Lecture 2/18/11

I. Enzymes – general types of chemical catalyses

A. acid-base catalysis – 

1. histidine residues are common in acid/base catalysis

2. more rarely, aspartic acid, glutamic acid, and their conjugate bases (aspartate and glutamate) can be used

B. covalent catalysis – will see this in serine protease mechanism with acyl enzyme intermediate

1. lysine can form a Schiff base 
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Figure 3 The binding of PLP to the active site ofthe enzyme




C. metal ion catalysis

1. 1/3 of enzymes use metals as either tightly bound complexes (iron, copper, zinc) or loosely bound complexes (sodium, potassium, magnesium, calcium)

2. three types of effects-

a) binding of substrate to orient them properly

b) oxidation/reduction mechanisms through ready change of oxidation state

c) electrostatic stabilization or shielding of negative charges

D. electrostatic catalysis – guidance and positioning of polar groups through charged sidechains (we’ll see this as an important specificity determinant in serine proteases)

E. proximity and orientation effects – particularly important in condensation reactions or reactions that involve at least two reactants.

II. Case Study: Serine proteases 

A. catalyze hydrolysis of peptide backbone

B. classes of proteases are defined by active site functional group

1. serine

2. cysteine

3. aspartate

4. metallo

C. Enzymes include chymotrypsin, trypsin, elastase, and subtilisin

D. Uses a catalytic triad of amino acids (Ser, His, Asp), mechanism:

1. His acts as general base to activate Ser OH (more nucleophilic)

2. Asp enhances basic character of histidine

3. Ser OH attacks carbon of backbone (tetrahedral transition state)

4. oxyanion hole in enzyme stabilizes intermediate, lowers activation energy (example of electrostatic catalysis).

5. Hypothesis: mutation of glycine to lysine will improve the stabilization of the oxyanion high energy intermediate.

6. formation of acyl-enzyme covalent intermediate by protonation of nitrogen by histidine and release of peptide

7. attack by water leads to product release, provides H to reprotonate histidine and to form carboxylate

E. Binding energy provided by

1. main-chain H-bonds in oxyanion hole (stabilizing transition state)

2. main-chain - main-chain H-bonds (general affinity)

3. specificity provided by specificity pocket, aromatics define specificity

III. Case study: lysozyme

A. cleaves b(1-4) glycosidic bonds in unusual sugars (NAG, NAM) that make up peptidoglycan layer in bacteria (anti-bacterial agent).

B. Binding site will recognize 6-carbohydrate sugars

C. Involves two amino acids, glutamic acid (uncharged!) and aspartate (charged!).

1. Hypothesis: The reason that glutamic acid is uncharged at neutral pH is because of its position in a hydrophobic pocket.

2. Test of hypothesis? Mutate neighboring hydrophobic residues to observe effect on pKa.

D. Enzyme binding energy converts sugar to unfavorable conformation (boat or half chair) to facilitate attack at carbon C1.

E. Glutamic acid forms H-bond with glycosidic oxygen, making this a good leaving group.

F. Aspartate nucleophilically attacks carbon at C1 position, creating ester intermediate.  Bond breaks to glycosidic oxygen.

G. Glutamate now polarizes a water molecule to enhance its nucleophilicity and displaces the aspartate to generate final products, thus completing hydrolysis reaction.

