
a ubiquinol

superpathway
of catechol and
protocatechuate
degradation to

beta-ketoadipate

branched-chain
amino acid
aminotransferase: ilvE

Protein-N-
phosphohistidine

succinate

glutamine
biosynthesis I

isocitrate dehydrogenase,
NADP-dependent: icd

dihydrodipicolinate
reductase: dapB

XMP

anthranilate

glycine

D-fructose-
6-phosphate

chorismate

glutaminase
A: glsA

glyceraldehyde
3-phosphate
dehydrogenase: gap

acetol

ETF reduced

K+

citrate

Co

H-protein-
(lipoyl)lysine

CO2

aspartyl-tRNA
synthetase:

aspS

dihydroxy-acid
dehydratase: ilvD

L-idonate
degradation

formate

CO2

UDP-N-
acetylmuramoylalanine--
D-glutamate ligase: murD

2-carboxy-
2,5-dihydro-
5-oxofuran-

2-acetate

glutamine
cyclotransferase:
CC2650

2-oxobutanoate

hydroxymethylpyrimidine
phosphate

xanthine
dehydrogenase:
CC2618 CC2619

3,4-dihydroxy-
2-butanone
4-phosphate
synthase/GTP
cyclohydrolase
II: ribAB

[+ 2 isozymes]

superoxide
dismutase,

Cu-Zn: sodC

amidophosphoribosyltransferase: purF

acetyl-CoA

glucosamine-
-fructose-6-
phosphate
aminotransferase:
glmS

L-cysteinyl-
tRNAcys

citrate

fumarate

fumarate

CTP

enoyl-CoA hydratase/
isomerase family
protein: CC3084

protocatechuate
3,4-dioxygenase:
pcaG pcaH

DNA(N)

carbamoyl-phosphate
synthase: carB carA

arginine N-
succinyltransferase: astA

fumarate hydratase, class II, aerobic: fumC

queuine tRNA
ribosyltransferase: tgt

iolE protein:
CC1300

[+ 2 isozymes]

enolase: eno

L-aspartate
oxidase: nadB

anthranilate synthase
component I: trpE

D-3-hydroxy-
acyl-ACP

3-carboxy-
cis,cis-muconate
cycloisomerase:
pcaB

acyl-ACP

4-carboxy-2-
hydroxyhexa-

2,4-dienedioate

nicotinate

L-methionine

RNA

GTP

PTS system, N-
acetylglucosamine-
specific IIABC
component: nagE

UDP-N-
acetylenolpyruvoylglucosamine
reductase: murB

[acyl carrier
protein]

RX

hydroxyacylglutathione
hydrolase,

putative: CC0519

adenylosuccinate
lyase: purB

ATP

malate

DNA containing
6-O-

methylguanine

L-1-
phosphatidylglycerol-

phosphate

D-ribose-5-
phosphate

beta-
ketoadipate-
enol-lactone

tRNA delta(2)-
isopentenylpyrophosphate
transferase: miaA

chorismate

L-aspartate

[+ 2 isozymes]

3-oxoacyl-
(acyl-carrier-
protein)
synthase
III, putative:
CC1442

ketol-acid
reductoisomerase: ilvC

phosphoenolpyruvate
carboxylase: ppc

glutathione

glutaminyl-
tRNA

synthetase,
putative:
CC2205

gluconeogenesis

fructose

threonine
dehydratase: CC3635

L-ornithine

3-phosphoglycerate

alanine racemase: alr

L-methionine

a DNA
cyclobutadipyrimidine

(R)-3-
Hydroxybutanoate

PTS system, N-
acetylglucosamine-
specific IIABC
component: nagE

UDP-N-
acetylmuramate-
-alanine
ligase: murC

N2-succinyl-
L-ornithine

dimethylallyl-
pyrophosphate

dihydroorotate
dehydrogenase: pyrD

D-fructose-
6-phosphate

D-ribose

5-ketogluconate

nicotinamide

1,3-
diaminopropane

enolase: eno

NADPH

2-oxobutanoate

acetoacetyl-
ACP

Hydroxypyruvate
reductase: CC3722

ribose-5-
phosphate
isomerase
A: rpiA

L-lactate 2-
monooxygenase:
CC1396

phosphomethylpyrimidine
kinase: thiD

N-acetyl-D-
glucosamine

threonine
synthase: thrC

CC0613

mannose-1-phosphate
guanylyltransferase:

manCUDP-GlcNAc-
pyruvate

enol ether

chorismate mutase,
putative: CC1116

malyl-CoA

leucine
degradation I

3-deoxy-D-arabino-
heptulosonate-7-phosphate

L-aspartate-
semialdehyde

1-deoxy-D-xylulose
5-phosphate
reductoisomerase: dxr

NADP-dependent malic enzyme: maeB

meso-
diaminopimelate

glutamine
amidotransferase,
class I: CC1897

L-glutamate
gamma-

semialdehyde

(R)-
mevalonate

1-deoxyxylulose-
5-phosphate
synthase: dxs

guanine

H2O

GDP-4-
dehydro-
6-deoxy-

D-mannose

5-methyltetrahydrofolate-
-homocysteine

methyltransferase: metH

2-oxobutanoate

N4-(beta-
N-acetyl-D-
glucosaminyl)
-L-asparagine

7,8-
dihydrofolate

enoyl-(acyl-
carrier-
protein)

reductase: fabI

predicted ATP
transporter of
phosphonate

5’-phosphoribosyl-4-
(N-succinocarboxamide)

-5-aminoimidazole

GDP

[+ 6 isozymes]

fumarate

mevalonate-
5-PP

phosphatidate
cytidylyltransferase: cds

peptidoglycan and lipid A precursor biosynthesis

succinate dehydrogenase,
hydrophobic membrane

anchor protein,
putative: CC3528

alanine
degradation I

exodeoxyribonuclease
III: xth

chloroacetate

a protein L-
methionine

S-oxide

D-glyceraldehyde-
3-phosphate

propionyl-CoA

arginine
degradation II

lysophospholipase
L2: pldB

asparagine
degradation I

a ribonucleoside
triphosphate

Protein-
histidine

1,3-diphosphateglycerate

thioredoxin
reductase: trxB

acetyl-CoA
carboxylase:
accD accA accC

alpha-D-
mannose 1-
phosphate

predicted ATP
transporter

of Fe

a ribonucleoside
diphosphate

lactose 6’-
phosphate

L-aspartate

glutathione
redox

reactions II

aspartate-
semialdehyde
dehydrogenase: asd

serine
acetyltransferase:
cysE

lactate

UDP-N-
acetylmuramoylalanyl-
D-glutamyl-2,6-
diaminopimelate-
-D-alanyl-D-
alanyl ligase: murF

L-leucine

modification
methylase
CcrMI: ccrM

a ribonucleoside
diphosphate

di-trans,poly-
cis-decaprenyl

diphosphate

acetylphosphate

ubiquinone-8

lysine
fermentation

to acetate
and butyrate

N-acetylneuraminate

phosphoglycolate
phosphatase: gph

1,3-diphosphateglycerate

imidazole
acetol-

phosphate

erythronate-
4-phosphate

L-arginine

CMP-3-
deoxy-D-
manno-

octulosonate

proline
biosynthesis I

delta-
aminolevulinic acid
dehydratase: hemB

transaldolase
family protein:
CC3614

D-fructose-
6-phosphate

geranyltranstransferase: ispA

phosphotyrosine
protein
phosphatase:
CC2368

dTMP

tRNA (guanine-N1)
-methyltransferase:
trmD

propionyl-CoA

UDP-3-O-3-
hydroxymyristoyl
glucosamine N-
acyltransferase: firA

nicotinate

methylacrylyl-
CoA

N-acetylneuraminate

alanine
degradation IV

histidine
biosynthesis I

glyceraldehyde
3-phosphate
dehydrogenase:
gap

glutamate-
ammonia-ligase
adenylyltransferase,
putative: CC2753

nucleoside
diphosphate
kinase: ndk

(R)-mandelate

dihydrodipicolinate
reductase: dapB

N-acetyl-D-
mannosamine-

6-phosphate

N-acetylglucosamine-
6-phosphate
deacetylase: nagA

adenosine

CDP-diacylglycerol--
glycerol-3-phosphate 3-
phosphatidyltransferase: pgsA

nucleoside
diphosphate
kinase: ndk

L-prolyl-
tRNApro

O-acetyl-L-
homoserine

protein-L-
isoaspartate(D-
aspartate) O-
methyltransferase: pcm

acceptor

5-methyltetrahydrofolate-
-homocysteine
methyltransferase: CC2138

L-2,3,4,5-
tetrahydrodipicolinate

undecaprenyl
phosphate

phospholipid
cyclopropane

fatty acid

S-acetyldihydrolipoamide

2,3-dihydroxy-
isovalerate

HCO3-

phosphoglycerate
mutase: gpm

toluene

CMP

NO2-

UDP-N-acetylmuramoyl-
L-alanyl-D-

glutamyl-meso-2,6-
diaminoheptanedioate

deoxyinosine

CC1104

ferulate

3-dehydroquinate
synthase: aroB

3-ketoacyl-
CoA

asparaginase family
protein: CC0576

histidinol-phosphate
aminotransferase:
hisC

L-methionyl-
tRNAmet

a ubiquinol

p-hydroxyphenylpyruvate

phosphoribosylaminoimidazole-
succinocarboxamide synthase: purC

3-dehydroquinate
dehydratase, type II: aroQ

delta3-
isopentenyl-PP

cis,cis-
muconate

UDP-N-
acetylmuramoyl-

L-alanyl-D-
glutamyl-L-

lysyl-D-alanyl-
D-alanine

butyrate

UDP-glucose
4-epimerase:
galE

RNA

N-acetylmuramoyl-L-
alanyl-D-glutamyl-meso-

2,6-diaminoheptane-
D-alanyl-D-alanine-

diphosphoundecaprenol

geranyltranstransferase: ispA

2-octaprenyl-6-
methoxyphenol
hydroxylase: ubiH

superpathway of isoleucine
and valine biosynthesis

halide

pyruvate
dehydrogenase
complex, E3
component,
lipoamide
dehydrogenase:
lpdA

UDP-N-
acetyl-D-

glucosamine

pyruvate
kinase: pyk

a beta-lactam

succinylornithine
transaminase,
putative: CC0584

ornithine
decarboxylase,
putative: CC0360

dTMP

aspartate
biosynthesis

and degradation

lactose

GDP-D-
rhamnose

alanyl-tRNA
synthetase:

alaS

PAPS

D-Aspartate

phosphoenolpyruvate

UMP

L-valine

5-phosphoribosyl
1-pyrophosphate

adenylosuccinate
lyase: purB

serine
hydroxymethyltransferase: glyA

L-ornithine

alpha-D-glucose
1-phosphate

5-methyltetrahydropteroyltriglutamate-
homocysteine methyltransferase: metE

acetyl-CoA

AMP

pyruvate

dihydroxy-acid
dehydratase: ilvD

mandelate
racemase/
muconate
lactonizing
enzyme
family protein:
CC3113

acetoacetate

glycine

acetoacetyl-
CoA
reductase:
phbB

3-demethylubiquinone-8

3-octaprenyl-4-
hydroxybenzoate

phytate

threonine
aldolase, low-
specificity:
CC3093

Mo2+

UMP

[+ 2 isozymes]

10-formyl-
H4PteGlun

ubiquinone biosynthesis

alpha-
ketoglutarate

D-alanyl-
D-alanine

cytidine
deaminase:
cdd

ammonia
assimilation

cycle

phosphoglycerate mutase
family protein: CC1351

oxaloacetate

3-hydroxydecanoyl-
(acyl-carrier-protein)

dehydratase: fabA

ornithine
carbamoyltransferase,
anabolic: argF

KDO2-(palmitoleoyl)
-lipid IVA

fructose-
bisphosphate
aldolase,
class II: fbaA

acetate

1-deoxyxylulose-
5-phosphate
synthase: dxs

homogentisate 1,2-
dioxygenase: hmgA

menaquinone-8

L-phenylalanine

tRNAlys

1-deoxy-D-xylulose
5-phosphate

D-fructose-6-phosphate

enolase: eno

[+ 2 isozymes]

