Lecture 2/9/11

I. Chemical Forces - Discussion of distinction betwen folding vs. stability

A. Structure of proteins is covalent in terms of primary but largely NONCOVALENT in terms of higher order structure.

B. Noncovalent interactions operate at two levels - folding vs. stability.

C. Many such interactions add up to dictate folding and structure.

D. Since interactions are essentially equivalent, protein stability tends to be highly cooperative and folding involves few stable intermediates. (define this carefully)

II. Chemical/physical principles that govern stability of proteins

A. list of forces:

1. van der Waals repulsive and attractive interactions (electrostatic in origin) - short distance.

2. hydrogen bonds – short distance and highly directional

3. ionic (electrostatic) interactions (between formal charges) - long distance

4. hydrophobic interactions

B. The balance of these interactions (in terms of overall free energy) against interactions with water dictates the stability of a protein.

III. van der Waals interactions - 

A. Pauli exclusion principle - defined intuitively as the space occupied by an atom - comes from unwanted overlap of electron orbitals.  (if nucleus is size of golf ball, then first electron shell is 1 km away, 2nd shell 4 km, 3rd shell, 9 km)

B. a strong repulsive force prevents conformations of the protein that result in clash between atoms (well-approximated by 12th power distance dependence), empirically derived from analysis of distances between atoms in crystal structures.

1. HC distance is 2.9 Å

2. HO distance is 2.57 Å

C. weak interactive forces result from polarizability of atoms

1. permanent dipole interactions - amide bond

2. permanent and induced dipole interactions CO-CH interactions

3. London, or dispersion, force, all atoms cause mutually induced dipoles (quantum mechanics) - CH-CH interactions

4. all are well-approximated by 6th power distance dependence

D. overall effect of van der Waals interaction defined by Lennard-Jones potential E = C12/r12 - C6/r6, and draw graph. 

Example for carbon-carbon interaction:



C12 = 2.75x1012 A12 kcal/mol; C6 = 1425 A6 kcal/mol
IV. H-bond

A. electrostatic in origin and has covalent character as well

B. occurs when an H is shared between two electronegative ions, since single electron is shared, other atom may approach more closely!

C. C=O --- H –N, thus distance is 1.9 Å instead of 2.57 Å

D. strongest when linear due to covalent aspects, thus imparts specificity because of geometric constraints

V. electrostatic - 

A. charged ions - Glu-Lys (define salt bridge)

B. potential energy equation can be derived from Coulomb’s Law describing the force generated for an electrical charge:

1. E = ( q1xq2)/R12  (is related to the charge on an electron and q is total number of such charges on an atom)
2. H2O tends to quench charged interactions (dielectric constant), included as (D)ielectric constant (around 80).  The dielectric constant is a macroscopic property.  Needs to be treated explicitly at the surface of a protein to be exact.

3. Example: Na+Cl- at 2.76 Å is -120 kcal/mol in a vacuum

VI. Hydrophobic effect

A. Interactions above can all be described in terms of enthalpy (H).  However proteins depend on free energy because S plays a role as well!

B. this effect results in separation of nonpolar residues from interaction with water

C. unfolded has larger water cages, thus entropy drives protein folding!

D. Draw picture of nonpolar group as spheres being transferred out of water, drawn as chevrons.

E. G =Hchain + Hsolvent – TSchain – TSsolvent where enthalpies are about the same whereas water entropy pays back much more than what is lost with chain entropy

VII. Quantify these interactions

A. Dispersion forces - CH...CH
-0.03 kcal/mol (many of these add up)

B. H-bond
protein backbone
(E = -1.2 kcal/mol) ; ice H-bonds are stronger and generally range from -1.2 - -7 kcal/mol

C. electrostatic (salt bridge) - COO-...+H3N
(E = -1 to -4 kcal/mol; ill-determined)

D. hydrophobic force - Phe sidechain water to interior = -2.4 kcal/mol
