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Glucose is historically portrayed as the initial substrate of glycolysis.  I am not sure why 
this presentation materialized within biochemistry, as glycolysis actually commences 
with a phosphorylated modification of glucose; glucose-6-phosphate (G6P).  Glucose 
enters into many cells (fibres), but is immediately phosphorylated to G6P by the enzyme 
hexokinase (muscle) or glucokinase (liver).  G6P can then be either modified to be 
added to glycogen during states of low cellular energy demand, or redirected into 
glycolysis.  Thus cellular metabolic conditions determine the fate of G6P, which by 
definition then means that glucose is not a committed molecule to glycolysis and 
therefore cannot be interpreted to be the first substrate of the 
glycolytic pathway.  Of added interest to glycolysis is the 
regulation of lipid vs. carbohydrate catabolism.  During rest, low 
energy demand conditions, muscle fibres are metabolically 
regulated to not have stimulation/activation of the enzymes of 
glycogenolysis and glycolysis.  Thus, without glucose-1-
phosphate (G1P) release from glycogenolysis, or metabolic 
(AMP) activation of phosphofructokinase, there is minimal G6P 
availability and flux through the glycolytic pathway.  Skeletal 
muscle is therefore left to rely on lipid catabolism to fuel muscle 
ATP needs.  So long as the cellular ATP demand and baseline 
concentrations of ADP and Pi remain stable, muscle can continue to rely on lipid 
catabolism and oxidation to meet muscle ATP demand.  This is why more endurance 
trained individuals can rely more on fat for catabolism, even though they are exercising.  
This fact alone has tremendous implications to how coaches or personal trainers should 
train their athletes/clients if fat loss is indeed a training goal.  All individuals become 
better fat burners if they focus training goals on increased physical fitness.  You will  
learn  more and more about the applications of metabolic biochemistry to fitness, 
training and health as you progress through the Topics of this electronic text. 

 
The glycolytic energy system comprises the reactions that concern the chemical 
breakdown of glucose-6-phosphate (G6P) to 2 pyruvate molecules, yielding ATP, 
water, electrons, protons, and heat.  The total system is summarized in Figure 1. 
 
Muscles can get glucose molecules from the blood, or from their stored reserves of 
glucose in the form of glycogen.  The more intense the exercise, the greater the 
proportion of glucose fuel from glycogen vs. blood.  The glucose that is acquired from 
the blood is transported into the muscle fibers via specialized protein transports called 
GLUT proteins.  There are several types of GLUT transporters, with the GLUT-4 
transporter being the main type expressed in muscle responsive to muscle contraction 
to increase glucose uptake. 
 
The GLUT-4 transporter is connected to the enzyme hexokinase that uses the free 
energy and terminal phosphate from ATP hydrolysis to add a phosphate group to sixth 
carbon of glucose to form G6P.  When at rest, muscle uses the G6P to synthesize 
glycogen to replenish that used in prior activity.  During exercise, the G6P is used to fuel 
the glycolytic pathway. 
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                   Figure 1. An overview of the glycolytic system. 

The remaining Topics of this section go into more detail about the breakdown of 
glycogen (glycogenolysis) and G6P flux through glycolysis.  For example, glycolysis 
will be presented in detail organized by two phases; Phase 1 = preparatory or ATP cost 
phase, and Phase 2 = payback or ATP regeneration phase, as shown in Figure 1.  You 
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will study the chemical structures and organic chemistry of each reaction, and learn 
about the importance of the NADH and ATP regenerated from glycolysis, where the 
NAD+ and ADP comes from to supply substrate to glycolysis, and why the H+ release of 
glycolysis is important to metabolic acidosis. 
 

Glossary Words 
 
glycolytic energy system is the energy system resulting from glycolysis, where ATP 
and NAD+ are regenerated in the conversion of glucose-6-phosphate to 2 pyruvate. 
 
glucose-6-phosphate (G6P) is the initial substrate of glycolysis, which is a glucose 
molecule with a phosphate group attached to the sixth carbon. 
 
pyruvate is the final 3-carbon product of glycolysis. 
 
ATP is the abbreviation for adenosine triphosphate, also referred to as the energy 
currency of the cell. 
 
electrons are sub-atomic particles that are negatively charged and orbit the nucleus in 
discrete orbitals or energy levels. 
 
protons are positively charged sub-atomic particles that reside in the atom nucleus. 
 
GLUT proteins are the family of cellular transport proteins for glucose uptake in to 
cells. 
 
GLUT-4 is the sub-type of GLUT proteins responsible for glucose uptake into skeletal 
muscle, and that are responsive to muscle contraction/exercise independent of insulin. 
 
hexokinase is the enzyme that catalyzes phosphorylation of glucose to glucose-6-
phosphate. 
 
glycolytic pathway is the 8 (9 if starting at glucose) reactions of glycolysis. 
 
glycogenolysis is the catalysis (breakdown) of glycogen to glucose-1-phosphate. 
 
phase 1 is the first 3 reactions of glycolysis involving 6 carbon intermediates that 
collectively involve the breakdown of ATP to ADP and Pi; thereby revealing phase-1 to 
be ATP costly/dependent. 
 
phase 2 is the final 5 reactions of glycolysis involving 3 carbon intermediates that 
collectively involve the conversion of 2 glyceraldehyde-3-phosphate molecules to 2 
pyruvate molecules, reforming 4 ATP and 4 NADH; thereby revealing phase-2 to be 
ATP producing. 
 

 


