n Motivation und biologische Grundlagen
— Metabolische Pfade
— Regulatorische Pfade

n Pathway-Datenbanken und ihre Anwendung
— Anforderungen
— KEGG
— EcoCyc/BioCyc

Kapitel 6: Pathway-Datenbanken

(C) Prof. R. Miiller, Prof. E. Rahm

Pathway — biochemische Reaktionswege

n Pathway: Folge von biochemischen Reaktionen, meist einer oder mehreren Funk-
tion(en) im Organismus zugeordnet

n Grobeinteilung der Pathways in
— Stoffwechselwege (metabolic pathways)
— Regulatorische Pfade (regulatory pathways)

n Metabolische Pfade

— Gesamtheit aller (lebens)notwendigen biochemischen Vorgange beim Aufbau, Abbau und Umbau
eines Organismus sowie dessen Stoffaustausch mit der Umwelt

— 2 grundlegende Stoffwechselvorgénge: 1. Assimilation/Anabolismus (Photosynthese, Chemosyn-
these, Verdauungsprozesse); 2. Dissimilation/Katabolismus (Atmung, Gérung)

Regulatorische Pfade
— Regulation der Genexpression (genetic networks, genetic-regulatory pathways)
— Signalwege (signalling pathways, signal-transduction cascades)

]

Metaboli-
sche Pfade:
Bsp. Glyko-

lyse

n Zuckerabbau; wichti-
ger energieliefernder

Prozess

3-Phosphog
(2)

1 Hexokinase 5 Triose phosphate

2 Glucose Phosphate Feomerasin
Isomerase 6 Glyceraldehyde

2 Phosphofructokinase Phyog hate 4

4 Fructose diphosphate Dehydrogenase
aldolase

7 Phosphoglycerate
Kinase

& Phosphoglyceromutase
9 Enclase
10 Pyruvate Kinase

(C) Prof. R. Miiller, Prof. E. Rahm

ENZYMES @ Preparatory phase & Payoff phase
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Enzymatische Reaktion
Sttt 3der Qyodlyse—Phogdhofructadrese ketalysiert
Phogahonlierung von Frudiose-6ahoset:
fructose-6 o ete + ATP > fructose-1,6-hisdosgdete + ADP

Phosphofructolinase
ECHOPOZ  ICH,OH BCHOP07  1CH,OPOZ"

0 ATP ADF o
sk HE™~2 Ha’} s H HO™{2
H OH Mr™ H OH
oH H OH H

fructose-6-phosphate fructose- 1, 6-hisphosphate
Edkt Prodlik
/ i Metebolite
ok’ EBM Yoy
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Hierarchie der Enzyme: E.C. - Code

n Standardisierter Code zur Klassifizierung der Enzyme (IUBMB Enzyme Nomenc-
lature Commitee)

n Codierung: Oxidoreduktasen (1), Transferasen (2), Hydrolasen (3), Lyasen (4), Iso-
merasen (5), Ligasen (6).

n Bsp.: Phosphofructokinase, E.C. 2.7.1.11, gehdrt zur Enzymklasse der Transfera-
sen (2)

et Faskl g

2 Exrad=finhtoallcCigpe sstcagn

27 FExyems2 i GippesFRegbatoy e

271 | Enreas2rritdduaista-Ghpacs A
=711 | Fregbaficacbiras
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Pathway-Datenbanken

n Inhalt einer Pathway-Datenbank

— Strukturierte Informationen tiber biochemische Reaktionswege, Einzelreaktionen, beteiligte Enzy-
me und Substrate

n Motivation
— "Lexikon der Biochemie" in Praxis, Lehre und Forschung
— ldentifizierung potentieller Angriffspunkte fur Arzneimittel (drug targets)
— Vorhersage von Stoffwechselwegen sequenzierter Organismen (Beispiel BioCyc)

n Spezifische Anforderungen

— Rechnerverwertbare Darstellung/Modellierung der Pfade und Netzwerke (erweiterte Datenmodel-
le; z.B. graphbasiert)

— Algorithmen zur Pathway-Analyse
— Methoden zur Visualisierung
— Standards fur den Datenaustausch

