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Chapter 2 – The Chemical Basis of Life

Covalent Bonds
· Atoms that make up a molec are joined by covalent bonds (pairs of electrons are shared btw pairs of atoms.
· Atom is most stable when outer shell is filled.
· O2 has 2 electron spots and H+ has one extra  thus H20
· If 2 electrons  are shared, covalent bond = double bond.
· 3 pairs of electrons shared = triple bond.
· Quadruple bonds not known to occur.
· Electronegative atom: has a greater attractive force and thus the electrons tend to be located more closely to this atom.
· Polar and nonplar molecs
· Water’s single O atom attracts electrons more forcefully that either hydrogen atoms and thus is polarized (one atom has a slight negative charge and one has a slight positive charge.
· Asymmetric distribution of charge = polar.
· Polarity is important in determining the reactivity of molecules!
· Nonpolar = lack electronegative atoms.
· Ex. fats & waxes.
· Ionization
· Transfer of one or more valence electrons.
· Some atoms so strongly electronegative that they can capture electrons from other atoms during a chemical reaction
· Anion = has extra electron and has negative charge.
· Cation = has lost an electron so +ve charge.
· Free radicals  when an electron is lost BUT the atom does not become stable afterwards; can cause diseases.
· cause of aging?

Noncovalent Bonds
· Do not need shared electrons but rely on attractive forces btw atoms having an opposite charge.
· Individual noncovalent bonds are weak BUT added together (Ex. DNA) have additive attractive forces.
· Allows for dynamic interactions among molecules in the cell.
· Ionic bonds: attractions btw charged atoms
· Definition: a noncovalent bond occurring between oppositely charged ions, also called a salt bridge.
· Can be strong but if dissolved in water, each individual ions becomes surrounded by water molecs which inhibit oppositely charged ions from approaching one another close enough to form ionic bonds.
· Hydrogen bonds
· A weak, attractive interaction btw a hydrogen atom covalently bonded to an electronegative atom (so has a partial +ve charge) and a 2nd electronegative atom.
· Hydrophobic interactions and van de Waals Forces.
· Polar molecules are hydrophilic (water loving) 
· Nonpolar molecules (ex. steroid or fat lipids) are hydrophobic.
· Insoluble in water; form aggregates which minimizes their exposure to the polar surroundings.
· Hydrophobic interaction (what happens above with aggregation).
· These hydrophobic interactions are NOT true bonds b/c do not result from an attraction btw hydrophobic molecs.
· Van der Waals Force: a weak attractive force due to transient asymmetries of charge within adjacent atoms or molecules. Need to be oriented close to each other.
· Very weak attraction.
· The life-supporting properties of water
1. Water is a highly asymmetric molec with the O atom at one end and the two H atoms at the opposite end.
2. Each of the two covalent bonds in the molec are highly polarized.
3. All 3 atoms in a water molec are adept at forming hydrogen bonds.
· Each molec of water can form hydrogen bonds with up to FOUR other water molecs.

Acids, Bases and Buffers
· Acid: a molec capable of releasing (donating) a hydrogen ion.
· Base: any molec capable of accepting a proton.
· When an acid loses a proton it becomes a base (it becomes a conjugate base for the acid. Acids and bases are in pairs.
· The more readily a proton is lost, the less strong the attraction of a conjugate base for its proton, the stronger the acid.
· pH = the acidity of a solution.
· pH = -log[H+]
· H+ = molar concentration of protons
· solution of pH 5 has a H+ concentration of 10-5 M
· buffers: compounds that react with free hydrogen or hydroxyl ions, thereby resisting changes in pH. Buffer solutions usually contain a weak acid together with its conjugate base.

The Nature of Biological Molecules
· biochemicals = compounds produced by living organisms.
· Hydrocarbons have just carbon and hydrogen atoms.
· Functional groups: are particular groupings of atoms that often behave as a unit and give organic molecules their physical properties, chemical reactivity, and solubility in aqueous solution.
· two most common linkages btw functional groups are ester bonds  form btw carboxylic acids and alcohol. Amide bonds form between carboxylic acids and amines.
· Methyl, hydroxyl, carboxyl, amino, phosphate, carbonyl, sulfhydryl.
· A classification of biological molecules by function.
· 4 categories.
· Macromolecules: form the structure and carry out the activities of cells.
· 4 major categories: proteins, nucleic acids, polysaccharides, and certain lipids.
· Prots, nucleic acids, and polysaccs are polymers (composed of monomers) constructed by polymerization.
· The building blocks of macromolecules.
· Usually broken down and replaced by new ones.
· Metabolic intermediates (metabolites): the compounds that are formed along the pathways leading to the end products that have no function per se.
· Each series of chemical reactions = a metabolic pathway. A-B-C...
· Molecules of miscellaneous function
· Ex. vitamins, some steroid or AA hormones, molecules involved in energy storage (ATP), regulatory molecules such as cAMP, and metabolic waste produces (urea)

