
  

Carbohydrates

Carbohydrates include both sugars and polymers of sugars. The simplest 
carbohydrates are the monosaccharides or simple sugars. Disaccharides are 
composed of 2 monosaccharides joined by a covalent bond. Carbohydrates also 
include macromolecules called polysaccharides which are composed of many sugar 
building blocks.

The critically important molecules of all living things, from bacteria to humans, fall 
into just 4 main classes: carbohydrates, lipids, proteins and nucleus acids.

On the molecular scale, members of 3 of the 4 class (carbohydrates, proteins and 
nucleic acids) are very large and thus called macromolecules (macro- = large). 
Macromolecules are polymers, built from monomers. Polymers (poly- = many; -mer = 
part) are long molecules consisting of many similar or identical building blocks linked 
by covalent bonds. The repeating units that serve as the building blocks of a 
polymer are smaller molecules called monomers (mono- = single; -mer = part). 

Monosaccharides (mono- = single; sacchar = sugar) generally have molecular 
formulas that are some multiple of the unit CH O. Sugars are composed of a 
carbonyl (C=0) groups and multiple hydroxyl (OH) groups. Depending on the location 
of the carbonyl group, a sugar is either an aldose (aldehyde sugar) or a ketose 
(ketone sugar). 

Example: glucose (C H  O ) is an aldose and the most common monosaccharide, 
playing crucial roles in the chemistry of life. 

Monosaccharides, particularly glucose, are major nutrients for cells. In the process 
known as cellular respiration, cells extract energy in a series of reactions starting 
with glucose molecules. Simple sugars are not only a major fuel source for cellular 
work, but their carbon skeletons also serve as raw material for the synthesis of 
other types of small organic molecules, such as amino acids and fatty acids.  
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Disaccharides (di- = two; sacchar = sugar) consist of 2 monosaccharides joined by a 
glycosidic linkage - a covalent bond formed between 2 monosaccharides by a 
dehydration reaction.

Example: sucrose, or table sugar, is composed of a monomer of glucose and fructose 
joined together. 
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Polysaccharides (poly- = multiple; sacchar = sugar) are macromolecules composed 
of a few hundred to a few thousand monosaccharides joined by glycosidic linkages. 
Some polysaccharides serve as storage materials, hydrolyzed as needed to 
provide sugar for cells. Other polysaccharides serve as building materials for 
structures that protect the cell or the whole organism.

Storage polysaccharides include starch, a polymer of glucose monomers, which 
plants store as granules within cellular structures known as plastids (including 
chloroplasts). Starch represents stored energy and can be broken down by 
hydrolysis. Most animals, including humans, have enzymes that can hydrolyze 
plant starch, making glucose available as a nutrient for cells. 

Most of the glucose monomers in starch are joined by 1-4 linkages (number 1 
carbon to number 4 carbon). The simplest form of starch, amylose, is 
unbranched. More complex forms of starch, like amylopectin, are branched 
polymers with 1-6 linkages at the branch point. 

Animals store a polysaccharide called glycogen, a polymer of glucose, that is 
similar to amylopectin but more extensively branched. In humans, glycogen is 
mostly stored in liver and muscle cells. Hydrolysis of glycogen in these cells 
releases glucose when the demand for sugar increases.
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Structural polysaccharides are used to build strong materials in the cell. 
Cellulose, for example, is a major component of the tough walls that enclose plant 
cells and is the most abundant organic compound on Earth. Like starch, cellulose is a 
polymer of glucose but the glycosidic linkages in these two polymers differ. In 
starch, glucose monomers are in the alpha configuration whereas in cellulose, 
glucose monomers are in the beta configuration. 

Chitin is another important structural polysaccharide and is used by some animals, 
like insects, spiders and crustaceans, to build their exoskeletons. An exoskeleton is 
a hard case that surrounds the soft part of an animal. Chitin is also found in 
many fungi, which use it as the building material for their cell walls. Chitin is similar 
to cellulose, which has beta linkages, except the glucose monomers of chitin have a 
nitrogen-containing appendage. 

Lipids

Lipids are a class of organic compounds characterized by being hydrophobic or 
insoluble in water. Lipids are not large enough to be considered macromolecules and 
do not include true polymers. They are varied in form and function and include 
triglycerides, phospholipids and steroids. 



Triglyceride or triacylglyceride is an ester derived from a glycerol molecule and 3 
fatty acid molecules, joined via an ester linkage. Triglyceride is the major 
component of animal fat and vegetable oil.

Glycerol is a 3-carbon molecule with hydroxyl (OH) groups attached to each carbon. 

Fatty acids have a long hydrocarbon skeleton, with a carboxyl group on one end. 
They differ in the length of their hydrocarbon chain although most fatty acids in 
cells contain an even number of carbon atoms. Some fatty acids have one or more 
carbon-carbon double bonds, which can differ in number and location. 

Fatty acids that do not contain double bonds are described as saturated. Since 
there are no double bonds, each carbon is "saturated" with the maximum 
number of hydrogen atom. The chains of saturated fatty acids are straight.

Fatty acids that contain carbon-carbon double bonds are described as 
unsaturated. The chains of unsaturated fatty acids have a kink at each double
bond.
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Phospholipids are amphiphilic lipids, composed of a hydrophilic head (containing a 
phosphate group) and a hydrophobic tail (containing 2 fatty acids) joined together 
by a glycerol molecule. 

Phospholipids are essential to cells because they make up cell membranes. At the 
surface of a cell, phospholipids are arranged in a bilayer. The hydrophilic heads of 
the molecules are on the outside of the bilayer, in contact with the aqueous 
solutions inside and outside of the cell. The hydrophobic tails point toward the 
interior of the bilayer, away from the aqueous solution. 

