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Abstract: Enzymes are widely used in medical and biopharmaceuticals. They can be used not only for various disease
treatments, but also clinical diagnosis. The use of microorganisms to express heterologous proteins has become the easiest and
fastest way to obtain enzymes. In order to obtain high concentration and high-quality heterologous proteins, a common method
is codon optimization of gene sequences. The traditional codon optimization strategy is mainly based on codon bias and GC
content, ignoring complex and varied factors such as translational dynamics and metabolic levels. We provide here
comprehensive codon optimization strategy based on gene level, transcriptional level, translational level, post-translational
level and metabolic level, mainly including codon bias, codon harmonization, codon sensitivity, adjustment of gene sequence
structure and some other influencing factors. We also summarize the aspects of strategy content, theoretical support and
application. Besides, the advantages and disadvantages of each strategy are also systematically compared, providing an
all-round, multi-level and multi-selection optimization strategy for heterogeneous protein expression, and also providing

references for the enzyme industry and biopharmaceuticals.
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Fig. 1 Schematic diagram of the codon optimization strategies. (A) Various factors affecting protein expression. Processes
such as gene sequence, transcription, translation and post-translational processing affect protein expression. (B) Codon bias
strategy. The frequency of codons is related to protein translation. Low-frequency codons have low tRNA concentration, and
protein translation can be performed lower; in contrast, high-frequency codons have high tRNA concentration, and protein
translation can be performed faster. (C) Comparison of codon bias strategy and codon harmonization strategy. Codon bias is
the replacement of the codon in the donor with the most frequent synonymous codon in the host, while the codon
harmonization is the replacement of the codon in the donor with the most similar synonym in the host. The best codon can be
found by calculating the LSR value through the website. (D) Codon sensitivity strategy. The frequency and sensitivity of
codons are not linear. In the case of leucine, the higher the codon frequency, the lower the sensitivity (bubble size represents
sensitivity). Under starvation conditions, low-sensitivity codons are more "stable™ and can continuously express proteins. (E)
The effects of gene sequences on protein expression. The GC content, base repeats, the restriction enzyme recognition sites,
Chi-site stretches, SD-like RBS sequences, CpG content and internal TATA-boxes can affect the expression of the protein. (F)
Other factors affecting protein expression. Such as the secondary structure of the mRNA, rare codons, codon duplication, the
ribosome binding site, the environment of the initiation codon or terminator codon and potential polyA sites, etc.
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