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Table 1 New options of protein directed evolution and the advances and challenges
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Fig. 1 The main experimental steps of an in vitro random directed evolution process
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Table 2 Research progress of random evolution strategies
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Fig. 2 Routine of different random evolution
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Abstract Protein directed evolution is widely used to improve enzymes, particularly for industrial biocatalytic
processes and construction of cell factories. It is an efficient and powerful tool to improve and optimize natural
proteins in order to generate robust biocatalysts for practical applications. In addition, optimization of metabolic
pathways, regulation of functional regulatory systems, and development of desired complex phenotypes in
industrial host organisms have all been achieved by way of protein directed evolution. Numerous in vivo and in
vitro methods have been developed for the efficient evolutionary effects, especially in high mutation rate and
rapidly high-throughput screening capabilities. Some of the methods have only recently been applied for general
use and are just beginning to find greater application. In this review, we summarize some of the new methods for
mutant libraries generation, including random evolution, semi-rational evolution and rational evolution. And
current state-of-the-art screening techniques in protein directed evolution are also reviewed. Advancements are
discussed with respect to the state of the art in diversity generation and high-throughput screening capabilities.

Meanwhile, limitations and remaining challenges are also pronounced.
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