
N-acetyl-
glucosamine-
1-phosphate

pyrroline 5-
carboxylate

dATP

glutamine
biosynthesis I

dTTP

trna (guanine-n1)-
methyltransferase:
trmD

putative
phosphoprotein
phosphatase: ppp

1,4-alpha-
glucan
branching
enzyme: glgB

ATP

polyphosphate
kinase: ppk

a purine base

Probable cystathionine
gamma-synthase: metB

CO2

Probable
cyclophilin:
ppiB

dTDP-D-
fucosamine

maltotetraose

deoxyuridine
5’-triphosphate
nucleotidohydrolase: dut

L-lysine

dihydroxy-
acetone-

phosphate

L-tryptophan

precorrin-6y

Ornithine
carbamoyltransferase,

anabolic: argF

menaquinone
biosynthesis

Fumarate
reductase:
frdA frdB
frdC frdD

chorismate

L-serine

dihydroneopterin
triphosphate

Probable
propionyl-CoA
carboxylase:
accD2

probable geranylgeranyl
pyrophosphate synthetase
- Dimethylallyltransferase -
Geranyltranstransferase - 

Farnesyltranstransferase: idsB

2-oxobutanoate

coenzyme A
5-phosphoribosyl
1-pyrophosphate

acetyl-CoA

tRNAile

L-histidine

Probable
asparagine
synthetase:
asnB

MurX: murX

[+ 2 isozymes]

dTDP-D-
glucose

chorismate

GTP

a phosphatidylcholine

Probale ribose-
phosphate
pyrophosphokinase: prsA

Ca2+

1,3-diphosphateglycerate

triacylglycerol

formate

glycine

aminoacetone

tetrahydrothiophene

[+ 2 isozymes]

D-fructose-
6-phosphate

Probable 5-
methyltetrahydropteroyltriglutamate
homocysteine methyltransferase: metE

phosphoribosyl-
ATP

3-phosphoglycerate

Probable
nucleoside
diphosphate
kinase: ndkA

iminoaspartate

acetylphosphate

isocitrate
dehydrogenase:
icd2

1-deoxy-D-
xylulose 5-
phosphate

probable
folylpolyglutamate
synthase: folC

Probable succinyl-
diaminopimelate
desuccinylase: dapE

L-asparagine

Nicotinate-nucleotide-
dimethylbenzimidazole
phosphoribosyltransferase: cobT

Probable histidinol-
phosphate
aminotransferase:
hisC2

NO2-

D-fructose-
6-phosphate

beta-D-glucose

guanosine-5’-
triphosphate,3’-
diphosphate
pyrophoshatase:
Rv1026

L-arginino-
succinate

octanoyl-CoA

Precorrin-3B C17-
methyltransferase: cobI

D-glucono-
delta-lactone-
6-phosphate

probable
PHOSPHOSERINE
PHOSPHATASE: serB

ornithine
decarboxylase: adi

4-amino-4-
deoxychorismate
lyase: pabC

Probable
cobalamin (5’-

phosphate)
synthase: cobS

Probable 5-
methyltetrahydropteroyltriglutamate
homocysteine methyltransferase: metE

4-alpha-
glucanotransferase:
Rv1781c

Glucose-6-phosphate
1-dehydrogenase: zwf2

CO2

gluconeogenesis

acyl-CoA

propionyl-CoA

Probable chorismate
synthase: aroF

antibiotic

probable histidinol-
phosphate
aminotransferase: hisC

cyanate
degradation

probable
mannose-6-
phosphate
isomerase:
manA

GDP-4-
dehydro-6-L-
deoxygalactose

galactose-1-
phosphate
uridylyltransferase:
galT’

hypothetical protein
Rv0728c: Rv0728c

Probable isocitrate
lyase: aceAb aceAa

L-alanine

nicotinate

galactokinase:
galK

5,10-methenyl-THF

N-acetyl-gamma-
glutamyl-phosphate

reductase: argC

MshD: Rv0819

Transaldolase: tal

ribonucleotide:
nrdG nrdF nrdE

Probable utp-
glucose-1-phosphate

uridylyltransferase:
galU

enoyl-[acyl-
carrier-protein]
reductase: inhA

cytosine

cystathionine

phosphoenolpyruvate

Probable quinone
oxidoreductase: qor

UMP

Probable
cystathionine
gamma-
synthase: metB

pyruvate

UPD-glucose-
4-epimerase:
cpsY

inosine-5’-
monophosphate
dehydrogenase:
guaB2 guaB3

Probable utp-
glucose-1-phosphate
uridylyltransferase:
galU

(S)-methyl-
malonyl-CoA

probable 5’-
phosphoribosyl-5-
aminoimidazole
synthetase: purM

phosphoenolpyruvate

delta-
aminolevulinic
acid dehydratase:
hemB

peptidylproline
(omega 180)

Probable alpha-
isopropyl malate
synthase: leuA

succinate

methylmalonate-
semialdehyde

UDP-N-
acetylmuramoyl-

L-alanyl-
D-glutamate

ethanol
degradation

Probable
maltooligosyl
trehalose
synthase: glgY

L-phenylalanine

N2-
succinylglutamate

nicotinamide

a peptide

UDP-N-
acetyl-D-

glucosamine

R-4’-
phosphopantothenoyl-

L-cysteine

Probable phosphomannomutase: pmmB

Probable
Enoyl-CoA
hydratase:
echA15

CO2

[+ 2 isozymes]

L-glutamate

N2-succinyl-
L-glutamate 5-
semialdehyde

precorrin-3B

UDP

probable
sulfatase: atsB

peptidoglycan and lipid
A precursor biosynthesis

2,5-diamino-6-
(ribosylamino)

-4-(3H)-
pyrimidinone
5’-phosphate

alanine
degradation I

coenzyme A

cplx1g1g-4613

Probable
phosphomannomutase:
pmmB

Probable
Phosphopantetheine
adenylyltransferase: kdtB

D-ribose-5-
phosphate

asparagine
degradation I

propionyl-CoA

2-keto-3-
methyl-
valerate

C-O-P bond
3’ to AP site

in DNA is
broken. 3’-

terminal
unsaturated
sugar and a
product with
a terminal

5’-phosphate

possible
trehalose-6-
phosphate
phosphatase:
otsB2

Probable
glycyl-trna
synthetase:

glyS

L-1-phosphatidyl-
ethanolamine

pyruvate,
phosphate
dikinase: ppdK

carbamoyl-L-aspartate

D-alanine

Probable 3-OXOACYL-[ACYL-
CARRIER PROTEIN] REDUCTASE: fabG4

BCCP-biotin

glutathione
redox

reactions II

chorismate

FdxA

L-tryptophan

an alcohol

Probable glutamate-
ammonia-ligase
adenylyltransferase:
glnE

3-ketoacyl-CoA

RH

indole-3-
pyruvate

probable class
II glutamine
synthetase:
glnA2

L-valyl-
tRNAval

L-2,3,4,5-
tetrahydrodipicolinate

proline
biosynthesis I

AccB

Possible prephenate
dehydratase: pheA

probable
phosphoserine
aminotransferase: serC

alpha-ribazole

L-glutamate

a protein

ureidoglycine

Probable
citrate
lyase beta
chain: citE

hydrogenobyrinate
a,c-diamide

Probable
enolase: eno

histidine
biosynthesis I

NADPH

Probable
aconitate

hydratase: acn

pyrazinamidase:
pncA

N-acetyl-
L-glutamate

probable
UDP-glucose
dehydrogenase:
udgA

L-methionine

deoxyribose-
phosphate
aldolase: deoC

aspartate
aminotransferase:
aspC

arginine biosynthesis I

2-keto-
isovalerate

BCCP-biotin-CO2

O-acetyl-
L-serine

Precorrin-3B C17-
methyltransferase: cobI

phenylpyruvate

2-keto-3-
methyl-
valerate

1-acyl-sn-
glycerol-3P

UDP-N-
acetyl-D-

glucosamine

N-succinyl-
2-amino-6-
ketopimelate

glycine
degradation I

undecaprenyl N-acetyl-
glucosaminyl-N-acetyl-

mannosaminuronate-
4-acetamido-4,6-

dideoxy-D-galactose
pyrophosphate

1-amino-
propan-

2-one-3-
phosphate

L-gamma-
glutamylcysteine

Phosphate
acetyltransferase: pta

thymidylate
synthase: thyA

inosine-5’-
monophosphate
dehydrogenase:
guaB1

probable serine
hydroxymethyltransferase: glyA

enoyl-[acyl-carrier-
protein] reductase: inhA

urea

Probable
cytochrome
C oxidase
assembly
factor: ctaB

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

-5-aminoimidazole

dimethylbenzimidazole

L-proline

trans-delta2-
decenoyl-CoA

D-glyceraldehyde-
3-phosphate

3-phosphoglycerate

alpha-D-
galactose 1-
phosphate

L-arginino-
succinate

Probable
phosphoglucomutase or
phosphomannomutase: mrsA

Phosphoglycerate
kinase: pgk

thymidine

D-ribose

hydroxymethylpyrimidine
phosphate

D-erythro-
imidazole-
glycerol-

phosphate

GDP

L-threonine

[+ 5 isozymes]

D-sedoheptulose-
7-phosphate

Probable thiol
peroxidase: tpx

phosphoenolpyruvate

L-tyrosine

Probable
phosphoribosylformimino-
5-aminoimidazole
carboxamideribotide
isomerase: hisA

cytidine

probable
pyruvate
kinase: pykA

alkaline
phosphatase
synthesis
transcription
regulatory
protein: phoP

S-adenosylmethionine
synthetase: metK

acetyl-CoA

aspartate
biosynthesis

and degradation

a protein

uroporphyrin-iii c-
methyltransferase:
cysG

dihydroxy-acid
dehydratase: ilvD

E2P-S-acetyldihydrolipoate

adenosylcobinamide

L-phenylalanine

ribosomal-
protein-alanine
acetyltransferase:
rimJ

alanine racemase: alr

probable
isochorismate
synthase: entC

5-aminoimidazole
ribonucleotide

dethiobiotin

3-hydroxyisobutyrate
dehydrogenase:
Rv0770

alpha-D-
mannose 1-
phosphate

L-aspartate

ATP

1-acylglycerol-
3-phosphate O-
acyltransferase:
Rv2483c

a nucleoside
monophosphate

putative cystein synthase: cysM3

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

diaminopimelate

Probable glucose-
6-phosphate 1-
dehydrogenase: zwf

Probable
glycerol
kinase: glpK

1-acylglycerol-
3-phosphate O-
acyltransferase: Rv2483c

acetyl-ACP

superoxide
dismutase:

sodC

dCDP

hydroxymethylpyrimidine

NADPH

AMP

NADH

L-threonine

3-hydroxybutyryl-
CoA

a tRNA

mannose

hypoxanthine

flavonoid
biosynthesis

acetyl-CoA

glutamate
degradation IV

ribose-1-
phosphate

acetyl-CoA

glycine

L-glutamate

Phosphate
acetyltransferase: pta

H2S

Probable
pantothenate
kinase: coaA

acetyl-CoA

Probable 5-
methyltetrahydropteroyltriglutamate
homocysteine methyltransferase: metE

histidinal

tRNAphe

an aryl alcohol

probable histidinol
dehydrogenase:
hisD

L-aspartate

RH

phosphoribosylaminoimidazole-
succinocarboxamide synthase: purC

Threonine
synthase: thrC

Probable
phosphoglucomutase or
phosphomannomutase: mrsA

O-acetyl-L-serine

deoxyribose-
1-phosphate

FMN

glycerol-3-
phosphate

probable NADH
DEHYDROGENASE:
Rv0392c

pyruvate

an N-
acetoxyarylamine

[+ 2 isozymes]

