I - Macromolecules

Lecture 1
August 28, 2006

[‘Welcome’]

Lecture 2 – Biophysical Principles
August 28, 2006

Life is a series of well-regulated changes in rate and equilibrium constants.  

Whether or not something happens is governed by thermo; how fast it happens, by kinetics.

dG = dG0+RTln([A*B]/[A]*[B])


* At equilibrium, dG = 0 = dG0+RTln([A*B]/[A]*[B]), so:

dG0 = -RTln([A*B]/[A]*[B])

dG0 tells you about the general propensity for some chemical A to convert into some chemical B.  dG tells you the propensity for some chemical A to convert into some chemical B in the current system given the current state of things (and taking into account the general propensity).

Looking at ΔΔG0, or the difference in binding energies between B1 and B2 to A, shows us that ΔG0​1 – ΔG0​2 = ΔΔG0 = RTln(10*Keq1/Keq1) = RTln(10) = 1.36 kcal/mol
· For every 1.36 kcal/mol change in ΔG0, the eq. const. changes by 10x.

· This is approximately the energy of an H-bond

ΔG0=ΔH0-TΔS0
· Enthalpy (H) is energy given by breaking or required to create bonds. Decrease in H is spontaneous.

· Entropy (S) is measure of usefulness (organization) of energy in a system.  Increase in S is spontaneous.
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Keq assumes forward reaction is association.  Kd assumes forward reaction is dissociation. (Kd = 1/Keq)
· Kd’s have units of M instead of M-1
· Useful in relationship between thermodynamics and kinetics

Kinetics = speed at which something that is going to happen (thanks to thermo) actually happens.

· First order kinetics: require only one starting molecule (dissoc of [A*B] shown by k-1[A*B]) with units of s-1.

· Second order kinetics: look at two starting molecules reacting together ([A]+[B] ( [A*B] shown by k1[A][B]) with units of M-1s-1.

· Putting this together, we can see that Kd= [A][B]/[A*B] = k-1/k1
· At eq, Kd=0, so k1[A][B] = k-1[A*B]. 

· ‘At equilibrium A and B are coming together as quickly as AB is coming apart.’

Where does the energy come from to make this stuff happen?

· covalent bonds (100kcal/mol)

· electrostatic interactions (energy scales as 1/r)

· van der Waals interactions (attractive as 1/6, repulsive as 1/12)

· hydrogen bonds (up to 3kcal/mol)

· hydrophobic effect (aims to minimize restriction of states; Coumadin in BSA)

[Hyperbolic curves, determining Kd goes here]
pKa is a measure of the strength of an acid or base.  If pH = pKa of an acid, acid will be half protonated and half unprotonated. If pH < pKa of a species, species will be protonated.  If pH > pKa, species will be unprotonated.
· [HA] = [A-]

· Low pKa = strong acid

· High pKa = strong base
Lecture 3 – Biophysical Principles II
August 29

Sigmoidal curve describes multimeric, cooperative binding.  Combines low-substrate-concentration curve from Tense state with hyperbolic curve from Relaxed state to give an S-shaped curve (MWC model).  All subunits are T or all are R, and binding of substrate stabilizes the R state across subunits.
Fractional saturation – fraction of binding sites occupied by ligand.

L=T/R is an equilibrium constant between T and R in the absence of ligand.  Almost always greater than 1; sometimes much so.

Hemoglobin – the exemplar of cooperative binding.

Two each of alpha and beta subunits; four ligand binding sites, in T state by default.

Cooperativity allows hemoglobin to become O2 saturated in the lungs and nearly totally desaturated in the tissues.  

Allosteric effectors – molecules that bind preferentially to either T or R (affecting L) away from the active site and influence conformation.  Include BPG, and CO2; these bring O2-delivery-efficiency to ~ 90%.

Curve shape and L


Low L – curve shifts to left, mimicking R state more fully.


High L – curve shifts to the right, mimicking flat T state more fully.

Things that +Increase L


-pH (‘Bohr effect’)


+CO2 (‘Bohr effect’)

+BPG


+Altitude (moderate)

Structure Determination
X-ray crystallography.  Growing crystals is the hardest part.  (Dealing with lack of phase, and CTF, is second hardest part.)  X-ray beam blasted through crystal and crystal is rotated (~1o turns over 180o).  Constructive interference by diffraction off of all of the atoms in a crystal results in a pattern of spots being produced on the receptor.  Structure determination requires position, intensity, and phase of each spot.  There is no lens for X-rays, so we cannot compare diffracted from undiffracted X-rays to gather phase info.  (Hint: metal derivatives.)

