e. what is its effect on colligative f.p./m.p. of water/ice,  

and the temperature at which ice actually grows (the non-colligative f.p.) ? 
3. How do antifreeze proteins prevent freezing, i.e. the adsorption-inhibition mechanism of 

antifreeze action. 
4. Does antifreeze protein alone in the blood of polar fish prevent freezing at -2oC? 
5. Given known osmotic concentration 
6. What are the major types of fish antifreeze proteins?  
7. A common mechanism of evolution of antifreeze proteins is by gene or domain 

duplication. What does that mean? Examples? 
8. AFGP gene of Antarctic notothenioid fish did not evolve from gene duplication alone. It 

evolved from the transformation of a structurally unrelated pancreatic trypsinogen-like 
protease (TLP) gene. You need to know the basics of the molecular mechanism of the 
TLP gene to AFGP gene transformation. 

9. The AFGP gene of the northern cod fish has a different evolutionary ancestor.  What are 
the molecular evidences that support different evolutionary origins?   

10. What is meant by convergent evolution?   
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 Freeze tolerance: What vertebrate animals are freeze tolerant? How do they manage to 
achieve that?  What are ice nucleating proteins (INP) and their function?  What are the small 
cryoprotective molecules in freeze tolerant insects and frog, and what are their functions? 

 
 Loss of Hb and Mb in Antarctic icefishes: 

1. How was the hemoglobin phenotype lost at the molecular (gene and mRNA) level? What 
are Southern blot and Northern blot? How does one know that Hb loss is an ancestral 
character to the icefish group? 

2. What are the physiological compensations for the loss of Hb to restore O2 transport and 
delivery capacity? 

3. The loss of myoglobin is not an ancestral character to the icefish group – how do we 
know that?  Three distinct mutational events have been identified leading to the loss of 
Mb (myoglobin) phenotype; what are they? What is the significance of increase in 
mitochondrial volume in Mb-negative icefish heart cells in terms of oxygen transport?   

4. What are the unique properties of the Antarctic marine environment that make it possible 
for O2 delivery in the absence of the O2-binding hemoglobin and myoglobin. 

 
Diving Physiology  
 About when (mya) did the transition from land to sea dwelling occur for mammals? Which 

land animal is the closet relative to whales? 
 What mammals are 100% aquatic, which ones are long duration divers?  Which is the longest 

duration diving bird? 
 What is the quantitative relationship between depth and pressure.   
 Problems of diving for continuous air breathers (human): 

1. % composition of air, and relationship between partial pressure and depth.   
 2. Effect of each gas component – N2, O2, CO2 
 3. What are bends, and what causes bends? 
 4. How to calculate maximum % of N2 and O2 in breathing mixture to reduce the narcotic 

effect of N2 and O2 toxicity at a certain depth. 
 
 Diving marine mammals: 

1. Of long duration diving animals, why are seals and penguins more amenable for studies 
of diving physiology than say whales and dolphins? 

2. How are bends avoided in diving marine mammals? 
 3. Where are the location of O2 stores in diving marine mammals, and how much, in 

comparison to terrestrial mammals? 
 3. Physiological responses in diving seals – what’s brachycardia, how is arterial blood 

pressure sustained and how is blood supply redistributed?  Why is blood supply 
redistributed during a dive? I.e. which organs receive blood supply and which receive 
very little, and why? 

 4. Lactic acid produced in organs/tissues that are poorly perfused (receive little blood 
supply) is sequestered locally.  How and why?  (Scholander 1940 study of harbor seal). 

 5.  What are the experimental evidence/data indicating the presence of oxygenated blood 
stores in the spleen of Weddell seals (Quivst, Zapol et al 1987; and Hochacha, Zapol et al 
1996), and in Northern elephant seal? 
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 6. What is ADL (aerobic dynamic limit)?  How does this affect the diving behavior/time of 
marine diving animals?  

 7. Evidence for lipid-based slow oxidative metabolism for fuel in diving seal: 
     - What is CA (citrate synthase) used as a marker of? 
     - What is HAD (hydroxyacyl-CoA-dehydrogenase) used as marker of? 

 - What does the CA:HAD ratio infer in terms of the type of fuel and metabolism are     
               predominant in generating the energy for muscular activity? 

     - Which biochemical type/s of muscle fiber is absent in Weddell seal that is consistent 
        with slow oxidative metabolism as source of energy for diving activity? 

 


