Content Standards
1. The Chemistry of Life

· Broad Concept: Chemical elements form organic molecules that interact to perform the basic functions of life.

· Recognize that biological organisms are composed primarily of a few elements. The six most common are (C, H, N, O, P, S)

a. Organic compounds are carbon based.  Energy is stored in C-C bonds.

b. Hydrogen bonds are found in all living things; in enzymes, cells, and DNA. Hydrogen bonds form in these molecules, provide the shapes of all proteins, enzymes etc.
c. Nitrogen is a main component in DNA (nitrogenous bases) and proteins (in amino acids) as well as many of the polar molecules in our body (Nitrogen and Oxygen are electronegative)

d. Phosphorus is a main component of metabolism as ATP (Adenosine Triphosphate) which is the form of energy that is responsible for carrying out our metabolic functions.  It is also found in DNA and RNA as phosphate groups.
e. Sulfur can be found in proteins.
· 1.2 Describe the basic molecular structures and primary functions of the four major categories of organic molecules.
· The four major categories of organic molecules are:

a. Carbohydrates

b. Lipids

c. Nucleic Acids

d. Proteins

· Carbohydrates- compounds made up of carbon, hydrogen, and oxygen atoms in a 1:2:1 ratio.
a. Used as the main source of energy by all living things

b. Simple sugars such as glucose and fructose are called monosaccharides and end with the suffix -ose
c. Also used by plants and some animals for structural purposes

· Lipids- large and varied group of molecules made up of carbon and hydrogen that are generally not soluble in water (non-polar) such as fats, oils, waxes, steroids.
a. Used to store energy

b. Make up parts of biological membranes and waterproof coverings
c. Formed when a glycerol molecule combines with fatty acid compounds

· Nucleic Acids- macromolecules containing H, N, O, C, and P

a. Polymers made from monomers known as nucleotides

i. Nucleotides consist of:

1. A 5-carbon sugar

2. A phosphate group

3. A nitrogenous base

b. Individual nucleotides (monomers) can be joined by covalent bonds to form a polymer or nucleic acid

c. Nucleic Acids store and transmit hereditary or genetic information

i. Two kinds: DNA (deoxyribonucleic acid) and RNA (ribonucleic acid)

· Proteins- macromolecules that contain N, C, H, and O
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Polymers of amino acids (monomers) - compounds with an amino group (NH
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) on one end; a carboxyl group (COOH) on the other; and an R-Group attached to a central carbon.
b. Proteins differ from one another in their sequence and number of amino acids.

c. More than 20 different amino acids are found in nature

d. Proteins control the rate of reactions and regulate cell processes

e. Also used to form bones and muscles as well as transporting substances into or out of cells or help to fight diseases

f. Four levels of organization or shape (caused primarily by hydrogen bonding)

a. Primary Structure - Sequence of amino acids in a protein chain forming a polypeptide held together by peptide bonds
b. Secondary Structure - A chain of twisted or folded amino acids

c. Tertiary Structure - Chain itself is folded

d. Quaternary Structure - Proteins with more than one chain have a specific arrangement in space (hemoglobin).
· 1.3 Explain the role of enzymes as catalysts that lower the activation energy of biochemical reactions. Identify factors, such as pH and temperature, which have an effect on enzymes.
a. Enzymes are proteins that act as biological catalysts and typically end with the suffix -ase
a. Catalysts are substances that speed up the rate of a chemical reaction

b. Enzymes lower the activation energies

c. Enzymes are very specific and generally catalyze only one reaction

i. Substrates are catalyzed by specific enzymes referred to as substrate specificity.
b. Bind to the active site on the enzyme

c. Active sites and substrates have complementary shapes

i. Factors such as pH and temperature have effects on enzymes

d. pH- most enzymes work best in a pH between 6 and 8

a. high H+ concentration (pH is acidic) causes the H+ ions to bind to the enzyme’s functional group and disrupts the hydrogen bonds responsible for making up the different levels of organizations or shape (look at Proteins) which in turn, causes the enzyme to denature (change shape of enzymes causing substrates to no longer bind with active sites)

e. Temperature- measure of molecular motion

a. Rise in temperature increases kinetic energy and boosts reaction rates by making substrates collide more often with active sites

b. Past some temperatures, increased motion disrupts the hydrogen bonds holding the enzyme in its 3D shape which denatures the enzyme

c. Low temperatures may slow a reaction by decreasing the number of collisions between the substrate and the enzyme’s active site.  This is not the cause of denaturation.
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