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Digital cell models and their applications: a review
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Abstract: Various omics technologies are changing Biology into a data-driven science subject.
Development of data-driven digital cell models is key for understanding system level organization and
evolution principles of life, as well as for predicting cellular function under various
environmental/genetic perturbations and subsequently for the design of artificial life. Consequently, the
construction, analysis and design of digital cell models have become one of the core supporting
technologies in synthetic biology. This paper summarized the research progress on digital cell models in
the last ten years after the foundation of Tianjin Institute of Industrial Biotechnology, Chinese Academy
of Sciences, with a focus on the development and quality control of genome-scale metabolic network for
reliable metabolic pathway design and their application in guiding strain metabolic engineering. We also
introduced the latest progress on developing cellular models with multiple constraints to improve
prediction accuracy. At last, we briefly discussed the current challenges and future directions in digital
cell model development. We believe that digital cell technology, along with genome sequencing,
genome synthesis and genome editing, will greatly improve our ability in reading, writing, modifying

and creating life.

Keywords: digital cell; genome-scale metabolic network; pathway design; multiple constraint model;
metabolic engineering
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Table 1 A summary of the genome-scale metabolic network models published by Tianjin Institute of
Industrial Biotechnology, Chinese Academy of Sciences

Strain Type Model ID Genes Reactions  Metabolites References Year

P. putida KT2440 Bacteria PpuQY1140 1 140 1171 1104 [12] 2017

N. maritimus SCM1 Archaea NmrFL413 413 765 825 [16] 2018

S. oneidensis MR-1 Bacteria iLJ1162 1162 2084 1 818 [13] 2022

M. thermophila Fungi iDL1450 1450 2592 1784 [14] 2022

Y. lipolytica W29 Fungi iYli21 1058 2285 1 868 [15] 2022
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Quality test report for the E. coli model iML1515 from MEMOTE.
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Figure 2 CO, assimilation pathways predicted using metabolic network models. (A) Threonine-bypass
cycle predicted by E. coli 1JO1366 model. (B) GAA pathway predicted by integrated model and comb-FBA
algorithm. (C) GAPA pathway predicted by integrated model and comb-FBA algorithm.
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Figure 4 Principles of integrating enzymatic and thermodynamic constraints in the construction of the
digital cell model ETGEM!®%.
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Hon Z5Plghgh & N T BEE VL (artificial bee
colony algorithm, ABC) #1 FBA &%, iR T
K FF T v 4 5 3% B0 TR RN 2L IR 7 i 1Y B O
W, BRI A LR AR RS RS T
18.17 g/g M WA 12.19 g/g Hi%ith, KTk
A S A T R TN RN TR R T S
BTN L 5 38 A A RS B i oY AR 3 ) S )
A SR o 0 B AL 5T A S AL e K Bl
9N T RS 1) 45 5 0 S 0 i HE B AT TR SR
ZAEAT IR AR, S S RO N ARG
B
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