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Molecular pathways

e \WWhat is molecular pathways

Metabolic Pathways ExXPASYy,http://www.expasy.org/cgi-bin/show thumbnails.pl,



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

e 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)

* Itis 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

Pathway diagrams

 Dynamic Images of Pathways

— BioCyc [2002]

e 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.



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




Graphical modelers

 \What Is the Graphical modeler?
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Graphical modelers



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

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

Graphical modelers




Graphical modelers
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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
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EcoCyc database (ecocyc.org)




EcoCyc database (ecocyc.org)
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EcoCyc database (ecocyc.org)
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http://biocyc.org/expr-examples/animation.html

EcoCyc database (ecocyc.org)

G EcoCyc: Encyclopedia of Escherichia coli K-12 Genes and Metabolism - Windows Internet Explorer
@ > c_ http_:fﬂecoc?/:c.orgf

File Edit View Favorites Tools  Help

&

Google [Clvecocyc v Go o) By~ | ¥y Bockmarks~ Bfi4blocked 5 Check 3 Lookfor Map ~ [ab Sendtor 4 [ ecocye () Settings~

o ol F % 23
8 40| @@ EcoCyc: Encyclopedia of Escherichia coli K-12 Genes a.., | 3~ B - @ v |ikPage » { Took +

o

Kﬁd) ECOCYC Encyclopedia of Escherichia coli K-12 Genes and Metabolism

EcoCyi Home Project 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
S0 y £ L0 Overview regulation, transporters, and metabolic pathways. [project overview]
Quick Search
E New Users  Take the guided tour of the EcoCyc web site, watch one of our free online instructional videas, or read "EcoCyc: a comprehensive database resource for Escherichia coli” [PDE].
Database Search
Advanced Database Search[ ™% 1 New in A highlight from the 11.5 release:
BLAST EcoCyc
Browse « Chitobiose degradation. Chitin is the second most abundant biopolymer after cellulose, giving form to arthropods and fungi the world over. The major breakdown product of chitin,
e taias chitobiose, 1s imported into the cell by the chitobiose PTS transporter and then degraded into an end product that can eventually feed into glycolysis and beyond. Click through to the
Cotes pathway to see how this transformation occurs, and then keep clicking to track the eventual fate of chitobiose as a carbon source for E. coli.
Genome Browser
Reactions The full EcoCyc release history is available here.
Compounds
Metabolic Chart
Omics Viewsr Update

About EcoCyc

Eroject Oveniew EcoliHub EcoliHub is a developing community E. coli database project. Together, EcoCyc and EcoliHub will form an integrated model-organism database for E. coli. The EcoCyc project (joint

—Eﬂl‘ji‘:xﬁ; between SR International, UNAM, and TIGR) provides a review-level knowledge resource on the E. coli K-12 genome, metabolic pathways, transporters, and regulatory network. The

Update History EcoliHub project {joint between Purdue, the University of Oklahoma, Texas A&M University, and SRl International) provides an E._coli Wiki, it integrates a number of existing E. coli

Steering Committee databases, and it will capture E. coli functional genomics data and sequence data for non-pathogenic E. coli strains. Our vision is for these two resources to form a seamless information

Credits infrastructure for £ coli. Both projects are funded by NIH/NIGMS.

Statistics

Services .

Software/Data Download Project
including Leaders

BioPAX format

UsfrBSNlL f“n’:at Other E. coli The BioCyc collection includes databases for the following strains of Escherichia coli and related organisms. The non-K12 databases were generated computationally and lack the
m&%m“m List strains extensive manual literature-based curation of the EcoCyc K-12 database.