AICAR

phosphoglucomutase/
phosphomannomutase
family protein: CC0117

3-hydroxybenzyl
alcohol

branched-chain
amino acid
aminotransferase: ilvE

UDP-D-
glucose

[+ 6 isozymes]

pyruvate kinase: pyk

L-methionine
diaminopimelate
epimerase: dapF

L-glutamate

succinylornithine
transaminase,
putative: CC0584

UTP

PTS system, N-
acetylglucosamine-
specific IIABC
component: nagE

phosphoserine
phosphatase: serB

H2S

aspartate
aminotransferase: asp

N-acetyl-
glucosamine-
1-phosphate

benzyl-alcohol
dehydrogenase:
areB

NADP-dependent
quinone
oxidoreductase,
putative: CC1569

an alcohol

exodeoxyribonuclease
III: xth

Formate
dehydrogenase:
CC0617

3-hydroxyacyl-CoA
dehydrogenase: CC0124

coenzyme A

O-acetyl-L-homoserine

protoheme

L-arginine

fructose-1,6-
bisphosphatase: fbp

ribokinase: rbsK

L-glutamate

5-phospho-
ribosyl-

glycineamide

pyridoxal

isobutyryl-CoA

D-glucosamine-
6-phosphate

pyruvate

phosphoenolpyruvate

5,10-
methenyl-THF

NADP+

dTDP-4-dehydrorhamnose
reductase: rfbD

NADP+

UDP-glucose
4-epimerase:
galE

ETF reduced

SucB

cytidylate
kinase: cmk

3,4-
dihydroxy-2-
butanone-4-P

3-hydroxyisobutyrate
dehydrogenase: mmsB

4-coumarate-
CoA ligase,
putative:
CC3188

pyruvate

[+ 2 isozymes]

fructose

tRNAcys

siroheme

mannose-1-phosphate
guanylyltransferase:
manC

UDP-D-
glucose

glutamine
degradation II

an alcohol

methylmalonyl-
CoA mutase:
mutB mutA

Dephospho-
CoA kinase:
CC0004

IMP

aconitate hydratase 1: acnA

ModE

reduced
acceptor

betaine
aldehyde

cis-delta3-enoyl-CoA

a sugar

1-aminocyclopropane-
1-carboxylate

(S)-mandelate

seryl-tRNA
synthetase:

serS

tRNA
containing
guanine

phosphoribosylamine-
-glycine ligase: purD

L-valine

L-serine

N-acetyl-
glucosamine-
1-phosphate

oxaloacetate

dihydroxy-
acetone-

phosphate

1,8-diazacyclotetradecane-
2,9-dione

aconitate hydratase 1: acnA

alpha-D-glucose
1-phosphate

histidine
degradation I

2,3-dihydroxy-
3-methylvalerate

D-glucono-
delta-lactone-
6-phosphate

glycerate

methylglyoxal

alpha-D-glucose
1-phosphate

[+ 3 isozymes]

aldoxime
degradation

cytosine

protoheme

glyceraldehyde

AMP

phosphoribosyl-
AMP

glycine

fumarylacetoacetate
hydrolase family
protein: CC2531

N-acetyl-
L-ornithine

diaminopimelate
epimerase: dapF

pyruvate
kinase: pyk

dihydroxy-
acetone-

phosphate

3-hydroxybutyryl-
CoA

methylmalonyl
pathway

D-3-hydroxyacyl-CoA

a sugar
phosphate

methionyl-tRNA
formyltransferase: fmt

succinate dehydrogenase: sdhC sdhA sdhB

iolB protein:
CC1301

pantothenate

4-deoxy-
L-threo-5-
hexosulose-
uronate ketol-
isomerase: kduI

L-gamma-
glutamylcysteine

alanine
dehydrogenase: ald

L-pantoate

malate dehydrogenase: mdh

tRNApro

pyruvate
kinase: pyk

protein-L-
glutamate

3-hydroxy-
isobutyryl-CoA

tryptophan
synthase:
trpB trpA

5’-phosphoribosyl-N-
formylglycineamide

alpha-ketoglutarate

fatty acid oxidation pathway I

p-cumic
alcohol

beta-D-
glucose

3-phosphoshikimate 1-
carboxyvinyltransferase: aroA

oxygen-independent
coproporphyrinogen
III oxidase,
putative: CC0145

aspartate
carbamoyltransferase: pyrB

chorismate mutase,
putative: CC2222

pyruvate

penicillin
amidase
family protein:
CC1025

N-acetylmuramoyl-
L-alanyl-D-

glutamyl-L-lysyl-
D-alanyl-D-alanine-

diphosphoundecaprenol

succinyl-
diaminopimelate
desuccinylase: dapE

AMP

(R)-
methylmalonyl-

CoA

branched-chain
amino acid
aminotransferase: ilvE

aspartate
degradation II

succinyl-CoA
synthetase: sucD sucC

coproporphyrinogen III

ATP

4-methyl-
5-(beta-

hydroxyethyl)
thiazole

phosphate

ADP-D-
glycero-

D-manno-
heptose

epoxide
hydrolase,
putative:
CC3091

(NUCLEOTIDE)(M)

4-carboxy-2-oxo-
3-hexenedioate

glutamine
degradation III

branched-chain
amino acid
aminotransferase: ilvE

ribonucleoside-
diphosphate
reductase, beta
subunit: nrdB

pimeloyl-CoA

predicted
transporter

of putrescine

prephenate

transketolase
I: tktA

NagE

L-glutamyl-tRNAGlu

FeoB

L-serine

phosphoglucomutase/
phosphomannomutase
family protein: CC0117

CO2

D-ribulose-
5-phosphate

fructose-bisphosphate
aldolase, class II: fbaA

malate synthase: aceB

5-methyltetrahydrofolate-
-homocysteine
methyltransferase: CC2138

dihydrofolate
reductase: folA

acetate

L-arginino-
succinate

a ubiquinone

galactose degradation I

citrulline
degradation

lactate

fructose degradation
to pyruvate and

lactate (anaerobic)

N-formyl-L-
methionine

7,8-
diaminononanoate

NAD+

3-phosphoglycerate

phosphogluconate
dehydratase: edd

UMP

urocanate

CC2555

glucosamine-
-fructose-6-
phosphate
aminotransferase:
glmS

benzaldehyde
dehydrogenase:
areC

D-ribose-5-
phosphate

4-coumarate

protein-L-
glutamate-
O4-methyl-

ester

glutathione

D-beta-
hydroxybutyrate
dehydrogenase:
bdhA

pyridoxal
phosphate
biosynthetic
protein
PdxJ: pdxJ

L-2,3-
dihydrodipicolinate

a nucleoside
monophosphate

GDP-D-
rhamnose

biosynthesis

Methylenetetrahydrofolate
dehydrogenase (NADP+): folD

FolC
bifunctional
protein: folC

pyruvate

beta-D-
glucose

acetoacetyl-
CoA

2-amino-4-hydroxy-6-
hydroxymethyldihydropteridine
pyrophosphokinase: folK

methylated-DNA-
-protein-cysteine
methyltransferase: ogt

phosphoribosyl-
AMP
cyclohydrolase: hisI

1-acyl-sn-glycerol-
3-phosphate
acyltransferase:
CC2219

thymidylate
synthase: thyA

acetylornithine
deacetylase: argE

malate

L,L-
diaminopimelate

D-ribose

phospho-N-
acetylmuramoyl-
pentapeptide-
transferase,
FRAMESHIFT: mraY

L-ornithine

glyceraldehyde
3-phosphate
dehydrogenase: gap

inosine-5’-
monophosphate
dehydrogenase:
guaB

L-glutamine

L-glutamine

L-threonine

alkaline
phosphatase,
putative:
CC2461

acetate

5-methyltetrahydrofolate-
-homocysteine
methyltransferase: metH

UDP-N-
acetyl-D-

glucosamine

de novo
biosynthesis
of pyrimidine

ribonucleotides

phosphoribosyl-
formamido-
carboxamide

UDP-D-glucose

fumarylacetoacetate
hydrolase family
protein: CC3567

salvage pathways of pyrimidine ribonucleotides

3-deoxy-manno-
octulosonate
cytidylyltransferase:
kdsB

threonine
synthase: thrC

phospholipid biosynthesis I

SO42-

de novo biosynthesis of
pyrimidine deoxyribonucleotides

glyceraldehyde
3-phosphate
degradation

aconitate
hydratase
1: acnA

NAD(P)
transhydrogenase:
pntA pntAB pntB

THF
polyglutamate

coenzyme A

5-methyltetrahydrofolate-
-homocysteine
methyltransferase: metH

quinolinate

acetyl-ACP

L-1-phosphatidyl-
glycerol

pyruvate

adenosine
deaminase: add

acetoacetate

AmtB

hydantoinase:
CC2369

coenzyme A

riboflavin
synthase:
ribH ribE

N-acetyl-beta-
glucosaminylamine

GDP

2,5-dichlorohydroquinone

penicillin
amidase
family protein:
CC1122

porphobilinogen

3-phosphoglycerate

N-acetyl-
L-glutamate

phosphate

benzaldehyde
dehydrogenase:
areC

malate
dehydrogenase:
mdh

L-alanyl-
tRNAala

D-alanyl-D-alanine
carboxypeptidase:
dacA

D-glucono-
delta-lactone-
6-phosphate

ribose-5-
phosphate
isomerase
A: rpiA

methanethiol

GMP

2-oxoglutarate
dehydrogenase,
E2 component,
dihydrolipoamide
succinyltransferase:
sucB

pyruvate

UDP-3-O-3-
hydroxymyristoyl N-
acetylglucosamine
deacetylase: lpxC

phosphoglucomutase/
phosphomannomutase
family protein: CC0117

allantoate

glycine
betaine

glucosamine-1P

acetyl-CoA

PPPi

chorismate mutase,
putative: CC2222

acetate

D-erythrose-
4-phosphate

purine nucleotides de
novo biosynthesis I

octane oxidation

uracil

DNA ligase,
NAD-
dependent:
ligA

L-lactate
dehydrogenase:
lldD

S-acetyldihydrolipoamide

Mo2+

beta-
ketoadipyl-

CoA

[+ 18 isozymes]

adenylo-
succinate

PHB
biosynthesis

a tRNA

pyruvate

a purine
nucleoside

D-glyceraldehyde-
3-phosphate

phosphoribosylformylglycinamidine
synthase: purL purQ

pyruvate dehydrogenase
complex, E3 component,

lipoamide dehydrogenase: lpdA

homoserine

lactate

spermidine

3-oxoacyl-
(acyl-carrier-

protein)
reductase,
putative:
CC2093

iolC protein:
CC1298

L-isoleucine

L-ornithine

L-leucine

feruloyl-CoA
synthetase: fcshomocysteine

[+ 2 isozymes]

phosphoglycerate mutase: gpm

2-keto-4-
pentenoate
hydratase,
putative: CC1509

CC2646

(S)-4-
Hydroxymandelate

polyphosphate
kinase: ppk

protocatechuate
3,4-dioxygenase:
pcaG pcaH

2-octaprenyl-6-
hydroxyphenol

2-amino-4-oxo-
4-alpha-hydroxy-
6-(erythro-1’,2’,3’-
trihydroxypropyl)

-5,6, 7,8-
tetrahydroxypterin

an amino acid

superpathway of leucine, valine,
alanine, and isoleucine biosynthesis

quinone
oxidoreductase: qor

S-adenosyl-
homocysteine

sulfite reductase
(NADPH)
flavoprotein: cysJ cysI

adenosylcobinamide

adenine

[+ 3 isozymes]

AMP

isoquinoline 1-
oxidoreductase:
iorA iorB

isoleucine
degradation II

2,5-dichloro-2,5-
cyclohexadiene-

1,4-diol

ribose-1-
phosphate

L-asparagine

3-hydroxydecanoyl-
(acyl-carrier-protein)

dehydratase: fabA

4-imidazolone-
5-propionate

lactate

respiration (anaerobic)

L-glutamine

an orthophosphoric
monoester

gallate
degradation I

GDP-
mannose 4,6-
dehydratase:
lpsA

acetyl-CoA

1,2-
dichloroethane

hydantoinase:
CC2369

malate

glucose-6-
phosphate 1-
dehydrogenase: zwf

ribonucleoside-
diphosphate
reductase:
nrdB nrdA

glutathione

homocysteine

2-keto-3-
deoxy-6-
phospho-
gluconate

lipid IV(A)

