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Figure 1: ko01110 Biosynthesis of secondary metabolites
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Figure 2: ko05200 Pathways in cancer
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Figure 3: ko01120 Microbial metabolism in diverse environments
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Figure 4: ko05016 Huntington’s disease
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Figure 5: ko00190 Oxidative phosphorylation
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Figure 7: ko05010 Alzheimer’s disease




I PARKINSON'S DISEARE

Ilitochonclrial
dysfunetion
Doparanergic newron
Tlneuh'llu.itinpaﬂmay ATP depletion * o
\\ LTP ADE pi
N e
—————————— ————————— ———————————————T—b Peptides
hY uitin profeasoree systern |
[UE |——»[ UE | —— lq(UPEm rapion |
Parkin |
Endoplasraic-reticuhro- \ Parkin-substrates |
+ I alsliauscmlad E2 \\\ Substrate — —B= © o rlation |
o] o]
AMP PR Polyrubiquitination ™ 1B Sl -— SNCA R Protoﬁ.bn]s ——— Fibrils — 7J|~ #» Lewybody
A Y (m—sl)muclem aggregation) |
. Entloplasuic | | ' |
5 -t |
I B — - Disupls dogani I I I I I I I
|
! Interacts with [ Lol |
Tremast o
|
—————— UE | ! ! Ly ! -/
o A
5 AEERE
Thiguitin monomers Polyubinuitin chain | - o I I | I |
|
i - o
} Samaptic vesicle I I I I |
| |
| _ i
— - et A ‘w0 D]srup‘ﬂadsymﬂphc ‘7)] [ I
. Dopatine wesicle fuhcto | Ll
Dopamie 4 ] R —— -
VAT | T
| O ——— W Crxidative stress — — — — — — _.Ce]l death
e FfS ? i~ ——
-
The mitochondrialpathway -~ : | | |
Envitonmental toxing Pt Mitochondria | | |
-
O——#go—{DAT [—————————— - [LRRR [ | |
METF e | | CASP3
pa FiEr] ) Pesphorssion | S ————————— -
Coroplex [ |
0 | - deﬁcl%lfwy |
Rotsnone [ ] | Mitochondrial dysfimction | [ i CASPR
l |
Inereased ROS ! |
™ ATP deplefion = — PP |- ———— /
Fall in mitochondrial :
endyane el

05012 1116410
() Fanehisa Laboratories

Figure 8: ko05012 Parkinson’s disease
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Figure 11: ko04141 Protein processing in endoplasmic reticulum
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Figure 12: ko04110 Cell cycle
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Figure 13: ko00240 Pyrimidine metabolism
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Figure 14: ko04810 Regulation of actin cytoskeleton
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Figure 15: ko04120 Ubiquitin mediated proteolysis
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Figure 17: ko04910 Insulin signaling pathway
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Figure 21: ko03013 RNA transport
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Figure 22: ko04114 Oocyte meiosis
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Figure 25: ko04914 Progesterone-mediated oocyte maturation
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Figure 27: ko04113 Meiosis - yeast
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Figure 28: ko04916 Melanogenesis
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Figure 30: ko04062 Chemokine signaling pathway
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Figure 31: ko04144 Endocytosis
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Figure 32: ko04020 Calcium signaling pathway




| FENAL CELL carcivOMa |

Proximmal renal tubule
|

M

Corventional {elear-cell)
renal-cell carcinoma

Proximmal renal tubule

|
|
|
| [HoF |—w[ MET
|
|
|
|

v

Papillary renal-cell
carcinoria (Type 1)

Proximal renal ~ Renal collecting
fubule duct

| |

| |

| |

| |

| |

| |

| |

| |
]
|

|

¥ Collecting-duct

Papillary renal cel]l  SFIOMA
carcinoria (Type 2)

