Chapter 3: Biological Molecules: The Carbon Compounds of Life
Outline

3.1 Formation and Modification of Biological Molecules
I. Carbon Chains and Rings

a. Organic Molecules

i. Chiefly C, H, N, O, S 

b. Hydrocarbons
c. Carbon can form 4 covalent bonds

II. Functional Groups (Table 3.1)

a. Hydroxyl (polar, can hydrogen bond, alcohols)
b. Carbonyl (found in carbohydrates)
c. Carboxyl (gives molecules acidic properties)
d. Amino (found in amino acids, acts as a weak base [nucleotides])
e. Sulfhydryl (found in proteins, stabilizes them)
f. Phosphate (organic phosphates, negative charge, acts as a weak acid [nucleic acids], energy storing bonds [ATP])
Spending a few minutes on these functional groups helps students understand the macromolecules better and allows you to revisit bonding. Carboxyl, amino, and phosphate are especially relevant to the chapter.
III. Water Molecule and Reactions Involving Functional Groups

a. Dehydration synthesis reaction (condensation reaction) builds bonds

b. Hydrolysis breaks bonds
I show a generic example like the one below.
H-monomer-OH   +
H-monomer-OH  =  H2O +  H-monomer—monomer-OH

IV. Macromolecules
a. Polymers

b. Monomers

c. Macromolecule – large organic molecules made of covalently bonded repeating subunits called monomers with a large size
3.2 Carbohydrates
Major fuel molecule (used as an energy source)
Structural molecule
Formula (CH2O)N
I. Monosaccharides are Structural Units of Carbohydrates (Monomers)
a. 3 to 6 C molecules

b. Rings or chains
c. ex. Glucose, fructose, galactose, ribose, deoxyribose)

II. Two Monosaccharides to from Disaccharides (ex. maltose, sucrose, lactose)

III. Monosaccharide Chains form Polysaccharides
a. starch – energy storage in plants

b. glycogen – energy storage in animals, made in the liver when there’s too much glucose in the blood. Can be broken down later into glucose and used as energy. Keeps blood glucose levels stable. 

i. Glycogen and starch are easily degraded and can be used when necessary for energy.

c. cellulose – structural storage in plants (plant cell walls)
i. Cellulose cannot be digested by humans because we lack the enzymes necessary to break the bonds and use as energy source. Termites and cows have symbiotic bacteria living in their guts that have the enzymes necessary to break the bonds in cellulose. Starch has alpha linkages that form valleys. Cellulose has beta linkages that form mountains. Our enzymes can cross the valley, but not climb the mountain. This is why there are calories in potatoes, but not lettuce.
d. chitin – structural storage in animals (ex. Crab shells and insect exoskeletons, fungi cell walls)

i. Chitin and cellulose are designed to be strong and unbreakable. Insect shells provide protection. 
3.3 Lipids

Lipids
Non-polar, hydrophobic (water insoluble)
Hydrocarbon chains

Not polymers, not macromolecules

IV. Neutral Lipids are Fats and Oils
a. Energy storage molecules

b. Oils and Fats

c. Triglycerides: glycerol and 3 fatty acids

d. Fatty Acid

i. Carboxyl group

ii. Hydrocarbon chain

1. Saturated (all possible locations have H on them, solid at room temp because densely packed) 
2. Unsaturated (kinks form in the chain due to the presence of double bonds, liquid at room temperature because cannot order themselves). 

e. Waxes

V. Phospholipids and Biological Membranes

a. Phospholipid

i. Polar  head (Phosphate group

ii. 2 non-polar fatty acid tails

iii. Glycerol backbone

VI. Steroids
a. Steroids

b. Four ring structure

i. Cholesterol – important membrane protein that provides rigidity and serves as a pre-cursor to other sterols and hormones 

ii. Hormones (chemical messengers that carry signals)

iii. Pigments that gather energy during photosynthesis

3.4 Proteins
Perform many vital functions in living organisms
Functions (Table 3.2)

1. Structural proteins: support (keratin-protein in hair and nails, found in cartilage and ligaments, collagen, microtubules)

2. Enzymatic proteins (catalysts for biological reactions)

3. Membrane transport proteins
4. Motile proteins: Movement (muscle contractions, flagella, actin and myosin)

5. Regulatory Proteins: promote or inhibit cellular activity

6. Receptor Proteins: bind molecules on cell surface

7. Hormonal Proteins: carry regulatory signals, insulin, growth hormones

8. Defensive Proteins: antibodies in the immune system, 

9. Storage Proteins: store amino acids and other minerals

I. Amino Acids into Proteins

a. Proteins made of amino acids 
b. 20 amino acids
i. (NH3 – C (H, R) – COOH)
ii. R Group or side group make aa unique
c. Peptide bonds

II. Proteins Have as Many as 4 levels of structure
a. Primary – string of amino acids
b. Secondary – folding due to Hydrogen bonds attracting amino acids (can cause standard shapes of alpha helix, or beta sheet)
c. Tertiary – folding into overall 3-D shape

d. Quaternary – combined arrangement of multiple polypeptide chains

III. The Tertiary Structure

a. Denaturation

b. Tertiary structure determines at proteins structure
c. Chaperone proteins

IV. Functional Domains in Many Proteins

a. Domains

3.5 Nucleotides and Nucleic Acids

Two main types: 
DNA store heredity information
RNA working nucleic acid – responsible for reading DNA and building proteins

I. Nucleotides

a. Nucleic acids are made of nucleotides (monomer)
b. Nucleotides have three parts:

i. Nitrogenous base (A, G, U, T, C) 

ii. Pentose sugar (ribose or deoxyribose) 

iii. Phosphate group

c. Function also as energy molecules (ATP)

II. DNA Molecules in Cells Consist of Two Nucleotide Chains
a. Double helix

b. Covalent phosphodiester bonds link the sugar of 1 nucleotide to the phosphate group of another nucleotide by dehydration synthesis

c. Two strands are held together by Hydrogen bonds between complimentary bases 

i. A=T

ii. C=G

d. The complimentary base pairs have to do with the shape of the bases

i. A and G are purines and have a double ring structure

ii. T and C are pyrimidines and have a single ring structure

III. RNA 
a. Single stranded

b. Not as stable, short-term molecule
c. Uses A, U, C, G

d. Working nucleic acid

e. DNA(RNA(proteins
i. Central Dogma of Biology

The focus should be on the macromolecules. The chemistry of carbon is important (ability to make 4 bonds, how saturated and unsaturated fats satisfy carbon’s octet, why functional groups confer properties etc). The chemistry of bonding is important (covalent bonds between monomers, hydrogen bonds in proteins and nucleic acids). The chemistry of molecules is important (nonpolarity of lipids and how this affects their behavior).
Students need to know the 4 major groups of molecules: the monomer, the structure of the monomer, the function of each macromolecule and examples of each. Note though lipids are not macromolecules or polymers, they should know structures and groups that build them, functions and examples.