(C) Prof. R. Mller, Prof. E. Rahm 6-7

Regulatorische Pfade: Bsp. p53-Signalweg

APAF-1

4
Apoptosis

Ubiquitin —
Pathway

(C) Prof. R. Miller, Prof. E. Rahm 6-6

Pathway-Datenbanken: Ubersicht

Metabolic Pathways and Cellular Regulation

Escherichia coli K-12 genome, metabolic pathways,

http://ecocyc.org/ )
EcoCyc transporters and gene regulation
ENZYME http://www.expasy.ch/enzyme/ Enzyme nomenclature
EpoDB http://www.cbil.upenn.edu/EpoDB/ ' Genes expressed during human erythropoiesis
Klotho http://www.ibc.wustl.edu/klotho/ Collection and categorization of biological compounds
KEGG http://www.genome.ad.jp/kegg Metabolic and regulatory pathways
LIGAND hitp:/iwww.genome.ad.ip/liaand/ Chemical compounds and reactions in biological
p: .9 .ad.jp/lig
pathways
Metabolic pathways and enzymes from various
http://ecocyc.org/ .
MetaCyc organisms
UMBBD http://umbbd.ahc.umn.edu/ Curated information on microbial catabolismand related
p: .ahc. . : "
biotransformations
PathDB http://www.ncgr.org/pathdb Biochemical pathways, compounds and metabolism

PRODORIC http://prodoric.tu-bs.de Prokaryotic database of gene regulation and regulatory
p:/lp .tu-bs.

networks
http://www.cifn.unam.mx/Computati Escherichia coli transcriptional regulation and operon
ReQUIonDB onal_Genomics/regulondb/ organization
UM-BBD http://um bbd.ahc.um n.edu/ Microbial biocatalytic reactions and biodegradation
FHRAMARE. AN UMD CEU pathways
WIT2 http://wit.mcs.anl.gov/W IT2/ Integrated system for metabolic models

aus: The Molecular Biology Database Collection: 2003 update, Nucleic Acids Research, 2003, Vol. 31, No. 1 1-12
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Zusammenhang mit anderen biologischen
Datenbanken
Patiway-Datenbanken
| |
Bwym
Datenbanken
1 Literatur-
Protein- Datenbanken
=¥ /
Chemische
Genom-Datenbbanken
(C) Prof. R. Miler, Prof. E. Rahm 6-9 ‘\?::f’(f'} \:?

KEGG

n Kyoto Encyclopedia of Genes and Genomes”™

thway-Informationen

n KEGG/PATHWAY-DB
— enthalt alle bekannten Stoffwechselwege
— Auswahl regulatorischer Pathways

n Methoden und Tools fiir Berechnungen und Analysen

* http://www.genome.ad.jp/kegg

(C) Prof. R. Milller, Prof. E. Rahm 6-11

n Umfangreiche Datenbanksammlung des japanischen GenomeNet-Service zu Pa-

Beispiel KEGG™

DBGET Database Links

KEGG
.- Pathway Glycan LIGAND
Expression ——
FA— KO Compound - Reaction
Genome [ . | (Y
Genes
DBGET / / an
/ RefSeq CarbBank
LT
PubMed GenBank
e — I
|
LITDB EMEBL ? — AAindex
OMIM EPL / Prosite MotifDiac Ffam
|
Trancfac Blocks Proliom PRINTS
* Kyoto Encyclopedia of Genes and Genomes
(C) Prof. R. Miiller, Prof. E. Rahm 6-10

Metabolism
Carbohydrate Metabolism
Energy Metabolism
Lipid Metabolism
Nucleotide Metabolism
Amino Acid Metabolism
Metabolism of Other Amino Acids
Metabolism of Complex Carbohydrates
Metabolism of Complex Lipids
Metabolism of Cofactors and Vitamins
Biosynthesis of Secondary Metabolites
Biodegradation of Xenobiotics

Human Diseases
Neurodegenerative Disorders

KEGG: Pathway-Hierarchie

Genetic Information

Processing
Transcription
Translation
Sorting and Degradation
Replication and Repair

Environmental

Information Processing
Membrane Transport
Signal Transduction
Ligand-Receptor Interaction

Cellular Processes
Cell Motility
Cell Growth and Death
Cell Communication
Development
Behavior

MENN /ME
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KEGG: Metabolische Ubersichtskarten KEGG: Einstiegsseite