Intercalated cell of
renal collecting duct
|
| |
v

Crneocytoma  Chrormophobe
TE:

al carcinora

05211 9524110
(c) Flanehisa Laboratories

- — - Glucose
I . fransport .
Epithelial cell of proxitmal renal tobule F TESE . Incr:gaed ntrients
. oxXyZen
-0 e )
Hypoxia, Peendohypoxia DHA& Iﬁﬁ_'— —} Angingenesis
Hormoxia FLGFR —  Autocrine
®- Diezradation _JP growth stimmlation
|
é%ﬂ == I
E3 ublqu.nm ligase Cell proliferation
Epithelial cell of proxitmal renal tobule
1[G N
NG S
_ e T Celljunction
Te— To——a  Dlizration
S [E] - oo
P +p +p T
WIAPK sianali - Cell polari A Proliferation
pamﬁ]%an;hng _.-_ - Achnhczhgﬁggmn Cell-cyrle progression
Epithelial cell of proxirmal renal tobnle Glucose
[Gtl |——
Epithelial cell of renal collecting duct F transport Ineressed nuttisns
-0 — i OXFEEN
Hypoxia, Pseudohypoxi A
-_J ypes, Tt ﬁ DA — % brgogeresis " YEGE signaling
Hormoxia FDGF-f - pathwray

Fumarate

- Degradahon i Lutocring
pathway
|
|
m *

Cell proliferation

Mitochondrion

Intercalated cell of renal collecting duct epithelinm

.

Genetic alterations
Oncogenes MET

Turnor suppressors : VHL, FH, BHD
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Figure 35: ko04670 Leukocyte transendothelial migration
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Figure 36: ko00510 N-Glycan biosynthesis
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Figure 37: ko04666 Fc gamma R-mediated phagocytosis
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Figure 47: ko05120 Epithelial cell signaling in Helicobacter pylori infection
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Figure 50: ko03030 DNA replication
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Figure 52: ko00970 Aminoacyl-tRNA biosynthesis
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Figure 56: ko00280 Valine, leucine and isoleucine degradation
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ENDOMETRIAL CAMNCER

Atypical
endoruetrial
hyperplasia

|
|
|

Cytokine-cytokine
(e
|
|

v |
Type I - endometrioid

adenocaricinotna
{lowr grade)

|
¥
Type I - endometrioid

adenocaricinotna
{hagh grade)

| |Her21neu|
| (BB

T

11 - serons
nocarcinorna

05213 612309
) Hanehiza Lahoratories

Erdometinm

[ Caspo | Hypermethylation — — wO—< e
m — — o Cell survival DHA Wherosatellit
FIF: ® hstbility
D&

-—v-—-,-—v-—_—r-—»o > Cell rowih & prolifiration

I\-'IAPK 51g
Pﬁ s

ECAD APC Y
' Adherens i O—- m — — Proliferation
! Juneton ors [
N e A
Free f-ratendn . DL Trmpaired 51 and G2 arrest
Wit signaling ——M pi3 O——» deuced a 315
paihiray dazuage [ | DHA& Clennric npsj%mw
o3 s:gmlmg
pathoray
Endometrium
. Cell cyrle
EthB signaling
pathway
Irmpaired 31 and 52 arrest
d.EnﬁL?e — —I' O——p IJal%}a]educ:e ap:ptosm
Genetic alterations DL Crenoraic ihstability
Oncogenes K-Rasg, [-Catenin, Her2imen

Turaor suppressors © PTEMN, ps3

Figure 61: ko05213 Endometrial cancer




EMa POLYMERAGE

Bacterial
E, e [ =
Lrchaeal
B
" D F
G
03020 6410 ]
() Kanehisa Laboratories

BMN& polyreerase 1T (Saccharomsres cerevisiae)

Enkarsmtic Pol [T
Ell
Eukaryotic Pol [11
G

€25

Eukaryotic PolI

Figure 62: ko03020 RNA polymerase




IFNGR Jek- STAT signaling pathway
sk 1 +p -l

STATL -

Toxeplasma gohdi
cachygmoa &

Relsase of parasite factors

oz ™ Host cell penetration

1
- _ Decreased antigen presentaion T;.
BEEST - Suppressed HO production ! - MAPK sig: pathway,