Four types of biological molecules (organic)
1. Carbohydrates (glycans)
a. Include simple sugars (monosaccharides)
b. Function – stores of chemical energy; durable building materials for biological construction.
c. Sugars with 3 carbons = trioses; 4 carbons = tetroses, 5 carbons = pentoses, 6 carbons = hexoses; 7 carbons = heptoses.
d. Simple sugar structure
i. Backbone of C atoms linked in a linear array by single bonds; each carbon has a single hydroxyl group except for one that has a carbonyl (C=O).
ii. If the carbonyl group is internal = keytone group.
iii. If the carbonyl group is at one end of the sugar = aldose (ex. glucose)
e. Steroisomerism and enantiomers (left and right hand structures)
f. Linking sugars together
i. Joined to one another by covalent glycosidic bonds (form by reaction btw C atom C1 of one sugar and the hydroxyl group of another sugar.
ii. Disaccharides = composed of only two sugar units.
iii. Oligosaccharides = composed of a few sugar units.
1. Help distinguish one typoe of cell from another and help mediate specific interactions of a cell with its surroundings.
g. Polysaccharides
i. Claude Bernard  studied diabetes; found that liver tissue contained an insoluble polymer of glucose called GLYCOGEN; glycogen is broken down into glucose when the body needs energy.
ii. Polysaccharide = a polymer of sugar units joined by glycosidic bonds.
iii. Starch: mixture of two glucose polymers, amylase and amylopectin, that serves as readily available chemical energy in most plant cells.
iv. Cellulose: unbranched glucose polymer with B(14) linkages that assembles into cables and serves as the principal structural element of plant cell walls).
v. Chitin = similar structure to glucose and helps form the outer covering of insects and spiders.
vi. Glycosaminoglycans (GAGs): a group of highly acidic polysaccharides with the structure  -A – B – A – B –, where A and B represent two different sugars.
1. Ex. HEPARIN  secreted in response to tissue injury; inhibits blood coagulation and prevents clots forming that can block the flow of blood to the heart.
2. Lipids
a. Fats
i. Fats consist of a glycerol molec linked by an ester bond to 3 fatty acids (triacylglycerol)
ii. Fatty acids: long, unbranched hydrocarbon chains with a single carboxyl group at one end.
iii. b/c two ends have dif structure, thus have different properties (hydrophobic and hydrophilic).
1. Hydrocarbon chain = hydrophobic
2. Carboxyl group = hydrophilic.
3. Molecs with both hydrophobic and hydrophilic regions = amphipathic
iv. Saturated = lack double bonds
v. Unsaturated = kink and has double bonds.
vi. Oils = fats that are liquids at room temperature.
b. Steroids
i. Built around a 4 ringed hydrocarbon skeleton.
ii. Ex. cholesterol
c. Phospholipids
i. Two fatty acid chains with a glycerol backbone and a polar head group.
3. Proteins
a. Carry out most of a cell’s activities.
b. Accelerate the rate of metabolic processes.
c. High degree of specificity
d. Building blocks of proteins
i. Proteins are polymers of AA monomers.
ii. 20 different AAs.
iii. AAs all have a carboxyl group and an amino group.
iv. Polypeptide chain: number of AAs joined in a chain during protein synthesis.
v. Peptide bonds: how AAs are joined; the linking of the carboxyl group of one AA to the AA of its neighbour with the elimination of a molecule of water.
vi. N-terminus = has an AA with a free unbounded a-amino group.
vii. C-terminus = has a free a-carboxyl group.
e. The properties of the side chains
i. Side chain/R group: the defining functional group of an AA, which can range from a single hydrogen to complex polar or non-polar units in the 20 AAs most commonly found in cells.
ii. AAs are classified based on the structure of their side chains.
iii. 4 main categories
1. Polar and charged
a. Ex. lysine; arginine.
2. Polar and uncharged
a. Partial negative or positive charge and thus can form hydrogen bonds with other molecs including water.
b. Often quite reactive.
c. Ex. asparagines; glutamine.
3. Non-polar
a. The side chains of these AAs are hydrophobic and unable to form hydrostatic bonds or interact with water.
b. Ex. leucine, typtophan
c. Can pack tightly and associate with one another as a result of van der Waals forces and hydrophobic interactions.
4. three with unique properties
a. glycine, proline, cysteine  have unique properties.
b. Disulphide bridges: often form btw two cysteines that are distant form one another. These help stabilize the intricate shapes of proteins.
