Metabolic network analysis

Masaaki Kotera,

Bioknowledge Systems Laboratory,

Bioinformatics Centre, Institute for Chemical Research,
Kyoto University.



‘ Network

Great -
* Portland
Edgware Baker ortiand  gyston ( = J Angel
Paddiogton“Fous Sy 2 @
Edgware Marylebone vare -
Road ry-‘t .f?.., 200m Liverpool
Street
Bayswater Goodge NN
Street :

Lancaster gon
Queensway Gate Stroee: Holborn

Tottenham

Notting Marble Court Rosd

Hill Gate Arch

High Street
Kensington Hyd&,’:: :::,

Leicester .
Square Mansion

House

Monument Tower
- Hill

W Pt Oh Mreet 150

Charin
Cross

Gloucester Blackfriars

* B
Temple » ) =
London Bridge
Earl's Seuth Victoria f Embankment & () $
Court Kensington = — W Crarng Croms 100w
River Thames

( < = Waterloo

Taken from http://www.bloomsburyhotels.com/images/city/tubemap.gif
2



Basic knowledge of ...

Network algorithm

o Depth-first search, Width-first search
o Connected subgraph

o Shortest path, Priority-first search

o Network-flow

Metabolic network
o Michaelis-Menten kinetics
o Differential equation



Wild card search by (50« /8[%:

http://www.google.com/
“Metabolic *”

2 "metabolic pathway” ... 500,000 hits

o "metabolic network® ... 92,100 hits

o "metabolic map” ... 34,800 hits

“Metabolic * analysis”

o “metabolic pathway analysis”™ ... 116,000 hits

o “metabolic network analysis” ... 43,500 hits

o "metabolic map analysis® ... 1 hit

“Metabolic * reconstruction

o "metabolic network reconstruction” ... 56,800 hits
o "metabolic pathway reconstruction” ... 15,600 hits
o "metabolic map reconstruction” ... 82 hits



Wild card search by (50¢ )8!@

scholar
http://scholar.google.com/

“Metabolic *”

o "metabolic pathway” ... 160,000 hits

o "metabolic network” ... 12,600 hits

o "metabolic map” ... 1,840 hits

“Metabolic * analysis”

o “metabolic pathway analysis™ ... 1,200 hits

o “metabolic network analysis” ... 984 hits

o "metabolic map analysis® ... O hit

“Metabolic * reconstruction

o "metabolic network reconstruction” ... 384 hits
o "metabolic pathway reconstruction” ... 161 hits
o "metabolic map reconstruction® ... 7 hits



Words in fashion

1600 -
/ Metabolic network analysis
1400 / —Metabolic pathway analysis
1200 /__1
Metabolic control analysis
1000 y
800 Metabolic flux analysis
600
400 : :
/ Metabolic balance analysis
200 . .
Elementary mode analysis
0 B Extreme pathway analysis
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1995-1997

A metabolic network stoichiometry analysis of microbial growth and product formation
WM Van Gulik, JJ Heijnen - Biotechnology and ..., 1995 - interscience.wiley.com

... Other work on metabolic network analysis using linear op- timization techniques has been

performed on hybridoma cell Esehenchiu coli metabolism,3' .32 and acetate overflow in E. c01i.""'~
Following the approach to solve underdetermined metabolic networks by conducting ...

51T 131 -F#EscE -+ 6 /A -3

The complete genome sequence of the gastric pathogen Helicobacter pylori
JF Tomb, O White, AR Kerlavage, RA Clayton, GG ... - Nature, 1997 - nature.com

... 1Top of page Metabolism. Metabolic pathway analysis of the H. pylori genome

suggests the following features. H. pylori uses glucose as the only source of

carbohydrate and the main source for substrate-level phosphorylation. ...

5| 2319-F#icE -+ 14 /1 —T3

Metabolic correlates of pallidal neuronal activity in Parkinson's disease

D Eidelberg, JR Moeller, K Kazumata, A Antonini, D ... - Brain, 1997 - Oxford Univ Press

... Because different individuals express these relationships to greater or lesser degrees, Metabolic
network analysis To determine whether the expression of Parkinson's disease- ... Metabolic network
analysis In the scaled subprofile model analysis of the Group B 0.35, P 0.1). ...

51T 91-HEieE -4/ =3

An on-line physiological state recognition system for the lysine fermentation process based on a

metabolic reaction model

N Takiguchi, H Shimizu, S ... - Biotechnology and ..., 1997 - interscience.wiley.com

... As an alternative approach INTRODUCTION to metabolic pathway analysis, metabolic control
analy- sis (MCA) was developed, in which the sensitivity of Metabolic engineering, generally
defined as "engi- the enzyme reaction for metabolic flux is analyzed and ...

S|HmT61-FESRE-F 7/ =23




1998-1999

Complete genome sequence of Treponema pallidum, the syphilis spirochete
CM Fraser, SJ Norris, GM Weinstock, O White, GG ... - Science, 1998 - sciencemag.org

... compounds. Metabolic pathway analysis reveals that genes encoding all of the

enzymes of the glycolytic pathway are present in T. pallidum, including hexokinase,

which phosphorylates glucose and other hexose sugars (Fig. ...

5| AT 673 -ME#icE -5 9/ —T3

Metabolic pathway analysis: basic concepts and scientific applications in the post-genomic era
CH Schilling, S Schuster, BO Palsson, ... - Biotechnology ..., 1999 - interscience.wiley.com

This article reviews the relatively short history of metabolic pathway analysis. Computer-aided

algorithms for the synthesis of metabolic pathways are discussed. Important algebraic concepts

used in pathway analysis, such as null space and convex cone, are explained. Itis ...

5T 220 - B#EELE - £ 17 /3 =3y

Toward metabolic phenomics: analysis of genomic data using flux balances
CH Schilling, JS Edwards, BO ... - Biotechnology progress, 1999 - Wiley Online Library

... This approach of metabolic pathway analysis accompanied with FBA techniques can

allow one to assess the basic structural capabilities and fithess of an organism as a

result of the pathways that are theoretically present within the cell. ...

51HmT 116 -BECE -2 9/ =3y




Toward metabolic phenomics: analysis of genomic data using flux balances
CH Schillina. JS Edwards, BO ... - Biotechnology progress, 1999 - Wiley Online Library

Fundamentals of Flux Balance Analysis

The fundamental principle underlying FBA 1s the conservation of mass. A flux balance can be written for each metabolite(X))
within a metabolic system to yield the dynamic mass balance equations that interconnect the various metabolites,

Dynamic Flux Balances

dX
—— g ...b
it Sey
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v = Metabolic Reaction Fluxes
(V.,.- V‘“)
b = Net Transport out of Network
Metabolie

(vu-' vm)
Network
Steady State Analysis

- ‘vl "".
4'-.‘ ‘.
S = -
ot — Sev=b

Solve for Unknown Metabolic Fluxes v
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A steady state assumption is made which produces the system of linear equations in the lower box, which simply states that the
formation fluxes are balanced by degradation fluxes. This situation is analogous 1o KirchhofT's current law used n electrical circunt
analysis, where the sum of the currents coming in and out of a node must sum to zero.

