
H+

oxalacetate

(S)‐malate

fumarate

succinatesuccinyl‐
CoA

(R)‐
methylmalonyl‐

CoA

(S)‐
methylmalonyl‐

CoA

propionyl‐
CoA

propionate

2.1.3.1acetate acetyl‐P acetyl‐
CoA2.7.2.1 2.3.1.8

6.2.1.13

PiATP CoAADP

PiATP CoA ADP

acetate production via 
acetyl‐CoA

pyruvate1.2.7.1

2.3.1.54

1.2.1.‐

FdoxFdre
H+

CO2

CoA

CoA

NAD+NADHCO2

formiat
acetyl‐CoA production via 

pyruvate

CoA

1.1.1.37

4.2.1.2

1.3.5.4

2.8.3.‐5.4.99.2

5.1.99.1

Mena‐
quinol

mena‐
quinone

H2ONAD+

(R)‐lactate

(R)‐lactolyl‐
CoA

acryloyl‐
CoA

propionyl‐
CoA

Propionyl‐
CoA

propionate

acetyl‐
CoA acetate

1.1.1.28

2.8.3.1

4.2..1.54

1.3.1.95

2.8.3.1
H2ONAD+

NAD+

pyruvate fermentation to 
propionate

‐methylmalonyl‐pathway‐

lactic acid fermentation

acetyl‐P

acetoacetyl‐
CoA

(3R)‐
hydroxybutano

yl‐CoA

crotonyl‐
CoA

butanoyl‐
CoA

acetate

acetyl‐
CoA

butyrate

2.8.3.1/ 
2.8.3.8

1.3.8.1

NADH
H+

NADH
H+

4.2.1.55

1.1.1.36

2.7.2.1

2.3.1.9/
2.3.1.8

NADP+

NADPH
H+

CoA
Pi

CoA

ETFre

ETFox H+

NADH
H+

H2O

ADP

ATP acetyl‐CoA fermentation 
to butyrate

succinyl‐
CoA

succinatsem
ialdehyde

4‐
hydroxbutyrate

4‐
hydroxbutanoly

‐CoA
crotonyl‐

CoA

butanoyl‐
CoA

butyrate

acetate

acetyl‐
CoA

2.8.3.18

1.2.1.76

1.1.1.61

2.8.3‐
4.2.1.120

1.3.8.1

2.8.3.1 /
2.8.3.8

acetyl‐
CoA

acetate NADPH
H+

NADH
H+

NAD+

acetyl‐
CoA

acetate

H2O
ETFre

ETFox H+

succinate Fermentation 
to butyrate

phosphorenol‐
pyruvate/PEP

2‐
phosphorglycerat

e

3‐
phosphorglycerate

1,3‐
bisphosphorglycerate

glyceraldehyde‐3‐Pdihydroxyacetone‐P 
(glycerone‐P)

ß‐D‐Fru‐1,6‐bis‐P

ß‐D‐Fru‐6‐P

D‐Glu‐6‐P

D‐glucose

2.7.1.40

4.2.1.11

5.4.2.11

2.7.2.3

1.2.1.12

5.3.1.1

4.1.2.13

2.7.1.11

5.3.1.9

1.7.1.1/
2.7.1.2

ATP

ADP

ATP

ATP

ADP

H2O

ATP

ADP
H+

NADH H+

NAD+

Pi

ADP
H+

glycolysis

starch
linear malto‐

Oligosaccharide

ß‐maltose

3.2.1.2

3.2.1.‐

3.2.1.20

H2O

H2O

6‐P‐
glucoamylopectine

6‐P‐gluco‐3‐P‐
gluco‐

amylopectine

malto‐
oligosaccharid tail 
on amylopectine

1,6‐malto‐
oligosaccharide tail 
on amylopectin

linear malto‐
oligosaccharide

maltotriose

2.7.9.4

3.1.3.‐

2.7.9.5 3.1.3.‐

3.2.1.2

3.2.1.68
3.2.1.2

2.4.1.25

amylopectine

amylopectine

Maltose

maltose

glucane glucane

H2O

ATP

AMP
Pi

H2O Pi

3.2.1.2

H2O

H2O

Pi

H2O

H2O

H2O

starch degradation

cellulose

cellotetraose
3.2.1‐

H2O

cellulose degradation

ß‐D‐xylane 
(hemicellulose)

