The main pathways involved in salt tolerance of

Thellungiella leaves

The main pathways involved in salt tolerance of Thellungiella
leaves correspond to the proteins that listed in Table 1 and their GO
information including the enzyme code (EC) numbers were provided

in Suppl Data 5.
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Number of GO-terms for sequences with length(x)
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The main pathways involved in salt tolerance of Thellungiella

Glycolysis/gluconeogenesis: 9 proteins
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Citrate cycle (TCA cycle): 6 proteins
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Photosynthesis related: 10 proteins
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Starch and sucrose metabolism: 10 proteins

| 5TARCH AND SUCROSE METABOLIEM |
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Carbon fixation in photosynthetic organisms: 11 proteins

I CARBOM FIXATIOM IN PHOTOSYMNTHETIC ORGANISMS
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Glyoxylate and dicarboxylate metabolism: 11 proteins

GLYOXYLATE AND DICARBOXYLATE NIETABOLISMl
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Porphyrin and chlorophyll metabolism: 9 proteins

I PORFHYRIN AND CHLOROPHYLL METABROLIZN
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I FRUCTOSE AND WAMNMNOSE N[ETABOLISM'

L-Sothose
O 119921
1122
Salactose _E-D-Glumse
metibolise, [T QLI L1111 D Wlanmitol 1P
3132
111670 =7 160
11115  D-Manitol
D-Fructose-1F 27153 D-Fructoge-2F D-Fructose-2,6P2
- 313- ’
j; 160 { } 3.13.54 {
Amino suger and . 27112714 31346
micleotide sugar metabolism
271105
& | L}
| D-Mannose-6P p-D-Fructose-68 ¥
L = ;
| I ————————————— 27160 o#————— 5518 mo Olymolyss
| [ 2717 ADP-manmose f S
| | o}
Lo
I I [Z7.011] D-Sothitl-6F
| % * 1
| 7.1.00
I l\ _______________ [277.43] 27169|[111-
| 4223 | Alginake
| o= 241330 L-Sarbose-1F
| &-Diirner |4.22.11 D-Sathitl
| GDP-f-deoxy-D-talose O
| F
11 42147 .
I GDP-D-rharanose Ot 1130 b -D-Fructose-1,6F 2
L-Fucose — A
‘! 27730 01—-—11_1.12?1 O
L-Fucose-1P GDP-L-fucoss (3DP-4-ox0- L-Sethose
B-deczy-D-mannose
Dr-Lactaldehsde D-Fuconats
Cw{4121zHm0w{421 670 Miannosyiglycerate
%—Dfehyd.m-}deoxy-
-fuconate
L-Rharenono- -
L-Lactaldebyade L-Bharamonate 1 4-lactone L-Fhamnofiuranose
O27151 w041 2170w 412 w0421 50-C#{3.1 165 -0 111 IO
L-Fuculose  L-Fuculose-1F 2-Dehyrlro-3-deose
L-rharomonate
L-Rharomulose
——41215}—=0 (2715 ] O 53.1.14] O
L-Fharnmlose-1F L-Rharmnose
I 27156
- Glyrerone-F L ¥
= vt 5311 P R —— o[ Olymalysis
— j Clyoeraldehyrde-3P -
- IBEEEBE
- 27138
D-Glyreraldehyrle

00051 311
) Kanehisa Lahoratories




| caLactosE nMET

ABOLIEM |

REELY 2.D 2-Dehyrdro-3-de
R D] -3-deoxy
111 l D-galacto D-galactonate-6P ¥ D-Glyeraldelyde- 3P
- -3.1.1 45 o -4.2.1.6 O -2.? 1.58 O -4.1 221 O — —
Aming suzar and 11110 D-Calaciono- D-CHalactonate
releotide sugar metdholisra 14 lactone
UDP—gluioi _____ 0 Pentose and glucuronate
| L Inferconversions
|
| 0 Gl -F
lMD-Ga]acbse a-D-Galactose- 1P o-D-Glucose-1P T
i -
F 5132
Cralactingl
{24115} -
32123 Lartose
A 5422
321108 Suctose
[2120]
31389 B -
(2718 L2222 B g reamine
3711 il D-Tagatose-1,6F 2
- »0
wD-Clucose 2 2712 oD-Clusoss-6F
|
32123}#0 Galctino] } v 1716
L Lantose.fF | Glyralysis 32110
© D-myo-Inositol - | D-Galastosarine ¥ 1 ety
i o oN- -
32122] O Welisil Fructoss and mazmoss D-galactosamine-€P
metaholism
D-Sodsitol 35125
° B
32122 O Epirneliviose
O -5 31-
O D-Mlannose —D“D (; D-Galactosarine-6F
T © Galasiosyl v D-Gralactose D-Fructose
210 syl
glyrerol o 53126
D-Galactoge-6F
© Glyceral
Cralactitl r
- 11121 =—I Tiiiel 271101 » ? D-Tagatose-6P
27169 111251
00052 10/1711
() Kanshisa Laboratories




I AZCORBATE AMND ALDARATE METABROLISNM | PR

Fructose and marmose {?
metabolist .
| ) UDP-D-glucose
Arnino § |
mucleotide Sugar metdholism [~

{7 CtDP-D-mannose

&
B
H

f Nonodehyrroascorbate
3-Dehyrlro-
F et ow{ 1115 H-O# {11130 L-Diehyrroascotbate
L- Ascothate
[27.169] L1111
L-Xytulose-5F
O 5134 |-o{5132-0%{41185}© f;ggﬁﬁ{g_-ép

D-Eylulose-5P L-Ribulose-5F

O L}

3-Dehyrlro-L-gulonats L’,g— ot

00033 122710
{c) Kanehi

anghisa Laboratories

2-Dehyrlro-3-deoxy-
D-glucarate
UDP-D-glucuronate 42140 wow{41220
[5.13.18] [31318] [321-|[24117][2774]
Tartronate
GDF- Glynuylate and | Seialdehyrle
GDP-L-galactose O 313HROT culnse O D-Glueuronate- 1P dicarbixylate [ ————O=
metabolism
5-Debomdro-4-deoxy-
E[-:gﬂ.g:umno- D-glur,m v
O —"‘1 T 31110 e[ 1213 |—wO—[421.40
roym-Inosita] ——— D-Glucuronate

F»-ow41220

D-Glucarate

¥
il Pynrvate

2-Oogltarate

0

-Dlinxa- 45 3-5-Hydrowse
25-Dinxo g,ﬁdioxo%?nﬂafoate

i 2-Dehyrira

Citrate cyrle
.




