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You must always remember the second law of bioenergetics.  
Energy transfer always proceeds in the direction of increasing 
entropy.  Thus, for a chemical reaction to occur, then there must 
be free energy release, which means the reaction must be 
exergonic.  The other interpretation of this is that all chemical 
reactions in living systems must be exergonic.  The concept of an 
endergonic reaction simply doesn’t exist in the body.  Now, let me 
clarify that there are endergonic reactions, but these have to be 

connected, or coupled, to a highly exergonic reaction to that this free energy release 
compensates for the energy need of the exergonic reaction.  This is how living systems 
work, and as you will learn, enzymes are essential coupling agents in this process. 

 
Before you can end your study of bioenergetics, it is imperative that you understand 
how cellular metabolism functions to build a more organized cell, or human body, 
characterized by a decrease in disorder or entropy.  Clearly this condition, and in fact 
life itself, seems to defy the second law of thermodynamics! 
 
First of all, the change in entropy during reactions is based on the total system.  For the 
body, we must function to prevent spontaneous combustion or total chaos by organizing 
cell and systems functions in ways that support life.  However, this increased order 
comes at a cost.  To sustain life, we must support chemical reactions, produce and 
remove waste products, release heat, and profoundly increase the entropy of our 
environment.  The net increase in the entropy of the environmental components of our 
system exceeds the order of our life processes, so that life itself actually increases total 
system entropy.  Just think of the nutritional components of this system.  We ingest 
complex foods, and through metabolism break these down into heat, energy for cell 
work, smaller waste products, and water.  All this total and free energy release is used 
to fuel reactions and processes within cells that require energy to oppose disorder.  
Such processes are growth and development, as well as tissue repair, and a multitude 
of other cellular and systemic functions that support life. 
 
So how do cells transfer the free energy release from reactions to processes that 
involve energy input?  The answer lies in a process referred to as coupling (Figure 1).  
Recall that I vehemently stated that there is no such thing as an endergonic reaction.  
While this is true, and otherwise endergonic reactions are exergonic in the reverse 
direction, cells have a means to add free energy to endergonic reactions so that they 
proceed in the direction requiring energy input.  The best example of this is the creatine 
kinase reaction (Figure 1). 
 
The creatine kinase reaction is actually two separate reactions combined, or coupled 
as one.  The two reactions are creatine phosphate hydrolysis, which is highly exergonic, 
and ADP phosphorylation forming ATP, an otherwise endergonic reaction.  By 
combining the highly exergonic reaction to a lower energy needing endergonic reaction, 
the sum of the two free energy requirements remains negative and adheres to the 
second law of thermodynamics.  This phenomenon is illustrated in Figure 2 for the 
pyruvate kinase reaction. 
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Figure 1. Coupled reactions occur when an enzyme facilitates the sharing of free energy 
between two otherwise separate reactions having positive and negative absolute Gibbs’ free 
energy release, such as for the creatine kinase catalyzed reaction. 

 

 
Figure 2. A schematic showing the concept of coupling for the pyruvate kinase reaction, once 

again showing absolute Gibb’s free energy (G) changes. 
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A remaining question concerns how cells couple multiple reactions.  The answer is 
enzymes.  No doubt you have been taught that enzymes are biological catalysts in that 
they increase the rate of chemical reactions without functioning as either a product or 
substrate of the reaction.  While this is true, an equally important function of enzymes 
lies in their role as couplers of otherwise singularly exergonic and endergonic reactions.  
It is through coupling multiple reactions that a cell can harness the free energy release 
of reactions to the energy dependent processes of molecular synthesis.  As you 
progress through the study of metabolism over the next weeks, your will become more 
and more aware of key reactions of energy metabolism that are in fact coupled 
reactions. In fact, reactions outside of the mitochondria that lead to ATP regeneration 
or ATP hydrolysis are all coupled reactions.  I will discuss this more in the section on 
Metabolic Design. 
 

Glossary Words 
 
nutrition refers to the branch of science concerning the knowledge and research of the 
consumption of substances needed to support life and the bodily process at systemic, 
cellular and sub-cellular levels involved in these events.  
 
growth is the process of human physical and mental development. 
 
development refers to having changed, with the applied meaning that the change has 
improved function. 
 
coupling, when concerned with cellular biochemistry, refers to the ability of enzymes to 
combine what would otherwise be two or more separate reactions and allow the net 
summation of free energy exchange.  This effectively can allow the combining of 
exergonic and endergonic reactions to yield a net exergonic reaction, thereby adhering 
to the second law of thermodynamics. 
 
creatine kinase is the enzyme that catalyzes the transfer of the phosphate group from 
creatine phosphate to ADP, forming ATP. 
 
pyruvate kinase is the enzyme that catalyzes the conversion of pyruvate to lactate. 
 
enzymes are the protein molecules that function as biological catalysts; they speed the 
rate of chemical reactions without being a substrate or product or altering the 
bioenergetics of the reaction. 
 
mitochondria is the plural expression of the organelle within skeletal muscle 
responsible for the consumption of oxygen and the regeneration of large amounts of 
ATP, albeit at a slow rate. 
 

 


