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— no software-based browsing, processing and analysis
— no validation of mass-balance, charge balance
— no verification that pathways can actually carry fluxes
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Application of Flux Balanced Analysis

PD-Glotos_b 0-D-Gheoge_b
PO-Gilscone_b 0-D-Clhacose_b
-
" AlF B B-D-Ghetose_a O L&
ATP b +— PHO-Gheosa_w a-D-Ghetose_e
.
pr - . W - e o E e e . .
s N O e o o o e o o o
AT 1
= . " f-DGicose e DG lucoe
Y G- DG hscose o D Glucoss I ATP &
AP
ATP D e ATP ] RO1 &0 Rill FB&
FORE) ] P AL
Ay A ADP_cooex REO TR
RESIF ] B-Dlducie 6F  —————————p gD £
L R TEIC N e 1 D00 e i BFY J Pﬂ-fnrr“ FM
ROXIZI ROZT40

—

'y ] \_Eal;n Ril2740 |
_-_'-\ | |
: | AL | HOFrictode-4F

ADP_ b
AT
RO4779

L]
O
T
R
i
4

| ATP
A0 F S 1 ] Jl:lll'l:ln_“"||_||||'_l||*'-! i
I i v ADOF 4 ) %{HH“I_MLL“
BOFISFT_Bismass | | : |l.I,I|'|'|||||||||||'|"| p..n.j-rmgm,.”s,pl
| . # P-D-Fructoue. | P | !
II _:-_- i O S S S . S S S . .
- ] = L} = L} | ] == L} = L} ¥
. ] I =
= 1 i |
il S [ [ ”§E§§
%2 = § 8 # g & 3 8§ §
oM oA = = F o & § =
-2 -EE-I- B BB
r
IU — 33 313 &Y S0 50 100 W00 200 50 S0

BDFIGFE biomass 19



FBA after perturbations
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Multiple models of human metabolism have been reconstructed, but each represents only a subset of our knowledge. Here we
describe Recon 2, a community-driven, consensus ‘metabolic reconstruction’, which is the most comprehensive representation
of human metabolism that is applicable to computational modeling. Compared with its predecessors, the reconstruction has
improved topological and functional features, including ~2x more reactions and ~1.7x more unique metabolites. Using Recon 2
we predicted changes in metabolite biomarkers for 49 inborn errors of metabolism with 77% accuracy when compared to
experimental data. Mapping metabolomic data and drug information onto Recon 2 demonstrates its potential for integrating and
analyzing diverse data types. Using protein expression data, we automatically generated a compendium of 65 cell type—specific
models, providing a basis for manual curation or investigation of cell-specific metabolic properties. Recon 2 will facilitate many
future biomedical studies and is freely available at http://humanmetabolism.org/.

An understanding of metabolism is fundamental to comprehending
the phenotypic behavior of all living organisms, including humans,
where metabolism is integral to health and is involved in much of
human disease. High quality, genome-scale ‘metabolic reconstructions’
are at the heart of bottom-up systems biology analyses and represent
the entire network of metabolic reactions that a given organism is
known to exhibit!. The metabolic-network reconstruction procedure

is now well-established? and has been applied to a growing number
of model organisms®. Metabolic reconstructions allow for the con-
version of biological knowledge into a mathematical format and the
subsequent computation of physiological states*> to address a variety
of scientific and applied questions®®. Reconstructions enable network-
wide mechanistic investigations of the genotype-phenotype relation-
ship. A high-quality reconstruction of the metabolic network is thus
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Path2Models: large-scale generation of
computational models from biochemical
pathway maps

Finja Biichel "', Nicolas Rodriguez'*", Meil Swainston™, Clemens Wrzodek®!, Tobias Czauderna®, Roland Keller’,

Florian Mittag'~, Michael Schubert, Mihai Glont', Martin Golebiewski®, Martijn van lersel’, Sarah Keating',
Matthias Rall®, Michael Wybrow”, Henning Hermjakob', Michael Hucka®, Douglas B Kell*®, Wolfgang Muller®,
Pedro Mendes{“\"”, Andreas ZeIIE, Claudine Chaoun,fau, Julio Saez Rodriguez', Falk Schraber"'w, Camille Laibe',
Andreas Drager™' and Nicolas Le Novere™"

Abstract

Background: Systems biology projects and omics technologies have led to a growing number of biochemical
pathway models and reconstructions. However, the majority of these models are still created de novo, based on
literature mining and the manual processing of pathway data.