ETF oxidized

dethiobiotin
synthetase: bioD

2-phosphoglycerate

glycerol-3-
phosphate

pyridoxamine
5’-phosphate
oxidase: pdxH

ketol-acid
reductoisomerase: ilvC

catechol

argininosuccinate
synthase: argG

phosphoenolpyruvate

beta-
ketoadipyl
CoA
thiolase: pcaF

2-chloroethanol

cytidine
deaminase:
cdd

NAD+

porphobilinogen
deaminase: hemC

carbamoyl-phosphate
synthase/carboxyl
transferase: CC3214

histidinol-phosphate
aminotransferase:
hisC

acetyl-CoA
synthetase: acs

alkyl
hydroperoxide
reductase
D: ahpD

carbamoyl-phosphate

NAD+

1-amino-
propan-

2-one-3-
phosphate

D-sedoheptulose-
7-phosphate

beta-keto-
cis-delta5-

dodecenoyl-
ACP

alpha-D-
glucose

carbamoyl-
phosphate

allantoin

Nicotinate-nucleotide
adenylyltransferase:
CC3431

acyl-CoA

ferredoxin-
NADP
reductase:
CC3208

fatty aldehyde
dehydrogenase:
CC2791

a nucleoside
monophosphate

beta-
ketoadipyl
CoA
thiolase: pcaF

D-ribulose-
5-phosphate

(E)-4-hydroxy-
3-methylbut-2-
enyl diphosphate
synthase: gcpE

H2O

L-tryptophanyl-
tRNAtrp

homoserine
kinase: thrB

1,2-
diacylglycerol

D-myo-inositol
(1,2,4,5,6)-

pentakisphosphate

L-alanine

D-glyceraldehyde-
3-phosphate

2-keto-isovalerate

lipid A
disaccharide

2-amino-4-
oxo-6-(1’,2’,3’-

trihydroxypropyl)
-diquinoid-7,8-
dihydroxypterin

succinyl-CoA

Entner-Doudoroff
pathway II (non-
phosphorylative)

phosphoribosylaminoimidazole-
succinocarboxamide synthase: purC

an alcohol

valine
degradation II

sucrose

conversion of
succinate to propionate

acyl-ACP

delta3-
isopentenyl-PP

tRNAmet

acetaldehyde

FMN

fructose-1,6-
bisphosphate

mannose

dihydroneopterin
aldolase: folB

phosphoribosylaminoimidazolecarboxamide
formyltransferase/IMP cyclohydrolase: purH

6-phospho-
D-gluconate

D-ribose-5-
phosphate

FolC
bifunctional
protein: folC

dTDP-D-glucose

5-phosphoribosyl
1-pyrophosphate

L-tryptophan

L-methionine

enolase: eno

orotate

mannose-1-phosphate
guanylyltransferase:
manC

uroporphyrinogen-III

mannose-6-
phosphate
isomerase:
manA

D-fructose-
6-phosphate

a ribosomal-
protein

L-alanine

succinate-
semialdehyde
dehydrogenase:
gabD

acetyl-CoA

UTP--glucose-
1-phosphate

uridylyltransferase:
galU

5-enolpyruvyl-
shikimate-3-phosphate

alpha-D-
glucose 1-
phosphate

GDP-
mannose 4,6-
dehydratase:
lpsA

homogentisate

7,8-
dihydrofolate

phosphoribosylaminoimidazole-
succinocarboxamide synthase: purC

tetrahydrofolate

superpathway of pyridoxal 5’-
phosphate biosynthesis and salvage

mannose-
6-phosphate

5,10-
methenyl-THF

phospholipid
olefinic

fatty acid

arginine N-
succinyltransferase: astA

superpathway of saturated and
unsaturated fatty acid elongation

dTDP-4-dehydro-6-
deoxy-L-mannose

serine
hydroxymethyltransferase: glyA

L-histidinol-
phosphate

epoxide

2-keto-
isovalerate

phosphoglycerate kinase: pgk

2,3-bis(3-
hydroxymyristoyl)

-beta-D-
glucosaminyl
1-phosphate

UDP-glucose conversion

N-acetyl-D-
glucosamine

phospho-
hydroxy-
threonine

N-(5’-phosphoribosyl)-
anthranilate isomerase: trpF

[+ 2 isozymes]

PHA synthase:
phaC

phosphoserine
aminotransferase: serC

propionyl-CoA
carboxylase,
beta subunit,
putative:
CC2170

(R)-3-
hydroxymyristoyl-ACP

D-alanine
aminotransferase,
putative: CC1744

5’-phosphoribosyl-4-
(N-succinocarboxamide)

-5-aminoimidazole

2-oxoglutarate
dehydrogenase: sucA sucB lpdA

amidase
family protein:
CC2473

ferricytochrome c

PTS system,
nitrogen
regulatory IIA
component:
ptsN

L-cysteine

meso-
diaminopimelate

Proline
dehydrogenase:
putA

2-dehydro-
3-deoxy-

D-gluconate

an aryl alcohol

D-glyceraldehyde-
3-phosphate

L-lysine

benzoylformate

5-oxoproline

malonyl-CoA

fumarate
hydratase,
class II,
aerobic: fumC

precorrin-2

UDP-galactose

coniferyl
aldehyde

3-oxoacyl-
(acyl-carrier-

protein)
reductase,
putative:
CC2093

L-idonate

UDP-D-
glucuronate

IMP

N4-(beta-N-
acetylglucosaminyl)
-L-asparaginase,
putative: CC2359

glyceraldehyde 3-phosphate
dehydrogenase: gap

GTP
cyclohydrolase
I: folE

(S)-3-
hydroxybutanoyl-

CoA

phosphoglycerate
mutase family
protein: CC1351

O-antigen biosynthesis

guanylate
kinase: gmk

histidinol-phosphate
aminotransferase: hisC

glyceraldehyde
3-phosphate
dehydrogenase:
gap

pseudouridine
5’-phosphate

pyridoxine-
5’-phosphate

2-dehydro-3-
deoxyphosphooctonate
aldolase: kdsA

homoserine

[+ 2 isozymes]

beta-D-glucose-6-phosphate

FAD

2-phosphoglycerate

p-hydroxyphenylpyruvate

alcohol
dehydrogenase,
zinc-containing:
CC0096

uridylyl-
glutamine

synthase PII

acetyl-ACP

phosphoribosylaminoimidazole
carboxylase: purE purK

L-aspartate

ADP

Methylenetetrahydrofolate
dehydrogenase (NADP+): folD

superpathway of
phenylalanine and

tyrosine biosynthesis

pyruvate

phosphoglycerate
mutase: gpm

branched-chain
amino acid
aminotransferase: ilvE

isocitrate

glycerol
kinase: gplK

asparaginyl-
tRNA

synthetase,
putative:
CC0720

O2

isocitrate lyase: aceA

glucosamine-
-fructose-6-
phosphate
aminotransferase:
glmS

NADP-dependent
malic enzyme: maeB

superpathway of arginine
and polyamine biosynthesis

homoserine

L-arginine

THF
polyglutamate

phosphoribosylformimino-5-
aminoimidazole carboxamide
ribotide isomerase: hisA

1,4-alpha-
D-glucan

Alkane-1
monooxygenase:
CC2997

ATP

pyruvate

2-isopropylmalate

3-carboxy-
cis,cis-muconate
cycloisomerase:
pcaB

di-trans,poly-
cis-

undecaprenyl
diphosphate

cis-delta3-
decenoyl-ACP

L-methionine

an aldehyde

[+ 2 isozymes]

CC1748

phosphoglycerate
mutase family
protein: CC1351

3-hydroxydecanoyl-
(acyl-carrier-protein)
dehydratase: fabA

acceptor

UDP-3-O-(3-
hydroxymyristoyl)-

N-acetylglucosamine

lipid IV(A)

benzyl alcohol

homoserine
dehydrogenase:
hom

CTP synthase: pyrG

carbonic
anhydrase:
CC3572

citrulline

L-asparagine

fatty aldehyde
dehydrogenase:
CC2791

propionyl-CoA
carboxylase:
pccA pccB

5-methyl-THF

aspartate
aminotransferase: asp

L-aspartate

transketolase
family protein:
CC1205

5-dehydro-
2-deoxy-

D-gluconate

O-succinyl-
L-homoserine

5,10-
methenyl-THF

5-aminoimidazole
ribonucleotide

1-hydroxy-2-
methyl-2-(E)
-butenyl 4-
diphosphate
reductase: lytB

4-carboxymethylenebut-
2-en-4-olide

dATP

aldose 1-
epimerase: mro

pyridoxamine
5’-phosphate

NagE

L-aspartate

glutamine
synthetase
family protein:
CC3138

phosphoglycerate mutase
family protein: CC1351

3-hydroxy-
isobutyrate

aspartokinase: ask

S-adenosyl-
L-methionine

L-aspartate

acetolactate
synthase: ilvN ilvB

CTP

methylmalonate-
semialdehyde
dehydrogenase,
putative: CC1302

SO42-

biotin
phosphoribosylaminoimidazolecarboxamide
formyltransferase/IMP cyclohydrolase: purH

threonine
dehydratase: CC3635

L-serine

ubiquinone
biosynthesis
protein AarF,
putative: CC3709

L-asparagine

succinate

beta-
hydroxydecanoyl-

ACP

oxaloacetate

4-coumarate-
-CoA ligase,
putative:
CC1801

sulfate adenylate
transferase:
cysD cysN/C

aconitate hydratase 1: acnA

beta-D-
glucose-6-
phosphate

NAD(+)
synthetase,
putative:
CC3619

methionine-
gamma-
lyase: mdeA

7,8-
dihydropteroate

malonate
semialdehyde

(KDO)-lipid IV(A)

(deoxynucleotides)(m)

glyoxylate

chorismate

1-(o-carboxyphenylamino)
-1’-deoxyribulose-

5’-phosphate

acetylphosphate

benzaldehyde

oxygen-independent
coproporphyrinogen
III oxidase: hemN

oxaloacetate

Maleylacetoacetate
isomerase: CC3568

phospho-
hydroxy-
threonine

N-hydroxyarylamine
O-acetyltransferase:
CC1563

H2CO3

fumarate

UDP

fructose

succinate

3-dehydro-shikimate

L-arginyl-
tRNAarg

phosphoglycerate
kinase: pgk

butyryl-CoA

GMP

nicotinate-nucleotide--
dimethylbenzimidazole
phosphoribosyltransferase: cobT

fructose-
bisphosphate
aldolase,
class II: fbaA

Fe

nicotinamide
mononucleotide

protoporphyrinogen

delta3-
isopentenyl-PP

D-glucosamine-
6-phosphate

NADP-dependent
malic enzyme: tme

isoquinoline 1-
oxidoreductase:
iorA iorB

tRNAasn

dGDP

Protein-
histidine

mannose
degradation

Protein-
L-cysteine

succinate

N-acetyl-
glucosamine-
1-phosphate

ubiquinol-
cytochrome
c reductase:
petC petB petA

UDP-N-
acetyl-D-

glucosamine

glycine

lipid A disaccharide

L-valine

mevalonate-5P

purine

ribonucleoside-
diphosphate
reductase, alpha
subunit: nrdA

an aromatic
aldehyde

malate
dehydrogenase: mdh

dihydroxy-
acetone-phosphate

C-5 cytosine-
specific DNA
methylase:
CC1033

peptidyl-tRNA
hydrolase:
CC1214

an alcohol

N10-
formyl-THF

L-histidine

XMP

enolase: eno

gamma-
glutamyl
phosphate
reductase: proA

fumarate hydratase,
class II, aerobic: fumC

a tRNA

a dicarboxylate

cystathionine
beta-
lyase: metC

NAD
biosynthesis I

(from aspartate)

