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Background

« High-throughput experiments
and large-scale datasets

» Bioinformatics approaches to
integration and interpretation
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High-throughput Experimental Projects
to Uncover Molecular Building Blocks of Life

Genomic space Chemical space
Repertoire of genes and proteins Repertoire of endogenous
in individual organisms molecules
(genomics, transcriptomics, (metabolomics, glycomics,

proteomics, etc.) lipidomics, etc.)

Repertoire of exogenous
molecules
(chemical genomics)

Repertoire of genes in
environmental samples
(metagenomics)

.. (biosynthetic potential) — Natural products
Enzyme gene families (biodegradation potential) Environmental compounds

Receptor gene families (drug targets) <—> Drug leads
Human genome <—> Gut microbiome

Human <—> Vector <—> Pathogen

Bioinformatics Approaches
to Reconstructing Biological Systems from Building Blocks

Systems Space

Biosphere
Ecosystem * Integration of genomic and chemical
. spaces
Cell & Organism « Interpretation of higher-level systemic
functions

Molecular network

Molecule | Genome Transcriptome Proteome

Metagenome )
9 Genomic Space

Chemical Space Metabolome
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Integration of Genomic and Chemical Spaces
Medical and Pharmaceutical Implications

Diseases viewed as perturbed states of molecular systems
Drugs viewed as perturbants to molecular systems

Single-gene Multifactorial
disorders disorders

® Genomic space ®Chemical space ‘

Genetic factors Environmental factors
Drug targets Drug leads

—

.—>‘ »

Drug Drug target Perturbants  Perturbed system

Gene-Disease Associations

Single-gene diseases

Genetic disorders with Mendelian inheritance patterns

Disease gene Disease

germline mutation

Multifactorial (polygenic) diseases

Common diseases such as cancers, heart disease, diabetes, etc.

Genetic factors Disease

/'

Environmental factors

Cancer causing factors:
somatic mutation, translocation, overexpression, etc.
carcinogen, viral infection, etc.




Network-Disease Associations

Single-gene diseases

Single genetic perturbation —— Molecular network — Disease

germline mutation

Multifactorial diseases

Multiple genetic perturbations
Molecular network — Disease
Environmental perturbations

somatic/germline mutations, translocation, overexpression, etc.
environmental chemicals, infections, human microbiome, etc.

Infectious diseases

Environmental perturbations — Molecular network — Disease

pathogens

Growth of sequence and 3D structure databases
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Complete Genomes in KEGG

Eukaryotes (131)

Prokaryotes (1124) ——

Plants (11

)

Fungi (43)
Protists (30)
Bacteria (1041)
Archaea (83)

Animals (47)

As of June 12, 2010
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Overview of KEGG

* From building blocks to biological systems
* Integration of genomics and chemistry

KEGG: Computer representation of biological systems

Basic principles linking
biological world and natural world

Disease genes, Imaging probes,
Drug targets, etc. I I Drug leads, etc.
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/ Molecular systems \
N AT L
PATHWAY / BRITE st s
Systems information

Screening Screening
GENES / KO LIGAND :
Genomic informatiol Chemical information
\ / Molecular building blocks\ J
Genomic space Chemical space
(Genome, Transcriptome, Proteome, Metagenome) (Metabolome, Glycome, Chemical genome)

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




KEGG Databases

Database

Content

Data size

KEGG PATHWAY
KEGG BRITE
KEGG MODULE
KEGG DISEASE
KEGG DRUG

KEGG ORTHOLOGY

KEGG GENOME
KEGG GENES

KEGG SSDB

KEGG DGENES
KEGG EGENES

KEGG COMPOUND

KEGG GLYCAN

KEGG REACTION

KEGG RPAIR
KEGG ENZYME

Pathway maps, reference (total)

Functional hierarchies, reference (total)
Pathway modules

Human diseases

Drugs

KEGG Orthology (KO) groups

KEGG Organisms, manual/koala + kaas
Genes in high-quality genomes

(131 eukaryotes + 1041 bacteria + 83 archaea)
Best hit relations within GENES
Bi-directional best hit relations within GENES
Genes in draft genomes (15 eukaryotes)
Genes as EST contigs (84 eukaryotes)
Metabolites and other small molecules
Glycans

Biochemical reactions

Reactant pair chemical transformations
Enzyme nomenclature

361 (112,000)
89 (29,483)
537

374

9,454

13,597

1,255 + 99
5,568,602

41,546,146,182
710,431,505
284,078
3,133,980
16,250

10,969

8,173

12,265

5,184

As of June 12, 2010

KEGG Object Identifiers

Prefix + 5-digit number

Database Prefix Example Release
KEGG PATHWAY map/ko/ec/rn/(org) hsa04930 1995
KEGG BRITE br/jp/ko/(org) ko01003 2005
KEGG MODULE M MO00008 2007
KEGG DISEASE H H00004 2008
KEGG DRUG D D01441 2005
KEGG ORTHOLOGY K K04527 2002
KEGG GENOME T TO01000 (hsa) 2000
KEGG COMPOUND C C00031 1995
KEGG GLYCAN G G00109 2003
KEGG REACTION R R00259 2001
KEGG RPAIR RP RP04458 2004
db:name

KEGG GENES org:gene hsa:3643 1995
KEGG ENZYME ec:number ec:2.7.10.1 1995
DBGET databases db:entry sp:P06213 1994

org KEGG Organism code
gene gene identifier (locus_tag, Gene ID, etc.)




KEGG Objects

* KEGG is a computer representation of the biological systems
consisting of molecular objects and higher-level objects.

» KEGG objects (database entries) are highly integrated representing
biological relationships.

» KEGG objects are linked to/from major life science databases.

» KEGG objects are part of the Web; they can be found by Web
search engines.

KEGG

Life science databases

Web

,1
4
GenomeNet

Google
v

~

Try searching “kegg”
in Google and NCBI.

KEGG Home
Introduction
Overview
Release notes

(Go) (Clear)
Go ) ( Clear

KEGG: Kyoto Encyclopedia of Genes and Genomes

Current statistics A grand in the post-g ic era is a
representation of the cell, the organism, and the biosphere, which will
KEGG Identifiers enable i iction of hig ity of cellular
p and organi from genomic and molecular
KEGG XML information. Towards this end we have been developing a bioinformatics
e AR resource named KEGG as part of the research projects of the Kanehisa
Laboratories in the Bioinformatics Center of Kyoto University and the
KEGG FTP Human Genome Center of the University of Tokyo.
KegTools
& Main entry point to the KEGG web service
KEGG2 KEGG Table of Contents Update notes  Help
¢ i entry points
DBGET/LinkDB KEGG PATHWAY  Pathway maps and pathway modules Pathway maps
—— KEGG BRITE Functional hierarchies and ontologies ~Brite hierarchies
KEGG DISEASE  Human diseases Article in NAR DB issue
KEGG DRUG Drugs

KEGG ORTHOLOGY KO system and ortholog annotation

KEGG GENES Genes and proteins

KEGG GENOME Genomes

KEGG LIGAND Chemical compounds, glycans, and reactions

© organism-specific entry points

i Gorganiznd (Go)
KEGG Organisms  Select ( Organism (Go) (example) hsa

© other entry points
KEGG Atlas New interface to navigate pathway maps
KEGG GLYCAN  Glycome informatics resource
KEGG C base for
KEGG REACTION  Knowledge base for biochemical reactions
KEGG PLANT Knowledge base for plant natural products
KAAS KEGG automatic annotation server

Copyright 1995-2010 Kanehisa Laboratorles

Access the KEGG top page:
http://www.genome.jp/kegg/
and enter keywords or any
KEGG object identifier in the
search box.

Try, for example, hsa04930 to
retrieve the KEGG pathway
map for type 2 diabetes.




Homo sapiens (human): 3643

KEGG PATHWAY map for type Il diabetes mellitus
Koo

K[M Type II diabetes mellitus - Homo sapiens (human)

[ Pathway menu | Pathway entry ]
Homo sapiens (human)

Hel

[Entry 3643 cos

H.sapiens

hsa:3643

Gene name |INsR
insulin receptor

TYPE I DIABETES MELLITUS

\Zomzo))

hsa04930

Adipocyte, hepatocy, skeletal muscle cell

orthology [X0: k04527 insulin receptor [EC:2.7.10.1]

[Pathway |PATH: hsa04520 Adherens junction

paT:

PATH: hsa04910 Insulin signaling pathway
H: hsa04930 Type II diabetes mellitus
4 PATH: hsa05050 Dentatorubropallidoluysian atrophy (DRPLA)

+ps - serine phos
P

n class

BRITE ierarchy

A=

(Higperinsulinism)

|
|
|
I Pancreatic froell
]

sspB Ortholog) ( Paralog) ( Gene cluster

Moti [Pfam: Recep L domain Furin-like TIL

Motif

[PROSITE: PROTEIN_KINASE_TYR RECEPTOR_TYR_KIN_II PROTEIN_KINASE_ATP
CYS_RICE FN3 PROTEIN_KINASE_DOM

£n3 Pkinase Tyr Pkinase

“[otner pBs [oMIn: 147670
INCBI-GI: 119395736
NCBI-GeneID: 3643

HGNC: 6091

aPRD: 00975

Ensembl: ENSG00000171105
uniprot: Po621;

LinkoB Al DBs

1144 1RQQ 1GAG 2AUH 228C 2DTG

Thumbnails

DB: 3503 1P14 1IR3 3BU6 35U 1IRK 2845 2ER7

— [Position [19p13.3-p13.2

Impsited insvli secretion—

> T[Psea 1382 22 anseq) (DB sesen

i aepenten b
G | apoposts Fr— K[cc COMPOUND: C00031
I oeen i Holp
\\ p [Entry 00031 Compound
ame [o-clucose;
e C00031
oextrose
9, Formia [cenizos
f—
et wass  [180.0634
0. (OH
HO/\
T —__ L,
| Mitochondrial dysfunction HO" “OH
° 5 [
Glucose Pyruvate OH
cooost
sascn o108
© Ko Lo Molfle ) K fie ) 08 search) (KegDraw)

[Remark  [same as: 000009

[Reaction [R00010 R00015 R00016 RO0049 RO0063 R00299 R00300 RO0301
R00302 R00303 R00304 R00305 R00306 R00307 R00308 R00327

KEGG Orthology (KO) System

KO (K number) entry for insulin receptor

K[Gc ORTHOLOGY: K04527

K04527

Help

Entry k04527 KO

Name INSR

Definition|insulin receptor [EC:2.7.10.1]

[PATH: k004520]
[PATH: ko04910]

[PATH: ko4930;

channels [BR:ko04000]

Class Cellular Processes; Cell Communication; Adherens junction

Cellular Processes; Endocrine System; Insulin signaling pathway

Human Diseases; Metabolic Disorders; Type II diabetes mellitus— |
]

Protein Families; Metabolism; Protein kinases [BR:kod1001
Protein Families; Cellular Processes and Signaling; Receptdrs and

FA: 484990CINSR)
: 408017CINSR)

245699(insra) 245700(insrb)
778651(insulinr)

579152(IR)
AgaP_AGAP@12424CINR)
Acel_AAEL@O2317
411297(TnR)

NEMVE_v1g85808

Protein Families; Cellular Processes and Signaling; CeNular
antigens [BR:ko4090]
BRITE hierarct

other DBs 0005009

Genes 3643CINSR)

LinkDB All DBs.

