Lecture 1:

· Drop in death rate in early 1900s due to public health stuff.  Deaths due to infection dropped in the 1930s as a result of antibiotics and antimicrobial chemotherapy.

· Around that time Gram developed his staining technique.  His discovery of differential sensitivity of cell types inspired Ehrlich to imagine killing bacteria preferentially via cell wall.  Succeeded with Trypan Red against trypanosomiasis (African Sleeping Sickness).  Next found salvarsan for syphilis, but neither attacked the cell wall.  Salvarsan inhibited pyruvate dehydrogenase, so was also toxic to people.

· Fleming worked during the war to develop better antiseptics and showed that phenol killed leukocytes more than it killed bacteria, making infections work.  He later found lysozyme, and eventually penicillin (and treated his assistant with it), but never convinced people to back him.  

· At a German dye company, Horlein assigned Domagk the task of screening dyes as antiseptics.  Discovered prontosil, and used to save daughter since he had no way of doing a clinical trial.  Didn’t work in culture cuz it required processing into a sulfonamide, which are analogs of PABA and mess up bacterial folate synthesis.

· Dubos did the soil experiments where he fed soil bacteria, and isolated gramicidin, which caused both bacteria and erythrocytes to lyse.  But it worked well topically.

· Sulfonamide and gramicidin revived the interest in magic bullets, but both were toxic.  Florey and Chain returned to Fleming’s work and eventually isolated and produced penicillin.  Work in US found corn steep liquor (rich in AAs) and milk sugar (lactose) to promote penicillin production because it’s made from two amino acids and the sugar usually suppresses the production of the drug.

· With US entry in WWII, production was increased and it was tested against many illnesses.

Lecture 3:

· In a multimer, in binding sites do not interact, you get the same hyperbolic binding curve as with monomers.

· With cooperativity, each binding event increases the likelihood of additional binding events, and produces a sigmoidal curve.  

· One way of thinking about this is the MWC model.  Here the multimer is either Tense w/ low affinity or Relaxed w/ high affinity.  When the ligand binds, it stabilizes whichever state it binds too.  Here, binding doesn’t cause the T → R transition, rather it is more likely to bind to R because this state has a higher affinity, then it stabilizes it and pulls the equilibrium toward the R state from the T state.  It also binds T, but with less affinity.       [image: image1.png]Fractional saturation
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· Fractional saturation is the fraction of binding sites occupied by ligand.  In their equation for fractional saturation, MWC used L to be the equilibrium concentration between the Tense and Relaxed States.  Or rather, L = [T]/[R].

· Hemoglobin is a tetramer of 2 αβ dimers, and each subunit has a heme group for oxygen binding.  As with hemoglobin, cooperativity allows for more efficient responses to changes in ligand concentrations than are possible with non-cooperative binding. 
· Allosteric effectors bind preferentially to either the T (negative allostery) or R (positive allostery) state and stabilize them.  This will affect L, and shift the binding curve left or right.  Ex: 2,3 BPG is a byproduct of glycolysis and binds the T state to increase oxygen delivery by shifting the curve right.  Has little effect on oxygen loading but more effect on oxygen delivery.  You see more 2,3 BPG at high altitudes and decreased affinity of BPG for hemoglobin the fetus.  Carbon dioxide and hydrogen ions act similarly in the Bohr Effect.
· Determining Structures:  X-Ray Crystallography and NMR.
· Crystallography:  Growing crystals is usually the hardest part.  X-rays at different angles will scatter off of atoms, and the constructive interference will result in spots of varying intensity.  You can rotate the crystals to get all the atoms.  Then, knowing the position (angle), intensity, and phase of each spot, you can determine the structure, but finding the phase is often quite difficult.  To evaluate quality, know the resolution (at 3 angstroms you can see the protein backbone, at 2 you can see side chains, and below 1.5 you can see individual atoms) and you need to know the R factor.  This is how well the model predicts the experimental results, and should be less than ten times the resolution.
· NMR:  Put stuff in a magnetic field, and they can align with it (low energy) or against it (high energy).  You shoot radio waves at it, and the frequency (energy required) that excites an atom depends on the magnetic moments of the atoms around it.  This depends on distances between atoms.  
· fMRI uses the fact that oxyhemoglobin is not magnetic, but the iron is deoxyhemoglobin is.  Observing the water protons then allows you to see differences in magnetic field.  You see more oxygenated stuff, for example, in active areas with more bloodflow.