UDP-D-
galacto-

1,4-furanose

S-2-methyl-
butyryl-CoA

Branched-chain-
amino-acid
transaminase: ilvE

glycerol-3-
phosphate

dehydrogenase:
glpD2

probable
tryptophanyl

tRNA
synthetase: trpS

L-isoleucine

adenosyl-cobyrate

formate

glycine
betaine

UDP-N-
acetylmuramoyl-

L-alanine

L-threonine 3-
dehydrogenase:
adhE2

UDP-D-
glucuronate

2,5-dichlorohydroquinone

homoserine

Probable ornithine
aminotransferase:
rocD2

alpha-D-
galactose

N-acetyl-L-ornithine

acetate

oleoyl-ACP

aspartate
aminotransferase:
aspC

cardiolipin

Probable
cystathionine
gamma-
synthase: metB

Phosphofructokinase: pfkA

Probable homoserine
o-acetyltransferase:
metA

5-oxoprolyl-
peptide

serine
hydroxymethyltransferase: glyA2

Probable udp-n-
acetylglucosamine
pyrophosphorylase:
glmU

homocysteine

CDP

long chain
polyphosphate

D-4’-
phosphopantothenate

Biotin sulfoxide
reductase: bisC

thiamin-
monophosphate
kinase: thiL

L-aspartate

methanethiol

pyruvate
dehydrogenase
e1 component:
pdhA pdhB

carbamoyl-
phosphate

Probable
ribokinase: rbsK

coenzyme A

S-aminomethyldihydrolipoyl-
GcvH

exodeoxyribonuclease
V: recD recB recC

alpha-D-
glucose 1-
phosphate

precorrin-6x

pyruvate
fermentation

to acetate

L-4-hydroxy-
proline

malonyl-CoA

5,10-
methylene-

THF

[+ 17 isozymes]

L-3-hydroxyacyl-CoA

glyoxylate

Probable histidinol-
phosphate
aminotransferase: hisC2

aspartate
biosynthesis II

dna-
directed rna
polymerase:
rpoB rpoC

tiglyl-CoA

isobutyryl-CoA

probable
phosphoglycerate
mutase 2: Rv2419c

EpiA: epiA

NAD+

RNA

mercuric
reductase: lpdB

phosphoenolpyruvate

an N-
acetoxyarylamine

C4-
dicarboxylate

succinate

UTP

L-alanyl-
tRNAala

2-phosphoglycerate

alpha-
ketoglutarate

Muconolactone
delta-isomerase:
Rv0316

Phosphate
acetyltransferase: pta

pyruvate dehydrogenase
e1 component: pdhA pdhB

probable
diaminopimelate
epimerase: dapF

coumaroyl-
CoA

a dicarboxylate

Carbamoyl-phosphate
synthase: carA

S-adenosyl-
L-methionine

L-phenylalanine

adenylosuccinatesynthetase: purA

probable
cytochrome:
cydB appC

PitA

Hg0

oxaloacetate

deoxyinosine

putative
carbonic
anhydrase:
Rv3588c

probable 3-
hydroxyisobutyrate
dehydrogenase -
methylmalonate
semialdehyde
dehydrogenase: mmsB

6-phosphogluconate
dehydrogenase: gnd

L,L-diaminopimelate

Argininosuccinate
synthase: argG

2-keto-4-methyl-
pentanoate

a tRNA

deoxyuridine

Probable
alanyl-trna
synthetase:

alaS

fatty acid oxidation pathway I

NicT

D-sedoheptulose-
7-phosphate

pyruvate

aspartate
degradation II

Probable
acetyl-
coenzyme a
carboxylase
beta subunit:
accD3

protoporphyrinogen

D-fructose-
6-phosphate

phosphoenolpyruvate
carboxykinase: pckA

oxaloacetate

reduced
acceptor

reduced
acceptor

Probable
phosphomannomutase:
pmmA

probable
PHOSPHOMETHYLPYRIMIDINE
KINASE: thiD

CDP

Probable
succinyl-coa
synthetase:
sucC sucD

L-aspartate

S-adenosyl-
L-methionine

propionyl-CoA

[acyl carrier protein]

L-aspartate

probable
PHOSPHOSERINE
PHOSPHATASE: serB

meso-
diaminopimelate

galactose degradation I

citrulline
degradation

Probable
uroporphyrinogen
decarboxylase: hemE

hydrogen
cyanide

O-acetyl-L-
homoserine

gmp
synthase: guaA

3-phosphoshikimate
1-carboxyvinyl
transferase: aroA

Probable
methionine
synthase:

metH

Probable
riboflavin
synthase:
ribC ribH

RCl

delta3-
isopentenyl-PP

carbamoyl-
phosphate

1,4-alpha-
D-glucan

S-adenosyl-
homocysteine

O-succinylbenzoyl-
CoA

[+ 4 isozymes]

NadB: nadB

Probable
gamma-
glutamyl
phosphate
reductase: proA

aspartate
semialdehyde
dehydrogenase: asd

Probable o-
succinylbenzoate-
coa synthase: menC

GDP-D-
rhamnose

biosynthesis

L-asparagine

probable
cytidine
deaminase:
cdd

succinate-
semialdehyde-

thiamine PPi

17-beta-
hydroxyandrostan-

3-one

L-glutamate

glutamate
degradation III

an alcohol

maltodextrin

UPD-glucose-
4-epimerase:
cpsY

D-xylulose-
5-phosphate

cob(i)alamin
adenosyltransferase:
cobA

phosphoenolpyruvate

mannose-
6-phosphate

ferricytochrome c

Probable 3-methyl-
2-oxobutanoate
hydroxymethyltransferase: panB

beta-D-
glucose

L-cysteine

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

pyrophosphate

de novo
biosynthesis
of pyrimidine

ribonucleotides

long chain
polyphosphate

beta-
ketoadipate

a semiquinone

L-glutamine
L-glutamate-
5-phosphate

2-nitropropane

salvage pathways of pyrimidine ribonucleotides

cystathionine

phospholipid biosynthesis I

de novo biosynthesis of
pyrimidine deoxyribonucleotides

glyceraldehyde
3-phosphate
degradation

trehalose 6-
phosphate

sulfate
assimilation III

6-hydroxymethyl-
dihydropterin

probable precorrin-
6x reductase: cobK

Branched-chain-
amino-acid
transaminase:
ilvE

2’-deoxyribonucleoside
triphosphate

an orthophosphoric
monoester

tRNA
containing N1-
methylguanine

L-asparagine

fumarate

putative gtp
pyrophosphokinase: relA

putative
cystein
synthase:
cysM3

probable phosphoglycerate
mutase 2: Rv2419c

2,3-
dihydroxybenzoate

ADP

Probable 2,4-
dienoyl-coA
reductase:
fadH

D-glyceraldehyde-
3-phosphate

superoxide
dismutase
(fe): sodA

N-formyl-L-
methionine

pyruvate

cis-delta3-
enoyl-CoA

cdp-diacylglycerol serine o
phosphatidyltransferase: pssA

4-hydroxy-2-
ketovalerate

L-glutamate

O-phospho-
L-homoserine

lactate
oxidation

probable histidinol-
phosphate
aminotransferase: hisC

chorismate

ethanol

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

long chain
polyphosphate

enterobactin

isochorismate

putative gamma-
glutamyl
transpeptidase:
ggtA

Ketol-acid
reductoisomerase: ilvC

adenylosuccinate
lyase: purB

2-methylacetoacetyl-
CoA

Probable
dehydrogenase: gpdA1

Transketolase: tkt

Phosphate
acetyltransferase: pta

Probable
stearoyl-acyl
carrier protein
desaturase:
desA2

an alkylhydroperoxide

phosphate

oxaloacetate

UDP-N-
acetyl-D-

glucosamine

hypothetical
protein
Rv0728c:
Rv0728c

L-tryptophan

phenylpyruvate

trans-delta2,
cis-delta4-

decadienoyl-
CoA

monobromobimane

6-phosphogluconate
dehydrogenase: gnd

acceptor

BCCP-
biotin-CO2

2-keto-isovalerate

ethanol

Probable threonine
dehydratase,
biosynthetic: ilvA

purine nucleotides de
novo biosynthesis I

octane oxidation

acetone

a N-
substituted
amino acid

pyrroline-
hydroxy-

carboxylate

menaquinol

glutathione
disulfide

D-4-hydroxy-
2-keto-
glutarate

L-glutamine

phosphoenolpyruvate
carboxykinase: pckA

Probable l-
aparaginase: ansA

D-glyceraldehyde-
3-phosphate

Probable
riboflavin-
specific
deaminase:
ribG

L-cysteine

L-aspartate

acetylphosphate

class A beta-
lactamase:
blaC

phosphoryl-
choline

Probable ornithine
aminotransferase:
rocD1

probable serine
acetyltransferase: cysE

CTP

pyridoxine-
5’-phosphate

CO2

Shikimate 5-
dehydrogenase: aroE

Probable anthranilate
synthase component i: trpE2

reductive acetyl
coenzyme A pathway

ChaA

uracil

[Co-E-CH3]

probable pyruvate
kinase: pykA

acetyl-CoA

3-hydroxyisobutyrate
dehydrogenase:
Rv0770

dTMP

Probable
enolase: eno

N10-
formyl-THF

UDP-D-
glucose

adenosyl-cobyrinic
acid a,c-diamide

pyruvate

malate

beta-D-
glucose

[+ 5 isozymes]