Results: To increase the efficiency of model creation, the Path2Models project has automatically generated
mathermatical models from pathway representations using a suite of freely available software. Data sources include
KEGG, BioCarta, MetaCyc and SABIO-RK. Depending on the source data, three types of models are provided: kinetic,
logical and constraint-based. Models from ower 2 600 organisms are encoded consistently in SBML, and are made
freely available through BioModels Database at http/Awww ebiacuk/biomodels-main/path2madels. Each model
contains the list of participants, their interactions, the relevant mathernatical constructs, and initial parameter values.
Most models are also available as easy-to-understand graphical SBGN maps.

Conclusions: To date, the project has resulted in more than 140 000 freely available models. Such a resource can
tremendously accelerate the developrnent of mathematical models by providing initial starting models for
simulation and analysis, which can be subsequently curated and further parameterized.

Keywords: Modular rate law, Constraint based models, Logical madels, SBGN, SEML

Background

Since the discovery of the set of biochemical transforma-
tions known as the Embden-Meyerhof-Parnas glycolysis
pathway in the early twentieth century, the concepts of
pathways and networks have become useful and ubiqui-
tous tools in the understanding of biochemical processes.
Biochemical pathways provide a qualitative representation
of chains of molecular interactions and chemical reactions
that are known to take place in cells. Such interactions
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result in changes in the concentration, state or location of
chemical entities. Pathways aim at providing a detailed
representation of this biochemical reality, based on obser-
vations of the reactions. As such, the elucidation of bio-
chemical pathways is being dramatically sped up with the
efforts of molecular biology and biochemistry research,
and particularly with the recent appearance of high-
throughput omics technologies.

The definition of biochemical pathways is largely arbi-
trary, as in practice they are interlinked and interdepend-
ent in the functioning cell. Nevertheless, it is convenient
to partition these pathways into different types such as
signaling pathways, metabolic networks, gene regulatory
networks, etc. With the growing number and complexity
of biochemical pathways, a number of public databases

ticle distributed under the terms of the Creative
which permits unrestricted use, distribution, and




QML-DI‘Q The Systems Biology Markup Language

+ News Documents Downloads Forums Facilities Community Events About m

Welcome to the portal for the Systems Biology Markup Language (SBML),

a free and open interchange format for computer models of biological
processes. SBML is useful for models of metabolism, cell signaling, and more. It
continues to be evolved and expanded by an international community.

For the curious
@ What is SBML? Read our introduction, then perhaps browse the

mailing lists &, the FAQ, and the SBML Level 3 package
activities to glimpse what's happening with SBML today.

For modelers
Ill | Looking for software that supports SBML? Our software guide
Il lists over 280 systems. Are you instead looking for models? Visit
TTF"=% BioModels Database g¢, where you can find hundreds!

For software developers
Want to support SBML in your software? Read our intro and then

- the specifications to understand SBML in depth, then check our
libraries, test resources, and also 3rd-party software.

No matter how you use SBML, we invite you to sign up for news updates either
through our RSS feed &, our Twitter feed &7, or one of the mailing lists 7,
and get involved with community efforts to help improve SBML. You can also
call attention to your project's support of SBML by displaying the SBML logo.

SBML would not have been possible without support from many agencies and
organizations, as well as contributions from many motivated individuals,
including the major contributors who are shaping SBML Level 3.

SBML News

GSOC 2018 SBML projects if

(13 Feb.'18) There are a number of
potential SBML-related projects &
available in GSOC this year.

Deviser 1.0 released “
(8 Feb.'18) Deviser is a code

generation system for SBML Level 3
packages

JSBML 1.3.1 released 7 u

(19 Dec.'17) Tons of new features
and bug fixes

Older news ...

Community News

Tellurium 2.0 7 ‘;
(16 Oct.'17) Version 2.0 of

Tellurium adds a Motebook facility and
improved SED-ML and COMBIMNE Archive
handling.