KO identifiers (K numbers) represent manually defined
ortholog groups corresponding to the KEGG pathway
nodes and the BRITE hierarchy nodes (bottom leaves)

TYPE 1l DIABETES MELLITUS

[ ——————

Type |l diabetes mellitus (ko04930)

e o
B ok i

S p——

»

Ly g

Protein Kinases (ko01001)

InsR family

\tistidine protein kinases

Serine/threonine protein kinases: AGC group

e o
) Farsas Libortois

Receptors and Channels (ko04000)

Nuclear Receptors
lon Channels
Other Channels

CD molecules
Non-CD molecules
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Top page (KEGG)

@

Web Page Organization

This icon will PATHWAY DISEASE
bring back to the BRITE DRUG ORTHOLOGY GENES LIGAND

KEGG t X
T Moo Mao Mo Moo Moo

KeGG Home
R KEGG: Kyoto Encyclopedia of Genes and Génomes
et i A grand challenge in the post-genomic <= e = cymeiete comter
Fepresahtation of the call, the organi
e el pi i % Table of Contents EGG
KEGG XML inforfation. Towards this end we have
Tesoghea named KEGG a5 part of the rec
KEaC A Labgratories in the Bioinformatics Centes . . .
xeca Fre Hunfan Genome Center of the University of KEGG ble of Contepts These icons will bring
KegTools
> ain entry point to the KEGG web service back to the KEGG2 page.
Kece2 KEGGS Taleof Conten
Genamenet Dota-oriented enty points weoz  [pamaway _orre) (oisease_orug) (ko] oemes emusj
oscerLnion KEGG PATHWAY  Patay maps and —
KEGGBRITE  Functional hierarchies sewch(kEGS  feor |, (@
Feadback
KEGG DISEASE  Human dscoses At
KEGGORUG  origs Category_Entrypoim [ e —- oeceT searen
KEGG ORTHOLOGY Ko system and archoa
Search objects i pttars
HEGE Gumm GFaan mrd praisine New maps Color objects in pathways
KEGG GENOME  Genomes keca paruway /| Mgt cuonges  Search bjecs ke oAy
KEGG LIGAND  Chemicl compouns, e BRITE Unéate siatys  Color object n bie e
(&G Atlas New erarces  KEGG pothey mops Hovue
© Orgariem-specific antry ponts tormaion Upéte sttus . KEGG pathway mosules
i Ap="""N BRITE funcional merarchies
 other entry points eca oféease aman dissases orserse
i e ntrtoce tonvi Kece ruc K¢ arug mstication orve
KEGG GLYCAN  Gicome informatics rd Kedé orTHoLoGY KeGS ornalgy (k) oTHoLoGY
KEGG COMPOUND. Krowledge base or b
Kk RARCTION. Knovtado o ort 5 DBGET
KEGG PLANT Knowledge base for pl: Genomic lew organisms. —>
wans e svtoma amer] | TOMIHA Nce CwowE | Upone oy BLAST/FASTA, KAAS,
G o e S apare tonomy e Genone P SIMCOMP/SUBCOMP,
p— o AR KCaM, PathPred, etc.
/ P
KEGG LIGAND seard
. Chemical g6 GLYCAN Update status. KCa search
This search box accepts both normaen. eGa pLANT. Sames et AR
s e FatComp campuraton
keywords and KEGG identifiers See Kanehsa 4l (2010) fo the e fesares o KEGE. This icon will bnng back to
© KEGG for specific organisms the GenomeNet top page.
This search box accepts e st curenty
keyWOrdS 0n|y Select ( Organism 'ﬁ ((Clear)  (examples) hsa mmu sce eco bsu syn

© KEGG as an integrated web

resource

KEGG KEGG2 PATHWAY BRITE DISEASE DRUG DBGET

[Engiish | Japanese |

GenomeNet
KEGG update notes http//wwwgenomej p/

Search _All databases &) for (Go) ((Clear))
z
GenomeNet
About GenomeNet D
Announcements
Release noles DBGET: Integrated Database Retrieval System (e R
Acknowledgments
DBGET search S
DBGET LInkDB search BRITE functional hierarchies
Overview KEGG: Kyoto Encyclopedia of Genes and Genomes KEGG Organisms
DB release info KEGG?2 - Table of contents [ Animals | Plants ]
DB growth curve KEGG PATHWAY - Systems information: pathways
KEGG BRITE - Systems information: ontologies
KEGG KEGG DISEASE - Disease information resource
o8 KEGG DRUG - Drug information resource
R KEGG Organisms - Organism-specific entry points
Community DBs KEGG GENES - Genomic information

Bioinformatics tools
Other tools

Feedback

KEGG LIGAND - Chemical information
KEGG GLYCAN - Glycan information resource
KEGG PLANT - Plant information resource
varDB: Antigenic variation database
Community Databases
CYORF - Cyanobacteria annotation database
BSORF - Bacillus subtilis genome database
EXPRESSION - Gene expression profile database

GenomeNet Bioinformatics Tools

Sequence Analysis
BLAST / FASTA - Sequence similarity search
MOTIF - Sequence motif search
CLUSTALW / MAFFT / PRRN - Multiple alignment
Genome Analysis
KAAS - KEGG automatic annotation server
EGassembler - EST consensus contigs
GENIES - Gene network prediction
GECS - Gene expression to chemical structure
Chemical Analysis
SIMCOMP / SUBCOMP - Chemical structure search
KCaM - Glycan structure search
PathPred - Reaction pathway prediction New!
E-zyme - Enzymatic reaction prediction

GenomeNet Bioinformatics Tools
Sequence Analysis
BLAST / FASTA - Sequence similarity search
MOTIF - Sequence motif search
CLUSTALW / MAFFT / PRRN - Multiple alignment
Genome Analysis
KAAS - KEGG automatic annotation server
EGassembler - EST consensus contigs
GENIES - Gene network prediction
GECS - Gene expression to chemical structure
Chemical Analysis
SIMCOMP / SUBCOMP - Chemical structure search
KCaM - Glycan structure search
PathPred - Reaction pathway prediction

Global

Kyoto University Bioinformatics Center

E-zyme - Enzymatic reaction prediction
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KEGG GENES
and ortholog annotation

Orthologs and Paralogs

Common
« Sequence similarity between two genes (or proteins) ancestor
may imply ortholog or paralog relationship. Q
* Orthologs are genes in different species evolved
from a common ancestral gene by speciation and
tend to have the same function. @ @
Human Mouse

 Paralogs are generated by gene duplication within a
species and often represent diversified functions in a
broader functional category.

Common

« Identification of ortholog relationships is the basis for
ancestor

genome annotation (assigning gene functions), and
it requires distinction from paralog relationships.

Orthologs: B-C, B1-C1 é

Co-orthologs: B2—(C2,C3) Human Mouse Human Mous
Inparalogs: C2-C3
Outparalogs: B1-B2, B1—(C2,C3), B2-C1

12



Computational Identification of Orthologs

Between two species

Bi-directional best hit (BBH)
(Reciprocal best hit)

Among multiple species

1.COG

Triangle of BBH relationships among three species

2. KEGG OC

p-Quasi clique among multiple species

p-Quasi clique is an almost
complete subgraph, where
the degree of completeness

\\

|

A

B

C

D

Superposition of
ABC and ABD

Clique is represented by p.
(completely connected subgraph)

Genome annotation in KEGG:
KO (K number) assignment

KEGG GENES

» Gene information for completely sequenced
genomes

» Computationally generated from RefSeq and
other public resources

« Partial annotation by automated KOALA

* Manual annotation with KOALA and GFIT tools

KEGG ORTHOLOGY (KO)

» Manually defined ortholog groups that correspond to
KEGG pathway nodes and BRITE hierarchy nodes

* Identified by K numbers

KEGG SSDB

» Sequence similarity scores and best hit relations

» Computationally generated from GENES by pairwise
genome comparisons using SSEARCH

KEGG OC
* Ortholog clusters

KEGG GENES in Oracle

Genomes 1,255
Genes 5,631,338
Genes with KO 1,992,279
KO assignment 35%
Genome/UniProt 0.2%
Genes/UniProt 50%

As of June 12, 2010

Bidirectional best hit
Genome 1 Genome 2

Y

|

A

» Computationally generated from SSDB by a quasi-clique finding algorithm

13



z KOALA: KEGG Orthology And Links Annotation

Genome 1 Genome 2 Genome 3
SRR Annotation of K numbers
Map 1 and links through K
Map-based .\ bers (EC numbers
Map 2 annotation ’
GO terms, etc.)
: Automatic annotation for
: Genome-based safe K numbers
annotation
Ko Ko [ orth
GRP |0RG KEGG ID [oata)| |icaENes) (aehEs) oc Score | Memo |ann
E.Ani hsa |> A hsa:S664(448) lkoas22 koas2z |psenz  [(2906/60200 ige11 a || [C]KEGGTD [Definition
- 0 |hsa:5663 presenilin 1 (EC:3.4.23.-)
E.Ani [ptr [ A ptr:a57790(442) lKoas22 Koas22 |psenz  [P2906/80200 l163as A o [hsa:5664 lpresenilin 2 (Alzheimer di
E.Ani mce |> A mec:698770(654) lkoas22 koas22 [psEn2 Eguw‘snzz%s% 10464 A | |DptraS7790 jpresenilin 2 (Aizheimer di
nimals. 01 [mec:698770 presenilin 2
[E.Ani [mmul> A mmu:19165(448) lko4522 k04522 |PSEN2 t;::‘“’:;"luzzg?ga 17031 A O [mmu:i9164 lpresenilin 1 (EC:3.4.23.-)
O [mmu:19165 resenilin 2
e R e T T e Py e e
el [ a cosomsacn sz [ frosszz [psea 20060208, Tresy A | [D]moB1751 fpresenlin 2
mos 0 [cfa:403408 presenilin 1 (EC:3.4.23.-)
EAni pta |~ A bte:262010(449) lkoas22 o4s22 [psenz  [FZ08/50208 16358 A | [Clcfaasossz lpresentiin 2 (Alzheimer di
E.Ani [ssc [~ A ssc:780410(448) lkoas22 koas22 [pSEN2 5::3:;\6:2270359@ 18558 A | O [pta:282010 lpresenilin 2 (Alzheimer di
= 0 |bta:282705 presenilin 1 (EC:3.4.23.-)
E.Ani |mdo |> A mdo:100026453(426)  [K04522 koas2z [psenz [P2908/80200 ly513; A | [olsse780410 K04522|PSENZ [presenilin 2
E.Ani loaa |& A 022:100076299(455) 04522 ||(>) ﬂ”“s/f%zgg% 14136 [Q [ssc:780411 R e S R R
Dimats & ) [mdo:100019628 [K04505|PSENT [similar to presenilin 1
E.Ani [gga [+ A gga:374188(451) lko4s22 k4522 [PSEN2 LS::‘“;;;Z“ZZ;’;E 10574 ~~—_| A | [O|mdo:100026453 [K04522|PSEN2 [similar to presenilin 2
~% ) [oaa:100076299 \ isimilar to presenilin 2 (Alz!
N [62906/60206
EAni i |- A xia:397713(449) loas22 koas22 [psEN2 Bm‘s 508 11327 A | 15 ToaaTo0097250 Simiar © preserin T
0 |9ga:373977 lpresenilin 1 (Alzheimer di