Subscribe to Mailing List

Gene Cross-Reference Organism Summary Page Query Page
Sl Escherichia colf, Strain K-12 in Link

Information Escherichia coli, Strain CFT073 i in

The EcoCyc web site is updated quarterly. A new version that you can install locally on your computer is released semiannually (supported platiorms: PC/Windows, PC/Linux, Sun
Frequency workstation). [ Full EcoCyc release histary |

Peter D_Karp | Julio Collado-Vides | John Ingraham | lan Paulsen

E_coli Conferences
Unsequenced enzymes Escherichia coli, Strain EDL933, serotype O157:H7

£ ool Weblnis Escherichia coli, Strain K-12 W3110
Escherichia coli, Strain 536
Escherichia coli, Strain UTIB9

& Internet H100% -




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)

Cyc

Database Collection

BioCyc Home Page

BioCyc Home

BioCyc is a collection of 261 Pathway/Genome Databases. Each Pathway/Genome Database in the BioCye collection describes the genome and metabolic pathways of a

Sea rCh single organism. with the exception of the MetaCyc database. which is a reference source on metabolic pathways from many organisms. Te learn more about BioCyc. read
Database Search the Introduction to BioCye
Advanced Database Search

The BioCyc databases are divided into three tiers, based on their quality

Help
News BioCyc Tier 1: Intensively Curated Databases
011207 BioCyc 10.6 Website EcoCyc | Escherichia coli K-12

02/18/0¢ BioCye 105 Website
02/12/0¢ Pathway Tools 10.5
051208 BioCye 101 Website
02/12/0¢ BioCye 10.0 Website
02/15/0¢ Pathway Tools 10.0

IMetaCyc| Metabolic pathways and enzymes from over 600 erganisms

The BioCyc Open Chemical Database is also an intensively curated database. It is an open database of chemical compounds from other BioCye databases. Because it
contains chemical compounds only, it is not @ Pathway/Genome Database

. BioCyc Tier 2: Computationally-Derived Databases Subject to Moderate Curation
Services y P Y !
Software/Data Download 13 databases are available. [list of tisr 2 DBsl
including
ElioF'ﬁ.gf{ farmat BioCyc Tier 3: Computationally-Derived Databases Subject to Mo Curation
US:.BLTIL focrl?mt 246 databases are available and ready for adoption [mere) by interested scientists for curation and updating. PGDBs in T|er 3 were produced as a collaboration between the
LSEl SUppon

groups of Peter D. Karp at SRl International and Christos Cuzounis at the European Bicinformatics Institute

Subscribe to Mailing List
EcoCvyc T-shirts

Other Pathway/Genome Databases on the Internet

Information : S
Intraduction to BioCue AraCyc S Rhee, Department of Plant Biclogy, Carnegie Institution, USA
Weh seminars CuioCyc Artiva Maria Goudel, Federal University of Santa Catarina, Brazil

261 Pathway/Genome DBs

Guided Tour CryptoCyc Cryptospaoridium Genome Resources

Pathway Tools Software DictyCyc Dictyostelium discoideum dictyBase. Marthwestam U USA

%ccvc LacPlantCye Lactobacillus plantarum L-L""":S‘- F. H. J.van Enckevort, CMBI. The Netherlands

External Links LeishCyc 1| Bio21 Molecular Science and Bictechnology Institute, University of Melbourne, Melbourne, Australia
MedicCye Medicago truncatula Samuel Roberts Moble Foundation, USA

Search text of BioCyc web

pages MicroScope PGDBs for 60 Genomes C. Medigue, Genoscope, France
I— G MiCye Iethanococcus jannaschil C. Quzounis, European Biginformatics Institute, UK
a I
Brucella suis 1330
Cowiella R

Fowered &y Covgle PATRIC PathoSystems Resource Integration Center. Virginia Bisinformatics Institute. USA
F. Brinkman, Pseudomaonas Genome Project. Simon Fraser U_, Canada

Gramene curators, Cornell U. and CSHL

PseudoCyc

RiceCyc

W. Armendarez. G. Chandra, M. Bibb, John Innes Centre. UK

ScoCy



MetaCyc database (metacyc.org)

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

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

o Curation through experimental verification and
manual literature review




MetaCyc database (metacyc.org)

Quick Search
| _Go |

Search
Database Search
Advanced Database Search

Browse
Pathways
Compounds
Enzymatic Reactions

& Home
© About MetaCyc

MetaCyc User's Guide
Help

Database Overview
Graphical Qverview
Querying Examples
Literature Curation Process
Publications

Release Motes

Submit Your Pathways
Advisory Board
Contributors

Statistics

Services
Software/Data Download
including
BioPAX format
SBML format
User Support
Subscribe to Mailing List

