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Figure 1. Schematic for how enzymes 
decrease the activation energy of a 
chemical reaction. 

You now know about the energetics of chemical reactions.  Before you proceed further 
with your study of metabolism, it is imperative that you understand that the free energy 
release during chemical reactions is not influenced by enzymes.  While enzymes speed 
up chemical reactions, even by the order of more than 1 million fold compared to the 
non-enzyme catalyzed reaction, they do not change what thermodynamics mandates; 
the magnitude and direction of the change in Gibbs free energy.  As such, an enzyme 
will only make an exergonic reaction proceed faster.  Enzymes cannot alter the 
directionality of a chemical reaction. 

 
Enzymes increase the speed of chemical 
reactions by decreasing the energy needed to 
properly align substrates to allow the 
chemical reaction to proceed.  This is referred 
to as a decrease in the activation energy of 
a reaction (Figure 1).  Think of this as simple 
probability.  For a reaction to proceed without 
an enzyme, the substrates need to be aligned 
in just the right way, at a specific distance 
from each other or degree of overlap, and 
they need to remain in such positions long 
enough to facilitate the chemical changes 
pertinent to the reaction.  Enzymes facilitate 
all of this by having high affinity of substrate 
binding in just the right positions and/or by 
then altering structure to force the substrates 
to interact and facilitate the reaction 
mechanism(s). 
 
I have already explained the role of enzymes in coupling two or more chemical 
reactions, so that the sum of the changes in free energy dictate the magnitude of free 
energy release, and the directionality of the reaction.  However, there are additional 
functions and interpretations of the catalytic nature of enzymes that are important for a 
thorough understanding of metabolism, and its regulation. 
 
The fact that chemical reactions proceed at an incredibly slow rate without an enzyme 
essentially means that when concerned with meaningful rates of product formation, 
enzymes have to be present for chemical reactions to proceed at rates that support life.  
Not only do enzymes need to be present, but they must be operable.  Thus, if enzymes 
could be controlled or regulated, this would mean that chemical reactions could be 
regulated.  The ability to control enzymes would essentially amount to the ability to 
control metabolism, which in turn also amounts to the control of free energy transfer.  
Understanding enzymes is a necessary next step to understanding metabolism. 
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Glossary Words 
 
enzymes are biological catalysts that increase the speed of chemical reactions without 
being a product or substrate, or changing the energetics and therefore directionality of 
chemical reactions. 
 
activation energy is the energy required to align substrates appropriately to allow the 
chemical reaction mechanism to occur. 
 
affinity refers to an attractive force between compounds or elements.  
 
regulated refers to being controlled or influenced by specific molecules. 
 

 