| FaTTY ACID BIOSYNTHESIS |

Carborybintn-
O carboxyl-
carrierproteln
ACPO—]
FASN O Biotincabuyl
. " caler protein
L T s Rl B ey
Fas FASH || FaD | e
P
Fasy | [ FASH FASH FASH [Fot]
Fii32 || FaoF Fis2 Fi32 FA32
FabF FabF
Fas |[ FaH | Fas | Fas Fas
4 3.0 3.0
Acetoacetyl- 3-Orohexanoyl-| 3-Oxooctanoyl- 3-Oxzade - -Lxo- -Lxo- X |
3 Gepl Qo vl ?[ﬂcp] Lo canoyl ??ﬁﬁcmﬁ, )’ Fﬁg;]agcmsﬂ, § FOsohexadecanayh{acy) ?BOxoswmyl [arg]
FASH FASH FASH FASN FiasH FAaSH FASH
F452 |[ FabG | F&52 |[ Fab | F&52 [ FabG | FA52 [ Fab | F&32 [ Fabid | F432 |[ Fabd | FA52 || FabG |
Fas Fas Fas Fas Fas Fas A Fas
3] y 3] . F)-3-Hyrdroy- -3 - T . Y (R)-3H -
(R)-3-Hyrdroscyr -5 Hyrdroye (R-3-Hyrhrosey- R)- 3 Hynlrase - Eiadecioyi- (P2 Handrox (B)-3-Hyrlrox
ibunanu anp]y iguexam —[ai:pfr i octanoyl- (acp] i canoyl-[acy) i%;dpﬁcmﬁ i [acp] y‘l i Fﬂfmlfﬂ -[ﬂCFT i octadecatoyl-facp]
FASN FASH F&SH FASN FasH FAaSH FasH
Fhst P2l Fast |l Fhol |2l Fhst || Fas1 leslfl Fast |2l Fas1 ol !
| FaeZ e FoeE v I v I || P o | FE e I
But- frans-Hex- frans-Cet- trans-Deg- trams-Dodec- trams- Tetradss- trans-Hegardeo- b.
§ Z-enoyl farg] $ 2-enoylfacpd 2emyd fary] Tyl [aryl] Lemay-[acy] 2 emayh [ac) Zenoyl.[arp] y trams-Optadec- 2-enoyl- [aog]
FiSN |[ Fabl FA5H ][ Fabl FisH [ Fabl FASN || Fabl FASH || Fabl FASN |[ Fabl FASH |[ Fabl
FAZL || Fab FASL |[ Fabk Fisl || FabK FATL || Faoll Fi3l || Fabi FES1 || FabE FiS1 || Faoll
Fas || Fahl Fas || FabL Fas || FabL Fas || Fabl Fas || FabL. Fas || FabL Fas || Fabl Hezra- Ot
decenoyl- [acy] decenayl-[acp]
o o o o o 9]
Butyryd [aes) Hexanoy-facr] Oretanoyl-[acy] Decanoyl-[aep] Dadecanoyl-lacy] Tetadecanoyl- Hexa- Octydecanayl-
fep] FAGH || sevanosd-facrl faegl
FalB [ Fatt ] [3rz14)[31221] [Fasw][z1214] Fasl|[31214] [ Fats [ R ][ Fas |[31214] [31214]
Fas
) E) E) E;Hexad.ecamm E)
Octanoic acid Decanoic acid Drodecansic acid Tetradecannic acid T acid Hexadecenoic acid  Octadecanaic acid Octadecennic acid

000&1 5r27/11
) Fanehisa Laboratories

¥
Fatty acid metabolism




| FarTy acip METABOLISM|

¢ —— Fattyacid elongation
|
r'————‘—— Glymerolipid metabolista

I
Hexadecanoate ¢y O O 16-Hexadecanol
(Fatty acid) 16-Hexadecaral
Hexa- ¥ Teta ¥ X ¥ . ¥ ¥ N
o312 %{ng;m odgcamyl O Rageeanayl O Begamedt O Gopmest O et
L-Palmitoyl- 13311338
camitne © rae 1599.|  |[1336|[1aw5-] |[1536|[1399.] |[1336|[13%8.] |[1335][1399-] R IEEE
[t3se3|[12000z] |[13003|[130003] |[13003][120003] |[13o03|[130013] |[13993[[139913]
¥ fans- ¥ trans- ¥ irans-Dodec- ¥ trans-Dec- ¥ tans-Oct- L.
5 Hexadeo- i Tetrades- iQ-emyl— i 2-enowl- i 2-enowl-
h Z-enoyd h 2-ennyl- hCods h Cod Cod h’ans-But—
Coby Col emyl Coly
[az117|[#2174] |[eziu7|[3217] |[s2119)[az2im] |[22i17)[42174] |[4z1a7)[42174] |[42117][42174]
5)-3- 3)-3- 5)-3- 5)-3- 5)-3- 5)-3- ¢
; g—[;)ig{oxy- ¥ %—[gg_m E' i ;' ixs),dm,g ; ey ;' ;dmﬁ (5} 3 By
oot ooyt ket | X i " e
Coty Cob
(iizs|iian] |[fiiss|dza] |[iiss|[idan] | [fiiss)[iiiz] |[riiss|[iiian] | [Lii3s)fiiion)
3-Oxo- 3-0x0- 3-Oxo- 3-Oxo- 3-Oxo- 3-Oxo-
v ¥ ¥ ¥ Y L4 b
i iy O docboeneyl O e O st olermost | pa——— - ]
‘L 2319 !
and degradatio
23116 oFiaions o non
Coh QO Cok O
Long-chain-fatty acid O 62120 O Long-chain-acyl- [acyl-carrier protein]
; ; . Alanine and te
O [Acyl-carrier protein] ?‘;cetjrl-CoA metabolista g

cis, cis-3,6-Dodecadienoyl-Cok O 5338 O trans, cis-Lanro-2,6-disnnyi-Cok é
F)-3 Hyroxybutanoyl Cob O 5123 O (5)-3- Hydroyhtanoyl o

1-Aleohol 1111 Aldshy‘di-iﬂyacid
Alkane O 114153 o] Lo Q 12083 14 O w-Hyrlroxy fatty acid
11813

114141 O e-Hyrlroxy fatty acid

Raubredoxin (red) Fubredoxin (ox)