3-hydroxy-
3-methyl-

glutaryl-CoA

4-carboxyaminoimidazole
ribonucleotide

dTDP-4-dehydrorhamnose
3,5-epimerase: rfbC

N-acetylmannosamine

thymidylate
synthase: thyA

ferricytochrome c

phosphoglycerate
kinase: pgk

glycine cleavage
system P
protein: gcvP gcvP

L-leucine

triosephosphate
isomerase: tpiA

(3R)-
hydroxymyristoyl-

(acyl-carrier-protein)
dehydratase: fabZ

alpha-D-mannose
1-phosphate

Protein-
histidine

urate

fumarate hydratase,
class II, aerobic: fumC

citrate synthase: CC3643

NAD(+)
synthetase,
putative:
CC3619

fructose-1,6-bisphosphate

an aliphatic
amine

Thioredoxin
Disulfide

a tRNA

deoxyuridine
5’-triphosphate
nucleotidohydrolase: dut

sulfatase
family protein:
CC1172

shikimate-3-phosphate

UTP--glucose-1-phosphate
uridylyltransferase: galU

putrescine

benzaldehyde
dehydrogenase:
areC

succinyl-CoA synthetase: sucD sucC

glucuronate

tRNA containing 6-
Isopentenyladenosine

benzaldehyde

ribose degradation

tetrahydrofolate biosynthesis

a tRNA

H2O2

glucosamine-1P

pyruvate
dehydrogenase
complex, E2
component,
dihydrolipoamide
acetyltransferase:
aceF

fructose-bisphosphate
aldolase, class II: fbaA

glucose-6-
phosphate 1-
dehydrogenase: zwf

L-alanine

methionine biosynthesis III

CC0745

N-formimino-
L-glutamate

pyrazynamidase:
pncA

adenosylcobinamide-GDP

phosphorylase
family protein:
CC2266

a N-
substituted
amino acid

alpha-D-glucose
1-phosphate

dTDP-alpha-L-rhamnose

uroporphyrinogen-III

phosphoglycerate
mutase: gpm

N2-succinyl-
L-glutamate 5-
semialdehyde

L-glutamate

methylacrylyl-
CoA

prephenate
dehydratase: pheA

glycerate

uroporphyrinogen
decarboxylase: hemE

shikimate 5-
dehydrogenase: aroE

L-glutamate-
5-phosphate

uracil

phospho-
adenylylsulfate
reductase: cysH

L-aspartyl-
4-phosphate

cysteine
biosynthesis I

acetyl-CoA

2,5-dihydro-
5-oxofuran-

2-acetate

fructose-
bisphosphate
aldolase, class II: fbaA

histidinol-phosphate
aminotransferase: hisC

iminoaspartate

tRNAser

haloalkane
dehalogenase,
putative: dhlA

NO3-

5-aminoimidazole
ribonucleotide

nucleoside
diphosphate
kinase: ndk

mannose-
6-phosphate

a peptide

D-glyceraldehyde-
3-phosphate

2-oxoglutarate
dehydrogenase,
E1 component: sucA

malate dehydrogenase: mdh

quinolinate
synthetase
A: nadA

5-aminolevulinic
acid synthase: hemA

CTP

NH4+

isocitrate

glutathione
disulfide

branched-chain
amino acid
aminotransferase: ilvE

aminoglycoside
acetyltransferase
(6’) type I: CC3561

tiglyl-CoA

acetyl-CoA

glucokinase: glk

AceF

D-fructose-6-phosphate

riboflavin and
FMN and FAD
biosynthesis

glucose-6-
phosphate
isomerase: pgi

dihydrolipoyl-
GcvH-protein

pyridoxine

5-aminoimidazole
ribonucleotide

tRNAfmet

sulfur amino acid biosynthesis

5’-phosphoribosyl-N-
formylglycineamide

sirohydrochlorin

[+ 2 isozymes]

feruloyl-CoA

CC0187

riboflavin
biosynthesis
protein
RibD: ribD

oxaloacetate

dUMP

glyceraldehyde
3-phosphate
dehydrogenase:
gap

pyruvate

L-glutamate

acyl-CoA dehydrogenase
family protein: CC3454

holo-(acyl-
carrier-
protein)
synthase: acpS

L-aspartate

protein-glutamate
methylesterase:
cheB

ubiquinol-8

demethylmenaquinone-8

ubiquinol-8

beta-D-
glucose-6-
phosphate ribosomal-

protein-alanine
acetyltransferase,
putative: CC0058

2-deoxygluconate

citrate lyase,
beta subunit,
putative:
CC2999

mandelate
racemase/
muconate
lactonizing
enzyme
family protein:
CC3113

histidinol
dehydrogenase:
hisD

a quinone

L-methionyl-
tRNAmet

undecaprenyl
phosphate

tyrosine
biosynthesis II

threonyl-tRNA
synthetase:

thrS

proton pump,
putative:
CC1363

3-demethylubiquinone-
9 3-methyltransferase:
ubiG

PPPi

1-haloalkane

5-phosphoribosyl
1-pyrophosphate

CC1103

tRNAphe

beta-D-glucose-
6-phosphate

adenylosuccinate
lyase: purB

transketolase
I: tktA

N-acetyl-D-
glucosamine

sucrose
degradation I

phosphoglycerate
mutase: gpm

isochorismatase
family protein:
CC2795

acyl-ACP

coumaroyl-
CoA

succinyl-
diaminopimelate
desuccinylase: dapE

cyclohexadienyl
dehydrogenase: tyrA

ATP

glutamate
synthase:
gltB gltD

D-2,3-diketo-
4-deoxy-

epi-inositol

succinyl-CoA

a ribosomal-
protein

N-acetyl-
L-alanine

1,3-diphosphateglycerate

CC1097

dihydrodipicolinate
synthase: dapA

aspartate 1-
decarboxylase:
panD

SO3-2

p-hydroxybenzoylformate

valine
degradation I

lipid-A-
disaccharide
synthase: lpxB

aspartate
aminotransferase: asp

L-2,3,4,5-
tetrahydrodipicolinate

trans-3-
methylglutaconyl-

CoA

D-erythro-
imidazole-
glycerol-

phosphate

branched-chain
amino acid
aminotransferase: ilvE

acyl-CoA
dehydrogenase,
long-chain
specific: CC0079

2-keto-
isovalerate

glycine

argininosuccinate
lyase: argH

ADP

1,3-diphosphateglycerate

4-diphosphocytidyl-
2C-methyl-
D-erythritol
kinase: CC1336

ornithine
carbamoyltransferase,

anabolic: argF

apo-ACP

aconitate hydratase 1: acnA

an ester

homoserine
kinase: thrB

ornithine
carbamoyltransferase,
anabolic: argF

superpathway of fatty acid biosynthesis

phosphoglycerate
mutase family
protein: CC1351

3-cyanopyridine

catalase/
peroxidase:
katG

4-amino-5-
hydroxymethyl-2-
methylpyrimidine-

pyrophosphate

ATP

dihydroxy-
acetone-phosphate

methylmalonyl-
CoA mutase, alpha
subunit: mutB

peptidyl-
prolyl
cis-trans
isomerase,
FKBP-type:
CC3636

UDP-N-
acetylglucosamine
pyrophosphorylase:
glmU

L-2,3-
dihydrodipicolinate

GDP-4-
dehydro-
6-deoxy-

D-mannose

choline
dehydrogenase:
betA

L-ornithine

a sugar

3-acetoacetyl-
CoA

IMP

an amino acid

succinylarginine
dihydrolase: astB

2-phosphoglycerate

coniferyl aldehyde
dehydrogenase:
CC1849

phosphoglycerate
kinase: pgk

dihydroxy-acid
dehydratase: ilvD

peptidylproline
(omega 0)

4-fumaryl-
acetoacetate

lactate

4-hydroxy-2-oxoglutarate
aldolase/2-deydro-3-
deoxyphosphogluconate
aldolase: eda

N-succinyl-
L,L-2,6-

diaminopimelate

H2O

alpha-
ribazole-5’-P

acetoacetate

3-hydroxybenzaldehyde

phosphoribosylaminoimidazolecarboxamide
formyltransferase/IMP cyclohydrolase: purH

tRNAgly

4-hydroxy-2-oxoglutarate
aldolase/2-deydro-3-
deoxyphosphogluconate
aldolase: eda

sucrose-6-
phosphate

glutathione
synthetase: gshb

L-threonine

1-aminocyclopropane-
1-carboxylate
deaminase: CC2032

3-hydroxyisobutyrate
dehydrogenase: mmsB

dihydroxy-
acetone-

phosphate

acetolactate
synthase: ilvN ilvB

CO2

dihydroneopterin
phosphate

AMP

cis-aconitate

UDP-N-acetylglucosamine
pyrophosphorylase: glmU

N-acetylglutamate
semialdehyde

a dicarboxylate

3-methylcrotonyl-
CoA

alkyl
hydroperoxide
reductase:
ahpC ahpF

malate
dehydrogenase:
mdh

carbonic
anhydrase
family protein:
CC3569

3-oxoacyl-
(acyl-carrier-

protein)
synthase

III, putative:
CC1442

reduced
acceptor

superpathway of KDO2-lipid A biosynthesis

5-methyltetrahydrofolate-
-homocysteine

methyltransferase: CC2138

dihydrolipoamide

fumarate

octanoyl-CoA

a DNA 6-
methylaminopurine

D-ribulose-
5-phosphate

[+ 2 isozymes]

methylmalonate-
semialdehyde

isocitrate dehydrogenase,
NADP-dependent: icd

CC0448

chorismate mutase,
putative: CC1116

fatty aldehyde
dehydrogenase:
CC2791

Proline
dehydrogenase:
putA

2-phospho-
4-(cytidine 5’-

diphospho)-2-C-
methyl-D-erythritol

aspartate
aminotransferase: asp

deoxyribose-
1-phosphate

quinate

glutathione-
toxin conjugate

D-glucosamine-
6-phosphate

citrate

DNA
polymerase
III: dnaE dnaX
dnaN dnaQ
CC1693 dnaC

isovaleryl-CoA

nicotinate-nucleotide
pyrophosphorylase:
nadC

phosphate

[Co-E-CH3]

L-phenylalanine

an aromatic
sulfate

thiamine
biosynthesis
protein
ThiC: thiC

[+ 2 isozymes]

6,7-dimethyl-
8-(1-D-ribityl)

lumazine

acyl-(acyl-carrier-
protein)--UDP-N-
acetylglucosamine O-
acyltransferase: lpxA

uracil
phosphoribosyltransferase: upp

N-acetyl-D-
glucosamine-
6-phosphate

a tRNA

beta-
ketoadipyl-
CoA
thiolase: pcaF

an acid

crotonyl-CoA

triacylglycerol
xanthine

methylmalonate-
semialdehyde

pyruvate

acid
phosphatase:
phoC

epoxide
hydrolase: eph

myo-inositol
degradation

leucine degradation I

glutathione
disulfide

phosphoribosyl-
formamido-
carboxamide

D-xylulose-
5-phosphate

cis-delta5-
dodecenoyl-

ACP

5-hydroxy-
2-oxo-4-

ureido-2,5-
dihydro-1H

imidazole-5-
carboxylate

fructose

hydroxyacylglutathione
hydrolase,
putative: CC0519

pyruvate kinase: pyk

leucine
aminopeptidase:
pepA

L-glutamate

acetoacetyl-
CoA

propionyl-CoA

aminomethyltransferase,
putative: CC0385

acetylglutamate
kinase: argB

4-aminobutyrate

deoxycytidine

L-tryptophan

xanthosine

homoserine
dehydrogenase:
hom

D-glyceraldehyde-
3-phosphate

cysteinyl-
tRNA

synthetase:
cysS

adenylosuccinate
lyase: purB

polyhydroxybutyrate

acetolactate
synthase: ilvN ilvB

succinyl-CoA

glutathione
peroxidase:
CC1730

Phosphogluconate
dehydrogenase
(decarboxylating)
: CC1574

putrescine

N5-
formyl-THF

dihydroorotate

oxoadipate
CoA-
transferase:
pcaJ pcaI

gluconate

L-phosphatidate

ubiquinone/
menaquinone
biosynthesis
methlytransferase
UbiE: ubiE

acyl-CoA

D-glyceraldehyde-
3-phosphate

octane

3-dehydroquinate
dehydratase,
type II: aroQ

para-
aminobenzoate
synthase,
component I: pabB

dGTP

6-aminohexanoate-
cyclic-dimer
hydrolase,
putative: CC1323

2,3-dihydro-2,3-
dihydroxybenzoate

L-arginine

pyrroline 5-
carboxylate

dihydroorotase: pyrC

glucose-6-phosphate
isomerase: pgi

lysyl-tRNA
synthetase:

CC0084

adenosyl-
cobyrinic acid
a,c-diamide

malate
dehydrogenase: mdh

chorismate mutase,
putative: CC1116 a ubiquinol

phenylalanine-4-
hydroxylase: phhA

D-alanine

beta-
ketoadipate-
enol-lactone

cysteine
synthase: cysK

cob(I)alamin

tRNAarg

phosphoribosylamine-
-glycine ligase: purD

hydroxypyruvate

glucosamine-
-fructose-6-
phosphate
aminotransferase:
glmS

an aldehyde
or ketone

a DNA pair
of adjacent
pyrimidines

nucleoside
diphosphate
kinase: ndk

[+ 2 isozymes]

AICAR

inosine-
uridine
preferring
nucleoside
hydrolase:
iunH

alpha-D-galactose
1-phosphate

2-chloroacetaldehyde

pyruvate

imidazoleglycerol-
phosphate
dehydratase: hisB

4-hydroxy-2-oxoglutarate
aldolase/2-deydro-3-
deoxyphosphogluconate
aldolase: eda

glutaminase
A: glsA

D-fructose-
6-phosphate

phosphoglucomutase/
phosphomannomutase
family protein: CC0117

p-aminobenzoate

fructose

propionyl-
CoA:succinate

CoA transferase:
CC3724

coenzyme A

UDP-glucose 4-
epimerase: galE

AICAR

predicted ATP
transporter
of a sugar

dihydrodipicolinate
synthase: dapA

UDP-N-
acetylglucosamine-
-N-acetylmuramyl-
(pentapeptide)
pyrophosphoryl-
undecaprenol N-
acetylglucosamine
transferase: murG

