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IB426 Exam IV Study Guide: 
 
High Altitude Physiology 
 Numerical relationship between altitude and air pressure and partial pressure of O2. 
 What is the water vapor pressure at lungs’ respiratory surface for human? How does this relate to 
  inability of O2 to diffuse from alveolar air to blood supply before Pair drops to zero at altitude? 
 What are the acute and acclimatory responses to ascend in altitude in humans. What are the 

physiological and biochemical bases of these responses? 
 What is diamox, and what does it do to ameliorate acute altitude sickness?  
 What is the PO2  in the alveolar air and arterial blood of the Andean Quechuas?  How is sufficient 

O2 supply achieved in Andean Quechuas despite low O2 tension at high altitudes?  What part of 
the O2 saturation curve does their Hb work at? What is the O2  carrying capacities of their 
blood? (Make sure you fully understand the graphs in the last 5 slides of 11-06-09Fri lecture.) 

 “Not all populations of native highlanders are made equal” -  What’s common and what differs in 
altitude adaptation among the Andean, the Himalayan and Ethiopian highlanders. 

 Hochachka’s main evidence to support his hypothesis that hypoxia response systems in 
highlanders (Quechuas and Sherpas) is an ancestral trait to the human lineage. 

 
Sulfidic/Methane Habitats 
 The geological process that lead to formation of hydrothermal vents. 
 The inorganic chemical processes and water chemistry at hydrothermal vent sites.  
 How is H2S toxic? What molecules does it poison? 
 Definition of chemolithoautotrophic.   
 What group of bacteria is the primary producer at the vent sites? How do these bacteria generate  
      energy and complex molecules?  What is the Calvin Cycle and what is the diagnostic enzyme    
           that indicates these bacteria have Calvin cycle. 
 The three examples of organisms in sulfidic habitats discussed in the class are the vent worm 
  (Rifita pachytila), vent clamp (Calyptogena magnifica), and mud innkeeper worm (Urechis 
    caupo) – Make sure you understand the mechanism and the differences involved in the uptake,  
   binding, and/or transport of H2S, and avoidance of sulfide toxicity, in each of these organisms.   
   What is the nature of the host-bacteria symbiosis? 
 What is cold seep?  What are the organisms that inhabit cold seeps?  What is methane hydrate? 
 What is the chief anatomical feature (or lack of) in a sulfidic/methane organism that is diagnostic 

of a symbionts-based source of host nutrition? 
 In the symbiosis between the Mediterranean sediment worm and its symbiotic bacteria, how many 

types of bacteria are present?  What substrate do the two major types of bacteria provide each 
other for nutrient synthesis, and what does the worm host contribute to this synthesis? 

 
Bioluminescence 
 Functions of bioluminescence as discussed in class and in the video. 
 The two basic chemistries of bioluminescence, i.e luciferin-luciferase and photoprotein, and how  
  they work. 
 Firefly luminescence and control of flashing: 
      Structure of lantern and photocyte units. 
  Evidence for the role of octopamine and NO in flashing control. 
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       Proposed mechanism/model for NO control of lantern flash. How is the flash get turned off? 
 Bioluminescence in the hydromedusa Aequoria: 
      Structural characteristics of BFP and mechanism of light production. 
      Structural characteristics of GFP and mechanism of light production.  
 What are some examples of the use of BFP and GFP in the study of cellular biology?  What prior 

cellular mechanism/s that we have discussed in class can you experimentally test with BFP 
(hint – in heterotherm fish eye thermogenesis)?  How would you design the experiment? 

 What are some of the bioluminescent organisms shown in the in-class video and what functions do 
the bioluminescence serve for them? 

 Current thoughts of how marine bioluminescence evolved. 
 
Lens Crystallins 
 Types of eyes – camera eye, compound eye. 
 What would a primordial eye prototype consist of ? 
 What is the Pax6 gene? In what organisms is it found? 
 What is the evidence Walter Gehring provide to support a monophyletic origin of eye evolution? 
 What is peculiar about lens proteins as opposed to proteins in other tissues? I.e. why there is no 

protein turnover for lens crystallin proteins? 
 The three major crystallins in vertebrate lens.  Alpha crystallin is related to small heat shock  
  protein (sHSP) and has chaperone activity.  What is meant by chaperone activity, and how is  
  this activity measured?  
 The putative evolutionary origin of alpha, beta and gamma crystallin (if known). 
 In addition to the alpha, beta and gamma crystallins, some vertebrates have taxon specific  
  crystallins? What are these? 
 Taxon-specific crystallins are often metabolic or housekeeping enzymes that are expressed in other  

 tissues as well.  What are the hypotheses of how the gene became recruited to express 
crystallin? 

 What particularly interesting function does gecko iota crystallin has? 
 Cephalopod has only one major crystallin as opposed to 3 in vertebrates.  What enzyme is it  
  related to? 
  
Detection of Light and Spectral Tuning 
 What wavelengths does visual light spectrum cover? 
 What are the cell layers of the retina and their spatial arrangement? 
 The structures of rod and cone cells. 
 What is the blind spot in the retina? 
 What is meant by 8max  and what are the common  8max  values for rod cells, and blue, green and 

red cone cells in vertebrate retinas.  
 Where are rhodopsin and opsins located?  What is retinal versus 3-dehydroretinal? 
 Mechanism of transducing incident light to electrical signal: 
 What is dark current? What happens to the current when light is on?  
 Structure of rhodopsin and where is the light absorbing chromophore 
 The mechanism of phototransduction – from incident light hitting rhodopsin to closure of Na+ 

channels in rod membranes in outer segment.  How is the signal (one photon) amplified in   
this signal cascade? 
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 Lake Baikal Sculpin flock spectral tuning: 
 Geology , water quality and photic environments of Lake Baikal. 
 Structure of the 7 helical transmembrane domains of rhodopsin. 
 Rhodopsin and retinal are the same in all species.  What is the overall protein basis for the  
 modulation of max in these species at different depths? 
 Spectral locations of the max of the rod and cones of  Baikal sculpin species with depth of 
 Habitat.  What is the trend? 
 What are the 4 different max shifts and what is the total shift from littoral to abyssal habitats. 
 What is meant by blue shift, and red shift? 
 What are the 4 important amino acid substitutions that lead to the max shifts, and in which 

direction, resulting in the different spectral classes? 
 What is the Baikal sculpin spectral tuning paradox? 

 
 Visual adaptation in Comoran coelacanth: 
 What is the photic environment of the Coelacanth? 
 What is the adaptation? 
 How many opsins does it have? 
 What are the amino acid changes in the opsins responsible for the spectral shift? 

 
 
         
   
  
   
  
 
  
 
  
 