METABOLIC PATHWAYS e CARBOHYDRATE ﬁd\::se andhohsm Adresse I@ http: ffweww.genome.ad. jo/keggkeggz. il
. METABOLISM 4
ComplexCarbohydrates Xenobioti i ™
P — — i 1 KEGG - Table of Contents

: Pentose and

Nueleotide r glucurcnate

Metabolism e t interconversions

Complex Lipids ¢ ; : I
[PATHWAY | GENES | SSDB | LIGAND | EXPRESSION | BRITE | BLAST/FASTA | DBGET ]

Search |A\I organisms =] for | EI ﬂl

5 Lo
Carbohydrate i
Metabolism

1. Pathway Information

T Meiahnofr
1fer Amino Ackl 1-1. Pathway Maps and Ortholog Tables - Update Status
— . Pathway Map } . DBGET
Category Ortholog Table Search & Compute Search
Search objects in pathway maps
Metabolic pathways XML |Color objects in pathway maps
Search or color genes in ortholog tables
e i Patlway fo s = X = PATHWAY
Cofactors and Vitamins o Search similar sequences in patliway maps
[l Lie sy T0 0T ) Regulatory pathways Search similar sequences in ortholog tables
o E Grenerate possible reaction pathways
F N N TR

graphische Ubersicht zum Stoffwechselnetz Pathways des Kohlenhydrat-Stoffwechsels 129 Hierarchical Classifications
(C) Prof. R. Milller, Prof. E. Rahm 6-13 AN é’{;}v\= (C) Prof. R. Miller, Prof. E. Rahm 6-14

KEGG: Suchbeispiel 1 KEGG: Suchbeispiel 1 (2)

Search agaiﬂst; |Humu sepiens j Adresse I@ http: /fwvew.genome. ad, jp/kegg-bin/mark_pathway_weww? fopt/local At /pub ftmp/search_pathway2586/hsal0010,args

Enter a set of gene name(s) with the colors below: Glycolysis / Gluconeogenesis - Homo sapiens
Go to: [ LinkDPB gearch | Ortholog Table ]

z.7.1.11 = Go to: [Homa sapiens ~| Exec

|

Alternatively, enter the file name containing the data:

I Durchsuchen
Color for the reference in map |green
Default color for the gene(s) in map

D-Gilucose
(] ENEE], \\ O extracs lolary
1 o ~D-Ch
¥ Display gene name(s) NOT found in the search e .ﬁ
o]

Hucleotide sugars
me tabolisn
& .| Pemoseand glhcuronate
interconversions
¢I | ®wrchand sucrose
o-D-Glucge-1P metabolism

Adresse [€] http: #/wvw genome. ad. jp/keggrbin/search_pathway_multi_www

Pathway Search Result

Y B-D-Fructos-6p

e Lsa00010 Glycolysis / Gluc nesis e T e e T B ——————— 0
EC 2.7.1.11 6-phosphofructokinase; phosphohexokinase; phosphofructokinase I; g;;‘;%slfm

® 15300030 Pentose phosphate pathwa - JE—— pathway
EC 2.7.1.11 6-phosphofructokinase; phosphohexokinase: phosphofructokinase T; (ex‘m;m‘jm)o [I————

® 15a00051 Fructose and mannose metabolism Salicin e metabolisn [-D-Frustoss-1 £Fz
EC 2.7.1.11 6-phosphofructcokinase; phosphohexokinase; phosphofructokinase I; (Ex‘meummo

® hsa00052 Galactose metabolism
EC 2.7.1.11 #é-phosphofructokinase; phosphohexokinase; phosphofructokinase I;

(C) Prof. R. Miiller, Prof. E. Rahm 6-15 (C) Prof. R. Miiller, Prof. E. Rahm 6-16



KEGG: Suchbeispiel 2 KEGG: Suchbeispiel 2 (2)

