Enzymes available from Sigma Enzymes available from Sigma Enzymes available from Sigma

OXIDOREDUCTASES BLOOD GROUP Z ) conr . 2715 Ribokinase

1111 Alcohol dehyd 27116 Ribulokinase

1113 Homoserine dehysragenase P GLYCOPROTEINS HYALURONIC ACID DERMATAN SUBSTANCES ALGINATES O-ANTIGENS STARCH GLYCOGEN CH,C00" oH N 2 9 7% ) @ jlcoo” jcoo 7117 Xylulokinase

1118 Glycerol-3-phosphate dehydrogenase o GANGLIOSIDES PEPTIDO- S .7 \ | [ ~Ribose -0- p-0-p-0- Adenosine(P) > Ribose -0- R-0-p-0 0 -Adenosine i N|COTINATE o 27119 Phosphoribulokinase

1119 D-Xylulose reduct: [ \ ’ A o 0 o- a2\ 0 27124 Dephospho-CoA kinase

11710 Lagtulose reductase L MUCINS GLYCAN OHCHI'I IN CHONDROITIN PECTIN [ INULIN CELLULOSE N y atlcacetate Indg; . o EEaT Ribose- P_ 2. <RP 37125 Adenytysulfata kinase

11114 Hditol dehydrogenase 20 5 Vo (Auxin) y NAD(P) N|c°tmam|de adenine 6 31 5 Desamino-NAD Nicotinate- 24219 Quinolinate- A 27128  Triokinase

11119 Glucuronate reductase Y CHOH ° 2.4.1.68 1.1.1.132 HO/CH, Vo dinucleotide (P) nucleotide e nucleotide 27130 Glycerol kinase

11121 Aldehyde reductase S AcNH/ GHOH COO 6.3.2.7-10 [, e \1 2.4.1.69 o OPPT Ul 1.2.3.7 2 R 27131  Glycerate kinase

11122 UDPgh dehyd: 2 4 99.7 HONO OPPY A ‘i 0 g . 27132 Cholinekinase

o ety drogerase CH OH 6.342.1C3H CH)«‘_/ 2a117]m0 \OH_/OPPU /CHy \ \_/OH /24129 W oH.CHO HO [ CHeCH(NH;)COO HO [ICHeCHaNH, HO [| CHaCHaNHCOCH, CHy0 [ CHzCHaNHEOCH, @COO_ (0] 27133 Pantothenate kinase

11125  Shikimate dehydrogenase A s il UDPOH HO\  HO/OPPG TDP-Rhamnose u |72 | N [eele) M 2734  Pantetheine kinase

11127 Lactate dehydk COO- = - il 24121 ! 1.1 2315 " N 27136 Mevalonate kinase

11125 Glycerate donydrogenase C ”" UDP-N-Ac-Muramate Iduronate Sn Manﬁt?:)nate T - 2411 24111 Ho/ Indole- N ts-H¥dr?1xy- Skl 5-Hy<(1srgg‘( 1t_ry tamine 2313 N-Acetyl-serotonin 2114 N-Acetyl- ?MOE m%n NI)serotomn Quinolinate A 27135 Homoserine kinase

11130 3-Hydroxybutyrate dehyd - o 5 4.1 r an 27.140  Pyruvate kinase

11131 }Hid:x:’is‘;gﬁyfat:dyeh:,dg;;a:nease c CMP-N-Acetyl A GDP-Fucose \ : acetaldehyde yptop! T 27147 D-Ribulokinase

11132 Mevaldate reductase H neuraminate CH,OH T jiaeoh 5.1.3.1307 ) H | 27153 IXylulokinase

11134 Hydroxymethylglutaryl-CoA reductase (NADPH) HO Q. coo- 40147 OH OPPT i 4.1.1.43 I + . N CocH CH(,QH )COO" 00" A \~CO0" 27160  N-Acylmannosamine kinase

11135 3-Hydroxyacyl-CoA dehydrogenase A 11s| V L \ 24 K ADP H e p— ©\7 gSgHZCH(NHa)COO @COCHZCH(NH3)COO' " 2 3 ™ | oy (o] 27171 Shikimate kinase

11137 Malate dehydi AcNH, CHOH COO T \ N / = o 2 - 2 2 OCH NH. NH. 2.7.1.80
Malate debychiogenase (decarboxylating) R © OH /OPPU | HO\?H_H?/OPPG TDP-4-Oxo- Gl { 41.99.1 NA RlH> OH Goo- 2 coo " ? 27182  Ethanolamine kinase

Vdrog Vlating ucose , OH N in 3519 ine 1:14.13.9 3.7.1.3 1.13.11.6 : 4.1.1.45 ; !
41 Isocitrate dehydrogenase (NAD+) | OH 27743 111158 cHoH |4 NHCOCH \ GDP-Mannose 6-deoxyglucose i k Formylkynurenine === Kynurenine ——> 3- Hydroxy 3-Hydroxy 2-Amino-3-carboxy - -'==% -~ 2-Aminomuconate- 27.1.107  Diacylglycerol kinase

11144 Phosphogluconate dehydrogenase 31 3.29 e 20 N 3 ; ) HO\OH Indolepyruvate Kk hranil ialdehvd 6- Idehyd A 2723 Phosphoglycerate kinase
Phospnoglaconate dehydrog D UDP-N-A on /beru v\oH Ho/bH i ynurenine anthranilate muconate semialdehyde -semialdehyde T2 heoneger:

ecarboxylating -N-Ac- \oH_/ - 7.2

11145  1Gulonate dehydrogenase N Ac- Neuramlnate ) £ OH CH?OH\ u GDP-Glucose . 24122 1.13.11.11 . COO" H H Catechol N M 2726  Formate kinase

11149 Glucose-6-phosphate dehydrogenase E HO\O fppu Galactosamine UDP 0 MANNOSE | 42146 , UDP-Glucose coo Lo 12132 | 27211 Glutamate 5-kinase

11156 Ribitol dehydrogenase (Sialate) CHAC - | ' 2 \ cHycHiNkHy)C00" QCH(OH)CH(OH)CHEOP HOC-CH(OH)CH(OH)CH ,0P NHGH—G—C—CH-CH,0P . i 2732 Creatine kinase

11179 Glyoxylate reductase (NADP+) S CHO0P 2 NHAG 1442 : f aIaCtose P _CH z (I-)H CI)H @(’:\130 114124 @\N \ N 2742 Phosphomevalonate kinase

CcH OH i
1182 Mol s WADP { O\ 31329 UDP-N-Ac- 27.7.9 o Try?otamine 42 Indole-3 -glycerol-P <« 1-(o- CarboNxV phenylamino) 41148 N-(5-P- Rlbosyl) kil 18Anthranlzlate O e ! o 740 Nuoie prophac s
11185 3-Isopropylmalate dehydrogenase \ ACNH Gl TDP-Glucose 5.1.3.2 HO ; TRYPTOPHAN 2-Amino 2746  Nucleoside-diphosphate kinase
; Ho\oH |on4-1:320 Glucosamine coo 1-deoxyribulose-5-P anthranllate ;

11186  Ketol-acid reductoisomerase Ch| t \ 27712\27- 7 10 ,OPPU e Yy muconate 2748  Guanylate kinase

11195 Phosphoglycerate dehydrogenase N-Ac-Mannosamine-6-P pyruvate e CH20 G HO coo" T co0- coo" 00C CHECOCOO' A 2749 dtmpkinase

1.1.1.100  3-Oxoacyl-[acyl-carrier-protein] reductase N = =0= IR H re2y2 41327 I 27414  Cytidylate kinase

111,102 3-Dehydrosphinganine reductase CH,0H CH,0H HOCH HCOH 1 2761 Ribose-phosphate pyrophosphokinase

111105 Retinol dehydrogenase 20 T 0 \#1.3.20 c OH OH o on PE o e = c ey . 1 C 2773 ine-phosph:

111130 3-Dehydro-L-gulonate 2-dehydrogenase H ACNN 2.7.1.60 \ \ Mannose-6-P 24143 OH OP UDP- Galactose H NoH ean o s OH ey OH p 25119 A H 0C.co0 —Bas0s ! | 2774  Sulfate adenylyl ransferase

111157 3-Hyd butyryl-CoA dehyd Y \ / S a - H h LR H™ qan H™ - 1 2776 RNA nucleotidyltransferase (DNA-directed)

1157 Sty Condebdogense E HO\OH | /oH HO\OH /0Py HO\OH /oP HO\OH /0 VTS 3-Deoxy-D-arabino- Deh dro —»Dehydro ——=> Shikimate Shikimate-3-P == Shlklmate 5 Chorismate ———— Prephenate H D 3777 DNAmudeotidyltansforsee (ONAdivected)