Quality of structure.  Look at resolution (angstroms) and R-factor.  Lowest angstroms = best resolution.  R-factor should be minimized, not greater than 10x resolution.  R-free is better than R because it is less circular.  Drop 20% of spots, use model built with other 80% to build a structure.  Then have the computer predict the diffraction pattern, and see if you get those 20% of spots back.  R-free will be worse than R, but more trustworthy.

Good: 

requires small amount of substance to be measured


produces high-res structures


can be done for huge molecules

Bad:


hard to produce crystals


hard to overcome CTF and phase problem


structures not in solution, so may not always be physiologically relevant

NMR.  Some nuclei are spin 1/2 (hydrogen and C13, for example).  They will align with or against a magnetic field; a tiny majority will align with the field.  Input of EM energy into population can cause some nuclei to flip up to high energy state.  Each atom is in a locally unique field due to other atoms nearby; thus, the frequency needed to excite various atoms will be different.  This shows up as ‘protection’ or ‘deprotection’
Good:


likely to be physiologically relevant since done in solution


no crystallization necessary

Bad:


cannot always get precise placement of sidechains


requires large amount of substance


can only determine structure of small (<50kDa) species

fMRI.  Observe resonance of body’s water protons.  Oxygen usage will affect the signal.  Magnetic iron assists in the relaxation of hydrogen to the ground state, which leads to a decrease in signal.  Deoxyhemoglobin has a magnetic Fe core.  Oxyhemoglobin’s Fe is nonmagnetic.  High blood flow, and thus highly O2-rich blood, will likely go to areas of active use.  Thus, active areas will have a stronger signal.
Lecture 4 – Protein Structure and Folding

August 29, 2006

Protein structure

Primary (aa sequence), secondary (helix and sheet), tertiary (‘fold’), and quaternary (arrangement of multiple chains into higher-order structure).
Amino acids (almost always ‘L’) have central (‘alpha’) carbon bonded to an NH3+, a COO-, an H, and an R group.  Zwitterion (charged amino and carboxylic groups) predominates in solution.

Side chains (R groups)

Hydrophobic
V, L, I, M

Aromatic
F, Y, W

Basic
H, K, R

Polar
S, T, C

Small, Apolar
G, A

Acidic, Amido
D, E, Q, N

Non-backbone-NH3-Hydrogen-Bonding

(Explanation: ring structure has N-terminus bonded to by R group; thus, this amino terminus is unable to contribute a hydrogen to an H-bond)
P

Peptide (amide) bond between carboxylic acid of one aa and amino-terminus of another results in condensation reaction where a new bond is formed with some double bond character.  Thanks to resonance stabilization, this bond is inflexible, and presents significant resistance to rotation.  Thus we can identify cis and trans species.  

Secondary structure
The non-peptide C-C bond can rotate, giving us Ramachandran plots of allowable orientation based on sterics.  Idenify two general secondary structures:

Alpha helices – Right-handed helices stabilized by backbone H-bonding.  Side chains on outside.  There are 3.6 residues per turn, allowing for different faces to easily have different phobicity (can be ‘amphipathic’).  COO- H-bonds with the NH3 that is four residues above (i+4).  

Beta strands – Side chains alternate up and down – into and out of the plane.  H-bonding of backbone stabilizes sheet formation from strands.  Sheets can be made from parallel or antiparallel strands.  Both faces of the sheet can have different properties.
Tertiary structure
Internal packing usually important.  Inside of a protein is usually hydrophobic, even in membrane-spanning proteins.  Hydrophobicity of surface residues typically important.  Salt bridges (electrostatic bonds) and covalent crosslinks (esp. disulfide bonds) typically stabilize proteins.  Disulfide bonds require oxidation; cell interior is reducing environment, so disulfide bonds most commonly found in excreted proteins.

Quaternary structure
Sometimes the subunits forming our complex do roughly the same thing (hemoglobin).  At other times, the interface or cleft between subunits has special catalytic properties.

Hemoglobin redux.  Porphyrin ring is above the His-bound Fe in the heme; Fe excluded by sterics.  O2-binding to Fe allows Fe to enter middle of porphyrin ring (0.4angstroms).  This tugs His with it, inducing a 15o shift in overall structure into the R state from the T state.
Protein folding problem (Levinthal paradox)
If each aa can be in one of three orientations, and a protein contains 100 aa’s, there are 3100 different combos to ‘sample’.  This could take 1027 years even if each fold took 100 femtoseconds.  In reality, sterics drastically reduce number of orientations to sample.  
Structure determination
Primary sequence alone determines a protein’s fold.  This is global, not local: there are no half-folded intermediates (generally) with any significant lifetime.  Compare to a book in the process of falling – it’s got no true intermediates on the way from upright to flat.  Folding is thus cooperative, and you get a sigmoidal folding curve.

