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Reconstruction and application of genome-scale metabolic
network model
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Abstract: The exploitation of microbial manufacture process (MMP) in industrial biotechnology requires a comprehensive
understanding and an efficient modification of microorganism physiology. The availability of genome sequences and accumulation of
-omics data allow us to understand of microbial physiology at the systems level, and genome-scale metabolic model (GSMM)
represents a valuable framework for integrative analysis of metabolism of microorganisms. Genome scale metabolic models are
reconstructed based on a combination of genome sequence and the more detailed biochemical knowledge, and these reconstructed
models can be used for analyzing and simulating the operation of metabolism in response to different perturbations. Here we describe
the reconstruction protocols for GSMM in further detail and provide the perspective of GSMM.
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Table 1 Application of genome scale metabolic model

The application area of GSMM Microorganism The more detailed information References

Analysis of metabolic network properties

Prediction of flux distribution at the set of  E. coli Elucidation of regulatory mechanisms and then [8]
possible metabolic states by flux sample developing the regulatory strategies for cell

growth
Examination of metabolic flux variability E. coli Identification of redundancy and flux variability [9]

of metabolic systems under the different substrate
conditions by using linear(LP) and quadratic
programming(QP) methods

Understanding of metabolic pathways property Haemophilus Using quantitatively describe the pathway  [10-11]
influenzae Rd structure, metabolic capabilities to gain a better
understanding of the cellular metabolism
Identification of the couple reactions/flux H. pylori, E. coli,and  Using Flux Coupling Finder (FCF) framework to [12]
S. cerevisiae identify metabolic engineering targets by

elucidation of the coupled reaction sets and
blocked reactions

Evaluation of conserved metabolite pools H. pylori, E. coli, and  Using metabolite concentration coupling analysis [13]
S. cerevisiae (MCCA) and the minimal conserved pool
identification (MCPI) procedure to identify the
metabolites subsets and conserved pools, then to
provide insights into the metabolites interaction

Prediction and elucidation of growth phenotype

Evaluation of biomass precursors producibility E. coli Comparison of the production capabilities of in [14]
vivo mutants to test the essentiality of metabolites
for survival and to reveal specific inconsistencies
between the metabolic network annotation and the
biomass model of survival

Prediction of cell growth concentration and  E. coli Prediction the time profiles of growth and [15]
rate at the given conditions by-product concentration in the culture media

under various culture conditions
Investigation the effect of gene(s) deletion on  E. coli Using minimization of metabolic adjustment [16]
the flux distribution (MOMA) method for predicting the metabolic

phenotype after gene knockout and for better
understanding the mechanism of a cell adapts to
the loss of a gene
Investigation the effect of gene(s) deletion on E. coli Using Regulatory on/off minimization (ROOM) [17]
the cell growth method to predict lethality and metabolic steady
state after gene knockouts

Identification of essential genes or genes set E. coli Using network based knockout design approach [18]
for uncovering high-order epistatic relationships
between the components of GSMM

Interpretation of -omics data

Prediction of metabolic flux by integrating No microorganism By combination of stable isotope experiments, [19]
with NMR data metabolic flux analysis is used to quantitative
method to manipulate or monitor metabolic
behavior
Global prediction of metabolic reactions  E. coli Using optimal metabolic network identification [20]
activities (OMNI) method to identify flux bottlenecks and to

suggest metabolic engineering strategies to
improve metabolites production

Identification of metabolic objectives best  No microorganism Comparison of the predictive capacity of 11 linear [21]
describing observed fluxes and nonlinear network objectives with '*C-data
under six environmental conditions, specific
objectives are necessary for environmental
conditions that require different metabolic activity
Comparison of model and experimental B. subtilis Find and expand of the model’s metabolite scope [22]
detected metabolites through evaluating the overlap between model
metabolites ~ and  intracellular  metabolites
identified in a metabolomics dataset

Prediction of reaction directions using E. coli Using thermodynamics-based metabolic flux [23]
metabolites concentration and thermodynamic analysis (TMFA) method to access the capability
data of generating thermodynamically feasible flux and

metabolites activity profiles
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The application area of GSMM Microorganism The more detailed information References
Prediction of metabolic pathways related gene E. coli By integrating gene-expression data  with [24]
expression level topological information from GSMM to infer the

global role of a metabolites

Prediction of flux distribution by blocking Saccharomyces Integration of expression data to quantitative and [25]
unexpressed genes code reaction cerevisiae qualitative predict the changes in intracellular

Evaluation of consistency of gene expression  E. coli and human

levels with metabolic objectives

skeletal muscle cells

fluxes

Using Gene Inactivity Moderated by Metabolism [26]
and Expression (GIMME) to combine gene
expression data to quantitatively define the
consistency of gene expression and metabolic
objective