11814
11811

00071 10/24i11
{c) Kanehisa Laboratories




| oxpaTIvE PHOSPHORYLATION |

Cloraplex [ Corplex IT Coraplex 117

Cloraplex [V

Conplex ¥

ATP synthas
e ko e {fischeehia cali)
L o, K
Innter; Founit
raitochondisl
Ime: TEne . L e ey e o N R T roHa-E-3Rs 0 4 Lo - oo -~ L e L e
...... v
3
) c O O
Hystopklc 1R0: M+ WO Foust
Draine
(Peripheral ara) Cyhoch(r_gmg c )Dxidase
IOINE,
T F " Cytnchr\:ﬂl;newlj:;el)complex !
NA4DH
o 2741 o361
HADHG O'H+ FFi 2741} FFi [3a11] Pi ADP Q0
HADH dehyrlrogenase 3H+  ATPH20
E [ w0l | WDz ]| NOG | ND4 [ ND4lL ]| WDS | HDé | Futype &TFase (Bactria)
E [ Mdufsl | Hedufe2 | Hedufed | Ndufsd [ Ndufs5 [ Ndufs6 | Hduf? | Ndufsg | Ndufvl [ Nduf2 [ Ndufi3 | (oot [ lphn | guuma] dole [ epeion] © | & |
Bt [ Muok | HuoB | MuoC [ MuoD | MuoE | HuoF | MuG [ FuoH | Huol | Mol ] Muol | MuoL [ Mub [ Nud | Ftype ATFase (Eakeryotss)
Eia [ MahC | Nl [ NahJ | MokH | Neh& [ Nebl | NohG [ WahE | MekF | NahD | MehB | NdhL | Nehl | M [ HoxE | HoxF | HoxU | bets | alpha | gamows| OSCP | dels [epsilon] o |
E [ Hdufal |Mdufad [Fedufa3 [ Neufel | Noufa5 [ Nolufad | Hebofa? | Houfud | Mufed dufal0 [Heufh | [Hdufal 1[N dufal 2[Hdufal 3] ‘; ? f Jf i ]
E [ Mehufbl [ Neufl2 [ Neufo3 [ Nehufod | Nehufbo3 | Nehufbé | Heufb7 | Nobufb® [ Neufb® [idufol0[Ncufbl 1] Neufe1 [Ndufi2 |
W-type ATPase (Prokaryotes)
Succinate dehyrlmgenase [ Fumarate reductase Cytchiome ¢ reductase | A | L | ¢ | D | E | F ‘ ! ‘
E [SDHC [ SDHD | SDHA [ SOHE | EBL[ ISF | Cytb | Cwtl V-type 4 TPase (Eukaryotes)
Bis [ SAC | 5D | Sehk | SAEE | [CORL [QCR2 [QCRé [ QCRT [ CRE | QCRP [QCRID| [a B © [ D JE[F |G ]
| Frds | FidB | FuC | FudD | 1 [acso[san [ 51 [ tipd |
Cytochrome ¢ oxidase EEIL
E [COXID0] [cox3 [CoxXl [CoX2 [ COXd [COX54] COXSB[ COX6A] COXEB] COXAC] COXTA] COXTB]COXTC] COXE Sl
Eis [ CwE | CwD | CywC [ CywB | Cyod
CoxD | CoxC | Coxh | CoxB Cytochrorme ¢ oxidase , chb3-type Crytachrome bd coraplex
QoxD | QoxC | QoxB_| Qoxd B[ I | U | Iv [ Il | Bia[Cydd| CyB]

00190 10/711,
() Kanehisa Laboratories




T {E METABOLISM
CP\-niuﬂ-qhhéplhwy“ll Almfmpughg:) | Hmtedunw mmtiilmm |

(AR FOAR FGAM

(6353}-»0

|
|
e
{63413

isly

hppph O e
PP Abe

EA
ﬂlk‘GWl

A611 [ 4612
Rigflrs g
] metbalim
Folat biosynthesis
GppppG
° wm

DG

b —

il
(I EEeE v

(ruanosing I
—_— nsine

24222]

Dioyaenosing
3135
diMP O 7176 9

2431
= 3544
Glyeine , serng ad Y
fbonind ol e 5
5 352 3absonclsosids coxyiosie
4imidazole Ureidoglycine
] Aninciiok  cuboxyie — ° Unt s Hyiogy:2 oo [5539) ol 353
Glyrine b {Z124 10 oe{3548}-0 ©04{353- O Liaidersl 1733]  fpsdedp dihyo- . [E—
Fomumino-  [idagolone carboxylate S-catboxylate  (S)Alantrin glyvolate Oxalureste phosphati o
ghrize O{35217lwo{ a1l ro4{3535 | »C o -wo0{2135wo—{2722] w0
5 Hydroxyisourale
sportaneous = Allaaate 4333 Wi O
Urea O 5319
(R)-Allanioin © 3505 gyt el
- O———— 1|
Ngz e icarbix yiate metdbolisz
[e)
o
00230 10M3/11
() Kenwhiss Luboraioriss




I ALAMNIMNE, ASPARTATE AND GLUTAMATE METABOLIZM I

& aring acid metdbolism T ———-, -l Arinine and
= prmrﬁ.me retabolism
- . - H-Carbarmoyd-
(Nlcoh.ne and nicotinaraide metaholism Jb-———-| L-aspartate
| —-—“1 32 — — — —1>| Pyrimidine retabolism
Lywine biosynthesis p———— -
- ; | 3517
a— e N
o Oly Ser & Thr metdholisma be————||" Histidine metabolism
| s
(Panmthenate and Cols biosymthesis }q—___ - 6354
A 1

|
|
| ]
-l )
—- 41.1.1 . ©
—, A o] [63.11] O————1= Tetracyrline biosymthesis
i L-Aspartate L ksparagine i b

i
L-

- Adenyla- Argining-
succitate T T succinate

=

35138

[Ze12][26.112] [ta11]
[4311] [4322] [4321]
b —_ y 61l]
F p.e 26.1.1 O Ciyaloacetate

Pymrate ¥
| [ Citrate cycle ]
v
lymolysis | Succinate ? ——0 oy 2-Oxng lutararate
Gluconeogens g N éi?éﬁm

5]

12116][12124 [1a1
[Ta1z][1a14] [14a113)[1.4114]

L-Glutarnate 4

Succinate ¥ 4—Amj.n‘obufanoate
ialdehyde © 26.1.19 4 411.15 __. J—-—“.B.I.Q

3512 T

Hitrogen metaholistn 3 —— 3.5.1.38

6355
D-Glin & D-Glu metabolis 3 ——

Clutathione metabolista 3 — — o 63416
H3

Histidine metaholism 3 ——

=

Porphyrine metsholism =t ——
L-1-Pymoline-
Cyanoarning acid retabolism =3 —— g S-catbionylate
|
Btanoate metaholism 1 —— |
Y