Diseases of protein folding
Prion diseases, amyloid diseases, aggregation, can all occur.  Typically have to do with exposed hydrophobic surfaces creating strong bonds and producing insoluble waste that the body cannot process.  Chaperonins can help misfolded proteins (not yet aggregated) to refold properly.  Two flavors: protein-binding (swallows protein inside of a shell) and iterative annealing (slides along protein and causes it to unfold then refold).  The former targets misfolded proteins; the latter is more stochastic in its selection of proteins to refold.

Lecture 5 – Nucleic acid structure and interactions

August 30, 2006

Deoxyribonucleotide – base, sugar, and 1+ PO4-.
Purines: Adenine and Guanine

Pyrimidines: Thymine and Cytosine

Nucleotides are joined by 3’-5’ phosphodiester bonds.  Triphosphate is on the 5’ OH (think about proofreading; you need to be able to break off the terminal nucleotide and use the energy from a new nucleotide’s 5’ end to continue extension).  The backbone consists of the sugars (ribose-derivatives) and the phosphodiester linkages.  
Double helix strands run antiparallel.  Base stacking (polarized, delocalized pi-electron overlap) is the key to double-helix formation (enthalpic wrt pi bonding; entropic wrt hydrophobic effect).  Base pairing via H-bonds contributes to specificity (no enthalpic benefit since you’re breaking equally-good H2O H-bonds in order to make the base-base H-bonds).  

Double helix stats

3.4 Angstroms between each base.


10.5 bases per turn.


~36 Angstrom rise per turn.

34.3o twist per base on average

1o tilt per base on average (almost perpendicular)
DNA Distortions

Tilt and roll: nonplanar arrangement of successive bases


Helical twist: degrees of rotation of helix between two successive bases (34.3o)

Propellor twist: deviation from planarity of a base pair; increases base stacking which is how it overcomes loss of H-bond perfection

In addition to base stacking and H-bonding, cations neutralize the acidic backbone phosphate groups, and water H-bonds with accessible bases.  Absorbance at 260nm increases as you proceed from a solution of dsDNA to ssDNA.  Tm is temp at which half of DNA strands are denatured.  Factors increasing Tm (=stability) include:

Increased length


Increased GC content (base stacking) 


Increased ionic strength of solution (reducing repulsion between phosphates)

Double helix can be A-DNA (RNA-DNA hybrids), B- (most common), Z-.  A is broadest (lowest rise over run), Z is narrowest and left handed and requires alternating purine/pyrimidine.  A-DNA has a narrow, deep cavity so probably cannot be accessed by helix-turn-helix motif or Zn finger.
Supercoiling
Topological superstructure formed when ends are constrained or loop is circular.  Right handed supercoils are negative.  Most cells except thermophiles maintain negatively supercoiled DNA so that local melting (for polymerase activity) is favorable.  Topoisomerases introduce this favorable supercoiling; topotecan (anticancer) inhibits these and selectively kills rapidly dividing cells.  Cipro inhibits bacterial gyrase.
Lk = Tw + Wr.  

(# of times strands cross) = (# of times DNA completes a helical turn) + (# of superhelical turns)
RNA
Ribose contains 2’ OH; has uracil in place of thymine (thymine’s methyl is now a hydrogen).  dsRNA must be in the form of an A-helix due to 2’ OH.  Frequently forms stem-loop secondary structure and globular tertiary structure.  Can form base-triples.  Mg2+ is important in stabilizing structure and neutralizing backbone phosphates.  Covariance of putative base-pairing sites (e.g., in stem) suggests phylogenetic relationship between species.  Ribozymes are catalytically active pieces of RNA.  RNA probably predates all other aspects of organic life.  

Protein-DNA interactions
Principles: (1) Electrostatic complementarity.  Protein will have positively-charged residues to neutralize phosphates.  (2) Favorable bonding occurs with bases.  Specific contacts typically made in major groove; H-bond donors, acceptors, and methyl groups make up the unique surface defining a given sequence.  (3) Different folds do different things.  Helix-turn-helix reads major groove of DNA.  Zinc fingers are discrete domains each of which recognize 3-4 bp sequence.
Nucleosomes and DNA bending
Nucleosome is ~150bp wrapped twice around a histone octamer.  DNA bends unsmoothly, stabilized by contacts with histone.  Easier to bend consecutive AA/TT/AT than GC.
[An image of the chemical structures of cytosine, cytidine (cytosine + ribose), CMP, and cytosine in DNA was removed.]
[An image of the chemical structures of ribose vs deoxyribose, adenine, guanine, cytosine, and thymine was removed.]
[An image showing the effect of DNA tilt, roll, twist, and propeller twist was removed.]
[An image showing the base pairing of A-T and G-C and the major and minor groove locations was removed.] 
Lecture 6 – Sequence Alignments in Biomedical Science

