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Network

Taken from http://www.bloomsburyhotels.com/images/city/tubemap.gif
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Basic knowledge of …

 Network algorithm
 Depth-first search, Width-first search
 Connected subgraph
 Shortest path, Priority-first search
 Network-flow

 Metabolic network
 Michaelis-Menten kinetics
 Differential equation
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Wild card search by

 “Metabolic *”
 "metabolic pathway” … 500,000 hits
 "metabolic network“ … 92,100 hits
 "metabolic map” … 34,800 hits

 “Metabolic * analysis”
 “metabolic pathway analysis” … 116,000 hits
 “metabolic network analysis” … 43,500 hits
 "metabolic map analysis“ … 1 hit

 “Metabolic * reconstruction
 "metabolic network reconstruction” … 56,800 hits
 "metabolic pathway reconstruction” … 15,600 hits
 "metabolic map reconstruction“ … 82 hits

http://www.google.com/
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Wild card search by

 “Metabolic *”
 "metabolic pathway” … 160,000 hits
 "metabolic network“ … 12,600 hits
 "metabolic map” … 1,840 hits

 “Metabolic * analysis”
 “metabolic pathway analysis” … 1,200 hits
 “metabolic network analysis” … 984 hits
 "metabolic map analysis“ … 0 hit

 “Metabolic * reconstruction
 "metabolic network reconstruction” … 384 hits
 "metabolic pathway reconstruction” … 161 hits
 "metabolic map reconstruction“ … 7 hits

http://scholar.google.com/
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Words in fashion

Metabolic network analysis
Metabolic pathway analysis

Metabolic control analysis

Metabolic flux analysis

Metabolic balance analysis

Elementary mode analysis
Extreme pathway analysis
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1995-1997
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1998-1999
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Toward metabolic phenomics
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Basic concepts
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2000
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Combining pathway analysis



13

Jeong et al.
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2001
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2002
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2003
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2004
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Arita
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Arita
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2005
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2006
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Metabolic networks in motion
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Integrated analysis
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2007
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Edinburgh
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Yamanishi et al
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Moriya et al
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2008
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Genome-scale
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Fenner et al
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Kotera et al
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Invitation to the marriage
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2009
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2009
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2010
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PathPred
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KEGG global 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

 Exists,

 Which gene is mapped
onto where?

 Are there any possible
paths that are not found
yet?

 Does not exist,

 Which compound is
converted into which
compound?

 Which gene is mapped
onto that path?

In the case a reference pathway…
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EC numbers as the links beween genomic and
metabolomic information
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:
:

:
:

:
:

:
:

1. oxidoreductases

2. transferases

3. hydrolases

4. lyases

5. Isomerases

6. ligases

1.1

1.2

1.3

1.4

1.5

1.3.1

1.3.2

1.3.3

1.3.5

1.3.1.1

1.3.1.2

1.3.1.3

1.3.1.69 zeatin reductase

Class Subclass Sub-subclass Complete EC number

EC numbers as a classification of enzymes
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EC classification criteria

Multi-step reactionsTypes of substrateGenerated bond6. Ligases

Any one-molecular
reactions.

Types of reacting bonds, or
products

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

5. Isomerases

Some hydrolase-like
reactions

Types of productsDigested bond4. Lyases

Nucleases and
peptidases are classified
in much more detail.

Hydrolyzed bond in detailHydrolyzed bond3. Hydro-lases

From where to where?Transferred groups in detailTransferred
groups

2. Transferases

Which compounds are
reductants, or oxidants?

OxidantsFunctional groups
of reductants

1. Oxidoreductases

RemarksSub-subclassSubclassClass
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Sequence similarity-based enzyme classifications

 Cyt P450
 EC 1.14

 Glycosyltransferases
 EC 2.4
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SCOPEC
Thioesterase domain

of polypeptide,
polyketide and fatty

acid synthases

Aspartate aminotransferase-
like domain

NAD(P)-binding
Rossmann-fold domain

Phosphotransferases
on alcohol groups

Hydro-lyase

(Trans)glycosidases

Trypsin-like serine
proteases

Alkyl or aryl
transferase

Alcohol dehydrogenase
using NAD(P)+

P-loop containing
nucleoside triphosphate

hydrolases

O- or S-glycosidases
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反応タイプが同じでもドメイン構成が違えばEC
番号が変わってしまう例



50

What is meant by being “similar”?

 Enzyme “proteins”
are similar

 Enzyme “reactions”
are similar

CavityMotifLocally

FoldFull-lengthGlobally

3DSequence

??Locally

??Globally

SubstratesReaction
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Genome annotation with chemical point of view
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化学構造アラインメント
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Atom alignment of the molecular graphs
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RDM化学変換パターン
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RDM chemical transformation pattern
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E-zyme による chemical annotation

C1c

C1b

C5a

C1a

C5a

C1c

R
D
M

RPAIR database

What kind of
enzymes may
catalyze this

reaction?

Known correspondence
between RDM patterns and
enzyme classifications

!
RDM chemical transformation pattern
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KEGG PATHWAY
http://www.genome.jp/kegg/pathway.html
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KEGG MEDICUS
http://www.genome.jp/kegg/medicus.html
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KEGG MEDICUS
http://www.genome.jp/kegg/medicus.html
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KEGG MEDICUS
http://www.genome.jp/kegg/medicus.html
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KEGG MEDICUS
http://www.genome.jp/kegg/medicus.html
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KEGG Mapper
http://www.genome.jp/kegg/mapper.html
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KEGG Mapper

List of genes

List of pathways

Mapping on pathways

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

KEGG Mapper
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KEGG Expression
http://www.genome.jp/kegg/expression/
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KEGG Expression
http://www.genome.jp/kegg/expression/

Click here.
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KEGG Expression
http://www.genome.jp/kegg/expression/

Click one of these triangles.
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KEGG Expression
http://www.genome.jp/kegg/expression/

Select one of these
experiments.
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KEGG Expression
http://www.genome.jp/kegg/expression/

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

Click here.
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KegArray
http://www.genome.jp/kegg/expression/
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レポート課題

 KEGG Expression データベースから好きな
実験を選び、KegArray を用いて Pathway 上
へマッピングし、その結果を考察せよ。

 提出先：kyomu@bic.kyoto-u.ac.jp
 締切：2010年11月15日（月）