Adresse [€) hup: /fwww.genome.ad. jykegg-bin/check_rpd Adresse |&] http:/fwww.genome. ad. jpkegg-binjcheck_cad
. s T8 T 0 1
@ Generate Possible Pathways between Two Compounds Result of Pathw ay COmPUtﬁthﬂ
Organism call
Initial substrate 1 C00293 Glucose
Exec| Clear Final product : C00022 Pyruvate
Cutoff length 15
Search against: [Standard dataset = Relaxation : No relaxation
Number of Regults : 30
Select initial substrate: [C00293 Glucose | (searched for "glucose")
[Ehow as Diagram]
Select final product: [Co0022 Pynwvate =] (searched for "pyruvate')
3 £00293 <2.4.1.9> 00089 <2.7.1.69> cO0615 <2.7.3.9> CO0022  [Enown pathwave]
. : FEORRIEES 3 EERR: 3 3 4 ©00293 <2.3.1.152> £00132 <1.1.1.244> C00067 <1.2.1.46> CO0058 <2.3.1.54> CO002
Compound IDs may be found by searching LIGAND database using DBGET 4 CO0293 <2.3.1.152% CO0132 <1.1.1.244> CO0067 <2.2.1.3> CO0184 <2.7.1.121> 0002
4 C0D293 <2.4.1.9> COO0BY <2.4.1.99% £00031 <2.3.1.92%> C00149 <1.1.1.38% c00022
L e g IE] <2.4.1.5> C <2.4.1.4> C Llal.2.2> € <lal.2.3> C K
Enter cut off length: |5 4 00293 <2.4.1.9 00089 <2.4.1.4 00095 <1.1.2.2 00125 <1.1.2.3 00022 [
5 C00293 <2.3.1.152> CO0132 <1.1.1.244> CO0067 <1.2.1.1> c01031 <3.1.2.12> CO00SE
Select hierarchy for relaxation: [Noremeion =] 5 £00293 <2.3.1.152> C00132 <1.1.1.244> CO0067 <1.2.1.46> CO0058 <1.2.2.1> CO0998
ith lev llg—' 5 £O00263 <2.3.1.152% C00132 <1.1.1.244% C00067 <1.2.1.46> CO0058 <4.1.2.36% CO01a
RITEENE 5 CO0293 <2.3.1.152> CO0132 <1.1.1.244> CO0067 <2.2.1.3> COOAAL <4.2.1.20> COO065
5 £00293 <2.3.1.152> CO0132 <1.1.1.244> CO00E7 <1.8.3.4> CO0409 <4.2.99.10> 0003
Select sort option: & by pathlength ¢ by compound ID 5 CO0263 <2.3.1.152> c0416A4 <2.4.1.177> CcO0029 <Z.4.1.13> CO0088 <2.7.1.68> CO0AL
5 £00293 <2.3.1.152> C04164 <2.4.1.177> C00423 <4.3.1.5> c00073 <1.14.16.1> 0008
Exec | Clear 5 £O00263 ¢2.3.1.1523% CN4164 <2.4.1.177> C00423 <4.3.1.5> COO07G <2.6.1.A4> CO00R4

MENY ANER
- 6-18 P2\ 0 d,

=
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KEGG: Suchbeispiel 2 (3) KEGG: XML-Darstellung

Adresse I@ http: /e genome. ad. jp/kegg-bin/draw_pathway? mp/pathcomp3236/result

n KGML (KEGG Markup Language)

