






Four Major Organic 
Macromolecules

• Carbohydrates

• Lipids

• Proteins

• Nucleic Acids



Monomers, Dimers, Polymers

• Monomer: The repeating chemical unit 
that serves as the building block of larger 
molecules

• Dimer: A chain of 2 monomer subunits

• Polymer: A long molecule consisting of 
identical or similar building blocks linked 
by covalent bonds

…



How are polymers made?

• Monomers are linked together to become 
polymers by a condensation or 
dehydration reaction

• Origen of name: a molecule of water is lost 
when monomers are chemically linked

• Most of the macromolecules in your body 
are polymers



How are polymers disassembled?

• When polymers break down to monomers 
they undergo a reaction called hydrolysis.

• Hydrolysis is essentially the reverse of 
dehydration (bonds between monomers 
are broken by water)
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Carbohydrates





• http://www.wisc-
online.com/objects/ViewObject.aspx?ID=AP13104



Examples of Monosaccharides:
• Pentose Sugars vs. Hexose Sugars

• Glucose: carried by the blood to transport 

“energy” to cells throughout the body

• Fructose: “Fruit sugar” - a simple 

monosaccharide found in many plants. 

• Galactose: (from Greek "milk") is a type of 

sugar that is less sweet than glucose. 



Examples of Monosaccharides Cont’d:

• Ribose: Sugar making up part of the ‘backbone’
of RNA

• Deoxyribose: Sugar making up part of the 
‘backbone’ of DNA



Chain and Ring Forms
• Many saccharide structures differ only in the orientation of the hydroxyl groups (-OH). 

• This slight structural difference makes a big difference in the biochemical properties, taste, and 
in the physical properties such as melting point and Specific Rotation (how polarized light is 
distorted). 

• Many simple sugars can exist in a chain form or a ring form. The ring form is favored in 
aqueous solutions,

• The glucose ring form is created when the oxygen on carbon number 5 links with the carbon 
comprising the carbonyl group (carbon number 1) and transfers its hydrogen to the oxygen to 
create a hydroxyl group. 

• The rearrangement produces alpha glucose when the hydroxyl group is on the opposite side of 
the -CH2OH group, or beta glucose when the hydroxyl group is on the same side as the -
CH2OH group. 

• Isomers, such as these, differ only in their configuration about their carbonyl carbon atom.  

• Glucose is sometimes illustrated as a "chair form" because it is a more accurate representation 
of the bond angles of the molecule. The "boat" form of glucose is unstable.

β-D-Glucose β-D-Glucose β-D-Glucose
(chair form) 



Stereochemistry
• Saccharides with identical functional groups but 

with different spatial configurations have 
different chemical and biological properties. 

• Stereochemisty is the study of the arrangement 
of atoms in three-dimensional space. 

• Stereoisomers are compounds in which the 
atoms are linked in the same order but differ in 
their spatial arrangement. 

β-D-Glucose β-L-Glucose 



Artificial Sweeteners?

NOT Carbohydrates!
• Ex:  Aspartame

• Aspartame, an artificial sweetener, is approx.200 times sweeter than 
sucrose (table sugar). Thus, even though aspartame produces four 
kilocalories of energy per gram when metabolized, the quantity of 
aspartame needed to produce a sweet taste is so small that its caloric 
contribution is negligible 

• Its breakdown products include phenylalanine, thus aspartame must be 
avoided by people with the genetic condition phenylketonuria (PKU).



Two Monosaccharides Bonded�

Disaccharide



Disaccharides
• Sucrose: Glucose & Fructose

– Table Sugar

• Lactose: Glucose & Galactose
– Milk Sugar (Lactose makes up 

around 2~8% of milk (by weight). 

• Maltose: Glucose & Glucose
– Malt Sugar (Maltose is the 

disaccharide produced when amylase
breaks down starch. It is found in 
germinating seeds such as barley as 
they break down their starch stores to 
use for food. It is also produced when 
glucose is caramelized.)



Polysaccharides

• Cellulose: Structural material in plant cell walls

• Starch: Energy storage molecule in plant cells



Polysaccharides Continued…
• Chitin: Tough/hard polymer found in the 

exoskeleton of insects and arthropods

• Glycogen: Storage compound in animal 
tissues (liver and muscle)















Lipids









• http://www.biotopics.co.uk/as/lipidcondensation.
html









Proteins
(Intro)







• http://www2.nl.edu/jste/proteins.htm







Essential Amino Acids?
• The amino acids regarded as essential for humans are 

phenylalanine, valine, threonine, tryptophan, isoleucine, 
methionine, leucine, lysine, and histidine.

• Additionally, cysteine (or sulphur-containing amino acids), 
tyrosine (or aromatic amino acids), and arginine are required by 
infants and growing children.

• Essential amino acids are "essential" not because they are 
more important to life than the others, but because the body 
does not synthesize them, making it essential to include them in
one's diet in order to obtain them. 

• In addition, the amino acids arginine, cysteine, glycine, 
glutamine, histidine, proline, serine and tyrosine are considered 
conditionally essential, meaning they are not normally 
required in the diet, but must be supplied to specific populations 
that do not synthesize it in adequate amounts.



PKU

• An example would be with the disease 
phenylketonuria (PKU). Individuals living 
with PKU must keep their intake of 
phenylalanine extremely low to prevent 
mental retardation and other metabolic 
complications. However, they cannot 
synthesize tyrosine from phenylalanine, so 
tyrosine becomes essential in the diet of 
PKU patients.




