111169 2-Dehydropantoate 2-reductase NHAC NHCOCH, 5.4.2.3 N \ Glucose heptulosonate-7 P qumate shikimate enOIPVruvate 3-P . S 1 S 2779 UTP—glucose-1-phosphate uridylyltransferase

RRE hine dehyd : . -1-P CH,COC00" : 1 27.710  UTP—hexose-1-phosphate uridylyltransferase

111308 I ehydroapeseese X N-Ac-Mannosamine <—— UDP-N-Ac-Glucosamine, N Ac-Glucosamine-1-P<«—N-Ac- Glucosamine-6-P HO\?H_/OH HOH N e Q GH,CH(iHy 00" CH,CHIHICOO™ "~ CH,c0000" 45 e\ 27712 UDPglucosehexoset-phosphare

1138 kGulonolactone oxidase (o] 5.1.3.14 2314 NH, A \ CH — © ‘ @ @ © N / ! uridylyltransferase

13.22 Xanthi id: - H H OH . -00C: CH ,C00™ 12 1 27713 Mannosew phosphateguanylyltvansierase

1 1991 Choline dehydrogenase S 00 jully ) 53.1.8 Glucosamine-6-P HO\OH /OH 4 OH OH ; 18113, 27714 phosphate

ey drog 0 HOCH;—G—C—GC—CO—CH,0H \oH_/ 521.2_ 113115 26.1.5 1.14.16.1 2615

11995  Glycerol-3-phosphate dehydrogenase E A M oo e \ OH oP i \_ Fumaryl <2 Maleyl Homogentlsate o= Hydroxyphenyl =213 TYROSlNE <=2 PHENYLALANINE G Phenylpyruvate 1 27715 Choline-phosphate cytidylyltransferase

1213 Aldehyde dehydrogenase (NAD+) ¢ ) OHOHH  pmmmfmmmmm e e e OH - 3.1 ' 27718 Nicotinate-nucleotide adenylyltransferase

1217 Benzaldehyde dehydrogenase (NADP+) S HOCHzf‘Cft‘Df ¢—¢- 000" HO\OH |/OH HO\OH |/ HO\OH |/ R E 321 2s 3.0.1.48 L E \ acetoacetate acetoacetate ‘\ 1a11s pyruvate \ 5 1.3.1.13 5 1 27723 UDP-N-acetylglucosamine pyrophosphorylase

1218  Betaine-aldehyde dehydrogenase o | Fructose SUCROSE “=-%_32148\ ________ GLUCOS ! N ’ T < 1 27724 Glucose-1-phosphate thymidylyltransferase

H OHH H OH H | CHOHCH,NHCH, CHOHCH NH, v CH,CH,NH, CH,CH( )coo i . S
12111 Aspartate-semialdehyde dehydrogenase 2 3 Shi 2~ 2 C 4 CH,CH,NH, » g N 1 27727  Glucose-1-phosphate adenylyltransferase
P yde dehydrog: 1.1.1.19 1.13.99.1 - 3.1.3.25 . -z , N H Fry ,CHoNH, CH=CHCOO N C

12112 phosph Gulonate Glucuronate Inositol Inositol-P NN sles i R ' 27734 Glucose-1-phosphate guanylyltransferase

12113 3-phosph: OH H OH OH OH H OH U OH OH ' N OH OH ! Ub| uinone . Cinnamate "« 1 27741 Phosphatidate cytidylyltransferase

12116 Succinate-semialdehyde dehycrogenase (NAD(P)4) 81,118 HoOH—C— . é (‘: o) o (‘: 0 (‘: o) T / OH OH N OH OH ik 162,' aq Menaquinone' A 27743 N-Acylneuraminate cytidylyltransferase

_ _ h . - . . ‘N OH g i
12118 Malonatesemialdehyde dehydrogenase B H ; ? HOCH,—C—C—C—=C—CO 11144 0 HOOHH 1 Epinephrine <2128 Norepinephrine 4—\—1 141710 Dopamine «—21:122_Dopa « - - -~ \ or,CHiHgco0 St 114.13.11 T S Do nsferase
ket Lo HOCH;—C—C—C —C—CH,0H [ Adrenaline) (Noradrenaline) N ; \ y e 9

12121 Glycolaldehyde dehydrogenase YT , oncr b . i 3 2783 Ceramide cholinephosphotransferase

12123 2Oxoaldehyde dehydrogenase (NAD+) Gulonolactone —'1 138 2- Oxogulonolactone ASCORBATE OH OHH OH ; ) h NS \ X 1147981 m \ | | CH=CHCOO" 2785  COPdiacylgycerol—glycerol-3-

12124 Succinate-semialdehyde dehydrogenase oH oH H o H 1.10.2.1 Sorbitol 3 ) i O c? \ Y C t C phosphate 3-phosphatidyltransferase

12125  2-Oxoisovalerate dehydrogenase (acylating) 1.1.1.45 o B | 1.10.33 orbito 6 ARE ) OCH, \ o-Tocopherol \CH-COO" \ o oumarate H 2788  CDPdiacylglyc: ine O i

12127 Methylmalonate-semialdehyde HOCHrcfcfctF CfGOO‘ HOCH;c— c—cw €0—C00 HOCHrc C—C0—CO—CO oH | _KH(Hcoo® OH . CHOHCH,0H \ " (Vitamin E) o \ PRV 27811 COPdiacylglycerol—inositol
dehydrogenase (acylating) HIEET 130 2.7.13 ) Normetepinephrine \ o NH \ @ on L7 4 0 3-phosphatidyltransferase
dehydroger : i 8 ” phosphatidyt

12131 A : P 3-Dehydrogulonate :"%2, 3.Dioxogulonate — Dehydroascorbate H H oHH M f(Normetadrenaline) ook N Dopaqumone NS N L 3035 TorsdpaeConvamtaase

21 o 1 OH ~ -« - o

12136 Retinal dehyd —C—C—C—0C- e ) )

15721 Crutomete b sommdenyde dehydrogenase E OH H oH HoHooH o Focrg ¢S coo - !4-OH-3-Methoxy- 4-OH-3-Methoxy- Plastoqumone ~ 114181 THYROXINE LIGNIN  Tannins Plant Pigments A HYOROLASES

12152 Oxoglutarate dehydrogenase N HOGH;—C — C—C —CHO FlOCH, —C—C—GC—CHO  HOCH;~C—G—CO~CH,0H OH OH O » NADPH ,  D-mandelate phenylglycol 3113 Triacylglycerol liase

1235 Glyoxylate oxidase o] | | HoHOH 6-P-Gluconate 3114 Phospholipase A2

1237 Indole-3-acetaldehyde oxid: T HoorH On On h OH OH g | ch,0P 3105 Lysophospholipase

1301 Pyrovete deydrogenase ipoamide) (o) L-Xvl D-Arabinose 2313, D-Ribulose 2.7.1.47 HOCH;— C c— C CO—CH,0P , NADP+ -~ s “00C-CH-0H,C00" | 3117 Acetylcholinesterase

1242 Oxoglutarate dehydrogenase (lipoamide) GAVIOSE OH OH 1 1.1 1.44,"/ _7 R o | J{HOOCHNH, Ng N 'OOC\C/N\\ HNCO‘C/N 2 /N\\ N 31117  Gluconolactonase

1271 Pyruvate synthase S il b il b Fructose-1-P S N POCHzC=CC—CO—CHZO0H | HoC” o Hzg CHO \CH & on c “cH HN § o 31121 Retinyl-palmitate esterase

1272 2-Oxobutyrate synthase HOCHz—GC— C—C —CH,OH HOCHz;~C—C—CO—CH,0H  POCH;,—C— GC— CO—CH,OH / = OHOH H ) OC< il HoN— C\N/ N/C\N/ HNTCL /0 LNl ap E 31128 Acylcarnitine hydrolase

1311 Dihydrouracil dehydrogenase (NAD+) E VRPN PN hob fofo F 6- P y  OH OH_ 000 ~RP “RP _“RP, Hy bS et HoN 31131  6-Phosphogluconolactonase

1312 Dihydropyrimidine dehydrogenase (NADP-) S L ArHabitHoI H ¥ ; Iu1ose 27083 | o I:illosHe 5.p HOOH—C—G—C— 0N ructose Glycinamide-_2122, Formyl _6353 Formyl 6331, 5.Amino 411315 Am|no-4-|m|dazo|e 6326 5.-Amino-4-imidazole 4322 5-Aminoimidazole 9 S 31132 Phospholipase Al