ß‐D‐xylane 
oligosaccharide 3.2.1.8

H2O

hemicellulose 
degradation

feruloyl‐
polysaccharideferulate

3.2.1.8

H2O

polysaccharide

H+

xyloglucane
xyloglucane 
cellotetraose

3.2.1.‐

H2O

(R)‐lactate

1.1.1.28

NADH
H+

NAD+

CO2

H2

H+

acetaldeh
yde

ethanol

1.2.1.10

1.1.1.1

NADH
H+

NAD+
CoA

NADH
H+

NAD+

4.1.1.31hydrogenca
rbonate

Pi

oxalacetate

citrate

cis‐
aconitate

D‐threo‐
isocitrate

2‐
oxoglutarate

2.3.3.1/
2.3.3.16

4.2.1.3

4.2.1.3

1.1.1.42

H2O

H+

CoA

H2O

H2O

NADPH

CO2

NADP+

part of mixed acid 
fermentation

glycerin
Sn‐Glycerol‐

3‐P

dihydroxyacetone

3‐
hydroxypropion‐

aldehyde

1,3‐propandiole

2.7.1.30

1.1.5.3

1.1.1.6

2.7.1.29

4.2.1.30

1.1.1.202

ATP
ADP

H+

NADH H+

NAD+

ATP
ADP

H+

quinone

quinol

H2O

NADH H+

NAD+

3‐oxoacyl‐CoA

(3S)‐3‐
hydroxyacyl‐CoA

(3R)‐3‐
hydroxyacyl‐CoA

trans‐2‐enoyl‐
CoA

cis‐3‐enoyl‐CoA

saturatted fatty 
acyl‐CoA

saturatted fatty 
acid

CoA

fatty acyln‐2 ‐CoA

ATP

AMP
PPi

6.2.1.3

1.3.8.‐

5.3.3.8

4.2.1.17

5.1.2.3 1.1.1.35

2.3.1.16

Fdox

Fdre

H+

H2O

NADH
H+NAD+

CoA

ß‐oxidation

CO2

formiate

N10‐formyl‐
tetrahydro‐

folate

5,10‐methenyl‐
tetrahydrofolate

5,10‐
ethylenetetrafol

ate

5‐
methyltetrahydr

ofolate

[ ]

CO

1.17.1.10

6.3.4.3

3.5.4.9

1.5.1.5

1.5.1.20

1.5.7.1

2.1.1.258

CO2

1.2.7.4

2.3.1.169

NADPHNADP+

PiADP

ATP
tetrahydrofolate

H+
H2O

NADPH
NADP+

NADH
H+

NAD+

Fdox

tetrahydrofolate

Fdre
H+

Fdre
Fdox

CoA

H+ []

H+ [ ]

Fd,ox
H2O

homoacetogenesis
(reductive acetyl‐CoA 

pathway)

acetyl‐
CoA

unsaturatted 
fatty acid

propionyl‐
CoA

(S)‐
methylmalonyl‐

CoA

(R)‐
methylmalonyl‐

CoA

succinyl‐
CoA

6.4.1.3

5.1.99.1

5.4.99.2

hydrogen‐
carbonate

ATP

ADP
H+Pi

Acetogenese.
Propionat  acetate

ethanol‐fermentation

butanol fermentation

(3R)‐
hydroxybutano

yl‐CoA

crotonyl‐
CoA

butanoyl‐
CoA

butanoyl‐P

butyrate

1.1.1.35

4.2.1.150

1.3.8.1

2.3.1.19

2.7.2.7

butan‐1‐al

butan‐1‐ol

1.2.1.57

1.1.1.‐

NAD(P)H
H+

NAD(P)+
NAD(P)H
H+

NAD(P)+

CoA

butyric acid fermentation

acetogenese 
Butyrate  acetate

acetate

acetyl‐P

acetyl‐
CoA

CO

CO2

[ ]