Typically there are more fluxes in the system than metabolites. Thus, the system of equations 1s underdetermined and can therefore
be formulated as a linear programming (LP) problem, in which one finds the optimal flux distnbution that minimizes or maximizes
a particular objective. Various objective function can be used such as those listed below:

* Minimize ATP production * Maximize metabolite production
* Minimize nutrient uptake * Maximize biomass production (i.e growth)
* Minimize redox production * Minimize the Euclidean norm of the flux vector




Metabolic pathway analysis: basic concepts and scientific applications in the post-genomic era
CH Schilling, S Schuster, BO Palsson, ... - Biotechnology ..., 1999 - interscience.wiley.com

This article reviews the relatively short history of metabolic pathway analysis. Computer-aided

algorithms for the synthesis of metabolic pathways are discussed. Important algebraic concepts

used in pathway analysis, such as null space and convex cone, are explained. Itis ...

5T 220 - B850 E - & 17 /A —Dayw
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12000

[HTML] The Escherichia coli MG1655 in silico metabolic genotype: its definition, characteristics, and
capabilities

JS Edwards, BO Palsson - --- of Sciences of the United States ..., 2000 - National Acad Sciences

... These methods include approaches such as metabolic control analysis (3, 4), flux balance

analysis (FBA) (5-7), metabolic pathway analysis (8—11, 69), cybernetic modeling (12),

biochemical systems theory (13), temporal decomposition (14), and so on. ...

5T 478 - BESLE - £ 19 /30— 3.

A general definition of metabolic pathways useful for systematic organization and analysis of

complex metabolic networks

S Schuster, DA Fell, T Dandekar - Nature biotechnology, 2000 - nature.com

... Trends Biotechnol. 17, 53-60(1999). | Article | PubMed | ISI | ChemPort |; Schilling, CH, Schuster,
S., Palsson, BO & Heinrich R. Metabolic pathway analysis: basic concepts and scientific
appllcatlons in the post- genomlc era. Blotechnol Prog. 15, 296-303 (1999). ..

5|t 472 - BF#E:0E - & 16/

The small world of metabolism

DA Fell, A Wagner - Nature Biotechnology, 2000 - nature.com

... propositions. Top of page References. Schilling, CH, Schuster, S., Palsson, BO &
Heinrich, R. Metabolic pathway analysis: basic concepts and scientific applications
in the post-genomic era. Blotechnol Prog 15, 296-303 (1999). ..

5T 264 - BE#5CE - £ 10/

[PDF] The challenges of in silico biology

B Palsson - Nature biotechnology, 2000 - complex.upf.es

.. 10. McAdams, HH & Shapiro, L. Circuit simulation of genetic networks. Science 269, 651-656
-(1995). 11. Schilling, CH et al. Metabolic pathway analysis: basic concepts and scientific

applications in the post- genomlc era. Biotechnol. Prog 15, 296-303 (1999). 12. ...
S| AT 197 - E#:cE -HTML/ A =23 -4 13/ EW 11




Combining pathway analysis with flux balance analysis for the comprehensive study of metabolic

systems

... JS Edwards, D Letscher, B@ Palsson - Biotechnology and ..., 2000 - interscience.wiley.com
Abstract: The elucidation of organism-scale metabolic networks necessitates the development
of integrative methods to analyze and interpret the systemic properties of cellular

metabolism. A shift in emphasis from single metabolic reactions to systemically defined ...
S|t 136 - MECK -2 8 /-3 ¥
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The large-scale organization of metabolic networks
H Jeong, B Tombor, R Albert, ZN Oltvai, AL Barabasi - Nature, 2000 - nature.com
In a cell or microorganism, the processes that generate mass, energy, information transfer and

cell-fate specification are seamlessly integrated through a complex network of cellular constituents
and reactions 1 . However, despite the key role of these networks in sustaining cellular ...
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12001

The small world inside large metabolic networks

A Wagner, DA Fell - --- of the Royal Society of London ..., 2001 - rspb.royalsocietypublishing.org
Page 1. doi: 10.1098/rspb.2001.1711, 1803-1810 268 2001 Proc. R. Soc. Lond. B Andreas
Wagner and David A. Fell The small world inside large metabolic networks References
http://rspb. royalsouetypubhshmg org/content/268/1 478/1803#related-urls Article cited in:

5| 528 - B EicE - & 35/

In silico predictions of Escherichia coli metabolic capabilities are consistent with experimental data
JS Edwards, RU Ibarra, BO Palsson - Nature biotechnology, 2001 - nature.com

... J. Theor. Biol. 203, 249-83 (2000). | Article | PubMed | ISI | ChemPort |; Schilling, CH, Schuster,

S., Palsson, BO & Heinrich, R. Metabolic pathway analysis: basic concepts and scientific

applications in the post-genomic era. Biotechnol. Prog. 15, 296-303 (1999). ...

5T 467 - B#ELE - £ 23 /A =D

13C metabolic flux analysis

W Wiechert - Metabolic Engineering, 2001 - Elsevier

... 6. B. Christensen and J. Nielsen, Metabolic network analysis, a powerful tool in metabolic
engineering. Adv. Biochem. Eng. ... 209-231. 7. B. Christensen and J. Nielsen, Metabolic network
analysis of Penicillium chrysogenum using 13 C-labeled glucose. Biotechnol. Bioeng. ...

5|FAIT 267 - AR E - 4 6 /31—

Combining genomics, metabolome analysis, and biochemical modelling to understand metabolic

networks

O Fiehn - Comparative and Functional Genomics, 2001 - Wiley Online Library

... Metabolomics. The obvious next step in metabolic network analysis is to try to determine
— metabolic snapshots in a broad and comprehensive way. ... 13 Christensen B, Nielsen J. —

Metabolic network analysis: a powerful tool in metabollc engineering. .

2| 243 - RS0 - 4 15 R .




2002

[PDF] Co-clustering of biological networks and gene expression data
D Hanisch, A Zien, R Zimmer, T Lengauer - Bioinformatics, 2002 - Oxford Univ Press
Page 1. BIOINFORMATICS Vol. 18 Suppl. 1 2002 Pages S145-S154 Co-clustering
of biological networks and gene expression data Daniel Hanisch 1, Alexander Zien

1, Ralf Zimmer 2 and Thomas Lengauer 3 1 Institute for ...