1318 Acy-CoAdehyd NADP. - —>L- —L- -5- A . ¢ : e e _Cop 121 Acetyl-Coh hydrolase

s E:Zy‘,;(y,i;m:j?;?;:f"‘],e e NADH) oH OH H HV on 1 Y, b oon on .C‘,H_ bH ook 7C C CO-CH,OH \ribosyl-P glycinamide-R P glycinamidine-R P imidazole-R P carboxylate-R P (N succlnylcarboxamlde)—R P  carboxamide-R P n,n i \c 3153 Succngh-Con hycrolase

13110 Enoyl-lacyl-carrier-protein] o T L Ribitol 2 . HCQ GO iy 3124  3-Hydroxyisobutyryl-CoA hydrolase
reductase (NADPH, B-specific) HOCH;—C—C—C—CHO O i e G2 Ol DG s C GO OH On ,/ 27.1. 11 H,NCONH e o NH HN oo NH SN 9y 31211 Acetoacetyl-CoA hydrolase

13113 Prephenate dehydrogenase (NADP+) H H OH 11110 OH i OH OH b on D-Ribulose-5-P POCH;— &—G—cHO 31 3 11 AOE 2Urea 2 2N “300 195 | 9% o HNTCT Nog i ”C\c \ i S \ Formylamldo- 31220 Acy-CoA hydrolase

13114 Orotate reductase (NADH) A BN . 2.7.1.47 . 'oHbH ocC_, .C. 7 N H imi . 3132  Acid phosphatase

Dl gy L-Arabinose & Xylitol 22147 . p. Xylose W i T SRGIPIR VR imidazole

13135  Phosphatidylcholine desaturase 4 HOCH;,—~C—C— Erythrose""P 4 H N ~. carboxamide-R P 3134 Phosphatidate phosphatase

3 roporphyrinogen dsse. g < o o1 o on OO g —gene ‘ il IO Allantoate <- %2 AIIantom S URATE <1 204Xanth|ne<1 e S Nucleotid

1333 Coproporphyrinogen oxidase o [ [ | S {1305 SIS 35410 O 3135  5-Nucleotidase

1334 Protoporphyri id HOCHz~C—C—C—CHO HOCH;—C— C— CO—CH,0H POCH2707 C—CO—CH,0H OH OH OH POCH— C—C— C— CO—CH,OP NH _B__N Glucose-6-phosphatase

1351 sLch:::r:dzu;‘:rg:gne::s:(s\fbiqumone) Hoon b [ b : D-Ribose r OHOH ‘ /NH2 N * H'\f © ﬁ/ \\CH P Fructose-bisphosphatase

13991 S te dehyd: s 27.1.16 .3.1. T N CH “00C-CH-CH,CO0" < / Histidinol-phosphatase

13952 ButyrykCon dehycrogensse L-Lyxose L-Ribulose ===>L- R'bU|°se 5-P 1.3, ! POCH,—C—C— CO—CH,0H F t _  cHoP 0 Hé AN . NH by OO NERe myo-Inositol-1 (or 41-monophosphatase

13993  Acyl-CoA dehydrogenase ; H ot ! ruc 95e O\NHz ’ 'O—E'—O CHQ ° o Fumarate éé\c N\ Aspartate INOSINE-P U 31327 Phosphatidylglycerophosphatase

13997  Glutaryl-CoA dehydrogenase d.7 A e K \ - o ). N N CH 31329  N-Acylneuraminate-9-phosphatase

13.99.10  Isovaleryl-CoA dehydrogenase 9 HOCHTEH E (Sl 2l ; D-XV|U|9se-5-F' 8 1:6-bis-P N/ v *' | g%‘i%*:)g?ﬁ:a ‘ HE, X Co NP (IMP) T 31331  Nucleotidase

1410 Alanine dehydrogenase 2741 ¥ 8 A \ o OH 04\’4 / 0 3142  Gly

4322 Ad lo- .3.4. 3143  Phospholipase C

1412 Glutamate dehydrogenase D-Xylulose N A Glyoxylate OH 4611 enylo c pholip:

1417 Serine dehydrogenase A P-Ribosyl ot Cvclic AMP<~—— 1 NN succinate HN ¢ \ N 3144  Phospholipase D )

Ta15  Loucnedeaosenae W WoH W oM amine | Y 111208 o6, £ /7 E Mot

4. h 1.4,

1 . 1 "O0CCH,N(CHg), 4.2, M 32121 B-Glucosid

14118 Ghsarmate miase (ETD poors6=0-6-010\ \| pocy, b £ £ & co-on,0m G121 ! Dlmethylglycme e 8 - XANTHOSINE-P S 203 0 amcotne

’ Chloroplast St D b L > g e . !

14119 Tryptophan dehydrogenase oroplast Stroma D-Ri 8” oH OE:‘ p i .4, (X P) 32126  B-Fructofuranosidase

1431 d-Aspartate oxidase PHOTO- PHOTO- -Ribose- : \ l e c 32145  Glucosylceramidase

1432 I-Amino-acid oxidase P SYSTEM Il SYSTEM | . | g . -3.4. HN \C/ N 32146 Galactosylceramidase

1434 Amine oxidase (flavin-containing) Chloro JRCCLIITET N (ATP N. H I 1 "00CCH,N(CHy), 6352 (1 Y P 32148  Sucrose a-glucosidase

1438 Ethanolamine oxidase & 36.1.34 | / 1 r ~ NN Re 3222 Inosine nucleosidase
Giyie dehysrogenes Gecrbonating) (I-)I e°p'ryty ? Ferredoxm ADP+Pi POCH,CHOHCHO i ! Betaine ST 3311 Adenosjhamocysinase
yrroline-5-carboxylate reductase | L 5.1,

Dihydrofolate reductase T 2e* PQ 25 raldehyde Lo 1218 (GVIP) 3512 Glutaminase
Methylenetetrahydrofolate reductase (NADP+) HOCH,CO CH,0P \ 2414 ' oncdhgicH, 3516  G-Ureidopropionase
Formyltetrahydrofolate dehyd i . 4.2. I 3519 Arylformamidase
Sngfrari;:?neydg\;:r;eia:e’(Z?:an ) 0] \ e Dlhyd roxy- Pi 6.3.4.7 : 1 BEtame ;C\“jz P 35118  Succinyl-diaminopimelate desuccinylase
Hysine-forming) S acetone-P NAD. ' aldehyde NZ 7 CH Y 35122 Pantothenase
= + cH y
1518 Saccharoine dehydrogensse (NADP+, Y QH, (Glycerone-P) gl CH, r—(«)m e 38123 g?;a::::szmidlnase
1519 S.a{sc:::p’ir:lendglhydwgenase(NAD+ € Thylakoid : 1 o ;'1'+92'1 HoNCONHCH,CHCOO N C\N\DP 3.5.4.12 R 3523 Dihidmo)r/clase
’ HOCH,CH,N (CH,), A —— L = "

0 e AP, L Hembrane : — N | i CHOLINE T e 3522 (iYAr0 <3332 Thymine = e " 557 immtoaponinse
I-glutamate-forming) P680 2 =l ! 4 c NH, 35210 Creatininase
;-Pyr@me»s:arboxyla(edehydrogenase H 2H.0 2H', ocated oYOV HOH Y + Glyceraldehyde 1 : /l < -1, CH I \/C\SH 1.17.41 I :I’\gai:(a:iiase