CO2

formylmeth
anofurane

5‐formyl‐
tetrahydromet
hanopterine

5,10‐methenyl‐
tetrahydromethan

opterine

5‐methyl‐
tetrahydrosarcina

pterine

5,10‐methylene‐
tetrahydromethan

opterine

N5‐
methyltetrahydro
methanopterine

methanol methylamine di‐
methylamine

tri‐
methylamine

2.7.2.1

2.3.1.8

2.3.3.‐

2.3.3.‐
2.3.3.‐

2.3.1.101

3.5.4.27

1.12.98.2

1.2.7.12

1.5.98.2

ATP

ADP

Pi

CoA

CoA

H+

[ ]

Fdre
H+

Fdox
H2O

H+
[ ]

Fdre
H+

Fdox
H2O

methanofurane

tetrahydromet
hanopterine

methanofurane

H+

H+

H2O

H+

H2

CoF420re

CoF420ox

CoM
Na+

2.1.1.86

2.1.1.‐

CoM

tetrahydrosarcina
pterine

[]

H+ [ ]
2.1.1.90

H2O

CoM

H+ [ ]

2.1.1.246

[]

H+ [ ]

2.1.1.248

NH4
+

CoM

H+ [ ]

2.1.1.247

[]

H+ [ ]

2.1.1.249

CoM

H+ [ ]

2.1.1.247

[]

H+ [ ]

2.1.1.250

CoM

H+ [ ]

2.1.1.247

methylamine di‐methylamine

methyl‐
CoM

methane

2.8.4.1

CoB

CoB‐CoM 
heterodisulfide

methanogenesis

glycerin fermentation

L‐glycine

CO2

[ ]

H+

[ ]