August 30, 2006

Homology – Proteins sharing a common ancestor are homologous.  Amino-acid sequence identity greater than 35% almost always significant; greater than 25% usually significant; less than 25% rarely significant.  Lack of sequence identity just means you cannot say based on sequence alone that two proteins are related or not.  Structure is all that matters, and tertiary structure is much more conserved than is aa sequence.  Related proteins will have similar structures.  Also note that indels usually occur in structurally-unimportant loop regions.
Bioinformatics – Gapping sequences helps increase identity, but you could arbitrarily gap and get great results.  Enter the ‘alignment score’.  Introduce penalty for gapping.  Lower cost for conservative substitutions (similar phobicity, for example).  Create scoring matrix where you get points for good substitutions (like self-self substitution of tryptophan) and lose points for bad ones.  BLOSUM (blocks substitution) is common.  Don’t have time to try every single alignment, so use BLAST or similar algorithm to zero in on best alignments.  

E-value is probability that alignment could have happened by chance given the data set.  Smaller is better.

Score is result of application of your matrix; higher is better.

Bioinformatics improved – Don’t want to assume that each place in matrix is equally important; active site, for example, should be most important.  Take result set from BLAST, see which residues of related proteins are conserved, recreate your BLOSUM matrix with this custom substitution data (this process called ‘multiple sequence alignment’).  Rerun BLAST (now position-specific-iterative BLAST), remodify matrix, continue.  When convergence (no new hits) happens, finish.  Distantly related proteins with important sequences conserved will be identified.

Can use info from distantly related proteins to estimate a structure for our protein (called ‘homology model’).

Mass spectrometry
Vaporize and ionize your sample; accelerate down electric field; mass/charge ratio read by detector (more mass = less accel).  

MS/MS (tandem mass spec) is a clinical test to look for specific molecules/metabolites.  Accelerate as normal, then ion gate lets only certain mass particles through.  Fragment so you can differentiate between isomers, then accelerate to a detector for final reading.

Lecture 7 – Enzymes I

August 31, 2006

Catalysts speed up a reaction without being changed by the reaction or changing the equilibrium (esp. direction of rxn).

Enzymes are named for the reactions they catalyze and the substrates on which they work (e.g., ATP phosphohydrolase).  They have three fundamental characteristics:


Speed up rxns by ~106x


High level of rxn-level specificity.



Only accelerate rxns involving one substrate


Only accelerate one rxn for that substrate


Activity typically regulated to respond to changes

Six reaction types according to IUPAC: (1) Oxido-reductases; (2) Transferases; (3) Hydrolases; (4) Lyases (add to dblbonds); (5) Isomerases; (6) Ligases, synthetases.

Enzyme Kinetics / Michaelis-Menten

Before [S] is consumed, [P]/time is linear.  (Rate of P formation)/[S] is hyperbolic.  Saturation is where conc of S is so high that no increase in rate is seen for an increase in [S].  E is said to be saturated by S.  These are ‘multiple turnover conditions’, where [E]<<[S] and each enzyme turns over many molecules of substrate. Rate is k2[ES]

E+S (k-1(k1ES(k2E+P

Steady state kinetics – [ES] is unchanged in this regime (and k-2[E][P] = 0 since [P]=0):

k1[E][S] = k2[ES] + k-1[ES]

and given that [E] = [E]T - [ES], we can substitute:

k1[S][E]T – k1[S][ES] = k2[ES] + k-1[ES]
we can rearrange with the [ES] terms on the right side, then divide through by k1 to get:

[ES] = 
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Key Assumptions

[E]T << [S] (multiple turnover)


[ES] is constant (steady state)

[P] = 0 (steady state)

Simplifications at Extrema

Where [S] << Km, v = (k2/Km)[E]T[S]

Where [S] >> Km, v = k2[E]T = vMAX
Physical Interpretations
Km is the concentration of S where the rxn is going at 50% max rate.  Also close to physiological concentration of natural substrate since it’s a conc at which rapid response to variations in [S].
Specificity is given by (k2/Km) – it’s best when the enzyme gives a good increase in rate and binds the substrate well at low concentrations.