( (:5-Eranched dibasic acid metabolisz }4 -

00250 614011
() Kanehisa Laboratories




TETFACYCLINE BIOSYNTHEZIZ

( Biosynthesis of type Il polyketide backhone )
[

| [Cuyh | Ot | Pretetrarnids
¢ oo #-0—{ Oxyl |#=0—] OxyK |-~0O— Oxytl - #O———»0O
Malonamoyl-Col X Monaketarnide -9 Reduced Honaketarnice Honake tarnice
nonaketarnide mMOnoCyTlc triryelic CrzyF
interraediate intermediate
Leetyl-Cos O— | NI © .
Ilalonyl-Cod O G-Il thodpre tetraraicde
CusE
Tetracyrline @E O ;&m@mﬂqﬁ.
tacyelings P ————O
omc Oyl
Oirytetracycline O - 14 1338 ._m_ C—M—O 4 Keto-anbydrotetracyrline
5a,11la-Dehsdro- Sa,lla Dehyd.m
oxyietracye tetracyrline tet'aj:yt:hm anhy\:]mtehacychne Cied
Chlortetracyrline O 14 1338 q—-—oqio 4 Keto-
ﬁiéla Dehyd.ro arhyirochlonetracyrline
e tranyTline chlomtra.cyc]me Mydlochlorhetracychm
00253 11112010

() Karehiza Laboratories




I GLYCINE, SERINE AMD THEEOMIMNE METABOLIZM |

Glyrolysis /
(Glacotieogenesis

3P-H -
Hyrlio | s S v P Phosphoserine
T gy Lo 0 <—_—> 1—-—--2_ 32
pyvats 11181 31338 3P-D-Glyrerat
51118 DSen.ne DLombmme NPhospho
Methans metabolisrn }-——————— S1LI0 (233270 b inmbhene
Sphingolipid metsholism o} ———————
e ; —
=0 - WO ——— L S R————— -
24151 W[ Serine 43119 P te ‘l
|
42120 O————I>- Tryptophane metabohsm |
. Crystathionine () l
Gl}gﬁmﬁhﬂsphnh}:ﬂd v ¥ - —————= Sulfir metshalism |
fetEholsm O-Phosphatidyl- I — - '
sering = ——— = Cyanoamine acid metabolism ) |
Zl 5,10-Ilethylere-THF |
O Choline Cyshhﬁmﬁsandmeﬂmnm i} — — — — Dw— |
mietdbolis L Cysteine 1421 Glycylats - I
— , Creatine _ Clusridinoacetsts T4s3] & |
Birginine and proline
e it pro ————¢+{zuz}o |
Ca |
3533 |
Betaing | Glyrine |
12138 1531 e
Betaine O - 2115 O— 155992 O - O |
aldehyde [1.1317 Dt thylglyine Sarcosine 15501 ¥ ( |
Z = S Lipstpronin |
21.1.20 | |
| 23137 o—————4> |
wie mebolizs ) ———7 TR
o |
. |
L-2-firing- ) |
O 4125 acetnacetate Apainoacetone | |
L-ksllgthreonine 1117350 —— |
A ing -2-0l
4125 propan |
143414321 |
111103 Y |
o
Voo e o _ o Iethylglymxal O -
Isoleucine bissynthesis 2-Ozobutanoate Threoning

& O-Fhospho-

o]
L-homosenne Hirhroxyacetone

Ectoine hinsymthesis

—4>o—-—>q—m—>

o—421103}—wC0—{ E:D w0

Alanine, aspartate
and glubarnate retabolism

L4—Asparty1

L-Agparts

nt{almmnbuﬁrrate L-Eetoine

S-Hydroxvecioine

00260 21211
() Kanehisa Laboratories

4—semlaldshyde
|




I CYSTEINE AND METHIONINE MWETABOLIZM |

Glyring, serine and threonine
mgtaholism

5-Sulfo-L-cysteine

L el

L-Serine
——— =0

Thiocysteine

£

(O-Phospho-L-serine

2-Aminoacrydate

Tarine and hypotaurine
| B

|
| a1 75
| 44125
i?}gt‘?g? - “' Bisulfit:
EO |4411u|—-o<—| 2611|—-—o<—|111m|—-—o—{44124 ?Pymvahe
L-Crysteate -
b — — = Clugathinme retdholism pyruvahe acetate 47
Propanoate
—————— 1
[2e11][ 2613 ][ 4418 4411 [51L10) [tz g wetiholis rpn%mbohsm
[251.48]
2-Crzobutanoate D-Succingk
75 1.43) L-homnserne
D-Cysteing 31
L-Cysteine- :
AR sulfinate [,- Lispartate metsholista
41112 7
Lal- | O 2724 o 12110 w0 1.1.13 Hw0) L Homossrine
| o L-4 A spartyl- L-Aspartate-
i L-Alanine sphate 4-serdaldehyrle
11127 Tawne and hypotauine
i O-Aee
metbolism 25148 @ Djhostt
o] Sulfur metsholisr
3-Ivlercaptolactats
o [25148][251] [25148][ 251-]
Glyrine, serine and threonine
8
L-Serine
1841
Hamoeystine O 5-hdenosyl- & 5-D-Rihosyl.
2.1.1.13(|12.1.1.14 L-horaocysteine L-howmocysteine
LMeﬂuonme 18413
5-ouide 13414 l b
W Forgi F L ethinnine 25.1.16| ¥-thinadenosine
o =S -
L ethismine © 3313 GE— S heemoeyl. 25122 j
ﬁmaygﬁ ow—[FA1312
0 %_Aarr%mo lopropane- 3229
Metietiol O e S-Wethyl-5-thin- ¥ 2142
2615 |[26157 D-rlbose
MiE | (12 — 271100
Methionine salvage | g p. thyd.5-
D-rbose 1- phosphate O
¢ (31377] 53125
i0- S-Iethyd-5-
4 Methithio- & (13— O {31377 —O4—{3.1377—Cs—{ 421105 | —0 Mkt 5t hosphats
%2 Dily ﬁ%ﬁ 2 Hygl.m -3 keg %1130 Dmggalsplmgm
- Tl 5
thlopentene 1Ima glha penterl: ¢

00270 12611
(o) Kanehisa Laboratories




L-Lencine

v

O

VALINE, LEUCINE AMND ISOLEUCINE DEGRADATION

()

(3R)-B-Leucine [-Ketnizocaproate

ow{ 1a10]#0

W aline, leucine and
ignleucine biosyrthesis

[ 14159][261.47]

1616

L 4

O 2-oxopentanoate

4 Methyl-

- - O O lscbutyryl-Cod b5 )-2-Methl- o ,
3-Methylhutanoyd-Co (—' butinoyl-Cod J
139910 [13993][ 1381 | 139912 [1321 |[139913][153993]
1399.-
ans 2 Methyl &
O*42117H0O o] -2 e
3 Hyrlroxy. 3-Mlethylbut-2-enovl-Clody Ilethacrsdyl-Cod but-2-enoyl-Cok
morvaleryd-Col

|
|
|
|
|
|
|
|
|
3-Methyl-
o)

glutacobiyl-Cod O{S)-E-H;rdmx . |
1zobutyryd-Co |
|
|

53-3-Hythoxy-
Egsubutj.rrjar?;ﬂ y |
|
11131[1.1135 |
|
. 26118 ¥ |
i -3-Am.11u:|-o-l——m+() 12127 -