L-phenylalanine

predicted
export of

protoheme

isovaleryl-CoA
dehydrogenase: ivd

D-glyceraldehyde-
3-phosphate

L-1-
phosphatidylserine

(DEOXYRIBONUCLEOTIDE)
(N+M)

pyruvate

phosphoglycerate
mutase family
protein: CC1351

N-acetyl-
gamma-
glutamyl-
phosphate
reductase:
argC

acetaldehyde

phosphoenolpyruvate

nicotinamide

citrate lyase
beta subunit,
putative:
CC3659

4-hydroxybenzoate
octaprenyltransferase: ubiA

galactoside

2-dehydropantoate
2-reductase:
CC0261

5-phosphoribosyl-N-
formylglycineamidine

D-alanine

phosphoenolpyruvate

inositol
monophosphatase
family protein:
CC2252

4-amino-4-
deoxychorismate
lyase, putative:
CC2952

L-proline

DNA-
directed RNA
polymerase:
rpoZ rpoA
rpoC rpoB

nucleoside
diphosphate
kinase: ndk

arsenite

fumarate

NADH
dehydrogenase
I: nuoA nuoB
nuoC nuoD nuoE
nuoF nuoG nuoH
nuoI nuoJ nuoK
nuoL nuoM nuoN

N-acetyl-
L-glutamate

trans-delta2-
decenoyl-ACP

glucose-6-phosphate isomerase: pgi

L-leucine

formiminoglutamase:
hutG

glyceraldehyde
3-phosphate
dehydrogenase:
gap

N-succinyl-
2-amino-6-
ketopimelate

2-octaprenylphenol

lipoamide

D-sorbitol

D-glyceraldehyde-
3-phosphate

5-methyltetrahydrofolate-
-homocysteine
methyltransferase: metH

alpha-ribazole

3-dehydro-
2-deoxy-

D-gluconate

enolase: eno

GMP

superpathway for
gluconate degradation

porphobilinogen

N-acetyl-D-
glucosamine-
6-phosphate

biotin protein
ligase:
CC1936

a protein
with reduced

SH groups

2-keto-3-
methyl-valerate

phosphoenolpyruvate

mandelate
racemase/
muconate
lactonizing
enzyme
family protein:
CC3113

L-glutamate

indole

glycerol-3-
phosphate

D-glucosamine-
6-phosphate

an N-
acetoxyarylamine

dTDP-4-dehydro-
6-deoxy-D-glucose

triosephosphate
isomerase: tpiA

nicotinamide
cycling

succinate
semialdehyde

dihydrofolate
reductase: folA

homocysteine

formate

pyruvate
kinase: pyk

ATP

phosphoglucomutase/
phosphomannomutase
family protein: CC0117

ketol-acid
reductoisomerase: ilvC

citrate

Reduced
Thioredoxin

lipoamide

formiminoglutamase,
putative: CC0743

cystine

2-phosphoglycerate

UMP

glutathione

sialic acid-
specific 9-O-
acetylesterase,
putative: CC0798

phospho-
adenylylsulfate
reductase: cysH

thiamine-
monophosphate
kinase: thiL

phosphoribosylformylglycinamidine
synthase: purL purQ

malate
dehydrogenase:
mdh

sucrose

polyribonucleotide
nucleotidyltransferase: pnp

beta-hydroxy-
cis-delta5-

dodecenoyl-
ACP

UDP-3-O-(3-
hydroxymyristoyl)

glucosamine

trans-delta2-
enoyl-

acyl-ACP

a primary
alcohol

UDP

D-glyceraldehyde-
3-phosphate

glucose-6-
phosphate
isomerase: pgi

CC0263

phenylalanine
biosynthesis II

3-methyl-2-oxobutanoate
hydroxymethyltransferase: panB

beta-D-
glucose-6-
phosphate

dihydroxy-acid
dehydratase: ilvD

inosine-
uridine
preferring
nucleoside
hydrolase:
CC1928

deoxyuridine

UDP-N-
acetylmuramoyl-

L-alanine

ribonucleoside-
diphosphate
reductase, beta
subunit: nrdB

acetyl-CoA

predicted ATP
transporter

of Mo2+

arginyl-tRNA
synthetase:

argS

L-cysteine

biotin synthase: bioB

protoporphyrin IX

tetrahydrofolate

nitrite
reductase
[NAD(P)H]:
nirD nirB

L-aspartate

glucose-fructose
oxidoreductase: gfo

AMP

glutathione
S-transferase
family protein:
CC3639

coenzyme A

imidazolonepropionase: hutI

2,3-dihydroxy-
isovalerate

L-cysteine

L-threonine

iolD protein:
CC1299

L-glutamine

phosphoribosylformiminoAICAR-
phosphate

prephenate
dehydratase: pheA

2-acetolactate

toluene
degradation I
(via benzoate)

isochorismate

mannose-6-
phosphate
isomerase:
manA

beta-D-
glucose

protoporphyrinogen

glucosamine--
fructose-6-phosphate
aminotransferase: glmS

tRNAasp

[+ 9 isozymes]

Glucose 1-
dehydrogenase:
CC0821

glutamyl-tRNA
synthetase: gltX

malate

dihydroneopterin
triphosphate

glycerol
degradation II

phosphoglucomutase/
phosphomannomutase
family protein: CC2264

5-methyl-THF

6-aminopenicillanate

ADP

alpha-
ketoglutarate

cystathionine
beta-
lyase: metC

(3S,5S)-3,5-
diaminohexanoate

trans, trans-
farnesyl

diphosphate

CMP-3-deoxy-D-
manno-octulosonate

methanol

glycerophosphoryl
diester
phosphodiesterase:
glpQ

3-hydroxy-
isobutyryl-CoA

biotin

tyrosyl-tRNA
synthetase:

tyrS

glucosamine-1P

trans-delta3-
cis-delta5-

dodecenoyl-
ACP

dihydroxy-
acetone-

phosphate

ribose-phosphate
pyrophosphokinase: prsA

2-keto-4-
methyl-

pentanoate

a reduced
flavodoxin

D-3-
phosphoglycerate
dehydrogenase: serAS-adenosylmethionine

synthetase: CC0050

D-fructose-6-phosphate

phosphoribulosylformimino-
AICAR-P

Protein-N-
phosphohistidine

dCDP

beta-
ketoacyl-ACP

methionine
biosynthesis IV

5-formyltetrahydrofolate
cyclo-ligase: CC3245

coproporphyrinogen III
oxidase, aerobic: hemF

isoleucyl-
tRNA

synthetase:
ileS

a phosphatidylcholine

N-acetyl-O-
acetylneuraminate

carbamoyl-
phosphate
synthase/
carboxyl
transferase:
CC3214

L-glutamate

L-lysine

[+ 2 isozymes]

aromatic compound
degradation (aerobic)

lipopolysaccharide
core biosynthesis
protein KdtB: kdtB

dephospho-
CoA

D-alanyl-
D-alanine

4-methyl-
5-(beta-

hydroxyethyl)
thiazole

D-fructose-
6-phosphate

3-hydroxybutyryl-
CoA
dehydrogenase:
hbd

gluconolactonase,
putative: CC2128

heme biosynthesis I

dUMP

potassium-
transporting
ATPase: kdpC
kdpB kdpA

cis-aconitate

propionyl-CoA [+ 2 isozymes]

aspartate-
semialdehyde
dehydrogenase: asd

mannitol

phospho-2-dehydro-
3-deoxyheptonate
aldolase, class I: aroG

pyruvate

7,8-
dihydropteroate

citrate

D-fructose-
6-phosphate

citrulline

dTDP-4-dehydrorhamnose
reductase: rfbD

glycyl-tRNA
synthetase:
glyS glyQ

inosine-5’-
monophosphate
dehydrogenase:
guaB

shikimate

isochorismatase
family protein:
CC1170

salvage pathways of adenine,
hypoxanthine, and their nucleosides

peptidyl-tRNA
hydrolase: pth

pantetheine
4’-phosphate

a ribonucleoside
triphosphate

lactoylglutathione
lyase, putative:
CC1315

[+ 6 isozymes]

NADH

phosphoribosylformylglycinamidine
cyclo-ligase: purM

phosphate

ornithine
decarboxylase,
putative: CC0360

D-sedoheptulose-
7-phosphate

deoxyribose-
1-phosphate

succinylglutamic
semialdehyde
dehydrogenase: astD

uridine

[+ 2 isozymes]

isopropylmalate
dehydratase:
leuC leuD

heme O

3-hydroxy-
4-phospho-

hydroxy-
alpha-

ketobutyrate

L-threonine

L-glutamate

FolC
bifunctional
protein: folC

succinyl-CoA

2-dehydropantoate

mannose-6-
phosphate
isomerase:
manA

CMP

thiamin biosynthesis

pyridoxamine

NO3-

superpathway of lysine, threonine
and methionine biosynthesis

2-amino-4-
oxo-6-(1’,2’-

dioxoprolyl)-7,8-
dihydroxypteridine

6-phospho-
D-gluconate

D-glyceraldehyde-
3-phosphate

phospholipase
C: CC3031

amylosucrase:
CC1135

PTS system, N-
acetylglucosamine-
specific IIABC
component: nagE

thiol:disulfide
interchange
protein,
putative:
CC2210

L-tyrosyl-
tRNAtyr

CDP-diacylglycerol

shikimate kinase: aroK

phosphoglycerate mutase
family protein: CC1351

ureide
biosynthesis

cytidine

O-phospho-
L-homoserine

NADH-
ubiquinone
oxidoreductase
39 kDa subunit
precursor,
putative: CC3604

hypoxanthine-guanine
phosphoribosyltransferase: hpt

branched-chain
amino acid
aminotransferase: ilvE

dTDP-D-glucose-
4,6-dehydratase: rfbB

superpathway of glycolysis and TCA variant VIII

uridylate kinase: pyrH

Dodecenoyl-CoA
delta-isomerase: fadB

branched-chain
amino acid
aminotransferase: ilvE

L-serine

methylglyoxal pathway

kanamycin B

L-phenylalanine

glycine cleavage
system T protein: gcvT

L-lysine

2-methyl-3-
hydroxybutyryl-

CoA

catechol

ribonucleoside-
diphosphate
reductase, beta
subunit: nrdB

dimethylallyl-
pyrophosphate

dihydrolipoamide

nucleoside
diphosphate kinase: ndk

peptide
methionine
sulfoxide
reductase:
msrA

[acyl carrier
protein]

choline

enolase: eno

formate

phenylpyruvate

L-phosphatidate

L-serine

[+ 8 isozymes]

serine
hydroxymethyltransferase: glyA

4-carboxy-
4-hydroxy-

2-oxoadipate

Fe2+
dGTP

galactoside

glutamate-1-
semialdehyde 2,1-
aminomutase: hemL

beta-D-
glucose-6-
phosphate

UDP-N-
acetyl-D-

glucosamine

benzyl-alcohol
dehydrogenase:
areB

D-alanine

an N-
hydroxyarylamine

5-methyltetrahydropteroyltriglutamate-
homocysteine methyltransferase: metE

protocatechuate

L-aspartate

(S)-5-amino-
3-oxohexanoate

dTDP

trans-delta2-
enoyl-

acyl-ACP

branched-chain
amino acid
aminotransferase: ilvE

SucB

aconitate
hydratase
1: acnA

cytosol
aminopeptidase
family protein:
CC2937

UDP-D-glucose

2,3-
dihydroxybenzoate

acetate

leucyl-tRNA
synthetase:

leuS

dUDP

5-methyltetrahydropteroyltriglutamate-
homocysteine methyltransferase: metE

cytochrome
d ubiquinol
oxidase:
cydA cydB

prolyl-tRNA
synthetase:

proS

acetyl-CoA

tRNAthr

5-phosphoribosyl
1-pyrophosphate

acetoin

ATP

L-tyrosine

D-fructose-
6-phosphate

beta-D-
glucose

orotidine-5’-phosphate

ATP
phosphoribosyltransferase: hisG

glutathione

IMP

L-alanine

arsenate

nicotinate
nucleotide

lactoylglutathione
lyase, putative:
CC1315

CDP

N-acetyl-
glucosamine-
1-phosphate

tRNAleu

alpha-D-
galactose

acetyl-CoA
carboxylase:
accD accA accC

glycolate

gluconate 5-
dehydrogenase:
gno

phosphoribosylglycinamide
formyltransferase: purN

DNA (without 6-
O-methylguanine)