Graphical View of the PathComp Result <2l verslon="1.0" 7> |
<IDAOCTYPE pathway (View Source for full doctype.. )=
- <pathway name="path:map00010" number="00010" org="map" title="Glycolysis /
Gluconeogenesis"
00293 2.4.1.9 CopoBg 2.7.1.69 Co0ELs 2.7.3.9 copozz image="http://www.genome.ad.jp/kegg/pathway/map,/map00010.gif"
2.3.1.152 1.13 244 1.2.1.48 2.3.0.5 link="http://www.genome.ad.jp/dbget-bin/show_pathway?map00010">
> Cooae £oo 572 =T Gopose B - <entry name="ec:1.2.1.3" type="enzyme" id="1" reaction="rn:RO0O7 10"
. Cop13 o link="/dbget-bin/www_bget?enzyme+1.2.1.3">
tARE copozy —2F P2 L g 1e1.1.35 <graphics name="1.2.1.3" x="171" v="1019" type="rectangle" width="45"
2.4.1.4 oty L2l coolls —Ledi2.3 height="17" fgcolor="#000000" bgcolor="#FFFFFF" />
L.2.1.14 CO103L ﬂ -1z </fentry> " " u TR i " "
— e <entry name="ec:6.2.1.1" type="enzyme" id="2" reaction="rn:RO0235
o0oss, ] link="/dbget-bin/www_bget?enzyme+6.2.1.1">
e12.36 1 pppygy LeLlfE7 <graphics name="6.2.1.1" x="102" y="917" type="rectangle" width="46"
BZ.l. Ccongey ||l 20 ooogy Hr2ladd height="17" fgcolor="#000000" bgcolor="#FFFFFF" /=
L.5.3.4 oodon|[£:2:9940 o, Lo ny 1.2.2.2 </entry> ) :
L2 5447 3.44.43 <entry name="ec:1.2,1.5" type="enzyme" id="3" reaction="rn:RO0711"
quf link="/dbget-bin/www_bget?enzyme+1.2.1.5">
LT paghoy 1T s poggon Lldd6ld poggs, do1.99.2 <graphics name="1.2.1.5" x="171" y="1040" type="rectangle" width="45"
E.0.1.64 oooge L3127 height="17" fgcolor="#000000" bgcolor="#FFFFFF" />
ble.1.58 o004y LedeLlt <fentryz=
242 men - <entry name="cpdiC00033" type="compound" id="4"
a0 ogora 264 b link="http: / /www.genome.ad.jp/dbget-bin/www_bget?
= ovlEE = compound+C00033">
<graphics name="C00033" x="102" v="971" type="circle" width="8" height="8"
Lddo37 o ponede 14 fgcalor="#000000" bgcolor="#FFFFFF" /=
I ' </entry=

(C) Prof. R. Miiller, Prof. E. Rahm 6-19 ; (C) Prof. R. Milller, Prof. E. Rahm 6-20 »



KEGG: Beispiel fur pathogenen Pfad KEGG: Interne Darstellung
n Graphorientiertes Modell
e | owae
Gene GENES
Heat shock proteins - - irilari
[HePD1| [Hepas] Protein-coding Sequence sirmilarity SsSDB
Lamin i gene (orthology, paralogy, etc.)
TECEpOT Gere universe
Gere Adjacency GE'\ES’GEI. IOVE
. prion
gorufn?;mauoml PPt — — g pIOtIn Gere BExpression similarity EXPRESSION
plagques
Genel or gene Interaction or relation BRITE
i ) Direct protein-protein interaction
Protein Gereproductor | o esionrelation PATHWAY
network subnetwork Enzyme-enzyrre relation
Cherrical Chem“"r'd COMPOUND
universe Cl”emc o ['Jmlu ) )
OS5060hsa /2502 compound Chemical reaction REACTION
‘ﬂ;(’\“ A ; :X("\ 10 el
(C) Prof. R. Milller, Prof. E. Rahm 6-21 : A Vi:”é), , (C) Prof. R. Miller, Prof. E. Rahm 6-22 Pa 1‘;.39{;:7, :

KEGG: Interne Darstellung (2) KEGG: Interne Darstellung (3)

Database:Entry Enzyme (c-1) Map Enzyme

s e I (e T Ee

DBGET ]!lt‘:XNE(_Y 2.6.1.57 - \ Terpenoid .blo.\‘).'mhcsts 2.5.i.lli

genbank:BACGTPBP 42,151 (e-2) Map EnzymelJFnzyme2

Phe. try and trp biosynthesis| 4.6.1.4 [4.2.1.51

(a) Relation between a database entry and an enzyme. This relation is ex- Phe.try and rp blosynthesis| 4.2.1.51 1 2.6.1.57
tIaCted from LinkDBG in the DBGET Systenf Terpenoid biosynthesis 2511 25110

(c) Relationship between an enzyme and its location (map) in the metabolic
pathways (c-1). Binary relation between two enzymes that appear consecu-
tively in the pathway (c-2). These relations are extracted from the pathway
] 2.6.1.57 | Prephenate | Pretyrosine diagrams of KEGG.