Basis for Catalysis
Stabilization of the transition state (reduction in activation energy ΔG‡ of the rate limiting step).  Other minor barriers include one between E+S and ES; this barrier is due to diffusion, which the enzyme does not typically deal with (though consider processive enzymes).  It is important to note that a good enzyme binds to the T-state more tightly than it binds to products or substrate.  T-state analogs make good enzyme inhibitors.

Assays for Activity/Purification
Find a method for determining activity (often via Δcolor).  This is your assay.  Now take your sample and fractionate it (chromatography, column based on size or charge, etc.) into different components.  Assay your fractions for activity.  Now find total conc of protein in each fraction.  (μM product)/(min * mg protein) shows you the specific activity of each fraction.  You could also do SDS-PAGE of your protein vs standards of known molecular weight and seeing how pure your bands come out.
Example: glucose-6-phosphate dehydrogenase pathway (required by RBCs to maintain reducing environment since they have no mitochondria) causes drug-induced hemolytic anemia.  Take RBCs, mix with g6p and NADP+.  Enzyme will go to work, and you can measure increased absorption at 340nm.  Patients w/ disease will have reduced enzyme activity.  

Lecture 8 – Enzymes II

August 31, 2006

Proteases catalyze hydrolysis of the peptide bond. Some are specific; others will cleave just about any available bond.  As we move along the reaction coordinate towards the transition state, an OH- attacks the carbonyl carbon, pushing negative charge to the carbonyl oxygen and the nitrogen as well.  The carbonyl carbon loses its planar geometry and converts into a tetrahedral intermediate.  

Methods of stabilizing the transition state
Entropic fixation

Favorable positioning of the amide bond and the nucleophilic water.  (The enzyme has paid the entropic cost of orienting these two molecules.)

Acid-Base catalysis


Helping to add or remove protons at the appropriate time.  Examples:

On the front end, water is not a good nucleophile, so the enzyme positions basic (but deprotonated) sidechains near the water in order to remove a proton.

On the back end, nitrogen is not a good leaving group, so use a protonated acid to donate a proton to the nitrogen as it leaves.

Electrostatic stabilization

Positioning of positive charges (often cationic sidechains) near to developing negative charges (the carbonyl oxygen and nitrogen of the peptide bond), reducing the change in free energy at the T-state.
Geometric stabilization / Shape complementarity

The T-state has different geometry than the ground state.  H-bonds and/or van der Waals interactions should become stronger for the T-state than they were for the substrate.

Carbonic Anhydrase
Multisubunit Zn2+ chelating fast metalloenzyme.  Uses noncovalent catalysis involving three His residues.  Catalyzes attack of water on CO2.  Necessary for production of stomach acid, maintenance of blood pH, formation of aqueous humor in eye.  Zn-OH- attacks the CO2.  Water regenerates Zn-OH-, and it becomes OH- because the Zn locally reduces its pKa. (Uses all 4 strategies.)
Serine proteases
Multistep covalent proteases (break rxn down into manageable chunks).  Catalyzes hydrolysis of scissile peptide bond.  Chymotripsin is produced as a zymogen extracellularly to avoid cell suicide.  Inactivated by binding of diisopropylphosphofluoridate to Ser195.  Catalytic triad is Ser-His-Asp.  Asp orients and polarizes His, letting it act as a base to remove a proton from Ser.  His orients and polarizes S195, and is key to unusual reactivity.  His also acts as an acid, donating an H to the terminal NH leaving group.  The oxyanion hole of backbone NH groups further stabilizes T-state.

[An image showing the mechanism of the catalytic triad was removed.]
Not all members of serine protease family are actually related (convergent evolution) – subtilisin has totally different structure from chymotripsin.  Order of H, S, D irrelevant.  Subtilisin’s oxyanion hole includes Asn so you can do mutational studies to identify contribution of oxyanion hole to rate of rxn (3 orders of mag).  Even with S, D, H, N mutated, the enzyme still speeds up rxn, so we don’t fully understand serine protease catalysis.  

Binding pocket confers specificity
Chymotripsin cleaves after large hydrophobics.

Trypsin cleaves after R and K.

Elastase cleaves after small uncharged residues.

Other serine-protease-like enzymes
Acetylcholine esterase

Blood clotting cascade

Apoptotic granzymes

Bacterial Beta-lactamases (break down penicillin)

B-lactamases use mechanism similar to serine proteases:

[An image showing the mechanism of (-lactamases was removed.]

Lecture 9 – Enzymes III
September 1, 2006

Enzyme Inhibition
I - Covalent 

(‘Suicide’) inhibitors bind irreversibly.

