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Higher-order systems

• Modeling and reconstructing molecular 
pathways

• Protein interaction information

• Higher-order systems



Higher-order systems



Molecular pathways

• What is molecular pathways
• Types of molecular pathways
• Why study pathways and networks
• What information is needed
• Inferring pathways and networks
• Pathway and cellular simulations



Metabolic Pathways ExPASy,http://www.expasy.org/cgi-bin/show_thumbnails.pl, 

• What is molecular pathways

A map of the biological mechanism of an organism

Molecular pathways

http://www.expasy.org/cgi-bin/show_thumbnails.pl


• What is molecular pathways
• Types of molecular pathways
• Why study pathways and networks
• What information is needed
• Inferring pathways and networks
• Pathway and cellular simulations

Molecular pathways



• Types of molecular pathways (networks)

• Metabolic Pathways
– is a series of chemical reactions occurring within a cell. In each pathway a principal chemical 

is modified by chemical reactions. These reactions are accelerated, more accurately 
catalyzed, by enzymes. Dietary minerals, vitamins and other cofactors are often needed by 
the enzyme to perform its task 

• Metabolic network
– is the complete set of metabolic and physical processes that determine the physiological and 

biochemical properties of a cell. As such, these networks comprise the chemical reactions of 
metabolism as well as the regulatory interactions that guide these reactions.

• Signal Transduction Pathways
– Signal transduction is the study of how cells control their own and each others' behaviors 

through chemical signals 

• Regulatory Pathways (Gene Regulatory Network)
– is a collection of DNA segments in a cell which interact with each other (indirectly through 

their RNA and protein expression products) and with other substances in the cell, thereby 
governing the rates at which genes in the network are transcribed into mRNA.

Molecular pathways



– Pathway diagrams
– Graphical modelers
– Pathway databases
– Pathway representation

Molecular pathways



Pathway diagrams

http://www.biomedcentral.com/1471-2105/5/199/figure/F1?highres=y


Pathway diagrams

http://www.biomedcentral.com/1471-2105/5/199/figure/F3?highres=y


Pathway diagrams



Pathway diagrams



Pathway diagrams
• Static Images of Pathways

– BPC [2001] (Biochemical Pathway Chart)
• A poster-liked handmade static image that describes the metabolic 

pathways and cellular / molecular processes.
– BioCarta [2001]

• A database that store the pathway information with static image 
format.  Can be browsed by categories and searched by keywords. 
Hosted by a commercial company.

– KEGG [2001] (Kyoto Encyclopedia of Genes and 
Genomes)

• A database that specially focuses on storing metabolic pathways 
information.  All proteins are categorized in their functions by EC 
(Enzyme Classification) Number system.

– BRITE [2001] (Biomolecular Relations in Information 
Transmission Expression)

• It is a binary relation search engine based on KEGG database.  It 
can search the binary interaction between genes, proteins, or other 
biological molecules.

http://www.expasy.org/cgi-bin/search-biochem-index
http://www.biocarta.com/genes/index.asp
http://www.genome.jp/kegg/pathway.html


• Dynamic Images of Pathways

– BioCyc [2002]
• This is a database that contains metabolic pathway 

information for 260 species.  It presents a pathway chart 
dynamically.

– STKE (Signal Transduction Knowledge Environment)
• This is the site hosted by Science Magazine.  It collects 

pathways related to signal transduction and is searchable by 
keywords.

Pathway diagrams

http://biocyc.org/
http://www.stke.org/


• Pathway diagrams
• Graphical modelers
• Pathway repositories
• Pathway representation

Molecular pathways



Graphical modelers

• What is the Graphical modeler?