GFIT link

KOALA's

Current

OC links

suggestion assignment

5

0 |gga:374188

[KO4505|PSEN1
K04522|PSEN2

lpresenilin 2 (Alzheimer di

lpresenilin-beta

0 [xla:397713
0 [xla:399258

K04522|PSEN2
KO4505|PSEN1

[presenilin-alpha

Tools to check annotation quality
Based on reconstruction of functional units

Ortholog table

9ansm| (e [1170) (GAPDH) [1469] (gap2) (127] (PGK) [1108) (PGAM) [2711]  kBPGM) [1]|  (
Gt ©
e [esase s fezes 2 PO T2
b [41213]
ke fecssnaa o
KEGG Genome map - Synechocystis sp. PCC6803
T
|
-t !
|
‘
|
. |
slrisas slrizse slr7as  sleazsi sleazis [ S 4‘
‘
o A |
Conserved gene cluster ™ i
. = !

[yn_[siitass ) [si1451(<02050) [sizaso(02051) [siie3a

ey [Pcc7a24 3464 [pcc7a24 3462 [PCC7424_3524(K02049) [PCC7424_3525(K02049) [Pec7a24 [pcc7424_3527(k02051) [pcc7424_1680
[mar_[MAE 55270 |MAE_S3960 MAE_1. ) [MAE_; MaE_ MaE_ [MAE_o9360
[y _[cyan7425_3581 [cyan7425_4566 [Cyan7425_4570(K02049) __[Cyan7425_4571(K02050) _[Cyan7425_4572(K02051) __[Cyan7425_1598
[y [PcceB01_4057 [pccesor_2463 [PCCB801_4394(K02049) [PcCB801_4395(K02050) [Pcceso1_4396(k02051) [pccsso1 2471
feyh _[cyanss02_a096 [cyansso2_3646 [Cyan8802_4457(k02049) __[Cyan8802_4458(K02050) __[Cyan8802_4459(K02051) __[Cyan8802_3637
[va_[Ava_d546 [ava_4544(K00367) [Ava_4542(K02049) [Ava_4541(k02050) [Ava_4540(k02051) [Ava_4534(K00766)
[ana_[airo614 1r0612(K00367) [aIr0611(K02049) ) latiogo1.
leyb_[cve_ooaz [c¥B_0040(K00367) [evee [eve_e [eve_c lcve_0333
lova_[cva o174 [c¥A_0619(k00367) [ovac [ovac [cvA_0613(K02051 lcvA_0985.

kel [iri356 fir1355(<00367) [ir1352(k02049) [ir1351(k02050) [ir1350(<02051) [ii3s8

faen [Mia_1702(k00360) Mig_2587(k02049) _[Mig_1703(K02049) [Mig_1704(K02050) [Mig_1665

feps [cPs_a945(k00372) [cPs_3314(k02049) [ces.

frer_1159(k00372)

frer_1155(02049)

frer_t154(k02050)
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Public version of KEGG annotation tools

ch ORTHOLOGY: K04522

Help )
Entry k04522 )

Name PSENZ, PSZ

Definiti lin 2 [EC:3.4.23.-]

Pathway (k004330 Notch signaling pathway
k005010 Alzheimer's disease

signaling pathway [PATH:ko04330]
Huran Diseases; Neurodegenerative Diseases: Alzheimer's disease

[PATH: ko25018]) [cc Homo sapiens (human):

SSDB query for orthologs and paralogs
Conserved gene cluster search

Read-only version of GFIT

Disease HO0056 Alzheimer's disease (AD)
Class Metabolism; Enzyme Families; Peptidases [BR:ko@1002] i
Environmental Information Processing; Signal Transduction; Notch (user| for baCterIaI genomes)
74

Ortholog table via

BRITE hierarchy) / Help
Genes. HSA: 5664(PSENZ) Entry 5664 o5 f.sapiens

:E'éf gggiggz::g Gene name [PSEN2, AD3L, AD4, PS2, STM.

WU: 19165(Psenz) Definition|presenilin 2 (Alzheimer dfsease 4)

RNO: 81751(Psen2) orthology [k04522 presenilin 2 [€¢f3.4.25.-]

i — " pathway entry

CFA: 490382(PSENZ) Pathway  [hsa04330) Notch si
‘g‘(‘ 282010(PSENZ) hsa05010 mer s/ disease

: 780410(PSEN2)

XLA: 397713(psen2)
XTR: 549935(psen2)
DRE: 58026(psen2)

ECB: 100054506 Disease  [H00056 Alzheimer's/disease (AD)

MDO: 100026453 Class Metabolism; Enzyme/Families; Pepkidases [BR:hZa01002]

0AA: 100076299 Environmental Infbrmation Procgssing; Signal/Transduction; Notch
GGA: 374188(PSENZ) : 0]

TGU: 100232599 Human Diseases; Neurodegenergdtive Diseased; Alzheimer's disease

DB search against

S

Taxonomy )(((KOALA )| SSDB Qrtholog) (Paralog) (Gene cluster) ((GFIT_)

UniProt, etc. may

Reference |PVID:10497236 Motif Pran: Presenilin HGIP
Authors |Steiner H, Duff K, Capell A, Rom o
Yu X, Picciand M, Fechteler K, C (Motit)

Baader M, Toftita T, Inatsubo T, |[Other DBs [NCBI-GI: 156105679
Title A loss of fiinction mutation of pi NCBI-GeneID: 5664
beta-peptide production and not| ovim: 600759

Journal |J Biol Chen 274:28669-73 (1999) HGNC: 9509

HPRD: 02860

Ensembl: ENSGO0000143801
UniProt: P49810

Read-only version Position |1031-q4z
of KOALA RIS 448 o M)
MLTFMASDSEEEVCDERTSCMSAESPTPRSCQEG

DRYVCSGVPGRPPGLEEELTLKYGAKHVIMLFVP
YTPFTEDTPSVGQRLLNSVLNTLIMISVIVVMTI
FLFTYIYLGEVLKTYNVAMDYPTLLLTVNFGAV
LVFIKYLPEWSAWVILGATSVYDLVAVLCPKGPL
| TVGMAKLDPSSQGALQLPYDPEMEEDSYDSF GEP
KLGLGDFIFYSVLVGKAAATGSGDNNTTLACFVA
[ TFGLIFYFSTONLVRPFMDTLASHQLYT

be done on the fly
BLAST Search

%@
]

BLAST FASTA KEGG2

Compute) ((Clear

Enter query sequence:

Sequence data >hsa:5664 PSENZ; presenilin 2 (Alzheimer disease 4) ;
K@4522 presenilin 2 [EC:3.4.23.-] (A) m
DERTSLMSAESPTPRSC
DRYVCSGVPGRPPGLEEELTLKYGAKHVIMLFVPVTLCMIVVVATIKSVRFYTEKNGQLT
YTPFTEDTPSVGQRLLNSVLNTLIMISVIVVMTIFLVVLYKYRCYKFIHGHLIMSSLMLL 4
FLFTYIYLGEVLKTYNVAMDYPTLLLTVANFGAVGMVCIHWKGPLVLOOAYL IMISALMA ¥

Select program and database:

KAAS: KEGG Automatic Annotation Server

http://www.genome

.jp/tools/kaas/

Pairwise genome comparison

Set of BLAST search

aa seq

in both directions

Query genome

Annotated genomes in KEGG

Bidirectional best hit

BLAST result screening by bi-directional best hit rate (BHR) Genome 1 Genome 2

BHR=R,xR, >0.95

K number assignment by a heuristic scoring

Sxo =S, —log,(mn) -log, E Gt (1= p)x—k

k=N

Moriya, Y., Itoh, M., Okuda, S., Yoshizawa, A.C., and Kanehisa, M.; KAAS: an automatic genome annotation
and pathway reconstruction server. Nucl. Acids Res. 35, W182-W185 (2007).
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KEGG PATHWAY and BRITE:
Reference knowledge base

Data objects for computer representation
of molecular systems

Element
gene, protein, small molecule, etc.

Pair (binary relation)

protein-protein interaction, drug-target relationship, etc.

Graph (wiring diagram)
pathway, complex, etc.

Simple list (membership)
pathway, complex, etc.

Hierarchical list
hierarchical classification, ontology, etc.