II - Non-covalent


Competitive


Noncompetitive


Uncompetitive

Competitive Inhibitors
These compete with the substrate for binding; they bind mutually exclusively.  Commonly competitive inhibitors bind in the active site and block substrate binding via sterics.  Steric occlusion also works, as can induction of conformational change of the active site via a distal inhibitor binding site.

Noncompetitive Inhibitors
These do not compete w/ substrate.  Bind both free enzyme and enzyme-substrate complex.  Effectively take away some of the total enzyme.

Uncompetitive
Bind only to enzyme-substrate complex.  Substrate binding to enzyme opens inhibitor binding site, or substrate itself is part of the binding pocket for the inhibitor.  It stabilizes the binding of the substrate to the enzyme.  Essentially you have two bound states ([ES] and [ESI]) that the substrate can populate, which is why you more easily drive it into the bound state and reduce the Km.  
Ki describes the ability of the inhibitor to inhibit the reaction from proceeding.  For competitive inhibitors, this is just a Kd, but typically it is ~ a Km.  
Effects of Inhibitors on Enzyme Kinetics
Competitive


Km increased.


Vmax unaffected.

Noncompetitive


Km unaffected.


Vmax decreased.
Uncompetitive


Km decreased.


Vmax decreased.

Important covalent drugs
Penicillin
Inhibits peptide-cross-linking of Gram+ bacteria’s extracellular carbohydrate chains.  In other words, prevents biosynthesis of peptidoglycan layer.  Overall, the amino terminus of one peptide attacks the final peptide bond (always a D-Ala-D-Ala bond) in one of the polypeptide chains of a nearby peptidoglycan.  An aa is freed and a crosslink is formed.  This is catalyzed by transpeptidases.  

The transpeptidase use a nucleophilic serine to attack the terminal peptide bond; the amine on the N-terminus of the other peptide chain is used to attack the acyl-enzyme, creating the crosslink and regenerate the serine.  

The bacteria has enzymes that intermittently run through and destroy these crosslinks; without the ability to resynthesize them, the cell wall is too weak to prevent bursting.  

Penicillin mimics the D-Ala-D-Ala shape, but its bicyclic ring structure means that it does not lose as much entropy when it binds the enzyme.  The serine attacks the beta-lactam ring but then cannot unbind – suicide.  

Methotrexate
Likewise, methotrexate (anti-cancer) looks like dihydrofolate; it suicide-inhibits thymidine production and targets rapidly dividing cells for death.

Examples of noncovalent inhibition
Competitive
Best inhibitors are T-state analogs, looking more like T-state than substrate.  Sulfonamides inhibit carbonic anhydrase, slowing the synthesis of the aqueous humor in the eye and reducing pressure in glaucoma patients’ eyes.  Thanks in part to beneficial binding of R-group in hydrophobic binding pocket, the Kd of drug binding to enzyme 6 to 7 orders of magnitude smaller than that of substrate.
Noncompetitive
Non-nucleoside reverse-transcriptase inhibitors induce inactive conformation in reverse transcriptase.  These can be used in conjunction with competitive inhibitors, too.

Uncompetitive
Topotecan targets topoisomerase I, binding both the enzyme and the DNA simultaneously and preventing the enzyme from reducing superhelical strain.

Lecture 10 – (Labeled Lecture 11) – Membranes

September 1, 2006

Overview
The major components of the membrane are lipids (phospholipids, glycolipids, neutral lipids) and proteins (proteins, glycoproteins).  Membranes are typically 6-10nm thick, and their components spontaneously form bilayers (amphipathic).  While lipid and protein species may diffuse in the plane of the membrane, they are asymmetrically concentrated on different sides of the membrane.

Lipids
Membrane lipids are not just a barrier to ion and large molecule passage (entropic barrier); they also affect membrane protein activities, mediate cell-cell interactions (glycolipids), and serve as second messengers (sacrificing their fatty acids to do so).

A Langmuir Trough is used to measure the area occupied by lipids – compress them until they start to overlap.  Gorter and Grendel calculated that membranes were bilayers by miscalculating the surface area and miscounting the # of RBCs.
Fatty Acids
Myristic Acid

14:0

Important for lipoproteins

Palmitic Acid

16:0

Normal body endproduct

Stearic Acid

18:0

Arachidonic Acid
20:4Δ5, 8, 11, 14 
Precursor for eicosanoid synthesis

Phospholipids
Include phosphoglycerides and sphingolipids.  Both contain fatty acids, which can be saturated or unsaturated (1+ double bond).