SED-ML L1v3 {7 ‘%3
{9 Oct.'17) The SED-ML Editors

have released a new version of SED-ML
Level 1.

BioModels platform released ¥ ‘%3
(9 Oct.'17) The developers of

BioModels Database have released a new
platform.

Older news ...

You can tell us what to announce =3,

Systems Biology Markup Language (SBML) at SourceForge.net. Visit SEML on SF.net

@, Google Site Search..
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<?xml version="1.0" encoding="UTF-8"?>

<sbml| xmlns="http://www.sbml.org/sbml/level3/versionl/core" level="3" version="1"
xmlns:layout="http://www.sbml.org/sbml/level3/versionl/layout/versionl"

layout:required="false"> declaration of paCkageS

<model name="Tiny model example" >

<listOfCompartments /> .
<listOfSpecies /> varila b | es
<listOfParameters />
<listOfInitialAssignments /> (:()FEE
<listOfRules /> . .
<listOofConstraints /> relatlonShlpS
<listOfReactions />

<listOfEvents />

<layout:listOfLayouts xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" >
<layout:layout layout:id="layout_1" layout:name="Layout">
\\\\~<layout:dimensions layout:width="620" layout:height="400"/>
<layout:listOfCompartmentGlyphs />
\\“~<1ayout:1ist0fSpeciesG1yphs />

Referendes  liiveutilistorrexsclvone 1o Package

</layout:layout>
</layout:listOfLayouts>

</model>
</sbml>



<listOfCompartments>
<compartment id="c" name="cell" size="1" constant="1">

</listOfCompartm >
<listOfSpecies>
<species metai 1" id="Glu" me="glucose"
compdrtmee="c" initial unt="100" sboTerm="SB0O:0000247"
hasOn\ySubstanceUnits="fals®™! boundaryCondition="false" constant="false"/>
<gpecies metaidN'S2" id="G6P" se 6 phosphate"
compartme wew jpnitial sboTerm="SB0O:0000247"
hasOnlySubstanceUnits="fals®™ boundaryCondition="false" constant="false" >

xmlns:bgbiol="http://biomodels)
<rdf:Description rdf:about="#s2">
<bgbiol:isVersionOf>
<rdf :Bag>
<rdf:1i rdf:resource="http://identif
</rdf :Bag>
</bgbiol:isVersionOf>
</rdf :Description>
</rdf :RDF>
</annotation>
</species>
</listOfSpecies>
<listOfParameters>
<parameter id="Vm" value="10" constant="true"

rs.orqg/chebi/CHEBI:58247" />

erm="SB0:0000186" />

<gpeciesReference species="Glu" stoichjometry="1" constant="true" sboTerm="SB0:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="G
</listOfProducts>
<kineticLaw sboTerm="SB0O:000003
<math xmlns="http://www.w3.o0r
<apply>
<divide />
<apply>
<times/>
<ci> Vm </ci>
<ci> Glu </ci>
</apply>
<apply>
<plus/>
<ci> Km </eci>
<ci> Glu </eci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>
</listOfReactions>

toichiometry="1" constant="true" boTerm="SB0O:0000011"/>

o
1998 /Math/MathML">



<listOfCompartments>
<compartment id="c" name="cell" size="1" constant="1">
</listOfCompartm
<listOfSpecies>
<species metai i name="glucose"
="c" initialPwQunt="100" sboTerm="SBO:0000247"

xmlns:bgbiol="http://biomodels)
<rdf:Description rdf:about="#s2">
<bgbiol:isVersionOf>
<rdf :Bag>
<rdf:1i rdf:resource="http://identif
</rdf :Bag>
</bgbiol:isVersionOf>
</rdf :Description>

</rdf :RDF>
</annotation>
</specles>

</listOfSpecies>

<listOfParameters>

<parameter id="Vm" value="10" constant="true"
="Km" value="10" constant="true",

drs.org/chebi/CHEBI:58247" />

erm="SB0:0000186"/>
sbpTerm="SB0:0000371"/>

<gpeciesReference species="Glu" stoichjometry="1" constant="true" sboTerm="SB0:0000015"/>