Phospholipids 

Steroids are hydrophobic molecules characterized by a carbon skeleton consisting of 
4 fused rings. Different steroids, like cholesterol and the vertebrate sex hormones, 
are distinguished by the particular chemical groups attached to these rings.

Cholesterol is the most common steroid. It is a component of animal cell 
membranes and plays a key role in membrane fluidity and dynamics. Cholesterol 
also serves as a precursor for the synthesis of steroid hormones (estrogen and 
testosterone), vitamin D and bile acids. 

Steroids



Proteins

Proteins are unbranched polymers comprised of amino acid building blocks. Each amino 
acid contains a central carbon atom, called the alpha carbon, covalently linked two 4 
groups: an amino group (-NH ), a carboxylic group (-COOH), a hydrogen atom (H) and 
an R group or side chain. The identity of each amino acid is determined by the 
structure and composition of the side chain.
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The amino and carboxyl groups on a pair of amino acids can undergo a condensation 
reaction, losing a molecule of water and forming a covalent bond called a peptide 
bond.

Polypeptides range in length from a few amino acids to a thousand or more. Each 
specific polypeptide has a unique linear sequence of amino acids. On any given 
polypeptide, one end (N-terminus) of the chain has a free amino group and the other 
end (C-terminus) has a free carboxyl group.

A protein's specific structure determines its function. There are 4 levels of protein 
structure: primary, secondary, tertiary and quaternary.

Primary structure refers to the specific amino acid sequence of a protein.

Secondary structure refers to the folding of amino acid chains into characteristic 
folds or coils. An alpha helix is a delicate coil held together by hydrogen bonding 
between every fourth amino acid. A beta pleated sheet shows two or more 
strands of the polypeptide chain lying side by side; these strands are connected
by hydrogen bonds between parts of the two parallel polypeptide backbones.

Tertiary structure refers to the overall shape of a polypeptide resulting from
interactions between the side chains (R groups) of the various amino acids.

Quaternary structure exists in proteins consisting of 2 or more polypeptide
chains and refers to the overall protein structure that results from
the aggregation of these polypeptide subunits. 
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The amino and carboxyl groups on a pair of amino acids can undergo a condensation 
reaction, losing a molecule of water and forming a covalent bond called a peptide 
bond.

Storage proteins serve as biological reserves.
Example: ovalbumin, a protein found in egg white, is used as an amino acid source 
for the developing embryo.

Transport proteins move materials within organisms.
Example: carrier proteins transport molecules across cell membranes. 

Receptor proteins bind signalling molecules and initiate a physiological response.
Example: receptors built into the membrane of a nerve cell detect signalling 
molecules released by other nerve cells.

Structural proteins provide support and maintain the shape and structure of cells 
and tissues.

Example: keratin is found in hair, horns, feathers and other skin appendages.

Contractile and motor proteins provide movement.
Example: actin and myosin are responsible for muscle contraction. 

Protein function



Hormonal proteins regulate physiological functions.
Example: insulin, a hormone secreted by the pancreas, causes other tissues to 
take up glucose, thus regulating blood sugar levels. 

Enzymatic proteins accelerate the rate of chemical reactions.
Example: digestive enzymes catalyze the hydrolysis of bonds in food molecules.

Defensive proteins offer protection against disease.
Example: antibodies help destroy viruses and bacteria.

Nucleic acids

Nucleic acids are macromolecules made up of monomer subunits called nucleotides. 
Each nucleotide is composed of a nitrogen-containing (nitrogenous) base, a five-
carbon sugar (a pentose) and a phosphate group. 

There are 2 families of nitrogenous bases: pyrimidines and purines. Pyrimidines have 
one six-membered ring of carbon and nitrogen atoms and include cytosine (C), 
thymine (T) and uracil (U). Purines are larger, with a six-membered ring fused to a 
five-membered ring, and include adenine (A) and guanine (G). 

Adenine, guanine and cytosine are found in both DNA and RNA whereas thymine is 
found only in DNA and uracil only in RNA.
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The pentose sugar in DNA is called deoxyribose whereas the pentose sugar in RNA is 
called ribose. The only difference between these sugars is that deoxyribose lacks an 
oxygen atom on the second carbon in the ring (deoxy = containing less oxygen than 
the compound from which it is derived).

Adjacent nucleotides are linked together, via phosphodiester linkages, to build a 
polynucleotide. This bonding results in a backbone with a repeating pattern of sugar-
phosphate units. The two free ends of the polymer are distinctly different from 
each other. One end has a phosphate attached to a 5' carbon and the other end 
has a hydroxyl group on a 3' carbon. 

DNA or deoxyribonucleic acid is usually double-stranded; the two strands form a 
double helix. DNA contains the genetic information of the organism. Only certain 
bases in the double helix are compatible with each other. Adenine always pairs with 
thymine whereas guanine always pairs with cytosine. The two strands of the double 
helix are complementary.

RNA or ribonucleic acid is usually single-stranded. It uses the genetic information 
found in DNA to synthesize proteins. Complementary base pairing can also occur in 
RNA. In this case, adenine pairs with uracil (as thymine is not present in RNA).

Messenger RNA (mRNA) is made from DNA and carries the code for protein 
synthesis to the ribosomes. 

Ribosomal RNA (rRNA) combines with proteins to form ribosomes. 

Transfer RNA (tRNA) carries amino acids to the ribosomes during protein 
synthesis.

DNA and rna
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