N10-
formyl-THF

superpathway of leucine, valine,
alanine, and isoleucine biosynthesis

probable
phosphoserine
aminotransferase:
serC

Probable
methionine
synthase:
metH

palmitoyl CoA

isoleucine
degradation II

tRNAGlu

2-succinyl-6-
hydroxy-2,4-
cyclohexadiene-
1- carboxylate
synthase: menD

2,3-dihydro-2,3-
dihydroxybenzoate
dehydrogenase:
Rv3502c

L-asparagine

Probable glucose-
1-phosphate
adenylyltransferase:
glgC

adenylo-
succinate

D-glyceraldehyde-
3-phosphate

respiration (anaerobic)

dihydroxy-
acetone-phosphate

malate

3-hydroxy-
isobutyrate

respiration
(anaerobic)--

electron donors
reaction list

3-phospho-
hydroxypyruvate

L-isoleucine

Probable 2-amino-4-hydroxy-
6- hydroxymethyldihydropterine
pyrophosphokinase: folK

homoserine

biotin

mycothiol

1,2,4-
trichlorobenzene

H2CO3

probable inorganic
pyrophosphatase
(pyrophosphate
phosphohydrolase)
: ppa

1,3-diphosphateglycerate

phosphate

lactate

5,10-
methenyl-THF

malonyl-CoA

D-fructose-
6-phosphate

D-glyceraldehyde-
3-phosphate

Dimethylallyltransferase:
idsA2

oxidized
ferredoxin

3-phosphoglycerate

Ornithine
carbamoyltransferase,
anabolic: argF

3-hydroxy-
isobutyryl-CoA

Probable
cytochrome P-
450: Rv3685c

D-glucono-delta-
lactone-6-phosphate

Aminomethyltransferase: gcvT

CDP

deoxycytidine

naphthoate
synthase:
menB

acetylphosphate

7,8-
dihydropteroate

Isoleucyl-trna
synthetase:

ileS

NO2-

tRNAleu

heme O

L-ornithine

L-arginine

N-acetylglutamate
semialdehyde

D-glyceraldehyde-
3-phosphate

succinate

Probable l-
aparaginase:
ansA

CTP

tetrahydrofolate

acyl-ACP

butyryl
phosphate

Probable gamma-
glutamyltranspeptidase
precursor: ggtB

valine
degradation II

thig
protein: thiG

conversion
of succinate
to propionate

Probable pyrroline-
5-carboxylate
dehydrogenase: rocA

acetate kinase: ackA

malate

CO2

CO2

probable isocitrate lyase: aceA

D-ribose-5-
phosphate

probable purine nucleoside
phosphorylase: deoD

polyisoprenoid biosynthesis

L-glutamine

arginine biosynthesis II (acetyl cycle)

succinate

1,4-
dihydroxy-2-

naphthoate

allantoate

ATP

alpha-D-
glucose 1-
phosphate

Probable
phosphomannomutase:
pmmA

tRNAfmet

3-dehydroquinate
dehydratase: aroD

allysine

L-methionyl-
tRNAmet

L-glutamate

succinate
semialdehyde

L-phenylalanine

alpha-D-
glucose-6-
phosphate

phospholipid
cyclopropane

fatty acid

peptidyl-
prolyl
cis-trans
isomerase:
ppiA

Probable
fumarase: fum

pyridoxal

superpathway of pyridoxal 5’-
phosphate biosynthesis and salvage

Ferrochelatase:
hemZ

D-3-hydroxy-acyl-ACP

dTDP-4-
dehydro-
6-deoxy-

D-glucose

NADH

Carbon-monoxide
dehydrogenase:
Rv0375c

Probable acyl Co-
A dehydrogenase:

fadE35

superpathway of saturated and unsaturated fatty acid elongation

beta-ketoacyl-
ACP synthase: kasB

probable
deoxycytidine
triphosphate
deaminase: dcd

Probable sulfate
adenylate
transferase: cysD cysN

Probable
asparagine
synthetase:
asnB

thymidine

phytoene
synthase: phyA

UDP-glucose
conversion

porphobilinogen

3-dehydro-shikimate

2-methylacetoacetyl-
CoA

succinyl-CoA

erythronate-
4-phosphate

o-succinylbenzoic
acid coa
ligase: menE

GDP-4-
dehydro-
6-deoxy-

D-mannose

L-asparagine

[+ 2 isozymes]

Glutamate n-
acetyltransferase:
argJ

NAD+

L-serine

phosphoenolpyruvate

mycothiol
biosynthesis

pyruvate

[+ 17 isozymes]

guanosine 5’-
diphosphate,3’-

diphosphate

phosphoribosylaminoimidazolecarboxamide
formyltransferase: purH

APS

5-amino-6-(5’-
phosphoribosylamino)

uracil

possible
protoporphyrinogen
oxidase: hemK

L-arginine

oxaloacetate

acetate
kinase: ackA

ubiquinone-8

L,L-
diaminopimelate

N-acetylglutamate
semialdehyde

tetrahydrofolate

glycerophosphoryl
diester
phosphodiesterase:
glpQ1

[+ 2 isozymes]

dTDP-4-
dehydro-
6-deoxy-

L-mannose

Probable
acetohydroxyacid
synthase: ilvX

Argininosuccinate
synthase: argG

phosphoenolpyruvate

cplx1g1g-4117

probable dethiobiotin
synthetase: bioD

7,8-
dihydropteroate

Possible prephenate
dehydratase: pheA

O-antigen biosynthesis

L-erythro-
4-hydroxy-
glutamate

CTP

formate

phosphoglycerate
mutase 1: gpm

acetyl-CoA

a fatty acid

oxidized
ferredoxin

beta-D-
glucose-6-
phosphate

cob(I)yrinic acid
a,c-diamide

a phosphoprotein

MshB: mshB

5-phosphoribosyl
1-pyrophosphate

2-nitropropane
dioxygenase
precursor:
Rv0021c

L-valine

Probable precorrin-
3 methylase: cobM

a quinone

superpathway of
phenylalanine and

tyrosine biosynthesis

mercuriphenyl
acetate

xanthine

GDP-D-mannose

AMP

GMP

Pyruvate
synthase:
Rv2455c

pyruvate

SO3-2

Probable utp-
glucose-1-phosphate
uridylyltransferase:
galU

Probable
phosphoglucomutase:

pgmA

Enoyl-CoA
Hydratase/

Isomerase: echA17

AMP

cobalamin
biosynthesis

II (aerobic
pathway)

myo-inositol

2,5-
dichlorophenol

malate

Glyceraldehyde
3-phosphate
dehydrogenase:
gap

3-phosphoglycerate

a phosphoprotein

L-histidyl-
tRNAhis

phosphoribosyl-
formamido-
carboxamide

Mg2+

AMP

dimethyl sulfide

Branched-chain-
amino-acid
transaminase: ilvE

dUTP

probable tryptophan
synthase alpha chain: trpA

Probable
cystathionine
beta-synthase:
cysM2

alpha-D-
glucose 1-
phosphate

L-proline

Isopentenyl-
diphosphate
delta-
isomerase:
Rv1745c

glutamate-1-
semialdehyde

Probable
riboflavin-
specific
deaminase:
ribG

acetyl/
propionyl-coa
carboxylase
alpha
chain: accA3

pyruvate dehydrogenase
E1 component: aceE

Probable glycerol-
3-phosphate
acyltransferase: plsB2

[+ 2 isozymes]

L-methionyl-
tRNAmet

2-succinyl-6-
hydroxy-2,4-

cyclohexadiene-
1-carboxylate

menaquinol

acetaldehyde

Enterobactin
synthetase
component D: entD

Probable siroheme
synthase: cysG2

L-alanine

L-ornithine

pyruvate

isocitrate
dehydrogenase:

icd2

Probable
cyclopropane
mycolic acid
synthase:
umaA2

trans-2-enoyl-CoA

Glycogens

L-glutamate

2-phosphoglycerate

Probable cobalamin
(5’-phosphate)
synthase: cobS

[+ 2 isozymes]

Branched-chain-
amino-acid
transaminase: ilvE

reduced
acceptor

glucosamine-1P

4-methyl-
5-(beta-

hydroxyethyl)
thiazole

phosphate

Probable
beta-ketoacyl
CoA thiolase:
fadA3

catechol

alpha-D-
galactose 1-
phosphate

acyl-ACP

uracil

spermine
biosynthesis II

coenzyme B12

acetyl-CoA

EpiA: epiA

Acetylglutamate
kinase: argB

protease: htrA

trimethylamine

L-lysine

trans, trans-
farnesyl

diphosphate

respiration
(anaerobic)--

electron acceptors
reaction list

Phosphate
acetyltransferase: pta

Probable
Enoyl-CoA
hydratase:
echA15

tRNAcys

glutamyl-trna
reductase:
hemA

L-serine

SO3-2

prephenate

5,10-
methenyl-THF

acetate

L-lysine

probable
methylmalonate
semialdehyde
dehydrogenase: mmsA

pantoate
beta-alanine
ligase: panC

E2(0)-S-
succinyldihydrolipoate

Probable
homocysteine
synthase: metC

Probable dihydrolipoamide
dehydrogenase: lpdA

trans-
polyisoprenyln-PP

enterobacterial common
antigen biosynthesis

glycerol-3-
phosphate

probable
glucosamine-
fructose-6-
phosphate
aminotransferase:
glmS

dTDP-4-
acetamido-

4,6-dideoxy-
D-galactose

Probable
fatty-acyl coA
reductase:
Rv1543

L-ornithine

acetaldehyde
dehydrogenase:
Rv3535c

Probable arginine
deiminase: arcA

L-glutamine

D-glyceraldehyde-
3-phosphate

GDP-D-
rhamnose

20-beta-
hydroxysteroid
dehydrogenase:
fabG3

L-2,3-
dihydrodipicolinate

SO42-

L-histidinol-
phosphate

glucosamine-1P

Acetyl-coa
acetyltransferase:
fadA4

Probable 4-
aminobutyrate
aminotransferase:
gabT

acetyl-CoA

S-adenosyl-
L-methionine

dimethyl sulfoxide

phosphate

mannose
degradation

Probable
methionyl-trna
formyltransferase: fmt

6-phospho-
D-gluconate

AnsP

maltodextrin

ATP

UDP-N-
acetylmuramate

probable adenosine
deaminase: add

[+ 4 isozymes]

formate
hydrogenlyase
subunit 4: hycD

acceptor

Possible prephenate
dehydratase: pheA

Probable
valyl-tRNA
synthetase:

valS

GDP-L-fucose

N5-carboxyaminoimidazole
ribonucleotide

7,8-
diaminononanoate

indole-3-glycerol-
phosphate

probable serine
hydroxymethyltransferase: glyA

alpha-D-
mannose 1-
phosphate

Probable glucose-
6-phosphate 1-
dehydrogenase: zwf

stearoyl-ACP

Probable
enolase: eno

L-threonine

undecaprenyl-
pyrophosphoryl-

MurNAc-
(pentapeptide)-N-
acetylglucosamine

tRNAgly

succinyl-CoA

AICAR

gamma-
hexachlorocyclohexane

degradation pathway

pyruvate

glycine
decarboxylase: gcvB

Probable
aconitate
hydratase: acn

probable purine nucleoside
phosphorylase: deoD

Probable
glutamate 5-
kinase: proB

beta-
ketoadipate-
enol-lactone

Probable udp-n-
acetylglucosamine
pyrophosphorylase:
glmU

phosphate

probable
phosphoglycerate
mutase 2: Rv2419c

probable histidinol-
phosphate
aminotransferase:
hisC

Probable
peptidyl-trna
hydrolase: pth

REDUCED
FLAVOPROTEIN

Fatty oxidation
complex alpha
subunit: fadB

D-ribose-5-
phosphate

phosphoenolpyruvate

NAD
biosynthesis I

(from aspartate)

