
Mallery - Bil 150 Energy & Metabolism Workshop - Page 1 

Dr. Mallery                                               Biology 150 - Workshop       Fall Semester        
ENERGY and METABOLISM 

 
IN THE GRAND SCHEME 

Energy is a requirement of life.  Cellular life is awfully hard work; energy must be expended to perform 
all the processes that keep a cell going.  Chemical reactions, cellular functioning, running, reproducing, 
(running ???) -- all require energy.  Without a steady source of replenishable energy cells would die.  
Photosynthetic organisms use sunlight as an energy source and convert solar energy into chemical bond 
energy (glucose).  Heterotrophic organisms use the chemical bond energy to transform it into a more 
immediately useable form (ATP).  

 
FOR REVIEW 

A. Have the first seven members of your Learning Community list seven (7) different forms of energy.  
These need not be related to or found in cells.  

 
B. Have each member of your Learning Community, in turn, define the KEY TERMS given below and tell 

how it may relate to the concepts of energy and metabolism.  As a group, help each other answer any 
questions concerning any portion of the review section that any person does not understand before 
proceeding further. 

   a) Nature of Chemical Bond  f) Free Energy    k)  Chemiosmosis 
   b) Nucleotides      g) Exergonic/endergonic reaction     l)  Catabolic/anabolic 
   c) Proton Pump     h) phospho-anhydride bond              m) Phosphorylation 
   d) Entropy      I) aerobic                 n)  dehydrogenase 
   e) Potential vs. Kinetic Energy j) Oxidation/reduction   o)  cytochrome  
 
ENERGY GRAPHS 
  Have one member each go to a blackboard 

(or use a piece of paper) to complete the 
following graphs to illustrate an exergonic 
reaction and an endergonic reaction.  Be 
sure to includes labels for the reactants, 
products, and activation energy.  Indicate 
for each graph whether the products or the 
reactants contain more energy.  Have the 
rest of your Learning Community critique 
whether or not the graphs are properly 
depicted. 

 
ENERGY FLOW 
  Have five members of your learning community in turn identify the alphabetic labels in the figure 

below, which depicts how ATP, ADP, and P are cycled and recycled through living cells and how 
energy is involved in this cycling.  The five terms to be identified are : ADP, ATP, P, Energy Added, 
and Energy released.  Discuss the significance of this energy flow diagram. 
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CELL RESPIRATION. 
  Have one member each, in turn, complete the following chart.   At each of the indicated stages of cell 

respiration identify which of the following 5 molecules are produced at that stage.  (A substance may be 
used more than once) 

      STAGE     SUBSTANCE(S) PRODUCED 
     1.  Glycolysis        ? 
     2.  Fermentation       ? 
     3.  Oxidation of Pyruvate     ? 
     4.  Citric Acid Cycle      ? 
     5.  Electron Transfer Chain    ? 
 
 
ELECTRON TRANSFER CHAIN - Paragraph Fill In. 

One member each, in turn, from your Learning Community fill in one of the blanks given below in the 
paragraph which describes the events in the electron transfer chain. 

 
 Electron are taken from   A.____________ and B.___________, which then revert to   C.____________  

and  D.____________.  These electrons are passed along the transport chain, a series of protein and carrier 
molecules (electron acceptors) such as E._____________________.  The final (terminal) electron acceptor 
is F._____________, which combines with electrons and G._________ to form H.____________. 
As the electron travel through the transport chain, they provide sufficient loss in energy to drive 
I.______________ , which causes J._____________ to be produced by the process called K.___________. 

 
 
GLYCOLYSIS 
  The reactions of glyco-lysis are often divided into two phases: a) an energy investment phase and b) an 

energy-yielding phase.   Have two different members of your Learning Community describe to the rest 
of the Community what is meant by each one of these terms. 

 
 
ELECTRON TRANSFER CHAIN 

The electron transfers chain is made of a linked series of electron acceptor/donor molecules embedded 
into the inner cristae membranes of the mitochondria.  Each successive electron carrier has a higher 
electro-negativity than the one before it, so that electrons are pulled downhill to a terminal acceptor.  
Most of the carriers are proteins and are tightly coupled with their own PROSTHETIC groups (non-
protein coenzymes).  In the table below have one member each, in turn, fill in the missing prosthetic 
group. 

