Lecture 2/16/11

I. Enzymes - Basic concepts in enzymology

A. Defining an enzyme

1. Catalysis - speeding up a chemical reaction

2. High specificity - affinity can be 1000x greater than closely related compounds (i.e. stereospecificity for proteolysis of L-amino acids)

3. Enzymes achieve catalysis and specificity through binding of substrate and its transition state using same noncovalent forces that are used for protein folding and protein stability

B. Concept of transition state – (transition state theory, 1930's)

1. Equilibrium for a reaction is dictated by free energy of states (substrate vs. product).

2. Reactions are not instantaneous, implying high-energy transition state.

3. Height of transition state dictates rate - enzymes stabilize reaction intermediates

4. Draw transition state diagram ± enzyme

5. Study of the rate of an enzyme reaction teaches us about how amino acid sequence and protein structure dictate catalytic function

C. Enzyme kinetics first formalized mathematically by Michaelis and Menten in 1913

1. Michaelis-Menten equation - describes how the chemical rate catalyzed by an enzyme depends on substrate concentration, the intrinsic turnover rate, and how tightly the enzyme binds its substrate:
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2. Km - binding constant of enzyme for substrate.  

However, Km is more rigorously defined as the concentration of species that result in a reaction proceeding at 1/2 Vmax!
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3. efficiency of an enzyme depends on how tightly it can bind substrate.  Why?

4. another measure of efficiency is how fast it can convert substrate to product:  kcat- turnover number (units of substrate per molecule per unit time)

5. in Michaelis-Menten model, kcat is equal to k2.  This is most efficient when conversion rate is faster than binding rate (every binding event results in conversion!)

Km = (k-1+k2)/k1, where reaction is E + S <-> ES <-> E + P
6. interpreting Km and kcat in terms of binding:  Km is determined by affinity for substrate; kcat is determined by binding of transition state.

7. overall efficiency is kcat/Km.  Is used to compare efficiencies of related enzymes.  Most efficient enzymes bind very low substrate concentrations and convert them as fast as diffusion rate (109 M-1 s-1).

D. Enzymes are regulated in their activity

1. enzymes are often regulators of metabolic pathways

2. many enzymes are regulated in their activities -

a) proteolysis - thrombin/fibrinogen in blood clotting

b) reversible covalent modification - cyclin dependent kinases

1) regulate cell cycle

2) phosphorylation, cyclin

3) kinase activity regulates proteins that turn on genes important for DNA synthesis

c) binding of other proteins- cyclins will activate cdk’s

d) allosteric involves reversible noncovalent binding of cofactor

3. allostery - action at a distance through protein flexibility

a) involves oligomeric proteins - rearrrange at interface

b) feedback inhibition

ex Thr dehydratase - 1st step in Thr -> Ile

c) substrate stimulation - results from enzymes that bind multiple substrates

