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Figure 1. A schematic overview of phase 1 of glycolysis. 

We are going to study glycolysis as two phases.  Phase 1 
involves ATP cost through the addition of phosphate groups.  
The first addition occurs when glucose is transported into 
muscle via the enzyme hexokinase, forming G6P.  As previously 
explained, prior biochemical explanation of glycolysis includes 
this reaction, but as you now know this is not strictly correct.  
The second phosphate addition occurs in the conversion of G6P 
to Fructose-1,6-bisphosphate (F1,6P).  View phase 1 of 
glycolysis as a priming phase.  Yes, it is energy costly with the 
ATP cost of the phosphofructokinase reaction, but this initial 
outlay pays off in phase 2 as you will soon see.  Once again, 
always remember that the glycolytic pathway allows us to 
perform sustained intense exercise, is the most ATP 
regenerating pathway of muscle during intense exercise lasting more than 30 s, and 
note in this study that it also releases protons (H+) that impact on the development of 
metabolic acidosis. 

 
G6P Production 
Phase 1 of glycolysis involves 
the reactions that convert 
glucose-6-phosphate (G6P) to 
glyceraldehyde-3-phosphate 
and dihydroxyacetone 
phosphate (Figure 1).  Most 
textbooks of biochemistry and 
exercise physiology start the 
glycolytic pathway with glucose, 
but this is very misleading.  
During increasing exercise 
intensities, a greater and greater 
proportion of the G6P that fuels 
glycolysis is derived from 
muscle glycogen.  Thus, the 
ATP cost and proton (H+) release from the hexokinase reaction in skeletal muscle is 
over-emphasized in most other textbooks.  To resolve this dilemma, the two sources of 
G6P that start the glycolytic pathway are presented in Figure 2.  Small graphics are 
provided to reveal how each source changes in their contribution to G6P production as 
exercise intensity increases. 
 
The hexokinase reaction (Figure 3) adds a terminal phosphate group from ATP to the 
sixth carbon of glucose, forming G6P.  The involvement of water in the reaction is 
necessary to place a hydroxyl group on the terminal phosphate of the ADP product, 
releasing a free H+.  This reaction is highly exergonic, preventing reversal of the 
reaction in-vivo, thus trapping G6P inside the muscle fiber and committing G6P to either 
glycolysis or glycogen synthesis.  Accumulation of G6P in muscle inhibits hexokinase. 
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Figure 2. The two sources of glucose for glucose-6-

phosphate (G6P) production in skeletal muscle.   

 
 
Figure 3. The hexokinase reaction. 

Phosphoglucose 
Isomerase Reaction 
G6P is converted to an 
isomer, meaning another 
molecule that has the same 
chemical formula, which in 
this case is fluctose-6-
phosphate (F6P) (Figure 4).  
Note that the difference 
between the two molecules 
is the type of sugar 
backbone, which is an 
aldose sugar for G6P and 
a ketose sugar for F6P.  
Both G6P and F6P are 
hexose sugars, as the 
sugar backbone of each 
molecule contains 6 
carbons.  The difference between 
an aldose and a ketose molecule is 
that an aldose has a carbonyl 
(HC=O) group as the terminal 
carbon, whereas a ketose does not 
and has a keto (C=O) group on 
carbon 2.  The carbonyl group 
defines a class of chemicals known 
as aldehydes. 
 
Phosphofructokinase (PFK) 
Reaction 
If you count the hexokinase 
reaction, the 
phosphofructokinase (PFK) 
reaction is the second ATP cost 
reaction of glycolysis, involving the 
phosphate transfer from ATP to 
F6P, forming fructose-1,6-
bisphosphate (F1,6P) (Figure 5).  
As was the case for the hexokinase 
reaction, the PFK reaction is highly 
exergonic, preventing reversal of 
the reaction in-vivo. 
 
The PFK reaction is an important allosterically regulated enzyme that essentially 
controls whether there is or is not meaningful substrate flux through glycolysis.  During 
resting conditions, when there is a stable ATP concentration in muscle, PFK is inhibited 
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Figure 4. The phosphoglucose 

isomerase reaction. 

