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Abstract: Lycopene plays a crucial role in the biosynthesis pathway of 2-methyl-derythritol-4-phosphate (MEP) and
mevalonic acid (MVA). It is a representative product of isoprenoid family, and a typical product of multi-enzyme catalytic
reaction in organism. In this paper, we first introduced the general regulation methods in multi-enzyme synthesis reaction,
including the construction of multi gene co-expression plasmid, gene order regulation, promoter and ribosome binding site
regulation, gene knockout and replacement, aiming at the optimization strategies of multi-enzyme catalytic reaction in
lycopene synthesis pathway. Meanwhile, we introduced several new regulation methods in multi-enzyme reaction,
including multi-fragment assembly technology, artificial scaffold self-assembly methods and so on. At last, we summarized
the application of these multi-enzyme regulation methods in lycopene synthesis. These methods provide a great inspiration

and research foundation for the construction of lycopene-producing strains with high yield.
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Fig. 1 Biosynthesis pathway of lycopene.
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Table 1 Comparison of lycopene production capacity between recombinant Escherichia coli and yeast

Lycopene production

Gene sources Recombinant strains Fermentation type References
(mg/L) (mg/g)
Pantoea agglomerans E. coli 60 — Shake-flask fermentation [20]
Pantoea ananatis E. coli 35 - Shake-flask fermentation [20]
Pantoea agglomerans E. coli 1350 32.0  Fed-batch fermentation [28]
Erwinia herbicola E. coli - 7.6  Shake-flask fermentation [10]
Erwinia herbicola E. coli 102 22.0  Shake-flask fermentation [12]
Pantoea agglomerans E. coli 1 050 - Shake-flask fermentation [29]
Erwinia herbicola E. coli 78 33.4  Shake-flask fermentation [30]
Deinococcus wulumiqiensis R12 E. coli 1288 157.1  Fed-batch fermentation [31]
Pantoea agglomerans E. coli 3520 50.6  Fed-batch fermentation [32]
Pantoea ananatis E. coli 1 440 32.1 Fed-batch fermentation [22]
Erwinia uredovora Candida utilis - 0.8  Shake-flask fermentation [23]
Erwinia uredovora Pichia pastoris - 1.1  Shake-flask fermentation [25]
Pantoea ananatis Yarrowia lipolytica - 16.0  Fed-batch fermentation [24]
Erwinia uredovora Saccharomyces cerevisiae - 3.3 Shake-flask fermentation [33]
Different bacterial species Pichia pastoris X33 74 4.6  Fed-batch fermentation [26]
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Fig. 3 Mechanism of zinc finger protein in DNA scaffold.
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