Lecture outline-

Biological Macromolecules (Chapter 2, cont.)
Vocabulary
Macromolecule
polymer/monomer
dehydration

hydrolysis
carbohydrate 
monosaccharide/disaccharide/oligosaccharide/polysaccharide

lipid

triglyceride
steroid

protein

amino acid

peptide bond
polypeptide
Primary (1o) structure

2o, 3o, 4o structure

nucleic acid

nucleotide

DNA/RNA

ATP/ADP
Lecture Outline

The importance of carbon

Modular structure of biological macromolecules

Carbohydrates

Lipids
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Nucleic acids

Learning Objectives

· Describe the structure of a polymer including its formation through dehydration synthesis and its breakdown through hydrolysis.

· Give the structure, biological purpose, and examples of a carbohydrate, lipid, protein, and nucleic acid.

· Explain the purpose of enzymes and how they function.

· Describe ATP as the energy currency of the cell.

The importance and chemistry of carbon

Organic chemistry is the chemistry of carbon

Because it has 4 valence electrons, carbon tends to form 4 covalent bonds, giving carbon the ability to form limitless combinations of molecular shapes

Carbon’s versatility is the reason terrestrial life is built primarily out of carbon-based molecules

Hydrocarbons, starting with methane, are the most basic kinds of carbon compounds, have similar properties, and are combustible
Shapes of organic molecules can be critical to their function

Modular structure of biological macromolecules
Living things are made of very large, complex molecules called macromolecules, or polymers

Macromolecules are polymers which exhibit modular structure- made of chains of similar kinds of subunits, called monomers

In living things, polymers are often assembled by dehydration synthesis, and disassembled by hydrolysis
When two monomers are linked, a dimer is formed; linking 3 creates a trimer, and several an oligomer, and hundreds or thousands, a polymer—polymers have no upper limit to their size
Biological Molecules- Carbohydrates, Lipids, Proteins, Nucleic Acids
Carbohydrates- basic formula: n(CH2O)

Carbohydrates are primarily molecules for energy storage and use

Monomers- glucose, fructose, galactose, ribose, deoxyribose

1. 5-carbon monomers (ribose, and others-- C5H10O5)
2. 6-carbon monomers (glucose, fructose, galactose, and others—C6H12O6)
Dimers- Sucrose (= glucose +fructose), lactose (=galactose + glucose), maltose (=2 x glucose)
Polymers- Starch (amylose), cellulose, glycogen, chitin

Cellulose is primarily a structural molecule, rather than energy storage

Glycogen is a storage carbohydrate for our muscles, starch is a plant storage molecule
Lipids

Lipids are a diverse category of biological molecules, defined by Non-polar/hydrophobic character. They include fats, steroids, and others.  All have non-polymer structure

Triglycerides are either fats (solid) vs. oils (liquid) and are made of 1 Glycerol + 3 fatty acids

Saturated fatty acids have no double bonds, straight shape, and are found in fats

Unsaturated FA’s (Monounsaturated,  polyunsaturated) have double bonds which affects their shape.  Cis-fatty acids occur naturally, trans-fatty acids by artificial hydrogenation Trans-fatty acids are closely linked with atherosclerosis, the formation of fatty deposits on the insides of blood vessels
Phospholipids are found in cell membranes 
Cholesterol is the precursor for the steroids, which work as signaling hormones
Proteins
Proteins are the primary structural molecules of living things 

Proteins are remarkably diverse polymers of 20 different amino acids
amino acid structure- backbone (amine, carboxyl, central carbon), and 20 different side groups
Amino acids are joined by dehydration - the peptide bond- to form polypeptides
Protein structure

1. Primary(1o) structure of proteins- the amino acid sequence
2. Secondary (2o) structure- alpha helix, beta sheets, caused by H-bonds of aa backbone
3. Tertiary (3o) structure- side group interactions: H-bonding, ionic bonds, etc.
4. Quaternary structure- many polypeptides bound together to form a functioning protein
Enzymes are very special proteins which catalyze (speed up) chemical reactions dramatically

Due to their shape (3o and 4o structure), enzymes are very specific to the reactions they catalyze

They are not consumed in the reactions they catalyze

Nucleic acids
Nucleic acids are the primary informational molecules in living things
Nucleotides are the monomers of nucleic acids 
Nucleotides themselves are made of 3 parts- a 5-carbon sugar, a phosphate, and a base

DNA is the primary information storage molecule of life, and has 4 bases- A, C, G, and T

RNA is made from ribose sugar instead of DNA’s deoxyribose and contains U instead of T
ATP , the primary energy currency of living things, is also a nucleic acid
When ATP is broken down into ADP + phosphate, energy is given off, for the use of our cells

The food we eat gives our cells the energy to re-convert our ADP back to ATP for later use