· Crystals are hard to get and may not be the biologically relevant form, whereas NMR is done in solution.  Crystals have better resolution, whereas NMR makes it tough to get side chain info sometimes (crucial info).  NMR is also usually limited to small stuff, but it can give information about the dynamics and movement of macromolecules.  

Lecture 4:  

· Tertiary structure is also known as “fold.”

· The central carbon is also called the alpha carbon.  In solution, the zwitterion dominates with both the amino and carboxylic acid groups being charged.

· Our AAs are the L configuration, spelling out CORN if you look down the H at the α-carbon.

· Histidine acts as either an acid or base.  Cysteine makes disulfide bonds.  Proline is rigid.  Glycine acts as a hinge.

· By convention, the N-terminus is drawn on the left.  Because of resonance, the peptide/amide bond has partial double bond character, so does not rotate.  The others around it (phi and psi) do, and the allowable angles give the Ramachandran plot, usually dominated by the α and β regions.  

· Alpha Helices:  Form right handed helices with side chains on the outside.  Hydrogens and oxygens hold it together with hydrogen bonds from residues i and i+4.  The helix rotates every 3.6 residues.  Helices may be amphipathic, and often have hydrophobic parts that come together via the hydrophobic effect.

· Beta Strands:  Side chains alternate up and down, and may for parallel or antiparallel sheets.  Drawn as an arrow N → C.  

· Most proteins have an interior hydrophobic core.  In proteins, ionic interactions are called salt bridges.  Disulfide bonds also stabilize the protein fold, and usually only form in the secreted version on a protein as the cytoplasm is a reducing environment.  

· Critical to the native structure forming in a protein is steric hindrance.  

· Quaternary, tertiary, and secondary structure can all change as a results of environmental conditions like ligand binding, pH, ions, etc.  These are conformational changes. 

· Hemoglobin:  When oxygen binds iron, the iron moves into the plane of the porphyrin ring, pulling the histidine attached to it, which affects the interface between αβ dimers and relaxes the tense version.  This is complexity beyond the MWC model.  The first oxygen to bind pays the energetic price of causing the rearrangement, then subsequent oxygens bind more tightly.

· Levinthal asked how proteins find the native state among the many possibilities.  Sterics are likely a big help.  Anfinsen found that protein we re-fold into its native state if denatured.  Global information/interaction is essential though, as a local sequence may take different shapes in different proteins.  

· Most proteins fold in a two state process, either all native or all denatured with virtually no intermediate present.  Protein folding appears to be cooperative.

· With denaturing stress or before folding occurs, hydrophobic regions of proteins may come together and form aggregates, an insoluble mess.  Some proteins can be trapped in misfolded states, some of which like prions have become toxic and form polymers called amyloids.  Alzheimer’s and Huntington’s also involve amyloids.
· The body’s defense against this appears to be chaperonins, which bind denatured proteins and sequester them so they can fold.  Other chaperonins actively fold denatured (and native) proteins and allow them to refold in a process called the iterative annealing model of chaperonin function.

Lecture 5:

· Bases are joined by phosphodiester bonds.  
· The B-DNA double helix:  Anti-parallel strands.  Stacking provides favorable energy via Van der Waals interactions, and H-bonds also hold it together.  Bases are 3.4 angstroms apart.  10.5 base pairs per turn, which works out to 34.3 degrees of twist between bases.  These details vary.

· Variations:  Looking at a flat base pair A = T, if you lift the left side it’s called “tilt.”  If you do a somersault with it, it’s called “roll.”  Twist is the angle (~34.3) between adjacent bases, and propeller twist is when the A and T are bent opposite one another. 

· Cations counterbalance the negative phosphate groups and water molecules associate with DNA to stabilize it.  These in addition to GC content (stabilizes via better stacking) and amount of ions (to reduce repulsion between negatives) help raise the melting temperature of DNA (Tm), which is where it’s half annealed. 

· High temperature can melt DNA though, and since single stranded DNA absorbs more light at 260 nm, denaturing DNA can be detected by absorbance.  This is called DNA hyperchromicity.

· Other helices:  The A Helix is slightly underwound, is wider, is still right handed, has slightly greater base tilt, and has a very narrow and deep major groove with a broad and shallow minor groove.  DS RNA forms this exclusively!

· The Z Helix is fairly rare, and it is left handed.  It is narrow, requires alternating purines and pyrimidines, and usually only forms under high salt or high torsional conditions.

