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Question 2 (36 points) 
 

a) Fill in the blanks:  
 

A ________________ is an organism that is capable of making its own food store, while a 

__________________ must rely on getting food from the environment.  

 
b) What types of organisms carry out  
 
 i) glycolysis (circle all that apply) 
 
  autotroph  heterotroph  prokaryotes  eukaryotes 
 

ii) photosynthesis (circle all that apply) 
 
  autotroph  heterotroph  prokaryotes  eukaryotes 
 
 
Below are simplified chemical flowcharts of glycolysis and the Krebs (citric acid) cycle. 
 

 
 
In the course of glycolysis, NAD+ is reduced to NADH.  
 
c) In glycolysis, what is the original source of the electrons that are used to reduce NAD+? 
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Question 2, continued 
 

The glycolysis pathway produces energy from glucose.  
 
d) In what molecule is this energy stored?  
 
e) Where in that molecule is the energy that is used to perform work stored? Be specific.   
 
 
 
Breakdown of the molecule (in d) is often coupled with other reactions in the cell, making the 
new, coupled, reaction proceed at an appreciable rate.  
 
f) Describe one mechanism that is commonly used in such coupled reactions.  

 
 
 
 
S. oxyphiliae is an organism that can undergo fermentation or respiration. 
 
g) You take equal aliquots of the same oxyphiliae culture and supply both with equal amount 

of food. You place aliquot A into an airtight bottle and aliquot B into an open shallow 
container.   

i)  Are the cells in cultures A and B deriving all of their energy in the same way? 
Explain. 
 
 
 
ii) Will one culture run out of food faster? If yes, state which culture, and explain why. 
If no, explain why not.  
 
 
 
iii) At the time when both cultures run out of food, will there be approximately the 
same number of cells in each? Why or why not?  
 
    

 
 
h) In the Krebs cycle itself, only one ATP molecule is generated per molecule of pyruvate. Yet 

we know that respiration overall yields more additional ATP molecules. Beginning with 
the products of the Krebs cycle, briefly outline how that additional ATP is generated.    

 
 
 



Question 2, continued  
 
i) What is the main overall product of the dark reactions of photosynthesis?  
 
 
 
All enzymatic reactions, including those in glycolysis and the Krebs cycle, are reversible.  
You decide to study where in the cell glycolytic enzymes are found. You are surprised to 
find that these enzymes are not only found in the cytoplasm, but also in chloroplasts.  
 
j) Explain why these enzymes are found in chloroplasts.  
 
 
 
k) Explain, in evolutionary terms, why two species that diverged billions of years ago still 
use many of the same enzymes and reactions.  
 
 



Question 2 (36 points) 

a) Fill in the blanks: 


An autotroph________ is an organism that is capable of making its own food store, while a 


heterotroph__________ must rely on getting food from the environment. 


b) What types of organisms carry out  

i) glycolysis (circle all that apply) 

autotroph heterotroph  prokaryotes eukaryotes 

ii) photosynthesis (circle all that apply) 

autotroph heterotroph  prokaryotes eukaryotes 

Below are simplified chemical flowcharts of glycolysis and the Krebs (citric acid) cycle. 

In the course of glycolysis, NAD+ is reduced to NADH. 


c) In glycolysis, what is the original source of the electrons that are used to reduce NAD+? 

The original source of electrons in glycolysis is glucose. 
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Question 2, continued 

The glycolysis pathway produces energy from glucose.  

d) In what molecule is this energy stored?  ATP 

e) Where in that molecule is the energy that is used to perform work stored? Be specific.   
In ATP, the energy used to do work is stored in the phosphate bonds. 

Breakdown of the molecule (in d) is often coupled with other reactions in the cell, making the 
new, coupled, reaction proceed at an appreciable rate.  

f) Describe one mechanism that is commonly used in such coupled reactions.  
One common mechanism involves transferring the third phosphate of the ATP onto one of the 
reactants, thus raising its energy state such that the new, coupled reaction is now favorable.   
Another mechanism involves performing ATP hydrolysis on the same enzyme, but in a different 
active site than the reaction being catalyzed. In this mechanism, ATP hydrolysis often causes the 
enzyme to change conformation, allowing it to catalyze the main reaction.  

S. oxyphiliae is an organism that can undergo fermentation or respiration. 

g) You take equal aliquots of the same oxyphiliae culture and supply both with equal amount 
of food. You place aliquot A into an airtight bottle and aliquot B into an open shallow 
container. 

i) Are the cells in cultures A and B deriving all of their energy in the same way? 
Explain. 
No. Culture A derives all of its energy from glycolysis, while culture B derives additional energy 
(ATP) from Krebs cycle and oxidative phosphorylation. 

ii) Will one culture run out of food faster? If yes, state which culture, and explain why. 
If no, explain why not. 
Yes. Because culture A derives all of its energy from glycolysis, it only produces 2 molecules of 
ATP/molecule of glucose. Thus, it will have to utilize more glucose to perform same amount of 
cellular functions as culture B that derives 36 molecules of ATP/molecule of glucose through 
respiration. 
iii) At the time when both cultures run out of food, will there be approximately the 
same number of cells in each? Why or why not? 
No. Because culture B utilizes its food stores more efficiently, it will be able to maintain cellular 
functions for longer on the same amount of food. Therefore, it will have more time to divide, and 
it will have more cells than culture A.  

h) In the Krebs cycle itself, only one ATP molecule is generated per molecule of pyruvate. Yet 
we know that respiration overall yields more additional ATP molecules. Beginning with 
the products of the Krebs cycle, briefly outline how that additional ATP is generated.    
Krebs cycle is run in mitochnodria, where e- rich NADH and FADH2 unload electrons onto the 
electron transport chain (ETC). As electrons are passed down the ETC, protons are pumped into the 
space between the inner and outer membrane, forming gradient. Because of the gradient, it is 
favorable for H+ to get back across the membrane. That proton motive force powers ATP synthase to 
add a Pi to an ADP, creating ATP. 
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Question 2, continued  
 
i) What is the main overall product of the dark reactions of photosynthesis?  
The overall reaction of photosynthesis is 6CO2+6H2OÆC6H12O6(glucose) +6O2, and the main  
product is glucose.  
 
All enzymatic reactions, including those in glycolysis and the Krebs cycle, are reversible. 
You decide to study where in the cell glycolytic enzymes are found. You are surprised to 
find that these enzymes are not only found in the cytoplasm, but also in chloroplasts.  
 
 
j) Explain why these enzymes are found in chloroplasts.  
In the process of generating glucose from CO2, the cell runs some of the reactions of the glycolytic  
pathway in reverse. Because all enzymatic reactions are reversible, enzymes used to run the  
pathway backward in chloroplasts are the same that are used to run glycolysis in cytoplasm.  
 
 
k) Explain, in evolutionary terms, why two species that diverged billions of years ago still 
use many of the same enzymes and reactions.  
Once a pathway is developed, any mutant (M) of the pathway that accidentally arises is likely to be 
less efficient. Even if some descendant of M, M1, if it was to acquire another mutation, might end up 
being significantly better than the original non-mutant organism, M itself is not likely to survive or 
generate enough progeny to allow M1 to ever appear. Thus, evolutionary pressure works against 
changes to key pathways, ensuring significant conservation throughout evolution. 
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