[glycerine‐cleavage 
complex H protein] 
N6‐lipoyl‐L‐lysin

glycine cleavage

tetrahydrofolate

2.1.2.10

1.4.4.21.8.1.4

NADH H+

NAD+

5,10‐methylene‐
tetrahydrofolate

NH4+

L‐alanine

D‐alanine

pyruvate

L‐
glutamate

NH4
+

(R)‐lactate

5.1.1.1

1.4.5.‐

2.6.1.2

2‐
oxogluta
rate

1.1.1.28

1.4.1.2/3

H2O
quinone

quinol

NH4
+

NADH H+

NAD+

NAD+

H2O

2‐
oxoglutarate

NADH H+

5.1.1.1

NAD+

H2O

NH4
+

alanine 
degradation

L‐Arginin L‐Ornithin
L‐glutamate‐

5‐
semialdehyd

L‐
glutamate

3.5.3.1 2.6.1.13 1.2.1.88

2.3.1.109

3.5.3.23

N2‐
succinyl‐L‐
Arginin

N2‐
succinyl‐L‐
Ornithin

N2‐succinyl‐L‐
glutamate‐5‐
semialdehyd

N2‐
succinyl‐
glutamate

2.6.1.81

1.2.1.71

3.5.1.96

H2O
Urea

2‐
oxoglutarate

L‐
glutamate

NAD+

H2O NADH
H+

Succinyl‐CoA

CO2NH4
+

2‐oxoglutarate L‐glutamate

NADH H+

NAD+

H2O

H2O

Succinat

L‐citrullin carbamoyl‐P
CO2

NH4
+

2.1.3.3

3.5.3.6

NH4
+

H2O

Pi

2.7.2.2

H+ ADP
H+

ATP

arginine degradation

5‐quanidino‐2‐
oxopentanoate

4‐
quanidinobutyral

dehyd

4‐
quanidinobutano

ate

4‐aminobutanoat

pyruvate

L‐alanina

2.6.1.84

4.1.1.75

H+ CO2
H2O

NAD+
NADH
H+

H2OUrea

1.2.1.54

3.5.3.7

L‐
asparagine L‐aspartate3.5.1.1/

3.5.1.38

H2O
H+

CoA H+

asparagine degradation

H2O

NH4
+

oxalacetate2.6.1.1

2‐
oxoglutarate

L‐
glutamate aspartate degradation

L‐cysteine
2‐

aminoprop‐
2‐enolate

2‐imino‐
propanoate

pyruvate

NH4
+

4.4.1.1/
4.4.1.28

4.4.1.1/
4.4.1.28

4.4.1.1/
4.4.1.28

H2S

H+
H2O

H+

cysteine degradation

glutamate 
degradation

L‐
glutamate

NH4
+

1.4.1.2/3

2‐
oxoglut
arateNADH

H+

L‐aspartate
2‐

oxoglutarate

oxalacetate

fumarate

NH4
+

2.6.1.1

4.3.1.1

L‐
glutamate

2‐
oxoglutarate

R‐2‐
hydroxyglut

arate
1.4.1.2 1.1.1.399

R‐2‐
hydroxyglut
aryl‐CoA

E‐
glutaconyl‐

CoA

2.8.3.12 4.2.1.167

crotonyl‐
CoA

4.1.1.70

NAD+

H2O

NAD+
H2O

NH4
+

NADH

H+

NADH

H+
NAD+ acetyl‐

CoA acetate

H2O

H+
CO2

butanoyl‐
CoA

acetate
acetyl‐
CoA

butyrate 2.8.3.1/ 
2.8.3.8

1.3.8.1

ETFre

ETFox H+

S‐3‐
hydroxybut
anoly‐CoA

acetoace
tyl‐P

acety‐
CoA

acetate

4.2.1.150

H2O

1.1.1.35

2.3.1.9

NAD+

NADH
H+

CoA
6.2.1.13

ADP

ATP

Pi

CoA

L‐
glutamate

pyruvate

(2S,3S)‐3‐
methylaspartate

mesaconate

S‐
citramalate

acetate

5.4.99.1

4.3.1.2

4.2.1.34

4.1.3.22

NH4
+

H2O

acetyl‐CoA

1.2.7.1

Fdre