BT, 175 - BIEE0EE - & 20 /31—

Exploring the pathway structure of metabolism: decomposition into subnetworks and application to

Mycoplasma pneumoniae

S Schuster, T Pfeiffer, F Moldenhauer, | Koch, T ... ----, 2002 - Oxford Univ Press

Page 1. BIOINFORMATICS Vol. 18 no. 2 2002 Pages 351-361 Exploring the pathway structure
of metabolism: decomposition into subnetworks and application to Mycoplasma pneumoniae

S. Schuster 1, T. Pfeiffer 2, F. Moldenhauer1 |. Koch 3 and T. Dandekar 4, 5 ...

5|Ft 130-F&EicxE -5 11/

Dynamic flux balance analysis of diauxic growth in Escherichia coli
R Mahadevan, JS Edwards, FJ Doyle Il| - Biophysical Journal, 2002 - Elsevier

... shown in Fig. 1. From a metabolic pathway analysis with glucose, acetate, and
oxygen as the input and biomass and acetate as the output, a set of 300 extreme
pathways were identified (Schllllng et aI 2000a). The biomass .. [

5T 128 - B#EECE - £ 15/

The genome-scale metabolic extreme pathway structure in Haemophilus influenzae shows

significant network redundancy

JA Papin, ND Price, JS Edwards, B@ ... - Journal of theoretical ..., 2002 - Elsevier

... 229-248. Abstract | PDF (428 K) | View Record in Scopus | Cited By in Scopus (198). 19. CH
—SCHILLING, S. SCHUSTER, BO PALSSON and R. HEINRICH, Metabolic pathway analysis: basic

concepts and scientific appllcatlons in the post-genomic era. Biotechnol. Prog. ..

51T 80-BESLE-2 7/ 15




12003

Reconstruction of metabolic networks from genome data and analysis of their global structure for

various organisms

H Ma, AP Zeng - Bioinformatics, 2003 - Oxford Univ Press

... Itis one of the main tasks of metabolic network analysis to find possible conversion pathways
between two metabolites. There may be many different pathways between two metabolites, among
them the shortest pathway is of particular interest for network analysis. ...

51T 251 - REELE - £ 22 /3 —

Metabolic pathways in the post-genome era

JA Papin, ND Price, SJ Wiback, DA Fell, BO ... - Trends in Biochemical ..., 2003 - Elsevier

... All possible flux distributions of a metabolic network lie within the 'cone’ circumscribed by the
pathways. View Within Article. 1. History of network-based metabolic pathway analyses.
Network-based metabolic pathway anaIySIS has a relatively short history. ..

5| BT 211 - BAEEE - £ 23/ N

Metabolic flux profiling of Escherichia coli mutants in central carbon metabolism using GC-MS
E Fischer, U Sauer - European Journal of Biochemistry, 2003 - Wiley Online Library

... U- 13 Clglucose experiments. This methodology is used for metabolic network analysis

in Escherichia coli strains with knockout mutations in all major pathways of central

carbon metabolism. The analyses presented here provide ...

51T 188 - B ESLE - & 9 /31—

Two approaches for metabolic pathway analysis?

S Klamt, J Stelling - TRENDS in Biotechnology, 2003 - Elsevier

Metabolic pathway analysis is becoming increasingly important for assessing inherent network
properties in (reconstructed) biochemical reaction networks. Of the two most promising concepts

—— for pathway analysis, one relies on elementary flux modes and the other on extreme ...
51 M 120 - B#E50E - & 11 /34— 3
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12004

Comparison of network-based pathway analysis methods

JA Papin, J Stelling, ND Price, S Klamt, S ... - TRENDS in ..., 2004 - Elsevier

... Recent network-based metabolic pathway analysis has focused on two approaches, those of
elementary modes [4] and extreme pathways [5]. Both of these methods use convex analysis

[6], a branch of mathematics that enables the analysis of inequalities and systems of linear ...

5|HT 181 -B#EscE -2 8/ —a

The challenges of modeling mammalian biocomplexity

JK Nicholson, E Holmes, JC Lindon, ID Wilson - Nature Biotechnology, 2004 - nature.com

... For simple systems, the way in which intracellular biochemistry can be modeled is now becoming
mature, especially for single-celled organisms such as Saccharomyces cerevisiae, and a clear
approach that combines conventional metabolic pathway analysis at the metabolite ...

5|HT 175 -B#EEcE -2 9/ —ay

Metabolic network analysis of the causes and evolution of enzyme dispensability in yeast
B Papp, C Pal, LD Hurst - Nature, 2004 - nature.com

Under laboratory conditions 80% of yeast genes seem not to be essential for viability 1 . This

raises the question of what the mechanistic basis for dispensability is, and whether it is the result

of selection for buffering or an incidental side product. Here we analyse these issues ...

S| 172 -FE#EE -4 9/ —3V

High-throughput phenomics: experimental methods for mapping fluxomes
U Sauer - Current opinion in Biotechnology, 2004 - Elsevier

... From its early days when material fluxes were balanced within assumed reaction networks [7.],
metabolic network analysis [6. and 8.] has matured to actually identify the topology of active
reactions and pathways and to quantify the molecular flux through them on a variety of ...

5T 158 - B #EEcE -2 8 /A —2a
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The metabolic world of Escherichia coli is not small

M Arita - Proceedings of the National Academy of ..., 2004 - National Acad Sciences
To elucidate the organizational and evolutionary principles of the metabolism of living
organisms, recent studies have addressed the graph-theoretic analysis of large biochemical
networks responsible for the synthesis and degradation of cellular building blocks [Jeong, ...

5|7t 188 - B ECE - £ 20 /N—J 3
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The metabolic world of Escherichia coli is not small

M Arita - Proceedings of the National Academy of ..., 2004 - National Acad Sciences
To elucidate the organizational and evolutionary principles of the metabolism of living
organisms, recent studies have addressed the graph-theoretic analysis of large biochemical
networks responsible for the synthesis and degradation of cellular building blocks [Jeong, ...
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12005

The efficiency of multi-target drugs: the network approach might help drug design
P Csermely, V Agoston, S Pongor - Trends in pharmacological sciences, 2005 - Elsevier

... 6111-6121. Full Text via CrossRef | View Record in Scopus | Cited By in Scopus (53). 8 B. Papp

et al., Metabolic network analysis of the causes and evolution of enzyme dispensability in yeast,
Nature 429 (2004), pp. 661—664 FuII Text via CrossRef | View Record in Scopus |.

5| 138 -FEcE -5 9/ .

Adaptive evolution of bacterial metabolic networks by horizontal gene transfer
C Pal, B Papp, MJ Lercher - Nature Genetics, 2005 - nature.com

... were present. Gene families with more than one member in E. coli K-12 were

excluded from the analysis. Metabolic network analysis. We examined the

reconstructed metabolic network (|JR904 GSM/GPR) of E. coli K-12. We ..

51HIT 137 - BA#EECE - & 22/

[HTML] Genome-scale reconstruction of the metabolic network in Staphylococcus aureus N 315: an
initial draft to the two-dimensional annotation

SA Becker, B@ Palsson - BMC microbiology, 2005 - biomedcentral.com

... J Biol Chem 2004, 279:39532-39540. PubMed Abstract | Publisher Full Text OpenURL.

Papp B, Pal C, Hurst LD: Metabolic network analysis of the causes and evolution of

enzyme dispensability in yeast Nature 2004, 429 661-664. .