Protein-N-
phosphohistidine

L-leucyl-
tRNAleu

benzoate

GMP
synthase: guaA

3-phosphoglycerate

pyruvate dehydrogenase
complex, E1 component, pyruvate

dehydrogenase beta subunit: pdhB

CDP

2,5-dichloro-2,5-
cyclohexadiene-
1,4-diol
dehydrogenase:
linX

ubiquinol
oxidase:
qoxB qoxA
qoxC qoxD

KDO2-(lauroyl)
-lipid IVA

2-phosphoglycerate

ferrocytochrome c

N-succinyl-
2-amino-6-
ketopimelate

benzyl-alcohol
dehydrogenase:
areB

alpha-
glucuronidase:
aguA

phenylalanyl-
tRNA

synthetase:
pheS pheT

CC3030

glutamate N-
acetyltransferase:
argJ

an amino acid

acyl-CoA
synthetase:
CC1165

L-aspartyl-
4-phosphate

D-alanine

a DNA cytosine

acyl-(acyl-carrier-
protein)--UDP-N-
acetylglucosamine O-
acyltransferase: lpxA

phosphotyrosine
protein
phosphatase:
CC2344

alpha-
ketoglutarate

2-phosphoglycerate

methionine
degradation II

cis,cis-
muconate

3-hydroxy-
3-methyl-

glutaryl-CoA

diaminopimelate
decarboxylase: lysA

adenosine
deaminase: add

L-aspartate

mannose-
6-phosphate

3-hydroxy-
3-methyl-

glutaryl-CoA

[protein-pII]
uridylyltransferase:
glnD

CC0537

L-glutamine

3-carboxy-
cis,cis-

muconate

L-threonine

L-alanine

3-deoxy-D-
glycero-2,5-

hexodiulosonate

purine nucleotides de
novo biosynthesis II

5-methyltetrahydropteroyltriglutamate-
homocysteine methyltransferase: metE

thymidine

D-myo-
inositol (3)-

monophosphate

beta-
lactamase,
putative:
CC0575

S-aminomethyldihydrolipoyl-
GcvH

UDP-N-
acetylglucosamine
pyrophosphorylase:
glmU

tRNAhis

omega-amino
acid--pyruvate
aminotransferase:
CC3143

hydroxymethylpyrimidine

fructokinase:
cscK

ADP-L-glycero-
D-mannoheptose-
6-epimerase: rfaD

UDP-N-acetylglucosamine
1-carboxyvinyltransferase:
murA

2-deoxy-D-
gluconate 3-
dehydrogenase:
kduD

protoporphyrin IX

D-glyceraldehyde-
3-phosphate

L-isoleucine

glycolysis III

2,3,4,5-
tetrahydropyridine-
2-carboxylate N-
succinyltransferase:
dapD

L-aspartate

[+ 2 isozymes]

glycerol

dCTP

Protein-N-
phosphohistidine

phospho-2-dehydro-
3-deoxyheptonate
aldolase, class II: dhs

CC2347

tetrahydrofolate

sulfate
assimilation

pantoate--
beta-alanine
ligase: panC

3-phospho-serine

pyruvate

2-dehydro-
3-deoxy-

D-gluconate

D-glucosamine-
6-phosphate

pyrroline 5-
carboxylate

citrulline

D-4’-
phosphopantothenate

L-glutamyl-
tRNAGlu

UTP

GDP-L-fucose

glutamate N-
acetyltransferase:
argJ

a 2-oxo acid

phospho-N-
acetylmuramoyl-
pentapeptide-
transferase,
FRAMESHIFT: mraY

phosphoglucomutase/
phosphomannomutase
family protein: CC0117

L-serine

undecaprenyl-
pyrophosphoryl-

MurNAc-
(pentapeptide)-N-
acetylglucosamine

GTP

D-fructose-
6-phosphate

adenosylhomocysteinase: achY

chloride

polypeptide
deformylase: def

AMP

D-glyceraldehyde-
3-phosphate

methylmalonyl-
CoA mutase, alpha

subunit: mutB

phosphoenolpyruvate

carbamoyl-
phosphate

1-deoxyxylulose-
5-phosphate
synthase: dxs

phosphoglycerate
mutase: gpm

a ubiquinone

tRNA charging
pathway

thiamin
diphosphate

thiolase
family protein:
CC3462

pyrroline-5-
carboxylate
reductase:
proC

[+ 2 isozymes]

pyridoxal 5’-
phosphate

chromate

5-phosphoribosyl-N-
formylglycineamidine

L-proline

1-deoxy-D-
xylulose 5-
phosphate

a fatty acid

L-asparaginyl-
tRNAasn

D-fructose-
6-phosphate

heme
biosynthesis II

6-pyruvoyl
tetrahydrobiopterin
synthase,
putative: CC3158

UDP-3-O-3-
hydroxymyristoyl N-
acetylglucosamine
deacetylase: lpxC

oxoadipate
CoA-
transferase:
pcaJ pcaI

2-isopropylmalate
synthase: leuA

geranyl-PP

2-keto-isovalerate

N-acetyl-
L-ornithine

methylmalonyl-
CoA mutase:
mutB mutA

carbamoyl-
phosphate
synthase:
carB carA

dTTP

L-methionine

2-octaprenyl-
6-methoxy-1,4-

benzoquinone

long chain
polyphosphate

predicted ATP
transporter
of SO42-

delta2-
enoyl-CoA

O2-

an amino acid

glutathione
reductase: gor

glutamate-cysteine
ligase: CC3414

3-ureidopropionate

R-4’-
phosphopantothenoyl-

L-cysteine

cis-aconitate

CC3126

3-dehydroquinate

thiamine-
phosphate

6-phospho-
glucono-
lactonase: pgl

thymidine

(R)-
methylmalonyl-

CoA

salvage pathways
of pyrimidine

deoxyribonucleotides

L-glutamine

cytochrome
c oxidase:
coxB coxA
coxC CC3403

valyl-tRNA
synthetase:

valS

UTP

[+ 4 isozymes]

5-oxoprolyl-
peptide

malate

2-deoxy-D-
gluconate 3-
dehydrogenase:
kduD

L-GLUTAMINYL-
PEPTIDE

isocitrate
dehydrogenase,
NADP-
dependent: icd

a DNA 5-
methylcytosine

L-proline

histidine ammonia-
lyase: hutH

gallate

methyltransferase,
putative: CC1846

lipid-A-disaccharide
synthase: lpxB

pyruvate

4-hydroxyphenylpyruvate
dioxygenase: hpd

L-glutaminyl-
tRNAgln

glycerol-3-
phosphate

L-histidyl-
tRNAhis

ribose-5-
phosphate
isomerase
A: rpiA

2-octaprenyl-6-
methoxyphenol

beta-
ketoadipyl-

CoA

triacylglycerol
biosynthesis

L-glutamate

feruloyl-CoA
synthetase:
CC3338

6-phospho-
glucono-
lactonase: pgl

5-amino-levulinate

xanthine
dehydrogenase,
C-terminal
subunit: CC2618

carboxylesterase
family protein:
CC2298

L-glutamate
gamma-

semialdehyde

hypoxanthine

3-phospho-
hydroxypyruvate

L-tyrosine

glucose-1-phosphate
thymidylyltransferase: rfbA

aldehyde
dehydrogenase
B: aldB

D-glyceraldehyde-3-phosphate

protocatechuate

L-alanine

an orthophosphoric
monoester

(R)-4-
Hydroxymandelate

(S)-methyl-
malonyl-CoA

propionyl-CoA

[+ 2 isozymes]

1-hydroxy-2-
methyl-2-(E)
-butenyl 4-
diphosphate

amine
oxidase,
flavin-
containing:
CC2793

Methylenetetrahydrofolate
dehydrogenase (NADP+): folD

transketolase
I: tktA

phenylpyruvate

phosphoenolpyruvate

peptidylproline
(omega 180)

acetoacetate

riboflavin
biosynthesis
protein
RibD: ribD

citrate synthase: CC3643

octanol

tryptophanyl-
tRNA

synthetase: trpS

cystathionine

8-amino-7-
oxononanoate
synthase: bioF

a tRNA

H2O

potassium-
transporting

ATPase /
potassium-
transporting

ATPase,
A subunit

glutamate-1-
semialdehyde

fructose-1,6-
bisphosphate

delta2-enoyl-CoA

pyruvate dehydrogenase complex

tRNAgln

Enoyl-CoA
hydratase:
CC1352

(KDO)-
lipid IV(A)

a peptide

5-phospho-
beta-D-

ribosyl-amine

beta-D-galactose

chemotaxis protein
methyltransferase
CheR: cheR

fructose-1,6-
bisphosphate

xanthine

glycolate

L-proline

indole-3-glycerol
phosphate synthase: trpC

lactoylglutathione
lyase, putative:
CC1933

D-erythrose-4-phosphate

Proline
dehydrogenase:
putA

N-succinyl-
L,L-2,6-

diaminopimelate

succinylglutamic
semialdehyde
dehydrogenase: astD

protoheme

mannose

L-glutamate

histidinol-phosphate
aminotransferase: hisC

NADP-dependent malic enzyme: tme

S-lactoyl-
glutathione

aldose 1-
epimerase: mro

oligopeptide

glycine betaine
biosynthesis

I (Gram-
negative
bacteria)

5-phospho-
ribosyl-

glycineamide

acyl-CoA
thioesterase
II: tesB

glycyl-
tRNAgly

3-dehydroquinate

adenylosuccinate
synthetase: purA

adenylate
kinase,
putative: adk

pyruvate dehydrogenase complex,
E2 component, dihydrolipoamide

acetyltransferase: aceF

sulfate adenylate
transferase, subunit
1/adenylylsulfate
kinase: cysN/C

malate

UMP

tRNAval

histidinol
dehydrogenase:
hisD

1-acyl-sn-
glycerol-3P

citrate
synthase:
CC3643

p-hydroxyphenylpyruvate

ATP

hydroxymethylbilane

GTP

D-4-hydroxy-
2-keto-
glutarate

phosphoglycerate
mutase: gpm

N-acetyl-glucosamine-
1-phosphate

PRPP
biosynthesis I

cobyric acid
synthase: cobQ

inositol
monophosphatase
family protein:
CC0308

mevalonate
pathway

chorismate synthase: aroC

N2-succinylglutamate

Phosphogluconate
dehydrogenase
(decarboxylating)
: CC1574

acetate utilization

pyruvate
dehydrogenase
complex, E1
component:
pdhB pdhA

methylmalonate-
semialdehyde
dehydrogenase,
putative: CC2274

tRNAGlu

8-amino-7-
oxononanoate

2-keto-
myo-inositol

gamma-
glutamyl
phosphate
reductase: proA

C-O-P bond
3’ to AP site

in DNA intact

D-ribose-5-
phosphate

UDP-N-
acetyl-D-

glucosamine

a ribonucleoside
diphosphate

trans-2-enoyl-CoA

ferrocytochrome c

CC0426

methionyl-
tRNA

synthetase:
metG

oxoadipate
CoA-
transferase:
pcaJ pcaI

[acyl carrier protein]

oxaloacetate

vanillate O-
demethylase:
vanA vanB

bacitracin
resistance
protein: bacA

1-acyl-sn-
glycerol-3-
phosphate
acyltransferase:
CC2219

D-glyceraldehyde-
3-phosphate

myo-inositol

isovaleryl-CoA

an alpha-D-
glucuronoside

gluconate

fructose-1,6-bisphosphate

L-threonine

L-1-glycero-3-
phosphocholine

6-aminohexanoate
linear dimer

2,3,4,5-
tetrahydropyridine-
2-carboxylate N-
succinyltransferase:
dapD

N-acetylglucosamine ,
N-acetylmannosamine

and N-acetylneuraminic
acid dissimilation

benzoate

isocitrate

urocanate
hydratase: hutU

UDP-N-acetylmuramoyl-
L-alanyl-D-

glutamyl-meso-2,6-
diaminoheptanedioate-

D-alanyl-D-alanine

alpha-D-glucose-
6-phosphate

KDO2-lipid A,
cold adapted

D-fructose-
6-phosphate

CTP

L-phenylalanine

L-lysine 2,3-
aminomutase,
putative: CC0716

protoheme
IX farnesyl
transferase: coxE

uridine

mannose-6-
phosphate

isomerase: manA

glycerol-3-
phosphate

acyl-CoA
synthetase: CC1165

diaminopimelate
decarboxylase: lysA

L-methionine

phosphoenolpyruvate

N-carbamyl-
L-amino acid
amidohydrolase:
amaB

dienelactone
hydrolase
family protein:
CC2358

phosphoryl-
choline

pyruvate

superpathway
of aspartate

and asparagine
biosynthesis;

interconversion
of aspartate

and asparagine.