Fdox

CO2

H+

CoA

H+

Fd,ox H2

1.12.7.2

acetoacetyl‐
CoA

S‐3‐
hydroxybut
anoly‐CoA

crotonyl‐
CoA

butanoyl‐
CoA

butanoyl‐P

butanoate

2.3.1.9CoA

1.1.1.35

NADH
H+

NAD+

H2O

4.2.1.150

1.3.8.1

ETFre ETFox H+

2.3.1.19

Pi

CoA

2.7.2.7

ADP

ATP

glutamate 
degradation
to butyrate

S‐
methylmalo
nyl‐CoA

R‐
methylmalonyl‐

CoA

succinyl‐
CoA

succinate

fumarate

S‐malate

oxalacetate

propionyl‐
CoA

propionate

2.1.3.1

1.1.1.37

4.2.1.2

1.3.5.4

2.8.3.‐

5.4.99.2

5.4.99.1

NADH
H+

NAD+

H2O

mena‐
quinol

mena‐
quinone

glutamate 
degradation
to propionate

L‐glutamine

L‐glutamate

3.5.1.2/ 
3.5.1.38

H2O

NH4
+

glutamine 
degradation

L‐histidine Urocante
4‐

Imidazolone‐
5‐propanoate

N‐formimino‐
L‐glutamateN‐formyl‐L‐

glutamate

4.3.1.3 4.2.1.49

3.5.2.7

L‐glutamate

3.5.3.13
3.5.1.68

3.5.3.8

NH4
+

H2O

H2O
H2O

H2ONH4
+

H2Oformiate

formamide

histidine degradation

NADP+ CoA

L‐
isoleucine

S‐3‐methyl‐2‐
oxopentanoate

2‐methylbutanoly‐
CoA

E‐2‐methyl‐
crotonyl‐CoA

2S,3S‐3‐hydroxy‐2‐
methylbutanoyl‐CoA

2‐
methylacetoac

etyl‐CoA

propanoyl
‐CoA

acetyl‐
CoA

2.6.1.42

1.2.1.‐

1.3.8.5

4.2.1.17

1.1.1.178

2.3.1.9

2‐
oxoglutarate

L‐glutamate
NAD+
CoA

NADH

CO2

ETFox H+

ETFre

H2O

NADH
H+

NAD+

CoA

L‐isoleucine 
degradation

L‐Lysin

cadavine

4.1.1.18

H+

CO2

2.6.1.‐

deaminated 
amino gr. donor

aminated amino 
gr. donor

1.5.1.‐

1‐piperidine

NADH
H+

5‐amino‐
pentanoate

2.6.1.48

Glutaratsem
ialdehyde

glutarate

1.2.1.‐

2.8.3.13

glutaryl‐CoA1.3.8.6
E‐

glutaconyl‐
CoA

1.3.8.6crotonyl‐
CoA

4.2.1.150
S‐3‐

hydroxybut
anoyl‐CoA

1.1.1.35acetoacetyl‐
CoA

acetyl‐
CoA

2.3.1.9

H+

H2O

2‐
oxoglutarate

L‐glutamate

NADPH
H+

NADP+
H2O

succinyl‐
CoA

succinateETFox H+

ETFreH+
CO2

H2O
NAD+

NADH
H+

L‐lysine 
degradation

5.4.3.2

L‐ß‐lysine

5.4.3.3

3S,5S‐3,5‐
diaminohexanoate

1.4.1.11

S‐5‐amino‐3‐
oxohexanoate

acetoacetate

2.3.1.247

NAD+

H2O
NAD+

H2O

NADH
H+

acetyl‐
CoA

S‐3‐
aminobutan
oyl‐CoA

crotonyl‐
CoA

4.3.1.14

NH4
+

butanoyl‐
CoA

1.3.8.1

ETFre

ETFox
H+

2.8.3.9

acetoacetyl‐
CoA 2.3.1.9

CoA

acetyl‐
CoA

L‐lysine 
degradation

L‐
phenylalanin

e

2‐oxo‐3‐
phenyl‐

propanoate

phenylacetal
dehyde 2.6.1.574.1.1.43

phenylac
etate 1.2.1.39

phenylacetyl
‐CoA 6.2.1.30

1.17.5.1
phenyl‐
glyoxylyl‐