in 4
S::zzzin:::Lya;reogenase E 2 \_/ H NADPH+H CHyoP y : , ’/ 26151 (e G4 HZNCONHCHZCHZCOO OC\ . 0 N/\CHH OC\NQCH D Arginine deiminase
Dimethylglycine dehydrogenase S 02 Thylakoid Lumen \M V 0\ POCH,CHOHCOOP Lo 1417 H Ty 516 _ Carbamoyl 3522 D|hydro- 1.3.1.2_ Uracll P NG 2 LA S " CcDP | Cytosine deaminase
Proline dehydrogenase POGH, C—G—Co—CH,0P ) . B o . . B-alanlne uracn » Guanine deaminase
Cystine reductase (NADH) I Thylakoid Membrane 5 26 F 2 \, /oror 1 .3-b|s-P-G|ycerate o Dt sie e A e _3_3 . 000, 9 NCocn 27.46 3546  AMP deaminase
NADH dehydrogenase (ubiguinone) el \ . ' Hydroxy- Hy "CH HN/ ~oH, /C\ Hn- O cH & N 35410 IMP cyclohydrolase
Nitrate reductase (NADH) - - G | - ) i ~ - 35412  dCMP deaminase
Nirte reductase [INAD(P)H] S RIbUIose 1:5-bis-P P-Ribosyl-PP : | Pyruvate : oc\ OHC00 O<‘:\ CH eleley OC\ C 000' G, &-c00 0C~ \RPPP E 35419 Phosphoribosyl-AMP cyclohydrolase
Nitrate reductase (NADPH) Chloroplast Stroma Fixation CO ADP Lo POCH,CH(NH,)COO™ f “RP ~RP RPPP 3613  Adenosinetriphosphatase
Nitrite reductase NAD(P)H] 2 [ Phospho- | Carbamoyl D|hydro—»0rotate —>Orot|d|ne P-» Ur|d|ne-l-'£n>4UDP—> URIDINE- CYTIDINE- S 221; gﬁdeisidi(riplh:;;’hmseh ,
GMP red ? 2.7.4. I 6.1. osphoribosyl-ATP pyrophosphatase
Ura(er:xll:ica‘saese o 41.1.39 2728 : | serine : aspartate rotate ™ (UMP) 6 tri ph(g?ghate t"ph(gfghate 36134  Hi-transporting ATP synthase
Ferredoxin—nitrate reductase 2 HO " ,o1/11129 h 3712  Fumarylacetoacetase
Nitrate reductase — = = CO0~ CO0~ f 3713  Kynureninase
N / A — 2.6.1.52 ! i
Doiralpoamice depydogense coo” / e ' : N i N HoH TN Phosmoamidese
; 1.14.99.25 - ! - ! POCH, & C—Co— CH—NH TN L
S Linoleate 4225 1. inolenate ——- Arachidonate b ne > Leukotriene B4 pougionoos | waags | L reece | ! D ot e o G I [ S SRS R
Sulfite reductase (ferredoxin) T 13.1.35 CeeR ; 99 coo- 3-P. 'Glycerate : . py¥uvatey : . 1.31 “RP(PP) s “RP Nsgp OH OH HN_ N 4113 Oxaloacetate :ecav:oxv:ase
3.1. N . . / .

N edcase e SR NAATAAA 5 — T L. P.Ribosyl-ATP 2812 p Ribocyl-AMP P-Rlbosylformlmlnos? — P-Ribulosylformimino Imidazole —_ 4114 petomcentedecabonize
Cytochrome-c oxidase L . el . o5 251 Lo , o i 5-aminoimidazole- 5-aminoimidazole- glycerol-P 41011 Aspartate 1-decarboxylase
-Ascorbate—cytochrome-bs reductase I Oleoyl -CoA Palmitoleoyl-ACP Prostaglandln PGE ,2%%% Thromboxane B2 POCH,CH(OP)COO- 0 ' :H(‘) © CH,GHCOO ) arboxamide-R P carboxamide-R P SLLIZ - Asparite +dectbogase

iquinol— y A - — c— 5 + = —Cc— 1. m, rbox
Ilf:;g::;:l‘e:;?:sheromecreductase 2, 3-Diphospho- 5.4.2.1 HOCH,CH(OH) COO! [ | . N\\C,NH e oz el N GCH,CH(NHZ)CO0™ o ¢ H,CH(NH)CHO  HC==C—CH,CH(NH)CH,0H HE== C—CH,CH(NHg)CHZ0P HE==0—CH,COCH,0P 42119 41117 o.‘:nfm::deﬁba?{y)\;::e

! v P CHy(CHy); 4CH=CHCOS-CoA CHg(CHy);4CH(OH)CH,COS-CoA CH3(CHyp)1,COCH,COS-CoA Glycerate 1 1 4 Carnosine N NH I o Ny NH roithine

1.10.99.1  Plastoquinol—plastocyanin reductase glycerate ! i 1 N N_ _NH Ny NH Ny NH c 41120  Diaminopimelate decarboxylase

113111 Catechol 12dioxygenase | Stearoyl CoA Dehydrostearoyl-CoA OH-Stearoyl-CoA Oxostearoyl-CoA Lo CHaC00" . I H Sch oA, CCh H, 41121 Phosphori imi

113112 Catechol 2,3-dioxygenase GHy(CH,);4COCH,COS-CoA ! i ! HISTIDINE <753 Histidinal Histidinol Histidinol-P Imidazole 41122 Histidine decarboxylase

113115 Homogentisate 1,2-dioxygenase D Endoplasmic Reticulum y ., ' ACETATE i 1 21122 1.1.1.23 261 acetol-P 41123 Orondme‘;s'-p)';osprlxa(edecarboxy\ase

113116 3-Hyd hranilate 3,4-ci i | | 41025 Tyrosine decarboxylase

1130111 Trypytt;s:z:nl(,3’-:1?;:;;enase‘°xygenase CH3(CH€)‘4COS'ACP CH3(CE‘2"4COSC°A Chain elongation / Mitochondrial HOCPCICZE00 : 1 \ : 1 HC= Cf CH,CHoNH, MASTS o ____D NN O S e S O e ey e e L L e el =Nt ~ 41.1.28  Aromatic-L-amino-acid decarboxylase

1131120 Cysteine dioxygenase B P Palmitoyl-ACP Palmitoyl-CoA 2-P.G cherate i } \ h 1 ,\‘, NH "00C— GHCH,CH,COO0 OF~ GHCH,CH,COO GH=(—CH=CHCOO™ "~ 41129  Sulfoalanine decarboxylase

H;Hg E:;z::n;:xz:;;3;:::?:2::ygenase I |\ 1510 CHg(CHy), CH=CHCOS-CoA 42160 CHjy(CH,),,CH(OH)CH,COSACP CHy(CH,),, COCH,COSACP \ : | 1.2, ‘1 4 : : o HISTAMINE HN\\C/NH 523 N NH wordo Ny NH 4.31. ? Z:Hji ;r:s;z?:::::‘lepvy;IL:::;::::;::;T:: e(GTP)

1131134 Arachidonate 5-lipoxygenase - ACYL-ACP == 2 3-Enoyl-ACP RN 3-OH-Acyl-ACP 3-Oxoacyl- ACP ~-~ N ' R L Formimino <"~XZ 2 - Imidazolone <- =22 - - Urocanate<- - 41134 Dehydro-I-gulonate decarboxylase

113991 myo-nositol oxylgenase (o] 0’ 4 4.2.1.61 Yy Y 2.3.1.41) o CHgCHOH ! | 2 A 41136

oygenase O || Nt | ______2814 1 | / glutamate ropionate "

114111 g-Butyrobetaine dioxygenase S e e s 42.1.11 g O ETHANOL [ ' i 41137 Uroporphyrinogen decarboxylase

114112 Procollagen-proline dioxygenase 3(CH,)sCH=CHCH, 700 | i 41139 Ribulose-bisphosphate carboxylase

T e T e v ' CHy(CH,)¢CH,CH,COSACP 3, 4-Decenoyl-ACP w CHy(CHp)GCHIOHICH,COSACP 1/ CHG(CH,gCOCH,COSACP "o i : : ! I )ICOO' 2 41041 Methylmalonyl-CoA decarboxylase

1.14.12.1  Anthranilate 1,2-dioxygenase S s 1 -— 5 4 I | 1.1.1.1 102 2T\, - - . ol 4.1.1.43  Phenylpyruvate decarboxylase
e N Decanoyl ACP% CHy(CHy)gCH-CHCOSACP AA:’, -OH-Decanoyl-ACP 3-Oxo-Decanoyl-ACP= 7 R ;o o , Acetylserlne- HS 557 HSO; 5502 Phosphoadenylyl Adenylxl;ssulphate 5757507 1.211.32 41145 Aminotrboxymuconates

114135  Imidazoleacetate 4-monooxygenase 2, 3-Decenoyl-ACP 2 2.3.1.41 CH,=C(OP) 000" of T . sulphate (APS) semialdehyde decarboxylase

114139 Kynurenine 3-monooxygenase T Enat ettt nletionf et el st Al et Pie ! 3 i - ! s CHZCH(NHG)COO- v . (PAPS) 41148 Indole-3-glycerol-phosphate synthase

1.1413.11 trans-Cinnamate 4-monooxygenase CHg(CH,),CH,CH,COSACP 1819 CHgy(CH,),CH=CHCO-S-ACP 42150 CHg(CH,),CH(OH)CH,COSACP 4 4 4 440 CHg(CH,),COCH,COSACP P-enolpyruvate - - ! Acetaldehyde 7 : i ! s T T ! -9.99 HSCH,CH( o000 CH ,CH(NH )coo e T CH&H 00! 41.149  Phosphoenolpyruvate carboxykinase (ATP)