ATP

glycine

2-keto-isovalerate

shikimate-3-phosphate

L-arginine

prephytoene
diphosphate

Ornithine
carbamoyltransferase,
anabolic: argF

coenzyme A

L-prolyl-
tRNApro

maleylacetate

Phosphoglycerate
kinase: pgk

mercapturate

E2(0)-S-
succinyldihydrolipoate

Ribose 5-
phosphate
epimerase: rpi

cplx1g1g-4120

tetrahydrothiophene
1-oxide

phosphoserine
phosphatase: serB2

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

lumazine

galactose-1-
phosphate
uridylyltransferase:
galT’

glycerol-3-
phosphate

ribose degradation

adenylyl-
[glutamine
synthetase]

maltodextrin

tetrahydrofolate biosynthesis

L-pantoate

L-tyrosine

a quinone

Probable glycerol-
3-phosphate
acyltransferase:
plsB2

Non-heme
chloroperoxidase: hpx

D-glyceraldehyde-
3-phosphate

sirohydrochlorin

3-hydroxy-
isobutyrate

methionine
biosynthesis III

delta2-enoyl-CoA

Aldehyde
dehydrogenase
(NAD+): Rv0458

glyoxylate

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

(5-L-glutamyl)
-L-peptide

cis,cis-
muconate

6-phospho-D-gluconate

[+ 8 isozymes]

Probable acetyl-
coenzyme a
carboxylase beta
subunit: accD3

aspartokinase: ask

methylacrylyl-CoA

NAD+

L-cysteine

acetoacetyl-
CoA

L-serine

Diaminohydroxyphosphoribosylaminopyrimidine
deaminase: ribD

delta3-
isopentenyl-PP

5-amino-6-(5’-
phosphoribitylamino)

uracil

aspartate
aminotransferase:
aspC

n-hydroxyarylamine
o-acetyltransferase:
nhoA

Probable 3-
OXOACYL-[ACYL-

CARRIER PROTEIN]
REDUCTASE: fabG4

probable 4-
hydroxy-2-
oxovalerate
aldolase:
mhpE

pyruvate

carbamoyl-phosphate

tetrahydrofolate

maltose

Probable
fumarase: fum

probable cytidine
deaminase: cdd

Probable
succinyl-coa
synthetase:
sucC sucD

cysteine
biosynthesis I

alpha-D-
glucose-6-
phosphate

gamma-
hexachlorocyclohexane

aspartate1
decarboxylase:
panD

porphobilinogen
deaminase: hemC

desacetylmycothiol

beta-D-glucose-
6-phosphate

orotate

D-serine
D-alanine

glycine

Probable
acetyl-
coenzyme-A
synthetase: acs

a glycerophosphodiester

pantothenate

glutamine
synthetase PII

formate

phosphoenolpyruvate

tRNAhis

isoleucine
degradation I

fructose-1,6-
bisphosphate

riboflavin and FMN
and FAD biosynthesis

sulfur amino acid
biosynthesis

Probable
glutamate 5-
kinase: proB

beta-D-
glucose-6-
phosphate

Probable ribosomal-
protein-alanine
acetyltransferase: rimI

acyl-CoA

1,2-bis(4-
hydroxy-3-

methoxyphenyl)
ethylene

GDP-4-
dehydro-
6-deoxy-

D-mannose

Glyceraldehyde
3-phosphate
dehydrogenase:
gap

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

Probable
ribulose-
phosphate 3-
epimerase: rpe

7,8-
dihydrofolate

dUMP

probable
UDP-glucose
dehydrogenase:
udgA

Probable atp
phosphoribosyltransferase: hisG

Probable
glutamate
decarboxylase:
gadB

a sugar

Fatty oxidation
complex alpha
subunit: fadB

Glutamyl-
tRNA

synthase: gltS

2-aceto-2-
hydroxy-butyrate

L-aspartate

ATP

Probable
phosphoglucomutase:
pgmA

L-proline

(N+1) COA

acyl-CoA

L-tyrosine

GDP-L-fucose

L-arginine

inosine

2,3-dihydroxy-
isovalerate

ribonucleoside-
diphosphate
reductase 2
beta chain: nrdG

Probable cobinamide
kinase: cobU

p-hydroxyphenylpyruvate

pyrazinoate

ribose-1-
phosphate

HCO3-

beta-ketoacyl-ACP

3,4-
dihydroxy-2-

butanone-4-P

acetyl-CoA

beta-D-
glucose

mycothiol
oxidation

phosphoribosylformylglycinamidine
synthase I: purQ

APS

biotin

beta-ketoacyl-
ACP synthase: kasB

valine
degradation I

L-1-phosphatidylserine
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MoO42-
allantoin

L-valine

probable
mannose-6-
phosphate
isomerase:
manA

UTP

mycothione

ethanol

putrescine

UDP-D-
glucose

octanol

Fe

epoxide

dGDP

aspartate
aminotransferase:
aspC

trimethylamine-
N-oxide

CMP

threonyl-trna
synthetase:

thrS

anthranilate synthase
component I: trpE

D-glucosamine-
6-phosphate

1,3-diphosphateglycerate

glycerol

Probable 3-deoxy-D-
arabino-heptulosonate 7-
phosphate synthase: aroG

alpha-D-
glucose 1-
phosphate

Probable
cyclopropane
fatty acid
synthase: ufaA1

N2-succinyl-
L-ornithine

superpathway of fatty acid biosynthesis

Bifunctional
short chain
isoprenyl
diphosphate
synthase: idsA

acyl-CoA

undecaprenyl
phosphate

L-isoleucyl-
tRNAile

Probable 3-oxoacyl-
[acyl-carrier protein]

reductase: fabG1

myo-inositol

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

Probable
uridylyltransferase:
glnD

5-methyl-THF

GTP

O-succinyl-
L-homoserine

[+ 2 isozymes]

oxaloacetate

ribonucleoside-
diphosphate
reductase 2
beta chain: nrdG

Probable
succinyl-coa
synthetase:
sucC sucD

acetyl-CoA

Probable
phosphotyrosine
protein
phosphatase: ptpA

a protein
tyrosine

apo-ACP

dihydro-
neo-pterin

Probable
siroheme
synthase:
cysG2

formate
dehydrogenase:

fdhF

dihydrokaempferol

HYDROGENASE-
4 COMPONENT
E: hycP

GDP-4-
dehydro-6-L-
deoxygalactose

ubiquinone-8

N-acetyl-
L-ornithine

pyrroline 5-
carboxylate

cis-aconitate

alpha-D-
glucose-6-
phosphate

nicotinamide
mononucleotide

mycothiol-
mediated

detoxification
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beta-D-
glucose-6-
phosphate

[+ 2 isozymes]

a ribonucleoside
diphosphate

Probable
lignostilbene-
alpha,beta-
dioxygenase:
Rv0913c

A SUBSTITUTED
BETA-

AMINO ACID

N-acetyl-
glucosamine-
1-phosphate

Possible
methyltransferase:
Rv3699

all-trans-
heptaprenyl
diphosphate

Cytidylate
kinase: cmk

Phosphoglycerate
kinase: pgk

Probable
d-alanine-
d-alanine
ligase a: ddlA

aspartate
semialdehyde
dehydrogenase: asd

carbamoyl-
phosphate

probable
pyruvate
kinase: pykA

carbamoyl-phosphate

L-arginyl-
tRNAarg

Probable 3-
hydroxybutyryl-
CoA
dehydrogenase:
fadB3

p-aminobenzoate

formate

Acetolactate
synthase: ilvN ilvB

PROBABLE 1-
DEOXYXYLULOSE-
5-PHOSPHATE
SYNTHASE: dxs

probable
glucosamine-
fructose-6-
phosphate
aminotransferase:
glmS

UDP-D-
glucuronate

3-dehydroquinate

H2S

L-aspartate

mannose-
6-phosphate

acetate
kinase: ackA

PAPS

Probable ribulose-
phosphate 3-
epimerase: rpe

glutathione

AMP

Transketolase: tkt

2-isopropylmalate

Fatty oxidation
complex alpha
subunit: fadB

D-erythrose-4-phosphate

probable
folylpolyglutamate

synthase: folC

S-adenosylmethionine
synthetase: metK

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

5’-phosphate

D-3-
phosphoglycerate
dehydrogenase: serA

NH4+

Probable
pyruvate
or indole-
pyruvate
carboxylase:
pdc

Possible DNA
ligase: ligC

[+ 2 isozymes]

L-2,3,4,5-
tetrahydrodipicolinate

Probable acyl-
CoA carrier protein
malonyltransferase:
fabD

[+ 2 isozymes]

Argininosuccinate
lyase: argH

BCCP

L-asparagine

an aldehyde
or ketone

deoxyuridine

probable uridine
5’-monophosphate
synthase: umpA

acetoacetate

glucose-1-
phosphate
thymidylyl-
transferase:
rmlA

cyanate

D-glucosamine-
6-phosphate

a ribonucleoside
triphosphate

beta-D-
galactose

THIAMIN
BIOSYNTHESIS
PROTEIN: thiC

UTP

5,10-
methylene-

THF

GDP

propionyl-CoA

Probable
phospholipase
c: plcB

probable mannose-6-
phosphate isomerase: manA

S-adenosyl-L-
methioninamine

Possible prephenate
dehydratase: pheA

Homoserine
kinase: thrB

acetyl-CoA

galactose-1-
phosphate
uridylyltransferase:
galT

Probable
beta-ketoacyl
CoA thiolase:
fadA3

2’-deoxyribonucleoside
diphosphate

quinolinate

cplx1g1g-4118probable
cytidine
deaminase:
cdd

mixed acid fermentation

L-glutamate

D-glucosamine-
6-phosphate

Thioredoxin
Disulfide

trimethylamine-
N-oxide

3-phospho-
serine

[+ 4 isozymes]

D-3-
phosphoglycerate
dehydrogenase: serA

L-methionine

probable thymidine
phosporylase: deoA

acetate

mannose-
6-phosphate

sucrose

O-succinyl-
L-homoserine

UMP

cis-1,2-
dihydroxybenzoate

alpha-D-
glucose 1-
phosphate

Dephospho-
CoA kinase:
Rv1631

dihydropteroate
synthase: folP

UDP-N-acetyl-
D-glucosamine

Phosphate
acetyltransferase: pta

PPPi

antibiotic

oxalyl-CoA

Probable
Acyl-CoA
Synthetase:
fadD19

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

NAD+

XMP

Probable aconitate hydratase: acn

tiglyl-CoA

pyruvate
dehydrogenase E1
component: aceE

probable
cholesterol
oxidase
precursor
chod: choD

pyruvate

propionyl-CoA

Probable 5-
methyltetrahydropteroyltriglutamate
homocysteine methyltransferase: metE

glucosamine-1P

Probable
citrate
synthase: gltA1

superpathway of
polyamine biosynthesis I

dTTP

succinate

probable
propionyl-coa
carboxylase:
accD5 accA3

phosphoglycerate
mutase 1: gpm

nicotinate
nucleotide

UDP

Entner-Doudoroff
pathway I

N-acetylmannosamine

probable 3-
oxoadipate
coa-
transferase:
scoA scoB

D-ribose-5-
phosphate

delta3-
isopentenyl-PP

alpha-
ketoglutarate

Purine
nucleosidase:
iunH

Pyruvate
synthase: Rv2455c

tRNAmet

lipoamide

L-cysteine

Probable
nucleoside
diphosphate
kinase: ndkA

Probable 5-
methyltetrahydropteroyltriglutamate
homocysteine methyltransferase: metE

uroporphyrinogen-III

Diaminohydroxyphosphoribosylaminopyrimidine
deaminase: ribD

UDP-galactose

phosphoribosylformylglycinamidine
synthase: purL

L-alanine

L-serine

a ribosomal-
protein

L-alanine

1,2-
diacylglycerol

[+ 2 isozymes]

pyrophosphate

probable UDP-N-
acetylmuramate-
alanine
ligase: murC

alpha-D-
galactose

an alcohol

butyryl-CoA

[+ 6 isozymes]