—— % Apoptosis of bystander cells

Parasitophorus vacuols
fom\aﬁc%hﬂ

{7 sl affct
R}~~~ ———————————————— -+ [casms !
|
SR RS S !
FIF
3
D40 D&
- ... = -
o Jeloce I .
T —
—
=
-~ —
STA — — —# Denckitis cell paralysis -
S N S — w55 ] 4 T
— Lh, -
e —
+[ROPI6 [ T
[ (R T -

|
|
L

—_ —

, o -

& -
- S -
Tak-STAT signaling pathoaray

DHs . [

—— - Ant-inflaraatory effect

TGER

05145 10119710
) Kanehisa Laboratories

wEPC - — ——— —— > Parasite growth

Figure 63: ko05145 Toxoplasmosis




HEDGEHOG SIGHALING PATHWAY

Ilicrotubule

R

Wint sienali
| “pﬁﬂl‘%m““”;r‘g
° --'

Cholesterol Suffi) TSF mgnalmg
- peflarey
FahZ3
04340 41 5109
() Kanehiza Laboratores
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Figure 65: ko04270 Vascular smooth muscle contraction
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Figure 66: ko04920 Adipocytokine signaling pathway
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Figure 69: ko05223 Non-small cell lung cancer
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Figure 71:
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Figure 73: ko00500 Starch and sucrose metabolism
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Figure 78: ko04380 Osteoclast differentiation
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Figure 88: ko04974 Protein digestion and absorption
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Figure 94: ko00030 Pentose phosphate pathway
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Figure 96: ko00380 Tryptophan metabolism
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Figure 132: ko04140 Regulation of autophagy
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Figure 133: ko04930 Type II diabetes mellitus
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Figure 135: ko04512 ECM-receptor interaction




SALIVARY SECRETION

04970 11910
(o) Kanehisa Laboratories

Salwrary acinar cell

-
s
-

-

-

Tlght junction

Tight junction

Tethen.ng

/

Secmory @ _ \
h“"*i
o —

Primary step P

Acinar humen

Aupical
rnraplrﬁbmm

cyvlas

Tight junction

s
°* i
s |
|
|
l\__._ Secretion of electrolytes,
| water, teins
BEST2 o |
// cl- I
AQP5 Q| [ Cafobydiste digestion
Ho | a.ndy?g:olglh%n
h =
[P |
ADP ristYl Translocation

<%

Figure 136:

ko04970 Salivary secretion




CARBON FIXATION PATHWAYS IN PROKARYOTES I

Clitrate i}(l 2338

( Cathon fixation in photosymthetic organisms )

Licetate Aretyd phosphate

Acetacetyl-Cod
[#213]
() (5)-3-Hythoxybutanoyl-Cok
cis-
oo g O Crotonoyl- Cols
'l
2213 Oiealoacetate
Isocitrate Redue Q Vingleeetyl-Coh
.
[T [2113]
[—Cc0:
Q 4 Hydrozgfoutytyt- Co
Os——.
Oloxylale  GT55g
2-Oxoglutarats i 621 |
St
(S)-Ilalate SﬁtB - %ﬂlﬂl&’l— (5)-Methylmalonyl- Co ks
5 4 Hydroxyhutyric acid
Hydrooypropionate-
1273 ] (R Metghalorst hefioxuryrate eycle
0.
[fi]
[———0C
Fumarat: - ETEra -
e} 135991 O » 12176 »-ch
Succinate ISU-CCDWLCUA Succinate-
semmialdehyle
00720 34311
() Kanehiza Laboratories

