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Carbon Compounds
✦ Carbon is the backbone of biomolecules 

because of its unique ability to form strong, 
stable chemical bonds with other atoms.



Macromolecules
✦ Macromolecule means giant molecule.
✦ The four major macromolecules in living cells:

➡ carbohydrates
➡ lipids
➡ proteins
➡ nucleic acids

✦ Macromolecules are also called polymers, long 
molecules composed of repeating subunits 
called monomers.





Making or Breaking Polymers
✦ The chemical mechanisms that cells use to 

make and break polymers are similar for all 
classes of macromolecules.

✦ Polymerization is building large polymers
✦ Digestion is breaking down large polymers.



✦ Polymers are built through a process called 
dehydration synthesis.

✦ Monomers are connected together by removing 
an H and an OH from two molecules.

Polymers

• great variety of polymers can be built from a small set of monomers
• monomers can be connected in many combinations like the 26 letters in the alphabet 
can be used to create a great diversity of words 
• each cell has millions of different macromolecules



Hydrolysis
✦ Polymers are degraded into monomers, through 

a process called hydrolysis.



Enzymes
✦ In the body, polymerization and digestion are 

aided by enzymes.
✦ In saliva an enzyme called amylase splits 

starches into sugars.



Carbohydrates
✦ Carbohydrates are made up of carbon, 

hydrogen, and oxygen atoms (1:2:1 ratio).
✦ Main source of energy
✦ Provide structure in some cells
✦ Simple sugars are called monosaccharides

➡ glucose (blood sugar)
➡ galactose (milk sugar)
➡ fructose (fruit sugar)



Polysaccharides
✦ Disaccharides are two sugar molecules 

connected together. Table sugar (sucrose) is 
glucose and fructose connected

✦ Polysaccharides are large macromolecules 
formed from monosaccharides.

✦ Excess sugar is stored as a polysaccharide.
➡ Glycogen (animal starch)
➡ Amylum (plant starch)



Cellulose and Chitin



Lipids
✦ Lipid polymers are fats, oils, and waxes.

➡ store energy
➡ biological membranes
➡ waterproof coverings
➡ chemical messengers (e.g. steroids)

✦ Lipids are made mostly from C and H.
✦ Not true polymers.
✦ The monomers of lipids are glycerol and fatty 

acids.



Triglyceride (Fat)



Phospholipid (membranes)



✦ The cell membrane is a two-layer lipid.

Lipids

Working Out Mendelian Genetics
The Punnett square is a bookkeeping tool that allows us to work out all possible compositions of male or female gametes for a particular cross. For the sake of simplicity, we will refer to these male and 
female gametes as sperm and egg, respectively. The specific form of the “particle” that is passed on to the offspring is called the “allele.” The boxes in the Punnett square help us to keep track of all 
possible offspring that can be produced by this particular cross.

As with Mendel’s experiment on tall versus short pea plants, let’s start with the characteristic of “plant height.” Each individual has two “particles,” called alleles, that correspond to height. One allele was 
inherited from each parent. “T” represents the allele that confers tallness and “t” represents the allele that is related to short plant height. Recall that Mendel started with pure breeding lines of tall and short 
plants. Thus, all individuals of our “tall” line have only “T” alleles, and all of the individuals of our “short” line have “t” alleles. The allelic combinations (“genotypes”) of the tall and short individuals are “TT” 
and “tt,” respectively. Individuals or genotypes that have two copies of the same allele are called “homozygotes.”

In this demonstration, we will cross a tall male with a short female. (We would get the same results if we crossed a tall female with a short male. However, in more complicated crosses, the direction of the 
cross, with regard to sex, can make a difference.) During fertilization, each parent contributes only one allele for plant height—even though each parent has two alleles, which can be the same or different. 
In our example, both alleles from the male parent are the same (T’s, written as “TT”). Similarly, both alleles that could be contributed by the female are the same (t’s, written as “tt”). Here, we are writing the 
potential male contributions on the top and potential female contributions on the left-hand side. By putting one “T” in each sperm, the alleles are following Mendel’s first law of inheritance: The Law of 
Segregation. The two alleles that made the male tall are now segregating to produce reproductive cells (gametes) that can combine with contributions from the female to form the next generation. The same 
is true for the female. 
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Nucleic Acids
✦ Nucleic acids store and transmit genetic 

information.
✦ DNA is Deoxyribonucleic Acid
✦ RNA is Ribonucleic Acid
✦ The monomers of nucleic acids are called 

nucleotides.



Nucleic Acids
✦ Deoxyribonucleic acid (DNA) is a polymer 

composed of nucleotide monomers.



Proteins
✦ Proteins are polymers made from amino acids.
✦ Proteins are instrumental in about everything 

that an organism does.
➡ structural support
➡ storage
➡ transport of other substances
➡ intercellular signaling
➡ movement
➡ defense against foreign substances
➡ Proteins are the main enzymes in a cell and regulate 

metabolism by selectively accelerating chemical 
reactions.



Polypeptides

Peptide bonds