 
Electron Protein Carrier Prosthetic Group (coenzyme) 

cytochromes  

iron-sulfur proteins  

flavoproteins  

ubiquinone  

 
    



Mallery - Bil 150 Energy & Metabolism Workshop - Page 3 

MAXIMUM ENERGY YIELDS (in ATP Equivalents)  
           for EACH GLUCOSE OXIDIZED IN CELL RESPIRATION 
 

Have each member of your Learning Community fill in one of he missing boxes in the table below 
which gives estimates for the ATP yields from cell respiration. 

 
Process Substrate Level 

ATP’s 
Reduced 

Coenzymes 
Produced 

ATP Produced by 
Oxidative 

Phosphorylation 

Totals 

Glycolysis     

Oxidation of pyruvate 
 
 

    

Krebs Cycle     

 
A DIFFERENT KIND OF CONCEPT MAP… 

The metabolic pathways of cellular respiration and the oxidation of food stuffs are very detailed and 
complex.  It is easy for one to lose sight of the important concepts for the magnitude of details that is 
present.  One of the best ways to learn the main concepts of cellular respiration is to explain them to 
someone else.  Have one member of your Learning Community, each live in turn, explain the important 
concepts and steps of glycolysis, Krebs Cycle, and the electron transfer chain by filling live in one of the 
empty boxes live in the table below.  Then verbally explain the significance of the section of the table that 
you choose to fill live in to the rest of the Community.  You may use diagrams and sketches to help you 
explain the process, if desired.  Make sure everyone complete understands each section of the table before 
going on to another section. 

  
Process Main Function (concept) Inputs Outputs 

Glycolysis    

Pyruvate to Acetyl-CoA    

Krebs Cycle    

Electron Transfer chain 
& oxidative phosphorylation  

   

Fermentation    

Anaerobic Respiration 
(lactic acid production)  
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SOME IDENTIFICATIONS… 
 
 Questions 1 to 6 use the figure on the right.... 
 1.  Site of the higher H+ concentration : a, b, c, d, e, or f ; and why? 
 2.  Membrane that is more freely permeable : a, b, or c? 
 3.  Name of the label tag © ?  
 4.  Name of the label tagged (d) ? 
 5.  Where is the pH the lowest ? a, b, c, d, e, or f  ? 
 6.  The site of Glycolysis is ? 
 
 
 
Questions 7 to 10 use the figure on the left.  
 
7.  What is the molecule at label B. is figure to the left? 
 
8.  What is the name of the system identified by label A? 
 
9.  What is label C. identifying ? 
 
10.  What is the name of the cellular process identified by  
  the labels A., B., and C. ? 
 
 
SOME THOUGHT QUESTIONS 
 
A. What is the net yield (everything produced and/or consumed) for every molecule of Glucose that goes 

through glycolysis? 
B. The international wine industry is a multi-billion dollar industry.  Wines are distinguished by color, flavor, 

bouquet (aroma), and alcoholic content. They may be red (when the whole crushed grape is used), white 
(using the juice only), or rosé (when skins are removed after fermentation has begun). Wines are also 
classified as dry (when grape sugar ferments completely) or sweet (when some sugar remains).  There are 
three main types of wine: natural (still), fortified, and sparkling. Fortified wine (e.g., SHERRY, port, 
Madeira) has brandy or other spirits added to it. Sparkling wine (CHAMPAGNE is the best known) is 
fermented a second time after bottling.    Why is wine alcoholic?  What are the four chemical products made 
by the process of fermentation of grapes into wine?  A fortified wine is defined as one in which alcohol has 
been added to the naturally fermented wine.  Naturally fermented wines do not contain an alcohol content 
greater than about 12% ethanol. Why? 

C. Drowning, suffocation, and carbon monoxide poisoning all kill a person by preventing sufficient oxygen 
from reaching his or her cells.  Using what you know about oxidative respiration, explain why the lack of 
oxygen kills. 

D. Some animals that live in deserts and other arid and dry places have adapted to survive without having to 
drink water.  They obtain some water from the foods they eat, but many must rely on “metabolic water”.  
What do you suppose is metabolic water?   

E. The anaerobic process of fermentation has been described an very inefficient when compared to the aerobic 
process of oxidative respiration.  If it is so inefficient, why does it still exist? 

F. Jogging is considered to be an aerobic exercise, while sprinting a 100 meters is called an anaerobic exercise, 
and golf is considered an non-aerobic exercise.  Explain these observations. 