T1a1a30 oo H ~ - - Hexanoyl-ACP 2, 3-Hexenoyl-ACP S U e C S iy X O NS | g | XY 2 9999 4411 Som,cH,cringooo 4222~ HSOH,0H,CH(liH;)00° Ry e 116 Prorphatdyieme dsnbogiie

1413, CH,CH=CHCO.S-ACP ! ! CYSTINE <557 CYSTEINE i i T METHIONINE A7 2

1.1416.1  Phenylalanine 4-monooxygenase E 3 i IR 1 1641 Cystathionine Homocysteine 211144 41171 2-Oxoglutarate decarboxylase

Hiﬁi?i I'):;iir:hzr:“:nmo::gg:;;:ase S ( CH4CH,CH,COSACP CH4CH=CHCO-S-ACP CH4CH(OH)CH,COS-ACP CH4COCH,COSACP B | ' N i - - —1—13 - 20 ) , S - - Adenosyl P 1:::;::2;::::::

114171 Dopamine B-monooxygenase I Butanoyl-ACP 1319 Crotonoyl-ACP 4.2.1.58 3-OH-Butanoyl-ACP Acetoacetyl-ACP _ HOOCCH,CO-5-ACP i [ v SECI o 3.3.1.1 | 4 . f‘\denosyl 2516 41213 Fructose-bisphosphate aldolase

114181 Monophenol monooxygenase e _ - I I SCH,CH,CH(NHZ)COO * - 41214  2-Dehydro-3-deoxyphosphogluconate aldolase

114951 Prostaglandin synthase. S R-CH,COO" FHOH L Zreom Malonyl-ACP FEoT : | - tagsen CH(NH!)’COO ’ S-Adenosyl CHg= SCH,CH,CH(NH)COO 4131 Isocitrate lyase

114995  Stearoyl-CoA desat =i 2.3.1.41 ! I 1 4 g 4132 Malate synthase

114997 Sqe:a’loeyne :\on:ciiy;r:::se CHy(CHo)p2COS-CoA 213  31.2.20 FATTY ACID EH0H gHzo P - -1~ T WSO8 1 Cysteine _ -,'- ----- C homocysteine 37775 S-Adenosyl 4134 Hydroxymethylglutaryl-CoA lyase

1149925 Linoleoyl-CoA desaturase \ ___________________ ! I o S .. 711850 ) 4135 Hydroxymethylglutaryl-CoA synthase

11741 Ribonucleoside-diphosphate reductase ACYL-COAZ > _ - Glycerol 273 3-p-Glycerol KETONE BODIES 23139 -1 U1 A hogsor,coc00t sulphmate 7 03353 csH 21120 methionine PR

1.186.1 Nitrogenase (Cytosol) - 231 H _\‘ _ _: a1 3- Su|ph|ny| I , 2 'OOCCH(NHE)CH CHy CONHCHCOO' (SAM) 4138  ATPcitrate (pro-S)-lyase

TRANSFERASES 2317 =118 23151 CHiCOCH; - CHyCH(OH)CH,CO0" . “HOOCCH,CO-SCoA N ..r pyruvate : \\ ’ HO,SCH,CHoNH, HOGSCH,CHoNH, - = GlmamylcVSteme . ﬂ?:; AAc?(lgl’aoc)the:;:(gl'::::ra‘e apdolse

2111 Nicotinamide N-methyltransferase . * 5l Acetone 3-0H-Butyrate | MalonyI-Co-A \\: | | ,’; 1‘1-25’ Hypotaurine - -~ - Taurl\ne Glycme ChysH 41320  N-Acylneuraminate-9-phosphate synthase

2112 Guanidii tate N-methyltransf arnitine .7.8. 41.251 I S 6. . 41321  Homocitrate synthase

7113 Theimhamorysteine Semethyltmneferase L ’ ‘ Hz0-CO-R et 4114 1.1.1.30 N | ! / “O0CCH,CH,CO0CH,CH,CH(NHZICOO™ ™~ 323 “00CCH(NH g)GH,GH,CONHCHCONHCH ,C00 41322 Citramalate lyase

2114 Acetylsrotonin N-methylransferase I O-Acyl-carnitine ' SrocoRe RSl CH,C0CH,C00" f&‘é%ot;l“f&’cp RN : 0 ,’ Succinylhomoserine ~a Glutathione 41327 Anthranilate synthase

2115 ysteine HEOH a— N + Bile Acids .1.99. ryptophanase

2116 Catechol O-methyl transferase o * Triacylglycerol Diacyl r N\ Acetoacetate N S ICHBCH(OH)CH(NHS)COO i POCH,CH CH(NH JCOO™  HOGH,CH,OH(iH;)C00" 4212 Fumarate hydratase

21110 Homocysteine S-methyltransferase P O-Acyl-carnitine FAT 23.1.20 Y 3132 27110, Phosphatidate o S N q i N ks e 3 ) 4213 Aconitate hydratase

21103 5-Methyltetrahydrofolate—homocysteine | 3.1.1.28 glycerol 3134 27.1. Vil 3.1.2.11 \ N CH,CHOMCOO™ | | ] THREONINE 44—29‘720 Phospho-«— Homoserlne PRI e 41242 H(();:HZOC(?I'SI)tZgOaiOeO 4214 Citrate dehydratase
S-methyl transferase . 23.1.38 ' { 27. EAL Xi 4219 Dihydroxy-acid dehydratase

21114 5-Methyltetrahydropteroyltriglutamate — D | /' R i LACTATE OHCCH,COO™ homoserine CH ot CHy . P 42110  3-Dehydroxyquinate dehydratase
homocysteine S-methyltransferase CHg(CH,),,CH,CH,COSCoA CHy(CH,),CH=CHCOSCoA | 4 5 1 1 CH3(CHy),CH(OH)CH,COSCoA . CHy(CH,),COCH,COSCoA \, 27 oo 1113 e ) " GHCH(NHZ)c00™ 1.1.1.169 42111 Phosphopyruvate hydratase (enolase)

o ' N ACYL-CoA - 13222 _, 2 3.-Enoyl-CoA- -|~5 -~ -» 3-OH-Acyl-CoA - {1 "2 L . 3-Oxoacyl-CoA- - - -~- A- Malonic | 421.16, CH,COC(OHICH g O cHy it 26.1.32 Mg 43178 Tovsomne comit

21120 Glycine N-methyltransferase - ) SR semi- el 5 s 3 | 4216 Threonine dehydratase

21128 Phenylethanolamine N-methyliransferase D I (Mitochondria) SV 8 SRR _ ; ________________ i aldehyde v 4 ' 2-Acetolactate "%, /2_3.Dijhydroxy 4210> s, 4219 5 -OX0- <~ 77+ VALINE Hoc”zl‘;g;'lﬁt’ggi‘:”wo 42007 oy Contytrtme

21145 Thymidylate synthase ) E ! CHy(CH,),CH,CH,COSCoA CHy(CHy),CH=CHCOSCoA CH3(CHy),CH(OH)CH,COSCoA CHg(CH,),COCH,COSCoA W N\ 12418 ar CH4CH,COCO0" lerat lerate =18 - - __. . 2.1 ethylglutaconyl-CoA hydratase

21171 Phosphatidyl-N-methylethanolamine 5(CH,),CH,CHy 106 5(CHa)y 42147 2)2 2 11.1.35 5(CH)y Ossieocod isovalerate lsova erate B-Alanine 22115 Imidaroleglycerol phosphate dehycratase
N-methyltransferase G *~Hexanoyl-CoA - 13993 » 2, 3-Hexenoyl-CoA =5 '= >3- OH -Hexanoyl-CoA 11133, + 3 Oxohexanoyl -CoA- -~ X0l o yrate, ol 25\ 3.5.1.22 42120 Tryptophan synthase

ili; Glycine hydroxymethyltransferase R ________________________________________________ coolbolgoocosccooooooa o | : GHa 9“3 CHa 6.3.2.1 2§:§i gz::;gm:;eg ::Z;:f:::;

2123 Phosphoribosylaminoimidazole A [ OHOH,OH,COSCOA o0 CHCH-CHOOSCoA |, 11 - CHiOHOMIOH,00SC0A |, 4y js7 A CH,00CH,COSCoA ' ' 3H Hvaroxy- 3124 chﬁcﬁf;; o 42147 3 |s°ct;'fftHC|? ?Cgo A § HOBH,CICHCHOHICONHCH G000 42133 31sopropyimalate dehycratase
carboamide formytranserase >Butanoyl-CoA - - === -~ Crotonoyl-CoA - -| =7 == 3-OH-Butanoyl-CoA ="~ - >~ Acetoacetyl-CoA -< GHy : L |sol¥ut ra¥e Isobut ryl- (!:/oA acrylyl-CoA i PANTOTHENATE 2047 oo h e

