Lecture 1/21/11
I. Secondary structure 
A. The peptide bond

1. Formed by dehydration reaction: amino + carboxy = amide- draw this out with w, f, y nomenclature.  Bond length is 1.33 (C-N is 1.45 and C=N is 1.25); why?

2. Resonance structure results in preventing rotation about C-N bond thus this is planar in trans or cis, trans is preferred

3. Only rotatable bonds are N-C (phi) and C-CO (psi), so shape of protein is governed by these bonds (sidechain geometries governed by chi bonds)

4. Ramachandran map

a) show glycine vs. alanine

b) indicate phi-psi angles for helices and sheets

B. secondary structure comes from need to satisfy H-bonding potential of polar backbone (a-helix described by Linus Pauling), and overcome the positive free energy of burying polar functional groups.

C. The -helix:

1. hydrogen bonds between i,i+4, optimize H-bonding potential 

2. forms a right-handed spiral (due to L-chirality of amino acids), =-60°, =-50° (Creighton, figure 5.7 and table 5.2)

3. helices are stabilized by

a) amino acid propensities (specifically discuss valine, as example of beta-branching effect and asp as H-bonding effect at N-terminus)

b) sidechain sidechain interactions

D.  the -sheet:

1. the antiparallel sheet - 

a) most extended, ~140° results in periodicity of 2, 3.4 Å translation per residue

b) two features, zigzag of backbone and supertwist, comes about from ~125 real angle.

c) H-bonds are between strands, the H-bonds are largely parallel in idealized antiparallel sheets

2. the parallel sheet - less common and thought to be overall less stable

a) is largely similar in gross features

b) H-bonds are at an angle compared to antiparallel sheets

E. Loops – connect units of secondary structure at surface:

1. the beta-turn - 4 residues that introduce sharp 180° turn to connect units of secondary structure.

2. type I & II turns are defined by f,y angles.

3. beta hairpins are type I'and type II' and are used between strands of AP beta-sheets.  Required because of supertwisting.

II. Tertiary and quaternary structures - 

A. Tertiary structure – specific fold of single polypeptide chain

1. supersecondary structure reflects simple combination of secondary structure units

2. motifs are commonly found arrangements of units of secondary structural units and are often supersecondary structures.  Several motifs are usually found in a typical domain.

B. Quaternary structure

1. Typically non-covalent interaction between multiple polypeptide chains.  Most common oligomers are often dimers (transcription factors), tetramers (many allosteric enzymes)

2. structural proteins are often covalently crosslinked:

a) fibrin polymers – three chains are disulfide crosslinked, individual monomers are crosslinked by isopeptide bonds

b) collagen is crosslinked involving delta-hydroxyl lysine.

III. Motifs (see http://en.wikipedia.org/wiki/Category:Protein_structural_motifs)
A. Helix motifs 

1. HLH type 1 (globin folds): - 50° crossover angle gives ridges into grooves packing (taken from hemoglobin; 1a3n).

2. “ridges into grooves” where both are i,i+4 

3. HLH type 2: used for oligomerization (taken from 1rop)

a) show crossover angle  at about 20° (will talk about coiled coils as example of this motif
b) hydrophobics – why is there an exposed layer?

4. HLH type 3: Ca2+ binding, EF hands based on helix lettering in parvalbumin (taken from troponin c; 1ncy)

a) buffers and regulators

b) loop contains Asp, Asn, and Glu that binds thru oxygen.

c) they tend to be found in groups of 2

B. sheet motifs

1. beta hairpin motif, no specific function, point out 4-residue turn (taken from bovine pancreatic trypsin inhibitor; 1BPI)
2. greek key motif - no specific function, has a hydrophobic core more typically when combined with a second Greek key motif (show urn and plastocyanin structure)
C. mixed helix sheet

1. zinc finger, DNA-binding (taken from 1AAY; Zif268 from mouse)

2. beta-alpha-beta, no function, helix-sheet crossover optimizes hydrophobic packing.  Helix connects two parallel strands of sheet (taken from 1YPI, a TIM barrel from yeast).
D. protein-protein interaction motifs and relationship to domains

1. WD repeats – three-stranded AP beta-strands about “40” aa long
2. leucine rich-repeats – beta-strand plus alpha-helix
3. ankyrin repeats – two helices connected by loops (or beta-strands), 6-24 repeats
E. coiled coil – case study for sequence/structure relationship

1.  GCN4, a yeast transcription factor
2. helical wheel diagram displays positioning of residues, assuming 7 residues per two turns of helix
a) note L at “d” and V at “a” – hydrophobic amino acids define coiled coil interface

b) note distribution of E and K at “e” and “g” positions

c) we now know that N at “a” defines dimerization

3. knobs into holes concept of packing interactions
a) Alber and Kim noted that oligomerization could be dictated by shape of hydrophobic amino acid at “a” and “d” positions

b) different amino acids can better pack into knobs into holes concept for different oligomeric states

c) recent paper from Kallenbach catalogs types of amino acids that are found at interfaces of coiled coils of varying oligomeric states