5| 112-FEicE -Fvvia -2 11/ -3

[HTML] Large-scale 13C-flux analysis reveals mechanistic principles of metabolic network
robustness to null mutations in yeast

LM Blank, L Kuepfer, U Sauer - Genome Biology, 2005 - biomedcentral.com
— genomebiology.com/article. Bottom , TOp. .

S5|HmT 108 -FHEieE -Trvia - 14 /=30
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2006

Towards multidimensional genome annotation

JL Reed, | Famili, | Thiele, BO Palsson - Nature Reviews Genetics, 2006 - nature.com

... production of lactic acid. Biotechnol. Bioeng. 91, 743-748 (2005). Article. Carlson,

R., Fell, D. & Srienc, F. Metabolic pathway analysis of a recombinant yeast for rational
strain development. Biotechnol. Bioeng. 79, 121-134 (2002). ...

5|FHT 151 -BEEcE - & 15/ =3y

Metabolic networks in motion: 13C-based flux analysis

U Sauer - Molecular systems biology, 2006 - nature.com

... Curr Opin Biotechnol 16: 350-355 | Article | PubMed | IS | ChemPort |; Borodina |, Scholler
C, Eliasson A, Nielsen J (2005) Metabolic network analysis of Streptomyces tenebrarius,

a Streptomyces species with an active Entner—Doudoroff pathway. ...

5|HmT129-FHEieE - ¢ 11/ =23

The effect of oxygen on biochemical networks and the evolution of complex life
J Raymond, D Segre - Science, 2006 - sciencemag.org

... IS a collection of data from across known genomes, these metabol- ic networks correspond not

to the reactions tenable within any one organism but to the meta- bolic potential of the collective

(and currently characterized) biosphere that can be thought of as a meta-metabolome. ...

51HT 113 -FEseE -5 12/ -3

Integrated analysis of regulatory and metabolic networks reveals novel reqgulatory mechanisms in

Saccharomyces cerevisiae

MJ Herrgard, BS Lee, V Portnoy, B@ ... - Genome research, 2006 - genome.cshlp.org

... biomass composition). The integration of the metabolic network analysis and the

transcriptional regulatory network model described above is accomplished using the
~ regulated flux balance analysis approach (Covert et al. 2001). In ...

51T 87 -BAESLE - & 14 /A —D3v

21



Metabolic networks in motion: 13C-based flux analysis

U Sauer - Molecular systems biology, 2006 - nature.com
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Integrated analysis of regulatory and metabolic networks reveals novel reqgulatory mechanisms in

Saccharomyces cerevisiae

MJ Herrgard, BS Lee, V Portnoy, B@ ... - Genome research, 2006 - genome.cshlp.org
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2007

The human microbiome project

PJ Turnbaugh, RE Ley, M Hamady, CM Fraser-Liggett, ... - Nature, 2007 - nature.com

... Interpret mass-spectrometry data sets 38 . Given the limited knowledge of the biological
transformations that human microbial communities support, meta-metabolomics is

likely to be challenging. Tools and databases for metabolite ...

51T 269 - B#5EE - & 16 /11— 3"

[HTML] Structural and functional analysis of cellular networks with CelINetAnalyzer
S Klamt, J Saez-Rodriguez, ED Gilles - BMC Systems Biology, 2007 - biomedcentral.com

... CNA extends its predecessor FluxAnalyzer, originally developed for metabolic network analysis

[7], by new methods for signalling and regulatory networks, ie for networks where signal flows

are dominating (in contrast to mass rows in metabollc networks). ..

5| 7T 86 - BIEIE - Fryia -4 9/ —Tay

The Edinburgh human metabolic network reconstruction and its functional analysis
H Ma, A Sorokin, A Mazein, A Selkov, E ... - Molecular systems ..., 2007 - nature.com

... A main objective of human metabolic network analysis is to see how it is related with human

disease. More than 10 000 human genes (half of the whole genome) have been reported to be

related with one or more human diseases in the OMIM database (Hamosh et al, 2005). ...

37T 67 - RIS - 4 13 /31—
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The Edinburgh human metabolic network reconstruction and its functional analysis
H Ma, A Sorokin, A Mazein, A Selkov, E ... - Molecular systems ..., 2007 - nature.com

... A main objective of human metabolic network analysis is to see how it is related with human

disease. More than 10 000 human genes (half of the whole genome) have been reported to be

related with one or more human diseases in the OMIM database (Hamosh et al, 2005). ...

5|HT 67 - B#ESLE -+ 13/ =3y
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‘ Prediction of missing enzyme genes in a bacterial metabolic network
Y Yamanishi, H Mihara, M Osaki, H ... - FEBS ..., 2007 - interscience.wiley.com
Prediction of missing enzyme genes in a bacterial ... Reconstruction of the lysine-degradation
pathway of Pseudomonas aeruginosa ... Yoshihiro Yamanishi1, Hisaaki Mihara2, Motoharu
Osaki2, Hisashi Muramatsu3, Nobuyoshi Esaki2, Tetsuya Sato1, Yoshiyuki Hizukuri1, ...
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KAAS: an automatic genome annotation and pathway reconstruction server
Y Moriya, M Itoh, S Okuda, AC Yoshizawa, ... - Nucleic Acids ..., 2007 - Oxford Univ Press

The number of complete and draft genomes is rapidly growing in recent years, and it has become
increasingly important to automate the identification of functional properties and biological roles

of genes in these genomes. In the KEGG database, genes in complete genomes are ...
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Molecular eco-systems biology: towards an understanding of community function

J Raes, P Bork - Nature Reviews Microbiology, 2008 - nature.com

... With the advent of various high-throughput techniques that aim to characterize complete microbial
ecosystems (metagenomics, meta-transcriptomics and meta-metabolomics), we propose that

the time is ripe to consider molecular systems biology at the ecosystem level (eco ...

S5|HT44-FESLE -5 6/V -3

Genome-scale metabolic network analysis of the opportunistic pathogen Pseudomonas
aeruginosa PAO1

MA Oberhardt, J Puchalka, KE Fryer, VAP ... - Journal of ..., 2008 - Am Soc Microbiol

Pseudomonas aeruginosa is a major life-threatening opportunistic pathogen that commonly

infects immunocompromised patients. This bacterium owes its success as a pathogen largely

to its metabolic versatility and flexibility. A thorough understanding of P. aeruginosa's ...

S| 43-fELCE-28/—Y 3V

An invitation to the marriage of metagenomics and metabolomics
PJ Turnbaugh, JI Gordon - Cell, 2008 - Elsevier

... DNA, to identify specific functions such as antibiotic resistance (functional metagenomics), (3)
profiling of RNAs and proteins produced by a microbiome (meta-transcriptomics and

meta-proteomics), and (4) identification of a community's metabolic network (meta-metabolomics). ...

SIHT17-FESLE -5 9/\ =23y

Host-bacterial coevolution and the search for new drug targets

J Zaneveld, PJ Turnbaugh, C Lozupone, RE ... - Current opinionin ..., 2008 - Elsevier

... of our human biology thus requires the understanding of our microbial communities and the genes
that they harbor (‘our' microbiome) (Figure 1). The notion that we have a 'meta-genome' composed
of microbial and human components, and a ‘'meta-metabolome’ that reflects ...