16



Knowledge Representation of Systemic Functions

Molecular network (pathway map)

KEGG PATHWAY

Hierarchical list (ontology)
KEGG BRITE

[ER——
T L[ |y — Apoposis

Simple list (membership)
KEGG DISEASE

Gene BCR-ABL (translocation) [HSA:613 25]
EVI1 (overexpression) [HSA:2122]
AMLL (translocation) [HSA:861]
p16/INK4A (mutation) [HSA:1029]

p53 (mutation) [HSA:7157]
RB1 (mutation) [HSA:5925]
Carcinogen |1,3-Butadiene [CPD:C16450]
Rubber industry

Marker BCR-ABL (translocation) [HSA:613 25]
WT1 [HSA:7490]

Drug Inatinib mesylate (Gleevec) [DR:D01441]
Hydroxyurea [DR:D00341]

Interferon-alpha [DR:D@@745 D@2745 D@3305 D4552 DO4553]

vvyvw

¥ Cancers
> Cancers of the nervous system
> Cancers of the digestive system
¥ Cancers of haematopoietic and lymphoid tissues
H00003 Acute myeloid leukemia (AML) [PATH:hsa05221]
H00001 Acute lymphoblastic leukemia (ALL) (Precursor B
H00002 Acute lymphoblastic leukemia (ALL) (Precursor T
H00004 Chronic myeloid leukemia (CML) [PATH:hsa05220
H00005 Chronic lymphocytic leukemia (CLL)
H00007 Hodgkin lymphoma
H00006 Hairy-cell leukemia
H00008 Burkitt lymphoma
H00009 Adult T-cell leukemia
H00010 Multiple myeloma
H00011 Lymphoplasmacytic lymphoma
H00012 Polycythemia vera
Cancers of the breast and female genital organs
Cancers of soft tissues and bone
skin cancers
Cancers of the urinary system and male genital organs
cancers of endocrine organs
Head and neck cancers
cancers of the lung and pleura

YYvvvvy

» Immune System Diseases
> Nervous System Diseases
> Circulatory System Diseases

» Metabolic Diseases

Data source: review articles, other

publications, specialists’ websites, etc.

KEGG PATHWAY Database
Collection of KEGG pathway maps

Global Map
Metabolism Map (2)

Metabolism
Carbohydrate Metabolism (15)
Energy Metabolism (8)
Lipid Metabolism (16)
Nucleotide Metabolism (2)
Amino Acid Metabolism (13)
Metabolism of Other Amino Acids (9)
Glycan Biosynthesis and Metabolism (15)
Metabolism of Cofactors and Vitamins (12)
Metabolism of Terpenoids and Polyketides (20)
Biosynthesis of Secondary Metabolites (21)
Xenobiotics Biodegradation and Metabolism (25)
Overview (9)

Genetic Information Processing
Transcription (3)
Translation (2)
Folding, Sorting and Degradation (5)
Replication and Repair (6)

Environmental Information Processing
Membrane Transport (3)
Signal Transduction (14)
Signaling Molecules and Interaction (4)

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

Cellular Processes
Transport and Catabolism (4)
Cell Motility (3)
Cell Growth and Death (7)
Cell Communication (4)
Organismal Systems
Immune System (15)
Endocrine System (7)
Circulatory System (2)
Excretory System (4)
Nervous System (3)
Sensory System (3)
Development (2)
Environmental Adaptation (4)
Human Diseases
Cancers (15)
Immune Disorders (6)
Neurodegenerative Diseases (5)
Cardiovascular Disease (4)
Metabolic Disorders (3)
Infectious Diseases (7)
Drug Development
Chronology: antibiotics (8)
Chronology: antineoplastics (5)
Chronology: nervous system agents (9)
Chronology: other drugs (9)
Target based classification (15)
Structure based classification (5)
Skeleton based classification (8)

As of June 12, 2010
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KEGG BRITE Database

Collection of BRITE functional hierarchies

Pathways and Ontologies

Pathways (1)
Functional hierarchies (1)

Genes and Proteins

Network hierarchy (1)
Protein families: metabolism (9)
Protein families: genetic information processing (10)

Compounds and Reactions
Compounds (5)
Reactions (3)
Compound interactions (6)

Drugs and Diseases
Drugs (10)
Diseases (2)

Protein families: environmental information processing (6)

Protein families: cellular processes (7)

Cells and Organisms
Organisms (4)

and associated binary relations

Drug
| » ATC classification
‘Crude drugs

Drug interactions

Plant-drug relations

Drug-target
Network hierarchy relations
KEGG Orthology system
Target «
information
Organisms

Plant classification

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

As of June 12, 2010

Drug-target relationship in KEGG PATHWAY and KEGG BRITE

Search BRITE hierarchies

KEGG Orthology (KO) [BR:hsa00001]
Environmental Information Processing

Membrane Transport
02000 Transporters [BR:hsa02000]

K[cc Anatomical Therapeutic Chemical (ATC) Classific

 Brite menu

6833 ABCC8, ABC36, HHF1, HI, HRINS, MRP8, PHHI, SUR, SURI,
02010 ABC transporters [PATH:hsa02010]
6833 ABCCS, ABC36, HHF1, HI, HRINS, MRPS, PHHI, SUR, SURL,
signaling Molecules and Interaction
04000 Receptors and channels [BR:hsa04000]
6833 ABCCS, ABC36, HHF1, HI, HRINS, MRPS, PHHI, SUR, SURI,
Human Diseases
Metabolic Diseases
04930 Type II diabetes mellitus [PATH:hsa04930]

YYyvvvy

6833 ABCC8, ABC36, HHF1, HI, HRINS, MRP8, PHHI, SUR, SUR1,

Target Transporters [BR:hsa02000]

¥ A ALIMENTARY TRACT AND METABOLISM

v

«vvvvvYYY

A0 STOMATOLOGICAL PREPARATIONS
A02 DRUGS FOR ACID RELATED DISORDERS
A03 DRUGS FOR FUNCTIONAL GASTROINTESTINAL DISORDERS
A04 ANTIEMETICS AND ANTINAUSEANTS
A0S BILE AND LIVER THERAPY
A06 LAXATIVES
AO7 ANT INTESTINAL ANTIT ANTIINFECTIVE AGENTS
A08 ANTIOBESITY PREPARATIONS, EXCL. DIET PRODUCTS
A09 DIGESTIVES, INCL. ENZYMES
A10 DRUGS USED IN DIABETES
> ALOA INSULINS AND ANALOGUES
¥ A10B BLOOD GLUCOSE LOWERING DRUGS, EXCL. INSULINS
> A10BA Biguanides
¥ A108B Sulfonamides, urea derivatives
¥ A10BBOL Glibenclamide
D00336 Glibenclamide (JP15/INN); Glyburide (USP
¥ A10BBO2 Chlorpropamide
D00271  Chlorpropamide (JP15/USE/INN)

sulfonylurea receptor 1 agonist [[HSA:6833

sulfonylurea receptor 1 agonist [HSA:6833]

ABC Transporters, Eukaryotic Type
ABCC (CFTR/MRP) subfamily
ABCC8, 9 subgroups
6833 ABCCS, ABC36, HHF1, HI, HRINS, MRPS, PHHI, SUR, SURL,

Receptors and channels [BR:hsa04000]
Ion Channels
Related to ATPase-linked transporters
High-affinity sulfonylurea receptor (SUR)
6833 ABCCS, ABC36, HHF1, HI, HRINS, MRPS, PHHI, SUR, SURL,

Target gene
classification

H ¥ A10BBO3 Tolbutamide
D00380 Tolbutamide (JP15/USE/INN) sulfonylurea receptor 1 agonist [HSA:6833
D06177 Tolbutamide sodium, sterile sulfonylurea receptor 1 agonist [HSA:6833
ROS Ty DiA S d
)
DCC e :
Prevention of Cat 1
‘oaxdbrane depolarizaiol N
SURL e ATP :
Tee2 [% 0
K+ Mmmmm}———ﬁ—;——:r
tockordrial dysfumetion
o [cLum2 —»[ v} o
Ghicose Pymwvate
04930 72009
(©) Kaxehisa Liborabriss

Drug classification

Try brite join operations in
the KEGG BRITE page.

Target information in the context of pathway
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Pathway mapping and BRITE mapping

Linking genomes to biological systems and the environment

KO assignment N

Glugose
(Hyperzlyeemis)

Gene KO
10000  K04456
10003  K01301

10007  K02564
10008  K04897
10020  K00885

10021 K04957

- co-emse____ o

N
10004  K01301 —‘jﬁ g e J
10005  KO1068 ::> et I

KEGG pathway mapping
I

Pancreate frcell Impaired insulin secretion -

Glyeaton,

i
i
L

10020 KO1791 ot I =

Matuin
of

Try examples of
pathway mapping
and brite mapping
from KEGG2 page.

10023  K03069
10026  K05290
10038  K00774

Disease pathway

BRITE hierarchy mapping

10039  K00774
10050  K08193
10051  KO06675
10052  KO07616

03672

» others

» ABCD (ALD)

Genes to K numbers

v ABC Transporters, Eukaryotic Type
» ABCA (ABC1) subfamily

» ABCB (MDR/TAP) subfamily

10056 K01890 ::> v ABCC (CFTR/MRP) subfamily ::>
10057  K05668 > asccl, 2, 3, 5, 6, 13 subgroups

10058  K05661 05032 ABCCS; ATP-binding cassette, subfamily C (CFTR)
10059 KO1528 e T s, St o

» ABCC-3AC subgroup

» ABCG (White) subfamily
» Other subfamilies
» ABC Transporters, Prokaryotic Type

> Major Facilitator Superfamily (MFS)

(proteins)

I3
A3CC12; ATP-binding cassette, subfamily C (CFTf

subfamily

> 1 Agents affecting nervous system and sensory organs

> 2 Agents affecing indviduatorgans  (ArUQS)

v 3 Agents affecting metabolism
L Vitaming
32 Nutrients, tonics
33 Blood and body fluid agents
34 Dpialysis agents
39 other agents affecting metabolism

» 391 Liver disease agents
> 392 Antidotes
> 393 Habitual intoxication agents
> 394 Gout preparations
> 395 Enzyme preparations
v 396 Antidiabetic agents
3961 sulfonylureas
00219 Acetohexemide (JP14/USP); Dymelor (TN)
00271 Chlorpropamide (JP14/USF); Diabinese (TN)
00335 Glipizide (USP); Glucotrol (TN)
D00336 Glibenclamide (JP14); Diabeta (TN)
00379 Tolazamide (JPL4/USE); Tolinase (TN)
00380 Tolbutamide (JPL4/USP); Orinase (TN)
D00593  Glimepiride (JAN/USP); Amaryl (TN)
01599 Gliclazide (JAN); Glimicron (TN)
001799 Glyclopyramide (JAN); Deamelin-S (TN)
> 3962 3iguanides
> 3969 _others

K numbers to C/D/G/R numbers

Convention of map number prefix

Reference pathway

ko (ec, rn)

Organism-specific pathway

org

Each box is manually

associated with KO identifier
(K number), EC number, and
reaction identifier (R number)

Blue boxes represent selection
of K numbers (prefix ko), as
well as EC numbers (prefix ec)
and R numbers (prefix rn)

h]saOOO‘l 0

- Soomwamr |
B

[ Bl e

Green boxes correspond to gene
identifiers in an organism that are
computationally converted from K
numbers
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Reference pathway

Organism-specific pathway - Homo sapiens
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KEGG LIGAND
and chemical bioinformatics