· Supercoiling:  Additional writhe to supplement the twist of the helix.  The ends of the DNA need to be constrained, and it must be broken and relegated to get this done.  If negatively supercoiled, when the coils are removed, the DNA strand will unwind.  So negative supercoils not only condense DNA, but also provide tension that will favor strand reopening.  Relieve the supercoiling tension, and start opening DNA. This is done in most bacteria and via nucleosomes in eukaryotes.  Topoisomerases regulate the degree of supercoiling, and may be vital to cells’ abilities to replicate.  Thus, topoisomerase inhibitors like Topotecan can be good chemotherapeutic agents, or Cipro the antibiotic prevents the maintenance of bacterial supercoiling via bacterial gyrase inhibition.

· RNA: mRNA, introns that self splice, rRNA, tRNA, etc.  Those that catalyze enzymatic reactions are rybozymes.  
· DNA lacks the 2’ OH of RNA.  RNA uses uracil, which is thymine minus a methyl group.  DS RNA only adopts the A-helix.  It’s usually single stranded, though may for stem loop structures with A-helices.  Base triples can be important for stabilizing structure, not just Watson-Crick pairs.  Metal cations help stabilize the (–) backbone.

· If you don’t know what an RNA looks like, check its sequence for possible stem loop regions, then look at homologs in other organisms and see if they preserve the pairing. 

· Protein-DNA interactions require (+) charged proteins for electric complementarity.  Each base has a unique set of chemical groups exposed in the major groove, so sequence specific proteins just recognize the pattern of groups.  Less so in the minor groove.  Proteins also interact with and recognize sequence specific variations in the backbone.
· Special folds are common among DNA binding proteins.  Helix-turn helix proteins basically have 2 helices that fit in the major groove.  Zinc fingers are chains of domains, each of which is folded around a central zinc atom, and each domain recognizes 3-4 bp.  WT1 is one such zinc fingers that suppresses tumors like Wilms tumor, responsible for 8% of all childhood cancers.

· DNA bent around histones into nucleosomes for packing and supercoiling.  The bending is not smooth, but kinked.  The favorable interactions with histones makes the kinks energetically ok.  Dinucleotides like AA, TT, and TA bend fairly easily, and are located at sites where DNA must bend sharply to wrap around histones. 

Lecture 6:

· Proteins with common ancestors are called homologous.  

· BLAST:  Search a protein sequence against a database and look for homology by looking at identical AAs.  Add gaps to account for insertions and/or deletions during evolution.  These most likely occur in loop regions.  

· A lack of sequence similarity does not preclude homology.  Structure is more conserved than sequence.

· To determine the quality of alignment give an alignment score.  Identities and conservative subs are good, gaps and non-conservative subs are bad.  

· Scoring matrix like BLOSUM surveys proteins known to be homologous and sees how often one AA is substituted for another, then assigns the substitution a score.  Scores are based on this, and also how rare an AA is, as well as the potential for structural or enzymatic importance of an AA (ex: histidine or cysteine).  

· BLAST uses shortcuts/algorithms to get this done, and gives an alignment score and an E value, which gives the probability that the alignment could have occurred by chance.  Usually an E less than 10^-5 is pretty good.

· BLOSUM weights every AA equally, but some are more important that others.  PSI-BLAST accounts for this by reformulating the matrix after the first search to more heavily weight the conserved AAs.  It aligns multiple sequences to look for these, and produces a new position specific matrix.  Repeat until you get no new results (aka reach convergence).  Can provide very small E values and very strong evidence for homology.
· Can use homologous proteins to predict structure/function of unknown proteins, and also to start to develop drugs to them.  Can also be useful in tracking evolutionary histories and epidemiology.  

· Mass spec works by cleaving a protein into fragments, then making it into gaseous ions, then accelerating them through an electric field to see their mass to charge ratio.  The mass of the fragments is searched against predicted fragments for known proteins, in hopes of identifying the unknown protein.  

· Mass spec used for proteomics (determining identity and abundance), monitoring drug and metabolite levels, and testing for metabolic disorders.

· Tandem mass spec does the same thing, but instead of a detector uses an ion gate leading to a fragmentation chamber.  This will take things of a certain mass and see what they fragment into, to distinguish between isomers and help uncover something’s actual identity, not just mass.

Lecture 7:

· Enzymes speed up reactions without being changed in the reaction.  They do not affect the equilibrium or ∆G, since they speed up the forward and reverse reactions to the same extent.
· They are capable of huge rate accelerations, more than 106.  They are also very specific, and usually regulated by changes in metabolism, signaling, drugs, etc. 