 
 
Figure 5. The phosphofructokinase (PFK) reaction. 

by ATP.  However, during moderate to intense 
exercise, when concentrations of both ADP 
and AMP (more so of AMP) increase, the 
adenylate activation of PFK overcomes ATP 
inhibition, and enzyme activity dramatically 
increases.  This activation of PFK, and the 
resulting increased flux of G6P through 
glycolysis is a major determinant of the 
increasing reliance on carbohydrate 
catabolism, and decreasing fat catabolism, 
during increasing exercise intensities. 
 
Aldolase Reaction 
Look once again at Figure 5. Notice that the 
F1,6P molecule is structured favorably to allow 
for molecule splitting that leaves two 3-carbon 
molecules, each containing one phosphate 
group.  This is what happens in the aldolase 
reaction (Figure 6).  Such splitting produces 
two different 3 carbon (triose) phosphate 
molecules; dihydroxyacetone phosphate 
(DHP) and glyceraldehyde-3-phosphate 
(G3P).  Look at these chemical structures, and 
try to figure out which one is an aldose 
(aldehyde) and which one is a ketose.  

Remember that the C=O 
group position gives this 
away! 
 
Triose Phosphate 
Isomerase (TPI) Reaction 
The DHP produced from the 
aldolase reaction is a dead-
end molecule as far as the 
glycolytic pathway is 
concerned, as only G3P can 
be used in the next reaction of 
glycolysis.  However, DHP is 
readily converted to G3P by 
the triose phosphate 
isomerase (TPI) reaction 
(Figure 7).  Thus, after this 
reaction, there are now two 
molecules of G3P formed 
from the original G6P 
molecule, and all products of 
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Figure 6. The aldolase reaction. 

 
 
Figure 7. The triose phosphate 

isomerase (TPI) reaction. 

the subsequent reactions (phase 2 of glycolysis) need to be doubled to account for the 
6 carbons of G6P. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Glossary Words 
 
phase 1 of glycolysis is the initial reactions of the glycolytic pathway that convert 
glucose-6-phosphate (G6P) to glyceraldehyde-3-phosphate and dihydroxyacetone 
phosphate. 
 
glyceraldehyde-3-phosphate is a 3-carbon glycolytic intermediate produced from 
fructose-1,6-bisphosphate. 
 
dihydroxyacetone phosphate is a 3-carbon glycolytic intermediate produced from 
fructose-1,6-bisphosphate. 
 
hexokinase reaction is the reaction that converts glucose to glucose-6-phosphate. 
 
hydroxyl group is the chemical functional group consisting of an oxygen and hydrogen 
atom –OH. 
 
isomer is a molecule that has the same chemical formula as another molecule but 
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different chemical structure. 
 
aldose sugar is a sugar such as glucose, where there is a carbonyl (HC=O) group as 
the terminal carbon. 
 
ketose sugar is a sugar such as fructose, where there is a keto (C=O) group on carbon 
2. 

 
hexose sugars are sugars that contain 6 carbons, such as glucose (an aldose sugar) 
and fructose (a ketose sugar). 
 
aldehydes are molecules that have a carbonyl (HC=O) group as the terminal carbon. 
 
phosphofructokinase (PFK) is the enzyme that catalyzes the conversion of fructose-6-
phosphate and ATP to fructose-1,6-phosphate and ADP. 
 
fructose-1,6-bisphosphate (F1,6P) is the main product of the PFK reaction in phase 1 
of glycolysis. 
 
aldolase reaction is the reaction catalyzed by aldolase that converts fructose-1,6-
phosphate to dihydroxyacetaone phosphate and glyceraldehydes-3-phosphate. 
 
dihydroxyacetone phosphate (DHP) is one of the products of the aldolase reaction. 
 
glyceraldehyde-3-phosphate (G3P) is one of the products of the aldolase reaction. 
 
triose phosphate isomerase (TPI) is the enzyme that converts dihydroxyacetone 
phosphate to glyceraldehyde-3-phosphate. 

 