Bioinformatics for Small Molecules

Chemical structure similarity
» Comparison of bit-represented vectors (fingerprints)
» Comparison of graph objects

Chemical building blocks
» Conserved substructures as building blocks of compounds/drugs
» Variable substructures as building blocks of reactivity/efficacy

Network modules
» Genomic module, e.g. operon
» Chemical module, e.g. overall reaction

Predictive methods
» Interaction prediction, e.g. toxicity
» Reaction prediction, e.g. metabolic fate

Examples
» Plant/fungi/bacterial genomes and secondary metabolites via
biosynthetic pathways
» Bacterial genomes and environmental compounds via biodegradation
pathways

21



Prediction of biosynthetic/biodegradation potentials
Linking genomes to endogenous/exogenous molecules

KO assignment Enzyme repertoire

Gene KO

10000  K04456
10003  K01301
10004  K01301
10005  K01068

Glycosyltransferases

10007 K02564 PK/NRP synthases
10008 K04897

10020 K00885

10020 K01791 -

10021 K04957 Fatty acid

10023  K03069
10026  K05290
10038  K00774
10039  K00774
10050  K08193
10051  K06675
10052  K07616
10056  K01890
10057  K05668
10058  K05661
10059  K01528

desaturases/elongases

Prenyltransferases

g4l

Genes to K numbers for
specific enzyme groups

gl

Knowledge on

Knowledge on

Chemical repertoire

Glycans

Polyketides /
nonribosomal peptides

Polyunsaturated
atty acids

Terpenoid backbone
structures

biosynthetic pathways

Endocrine disrupting
compounds

biodegradation pathways

N-Glycan biosynthesis - Homo sapiens (human)

N-GLYCAN BIOSYNTHESIS

Cytosal

(BT} »o—[AIET}> o (AT} >0

Glyms sphamlyl

flippese
RFTL
[oPi]
DPM2 | DPM3
ER luren
i Gram ogepa  O+[A}oe{Rmm}— Structure map
010, oe—— L& O
o oy
N.glycan precursor bisynthesis ALGS
o Manal - 2Manal - ALG12
[——0 e SeuThe T— ALGS SManat  41a2
5ot == Whrenbis Manat  2Manat ALG3 . ALG14 BLGT
PP.Dol Qt———— | SManpl  4GICNACDI  4GICNACPL  FP-Dol
I ALGI0 ALGE ALGE ALGIL ALGI1L ALG2
! O—{GEST |-»-o—{GaNEE}» O—{MANT |-+ 0—{i@) Glcal  2Gical  3Glcal  3Manal  2Manal  2Manal
1
ool barkbors Golgi apparatus
gt ot )

GCSl
o oe-{Ig Gleat »” 2Glcal »

Ty jon from

Manal o 2Manal

'
Manal 7 2Manat "

GANAB GAN B
3Gleat »” 3Manad 2 Manad

Pathway map

ST6GALL
NeuSAca2 6 Galpl

hsaoos1 0 ST6GALL

NeuSaco2  6Gal p1

GICNACH! - MGATS
chA(m—ZMam
acicacpt MOAT2 .
GIcNACDL  dMan
3

GICNACP  MGAT4 |
dvana P

AleNacpt  MOATI

Sntanat

Ehanp1—— 4GIcNAC p1—— 4GIcNAC p1— Asn

2Manat

Ftal b
[
91 4GlcNAC B~ 4GIcNAC pL—Asn

Futo” FUTLL
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Truncated glycan structures in parasitic protists
and algae predicted from genomic information

A. N-glycan Precursor

B. GPI-anchor Core

@c2—@u6
Hsa, Ath, Sce, Ddi >.(x6

Q2—@u3 >.B4—.B4—.—PP—D0[
02— 03— 03— @u2—@u2—0%3 (GIcNAc2Man9Glc3)
Q@u2—@ub
Tps >.Lx6
Diatoms Q2—@u3 p4—ll p4—l—PP-Dol

03— @130 2—@2—@3 (510N AOMan9Gle2)

Hsa, Sce, Ddi @ 2—@ 2 —@0.6—@ 04 —GlcN—PI

Ath, Tbr @2—@c6—@ 04—GIeN—PI

Ehi, Tan

Cme

@06—@ 04—GleN—PI
Pl

Hsa: Homo sapiens

Ath: Arabidopsis thaliana
Cme: Cyanidioschyzon merolae
Olu: Ostreococcus lucimarinus

Tbr: Trypanosoma brucei
Ehi: Entamoeba histolytica
Tps: Thalassiosira pseudonana

Ota: Ostreococcus tauri @ Glucose
Qo2 .‘16: P Sce: Saccharomyces cerevisiae ) Maunnose
Ll Ddi: Dictyostelium discoideum B N-acetylglucosamine

Olu, Ota, Tbr Qu2—@u3 p4—ll B4——PP-Dol Tan: Theileria annulata vie
Green algae

9 02—@u2—@3 (GIcNAc2Man9)
Trypanosoma

@b
Ehi >.ﬁ4—l[34—I—PP-Dol

Entamoeba Q2—@2—@u3 (GlcNAc2Man5)

Hashimoto, K., Tokimatsu, T., Kawano, S., Yoshizawa, A.C., Okuda, S., Goto, S., and Kanehisa, M.;
Comprehensive analysis of glycosyltransferases in eukaryotic genomes for structural and functional
characterization of glycans. Carbohydrate Res. 344, 881-887 (2009).

Dual Aspect of Metabolic Network

1. Genomic information network

Network of enzyme genes (or enzymes)

L-Asparate _23-Dinydrodiy « EC numbers are displayed as
o224 P node names, but they are not
L-4-Aspartyl L-Aspartate
phosphate 4-semialdehyde used as identifiers in KEGG
K00928 K00133 K01714 * Genes and proteins are
R00480  R02291  R02292 identified by K numbers
» Reactions are identified by R
numbers

2. Chemical information network

Network of small molecules (or chemical structure transformations)

L-Aspartate 2 ,3-Dihydrodipicolinate
O—{2724 o120 wo—f2 2052 O
L-4-Asparty] L-Aspartate » Compounds are identified
phosphate 4-semialdehyde

by C numbers

C00049  C03082  C00441 C03340
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Chemical structure transformation network

Biphenyl degradation

Burkholderia xenovorans
Polaromonas naphthalenivorans

bphA bphB bphC bphD
P P Zj»Dih\'dE)oxv- P Rhodococcus sp. RHA1
biphenyl ~ ~ )
Biphenyl 11212180131 56 |-0—{ 131139 w0— 3718 S 2 Hydroxypenta-
2,3-Dihydro- 2-Hydroxy-6-oxo-
2 3-dihydroxybiphenyl 6-phenylhexa-
2 A-dienoate
{} Benzoate
& OH
a2, O o o
CANCESIORANO A \
o HO
OH OH OH o on NcH,
C06588 C06589 C02526 c01273 X C00596
Styrene degradation conaan
. X 2-Hydroxy-6-0x00¢us-
Styrene cis-glycol 2,4,7-trienoate
o N 2-Hydroxypenta-
Styrene ©3— 114.12- —w-c3{ 13..19 w1311 2} 3719 2 Hydroxyp
3-Vinylcatechol
_CHz e ACH Acrylate OH
o
H oH )W oﬁ)ﬁ
: HO™ ™SR,
HO
OH OH OH o] SCH,
C07083 07084 €07085 €07087 oH CO0596
Oél'\éc”z

C00511

Chemical structure comparison based on atom typing
SIMCOMP @ http://www.genome.jp/tools/simcomp/

3-Hydroxypropanoate 3-Oxopropanoate

Common (i)

Common (ii)

Hattori, M., Okuno, Y., Goto, S., and Kanehisa, M.; Development of a chemical structure comparison method
for integrated analysis of chemical and genomic information in the metabolic pathways. J. Am. Chem. Soc.
125, 11853-11865 (2003).

Hattori, M., Tanaka, N., Kanehisa, M., and Goto, S: SIMCOMP/SUBCOMP: chemical structure search
servers for network analyses. Nucleic Acids Res. Epub 2010 May 11 (2010).
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Carbon 23 types

KEGG atom types

Nitrogen 16 types

Oxygen 18 types

Alkane Cla | R-CH3 Amine Nla | R-NH2 Hydroxy Ola | R-OH
Clb | R-CH2-R N1b | R-NH-R Olb | N-OH
Clc |R-CH(-R)-R Nlc |R-N(-R)2 Olc |P-OH
Cld |R-C(-R)2R N1d |R-N(-R)3+ O1d |[S-OH
Cyclic alkane | Clx | ring-CH2-ring Cyclic amine Nix | ring-NH-ring Ether 0O2a |R-O-R
Cly [ring-CH(-R)-ring Nly | ring-N(-R)-ring O2b | P-O-R
Clz | ring-CH(-R)2-ring Imine N2a | R=N-H O2c¢ | P-O-P
Alkene C2a |R=CH2 N2b | R=N-R 02x | ring-O-ring
C2b | R=CH-R Cyclic imine N2x | ring-N=ring Oxo 03a |N=O
C2¢ | R=C(-R)2 N2y | ring-N(-R)+=ring 0O3b | P=0
Cyclic alkene | C2x | ring-CH=ring Cyan N3a |R=N 03¢ | S=0
C2y |ring-C(-R)=ring Aromatic ring | N4x | ring-NH-ring Aldehyde O4a | R-CH=0
ring-C(=R)-ring N4y | ring-N(-R)-ring Ketone 0O5a | R-C(=0)-R
Alkyne C3a_|R=CH N5x_| ring-N=ring 05x_| ring-C(=0)-ring
C3b |R=C-R NS5y | ring-N(-R)+=ring | [ Carboxylic acid | O6a | R-C(=0)-OH
Aldehyde Cd4a | R-CH=0 Undefined N NO Ester 0O7a | R-C(=0)-O-R
Ketone C5a | R-C(=0)-R O7x_| ring-C(=0)-O-ring
Cyclic ketone | C5x | ring-C(=0)-ring Undefined O 00
Carboxylic acid | C6a | R-C(=0)-OH
Carboxylic ester| C7a_|R-C(=0)O-R__| Sylfur 7 types Phosphorus 2 types
C7x | ring-C(=0)-O-ring
Aromatic ring | C8x | ring-CH=ring Thiol Sla |[R-SH [Attatched to other elements[ Pla | P-R
C8y | ring-C(-R)=ring Thioether S2a | R-S-R | Attatched to oxygen [P1b_[P-O
Undefined C__ [ CO = gx rin;éfzfring
Disulfi a | R-S-S-R
suhde S3x | ring-S-S-ring Other elements 2 types
Sulfate S4a | R-SO3 [Halogens [X [ECLBrI
Undefined S S0 | Others [z ]