ST 12-F#EiiE -2 7/ —Daw

28



Genome-scale metabolic network analysis of the opportunistic pathogen Pseudomonas

aeruginosa PAO1
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Data-driven extraction of relative reasoning rules to limit combinatorial explosion in

biodegradation pathway prediction

K Fenner, J Gao, S Kramer, L Ellis, L Wackett - Bioinformatics, 2008 - Oxford Univ Press
Results: A total of 112 relative reasoning rules were identified and implemented. In one prediction
step, ie as per one generation predicted, the use of relative reasoning decreases the predicted
biotransformations by over 25% for 50 compounds used to generate the rules and by ...
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Eliciting possible reaction equations and metabolic pathways involving orphan metabolites
M Kotera, AG McDonald, S Boyce, KF ... - Journal of Chemical ..., 2008 - ACS Publications

The development of metabolomics has resulted in the discovery of an increasing number of orphan

metabolites, which are defined as compounds that are known to be present in living organisms

but whose synthetic/degradation pathways are unknown. In this paper, we describe a ...
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An invitation to the marriage of metagenomics and metabolomics
PJ Turnbaugh, JI Gordon - Cell, 2008 - Elsevier
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Mass spectrometry based metabolomics and enzymatic assays for functional genomics
R Baran, W Reindl, TR Northen - Current opinion in microbiology, 2009 - Elsevier

... We anticipate that these capabilities coupled with both the increased focus on microbial

communities and integration with other -omics' technologies provide tremendous opportunities

for 'meta-metabolomic' studies of microbial communities (Figure 3) [66] and will provide new ...

ST S5-BERE-2£4/(—Y 3>

Intertwined interspecies relationships: approaches to untangle the microbial network
S Haruta, S Kato, K Yamamoto, Y ... - Environmental ..., 2009 - Wiley Online Library

... The quality of the results absolutely depends on the quantity and variety of data for learning.
Biology has entered the omics age to comprehensively access the black box, ie metagenome,
meta-transcriptome, meta-proteome, and meta-metabolome. ...

3T 4-BERE - 25 /X—YaY

Symbionts, including pathogens, of the predatory mite Metaseiulus occidentalis: current and future

analysis methods

MA Hoy, A Jeyaprakash - Diseases of Mites and Ticks, 2009 - Springer

Page 1. J. Bruin & LPS van der Geest (eds.), Diseases of Mites and Ticks. DOI: 10.1007/978-1-
4020-9695-2_26 329 Symbionts, including pathogens, of the predatory mite Metaseiulus
occidentalis: current and future analysis methods Marjorie A. Hoy - A. Jeyaprakash ...
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wrve) Signal Processing for Metagenomics: Extracting Information from the Soup
GL Rosen, BA Sokhansanj, R Polikar, MA Bruns, J ... - 2009 - ncbi.nim.nih.gov

Traditionally, studies in microbial genomics have focused on single-genomes from cultured

species, thereby limiting their focus to the small percentage of species that can be cultured outside
their natural environment. Fortunately, recent advances in high-throughput sequencing ...
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mrv Signal Processing for Metagenomics: Extracting Information from the Soup
GL Rosen, BA Sokhansanj, R Polikar, MA Bruns, J ... - 2009 - ncbi.nlm.nih.gov

Traditionally, studies in microbial genomics have focused on single-genomes from cultured

species, thereby limiting their focus to the small percentage of species that can be cultured outside
their natural environment. Fortunately, recent advances in high-throughput sequencing ...
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Acetylation of metabolic enzymes coordinates carbon source utilization and metabolic flux
Q Wang, Y Zhang, C Yang, H Xiong, Y Lin, J Yao, H Li, ... - Science, 2010 - sciencemag.org

... knockouts. J. Bacteriol. 185, 7053 (2003). [Abstract/Free Full Text]; 8. N. Zamboni,

E. Fischer, U. Sauer, FiatFlux—a software for metabolic flux analysis from 13C-glucose

experiments. BMC Bioinformatics 6, 209 (2005). [CrossRef ...

S| 18 - BERXE -2 10/X—Y 3

Metabolic networks: how to identify key components in the regulation of metabolism and growth
M Stitt, R Sulpice, J Keurentjes - Plant Physiology, 2010 - Am Soc Plant Biol

... They provide an overview of the available technology for analysis of metabolite levels (Kopka

et al., 2004 Go ; Hall, 2006 Go ; Lisec et al., 2006 Go ; Last et al., 2007 Go ), the use of metabolic

flux analysis to analyze fluxes in complex metabolic systems (Fernie et al., 2005 Go ...

ST e-MERE-2£56 /-3

Tradeoff between enzyme and metabolite efficiency maintains metabolic homeostasis upon
perturbations in enzyme capacity

SM Fendt, JM Buescher, F Rudroff, P Picotti, N ... - Molecular Systems ..., 2010 - nature.com

... Metabolic control analysis and its extensions, in particular regulation analysis, provide a coherent
framework for sensitivity of the influence of enzyme activities and ... If you require assistance to access

this image, or to obtain a text description, please contact npg@nature.com ...
SlHT3-BELE-26/\—V3Y

Metabolic flux distributions: genetic information, computational predictions, and experimental
validation

LM Blank, L Kuepfer - Applied microbiology and biotechnology, 2010 - Springer

... Finally, the achievements are discussed in the context of future developments in Metabolic
Engineering and Synthetic Biology. Keywords Flux balance analysis . Metabolic network analysis .
13C-metabolic flux analysis . Synthetic biology. Metabolic engineering . ...
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PathPred: an enzyme-catalyzed metabolic pathway prediction server

Y Moriya, D Shigemizu, M Hattori, T ... - Nucleic Acids ..., 2010 - Oxford Univ Press

The KEGG RPAIR database is a collection of biochemical structure transformation patterns, called
RDM patterns, and chemical structure alignments of substrate-preduct pairs (reactant pairs) in

all known enzyme-catalyzed reactions taken from the Enzyme Nomenclature and the ...
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KEGG olobal map

http://www.genome.jp/kegg/pathway.html
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‘ KEGG global map of human

http://www.genome.jp/kegg/pathway.html
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Human metabolome
http://www.genome.jp/kegg/pathway.html
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Human gut meta-metabolome
http://www.genome.jp/kegg/pathway.html
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Reference pathways

= Combined pathways from many organisms
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Organic-specific pathways

= Reconstructed from many evidences such as genome, metabolome,
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Reconstruction of metabolic networks

In the case a reference pathway...