· Classes of enzymes include oxido-reductases, transferases (move functional groups), hydrolases (hydrolysis), lyases (addition to double bonds), isomerases, and ligases/synthetases.  

· Rate of reaction can be measured as rate of product formation.  We measure the rate of the reaction right at beginning, under “multiple turnover conditions” where 1 enzymes cycles through substrates and there is little to no back reaction.  Adding more substrate increases the reaction rate, but eventually reaches saturation.
· Michaelis-Mentin:  [image: image3.png]


   Rate = k2[ES]
When initial rates are measured, the rate stays constant, so [ES] must be constant, meaning that its rates of formation and consumption are equal: 

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

This and the fact that [E]T = [E] + [ES] simplify to:[image: image4.png]] ]
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· So the rate, k2[ES], is then equal to:  [image: image5.png]kz[E}r[S]
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       Recall that KD = k-1 / k1
· Remember, this all assumes that [S] << [E].

· Km is the substrate concentration at ½ Vmax.  It is also usually close to the physiological concentration of the substrate.  

· Vmax occurs when [S] >> Km, and the rate equation simplifies to Vmax = k2[E]T
· When [S] << Km, the equation doesn’t simply quite as much, but is still worth knowing.  It shows that the rate is a linear function of the substrate concentration.  

· K2 is sometimes called the turnover number, or kcat.  It is the rate constant dictating how fast product is being produced. 
· The activation energy is the energy difference between the starting material and highest energy point (transition state).  Enzymes preferentially bind and interact with the transition state (more so than substrate or product) to stabilize it and lower the activation energy. It is usually at the ES to EP transition.
· To purify an enzyme, you need an assay for enzyme activity, usually based on biological activity or on chemical properties/reactions.  Fractionate the source of the enzyme in a variety of ways, then assay fractions for activity and total protein concentration.  

· Specific activity = enzyme activity / protein concentration (micrograms product produced per minute, per milligram of protein).  When this is constant, it suggests that the enzyme has been purified.  

· SDS-PAGE: denatures, coats in negative charge, and separates by size.

Lecture 8:

· The four strategies enzymes use to stabilize transition states are:  Entropic fixation (already orients the molecules correctly and pays the entropic price of getting it in the transition state).  Acid-base catalysis.  Electrostatic stabilization.  Geometric stabilization/shape complimentarity.  
· There are 7 different carbonic anhydrases, for carbon dioxide transport, pH maintenance, making stomach acid, kidney transport, brain development, and aqueous humor.  It contains an essential Zn ion, so it thus a metalloenzyme.  
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 Carbonic anhydrase mechanism

· Chymotrypsin is synthesized as a zymogen and must be cleaved to be active.  It cleaves after large hydrophobic AAs.  Studies with the inhibitor diisopropylphosphofluoridate showed S195 to be key.  H57 and D102 are also completely conserved.  This the catalytic triad.
· The S195 is oriented and hydrogen bonded with H57.  D102 orients and polarizes H57.  Also, the oxyanion hole (of backbone NHs) stabilizes a negative charge on the tetrahedral intermediate.  S195 makes an attack and covalently attaches to the substrate, making an acyl-enzyme.  
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· Covalent catalysis is just a means of breaking a reaction into steps whose transition states are easier to stabilize in this way.

· Not all serine protease are related; amazing convergent evolution.  Subtilisin has a different fold, sequence, and order of catalytic triad.  Its oxyanion hole also has an N.  

· Cleaving parts of the catalytic triad of subtilisin shows S and H to be most important, D to be moderately, and the oxianion hole to be less important in enzyme activity.  Some activity still remains, though, when all are mutated.

· Trypsin and elastase have different sized packets near the binding cleft to give different specificities.  

· Serine proteases involved in:  blood clotting, apoptosis, cancer growth/metastasis, acetylcholine esterase.
· Penicillin is a beta-lactam antibiotic, using its beta-lactam to mimic proteins in the cell wall.  Resistant bacteria developed beta-lactamases, that cleave these as shown.  Drugs like Augmentin now use a beta-lactam antibiotic as well as a beta-lactamase inhibitor.
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Lecture 9:

· Covalent enzyme inhibitors are also known as suicide inhibitors, because the effects are usually permanent.  Non-covalent inhibitors are much more common.  
· Non-covalent inhibitors can be grouped into:  

Competitive (substrate and inhibitor are mutually exclusive, increasing Km but not changing Vmax).  

Non-competitive (inhibitor binds enzyme along or enzyme-substrate, decreasing Vmax, but not changing Km).  