CoA

3.1.2.25phenylglyoxy
late

clyclohex‐
1,5‐dien‐1‐
carbonyl‐

CoA
1.2.‐.‐1.3.7.8 benzoyl‐

CoA4.2.1.100

6‐hydroxy‐
clycohex‐1‐
ene‐1‐

carbonyl‐
CoA

6‐oxo‐
clycohex‐1‐
ene‐1‐

carbonyl‐
CoA

1.1.1.368

3.7.1.21

2‐hydroxy‐
cyclohex‐1‐
ene‐1‐

carbonyl‐
CoA

3.7.1.21
3‐hydroxy‐
pimeloyl‐

CoA
1.1.1.259

3‐oxo‐
pimeloyl‐

CoA
2.3.1.‐ glutaryl‐

CoA 1.3.8.6
E‐

Glutacony
l‐CoA

1.3.8.6 crotonyl
‐CoA 4.2.1.150

S‐3‐
hydroxy‐
butanoyl‐

CoA
1.1.1.35 acetoacetyl‐

CoA
2.3.1.9 acetyl‐

CoA

L‐phenylalanine 
degradation

2‐
oxoglutarateL‐glutamate

H+CO2

NAD+
H2O

NADH
H+

CoA

ATPAMP
PPi

H2Ore. e‐acc.CO2

CoA
H+

ox. e‐acc.ATP
Fdre H2O

ADP
Fdox PiH2ONAD+NADH

H+

H2O H2O H+ NAD+ NADH
H+ CoA acetyl‐CoA ETFre

ETFox
H+

H+ CO2 H2O
NADH

H+
NAD+ CoA

L‐proline

S‐1‐
pyrroline‐5‐
carboxylat

1.5.5.2
L‐glutamate‐

5‐
semialdehyde

L‐
glutamatespotan 1.2.1.88

quinone

quinol

proline 
degradation

H2O

H+

NAD+

H2O
NADH

H+

L‐serine

2‐
aminoprop
‐2‐enoate

2‐
iminopropa

noate

pyruvate

4.3.1.17

spontaneously

spontaneously

NH4
+

serine degradation

H2OH+

H2OH+

threonine degradation

L‐threonine
2Z‐2‐amino‐but‐

2‐enoate

2‐imino‐
butanoate

2‐oxo‐
butanoate

propanoyl
‐CoA

propanoly
‐P

propanoate

4.3.1.19

spontaneously

spontaneously

2.3.1.‐

2.3.1.222

2.7.2.15

H2OH+

H2OH+

NH4
+

CoA

formiate

Pi

CoA

ATP

ADP

1.1.1.103

2.3.1.29L‐2‐amino‐3‐oxo‐
butanoate

glycine

acetaldehyde

acetyl‐CoA

4.1.2.5/
4.1.2.48 1.2.1.10

NAD+
NADH H+

CoA

glycine CoA NAD+ NADH H+

L‐
tryptophane

2‐amino‐prop‐2‐
enolate

2‐imino‐
propanoate

pyruvate

H2O
ATP ADP

Pi

4.1.99.1

spontaneously
spontaneously

2.6.1.27
(indol‐3‐yl)
pyruvate

1.1.1.110
indol‐3‐
lactate

H2O
H+ NH4

+

L‐
glutamate

2‐
oxoglutarate

NADH H+ NAD+

H+Indole
tryptophane 
degradation

L‐valine

L‐valine 
degradation

3‐methyl‐2‐
oxobutanoa

te
2.6.1.42isobutanoyl‐

CoA
1.2.1.25

methylacryl
yl‐CoA 1.3.8.‐

S‐3‐hydroxy‐
isobutanoyl‐

CoA
4.2.1.17S‐3‐hydroxy‐

isobutanoate
S‐methyl‐

malonate.se
mialdehyde

S‐3‐amino‐
2‐methyl‐
propanoate

propanoyl
‐CoA

3.1.2.4
1.1.1.31

1.2.1.27

2.6.1.22

2‐
oxoglutarate

L‐glutamate
NADH

CO2FAD

H+
FADH2

H2OH2O

CoA
H+

CoA
H+NAD+NADH

H+ NAD+
CoA

2‐
oxoglutarate

L‐glutamate

NAD+

H2O
CoANADH

H+

L‐leucine‐
degradation

L‐leucine
4‐methyl‐2‐
oxopantona

te

