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*Indicates concepts we will cover again in more depth

· Some concepts to use with biomolecules:

Interactions*, bond classifications: covalent, ionic, polar covalent

Weaker interactions: Hydrogen bonds-very directional, about ~2-5% as strong as typical covalent bond. However, large numbers of weak bonds can have a major effect.

Van der Waals or London Dispersion forces. Allow any molecules to stick together. Very short range, depend on surface area in contact

“Hydrophobic Effect” Not real attraction. Insoluble materials will often form together in aggregates to minimize surface area with other materials. Driven by entropy change and surface tension

Solubility simplification*: “Like dissolves like” referring to polarity of solvent and solute. Hydrophobic, Hydrophilic.

· Acids and Bases*: In biology we will use the definition of acid as a proton (H+) donor and bases as H+ acceptors. Typical acids we will see in biological systems are carboxylic acids, carbonic acid, and phosphoric acid. Bases will include hydroxide, bicarbonate, and amine groups.   This influences most stable form of amino acids.
A useful way to measure acidity (or basicity) of a solution is by pH*.  Neutral water solutions have a pH of 7. Lower pH values indicate acid solutions; higher pH values indicate basic solution. One pH unit indicates an order of magnitude change in H+ concentration. For example, pH 6 has 10 times the H+ concentration of pH 7. A solution with pH of 4 will have 1000 times the concentration of H+ as a pH 7 solution.

Proteins and enzymes (and many other biological molecules) are extremely sensitive to pH changes. Most biological systems tightly regulate their internal pH. 

New general concepts to add: Homeostasis, Compartmentalization.

· Chirality, Isomers: Many organic compounds have the same formulas but are connected in different bonding patterns and/or have different 3-dimensional shapes. These forms (same formula, different structure) are referred to as isomers. Many organic molecules have an isomer(B) that is the mirror image of the first molecule(A) but the two molecules are not identical. This type of relationship is referred to as a chiral relationship and the two forms (A and B) are enantiomers of each other. This is true for most biomolecules and typically only 1 of the enantiomers is used. The two enantiomers often have very different chemical properties. Some simple examples are smell and taste. Most interactions in biochemistry have extremely specific 3-D structural requirements for the two interacting molecules. (Lock and Key model). Check out the models being passed around.   (Another area in which Pasteur was very active and influential.) Freeware visualization systems-Protein Explorer and Rasmol. (Download from web and on CAL computers.)
· Back to Proteins: Review-amino acid, peptide bond, and conventions for writing sequences. 3-D protein structure can be thought of as having levels of organization:
A. Primary sequence-the specific order of amino acids

B. Secondary structure-short range interactions, often dictated by hydrogen bonds. Best examples are (-helix (Pauling story), (-sheet, and specific bends and loops.
C. Tertiary structure: Larger scale folding of protein, which can often bring amino acids very distant in primary sequence close to each other. Disulfide bonds (hair perm); net overall charge can be quite variable, but positive and negative groups always present.
D.  Quaternary structure: Multiple protein units holding together in larger specific aggregate. Contrast: Myoglobin vs hemoglobin: How do we know protein structure?
Prosthetic groups*: Non-amino acid atoms or molecules attached to a protein that aid in its function or structure. Examples: Heme group, metal ions (Zn, Fe, Cu, Mg), B-vitamins.

In diet, amino acids can be used for protein synthesis, synthesis of other biomolecules (examples-neurotransmitters (dopamine, serotonin), nucleotide bases), or energy (typical protein gives about ~17 kjoules per gram, about the same as carbohydrates, about half as energy dense as fats). Humans can make about 10 of the 20 amino acids-the rest are essential in diet. Amino acids are the only form in which we can use N and S from our diet to make other molecules.

Nucleotides and Nucleic Acids*:

· Structural elements-nitrogenous base, ribose (or 2’-deoxyribose) sugar, and phosphate ester groups attached to sugar (at 3’ and/or 5’ positions). Many have a Mg2+ associated by ionic bonds between the phosphate(s) and the metal ion. Nucleotides and nucleic acids have net negative charges.

· Differences between DNA and RNA –type of sugar, uracil versus thymine, double helix compared to complex secondary structures, stability vs. reactivity. Current research-examining number of specific small RNA molecules produced by many cells.
· Base paring specificity:  A-T or A-U; C-G.  C-G has three hydrogen bonds; A-T has 2 hydrogen bonds. Specific base pairing allows copying, specific 3-D structures. Base pairing strands are antiparallel.

· Modern organisms*: “Basic Dogma”  DNA(DNA replication; DNA(RNA (messenger) transcription; RNA(protein translation (requires ribosome, transfer RNAs, both of which contain RNA sequences as essential components).
· Origin of life: Advantages of RNA as first macromolecule; it is catalytic, even on itself; it can store information; can interact with amino acids in specific ways, suggesting routes to specific protein synthesis.
· Nucleotides in other roles*: energy carriers-ATP* (adenosine triphosphate), NAD+ (Nicotinamide adenine dinucleotide*), signaling molecules-adenosine

Other groups of macromolecules:

· Sugars or carbohydrates*: monosaccharides (glucose, fructose, galactose, ribose), disaccharides (fructose, lactose), polysaccharides (starch, cellulose, chitin.) Glucose easily the most abundant organic molecule in the biosphere.

· Unique in that complex sugars are the only polymers that will form branched chain linkages routinely. 

· Roles: energy transport and storage (sucrose, starch); structural elements (cellulose, chitin); information (ABO blood groups). In eukaryotes, most secreted or external membrane proteins have covalently attached carbohydrates,

· Lipids and Fats: We will examine these more in our next topic (Cell Membranes). Defined by solubility-easily soluble in non-polar organic solvents but not soluble in water. Roles-cell membrane components, energy storage and transport, raw materials for other molecules.