c. Other AAs are found in proteins but arise by alterations to the side chains after their incorporation into a polypeptide chain (posttranslational modifications (PTMs).
f. The structure of proteins
i. Well mapped out.
ii. 4 levels
1. Primary Structure
a. Specific linear sequence of AAs that constitute the chian.
b. Frederick Sanger  determined the first AA sequences
2. Secondary Structure
a. Describes the conformation (3D arrangements) of portions of the polypeptide chains.
b. Stabilized by hydrogen bonds btw atoms that form the peptide bonds of the backbone.
c. a-helix
i. spiralling tube or ribbon.
d. B-pleated sheet.
i. Proposed by Pauling and Corey
ii. High amount of tensile strength.
3. Tertiary Structure
a. Describes the conformation of the entire polypeptide.
b. Stabilized by an array of non-covalent bonds btw the diverse side chains of the protein.
c. X-ray crystallography: helps detail the tertiary structure
d. Fibrous proteins: have an elongated shape
i. Act as structural materials outside living cells; ex. collagens, elastins, keratins...
e. Globular proteins: a compact shape. 
i. Most proteins within a cell are globular.
f. Myoglobin was the first globular protein whose tertiary structure was determined.
g. Protein domains
i. Most euk proteins have two or more domains that fold independently of each other.
4. Quaternary Structure
a. Many proteins have just one chain/subunit. Proteins that are composed of several subunits have quaternary structure.
b. Homodimer = two indentical subunits.
c. Heterodimer = protein composed of two nonidentical subunits.
d. Multiprotein complex: the interaction of more than one complete protein to form a larger, functional complex.
i. Escherichia coli = one of first discovered.
e. Denaturation: the unfolding or disorganization of a protein.
i. Protein folding.
g. The role of molec chaperons
i. Are helper proteins that selectively bind to short stretches of hydrophobic AAs. Help in folding.
ii. Chaperonin  cylindrical protein complexes that contain chambers in which newly synthesized polypeptides can fold without interference from other macromolecs in the cell. Ex. TRiC.
iii. Creutzfeld-Jakob disease  protein misfolding can have deadly circumstances.
iv. Alzheimers disease  current drugs just do with management of the symptoms.
1. AB(beta) vaccine to Alzheimers disease (AD)
h. The Emerging Field of Proteomics
i. Proteome: the entire inventory of proteins that is produced by an organism, whether human or otherwise.
ii. Proteome also is applied to the inventory of all proteins that are present in a particular tissue, cell or cellular organelle.
iii. Proteomics: expanding field of protein biochemistry that performs large-scale studies on diverse mixtures of proteins.
1. More difficult to work with than DNA
i. Protein engineering
i. Create an artificial gene that can be used in the production of a protein having any desired sequence of AAs.
ii. Site-directed mutagenesis: modify a gene in a predetermined way so as to produce a protein with a specifically altered AA sequence.
j. Protein adaptation and evolution
i. Be able to adapt to survive in the environment.
ii. Isoforms: are different versions of a protein. Isoforms may be encoded by separate, closely related genes, or formed as splice variants by alternative splicing from a single gene.
4. Nucleic acids
a. Are macromolecules constructed out of long chains (strands) of monomers called nucleotides.
b. Function primarily in the storage and transmission of genetic information.
c. Two types of nucleic acids
i. DNA
1. Genetic material of all cellular organisms
ii. RNA
1. Genetic information for viruses.
2. Protein synthesis
3. Each nucleotide in a strand of RNA consists of three parts: 1. A five carbon sugar, ribose; 2. A nitrogenous base; and 3. A phosphate group.
4. The sugar and nitrogenous base form a nucleoside.
5. A strand of RNA (OR DNA) contains 4 different nucleotides.
a. Pyrimidines: smaller molecs with just a single ring.
i. Cytosine and uracil (In DNA, uracil is replace by THYMINE).
b. Purines: larger consisting of two rings.
i. Adenine and guanine
6. Ribozymes:  can cleave their own RNA strand.
d. Adenosine Triphosphate (ATP)
e. Guanosine triphosphate (GTP)

THE FORMATION OF COMPLEX MACROMOLECULAR STRUCTURES
· Heat-shock response  activation of the expression of a diverse array of genes in response to temperatures elevation. The products of these genes, including molecular chaperones, help the organism recover from the damaging effects of elevated temperature.