Human-readable Pathways Machine-readable Pathways



Graphical modelers

http://www.systems-biology.org/cd/documents/images/Fig 3 Process Diagram MPF cycle.png


Graphical modelers

http://www.systems-biology.org/cd/documents/images/ComponentsAllList_u.png


Graphical modelers



Graphical modelers

http://www.csi.washington.edu/teams/modeling/projects/BALSA/
http://www.biouml.org/
http://kurata21.bse.kyutech.ac.jp/cadlive/
http://www.systems-biology.org/002/
http://www.bii.a-star.edu.sg/research/sbg/cellware/index.asp
http://biosoftwareinc.com/OurProduct.htm
http://64.17.162.114/software/jdesigner.htm
http://www.metabologica.com/
http://strc.herts.ac.uk/bio/maria/NetBuilder/
http://biospice.lbl.gov/PathwayBuilder/


Pathway repositories

• EcoCyc/BioCyc/MetaCyc

• Kyoto Encyclopedia of Genes and 
Genomes (KEGG) PATHWAY DB

• BioCarta

• BioModels database



EcoCyc database (ecocyc.org) 

• EcoCyc is a scientific database for the bacterium 
Escherichia coli K-12 MG1655. The EcoCyc project 
performs literature-based curation of the entire genome, 
and of transcriptional regulation, transporters, and 
metabolic pathways.

• Encompasses >791 chemical compounds in >744 noted 
biochemical reactions

• Pathway was compiled via literature information 
extraction and extensive manual curation
– System allows for users to indicate evidence of pathway 

annotations
– Curation is done collaboratively with numerous experts outside 

of EcoCyc



EcoCyc database (ecocyc.org)



EcoCyc database (ecocyc.org)



EcoCyc database (ecocyc.org)



EcoCyc database (ecocyc.org)



EcoCyc database (ecocyc.org)



EcoCyc database (ecocyc.org)

Time series gene expression animation: http://biocyc.org/expr-examples/animation.html

Single gene expression experiment: 

http://biocyc.org/expr-examples/animation.html


EcoCyc database (ecocyc.org)



BioCyc database (biocyc.org)

• Pathway/genome database (PGDB) for 
organisms with completely sequenced genomes

• >260 full genomes/pathways deposited
• Species-specific pathways are inferred form 

MetaCyc

• Query/navigation/pathway creation support 
through the Pathway Tools software suite



BioCyc database (biocyc.org)



MetaCyc database (metacyc.org)

• Non-redundant reference database for metabolic 
pathways, reactions, enzymes and compounds

• >900 pathways from >900 species (mostly 
plants and microorganisms)

• Curation through experimental verification and 
manual literature review



MetaCyc database (metacyc.org)



KEGG PATHWAY database 
(kegg.com)

• Consolidated set of databases that cover 
genomics (GENE), chemical compounds 
(LIGAND) and reaction networks (PATHWAY)

• Broad focus on metabolics, signal transduction, 
disease, etc.

• Species-specific views available (but networks 
are static across all organisms)



KEGG PATHWAY database 



KEGG PATHWAY database 



KEGG



KEGG PATHWAY database 



BioCarta database (biocarta.com)

• Corporate-owned, publicly-curated pathway 
database

• Series of interactive, “cartoon” pathway maps

• Predominantly human and mouse pathways

• Contains 160,000 gene entries and 355 
pathways



BioCarta database



BioCarta database



BioModels database

• Database for published, quantitative models of 
biochemical processes

• All models/pathways curated manually, compliant with 
MIRIAM

• Models can be output in SBML format for quantitative 
modeling

• Release: 25/September/2007
– Models:192, 
– Species:10484 
– Reactions:12482  
– Cross-references:7985



BioModels database



BioModels database



Comparison of pathway databases

MetaCyc/
BioCyc

KEGG 
PATHWAYS

BioCarta BioModels

Curation Manual and 
automated

Automated Manual Manual

Size ~621+ pathways ~289 reference 
pathways

~355 pathways ~126 models

Nomenclature EC, GO EC, KO None GO

Organism 
coverage

~500 species Various Primarily human 
and mouse

~475 species

Visuals Species-specific 
custom

Reference and 
species-specific

Animated, 
cartoonish

Non-standardized

Primary usage PGDB, 
computational 
biology

PGDB, pathway 
comparisons

Human 
pathways, 
disease

Simulations, 
modeling



Pathway Databases

• Other metabolic pathway databases

PathDB

Pathway Database SystemPathway Database System

Reactome

http://www.amaze.ulb.ac.be/
http://www.brenda.uni-koeln.de/
http://www.gwu.edu/~mpb/
http://www.ncgr.org/pathdb/
http://www.patika.org/
http://nashua.cwru.edu/pathways/
http://medlib.med.utah.edu/NetBiochem/NetWelco.htm
http://umbbd.ahc.umn.edu/
http://www.reactome.org/