Uncompetitive (inhibitor only binds enzyme-substrate, decreases Km and Vmax).

· Ki is like Kd for the inhibitor.  The smaller it is, the tighter the inhibitor binds.

· Most drugs are competitive, but some important ones like aspirin, penicillin, and monoamine oxidase inhibitors are covalent.

· Penicillin:  Transpeptidases usually cross link carbohydrate chains in the cell wall.  The enzymes attack between 2 D-Ala residues.  Penicillin looks like this, but is even better cuz it’s held in the right conformation by its cyclic structure (beta-lactam ring).  Then the enzyme is stuck.
[image: image11.png]Enz-ser-0_D-Ala

|
\C=°

+D-Ala



         [image: image12.png]§

MurNAc
L-lAla
b iy
tlys
MunSNAg Enz-Ser-O D-IAIa
L-Ala H+/\ to
o
L-bys AANHE_Glys—NH,
D-IAla
D-IAla

Mur}ﬂAg D-Ala

Ll to

olow g

L-LysAANHE Gl

D—IAIa

D—IAIa





· Since competitive inhibitors usually bind the active site, they often look like the substrate.  An example is methotrexate, a cancer drug, that looks like the substrate dihydrofolate.  Dihydrofolate needs to be reduced to make thymidine, and thus DNA.  By stopping this, it stops cell division.

· Even better is if an enzyme looks like the transition state.  Sulfonamides were found to be potent inhibitors of carbonic anhydrase (in addition to inhibiting dihydropteroate synthase for folate synthesis).  So by inhibiting carbonic anhydrase, they are decreasing the production of aqueous humor and helping treat glaucoma.  

· Noncompetitive inhibitors:  to treat HIV, they use reverse transcriptase inhibitors.  Non-nucleoside inhibitors (nevirapine) bind allosterically and inhibit it, where some nucleoside based ones (AZT, ddI) compete with DNTPs and terminate the chain if they are incorporated.  Together these make a potent treatment regimen.
· Uncompetitive inhibitors:  Irinotecan and topotecan are from Camptothecin, from a Chinese tree.  They target DNA topoisomerase which relieves supercoils.  They bind to the DNA/enzyme complex, but not the free enzyme.  

Lecture 10:

· The three classes of lipids (which make up membranes) include phospholipids, glycolipids and cholelsterol.

· Phospholipids:  May be broken down into phosphoglycerides and sphingolipids.  They have two hydrophobic tails and a polar head.  Phosphoglycerides are built on a glycerol core, with two esterified fatty acids and one phophoryl group attached to an alcohol.  Lots of variation.  Sphingolipids and built on a sphingosine core, which already has one hydrocarbon tail.  In addition, they have an amino onto which a fatty acid is attached by an amide bond, and a phosphoryl grouop with an alcohol are attached at the end.  

· Glycolipids also have a sphingosine core and a fatty acid w/ an amide bond, but they are directly attached to a sugar instead of a phosphate group.

· Cholesterol is a fused four ring system with a polar hydroxyl group and a branched hydrocarbon chain at the other end.

· Fatty acids:  number starting from the carboxylate group, or backwards from the last (omega) carbon.  18:1 means 18 carbon chain with 1 double bond, which may be cis or trans.  The position of the double bond is indicated by a ∆ then carbon number of the first carbon, or counting backwards from the omega with an ω.  Their names end in –ate.  Ex: laurate, oleate, palmitate, dodecanoate, etc.  They are normally unbranched with an even number of carbons.
· Lipids for bilayers that close due to the hydrophobic effect.  The inner and outer leaflets are asymmetric, and may affect membrane behavior and/or curvature.  

· Vesicles and liposomes are usually .5-1 microns.  Potential for drug delivery.

· Micelles form from fatty acids, and are usually around .2 microns.  Their principles are important for surfactants, which decrease surface tension and control adhesion.

· Membrane fluidity is influenced by chain length and saturation.  Cholesterol decreases the melting temperature by inhibiting very ordered packing, but also decreases fluidity under normal conditions by providing some extra Van der Waals interactions.

· Integral membrane proteins’ interiors are held by Van der Waals and ionic interactions, as well as hydrogen bonds.  The most common membrane spanning motif is a ~20 AA alpha helix.  Some proteins just have short helices to anchor them or β-barrel structures.
· Peripheral membrane proteins may be anchored by protein-protein interactions or by covalent attachment to hydrophobic molecules.  