Reactant pairs extracted from enzymatic reactions

EC1. Oxidoreductases

1
A.red + C.ox <= A.ox + C.red
1

EC2. Transferases

AB+C <= A+BC
L 1

EC3. Hydrolases

1 |
AB +H,0 <= AH+BOH
|
EC4. Lyases

|

AB <& A+B

EC5. Isomerases
1
A<= A

ECS6. Ligases

A+B+ATP <= AB+AMP + PP,

EC (Enzyme Commission) number

* EC numbers represent classification of
enzymatic reactions (and enzymes)

» Manually assigned by IUBMB-IUPAC
Biochemical Nomenclature Committee

)

Published experimental evidence on the
enzyme and the reaction is required

* Four numbers separated by periods,
representing reaction specificity (class,
sub-class, and sub-subclass numbers)
and substrate specificity (serial number).
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Reactant pair transformation patterns (RDM patterns)

KEGG REACTION Database f | |

Reaction acetyl-CoA + L-glutamate <=> CoA + N-acetyl-L-glutamate
| J

KEGG RPAIR Database L-glutamate N-acetyl-L-glutamate

(0] o]
(o} o]
Reactant pair Ho OH
)‘WN/H)\)k
Reactant pair in the 2 2
KEGG atom type @@@® @@@ N
representation o
RDM patterns
KEGG atom changes ® Reaction center N1a--N1b
for R, D, M atoms (@ Difference atom  (H) - C5a

@ Matched atom C1c--C1c

Kotera, M., Okuno, Y., Hattori, M., Goto, S., and Kanehisa, M.; Computational assignment of the EC numbers
for genomic-scale analysis of enzymatic reactions. J. Am. Chem. Soc. 126, 16487-16498 (2004).

§ Prediction of xenobiotics degradation pathways
PathPred @ http://www.genome.jp/tools/pathpred/

Cl
Cl

Predicted pathways for 1,2,3,4-tetrachlorobenzene —
e ‘ Pr— . RDM patterns for xenobiotics
” x¢r s ool i C\( Ty biodegradation pathways

v

(® ﬁj @ Carbohydrate
EAe S N o
™ Lipid
’ﬁ W f;[ ];EC Nucleotide
e ’ Amino Acid
N Y Other aa
e Q“ M > ﬁ Glycan
S 0] omw PK/NRP
j\;} ﬂ Cofactors
. ’ " Sec.metab.
j\g‘ m _osm] LW Xenobiotics -
% Jh)\r 1,901 RDM patterns
W wHY*f\ o e Chemical structure transformation
v - patterns in known enzymatic reactions

Oh, M., Yamada, T., Hattori, M., Goto, S., and Kanehisa, M.; Systematic analysis of enzyme-catalyzed reaction
patterns and prediction of microbial biodegradation pathways. J. Chem. Info. Model. 47, 1702-1712 (2007).
Moriya, Y., Shigemizu, D., Hattori, M., Tokimatsu, T., Kotera, M., Goto, S., and Kanehisa, M.: PathPred: an
enzyme-catalyzed metabolic pathway prediction server. Nucleic Acids Res. Epub 2010 Apr 30 (2010).
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KEGG DISEASE and DRUG:
Linking genomes to parctical values

Developing ‘Computable’ Disease Information Resource

Diagnostic markers

l

Molecular network | —— Disease
Environmental perturbations /‘ T T ‘

Genetic perturbations —_

Therapeutic drugs  Pharmacogenomic markers

. Diseases with known genetic factors
KEGG disease pathway maps Cancers

* molecular network representation Nervous system diseases

+ limited number of diseases Immune system diseases
Circulatory system diseases

Urinary system diseases

KEGG DISEASE entries Metabolic diseases

Genetic disorders

¢ S|mple list representatlon Infectious diseases with known pathogen genomes
» diseases with known genes/genomes Bacterial infections

Viral infections

Mycosis

Parasitic infections
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Congenital disorders of glycosylation (CDG)
Kbc DISEASE: H00118

o _— x=1‘ Single-gene disease with various types

Name Congenttal disorders of glycosylation (CDG) type T
ongenital disorders of glycosylation (CDGS) are a group of autosomal recessive . .
disorders caused by defects in various genes for N-glycan biosynthesis. (DG typ -

caused by one of the enzyme genes involved in the synthesis of dolichol bound KEGG pathway map forN GlyCan blOSyntheSlS
N-glycan precursor. '

Category _|Inherited metabolic disease

Pathway  [nsa00510 N-Glycan biosynthe:
he000051 _Fructose and mannose netabolisn

Gene (CDG-Ta) PMMZ; phosphomannomutase 2 [HSA:5373] Cytosol.
(COG-Tb) MPT; mannose phosphate isomerase [HSA:4351]
CCDG-Ic) ALG6; al-3 glucosyltransferase [HSA:29929]
(C0G-Td) ALG3; a1-3 mannosyltransferase [HSA:10195] ALST FPO—T3151a

(CDG-Te) DPML; P-dolichol mannosyltransferase [HSA:8813]
(CDG-If) MPDUL; mannose-P-dolichol utilization defe(t 1 H
87]

(CDG-Tg) ALGI2: 01-6 nannosyltransferase [ vinoppo———o{ Engppard s | ALGH
(CDG-Th) ALGS; a1-3 glucosyltransferase msa] netebolisn

(CDG-Ti) ALGZ; a1-3/6 mannosyltransferase [HSA:85365)

CCDG-1§) DPAGTL, ALG7; P-dolichol N-acetylglucosaminephosp| R ¢
CCDG-TK) ALGL; bl-4 mannosyltransferase [HSA:56052] SR IDEEE

(CDG-IL) ALG9; a1-2 mannosyltransferase [HSA:79796] M P-Dol

(CG-Im) DOLK; dolichol kinase [HSA:22845:

]
(CDG-Tn) RFT1; oligosaccharidyl-lipid flippase [HSA:91869]|

ER lunen
Reference |PVID: 16511945 Gep-P-Dol O4{ 5167 | —o+{AT5 1z} —
Authors [Sparks SE [ZLE] 14. o
Title Inherited disorders of glycosylation. N EXEETY) P-Dol
Journal _ Mol Genet Metab 87:1-7 (2006)
Reference |PMID:12756558
Authors  [Marquardt T, Denecke J 3614 ALGI0] e ALGE
Title  [Congenital disorders of glycosylation: review of their mol] .
presentations and specific therapies. Frr—
Journal _|Eur 3 Pediatr 162:359-79 (2003) [T osT] ‘ B i ok
Reference |PMID:12905014 (CDG type Ia) PP-Dol |
Authors  |Neumann LM, von Moers A, Kunze J, Blankenstein 0, Marquard 6_@;0 [MGATI}-»0—{321114}-»0
Title [Congenital disorder of glycosylation type la in o macroson
atypical phenotype and homozygosity of the NZ16I mutation. e MGATZ
Journal _|Eur ) Pediotr 162:710-3 (2003) Dot baclbone c
(a8 Yo — 0 B0« AT 0« [FWB}- 5+
ALGY [MGATS]
Manal = 2Manal \ALGIZ
{TGATS}— o0« {MGATA}
ALGY GM‘"“‘ \Lo2 ALG13 °
Mt pvanat ALG3 ALGL ALG14 ALGT
EManp1——4GIcNACPT  4GIchAc p1—FP-Dol

ALGI0 ALGS ALGE ALGIL ALGIL

ALG2
Gleat 2Gleal ™ 3Glcad = 3Manal 2Manal 2Manal

Colorectal cancer

ncer:
DISEASE: H00020 Cancers
Help )
Entry 00020 Disease 55 DISEASE entries
Name Colorectal cancer
Tption|Colorectal cancer (CRC) 1s the second largest cause of cancer-related deaths in 14 pathway maps
Western countries. CRC arises from the colorectal epithelium as a result of the
accumulation of genetic alterations in defined oncogenes and tumor suppressor genes 1 global map
(T5G). Two major mechanisms of genomic instability have been identified in sporadic
CRC progression. The first, known as chromosomal instability (CIN), results from a

series of genenc changes that involve the activation of oncogenes such as K-ras and

Imicrosatellite mstnb\l\ty (HSI). results (mm inactivation of the DNA m\smnt(h

repair genes MLH1 and/or MSHZ by hypermethylation of their promoter, ana secondary

mutation of genes with coding microsatellites, such as transforming

receptor II (TGF-RII) and BAX. Hereditary syndromes hnve ermline mu

e e o e e e eoenirores hove e e ne KEGG disease pathway map for colorectal cancer
;

Imutated DNA mismatch repair genes in HNPCC) t

lof developing colorectal cancer (more than 50| per

general population. COLORECTAL CANCER.

Category [cancer

Geret alertins

Pathway  |nsa05210 Colorectal cancer . Omogews: e Kofis

Gene beta-Catenin (mutation) [HSA:1499] [KO K02105] Homal il S Ter s AFC,PEC TORPR, S,
K-ras (mutation) [HSA:3845] [KO:KO78

[APC (germline mutation (FAP), Somotc mnnan) [t}
|TGF-betaRII (mutation) [HSA:7048] (KO:K04388]
Smadz (mutation) [HSA:4087] [KO:K04500]

Snad4 (deletion) [HSA:4089] [KO:K04501]

BAX (mutation) [HSA:581] [KO:
pS3 (deletion) [HSA:7157] [t 4511

MLH1 (germline mutation (mwc() LOH, promoter hyy
[KO:K08734]

DNA spur gees . MVLHL, BMSH, HVSHS, 5NSHS.

Dyepsic ACF
MSH2 (germline mutation CHNPCC), LOH, somatic mutd e e -
MSH3 (somatic frameshift mutation) [HSA:4437] [KO v )
MSHG Cgernline mutation CHNPCC), Lo, somatic fraf o N
[K0:K08737) Sopgeslsopos
Carcinogen |ineral oils, untreated and mildly treated w N w
"ard amarodictson (T o [SF] s B et
Marker [Heroglobin [HSA:3039 3040 3043]
K-ras (rutation) [HSA:385]
53 Crutation) [HSA:7157) A — (555} —» il —» [T St
1APC. Crutation) [HSA:10297)
BAT-26 (nutation) L] )
5 =
Drug (Oxoliplatin [DR:D01790] APRL —_—

5-Fluorouracil (5-FU) [DR:D00584]
Leucovorin (FOLFOX4) [DR:001211 D04715]
Bevacizumab [OR:D06409.