Exists, Does not exist,
o Which gene is mapped o Which compound is
onto where? converted into which
compound?

o Are there any possible
paths that are not found 2 Which gene is mapped
yet? onto that path?
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metabolomic information
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EC numbers as a classification of enzymes

Class Subclass Sub-subclass Complete EC number
1. oxidoreductases < 1.1
19 / 1.3.1.1
2. transferases _——1.3.1
13 —_ \ 1.3.1.2
1.3.2 1.3.1.3
3. hydrolases 1.4
1.3.3 :
1.5
4. lyases 1.3.5
. : 1.3.1.69 zeatin reductase
S. Isomerases - _
6. ligases
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EC classification criteria

Class

Subclass

Sub-subclass

Remarks

1. Oxidoreductases

Functional groups
of reductants

Oxidants

Which compounds are
reductants, or oxidants?

2. Transferases

Transferred
groups

Transferred groups in detail

From where to where?

3. Hydro-lases

Hydrolyzed bond

Hydrolyzed bond in detail

Nucleases and
peptidases are classified
in much more detail.

4. Lyases

Digested bond

Types of products

Some hydrolase-like
reactions

5. Isomerases

Types of

isomeration (RS,
EZ, Redox, Transfer,
Elimation)

Types of reacting bonds, or
products

Any one-molecular
reactions.

6. Ligases

Generated bond

Types of substrate

Multi-step reactions
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Sequence similarity-based enzyme classitications

Number from 71 to 100 Letter grouping UGTs
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ror] Higher plant glycosyltransferases
J Ross, Y Li, EK Lim, DJ Bowles - Genome Biol, 2001 - biome
Uridine diphosphate (UDP) glycosyltransferases (UGTs) media
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ror) SCOPEC: a database of protein catalytic domains

RA George, RV Spriggs, JM Thornton, B Al- ... - ..., 2004 - Oxford Univ Press
Page 1. BIOINFORMATICS Vol. 20 Suppl. 1 2004, pages i130-i136 DOI: 10.1093/bioinformatics/
bth948 SCOPEC: a database of protein catalytic domains Richard A. George 1,2,% , Ruth V.

Spriggs 1,2 , Janet M. Thornton 2 , Bissan Al-Lazikani 1 and Mark B. Swindells 1 ...
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Computational assignment of the EC numbers for genomic-scale analysis of enzymatic
reactions

M Kotera, Y Okuno, M Hattori, S Goto, M ... - J. Am. Chem. ..., 2004 - ACS Publications

The EC (Enzyme Commission) numbers represent a hierarchical classification of enzymatic

reactions, but they are also commonly utilized as identifiers of enzymes or enzyme genes in the

analysis of complete genomes. This duality of the EC numbers makes it possible to link ...
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What 1s meant by being “similat”?

Enzyme “proteins”

Enzyme “reactions”

are similar are similar
Sequence 3D Reaction Substrates
Globally | Full-length Fold Globally ? ?
Locally Motif Cavity Locally ? ?
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Genome annotation with chemical point of view

KEGG Orthology (KO) Reaction Class (RC)
Sequence similarity groups Reaction similarity groups
Organisms #1 #2
il .

Genes | G M» G’ o Genes G <M> G’ o
o e
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Development of a chemical structure comparison method for integrated analysis of chemical
and genomic information in the metabolic pathways

M Hattori, Y Okuno, S Goto, M Kanehisa - J. Am. Chem. Soc, 2003 - ACS Publications

Cellular functions result from intricate networks of molecular interactions, which involve not only

proteins and nucleic acids but also small chemical compounds. Here we present an efficient

algorithm for comparing two chemical structures of compounds, where the chemical ...

ST 112-BELE - 24 /{—-S/ 3
o Atom alignment of the molecular graphs
OH
HC )‘\%3
<+— HC
HO OH
C03539 Co0022
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Computational assignment of the EC numbers for genomic-scale analysis of enzymatic

reactions

M Kotera, Y Okuno, M Hattori, S Goto, M ... - J. Am. Chem. ..., 2004 - ACS Publications
The EC (Enzyme Commission) numbers represent a hierarchical classification of enzymatic
reactions, but they are also commonly utilized as identifiers of enzymes or enzyme genes in the

analysis of complete genomes. This duality of the EC numbers makes i

s\ e8-BERE-£7 /=3I
4 o )
OH
H,C J\fp
<+— HC
HO OH
\C03589 cooozz

Atom alignment of the molecular graphs

Matched
subgraph

-

\_

~
R B «— EE
D B «— IEE
v E31— B

/

RDM chemical transformation pattern

Reaction center

o}l Differences
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v E-zyme: predicting potential EC numbers from the chemical transformation pattern of
substrate-product pairs
Y Yamanishi, M Hattori, M Kotera, S Goto, M ... - ..., 2009 - Oxford Univ Press

Results: In this article we propose a new method to predict the potential EC numbers to given
reactant pairs (substrates and products) or uncharacterized reactions, and a web-server named
E-zyme as an application. This technology is based on our original biochemical ...
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4 o o )
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RDM chemical transformation pattern

RPAIR database

Known correspondence

enzyme classifications

What kind of
enzymes may
catalyze this
reaction?

between RDM patterns and
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KEGG PATHWAY

http://www.genome.jp/kegg/pathway.html

KEGG PATHWAY Database

Wiring diagrams of molecular interactions, reactions, and relations

KEGG2 PATHWAY BRITE DISEASE DRUG KO GENES GENOME LIGAND DBGET

Select prefix Enter keywords

Pathway Maps

KEGG PATHWAY is a collection of manually drawn pathway maps (see new maps, change history, and
last updates) representing our knowledge on the molecular interaction and reaction networks for:

0. Global Map

1. Metabolism
Carbohydrate Energy Lipid Nucleotide Amino acid Other amino acid Glycan
Cofactor/vitamin Terpenoid/PK Other secondary metabolite Xenobiotics Overview

. Genetic Information Processing

. Environmental Information Processing

. Cellular Processes

. Organismal Systems

. Human Diseases

and also on the structure relationships (KEGG drug structure maps) in:

7. Drug Development

oCUuhWN
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KEGG MEDICUS

http://www.genome.jp/kegg/medicus.html

K b KEGG MEDICUS

6

Molecular network based information resource for diseases and drugs

KEGG2 PATHWAY BRITE MEDICUS DISEASE DRUG EDRUG Atlas

KEGG MEDICUS

KEGG MEDICUS is a new interface under development for molecular network-based analysis of diseases,
drugs, and environmental compounds. The following list of KEGG pathway maps presents a pathway-
based view of known disease genes and drug targets. Disease genes in the Gene field of KEGG DISEASE
(H number) entries and drug targets in the Target field of KEGG DRUG (D number) entries are
summarized in each pathway map.