61 (5)-Methyirmalonats
sernialdelirle |
Wy
v —— 1213 1231 I
O Mlethsdrnalorate |
F)- W thyl-

[ Bipsyesis of type H}}_—ﬂ | oyt |
L i I o) [54007] o [51991] O {5)- Methyl- |
| Succinyl-Cok | | malonyl-Cod |
[ Binsynthesis of 13-, 14 and o — > — — — — — — — ——— — — — 4 )

1a-riembered macm

lides

0020 ar20i 1
{c) Kanehisa Laboratories




VALINE, LEUCINE AMND ISOLEUCINE BIOSYHTHERIE

Clyrine, sering and
threonine metabolism

D-erytheo- 2 I'\-'Iethjrl
3-Methyimalx
| B BTG4 [T} o (-2 Melyinai
| LEUTE
J; 231132
S 043119 O 2-Creobutanoate %-'ﬁ%%dmx}mm}ﬂ' O Acetyl-Cot
) Em ..
22156 A
22156 |
55%2 - L ceto- |
ey uboat: O (5)-2-Acetolactate O I
1 L
|
11126)[54903 1.1136][54003 |
¥ Y
F)-3-Hyrdroxy3-methyl- 3H ~Z-methyl- Pymrvate
5-0:{01:-&%&3{3 ™o E-DX%%Exy atxene o
|
|
F)-2.3- Dikordroxs 3-2 3-Dikyrlrozy- |
5 methylperitanoal g m;dbumwuig 4 |
|
| I35
2-Isopropsilmaleate g-lsu:upmp}.ﬂmalate
(5)-3 el 2-Oxoisovalerate O 23313 o (42133 —»0%—[a2153 0
pentanoate 525}
lsopropyimalate
26142|[ 1410 [2614)[ 1415 |[261066] s
Y 253-2-Is0 -
L-Isaleucing ? L-V aline (I) g-u:uxu:ususc:]gaotgyl
| | sgnntanenus
I I 4 Ietho- i
| | 2-oxopentanoate
I I 2616
| HL 261421418
|
L V aline, leucine and Y
- (isoleucme dega.rad.aﬁnn)q ———————————————————— —O L-Leucine

00200 7521
{c) Kanehiza Laboratories




[LysNE BlOsYNTHESIS |

Glyrire, serine and
threonine metabolism

L-Homoserine

HN-Acetyl-L-2-armino-
f-oxopitaelats

o—{26L |—»

H-ducetyd. LL-2.6-
chiareandpirnelate

N-Succingl-LL-2,6-
L-fspartate digtainopitnelats
o— 2724 wo—IE— 23117 —wo4—{26.1.17
A
L& A spartyl L- &spartate L2,3 4.5 H-Suecingd-L-2-araino-
| phosplite 4 gemialdehyde Tetrahytiro- - oxopamgllate
| dipicolrat:
L lanine, as te and
glutarate rmoljsm
UDP HN-ace
L g
m.eso f-dharninopirmeloyl-  L-2-Amino- 5 14116
D-alanyl-D-alaning fooxopirnelate el
Pepdelyan |y o 63210 O 63213
: b UDP-N-scetyimumany [41.120
Glyrolysis L-alaryd-Do- y gluta.myl
reso-2,6- diatinopiraelite T
| A1,
. Horno- 5-Adensd-2- ccrArmnoade:uyl .
Homocitrate cis-aconitate  arainoacipate  S-acyl ercyioe L-Saccharopine[ 1 51 7 L Lysine T
Acetyl Cod 2.3.3.14|+g¢{ 421360 o121 o121 3 PCa{L 5, 1 10 -t ::::::4}( T ﬁmdbmmﬂwm)
20 T2 Aninoad 1518 !
 Oa-
St I f-semialdsk F »1':
I | Homo- LysW - Lysine
| | isgcitrate Tyex [ O | Lz [#O Lys¥ [#O Lysl [0 degradation
F— ‘Lsz _beetyl- Ez Acetyl E}hcetgldi {Tj yxs"x];;tv'l
(cm oyele ) o | L1187 [26.139][26157| e aphosphm - Lammoadipate
L
C{11187C
Oxaloghitarate  2-Oxoadipate

00300 1514011
(c) Kanehisa Laboratories




I LY3INE DEGRADATION

D-Lysine
; 5434 -wow]{14112}m0
. r 2,5-Diarning- 2 Lumino-
b f-L cetarmidn- hexanoate S-oxoheranoate
- SO0 2-oxohexanoate
. 15121 2-oxohexanoate
L-Pipecolate O
1.5.1.1 | Al-Piperideine- 35 D]ﬁmmn 5-fpuinn-3-
2- carb%axylahe L-f-Lysing oxohrgl)?a.;mate
Penicilling and cephalosporins
binsynthesis PO fe ————— N 5432 |—»o—| 5433 |—>oq—|14111|—>o
| ¥ 41-Pigerideire-
I ' L-carhoxylate
| Hé-Hyrdrox Hé-Acetyl-HE-
_ | _ | LLsine [ ¥ Loy lysine -
2-Oxoadipate Saecharo h ysing ¥y Lerobartin
i Py I 12131 RS ol LA O —[L1413% |0 2311 0632270
2. A ein- 15.1.10 15138 Y
2 L2 Ammoad.l
adpate G e H24D-1-Catboxy-0 '
ethyl)-L-lysine |
Cadaverine |L ————— Lysine biogymthesis
1-Piperideine O |
e
5-Amino- )
pentancate 3-Aming-
<—|1399?|—o<—| 62.16 |—o<—|12120|—»o<—ﬂ—»
lutarate
seraialdeh
H-feetyllysine
5-bcetarnido- G-Leetarnido-
pentanoate 2-oxohexanoate
Protsin-H- . Glyrine ; a
21123 ProtinNe 37743 21143 timgthigtlysi ne- H@{d‘”"y [1213] e
Aestyl-Cods Protein- 21150 (2115921159 —-o—| 34-- beo-{114112 |—»o—| 412- O——— wO—{ 114111 O Camitine
? i 21160 2.1.160| iotein ILN- 2y Trimethyl- 4 Trimethy
I Al Al Me2-1ysme Al lysme b Al

O 5-Fhosphonooxylysine

v

00310 10/19:11
(c) Kanehiza Lahoratories

O 5-Galactosylox viysine




| ARGININE AND PROLINE METABOLISM |

Alanine, e and
ghiiies Sbciom

35210
1 -Argina e
succinate Chuanidino- Chuanidi
o acetate-P acetate Creating Cheating-P
0 O O—— spontaneous — () Craatinine