Figure 137: ko00720 Carbon fixation pathways in prokaryotes
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Figure 138: ko00260 Glycine, serine and threonine metabolism
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Figure 139: ko03018 RNA degradation
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Figure 145: ko00561 Glycerolipid metabolism




| coLLecTivg

DUCT ACID SECEETIOM |

Tight junction

J

Tight junction
Urinary lumen - Collecting duct A Bhod
intercalated celliype &
; _ Basolateral
%ﬁpﬂrﬁglmm | menhrane
+ -
H- &TPase HCO3
co— B — «+——— 04— —»O ———» EED
o -
/H ~HY | HCO; | !
¥ - cl
S
- .
RNy » H '
|1 Ot okt | | |
|
Iy H KA TPase c |
| | H2C03 |
L £ |
I l.—Q 4 | l\L
o f HPC, | [ can —*
l |
MH, W | |
|| !
| O+ g#—————————
I‘lt, BO oo,
| o .
| H,FO,
' -
.4 . \ T fgsiam
HH,

04966 5521010
) Kanehisa Laboratories

-

]

Figure 146: ko04966 Collecting duct acid secretion
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Figure 152: ko00310 Lysine degradation




MAPE BIGHALING PATHWAY

MAPEEE  MAPEE MAPK

p *p i
(S Rk -
Terrminal patterns

- | Y Do et

Tsl

Gk
FE cell BT cell
- > B
Ese developenent
04013 6r20/02
ic) Kanehiza Laboratories

Figure 153: ko04013 MAPK signaling pathway - fly




DRUG METABOLISM - OTHER. ENZYMES

Azathioprine & 6-Mercap topurine

A-Ilethyl-mercaptopurine

Irinotecan
6-Ilethsdthinguanosine
OO, 1]

Irinotecan SH-38
(active)
______ |
|
6-Thioxanthosine- {7
o 5 monophosphate
Lizathinprine -Thinguanpsine f-thinguanine
{prodmg) rnonophosphal mucreotides
o
CAPC NPC SN-3EG
(nactive)  (inactive) | (inactive)
1-Iule thord- I
Anitro-1rmidazmnl 6-Thioguard |
v
excretion
Fluorouracil Isoniazid
Capecitabing Tegafur
(prodrug) (pm) ————— @O [soniazid o-ketog lutaric acid
(0 Isoniamd pymovate
g,%—Dihyd.mh U‘—Fluom—ﬁ-uléeido Aeetylhydrazine
-flnorourac FrOpIomc ac: P .
) Isoriamid O—{ 2315 O 3. O 2315 W0 ————I excrstion
o— [l »o— {2424 »O—[131a - »Co—{3522 w0 Z516|#0 ———F excrton . Acetytsoni o _
§-Deoxy- D00ty ol - Fluoro-f-alanine fasetylhyrirazing
5-fluorocytidine S-flunroimidine
24210 » O
Isomicotinde arid Isonicotingdzlyrine
S-Fluorouriding 5-Fluorouridine .
e monophosphate Hyrlrazne
C -2.?.1.21 Q 5-Fluorodeoxsnridine
. monophosphate
5-Fluorodeoxyuridine
00983 201610
(c) Kanehisa Laboratories
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Figure 160: ko04060 Cytokine-cytokine receptor interaction
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Figure 161: ko00630 Glyoxylate and dicarboxylate metabolism
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Figure 165: ko04610 Complement and coagulation cascades
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MAPK SIGHALING PATHWAY

MAPEFKE MAPEE MAPE
+1 | [Digl2
Sted Sraffold Ivleral
1
Pheromone 520 | Ea[eil el 57 |oe] Fus Kote[Eel2 |—wo—» [Fol | Mg
T
Folarity Farl | Cellewele | Joest
g5
Hypotoric shock ——{ M2 | (B e 2o 518 ot Bl | —»O—0 [ FisZ | el
.
» St20 IEI'| Stell
N3 1
| » k] o
High ostolarity ——— [opt 21 [5m o[ Fos2 o Ew (M2 —HO—> Ty | Sttess