Disease genes and drug targets in KEGG pathways

Metabolism

Carbohydrate Metabolism

H D 00010 Glycolysis / Gluconeogenesis

00020 Citrate cycle (TCA cycle)

00030 Pentose phosphate pathway
D 00040 Pentose and glucuronate interconversions
n  00NS81 Friuctase and mannanse metahaliam

I m Do

56



'KEGG MEDICUS

http://www.genome.jp/kegg/medicus.html

KEGG MEDICUS

Molecular network based information resource for diseases and drugs

.y T

KEGG2 pATHWA{ | T UDP-D-glucose

-

KEGG MEDICUS | 11122

KEGG MEDICUS is a 1 ._il? GDP-D-mannose

drugs, and environmen i
based view of known d
(H number) entries ang
summarized in each pa

T UDP-D-glucuronate —

513.18] [321-][241.17][27744

Disease genes and §.1 3.1 [0 [ _gylose O D-Glucuronate-1P

Metabolism

27.143

Carbohydrate Metabo
H D 00010 Glycd

Y lactone ]
00020 Citra{Gulose-1P O O—ﬂ {31119 04— 1213 0O«

113991
D 83828 g::zz rayo-Inositol D-Glucuronate D-Gluca

n 000581 Fructnse and mannase metahaliam

D-Glucurono-

nTomom
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'KEGG MEDICUS

http://www.genome.jp/kegg/medicus.html

KEGG MEDICUS

Molecular network based information resource for diseases and drugs
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'KEGG MEDICUS

http://www.genome.jp/kegg/medicus.html
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Molecular network based information resource for diseases and drugs
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KEGG Mapper

http://www.genome.jp/kegg/mapper.htmi

K[cc KEGG Mapper: Overview

KEGG Mapper Search Pathway Color Pathway Search Brite Color Brite  Join Brite

KEGG Mapper

KEGG Mapper is a collection of KEGG mapping tools, both for KEGG pathway mapping and BRITE
mapping (ontology enrichment). Two pathway mapping tools, "Search Pathway" and "Color Pathway",
were made available from the beginning of the KEGG project. Although the naming of these tools is
somewhat misleading since both involve searching and coloring procedures, similar naming was
introduced to BRITE mapping as well. With the release of the third BRITE mapping tool, Join Brite, the
collection of five tools shown below is now called KEGG Mapper.

Pathway mapping tools

e Search Pathway - basic pathway mapping tool where mapped objects are marked in red
e Color Pathway - modified pathway mapping tool where mapped objects are marked in any color

Brite mapping tools

e Search Brite - basic brite mapping tool where mapped objects are marked in red

e Color Brite - modified brite mapping tool where mapped objects are marked in any color

¢ Join Brite - enhanced brite mapping tool where, instead of coloring, given attributes of mapped
objects are shown in an additional column or an additional level of hierarchy
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1 hsal4060 Cytokine-cytokine receptor interaction - Homo sapiens (human) (56)
I< I l GG I \/I app( r I hsal4510 Focal adhesion - Homo sapiens (human) (48)
P he=nAne? Mhemokine signaling pathway - Homo sapiens (human) (38)

http://WWW_genome_jp/kegg/mapper_html tural killer cell mediated cytotoxicity - Homo sapiens (human) (34)

1 hsal5146 Amoebiasis - Homo sapiens (human) (34)

I hsal4810 Regulation of actin cytoskeleton - Homo sapiens (human) (33)

Llst Of genes 1 hsal4142 Lysosome - Homo sapiens (human) (31)

1 hsal0564 Glycerophospholipid metabolism - Homo sapiens (human) (31)

élgg; 1 hsal4512 ECM-receptor interaction - Homo sapiens (human) (30)
27242 I hsa04010 MAPK signaling pathway - Homo sapiens (human) (30)
9331 I hsal4310 Wnt signaling pathway - Homo sapiens (human) (28)
31;24 I hsal0510 N-Glycan biosynthesis - Homo sapiens (human) (28)
8396 I hsa04070 Phosphatidylinositol signaling systen List Of athwa S
11001 KEGG Mapper 1 hsal4145 Phagosome - Homo sapiens (human) (27) p y
gg?f 1 hsal4666 Fo gamma R-mediated phagocytosis - Homo sapiens (human) (26)
26290 I hsal0520 Amino sugar and nucleotide sugar metabolism - Homo sapiens (human) (25)
53340 I hsa04910 Insulin signaling pathway - Homo sapiens (human) (25)
Zggg I hsal4664 Fc epsilon RI signalin athway - Homo sapiens (human) (24)
55512
6361
6364
3579 T—
914 13139 ] ~
o175 GleN Ac-6P GleNkc-1P UDP-GleNAc | MandAc (Lm
5553 rcid 5423 0—127123 ——— 2051314 0—{27.1.60 “
I
I
I
$.5.1.25] OITTT : |
[2314] ~ | M=21-]
Mapping on pathw
Y GlcN-6P E&Ewg O . pat ays vUDP-ManNAc
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KEGG Expression

http://www.genome.jp/kegg/expression/

KEGG EXPRESSION Database

for mapping gene expression profiles to pathways and genomes

KegArray

KegArray is a standalone Java application for

imkamratrad anahimica Af AAanA Aviaraccian mrafilas
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KEGG Expression

http://www.genome.jp/kegg/expression/

KegArray MA Plot

KegArray is a standalone Java application for
integrated analysis of gene expression profiles

KEGG EXPRESSION is a repository of microarray together with KEGG pathways and KEGG genomes.

gene expression profile data for Synechocystis

KegArray runs on Mac and Windows and is made

PCC6803 (syn), Bacillus subtilis (bsu), Escherichia freely available to both academic and non-academic
coli W3110 (ecj), Anabaena PCC7120 (ana), and users.
other species contributed by the Japanese research

community.

e List of experimental data available

® DBGET search
¢ Download data by FTP

¢ CYORF: cyanobacteria database
o BSORF: Bacillus subtilis database

4= Click here.

¢ KEGG API - for software developers

¢ LinkDB - for finding genes that are mapped to
KEGG pathways

¢ Color genes in the KEGG pathway map
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EXPRESSION Database

[ Brite menu ]

v Synechocystis sp. PCC6803
» Suzuki et al. (2001), Synechocystis PCC6803 cold shock response [PMID:11298290] ==> Cluster analysis
» Hihara et al. (2001), Synechocystis PCC6803 acclimation from low to high light intensity [PMID:11283337] ==> Cluster analysi
» Yoshimura et al. (2001), Synechocystis PCC6803 CAMP receptor protein sycrpl (sl1ll1371) mutant [PMID:12085767])

» Hihara et al. (2003), Synechocystis PCC6803 redox-responsive genes [PMID:12591891]

Click one of these triangles. = w

» Shoumskaya et al. (2005), Synechocystis PCC6803 identical Hik-Rre systems [PMID:15805106]

Kobayashi et

Kucho et al.