H-Catbarioyl-
sarcosine ¥
N-Tvlethyd-
EIES B S

Sarcosi

Cieatine pathway

4DH pathway

15118 15101 3733 114135
Hoo:
o o] L-fginine-P O ggym? o
’ D-Nopaline D-Octapine
B g EEEnE  EowE [
-carboxylate
<! 6346 {351 5a—wo COz S
Urea C_-_’ (35154 i
3515
1-Pymoline- 3Ox0-5-Amino-
2eitboxylat “alsrate
1511 o 2.01p-
arginine
5-Amino-
pentanoate
15112 o 1512 — hxswngp > O— — — —={ Lysine degradation
L-1-Pymoline. G -Prol L
T oaibyiat O Lunatme i |
|
e P |
o D-4 Hytrory-
L-poline 2—oxogma !
o [5115] 41175
cis-o Hylrooy 4.1.2.14[[4.1.3.16] Glymeylate (2117
4hiirony- Doprolite
T O vy sovopoied L5
W2 Sl Somialdehyrie W2 St
6] e Larginae - ¥ o
33196 O 12.1.71 > [26181] 35323 D 4-Guanidino- ACuamidin-
== 12 Swom - gloate 13 Srceinad. T butansl butanards
5-semialdehye Lonuihine Pitescine
Tropare, piperidine and - F51353}
. pare, Hipe e thesis < ],'(_p.m - 35.1.53
Pyt oy Putescine | ZO—
vte o] 3330
|
| S-Adenosyle
T rnethunane pComaoyi-Coh
| orine | Cywteing and methionine
| 3 ;
|
! ERRE [z [2514]
|
| z o " c O "t
Sy oy
} Bomeor o
|
! 4|
|
i Feruloyl-Coh.
i 33164
|
| ¢ L-Homocamosine a o]
| Feruloyipescine  Fevuloylagmatine
| 4-Cruaiding-
| butanoate
I 3537 ‘-})4—/
Tl
2141

00330 1077511
) Kanehisa Lahoratories




| HiETIDINE METABOLISM |

Fotini. ATCARP -
— Phosphorhosyl AP DR : R
gd—| 24217p0—{36131w 0354190551 16O o421 19 =O={ 2610 I-0—{3.1.3.15O L Histidinol
I Phosphoribosyl- AP Phosphorhosyl- L Histictinol P

forrrning- ATCAR-P

{lr AICARQ

[34.133] e & L Histitina
Q i

Pentose phosphate pathoaray | ArserineQ 34135 P

Y 63211 ’:‘

Camosine 63211 11123

A{f-tce inoethyl)-
(B letylammﬂ ) o
34131834130
H-Formyl- Inddazolone Imidazole- Iridazole
L-aspartate acetats A acetats acetaldehyrle 41122 Hereymine Thiowrocanic arid
O 3535 | -ow{352. |-os] 1145 c«—iEE-© 14322 o—»O———»+0——»
= o — 1| 41128 istidi Ergothinneine
|
|
1-{5-Phosphoribosyl)- I - (26138
O | Hi-Methothistanine O
|
|
Alaning, aspartats and ' Hydanloin 40noglntramate  2-Oxoglitarate
glutamaheasmlz:mﬂ}?o]jsm . | S-propionate zoglul xoglu
(1-Ribossdiridazole)-4-acetate O |
I Formylisoglutaraine  Isoglotarnine
|
|
H-Forrayl-
I o Lfglutamyalte
| Trmidaznle-
w______ pwak ¥
Alavine, aspartate and
- L E%arbam - L-Clutarnate glutamate raetabolisra
lacnudamtahe 7 lutaroal
00340 222111

(o) Kanehisa Lahoratories




Cyshemyl - DOPA

———————————————————— —=( Pheotelanin
I TYROSINE METABOLISW
Tlanin binsynthesis
Doparpainone Lencodopaquinone Dopachrorue Indple-3,6-op
-’ - - T D;ydm 114181 G—————*0 Eumelanin
i - 25
indole ¥
[fmasiriosr]  [14ii][1i031]
Phenylalanine, tyrosine and DHICA 561004
rypiophan biosymthesis 4(L-Alanin-3- El) -2-. hyd.mxg
e ok musonate 6 sernisliehyde
Tsoopuinoline alkaloid Phens id 1131129 ITEnS} -0 5 tizolobate
[ bmgynﬂ\esls ][bmsy%ﬁ;?sﬁm g]s(]as}xmigl)ﬁi?ydmx
i Todo- ——{1Bum—w 1131133 05 tizolobinate
LT 3,5-Diiodo- ilmiﬂsm | 11031 (1510 D drenal L Adrenaline
Iozine L-tyrosine tyro: LOOPs (41125 npamme | ;
os—{LiL1gos{ 11l gloe111 18] LI1R1 T 114171 211.28]-m
114162 [41.L.2]
o [5436 2116 I
Triiodothyroning ; - o S0 umc
soquinnling alkalo 1434 bms i
biosynthesis 03 4}1 31 bl
Phessl ( ydmxyph&"yl [t4321] zli [rass4)
3

4 Hydroy-

phersipropannate
pheyi"’ﬁ‘a%

434 [1215][12.129] [11L1]

34Dily
3. (3 4-D1hydmxy— ¢ ¥ Moy ¥ 34 D oo
phenyljpyrirate 34Dmydmxy e ?;lrhmyly;
[111 7]

oz,

2 H
3-(3,4-Dikr

a1
[T et = -ogggl‘:;;':'

Ho mi]genhsﬂfe

3-Wethoxy- ¥ ¥3 4 Dk
T . yrroiey-
aceéﬂlafﬁgg?e ok enylazetate

[2114]

[L1115] |12129|\1231\
Genhsate
4 Malesl
aretoaretate 1311 Q
Rostariiats e 3 Matboney-
¥ hyrdroxy-
§ Cabozyrthyl et -
2-hyroxirouscnate ? ghyral
53310 l
5-Cartboxy-2-oxohept- 4 Hyrdrox: 1
yE-enedmge Q acetjrlyém&mhé WO
2-Oxohey
3 anedmge
Fiipopen T-—ﬁ—»%;;ﬂmmm—