B
Irrinotecan [OR:001061] z -_d E e
Cetuximab [OR:003455] ]
Capecitabine [DR:001223] Lus o i

Comment _|1CD-0: 8140/3, Tumor type: Adenocarcinona S v o)

other DBs [ovIM: 1145

R
Tco-1e: cie-czo conison ]

Reference |PMID:15000146 (gene, tumor type) D
Authors  [Grady WM.

Title Genomic instability and colon cancer. md pupmsu
Journal Cancer Metastasis Rev 23:11-27 (2004) Carcivoma.
e




Chronic myeloid leukemia (CML)

DISEASE: H00004

Erery oot semse
Chroric myetold Tetkents O
Teskenia (GHL) originates Tn @ pLaripetent hendtapoetic sten cell
oF She-bore marron and 1< chatactarise by grearly inéreosed munbers of arnslocyies
esociated ien'e Spetirec chranoeons spnormatity: ihe €3, 59> recupracel
land the BCR (breakpoint cluster region) gene on chromosom¢ . . . .
gene cades for an a0 mous ana o ovet s10-00 proren o KEG G disease pathway map for chronic myeloid leukemia
[t(3;21)(q26;q22), which generates AML1-EVI1| e
Category [cancer tuaE ot R
Pathway 1005220 Chronic myeloid Leukemia ! !
Gene BCR-ABL (translocation) [HSA:613 25] ! I
EVI1 (overexpression) [HSA:2122] ! |
AML1 Ctranslocation) [HSA:861] I I
p16/INK4A (mutation) [HSA:1029] | i
p53 (mutation) [HSA:7157] o pe
RB1 (mutation) [HSA:5925] oot (commen
i Iymphon uyeloul
[Carcinogen [1,3-Butadiene [CPD:C16450] ) progemo)
Rubber industry I !
Marker BCR-ABL (translocation) [HSA:613 25] ! onp
WTL [HSA:7490] | (gt
Drug Tmatinib mesylate (Gleevec) [DR:DOL441] ! ‘Roge)
Hydroxyurea [OR:D00341 |-
Interferon-alpha [DR:D0745 D2745 DO3305 v B L
Coment[1c0-0: 9975/3, Tumor type: Grrome metoger] | 92 | e || i
Reference |PMID: 15719031 (gene, turor type) =
Authors  [Ren R.
Title Mechanisms of BCR-ABL in the pathogenesis of 1
Journal _|Nat Rev Cancer 5:172-83 (2005) Fro—
Reference |PMID:10403855 (gene)
Authors [Faderl S, Talpaz M, Estrov Z, 0'Brien S, Ku AN B .
Title [The biology of chronic myeloid leukemia. Tumor uppmssors - INKA4WARE, 53, Fo =]
Journal [N Engl J Med 341:164-72 (1999) 1 i CBE b0 — 4015 pogesion
Reference |PMID:14982576 (gene) Dits
Authors |Calabretta B, Perrotti D. f,’:ﬂ
Title  [The biology of CML blast crisis. Pl —»[E - ro———> B b
Journal  [Blood 103:4010-22 (2004) DA edsgipess
Reference |PMID: 16155477 (carcinogen) [
Authors |Graff ]J, Sathiakumar N, Macaluso M, Maldon|
Title Chemical exposures in the synthetic rubber
roreatity o N i
: ] ; J—
Journal _|J Occup Environ Med 47:916-32 (2005) B Aoumnd
Ccarcinogen) chLBe
Y
Authors [Blair A, Kazerouni N O RS AT H
o
Reactive chemicals and cancer Cymgbod) H
Journal _|Cancer Causes Control 8:473-90 (1997) as0210
PMID: 16873420 (carcinagen) {c) Kaehuse Laboraoris

Colorectal cancer in the global cancer map

PATHWAYS IN CANCER

o —

= == ) =) &)
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Chronic myeloid leukemia in the global cancer map

PATHWAYS IN CANCER

Qpvonn Q Divtn  Posec
o Dot Po%E,

o —

Drugs for chronic myeloid leukemia

HSC

Molecular target drugs

|

|

|

|

|

|

|
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KEGG DRUG as a Chemical Structure Database

Chemical structures and/or chemical components of:

« All prescription drugs in Japan

Imatinib mesylate (Gleevec)

DRUG: D01441
Help )

* AllOTC drugs in Japan e oetnD Besaee T
» Most prescription drugs in USA 2{?5:5‘(%’?
» Many prescription drugs in Europe CEITN oo Gt
Structure
- . . . . N
Structure activity relationships organized in: SN “YQANQ%H
. . . | o ?
» ATC classification of drugs in Japan, USA, M ° H,c,is;,m
and Europe Doress
* Therapeutic category of drugs in Japan L B
+ Classification of OTC drugs in Japan T e e e e
* TCM drugs in Japan ki heapicic) [oemneapszssy o) LPATHESa00so]
. [Metabolism [CYP3A4 [HSA:1576]
» Crude drugs in Japan Tnteraction|sianarker: c-KIT oxpression (FAT315]
Activi |Antineoplastic
le:arkly Th:mue:uclmtegory‘ 4291
e e
Number Of entries Comment Kin :ntu%r;hzg;;§)myelugennus Teukemia (CML) and gastrointestinal
KEGG DRUG 9,454 ;::::a:.s :/A‘ln:Z;\;;:g;n?:ir!Amneep\asncs - protein kinases inhibitors
Crude drugs 531 e
TCM formulas: 229 ATC classification VAT, 1357 1442

(As of June 12, 2010)

Anatomical Therapeutic Zhemical (ATC) classification [BR:br08303]
ND IMMUNOMODULATING AGENTS

L ANTINEOPLASTI
LO1 ANTINEOPLASTIC AGENTS
LO1X OTHE
LO1XE Prgfein kinase inhibitors
LO1XEO1 Imatinib

D01441 Imatinib mesilate (JAN)

NTINEOPLASTIC AGENTS

KEGG DRUG as a Molecular Network Database

1. Molecular interaction network involving:

» Target molecules

Imatinib mesylate (Gleevec)

DRUG: D01441
Help )

i Entry 001441 Drug
° Drug metabOIIZIng er]zymes Name Imatinib mesilate (JAN);
Inatinio mesylate;
+ Drug transporters eove (5;
Glivec (TN)
« Adverse drug interactions Formita[cemuo. Gt
. Mass 5892471
» Pharmacogenomic markers Gy ™
. . 9 &Yn n\(Qﬁ K,N\CHJ
2. Chemical structure transformation network for: N c]@ LI N
. . Hy 3 ’g’
+ Biosynthetic pathways of natural products Doress
(KEGG metabolic pathway maps) Molfile ) (KCE fie ) (08 search) (_Jmol ) (Kegbraw
. Target Br-AbL tyrosine kinase inhibitor [HSA:25] [PATH:hsa@5220];
+ History of drug development i Drcune ineee ot car Do) L
(KEGG DRUG structure maps) ki heapicic) [oemneapszssy o) LPATHESa00so]
[Metabolism |CYP3A4 [HSA:1576]
i 1 c-KIT expression [HSA:3815]
[Activity
AT TR e T Remark [Therapeutic category: 4291
ATC code: Loixeor
BRITE Herarchy)
KEGG DRUG structure maps Tresment of chranlc yetogeross Leskenta () ond qasraineesinat
D D | t : map@7e45 - protein kinases inhibitors
ru levelopmen 57~
Chgronology: Antibiotics L T I
Chronology: Antineoplastics i E:\E:llséni?6g§m5m
07040 Antineoplastics - alkylating agents K ) o )
07041 Antineoplastics - antimetabolic agents F e —
07042 Antineoplastics - agents from natural products [ s
oy o

07043 Antineoplastics - hormones
07045 Antineoplastics - protein kinases inhibitors
Chronology: Nervous System Agents
Chronology: Other Drugs
Target Based Classification
Structure Based Classification
Skeleton Based Classification
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Chemical structure transformation networks
Linking genomes to natural products and drugs

Enzyme-catalyzed Human-made
chemical transformations chemical transformations

Biosynthetic Natural
—_— _—
Genome pathways products Drugs

Biodegradation  Environmental
Genome <+——mrmre—
pathways compounds

TETRACYCLINES
TETRACYCLINE BIOSYNTHESIS conspthets e
N

P T A —

[

20w Ddonarost on
L opang E

besioh O o
MalowCoh

ja-

O ot

4 Dedinethy L
P

T = o

O

e —

Teeyies Yo — OO0 oe{TE -0

! ey

e

6 Rt Labortoine om0 3E10
) Karauss Lbortoris

KEGG metabolic pathway map KEGG DRUG structure map

Chemical modification patterns in drug development
Towards understanding chemical architecture of marketed drugs

¥ -
RPN St J L
S o Reconstructed drug structure map
Ciiger
. - active metabotte .
P S Cremca " 1965 1997
[ Jm \f modifcation N s Synthetic hormore
° Qjm/ DS i O -—
o D00480 ° D04300
D00189(C05484) Non-virilizing androgenic
1974 steroid Ae\ectwe high-affinity,
5 steroid modulator
3,745 drugs from KEGG DRUG NAL 179 | oo e GABA) receptr
236 core structures * ootess 9
506 peripheral fragments ~
p p g 1975 / (o]} Anesthetic
‘ 05041
255 drug pairs from 28 maps o A synthetic steroid with anabolic
204 modification patterns Doy Sdmeemesdes

Shigemizu, D., Araki, M., Okuda, S., Goto, S., and Kanehisa, M.; Extraction and analysis of chemical
modification patterns in drug development. J. Chem. Info. Model. 49, 1122-1129 (2009).
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Crude drugs and active ingredients

K[cc Crude Drugs in Japan

Therapeutic efficacy of crude drugs:

vvyvw

» Dicot plants: asterids

v

Dicot plants: rosids

v Dicot plants: others

* any active ingredients or
« synergistic action of multiple ingredients

K[ee DRUG: D000S2 B3

Help

v

Amaranthaceae (amaranth family)

Entry D00e32 Crude Drug

caryophyllaceae (pink family)
Phytolaccaceae (pokeweed family)
Polygonaceae (buckwheat family)
santalaceae (Christmas mistletoe family)

Name Coptis rhizome (JP15);
Powdered coptis rhizome (JP15);
Coptis rhizome (TN)

Cynomoriaceae (cynomorium family)

Paeoniaceae (peony family)
vitaceae (grape family)
Nelumbonaceae (lotus family)

C berine [CPD:(@9757], Palmatine [CPD:(@5315], Jateorrhizine
[CPD:C@9553], Coptisine [CPD:C16938], Worenine [CPD:C17@83],
Magnoflorine [CPD:C@9581], Ferulic acid [CPD:(@1494], Chlorogenic
acid [CPD:C@@852]