Probable
maltooligosyltrehalose
trehalohydrolase: glgZ

formyltetrahydrofolate
deformylase: purU

methylglyoxal

probable
folylpolyglutamate
synthase: folC

pyrazinamidase:
pncA

RNA

FdxA

L-methionine

L-threonyl-
tRNAthr

aspartyl-trna
synthetase:

aspS

dTTP

ureide degradation

pyruvate

Probable 6-
phosphogluconate
dehydrogenase,
decarboxylating: gnd2

menaquinone-8

10-formyl-
H4PteGlun

[+ 3 isozymes]

trimethylamine

a reduced
quinone

2-phosphoglycerate

acetaldehyde

Isoamylase:
glgX

possible
pseudouridylate
synthase: truA

Probable nucleoside
diphosphate kinase: ndkA

Probable
glucose-6-
phosphate
isomerase: pgi

ribonucleotide-
diphosphate
reductase alpha
chain: nrdE

indole-
3-acetate

probable
glucosamine-
fructose-6-
phosphate
aminotransferase:
glmS

ADP

acetyl-CoA

fructose-1,6-
bisphosphate

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

L-ornithine

Probable
homoserine o-
acetyltransferase:
metA

UDP

trans-delta2-enoyl-acyl-ACP

ATP

L-cysteine

[+ 27 isozymes]

Probable threonine
dehydratase,
biosynthetic: ilvA

1-D-myo-inosityl-
2-acetamido-2-
deoxy-alpha-D-
glucopyranoside

Arginyl-trna
synthetase:

argS

Glutamate n-
acetyltransferase: argJ

L-glutamate
pyruvate
carboxylase: pca

pyrazinamide

Probable
phosphoglucomutase or
phosphomannomutase: mrsA

L-phosphatidate

5-phospho-
beta-D-

ribosyl-amine

nicotinamide
cycling

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

2,3-dihydroxy-
3-methylvalerate

Probable glycerol-
3-phosphate
dehydrogenase:
gpdA2

L-methionine

an amino acid

5-phosphoribosyl
1-pyrophosphate

L-glutamate

an alcohol

fumarate

Probable
nucleoside
diphosphate
kinase: ndkA

trans-
polyisoprenyln-PP

dADP

malonyl-ACP

putrescine

phosphoglycerate
mutase 1: gpm

homoserine

spermine

D-ribulose-
5-phosphate

dimethylallyl-
pyrophosphate

Phenylalanyl-
trna synthetase:

pheS pheT

phenylalanine
biosynthesis II

Probable
carboxylesterase: lipT

Probable CoA:apo-
[Acyl Carrier
Protein] Pantethiene
phosphotransferase:
acpS

undecaprenyl
diphosphate

D-lactate

acetate
kinase: ackA

glutamate degradation VII (to butyrate)

imidazole
acetol-

phosphate

Probable
flavin-
containing
monoamine
oxidase:
Rv3170

UDP-GlcNAc-
pyruvate

enol ether

catalase-
peroxidase:
katG

Butyryl-CoA
dehydrogenase:
fadE14

dTDP-D-
glucose

betaine
aldehyde

4-coumarate-
coa ligase:
fadD4

succinate

malate
synthase: glcB

beta-ketoacyl-ACP synthase: kasB

ferricytochrome c

peptidylproline
(omega 0)

tRNAtrp

shikimate

acetate

2-phosphoglycerate

daunorubicin

acetaldehyde

L-threonine

Possible prephenate
dehydratase: pheA

L-aspartate

Fatty oxidation
complex alpha
subunit: fadB

carbamoyl-phosphate

galactokinase:
galK

L-methionine

Probable pyrroline-
5-carboxylate
dehydrogenase:
rocA

L-isoleucine

Probable shikimate
kinase i: aroK

UPD-glucose-
4-epimerase:
cpsY

Function:
probable
alpha,alpha-
trehalose-
phosphate
synthase: otsA

glucosaminyl-inositol

beta-D-
Glucose 1-
phosphate

3-isopropylmalate
dehydrogenase: leuB

D-fructose-
6-phosphate

precorrin
isomerase: cobH

possible beta-
phosphoglucomutase:
Rv3400

trehalose

IMP

galactose-1-
phosphate
uridylyltransferase:
galT’

probable nicotinate-
nucleotide
pyrophosphatase:
nadC

isochorismate

a deoxynucleotide

pyruvate

mannose-6-phosphate

malyl-CoA

succinate

anthranilate

SO42-

6-phosphogluconolactonase:
devB

Probable
glucose-6-
phosphate
isomerase: pgi

pyrophosphate

glucono-
delta-lactone

homocysteine
degradation I

ubiquinone-8

L-tryptophan

L-arginine

Probable GDP-
D-mannose
dehydratase:
gmdA

a ubiquinol

Probable adenylate
kinase (adk), ATP-AMP
transphosphorylase: adk

methionine
biosynthesis IV

thiamine

D-glyceraldehyde-
3-phosphate

D-ribose-5-
phosphate

uroporphyrin-iii c-
methyltransferase:
cysG

probable
isocitrate

lyase: aceA

malate

acetate

thiE: thiE

probable histidinol-
phosphate
aminotransferase: hisC

Probable
nucleoside
diphosphate
kinase: ndkA

oxaloacetate

acetoacetyl-
CoA

phospholipase
C: plcD

Probable
nucleoside
diphosphate
kinase: ndkA

formate

Tyrosyl-tRNA
synthase: tyrS

L-aspartate-
semialdehyde

Nicotinate-nucleotide
adenylyltransferase:
Rv2421c

geranylgeranyl-PP

probable
pyrrolidone-
carboxylate
peptidase: pcp

heme biosynthesis I

homocysteine

pyridoxamine
5’-phosphate

tRNAtyr

glycerol-3-
phosphate

dihydroxy-acid
dehydratase: ilvD

3-isopropylmalate

MshC: mshC

ADP-D-
glucose

1,3-diphosphateglycerate

L-aspartate

a sugar

a ribosomal-
protein

N-acetyl-
L-alanine

an alcohol

5’-phosphoribosyl-N-
formylglycineamide

salvage pathways of adenine,
hypoxanthine, and their nucleosides

ornithine
decarboxylase: adi

Homoserine
dehydrogenase: thrA

(S)-3-
hydroxybutanoyl-

CoA

Glucose-6-
phosphate 1-
dehydrogenase:
zwf2

dihydrolipoamide
acetyltransferase
component (e2)
of pyruvate
dehydrogenase
complex: pdhC

hydroxypyruvate

glycerol

N-acetyl-
glucosamine-
1-phosphate

putative gtp
pyrophosphokinase: relA

L-valine

alpha-D-
glucose 1-
phosphate

D-xylulose-
5-phosphate

NO3-

Possible proline
dehydrogenase:
Rv1188

N2-succinyl-
L-glutamate 5-
semialdehyde

pyrophosphate

acceptor

L-leucine

RNA

D-3-
phosphoglycerate
dehydrogenase: serA

N10-
formyl-THF

phosphoribosylaminoimidazolecarboxamide
formyltransferase: purH

thiamin biosynthesis

Probable
glutamate
racemase: murI

probable spermidine
synthase: speE

ADP

superpathway of lysine, threonine
and methionine biosynthesis

probable
mannose-6-
phosphate
isomerase:
manA

[+ 3 isozymes]

Probable
fructose
bisphosphate
aldolase: fba

pyruvate

acetoacetyl-ACP

NAD(+)
synthase
(glutamine-
hydrolysing)
: Rv2438c

homocysteine

maltooligosyl-
trehalose

PHOSPHATIDYLSERINE
DECARBOXYLASE: psd

Probable
sulfate
adenylate
transferase:
cysD cysN

glycerophosphoryl
diester
phosphodiesterase:
glpQ2

Probable
phosphoribosyl-
amp 1,6
cyclohydrolase:
hisI2

L-phosphatidate

homoserine

L-cysteine

acetate
kinase: ackA

prolyl-trna
synthetase:

proS

cob(I)alamin

deoxyribose-
5-phosphate

glycerol-3-
phosphate

3-dehydroquinate
synthase: aroB

alpha-D-
glucose-6-
phosphate

L-lysyl-
tRNAlys

L-methionine

NAD+

threonine degradation I

acetylphosphate

deamido-NAD

NadA: nadA

a tRNA

multi-methyl-
branched
acyl-CoA

adenosine

indole
acetaldehyde

Malate
dehydrogenase:
mdh

Probable
Fatty Acid
Synthase: fas

pantetheine
4’-phosphate

probable
hypoxanthine-guanine
phosphoribosyltransferase: hpt

siroheme

o-succinylhomoserine
sulfhydrylase: metZ

Biotin-[acetyl-
CoA-carboxylase]
synthetase/ Biotin-
-protein ligase: birA

Probable aconitate hydratase: acn

Probable
phosphomannomutase:
pmmB

serine
hydroxymethyltransferase:
glyA2

phosphoribosylformiminoAICAR-
phosphate

3-phosphoglycerate

Probable utp-
glucose-1-phosphate
uridylyltransferase:
galU

thymidylate
synthase: thyA

acyl-ACP

glycerol-3-
phosphate

fumarate

cobyrinicacid
a,c-diamide
synthase: cobB

SO3-2

Probable
serine-
threonine
protein
kinase: pknK

D-fructose-
6-phosphate

glycogen
biosynthesis I (from

ADP-D-Glucose)

glycogen degradation

Probable malate
oxidoreductase:

mez

precorrin-3A

phosphoribulosylformimino-
AICAR-P

Probable
amidophosphoribosyltransferase: purF

Seryl-trna
synthetase:

serS

beta-
ketoadipate

succinate

AMP

Reduced
Thioredoxin

CycA

beta-
ketoadipyl-

CoA

4-carboxyaminoimidazole
ribonucleotide

L-histidine

a glycol

UDP-D-
glucose

oxaloacetate

Carbamoyl-
phosphate
synthase: carA

phosphoglycerate mutase 1: gpm

[+ 2 isozymes]

udp-n-
acetylenolpyruvoylglucosamine
reductase: murB

dephospho-
CoA

UDP-N-
acetyl-D-

glucosamine

Probable
dihydrolipoamide
acetyltransferase
component E2: sucB

Dihydropteroate
synthase: folP2

[+ 2 isozymes]