Succirete
O semialdehyrle

ool s Yo

[0}
Acetnacetats

00350 6/20/11
{c) Kanehisa Lahoratories




PHENYLALANINE WMETABOLISM | Morpseudoephedrine

1-Phenyipropans-12-dions
Phenylalanine, tyrosing

P A
tryphophan biseymihesis Saligink 4T
,,,,, N FERRT] Benzoyl-Cok

prridinsand . Hippurale
Tywosize Il ( D-Phenylabsnite a3133] | Pl ERIEE 2317) i

Cathinons Worephsdrin Ephedrine (R) 2] Ma'hyhxmm
phenylpropan-1-ol

1 el
B Styrans degradation

os—{1isE 1% }
I } 1141311
! ‘( —
Y‘r 14120 — {1
A1 m|[4115 615 4
26,157 13131 31 11 |
« F pﬁet}d I
Phenyl- T 2-Hyrhrooyphengd-
| emﬁng';lmm ahe 4.. T gphenst O 4CoummamylCok ¥
I yd.wxyphenyl O oty
} [Le2e]  [141219] 11413 :
| I
| .
‘ O I QPP D‘Jhy"mdm Caffeoyl-Cod O VI’
|
¥
| o i [13.157] [13.187] Benzoate degradation
3 ate
} Plonglltery T o
} L Hyl 2% Ditgeim O Feruloyl-Cok O
>4 trans-2,3-] Fy 2.3-Dibyydroxsy-
} gﬁe clnnaate mnﬁmwam
b

Va]me leucme isolsucing

f————— O —— :
Hyrriy-
| el g SR, |
S O ——— ¥ 2.6 Dibyrboxy- LEFS 9_digate e pypoponsl. Cof, © |
;i‘lgy;iir;x - [e21m0 O phenylacetate |
nylacelate
Benmoyl-Cok % Isobutyry-Coh
Sy [T 0 [517E] b0 [T ‘
Phenyighyoxylate |
sicon glw%ﬂ Cop IR \ | ——O Malogi-Col
‘ |
2311923113 ][25.014 | |
l ‘ |
|
b X 7 GO 8- Myl 6-nomenis acid

[+
e b (Borsts gt |
aretylzlyrine acetylzlutaruine Benzoate degradation

Capssisin

00360 9/28i11
{c) Kanehisa Laboratories




| CHLORDCYCLOHEXANE. AND CHLOROBEMZENE DEGRADATION |

BAdig ot

?%Tmmm

o cis- Dibyrircbenmnediol
{525} O—{I3 15— = ran i)
Calechol

L EJasE Tk
L LIASTenctore 124 Trihlosa
licyﬂolnuhlu Rnene 1,4 Dnehlamberrse.
L o o Tan ] :
FFbmn Pertachloro- :
it v "
vk
24,5 Trckbiss- [T ]
e
45 Trchloss ﬁ-?;hu::d- Ll
) oL
ks 1o [EEEE]|
Lmk
1,234 Tetrachiorcbenzrme
(MFAY A4




I TRYPTOPHAN METABROLIZM

5-H. yindole- S-Hydroxy-
acetﬁyl‘éfeuli( ndd acegbe
0 O ithracete
J-Hydrazy- 5-Hydroyindole
46.Dik “‘d"jf?ﬂm’“ ate © ﬂcetsyd?lnycme
Y WIUXYO J-Hyrroxy- O 5-Wethoxstryptamine

o-Hydroxy-H- O H-Methylserotonin
Ielatomin
iﬁmgoqmoﬁ O 3510 | ow[IE1R 41128 —w0—] 2.3.1.8?|—NA> O 6-Hydoxymelatonin
e i S-Hyrdroxy 5-Hydroxy- Serotonin -racetyl-
b - ; to: Forrayl-M-acetyl-
meoburgndéahe leyirenirie L’hypbpﬁ;“ sermimn © i-mfi:}jxykﬁ‘t‘gem
114164
1432
»- 11 I0]#0 Indolslactsts
26,127 Inciole-
e L-—> 3 Methyl
gl-égn}cllnyéiglsml- i pmva 21147 Oi.ndole 7k "
—
C-{21149
1 Wt
m‘%&' Indele _ THyPmphan frypharine ( bryplareane
W.scetisatn o4 1732 | o ow {11216 4199 1} — 0— 41128 —»o—[11413- | %5
isin 04 1753] ~on IO (BT o —{aTmwo {15 ]
1| mncinle-2-
L1117 (|| sk O O
Xitnal S-{indolylareto-
¥ \ PR
5-&2‘-Carhnxyeﬂ1y1_- S-éJ'-Fomyleﬂ'nyl)-_ IF | Locysteine Indole-
4,8-dihydroxFpicolinate 4,-d1hydmxypmnhmte e om] ]3’]1;‘3;32"0' | ¥ Indoleacetats O Mol
© ‘ : T ioeyiols
5(3-Carboy-3' } e
-(3-Carboney 3 5.3 Catbowy-3-
oxopropenyl)-4,6- T T QJ
yerorypcolate § ] 131 oA e 113123 —> FERTR
S-acetarnice

1151110

“ ) g i ————— —— —— — — I Benzoate degradation
13118 114502 +—O0

Teypto _ 2-Fomamino-
A higsymihesis ]e T berznylacetae

7,3-Diborlroxy- 7.3-Dikarlro-7 8- 42 Aminophers)-
kymurenate d]hydmxyginymmemm 2 djuxubuﬁrua%le O 2,3-Dibyrroxyindole
3-Hydroxy 11114 O Cinnarealininate
Hanthurenate 2-Arinophenol .
o +—— 0O o—{11034 O lsophenoxezine
s R G i W L,—'_, 3 lethg
- sexphensd)- ] 3
TR 2 Fdioxobutandate 211- O irfioandel
.11 113116
2-frming-3- A
o] 1434 O catho; hw:onme " Oh;m; 777777 17| Hicotinamide metabolist
Pl el FHyhoxy. % s Qi
5T
2-Aminorruconate
| sermialdehyrle
|
| Acetoacetyl-Cob Crotonoyl-Col
sert gl—{ 2310 FOoa{1.1.135 | —Ca{42117 041300 7| -Ou 1242 | —ca—{151- o 35003 og;gémx.
cetyl-o S —3—H¥d.mx " Glutaryl- Cok 2-Oxoadipate - LA
l(Ju)lam -CDAy st P ucoate

