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Figure 1. The chemical structures of substrates and products of the phosphorylase reaction. 

You should view glycogenolysis and glycolysis like a reservoir and river, respectively.  
The reservoir is the storage of the glucose substrate (water analogy) that functions to 
not only be a storage site, but also to allow the regulated release of the store to control 
flow of substrate down the river (glycolysis).  This simple concept should emphasize the 
simplicity of this metabolic control.  Instead of valves to control pipes to allow more or 
less water release, this feature of cellular metabolic design requires specific activators 
and inhibitors of specific enzymes to control glycogenolysis and glycolysis.  When there 

is ample substrate, muscle is regulated to fill the reservoir. 
When the reservoir is full, the added glucose substrate 
must be allowed to flow through glycolysis.  This is why 
excess intake of carbohydrate inevitably leads to increased 
carbohydrate oxidation; the body can only store so much 
glucose in muscle and the liver!  During times of low 
carbohydrate stores, the cells are forced to catabolize more 
fat and amino acids.  During these times, muscle 
contraction is metabolically compromised, as contractile 
power is severely decreased when glycolytic flux is low.  In 

short, the energetic demands of intense muscle contraction cannot be met without 
adequate muscle glycogen stores.  Thus, glycolysis is an essential skeletal muscle 
metabolic pathway for sustained moderate to intense exercise. 

 
Glycogenolysis concerns the breakdown of glycogen, one glucose residue at a time, to 
form glucose-1-phosphate (G1P) (Figure 1 and Equation 1).  The enzyme involved in 
this reaction is called phosphorylase (Figure 2), and is allosterically activated by 
AMP (see Figure 2a and b) and calcium (Ca+2). 

 

 1-nglycogen  phosphate-1-Glucose  
asePhosphoryl

PiGlycogen           Equation 1 
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Figure 2. Three dimensional structure of the phosphorylase 
enzyme showing the a) regulatory side and b) catalytically 
active side.  Note the binding site of the activator AMP. 

 
Figure 3. The structure of glycogen, showing the 
glycogenin core and surrounding glucose 
residues. 

 
Pay attention to the 
substrates of this 
reaction.  Note the 
presence of the substrate 
inorganic phosphate (Pi).  
The Pi comes from 
solution, and as such, the 
bioenergetics of the 
phosphorylase reaction 
becomes more exergonic 
when Pi increases in 
muscle.  As this does not 
happen until the exercise 
intensity increases 
beyond light to more 
moderate, there is 
minimal total substrate 

(product of all substrates) for glycogenolysis until such intensities are achieved.  This is 
part of the reason for the predominance of fat catabolism at rest and during low intensity 
exercise. Another reason is obviously the activation of phosphorylase by AMP, which 
also does not increase until more intense exercise intensities are attained. 

 
Although the phosphorylase reaction 
is viewed to be the featured reaction 
of glycogenolysis, and correctly so, 
the task of breaking down glycogen 
involves two additional enzymes.  
Figure 3 presents the structure of the 
glycogen molecule.  The residues of 
glucose connected end to end forming 
each chain can only elongate to a 
certain length.  As such, these chains 
are also connected to each other in a 
branched structure.  Thus there are 
two types of bonds within glycogen, 

the end-to-end bond, or 1-4 bond, 

and the branched bond, or the 1-6 
bond.  Phosphorylase only works on 

the 1-4 chain bonds so long as there 
are more than 4 glucose residues 

(Figure 4).  Thus, one of the two added enzymes is needed to remove 3 of these 4 
residues to longer chains so phosphorylase can continue to function.  This enzyme is 
called glycogen transferase. 
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Figure 4. The function of phosphorylase, transferase and 

debranching enzymes in glycogenolysis. 

As shown in Figure 4, a final 
enzyme must exist to remove 
the last glucose residue that 

forms the 1-6 bond.  This is 
called glycogen debranching 
enzyme (α-1,6-glucosidase), 
and this cleaved residue is 
released into the cytosol as a 
free glucose molecule that must 
by phosphorylated in the 
hexokinase reaction to glucose-
6-phosphate (G-6-P). 
 
Of course, phosphorylase is 
clearly the main enzyme of 
glycogenolysis.  However, 
remember that to degrade a 
large proportion of the residues 
from glycogen the transferase 
and debranching enzymes are 

also essential.  Also note the product of the phosphorylase reaction, G1P, gains the 
phosphate group without any need of free energy release from ATP hydrolysis.  Yes, 
this reaction must be highly exergonic to provide the free energy for this phosphate 
addition.  The G1P is then modified by a phosphate transfer from the first to sixth 
carbon producing G6P, and this reaction is catalyzed by the enzyme 
phosphoglucomutase. 
 

Glossary Words 
 
glycogenolysis refers to the breakdown of glycogen, one glucose residue at a time, to 
form glucose-1-phosphate (G1P). 
 
glucose-1-phosphate (G1P) is the main product of glycogenolysis. 
 
phosphorylase is the main enzyme, of 3 different enzymes, involved in glycogenolysis. 
 
allosterically activated refers to when an enzyme is activated by the binding of a 
metabolite. 
 
AMP is the abbreviation for adenosine monophosphate, which is a product of the 
adenylate kinase reaction of the phosphagen system. 
 

1-4 bond is a bond formed between carbons 1 and 4 of two glucose residues. 
 

1-6 bond is a bond formed between carbons 1 and 6 of two glucose residues. 
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glycogen transferase is the enzyme involved in the moving of glucose residues from 
one chain (shorter) to another (longer). 
 
glycogen debranching enzyme (α-1,6-glucosidase) is the enzyme involved in the 

breaking of the 1-6 bond, releasing free glucose into the cytosol. 
 
phosphoglucomutase is the enzyme involved in the conversion of glucose-1-
phosphate to glucose-6-phosphate. 

 
 