Carbamoyl-
phosphate
synthase: carA

Transketolase: tkt

alpha-D-mannose 1-phosphate

IMP

5-oxoproline

L-serine

gamma-
pentachlorocyclohexene

propionyl-CoA

MgtC

acetaldehyde
dehydrogenase:
Rv3535c

S-2-
methylacyl-

coa

2-methyl-3-
hydroxybutyryl-

CoA

Probable
nitrate
reductase: narX

tRNAser

H2

isocitrate

2-keto-3-
methyl-valerate

dGTP

androstan-
3alpha,17beta-

diol

nicotinamide
riboside

L-phenylalanine

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

Probable
aconitate

hydratase: acn

L-proline

D-ribulose-
5-phosphate

L-seryl-
tRNAser

adenosylcobinamide-P

Phosphoglycerate
kinase: pgk

a tRNA

trehalose

SO42-

L-leucine

acetyl-CoA

probable adenosine
deaminase: add

L-alanine

Methylmalonyl-coa
mutase: mutA mutB

Probable adenine
phosphoribosyltransferase: apt

cystathionine

dtdp-4-
dehydrorhamnose
reductase: rmlD

probable acetolactate
synthase large
subunit: ilvB2

phosphoenolpyruvate

adenosylcobinamide-P

L-glutamine

dihydrodipicolinate
synthase: dapA

D-fructose-
6-phosphate

p-hydroxyphenylpyruvate

3-phospho-serine

coproporphyrinogen III

Probable
dihydroorotase: pyrC

alpha-D-
galactose

L-methionine

acetate
kinase: ackA

(R)-
methylmalonyl-CoA

Probable histidinol-
phosphate
aminotransferase:
hisC2

N-succinyl-2-amino-
6-ketopimelate

L-serine

beta-D-
glucose-6-
phosphate

probable
folylpolyglutamate
synthase: folC

succinyl-CoA

sulfate
assimilation

2-oxobutanoate

cholate

probable
methylmalonate
semialdehyde
dehydrogenase: mmsA

methylenetetrahydrofolate
dehydrogenase /
Methenyltetrahydrofolate
cyclohydrolase: folD

probable purine
nucleoside
phosphorylase:
deoD

fatty acyl-CoA
reductase:
acrA1

UDP-galactose

Glutamyl-
tRNA
synthase: gltS

Probable 3-
hydroxyacyl-CoA
dehydrogenase:
fadB2

Probable
fructose
bisphosphate
aldolase: fba

lactate

acetylphosphate

NH4+

ATP

[+ 3 isozymes]

S-2-methyl-
butyryl-CoA

3-alpha,12-
alpha-

dihydroxy-7-
oxo-5-beta-

cholanate

pimeloyl-CoA

glycine
betaine

Probable
phosphoribosyl-
amp
cyclohydrolase: hisI

fumarate

cis,trans-
polyisoprenyln-PP

Possible proline
dehydrogenase:
Rv1188

succinyl-CoA

alpha-D-
glucose 1-
phosphate

tRNAarg

L-arginine

palmitaldehyde

probable serine
hydroxymethyltransferase: glyA

tRNA charging pathway

10-formyl-
H4PteGlun

D-ribulose-
5-phosphate

undecaprenyl-
N-acetyl-
alpha-D-

glucosaminyl-
pyrophosphate

cplx1g1g-4199

beta-ketoacyl-ACP

D-glyceraldehyde-
3-phosphate

2-phosphoglycerate

L-glutamate
gamma-

semialdehyde

indole

phosphoribosyl-
AMP

Probable pyrroline-
5-carboxylate
dehydrogenase:
rocA

L-isoleucine

L-aspartyl-
4-phosphate

cobC protein: cobC

probable
phosphoglycerate
mutase 2: Rv2419c

N-acetyl-D-
mannosamine-

6-phosphate

acetyl-CoA

6-phosphogluconolactonase:
devB

l-serine
dehydratase:
sdaA

Alkane-1
monooxygenase:
Rv1394c

5-phosphoribosyl-N-
formylglycineamidine

Argininosuccinate
synthase: argG

cystathionine

aspartate
aminotransferase:
aspC

a ribonucleoside
diphosphate

precorrin-2

2-methyl-3-
hydroxybutyryl-

CoA

ribonucleotide-
diphosphate
reductase alpha
chain: nrdE

D-erythrose-
4-phosphate

Glyceraldehyde
3-phosphate
dehydrogenase:
gap

putative
leucyl-trna
synthetase:

leuS

3-hydroxy-
4-phospho-

hydroxy-
alpha-

ketobutyrate

a ribosomal-
protein

N-acetyl-
L-alanine

agmatine

fumarate

ferrocytochrome c

salvage pathways
of pyrimidine

deoxyribonucleotides

an aldehyde

NICOTINAMIDE
NUCLEOTIDE
TRANSHYDROGENASE:
pntAA pntAB pntB

[+ 2 isozymes]

putative
chalcone
synthase:
pks11

CTP synthase: pyrG

E2P-dihydrolipoate

Homoserine
dehydrogenase:
thrA

glucose and glucose-1-
phosphate degradation

E2P-lipoate

cholesterol

trans-delta2-
enoyl-acyl-ACP

L-glutamate-
5-phosphate

phosphoribosylglycinamide
formyltransferase: purN

Probable gamma-
glutamylcysteine
synthetase: gshA

L-glutamine

5-methyl-THF

putrescine

an aldehyde

triacylglycerol
biosynthesis

Probable
deoxyguanosine
triphosphate
hydrolase: dgt

[+ 2 isozymes]

pyridoxal 5’-
phosphate

UDP-galactose

O-succinylbenzoate

4-coumarate

serine
hydroxymethyltransferase:
glyA2

Homoserine
kinase: thrB

precorrin-8x

Probable gtp
cyclohydrolase
ii: ribA2

l-lactate
dehydrogenase
(cytochrome): lldD1

probable
isochorismate
synthase: entC

citrulline

riboflavin
kinase: ribF

propionate

cplx1g1g-4601

octanoate

3-hydroxybutyryl-
CoA

pyruvate

probable uridylate
kinase: pyrH

Fatty oxidation
complex alpha
subunit: fadB

pseudouridine
5’-phosphate

Probable
glycogen
phosphorylase:
glgP

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

pyruvate dehydrogenase complex

histidinol

citrulline

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

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

diphosphoundecaprenol

L-arginino-succinate

succinyl-CoA

a deoxynucleotide

NADH

GDP-D-
glucose

D-erythrose-
4-phosphate

Probable
citrate
synthase: gltA1

(deoxynucleotides)(m)

D-ribulose-
5-phosphate

CO2

cholest-4-
en-3-one

probable trna delta(2)-
isopentenylpyrophosphate
transferase: miaA

D-glyceraldehyde-
3-phosphate

phosphoribosylaminoimidazole
carboxylase: purK purE

probable
ribonucleoside-
diphosphate
reductase: nrdB

Probable
methionine
synthase:
metH

alanine
racemase: alr

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

pyrimidinedione

a beta-lactam

formate

glycine betaine
biosynthesis

I (Gram-
negative
bacteria)

alpha-
ketoglutarate

biotin
synthetase: bioB

Probable
pyridoxamine
5’-phosphate
oxidase: pdxH

CO2

probable urease: ureA
ureB ureC ureF ureG ureD

maltotriose

N-acetyl-D-
glucosamine-
6-phosphate

Branched-chain-
amino-acid
transaminase:
ilvE

7,8-
dihydrofolate

probable tryptophan
synthase beta chain: trpB

ornithine
decarboxylase: adi

NICOTINAMIDE
NUCLEOTIDE
TRANSHYDROGENASE:
pntAB pntB

Probable
protoporphyrinogen
oxidase: hemY’

L-glutamate

Glucose-6-
phosphate 1-
dehydrogenase: zwf2

adenine

tRNA containing 6-
Isopentenyladenosine

maltooligosyl-
trehalose

probable
propionyl-coa
carboxylase
beta chain:
accD5

pyruvate

PRPP
biosynthesis I

Triosephosphate
isomerase: tpi

meso-
diaminopimelate

2-nitropropane
degradation

all-trans-
hexaprenyl

diphosphate

Probable 3’-
phosphoadenylylsulfate
reductase: cysH

2,5-dihydro-
5-oxofuran-

2-acetate

acetate utilization

phosphoglycerate
mutase 1: gpm

probable
adenosylhomocysteinase: sahH

N-substituted
aminoacyl-

tRNA

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

ribonucleoside-
diphosphate
reductase 2
beta chain: nrdG

alpha-D-
glucose 1-
phosphate

acyl-coa
thioesterase
ii: tesB2

S-adenosyl-
L-methionine

D-fructose-
6-phosphate

orotidine 5’-phosphate
decarboxylase: pyrF

adenylosuccinate
lyase: purB

5-phosphoribosyl
1-pyrophosphate

pyruvate

o-succinylhomoserine
sulfhydrylase: metZ

probable guanosine
pentaphosphate
synthetase/
polyribonucleotide
nucleotidyltransferase,: gpsI

a fatty acid

3-phosphoglycerate

OXIDIZED
FLAVOPROTEIN

beta-D-
glucose

GDP-D-
mannose

[+ 3 isozymes]

probable histidinol
dehydrogenase:
hisD

exodeoxyribonuclease
iii: xthA

Dihydroneopterin
aldolase: folX

L-alanine
dehydrogenase: ald

naringenin
chalcone

Probable
gamma-
glutamyl
phosphate
reductase: proA

[+ 2 isozymes]

L-glutamate

NAD
phosphorylation and
dephosphorylation

S2O32-

N-acetylglucosamine ,
N-acetylmannosamine
and N-acetylneuraminic

acid dissimilation

oxaloacetate

Uracil
phosphoribosyltransferase: upp

dihydrodipicolinate
synthase: dapA

tRNAGlu

cdp-diacylglycerol--
glycerol-3-phosphate
phosphatidyltransferase:
pgsA2

GDP-4-
dehydro-
6-deoxy-

D-mannose

ammonia

an aliphatic
amine

L-methionine

dihydrodipicolinate
reductase: dapB Acetylornithine

aminotransferase:
argD

dihydrofolate
reductase: dfrA

acetyl-ACP

NAD(+)
kinase: Rv1695

D-alanyl-
D-alanine

Ni2+

diaminopimelate
decarboxylase: lysA

an aromatic
sulfate

S-adenosyl-
homocysteine

[+ 3 isozymes]

citrate

D-alanine

dihydroxy-
acetone-

phosphate

D-fructose-
6-phosphate

alpha-D-
glucose-6-
phosphate

superpathway of aspartate and
asparagine biosynthesis; interconversion

of aspartate and asparagine.

probable quinone
oxidoreductase:
fadB4

adenosylcobinamide-GDP

reduced
rubredoxin

a purine
nucleoside

acetate

ATP

L-tryptophanyl-
tRNAtrp

pyruvate

Probable carbamoyl-
phosphate
synthase: accA2

delta3-
isopentenyl-PP

cis,trans-
polyisoprenyln-PP

orotidine-5’-phosphate

5-aminoimidazole
ribonucleotide

dihydroorotate

Probable histidinol-
phosphate
aminotransferase:
hisC2

alpha-
ketoglutarate

BetP

dGTP

Probable
cystathionine
gamma-
synthase: metB

(R)-
methylmalonyl-

CoA

Probable dihydrolipoamide
acetyltransferase component E2: sucB

DNA(N)

maltose

L-aspartate

UDP-D-
glucose

adenosylcobinamide

trans-delta2-decenoyl-ACP

vanillin

geranylgeranyl-PP

L-lysine

Probable phosphomannomutase: pmmA

L-ornithine

Mycocerosic
acid
synthase: mas

H2S

trehalose
biosynthesis III

L-phenylalanyl-
tRNAphe

mycothiol-
monobromobimane

conjugate

Probable
cystathionine
gamma-
synthase: metB

NO2-

NADH
dehydrogenase
transmembrane:

nuoN nuoM
nuoL nuoK nuoJ
nuoI nuoH nuoG
nuoF nuoE nuoD
nuoC nuoB nuoA

citrate

dihydrofolate
reductase: dfrA

oxaloacetate

homocysteine

Probable
enolase: eno

5-phospho-
ribosyl-

glycineamide

5,10-
methenyl-THF

HCO3-

uridine

1-acyl-sn-glycerol-3P

1,4-alpha-
D-glucan

1-octanal

succinyl-CoA

probable
adenosylhomocysteinase: sahH

coenzyme B12

2,4,5-trichloro-2,5-
cyclohexadiene-

1-diol

glycine

D-alanine

PitB

superpathway of citrulline metabolism

Dimethylallyltransferase:
idsA2

methylenetetrahydrofolate
dehydrogenase /
Methenyltetrahydrofolate
cyclohydrolase: folD