alpha-D-galactose

nucleoside
diphosphate kinase: ndk

UDP-3-O-(3-
hydroxymyristoyl)

glucosamine

gluconate 5-
dehydrogenase:
gno

3-deoxy-D-manno-
octulosonic-acid
transferase: kdtA

formyltetrahydrofolate
deformylase: purU

chorismate

tRNA
containing
queunine

malonyl
CoA-acyl
carrier protein
transacylase:
fabD

C-O-P bond
3’ to AP site

in DNA is
broken. 3’-

terminal
unsaturated
sugar and a
product with
a terminal

5’-phosphate

isocitrate

5-amino-6-(5’-
phosphoribosylamino)

uracil

inosine-5’-
monophosphate
dehydrogenase:
guaB

pyruvate

3-phosphoglycerate

4-hydroxy-2-oxoglutarate
aldolase/2-deydro-3-
deoxyphosphogluconate
aldolase: eda

coenzyme B12

L-aspartyl-
tRNAasp

3-phosphoglycerate

D-ribose-5-
phosphate

a 2-lysophosphatidylcholine

acetyl-CoA

H2O

carbamoyl-L-aspartate

homocysteine

phosphoribosylaminoimidazole-
succinocarboxamide synthase: purC

BCCP-
biotin-CO2

trans-3-
methylglutaconyl-

CoA

thiamine

deoxyuridine

glycerol-3-phosphate

malate

glutamyl-
tRNA

synthetase:
gltX

alpha-D-
mannose 1-
phosphate

phosphoenolpyruvate
carboxylase: ppc

succinyl-CoA

undecaprenol

L-isoleucyl-
tRNAile

phosphoenolpyruvate

2-amino-4-oxo-
6-(erythro-1’,2’,3’-

trihydroxyprolyl)-7,8-
dihydroxypteridine

triphosphate

lysophospholipase
L2, putative: CC1734

enoyl-(acyl-
carrier-
protein)

reductase: fabI

thiolase
family protein:
CC3462

nucleoside
diphosphate
kinase: ndk

5-amino-6-(5’-
phosphoribitylamino)

uracil

cytosol
aminopeptidase:
pepA

vanillate

5-dehydro-
2-deoxy-D-

gluconate
6-phosphate

tRNAtyr

[+ 2 isozymes]

2-keto-3-
methyl-
valerate

urate

a deoxynucleotide

phosphoribosyl-ATP
pyrophosphatase:
hisE

BCCP-biotin

hydroxymethylbilane

superpathway of citrulline metabolism

undecaprenyl
diphosphate
synthase: uppS

N5-carboxyaminoimidazole
ribonucleotide

2-C-methyl-D-
erythritol-2,4-

cyclodiphosphate

riboflavin
synthase, beta
subunit: ribH

10-formyl-
H4PteGlun

L-valine

L-valyl-
tRNAval

cyclohexadienyl
dehydrogenase: tyrA

phosphoribosylglycinamide
formyltransferase: purN

2-oxobutanoate

5-hydroxyisourate

protein-glutamate
methylesterase:
cheB

dihydrolipoamide

Na+

superpathway of glycolysis, pyruvate dehydrogenase, TCA, and glyoxylate bypass

D-glyceraldehyde-
3-phosphate

glutamate
racemase,
putative:
CC3703

AceF

aspartate
aminotransferase: asp

periplasmic
phosphoanhydride
phosphohydrolase:
appA

UDP-N-
acetylglucosamine
pyrophosphorylase:
glmU

3-phosphoglycerate

acetyl/
propionyl-CoA
carboxylase,
alpha
subunit: bccA

AccB

glucosamine-1P

[+ 5 isozymes]

a protein
L-beta-
aspartate

methyl ester

acetolactate
synthase: ilvN ilvB

an alcohol

acetate

alanine
racemase: alr

acetyl-CoA

dihydropteroate
synthase: folP

CycZ

3-phytase,
fusion,
putative:
CC1295

UDP-N-acetyl-
D-glucosamine

L-threonyl-
tRNAthr

aspartate
aminotransferase: asp

phenylalanine-4-
hydroxylase: phhA

siroheme
synthase: cysG

peptide
methionine
sulfoxide
reductase:
msrA

protein-L-
glutamate-
O4-methyl-

ester

chorismate mutase,
putative: CC2222

oligopeptide

D-arabinose
5-phosphate

phosphoenolpyruvate

lactaldehyde

phosphoenolpyruvate-
protein
phosphotransferase: ptsI

L-ornithine

tRNA containing 5-
methylaminomethyl-

2-thiouridylate

[+ 2 isozymes]

AMP
nucleosidase: amn

ornithine
decarboxylase,
putative: CC0360

adenylo-
succinate

a protein L-
methionine

UDP-N-
acetylglucosamine
pyrophosphorylase:
glmU

tRNA
pseudouridine
synthase:
truA truB

GlnA

phosphoenolpyruvate

Riboflavin
biosynthesis
protein
RibF: ribF

2-phosphoglycerate

AMINOACYL-
PEPTIDE

3-deoxy-
D-manno-

octulosonic-
acid

transferase:
kdtA

deamido-NAD

phosphonate

pyruvate
kinase: pyk

a glycol

a protein
tyrosine

prephenate

lactoylglutathione
lyase, putative:
CC1933

aconitate hydratase 1: acnA

L-glutamate

cyclopropane-
fatty-acyl-
phospholipid
synthase: cfa

cis-delta3-
decenoyl-ACP

isobutyryl-CoA

Dodecenoyl-CoA
delta-isomerase: fadB

glutamate
synthase: gltB gltD

NADH

deoxycytidine

cytidine
deaminase: cdd

acetyl-CoA

[+ 2 isozymes]

enolase: eno

3-oxoadipate enol-
lactone hydrolase/4-
carboxymuconolactone
decarboxylase: pcaL

pyruvate
phosphate
dikinase: ppdK

dUTP

phosphoenolpyruvate

octanoate

histidinal

3-deoxy-D-manno-
octulosonic-acid
transferase: kdtA

L-glutamate

colanic acid building
blocks biosynthesis

proline
degradation I

D-lactate

OXIDIZED
RUBREDOXIN

4-hydroxybenzaldehyde

E-pyridine-
3-aldoxime

N-acetylglutamyl-
phosphate

riboflavin

electrotransfer
ubiquinone
oxidoreductase,
putative: CC1334

(3R)-
hydroxymyristoyl-
(acyl-carrier-protein)
dehydratase: fabZ

a DNA adenine

diacetyl

a protein L-
beta-aspartate

[+ 10 isozymes]

L-serine
degradation

methylmalonate-
semialdehyde
dehydrogenase,
putative: CC2274

L,L-
diaminopimelate

5-amino-6-
ribitylamino-
2,4(1H,3H)-

pyrimidinedione

L-tyrosine

L-lysine

SO42-

[+ 2 isozymes]

UDP-glucose 4-
epimerase: galE

[+ 2 isozymes]

2,5-dichloro-2,5-
cyclohexadiene-
1,4-diol
dehydrogenase:
linX

5-phosphoribosyl
1-pyrophosphate

an alcohol

Valine--pyruvate
aminotransferase:
CC2162

ribonucleoside-
diphosphate
reductase, alpha
subunit: nrdA

3-deoxy-
D-manno-

octulosonate

spermidine
putrescine

UDP-N-
acetylmuramoyl-

L-alanyl-
D-glutamate

tetraacyldisaccharide
4’-kinase: lpxK

ubiquinone-8

protocatechuate

UTP--glucose-
1-phosphate
uridylyltransferase:
galU

hypoxanthine

isocitrate lyase: aceA

formate

p-hydroxybenzoate
hydroxylase: pobA

acetoacetyl-
ACP

D-erythrose-
4-phosphate

malonyl-CoA

BCCP-biotin

protocatechuate
3,4-dioxygenase:
pcaG pcaH

deoxyguanosinetriphosphate
triphosphohydrolase,
putative: CC2008

6-phospho-
D-gluconate

glucono-
delta-lactone

3-phosphoglycerate

a protein
with oxidized

disulfide bonds

ADP-L-
glycero-

D-manno-
heptose

tRNAtrp

ETF oxidized

citrate synthase: CC3643

ferrochelatase: hemH

UDP-glucose 4-
epimerase: galE

3-ureidopropionate

2-keto-3-
deoxy-6-
phospho-
gluconate

glycine

CC0614

L-glutamate

an aldehyde

triosephosphate isomerase: tpiA

ribosomal-
protein-alanine
acetyltransferase,
putative: CC3397

[Co-E]

adenosyl-
cobyrate

L-lysyl-
tRNAlys

phosphoenolpyruvate
carboxylase: ppc

superpathway of oxidative
and non-oxidative branches

of pentose phosphate pathway

2-aceto-2-
hydroxy-butyrate

a purine base

pyruvate

deoxyguanosine

a glycerophosphodiester

cytidine
deaminase:
cdd

predicted ATP
transporter
of cystine

phosphoglycerate kinase: pgk

L-aspartate

Acetyl-CoA C-
acyltransferase: CC0077

orotidine 5’-phosphate
decarboxylase: pyrF

3-deoxy-D-manno-
octulosonate 8-P

histidinol-phosphate
aminotransferase,
putative: CC1071

acetoin
dehydrogenase
E2 component,
putative: CC2395

isocitrate lyase: aceA

oligopeptide

menaquinone-8

D-fructose-
6-phosphate

arsenate
reductase: arsC

poly A
polymerase
family protein:
CC0408

acyl-CoA
thioesterase
I: tesA

[+ 18 isozymes]

asparaginase family
protein: CC0097

homoserine O-acetyltransferase,
putative: CC0525

phosphoenolpyruvate

N6’-
acetylkanamycin-B

glutamate 5-
kinase: proB

beta-D-glucose-
6-phosphate

1-deoxy-D-
xylulose 5-
phosphate

GMP
synthase: guaA

4-amino-4-
deoxychorismate

triosephosphate
isomerase: tpiA

biotin
biosynthesis I

acetyl-CoA

2-methylacetoacetyl-
CoA

4-oxohex-
2-enedioate

beta-alanine

pyrophosphate

fructose

phosphoglycerate
kinase: pgk

an acid

[+ 2 isozymes]

Protein-
S-methyl-
L-cysteine

L-alanine

D-fructose-
6-phosphate

GDP-mannose metabolism

L-3-
aminobutyryl-

CoA

formaldehyde

glutamine
synthetase
family protein:
CC3138

pyruvate

L-glutamate

2-phosphoglycerate

D-ribose-5-
phosphate

Riboflavin
biosynthesis
protein
RibF: ribF

[+ 4 isozymes]

phenylpyruvate

threonine
dehydratase: CC3105

serine and
glycine

biosynthesis

acetyl-CoA

isovaleryl-CoA
dehydrogenase: ivd

cytidine and
deoxycytidylate
deaminase family
protein: CC0231

2’-deoxyribonucleoside
triphosphate

D-fructose-
6-phosphate

p-hydroxybenzoate

L-methionine

glyoxylate

phenylpyruvate

pyruvate

L-valine

carbamoyl-
phosphate

[+ 4 isozymes]

S-2-methyl-
butyryl-CoA

pyruvate

KDO2-lipid A

2,3-dihydroxy-
3-methylvalerate

1,2-
dichloroethane

degradation
pathway

UDP-N-
acetyl-D-

glucosamine
biosynthesis

N-acetylglucosamine-
6-phosphate
deacetylase: nagA

indole-3-glycerol-
phosphate

dihydrouracil

an oxidized
flavodoxin

alpha-D-
galactose 1-
phosphate

an aryl alcohol

tRNA (5-
methylaminomethyl-
2-thiouridylate)-
methyltransferase: trmU

a D amino acid

glycine
degradation III

a protein
tyrosine

phosphate

ribonuclease
PH: rph

predicted ATP
transporter

of phosphate

UTP

2,5-dihydro-
5-oxofuran-

2-acetate

nucleoside
diphosphate
kinase: ndk

alpha-ketoglutarate

PstS

2-carboxy-
2,5-dihydro-
5-oxofuran-

2-acetate

endonuclease
III: nth

GDP-D-mannose

prephenate
dehydratase: pheA

1,3-diphosphateglycerate

a semiquinone

N-acetyl-D-
glucosamine-
6-phosphate

tryptophan synthase,
alpha subunit: trpA

NhaA

imidazoleglycerol-
phosphate
dehydratase: hisB

NO3-

3-hydroxy-
isobutyrate

2-phosphoglycolate

(3S)-3,6-
diaminohexanoate

2,5-diamino-6-
(ribosylamino)

-4-(3H)-
pyrimidinone
5’-phosphate

putrescine
biosynthesis III

siroheme
synthase: cysG

D-glutamate

gluconolactonase: gnl

inosine-
uridine
preferring
nucleoside
hydrolase:
iunH

aspartate
aminotransferase: asp

2-C-methyl-
D-erythritol-
4-phosphate

aspartate-
semialdehyde
dehydrogenase: asd

aspartate
aminotransferase: asp

thymidylate
kinase: tmk

tRNAala

UDP-N-
acetylmuramoylalanyl-
D-glutamate--2,6-
diaminopimelate
ligase: murE

glycerol

UDP-N-acetyl-
D-glucosamine

[+ 2 isozymes]