· Look for membrane spanning regions (~20 hydrophobic AAs) via a hydropathy plot.  It uses a hydropathy index, which is the energy of transferring an AA from a hydrophobic solvent to water.  So (+) values mean it’s hydrophobic.  You look at the index for a 20 AA window, then shift it down the protein. 

· Cell membranes are coated with sugars, called the glycocalyx, which has lots of functions
· Carbohydrates are aldehydes/ketones with hydroxyl groups that may have D or L stereochemistry depending on the chirality of the carbon farthest from the carbonyl.  They can form rings with alpha or beta isomers, depending on orientation at the anomeric carbon.  6 member rings = pyranoses.  5 member rings = furanoses.  Many functional groups and modifications can be added to carbohydrates. 

· Sugars are joined with glycosidic linkages, which may be alpha or beta, and are numbered based on the numbers of the linked carbons.  As in the case of glycogen, they can form branched chains.

· Glycoproteins are formed when sugars are linked to asparagine (N-linked) or serine/threonine (O-linked) by ER or Golgi enzymes.  These affects the protein’s properties, like ligand binding, stability and solubility.
· Oligosaccharides are very hydrophilic, so they spread out in water instead of folding up.  They take up a lot of space and bind a lot of water to take on slippery consistencies.  They are also diverse, so they can present a wide variety of functional groups for binding.

· Ex: mucus is heavily glycosylated proteins, so has lots of water and may be decoys for pathogens.

· Ex: influenza membrane has sugars hemagglutinin and neuraminidase.  Hemagglutinin is a lectin (sugar recognizer) that binds sialic acid on cells, allowing endocytosis of virus.  pH in endosome causes a conformational change and fusion with endosome, releasing the virus intracellularly.  Production of new viruses occurs, and as they bud off, the neuraminidase they produce cleaves sialic acid residues preventing viral particles from sticking to each other or back to the host cell.

· Two recent flu drugs (Tamiflu and Relenza) are sialic acid analogs that inhibit neuraminidase, preventing the release of viral particles.

Lecture 10:
· RTKs very important for growth factors, and are implicated in a lot of cancers.  Ligand may bind and form a part of the dimerization interface (2 RTKs share 1 ligand), or it may just induce a conformational change that allows dimerization.  These strategies aren’t mutually exclusive.
· RTKs have a ligand binding domain, transmemrane helix, and a kinase domain.  Dimerization promotes cross-phosphorylation.  This then signals downstream second messengers, usually by phosphorylating them at a tyrosine.  

· EGF receptor:  Ligand binds and exposes dimerization interface.  If two in the open form meet, they dimerize.  A form or EGFR called ErbB2 (or Her2) is constitutively open, so can bind an EGFR w/ ligand and dimerize.  If overexpressed, produces aggressive cancers.  Drugs like Pertuzamab bind the dimerization surface on ErbB2.  Erbitux is an antibody that binds EGFR’s ligand binding domain.  Iressa and Terceva inhibit ATP binding to the kinase domain.  
· For the insulin receptor and many similar ones, cross-phosphorylation allows the active site to take the right conformation, repositioning an aspartate to be able to bind the necessary Mg++ for stabilizing the (-) charges on ATP, removing a tyrosine from it’s spot blocking the active site, and repositioning another aspartate.  

· Some RTKs phosphorylate second messengers, others recruit proteins.  Cross-phosphorylated RTKs with phosphotyrosines may bind the SH2 domains of proteins like Grb2.  Grb2 also has two SH3 domains, which bind to the praline rich regions of Sos.  Sos binds Ras, a G-protein.  Ras-GDP exchanges GDP for GTP as a result of the Sos complex (a GEF).  Ras-GTP will activate downstream signaling, but Ras is a GTPase, and with the help of GAPs, it’ll hydrolyze the GTP to GDP again and inactivate itself.  Ras-GDP then is very stable, and will remain inactive.  
· Ras is commonly changed in cancers.  Diminishing its GTPase activity or the activity of its GAPs may do this.  

· GPCRs:   Very common in signaling.  30% of drugs target these pathways.  May couple with heterotrimeric G-proteins or small ones like Ras.  Loops between transmembrane domains form ligand binding and G-protein binding domains.  
· Ligands bind the GPCR and induce a change, causing it to act as a GEF for a heterotrimeric G-protein.  The GTPase activity is on the α subunit, and as soon as it gets a GTP, it dissociates from the βγ subunits.  Both of these activate signaling cascades.  As with Ras, the duration of activity is mediated by α’s intrinsic GTPase activity as well as by GAPs.  When it becomes GDP bound, it rebinds βγ.  
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