00330 7128/ 1 ]
{c) Kanehisa Laboratories




IPHENYLALANINE, TYROSIMNE AND TRYFPTOPHAN BIOSYNTHESIS'
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I AMINO SUGAR. AND NUCLEOTIDE SUGAR METABOLISK |
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STREPTORIYCIN BIOSYMNTHESIS
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I GLYCEROLIPID METABOLISM
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IARACHIDONIC ACID METABOLIZNM
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ICHLOROALKANE AMD CHLOROALEENE DEGRADATION |
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| aMIOBENZOATE DEGRADATION |
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I PROPAMNOATE METABOLIZNM
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| sTYRENE DEGRADATION |
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I BUTANOATE METABOLIZM
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I CARBOM FIXATION PATHWAYS IN PROKARYOTES I
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| THIAMINE METABOLISM |
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NITROGEN METABOLISN : REDUCTION AND FIXATION |
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5 permidine
? - T . —
Phe: ricoutnarn - ricaffenyl- erloyl- eyt - o yfe: -
m%ﬁssﬁmess ————— 4 | spermnidine spermmidife spermmidife syermiding M10sinapoy-spetidine
- } wO-{[.1413]
|
g 3-(2-Cathoxyethenyl)-
Phenylalanine ETWDS‘-“"- cis,c]s-mucogghe b Scopoletin Seopolin
43124|[a3125 1310943125 0 BuIZEesc - G O + 0 Sapost
-0)-3inay
v 4 . ¥ 0o —— S-Hyrhroxyfernlic acid ﬁrD—glu.c?ge
ane MiaE.] -
™ 11413 2
1141314
@2
231133 -wO-{ L1336 -wO—{ 231133
pCuunmu];él Caffecyl " SH
shikimnic ac chikirniz ac: - Y-
m%m}{y' — — — | p-Commaroyl-Cok P fel’“ic"d)ﬁu'c)éﬂ
o) LI4H3- -" O Sinapoyl-Cod
————— p-Coumarnyl
uiric arid
E-D-Glumsyl- 2311330 Lid1s3 o 231153 —
cowarats Caffeoyl
12144 uinde acid 12144
i p-Coumaraldehyrle Caffeyl aldehycle
1413 }
11413- 1.
-D-Chusosyl-
BD-Shuosst- Flavonoid biosymthesis }  [LLL19S 110195
Couraaryl alcohol
P > Giiel—»
Caffeyd aloohal

O 4 Hytroxyeinnarmyl-
- Hyrltasy a]coﬁg-}uél»g—glucos%lde
pheiyt lghin

Comnaring

00940 27111
() Kanehisa Laboratories

Cruatacyl lignin

Symingin

Q
Syningyl higran

Coniferin~ 5-Hyrhogy |
guaiaeyl lignin

Sinapoid malate
O




I [F0QUIMOLINE ALKALOCID BIOSYNTHESIS'

. g —»O Lymorine
3,4 Diliydrenyhenzaliehyre |
? | 7= =0 Caine
|
¥ Tyramine | .
=== =0 CO——————0 o O Galanthamine
4-Hydroxyphenylpymreate ’ Notvelladine  4-Methylombeladine  N-Dermpthylnarwedine  N-Demethylzalant
4 Hydroxyedibondroeinnamaldehds
Isoandrocybine  O-Iethslandrocymbine N-Formsd olcine  Demecoleine  Deacetyloolchicine  Colchicine
oo Fro{aiL [0 ————#0-————>0-—————>0 o
Florarmultine
————— >0 O Kreysigine
Ankorine
o]
I
|
4334 I
Protoemetine |
Deacetylipecoside O Deacety-  (O— —— — — —eO—====——-0 Emetine
N lisoipecoside |
} I "
zpantaneous zpontaneous ;
¥ (R)-Home- eontanacus Zpontanscus II\ O Cephaeline
Qtealine 211128 \\
| Dermngthyl- Dernethyl- Deoxy- $ Tubulo:
| alang]slgel isnalang%ide fibuAsine o sme
| | | |
O Papaverine | (5)-A-O-Tlethyl- | | |
mrlaud.amsohs.:\le
3)-3-Hyrhoxy-
g*ljmeﬂ'l oc]a?.lv.rme

3 X X

Isoalangiside Alangimarckine
211116

()-Reticnline

211115

[L14214] [211-] [15--] [12133] [2.1189]
{5)- Teahydrocohunbarrine - Colundbarrine Palruatine
(5 Cory O Laudmine 1,2-Dehyrtro- 2111 7] 1333 211113} —w-0O—] 21 11470 Coryuialine
tuberine T retirulinium (5)-Seolerine
[211-] [211-] [15127] [11420.3] [1142L5] [12133]
(3)-Canadine Berberine
g Epne O © Gt S 1337 1SO—{TSTI0 (R Canive
Tvlagnnfloting [ line
[21.1115] [114314] [114211]
[z11zz
Salutaridine {533ty
(R)-Norretiouline ¢ Sl iopine
. L4 .
. )i 1- S )-cis-H-
Salntarictinn] el e © B
[231150] [L14135] [t141337
Tgcaiggndmol O Alloeryptopine
gpontaneous
Té-Hydmxy‘pmtopdm
spontaneous
ihyero-  10-H - Dikyelro- 12-H - ) )
ls inarine dibs sa;(\guimrine chelinbine dlihs ch:g.mhme Dihydrormacarpine
11413 5—0— 21 1119 —w0—] 1141357 —-0—] 21 11200

Chelirubine Iilacarpine

00950 510111 .
() Kanehiza Laboratories




TROPAME, PIPERIDINE AMD PYRIDIME ALKALOID BIOSYMNTHERSIZ -firing- deltal-Piperideine-
2-0x2}wxamahe 2- calboxjdahe
é’z m}?ﬂl * 1-Indolizidin:
L-Lysi S ¥ 8 e
r%ah hsand proline Lysine biosynthesis — _/_ys O - La® La®
metEng | 513,45 L Pipecalats S lafraruine
Biotin metdholisi - ety -
| 2-carhoryial
|
Senecionine Senecionine  Retronecine  Trachelantharwidi v Lupinine 17-Ozosparteine Lupanme  13-Hythoxylupanine
H-oxide g 1273710] O O 2514410 Putrescine Ot ——— 1a® 0
Homoepermiding Cadaverine | Swainsorine
e .
{-}-3 parteine
N
L-Isoleucing 321
o
(+H)-Crrtisine 13 e -Tiglowloxylupanine
————————————————————————————— ———————————
Phenylalanine, tyogine and
Bt N
Pelletierine N-Methyt
| Cuscohygrine pelletierine
L-Phe:
B
b 3 3
o] Bzacyclo- Lohelanine
?Cncame L Nomicotine  Anatabine hnatalline  Anapheline ggﬁsuggm hexaiie
Tiopircne
Phenylpymrvate O
Lucal es]c 231@
1 1.222
Phenyllactats o ekl S PEINEE b ¥ b
Acetyltropine | Aeetylpseudotropine Piperins o Laeline

|

|
O Prendoecgonine phenyllactatyl Cok O g

Calystegine A3
o Littorine O O 14, < o
Pseudoecgonyl Cok L-Hyoscyaming %ﬁS)-Hyd.r_uxy— Scopolarine
(YOSCHAIINe
00960 1246410
{c) Kanehisa Laboratories




I METABOLISM OF XENOBIOTICE BY CYTOCHROME P4SD|
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DRUG METABOLISM - CYTOCHROME P450
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I DRUG METABOLISM - OTHER ENZYMER
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