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Ketoreductase (KRED) and Alcohol Dehydrogenase (ADH) Overview

Ketoreductases (KREDs) catalyze selective reductions of aldehydes and ketones
and are referred to as Alcohol Dehydrogenases (ADHs) in the reverse direction
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Ketoreductase (KRED) and Alcohol Dehydrogenase (ADH) Overview

Ketoreductases (KREDs) catalyze selective reductions of aldehydes and ketones
and are referred to as Alcohol Dehydrogenases (ADHs) in the reverse direction
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■ Catalyzes both ketone reduction or alcohol oxidation, depending on conditions

■ In synthetic applications, often run in reductive direction to generate stereocenters

■ Almost always coupled with some form of cofactor regeneration

■ Excess simple alcohol (iPrOH, EtOH)

■ Catalytic glucose dehydrogenase (GDH) and superstoichiometric glucose

■ Dependent on NAD(P)H cofactor

■ Some KREDs use NADH, some use NADPH (difference is 2’ ribose phosphate group)

■ An oxidoreductase divided formally into five classes

■ Mechanistically, can be simplified into two groups (metal dependent or not)
■ Metal dependent KREDs often utilize divalent metal cations (e.g. Zn2+, Mg2+)

■ Also referred to as alcohol dehydrogenases (ADH)



Ketoreductase (KRED) and Alcohol Dehydrogenase (ADH): The Critical Equlibrium

Ketoreductases (KREDs) catalyze selective reductions of aldehydes and ketones
and are referred to as Alcohol Dehydrogenases (ADHs) in the reverse direction
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Ketoreductase (KRED) and Alcohol Hydrogenase (ADH): Mechanism
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■ Substrate ketone enters active site and is activated via Lewis acid (either through hydrogen bonding or a metal)

■ Both cases involve a series of key residues/active site waters for proton relay

■ Cofactor regeneration can occur in one of two ways
■ Excess simple alcohol (iPrOH, EtOH) allows for the reverse reaction to occur
■ NAD(P) exits the active site, binds with GDH, and glucose reduces NAD(P) to NAD(PH), which exits 
   and binds the KRED

■ Reduced cofactor NAD(P)H donates a hydride to the carbonyl carbon, and the carbonyl oxygen abstracts a 
   proton from a nearby residue

■ Mechanism starting with reduced cofactor

■ Product alcohol leaves active site, with cofactor now in its oxidized state NAD(P)

■ Triad residues can vary, though almost always contain protic moeities



Common Enzyme-Mediated Turnover Systems



Select Biocatalysis (KRED) vs Chemical Method (CBS) Comparisons from Industry
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Select Biocatalysis (KRED) vs Chemical Method (CBS) Comparisons from Industry
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Select Biocatalysis (KRED) vs Chemical Method (CBS) Comparisons from Industry
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Select Biocatalysis (KRED) vs Chemical Method (CBS) Comparisons from Industry
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Kinetic Resolution of Bridged Bicyclic Ketones

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Kinetic Resolution of Bridged Bicyclic Ketones

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Kinetic Resolution of Bicyclic Ketones
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Kinetic Resolution of Wieland-Miescher and Hajos Parrish Ketones

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Kinetic Resolution of Ketone-Containing Heterocycles

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Kinetic Resolution of Ketone-Containing Heterocycles

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Kinetic Resolution of α-Hydroxy β-Ketoesters

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Kinetic Resolution of α-Ketonitriles

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Kinetic Resolution of β-Ketoesters

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Kinetic Resolution of β-Ketoesters

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



ADH-Mediated DKR of α-Disubtituted Aldehydes

Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution of α-Alkyl β-Ketoesters

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Dynamic Kinetic Resolution of α-Amido β-Ketoesters

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Dynamic Kinetic Resolution of α-Alkoxy β-Ketoesters

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Dynamic Kinetic Resolution of α-Halo β-Ketoesters

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Dynamic Kinetic Resolution of α-Alkyl β-Ketothioesters

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



ADH-Mediated DKR of β-Ketoamides

Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution of α-Substituted β-Arylphosphonates

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Dynamic Kinetic Resolution of α-Alkylketones

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Dynamic Kinetic Resolution of N-Protected α-Aminoketones

Frontiers in Bioengineering and Biotechnology 2022, 10, 929784.



Deracemization of α-Aminoketones

Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution Through Ru-Oxidation/KRED Sequence

ChemBioChem 2023, 24, e202300334.



Photoenzymatic Dynamic Kinetic Resolution of β-Stereogenic Ketones

ACS Catal. 2022, 12, 8911-8924.



Breaking Symmetry with Biocatalysis: Enzymatic Desymmeterization with Ketones

Symmetry 2020, 12, 1454.



Desymmeterization of 1,3-Diketones

Symmetry 2020, 12, 1454.



Desymmeterization of 1,3-Diketones

Symmetry 2020, 12, 1454.



Desymmeterization of a 1,7-Dione: Remote Control!

Symmetry 2020, 12, 1454.



Chemoenzymatic 1,3-Diol Synthesis

ChemBioChem 2023, 24, e202300334.



Chemoenzymatic Thiol-Ene-Ketone Reduction

ChemBioChem 2023, 24, e202300334.