LIGAND |=® [4.2.1.51 | Prephenate | Phenylpyruvate
4.2.1.51 | Chorismate | Prephenate

Enzyme| Substrate Product

Organism:Gene Enzyme
KEGG H. influenzac:HI1145 [ 4.2.1.51
Genes H. j::ﬂt:o?::c:HIn] 96 [4.6.1.3
(b) Binary relation between chemical compounds (substrate and product) that . sapiens ADCYT | 4611
partlcllpate in a chemical reaction. T%us 51'6:]:11'.101'1 is extracted from LIGAND (d) Relation between a gene and an ensyme. Tt is extracted from the KEGG
Chemical Database for Enzyme Reaction. hierarchical text data in the genes section.
MENN /MER O\ /DD
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KEGG: Interne Darstellung (4)

Enzyme Group (superfamily)
2.6.1.1 aspartate aminotransferase
2.6.1.5 aspartate aminotransferase
KEGG el —
Molecules Enzyme Group (motif)
2.6.1.1 Aminotransferase class-1
2.6.1.5 Aminotransferase class-1
2.6.1.57 | Aminotransferase class-I

(e) Relation between an enzyme and the group to which it belongs
relation is derived from the KEGG hierarchical text data in the m
section. Currently, there are four classifications based on EC number

superfamilies? SCOP 3D-folds® and PROSITE motifs?

(C) Prof. R. Miller, Prof. E. Rahm 6-25

EcoCyc

n Encyclopedia of Escherichia coli Genes and Metabolism

n Pathway/Genom-Datenbank (PGDB)

— Enthalt das vollstandig sequenzierte Genom und die metabolischen so-
wie regulatorischen Pathways des E. coli-Bakteriums

n Rechnergestutzte Analysemethoden

n Teil der BioCyc™ Knowledge Library (Datenbanksammlung zu Mikroorganismen)
mit ca. 15 Datenbanken

n Datenpflege
— 5 hauptamtliche Curators
— Hauptinformationsquellen: Bio-Literatur, Generierung von Pfaden auf der Basis von Gensequenzen
— Kaorrektur ggf. durch Forchungsgruppen
— Vierteljahrliche Releases

* http://BioCyc.org/ »v&(a\«‘\ é NER

(C) Prof. R. Miiller, Prof. E. Rahm 6-27 . f Wl d,

n Probleme

— Zyklenerkennung

* http://www.cs.wisc.edu/coral/

reaction(E, X, 7).

KEGG: Pfad-Deduktion

n Verwendung der deduktiven Datenbank CORAL”

path(X,Y, [E]) «+ reaction(E,X,Y).
path(X,Y,[E | EL)) « reaction(E, X, Z), path(Z,Y, EL).

(C) Prof. R. Miiller, Prof. E. Rahm

« EcolCye
+ MWetaCyc

BioCyc: Datenbanken

Literature-derived Pathway/Genome Databases
— Escherichia cofi K12

-26

‘When the conversion of compound X to compound ¥ is a multistep process
consisting of a number of enzymes, the enzymatic pathway is represented by:

— Aufsplitterung der Abhéangigkeitsgraphen in Relationen (vermehrte Notwendigkeit von Joins)

A\

- Metabolic pathways and enzymes from 150 species

AgroCyc
EsubCyie
CtraCyc
CauloCyc
EcoQ 157 Cyc
HinCwyo

Hpy Oy
HumanChyc
Mt O dc T
Mt RwCyc
M Ne Uy e
FPseudoCyc
ShigellaCTyc
TpalCyc
WohoCye

L I IO T DN NN DO D N RN BN BN BN T TN

— Bacilius subiilis

-— Chlamydia frachomatis

- Cauwlobacter crescenius

-— Escherichia colil Q157 HT wew
- Hagmophilus infivenzas

Computationally-derived Pathwayl/Genome Databases
- Agrobacterium tumefacians

- Helicobacter pywior

- Homo saplens

— Mycobacterium fuberculoslis CDC1551
— Mycobacteriuym fuberculosis HATREY

- Mycoplasima pneumonliag

— FPegudomonas agruginosa

— Shigeila flexnotl Hew

-— Treponema pallidum

- Vibno cholerae

(C) Prof. R. Milller, Prof. E. Rahm
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EcoCyc: Datenmodell

n Ca. 1000 Klassen, die Schliisselkonzepte der Biochemie und Molekularbiologie co-
dieren, z.B. 'Pathways', 'Compounds', 'Genes'

n Ca. 200 Slots (Attribute), die Eigenschaften und Relationen zwischen den Klassen
beschreiben, z.B. Slot 'REACTION-LIST' eines 'Pathway'-Objektes

n Frame-Wissensreprasentationssystem (via Lisp)
— &hnlich einem OODBS

— Web of frames': Frame = ein einzelnes biologisches Objekt (z.B. Gen, Protein), beschrieben durch
seine Eigenschaften (Slots)

