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Figure 1. The chemical structure of ATP. 

I could argue that understanding exercise physiology begins with understanding ATP.  
Furthermore, it is then logical to state that if you do not understand cellular metabolism 
and the regulation of cellular ATP, then it is a hug handicap to your understanding of 
exercise physiology.  When we exercise, the capacity to sustain normal muscle ATP 
concentrations drives the cellular and systemic responses to 
exercise.  If we cannot do this, then the combination of disturbed 
cellular metabolites (some increasing, and others decreasing) and 
the accompanied behavioral responses to the uncomfortable 
sensations we experience will compromise sustained exercise 
and/or sports/athletic performance.  From my perspective, these 
truths make the reality such that if you struggle with understanding 
cellular metabolism, you will struggle with exercise physiology.  
Metabolic biochemistry is therefore an essential pre-requisite to the 
study of exercise physiology, and is the reason why this electronic 
text is so focused on biochemical topics. 

 
ATP is the chemical abbreviation for 
adenosine tri-phosphate, as shown in 
Figure 1.  Note that ATP has three 
chemical components; an adenine group, 
a ribose sugar group, and three 
phosphate groups linked in series from 
carbon 5 of the ribose.  Together, the 
ribose and adenine groups form 
adenosine. 
 
As you have now learned, ATP is 
incredibly important for all cells of the 
body.  ATP is central to the chemical 
system for transferring free energy from 
chemical reactions to a myriad of cellular processes essential to life.  Many other 
textbook authors have described ATP as the “energy currency” of the cell.  However, I 
would rather you study on why this is the case than simply memorizing these fancy 
terms. 
 
For your study of exercise physiology, the best example of the cellular demand for and 
regulation of ATP supply concerns muscle contraction.  When muscles contract, there is 
an enormous increase in the ATP demand, which of course, then sets in motion all the 
metabolic regulation that concerns carbohydrate, phosphagen and lipid catabolism.  
You will learn this metabolic regulation and function in the sections pertaining to these 
topics. 
 
The moderate free energy release from ATP hydrolysis, and the moderate free energy 
demand for regenerating ATP, means that it is a favorable molecule to support energy 
transfer in both directions. 
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Figure 2. The role of ATP in using and releasing 

energy. 

As you will learn, for chemical reactions that can release sufficient free energy, nature 
has evolved to have most of these reactions coupled to the regeneration of ATP 
(product) from ADP and a phosphate group (substrates) (Figure 2).  As such, as soon 
as there is a net breakdown of ATP, metabolism increases to regenerate ATP from the 
now increasing ADP and either free inorganic phosphate or phosphate groups attached 
to certain metabolites.  The cell then uses the energy from ATP in a controlled and 
regulated manner to fuel cell work, which could consist of chemical work in adding 
atoms or chemical functional groups, such as phosphate (PO3

-) or amine groups (NH2), 
to other molecules, muscle contraction, molecular transport/movement within or from 
cells, developing molecular concentration gradients, etc. 

 
You will learn that the cell’s ATP 
concentration is fairly well 
maintained, even in skeletal muscle 
during the most intense contractions. 
This only makes sense given the 
pivotal role of ATP in cell free energy 
transfer.  Energy metabolism exists 
in cells to maintain the 
concentration of cellular ATP.  The 
cell’s stable concentration of ATP, 
which for skeletal muscle 
approximates 8 mmol/kg wet wt, 
corresponds to the most favorable 
conditions of cell function. 

 
The biggest tip I can give you now, is that you should view the cellular concentration of 
ATP as a favorable requirement for optimal metabolism and cell work.  The cellular 
concentration of ATP is not an energy store.  Again, metabolism functions to maintain 
cellular ATP.  When metabolism fails to do this, cell work diminishes because cell free 
energy transfer has been severely compromised.  During intense exercise, we call this 
muscle fatigue.  While research continues to further our understanding of the multiple 
causes of muscle fatigue, even a small decrease in the muscle ATP concentration is a 
contributing factor. 
  

Glossary Words 
 
ATP is the abbreviation for adenosine triphosphate, the main molecule in cells that is 
used to capture and release free energy. 
 
adenine is a purine base. 
 
adenosine is a nucleoside base consisting of an adenine (purine base) and ribose 
group.  Adenosine is also the structural core of the adenylate energy molecules ATP, 
ADP and AMP. 
 



What is ATP? 

3 

 

ribose is a pentose (5 carbon) sugar. 
 
phosphate is a chemical functional group with the pH dependent formula of HPO3

-2. 
 
free energy is the energy available from energy transfers that can be used to complete 
work. 
 
ATP hydrolysis refers to the involvement of water in the breakdown of ATP + H2O to 
ADP + Pi + H+. 
 
products are the molecules formed in a chemical reaction. 
 
ADP is the abbreviation for adenosine diphosphate. 
 
substrates are the molecules altered in a chemical reaction to form products. 
 
cell work is the use of free energy by a cell to perform work that could be in chemical, 
mechanical, light or electrical forms. 
 
metabolism is the net sum of all reactions of a cell, tissue or organism. 
 

 
 