UDP-N-acetyl-D-
mannosaminouronate

oxaloacetate

protoheme

probable
phosphoserine
aminotransferase:
serC

Probable GDP-
D-mannose
dehydratase:
gmdA

Probable
carbamoyl-
phosphate
synthase:
accA2

Possible
acyl-coa
thioesterase
ii: tesB1

alpha-
ketoglutarate

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

cis-aconitate

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

lactate

succinate

crotonyl-CoA

Thioredoxin
reductase:
trxB2

AMP

homocysteine

L-aspartyl-
4-phosphate

phenylpyruvate

UDP-galactose

D-fructose-6-phosphate

probable isocitrate
dehydrogenase:

icd1

5-amino-
levulinate

GDP

menaquinone-8

R-2-
methylacyl-

coa

hydroxymethylbilane

Probable dtdp-4-
dehydrorhamnose
3,5-epimerase: rmlC

glutathione

L-glutamate

glycyl-
tRNAgly

probable
DTDP-
glucose 4,6-
dehydratase:
rmlB

adenosylcobinamide-GDP

O-acetyl-L-
homoserine

probable histidinol-
phosphate
aminotransferase:
hisC

ATP

Mycothiol
disulfide
reductase

1,4-dihydroxy-
2-naphthoate
octaprenyltransferase:
menA

L-glutamate

Probable udp-n-
acetylglucosamine
pyrophosphorylase:
glmU

probable spermidine
synthase: speE

Probable cobyric
acid synthase: cobQ

L-serine

glucose-1-
phosphate
thymidylyl-
transferase:
rmlA

Possible prephenate
dehydratase: pheA

FecB2

Glycerate kinase: Rv2205c

dihydroxy-
acetone-

phosphate

L-2,3-
dihydrodipicolinate

L-glutamate
gamma-

semialdehyde

propionyl-CoA

alpha-D-
glucose 1-
phosphate

glnA3

D-fructose-
6-phosphate

3-hydroxy-
isobutyryl-CoA

Probable beta-
ketoacyl CoA
thiolase: fadA3

farnesylfarnesylgeranyl-PP

UDP-D-
glucose

a ubiquinone

cystathionine

tryptophan
degradation

VII (via
indole-3-
pyruvate)

methylenetetrahydrofolate
dehydrogenase /
Methenyltetrahydrofolate
cyclohydrolase: folD

ppGpp biosynthesis

L-arginine

colanic acid building blocks biosynthesis

alpha-D-
glucose 1-
phosphate

probable
pyruvate
kinase: pykA

proline
degradation I

L-tyrosyl-
tRNAtyr

cis-1,2-
dihydroxy-3,4-
cyclohexadiene-
1- carboxylate
dehydrogenase:
Rv3530c

indole-3-
glycerol-

phosphate

dihydrodipicolinate
reductase: dapB

2,3-dihydro-2,3-
dihydroxybenzoate

beta-alanine

DctA

1-deoxy-D-
xylulose 5-
phosphate

dTDP-alpha-
L-rhamnose

Probable
phosphoglucomutase or
phosphomannomutase: mrsA

7-alpha-
hydroxysteroid
dehydrogenase:
Rv0769

mercuric
reductase: lpdB

L-serine
degradation

D-glucono-delta-
lactone-6-phosphate

propionyl-CoA

GTP

EpiA: epiA

Probable
enolase: eno

2-dehydropantoate

Probable alkyl
hydroperoxide
reductase: ahpC

a protein
tyrosine

Probable
NADH-
dependent
glutamate
synthase
small
subunit: gltD

(R)-
methylmalonyl-

CoA

deoxyguanosine

2-oxobutanoate

Ribonuclease
ph: rphA

Lipoamide: pdhC

Probable fatty-acid
coA ligase: fadD11

an orthophosphoric
monoester

N10-formyl-THF

THF
polyglutamate

probable
phosphoglycerate
mutase 2: Rv2419c

phenylmercury
acetate

degradation

probable
cytidine
deaminase:
cdd

Probable utp-
glucose-1-phosphate

uridylyltransferase:
galU

Probable s-
adenosylmethionine:2-
demethylmenaquinone
methyltransferase: menG

homocysteine

O2-

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

Hg2+

Probable citrate synthase: gltA1

2-keto-isovalerate

acetaldehyde

Probable
oxalyl-CoA
decarboxylase:
oxcA

Probable enolase: eno

Probable 3-oxoacyl-[acyl-
carrier protein] reductase: fabG1

[+ 21 isozymes]

L-leucyl-
tRNAleu

probable 8-amino-
7-oxononanoate
synthase: bioF

gtp
cyclohydrolase
i: folE

SO42-

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

2-succinyl-6-
hydroxy-2,4-
cyclohexadiene-
1- carboxylate
synthase: menD

[+ 2 isozymes]

superpathway of oxidative
and non-oxidative branches

of pentose phosphate pathway

Ribose 5-
phosphate
epimerase: rpi

probable
polyphosphate
glucokinase: ppgK

Butyryl-CoA
dehydrogenase:
fadE31

para-
aminobenzoate
synthase: pabA

4-amino-4-
deoxychorismate

pyruvate

PYRROLINE-5-
CARBOXYLATE
REDUCTASE: proC

pyruvate

Ornithine
carbamoyltransferase,
anabolic: argF

succinyl-CoA

phosphoribosylglycinamide
formyltransferase 2: purT

AMP

urate

probable indole-3-glycerol
phosphate synthase: trpC

H2

probable
imidazole
glycerol-
phosphate
dehydratase:
hisB

dihydroneopterin
phosphate

3-phospho-
hydroxypyruvate

H2O2

formyl-CoA

cysteine
biosynthesis II

Probable carbamoyl-
phosphate synthase: accA2

malate

5-enolpyruvyl-
shikimate-3-phosphate

Malate
dehydrogenase:
mdh

cytidine

probable spermidine
synthase: speE

biotin
biosynthesis I

para-
aminobenzoate
synthase
component I: pabB

Possible nitrite
reductase: nirA

L-cysteinyl-
tRNAcys

spermidine

long chain
polyphosphate

probable dihydroorotate
dehydrogenase: pyrD

Probable
Endonuclease
III: nth

succinate

UDP-
galactopyranose
mutase: glf

1,3,4,6-
tetrachloro-1,4-
cyclohexadiene
hydrolase:
Rv1833c

6-phosphogluconolactonase:
devB

alpha-D-
galactose 1-
phosphate

thiocyanate

phosphatidate
cytidylyltransferase: cdsA

Threonine
synthase: thrC

2-acetolactate

citrulline

L-aspartate-
semialdehyde

C-O-P bond
3’ to AP site

in DNA intact

probable
diaminopimelate
epimerase: dapF

coenzyme A

Probable
methionyl-

trna
synthetase:

metS

pyrroline 5-
carboxylate

Carbon-monoxide
dehydrogenase:
Rv0373c

Ornithine
carbamoyltransferase,
anabolic: argF

Branched-chain-
amino-acid
transaminase: ilvE

L-alanine

GDP-mannose metabolism

glycogen

octane

Probable nucleoside
diphosphate kinase: ndkA

methylenetetrahydrofolate
dehydrogenase /
Methenyltetrahydrofolate
cyclohydrolase: folD

glutamate
degradation III

Probable
cystathionine
beta-synthase:
cysM2

precorrin-5

phosphoribosylglycinamide
formyltransferase: purN

serine and
glycine

biosynthesis

deoxyadenosine

uracil

NO2-

choline

prephenate

2-arylpropionyl-
CoA
epimerase: mcr

pyridoxine

UTP

cystathionine

S-acetyldihydrolipoamide

L-valine

undecaprenyl N-
acetyl-glucosaminyl-

N-acetyl-
mannosaminuronate

pyrophosphate

probable indole-3-glycerol
phosphate synthase: trpC

1-amino-
propan-2-ol

methylenetetrahydrofolate
dehydrogenase /
Methenyltetrahydrofolate
cyclohydrolase: folD

UDP-N-acetylglucosamine
1- carboxyvinyltransferase:
murA

Probable
phosphoglucomutase:
pgmA

Argininosuccinate
lyase: argH

uridine

dihydroxy-
acetone-

phosphate

probable
heptaprenyl
diphosphate
synthetase:
grcC1

Probable
isocitrate

lyase:
aceAb aceAa

dTMP

glucose heterofermentation
to lactate I

Thymidylate
kinase:
Rv2553c

a peptide

L-1-phosphatidylglycerol-
phosphate

S-citramalate

KgtP

beta-D-
glucose-6-
phosphate

ATP

L-threonine

4-carboxyaminoimidazole
ribonucleotide

uridylyl-
glutamine

synthase PII

precorrin-4B

acetyl-CoA

O-phospho-
L-homoserine

cplx1g1g-4203

Possible proline
dehydrogenase:
Rv1188

epoxide
hydrolase:
ephC

isocitrate

an alcohol

4-hydroxyproline
degradation

chlorohydroquinone

GTP

Precorrin-6Y C5,15-
methyltransferase
(decarboxylating)
: cobL

Probable sulfate adenylate
transferase: cysD cysN

cis-aconitate

Probable
phosphoglucomutase or

phosphomannomutase: mrsA

nicotinate
nucleotide

arginine and ornithine
utilization superpathway

aspartate
degradation I

(2S, 3S)-3-
methylaspartate

probable DNA
polymerase
III: dnaZX
dnaE2

acetaldehyde
dehydrogenase:
Rv3535c

agmatine

L-aspartate

Malate
dehydrogenase:

mdh

N-acetylglutamyl-
phosphate

L-ornithine

Probable
ferredoxin-
dependent
glutamate
synthase: gltB

phospholipid
olefinic

fatty acid

AICAR

7-alpha-
hydroxysteroid
dehydrogenase:
Rv1928c

superpathway of lysine, threonine
and methionine biosynthesis

tRNApro

Probable
aconitate
hydratase: acn

Probable
fumarase: fum

Mycothiol
S-cojugate
amidase: mca

N-acetyl-D-
glucosamine

crotonyl-CoA

formylTHF biosynthesis I

alpha-
ketoglutarate

ferrocytochrome c

a ribonucleoside
diphosphate

3-acetoacetyl-
CoA

NO2-

L-glutamate

Probable
nucleoside
diphosphate
kinase: ndkA

precorrin-2

L-ornithine

5,10-methylene-THF

pyruvate

arginine
degradation XI

deoxyribose-
1-phosphate

N-acetylglutamyl-
phosphate

N-acetyl-
L-glutamate

urea

Probable
respiratory
nitrate
reductase:
narG narH
narJ narI

Probable
methionine
synthase:
metH

isocitrate

probable
DTDP-
glucose 4,6-
dehydratase:
rmlB

reduced
acceptor

D-glyceraldehyde-
3-phosphate

acetyl-CoA

Amt

thiamin
diphosphate

isobutyryl-CoA

RocE

formate
hydrogenlyase
subunit 4: hycD

polypeptide
deformylase: def

cobalamin biosynthesis I

L-serine

methylmalonate-
semialdehyde

FAD

glycine
betaine

[+ 4 isozymes]