• Some signaling transduction pathway databases

Pathway Databases

http://www.signaling-gateway.org/
http://stke.sciencemag.org/
http://doqcs.ncbs.res.in/
http://icb.med.cornell.edu/services/sp-prod/sigpath/mainMenu.action
http://www-wit.mcs.anl.gov/sentra/
http://www.biobase.de/pages/products/transpath.html


Pathway Databases

• Some gene regulatory network databases

DBTBS

http://compel.bionet.nsc.ru/new/compel/compel.html
http://dbtbs.hgc.jp/
http://jaspar.cgb.ki.se/cgi-bin/jaspar_db.pl
http://prodoric.tu-bs.de/
http://www.cifn.unam.mx/Computational_Genomics/regulondb/
http://cgsigma.cshl.org/jian/
http://www.gene-regulation.com/pub/databases.html#transfac
http://wwwmgs.bionet.nsc.ru/mgs/dbases/trrd4/


Higher-order systems

• What is molecular pathways
• Types of molecular pathways
• Why study pathways and networks
• What information is needed
• Inferring pathways and networks
• Pathway and cellular simulations



Why study pathways and networks

• To understand the mechanism of organism
– guidance for biologists to design experiments.
– helps pharmacist to design drugs easier.
– understand the difference of mechanism between species.

• Enable us to do the simulation (systems biology)
– saves time and money for biologists to do experiments.
– predicts the behaviors by a special treatment for an organism.

• Towards synthetic biology
– combines science and engineering in order to design and build 

novel biological functions and systems 



Why study pathways and networks

Simulation

Cell
Behaviors
Simulation

Data
Inference

Pathway
Query

Pathway
Reasoning

Data
Exchange

Database
Integration

Standard
Format for
Pathways

Data
Repository

Pathway
Representation

Pathway
Databases

Management
Tools

Data
Accumulation

Literature
Mining

Pathway
Diagrams

Graphical
Modelers



Higher-order systems

• What is Biochemical Pathways
• Types of Biochemical Pathways
• Why Pathway Studies is Important
• What information is needed
• Inferring pathways and networks
• Pathway and cellular simulations



Information needed

GenomicsTranscriptomics

Interactionics

Proteomics

Metabolomics

Structural
genomics



Information needed

• Genomics data:
• Transcriptomics data: 
• Proteomics data: 
• Metabolomics data: 
• Interactiomics data:
• Other experimental data:

– Any experiment, high-throughput or otherwise, in 
which data values are assigned to genes, proteins, 
reactions, metabolites or reaction flux data 
(fluxomics) can be viewed in a pathway context.



Information needed

• Interactiomics
– Co-immunoprecipitation
– Fluorescence resonance energy transfer (FRET) 
– Label transfer
– Tandem affinity purification (TAP)
– Two-hybrid screening
– Chemical crosslinking
– Dual Polarisation Interferometry (DPI)
– Protein-protein docking
– Static Light Scattering (SLS) 
– Chemical crosslinking followed by MS



• Interactiomics

Information needed

TAP- Tandem affinity purification Two-hybrid screening 

http://en.wikipedia.org/wiki/Image:Two_hybrid_assay.svg


Higher-order systems

• What is Biochemical Pathways
• Types of Biochemical Pathways
• Why Pathway Studies is Important
• What information is needed
• Inferring pathways and networks
• Pathway and cellular simulations



Inferring pathways and networks

• Experimental methods
– Proteomics
– Transcriptomics
– Yeast two-hybrid assay
– Mutants – knockout / Rescue - overexpression

• Computational methods
– Database-driven protein-protein interactions
– Expression clustering techniques
– Literature-mining for specified interactions



Higher-order systems

• What is Biochemical Pathways
• Types of Biochemical Pathways
• Why Pathway Studies is Important
• What information is needed
• Methods of inferring pathways and 

networks
• Pathway and cellular simulations



Pathway and cellular simulations



Towards synthetic biology
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