Phosphoglycerides
Contain glycerol bonded to 2 FAs and a phosphate-alcohol head group.  Named ‘phosphatidyl [head group]’.
Sphingolipids
Contain sphingosine bonded to an FA and a phosphate-alcohol head group.  Sphingosine is like glycerol but the 2nd OH is an NH3+, and it extends for 18 carbons.  It also contains a trans double bond.
Head groups
Ethanolamine is exactly what it sounds like, as are serine and glycerol.

Choline is ethanolamine with N(CH3)3 in place of NH3.  

Inositol is a 6-membered ring with equatorial OH at every carbon but one.

Fatty acids with cis double bonds are important for maintaining fluidity of membrane; these are typically found in the 2nd position of phospholipids.  The acyl bond is in the plane of the bilayer, allowing phospholipases to reach in and cleave the kinked chain.

Glycolipids
Sugar-bound lipids.

GPI Anchor (glycophosphatidylinositol) is highly conserved in eukarya for anchoring proteins to membranes.  Unusual for glycolipids in that it has a PO4 group.

Glycosphingolipids (sugar-containing lipids) are derived from sphingosine.  Cerebrosides and gangliosides are examples.

Neutral Lipids
Diacylglycerol is glycerol with FAs at positions 1 and 2 without any PO4 group at pos. 3.

Cholesterol is a steroid (a 5-membered ring and three 6-membered rings).

Topology
Aminophospholipids tend to be on the inner leaflet (think membrane-bound proteins), whereas choline containing phospholipids and cholesterol localize towards the outer leaflet.  Diacylglycerol pimps both sides.  Lipids bob, diffuse laterally, flex, and rotate rather freely, but typically need flipases to switch leaflets.  FRAP indicates diffusion rate.

Proteins
Used for transport, intercellular joining, signal transduction, cell-cell recognition, enzymatic activity, and attachment to the extracellular matrix.  Mouse-human fused cell studies indicate that proteins can diffuse as quickly as lipids, though some are anchored and move very little.
Attachment Classes
Integral - penetrate the bilayer with hydrophobic region, but also have hydrophilic regions in aqueous environment.  Hydropathy analysis can indicate if you have transmembrane domains; you need 20-30 residues to successfully span a membrane.
Peripheral - associated with bilayer via noncovalent interactions with either membrane head groups or with nearby integral proteins.  Tend to be on inner leaflet.
Lipid-anchored - eponymous.  Have 4 different anchoring mechanisms:


Palmitoylation (thioester)


Myristoylation (amide)


Prenylation (thiether)


Via GPI Anchor

Clinical Correlation
Many disorders involve membranes, though the list on the sheet comes off as being somewhat disingenuous (AIDS, Alzheimer’s, CF are listed though they are not true ‘membrane’ disorders).

Two coagulation disorders are listed – paroxysmal nocturnal hemoglobinuria (hemolytic disease) and Scott syndrome (platelets fail to assemble membrane-stabilized proteases of plasma coagulation system in response to Ca++).
Lecture 11 – Glycobiology

September 5, 2006

The cell surface is covered by the glycocalyx, an extracellular matrix of linked glycans.  The negatively charged glycans spread out in space, taking up large amounts of water in the process.

Lectins are proteins that bind to glycans for recognition.  Blood vessel walls will extend lectins (‘selectins’) during infection to recruit leukocytes.

Glycan structures
1) The Monosaccharides

[Glucose, galactose, mannose, GalNAc, GlcNAc, Xylose, Glucuronic acid, Sialic acid, fucose]  [An image showing how these monosaccharides are synthesized from glucose was removed.]
Each of those monosaccarides has an equilibrium between α and β anomers in solution, but this is fixed upon polymerization.

Nomenclature:
[An image showing a (1-4 glycosidic linkage and the reducing vs nonreducing end of a galactose-glucose disaccharide was removed.]

Diversity comes from # of monomers, conformation at anomeric carbon, and numerous branching possibilities.

2) Glycoproteins 
N-linked


Oligosaccharides attached at reducing end to asparagine residues

O-linked

Oligosaccharides attached to Ser or Thr, typically stretch the protein.  Responsible for inflammatory responses.