[+ 2 isozymes]

probable 3-
hydroxyisobutyrate
dehydrogenase -
methylmalonate
semialdehyde
dehydrogenase: mmsB

hypoxanthine

probable
imidazole
glycerol-
phosphate
dehydratase:
hisB

spermidine

probable N-
acetylglucosamine-
6-phosphate
deacetylase: nagA

Transketolase: tkt

UDP-galactose

Probable alcohol
dehydrogenase,
zinc-
dependent: adh

enterobactin
biosynthesis

riboflavin
kinase: ribF

glyoxylate

GMP

[+ 2 isozymes]

chorismate

4-methyl-
5-(beta-

hydroxyethyl)
thiazole

deoxycytidine

lactate
oxidation:

lldD2

Possible acid
phosphatase:
Rv3310

H+

Glutamate n-
acetyltransferase: argJ

L-ornithine

ornithine
decarboxylase: adi

Ketol-acid
reductoisomerase: ilvC

Malate
dehydrogenase:
mdh

IMP

D-3-hydroxyacyl-CoA

tRNAala

galactokinase:
galK

Probable glucose-
6-phosphate 1-
dehydrogenase: zwf

L-methionine

ubiquinol-8

Malate dehydrogenase: mdh

mannose

oxaloacetate

OXIDIZED-
RUBREDOXIN

D-3-hydroxy-
acyl-ACP

Rv2228c:
Rv2228c

NAD+

O-acetyl-L-
homoserine

catechol

succinate

5-aminoimidazole
ribonucleotide

galactose degradation III

a tRNA

acceptor

butyrate

Acetylornithine
aminotransferase:

argD

pyridoxamine

a sugar

maltose
degradation

a protein
tyrosine

phosphate

[+ 2 isozymes]

S-adenosylmethionine
synthetase: metK

ubiquinol-8

Probable cystathionine
beta-synthase: cysM2

L-methionine

2-phosphoglycerate

DNA
polymerase
I: polA

tRNAval

Probable histidinol-
phosphate
aminotransferase: hisC2

guanosine 3’-
diphosphate

5’-triphosphate

glutathione
biosynthesis

methylenetetrahydrofolate
dehydrogenase /
Methenyltetrahydrofolate
cyclohydrolase: folD

aspartate
aminotransferase:
aspC

glycerol-3-phosphate

D-myo-
inositol (3)-

monophosphate

1,4-alpha-
D-glucan

THF
polyglutamate

probable
thymidine
phosporylase:
deoA

1,2-
diacylglycerol

trehalose 6-
phosphate

APS

uroporphyrinogen-III

dUDP

removal of
superoxide radicals

tRNAthr

dihydrolipoamide

CMP

acetylphosphate

phosphate

ammonia

an alcohol

L-1-phosphatidyl-glycerol

dTDP

a fatty acid

ubiquinol-8

D-lactate

[+ 2 isozymes]

6-phospho-
D-gluconate

nadp-dependent
alcohol
dehydrogenase:
adhC

(deoxy)ribose phosphate degradation

3-phosphoglycerate

Acetylglutamate
kinase: argB

NO2-

Probable glycerol-
3-phosphate
dehydrogenase: gpdA2

diaminopimelate
decarboxylase: lysA

L-aspartate

[+ 3 isozymes]

stearyl-ACP
desaturase:
desA1

mycothiol

putative thiosulfate
sulfurtransferase:
sseA

Probable aspartate
carbamoyltransferase: pyrB

2-oxobutanoate

D-glutamate

AlkB: alkB

Probable
phosphoglucomutase or
phosphomannomutase: mrsA

superpathway of phenylalanine,
tyrosine and tryptophan biosynthesis

Alpha-
amylase:
Rv0126

UDP-N-
acetyl-D-

glucosamine

GDP-D-
mannose

Glutathione
reductase
homolog: gorA

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

1,4-diol

serine-isocitrate
lyase pathway

thioredoxin
pathway

homocysteine

cystathionine

Cysteinyl-trna
synthetase:

cysS

demethylmenaquinone-8

Malate
dehydrogenase:
mdh

beta-D-glucose-
6-phosphate

1,3,4,6-
tetrachloro-1,4-
cyclohexadiene
hydrolase: linB

NADP+

chorismate

CDP-diacylglycerol

Probable
guanylate
kinase: gmk

Probable L-
lysine-epsilon
aminotransferase: lat

dCTP

an N-
hydroxyarylamine

phenylpyruvate

UTP

L-valine

Probable
acetyl-
coenzyme-A
synthetase: acs

N-acetylneuraminate

4-aminobutyrate

catechol
degradation

II (ortho-
cleavage
pathway)

alpha-D-
glucose 1-
phosphate

(S)-ureidoglycolate

Phosphate
acetyltransferase: pta

pantothenate and
coenzyme A biosynthesis

riboflavin

cis-delta3-decenoyl-ACP

2-amino-4-
hydroxy-6-

hydroxymethyl-7,8-
dihydropteridine

diphosphate

ornithine
decarboxylase: adi

UPD-glucose-
4-epimerase:
cpsY

a ribonucleoside
diphosphate

acetate

L-glutamate

Probable nitrite
reductase: nirB nirD

delta3-
isopentenyl-PP

[+ 2 isozymes]

Methylmalonyl-
coa mutase:
mutA mutB

an ester

FdxA

L-phosphatidate

8-amino-7-
oxononanoate

L-glutamate

histidyl-trna
synthetase:

hisS

thiamine-
phosphate

putative undecaprenyl-
phosphate alpha-n-
acetylglucosaminyltransferase: rfe

1,3,4,6-
tetrachloro-1,4-
cyclohexadiene

prephenate

CO2

2-oxoglutarate
dehydrogenase:
sucA

O2

acetyl/propionyl-
coa carboxylase
alpha chain: accA3

alpha-
ketoglutarate

homoserine

PROBABLE 1-
DEOXYXYLULOSE-
5-PHOSPHATE
SYNTHASE: dxs

alpha-
ribazole-5’-P

Branched-chain-
amino-acid
transaminase:
ilvE

an acid

Probable
nucleoside
diphosphate
kinase: ndkA

probable serine
acetyltransferase:
cysE

3-hydroxybutyryl-
CoA dehydratase:
echA2

Probable
cobinamide
kinase: cobU

CDP-
diacylglycerol

cobinamide

isoliquiritigenin

D-sedoheptulose-
7-phosphate

an alcohol

cob(II)yrinic acid
a,c-diamide

menaquinone-8

a nucleoside
monophosphate

cplx1g1g-4113

Probable
potassium-
transporting
atpase: kdpA
kdpB kdpC

naringenin

hydrogenobyrinate

phospho-
hydroxy-
threonine

phosphoserine
phosphatase:
serB2

Possible choline
dehydrogenase:
Rv1279

probable
tryptophan
synthase:
trpA trpB

tRNAlys

cplx1g1g-4210

probable NADH
dehydrogenase:
ndh

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

glutamyl-meso-2,6-
diaminoheptanedioate-

D-alanyl-D-alanine

SO3-2

Dimethylallyltransferase:
idsA2

Probable
Cytochrome
c oxidase:
ctaD ctaE ctaC

3-hydroxybutyryl-
CoA dehydratase:
echA3

aspartokinase: ask

probable isocitrate
dehydrogenase:
icd1

propionyl-P

Probable oxygen-
independent
coproporphyrinogen
III oxidase: hemN

alpha-
ketoglutarate

protoporphyrin IX

[+ 4 isozymes]

citrate

glycerate

D-3-
phosphoglycerate
dehydrogenase: serA

dUMP

ribonucleotide-
diphosphate
reductase alpha
chain: nrdE

2-oxoglutarate
dehydrogenase:
sucA

UDP-D-
glucose

citrulline

acetate

beta-D-
glucose-6-
phosphate

pyruvate

BCCP-biotin

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

glutamyl-meso-2,6-
diaminoheptanedioate

a protein

UDP-N-
acetyl-D-

mannosamine

methylacrylyl-CoA

CO

N-(5’-phosphoribosyl)
-anthranilate

mercuric
reductase: lpdB

lysyl-trna
synthetase:

lysS

fumarate

NADP+

Probable succinyl-
diaminopimelate
desuccinylase: dapE

homocysteine

alkaline
phosphatase
synthesis
sensor: phoR

(S)-methyl-
malonyl-CoA

isopropylmalate
dehydratase:
leuD leuC

Fatty
oxidation
complex alpha
subunit: fadB

Maltose
phosphorylase:
Rv3401

Glyceraldehyde
3-phosphate
dehydrogenase: gap

SugI

acetaldehyde

malonyl-CoA

citrate

UDP-D-
glucose

cdp-diacylglycerol
pyrophosphatase: cdh

uroporphyrin-iii c-
methyltransferase:
cysG

Probable 6-
phosphogluconate
dehydrogenase,
decarboxylating: gnd2

citrulline

phosphoribosylamine-
glycine ligase: purD

mesaconate

Probable anthranilate
phosphoribosyltransferase: trpD

Argininosuccinate
lyase: argH

acetoacetyl-ACP

2-amino-3-
oxobutanoate

glycine

Probable inositol
monophosphatase:
impA

methionine
degradation I

ATP

PAPS

MtbRvCyc: Mycobacterium tuberculosis H37Rv Cellular Overview This Cellular Overview Diagram was automatically generated from the MtbRvCyc database version 10.1 (2006).  An online version of this diagram is available through BioCyc.org 
and may be used for analysis of omics datasets.  Lines in the diagram correspond to reactions; nodes correspond to metabolites.  Biosynthetic pathways are positioned in the
left of the cytoplasm, degradative pathways in the right.  Pathways are colored according to their cellular function, such as biosynthesis of cofactors.  Reactions not
assigned to any pathway are in the far right of the cytoplasm.  Reactions lacking adjacent enzyme names are pathway holes (thin lines), meaning no enzyme has been identified
in the genome to catalyze that reaction.  In the inner membranes are transporters.  Connections between pathways are omitted for legibility.  Most pathways in this diagram 
were predicted computationally by the PathoLogic program, with some subsequent manual pathway curation.  MtbRvCyc authors: Pedro Romero, Peter Karp, SRI International;  Rowan 
Morris, Gary Schoolnik, Stanford University; Shubhada Godbole, Richard Scheuermann, UT Southwestern.
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