</listOfReactants>
<listOfProducts>
<speciesReference species="G
</listOfProducts>
<kineticLaw sboTerm="SB0O:000003
<math xmlns="http://www.w3.or1]
<apply>
<divide />
<apply>
<times/>
<ci> Vm </ci>
<ci> Glu </ci>
</apply>
<apply>
<plus/>
<ci> Km </ci>
<ci> Glu </ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>
</listOfReactions>

o
1998 /Math/MathML">

toichiometry="1" constant="true" boTerm="SB0O:0000011"/>



Do genome-scale models need exact solvers or
clearer standards?
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Jerby and Ruppin (2012)
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Using gene expression to fix the boundaries
2009

OPEN @ ACCESS Freely available online PLOS compuTaTionAL BIOLOGY

Interpreting Expression Data with Metabolic Flux
Models: Predicting Mycobacterium tuberculosis Mycolic
Acid Production

Caroline Colijn1'3'5*, Aaron Brandes’, Jeremy Zucker?, Desmond S. Lun'’7, Brian Weiner’, Maha R.
Farhat®, Tan-Yun Cheng®, D. Branch Moody®, Megan Murray?, James E. Galagan'?

1 Broad Institute of MIT and Harvard, Cambridge, Massachusetts, United States of America, 2 Department of Genetics, Harvard Medical School, Boston, Massachusetts,
United States of America, 3 Department of Epidemiclogy, Harvard School of Public Health, Boston, Massachusetts, United States of America, 4 Department of Pulmonary
and Critical Care Medicine, Massachusetts General Hospital, Boston, Massachusetts, United States of America, 5 Department of Engineering Mathematics, University of
Bristol, Bristol, United Kingdom, 6 Brigham and Women's Hospital, Harvard Medical School, Boston, Massachusetts, United States of America, 7Phenomics and
Bioinformatics Research Centre, School of Mathematics and Statistics, and Australian Centre for Plant Functional Genomics, University of South Australia, Mawson Lakes,
South Australia, Australia, 8 Department of Biomedical Engineering and Department of Microbiology, Boston University, Boston, Massachusetts, United States of America

Abstract

Metabolism is central to cell physiology, and metabolic disturbances play a role in numerous disease states. Despite its
importance, the ability to study metabolism at a global scale using genomic technologies is limited. In principle, complete
genome sequences describe the range of metabolic reactions that are possible for an organism, but cannot quantitatively
describe the behaviour of these reactions. We present a novel method for modeling metabolic states using whole cell
measurements of gene expression. Our method, which we call E-Flux (as a combination of flux and expression), extends the
technique of Flux Balance Analysis by modeling maximum flux constraints as a function of measured gene expression. In
contrast to previous methods for metabolically interpreting gene expression data, E-Flux utilizes a model of the underlying
metabolic network to directly predict changes in metabolic flux capacity. We applied E-Flux to Mycobacterium tuberculosis,
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Systematic Evaluation of Methods for Integration of
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The Novo Mordisk Foundation Center for Biosustainability, Technical University of Denmark, Horsholm, Denmark
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Mutant fluxes
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Tissue-Specific Properties
Hepatocyte x
T T T Common Reactions
Transcripts 819 928 971
Proteins 788 898 942
Intracellular Reactions 587 705 656
Gene Associated Reactions 79.7% 81.1% 81.9%
Metabolites 493 589 539
in vitro growth rate (1/h)
Min carbon uptake required bl L il Adlpocyte Myocyte
for in vitro growth rate (mmol C/ 6.15 6.99 6.02
aDW/h)
Myoeyie Max ATP Yield
(mmol/cell gD'W/h/ 0.44 0.47 0.51
mmol glucose)
Max NADH Yield
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Multi-cellular modelling

Damiani et al (2017)
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Patient-derived modelling
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transcriptomic data
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Services | Research | Training = About us

Try the new BioModels platform (beta)

BioModels Database

BioModels Home Models Submit Support About BioModels Contact us

— BioModels Database is a repository of computational models of biological
processes. Models described from literature are manually curated and enriched
with cross-references. All models are provided in the Public Domain. More
information about BioModels Database can be found in the FAQ.