3) Glycolipids
Predominate over glycoproteins in the brain.  Essentially a lipid with a sugar (or a wad of branched sugars) attached in lieu of a head group (FAs still attached).  
4) Proteoglycans

Contain Glycosaminoglycans


Long linear glycans made of repeating disaccharides
Post-polymerizational modifications by enzymes include addition of sulfate groups to the disaccharides



All but hyaluronic acid (basically a jelly) are parts of proteoglycans


Defined by repeating disaccharide units and are often sulfated


Cartilage proteoglycans can be larger than bacterial cells

Glycan functions
Recognition (lectin binding)


H-bonds, salt bridges, hydrophobic stacking

Biophysics


Act as a gel (hyaluronic acid)

Biochemistry


Inhibit clotting (heparin augments antithrombin to stop clotting)

Glycobiology in physiology and medicine
Flu virus has a ‘lectin’ (hemagglutinin) for binding to sialic acid residues on cell surface for entry.  Also has neuraminidase to cleave sialic acid and allow budding from cell.  Raional sialic acid mimicry has proved useful in developing drugs (relenza, tamiflu) to inhibit neuraminidase.

Innate immunity is activated when mannose-binding-lectin protein senses fungal-style glycans – in an antibody independent manner.
Inflammation is triggered when endothelial cells present selectins to grab leukocytes.  Multivalent hydrogen bonding decelerates the leukocytes, and eventually integrins more tightly grasp them.  Fucose deficiency can lead to dev defects, overproduction of leukocytes, and infection.

Lysosomal storage disorders happen when glycan attachment or modification (phosphomannose) is impaired; lysosomal proteins fail to migrate to the lysosomes, and toxic substances accumulate.

Glycoprotein production (attachment of glycans to proteins) may be required for proper folding (esp. in the ER).  N-linked glycans are pre-assembled on a carrier lipid, then transferred to the protein; the N-linked glycans are especially important for folding.

Congenital disorders of glycosylation are protein folding disorders caused by a lack of glycosylation.

Lecture 12 – Receptors
September 5, 2006

Signal transduction is the process of transferring information (a signal) from one side of the membrane to the other, usually with the result of changing gene expression.  Receptors detect ligands outside the membrane and pass the info along to components inside of the cell.  
Receptor Tyrosine Kinases
Often growth factors; altering their expression can lead to uncontrolled growth.  Comprised of three main domains:

· Ligand binding domain
· Transmembrane helix

· Tyrosine kinase domain

General functionality:

Ligand binding to the LBD causes two RTKs to dimerize via allostery or via the shared ligand mechanism (or both).  Conformational changes are transmitted to the cytoplasmic tyrosine kinase domains, which multiply cross-phosphorylate one another.  Now active, these domains can signal to second messenger molecules.  These pass the signal forward, often through several more steps (= more opportunity for amplification or attenuation).  

Epidermal Growth Factor (EGF) Receptor (A case study of an RTK)

Goal: Activate Ras by switching its GDP for GTP.

Stage I: Dimerization of EGFR is allosterically induced by ligand.  A constitutively ‘open’ EGFR-like protein called ErbB2 assists in signal amplification by making ligand binding to just one EGFR sufficient to transducer signal.  Ligand binds, EGFR dimerizes, and cross-phosphorylation occurs.  This clears the activation loop from the active site, allowing a catalytic D residue and Mg++ ion to catalyze the hydrolysis of ATP to ADP.  
Stage II: This fully phosphorylated form of EGFR is recognized by Grb2’s SH2 domain.  Grb2’s SH3 domain binds to polyproline-rich segments of Sos.  In its EGFR-Erb2 bound state, Sos acts as a GTP/GDP-exchange factor (GEF) and causes Ras to exchange GDP for GTP.  Now, Ras has GTP.  This membrane-bound protein can signal to downstream receptors.

Stage III: Ras is a slow GTPase, meaning it converts GTP to GDP and thereby turns itself off after a certain amount of time.  It is slow, but the cell can modulate its active lifetime by varying the level of GTPase activating protein (GAP).  Once ‘off’, Ras tightly binds GDP and essentially does not exchange GDP for GTP without a GEF like Sos.

G-Coupled Protein Receptors
GPCRs are also called Seven Transmembrane Receptors (7TMs) by those of us who had Don Engelman for biochem.  They contain seven hydrophobic, helical regions which are linked by loops.  The extracellular loops form the ligand binding site (rhodopsin’s ligand is a photon), while the intracellular loops go on to interact with the heterotrimeric G protein (hence ‘G coupled’).  Ligand binding, unsurprisingly, causes an internal conformational change.  The GPCR now acts as a GEF for a G protein.
Heterotrimeric G Proteins contain three domains: Gα and a Gβγ dimer.  When the GPCR/GEF replaces the natively bound GDP with a GTP, G proteins become active.  The Gα-GTP and the Gβγ subunits dissociate, with the Gβγ roaming the cytoplasm.  Both Gα-GTP and Gβγ are enzymatically active.  The hydrolysis of GTP to GDP and the rejoining of Gα and Gβγ bring the G protein back to its inactive state.
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