2.6.1.42
/61.2.1.‐

isovaleryl‐
CoA1.3.8.4

3‐methyl‐
crotonyl‐

CoA

6.4.1.4

S‐3‐hydroxy‐
3‐methyl‐

glutaryl‐CoA
acetoacetate

acetoacetyl‐
CoA

acetyl‐
CoA

NAD+
CoA

NADH

CO2

ETFre
ETFox

H+
ATP

ADP
Pi H+

4.2.1.18

H2O

3‐methyl‐
glutaconyl‐

CoA

4.1.3.4

acetyl‐CoA
acetyl‐
CoA

2.8.3.9

acetate

2.3.1.9

CoA

2‐oxoglutarate 2R‐
homocitrate cis‐

homoacetate
1R,2S‐

homoisocitrate
dihomo
citrate

cis‐(homo)2‐
aconitate

2.3.3.14 4.2.1.114

1.1.1.87/ 
1.1.1.286

4.2.1.114 4.2.1.114
(‐)‐threo‐

iso(homo)2‐
citrate

4.2.1.114 1.1.1.‐ 2‐oxopimelate

1.1.1.‐

Trihomo
citrate4.2.1.114cis‐(homo)3‐

aconitat

(‐)‐threo‐
iso(homo)3‐

citrate
4.2.1.114

2‐
oxosuberate 1.1.1.‐

7‐oxo‐
heptanoate

7‐mercapto‐
heptanoate

7‐mercapto‐
heptanoyl‐
threonine

Coenzyme B

acetyl‐CoA

H2O
CoA H+

H2O

H2O
NAD+ NADH CO2 H2O NAD+ NADH

CO2

acetyl‐CoA
H2O

CoA H+

H2O

H2O

NAD+

NADH

CO2
H2O

H2O

H+CO2

e‐acc.red
e‐acc.ox

H2S

L‐threoninePi
ATP

ADP
H+

ATPADP
H+

Coenzyme B
synthesis

phosphorenol‐
pyruvate

SO3

4.4.1.19 2‐R‐P‐3‐
sulfolactate 3.1.3.71 2‐R‐3‐

sulfolactate 1.1.1.337 3‐sulfo‐
pyruvate

sulfoacetald
ehyde

2‐
(sulfomethyl)‐
thiazolidine‐4‐
carboxylate

sulfoethyl‐
cysteine

Coenzyme M
4.1.1.79

3‐phosphor‐
glycerate

3‐P‐hydroxy‐
pyruvate

3‐P‐L‐
serineL‐cysteate

1.1.1.95
2.6.1.52

2.5.1.76
2.6.1.1

H+ H2O Pi

Coenzyme M
synthesis

NAD+ NADH
H+

H+

CO2 L‐cysteine H2O
H+ H2O

NH4
+

pyruvate

NAD+

NADH
H+

L‐glutamate
SO3

H+

Pi

glycerinaldehyde‐
3‐P/GAP

enolaldehy
de

4.2.3.‐

methyl‐
glyoxylate

spontaneouslyS‐
lactaldehyde 1.1.98.5

1‐fuculose‐1‐P

4.1.2.17

glycerone‐P

1.2.1.22

(S)‐lactateGTP

2‐amino‐5‐
formylamino

‐6‐(5‐
phospho‐D‐
ribosylamino
)pyrimidin‐
4(3H)‐one3.5.4.39 3.5.1.102

2,5‐diamino‐6‐(5‐
phospho‐D‐

ribosylamino)pyrim
idin‐4(3H)‐one

1.1.1.302

2,5‐diamino‐6‐(5‐phospho‐
D‐ribitylamino)pyrimidin‐

4(3H)‐one

3.5.4.‐

5‐amino‐6‐(5‐
phospho‐D‐

ribitylamino)uracil
3.1.3.104

5‐amino‐6‐(D‐
ribityl‐

amino)uracile

2.5.1.cd

7,8‐
didemethyl‐
8‐hydroxy‐5‐

deazo‐
riboflavine

(2S)‐2‐P‐
lactate

2.7.7.68

(2S)‐lactyl‐2‐
di‐P‐5'‐

guanosine

factor 420 
synthesis

CoF420ox CoF420ox CoF420red1.5.98.1

5,10‐methenyl‐
tetrahydromethanopte

rine

5,10‐methylene‐
tetrahydromethanopte

rine

2.7.8.28

H2O
Pi
H+

H2O
formiate
H+

NADH
H+

NAD+
H2O