Berberidaceae (barberry family)

«YVYYYYYYVYVYYY

Source Coptis japonica [TAX:3442], Coptis chinensis [TAX:261450], Coptis
deltoidea [TAX:261449], Coptis teeta [TAX:261448]

D06784 ; Processed aconite

D07152 ProgeSsed aconite root

Remark Therapeutic category: 5100

BRITE hierarchy)

D06745 Giffiicifuga rhizome cimigenol [CPD:C
D06694 ~Clematis root Anemonin [CPD:C16913]
000092 coptis rhizome  Berberine [CPD:C00757]

Comment (Ranunculaceae (buttercup family) Coptis rhizome
Major component: Berberine [CPD[C@@75'

D09263 Aconitum tuberous root
D09283 Pulsatilla root

Other DBs|PubChem: 7847160
LigandBox: D@0@92

Fumariaceae (fumitory family)
Papaveraceae (poppy family)

LinkDB All DBs ) /

saxifragaceae (saxifrage family)
Hamamelidaceae (witch-hazel family)

vvvy

» Monocot plants

» Other flowering plants

v

Naked-seed plants

v

Other plants

Fungi

D00092 Coptis rhizome

Stomachic and antidiarrheal drugs
in the Traditional Chinese Medicine

/

D01250 Berberine chloride

Antidiarrheals, intestinal regulators
in the therapeutic category of drugs

TEOQUINCLEE ALEALOD BIOSTNT:

Lo

o] B P B
B )

[rE——

KEGG pathway map:
Isoquinoline alkaloid biosynthesis

A Dihoesette | O Lyt
e e S “3‘, oo
e e e o e

e n——
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e e
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Isoquinoline alkaloids

Structurally optimized drugs

Crude drugs

YYVYYTVYY
Phytochemical compound drug | name score| ATC
. Phenylpropanoids and related compounds
. Polyketides
. Terpenolds
. Alkaloids
» Alkaloids derived from ornithine
» Alkaloids derived from Iysine
» Alkaloids derived from nicotinic acid
v Alkaloids derived from tyrosine
v Isoquinoline alkaloids
£00483 Tyramine DO7870 Dopamine 091 CO1CA04
03758 4-(2-Aminoethy))-1 2-benzenediol DO7870 Dopamine 10 COICAO4
C06533 Papaverine D02218  Papaverine hydrochloride 10 AO3ADO1 GO4BE02
C00757 Berberine D01250 Berberine chioride 10
£09462 (-)-alpha-Hydrastine D02172 Noscapine hydrochloride 0.94  ROSDAO7
09592 alpha-Narcotine D02172 Noscapine hydrochloride 10 ROSDAO7
09593 Narcotoline D02172 Noscapine hydrochloride 097  ROSDA07
C13799 (+)-Hydrastine D02172 Noscapine hydrochloride 094  ROSDAO7
£01516 Morphine D08233  Morphine 10 No2aol
C06174 Codeine D00185  Codeine 10 ROSDAO4
C09615 Pycnamine D07272 Dimethylubocurarine 089 MO3AAD4
£09391 Cepharanthine D01035 Cepharanthine (JAN) 1.0
£09654 (+)-Tetrandrine D01035 Cepharanthine (JAN)  0.89
C09352 (+)-Bebeerine D02207 Tubocurarine chioride  0.98  MO3AA02
C09357 Berbamine D07272 Dimethylubocurarine 089 MO3AAD4
09415 Daphnandrine D01035 Cepharanthine (JAN)  0.96
09461 Herandezine D01035 Cepharanthine (JAN)  0.86
09580 Macoline D08655 Tubocurarine chioride  0.85  MO3AAO2
C09624 Rodiasine D07272 Dimethylubocurarine 088 MO3AAD4
C11141 (+)-Atherospermaline D02207 Tubocurarine chioride 091 MO3AA02
CO7547 Tubocurarine D08655 Tubocurarine chioride 1.0 MO3AA02
C07592 Colchicine D00570  Colchicine 10 MO4ACO!
08526 Galanthamine D04292 Galantamine 10 NOGDAO4
09390 Cephaeline D03985 Emetine hydrochloride 0.7  PO1AX02
£09421 Emetine D03985 Emetine hydrochloride 1.0 PO1AX02
» Alkaloids derived from tryptophan and anthranili
» Alkaloids derived from histidine

Alkaloids derived by amin:
- Co1C

+ Oters Cardiac stimulants

AO03A  Drugs for functional bowel disorders
R05D Cough suppressants

NO2A  Opioid analgesics

MO3A  Muscle relaxants

MO4A  Antigout preparations

NO6D Anti-dementia drugs

PO1A  Antiprotozoals

vYvYvyy
Phytochemical compound drug | name namae
. Phenylpropanolds and related compounds
. Polyketides
. Terpenolds
. Alkalolds
» Akaloids derived from omithine
» Alkaloids derived from lysine
» Alkaloids derived from nicotinic acid
+ Alkaloids derived from tyrosine
v Isoquinline alkaloids
C12328 Reticuline D06746  Magnolia flower v
C08533 Papaverine D03444 Opium, powdered Ay
£09339 (-)-Annonaine D06720 Magnolia bark oKy
£09367 Bulbocapnine D06686  Corydalis uber L
C09581 Magnofiorine D002 Coptis thizome ALy
C09581 Magnofiorine DOSESY Phellodendronbark A 2/%2
C09581 Magnofiorine D720 Magnolia bark ELY Y]
C09581 Magnofiorine D06808 Epimedium herb 1vaA9NY
C09581 Magnofiorine DO6785  Sinomenium stem w1
C00757 Berberine D00082 Coptis thizome ALy
C00757 Berberine DO0668Y Phellodendronbark 49/
01795 Columbamine D06725 Calumba anvK
C05315 Paimatine D002 Coptis thizome ALy
05315 Paimatine DOGESY Phellodendronbark A 9/%2
C05315 Paimatine D06725 Calumba EEMZS
C09553 Jatworrhizine D00082 Coptis thizome ALy
C09553 Jatrorrhizine DO66BY Phellodendronbark 479/
041185813, D0BEE G e
C05175 6,7,12b,13¢-Tetrahydro-4H-bis[1 )t D0B686 Corydalis tuber A%y
02134 Allocryptopine D0668S  Corydalis tuber TvA9y
C05189 Protopine DOB6BE Corydalis tuber TvA9Y
C09592 alpha-Narcotine D03444 Opium, powdered FAY
01516 Morphine D03444 Opium, powdered Ay
C05179 Salutaridine D06785 Sinomenium stem w1
C09643 Sinomenine D06785 oo
£09391 Cepharanthine D08737 Stephaura cepH N st
€09357 Berbamine D08737 Stephaura cepr ¥}E%§¥
CO7547 Tubocurarine D09305 Curare == T
Co7592 Colchicine 008507 Conumseed 51 BOVERS
C09390 Cephaeline D03868  Ipecac = R R
Gosiz0 Eneamne boser pese | BEHE - ILTEEE
C09421 Emetine D03868  Ipecac & Bl
B boe | TARGRITEE

» Alkaloids derived from tryptophan and anthranillic EE%E[[%

» Alkaloids derived from histidine

» Alkaloids derived by amination reactions F| 7k$

P EEREE

B ERE

KEGG MEDICUS

Molecular network based information resource for human diseases and drugs

KEGG DISEASE

KEGG DRUG

URL

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

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

Content

Diseases with known genetic factors
and infectious diseases with known
pathogen genomes, represented as
lists of disease genes, environmental
factors, markers, drugs, etc.

Chemical structures and/or components
of all approved drugs, together with
information of interactions with targets,
metabolizing enzymes, transporter,
genomic biomarkers, etc.

Pathway

KEGG pathway maps for human
diseases: cancers, immune system
diseases, neurodegenerative diseases,
cardiovascular diseases, metabolic
disorders, and infectious diseases

KEGG pathway maps for drug
metabolism and secondary metabolite
and antibiotics biosynthesis

KEGG DRUG structure maps for the
history of drug development

BRITE

Disease classifications including:

hierarchy Human diseases

ICD-10 disease classification

Drug classifications including:

ATC classification (WHO)

Therapeutic category of drugs (Japan)
OTC drug classification in Japan
Crude drugs and TCM drugs in Japan

Kanehisa, M., Goto, S., Furumichi, M., Tanabe, M., and Hirakawa, M.; KEGG for representation and analysis
of molecular networks involving diseases and drugs. Nucleic Acids Res. 38, D355-D360 (2010).
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Summary

Three types of molecular networks in KEGG PATHWAY

1. Molecular reaction network
2. Chemical structure transformation network

Tyrosine 1.103.1 L-DOPA 37125 Dopamine L-Noradrenaline L-Adrenaline
(o] 1.14.181 —>0—4>0@| 114171 O 2.1.1.28 O

1.14.162

ADRB1 (Visual cortex)

T 1 [ G | —»[aDCY]—»0o—» PKA |

DRD! cAMP

Noradrenaline

Dopamine

For understanding, for example,
how chemical substances are
biosynthesized, biodegraded,

3. Molecular interaction network 4, D10
and used as signaling molecules

Metabolic pathway maps 1+2
Drug structure maps 2
All other maps 3
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Molecular network-based approaches to
diseases, drugs, and environmental compounds

» Diseases viewed as perturbed states of the molecular system
* Drugs and environmental compounds viewed as perturbants to
the molecular system

Molecular interaction network Molecular reaction network

Perturbants  Perturbed system Chemical structure transformations

° Cher_’nical perturbants e EDCs, etc.
(environmental factors of
diseases, drugs)

e Genetic perturbants e Phytoestrogens, Biosynthetic pathway
(genetic factors of diseases) etc. in plants

Biodegradation
pathway in bacteria

Changing roles of bioinformatics:
Basic research to practical values

Capturing knowledge on molecular systems both in KEGG PATHWAY

normal and perturbed (disease) states KEGG BRITE
KEGG DISEASE

Capturing knowledge on drugs and environmental KEGG DRUG

compounds as perturbants to molecular systems KEGG COMPOUND

Generalizing knowledge on genes and proteins as KEGG ORTHOLOGY
ortholog groups KEGG GENES

Generalizing knowledge on chemical transformations KEGG RCLASS
in enzymatic reactions by RDM patterns KEGG REACTION

Knowledge-based analysis of human disease mechanisms
Drug discovery from the genomes of plants and microorganisms

Knowledge-based prediction of xenobiotics degradation pathway
and responsible genes
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