T="Feedback

o

A rrmann et B

Qverview

Motivation

Query and
Visualization

New Users

MetaCyc is a database of nonredundant, experimentally elucidated metabolic pathways. MetaCyc contains
from more than 900 different organisms. mer=;, and is curated from the scientific experimental literature. (me-

over 900 pathways

MetaCyc contains path".favs involved in both primary «=r and secondary <= metabolism, as well as associated compaounds,
enzymes, and genes. imer;

The goal of MetaCyc is to catalog the universe of metabolism by storing a representative sample of each experimentally
elucidated pathway. mistscye mission)

MetaCyc is used in a variety of scientific applications, such as praviding a reference data set for computationally predicting the
metabolic pathways of organisms from their sequenced genomes, supporting metabolic engineering, helping to compare
biochemical networks, and serving as an encyclopedia of metabolism. =

ications]

MetaCyc pathways can be browsed from a list, from ontologies 1s=5, or queried directly when searching for pathways, protems
reactions or compounds. ~e=; MetaCyc can also be queried programmatically using Java or PERL when installed locally. (me-

Get a bird's eye view of the MetaCyc web site here.
Participate in the MetaCyc survey.

How to Cite

Acknowledgments

Please cite MetaCyc as Caspi ef al.. 2006, "MetaCyc: A multiorganism database of metabolic pathways and enzymes”, Nucleic Acids Res.

34:D511-D516 2006 in publications resulting from its use
The development of MetaCyc is funded by grant 1-R01-GME5466-01 fram the MIH MNational Institute of General Medical Sciences




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.

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




KEGG PATHWAY database
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KEGG PATHWAY database
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KEGG PATHWAY database

KEGG PATHWAY Database

Kypte Encyclopedia of
o5
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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
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BioCarta database
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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

(= BioModels Database - Windows Internet Explorer

File Edit  Miew
.

& -

Google |[Glvbiomodsl database smbl  + Go D £ ~

Favorites

4R | (7 BioMadels Dakabase |

Fittps e, b ac. ukfbiomadsls

v |*2l x| | £~
Tools  Help

©7 Bookmarks~ B 4blocked | 0P Check = % Autolink - | Sendtow 4 [, biomodel [ database [G] embl

All Databases » |Enter Text Here )

3 Give s
| Sparch  feedback

Curated Models
Mon-curated Models
Search

Simulate in JWS

Submit Your Model

Sign-in

Mews

Model of the Month
" Meetings

Support

Contact

BIONAODELS. NET

JWS

online

V2 start

| EBI Groups | Training | Industry | About Us

Site Index [ &

BioModels Database

A Database of Annotated Published Models

77
BioModels Database is a data resource that allows biologists to store. search and retrieve published mathematical models of biological interests. Models present in BioModels Database are annotated and linked to relevant data r s
resources, such as publications, databases of compounds and pathways, controlled vocabularies, etc -
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Comparison of pathway databases

Curation

Size

Nomenclature

Organism
coverage

Visuals

Primary usage

MetaCyc/
BioCyc

Manual and
automated

~621+ pathways

EC, GO

~500 species

Species-specific
custom

PGDB,
computational
o][e][e]s)Y,

KEGG

PATHWAYS

Automated

~289 reference
pathways

EC, KO

Various

Reference and
species-specific

PGDB, pathway
comparisons

BioCarta

Manual

~355 pathways

None

Primarily human
and mouse

Animated,
cartoonish

Human
pathways,
disease

BioModels

Manual

~126 models

(€]0)

~475 species

Non-standardized

Simulations,
modeling




Pathway Databases
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http://www.brenda.uni-koeln.de/
http://www.gwu.edu/~mpb/
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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
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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




Information needed

Interactiomics
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Inferring pathways and networks

e EXxperimental methods
— Proteomics
— Transcriptomics
— Yeast two-hybrid assay
— Mutants — knockout / Rescue - overexpression

o Computational methods
— Database-driven protein-protein interactions
— EXxpression clustering techniques
— Literature-mining for specified interactions
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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
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Towards synthetic biology
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It has been known ever since Oswald Avery's pioneering experiments with pneumococcal transformation more than
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