
A Short Introduction to Chemical Biology and Medicinal Chemistry
Part II Ben Davis [Ben.Davis@chem.ox.ac.uk] – 3 Lectures - Enzymes and Their Uses

Prior Knowledge Required

1. 1st year Biological Chemistry course: enzyme catalysis principles; Michaelis-Menten kinetics basics
of protein structure; rough idea of transcription/translation/DNA→mRNA→protein; one letter and
three letter codes for amino acids

2. 1st year Stereochemistry: resolution techniques
3. 2nd year Organic Reaction Mechanisms II: enzyme mechanism aspects

Books:

“Enzyme Structure and Mechanism” Fersht;
“An Introduction to Biotransformations in Organic Chemistry” Hanson;
“Biotransformations in Organic Chemistry” Faber;
“Biochemistry and Molecular Biology” Elliott & Elliott
 OCP 98 Foundations of Chemical Biology
 OCP 99 Carbohydrate Chemistry

Topics to be Covered

� Enzymes in Synthesis - prejudices; advantages & disadvantages; Enzyme Classifications and
Reactions;

� Serine Hydrolases are Really Acyl Transferases; Common Mechanisms and Diverse Mechanisms e.g.
Serine Proteases, Metalloproteases & Carboxyproteases; Ribosomal peptide synthesis;

� Acyl transferases in synthesis; regioselective transformations; stereoselective transformations;
resolution techniques; desymmetrization;

� Peptide ligation; protein ligation (enzymatic & native chemical); inteins.
� Carbohydrate Processing Enzymes: Glycosidases and Glycosyltransferases
� Protein Engineering; techniques and results; mutagenesis & chemical modification; introduction of

non-coded amino acids into proteins; examining the effects; Creating new catalysts: de novo enzymes,
polyamino acid catalysts, engineered enzymes, catalytic antibodies; novel subtilisins.

� Sample Exam Questions



Enzyme classification
Enzyme commission 1955 (IUPAC)
EC 1.2.3.4
~20,000? exist
Online directory http://www.expasy.ch/enzyme/

NumberClass Reaction Type

Classified Available

Usage

1. Oxidoreductases Redox: C-H, C-C, C=C oxygenation;
(de)hydrogenases

~1000 ~100 25%

2. Transferases Transfer acyl, sugar, phosphoryl, methyl ~1000 ~100 10%
3. Hydrolases Hydolyse/form esters, amides, lactones, lactams,

epoxides, nitriles, anhydrides, glycosides
~1000 ~300 55%

4. Lyases Addition/elimination to C=X (X = C, N, O) ~300 ~50 5%
5. Isomerases Racemization, epimerization ~150 ~10 3%
6. Ligases Formation/cleavage of C-X (O, S, N, C) ~100 ~10 2%
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Metallo/Aspartylproteases
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GLYCOSIDASES

O

OR
+ H2O

O

OH
ROH+

Naturally, they catalyze the hydrolysis of the glycosidic bond, i.e.,  the split glycosides

To make glycosidic bonds i.e., to make there are TWO tactics:
O

OR

1. Reverse the Equilibrium

O

OR
+ H2O

O

OH
ROH+

remove this to drive equilibrium overto the left

lots of this to drive towards other side

2. Transglycosylation - i.e., We swop one group at the anomeric centre R' for another group R

O

OR'

O O

O

OH

O

OR

glycosyl cation enzyme-bound 
intermediate

H2O

ROHThis OR just acts as a leaving group as 
for all glycosidation reactions
e.g, para-nitrophenol are good ones here

this OR' group is 
the one we want 
e.g., another 
monosaccharide

Prevent formation 
of this by trying to 
exclude H2O

N.B. This is also the mechanism for the equilibrium shown above at the top and in 1.

EXAMPLES OF GLYCOSIDASE REACTIONS
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Because normally it only cleaves β 
- when we reverse things it only 
makes  β
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