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I know what you’re thinking.  Wow, I haven’t even studied 
metabolism yet, and I didn’t do that well in biology in High School, 
and I am studying a basic science topic that only nerds are meant to 
like or study.  Sorry, but you are wrong.  To study metabolism you 
need to first understand the rules and concepts of bioenergetics.  I 
will not make this difficult, or require you to master complex 
calculations.  Nevertheless, there are some important concepts that 
you must invest effort into understanding.  Once you do this, you will 
improve your understanding of the design of energy catabolism, and 
thereby make future study of the metabolic pathways a much easier 
process.  The other benefit of an early study of bioenergetics is that 
you are introduced to the concept of free energy, and from this, you 
can also improve your comprehension of the function of enzymes, 
the coupling of chemical reactions, and the ability of a select number 
of reactions to change direction in response to changing cellular 
metabolic conditions. 

 
First of all, the larger field of the study of the science of energy transfer is called 
thermodynamics.  While thermodynamics theoretically covers all aspects of energy 
transfer, most applications of thermodynamics pertain to energy transfer between heat 
and mechanical work, hence the prefix “therm” (pertaining to temperature).  Therefore, 
thermodynamics has main application to machinery.  Another branch of 
thermodynamics is energetics, which concerns energy transfer in physical or chemical 
conditions.  Bioenergetics is yet another branch of thermodynamics, and concerns the 
study of energy transfer in living organisms. 
 
What is energy transfer?  Well, think of muscle having stored energy in the form of 
macromolecules such as fat, glycogen, phosphorylated glucose and fructose sugar 
molecules, proteins and amino acids.  The food you ingest, in part, is to maintain a 
supply of these molecules.  Energy is stored in these molecules between the atoms.  
How is this chemical energy released and transferred within the cell to do other 
functions such as muscle contraction, molecule transport, conducting action potentials, 
etc?  In short, how is chemical energy transferred to the mechanical energy of muscle 
contraction, molecular transport, or the action potential?  What determines how much 
chemical energy exists or is released during a chemical reaction?  What determines 
which way a chemical reaction proceeds, and therefore which molecules are the 
substrates and which are the products?  Studying bioenergetics gives you the answers. 
 
How many examples of energy transfer can you think of within the human body?  Figure 
1 presents as many of these energy transfers that I could think of.  How did you do? 
 
Figure 2 presents the lactate dehydrogenase reaction.  This reaction is illustrated to 
show pyruvate, NADH and a proton (H+) being converted to lactate and NAD+. 
However, in some tissues such as the heart myocardium, this reaction mainly occurs in 
the reverse direction.  Inactive muscle also can have this reaction go in the reverse 
direction.  Why is this?  This, like any reaction, is potentially reversible.  What 
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Figure 1. Examples of energy transfer within 
the human body. 

 

 
 
Figure 2. The lactate dehydrogenase 

reaction. 

determines which way the reaction 
proceeds?  Answers will come soon 
after future Topics within this 
bioenergetics section! 
 
Figure 3 presents the creatine kinase 
reaction.  This reaction is essential for 
muscle to support a rapid ATP 
regeneration during the onset of 
exercise, or for sustained intense 
muscle contractions.  However, when 
we are at rest, there is no creatine 
phosphate breakdown and ATP 
production.  Why?  When we stop 
exercise, there is a rapid reversal of this 
reaction so that the muscle creatine 
phosphate store is rapidly regenerated.  Why 
are some reactions so responsive to cellular 
conditions for their occurrence and/or 
directionality?  When comparing the lactate 
dehydrogenase and creatine kinease reactions, 
why is it that only the latter involves ATP 
regeneration in the direction presented?  Yes, 
you guessed it, the answers will come soon. 
 
I hope these examples and questions reveal 
that there is a lot to learn about metabolism 
besides memorizing reactions, substrates and 
products.  To understand metabolism, rather 
than memorizing it, requires leaning 
bioenergetics. 
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Figure 3. The creatine kinase reaction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Glossary Words 
 
thermodynamics is the science of energy transfer. 
 
energetics is the science of energy transfer in physical or chemical conditions. 
 
bioenergetics is the science of energy transfer in living organisms. 
 

 
 
 


