
Reyes Free to copy for educational purposes 

H3C
H2
C OH + NAD+

Alcohol
dehydrogenase

H3C C H

O

+ NADH + H+

Reduced
substrate

Oxidized
coenzyme

Reduced
coenzyme

Oxidized
product

H3N C

COO-

H

CH3

L-Alanine

+

COO-

C

(CH2)2

COO-

O
Alanine
transaminase

C

COO-

O

CH3

+

COO-

C

(CH2)2

COO-

HH3N

a-Ketoglutarate

Pyruvate
L-Glutamate

H
N

N
H

COO-

O

R1

R2

+ H2O
Protease H

N
O-

O

R1

+
H3N COO-

R2

Polypeptide Shortened polypeptide
Amino acid

CH2OH

C

CH2OPO32-

O

Dihydroxyacetone
phosphate

Triose phosphate
isomerase

C

HC

CH2OPO32-

OH

OH

D-Glyceraldehyde
3-phosphate

H3C C CO-

OO

+ CO2 + ATP

Pyruvate
carboxylase

-OC
H2
C C CO-

OO O

+ ADP + HOPO32- + H+

Pyruvate Oxaloacetate

COO-

HC

H2C

O PO32-

OH

COO-

C

CH2

O PO32- + H2O
Enolase

Classification of Enzymes 
 
Oxidoreductases – Catalyze oxidation/reduction reactions; transfer of H and O atoms or electrons from one substance to 
another.     AH + B → A + BH (reduced) 

A + O → AO (oxidized) 
 
 E.g. 
 
 
 
Transferases – Transfer of a functional group from one substance to another. The group may be methyl-, acyl-, amino- 
or phosphate group.     AB + C → A + BC 
 
 E.g. 
 
 
 
 
 
Hydrolases – Formation of two products from a substrate by hydrolysis. 

AB + H2O → AOH + BH 
 E.g. 
 
 
 
 
 
Lyases – Addition or removal of small groups from substrates (H2O, CO2, NH3) without hydrolysis or oxidation. C-C, C-
N, C-O or C-S bonds may be cleaved. RCOCOOH → RCOH + CO2 
 
 E.g. 
 
 
 
 

(Although this reaction involves H2O as a product, water is not attacking to break a bond, so it's not a 
hydrolysis, even in the reverse direction.) 

 
Isomerases – Intramolecule rearrangement, i.e. isomerization changes within a single molecule.  AB → BA 
 E.g. 
 
 
 
 
 
 
 
Ligases – Connect smaller molecules to synthesize larger molecules. Requires energy (ATP). 

X + Y+ ATP → XY + ADP + Pi 
 
 E.g. 
 
 
 