Models published in the literature
Browse Alternative access
LY
L |

Gene Gene Advanced
Ontology Ontology search
classification tree
Patient-derived genome-scale metabolic

models
(6753 models)

Models automatically generated from pathway resources (Path2Models)

Browse Alternative access

Metabolic (112,898 models)
Non-metabolic (27,531 models)
Whole genome metabolism (2,641 models)

Dedicated search

Taxonomy

Contact us | Main instance at EMBL-EBI, UK | Mirror at Caltech, USA | Model archives | Web
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Model of the month

February 2018
Sarma and Ghosh w0
2012used ODE  new
models to o
demonstrate that |/ - EEREeT
signal processing el
characteristics are R
determined by the Tiuefoeg

topological design
of the kinases and phosphatases in MAPK
cascade.

Access this model of the month.

News

21 Aug 017 Patient-derived genome-scale
metabolic models
BioModels now hosts 6753 models derived from
biological samples collected from patients.

26 June 2017 31%t release of BioModels
We are extremely happy to announce the 31%t
release of BioModels. The resource now provides
1640 literature-based models and 143,070
models automatically generated from pathway
resources. For more information, please refer to
the release notes.

16 January 2017 Metabolic network and logical
models
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BiolVlodels Database

BioModels Home Models Submit Support About BioModels Contact us

Uhlén2017 - TCGA-3C-AAAU-01A - Breast Invasive Carcinoma (female, 56 years)

Download this model View the Model of the Manth entry for this model Send feedback

Identifier: MODEL1707110684 Age at diagnosis: 56 Format: SBML L2V3
Original model: MODEL1707110684.xml.origin Gender: female Submission: 17 Aug 2017 16:12:32 UTC
Publication: 10.1126/science.aan2507 Disease: Breast Invasive Garcinoma Last modified: 17 Aug 2017 16:12:21 UTC
Submitter: Adil Mardinoglu Primary disease site: breast Published: 17 Aug 2017 16:12:32 UTC
is BioModels MODEL1707110684
isDerivedFrom BioModels MODEL 1402200003
hasTaxon Taxonomy Homo sapiens
Genomic Data
Commons Data Porfal  Be7d5Sect-a469-467c-b748-237353c23416
Experimental Factor
hasProperty O:p;bgy 1000307
hasProperty PATO female

This is a whole genome metabolism model of a female patient diagnosed at the age of 56 years with Breast Invasive Carcinoma affecting the patient's breast.

This model was automatically generated by tINIT (Agren, R., et al. (2014). Identification of anticancer drugs for hepatocellular carcinoma through personalized genome-scale metabolic modeling. Mol Syst Biol;
10(3), 721.) using information coming from the sample TCGA-3C-AAAU-01A from GDC Portal (Initial release 1.0, accessed via GDC API) and, where relevant, augmented with metabolic pathway information
extracted from Human Metabolic Atlas.

This model has been produced by Human Pathology Atlas project { Uhlen. M.. et al.: A pathology aflas of the human cancer transcripfome. Science.) and is currently hosted on BioModels Database and
identified by MODEL1707110684.

To cite BioModels, please use: V Chelliah et
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Model of the month

Welcome to BioModels

BioModels is a repository of mathematical models of biological and biomedical systems. It hosts a vast selection of existing literature-based physiclogically and
pharmaceutically relevant mechanistic models in standard formats. Our mission is to provide the systems modelling community with reproducible, high-quality,
freely-accessible models published in the scientific literature. More information about BioModels can be found in the FAQ.

Sarma and Ghosh 2012
used ODE models to
demonstrate that signal

Recently published Features processing characteristics U

are determined by the
, , . B
What is available in BioModels” topological design of the

kinases and phosphatases
in MAPK cascade.