— Vernetzung zwischen den Frames durch Slots, die semantische Relationen beschreiben, z.B. Prote-
in x = Genprodukt von Gen y

(C) Prof. R. Miller, Prof. E. Rahm 6-29

{define=instance FUMHYDE_RXN

EcoCyc:
L i S p _ F ram e ;;izll:tliate (REACTTOMN)

{COMMON=-NAME "fumarate hydration"
imax=cardinality 1 :value=class STRING)
(SYNONYMS "malate dehydratiom'
zvalue=class STRING)
(EC=NUMBER "4.2.1.2" :max=cardinality i
svalue=class STRING)
{CATALYZFD=BY FUMARA_FNZRXN
svalue=class ENZYMATIC=-REACTION)
({LEFT {(fumarate H20) :value=class CHEMICAL)»
(LEFT=COEFFICIENTS (1 1) :value-class integer)
(RIGHT (malate) :value=class CHEMICAL)
(RIGHT=COEFFICIENTS (1) :value—class integer)
(DELTAGO” 0 imax=cardinality 1
svalue=class NUMBER)
(COMMENT >
{CITATIONS)
bl

Figure 2: An instance frame of types reaction.
This definition gives the name of the frame, its
template {(defining) classes, and the slots it con-
tains. The defimtions of mndividual slots list the
slot names, their values (if present), and con-
straints on the allowable values of the slots, such
as the maximum number of values, and the type
{value-class) of individual values.

DER

TRENY L)
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EcoCyc: Pathway-Taxonomie

n Vererbungshierarchie:
sPathways

*Energy metabolism

eSuper-Pathways
eAmino acid families

*Biosynthesis

sCarbohydrates
eCell-structures

*Murein sacculus
sSurface structures
eFatty acids and lipids
eCofactors, prosthetic groups, electron carriers
*Nucleotides
*Ribonucleotides
epurines and pyrimidines
*2'-deoxyribonucleotides
*Polyamines
*Amino acid biosynthesis
*Amino acid families
eIndividual amino acids

AN
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EcoCyc: Datenmengen
EcoCyc KB Statistics by Year
2003 2002|2001 2000 {1999 |Description

Mumber of metabolic plus signaling pathways. Excludes
super-pathways.

Pathways 176 184 1685 165 |159

MNumber of reactions -- includes metabolic reactions,
Reactions 3177 2862|2604 (21151946 |transport reactions, reactions involving binding of
transcription factors to their binding sites.

Enzymes 992 /918 [905 ||884 629 |Mumber of enzymes that catalyze biochemical reactions.
Transporters | 169 | 168 (162 158 |13 |Number of transporters.

Protein 19291030921 |846 |486 |Mumber of proteins that contain comments.
comments
Genes 4477 14293 4293|4393 4390 Mumber of genes, including some that have not been

pinned to the DMA sequence

Tra_nscript\on g8 774 1629 INA INA Numberoftranscriptiqnun\ts--includesoperonsand
Units single-gene transcription-units.

Citations | 62233701/ 3508 3208 1944 Number of distinct references cited in EcoCyc.

Mote: The statistics for each year pertain to the last EcoCyc version released in that year.
DR -
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EcoCyc: Beispiel-Suche EcoCyc: Beispiel-Suche (2)

Adresse I@ http://hiocyc.org: 1555 /server. html

Adresse I@ i Atbiocye .org: 1595/ECOLL/substring-search?type =ENZYMEBObject=2.7.1.11

BioCyc Query Page Query Results

Upcoming Pathway Tools User Group Meetings at PSB and ASM/TIGR Microl

The query "2.7.1.11" matched 2 enzymes:
For more information, contact ptools-support@ai.sri.com