21210 st D Odd C Fatty acids 2 l N OHCCHCOO" Y yry vy 27.1.33 42149 Urocanate hydratase

2131 Methylmalonyl-CoA carboxyltransferase A CH4CH,CH,CH,COSCoA ,7" CHyCH,CH-CHCOSCoA CrSr BRI 00sEA |y g o CH4CH,COCH,COSCoA Methylmalonyl « o o CHg . 42151 Prephenate dehydratase

2132 Aspartate carbamoylusansferase T Pentanoyl-CoA- - - -/ - ->~Pentenoyl-CoA - { - + -~3-OH-Pentanoyl-CoA|- - =°F > 3-Oxopentanoyl- COA , . N {3 ) CHCH(NH,)COO" POCH,C(CHg),CH(OH)CONHCH ,CH,CO0" 2152 Dihydrodipicolinate synthase

2133 Ornithine carbamoyltransferase . ' [elele} _C(OH)CH(OHICOO™ _GHCOC00 7 4-P-Pantothenat 42155 3-Hydroxybutyryl-CoA dehydratase

2141 Glycine amidinotransferase 7 CH,0-CO-R CH.O-COR " Rios _ ! ' 1 1. COGOHICH,.CH, cH.ch cH.Chh CH3CH, F-Pantothenate 42158 Crotonoyl-lacyl-carrier-protein] hydratase

2211 Transketolase | (‘ZHZO-CO-R —— N e ,0-CO- OHCCOO? == 4_1,3,5 | /913 _ | 1 i 3COC(OH)CH,CHg 3CHy A0 3CH, 2.6.1.32 Cystelne 6325 42159 3-Hydroxyoctanoyl-[acyl-carrier

2212 Transaldolase (o) R:CO-OCH o 1/ RCO0CH g 000" RCOOGH o 27741 Glyoxylate = oHc00° ‘ v q - S ! 1 2-/\(:9':0-2-1 e 2:3-Di-OH-==="2- Ox0-3- mEthY| <- - - ISOLEUCINE o coo protein] dehydratase

ooy Amino-acid N_':;:;y:'::(':ﬁ"’se N éHzo.Lo 13%97  CH0 I‘JOCHZCHNH3 CH,0 ‘F‘LOCMP 1.1.1.79 \ o C(OH)CH coscolS J i i | hydroxy- 3-methylvalerate valerate  _ POCH,C(CHg),CH(OH)CONHCH ,CH,CONHEHCH,SH 42160 f,:,ﬁﬁ?::;j;:ﬁfcyl carmer

31, i LA Z g - Serine - / 1235 2 - butyrate TTmmmm-m--s = -P- i g’ - facyl-carri i

2315 Arylamine N-acetyltransferase - 1 [¢] (] 2 y 0 L 1. 1 N 4-P-Pantothenylcysteine 42161 3-Hydroxypalmitoyl-[acyl-carrier protein]

2316 Choline O-acetyltransferase © ] PHOSPHATIDYL 27.88 |- : CDp_diacy| HOCH,COO" B OH B Methyl *4‘2'1478 1" 1 CH3 CH CH3 1.2.1.25 \‘ VCY) dehydratase

2317 Camnitine O-acetyltransferase 7 SERINE S Inositol glycerol Glycolate glutaryl-CoA — 1 + CH,COCHCOSCoA CH,CH(OH)CHCOSCOA  GH,CH= &;HCQSCOA CHacHZCHCOSCOA 44136 4.;.1.73 ;Jrgporphyrlnogen—lllhsy:(hase

2318 Phosphate acetyltransf : 1 0O = ¥ — — — 4218 -Oxopent-4-enoate hydratase

2319 AcetyhCoh Cocetylansierase Phosphatidyl h 12121 HOOG-COOH “O0CCH(OH)CH,C00" & 4 — 2-Methy|aceto-_ 52 -Methyl- -3 51 Tlglyl -CoA <~ - -2 Methylbutyryl- + 42992 Threonine synthase

23112 Dihydrolipoamide S-acetyltransferase inositol | CH,0-CO-R GH,0-COR (Rt Oxalate 11134 MALATE ! NN Y 4 acetyl-CoA hydroxy- CoA POCH,C(CHg),CH(OH)CONHCH,CH,CO NHCH,CH,SH 42998  Cysteine synthase

23115  Glycerol-3-phosphate O-acyltransferase R-CO-OCH O HCO-CO-R R-CO-0CH o HOCH,CHO G CH,CH,COSCoA butyryl-CoA 4-P-Pantetheine 42999 O-Succinylhomoserine (thiol)-lyase

23.1.16 A 1-CoA C-acylt f N 2 - I 4311 Aspartate ammonia-lyase

33120 Diacyigyecrol Gacyimanorse P CH,0COR el ' (‘:HZO"“POCHZCH(OH)CHZ 0-p-0CH, (‘)HQO—‘I:JOCHZCHOHCHZOH Glycol oH oo _ & Propanoyl-CoA \ 2773 4312 Methylaspartate ammonia-lyase

2313 soedtin aoylansferase H -GO-OCH o ! (C)i-ardioli in o Phos hgt_id lglvcerol aldehyde CH C(OQH)CH CHO “00CCH<CHCOO 2181 Y 6413 [Relel COOH (CHg),CHGH, CH(NH)COO™ P ::;m;m:mz:: Iyase
phingosine N-acyltransferase i1 5 2 i i 3)2 3 3.1 -l
Soring Ooavatyltranstorase o cHop OCH,CH,NH, ! p | P ylgly 1.4.358 Mevaldate FUMARATE . g} ;;1 (CHg),CHC(OH)CH,C00™  (CHg),CHCHCH(OH)COO" (CHg),CHCH,COC00™ .61 ADP-OCH,C(CHa),CH(OH)CONHCH,CH,CO NHCH,CH,SH 4321 Argininosuccinate yase
5-Aminolevulinate synthase . . CPP-OCH,CHR POCH.CH HOOCCHO A L \ 2-isopropyl- 3-Isopropyl- Oxoleucine — LEUCINE Dephospho-Coenzyme A 4322 Adenylosuccinate yase

-carrier-protein] - 223, i i Glyoxylate v ~—. 1 N ~ 4411 Cystathionine g-lyase
[Acyl-carrier-protein] S-acetyltransferase 2781 CDP-Ethanolamine 2.7.7.14 Ethanolamine-P <2.7.1 HOCH,CH,NHg yoxy - I 4.21.33 | 1.1.1.85 N ys ine g-ly:
[Acyl-carrier-protein] P Phosphatidyl ; ~=2182 Ethanolamine 1.1.1.32 1.3.5.1 Y CH; P 1 malate malate - - 27124 4418 gyémhmmze I'S—Il’y:ss
S-mal fe M CH,OH - = - ~ 44115 -Cysteine desulfhydrase
}g:oz:ﬁ;:y::i:errpro(ein] synthase ethanolamine , CH,0-CO-R HO‘CHZO ?HOHC?O 2 -006CH,oH(H,)coo- \ 100C CH-COSCoA s 4214 CHy 1.2.1.25% 4611 Adenylate cyclase
Hormoserine O-succinyltransferase H CEPHALIN h - sial s . CHyCOCH,CHNCH)y T CHCOO 4151 £y 2 B Methylmalonyl -CoA ! ~21:18 /-00CCH,C = CHCOSCoA a1 CH é CHCOSCQA1 399,10 (CHg),CHCH;COSCoA 1 P-ADP- OCH,C(CHg),CH(OH)CONHCH,CH,CONHCH,CH,SH A 4613 3-Dehydroquinate synthase
Serine C-pal Itransf CH, OPOCH CH,N(CHg) T2 - T v 1 =~ I - O e O 99, 1Y # 4614  Chorismate synthase
A gheeral phosphite O-scytansiea 0] : CH d‘pom GH,RI(CH) . Acetylcholine , 7, \ci,0n0n 12000 ~00CCH,CH,C00™ &y °y ASPARTATE ‘ | 42118 3-Methyl- < 3-Methyl- ~ Isovaleryl-CoA Coenzyme A 49911 Ferochelatase

e o, cylransferase 21117 ! e 2 95 3115]_, Glycerophosphocholine - - i ks glutaconyi-CoA crotonyl-CoA M