o Tiemann2011_PhenotypeTransitions

Two branches B Logical C int-based ODE
d FiguredD ogical onstraint-base ) )
Access this model of the month | View all Model of the Month
o' Sier2017_estrogen_PBPK_GSMN M Manually curated antries
E NOT'l (:urmed
Recently accessed Model formats 650 750 e
B Jo. [-]
& DeCaluwe2016 - Circadian Clock . R .
P i - po & CellML 561 600 Patient-derived genome-scale metabolic
Switching behaviour of PP24 inhibition by 452
AREECIS iz eters S i 450 Qnﬁﬂilrf now hosts 6753 models derived from biclogical samples
€ Araujo2016 - Positive feedback in Cdk1 o .. collected from patients. P
signalling keeps mitotic duration short and Modelling approaches 3 300
constant ] Ordinary Differential Equation <l 10 150 31st rel f BioModel
© Mufudza2012 - Estrogen effect on the ; st release of SlolModels
gEh e & Logical ~ Wi are extrémely Rappy 1o nnolince the 31st release of
dynamics of breast cancer & Constraint-based Manually curated 0 BioModels!
& Musante2017 - Switching behaviour of PP2A Y
inhibition by ARPP-16 - mutual inhibitions and a .. Non curated ) .
PHA inhibits MASTS and dominant negative Metabolic networks and logical models have
effect been published
© Unién2017 - Toaa-F2-6873-01A - Pancreatic. AACKNOWIledgementis THg FigtabBIE HEtiGTk and logical models hosted in the lterature-
based branch of BicModels can now be downleaded from our FTP

Adenccarcinema (male, 58 years)

@ Musante2017 - Switching behaviour of PP24& E M B L
inhibition by ARPP-16 - mutual inhibitions and
PHA inhioits MASTS

Mechanistic models on neurodegenerative

disease processes published

The paper, entitled Mechanistic models on neurcdegenerative
disease processes, available from CPT.PSP

BioModels Release on 8th January 2017

BioModels now provides 1603 Iterature-based models. It includes
624 curated and 979 non-curated models




Home Submit

Filter your results

Curation status
) Non-curated (127)

- Manually curated (1)

Maodel format

-/ sBML (128)

Modelling Approach

Constraint-based model (128)

Model Flag

) Non Kinetic (127)

Organisms

L Aspergillus nidulans FGSC A4 |

) Trichoderma atroviride (1)

L Trichoderma asperellum (1)

L Eremothecium gossypil FDAG1

GO

About us Contact us

Support *

Sort by | Author name: A to Z

Search terms: *:* AND modellingapproach:"Constraint-based model”

Found: 128 models

Reset

Page size 10 20 50 75 100

Select all | Download

Andersen2009 - Genome-scale metabolic network of Aspergillus niger (iIMAB71)

Published in: 2010

D: MODEL1507180047 | Format: SBML | Submitter: Nicolas Le Novére | Uploaded date: 18/01/2015 | Last modified date: 28/01/2015
Published in: 2008

Baart2007 - Genome-scale metabolic network of Neisseria meningitidis (iGB555)

D: MODEL1507180069 | Format: SEML | Submitter: Micolas Le Novére | Uploaded date: 18/01/2015 | Last modified date: 29/01/2015
Published in: 2007

Becker2005 - Genome-scale metabolic network of Staphylococcus aureus (iISB619)

D: MODEL1507180070 | Format: SBML | Submitter: Nicolas Le Novére | Uploaded date: 18/01/2015 | Last modified date: 29/01/2015
Published in: 2005

Benedict2011 - Genome-scale metoblic network of Methanosarcina acetivorans (iMB745)

D: MODEL1507 180040 | Format: SBML | Submitter: Nicolas Le Movére | Uploaded date: 18/01/2015 | Last modified date: 28/01/2015
Published in: 2012

Alam2010 - Genome-scale metabolic network of Streptomyces coelicolor

D: MODEL1507180005 | Format: SBML | Submitter: Micolas Le Mowvére | Uploaded date: 18/01/2015 | Last modified date: 26/01/2015

Bulik2016 - Regulation of hepatic glucose metabolism
D: BIOMDOOODOD

25/01/2017 | Published in: 2016

00632 | Format: SBML | Submitter: Vijayalakshmi Chelliah | Uploaded date: 25/01/2017 | Last modified date:

Castillo2016 - Whole-genome metabolic model of C.globosum using CoReCo
D: MODEL 1604280005 | Format: SBML | S

02/01/2016 | Published in: 2016

ubmitter: Vijayalakshmi Chelliah | Uploaded date: 02/01/2016 | Last modified date:




Home Browse Submit Support * | About us | Contact us Feedback

Page size 10 20 50 75 100

Filter your results Sort by | Author name: A to Z v

Curation status Search terms: *:* AND modelformat:"SEML" AND curationstatus:"Non-curated” AND TAXONOMY:9606 AND disease:"Hepatocellular
Carcinoma"” Reset

Found: 338 models Select all | Download

Model format Uhlén2017 - TCGA-CC-5261-01A - Liver Hepatocellular Carcinoma (male, 45 v&ars} M
1707113326 | For SBML | Submitter: Adil Mardinoglu | Uploaded date: 17/01/2017 | Last modified date: 17/01/2017

Non-curated (338)

SBML (338)

Organisms Uhlén2017 - TCGA-DD-AAEB-01A - Liver Hepatocellular Carcinoma (female, 60 years) M

D: MODEL1707114152 | Format: SBML | Submitter: Adil Mardinoglu | Uploaded date: 17/01/2017 | Last modified date: 17/01/2017

& Homo sapiens (338) Published in: 2017 )

Disease Uhlén2017 - TCGA-DD-A4NH-01A - Liver Hepatocellular Carcinoma {female 66 years) '
D: MODEL1707114078 | Format: SBML | Submitter: Adil Mardinoglu | Uploaded date: 17/01/2017 | Last modified date: 17/01/2017

Hepatocellular Carcinoma (338) Published in: 20

GO Uhlén2017 - TCGA-ED-A82E-01A - Liver Hepatocellular Carcinoma (female, 61 years) M

D: MODEL1707114647 | Format: SBML | Submitter: Adil Mardinoglu | Uploaded date: 17/01/2017 | Last modified date: 17/01/2017
'lysosome (338) Uhlén2017 - TCGA-DD-AACS-01A - Liver Hepatocellular Carcinoma {male 40 years) M
| Golgi apparatus (338) D:MODEL1707114112 | Fo SBML | Submitter: Adil Mardinoglu | Uploaded date: 17/01/2017 | Last modified date: 17/01/2017
I'_.'end(:u;:ula.l;mi(: reticulum (338) CubiERea R
" mitochondrion {338) Uhlén2017 - TCGA-2Y-AIGW-01A - Liver Hepatocellular Carcinoma {male 65 years) M
D: MCDEL1707110529 | Forr SBML | Submitter: Adil Mardinoglu | Uploaded date: 17/01/2017 | Last modified date: 17/01/2017
CHEBI ished In: 2017
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Uhlén2017 - TCGA-CC-5261-01A - Liver Hepatocellular g
Carcinoma (male, 45 years)

Overview Files History

Short This is a whole genome metabolism model of a male patient diagnosed at the age of 45 Metadaia information

description years with Liver Hepatocellular Carcinoma affecting the patient's liver. .
hasTaxon Taxonomy Homo sapiens

BioModels Database
MODEL1402200003

Human D;sease Ontology
hepatocellular carcinoma

Curation status non-curated
Original http://identifiers.org/biomodels.db
model(s) /MODEL1402200003

Format

Related

Publication Uhlen M, Zhang C, Lee S, Sjéstedt E, Fagerberg L, Bidkhori G, Benfeitas R, Arif M, Liu Z,
Edfors F, Sanli K, von Feilitzen K, Oksvold P, Lundberg E, Hober S, Nilsson P, Mattsson ],
Schwenk JM, Brunnstrém H, Glimelius B, Sjoblom T, Edgvist PH, Djureinovic D, Micke P,
Lindskog C, Mardinoglu A, Ponten F

Science (New York, N.Y.) ,8/ 2017 , Volume 357 , Issue 6352 m




Nucleic Acids Research, 2006, Vol. 34, Database issue D689-D691
doi:10.1093/nar/gkj092

BioModels Database: a free, centralized database of
curated, published, quantitative kinetic models of
biochemical and cellular systems

Nicolas Le Novére*, Benjamin Bornstein', Alexander Broicher, Mélanie Courtot,

Marco Donizelli, Harish Dharuri2, Lu Li, Herbert Sauro?, Maria Schilstra®,
Bruce Shapiro’, Jacky L. Snoep* and Michael Hucka®

