Lecture 8 notes:
· Peptide: two or more amino acids joined by peptides
· Oligopeptide: 10-30 amino acids  joined by peptides
· Polypeptide: lots of amino acids
· Protein: a macromolecule composed of one or more polypeptide chains that folds into a defined 3d structure
· The peptide bond has partial double bond character, has restrictions and cannot rotate but you can rotate the alpha carbon
· Exist in trans and cis and are almost always trans
· Phi
· Angle of rotation of the single bond between the nitrogen and the alpha carbon
· Psi:
· Angle of rotation of the single bond between the alpha carbon and the carbonyl carbon
· Order- n, alpha carbon, carbonyl carbon. Phi, Psi, Phi, Psi
· Secondary structure: alpha helix
· Take the polypeptide chain and wrap it around the imaginary axis, so alpha helix wrapped around an imaginary pole
· It will turn around in a specific way at 3.6 residues per turn
· When it is formed, the R groups will be facing the outside of the helix 
· This can dictate the properties of the alpha helix
· They are stabilized by hydrogen bonds 
· The alpha helix is right handed (like screwing in a screw right wise)
· Stabilized by hydrogen bonds that are 4 residues apart 
· R groups affect alpha helix stability
· Electrostatic repulsion or attraction of the r groups
· Large or bulky of adjacent r groups
· Interaction of amino acid r groups spaced 3-4 residues apart 
· Proline and Glycine are usually not found in helices and are called helix breakers
· Bad at forming helices because: 
· Proline has a rigid structure which interferes sterically
· Proline doesn’t have a nitrogen attached to the hydrogen in a peptide bond. Alpha helix need hydrogen bonds to stabilize
· Glycine:
· Glycine is very flexible but because it is so small it can’t protect the polypeptide backbone from the surrounding water
· R groups affect protein function and localization 
· Amphipathic helices are when one side is hydrophobic and the other side is hydrophilic 
· Alpha helices are the most common of all the secondary structures
· Important alpha helices: alpha keratin, DNA binding proteins, membrane spanning proteins
· DNA binding proteins: the alpha helix fits perfectly inside the major groove of the DNA which is one of the ways they interact with each other
· Secondary structure: beta sheets
· Composed of beta strands 
· Stabilized with hydrogen bonds
· Beta sheets can be parallel or anti parallel 
· Arrows facing same direction are parallel and arrows facing different directions are anti-parallel
· Parallel beta sheets
· Each individual amino acid residue will form hydrogen bonds with 2 partners
· Hydrogen bond parallel not as strong as anti parallel 
· Anti parallel beta sheets
· Each hydrogen bond connects each amino acid on one strand with one amino acid on the adjacent strant
· Beta sheets can be twisted; the R groups are pointed perpendicular from the plane of the sheet
· R groups will on both sides of the beta barrel and the properties of the R group will be different (ex. The R groups on the outside will be hydrophobic and the inside can be different)
· Beta sheets and DNA: 
· Beta sheets will interact with the minor groove of the DNA double helix
· Beta sheets are less common than alpha helices in protein-dna interactions
· Beta turns connect two adjacent segments of an anti parallel beta sheet
· Two classes of beta turns:
· Type 1: have R groups on the same side
· Type 2: have R groups on opposite sides 
· In type 2 turns, residue 3 is usually glycine, residue is usually proline
· Gamma turns:
· Three amino acids containing turn with proline at position 2
· Loops: longer than turns, not really repeating structure, parallel strands in beta sheets are often joined by loops that may contain alpha helices 
· Difference between turn and loop  turns are much shorter than loops and will be found in shorter sequences
· Beta turns will be most likely found in parallel beta sheets
· Tertiary Structure
· Fibrous and globular
· Fibrous 
· Molecules dominated by a single repeating element of secondary structure (ex. All alpha helix or all beta sheet)
· Important in structure, stability and anywhere flexibility is required
· Globular
·  Not dominated by a single repeating element of secondary structure (mix of both)
· Spherical shape
· Fibrous Proteins: Alpha Keratin
· Right handed alpha helix 
· Coiled coil composed of two alpha keratin chains is left handed
· So the alpha keratin helix is right handed but when you coil the coils it becomes left handed
· Fibrous protein: collagen
· Commonly found in bones, tendon, skin
· Helical coiled coin
· Technically not an alpha helix
· Has 3 residues per turn 
· The composition is very different compared to an alpha helix
· Collagen helix has lots of glycine and proline which are usually not found in alpha helices
· This case is special because there are tighter turns and need to have residues that can accommodate these tighter turns 
· Has a helix that is left handed but coiling the coils is right handed
· Fibrous proteins: silk fibroin
· Contains repeating structure of beta sheets
· Held together by hydrogen bonds which are stacked together
· Is rich in alanine and glycine because they have small r groups
· This allows for beta sheets to be stacked together very tightly
· And the tighter they are packed the more van der wal interactions there are 
· Protein motifs (fold)
· Folding pattern involving two or more elements of secondary structure and the connections between them (ex. Beta-alpha-beta loop)
· May or may not be independently stable 
· Protein classification by motifs
· All alpha, all beta, alpha/beta, alpha + beta
· Alpha/ beta
· Alpha and beta segments are alternating
· Alpha + beta
· Alpha and beta regions are segregated 
· Protein domains
· Distinct, stable, structural units that have separate functions and fold as independent compact units
· Have the ability to move as a single unit 
· These domains typically made of a single stretch 
· Src protein kinase
· Four functional domains, each domain has its own separate function 
· Quaternary structure
· Arrangement of multiple poly peptides
· Stabilized by covalent and non covalent interactions
· Hemoglobin 
· Has 2 identical alpha sub units and 2 identical beta sub units 
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