+p [ Digl,2 |
/m
5t:20 IEH Stell IEH Ste7 Iirl Kssl [ Ste12 Filamentation

04011 353109
{c) Kanehisa Laboratories

Figure 167: ko04011 MAPK signaling pathway - yeast
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Figure 168: ko00900 Terpenoid backbone biosynthesis
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Figure 170: ko00290 Valine, leucine and isoleucine biosynthesis
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Figure 171: ko00860 Porphyrin and chlorophyll metabolism
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Figure 191: ko04614 Renin-angiotensin system
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Figure 193: ko03070 Bacterial secretion system
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Figure 194: ko00521 Streptomycin biosynthesis
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Figure 195: k004940 Type I diabetes mellitus
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Figure 196: ko00830 Retinol metabolism
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Figure 200: ko00625 Chloroalkane and chloroalkene degradation
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Figure 201: ko00363 Bisphenol degradation
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Figure 203: ko04122 Sulfur relay system
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Figure 204: ko00590 Arachidonic acid metabolism
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Figure 206: ko00072 Synthesis and degradation of ketone bodies
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GLYCOZAMIMOGLYCAN BIOSYNTHESIS - CHONDROITIN SULFATE
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I CAPROLACTAM DEGRADATION
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Figure 210: ko00281 Geraniol degradation
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Figure 211: ko04640 Hematopoietic cell lineage



I TROPANE, PIPERIDINE AND PYRIDINE ALKALOID BIOZYNTHESZIZ

Senecionine
H-oxide o

Psendoecgonyd Cok

00960 1256110
(c) Flanehiza Lahoratories

- rmino- delta] -Piperideine-
Z-oxohexanoate  2-carboxylate

L-2-Aminnadipate
-serrdaldel

. - L-Lyst
Ar%hmme_ and proline Lyeine biosymthesis _/_ys .
metaholism i

232345 L-Pipecolat
[ Biotin metabolism  3—- eral -
| 2-carboxylal
|
Senecionine  Retonecine  Trachelantharaic ¥ Lupinine 17-Oxosparteine Lupanine 13-Hychoxylupaning
O Putrescine Ot ——— O O O
Cadaverine ||

Calystegine A3

L1111
(65) Hyrsy 1141114
WOSCYANINE

L ®
Scopolarnine

L-Hymscyarmine

S-fminopentanal O
ﬁNicomme ' o )
(+)-Ctisine 13 er-Tiglowloxvlupanine
Piperideine
3,6-Dikyrdro-
mcoﬁnicygcnijd
Pelletierine
Anab M-Methyl-
36Dibyrlo- e peltons
¥ ¥
Azacyrlo- Lahelanine
Liatabine Anatalline  fnapheline Pseudo- hexane
pelletierine
231145
o {23118 X X
hoetyltrop I udotopi
cetyltroping I eetytperudotoping Piperine Sedarnine Lekeline
|
|
|
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Figure 221: ko04975 Fat digestion and absorption
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Figure 222: ko(04742 Taste transduction
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Figure 223: ko00750 Vitamin B6 metabolism




| 5L ¥ COSPHINGOLIPID BIOSYNTHESIS - LACTO AND NEO-LACTOSERIES
———~P"0 Lactosyleeramide
o 4165 © (sislyllea) o -C (sialyl Lex)
SETID e (R
globoside) FUT47
( {2490 —>0 p3gnmio
241195 241163
o o *o
0T GGTAL BICNT3,
TE9|FUTL2 ALEIFUTL2 FUTL2 ZLEFUTL 2
A165|FUTI A165|FUTs
0 )
(ALeb) (Leb)
FUTL2
1 H)
BAGNTL2
FUTL2
4RO
o—{24140—
FUT, ¢ R R
FUT4]
(Lex) O o (Ley)
st O R > s R o ey s
FUT4 FUTY| FUTEZ FUTY
(dimeric Lex)
e e e iz
FUT4|
(tiraeric Lex)
Lacto series
NeuSAca2 Fucal Fucad
STICALZA FUT3 FUT3
34 1
GalNAc ol 3Galpl 3Gl cNACSL 3Galpl———dGlc pl—— I ceramide
ABO TZUBIGALTIZS B3GNTS  BASALTS  UGCG
GOTAL
AEG FUTL2
Gal ol Fueal
Neohcto series
Gl bt o MeiSAcs2 N
FUT3,4,5,69 3 CICNAPL
furar | BIGNT
123 36 2
Galof bt cum
Galhiac
Yo e L i B3CALT Gicuacpiaz newsac
— a 3
2 4GicNacpL GCNT2
Fue ol BIGNT
Galtaz st
150, R 234
Joap——3camAcal a1 aGicNAc Pl 3Gal pl— AGIcpl— Lceramide
ABO 332 RAGALT 3 BIGNTS B4GALTE UGCG
Fucon FUTL2 1234
SIATIO sed 743
MeuSAca2 BNeuSACa2 FUTL2 FUT3,4,56,7.9
GOTAL - ,%,3,6,11
1ATEA Gal el alFuc Fuc al
00601 127160
(c) Kanehisa Laboratories