H+NH4
+

H2O
Pi

S‐adenosyl‐L‐
methionine

L‐tyrosine 5'‐desoxyadenosine
L‐methionine

Iminoacetate

NH4
+

2H+

Pi
CoF420re

CoF420oxNAD+
H2ONADH

H+

GTP

GDP H+

GTP
H+

PPi

GMP
H+

H2

H2

Dihydromethan
‐ophenazine

CoF420re

CoF420ox

methanophe
nazine

CoF420ox

methanophe
nazine

1.12.98.1

1.5.98.c

1.12.98.3

CoB‐CoM 
heterodisulfide

methanophe
nazine

1.8.98.1

CoB

CoM

Fdre

CoB‐CoM 
heterodisulfid

1.8.7.a

Fdox

H+

CoB
CoM

CoB/CoM regeneration 

Fdre

Fdox
CoF420re

1.8.98.b

Fdre
CoF420ox

CoB

CoM

H2

1.8.98.b

Fdox

H+

CoB/CoM regeneration 

CoB

CoM

1.8.98.b

CoB

CoM

Fdox
formiate

Fdre
H+

ammonium oxidation

Nitrit/
NO2

NO NH4
+

Hydrazin/ 
H4N2

N2

1.7.2.1

1.7.2.7

1.7.2.8

C‐cytochromre

C‐cytochromox

H+

H2O

C‐cytochromre

H+

C‐cytochromox

H2O H+

Nitrat/ 
NO3

nitrite/NO2 
(Cytosol)

nitrite/NO2 
(periplasma)

NO

N2O

N2

1.7.5.1

1.7.2.1

1.7.2.5

1.7.2.4

nitrate reduction 
(denitrification)

quinone

quinol

H2O

NO3

NO3

Cytochromre

H+

Cytochromox

H2O

Cytochromre

H+

Cytochromox

H2O

C‐cytochromre

H+

C‐cytochromox

H2O

sulfate reduction 
(dissimilatory to H2S)

sulfate/
SO4

2‐

adenosin‐5‐
P‐sulfate

sulfite/ 
SO3

2‐

[ ]

H2S

2.7.7.4

1.8.99.2

1.8.99.5

1.8.5.M1

ATP

H+

PPi

e‐acc.re

e‐acc.ox
AMP

H+

e‐acc.re
H+

[ ]

e‐acc.ox
H2O

quinol

quinone
[ ]

sulfat reduction (dissimilatory 
to thiosulfatDesulfovibrio sp.)

Thiosulfat/ 
S2O3

2‐

1.8.99.5

e‐acc.ox
H2O

trithionate

thiosulfate
/ S2O3

2‐

e‐acc.re

1.8.99.5

e‐acc.re
H+

e‐acc.ox H+

sulfite/ 
SO3

2‐

NAD+

NADH
H+

H2O

ETFre

ETFox H+

6.2.1.1

ATP

CoA

AMP

PPi

2.3.1.‐

1.8.98.1

H+

tetrahydromet
hanopterine

CoA
CO

1.12.98.1

CoF420re

CoF420ox

flavin biosynthesis

5‐amino‐5‐(4‐
hydroxybenzyl)‐6‐(D‐
ribitylimino)‐5,6‐
dihydrouracil 4.3.1.g

S‐adenosyl‐L‐
methionine

5'‐desoxyadenosine

L‐methionine

6.2.1.2

CoA
ATP

AMP
PPi

butanoyl‐
CoA

crotonyl‐
CoA 1.3.8.1

(S)/(R)‐3‐
hydroxybut
anoly‐CoA

4.2.1.17/
4.2.1.55

acetoacetyl‐
CoA

acetyl‐
CoA

1.1.1.36/
1.1.1.35/
1.1.1.157

2.3.1.9

FdoxFdre
H+H2O

NAP/DH
H+

NAP/D+

CoA

H+

Cofactor

intermediate

substrate / key metabolite

e‐acc. = e‐acceptor

re. = reduced

ox. = oxidized

[ ] = intermediate bound to protein

not characterizied enzym
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