Prediction of gene expression level by fFBA  E. coli Using rFBA and SR-FBA for systematically and [27]
and SR-FBA efficiently reconstruct transcriptional regulatory
networks
Systems metabolic engineering
Enhancing metabolites production yield by  E. coli Using systematic (model-based) method to [28]
systematic identification of gene deletions identify gene knockout targets that increase
lycopene biosynthesis in E. coli
Production of novel metabolites by systematic ~ E. coli Using computational framework OptStrain to [29]
introducing new reactions modify metabolic pathways for the overproduction
of targeted compounds
Prediction of metabolites production yield by  E. coli Identify (Using in silico flux response analysis) [30]
manipulation of protein expression level and remove feedback inhibitions, transcriptional
attenuation regulations to enhance L-threonine
production
Functional genome

Novel gene ) - Crenwie

l

Global analysis of GSMM

metabolic functio:

—: )

EREMER PR EREZTRREREEDRGPIENTE

GSMM offer a platform to globally and comprehensive understanding the microbial physiology.

1
Fig. 1
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Table 2 Database and software for reconstruction of genome scale metabolic network

The database or software

The links

The database for Genome sources
Genomes OnLine Database (GOLD)
Comprehensive Microbial Resource (CMR)
GenBank

EMBL

Ensembl

TIGR

SEED database

The database for protein or enzyme
BRENDA

ExPASy

InterPro

UniProt

Pfam

TCDB

TransportDB

http://www.genomesonline.org/
http://cmr.jevi.org/cgi-bin/CMR/CmrHomePage.cgi
http://www.ncbi.nlm.nih.gov/Genbank/
http://www.ebi.ac.uk/embl/
http://www.ensembl.org/
http://www.tigr.org/db.shtml
http://theseed.uchicago.edu/FIG/index.cgi

http://www.brenda-enzymes.info/
http://www.expasy.org/
http://www.ebi.ac.uk/interpro/
http://www.uniprot.org/
http://pfam.sanger.ac.uk/
http://www.tcdb.org/

http://www.membranetransport.org/

The web-server for predicting of protein sub-cellular localization

PSORT

PA-SUB

CELLO

The database for chemicals
ChEBI

InChl

PubChem

KEGG

IUBMB

The database for metabolic reaction or pathway

KEGG

BRENDA

pKa Plugin

pKa DB

B-Net

BioCyc

EMP

BiGG

BioModels

The database for literature evidence
PubMed

SCOPUS

Web of Science

Scifinder

The software for reconstruction of GSMM
Simpheny™

Matlab™

COBRA (Matlab)

http://www.psort.org/psortb/
http://www.cs.ualberta.ca/~bioinfo/PA/Sub/
http://bioinfo.life.nctu.edu.tw/

http://www.ebi.ac.uk/chebi/
http://old.iupac.org/inchi/
http://pubchem.ncbi.nlm.nih.gov/
http://www.genome.jp/kegg/
http://www.iubmb.org/index.php?id=3

http://www.genome.jp/kegg/
http://www.brenda-enzymes.info/
http://www.chemaxon.com/product/pka.html
http://www.acdlabs.com/products/phys _chem_lab/pka/
http://mendes.vbi.vt.edu/tiki-index.php?page=B-Net
http://biocyc.org/
http://www.ergo-light.com/EMP/indexing.html
http://bigg.ucsd.edu/

http://www.ebi.ac.uk/biomodels-main/static-pages.do?page=home

http://www.ncbi.nlm.nih.gov/entrez/
http://www.scopus.com/scopus/home.url
www.isiknowledge.com

https://scifinder.cas.org

http://www.genomatica.com/index.html
http://www.mathworks.com/products/matlab/

http://www-bioeng.ucsd.edu/research/
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The database or software

The links

MetaFluxNet

Pathway tools software

MosekSolver (Matlab)

The software for GSMM visualization
Cytoscape

Adobe Illustrator CS5

CellDesigner

http://mbel kaist.ac.kr/lab/mfn/
http://bioinformatics.ai.sri.com/ptools/

http://www.mosek.com/index.php?id=38

http://www.cytoscape.org/
www.adobe.com/products/illustrator/

www.celldesigner.org/

Genome sequence ‘

Biochemical reaction ‘
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1—»

Stoichiometry |\ I PEP+ 1 ADP L 1 PYRAHATP-+1-H—]

Protein function ’ Directionality

Location

v [Cneg00

Reaction ID W_

Glycolysis/gluconeogenesis |
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J

B2 ETERAITRMMERKHNEGESR

Fig. 2 Elements and reconstruction protocol of the draft model based on the genome annotation.
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Fig. 3 Added reactions to GSMM during the manual reconstruction refinement.
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Fig. 4 Physic-chemical and environmental conditions constraints for GSMM simulation.
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