Figure 224: ko00601 Glycosphingolipid biosynthesis - lacto and neolacto series
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Figure 225: ko00430 Taurine and hypotaurine metabolism
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Figure 226: ko04711 Circadian rhythm - fly
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Figure 227: ko00785 Lipoic acid metabolism
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Figure 228: ko00603 Glycosphingolipid biosynthesis - globo series
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Figure 229: ko00643 Styrene degradation
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Figure 230: ko04712 Circadian rhythm - plant
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Figure 232: ko00440 Phosphonate and phosphinate metabolism
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Figure 234: ko00780 Biotin metabolism
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Figure 236: ko00400 Phenylalanine, tyrosine and tryptophan biosynthesis
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Figure 237: ko00965 Betalain biosynthesis
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Figure 238: ko(00940 Phenylpropanoid biosynthesis
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Figure 239: ko00512 Mucin type O-Glycan biosynthesis
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Figure 241: ko05144 Malaria
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Figure 242: ko00770 Pantothenate and CoA biosynthesis




D-GLUTAMINE AMND D-GLUTAWMATE METABOLIEM

- - L-Glutarnine D-Glutarnine S-Clntarasyd-
[Eﬁ%ﬂ%ﬂ acld) 51.1.10 o) = 23.2.1 Gn-glummi’g.pepﬁde
| G50 [Nz 5.155]35138 OD-Clutarsipeptide

| TDP-Kin Ac-
\_ DOl ¢ L AlaDGl —
- — 5 arn
Eolyy- CH—————=Y TR 6.3.29 o | Frmidogly
-ghitamate |
v  UDP-Ihurt e-L-Lla
Glutaruate [1437][1.43.15] [42.1.48]
metabolizmm
' 5 Ami and
(oo o S S
- 2 Orxoglutarate 5-Oxo-Doproline  JDP-H-acetyl- nucleotide sugar metabaolism

hiratnate

00471 =4l
(o) Kanehisa Lahoratores

Figure 243: ko00471 D-Glutamine and D-glutamate metabolism
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Figure 244: ko00604 Glycosphingolipid biosynthesis - ganglio series
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Figure 245: ko00901 Indole alkaloid biosynthesis
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Figure 246: ko00945 Stilbenoid, diarylheptanoid and gingerol biosynthesis
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Figure 247: ko01055 Biosynthesis of vancomycin group antibiotics
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Figure 248: ko04112 Cell cycle - Caulobacter
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Figure 249: ko(04744 Phototransduction
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Figure 250: ko00533 Glycosaminoglycan biosynthesis - keratan sulfate
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Figure 251: ko00642 Ethylbenzene degradation
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Figure 253: ko01051 Biosynthesis of ansamycins
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Figure 254: ko00660 C5-Branched dibasic acid metabolism
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Figure 257: ko00592 alpha-Linolenic acid metabolism
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Figure 258: ko00401 Novobiocin biosynthesis
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Figure 259: ko00531 Glycosaminoglycan degradation
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Figure 261: ko00523 Polyketide sugar unit biosynthesis
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Figure 262: ko04977 Vitamin digestion and absorption
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