» Panichkin et al. (2006), Synechocystis PCC6803 serine/threonine protein kinase SpkA [PMID:16916897]

» Dmitry et al. (2006), Cold-inducible genes in Synechocystis sp. PCC 6803

» Kanesaki et al. (2007), Sensors and signal transducers of environmental stress in cyanobacteria [PMID:17181779])

» Prakash et al. (2007), DNA supercoiling regulates the stress-inducible expression of genes in Synechocystis sp. PCC 6803

» Panichkin et al. (2008), Ser/Thr protein linases are involved in cold-signal transduction in a cyanobacterium

» Prakash et al. (2009), RNA helicase, CrhR, enhances the low temperature-inducible expression of heat shock genes groESL and
v Bacillus subtilis ==> Cluster analysis

» Yoshida et al. (2001), Bacillus subtilis glucose repression [PMID:11160890]

» Ogura et al. (2001), Bacillus subtilis DeqU, ComA and PhoP regulons [PMID:11557812]



EXPRESSION Database

[ Brite menu ]

v Synechocystis sp. PCC6803
¥ Suzuki et al. (2001), Synechocystis PCC6803 cold shock response [PMID:11298290] ==> Cluster analysis

exn0000001 wild type transferred from 34C to 22C (normalized data only). Download data
ex0000012 wild type transferred from 34C to 22C [WT 34C/22C-1]

ex0000013 wild type {
ex0000003 wild type 1
| |

exn0000002 hik33 disn

ex0000008 hik33 disn -
ex0000009 hik33 disn

ex0000010 hik33 disruptant transferred from 34C to 22C [Hik33 34C/22C-3]
ex0000011 hik33 disruptant transferred from 34C to 22C [Hik33 34C/22C-4]

ex0000004 hik33 disruptant transferred from 34C to 22C [Hik33 34C/22C-5]
ex0000005 hik33 disruptant transferred from 34C to 22C [Hik33 34C/22C-6]

exn0000003 hik33 disruptant vs. wild type at 34C (normalized data only). Download data
ex0000016 hik33 disruptant vs. wild type at 34C [WT/Hik33-1]
ex0000017 hik33 disruptant vs. wild type at 34C [WT/Hik33-2]
ex0000018 hik33 disruptant vs. wild type at 34C [WT/Hik33-3])
ex0000019 hik33 disruptant vs. wild type at 34C [WT/Hik33-4]
ex0000006 hik33 disruptant vs. wild type at 34C [WT/Hik33-5]
ex0000007 hik33 disruptant vs. wild type at 34C [WT/Hik33-6]

» Hihara et al. (2001), Synechocystis PCC6803 acclimation from low to high light intensity [PMID:11283337) ==> Cluster analysi
» Yoshimura et al. (2001), Synechocystis PCC6803 cAMP receptor protein sycrpl (sl1ll1371) mutant [PMID:12085767]

» Hihara et al. (2003), Synechocystis PCC6803 redox-responsive genes [PMID:12591891]
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‘ KEGG Expression

http://www.genome.jp/kegg/expression/

Genomener SIS

Database: EXPRESSION
Entry: ex0000012
LinkDB: ex0000012

ENTRY ex0000012

DEFINITION Synechocystis PCC6803 cold shock response, wild type transferred
from 34C to 22C [WT 34C/22C-1)

CONTROL wild-type cells grown at 34C

TARGET wild-type cells grown at 34C were transferred to 22C and incubated
for 20 min.

SUBMITTER Norio Murata (murataénibb.ac.jp)

DATE 1999-09~17 13:56:00+09
REFERENCE
AUTHOR Suzuki I, Kanesaki ¥, Mikami K, Kanehisa M, Murata N
TITLE Cold-regulated genes under control of the cold sensor Hik33 in
Synechocystis.
JOURNAL Mol Microbiol. 2001 Apr;40(1):235-44
BMID 11298290
ORGANISM Synechocystis
CODE syn
(DATA IS NOT SHOWN.)
i
Options:

1. Without DATA lines [this page]

2 [Enm.EanEﬁON file
3. |Launch KegArrayfor Mac OS X 10.2.8 or higher / Windows with JRE 1.5.0 or higher

DBGET inte

database retrieval system

Launch KegArray




NN s KegArray 106006 KegArray analysis view

Data ' Statistics = Arraylmage = Scatter plot =~ MA plot
' Gene/Compound ~ Clustering Intensity threshold information (for Linear)
Al 350 - B Samples (ineffective)
File name : ex:ex0000012 — B Samples (effective)

i Controls (ineffective)

{ Local 1 i GenomeNet ( Clear |
250 H Controls (effective)

N\ 7 \ N\ 7

# Organism : Synechocystis sp. PCC 6803 200 -

Number

v Compound data 150

o

File name : =t
5

'\.Lo—cal./' Clear 0 |" ||| "“l“h“dhl-}llu Rensinsgn

10000 20,000 30,000 40,000 50,000 60,000

o

Threshold and normalization

Signal
_Linear CC - Intensity threshold 5000.0
-N f effecti tri II) 1054 7
_ Ratio threshold 15 umber of effective entries (all) 054 (3079)
- Ratio threshold (compound) 1.5 Ratio threshold information (for Linear)
- Intensity threshold 5000.0
22.5 - I Down-regulated
: . 20.0 - Non-regulated
Cance Apply 17.5 # Up-regulated
» 15.0
2
g 12.5 4
Z 10.0+
7.5
5.0
2.5 1
0.0 “ﬂ ............. “M‘i“llhl ,,,,,,,,,,,, l,l .......................... |
0.0 05 3.0 40 45 50 55

Ratno

Tools 87

Click here. - %

Mapping to [ Pathway
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Pathway Search Result

Sort by the pathway list

Show all objects

syn01100
syn00195
syn01110
syn03010
syn00196
syn02010
syn00190

syn03018

Metabolic pathways - Synechocystis sp. PCC6803 (48)

Photosynthesis - Synechocystis sp. PCC6803 (12)

Biosynthesis of secondary metabolites - Synechocystis sp. PCC6803 (12)

Ribosome - Synechocystis sp. PCC6803 (10)

Photosynthesis - antenna proteins - Synechocystis sp. PCC6803 (8)

ABC transporters - Synechocystis sp. PCC6803 (8)
Oxidative phosphorylation - Synechocystis sp. PCC6803 (4)

RNA degradation - Synechocystis sp. PCC6803 (4)

syn00030

Pentose phosphate pathway - Synechocystis sp. PCC6803 (3)]

syn00520
syn00230
syn00330
syn00010
syn02020
syn00630
syn00061
syn01040
syn00710
syn00680
syn00250

syn00480

Amino sugar and nucleotide sugar metal

Purine metabolism - Synechocystis sp.
Arginine and proline metabolism - Syn
Glycolysis / Gluconeogenesis - Synechoc
Two-component system - Synechocystis sp. PCCé6

Glyoxylate and dicarboxylate metabolism - Synechocystis s
Fatty acid biosynthesis - Synechocystis sp. PCC6803 (2)
Biosynthesis of unsaturated fatty acids - Synechocystis s
Carbon fixation in photosynthetic organisms - Synechocyst
Methane metabolism - Synechocystis sp. PCC6803 (2)
Alanine, aspartate and glutamate metabolism - Synechocyst

Glutathione metabolism - Synechocystis sp. PCC6803 (1)

Glyrolysis

PHOSPHATE PATHWAY |

Aminosugars
T

D-Glucisarinate
—_—p

D-Xyhulose-5P
O

D-Sedo-

Beptuiose-7P ©

Pentose and glucuronate
Intercorversions
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