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Abstract: The minimum life is one of the most important research topics in synthetic biology. Minimizing a genome
while at the same time maintaining an optimal growth of the cells is one of the important research objectives in metabolic
engineering. Here we propose a genome minimization method based on genome scale metabolic network analysis. The
metabolic network is minimized by first deleting the zero flux reactions from flux variability analysis, and then by
repeatedly calculating the optimal growth rates after combinatorial deletion of the non-essential genes in the reduced
network. We applied this method to the classic £. coli metabolic network model ---iAF1260 and successfully reduced the
number of genes in the model from 1 260 to 312 while maintaining the optimal growth rate unaffected. We also analyzed
the metabolic pathways in the network with the minimized number of genes. The results provide some guidance for the

design of wet experiments to obtain an E. coli minimal genome.
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Fig. 1 Metabolic pathways from metabolite A to B.
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Fig. 2 Procedure of genome minimization. The numbers of genes after every step are shown in the diagram.
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Table 1 Minimization of E. coli genome based on metabolic network analysis

Deletion of same

Essential reactions Non-essential

TG LN geiaeming functional genes screening reactions screening
Reactions 2382 847 847 841 403
Genes 1260 731 631 605 312
Metabolite 1 668 595 595 594 407
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Fig. 3 Comparison of the gene number and the reactions number with the initial model after every step.
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Table 2 Metabolism pathways of the minimized metabolic network in E. coli

Subsystem

Metabolic system

Number of reactions

Tyrosine tryptophan and phenylalanine metabolism

Transport outer membrane porin

Valine leucine and isoleucine metabolism
Threonine and lysine metabolism
Arginine and proline metabolism
Histidine metabolism

Methionine metabolism

Cysteine metabolism

Glycine and serine metabolism

Alanine and aspartate metabolism
Murein biosynthesis

Glutamate metabolism

Cell envelope biosynthesis
Lipopolysaccharide biosynthesis recycling
Glycerophospholipid metabolism
Membrane lipid metabolism

Cofactor and prosthetic group biosynthesis
Folate metabolism

Purine and pyrimidine biosynthesis
Nucleotide salvage pathway

Exchange

Citric acid cycle

Oxidative phosphorylation

Anaplerotic reactions

Glycolysis gluconeogenesis

Pentose phosphate pathway

Alternate carbon metabolism

Pyruvate metabolism

Inorganic ion transport and metabolism
Transport inner membrane

Transport outer membrane

Unassigned

Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Amino acid metabolism
Lipids metabolism

Lipids metabolism

Lipids metabolism

Lipids metabolism
Cofactor

Cofactor

Nucleic acid metabolism
Nucleic acid metabolism
Exchange reactions
Energy metabolism
Energy metabolism
Energy metabolism
Carbohydrate metabolism
Carbohydrate metabolism
Carbohydrate metabolism
Carbohydrate metabolism
Transport reactions
Transport reactions

Transport reactions

18
18
15
12
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