
Four categories of enzymes
1. Group transfer reactions
2. Oxidations/reductions
3. Eliminations/isomerizations/rearrangements
4. Reactions that make or break C-C bonds
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How do enzymes mediate biological 
oxidation/reduction reactions?

• e- transfer through amino acid side 
chains?

• Use of redox cofactors
– Organic (NAD+, FAD, lipoic acid, pterin, etc)
– Metalloorganic (heme, chlorophyll, etc)
– Inorganic (Fe, Cu, etc)
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Two electron oxidations/reductions (transfer 
of e- pairs) are the norm in enzyme-

catalyzed reactions
• Two single electron steps (free radical int.)

– Quinoid coenzyme mediation
– Transition metal mediation

• A single two electron step
– Hydride transfer :H- = 2e- + H+
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Chemical properties of NADH
• Reduction potential = -320 mV
• Air stable in aq. Solutions (kinetic stability)
• An enzyme substrate, not an integral cofactor 

(exception- masked redox chemistry)

• Follow oxidation/reduction at 340 nm
• NADP+ and NADPH for biosynthesis
• Re vs. Si face hydride transfer
• Scope of reactions:

– Redox
– Masked redox
– nonredox S. Ensign, NAD+ 7

NADP+ and NADPH
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Spectral properties of NADH and NAD+
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Scope of reactions: dehydrogenation examples
• Alcohol dehydrogenation

• Amine dehydrogenation

• Aldehyde dehydrogenation

• Oxidative decarboxylation

• Dihydrolipoyl DH (E3 of PDH)

OH

R1

R2H

NAD+ NADH O

C R2R1 + H+

Lactate DH, malate 
DH, alcohol DH

Glutamate DH

Aldehyde DH, G3P DH*

Isocitrate DH

S. Ensign, NAD+ 10

Scope of reactions
• Redox

• Masked redox

• Non redox

S. Ensign, NAD+ 11

Lactate dehydrogenase
• Catalyzes the interconversion of pyruvate and L-lactate
• Oxidation of L-lactate: The ProR H of the nicotinamide 

ring is transferred to pyruvate to form L-lactate
• Reduction of pyruvate: the H of L-lactate is transferred to 

the Re face of the nicotinamide ring 
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Lactate dehydrogenase mechanism

Reduction: Oxidation:
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Evidence for hydride transfer?
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Stereospecificity of hydride transfer: 
NAD+/NADH

+ NAD+
LDH
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Isolate NADH product, incubate with pyruvate

No D in NAD+
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Liver alcohol dehydrogenase (ADH)
• 2 dimer
• 2 Zn2+/dimer
• Reversible oxidation of 1° and 2° alcohols

• For 1 alcohols, ADH exhibits specificity for ProR H 
+  NAD+R CH2 OH  +  NADH + H+R C H

O

Lactate dehydrogenase (LDH)
• Lactic acid is an hydroxyacid; pyruvic acid is an ketoacid
• LDH is specific for using and forming L-lactate 3

-
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Liver alcohol dehydrogenase mechanism
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Stereospecificity of hydride transfer: Which 
hydrogen of ethanol is transferred?
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C CH3H
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NAD+ NADH O

C CH3D
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Stereospecificity of hydride transfer: Which 
hydrogen of NADH is transferred?
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Liver alcohol dehydrogenase mechanism
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• Classic: hydrolysis produces a carboxylic acid

• Glycolysis: phosphorolysis produces an acyl phosphate

Aldehyde dehydrogenase
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Masked redox chemistry

• Enzymes contain tightly bound NAD+

(does not dissociate)
• Enzyme-bound NAD+ undergoes 

reduction/oxidation
• Prototype enzymes:

– UDP-glucose epimerase
– S-adenosylhomocysteine synthase
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S-adenosylhomocysteine synthase
S-adenosylhomocysteine + H2Oadenosine + homocysteine
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S-AdoHC synthase : evidence for masked redox chemistry?
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(1) Carry out reaction with adenosine, E~NAD+, but without homocysteine
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S-AdoHC synthase : evidence for masked redox chemistry?

(2) Carry out reaction with an adenosine analog where no complete 
chemistry can occur (e.g. 5’-deoxyadenosine)
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S-AdoHC synthase : evidence for masked redox chemistry?

(3) Carry out reaction with adenosine labelled in either the 3’ or 4’ 
position with T; ask whether T is exchanged with solvent
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S-AdoHC synthase : evidence for masked redox chemistry?

(3) Carry out reaction with adenosine labelled in either the 3’ or 4’ 
position with T; ask whether T is exchanged with solvent
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Nonredox roles for NAD+: ADP-ribosylation

• NAD glycohydrolase

• Protein ADP-ribosylating enzymes
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Nonreversible reactions

• Diptheria toxin

• Cholera toxin

• Nuclear poly ADPR polymerases
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Reversible ADP-ribosylation
• Only known to occur in one enzyme system
• Reversible ADP-ribosylation 

inactivates/activates enzymatic activity 
(compare reversible phosphorylation, 
adenylylation)

• Which enzyme is regulated by reversible 
ADP-ribosylation?
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Reversible ADP-ribosylation of nitrogenase Fe 
protein
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Gosh Batman, 
NAD+-dependent 

enzymes are really 
cool

Yes Robin, the scope of the 
reactions they catalyze is 

truly impressive. Now to the 
bat cave to do more isotope 

exchange studies!!
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