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Application of imine reductase in the synthesis of chiral amines
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( State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China)

Abstract: Chiral amines with bioactivities are important chiral auxiliaries, and also key intermediates for the
synthesis of many natural products and chiral drugs. Among the top 200 drugs for market revenues in 2019, more than
30% contain chiral amine structures. Therefore, the development of efficient and effective methods to synthesize chiral
amine compounds is of interest for research. Due to its high efficiency, environmental friendliness and economic

competitiveness, more attention has been paid on the enzyme-catalyzed production of chiral amines by academia and
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industry. Imine reductases (IREDs) reviewed in this article are a class of NAD(P) H-dependent oxidoreductases that
catalyze asymmetric reduction of imines to chiral amines. The reduction of C==N bonds constitutes a physiological
reaction present in a number of biosynthetic pathways, leading to a variety of metabolites. The imine reductases have
excellent characteristics such as high catalytic efficiency, strong regioselectivity and stereoselectivity, etc., which stand
out among many other methods for the synthesis of chiral amines, and attract attention and enthusiasm of many
researchers. In the past decade, with the rapid development of bioinformatics, structural biology, high-throughput
screening approaches and the continuous expansion of the gene databases, many imine reductases with different
functions have been identified. Significant achievements have been made in the discovery of IREDs, protein
engineering and multi-enzyme cascade applications, among which some successful modification cases have industrial
application potentials. This review summarizes the structural characteristics, catalytic mechanisms and applications of
IREDs, with emphasis on their protein engineering and applications in multi-enzyme cascade reactions, as well as the
bottleneck, breakthrough and progress in asymmetric catalytic chiral amine biosynthesis. In addition, the challenges
and potentials of the enzymatic synthesis of chiral amine compounds for industrial production, and the importance of

novel artificial biosynthesis pathway design to overcome these challenges are highlighted.

Keywords: imine reductase; chiral amine; biocatalysis; protein engineering; biosynthesis
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Fig. 2 Imine reduction in the biosynthesis of natural products
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