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Figure 1. Chemical structures of the two 
main 6-carbon (hexose) 
monosaccharides of human nutrition 
and cellular metabolism. 

 

 
 

Figure 2. Examples of three- 
(trioses), five- (pentoses) and six-
carbon (hexoses) carbohydrate 
molecules involved in cellular 
metabolism. 

 

 

When you exercise, the body rapidly activates energy catabolism 
in order to rapidly replenish ATP consequent to the rapid increase 
in muscle contraction induced ATP demand.  As you will learn, cell 
stores of carbohydrate (stored glucose in the form of glycogen) are 
almost immediiaetly mobilized, with the involvement of 
carbohydrate catabolism being inversely proportional to the 
endurance fitness of the person.  For exanple, moving from seated 
rest to fast walking would be a major stress for a sedentary 
person, and in turn, there would be a large stimulus for muscle 
glycogen breakdown to fuel glycolysis.  Convesely, for a highly 
endurance trained person, carbohydrate catabolism would remain 

low as the muscles of a trained person have more mitochondria, are surrounded by 
more blood vessels, and can sustain low to moderate intensity contractions while still 
catabolizing lipids.  The relative proportion of cabohydrate vs. lipid catabolised during 
metabolism can be measured from expired gas analysis indirect calorimetry, and you 
will learn this method and branch of science in great detail later in this textbook. 

 
Carbohydrates are the primary fuel for many 
types of cells in the body, including nerves, 
blood cells and of course muscle.  You should 
already know that the main type of simple 
carbohydrate, or monosaccharide, in human 
nutrition and subsequent cellular metabolism is 
glucose.  Other monosaccharides are fructose 
(fruit sugar) (Figure 1) and galactose.  Some 
sugars consist of two saccharide molecules 
combined (disaccharides), such as sucrose 
(glucose and fructose), lactose (galactose and 
glucose), and maltose (2 glucose). 

 
While our focus will mainly be 
on glucose and energy 
metabolism, it is important to 
appreciate the diverse 
importance of carbohydrates 
in human and plant 
physiology.  For example, 
carbohydrates make up most 
of the organic matter on earth, 
with cellulose taking the prize 
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Figure 3. A structural model of glycogen. 

for the most abundant organic compound.  Within the animal kingdom, carbohydrates 
function as components of the adenylate molecules (ATP, ADP, AMP), make up many 
of the intermediates of energy metabolism, are stored as fuel in the form of glycogen, 
are components of both RNA and DNA, provide structure to cell membranes, add 
strength to the exoskeleton of arthropods, and are involved in processes of cell 
recognition and immune function.  What is the take home message here?  
Carbohydrates function in the human body as far more than just a source of chemical 
energy, and are present in forms far more diverse than simple sugars. 
 
The structures of carbohydrates vary.  However, for the role of carbohydrates in energy 
metabolism within animals, the simplest carbohydrates, the monosaccharides, are 
aldehydes or ketones with a chemical formula based on (C:2H:O)n.  The carbohydrates 
of energy metabolism can be 3 carbon structures (trioses; e.g. intermediates of phase 
2 of glycolysis), or six carbon structures (hexoses) such as glucose and fructose and 
their phosphorylated derivatives (Figure 2).  Five carbon carbohydrates (pentoses) are 
components of ATP, RNA and DNA. 
 

Carbohydrates comprised of 
multiple sugar molecules are 
called polysaccharides, or 
starches.  The main 
polysaccharide of interest to 
muscle energy metabolism is 
glycogen.  Glycogen consists of 
an inner protein core called 
glycogenin (Figure 3).  Multiple 
chains of glucose molecules are 
connected to glycogenin, from 
which added glucose chains are 
connected, forming an intricate 
branched structure extending 
radially out from the core.  The 
glucose residues connected end 
to end are connected by alpha1-
4 bonds.  Alpha 1-6 bonds 
connect two residues together to 
form the branched structure.   
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Figure 4. An electron micrograph of skeletal muscle showing glycogen molecules 

stained as dark granules. 

 

Figure 4 is an electron micrograph of skeletal muscle, in which the dark stained 
granules are glycogen molecules.  Within a skeletal muscle fiber, glycogen is widely 
distributed throughout the cell, with greatest concentrations beneath the sarcolemma, 
surrounding mitochondria, and between the contractile proteins within each sarcomere. 
 

Glosssary Words 
 
carbohydrates are molecules that conform to the atom ratios of C:2H:O. 
 
monosaccharide is a carbohydrate molecule that consists of just one carbohydrate 
compound. 
 
fructose is a 6-carbon ketose monosaccharide sugar. 
 
galactose is a 6-carbon monosaccharide sugar. 
 
disaccharides are sugars that consist of the covalent bonding of two monosaccharides. 
 
sucrose is a disaccharide consisting of fructose and glucose. 
 
lactose is a disaccharide consisting of galactose and glucose. 
 
maltose is a disaccharide consisting of two glucose compounds. 
 
cellulose is the main plant carbohydrate and most abundant compound on earth. 
 
adenylate molecules contain the adenylate group, and consist of ATP, AMP, and ADP. 
 
trioses are 3-carbon metabolites, such as the 3-carbon intermediates of phase II of 
glycolysis. 
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hexoses are 6-carbon metabolites, such as the 6-carbon intermediates of phase I of 
glycolysis. 
 
pentoses are 5-carbon sugars. 
 
polysaccharides are complex sugars than contain more than two component 
structures of either of glucose, fructose or galactose. 
 
starches are polycaccharides or complex sugars. 
 
glycogen is a polsaccharide consisting of multiple glucose residues connected in a 
branched structure.  Glycogen functions as a stored carbohydrate energy reserve inside 
cells. 
 
glycogenin is the protein core of glycogen, consisting of a protein structural primer, 
along with enzymes involved in both glycogen synthesis and glycogenolysis. 
 

1-4 bonds are bonds connecting neighboring glucose residues between the 1st and 4th 
carbon. 
 

1-6 bonds are bonds connecting neighboring glucose residues between the 1st and 6th 
carbons, forming the branched structure of glycogen. 

 
 
 
 