Retinol O-atty acylransferase L cHgocrechr NS5, L solecithin * - Glycerophosp 74 { Mevalonate ISOCITRATE SUCCINATE < I 4 yl- y
Phosphorylase i T o, OVCOVH Y 3.1.4.4 2316 | 1 | sOMERASES
Inulosucrase | RCoOCH O R-CO- OCH o 31132 - N5 2.7.1.36 GTP:j = 12 P OOCCH,CHNHy)C001 Dm e e merase
ey ese P e 2ofocH LCHCH)g CHQOPOCH CHN(CHy); 7 + ‘l " g2 1.1.1.41 i GDP.+pj —31:23 = NG - Aspartyi-P i o -00GCH ,GH,CONH N, N bolse phosphate & epimerse
Chitin synthase I CPP-OCH,CH,N(CHg)g 27715 POCH,CH,N(CHg)g HOCH,CHoN(CHg) “O0CCH ,CH,COSCoA I 1 5.1.99 1 HC‘C‘CH H,c© “eH B ; 272 o ) . 0 UDPglucuronate 4-epimerase
Glucuranosyltransferase | Chollne <—| LEC|TH|N CDP- ChOlIn Chollne P CHOLINE  ch coo- 5-Amino | | SUCCINYL-Co L || e ; - 2 2 OOCCH ,CH,CONH OOCCHCHchzCH CH-COO OOCCH'CHQCH CH,CHCOO UDP-N-acetylglucosamine 4-epimerase
Starch synthase D plasmalogen 3135, 2782 183 31412 CHLEOMCH,CH.O R levulinate™ \— = g 002 ZQHOCH,CH (NHyICO0 000ky, CH- el Cr.000" “00CCOCH ,CH,CH,CH-COO" UDPglucuronate 5-epimerase

’ ] i dTDP-4-Dehydrorh 35-epi
i haactosranserase S . Serine , . fs Diphospho- 1245 ! “00CCH ,CH,CHO Aspartyl 42152 42152 2 3-Dihydro- "2 piperideine- — . N-Succinyl-28117 17N Succlnyl -2, 635118 18Dlamlno- A i
Cellulose synthase (GDP-forming) 2.3.1.50 N | s N” mevalonate N i o ' 21471 Succinic 1 Semlaldehyde dlplcollnate 2, 6-dicarboxylate 2-amino-6-oxo- dlamlnoplmelate pimelate | G Methylmalonyl-CoA epimerase
Glucomannan 4-8-mannosyliransferase N CHy(CHy);4,COCHCH,OH | CHg(CHy);,CH(OH)CHCH,0H,~” CHy(CHa)1,CH= CHCH(OH)CHCHZOH CHag(CHyp);,CH= CHCH(OH)CHCHZO Galactose 23137 00CCOCH ,CH,CO0" ; ab semialdehyde' pimelate i Maleylacetoacetate isomerase
Alginate synthase Dehydrosphinganin ——- Sphinganin 4-Sphingenin Psychosine 2-OXOGLUTARATE ~———~11= | . OH . . 1 | Retinalisomerase
Acylsphingosine galactosyltransferase 11.1.1.102 % q ] ! & 57 & (HaN)(CHy) 4 CH(NH4)COO I Retinol isomerase
b y 4 2.4.1.23 . + ' (CHa)sNCH,CH(OH)CH,CO0™  (CHy)sN(CH,)3CH,CH(NH,)COO" (CHg)gN(CH_)3CH,CH(NH,)COO® )4 3 D oo

glioside galactosyltransferase G | d G|yc|ne H,NOCCH,CH (NHZ) COO 3 K 1 riose-phosphate isomerase
Glycoprotein 6-a-+fucosyltransferase angliosides 35.1.23 Acyl-CoA 4.1.1.33 Asparagine Carnitine S TEVREET N°-Trimethyl- <=2 N°-Trimethyllysine «<——— LYSINE S Arabinose isomerase
Galactoside 2-a-I-fucosyltransferase UDP-Galactose NHCOR . parag 3-OH- Iysme |-Arabinose isomerase
Purine-nucleoside phosphorylase ITIHCOH | NADH+H N Xyloseisomerase
:K;jrr:::i\::;:;i(:;r’iye‘:Stosphovylase CHg(CH,);,CH= CHCH(OH)CHCHzo gOCHzCH N(CH) Cha(CH)1,CH-CHCH(OHICHCH ,0H CHy(CH_),CH=CHCH(OH)CHCH ,0-Galactose /  GH, R-CH(NHz) COO" » . . NH- CHCH ,0H,000", l m:gzz;z“:;z:;ﬂz‘;gt;e
Hypoxanthine phosshoribosyltransferase SPHINGOMYELIN < 1 Ceramide PR TIRTET) Cerebroside CH4C-CH,CH,0PP 2-AMINO ACID 3.99.7 |OOCCH,CH,CH,COSCOA  "OOCCH ,CH,CH,COC00™  “00CCH ,CH,CH,CH(NH5)GOO™  OHOCH,CH,CH,CH (NHg) COO- CH,CH,CH,CH,CH(NH-)C00" ' Glucose-6-phosphate isomerase
Uracil phosphoribosyltransferase | Ts s m s = = i e i P R I L - -~ e ¥ Ol JE I e S ST e i SRt Glutaryl-CoA~<- - - 2-Oxoadipate <-. - - 2-Aminoadipate < > - -2-Aminoadipate <-_- ; Saccharopine <~ N-(5"-Phospho-d-ribosylformimino)-

i 1.3.99.7 1 4.1.1.70 2.6.1.39 1.2.1.31 A 1519 amino-1-(5"- il -
Orotate phosphoribosyltransferase CHy AT AT N 2131 semialdehyde 5-amino-1-(5"-phosphoribosy)
Nicotinate phosphoribosyltransferase I 2.0XO ACID ,’ CH,CH,CH,NH, Adenosyl 4-imidazolecarboxamide isomerase
Amidophosphoribosyltransferase | CH3C = CHCH,0PP 2 4-Aminobutyrate | " 5332 lsopentenyl-diphosphate -isomerase
Guanosine phosphorylase S Lycopene (C40) Phytoene Dimethylallyl-PP (GABA) HLN(CH3)NH(CHy),NH (CH,)oNH CHgSCHZCH;CHNH, 53993  ProstaglandinE synthase
ATP phosphoribosyltransferase C40) (¥5) GhNe 3S 2 i s e S-Ad Imethyl L E G E N D 53995  Thromboxane-A synthase
Anthranilate phosphoribosyltransferase o \ A To Braln VISION 1 permine enosy! me_ Y 5421  Phosphoglycerate mutase
Nicotinate-nucleotide pyrophosphorylase p AN thiop roprlamme Carbohydrates 2:;; ;:osp:og\uco‘mlumse »
(carboxylating) d Decarboxylated SAM ( { . 4.2 osphoacetylglucosamine mutase

2499.1-11 Sialyltransferases B- CAROTENE (C40) 2 ( i ) Biosynthesis Degradation 5428  Phosphomannomutase

54997 Slyluansforase R Metarhodopsin ~ Rhodopsin A AN CH0PP = 27273 + £5122 T - oy e o e

2511 Dimethylallyltranstransferase > <. \POOCCH,CH. CH(NH )COO' i 1 .4.99.. lethylmalonyl-CoA mutase

2516 Methionine adenosyltransferase E & 1_3 il . CHg0 CH3/ P Geranyl geranyl -PP SUCCINATE = g- g GllzjtazmyI-SP H N(CH2)4NH-(C?-.|2)3NH2 Amlg.o Ag]lds D dati 54995  Chorismate mutase

25100  Geranyltranstransferase N A elele) Opsin CHgO T~ 1 3.5.1 FewS FAD . T 7 & b =R 2 o 0 Spermidine losynthesis DECfEtElon 54997  Lanosterol synthase

25116  Spermidine synthase - O Ubigquinone<--~"" . 15 =r 3 .. 5514  myo-nositol- I-phosphate synthase

q UQH, - a Li

25119 ikimate 1-carboxyviny fo) Retinoate AL cHO A (Coenzyme Q) . /// FUMARATE= = = = = 5820 ipids ) ‘

25121 Famesyltransferase 1.2.1.36 T L \—2H+ g_ D a ; ; 1.2.1.41 Biosynthesis Degradation o LIGASES

25122 Spermine synthase . -Reti N i Vs CHLOH =l _ 177 ————> —-------- 6213 Long-chain-fatty-acid-CoA ligase

25129 Famesyltranstransferase I iansctng Light 11-cis-Retinal tro Menaquinone ,/ Phytol (C20) ! -39 |INO~—F— Purines & Pyrimidines 63.1.1  Aspartate—ammonia ligase