1,3-diphosphateglycerate

phosphoribosylglycinamide
formyltransferase: purN

2-dehydro-3-
deoxygluconokinase:
kdgK

ubiquinone/
menaquinone
biosynthesis
methlytransferase
UbiE: ubiE

tRNAile

malonate
semialdehyde

superpathway
of arginine and

ornithine degradation

alpha-
ketoglutarate

deoxyadenosine

cardiolipin

(NUCLEOTIDE)
(M+N)

beta-
ketoacyl-ACP

UDP-galactose

L-isoleucine

L-3-hydroxyacyl-CoA

glucono-
delta-lactone

NADH
dehydrogenase
I: nuoA nuoB
nuoC nuoD nuoE
nuoF nuoG nuoH
nuoI nuoJ nuoK
nuoL nuoM nuoN

superpathway of lysine, threonine
and methionine biosynthesis

2-keto-4-
methyl-

pentanoate

mannose-
6-phosphate

GDP-D-
mannose

gluconate

[eIF-5A]-
deoxyhypusine

deoxyribodipyrimidine
photolyase - classI: phr

chorismate

CDP

3-oxoadipate enol-
lactone hydrolase/4-
carboxymuconolactone
decarboxylase: pcaL

UDP-N-
acetylgalactosamine

biosynthesis

coproporphyrinogen III

S-adenosylmethionine
synthetase: CC0050

HCO3-

formylTHF biosynthesis I

coproporphyrinogen III
oxidase, aerobic: hemF

asparaginase
family protein:
CC0576

dihydroxy-acetone-phosphate

ADP

a ubiquinone

D-alanine-
-D-alanine
ligase B: ddlB

N2-succinyl-
L-arginine

4-carboxyaminoimidazole
ribonucleotide

acetyl-CoA

[+ 2 isozymes]

gamma-
glutamyltransferase: ggt

5-amino-levulinate

pyruvate

oxaloacetate

inosine

1,4-alpha-
D-glucan

NADH
dehydrogenase: nox

1,4-alpha-
D-glucan

GDP-D-
mannose

adenosylcobinamide-P

FolC
bifunctional
protein: folC

3-isopropylmalate
dehydrogenase: leuB

fructokinase:
cscK

5,10-
methenyl-THF

a carboxylate

siroheme
synthase: cysG

cobalamin biosynthesis I

glycerol-3-
phosphate
dehydrogenase
(NAD+): gpsA

pyridoxine-
5’-phosphate

2-octaprenyl-3-
methyl-6-methoxy-
1,4-benzoquinone

glutamine
amidotransferase,
class I: CC1897

malate synthase: aceB

aspartate
transcarbamoylase,
pyrC’ subunit: pyrC‘

reduced
rubredoxin

4-maleyl-
acetoacetate

3-isopropylmalate

N-substituted
aminoacyl-

tRNA

enterobactin
biosynthesis

ribulose-
phosphate 3-
epimerase: rpe

argininosuccinate
synthase: argG

isoquinolin-
12H-one

histidyl-tRNA
synthetase:

hisS

dimethylbenzimidazole

[+ 2 isozymes]

methylglyoxal

BCCP-
biotin-CO2

long chain
polyphosphate

aconitate hydratase 1: acnA

2-acetolactate

inorganic
pyrophosphatase: ppa

XMP

N-(5’-phosphoribosyl)
-anthranilate

acetoacetyl-
CoA

1-octanal

cystathionine

succinyl-CoA

L-tryptophan

2-pyrone-4,6-
dicarboxylate

indole-3-
glycerol-

phosphate

2-amino-4-
hydroxy-6-

hydroxymethyl-7,8-
dihydropteridine

diphosphate

O-acetyl-
L-serine

NAD+

D-alanine

N-acetyl-D-
glucosamine-
6-phosphate

trans-delta2-
decenoyl-ACP

3-ketoacyl-CoA

UDP-N-
acetylgalactosamine

Purines
allantoin

uracil
cytosine

thiamine

Enoyl-CoA
hydratase:
CC1352

RNA

cysteine
synthase: cysB

1,4-alpha-
D-glucan

malate dehydrogenase: mdh

glutamate 5-
kinase: proB

N10-
formyl-THF

L-glutamate

2-keto-
isovalerate

glycerol-3-
phosphate
dehydrogenase
(NAD+): gpsA

5-dehydro-
4-deoxy-D-
glucuronate

L-tyrosine

UDP-galactose

beta-alanine

methylmalonate-
semialdehyde
dehydrogenase,
putative: CC1302

menaquinol

mannitol 2-
dehydrogenase:
mtlK

argininosuccinate
lyase: argH

L-glutamate

phosphoglycerate
mutase: gpm

ferricytochrome c

UDP-3-O-3-
hydroxymyristoyl
glucosamine N-
acyltransferase: firA

ketol-acid
reductoisomerase: ilvC

L-histidinetryptophan synthase,
beta subunit: trpB

O-phospho-
L-homoserine

3-hydroxy-3-
methylglutarate-
CoA lyase: mvaB

ubiquinone-8

D-lactate

an alcohol

glutathione
biosynthesis

acyl-CoA

transketolase
I: tktA

pterin-4-alpha-
carbinolamine
dehydratase:
CC0245

beta-
ketoadipate

delta3-
isopentenyl-PP

deoxyribose-
5-phosphate

NADPH

D-sedoheptulose-
7-phosphate

phenylalanine
degradation I

D-fructose-
6-phosphate

phosphoglucomutase/
phosphomannomutase
family protein: CC0117

pyruvate

methylglyoxal
degradation

removal of
superoxide radicals

homoserine

S-succinyl-
dihydrolipoamide

enolase: eno

myo-inositol 2-
dehydrogenase:
idhA

myo-inositol

1,3-diphosphateglycerate

anthranilate
phosphoribosyltransferase: trpD

methylerythritol
phosphate pathway

malate
dehydrogenase: mdh

nicotinate
nucleotide

(deoxy)ribose phosphate degradation

branched-chain
amino acid
aminotransferase: ilvE

2-keto-3-
methyl-valerate

1-deoxy-D-
xylulose 5-
phosphate

3-deoxy-manno-
octulosonate
cytidylyltransferase:
kdsB

L-aspartate

glutathione
disulfide

succinate

3-phosphoglycerate

APS

glutamine
synthetase PII

cobyric acid
synthase: cobQ

aspartate
racemase: asp

cytidine

protoheme

D-fructose-
6-phosphate

superpathway of phenylalanine,
tyrosine and tryptophan biosynthesis

aspartate-
semialdehyde
dehydrogenase: asd

acetylphosphate

5-methyltetrahydrofolate-
-homocysteine
methyltransferase: CC2138

S-lactoyl-
glutathione

adenylosuccinate
synthetase: purA

D-ribulose-
5-phosphate

L-arginino-
succinate

2-oxoglutarate
dehydrogenase:
sucA sucB lpdA

homocysteine

(5-L-glutamyl)
-L-peptide

guanosine-3’,5’-
bis(diphosphate) 3’-
pyrophosphohydrolase: spoT

prephenate

3-methylcrotonyl-
CoA

serine-isocitrate
lyase pathway

thioredoxin
pathway

HX

dihydro-
neo-pterin

glyoxylate

tetraacyldisaccharide
4’-kinase: lpxK

p-cumic
aldehyde

D-amino
acid oxidase
family protein:
CC2329

(5-L-
glutamyl)-L-
amino acid

5,10-
methylenetetrahydrofolate
reductase: metF

3-dehydro-
shikimate

thiG
protein: thiG

L-tyrosine

hisF protein
(cyclase): hisF

succinate

UDP-glucose 6-
dehydrogenase:
ugd

L-glutamate-
5-phosphate

L-phenylalanine

2-phosphoglycerate

IMP

2-keto-4-methyl-
pentanoate

5,10-
methylene-

THF

pantothenate and
coenzyme A biosynthesis

L-isoleucine

deoxyhypusine
synthase,
putative: CC0359

AccB

[+ 3 isozymes]

dihydroxy-
acetone-phosphate

nucleoside
diphosphate
kinase: ndk

3-carboxy-
cis,cis-

muconate

L-glutamate

H+

UDP-galactose

an alkylhydroperoxide

AceF

1,2-
diacylglycerol

thiolase
family protein:
CC3462

D-3-
hydroxyacyl-

CoA

threonine
dehydratase: CC3105

3-oxoadipate enol-
lactone hydrolase/4-
carboxymuconolactone
decarboxylase: pcaL

cobinamide

ammonia

L-seryl-
tRNAser

L-aspartate-
semialdehyde

2-phosphoglycerate

phosphoglycerate
mutase family
protein: CC1351

nicotinamide
riboside

oxaloacetate

protein-L-
glutamate

UDP-glucose 6-
dehydrogenase:
ugd

1-acyl-sn-
glycerol-3P

KDO2-lipid IVA

NH(4)OH

acyl-CoA

beta-
ketoadipyl-
CoA
thiolase: pcaF

phosphomethylpyrimidine
kinase: thiD

5,10-
methylenetetrahydrofolate

reductase: metF

phosphoribosylaminoimidazolecarboxamide
formyltransferase/IMP cyclohydrolase: purH

a deoxynucleotide

thiamine-phosphate
pyrophosphorylase: thiE

3-octaprenyl-4-
hydroxybenzoate
carboxy-lyase: ubiX

dethiobiotin

oxaloacetate

(3R)-
hydroxymyristoyl-

(acyl-carrier-protein)
dehydratase: fabZ

3-oxoacyl-
(acyl-carrier-

protein)
synthase

III, putative:
CC1442

delta-
aminolevulinic acid
dehydratase: hemB

phosphoribosylformylglycinamidine
cyclo-ligase: purM

histidinol

ATP

L-histidine

3-METHYL-
BUTANOYL-

DIHYDROLIPOYL-E2

amidophosphoribosyltransferase: purF

glutaminesyn-
oligomer

homoserine O-
acetyltransferase,
putative: CC0525

L-valine

a fatty acid

acetylornithine
aminotransferase:
argD

5-phospho-
beta-D-

ribosyl-amine

oxoadipate
CoA-
transferase:
pcaJ pcaI

L-glutamate

uroporphyrinogen
decarboxylase: hemE

haloalkane
dehalogenase,
putative: dhlA

ATP

L-aspartate

oxaloacetate

cis-aconitate

L-glutamate

a sugar

pyridoxine
kinase: pkxK

3-hydroxy-3-
methylglutarate-
CoA lyase: mvaB

beta-
ketoadipate

oxaloacetate

3-oxoadipate enol-
lactone hydrolase/4-
carboxymuconolactone
decarboxylase: pcaL

6-hydroxymethyl-
dihydropterin

dADP

pyrroline 5-
carboxylate

2,3-bis(3-
hydroxymyristoyl)

-beta-D-
glucosaminyl
1-phosphate

fructose

UDP-D-galacto-
1,4-furanose

UDP-glucose 4-
epimerase: galE

putrescine

ferrocytochrome c

UDP-3-O-(3-
hydroxymyristoyl)-

N-acetylglucosamine

CC3181

ferrochelatase: hemH

[eIF-5A]-
lysine

isoquinoline
phosphoglycerate
kinase: pgk

orotate
phosphoribosyltransferase: pyrE

D-glutamate

p-hydroxybenzoate

aspartokinase: ask

S-adenosyl-
L-methionine

CC0628

DNA
ligase, ATP-
dependent,
putative:
CC3610

A SUBSTITUTED
BETA-

AMINO ACID

ferulate

phosphoribosyl-
ATP

predicted ATP
transporter

of NO3-

benzyl-alcohol
dehydrogenase:
areB

tRNA
containing N1-
methylguanine

3-deoxy-D-
manno-octulosonate

beta-alanine

aspartate
racemase:
CC2033

L-phenylalanine

D-ribulose-
5-phosphate

porphobilinogen
deaminase: hemC

uracil

dTTP

adenosylmethionine-
8-amino-7-
oxononanoate
aminotransferase: bioA

[+ 2 isozymes]

2-aceto-2-
hydroxy-butyrate

UDP-N-
acetylmuramate

an amino acid

succinylarginine
dihydrolase: astB

L-serine
dehydratase:
sdaA

queuine

enolase: eno

fumarate

triosephosphate
isomerase: tpiA

pyridoxal
phosphate
biosynthetic
protein
PdxA: pdxA

pyruvate

L-1-phosphatidyl-
ethanolamine

a carboxylate

malonyl-ACP

a dicarboxylate

asparaginase
family protein:
CC0097

L-phenylalanyl-
tRNAphe

D-3-hydroxy-
acyl-ACP

4-(cytidine 5’-
diphospho)-2-C-

methyl-D-erythritol

chorismate
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