Li et al. BMIC Systems Biology 2010, 4:92
http://www.biomedcentral.com/1752-0509/4/92

BMC
Systems Biology

DATABASE Open Access

BioModels Database: An enhanced, curated and
annotated resource for published quantitative
kinetic models

Chen Li', Marco Donizelli', Nicolas Rodriguez', Harish Dharuri2, Lukas Endler’, Vijayalakshmi Chelliah', Lu Li?,
Enuo He!2, Arnaud Henry!, Melanie | Stefan', Jacky L Snoep3, Michael Hucka? Nicolas Le Novere! and Camille Laibe*!

D542-D548 Nucleic Acids Research, 2015, Vol 43, Database issue Published online 20 November 2014
doi: 10.1093/narlgkul 181

BioModels: ten-year anniversary

Vijayalakshmi Chelliah' ", Nick Juty'’, Ishan Ajmera’', Raza Ali', Marine Dumousseau’,
Mihai Glont', Michael Hucka?, Gaél Jalowicki', Sarah Keating',

Vincent Knight-Schrijver'4, Audald Lloret-Villas', Kedar Nath Natarajan’,
Jean-Baptiste Pettit', Nicolas Rodriguez'-?, Michael Schubert', Sarala M. Wimalaratne',
Yangyang Zhao', Henning Hermjakob', Nicolas Le Novére'® and Camille Laibe'

D1248-D1253 Nucleic Acids Research, 2018, Vol. 46, Database issue Published online 2 November 2017
doi: 10.1093nar/ghkx1023

BioModels: expanding horizons to include more
modelling approaches and formats

Mihai Glont', Tung V. N. Nguyen', Martin Graesslin?, Robert Hilke®, Raza Ali',

Jochen Schramm?, Sarala M. Wimalaratne', Varun B. Kothamachu'-4, Nicolas Rodriguez*,
Maciej J. Swat', Jurgen Eils?, Roland Eils?, Camille Laibe', Rahuman S. Malik-Sheriff'"",
Vijayalakshmi Chelliah', Nicolas Le Novére*" and Henning Hermjakob'”
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Prepare for FBA
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FBA + logic model
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Genome-scale metabolic networks can now be reconstructed based on annotated genomic
data augmented with biochemical and physiological information about the organism. Math-
ematical analysis can be performed to assess the capabilities of these reconstructed networks.
The constraints-based framework, with flux balance analysis (FBA), has been used successfully
to predict time course of growth and by-product secretion, effects of mutation and knock-outs,
and gene expression profiles. However, FBA leads to incorrect predictions in situations where
regulatory effects are a dominant influence on the behavior of the organism. Thus, there is
a need to include regulatory events within FBA to broaden its scope and predictive capabili-
ties. Here we represent transcriptional regulatory events as time-dependent constraints on the
capabilities of a reconstructed metabolic network to further constrain the space of possible
network functions. Using a simplified metabolic/regulatory network, growth is simulated
under various conditions to illustrate systemic effects such as catabolite repression, the
aerobic/anaerobic diauxic shift and amino acid biosynthesis pathway repression. The incorpo-
ration of transcriptional regulatory events in FBA enables us to interpret, analyse and predict
the effects of transcriptional regulation on cellular metabolism at the systemic level.

() 2001 Academic Press



FlexFlux

FlexFlux is a java tool for metabolic flux and regulatory network analysis.
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Inputs and outputs

Exchange reactions define
extracellular environment

Extracellular [e]
e.g., flask with medium

Intracellular [c]

Transport reactions
[c] <-> [e]




The biomass objective function
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Different objectives — different solutions

A Conversion to a mathematical representation
R1
S=
o E A B =1
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Imposed C Optimal solutions
constraints
Constraints: Objective: Objective:
1) Sev =0 Maximize Vs Maximize Ve
2)ai < vi<bi
A Optimal
Ve Ve A solution V& «—Optimal
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Allowable
solution
space
=
Vs 575 FFS

An objective generally
involve a combination
of several fluxes and/or
outputs,

And will also provide
several solutions
(“Pareto optimals”)

Vilfredo Pareto
(1848-1923)
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