25132 i D . hhos 1.1.1.105 e i J %o 2 1664 HoNOCCH,CH,CH (NHy) COO" . HoNCH,CH,CH,CHoNH, . ) 6312 Glutamate—ammonia igase
transferase Retinol esters A Plastoqumone o | 1 @ T 5 3 g Glutamine OHCCH,CH,CHINH)COO™ “ B tkactine Biosynthesis Degradation . 6314  Aspartate—ammonia ligase (ADP-forming)

261-  Transaminases S H 3 i Farnesyl-PP | F -s- - d 3 3 < \%6 ATP Glutamic s = 2 6315  NAD+synthetase

2611 Aspartate transaminase 23176 o CH,Y M ! e-Sand - $°889 p5 mialdehyd 4 Vitamins, Co-Enzymes & Hormones 6321 Pantoate—G-alannine ligase

2612 Alanine transaminase ot A A CH0H Oﬂ CHyY O (C15) ! Cytochromes MITOCHONDRIAL z z|N 6.3.4.16 002 semialdehyade b 6322 Glutamate—cysteine ligase

2614 Glycine transaminase 3.1.1.21 52.1.7 H ,0H Hy | MATRIX > g = 2 N CH4COC00™ OHCCO0" 6323 Glutathione synthase

2615 Tyrosine transaminase trans—RetlnoI—>11 cts—RetlnoI hyIquumone oa-Tocopherol 25.1.21 == | 0 i Pyruvate Glyoxylate Pentose Phosphate Pathway 6325  Phosphopantothenate—cysteine ligase

2616 Leucine transaminase S (Vitamin A) (Vitamin K) (Vitamin E) T o 0O CH CHCOO" w 7 L —> 63.26 Phos‘phonbosylaq\wnmmwdazole'

2619 Histidinol-phosphate transaminase o = Hy NcooP 2.6.1.13 succinocarboxamide synthase

T 0o v i i

26113 Orithine—oxo-acid transaminase STEROIDS oH = Carbamo T CHiFHg B0 K Pyrroline-5 i Photosynthesis Dark Reactions 6327 :DlP»N-Ace(ylnlmram‘oyl-l-alanyl-

26.1.16 I f E D ) ,CH,CH, -D- ' -glutamate—lysine ligase

fructo i \ ’, 4.1.3.16 ’

26117 Succinyldiaminopimelate transaminase 0 6328  UDP-N-acetylmuramate—alanine ligase

26118  B-Alanine—pyruvate transaminase R L ) CITRULLINE . ’ carboxvlate » ! . Human Metabolism is identified as far as possible by black arrows 6329  UDP-N-acetylmuramoylalanine—

26119 4-Aminobutyrate transaminase Progesterone 2133 A 41147].7 OOCCH(OH)CH ,COCO0 Biosynthesis Degradation d-glutamate ligase

26122 I3-Aminoisobutyrate transaminase o e 1 . 1.5.99.8 — 4-Hydroxy- e S ———aaaaaae . 63210 UDP-N-acetylmuramoylalanyl-

26123 sthdronglutamate transaminase | A \ i 2 1512 e 2-oxoglutarate Small numbers refer to the [UBMB Enzyme Commission 63213 ﬂ'g:,“;;f::ye‘;‘yyf:::;;':;;zt‘;;ﬂa"'"e"9359

6.1 ryptophan transaminase . - e iy A 3.2, -N- -d-

Te13  Voe D Pregnenolone <- -CHOLESTEROL <- -Desmosterol < - - Zymosterol “«---= 2434~ Squalene I z TR N\ HZNCH,CH,CH,CH (NH) COO" i Sag e A == e glutamate—2,6-diaminopimelate ligase

26136  |-Lysine 6-transaminase e (C30) ! ° ADP ' NH 6331 Phosphoribosylglycinamidine cyclo-ligase

26139 2-Aminoadipate transaminase S [eleley — < 3.6.1.34 \ ORNITHINE —7---- 6.3.45 PROLINE 2'6'1'23: The "BACKBONE" of memb%sm |nvo%esm8_%ls, the TCA CYCLE 6341 GMP synthase

26142 Branched-chain-amino-acid transaminase CH, o coo ) 9% TP ——\ H i and OXIDATIVE PHOSPHORYLATION. It is a major source of energy (ATP) e vdrofolate aase

26144 Alanine-glyoxylate transaminase CHLOROPHYLL I e | [eleley > 99 H,NCONH 'OOCCHCH CO0" 1.14.11.2 “OO0CCH(OH)CH ,CH(NH3)COO" and is the origin and termination of most of the pathways. GLYCOLYSIS by tra 9

26.1.51 Serine—pyruvate transaminase P CH H, CHy cn, CH, H, CH, | OOCCH,CH,COCH,NH, 2 %, > |1 2 4-H d occurs in the CYTOPLASM. The TCA CYCLE is in the MITOCHONDRIAL 6344  Adenylosuccinate synthase

26152 Phosphoserine transaminase A T2 00C 2 CH, B ) % URE A |! o -Hydroxy- b 6345  Argininosuccinate synthase

0 N ¥ | C. I 5-Amino 4, HOCH CH, MATRIX. OXIDATIVE PHOSPHORYLATION (ATP SYNTHESIS) spans the i ia li

26.1.66  Valine—pyruvate transaminase o Hy HsC: CH H X CH. p — Y I H. NCNHCHQCHZCHQCH(NHS)COO | T glutamate . N 6347  Ribose-5-phosphate—ammonia ligase

2711 Hexokinase VN N/ 2\ N VR levulinate Q 6794, 1 A H,C. CHCOO \ MITOCHONDRIAL INNER MEMBRANE. This last part has been redesigned 63413 Phosphoribosylamine—glycine ligase

2.7.1.2 Glucokinase R H H H H [@] 5413'? 3.6.1.3 3.5.3.1 3.5.36|, - >NO rglr_uno- N i HOCH CH, to illustrate the activation of ATP-synthase and formation of ATP - driven by 63416  Carbamoyl-phosphate synthase (ammonia)

2713 Ketohexokinase P H T mS CH, Y e 1550 succinate H 15.1.12) HC éHCOO' the e\ec(rom:nve translocation of protons across I:;? mitochondrial i ey 63417 Fomate—diycrofaateligse

2714 Fructokinase N N H 14.13. similar oceurs in the where 6351  NAD+ synthetase (glutamine-hydrolysing)

2716 Galactokinase H HEMOGLOBIN ¥ 3 CH. / ) \ CH % HzNCNHCH CHaCHaCH( NH3) & HYDROXY light-driven proton translocation across the inner thylakoid membrane 6352  GMP synthetase (glutamine-hydrolysing)

2717 Mannokinase A Hy HyC Y 3 Hz? ¥ Y i ARG I N I N E =05 3-Hyd roxy- initiates synthesis of the ATP necessary for Photosynthesis. In both 6353 PhOSPh0"bosvlfovmy‘gly(mmldme synthetase

2711 6-Phosphofructokinase Y , CH, "2 CH ‘ooc CH, H, ¢n, GO0 ’907 P ROLI N E pyrro"ne- cases flow of electrons and protons is shown in red or blue arrows 6354 P synthase (gl

' 2 2 2 2 6355  Carbamoyl-phosphate synthase
R | CH, CH, CH, ‘CHZ o/Vs M‘S‘ZJ NH—CO  © 5-carboxylate S (glutamine-hydrolysing)

S /

. coo coo oo &oo oo oo - - +NH +NH, +NH HN=C] I \ 7 __clectron Flow _ _ — PEEREEY 64.1.1  Pyruvate carboxylase

I -~ HEME 32 Prot hyri 1323 hyri 4187y h 2318 porphobili HNENIICH,CO0 HANCN(CH,ICH coo P HNEN(CH,ICH,CO0" N—CHa N sq2 L GTS e,
- . / 512 - . ) 413 Propionyl-CoA carboxylase
N PYTRE] rotoporphyrinogen oproporphyrinogen <——uroporp yrlnogen421 75 orphobilinogen 2142 2 A A i éh, ~ 1812 Some other pathways occurring in the mitochondria oot ME[F;‘YI();O(QMYI{OA‘iarbmyme
S IX n Guanidoacetate —— Creatine = P-Creatine Creatlnlne are identified by a pale yellow background
3.5.2.10

Cytoplasm
Cytoplasmic Membrane

Enzymes available from Sigma Enzymes available from Sigma Enzymes available from Sigma
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