6-phosphofructokinase-1

This form provides several different mechanisms for querying Pathway/Genome Databases. tagatose-6-phosphate kinase / 6-phosphofructokinase-2
Select a dataset: Eciciz =]
. . - - Clue ge ced Cuery Page Bug FReport
Links to summary information about the selected organism:
This page is Copyright © SR International 1996,1993-2002, Marine Biological Laboratory 1995-2001, DoubleTwist Inc. 19
+; Summa = age f::)r dat_aset : = . Please cite EcoCyc as Mucleic Acids Res. 301159 2002 in publications resulting from its use
«» Metabolic Overview Diagram/Expression Viewer (hot available for MetaCyc) )
" - SRl International Pathway Tools software, page generated on Tue Jan 14, 2003
» History of updates to this dataset

PathoL ogic Pathway Analysis (not available for E. coli or MetaCyc)

- Choose from a list of pathways

« Query by name or EC humber:

Submit 7]
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EcoCyc: Beispiel-Suche (3) EcoCyc: Beispiel-Suche (4)

Adresse I@ http://hiocyc.org: 1555/ECOLL new-imagertype =PATHWAYBOh ject=GLYCOLYSIS
Adresse I@ http:/Aiocyc, org : 1555//ECOLIMEW-TMAGE? type =EMZYMER0h ject=6PFK-1-CPX.

_ E. coli Enzyme: 6-phosphofructoki @ E. coli Pathway: glycolysis

@ tdare Detail
Superclasses: Protein-Complexes

glucose-B-phosphate
Component composition: 6-phosphofructokinase-1 monomer x 4

Citations:[1,2,3,4]

fructose—6-phosphate pentose phosphate pathway
Comment: This enzyme is an isozyme with phosphofructokinase-2. The nucleotide sequences of the
tetrameric species is the only one which can bind both substrates and effectors, and thus ha e D S o
properties. The C terminal end of the peptide is required for allosteric properties. [ 3 ] Crysta Srustoss-15-disphosphate- - - — - < — — < — — .
with and without activators and inhibitors. [ 1, 2]

Gene-Reaction Schematic: &

gly dihydroxy
RikE

Enzymatic reaction of: 6-phosphofructokinase-1 I
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Eco- e EcoCyc: Tools

Cyc:

PatholLogic
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EcoCyc: Tools (2) EcoCyc: Architektur

Allegro Conmmon Lisp
Sun and PC platforns

Query, visualization and editing tools for
these datatypes:

Full Metabolic Map

Paint gene expression data on metabolic
network; compare metabolic networks

Pathways
Pathway prediction
Reactions
Balance checker
Compounds
Chemical substructure comparison
Enzymes, Transporters, Transcrlptlon

Cxcelot object database

250,000 lines of code

Factors I = - 1

Genes: | e Lisp-based VWMV server at BioCyc.org
Chromosomes ==

Operons | — Manages 15 PGADBs

Operon prediction
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EcoCyc: Architektur (2) EcoCyc: Architektur (3)

Persistent storage via disk files, Oracle DBMS
Concurrent development: Oracle
Single-user development: disk files
Read-only delivery: bundle data into binary program

Oracle storage
DBMS is submerged within Ocelat, invisible to users
Relational schema is domain independent, supports multiple KBs
simultaneously
Frames transferred from DBMS to Ocelot
On demand
By background prefetcher
Memory cache
Persistent disk cache to speed performance via Internet

‘:'?h:f:\é:’fﬁ:f‘ N 6-42
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EcoCyc: WWW-Server Weitere Quellen zu Pathway-Datenbanken

n The BioPathways Consortium,
— http://www.biopathways.org/

n Pacific Symposium on Biocomputing
— http://psh.stanford.edu/

_ n ASM/TIGR Conference on Microbial Genomes
ML ) = | Ex . — http://www.tigr.org/conf/mg/index.htm

n International Conference on Systems Biology 2004
— http://www.icsb2004.org/

— GLIM (Generalized Interactive Modelling): Software fiir Datenauswertung und -visualisigrung_

i) pf d
ALY U
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Zusammenfassung

n Motivation und biologische Grundlagen
— Metabolische Pfade
— Regulatorische Pfade

n Pathway-Datenbanken und ihre Anwendung
— Anforderungen
- KEGG
— EcoCyc

n Spezifische Problematik

— Abbildung der Netzwerke (Aufsplitterung der Abhédngigkeitsgraphen in Relationen versus OO-
Konzepte)

— Visualisierung
— Zyklenerkennung
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